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Hugbopmayuonno-KOMMYHUKAUUOHHBLE MEXHON02UU
IRSTI 20.23.25, 20.53.17 https://doi.org/10.58805/kazutb.v.1.22-252

CONSENSUS ALGORITHMS IN BLOCKCHAIN TECHNOLOGIES IN PYTHON -
POS AND POW, POH.

N. Kemelbekov'*, Ye. Begimbayeva!-?, O.Ussatova>?
'K azakh British Technical University, Almaty, Kazakhstan,
12 Almaty University of Energy and Communications named after. G. Daukeeva, Almaty, Kazakhstan,
23Institute of information and computational technologies CS MSHE RK, Almaty, Kazakhstan,
e-mail: n_kemelbekov@kbtu.kz

Since the advent of Blockchain, the computer database has undergone continuous evolu-tion, integrating cutting-
edge technologies. As emerging technologies gain traction, Blockchain experiences increased adoption. Across
various Blockchain technologies, a shared algo-rithm governs their operations. The consensus algorithm plays a
pivotal role in ensuring mutual agreements and storing information within the decentralized network database.
While Blockchain faces challenges related to scalability, employing the right consensus al-gorithm for specific
tasks can enhance efficiency in data storage, transaction finality, and data integrity.

This paper conducts a comparative analysis focusing on the following consensus algo-rithms: Proof of Work
(PoW), Proof of Stake (PoS), and introducing Proof of History (PoH). The objective of this study is to furnish
readers with fundamental insights into Blockchain, particularly its consensus protocols. The analysis encompasses
the origins, operational mechanisms, as well as the strengths and weaknesses of these consensus pro-tocols. A
comprehensive exploration of these consensus mechanisms reveals their respec-tive advantages and disadvantages
concerning critical attributes such as security, energy efficiency, scalability, and compatibility with the Internet
of Things (IoT). This informa-tion is intended to facilitate future researchers in grasping the distinctive features
of the selected consensus algorithms.

Keywords: Blockchain, Consensus Algorithms, Proof of Stake (PoS), Proof of History (PoH), Proof of Work
(PoW), Cryptocurrency, Decentralization..

PYTHON-JIEI'l BJIOKYEHH TEXHOJIOTAAJIAPBIHJIAFBI KOHCEHCYC
AJITOPUTMJEPI - POS AND POW, POH.

H.Kemenéexos!", E.Beruméaesa 2, 0.Ycaropa*?
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Blockchain maiina GonranHaH Gepi KOMIIBIOTEPITIK IepeKTep 6a3achl O3bIK, TEXHOTOTUSLIAP/bI OipIKTipe OTBIPHIIL,
Y3IIKCi3 SBOMOLMAAAH OTTi. [JaMBIIT Kesle )KaTKaH TeXHOJIOTHsIIap TapTHIMABLIBIKKA He OoraH caiibiH, Blockchain
KOJIZIaHyIbl apTThipapl. IpTypii Blockchain TexHonorusinapbiHaa OpTak ajaropuTM OJapblH KYMBICHIH OacKa-
pansl. KoHceHcyc anropuT™Mi e3apa KelliciMepai KaMTaMachi3 eTyjIe KoHe OpTaIbIKTaHIbIPhIJIMaFaH KeJuUTiK Jie-
pekTep 6a3achiH/Ia aKITAPATTHI CAKTay/a Mentyii pes atkapaabl. Blockchain Maciradrayra GaitTaHbICTHI KYIBIH/IbI-
KTapra Tar OOJFaHbIMEeH, HAKThI TATICKIpMaJiap YIIiH Ty PhIC KOHCEHCYC alTOPUTMIiH KOJIIaHy AepeKTepi caKTayaa,
TpaH3aKIASHBIH aAsKTATYbIH/IA KOHE JePeKTep TYTACTHIFbIHAA TUIMIUTIKTI apTTHIPAIHL.
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Bya Kyxar Keseci KOHCEHCYC aJITOpUTM/IEpiHe Ha3ap ayaapa OTBIPHIII, CaJbICTBIPMalbl Tajiay Kyprizeai: Ky-
Msic ganeni (PoW), Yiiec moneni (PoS) sxone tapuxtsl gonenney (PoH). By 3eprreynin MakcaTsl OKbIpMaHIapFa
Blockchain, acipece oHbIH KOHCEHCYC XaTTamasiapbl Typasibl iprefi TyciHikTepai 6epy 6ombin Tabbuiaasl. Tanmay
OCBl KOHCEHCYC XaTTaMaJIApbIHBIH LIbIFY TETriH, KYMbIC MEXaHU3MJEpPiH, COHJal-aK, KYIITi XKoHE 9JIci3 JKaKTa-
pbIH KaMTuabl. OcBbl KOHCEHCYC TeTIKTepiH kKaH-kKaKThl 3epTTey KayilCi3AiK, SHeprus TUIMALIIr, ayKbIMABUIBIK,
xoHe 3artap mHTepHeTiMeH (IoT) yineciMIOiTiK CUSAKTH MaHBI3IBI aTpUOYTTApFa KATHICTH OJNIAPIBIH COHKeC ap-
THIKIIBUIBIKTAphl MEH KEMIIUTIKTEpiH Kepcereni. Bys akmapar Gonamak, 3eprreyliiiepre TaHIaFaH KOHCEHCYC
aITOPUTMJIEPIHIH epeKIlie OeNriepiH TyCiHyre KOMEKTecyre apHaJIFaH.

Tyiiin ce3aep: OIOKYEIH, KOHCEHCYC AITOPUTMIepi, cTaBKaHbiH gaieri (PoS), tapuxteiy gaseni (PoH), xy-
MBICTHIH ganeni (PoW), KpurToBastioTa, OpTajIbIKChI3AAHABIPY, KAYIMCI3HiK, aIllbIKTHIK.

AJITOPUTMBI KOHCEHCYCA B BJIOKYEVH-TEXHOJIOTUAX HA PYTHON -
POS 1 POW, POH.
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C MOMeHTa MOSIBJICHHs1 OJIOKYESHHA KOMITBIOTEpHAs 0a3a JaHHBIX OCTOSIHHO Pa3BUBANIACH, MHTETPUPYSI IIEPENo-
Bble TexHosoruu. I1o Mepe Toro, Kak HOBbIE TEXHOJIOTMU HaOUPAIOT 00OPOTHI, OJIOKYEHH MOMyvaeT Bce Oobliiee
pacripocTpaHeHue. B pa3nuyHbIX TeXHOJIOrusX OJIOKYeiHa X paOoTOl yIpaBiisieT OOIMIA aITOPUTM. AJITOPUTM
KOHCEHCYCa UrpaeT KJIIOUEBYI POiib B 0OECHeUeHUH B3aMMHBIX COTVIANICHU U XpaHeHnH MH(pOpMaliu B 6ase
JQHHBIX JEIICHTPAIN30BAHHOM ceTH. XOTs OJIOKYEHH CTATKUBAETCs C MPoOIeMaMH, CBSI3aHHBIME C MacIITabupye-
MOCTBIO, UCIIONIb30BAHUE TIPABUIIBHOTO aIrOpUTMa KOHCEHCYCa sl KOHKPETHBIX 3a[a4 MOXKET TOBBICUTD 3(pex-
THBHOCTb XPaHEHHSI JAHHBIX, OKOHYATEIBHOCTh TPAH3AKIMI 1 LEJOCTHOCTh IAHHBIX.

B naHHO# cTaThe MPOBOOMTCS CPAaBHUTENBHBIA aHAJIM3 C YIIOPOM Ha CJIeAyIOIINe KOHCEHCYCHBIE aJITOPUTMBI:
«JlokazarenbcTBo padoTel» (PoW), «JlokazarensctBo gomm» (PoS) m «[lokazarensctBo ncropun» (PoH). Liemns
9TOr0 MCCNIEJOBAHUS - MPEJOCTABUTh YMTaTesIsIM (DyHIAMEHTAIbHYI0 MH(OPMAIIMIO O OJIOKuYeliHe, 0COOEHHO O
€ro KOHCEHCYCHBIX MPOTOKOJaX. AHAJIN3 OXBAThIBAET IMPOUCXOXK/EHUE, paboune MEXaHW3Mbl, a TAKXKe CHUJIbHBIC
U ciiabble CTOPOHBI 9THX KOHCEHCYCHBIX ITPOTOKOJIOB. BeecTopoHHee ncciieioBaHne 3THX MEXaHU3MOB KOHCEHCyca
BBISIBJISIET MIX COOTBETCTBYIOIME PEUMYIIIECTBA ¥ HEOCTATKY B OTHOIIIEHUH TAKMX BaKHBIX XapAaKTEPHCTHUK, KaK
6€30I1aCHOCTh, 3HEProa(pheKTUBHOCTD, MACIITAOUPYEMOCTh 1 coBMecTUMOCTh ¢ MHTeprerom Bemieit (IoT). Dra
nHpopMaIys MpuU3BaHa MOMOYb OyIyIIMM HCCIEAOBATENSAM MOHATh OTINYUTENbHbIE OCOOEHHOCTH BBIOPaHHBIX
aJITOPUTMOB KOHCEHCYCa.

KuroueBsle cjioBa: O/0KYeliH, aIrOpUTMBI KOHCEHCYCa, «JlokazarenseTBo gomm» (PoS), «Jloka3arenbeTBo uc-
topun» (PoH),

Introduction. Most cryptocurrencies, such as
Bitcoin, employ the “proof of work” (PoW) consensus
mechanism. How-ever, the efficiency of the PoW
protocol has come under scrutiny due to its substantial
energy consumption during the computation process
[1].

In response to this challenge, alternative consensus
protocols with comparable security objectives
have been proposed to enhance the -efficiency
of cryptocurrency systems. Ethereum, a widely

recognized cryptocurrency platform, is contemplating
a transition to the proof of stake (PoS) consensus
mechanism. The PoS protocol designed for Ethereum
is referred to as “Casper” [2], [3]. Despite being
initially proposed in 2015, the implementation of
Casper has faced multiple delays. Recently, Ethereum
introduced the Constantinople and St. Petersburg
updates as preparatory measures for the Casper
upgrade. However, concerns persist regarding the
efficiency, fairness, and incentive-related aspects of




KasTBY XABAPHIBICHI - VESTNIK KazUTB - BECTHHK KazVTb

shifting from PoW to PoS. Notably, Vitalik Buterin,
the founder of the Ethereum project, has raised four
concerns [4]: (1) Lower-than-expected participation
rates in transaction validation; (2) Excessive popularity
of stake pooling; (3) Increased technical complexity
of sharding; and (4) Higher-than-anticipated operating
costs for nodes.

Researchers have also explored the disparities
between PoW and PoS in terms of scalability, security
[5], stability, incentive compatibility [6], and other
aspects. The potential consequences of switching a
cryptocurrency’s consensus mechanism from PoW to
PoS remain uncertain. This paper aims to shed light
on this issue through a theoretical analysis of groups of
bookkeepers in the system. The consensus mechanism
enables blockchain participants to vie for the role
of bookkeeper to earn rewards. A bookkeeper is
responsible for validating transactions, creating new
blocks, and verifying the validity of newly created
blocks [7]. Sometimes, a bookkeeper is also referred to

as a miner or validator [8]. By modeling the utilities of
bookkeepers in different systems, we initially examine
the behavioral characteristics of bookkeepers in PoW,
PoS, and PoH systems, respectively. Subsequently, we
conduct a comparative static analysis to investigate the
impacts of a protocol switch on the bookkeepers.

Methods and materials.
2.1 Proof of Work (PoW)

Proof of Work (PoW) is a widely known consensus
algorithm, notably used by Bitcoin. Miners compete to
solve complex puzzles, securing the network through
computational power. Proof of Work, abbreviated as
PoW, was initially developed in 1993 [9] to thwart
denial-of-service attacks and prevent the misuse of
other services [10] . A connection depletion attack
aims to overwhelm a server’s resources, hindering
its response to valid queries by flooding it with
a significant volume of unanswered connection (or
service) requests.

HASHRATE SECURING THE BITCOIN NETWORK HAS INCREASED OVER THE YEARS

Source: Global X ETFs with infermatio
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1 derived fram Bitcoin Visuals. {n.d.) [data set]. Accessed on February 24, 2023,
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Figure 1 - The rising hash rate of the bitcoin’s network source: www.bloomberg.com

In 2009, Bitcoin introduced a groundbreaking
application of proof-of-work as a consensus
mechanism, facilitating the broadcasting of new
blocks to the blockchain and the validation of
transactions. This innovation garnered attention and
is now a prevalent consensus algorithm in numerous
cryptocurrencies. Figure 1 depicts the rising hash rate
of the bitcoin’s network.

Bitcoin operates on a blockchain-based architecture
supported by decentralized nodes collaborating.
Miners, among these nodes, play a crucial role in
adding new blocks to the blockchain. To accomplish

this, miners must attempt to guess a pseudo-random
number. This number, when concatenated with the
block’s data and processed through a hashing algorithm,
must yield a result that meets specified requirements.
Once a valid relationship is established, other nodes
verify the accuracy of the discovery, and the mining
node is rewarded with a new block. Consequently,
finding a valid nonce [nonce being a random 32-bit
number used as a basis for hash calculations] is a
prerequisite for adding a block to the main chain [11].
This nonce provides the solution to a specific block
known as BLOCK-HASH [12], and it is termed proof-




of-work because each authenticated block incorporates
a block hash representing the miner’s effort. Proof-of-

work plays a pivotal role in safeguarding the network
against various intrusions [12].

Table 1 - Hash Difficulty in PoW

Hash Difficulty | Description
Low Requires minimal computational effort to find a solution
High Requires significant computational effort
Extreme Near-impossible to compute within a reasonable time
Table 2 - Block Rewards in PoW
Block Height | Miner Reward (Cryptocurrency)
Block 1000 Miner 1 | 5
Block 1001 Miner2 | 6
Block 1002 Miner 3 | 4

Bitcoin Power Consumption

Cryptocurrency's power needs have tripled and hit a record 43 GWh in December

Il Consumption per day (GWh/day)
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Figure 2 - Bitcoin Power Consumption source: www.bloomberg.com

One drawback of proof-of-work is its requirement
for expensive computer hardware that consumes
significant power. While the intricate algorithmic
computations ensure network security, they are limited
to this specific purpose. Despite its inefficiency for
other tasks, proof-of-work remains one of the most
widely adopted techniques for achieving consensus
in blockchains. Various alternative approaches and
methodologies are being explored to address these
issues. However, only time will reveal which solution
will eventually supersede the proof-of-work strategy.

2.1.1 Key Characteristics

PoW involves mining competition, difficulty

adjustments, and significant energy consumption.Therefore,

in a Proof-of-Work (PoW)-based blockchain, the
number of top and bottom bookkeepers is likely to
increase over time, leading to a polarization in the
distribution of bookkeepers. In practice, the top 5
bookkeepers often exert control over more than 80
percent of the computing power. Table 1 illustrates
mining pool members and their contributions in proof
of work (PoW). Table 2 illustrates block rewards in
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proof of work (PoW). Figure 2 depicts the power
consumption of Bitcoin in the years 2017-2018.

2.1.2 Proof of Work (POW) Implementation

In this section, we will delve into the implementation

-
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Create Block

of the Proof of Work (PoW) algorithm in realized
blockchain code. PoW is a widely used consensus
algorithm, and understanding its implementation is
crucial for grasping blockchain technology. Figure 3
illustrates the proof of work consensus algorithm.

— ) <B4

Broadcast the l
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Proof of Work

L Repeat Process
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Add New Block in the Network

Figure 3 - The proof of work consensus algorithm source: subscription.packtpub.com

2.1.3 Mining Pools

In PoW, miners often join mining pools to increase

their chances of mining a block [13]. The table
5 illustrates the mining pool members and their
contributions:

Table 3 - Mining Pool Members and Contributions in PoW

Miner Contribution (Hashrate)
Miner 1 | 20 TH/s
Miner 2 | 15 TH/s
Miner 3 | 25 TH/s
In a mining pool, miners combine their 2.1.4 Block Rewards
computational power (hashrate) to collectively In PoW, block rewards consist of the sum of

solve PoW puz-zles and earn block rewards. This
collaborative approach increases the chances of
successfully completing block mining.

transaction fees from included transactions and newly
created cryptocurrency tokens [14]. The table 6
illustrates the rewards for blocks successfully mined:

Table 4: Table with data on block formation times

Block Height | Miner Time to Generate (in minutes)
Block 1000 Miner1 | 9

Block 1001 Miner2 | 8

Block 1002 Miner 3 | 11

Block 1003 Miner4 | 7

the blockchain.
2.1.5 Python Code Implementation

Miners who successfully mine a block receive
rewards, which include transaction fees from
transactions included in the block and a fixed reward
in newly created cryptocurrency tokens. These rewards
serve as incentives for miners to participate in securing

Let’s explore the Python code that implements PoW
in realized blockchain:
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# Proof of Work (PoW)
# Joining a mining pool
mining_pool = [”"Miner 1”,

Implementation

"Miner 27,

"Miner 3”]

# Simulating mining in the pool for miner in mining_pool:

next_validator_pow =
block_pow =

blockchain.choose_next_validator ()
blockchain.mine_block ("PoW Block”,

next_validator_pow)

In this code, we have a mining pool with members
who collectively contribute their computational
power to solve PoW puzzles and mine blocks.
This collaborative effort increases the chances of
successfully mining blocks in the PoW consensus
algorithm.

The mine block function handles the mining process
by finding a valid PoW solution for the block. Miners
in the pool take turns participating in block mining, and
each successful mining operation results in the creation
of a new block with rewards distributed to the miner.

2.2. Proof of Stake (PoS) Implementation

In this section, we will explore the implementation
of the Proof of Stake (PoS) consensus algorithm in
realized blockchain code. PoS offers an alternative
approach to securing the blockchain, relying on
validators who lock up a certain amount of
cryptocurrency as collateral. Since Proof-of-Stake
(PoS) prevents everyone from mining for new
blocks, it is significantly more energy-efficient
[15]. Furthermore, PoS is characterized by greater
decentralization. In the proof-of-work protocol, the
concept of "mining pools” arises, where individuals
collaborate to enhance their chances of mining a new
block and earning rewards. However, these pools can
amass substantial control over a significant portion of

the Bitcoin blockchain, posing risks to the network. If
the three largest mining pools were to unite, they could
potentially authorize fraudulent transactions, exploiting
their majority share. In contrast, PoS encourages
more users to establish a node without the need
for expensive mining equipment, thereby enhancing
network decentralization and security.

Nevertheless, PoS is not without its drawbacks and is
far from a flawless mechanism. Acquiring the majority
of a network’s shares in a PoS system provides effective
control, allowing the manipulation of transactions. This
vulnerability, known as a ”51 percent attack,” was
initially associated with the Proof-of-Work method. In
a PoW system, if a single miner or a group of miners
can accumulate 51 percent of the hash power, they
can take over the blockchain. However, PoS makes
this approach exceedingly impractical as it depends on
the value of the coin. If Bitcoin were to transition to
PoS, acquiring 51 percent of all coins would require a
substantial amount of money. Consequently, Proof-of-
Stake reduces the likelihood of a 51 percent attack.

2.2.1 Stakeholders and Rewards

PoS relies on stakeholders who lock up a certain
amount of cryptocurrency as collateral to participate in
the block validation process [16]. The table 3 illustrates
the stakeholders and their stakes:

Table 5 - Stakeholders and Their Stakes in PoS

Stakeholder Staked Amount
(Cryptocurrency)
Validator 1 10
Validator 2 15
Validator 3 12

Validators are chosen to create new blocks and
validate transactions based on the amount of cryp-
tocurrency they have staked. The more tokens a
validator locks up as collateral, the higher their chances

of being selected.

Rewards in PoS are distributed to validators based
on their stakes. Here’s a table 4 showing the reward
distribution for a specific period:
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Table 6 - Reward Distribution in PoS

Validator

Reward (Cryptocurrency)

Validator 1 | 5

Validator 2 | 7

Validator 3 | 6

Validators receive rewards for their participation
in block validation, and the rewards are proportional
to their stakes. PoS networks implement security
measures to ensure that validators behave honestly.
An example of such a security measure is “slashing.”

Validators may lose part of their staked funds if they
misbehave, such as validating fraudulent blocks.

2.2.2 Python Code Implementation

Let’s explore the Python code that implements PoS
in realized blockchain:

# Proof of Stake (PoS) Implementation

# Adding stakeholders and their stakes blockchain.add_stakeholder (”Validatorl”,

10)
# Simulating PoS block validation
next_validator_pos =
block_pos =

blockchain.add_stakeholder (”"Validator2”,

15)

blockchain.choose_next_validator ()
blockchain.stake_block ("PoS Block”,

next_validator_pos)

2.3. Proof of History (PoH) Implementation

The PoH algorithm represents a fascinating evolution
in this concept, providing a more straightforward means
of validating blockchain blocks. In essence, it generates
unique timestamps for each block added to the system,
allowing for better control over the chronological order
of nodes and simplifying the validation process[17].

With such a rigid transaction order, the risk

Proof of Work

of malicious actors manipulating the blockchain
network is significantly reduced. This is because every
transaction is promptly recorded and firmly established
on the network, creating a robust defense against
attempts to compromise the integrity and immutability
of the transaction history. Figure 4 represents the
difference between Proof of Work (PoW) and Proof
of History (PoH).

Proof of History

Figure 4 - The difference between Proof of Work and Proof of History. source: subscription.packtpub.com

2.3.1 Historical Record

The Proof-of-History concept operates in a similar
manner, enabling the blockchain network to authenti-
cate each transaction based on its unique timestamps.
This approach streamlines the verification process,

requiring each transaction to be checked and verified
only once instead of conducting a comprehensive
network-wide re-evaluation with every transaction.
Consequently, the PoH consensus algorithm offers
a potential efficiency boost, saving time, cost, and
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energy expenditures for a given blockchain network.
This represents a Pareto improvement compared to
older consensus algorithm methods. PoH generates a
historical record of events on the blockchain [18].
Here’s a simplified example:

1. Transaction A (Timestamp: 2023-01-15 10:00:00)
2. Transaction B (Timestamp: 2023-01-15 10:02:30)
. Block Confirmation C (Timestamp: 2023-01-15

10:03:15)

4. Transaction D (Timestamp: 2023-01-15 10:04:45)
. Transaction E (Timestamp: 2023-01-15 10:05:30)

This record helps validators verify the chronological
order of events and achieve high-speed transaction
processing.

2.3.2 Scalability Benefits
Proof of History (PoH) not only addresses scalability

concerns but does so by streamlining the transaction
ordering process without incurring the computational

overhead associated with Proof of Work (PoW).
This streamlined approach significantly improves
the blockchain’s capacity to manage and process a
large volume of transactions efficiently, making it a
promising solution for scaling blockchain networks
[19]. PoH’s efficient timestamping mechanism
contributes to the overall optimization of transaction
throughput and system performance [20].While the
POW algorithm requires significant space to store
its equations and run them again for repeated block
additions, the POH approach simply requires the
storage of timestamps. Since timestamps are quite
literally just a track record of chronology, they require
almost zero dedicated storage on the blockchain
platform[ 21]. Therefore, platform owners and miners
can reduce their storage requirements and save precious
resources for other operations.

Now, let’s include code blocks to illustrate the
implementation of these algorithms in realized Python
code.

# Proof of Stake (PoS) Implementation

# Adding stakeholders and their stakes blockchain.add_stakeholder (”Validatorl”,

10)
# Mining a PoS block
next_validator_pos =
block_pos =
# Proof of Work (PoW) Implementation
# Joining a mining pool

mining_pool = [”Minerl”, "Miner2”,

blockchain.add_stakeholder (”Validator2”,

15)

blockchain.choose_next_validator ()
blockchain.stake_block ("PoS Block”,

next_validator_pos)

"Miner3”] .

Simulating mining in the pool for miner in mining_pool:

next_validator_pow =
block_pow =
# Proof of History (PoH) Implementation
# Obtaining the Proof of History (PoH)

blockchain.get_proof_of_history()
print (event)

blockchain.choose_next_validator ()
blockchain.mine_block ("PoW Block”,

next_validator_pow)

record poh_history =
for event in poh_history:

Results and Discussion. The Genesis Block serves
as the initial block in the blockchain. It was created at
the timestamp 2023-11-30 10:25:18.367017 with proof
1 and a previous hash of 0. The only stakeholder at
this point is "GenesisStakeholder” with a stake of 100.
Figure 5 illustrates the simulation output of the genesis
block.

Block 2 represents a Proof-of-Work (PoW)
mined block, created by Validator 9 at the
timestamp 2023-11-30 10:25:18.375522. The proof
for this block is 2256, and the previous hash is
2a0788a31449a73f2b36ab3fc63d43e89f69accOcdb83e
5a3fe04bf8c5b9bd49. The block data includes an
updated list of stakeholders with varying stakes. Figure
6 illustrates the simulation output of the block 2.
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imestamp: 2023-11-30 10:25:18.367017

Data: Genesis Block

Block Data: {'GenesisStakeholder':

1mestamp 2023 11-30 10:25:18.375522
Data: PoW Block
Proof: 2256

100

Previous Hash: 2a0788a31449a73f2b36ab3fc63d43e89f69acc@cdb83e5a3fe@4bf8c5b09bd49

Block Data: {'stakeholders':
, 'Validator4': 50,
'Validatorl0': 80}}

'Validator5': 55,

{'GenesisStakeholder': 100,
'Validator6': 60,

'Validatorl': 35,
'Validator7': 65,

'Validator2': 40,
'Validator8': 70,

'Validator3': 4.
'Validator9': 75,

Figure 6 - The illustration of the simulation output for the block 2

Block 3 signifies a Proof-of-Stake (PoS)
staked block, created by the initial stakeholder,
GenesisStakeholder, at the timestamp 2023-11-30
10:25:18.375584. The proof for this block is 0, and the
previous hash is e43cfa656c62a01174ab4c47d8ef4b94

3
1mestamp 2023 11-30 10:25:18.375584
Data: PoS Block
Proof: @

b3£995404901af05e5¢c302c2f3c4e7c3. The block data
includes an updated list of stakeholders, reflecting the
impact of staking on their stakes. Figure 7 illustrates
the simulation output of the block 3.

Previous Hash: e43cfa656c62a01174ab4c47d8ef4b94b3f995404901af05e5¢c302c2f3c4e7c3

Block Data: {'stakeholders':
, 'Validator4': 50,
'Validatorl0': 80}}

'Validator5': 55,

{'GenesisStakeholder': 100,
'Validator6': 60,

'Validator3': 4
'Validator9': 80,

'Validatorl': 35,
'Validator7': 65,

'Validator2': 40,
'Validator8': 70,

Figure 7 - The illustration of the simulation output for the block 3

The provided Python code establishes a foundational
blockchain with Proof of Work (PoW) and Proof
of Stake (PoS) consensus mechanisms. It initializes
with a Genesis block and stakeholders, implements
mining and staking processes, and incorporates a
Proof of History (PoH) to chronicle events. The
blockchain’s structure includes blocks with essential
attributes, and the code allows for the visualization of
the entire chain. A random selection of validators based
on their stakes is integrated, providing insights into
blockchain concepts. The inclusion of PoH emphasizes
the significance of historical records in the consensus
process, contributing to a comprehensive understanding
of blockchain mechanisms.

Conclusion. The PoW implementation in realized
blockchain code demonstrates the competitive nature
of block mining, where miners in a pool race
to find a valid solution to the PoW puzzle. This
mechanism ensures the security and decentralization of
the blockchain network by making it computationally

expensive for malicious actors to control the majority
of the mining power.

Next, we will explore the implementation of
the Proof of History (PoH) algorithm in realized
blockchain.

Numerous applications and enterprises are
embracing blockchain-based solutions due to the
prevailing trend towards this technology. However,
before making a transition to blockchain, a
comprehensive un-derstanding of its current protocols
and consensus algorithms is essential. This paper
delves into various consensus techniques, categorizes
them, and underscores their significance in distributed
environments. Through a thorough qualitative
comparison, we address existing gaps in the literature,
specifically com-paring Proof of Work (PoW),
Proof of Stake (PoS), and the emerging Proof of
History (PoH) in terms of energy efficiency, security,
scalability, and IoT compatibility.

As the number of blockchain networks and
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technologies expands, the need to evaluate and blockchain-based net-work, addressing concerns such
deter-mine the suitability of a consensus algorithm as power consumption, vulnerability to double spending
for specific requirements becomes paramount. attacks, integrity, compatibility with an IoT setup,
Our analysis demonstrates how the strengths and centralization, and more.

weaknesses of a consensus mechanism impact a
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PEINIEHUE YPABHEHUA TEIIJIOITPOBOJHOCTHU HNJIMHAPUYECKOI'O
CTEPKHA

T.2K. Mazakos!", IIL.A. /I:xomapTosa!, I'.3. 3usaroexosa!, I'.U. Toiikenos?,

M.T. Apmmaunosal?, A.T. Ma3zakosa!

1Kazaxckuit HAMOHATBHBIH yHUBepcHuTeT nMeHu ab-Papadu, Anmmarsl, Kazaxcran,
?Kazaxckas HallMOHANbHAS aKaJeMus UCKyccTB uMenn Temup6exa JKypreHosa,
Anmatel, Kazaxcran,
SUHCTUTYT MH(OPMAIMOHHBIX ¥ BHIYUCIUTENbHBIX TexHonoruii KH MHBO PK,
Anmarsl, Kazaxcran,

e-mail: tmazakov@mail.ru

Lenpio naHHOM padOTH SIBJISIETCS UCCIIEJOBAHUE TEIUIO(U3NIECKOTO COCTOSHIS IATHHIPUIECKOTO CTEPXKHS [0~
CTOSIHHOTO CEYEeHUSI U OrpaHUYEeHHON JUMHbL. [laHHas paboTa MOCBSIIEHa K aBTOMATU3AIUK UCCIIeJOBaHUs Terl-
JI0(PU3NIECKOTO COCTOSTHHS CTEPXKHSI TIOCTOSIHHOTO CEYEHHs M OrpaHMYeHHOM JUTMHBL [Iporecc aBroMaru3anun
HCCIIeJOBaHUs ONIMpaeTcsl Ha 3aKOHbI COXpaHeHHs SHepruu. PaccMaTprBaeTcs TpexMepHoe Teslo, HOCTOSIHHOE To-
NepevHoe cedeHre KoToporo umeeT dopmy LuHApa. OJHAKO BBUAY CIOKHOCTU U3y4YaeMbIX SIBJICHUH PelINTh
aHAIMTUYECKU AU depeHIIMaIbHbIe YPABHEHUSI B YACTHBIX IPOU3BOAHBIX COBPEMEHHBIMU MaTEMaTHUECKUMU Me-
ToAaMu. Tak:xe CyIIEeCTBYIOT MHOT'O METOIOB PELIEHUs1, IPUTOAHBIX AJIs1 IPAaKTUUYECKOro Ucnob3oBanusl. Ilocras-
JIeHHasI 3a]a4a pelraeTcs MpUBeJeHNeM K YPaBHEHHUIO B YACTHBIX ITPOM3BOIHBIX B IIMIMHAPUIECKON CUCTEME KOOp-
JIMHAT, ISl pellieHns] KOTOPOU pa3padoTaH COOTBETCTBYIOLIMI airoputm. IloiyueHHbIe pe3y/ibTarhl epeBOAsTCS
B JIEKapTOBY CUCTeMy KOOpAMHAT. Tem cambIM peraercst icxoiHasi 3a1aya. Pazpaborana rporpaMma HaxoxJeHHUst
pacIpocTpaHeH s TeMIepaTyphl IO CTEPIKHIO, KOTOPast MOMEIIAET Pe3yJIbTaThl YUCIEHHBIX PACUETOB B HECKOJIBKO
(paitoB. Pe3ynbraThl YHCIEHHBIX PACYETOB B JAWHAMUKE (IO BPEMEHH) BBIBOIATCS B BHIE TaOMHUIBI U OTOOpa-
JKaloTCs B BUJIE OHOMEPHBIX TpadukoB. [lepcrieKTHBHBIM HalpaBJIeHHEM SIBJISIETCS IPUMEHEHNE MHTEPBAIBHOMN
MaTeMaTUKU AJIs1 UCCIIEA0BaHUsl ypaBHEHUS TEIUIONPOBOJHOCTH.

KuroueBble cjioBa: TEIUIONPOBOAHOCTD, TEIION3ONSILIUS, TEMIIEPATYPa, HECTAIIMOHAPHBIN TEIIOPU3NIECKUN
MPOLIECC, SHEPIUsl.

IMUJINHAPJIK CBIPBIKTBIH KbIJTY OTKIBI'TIITIK TEHAEYIH HIEITY

T.7K. Mazaxos!", IIL.A. /I:xomapToBa!, I'.3. 3usaréexopa’, I.U. Toiikenos?,

M.T. Apmmgunaosa'?, 3.T. Ma3zakosa!
1 .
an-Papabu ateiHgarel Kasak yiaTThiK yHEBepcuTeTi, AnMarsl, Kasakcras,
2T.K. KypreHoB atbiHaarbl Kazak yJITTHIK eHep akagemusichl, Anmatsl, KazakcraH,
3Kasakcran Pecry6mmkach! ThUTbIM %oHe KOFaphl 6i1iM MUHUCTpIIri AKHAPATTHIK, KOHe
€cenTeyill TeXHOJIOrUsiIap MHCTUTYTHI, AnMatsl, Kazakcras,

e-mail: tmazakov@mail.ru

By )XyMBICTBIH MaKcaThl IMJIMHAPIIK CHIPBIKTHIH TYPAKThl KUMAachl MEH IIEKTEYIli Y3bIHIBIFBIHBIH TepMO(H-
3UKAIBIK KYHIH 3epTTey OOMbI TabblIaabl. Byl sKyMBIC TYpaKkThl KMMaHbIH JKQHE IMIEKTEYTi Y3bIHIBIKTBIH KbLUTY-
(prBUKATBIK KYHiH 3epTTeyai aBTOMATTaHABIPYFa ApHAIFaH. 3epTTey/li ABTOMATTAHBIPY POIIECi SHEPTHAHBI CAKTAY
3aHAapbiHa cykieHeai. TypakThl KOJIIeHeH KMMAChl IIMIMHIP TIP3/l OOJBIT KEJIETiH YIII OJIIIeM/I] IeHe KapacThl-
pbUIaabl. Anaiia 3epTTeseTiH KyObUIbICTApABIH KYPIEIUTiriHe 0aiIaHbICThl Ka3ipri MaTeMaTHKabIK 91iCTepMeH
ilIiHapa TybIHIbUIAPIAFbl aHATMTUKAIBIK AuddepeHunanaplk, Tenaeyiep memiieni. Conaai-ak, MpakTUKAJIbIK
KOJIaHyFa KapaMIIbl IIeNTyIiH KenTereH ofictepi 6ap. KolburaH MiHIET MWIMHAPITIK KOOPIUHATTAP KYHeCiH-
Jie immiHapa TYBIHIBUIAPAArsl TEHAEYTe KEeTipy apKbUIBI IIETTiIe i, OHBI ey YIIH THICTi aTOPUTM 93ipiIeHei.
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AJIBIHFaH HOTIIKEEep JEeKapTThIK, KOOPIMHATTAp XYieciHe aynapbuiaabl. Ochliaiiimna 6acTarksl MiHAET IIeTiesi.
CaHpplK ecenTeylepaiH HoTHKeNepiH OipHelle (paiiira OpHaNIacThIpaThIH CHIPHIK OOMBIMEH TeMIepaTypaHblH Tapa-
JybIH Taly IpoOrpamMmMachl xkacajiipl. [JJuHamMuKagars! (YakbIT OOMBIHINA) CaHIBIK €CeNTeYIepaiH HOTHKeIepl kecTe
TYpiHJe KepceTinieni xaHe 6ip ememui rpadukTep Typinge 6epiieai. Kbty ©TKI3riluTik TeHAeYiH 3epTTey YIIiH
MHTEPBAIABIK MaTeMaTUKaHbl KOJJIAHY TIEPCTIEKTUBAJIBIK, OAFBIT OOJBINT TaObLUIA/IBI.

TyiliH ce3aep: KbUTly OTKI3TillTIK, XKbUTy OKIIaylay, TeMIepaTypa, CTAllMOHAPSbIK eMeC KbLTy-(pU3UKAJIbIK,
IIPOLIECC, SHEPIUs.

SOLUTION OF THE HEAT CONDUCTION EQUATION OF A CYLINDRICAL
ROD

T.Zh. Mazakov'*, Sh.A. Jomartova!, G.Z. Ziyatbekova', G.CH. Toikenov?,
M.T. Arshidinoval®, A.T. Mazakova!

! Al-Farabi Kazakh National University, Almaty, Kazakhstan,
2Temirbek Zhurgenov Kazakh National Academy of Arts, Almaty, Kazakhstan,
3RSE Institute of Information and Computational Technologies MSHE RK CS,

Almaty, Kazakhstan,

e-mail: tmazakov@mail.ru

The purpose of this paper is to investigate the thermophysical state of a cylindrical rod of constant cross-section
and limited length. This paper is devoted to the automation of the study of the thermophysical state of a rod of
constant cross-section and limited length. The process of automating research relies on the laws of conservation
of energy. A three-dimensional body is considered, the constant cross section of which has the shape of a cylinder.
However, due to the complexity of the studied phenomena, to solve analytically partial differential equations by
modern mathematical methods. There are also many solution methods suitable for practical use. The problem
is solved by reduction to a partial derivative equation in a cylindrical coordinate system, for the solution of
which an appropriate algorithm is developed. The obtained results are translated into Cartesian coordinate system.
This solves the original problem. A program for finding the temperature propagation along the rod has been
developed, which puts the results of numerical calculations into several files. The results of numerical calculations
in dynamics (by time) are output in the form of a table and displayed as one-dimensional graphs. A promising
direction is the application of interval mathematics to the study of the heat conduction equation.

Keywords: thermal conductivity, thermal insulation, temperature, unsteady thermophysical process, energy.

BBenenne. B coBpeMeHHBIX YCIOBUSAX SKOHOMHYE-
CKOTO pa3BHUTHS CTPaHbI BAXHEHUINEH 3amaveii sSBIIseT-
Cs1 MOJIEPHM3AIIMsI CYIIECTBYIOIMX U CO3/IaHUE HOBBIX
BBICOKO(D(PEKTHBHbIX, HAJICHKHBIX, OE30MACHBIX CHCTEM
1 1ipou3BoACTB. OO 3TOM CBHIETENBCTBYET OOpallieHue
npesusienta PK Kaceim-’Komapra TokaeBa B XI ¢o-
pyme MatHocTpouteneid KazaxcraHa, rae roBoputcs
«OTevecTBEHHOE MAIMHOCTPOEHHUE, SIBJISSICh JIOKOMO-
THUBOM MPOMBbIIIJIEHHOCTHU TOKA3bIBAET POCT MPOU3BO/I-
ctBa 9,4%, a o uroram mepeoro keaptaia 2023 ro-
na 36%. Ham HeoOXOAMMO JOOUTHCS YCKOPEHHOIO PO-
CTa MallIMHOCTPOESHU I Ha 0a3e MHHOBAIIUY U ITePeIOBBIX
TeXHOJorvi» [1].

JlanpHeiiliee pa3BUTHE SHEPrOMAIIMHOCTPOCHUSA U
MIPEKJE BCEro JBUIaTENIECTPOCHHs CBS3aHO C CyIIe-
CTBEHHBIM TOBBIIIIEHUEM YAENIBHBIX ToKazatenei. [lo-
BBIIIEHNE HAAEKHOCTH M JOITOBEYHOCTH 3JIEMEHTOB

KOHCTPYKIMI JBUraresieif, paboTalomMx B YCIOBHUSIX
CJIOKHOTO LIUKJIMYECKOTO TEPMOMEXAHUYECKOrO U Tell-
J0(U3NYECKOTO HArpyXKeHHs, SIBJISETCS OHOW M3 ca-
MBIX TIPUOPUTETHBIX 3371a4 COBPEMEHHOTO [BHTare-
nectpoeHus. OLeHKe HagEKXHOCTH M JOJITOBEYHOCTH
MIPEe/IIIECTBYET aHAIN3 TEMIIEPATYPHOIO U HAIPSKEHHO-
JepOPMUPOBAHHOTO COCTOSIHUIA HCCIEyeMbIX JIeMEeH-
TOB KOHCTpYKIMH. B Hacrosmee Bpemsi omHMM U3
HaunOoJiee MepCIeKTHBHBIX HAIIPABJICHUI HCCIIeI0BAHUS
TEMIEPATypHOTO M HaNpsiKEHHO-Ie(pOpPMUPOBAHHOTO
COCTOSIHMIA SIBJISIETCS] pa3padoOTKa BHIYMCIUTENBHBIX ajl-
TOPUTMOB [2].

Bpicokas AMHAMUKa COBPEMEHHOT'O Pa3BUTH s BBIUKC-
JIUTESIbHBIX CPEICTB NMpHBENa K MOSBIEHUIO MOIIHBIX
KOMIBIOTEPHBIX CHUCTEM. DTO OTKpHIBaeT HOBBHIE Ooliee
MIMPOKME BO3MOXHOCTH 3((PEKTUBHOTO HCIONIb30Ba-
HUSI BBIYHCIUTENBHBIX ITOPATMOB CIIOXKHBIX TETIO(hH-
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3UYECKUX U (PUBUKO-MEXaHUYECKUX IpoueccoB. B 1o
K€ BPEM: Ka4eCTBO BBIYHCIUTENIBHBIX AJTOPUTMOB BO
MHOTOM 3aBUCHUT OT JOCTOBEPHOCTU Ha TEOPETUYECKOM
YPOBHE MPUHSTHIX MATEMAaTHUECKUX MOJIENIEH.

AKTyaJbHO H3y4YeHHE KAueCTBEHHOTO M KOJIHYe-
CTBEHHOTO BJIMSIHUSI MapaMeTpOB MCTOYHMKA Terlla U
reoMeTpPUYECKUX XapaKTepUCTUK CTEPKHs Ha TemIiepa-
TypHOE TIoJie. DTO CBSI3aHO C TeM, YTO Hajie:kHas pabo-
Ta TEXHOJOTMIECKUX JIMHUH TlepepadaThIBAIOIINX MPe-
TIPUATHIA, IEMEHTHl ATOMHBIX W TEIUIOBBIX JIEKTPO-
CTaHLIMH, pEaKTHBHBIX ABUTATENICN U ABUTATENel BHYT-
PEHHETO CropaHusi, 3aBUCUT OT TePMOPU3UUECKOTO CO-
CTOSIHUSL 9TUX JIEMEHTOB MPU BO3AECUCTBUU PA3HOPOI-
HBIX UICTOYHHKOB TEILIA.

Matepuajbl U MeTOAbl. AKTyaJbHOU SBIsETCA
Takke MpobneMa Co3/laHusl HOBBIX 3(P(EeKTHBHBIX aj-
TOPUTMOB M HA IX OCHOBE COBPEMEHHOTO TIPUKJIAHOTO
MPOrpaMMHOTO ofecriedeHus IJIsl pelleHus 3a4ad Bbl-
YUCIUTENILHOU TETJIONPOBOIHOCTH [3-4].

Ananmms 3Tux pa60T ITOKAa3bIBACT:

1. CymecTByomuye MeTobl UCCIEI0BAHUSA TePMO(DHU3H-
YECKOTO COCTOSIHHS HECYHIMX JIEMEHTOB KOHCTPYK-
LMH YYUTBHIBAIOT BJIMSIHUE HA paclipe/ie/ieHue TeMIe-
paTypsl TeJla OTIEbHBIX BHEITHUX (paKTOPOB.

2. B HEKOTOpBIX MU3BECTHBIX pabOTax B ITOW OOJIACTH HE
YUUTBIBAETCS 3aBUCHMOCTh MEXIY KO3(ppuIeHToM
TEIJIOBOIO PACIIMPEHUS U MOAYJIS YIIPYTOCTU OT TEM-
TiepaTyphl CTEpKHsI IEPEMEHHOTO CEUYeHus, TIPU YCIIo-
BHH €ro 3aiemiieHus1. B

3. B Tex paborax, rje 31a 3aBUCUMOCTD YUTeHa, 3HAUCHUS

R

BBIIICNIEPECUNCIICHHBIX IMapaMETpOB, B 4YaCTHOM CIIy-
vac, MCIOJIb3YI0TCA B BUJE TTOCTOSAHHBIX.

IMostomy, mpobnema pa3pabOTKM MaTeMaTHYecKOMN
MOJEN TepMOhU3UIECKOTO COCTOSTHUS CTEPKHSI Iepe-
MEHHOTO Cce4yeHusi, KoTopasi Obl yUMTBIBala OIHOBpE-
MEHHOE BJIMSIHUE JIOKAJIbHOI TeMIepaTyphl, TEeIION30-
JISIIMY ¥ TETUIOOOMEHaA C BHEIITHEH cpejioN sIBJISeTCs aK-
TyaspHOH. Takum 06paszom, 1o ucciieryeMoi mpodieme
MIMEEeTCsI CYLIECTBEHHBIN 3a/1elT U151 HAyUHBIX TIOUCKOB.

B cBsI3U ¢ BBIIEU3IOKEHHBIM, aKTyaJbHOU 3aja4yeit
SABIISIETCSL pa3pab0OTKa M UCCIIEIOBAHUE BBIYKCITUTEITh-
HBIX QJITOPUTMOB M IIPOTPaMM MOJETUPOBAHUS TEIUIO-
(pr3ryecKuX MPOIECCOB B CTEpKHE MEPEMEHHOIo Cce-
YeHUsl, KOTOPbI HAXOAUTCS MO OJHOBPEMEHHBIM BO3-
JIEVCTBUEM JIOKAJbHBIX TEMIIEpaTyp, TEIUIOBBIX MOTO-
KOB, TEIUTOM3OJISIMN U TeII0O0OMeHOB. Tak ke, aKkTy-
AJIBHOMH sIBJIsIeTCs1 Tpo0yieMa co3JaHust HOBBIX 3¢ dek-
TUBHBIX METOIOB, BBIYMCIUTENIBHBIX AITOPUTMOB U Ha
MX OCHOBE COBPEMEHHOT'0 IPHKJIAJHOTO IPOr pPaMMHOTO
obecrieyeHus1 Isl pelieHust 3a1a4 TeruIopu3uKy [5].

Pe3yabTaTsl 1 00cy:xaeHHne. B cratbe paccMarpu-
BaeTCs [WJIMHAPUYECKUN CTepskeHb JUIMHON L 1 pagu-
ycoM RR. Ilpu 3TOM NIeBbIl KOHEll CTEPXKHS COBHAAaeT
C HayaJIOM KOOpAMHAT U KO3 (PUIMEHT TerroodMeHa
CUMTAETCS TTOCTOSTHHBIM MO BCEW TOBEPXHOCTH CTEPXK-
H. Taksxe mpearnonaraercs, YTo CTEPKEHb HAXOOUTCS
O] BO3JENCTBIEM TOYEYHON TeMIlepaTyphbl U MOBEPX-
HOCTHOIO TeIiooOMeHa [6].

PaccMoTpuM ropr30oHTANIBHBIN CTepKeHb OTpaHIUeH-
Hoii mHbl L v papuyca R.IToctpoum riobanbHyio e-
KapToBylo cucteMy koopausat Oxyz (Pucynok 1).

L3

Puc.1 - O0muii BU/ NUIMHIPUYECKOTO CTEPXKHS

PaCHpOCTpaHeHI/IC TCIUIA B CTEPKHE ONUCBIBACTCS CIICAYIOIIMM TPEXMEPHBIM YPABHCHUEM TCIJIOIIPOBOAHOCTH
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0

Jy

L0
ot ~ o

oT
(k?> +

e
k - K03 PHUIMEHT TETITOMPOBOIHOCTH;
p - TUIOTHOCTH;

- yleJIbHAS TEMIOEMKOCTD;

h - koauieHT TeruooOMeHa;

q(x,y,2z,t) - IHTEHCUBHOCTh MCTOYHHMKOB TeIUIa B
TOYKE (X, Y, Z) B MOMEHT BPEMEHH t.

T,.- TeMIiepaTypa OKpYy:Kaloel Cpesibl;

S,,c - IJIOMIA/Ib MOTNIEPEYHOr0 CEYEHUs CTEPAKHS;

X, Y, Z - IPOCTpaHCTBEeHHbIe niepeMeHHble 0 < x,y <
RO0O<z<L;

R- papuyc crepxHs;

L- nnvHa cTepHS.

HuddepeHunaibHoe ypaBHEHHE B YAaCTHBIX MPOU3-
BonHbIX (1) siBNsieTcs nudppepeHraIbHbIM ypaBHEHU-
€M COXPaHEeHHUs SHEpruM AJsl W30XOPHOro IpoLecca
MiepeHoca TEIUIOTh, UM yPaBHEHUEM HECTallMOHAPHON
TEIUIONpPoBOIHOCTU. OHO yCTaHABIMBAET CBA3b MEXIY
BPEMEHHBIM 1 IIPOCTPAHCTBEHHBIM M3MEHEHUEM TeMITe-
paTypbl B MOOOH TOUKE TBEPAOTO TeJla, B KOTOPOM ITpo-
HCXOZIUT TPOIIECC TETUIONPOBOIHOCTH.

Hpe)monar acTCd, 4TO JIEBBIN KOHEII CTEPIKHSA COBIIA-
HAaeT C Ha4aJlOM KOOpAWHAT N KOE)(I)CI)I/IL[I/ICHT TEIIO-
0OMEHa CUMTAETCS TIOCTOSHHBIM IT0 BCEH TMOBEPXHOCTH
CTEPXKHA. Takxe nmpeanojaracTcd, 4YTo CTEPKEHbL HAXO-
JUTCA T10 B03ﬂeﬁCTBHeM TOYEUHOUN TEMIIEPATYPHI U 110~
BEPXHOCTHOI'O TEIUIOOOMEHA.

HudpdepeHnaabHoe ypaBHEHHE TEIUIONPOBOJHOCTH
COBMECTHO C HayaJIbHBIMHM Y I'PaHMYHBIMH YCIIOBUSIMU
TIOJTHOCTBIO OTIPEAIEIISIOT 33/1auy, T. €. 3Hasl TeOMETpH-
YyecKkylo (opMy Tesa, HadalbHBIE W TPAaHUYHbBIE YCIIO-
BUs, MOXHO Iu(pdepeHIHaIbHOoe YpaBHEHHE PEInTh
IO KOHIA W, CIeJOoBaTeIbHO, HAWTU T0JIe TeMIIepaTyp
Brene, T(x,y, z,t) - PyHKIMIO pacrpee/ieHUs] Temrie-
paTypbl B IOOOH MOMEHT BPEMEHH t.

Dyukiust T'(x, y, 2, ) TOMKHA yIOBIETBOPATH quidh-
pepeHIaIbHOMY YpaBHeHHIO (1), a Tak:ke HaYaIbHOMY
U TPaHUYHBIM YCJIOBHUSIM.

or _
ot

107
r Or

0*T

l(“)QT 0T +q(r,z,g@,t)
72 Jp?

aﬂ) +q, )

oT 0
() + 22

y dz \ 0z

Jl1st BbleTIeHUsI €MHCTBEHHOTO pEIlieHHs ypaBHe-
HUS TEIUIONPOBOJHOCTH HeoOXonuMO K ypaBHenuto (1)

IMPUCOCANHUTDL HAYaJIbHBIC U TPAHUYHBIC YCIIOBUS.

HavanbHsle ycaoBUsT HEOOXOAMMBI MIPH PACCMOTPeE-
HUW HECTAIIMOHAPHBIX MPOLIECCOB U COCTOSIT B 3a[aHUU
3aKOHa paclipelelieHns] TeMIIEpaTyphl BHYTPH Tena B
HavaJIbHBI MOMEHT BpeMeHH. B 001rieM cityuae Hauasb-
HOE YCJIOBUE aHATMTUIECKH MOKET OBITh 3AITHCAHO CJle-
JYIOIIAM 00pa3oM:

@

rne M = (x,y,2) € D,
t-Bpema (tg <t < ty),

t; —t; - IPOMEXYTOK BpeMeHH, B TeYeHUe KOTOPOro
M3ydJaeTcsl MPOLecC TEIUIONPOBOIHOCTH CTEPXKHS.

O603HaunM uepes D - mapamienermuren (-R< x, y <
R,0 < z < L}, awepe3 - rpanuuy D, Q =
{z,y, 2, t|(z,y,2) € D,t € [ty, t1]}

Fpa.HI/I‘IHI)IC ycioBus 3aJaiiM B BUIE

oT
o 0. 3)

T(O,y,z,t) = f.

B nanHOW pabote paccMmaTprBaeTcsi TOPU30HTANIb-
HBI [IMWJIMHIPUYECKUN cTepxkeHb paauyca R u orpa-
HU4YeHHOW MmmHbl L. BoKoBasi MOBEpXHOCTh CTEepxk-
Hfl HeTeion3onupoBaHa. Ha ruiomans monepedHoro
CEUYCHHS JIEBOTO KOHILIA TOJBOIUTCS TEIUIOBOW MOTOK
MHTEHCHBHOCTBIOG| 25 ). TIpi 5TOM Temnieparypa okpy-
sKaromedt cpensl 7,.[“C].

IIpu 3ameHe koopaUHaT

x =r=sin(p),y = *cos(p) 4)

cHucTeMa ypaBHEHMH TerionpoBoaHocTy (1) mpumer
CIEAYIOMUIA BU B WINHIPHYECKOH cUCTeMe KOOpIH-
HaT

&)

022 cp
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B cuty cummerpun none TeMmepatyp He 3aBHUCHT OT
. [lostomy nepenuiiem ypaBHeHue (3) B ciaeayomem
BUJIE

ar
ot

q(r, z,t)
cp

0T
=k(t) | =—= 6
o (G + ©
O6o3HaunM uyepe3 D, - mapanenenunes (-R< r <
R,0 < z < L}, auepes3 , - rpauny D,, Q, =
{T,Z,t‘(r, Z) € Drvt € [to,tl]}'

FpaHI/I'{HbIe ycioBuUA 3aJaiuM B BUJIE

or o
ror 022

oT

— =0.
onr

@)

T(0,2,t) = f.

B kypce maremarmueckoil (DU3MKHU [OKa3bIBAETCSA
TIPUHIMIT MAaKCMMyMa M TeopeMa €IMHCTBEHHOCTH pe-
IIeHNsI, U3 KOTOPOW CJIeAyeT, UTO €CIM HEeKOoTopas
dyukumst T'(r, z, t)ynoenerBopsier  qubepeHInab-
HOMY YpPaBHEHMIO TEIUIONIPOBOJHOCTH, HAYaJIbHbIM U
I'PaHUYHBIM YCJIOBUSIM, TO OHa SIBJISIETCSl €JMHCTBEH-
HBIM pellIeHUeM JaHHOH 3a1auu [7].

Teopema 1 (mpuniun Makcumyma). Eciu pyHkums
T(r,z,t) onpeneneHHast ¥ HEIPEPHIBHASI B 3aMKHYTON
obmactu (), yroBIeTBOpseT ypaBHeHHIo (1), To OHa J10-
CTUTaeT MaKCUMAaJIbHOTO U MMHHMAJIBHOTO 3HAUEHUs B
HavaJIbHBII MOMEHT BPEMEHH WJIM Ha IrpaHuLe ,. [8].

Teopema 2 (eguHCcTBeHHOCTH). Ecnu aBe yHKIMM
T, nT,, onpeneneHHbIe U HENPEPBIBHbIE B 00/1aCTH ().,
VAOBJIETBOPSIOT YpaBHeHHUIO (1) ¥ OAMHAKOBBIM HaYalTh-
HBIM U TpaHu4HbIM yenoBusiM (3)-(4), to Ty (r, z,t) =
Ty(r, z,t) [9].

B 3710i1 cBA3M npeniaraeTcsl peleHre NoCcTaBIeHHON
3a/1a4u pa3OUTh HA HECKOJIBKO MO3a1aY.

3agavya 1. YncneHHoe pellleHHe ypaBHEHUS TeIlIo-
MIPOBOAHOCTH B LIMJIMH/IPUYECKON CHCTEME KOOPIHHAT.

Jist ynciaeHHoro perienus 3aaauu (6)-(7) npumeHs-
eTCsl Pa3HOCTHBIN METO]I, T.€. YPaBHEHHE TEeTIOIPOBOJ-
HOCTH alIIPOKCHMUPYETCS] pA3HOCTHON CXEMOIA.

INokpoem o6macts D paBHOMEPHOH CETKOM ¢ IaramMmu
Ar 1 Az 110 OCSIM T U Z COOTBETCTBEHHO. 3allUlIeM Clie-
JYIOIIYI0 Pa3HOCTHYIO arpOKCUMAIHIO ypaBHEeHU (6)

Tt = Tpt 4 Ath, (LD QTP% TPy TR Py TR QTpZ’j P+ L,
©J I Ar 2rAr Az cpH
(®)
3nech At - 1ar o BpeMeHH, MHAEKC N - TI0 BpeMEHH, MMEHHO ITPOBEPUTH YCIIOBHE.
Ar-111ar o pajauycy,
Az-1ar Bosb ocu Oz, MHAEKCHI i, j - IO KOOpAHATAM At < 1 (i + i) ) (10)
T 2a% \Ar?2 - A2

I ¥ Z COOTBETCTBEHHO. B BripaskeHu (8) Bce caraemble
3aIMCHIBAIOTCS IJIs1 N-TO BPEMEHHOTO II1ara M JIUIIb Ofl-
HO - Wi (n+1)-ro.

IIpennaraercs cnemyromuil UTEPaLMOHHBIA  aJIro-
puT™ petenust (AJroput™ A):

1.t =ty,n=0. TS ;=0 [nst Bcex BHYTPEHHHX TOYEK
B obnactu D,

T° = f(M), ©)

rne M = (r, z) € ., AlsA BceX TOYEK HA TPAHULIC ..

n+1

2. Ilo dopmyse (8) Bbrancisiem 3Hadenus 17", Bo
BHYTPEHHHUX TOUKax oomactu D,.

3. Eciu kputepmii ¢ < t; BBIIONHAETCA, TO t =t +
At, n=n + 1, mepexon Ha mIar 2, vHa4Ye UTEPAIIMOHHBINA
MIPOLIECC 3aBEPLIEH.

[Ipu BBHINOIHEHNH pacdyeToB HEOOXOAWMO TPOBECTH
HCCIIEIOBaHNE YCTOMUYMBOCTH PA3HOCTHOH cxeMsl (8), a

Pa3paborana nmporpamma HaxOXIeHHUs! paclpocTpa-
HEHHUSl TeMIIepaTyphl MO LMIMHIPHIECKOMY CTEPKHIO
CTPEXKHIO, KOTOpasi MIOMEIAeT Pe3y/IbTaThl YMCICHHBIX
pacdeToB B HeCKOMbKO (paitiioB [11]. Pesymbrarsr umc-
JICHHBIX PacyeToB B JWHAMUKe (IO BpeMeHH) oToOpa-
JKal0TCsl B BUZE OTHOMEPHBIX rpacrkoB. Pacuersl npo-
BEJICHBI [IPH CIIEAYIOIINX UCXOIHBIX JaHHBIX:

L=10; R=10.0 At=0.01;
nr =10; nz=6;

R

Ar = —,
nr
L

Az = —;
nz
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q=200; p=7.870; c=0.13; k=0.177;
Pe3ynbraThl UMCIIEHHBIX PACUETOB IMPE/ICTABICHBI B

(aiine Rezult.txt.

N3z-3a cnoxHOCTH HMHTEPIIPpETAINU [TOTYYCHHBIX YUC-

B Figure No. 1 — m] X
File Edit View Inset Tools Window Help
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Puc. 2 - I'pacuk pacnpocTpaHeHus TeMIepaTypsl 110 HEHTPY
CTepyKH# B HAIIpaBJIeHUH Z OT Hauasa KOOPJWHAT 3a BpeMs
T=5

Ha pucynke 3 npencrasneH rpauk pacnpocTpaHe-
HuUs Temneparypsl 3a Bpems T=50 1o HeHTpy CTepKHs
B HAIIPaBJICHUH OCH Z OT Havyaja KOOPIUHAT B IUHAMMU-
Ke.

3
B pesysbrare pabothl airoputMa A B Matpuiie Tpm,
pa3MellaeTcs YUCIEHHOE PpEelIeHUe ypaBHEHHs TeIll-
MIPOBOJIHOCTH B IIWJIMHAPUYECKON CUCTEME KOOPAMHAT.

3anaua 2. Perienve ypaBHEeHUs TETUIONPOBOJAHOCTH B
JIEKapTOBOM cUCTeMe KOOPAMHAT Ha HeperyJspHOM ceT-
Ke.

[Ipennaraercst crenylommili  UTEPAMOHHBIA  aJro-
putM peienus (Anropurm B):

1.t =1%3,n=0.

2. TTo popmyze (4) Boraucnsiem 3Havenus 1z, , TyZ
u T'xyz) ans Beex ) u 77 3neck

i=1,n,,jl,n, kL,n,*n,.
3. Ecim kputepuil ¢ < ¢, BbIONHSETCA, TO t =t +

At, n=n + 1, nepexos Ha 1ar 2, MHa4Ye UTePALMOHHbII
TIPOIIECC 3aBEpIIICH.

3anaua 3. PelieHve ypaBHeHUs TEIUIONPOBOJAHOCTH B

JIEHHBIX PAcYeTOB 1 MOBHIIICHHUS HANJIAHOCTH pa3pado-
TaHa mporpamma Ha MatlLab. Ha pucynkax 2-3 mpen-
CTaBJICHbl B IpapuIecKOM BUJIE PE3YJIBTAThl SKCIEPH-
MEHTAJIbHBIX pacueToB. Ha pucyHke 2 mpejicTaBiieH rpa-
(puk pacnpocTpaHeHus TeMnepaTypsl 3a BpeMs T=5 no
LEHTPY CTEPXKHS B HAIPABJIEHUM OCH Z OT Havaia Ko-
OpAVHAT B JUHAMHUKE.

Figure No. 2 - O *
File Edit View Insert Tools Window Help
DEEE& hA A/ 22D

Grafik Z
L : : ‘ : :

e

Temperature U

Puc. 3 - I'paduk pacnpocrpaneHus Temreparypsl 1o LEeHTpy
CTEP)KHsI B HANPABJIEHUH Z OT Havyasla KOOPAUHAT 3a BPEMsi
T=50

JIEKapTOBOM CHCTeMe KOOPJIMHAT Ha PETyJIsSIPHOM CeTKe.

IIpennaraercss creaylomMii UTEPAlMOHHBIA  aro-
put™ pemenus (AnropurmC):

1.t =1%3,n=0.
2. lns Beex ¢ = 1, n,, BEIYUC/ISIEM KOOPAUHATY Xt
3. st Beex j = 1, n,, BHIYHCIISIEM KOOPAMHATY Yt

4. [151 TOYKM (Xt, yt) HAXOAUM ONMKAUTITYIO TOUKHU U3
maccugos T'x), Tyz, T.€. pellaeM CIeqyIONIyIo 3a1a9y

min(\/(Tz} — xt)?> + (Ty} —yt)?).  3uauenne
TeMIlepaTypsl B TOUKE MHHHUMYyMa IIPHCBaMBaeM 3Jie-
MeHTY Marpuuet 17",

5. Ecm kputepuit ¢ < ¢, BBINONHAETCS, TO t =t +
At, n=n + 1, mepexoj Ha 1mIar 2, MHa4Ye UTePalMOHHBIN
npouecc 3asepiueH [10].

B pesynbrate BbInonHeHUs anroputmos A-C Haxo-
JUTCS pellieHUe ypaBHEHU s TeIIONPOBOAHOCTY LIWJINH-
Jpudeckoro crepxHs (1) B 1ekapToBoil cucTeMe Koop-
JMHAT.

3akmouenne. lccrenoBaHue ypaBHEHHs TerioO-
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MIPOBOJIHOCTH B JIEKAPTOBOM CHCTEME KOOP/IMHAT CTEPIK-
HSI C KPYTOBBIM CEUYEHHUEM CBEJICHO K PEIICHHUI0 YpaB-
HEHWUsI TEIUIONPOBOJHOCTH B IIWIMHIPUYECKOM cucteme
KOOPJIMHAT, YTO MO3BOJIWJIO YMEHBIIUTh Pa3MEPHOCTh
paccmarpuBaeMoit 3a1aun. Ha ocHOBe mosty4eHHOro pe-
[IEHUs1 B UWIMHIPUYECKUX TEPEMEHHbBIX pa3paboTaH
AJITOPUTM €ro TepeBoa B JEKAPTOBYI0 CUCTEMY KOOp-
JIMHAT Ha HEeperyJsipHOi ceTke. [lajee mocTpoeH airo-
PUTM NOJIYYECHUA PEIICHUSA UCXOOHOI'o YpaBHEHHA Ha
PErYJISIPHOM CEeTKe.

Pe3ym)TaT1)1 YUCJICHHBIX pPAacyY€TOB HE IPOTUBOPE-
4aT SKCIIEPUMEHTAJIbHBIM JaHHBIM. HOHOJ'[HI/ITCJ'ILHO pe-

3yJITaThl BBIBOIATCSI B TEKCTOBBIE (Daiiyibl U odecreun-
BAIOT TOCTPOEHNUE OTHOMEPHBIX N300paKEHUN JUHAMHU-
KM TeMIIepaTypsl ¢ HoMoIIbio cucteMsl MatLab, 11s ko-
TOPOro HalKcaHa COOTBETCTBYIOIIAS IPOrpaMma.

INepcniekTMBHBIM HaIpaBJI€HUEM BUAWTCS NpUMEHe-
HUE WHTEpPBAJBbHON MaTeMaTUKM AJIS HCCIASHOBAHUSA
ypaBHeHus TeruionposogHoctu [11-13].

Paboma evinoanena 3a cuem cpeocme HUHU mame-
mamukuy u mexanuxu npu KazHY umenu anv-@apadu u
2panmo8ozo PUHAHCUPOBAHUS. HAYUHBIX UCCAE00BAHULL
Ha 2023-2025 20061 no npoexmy AP19678157.
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DEVELOPMENT OF AN INFORMATION AND LOGICAL DATABASE MODEL
FOR ACCOUNTING AND MOVEMENT OF WIND TURBINE EQUIPMENT

K.Akishev!*, A.Tulegulov!, Z.Nurtai' , E.Ospanov?, K.Aryngazin®, U. Kurmanbek*
Kazakh University of Technology and Business named after K. Kulazhanov, Astana, Kazakhstan,
2NJSC ”Shakarim University”, Semey, Kazakhstan,
3NJSC Toraighyrov University,Pavlodar, Kazakhstan,

#Kyrgyz State University named after I. Arabaev, Bishkek, Kyrgyzstan,
e-mail: Akmail04cx@mail.ru

The article describes the information and logical model (ILM) of the database of accounting and movement of
equipment of wind turbines of the Ermentau wind farm in the Akmola region. IFM is implemented in accordance
with the IDEF1X methodology. The relationships of entities are shown and analyzed, the types of connections,
the use of primary and foreign keys are determined. The application of the IDEF1X methodology used in the
development of relational databases is shown, the conditional syntax is specially designed to build a conceptual
scheme. The advantages of the IDEF1X methodology are described.

Keywords. Essence, attributes, methodology, information and logical model, database, wind turbine, equipment

KEJI KOHABIPYBICHI ZKAB/IBIKTAPBIHBIH KO3YAJIbICbI MEH ECEBIHIH
AKIIAPATTBIK -JIOT'TKAJIBIK, JTEPEKTEP BA3ZACBIH 93IPJIEY

K.Axkumes', A.Tyxerynos!, 2K.Hypraii!, E.Ocnanos?, K.Apbinrazun®, V. Kypmanoex*
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Makanaza AKMosna oObIChIHIaFbl EpMeHTay el 9JIeKTp CTaHIMSCHIHBIH JKeNl TeHepATOPJIAPbIHBIH XaOIbIKTa-
PBIH ecellKe ajty ’KoHe KbUDKBITY JePEKKOPBIHBIH aKIapaTTHIK-Torukajblk Monesi (ILM) cunarranran. [FM idef 1x
S/liCHaMachIHA COMKeC JKy3ere achIpbuiapl. HplcaH KaTeIHACTapBl KOPCETUITEH KoHe TaJaHFaH, KOCBLIBIM TY PIIepi,
Gacrankpl ’oHe CHIpTKBl TYyHiHTepi KOJaHy aHbIKTaFaH. Pensiusuibik MasliMertep 6a3achiH xkacayaa KOoJIaHbl-
JatbiH idef1X oicHaMachlH KOJIaHY KOPCETUIreH TYXKbIPhIMIAMAJIBIK, CXEMaHbl KYpPYy YUIIH HIAPTThl CUHTAKCUC
apHaiibl xacanras. Idef 1x omicteMeciHiH apTHKIIBUIBIKTAPHI CHIIATTAJFAH.

Tyiiin ce3aep: MoHi, arpuOyTTaphl, dictemMeci, AKNapaTThIK-JOTMKAIBIK MOJENi, MaJIiMeTTep 0a3ackl, kel
T€HEepaTopsl, KaOpIK.

PA3BPABOTKA MH®OPMAIIMOHHO-JIOTUYECKOM MO/IEJIN BA3bI

JTAHHBIX YUYETA U IBUKEHUSA OBOPYJIOBAHHIS BETPOBOI
YCTAHOBKHA

K.Akumes', A.Tyxerynos!, JK.Hypraii!, E.Ocnanos?, K.Aprinrazun?, V. Kypmanéex?
I Kazaxckwuii yHUBepcuTeT TexHonoruu u Ousneca um.K. KynaxaHosa, Acrana, Kazaxcras,
2 HAO VYuusepcurer Illakapuma. Cemeii, Kazaxcran,
3 HAO Topaiirsipos Yausepcuter, ITasnogap, Kazaxcran,
4 KnIprulsckuii rocyapcTBeHHbliA yHuBepcuTeT nMenn . ApaGaesa. Bukek, Kbipreiscran,

e-mail: AkmailO4cx@mail.ru

22


https://doi.org/10.58805/kazutb.v.1.22-248

B cratbe onmcana nHGOpMAaIMOHHO-Tornveckast Mojens (ILM) 6a3bl JaHHBIX ydeTa U epeMelieHrst 000pyI0-
BaHMsI BETPOreHEpaTopoB DPMEHTAYCKON BETPOIICKTPOCTAHIMK B AKMOMIMHCKON oOnactu. IFM peanmsoBaHa B
cootBercTtBum ¢ Metofonoruert IDEF1X. Tloka3aHsl 1 poaHaIM3MPOBAaHBl B3aMMOCBSI3U CYIIHOCTEH, Onperee-
HBI TUIIBI COEJMHEHUH, MCIOIb30BaHNE NIEPBUYHOIO U BHEIIHero kiovyed. [TokazaHo nmpuMeHeHne MeTOJOJIoruu
IDEF1X, ncrionbs3yemoii py pa3padoTKe pessIOHHBIX 0a3 JaHHbIX, CHEMaIbHO pa3paboTaH yCIIOBHBINA CHHTAK-
CHUC JJIs1 IOCTPOEHUsI KOHLIENTYalIbHOU cxeMbl. Onucansl npeuMyinectsa merogosoruu IDEF1X.

KiroueBsle cJjioBa: CyIIHOCTb, aTpuOyThI, METOIOJIOT s, MH(OPMAIIMOHHO-JIOTUYECcKast MOJIE/b, Oa3a IaHHBIX,

BETporeHepaTop, 000pyI0oBaHUE

Introduction. Wind turbines include expensive
and technically complex equipment that ensures the
conversion of wind energy into electrical energy. The
service life of wind turbines is up to 30 years, so much
attention is paid to issues related to reliability, quality
of installation and components of turbines.

Due to the need to withstand various types of loads,
both static, dynamic, structural and environmental, high
requirements are imposed related to ensuring the safety,
functionality and manufacturability of the VU.

At the same time, it should be understood that the
greatest impact on the VU is exerted by external factors,
which include climatic conditions, installation sites, and
the presence of man-made impacts.

The current standards, IEC 61400-3-1 [1], IEC TS
61400-3-2 [2], DNVGL-ST-0437 [3], are designed
to normalize various requirements for design loads
(DLC), normal, emergency and other situations during
transportation or installation, to assess the maximum
fatigue loads on the system, which The VU can
withstand all prevailing environmental conditions
during its design life.

Taking into account various normal and extreme
conditions for various design situations leads to the
need for constant monitoring and monitoring of a larger
number of components of the control unit, ensuring the
normal operation of all technological equipment.

Meeting the requirements related to carbon
neutrality forces the world powers to increasingly use
wind energy to generate electricity [4-8].

VUS using aerodynamic lift are divided into
horizontal and vertical depending on the orientation of
the axis of rotation.

The latest trends of WU are the approach with a
horizontal axis or propeller type, which include [9]:

-blades;

-braking systems;

- gondola;

-rotary mechanism;

-electric generator;

-automation and control;
-the tower;

-lightning protection;
-wind force sensor;
-transmission;

-control cables;

- other mechanisms.

The gondola houses an electric generator, a gearbox
and a rotor and almost all the equipment that ensures
the operation of the VU Fig.1.

To date, according to [10], about 38% of the
operating costs of the VU are for maintenance.
Equipment failure: On average, there are 8.3 failures
per turbine per year, including 6.2 minor repairs, 1.1
major repairs and 0.3 major replacements. Workforce:
On average, it takes 116 days and 9 specialists to carry
out a major replacement and 7 days and 3 specialists
for minor repairs. Frequent delays due to ‘days of
no access’ caused by bad weather. Aging equipment:
Some analysts predict that operating costs will increase
from 184,000 pounds per Megawatt per year when the
turbine is new to 426,000 pounds per MW per year
when the turbine is 15 years old [10].

In this regard, in order to optimize the process
of timely repair, maintenance and replacement
of equipment, measures are needed related to
the development of a database of accounting and
movement of components of the VU, for timely
replacement and repair, and elimination of equipment
downtime.

The relevance of the research lies in the need
to develop an information and logical model of
the database of accounting and movement of the
components of the VU, which is the basis of a relational
database.

The object of the study is the VU of the Yerementau
wind farm, the subject of the study is the management
of the process of accounting and movement of VU
equipment.
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Figure 1- The main elements of the wind turbine
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Figure 2 -Information and logical model of the database of accounting and movement of the equipment of the
wind farm

The purpose of the study. Development of an
information and logical model of the database of
accounting and movement of WU equipment.

Methods and materials. The information logic
model was developed in the ERwin case environment,
which allowed us to get our idea of the data structure,
expressed in terms of the entity-connection model in
IDEF1X notation, for subsequent generation of the
database schema. Building an information model in the
ERwin case environment requires the implementation
of certain sequences:

1. Creating a logical ER model.
2. Definition of the physical data model.

3. Generation of the database schema in the target
DBMS environment (at the author's choice) [11-12].

Discussion of the results. In our case, ERwin is
used only as a means of implementing the principles
of building an information and logical model and
is a popular CASE tool to support the IDEF1X
methodology.

In Fig. 2.the information-logical model (ILM) of
created in the ERwin case is shown.
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The main entities of the developed ILM include:
- DATA ON THE OBJECT ID;

- DATA ON THE ELEMENTS OF THE WIND
TURBINE (TOWER) ID;

- ROTOR ID;

- BLADES ID;

- WIND GENERATOR ID;

- GONDOLA ID;

- AUTOMATION AND ID MANAGEMENT;
- ID ROTARY MECHANISM;

- BRAKE SYSTEM ID;

- THE MAIN LOAD-BEARING COMPONENTS
OF THE ID;

- TRANSMISSION ID;
- ID SCREW ADJUSTMENT SYSTEM.

As shown in Fig.2 IFM, the entities, attributes,
primary keys and relationships of each entity are
reflected. The main elements of the WU equipment are,
object data, which include:

-installation location;
-coordinates;

-type of soil;

-wind roses;
-average wind speed;

-the direction of the mass flight of birds;

The inventory
number of the wind
turbine

Installation

|

location

The bearing part of the wind farm consists of a
foundation. The wind farm foundation is the element
on which all the equipment is mounted, therefore it is
made of monolithic reinforced heavy concrete of high
strength class, the mass of which is tens or hundreds of
tons.

The wind turbine tower is mounted directly on the
foundation using anchor bolts. The wind farm tower is
made of either metal or reinforced fiberglass. Ladders,
a growth cable for power cables and controls are
attached to the inside of the tower. Power cabinets with
control equipment are located on the concrete floor of
the tower.

The blades of the wind farm turbine are attached
directly to the rotor of the wind turbine and can reach
a length of more than a hundred meters and weigh up
to several tens of tons, are made of fiberglass or carbon
fiber.

The wind farm gondola is mounted using anchors to
the tower, it houses a wind generator, control sensors,
a braking system, adjustment systems and various
auxiliary equipment. The gondola has upper and lower
hatches for access and maintenance of equipment.

Unlike many of them, the parent entity here can be
attributed to each, since the failure of one part of the
node can lead to the shutdown of the entire system.

Let's take a closer look at each entity.

The entity "7OBJECT DATA” contains the following
attributes Fig.3:

Coordinates W

Date of ’

installation
Date of
commissioning

Figure 3 - Attributes of the entity "OBJECT DATA”

The essence of the "Blade” contains the following attributes Fig.4:
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Wind turbine

Type of
material

Installation
Blade

replacement
period

Figure 4 - Attributes of the "Blades” entity

The "GONDOLA? entity contains the following attributes Fig.5:

Manufacturer J

Figure 5 - Attributes of the "BLADES” entity

We will analyze the paired connections of the
information-logical model (see Fig.6) between entities.

1.”Object classifier” and “Technical Specification”
object (see Fig. 3). For two related objects: one image
of the first object "Object Classifier” corresponds

Object classifier

ID cod object

to one image of the second object “Technical
Specification”, and one image of the second object
“Technical Specification” corresponds to one image
of the first object "Object Classifier”. The one-to-one
relationship.

Technical Specification

ID cod Technical
Specification (FK)

Object name

Name specification

Figure 6 - Connection bet ween the entities «Object classifier» and «Technical Specification»

The entity is described in the IDEF1X diagram by a
graphical object in the form of a rectangle. The upper
part is called the key attributes, and the lower part is
called the attribute area. The key attributes of the object
”Object Data” contain the fields ”"ID cod object”.

The key attributes contain the primary key for the
object. A primary key is a set of attributes selected to
identify unique instances of an object. The primary key
attributes are located above the row in the key area.
Non-key attributes are located under the row in the

attribute area.

In the example, the attributes “ID _code object”,
”ID_code_specification” are a potential key, since
they are unique for all instances of the “technical
specification” entity. When choosing a primary key
for an entity model, an additional (surrogate) key is
often used, that is, an arbitrary number that uniquely
identifies an entry in the entity.

A surrogate key is best suited for the role of a
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primary key because it is short and identifies instances
in an object the fastest. In addition, surrogate keys can
be automatically generated by the system so that the
numbering is continuous. Potential keys that are not
selected as primary keys can be used as secondary or
alternative keys[13].

Tower

ID cod Tower

One recipe classifier can contain multiple recipe
compositions, and a recipe composition can correspond
to only one recipe classifier.

2. Connection of the “Tower” object and the
”Gondola” object.A one-to-one connection. (see fig.7)

Gondola

ID cod Gondola (FK)

Tower name

Gondola name

Figure 7 - Connection of the entity «Tower» and « Gondola»

As we can see from the model, the essence of
“Tower” depends on the essence of "Gandola” and on
the essence of "Object data”.

Object data

Object name
ID cod coordinates of the object
(FK)

Connection of the entity «Object data» and the entity
« ID cod _ Object data » (see fig.8).

Turbine blades

Blade Data

ID cod Blade length (FK)

ID cod blade material (FK)

ID cod weight of the blades (FK)

Accessibilitv of the obiect

Service life

Figure 8 - Connection of the entity «Object data» and entity «Turbine blades»

A one-to-many connection. Blades from different
manufacturers, with different service life, can be
supplied by different suppliers at the same facility.

Often, in the final implementation of a relational
database, different data access indexes are mapped
using alternative keys. If the objects in the IDEF1X
diagram are connected, the connection passes a key
(or a set of key attributes) to the child object. These
attributes are called foreign keys (FK). Foreign keys are
defined as attributes of the primary keys of the parent
object, which are passed to the child object through
their connection. The transmitted attributes are called
migrating [13].

In the IDEF1X notation, dependent entities
are represented as rounded rectangles (see Fig.2).
Dependent entities are further classified into entities
that cannot exist without a parent entity, and entities
that cannot be identified without using a parent key
(entities that depend on identification). For our case,
all entities depend on the entity "Object Data”, since
they cannot exist without it.

When identifying entities that do not depend on
other objects in the model, they are called independent
entities [13].

In IDEFI1X, the concept of dependent and
independent entities is expanded by the type
of relationship between two entities. Identifying
relationships are indicated by a solid line between
entities.

Non-identifying connections unique to IDEF1X also
connect the parent entity to the child. Non-identifying
connections are used to display another type of transfer
of foreign key attributes - transfer to the data area
of a child entity (below the line). Non-identifying
connections are displayed as a dotted line between
objects. Since the transmitted keys in a non-identifying
connection are not part of the primary key of the child
object, this type of connection is not displayed in any
identifying dependency [13].

The information logic model (ILM) is based on the
analysis of all entity relationships, where PK (primary
key) is the primary key that was defined during the
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design of entities, and FK (forein key) is a foreign key relational database development methodologies is:
that includes attributes that form relationships between - strict hierarchy and standardization of modeling;

entities. . . .
- the established standards allow to avoid various

The logical structure of the relational database is built  jnterpretations and violations in the constructed model;
on the basis of the developed information and logical

model. Currently, there are a large number of software ) o '
products for the development and administration of - there is no need to eliminate their consequences,
databases that can be used to create a database of Which hasa positive effect on the quality and timing of

accounting and movement of wind turbine equipment. ~ the project.

Conclusions. Summarizing the above, we note that ~ 1he presented IFM is the basis for creating a
the advantage of IDEF1X compared to many other database, which will be discussed in another article.

- avoid critical and unforeseen situations;
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TEXT GENERATION MODELS FOR PARAPHRASE ON KAZAKH LANGUAGE

A.M. Kassenkhan®, N.K. Mukazhanov, S. Nuralykyzy, Z.B. Kalpeyeva,
Satbayev University, Almaty, Kazakhstan,
e-mail: a.kassenkhan@satbayev.university

This study delves into the relatively unexplored domain of natural language processing for the Kazakh language-
a language with limited computational resources. The paper dissects the effectiveness of diffusion models and
transformers in generating text, specifically paraphrases, which is a critical aspect of machine learning applications
such as chatbots, virtual assistants, and automated translation services.

The researchers methodically adapt these advanced models to understand and generate Kazakh text, tackling
the unique challenges posed by the language’s complex morphology. The paper is comprehensive in its approach,
covering everything from the initial adaptation of the models to the Kazakh language context, to the creation of
specialized tokenizer tools, to the translation and preparation of datasets for effective training.

Through rigorous testing and performance analysis, the study identifies the strengths and weaknesses of each
model type. This is critical as it informs the direction of future research and model development, with the goal of
enhancing the fluency and accuracy of automated Kazakh text generation. The paper also discusses the broader
impact of its findings, suggesting that the methodologies and insights gained could inform similar efforts in other
low-resource languages, thereby contributing to the global field of NLP.

The research concludes with reflections on the implications of their findings for the ongoing development of
machine learning technologies, asserting the potential of these technologies to accommodate the intricacies of
any language, given the right approach and resources. This work not only advances the technical capabilities for
Kazakh text generation but also serves as a testament to the potential of machine learning to bridge language gaps
and foster greater digital inclusivity.

Keywords: Diffusion models; Transformer models; Machine learning; NLP; Paraphrase; Kazakh language;

MOJAEJIN TEHEPAIIUU TEKCTA I IIEPE®PA3ZA HA KAZAXCKOM A3BIKE
A.M. Kacenxan®, H.K. Mykaskanos, C. Hypaabikeizbl, 7K.B. Kaabneepa
Satbayev University, Anmatsl, Kazaxcras,

e-mail: a.kassenkhan@satbayev.university

JlaHHOE McCceoBaHue yrinyOnseTcsi B OTHOCHTEIbHO HEHMCCIIENOBAHHYI0 00NACTh 00pabOTKM €CTeCTBEHHOTO
SI3BIKA Ka3aXCKOTO S3bIKA - SI3bIKA C OrPAHUYEHHBIMH BHIYUCIIUTENBHBIMY pecypcamMu. B cTaTbe aHanmsupyetcs a¢h-
(ekTUBHOCTH MOZIENeH audpy3un 1 mpeoOpa3oBaTeliell pH CO3TAHUHU TEKCTa, B YACTHOCTH Nepepa3upoBaHus,
YTO SIBJISETCS BaXHEUINM aCIeKTOM IPUIOKEHUH MAIIMHHOTO OOyYEeHUs, TAKUX KaK 4aT-OOThI, BUPTYaJIbHBIC
MOMOIIHUKH U CITy’KObl aBTOMATUYECKOTO MEPEBO/A.

HccnenoBareny METOAMYHO aIalITUPYIOT 3TU MepeJoBble MOJIEIHN JUIsl HOHUMAHUSI M CO3/IaHUST Ka3axCKOro TeK-
CTa, pelliasi yHUKAIbHbIEC POOJIeMBbl, BOSHHUKAIOLIUE U3-3a CIOKHOI MOp(dosoruu si3bika. CTaThsi HOCUT KOMILIEKC-
HBI TTOJIXO X OXBATHIBACT BCE: OT NEPBOHAYATIBHOM alaNTalliid MOJIeJIe K KOHTEKCTY Ka3axCKOro sI3blKa 10 CO-
3[aHUs CHELMAIN3MPOBAHHBIX MHCTPYMEHTOB TOKEHM3aTOpa, epeBoAa M MOATrOTOBKM HaOOPOB AAHHBIX ANs -
(exTrBHOrO OOYUEHUSI.

Brnaronapst TiarensHOMY TECTHPOBAHUIO M aHAJIM3Y MIPOU3BOAUTEIPHOCTH MCCIIEJOBAHNE BBISBIISET CUIBHBIE 1
cyiabble CTOPOHBI KaXK/IOrO THIA MOJEJM. DTO UMEeT pelliaioliee 3HaYeHKe, OCKOJIbKY OMpe/elisieT HalpaBjieHne
OyoyIMX MCCIIEJ0BAHUI U pa3padOTKU MOJEINEN C Ie/b0 MOBbBIIIEHUsT OEIVIOCTH M TOYHOCTH aBTOMATHYECKOTO
CO3/IaHMsI KA3aXCKOro TeKkcTa. B JokymeHTe Takxke oOcyxaaercs 6osee MMpOKoe BIMSIHAE CBOUX BBIBOJIOB, ITPE/i-
ToJiarasi, 4to royTy9deHHbIe METOAOIOTUH ¥ MEN MOTYT HOCITY)KHUTh OCHOBOM JUIs1 aHAJIOTWYHBIX YCHIIMIA Ha APYTHX
SI3BIKAX C OTPAaHUUYEHHBIMH PECYPCaMH, TEM CaMBbIM CIIOCOOCTBYs I7100ambHOMY passutiio HIIIT.
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HccnenoBanue 3aBepiiaeTcst pa3MbIIIIEHASIME O TIOC/IEICTBUSX MX BHIBOJOB IS ITPOAOIKAIONIETOCs pa3sBUTHS
TEXHOJIOTMI MAILIMHHOTO O0y4YeHHs1, yTBEePK/ast MOTEHIMAN STUX TeXHOJIOTHI ISl pEIeHHs CTI0)KHOCTER JII0O0ro
sI3bIKa MPY IPABUJIBHOM HOAXOJE M pecypcax. DTa padoTa He TOJIBKO pacIlMpsieT TEXHMYeCKUe BOZMOKHOCTHU CO-
3[aHUsI Ka3aXCKOro TEKCTa, HO U CITYXKHUT CBUETEJIbCTBOM TIOTEHIIMAIa MAIIMHHOTO OOYYEHHUs [UIsl [TPEOOJICHHSI
SI3BIKOBBIX Pa3pblBOB M COIENCTBUSI OOIbIIIei 1M(PPOBOI MHKITIO3MBHOCTH.

KiroueBnle caoBa: muddysuonnsie Moneau, Monenu-Tpancdopmepsl, MarmaHoe o0yuenue, HJIII, TTapa-
¢pas, Ka3axcKui sA3bIK.
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Byt 3eprrey Kazak Tl YIIiH TaOUFU T OHAEY/IH CalbICTHIPMAIIBI TYPie 3ePTTEIMETeH CaJIaChiH - ecenTey
pecypcTaphl MeKTeyIi Tiii 3epTTeiii. By Makanama yar-60TTap, BUPTYaJIIbl KOMEKIILIEp KOHE aBTOMATTAH/IbI-
PBUTFaH aylapMa KbI3MeTTepi CUSAKTH MAIIMHABIK, OKBITY KOJTIaHOAIAPRIHBIH MaHBI3bI ACTICKTICi OOJIBINT TaObIa-
TBHIH MOTIH[Ii, aTall aiTKaH/Ia napacdpasanapasl Kypyaarsl Tuddy3usuibK, MOIebaep MeH TpaHc(opMaTopIapabiH
THIMILTIT KapacTHIPhUIAIBL.

3eprreyuiisep TUIIH Ky paei MOpdOoIOTrusaCcH TYIbIPaThIH €pPEKIIe KUbIHABIKTAp/bI IEIe OTBHIPBII, KAa3aK TUIiH-
Jieri MOTIHAI TYCiHYy oHe jKacay YIIH OCHl JKeTUIHIpUITeH YJTUTepai oicTeMeNiK TyprbigaH Oedimaenai. By
Makasiaja yJriiepis Kazak TiTiHIeri KOHTEKCTKe OacTankpl OedimenyiHeH OacTar, apHaibl TOKEHU3aTop Ky pai-
JapblH KYpPyFa, TUIMIi OKBITY YIIiH AEPeKTep KUHAKTAPBIH ayJapyFa XoHe AailblHaayFa AeiiH OapibFbl KAMTHI-
JIFaH.

KaraH Tecriney xoHe eHIMIUTIKTI TaJjiay apKbUIbl 3epTTey 9pOip YIIri TYPiHIH KYILTI )oHe 9JICI3 )KaKTapblH aHbl-
KTaiiasl. Bys1 eTe MaHbI3Ibl, OMTKEH] OJ1 aBTOMATTaHAbIPbUIFAH Ka3aKIIa MOTiHI KYPYABIH €pKiHAIr MeH JoJIiriH
apTTHIPY MakcaTeiHa OoNalak 3epTTeyiep MeH MOAbAEp/ a3ipiiey OarbIThiH Kepceteni. CoHgai-ak, MaKaiaga
OHBIH HOTWKeJepiHiH KeHipeK ocepi TaJKbUIAHHII, aJblHFAH dMIiCTeMeNep MEH TYCiHIKTep 6acka a3 pecypc Til-
JepiHjeri yKcac Kyu-xkirepai xabapaap ere anajpl, ocsutaiia NLP-HiH xkahaHaplk epiciHe yiiec Kocasbl.

3epTTey Ty phiC TICLT MEH pecypcTapiibl eCKepe OTHIPHII, Ke3 KeJITeH TUIAIH KbIP-CHIPbIH OPHAJIACTHIPY YILIH OCBI
TEXHOJIOTHSUIAPIBIH JIEYETiH pacTail OTHIPHIIT, MAIIMHAJIBIK, OKBITY TEXHOJIOIMSJIAPBIHBIH Y3IIKCI3 JaMybIHa OJap-
JIbIH HOTHKEJIEPiHiH caslIapsl Typasibl OR-TIiKipiepMeH asKTaiagsl. Byt KyMBbIC Ka3ak TUTIHIAETI MOTIH/II KYPYAbIH
TEXHUKAIBIK, MyYMKIHIIKTepiH JIaMbITHIIT KaHA KOUMaWIbl, COHBIMEH KaTap, TiJl OKBUTBIKTAPBIH KOO JKoHe 1Uudp-
JIbIK, MTHKJIIO3UBTUIIKTI apTTHIPY YILH MAallMHAJIBIK, OKBITY/IbBIH JICYETiHiH JaJIesi OOIbI TabbuIabl.

Tyiin ce3aep: duddy3usnbik Moaenbaep, TpancopMaTop yiriiepi, MamHaIbIK oKeITy, NLP, mapadpasa,
Kazak, Tifi.

Introduction. Traditionally, machine learning showcased the scalability of this approach [1]. Still, its

frameworks for natural language tasks have been
geared towards languages with extensive resources,
such as English. Nonetheless, the necessity to tailor
these sophisticated frameworks to languages with fewer
resources is becoming increasingly crucial to broaden
the reach of NLP technologies. While there have been
initiatives to modify generative pre-trained models
for languages with limited resources, the research
on tailoring these models for the Kazakh language,
specifically for text generation, remains scant. The
application of a unified model to evaluate machine
translation quality across numerous language pairs has

practical effectiveness and flexibility for adapting to
new linguistic contexts, especially for a language with
as few resources as Kazakh, are aspects that continue
to pose significant inquiries.

The given study applies diffusion models and
transformers to the task of text generation and
paraphrasing in Kazakh, contrasting with another
research [2] that uses ontologies and parsing trees
for sentence classification. Both are centered on
enhancing NLP resources for the Kazakh language.
However, the distinction lies in the approaches: the
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given research is geared towards generating new text,
while the comparative study focuses on analyzing and
understanding existing sentences.

This paper aims to bridge this gap by investigating
the adaptation of two state-of-the-art generative models
- Diffusion models and Transformers - for text
generation in Kazakh. Diffusion models like Denoising
Diffusion Probabilistic Models have shown promising
results in high-quality and diverse text generation for
English [2]. The study makes a valuable contribution
to the field of natural language processing for
the Kazakh and Turkish languages, offering tools
for the determination of grammatical categories. Its
strengths lie in the use of machine learning algorithms
and extensive datasets, which are balanced by the
complexities of language processing and potential
limitations in the applicability of the algorithms
[3]. Similarly, pretrained transformers fine-tuned on
downstream tasks have dominated leaderboards across
various NLP benchmarks [4]. Although there has
been some work on paraphrasing datasets [5]. The
research focuses on a fundamental aspect of sample-
based machine translation: identifying the degree of
similarity between sentences. This involves aligning
an input sentence with a corresponding example
from a database, selecting segments of this sentence,
and subsequently adjusting or paraphrasing them to
produce the intended translation [6]. The articles under
review present the development of new linguistic
and algorithmic solutions for information retrieval
technologies within search systems, taking into account
syntax and elements of semantics, including for Turkic
texts [7]. The document provides a detailed description
of the method for summarizing Kazakh texts [8],
these studies do not solve the problem we address.
Additionally, there are efforts to define semantically
close words in the Kazakh language [9], and some initial
work on Kazakh text generation using generative pre-
trained transformers, thr research involves an empirical
evaluation of text generation models for the Kazakh
language, characterized by its limited resources and
complex morphology [10]. The research examined
the grammatical peculiarities of the Kazakh language
[11]. However, none of these works comprehensively
address the challenges of text generation in Kazakh, a
low-resource, morphologically rich Turkic language.

We detail customizing techniques like developing
specialized tokenizers and translating datasets to align
these models with Kazakh’s linguistic intricacies.
Through meticulous experimentation, we compare the
advantages and limitations of diffusion models versus

transformers for sustained evolution of Kazakh text
generation. Our primary contribution is pioneering the
alignment of cutting-edge generative architectures with
the specific needs of the Kazakh language. Findings
will serve as benchmarks for future NLP advancements
in similar low-resource contexts. Broader impacts
include progressing text generation capabilities for
understudied languages and highlighting considerations
for multilingual model development.

Materials and methods. Analytical Techniques
for Paraphrase Processing. Given the absence of
existing models and prior work on the topic of text
paraphrasing, we chose to embark on this endeavor as
young researchers in the field [2].

Our aim was to explore technologies and assess
the feasibility of implementation, with the goal of
attempting to create a model capable of addressing the
challenges posed by text paraphrasing. This decision
was motivated by the recognition of a research gap
and the potential to contribute novel insights and
advancements in the domain of text paraphrasing
models. Our research pioneers the alignment of
cutting-edge technologies with Kazakh’s specific needs,
contributing to machine learning discourse in less
commonly studied languages. The initiative to delve
into unexplored territories underscores the importance
of pushing the boundaries of research and innovation
to pave the way for advancements in natural language
processing and text generation [12], a technology for
constructing and visualizing the semantic image of a
full-text document using ontology [13].

The utilization of diffusional models and
transformers is pivotal for assessing the efficacy of
methods in interacting with the most advantageous
approach. Our selected models, Shark-NLP/DiffuSeq
and chatgpt_paraphraser_on_T5_base, extend
beyond mere paraphrasing, demonstrating utility
in text summarization and more precise language

translation to various languages, particularly
leveraging T5[t5]. The multifaceted benefits of
employing  paraphrasing encompass enhancing

understanding, clarity, simplification, incorporation
of different styles, adaptation to diverse audiences,
language improvement, summarization, avoidance of
redundancy, and seamless integration of quotations.
The exploration of these potentials provides compelling
and rational motivations for their application.

DIFFUSEQ, tailored for SEQ2SEQ tasks, harnesses
diffusion to enhance generation quality and diversity.
Featuring a minimum Bayes risk decoding algorithm,
it surpasses its counterparts in text generation quality
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and diversity. Theoretical connections to AR and NAR
models establish DIFFUSEQ as a robust extension of
iterative-NAR models. Empirical results underscore
its effectiveness, marking a significant stride in
SEQ2SEQ learning. Notably, our findings indicate
consistent performance improvements with larger
models, aligning with the trend of more accessible and
potent hardware. However, there are contexts, such
as client-side inference or federated learning, where
smaller models prove advantageous. Transfer learning
emerges as a valuable tool for achieving optimal
performance in low-resource tasks, advocating for
research into methods delivering robust performance
with cost-effective models [14].

The subsequent examination on  English
datasets raised a critical question regarding
efficiency. Shark-NLP/DiffuSeq, QPP with a mere
144,000 text rows for paraphrasing [14], and
chatgpt_paraphraser_on_T5_base, boasting over 6
million rows for the same task [15], exhibited
proficiency. Importantly, diffusion models displayed
optimization, requiring less data to function effectively.
Transitioning to the evaluation on a Kazakh
dataset, both models yielded unsatisfactory results.
Tokenization issues specific to the Kazakh language
led to a loss of efficiency and the semantic meaning
of source sentences. Despite efforts to adjust settings,
only 30% success was achieved, preserving the base
semantic meaning in an average of 3.4 sentences out
of 10. Paraphrasing efficiency remained unchanged,
with no replacements in sentences of 5 words and
minimal replacements in longer sentences. Diverse
settings yielded paraphrased sentences, but the base
meaning of the source sentence was invariably lost.

Further investigations revealed that temperature,
repetitions penalty, and certain parameters had
limited impact due to tokenization constraints. Length
of sentence, num_beams, num_beams_group, and
return_sequence was found to influence output.
Amidst challenges, our focus shifted to identifying and
rectifying these problems.

Dataset preparation and preprocessing constituted
the initial step, unveiling a scarcity of high-quality
Kazakh datasets [1]. Consequently, meticulous
translation and linguistic pre-processing of English
datasets were undertaken, ensuring adaptability for
Kazakh paraphrasing. Despite challenges associated
with a narrowly focused dataset sourced from social
media platforms, rife with exotic jargon and shortened
sentences, we persevered. After training a stable
diffusion model selected for adaptation, unsatisfactory

results ensued, as paraphrased sentences lost their basic
meanings, with word replacements proving unnecessary
and incorrect.

In the rapidly evolving landscape of machine
learning models, the transformer architecture has
emerged as a frontrunner in numerous natural language
processing tasks. It has shown a particularly impressive
capacity for paraphrasing in English. Given its
proven competence, we deemed it prudent to adapt
the transformer model, which has demonstrated
remarkable results in English paraphrasing, for the
Kazakh language.

Model Source. The transformer model we employed
originates from the Hugging Face repository, which
offers a plethora of pre-trained models. Our chosen
model, specifically trained for English paraphrasing,
provides a solid foundation upon which we sought to
build our Kazakh paraphrasing model.

Google Colab, or Colaboratory, constitutes a free
service provided by Google designed for machine
learning training and data analysis research. It offers
a cloud-based code execution environment built
on Jupyter Notebook and provides resources for
utilizing Graphics Processing Units (GPUs) and Tensor
Processing Units (TPUs). Several key features and
capabilities of Google Colab are highlighted below:

Free Access to GPU and TPU: Colab grants free
access to Graphics Processing Units (GPUs) and Tensor
Processing Units (TPUs), rendering it convenient for
high-performance machine learning model training.

Integration with Google Drive: Seamless import and
export of data to and from Google Drive simplify data
storage and sharing.

Support for Various Libraries: Colab comes
pre-installed with a plethora of libraries such as
TensorFlow, PyTorch, Keras, OpenCV, and others,
streamlining the development and training of machine
learning models.

Data Handling and Visualization: Colab facilitates
easy uploading, analysis, and visualization of data using
Python libraries like Pandas, Matplotlib, and Seaborn.

Collaborative Access and Real-time Collaboration:
Users can invite others for real-time collaboration on
projects, making Colab a convenient tool for teamwork.

The utilization of this platform enabled us to assess
the efficacy of DiffuSeq in practical applications due
to its minimal data requirements. With an available
dataset suitable for paraphrasing and a structure similar
to QPP, minor adjustments sufficed to align it with
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our objectives. Following these configurations, the
process progressed to tokenization, utilizing the same
tokenizer employed by DiffuSeq. Creating a tokenized
word list proved swift owing to the modest dataset
size. A Kazakh tokenizer was introduced into the
model, and subsequent training on a Kazakh dataset,
taking approximately 4 hours, revealed an unexpected
challenge. The QPP tokenizer proved incompatible as
the pre-trained model persisted in generating English
words in the output. Occasionally, the output featured
combined sentences with words from both languages.
This underscored the need for a language-specific
tokenizer, prompting a reevaluation of our approach.

The generated output exhibited inaccuracies not
solely due to the inadequately chosen tokenizer but also
owing to linguistic peculiarities, including the following
factors:

Morphological Characteristics: Complex Word
Structure. The Kazakh language is characterized by
a rich morphology, encompassing affixes (prefixes,
suffixes), and flexional changes. This complexity in
word structure, where a single Kazakh word may
consist of multiple morphemes, poses challenges for
tokenization, diverging from the simpler structure of
English words.

Declension and Conjugation: The Kazakh language
employs a system of declension and conjugation,
complicating the extraction of root forms and their
corresponding forms in a sentence. These changes often
carry significant semantic load, and mishandling them
can distort the meaning of the sentence.

Word Formation: Challenges in Defining Word
Boundaries. Certain Kazakh words can be intricate,
containing multiple lexemes. Defining boundaries
between individual words becomes problematic,
especially for tokenizers trained on languages with
simpler word structures.

Lexical Characteristics: Synonymy and Homonymy:
Kazakh may feature words with rich semantic
nuances, synonymy, or homonymy, complicating the
task of accurately selecting adequate replacements
during paraphrasing. Understanding context becomes
critically important for proper interpretation.

Ethnic and Cultural Specificities: The Kazakh
language may include terms and expressions unique
to the culture and history of Kazakhstan. Some of
these expressions may lack direct analogs in other
languages, adding complexity to the tasks of translation
and paraphrasing.

Semantic Changes Based on Word Usage in

Different Contexts: Polysemy. Certain Kazakh words
may have multiple meanings depending on context.
This complexity introduces challenges in determining
the best translation or paraphrasing, as the choice must
be conditioned not only by the word itself but also by
the context of its usage.

Grammatical Characteristics: Word Order. Kazakh
has its own word order, which may differ from English.
For example, in Kazakh, word order can be free,
and it is crucial to preserve syntactic structure during
paraphrasing. Tokenizers and models must account for
these nuances.

Lack of Definite Article: The Kazakh language does
not use a definite article, which can also influence the
tokenization and translation processes.

Diversity of Lexical Styles: Official and Informal
Styles. Like many languages, Kazakh can exhibit
different levels of formality and style depending on the
context. Acknowledging this diversity is crucial during
paraphrasing.

In light of these linguistic intricacies, our initial
assumption that a generic tokenizer would suffice
proved untenable. The need for a language-specific
tokenizer became evident to address the linguistic
idiosyncrasies inherent in the Kazakh language.
This realization prompted a reevaluation of our
approach, emphasizing the importance of linguistic
considerations in the development of machine learning
models for text generation in Kazakh.

After numerous attempts to rectify the identified
issue proved unsuccessful, a decision was made to
explore whether a transformer could address the task
at hand. Among the models deemed suitable and
of interest, the “chat_gpt_paraphraser_based_on_T5”
model emerged. Its notable feature lay in its capacity
to handle translation tasks into French, Romanian,
and German, in addition to possessing modules for
detecting semantic meaning, akin to DiffuSeq. For the
sake of time and computational efficiency, we selected
only the module designed for sentence paraphrasing.

Upon executing the model on an attached
dataset comprising 400,000 sentences, the model’s
performance deviated from expectations [16] and the
growing challenges in text processing that arise from
the increasing volume of information on the Internet
[17]. The discrepancy stemmed from the fact that
the original model operated on a modified algorithm
for generating paraphrased sentences, courtesy of
the ChatGPT-2 algorithm. Due to this algorithm,
the dataset structure transitioned from one text
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corresponding to one array of 5 paraphrased versions
of that text to one text aligning with an array of 15
paraphrased versions. The final dataset comprised a
total of 6 million sentences.

Additionally, to expedite the translation process, a
restructuring of the dataset was required. Specifically,
each dataset entry contained 15 identical texts in the
left column and 15 distinct paraphrased versions in the
right column. The outcomes were consistent, utilizing
identical hyperparameters for text generation as with
DiffuSeq, and the functionality of the hyperparameters
proved identical.

Dataset Acquisition. Initially, we procured a dataset
[18] encompassing 140,000 rows of source-target pairs,
where the source represented the original text and the
target its paraphrased counterpart.

Challenges with the Initial Dataset. While our initial
dataset offered a good starting point, we observed
certain limitations during the preliminary stages of
training. The scope of the dataset, limited to 130k rows,
might not have captured the rich linguistic diversity
and intricacies of the Kazakh language. Additionally,
considering the complexity and capabilities of the
transformer architecture, there was a potential risk of
the model overfitting to this smaller dataset. These
concerns compelled us to reconsider our data strategy.

Preparation of an Expansive Dataset. In our pursuit
to refine the potential capabilities of our model, we
delved into more extensive datasets. Our exploration
led us to the Hugging Face platform, where we
identified a dataset [19] that comprised an impressive
6 million rows of source-target pairs. We believed
that translating and adapting this voluminous dataset
to Kazakh would offer our model a broader linguistic
spectrum, potentially augmenting its paraphrasing
proficiency. However, due to time constraints, we
did not proceed with training on this dataset. We
propose that future researchers consider leveraging this
enriched dataset to possibly attain superior results.

This necessitated the translation of the dataset to
avoid utilizing incorrect data and attempting to replicate
minimal results akin to the original model. For this task,
a semi-automatic translation method utilizing machine
translation was devised. This process, coupled with
token creation for the dataset and subsequent training,
spanned an entire week.

Translation and Dataset Refinement. The
predominance of English in our selected datasets
necessitated their translation into Kazakh. With
meticulous attention to detail, we ensured that the

semantic essence remained intact, thus upholding
the data’s contextual fidelity. Once translated, the
datasets were subjected to thorough preprocessing,
involving the rectification of irregularities and removal
of superfluous data, making them primed for potential
future training exercises.

Tokenization. Challenges in Existing Tokenizers for
the Kazakh Language [20]. Our journey began with an
exhaustive search for pre-existing tokenizers tailored
for the Kazakh language. While there are numerous
tokenization tools available for major languages, we
quickly discerned a gap in robust, efficient tokenizers
specifically engineered for the linguistic nuances
of Kazakh. Many existing tools either lacked the
precision required for our paraphrasing task or were not
compatible with the transformer model’s requirements.

Development of a Custom Tokenizer. Recognizing
this void, we embarked on the path of creating
our bespoke tokenizer. Our tokenizer’s design was
influenced by the Sentencepiece [6] tokenizer’s
underlying principles, renowned for its proficiency
in handling a wide array of languages. By building
upon the foundational concepts of Sentencepiece and
incorporating specific adaptations for Kazakh, we
endeavored to engineer a tokenizer that was both
efficient and linguistically adept.

Contribution to the Community. Understanding the
broader implications of our work and in the spirit of
promoting open research, we have made our custom
Kazakh tokenizer available to the public. It has been
uploaded to the Hugging Face model hub, a prominent
platform known for its extensive collection of machine
learning models and tools. By doing so, we aim to bridge
the existing gap in Kazakh language processing tools
and hope that our contribution will assist researchers,
developers, and linguists in their respective endeavors.

For those interested in leveraging our tokenizer or
furthering its development, it can be accessed on the
Hugging Face platform under our repository.

Model Training. Initial Training. Our preliminary
training was undertaken on Google Colab Pro, tapping
into the computational prowess of a V100 GPU with
16 VRAM. For this phase, which used the 140k row
dataset, our chosen parameters were:

Batch Size (bsz): 22
Epochs: 3
Training Duration: Approximately 2 hours

Figure 1 illustrates the training loss trajectory of
the ’rutS-multitask' model over the course of training.
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Notably, the plot exhibits an exponential decrease in
loss values up to 12,000 steps, suggesting rapid and
substantial learning by the model during the initial
training phase. This promising trend indicates the

effectiveness of the chosen parameters and highlights
the potential of the 'rut5-multitask' model for linguistic
tasks.

Training Loss Over Steps
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Figure 1- Training loss of the ’rut5-multitask’ model

Experimentation with ‘rut5-multitask’. Post our
initial training endeavors, we chanced upon a multi-
language model for paraphrasing named ‘rut5-
multitask’. There was a study which offered a
solution to the problem of summarizing texts in the
Kazakh language, considering the process as two
tasks: extracting the most important sentences and
simplifying them. The TF-IDF method was used for
extraction, and Seq2Seq neural network technology
was utilized for sentence simplification. Due to the
lack of a Kazakh dataset for training, transfer learning
with a model trained on Simple English from Wikipedia
was proposed. The main scientific contribution of the
work is the transfer learning technology for simplifying
Kazakh sentences using English language data [S8].
Another study we looked at focuses on determining
semantic similarity of words to enhance information
retrieval tasks in the Kazakh language. This research
employs vector representations of words and methods
to calculate semantic closeness, with the aid of Apache
Spark for distributed computing. It also details the use
of pre-trained sentence transformers to grasp sentence-
level semantics and speed up searches using semantic
indexes. The results indicate that the proposed methods

can be an effective solution for identifying semantically
similar words and texts in the Kazakh language [9].
With keen interest, we experimented with this model
and observed encouraging results right from the initial
training phase. This presented a promising alternative
to our previous approach and underscored the potential
of utilizing multilanguage models for specific linguistic
tasks.

Expanded Training. With the acquisition of the
larger 6 billion row dataset, there was an evident
need for enhanced computational resources. Hence, we
migrated our training regimen to a server fortified with
dual GPUs, each boasting 24 VRAM. The parameters
adjusted for this expansive dataset were:

Batch Size (bsz): 64

Epochs: 2 (Projected)

Training Duration: Estimated around 30 hours (Note:
Training is ongoing, and this section will be updated
post completion)

Model Foundation. It’'s imperative to clarify
that we did not train our model from scratch.

Initially, our training process was anchored on the
“chatgpt_paraphraser_on_T5_base” [21] model from
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Hugging Face. This strategy allowed us to leverage
the knowledge encapsulated in this pre-trained model,
transitioning from a model fine-tuning approach rather
than an exhaustive end-to-end training.

Training Observations. Throughout the training
journey, we were astute in our monitoring of the
model’s loss trajectory. A discernible plateau in the
loss served as an indicator that the model was possibly
nearing its optimal state and might not gain significantly
from protracted training. Recognizing this, we made
the judicious decision to terminate the training. Such
attentive oversight not only ensures judicious resource
deployment but also mitigates the risk of model
overfitting.

Consideration of Alternative Models. Diffusion
Paraphrase Model for the Kazakh Language. During
our literature review and exploration of potential
models, we stumbled upon a promising diffusion-based
model for paraphrasing [14], as detailed in a recently
published paper. Accompanying the paper was an open-
source Git repository, which provided a comprehensive
walkthrough of their methodology and implementation.

However, while this diffusion model posed as
an intriguing candidate, its computational demands
significantly exceeded the resources at our disposal.

The complexity of the diffusion model, combined
with the intricacies of the Kazakh language, would
necessitate substantial computational power to train
effectively and efficiently. Given our constraints as
students with limited access to high-end computational
infrastructure, we had to make a pragmatic decision.
Thus, while the diffusion model remained an
enticing avenue for potential exploration, our current
resources dictated that we prioritize the more feasible
transformer architecture, which also had a proven track
record in paraphrasing tasks.

It’s worth noting that while our focus shifted to the
transformer model, the diffusion model’s potential
merits in the context of the Kazakh language remain
an area of interest. Future endeavors, especially
with enhanced computational capabilities, could
revolve around revisiting this model to ascertain its
effectiveness in paraphrasing the Kazakh language.t.

Evaluation metrics:

To quantitatively evaluate the performance of our
model, we leveraged three distinct similarity metrics:
Cosine Similarity, Jaccard Similarity, and FuzzyWuzzy
Similarity. Each metric was chosen to provide a
multifaceted understanding of how the paraphrased
content aligns with the original.

Distribution of Cosine Similarities
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Figure 2 - Cosine Similarity between source sentences and model-generated responses from our test set of 100
examples

Cosine Similarity. Cosine similarity measures the
cosine of the angle between two vectors in a
multidimensional space, making it suitable for textual
comparison when texts are represented as frequency

vectors.

Text Vectorization: Utilizing TF-IDF, we
transformed each text into a vector representation,
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highlighting the importance of each word in relation
to the overall corpus.

Similarity Calculation: We then calculated the cosine
of the angle between the vectors of the original and
paraphrased texts.

Figure 2 depicts the cosine similarity between source

sentences and model-generated responses from our test
setof 100 examples. The figure illustrates the computed
cosine similarities between the vectors of original
sentences and their paraphrased counterparts, providing
insight into the model’s performance in generating
responses that align with the semantics of the source
sentences.

Distribution of Jaccard Similarities
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Figure 3 - Jaccard Similarity between source sentences and model-generated responses from our test set of 100
examples

Distribution of FuzzyWuzzy Similarities
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Figure 4 - Similarity between source sentences and model-generated responses based on FuzzyWuzzy Ratio
from our test set of 100 examples
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Jaccard Similarity . Jaccard Similarity calculates
the ratio of intersection over union for two sets, offering
insights into their resemblance. Word Splitting: Texts
are partitioned into individual word sets. Similarity
Calculation: Employing the Jaccard formula, we
quantified the overlap between the word sets of the
original and paraphrased texts. Figure 3 presents the
Jaccard Similarity, a measure derived from the ratio
of intersection over union for two sets, revealing
their likeness. Our approach involves breaking down
texts into individual word sets, and using the Jaccard
formula, we assess the overlap between the word sets
of both the original and paraphrased texts. This method
sheds light on the semantic alignment between source
and generated texts.

FuzzyWuzzy Similarity Grounded on the
Levenshtein distance, FuzzyWuzzy gauges the edits
required to transform one string into another, reflecting
their similarity. Distance Calculation: We determined
the edit distance between the original and paraphrased
texts. Normalization: The resultant distance was
normalized to yield a percentage score, indicative of
textual similarity.

Discussion and Results. TA. Model Performance.
Model Implied Hyper-parameters for Paraphrasing.
For our paraphrasing model, several hyperparameters
were meticulously tuned to optimize the quality of the
output. Herein, we elucidate the significance of each:

- num_beams (5) - Beam search is an algorithmic
optimization used during inference to explore multiple
possible output sequences simultaneously and select the
best one. num_beams specifies the number of beams
or paths that the algorithm will explore concurrently.
Increasing the number of beams typically enhances
the quality of model outputs at the expense of
computational time;

- num_beam_groups (5) - This parameter divides
the beams into groups and ensures that each group is
diverse from the others. It helps in diversifying the
generated outputs. A higher number of beam groups
can lead to more diverse paraphrasing outputs;

- num_return_sequences (5) - Specifies the number
of sequences or outputs the model should return for
every input. Helpful in generating multiple paraphrase
options for a given input, providing a varied set of
alternatives;

- repetition_penalty (10.0) - Penalizes words that are
repeated in the generated output. A higher penalty value
discourages the model from producing repetitive words
or phrases in the paraphrased text;

- diversity_penalty (3.0) - Encourages the production
of diverse tokens by adding a penalty for generating
similar tokens within the beam groups. Ensures that
the returned paraphrases within the beam groups are
different from one another;

- no_repeat_ngram_size (2) - This parameter ensures
that no n-grams (in this case, 2-grams or bigrams)
are repeated in the generated output. Prevents over-
repetition of certain word combinations, enhancing the
fluency and diversity of the output;

- temperature (0.7) - A scaling factor applied to
the logits before softmax during inference. It adjusts
the distribution from which tokens are sampled.
Higher values increase randomness in token selection,
whereas lower values make the model’s decisions more
deterministic;

- max_length (128) - The maximum number of
tokens in the output sequence. Constrains the length of
the generated paraphrase, ensuring it doesn’t become
excessively verbose;

B. Model Trained on rut5-multitask

In our quest to further refine our paraphrasing
capabilities, we turned our attention to the ‘rut5-
multitask’ model. Upon training, we subjected the
model to evaluation using diverse Kazakh sentences to
ascertain its ability to generate appropriate paraphrases.

For a clearer understanding, we present a
comparative analysis between the original sentence,
the expected (or reference) paraphrased answer, and
the output generated by our model. A representative
snapshot of our findings is illustrated in Table 1.

It’'s evident from the results presented in Table
1 that while our model has shown competency in
generating paraphrased content, there remains room for
improvement. Instances where the model output aligns
closely with the original sentence highlight the potential
challenges and limitations of the paraphrasing process.

We aim to delve deeper into these results, analyzing
instances of accurate paraphrasing against instances
of repetition or minor deviations. By dissecting these
results, we hope to shed light on areas of potential
enhancement and avenues for future research.

Amidst the diverse range of model variations
subjected to training on all four tokenizers, it is
noteworthy that the obtained results demonstrated a
remarkable consistency under identical hyperparameter
configurations. Notwithstanding, a notable exception
emerged with the humarin [5] tokenizer. This particular
tokenizer, uniquely configuring both models for

39



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

English text generation, underscored the nuanced
impact that tokenization choices can exert on model

behavior and output.

Table 1- Comparative analysis of original sentences, reference paraphrases, and model outputs

Source Target Answer

KoHcepBatuBTik ~ komMmyHucrep | KoHcepBatuBTik ~ KOMMyHHCTIK | KoHcepBaTuBTiK KOMMYHHCTE
Omoret 239 opsiHFa ue Ooaasr; | Tomra 239 opbiH  Oommel, an | Mar Omoret 239 opbiHFa  Me
¥YITTHIK KeHecke aiHanraH [leMo- | OypbiH  JIeMOKpaTusuIbIK,  O/OK | YHIICTaHHBIH — ONABL;  ¥JTTBIK

KpaTusutbIK, OnokTta 125 pemyrtar
OOJIIBL.

Jen atanatbiH YITTHIK KEHecTe
125 ekin Gomnpl.

capbasmap eHecke ajajblaiHall
Cunmmnsian lemokpa 2011 wist
125 nenyta onempae Tanceipbic O
omicTepin koMaHza.

By oOkura Tpy3uH cascarbiH
TyOerein e3reprirn, KOMIITKTI
Kenec eximeri ajFacKaHHaH
repi ToyesCi3lik apThlK el
TYKbIPbIM/IAYFa UTEPMEJIE/i.

Ochbl okurara OaiinaHbicTol [py-
3USAHBIH CAsACATHl PAJUKAIAHyFa
YIIBIpaabl, OyJ KemnTereH agam-
napablH - Toyesnciziik Kenec eki-
MeTi Ke3iH/Je KaJlyJaH repi kKaKkchl

By okura rpy3ud onemae TyOe-
TeilJTi @3raHpTil, KenuijackHiz0eH
Kenec abopurennepkiver Kaii-
Chl JKaJIF IIHCKAHHA aJ1a peTiHeepi
AJAJIBITYEIICI3IIK TYKbIPbIMIAYF

HYCKa eKeHiHe CeH[Ii.

JKacai.

QJIbIT, OHBIH OpHBIHA [ py3HSHBIH
Oypeirel KI'B  Gacmbicer ['nBu
T'ymOapua3eHi TaraitbIHI bL. Ie.

14 coyipne I'opbaueB Ixym- | [opGaueB opubiHa kenmi. Hxkym- | Coyipne TopGaueB xymbep
6ep IarmamBuwingi  I'pysust | 6ep Iarmamswim [pysust Kom- | [MatmamBumuai  OWiKTIK — py3ust
KommyHuctik MAPTUSICHIHBIH | MYHHCTIK MAPTUSACHIHBIH OipiH- | KOMMYHHCTIK mapT KaiChICHISIChI-
OipiHIN XaTIIBICKl KBI3METiHEH | IIi XaTIIBICH peTiHae I'py3usiHBIH | HBIH XaHiHIIBIC- Kbi3MeT KaiichiH

Oypeirsl KI'B  Gacribickt ['mBu
I'ymbapunzemen Gipre 14 coyip-

aJIbll, OH apTHIK KalfaH COTTiHa
CaJTaChIH/IAPIIBI3 OOPTIIESH.

The apex of our outcomes materialized through
the utilization of the final tokenizer, as explicated in
the narrative of this study. The intrinsic congruence
observed in the results across models sharing identical
datasets further emphasizes the reproducibility and
stability of our findings. Such uniformity not only
substantiates the reliability of our approach but also
suggests the intrinsic characteristics of the chosen
tokenizer and dataset interplay significantly in shaping
model performance.

In the broader context of machine learning model
training, our exploration of machine translation
techniques revealed nuanced considerations. The
endeavor to transpose an English dataset into
Kazakh, while not deemed an optimally effective
strategy for model training, was recognized as a
pragmatic recourse in the face of a paucity of
substantial, high-quality Kazakh datasets. It is crucial to
underscore that the appropriateness of such translation
methodologies is contingent upon the nature of the
target domain. In scenarios characterized by the
mundane and commonplace, the use of translation
services like Yandex/Google Translate introduces
minimal distortions. However, within specialized
domains such as medicine, scientific discourse, and
politics, the imperative for reliance solely on manually
translated datasets becomes apparent, acknowledging

the intricacies and specificities inherent to these
domains.

Computational resources and the diversity of existing
models emerge not as deterministic factors but
rather as moderating influences. Their impact is
contingent upon the proficiency and acumen of
the model operator. In the absence of a nuanced
understanding of the intricacies of less efficient
models, misguided impressions and fruitless endeavors
may ensue. Practical considerations, encompassing
the available time and the uninterrupted continuity
of model training operations, should be weighed
judiciously. This deliberation, naturally, presupposes a
commensurate level of resources akin to those at the
disposal of undergraduate students.

The central tenet of our endeavor was to illustrate
that models of this nature necessitate adaptation not
only to widely spoken languages but can, with concerted
efforts, be extended to less popular languages. This
endeavor is particularly noteworthy given the context
of our study, executed by a group of final-year bachelor
students. It underscores the potential democratization
of advanced natural language processing (NLP)
techniques, emphasizing the importance of accessible
avenues for linguistic diversity.

The successful adaptation of such models to less
common languages, as demonstrated in our study,
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speaks to the viability of these endeavors even within
resource-constrained settings. While our study serves as
a testament to the feasibility of adaptation by bachelor
students, it is crucial to recognize that the process can
be further optimized and expanded with the integration
of cutting-edge technologies, enhanced computational
resources, and the expertise of more qualified and
certified practitioners in the field of NLP.

Leveraging specialized technologies and substantial
computational power, along with the guidance of
seasoned NLP experts or accomplished professionals
in the medical domain, this process can be
comprehensively realized. The infusion of advanced
tools and the expertise of certified NLP professionals
can elevate the adaptation of such models to lesser-
known languages, ensuring not only linguistic accuracy
but also semantic fidelity. This collaborative approach,
merging technological capabilities with expert insights,
promises a more nuanced and sophisticated integration
of advanced language models, thereby expanding their
applicability to a broader linguistic spectrum.

In the culmination of our scientific pursuits, the
attainment of our primary objective- the construction
of a model proficient in sentence paraphrasing-
is a testament to the systematic exploration of
various models and datasets. Situating our research
within the broader narrative of advancing machine
learning applications in linguistic tasks, particularly for
languages grappling with limited available resources,
positions our findings as a meaningful contribution to
the evolving landscape of natural language processing.

Conclusion. In conclusion, our research endeavours
centred on the development and adaptation of
machine learning models for paraphrasing in the
Kazakh language. Through a meticulous exploration of
various models and datasets, we achieved our primary
objective of constructing a model proficient in sentence
paraphrasing. Our findings underscore the adaptability
of such models to less popular languages, exemplified
here by Kazakh, and the potential democratization of
advanced natural language processing techniques.

This study, conducted by a group of final-year
bachelor students, demonstrates the feasibility of
undertaking complex NLP tasks with limited resources.
The success achieved in the adaptation of models to
the Kazakh language highlights the potential impact of
similar endeavors in linguistically diverse contexts.

Moreover, the study emphasizes that while the

adaptation of models by bachelor students is feasible,
further optimization and scalability can be achieved

with the integration of advanced technologies,
increased computational resources, and the guidance
of more experienced NLP experts. This collaborative
approach holds promise for enhancing linguistic
accuracy and semantic fidelity in the adaptation of
machine learning models to lesser-known languages.

Our study has delved into the realm of machine
learning for paraphrasing in the Kazakh language,
employing two semi-automatic translation algorithms-
QPP and chat_gpt_paraphraser_TS5. Both models
demonstrated commendable performance on the
paraphrase task, paving the way for efficient adaptation
to various languages beyond English.

The creation of two translated datasets,
encompassing 140k sentences and an extensive 6
billion sentences, underpins the adaptability of our
approach to datasets of varying scales. This versatility
is instrumental in accommodating the linguistic
nuances of different languages, a crucial factor in the
effectiveness of paraphrasing models.

Our study encapsulates a comprehensive exploration
of machine learning for paraphrasing, emphasizing
adaptability, linguistic diversity, and methodological
rigor. By bridging the gap between English-centric
models and lesser-known languages, we contribute to
the ongoing evolution of natural language processing
technologies, fostering inclusivity and accessibility
across diverse linguistic landscapes.

As we transition beyond the English-centric
paradigm, the inclusion of two robust paraphrasing
models and the translation of datasets from English
to Kazakh mark significant strides toward linguistic
inclusivity. The adaptation of models and datasets
for lesser-known languages aligns with the broader
narrative of democratizing advanced natural language
processing technologies.

To gauge the unique generation capability of
our models, we employed four evaluation metrics,
providing a multifaceted assessment of paraphrased
outputs. This methodological rigor enhances the
reliability of our findings and contributes to the
robustness of our study.

Looking forward, others future research could
delve into refining the adaptation process, exploring
more extensive datasets, and investigating the specific
challenges posed by languages with intricate linguistic
structures. Additionally, the integration of domain-
specific expertise, such as medical or scientific
knowledge, could further enhance the performance of
paraphrasing models in specialized contexts.
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In essence, our study contributes to the broader encouraging the exploration of innovative solutions
discourse on the applicability of machine learning and collaborative efforts in advancing the accessibility
models in linguistic tasks for languages with limited and effectiveness of natural language processing
resources. It opens avenues for further research, technologies across diverse linguistic landscapes.
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METHODOLOGY FOR REDUCING THE RISKS OF CYBERSECURITY
BREACHES AND PROTECTING INFORMATION FROM CYBER ATTACKS

R.I. Vakilov
Armed Forces of the Republic of Azerbaijan, Baku, Azerbaijan,
e-mail: rasimvekilov757 @gmail.com

The scientific article examines the problems associated with the risks of cybersecurity violations and information
protection from cyber attacks. Given the dramatically increased amounts of information transmitted over networks,
the number of cyber attacks is simultaneously increasing, with the aim of stealing various kinds of secret and
confidential information. At the same time, the role of specialists involved in the development and implementation
of information system security technologies has increased.

The article analyzes vulnerabilities in corporate systems and suggests methods for improving encryption protocols
for users' personal data. Special attention is paid to the technologies for implementing protection mechanisms at
the software development stage.

Keywords: digital technologies, hacker attacks, cybersecurity, network architecture, protection mechanisms.

KUBEPKAYIIICI3AIKTIH BY3BLITY KAVIIIH ABAUTY KOHE AKITAPATTHI
KUBEPIIABYBIJITAH KOPYAY 9 IICTEMECI

P.A. Bexnios
Isipoaitkan Pecyonumkacek Kapynst Kymrepi 9ckepu, baky, 93ipbaiixka,

e-mail: rasimvekilov757 @gmail.com

Fouteivmu Makanana KubGepkayirnci3aiktid 6y3bUly KayIiHe jKoHe aKkapaTThl KuOepiadybuliaH KOpFayFa Karbl-
CTBI Maceeep KapacTbipbliaasl. JKestijiep apKbuibl OepisieTiH aknapaTThiH KYPT 6CKeH KOJIEMiH ecKepe OThIPHIII,
SpTYPJI KYIMs JKoHE KYIWs aKIapaTThl ypiiay MakcarbiHaa KuOepiadybuliap canbl 6ip yaKbITTa apThill KeJle/.
ConbIMeH Oipre, akmaparThIK XKyHelepi KOpray TEXHOJOTHSUIAPhIH 3ipiieyMeH XXoHEe €HTri3yMeH aliHasbICaThiH
MaMaH/apIbIH Pesli apTTHI.

Makanajia KOpIOpaTUBTIK JKyiielepaeri ocaJlIbIKTap TalAaHa bl KoHe MaiaantaHyIIbUIapAbH KeKe JepeKTepiH
mmdpriay XxaTTaMmasIapbiH KeTUIIIpY 9icTepi YehIHbUIaAbl. BaraapiamMansk KaMTaMachi3 eTyai o3ipiiey Ke3eHiHae
KOpFay TEeTIKTEPiH eHTi3y TEXHOIOTUsIapblHa ePeKIle Ha3ap ayJapbUIAbL.

Tyiiin ce3aep: CaHIbIK TEXHOIOTUSIIAP, XaKePJIiK Madyblgap, KHOepKayillCi3 ik, KeJli apXUTeKTypachl, KOpra-
HBIC MEXaHU3M/EPI.

METOJIOJIOTUA CHUKEHU A PUCKOB HAPYIIIEHU
KUBEPBE3OITACHOCTHU U SAINUTHI UTH®POPMAIIMU OT KUBEPATAK

Bexkuaos P.N.
BC Pecniyonuku AzepOaiimxkaHn, baky, AzepOaimka,

e-mail: rasimvekilov757 @gmail.com

B Hay4HO#1 cTaTbe McCienyIoTcsl MpoOJeMbl, CBSI3aHHBIE C PUCKaMH HapyILeHUH KUOepOe30MacHOCTH U 3ally-
Tl MHGpOPMAIMU OT KHOepaTak. YUHThIBash pe3Ko B3pociive 00beMbl MH(pOpMaIMY, MepeaaBaeMon 1o CeTsiM,
OIHOBPEMEHHO YBEJIMUMBAETCS KOJIMUYECTBO KHOEpaTak, ¢ LEblo XUIEHHUs Pa3JIMYHOrO pojia CEKPETHON U KOH-
(pupentmansHON nH(pOpMarmu. OTHOBPEMEHHO BO3POCia PO CIENMAINCTOB, 3aHUMAIOIINXCS pa3pabOTKON 1
BHEIPEHUEM TEXHOJIOTHI 3aIIUThl TH(OPMALIIOHHBIX CHUCTEM.
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B cratbe aHaM3UpYIOTCA YA3BUMOCTH B KOPIIOPATHBHBIX CUCTEMaXx M IPeJIaraloTcst METOIbl COBEPIIEHCTBOBA-
HHSI TPOTOKOJIOB MIM(POBAHMUS EPCOHATIBHBIX JAHHBIX NOJIb30BaTenell. Ocodoe BHUMAHKE YASIEHO TEXHOIOIHUSIM
BHEJIPeHMs MEXaHU3MOB 3allIUTHI Ha Tare pa3padoTKU MPOrpaMMHOIO 00ecreyeHusl.

KiroueBble ciioBa: nudpoBbie TEXHOTIOIMH, XaKePCKHE aTakH, KHOepOe30MmacHOCTb, apXUTEKTYpa CETH, MeXa-

HHU3MbI 3alIIUTHI.

Introduction. The development of digital
technologies has led to the emergence of a large
number of digital threats on the Internet. For example,
the theft of users' personal data or hacker attacks
on the company's information systems in order
to disable them. In response to threats, a field
of knowledge has emerged that is engaged in the
development and implementation of technologies to
protect information systems from them - cybersecurity.
Cybersecurity experts study crimes and threats in the
digital environment and develop ways to counter them.
For example, they are looking for vulnerabilities in
corporate systems and improving encryption protocols

2019 2020 2021 2022 2023

2024 2025*

for users' personal data.

Materials and methods. According to the forecasts
of the service Statista.com The global cybersecurity
market will continue to grow and will exceed $650
billion by 2030 Cybersecurity Goals The main goals of
cybersecurity are to ensure the security of networks,
devices and software. The objects of protection against
cyber threats in global networks include, for example,
software and databases of companies, network
architecture, websites and applications, smartphones,
computers, [oT devices like smartwatches and software
for managing them(fig.1).

657.02

20267 2027 20287 2029% 20307

Figure 1 - Projected statistics of an increase in cyber threats

According to the forecasts of the service Statista.com
The global cybersecurity market will continue to grow
and will exceed $650 billion by 2030 Cybersecurity
Goals The main goals of cybersecurity are to ensure
the security of networks, devices and software. The
objects of protection against cyber threats in global
networks include, for example, software and databases
of companies, network architecture, websites and
applications, smartphones, computers, [oT devices like
smartwatches and software for managing them [1].

By hacking them, attackers can disable the systems
or steal the data that is stored in them. For example,
user contacts, bank card numbers, and even health

information. The data can be sold or used for theft or
blackmail. For companies, cyberattacks are financial
and reputational losses. Criminals can erase customer
databases or disclose their personal data on the Internet.

They can steal developments and sell them to
competitors, or disable the network architecture
and stop the company's work for several days.
Cybersecurity  specialists implement protection
mechanisms at the software development stage
and constantly analyze potential vulnerabilities of
programs, networks and devices. Protect information
Data stored and transmitted on the Internet must be
protected from unauthorized access. For example, the
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username and password, phone number and address that
the user enters when registering on the site should not
become available to cybercriminals [2]. Any changes
to the data must be authorized by their owner. For

Virus, gusanos, piay otros maliciosos

Spam
Ataques phishing
Penetracion / hackeo de redes

Robo de dispositivos méviles
(teléfonos inteligentes / tabletas)

Do, DDoS ataques

Robo de equipos (ordenadores de escritorio, portatiles, etc.)

Espionaje corporativo (involucra alas
personas, no a los sistemas informaticos)

Ataques dirigidos especificamente
contra nuestra organizacién/marca

I

example, only the user can change the information in
the user's account. And only its administrator can add
or remove information from the company's customer
base. Figure 2 shows the percentage of harmful factors.

66%
61%
36%
2%
2%
19%
17%

-

Figure 2 - Percentage of harmful factors

Despite cyber attacks, the data should remain
accessible: the user should not lose access to the
account, and the company's support service should not
lose access to customer contacts from the database.

Detect threats and respond to incidents Incidents
are the actions of cybercriminals that can lead to
a violation of information security or the failure of
information systems. For example, unauthorized access
to databases can reveal confidential information [3].
And a large number of requests to the site exceeding
the network bandwidth will block its operation. Incident
response includes, for example, resetting passwords of
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Jrom threats.
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a suspicious account and restoring a backup copy of the
information system after unauthorized data deletion.

Systems can be subject to cyber threats not only
because of internal vulnerabilities, but also because
of human errors. For example, if an employee of
a company connects to corporate software via a
public Wi-Fi network, his username and password can
be intercepted by intruders. Or if he logs into his
personal email from his work computer and clicks on
a suspicious link in the email, he will expose the system
to the threat of a virus attack. Figure 3 shows methods
for identifying information flows.
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Figure 3 - Methods for identifying information flows

46



To reduce the risks of cybersecurity violations by
employees, you need to teach them the basics of
cybersecurity: talk about possible threats, consequences
and ways to avoid them.

How does cybersecurity differ from information
security?

Information security protects data that can be stored
both digitally and on paper. Information security
specialists are fighting against external and internal
threats. For example, they prevent the consequences of
accidental data changes or system malfunctions due to
technical failures [4].

Cybersecurity refers to the protection of digital
information only and mainly from threats from outside
- from Internet networks.

Results and discussions. Information security is a
superset of cybersecurity

In the modern world, digitalization has affected all
industries and social spheres, so it is impossible to
ensure the security of information without protecting
it from cyber threats. Information security and
cybersecurity are interrelated and complement each
other, so in practice the concepts are sometimes used
synonymously. Often in companies, especially in small

ones, both directions are led by one employee [5].

Criteria for assessing the noise immunity of

information systems

Noise immunity is understood as the ability of an
information system to withstand the harmful effects of
interference. As a result of interference, the received
message will differ to some extent from the transmitted
one. Therefore, noise immunity can be characterized
as the degree of compliance of the received message
with the transmitted one at a given interference. When
comparing several systems, one of them will be more
noise-resistant, which, with the same interference,
will provide less difference between received and
transmitted messages.

The effect of noise is that some symbols in the signal
are replaced by others, as a result of which another
signal is received instead of the transmitted signal. The
noise immunity of the communication system can be
most fully characterized by a set of probabilities {Pik}
that when transmitting the i-th signal, the k-th (i, k =
1,2,...,.N) will be received; and if we want to set the
requirements for the noise immunity of the system,
taking into account the value of each of the messages
individually, then setting the entire the {Pik} matrix is
necessary [6].

Figure 4 - Attack trees

However, comparing systems by their {Pik}
matrices (which can be called “stochastic message
transformation matrices”) is associated with a number
of difficulties, and often not necessary: it is enough to

introduce simpler noise immunity characteristics. Such
simple parameters include, for example, the average

probability of an erroneous admission, P ,cree error-
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Modeling of information flows

The process of assessing information security using
information flow modeling will reveal:

» trends in the behavior of the system;
* the occurrence of potential errors;
* the scale of vulnerabilities;

* The extent of the consequences of the probable
threat.

A preliminary assessment of the entire system and
identification of potential risks makes it possible to
effectively make decisions about security measures.

Attack trees or error trees are a structured and
hierarchical way to collect possible threats. The tree
describes a possible attack and its purpose, linking the
attackers' tasks with the purpose of the attack, as well
as possible implementation methods. Attack trees can
be used either in conjunction with other analysis tools,
or as an independent research tool [7].

The peculiarity of attack trees is that the expert builds
a separate attack tree for each software product of the
company. Thus, it turns out a whole chain of threats that
hackers can “climb” to achieve their goal (Fig. 4).

After analyzing and evaluating the company's
information security, specialists will be able to
anticipate the likelihood of a threat and the scale
of possible damage. As a rule, experts refer to the
following data:

 conducted research;

« results of the IB analysis;
* data on previously conducted attacks.
Specialists define two main vectors of work:

1. Eliminate the consequences of the attack, if it is
successful.

2. Acceptance and elaboration of risks.

Conclusions. Based on the results of the conducted
research, we can determine the level of production
costs for eliminating the consequences of cyber threats.
Statistics are collected for several reporting periods.
They reflect real incidents of data leaks, reputational
risks, and the effectiveness of security systems. With
the help of the information collected, we decide on the
actions that need to be taken to ensure an appropriate
level of protection.

When calculating risks, we also pay attention to the
cost of eliminating them. If the elimination of the risk
exceeds the expected losses, we suggest minimizing
possible losses, rather than completely eliminating such
a risk. Such an analysis helps to correctly allocate
budgets to protect your data and avoid unplanned
expenses

Information security analysis and assessment
contribute to raising awareness of the degree of
protection. Work on studying potential risks and
vulnerabilities, as well as actions to minimize them,
can improve the security of an organization's data, its
networks and servers.
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INNOVATIVE APPROACHES TO THE IMPLEMENTATION OF MOOCS IN
HIGHER EDUCATION

B.B.Buribaev, G.T. Kalidollina, B.T.Barat", G.U.Utegen
Al-Farabi Kazakh National University, Almaty, Kazakhstan,
e-mail: bekzat.barat@mail.ru

This article is devoted to the topic of informatization in education. In the context of globalization, the modern
education system is undergoing significant changes. The concepts of continuous learning and openness, accessibility
are becoming a reality thanks to massive open online courses (MOOQOCs). The article provides a brief description
of the principles of operation of popular educational platforms such as Coursera, edX and others. The MOOC
variant proposed by the authors of the work on programming in the state language, which is currently used in the
process of studying at the university, is considered. The advantages and disadvantages of e-learning are analyzed.

Keywords: higher education efficiency, massive open online courses (MOOC:s), blended learning technology,
E-Learning, online learning.

KOTAPTBI OKY OPBIHIAPBIHIAY'BI BIJIIM BEPY ITPOLHECIHE
KAOK-TAPABI BEJICEHII TYPJE EHI'I3Y KOJIIAPBI

B.B. Bepi6aes, I.T. Kamngoamuna, B.T. Bapar®, I.V. Yreren
an-®apabu ateiHgarel Kasak ¥aTThIK yHUBepcuteTi, AnMarsl, Kazakcras,

e-mail: bekzat.barat@mail.ru

By makana Gisim Gepyzeri aknaparTaHablpy TakbIpblObiHA apHauFaH. JKahangaHy sxaraaiibiHaa Kasipri 6itim
Oepy Kyleci alTapibIKTail e3repictepre yIbIpayaa. Y3IiKCi3 OKHITY JKoHe KOKETIMAUTIK TYKbIphIMIaMaiaphl
JKarmai amblK, oHsaiH kyperapasiH (JKAOK) apkackiHa MIbIHABIKKA aliHatyna. Makanaaa taHeiMain Oirim Oe-
py miathopManapbiHbIH KYMbIC TIPUHIMITEPiHIH KpICKalia cunarramachl kenripiiren Coursera, edX, xoHe T.0.
MemJiekeTTiK Tiage OarmapiaManiay OOMBIHINA JKa3bLIFAH KYMBICTapAbIH aBTopiapsl yceiaran JKAOK Hyckachl
KapacTbIpbUIIB, OJIap Ka3ipri yakeITTa YHUBEPCUTETTE OKY MPOLECiHAe KOIJaHbUIaIbl. DIEKTPOHIbIK, OKBITYABIH
apTHIKIIBLIBIKTAPbl MEH KEMIIILTIKTEPiHE Ta/1ay Kacaybl.

TyifiiH ce3aep: xorapbl OLTIM THIMJILIIT, KaMmai amiblK, OHIaiH Kypcerap, E-Learning, apanac OKbITY TEXHO-
JIOTUSICHI, OHJIAMH-OKBITY.

IIYTA AKTUBHOI'O BHEJIPEHUS MOOK B OBPA3OBATEJIFHBIN
INPOLECC B BbICHINX YYEBHbBIX 3ABEJJEHUAX

B.B. Bepitaes, I.T.Kamugonmmna, B.T.Bapar’, I'.V.Vteren
Kazaxckuii HallMOHAJIBHBIN YHUBEpPCUTET NMeHH atb-Papadu, Anmarsl, Kazaxcran,

e-mail: bekzat.barat@mail.ru

JlaHHas CcTaThsl MOCBAIIEHAa TeMe MH(pOpMaTH3alUK B 00pa30BaHMU. B ycIOBHAX mio0ain3aly COBPEMEH-
Has cucTeMa 0Opa3oBaHMs ITpeTepIieBaeT 3HaUMTeIbHble N3MeHeHHsl. KoHLenumy HermpepeIBHOTO 00y4YeHus U OT-
KPBITOCTH, TOCTYITHOCTH CTAHOBSITCS PEabHOCTBIO OJIarofapss MacCOBBIM OTKPBITHIM OHJaiH-Kypcam (MOOC).
B crarbe maercst KpaTkoe ONMMCaHWE TPUHIMIIOB pabOTHI TOMYJSPHBIX 00pa30BaTENIbHBIX IUIATOPM, TaKUX KakK
Coursera, edX u ap. Paccmorpen Baprant MOOK, nipesiioxkeHHBIN aBTOpaMy paboThI IO IPOr paMMHPOBAHHIO Ha
TOCYJapCTBEHHOM $I3bIKE, KOTOPHIM B HACTOSIIIEE BPEMs MCIONb3YeTcsl B Ipoliecce 00ydeHus B By3e. [IpoaHanu-
3UPOBAHBI IPEUMYILECTBA U HEJOCTATKH EKTPOHHOTO 00yYeHHsI.

KiroueBsble ciioBa: 3(pheKTHBHOCTH BBHICIIIETO 00pa30BaHMUsI, MACCOBBIE OTKPHITHE OoHMaiH-Kypchl (MOOK),
3JIEKTPOHHOE 00yUYeHHEe, TEXHOJIOIUS CMELIIAHHOrO 00YYeHH s, OHJIAH-00yJeHue.
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Introduction. Currently, electronic education is
rapidly advancing. Educational institutions today
offer online courses alongside thousands of various
new technological methods. The goal of digitizing
the educational process is to enhance the quality of
education using innovative technologies tailored to
each learner individually. In the initial stages of e-
learning development, presenting educational materials
effectively using modern information technology
tools was sufficient. Recently, however, one of the
comprehensive, systemic methods has come to the
forefront, resulting from the creation of a unified
educational information environment covering the
entire learning process - Massive Open Online Courses
(MOOCs) [1, 2].

Creating online courses requires specific knowledge
and skills, such as pedagogical methods, course
design, content development, adapting the course to
the online format, and technical support. Depending
on the course objectives, courses can be developed
collaboratively by multiple educational institutions or
as an individual project. The rapid development of

information technologies, especially the internet and
communication tools, has expedited the growth of
distance education, enabling educational institutions
located in any part of the country to offer instruction
across various fields.

The leading higher education institutions in our
country have begun integrating such a distance
education system into the learning process. Online
courses significantly complement and deepen
traditional academic education, making information
more current and developing the practical skills of
learners [3].

Our main goal in creating MOOCs is to enhance
program efficiency despite the large number of users.
This is beneficial for students who cannot afford to
attend traditional educational institutions and for those
who want to pursue additional education in their free
time. Additionally, open online courses can be utilized
for the advancement or retraining of professionals in
various fields. User opinions on the e-learning course
are diverse, and we have outlined the key ones in Table
1[2].

Table 1 - Advantages and disadvantages of MOOC

Advantages of MOOC Disadvantages of MOOC

Student can assess their knowledge and | Lack of opportunity for individual

evaluate their achievements. communication between students and
instructors.

Distance learning allows for saving money on
further education.

Creating a new MOOC and improving it
requires funding.

There is no need to go to a specific location
at a particular time for learning.

The fact that the internet does not cover all
territories is a significant obstacle.

Materials can be reviewed multiple times.

It will be challenging to ensure that
educational materials correspond to the
students’ educational level.

The purpose of the study: to consider the process
of creating MOOCs and their role in education, to
analyze their advantages and disadvantages, to describe
the effective aspects of the course work proposed by the
authors. The object of research is the creation of mass
open online courses in Kazakhstan, and the field of
research is the process of creating open online courses
and the work carried out at its practical stages. The
importance of working in this field helps readers to
better understand the process of creating massive open
online courses, as well as their role in education. Online
courses are useful in the field of education, including
in the training of specialists in the field of technology,

and a wide audience interested in improving their
professional skills.

Each year, our university publishes around thirty
courses. According to the QS World University
Rankings by Subject 2023, our university is among the
top 200 educational institutions and guides the creation
of MOOCs within unified educational institutions
throughout Kazakhstan [4]. On October 1, 2015, the
first open courses were launched by leading professors
at Al-Farabi Kazakh National University, covering
“Probability Theory” and “Physical Problems with
Associate Professor V. Kashkarov”. These courses
were attended by students from the first and second
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years of Al-Farabi Kazakh National University, high
school students from Nazarbayev Intellectual Schools,
and students from specialized physics-mathematics and
secondary schools [3, 5].

Materials and methods. This study explores
various methods for utilizing MOOCs, including
ways to analyze and summarize scientific and
methodological literature, works of domestic
scholars, and their analysis. Throughout this analysis,
existing experiences in creating online courses
and implementing software solutions to enhance
productivity are proposed. The practical significance
of this research lies in the potential use of the article's
material in studying the process of creating MOOCs
and in seminars on the theory and methodology
of teaching in secondary and higher educational
institutions.

In the proposed work, alongside the examination
of these methods for utilizing the education system,
the significance of their application in the context of
the modern educational environment is demonstrated.
Methods of analyzing and summarizing scientific
and methodological literature enable researchers and
practitioners in the field of education to study current
scientific works and develop new strategies and
approaches to teaching. The analysis of the work
of domestic scholars is a crucial stage in research

B E-campus B Coursera W Stepik

as it allows for the assessment of achievements
and experiences of local experts in creating online
courses and implementing modern technologies in
the educational process [6]. There is every reason
to believe that such an analysis involves studying
concepts and methods adapted to the characteristics of
the domestic education system, as well as examining
advanced practices and successful conditions for the
implementation of online education [7].

Massive Open Online Courses (MOOCs) have
become increasingly popular in recent years, and
consequently, numerous studies are conducted on this
topic. Initially, the MOOC format emerged as part
of blended learning technology, allowing students to
watch lecture videos in a traditional format outside of
class hours, complete tests, and quizzes. In addition to
leading American universities creating online courses
and integrating them into the educational process, the
practice of licensing the right to use content developed
by another university, such as MOOC, has emerged [8].
For example, San Jose State University in California
initiated a pilot study using open online course content
hosted on platforms like edX and Udacity within the
flipped classroom format. In our country, unified online
courses have been created, and their development in the
national language ensures the continuous improvement
of the learning process [9, 10] [Figure 1].

56

OpenEducation

W edX W SkillUP
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Figure 1 - The activity of using online courses on various platforms

E-campus, Coursera, Stepik are educational
platforms that provide access to online learning in
dozens of disciplines (humanities, technical fields,
natural sciences), indicating the effectiveness of the
online courses they offer (simultaneous enrollment

in multiple courses, up to three courses, is also
provided). Thus, the most active providers of online
courses are not educational platforms like Coursera,
but organizations directly involved in publishing, such
as publishers, book distributors, and digital publishing
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systems [11].

Currently, due to the possibility of recurring
pandemic outbreaks, the issue of transitioning to
remote learning and the effectiveness of creating online
programs is considered highly relevant. Additionally, in
the analysis of works by domestic scholars, the number
of studies on the creation of online courses is growing,
with a focus on leveraging the strengths of their main
findings and recommendations. For example, in the
following study [12], the authors discuss the current
state of online education and its future. They explore
the main trends in course development as well as
issues related to their effectiveness, quality, and the
accessibility of learning. Similarly, research on the
creation of Massive Open Online Courses (MOOCs)
[13] illustrates the stages of course development in
Kazakhstan and other countries, highlighting their key
features. This study addresses questions related to
course design, the selection of teaching methods, and
the application of new technologies. Based on the
results of this work, efforts are being made to develop
educational materials to adapt learners to various
aspects of online learning and address the shortcomings
of the MOOC system.

The analysis of the experience in creating online
courses allows for the identification of successful
strategies and approaches to the development and
implementation of educational programs in the online
environment. This may include research on the creation
of various technological platforms and online courses,
the use of interaction tools, the analysis of methods for
evaluating the effectiveness of online education, and
the examination of factors influencing the success of
online courses, such as student motivation and teacher
support [14].

The practical significance of our research lies in the
opportunity for compact and convenient utilization of
the materials obtained while studying the process of
constructing an educational system. We have developed
and implemented courses such as “Programming in
C#”, designed for the programming field [3, 4]. Users
include high school students, and these courses can also
serve as a basis for conducting seminars on the theory
and methodology of teaching in secondary and higher
educational institutions.

Overall, it is evident that this work has its place
in the field of education, especially in the context of
developing and implementing online courses in the field
of programming in the state language. The research can
serve as a source of information and inspiration for
students, educators, and researchers interested in the

development of online courses and the use of modern
technologies in the educational process.

At the same time, the scholarly work can serve as
a foundation for conducting seminars and discussions
on the topic of teaching theory and methodology.
Discussing and analyzing this information will allow
for an expansion of understanding the principles of
effective teaching, as well as exchanging experiences
and best practices in this field.

Results and discussion. From the point of view of
teachers, the advantages of Jocs are the possibilities
of good organization of the educational process and
material. Teachers believe that the course contributes
to the flexibility of teaching, which is achieved through
different formats, and the improvement of the quality
of both the JAP itself and the traditional course based
on it, through the use of feedback from listeners.

Foreign Studies often state that for the full
implementation of online courses in traditional
teaching, teachers must improve the quality of work, in
particular, they make the following requirements [15]:

- provide active administrative support to maintain
the motivation of course teachers, i.e. authors, to work
with the new format; also consider it necessary to carry
out Resource, political and technological support;

- recognition of online courses (it is required
to include them in the main workload of teachers,
provide resources for conducting research within the
framework of courses, devote time to the development
of materials)

- the teacher must be prepared for the risks that come
to his reputation by creating an online course.

The integration of MOOCs into the educational
process of the university is the most important strategic
task of modern higher education. The following ways
of introducing the course into the educational process
of the university can be distinguished:

1. Additional education: In this model, the MOOC is
offered as additional resources to enrich the university
curriculum. Students can choose a course according to
their interests and take it along with the main subjects.

2. Integration into training courses: in this case, open
online courses are included directly in the university
curricula as an integral part of the disciplines. Specific
lessons or modules of core subjects are replaced by a
course that can complement traditional teaching with
modern methods and content.

There are several types of integration of the course
into the educational process of the university, each of

53



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

which has its advantages and limitations. The choice of
the best form of integration depends on the goals of the
educational institution, the needs of students and the
available resources.

Creating massive open online courses is a complex
and multi-stage process that includes several stages,
including important ones: defining the goals and
objectives of the course, developing a curriculum,

developing training materials, developing an MOOC
platform, testing and launching the course, developing a
knowledge assessment system [16]. That is, the online
course program should contain information about the
subject (the name of the open online course, the course
abstract, information about the teacher, the results of
the course, the target audience, etc. its general plan is
presented in table 2 below.

Table 2 - MOOC creation plan

Open online course title

Online course name

1

2

Name of the discipline according to the
curriculum, direction of training

Indicate the name of the discipline in
accordance with the curriculum of the
educational program. Cipher and name of the
direction of preparation

Course Information

What is the course for, the purpose of the
course, what is the purpose of learning-
achieved

Course format

Course  composition  (video lectures,
screencasts, presentations, questionnaires,
etc.), total labor intensity of the course
(number of credits / hours)

Course structure

Customized list of course topics

Competencies to be formed

Training results

Information about the authors of the course

Information about teachers (photo, full name,
positiontelephone number, academic degree
and title, email address)

Required level of training of trainees

What preliminary knowledge or skills will be
required?

Table 3 - General structure of MOOC

The name of | Types of | Additional The number | Training load
the section | evaluation materials, links | of videos and | in  accordance
(subsection) of work in the | to external | slides on the | with the work
and its brief | Department. Set | resources, topic and the | program of the
description, a 7pass limit” | images requirements for | discipline
which  should | for each type of their recording,
reflect the | assessment, for for example,
content of the | example 60% recording in
section the studio,

auditorium,

library, traveling

videos, etc.
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Planning a pedagogical scenario involves the author's
clear vision of the educational space of the online
course, the ability to identify pedagogical technologies
in accordance with the characteristics of the target
audience of the course, a thorough design of the content
of educational activities. Traditional forms and means
of current, intermediate and final control are excluded:
oral response, written work, work in the classroom.
Also, to master the text, you need a base of test
tasks and practical tasks, such as self-control, tests for
competence.

The course should be built on the basis of weekly
planning, sections should be built on the principle of
the location of the materials studied for one (or several)
weeks. When implementing measures to identify the
student and assess the level of achievement of learning
outcomes, control over compliance with the conditions
should be ensured. The share of valuation activities
performed by identification must be at least 50% in
the aggregate assessment at the exchange rate. The
following methods of identification and control over
compliance with the conditions are possible when
conducting assessment measures:

- control of the student in a specialized territorial
Center;

-continuous remote monitoring of the student and his
actions.

Control over compliance with the conditions should
ensure the exclusion of the following risks with a
probability of at least 90%:

- transfer of the student to another person;
- listening (including references);

- viewing (including working on the internet, if not
allowed by the terms of the assignment);

- the use of software (including remote control) [17].

After forming the topic of the course and the
development team engaged in the creation of the
course, the team develops the concept of the course,
determines its goals and objectives, and also selects
methods and forms of training. They also draw up a
course plan, which can be as follows:

- materials for training sessions;

e

- tests and tasks;
- audiolections, video lectures;

- practical elements necessary to successfully pass the
course [6].

In addition, the developers are engaged in the
creation of a course website, which will be used to
present course materials and conduct online classes.
The website also needs to be convenient and accessible
to a wide audience. Once the course and website are
created, the developers conduct testing to make sure the
course is quality and effective.

There are many different structures of open online
courses, but they all include the following components:

1. Introductory part, informative modules of the
course in the form of lectures (text, video lectures,
presentations), test tasks after each lecture and a
final test or project for all the material passed. For
example, the structure of the online course of the
Kazakh electronic online education system “Stepik”
includes[Figure 2]:

- Video lectures lasting 2 academic hours (90
minutes), divided into semantic blocks lasting 10-20
minutes each. The video may include presentations,
pictures, animated videos, additional audio materials;

- Homework designed for 1-2 academic hours (45-90
minutes). Homework options are diverse: from solving
specific tasks to writing an essay;

- Tasks for independent work, designed for 4-6
academic hours. It may include the study of basic
and additional literature, answers to questions for self-
examination, preparation for testing, study of materials
on the Internet;

- Control and measuring materials-test questions with
answer options, one or more of which are correct.

2. In the process of studying each module, students
undergo intermediate testing - after each part of the
module (1-2 questions for each part) and testing for
the entire module, that is, after studying the materials
of the entire module (10-15 questions). "Stepik” as a
course includes modules, lessons and steps. All of them
are presented in the figure below [12].

-

Figure 2 - Structure of courses on the ”Stepik” platform
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This structure must be considered when creating
MOOC:s. The criteria for MOOCs themselves and their
meaning consist of:

1. Choosing a platform for implementing MOOC:s is
a strategically important step. The platform should have
a user-friendly interface, provide the ability to support
various types of content (visualizations, tests, practical
tasks).

2. The choice of the course topic should meet modern
educational and professional needs. The structure of
the course content should be logically organized and
systematized. It is important to give not only theoretical
material, but also practical examples, cases, tasks for
independent work.

3. Defining course objectives helps participants
explore important aspects of the chosen topic. The
expected results of the course should be measurable so
that participants can assess their progress.

4. The duration of the course should be chosen in
such a way that students can devote enough time to
studying the material and completing tasks. This can be
a short course that ends in a few weeks, or a long-term
course divided into modules.

5. Conditions for completing and obtaining a
certificate - it is important to set specific conditions
for completing the course in order to stimulate the
involvement of participants. This includes passing
all tests, successfully completing practical tasks and
actively participating in discussions. The certificate of
completion of the course gives students a sense of
accomplishment and can be used in their professional
activities.

# Taimger  @Kypcw  @Bonpoce  EEOTGeTOpewmwTaTax  GHacTpodka

Baww TecT HaUHETCA, Kak TONBKO Bbl HAXMETE KHOMKY HauaTe.

Finally, the course begins and becomes accessible
to everyone. During the course, students have the
opportunity to read materials, complete assignments
and communicate with other course participants
through an online platform. Upon completion of the
course, students can receive a certificate of completion
of the course.

In general, the creation of mass open online courses
in Kazakhstan requires a lot of time, resources
and labor. However, online courses provide new
opportunities for the development and professional
development of education in Kazakhstan and can
become an important factor in the development of
the country's educational sector. To improve the
quality of the course, further development of teaching
technologies and methods is required, as well as
effective tools for assessing student productivity. In
general, the creation of mass open online courses is
an important and promising direction in education,
which opens up new opportunities for students and
specialists in various fields. The development of the
open online course is a key factor in the development of
global education and professional development of the
population.

During the research work at the University, the
development of an e-learning course was carried out.
Once the user has gone through the registration or
authorization process, they will be taken to the home
page of the e-learning course, named “mentor”, as
shown in Figure 3. The home page contains buttons
in the menu such as course information, questions,
progress and result, and settings.

Figure 3 - Home page of the electronic course”Talimger”
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In addition to the Python programming language, the
platform also has courses from popular programming
languages such as C# and Java. There is also a video
with a special explanation on the home page of the e-
learning course and the possibility of passing the test
and checking the progress. When passing the test, the
user must first select the course and pass the video test.
The video check shows all the actions performed by the
user and the time spent on testing. Well, the test result
can be found by the user by clicking on the button called
report results. The creation of tests that correspond to
the task is a complex, multi-level process arising from
many principles: compliance of the test content with

# Talimger  @Kypcw I Bonpock

W OTyer o pesyneTaTa

Quiz Attempt

o L Cuer

1 M5S0 e 2

1 [ '
] e

5 Wi uw

MVC Test

Candite 12345

MpagonKae sl

9 Tlpemeexcol Tl A4 3 APABWAHuie OTBETLI M3 § BONPOCL Bhi 6AeHs BB K TOMy, WTo6ul ETaTh IKENEPTON.

the goals of testing, determination of the importance of
the knowledge being tested, the relationship of content
and form, the substantive correctness of the test tasks,
the representativeness of the content of the educational
subject in the test content, the On the platform, the
user must pass 5 mandatory questions during testing.
All these questions and answers are recorded in the
database, and all user responses are saved. If the
student correctly finds the answers to questions above
3 questions, he will have access to the next lecture and
laboratory work. Otherwise, the student will have to
review the lectures again. The user can see his result
as in Figure 4.

HHNNE

Figure 4 - Test results

Users can access their profile by clicking the settings button in the menu. This page contains the name, phone
number and email address of users. If desired, the user can add a picture.

Bxypos  BBorpoce EOTe

Success!

Profie updated sucesstuly.

Edit Profile

My Praofile

Figure 5 - User settings page
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In addition, users of these sections have the ability to change them. In Figure 5 shows the settings page for

these users.

Among the users, students who successfully complete the course will be issued a special certificate, as shown
in Figure 6. A certificate is a document confirming the identity of its supplier, as well as the existence of any

property or other rights.

azens

Ceprudguxar 00 OKOHYAHHH

This is to certify that

Admin

has successfully completed the certification

MVC

with seore of 35

dated
10 anp 2022

Figure 6 - The certificate is issued after completing the “Python Programming Language” course

Conclusions. Summing up, we can say that the
creation of mass open online courses is becoming
an increasingly relevant and demanded direction in
modern education. MOOC allows you to get high-
quality education anywhere in the world, which makes
them available to everyone. The creation of the
open online course requires considerable effort and
resources, including technical support, development of
materials, and organization of the educational process.
The creation of mass open online courses in Kazakhstan
is also becoming more and more popular. Many
educational institutions in Kazakhstan have begun to
actively develop and offer online course on economics,
law, Earth Sciences, Technology and other topics.
As a result, our course of work showed that in
connection with the large number of users to reduce
production, work is carried out on optimization with the
introduction of new technologies.

The study showed that in the educational process of
the university there are several types of integration of
the MOOC, each of which has its own advantages and
limitations. The choice of the best type of integration
depends on the goals of the educational institution,
the needs of students and the available resources. The
introduction of MOOC in the educational process of
universities can contribute to flexible and effective
teaching, as well as to expanding the educational

opportunities of students.

A lot of work still needs to be done for the further
development of the M & A in the Kazakh language.
Although some educational institutions have already
begun to provide JOAC, many of them still do not
have enough experience and resources to create quality
courses. Thus, the study of the creation of mass open
online courses, the implementation of which is relevant
and important work for a number of reasons:

- first of all, there is an active growth of interest
in online education in Kazakhstan. The situation
with COVID-19 also intensified this trend, as many
educational institutions were forced to switch to the
form of distance learning. In this regard, the creation
of the online course may be one way to increase access
to education and improve the quality of online learning.

- secondly, Kazakhstan sets itself the goal
of modernizing education and increasing its
competitiveness. One of the means to achieve this goal
can be the use of the course to develop the skills and
knowledge of students and teachers in various fields.

- thirdly, the creation of an open online course
can become a platform for the development of
national content and cultural heritage. Kazakhstan has
a rich history and culture that can be used to create
educational content at the international level.
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In addition, there is also the problem of low be used to improve the quality of education, improve
awareness of a wide audience about the possibilities the skills and retraining of specialists in various fields,
of the course. However, the creation of the MOOC in as well as attract international students and investors to
Kazakhstan has a great potential for the development the education sector of Kazakhstan.
of education in the country. Open online courses can

References

1. Evans S., Myrick J.G. How MOOC teachers view the pedagogy and goals of massive open online courses //
Distance education.- 2015. - Vol. 36, No. 3. - pp. 295-311.

2. Agapova N.A. Experience of creating MOOCs: a view from the inside (methodological and managerial aspects)
/I Open and distance education.- 2019. - No. 3 (60). - pp. 176-203.

3. MOOC Al-Farabi Kazakh National University [Electronic resource]. Access mode: https://open.kaznu.kz/ -
Revised date: 10.10.2023.

4. Introduction to MOOC programming Al-Farabi Kazakh National University [Electronic resource]. Access
mode:https://open.kaznu.kz/courses/course-v1:kaznu+PrK+2023-2024C1/about - Date of the application: 10.5.2023.

5. B.Buribaev, A.Zhumakhanova, M. Saginay. Features of distance learning technologies in higher educational
institutions // Materials of the international scientific and practical conference “Problems and prospects for the
development of the economy and education in the conditions of the Fourth Industrial Revolution”, dedicated to
the Independence Day of Kazakhstan, Almaty, AESA.- 2019. - pp. 363-367.

6.Rakhimova D.R., Buribaev B., Turarbek A.T., Kenesova N. Review of methods used in the electronic dictionary
of IT terms and phrases // BULLETIN of KazNPU named after. Abai, series “Physical and Mathematical Sciences”.-
2022. -No. 2(78), - pp. 150-159.

7. Programming in C# | MOOC Al-Farabi Kazakh National University [Electronic resource]. Access mode:
https://open.kaznu.kz/courses/course-v1:FIT+2023s2+2023_C3/about (Date of the application:11.15.2023.

8. Nilova Svetlana Vladimirovna Massive open online courses in the educational process of a university / OTO,
2014. - No. 2. URL: https://cyberleninka.ru/article/n/massovye-otkrytye-onlayn-kursy-v-obrazovatelnom-protsesse-
universiteta - Date of the application: 09.13.2023.

9. Semenova T.V., Vilkova K.A. Type of integration of massive open online courses into the educational process
of universities. University management: practice and analysis. 2017. - 21(6). - pp. 114-126.

https://doi.org/10.15826/umpa.2017.06.080

10. Malaysia to Become First Country to Develop Credit Recognition Policy for Online Courses:, available at:
https://www.nst.com.my/news/2016/01/122766/malaysia-becomefirst-country-develop-credit-recognition-policy-
online-courses (31.10.2017).

11. Online course Stepik [Electronic resource]. - Access mode: https://stepik.org/catalog Date of the application:
15.08.2023)

12. K.N. Zhapparkulova, O.I. Alexandrova. MOOC as part of the educational environment in the process of
training future teachers of Russian language and literature // Bulletin of KazNU named after. al-Farabi, Philological
series 2020.- No. 2 (178). - pp. 194-199.

13. Abilkasova S.O., Kalimoldina L.M., Moldagazyeva Zh.Yu. Problems and prospects for introducing massive
open online courses in higher educational institutions // Bulletin of Abai KazNPU, series “Pedagogical Sciences”.-
2020. - Vol. 65.- No.1.- pp.54-58.

14. Nurgalieva G.K., Artykbaeva E.V. E-learning as a condition for innovative development of the education
system//Bulletin of KazNU. The series is pedagogical.- 2012. - Issue 35. -No.1.- pp.9-12.

15. Zakharova Yu.S. Production of MOOC:s at a university: goals, achievements, barriers. University management:
Practice and analysis.- 2019.- No. 23(4). - pp.46-68

16. B.Buribaev, E.Shokankyny, B.Zh.Turarbek. Methodological issues in preparing a massive open online course
in computer science // “Statistics, accounting and audit”.-Weekly scientific and practical journal.- 2017. - No.

59



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

1(64). - pp. 189-195.
17. Erbosynova G.G. Open online courses - the main trend in the development of digital technologies in education
//Materials of the Republican scientific and practical conference “Global information educational space in the
hands of a competitive teacher”.- 2020.-4(6). pp. 66-69.
Information about the authors
Buribaev B.B. -Candidate of Technical Sciences, Associate Professor, Al-Farabi Kazakh National University,
e-mail: b.buribaev@gmail.com;
Kalidollina G.T.- teacher, Master’s degree, Al-Farabi Kazakh National University,
e-mail: kalidollina2021 @gmail.com;
Barat B.T. - master student, Al-Farabi Kazakh National University, e-mail: bekzat.barat@mail.ru;
Utegen G.U. - master student, Al-Farabi Kazakh National University, e-mail: gulbarshyn.utegenova@mail.ru
Cesedenus 06 asmopax
Bepibaes b.b.-kanauaar texHuueckux Hayk, goueHT KasHY nmenu anp-®apadu, e-mail: b.buribaev@gmail.com;
Kamunomnmuna I'.T.- npenonasatess, Maructp KasHY umenu anp-®apadu, e-mail: kalidollina202 1 @gmail.com;
Bapar B.T. - marucrpant KasHY nvenn anp-®Papabu, e-mail: bekzat.barat@mail.ru;

Vreren I'.Y. - marucrpant KasHY nmenn anb-®Papabu, e-mail: gulbarshyn.utegenova@mail.ru

60



MPHTH 20.19.27 https://doi.org/10.58805/kazutb.v.1.22-218

NODE.JS 1 SCALA: UHTEI'PAIIA 1J1 CO3JAHUA PACITPEJAEJIEHHBIX

MACIITABUPYEMBIX ITPUJIOKEHUM /I AHAJIN3A HAYUYHEBIX
TEKCTOB
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Node.js u Scala npeacraBistior co60¥ JBe MOMYJsIPHbIE TEXHOJIOTHN Pa3padOTKH, KOTOPbIe 00Ia1ai0T YHUKAITb-
HBIMH OCOOEHHOCTSIMH M TIPUMEHSIIOTCS] B pa3iMyHbIX cpepax. Node.js - cepBepHbiii JavaScript, KOTOpBIN cTaj
OCHOBOW JUIsi MHOKECTBA BEO-TIPUIIOKEHUI M CePBHCOB. Scala, ¢ Ipyroil CTOPOHBI, SIBJISIETCS] MOIIHBIM SI3BIKOM
NPOrpaMMHPOBAHHSI, KOTOPbIA KOMOMHHpYET IPEUMYIIecTBa (DYHKIIOHAIBHOTO U 00BEKTHO-OPUEHTUPOBAHHOTO
NpOrpaMMHpOBaHusl. B 9TOM cTaThe MBI CpaBHUBAEM 3TH ABE TEXHOJIOTHHM, PACCMATPHUBAEM MX OCOOEHHOCTH, TIpe-
MMYIIECTBA M HEAOCTATKH, OCHOBHBIE XaPAKTEPUCTUKU KaX IO TeXHOJIOTUH, cpepbl nx npuMeHeHu:. Node. js mim
Scala, 06a 9T HHCTPyMEHTA MPEAOCTABISIOT IIUPOKKE BO3MOXKHOCTH JIIsI CO3[IAHUST MOIITHBIX, MACIIITAOUPYEMBbIX
1 3(pPEeKTUBHBIX NMPUWIOKEHUI U B CTaThe pacCMaTpPHBAIOTCSI BO3MOXKHOCTH MX MHTETPAlMH, C LEJIbI0 CO3aHUs
MacIITaGUPyeMOro MPUIOKECHHUSI.

KuroueBrble ciioBa: s3bIk nporpammupoanust Scala, Node.JS, Hay4Hblii TeKCT, GOJIbIINE JaHHBIE, HECTPYKTY-
pUpOBaHHbIE JaHHBIE, 00paboTKa JaHHbIX, Apache Spark, pacnpeneneHHble BBIYMCIEHUS, MaTeMaTHIECKUI artma-
par

NODE.JS AND SCALA: INTEGRATION FOR BUILDING DISTRIBUTED
SCALABLE APPLICATIONS FOR SCIENTIFIC TEXT ANALYSIS

A.S. Turginbayeva', S.A. Altynbek?*, U.K. Turusbekova®, N.T. Aziyeva*
'L.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan,
2 Kazakh University of Technology and Business named after K. Kulazhanov,
Astana, Kazakhstan,
3Esil University, Astana, Republic of Kazakhstan,
4L.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan,

e-mail: serik_aa@bk.ru

Node.js and Scala are two popular development technologies that have unique features and applications. Node. js
is a server-side JavaScript that has become the foundation for many web applications and services. Scala, on the
other hand, is a powerful programming language that combines the benefits of functional and object-oriented
programming. In this article, we compare these two technologies, review their features, advantages and disadvantages,
the main characteristics of each technology, and their areas of application. Node.js or Scala, both these tools
provide great opportunities to create powerful, scalable and efficient applications and this article discusses how
they can be integrated to create a scalable application.

Keywords: Scala programming language, Node.JS, scientific text, big data, unstructured data, data processing,
Apache Spark, distributed computing, mathematical apparatus

NODE.JS KOHE SCALA: FELJIBIMA MOTIHEP II TAJITAWTHIH
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TAPATBIJIYAH MACHITABTAJIATBIH KOCBIMIIAJIAPIbI K¥PYTA
APHAJIYAH UHTEI'PAIIMAJIAY

A.C. Typrun6aepal, C.A. Anteiaéex?”, V.K. Typycéexosa®, H.T. Azuesa*
UJ1.H. T'ymunes atbiniarsl Eypasus yITTHIK yHUBEpCUTeTi, Actana, KazakcraH,

ZK. KynaxaHoB ateinnarsl Kazak texnonorus sxxoHe 6usnec ynusepeuteri AK, Acrana, Kazakcras,

3Esil University, Acrana, Ka3zakcraH,

4J1.H. T'ymunes athinaarst Eypasus yaTThIK yHHBepcuTeTi, Actana, KasakcraH,

e-mail: serik_aa@bk.ru

Node.js xoHe Scala 6ipereii epekIuesikTepre ve aHe TYpIli calajapia KOJIAHBUIATIH €Ki TaHBIMaJI TEXHO-
norusigad Typaasl. Node. s - KerTereH Be6-06araapiamainap MeH CepBHCTepre Heriz OoiFaH cepepiik JavaScript.
Scala, ekiHIIi KaFbiHaH, (PYHKIMOHAIBIK, XoHEe OObeKTIIIK-OaFiapianral OariapiaMasayabiH apThIKIIbUIBIKTA-
PbIH OipiKTipeTiH KyaTTbl Oarjapiamanay Titi 6osbin Tadbuiagpl. Bys Makanana 6i3 OCkl €Ki TeXHOJIOTUsIHBI Ca-
JIBICTBIPAMbI3, OJIAPABIH EPEKINENIKTePiH, apTHIKIIBUIBIKTAPhl MEH KEMIILTIKTEpiH, opOip TEXHONOTUsIHBIH Herisri
cHIaTTaMaJIapbld, oJIapibl KOJJaHy cananapbiH Kapactbipambi3. Node.js Hemece Scala, Oy KypanaapibH ekeyi
e KyaTThl, ayKbIM/IBI JKoHE THIMJI KOCBIMIIANAp/bl Xacay YIIiH KeH MYMKIHAIKTep Oepesii koHe MakKaiaga Mac-
IITA0TANIATBIH KOCBIMIIIAHBI JKAacay MaKCAThIH/IA OJIap/Ibl OipiKTipy MYMKIH/IIKTEPI KApaCThIPhUIAIbL.

Tyiiin ce3aep: Scala 6arnapinamanay Tii, Node.JS, FBUIBIME MOTiH, YJIKEH AepeKTep, KYPbUIbIMIaIMaraH Jie-
pektep, nepekrtepai eHaey, Apache Spark, GestiHren ecenreynep, MaTeMaTHUKaJIbIK, anrapartap.

Beenenune. Node.js u Scala - 310 1Be momyssip-
Hble TEXHOJOTMH Pa3pabOTKH, C KaXIOH W3 KOTOPBIX
CBSI3aHBl YHUKQJIbHbIE BO3MOKHOCTH U XapaKTepHUCTH-
ku. Node.js siBisieTcsl cepBepHOI Cpeioil BHIIIOJIHEHU S
JavaScript, KoTOpas IMUPOKO MUCHOJB3YeTCs AJIS CO3/1a-
HUsI BeO-TIPUIIOKEHUI 1 MUK pocepBucoB. C JIpyro# cTo-
PoHBI, Scala - 3TO MOIIHBIN 1 MHOTOTPAaHHBIN SI3BIK MPO-
IpaMMHpPOBaHHUs, KOTOPBII coueTaeT B cebe MpUHLIM-
16l (PYHKIIMOHAJIBHOTO M 0OBEKTHO-OPUEHTHPOBAHHOTO
MIPOrpaMMHpPOBaHUs. B 1aHHOH cTaThe MBI IIpeiaraem
cpaBHUTENbHBINA aHam3 Node.js n Scala, paccmarpu-
Basi MX MPEUMYIIIECTBA U HEJOCTATKH, OOJIACTH MpUMe-
HEHWsI U TPUMEpPBl YCIIEIIHBIX MaclITabupyeMbIX Ipo-
€KTOB. MBI mpoBezieM 0030p COOTBETCTBYIOIMX COO00-
IIECTB Pa3pabOTUMKOB, SKOCUCTEM HHCTPYMEHTOB H pe-
CypcoB it 00y4eHHs], KOTOpbIe IOMOTYT BaM BHIOpATh
HanOosee MOIXOASAIIYI0 TEXHOIOTUIO IS Balllero mpo-
ekra [1].

MarepnaJbl 1 MeTObI. [/ Havana caenaeM Kpar-
KU 0030p 3THX SI3bIKOB ITPOrPAMMHPOBAHHS U CIENAeM
aHAJIN3 BO3MOXKEH JIM MX CUHTE3 /ISl CO3/IaHM I MacITa-
OUpPYEMbIX NIPHJIOKEHHUH.

Node.js - 5T0 cepBepHas cpela BbIIOTHEHUS
JavaScript, koTOopasi TO3BOJISIET pa3padOTUMKAM CO-
30aBaTh BBICOKOIPOM3BOAMTENBHBIE W MaclITabupye-
Mble BeO-npuioxenust. OcHoBHOe HazHaueHue Node. js
3aKJoyaercsi B ObicTpod U 3(eKTUBHON 0OpaboTKe
MHOKECTBA OJIHOBPEMEHHBIX 3aIPOCOB, YTO JENAET ero
WJIeaIbHBIM /TSI CO3/IaHUs BeO-CepBEpOB M MUKPOCEp-

BHCcOB. Bot HEKOTOPLIE HpeHMyH.[eCTBa UCIIOJIb30BAaHU S
Node.js:

1. Beictpota u mMacuitabupyemocts: Node. js padora-
€T Ha OCHOBE COOBITMIHOTO ITUKJIA U HEOJIOKUPYIOILETO
BBOJA-BBIBO/IA, UTO MO3BOJISIET 3(PPeKTUBHO 0OpadaThi-
BaTh MHOKECTBO 3allpOCOB OJHOBPEMEHHO Ge3 OJIOKH-
POBKH MOTOKOB. 10 fenaer Node.js nueanbHbIM IS
CO3[aHHsI CEPBEPOB C BHICOKOM IPOU3BOAUTEILHOCTHIO
Y CIIOCOOHOCTBIO MacCIITaOuPOBAThCS.

2. Enunbiii s3pIk miporpammupoBanust: Node.js oc-
HOBaH Ha JavaScript, 4To o0ecreunBaeT eIMHbIA S3bIK
NPOrpaMMHUpPOBaHMsI Kak [Jisl (ppoHTeH 1A, TaK ¥ Jyist 03-
KeHza. DTO MO3BOJISET pa3paboOTUMKaM JIETKO Nepenc-
TIOJIB30BATD KOJI, OOMEHMBAThCS (DYHKIMSAMU U MOZYJIS-
MH MKy CTOPOHAMH KJIMEHTa M CEPBEPOM.

3. Bornbinoe cooOIecTBo U 9KOCKCTEMa HHCTPYMEH-
ToB: Node.js UMeeT OrpoMHOE aKTMBHOE COOOIIECTBO
pa3pabOTUYMKOB, KOTOpPOE TMOAJEPKUBAET MHOKECTBO
MAKETOB U MOJYJIeH, JOCTYITHBIX Yepe3 MeHe/Kepa ma-
KETOB npm. D10 0OecreunBaeT MUPOKUE BOSMOKHOCTU
IUTS pa3paOOTKY U MHTET Ay CTOPOHHUX MHCTPYMEH-
TOB U OHUOJIMOTEK.

4. Yno6erBo paspabotku: Node.js npemiaraer mpo-
CTYIO U MHTYUTUBHO MOHSTHYIO MOJIENTb pa3padOTKU Ha
OCHOBE COOBITUI M KOJUIOSKOB, UTO AEJIaeT Ko Oosee
quTabeNIbHBIM U JIETKUM B MOjiepkke. Takxke cyiie-
CTBYeT MHOXECTBO MHCTPYMEHTOB Pa3paOOTKH, TaKUX
KaK OTJIaJUUKU U Cpebl pa3padOTKU, KOTOpPHIe 3HAYM-
TEJIbHO YIPOINAIOT MPOLIECC CO3[MAHMUs TPUTOKEHHUA.
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5. Bo3moxHocTh  wcnonb3oBaHus — JavaScript-
6ubnorek u ¢peiiMBopko: Node.js mo3Bosnsier pas-
paboTuMKaM UCHOJIb30BaTh MOMYJsipHble (hpeiiMBOpKU
u 6ubmoreku JavaScript, Takue kak Express.js, Koa.js
u Socket.io, U151 yCKOpEHHsI ¥ yIIPOIIEHUs pa3paboTKu
MIPUJIOKEHUH.

HUcnonb3oBanue Node.js Mo3BojIsieT pa3paboTInKam
CO3/1aBaTh BHICOKOTIPOU3BOOUTENBHEIE U 3P PEKTUBHBIE
BEO-TPUJIOKEHHUS C TIOMOIIIBIO OHOTO SI3bIKA MIPOrpaM-
MUPOBAHUS, MHMPOKAX BO3MOKHOCTEH M OONIMPHOTrO
coo0IrecTBa pa3padoTInKoB [2-3].

Scala (ot “scalable language” - macimTabupyembiil
SI3bIK) - 3TO MYJIBTUIIAPAJAUTMEHHBIH SI3bIK HPOrpam-
MHPOBaHHUsI, pa3pabOTaHHbIN 11 OOIIEro Ha3HAYCHUS.
OH coueraer B ceOe (hyHKI[MOHATLHOE M OOBEKTHO-
OpHMEHTHPOBAHHOE MPOrPAMMHUPOBAHIE U ITPEIOCTABIISI-
€T BbIPA3UTE/IbHBIN U THOKUIA cHTaKcuc. HazHauenue u
mpeuMyIecTsa Scala:

1. Paspaborka mpwioxkeHuid: Scala MOAXOAUT IS
pa3pabOTKH PA3IMYHBIX THUIIOB MPUJIOKEHUH, OT Ma-
JIEHBKUX CKPUITOB A0 CIOXHBIX CUCTEM.

2. Pacumpenne s3pika Java: Scala B3amMopmeicTBy-
eT ¢ Java 1 MOXKET UCTIONIb30BaTh CYIIECTBYIOINI KO U
6ubMoTeKkH Ha Java.

3. Macmrrabupyemocts: Scala mo3BoJIsieT co3aaBaTh
MaciTabrpyemble TPUIIOKEHUs, KOTOpble MOTYT 3(-
(peKTUBHO 0OpadaThIBaTh OOJIbIINE OOBEMBI JAHHBIX.

4. BeIpasutenpHOCTB: Scala MMeeT BBIPa3UTEITbHBIN
CHUHTAKCHC, TIO3BOJISIONINI MHUCaTh KOMIAKTHBIN U TI0-
HATHBIA Kofl. OH Takke mojjiepXkuBaeT (PyHKIUOHATb-
HOe MPOrpaMMHPOBAHUE, UTO JIENAeT ero Oojee TMOKUM
Y MOIITHBIM.

5. Wnrerpanus c¢ Java: Scala mogHOCTbI0 COBMECTUM
¢ Java, 94TO TO3BOJISIET WCIIOIB30BATh CYIIECTBYIOIIIE
Java-GuOIMoTEKH 1 MHCTPYMEHTHI.

6. ITonaepxka KOHKYPEHTHOTO IMPOTrpaMMHPOBaHUSA:
Scala npeocraBiisier yroOHble HFHCTPYMEHTHI U151 pado-
Thl C KOHKYPEHTHOCTBIO, TAKUE KaK aKTOpHI (actors) u
HapaiieibHble KOJUIEKLIUH.

7. AktuBHOE Co0OIIecTBO: Scala MMeeT aKTHBHOE
U TOJIEPKUBAIOIIEe COOOIIECTBO pa3padOTUUKOB, UTO
o0ecIieurBaeT JOCTYI K pecypcam, OUOIMOTeKaM U MO~
JepKKe.

B menom, Scala siBisieTcss MOITHBIM SI3BIKOM IIPO-
IpaMMHPOBaHHs1, KOTOPBII obecriedrBaeT yqo0cTBO UC-
TMOJTb30BAHMS W TUOKOCTh TIPU pa3paboTKe OONBIIMX U
CIIOXKHBIX TPUJIOKEHUH [5-6].

Scala u Node.js ABIAI0TCA AByMsl Pa3HBIMM f3bIKA-
MH IIPOrpaMMHMPOBaHUS U UMEIOT pa3Hble 00JIacT! MpH-

MeHeHUs. OJJHAKO, CYIIECTBYIOT CLICHAPUHW, I1e WHTe-
rpanus MexXay STUMU ABYMSI SI3bIKAMH MOXKET OBITh I10-
ne3nor. OTHUM U3 BO3MOKHBIX CIIEHAPHEB UCIIOIb30Ba-
Hus Scala u Node. js BMecTe sIBJIsIETCs CO3/1aH1e MUKPO-
CEpBUCHOW apXUTEKTYpPHL. Scala MOXeT UCTIONb30BaThCS
IUTSL pa3pabOTKU BHICOKO(D(EKTUBHBIX U pacrpeesicH-
HBIX CEPBHUCOB, B TO BpeMs Kak Node.]js MOKeT HCIoib-
30BaThCs AJIs1 Pa3pabOTKU JIETKOBECHBIX M BBICOKOIPO-
W3BOIUTENLHBIX BeO-CEpBEpOB, KOTOpble 00padaThiBa-
1ot kyieHTckuit HTTP-tpacduk u BemonHsior cOop nan-
HBIX U3 Pa3IMYHBIX CEpBUCOB. Takke MOXHO HCIIOJb-
30Bath Node.js B KauecTBe MPOKCU-CepBepa MITH IILTI0-
3a, KOTOpBI oOmiaercst ¢ kiuentamu depe3 HTTP u
nepenaeT 3anpochl K Scala-cepeucam. B 3toMm ciydae
Node.js MOxeT Urpath pojib TOUYKH BXOfIa M 00OpadoT-
KM ¥cxosmiero Tpaguka, a Scala-cepBUCH OCYIIEeCTB-
NS0T GoJiee CIIOXKHbIE OIEpalliy, Takue Kak oOpabor-
Ka OusHec-orvku u padora ¢ Gazamu naHHbIX. Ele
OJIVH CLIEHApUI MCTIOb30BAHUS - 9TO CO3JaHUE TIPUIIO-
JKEHUH, UCTIONb3YIOIIUX OMOMMOTeKH Ha Scala 1/1s1 BbI-
YUCIUTENbHBIX 33]a4, a Node.js 1Jis co31aHus MOb30-
BaTeJILCKOTO MHTep(elica U B3aUMOJICHCTBUS C KJIACH-
tamu. Hammpumep, BbI MOXeTe HCIONb30BaTh Scala s
00paboTKy ¥ aHanu3a OOJbIIUX OOBEMOB NaHHBIX, a
3aTeM ucrons3oBaTh Node.js A BU3yaIM3ally THUX
JIAHHBIX B BUJIC MHTEPAKTUBHOTO BeO-uHTeperica. Oda
9TUX SI3BIKA TIPEAJIAraoT IMUPOKKME BO3MOXHOCTH IS
pa3paboTKH COBPEMEHHBIX W BBICOKOIIPOM3BOIUTEITh-
HBIX TIPUJIOKEHHH [7].

IMpencraBum, yTO MBI pa3padaThiBaeM MaclITaOu-
pyemMoe TIPHUJIOXKEHHEe Ul aHaJIN3a HAyYHBIX TEKCTOB.
Jlns 3T0r0 HaM MOHANOOATCS BBICOKONPOU3BOIUTEb-
Hbl€ BBIYMCIIEHU S, KOTOPbIE MBI Oy/IEM BBITIOJHSTD C I10-
Morbio Scala, U BeO-uHTepelic, KOTOphI OyneT pas-
padotaH ¢ ucrionb3oBanrueM Node. js.

IIpumep unterpauu Scala u Node.js a1 JaHHOTO
CITy4yasi MOXET BbIIVIAZIETh CIEAYIOLIUM 00pa3oM:

- Node.js-ceppep Oymer wucnonszopath HTTP-
KJIMEHT, Takoil kak Axios miu Request, 114 oTIpaBku
3ampocoB K Scala-cepBUCY ¢ JaHHBIMM Hay4HBIX TEK-
CTOB M TIOTyYEHHsI Pe3yJIbTATOB aHAJIN3A.

- Pazpaborannblii Scala-cepBrc MOXeET NpenocTaB-
asth API-Meronpl, KoTopble OynyT 06padaThBaTh BXOJ-
Hble JIaHHBIe, Scala-cepBUC, KOTOPHI OyeT IPUHUMATh
Hay4HbIE TEKCTbl W MNPOBOAUTL PA3IMYHBIE Ol€pallun
Hajl HUMHM, HalpuMep, BHINOJHEHWE aHaIn3a 4acTOThI
CJIOB, M3BJIEUEHHE KJIOUEBBIX (ppa3 WM Kiaccuduka-
IIUIO TEKCTOB MO TeMarHke. JIJIs1 5Toro Mbl MOXEM HC-
NOJIB30BaTh OMONMMOTEeKH, Takue Kak Apache Spark,
Natural Language Processing (NLP) wmm Machine
Learning (ML) 6utnuoteku Ha Scala. ITocne 3aBepiiie-

63



16
17
18
19
20
21
22
23
24

1
2

KasTBY XABAPHBICH — VESTNIK KazUTB -

BECTHHK Kas¥YTB

HUsL 0OpabOTKU TEKCTa MapaiebHIMU AJITOPUTMAMH
1 BBHITIOJTHEHN S BBIYMCJICHUN U BO3BPAILATh PE3YJIbTATHI
B ¢opmare JSON wmu apyrom ygodHom gopmare st
Node.js-ceppepa.

Takum obpazom, BeO-unTepdeiic Ha Node.js Oyner
B3anMOJIeHCTBOBaTh ¢ Scala-cepBUCaMM, OTIIPABISATh
WM 3alpochl [UIsl aHajM3a Hay4YHBIX TEKCTOB M TIOJY-
YaTh pe3yJIbTaThl 0OPAaTHO, KOTOPBIE 3aTeM OyayT 0T00-
paxarbcsl B TOJIb30BATENIbCKOM MHTepeiice mpuioxe-
HUS. DTOT MpUMep IeMOHCTPUPYET UHTerparmio Scala u

Node.js 15 co3naHusi MaCIITabN pyeMOro MpHIIOKEHH S
JUISl aHaJIM3a HaydHbIX TEKCTOB, rae Scala Mcrnomb3yer-
Cs1 [IJ1s1 BBITIOJIHEHH S BBICOKOIIPOU3BOAUTEIBHBIX OIlepa-
A Haj Tekctamu, a Node.js - uist pa3paboTku Bed-
uHTepderica U B3aUMOAENCTBUS C NOJIb30BaTeNEM.

PesyabTathl H 00cy:kaeHus. [IpogeMoHCTprpyeM
npumep nepenaun (aiiia ¢ Node.js Ha 00pabOTKy B
Scala, rae mbl ucnonb3yem npocroid HTTP 3anpoc mex-
Iy IBYMSI CEpBEpaMIL.

1. Ha cropone Node. js BbI MOXeTe HCIIOIb30BaTh MOMYJIA pHBI MOyJIb ‘axios’ A BoinonHeHuss HTTP 3anpocos.
VYcranoBuTe ero, BEINOIHUB CIEAYIOLIYI0 KOMaHay B BameM npoekTe Node. js:

npm install axios

2. ®aiin .docx, KOTOPBIA HYXHO OTIPaBUTh HA 00pabOTKY B Scala Mbl MOXEM OTIIPABHTb, MCIIOJIb3YsSI METOL
‘axios.post* wis orrpaBku HTTP 3ampoca Ha cepsep Scala. I[Tpumep kona Ha Node. js MOKET OBITh CIISIYIOIIIM:

JavaScript

const axios =
const fs = require ( )
// UYreuume .docx dauna
const fileData = fs.readFileSync(
// Onpepnenenue XoHQUIYpPaLMHH 3anpoca
const config = {
method: ’
url:
//n

headers: {

require ( )i

}!
data:
}i
// OrnpaBka sampoca Ha cepBep Scala
axios (config)
.then (function

fileData

(response) {

, // 3awmenure

Ha apmpec u nopt Bamero Scala cepsepa

// OBpaboTxa yCIEmHOro OTBETa OT cepsBepa Scala

console.log(response.data);
})
.catch (function (error) {
// ObpaboTxa omubxu
console.log(error);
P i

3. Ha cropone Scala cepBepa MbI IOJKHBI HACTPOUTH 00paboTKy mpuxonsiiero HTTP 3anpoca. Bam nonamgo6ur-
¢ UCTIONB30BaTh (PperiMBOpK, Takoi kak Akka HTTP wiu Play Framework, uto0b1 06padaThiBaTh IPUXOAIINE

3aMpochl U U3BJIEKATh coaepkumoe daitia .docx.

ITpumep kona Ha Scala ¢ ucnonb3oBanueMm Akka HTTP:

Scala

import akka.http.scaladsl.server.Directives._
import akka.http.scaladsl.model.StatusCodes
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import akka.http.scaladsl.server.Route

val route: Route =

path ("endpoint”)
post {

entity (as[Array[Byte]])

// O6paborka comepxuMoro ¢akiia

{ // Endpoint,

complete (StatusCodes.OK)

// Bamyck cepBepa Ha IOPTY
val bindingFuture =

Ha KOTOPBIH OTHpaBIdeTCd QPaHi

// OrmpaBka

Http () .newServerAt (”"localhost”,

.docx

{ fileData =>
.docx

YyCcrnemHOro orserTra

8080) .bind (route)

[pyMep BbIlle JEMOHCTPUPYET CO3/IaHUE ITPOCTOrO
“endpoint”, kotopsiii 6yner nomydats POST 3anpoc ¢
conepxumbiM .docx ¢aitna. O6partite BHUMaHKUE, YTO
HY’XKHO OyJeT HaCTPOUTb aJpec U TOPT, Ha KOTOPOM pa-
6oraer Scala cepep, a Takke peaqn3oBarh 00pabOTKY
coaepxumMoro ¢aitna .docx B Bamiem Scala kofe, OCHO-
BBIBAsICh Ha MCIOJIB3YEMbIX OMONMMOTEKAX 1JIs1 pabOTHI C
.docx caiinamu, takux kak Apache POI nmu Docx4j
(8].

Kak BBl 3ameTHin BbIIIE /7151 HACTPOMKM BXOJsIIIE-
ro HTTP 3anpoca mbl ucnonszyem Akka HTTP - 3to
(bpeiiMBOpK 1151 pa3pabOTKU CEPBEPHBIX M KITMEHTCKHUX
HTTP-npwnoxenuii Ha s3p1ke Scala wm Java, ucnosns-
3YIOIIUIA aKTOPHYIO MOJIEJTh, TIPEOCTABIIEMYIO (ppeiim-
BopkoM Akka.

Bri6op 31010 (hpeiiMBOpKa OOYCIIOBJIEH €ro HEKOTO-
PBIME OCOOEHHOCTSIMH M BO3MOXHOCTSIMH:

1. Aktopnas monens: Akka HTTP momHOCTBIO OCHO-
BaH Ha aKTOPHOW MOJIEJH, YTO 00ECIeYnBaeT BHICOKYIO
MIPOITYCKHYIO CIIOCOOHOCTb, MACIIITAOUPYEMOCTh 1 OTKa-
30yCTONYHBOCTb.

2. Berpoennas nogaepxxka mapiipyruzanun: Akka
HTTP npenocransier mowHbii DSL 1151 cozpanus
MapIIpyTOB, YTO JEJAeT €ro MPOCTHIM U THOKKM TIPH T10-
crpoenun REST API. Bel moxere onpeaenurs Mapui-
PYTHI C IOMOIIBIO (PYHKIIHI 00pabOTUNKOB WITH YKa3aTh
nyty Ha ocHoBe URL.

3. [Nonaepxka pa3HBIX IPOTOKOIOB M MeToroB: Akka
HTTP nopnepkuBaer pasidyHble MPOTOKOJIBI, TaKUE
kak HTTP, HTTPS u WebSockets, a Takxe nomaep-
xkuBaetr meronbl HTTP, takue kak GET, POST, PUT
u DELETE.

4. AcuHxpoHHas1 ¥ HeOJoKupylomas o6paboTka 3a-
npocoB: Akka HTTP ucnons3yer acHHXpOHHYIO 00pa-
GOTKY 3aIpocoB, YTO M0O3BOJIsIET 3(hpeKTHBHO 00pada-

THIBaTh OOJIBIIIOE KOJTUYECTBO 3allPOCOB C MHHHUMAJIb-
HBIM UCIIOIb30BAHUEM PECYPCOB.

5. JIerkoBeCHOCTb M BBICOKASl TPOU3BOAUTETHHOCTD:
Akka HTTP npenanaraeT BBICOKYIO MPOU3BOAUTENb-
HOCTB OJIarofiapst aCHHXpOHHOM 00pabOTKe M UCTIONB30-
BaHUIO HECKOJIBKUX TIOTOKOB.

6. Nnrerpauusa c apyrumu komnoneHTamu Akka:
Akka HTTP xoporio uHTerpupyercst ¢ IpyrumMmu KOM-
noHeHTamu (perimBopka Akka, Takmmm kak Akka
Streams u Akka Actors, mId CO3JaHUs CIIOKHBIX CH-
CTeM.

7. Pacmpsiemocts: @peiiMBopk Akka HTTP mpemo-
CTaBJIAET BO3MOXXHOCTb PACLIUPATH €r0 (PYHKLHOHAb-
HOCTb C TIOMOUIBIO Pa3JIMYHBIX TUIAIMHOB U OUOINOTEK.

Takum 00pa3oM, MHTErpalysi 3THX ABYX MOLIHBIX
Y3BIKOB MPOrPAaMMHPOBAHMS JIa€T HaM BO3MOXHOCTB
co3anusl OOJNBINMX MacIITabMpyeMbIX BEO INPUIIOKe-
HUH, a JaJIbHeIIast napasiesbHas 00paboTKa HayYHbIX
TEKCTOB Ha Scala He TOJIBKO YBEJINYMBAET OBbICTPOTY BbI-
YUCJIEHNH, HO W JJaeT HaM BO3MOXKHOCTb ISl BBITION-
HEHUA pa3JIMYHbIX Ol'[epaLll/Iﬁ HaJ] Hay4YHbIMH TEKCTaMU,
UCHIOJIb3YS psift OMOIMOTEK U MHCTpyMeHTOB. Huke nipu-
BeJIeHbl HECKOJIBKO TTPUMEPOB:

1. AHanu3 4acTOTHI CJIOB:

- Jlns moacyera 4acTOThI CJIOB MOKHO MCIIONB30BATh
6ubmmoreky Apache Lucene, kotopasi mpenocrasis-
€T MHCTPYMEHTHI JIIsl pabOThI C TEKCTOBBIMH JAHHBIMH,
Bkmouasi noacyer TF-IDF (Term Frequency-Inverse
Document Frequency).

- [l BU3yasM3aluy pe3yJIbTaTOB MOXHO UCHOJIB30-
Barb OnOmioteKy Apache Spark wim npyrue mHCTpy-
MEHTBI [UIs aHaJIN32 JJAaHHBIX.

2. N3BneueHue KimoueBbIX ppas:

- JIns1 u3BneYeHust KIMOUeBbIX (ppa3 MOXKHO HCHONb-
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3oBath OuOmoreky OpenNLP mmu Stanford NLP. Dtu
OMOMOTEKM TIPEOCTABISIOT MHCTPYMEHTHl Ul 00-
PabOTKM €CTECTBEHHOTO f3bIKa, BKJIIOYAsl M3BJIEYEHUE
MMEHOBAHHBIX CYIIIHOCTEH U KJII0YEBBIX (ppas.

- JLn1s1 n3BNIeYeHHsI KIIIOUEBbIX (ppa3 MOKHO TAKKE HC-
I10JIb30BaTh aﬂFOpI/ITMbI MAIIMHHOI'O o6yqu1/m, HaHpI/I—
mep, moenu Word2Vec wiu TF-IDF.

3. Knaccudukanusi TEKCTOB 1O TeMaTHUKe:

- st KIaccuUKAIMK TEKCTOB IO TEMATUKE MOKHO
Mcnonb3oBaTh ouomoteky Apache Spark ML, kotopas
MPEOCTABIACT AJITOPUTMBI KJ'IaCCI/I(pI/IKaLII/II/I, BKJIIO4Yas
Naive Bayes, SVM u Random Forest.

- Jlpyro BapvaHT - HCIIONb30BaTh OUOIUOTEKY
Deeplearning4j, kotopas mpe1ocTaBysieT BO3MOKHOCTD
00y4aTh HEHpPOHHBIE CETH I KJIACCU(DUKAIUM TeK-
CTOB.

BruiBoapl. Node.js u Scala MoryT ObITh HCIIOJIB30BA-
HbI JUIsl QHAJIM3a HAYYHBIX TEKCTOB, KAXIbI CO CBOM-
MH 0COOEHHOCTAMH U UHCTpyMeHTamMu. C OIHOM CTO-
ponbl, Node.js mpemocTaBisieT MOIIHBIE UHCTPYMEHTHI
JUTs1 0OpaOOTKM TEKCTOBBIX JAQHHBIX M aHAJIM3a TEKCTO-
BBIX KOPITycOB. Take OH MOXET HCIOJIb30BAThCS s
JocTyna K 6a3aM JaHHBIX U MIOUCKOBBIM JIBXKKAM, YTO
MO3BOJISIET MPOU3BOAUTD MMOUCK U M3BJIeUueHne UH(POp-
Maryy U3 OONBIIMX HAOOPOB HAYYHBIX TEKCTOB. A Scala
MPEIOCTABIISIET BO3MOXHOCTH UCIOJIb30BaHUsT OUOIIHO-
TeK /11 00pabOTKU €CTECTBEHHOIO SI3bIKA, TaKhe Kak
Stanford CoreNLP, Breeze u Scalaj-HTTP. Ou Ttak-

ke TIPeJOCTaBIISIET MOIIHbIE CPECTBA AJIS aHAJIN3a TeK-
CTa, BKJIIOYass pa3bop CHHTAKCHCA, BBIICJICHUE CIIOB,
olpefieIeHNe JacTeil peur, paclio3HaBaHHe UMEHOBaH-
HBIX CYIIHOCTEH, MHCTPYMEHTHI JUIsl CTaTHCTHYECKOTO
aHaJIM3a TEKCTOBBIX JAHHBIX, BKJII0YAsl MOJIEIMPOBaHNE
TeM, KJIACTePU3aLHIO U KJIacCU(UKALMIO TEKCTOB. A WH-
crpymenT Scalaj-HTTP moxeT ucrons30BaThCsl HAMU
JUIS1 TIONTyYeHust 1 0OpabOTKY JaHHBIX U3 BHELIHHX HC-
TOYHHUKOB, TAKMX KaK 0a3bl JaAHHBIX U BEO-CalThl Hayd-
HBIX XKYPHAJIOB U T.J. B cTaThe mpuBeeH mpumep Takon
unterpauuu Node.js u Scala, T.e UCNIOIB30BaHUE MUK-
pocepBHCHOI apXUTeKTYpHI, Tae Node.js u Scala MoryT
paboTaTh O OTAENBHOCTH, HO OOMEHUBATHCS JAHHBIMU
Y B3auMOJIENCTBOBATh Opyr ¢ Apyrom uepe3 API. Kak
BUJIHO TaKOHl MOAXOJ MO3BOJISAET KCMOb30BaTh Kax-
JbIii MTHCTPYMEHT TI0 €r0 CHIBbHBIM cTopoHaMm: Node.js
JUisl pa3paboTku BeG-cepBepa U 0OpabOTKM 3alpOCOB,
a Scala s aHaM3a Hay4YHBIX TeKCTOB. [Ipm 3TOM, HC-
nonb3oBaHue REST API oGecrieunBaet ruOKOCTb U pac-
HIMPSIEMOCTh CUCTEMBI, TTO3BOJISIsI JOOABIATH JOMOIHU-
TeJIbHble (DYHKLIMM WJIM MHCTPYMEHTH aHAJIM3a TEKCTa
10 Mepe HeOOXOIMMOCTH.

Hayuno-uccnedosamenvckas paboma 6binoaHaemcs.
6 pamxax I'® Munucmepcmeom Hayku u vicutezo oopa-
306anusi Pecnyoauxu Kazaxcman AR19677733 no me-
Me «Paspabomka unmennekmyanbHoli pacnpeoeneHHol
cUcmembl NapannensbHo20 AHAAU3A HAYUHBIX MEKCN08»
Ha 2023-2025 ee.
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IIOCTPOEHME MAPHIPYTOB JJIA 9BAKYAIINU COTPY JHUKOB U3
3JIAHUA ITPU BOSHUKHOBEHIHT YPE3BBIYAVTHOV CUTYAITN

T.2K. Mazakos!, A.JI. Bypreryios!, III.A. I:xomaproa!, A.T. Ma3akosa'®,

A.A. CameroBa'?, A.T. locanaiuepa®’

'Kasaxckuii HAIMOHATBHBIH yHIBEpCUTET UMeHH anb-Dapabu, Anmvare, Kasaxcran,
2 AIMaTUHCKMl yHUBEPCUTET SHEPIeTUKH U cBsizu uMeny ['ymapGeka Jlaykeesa,
Anmarel, Kazaxcran,

3 AJIMATMHCKMii TeXHONIOrMYECKUiA yHUBepcuTeT, AnMarhl, KazaxcraH,

e-mail: tmazakov@mail.ru

JaHHast paboTa NOCBsIIIeHa K TOCTPOSHUIO MapIIPYTOB [UIs1 9BaKyallii COTPYAHUKOB U3 3/1aHMSI ITPU BOBHUKHO-
BeHnu YC. PaccmaTpuBaercs cucteMa MoxapoTyIIeH!s U YIPaBJIeHUs MOXKAPOM, a TAaKXKe CUCTEMBI OTOBEIIEHUS
Y 3BaKyalllM rpakJaH. [y mocTpoeHus ONTUMAJBHBIX ITyTel 9BaKyaluy MpuMeHnMa teopust rpacos. Takske cy-
IIECTBYIOT MHOTO METOJIOB PELIeHUs], PUTOIHBIX JUIS MPAKTHYECKOTO UCIONb30BaHus. PazpaboTtaHo mporpamm-
Hoe obecnieueHue it IBM “TIporpaMmMa mocTpoeHusi MapIIpyToB JUIsl 9BAKYal[My COTPYJHUKOB M3 3/IaHUS TIPH
Bo3HUMKHOBeHMH UC”. OHO mpegHa3HaYeHo Ui pacyeTa MapIIPyTOB 9BAKYalld COTPYIHUKOB YUPEKISHUHN W
JKUTEJIEN MHOTO3TAXHBIX JIOMOB MPY BO3HUKHOBeHUM upe3BbryaiiHoi cutyaiuu (UC). [Iporpamma nomeniaer pe-
3y/IbTaThl YUCIIEHHBIX PACUETOB B TEKCTOBHIH (paiis. Pe3ynpTaTsl UMCIIEHHBIX PacyeToOB OTOOpaKalOTCs B BUIE Tpa-
(ha. B 3aximoueHny TipeicTaBIeHbl IEPCIIEKTUBBI PAa3BUTHS CUCTEM IOXaPHOH GE30IMacHOCTH B OyayIeM.

KiroueBnlie ciioBa: MoXapHad 6C3OHaCHOCTb, I/ICKYCCTBCHHLIﬁ HUHTCJUICKT, Fpaq)bl, KOHTPOJIJIEP, MUKPOIIPO-
HECCOpHaA CUCTEMA, JATYUKU TEMIIEPATYpPbl U JaBJICHUA.

TOTEHIIIE KAFIAI TYBIHJIAFAH KE3JIE KbI3METKEPJIEP/II
FUMAPATTAH SBAKYAIIUAJIAY YIIIH MAPIIPYT K¥PY
T.2K. Mazakos!, A.JI. Bypreryios!, IIL.A. IkomaproBa, A.T. Mazakosa'”,

A.A. CameroBa'?, A.T. locanaiuepa®’

lsn-(Dapa6I/I atbiHAarsl Kazak yiTThIK yHUBepcuteTi, Aimarel, Kazakcran,
2Fymap6ek J{oykees aThIHAAFH AJIMATH SHEPIETHKA KoHE OAilIaHbIC YHUBEPCHTETI,
Anmatel, Ka3akcran,
3 ANIMathl TeXHONOTHSATBLIK, yHUBEpCUTeTi, Anvatsl, Kasakcran,

e-mail: tmazakov@mail.ru

ByJ1 )KyMBIC TOTEHILIE JKaFAail TybIHAAFaH Ke3/ie KbI3METKepJIepai FuMaparTaH OKIlay/iay MaplpyTTapbiH KypyFa
apHasira. MyH/Ia epT CeH/lipy JKoHe epTTi OacKkapy XkyHeci, COHaaii-ak, azamMarTapisl xabapaap eTy jkKoHe BaKy-
anusiiay Kyienepi Kapactelpsuiafpl. OKIIay/iay/ablH OHTAIBI JKOJIJAPEIH KYPY YIIIiH rpadTap TeopHsichl Konaa-
HpU1agpl. COHBIMEH Karap, MPaKTUKAIBIK, KOMIAHBICKA jKapaM/bl MIENIIMHIH KenTereH onictepi 6ap. “TereHie
JKarJall TybIHOAFaH Ke3/e KhI3METKepiiepl FuMaparTad 3BaKyalusUiay YIIiH MapIipyTTap Kypy Oarmapramace”
Jen atanatbiH DEM yiin 6araapnaMaiibik, kamtama a3ipienni. On tetenme xarnail (T7K) TybiHnaran keszne me-
KeMe KbI3METKepJIepiH Hemece Kell KabaTThl YIIepAiH TYpPFBIHIAPBIH 9BaKyalsijlay MaplIpyTTapblH ecenteyre
apHasiraH. barmapnama caHIbIK, ecenTeyiepaiH HOTHKeepiH MOTiHAIK (aiiira opHanacteipagsl. CaHJbIK ecernTe-
ylepaiH HoTmkesepi rpad TypiHae kepcerinedi. KopbiThiHaba OONalakTa epT Kayinci3airi KyHeciH JaMbITy
TIepCHEKTUBAIAPH] YCHIHBUIFaH.

Tyiin ce3aep: epT Kayirci3airi, ’kacaHIs MHTEUIEKT, rpadTap, KOHTPOJUIEp, MUAKPOIPOLIECCOPIIHIK, KYHe,
TEeMIepaTypa MeH KbICBIM JaTYUKTEPI.
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BUILDING ROUTES FOR EVACUATION OF EMPLOYEES FROM THE
BUILDING IN CASE OF EMERGENCY SITUATION

T.Zh. Mazakov', A.D. Burgegulov!, Sh.A. Jomartova!, A.T. Mazakova'*,

A.A. Sametoval?, A.T. Dossanaliyeva

23

! Al-Farabi Kazakh National University, Almaty, Kazakhstan,
2Gumarbek Daukeev Almaty University of Power Engineering and Communications,
Almaty, Kazakhstan,
3Almaty Technological University, Almaty, Kazakhstan,

e-mail: tmazakov@mail.ru

This paper is devoted to the construction of routes for evacuation of employees from the building in case
of an emergency situation. Fire extinguishing and fire control system as well as public address and evacuation
systems are considered. Graph theory is applicable to construct optimal evacuation routes. There are also many
solution methods suitable for practical use. Computer software “"Program for building routes for evacuation
of employees from the building in case of emergency” was developed. It is designed to calculate evacuation
routes for employees of institutions or residents of high-rise buildings in case of an emergency situation. It is
designed to calculate evacuation routes for employees of institutions or residents of high-rise buildings in case of
an emergency situation. The results of numerical calculations are displayed in the form of a graph. The conclusion
presents the future prospects for the development of fire safety systems.

Keywords: fire safety, artificial intelligence, graphs, controller, microprocessor system, temperature and pressure

SEnsors.

Beenenue. TToxapbl npeacTaBIsAIOT COOON OHO U3
CaMbIX TYOUTENbHBIX JeCTPYKTHBHBIX SIBJICHUI, HElpe-
PBIBHO MOSIBJISIIONIAXCS B )KU3HY JIIOICH C HavYasa CyIe-
CTBOBaHUS YeJioBedecKol rusmm3anuu. C Toro Bpeme-
HH, KaK 4eJIOBeK Hay4uJicst JOObIBATh OTOHb, MOCISAHUIMA
HAHOCHUT 3aMETHO Yallle CyIeCTBeHHbIH, TOpOoi HeoOpa-
THUMBIA Bpejl BceM OMOCHUCTEMaM Ha IUIAHEeTe: MX TIOIy-
JISIIWY, cpejie OOUTaHMUS.

HoBble BO3HMKIIME TPYIHOCTH C HOXapOOIACHBIMU
YCJIOBUSAMU B HACTOAIIEEC BpEMA MOABUIIUCHL C IIPO-
L[BETAHMEM Hay4YHO-TEXHUYECKOTO Iporpecca, MeKTpH-
YeCKOW TEeXHUKH U OOOpYIOBaHMsl, BOSHUKHOBEHHEM
CIIOKHBIX TEXHOJIOTHH, MacCOBOTO NpPUMEHEHHs YrJle-
BOZIOPOIHBIX BELIECTB M MAaTepuaoB, POCTOM IIpe-
CTYITHOCTH, BJIMAHUEM TOJUTUYECKUX K COLHAJIBHO-
9KOHOMUYECKUX IIPOOJIeM, PACTYLIEro COLHMAILHOIO
HEpaBEHCTBA U PA3HOINIACKIA. B COBOKYITHOCTH BBIIIETIE-
PEYHCIICHHBIX (PAKTOPOB MPOMCXOAUT YBEIUUCHHE Be-
POSITHOCTH TTOSIBJIEHH S aBAPHI U KaTacTpod 1 MOBBIIIIe-
HUA CONUAIIBHO-9KOHOMUYECKUX MOTEPL OT HUX.

VYeyryOnenue cutyaiud 0O0ecriedrBaloT yCTapeBIie
MIPOTUBOIIOKAPHBIE CHCTEMBI C HEIOCTATOYHBIM YPOB-
HEM Pe3yJIbTATUBHOCTH OCYILIECTBJIEHUS U peasu3aliu,
MOJIOKEHHBIX Ha Hee LieJieit, 3a1a4 U (PyHKIMi, ¢ naje-
HUEM YPOBHS HAyYHO-TEXHUIECKOTO Pa3BUTHS JaHHOU
JesITeIbHOCTH, TAKXKe OHOM M3 IEPBOIPIYNH SBJISIETCS
OTCYTCTBUE KOMIUIEKCHOCTH PEIleHHsI STON MpoOeMbl

rOCYIapCTBOM.

Marepuajbl n1 MetoAbl. PaspaGorka crienuanb-
HbIX METOHOB M BBIYMCIMTENBHBIX QJITOPUTMOB U
MPOrPaMMHO-AMMNAPATHBIX KOMILJIEKCOB, MO3BOJISIIOMINX
B peaJbHOM BpPEMEHHU MpeaynpexaaTb, CTPOUTb ONTH-
MaJIbHBIE MapIIPYyTHI IPU BO3HUKHOBeHUU UYC ABNSIOT-
Cs1 aKTyaJIbHOM Tpobiemoii [1-3].

Bxoonvle u evixoonvle oannuvle:

BXO}IHLIC 1 BbIXOOHLIE JAHHBIE OPraHU30BaHbl B BUJIE
OT/IENbHBIX (PAMIOB U coaepkaT MHGPOPMALIUMIO OJJHOTO
U3 TIePEUYHCIICHHBIX HUXE THIIOB!

* XapaKTepUCTUKU 3/1aHMS;
* pEe3ysIbTaThl YUCICHHBIX PACUETOB.

Pe3yabTartsl 1 06cyKkaeHne. Onucanue anzopums-
Ma. 30aHUE OIMCHIBACTCSA CIEAYIOIEH CTPYKTYPOH,
pasmeniaeMoii B TekctoBoM (paiine Flzdan.txt:

B mepBoil cTpoke MOCHeqoBaTeIbHO pa3MelnaeTcs
crenymormas nHpopMarys (B BHIE HeIbIX grcen): 1) Ko-
JINYECTBO 3Taxkel - Ne, 2) KoanuecTBo KabuHeToB NK,
3) xomuuectBO JectHMI NI, 4) KOJIMYECTBO BBIXOIOB
Nv.

Hasee mocTpoyHo pasmeniaercsi HGOpMaIus 0 Kax-
oM KabuHete: 1) HOMep KaOwWHeTa, 2) HOMep Taxa,
Ha KOTOPOM HaXOIWTCs KaOMHET, 3) KOJIMYECTBO JIOICH,
pa3MellaeMbIX B IaHHOM KaOUHeTe.
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Jlaree mocTpoyHO pa3MeraeTcss HH(PpOpMAIIs O Kak-
Joi siecTHUIIe: 1) HOMep JIECTHUIIBL, 2) HOMep dTaxa, Ha
KOTOPOM HaXOJHUTCS JIECTHHUIIA.

Jasee TIOCTPOYHO pa3MernaeTcss HHPOPMAIIHS O CBSI-
351X Mexay oObekTamu. [lof 0ObeKTamMu 371ech Mpero-
JlararoTcda Ka6I/IHCT])I, JICCTHULIBI 1 BBIXObI.

CBs13b TIPENCTAaBIISETCSA CIEAYIONM 00pa3oM: Tep-
BbIil OOBEKT, CBSI3aHHBIN C HUM OOBEKT, TUII CBSI3U U Pac-
CTOSIHUE MEXTy OObEKTaMHU.

Tur cBsi3n MOXeT IPUHUMATD CIIEAYIOINE 3HAYECHUA

1 - kaOUHET CBA3aH C JIECTHULIEH,

Iy .|

2 - KaOMHET CBA3aH C BBIXOIOM,

3 - JecTHUIIA CBSI3aHa C JIECTHUIICH,
4 - ecTHULIA CBSI3aHA C BHIXOIOM.
Hanpumep. 3anucy Buga 1 2 1 100

O3HAYAET, YTO MEPBHIA KAOWHET CBSI3aH C JICCTHULICH
No2 u paccrosiHre OT KabuHeTa J10 JiecTHHIIbI paBHO 100
MeTpam.

Ha pucynkax 1 u 2 npuBeseH BUJ 34aHUS, COCTOSI-
IIEro U3 BYX STakel, MATH KaOUHETOB, TPeX JIECTHHUII
U IBYX BBIXOZIOB.

| & |

Puc. 1 - Bup 3nanus cnepeau

Puc. 2 - Bup 3nanus cOoky

Ha pucynke 3 npuBeneHa nH(pOpManus 0 MOAEIbHON CTPYKTYpE 3AaHUS.
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mj flzdan.txt — BnoknoT
Dain  [paska Qopmar
|2532
113
214
3212
4 25
527
11
21
31
112 188
12258
21 2 68
22265
31118
32128
41155
4 21 38
4 31 &8
511 42
53135
114728
12415
214 35
22478
31415
3245

Puc. 3 - Copepxumoe aiina Flzdan.txt

JI1s1 ToCTpoeHrsT ONTUMAJIBHBIX ITyTeH 3SBaKyaluu
MIPUMEHUM Teopuio rpacdos [4-6].

Ha ocHoBe wumeromieiicss uH(popMaluu MOCTPOUM
rpacd ¢ BepIIMHAMEI

Vi,i = 1,N,me N = N, + N, + N, - obmee
KOJIMYECTBO OOBEKTOB.

Ha ocHoBe nH(opManum o cBs3X MeXy OObeKTaMH
onpezessiercst marpuna cesiseid M, ;, i, j = 1, N.

Hanee st Bcex KaOWMHETOB CTPOMTCS MaTpHLia
KparJaimx myTefl 1o Bcex o0bekToB DI

ijr ¥

1,N,,%,5 = 1, N. 3nechb i - HoMep KaOuHeTa, j - HO-
Mep 0ObeKTa.

Huxe npusoautcs cogepxxumoe aitna Rezult.txt

Puc. 4 - Buz sKkpaHa ¢ 0ToOpakeHHeM MOIy4eHHOro rpada

Hnist kak0ro KaGMHeTa i ONpeenseTCs BHIXOM & ; U3
YCJIOBHSI MUHUMYMa PaccTOsIHUS OT KaOWHETa JI0 BBIXO-
Ja:

min DI;;
Jlasiee OT BHIOPAHHOIO BBIXOJIA IO PACCMATPHBAEMOTIO

KaOWHeTa BOCCTAHABIIMBACTCS KPATIYANIIIHAN ITyTh.

IIporpaMma momemnaeT pe3yybTaThl YUCJIEHHbIX pac-
YETOB B TEKCTOBBIY (paiis. Pe3ynabrarsl yncieHHBIX pac-
4eToB 0TOOpaxarTcs B Bujie rpada [7-8].

Bo Bpems1 paboThI IpOrpaMMBbl BHIBOAUTCS HCCTIELY-
embiii rpad (PucyHok 4).

KolEtj=2 KolKab=5 KolLes=3 KolVix=2 KolVer=10
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Kabinet
Kab=1
Kab=2
Kab=3
Kab=4
Kab=5

Etaj=1
Etaj=1
Etaj=2
Etaj=2
Etaj=2

Ludi=3
Ludi=4
Ludi=2
Ludi=5
Ludi=7

Lestnizi
Lest=1 Etaj=1
Lest=2 Etaj=1
Lest=3 Etaj=1

Vixod

Vixod=1

Vixod=2

Etaj=1 Ludi=7

Etaj=2 Ludi=14

razmer= 465 369

111 2 100 1 9

212 2 501 10

321246029

4 2 2 2 65 2 10

531110 3 6

6 321 20 37

74 1 155 4 6

8 4 2 1 30 47

9 4 31 60 4 8

10 51 1 42 5 6

11 5 3 1 25 5 8

12 11 4 20 6 9

131 2 4 15 6 10

14 2 1 4 35 7 9

152 2 4 70 7 10

16 31 4 15 8 9

17 32 45 8 10

Rast

str=10 0 O O O O O O 0 100 50
str=2 0 0 0O O O O O 0 60 65
str=3 0 O O O O 10 20 O 0
str=4 0 0 O O O 55 30 60 0
str=5 0 0 0O O O 42 0 25 0
str=6 0 O O O O O O 0O 20 15
str=7 0 O O O O O O 0O 35 70
str= 0 O O O O O O 0O 15 5
str=9 0 0 O O O O O 0 O
str=10 0 O O O O O O 0 0 O
zikl = 1

DL = 0 10000 10000 10000 10000 10000

Min ot kab 1 do vixoda 2 = 50

1 -> 10

zikl = 2

DL = 10000 O 10000 10000 10000 10000

Min ot kab 2 do vixoda 1 = 60

2 —> 9

10000

10000

10000

10000

100

60

50

65
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zikl = 3

DL = 10000 10000 O 10000 10000
Min ot kab 3 do vixoda 2 = 25
3 > 6 -> 10
zikl = 4
DL = 10000 10000 10000 O 10000
Min ot kab 4 do vixoda 1 = 65
4 —> 7 => 9
zikl = 5
DL = 10000 10000 10000 10000 O

Min ot kab 5
5 ->8 -> 10

do vixoda 2 = 30

BoiBoabl. B crathe npejioxkeHo MaTeMaTuyeckoe u
MporpamMMHOe oOecTiedeH e, IO3BOJISIONIEe B PEaTbHOM
Maciitabe BpeMeHH OIpeesisiTh ONTUMAJIbHBIE MapIil-
PYTHI LTSI SBaKyallly JIIOIeH U3 31aHHUS.

Bo3MoOXHOCTH TIpOrpaMMBl  TIPOAEMOHCTPHPOBAHBI
Ha MOJEJbHOM 3agade. B manbHelmeM mpeamnonaraeT-
Cs1 BKJTIOUUTD TOTyYCHHBIE Pe3yJIbTaThl B PO PAMMHO-

10 20 10000 30 25
55 30 60 65 65
42 10000 25 40 30

HBII KOHTPOJIb 3[]aHUsI U CBOEBPEMEHHOE OIOBEIEHNE
COTPYJHUKOB O BO3HUKHOBEHHHU UPE3BHIYANHON CHTYya-
uuu [9-10].

Paboma evinoanena 3a cuem cpeocmeé HUHU mame-
mamuxu u mexarnuxu npu KazHY umenu ane-@apabu u
2PAHMO8020 (PUHAHCUPOBAHUST HAYUHBIX UCCAEO0BAHULL

Ha 2023-2025 20061 no npoexmy AP19678157.
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This study examines various probabilistic models based on dynamic Bayesian networks to improve the ability
of intrusion detection systems. The emphasis is on identifying anomalous patterns that may indicate possible
network intrusions. The research involves analyzing the performance of different types of dynamic Bayesian
networks in the context of detecting different categories of network attacks. The results obtained can be a valuable
contribution to the field of information security, increasing the reliability of network intrusion detection systems.

Keywords: Bayesian network, cybersecurity, network threat, attack.

Kipicne. Kommbloteprik xyienep yIIiH KOpFaHbIC
KYpaJIIapbHBH JaMysl MaOybUIIAYIIbUIAp TaparblHAH
KaHa eHy OMICTepiH KOJNJaHYMEH KoHE KOMIIbIOTep-
JIK KyWenepaeri ocalgbIKTapabl MaigagaHydblH KaHa
TYpJepiHiH mnaija OonybIMeH Kartap pamynaa. Kbt
caiibiH MAOyBUIIAPABIH KaHA TYPJEpiH Ky3ere achl-
paThiH 3WUSHOB OargapiaMayiapOblH CaHBl apTHII Ke-
seni. Keninik maGysuiapapl aHBIKTAY 9[iCTEPiH Taaay
JKeJIIep MeH KeNTK XKyheaepi Kopray cajlachlHAAFbl
OHTAMJIBI OAFBIT OOJIBIN TAOLLIAIbL.

KubepiaGybuiiapapl aHbIKTAY - MAOYbLIIbl a3aiTy-
JbIH KeH TapaJiraH o/ici. By xkenige madybil yariciHig
HeMece Oy3bUIBIMHBIH OOJIYBI Typajibl Xadapniay YIIiH
aHOMaJTb/li KOCBUTBIMFA Kayart Oepyi KamTuabl. Kubdep-
mabybUTIApObl AHBIKTAYObIH HETIi3ri TocuIaepiHiH Oipi
MHTPY3USIHBl aHbIKTay ekeHi Oenrimi. Keni kopraHbl-
CblHA WKeMi OOJIaThiH, SFHU aJIalTHBTI WHTPY3USHBI
aHBIKTAY JICTeHIMi3 OHBIH KOJTaHOACHIH aHBIKTAy IPO-
neci HeMece KOCBUIBIMAAPIBIH Y3IIKCi3 aFbIHBIHIAFbI
m1abybUTIApIbl aHBIKTayMeH Oipreit [1].

AKnaparThlK KAyilcCi3[giK MHIUIEHTTepiH aHbIKTa-
VAbIH BIKTUMaNIbI 9fici - baflec xkemiciH kypy. baii-
ec KeJiJiepi OeNrici3hiK MeH KypAeNIiliK MoceleepiH
IIeNTy YITH BIKTAMATIBIKTAP TEOPHACH MeH rpaduk-
Tep TEOPUSICBIHBIH, CalaylapbiH OipIiKTIpeTiH MallllHa-
JIBIK, OKBITY/IBIH OapiibIK TYpPJIEPiHiH MaHBI3IbI OOJIIriH
Kypaiinsl. JuHamukanslk bailec xeninepi xenire pyk-
CaTChI3 €HY[l aHBIKTAay CaJACHIHIA KeTTK TpaduKTiH
JMHAMUKACHIH €CeTKe aTyFa JKoHe e3repeTiH KayirTepre
GeiliMziennyre MyMKIHIIK OepeTiH xei Typi GOMblI Ta-
ObUtabl. Onap Oip yaKbITTaFbl bBIK TUMAJIIBIK TAPIBIH Ta-
PayBIH BIKIIAM TYpJIe KOpCceTyre MyMKIiHIIK OepeTiH
rpahUKaIIBIK, BIKTIMAIBIK, MOIEBICPIiH Oipi OaKpLIa-
HATBIH OKUFANIAP/IBIH Taiia OOMybIH KaMTUIbI [2].

Baiiec xesisiepiHiH apTHIKIIBUIBIFB OJAPAbIH aJaM-
Jap YIIH CaJbICTHIPManbl WHTYWTHUBTLIITI, OWTKEHi
6ip yakpITTa OipHellle OKUFaIAp/bIH Maiga GOMybIHbIH
HOTMKECIH/Ie OPBIH aJIaThIH BIKTUMAJIIBIK, YJIECTipiMiHe
KaparaH/ia OKUFajap MeH XePrilikTi bIKTUMAJIIBIK, YJie-
CTipiMJepi apachlHJIAFH! TiKeJiel OalaHbICTapIIbI TYCi-
Hy OHaWBIpaK, OOJIBINT TAOBLIA/IBL.

Marepuaamap MeH Jgicrep. [IuHamukanbk baii-
ec xeninepine HerizaenreH (DBN) xeni eHyiH aHbIKTay

YIIIH KYPBUIFaH BIKTUMAJIBIK, MOZICIIBICPIH TafilalaHy
KUBIHFA COFa[IBI JKoHe OapIIbIK CIIeHapHUIiIep YIIiH oMOe-
0ar CTaHAAPTTHI ANTOPUTMJIED KOK. JlereHMeH, 3epTTe-
yIIiJiep MEeH WHKEeHepiep Xkellire eHyAi aHblKTay YIIiH
DBN kongaHaTelH SpTYPIli 9[iCTEp MEH MOJAENIbIepi
a3ipneymne.

Hunamukaisik, baitec xeninepin naigaiaHa OThIPbII
PYKCATChI3 €HY/li aHBIKTAy aJITOPUTMICPIHIH MBICAJIIA-
PbIHA TOKTAIAMNBIK,

1) AHOMasMsIapapl aHBIKTayFa apHAJIFaH JUHAMMKA-
JbIK, Badiec xeninepi:

* KaJIBIITHI KYHe opekeTiH Moxenbaey yiuiH DBN maii-
JaJaHabl;

* aHOMAJMSUIAp aFbIMAATBl JKaFJalabl KYTUIETIH Xaf-
JJaliMEH CaJIbICTBIPY apKbLIbl aHBIKTaJIA bL.

2) XKemi kayincizairi yuris apHaiiel DBN yorinepi:

* JKeNLTK OeJCeHAUTKTIH CHIaTTaMajlapblH KOHE €HY
TYpJepiH eckepetiH HakKTel DBN yurinepin xacay;

* Oeriji eIk Kayirci3iik cleHapuiiiepite yiriiep-
i Geitimziey.

3) backa MalMHAJIBIK OKBITY 9/iCTEpiMEH MHTErpa-
ST

* UHTPY3USHBI aHBIKTAY AQJIINH kaKcapty yiuiH DBN-
Il KJIacTepiiey HeMece KIKTey 9ficTepi CHSIKThI Mallu-
HAaJIBIK, OKBITY/IBIH 0acKa airopuTMmiepiMeH OipikTipy.

4) YakpIT KaTapiapblH Nalgaiany:

* JKeJi OpeKeTiHJeri yakblT KaTapbH Tajaay yimid DBN
KOMeriMeH OKMFalap apachlHAarbl YaKbITKa Tayes-
JUTIKTI ecerke aiy.

5) Baiiec cysrinepi:

* JKeNiHIH KYpPBbUIBIMBIH €3repTy Heri3iHae aJanTHBTI
VHTPY3USAHHI aHBIKTAY YIIiH baiiec cy3riiepin Konga-
HY.

6) YJIKeH JiepeKTepMeH KyMbIC:

* YJIKEH KeJIeMJeri MaliMeTTepAi THIMAl OHAeH aJaThlH
JKOHE KeJIUTIK OeJICeHALTIKTIH IMHAMUKACchHA OeiliM-
JieJIeTiH aropuTMIepai a3iprey.

7) Mamanpanaeipsuirad DBN apxurtekTypasapbl:

* e3repMesi MOAENbIep CUSKTH €HyHi aHbIKTay YIIiH

oHTaianapippiiFaH DBN  apXuTeKTypachlH 3epTTey
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KoHe a3ipIey.

AJsroput™Mii TaHIay koHe OeiliMIey JKeJTiHiH HaKThI
TajJanTapsl MeH CHIaTTaMajlapblHa, COHJAW-aK, aHbl-
KTarbIHBI3 KEJIETIH eHy TypiepiHe OalIaHbICTHI eKeHiH
eckepy MaHb3bl. DBN kemeriMeH Oachim Kipy/i aHbl-
KTay KYWECiH o3ipiey Ke3iHJe HaKThl KarJaibIHbI3
VIIiH, H KaKChl TICUII aHBIKTAY YIIIiH ayKbIM/IBI 3epPT-
TeyJiep MEH ChIHAKTAPABI KYPri3y YCHHbLIAAL! [3].

Hotmkesiep koHe Tajkbuiay. bailec xkerminepi -
OipHellle aifHBIMAJBLIAD MEH OCHl AWHBIMAITBUIAPIIHIH
apaceiHaarsl baiiec BIKTHMAIIBIK, TOYSIIUTIKTEPiH KaM-
TUTHH T'paUKAIBIK BIKTUMAJIIBIK MOIEN (Keiae rpa-
(puKanbIK BIKTUMAJIABIK YITici Jem Te atanangsl). By
KeJTi BIKTUMAJIIBIKTHI O0JKay JKoHe ToyeKesmi Oaranay
MoceJeNepiH Hiellly YIIiH NaiijaJaHbulaThiH THIMAL Ma-
TEeMaTUKaJIBbIK, KyaTThl Kypan [4].

Baiiec xemniciH Kypy popMyach:

P (B|A) - P(A)

PAVE) = =55

L
e
1

myHna P(A V B) — okurachl OoJiFaH Karmaima A
OKHMFACBIHBIH 00Ty BIKTUMANAbIFsL, P (B|A) —A okura-
ChbI OOJIFaH karmainaa B OKUFachIHBIH OOy BIKTHMAIbI-
fbl, an P(A) xone P(B)- colikeciHiue A xoHe B okpura-
JIAPBIHBIH, BIKTUMAJIBIFHI [5].

BipJieckeH BIKTUMAIBIK, ObUIAN ecenTeei:

P(X},X,...X,) = [[ P(X|Pa(X;) ()
i=1
X, X, ..., X,, - aFpIMaFbl yaKBITTarbl alHBIMAJIbI-

nap.

Ty#iagep, KocsutbIMIap MeH (2) afiHpMasTbUIap baii-
€c JKeNICiH Kypanbl jKoHe KYPBUIBIMIBIK CHeln(pHKa-
st en aranaasl. DBN-p1 xko0anay yurin Netica xoHe
Hugin pegaktopnaps! Koagassuiasl (1-cyper).

}

i
w0 [wp m3
Mo 13 | w3
o liow w3

1-cyper - Baiiec xkemiciHiH MbICAITBI

Erep mbiHpap aiiHpIMasbuiap Ti3OeriHeH Kypavca,
oHga Bariec xetici IMHAMMKAJIBIK, eIl aTajagpl. JIuHa-
MUKaJIbIK, Baiiec xeltici - yakpIT OOMBIHIIA AlHBIMAITbI-
JIap apachHAAFbl BIKTUMAJIIBIK KATBIHACTAPIIBI MOJIEIh-
Jiey YIIiH KOJJAHBUIATHH CTATUCTHKAJIBIK MOIETD [6].

Huuamukansk baitec xeminepin (DBN) maiimana-
HBII XKeJUTK a0ybUIaapibl aHbIKTAyFa apHaJIFaH kel
KYPbUIBIMBI apHAMbI TaJIalTapra, KeJli OpeKeTiHiH curma-
THIHA KOHE aHBIKTAFbIHBI3 KEJIETIH eHy TypiepiHe Oaii-
JIaHBICTHI O0Nabl. IHTPY3USTHBI aHBIKTAY/IBIH CTAHAAPT-
THI 9JIiCTepi Ka3ipri yakpITTa IepeKTepre KoHe MOJIeIb-
re GarbITTasIFaH Tociiaepre GemiHe . BipiHiiici caHabIK

AMBIPMAIIIBUTBIKTAP/IBI TATAAY apKbUIbI IepEKTEep/li aHbl-
KTayFa OarbiTTairaH [7]. HTPY3USHBI aHBIKTAY aJro-
PUTMIH YCBIHY YIIiH QUHAMUKABIK, BIKTUMAIIL Baii-
ec xkedicine Iletpu rpadukanbk MoaeniH (2-Cyper) Ko-
cy apkpUibl Baitec-IleTpu BIKTUMAIIBI JKEMICIH KONga-
HaMmbI3. Baiiec xkeici meH [lerpu xemnici xyilenepai cu-
narTay opi Tajjay YIIiH KOJJAHBUIATHIH €Ki TYpJi MO-
JeJb eKeHi Oenrimi. OmapapH MakcaThl MeH KongaHOa-
JIapel OpTYpii, Oipak Kyienepaeri MHTPY3USIHBl aHbBI-
KTay CUSIKTBI KYpJIesi MoceneNepai ety yiiH Oipik-
Tipiyl MyMKiH. Onapapl naiijajiaHy aHOMaJIMSIHBI aHBI-
KTay/IblH JKaH-)KaKThl )KoHE TUIMJ 9[iCiH KaMTamachi3
eTe ayapl.
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2-cypert - Ilerpu monenbi

Hunamukaislk, baiiec xenici meH Ilerpu skenici apachiHIarbl ©3apa dpeKeTTecylli ecKepe OThIPbII KeJieci ¢op-
MyJIaHbl KOJ1aHaMBbI3 [8]:

V,:
S0 ... 80 00, .., OT
Dc:
Ds [ Sp(m) P(S0... StO°... OT|x)
{ =P (S°0°) * H?:l [P (St|S*1) = P(O"S")]
Pr F:
Fy:
P(StE|0Y .. O
Ou (k = 0 = Filtering)
(k > 0 = Prediction)
(k < 0 = Smoothing)

JIMHAMUKAJTBIK, MOJIEJTh XKOHE aJIIBIHFBI COTTETi KYHi Oaraay apKbUIbl (pa3asblk, Ky Oomkayra Oomas:
) ot _ _
Yo [P(S'[S51) 5 P(SHO0 .. O]

Huuamukainsik Batiec xenicin Iletpu xeniciMeH OipiKTipy eKi MOIE/IbiH ©3apa dpeKeTTeCyiH MYKHT Kapac-
THIPY/IBI JKOHE JKYHEHIH JYPbIC )KYMBIC iCTeYiH, COH/IAi-aK, OJap/ibl TaJllay/bl KAMTaMach3 eTy YIIiH CoWKec MH-
Terpauus a3ipaeyni tanan ereni [9]. Byn yurini xkacay yuin pgmpy xoHe PetriNet kitanxaHasapsl 6ap Python
cusaKTH Bayesian xxone Petri xkeminepiMeH sKyMbIC icTeyTe apHAIFaH apHalbl Ky paJiIapas! MaigaiaHamMbl3:

1) Aunamuxanvix, batiec sicenicin Ky py aneopummi:

from pgmpy.models import DynamicBayesianNetwork as DBN
from pgmpy.factors.discrete import TabularCPD

# DBN yiinrcu xacay
dbn = DBN()

# AMHBIMANBIIAP MEeH HOoNaphbl 21iliTyenmonkTepH KaHbITAy
dbn.add_edges_from([
(’Connection’, ’'DataTransfer’),
("DataTransfer’, ’AnomalyDetection’)
1)
# A¥HBIMaNBIIAP YV1WH KKBITUMANOB 1KecTenepH XKaHbTay
cpd_connection = TabularCPD (variable=’Connection’, variable_card=2,
values=[[0.8], [0.2]])
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cpd_data_transfer = TabularCPD (variable='DataTransfer’, variable_card=2,
values=[[0.9, 0.6], [0.1, 0.4]],
evidence=[’Connection’], evidence_card=[2])

cpd_anomaly_detection = TabularCPD (variable=’'AnomalyDetection’, variable_card=2,

values=[[0.95, 0.8], [0.05, 0.2]],

evidence=[’'DataTransfer’], evidence_card=[2])

# DBN yiinrchHe XXbITHMAlOb 1KecTelnepH XOCy
dbn.add_cpds (cpd_connection, cpd_data_transfer, cpd_anomaly_detection)

2) Iempu mopavt (SP) modenin Kypy arzopummi:

from PetriNet import PetriNet

sp = PetriNet ()

# OppHIAP MEeH aybeCylapnbl KaHBITay
sp.add_place ('NormalState’)
sp.add_place (’AnomalyState’)
sp.add_transition (’DetectAnomaly’)

# ©OirTnen MaTpuHLAHB KaHBITAY
transition_matrix = {

"DetectAnomaly’: {’NormalState’: 1, ’'AnomalyState’: 1}
t

sp.add_transition_matrix(transition_matrix)

3) Humeepayus:

# HHTerpauud Moicansl: SP iiimupmer ayelicynapmel icke xocy yimu DBN iiimmper yk#
KanapaTeH HaunalnaHy
from pgmpy.inference import DBNInference

# DBN-meH aWHbManbl yik#nepn any (onap xkesnewco oMHuep 6onca)
evidence = {’Connection’: 1, ’'DataTransfer’: 1}

# DBN-re XOPBITHIHOBE Xacay yima DBNInference HbICAHBIH aily
dbn_inference = DBNInference (dbn)

# yKH KKBITUMANIOBITAPHIH aly Y1imH KOPBITHHIOB Xacay
query_variables = [’Connection’, ’'DataTransfer’, ’'AnomalyDetection’]
result = dbn_inference.query (evidence=evidence, variables=query_variables)

# oilHrtuxen SP-me aymicynapnsl i6encenmpy yime naknanaHy

if result[’AnomalyDetection’][1] > 0.5:

#Erep aHOMANMGHB KaHBITAY KTPBITHMaNObbl 1MEeKT SMHHEH rxoapel 6onca
sp.fire_transition(’DetectAnomaly’)

Baitec-TleTpu MozesniH TOBIK KYPFaH COH, MHTPY3HUSHBI aHBIKTAy AWArpaMMachlH eHrizemis (3-cyper).
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Build attack map s Build objective
- function
Bayesian algorithm Incremental
generation 1l learning
Vulnerability score o Taylor
quantification e expansion
Path reachability ‘e Constant term
I - S +——
probability .- optimization
Observation attack D Leaf node
node il minimization

Available path?

Complete attack L
: prediction o :

Baiiecrik madypu1 quarpaMmachl Ietpu xemiciH KOIAaHy alrOpUTMi

3-cyper -VIHTpy3UsHbI aHBIKTAY XK yiieci

Keneci 4-6-cypertepne MHTPY3usiHBI aHbIKTay MoH/Iepi Netice OarqapiamMachiHbIH HOTHIKEEpi KyHeci TypiHae
YCbIHbLIFaH:

Solar_Activity

Yoo 203 Lag's_Factor Activity of Natural Processes Invested Funds
No 507 : Yes 493 s | Yes 493 | Few 330 mm
— No  50.7 ] No 50.7 i Average  34.0
500 InFull  33.0

Risk Activation Level of Destruction Time Risk

Few 45.5 mm— Few 46.5 Week 29.1

Middle 37.4 mmm Average 30.7 Menth 27.5 ml

Much 171 m Catastrophic  22.8 mm Do Not  43.4 mmsm

Volume of Expenses
Few 61.4 —
Average 23.7
Huge 149m

4-cyper - Mogenbiey xoHe Ookay
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Solar_Activity | Lag's_Factor ivity of Natural Pr Invested Funds
Yes 100 Yes 0 - Yes ol | Few 100
No of @i No 100 No 100 Average 0

In Full 0
50
Risk Activation Level of Destruction Time Risk
Few 40.0 j—m Few 35.0 pmm Week 40.0
Middle  40.0 Average 35.0 mmm Month  30.0
Much 200 m Catastrophic ~ 30.0 Do Not  30.0 jmm
Volume of Expenses
Few 56.0 jm—
Average 274
Huge 166 |
5-cyper - CeHiMIi OKBITY JKENICIH a3ipiey
A Level_of Destruction Table (in Bayes net bayesian_net_START) =N =
Node: Level_of_Destruction w Apply oK
Chance v| % Probability vl Reset Close
Solar_Activity Lag's_Factor Activity of N... Invested Funds | Few Average Catastrop...

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No

Yes
No
No
No

No
Yes
Yes
Yes
No

In Full
Few
Average
In Full
Few
Average
In Full
Few
Average
In Full
Few

50
20
40
55
35

50
32
42
52
38

6-cypeT - AJFaIlKbl OHIeY KOPHITHHABLIAPHI

OcpbLiaiiiia, MHTPY3UsIHbI AHBIKTAYFa APHAJIFAH bIKTH-
MaJapl AMHAMUKaIBIK, bailec Herizingeri Ilerpu Ttop-
JIbI JKeJTiCi MHTPY3UsUIapAbl aHBIKTAY JKoHE XKyile Kayin-
CI3Iiri canachIHIAFBl 9PTYPIIi MACENIeNepre CoTTi Koaa-
HBUTYBl MYMKIH OHTAMJIBI TOCLT €KeHi aHBIKTaJI/IBL.

KopseITeinabl. Byn makananga Baiiec xyiienepiHig
chmarTaMayiapel - TangaHasl.  [IuHammkanelk, — Baitec
JKeJIIepiH KOJIaHy Heri3iHAe KeNUTiK MHTPY3UsIIapabl
aHBIKTayJa KOJIIAHBUIATHIH BIKTUMAJIIBIK, MOJEIbAEPII
KOJJaHy KaKeTTLTIKTepi MeH epeKILesiKTepi aTam oTil-
Ii. 3epTTeyniH TeOpUsUIbIK TaIAaybl, 9cipece JUHAMU-
KaJIbl ©3repeTiH KeJIJTK opTajapaa Kejlire eHy/i aHbl-
KTay KOHTEKCTiHIE AWHAMHKAIBIK bBaifec xeninepiHiH
BIKTHIMAJI ApTHIKIIBUTBIKTAPBIH amia s, JlereHMeH, MoJti-
METTEPAi KOPBHITBIHbUIAY TEK TEOPUSUIBIK, ACTIEKTiNepi
TaJIJIayFa HeTi3/Ie/ITeHiH JKOHe MPAKTUKAIIBIK, ChIHAKTAP-

Il ©TKi3y OCBI 3epTTEYAl JaMBITYIbIH KeJeCi KaJambl
€KEHIH aTaln eTKEH KOH.

KopbITHIHABLTAN KeJle, TEOPHSUIBIK 3epTTeyae JUHA-
MUKaJTBIK Batiec sxeici kubepKayirci3iik caaachiHAaFbl
PYKCaTChI3 €Hy/li aHBIKTay/bIH OHTAMIIBI KYPAJIbl PETiH-
Jie KapacThlpyFa MyMKiHIIK Oepeni. [lereHMeH, 3epTTe-
yIImiJiep MeH WHXeHepiep XKellire eHydi aHbIKTay YIIiH
DBN konmaHaThlH SpTYPIi 9HiCTep MEH MOAeIbIep-
Ii o3ipneyne. Kapactelpbuiran Moesbaep KuoepKayim-
Ci3AIiK XKyiienepinje eHyi aHbIKTay jkKoHe BIKTHUMAaJI Ka-
yilTepai a3aiTy KabiieTiH KepceTesi.

Kywmoic an-@apaou amemoarvr Kaz¥y owcanvin-
darvl Mamemamuka dcane mexanuxa F3U xapadica-
mot scane AP19678157 swcobacet 6otivinua 2023-2025
JHCOLIOAPFA APHANFAH FHIAbIMU 3EPIMMeynepoi 2panm-
MbIK, KAPACHIAAHOBIPY eceditel OPbIHOANObL.
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IPOTHO3UPOBAHME BBIXOJIHOM MOIITHOCTHU ®OTOJIEKTPUUYECKON
CHCTEMbBIHA OCHOBE HEMPOHHBIX CETEN

H.B. Kyrtei6aii, IILB. Afitoexosa, H.7K. Komxap6aii, A.5. Boaaroek, B.H. ZKoxamanos
Kazaxckwmit HanimoHanpHbIA YHUBepcHTeT MMeHn anb-Papadu, Anvarsl, KazaxcraH,

e-mail: nurjigit.10.93@gmail.com

B nanHOM HccnenoBanny ObUT COCPEIOTOUEH aKLIEHT Ha MOBBIIIEHUH 3 (DEKTUBHOCTH TPOrHO3WPOBAHMUST MOIII-
HOCTH (POTOINEKTPHUECKUX CHCTEM. DTOT aCleKT UrpaeT BAXHYIO poJib B YIIPAaBICHUM M MOHUTOPHHIE TAKUX CH-
cTeM, 0COOEHHO B COBPEMEHHOM KOHTEKCTE yBEJIMUYEHHs JIONN BO3OOHOBIISIEMBIX UCTOUHUKOB Heprud. s no-
CTHOKEHUs 3TOM LieJu ObLIM TPUMEHEHBI [1Ba HIMPOKO KCIONb3YeMbIX MeTofia MaiimHHoro odyuenusi: LSTM (Long
Short-Term Memory) u XGBoost (Extreme Gradient Boosting), KOTopbie ObUTH TIIATEILHO HACTPOEHBI ITyTEM OIl-
TUMH3aUMY UX runeprnapamerpoB. LSTM npencraBisier co00il pa3HOBUIHOCTh PEKYPPEHTHOW HEHPOHHOM CeTH,
CrienrasIbHO CO3/JaHHOM 1JIs aHaJIM3a MOCIIeIOBATENbHBIX JaHHBIX, B TO BpeMs Kak XGBoost ucrosnb3yer ancamOib
JIePeBbEB PEIICHUI U METOJ| IpareHTHOro OycTuHra. OcylnecTBIeHne HaCTPONKH THIEPIapaMeTpoB JUTs KakJOH
13 HEPOHHBIX ceTell ObIIO KJIIOYEBbIM TATIOM B JJOCTHKEHMH TIOCTAaBJIEHHON 1esii. bputa mpoBeneHa oreHka -
(peKTMBHOCTH IPOrHOZUPOBAHMS C UCTIONB30BAHUEM Pa3IMYHBIX METPUK, TAKUX KaK CpeAHsA aOCOMOTHAs OMHOKa
(MAE), ko3ppunment netepmunaimu (R?) 1 KagpaTHbIi KOpeHb U3 cpeHeKBaapaTHyeckoi ommoku (RMSE),
Ha OCHOBE JIaHHbIX, COOpaHHbIX 32 OJIMH JieHb. [ToyueHHble pe3y/IbTaThl MOATBEPAMIA BBICOKYIO TOYHOCTh 00EHX
Moieneit, npuuem XGBoost IpoieMOHCTpUpOBaIl Brieyatisiontye okasarein R? B 0,99 s nporHosuposanus
morHocTy 1 R? B 0,97 11 iporHosuposanus usnydenus. Oanako LSTM Takske Mokasajia XOpOIUIUe pe3ysbTaThl,
YTO CBUIETEJBCTBYET O ee NEePCIeKTHBHOCTH B JaHHOM 00J1acTh M MoATBepxkaacT ee 3pdekTrBHOCTb. [lomyyeH-
Hbl€ JIAHHbIE TIOJYEPKHUBAIOT 3HAYMMOCTh BHIOPAHHBIX METOIOB B IPEACKa3aHUU MOLIHOCTH (hOTONEKTPUUECKHX
cucreM. Pa3paboranHas cucteMa NpOrHO3UpOBaHKsA 00eCIIeYBAET BHICOKYIO CTAOMIIBHOCTD M JOCTOBEPHOCTD IIPO-
THO30B, YTO SIBJISIETCS KPUTHMUYECKU BaXKHBIM JUTst 9(p(peKTMBHOTO YIIpaBIeHUs] U ONTUMHU3AINK paboThl TAKHUX CH-
CTEM B YCJIOBUSIX IIEPEMEHHBIX ITOTOIHBIX ¥ ONIEPAIIMOHHBIX CIIEHAPHEB.

KiroueBsnle ci1oBa: MporHo3upoBaHUe, MAalIMHHOE O0yUYEeHUe, COTHEYHAsT SHePreTHKa, apXUTEKTypa HelpOH-
HOM ceTd, KO3(h(DUIMEHT IeTepMITHAIINH, CpeTHEKBapaTHIecKast OIIHOKA.

FORECASTING THE OUTPUT POWER OF A PHOTOVOLTAIC SYSTEM
BASED ON NEURAL NETWORKS

N. Kuttybay”", Sh. Aitbekova, N. Koshkarbay, A. Bolatbek, B. Zholamanov
Al-Farabi Kazakh National University, Almaty, Kazakhstan

e-mail: nurjigit.10.93@gmail.com

This study focused on improving the power forecasting performance of PV systems. This aspect plays an
important role in the management and monitoring of such systems, especially in the modern context of increasing
the share of renewable energy sources. To achieve this goal, two widely used machine learning methods were
applied: LSTM (Long Short-Term Memory) and XGBoost (Extreme Gradient Boosting), which were carefully
tuned by optimizing their hyperparameters. LSTM is a type of recurrent neural network specifically designed for
analyzing sequential data, while XGBoost uses an ensemble of decision trees and a gradient boosting technique.
Tuning the hyperparameters for each of the neural networks was a key step in achieving the goal. The forecasting
performance was assessed using various metrics such as mean absolute error (MAE), coefficient of determination
(R?) and square root of root mean square error (RMSE) based on data collected in one day. The results confirmed
the high accuracy of both models, with XGBoost achieving an impressive R? of 0.99 for power prediction and an
R? of 0.97 for radiation prediction. However, LSTM also showed good results, which shows its promise in this
field and confirms its effectiveness. The findings highlight the significance of the selected methods in predicting
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the power of photovoltaic systems. The developed forecasting system provides high stability and reliability of
forecasts, which is critical for effective management and optimization of the operation of such systems under
variable weather and operational scenarios.

Keywords: forecasting, machine learning, solar energy, neural network architecture, coefficient of determination,
root mean square error.

®OTODJIEKTPJIIK JKYVUEHIH IIBIFbIC KYATBIH HEVPOH/JIBIK, ’KEJILJIEP
HEI'IBIHJIE BOJIZKAY

H.B. Kyrrei6aii, ITILB. Afitoexosa, H.7K. Komxap6aii, A.5. Boaaroek, B.H. ZKoxramanos
an-®apabu ateiHgarsl Kasak yiaTThiK yHEBEpcHuTeTi, AnMarhl, Kazakcran

e-mail: nurjigit.10.93@gmail.com

3eprTey KyMbIchIHAA (DOTONEKTPIIK XKYHeTepaiH KyaTbiH Oomkay THIMAUIITIH apTThpyFa Oaca Hazap ayna-
ppULIBL. Byt aciekt MyHait sxy#enepai 6ackapynaa xkoHe OaKbpUIayaa, acipece )KaHAPTHUIATHH SHEPrusl Ke3IepiHiH
YJIECiH apTTHIPYABIH Ka3ipri KarJaiblHIa MaHBI3ABI peil aTKapaasl. Ockl MaKcaTKa KeTy YIIH MAITMHAIBIK OKBI-
TynblH eki opici konganelias: LSTM (Long Short-Term Memory) xxoHe XGBoost (Extreme Gradient Boosting),
COHJai-aK, OJapblH runeprnapaMeTpiepi MyKusT KOH(pUrypalusiiaHy apKbuibl oHTaianapipirad. LSTM - noi-
€KTi JiepeKTep/i Tanjay YIiH apHaiibl )acalraH KaiTalaHaThlH HEHPOHIBIK, JKeiHiH 6ip Typi, a1 XGBoost menrim
arairapbl aHcaMOJIi MeH rpaJUeHTTi KYIISHTY 9/IiCiH naiianaHasl. HelpoH/AbIK KeTiiepiH OpKaKUChIChl YIIIiH ['U-
nieprapameTpIiepi Ay phiC TaHAAY apPKbLIbI 3ePTTey KYMbBICHIHBIH MAaKCaThl OpbIHAAIBL. Bip KYHIIK ToxiprOeik
MarFTyMaTTap HoTHkeciHze opTama abcomorTi Kate (MAE), netepmunaims xkosdpduupenti (R?) xoHe oprama
KBaIpaTThIK KaTeHiH kBagpar Tyo6ipi (RMSE) cuskTsl opTypii KepceTKilTep/i Konaana OThIphII, Oomkay THiM-
Iitirine OGaranay xyprizinmi. Hotukesnep eki MOzeNbIiH Jie JKOoFapsl AIAiriH pactaasl, XGBoost KyarTel 60omkay
yiin R? moni 0,99-1a xoHe coynenenysi 6omkay yiin R? 0,97-1e acepti kepeeTkimrepai kepcerTi. JlereHMeH,
LSTM-ne aKcpl HOTHXE KOPCETTi, OYJI OHBIH OCHI CaJlaIaFhbl IIEPCIIEKTHBACHIH KOPCETe Il KoHe OHbIH THIMIUTITIH
pacraiiibl. POTONEKTPIIIK XKYHeIepIiH KyaThiH OODKay/ia TAHAAFaH 9/IiCTEpIiH MaHbI3IbLIbIFbIH AJIBIHFAH HOTHU-
JKeJiep aliKblH KepceTe/i. O3ip/ieHreH Ookay Kyieci O0o/KaMaapabiH KOFaphl TYPAKTHUIBIFBI MEH CEHIMIUTITiH
KaMTaMachl3 eTe OTBIPBIII, ©3repMelli aya-paiibl MeH KYyHeHiH opTypili CieHapHiiiepi xkaFaaiibiHaa (hOTOIEKTPIIK
KYHeNIepIiH ®KYMBICHIH THIMII 6acKapy )oHe OHTAIIAHABIPY YIIIiH 6Te MaHBI3/IbL.

Tyiiin ce3aep: Oomkay, MAIMHAIBIK OKBITY, KYH SHEPreTHKAChI, HEHPOH/IBIK, XKeJli apXUTEKTYPACHI, ICTCPMHU-
Harus Ko3(p(UIMEHTi, KyH NaHeJiHiH IIBIFbIC KyaTbl, OpTallla KBaAPATTHIK, KATEIK.

Beenenue. B ycrnoBusx MpPOrHOZMPYEMOTO YBENH-
YECHUA HOTpe6J'[eHI/I$[ SJICKTPOIHEPIUUu, OrpaHUYCHHO-
CTH MICKOTIAEMBIX TOTUIMB M YXYIILIEHHSI KITMMaTU4eCKUX
YCJIOBUH, BBI3BAaHHBIX BHIOPOCAMHU IMAPHUKOBBHIX I'a30B,
MIPOU3BOJICTBO BO30OHOBIISIEMOA SHEPTMU CTAHOBHTCS
HEOTHEMJIEMBIM KOMITOHEHTOM PELICHNsT COBPEMEHHBIX
npo6ieM B obnacti sHepretuku. Ocoboe BHHUMaHUE
yAeNseTCsl Pa3sBUTHUIO MTPOU3BOJCTBA COMHEUHOHN (HOTO-
anektpuueckoi (PV) sHepruu, npeacrasJsiiomnieii coboi
BaKHBII L1ar' B IEPEX0/I€ K YCTOMUMBOM U 3 PEKTUBHOM
SHepreTHyeckon cucreme [1].

nsa obecriedeHust BHICOKOU 3(P(heKTHBHOCTH WHTE-
Tpaliy COJTHEYHOW SHEPruM B TPaJWIMOHHBIE HEp-
TOCHCTEMBl HEOOXOOMMO PELIUTh KOMIUIEKC Mpodiiem,
CBSI3aHHBIX C IEPEMEHHOCTBI0 METEOPOIOTMYECKUX Ma-
pamMeTpoB B (DOTOINMEKTPUUYECKON TeHepaLiy, IIPeumMy-
IIECTBEHHO OOYCJIOBJIEHHOH BO3JEHCTBMEM IMHAMHKU
00y1akoB. JTa BpeMeHHas HEYCTOMYMBOCTb B IPOIIEC-

ce (POTOINMEKTPUIECKON TeHepalul OKa3bIBaeT CyIIe-
CTBEHHOE BO3JeHCTBME Ha OaslaHC cripoca W TMpeio-
KEHUsI, KPUTUUECKU BAXKHBIA [UIsi OOECIIeueHus cTa-
OWJIBHOCTH HEProCHUCTEMBI [2], cONpoBOXIaeTCsl BO3-
JeficTBMEM Ha (DYHKIMIOHHMPOBAHME PHIHKOB 3JIEKTPO-
SHEPrUM M YBEINYEHHEM JIOTIOJTHUTEbHBIX MPOU3BO/-
CTBeHHBIX 3arpar [3]. B cBere 310ii MpobiemMaTrku ore-
paTophbl CHCTEM Mepesiaud U paciipelieieHust eKTPo-
SHEPTMM BHIPAXKAOT TpeOOBAaHWE O CHIKEHWH YPOB-
H$1 HEOTIPE/IENIEHHOCTH B 00J1aCTH BO30OHOBIISIEMBIX HC-
TOYHHMKOB HEPruH Teper MOCITIeNYIOIM YBEINIeHN-
€M MX JI0JIM, HalleJIeHHbIM Ha oOecIeueHre CTOMKOCTH
1 YCTOWYMBOCTH SHEPTOCUCTEMBI [4].

B nocnenHue roasl nccaeaoBaTey MpeAToKIIIN pas-
HOOOpa3Hble CTpaTerky Al CHY)KEHUS YPOBHSI HeoIpe-
JIEJIEHHOCTH B 00JIACT BO300OHOBJISIEMBIX MCTOYHHMKOB
sHeprud. K npumepy, KoMOMHIpOBaHHUE KPYIHBIX BO3-
OOHOBJISIEMBIX TEHEPAaTOPOB C CHUCTEMAaMH XpPaHEHWs
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sHepruu [5], hopMupoBaHue aHcamMOIIel U3 HeOOBIIIX
BO30OHOBJISIEMBIX I'€HEpaTopoB [6] 1 MOBBILIEHNE TOY-
HOCTH NPOrHO3MPOBAHU C IPUMEHEeHHeM Ooree CII0X-
HBIX MeTO/IOB [7]. B KOHTEKCTe KPYIHBIX BO30OHOBJIS-
€MBIX TeHEepaTOpOB IpeylaraeTcs BHEIPEHNe MaclTat-
HBIX CHCTEM XpaHEHHMsl, TAKMX Kak Oarapeu, ;s odec-
TeYeHNsT CTaOMIBHOCTH TPAJMLIHOHHBIX SHEPrOCHCTEM
B CJTy4ae HelIPEeABHICHHBIX COOEB B TPOU3BOACTBE JJIeK-
TposHepruu. KoHLenusa BUPTyaJbHON 3SMEKTPOCTaH-
LMK, OObeIUHSIOmAs Pa3IMYHble TEXHOJIOTMU BO300-
HOBJISIEMBIX MCTOUHHMKOB SHEPrHM, OCHOBAaHA Ha Iped-
MOJIOKEHUH, YTO MPU METEOPOJIOTMUYECKAX M3MEHEHH-
AIX Te T€HepaTophbl, KOTOPhIE BPEMEHHO HE MOTYT IIO-
CTaBJISITh SHEPIUI0, MOTYT OBbITh KOMIICHCUPOBAHBI pa-
6OTOI1 IPYTUX, MOBBIIIAsT BEPOATHOCTH YIOBJIETBOPEHUS
MOTPeOHOCTH B 3Hepru [5,6].

Heo0xomumo Momg4epKHyTh, YTO XOTSI CHCTEMbI Xpa-
HEHWsI SHEPIUU W BUPTYaJIbHbIE JIEKTPOCTAHIMU CIIO-
COOHBI CIIAXKUBATh YPOBEHb HEOMPEIEIEHHOCTH B BO3-
OOHOBJISIEMBIX KMCTOYHHMKAX SHEPrUM, MX DPEaKiusi He
MIHOBEHHA. B CBS3M C 3TUM MHOTHE UCCIIEIOBAHMUS ITO-
JEePKUBAIOT UL Pa3pabOTKU MPOrHO3MPYEMbBIX MO-
JeJiell, MCHONb3YIIIUX pa3JINuHbIe METOMIbl, TAKUE KaK
aHanu3 u300paxeHuil HeOa WM MMPUMEHEHUE KCKYC-
CTBEHHOT'O MHTEJUIEKTA, JIJIsI JIOTIOJHHUTEIBHOIO CHIUKE-
HUSI YPOBHS HEOPE/ICIEHHOCTH B BO30OHOBJISIEMbIX HC-
TOYHHUKAX SHepruu [8].

Pa3paGoTaHHble METOIbI TPOrHO3MPOBAHMSI, CBS3aH-
HbIE C METEOPOJIOTMUYECKUMY [TapaMeTPaMH, MoJpas/ie-
JIAI0TCA 10 IBYM KpuTepusm. [lepBslii kputepuil uccie-
JyeT MpeAIonaraéMblii TOpU30HT POrHO3UPOBAHUS, TO
€CTh BPEMEHHOW WMHTEpBaJ MEXAY TEKYIIMM MOMEH-
TOM 1 Oynyumm 3¢ddextom nporuosa [9]. Bropoi kpu-
Tepuil aHAIM3HUPYeT MpeIaraéMyl0 TEXHUKY MPOTHO-
3upoBaHusl cucteMbl. COIIACHO KPUTEPUI0 TOPU3OHTA
MIPOTHO3UPOBAHMS, METOIB! KJIacCU(PULUPYIOTCS Clie-
JYIOIIM 00pa3oM: BHYTPUYACOBOE IPOTrHO3MPOBAHUE;
BHYTPUIHEBHOE IPOTHO3MPOBAHKE; MTPOrHO3MPOBAHHUE
Ha cytku Brepeq [10]. BHyTpuyacoBoe MmporHosupo-
BaHME, TaK)XKe M3BECTHOE KaK ’TIPOTHO3 TEKyIIeH Io-
roael” [11], mpeacka3piBaeT cocTosiHUE aTMOChephl OT
HECKOJIKMX CeKyH]1 10 yaca Brepen [12]. Takue npo-
THO3BI UCTIONIB3YIOTCS JAJIs1 OOECIeueHus1 CTaOMIbHOCTH
OCHOBHBIX SHEPreTUIECKHX CeTel Yepes3 JucTeTIepusa-
Mo BeromorarenbHbIX yeryr [13]. TIporHo3s! B Teue-
HHMe JTHS1 OOBIYHO OXBATBIBAIOT MIEPHOJL OT OJHOTO /IO IIe-
CTU yacoB Brepea [14], 1 ux pe3yabTaTsl HCIOIB3YIOTCSA
1151 00ecTieyeHr s CTaOWIIBHOCTH TPAAMIIMOHHBIX SHEp-
TOCHCTEM B OOJIACTSX C BBICOKMM YPOBHEM MHTETPaLliN
BO300HOBJISIEMBIX UCTOYHMKOB 3Hepruu [15]. B cBowo
ouepe/p, MPOTHO3B HAa CYTKU BIEpeH MPeCKa3bIBAIOT

COCTOSTHHE aTMOC(EpBI OT IIECTH JI0 CEMUACCATH JIBYX
JacoB BIIEpesl, Yallle BCEro ¢ MOYaCOBBIM pa3pellieHHeM
[16]. VIx pe3ynbraTsl IPIMEHSIOTCS IS IPUHATHS pe-
IIEHUI, TaKUX KaK OMpe/e/ieHre 00s13aTeIbCTB MoApas-
JIeJIeHs WM TUIAaHMPOBaHKE Pe3epBUPOBAHKST MOIITHO-
cru. CornacHo BTOPOMY KPHUTEPHIO, pa3pabOTaHHbIE Me-
TOIBl TIPOTHOZUPOBAHHUSI KIIACCU(ULIMPYIOTCS Kak (-
3WYECKHe, CTATHCTHYECKHE MOJETN WM MOJeIM Ma-
IIMHHOTO OOYYeHHsl, B 3aBUCHUMOCTH OT HCIOJIb3yeMO-
r0 MeToJa NpH CO3[aHMH MPOrHO3HOro Metoxa. [aB-
HOU MPOOJIEMON TPAJUIIMOHHBIX METOIOB IIPOrHO3HPO-
BaHMUSI SIBJISIETCS TO, YTO OHH IIPOTHOZUPYIOT TOJIBKO 3HA-
YeHUs1 OOHOHM TOYKH ITPOrHO3MPOBAHMS, YTO HE Mpeo-
cTaByseT nonHou ungopmaruu[17].

B cymmecTByOmUMX UCCIEIOBAHUAX AKTUBHO MCIIONb-
3yIOTCSl MPOTHOCTHYECKHE MOJIENH, OCHOBAaHHBIE Ha
HEMPOHHBIX CETsAX, BKJIIOUas TaKWe aJrOPUTMBI, Kak
LSTM, CNN u XGBoost.Pe3ynbrarsl uccieioBaHui,
npejcTaBieHHble B padote [18] BKIIOYAOT OIIEHKY MO-
nerneit LSTM u CNN c ucnons3oBanuem Metpuk MAE,
RMSE u R?, npoieMOHCTPUPOBABIIUX 3HAYUTE IbHbIE
MOKAa3aTesId TOYHOCTU C COOTBETCTBYIONIVUMU 3HAUEHU-
samu 0,37, 0,986 u 0,965.Ipyroe uccienoBaHue, rnpe-
CTaBJIeHHOe B cTaThe [19] BriOYaer B ceOs cpaBHH-
TenpHBI aHamm3 anroputMoB LSTM u XGboost. Pe-
3yJIBTaThl HOATBEPXKIAIOT BHICOKYIO 3(p(hEeKTHBHOCTD ajl-
roputMoB LSTM u XGboost, BeIpakeHHYIO MOKa3are-
namu RMSE, MAE u R? B npegenax 1,7-1,8, 0,88-
1,01. JomonHuTeNbHO, B padote [20] nmpoBeneH aHaN3
Pa3INYHBIX MOZENeH MAITMHHOTO OOyUYeHUs, IIPUMEHSI-
€MBIX /ISl IPOTHO3UPOBAHMS SHEPTUM COTHEYHBIX (hO-
TOIEKTPUIECKUX CHCTEM BHYTPHYACOBOTO AMAIA30HA.
STOT aHAJIN3 BKJIIOYAET HUcTonb3oBaHne MeTpuk RMSE,
YUUTHIBAsI pa3MyHble MOTOHbIE YCIOBUS U CE30HHL. B
padote [21] mpoBelieHO UCCeNOBaHUE, B PAMKaX KOTO-
poro ucnonb3oBanuck Mogeau LSTM, CNN, a Tak:ke ux
ruOpuU/IHbIE BAPUAHTHI JIJTs1 BHIIOJIHEHHUST KPATKOCPOUHO-
'O IPOTrHO3MPOBAHUSI MOIITHOCTH COJTHEYHBIX (DOTOIIEK-
TPUUECKUX CHUCTEM C HCIONb30BaHMEM MeTola Bapua-
IIMOHHON MOJIOBOH JEKOMITO3UIMH. DTU pabOTH B CO-
BOKYITHOCTH OOECIIeUNBAIOT OOIIHPHBIN 0030p METONOB
U Pe3y/IbTaToB B OONIACTH ITPOTHOZMPOBAHMS SHEPTUH C
UCIIOJIb30BaHNEM HEHPOHHBIX CETel, a TaKKe BIICIISIOT
MePCIeKTUBHbIE HATPABJIEHUS UCCIIENIOBAHUI B TAHHOW
obnacTu.

Bce 3T nccneioBaHr st 3aHUMAIOT aKTYaJIbHYIO TTO3H-
L0 B KOHTEKCTE COBPEMEHHBIX BBI30BOB, CBS3aHHBIX
C yBENIMYEHHEM TOTpeOIeHus eKTPOSHEPTHH, Orpa-
HUYEHHOCTBIO TPAJMIMOHHBIX WCTOYHWUKOB SHEPTHU U
n3MeHeHreM KimMara. Paseutie 3¢ekTuBHBIX MeTo-
JIOB TIPOTHO3MPOBAHUS COTHEYHON SHEPrHM IMpPe/CTaB-
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J1sieT cOOO¥ BaXKHBIH LIar B CTOPOHY CO3/IaHHSI YCTOYH-
BOM 11 9(p(heKTUBHOIN SHEPreTHUECKON CUCTEMBI.

Llens maHHOTO MCCNIEIOBAHMS 3aKJII0YaeTCsl B pa3pa-
60TKe 3 HEKTUBHOrO MeTo[a NPOTHO3UPOBAHUS COJ-
HEYHOU SHEPrUH C WCIOIb30BAaHUEM AJITOPUTMOB HEWl-
poHHOM ceTu. 1 JOCTIKEHH S TIOCTAaBIEHHOM 1IN UC-
CIeIOBaHUs, HANPABJIEHHOIO Ha pa3paboTKy 3ddex-
THBHOTO METOfIa TPOTHO3WPOBAHUsI COJTHEUHOW 3HEp-
TUM C IPUMEHEHHUEM aJITOPUTMOB HEWPOHHOM CeTH, ObI-
JI OTIPEZIEJIEHBI CIIEAYIOIINE 3aJatH:

1. TpoBeaeHue aHanu3a U 0OPabOTKA IKCIIEPUMEH-
TaJIbHBIX JAHHBIX O COJTHEYHOM OOTyYEHUH 1 MOIITHOCTH
COJIHEYHBIX ITaHENIEN;

2. Tlomy4yeHne MPOTHOZUPYEMBIX AAHHBIX O MPOM3-
BOJICTBE SHEPruu (POTOEKTPUIECKON CUCTEMBI ITyTEM
00yueHHs] HeWPOHHBIX CEeTell Ha OCHOBE 3HAUEHUH CY-
TOYHOM COJHEYHOH pajualuiy;

3. OueHKa TOYHOCTH MPOTHO30B IPOTHOCTUYECKOMN
CIIOCOOHOCTH HEWPOHHBIX CETel MOCPEICTBOM BBIYKC-
senus nokasareneit RMSE, MAE u R2.

B pesynbrate HpOBEIEHHOIO WCC/ICHOBaHMsI ObLIH
MOJy4YeHbl M OIEHeHbl MPOTHO3UPYEMbIe JIAHHBIE TIO
[POU3BOJICTBY SHEPrUU (POTOIEKTPUIECKON CUCTEMBIL.
INpumeHeHne HEPOHHOM CETH B JAaHHOM KOHTEKCTE OT-
KPBIBACT HOBBIC TIEPCIICKTUBBI ISl YIyYIIEHUS TOYHO-
CTH TIPOTHO30B, YTO MMEET KJIIOYeBOE 3HAYCHHE IS
obecrieueHus CTabMIbHOCTH SHEPrOCHCTEMBI.

Marepnaiabl 1 MeToAbl. KioueBbM 31€MEHTOM
IpeJJlaraeMoil CHCTEMBI SBJISIETCS] IPOTHO3MPOBAHKE
BBIXOZIHBIX JIAHHBIX MOIIHOCTH, TeHEPUPYEMON COJTHEY-
HbIMM NaHenssMu. CpaBHEHUE [BYX METOHOB MAIllUH-
Horo (RNN, Decisiontree) oOyueHust 151 IPOrHO3UPO-
BaHUS B PA3IMYHBIX MOTOJHBIX YCJIOBUAX TOKa3bIBAET,
YTO NMPUMEHEHHE MAIIMHHOTO 00yveHus sBisieTcst 60-
jiee ONTUMAJIBHBIM M YHMBEPCAJIBHBIM B JAHHOM KOH-
tekcre. [IporHo3rpoBaHye CyTOUHOW COJTHEUHON pajiu-
allUH B SICHBIE JTHU MPEJICTABIISIET cOO0M OoJiee MpocTyio
3a/1a4y, HO NP PE3KMX M3MEHEHHUsIX MOroipl Tpedyer-
Cs1 UCIIOJIb30BaHUE BPEMEHHBIX PSAJIOB U CJIOKHBIX METO-
JIOB CTOXaCTHMUYECKOr0 MPOTHO3MPOBaHUsA. PekyppeHT-

Hble HelipoHHble cetd (Recurrentneuralnetwork RNN)
3(PEeKTUBHBI AJTs1 MPOrHO3UPOBAHMS JAHHBIX BPEMEH-
HBIX PALOB, HO MOTYT CTOJIKHYTBbCS C TPYIHOCTBIO CO-
XpaHeHHs MH(pOpMaLMM B TeYeHHUE AJMTESIBHOTO Bpe-
MeHH. 17151 pereHust 3Toi mpooeMbl IPUMEHSIOTCS ce-
TH C AJUTEIBHON KPAaTKOBPEMEHHOW MaMAThIO, UCIIOJb-
3yIOlIMe CTIeNNATbHbIE CKPBITHIE OIOKM 1151 3(PheKTHB-
HOTO 3allOMUHAHUSA BXOIHBIX [JAHHBIX B TE€UYEHUE IIPO-
JorkutensHoro nepuona. LSTM ato ocobast pa3HOBH-
HOCTb apxuTeKTypsl RNN.

Ha pucynke 1 mpencraBieHa apXUTEKTypa sS4eil-
K1 Joiaroil KpatkocpouHoil mamatd  (LongShort-
TermMemory LSTM). 3nech kaxaas crpeika npef-
crapnsieT coOoit Bektop. C ), 0003Ha4aeT BXOj W3
STYEVKU TIaMATH B MOMEHT BPEMEHH t, X,- BXOJ B MOMEHT
BpPEMEHH t, a /i,- BHIXOA B MOMEHT BPEMEHH t, KOTOPbIN
nepeaeTcsl Kak Ha BBIXOJHOM CJIOH, Tak M Ha CKPBITHIN
CJION B CJICAYIOINUI MOMEHT. flueiika BKJIoYaeT B ceOst
5 TOYEUHBIX OINepanyi, U3 KOTOPBIX 3 MOMEYEHB Kak
”x”, OIHA - KaK ~+”, a mocjaegHss - Kak “tanh”. ®uib-
Tpbl (punbTp 3a0bIBaHMsI, (PUIIHTP MAMSITH U BHIXOJHOM
(punbrp), 0O603HAYEHHBIE KaK “X”, IPE/ICTABIISIOT TOUKH,
B KOTOPBIX OHMU MOTYT OBITb OTKPBITBIMH, 3aKPBITBIMU
WIM OTKPBITHIMU B TedeHHe HeKoToporo BpemeHu. Ha-
npuMep, GUIBTP 3a0bIBaHKMS B BEPXHEM JIEBOM YIIY,
(punBTp MaMATH B IEHTPE M BHIXOTHOM (PMIIBTP B Ipa-
BOW YaCTH JMarpaMMbl YIPaBJISIOTCS ONepalisMH CIIO-
eB O ((prosIeTOBbIE CUTMOBHAHBIE NPSIMOYTOJIBHUKY). B
3aBHCHMOCTH OT pelleHus1 (PyHKIMHM aKTHUBAIMU CHT-
MOBU/IHOM MBIl (hHITBTP 3a0BIBaHUSA (B IHalia30HE
ot 0 10 1) pusibTp MOKET OBITH MOTHOCTHIO OTKPHITHIM,
3aKPHITHIM WJIM OTKPBITHIM YaCTHYHO. Eciii OH OTKPBIT,
namath cBodonHo nepemernaercs us C py B C,. Ecim
OH 3aKpBIT, MaMsATh OTKJIIOYEHA, XU BO3MOXHO, Oyner
JoGaBiieHa HOBasl MaMATh IPH APYrod TOYEUHOH orie-
paumu. CumBon "+ mpeacrapisier cobort T-o6pasHoe
COeJMHEHHE, Yepe3 KOTOPOe MPOXOAUT MamMATh. Jlomnom-
HUTEJIbHAS TIAMATh MOXET ObITh J00OaBjeHa TPU ITOM
COEJIMHEHUH, ecli (PUIBTP MaMATH OTKPHIT. “tanh” oT-
BevaeT 3a NpeoOpa3oBaHWe 3HAYEHHUsI B AWANa3oHE OT
-1 o 1 mo MaTemMaTNYECKM MPUYHHAM.

tanh|

Puc.1 - ApxutekTypa s9eiiku qonroi kpaTkocpouHoi mamsatu(LSTM)
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OCHOBHBIE MaTeMaTUYECKHE BBIPAKEHHUSI, TIPUMEHSI-
embie B cTpyktype LSTM, MoryT ObiTh HpeCTaBiIeHbI
CIIEAYIONIUM 00pa3oM:

fr =0 (wg*[hy_y, 2]+ by) (1)

iy = o (w; * [hy_1, 7] + ;) ()

g9; = tanh (’U)g * [htfla xt} + bg) (3)

“4)

= frxe g Higxg,

&)

0, = o (wgy * [hy_q,7,] +b,)

h, = o, * tanh (c,) (6)

B 1aHHOM KOHTeKCTe, OOO3HAYCHHS iy, f;, gy U Oy
TPEJICTABIISIIOT COOTBETCTBEHHO BXOJHOE 3HAYCHHE 2JIe-
MEHTa YIPABJICHHsI, BEIXOAHOE 3HAYCHHE JIEMEHTA 3a-
ObIBaHNsI, BBIXOJHBIC IAHHBIE OOHOBJICHHSI U 3HAYCHUE
OTKPBITOTO 3JIeMeHTa yrpasieHus. [lapamerpsl w u b
0003HAYAIOT BECOBbIE MATPHIIBI ¥ BEKTOPHl CMELICHHSI
COOTBETCTBEHHO.

Kasx bl cioit B HEPOHHOM ceT 000pyIoBaH orpa-
HUYEHHBIM YHCJIOM Y3JIOB, CBS3aHHBIX CHHAIITUYECKU-
MH BeCaMH, KOTOpPBIE ITOABEPraloTCsl KOPPEKIMHU B TIPO-
necce 0O0ydeHHs] MOJAENM Ui YMEHbIIEHHUS] OLIMOOK.
Kaxapiit cioil (pyHKIMOHATIbHO MHUIIMMPOBAH COOTBET-
cTBytonied pynkuueid. Ha kaxaom ysie BblUMCsETCA
B3BEIlICHHASI CYMMa, TIOCJIe Yero pe3ysibTaT MepeaaeTcs
Yyepe3 (PYHKIMIO aKTHBAIAH TSI TIOTyYeHHUs BBIXOTHBIX
naHHBIX. [IpsiMoe pacripocTpaHeHHe MPOTrHOZHUPYEMBIX
BBIXOIHBIX JAHHBIX OCYINECTBIISETCS /IS BBIYMCICHUS
¢ynkuum 3arpar. Ha mociemyioimiem 3rtame onTuMmu3a-
TOPBI TIPAIMEHSIOTCS JIIs1 YMEHBIIICHHSI OIMMUOKY ITyTeM
KOpPPEKIIUH BECOB Y3JIOB.

BospelicTBue Ha TOYHOCTb MOJENM JOJATOM KpaTKo-
cpounoii mamsité (LSTM) 3aBUCHT He TOIBKO OT 00beMa
00yYaloInuX JaHHBIX, HO TAKXKE OT APXUTEKTYpPbI CETH,
THIEPIIapaMeTPOB U UCTIONB3yeMbIX ONTHMHU3ATOPOB.

Jpyroii MeToA MpPOrHOZMPOBAHMS MOXET ObITh pe-
IN30BaH C JHCIOJIB30BAaHMEM DPErpeccMd Ha OCHOBE
JEePEBbEB pEIICHUA. DTOT MeTon OOBIYHO OKa3bIBa-
ercs MeHee 3(pEeKTUBHBIM 10 CPaBHEHUIO C PeKyp-
peHTHbIMU HelipoHHbIMU ceTsiMu (RNN), onHako npu-
MEHEeHHe MeTOfa TPAJMEeHTHOro OyCTHHIa I03BOJIS-
€T YJIy4YIIUTh Ka4eCTBO IMPOTHO30B ITyTEM CO3AHUS

ancamoOinsi Gosee cnalbix Mojenedl. B kadectBe of1-
HOro M3 TaKUX METOIOB MOXHO BblIeUTh XGBoost
(eXtremeGradientBoosting). XGBoost mpencrtasisier
coOOM aJropuT™M KJIaCCU(HKAIMU U PErPecCUU, OCHO-
BaHHBII HA TPAJIMEHTHOM OyCTUHTE JICPEBbEB PEIIICHHIA.
DTOT METOI WHWIUKPYET OIpEeIeNieHHOE KOIMYECTBO
cNabbIX yYalluxcsi, B OCHOBHOM IPE/ICTABICHHBIX [Ie-
PEBbSMU KJIACCH(PUKALIUK U PErPeccHu, JUist OOyueHust
yI3BUMBIX yuaruxcs. [locne 3aBeprieHus: oOydeHus,
XGBoost BHINOTHSIET B3BEIIEHHOE CYMMHPOBAHUE pe-
3yJIBTATOB, CO3/IaBasi OKOHYATENBHYI0 MOJIENb perpec-
CHIN.

Iporiecc mocTpoeHus: MOAEIN BKIIIOYAET MOCIIeIOBA-
TeJIbHOE J00aB/IeHHE HOBBIX YYAIMXCSl, OPUEHTUPOBAH-
HBIX Ha OCTaTOYHbIE OIIMOKH, TIOJTyYeHHbIE Ha TTPE/IBITY-
MIUX 3Tanax ciaboro oOyueHusi. Kaxaplii HOBBIN yua-
IIAACS CTPOUTCSI HA OCHOBE TPAJIMEHTA C TeJIbI0 MUHM-
MU3AIUU OOIIeH OIMUOKY MOJIEU. DTOT TPaJUeHTHBINA
TMONIXOZT 00ECIeUMBACT TOCTENICHHOE YITydIlleHue Kade-
CTBa MOJIEJTH PETPECCUH U TIOBHIIIICHUE €€ TIPOTHOCTAYe-
CKOM CIIOCOOHOCTH B KOHTEKCTE MPOrHO3MPOBAHHUSI COJI-
HEYHOU SHEPIUu.

XGBoost BblIENAETCS Cpeiu OPYrUX alrOpUTMOB
Onarogapss MHOXecTBY yiydiieHuit. OH mpUMeHsieT
paznoxenue Teilylopa BTOporo nopsiaka Ui ONTUMHU3a-
1 (PYHKIIMH TTOTEPb, UTO CriocoOcTBYeT Oonee adek-
THBHOMY 00y4eHuno. Kpome Toro, XGBoost nognepxu-
BaeT BBHIOOPOYHOE HCIOJIB30OBAHHE CTOJOLIOB JAHHBIX,
YTO TIOMOTaeT IPEeAOTBPATUTH NepeoOyYeHHe U CHU3HUTD
00beM BBIYHCIICHUI.

Oco6ennoctbio XGBoost siBisieTcs: Takke ero crpa-
TEerusi MO YIMPaBJICHHUIO CKOPOCTBIO OOy4YeHHs Tocie
KaXJIOW UTepali. AJTOPUTM pacrpeesisieT CKOPOCThb
00y4YeHMsI CPe/iv JIMCTOBBIX y3JIOB, YMEHBIIIAET BEC Kaxk-
JIOTO JlepeBa M CO3JaeT MPOCTPAHCTBO ISl TIOCHIEy-
IOIIETO YIy4IIeHHs. DTH Mepbl CIocoOCTBYIOT Oornee
YCTOHYMBOMY U 3(P(PEKTUBHOMY IpoLieccy 00ydYeHHs,
nenass XGBoost MOIIHBIM MHCTPYMEHTOM AJIs 3ajad
MIPOrHOZUPOBAHUS U KJIacCU(PUKAIVH.

Ipearmnonoxum, 4to HAOOP JAAHHBIX OOYYAIOIIEH BbI-
6opku D, a Takxke BHIOOpKa x; M METKa KJjlacca y; B HeM
BBIPAKAIOTCS KaK:

D= {('Tlv yl)’ (1:2’ y2) to (.T’/l, yn)} @)

k

inka@i)akaF

k=1

®)

3mecs, f;, (x;) muckpuMuHAHTHAsT (PyHKIWMsA k-TO Jie-
peBa I0 OTHOIIEHUIO k,;-M JIaHHBIM, a ['- HagexHas Mo-
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JieJTb MHTerpaluy k MoJesell epeBa pereHui.

Ha pucynke 2 nemoncrpupyercsi, uto XGBoost
TIPE/ICTABIISIET COOOW YCOBEPIIICHCTBOBAHHYIO JIPEBO-
BUZIHYIO MoZeNb. MI3HauansHOE NepeBo AenaeT mpecKa-
3aHHe, 3aTeM OLCHMUBAET PA3HUILy MEXIY STHM Ipem-
CKa3aHWEM U peaIbHbIM 3HaYE€HHUEM, U, HAKOHEll, 100aB-
JIIET HOBOE JIEpeBO ISl U3yYeHUs TOW pa3HuUllbl. Ta-
KMM 00pa30M, MOJIEITb TTOCNIEIOBATENTIBHO KOPPEKTHUPYET
CBOM TPEICKA3aHUsI, YIUTHIBAsI JOTIOJTHUTEIBHBIE epe-
Bbsl, YUTO CIIOCOOCTBYET YJIyUIIEHHIO €€ TOUHOCTH U CIIO-
COOHOCTH a[]aNTUPOBAThCsI K CIIOKHBIM 3aBUCUMOCTSIM

CuasHasi MoeNIbL

Jlepeso pemenmuii 1

HepeBo pemenuii 2
Obyyarwmmue
00pasibl

B JaHHBIX.

B naHHOM uccienoBaHuM 17151 0OyYeHHUsT HEHPOHHBIX
ceTell NCONb3YIOTCs IaHHbIE O MOIIIHOCTH COJTHEUHON
MaHeIM B KauyecTBE BXOAHBIX MapaMeTpoB. DTH Mapa-
METpbl MPEICTABISIOT cOOON KJIOYEBHIE NEPEMEHHBIE,
UCIIONb3yeMble B TIpoLiecce 0O0yYeHHs MOJIeId. AHAIN3
B3aMMOJIENCTBHU I ME3K Iy MOIITHOCTBIO TIAHEJIN ¥ COJTHEY-
HOW pajuaruel mo3BosieT pa3padorars 3(pheKTHBHbIE
CTpaTeruy IPOrHO3MPOBAHMSI 1 YIIPABJICHNsI SHEPreTH-
YECKMMH CHCTEMaMH.

DdakTHYeCKOE
3HAYCHHE
Omudra 1
/

.

+
Ve
Pesyabrar 2

Jepepo pemenunii m

_.—

IEeHHOCTH

—

Puc. 2 - Apxutekrypa XGBoost

Mogenb ToueqHoro nporHosupoBanus XGBoost uc-
TOJIb3YeT COOTBETCTBYIONIME (DAKTOPhI, BIMSIONINE Ha
COJIHEYHOE M3JTy4YeHUE, B KAYeCTBE BXOIOHBIX JAHHBIX.
ITU JaHHblE NPUMEHSIOTCS Ul TeHepalyH JIeTepMU-
HMPOBAHHOTO MPOTHO3a COJTHEYHOW SHEepruu Ha Oymy-
wee. [lapayienbHO ¢ 9TUM, sAfepHasl OLEHKA IUIOTHO-
cri npeodpasyer pesyiabTatsl XGBoost B IUIOTHOCTH
BEPOSITHOCT U (HOPMHUPYET MHTEPBAJIbI POTHOZUPO-
BaHMsI C Pa3MYHBIMU YPOBHSIMH yBepeHHOCTH. Takum
00pa3oM, MojieIb KOMOMHUPYET TOYEUHbIE IPOTHO3bI C
pacrpeze/ieHIeM BEepOsTHOCTEH, YTO MO3BOJISET Mpeji-
CKa3blBaTh HE TOJIBKO CPeHHE 3HAYEHHUsI, HO U OLICHH-
BaTh CTENEHb HEOMpPEEICHHOCTH B IPOrHO3aX CONHEY-
HOW SHEPrUH.

[Tpu onieHKe NeTEpMUHUPOBAHHOTO MTPOTHO3a OCHOB-
HOe BHUMAaHUE YAENIsIeTCsl CpeHer aOCOMIOTHON OIMro-
Ke U CpeJHeKBaIpaTHyecKoi ommoke. i1 OlleHKH pe-
3yJIBTaTOB JETEPMUHUPOBAHHOTO IMPOTHO3a HCIIOJb3Y-
I0TCS CTIEAYIOIIUE METPUKH:

©))

(10)

311eck,y; - ICTUHHOE 3HAYEHHUE, a §j; ITO IPOTHO3UPY-
€Moe 3HaueHHe. 1~ KOJIMYECTBO BHIOOPOK.

RMSE(RootMeanSquaredError) orpaikaer cpenHe-
KBaJpaTUIHOE OTKJIOHEHWE MEXIy TMPOrHO3UPYEMbIMU
1 (paKTHYECKUMU 3HAYCHHUSIMU, CITy’Ka KITIOYEBBIM I10-
KazaTeJleM TOYHOCTH MOZIENU. DTOT MapameTp, BhIpa-
KEHHbI B €JUHUIAX IeJIeBOM TepeMeHHOH, Koiude-
CTBEHHO M3MepsieT CTeTlleHb OTKJIOHEHHSI IIPOrHO30B OT
PeabHBIX IAHHBIX, TOMYEPKHUBast BAXXHOCTh MUHUMU3a-
I[H TOTO OTKJIOHEHWS [T JOCTKEHUSI BBICOKOH TOY-
HOCTH.
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MAE(MeanAbsoluteError) npezcrapisier abcomor-
HOe CpeJHee OTKJIOHEHHE MEXAy MPOTrHO3aMH U (pak-
THYECKVMMH 3HaueHUsIMH. VrHOpUpys HampapjeHue
OIIMOKY, 9Ta METPUKA MPEJOCTABIISACT MPOCTYIO HHTEP-
TIPETAIVIO CPEIHEN BETMIMHBI OMMOOK MOJIEITH, UTO I10-
JIE3HO JUTs BBISIBJIEHHsI 0OCOOEHHOCTEN oMOOoK 6e3 yue-
Ta MX 3HaKa.

Koagpdurment aerepvunamy R? spnsgerca uemy-

KaTopoM OOBSICHSIONICH CHJIBI MOIENH, U3Mepsis JO-
0 OOBSICHEHHOM JMCIIEPCHU 3aBUCHMOM MePEMEHHOM.

Bamsocts 3Hauenust R2 k 1 CBUJETEJILCTBYET O BBICO-
KO TIpe/ICKa3yeMOCTH MOJIENH, YKa3biBast Ha YCIIEIITHO®
00BbsICHEHHE N3MEHUUBOCTH 11EJIEBOY NEPEMEHHOM.

STH TOKa3aTeny, urpas (pyHIaMeHTaJbHYI0 pONb B
OLICHKE MOJIeJiell TPOrHO3UPOBaHUSI, 00ECTIeYNBAIOT Ha-
y4HOe 00OCHOBaHHEe UX 3(h(EKTUBHOCTH U NPHUMEHH-
MOCTH B peaJTbHBIX YCJIOBUSIX.MOJIe/N ObLITH MTOJTHOCThIO
paspaboTaHbl Ha sI3bIKe MporpammupoBaHus Python c
ucnojbp3oBanreM ononmoreku TensorFlow.

Puc. 3 - DkcrieprMeHTaIbHasA YCTaHOBKA (POTOIEKTPUYECKON CUCTEMBI

Ha pucynke 3 mpexacraBieHa 3KCEpHMEHTAIbHAS
YCTaHOBKa, COCTOSIIIAsl U3 COJTHEYHOM MaHeIN U JaTuu-
Ka paguauuu. [lonydyeHHble faHHbIE ObLIM aBTOMATH-
Yecku 00paboTaHbl M NepeJaHbl Yepe3 OeclpOBOAHYIO
CeTh K NEPCOHATPHOMY KOMITBIOTEPY IS MOCTIeLyIoIe-
IO XpaHEHUs 1 aHAJTN3A.

PesynbTarel u 00CyKaeHHsI. DKCIEPUMEHTHI Obl-
JI peaym30BaHBl Ha TeppuTopuM Kaszaxckoro Harwo-
HaJIbHOTO YHMBepcuTeTa UMeHu Aisb-Papabu B ropo-
Je AnMathl C UCTOJIb30BAHUEM CTAllMOHAPHOU (DOTO-
MEKTPUUYECKON yCTaHOBKU. OCHOBHOM LIEJIBIO UCCIIEI0-
BaHMs OBUIO M3MEpeHHe BBIXOTHBIX MapameTpoB ¢o-
TONEKTPUIECKON CHCTEMbI B PA3IUIHBIX METEOpOIIO-
IUYecKHX ycoBusix. PoToanekTpuyueckas naHenb Obl-
Jla YCTaHOBJIEHa HAa METa/JIMYeCKOM KapKace IOjf OIl-
TUMAJIBHBIM YIJIOM B 45 rpafycoB K ropu3oHTy. M3me-

peHre NPOBOIMIOCH B MHTepBasie Kaxabie 10 MUHYT ¢
09:00 o 18:00 B neHb ¢ nepeMeHHON 00IaYHOCTHIO.

ITpunoxenus, HanpaBIeHHbIE Ha IPOTHO3MPOBAHHE
BBIXOTHOM MOIITHOCTH (POTOIEKTPUUECKUX CHUCTEM,
0COOEHHO B KOHTEKCTE KPaTKOCPOUYHOTO ITpe/ICKa3aHu sl
(HarrpuMmep, 3a 24 Jaca Brepen), MOTyT ObITh pa3/e/eHbl
Ha JIBe OCHOBHBIE Kateropud. [lepBast - 3T0 MeTox Mpo-
THO3MPOBAHNS, ONUPAIOIIASACS HA HHTEHCUBHOCTD COJI-
HEYHOU paguaruu. [Ipyroil MeTox 3aKJio4aeTcs B mpsi-
MOM IIpe/ICKa3aHUK BBIXOJHON MOIIHOCTH (hOTO3MEK-
TPUYECKOHN CHCTEMBI.

Ha pucynke 4 u300paeHO CyTOYHOE OUHAMUYeE-
CKOE M3MEHEHME COJTHEYHOH paguaiyy. 3HaueHUs CoN-
HEYHOTO M3JIyYeHHs] ObUIM M3MEpPEHBI C KCIIONb30Ba-
HueM nmpaHomerpa RK200-03. MHTeHCHBHOCTB CONI-
HEYHOH paauaIiy MojBepKeHa BO3ACHCTBHUIO Pa3idd-
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HBIX Cl)al(TOpOB, BKJII0O4as CTCIICHb O6Jla‘IHOCTI/I, OCBE-
IIEHHOCTb, METCOPOJIOIrNYCCKUE MApaMETPbl U 3CHUT-

Pagusims G, Br/m?
[\ o8] e wn N
S 2 = S S
S S 5 = =

—_
(=3
(=3

HBII yroJj cojHua.

9:007
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Bpewms t, gac

Puc.4 - 3smeHeHue COIHEYHOR pagunai B TCUHEHUE BPEMEHU

Ha prcyHke 5 mpencrapiieHa IMHAMHKA M3MEHEHUS
BBIXOZHBIX JIEKTPMUYECKHUX BEIUYMH COJHEYHOH IaHe-
JI1 B TeueHue BpeMeHHoro uHTepBaia ¢ 9:00 go 18:00.
I'padmk HarIsSIAHO WJUTIOCTPHPYET JTMHAMHUKY MOIITHO-
CTH COJHEYHOW MaHeNH, NOAYEPKUBAas MaKCUMAJbHOE
3HaUYeHHE B YTPEHHUI Mepruol ¥ MUHUMAJIBHOE 3HaYe-

HHUE B BEUCpHUH mepro. B dack yTpa oTmedaeTcs mi-
KOBasi aKTMBHOCTb, JOCTHras MaKCHMAJIbHOM MOIIIHO-
ctu B 9:30. B TO BpeMsI Kak B BEUEpPHUU MepHO, IOCIe
17:40, orMevaeTcss MUHMMaJbHOE 3HAYeHHE MOIIIHOCTU
TIAHEJTH.
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Puc. 5 - [lunaMuka u3MeHeHHU! HApsiKeHU (), Toka (6) 1 MOIITHOCTH (B) COTHEYHOM ITaHEH BO BPEMEHU

B pamkax JaHHOTO MCCIEAOBaHUS OCHOBHBIM METO-
JIOM TPOTHO3MPOBAHUS CONHEYHOH SHEPTHU SIBIISETCS
MIpUMEHEeHHe HEePOHHOI CeTH, Ije BXOJHBIM MapaMeT-
POM BBICTyNaeT 3HaueHue u3nydenus. [Iponecc odyue-
HUS WAEHTH(UIMpYeTCs Nepefadell JaHHbIX 00 HM3ITy-

YeHHU JUIs 00yUeHHU 1 HeUPOHHOM CETH C 1IeJTbI0 (hOpMHU-
POBaH1A BBIXOOHOI'O 3HAYE€HUA B BUJAC MOIIHOCTU. Oc-
HOBHOM I1€JIbI0 UCCTIEIOBAHUS SIBJISIETCS] CpaBHEHUE -
(pextuBHOCTH ABYX anroputmoB - LSTM u XGBoost - B
KOHTEKCTE POrHO3MPOBAHNUSI COTTHEYHOM SHEPTUH. ITO
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CpaBHEHHME OCHOBAaHO Ha olieHKe nokazatened RMSE
(RootMeanSquareError), MAE (MeanAbsoluteError)
1 R? (k03 pUIMEHT IeTepMUHAIIN), KOTOPbIE CITyKaT
KpUTEepUsIMU IJIs OIpeNesieHnsi KauecTBa Mojeel ¢
YUYETOM HMX MPOTHOCTHYECKON CITIOCOOHOCTH.

3nauenus RMSE u MAE npecienyior 1ens MUHU-
MU3alluM, 4YTO odecrevyuBaeT Oojee TOYHOE IpescKa-
3aHMe LeJIeBbIX MepeMeHHbIX. B cityuae R?, 6muskoe k
€/IMHUIIE 3HAYCHNE YKa3bIBaeT Ha YCIEIIHYI0 HHTepIpe-
TalMI0O MOJEJBI0 BapUallUil B IPEIOCTABJICHHBIX HaH-
HbIX. [IprMeHeHre DaHHBIX METPHK B HEWPOHHBIX Ce-
TAX MPEIOCTaBIsIET BO3MOXHOCTb BHIOMPATh MOJIEIH C
BBICOKOM MPEICKa3yeMOCTbIO, a TAKXKE OCYLIECTBIIAThH
CpaBHEHHUE Pa3INYHBIX MOJENIeN MEKITY COOOM.

Amnanusupys pesynbrathi oneHok MAE, R? 1 RMSE
IJ1s1 TIPOTHOBMPOBAHMSI MOIIHOCTH COJTHEYHOH IMaHesn
¢ npumeHeHreM LSTM u XGBoost (puBeieHHBIX B

Tabsnuie 1), MOXHO BBIICIUTD, YTO JIaKe TIPU PaccMOT-
pPEHNH IaHHBIX 332 OOWH JAEHb MOJEIH IEMOHCTPHUpY-
10T OTHOCUTEJILHO BhICOKHE Toka3aTeau RMSE u MAE.
XGBoost ZOCTUraeT BeYamIAOMMX 3HaYeHni R? mis
MOIIHOCTY TIaHe/u, npuommkeHHbX K 0,99, B TO Bpe-
Ms kak LSTM nokasbiBaet ko3¢huirent R? Ha yposHe
0,6 U1 MOIITHOCTH COOTBETCTBEHHO.

B tabmurie 2 mpencraBiensl mokazatenu MAE, R?
u RMSE, otHocsmecss K MPOrHO3MPOBAHUIO HU3JTyYe-
HUA Tpy ucrionb3oBannu moneneil LSTM 1 XGBoost.
3nauenuss RMSE nu MAE neMOHCTpUpPYIOT BBIIAIONTH-
ecsl pe3ysbTaThl BO BTOpOW Mopenu. B wacTHocTH, B
XGBoost koaddumment R? cocrapun 0,97, uto cBu-
JIETEJIbCTBYET O BBICOKOM Ka4eCTBE MPOTHO3MPOBAHMS.
Creyer OTMETHTD, YTO 3TO OTJIMIHBIA pe3ysbTaT. B To
Bpems Kak B LSTM 3nauenne R? okazanoch Ha yposHe
0,67, uTo yKa3pIBaeT HA HEKOTOPYIO YSI3BUMOCTb IAHHO-
ro MeToza.

Ta6muma 1 - Ouenka nmporao3upoBanust MomHocTa: MAE, R? u RMSE s LSTM u XGBoost

Hazpanre | RMSE | MAE | R?
LSTM 0,13 0,1 0,6
XGBoost | 0,005 0,001 | 0,99

Tab6mura 2 - OtneHKa porao3upoBanust MormHocTa: MAE, R? u RMSE mis LSTM u XGBoost

Hazpanne | RMSE | MAE | R?
LSTM 0,15 0,12 0,67
XGBoost | 0,04 0,27 0,97

PesynbraTel CpaBHUTENBHOIO aHalW3a MOKa3aTelsen
MAE, R? u RMSE 11151 IpOrHO3MpoBaHus U3TydeHus ¢
rcnonb3zoBaHueM LSTM u XGBoost yka3blBaloT Ha 3Ha-
ynTenasHoe npenmyinectBo XGBoost. XGBoost nposie-
JIieT BhlAtoNTyocs 3(p(eKTUBHOCTh B MHTEPIIPETALIN
U MIpeJCKa3aHUU U3MEHEHUI B MOIIHOCTU U U3JTyYeHUU
COJHEYHOW MaHeNu. TakuM 00pa3oM, MpeICTaBIeHHbINA
meTon XGBoost BeIENSETCA CBOEN 3HAYUTENILHOM JO-
Jell IOCTOBEPHOCTH B IIPEJICKA3aHMUsAX, UTO JENacT ee
MIPEATIOYTUTENIBHBIM BapUaHTOM IJIsl MICTIOJIb30BaHUs B
KOHTEKCTe aHa/n3a SHepreTMYeCKUX CHUCTEM, OPUEHTH-
POBaHHBIX HA COJTHEUHbIE NICTOUHUKH.

B aHayiornyHOM HCCIeOBAaHUHM OLIEHOYHBIE ITOKa3a-
temu LSTM Obuta Clieqyomumu: R? = 0,85, RMSE =
2,44, MAE = 1,27; niia ANN 3Tu rokazarejii coCTaBU-
mR?=0,86, RMSE =24, MAE = 1,29, a i1 XGboost
-R? = 0,95, RMSE = 1,30, MAE = 0,83. Ilo cpasHe-
HUIO C TUMH pe3yJbTaTaMH, B HAIlleM HCCIIeJOBAaHUN

ObUIN MOTyYeHbl OoJlee BHICOKHE OLIEHOUHBIE TTOKa3aTe-
JIM, YTO yKa3blBaeT Ha 3(peKTUBHBIA Moxdop rumepna-
paMeTpoB Mofesiell HeHPOHHBIX CeTel.

lunepriapaMeTphl - 3TO TApaMeTpbl, KOTOPhIE TIO3BO-
JISTIOT HACTPAMBATh IIPOIIECC O0YUeHUsI HEHPOHHOM CETH.
OHu BBHIOMPAIOTCS TIepe]] HadyasioM OOyYeHUs] U MOTYT
3HAYMTENIBHO BJIMATh Ha KauecTBO M 3(h(PeKTUBHOCTH
paboThl ceTu. BhIOOp ONnTHMAaBHBIX rHIIEpIapamMmeTpoB
3aBUCHUT OT TUIA HEUPOHHOH CETU, €€ apXUTEKTYPHI, 3a-
JIa4yr, Ha KOTOPYIO OHA HACTPaMBAaeTCsl, U OCOOCHHOCTEH
JIAHHBIX, HA KOTOPBIX MPOUCXOAUT 0Oyuenue. B Tabmu-
e 3 mpuBe/ieHB! THIIepIapaMeTpsl HAMH HCCIIeTyeMBIX
HEeWpPOHHBIX ceTed. 3mech, batchsize - 00beM JaHHBIX,
obpabateiBaeMbIX 3a ofuH mar;Epochs - oqHOKpaTHOE
MPOXOXKICHUS BCeX OOydYaloImMX BHIOOPOK; Activation
function - MaTemaTryeckas (pyHKIIHSI, KOTOpasi Onpere-
JISIeT BBIXOAHBIC TaHHBIE HEHPOHA Ha OCHOBE €ro BXOJ-
HBIX JAaHHbIX; Optimizer - aJIrOpUTMbl WIA METOJBI,
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UCTIONIb3yeMble JITsl U3MEHEHUsl aTpUOyTOB HEWPOHHOM
CeTH, TaKMX KaK Beca U CKOPOCTb OOyuYeHHs, YTOObI
YMEHBIIUTD noTepu; Gamma -MUHHUMAJIbHOE COKpallie-
HME TI0Teph, HEOOXOMUMOE Tl CO3JaHKs JTaJIbHEeHIIe-

ro pasieNeHHs Ha KOHEYHOM Yy3Jie iepeBa; Subsample -
COOTHOLIEHHE TTOABBIOOPOK 0OYYAIOIINX IK3EMILISAPOB;
Max depth -mMakcumasipHasi ITyOUHA JepeBa.

Tabmna 3 - ['unepnapamMeTpbl HEHPOHHBIX CETEH

LSTM XGBOOST
Batchsize 16 Gamma 0.5
Epochs 120 Subsample | 0.4

Activationfunction | sigmoid | Maxdepth | 6

Optimizer Adamax

OCHOBBIBAsICh Ha BHIIIICONMMCAHHBIX BHIBOAAX, MBI Ha-
MepeHbl BHeJpUTh U ucnoib3oBath XGBoost st 60-
Jiee TOYHOTO M HaJekKHOIO MPOrHO3UPOBAHUS B 00Ja-
ctr cOopa JaHHBIX O MOIIHOCTU U U3TYYSHUU COITHEU-
HOH TIaHEeIIN.

B 3akI0ueHNM JaHHOW HAYyYHOW CTaThU MOIBITOXE-
HbI OCHOBHbIE PE3YJbTAThl M BBIBO/bI, MMOTyYEHHBIE B
XOJIe MCCJIE/IOBAHUS MPOrHO3UPOBAHKS MOIIHOCTH (DO-
TORJIEKTPUIECKUX CHUCTEM C UCIIONb30BAHUEM MOJENe
LSTM u XGBoost.

BriBoapl. B pesynpTare JaHHOTO HMCCIeA0BaHNS OBLIT
pazpabotaH 3(pdeKTUBHBI METOJ] MPOrHO3UPOBAHUS
COJIHEYHOW 3HEPruu C HCHOJIb30BAHHWEM AITOPHUTMOB
HeripoHHOW cetu. Llenb mccnepoBanust Gpula yCIENTHO
JOCTUTHYTA, TaK KaK ObUIM BBIIIOIHEHBI BCE TTOCTaBJIEH-
Hble 3a/1a4i. OCHOBHBIMH pe3y/IbTaTaMH UCCIIEI0BAHNS
SIBJISIETCS CPABHUTEJBHBIN aHATIN3 JBYX AJITOPUTMOB -
LSTM u XGBoost - B KOHTEKCTE MPOrHO3UPOBAHUS
coJIHeuHoOH Hepruu. Hambornee BbIIAOIMMCS pe3yiib-
TAaTOM SIBJISIETCSI BBICOKMH KO3(DUIMEHT IeTepMHHa-
U (Rz) mogem XGBoost, nocturmmii 3Hadenus 0,99.
DTOT pe3y/bTaT CBUAECTENBCTBYET O BHICOKON CIOCOOHO-
CTH MOZIENIY IIPEJCKa3bIBaTh BBIXOJHYIO MOIIHOCTb COJI-
HeuHbIx naHesnedl. Moaens LSTM Takke mokasana xo-
pore pe3ysbrathl ¢ R2, pasupv 0,6.

OTIUYnTEILHBIMU IMpU3HaKaMMU IIOJYYEHHOI'O pe-
3yJibTaTa ABJIAIOTCA - BBICOKAA TOYHOCTb U HAICKHOCTDb
00enx MOJ]GJ'[CfI, YTO TMOATBEPKAACTCA aHAJIM30M MET-

puk MAE, R? u RMSE, a Takxe 3(ppeKTUBHBIN TOJ-
6op rumneprapameTpoB Mojiesiell HeHPOHHBIX CeTel, UTO
MIPUBEJIO K TOyYEHHIO 00Jiee BBICOKHMX OIIEHOUHBIX I10-
KazaTeJiel TI0 CPAaBHEHUIO C M3BECTHBIMU Pe3y/IbTaTaMU.

TH BBIBOJIBI YTBEPKJIAIOT, UTO MPE/JIOKEHHbIE MOJIe-
11, Gasupyolyecs Ha MAallMHHOM OOy4eHUM, YCIIelll-
HO CIPABJISIIOTCA C 3a[ayeil MPOrHO3MPOBAHUS MTPOU3-
BOJCTBA (POTOIEKTpUUYecKHX cucteM. OHM oOecrievn-
BAIOT CTaOMJIBHOCTb U BBICOKYIO TOYHOCTb B ITPE/CKA-
3aHUU BleOI[HOﬁ MOIIHOCTHU COJTHEYHBIX raHesen Jaxe
Ipr OIrpaHUYCHHBIX JAHHBIX.

B nepcriekTrBe npeasaraeTcst AaJbHENINEe yiTydiie-
HUe METOJOB U pacIlMpeHHe MCCIeloBaHUA Ha Oosee
MPOJO/KUTEIbHBI BPEMEHHON MHTepBal. DTO MO3BO-
JIMT TIOTyYHTh JOTIONHUTENNbHBIE NHCANUTHI B TIOBE/ICHUE
(boTO3NMEKTPIUECKMX CHCTEM NP PA3JIMYHBIX MOTOJHBIX
YCIOBUSIX U YBEJIMYUT 00OOIIAIOIIYI0 CIIOCOOHOCTb MO-
nesneil. Takue yaydIeHus] MOTYT CYIIECTBEHHO PacIly-
pUTh 00NIaCTh TIPUMEHEHHs pa3pabOTaHHBIX METOJOB B
PEabHBIX YCIOBHAX SHEPIETUIECKUX CHCTEM, OPUEHTH-
POBaHHBIX HA COJHEYHbIE NCTOYHHKH.

Paboma evinoanena npu noodepiicke uccnedosa-
menvckozo npoexkma AP23487428 Komumema nayku
Murnucmepcmea nayku u evicutezo opazosarusi Pec-
ny6nuxu Kazaxcman u evimonnena e Kazaxckom Hayu-
OHANbHOM YHusepcumeme umeru anv-Papabu, umo c
6.0a200apHOCMbIO NPUSHAHO ABMOPAMIL.
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METASPLOIT FRAMEWORK APKbBLIJIBI 2KEJII MEH CEPBEP/IEI'T

OCAJIIBIKTAP/IbI CKAHEPJIEY KOHE OIEPATIMSLIBIK, JKYHEJIEPTE
KAIIBIKTAH KOJI JKETKI3Y

7K. Bupaxmer!, A. Vaiina'®, A.JI. Maiiapi6aesa?, I.LK. lapkenoaes!,
C. Bexnazapos!, /I. Barnayer!
lsn—<I>apa6M atbiHAarsl Kazak yJITTHIK yHUBepcuTeTi, AnMarel, Kazakcras,
2Xanen JlocMyxameJioB aThIHAFhl ATBIpAy YHMBEpCHTETi, AThipay, Kasakcran,

e-mail: vaida_a@mail.ru

Bepinren Makasasia aknaparThIK Kayirci3aik ayquTinig 6ip MbIcalibl, eJli MeH cepBepyieri ocayibikTapas Metasploit

Framework KypanbiMeH cKaHepliey koHe OChl KYPBUIFBI KOMeTiMeH 0acKa ONepalyisUIbIK, jKyHere Kalail Kallibl-
KTaH KOJI JKeTKi3yli ’Ky3ere acelpyFa OONaTHIHIBIFBI KAPaCTHIPBUTBII, TOJMBIKTAH CUNIaTTAFaH. JKyMBIC TIpaKTHKA-
JIBIK, TYpAe KOCBHIMITIAIAP/IBI MalilajiaHa OTHIPBII JKacaJbIHABL. AyIUT Kypasaapsl YImiH Herisri Hasap Kali Linux
onepalusIIbIK KyHeci oHe onapAblH Kas3ipri akmaparThlK KOFaM[a JKeJTUTiK Kayilci3mikTi KaMTamachl3 eTyieri
MaHBI3IbI POJIiH 3epTTey KapacThipbuiabl. COHBIMEH Katap, Makajiaaa 3epTTey MaKCaTTapbhlH aHBIKTAyIaH OacTar
HOTIKETIEP TaI1ayFa )KoHe YChIHBICTAPbI TY KbIpbIMJayFa AHIHI1 aKNapaTThIK, KayilCi3aiK ayIuTiHiH Heri3ri Ke-
3eHzAepiHe mony kacangpl. CoHpaii-ak, ayanuT MPOIeciHae KOMIaHbUIATHIH Heri3ri Kypajuap MeH TeXHOIOTAsIap

KapacThIpbUIa/Ibl, Oy KHOepKAyillCi3iK calachiHAarbl OUTIMI KEHEUTyre jKoHe ayquT XYPri3y CarachlH apTThl-

pyFa biknan erefi. Makanajna 3eprrey xKyMbICTapbl OOMbIHINA AKNAPATTHIK KAYIlNCI3/iK CalachlHa KBI3BIFYILbLUIAP
YIIiH THIM/I MBICAJIMEH KOCBIMIILIA CUITATTAJIbII KOPCETUITeH.

Tyiiin ce3aep. Metasploit Framework, Meterpreter, aynur, akiapaTTblK, KayilCi3/liK, CKaHepiiey, madybul.

CKAHUPOBAHUE YA3BUMOCTEN CETU U CEPBEPA C IIOMOIIBIO

METASPLOIT FRAMEWORK " VJIAJIEHHBIA IOCTVII K
OIIEPAIIMOHHBIM CUCTEMAM

K.Bugaxmer!, A. Vaiigal*, A.JI. Maiiani6aesa?, JI. K. JJapkentaes!,
C. Bexnazapos!, /I. Barnayer!
'Kaszaxckuii HAIMOHATBHBII yYHUBEpCUTET uMeHH ajb-Papadu, Anmarel, KazaxcraH,
2 Atpipayckuii yausepcuter umenn X. Jlocmyxamenosa, Ateipay, Kazaxcran,

e-mail: vaida_a@mail.ru

B jaHHOM cTaThe pacCMOTPEH ¥ MOAPOOHO OMUCAH MpUMEp ayauTa MH(POPMAIOHHON Ge3omacHocT. Pabota

BBITNIOJIHEHA HA MTPAKTUKE C UCIIOJIb30BAHUEM l'IpPUIO)KeHHfI. OcHOBHOE BHHMaHHE IUISL UTHCTPYMEHTOB ayauTa yae-

JIsu10Ch oneparonnou cucreme Kali Linux v n3y4eHunio UX BaKHOU pOJIU B 00€CTIeYeHUH CETEBOM Oe30MaCHOCTH B
CoBpeMeHHOM MH(pOpMAalMOHHOM ob1ectBe. Kpome Toro, cratbs mmpenoctasisieT 0030p KIIOYEBbIX STATOB ayay-

Ta MHPOPMAIMOHHOW 0GE30IaCHOCTH, HAUMHAsI OT OIpe/ie/IeHHs LieJiell UCCIeIOBaHKsI IO aHAIN3a Pe3y/IbTaToB U
¢opmynupoBaHus pekoMeHaami. Takke paccMaTpUBalOTCsl OCHOBHbIE MHCTPYMEHTHI M TEXHOJIOTUU, TTPUMEHSie-

MBIC B IIpoHecce ayaqura, 4ro CHOCO6CTBy€T paclimpeHUIo 3HAHUK B 00JIaCTH KI/I6ep6630HaCHOCTI/I 1 MOBBINICHUIO

Ka4eCTBa NPOBEACHUA ayIUuTa. B cratpe JOIIOJIHUTEJIbHO OIIMCAaH 9(1)(1)CKTHBHLIFI npumMep 4Jid TeX, KTO UHTEpECy-

eTcs 00NIACTBI0 UH(POPMAIIMOHHOMN GE30IMACHOCTH T10 KCCIIEIOBATEIBCKON paboTe.

KiroueBsnle ciaoBa. Metasploit Framework, Meterpreter, ayaut, nH(popMaIrioHHast 6e30MacHOCTh, CKAHMPO-

BaHHE, aTaKa.

NETWORK AND SERVER VULNERABILITY SCANNING WITH METASPLOIT
FRAMEWORK AND REMOTE ACCESS TO OPERATING SYSTEMS
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! Al-Farabi Kazakh National University, Almaty, Kazakhstan,
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This article discusses and describes in detail one example of an information security audit. The work was done
in practice using applications. The main focus for audit tools was on the Kali Linux operating system and the
study of their important role in ensuring network security in the modern information society. In addition, the
article provides an overview of the key stages of an information security audit, starting from defining the goals
of the study to analyzing the results and formulating recommendations. The main tools and technologies used
in the audit process are also considered, which contributes to expanding knowledge in the field of cybersecurity
and improving the quality of audit. The article additionally describes an effective example for those who are
interested in the field of information security for research work.

Keywords. Metasploit Framework, Meterpreter, audit, information security, scanning, attack.

Kipicne. AknapaTThIK-KOMMYHHMKALIMSUIBIK, TEXHO-
JIOTHsIIap YaKbIT ©TKEeH calblH Oi3liH emipimizne Oa-
PBIHIIA KODKeTiMAl Oobin Kenemi. ByTiHri TaHma Tex-
HOJIOTHSITAp ©3/epiHiH JaMyBl Ty PFBICHIHAH eMec, OJlap-
JIbI KOFaMHBIH 9p CaJlachIH/A MaiifajlaHy MYMKIiHIITIMEH
OarajlaHaIbl.

Komrmblotepitik skelniiepae Ko KeTKizymi Oackapy-
Jbl YUBIMIACTBIPY KOHE TMaliIalaHyIIbIHBIH aPTHIKIIIbI-
JIBIKTapbIH OeJTy Ke3iHae KeOiHece KEeNUTK Oreparys-
JIBIK, KYWeNepaiH KipiKTipiIreH KypaiJapbsiH naiana-
Hagwl. CoHbIMEH Oipre, MyHIal KayillCi3miKTi 6acKapy
KyHeciHe aJici3 TycTap 6ap: KOJ KeTKi3y JeHreui xoHe
JKyiere Kipy MyMKiHZIr mapoiabMeH aHbIKTanagpl. Ky-
M CO3/1i Tepin ayra GoJaThIHABIF KyTus emec [1].

AKMapatThIK Kayilci3IiK ayauTi - aKIapaTThIK Kayir-
CI3MIK KYHECiHIH arbIMIaFbl JKaFJalblH TOYeNICi3 Oara-
JIay, OHBbIH Oelriii Oip KpUTepuiliepre COUKeCTIiK JIeH-
refiiH Oenriyiey jKoHe YCHIHBIMIAP TYPiHIe HOTHXeTep-
Ii Oepy. AKMaparThiK, KayilCi3[iK ayauTi aKNapaTrThik,
Kayinci3aikTiH GapblHIIA TOJBIK, )KoHE 00BEKTHBTI Oara-
CbIH aJlyFa, 6ap TybIHAAFaH MoceseNepli jKOIFa KoHe
YUBIMHBIH, aKIapaTThIK KAYINCi3[iK XYUECIH KYPYAbIH
THIMZII OarJapiamachlH o3ipiieyre MYyMKIHIIK Oepei
[2].

AKMapaTThIK ~ KayilCi3[iK —ayauTiHe KaJblIama
TOKTAJATBIH OOJICaK, opOip KOCIMOPHIHAAD MEH KeKe
KOMITAaHUSITap, JKOFaphl OKY OPBIHIAPBIHAAFH aKIapaT-
TapIbIH KAHIIAIBIKTH KOPFAJFaHIbIFbIH AHBIKTAY, JICH-
reiin Oiy OOJIBIT TaObLIAABI. AKIAPATTHIK KAYIlCi3miK
ayIUTOPhl YABIMHBIH aKIapaTThIK, KAYilCi3iriH Gakbl-
Jay KypajJlapblH, cascaTTapsl MEH MpOIeaypasiapbH
Garanayra xayan Oepefi. OMap/biH pesti YHbIMHBIH aK-
MApaTThIK, aKTHUBTEPiH AYpHIC KOpPFaygbl KaMTaMachl3
€TyTe JKoHe ONap/Ibl CajlajblK, CTAHAAPTTAPEa, epeKerep-

re JKoHe O3bIK ToXipubesnepre ColKeCcTeHaipyre OarbIT-
TaJIFaH. AKIapaTThIK Kayilci3Aik ayquTopnapsl YiAbIM-
HBIH KayilCi3OiK >XYWEeCiHIeri ocalbIKTapabl, OJIKbI-
JBIKTAp MEH QJICI3MIKTepIi aHBIKTAY KOHE KaKcapTy
OOMBIHINA YCHIHBICTAD J3ipJiey MaKCaThblH/AA KeIleH/
TeKcepyaep xyprizemi [3-4].

Aynutop MamMaHap ToyeKesaepai Oaranaiiibl, Kayir-
CI3IIK cascaThl MEeH MpOLieAypaapblH TaJIJANIbI JKoHE
YHBIMHBIH TEXHUKAJIBIK MH(paKypbUIbIMBIH, Kyienepi
MEH JKesinepiH TepeH 3eprredai. Onap Kipyni 6akpl-
Jay, nmmdpiay, OKuFanapra xayan Oepy Ipouesypaa-
PBI JKoHE AMaTThl KaJIMbIHA KENTIpy XXOCTapiaapsl CH-
SIKTHI KQYIMCI3/iK IapaapbiHbIH THIMALTINH Oaraai-
IIbl. AKMapatrThiK KayilCi3mik ayTuTopiapbl, COHBIMEH
Karap, 3aHAbl JKOHE PeTTeylli ToyeKeldepAi OpblHAay
JKOHE a3alTy YIUiH YHBIMHBIH THICTi 3aHJapFa, epexe-
Jlepre JKoHe CaJalIblK, CTaHIapTTapra COHKecTiri Oara-
naiael. Onap erked-Terkein ayguTOpIBIK, ecerTepi
YChIHA/Ibl, HOTHIKENEePHi OaCIIbUILIKTHIH Ha3apblHA JKET-
Ki3e/ll ’KoHe TY3eTy HIapaJlapblH Ky3ere achlpy KoHe
YUBIMHBIH KMl KAYiNCi3AiriH apTThIpy YUIH MY A€
TaparTapMeH BIHTBIMaKTacapl [5-6].

Marepunangap meH agicrep. [Ipaktuka xy3iHie
OCaJIIBIKThl CKaHepiiey Kypajbl peTiHae - Metasploit
Framework kommansutafpl. On - OyJ1 xakepiep, eHy
MaMaH/Iapbl XKoHe KUOSPKBUIMBICKEPIIEP JKeJijieri koHe
cepBeperi OcaJIbIKTapAbl 3epTTey YIIH MNaiiganaHa
ayarthlH KyarTsl Kypal. By minargopma amsik Oacra-
NKBl KO OO0 TabbuIabl, COHOBIKTAH OHBI QPTYPIi
oTepansUIbIK, KyHeepae oHall OefliMaeyre xKoHe Maii-
narnanyra 6onajpl. Kernreren Herisri cebenrepre Garina-
HbIcTHl Metasploit Framework keHiHeH TaHbIIFaH jkoHe
KUOEpKAyIICi3/liK canachiHAa KONAaHbUIabL.

1. Bacramkpl KOATHIH aIBIKTEIFE: Metasploit, amsix
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GacTarkpl k002, KHOepKayinci3aik MaMaHIapblHA OHbI
HAKThI TaJlalTapra CoKec e3repTyre xoHe Oeimuey-
re MYMKiHAiK Oepeni. Byt aneMeHT Kypaipl xakcap-
TyFa ’koHE OHbIH MYMKIHAIKTepiH KEHEUTyre KeMeKTe-
ceTiH OeJIceH 1l a3ipreyisiep MeH 3epTTeyIiiep TOObH
KYpYyFa BIKITaJ eTefi.

2. Monynpaik Apxutektypa: Metasploit KypbUIbIMBbI
IKCIUTyaTalusIap, Maiaisl XyKTeMesep jKoHe KOMeK-
Il MOIYJIBb/IEp CHSKTH 9pTYpii OesikTepmi OipikTipyre
MYMKIHJIK OepeTiHaed eTin yHbIMIaCThIpbUIFaH. By
Metasploit GarnapyiaMacbiH eHy ChIHAKTapblH ©TKi3yre
apHaJIFaH KyarThl )KoHe MKeMJIi KypasiFa allHaJIbIpapl.

3. XamplKapajblK, 3epTTeylIiyiep KaybIMIACTHIFBL:
Metasploit kuGepkayincizaik 3epTTeyIliiepinit, a3ip-
JIeyIIiepiHiH, MaMaHJapbIHbIH SPTYPII jKoHe OesceH-
i XaJbIKapaJIbIK, KaybIMIACTBIFBIHAH TYpajbl. Byt ockl
KYPaJIOblH Y3HIiKCI3 aMybl YIIIiH MaHBI3IBl OOMBIN Ta-
ObUIATHIH aKIapar, TOXIpHOe KoHe KaHa IKCILTyaTaly-
sJIapMEH aIMacy/ibl KAMTaMachl3 eTefli.

4. TIpoToKkonmap MeH OCAIABIKTAPIBIH KEH ayKbl-
MBIH Koijiay: Metasploit BeG-KochIMIIanap, KemIik
KYPBbUIFbLIAP JKoHE ONepalsUIbIK, KYyHEeHIH Kayirci3mi-
TiH TeKCcepy Kypalaaphbl CUSKTHI 9pTYpJii HhICAHAAPMEH
JKYMBIC iCTEHI.

5. Taiiganany mymkingairi: Metasploit kypangap xu-
HaFbI KOHCOJIB/I JIe, TpapUKAITBIK, TTAlIaIaHyTITHl HHTEP-
(eiicTepin e KamMTHIbI, OYJI OHBI TOXKipHOe i MamaH-
Jap YIIiH e, KHOepKayirci3JiKKe KaHaaH KelreHaep
YIIiH e OHall eTefi.

Ocpunaiiina, Metasploit Framework e3iHiH kociOu

MIHJIETTEepiH OpBIHIAY YIIiH KHOepKAyilCi3ik MaMaH-
Japbl YIIiH €H KONMalibl KypangapiabiH Oipi periHae
o3iHiH OeleiiH cakTalapl, OUTKEHI o1 aMOedar KoHe
THIMAI Kypasi Gonbin Tadbitaasl. Erep 6i3 cunarrama-
JIapIbl KAPACTHIPATHIH OOJICAK:

e Monyns apxutekTypackl: Metasploit kemnTereH Mo-
JyJbJEpAEH TYpajibl, COHBIH illliHAE SKCIUTyaTalys-
Jap, neiioananap, OCaIIbIK CKaHeprepi xkoHe T.0.

* DKCIUTyatauusiyiap MeH neiioananap: Oys Kypajiiap
AHBIKTAJIFaH OCAJIBIKTAp/BI MailajlaHyFa MyMKIHIIK
oepeni. [leitnoanamap xy¥ene Genrim Oip QyHKIUA-
JIap/sl OPbIHIANABI, 1 SKCIUTyaTalMsIap KO XKeTiM-
IUTIKTI KAMTaMAachI3 €Te.

* +OpTYpi  OlepauMsUIbIK,  XKYHelepoi — Konumay:
Metasploit Windows, Linux, macOS xoHe Oacka-
JIapFa Heri3/ielireH Kyuneaepaeri ocaaIbIKTapapl aHbl-
KTal aJlaJbl.

* Wutepdericrepain opTYpIIJIri: naigagaHyIIbuiapra
rpacdukaibK UHTepdeicTi (Mbicasisl, Armitage) xKoHe
KOHCOJb uHTepdeicin (msfconsole) ychHabL.

[atioananviaran mawunanap:
la6ysuinaymse: Kali Linux (2020)
Kypb6ansr: Windows 7 x 64

bBiz0in gicytiedezi IP mexendicatinapol Kenecioeli:

Kali Linux: 192.168.0.23
Windows 7: 192.168.0.24

HoaTuxkesep 'xoHe TaJKbLIay. AJJIBIMEH €Ki ore-
pamsuislK, kyiene ge [P mekemxkaimape Kali-me
ifconfig, Windows-Ta ipconfig mopmMeHiMeH TemMeHzeri
CypeTTe KepceTilreHen Tekcepin anamei3 (1-cyper).

B Kowarignas crpoka

Microsoft Windous LI
Kopropauus Mas

sion 6.1.2601]
oot (Microsoft Corp.>., 2009. Bee mpasa sausuens-

C:\Users\Aaxan >ipconfig

HacTpouia npoTokosa 1P maa Windous

[Ethernet adapter Momkawienue mo AoxadbHow ceTH

DNS—CyopuKe nopkamaenus . -
foxanuumi 1Pub-appec Kanasa
IPyd-anpec. -
Macka noncerw
OchoBHow mawa.

Tynneasnui ananvep isatap.Beelir

08:9329:6d46711

Cocronnme o * Cpena nepenaun nemoctynma.
: ine

pens a
DNS-CyopuKE Mo MK AMUEHHS Beel:

C - \UsereNnsvan>

(AERNEI)

O d o ERH]® [ ot contol

1-cyper - IP-mekenxaii Tekcepy

EF o

Hoetix yeeaomnetut: 4
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Keneci nmap kypsumrbichl apkputsl Kali Linux oneparwisuisik, sKyieciHae amblk MopTTapAbl KapaiMbI3. #nmap
192.168.0.24

11:48 AN (AM) O A L% a &

ayazhan@kali: ~

& Kowawgias crpoxa

Microsoft Windows [Uersion 6.1.760.
cc> '

11
Soft Corp.>, 2009. Bee npasa sauduens.

Kopnapauus Maixpocooer (Mi

UGN \Asan> ipconf ig

HacTpoiika mpoTokesa IP maa Windous

[Echernet adapter Momxawvenue no nokanbHoW ceTw:

map done: JELLIE ost up) scanne 6.04 seconds

Nmap done: 1 IP add; (1 host up) scanned in 6.0 ond: S Cuemure N2
IPud-an) .
lacka noncerw
Ocrosno wawa

DNS—cyeoure_nomxawdchus
v6-anpec K

pec.- .

Tynne st anantep i

Cocromnme cpeam
DNS-cyourc noxamaenus

2

Cpena nopenaun menocTynma.
= Beeline

Cr\Users\nnsan>

>

QpF oL Bl 3@ ®rsntconvol

L Dl 2 ) g 6 [ e o

2-cyper- Nmap apKbUIbl CKaHepIiey

Metasploit Framework kochMITIackIHa KOCBUTHII, meterpreter-re Kochbiambl3 (3-cyper).

#msfconsole
> search ms17_010

> use auxiliary/scanner/smb/smb_ms17_010
> show options

qterminal 11:53 41 (AM) @ a §s8

OBonoukaNe1

smb/fi§170010_e ternalblue
s/smb/ms17_010_pse

dmin/smb/fiSA70018_command 2017-0, normal N MS17-010 EternalRomance/EternalSynergy/EternalChampion SMB Remote

indows Command Exec
canner/smb/smb_fiSi70010

normal  Ne MS17-010 SMB RCE De
t with a module by name or index. For example
)

> show options

anner/smb/smb_ms17_010):

CHECK_ n or named pipe on
NAMED_PIPE: sploit-framework/data/wordlists/n ye t of named pipes to
amed_pip

t host(s), see https:/

[N T ([ o]

3-cypert - Meterpreter-re KOcbLUTy

Ochinga kaxerti IP Mekenxkail, moprrapasl 4-CypeTTerije eTir KosiMbl3.

> set LHOST 192.168.0.23
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> set RHOSTS 192.168.0.24
set RPORT 445
> run

\2

Bremak2d- El F aterminal

OBonouxaNe1

auxili; nner/snb/smb_iSA7e; norm; c Ms17-010

ct with a module by name or index. For example

> show options

mb_ms17_010):

Required

no
no
no

_DOPU
_PIPE
NAMED_PIPES
t host(s), see https: metasploit-framework/wiki/Usin;
e port (TCP)
use for
sword for the specified us:

7-010! - Windows 7 ULt

PISDIC YR [GIoEEE

4-cyper - IP MekeHXkaif, mopTTapapl KOO

Enpi 6i3 Windows 7 xkyliecinjie maOybUiipl OpbIHAAyFa Keliemis (5-6-cyperrtep).

use exploit/windows/smb/ms17_010_eternalblue
show options

set RHOSTS 192.168.0.24

set payload windows/x64/meterpreter/reverse_tcp
exploit

vV V. V V V

2:07NM (PM) O A G%| & G
OfonouraNe1

6 auxiliary ) > us

No payload configured, defaulting to window

( )

7, Windows Embedde
or the specified userna
me to authenticate as
tu ndows 7, Windows Embedded

windows r findg windows Embedded Standard 7

t technigue (A

Exit ) none)
The 1

Automatic Ta

@ o=@ g)® Mt

5-cyper - Windows 7 xy#ecinze madybUIapl OpbIHIAY
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12:09 MM (PM) O

OBonouxaNe1

Screenshot taken

k 1 x64 (64-bit)

indicated by

buffer.

0xC000008D) !

& oL@ g®&rdtcr

6-cyper - Windows 7 xyiecinae madybuUiibl KaJFacTbipy
Bizne meterpreter icke KOChUIFaHbIH 7-CypeTTeH Oaiikayra Oonaipl.

&
[ ] 12:120N (PM) O A G74%| & &

OGonoukaNe1

buffer.

1y (xC000000D)!

& o0& Gl®&rdtcr

7-cyper - Windows 7 xyiecinae madybuiipl asKray

Windows 7 meterpreter ceaHChIH aJIABIK ! O1TiM MeH JIaFAbuIapabl KAKeT eTeli.

Erep meterpreter-re screenshare mopMeHiH TepeTiH Monynbiik Oonbint  TaObuIaThiH Metasploit apxu-
6oscak, oHga on 6isre Windows 7 OJK-zeri KomMaHga- TEKTypachl jkaHa SKCIUTyaTalysiap MEH MOIYJIbICpai
JIBIK KaTapabl kepceTeai (8-cyper). OipiKTipy/i, COHIal-aK, ©3iHi3/i Kacayabl KeHiIIeTe-

Hormxecinge, 6i3 meterpreter apkpuiel Windows Al By MSF-ke yHeMi e3repil OTBIPAThIH XKHE [1Ha-

ONIePAMATBIK, KyHeCiHe KAIIBKTAH KO keTkise an- MHKIBIK KNOepuaOysiiiap oprackina Geitimueryre Ke-
JIBIK. mekrteceni. CoHpMeH Kartap, Metasploit eki Typrii HH-

Tepdeiic - rpaduKaBIK KoHEe KOHCOMbAIK THIITEpre ue,
OyJI OHBI KOITEreH NnaiaaHyIbuIap yIIiH KoJ KeTiM-
Il eTeql.

Metasploit Framework-kubepkayincizik mMamaHbl
YILiH KOJ KeTiMJIi €H KyaTThl XKoHe UKeMIIi Kypasiaap-
IbIH 6ipi. OHBI MaiiiasIaHy YIIiH KaxeT OipHere Herisri o )
Ke3EHIEPIiH op agaMFa KO KeTiMi eMec Oerini Gip Bapibik, Kayinci3gik Taqgaylisulapsl HeMece eHyai
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TECTijiey MaMaHfapbl OChl uiaropmara Kipyi Kepek.
By oprypri Kypaigap MeH YTWIMTAlapabl KoJgaHa
OTBIPBII, JKACBHIPBIH OCAJABIKTAPABI TaOYbIH MaHbI3/IbI
Kypanbl. [Naiigananymsuiap Metasploit kemeriMeH xa-

L EOIER

® Metasploitscreenshare ... g qterminal

Metasploit sereenshare - 192.168.0.24 - Mozilla Firefox

Metasploit screenshare- 19 X =+

@ file:///home/ayazhan/MGYQerlK html

Target IP : 192,168.0.24
Start time : 2021-11-30 20:51:35 +0600
status : Playing

ion 6.1.7601]
Microsoft Gorp.». 2009. Bee npasa saumuens.

axan >ipconf iy

Hactpoiika npotorosa IP pan Windous

thernet adapter Moakawuenue no aoKasbHOH ceTu:
DNS—cyopuke nomcawaenus . -
foxanwewi 1Pub-anpec xanasa
IPod-anpec. - 192
lacka nonceTn 255 55.0
OcHosHow wARS 271927168701
Tynneabuini anantep isatap.Beelir

GocTosmue cpem

T Cpena mepenauu nemoctymna.
DNS-GY9@UKG MoK ARYCHHS i Beeline

S\AmXaH e

KEpJIK OpeKeTTepAl Kellep MEH CepBeplepai 3epT-
Tey JKoHE eHy YIIIH YKcac 9ficTepAi KOagaHa OTBIPHII
Oakpliaii anagpl. Metasploit apXUTeKTypachHBIH cXema-
Chl TOMEH/Ie cumarTayiFad (9-cyper).

08:51MM (PM) O A mu% a e

- o x

n @ e =

PEPRL L GOl

8-cyper - Screenshare mopMeHiH Tepy

WHTEP®EMACTEP b KITANXAHANIAP
Y K¥PANDAP
CLI
O
MSF aapoch!
Web
GUI
MOAYLAEP |

MNernoana Ikcnayatauma 3HKogepnep Nops Aux

9-cypet - Metasploit apXUTEKTypachIHbIH CXEMaChI

1. Metasploit konrdanyra Oativinovik. Metasploit-Ti
Gacramac OYpBHIH MYKHSIT JAUbIH/IBIK KAKET:

Makcarrapipl Garajay: TecTijiey MaKCaTTapblH aHbl-
KTay XOHE ic-opekeTTep 3aH[bl KoHE ITHKAJIBIK CTaH-
JapTTapra Collkec KeJleTiHiHe CEeHy.

Opransl opHaty: Metasploit-Ti yiliecimzi onepanusi-
JBIK ky#ere, onerte Linux Hemece Windows-Ka opHary
[7].

2. OxcnayamauusiHbl mMawoay JHCIHe  MeHuley.

Metasploit mieH KyMBbIC iCTeyiH HeTi3ri aCHeKTiIepiHiH
6ipi Ty pBIC IKCIUTyaTalMsIHBI TAHIAY:

DKCIUTyaTalusuibIK, 6azaHbl 3eprrey: Metasploit op-
TYPJIi SKCIUTyaTalusIapbl 0ap KeH JepeKKOPIbl YChI-
HaJpl. DKCIUTyaTallMsiHbl TaHJAy MAaKCaTThl KYWEeHiH
HAKTHI OCAJI/ILIFbIHA OATIAHBICTHI.

TNapamerpnepai TeHiiey: opOip IKCIUTyaTalUsl MakK-
carThl KyleHiH [P MekeHXkaiibl, TOPT koHe OacKa ma-
pameTprep CHUSKTH Oenriii Oip mapaMerpiepai KoHpu-
TypauusUiayapl Tajgan eteai [8].
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Biz/windows/smb/ms17_010_eternalblue skcrurya-
TanusACHH KonmpaHaelK. CoHFel KbUIOapel Metasploit
Framework-Te exploit/windows/smb/ms17_010_eternal
blue 3KcruTyaTaluschl eH Kol TAIKbUIaHFaH kKaHe cypa-
HbicKa ve Oomapl. On Windows-ThIH KelOip HycKasa-
pbIHAA aHBIKTaTybl MyMKiH Microsoft SMB nportoko-
JIbIHBIH, OCAJ/IBIFBIHA OAFBITTAJIFAH.

3. Heiinoaoanvl manoay dicane meruiey. DKCILTyaTa-
LUSHBI TaHJAFaHHAH KeWiH Teiyioaga Typassl MIeriM
KaObLIIay Kepek:

[eitnoapanapapiH Typiepi: Metasploit-te kaparnaii-
BIM KOMaHJaJapoaH KypHaeli CIeHapuiiepre aeiiH
KenrereH neinoananap Oap. Ileiinoana koHgpurypa-
IUSCHI: TeCT MakcaTTapbl MEeH MAaKCaTThl >KYHeHiH
cUMaTTamasiapplHa ColiKec mMeiioagaHel TeHiey. bi3
Meterpreter neiyioaablH KoaaaHIbK. Ol OCaIBIKThI
COTTI MalilaJlaHFaHHAH KeWiH MaKCaTThI )KYHeHIH Kabl-
Ha KYKTEJeTiH KyaTThl MaianaHy Kypaibl OOJbII Ta-
ObUTaapl. Meterpreter TyCipisireH KyieHi TepeH Oakbl-
Jlay/abl KaMTaMachi3 eTejli skoHe 9pi Kapail 3epTTey MeH
OacKapy/IbH KeNTereH MyMKIiHIIKTepiH YCHIHA/IBI.

4. lllabyvinowl bacmay Hcane Hamudxceaepoi manoay

DKCIUTyaTalsTHBl OPBIHAAY: SKCIUTyaTalsi MeH Ieit-
JI0aJaHBl OPHATKAHHAH KeWiH oap/Isl MAKCaTThI JKYHeHi
ChIHAY YIIIiH iCKe KOCyFa OoJapl.

Hormkenepai Tanaay: malybUIIbIH HOTHKECIH TYCiHY
KaHay/IbIH COTTi OOJIFaHBIH JKOHE OfIaH 9pi KaHai ope-
KeTTep JKacay KepeKTiriH aHbIKTayFa KOMeKTecel.

5. XKyiie commi dicymvic icTereH Karaaia, KyneHi
OflaH 9pi Tajijay YIIiH post-exploitation Moay/bAEpiH
maiaaaaHyra OoIaIbL.

JlepekTepai uHay: NMaigagaHyLIbIHbIH TipKenri Je-
PEKTepi CUSAKTHI MaHBI3/Ibl AKITAPATTHI AJTY.

TepeH Tayiay: KyHeHi 6acka ocalIbIKTapra 3epTTey.

KopbITbiHabl. KopeITHHABIIAN Kene, aKmapaTThIK,
KyUenepaiH Kayirnci3aik ayauTi 9feTTe aBTOMATTaH/Ibl-
pbUIFaH KYWEHIH KeIleH/i aKMapaTThlK TEeXHOJIOTHUs-
JIaphl ayAWTiHIH Ke3eHIepiHe ColKec KelleTiH OipHere
JIOWEeKTi Ke3eHIepaeH TYPaIbl, COHBIH iMIiH/e:

- aymUTTiH OaCTaITyH;

- ayouT YIIiH aKnapaT KUuHay;

- ayouT AepeKTepiH Tanaay;

- YCBIHBIC;

- ayIUTOPJIbIK €CETTi JalbIHAAY.

IpakTukanelk, ~ KommaHy — Ke3iHme — Metasploit
Framework meterpreter maGybutbl apKbUIbl OCAJIIbI-
KTapZAsl CKaHepieyli OpbIHIAYy YIIH KOJJAAHBLIA/IBL.
By Kypputebl 6i3re Oacka aMasiiblK, Ky#ere madybut
JKacayra KoHE KalIbIKTaH KOJ XKEeTKi3yre MyMKiHJIK
Oepeni. MyHIall maOybUIIApABIH AJIBIH ATy OMapIablH
KaWTanaHyblH OONAbIpMAy YIIiH eTe MaHbI3abl. Ochl-
Jaiima:

1. TyTHIHYIIBI HEMece YHBIM Tarl OOJIaThlH €H 63€K-
Ti ToyeKenaepre Ha3ap aygapbiHb3. Metasploit Momysb
’Kacay aJaThIHIBIFBIHA HeMece OapJIbIK, THICTI KayinTep-
Ji kaba anaThIHABIFBIHA KO3 JKETKi3y YIIiH KOCHIMIIA
KYpaiapbl KOJIIaHy Kaxer.

2. Imperva GpanamayspiHiH BeG-KochMIIIaaaphl KO-
THIH KCILUTyaTalyschl MEH MHBEKIMSICHIH OOMIbIpMai-
1bl; Mblcaibl, W AF 3usinabl TpadukTi ycrar, Metasploit
KYPBUIFbUTAPBIH TEKCEPY Ke3iH/e OHbl HAKTBHI YaKbIT pe-
JKUMiHJIe OyFaTTaii ajajsl.

3. ConpiMeH Kartap, Imperva Runtime Application
Self-Protection (RASP) HaKTHI yaKBIT peKUMiH/IE KO-
JaHOAHBIH KYTY pEeXUMiHIeri malybuIgapabl aHbIKTA-
yFa JKoHE QIBIH ajlyFa MYMKiHIik Oepeai. RASP
asKTaJMaraH OCaJABIKTapAbl a3aiiThill, WHBEKIHUsLIAP
MEH CBIPTKHI Ia0ybUIAAPIBI TOKTATA aJIa/Ibl.

4. API kopray. API-ni aBrOMarThl Typhe Kopray
API-fiH COHFBl HYKTEJIEPIH OJIap KapUsiIaHFaH Ke3[le
KOpPFaiIbl, OYJT KIIMEHTTIK KOCHIMITIAJIAPIIBIH KOJIIaHbI-
JIybIHA O0J OepMerii.

5. Borrapnan kymTi KopraHeic. BeO-caiirtap, mo-
Owipai Kypburbuiap MeH API KochiMInanapbl OusHec
JIOTMKachlHA Kapchl KHOepIadybu1iapaaH KOpPFaIybl Ke-
pek. IoTTel Hemece Oocekere KaOinerTi OaraHbl aily
apKbUTBl UHTEPHETTEr] AJasKTHIKTBIH AJIJIbIH aly YIIiH
Ciz 6orTap TpaduriH TOJIBIFBIMEH KOPill, 0aKbUIaybIHBI3
Kepex.

FruteiMu Makana KuOepKayilcCi3mikTi Tangay KoHe
Hpiraiity ymiH Metasploit Framework naiigananyasl
CHTIATTAalTHIH aKIapaTTHIK KYyHenepai Koprayaa antap-
JBIKTal iIrepiieyminikTi kepcereni. O skaHa opicTep
MEH TaKTHUKaJIap/ibl YChIHA OTHIPBII, 3aMaHayy KHOepKa-
yincizgikre 6i1iM Oepy MEH 3THKANBIK TIXipUOEHIH
MaHbI3IbUIBIFBIH Kepcereni. Ocpuraiima, Oyi Makasa
aKMapaTThK, TeXHOMOTUSUIAPABIH KAyilCI3OiriH KaMTa-
MachI3 eTy ToxipubeciHe ae, FhUIIMH KOFaMAACTBIKKA
Jia alTapabIKTail acep eTei.
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CYBER TECHNOLOGIES IN MODERN INTERNATIONAL CONFLICTS AND
METHODS OF ENSURING CYBERSECURITY

R.LVekilov!", B.T.Baiserkeeva?,
I Armed Forces of the Republic of Azerbaijan, Baku, Azerbaijan,
2Academy of Civil Aviation, Almaty, Kazakhstan,

e-mail: rasimvekilov757 @gmail.com

The article examines the problems of cybersecurity of the state. As you know, the number and scale of
international conflicts have increased recently. The methods of conducting armed conflicts have also changed.
More and more people began to move from conventional military clashes to information wars and cyber wars.
Over time, technological progress has led to the emergence of new arenas for conflicts between countries and
factions. Cyberwar has become one of these arenas, where the main weapons are not missiles and submachine
guns, but computer codes and supercomputers. This article reveals the role of cyber technologies in modern
international conflicts and presents what threats and opportunities they provide on the battlefield.

Keywords: cyberattacks, cybersecurity, cyberwarfare, codes, threats, digital technologies, information flows,
disinformation.

KUBEPTEXHOJIOI'MU B COBPEMEHHBIX MEK/IYHAPOJHBIX
KOH®JIMKTAX 1 METO/Ibl OBECIIEYEHU A KUBEPBE3OITACHOCTHA
P.1 Bexmios!*, B.T.Baiicepkeepa?,
BC Pecriyonuku AzepOaiinxkan, r. baky, AzepOaiiaxaH,
AkaneMuu rpaxkJIaHCKOU aBualuu, r. AimMatsl, Kazaxcras,

e-mail: rasimvekilov757 @gmail.com

B cratbe uccnenytorcs npoonemsl KubepOezonacHocTu rocyfapersa. Kak u3BectHo B nocieHee BpeMs yBemu-
YUJIOCh KOJIMYECTBO U MACIITAObl MEXKIYHAPOOHBIX KOH(MIHUKTOB. Takxke W3MEHUIMCh U METO/IB! BEICHHsI BOOPY-
JKEHHBIX KOH(MIMKTOB. OT OOBIYHBIX BOCHHBIX CTOJIKHOBEHMIA BCE OOJIbIIE CTAJIM NEPEXOAUTh K MH(OPMALIMOHHBIM
BoWiHaM u kuOepBoiHaMm. C TeueHHeM BPeMeHH, TeXHOJIOTMYECKUI MPOrpecc MPHUBEI K MOSIBICHUI0 HOBBIX apeH
JUTs1 KOH(DIMKTOB MEX/Iy CTPaHaMH U rpynnupoBkamu. OIHON U3 TaKKX apeH cTaja KHOepBOWHA, Ie OCHOBHBIMU
OpYAMSIMH CTaJIM HE PaKeThl U aBTOMAThl, 2 KOMITBIOTEPHbIE KOZIBl U CYIIEPKOMIIBIOTEphl. B 3TOM cTaThe packpsl-
BAIOTCS POJIb KUOSPTEXHOJIOTUIA B COBPEMEHHBIX MEX/IyHAPOIHBIX KOH(IMKTAX U MPEICTABIICHBI KAKUEe YIrPO3bl U
BO3MOKHOCTH OHH TIPEIOCTABIISIIOT HA TIOJIe BOWHBI.

KuroueBble ciaoBa: kuOeparaku, Ku6epOe30acHOCTh, KHOEPBOMHbI, KOBI, YTPO3bl, LIH(POBbIE TEXHOJIOTHH,
MH(DOPMALMOHHbIE MTOTOKH, 1e3UH(OPMALHSL.

KA3IPI'T XAJIBIK APAJIBIK. KAKTBIFBICTAPJATBI KUBEPTEXHOJIOTHS
JKOHE KUBEPKAVITICI3IIKTI KAMTAMACBI3 ETY 9/IICTEPI

P.1.Bexnnos!”, Baiicepkeesa B.T2,
Izipbaitkan Pecrryommkacer Kapymsl Kymrepi, baky, 93ipbaitxaH,
A3amaTThIK aBUalUs akaaeMusichl, Anmarel, KasakcraH,

e-mail: rasimvekilov757 @gmail.com

Makamama MeMJIeKeTTiH KHOepKayilCi3Iik Macenenepi KapacThpbUIafbl. O3epiHi3 OueTiHael, COHFBI Ke3-
JepiH/ie XaIbIKApabIK KAKTHIFBICTAPIBIH CAHbI MEH ayKbIMbI apTThl. Kapysibl KaKTHIFBICTAPIBI KYPri3y ojticTepi ae
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esrepmi. Komimri ockepy KakThIFbICTApIaH GACTall aKITapaTTHIK, COFBICTAP MEH KHOEP COFBICTApFa KOy GacTaslpl.
VakpIT oTe KeJie, TEXHOIOTHSUIBIK, TPOrpece eiep MEH TOMTap apachIHAaFbl KAKTHIFHICTAPIBIH KaHa apeHatapbiHa
okenni. OcpiHIal apeHanapabH Oipi KuOep COFbIc OOJJIBI, OH/IA Herisri 3eHOipeKTep 3bIMbIpaHIap MEH aBTOMAT-
Tap eMec, KOMIIBIOTEPITIK KOATAp MEH CylepKoMIIboTepiiep 0oibl. Byl Makaana Kas3ipri 3aMaHFbl XaJIbIKapaJiblk,
KAKTBIFBICTAPIAFbl KHOEPTEXHOIOTUSTHBIH, POJII AllIbLIA/IBI KOHE OJIap COFBIC aaHbIHIA KaHal KayinTep MeH MyM-

KiHIIKTepi YChIHAMIBL.

Tyiiin ce3aep: kubepmadysuiaap, KuOepKayirncisuik, Kuoepiadybsuiaap, Koarap, Kayinrep, Iu@pIIbK TeXHO-

JIorusijiap, aknaparThlK arbIHAAP, KaJlFaH aKIapar.

Introduction. Information and cyber wars have
become iconic phenomena of the 21st century,
when conflicts between states and organizations are
increasingly moving into the digital sphere. To
understand their significance for the world community
and possible consequences, it is necessary to delve
more deeply and methodically into the essence of these
concepts, to study their basic principles on which they
are based. Information warfare refers to conflicts where
the key tools are the control of information flows,
the spread of disinformation and propaganda. It is
carried out with different goals, both geopolitical and
ideological, as well as economic. The main influence
of information wars is on the mass consciousness, their
task is to form public opinion and incline sympathies
towards one or another participant in the conflict.

Materials and methods. Cyber wars use computer
technology and networks to conduct military
operations. Targeted cyber attacks can target critical
infrastructure, communications networks, control

2010

| | I ‘
2002 2013 2014 2015

systems, defense structures and other key enemy
facilities. Cyber warfare operations can include
espionage, hacking, destabilization of computer
systems, and distribution of unwanted software. Cyber
wars are often also aimed at creating chaos and panic
among the enemy's population or disrupting the vital
activity of the country [1].

Consequences of information and cyber wars:

1. Destabilization of countries and regions:
information and cyber wars can lead to serious
economic and political crises, often accompanied by
mass riots.

2. Increasing tension between states: cyber attacks
and interference in the affairs of other countries can
worsen international relations and provoke unforeseen
conflicts.

3. Social and information divide: information and
cyber wars can incite hostility and interfaith tension
between population groups, slowing down the processes
of integration and conflict resolution.

2016 2017 2018 2019

Figure 1 - Cyberattack Growth Chart
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Information and cyber wars are important
components of modern conflicts, posing a significant
threat to peace and stability [2]. They require
constant development of defense and counterattack
strategies and demonstrate the need for cooperation
and coordinated efforts between States in the fight
against this new type of hybrid warfare (Fig.1).

Cyber Espionage and hacking of systems

In the context of increasing dependence on digital
technologies and Internet connections, cyber espionage
and hacking of computer systems have become integral
components of modern geopolitical conflicts.

The role of cyber espionage and system hacking in
modern conflicts:

1. Intelligence gathering: Cyber espionage allows

states and organizations to gain access to classified
information of adversaries, such as plans and strategies,
data on new technologies or defense resources. This
gives a strategic advantage and the opportunity to
anticipate and prevent the actions of opponents.

2. Destabilization of infrastructure: hacking of
computer systems and infrastructure can leave the
enemy without communication, control over key
facilities and access to important data. Such attacks can
significantly weaken the enemy's defensive capabilities
and create suitable conditions for an offensive [3].

3. Psychological warfare: cyberattacks can cause
panic and chaos among the enemy's population,
weakening their internal stability and morale. In
addition, cyber espionage can help identify enemy
vulnerabilities for psychological aggression (Fig. 2).

Y1cno TeppopuCTUYECKUX MHUMOEHTOB B MUPE MO rogam
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Figure 2 - Diagram of the increase in the number of cyber espionage cases

Discussion of the results. Methods of cyber
espionage and hacking of systems:

1. Phishing: one of the most common methods of
cyber espionage, in which attackers pose as trusted
sources and use social engineering approaches to gain
access to personal data, passwords and other important
information.

2. Malware: Spies use various types of malware that
can steal data, track user activity, hack into systems or
block access to them.

3. Vulnerability scanning: Attackers constantly
analyze and search for vulnerabilities in enemy systems.
They use the vulnerabilities found to infiltrate and
attack computer and communication networks.

4. Using insiders: spies can recruit people from inside
an organization or state to transfer information or give
access to systems.

5. Attacks on databases and servers: hackers can gain
access to databases and servers, as well as disrupt their
operation, steal data or distort information.

Cyber espionage and hacking have become integral
elements of modern conflicts and pose a serious
security threat. Success in these wars requires States
and organizations to pay close attention to the
development of cybersecurity strategies and tactics [4].
Only an integrated approach to digital security can give
hope for strengthening defense and achieving success
in the fight against cyber espionage and hacking of
systems (Fig.3).
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Figure 3 - Block diagram of the phishing method

In modern cyber conflicts, attacks on critical
infrastructure occupy a special place, since such
facilities are considered vital for the functioning of
States and their economies. Let's consider the goals,
methods and consequences of attacks on critical
infrastructure in cyberwarfare [5]. Targets of attacks
on critical infrastructure:

1. Weakening of the enemy's defensive capabilities:
attacks on critical infrastructure can disrupt important
defensive systems, resulting in the vulnerability of the
enemy to possible threats.

2. Infrastructural and economic chaos: attacks on
critical facilities can cause significant problems in
the operation of transport systems, electricity, water
supply, communications and other services, which
will lead to serious economic damage and loss of
manageability.

3. Psychological impact: attacks on critical
infrastructure create an atmosphere of fear, panic
and hopelessness among the population and increase
internal political tensions between different groups of
society.

Methods of attacks on critical infrastructure:

1. Hacking and access to remote management:
Attackers can exploit vulnerabilities in the management
and control systems of critical infrastructure to gain
access to the management of these objects by hacking.

2. Malicious software: the use of various types

of malware to disrupt systems, steal data, introduce
deletions and trigger accidents.

3. Denial of Service (DoS) and distributed denial
of service (DDoS) attacks: overloading objects and
their communication systems or computer networks to
ensure their temporary or long-term inoperable state.

4. Physical actions: acts of sabotage, penetration and
sabotage in the territory of critical infrastructure, in an
attempt to disrupt their functioning.

The consequences of
infrastructure

attacks on critical

1. Destruction of key facilities: Attacks can result in
the destruction or serious damage to the enemy's most
important facilities.

2. Economic losses: attacks can result in significant
economic damage, as well as temporary or prolonged
shutdown of vital systems.

3. The possibility of conflict escalation: provocative
actions in cyberspace can provoke an escalation of
political and military conflicts, even to the level of
armed clashes [6].

The consequences of attacks on critical infrastructure.
Attacks on critical infrastructure are one of the key
aspects of modern cyber conflicts and require careful
study and development of strategies to counter them.
To reduce the risk of such attacks, it is necessary
to develop cybersecurity systems, raise the level of
culture and awareness of cyber threats, as well as
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improve the domestic and international legislative and
legal framework to deter and prevent attacks on critical
infrastructure.

Mathematical substantiation of the methodology for
monitoring the level of information security. The Pareto
Principle is used to compare different techniques.
“Pareto optimality” is as follows: the state of the
system in which none of the estimated indicators can
be improved without deterioration of another indicator
[3]. From the point of view of controlling the level
of information security, Pareto optimality can be
applied to assess the trade-offs between the costs and
benefits of various security measures. For example,
more extensive implementation of security measures
can increase the level of protection, but also increase
the cost of operation.

The optimal solution will be one that provides a given
acceptable level of security at a reasonable lowest cost.
Pareto optimality can be used to determine the optimal
balance between safety and economic efficiency in a

ClY)=f(CX) ={yeY |y=fz)forz e CX)}

A multi-criteria task (multi-criteria optimization task
- MKO) is called a selection task that includes a set
of acceptable values of X and a vector criterion f, or
the MKO task consists in finding a set of selectable
solutions With(X), such that With(X)cX taking into
account the preference ratio x based on a given
vector criterion f, set in accordance with the goals
(preferences) of the decision-maker. It is known that
a solution x*€X is called Pareto optimal (or Pareto-
optimal) if there is no such possible solution xeX for
which the inequality f(x) = f(x*) holds.

Cyber operations of military specialists are a set
of strategic, tactical and technical measures aimed
at using information and digital technologies to
ensure national security, conduct intelligence and

given situation. Let's define a set of numerical functions
f1, f2... fm, m > 2 defined on the set of possible
solutions X as optimality criteria (objective functions).
The vector f = (f1, f2, ..., fm) is called a vector criterion
that takes values in the m-dimensional space Rm - the
space of estimates.

The vector estimate of a possible solution xeX for
the vector criterion f is determined by (1):

f(@) = (fU=), f2(2), ... fm(z))Rm (1)
All possible vector estimates form a set of possible
estimates (2):

Y = f(@) = {y € Rm | y = f(x) forz € X} ()

All possible selectable estimates form a set of
selectable vectors (estimates) (3):

3

counterintelligence, protect cyberspace and influence
enemy communication systems.

Conclusions. Cyberwar has long ceased to be a
fantasy scenario and has become a reality. Today,
it plays a key role in modern conflicts and poses
new challenges and tasks to the armies of the world.
States are striving to adapt to the new threat and
are actively developing new tactics, strategies and
defense measures to combat cyberwarfare. The future
of warfare will certainly be linked to the development
of cyber technologies, and only those who are perfectly
equipped and armed with new knowledge and skills will
be able to guarantee the successful execution of their
defensive and offensive operations.
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ABTOMATTBI BACKAPY JKYWUEJIEPIHJIEI'T Y3BEJIEPIIH KEPI
JUOPEPEHIIUAJIIBIK TEHAEVJ/IEPIH K¥YPY 91ICI

C. A. Kyamamupos, B.A.Cepimoeros*
K.KysaxaHoB aTeiHgarsl Kazak TEXHONOTUS jkoHe OU3HEC YHUBEPCHUTETI,
Acrana, Kazakcras,
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Makana/ia SKCIOHeHIMaIL/Ib! (DYHKLIMSUIAP HETi31H/1e CaHABIK KYPbUIFbLIAPIBIH IIFbICHIHIAFbI 1a0bUIIAPbIH CaH-
IbIK, muddepeHpaiay aaroputMaepi Kapacteippurad. Ochl aropuTMIepre KOHbUIFaH Heri3ri Tanantap 6asiH-
nanrad. backapy TeopuschiHa OyJ1 aJITOPUTMJIEPMEH Kepi CaHIbIK, TYPJICHIipY MICENEeCiH HIelryre OOaThIHbI
KepCeTiIreH. ABTOpJIap KUK aliMaKTa MHTEPHOJIALMSIBIK, TOTMHOMIAPABIH TYBIHIbIIAPBIH Oaranay HeriziHae
JKacaraH 3epTTey/IepaiH caHablK JuddepeHnnaniay anropuTMaepi KepceTkeH KOPBIThIHABUIApb! OassHaanrad. Ka-
PACTBIPBIIFAH AITOPUTMIEPAIH €H THIMII )KaKTapbl TAHAAJIbIHFAH.

Kiar ce3aepi: ABTomarTsl 6ackapy Teopuschl, CaHIBIK, AudeepeHnrangay, CTUPIUHT TOTMHOMBI, HHTEPIIO-
TS, Kepi CAaHIBIK TYPJICHAIPY, CAHABIK TY PICHIIPrilI

METHOD FOR CONSTRUCTING INVERSE DIFFERENTIAL EQUATIONS OF
LINKS IN AUTOMATIC CONTROL SYSTEMS

S. A. Kulmamirov, B. A. Serimbetov*
K.Kulazhanov named Kazakh University of Technology and Business,
Astana, Kazakhstan,

e-mail: sba_rnmc@mail.ru

In article algorithms of numerical differentiation of output signals of digital devices in a time domain on the
basis of exponential functions are considered. The main requirements to algorithms of numerical differentiation
for the solution of a problem of the return digital transformation to management theories are formulated. Results
of researches of authors of algorithms of numerical differentiation in frequency area on the basis of estimates of
derivative interpolation polynomial are stated. The most effective is chosen for the solution of a problem of the
return digital transformation algorithm of numerical differentiation.

Keywords: The theory of automatic control, numerical differentiation, polynomic of Stirlinga, interpolation,
return digital transformation, digitizer
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Acrana, Pecniyonuka KazaxcraH,
e-mail: sba_rnmc@mail.ru

B crarbe paccMOTpeHBI aJITOPUTMBI YUCIIEHHOTO AU hepeHIIPOBaHN I BBIXOAHBIX CUTHAJIOB LIU(PPOBBIX YCTPOHCTB
BO BpeMEHHOM obsacTu Ha 0a3e SKCHOHEHIMaIbHBIX (pyHKIMHA. ChopMyaMpoBaHbl TPEOOBAHHS K alrOpUTMaM
YuCIIeHHOTo T pepeHIIMpoBaHUs TS pellieHHsI 3a1a4l 0OpaTHOTO MpeoOpa3oBaHusl B TEOPUH yITpaBjieHus. 13-
JIOXEHBI Pe3yNIbTAThl CCISI0BAaHII ABTOPOB IPH pa3pabOTKe aJITOPUTMOB YHCIIEHHOTO I (pepeHInpoBaHus B
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YaCTOTHOHM 00acTy Ha 6a3e OLEHOK NPOM3BOAHBIX MHTEPIIOISLMOHHBIX TOTMHOMOB. BeiOpaH HanOomee 3¢ dex-
THBHBII TSl pELeHHsI 3aJa4l 00paTHOTO MpeoOpa3oBaHus aIrOPUTM YHCIIEHHOro auddepeHrpoBanus. Briss-
JIeHa B3alMOCBS3b MEK/y MHTEPBAJIOM JIMCKPETU3ALIUK U MOJIOCON MPOITYCKaHHs aJITOPUTMOB, IIe OHH PEaIU3YIOT
C JIOCTaTOYHOM TSI MTPAKTUKK TOYHOCTBIO qupepeHInpyol1e CBONCTRA.

KuroueBrble cioBa: O6parHoe 1udpoBoe npeodpasoBaHue, HUPPOBOH Peodpa3oBaTeib, TEOPHsI ABTOMATH-
YeCKOro yIpanJeHus1, YucieHHoe auddepeHippoBanye, nogruHoM CTUPIUHTA, HHTEPHOJIALIS.

Kipicnme. Ocbl makanama 06i3 caHIBIK KYPbUIFbI-
JIApABIH IIBIFBIC CUTHAIAAPBIH CAHIBIK capajay ajro-
PUTMIEPIH KYpy TOCUTiH KapacTeipaMbi3. KypacThipbl-
JIFAaH aJITOPUTMJIEP YaKHIT aliMarblHAA €H KaparaiibiM
JKYMBIC iCTeli/li, alTOPUTMHIH Heri3i aBTOMATTHI OacKa-
py teopusiceiaarsl (ABT) sxcnioneHIManIb! (PyHKLHMS-
JIAPJIBIH SPTYPIli KOCHIMILIATIAPBI OOJIBIIT TAObLIA/IBL.

Ajroput™Mai Kypy VIIH IWHAMHKAJBIK, OacKapy
KyheciHiH OyblHAApbIHAA TiPKEJITeH CHUTHATIAPIBbIH
caHabIK, T epeHIMaMACHHBIH TeHIeYIepiHe Tanar-
Tap Koibutagpl. Hotnxkecinne ABT kapamnaiibiv OybIH-
JapbIHBIH CUTHAIAAPBIH Kepi 1M(PIIBIK TYPIeHIipy Mo-
CeJIeCiH IIelly >XOJbl YCHIHBULABL. Makaia aBTopiap-
IbIH xyprisreH 3eprreynepi OX IbFbICHIHIA TipKeT-
TeH CUI'HaJIap/bl CaH/IBIK, capajay MiHIETTEPiH TYXbI-
pbIMIayFa KOHE WHTEPHOJIALMUIBIK KeNMYyIIeaepiH
TYBIHJbUTAPBIMEH KUK aiiMarblHIAFbl KYHEHIH ope-

KeTiH Oaranayra MyMKiHIiK Oepmi [1-2].

3eprTeynep COHbIMEH KaTap KyHeHiH mapameTrprepi
apachIHIarbl OAiIaHBICTBIH OOJIYbIH KOPCEeTTi: CHIHAT
TMIIIiHIH ipiKTEY apaIbIFbl )KOHE KYPhUTFaH AJITOPUTMHIH
OTKi3y KaOiNeTTiliri. AJIbIHFaH HOTHXKeJep JMHAMHKA-
JIbIK, OacKapy KyHeciHiH OGacTankpl IapTTapbiHa Kipic
CUTHAJIBIH Oarasiay/blH MHBAPUAHTTHUIBIFBIH KamMTaMa-
ChI3 €TeTiH CHMaTTalFaH JITOPUTMHIH KACHETiH CH-
narrayra MyMKiHIiK Oepri. BakpuiaHaTelH curHaigap-
JIbIH TYBIHIBUIAPBIH Oarajiay YIIiH MHTEPHOJIALMUSIIBIK
KeIMYIIesep KOJIIaHbLIIbL.

MarepuaJjgap MeH daicrep. CTUPIUHITIH UHTEP-
MOJIALMSIBIK, KOIIMYIIECIHIH TYBIHABICHIHBIH €Ki jkoHe
yu 6ipiHin TepMuHepi GoWbIHITIA caHIbIK, quddepeH-
uuaiiay ajJropuTMIepiH KapacThipblHbIZ [1], onapasl
KeJieciziert xaszyra OoJampl:

7 (ty) = 1 (Ayg+ Ay | Ay, + A%, _ Yo+ 8y —8y sty )
O At 2 2.3! 12At
7 (ty) = = Ayg+Ay, | ANy + 0%, ANy, + 40y,
Vi) = Ay 2 23! 60 )
_ Ys— 9yy +45y; — 45y 1 +9y 5 —y_3
60At
Copnan keitin (1) Typinze KaiTa xka3yra OoJaibl:
o, 1 [Ay, + Ay A3y |+ A3y
7 (t) = = L= 2). 3)
At 2 23!
OPHEKTIH CaHAYILIbIHbIH €KiHIII KOCBIHBICBIH XEeHLIIETiHI3 (3):
Ady  + APy y = APyy — A%y + A%y — A%y, = APy, — APy, 4)
AJFaiKpl albIPMAIIbLIBIKTAP APKUIBI OH JKaK, Oestiri (4) enecterin Kepenik:
A%yy— A%y 5 = Ay, — Ay, — Ay + Ay 5 =y —y; — (11 — yo)— 5

~Wo—Y-1)+ W1 —Y2) =Y — 201 +2y 1 — Yo

Agpiarad (5) HoTHKeHi (3) ©pHeriHe aybICTHIPAbIK
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~ ol (i —Yot Yo=Y Yo — 2y +2y 4 —y o\

) (tO) — Az - | -
At 2 2-3! 6)

6y, =6y 1 —yo+2y1 —2y 1+ Y o —Yo+8y1 —8y 1 +y,

12At 12At
EH/1i ©pHEKTIH TYbIH/IBICHIH OaFranay/ibl KApacThIPhIHbI3 (2):
7 (t) = 1 (Ay,+Ay, Ay + A%, APy, + A%, o
Y0 = A 2 23! 60 '

Y1miHiii KOCHIH/ABICBIHBIH ©PHEKTEPIiH OECiHIII PETTiK albIpMAIIBUTBIFBI (7) KeJIeCiHi Ky paiibl

{A%y_, = Aty — Ay | {Aly_y = Alyy — Ay | {A%y, = A%y — APyo| {A%; = Ay, — Ay, |
(3)
Enpi xxylieHiH COHFBI TeHAEYiH (8) anabiHFbl TeHaeyre (7) TUICTi yaKbIT HyKTeJlepiHe aybICThIPalbIK
Ay =ys — o — (Yo — Y1) = Y3 — 2U0 + U1 C))

KIHIII PETTi alBIPMAIIBUIBIK THI HETIH/ET COMK WHIEKCTEPIL 63repT KBUTBI IITEYT
Exi erTi a a A2y, epueringeri coiikec (9 eKcTepHi e3repry a A2y, ecenrreyre
Oomajp

Ay = Yo — 21 + Yo (10)

(6) xoHe (7) epHEeKTepiH XyWeHiH YIIHIIN TeHaeyiHe (8) aybICThIpaibIK:

Ndyy = (y3 — 2yp + y1) — (Y2 — 2y1 + ¥o) = Y3 — 3Y2 + 3y1 — Yo- (11)

TarchipMaHbI enty i Gacka KarIaibiH KapacThIPbIHBI3. APryMeHTTiH MoHi y_; A3y, neiiin 3 perTik aiibip-
MAIIBUTBIKTHI €CETTel, aJIbIHFaH epHeK el (11) epHeKTi K yHeHiH eKiHIli TeHaeyiHe (8) aybICThIpaibIK:

Aty = (ys—3ys + 31 —¥o) — (Yo — 3y1 + 3y —y_1) =

(12)
Yys — 4y, + 6y, —4yo +y_,
Copnan keitin (10) eckepe OTHIPHII, Keecigel xa3yra 6osa/bl:
Aty =y, — 4y, + 6yo —dy_1 +y_o. 13)
(10) xone (11) epHekTepiH xyiieHiH OipiHiii TeHaeyiHe (8)aybICTbIPAKbIK
A%y g = (ys — 4yp +6yy — dyo + Y1) — (Y2 — 4y + 6y — 4y +y_,) = (14)
Y3 — 5y + 10y, — 10yy +5y_1 —y_»
Y_5 apryMeHT YIIiH 5 PeTTiK aiiblpMaiblIbK (14) epHeriHeH keseciell aHbIKTasaabl:
APy g3 =yp —5y; +10yy — 10y_; + 5y 5 — y_3. (15)
(14) xone (15) epHeKTepiHiH KOCHH/BICHH KAPACThIPHIHBI3:
APy 5 + APy_3 = y5 — 5y, + 10y; — 10y + 5y_; — y_o+ (16)

+yo —5y; + 10yg — 10y_1 + 5y o — Y 3 = Y35 —4ys + 5y —dy_1 +4y_» —y_3
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(4) xone (14) bopmynanmapbiH ecKepe OTHIPHIN (5) OpHETiH KaiTa Ka3albK:

~ L (=Y +8y1 =8y 1ty o Y3 —4Ys +5y1 — 5y 1 +4y 5 — y_3>
ty) = — . 17
7o) = 5 ( 12 * 60 {17
OpHexTiH OH *karbiH (17) oprak OeriliKe KenTiperik:
7 (1) = 1 (74242 +40y; —40y_y +5y_5 +ys — 4y, + 5y, —by_; +4y , — y_z)
V)= A 60
A Ys — o +45y; —45y_ 1+ 9y 5 — Y 3
ty) = . 18
Enni Hbl0TOHHBIH MHTEPIONALMSIIBIK, TOTMHOMBIHBIH TYBIHIBICBHIH KAPaCThIPAMBIK:
~ 1 1., 1.5
y (ty) = N Ay |+ §A Y o+ §A Y_g+..]. (19)
OpHexTiH OipiHiT KochHABICH (19):
7 (1) = 5 (Ay_) = 221 (20)
At At

Opuek (20) - Hpl0TOHHBIH MHTEPIOSLMSIIBIK, TOIMHOMBIH TYBIHIBICBIHBIH OipiHILI TEPMUHIH KOJIIAHATHIH CaH-
IbiK, uddepenipanaay anroputmi [2]. EHai TybIHABI Oaraiay YIiH OpHEKTIH aJIFallKbl €Ki KOCHIH/IBICHIH aJIaibIK

(19):

1

A/ 1
7 (to) = 57 (B + 58%0,). e

Exkinmi repmus (21) cofikec (10) Kemecineit xa3pUTysl MyMKiH:

A%y 5 =yo—2y , +Y o (22)

(22) epHeriH (21) TybIHIbI GaFachiHA AYBICTHIPANBIK:

- _ 1 Yo=2Y 1FY 2\ _ 2002y 1+yo—2y 1 +Y o
y(tg) = 27 (yo -yt 3 = AT

, 3o —dy_1 +y_
§(ty) = A (23)

HbI0TOHHBIH MHTEPITOIAIUSUIBIK, IIOTMHOMHBIH TYBIH/IBICHIHBIH YIII IIAPThI OOMBIHIIA TYBIHIBHBI Oaraay KeJeci-
Jer 0omaIbl:

o 1 1 1
b (to) = 7y (Ay,l + A%+ §A3y73) : 24

Y_3 ApryMEHT YIIiH YIIHIN PETTi aiiblpMaIIbUIBIKTBI THICTI MHAEKCTEP/l KOIIaHa OTBIPHII (9) ©pHEKTEH atyFa
Oosaabl:

A%y 3=y —3y_ 1 +3y o —y 3 (25)

(25) xoHe (23) epHEKTepIi ecKepe OTHIPHII, TYbIHIBIHBI Oaranay (22) Kenecifgel 6onabl:
@/ (tO) _ 1 (390_4971 ty o 4 Yo—3Y_3 +3y,2—y,32 —
Yy

At 2 3
9yo—12y_, +3y_o+2yo—6y_, +6y_»—
6At

=3
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My — 18y +9y_5 — 2y 3

7 (ty) =

6AL (26)

TysiHapIHBL Beccesib MOMHOMbBIHBIH KOMeriMeH Jie Oarasiayra 6onmasl [1]. Beccesib MHTEPHOMSAIMSUIBIK, TTOJIH-

HOMBITBIH TYBIHJIBICHI KeJleciiel 6oapl:

, 1 A2y, + A%y A3y
7 (ty) = — | Ay, — —2° -1 -1 _ ). 27
v (to) = Ay ( Yo 1 5 27
OpHexTiH (27) GipiHII KOCBHIBICH TYBIH/bIFA Keslecinei Oara 6epeni:
~ Ay Y1 — Yo
ty) = — = ———. 28
OPpHEKTIH eKiHII KOCHIH/IBICBIH OarasiaibIK, (27):
A%yy =yy — 2y + Yo
APy | =y — 2y +y
APyo+ A% = (Yo —2y1 +90) + (11 =200+ Y1) = Yo — Y1 — Yo T Y1 (29)
(29) epHeriH (27) aybICTbIpAMbIK
v 1 yz—yl—yo+y71) dy, —4Yo — Yo+ U1 T Yo — Y
t = — — — =
~ Yy +0Y; — 3Yg — Y_1
ty) = . 30
(27) epHexTiH yriHI KockHABICH (11) colikec keneciyiel sxka3zyra O0onapl:
A3y =y, —3y; +3yy — Y_1- @31)

Beccernb MHTepIIONATMSUTHIK, TTOTMHOMBIHBIH YIII OipiHII KOCHHBICH OOMBIHITA TYBIHAB OarachH (31) sxone (32)

CCKEPE OTBIPHIIT ECCITEYTC 60.]121,[[]311

ZA// (to) = A7

At 4

1 (—yz +5y; —3Yyp —y_1

y2—3y1+3y0—y,1> _
12

—3ys + 15y; —9yp —3y_1 + ¥ —3y; +3yp — Y4

—2yy + 12y; — 6yg —4y_,

12At

ZAI/ (to) =

Hotmxkesep koHe TaJKbliaay. AJBIHFAH 3IKCIO-
HeHIaIapl (pyHKIMsUIapra HerizaenareH (32) caHmpIk
muddepeHIangay aIropuTMi CaHIBIK KYPbUIFbLIAP-
JbIH KipiC CHTHaJIbIH KQJIbIHA KEJTipy ecenTepiH Iue-
yre >kapamnsl [3-5].

OcblHAall anropuT™ Herizinge 1-mi xkoHe 2-1mi peTTi
CaH/IBIK, KYPbIFbIIAPIABIH KEePi CAaHIBIK TYpPJICHMIiprill-
TEpiH alyFa O0oabl.

TwicTi TUNTIK TYpleHAiprimTepai Ti30eKTed Kocy,

32
12At 32)
erep OHbIH CHITATTAMAJIBIK, TEHEYiHiH TYOipiepi Oenrini
6oJica, epKiH peTTi AMHAMMKABIK JKYHe YIIiH Kepi caH-
JbIK, TYPJASHIIPrillTi jKy3ere acblpyra MYMKiHAIK Oe-
peni.

KopbiTbiHabl. OchHAall THUNTIK — alropUTMAEP
Heri3iHJle KYPBUIFBIHBIH TachiMajgay (DyHKIMSICHIHBIH
HeJIIEpiH OTey YUIIH Kepi CaHABIK TYpPJIEHAIpYy aJro-
PUTMJIEPiH kacayFa OoJabl.

Y ChIHBUIFAH TUNTIK KEPi CaHJBIK TYpPJAeHIiprimrep-

117



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

JiH KeMIIIJIiri-ojap OOWBIHINA aJbIHFaH KYPBUFHIHBIH Ipi Kapail, MOOU(pUKAIUSIAHFAH Kepi IH(PIBIK
Kipic curHasbIHbIH Oaranapbl OipxkakThl emec. Kipic cur-  TypreH[ipy aliropuTMaepiHiH Kejieprire Kapcol Taiia-
HaJIbIH OarasiayAblH OpbIH aybICTBIPYHI ipiKTey apaJIblFbl-  YBIH XKYPprizy Kaxer. MyMkiH, Oy anroputmaep Ko-
HbIH [IaMachiHa OaiiaHbICTHI [6,7]. TEJILHUKOB TeopeMachl OOWbIHINA ipiKTey apajbiFbH

OpbIH ayBICTLIPY/IB! OI0 VILIiH Kipic CHTHATBIH Gara- TARIAY aPKBUIBL KYDPBUIFBIHBIH KipiCiHE KOJIAHBLIATHIH
NTay/IBIH GACTANKBI IAPTTAPBIHA COMKEC Ke/MEHTIH koHe KOTAPbl JKULTIKTI KEAEpri KOMIOHEHTTEpiHiH, ICepiH
MHBAPUAHTTHI KAMTAMACHI3 ETETiH OipiHILI KoHe eKinmy A3AHTYl MYMKiH. KypBUIHIHBIH HIBIFHICBIH/IA KYMBIC
PerTTi Kepi LUdpIbIK Ty pIeHIipy/aiH O3repTiIreH auro- ICTENTIH KeJepriHiH 9CEepiH LIBIFBICKA KaparanibIM KblJI-
PUTMJICpiH LIbIFapyFa GOTabL. KBIMAJIBI OpTalIla TpoLeAypa OOHBIHIIA TericTey/i Ko-

JIaHy apKbLUTbI a3aiTyra 6onassl [8-10].
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PABPABOTKA U UCCJIETOBAHUE NHTEJIJIEKTYAJIBHBIX AJITOPUTMOB
OIITUMAJIBHOI'O YITPABJIEHUA ITPOINECCOM OYUCTKHA ®OCPOPA

B.A. Cyneiimenos, I'.T.* Kait1biMbicoBa
Satbayev university, Anmarsl, KazaxcraH,

e-mail: g.zhailymyssova@satbayev.university

B pBIHOYHOI SKOHOMUKE OCTPO BCTAeT 3ajava BHEJPEHHS CHCTEM ONTHMAJIBHOTO YIPaBJICHHs TEXHOJIOTHYE-
CKHMH IIPOLIECCAMU B LIBETHOM U Y€PHON METAJTypriH, B XUMUYECKOH IMPOMBIIUIEHHOCTH, B He(PTEXUMUH U T 1.,
KOTOpBIE TI03BOJIAIOT OoJiee PallMOHAIBHO UCIONb30BaTh MUHEPAIbHBIE PECYPChl, SKOHOMUTH TEIJIOBYIO U JJIEK-
TPUUECKYIO SHEPIUIO, CHIKATh SKOJIOTMUECKUE TIOC/IEeCTBHS, MOBBIIATh SKOHOMUUECKYI0 3(D(PeKTHBHOCTh TPO-
W3BOJICTBA. AKTHBHBIE pa3padOTKa M BHEAPEHHWE CUCTEM ONTHMMAJIBHOTO YITPABJICHHS BCEBO3MOKHBIMU TEXHOJO-
TMYECKUMH MPOLECCaMH B MUPE HaYaJIMCh ¥ poaoybKiHch B 60-80 rogsl mpomuioro Beka. OfHAKO 0 CErOAHSAII-
HEro JIHsI He BHEJIPeHa CKOJIbKO-HUOY/Ib 3HAUNTe/IbHAsT aBTOMATH3M POBAHHASI CUCTEMa ONTUMAJIBHOTO YITPABJICHHUSL.
ITO CBA3aHO C YPE3BbIUANHOI CIOKHOCTBIO (PMBUKO-XMMUYECKUX SBJIEHUH, IPOTEKAIONIUX B COBPEMEHHBIX TeX-
HOJIOTMYECKUX MPOLIECCax, YTO He MO3BOJISET CO3/1aBaTh JOCTATOUYHO a/IeKBaTHOE MaTeMaTHYeCKOe OIMCAHNE STHX
SIBJICHHUI.

B nociieiHee Bpems BO BceM MHpe HaOMMoAaeTCst TeHAEHIINS NCIIONIb30BaHNsI COBPEMEHHBIX MHTEJUIEKTYAIbHBIX
TEXHOJIOTHA, KOTOPBIE MO3BOJIAIOT UCTIOIb30BaTh 3HAHUS, OMBIT ¥ MHTYHULUIO 3KcrepToB. [IprdyeM ucnonbs3oBaHue
METOIOB UCKYCCTBEHHOT'O MHTEJJIEKTA IIPH CHTE3€ CUCTEM ONTUMAJIBHOTO YIIPABJIEHUS MTO3BOJIMIIN 3HAYUTEIBHO
YIPOCTUTB IPOLIECC UX CO3/IaHUs, YTy UIINTh KAYeCTBO MOJEJIEN yIpaBIeHNs U IOBBICUTD UX 3(pekTuBHOCTS. [1o-
9TOMY aKTyaJIbHOM SIBJISIETCS 3a/1a4a pa3pabOTKU U BHEJPEHHS UHTEIUIEKTYIbHBIX MOJIeNel (QJITOPUTMOB) YIIpaB-
JIEHUS pa3JINYHBIMU TEXHOJIOTHYECKMMHU POLIEcCaMu, B TOM 4uciie U B (pocOopHOI OA0Tpaciu.

MBI IpejyiaraeM MCIoNb30BaTh METOMBI U CPEJCTBA CO3/IaHMsI HOBBIX MHTEJIEKTYAIbHBIX aJITOPUTMOB YIIpaB-
JIEHVsI HOBBIM CJIOXHBIM TEXHOJIOTMYECKHUM MPOLIECCOM - OUMCTKH (pocopa OT MBILIbSIKA U OPraHUKHU B IIPOMBIILI-
JeHHBIX ycnoBusix HoBomxkamoOynbckoro dochoproro 3aBoga (HID3).

KuiroueBsle cioBa: xentolii hocop, MaTpuiia monHoro pakropHoro sxcrnepumenTta (I1PJ), anropuT™el onTu-
MaJIbHOTO YIIpaBJIeHHs], OUHCTKa Pocdopa, MBIIbSK, OPraHuKa, UHTEIIEKTyaJIbHbIE MOZIEIH YIIPaBJICHHs], HEeUeT-
KU aJITOPUTMbl, HEWPOHHbIE CETH, HEHPO-HEUEeTKHE aNIrOPUTMBI.

DEVELOPMENT AND RESEARCH OF INTELLIGENT ALGORITHMS FOR
OPTIMAL CONTROL OF THE PHOSPHORUS PURIFICATION PROCESS

B.A. Suleimenov, G.T.*Zhailymyssova
Satbayev university, Almaty, Kazakhstan,

e-mail: g.zhailymyssova@satbayev.university

In a market economy, the task of implementing optimal control systems for technological processes in non-
ferrous and ferrous metallurgy, chemical industry, petrochemistry, etc., becomes crucial. These systems enable
more rational use of mineral resources, save thermal and electrical energy, reduce environmental consequences,
and enhance the economic efficiency of production. The active development and implementation of optimal
control systems for various technological processes worldwide began in the 60s-80s of the last century. However,
to this day, no significantly automated optimal control system has been introduced, primarily due to the extraordinary
complexity of physico-chemical phenomena in modern technological processes, hindering the creation of sufficiently
adequate mathematical descriptions of these phenomena.

Recently, there has been a global trend towards the use of modern intelligent technologies that leverage the
knowledge, experience, and intuition of experts. The integration of artificial intelligence methods in synthesizing
optimal control systems has simplified their creation, improved the quality of control models, and increased their
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efficiency. Hence, the relevant task is the development and implementation of intelligent models (algorithms) for
controlling various technological processes, including the phosphorus purification subsector.

We propose the use of methods and tools to create new intelligent control algorithms for the complex technological
process of purifying phosphorus from arsenic and organics in industrial conditions at the Novodzhambul Phosphorus
Plant (NPP3).

Keywords: yellow phosphorus, full factorial experiment matrix (FFEM), optimal control algorithms, phosphorus
purification, arsenic, organics, intelligent control models, fuzzy algorithms, neural networks, neuro-fuzzy algorithms.

NHTEJIJIEKTYAJIIbI AJITOPUTMIEP A1 O3IPJIEY KOHE BEPTTEY
®OCPOP/IbI TABAPTY IIPOLECIH OHTAJIBI BACKAPY
B.A. Cyaeiimenos, I'.T.* ZKaiiabiMbicoBa
Satbayev university, Anamartsl, KazakcraH,

e-mail: g.zhailymyssova@satbayev.university

HapbIK ThIK, 9KOHOMUKa/1a MITHEPAIIBI PeCypPCTapabl HEFYPITBIM YTHIM/IBI TAIAIAHYFa, KbUTY KOHE TEKTP SHEP-
THUSICHIH YHEMJIEYTe, SKOJIOTHSUIBIK, 3apAanTap/Ibl a3afTyFa, OH/iPiCTiH SKOHOMUKAIBIK THIMILUTITiH apTTHIPyFa My M-
KiH/IIK OEepeTiH TYCTi XKoHe Kapa MEeTaJUTyprusiia, XMMHs OHEpKICiOiHAe, MyHall-XUMHUsIIa KoHe T.0. TeXHOJIOrU-
SUTBIK, TIPOLIECTEPi OHTAMIBI OacKapy KyHelepiH eHri3y MiHAeTi Typ. Jjemjeri OapiiblK TeXHOJOTHSUIBIK, PO-
LiecTepIi OHTaMIbl OacKkapy KyHeepiH OeJICeH i TaMBITy koHE eHTi3y eTKeH rachipibiH 60-80 xpuiiapsiHga Oa-
CTaJIIBI )KOHE JKaJFacThl. AJlaiiyia, OYTiHTi KyHTe NediH OHTAIIB OacKapYIBIH A TaPIIbIKTAN aBTOMATTAH Il PBUFaH
KYWHeci eHTi3iiMereH. By Kasipri TeXHONOTHSUTBIK, TIporiecTepae OONBI KaTKaH (PU3MKA-XIMUSIIBIK, KYOBUTHI-
CTappblH ©Te KypaesiiiriHe OaiaHblCThl, OyJ1 OChl KYObUIBICTAP/IBIH KETKUTIKTI MAaTEMATUKAJIBIK, CHUIIATTAMACHIH
’KacayFa MYMKiH/IiK OepMeii.

JKakpiHaa OYKis oem/e capaniibUIapbiH OLTIMiH, TOXIpUOECiH KoHe TYNCIriH maigaaaHyFa MyMKIHIK Oe-
PETiH 3aMaHayH MHTEJUICKTYalIbl TEXHOJIOTHSUIAP/BI KOJIaHy ypaici Oarkanasl. COHBIMEH KaTap, OHTaiIbl 0acKa-
Py KylenepiH CUHTe3/Iey Ke3iH/e jKacaH /bl MHTENJIEKT S/IiCTepiH KOJIaHy Oapibl Kypy MPOLIECIH e1dyip KeHi-
Jetyre, Gackapy MOJEJBIEPiHIH CarnachiH KXaKCcapTyFa jKoHe OJapIblH THIMALTINH apTThIpyFa MYMKIiHAIK Oepui.
CoOHJBIKTAH 9PTYPJI TEXHOJIOTUSUIBIK, IIPOLIECTEPi, COHBIH imiHzae ochop canachiH 6acKapyIbiH HHTEIEKTyall-
JIbl MOZIEIbIEPIH (AJITOpPUTMIEPIH) 93ipJiey XKoHE eHIi3y MiHETi ©3eKTi OOIBIN TaObLIA/IbI.

bi3 xanHa Kypneni TeXHOTOrHsUTBIK, POIIecTi OacKapyIblH KaHa HHTEIUICKTYaJIbl aroputMmepid - HoBomxam-
6yn docop 3aysiteiHbH (KAD3) eHepkacinTik karaaibiHaa (pocopbl MBIIIbSIK IIEH OPraHUKANBIK, 3aTTapIaH
Ta3apTyABIH 9icTepi MEH KYPaJIgapblH KOJIJaHyIbl YCBIHAMBI3.

Tyiiin ce3aep: capsl pocop, TombIK akTOpIbIK IKcepuMeHT MaTpracsl (TOIM), oHraiiis! 6ackapy anro-
putmzepi, (pocdopIbl Ta3apTy, MBIIIbSIK, OPraHUKANBIK, 3aTTap, HHTEJUICKTYaTIbl OacKapy MOebIepi, OYIIBIHFBIP
aJITOPUTMJIED, HEUPOHIBIK, JKEJisiep, HEHPO-OyYIIBIHFBIP AITOPUTMIEP.

Beenenne. B Hacrosiiiee Bpemsi Bce Oonee oCT-
PO BCTaeT 3ajaya pa3padOTKU CHCTEM ONTUMAJIBHOTO

HUOYIb 3HAUUTENIbHASI CHCTEMa ONTUMAJIBHOTO YIpaB-
Jerus [1 - 3]. DTo cBA3aHO ¢ YPE3BBIYANHON CIIOKHO-

yIpaBJIEHHsI TEXHOJIOTMUYECKUMH TPOIIECCAMH B METAJI-
JIypriy, XUMAYECKOW MPOMBIIUICHHOCTH, B HeTeXH-
MW U T.JI., IO3BOJISIONINE OoJiee palMOHAIbHO UCTIONb-
30BaTh MUHEPAIBHBIE PECYPCHI, SKOHOMUTH TEIJIOBYIO
U MEKTPUYECKYI0 SHEPrUI0, CHUKATh SKOJOTUYECKIIC
pO0GJIEMBI, MOBBIIIATH SKOHOMUYECKYIO OT/Iauy OT IIPO-
M3BOJICTBA. BypHbIi 3Tan B pa3paboTKe CHUCTEM OMTH-
MAaJIbHOTO YITPABJICHHSI PA3IMYHBIMHU TEXHOJIOTHYECKH-
mu niporieccamu B mupe, CCCP u B Kazaxcrane npu-
mesics Ha 60-80 roxp! mporiwioro Beka. OJHaKo 10 cUX
nop, Harpumep, B KazaxcraHe, He BHEJIpEHA CKOJIBKO-

CTBIO TEXHOJIOTHYECKHUX ITPOIIECCOB B IIBETHOW 1 YEPHON
METaJUTypriuf, XUMHYECKOW M [Ip. OTPACIISAX SKOHOMH-
ku Kazaxcrana. [TonbITkM co31aTh JOCTATOYHO aJeKBaT-
HbIE MATEMATUUYECKHE MOIEH MOAOOHBIX CIIOKHENIINX
MPOLIECCOB, K COXKAJIECHHUIO, HE YBEHUYAIUCh YCIIEXOM, U
MojIa Ha pa3pabOTKU MOJIeNiel TOCTENeHHO OTOIIUIA - B
MOCJTIE/THUAE TO/Ibl COKPATUITUCH MyOIMKAIIMK B 3TOM Ha-
IIPABJICHUMU.

CrpeMutenbHOE pa3BUTHE COBPEMEHHBIX METONOB M
CPEACTB pa3pabOTKH U CO3JAHHS HMHTEJUIEKTYaIbHbIX
CHCTEM MPUBEJIO K 3HAYUTENLHOMY POCTY MyOIUKaIMi
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MO MPAKTUYECKOMY IPUMEHCHUIO 9TUX METOAOB IIPU CO-
34aHUU CUCTEM YIIPABJICHUA.

MBsI npejyiaraeM ornpo6oBarh pa3padarbiBacMble Me-
TOIBI Y CPEJICTBA CO3JIAHHSI MHTEJUIEKTYaIbHBIX TEXHO-
JIOTHI JIIs1 YTIPaBJICHUsI TPOLIECCOM OUYHCTKH (poco-
pa OT OpraHMyYecKHX MpuMecell 1 Mblbska. [Ipu aTom
HaJ0 YYWTHIBaTh TOT (PaKT, YTO Jaxe He3HAYUTElIb-
HOe YJTy4IlleHHe TIoKa3aTeNed JAaHHOTO MPOIecca MOKeT
NIPUBECTHU K 3HAYUTEILHOMY SKOHOMHYECKOMY U SKOJIO-
rayeckoMy 3¢dekram.

[IpoBeneHHBIE Ha Kadeqpe aBTOMATH3AIINH U YIIPaB-
nenuss KasHUTY MHorouuciieHHbIE UCCIEIOBAaHUS, a
TAKKe aHAIU3 MyOIMKALMA MOKa3aJl, YTO UHTEJUIEKTY-
aJIbHble TEXHOJIOTMM MOHO HCIOJIB30BaTh MPU paspa-
6OTKe HEeMmoCPEICTBEHHO MOJIEJIA ONTUMAJTLHOTO YIIPaB-
JIeHUSI TIPOIIECCOM, a He MOJENIM CaMOro TEeXHOJIOTH-
Yyeckoro mporiecca. To ecTh paccMaTprBaeMble MHTEN-
JexTyanbHbie TexHonoruu (UT) no3Bonsior pazpadarbi-
BaTh Cpa3y e aJTOPUTMbI YIIPABJIEHUS], B OTIMYME OT
TPAJUIMOHHON TEMOYKHU: pa3padoTKa CTPYKTYPHI MO-
Jed Tporiecca — TMPOBECHUE IKCIIEPHMEHTATBHBIX
HCCIIe/IOBaHNIT HA 00beKTe — HAECHTH(PUKAIUS MOJIe-
m — (GOpMYIHPOBaHNE ONTUMH3ALMOHHON 3a1a9d —
nog®op MeToja ONTUMU3AIMU — pa3paboTKa alnropuT-
Ma OINTUMAJBHOTO yrpaBieHus. TpaguilMOHHBII MOJ-
XO[] IPeANoaraeT AIUTENbHbINA (TOPON HECKOJIBLKO JIET),
JOPOTOCTOSIINIMI M He BCETIa YCHEIIHBIA Ty Th CO3IaHUs
CUCTEMBI ONITUMAJIBHOTO ynpasieHus [1 - 3].

HUcnonpzoBanue UT mnosBossieT pewars aHaJOrdy-
HBIE 33124 Cpa3y Xke, U KaK IMOKa3ajl OIBIT JOCTATOYHO
ycrierHo. [leo B ToM, YTO METOIBI ICKYCCTBEHHOTO MH-
TeJUTEKTa MPEeroaaraloT UCHOIb30BAHNE 3HAHUM, OMbI-
Ta ¥ UHTYUIIUM JIIOJEN-9KCIIEPTOB, XOPOIIIO 3HAKOMBIX
¢ npeaMeTHON obnacTthio. To ecTh 37ech MCHONMb3yeTCs
TaK Ha3bIBaeMblil 3(P(PEKT «rOTOBBIX 3HaHUI». B oTm-
YKe OT ITOTO pa3paboTKa MaTEMaTUIECKON Mofesu (0c-
HOBHOTO KOMIIOHEHTa CHCTEMBI) SIBJISETCS MPOLIECCOM
CO3JIAHUST «HOBBIX 3HAHWI», U TIO3TOMY TpeOyeT JocTa-
TOYHO JJIUTEILHOTO BPpEMEHU Ha MPOBEJIEHUE TEOPETH-
YECKUX WCCIIEIOBAHUH, a TaKkKe OONBIINX MaTepualib-
HBIX ¥ TPYAOBBIX 3aTpar AJIS IMPOBEICHMUS SKCIICPIMEH-
TaJIBHBIX MCCIICIOBAHUN M UICHTHU(DUKALIAA MOJIEITH.

K TOMY 7K€ OIIBITHBIE OIEPATOPBI-TEXHOJIOIN 3a BpE-
MA ,IUIPITCHLHOIZ pa60T1>1 HAayYWINCh BECTU TEXHOJIOTH-
YeCcKui IIPpOIECC B ONITUMAJIBHBIX PEXMUMaX IPU pa3ing-
HBIX UCXOAHBIX CUTYallUAX (I/I Y HUX 3a4aCTYI0 9TO MOJTYy-
‘-IaeTCH). Hepe)laqa «TOTOBBIX 3HAHUI» OT 9KCIIEPTOB B
6a3y 3HAHUH HHTCHHCKTyaHBHOﬁ CUCTEMBI 3HAYUTEIIBHO
ynpomaeT ux Co3gaHue.

B cooTBeTCTBHE € MOJNOKEHUSIMU IPOrPaMMBI pa3BH-
st Kazaxcrana «Mugycrpus 4.0» Oyner paspaboraH
TaK Ha3BIBAEMBI «LM(POBON JBOMHUK» OIEpaTopa-
TEXHOJIOTa, KOTOPBIA WCKJIOUMT BJIMSIHHE «4ejioBede-
CKOToO (hakTOpa» MpH YIpaBJIeHUN MTPOLECCOM (3TO Ta-
KHE CBOJCTBA YENIOBEUECKOTO OpraHM3Ma Kak: ycTa-
JIOCTb, HEJOCTATOYHO OBICTpas peakuusi, HeloCTaTod-
Hasl TICHXOJIOTMYeCcKasl yCTOHYMBOCTb, COHJIMBOCTD MIPH
MOHOTOHHOH pa0oTe, He3HAUMTEJbHBIA OIBIT PabOThI
MOJIOIBIX OTIEPAaTOPOB U JPYTHe MPUYNHBI).

Lenp Harero muccieqoBaHUs - CHHTE3 U HCIbITAHUE
B IIPOMBIIIUIEHHBIX YCIOBUSAX MHTEJUIEKTYaJIbHBIX MOJE-
Jiefl (aJITOPUTMOB) ONTHMAJIBHOTO YIIPABJICHUS] OUHCT-
KOl xenToro pocdopa OT OpraHUYECKUX MpUMeceil u
MBIIIBSKA, C MOTYyIEHUEM MaJIOMBIIIBIKOBHUCTOTO (poc-
(opa Ha HoBomxambynbckom ¢ocdopHom 3aBoze (HII-
D3).

OCHOBHBIE 3aJaUH:

- copMyIHpoBaTh KOHLICTIIMIO CHHTE3a WHTEN-
JIEKTYaJIbHBIX JITOPUTMOB ONTHMAJIBHOTO yIPaBJICHUS
MpoLIECCAaMU OYMCTKH KeToro pocgopa

- cchopmMupOBaTH MaTPHUIIBI TOTHOTO (haKTOPHOTO SKC-
nepuMenTa (I1P3) 11 cHTe3a aIrOPUTMOB ONTUMATTB-
HOTO YIpaBJIeHHs IPOLIECCOM OTCTOs XKeaToro ocgo-
pa;

- CHHTE3MpOBaTh MHTEJIEKTYaJbHbIE MOJEaH (aJro-
PUTMBI) ONTUMAJIBHOTO YIIPABJIEHHS] TUM IIPOLIECCOM C
TIOMOIIBIO TPEX METOJIOB: HEYETKHUX aJTOPUTMOB, HEil-
POHHBIX CEeTel U HePO-HEYETKHX aJrOPUTMOB;

- [IPOBECTU UCCIIEAOBAHUA CUHTE3UPOBAHHBIX UHTEI-
JIEKTYaJIbHBIX Mo,ueneﬁ yiipaBJIeHUs Ha aA€KBATHOCTD,
OJHO3HAYHOCTD, yCTOfI‘IHBOCTB 1 YyBCTBUTEJIbHOCTD;

- IIPOBECTU IMPOMBIIIJICHHBIC UCHBITAHUA WHTEIJICK-
TYyaJIbHbIX aJITOPUTMOB.

OODBEeKTOM HCCIIEIOBAaHUH  SIBJISIETCS]  TEXHOJIOTHS
OUUCTKU (POCOPHOI KUCIOTHl OT MbIIIbSIKA M Opra-
HUKHM, a IIPEIMETOM HCCIIEJOBAHUS - MHTEIIEKTyallb-
HbIC AJITOPUTMBI YIPABICHUS ITUM TEXHOJOTMYECKUM
MIPOLIECCOM.

MaTepl/laJIbl " MeToAbI.

1 Iocmanoska 3adauu onmumantbHo20 ynpaeneHus
npouyeccom omcmaosi

Kenteiil pocdop-cripel] NOCTyNaeT B OTAEJIEHUE OT-
crost (poccpopa U3 mevHoro 1exa Ne5 1mo o60rpeBacMbIM
TpyOOIPOBO/IaM B JIECATh OTCTOWHUKOB (PUCYHOK 1, TI0-
3unus 1). CootHowmenue «imam: Py» = 60%-40%.
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OTCTOMHUKM - 3TO pe3epByapbl M3TOTOBJICHHbBIE W3
HepKaBeIoIIeH CTa pa3MepoM: JuaMmeTp - 7,4 MeTpa,
BBICOTA - 4 MeTpa, 00bEM - 160 KyOuyeckux metpa. s
nopyiepxkanust pochopa B COCTOSIHUM paciuiaBa HeoO-
XOZIMMO TIOIEPKUBATh TEMIIeparypy B rpeaenax 70°C-
80C, mns dero B pyoOamKky OTCTOMHMKA MOJAeTCs ropsi-
yasi Bojia ripu Temriepatype He 6osee 90C, a st yinyd-
IEHUSA OTCTOSA B HUX YCTAHOBJICHBI MEIIAJIKHA. HJII/ITCJII)-
HOCTb OTCTOSI - HE MeHee 2-X 4acoB. B kaxmom oTcToii-
HHKE MMeeTcsi Ba NOTPYKHBIX Hacoca - VIS IepeKavyKu
¢docdopa u pocdoproro nutama. PocopHbI MITAM
yIAIAETCs IS JAbHEHNIIeH ero nepepadoTKU C Lebio
W3BJIEYEHHSI U3 HETO OCTATOYHOTrO *kenToro ocdopa u
OuMCTKH (pochopa OT MBIIIBSIKA U OPTAHUYECKUX TPH-
Mecen.

C 1enblo u3beranusi camoBosropanust ocgopa or-
CTOMHMK HaXOMTCS O] CJIOEM BOJbI U TIOAETCS MHEPT-
HBIH ra3 - a30t. [Ipu oTkaunBanuu ocdopa nim nuiama
OTCTOWHMKH 3arONHSIOTCS BOAOW M3 LMCTEPHBI (IIO3H-
1ust 3) A7 TOro, 4yToObl BEPXHUN YPOBEHb BOJIBI OCTa-
BaJIcsl MOCTOSIHHBIM. JKenTbiid pocop mocrymaer B 12
xpaHwmil (nmo3uius 2) npu temneparype 70°C-80C.

MHTepBbio ¢ ONBITHBIMU ONEpaTopaMy 3aBojia MOKa-
3aJ1, YTO KAYECTBO OTCTOsI 3aBHCUT OT CIIEYIOIHX Mepe-

MEHHBIX: TeMIeparypbl (pocopa-chipLia, COOTHOLICHHS
«mmxTa:pocop» M TemIiepaTypsl BOAbI, KOTOpas Mo-
Jaercsi B py0aiiky orcroiiHuka. Kputepuem kauectBa
yIpaBJieHUsI OTCTOeM sBJseTcs ynuctoTa dochopa (P,),
NOCTYNAIOIIEro B XpaHW/IMINA: YeM MEHbIIIe [IJIaMa Mo-
CTyIaeT B X paHWIMIIA (TIO3ULIKS 2), TEM BBILIE KAYECTBO
rotoBoro ¢ocdopa.

VipapiATe KayecTBOM rOTOBOrO TOBAPHOTO pocdo-
pa MOKHO M3MEHSs AJMTENBHOCTh IpOLEcca OTCTOA,
IIPH 3TOM 4Y€M BBIIIE IJIMTEIBHOCTb IIPOLIECCa OTCTOA,
TeM Bblllle OyaeT KayecTBO ToBapHoro gocdopa, npu
STOM KOJIMYECTBa MI1ama B ToBapHOM (hocope Gyner
MHUHUMaJIBHO. OIHAKO OT JUIMTENBHOCTH OTCTOSI 3aBH-
CHT TIPOM3BOANTENIBHOCTD BCETO OTAEICHHS: YEM BbIIIE
JUTUTENIBHOCTh OTCTOSI, TEM HMXE NMPOU3BOAUTENIBHOCTD
orgenenus. To ecTb OT MCKYcCTBa ONEpaToOpoB 3aBU-
cuT 3¢ HEeKTUBHOCT MPOLIECCA OYUCTKH - HEOOXOIUMO
JOOMBaThCSI 33JaHHOTO Ka4yecTBa rotoBoro ¢occopa, u
IIPH 3TOM HE CHYDKATh IMPOM3BOAUTENIBHOCT BCETO OT-
JeJIeHusl.

Torga 3adaua onmumanvroeo ynpagneHusi POLIEC-
coM ouucTku (pocopa-ceipiia OyaeT 3aKoyarbesi B
TOM, YTOOBI: «IOJIy4aTh 3aJaHHOE KauecTBO TOBAPHO-
ro docdopa mpyu MaKCUMU3AIUK POU3BOAUTEIbHOCTU
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OTACTICHU .

Anam3 pa6ot [4-19] mo3BOMMIT UCTIONB30BATh OIBIT
STHX aBTOPOB IJIsSI CMHTE3a WHTEIUICKTYAIBHBIX MOIE-
Jielt Tipoliecca OTCTOsI, TIPYA STOM YIIpaBJIeHHe IJIITeNb-
HOCTBIO OTCTOsI CBOAIMTCSI K TOMY, 4TOObI CBOEBpPEMEH-
HO 3aBepIaTh MPOLECC B «XOPOIIMX» OTCTOMHHKAX, U
3aTATUBaTh OTCTOM B «IUIOXUX» OTCTOMHHKax. Ormpe-
JEJISTh «XOPOIINe» W IUIOXHe» OTCTOWHHUKH U TTIOMO-
KET MHTEJUICKTyaJIbHAasI MOJENb MPOIIECCca OTCTOS JKem-

Toro (poccopa, B 3a1a4y KOTOPOH BXOIUT IMPOTHOZUPO-
BaTh [UIUTEIBHOCTD OTCTOSI C YUETOM Pa3IMIHBIX (hak-
TOPOB, HE 3aBUCAIIMX OT JAeHCTBUI omepartopa. mes
NIPOTHO3HBIE PEIEHHsT MOJIESIM OIlepaTop 3apaHee CMO-
JKET OMPENeNIATh «XOPOIIHe» U IUIOXHe» OTCTOWHHKH,
TeM caMbIM OyJeT UMETh BOBMOXXHOCTD YIIPABJISITh BCEM
otaeneHreM oTcTos (10 OTCTOMHUKAMM) ONTUMAIBHBIM
obpazom: «JoOMBAThCS 33[JaHHOTO KayecTBa TOBAPHO-
ro docdopa mpyu MaKCUMHU3AIUK TIPOU3BOIUTETBHOCTU
BCETO OT/IEJICHUST OTCTOSI».

Tabmuna 1 - Marpuia IO s npouiecca otctost ocdopa-chipiia

Howmep sxen Temnepatypa CooTHoleHne Temneparypa Bpewms orcrost, Y
(ocopa, | «auam: Pyp» X, | Bogpl, X4
1 2 3 4 5
1 0,0 0,0 0,0 0,98
2 0,5 0,0 0,0 0,91
3 1,0 0,0 0,0 0,82
4 0,0 0,5 0,0 0,21
5 0,5 0,5 0,0 0,124
6 1,0 0,5 0,0 0,07
7 0,0 1,0 0,0 0,065
8 0,5 1,0 0,0 0,06
9 1,0 1,0 0,0 0,058
10 0,0 0,0 0,5 0,99
11 0,5 0,0 0,5 0,92
12 1,0 0,0 0,5 0,82
13 0,0 0,5 0,5 0,21
14 0,5 0,5 0,5 0,128
15 1,0 0,5 0,5 0,072
16 005 1,0 0,5 0,066
17 0,5 1,0 0,5 0,062
18 1,0 1,0 0,5 0,06
19 0,0 0,0 1,0 0,97
20 0,5 0,0 1,0 0,88
21 1,0 0,0 1,0 0,78
22 0,0 0,5 1,0 0,18
23 0,5 0,5 1,0 0,12
24 1,0 0,5 1,0 0,065
25 0,0 1,0 1,0 0,062
26 0,5 1,0 1,0 0,058
27 1,0 1,0 1,0 0,056

2 ®@opmuposanue mampuypt 1P u cunmes modeau
npouecca Omcmaueanusi xeeamozo gocgopa

HcxonHble JaHHbIe 1151 MAITMHHOTO 00y4eHHUsT Mojie-
Jielt pOPMUPOBAIUCH B COOTBETCTBUM C HAILIEH METOIU-
koui [1, 2, 3 u 8] st yero npumMeM cieyomue 060-
3Ha4YEHMs IEPEMEHHBIX B IPOLIECCEe OTCTAMBAHUS: X -

temmeparypa docgopa (70°-80°C); X, - cooTHOLIEHUE
«aumam: Py» (60%-40%); X5 - Temmeparypa ropsdei
BOJIBI B py0ariike otcroiHuka (70°-95°C); Y - mnutenb-
HOCTb OTCTOSI.

HpI/I 3TOM HCO6XOIII/IMO YYUTBIBATDH, YTO OIIEPATOP HE
HNMEET BO3MOXHOCTU U3MEHATH BXOOHBIE NIEPEMEHHBIE
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mopeu X1 u X2, KoTopble 3aBUCAT OT paboTh 1iexa NoS,
X3 TaKkke He MOKET U3MEHSTh OIlepaTop - TeMIleparypa
BOJIBI 3aBUCHUT OT paboTHI Teronexa. Oneparop MOKeT
JIUIIIb KOHTPOJIUPOBATH 3TH NEPEMEHHBIE.

Omnpoc orepaTopoB OTAEIEHUST OTCTOSI BBISIBUIM - Kak
BIIUAIOT prCI[HCHHLIe OLICHKU 29TUX HCpCMeHHI)IX Ha
JUTUTENIBHOCTD OTcTOs (Tadnuma 1). B Tabmure 1 cdop-
MHpPOBaHa MaTpPUIIa ITIOJTHOTO (PAKTOPHOTO SKCIIEPHMEH-
ta (II®D) ms cuHTe3a MHTEIUIEKTyaIbHBIX Mofesiel. B
tabnuiie 1 Bce mepeMeHHbIe MPEeCTaBIeHbl B HOPMH-
poBaHHOM (Oe3pa3mepHOM) Buae B auarazone ot 0,0
(MuHMMabHOE 3HadyeHue) 1o 1,0 (MakcuMasbHOE 3Ha-
YeHue).

Marpuna 193 B Tabmuue 1 ciaykuT a1t 00ydeHus
HHTEJUIEKTYaJIbHBIX MOJIEJIeN TPEeX TUIIOB: HEYETKOW MO-
JeJI1, HEMPOCEeTEBOM MOAEIN U HeUpPO-HEUETKOW MOoJie-
JIA.

Heuemxasi modenv. PazpaGoTKy HedeTKON Mopjenu
BBITOJIHSUIA C WCHOJIb30BaHUEM TpauiecKruX CpPenCcTB
cuctembl Matlab [4] ¢ onpenenennem (pyHKIMH TIpH-
HaJJIEHOCTH /7T TPEX BXOIHBIX, OJJHOM BBIXOJHOM Ile-
peMeHHON 1 (hOPMUPOBAHMEM MPABUJT HEUETKOW Ipo-

4 Rule Editor: Untitled - o X

File Edit View Options

OYKIUH, T.6 KaXIOMY SKCIHepUMEHTY M3 0asbl 3Ha-
HuH (Tabnuiia 1) npuaaercst COOTBETCTBYIOIIEE PABUIIO
MPOAYKIMY - HUKE B KauecTBE MpUMepa MpHUBEeHHI 4
MpaBua:

IMPABUJIO 1: «<ECJIM X1 PABHO 0» 1 «X2 PAB-
HO 0.5» 1 «X3 PABHO 0», TO «Y PABEH 0,98»

ITPABUWJIO 2:: «<ECJIA X1 PABHO 0.5» 1 «X2
PABHO 0.0» 1 «X3 PABHO 0 », TO «Y PABEH 0,91»

IIPABUJIO 3:: «<ECJIM X1 PABHO 1» 1 «X2
PABHO 0.0» 1 «X3 PABHO 0,0», TO «Y PABEH
0,82»

ITPABUJIO 4:: «<ECJIA X1 PABHO 1,0» 1 «X2
PABHO 0,0» 1 «X3 PABHO 0,0», TO «Y PABEH
0,21»

AHAJIOTHYHO COCTaBJISTUCH MTPAaBUIIA TPOAYKIMIA TSI
BCex 27 3KCrnepuMeHTOB U3 Taduuiib! 1 (pucyHok 2). ITo-
ciie Toro, kak Matlab mpou3sBest Bce HEOOXOIUMBIE TIPO-
HEIypHl C BRIOPAHHBIM QJITOPUTMOM HEYETKOTO BHIBOJIA
(anropurmMom Mampaanu), OblIa CHHTE3UPOBAHA HEYeT-
Kasi MOJieNTb Tpolecca ocaxaeHus xentoro ¢ocdopa
(puCyHOK 2).

4\ Neural Network Training (nntraintool)

Neural Network

i Iais IR

Algoritth

TE T TAT 1S U5 4100 AZ 1S U.5] 810 (AS 1§ U.5] WEm (1 118 U. 1257 (1]
15 If (X1 is 1) and (X2 is 0.5) and (X3 is 0.5) then (Y1 is 0.072) (1)

16.1f (X1is 0.5) and (X2 is 1) and (X3 is 0.5) then (Y1 is 0.066) (1)
17.1f (X115 0.5) and (X2 s 1) and (X3 is 0.5) then (Y1 is 0.062) (1)
18.1f (X1 is 1) and (X2is 1) and (X3 is 0.5) then (Y is 0.06) (1)
19 1f (X1 is 0) and (X2 is 0) and (X3 is 1) then (Y1 is 0.97) (1)

120, If (X1 is 0.5) and (X2 is 0) and (X3 is 1) then (Y1 is 0.88) (1)
21,1 (X1is 1) and (X2 s 0) and (X3 is 1) then (Y1 is 0.78) (1)

2. 1f (X1 is 0) and (X2 is 0.5) and (X3 is 1) then (Y1 is 0.18) (1)
23.1f (X115 0.5) and (X2 is 0.5) and (X3 is 1) then (Y115 0.12) (1)
24.1f (X1 is 1) and (X2 is 0.5) and (X3 is 1) then (Y1 is 0.065) (1)
25.1f (X1 is 0) and (X2 s 1) and (X3 is 1) then (Y1 is 0.062) (1)
126.If (X1is 0.5) and (X2 is 1) and (X3 is 1) then (V1 is 0.058) (1)
271 (X1is 1) and (X2 s 1) and (X3 s 1) then (Y1 is 0.056) (1 v

i and and Then
Xtis x2is X3is Yiis
0 al o ~l o ~ 0.55 ~
0s 05 0.5 0.78
1 [t 1 0.18
none none none 0.12
0.065
0.062
0.058
v v v lo.0se v
[Jnot [ not D not ot
_ Connection Weight
Qor
@ and 1 Delete rule < >

N

Puc. 2 - HevyeTkast Moziesnb mporiecca OcakIeHus
sxenroro pocopa

Hetipocemesasi modenv. COOpPKYy HEWPOHHOH ceTH
TIPOU3BOIIIIH C UCTIOb30BaHMEM MOy nntool U3 Ko-
MaHIHOro okHa cpensl MatLAB. [lanee BBopuiau BXog-
HbIC JaHHbIC 1 COOTBCTCTByIOIJ_II/Iﬁ UM pe3ym>TaT, Bbl6pa-

Data Division:
Training:
Performance:
Caleulations:

Random
Levenberg-Marquardt
Mean Squared Error (mse
MATLAB

trainlm)

Progress

o -
00000

performance: 013« [INNNZEcEZ 0.00

Gradient: 0.483 1.62e-13 1.00e-07

Mu: 0.00100 1.00e-09 1.00e+10

validation Checks: o (D 6

Epoch:
Time:

Plots
Performance plotperform;

Training State | (plotrainstate

Regression plotregression)

plot interval: 1 epochs

& Opening Performance Plot

@ stop Training @ cancel

Puc. 3 - IlpoBenenvie oOyueHus HelpoceTH

JIM TUITT HEHPOHHOM ceTH (PUCYHOK 3) M IIPOBEJH ee 00Y-
YeHMe.

Heiipo-neuemxas mooeas. B MATLAB cymectByer
penaktop ANFIS, koTopblil TO3BOMNSET CO3aBaTh MO-
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JeNb HEeMpO-HEeUeTKOro BBIBOZIA, BHIOJNHATH ee 00yde-
HHE, BU3YaJIN3UPOBATh €€ CTPYKTYpPy, U3MEHATh U Ha-
CTpauBaTh €€ MapaMeTpsl, a TaK ke MCIOIb30BaTh Ha-
CTPOEHHYIO CETh IJIs TIOJyYeHHsI pe3y/IbTaTOB HEUETKO-
TO BBIBOZIA.

Boibupaem Merton pemerdaroro pazouenus Grid
partition, B KOTOPOM (pyHKIMU MPHUHAJJIEKHOCTH paB-
HOMEpHO paclpelessioTcss BHYTPH IMara3oHa. basa

%] Rule Viewer: ANFIS Model
File Edit View Options

in1=05 in2=05

1
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3HaHWI OCHOBaHA Ha TaONMUIBI 1, U3 KOTOPOH BHIOPaHBI
BCE BO3MOXXHBIE BapraHTH. Ko purmenTs! B 3aKIIo0-
YEeHHUSIX TPaBUI MPUHUMAIN PABHBIMU HYJTIO.

JL71st TpoBepKM MOJieNu B OJIOKE TECTUPOBAHUS HEYeT-
ko cucrembl (Test FIS) BoiOpasii TecToBble AaHHbBIC
(Testing data), mpu TOM pe3yJIbTaThl TECTUPOBAHUS BbI-
BOAIWUTHChH B OKHe peakTopa ANFIS. Matna6 cozpan 27
TIPABWI 1151 paOOTHI HEHPO-HEUETKOM CETH (PUCYHOK 4).

in3 =05 outt = 0428

Puc. 4 - Heiipo-HeueTkass Mozienb

Pe3ym>TaT1)1 CPpaBHUTEJIbHBIX I/ICCJ'[C,HOBaHI/Iﬁ Ha aICKBATHOCTb BCEX TPEX TUIIOB MO)IeJ'[Cﬁ IPUBEJICHLI B Ta6J'II/IL[C

2.

Ta6n1/1ua 2- CpaBHI/ITCJ'IbHHﬁ AHAJIN3 TOYHOCTU UHTEJIJIEKTYaJIbHbIX MO,HCJ'[eﬁ

Ne | TlpaBunbnbiil otBeT | Heuerkas noruka | Heliponnas cets | Heiipo-HeueTkas ceTb
1 2 3 4 5

1 0,98 0.125 0.92878 0.9800
2 | 091 0.5 0.64418 0.9100
3 0,82 0.837 0.76134 0.8200
4 021 0.67 0.10231 0.2100
5 0,124 0.09 0.16383 0.1240
6 | 0,07 0.5 0.32048 0.0700
7 0,065 0.13 0.057247 0.0650
8 0,06 0.79 0.060076 0.4897
9 | 0,058 0.211 0.077015 0.0580
10 | 0,99 0.211 0.82057 0.9900
11 | 0,92 0.5 0.059733 0.4783
12 | 0,82 0.79 0.98687 0.8200
13 | 0,21 0.79 0.2648 0.2100
14 | 0,128 0.168 0.10334 0.1280
15 | 0,072 0.5 0.11462 0.0720
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16 | 0,066 0.5 0.056963 0.0700
17 | 0,062 0.5 0.056963 0.0700
18 | 0,06 0.5 0.072156 0.0600
19 | 0,97 0.13 0.98728 0.9700
20 | 0,88 0.13 0.98837 0.8800
21 | 0,78 0.5 0.98956 0.7800
22 | 0,18 0.79 0.5749 0.1800
23 | 0,12 0.79 0.862 0.1200
24 | 0,065 0.5 0.774 0.0650
25 | 0,062 0.79 0.11218 0.0620
26 | 0,058 0.5 0.059589 0.0579
27 | 0,056 0.79 0.059069 0.0560
Oumbka 18,05% 16,22% 3,27%

AHanm3 Tabnuiib 2 IoKasal, 4to Hanbosiee a/IekBaTHOH SIBIISIETCS] HEHpO-HeYeTKast MojielTb, aOCOMOTHasT OLIHMO-
Ka KoTopoil paBHa 3,2%. B cBs3u ¢ yeM Huxe Mbl OyeM HCCIIeIoBaTh Pe3yJIbTaThl MOJEIMPOBAHUS Tpolecca

otcTost XkenToro occopa JIUIIb C TOMOIIBIO STON/IENH.

3 MO()E./IMPOEGHME npoyecca omcmauearnusl ¢ UCNOAb306AHUEM HEMVPO-Hel'te‘mKZOMV cenu

Ha pucynke 5 npecTaBieHsl pe3yabTaThl MOAETUPOBAHMS C TIOMOIIIBI0 HEHPO-HEUETKON MOJeTN 3aBUCUMOCTH
MIPOU3BOAUTEIBHOCTY OTCTOMHUKA (IJIUTEIBHOCTh OTCTOS - Y) OT TeMIepaTypsl celpbsd X, (3kenroro ¢ocdopa U3
nexa Ne5). M3 pucyHKka BUIHO, YTO TP MUHMMAJIBHBIX 3HAYEHUAX X, (COOTHOmEHHE «uuiaM : P,») n X5 (Temme-
paTtypa BOfIBI) - IPOU3BOANTEIFHOCT JOCTATOYHO HI3KAsl Ha BCEM JAMANa3OHe U3MEHEHUsI TEMIIepaTyphl JKeJITOro
(ocopa - X, mpu 3ToM Bpems otcrost cHuxkaercs ot 1,0 go 0,8. OnHako npy cpelHUX U BHICOKMX 3HAYEHUAX
X, 1 X5 JUITETBHOCTb OTCTOSI PE3KO CHUKAETCS (T.€. MPOM3BOAUTEIBHOCTh OTCTOMHUKA YBEJINUMBAETCS), HO OHO
TaK>ke He3HAUMTeIbHO U3MEHSETCs MPU MOBBIIIEHUH TEMIIepaTyphl kenToro ochopa Ha Bxoe OTCTONHUKA (X ).

1.2
4
08
0.6 —m— X1,X3=0
X1,X3=0,5
04 X1,X3=1
0.2 —
O T T T T T T T T T T T T 1 X2
O Q%‘f’ Q('bQ(? NESINIREI I

Puc. 5 - 3aBucUMOCTD JUINTEIBHOCTH OTCTOS OT TEMIIEPATypHl kenToro docgopa

Kak MOKHO 3aMeTHTb 110 XapaKTepy U3MEHEHUsI KpU-
BBIX Ha 3TUX PUCYHKAX - 3aBUCUMOCTb JAJIMTEIbHOCTb OT-
CTOs1 OT U3MeHeHuUs X, , TOPa3zIo BHIIIE, YEM, YEM OT Xj.
ITpu sTOM M3 rpachuKOB pUCYHKA 2.5 XOpOILIO BHUIHO,
YTO TPOM3BOANTENIBHOCTh OTCTOMHMKA PE3KO IOBBIIIA-
eTCsl IIPU CPeAHMX U OOMbIINX 3HaUeHUsAX X, 1 X5. Of-
HAKO IpapvKi Ha PUCYHKE 6 TOBOPAT O TOM, 4TO BpeMs
OTCTOS1 B OCHOBHOM 3aBUCUT OT COOTHOILEHUS «IIUIaM :
P,», a KpuBbIe HAa PUCYHKE 7 TIOKa3bIBAIOT, YTO IPOM3-
BOAUTEJIBHOCTD NPAKTUIECKH HE 3aBUT OT TEMIIEPATyPhl

BOJIbI B pyOarlke OTCTOHHUKA.

TakuM 00pa3oM pe3ybTaThl MOOEIHMPOBAHUS MOKa-
3aJIM, YTO TPOU3BOIUTENBHOCTh OTCTOMHMKA B OOJb-
IIeH CTENEHU 3aBUCUT OT COOTHOLIEHMs «LIaM : P,»,
B MEHbIIIEH CTereHun oT TeMIeparypsl ocopa U mpak-
THUYECKH HE 3aBUCHUT OT U3MEHEHHs TEMIIEPATyPhl BOIbI
(cM. pUCYHOK 7).

OnHako 3TO HEe O3HAYAET, YTO TEMIepaTypy BOABI B
pyOarike OTCTOMHMKA COBEpIICHHO HE HY)XKHO YUHTHI-
BaTh NPU YNPABJIEHUH MPOLIECCOM OTCTOSI, TaK Kak OT
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Hee 3aBUCHUT arperarHoe COCTOsHHE kenToro ¢ocdo-
pa: mpu Temmnepatype Hike 70°C ¢ochop nepexomut B
TBEPHOE COCTOSIHME U MPOLIECC OTCTOs IpeKpalaercs,
TaK KaK OH OCElacT Ha JHO BMECTE CO IIJIaMOM, a IpU
npessiieHnn 95°C - xentoii poccop HauMHAET ucHa-
psAThCs - 3TO TMpsiMble ero notepu. Kpome Ttoro, KoH-
TPOJb TEMIIEPATYpPhl SBJSAECTCA BaXHEHIINM (haKTOPOM
6e30MmacHOro BeZIeHHs Ipolecca OTCTOs, Tak Kak ¢oc-
¢op B3pHIBOOIIACEH.

PesynpraThl MOmEIMPOBAHUS C MCHOJIb30BAHHEM
HEeWpo-HeUeTol MOJENH, MPEeACTaB-JIeHHbIE HA PUCYH-

0.8

0.6

—p— X1,X3=0
X1,X320,5

0.4 X1,X3=1

([

0 X2
0 01 02 025 03 035 04 05 06 07 08 09 1

Kax 5, 6 1 7 XOpoLO KOpPPEeNupyloT ¢ (PU3NYECKUMU
3aKOHOMEPHOCTSIMH TIPOLiEcca OTCTOsI xkenToro oco-
pa. Heo6xoaumo OTMETHTb, YTO IIPOLIECC OTCTOS Kell-
Toro ¢ochopa 3HAYUTETHHO OTIMYAETCsA OT MPOLIECCOB
OCaKJEHHsI 1IUIAMOB B JKUIKOH cpejie, PUMEHsIEMbIX
B IIBETHON METaJUTypriM M XMUMHYECKOH MPOMBIIIIICH-
HOCTH. [Ies1o B TOM, YTO B OTJIMIMH OT U3BECTHBIX MTPO-
[IECCOB OCAKICHUS IITAMOB (BPEIHON KOMIIOHEHTHI) - B
HallleM CIydae OCaXAAloTCs He IIJIaMBbl, a CaM KeJIThIN
dochop. Ilpu 3TOM nUIAMBI BCILTHIBAIOT HAa TMOBEPX-
HOCTb OTCTOMHUKA.

0.8

0.6

X2,X3=0
X2,X3=05
X2,X3=1

0.2

0 X3
0 01 02 03 04 05 08 07 08 09 1

Puc. 6 - PCByJII)TaTLI MOJEINPOBaHUA 3aBUCUMOCTH BPEMEHN Puc. 7 - 3aBucumoctu BPEMEHU OTCTOA OT TEMIIEPATYPbI BOABI

OTCTOA OT U3BMEHECHUA COOTHOLICHUA «IIJIaM : 4 »

IT10T (PaKT KapAUHAIBHO OTJIMYAET ITPOLIECC OUNUCTKH
(pochopa OT MBBECTHBIX MPOLECCOB OCAKACHWS ILIa-
MOB. [locTaTouHO XOpOIIO OTpaboTaHHAsl TeOpUsl Oca-
KJIEHUS 1IUIAMOB He paboTaeT [JIsl ONMCaHuUs Ipolecca
otcrost xenrtoro (pocopa. I1o 310l Teopuu - YeM Bhille
KOHIIEHTpalys IIama, TeM HHUKe ITPOU3BOAUTENHHOCTD
cryctuTtelisi (WIHM BbILIE JUIUTETBHOCTh OTCTOS IIJIaMa).
10T 3PeKT OOBICHSAETCS CTECHEHHBIM OCAXKACHHEM
YaCTHII 1IUIaMa - YeM MX KOHILIEHTpALUs BBIIIIE, TEM BbI-
111e CTECHEHHOCTb YaCTHI] 1IUIaMa, TaK KaK YacTHUIIbl Ha-
YMHAIOT OOJIBIIIE BJIMATH OPYT HA JIpyra, 3aMemIsas CKO-
pocTb Ux ocaxaeHus. B ciaydae ocaxaenust ¢gocdopa
- BCE MTPOUCXOIUT HAOOOPOT: YeM BHIIIE KOHIICHTPALHsI
IJ1amMa, TeM MEHbIIE JJIMTENbHOCTh OTCTOS (MM BBIIIE
IIPOU3BOJUTEIBHOCTh OTCTOMHHKA), YTO XOPOIIO 3aMeT-
HO U3 PUCYHKa 5 U NMOATBEep:kAaeTcs rpauKaMu Ha py-
cyHKax 6 u 7. D10T 3peKT 0ObsCHSAETCS TEM, UTO B
HalleM ciyvae ocaxpaaercs ¢ocdop, a He HIIaM, Ko-
TOPBIN CKAITMBAETCs BBEPXY OTcTOMHMKA. [lomyuaercs,
YTO YeM MeHbIlle KOHIIeHTparus Jyactuly pocdopa, Tem
ObICTpEe UIET UX IPOIIECC OCAXKASHUS HA THO OTCTOWHHU-
Ka. A eciy KOHLIEHTpauus xentoro dochopa BhlIe, TO
3((peKT CTECHEHHOCTH €ro YacTHI] CHIXKAET CKOPOCTh

B pyOallike OTCTOMHHUKA

X OCaXICHUA.

Takum oOpazom, rpaduku, NpuBeeHHbIE HA PUCYH-
Kax 5, 6 1 7, 4OCTAaTOYHO XOPOLIO COMIACYIOTCH ¢ (pU3H-
YECKUMH 3aKOHOMEPHOCTSIMH TTPOLIECCA OTCTOSI JKENITO-
ro docopa, 1 ABIAIOTCS €ro MaTeMaTHIECKIMU MOJIe-
JISIMU.

4 HnmennekmyanvHulii anzopumm ONMUMAAbHOZ0
YnpaeneHus NPOUECCoOM OMcmost Hceamoeo gocghopa

Kak yxe oTMedasioch BBIIIE - 0OECIIeYMBATh BBHICO-
KO€ KaueCTBO rOTOBOrO (pochopa MOKHO U3MEHSIS AJTH-
TEJIBHOCTh OTCTOSI. UeM BBIIIE UIUTEBHOCTD IPOIIEC-
ca OTCTOsl, TeM uuine OyaeT ToBapHbiii ocdop, TO
€CThb KOHIIEHTpalus 1U1aMa B roToBoM pocchope Gyzer
MHUHUMAJIBHO. B TOXe BpeMs, IJTTETBHOCTh MPOoIiecca
OTCTOSI BIIMSIET HA MPOU3BOMUTEILHO OOOPYIOBAHUS -
YeM JIOJIbIIe MTPOM3BOIUTCS OTCTOW, TeM HILKE IPOU3-
BOJIUTENHHOCTb OT/ENEHHS. ONepaTopbl CTapaloTcs JI0-
OUBaThCs 3aJAHHOTO KayecTBa ToBapHOro ¢ochopa, HO
MIPU 3TOM HE CHMXATh MPOU3BOAUTEILHOCTh 000PYIO-
BaHHUS 1eXa.

Takum 06pazoMm, 3adaua OnMUMANLHO20 YNPAGAEHUSL
STHM TIPOIECCOM 3aKJII0YaeTcs B cienykommeM: «1oou-
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Batbcs 3anaHHoro 'OCTamu kayecTBa rotoBoro ¢poc-
¢opa pu MaKCHMHU3AUU TTPON3BOAUTEIBHOCTA OT/IE-
JIEHUSI OTCTOSI».

CuHTE31MpOBaHHAsI HEHPO-HEeYeTKask MOAEIb MpoLiec-
ca OTCTOSA, M Pe3yJbTaThl IPOBEICHHBIX €€ MCCIeI0Ba-
HUI (PUCYHKH 5, 6 1 7) MO3BOJISAET B PEaslbHOM PexXU-
Me BpPEMEHM MpPOrHO3UPOBATh IJIMTENBHOCTh OCakKIE-
Hus kentoro gocgopa (Y) B 3aBUCUMOCTH OT U3Me-
Henust X, X, 1 X;B KaxaoMm u3 10 orcroitaukos. C
YUYETOM HM3JI0KEHHOTO CTpaTerus ONTUMAaIbHOTO yIIpaB-
JIEHUSI TIPOLIECCOM OTCTOs Keroro ¢hocopa Oymer 3a-
KJTIOYaThCs B CIEAYIOIIEM.

Oneparop, umest UH(POPMAIKIO O TPOTHO3E IJTUTEIb-
HOCTU OTCTOSI kenToro docdopa B kKaxkaom u3 10 ot-
CTOMHHMKOB, UMEET BO3MOXHOCTb YIIPABJISITh BKJIIOUEHH-
€M TIOrPYKHBIX HACOCOB IO OTKAYKe KeNToro ¢pochopa
W [IUTaMa TaKUM 00pa3oM, YTOOBI U3 OTCTOMHHKA C MHU-
HUMAJIbHOU IJINTEBHOCTBIO OTCTOSI BBITPYKAJIUCh (poc-
¢op u nuiam B 60JbIIEM 00beMe, YeM U3 OTCTOWHHKA,
rJie JUIMTEIBHOCTh OTCTOS1 MAKCUMAJIBHO.

Takum 006pa3oM MHTEJUIEKTyalbHasi MOJENb MO3BO-
JIIeT Oomneparopy UMeTh MH(MOPMAIMIO O TOM, Kakod B
Kask/1blid MOMEHT BpeMeHH U3 10 OTCTOIHUKOB sIBJIsIETCS
«IJIOXUM>» (BpeMsl OTCTOSI MAKCUMAJIBHO), a KaKOl OT-
CTOWHFIK SIBJISIETCS «XOPOIIAM» (BpeMsl OTCTOSI MUHH-
MaJIbHO). MaHuITyTupys 9ToM MH(OpMaIFel, onepaTop
Oymet Oosbliie OTKauMBaTh Pocop U MUIaM U3 «XOPO-
IIUX>» OTCTOMHHMKOB, U MEHBIIIE - U3 «TLJIOXUX>.

3/1ech BaXXHO OTMETHTh TO, YTO CUCTEMa MHTEJUIeK-
TYaJIbHOTO yIpaBJieHUsI TIO3BOJISIET TepeaBarh ornepa-
TOpY UH(OPMAIIHIO O «XOPOIIUX» U IUIOXMX» OTCTOM-
HUKAaX 3apaHee - TeM CaMbIM YIpexkasi HepaluoHaIb-
HbIe BKJIIOYEHUS] W OTKJIIOUESHUS TMOTPYXKHBIX HACOCOB
IUTsL OTKAuKH pocpopa 1 mutama.

Kpowme Toro, BU3yasapHO ITpoLIEcC OTCTOsI OIepaTop He
MO>KET HaOMOAATh, TaK KaK OTCTOMHUK SIBJISETCS 3aKPbl-
THIM OOBEKTOM, TO €CTh HAOMIOAAEMOCTh OOBEKTA - HY-
JeBasi. B aTHX yc/loBUsIX oniepaTop MOXET 3aMeTHTh 110-
NaJiaHye IlamMa B pe3epByap XpaHeHHsl KeJToro ¢oc-
¢opa (mo3unus 2 Ha pUCyHKe 1) CIMIIKOM MO3[HO U
JOMYCTUTh Opak B paboTe OT/E/NeHUSI.

O6cyxaeHne u pe3yiabTaTbl. Takum 00pa3oM,
CHHTE3UPOBAHHBIE ~ MHTEJUICKTYaJIbHbIE — aJTOPUTMBbI
yIpaBJieHHUs TIO3BOJISIIOT ONEPATOpPy YCKOPSATH OCBO-
OOXKJICHHE «XOPOIIUX» OTCTOMHUKOB (mo3uiusi 1 Ha
pucyHke 1) v 3aMeISITh OCBOOOXK/ICHUE «ILIOXUX» OT-
croitankoB. Kpome Toro, oneparop OyjieT ropaszio pexe
Jienath OOXO/Ibl OTCTOMHUKOB C LEJIbI0 KOHTPOJISI «4UH-
CTOTHI» kenToro ¢ocdopa B 0TOMpaeMbIx Mpodax, Yto
OOJICTYUT €ro TPy U JaCT BO3ZMOXKXHOCTb OOJIBIIYIO YaCTh

CBOETO BPEMEHH OTBOIUTH IPOLIECCY YNPABICHHS CKO-
POCTBIO OTKaUKH (pocopa 1 MTaMa U3 OTCTOHHUKOB.

To ectb, B 3TOM CiTy4ae OyIeT pelieHa OCHOBHAS LieJTb
ONTHMAJILHOTO YIIPABJICHHsI IPOLIECCOM OTCTOSI: «1oOu-
BaThCs 33/IaHHOTO KadecTBa TOBapHOro ¢ocdopa mpu
MaKCUMU3alUU MPOU3BOAUTEILHOCTU BCETO OTACIICHUA
OTCTOSI».

HcnbiTaHus MpoOrpaMMHOTO OOECHEUeHUsI CHCTEMBI
yIpaBJieHUsI MPOLIECCOM OTCTOS M OYMCTKH KEJITOro
¢ocopa mpoBoaUSIOCH MO TUIOBBIM MeTOAMKaM. B
CBSI3U C TEM, YTO TUTIOBBIMU METOIMKAMHU MPEyCMaTPH-
BAeTCs1 [TPOBEJICHHUE UCTIHITAHUI B TEUEHUH JIUIIDb 72 Ya-
COB (4TO COBEPIIEHHO HEJOCTATOYHO /sl Habopa HeoO-
XOAMMOH CTaTUCTUKM) PYKOBOACTBOM 3aBOJA TSI OLIEH-
KU 0)KHUJIAEMOT0 9KOHOMHYECKoro 3¢eKkra ObUI0 IpH-
HATO pellleHre O MPOBEIEHUH JUTUTEbHBIX UCTIHITAHUI
MHTEJUIEKTYAIbHBIX aITOPUTMOB ONTUMAJIBHOTO YIIPaB-
nenust. [Ipuyem npeaycMarpuBaiiack pabora 060pyao-
BaHUS B JIByX PEeXHMMax: Ha MEpBOM 3Tare MPOU3BO-
JMJIMCh KOHTPOJIbHBIE M3MEpEeHUs MoKazaresell pado-
ThI 000PYIOBaHUsI OE3 yUeTa PacUeToOB ArOPUTMa, a Ha
BTOPOM 3Tarie 000pyJoBaHKUe paboTalIO C YUETOM PEKO-
MEH/IALUIA UHTEJUIEKTYaJIbHOTO AITOPUTMA.

Jl1st obecnieueHust 6€30MaCHOCTY MCTIBITAHUST MHTE-
JIEKTYaJIbHBIX QJITOPUTMOB OCYIIECTBIISZIOCH B pa3o-
MKHYTOM PEXUME (B PEKUME COBETUMKA).

ITpombInIeHHbIE UCTIBITAaHKS TIPOBONMINCH: [lepBhIit
3Tal UCIHBITAaHUH MTPOBOAWICS B TeueHuH 21 pHs, 1pH
3TOM OCYIIECTBIISIJICS JIUIIb KOHTPOJIb TTOKa3aTeNel pa-
OOTHl OTCTOMHMKA 0€3 YJacThsl YIPABJISIOIIEro KOM-
nbioTepa B paboTy 0OOpy/IOBaHUS, a Ha BTOPOM 3Tare
MIPOMBIIJIEHHBIX UCTIBITAHAN NHTEJUIEKTYaJIbHBIX MOJIE-
Jieit (aIrOpUTMOB) YIIpaBJIeH!s B TeueHun 14 THei ore-
paTophl 1ieXa BBINOJIHIM yKa3aHUsl KOMIboTepa (Kak
COBETYMKa) B PeKMME PealbHOr0 BPEMEHHU.

CpaBHHUTENbHBI aHAIN3 TIOKA3aJl MOJIOKHUTEIbHBIC
OLIEHKM MpPEAJIOKEHHBIX AJITOPUTMOB YIIPAaBJICHUS:
YAEJNBHBIA BBIXOJ FOTOBOM MPOLYKLMU YBEIUYMICA Ha
5%, a KauecTBO TOBAPHOTO XKeToro poccopa yrydim-
Jock Ha 3% .

BeiBogpl. Llenpio HacTOSIIErO UCCIEOBAHUS SIBJISI-
ercs pa3paboTKa U MPOMBIIILICHHbIE MCTIBITAHUS UHTEI-
JIEKTYaJIbHBIX MOJIE/el (QJIrOPUTMOB) yIPaBJICHHS TeX-
HOJIOTUYECKUM ITPOIIECCOM OUYHCTKH (pocopa OT opra-
HUKW U MbIIIbAKA B OINTHUMAJIbHBIX PEXHUMax, C IOIY-
YEHHEM BBICOKOKAYECTBEHHOTO MaJIOMBIIIBSIKOBUCTOTO
docdopa. [IpoBeneHHbIE UCCIEIOBAHUS AITOPUTMOB U
YX IPOMBIIIUICHHBIC UCIIBITAHUS TIOKA3aJIH, YTO MOCTAB-
JIeHHasI LieJIb Oblla JOCTUTHYTA.

B pesynbTate poBeieHHON paboThl ObLIN MOTYYEHBI
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CJICAYIOIINE PE3YJIbTAThI:

- CHHTE3WMPOBaHBI U MICCIIE/IOBaHbI MHTEJUIEKTYaJIbHBIE
MOJIETIH, ONMCHIBAIOIIME TTOBeJeHNe Iama U docdo-
Pa B OTCTOMHHKAX C MCIIOIB30BAHUEM TPEX TEXHOJIOTHH:
HEYETKUX ¥ HEMPOHEUYETKUX aJITOPUTMOB M HEWPOHHBIX
ceTell C MCHOJIb30BAaHWEM MOMYYEHHBIX B XOJE «MBIC-
JIEHHBIX» 9KCriepiMeHTOB 1D 1151 Tpex BXOIHBIX U Of1-
HOU BBIXOJHOW IEpEMEHHBIX: X | - TeMIeparypa pocgo-
pa (70°-80°C); X, - cooTHowmenue «uuiam: P,» (60%-
40%); X5 - TeMnepaTypa ropsdeii BoApl B pyOariky oT-
crorinuka (70°C-95°C); Y - IMTEIbHOCTh OTCTOS.

- MPOBEAECHbI UCCIICAOBAHNA BCEX TPEX MHTCIUICKTY-
aJIbHBIX Moneneﬁ yapasJIEHUA Ha UX aJEKBATHOCTD, KaK
OKa3aJIoCh HCﬁpO-HC‘IeTKMC MOJIEJIN IMTOKa3aJIu BLICOKYIO
TOYHOCTb U OIIMCBIBAIOT CbI/I3I/IKO-XI/IMI/I‘~ICCKI/IC 3aKOHO-
MEPHOCTHU Mponecca OTCTOA.

- TMIPOMBIIUICHHBIE WCIBITAaHUH HHTEIJUIEKTYaJIbHBIX
QITOPUTMOB TIOKA3aJIM TOJIOXKHUTEIbHBIC PE3yJIbTaThL:
yIETbHBIA BBIXOI TOTOBOHM MPOLYKIMH YBEIUUMICSA Ha
5%, a KauecTBO TOBAPHOTO XkeJToro pocopa yaydim-
Jock Ha 3%.

HpOBCHCHHbIC HCCIeJOBaHUA U IMTPOMBIIIJICHHBIE HUC-
MbITaHUS UHTEJUICKTYAJIbHBIX aJITOPUTMOB YIIPABJICHUSA
TMOKa3aJIu, YTO MPEIJIOKEHHBIE METOAbI MOKHO HUCIIOJIb-
30BaTh AJII CMHTE3a aHAJIOTUYHBIX aJITOPUTMOB YIIpaB-
JIEHUS TIOOBIMU TEXHOJIOTMYECKMH IponeccaMu.

Hcmounuxk punancuposanus: I panmosoe punan-
cuposarue MuHucmepcmeom HAYKU U Gbicuiezo oopa-
306anust no npoekmy HUPH AP19674691 «Paspatom-
Ka, uccnedoéamue U NpoMblUAeHHbIE UCNLIMAHUS Md-
memamu4eckux mooeneii U UHMeNNeKMYalbHbIX AN20-
PUMMO8 YNPAGAEHUSI NPOUECCAMU NPOU3BOOCMEa ¢hoc-

POPHOIL KUCAOMBL 8bICULE20 KAUECEA».
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LSTM MOJEJIIH KOJITAHA OTBIPA ®OTO9JIEKTPJIIK SJIEKTP
CTAHIMAJIAPBIHBIH SJIEKTP D9QHEPTUACBIH OHAIPY II KbICKA
MEP3IM/I BOJIZKAY
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Byn makana MammHaIBIK, OKBITY SHICTEpiH KOJNOaHA OTHIPHIM, allblK, KO3[IepIcH aJbIHFaH METEOPOIOTHSIIBIK,
MaJTiMeTTep Heri3iHzae (POTOIEKTPIIK SEKTP CTAHIMSIIAPBIHBIH IEKTP SHEPTUSACHIH OHAIPY/i 60JIKay MaceseciHe
apHaraH. Makasiaga yChbIHBUIFaH MOCEJIeHi HIelly YIIiH 6ap MeTeOpOIOrHsUIbIK, IepeKTep KO3/IepiHe 10Ny jKoHe
OJIapiIbl OHJEY/IiH BIKTUMAT S/IiCTepi, COHIAN-aK KYH SHEePrusiChiH OHIipyi Oip KyH OypbIH O0JiKay YIIiH Mallid-
HAJTBIK, OKBITY 9JIiICTEMECiHIH apXUTEeKTYpachl HeTi3iHae KypbUtFaH keHiaerired LSTM anroputmi OepinreH.

Tyiiin ce3aep: LSTM, ManmHaibK OKBITY 9icTepi, (POTOIEKTPIIK MEKTP CTAHIMSIIAPHI, KbICKA Mep3iM/Ii
6orxay.
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This article is devoted to the problem of forecasting electricity generation by photovoltaic power plants based
on meteorological data from open sources using machine learning methods. To solve the problem proposed in the
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Kipicne. KyH xepraeri ’xaHapThUIATBIH SHEPTUSHBIH
€H KyaTTbl Ke3i peTiHJe IUlaHeTaHbl Oip KyHIe ajam-
3aTTHIH KbUIIbIK SHEPrHsl TY THIHYBIHAH aCaThlH SHEPTH-
sIMEH KaMTaMachl3 eTe/li. DHEeprUusHbIH OYJI Ty pi 3JIeKTp
SHEPrUsIChIH OHIPYAEe FaHa eMeC, COHbIMEH KaTap Kbl-
JIBITY, TYPFBIH Y )KoHE OHIIPICTIK YH-KaiIapIIb Kapbl-
KTaH/bIPy, COHIAM-aK, CyAbl KbUIBITYAA KEHIHEH KOomaa-
HbLTa/IbI.

Opranbik A3usiiarbl €H ayKbIMJbl €1 OOJbI TaObl-
nateiH KazakcTaH KyH SHEPreTUKAChiH JaMBbITy YIITiH
alftapibIKTail oeyeTke ue. Enjie KyH HeprusichlH eH-
JipydiH KYTIETiH KesieMi XbUlblHa 2,5 Musutmapn KBT
/ car xeryi MyMKiH. OHBIH aymarbiHbH 70% - Fa Kybl-
FbI KYH IIIYaKTbl KyHJEp Kol OOJIaThlH aiiMakTap/a op-
HaJlacKaH/IbIFbIHA OaiinanbicThl Kazakcran KyH sHepru-
SICBIH THIMJIi TTafi/laflaHy/IblH, OapJiblK, aJIFbIIIapTTapbiHA
ve. Engin op Typni ailMakTapbIHOArbl KYH COYJIECiHIH
oprama KbUIAbK, y3aKkTeirbl 2800-meH 3000 caratka
Ieiin esrepeni, an KyH paauanuscbIHbIH KbUIIBIK, TYCi-
mi kem serenze 19%10'7 kkan kypaitasi [1].

ANN 1980 xputgan Gacrar 3epTTeyIiiep apachlH-
Ja TaHbIMan OOJJbl KoHEe OOJKayapl Koca ajFaH[a,
SpTYpIi cananapaa coTTi KonagaHeuiasl. Onap acipece
(poToanekTpITiK SHEpPrusHbBI OHAIPYAl OoyKayaa TUiM-
Ii, MyH/Ia OJlap METEOPOJIOTUSUIBIK, JIEPEeKTepi ecKe-
Py KaOiNeTiHiH apKachiHIa KOFaphl JOJIIIKTI KaMTama-
CHI3 eTefli. Byt mony KyH SHeprusiChiH O0IKay oficTe-
MeJiepi Typaibl KeH TYCiHIK Oepeli, oJiapablH opTyp-
JIi KaFjaiiapaa KOoJJIaHbUTybIHA Oaca Hazap aynapajpl
[2]. Makana caJia KaThICYIIIbLIAPbIHBIH ATbIH/A TYPFaH
KUBIHABIKTAPIB TATKBUTARIB KoHE OYJ (hOTOINMEKTp-
JIK CaJaHBIH TYHWBIK I[UKJIIHAEC WHHOBAIASIIAPIBI SHTi-
3y/iH Oonaiiak MYMKIiHAIKTEpiH OUIIipe/i Ier MaIiM-

nenni [3]. ®orosnexTpik SHEprusiHpl Oomkay Oacra-
MaJIapbHbIH OOJIalliaFbl Typajibl, dcipece TMOPUITI Ka-
CaH/Ibl HEHMPOHBIK, JKENiJiep MEH SBOJIOLUSUIBIK aJro-
PUTMAEPII KOJTJaHy apKbUIbl KOPBITHIHIBLIAP KacaJIIbl
[4]. Makanaga ZKDK-TeH 271eKTp SHEprusiChiH OHAipyai
Oo/mkay MOIETbAEpiHIH KYIITI KoHE oJICi3 JKaKTaphl,
MYMKIHAIKTepi MeH Kayinrtepi kepceriuiren [5]. Byu
Makajia KyH[Ii 0o/kay calachlHIAFbl 3epTTeyepiy 0a-
PBICHI TypaJibl KEH IIOJTy JKacal/Ibl KoHE TJIIKTI KakK-
capry VIIiH ins MafjalaHy kKoHe TMOPHITI MOIEIb-
Jepre KQXeTTUTIK CHSIKTBHI MaHBI3/Ibl aCTIeKTiTIepai Kep-
cerei [6]. Byn makanana KyH SHEprusichlH Ooika-
yIBIH 3aMaHayd TOCUIAEpiHe IOy kKacasapl, Oy Oet-
rini Gip opbiHFa coiikec Gokay MOJENIH TaHAQy Ka-
JKETTUTIriH kepcereai [7]. By wony Tasza sHeprus-
HbI Gackapy KyuesepiHiH 3aMaHayd KaKeTTiUTiKTepiHe
OarbITTaNFaH (POTOMEKTPIIK KyaTThl OOJDKAy Typasibl
KeH akmnapar Oepeni [8]. 3eprrey anemeHTTepi 6oyKa-
VABIH MaHBI3JbUIBIFBIH JKoHE (DOTONEKTPIIIK Kyienep-
JiH THiMAUIriHe acep eTeTiH (hakToprapasl KepceTeTiH
MaKaJIaHBIH Heri3ri acrekTiiepin Oinmipeni [9]. By
IIONTy SIEKTP SHEPreTUKACHIHAATHI OOJIKAY 9icTepi Ty-
paJibl KaH-kKaKThl TYCiHIK Oepe/li koHe HAKThI JKaraaii-
Jlap MeH TaJlanTapra CoWKec oMICTi TaHaayda KoJjja-
HbUTYBl MYMKiH [10]. Byn makana ke jxoHe TOJKbIH
SHEPreTHKAChl CAIACHIHAA TEPEH OKBITY/IBI KOJIIAHY/IBIH
OPTYPIIi acrieKTiIepiHe KyHewi IOy sKacalmbl KoHe
oJapIbIH SPTYPIIi KOJIaHOAIApIAFhl SJIEYeTiH KepceTe-
ai [11]. Byn 3eprrey KyH sHeprusicblH 60/mKkayapiH 3a-
MaHayH 9JiCTepiHe KeH IIOJy Kacailmpl, OyJI opTypii
TOCULAEPIH apThIKIIBUIBIKTAPhl MEH HIEKTEYJIEPiH TYCi-
Hyre MyMKiHIiK Oepeni [12]. Byn 3eprrey KyH snep-
TUSCHIH OOJDKay[IblH 3aMaHayd oficTepiHe KeH IOy
JKacam/Ipl, pPTY Pl TOCUTAEPAIH aPTHIKIIBUIBIKTAPEl MEH
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IIeKTeyJIepiH TyCiHyre MyMKiHOiK Oepemi [13]. Maka-
Ja Gokay omicTepiHe KaH-KAKThl LIOMYIbl YChIHAIBI
xkoHe LSTM xone RNN cuskTel 3aMaHayn MarmHa-
JIBIK, OKBITY 9iCTEpiH KOJJIaHYABIH ©3eKTLIiriH Kepce-
Teni [14]. Makaia KyH SHEprUACHIH €CKepe OTBIPHIII,
JIEKTP SHEPrHsIChl HApHIFBIHIAFbl ONEpALMsIIapAbl Jla-
MBITYFa 3epTTeyIepAiH KOCKAH YJIECIH aTall eTyre KoHe
OCBI CaslaJIaFbl KOCBIMIIIA 3€PTTEYJIEP MEH MPAKTUKAIBIK
KOCBIMIIIA/IapblH OAFBITTAPBIH KOPCETYre OarbITTaIFaH
[15]. ony raneiMaap MeH WHkeHepiepre Oenri 6ip
KOJIIaHy ClLIEHapUiiiHe COMKeC KeJETiHiH TaHJay YUIiH
KYH OeJCeHIUNITiH OOKayIpIH OpTYpii YITUIepiHiH
cUMaTTaMaliapelH Tajjay yInH akmnapar Oepeni [16].
Makanaga KaHapTHUIATBIH SHEPrysi Ke3[epiH MEKTp
9HEPreTHKAChl CEKTOPbIHA OipiKTipy KOHTEKCTiHIE JKeJ
MEH KYH SHEeprusIChIH O0JKay YILiH MallMHAIBIK OKBITY
(ML) omictepin KoigaHy Kapacteipsuiaasl [17]. 3ept-
Tey TepeH OKHITY yirinepi, acipece LSTM, kyH sHep-
TUsICHl MeH (DOTOJIEKTPIIK KyaTThl 1)l OoJkay YIIiH
NepCreKTUBAJIBIK IIelliM ekeHiH kepceteni [18]. 3ept-
Tey JOCTYPJi HEPrus pecypcrapblH KaMTaMachl3 eTy-
Jeri OeNrici3iK KaFIaiblHAA KaHAPTHUIATHIH SHEPIUsI-
Hbl NalJaNaHyablH HAKThl OOJKAMAAPbIH KaMTAMAaChI3
eTy MakcartbiHaa ML-miH opTypii TociigepiH, ocipe-
ce ANNs-Ti 3eprreyre OGarbiTTasiFad [19].Makana aB-
TOpJAphl 2JEKTP KeJiCiH AUcHeTdeprieydi OHTailaH-
JpIpy YIIIH KbICKa Mep3iMai Oosrkayra Hazap aynapa
OTBIPBIT, KYH (DOTOSNMEKTPIIK KYHECIHIH IIBIFBIC KY-
aTeiH OoJkay anroputMiepin kacanpl [20]. Makana-
Ja KYHWeHIH CeHIMAUIIri MeH XaHapThUIAThIH SHEPrus
Ke3JepiH OipiKTipy YIIiH O0/Kay AJIIIriHIH MaHbBI3IbI-
JILIFBIH KOPCETE OTHIPHIIN, MAIIMHAJIBIK, OKBITYFa OarbIT-
TaJIFaH KYH (POTOIEKTPIIK KyaThlH O0JIKAy olicTepiHe
oy kacanazael [21]. Makanaga MallMHaJIBbIK, OKBITY-
Il KOHE HEWpPOHMBIK, JKeMiTepaiH TYpJepiH maigana-
HY/JIbl JKapbIKTaHIBIPY apPKbUTBI (DOTOIEKTPIIIK XKYHEHIH
IBIFBIC KYaThIH JIaJ1 OOJDKAYIbIH MAHBI3ABUIBIFBI TATKbI-
nanazsl. llexkteynepni eHcepyaiH MaHBI3IBUIBIFEL KIHE
Kipic mapamMeTrpriepi MeH YaKBIT aKbIPaThIMJIbUIBIFbIHA
GaiiTaHbICThl OOJKAY THIMJIUTITIH Oaranay artan eTiie/i
[22]. Hlony KyH SHEPrusiCbiH OOJIKAYIbIH MAHBI3IbLIbI-
FBIH KOpceTefli JKoHe opTYypJli oAicTep/i, COHBIH illliH-
Jie CaHJIBIK, aya paiibl OOJKaMAAPbIH, MAITMHAJIBIK OKbI-
Ty QJITOPUTMJIEPIH KOHE THIM/II aHCAMOJIBIIK YIIriepi
Kapactbipanpl [23]. Makanaga Kpicka Mep3imjii Oomxka-
MFa XoHe OJIap/IbIH THIMALTIriHe Ha3ap ayjapa OThIpBII,
6oskay MojiesibiepiHe KeH IOy JKacai OTHIPBIN, KYH
MEH 3KeJl SHEePrHsACBIH HETri3ri JIeKTp XkeilepiHe CoT-
Ti OipiKTipy YIIiH OOMKAyObH MAaHBI3IBUIBIFBl Kapac-
THIpBUTATBI [24]. 3eprTey sHeprus KyhenepiHaeri Ke-

neJmeMai 00/Kay YIIiH TepeH OKBITYABIH jkaHa xkahaH-
JBIK, MOZIENbICPIHIH THIMIUIITT Typasbl IMIONYIB YCHI-
HaJIbl, OJIAPABIH KOJNAAHBUIYBl MEH ILeKTeylepiHe 6aca
Hazap aygapaipl [25]. ¥ChIHBUFAH 3epTTey HaKTHI Je-
peKTep/e ONap/bIH KOFaphl JOJIAINH JJIeIeUTIH KaHa
QicTepri KoJlaHa OTBIPBII, TYPFbIH YIIEpAeri 1eKTp
JKYKTeMeCiH OOJDKayIblH THIMAI MOIEbIepiH d3ipiei-
Ii [26].Maxkanaza ’acaH/Is HeHPOH/IBIK, JKeJIIepi maii-
JajaHyra Oaca Ha3ap aynapa OTBHIPBIN, KYH OesceH-
JTriH GomKay/IblH opTYpili Yrijiepi KapacThlpbulagpbl
JKOHE TaJIaHA/Ibl XKoOHE THMOPHATI JKoHE aJIIbIH ajia Jie-
peKTepal eHAEY apKbUIbl OJapiIbiH JOJIIrH Kakcap-
Ty omictepi ychHBUFaH [27]. Byn makamama 37ekTp
KYKTeMeciH Oojkay omicTepi MEH MOJE/bAepiHe IIo-
ay xkacanapl (ELF). EIf GomkaMbl DiekTp sHepreTuka-
ChI CAJIACBIH/IAFbI JIEKTP KyaTbIH )XOCTIapiay MeH JIEKTP
KyienepiH 6ackapyra acep €TeTiH Herisri mporiecc 60-
JIBITT TAOBUIABL. ABTOPJIAP YaKBIT eHOepi, Kipic, HOTH-
XKeJlep JKoHe IIBIFBIHAAP CHSKTH KPUTEPUIIepi ecKe-
pe OTHIPBIMN, IaMaMeH 45 FbUIBIMUA JKYMBICTBI Tajlga-
Jbl. Hotwxenep MopenpiepAiH KapanaibIMAbUIBIFBIHA
KapamacTaH, perpeccusuIbIK Tajlgay y3ak mMepsimui 6o-
JoKay YOIH THiMi OOnblll Kajia OepeTiHiH Kepcere-
ni. Kpicka mMep3imai Goypkamaap YIiH KacaHIbl HEw-
poHpIK ckerisiep (ANN), Tipek BEKTOPJBIK MalliHA-
Jap (SVM) xoHe aHbIK emMec JIOruKa CUsIKThl MarrmHa-
JIBIK, OKBITY MOJIeTIbIepiHe apTHIKIIBUILIK, Oepineni [28].
CTaTUCTHKATIBIK, 9licTepMeH cajbicThipranaa, ANN ne-
PEKTep apachiH/ia KYPIEi jKoHe ChI3BIKTHIK, eMec Oaii-
JlaHbIC Oap KarFJaniapaa KOJaibl )KoHe aJfIbiH ana 60-
JoKaMIapAbl KaxeT eTneiinl. Byn xkeminep DonmikTiH
JKOFaphl JIGHTEiH KaMTamachl3 eTeTiH (POTOINMEKTPIIiK
SHEPrusHbl GOJKay 3epTTeyJepiHae KeHiHeH KOJIaHbl-
nagsl [29].

QaicTep MeH Marepuajgap. ¥3aK Mep3imIi Kbi-
cka mep3imai xag (LSTM) - y3ak Mep3imai KaTbl-
HACTap/bl 3epTTeyre KabileTTi peKypCUBTI HEUPOHIBIK,
XKeJli apXUTEKTYpachiHbIH Oiperedt Typi. Bysn monenb-
ni asrart per 1997 xoutel 3enn Xoxpeitep meH FOp-
red [lIMunxyOep eHri3zi koHE YaKBIT ©Te Kejle KerTe-
TeH 3epTTeYIIIepAiH eHOSKTepi apKbUThI TaMbIIbI KOHE
taparsuiabl. LSTM kerntereH Mocenenepi menty Y
COTTI KOJIJaHbLIA/IBI JKoHe OYTiHrI KYHI KeITereH caa-
napaa OesiceH Il KOJIaHbLIA/IbL.

LSTM apxurektypacsl OipHelle Heri3ri KOMIIOHEHT-
TEpIEH TYPaIbl:

* ¥ambik kyii (Cell State): OyJ1 yakbIT oTe KeJle aKma-
parthl xkibeperin Herisri LSTM sxkanpl. On aknapart-
THI Y3aK YaKbIT CaKTail ajajpl ’KoHE aKMapaTThl KOCY
HeMece KOI0 MyMKiHlirine ue (/).
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cell state ¢, = fic,_q +i,9(Wopx, + Wophe 1 +b,) (1

¢ ¥wmuity kaknacel( Forget Gate): OyJ1 Kakma TOpIpiH aln-  Ky#iHzaeri opOip anemMeHT yiuiH O-meH 1-re nedinri
JBIHFBI KYHiHEH KaH/lall aKaparThl YMBITHII KeTy Ke-  MoHJi Oepeni. 0 MoHi TOJNBIK YMBITYAB! Oinaipeni, an
pekTirid memeai. On Kipicke aFbIMIarbl KipicTi koHe 1 MOHI aKMapaTTHIH TOJBIK, CAKTAIYBIH O1TIipesi.
AJJIBIHFBI XKACBIPBIH KYI/Ii KaObULIAN/IbI )KOHE YSIIBIK,

forget gate f, = S(Wy,xy + Wephy g + Wiee, q +by) 2)

¢ Kipy kaknacei(Input Gate): OyJ1 Kakna ysmbk Kyidine  ymis O-gen 1-re neftinri Monui 6epeni. O MoHi TONBIK
KaHJlail akmapar Kocy KepekTirin mermeni. On kipic-  enemeyni 6inipeni, ain 1 MoHi aknapaTThIH TOJNBIK KO-
K€ aFrbIMJIaFbl KipiCTi KOHE aIBIHFBI KACBIPBIH KYHII  ChUTYBIH OlTipe/ti.
KaObUTAM bl XKOHE Kacyla KyHiHjaeri opoip a1emMeHT

input gate i, = 0(W,,x; + W hy_ + W,.c,_1 +b,) 3)
e IIeiry kakmacel (Output Gate): Oyi Kakna ysiiblk, — opOip memeHT yiid O-geH 1-re aeitinri MoHai Oepeti.
KYHiHeH KaHJall aKIapaTThl IIbIFapy KepekTiriH me- O MoHi TOJBIK, eneMeyi Outnipeni, an 1 MoHi akmapar-
ei. O KipicKe aFbIMIAFBI KipiCTi JKOHE aJIIBIHFBI Ka-  THIH TOJBIK, IIBIFYBIH OUTIipeti.
CBIPBIH KYWAI KaObUIIAWABl jKoHE YSIIBIK KYWiHIeTi

output gate o, = 6(W ,x;, + W, ,hy_y + W,.c,+b,) )

Mym#na 6enrici ReLU Gencenaipy (pyHKIUSCHIH O11-  Aipy BeKTOpiaphl kepceriieni. W matpuiianapsl MeH b
aipeni. ’Kaipl GJIOTHI YIII 2JIEMEHTTEH Ty papl: Kipy KaK-  BEKTOPJIAaphl Kipy KakKmachl, HIBIFY KAKIAChl XOHE XKal
TIACHI, LIBIFY KAKIIACHI )KOHE YMBITY KaKIAachl. YIIl Kakra-  OJIOrbl apachlHIarsl OailaHbICTapabl KYpy YIIiH KoJa-
HBIH IIBIFYHI iy, O, f, , OCNTiIepiMEH KOpceTireH. Op-  HbUIAJBL.
6ip yALIBIK HeMece kaJbl OJIOrsl YIIiH ¢;, h, OeiceH-

Crt1 @
®
he1

1-cypet - LSTM apxuTeKkTypachl

136



LSTM xymbIc mporiecid Kenecijiei cunarrayra 6o-
Jajbl:

* LSTM «ipicine kipic Tiz0eri Oepinei.
e Jpbip pertimik 3mementi yimiH LSTM arbiMaarsi
KipICTi JKoHE aJIIBIHFbI )KACBIPBIH KYH[Ii KaObUTIAN bL.

» KaknamapasiH kemerived LSTM kaHpail akmaparTsl
YMBITY, KOCY ’KoHe YAIIBIK KYHiHEeH IIbiFapy KepeKTi-
TH Eel.

e LSTM uibifbIChl aFbIMIAFBI KACHIPBIH KYH MEH Y SIIBIK,
KYHiHEH Typajbl.

e LSTM 1mbifpic aKkmaparThl OoJDKay, KiKTey Hemece
6acka MarHaJIBIK, OKBITY TarichblpMasiap/ibl YIIiH Mai-
JaJTaHbUIa b

LSTM apxutekTypachl A9HeKTi JepeKTepaeri KbICKa,
y3aK Mep3imji OokayFa MYMKIHIIK Oepemi koHe Ta-
OUFH TJIII OHJIeY, COMIIeY Il TaHY KOHE MY3bIKAIIBIK, MO-
JeNbIey CUSKTHI calaiapAa COTTi KOJIaHbUIA b

l-cypeTTe YCHIHBUIBIT OTHIPFaH KecKiH Ty3eTireH
Co3bIkThIK Bitoktel (ReLLU) Gencennipy yHKimsina-
PbIH KaMTUTHH ¥3aK Mep3siMmai Keicka Mepsimai 7Kan
ysiubirbiHbH, (LSTM) e3reprisireH HycKachl OOJIbI Ta-
ObLIa bl

BJOKTarbl YII CHIBBIKTBI €MeC KaKIaHbIH Oipi-
KOOEHTy apKbUIbl aKTUBTEHJIIPY YSIIBIKTAPbl apKbUIbI
aKIMapaTTHIH illIKe XOHE CHIPTKA KO3FAJIBICHIH OacKapa-
ThIH KHUBIHTBIK, OJTOK. JKaJ| ySIIbIFbIHBIH KalTaTaHAThIH
GaliTaHBICBIHBIH 631 KipiC jKOHE HIBIFBIC YSIITBIK TAPIHBIH
KakrnanapbiHa KeOeWTijeai. EKiHIN kaFbIHAH, YMBITY
KaKIachl aJJILIHFBI KYW/Ii €Ki ece apTThipaasl (kaj ysi-

IIBIFBIHBIH KATalaHATBIH KOCBUIBIMBI) XKoHE OYPBIHFbI
KYWiHI3[i YMBITY HEMECe ecKe TYCipy YIIiH OeceHaipy
(pynkumsceH nainananans [30].

Byn feutbIME MaKasiaga KOJNJAHBUFAH aKrapar e-
Jep/TexHonorusiap OOMBIHIIA OPHATHIIFAH KYyaTTBUIBIK
JepeKTepi, kKeKe MEKTP CTAHLHIapsl (TYpaKThl XKoHE
JKaHAPTHUIATBIH) XKOHE YaKbIT CepHsUIaphl JepeKTepi 6ap
open Power System Data Terin niaat¢opMacblHaH ajbl-
HFaH.

Mpican peringe 2016 xburbl ['epmanusiia opHa-
JIACKAH KYH COyJIeci MaHeNIepiHeH OH i piIeTiH SHEePTUs
KyaThl TypaJibl aKlapar, COHbIMEH KaTap allblK Ke3/ep-
JIeH aJIbIHFAaH METEOPOJIOTUSAIBIK JEPEKTep KOIJaHbLI-
Jbl. Atan aTKaHzaa, 0i3 eKi JepeKTep KUbIHTHIFbIH KOJI-
JaHaMBbI3:

https://data.open—-power—-system—-data.
org/weather_data/2017-07-05 [31].

https://data.open—-power—-system-data.
org/time_series/ [32].

HoaTu:xesep koHe TajakpLiay. Temenne kepcerii-
reH OacTamkpl JepeKTep MapaMeTpiiepiHiH KeMeriMeH
KYH 3JIEKTP SHEPrUsCHIH OHJIPY KOPPENSAIUSACH 2-
cyperre kepceriireH. Cyperre KepceTulreHaeil KyH
SMEKTP SHEPrHUsICHIH OHAIPYAETi eH YIIKEeH KOppesus
temrieparypa 0,5, KyHHIH IIBIKKAHBIH KOPCETeTiH Oenri
0,6, yp-unnexc 1-re TeH.

Exi mozmenai KosngaHa OThIpa TXipuOe Kacaijibl,
SIFHU OapIIbIK, JiepeKTepMeH (5) jKoHe KOppPelsUsChl
JKOFaphl AepeKTepMeH(6).

MU S ILEIunmoy anasivs

Month

Time (CET)

DE_solar_generation_actual

a8

Time (CET)

-08

DE_solar_generation_actual -

2-cyper - Koppensius ko3¢ puIneHTTepiHiH MaTPHLIACHT
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T — Temmeparypa, °C;

S — KYHHIH IIBIKKaHBIH KepcerteTiH Oeiri (s = 1 —
KYH WBIKTHL, § = 0 — KYH IIBIKOabI);

SH — KYH IyaKThIFbIHBIH Y3bIH/IBIFBI, CaF;
uv —y-1HAEKC;

P — JKAaYbIH HIAIIbIH MGIH.HCpi, MM.

meteo = {uv, T,p,s,sH} (5)

meteo = {T, s,uv}

(6)

Mopeinb aybiTKynaapsia Tady yiniH RMSE (7), MAE
(8) sxone R? (9) KaTemiKTepi TaOBLIILL.

N

RMSE(:Z? 3:) —\ji]*Z(x/n:cnf (7)
n=1
N

MAE(x,x>——*Z x/n—xn‘ (8)
n=1

N 2
2 W)

S (e — <y>)2

Bepinren 1-kectege eki MOIENbIIH CaIbICTHIpMa-
7Bl Tanpaysl Oepinren. CamsicToipy yimiH Kommass-
nateiH Kepcetkimrep Oprama Keagpar Ty6ip Kareci
(RMSE), Oprama A6comorti Kate (MAE) xoHe aHbI-
kTay Koaurmenti (R?) Gombin Taduiamsl. Jpoip
MeTpHKa OipiHIIi JKoHe eKiHIII MOJeNb YIIiH e Kapac-
THIPBUIFaH.

Bipiami monenb 6oiibiHima RMSE 1034.02, MAE
519.66 xone R? 0.82 monzmepiH kepceremi, Oy 6o-
JOKaMIBIK, TOJIIKTIH KOFaphl JEHTediH koHe OoykaM
MEH HaKThl MOHJIEp apaChIHIaFbl OalIAHBICThI KOPCETE-
.

Kepicinme, ekiHmi mopesbae R? 0,58-meH ToMeH,
conbiMeH Katap RMSE 1568,81 xone MAE 669,05-Ti
kepceTiireH. Bys MoHzep ekiHIm MoaelbaiH 6omkaM-
bl IQJIITiHiH TOMEHIITiH KoHe OipiHII MOJeSIbMEH ca-
JIBICTHIPFaHa OOJKAM/IBI KOHE HAKTHI MOHJIED apachlH-
JIaFbl OAMIaHBICTHIH QJICI3ITiH KepceTei.

R?=1

€))

1-kecre - Mopens GOMbIHIIA ayBITKYIApIbl CAIIBICTBIPY KecTeci

Karemik ataysl | Monems AYBITKY HOTHXeECI
RMSE 1-momens | 1034,02

RMSE 2-momens | 1568,81

MAE 1-momens | 519,66

MAE 2-momens | 669,05

R? 1-momens | 0,82

R? 2-momens | 0,58

Pe3ynbTaTel NPOrHO3MPOBaHWA 3N1eKTpoCcTaHUMM 1 Mogesnb
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Bepinren 3-cyper xoHe 4-cyperre 2016 xbuiaby 21
KasaabiHaH 2016 KpUIIbIH 23 Ka3aHbIHA JEAiHT1 Ke3eH 11
KAMTHUTBIH YaKbIT Ke3eHiH/Ier eKi allHbIMaJIbIHbI OaKbl-
JIAWTBIH CBI3BIKTHIK AMarpamMma kepcetiired. "KyH MeH
yaKpIT” Jien OeNriJIeHreH X oci KYH MeH YaKbITThl Oij1-
Jipeni, OyJ1 iepeKkTep HYKTeJepi TOyJIKTiH 6enriii 6ip
YaKBIThIHA OAIAHBICTHI CBI3BUIFAH JIeT OOJDKAIb. "OH-
nipic kesnemi, MBT” nemn GenrijieHreH y oci MeraBarT-
nied (MBT) 351eKTp SHEprUsChH OHIIPY KeJIeMiH Kepce-
teqi. KepceTiireH KoK ChI3bIK, OOIKaM/IbI SJIEKTP SHEP-
TUSICBIH OHJIIPYi, aJl KbI3bLI ChI3BIK HAKTHI OHIIpIC Je-
pektepiH Outmipeni. BomkaMapl &oHE HAKTHI MOHJEP
apachIHIAFBl ©3apa dpeKeTTecyli OOoKaMIapIabiH AdJ-
JIiriH Oarasay )oHe JIeKTP SHEPrHsIChIH OHIIPY 3aH/IbI-
JIBIKTApbIH TaJIIAy YIIiH MaiganiaHnyFa Ooaaipl.

I'padukTepnen exi KOMABIH Aa TPEHATEPi MEH IIIbI-
HJIapbl YKcac eKeHMIri kepiHeai, Oyy Gomkay HaKThI
SHEPrus OHAIpyre KaKbH OOJIFaHABIFBIH KepceTeni. [le-
TeHMEH, ChI3bIKTAp ANIAKTAHTHIH Ke3eHnep Oap, Oyt
GOoJKAM/IbI XKOHE HAKTHI JIEPEKTEP APACHIH/IAFbI AlbIPMA-
HIBUTBIKTHL KOPCETE/I].

KopbIThiHABIL. Byt 3epTTey amblk, Ke3aepacH aiibl-
HFAaH METEOPOJIOTHSUTHIK, JIepeKTep HETi3iHAe SIeKTp
SHEPrUsChIH OHAIpYAi OOMkay MOCEeNeciH Mielry YImiH
LSTM MamuHamiblK, OKBITY OICIH KOJJaHa OTHIPHII
xkacaspl. POTOINEKTPIIIK SHEPrUsIHbI OHIIPY/i OoKay
aya-pailbIHBIH ©3repyiHe OTKip Ce31IMTAJIBIKTHI KOpCeT-
Ti. JKaHapTBUIATBIH SHEprusl Ke3[epiHAe Tapuxu KYH
SHEPrUsIChIH OHJIIpYre apHaiFaH OOKaMIAPIbIH [19J1-
JITiH apTTRIPYy YIIiH 9PTYPiIi METEOPOIOTHSIIBIK, MOJIi-
METTep JKUBIHTBIFbI KOJIaHbUIIbL. KOFaphl KOppesiy-
SUTBIK, METEOPOJIOTUSUTBIK, iepektepi 6ap LSTM moneni
OapibIK, METEOPOJOTHSUIBIK, JIEPEKTep KUBIHTHIFBIMEH
LSTM-pneH aceim TycTi. Atan adTKaHga, KOppessius-
JIBIK, METEOPOJIOTHsLIBIK, iepektepi Gap LSTM moneri
yuin RMSE 1034,02, MAE 519,66 xone R? 0,82%
Kypanbl. Bapiblk MEeTeopoJIOrHsIbIK, IepeKTep JKUbIH-
TeirbiMeH LSTM ymiin RMSE 1568,81, MAE 669,05
xone R2 0,58% Kypansl. Koppensuusiiblk MeTeoposio-
TAsUIBIK, Aepektepi 6ap LSTM moneriH KongaHy THiMAL,
Gipak jauipek Ookay YIIiH OKBITY AepeKTepi MeH clie-
HapUIJIEpiHiH CaHbIH KOOCHTY KaXeT.
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SRSTI 53.37.91 https://doi.org/10.58805/kazutb.v.1.22-309

PROCESSING OF COPPER ELECTROLYTE FOR ZINC-CONTAINING
PRODUCT

Kh.B.Omarov#*, A.Ivaray, A.Zh.Khamit
K.Kulazhanov named Kazakh University of Technology and Business,
Astana, Kazakhstan,

e-mail: homarov1963@mail.ru

Waste solutions from the electrolytic production of copper contain significant amounts of copper and nickel
sulfates, sulfuric acid, arsenic and other components of the copper electrolyte. The processing of such solutions is
considered in this work not only from the point of view of environmental protection, but also in terms of extracting
various valuable components from the electrolyte into commercial products. A thermodynamic analysis of the
interactions between barium and arsenic, as well as their compounds in the Ba(AsO,),-Ba;(AsO,),-H,O system
was carried out based on the E-pH diagram. The possibility of using barium compounds as a precipitant for
arsenic from copper electrorefining solutions has been demonstrated. The efficiency of removing arsenic (more
than 84%) from the electrolyte using barium oxide in the form of sparingly soluble barium arsenate has been
established. By adding calculated amounts of zinc oxide into the working solution, it is possible to form solutions
containing certain concentrations of Cu, Ni, and Zn. By further adding zinc oxide into the solution, its deep
dehydration was achieved. The resulting copper-nickel-zinc and nickel-zinc solutions are the raw material for
producing non-ferrous metal alloys using the electromembrane method.

Key words: copper electrolyte, E-pH diagram, arsenic, barium oxide, barium arsenate, depuration, zinc oxide,
copper, nickel, zinc, membrane electrolysis, alloys

K¥PAMbBIH/IA MBIPBIIII AP OHIM YHIIH MBIC 9JIEKTPOJIUTIH OH/IEY
X.b. Omapos*, A. UBapaii, A.7K. XamuTt
K.KynaxanoB arsigarel Kazak TeXHONIOTHS jkoHE OM3HEC YHUBEPCUTETI,
Acrana, Kazakcran,

e-mail: homarov1963 @mail.ru

MBICTBIH /IEKTPOIUTTIK OHIIPICIHIH KAJIAbIK epiTIHAIEPiHIH KYPaMbIHIA, MBIC I1I€H HUKEb CYJIb(aTTapblHbIH,
KYKIPT KBIIIKBUIBIHBIH, MBILIBSIKTHIH XKOHE MBIC JIEKTPOIHTIHIH 6aCKa KOMIIOHEHTTepiHiH, MeJiiepi 6ap. MyHpaii
epiTinaiiepai enaey Oyl KYMbICTa KOPIIAFaH OPTaHbl KOPFay TYPFBICHIHAH FaHa eMec, COHbIMEH KaTap 3JIeKTpO-
JIUTTEH 9PTYPJIi KYHIbl KOMIIOHEHTTEP/Ii TayapiIbIK OHIMIe aly Ty PFBICHIHAH KapacTelpbliaasl. E-pH nuarpammacst
HeriziHge Oapuil MeH MbIIBAKTBIH, COHAAN-aK, onapabH Ba(AsO,),-Ba;(AsO,),-H,O xyiiecingeri KochubCTa-
PBIHBIH ©3apa 9peKeTTECYiHe TEPMOAMHAMUKAJIBIK, TAJIAY KYPri3iiti. MBICTHI 5ieKTpopaduHepey epiTiHaiiepi-
HEH MBIIIbSK YIIiH TYHIBIPFHIN peTiHae Oapuii KOCBUTHICTAPHIH KOMIaHy MYMKIHAIr KepceeTinmi. bapuil okcunin
KOJIJIAaHY apKbUTbI JIEKTPOIUTTEH MbIIIBSIKTHI (84 %-/1aH actam) a3 epuTiH Oapuii apceHaThl Ty piH/Ie MIbIFapy THiM-
Jitiri aHeIK TasTab!. JKyMBIC epiTiHiCiHE MBIPBIIT OKCHIIHIH eCenTeNTeH MeJIepiH eHri3y apkbuibl, Cu, Ni skoHe Zn
OeNriTi KOHIIEHTpaIUsIaphl Oap epiTiHaiIep Ty3yre 001aabl. MBIPBIII OKCUIIH €PiTiHIIre OlaH 9pi eHri3y apKbLIbI
OHBIH TEPEH MBICCHI3/IaHYbIHA KOJI KE€TKi31J11. AJIBIHFAaH MbIC-HUKEJIb-MbIPBIILI 3K9HE HUKEJIb-MBIPBILI €piTiHALIEp],
3NEKTPOMEMOPAHAITBIK, 9JIICTICH TYCTi MeTaliap KOPHITIIAIAPBIH ATy YIIiH, ITAKi3aT OOJIBIT TaObLIAIHI.

Tyiiin ce3aep: Mbic anexTponnti, E-pH nquarpaMmacet, MbIIbsIK, 6apuii Okcuzi, 6apuil apceHaThl, MbICCHI31aH-
JBIPY, MBIPBIII OKCH/Ii, MBIC, HUKEJIb, MBIPBIII, MEMOpaHAJIbIK, EKTPOIN3, KOPBITIAJIAP

MEPEPABOKA MEJTHOTO SJIEKTPOJIATA HA IIMTHKCO AEP K AT
MPOJVKT
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OTpaboTaHHble PACTBOPHI NMEKTPOIUTUUECKOTO MOTYyYSHHsI MEIM CONEPKAT 3HAUMTEIIbHbIE KOJIUYECTBa CYJlb-
(haToB MenM M HUKEJIs, CEPHOM KHCIIOTHI, MBIIIbsSIKA U Ipyrue KOMIOHEHTHI MeJJHOTo anekTponura. [lepepaboTka
TaKWX PacTBOPOB PacCMAaTpUBACTCS B JIAHHOW padoTe He TOJBKO C TOYKM 3PEHUSI OXPaHbl OKPYXKAIOMEH CPejbl,
HO U B IUIaHE U3BJIEUCHUS U3 JEKTPOJIUTA PA3IUYHBIX [IEHHBIX KOMIIOHEHTOB B TOBAPHYIO MpoayKuio. [IpoBenex
TEPMOANHAMHYECKHI aHAIN3 B3aMMOIEICTBHI Oapysl M MbIIIbsIKA, 4 TAKXKE UX COelMHeHui B cucteMe Ba(AsO,),-
Ba;(AsO,),-H,O Ha ocHoBe muarpammsl E-pH. ITokazaHa BO3MOXHOCTh HMCHOJIB30BAHUS COSIUHEHUI Oapus B
KaueCTBE OCAJMTEIIsI MbILIbsIKA U3 PACTBOPOB 1eKTpopahHIUPOBAHMS M. YcTaHOBIeHa 3(h(PEeKTHBHOCTD BbI-
BOJa MbIbsika (Oosee 84%) U3 NMEKTPOIUTA OKCUAOM Oapus B (hopMe TPYJHOPACTBOPUMOTrO apceHaTa Oapus.
BBeeHreM pacyeTHBIX KOJIMYECTB OKCH/IA IIMHKA B pabOvMii pacTBOP BO3MOXHO (POPMHUPOBAHKE PACTBOPOB, CO-
Jepxaniux ornpeseneHasie koneHtparmu Cu, Ni, Zn. [lanbHeiIiM BBeIeHUEM B pACTBOP OKCHJIA IIMHKA JOCTHUT-
HYTO ero riybokoe obe3mexuBaHue. OOpa3yoIyecs MeIHO-HUKEIb-IIMHKOBbIE M HUKENIb-IMHKOBBIE PacTBOPHI

SABJIAIOTCA ChIPLEM IS TIOJTYUYEHHA CIJIaBOB LIBETHBIX METAJIJIOB 9HeKTpOMCM6paHHI)IM CIOCOOOM.

KuroueBble cioBa: MeqHBIN TEKTPOIUT, quarpamma E-pH, MbImbsk, okeua 6apusi, apceHaT 6apusi, ooe3me-
JKUBaHKE, OKCHJI IIMHKA, MeJlb, HUKeJIb, IINHK, MEMOPAHHBIN 3JIEKTPOIU3, CILJIABI.

Introduction. Processing of copper electrolytic
refining solutions includes operations such as
neutralization and separation of components. At the
separation stage, membrane processes can be used
with great efficiency. Developed by scientists of the
Chemical-Metallurgical Institute (Karaganda), the
electromembrane technology for processing copper
electrolyte to produce Cu-Ni, Cu-Ni-Zn, Ni-Zn alloys
[1] is characterized by high efficiency at electrolyte
acidities in the pH range of 0,9-2,0.

However, copper-nickel solutions supplied for
processing require preliminary preparation for
membrane electrolysis. This is due to the content
of sulfuric acid (50-110 kg/m3) and arsenic (7,0-
10,0 kg/m?) in the electrolyte. Therefore, this work
describes the possibility of purifying a copper
electrolyte from arsenic with barium compounds and its
further neutralization with zinc oxide to obtain copper-,
nickel-, and zinc-containing solutions.

In works [2-4], the physicochemical patterns of the
behavior of arsenic and barium in redox and exchange
reactions in an aqueous environment were studied.
The data obtained are of theoretical and practical
interest both for the targeted synthesis of compounds
and for physicochemical modeling of the processes of
removing arsenic from the production cycle of non-
ferrous metals.

Materials and methods. The method using E and

pH as characteristic variables allows one to construct
stability diagrams of minerals when describing

reactions involving solids and dissolved components
[5, 6]. With its help, the thermodynamically probable
behavior of chemical elements and their compounds,
including minerals in contact with aqueous solutions,
is assessed, the potential and pH limits within which a
given element compound must be stable are established,
and the chemical nature of oxidation products is
revealed. To construct the E-pH diagrams of the
Ba(AsO,),-Ba;(AsO,),-H,O system, thermodynamic
data were used [7, 8].

Experiments on the deposition of arsenic from a
copper electrolyte were carried out in a thermostated
cell with a capacity of 150 cm?®, equipped with
a mechanical stirrer. A sample of barium oxide,
taken in the required quantity, was added into a
copper electrolyte solution at a given temperature.
The experimental temperature was maintained with an
accuracy of +2°C. The deposition process was carried
out with continuous stirring. After a given time, the
solid phase was separated by filtration, and the residual
arsenic content in the filtrate was determined.

Studies on the precipitation of arsenic by barium
oxide were carried out taking into account the following
factors: Ba:As (x;) (1,45:1; 2,9:1; 4,35:1; 5,8:1);
temperature, °C (x,) (25, 40, 55, 70); concentration
of sulfuric acid, g/l (x3) (80, 100, 120, 140); duration,
min. (x4) (15, 30, 45, 60) and the dosage ratio of the
precipitant (xs) (1, 2, 3, 4).

Neutralization and deep dehydration of the working
solution were carried out in a thermostated cell with a
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capacity of 150 cm?, equipped with a mechanical stirrer
at 70°C for 1 hour by adding calculated amounts of zinc
oxide.

Results and discussion. Based on the E-pH diagram
(Figure 1), a thermodynamic analysis of the interactions
of barium and arsenic, as well as their compounds in the
Ba(AsO,),-Ba;(AsO,),-H,O system, was carried out.
In accordance with Figure 1 and Table 1, the stability
area of water in the diagram is limited by lines 1 and 2.
The diagram also shows the stability fields of arsenic,
barium and their compounds. Metal barium, arsine,
Ba2* jon, barium arsenite (Ba(AsO,),) are stable in the
reducing region, and Ba?* ion and Ba(AsO,), occupy
a wide range of existence and are also stable in the
aqueous and oxidizing regions.

The transition of metal barium to Ba>* ion occurs at
a potential equal to -2,87V (line 3) and is consistent
with reference data (-2,91V) [9]. In the region of the
existence of hydrogen, along line 15, arsine interacts
with the Ba?* ion to form barium arsenite Ba(AsO,),,
which at higher potential values along line 11 is
oxidized to arsenate Ba;(AsO,),. It should be noted
that barium arsenite is stable in both acidic and alkaline

media, while the formation of barium arsenate begins
at pH=8 and it is stable only in alkaline media.

At positive potential values, barium arsenate
decomposes into arsenic acid derivatives: HAsO,>
(line 8), AsO,* (line 9) and barium peroxide - BaO,.

In the oxidation region, barium arsenite decomposes
into Ba®* ion, arsenic acid H;AsO, (line 14) and its
ionic forms H,AsO, (line 13), HAsO,?" (line 12).

Thus, among arsenic compounds, arsenic acid and
its derivatives are stable in the oxidative region. The
transition of H;AsO, to H,AsO,  occurs at pH=2,2;
H,AsO,” in HAsO,* at pH=7,0; HAsO,” to AsO,>" at
pH=11,54. Of the barium compounds, BaO, and Ba**
ion are stable in this region.

In the reducing region, the following are stable:
AsH;, Ba?* ion and barium metal.

It should be emphasized that arsenite and barium
arsenate occupy a wide range of existence: barium
arsenite is stable in the reducing, aqueous and oxidizing
regions, and barium arsenate in the aqueous and
oxidizing regions. The data obtained became the basis
for the use of barium compounds as a precipitant for
arsenic from copper electrorefining solutions.

E,B
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Ba'

0.5

-0,5
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| I )
|
H;AsO, 5{11\504\(9 Bao, !
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TR b @)
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Figure 1 - E-pH diagram of the Ba(AsO,),-Ba;(AsO,),-H,0 system
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At the first stage, studies of the processes of arsenic
deposition from a copper electrolyte were carried
out using mathematical experimental design, using a
five-factor design at four levels. The results of the
experiments are presented in Table 2.

The data obtained made it possible to develop a
method [10] for the selective purification of copper
electrolyte from arsenic with barium compounds,
which are added into the initial electrolyte at a mass
ratio of barium to arsenic equal to 1,45:1 and deposition
is carried out at a temperature of 70°C for 1 hour. The
method makes it possible to reduce the duration of the
deposition process and remove arsenic in the form of
easily filtered and poorly soluble compounds that meet
environmental safety requirements during storage or
disposal.

After separation of the arsenic-containing sediment,
the working solution has the following average
composition (g/l): Cu - 4,4; Ni - 24.6; Zn - 20,36;
H,SO, - 72,8; As - 0,15. From such a solution, using
known methods, it is possible to obtain various Cu-
Ni-Zn alloys, which in metallurgy are called nickel
silver. In their composition, metals vary within the
following limits: Cu - 20-82%; Ni - 5-35%; Zn - 13-
45%. The technological scheme for producing Cu-Ni-
Zn is presented in Figure 2.

Then the working solution enters the processing
stage. By addding calculated amounts of zinc oxide
into the electrolyte, it is possible to form solutions
containing certain concentrations of Cu, Ni, Zn (Table
3).

Table 1 - Reaction equations and calculated equations of interphase transitions of barium and arsenic
compounds for the Ba(AsO,),-Ba;(AsO,),-H,0 system

Ne | Chemical reaction equation

Electrode reaction equation

I | 20,0, = Oy, T 4H, + 4e E=1,23—0,050pH; with P, = Lamm.

2| Hy, = 2H;, + 2 E = —0,050/21g P, —0,050pH; with Py, = 1
arMm.

3 Ba< )= Bafg + 2 E = —2,84+0,02951g[Ba’"]

4 | Ba% +2H,0y, = BaOy, + 4H, + 2 E = 2,35 —0,02951g[Ba®*] — 0, 118pH

5 | H3AsOy H2A304 + H(+) Ig[H,AsO ]/ 1g|H;AsO,| = 2,2—pH; pH =
2.2

6 | HyAsOy, HASO )+ H(+> 1g[H AsO77]/1g[HyAsO,] = 7,0 — pH;pH =

7,0

7 | HAsOZ, = AsO5, + H;,

e[ AsO7 [/ Ig[HAOT | =
pH; pH=11,54

11,54 —

8 | Bag(As0,)y, + 6H,0; = 3BaO, + | E=2,46—0,01971g[AsO | —0,118pH
2AsO )t 12H(l> + 6e

9 Ba3(AsO4) + 6H,04 = 3BaO, + | E=2,24—10,01971g[HAsOF | —0,098pH
2HASO + 10H T Ge

10 2HAsO +3Bafj Bag(AsOy)y) +2H), | 31g[Ba®'] - 21g[HAsOf] = -—11,15 —

2pH; pH=2§,1

11 [ 3Ba(AsO,)y () + 12H,0 ;) = Bag(AsO,)y, + | E =1,93+0,01961g[AsO | — 0, 118pH
44503, +24H(l> +12e

12 Ba(ASOQ) oF4H,0) = Balj +2HAsO%  + | E = 1,65 + 0,02951g[HAsO3 | +
6H+l + 4e 0,01471g[Ba?*] — 0, 0885pH

2H3As0, ) + 2hy),) + e

13 | Ba(AsOy)y,) + 4H,Oy = Bay, + | E = 1,45 + 0,02951g[HAsO;] +
2H,AsO; + 4H( [ T de 0,01471g[Ba*"] + 0,059pH
14 Ba(ASOQ) « + 4H,0p = Bag +|E = 1,38 + 0,02951g[H;As0,] +

0,0147Ig[Ba2*] + 0, 0295p H
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U]

14H},

15 Ba2+ + 2A8H3(g) + 4H20(1) = Ba<A802)2(s)

[ E=—0,27—0,00491g[Ba®"] — 0, 069pH

Table 2 - Partial dependences of the degree of arsenic precipitation by barium oxide in solutions on the studied

factors
Function I;actor le;els 3 T Average value
1 2 3 4 5 6
exp. 84,16 | 85,27 | 84,49 | 83,97 | 84,47
@ (D) | AS 8437 | 84,70 | 84,63 | 83.87 | 8441
0 (x2) | As exp. 79,36 | 84,61 | 84,04 | 89,88 | 84,47
teohr. | 79,74 | 82,89 | 86,04 | 89,19 | 84,46
@ (3) | As exp. 88,53 | 80,91 | 85,95 | 82,48 | 84,47
teohr. | 86,72 | 85,07 | 83,87 | 82,67 | 84,47
@ (xd) | As exp. 82,31 | 85,19 | 84,49 | 85,88 | 84,47
teohr. | 82,76 | 84,26 | 85,15 | 85,79 | 84,49
@ (x5) | As exp. 84,03 | 78,73 | 86,12 | 89,00 | 84,47
teohr. | 83,40 | 80,46 | 82,86 | 90,60 | 84,33
To obtain a Ni-, Zn-containing solution, the displaced with an increase in zinc concentration.

possibility of deep depuration of the electrolyte was
investigated by adding calculated amounts of zinc oxide
into the solution at 70°C and a time of 1 hour. Figure
3 shows the dependence of the degree of defoliation
on the Cu:Zn ratio. In the process of neutralizing
sulfuric acid with zinc-containing waste, copper is

Copper precipitates in the form of basic copper
sulfates Cu(OH),*CuSO,. The possibility of deep
decontamination of copper electrolyte using zinc oxide
and obtaining a solution containing mainly Ni and Zn
has been established.

Spent copper electrolyte

BaO, ZnO

—

y
Arsenic precipitation
and neutralization

v
Arsenic withdrawal

v

v

Preparation of Cu-Ni-Zn
alloy (membrane
electrolysis)

Neutralization and

dehydration

Copper

product

Nickel salts, obtaining-Ni-Zn alloy
(membrane electrolysis)

Figure 2 - Technological diagram for the production of Cu-Ni-Zn and Ni-Zn alloys during the processing of
copper electrolyte
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Table 3 - Composition of the electrolyte after treating it with the calculated amount of zinc oxide

No The initial composition of the | Amount of | Electrolyte composition, after treatment, g/l

"~ | electrolyte, g/1 zinc oxide
Cu | Ni H2S04 | As Cu Ni H2S04 | As Zn

1 1,8 | 46,5 | 24,7 70,5 | 0,15 22,8
2 36 | 244 24 40,1 | 0,09 37
31517 | 248 104,7 35 4,4 0,7 | 23,6 20,4 | 0,05 50,1
4 5,6 | 0,01 | 23,3 | - 0,01 55,2
5 6,8 | 0,006 | 18,3 | - 0,01 55,7

Decontamination must be carried out to a copper
concentration of 0,1 g/l, since when lower copper
concentrations are reached, significant amounts of

resulting solution containing nickel and zinc can be
processed using the electromembrane method to isolate
the Ni-Zn alloy (Figure 2).

nickel and zinc are carried into the sediment. The

mol/l |

0.8 1

0,6

0,4

0,2

Cu:zn'
Figure 3 - Dependence of metal deposition on the Cu:Zn ratio

(1-copper, 2-nickel, 3-zinc)

Conclusions. Thus, after cleaning the copper
electrolyte from arsenic with barium oxide, the
possibility of using zinc oxide to neutralize it, or
deep decontamination, has been established. The most
optimal conditions for the formation of copper-nickel-

zinc and nickel-zinc solutions have been selected.
A technological scheme has been proposed for the
production of non-ferrous metal alloys of different
compositions from these solutions by membrane
electrolysis.
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IMOJIYYEHME U OIIEHKA TEMOJIUTHYECKOM AKTUBHOCTH
KOMITO3UTOB HA OCHOBE IIPUPO/THOT'O TUATOMUTA U KAPBAMU /|
COJEPKAHIEI'O TrETEPOIIMK/IMYECKOI'O COEIMHEHUA

A.A. Baku6aes”, C.1. Top6un, B.C. Masbkos, A.D. YxoB, A.A. I'ybankos, [I.A. MypyHTaeB
HaumonanbHblil nccnenoBarenbckuil TOMCKUI rocylapCcTBeHHBIN yHUBEpCUTET, ToMcK, Poccus,

e-mail: bakibaev@mail.ru

B HacrosiineM uccie[oOBaHUH BIIEpBbIe pa3paboTaHbl HOBbIE KOMITO3UITHOHHBIE MATEPUAJIbI HA OCHOBE IIOPUCTOTO
HEOPraHMYECKOrO COeJMHEHUsI — IMATOMUTA ITyTeM MOAU(HUKAIIMU UETO MOBEPXHOCTU MEPCIIEKTUBHBIM MaK POMO-
JIEKYISIPHBIM coeiuHeHneM — 6aMOyc [6] ypuiiom. Mateprasisl ObUTH MOy Y€HBI TyTeM HAHECEHH S HA TIOBEPXHOCTh
auaromuTa 6amOyc [6] ypuia, HaXoAsIIerocsi B Bujie AUCIIEPCHU B Bojie. Marepuasibl OXapakTepru30BaHsbl C MO~
morpio MK-criekrpockornnu 1 COM, 111 HUX OIpeiesieH TeMOTUTHYecKiiA 3(pdeKT. PesynpraTsl oKa3aiu, 4To
MartepHabl, cofepikaiue 6aMOyc [6] ypr1 Ha MOBEPXHOCTH HE MPOSIBISIOT COOCTBEHHBIX aHTUOAKTEPUAIBHBIX
TeMOJIUTUIECKUX 3(PPEKTOB, UTO JaeT HaJeKHYI0 OCHOBY JUISl MX WCIIONH30BAaHUS B KaueCTBe OMOCOBMECTUMBIX
MarepuasioB. [ToyueHHbIe pe3y/IbTaThl SBIISIOTCS MHOIOOOEHIANIEN aJIbTEPHATUBOM 151 CO3/IaHUST YCTOMYMBBIX
1 3(pPeKTUBHBIX GHOKOMITOZUTOB, MO3BONISIIONINX B MEPCIIEKTHBE PEaM30BaTh CYIPAMOJIEKY/ISIPHbIE CTPATETHH C
y4YacTUEM B MOJOOHBIX MPOLIECCaX MHKAICYIMPOBAHHBIX OaMOyCypHIIOB.

KuroueBsle cioBa: bamoOyc [6] yprt, 1uatoMuT, GHOCOBMECTHMBIE MaTepHAaIbl, TeMOTUTHYECKUN 3(PeKT.

TABATU TUATOMUT KIOHE KYPAMbBIH/IA TETEPOLHUKJIJI KOCBIJIBIC
BAP MOYEBUHA HEI'IBIHAEI'T KOMIIO3UTTEPIIH 'EMOJINTTBIK

BEKEH/ILJIITTH JIAVIBIHJIAY sKOHE BAFAJIAY
A.A. Baku6aes”, C.1. Top6un, B.C. Manbkos, A.D. Yxos, A.A. I'y6ankos, JI.A. MypyHTaes
¥ nrThIK 3epTTey TOMCK MeMJIeKeTTiK yHuBepcuteti, ToMmck, Peceid,

e-mail: bakibaev@mail.ru

By 3eprreyne keyekTi OeropraHuKalIbIK, KOChUIBIC, JMATOMUT HETi3iH/er )kaHa KOMITO3UIIMSIIBIK MaTepraiiap
aJIFalll peT OHbIH OETiH MepCIeKTHBAIbI MAaK POMOJIEKYJISPIIBIK, KOCBUIBIC, 0aMOYK [6] ypuiIMeH e3repTy apKbUIbl kKa-
cayiel. Matepuannap cyaa qucrepcus TypiHae 0onateiH 6amOyc [6 | ypuil IuatoMUTTepiH OeTiHe Kary apKbUIbl
anbiHabl. Matepuangap UK-cnekrpockonus xone SEM kemeriMeH cunatTasibl kaHe OJapAblH reMOJUTUKAIIBIK
ocepi anbIkTaIAbl. HoTmkenep Gerinme 6amOyc [6] ypun Gap matepuaiiap e3/epiHiH OakTepusira Kapchl jKoHe
TEMOJIUTHUKAIIBIK, SCepiIepiH KOPCETIIeNTiHIH KOpCeTTi, OyJI oap/sl OuoyiieciMIi MaTepuaniap petiHie naiia-
JlaHy YIIiH CeHiM/i Heri3 Oepejti. AJbIHFAH HOTHIKENEP TYPAKThI )KoHE THIMI OMOKOMITO3UTTEPl KYPY/IbIH Iep-
CIIeKTUBTI Oasiamachl GoJbin TabblIaabl. bosamakra ockiHIal MMpolecTepre MHKANCYIMpIIeHreH 6amOycy priLiepai
KaMTHUTBIH CYIIPaMOJIEKYJIaJIbIK, CTPATEr sUIap/bl JKy3ere acblpyra MyMKIH/IK Oepei.

Tyiiin ce3aep: bamoOyc [6] ypui, quaromut, 6uoyiiaeciMai MaTepraniap, FeMOJIUTUKABIK, Scep.

PREPARATION AND EVALUATION OF HEMOLYTIC ACTIVITY OF
COMPOSITES BASED ON NATURAL DIATOMITE AND UREA CONTAINING
HETEROCYCLIC COMPOUND

A.A.Bakibaev*, S.I.Gorbin, V.S.Malkov, A.E.Ukhov, A.A.Gubankov, D.A.Muruntaev
National Research Tomsk State University, Tomsk, Russia,

e-mail: bakibaev@mail.ru

In this study, new composite materials based on a porous inorganic compound - diatomite - were developed
for the first time by modifying its surface with a promising macromolecular compound — bamboo [6] uril. The
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materials were obtained by applying bambus [6] uril diatomite, which is in the form of a dispersion in water, to
the surface. The materials were characterized using IR spectroscopy and SEM, and their hemolytic effect was
determined. The results showed that materials containing bambus [6] uril on the surface did not exhibit their own
antibacterial and hemolytic effects, which provides a reliable basis for their use as biocompatible materials. The
results obtained are a promising alternative for the creation of stable and effective biocomposites, allowing in the
future to implement supramolecular strategies involving encapsulated bambusurils in such processes.

Key words: Bambus [6] uril, diatomite, biocompatible materials, hemolytic effect.

BBegenue. B coBpeMeHHOI1 3110Xe MEPCOHATU3UPO-
BaHHOW MEAMLIMHBI CYIIECTBYET MOTPEOGHOCTh B pa3pa-
6OTKe MaTepuasoB JJisi UMILUIAHTATOB, KOTOpast Tpedy-
€T HaXOXJEHHs ONTUMAJIBHBIX KOMIIPOMMCCOB B OTHO-
LIEHUY MHOXECTBA XapAKTEPUCTUK. DTU XapaKTePUCTH-
KM BKJIIOYAIOT COCTaB, (pOpMy, CTPYKTYpY, MEXaHHUe-
CKHe CBOWCTBA, OMOCOBMECTHMOCTb, a TaKXe CII0CO0-
HOCTb CTHMYJIUPOBATh POCT COCYIOB MIIM KOCTeH U 00-
JajiaTh AaHTUMHUKPOOHOH aKTHUBHOCTBIO. B ciiyyae um-
IUIAHTaTOB MJIM MATEpPUAJIOB JUIS JIeYEHUs paH BCe ITU
CBOICTBa OIPENENSIIOT CIOCOOHOCTh MaTephasa B3au-
MOJIEUCTBOBATD C OKPYKAIOIIEH ero TKaHblo. bruoakTis-
HbIE MaTepuasbl MOTYT CTy)KUTh OCHOBOH /ISl POCTa HO-
BOM TKaHwu [1].

C Opyroil CTOpOHBI, MaTepuas, KOHTaKTUPYIOIHMA C
BHYTPEHHEl CpeIor OpraHu3Ma, JOJKeH ObITh KaK MOXK-
HO MeHee TOKCHMYHBIM JUIsl KJIETOK M TKaHed. OpHa-
KO, MHOTHE BellecTBa, 00Najaloliie BHICOKUMH aHTH-
GaKTepHaIbHBIMU CBOWCTBAMH, 3a4acTyI0 JOCTaTOYHO
TOKCHYHBI, YTO OINpeJessieT UX HU3KYI0 GMOCOBMECTH-
MOCTb, KOTOpasi B CBOIO OYEpelb OTPaXKaeT XapaKTep
Y CTelleHb B3aMMOJICHCTBIS MexX/ly OMoMatepuaiaMu U
TKAHAMM XO3IMHA U SIBJSETCS OJHOW M3 BaKHEHIIMX
po0JieM B MCCIIeIOBaHMSIX OroMatepuaioB [2-4]. Bro-
COBMECTHMOCTb OIpefeNsieTcs Kak MMMYHHOE OTTOp-
JKEHHUE WIN BOCTIAJINTENIbHAS PEaKLs OKPYKAIOIMX CH-
CTeM TKaHel Ha MPHUCYTCTBHE NHOPOIHOIO Tejla B Opra-
HU3MeE.

TTOCKOJIBKY KO BCEM OMOMEIUITMHCKMM YCTPOHCTBAM
Hpeﬂ'])HBIlH}OTCH ‘lpC3BbI‘la.[‘/JlHO BBICOKUE KJIIMHUYECCKUEC
TpeGOBaHus, MEpPel UMILIAHTALMER B OPraHU3M YeJIOBe-
Ka TpeOyeTcst TIIATEBHBINA MPOoIece MOTU(UKAIIMH 1O~
BEPXHOCTH ISl TIOBBIIIIEHUsT GHOcoBMecTUMOCTH. Tlo-
3TOMY, CO3[aHHE MATEPHAJIOB, KOTOPbIE OyIyT OTHOBpE-
MEHHO OMOCOBMECTUMBIMH U ITPU STOM 00JIaaTh CIIeIU-
(pryeckoil GUOIOTMYECKOI AKTUBHOCTBIO MTPEICTABIISIET
€000l HETPUBHAJIBHYIO 33/1a9y.

VIMrianTaThl, BHICBOOOXKJAIOIIME JICKAPCTBO, CTAIA
MOTEHIIMAILHON aJIbTEPHATHUBON TPAJAUIIMOHHOMY TIEPO-
paJbHOMY W BHYTPHBEHHOMY BBEICHHIO JIEKAPCTB IS
IIMPOKOTO CHEKTpa KIMHNIECKIX METOIOB JieueHus. B
HacTosIIee BpeMsl U3BECTHBIMU MaTepHAIaMH, FCTIONb-
3yeMbIMU TSI pa3paOOTKX MMIUIAHTATOB, BRICBOOOXK 1A~

IOIIUX JIEKAPCTBO, SIBJISIOTCS THUTAHOBBIE HAHOTPYOKH,
MOPHCTBIA KPEMHUH, TOJMMEpBI, TUIPOTeNId U MUK PO-
TeXHOJOruK. VIMITIaHTaThI, BBICBOOOXIAIOIIME JIeKap-
CTBO, MOTYT OOECHEeYHTh YCTOWYMBOE, JUCTAHIIMOHHO
KOHTPOJIMPYeMOe, MPOrpaMMHUpPyeMOe U JIOKJIM30BaH-
HOE BBICBOOOK IEHHE JIEKAPCTB B HYKHOM MECTe, UTO Jie-
Jaet tepanuio 6onee 3PPEKTUBHON ¢ MUHUMAbHBIMU
o00uHbIMU 3peKTaMu Isl MAIMEHTOB. DTO Te BO3-
MOXHOCTHU, KOTOPBLIE HE MOI'yT 6bITb JOCTUTHYTHI MIpU
OOBIYHOM CHCTEMHOM BBEJICHUH JIeKapcTB [5].

OZ[HI/IM M3 NEPCIIEKTUBHBIX MATEPHUAJTIOB ABJIACTCA —
JquatoMuT (JIA), KOTOpBI MpeACTaBiIsieT coO0N OKaMe-
HeJIble OCTATKHU JIMaTOMOBBIX IUIAHKTOHHBIX BOIOPOC-
Jieli, OOMTAIOIINX BO BCEX BOTHBIX MPOCTPAHCTBAX 3eM-
. B ocHoBHOM fuatoMuT IA MOYTH MOJHOCTHIO CO-
cTouT u3 auokcuaa kpemHus (SiO,) [6]. duaromur
HA sBisercss HETOKCUYHBIM, Oe3 3amaxa ¥ oOLmp-
HO pacripoCTpaHEHHBIM B MPUPOJE, JIETKO MOfIBEpraeT-
Csl OUMCTKE U OTHOCHTENFHO Hemopor. Cpenu mpupos-
HbIX MaTepuayioB auatomut JIA oGnamaer yHUKaJIbHbBI-
MH CBOICTBaMH, CPeid KOTOPBIX MOXKHO OTMETUThH BbI-
cokyio nopuctocTb (10-100 HM), TPOHUIIAEMOCTh, MeJI-
KUH pa3Mep yacTuil, OONBIIYI0 MOBEPXHOCTH (29 M2/T),
oobem mop (0,09 cm3/r) [7], HU3KYIO TEIIOMPOBOJ-
HOCTb U XUMUYECKYI0 HHEPTHOCTD [8]. B cBsA3M € 3THM,
JquatoMut JIA HaxoAuT MpUMEHeHHe BO MHOTHMX 00Ja-
CTSAX YEIOBEYECKOM KNBHEACATETIBHOCTH - CTPOUTEIIb-
CTBe, (PWIIBTPAIIUU BOJIbI, CEJIbCKOM XO3sICTBE U 1Ip. [9].

B Hacrosmee Bpemss Meroipl MoaudHKalMU IMO-
BEPXHOCTU MOPHCTBIX MATE€pUasIoB IyTeM HACHIIEHUS
ee OMOJIOTMUECKN aKTHBHBIMHM COEIWHEHHSIMH, BKJIIO-
4asi MaKpOMOJIEKY/IsIpHbIe coenunenus [10], craHoBsT-
cs1 Bce Ooree aKTyasbHBIMH. DTH METOABI IMO3BOJISA-
10T KOHTPOJIMPOBATh BBICBOOOXKICHHE AHTHOMOTHKOB,
JIEKAPCTBEHHBIX IMPernaparoB, OMOJIOrMYECKH aKTUBHBIX
BellecTB M kjetok [11]. s Takoit MoaugUKauy mno-
BEPXHOCTU TOPUCTHIX MAaTepHAJIOB TOAXOISIIUMHU HC-
XOIHBIMHU peareHTaMH SIBJISIIOTCS MaKpPOMOJIEKYISIPHBIE
CHCTEMBI Ha OCHOBE OamMOyCypHIia - MaK POLIUKJINUECKUX
COEJIMHEHHH, COCTOSIIUX U3 JTUMETUIITIMKOTY PUIbHBIX
3BEHBEB, COEJMHEHHBIX Yepe3 MOCTHKH BJIOJIb 9KBATOPa
Makpouukia [12]. 9T MakpoLUMKJINYECcKre MOJIEKYJIbl
CITOCOOHBI MHKAIICY/TMPOBATh TEPANEBTHYECKUE areHTH,
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00pasysi CynpaMOJIEKY/ISIpHbIE CHCTEMbBI, U OCBOOOX-
JaTh MX KOHTPOJIMPYEMO U YCTOMUYMBO IOJ] BO3ACHCTBHU-
€M Pa3IMYHbIX (PaKTOPOB, TAKHUX KaK CBETOBOE M3ITy4Ye-
Hue, pH u temneparypa [13].

MarepuaJbl 1 MeTOABI.
2.1 Tpubops! AJIs1 KHTEPIIPETALIMK PE3YIBTATOB
2.1.1. UK-cnektpockonus

WnenTudukanuio 1 UccieoBaHue CTPOSHHUs MOIy-
yeHHbIX 00pa3ioB Bu[6] mpoomwin meronom MK -
criektpockormu ¢ Dypbe mpeodpazoBanmeM Ha MK-
cnekrpomerpe Nicolet 6700, Thermo Fisher Scientific.
HUccnenoBanus o0pas3LoB MPOBOJWINCH METOIOM Hapy-
HIEHHOTO MOJIHOTO BHYTPEHHEro OTpaXXeHHs B 001acTu
cnekrpa ot 400 1o 4000 cM—1 ¢ paspemenuem 4 cv—1.
TMomydeHHble CIEKTPBI OTpaXeHHs! ObLIM Ipeodpa3oBa-
HBI B CIIEKTPHI TIOITIOLIEHHUS C TIOMOIIIBIO IIpeodpa3oBa-
nust Kyb6enku-MyHka.

2.1.2. AMP-cniekTpockonus

Cnextpsl SIMP Bu[6] peructpuposanu na AMP-
cnexrpomerpe Bruker Avance 400 III HD B pactBope
DMSO-d6 mipu temmeparype 25 °C, pabodast 4actoTa
Ha spapax Bopopoaa — 400 MI'n, Ha snpax yrmiepoaa —
100 MI'm.

2.1.3. COM

CucremMa C 2MEKTPOHHBIM U C(HOKYCHPOBaHHBIMU
nyukamu QUANTA 200 3D, yckopsiolee Harpsixe-
Hue: 200—30000 V HenpepslBHO, paspeluenue: 3.5 nm
mpu 30 kV B pexume ESEM, < 15 nm nipu 3 kV B pe-
JKMMe HU3KOTO BaKyyMa.

2.1.4. Temniepatypa IIaBIeHHAS

Temmneparypy IUIaBieHUsl 0Opa3LOB OIPEAessIA B
OTKpbITOM Kamuispe Ha npudope BUCHI Melting
Point M-560.

2.2. Monyyenne Bu[6]

Bu[6] cunTe3npoBaH, BEICNICH U OYHINCH IO TPaIv-
LMOHHOMY MeTony [14], KOTOpBIil OCHOBaH Ha TIpeBa-
PUTEJIBHOM TOMy4YeHUH 2,4 - AUMETWINUKOIYpHIa U
€ro Moc/eAyoIeld KUCIOTHO-KaTaITN3UPYeMOi UKJIIH-
3a1U ¢ (POPMAIBAETHUAOM [0 LIEJIEBOrO MPOLYKTA.

Ha mnepBom »3tame Obul TpoBeleH cuHTte3 4,5-
qurupokcunMuaasonuauiona-2 (JII'N) (Puc. 1). Cun-
Te3 NMPOBOOWIM B KPYIJIONOHHOH KoJOe CHaOXEHHON
0OpaTHBIM XOJIOAWJIBHMKOM M MarHUTHOW MEIIaJIKOMH.
B kon6y 3arpy3uwiu 50 r moueBunbl u goGaBuiu 100
mi 40% p-pa rimokcans. pH jposenu no 7, nodas.-
nenne 10% p-pa ruppokcuna Hatpus. CHHTE3 Mpo-
BOJWIM B T€YEHUU 7 4acoB IpU IOCTOSIHHOM Iepe-
MemBanuu U Temneparype 50°C. Ilocne 3aBepie-

HUS PeakIMy ¥ OCTHIBAHHUS PACTBOpPAa IO KOMHATHOM
temneparypsl pH pacrBopa moaHsum 1o 9, nodasiie-
Hue 10% p-pa rugpoxcuna HaTpus. PactBop momectu-
JM B XOJOOWIBHMK Ha TPOE CYTOK, JJISI KPUCTAJUTH-
3auuu 4,5-IUruIpoOKCUUMUAA30IMAnHANOHA-2. [Tomy-
YeHHbIC KPHUCTAILTHI OT(UIBTPOBAIH U CYIIFUIN Ha BO3-
nyxe. [Momygama 61,8 r (60,5 %) AI'N ¢ Trn=160-
162°C, cUHTE3MpOBAaHHBIN MPOAYKT MPEICTAaBISI CO-
6oii Oesble KPUCTAJLIBI.

Hanee nomyvennsi I’V ncrons3oBaam B CHHTE3€
2,4-N-mumernnrkonypuna (AMI'Y). Cuntes npoBo-
I B KPYIJIOIOHHON KOJIOe CHAOXEHHON OOpaTHBIM
XOJIOMJTBHUKOM ¥l MarHUTHOM MeIaikor. B xonoy 3a-
rpyxanmd 40 r 4,5-AurugpoKCUMMUIA30JIMIMHOHA-2 U
35,2 r auMeTuamMoueBUHbl, a Takxke 100 mu Bomel. pH
JOBOIMJIU JI0 2 No0OaBjieHUeM KOHIIEHTPHUPOBAHHOMW CO-
JHOH KucaoTel. CHHTE3 BelM B Te4eHUU 4 4acoB MpU
temmeparype 90°C. ITociie OKOHUaHUSI CHHTE3a pacTBOP
yIapWIN HallOJIOBUHY, NoOaBwim 10 M arieToHa ¥ 1mo-
MECTHIM B XOJOAWIBHUK Ha JBOE CYTOK. BhimaBmmii
0CaJIOK ABAX[bl TIEPEKPUCTAIM30BBIBAIIA U3 alleTOHA.
ToyyeHHbIe KPUCTAJLIBI OT(PUIBTPOBAIN M CYLIMIA Ha
Bozayxe. [Tomyvamu 31,2 1 (48 %) IMI'Y ¢ Tnn=254-
256°C, cUHTe3UpOBaHHBI MPOAYKT MPEJACTaBII CO-
6oii Gefble KPUCTAILIBL.

1H IMP (DMSO-d, 8, m.1.): 2,64 6H (c, CH;), 5,12
2H (c, CH), 7,54 2H (c, NH).

13C SIMP (CDCls, 8, m.1.): 158,22 1 160,20 (C=0),
28,22 (CH,), 76,67 (C-H).

Ha nocnennem stane npoBoaniu cuntes Bu[6]. Cun-
Te3 MPOBOAWIM B XMMHYECKOM CTaKaHe CHAOKEHHBIM
MarHuTHoOW Memaskou. B crakau 3arpyxamu 30 r IMI,
30 MJT KOHLICHTPUPOBAHHOW COJISTHOM KHCIOTHI U 45 MJT
40% pactBopa popmanbaeruna. IlomydeHHyl0 cMech
nepemMenmBav B TedeHuu 24 dacos. [Tocse npekpaine-
HUS NlepeMelBaHus cMech BoutnBayi B 400 M1 Bozibl
U nepeMernBaiy 2 yaca. CycrieH3HIo oT(UIbTPOBbIBA-
JIM OCaJIOK CYIIVUIA Ha BO3Myxe, momydamu 5,2 T (16%)
6amOyc[6]ypuia. Ero nepek pucTauin30BbIBaIN U3 KOH-
LEHTPUPOBAHHOMN COJISTHOM KHCJIOTHI.

Momyuyennsi Bu[6] npentndummpoam Metogamu
AMP- n UK-cnekrpockormu. UK-crektp: 2940 cm-1
(CH,), 1681 cm! (C=0), 1446 cm!' (CH;), 789 cm’!
u 656 cm’! (C-H).

AMP-cnektp Bu[6]. Xumuueckue capuru - SIMP
1H (AMCO-d6/CHCI3 (1:1), TMS), m.a.: 5,29 CH (c,
12H), 5.06 CH,- (c, 12H), 2.51 CH; (c, 36H). IMP
13C (AMCO-d4/CDCl; (1:1), TMS), m.a.: 159.32 C=0
(Me,Urea), 158.45 C=0 (Urea), 67.82 C-H (CHj),
48.78 CH (-CH,-), 31.06 CH (CH;-).
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KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb
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Puc. 1 — Cxema cunte3a Bu[6]

2.5. OueHka reMoCOBMECTUMOCTH OMOKOMITO3UTOB

OJ1H U3 CIIOCOO0B OLIEHKU OOILIEN IIUTOTOKCUYHOCTH
COeIMHEHWI 1 MATEPUAJIOB — U3yUeHUE UX TEMOJTUTHYE-
cKoy akTuBHOCTH [ 14, 15].

JI7s1 OLEHKM TIeMOCOBMECTUMOCTH HM3y4YEHHBIX 00-
Pa3lLOB KCIOJIB30BAJIaCh LeJbHAsE TeMOCTaTHPOBAHHAs
KpOBb 3710pOBOTO A0HOpa. KpoBb meHTpudyrnposamm
u oTaensanm sputpomaccy. IlomydeHHylo spurpomaccy
pasBoauIM cTepuibHbIM pactBopoMm 1X PBS ¢ Temme-
parypoii 37 °C B coorHouieHnu 1:9. O6pasubl nmome-
LU B CTAHIAPTHBINA 12-7TyHOUHBIH IUIAHIIET AJ151 KYJIb-
TUBUPOBAHU KJIETOK ¥ 3aJIMBAJIH TTOTyYEHHBIM PacTBO-
pom kpoBu B PBS B cooTHomennu 1 M pactBopa Ha 1
cM2 IUIOIIaIM MOBEPXHOCTH 00pasiia. B kayecTse mnoso-
kutesbHOro KoHTposs (100 % remonus) UCHONB30BAIN

JIEMOHM3MPOBAHHYIO BOJLY, & B KAUECTBE OTPULIATENHHO-
rO KOHTpoJs ucnosb3oBaiu pacrsop 1X PBS (0 % re-
MOJM3). B KauecTBe KOHTPOJIBHOIO Marepuasa aHalo-
TMYHO UCIOJB30BaIUCh 00pasisl JIA. 3atem miaHmer
MHKyOupoBam B Tepmocrare mpu 37 °C B Teuenue 60
MmuH. [Tocsie 3Toro KpoBb U3 JIYHOK IUIAHIIETa IEPEHOCH-
JM B LEHTpH(]Y) HbIE TPOOUPKU 1 LEHTpUpYTHPOBATIH
5 muH nipr 3000 06/MHH AJ1s1 OCakKIEHHsT OCTABIIUXCS
SPUTPOLMTOB. 3aTEM OCTOPOXKHO YAAJISIN CYyIIepHATAHT
U MEPeHOCHIN B CTaHJApTHBIN 96-TyHOUHBIN MJIaHIIET
JUIs1 CTIEKTPOCKOIIMYECKOr0 aHaIM3a M CUUTBHIBAIN OI-
TUYECKYIO TUIOTHOCTH ¢ niomolbio UPA-puaepa Tecan
Infinite F50 (Tecan inc., USA) mipu 492 HMm.

IMporeHT remMosu3a MpeCTaBIs COO0M cpejiHee 3Ha-
YeHHe TPeX MOBTOPHOCTEH U paCCUMTHIBAIICS 1O (DOPMY-
ne [15]:

oD . ODnegative

test

control

x 100%

Hemolisys, % =

ODposilive

control

. ODnegarive

control

Composite

Bu[6]

Puc. 2 - Mmoctpanus merona HaHeceHus: Bu[6] Ha [TA

PesyabTarel u 06cyxaeHne. B qannou padore Ha-
MH KCCJIE/IOBAHO BJIMSHHUE MAaKpPOMOJEKY/ISIPHOIO CO-
enuHenus — 6amOyc[6]puia (Bu[6]) Ha 6GrocoBmecTH-
MocTh auatomuTa (JIA) c Lenpio co3naHvs MaTpPUIIbI
JUIS1 TIEPCTIEKTUBHBIX OMOKOMITO3UIIMOHHBIX MaTtepua-
JIOB MEAUIIMHCKOTO MIPUMEHEHHUSI.

Hnsa Hanecenusi Bu[6] Ha moBepXHOCTb JIMaTOMHUTA
KCMOJb30BAJICS] METO[ TIOTpy:keHus1 B pactBop (Puc. 2).

Js peaqm3anyy TaKOro METOOJIOTHUYECKOTO TTOAX0a
MIPUTOTOBHJIM AWCTIEPCHBIN pacTBop Bu[6] B Bone B Ko-
gudectBe 15 mr Ha 15 MUI IeMOHM3MPOBAHHON BOMBI.
Hanee Tadnerka u3 JIA morpyxkanack B pacteop Bu[6]
U BbliepkuBaich B TeueHur 40 munyTt. Ilocne storo
pacTtBOp crmBaics U obpasisl komrosuta ([IA+Bu[6]
BBICYIIIMBAJICH IPY KOMHATHOM TeMIIepaType 10 OCTO-
STHHOM Macchl. [loydeHHble KOMIO3UIIMOHHbIE MaTepH-
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aJIBl UcCIeoBaNCh ¢ oMorbio UK-cnekrpockormn u
CBM, a xonmuecTtBo HaHeceHHoro Bu[6] onenuBaim
BECOBBIM METOIOM. PacTBOp mocie HaHeceHu s BBICYIIIH-
BaJICs [0 MOCTOSIHHOM Macchl M octatouHbii Bu[6] B3Be-
mmBajics. Konmnmyectso HaneceHHnoro Bu[6] — 10 wmr.

Ha cniektpe 1A ¢ Bu[6] (Puc. 3) nabmopatoTcs xa-
paktepHble 11 Bu[6] monocs! nornomenus npu 1716
e u 1694 cM!, KOTOpBIE COOTBETCTBYET BANEHTHO-
My KoneOanuo kapOoHWwIbHbIX (C=0) rpyn B 3BeHbsIX

N,N - 2,8 - mumerwirmukonypuia. Ha obpasmax mpo-
VICXO[UT CABUT KAapOOHMIBHBIX rpynm Ha 19 cm™! u 16
cM! COOTBETCTBEHHO MO CPABHEHMIO CO CTIEKTPOM MC-
xomHoro Bu[6]. IMuk npu 1500 cM™! otHOCKTCA K rpyn-
nie CHj;, takxe csasu C-H npenrudunupyiores npu 792
em™!. TIpu 1200-1500 em™! unentuduumpyiores nedop-
MarmonHble koteGanuss CH, rpymn. ITonoca mornome-
Hus 2941 cm! coOTBeTCTBYeT BaJeHTHOMY KONEOAHHMIO

cBs3eit C-H B METHIIEHOBBIX MOCTHKAX.

— DA

— DA+BU[6]

—BU[8]

509 1722

Transmittance, %

360 660 960 1260 1560 1860

2160

2460 2760 3060 3360 3660 3960

Wavenumber, cm?

Puc. 3 — UK-criektpst o6pasnos: Bu[6], A +Bu[6], JA

[pu paccmorpennun COM cHumKoB obpasiia Bu[6]
+ JIA Ha NOBEpXHOCTH HaOMIOJAETCs] KOHIJIOMEpar aH-
cam6ms1 Mosiekynm Bu[6] na moeepxuoctu A (Puc. 4),
pa3Mep KOTOpBIX HaXOOWTCS B Mpemenax oT 5 mo 15
MKM. OGpa3oBaHHe acCOIMATOB TAaKOTO poja B THIIO-
BOM pacTBOpE HeXapaKTepHoO it 6aMOyc[6]ypuiia, ua-
MeTp MOJIEKYJIB KOTOPOro COCTaBiseT He Gomee 10A
[16], 9TO MOXHO OOBSICHUTH CKJIOHHOCTBIO K 00pa30Ba-
HHIO acCOLMATOB JHcriepcHoro pactsopa Bu[6] B Boze.
Huamerp obpaszoBanHbIx yactuil Bu[6] Gonbiie pasme-
pa Hop Kak JUaTOMHUTOBOTO HOCHUTEJNs, CIIENOBATEIBHO
HX MOPBI NEPEeK PBIBAIOTCS, a MakpoLuk Bu[6] ocraercsa
Ha 1oBepXHOCTH. COBOKYITHOCTD BBIIIEIIEPEUNCIIEHHBIX
JaHHBIX OATBepxk gaeT Hammune Bu[6] na moBepxHOCTH

TA.

TokcHYeckoe JENCTBHE TOMYUYEHHBIX OHOKOMITO3H-
TOB OIEHUBAJIOCH MyTeM M3yUYEHUsST UX TEMOCOBMECTH-
MOCTH U a/ICOpOLMU GEJKOB TIIa3MBbl.

OnvH u3 crocoOOB OIEHKM OOIIEeH LUTOTOKCHYHO-
CTH MaTepHaa — N3y4eHNue TeMOIMTHYECKOH aKTUBHO-
cru. Tect Ha reMoJI3 OCHOBaH Ha CTENEHU AUCCOLMA-
LY SPUTPOJIM3A U TeMOITIOOMHA ITPY KOHTaKTe MaTepH-
aja ¢ SpUTPOLMTAMH in Vitro.

I'eMOCOBMECTMMOCTbH U TPOMOOPE3UCTEHTHOCT OUO-
MarepuajoB SIBJISETCS OJHUM M3 BaKHEHIINX KOMIIO-
HEHTOB MX 6uocoBMecTrMocTH. [Ipn KOHTaKTE MHOPO.-
HBIX MaTepHaJIOB C KPOBBIO MOXKET MPOUCXOIUTh KOa-
TyJISALUs WM TpoMOooOpazoBanue. TpomMOope3ucTeHT-
HOCTb, TO €CTh CIOCOOHOCTh OHMOMAaTepHaja MpeaoT-
Bpaiarb 06pa3zoBaHue TPOMOOB SIBJISIETCS] BaXKHOH Xa-
PAKTEpUCTHKOW OHUONIOrMYEeCcKOd COBMeCTUMOCTH. [e-
MOCOBMECTHMOCTb, B CBOIO OuYepelpb, SIBJISETCS acIieK-
TOM B3aMMOJEHCTBHS MaTepuasia ¢ KPOBbIO U MOXKET
paccMaTpHBaThCsl U3 HECKOJIBKHMX TOYEK 3PEHUS U 3aBU-
CETh OT HECKOJIbKHX (PaKTOPOB, KaK XMMUUYECKHX, TaK U
(pu3nUecKMX CBOMCTB Marepuaia.

Kak cnenyer u3 nanubix TaGmuist 1, o6pasis rpynn
Bu[6] u /TIA+Bu[6] nposBrIM reMOTUTAIECKYIO AKTHB-
HOCTb, OJHAKO, OJIHAKO He OBbLJIO BBISBIIEHO CTATHCTH-
YeCKH JIOCTOBEPHBIX PA3INUKid MEX /1y 00pa3lamu 1aH-
HOH TPYIIIBI M OTPULIATENIBHBIM KOHTposieM (p > 0,05).
O0pasiibl OCTAJIBHBIX TPYIII HE MPOSBUIIN FeMOTUTAYEC-
ckyto aktuBHOCTb (Tabmuma 1). Bo3amoxkHO, OTCyTCTBHE
TEMOJIITUYECKON aKTUBHOCTH y STUX TPYII CBSI3aHO C
BBICOKOM M3HAYAJILHOM OMOCOBMECTHMOCTBIO JUATOMM-
Ta, YTO TOATBEPXKIAETCS JIUTEPATyPHBIMU JaHHBIMH [6].
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| TI2B/2023 | det | HV WD

——10pm—s

mag tilt

12:50:07 PM  LFD 30.00 kV 16.7 mm S000x O °

Puc. 4 — COM cuumok o6pasiia Bu[6] + JIA, riae KpacHbIM KBaJpaTtoM BbIIEIEH KOHITIOMEPAT aHCAMOJIsl MOJIEKYJT
Bu[6]

Ta6muma 1 — YpoBeHb remocoBmectumocts 00pasiioB 1A u JJA+Bu[6]

Ne | O6paszen % remonuza
1| JA 0
2 | Bu[6] 0.2989+0.0017
3 | JA+Bul[6] 0.7971+0.0008
4 | CTRL 100 % 100
5| CTRLO % 0

Ipumeuanue:

HOA — muatomut; Bu[6] — 6am6yc[6]ypmn; CTRL —
KOHTpOJIb.

* — ypOBEHb T€MONIU3a CTATHCTUYECKU 3HAYMMO OT-
JIMYAETCsI OT MOJIOKUTETHHOro KoHTpois (p < 0,05).

Heobxoaumo oTMeTHTb, 4TO YPOBEHb I'eMOJIn3a KOH-
TAKTUPYIOLIUX C BHYTPEHHEW CPelloil OpraHu3Ma Ouo-
MaTepuaJioB He JIOJDKeH IpeBbimarh 5 % [24]. Kak cre-
JyeT U3 Pe3yJIbTaTOB MPOBEAECHHBIX IKCIIEPUMEHTOB, HU
onuH MoauduimpoBanHbiii Bu[6] obpasenr quaromura
He MpeBbIIAJ JaHHBIA ypOBEHb, IIOITOMY MOXHO 3a-
KJIIOUUTh, YTO BCE M3YYEHHbIE 00pa3Libl SBISIOTCS Te-
MOCOBMECTHMBIMHU.

TNoHumKeHre YpOBHSI remMojin3a Mpv MOIU(UKAIIN
obpasioB Bu[6] mpoucxomuT BenencTBie W3MEHEHUS
MOBEPXHOCTHBIX CBOWCTB MaTephasa, TaKMX Kak ITo-

BEpXHOCTHOE HaTsDKEHHE, CBOOOIHAs MOBEPXHOCTHAS
SHEePrus, IEepOXoBaTOCTh M rUApoduIbHOCTD. [1pu oca-
sxJeHur Bu[6] Ha mOBepXHOCTH MTOPHUCTHIX

MaTe€puajioB MX 3apAd IOBEPXHOCTU HM3MEHACTCA,
CTAaHOBSCH OJTU3KKUM K AHAJIOTUYHOMY IIOKa3aTeJIl0 Kpo-
BU. AI[COp6LII/Iﬂ OEJTKOB TJIa3Mbl Ipr 9TOM YMEHbIIAECT-
Cs, YTO CHUXKACT TpOM60I‘eHHOCTI> 1 YBEJIMYMBAET I'eMO-
COBMECTUMOCTD pa:spa60TaHHI>1x OHOKOMIIO3UTOB.

BeiBogpl. B Xone npoBeieHHbIX MCCIeI0BaHUN Obl-
JIM BIEpBbIe ObUIH MOJMyYeHbl HOBbIE OMOKOMITO3UTHI Ha
OCHOBE PA3JIMYHBIX MOPHUCTHIX COEAMHEHHH (IMATOMU-
Ta) ¥ NEPCIeKTHBHOTO MaKpPOMOJEKYJISPHOTO COeIH-
HeHust — 6amOyc[6]ypuna. [TomyueHHble KOMITO3UIIMOH-
Hele Matepuanbl Bu[6]+ JIA Obu oxapakTepu3oBa-
Hbl ¢ nomoipio K- cnekrpockoruu 1 COM, i HUX
orpefesieH remonuTdeckuii 3¢ dexT, aacopoims 6e-
Ka IUTa3Mbl Ha TOBEPXHOCTH, IIPOBEICHA OLICHKA aH-
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THOAKTEPUATBLHOM aKTUBHOCTH MatepuanoB. Mcciemo-
BaHMS MOKa3aId, 4to 6aMOyc[6]ypwi MpHCYTCTBYET B
Mareprasiax B BUIE KOHIJIOMEpATa aHCaMOJIsT MOJIEKY.I
Bu[6], uTo mo3BossieT CHU3UTH aACOPOIUI0 Oeka U3
Ia3Mbl KPOBH U YBEJIMUUTH FEMOCOBMECTUMOCTD [aH-
HBIX MaTepuajioB. [lonydeHHBe GHOKOMO3UTH MMEIOT

peabHyI0 MEePCIEKTUBY [T TOHKOW MOAYJSIMU OUO-
Jorrnyeckux 3p@EKTOB MOCPEACTBOM B3aUMOJICHCTBUS
«TOCTBh-XO35IMH» Ha ocHOBe Bu[6], 3akperuieHHOro Ha
TOJIXOMSIIIIEM HOCHUTEJIE, UTO SIBJISICTCS MPEAMETOM Ha-
HIMX CIEIYIOIMX COOOIEHHH.
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ISOLATION OF FULVIC ACID FROM COAL AND STUDY OF PHYSICAL AND
CHEMICAL PROPERTIES

M.K. Kazankapova'®, B.T. Yermagambet!, A.B. Malgazhdarova!, Zh.M. Kassenova!,
K.A.Beisembaeva?, K.I.Rychlewska?

!«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan,
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
3Institute of Energy and Fuel Processing Technology, Zabrze, Poland,

e-mail: coaltech@bk.ru

Due to its high solubility and low molecular weight, fulvic acid is a very active participant in natural chemical
processes. Due to its smaller molecule size than humic acid, it can act both inside and outside the cell. The work
presents the method of isolation and purification of fulvic acid obtained from oxidized brown coal and the analysis
of its physical and chemical properties by the methods of IR, NMR spectroscopy, and the amount of carboxyl
and hydroxyl groups studied. Conducted work on calculation of equilibrium constant (pK) and concentration
(C). Stages of purification: adsorption, ion purification and dialysis, where adsorbents obtained from brown
(”Shoptykol”) and hard (”Shubarkol”) coal and coconut activated carbon were used as adsorbents.

Key words: oxidized carbon, fulvic acid, adsorbent, cation exchanger, dialysis, membrane cleaner.

KOMIPJEH ®YJ/IbBOKbIIIKbBIJIBIH BOJIIII AJTY 2KOHE
PU3BNKAJIBIK-XUMUAJIBIK KACUETTEPIH 3EPTTEY

M.K. Kazankanosa!”, B.T. Epmaraméer!, A.B. Masraxaaposa!, ’K.M. Kacenosa!,

K.A. BeiicemoaeBaZ, K.!. PoixaeBckas?

! «Kemip xumusichl xkaHe TexHonorus uactutythl» JKIIC, Acrana, Kazakcran,
2JLH. Tymunes ateiaaarsl Eypasus yITTHIK, yHUBepcuTeTi, Actana, KasakcTaH,
3«Heprus xoHe OTHIH OHJIEY TEXHONOTHUs MHCTUTYThI», 3a0ke, [Tosbiia,

e-mail: coaltech@bk.ru

JKoraps! epiritiriri MeH TeMEH MOJIEKYJIAJIbIK, MACCACBIHBIH acepiHeH (hYJIbBOKBIIIKBLIbI TAOUFU XMMUSUIBIK, ITPO-
LECTEpiH 6Te aKTHBTI KAaThICYIIbICHl OONBIT Tadbutagbl. ['YMUH KBIIKBUIBIHA KaparaH/aa MOJEKY/IANBIK eJIIeMi
KilllkeHe OOJFaH/IBIKTaH KACYIIAHBIH iIIKi OeJiriHeH e, CBIPTKHI OeJIiriHeH Ja ocep ere anmampl. Kymbicta To-
TBHIKKAH KOHBIP KOMipAEH aJIbIHFaH (DYIbBOKBIIKBUIBIH O6JIIT aly jkKoHe Ta3apTy, OJapiAbH (PU3HKa-XUMUSIIBIK
kacuerrepid UK, AMP crekTpocKOmusIChl apKbUIbI TAAAY KHE KapOOKCHIT XKOHE I'UAPOKCIII TONITAPBIHBIH CAHBIH
3epTTey 9/lici yChHbUFaH. «MaiikeOeH» OaccelliHiHeH aJIbIHFaH KOHBIP KeMipipHeH airail peT (yIbBOKBIIIKbUIbI
SKCTpaUMUIaHbI OiHIN ajbiHbi, POpPCUT 9MiciMeH Ta3apThUIBIN, Ta3aJblK ASPEKeci KOFaphl (PyTbBOKBIIIKEI-
7161 GemiHin anbiHApl. Terne-TeHik KoHcTaHTanapbiH (pK) koHe KoHUeHTpatwsiHb! (C) ecenTey KyMBICTaphl KYp-
risiani. Tazapry ke3eHaepi: aacopOLusl, HOHIBI TA3aPTY JKIHE AUAN3, MyH/Ia ajcopOeHT petinae KoHplp («[lor-
THIKOJI») KoHe Tac kemipaeH («IIlyOapkes») ajblHFaH aqcopOeHTTEep, COHBIMEH KaTap, KOKOCThI OeJICeH/Ii piireH
KeMipi maiijaJlaHbUIBL.

Tyiiin ce3/1ep: TOTBIKKAH KOMip, (PYJIbBOKBIIIKbUIbL, aJICOPOEHT, KATOHUT, AUAIN3, MeMOpaHabl Ta3asay.

BBIJIEJIEHUE ®YJIbBOBOUW KUCJIOTBI U3 VIJISA U U3YYEHUE
®U3NKO-XUMHUYECKHX CBOMICTB

M.K. Kazankanosa!”, B.T. Epmaraméer!, A.B. Maara:xxaaposa!, JK.M.Kacenosa!, K.A.
Beiicembaena?, K.I.PoixaeBckas®
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IT00 «VIHCTUTYT XMMHUH YISl U TEXHOJIOTUW», AcTaHa, KazaxcraH,

2EBpa?,I/H‘/’I(:K1/1171 HalMoHaIbHbIN yHUBepcuTeT uM. JIL.H.I'ymuneBa, Acrana, Kazaxcran,

3 «IHCTUTYT TEXHOJIOTMH NepepabOTKU SHEPIUU M TOILMBA», 3abxke, [Tonbiia

e-mail: coaltech@bk.ru

Braronapst BHICOKOW pacTBOPUMOCTH U HU3KOM MOJIEKYJISIPHOU Macce (pyIbBOKHUCIIOTA SIBISIETCSI OUYeHb aKTHUB-
HBIM KOMIIOHEHTOM IIPUPOIHBIX XMMUAYECKMX IIPOLIECCOB. biiaronapss MeHblIeMy pa3Mepy MOJIEKYJIBL, Y4eM I'YMUHO-
Bas KUCJIOTa, OHA MOXET BO3JEHCTBOBATh Kak BHYTPH, TaK ¥ CHAPYKH KJIeTKU. B paboTe npejcrasieHa criocod Bbl-
JeJIeHUs ¥ OYMCTKH (PYJIBBOKHCIIOT MOMYYEHHOTO N3 OKHMCIEHHOTo Oyporo yIiisl M aHaIn3 MX (PU3HKO-XUMUIECKHX
cpoiitetB Metonamu MK, SIMP criekTpockoriy, u3ydeHsl KOMMIECTBO KapOOKCHIIBbHBIX, THIPOKCUIBHBIX TPYIL.
Brepsble u3 Oyporo yrisi, HoiyueHHOro u3 GacceiiHa «MaiikyOeH», ouniiieHHoro metogiom dopcura, BhieleHa
(pynbBOKHCIIOTA BHICOKOH CTeneH! YUCTOTHI. [IpoBesieHs! paboThl O pacyeTy KOHCTaHT paBHoBecuu (pK) u KoH-
uentpaimu (C). CTaauy OYNCTKU: ajcopOMsl, MOHHAsE OYNCTKA U JMAJIN3, IIe B KauyecTBe afcopOEHTOB ObUIH
HCIIONB30BaHbI 4ICOPOSHTH TIONTydeHHbIe n3 Oyporo («IonTekomnk») i kameHHOro («I1ly6apkomb») yIis u KOKO-

COBBIIl aKTHBUPOBAHHBIN YTOIb.

KuroueBble c10Ba: OKUCIEHHBIIA Yroib, (DyIbBOKHCIIOTA, aJCOPOEHT, KATOHUT, IMaIn3, MEMOpaHHAast OUMCTKA.

Introduction. The current state of the global
coal industry and Kazakhstan shows that the
competitiveness of coal has decreased compared to
other energy sources [1-2]. Experience shows that
it is possible to increase the profitability of coal
enterprises and reduce environmental and economic
damage provided that the full potential of coal is used,
including the production of valuable products from it,
as well as coal waste during production. Water-soluble
polyelectrolyte acids are important because they are
active biological and chemical substances [3-5].

Fulvic acid belongs to the group of humic acids,
soluble in water, alkalis and acids. The salts are called
fulvates. The Swedish chemist J. Berzelius separated,
later in the 20th century S. Oden combined the two
acids and called them by the common name fulvic acid
[1].

Although it was discovered in the 20th century, an
effective extraction method only became known in
2015. In particular, the isolation and purification of
fulvic acid is a very expensive process, so the cost of
1 mg of fulvic acid averages US$59. Fulvic acid is a
fraction of humic substances that is soluble in water
in all pH ranges. Due to its high solubility and low
molecular weight, fulvic acid is an active participant
in many natural chemical processes. Due to its smaller
size than humic acid, it can affect the cell both from
the inside and outside. It contains 74 organic minerals,
18 amino acids and 10 vitamins. All minerals that make
up fulvic acid are small ions that are easily absorbed by
cells.

Humic substances contain 40-60% carbon, 30-50%
oxygen, 3-7% hydrogen, 1-5% nitrogen. The elemental

composition of humic substances varies due to the
diversity of their nature. Humic acid contains 52-62%
carbon, 3.0-5.5% hydrogen, 30-33% oxygen, 3.5-5.0%
nitrogen. Fulvic acid contains 44-49% carbon, 3.5-
5.0% hydrogen, 44-49% oxygen, 2.0-4.0% nitrogen.
Due to different objects, the nitrogen content of humic
acid varies. 20-50% of total nitrogen belongs to amino
acids, 1-10% to amino sucroses. Variations in the
elemental composition of humic acids (humic acids and
fulvic acids) are explained by the fact that they are
not chemically defined organic acids, but represent a
group of high-molecular chemical compounds similar
in composition and properties [6-7].

Fulvic acid has a wide range of uses in the medical
field. Fulvic acid has antibacterial properties and
affects replication, and also has the ability to destroy
viral cells. This is an effective and safe drug in the
treatment of various bacteriological and viral diseases.
In addition, it has been established that fulvic acid
exhibits immunomodulatory ability.

Fulvic acid and humic acid cannot be synthesized;
they can only be obtained by isolating them from
natural raw materials. However, the purity of the
isolated fulvic acid is very low. Isolation and
purification of high purity fulvic acids is a very
expensive process [8-10]. The biological activity of
fulvic acid is largely characterized by its physical
and chemical properties. Fulvic acid with a purity of
>95% is registered in the CAS catalog (CAS Registry
Number) (No. 479-66-3) as a chemical compound with
the molecular formula C,,H,,04 [11-13].

The purpose of the work is to isolate and purify
fulvic acid from coal “Maykuben” (Kazakhstan) to a
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high degree of purity, to analyze the physicochemical
composition of the resulting fulvic acid.

Materials and methods: 0.1 N HCI, 0.1 N NaOH,
5% HCI, acetone, KU-2-8 cation exchanger, potassium
humate, distilled water, laboratory centrifuge TsN-12,
laboratory stirrer IKA RH "basic 2, rotary evaporator
RV 3 IKA, ion chromatograph "Dionex” ICS 6000, FT-
IR spectrometer Nicolet iS10, JEOL ECA-500 MHz
NMR spectrometer.

Humic acid is formed in the form of an amorphous
brown precipitate as a result of the neutralization
reaction of potassium humate obtained from Maykuben
oxidized brown coal with a 5% solution of nitric acid
to pH=2-3. An unprecipitated organic compound is
called a fulvic acid. The Forsyth method was used for

purification. Purification of fulvic acid by the Forsyth
method consists of several stages. As adsorbents
for fulvic acid cleaning, sorbents «Shubarkol» and
«Shoptykol» produced by LLP «Institute of Coal
Chemistry and Technology» and sorbents «Coconut»
presented on the market were used. The last stage of
purification was carried out at the stage of membrane
purification (dialysis) to pH = 4-5 using distilled water
for complete purification of fulvic acid from ions
during purification.

Discussion of the results. The functional groups
of the fulvic acid passed through each step were
determined by the Forsyth method using an acid-base
titration. Table 1 shows the functional groups of the
samples

Table 1 - Functional groups of samples

Total acidity, | Carboxyl group, | Phenolic group,
Ne | Name
mmol/g mmol/g mmol/g
1 | Initial FA before purification 0,411 0,027 0,384
2 | FA after cleaning with sorbent «Coconut» 0,269 0,105 0,164
3 | FA after cleaning with «Coconut» sorbent 0,322 0,139 0,183
and cation exchanger KU-2-8
4 | FA after «Coconut» sorbent, cation 0,366 0,152 0,187
exchanger KU-2-8 and membrane treatment
5 | FA after cleaning with the sorbent 0,378 0,096 0,282
«Shoptykol»
6 | FA after cleaning «Shoptykol» sorbent and 0,287 0,127 0,16
cation exchanger KU-2-8
7 | FA after «Shoptykol» sorbent, cation 0,292 0,146 0,159
exchanger KU-2-8 and membrane treatment
8 | FA after cleaning with the sorbent 0,298 0,078 0,22
«Shubarkol»
9 | FA after cleaning «Shubarkol» sorbent and 0,263 0,109 0,154
cation exchanger KU-2-8
10 | FA after «Shubarkol» sorbent, cation 0,26 0,128 0,152
exchanger KU-2-8 and membrane treatment
Table 2 - Changing the pH at each stage of fulvic acid cleaning
Name pH after | pH after cation pH after
sorbent | exchanger KU-2-8 | membrane
FA after «Shubarkol» sorbent, cation exchanger KU-2-8 0,49 0,09 2,28
and membrane treatment
FA after «Shoptykol» sorbent, cation exchanger KU-2-8 0,95 0,04 2,24
and membrane treatment
FA after «Coconut» sorbent, cation exchanger KU-2-8 0,25 0,02 2,53
and membrane treatment
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Determination of carboxyl groups is based on acid-
base titration using 0.05 N sodium hydroxide as titrant
using the acetate method. Total acidity is determined
by acid-base titration using 0.1 N HCI as titrant using
barium hydroxide. Phenolphthalein was used as an
indicator. Phenolic groups were determined by the
difference between the carboxyl group and total acidity.

As a result, it can be seen that the carboxyl
groups of the fulvic acid isolated from the original
coal and the fulvic acid that passed the purification
stage increased, while the phenolic groups and the
total acidity decreased. Fulvic acid contains many
carboxyl functional groups. It can exchange or transfer
electrons with the organic acid redox polymer, ions and
molecules that react with fulvic acid [3]. Table 2 shows
the pH changes at each stage of fulvic acid purification.

On a Dionex ICS 6000 ion chromatograph, the
ionic composition of fulvic acid, which was completely
purified by the Forsyth method, was studied. As a
result, it was found that the amount of all ions, in
comparison with the amount of the initial content
of fulvic acid, significantly decreased after the last
stage of purification the membrane (dialysis) method.
Initially, fulvic acid contained a large amount of nitrate
and chloride ions. It can be assumed that this is due
to the use of 5% nitric acid in the extraction of fulvic
acid from coal, and the presence of a large amount of
chloride ions is due to the effect of cleaning the sorbent
with 0.1 N hydrochloric acid solution before passing the
fulvic acid through the sorbent. Shubarkol was chosen
as an effective sorbent in terms of ion purification
in the purification of fulvic acids, the degree of ion
purification was 66.12-99.75%.

IR analyzes of fulvic acids were carried out
in the laboratories of the «Nazarbayev University»
(Kazakhstan) using a Nicolet iS10 FT-IR spectrometer.
There are no stretching vibrations of C=0O groups
of saturated fatty acids, carboxyl, aldehyde and keto
groups in the spectrum (although there is a very weak
band at 1635 cm™!). Stretching vibrations of OH bound
by hydrogen bonds are poorly visible (very wide band
at 3000-3500 cm™).

There is a band at 1350 cm™! with a shoulder in
higher wave numbers (may correspond to combinations
of O-H bend, CH, and CH; deformation, C-H
alkene bend, C-N stretching vibrations of carboxamide,
and symmetrical stretching vibrations of the -CO,-
carboxylate ion (assuming 1635 cm’' asymmetrical),
832 cm! (out-of-plane defarmation vibrations of C-
H in substituted aromatics). The IR spectrum of fulvic

acid purified by the Shubarkol sorbent, obtained from
potassium humate, shows the OH group (broad band
3000-3500 cm™'), and the C=0 stretching vibrations
(1717 ecm’'; C=0 stretching vibrations of saturated
fatty acids, carboxyl, aldehyde and keto groups) and
C=C stretching (1653 cm™!).The bands at 1361 cm™!
may correspond to combinations bending vibrations of
CH, and CHj; groups, C-H alkene bend), at 1103 cm_;
- stretching vibrations of C-O, C-O-C stretching.

The IR spectrum of fulvic acid purified by the
sorbent "Shoptykol” obtained from potassium humate
is very similar to the spectrum of fulvic acid from
potassium humate purified by the sorbent ”Shubarkol”,
but the bands for vibrations of OH groups and at
1718 cm! related to stretching vibrations of C=0 are
less intense . At the same time, there is a significant
broadening of the bands in the range of 1300-1450,
1400 cm'! (with reduced intensity) and in the range of
1100-1200 cm™! (all these bands are typical for bending
vibrations of CH, and CHj; groups, C-H alkene as well
as C-O valence vibrations). A clearly pronounced band
appears at 953 cm™!, which may be related to out-
of-plane bending vibrations of the C—H bond in the
substituted aromatic.

The following bands are clearly visible in the IR
spectrum of fulvic acid purified by the “Coconut”
sorbent, obtained from potassium humate: 3000-
3650 cm’! (stretching vibrations of various OH
groups), 1716 cm™! (stretching vibrations of C=0),
approximately 1620 cm™! (stretching C=C), 1316 cm
O-C stretching), 1043 cm’! (stretching vibrations
of C-O in polysaccharides or polysaccharide-like
substances), 821 cm™ (out-of-plane deformation
vibrations of C-H in a substituted aromatic) (Figure
D).

NMR analysis of fulvic acid was carried out on
a JEOL ECA-500 MHz NMR spectrometer. In the
spectrum of the original potassium salt sample (before
cleaning with sorbents), resonances of the methyl group
(1.20 ppm) and aliphatic protons in the alpha position
to aromatic, alkenyl and carbonyl groups (2.04 and 2.18
ppm) are visible. In the range from 3.0 ppm to 4.0
ppm, there are resonances corresponding to aliphatic
protons in ester groups and in the alpha position to
OH and OR groups, as well as aliphatic OH protons.
In the range of 6.90-9.00 ppm, there are resonances
of aromatic and heteroaromatic protons. Also, a very
broad signal of 6.50-9.50 ppm can correspond to
phenolic and carboxyl OH groups (broadening due to
hydrogen bonds).
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Fig. 1 - Initial fulvic acid obtained from potassium humate, 2- FA, passed through the «Shubarkol» sorbent, 3-
FA passed through the «Shoptykol» sorbent, 4- FA passed through the «Coconut» sorbent
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ppm

Fig. 2 - Initial fulvic acid obtained from potassium humate, 2- FA, passed through the «Shubarkol» sorbent, 3-
FA passed through the «Shoptykol» sorbent, 4- FA passed through the «Coconut» sorbent
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Table 3 - Equilibrium constants (pK) and sample concentrations

Name Equilibrium | Concentration,
constant (pK) | mg/l
Initial FA before purification 7,58 163
FA after «Shubarkol» sorbent, cation exchanger KU-2-8 8,62 137
and membrane treatment
FA after «Shoptykol» sorbent, cation exchanger KU-2-8 12,31 127
and membrane treatment
FA after «Coconut» sorbent, cation exchanger KU-2-8 | - 125
and membrane treatment

When cleaning with the Shubarkol sorbent, a
significant part of the aromatic signals disappears,
while the aliphatic part of the spectrum changes, where
several resonances of terminal methyl groups (1.13-
1.30 ppm) can be distinguished, as well as proton signals
in the alpha position to aromatic, alkenyl and carbonyl
groups (1.90 and 2.19 md) and protons in ester groups,
in the alpha position to OH and OR groups and aliphatic
OH protons (2.82 and 2.98 md). When cleaning with
«Shoptykol» and «Coconut» sorbents, changes are also
observed in the aliphatic and aromatic regions of the
spectra. In the first case («Shoptykol»), there are
fewer protons of ester groups and aliphatic protons
in the alpha position to OH and OR groups (range
3.0-4.0 ppm), although there are more aromatic and
heteroaromatic protons (6.97-8.40 ppm). In the second
case («Coconut»), the number of terminal saturated
hydrocarbon groups (1.05-1.60 ppm) and protons in
the alpha position to aromatic and carbonyl groups
(2.03-2.17) increases, and the number of protons of
ester groups and in the alpha position to OH and OR
groups decreases (range 3.0-4.0 ppm), while almost no
changes compared to the original sample are observed
in the aromatic region of the spectrum (6.90-9.00 ppm)
(Figure 2).

The titration curves of fulvic acid, determined by
the pH-metric titration method, were constructed, and
the equilibrium constant was determined. Table 3
shows the equilibrium constant and concentration of the
samples.

Research  work continues to study the
physicochemical properties of the obtained FA and
the possibility of their application.

Conclusion: Fulvic acid was isolated from
«Maykuben» oxidized brown coal (Kazakhstan). The
resulting fulvic acid was purified by the Forsyth

method. Purified fulvic acid can be used in medicine as
a medicine, as an antiviral drug, and also as a flavoring
agent for drinks in the food industry. Fulvic acid is
widely used as a plant growth stimulant, as a drug and
dye, as an antiallergic drug, as an immunostimulant and
as an antiviral drug. Based on the results of the study, it
was proven that the molecular structure of fulvic acids
is an aromatic structure with aliphatic substituents. As
a result, the amount of all ions compared to the amount
of the initial fulvic acid content was significantly
reduced at the final stage of purification - membrane
purification. Fulvic acid improves metabolic processes,
restores energy reserves of cells, has antioxidant
properties, neutralizes heavy and toxic metals, and
helps remove toxins from the living body. Fulvic acid
has antibacterial properties and affects replication, and
also has the ability to destroy viral cells. This is an
effective and safe drug in the treatment of various
bacterial and viral diseases. Fulvic acid is also known to
be used for agricultural purposes such as fertilizers and
soil amendments, as fulvic acid has the highest degree
of biological activity and nutrient complexing ability
among humic substances and does not bind to many
pesticides. Fulvic acid can be used by people living
in environmentally polluted areas for gastrointestinal
diseases, allergic conditions, poisoning and weakened
immunity.

Due to its high solubility and low molecular weight,
fulvic acid is a very active participant in natural
chemical processes.

Financing. This research has been funded by the
Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant
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RESEARCH OF CHEMICAL PROCESSES OF WASTEWATER TREATMENT

M.G. Murzagaliyeva!, N.S. Ashimkhan'*, A.O. Sapiyeva?, A.K. Tanybayeva®, G.T. Daribayeva*
1Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan,
2 Astana Medical University, Astana, Kazakhstan,
3 Al-Farabi Kazakh National University, Almaty, Kazakhstan
4 Almaty Technological University, Almaty, Kazakhstan,
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Treatment of waste water of industrial enterprises from heavy and toxic metal ions is carried out by traditional
reagent method, sorption and membrane technologies. One of the simplest, cheapest, available and effective
methods is sorption purification. The peculiarity of the sorption cleaning method is the property of selective
absorption from multicomponent solutions and high cleaning efficiency. Treated wastewater can be used in the
water supply system of technical circulation. The main of the research work is to study the pH of natural adsorbents
in flowing and clean water solutions, particle sizes in suspensions, sedimentation rate and adsorption properties
of natural adsorbents for sorption purification of industrial wastewater from toxic metal ions. natural minerals
from Almaty region have high sorption properties, that is, they can be used for sorption treatment of industrial
wastewater.

Keywords: wastewater, natural adsorbent, spectrophotometric study, sedimentation analysis, sedimentation
rate, sorption treatment, natural minerals

NCCJIEAOBAHUE XUMHNYECKUX ITPOLHECCOB OYUCTKHU CTOYHBIX BO/I
M.I. Myp3arammesa!, H.C.Amuvxan'*, A.O.Canuesa’, A.K Tanni6aesa’, I.T./lapuoaena*
'Kazaxckuii HAIMOHABHBINA MeTAIMHCK U yauBepcuteT umenu C.J1. AceHnuspona,

Anmarel, Kazaxcran,

2 Me quIHCK i yHuUBepcuTeT ActaHa, AcraHa, Kazaxcran,
3Ka3axcKuil HAIIMOHAJIBHBII yHuBepcuteT uMenn Asb-@apabu, Anmarel, Kazaxcran
4 Anvatnackuit TeXHOMOrMIecKuit yHuBepcuTeT, Anmartsl, KazaxcraH,

e-mail: nazgul.ashimkhan@mail.ru

O4nCTKa CTOYHBIX BOJ MPOU3BOJACTBEHHBIX MPEANIPUATHII OT HOHOB TSKEJIBIX METAJUIOB IIPOBOAUTCA TPAAULIM-
OHHO PEareHTHHIM METOIOM, COPOLIMOHHBIME M MEMOPaHHBIMU TeXHONOTHSIMU. OTHUMHU U3 HauOoee MpOCThIX,
MeHee JOPOTOCTOAIINX, AOCTYIHBIX U 3(D(PEKTUBHBIX CIIOCOOOB SBISAIOTCS COPOLIOHHBIE METOIbI OUMCTKH. Ofi-
HAKO HCHOJIb30BAHKE COPOLIMOHHBIX TEXHOJIOTHI 00e3BpeXUBaHMs KPYIHOTOHHAXKHBIX ITPOMBIIIIIEHHBIX CTOKOB
HaKJIAIBIBAIOT CrienbIYHbIe TPEOOBAHUSI K HCIIONIB3YEMbIM a/ICOPOLIMOHHO-aKTHBHBIM MaTepHasiaM: OHH JIOJKHBI
OBITH MONM(PYHKIIMOHATIBHBIMH JITsI 0OECTIEYeHH s OUMCTKH CTOKOB U BHIOPOCOB B IIIMPOKOM JIMaria30He X COCTaBa
IO TEXHOJIOTMH CKOPBIX (pribTpoB. OUMIIEHHbIE CTOKM MOTYT HCTIONB30BaThCs B CUCTEMaX TEXHUUECKOTO 000poT-
HOTO BoJOCHa0XkeHHs1. [JOCTOMHCTBA COPOLIMOHHON OUMCTKH SIBIIIOTCS BO3MOKHOCTb M30MPATENIBHOTO MOTIONICHUS
BEILIECTB U3 MHOTOKOMITOHEHTHBIX PAaCTBOPOB U BBICOKas 3(D(PEKTUBHOCTh OUUCTKHU. Leavto uccredosamenvckol
pabomot siBisiercs: nudydyenue pH MpUpomHbIX ancopOEHTOB B CTOUHBIX U YHMCTBHIX BOAHBIX PAaCTBOpAax, pa3MepoB
YaCTUIl B CYCNIEH3USIX, CKOPOCTH CEIMMEHTAIMU 1 aJICOPOIIMOHHBIX CBOMCTB MPUPOIHBIX aJICOPOSHTOB 151 COpO-
LUOHHOW OYHCTKY IPOMBIIIIIEHHBIX CTOYHBIX BOJ OT MOHOB TSXKEJIBIX M TOKCUYHBIX METAJUIOB. YCTaHOBJIEHO 4TO,
MIPUPOIHBIE MUHEPAJIBI AJIMATHHCKON 00J1acTH 00J1aaloT BBICOKMME COPOLIIMOHHBIMI CBOMCTBAMH U MOTYT OBITh
WCIOIb30BaHbI IS COPOLIMOHHON OYKMCTKY NPOMBIIUIEHHBIX CTOUHBIX BOJ.

KuroueBble cJIoBa: CTOUYHBIE BOJIBI, IPUPOIHBIN aJICOPOEHT, CIIEKTPOOTOMETPUIECKOE UCCIIEIOBAHUE, CEIU-
MEHTAMOHHBIN aHaJ I3, CKOPOCTh CEIMMEHTAINHN, COPOIIMOHHASI OUKCTKA, TIPHPOIHBIE MIUHEPAITHI.
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AYBIH/IbI CYJIAPABI TA3BAJIAY IbIH XUMHUAJIBIK ITPOIIECTEPIH BEPTTEY
M.I'.\Myp3araiuesa', H.C.Amumxan'*, A.O.Cannesa?, A.K Tanni6aesa’, I.T./lapnoaesa*
IC.IL Acdennuspos atbiHAarsl Kazak yJITTHIK MeJUIIMHAIBIK, yHUBepcUTeTi, Anmarsl, KazakcraH,
2 Actana MeTuIHAIIBIK yHUBepcuTeTi, Acrana, Kasakcran,
3o - ®apabu areiHars Kazak yaTTHIK yHUBepcHuTeTi, AMathl, Kazaxcran
4 AJIMaTBI TEXHOJIOTUSUIBIK yHUBepcuTeTi, Anmarsl, KazakcraH,

e-mail: nazgul.ashimkhan@mail.ru

OHEPKICINTIK KCIMOPBIHAAP/BIH aFbIH/IBI CYJIaPBIH aybIp KoHE YJIbl METall MOHJApbIHAH Ta3apTy ASCTYPII pe-
areHTTIK OJIiCIIeH, COPOIUTBIK, )KOHe MeMOpPaHAJIbIK, TEXHOJIOTHSUIAPMEH JKy3ere achlpbuiaibsl. Kapanaiibiv, ap3aH,
KOJDKETIM/IL JKoHEe THIMII oficTepaiH Oipi - COpOUUSIIBIK, Ta3apTy OoJbi Keseai. COpOUMSsITBIK, Ta3apTy SiCiHIH
€peKIIeNiri KeIKOMITIOHEHTTI epiTiHIUIepIeH ipiKTell CiHipy KacheTi xoHe Ta3apTy 3(peKTHBTLIIT KoFrapsl 00-
b Kenegi. CopOLUSIIBIK, TEXHONIOTUSIMEH 1pi TOHHAJIBIK OHJIIPICTIK aFbIHIbI CYJIapIbl 3a1aJIChI3IaHIBIPY YIIiH
aIcopOLUSIIBIK, - OesiceH i MaTepuaiapra Oipkarap tajantap Koibiiaabl. CoHbIH Oipi - Te3 Cy3rijiey TeXHOJO-
TUSICH KE3iH/Ie, OJIApABIH KYPaMbl KeH ayKbIMIpl, MOMU(PYHKIUAHANAB 0oy Kepek. CopOuwst opici epiTiHaineH
YIIBI 3aTTap/pl OOl aJTBIIT, OHICITEH aFBIH/BI Cy apKapal KoJIaHyFa xioepisesi. TazapTeUFaH aFbIHIBI CyTapIIbl
TEXHHUKAJIbIK, aHHAIBIM/IAFbl CyMeH KaO/IbIKTay KYHeciHe KoaaHyra Oonanpl. 3epmmey MaKcanmol - OHAIPICTIK
AFBIH/IBI CYJIAPABI AYBIP KOHE YJIbl METAI MOHJAPbIHAH COPOLMSIIBIK, TA3apTy YILiH TAOUFKM acOPOSHTTEPAIH aFbIH-
Il JKOHE Tas3a CyJarbl epiTiHauiepiHiH pH MoHiH, cycrieH3usIapaars! OeJIeKTepIiH eJeMaepi, OeImeKTepiy
LIOry KbUIIAM/IBIFBIH JKoHE a/ICOPOLMSIIBIK KACHETiH 3epTTey Oobin Tabbulagpl. AJIMAThl OOJBICHIHAH IIBIKKAH
TaOWFU MUHEPAIIapIbH OCHTOHUT-MOHTMOPWUIOHHT, KBI3BUT OCHTOHUT, LIEONUT KOHE TUATOMUT COpPOIUSIIBIK,
KACHeTi JKOFaphl, SFHU OHIIPICTIK aFbIH/IBI CYJIapObl COPOIVUTBIK, Ta3aiay YIIiH KOJIaHyFa OOJTaThIHBI aHBIKTA-

IIBI.

Tyfingi ce3aep: arblHAB Cynap, TAOUFU acOpOeHT, CEKTPO(OTOMETPHUSIIBIK, 3ePTTeY, CeIUMEHTAIUSLIBIK,
Tajay, NIery KbUIIaM/bIFbl, COPOLIMSUIBIK, TAa3apTy, TAOUFK MUHEPAIIAp

Introduction. Decontamination of industrial
wastewater from heavy and toxic metal ions is carried
out by traditional reagent, sorption and membrane
technologies [1-2]. One of the simple, cheap,
affordable and highly effective methods is sorption
purification. The composition of natural sorbents was
previously determined by X-ray phase analysis method
[3]. In the work under consideration, colloidal-chemical
parameters for wastewater treatment were studied: pH
value of solutions, particle sizes in suspensions, particle
sedimentation rate [4].

Adsorbent - natural sorbents: lime water, diatomite
(Ile), red bentonite (Mukre), bentonite-montmorillonite
(Sredniy Tentek) and zeolite (Maytobe field) were
taken to study the parameters of the wastewater system.
The pH value of the wastewater was recorded before
and after treatment with milk of lime and sorbents.
The presence of a highly acidic environment (pH~1)
in the sewage solution before treatment is due to
the high concentration of sulfate ions, because the
composition changes according to the formation of
insoluble sediments when treated with an alkaline
reagent. During the treatment of wastewater with a
natural sorbent, the concentration of such sulfate ions

was shown to decrease. A spectrophotometric study of
the waste water and sorbent system was carried out in
the research work. Using the spectrometric method,
it was determined that the rate of sedimentation of
sorbents in wastewater is equal to the maximum - 1.4
units for diatomite and the minimum value - 0.8 units
for zeolite. The conclusion of the spectrophotometric
research revealed that it is possible to choose the
selected sorbents for wastewater treatment.

Sedimentation analysis of distilled and wastewater
was carried out to determine the amount of particles
in sorbent suspensions. According to the analysis
results, it was found that the main size of bentonite-
montmorillonite, diatomite and zeolite particles is close
to each other. Here, most of the suspensions contain
particles whose sizes vary from 2.5-107 m to 4.5-107
m. In this series of adsorbents, bentonite (Mukry)
differs in terms of particle sizes, it contains particles
with an average size of 15-17-10° m. In addition,
there are also the largest particles, the size of which
reaches 60-10 m. During the sedimentation analysis
of these suspensions in wastewater, the amount of
bentonite-montmorillonite and red bentonite particles
decreases compared to pure water. For the first mineral,
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the diameter in tap water is 1.510 m (diameter in
distilled water is 2.5.107 m), for red bentonite the
diameter is 10-10° m (diameter in distilled water
is 15-17-107 m). The decrease in the particle size
of the studied minerals is directly related to their
self-dispersion due to the destruction of the layered
structure under the influence of water molecules and
ions in the wastewater.

Materials and methodology. Natural minerals of
Almaty region were used to study the colloidal-
chemical parameters in the wastewater-sorbent system.
Diatomaceous earth is a light gray powder. The density
is 1.4 g/cm®. Red bentonite from Mukri is a brown
or reddish clay. Density - 1.03 g/cm?®. Bentonite -
montmorillonite dark gray mud (Middle Tentek). The
density is 1.8 g/cm?. Zeolite is a dark brown powder
(Maytobe). The density is 1.9 g/cm?® [5]. One of
the most important characteristics of solutions is the
pH value. In the study, indicators before and after
the treatment of wastewater with milk of lime were
determined. For untreated wastewater, the environment
is equal to pH=1, that is, it indicates a very acidic
environment. This is because untreated wastewater
has a high concentration of strong acid anions. After
cleaning the wastewater containing sulfate ions with
milk of lime, the pH value of the medium changed to
9.98, that is, it changed to an alkaline medium. Such
a sharp change in the acidity of the environment is
explained by the effect of the Ca(OH), reagent, as a
result of which the acid anions in it bind with the Ca*

ion and form an insoluble precipitate, that is, metal
hydroxides, which determines the high pH value of
the environment in waste water [6]. In the considered
scientific work, the pH of wastewater was determined
with natural sorbents. For all types of sorbents, pH
values were approximately 1.3-1.6, which means that
natural sorbents are not adsorbed by acid residue.
At the same time, a spectrophotometric study of the
wastewater and sorbent system was conducted.

Discussion and results. The sedimentation rate
of sorbents in wastewater was determined using the
spectrometric method. The sedimentation rate is one
of the most important characteristics of wastewater
treatment with sorbents. High turbidity of water
after purification is a negative factor [7]. The time
dependence graph of the optical density of the
wastewater-sorbent system is shown (Figure 1). As
can be seen from Figure 1, the optical density is
also different for different suspensions of sorbents in
wastewater. It can be seen that the optical density of
lime water is lower compared to other sorbents. This
is because a 5% solution of lime water is a slightly
cloudy white solution. In the optical density curve,
this adsorbent settles maximally in 400 seconds, but
the density of the solution changes by only 0.4 units.
This is due to the presence of milk of lime (Ca(OH),)
suspension particles, that is, it indicates the retention
of the muddy form of the wastewater solution after
treatment.
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Figure 1 - Dependence of optical density of suspensions of sorbents in wastewater

1-lime water, 2-red bentonite, 3-bentonite montmorillonite, 4-zeolite, S-diatomite
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The initial and optical density values are close to red
bentonite. Because the duration of the deposition is 2.5-
3 hours. In general, the optical density of red bentonite
decreases by 0.8 units. For bentonite-montmorillonite,
zeolite and diatomite, optical density values are high
in the initial part of the curves, that is, optical density
value is greater than one (D>1). The reason for this
is that at the beginning of the experiment, a muddy
suspension is formed and the optical density increases.
Montmorillonite has a long settling time like red
bentonite, taking 2 hours for complete precipitation.
Optical density decreases by 1.5 units.

Optical density for zeolite sorbent decreased by 1.8
units. In waste water, zeolite sorbent settles maximally
after 2.5 hours. In general, it should be noted that
the curves of bentonite-montmorillonite and zeolite lie

above other adsorbents, which means that the turbidity
of the solution decreases slowly and, accordingly, the
sedimentation rate of these suspension particles is low.
The reason for this may depend on the size of the
dispersed phase of the minerals.

The sedimentation rate of particles is high in
diatomite suspension. The optical density of this
mineral drops sharply from 1.48 to 0.18 within
15 minutes and completely settles after 2.5 hours.
Compared to other suspensions, optical density in
diatomite suspension is equal to 0.05, that is, it has
the lowest value. A decrease in the curve in the graph
indicates that the diatomite particles are larger in size
than other sorbents. Using the results in the graph, the
rate of decrease in optical density was calculated and
listed in Table 1.

Table 1 — Rate of change in optical density in different suspensions

Adsorbent suspension | Optical density change rate

Lime milk 1.50-10-5

Red Bentonite 0.75-10-5

Montmorillonite 1.11-10-5

Zeolite 0.80-10-5

Diatomite 1.40-10-5
o
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Figure 2 - Bentonite-montmorillonite sediment curve in distilled water

Table 1 shows that the rate of change in optical
density for lime milk and diatomite is close, and
in this series they are of maximum importance. In
red bentonite and zeolite, the values of the rate
of change determined by optical density are the
lowest, the intermediate velocity of montmorillonite
is characterized by a characteristic. Based on this
data, diatomite is the fastest-growing sorbent compared
to lime milk suspension. As noted above, in the

process of purification of lime with milk, the slurry
of runoff water remains, which is a negative factor.
Sedimentation analysis was carried out on each of
them to determine the amount of particles in the
sorbent suspensions. Figure 2 shows the deposition
curve of bentonite-montmorillonite in distilled water.
The sediment curve indicates dependence on the time-
to-time change in the mass of the sediment.
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Table 2 - Data for calculating the size of fractions and percent of fractions

m,mg | t,c | d,m10-5 | Q%
30 5 11 | 21.7
55 30 6.7 | 39.8
70 60 3.8 | 50.7
95 90 3 | 68.8
110 | 125 2.5 | 79.7
128 | 180 2.3 | 92.7
130 | 240 19 | 94.2
135 | 330 1.4 | 97.8
137 | 450 1.2 | 99.2
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Figure 3 - Distribution curve of differential particle sizes in the system:

bentonite-montmorillonite — distilled water
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Figure 4 - Diatomite disobeyed water deposition curve

You can see in the graph that the changes in the
sedientary mass in the initial time period are negligable.
The size of the particles in this suspension (d, m) and
the relative mass of the sediment [8] are calculated
according to the methodology, the percentage of
fractions with different diameter of particles (Q%) is
given in Table 2 within m there are particles that change
in diameter of particles. To get a visual representation

of the distribution of particle sizes in the system, a
differential distribution curve is inserted, which is the
diameter dependency of the mass distribution function
F=IAQ/AdI, dQ/dd (in threshold value). In other words,
from this graph you can determine the most likely
amount of particles that will be in the polydisperse
system, as well as the smallest and largest dimensions of
the particles. The graph for bentonite-montmorillonite
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is shown in Figure 3.

As the graph shows, the most likely particle size
for bentonite-montmorillonite is 2.5-3.0.0-10-> m in
diameter, the minimum particle size is 1.2-1.4-107
m, And the maximum particle size is 11-107, figure
4, table 3, and figure 5 show the results of diatomite

suspension. will undergo significant changes. The
particles calculated along the sediment curve are larger
in size than bentonite-montmorillonite. You can see that
most of the differential curve consists of parts 3.1—
4.5-105 m in size, 1.4-107 m in size, and 16-10 m
maximum (Fig. 5).

Table 3 - Fraction sizing data and percent of fractions

m,mg | t,c | d,m10-5 | Q%
13 5 16 7.5
22 30 | 9.59 12.7
65 65 54 | 37.7
92 | 150 42 | 534
120 | 210 3.6 | 69.7
130 | 450 3.1 | 755
140 | 570 26 | 81.3
151 | 810 2| 87.7
172 | 930 1.4 | 99.5
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igure 5 - The spread curve of the differential particle sizes in the system:

diatomite - distilled water

The data on bentonite is shown in figures 6, 7 and
table 4. The initial cut of the curve in Figure 6 has
little change in values, that is, at the beginning of
the experiment the sediment forms very quickly, and
the particle dimensions must be large, respectively,
this forecast is confirmed by calculations (Table 4),
according to which the dimensions of the specified
particles reach 60-10 m.

The possible size of the parts is 15-17-107
m, the minimum is 5-10° m. In this case, with
spectrophotometric measurements, the dependence
curve for bentonite should have decreased more

sharply than the diatomite curve, the reason for the
gradual decrease in the optical density of bentonite
and montmorillonite is the liophilic systems that are
distributed in water. Montmorillonite is the main
component of bentonite. They belong to hard-working
silicates, which is explained by their easy swelling in
the water. Since the structure of the layer consists
of silicon-oxygen tetrahedrons and alumohydroxyl
octaedres, and there is a weak connection between
them, various ions enter the inter-package space, along
with water molecules during swelling. The area of
the specific surface of the montmorillonite is large
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(600-800 m?/g) and is-characterized by the ability to silting of the solution, therefore, in the graph this is
exchange 80-150 mmol eq/100 g of cations [9]. This explained by a sharp decrease in optical density in the
will gradually dispersion, which will lead to a higher suspension of clays.
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Figure 6 - Red Bentonite deposition curve in distiled water

Table 4 — Data for calculating the size of fractions and percentage of fractions

m,mg | t,c | d,m10-5 | Q%
12 5 60 13
20 30 35 21
30 | 150 20 32
49 | 330 15 52
79 | 510 13 85
82 | 630 11 88
85 | 690 9 91
87 | 720 7 94
90 | 840 5 98
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Figure 7 - The differential distribution curve of particle sizes in the system:

red bentonite — disobeyed water

Figures 8, 9 and Table 5 show the results of the sedimentation analysis of the ceolite, where you can also note
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minor changes in the initial part of the curve (Figure 8), but as shown by the differential curve from this data,
much of the system consists of particles measuring 3.0-3.6- 10~ m.
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Figure 8 - Sediment curve in purified water of zeolite (Maitobe deposit)

Table 5 Table - Fraction sizing data and percent of fractions

m,mg | t,c | d,m10-5 | Q%
42 5 34 25,6
68 30 6,3 | 41,46
101 90 3,6 | 61,58
140 | 210 2,8 | 85,36
145 | 280 2,4 88,4
150 | 360 2,1 91,5
159 | 480 1,8 96,9
160 | 540 1,3 97,5
162 | 750 2,1 98,1
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Figure 9 — The spread curve of differential particle sizes in the system:

ceolite-distilled water

d- 107, m
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After determining the amount of particles of natural
sorbents presented above in disteeled water, particles
of natural sorbents were detected in the wastewater.
All the graphs and calculations were carried out in
accordance with the previous practice.

As a result of the sedimentation study of natural
sorbents in distilled and wastewater, the amount of
suspense particles of bentonite - montmorillonite and
bentonite is reduced compared to the pure water,
the diameter of the first mineral in distilled water is
2.5-10° m. the diameter in runoff water decreased
by 1.5-10° m. The diameter of red bentonite in
disobeyed water was 15-17-10 m, and the diameter
in runoff water was 10-10° m. m decreased. The
decrease in particle content of minerals may be
related to the spontaneous violation of the complex
structure of ions and water molecules containing
wastewater. The structure of diatomite and cyolite
minerals did not dispersion in the aquatic environment
due to the strong structure, so in the sedimentation
analysis, the amount of suspension particles of these
minerals in distilled water and wastewater did not
change much. Thus, the sedimentation analysis showed
that suspensions of natural adsorbents belong to
polysystems. This conclusion is explained by the fact
that by spectrophotometric method, optical density

decreases slowly over time.

Conclusion. Natural minerals of Almaty region:
bentonite - montmorillonite (Srednium Tentek
deposit), red bentonite (Mukry deposit), zeolite
(Maitobe deposit) and diatomite (Ili deposit) were
extracted in the proposed study. For the treatment
of natural minerals from industrial wastewater from
heavy and toxic metal ions, the sorbbing properties
were preliminarily studied using spectrophotometric
and sedimentation methods. By spectrophotometric
method, it was determined that the deposition
rate of natural sorbent suspensions is equal to the
maximum value for diatomite - 1.4 units and the
minimum for the ceolitis - 0.8 units. The results
of the spectrophotometric study revealed that these
sorbents can be selected for wastewater treatment.
Sedimentation analysis of distilled and wastewater
was carried out to determine the amount of particles
in sorbent suspensions. According to the results of
the analysis, bentonite-montmorillonitis, diatomite
and ceolite are close to each other in terms of the
composition of the main particles.

It was determined that natural minerals from Almaty
region have a high sorption properties, that is, industrial
wastewater can be used for sorption treatment.
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PRODUCTION OF ACTIVATED ADSORBENT BASED ON SEMICOKE FROM
THE COAL SHUBARKOL DEPOSIT FOR GAS PURIFICATION

M.K. Kazankapoval?, B.T. Yermagambet!, Zh.T. Dauletzhanoval**, A.M.Kalenova',
Zh.M. Kassenova'?
'LLP “Institute of Coal Chemistry and Technology”, Astana, Kazakhstan,
2Kazakh University of Technology and Business named after K. Kulazhanov, Astana, Kazakhstan,
e-mail: coaltech@bk.ru

Various types of raw materials, including plant precursors, coal raw materials, solid fuel combustion residues,
coal mining waste, coke fines, and others, are used for the production of porous carbon materials. One important
type of porous carbon materials is microporous sorbents, which have a high volume of micropores. These pores
provide carbon materials with the ability to effectively adsorb low-molecular-weight gases and possess molecular
sieving properties, allowing their use in gas separation processes.

The main method of increasing the porosity of sorbents and reducing pore sizes is the activation of sorbents
at high temperatures using inert gases. This process increases the activity, capacity, and specific surface area of
sorbents. The specific surface area of solid bodies plays a key role in their sorption properties at low and medium
pressures. The use of activating agents, such as water vapor, in the thermal treatment processes of carbonaceous
materials is a promising method for obtaining porous carbon materials.

Keywords: activated carbon, coke, semicoke, pyrolysis, coking, activation, sorbent.

T'A3 TA3AJIAY YIIIIH IIT¥BAPKOJI KOMIP KEHI HET'T3IHAEI'T 7JKAPTBLJIA
KOKCTAH BEJICEHAEHIIPUITEH AJCOPBEHT OHIIPY

Kazankanosa M.K.!?, Epmaraméer B.T.!, Tayaer:xanosa K. T.1'**, Kanenosa A.M.!, Kacenoa
AK.M.12

1«KeMip XUMMUSACHI KoHE TexHonorusickl uHCTUTYThl» JKIIC, Acrana, Kazakcrah,
2K.K,ynaxcaHOB arerHIarsl Kasak TexHomorus koHe Ou3Hec YHUBepcHTeTi, ActaHa, Ka3zakcraH,

e-mail: coaltech@bk.ru

KeyekTi kemipTeKkTi MaTepuasiapasl ©HAIPY YIIiH MUKIi3aTTHH SPTYPIi TYpJepi, COHbIH ilIiHAe 6CiMIIK mpe-
KypcopJiapbl, KeMip IIHMKi3aTbl, KATThl OTBIHHBIH KaHY KaJIbIKTaphl, KEMip OHIipy KalgbIKTaphl, KOKC YTiHALIEpi
KoHe T.0. KeyekTi KeMipTeKTi MaTepuaiapiblH MaHBI3IbI TYPJEPiHiH Oipi MUKPOKEYEKTepIiH YJIKEH KeJieMiHe
Yie MUKPOKEYEeKTi COPOSHTTEp OOJBIN TaObLUIa bl Byl KeyekTep KOMipTeKTi MaTeprajgapra TOMEH MOJICKYIANBIK,
razapapl THIMII acopOLusiay MyMKIHJIMH Oepejii *oHe MOJIEKYJIaNbIK, eeyilll KacCHeTTepiHe ue, OyJ1 onap/pl
razipl Gesty mporecTepinjie KoaaaHyra MyMKiHIIK Oepeti.

CopOeHTTepaiH KeYeKTUTITiH apTTHIPYIbIH KoHE KeYeK eIIeM/IepiH a3afTyIbIH HEeTi3ri 9/1ici copOeHTTep/i KOoFa-
PpbI TEMIIepaTypajia MHEPTTi ra3aapMeH OeliceHIipy OOJIbIT TaObUIAIbL.

Byt mpotiece ancopOeHTTepiH OeICeHIUTITIH, CHIABIM/IBUIBIFBIH JKOHE MEHIIIKTI OSTiHIH ayJaHbIH apTTHIPaIbL.
TeMeH xoHe opTailia KbIChIM/IA OJIAP/IbIH COPOLIUSUIBIK, KACHETTEPIH/Ie KATTHI IeHe Iep/IiH MEHIIIKTi OeTiHiH ayqaHbl
HIenyI pesn atkapaapl. KeMipTeKTi M1Ki3aTThl TEPMUSUIIBIK OHJICY MPOLeCTepiHe cy Oybl CHSIKThI aKTHBTEH/IIp-
rilTepai KonaaHy KeyeKTi KOMipTeKTi MaTepuasgap/sl aly/IbH MepCcreKTHBAbI 9/1ici OOJIBIN TaObUIa bl

Heri3zri ce3aep: GesceHaipiires KeMip, KOKC, KapThilaid KOKC, MPOIU3, KOKCTEY, aicOPOCHT.

NNPOU3BOACTBO AKTUBUPOBAHHHOI'O AACOPBEHTA N3 IIOJIYKOKCA
HA OCHOBE VIUVIA MECTOPOZKIEHHUA ITYBAPKROJIb JIA OYUCTKHN
I'A30OBbIX CPE/[L
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JIns IpOU3BOACTBA MOPUCTBIX YIVIEPOAHBIX MATEPUAJIOB MCIIOJB3YIOT Pa3IWYHbIE BUABI CHIPbS, BKJIIOYAs pac-
THUTEJIbHBIE TIPEKYPCOPbI, KAMEHHOYTOJIBHOE CBIPbE, OTXOIbl CXKMIAHUS TBEPIOrO TOIUIMBA, OTXOABI YIJIEAOOBIUH,
KOKCOBYIO KpOIIKY U Apyrue. OJHUM U3 BaXHBIX TUIIOB MOPHCTHIX YIIIEPOAHBIX MaTEPUAJIOB SBJISIOTCS MUKPO-
TIOPUCTBIE COPOEHTBI, KOTOpble 00JIa1AI0T BHICOKMM O0OBEMOM MHKPOIOP. DTH HOPbl 00ECTIEYNBAIOT YIJIEPOAHO-
My Marepuay cocoOHOCTh 3((EKTUBHO acOpOMPOBaTh HU3KOMOJIEKYJISIPHBIE ra3bl M 00J1aaTh MOJIEKYJISIPHO-
CHTOBBIMH CBOWCTBAMH, UTO MO3BOJISIET MX MCIIOIb30BaTh B ra30pa3/ie/IUTEIbHBIX TPOLIECCaX.

OCHOBHOWM METOJ1 YBEJINYEHHUsI TIOPUCTOCTH COPOSHTOB 1 CHIKEHHS pa3MepOB TOp - 3TO aKTUBALMS COPOESHTOB
IIPU BBICOKUX TEMIIEPATypax ¢ MOMOIIBI0 HHEPTHBIX ra30B. DTOT MPOLECC YBEIMUUBAET aKTUBHOCTb, EMKOCTb 1
YIEIBHYIO TIOBEPXHOCTD a/ICOPOEHTOB. YieJbHas TIOBEPXHOCTh TBEPABIX TeJl UIPAeT KIIOYEBYIO POJib B MX COpO-
LIMOHHBIX CBOMCTBAaxX NpU HU3KUX U CPeIHUX AaBJieHUsX. VIcrob30BaHME aKTUBHPYIOLIMX areHTOB, TaKUX Kak
BOJISIHOM Tap, B MpOLeCcax TePMHUYECKOH 00pabOTKM YITIEPOAUCTOTO ChIPbsl SIBJISIETCS MEPCHEKTUBHBIM METOJIOM
TIOJTyYE€HUS TIOPUCTBIX YIVIEPOAHBIX MAaTEPUAJIOB.

KiroueBble cjI0Ba: aKTUBUPOBAHHBIN yTrojib, KOKC, MOJYKOKC, MUPOJIN3, KOKCOBAHUE, aKTUBAIIUsI, aIcCOPOEHT.

Introduction. A substantial deficit of high-quality
carbon materials, particularly carbon reductants
essential for electrothermal processes such as
ferroalloy, silicon, and steel production, persists both
domestically and internationally. This scarcity stems
from the closure, during the 1990s, of semicoke-
producing enterprises in Russia (including the Angarsk
and Cheremkhovo coke and gas plants, each boasting
an annual output of 2 million tons of semicoke) and in
Eastern Germany. Factors contributing to this cessation
encompass the physical deterioration of equipment
(notably, coke ovens in Germany constructed during
the 1930s-1940s, and plants in Russia relocated from
Germany as reparations following World War II),
environmental risks associated with production, and the
absence of contemporary, efficient, and ecologically
sustainable technologies.

The dwindling supply of metallurgical coke has
precipitated a surge in its prices. In 2004 alone, the
average price of coke across various grades skyrocketed
from $80 per ton to $250 per ton. This upward
trajectory is anticipated to persist, given that by 2010,
the resources of nearly all coke plants will have been
depleted, and reserves of valuable grades of coking
coal (including grades K, KZh, KS) will have been
exhausted. Notably, there exists a significant potential
for semicoke exportation. In 2004, amidst a shortage
of this product, prices for carbon reductants soared
to $300 per ton in Germany, Norway, and Japan.
Additionally, in 2017, Russia witnessed a production

volume of 10,468 tons of activated carbons, marking a
10.8% increase compared to the previous year.

The consumption of carbon sorbents, primarily for
environmentally sustainable technologies, has been
steadily rising by over 5% annually in developed
nations in recent years. Conventional methods for
producing activated carbons are characterized by
a multistage, energy-intensive, and environmentally
hazardous process. Prices for activated carbon,
comparable in quality, range from $1200 to $1500
per ton both domestically in Kazakhstan and abroad.
Global consumption of activated carbon totals up to
1.5 million tons annually, whereas in Russia, it amounts
to less than 20 thousand tons per year. The production
of thermal and electric energy considers the prospect
of obtaining valuable by-products such as activated
carbon, semicoke, ash-slag materials, and commercial
sulfur [1].

Until the advent of the 20th century, most chemical
products were derived from the pyrolysis and coking of
coal. These processes entail the heating of coals in the
absence of air for their thermal decomposition. Coking
coal primarily yields coke, extensively utilized in both
ferrous and non-ferrous metallurgy for metal smelting.
By-products of these processes include a gas-steam
mixture containing numerous chemical compounds [2].

Materials and Methods. The production process of
granulated activated carbons consists of several crucial
stages, including thermo-treatment and activation,
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along with additional procedures involving the
preparation of a paste-like mass from coke powder
and binder, followed by the granulation of the
resulting coal-tar composition. The properties of
the obtained granules and the parameters of the
granulation process are significantly influenced by the
characteristics and composition of the raw materials.
Noteworthy advantages of these granules encompass
their stable shape, mechanical strength, and suitability
for employment in cyclic processes with a moving bed
[3].

Chromatographic ~ determination of  specific
retention volumes was carried out on a Kristallux
4000M chromatograph in steel columns 25 cm long,
with an internal diameter of 3 mm.

Coke fines manifest visually as solid substances with
a grayish-black appearance and a distinct specific odor.
The qualitative features of the initial coke fines are
delineated in Table 4, demonstrating a high carbon
content (approximately 88-90 %) alongside low sulfur
and ash content [4].

The applications of activated carbons are
diverse, spanning across various industries, including
chemical (chemical fibers, dyes, chemical reagents),
metallurgical (non-ferrous and ferrous metallurgy), gas
and oil refining (separation and purification of process
streams), and gas emission control (solvent recovery,
gas purification) [5, 6].

A wide range of raw materials can be utilized
in the production of activated carbon, encompassing
traditional sources such as wood, peat, and coal, as well
as unconventional sources like nutshells, barley straw,
sewage sludge, liquid oil fractions, fly ash, and used

rubber tires [7-10].

Analysis of methods for obtaining sorbents from
carbon-containing raw materials has demonstrated the
feasibility of utilizing coal, typically employed as fuel
in small autonomous thermal power plants, to produce
activated carbon.

The elemental composition of the gas emitted during
thermal treatment was analyzed using a “Kristallyuks
4000M” chromatograph. Moisture content, ash content,
and volatility of the samples were determined using
a "Thermoster Eltra” thermogravimetric analyzer
(according to ASTM D7582-12). Various parameters
such as total pore volume, bulk density, pH of
the aqueous extract, and adsorption activity using
methyl orange were determined following standard
procedures. The adsorption characteristics of the
sorbents (specific surface area) were investigated
using the Brunauer-Emmett-Teller (BET) method,
with measurements conducted on a KATAKON
Sorbtometer M instrument. Chemical analysis and
surface morphology were examined using energy-
dispersive X-ray spectroscopy on a SEM instrument
(Quanta 3D 200i) with an attachment for energy-
dispersive analysis from EDAX. Particle size
distribution, structural strength, and mass fraction of
chlorine, arsenic, and sulfur were determined according
to ND methods.

Semi-coke fines with a particle size fraction of
3-5 mm (derived from Shubarkol coal, grade D,
Kazakhstan) were utilized as raw material, possessing
the following technical characteristics: moisture

content (W™) -7.71%, ash content (A") - 6.60%, volatile
matter (VY) - 19.43% [11, 12].

Figure 1 - Pilot-scale rotating drum furnace for thermal treatment of semi-coke fines
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To produce the activated adsorbent, crushed and
fractionated semi-coke fines (fraction 3-5 mm) are
introduced into a rotating drum furnace (refer to Figure
1) for steam activation at temperatures ranging from
700 °C, with a heating rate of 5-10°C/min and a holding
period at 700°C for 60 minutes. Subsequently, the
samples are extracted and allowed to cool in a dry
atmosphere [13-15].

The furnace construction consists of the following
main separate units and assemblies:

¢ Loading hopper with a screw feeder;

Furnace chamber with a gas heating system to create
the desired thermal regime;

Instrumentation and control devices (thermocouples,
flowmeters, pressure gauges);

Unloading chamber with an unloading gate;

Collector for removing exhaust gases from the furnace
chamber;

Drive station for rotating the furnace.

The furnace activation scheme is presented in Figure

—_—

STEAM AND
NITROGEN
INPUT

lo|
1

Figure 2 - Schematic diagram of the pilot-scale rotating drum furnace for thermal treatment of semi-coke fines

Gas chromatographic analysis unveiled the primary
composition of gases generated during the activation
process of semi-coke fines, comprising oxygen,
hydrogen, nitrogen, methane, carbon dioxide, hydrogen

sulfide, and carbon monoxide. The gas composition and
material balance of semi-coke activation are detailed
in Tables 1 and 2.

Table 1 - Gas composition of semi-coke fine (size 3-5 mm) activation at 700°C

Composition of gases, %

The 02 H2 co2 N2 CH4 | CO H2S
200 | 1.809 | 7.603 | 12.505 | 0.239 | 1.217 | - 0.217
300 | 0.819 | 4.638 | 9.617 1.237 | 1.690 | 0.290 | 0.379
400 | 3.298 | 4.516 | 11.089 | 0.292 | 1.700 | - 0.104
500 | 0.484 | 4.818 | 9.057 | 3.996 | 1.768 | 0.378 | 0.118
600 | 3.220 | 3.575 | 7.184 | 0.266 | 0.466 | - 0.183
700 | 5.613 | 5.054 | 3.847 | 4.596 | 0.611 | 0.244 | 0.051

Table 2 - Material balance of the process of activation of semi-coke breeze (2-5 mm)

Ne Name Content, kg | %
1 | Semi-coke breeze, incl. 15 100
Total 15 | 100
1 | Adsorbent 12,4 | 82,3
2 | Resin+water 0,02 | 0,13
3 | Gas 2,63 | 17,5
Total 15 | 100
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Results and Discussion. The results of the physico-chemical characteristics and elemental composition of the

samples are presented in Tables 3-5.

Table 3 - Physico-chemical characteristics of the adsorbent based on semi-coke fines.

e 5y | | Vo | D | |
Initial 7.71 6.6 19.4 | 0.67 0.67 6 21 95 | 7.62 8.23
Activated 0.77 13.2 | 5.99 0.86 0.58 7.5 26.5 100 15.2 227
Table 4 - Elemental composition of the samples
Semicoke fines Elemental composition, wt. %
(fraction 3-5 mm) | C (0] Na Mg | Al Si K Ca Fe S
Initial 90.06 | 8.00 | 0.06 | 0.03 | 0.46 | 0.34 | 0.07 | 0.39 | 0.26 | 0.33
Activated 88.1 421 1061 | 0.13 | 251 | 3.18 | 0.23 | 045 | 0.31 | 0.23
Table 5 - Test Results of Activated Semicoke Fines (fraction 3-5 mm)
Ne | Test Indicator Name of Test Method Nominal Value, %
Particle Size Distribution
>5 mm 8 8
3-5 mm 57.9
1| I-3mm ST RK 2405-2013 31.9
0.1-1 mm 1.9
<0.1 mm 0.3 0.3
Total 100
2 | Structural Strength, PS ST RK 2243-2012 93.86
3 | Mass Fraction of Chlorine on Dry | GOST 9326-2002, (ISO 587-97) 0.1
Fuel Basis, Cld
4 | Mass Fraction of Arsenic on Dry | GOST 10478-93, (ISO 601-81, ISO 2590-73) | 0.0002
Fuel Basis, Asd
5 | Mass Fraction of Total Sulfur on | GOST 8606-93, (ISO 334-92) 0.23
Dry Fuel Basis, Sd

As a consequence of steam activation, there is
a notable increase in the total pore volume due to
water and the adsorption activities of the sample, as
assessed by methylene orange, methylene blue, and
iodine. Furthermore, the specific surface area of the
sample experiences a substantial augmentation from
8.23 m%/g to 227.01 m?/g, representing an almost 28-
fold increase. This phenomenon can be attributed
to the liberation of volatile constituents during
thermal treatment and steam activation, along with the
emergence of additional microporous structures.

The content of chlorine, arsenic, and sulfur in
the activated semi-coke fines adheres to standard
specifications, with levels not exceeding 0.1%, 0.002%,
and 1.2%, respectively.

Electron microscopic analysis of the samples is
depicted in Figures 3 and 4. The initial sample
of semicoke fines exhibits macropores characterized
by diameters ranging from 2.22 wm to 39.50 pm.
Following steam activation, pores are observed with
smaller sizes ranging from 214 nm to 515.7 nm.
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Figure 3 - Electron microscopic images of the initial semi-coke breeze:

a —x2000, b —x30 000, c — x50 000

Figure 4 - Electron microscopic images of the activated semi-coke breeze:

a —x2000, b —x30 000, c — x50 000

An activated adsorbent based on semi-coke breeze
has been tested for gas purification. An analysis
of the kinetic characteristics and sorption capacity
was carried out using gas chromatography for the
retained volumes of nitrogen, oxygen, hydrogen,
carbon monoxide, carbon dioxide, methane, propane,
butane, sulfur oxides and nitrogen oxides The sorption-
kinetic characteristics of the adsorbent sample
were determined by gas chromatography. From the
chromatography data, the specific retained volumes of
gases were determined, and the separation selectivity
coefficients were determined from their ratio. A
sample fraction of 0.2-0.054 mm was sifted out
on a laboratory vibrating sieve and packed into
chromatographic columns using a vacuum pump.
Columns with sample samples were purged in a
chromatograph thermostat at a temperature of 150°

C for 2 hours. The temperature of the columns is 30°C,
the temperature of the detector - katharometer and
evaporator is not less than 40°C. The speed of the
carrier gas — argon — is 7 cm®/min. Sample volume —
0.1 ml. Gas samples were taken using rubber samplers
from gas cylinders. The specific retention volume was
calculated based on the retention time of the analyte gas
minus the release time of the helium sample, multiplied
by the carrier gas velocity and divided by the mass
of the sample in the column. The release time of a
helium sample - a gas not absorbed by adsorbents - is
determined by the voids in the capillaries in front of the
column, after it in front of the detector, as well as the
voids between the adsorbent particles in the column,
and inside the adsorbent. The test results are presented
in Table 6.

As the test showed, the presented adsorbent based
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on semi-coke breeze has developed porosity with the
presence of micropores in the range of 0.3-2 nm.

This is confirmed by the results of gas adsorption
chromatography.

Table 6 - Results of studies of the specific retained volume of gases, selectivity coefficients for adsorbent

separation

Ne Defined indicators \ Test results Units
Specific retention volumes of gases (according to gas chromatography) at 300C

1 | Nitrogen 2,27 cm3/g

2 | Oxygen 3,47 cm3/g

3 | Methane 7,84 cm3/g

4 | Hydrogen 0,73 cm3/g

5 | Carbon monoxide 3,9 cm3/g

6 | Carbon dioxide 121,4 cm3/g

7 | Propane (C3HS) at T=1400C 5.4 cm3/g

8 | Butane (C4H10) at T=1400C 1134 cm3/g

9 | Sulfur dioxide SO2 complete absorption cm3/g
10 | Nitrogen dioxide NO2 complete absorption cm3/g

Gas separation selectivity coefficient (ratio of retained volumes)

1 | CH4/N2 34 -

2 | CH4/CO 2 -

3 | CO/H2 5.3 -

4 | CO2/CH4 15,5 -

Conclusions. Based on the findings of the purification, ventilation, filters and sorption plants.

investigation of physical and chemical properties
conducted at the laboratory of LLP ”Coal Chemistry
and Technology Institute,” the obtained sample
”Activated semi-coke fines (fraction 3-5 mm)”
conforms to the classification ST RK 2246-2012.
It can be categorized as gas grade marks: AG-3
and AG-5, suitable for gas and liquid adsorption,
manufacturing absorbents and catalysts, as well as
for respiratory protection equipment (AG-2B) and
manufacturing absorbents and catalysts (AG-2A).
Moreover, it complies with recuperative activated
carbons (AR-A, AR-B, AR-C), intended for capturing
and recycling volatile solvent vapors, particularly at
high concentrations.

The study showed the prospects of commercializing
the technology for the synthesis of carbon adsorbents
based on semi-coke breeze for their further use in
air purification processes and flue gas capture, gas

The technical outcome of the research encompasses
enhanced energy efficiency of the process, augmented
specific surface area, specific yield of solid product,
strength, porosity, and adsorption activity, alongside
reduced wvolatility attributed to steam thermal
activation.
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NCCJIEJOBAHME ITPOHECCA JEIIIPUPOBAHUA CXKUKEHHbBIX
HE®TAHDBIX 'A30B C IPUMEHEHUEM METAJIJICOAEPKAIIIUX
KATAJIN3ATOPOB
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B mociesHue ropl MOCTOSIHHBIA POCT 1IeH HA SHEPrOHOCUTENH, OPAaHMYEHHOCTh MUPOBBIX 3aMacoB HepTH 1
YXYALICHHUE SKOJIOTUYECKOM CUTYAIMK BO BCEM MEpPE CAIeJIali aKTYaIbHOM 3aa4y aKTUBHOIO UCIIOIB30BAHUS TaK
Ha3bIBAEMbIX BO3OOHOBJISIEMBIX IPUPOIHBIX U SHEPTETUYECKUX PECYpPCOB. DTOMY JOJIKHBI CIOCOOCTBOBATH Iepe-
OpHEHTAIMsI CBIPEBOM 0a3bl [UIsl IIPOM3BOCTBA HE(PTEXIMUYECKOU MPOAYKIIMK HA HEPTEra30Boe ChIPhE.

B narHOM 0630pe TMpeAcTaBlieH aHAJIN3 M3BECTHBIX KaTaJlM3aTOPOB, pa3pabOTaHHBIX MPOMBIIUICHHBIM CIIOCO-
6OM JUTsl AETUIPUPOBAHMS JIETKMX aJIKAHOB. PaccMaTpuBasIMCh KaTaan3aTopbl HA OCHOBE IUIATHHBI, ATIOMOXPOMAa,
OKCHJIa KeJie3a, OKCHa MOIMO/IeHa ¥ OKCU/Ia BaHaausl. [IJis KakJOro U3 HUX MPUBEICHBI COOTBETCTBYIOIINE CBOM-
CTBa, KOMIIOHEHTHBII COCTaB, ChIPbE, 0OIACTH MPUMEHEHH s, IOCTOMHCTBA U HelocTaTKU. OOCYKaaiu pa3iuyHbie
pa3pabOTKH 1O MCIIOIb30BAHUI0 TIPOMOTOPOB B BUJIE METAJUIOB WJIM OKCHIIOB METAJUIOB JIJISl YITyJIIIeHUs] KOHBEp-
CHH ¥ CEJIKTUBHOCTH TIpoliecca AeTUAPUPOBAHUS.

Ienpio gaHHOW paOOTHI SIBJISUIOCH M3y4YeHHe (PUBUKO-XUMHUYECKUX CBOMCTB HAHECEHHBIX METAJIOKCHIHBIX, MO-
HOMETAJUTMIECKUX U OMMETaJUTMIECKIX KATAIM3aTOPOB B pEaKIIMH IeTHIPUPOBAHIS IPOTIaHa, N3yUeHUE BITUSTHUS
YCIIOBHI TIPOBE/ICHUSI PEAKIMH Ha BBIXO]] ITPOTMJICHA.

B npoMblIIeHHBIX YCTIOBUSIX AOCTUraeMasi KOHBEpCHUs IIporaHa COCTaBIsieT oT 25 10 65%, a CeIeKTUBHOCTb IO
nporuieHy He npeBbimaet 90%. [aBHas vest 3aKJII0YaeTCsl B TOM, UTO 3TH JaHHbIE SBJISIOTCS OCHOBAHHUEM TSI
Pa3pabOTKX HOBOTO MOKOJIEHUST KATATM3aTOPOB JIErHAPUPOBaHUsl. [[puMeHeH e STUX KaTaIu3aTOPOB MMO3BOJIMIO
Obl 3HAYMTENIHLHO TIOBBICUTh OCHOBHBIE TIOKA3aTeNM MPOLIECCa, a TAKXKe PEelINTh NPoOieMy CHUKEHHsI KOKCooOpa-
30BaHUS.

KuroueBsle cioBa: nernaprpoBaHue; oyie(hrHbI; CKIKESHHBIE HE(PTIHBIE Ta3bl; MOHOMETAUTMIECKIE KaTajH-
3aTOpBI; OMMETATNIECKUE KAaTaIu3aTOPhI.
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Acrana, Kazakcran,

e-mail: gulya_b92@mail.ru

COHFBI KXBULIAPBI SHEPrHs OaFaChIHBIH YJaibl ©Cyi, oJIeMJIiK MyHall KOPBIHBIH IIEKTEeNyi jKoHe OYKiI diemie
SKOJIOTHSUIBIK, JKaFAaiiJblH Hallapiiaybl )aHAPThUIATHIH TAaOWFU 5KOHE SHEPreTUKAIIBIK, pecypeTap el atajiaThiH pe-
cypcrapipl OesiceH/ii naiaananypl ©3eKTi eTTi. ByFaH MyHal-XuMusi OHIMIEPIH OHIpY YIIH HIMKi3aT Oa3achiH
MyHai-Ta3 MMKi3aThiHA KalTa OaFmapiay bIKIaI eTyi THIC.
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Byt monyna keHin ankaHzapasl IerHapiey YIIiH eHepKacinTe a3ipieHreH Oerili Kartaan3atopiapably Tal-
naybl O6epirer. [lnatiHa, aTlOMUHUIA-XPOM, TEMIp OKCH[i, MOTMO/EH OKCHUII *OHE BaHAIUI OKCHI HeriziHjeri
KaTalu3atopyiap Kapacteipbuiibl. OnapiblH 9pKaNChICHl YIIIiH COMKeC KacheTTepi, Kypampaac OeJriri, MIMKi3aTsl,
KOJIIaHy aiiMarbl, apTHIKIIBUIBIKTaphl MEH KeMIITIKTepi KeTipiiareH. Jernapney npoleciHiH KOHBEPCUACH MeH
CEJIEKTUBTLJII{H )aKcapTy YIIiH MeTalgbl HEMece MeTaJll OKCH/IiHiH TPOMOTOPJIAapbIH KOJIIAaHyAAFbl 9pTY pili 93ip-
JIeMernep TaJIKbUIaH/BI.

B¥J'I TBUJILIMU JKYMBICTBIH MAaKCaTbl MMPOIWJICH HIbIFbIMBIHA 9CEP €TY IIAPTTAPbIH KOHE MNPpONaHbl AETUAPJICY
PpeaKkIMACbIHAA METAJUT OKCI/IJIiHe OTBIPTBI3bL/IFaH, MOHOMETAJIABIK JKOHE 6I/IMeTaJ'IIlI)IK KaTaJIn3aTopJiapablH (1)I/I3I/IKEI-
XUMUAJBIK KaCI/ICTTﬁpiH 3EpPTTCLY.

OHepKaCINTIK Karaaillapaa NPONaHHLIH KOHBEPCHACH 25-TeH 65%-fa NeiliH aybITKUABL, all IPONUIEHHIH ce-
nektuBTiiri 90%-nan acnaiinsl. Herisri umest — Oy gepekTep Aeruapiey KaTalin3aTopiIapbiHBIH jKaHA OYBIHBIH
’kKacayra Heri3 Oomaasl. By katanuzatoprnapapl KOJIaHy MPOIECTiH HErisri mapaMeTpiiepiH auTapiblKTal Kak-
capTap efi, COHbIMEH KaTtap, KOKC Ty3UIyiH a3aiiTy MoceleciH miemep efi.

Tyiiin ce3nep: geruaprey, oneduHaep, CYUBITRUFAaH MyHal Ta3fapsl, MOHOMETAJIBIK, KaTau3aropiap, ou-
MeTaJIbIK, KaTaan3aTtopiap.

STUDY OF DEHYDROGENATION OF LIQUEFIED PETROLEUM GASES USING
METAL-CONTAINING CATALYSTS

G.B.Begimbayeva!®, R.O. Orynbassar!, A.K. Zhumabekova?, Z.B.Sultamuratova'
Aktobe Regional University named after K. Zhubanov, Aktobe, Kazakhstan,
2Kazakh University of Technology and Business named after K. Kulazhanov,

Astana, Kazakhstan,
e-mail: gulya_b92@mail.ru

In recent years, the constant rise in energy prices, limited global oil reserves and the deteriorating environmental
situation around the world have made the active use of so-called renewable natural and energy resources urgent.
This should be facilitated, in particular, by the following measures to reorient the raw material base for the
production of petrochemical products from oil to oil and gas raw materials.

This review presents an analysis of known catalysts developed industrially for the dehydrogenation of light
alkanes. Catalysts based on platinum, aluminochrome, iron oxide, molybdenum oxide and vanadium oxide were
considered. For each of them, the corresponding properties, component composition, raw materials, areas of
application, advantages and disadvantages are given. Various developments in the use of metal or metal oxide
promoters to improve the conversion and selectivity of the dehydrogenation process were discussed.

The purpose of this scientific work was to study the physicochemical properties of supported metal oxide,
monometallic and bimetallic catalysts in the propane dehydrogenation reaction, and to study the influence of
reaction conditions on the yield of propylene.

Under industrial conditions, the achievable propane conversion ranges from 25 to 65%, and the propylene
selectivity does not exceed 90%. The main idea is that these data provide the basis for the development of a
new generation of dehydrogenation catalysts. The use of these catalysts would significantly improve the main
parameters of the process, as well as solve the problem of reducing coke formation.

Keywords: dehydrogenation; olefins; liquefied petroleum gases; monometallic catalysts; bimetallic catalysts.

BBenenue. Jlerkue oneduHbl, Takue Kak MpPOMNU-
JeH (IpomneH) M 3TWIEH (STWIEH), SBISIOTCA OIHU-
MU U3 BOXHEHMIINX COETUHEHUN B XUMHMUYECKOH IMpo-
MBIIIICHHOCTH OJIarofapst MX IHUPOKOMY KCIIOIb30Ba-
HUIO B KAUYECTBE CTPOUTENTBHBIX OJIOKOB XUMHYECKUX Be-
miectB [1-6]. Jlerkue onebrHBI ABIISIOTCS CHIPbEM IS
MIPOM3BOICTBA IMPOKOTO CHEKTPa XMUMHYECKHX IIPO-

JyKTOB, BKJIIOYasi TIOJIMMEPH! (HallpuMep, TTONMNITHIIEH,
TOJIMIIPONIMJIEH), OKCHI'€HaThl (HAIPHMEp, STHJICHIIIN-
KOJIb, alleTaJIbJETU/l, alleTOH, MPOMUICHOKCHA) U BaX-
Hble XMMHYECKHE MOTYPOAYKTHI (HAIpUMep, STUIIOeH-
3071, TTpoITHOHaJIbAerHA). Crpoc Ha 3TH KOMITOHEHTHI B
NIOCJICIHHAE TOB! CTAOMJIBHO PACTeT, MPHYEM IOJIOKHU-
TeJIbHAst IMHAMUKA CIIPOCa U POU3BOJCTBA HAOMoaeT-
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Cs1 HA BCEX OCHOBHBIX PBIHKAX, 3a MCKIIIOUYeHneM EBpo-
30HBI, KOTOpAsi MOCTPAJaia OT HEJIABHErO SKOHOMUYE-
cKkoro kpusuca [7-9]. Pan ¢pakTopoB, Takux Kak BBICO-
Kast SHEProeMKOCTb IMPOIECCOB, HU3Kas! CEIEKTUBHOCTh
MIPOM3BOJCTBA HEKOTOPHIX 0JIe(hHHOB, HCTOITIEHHE 3aI1a-
COB He(PTH ¥ POCT LIeH Ha Hee, 3aCTaBJISI0T HePTEXUMH-
YECKYIO ITPOMBIIIUIEHHOCTh UCKATh HOBBIE TEXHOJIOTUH.

B mocnenHue rosl TEXHONMOTUS THAPOPa3phIBa TUIA-
cra (I'PII) mocturia Takoro ypoBHsl, YTO IO3BOJISIET
3KOHOMHUYECKU BBITOJHO J00BIBATH OOJIBIIME OOBEMBL
cnanneBoro raza. Tak, B CIIA yxe uerBepTh NOOBI-
YK TPUPOJHOTO ra3a MPUXOIUTCS Ha MECTOPOXKICHUS
CIIAHIICBOTO Ta3a, M B OYyIyIIeM OXHUIACTCS JaJIbHEeH-
Iee YBEeJIMUCHUE ITOTO TMOKAa3aTells, YUUTHIBas Harle-
JIEHHOCTh Ha JOCTHKEHHE SHEPreTHYecKOor caMoIocTa-
TOYHOCTHU. YBEJIMUEHUE TPEJIOKEHUsT TIPHPOIHOTO ra-
3a MPUBEJIO K CHIKEHHUIO €r0 CTOMMOCTH MPUMEPHO Ha
75% 1no cpaBHenuio ¢ ieHamu 2005 roga, 4ToO AenaeT
CIIAHIICBHIA Ta3 BeChbMa ITPHBJICKATEIbHBEIM B KayecTBe
WCTOYHUKA SHEPIUHU U CHIPbs AJIs1 IIPOU3BOJICTBA TPAHC-
TIOPTHBIX TOIUIMB M XUMHUYECKHUX MpoayKToB. K HIM OT-
HOCSITCS JIeTKKe OJie(puHbI, KOTOPbIE MOTYT OBITh IOJTY-
YEHBI JIMOO IMyTeM MEPBUYHON MepepabOTKU MPUPOIHO-
ro ra3a B CHHTE3-Ta3 U MOCIEAYIIIEero MpsMOro Ipe-
BpaIlleHHsI STOTO ra3a B ojiepuHbI B mporiecce Pumepa-
Tporiia (FTO), 1160 KOCBEHHBIM MyTEM 0 MapIIPyTy
MetaHom-oeursl (MTO), rae B KauecTBe MPOMEKY-
TOYHOM CTaJiM KCIIONL3YeTCs MPOIECC CUHTE3a MeTa-
HOJIA.

JIOCTYITHOCTh 3TUX OTHOCHUTENIBHO HEJOPOTHX CKU-
JKEHHBIX Ta30B, B YACTHOCTM 3TaHa, IpHUBEIa K TO-
My, 4TO yCTaHOBKHM napooro kpekutra B CIIIA nepe-
M ¢ HapTH Ha CJIAHIEBHIA 3TaH, IPUYEM YCTAHOB-
KM KPEKMHIra Ha(pThl JEMOHTHPYIOTCS WM 3aMEHSIOTCS
Ha yCTaHOBKM KpeKuHra 3taHa. [lo cpaBHeHHIO ¢ Kpe-
KMHIOM Ha(Thl, IPM NAPOBOM KPEKMHIre 3TaHa oOpa-
3yeTcsl HE3HAYMTENIbHOE KOJMYECTBO OJIe(PMHOB, KPO-
Me STWIEHA, YTO COKpAIIaeT MPEeAIOkKeHUe IPOIuie-
Ha 1 Pe3KO MOBHIIIAET €ro LHEeHy. DTO CO3/1aeT BO3MOX-
HOCTb HAIIe/IUTh KaTIUTHUECKUE TEXHOJOIMU Ha I10-
JIy4eHHe POJICTBEHHBIX 0JIe(hMHOB, HAPUMeEp, KaTalu-
THYECKOE JErnApUpOoBaHue JIeTKUX napacuHoB. leil-
CTBUTEJIbHO, PEHTAaOEIBHOCTD JIETHAPUPOBAHMS ITpoIia-
Ha BO MHOIOM OIpefieisieTcsl pasHULled B IEeHax Ha
MIPOMaH U MPOMWIEH, TOTOMY TEKyIlas KOHBIOHKTYpa
pbIHKa OueHb OnaronpustHa. Eie oqHuM mpenmyine-
CTBOM TEXHOJIOTMU JETUAPUPOBAHUs fABJISAETCS TO, 4TO
JeruIpupoBaHye - 3TO LieJIeHalpaBIeHHbIN poliecc, B
pe3ysbTaTe KOTOpOro o0pasyloTcst TONbKO KOHKPETHBIE
orepuHBI, a He CMEIIaHHbIe IIPOAYKTHI. JlefCTBUTENBHO,

B HACTOSIIIIee BPeMsI IIPOMBIIIUICHHBIE TIPOLIECCHI JeTH/I-
PHUPOBaHUS ONTUMHU3MPOBAHBI IS TOMyUeHUs omedu-
HOB TIOJIUMEPHOTO KJjlacca YMCTOTH. Ha MOMeHT Hamm-
caHus ctatei geruapupoBanue rponaxa (A7) mo3so-
JISIeT MOJIy4YaTh OKOJIO 5 MJTH. T mponuieHa B rof [10].
OpHaKO 0XKUAAETCS, UTO B ONVKaNIINe TOMIB 9Ta IHdpa
3HAYMTENTLHO BO3PACTET, MOCKOJIbKY B MHpe OObsIBIIE-
HO O CTPOMTEJNILCTBE JECATKOB HOBBIX ycTaHOBOK HIII,
MHOTHE U3 KOTOPBIX YK€ HaXOAATCA B CTalU CTPOU-
TenbeTBa. CrielyeT OTMETUTD, YTO TaKKe Xke ONaronpu-
SITHBIE YCIIOBUSI CJIOKWIIACH U HA PHIHKE IETHAPUPOBA-
HUs OyTaHa. YBeNMUeHHE CIpoca, OCOOEHHO CO CTO-
POHBI aBTOMOOHIIBHOM IIPOMBIIIIIEHHOCTH, B COUETAHNU
C COKpaIlleHeM MPeIOKEeHUsT U3-3a POCTa CTOUMOCTH
KpEeKUHI'a Ha(pTHI MIPUBEJIO K Pe3KOMY POCTY IieH Ha 0y-
TarieH. DTO MPUBEJIO K POCTY UHBECTUIIUI B HOBBIC 3a-
BOIHI 10 AeruapupoBanuio 6ytana ([Jb6) B CIIA, Ku-
Tae u Snonmm [11-14].

VunThiBasi KPUTHUYECKYIO BaKHOCTh PEaKIMM Jerul-
PUPOBaHMS TSI TIOJYUEeHUs JIETKUX oyiepUHOB, B JaH-
HOI paboTe MpeacTaBlieH MOJHbIA 0030p MaTepHaoB,
UCHOJIb3YeMBIX JUISl KaTain3a 3Toi peakimu. st kax-
JIOTO MaTepHasla KaTalu3atopa pacCMOTPEHbl TaKue
KJIoueBble (PaKTOpbl, Kak creludrka akTUBHOTO IIeH-
Tpa, BIWSIHAE MOIEPKKH, YCKOPUTEJIS M ChIPbs Ha 3(p-
(pekTUBHOCTD M CPOK CITy)OBl KaTamm3aropa. B mccie-
JAOBaHUU IIPOBOAUTCA CPAaBHEHHE PaA3/IMYHBIX KaTau-
3aTOPOB C TOYKM 3PEHHS MEXaHU3MOB PEaKLIUH, ITyTer
JIe3aKTUBAlMU U 3(pdeKTUBHOCTU Kataausaropa. [Ipo-
JOJDKUTENBHOCTh CTA/IMM IETHPUPOBAHUS 3aBHCHUT OT
TEIUIOCONEPKaHUS CJIOsI KaTalnu3aTopa, KoTopoe ObICT-
PO yMEHBIIIAETCS 3-32 SHIOTEPMUYHOCTH PEAKIIMH.

Marepuauasl u MmeToabl. Kunemuka peaxuuii. Ile-
TUAPUPOBAHUE WM JETUAPOTEHU3AINS — TO XUMUYe-
CKasl peaklusi, B pe3yJibTaTe KOTOPOW BOJOPOJ YAaJIsi-
€TCsI N3 MOJIEKY/T OPIraHNYECKHUX COEIMHEHMH U sIBIISIeT-
Cs1 OJIHOM U3 CTaJIUH MpoIiecca OMOIOrMYECKOro OKUCTe-
HUsA. OHa MIpOTeKaeT B MPUCYTCTBUM KaTalnu3aTopa Win
TOJL IeficTBHEM aklentopa Bogopona. Katanutudaeckoe
JETUJIpUPOBaHUE U 00paTHas peakiiys — TMIpUPOBaHUe
— CBsI3aHbl MEX/ly COOON TepMOJMHAMUYECKHM PaBHO-
BecueM. Peakiy neruapupoBaHusi CliocoOCTBYIOT I10-
BBIIIICHUE TEMITEPaTyphl U CHYDKCHHE JaBiieHus. Peak-
MU JETUIPUPOBAHKS OOBIYHO MPOTEKAIOT TP TEMIIe-
parype Boitre 300 °C u gasnennu 0,1-5 MITa.

[pu HarpeBaHWM aJIKAHOB B TPUCYTCTBUU KaTal3a-
topos (Pt, Pd, Ni, Fe, Cr,0;, Fe,05, ZnO) nponcxo-
JUT UX KaTAIMTHYCCKOC ACTUAPUPOBAHUE — OTIICILIC-
HHS aTOMOB BOJOPOZA 3a c4eT pa3phbiBa cBsseit C—H.
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t,kar
CnH2n+2 - CnHQn + H2

Husmme ankadbl, comepkamme B Il OT 2-X
IO 4-X aTOMOB yIJlepoda, NMpH HarpeBaHuu Han Ni-

500°C, Ni
CH,—CH,

CH, — CH, — CH; — CH; — CH = CH, + H, (AHjoq = 124.3kI mol ')

OcHoBHbIE (haKTOPHI, BAUSIONIME HA TIPOIIECC JIETU/I-
PUpOBaHUsA aJKaHa — 3TO JJIMHA LIETIOYKH U TeMIepa-
Typa. JleruaprpoBaHue 3TaHa, poraHa 1 OyTaHa Ipo-
tekaet npu temreparype 500 °C B IpUCyTCTBUM HUKe-

—  CH, = CH, + H,

KaTaJIM3aTOpOM OTHICIUIAIT BOAOPOA OT COCEAHUX YTI-
JIEPOAHBIX ATOMOB M IIPEBPAIAIOTCA B AJIKCHBI:

(AHjg = 137 kI mol ") (1)

@

JIEBOTO KaTayM3aTopa ¢ 00pa3oBaHUEM COOTBETCTBYIO-
IIMX aJIKEHOB — 3TeHa, NporeHa U OyreHa. [Ipuuem B
cllyJae JISTUJIpUpoBaHus OyTaHa 0Opa3yeTcsi CMeCh a-
KEHOB, cocTostIast u3 OyTeHa-1 u GyTeHa-2.

t, Ni

CH, = CH — CH, — CH, + 2H,

JlerunpupoBaHue Jerkux ajkaHoB (ypaBHeHus (1)—
(3)) umeeT BHUI TEPMOIUHAMUYECKU OTPAHUYEHHBDIM,
CHJTBHO SHAOTEPMHUUECKUH 1 CKJIOHHBIN K PACIIMPEHNIO
oobema. ClieioBaTeNIbHO, BBICOKAs peakiys TemIlepa-
Typa (500-700°C) u/uinm HU3KOE MapLHaIbHOE JaBie-
HHE aJIKaHa HEOOXOANMBI [IsI JOCTHIKEHUST SKOHOMIUE-
cku 3HaunMoil koueeperu 30-50%.

YacTo mpoMCXOAUT COBMECTHAsl MOjaya BOIOPOAA
C JIETKUMU aJIKAHAMH, KOTOpasl MCIIOJIb3YeTCs] B peak-
uuoHHbIX cucremax. Ilo muenuio Jle Ilatenbe npun-
LIAIT PaBHOBECHOM KOHBEPCHH JIETKHMX aJKaHOB Oyner
YMEHBIIAThCS IPU COBMECTHOM Mopayde Bogopoaa. On-
Hako Bemt u ap. yTBepkaad, 4To MOOaBJICHUE OINTH-
MaJIbHOTO KOJIMUYECTBA BOIOPOJA B ChIpbe MOXET YCH-
JTH 00pa3oBaHKe Oe(PMHOB 32 CUYET AETUAPUPOBAHUS
a/ICOPOMPOBAHHBIX ANKWIBHBIX YAaCTHUI[ HA TOBEPXHO-
CTM KaTaJIN3aTopa B KMHETUYECKUX YCIOBHUSX. Merto-
Il MICCJIEIOBAHKS BKJIIOYAIOT B ceOst 0030p padoT yde-
HBIX, KOTOpPBIE MTPOBOIIIN UCCIICJIOBAHUS B 00JIACTH Jie-
THAPUPOBAHUS CKVKEHHBIX HEe(DTSHBIX ra30oB. PacueTs
METOIOM «TeOpUH (PYHKIIMOHANA TUIOTHOCTH» TTOKa3a-
JIM, 9TO COBMECTHAsI Mofa4ya BOAOPOIA CHIKAET IPOY-
HOCTh ajICOPOIMU MPOMUJIeHa, OMHOBPEMEHHO YBEJIHU-
YKBasi SHEpPreTUUecKre Oapbephl ISl TAIBHEHIIIEro Je-
ruAprupoBanus nponuieHa [15]. 3to mormo Ob 0bec-
TIEYUTH OOJBINE CBOOOTHBIX MECT ISl AETUAPUPOBAHUS
U, TaKUM 00pa3oM, MHIYLIMPOBaTh OOJiee BBICOKYIO Ka-
TAJIMTUYECKYI0 aKTMBHOCTh. Kpome Toro, coBmecTHast

(AHj0g = 117.6kJ mol )

noyiada BOIopoaa MOXKET IMOIABISATh 0Opa30BaHUE KOK-
ca 3a cueT MHruoMpoBaHue 0Opa30BaHMsI NCXOIHBIX Be-
mecTB Kokca. B nenom, cessu C—H nerkux ajakaHoB U
onebHOB GoJiee peakIMOHHOCIIOCO0eH, YeM cBsizu C—
C, ¥ no3TOMy HYXEH Karanu3arop, obOiazaiommii 6o-
Jiee BBICOKOM aKTUBHOCTBIO pa3peiBa C—H 1o cpaBHe-
Huio ¢ pacuerieneM C—C. C gpyroil CTOpOHBI, KO-
I71a MOJIEKYJIbI aJKaHOB 3(P(EeKTHBHO aKTUBHPOBAHHL,
00pa30BaBILHECS POMEXYTOUHBIE TPOAYKTHI U Onehr-
HbI 3HAYMTEJIBHO O0JIee PEaKIIMOHHOCHIOCOOHDI, YeM aJl-
KaHbl, ¥ JIETKO MOJBEPraloTCsl HEXKENATeJIbHBIM 10004~
HBIM pEaKIUsIM, TaKhe KaK ITyOOKoe JeruIpupoBaHIie,
KPEKUHT, M30MepH3alysl 1 MOIMMepHu3alysl. IT0 Mo-
JKET MIPUBECTH K HU3KOU CEJIEKTUBHOCTH I10 OTHOIIICHUIO
K aJIKEHaM U KOKCOOOPa30BaHUIO, UTO SIBJISIETCS IPHUK-
HOW JIe3aKTUBAIIMY KaTaau3aropa.

Pe3yabTaTsl 1 o0cy:xkaeHns. Katanmsatopsl ne-
TUJIPUPOBAHUSI OOBIYHO IIPEJICTABNSIOT COOOW MHOIO-
KOMITOHEHTHBIE CHUCTEMBl, COZEpXKalllie IepexoaHble
MeTaJUIbl, X OKCH/BI WM cyibduasl. B mpouecce ne-
TU/IPUPOBAHUS MOJIEKY/Ibl PEarupymomnx COeIMHEHUN
00pa3yloT KOMIUIEKCH C KaTalu3aTOPOM U pacIiafiaioT-
cs1 Ha H, 1 npoayKThl, iecopOrpyeMble ¢ IOBEPXHOCTH
KaTaymsaropa. B npouecce neruipupoBaHus UCHOIb3Y-
I0TCST OKCHIBI METAJIJIOB, TAK KaK ITPU BHICOKMX TeMIlepa-
Typax (Bbie 200 °C) MeTajuIbl CJIMIIKOM aKTUBHBI, YTO
NPUBOIMT K AECTPYKTMBHOMY Ipoueccy. Karammsaro-
pamMu AerHIPUPOBAHUS SIBJIAIOTCS CIIEAYIONINE OKCHIBL:
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Zn0O, Cr,05, Mo0,05;, W,0; n MgO. Karaymsaropa-
MU JIETUIPUPOBAHUS SIBJISIOTCS pa3INIHbIe METAILITH U
okcubl. OCHOBHBIMU MOOOYHBIMU PEAKIMSMHU, MPOTE-
KaIOIMMHU MPU KaTaTUTUIECKOM JIETUAPUPOBAHUH, 5IB-
JITIOTCS Pa3JiokeHre, N30MepU3aIvst ¥ KOKCOoOpa3oBa-
Hue. Karanmurmdaeckoe AerupupoBaHue sIBISETCS Of-
HUM U3 BaKHEHIINX IMPOMBIIUICHHBIX ITPOIIECCOB TIepe-
PabOTKH YIJIeBOJOPOIHOTO ChIPBSI.

1. Memannooxcuonvte kamaauzamopot. OueHb
3(ppEeKTUBHBIMU ~ KaTaJIM3aTOPaMH  AETUAPUPOBAHUS
MeTaHa, 3TaHa M Jp., CHOCOOHBIX K aKTMBUPOBAHHOW
a7icopOIMU BOJOPO/A NP BBICOKHUX TEMITEparypax, siB-
JISTIOTCSI OKCUJIBI METAJUIOB IIECTOW TPYNIbl TaOMLIbI
Menpneneesa. Bun, conepxaHus u croco® NpPUTOTOB-
JIeHWs OKCHZA XpoMa OIpefessieT aKTUBHOCTh aJlio-
MOXPOMOBBIX KaTajm3atopoB. Hanbonee akTUBHBIM B
peaKkuuaX IEeruapupoBaHus SBJISETCS OKCHI XpPOMa, C
OIlpe/ie/IeHHbIM KOJIMYECTBOM COJEpKaHMUs IIEeCTHUBA-
JeHTHoro xpoma. Ho HegocraTkoM umcroro amopgHoro
OKCHJa XpoMa SIBJISIETCS €ro TepMUYecKasl HeyCTONYH-
BOCTb, KOTOpBIH 1iput 623-673K ObICTPO CTAHOBUTCS Me-
Hee aKTHBHBIM U TIEPEXOUT B KPUCTALTUYECKYIO (op-
My a-Cr,O;. Okcnj amoMuHHS U3-3a 00pa30OBaHUS
XpOMaToB ATIOMWUHHUSI OTIMYHO CTAOMJIM3HPYET XPOM
B BBICIIIEH CTETIEHW M PE3KO 3aMeAIsIeT Mpolecc KpH-
crayum3any. KUCcIoTHBIE LIEHTPbl OKCHA aOMUHUS
IIPUBOAAT K IMPOTEKAHUIO peaKuMﬁ KPpE€KHHIa 1 n3oMe-
pU3aluK, M3-32 Y4ero 3TO MaryOHO BIIMSIET Ha MpoLecc
ceJleKTUBHOCTH. [lojiaBiieHre KMCIOTHBIX IEHTPOB, T10-
BBIIIEHNE aKTUBHOCTH, CEJIEKTUBHOCTHU U CTaOMJIBHOCTH
JOCTHTAeTCsl BBEACHWEM B KaTAIM3aTOp IIETOYHBIX U
IIIEJIOYHO-3EMENIBHBIX METAJUIOB: LIEPHs, TOpUA, Map-
rasua, OepuuIns, IIMHKA, cepedpa 1 JPYTruX JIeMEHTOB.

2. Anromoxpomosvie kamaausamopul. Ilpn nerun-
pYpOBaHUH MapahUHOBBIX YIJIEBOAOPOAOB i1 JOCTH-
JKEHUS MaKCUMAIbHOU 3(D(PEeKTUBHOCTU HMCIONL3YETCs
aJTIOMOX POMOBBII KaTaJTN3aTOpP C OKCUIOM XpOMa, KOTO-
phIi criocoOeH akTUBHO ajicopOupoBath Boxopoa. Of-
HAKO YMCTBIA OKCHI XpOMa HEyCTONYMB TPH BBICOKHX
TeMIiepaTypax u IpeBpalaeTcsi B HeakTHBHYIO (hasy o-
Cr,0;. [lna crabumsanuy OKCHAA XpoMa HCTONb3YeT-
Cs OKCHI aJIIOMUHMS B KavyecTBe HocuTesss. Hecmot-
PS HAa TOKCHMYHOCTh MIECTUBAJICHTHOTO XpOMa, aTIOMO-
XPOMOBBIE KATaIM3aTOPbl IPUMEHSIIOTCS U3-3a UX Ooree
HU3KOW CTOMMOCTH 10 CPaBHEHHIO C IPYTUMHU KaTajIn3a-
TOpaMHU.

Ienounsie Metautsl, Takue Kak K, Rb u Cs, ymyu-
IAKT aKTUBHOCTH U CEJICKTUBHOCTD XpOMOBI)IX KaTraJiv-
3aTOPOB JETUIPUPOBAHUS. DTO OOBSICHSETCSA CIOCO0-
HOCTBIO KPYITHBIX IIEJIOYHBIX KATUOHOB CTaOWIN3UPO-
BaTh CTPYKTYpPy HOCHTENs, CHU3WUTh €ro KHUCIOTHOCTb

Y YBEIWYUTh KOJMYECTBO AaKTMBHBIX YYacTKOB XpOMa.
ITpOMOTOpBI INETOYHBIX METAIIOB TAKXKE YBEININBAIOT
JIMCTIEPCHUIO aKTUBHOM ha3bl 3a cueT 00pa30BaHUsI KOM-
IIJICKCOB Cr6+ B OKHCJIUTEJIbHBIX YCIIOBUAX, KOTOPLIC 3a-
Tem npespamaiorcs B Cr** B BOCCTAHOBUTENBHOM aTMO-
ccepe.

AJTIOMOXPOMOBbIE  KaTajIM3aToOpbl AETHIPHUPOBAHMS
TEepSIIOT aKTUBHOCTD M3-32 00pa30BaHus KOKca U TpeOy-
10T TIEPHOANYECKON pereHeparyy, MofloOHO KaTasin3a-
Topam Ha ocHoBe Pt. BoccraHoBieHue GobIed yacTu
AKTUBHOCTH MIPOMCXO/UT MOCIIE KaX0r0 IIMKJIA pereHe-
paryy, HO OTepsl aKTUBHOCTHU HE SIBJISIETCS TTOITHOCTHIO
00paTHMOH U3-3a BKJIIOYEHHUSI XpOMa B KapKac U3 OKCH-
Jla aIOMUHMSI BO BPEMsI CKUTaHUS KOKca.

HanGonbimii Bbixon C;-Cs-onedyHOB gocTUraeTcst
TIPY UCTIOIF30BAHUH ATFOMOXPOMOBBIX KaTaIU3aTOPOB C
OIIpe/IeIeHHON TTOBEpXHOCTHOM KOHIICHT paIlie OKCHIa
xpoma (IIT). JoGaBieHue IIEIOYHBIX POMOTOPOB MO-
KET YBEJIMUUTH 3Ty KOHIEHTparmio. s ucroab30Ba-
HUS B PeaKIMy JeTUAPUPOBAHUS M300yTaHa ONTUMATTb-
HbIMH KoHUeHTpatusamu Cr,O; u K,O sensorcs 9%
MO U 1,7-2,2% MOJ. COOTBETCTBEHHO, UTO MO3BOJIS-
€T JOCTHYb CEJIEKTUBHOCTH 10 300y THIICHY Ha YPOBHE
87-88% B macce.

Agtopamu nartenTa [16] 6b11 pazpaboTaH crocod mo-
JIy9eHHs BBICOKO3((PEKTUBHOTO aTIOMOXPOMOBOTO Ka-
Tay3aropa ¢ ucnoab3oBanneM CBY-usnydenus. Takoit
KaTajJu3aTop OTIMYAETCs BBICOKOH TEPMUUYECKOH CTa-
OWIJIBHOCTBIO, MEXAHMYECKOH MTPOYHOCTHIO M HU3KOM HC-
THPAIOLICH CIIOCOOHOCTHIO, 00eCTIeurBasi IIPU TOM BbI-
COKYIO SKCIUTYaTaIl[HOHHYIO 1 KaTaTUTHUYECKYI0 3(Ppdek-
THUBHOCTb. [IpHMeHeHne CBEepXBBICOKOYACTOTHOIO TOJIs
TIPH TIPOITUTKE HOCUTEJIS U CYILIKE KaTaju3aTopa Mo3Bo-
JISIET Yy UIIHTb ITPOLIECC JEeTUIPUPOBAHUS, YBEIUINBAST
BBIXOJI M1 CEJIEKTUBHOCTD OJIE(PHHOB.

1ot MeTon oONaaeT MpeuMyIIeCTBaMU B BUJIE TTPO-
CTOTHI ¥ BO3MOKHOCTU TONYyYCHUSI KaTaIM3aTOPOB C
BBICOKOW aKTHUBHOCTBIO U TePMOCTAOMIBbHOCTBIO. Cpok
CITy’KObl ATIOMOXPOMOBBIX KaTAJIU3aTOPOB OIpeesieT-
Cs1 MX TEPMOCTAOMJIHOCTBIO M MEXaHMUYECKOW IMPOY-
HOCTBIO, HO MEXaHWUYECKUN U3HOC SIBJISIETCS OCHOBHOM
MPUYMHON WX BhIXOHa U3 cTposd. OJWH W3 HEIoCTaT-
KOB OKCHJIa AJIIOMHUHHS KaK HOCHUTENS COCTOUT B €ro
HEYCTOWYMBOCTH K BO3JEHCTBHIO BOASHOTO Iapa, 4To
OrpaHMYMBAET BO3MOXHOCTb HCIOJIb30BAHMSI aJIIOMO-
XPOMOBBIX KaTaJIM3aTOPOB B Cpejie BOISHOIO Mapa, BBe-
JEHHOTO B MPOIIECC C IeJIbI0 CHUKEHUS JaBJICHUsI pea-
TEHTOB U MOBBIIIICHUS aKTUBHOCTH U CEJICKTUBHOCTH.

3. Kamaauzamopvl na ocnoge naamunvl. Ilnaru-
Ha sBJIsIeTCsl HauboJIee pacrpoCTpaHEeHHBIM OJ1aropoa-
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KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

HBIM METAJUIOM ISl TIPSIMOTO JIETHIPUPOBAHHUS JIETKUX
aJIKaHOB M HaXOOWUT IpPUMEHEHNe B TPOMBIIIICHHOCTA
KaK eJUHCTBEeHHbI OsnaropopHbii metayun VIII rpyn-
bl, Oyaroyapsi CBOeH YHUKaJbHOW CHOCOOHOCTH pas-
poiBath cBsisu C—H ¥ HU3KOW aKTWBHOCTU B OTHOIIE-
Hun C—C-cBsizeil. OHaKO y IUIATUHBI UMEIOTCS 3Ha-
YHUTeNbHBIe HENOCTAaTKA. B Xome peakuuw Ieruapupo-
BaHMS BCE aTOMBI IJIATHHBI, HAXOASIIMECS HA MOBEPX-
HOCTH, CITIOCOOHBI MPUHATh aKTUBHOE y4yacTHe, OJHAKO
aHcaMmOJM CBSI3aHHBIX aTOMOB IUIATUHBI, 0Opa3yole
JOMEHHBIE CTPYKTYpPBI OOJIBIINX Pa3sMepoB, MOTYT BbI-
3bIBaTh HeXkeNaTebHbIe TOOOYHbIEe PEeaKIIuH, TaKHe KaK
paspylieHue CTPYKTYPbl, U30BITOUHOE JeTUIPUPOBAHUE
u nipoyee. [Iporecc aeruapupoBaHysi IPUBOAMT K €3~
aKTMBAIMU KaTaJM3aTopa, BHI3BAHHON MOOOYHBIMHU pe-
akusivu. [IepBbIM [IeJI0M Ha MOBEPXHOCTU KATaIN3aTo-
pa 00pasyioTcs YIiIepO/IHbIe OTIOKEHUS, YTO TIPUBOJIUT
K CHIKEHMIO ero akTMBHOCTH. B pesynbrare HeoOXomu-
MO PEryJisipHO pereHepupoBaTh KaTaa3aTop IIyTeM BbI-
KUTaHUS OTJIOKEHUH Kokca. OIHAKO BBICOKAsl TEMIIe-
parypa BbI3bIBAET arjiOMepalyio WK ClieKaH|e HaHOova-
crur 1iathHbL. [loatomy uccnenoBareny cpoKycupoBa-
JIMCh HA M3MEHEHUH TeOMETPHUYECKUX U EKTPOHHBIX
XapaKTePUCTUK MOBEPXHOCTU TUIATUHBI C HCIIOTB30Ba-
HKEM MeTaJUIOB U HeMeTa/utoB. B Tabnurie 1 nepeunciie-
HBI HEJ]ABHO OITyOJIMKOBAHHbIC KAaTAIM3aTOPhl HA OCHO-
Be IUIATHUHBI 11 HEOKUCIUTEIFHOTO JAETUAPUPOBAHUS
TIPOTIaHA.

3.1. Monomemannuueckue Kamaau3zamopvl Ha
ocnoge naamunbl. HaHouacTwipl miaTMHBL 0OnMa-
JAI0T aKTUBHBIMH LIEHTPaMH, KOTOpble MOTYT OBITh
KOOPIVHALIMOHHO-HACHIIIIEHHBIME Ha Teppacax Wix
KOOpAMHAIIMOHHO-HEHACBIIIIEHHBIMU Ha CTYIICHAX,
yrmax M Kpasx. Bce 3TM IEHTphl CHOCOOHBI Ka-
TaJU3UPOBaTh PEakUWM [ETUPUPOBAHUS, OJIHAKO
KOOPIMHAILIMOHHO-HEHACHIIIEHHbIE [IEHTPbl TaKke aK-
THBHBI J1s1 TIOOOYHBIX peakiuii [17]. Pasmepsl u cTpyK-
Typa HAaHOYACTUI IUIATUHBI TAKKE OKa3bIBAIOT BJIUAHHE
Ha UX COOCTBEHHYIO aKTHBHOCTb, CEJIEKTMBHOCTD U CTa-
OWIBHOCTb. BaXHO OTMETHTB, UTO peakluH C pasiny-
HBIMHM aJIKaHaMH TIPOSIBJISTIOT Pa3HbIe XapaKTepUCTHKU
TIPY Pa3IMYHBIX pa3Mepax IUIATHHOBBIX YACTHII.

3.2. bumemaaauuecKkue Kamaau3amopovl Ha OCHO-
8e naamunwbl. HecMOTps Ha TIpOBE/IEHHBIE MICCIE0BA-
HUS U IPEATIPUHSTHIE YCHIIHS, OKA3aJI0Ch, 9YTO MOHOME-
TaJUIMYECKHe Pt-KaTaiu3aTtopbl HE YAOBIETBOPSIOT 00-
MM XapaKTEPUCTHUKaM, OCOOEHHO B OTHOIIIEHHH CeJIeK-
THUBHOCTH M CTAOWJIBHOCTH, TIPH PeaKIuu AeTUIPUPOBa-
HUA JIETKUX aJIKAHOB. DTO CBA3aHO C HAJIMYKEM OOJThb-
IIUX IPYIIMPOBOK MOBEPXHOCTHBIX aTOMOB Pt, KOTOpHIe
0COOCHHO aKTHBHBI B TPOIIECCE ITTyOOKOro JIerHapUpO-
BaHMsI 1IeJIEBBIX 0JIe(PMHOB, YTO B CBOIO OUYEpe/Ib IPUBO-

JUT K 00pa30BaHMI0 KOKCa ¥ ruporeHonusy. OaHako,
OBLIIO 3aMEUYEHO, UTO J0OABJIEHE HEAKTUBHBIX MJIM CJla-
GOAKTHBHBIX METAUIMYECKUX MPOMOTOPOB, TAKUX Kak
Sn, Zn, Ga, In, Cu, Mn, Fe, Co, Ni, Ag, Ge, Cr, Bi, Sb,
La, Ce u Y, sBnsercs 3(p¢peKTUBHBIM METOIOM MOJIH-
(pukaryy CTPYKTYPHBIX U AIEKTPOHHBIX CBOKCTB Pt, uto
B CBOIO OUYepe/b MPUBOINT K CYIIECTBEHHOMY YITydIIle-
HUIO KaTAJIATUYECKUX XapaKTePHUCTHK.

Jist ycTpaHeHWs JIaHHBIX HEIOCTATKOB, HCIIONB30-
BaHWE HOCHUTENIeW JUIsl KaTalau3artopa CTajo OObIYHOW
HpaKTHKOﬁ. TaKI/Ie HOCUTEIN OOJI)KHBI 6I)ITI) TepMI/I‘{C—
CKY CTaOWJIBHBIMHU U 0OJIaJiaTh OrPaHUYEHHOH KUCIIOT-
HOCTBIO B CYPOBBIX YCJIOBUSIX, OCOOEHHO BO BpeMsI IIpO-
Hecca pereHepalnuu. B MOCIENHION OYepesib, YTOOBI
00eCreurnTh ONTUMAIBHOE pacripe/ie/ieHHe MIATUHBI Ha
MOBEPXHOCTH, MPENIIOYTUTEIbHBI OTHOCUTEILHO OO0JTb-
IIKe TUIONIA/IM IOBEPXHOCTU U PABHOMEPHOE pacrpee-
JIGHUE TIOp 110 pa3Mepam.

Oxcupi aJIIOMKHHMS ¢ OOIIMPHOY TIOBEPXHOCTHIO SIBJIS-
€TCsl KJIACCHYECKUM HOCHUTEJIeM Il KaTaJTU3aTOpOB Jie-
TUAPUPOBAHUS, COlepKalUX IUIATHHY. BakHbBIMU ero
JOCTOMHCTBAMH SIBJISIIOTCSL CTAOMJIBHOCTH TIPU BBICO-
KHX TeMIIepaTypax, MeXaHndecKasl MPOYHOCTh M CIIO-
COOHOCTb MOJJIEPKUBATH TOMOTEHHO AWCHEPrUpOBaH-
Hble HAHOYACTHUIIbI IUIATHHBI, HEOOXOAUMbIC Uil CTa-
OWIBHOTO (PYHKITMOHUPOBaHMSI Kataiu3aropa. B To xe
BpeMsi OOJBIIMHCTBO OKCHIOB ATIOMUHUS KUCJIOTHH, a
TOSTOMY JIJIS1 YCTPaHEHUsI TaKOW KHMCIOTHOCTH IIpUMe-
HSIOT TIPOMOTOpHBIE BemiecTBa. lllenovHsle MeTaisl,
BKJTIOYAsT JIMTUN, HATPUA M KaJWid, HOOABISIOTCS IS
HEWUTpaU3alii KUCIOTHBIX [IEHTPOB U CHUKEHUS 00-
pa3oBaHUs KOKCa. DTU MPOMOTOPHI, KPOME TOTO, CIIO-
COOHBI TIOBNHSATh Ha XapaKTePUCTUKY TUIATHHBL M CAEP-
JKaTh TapajUlelbHble peakluH, TaKue KaK THIPOTeHH-
3anUsa U u3oMepuszanusa. [IMHK ¥ MarHui Takxe MpH-
MEHSIIOTCSI KaK MPOMOTOPHI ISl YJIyUIlleHUs TepMUAde-
CKOH CTaOWJIBHOCTH KaTaau3aTopa W MpeOTBpPaICHUS
ClUMaHus IaThHbL. JJoOaBiieHre 0JIoBa B KATAIU3ATOP
Pt—Sn 3HAYMTENIPHO MOBHIMIAET €ro0 CTaOWMIBHOCTD, Ce-
JIEKTMBHOCTb U JIUCIIEPCHOCTH OJlarofapst 3aMeJJieHHO-
My 00pa30BaHMIO KOKCa. B3auMHBI OOMEH 3JIeKTpOHA-
MU MEX]Iy OJIOBOM U IUIATUHOM OCNadiser cBs3b Pt—
C, 4TO YMEHbIIaeT 00pa30BaHUe KOKCA W IPOJIOHTUPYET
CpoK cirykObI Katamm3atopa [18]. CymecTByer katamm-
3aTop Aeruapuposanus yriaesopoponos C,—Cs, comep-
KAl M3MEHEHHBI TeHTACUIOBBIA IIEOJMT C 100aB-
kol okcuaa xpoma oT 10% npo 14% macchl U 1menoy-
HOro mMetajuia B mpoMmexytke ot 0,2% no 3,4% macchl.
[IpenmyIecTBOM yKa3aHHOTO KaTalu3aTropa SIBISIETCS
TIOBBIIIICHUE BBHIXOA OJIe(PHMHOB, OMHAKO €ro HelIoCTaT-
KaMU SIBJISIOTCS TIPUCYTCTBHE TOKCHUYHBIX COEIUHEHHUI
XpOMa U CJIOKHOCTb IIPOLIEcca €ro CO3AaHMsL.
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Ta6ﬂ14ua 1- CpaBHCHI/IC KAaTaJIMTUYCCKUX XAPAKTEPUCTHUK MPAMOro JEruapyupoBaHrA MpollaHa Ha pa3/IMYHbIX
KaTaJin3aTopax Ha OCHOBE IUIATUHBI

Conepxanue Bpemsa VnenbHas TocrostnHas
Temn. | Konsepcusi | CesleKTMBHOCTb
Katanmmsaropst MeTaJlia ©C) %) (%) 9KCIUTyaTalux ‘a.l(Tf/{BHOCTb buealgusa.uuu JIur.
(%) (0 HC) ™)
PtSn/Al, O, 0,36 590 | 48,7-44,6 99,1 24 1,58 0,007 48
Pt-Sn/y-Al,O4 0,5 590 | 29,4-2,.7 76 6 0,21 0,058 42
0.5Pt1.5Sn/Al,05 0,5 600 35,6 88,5 6 0,248 | — 34
0.5Pt0.9Sn/Al, O, 0,9 590 | 48,5-42,5 97 20 0,609 0,012 49
Pt-Sn/0-Al,04 0,5 550 | 41,1-37,6 97,7-98,3 72 1,14 0,002 36
0.3Pt-0.2Sn-0.5K/0-Al,04 0,3 600 | 39,9-38,2 92,0-95,5 25 0,602 0,0029 52
Pt/Mg(Sn)(A)O@AI, O, 0,5 600 | 48,3-48,0 86,4-98,1 47 1,46 0,0045 46
PtSn/Mg(AO 0,3 550 | 27,9-27,7 95,6-96,5 5 0,12 0,0015 55
Pt-Sn/MgAl, O, 0,39 580 | 45,0-38,9 99,5 90 0,34 0,0028 | 145
Pt-Sn/CeO2 1 680 39,5 845 | — 0,0087 | — 66
Pt-Sn/ZSM-5 0,5 590 | 33,1-26,3 47,7 6 0,24 0,054 41
Pt/Sn-ZSM-5 0,3 600 | 68-43 95,5-99,7 25 1,36 0,041 | 149
Pt-Na/Sn-ZSM-5 0,5 590 | 41,7-39,0 95,3-93,8 9 0,294 0,012 59
Pt/TiO,—-Al, 0, 1 600 | 43,7-25,9 77,5-89,5 9,67 0,45 0,0976 29
Pt—Au/MgAl, O, 1 590 | 33,7-16,6 60 24 0,31 0,04 98
Pt-Ag/MgAl, 0, 1 590 | 30,6-16,7 95,1 24 0,28 0,034 98
Pt—Cu/MgAl, O, 1 590 | 25,7-21,0 87,5 24 0,24 0,011 98
Pt;In/SiO, 0,3 600 | 17,5-16,5 96-97,5 2 0,207 0,073 93
Pt/Mg(In)(A)O 0,7 600 | 20,4-16,3 98 2 0,183 0,14 90
Pt/Mg(Ga)(A1)O 0,9 600 | 16-11,4 99,2 2 0,056 0,196 84

2 Ye/bHy10 akTUBHOCTB OIPEZIENISIOT KaK KOMMYeCTBO Mojtel oOpaszoBanus C;Hg Ha Mok aToMOB Pt B cekyHay.

1- Conpinal ) _ ln( 1- Conjnitial )
Conginal Conrnitial

bkd: ln(

, rie Cong;,, ¥ Cony,;i,; — KOHEUHasl ¥ HauaJIbHasl KOHBEPCUU PeaKLuK

ITAT" cooTBEeTCTBEHHO; f — MpOROIKUTENBHOCTD peakimu [1/]I" B yacax; k, — KOHCTaHTa Ae3aKTUBALIN (h‘1 ). Uem

BBILIE k,;, TEM ObIcTpee OyIeT CKOPOCTb MHAKTUBALIUH.

3.3. Pt-Sn kamaauzamopwi. On0BO (Sn) IMIUPOKO
MIPUMEHSICTCS] B OMMETAJUTIUECKAX KaTaInu3aTopax, oc-
HOBaHHBIX HA IUIaTHHE, TS JEeTUAPUPOBAHUS JIETKUX
aikaHoB. OHO ABIIFAETCA HEOTHEMIJIEMON COCTABIISIOIIEN
BCEX CYHMIECTBYIOIUX ITPOMBIIIJICHHBIX W IMAJIOTHBIX Ka-
TaJM3aTOPOB HA OCHOBE IUIaTUHBL. [loOaBieHne osoBa
3HAYUTEITLHO TIOBBIIIACT CEJIEKTUBHOCTD K IIEJIEBBIM al-
KEHOBBIM TPOAYKTaM M 3aMeUIsIeT TpolecC KaTauTH-
Yyeckou JAe3akTuBarmu. [IpucyTCTBHE OJI0Ba B KaTasu-
3aTOpax Ha OCHOBE IUIATHHBI OJIATOTBOPHO CKa3bIBACTCSI
Ha UX BOCCTaHOBJICHUH I10CJIE Ie3aKTUBAIIMY KaTaIn3a-
topoB Pt-Sn/Al,O5. CTpyKTypa KaTanuzaropa, CTelieHb
€ro JUCIEepPCHOCTH U (hOPMHUPOBAHUE AKTUBHOU (hasbl
CYIIECTBEHHO 3aBHCST OT Pa3IMIHBIX (DAKTOPOB, BKITIO-
Yyasi METO/IBl MIPUTOTOBJICHUS, YCJIOBHS TPEIBAPHUTEIb-
HOU 00paOOTKH, UCIOJIb3yeMble MOMIOKKH M COIepKa-
Hue onoBa. CIiiaBlieHre U paciipeieieHue 010Ba BHYT-
Y KaTaau3aTopoB OKA3BIBAIOT CYIIECTBEHHOE BIUSHIE
Ha WX KaTaJWTHYeCKHWe CBoicTBa. Ilpm BOccTaHOBIe-
HUM MOTYT 00pa30BaThCsl HECKONBKO (Da3 CIiaBa, Ta-
Kue Kak cruiaBel PtSn, Pt;Sn, Pt,Sn; u PtSn,, a cnias
Pt;Sn mmpoko u3BecTeH Kak HauOo/ee aKTUBHBINA A71d
JeTUIPUPOBaHUS. B HEKOTOPBIX ClTydasx Sn MOXKET CITy-
KUTh pa3fie/IUTeieM WM CTaOUIN3aTOpPOM KJIACTEPOB

Pt, Ho He cruaBngerca ¢ Pt. B nponecce neruapupo-
BaHUSI JICTKUX aJIKAHOB MPUMEHSIIOTCS Pa3/ITYHbIC THITHI
TIOITOXKEK, TAKMe KaK OKCHIIBI aTIOMUHHUS, THIPOTAIb-
AT, LIEOTUTHI, OKCUJI IEPHUs M YIIIEPOJHBIE MaTEPHAIIBL.
Pa3paboTka HOBBIX MOMIJIOKEK C YIy4IIIEHHOW AUCIIEPC-
HOCTBIO U CIIEITUAIbHO Pa3paOO0TaHHBIX IS yIepKaHUS
KJIACTEPOB TUIATHHBI WM TUIATHHBI C OJIOBOM TO3BOJIH-
Jla JOCTHYb BBHICOKHMX KATAJMTHUYECKUX XapaKTEPHCTUK
v crabmwisHoCcTH [19-27].

3.4. Pt-Zn-kamaauzamopuot. 1IuHK Takxke sIBISETCS
3(pPEeKTUBHBIM TPOMOTOPOM B OMMETAJUIMYECKHUX Ka-
TaJI3aToOpax, OCHOBAHHBIX Ha ruiatuHe (Pt), nuis nmpe-
BpallleHHsI JIETKUX aJlKaHoB B ojeduHbl. BoccTaHosme-
HHEe BOJIOPOJIOM MPHUBOIMT K 0Opa3oBaHUIO cIuiaBa Pt-
Zn, 4TO TOBJIEUET 3HAUYUTEJIbHBIE U3MEHEHUS B CTPYK-
Type, TeOMETPUN U SMEKTPOHHBIX CBOMCTBax Pt kara-
nu3aTopoB. L[MHK Mrpaer BakHYIO pojib B CTaOMIM3a-
LIMU aKTUBHOTO cruiaBa Pt-Zn, a HeanerupoBaHHble ya-
CTUIIBI IIMHKA HAa HOCHTENIe, TAKWUE KaK IIMHK B IIEOJIH-
Tax VIV IUHK Ha KPEMHUEBOM HOCHTEJIE, CIIOCOOCTBYIOT
3HAUUTEILHOMY YIIyUIIEHUIO KaTAJIUTUUECKUX XapaKTe-
pUCTHK. B nccnenoBanusx, MpOBENEHHBIX COTPYIHUKA-
MU Kommnanuu British Petroleum (BP), Obutu nipecras-
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JIeHbl KaTaJu3aTopsl 3 Pt Ha IMHKOCHIMKATHBIX MO-
nekyasapabix cutax ¢ MFI u MEL crpykrypamu ajis
NpeBpalleHns 9TaHa, IpolaHa U U300yTaHa. DTU KaTa-
JIM3aTOPbl OOJIAAAIOT BBICOKOM JUCIEPCHOCTHIO aKTHB-
HBIX IIEHTPOB, KOTOPBIE MOTYT OBITH cIUIaBoM Pt-Zn, u
00€eCIeunBaIOT BBICOKYIO aKTUBHOCTbD, CEIEKTUBHOCTD 1
YCTOMUYMBOCTh K 0Opa30BaHMIO KOKca MpH IpeBpalie-
HHH JIETKUX aJKaHOB. YTO 3aMevaTesIbHO, aKTMBHOCTb
KaTaJIn3aTopa MOXET COXPaHAThCS Jaxke nocie 796 va-
cOB HenpepblBHOW paboThl. Takke ObuUTH OOHApPYKEHbI
crtaBbl Pt-Zn, HaHeceHHble Ha pasIMyYHblE LIEOJMTHI,
Bkimouass CIT HZSM-5, Na-ZSM-5, Na-Beta u Na-
MOPIEHUT. B HEKOTOpHIX Cilydasx HOOABISIOTCS UOHBI
IIEIOYHBIX METAJIIOB, Takue Kak K™ 1 Na™, uto0bI oTpa-
BUTb KUCJIOTHBIE BpeHcTen0BCKYE LIEHTPBI Ha LIEOIUTaxX
1 n30eKaTh PacTPECKUBAHUS, OJMTOMEPU3AUK U 00-
pasoBaHusl Kokca. LIuHK 3(p(peKTUBHO MOBBILIAET AWC-
TIEPCHIO MJIATHUHBI, OJHAKO CEJEKTUBHOCTh K MPOIEHY C
AITIOMOCWIINKATHBIMU LIEOJIUTAMH HE TaK BBICOKA, Kak
C KPEMHHUEBBIMU 1I€0OJIUTAMH, BEPOATHO M3-32 Hebaro-
MIPUATHOTO BJIMSHUS KUCJIOTHOCTH HA aJTIOMOCHJIMKAT-
Hble 1eonuThl. OKa3bIBaeTCsl, AByXMETAINYECKUE Ya-
ctuubl Pt-Zn, 3aKii0o4eHHBIE B IIEOJIUTHI CHJIMKATa-1,
TIPOSIBIISIIOT UCKJTIOUMTENBHYIO KaTAIUTUIECKYIO YCTOM-
YUBOCTb. B IpyruX vcciea0BaHusIX NCIOIb30BAIUCH Ta-
KM€ HOCUTEJTH, Kak rugpotaasutsl Si0,, Mg(Zn)AlO,
n turaHat ETS-2. Karamuzaropsl Pt-Zn/SiO,, nmomy-
YEHHBIE C MCTIONIB30BAaHNEM NIEPE/IOBBIX METOIOB TIOATO-
TOBKH, TaKUX KaK aTOMHO-cjloeBoe ocaxjeHue (ALD)
[28] 1 moBepXHOCTHAs METAJUIOOPraHUYECKas XUMUS
(SOMC), nposBAAIOT OTINYHBIE XapaKTEPUCTUKH, OCO-
OEHHO C TOYKY 3PEHHUs] IIPOM3BOUTEIBHOCTH.

3.5. Pt-Ga kamaau3zamopwt. T'ammil sBseTcs M-
POKO HCIIOJIb3yeMbIM MTPOMOTOPOM B TUIATUHOBBIX OM-
METAUTMIECKUX KaTaTu3aTopax [Uisl IpeBpaIieHus Jier-
KHX aJKaHOB B aJIKeHBI. [Ipy BBICOKHX TeMIleparypax,
takux Kak 500 °C, npoucxomut oOpa3oBaHME CIUIa-
BOB IIEPEMEHHOTI0 COCTaBa MEXIy IUIATWHOHN U Tayllv-
eMm. [IpumeHeHue rajavs 3HAYUTENBHO YIyYIIaeT ce-
JIEKTUBHOCTh W CTaOWJIBHOCTh KaTajm3aTopa Onarona-
Pl TEOMETPUYECKMM U 1EKTPOHHbIM 3(ppektam. B og-
HOM U3 HccaenoBannn Llens3a u op. UCTIONb3yeTcs ce-
pus karamusaropoB Pt-Ga/Al,O; mns germapupoBa-
HUs nponaHa. JloOaBieHuWe rajivsl yBEJIUYMBAET Ce-
JIEKTUBHOCTD T10 TIPOTICHY, MPeI0TBPAIacT Je3aKTHBA-
U0 Katajam3atopa U obpazoBaHue yriepoma. M3me-
HEHUe KHUCIOTHOCTH Hocutensa Al,O; He3HauuTenbHO
mpy 100aBIEHUM TaJUTUs, TTO3TOMY YJIydIleHHWe Kara-
JIUTAYECKOTO JEeWCTBUSI CBS3aHO C TEOMETPUUECKUMU U
271eKTpOoHHbIMU 3 dekTamu criaBa Pt-Ga. [Ins nyd-
el cTaOMTBHOCTH KaTaau3aTopa MOXHO HUCIIONB30BAaTh

nocutens CeO,-Al,O,. Tpucyrcreue katnonos Ga®*
B KyOmueckoi crpykrype ¢umoopura CeO, yBennyu-
BAET €MKOCTb XPaHEHHs KUCIOPOJa U MOBEPXHOCTHYIO
TOJBHKHOCTb KUCJIOPOAA, YTO MPEAOTBpaliaeT 00paso-
BaHME KOKCa. benn u ero xomseru ucciaeqoBaiy Karta-
ysaropel Pt/Mg(Ga)(A)O ¢ pa3nu4HbIMM MOJISIPHBI-
MU cooTHomeHussMu Ga/Pt s geruapupoBaHust Ta-
Ha u npornana. OHU HaOMoAM 00pa30BaHKUEe HaHOYA-
CTHII, JIerupoBaHHbIX Pt—Ga, NMpy BBICOKHX TeMIlepary-
pax BoccranoBiyieHust (>500°C), 4TO CyIIECTBEHHO IO-
BBIIIIAET KATAJIUTUIECKYIO aKTUBHOCTD U CEJIEKTUBHOCTD
K onedprHaM. MaKkcUMallbHasl CeNeKTUBHOCTD JIOCTUTa-
ercs rpu cootHomenun Ga/Pt = 5,4. AKTUBHOCTb 3aBH-
CHT OT COfIEpKaHUsI raJUTH U JOCTHraeT MUKa IpU COo-
otHomenuu Ga/Pt = 1,4-5,4. Kpome Toro, Maput u ap.
0OHapy Xy, 4to Karanusaropsl Pt-Ga jemMoHcTpHpy-
10T 00paTHMYIO TIETITIO CIUIaBa/Cerperaliy Ipyu BO3AeH-
CTBHM OKHCJIMTEJIbHO-BOCCTAHOBHUTEIBPHOTO LIMKJIA, Ye-
penytomerocsa mexay 5% H,/He u 20% O,/N, npu
600 °C [29, 30]. D10 0becrieunBaeT cTabMILHOCTh KaTa-
Jm3aropa B nporiecce peakiuu/pereneparuu. Iocnen-
HMe pa3padOTKM BKJIIOYAIOT Katajamsaropsl Pt-Ga/SiO,,
PtGa-Pb/SiO, u Gas, Pt/Al,O;, koTOpBIE 001a1210T BBI-
COKOM JMCTIEPCHOCTHIO M CHIEU(PIIECKON CTPYKTYPOH,
JEMOHCTPUPYS OTIMYHYIO MTPOU3BOJUTESBHOCTh U CTa-
oubHOCTS [31].

Cunb JIn u ap. uccnenoBav AETUAPUPOBAHUE TIPO-
MaHa Ha TUIATMHE, HAHECEHHOW Ha KpeMHe3eM, JIETHpo-
BaHHBI TaJUTAEM, C HCTIOJIb30BAHUEM Pa3INYHbIX ME30-
Y MUKPOIIOPHCTHIX KpeMHe3eMHBIX HocuTenel. [Jo6aB-
neHust HeOospioro konnyectsa Ga (0,5 mac.%) k SBA-
15 6bLIO JOCTATOYHO, YTOObI TIOBBICUTH KOHBEPCHIO T10-
Jy4yeHHoro Pt-katanuzaropa ¢ KoHLIeHTparumei 1 mac.%
¢ <5 10 38%. CeneKTUBHOCTS 10 MPOIEHY TaKXKe YBeH-
ymiack npuMepHo ¢ 60 1o 98%. Ontumuzanus coaep-
kanus Pt 1 Ga nokasasa, 4To HU3KHUe 3arpy3ku 000HX
AKTHBHBIX KOMIIOHEHTOB HEOOXOIMMBI [IsI TIOBBIIIEHHUS
9(pPEeKTUBHOCTH PEaKIUK, ¥ MOMUMO STOrO OBUTH I10-
JIy4EeHBI JIUIIb CKPOMHBIC YITYUIIEHUS TPON3BOIUTEITh-
HOCTH. BBUT HCCIIeioBaH psif IOPUCTHIX CTPYKTYP, HO
conmepxxanue Ga okazanoch Oojiee BaKHBIM, YeM MOp-
(ponorust Hocutenst; 6e3 nocratounoro BkimoueHus Ga
B HOCHTEJIb KAaTAJIM3aTOp HE MOT Obl JJOCTUYb BBICOKOW
KOHBEPCHU U CEJIEKTUBHOCTH. [locTpeakIlMOHHbIN aHa-
JIM3 TI0Ka3aJl, YTO HarboJiee BEPOSITHHIM OOBSICHEHUEM
Je3aKTUBALMK KaTalu3aTopa SIBISIOTCS YJacTKH OJ10-
KHUPOBKU 00pa30BaHMsI KOKCA. DTU PE3yJIbTAThI TOKa3bI-
BaIoT, 4TO Jiernposanue Ga B SiO, B KauecTBe HOCUTENA
IUTsl HAHOYACTHIT Pt SIBJIsIeTCS )KM3HECTTIOCOOHOM CTpate-
THEH JIJIS1 POM3BOJICTBA BHICOKOI(D(EKTUBHBIX KaTaJIH-
3aTOpPOB JETUIPUPOBAHUA NponaHa [32].
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3.6. Pt-In kamaauzamopwl. nauii o6aagaer 60I1b-
[TMM TTOTEHINAJIOM B KaueCcTBe KaHIUIaTa ISl ICTIONb-
30BaHUsI Pt-OCHOBaHHBIX KaTalIW3aTOPOB B IIpoIiecce
JEeTUIPUPOBAHMS JIETKUX aJIkaHOB. VcciempoBaHus mo-
KasbBalT, 4To Pt-In Kataymsatop umeeT Oosiee OIHO-
ponHbINA cocTaB Mo cpaBHeHuIo ¢ Pt-Sn u Pt-Ga kara-
JIM3aTOPaMH, 9UTO JleslaeT ero 6ojee YCTOMYMBBIM K pa3-
JIMYHBIM METOJaM IPUTOTOBJICHUs. B pesynbrate BOC-
craHoBnienus Pt u In obpasyercst ceMb HHTEpMETAILIH-
YECKUX CIUIaBOB, BKMovyasa Pt;In, Pt,In, Pt;5-Ing, Ptln,
Pt,In;, PtIn, u Pt;In;. OTHOCHTENIBHBIE JO/M ITUX CILIA-
BOB 3aBHCAT OT oOmero cogepxkanus In. Pacuers! ¢ uc-
TIOJTb30BaHMEM METOZIA «TEOPUH (PYHKIMOHAJIA TUIOTHO-
CTH» TOKa3bIBAIOT, uTo Pt;In crinaB obnagaer akTMBHO-
CTBIO, CPaBHUMOI1 ¢ yucTbiM Pt 1 Pt;Sn, Ho npu sToM
JEMOHCTpUpYeT 0oJiee BBICOKYIO CEIEKTHBHOCTh B OT-
HOLIEHUM MponeHa, 4yeM 4ducteiid Pt. B omHOM wmccie-
JOBaHMM Muiiep U ero Kosieru ucnons3oBaiu Pt-In
KaTaJM3aTophl HA KPEMHE3eMHOM HOCUTEJe JUIs JeTH-
pupoBaHusA 3TaHa. OHM MPUILTA K BBIBOLY, 4TO (ha3a
Pt;In sBiserca Gonee akTUBHOM, 4eM aza Ptln,. O6a
KaTaJM3aTopa IMPOSBUIIN O0Jiee BHICOKYIO aKTUBHOCTD U
CeJICKTUBHOCTh B OTHOIIeHNHU 3TriieHa (moutu 100%),
a Takxke CTaOMJIBHOCTb, YeM 4MCThid Pt, Omarogaps
reOMETPUYECKUM M 3J1eKTPOHHBIM 3(ppeKTaM cCIijIaBa
Pt-In. B npyrom uccnenosanuu beiut u ero koseru
WCMONb30BaM cepuio Katamuzaropo Pt/Mg(In)(Al)O
IUTSL IETUIPUPOBAHMS JIETKMX aikaHoB. OHU OoOHapy-
KWK, 9TO TIPH BOCCTaHOBJIeHMHW H, mpu Temmepary-
pe Beitie 400°C o6pasyercs ciias Pt—In, a comepika-
Hue In B cruaBe Pt-In yBennuuBaercs ¢ pocToOM TeM-
TepaTypbl BOCCTAHOBJICHUST M OOBEMHOTO COOTHOIIE-
Hus In/Pt. PeHTreHOBcKass aGCOpOLMOHHAS MpUKpae-
Bas cTpykTypa (XANES) nokasana, 4To ¢ yBeIMUeHUEM
coaepxanus In B ciiase Pt—In npoucxogur ycusieHnue
nepeHoca 3J1eKTpoHOB OT In Kk Pt, 4TO MOJOXUTENLHO
CKa3blBaeTCs Ha KaTAJIMTUYECKUX cBoMcTBax. Kartanmmza-
top Pt/Mg(In)(Al)O c o6beMHbIM cooTHOmEHUEM In/Pt,
paBHbIM 0,48, TIpOSIBIII HANOOJIBIITYI0 AKTHBHOCTH B [Ie-
THAPHPOBAHMY STAaHA W MIPOIAHA, & €r0 CEJIEKTHBHOCTD
1o aJikeHaM coctaBuiia okojio 100%. OntumaibHOE co-
otHoienue In/Pt B neruapuposanuu (hopM-OyTaHa co-
craswio ot 0,33 no 0,88. B cpaBHeHUH C KaTaau3aro-
pamu Pt/Mg(Sn)(A1)O u Pt/Mg(Ga)(Al)O, kartanuza-
top Pt/Mg(In)(Al)O mposiBII JydIne XapaKTepUCTH-
KM aKTMBHOCTH M CTAOMJIBHOCTH B TIpOLeCCe JAETUIpH-
poBaHUs Jierkux ajgkaHoB. Kpome Toro, vccienoBanue
I'yo u ero kosier nokasasno, YTo MOJILHOE COOTHOIIIEHUE
Mg/Al u TemnepaTypa NpOKaJIMBaHUS OKa3bIBAIOT CY-
IIIECTBEHHOE BIIMSTHHE Ha CTPYKTYPY Y KaTATUTUIECKIe
cpoictBa Pt—In/ Mg(Al)O karammsaropos. Ilpu ontu-
MaJIbHOM cooTHorieHun Mg/Al (4:1) u Temmepatype

npokanBanus (600°C) kaTanuzaTopbl 00aJal0T Hau-
MEHBIINM CONEpKaHMeM CHJIBHON KHCJIOTHI, HanOOIb-
IIeH TUIONIA/IbI0 MOBEPXHOCTU M HAUOOJbIIIEH aAuchep-
CHell MeTAJUTMYECKUX YACTHII, YTO OJNIArOMPUSITHO CKa-
3bIBACTCS HA MX KaTAJIMTHYECKMX CBOMCTBax. OJHaKO
TOYHAsI CTPYKTypa ciutaBa Pt—In moka He ObiTa onpene-
JeHa [33, 34].

3.7. [pyeue oumemannuueckue Kamaauzamopvl
Ha ocHoge Pt. B ncnionb30BaHNY KaTaIn3aTopoB Ha 6ase
TUIATUHBL TOMUMO Sn, Zn, Ga u In Takkxe mpuMeHsIoT-
cs1 mpomotopsl Cu, Mn, Fe, Co, Ni, Ag, Ge, Cr, Bi, Sb,
Ce, Y, anocyeiHee BpeMsl y4eHbIMH ObLIO OOHApYKEHO,
yro La obnagaer OTIMYHBIMU CBOMCTBAMHU NPOMOTEpa
[35]. HJobGaBneHne 3TMX METAUIOB BEIET K TIOMYICHUIO
Pa3HOOOPa3HBIX OMMETAJUIMYECKUX CIIIABOB, TAKMX KaK
CTaTUCTUYECKHUE CIUIABbI, OMTHOATOMHBIE CILIaBbl (SAA)
U MHTEepMeTaNINYecKue coefinHeHus. PerymmupoBaHue
KaTauTHYeckor 3(h(HeKTUBHOCTH BO3MOXKHO IPU TIIA-
TEJILHOM KOHTPOJIE TOBEPXHOCTHOTO U TOJIIIOBEPXHOCT-
Horo cocrasa. MccienoBanus neruapupoBanust (popm-
OyTaHa Ha MOOM(ULIMPOBAHHBIX ME/IBI0 KaTaan3aTropax
Pt/Al,O3, Pt/Al,O5 ¢ menbio, 1 PDH nokasanu, 4ro Mo-
JuUKaILA MEIbIO MOBBIIIAET CENEeKTUBHOCTh AJIKEHOB
M cTaOWIBHOCTD KaTayin3aTopa. DNeKTpoHHble dpdek-
ThI ctutaBa Pt-Cu cHIKaloT afcopOimio mponwieHa, 4ro
SIBJISIETCA KJTIOYEM K yayumeHmo. OfHOaTOMHbIE KaTa-
JIM3aTOPBI, B KOTOPBIX aTOMBI Pt M30/MpPOBaHbI C TIOMO-
mpio Cu, Ha ocHose Pt-Cu/SiO, [36], u Pt-Cu/Al,O;
[37] a¢pdextuBHO axkTuBUpYOT C-H CBA3M U yayda-
I0T CEJIEKTUBHOCTD 110 OTHOIICHHUIO K aJIKEHaM U KOKCO-
CTOMKOCTb ITPH JETMIPUPOBAHUM NPONAHa M H-OyTaHa.
Pen u ap. uccnenoBany pomu MetauioB rpynmsl 1B (Cu,
Ag, Au) B katamm3atopax Pt/MgAl,O, nins PDH noka-
3a110, 4to joOaBneHre Cu M Ag 3HAYMTENILHO TTOBBIIIA-
er a(pdexTuBHOCTH Tponana, a Pt-Cu/MgAl,O, obna-
JIaeT TIPEBOCXOIHON PEreHepaiMOHHON CTaOMIIBHOCTBIO
[38]. UccnenoBanus rpymmsl [onra [39] u FOnra [40]
TMO3BOJIVJIM BBISICHUTD BIUsAHUE 3d-epexoIHbIX MeTal-
J0B (Ni, Co, Fe) Ha KOHTpOIMpPYeMBIil TOBEPXHOCTHBIH
Y TIOJNIOBEPXHOCTHBIN COCTaB KaTaJin3aTopoB HA OCHO-
Be Pt B PDH. OHu BbIssicHWIM, YTO KataauzaTtopsl Pt-
skin ¢ pa3muaHbIMEA aTOMaMu 3d-TIepeXOTHBIX METaIOB
Ha MOBEPXHOCTU IPOSIBIIAIOT MOBBILIEHHYIO CEJIEKTHB-
HOCTb K TPOIEHY, YTO COOTBETCTBYET TPEHIY IO CMe-
nieHuo 1ieHTpa d-muanasona. [Jo6asieHne Mn K Kata-
JIM3aTopaM Ha ocHOBe Pt ¢ pa3in4HBIM MOIIOBEPXHOCT-
HBIM COCTABOM MEHSIET KaTaJIMTUYeCKHe U aacopOlu-
OHHBIE CBOIcTBa. Katanmsarop ¢ MHTepMeTaImuecKon
MOIOBEPXHOCTBIO Pt;Mn 3HAUUTENILHO YIydIlAeT aK-
tuBauuio cBsa3u C-H 1 nposBiser BHICOKYIO CEeKTHB-
HOCTb K nporieHy Bo BpeMst PDH. Tak:xe onuchiBaioTcst
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MoAU(pUIIMPOBAHHBIE KATAIM3aTOPHl Ha OCHOBE Pt ¢ j10-
6asnenuem Co, Fe, Cr, Bi u Sb, kotopsle 00/1a1a10T pas-
HBIM COCTaBOM M MHTEPMETATTMYECKON CTPYKTYpOH U
SIBJISIIOTCS] TIEPCIICKTUBHBIMU 151 ICTUIPUPOBAHIS JIeT-
KHUX aJIKaHOB.

3.8. Kamaauzamopwt Pt-B. Ha ocHoe Pt, momMumo
METaJUTMYECKUX IIPOMOTOPOB, JUIsl JETUIPUPOBAHMS Ka-
TATU3aTOPOB, 0Op SBJSETCS MEPCIEKTHBHON HeMeTall-
JIMYECKOM anbTepHaThBoi. Bmecte ¢ Pt oH Takxke nccie-
JOBAJICS U151 HEOKUCITMTEIBHOTO IETUIPUPOBAHUS IIPO-
naHa u H-OytaHa. Popma 6opa, Oyib TO cruiaB, aMmopg-
HBIA OKCH]] WM YTO-TO MHOE, 3aBUCHUT OT KaTaIUTHUe-
CKOM CHCTEMBI 1 METO/IA €TO MOTy4YeHHsl. AJIeKCaHIpo-
Ba U ee KOJUIEr OLICHWIM BJIMsIHUE J00ABJIeHUs 6opa
Ha cTaOHJIBHOCTh HAHOKJIACTEPOB Pt ¢ moMorpio KcIe-
PUMEHTAIIBHBIX U «TeOpUH (PYHKIIMOHANA TUIOTHOCTU»
METOJIOB B OTHOIIEHUM JeCCOpPOIMK/Peakiiiy STUIICHA.
[41] D11 uccnenoBaHus NOATBEPXKIAIOT, YTO BBEACHUE
6opa B Kiactep Pt ycHIMBaeT SHEpruio CIIeKaHUsl aTo-
MOB Pt Juis1 aucconuaniy K1acTepoB IyTeM MOKPBITHS
Pt, a takske yimydinaeT B3aMMOAEHCTBHE METATTMYECKUX
KJIACTEPOB C HOCHUTEJNIEM 3a cueT 00pa3oBaHusl CBsI3U B-
O, cHUKast CBsA3b AJIKEHOB M POJCTBO IUIATHHOBbIX KJIa-
CTEepOB, U, CIICIOBATENBHO, 3aMe 1SS JETHIPUPOBaHHe,
TEM CaMBIM CIIOCOOCTBYSI 00OPa30BAHHIO YITIEPOIHbIX OT-
JoxeHHH. TeIUIsKOB M ero KOJUIern UCCeOBAIM BJIU-
sHMe OOpa Ha KAaTATMTHYECKYI0 aKTUBHOCTh HEOKHCIIH-
TEJIBHOTO JIeruapupoBanHus H-OyraHa Ha Pt-B/SiO, ka-
taymmzarope. OHM TpPeAronaraioT, YTo BKJIOYeHue 60-
pa yIpoIaeT MUrPalMIo aTKWIBHBIX IPYIIT U3 LIEHTPOB
Pt B TeTpasnpriecku KOOPIAMHUPOBAHHbIE OOPHBIE LIEH-
TPbI, YTO MOBbIIAET KaTAIMTUIECKYI0 aKTUBHOCTb (B 3
paza) u cTabwiIbHOCTD. [42] OmHaKo ISl OIpeie/ieHuUs
CTPYKTYpPBI JIAaHHOTO KaTaju3aropa TpeOyloTcs JIOHoi-
HUTENIbHBIE KCcCleoBanus. HenaBHO ObUT McciieoBaH
psan Pt-B/Al,O; kaTanmM3aTopos ¢ pa3IMYHbIM COEpkKa-
HHeM 06opa U pa3HbIMHU CIIOCOOAMU TIPOMUTKHU ISl Jie-
TUJIPUPOBaHUs MporaHa. beuio oOHapy)eHo, 4To 6op
OKa3bIBaET CTUMYJIMPYIOILEe BO3AEHCTBUE TOJIBKO B CITy-
Yae BBefeHus ero nocie Pt. Ha ocHoBe xapaktepucTu-
KM KaTaJu3aTopa M TepMOAMHAMHYECKUX JaHHBIX ObI-
JIO BBISIBJICHO, YTO aMOp(HBIA OKcHI Oopa SBISETCS
TOHKOJMCIIEPCHBIM Ha HOCHTENe U IOKPBIBAET 4acTH-
bl TUIaTUHBL. PacyeTsl MeToIoM «Teopru (PyHKIMOHA-
Jla TUIOTHOCTH» TMOKa3ajd, 4To joOaBieHue 6opa CHU-
JKaeT KOJIMYECTBO CPEHUX U CHIIBHBIX KUCIIOTHBIX LIeH-
TPOB Ha HOCUTeJIe, KOTOpble OTBEYAIOT 32 0Opa3oBaHUe
KOKca. B pesynbrare Oblia yinydileHa ceJeKTUBHOCTD T10
IPOIEHY U KaTalIuTuiecKas crabuiibHOCTD [43-45].

4. bumemanauueckue Kamaau3zamopol HaA OCHO-
ge Pd. Karanuzaropsl Ha ocHoBe nayuiaaus (Pd) moryt

CTaTh aJbTEepPHATHBON IUIAaTHHOBEIM (Pt) OmMeramde-
CKUM KaTaJIM3aTopaM B IPOIIecce AeTUAPAPOBAHUS JIeT-
KHX ajJKaHOB. MoHoMeTayumyeckue Pd-karammsatopst
00/1aJal0T MOXOKUMK CBOWCTBAMH, HO CTAJIKMBAIOTCS C
poOJieMaMHu, TAKVIMU e, KaK ¥ Y IUIATHHOBBIX KaTaJIH-
3atopoB. [layutaguii MeeT OONBINYI0 AKTHBHOCTD B pas3-
poiBe cesi3eit C-C o cpaBHEHMIO ¢ IUIATHHOM, UTO TIPH-
BOIWT K HEJOCTATOYHOM CEJICKTUBHOCTH B OTHOIICHUU
1eJIeBBIX 0JIe(hHHOB U BHICOKOMY OOPa30BaHUIO METaHa.
MonomeTtammueckue Pd-kaTammisaTops! ObICTPO 1e3aK-
TUBHPYIOTCS U3-32 00pa30BaHUs KOKca. UTOOHI IpeosIo-
JIeTh 3TU TPOOJIeMBI, TIOCTICAHUE WCCIICIOBAHMS CKOH-
HEHTPUPOBAIKCh HA Moaudukarmu Pd-karammzaropoB
MyTeM BBEIEHUsI MPOMOTOPOB, Takux Kak Ga, Zn, In,
Fe, Sn u Sb. JloGaBieHue 3THX BTOPUYHBIX WHEPT-
HBIX METAJUIOB 3HAUUTEIILHO IOBBIINAET CEJICKTHBHOCTh
u crabuibHOCTh. Kak u B ciyyae OumMerayuimyeckux Pt-
KaTaJIn3aToOpoB, TEOMETPHUYECKUE U IEKTPOHHBIE -
(bexThl TUX MPOMOTOPOB CHOCOOCTBYIOT YIIYYIICHUIO
xapaktepuctuk Pd-katanmuzaropoB. Apreara u ero Koj-
JIET UCCeJOBATA CEpUI0 MOAU]UIIMPOBAHHBIX Kara-
nuzaropos Pd/Al, O ¢ no6asnenuem Ga 11 geruapu-
poBanus H-OyTtaHa. OHM TOKa3aJIH, YTO CEJIEKTUBHOCTD
U CTaOWJIBHOCTh 3HAYMTEJILHO BO3PACTAIOT C MPHUCYT-
crBueM Ga. OtHomieHne Ga/Pd siBisiercsi KII0YeBbIM
akTopom sl gocTkeHUs yinyuiieHuid. OQHako J10-
OaBieHre Ga CHMKaeT HaYalbHYI0 aKTUBHOCTh. B 11po-
THUBOMOJIOKHOCTh 3TOMY, Baccepmeiin u ero kosuiern
OTMETHUJI, YTO COOCTBEHHAsI aKTUBHOCTh MOXKET 3HAUM-
TEJILHO YBEJTUYUTHCS (10 4 pa3) MpH BHICOKMX MOJIBHBIX
otHomenusix Ga/Pd (>10). Munumusanus oOpa3oBa-
HUSI KOKCa BO3MOXHA. OHH TPEAIONOKUIN, YTO BbI-
JAIOIIHECs KaTATUTHIECKUE XapaKTepHUCTHKHA 00YCIIOB-
JIEHB YHUKAJIBHON XUIKOMETAJUTMUECKOH CTPYKTYpPOM
HOCHTEJISI, CO3/IAI0IIEe aTOMHO U30JIMPOBAHHBIE AKTHUB-
Hble IeHTpbl Pd. Miep u ero Kosuiern mpoBesu psij
UCCJIeIOBAaHUN Ha OCHOBE Masulaiisi B MHTEPMETAILIN-
YeCKHX CIlIaBax, Takux Kak Pd-Zn, Pd-In, Pd-Fe, Pd-
Sn u Pd-Sb, nns nermppupoBaHMs STaHA W IIpOIMAHA
[46]. Bce 311 KaTanM3aTophl MoKas3aiu 0ojee BBICOKYIO
AKTHBHOCTb, CEJICKTUBHOCTh U CTAOMJIBHOCTD TI0 CpaB-
HEHUIO ¢ MOHOMeTaJunyeckuMmu Pd-kaTtanuzaropamu.
OHM TIPETIONOKIIIH, YTO TEOMETPUIECKH U30JIMPOBAH-
HBle KaTaJMTHYecKue LeHTpsl Pd, cocencrByiomme c
HEaKTHBHBIMH IPOMOTOpPAMH, OTBEYAIOT 32 IOBBIIIICH-
HYIO CEJIEKTUBHOCTb K O/lehrHaM, B TO BpeMsl Kak Ooliee
crabasi SHeprust aacopOIyU U MeHbIlee TOKPHITHE 10~
BEPXHOCTHU PEAreHTOB, BHI3BAHHbIE YMEHBILIEHUEM HEP-
TWY 3aIT0JTHeHHBIX 4d-opOuTaneit Pd, mpuBoasT K TIOBHI-
ienunio aktuBHocTH Pd u crabunbHoct. Hecmotpst Ha
TO, 4TO OMMeTaJUTYEeCKUe CUCTEMBI Ha ocHOBe Pd moka-
3BIBAIOT HEKOTOPBIE MHOTOOOEIIIAIOIINE PE3y/IbTaThI ITPU
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JETUAPUPOBAHUY JIETKUX AJIKAHOB, UX aKTUBHOCTH BCE
ellie HIKe, YeM y CHCTeM Ha ocHoBe Pt, a cromvocts Pd
3HAUUTENIBHO BBIIIE, YTO JEAaeT ero MeHee IMpHUBJIeKa-
TEJILHBIM JIJ1s1 IIIUPOKOTO UCTIONb30BaHus [47].

5. /lpyeue oOumemannuueckue Kamaiuzamopol.
KpomMe vcrosnb30BaHMs KaTaIu3aToOpoB HAa OCHOBE OJia-
ropoiHbIX MeTa/uioB Pt u Pd 1151 cenekTBHOTO neruj-
PUpPOBaHUsI, COBPEMEHHbIE HCCIIEJIOBAHUST CBUIETEIb-
CTBYIOT O 3(()EKTUBHOCTU KATAIU3ATOPOB, COMEPXKa-
IMX Jpyrde MeTawibl, Takue kKak Rh m Ni, B kaue-
CTBE aKTHMBHBIX IIEHTPOB. McciienoBareiu 4acto g00aB-
a0t npomotop Ga 1 hopMHpOBaHuUsA crieluduye-
CKHUX CTPYKTYp KaTaJanu3aTopa, TAKUX KaK OJTHOATOMHbIC
pa30aBiieHHbIE CIUIABbI WM WHTEPMETAJUIUYECKUE CO-
e/IMHEeHUSs1. DT CrielMalIbHble CTPYKTYPbI KaTaam3aTopa
CO3/IAI0T HEOOBIUHbIE METAUTMYECKHE HEHTPhI, aKTHUB-
Hble NpH auccoumanu csasu C—H.

OmHO ©3 mOCHemHWX WccaeqoBaHmil Bacceprmaii-
Ja ¥ Jp. MoKaszajao pa3padoTKy KaraamzatopoB Ga—
Rh/Al,O; (Ga/Rh>80) Ha oCHOBE HaHECEHHBIX Kara-
JIUTHYECKH AKTHBHBIX JKUJIKOMETAJUTMYECKUX PACTBO-
poB (SCALMS), koTOpbIe B IIpoliecce peakIuy oonana-
0T OAMHOYHBIMM JMHAMUYECKMMHU aToMamMu Rh Ha mo-
BepxHocTH Katanmsaropa. 9t Ga-Rh/Al,O0; SCALMS
MPOSIBUJIA BBICOKYIO KATaJTUTUYECKYI0 aKTUBHOCTb, BbI-
COKYI0 CEJIEKTUBHOCTb 10 MponujeHy (~92%) u yme-
PEHHYIO cTabHITBHOCTS [48, 49].

B nessx cHMXEHHsI CTOMMOCTH KaTaju3aTopoB, OC-
HOBaHHBIX Ha OJIArOpOAHBIX MeTasllax, ObUTH pa3pabo-
TaHBl OMMETAJUIMYEeCKHe KaTaIu3aTopsl Ha ocHOBe Ni.
Karanusatopsl Ha ocHoBe Ni 0071a/1al0T CIIOCOOHOCTHIO
aKTUBUPOBATH MOJIEKYJIbI aIKeHOB. OiHaKo HeMoaugu-
LIMPOBAHHBIE KaTaJu3aTophbl Ha OCHOBE Ni 00BIYHO ITpo-
SIBJISTIOT BBICOKYIO aKTMBHOCTH B rujporenonmse C-C,
YTO MPUBOAUT K 0OPa30OBAHMIO MeTaHa, KOKCca U BOJIO-
pozna. YUToObl peuTh 3Ty npodieMy, 100aBIsIOT HEKO-
TOpBIE METAUINIECKHE IIPOMOTOPHI, Takue Kak Au, [50]
Sn u Ga, pa3baBisoIMe aHCAMOIN HUKENS U MOJaB-
Jompe ruaporeHon3. Takoe BHeceHHe MPOMOTOPOB
3HAYMTEIBHO YITy4IIAeT CeJIEKTUBHOCTh onepunoB. Ha-
npuMep, fodapeHre Au Kk karaimmsaropy Ni/SiO, nis
JeTHAPUPOBAHKS TIPOIIaHa 3HAYUTEIIBHO YBEIMUHMBAET
CECJIEKTUBHOCTD I10 IMPOINIEHY U CHUKACT CEJIEKTUBHOCTD
no merany. Karaymmzarop NiSn/SiO, takke oGnangaer
BBICOKOM CEJIEKTHBHOCTBIO 1O M300yTeHY U CTAOHIIbHO-
CTBIO, UTO JIOCTHTAETCsl paspyLlIeHHeM aHcaMOei HUKe-
JIS1 ¥ IEPEHOCOM 3JIEKTPOHOB OT Sn K Ni.

I'pynna Jlaypcena paspabotaiia KaTalau3aTtopbl MH-
TePMETAJUTMYECKUX COEIMHEHUI Ha OCHOBE HeJparo-
neHHbIX MetauioB Ni-Ga mis JernaprpoBaHUs 3Ta-
HA W TpomnaHa. DTU KaTaJu3aTopbl UMEIT SApO-

000JI0UeYHyI0 CTPYKTYpY, re (paza MHTepMeTamaa
Ni;Ga okpyxkeHa 000I0UKON ¢ Pa3INIHbIM COIEPKaHH-
eM Ni u Ga. Atomsl Ni Ha MOBEPXHOCTH KaTaJn3aTo-
pa MHULMUPYIOT Peaklyio, B To Bpems Kak Ga mopaep-
JKMBAET CEJIEKTUBHOCTD M CTAOMIBHOCTD. ONITUMH3AIS
COCTaBa MOBEPXHOCTH CYIIECTBEHHO BIIMSET HA SKCILTY-
aTaIMOHHbIE XapaKTePUCTUKU KaTamu3aTopoB [51].

W3yyenne MeTOOM «TeopHH (PYHKIIMOHAJIA TUIOTHO-
CTH» MTOKA3aJI0, YTO yBeJInUeHre Konndectsa Ga 3HaYH-
TEJPHO TIOABJISAET HeCeJeKTHUBHBIE NETHIPHPOBAHUS,
YTO MPUBOAUT K OOJice BBHICOKOW KOHBEPCHU U CEJIeK-
TUBHOCTH. HarmprmMep, Kataju3atop ¢ COOTHOIICHHUEM
Ni:Ga 1:1 nemoHCTpUpYeT HawIydImii 6anaHc MexXmy
AKTHBHOCTBIO M CEJIEKTUBHOCTBIO KaK JIJISI IETHIPUPOBa-
HUsI TIPOTIaHa, TaK U 3TaHa. DTOT KaTanu3arop odnagaer
CTaOMJIBHON aKTHBHOCTBHIO M BBICOKOH CEJIEKTUBHOCTHIO
110 OTHOILICHUIO K OJ'[eq)I/lHaM Ha HpOTH}KCHI/II/l HpOﬂO.H—
JKHUTEJIPHOTO BpeMeHU. [1o cpaBHEHUI0 ¢ KOMMEPYECKH-
MH U COOCTBEHHBIMH Pt-Sn Kataymmsatopamm, 3TOT Ka-
TaJIN3aTOP MOKA3BIBAET COMOCTABUMYIO HITH Aaxe Oolee
BBICOKYIO CEJICKTUBHOCTb U CTAOMJIBHOCTb. [52]

6. Hosoe xoncmpyuposanue nocumens. Ilogxons-
IIYe MaTepHabl IOAACPKKY IS ISTHIPUPOBAHHUS JIeT-
KUX @JIKAHOB JOJUKHBI OOylagaTh OOJIBLION IUIOLIAILIO
MOBEPXHOCTH, BHICOKOW TEPMHUYECKOMN CTAaOMITBHOCTBIO 1
XOpoleil MexaHn4ecKoil mpouHocThio. CBOMCTBa OMO-
PBl OKa3bIBAIOT 3HAYMTENIFHOE BIIMSHHE Ha JAWCIICpPC-
HOCTb, CTAOWJIBHOCTb U CTPYKTYpPY OMMETayUTHYECKOro
Katanu3aTtopa. [ToaToMy MoguduKaIus Onopsl sBISET-
Cs1 aJIbTEPHATHBHON CTpaTeruey ylydieHus: KaTaauTh-
YEeCKUX XapaKTEePUCTHK.

IMomumo menovepactsopumsix 0-Al,05, ZnAl, O, u
ZrQ,, UCHONB3YeMBIX B IIPOMBIIIICHHBIX W MHUJIOTHBIX
MacIirabax, ObUT pa3paboTaH psii HOBBIX OMOpP, TAKUX
Kak Ha”omucTel Al,Os, rupporansuut, CeO,, neonuTs!
Y YIJIEPOJHBIE MaTepHaIbl, A7 YIydIIeHUS AUCIIEPCHO-
CTH U 3aKpeIlIeHUs] aKTUBHOTO LieHTpa. [is yirydieHus
JMCTIEpPrMPOBaHKST 1 UMMOOMIN3ALINMA aKTUBHBIX 1IEH-
TpOB GBI pa3paboTaH psiJi HOBBIX HOCHUTEJIEH.

Hccnenosan CeO, B KauecTBe albTepPHATUBHON OIO-
pol s Pt-Sn karammusaropos. Mcciemyemslil kKaTamm-
3arop Pt-Sn/CeO, nemoHcTpHpyer 0OpaTUMBIA Ipo-
LlecC CNVSIHUSA/pasfieNieHusi B LIMKJIepeaKIyst/OKKcIe-
Hue: onopa CeO, obecrieunBaeT MeCTO 3axBara JUIs
aTOMHOTO JUCIIEPTUPOBaHKA U peaucieprupoBanus Pt,
a Sn MOXET BBICTYNaThb B KauyecTBe LIEHTpa 3apoxk-
JeHust 111 (hOPMHUPOBAHUS AKTMBHBIX KJactepoB Pt-
Sn B xome peakiuu. Kpome TOro, OKHCIMTETBHO-
BOCCTaHOBUTENbHBIE cBOiicTBa CeO, CBOAAT K MMHH-
MyMy 0Opa3oBaHHE KOKCa IpU OJHOBPEMEHHOH Iona-
ye notoka. B pesynasrare Pt-Sn/CeO, nemoHcTpupyer
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3aMevaTesbHyI0 CTaOMIIBHOCTh M CIIOCOOHOCTh K pere-
HepaIyy MPOUCXOIAMAs] B IIPOMBIIIIEHHOCTH, CHIKAs
HEOOXOAMMOCTD B CJIOKHOM OKCUXJIOpUpOBaHUH [53].

HanoyrneponHsle MaTepriaibl sIBISIOTCSA IPUBIICKA-
TEJIFHBIMU OTIOPaMH TSI METAJUTMYECKMX KaTalnu3aro-
POB, TIOCKOJIBKY OHM MOTYT OOECIeYrTb OOJIBIIOE KO-
JIMYECTBO TOBEPXHOCTHBIX YYACTKOB ISl Pa3MEICHUS
aToMOB MeTaynia; JIplo ¥ JIp. UCHONB30BAIM HAHOYTIIe-
pon (ND@GQG), cocrosimuii 13 HaHOAJIMAa3HOTO Siipa U
JedeKTHO! YIbTPATOHKOM IpaheHOBON HAHOOOOIOUKH,
B KauecTBe MOJUIOKKH /IS IeTHAPUPOBaHNUsI H-OyTaHa.
st meruapupoBaHuis H-OyTaHa OBUTM MPUTOTOBJICHBI
Karanuzatopsl Pt-Sn/ND@G [54].

7. Ilepedogvle memodvl noayuenuss u cmpyKmyp-
Hble uHHOBauuu kamaauzamopog. CTPyKTypa, auc-
HEPCHOCTh U (hOPMHUPOBAHKE AKTHBHOI (pa3bl KaTaIm3a-
TOpa B 3HAYMTEIBHOM CTEIEHH 3aBHCSIT OT METOIOB IIPH-
TOTOBJICHUSI U TIPEBAPUTENIBHON 00pabOTKM KaTanu3a-
Topa. MeTo TPONMUTKYU SIBJISIETCST HaunOoJiee Pacipo-
CTpPaHEHHBIM /ISl TIPUTOTOBJEHUST OMMETATTMYECKUX
Katanu3atopoB. OIHAKO 9TUM METOIOM OYeHb TPYI-
HO IIOJMYYHTh HAHOYACTHIIB C YJIBTPABBICOKOM OIHO-
POZHON JUCIEPCHOCTHIO U YHOBJICTBOPUTEIBHBIMU Ka-
TATMTHYECKUMU XapaKTepucTukamu. [[is npeogoneHus
3TOl MpoOJIeMbl ObLIO pa3pabOTaHO HECKOJBKO HOBBIX
CTpaTeruii CMHTe3a HAHECEHHBIX METATMYECKHUX KaTa-
JIU3aTOPOB.

Iogepxnocmuas —~ MemannoopeaHu4ecKas — Xumus
(SOMC). 1n4 yny4diieHus JUCTIEPrUPOBAHIS METaJJIOB
U TIOJTyYeHU S OHOPOIHO JHUCTICPIUPOBAHHBIX OMMETA-
JIMYECKHUX YACTHIL HAa ONOpax HeJaBHO ObLT pa3paboTaH
HOBBIIl KOHTPOJIMPYEMBIN TOAXO0J, OCHOBAHHBINA HA I10-
BEPXHOCTHON MeTasiooprannyeckoit xumuu (SOMC)
Ha OKCUIHBIX omopax [55, 56]. B stom metone Pt u
MIPOMOTOPBI, Takue Kak Sn, Ga, Zn 1 MeTaJUI00praHu-
YeCKHe KOMIUIEKCHI, TTOC/IEI0BATE/IbHO MTPUBHUBAIOTCS K
MOBEPXHOCTH OKCHIHBIX onop (Al,O5, MgAl,O,, SiO,
1 neomutoB). [Ipu BoccTaHOBIEHMM BOJOPOIOM OOpa-
3yI0TCsI TOMOTEHHbBIE Y/IbTpamalible OMMeTayuTYecKue
KJIACTEPhl, KOTOPbIE MOKa3bIBAIOT OTJIMYHBIE pe3y/bTa-
THI B IIPAMOM JETUIpUPOBaHUHM IpornaHa. Kartammzarop
TIOKa3aJ1 BLICOKYIO CEJIEKTUBHOCTb U IOTOCPOYHYIO CTa-
OWJIBHOCTH B JIETM/IPUPOBAHUHU TIPOTaHa 10 POIHJIeHA
Omaronapsi 3¢exty pa3OaBieHUs] BBICOKON KOHIICH-
TpalMK MHEPTHOTO OJIOBA HA TIOBEPXHOCTH HAHOYACTHII
Pt. anee Obim cunTe3npoBansl Pt-Sn/0-Al,O; kara-
JIM3aTOPHI € YABTPaMAIbIMKU OMMeTaJuIdeckumu Pt-Sn
KJlacTepamu pazmepoM okoJo 0,75 HM ¢ UCTIONb30BaHU-
em Pt(COD)Me, u HSnPh; B kauyecTBe npeKypcopoB
[57]. Tlomy4deHHsle KaTannu3aTOpbl IPOAEMOHCTPUPOBA-
711 BBICOKYI0 akTiBHOCTH (BIT 102 ¢!, BhICOKYIO cenek-

THUBHOCTb (99%) M OTIMYHYI0 CTAOMJIBHOCTb TIPH Jie-
TUAPUPOBAHMH TIpomaHa. [y JmanpHEHIero moBblIIe-
HUSI aKTUBHOCTHU B KQUeCTBE OMOPbI J1JIs1 OMHAPHOTO Ka-
TaJIN3aTOpa IJIATHMHA-0JIOBO OBbLI HCIOJIb30BaH MOJIHO-
CTBIO JIEATIOMUHUPOBaHHBIA [3-nieonut [S8]. Tlocne Boc-
CTaHOBJICHHS BOIOPOIOM OOPa30BBIBAIIFICH OJHOPOIHO
JVICTIEpTHPOBaHHbBIEe KJIacTepsl criaBa Pt-Sn, pacmono-
JKEHHBIE Ha OIHOM MO3WIIMM Sn B KapKace 1eonuTa. Ka-
TAJIU3aTOP MPOSIBUI HECKOJIBKO OOJBIINYI0 aKTUBHOCTD,
uem Pt-Sn/0-Al,O5, ¢ BIT 114 ¢!, Cuibhoe B3anmo-
JericTBre Mexay Oumerayumaeckumu Pt-Sn kiacrepa-
MH ¥ A30JIMPOBAHHBIMH SN y371aMH B IIEOJIUTOBOM Sn
Kapkace 00ecrieqrBaeT BBICOKYIO KaTAIUTUYECKYIO CTa-
OUJIBHOCTh U XOPOIIIYI0 pereHepariuio.

Takum 006pa3oM, Ha OCHOBAHWH JOCTYITHBIX JTAHHBIX
MOJKHO ITPOBECTH CPaBHEHHE HaNbOo/Iee AKTUBHBIX U Ce-
JIEKTUBHBIX KaTan3aTopoB. Temmeparypa, CoCTaB ra3o-
BOW CMECH U MIPOMOTOPBI UTPAIOT BaKHYIO POJIb B MPO-
1lecce M MOTYT TOBJIMATH Ha KOHBEPCHIO METAHA W BbI-
XOJT TPOAYKTOB. JlabHEHIIME NCCITENOBaHMS U OTIpe/e-
JICHWE ONTUMAJIBHBIX YCJIOBUIT TIPOIIECCa MOTYT TIOMOYb
paspaboTtath erie 6osiee 3(pheKTUBHBIE KaTaar3aTopbl
JUTSL IETUIPUPOBAHUS.

AHanu3 myOIMKanuid 1Mo OKHUCIUTETPHOMY IIpeBpa-
menuo C,-C, npesenbHbIX YIIIEBOIOPOAOB B onedu-
HbI 3a nocaeanue 10 JietT mokasan, YTo MHTEepeC K AaH-
HOIl Temarke B KasaxcraHe roka ere HEZOCTaTOYHO
paseut. OgHOoBpeMeHHO B KaszaxcraHe akTHBHO Tpo-
BOAATCS MCCJIEIOBAHUS 110 OKUCIUTENIBHOMY AETHIPH-
poBanuio C,-C, ankaHoB. Pe3ynbraThl JaHHBIX pa3pa-
GOTOK COOTBETCTBYIOT MHUPOBBIM CTaHAAPTaM, 4TO TOA-
TBEPXKAEHO INojyudeHueM Tpex mareHToB PK. D10 ro-
BOPUT O BBICOKOM YPOBHE Hay4yHOro mHtepeca B Ka-
3axCTaHe K MpoleccaM MpeBpallieHus YIJIeBOAOPOIOB B
LIEHHBIE MPOIYKTHI, OJHAKO CJIEAYeT OTMETUTh HEOOX0-
JMMOCTb JaJIbHEHINEro Pa3BUTHUS MCCIIENOBAHUN B 00-
Jlacti okuciurtenbHoro npespatuenusi C,-C, npenens-
HBIX YIJIEBOAOPOIOB B Oe(pHHBI AJIS1 JOCTKEHUS M-
JIOTHBIX ¥ ONBITHO-IIPOMBIIIUIEHHBIX pa3pa00TOK HA MH-
POBOM YPOBHE.

BriBoabl. B naHHOW paboTe aHAIM3MPOBATIUCH Ka-
TAJIN3aTOPbl C PA3IMYHBIMU CBOHWCTBAMH M COCTaBOM.
Karanusatops! poLiecca IeruapupoBaHUs ATKAHOB CO-
CTOSIIIIME U3 TUIATHHBI, OCAKJEHHOW Ha Pa3INYHbIX 110-
PHUCTBIX HOCHUTENSX, C JOOABJIEHUEM MPOMOTOPOB He
TIO3BOJIJIM TIOJIHOCTBIO YCTPAHHUTD STH HEJOCTATKH, Ha-
npuMep, 00pa3oBaHUe KOKCA Ha MOBEPXHOCTH KaTaju-
3aTopa U CIICKAaHUE YaCTUII IUTATUHBI IO/ )lef/.ICTBI/IeM BbI-
COKMX TeMmIlepaTyp. B cBa3u ¢ 3Tum HamnGonee pacrpo-
CTpaHeHbl KOMITO3MIMH KATaJIM3aTOPOB HA OCHOBE ILJ1a-
THHBI ¥ 0JIOBA, KOTOPBIE HE TOJILKO YCTPAHSIOT STH HEIO-
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CTaTKH, HO U ITIOBBIIIAIOT BBIXO OIIC(l)I/IHOB B IIponecce
ACTUAPUPOBAHUA. OZ[HaKO HEOOCTAaTKAMM TAKHMX KaTa-
JIN3aTOPOB ABJIAIOTCA CJIOKHOCTD IIPUTOTOBJIEHUS.

B Kasaxcrane B mpouecce IeruapupoBaHust HanOo-
Jiee IIHPOKO HCHOJB3YIOTCS aTIOMOXPOMOBBIC KaTalH-
3atopsl. biarogaps HaaMuMio OKCcHaa Xpoma Ipolecc
MOXHO ITPOBOJIUTH MTPU BBICOKHX TeMmepaTypax. OH xa-
PpaKTepu3yeTcsl BHICOKOH TepMOCTOMKOCTHIO. Vcnonb3o-
BaHWE OKCHJa AJTIOMUHUS B Ka4eCTBE HOCHUTEJNs cTaOu-
JIM3UPYET KaTaJIM3aTop U MOBBIIIAET €ro TEPMUYECKYIO
CTaOMJIBHOCTB, @ TaK3Ke MOBBIIIAET €r0 aKTUBHOCTD B pe-
aKIMsX JeruaprupoBanust. s cHrkeHust 0Opa3oBaHusI
KOKCa BBOZAT NPOMOTOPHI B BHIE PA3NYHBIX HOHOB
IIEJIOYHBIX METAJUIOB. Bee mogoOHbIe KaTann3aTtopsl OT-
JIMYAIOTCS TOJIBKO COZIEPKAaHMEM OKCHIA XpoMa M Ipo-
MoTOopa. B HacTosiee BpeMsl MCHOJB3YIOTCS alIOMO-
XPOMOBBIE KaTaIn3aTopbl TaK Kak sBJsieTCs Haubolee
CTaOMJIBHBIM U HAJIEKHBIM METOJIOM JIETMPUPOBAHHMS,
B TOM 4HcIe OoJiee JIeHIeBbIM, YeM IJIATHUHOBBIE Kara-
JIM3aTOPBI.

Karanmzatopbl Ha OCHOBE OKCHIA Kelle3a OTINYAI0T-
Csl CIIOXKHOCTBIO TIPUTOTOBJICHUSI U TIO9TOMY HE MOTYT
ObITh MCMONB30BaHbl. OHU MMEIOT BBICOKYIO YAENIbHYIO
MOBEPXHOCTh U BBICOKYIO KaTaIUTUYECKYI0 aKTHBHOCTD
YeM MPOMBIIIJIEHHbIE KaTanau3aTopsl. [IpenmyiecTBom
TaKMX KaTAJIM3aTOPOB SIBJISETCS TO, UTO MPOIIECC NEeTH/I-
PHYPOBaHUS MPOBOAUTCS C UCIONB30BAHUEM Iapa Ipu
BBICOKHMX TeMIieparypax. Mcnonbp3oBaHue mapa mpu Bbl-
COKHX TEeMITepaTypax He BJHseT Ha aKTUBHOCTD KaTaJIv-
3aropa.

KaranmsaTtopel Ha OCHOBE IUIATHHBI M OKCHJIA XpoMa
MMEIOT TaKue HEIOCTaTKH, KaK BBICOKAsl CTOMMOCTb U
BpEJHOE BO3IEHCTBIE IECTUBAIEHTHOIO XpOMa, COep-
JKarerocst B Okcuzie Xxpoma. [ist peleHus aTux mpo-
GrieM OBUTH TaK:Ke pa3padOTaHBl KATATU3aTOPBl HA OCHO-
BE OKCHJA BaHAIusl U MonuOaeHa. OJHAKO TaKue KaTa-
JIM3aTOPBI OBICTPO TEPSIIOT CBOIO AKTMBHOCTD U3-3a 00pa-
30BaHMsI KOKCa Ha TIOBEPXHOCTH, UTO IIPUBOJIUT K HE0-
CTaTOYHOU KOHBEPCUU OJIE(PHHOB.

B 0030pe paccMOTpeHbl HOCTHKEHUsI B pa3padoOTKe
KaTaJu3aTOpOB HA OCHOBE METAJUIOB JJIsi HEOKUCIH-
TEeJIFHOTO JAETUIPUPOBAHUS JIETKUAX ATKAHOB JIO oJiepr-
HOB. OnerHBI HAXOAAT MHPOKOE MPUMEHEHUE B TIPO-
W3BOJCTBE MOJIMMEPOB, OKCUTEHATOB M XUMUIECKUX CO-
enuHeHnid. PaccMOTpeHs! KaTaau3aTtopsl Ha ocHOBe Pt,
Pd, Rh u Ni, ocoGeHHO B cOYeTaHMH C MPOMOTOpA-
mu (Sn, Zn, Ga, In, B). Beenenue npoMoTopoB 3Ha-
YHUTENHHO YITy4IllaeT KAaTATUTHIECKYIO TPOU3BOIUTEIh-
HOCTb, U30UPATETbHOCTh U CTAOMIBHOCTh KATAJIM3aTO-
poB. OOCYKIAIOTCS IeOMETPHUYECKUE U JIEKTPOHHBIE
3(pdeKTh MPOMOTOPOB HA MOTU(UKAIIUIO KATATUTUYE-

CKUX CBOWCTB. Takxke IpUBENCHBI MPUMEPHl TPEX OC-
HOBHBIX TOJIXOJOB K pa3paboTKe HOBBIX BHICOKOI((]EK-
TUBHBIX KAaTaJM3aTOPOB: WHKEHEPUs TOAJEPKKH, Iie-
pEnoBbIE METOIBI MOTYYEHHUA U CTPYKTYPHbIE MHHOBA-
mn. OTMmedvaercs, 4yTo CyOHaHOMETPUYECKHE MeTas-
JIMYECKHEe KaTaIN3aToOPhl M OJTHOATOMHBIE KaTaan3aTo-
pbi 06e1aT ObiTh 3HEKTUBHBIMU B IETUIPUPOBAHUM
JIerkux ankaHoB. OIHaKo HEOOXOAMMO pa3padoTaTh HO-
BbI€ DKOHOMUWYECKUE METOAbI CUHTE3a 1JIA CTa6I/IIlI)H]>IX
CyOHaHOMETPUYECKUX METATMYECKUX U OJHOATOMHBIX
KaTaJan3aToOpOB C BBHICOKMM CONCpKAHHEM MEeTaJUIOB.
BaxHO Takke HccienoBaTh BO3MOKHOCTH HCIIOIb30Ba-
HUSI HEJIPArolleHHbIX METAIJIOB JUls pa3paboTku Oolnee
3(pEeKTUBHBIX U IOJITOBEYHBIX KaTaam3aTtopoB. Ilaib-
HEeWIlMe MCCIIeI0BaHNUsI C MCIIOIb30BAaHUEM IEPEIOBbIX
METOJIOB ¥ TEOPETHUECKHUX PACUCTOB HEOOXOAUMBI JIJIST
TIOJTHOTO TIOHUMAHUSI KATAIUTUIECKUX aKTUBHBIX IIeH-
TPOB, PEaKIMOHHBIX MEXaHU3MOB M POJIM TIPOMOTOPOB,
YTO TO3BOJIMT pa3padoTaTh palMOHAIbHBIN JU3aiH BbI-
COKO3(P(heKTUBHBIX KaTaJIN3aTOPOB AJIS AETHIPUPOBaA-
HUSL.

PaCI_LII/IpCHHI)IC KaTaJINTUYECKUEC ﬂCﬁCTBHH BCEraa
BO3HHKAIOT B pe3yJbTare coueTaHust 00oux 3(peKToB.
MBbl Takske MpecTaBUIN KPaTKUi MEXaHU3M peaKIvH.
Kpome TOro, Mbl M3JIOXHIM TOCIAEAHWE AOCTHIKEHUS
B 00JacTé pa3pabOTKH HOBBIX BBICOKOI(PPEKTHBHBIX
TEXHOJIOTHI JETHUIPUPOBAHMS KaTaIu3aTopoB. MBI Hc-
NOJIb3yeM TPH OCHOBHBIX MOAXO/A: MHKEHEPUPOBAHHE
HOJJICPKKH, TIEpe/IOBbIE METOMbI MOMYUYeHUsI U CTPYK-
TypHbIE MTHHOBAIIMM KaTaJM3aTOpPOB. 3a MOCJEAHNE Jie-
CATHIICTUS] OBUIM MPEIIPUHSTH 3HAYUTEIbHBIE YCUITHS
JUIS1 JOCTHKEHHU S Yy UILIEHHBIX KaTAIUTUYECKUX XapaK-
TEPUCTHUK B IIPAMOM JETUIPUPOBAHUHU JIETKUX AJIKAHOB
C MOMOIIBI0 KaTaJIM3aTOPOB Ha OCHOBE MeTaslioB. Of-
HAaKO, IIO-TIPEXKHEMY CYIIECTBYET HEOOXOAMMOCTD B pa3-
pabotke Gonee 3(PPEKTUBHBIX HOBBIX KATaJIU3aTOPOB
Y TIOHMMaHUM MEXaHU3MOB. VccrenoBaHusl MOKa3asy,
YTO CyOHaHOMETPUUECKUE METAIMYECKUE KaTaIu3aTo-
Pbl ¥ OJHOATOMHBIE KaTaJM3aTopbl, OCOOEHHO B Kara-
JIM3aTOpax Ha OCHOBE IUIATHHBI, 00JIa1al0T MHOroooe-
IMAIMME pe3yabTaTaMi U 3 (EKTUBHOCTBIO B TMps-
MOM AETMIPHPOBAHUN JIETKMX ajKaHOB. OmgHAKO, KO-
JIMYECTBO 3arpy3KU aKTHBHBIX METAJUIOB OCTAETCS HH3-
KUM, YTO MPUBOIUT K HU3KOW KaTATUTUUECKOH MTPOIYK-
THBHOCTH. VIccrnejoBaHust Peronaraior, YTo CTabuIIb-
HOCTb CYOHAaHOMETPHUECKMX METANIMIECKHX KaTasln3a-
TOPOB 1 OHOATOMHBIX KaTaJIM3aTOPOB C BHICOKOM ILIOT-
HOCTBIO JOJDKHA OBITH yiayumleHa. s aToro mpemo-
)KEHO UCIIOJIb30BaHNE HOBBIX 9KOHOMHYECKH JKU3HECIIO-
COOHBIX METOJOB CHHTE3a, TAKMX KaK WHKAICYJISLUs
AKTMBHOTO MeCTa B TIOPHUCTHIX obosoukax. Kpome Toro,

197



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

pa3paboTka MHOXkecTBa 3(h(HEKTUBHBIX U JOITOBEYHBIX
KaTaJIM3aTOPOB C UCTIOIb30BAHMEM HEIPATrOLIEHHBIX Me-
TAJIOB HEOOXOAWUMA U1 CHWKEHHsI CTOMMOCTH [OpO-
TOCTOSIIIIUX KaTajau3aTopOB JNErUIpUpOBaHus U3 Oiaro-
ponHbIx MeTasioB. [IpoBeeHHbIe NcCIeI0BaHN MTOKA-
3aJIM, YTO KaTaJM3aTopbl HA OCHOBE MHTEpMETaJLINUe-
ckoro coemuHenus Ni-Ga, mpurorosieHHble Jlaypce-
HOM, JEMOHCTPUPYIOT COIIOCTAaBUMYIO MJIN OoJiee BBICO-
KYI0 U30MpPaTeIbHOCTh U CTAOUIIBHOCTD, YeM KOMMepYe-
cku poctyrnsslie Pt-Sn karamuzaropst [59, 60]. [Ton6op
OIITHMAJILHOTO COYETaHMsI TPOMOYTEPOB 1 HeIparoreH-

HBIX METAJJIOB, a TaK)Xe KOHTPOJIb CTPYKTYPBI KaTaJui-
3aTopa SIBJISIOTCS KJIIOYEBBIMU KPUTEPHUSIMU [IJIsI pas-
PabOTKU TEXHOJIOTMH JIETUIPUPOBAHMS HEIPAroleHHbIX
METaJULIMYECKUX Karaau3atopoB. JlaibpHeInne wuccle-
JIOBaHUSI C UCTIONH30BAHKEM TIepPeIOBbIX METOJIOB in Situ
U OIepaH/I0-CIIEKTPOCKOITUY, A TAKKE TeOpeTHYECKHe
pacuetsl HeOOXOAUMBI /151 IOHUMAHUS KAaTaTuTHIECKH
AKTUBHBIX LICHTPOB, MEXaHU3MOB PEAKIIMI 1 POJH MPO-
MOYTEpOB. DTO MO3BOJUT pa3paboTaTh PaIlMOHATBHBINA
JIV3aliH BBICOKOI(D(PEKTUBHBIX KATAIN3aTOPOB JICTH/I-
PHUPOBaHUSL.
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MOJEJINPOBAHUE TEXHUYECKUX XAPAKTEPUCTUK OI'HEYIIOPHbIX
MATEPUAJIOB

B.H.Car6aesn!, A.W1. Kokeraes!”, H.T. Illana6aes?, A.B. Caroaes!, A.X Hypymraamnes?
! Acrarymcknit pymman PITI «HalioHa bHBII TIEHTP 10 KOMILIEKCHOH MepepaboTKe MUHEPAIbHOTO
coIpbst Pecrryonmkn Kaszaxcran», AcraHa, Kazaxcras,
ZKaparaHIMHCKHii MHIYCTpUAIbHBIA yHUBepcuTeT, T. Temupray, Kazaxcran,

e-mail: aik53@mail.ru

B crarpe MMPEIJIOKEHBI METOABI DKCIEPUMEHTAIIbHO-CTATUCTUIECKOI'O MOACIMPOBAHUSA U OIITUMU3AlIUN COCTABOB
BBICOKOTEMIICPATYPHbIX MATEPUAJIOB.

J71s1 3¢pheKTUBHOTO ITPOBEIEHH T KICCIIEIOBAaHMI IPH pa3padoTKe HOBBIX COCTABOB OIHEYIIOPOB HUCIIONIb30BAJINChH
METO[Ibl MaTeMaTHIECKOTO MOJEIMPOBAHUS, CTATUCTIYECKON 00paboTKN MH(OPMAIMY SKCIIEPUMEHTAIBHBIX JIaH-
HBIX.

[Ipu MozpenmpoBaHy pa3pabOTKH COCTABOB OTHEYIIOPHBIX MaTEPHAJIOB MPEJIOKEH METO/I PEr PECCHOHHOTO aHa-
Jm3a. DTO CTATUCTUUECKUH aHATMTUYECKUI METO[, TIO3BOJISIONMI BBIYUCIUTh (DYHKIMIO OJHOW 3aBHCHMOM Iie-
PEMEHHON OT OfHOM WJIM HECKOJIBKMX HE3aBHCHUMBIX MEpPEeMEHHBIX. VICronb3ysl perpecCHOHHBIN aHaIN3, MOKHO
MOJEIMPOBAaTh 3aBUCUMOCTh MEX/y BHIOPAaHHOW TEXHUYECKOW XapaKTePUCTHKOW OTHEYNOpPHBIX MaTepuasioB OT
KOMIIOHEHTOB, BXOJAIIMX B COCTAB pa3padaThiBAEMOro OrHEYIIOPHOTO MaTepHala.

Pesynbrarel MaTeMaTMUECKOTO MOJEIMPOBAHUS IIPEACTABIIEHBl HA IPUMEPE OJHOIO COCTABa, IPUBENEHO TAKKE
CpaBHEHHE PACYETHBIX PE3YJIbTATOB C IKCIIEPUMEHTAIbHBIMU.

C MoMOIIBI0 MATEMATUYECKOr0 MOJICNIMPOBAHMSI COCTABA IMXThI BHICOKOTEMIIEPATYPHBIX MaTepUasioB ObLIN
CIIPOTHO3UPOBAHBI TEXHUUECKUE XapaKTEPUCTUKY TOTOBOW MpoAyKIuH. [IpuMeHeHre 3Toro MeTona JacT BO3MOX-
HOCTh ONTHMHU3UPOBATh MPOIIECC Pa3padOTKH PEIENTyp OrHEYIIOPOB C 33IaHHBIMK XapaKTEPUCTUKAMH, YTO 103~
BOJIUT MOBBICUTH 3(h(PEKTUBHOCTH MpOoLECcca MOMYUYEHHUsI OTHEYTIOPHBIX MATEPUAJIOB C 3aJaHHBIMU ITapaMeTPaMH.

KiiroueBble cJjioBa. OrHEyNoOpHbIE M BBICOKOTEMIIEPATypHbIE MaTepHajbl, OTHEYIOPHOCTh, MaTeMaTH4ecKoe
MOJIEJIMPOBAHUE, PErPECCUsl, TPUKJIaJHbIE IPOTrPAMMBbI, ONTUMU3AIMSA, TapaMETPbl ONITUMUBALIAN.

MODELING TECHNICAL CHARACTERISTICS OF FIRE-RESISTANT
MATERIALS

B.N. Satbaev!, A.I. Koketaev!*, N.T. Shalabaev?, A.B. Satbaev! , A.Kh Nurumgaliyev?
! Astana branch of the RSE “National Center for Integrated Processing of Mineral Raw Materials
of the Republic of Kazakhstan”, Astana, Kazakhstan,
2Karagamda Industrial University, Temirtau, Kazakhstan,

e-mail: aik53@mail.ru

The article proposes methods for experimental-statistical modeling and optimization of the compositions of
high-temperature materials.

To effectively conduct research in the development of new compositions of refractory materials, methods of
mathematical modeling and statistical processing of experimental data were used.

When modeling the development of compositions of refractory materials, a regression analysis method is
proposed. This is a statistical analytical method that allows you to calculate the function of one dependent variable
on one or more independent variables. Using regression analysis, it is possible to model the relationship between
the selected technical characteristics of refractory materials and the components that make up the refractory
material being developed.
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The results of mathematical modeling are presented using the example of one composition; a comparison of
the calculated results with the experimental ones is also given.

Using mathematical modeling of the composition of the charge of high-temperature materials, the technical
characteristics of the finished product were predicted. The use of this method will make it possible to optimize
the process of developing refractory formulations with given characteristics, which will increase the efficiency
of the process of obtaining refractory materials with given parameters.

Keywords: refractory and high-temperature materials, fire resistance, mathematical modeling, regression,
application programs, optimization, optimization parameters.

OTKA TO3IMII MATEPUAJITAP/AbIH TEXHUKAJIBIK CUITATTAMAJIAPBIH
MOJIEJIBAEY

B.H. Cotéaes!, A.W1. Kekeraes!”, H.T. Illana6aes?, A.B. Cot6aes!, A.X.Hyprivraaues?
! «Kazakcran Pecry6/iKkachiHbIH MUHEPAJIBIK, IIHKI3aTThl KEIIEH i KAiTa eH/Iey YITTHIK OPTabIFb»
PMK Acrana ¢punmansl, Acrana K., Kazakcras,
*Kaparauisl MHIycTpyuansl yausepcureri, Temipray K. Kazakcran,
e-mail: aik53@mail.ru

Makana/a )orapsl TEMIIEpaTy paibl MaTeprasiapablH KOMIO3HLIUIIAPbIH TIKipUOETiK-CTaTUCTUKAIIBIK MOJEIb-
JIey JKoHE OHTAWJIaHABIPY 9JiCTepi YChIHBLIFAH.

OTKa Te3iMai MaTepHaIJapIblH jkaHa KOMIIO3ULMIAPBIH JKacay[a 3epTTeyaepi THIMAL XKYPri3y YIIiH ToxXipu-
6eJTik MaTiMeTTep/li MaTeMaTHKAIIBIK, MOZIEJIb/IEY KoHE CTATUCTHKANIBIK OHJIEY 9/1icTepi KONIaHbUIIBI.

OTKa Te3iMIi MaTepuasiiap KOMIO3MLMSIAPEIHBIH JAMYBIH MOJEJbAEY Ke3iHAe PerpecCHsUIBIK Tangay ofici
ycbiHbUIaE. By 6ip Hemece GipHele Toyesici3 allHbIMabUIap OOWBIHINA Oip Toyesli allHBIMAIBIHBIH (DYHKIIU-
SICBIH ecenTeyre MyMKiHIIK OepeTiH CTaTMCTHKAJIBIK aHAIMTUKAJIBIK, 9fic. Perpeccusbik Tanmaynsl naiiaiaHa
OTBIPHII, OTKA Te3IMAI MaTepuaJapAblH TaHAAIFaH TEXHUKAJIbIK, CUTIATTaMasIapbl MEH a3ipJIeHeTiH OTKa Te3iMai
MaTepralIibl KYPaHThIH KOMIIOHEHTTEP apachIHAAFbl OailIaHBICTBI MOJE/IbAEYTe OOaIbl.

MareMaTHKaIIBIK MOZIENIBIEY HOTHIKeTIepi Oip KOMIO3UIMSTHBIH MBICATTBIH/IA OSpiIreH, eCeNTeNTeH HOTHXKeIepHiH
SKCTIEPUMEHTTIK HOTIKEIEPMEH CaIBICTBIPYHI JIa KEJITipijreH.

JKoraps!l Temriepatypalibl MaTepHATIAP/IbIH IIUXTACBIHBIH KYPAMBIH MATEMATHKAJIBIK, MOJEIbICY/ MaiganaHa
OTBIPBIIL, IAWBIH OHIMHIH TEXHUKAJIBIK, CUIIATTAMANIAPb OoJKaajbl. Byt oicti KonaHy GepiireH cunarramaiapbl
6ap oTKa Te3iM/i KypaMIap/bl xKacay MpoIeCciH OHTaIaHIpIpyFa MyMKIHIIK Oepesi, Oyt OepiyireH napamerpiepi
6ap OTKa Te3iMJIi MaTepUaIIapIbl aly MPOLECiHIH THIMIUTITIH apTThIPAJIBL.

TyiliH ce3aep: OTKa TO3IM/I KOHE KOFaphl TeMIIepaTypara Te3iM/Ii MaTepraIgap, OTKa Te3IMALTIK, MaTemMa-
THKAJIBIK, MOJICJIbIIEY, PErpeccusi, KonaaHOasl OaraapiaManap, OHTalIaHIbIPy, OHTAHIAHIBIPY MapamMmeTpIiepi.

Brenenune. Pa3Butre MeTaulypruueckoi MpoMBIII-
JIEHHOCTH HEBO3MOXHO O€3 BBICOKOKAUECTBEHHBIX OT-
HEYNOPHBIX MAaTepHaloB, HCHOIb3YEMBIX B TEILIO-
BBIX arperarax MeTaJUIypruYeCKUX ITPOM3BOACTB, IZE
NPEIBSBISIIOTCS] KECTKUE TPeOOBaHUSI MO MX (PU3UKO-
XMMHYECKUM U TEXHUYECKUM XapaKTePUCTHUKAM.

Pa3paboTka HOBBIX COCTABOB OTHEYIIOPHBIX MaTepH-
aJIOB CBsI3aHa C TPYIOEMKOH pabOTOH MO MPUTOTOBJIE-
HHUIO JIAOOPATOPHBIX OOPA3IIOB UCC/IEYEMbIX COCTABOB,
UX TEPMUYECKUM, MEXaHMYECKUM, XUMHUYECKUM BO3-
neiictBusM [1-5]. Tlpu 3TOM cocTaB STHX W3S MHO-
TOKOMIIOHEHTHBII M TpeOyeT MPOBEAEHUST UCIIBITAHUI
GOJIBIIIOrO YKCIIa COCTABOB pa3padaThiBaEMbIX MaTepHa-

7oB. Tak ecii MBI MCCIIelyeM BIIMSTHAE N KOMIIOHEHTOB
Ha Ka4eCTBEHHBI COCTaB OTHEYIOPHON CMeCH W Kax-
JBIi KOMIIOHEHT TPMHMAMAET BCErO JBa 3HAYCHUs, TO
IUIS M3y4YeHHs BIUSHUS BceX KOMIIOHEHTOB U MX B3a-
MMOJIEHICTBUI Ha TEXHUYECKUE XapaKTEPUCTUKU pPa3-
paboTaHHOTO COCTaBa, TO HEOOXOAMMO Tepedparh Bce
BO3MOKHbIE KOMOMHAIIUY 3HAYCHVI KOMITOHEHTOB CMe-
CH, COBOKYITHOCTh KOTOPBIX COCTABHUT ITOJHBIH (PaKTOpH-
aJIbHBIN T1aH. KomMyecTBo Takux KOMOMHAIMI BBIYKC-
nsetcs no ¢opmyne: N=2", rae n- KOIUYECTBO ABYX-
YPOBHEBBIX KOMITOHEHTOB. CJ1eI0BaTeNIbHO, YUCIIO OIbI-
TOB, MPOBOIUMEBIX TIO MOHOMY (haKTOPHATEHOMY TLTa-
HY, Pe3KO BO3pACTaeT C yBEeINICHIEM YHCIIa KOMITOHEH-
TOB OTHEYNOPHOW cMecH. Ecy yuuTeBaTh, 4T0 IS A0-
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CTOBEPHOCTH PEe3YJIbTATOB OIIbITa HEOOXOOUMO MPOBO-
JUTh IPOBEPKY OHON KOMOWHALMK HECKOIBKO pa3, TO
MOXHO OKMIATh BBICOKYIO CTOMMOCTb IIPOBE/ICHHS Ta-
KHX 3KCTIEPUMEHTAIBHBIX padoT.

Marepuaubl 1 MetoAbl. Kak cienyer u3 anam-
3a BOIIPOCOB ONTUMU3AIMU U YIPABJICHUA XHUMHKO-
TEXHOJIOTUUECKHX IIPOLECCOB MX HUCCIIeJOBaHUE Ipo-
BOJIUTCSI C MOMOIIBI0 CO3AHUSI PA3TUYHBIX MOJENEH.
IT0 OUKTYyeTcsl TeM, YTO He BCernia MMeeTcsl BO3MOX-
HOCTh JIETAJIbHOTO M3YYeHUs MeXaHu3Ma M (DU3HKO-
XUMUYECKOW CYIIHOCTH TEXHOJIOTMYECKUX MPOLIECCOB,
KOTOpBIe HYXHBI Il CO3[aHMs JEeTePMUHHUPOBAHHBIX
Moyiesiell. B aTux ciydasx pa3paOaThiBaloT SMIMpHUe-
CKMe MOJIeNH C NPUMEHEHUEM CTATUCTUYECKHX METO-
J0B, KOTOpbIE NIPH HEU3BECTHOM MeXaHH3Me, IIPOTeKa-
IOIIHMX B 0OBEKTE TPOLIECCOB, AAIOT BO3MOKHOCTb UCCIIe-
JIOBaTh 3aBUCHMOCTb PEAKIIMH CHCTEMbl Ha U3MEHEeHHe
€€ BXOJHBIX MapameTpos /6-9/.

C nenbio 3(p¢peKTUBHOTO MPOBEAEHUS OIBITOB s
pa3pabOTKH HOBBIX COCTABOB OTHEYIIOPOB HAMH WC-
MOJIb30BAHBI METObl MATEMATHYECKOTO MOJIETUPOBa-
HUSI CO CTATUCTUIECKON 0OPaOOTKOM IKCIIEPUMEHTAITb-
HBIX JJAHHBIX.

Ipu MopmemupoBaHuU Uit Pa3pabOTKH COCTABOB OT-
HEYIIOPHBIX MaTepUajioB BOCIOJb3YEeMCSI PEerpecCHOH-
HbIM aHAJIM30M. DTO CTAaTUCTUYECKUN W aHAJIUTHYe-
CKUI METOJI, TO3BOJISIIONIUNA BBIYUCIUTD (PYHKIIUIO OfI-
HOUW 3aBHCUMOM TMEPEMEHHOW OT OJHOW WM HECKOJb-
KWX HEe3aBUCUMBIX TIepeMeHHbIX. VIComb3ys perpeccu-
OHHBII aHAJTH3, MOKHO CMOZICIMPOBATh U HANTH 3aBHCH-
MOCTb MEX]y BHIOPAaHHOUM TEXHUUYECKOM XapaKTepHUCTH-
KOH OTHEYTNOPHBIX MaTepUaAJIOB U KOMIIOHEHTOB, BXOJISI-

X B UX COCTaB.

LensmMu onTUMHU3AMA MOTYT OBITh CIIEAYIOIIME Xa-
PaKTEPUCTHKU: OTHEYOPHOCTH, 2C; TEPMOCTOUKOCTH 110
KOJIMYECTBY TETUIOCMEH; TTPOYHOCTh TIPH CKATUM U W3-
ruoe, Mna, u.T.4.

Kpureprem a1 onTUMU3aLMU BBICOKOTEMIIEPATYP-
HBIX MaTepHaJioB BHIOMpaeM OTHEYNOpHOCTb. B TO Xe
BpeMs1, B 3aBUCUMOCTH OT 0OBbEKTa IIPUMEHEHHs] OTHe-
YIOPHBIX MaTepHaoB KPUTEPUAMU ONTUMU3ALMH (ITa-
pameTpaMH ONTHMH3AIMK) MOTYT OBITh Pa3HblE Xapak-
TepUCTUKU. Tak, i1 NPUMEHEHHS BO BpallaloIMX-
sl TIeYax - [JIaBHBIM KpUTepHeM OyleT UCTUPAeMOCTb;
B IEKTPOCTAIECIUIABIIIBHBIX TI€YaX - ILIAKOYCTOMYM-
BOCTb, KOJIMYECTBO TEIUIOCMEH U T.JI.

Ilpu pa3paboTke ONTHMAaNBHOH peLenTypbl HOBBIX
OrHEYNOPHBIX MaTepUaiOB KayeCTBO KOHEYHOW IIpO-
JOYKIMHU OylieM ONpedesiTh CIAeAYyIOINMU BBIXOTHBIMU
HnapaMeTpamMu: OrHEYHMOPHOCTS Y, °C; TepMOCTOMKOCTb
Y5, KOJIMUECTBO TEIUIOCMEH; [IPOYHOCTb IIPU CKATUH Y3,
MIla; mpouHocTs nipu u3rude y,, MIla.

cI)EIKTOpE].MI/I, onpeaciIsarmumn CBOICTBa OrHeyIo-
POB, ABJIAIOTCA XUMHUYECKUI COCTAaB OCHOBHBIX KOMIIO-
HEHTOB, KOJIMYECTBO U CBOMCTBA CBASYIOLIUX DJIEMEH-
TOB, JUCHEPCHOCTHL KOMIIOHEHTOB, Ka4€CTBO CMEIINBA-
HUA, TEMIIEpaTypa p€akKuun U T..1.

Kaxnapiii ¢pakTop MOXET MNPUHUMATh OJHO U3
HECKOJIBKMX BO3MOXHBIX 3HAYEHHH, KOTOpBIE Ha3bl-
BaloTcA ypoBHAMHU. Ilpy 3TOM npumeM, 4TO Kaxdblid
(pakTOp MMEET ONpeAEIEHHON KOJIMYECTBO YPOBHEU.

Cocrapisonme KOMIIOHEHTbI, ONpelesionue TeX-
HUYECKHE XapaKTePUCTUKU BHICOKOTEMITEPATYPHBIX Ma-
TepHaoB, IpUBEACHHI B TabmuIe 1.

Tabnuma 1 — CocTaBbl OTHEYTIOPHBIX MaTEPHAJIOB U PE3YJIbTaThl UCIIBITAHUI

KommoneHT coctaBa, % | O6o3Hauenue | Obnactb onpeseneHus
1 2 3

Cynbar Maraust X1 4,5-5

AmoMuHUI X2 1,6-2

I'muna orneynopnas X3 58-61

Hexctpun X4 0,7-1

IMlamoT X5 32-34,3

DyHKIMS ONTUMHU3ALNH:

Y:f(X15X27X33X47X5) (1)

B tabmurie 1 B rpade 3 mpuBeaeHbl qUAa3OHbI Ba-

PbHPOBAHNST KOMIIOHEHTOB B CEPUM OIBITOB JJIs1 BBICO-
KOTEMIIepaTypHbIX MaTepHaIoB

JJist orpeniesieHnsl ONTUMAIbHBIX COCTABOB BBICOKO-
TeMIEPATyPHbIX MAaTEPUAIOB UCIIONb3YETCs] ypaBHEHUE
perpeccuu [10]:
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Y= borg + by + byxy + byws + byxy + by

HeoOxomumo coOioaTh YCIOBUE, YTO ISl BBIYMC-
JieHus1 KO3(P(PUIMEHTOB PErpecCHH YUCIIO TIPOBOMMBIX
ombIToB N TOIKHO OBITE XOTA OBl Ha 1 OoJblle Yucia
KOMIIOHEHTOB, T.€. COOMIONAJICS MPHHIIMI HACBIIIEHHO-
CTH TIJIaHa.

@

Pe3yabTaThl H 00cyKAeHHe. [151 IpOBeiecHNs MO-
JETMPOBAHUS HUCIIONb3yeM SKCIIEePUMEHTAIbHbIE JaH-
HblE TIOJTyYEeHHsI COCTAaBOB OTHEYIOPHBIX MAaTEepUaJIoB 1

HX OIHECYIIOPHOCTb, KOTOPBIC ITPEACTABIICHBI B Ta6m/1ue
2.

Tabmuua 2 — B3anMocBs13b apamMeTpoB U BIMSIONIMX (PaKTOPOB AJIs MOJMYYeHHUs] OTHEYTOPHBIX MATEPHAIOB

DKCIIEPUMEHTHI
Cocras I 5 3 7 3 6
Cynbat Maraust 5 4 4,5 5 4,5 4,6
AJIOMUHUANT 2 1,7 1,5 2 1,8 1,6
I'muHa orueynopHas 58 60 59 59 60 61
HexcTpunH 0,7 1 0,9 0,9 1 0,8
[Mamot 343 | 333 | 34,1 | 33,1 | 32,7 32
OrneynopHocts, °C | 1850 | 1850 | 1830 | 1830 | 1820 | 1810

IaxuHble TaOMUIBI 2 ABJISIOTCA MCXOMHBIMU IS O

y4YEHHs] ypaBHEHUE PErPECCHM C MOMOIIBI0 MPUKJIATHBIX

npusioxenuit Microsoft Office Exel 1151 mapaMeTpa OrHeyNOpHOCTb:

Yy, = 7657 —103,6%x; + O*xxy — 61,3 %23 — 111 %2, —48,3 * x4

3

C 1enbio onpeziesieHNst ONTUMATIBPHOTO COCTaBa CHHTE3MPOBAHHOTO OTHEYTIOPHOTO MaTepuasa IPUMEM ypaBHe-

HHE Perpeccuyl B KauecTBe LieJIeBOi (pyHKIMH:

Yy, = 7657 —103,6*%x; + O*xxy — 61,3 %23 —111*xx, —48,3 x5 — max

IIpu orpaHmyeHMX:

45<«x
16<z
8 <
0.7<z
32<zx

“

L <5
<2
5 <61
(<1
5 <34.3

&)

5
> X, =100
i=1

Heo6xonumo HaiiTi ONTUMAJIBHOE pellieHue, T.e. JO-
MYCTUMBII HaOOp 3HAYCHUI IEPEMEHHBIX PEeLlIeHH s, OIl-
TUMU3HPYIOLIAN IeNeBYI0 (PYHKIMIO JAHHOU MOJEIIH.

Bocrosp3yemcsi ’HCTPYMEHTOM, BCTPOSHHBIM B CTaH-
JApTHBIA TIaKeT NPHUKIAAHBIX mporpamm Microsoft

Office Exel mnsa pemeHus 3a1ad ONTUMUA3AINN, KOTO-
pas ucrosb3yeT cienyooime koMmasael: Ilouck pere-
Hus («JlaHHble» - «AHaJIU3») — PaCCUUTBHIBAET OITU-
MaJIbHYIO BEJIMYKMHY, YUYUTHIBAsI IEPEMEHHBIE U OTPaHU-
YyeHus. 3HaYeHus1, IOyUYeHHbIE B pe3yJibTare pelieHust
OINITHMU3AITMOHHOM 3a/1a4y PUBE/ICHHI B Tabmurie 3.
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Tabmuua 3 — Pe3ynbTaThl penieHus

4,5

2

0,7

58,5

34,3

IIpu sTOM COCTaBe KOMIOHEHTOB IIMXTHI OTHEYIOP-
HOCThH OyeT MMeTh 3HaueHue (1eneBast (pyHKums) yl=
1870 C°

7151 TOrO, YTOOBI OIMPEIeUTD BIUSIHUE TOTO WJIA HHO-
IO KOMIIOHEHTA OPHEYIOPHOH MAacChl BOCIIOJNB3YeMCs
TIOHATHEM K03(h(pHITHEeHTa KOPPEAINY.

Kak usBectno [11], koadpuuument koppensuuu, r,
MPeIOCTaBIsieT COOOM Kak CHUTy, TaK M HalpaBlieHUe
CBSI3M MEXy HE3aBUCUMOMW M 3aBUCUMOW TIepeMeHHbI-

MU. 3HAUEHUS T HAXOAATCA B Auana3oHe mexay -1.0 u
+1.0. Korga r umeeT mojioxuTe/IbHOEe 3HAYEHHE, CBI3b
MEXIy X My sSIBJISICTCS MONOKUTEIbHON, a KOTAa 3Have-
HHE I' OTPHUIATENBHO, CBSI3b TaKXke oTpuiarenbHa. Ko-
3(pPULMEHT KOPPeAIUY, OJM3KUIA K HYJIEeBOMY 3Ha4e-
HUIO, CBUJIETEILCTBYET O TOM, UTO MEX/Y X U Y CBS3U HE
CYILIECTBYET.

Paccunrtaem koahueHT 1151 OrHEYNOPHOCTH HC-
CJIe[lyeMBIX COCTABOB OT KAXKJOrO U3 KOMIIOHEHTOB I10

(opmyie:

T =

VIl — ()]« v — (Cw)?]

(6)

rae X; — 3HaueHus nepeMeHHol X; Y, — 3HaueHus IepeMEHHON Y; 1 - YUCIIO SKCIIEPIMEHTOB.

PaccunTanHble 1o 3101 hopMysie K03(pPUIMEHTHI KOPPEJIALMN OTHEYIIOPHOCTH Y; OT X; CBeeHbI B TaONHMILy 4:

Tabmuna 4 — k03 PUIMEHTH! KOPPETSILIUKA OTHEYTOPHOCTH OT KOMIIOHEHTOB COCTaBa

Ty )

T3

Ty Ty

r|-0,1 10,39

-0,65

-0,089 | 0,76

U3 3T0i1 TabMUIBI BUAHO, YTO HAMbGOJIee CUJIBbHO BIIM-
SIET HA TOKA3aTeNlb OHEYIIOPHOCTH KO3((MULIMEHT TpU
HEPEMEHHON T3 T, T.. KOMIOHEeHT «[ JIMHa orHeymnop-
Hasa» u «Illamor».

Tenepp ¢ momomplo HagcTpoiiku «Ilouck perue-
Husi» nporpammel Microsoft Office Exel ompenemim
MprU KaKMX 3HAYCHUAX BJIMUAIOIIUX NEPEMEHHBIX LIEJIC-
Basi pyHKUMSA OygeT NpUHUMATh HY)XKHOE 3HAUYeHHe Or-
HEYIOPHOCTH Pa3padaThiBaEMOro BBICOKOTEMIIEPATYP-

HOro MatepuaJia.

C 370i#1 1esbio OyaeM NpUpaBHUBATH LiEJEBYIO (hYHK-
mio Temmeparypam 1810 °C, 1820 °C, 1830 °C, 1850
oc.

Pe3synbTarsl 3T0r0 MOJEIMPOBAHUS IIPE/ICTABIICHHI B
Tabmnuie 5, rae AJsl CPaBHEHUS ITOKA3aHbl SKCTIEPUMEH-
TaJIbHBIC JaHHBIE ¥ OTKJIOHEHUE TEOPETHYECKUX 3Have-
HUH OT 9KCIIEPUMEHTAIIbHBIX.

Taénnua 5- CpaBHI/ITGHBHLIC HaHHBIE PACYETHBIX U IKCIICPUMEHTAJIbHBIX COCTABOB OrHCYIIOPHBIX MAaTCPHaAJIOB

KoMIIOHEHT 1810 °C 1820 °C 1830 °C 1850 °C

Pacu Oken | Otk Pacu ke | Otk Pacu ke | Otk Pacu ke | Otk
X1 5,00 4,6 -0,087 | 5,00 4.5 -0,111 | 4,89 5 0,021 | 4,58 5 0,08
X2 1,84 1,6 -0,153 | 2,00 1,8 -0,111 | 2,00 2 0,000 1,98 2 0,01
X3 59,19 | 61 0,030 | 59,00 | 60 0,017 | 59,29 | 59 -0,005 | 59,84 | 58 -0,03
X4 1,00 0,8 -0,250 | 1,00 1 0,000 | 0,87 0,9 0,029 | 0,70 0,7 0,00
X5 3297 | 32 -0,030 | 33,00 | 32,7 | -0,009 | 32,94 | 33,1 0,005 | 32,90 | 34,3 | 0,04
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Ha pucynke 1 rpadudeckn Moka3aHsl 9TH pe3y/IbTaThl A1s] KOMIIOHEHTA T - CyJIb(aTra Marausl.

6 ~0.1
0.08
s > . 4.89
2 e 5 L 0.05
E o, e 4.5 ﬁ.sa
[ 0621
I
= Q
g 3 5
|y
2 L.005 2
I
T 2 O
=
3 -0.087 0.1
© -0.111
0 0.15
1810 1820 1830 1850

OrHeynopHoCTb, rpaa

PacuetHule naHHLIe
OTHNoHeHHUA

SkcrlepwmeHTaﬂ bHEIE JaHHbLIE

Puc. 1 — CpaBHeHre pacyeTHBIX M KCIIEPIMEHTAIBHBIX JAHHBIX COIEP/KaHUS Cy/lb(aTa MarHus B COCTaBe
OrHEYNOPHOIo MaTepualia

Kak BHIHO M3 OUarpaMM CXOAMMOCTh PAacyeTHHIX U
9KCNIEPUMEHTAJIBHBIX JAHHBIX COCTaBJISET IPUMEPHO +
10 %, 9TO COOTBETCTBYET IPAKTHKE pa3pabOTKU OrHe-
YIOPHBIX MaTepranoB. Takue rparKu MOXHO IOCTPO-
WUTh U U1 KOMIIOHEHTOB X2-X5.

BruiBoapl. Takum 06pa3oM, ¢ MOMOIIBI0 MaTeMaTH-
YECKOr0 MOJETMPOBAHUS COCTABA INMXTHI BBICOKOTEM-
NIepaTypPHBIX MaTepUaIOB ObLIN CIIPOTHO3UPOBAHBI TEX-
HUYECKME XapaKTepUCTUKU FOTOBOM mpoxykuuu. I1pu-
MEHEHHME STOr0 MeTofa JAacT BO3MOKHOCTb BBISIBUTBH
ONTHMAJIbHBIE NTAPAMETPBl U TEXHOJIOTUYECKUI peXUM

MOJTyYEeHHUsSI OTHEYIOPOB C 3aJlaHHBIMU XapaKTepUCTH-
kamu. Ilpu stom B KadyecTBe 1eeBON (DYHKLIUM MO-
T'YT OBITh IpyTU€ TEXHOJIOTUUECKUE XapPAaKTEPUCTUKH OT -
HEYIOPHBIX MaTePHaJIOB: TEPMOCTONKOCTb, KOJTMIECTBO
TEIUIOCMEH; IIPOYHOCTD IPU CKATUH, IIPOYHOCTD ITPU 13-
rube u T.1.

B OeJoM C€ HCHOJIB30BAHUEM  BBINICYKA3daHHOI'O
SKCIIEPUMEHTAJIBHO-CTATUCTUYECKOIO0 METOAa paspa-
OOTKM HOBBIX OrHEYINOPHBIX MaTE€pUAIOB MTO3BOJIUT OII-
TUMHU3UPOBATH KOJMYECTBO ISKCIIEPUMEHTAJIBHBIX HC-
C)'ICHOBaHI/Iﬁ 1 COKOHOMUTDb MAaT€pUAJIbHbIE PECYPCHI.
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Texnon02ust NPO00B80NLCMBEHHBIX RPOOYKMOE

MPHTHA https://doi.org/10.58805/kazutb.v.1.22-201

AHTHOKCHJIAHTHBIE CBOVICTBA ®PAKIINY KATICAUIIMHOUIOB
KPACHOTI'O ITEPIHA CAPSICUM ANNUUM L.

Aonymnaesa I'.T.
TaIKeHTCKui ToCyIapCTBEHHBIN TEXHUIECKI yHIBepcuTeT nMeHn Mcnama Kapumoga,
TamkedT, Y30ekucras,

e-mail:gulbahor79 @rambler.ru

B nacrosimee BpEMA B HAYYHO-UCCIENOBATEIbCKUX HEHTPAX MUPa MHTEHCUBHO MPOBOAATCA HAYUYHBIE UCCIIEN0-
BaHUS 110 U3YyYECHUIO MEXAHU3MOB IleﬁCTBI/IH KalnCanuHOU OB KPAaCHOIO Iepiia Ha OpraHnu3m 4e€JI0BEKa U JKUBOT-
HbIX. B pe3yiabTare I/ICCJ'[GJIOBaHI/IfI IIOKa3aHo, 4YTO OHOJIOTMYECKU aKTUBHBIE BEIIECTBA KANICAUIIMHOUIOB KPACHOI'O
nepua Capsicum Annuum L. OKa3bIBaIOT TEpalEBTUICCKOE ,HeﬁCTBHC Ha OpraHu3M 4Ye€JIOBEKA B IIPU PABJIMYIHBIX
aTOJIOTUAX U o6nana10T AHTUOKCUJAHTHBIMU U Me6paHoaKTI/IBHbIMI/I CBOICTBaMH.

B nmanHOI cTaThe M3y4eHa aHTUOKCUAAHTHAS aKTUBHOCTH (DPAKIIMH KAIICAUTIMHOMIOB KpacHoro riepiia Capsicum
Annuum L.. Ha MUTOXOHIpHUAIIBHOM MOJiesn (hpakIiyst KariCaulimHOM10B MHruoupoaH mpotiecc [OJI B MemOpaHax
¢ MOJyMaKCUMAJIbHON KOHIIeHTparmel MHruouposanus 1Cs,=2 MKr/mi.

YCTaHOBIIEHO, YTO KANCAUIIMHOM/IBI B HU3KMX KOHIIEHTPALIUSX MPeIoBpaliaoT HakorieHue MJIA B memOpaHax
Y NIOJTyYeHHbIE Pe3YIbTAaThl HOATBEPKIAIOT, YTO (hpaKIKs KACAUIIMHOUIOB 00IaJAI0T BHICOKO AaHTUOKCHIAHTHOM
AKTUBHOCTBIO.

KuroueBrblie cioBa: memOpanst mutoxonzapuu, [OJI, MIA, Capsicum Annuum L., cBOOOIHbBIE PaJUKAJIbL,
Fe?*/ackopbar.

KbI3bLJI BYPbBIII KAIICAUITMHOUATHI PPAKIIUACBIHbBIH
AHTHNOKCHUJAHTTBIK KACUETTEPI CAPSICUM ANNUUM L.

I'.T. A6ayanaeBa Vcnam KapumoB atbingarsl TalkeHT MEMJIEKETTIK TEXHUKATBIK, YHUBEPCUTETI,
TamkeHT, ©30eKCcTaH,

e-mail:gulbahor79 @rambler.ru

Kasipri yakpITTa 9JIeMHiH FbLIBIMH-3ePTTEY OPTAIBIKTAPbIH/IA KbI3bUT Oy PBIII KAIICAUIIMHOUITAPBIHBIH a/1aM MEH
’KaHyapJiap ar3achlHa 9cep €Ty MEXaHW3MICPiH 3epTTey OOMBIHINA FHUIBIME 3epPTTey/ep KAPKbIHIBL JKYpriziiy-
Je. 3eprreysiep HOTHKECIH/E KbI3bUT OYPBILT KarCaullMHOUATAPBIHBIH OMOJIOTHSUIBIK, Oesiceni 3artapsl Capsicum
Annuum L. opTypri maTonorusiiapna agam ar3acklHa eMIIiK 9cep eTejli )oHe aHTUOKCUIAHTTHI KoHe MeOpaHOaK-
THUBTI KaCHETTepre e eKeH/Ir KepCceTireH.

By makanama KbI3bUT Oy phIIT KaIICAUITHOUATAPHI (hPAKITUSCHIHBIH AaHTUOKCUIAHTTHIK, OeJICeHITIT 3epTTereH

Capsicum Annuum L. MUTOXOHIPHSITBIK, MOZENb/E KallCAUIIMHOMATAPIBIH (hpakIusck mpotiecTi Texey [C50=2
MKI/MJT UHTUOUPIICY/TiH XKapThUTAl MAKCUMAJIIbl KOHIIEHTPALIUSCH Oap MeMOpaHaIapaarsl KbIHbIC.

TeMeH KOHIEHTpaLUSAAFHl KarcauiimHouATap MeMOpananapaa MJIA xuHaTybIH OOIIBIPMANATHIHBI AHBIKTAI-
bl JKOHE aJIbIHFAH HOTIIKeJIep KaIlCauIMHOUATAP (PpaKIMSICHIHBIH AHTHOKCHUAAHTTHIK, OSJICEHIUTIT] JKOFaphl eKeHIH
pacTaisl.

TyiiiH ce3ep: MUTOXOHAPUSLIBIK, MeMOpaHaap, kbiHbic, MDA, Capsicum Annuum L., epkiH pagukaigap,
Fe2+ / ackopbar.

ANTIOXIDANT PROPERTIES OF CAPSAICINOID FRACTIONS OF RED
PEPPER CAPSICUM ANNUUM L.
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Tashkent state Texnical University named after Islam Karimov,
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e-mail:gulbahor79 @rambler.ru

Currently, scientific research is being intensively conducted in research centers around the world to study the
mechanisms of action of plant origin on the human body and animals. As a result of research, it has been shown
that biologically active substances have a therapeutic effect on the body in various pathologies and possess their

antioxidant and mebranoactive properties.

In this article, the antioxidant activity of the capsaicinoid fraction of red pepper Capsicum Annuum L.. was
studied. In the mitochondrial model, the capsaicinoid fraction inhibited the lipid peroxidation (LPO) process in
membranes with a semi-maximum inhibition concentration of IC50=2 micrograms/ml.

It was established that capsaicinoids in low concentrations significantly prevented the accumulation of malonic
dialdehyde (MDA) in membranes. The results obtained confirm that the capsaicinoid fraction has high antioxidant

activity.

Keywords: mitochondrial membrane, LP, MDA, Capsicum Annuum L., free radicals, Fe 2+ Jascorbate.

Beenenue. B HacTosimiee BpeMsi COBpEMEHHBIE
MEIVKO-OHOJIOTNYECKIE MCCIISIOBAHUS MOKA3QIH, 4TO
JUCYHKIUSA MUTOXOHJPUS SBJISETCS OCHOBHBIM (hak-
TOPOM pa3BUTHs MaTOTeHe3a Pa3IMYHBIX 3a00JIeBaHUN
[1, 2]. B ycnoBusix pa3BUTHs MATOJIOTMU OTMEYAETCS
IUCOYHKIMSA MUTOXOH/IPHI U3-32 aOCOTIOTHOTO MU OT-
HOCHUTEJIBHOTO Ie(hULIUTa MOJIEKY/ISIPHOTO KHCIOPOAa B
TKaHAX U KJIETKax, IIPY TOM HaOMIoaeTcsl reHepawus
akTuBHBIX (popm kuciopona (ROS) [3] B abixarespHOIM
nenu mutoxoHapuu [4, 2]. dapmakonoruueckass Kop-
PeKIMsT MeMOpaHHBIX M MeTa0ONNYeCKUX HapyIIeHIHA
SIBJISIETCST OJHOM M3 aKTYaJIbHBIX POOJIEM 3paBOOXpa-
HeHwsl, hapMaleBTUKKY U COBPEMEHHOM OMOTEXHOJIOT UK
[L,5,6].

Henbio uccnenosanuss HUP sgBunocs usyuyeHue an-

THOKCHIAHTHBIX CBOICTB (ppakumy KarcauiHOWIOB
kpacHoro nepua Capsicum Annuum L..

Marepuaabl 1 MeTOJbl. AHUIN3bI NPOBOAMWIN Ha
MHTOXOHAPUH TIEYeHU KPbIC. MUTOXOHAPUY BBIACISIN
U3 nedeHu Kpsic Maccoit 150-200 rp. metonom nudde-
PeHLMAIBHOTO LeHTpUdyrupoBanus [7].

AHTHOKHCIAHTHYIO AKTUBHOCTh uccienye-
MBIX COCIMHEHMH W3MepsUId [0 WHIHMOWPOBaHUIO
Fe?*/ackopOar-3aBUCMMOTO HaOyXaHHs MUTOXOH/IPHIii
[1OJI meuenu kpoic Tipu JuTMHE BOTHBI 540 HM Ha oTo-
metpe JIM®P-69 [8].

OO0beKTOM HCCIe0BaHUsA ObLT KarCaulMHOM]
Capsicum Aannuum L - CI8H27NO3 -Tpanc-8-meru-
N-BaHHWI-6-HOHeHaMuz (puc.1).

Puc. 1 - Kanicaummnonn Capsicum Aannuum L
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Pesyabrarsl n o6cyxaenne.lIponecc ITOJI (mepe-
KHMCHOE OKHCJICHUE JIMIN/IOB) CUMTAETCS BaKHBIM IS
HOPMAJIBHOTO YIPABJICHUS] KU3HEAEATEIBHOCTH Kile-
TOK opranusma. V3 nuteparypbl M3BECTHO, YTO IpO-
necc [10JI cocTonT U3 CBOOOIHBIX PaIMKAJIOB, XUMHIUE-
CKMX PEareHTOB C TOKCHYECKMM BO3ZIEHCTBHEM. B pe-
synbrare mpouecca [1OJI noBbmaeTcsi mpoHUIIAEMOCTb
MHUTOXOHJPHAJIbHBIX MeMOpaH, CHHXKaeTcsi MeMOpaH-
HbI TIOTeHIMAJ, HaOJofaeTcs pasielieHue mpoiecca
OKHCIIMTENIBHO-3aBUCUMOTO (pochoprimpoBanust. Tak-
ke nporiecc ITOJ] HerocpeACTBEHHO BIUSET HA JIMIAIBI
MHUTOXOHJPHAJIBHOTO MaTpukca. V3ydyeHne mexaHn3ma
nerictBusi BAB (OMOMOrMYeCKr aKTHBHBIE BEIECTBA)
Ha MOBPEKJCHHbIE MEMOPAHHBIE ITPOLIECCHI O] BO3/IEH-
CTBUEM Pa3/IMYHbIX MATOTEHOB, a TaKXke Ha MUKpPO3Jie-
MEHTHYIO aHTHOKCH/IAHTHYIO CHICTEMY B KJIETKax U MH-
TOXOHIPHSX sIBJIsIETCS] BAXXHBIM MoMeHTOM. HeoGxomu-
MO OTMETHTb, uTo cuctema Fe?*/ackopOar (Hebepmen-
TaTUBHasA) IIMPOKO HCIIONB3YETCS] B IKCIIEPUMEHTAIIb-
HBIX SKCMIEPUMEHTaX C LieJIbio BbI3oBa Mpouecca [10JI B
MeMOpaHax.

paTeNbHO  BBIIETIEHHBIX M3 KpPacHOTro Tepla, Ha
Fe2+/ackopOar3aBUCHMBIN pacraj, MUTOXOHPH.

B xome mccnenoBaHUS M3ydYaNCh MEMOpPAHOAKTHB-
HBle CBOWCTBA CYMMBI KAIICAWUIITHOWIOB, OEIKOBBIX
(ppak1mii, BBIOETEHHBIX W3 IUIONOB M CEeMSH KpPAcHO-
ro niepria Capsicum Annuum L. [9]. TlonyueHHble pe-
3yJIbTAThI IOKA3aJIU, OSJIKOBBIE (hPAKITHH [LIO/IA U CEMSTH
He BUsAIOT Ha Fe?*/ackopbar-unmyruposanoe T10JT B
MeMmOpaHax MHUTOXOHIpuH. KarcantiHonas! mpu KOH-
HEHTpAIMK oT 1 MKIr/MJI1 10 6 MKT/MJI MHTUOMpOBaJia Ha-
OyxaHHe MUTOXOH/IpHiA, T.e. ipouecc [TOJI, nHaynmpo-
BaH Fe?*/ackopbarom.

SKCreprMEHTaIbHBIE IaHHbIE OTIIMYAIOTCA OT JKCIIe-
PUMEHTOB IIPH MCIOJIb30BAaHUH HHAYKTOpa. 11 MHIYK-
s nporecca [TOJI B MUTOXOHAPUSIX MEUEHU KPBIC UC-
nonb3oBatu uHayKTop Fe 2*/ackop6ar (10 mxm Fe,SO,
u 600 Mkm ackopbara). B skcriepumeHTax go0aBiieHue
Fe 2*/ackop6at B cpelly MHKYOAIiK OKa3bIBAJIO HHIYIH-
pyloliiee JeficTBUe Ha MeMOpaHy U MOBBIIAJIO POHMIIA-
emMocTh MeMOpanbl. O0 3TOM CBHAETENLCTBYET 00pa3o-
Banue npotiecca [10JI B MUTOXOHIpUSIX MOA AeHCTBUEM

B mammx NOCIEAYIOMX  SKCIICPMMEHTAX Mbl  Fe 2+ /aCKOp6aT ( Puc. 2)
n3yvdaji  BJIUAHUC (bpaKI_II/II/I KariCamliuHa, n30u-
0.1, % MJIA mr/Gemxa
35
100 4 o= Tpoas DROHT]}LJB
Ennumnunﬂnn:l 3,0+ -IIO‘I
ok + * dxancanunsona
80 _ s
s IC=2,0 Mkr/ma 25+ E
60 4 — 2.0 et
ook
sokok 154
40 J o)
ik -]
1,04 =
ik 2
20 4 = Aok
0.5+ .
[ Bl==! M
0. 0.0
1 145 2 3 4 5 6 125 50 750 875 100

KANCAHIHHOMAI, [MIMI]

Puc. 2 - Uurubuposanue mnpouecca I[10JI B
MHTOXOH/IPHSIX KaIlCAULIMHOMIAMH.

KancamUHHOHT,[MIMa]

Puc.3 - Muruduposanue npouecca [T0OJI B MUTOXOHAPHSIX
KarcanMHOM/IaMH ¥ MX BJIMsIHUE Ha HakoruleHne MJIA B MemOpanax

Tlpumeuanrue: no ocu opouram — ureuduposarue I0OJI 6 %, no ocu adcyuccbt —KOHUEHMPAUU KANCAUYUHOUOA.
*P<0.05; **P<0.01; ***P<0.001; n = 5.

Benokconepxaiye (pakiiiy, BbIEICHHbBIE U3 ILIO-
JOB M CEMsIH KPAcHOTO Ieplia CHIKAJIM WHIYUHPYIO-
miee peiictBue Fe2+/ackopbara Ha MemOpany. B komi-
YecTBe KallCanMHONIHON ppakimu (0T 1 MKr/mi 1o <6
Mkr/mi) Fe 2*/ackop6ar ocabnsi MHIyuMpyomee Jei-
CTBHE ackopOaTra Ha MeMOpaHy, 1 MHUTOXOH/IpUaJIbHasI

AKTUBHOCTb YMEHbIIAJIACH 110 CPABHEHUIO C KOHTPOJIEM.

IIpu 3TOM MUTOXOHApHATbHOE HAOyXaHUE COCTABH-
710 22% KancamiuHOUIOB B mo3e 1 Mkr/mi. Makcu-
MaJIbHOE MHIMOMPOBAHUE TpOIiecca HAOyXaHUS MHTO-
XOHIPHUHA COCTABIIO 6 MKI/MJI, TpH (ppaKIIMOHUPOBA-
HUM KallCaullMHONUIOB COOTBETCBEHHO 96%.
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[Ipu 3TOM MOTyMaKcUMasbHasI HHTHOUpPYIONIasi KOH-
LEeHTpalys KarcauquHouaos coctasisiia 1C5, = 2,0
MKI/MJIL.

B creayrommx onpiTax MHIHOUPOBaHUE KANICAUIMHO-
HIaMu F62+/aCK0p6aT-I/IH,£[yL[I/IPOBaHOC ITOJI B muto-
XOHJPUSX OMpeAesUTd OUOXUMHUYECKUM METOIOM, U3-
MepeHueM KoimdecTBa MJIIA. DKcriepuMeHTaMH ycTa-
HOBJIEHO, uTO Hakoruienue MJIA (3,22 umons MIIA/Mr
Oenka) rof aericTBuemM Fe 2+/acxop6aTa MOKAa3aJIu ero
yBEJIWYEHNEe MO CPAaBHEHHIO C KOHTPOJBHOHW TPYyHITON
(puc. 3).

[MpyMeuaHue: MO OCM OpPOMHAT — HMHTHUOMPOBaHUE
ITOJI B %, komuuectBa MIIA B HMOJIb Mr/0€JIKa; IO OCH

abcryce —KOHIIEHTpays  KarcauipHouaa. *P<0.05;
*#*P<(0.01; ***P<0.001; n = 5.

Pe3ybTaTsl ONBITOB MOKA3aJIH1, YTO KarlCauIIMHOUIbI
B HU3KMX KOHIIEHTPAIMsX MPeOBPaIIalOT HAKOIUICHHE
MJIA B MmeMOpaHax.

Karicaninonnas ppakuust B oobeme 1,25 MKr/mi
npepoTBpaianu pasputue mnpouecca I1OJI, 3a cuer
YMEHBIICHUs] Pa3pyIIaloero MeMOpaHbl BO3IEHCTBHIS
Fe ?*/ackopbara. B 3THX ycIOBUSAX BO3MEiCTBUE Karl-
CaMLIMHOUOB Ha HakomyieHue MJIA B MUTOXOHAPHSX
coctaBisiio (2,78 umoabp MJIA/Mr Genka). T JaHHBIE

CBUJIETEJILCTBYIOT O TOM, YTO KallCAaWIIMHOM bl OKa3bIBa-
10T MHTHOHpYIOIee IeUCTBYeT Ha HakorieHne MDA B
MuToxoHApusx. Mcrondenne nponecca [TOJI Takxke Ha-
Oro/1aeTCs1 TOJ, BIIMSIHUEM JIPYTMX KOHIIGHTpALMA Karl-
canHousa. Hanpumep, KarcauliiHOM[, IIpU BO3JEi-
ctBuM 5 MKr/mia u 7,50 MKI/MII 103aX CHUAKaJ ypOBEHb
MIA 2,38 amoms MIA/Mr mo 1,70 amoms MIJA/mMr
6esnka. [TonHoe ymenbineHue konnyectsa MDA coBma-
Jio ¢ a¢pdexTom KarcaurmHonaa B 1o3e 10 MKr/mit.

BriBobl. TakiM 06pa3oM, HOTyYeHHbIE Pe3yIbTaThl
TMOATBEPXKAAIOT, YTO (bpaKum] KariCaumHON10B BbIJC-
JIEHHBIX M3 KpacHoro nepia Capsicum Annuum L. 06-
JIaIaeT BBICOKOW aHTMOKCHIAHTHOM aKTHBHOCTBIO.

B pesynbrare CKpUHUHTa pPacTUTEIbHBIX BEIECTB,
MeMOpPaHOAKTUBHbIE CBOWMCTBA KaICAULIMHOWJIOB Ooliee
AKTHBHBI, YeM JIpyTUe pacTUTebHbIe BerecTa. Ha mu-
TOXOH/IPUAJTBHON MoAeny (hpaKlsl KarCaulIMHOUIOB
unruduposaia npotecc I10JI B MemOpaHax ¢ nonymak-
CUMaJIbHOH KOHLeHTpauueil uHruouposanus I1Cs,=2
MKr/mJj1. TlonyuyeHHble pe3ysibTaThl JIOKA3bIBAIOT, YTO
KarcauuuHousl KpacHoro mnepua Capsicum Annuum
L. obnamaioT BHICOKOW AaHTHOKCHAAHTHON W MeMOpaH-
HOM aKTUBHOCTBIO. [loJydeHHBIE pe3ylbTaThl MMEIOT
OOJIBIIIOE 3HAYEHHE ISl IOHUMAHUSI MEXAHU3MOB JIEH-
CTBUSI TIPENapaToB Ha OCHOBE KPACHOTO Meplia.
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ACKABAK HET'T3IH/IE CYTKBIIIKbL/IIbI OHIM/I B-KAPOTUHMEH
BAUBITY

A.M. Omapaiauepa*, M.T. AreaqusioBa, 7K.T. boroaesa
K. KynaxaHoB ateiHarsl Kazak TexHosorus xoHe 6usHec yHUBepcuteti AK,
Acrana K., KazakcraH,

e-mail: aigul-omar@mail.ru

JKyMbIcTa KHIIKBUICYT OHIMAEPIHIH aCCOPTUMEHTIH JaMBITY/IbIH [IEPCIEKTUBAIBIK, OaFbITTAPBIHBIH Oipi ©CiM/IK
PecypChiHaH aJIbIHFaH HyTpUETTepMeH OaiibiTy. 3epTTeyaepiHiH MaKcaThl 6CIMIIK KYpPaMbIHAAFbl H30TIPEHOUATHI
KeMipcyTeKTep - [3-KapOTUH[I KOCHUIBICTApMEH a3bIK-TYJIIK OHIMIEPiH OalbITy apKbUIbl XKaHA TaFaMJbIK, CYTKbI-
HIKBUIIBI OHIM ajly TEXHOJIOTUSCHIHA HerizfenreH. KyMpIcTa KBIIIKBUICYT OHIMAEPIHiH aCCOPTUMEHTIH JaMBbITY-
JIbIH TIEPCHEKTUBAIIBIK, OaFbITTApbIHBIH Oipi 6CIMAIK PeCypChiHAH aJIbIHFaH HyTpUeTTepMeH OaibiTy. OChl TYpFbIIa
CYTKBIIIKBUIIbI OHIM/Ii aCKaOaKIIeH OAKBITY, OHBIH KYPaMIbIK 32Tl - [3-KapOTHHIEPILiH K6l OOJTybl KaHa aJTbIHATHIH
©HIMHIH (PI3HOJIOTHSUIBIK, KACHETi MEH TaFaM/ABIK KYHABUIBIFBIH apTTHIPYFa 30p MYMKIHIIK TyFbi3aabl. COHBIMEH
KaTap, 6CiMJIiK TOJNTBIPFBILTAPBIH AaibIHIAY TICLUIIEPiH aHBIKTAY - Cy30€e JecepTiHe apHaJIFaH IIUKI3aTThl, OCIMJIIK
KOMITOHEHTTEPIH ipiKTey KapacThIPbLIIbL.

Cy30e mecepTiHiH MUKPOOUOIOTHSUTBIK, KOPCETKIIITEPi, TaFaM/IBIK, KOHE OUONOTUsJIBIK, KYHABUIBIFBI 3€PTTE/I.
TNonmm3akBackagarbl MUKpPOOPraHU3MIEPAiH apa-KaThHACK KapacThIPhULIBL. AcKa0ak jkoHe acKaOaK, oHI KOCHI-
JIFaH cy30e eHIMiHiH OPTraHOJENTUKAITBIK,, (DU3HKA-XUMUSLIIBIK, KOPCETKIMITEPiHiH MAABI3/IBIK MOJIIIICPi AaHBIK TaJI/IBL.
OciMIik cy30e IecepTiHaeri BUTAMIHIIK, aMAHKBIIIKBUIIBIK, JKoHEe MUHEPAIIBIK, Ky pamIapsl 3epTrenei. Acka-
6ak miopeci MeH acka0ak, TYKbIMBIHAH TONTBHIPFBILIBI Oap d3ipJieHreH cy30e AecepTi MeH ackaOak TYKbIMIAPbIH
CaKTay/IblH OHTAIJIBI Mep3imM/iepi OeNriieH .

3epTrTey MOesICHIHBIH XaHAJBIFBl XAIBIKTH TAOUFU OalBITPUFAH (DYHKITMOHAJIIBIK, ©HIMMEH KAMTaMachl3 €Tyl
yChIHy/a ackabak e30eci KOChUIFaH kaHa 3-KapoTHHIe 0ail CYTKBIIIKBLIIbI ©HiMi aTbIH/bL.

Tyiiin ce3aep: PYHKIMOHAIIBI TAMAK, CYTKBIIIKBUTIB ©HIM, KOMIIOHEHTTEp, 3-KapOTHH, OailbITBUIFaH CYTKbI-
HIKBUIIBI OHIMIEP, ackabak, ackadak e3beci, ackabak, qoH/epiHiH cy30e aecepri.

OBOTAIIIEHUE KNCJIOMOJIOYHOI'O ITPOJAYKTA -KAPOTUHOM HA
OCHOBE TbIKBbI

A.M.OmapauueBa*, M.T.Areguiaosa, 7K.T. Bor6oaesa
AO Kazaxckuil yHuBepcuter TexHosornu u 6msHeca um. K.Kynaxanosa
Acrana, KazakcraH,

e-mail: aigul-omar@mail.ru

I_[CJII) HCCIEeA0BaHNA OCHOBAHA HAa TEXHOJIOTMH ITOJTYYEHHSI HOBOI'O IMUIIIEBOI'O0 MOJIOYHOKHCIIOTO ITPOAYKTA ITy-
TEM O6OF3LL[CHI/I}I IMHUIIEBBIX MPOAYKTOB U3O0IIPEHONIHBIMU YITIEBOOOPOAAMU - B—KapOTI/IHOBLIMI/I COCONHCHUSMU,
COoACpKalIUMUCA B PACTCHUAX.

OJIHMM 13 MEPCIIeKTUBHBIX HANPABJICHUI PA3BUTHSI ACCOPTUMEHTA KUCJIOMOJIOYHOM MPOIYKIMH SIBIsieTCst 000-
raiieHye NUTaTeJbHBIMU BEIeCTBaMHU, TIOJTyUYSHHBIMU U3 PACTUTENBHBIX pecypcoB. O6oraiieHue MOJIOYHOKHUCIIOTO
MIPOJIyKTa THIKBOM, €€ KOMIIOHEHTOM - OOJIBIIIMM KOJIMYECTBOM [3-KaPOTHHOB, CO3JaeT MPEKPACHYI0 BO3MOXHOCTb
TIOBBIINICHUsT (PU3UONOTMYECKUX CBOKCTB WM MUIIEBOW IIEHHOCTH BHOBB IOJTYYEHHOTO MpoayKTa. OIHOBpEeMEHHO
paccMaTpHUBaoCh OIpeiesiecHHe CIOCOO0B IMPUTOTOBJICHHS PACTUTENBHBIX HATIOIHUTENEH - TOOOOp CHIPbs U pac-
THUTEJIBHBIX KOMIIOHEHTOB JIJIs1 TBOPOKHOTO JIecepTa.

HSy‘{CHI)I MI/IKp06I/IOIIOFI/I‘lCCKI/IC II0Ka3arejiyv, nNuuieBasa u OHOIOrnyecKas HEHHOCTb TBOPOKHOI'O AecepTa. Pac-
CMOTPEHbI B3aMMOOTHOIICHU A MUKPOOPIraHU3MOB B ITOJIMCAKBE. OHPCHCHCHO IMMPOLEHTHOE COOTHOMIEHUE OPraHoO-
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JISITUYECKUX, (PU3MKO-XMMUYECKUX MOKa3aTesIeld THIKBbI M TBOPOKHOTO IPOAYKTA U3 CEMSH THIKBBL. M3yueH BH-
TAMUHHbIH, AMUHOKHCIIOTHBI M MUHEPAJIbHBIA COCTaB TBOPOXHOTO Jecepra. Onpele/ieHbl ONTUMAIbHBIE CPOKU
XpaHeH!sl pa3pabOTAHHOTO TBOPOXHOTO JecepTa, 0OOralleHHOH THIKBEHHbBIM ITIOpe.

HoBusHa uyen uccneioBaHMs 3aKJT0Yajlach B 00eCTIeUeHIN HACeIeHN s HaTyPaIbHBIM (DYHKIMOHATBHBIM IIPO-
IyKTOM: Ha OCHOBE THIKBEHHOT'O IIOpE MOJIy4eH HOBBII GOraThlil $-KapOTHHOM MOJIOYHOKHCIIBI TIPOIYKT.

KutoueBblie cioBa:(pyHKHOHAIBHOE MMUTAHUE, KUCIOMOJIOUHBIA MPOAYKT, KOMIIOHEHTHI, 3-KapOTHH, 000ro-
IIIEHHBbIE KFCIIOMOJIOYHBIE MTPOAYKTHI, THIKBA, THIKBEHHOE IIOPEe, TBOPOKHBIN JIeCepT.

ENRICHMENT OF FERMENTED MILK PRODUCT WITH $-CAROTENE BASED
ON PUMPKIN

A.M. Omaraliyeva*, M.T. Agedilova, Zh.T. Botbaeva
Kazakh University of Technology and Business named after. K. Kulazhanov,
Astana, Kazakhstan

e-mail: aigul-omar@mail.ru

The purpose of the research of this article is based on the technology of obtaining a new

food lactic acid product by enriching food products with isoprenoid hydrocarbons - [3-carotene compounds
contained in plants. In this work, one of the promising directions for developing the range of fermented milk
products is the enrichment with nutrients obtained from plant resources. In this regard, the enrichment of the
lactic acid product with pumpkin, its component - a large amount of (3-carotenes, creates an excellent opportunity
to increase the physiological properties and nutritional value of the newly obtained product.

At the same time, the determination of methods for preparing vegetable fillers was considered - the selection
of raw materials and plant components for curd dessert.

Microbiological indicators, nutritional and biological value of curd dessert were studied. The relationships
between microorganisms in a polysac are considered.

The percentage of organoleptic, physicochemical parameters of pumpkin and curd product made from pumpkin
seeds was determined. The vitamin, amino acid and mineral composition of the vegetable and curd dessert has
been studied. The developed curd dessert filled with pumpkin puree and pumpkin seeds and the optimal storage
time for pumpkin seeds were determined.

The novelty of the research idea was to provide the population with a naturally enriched functional product: a
new lactic acid product rich in (3-carotene was obtained based on pumpkin puree.

Keywords: functional food, fermented milk product, components, 3-carotene, enriched fermented milk products,
pumpkin, pumpkin puree, curd dessert made from pumpkin seeds.

Kipicne. Kazakcran PecryOiukachl XaJKbIHBIH pa-
LIMOHBIH canaJibl, Kayirci3 jkoHe TEeHJECTipUIreH eHiM-
JepMeH KaMTaMachi3 €Ty MEMJICKETTIK 9JIEyMETTIK casi-
CaTThIH 0ACTBI OAFBITTAPBIHBIH Oipi KOHE 63eKTi Macele.
DyHKIMOHANIB OHIMJIEp TaFaM ©HepKaciOiHzeri kaHa
’KoHe Ooaiarbl 0ap OarbIT OONBIN TAaOBUIAIBI, OHBIH
MaKcaThl ajlaM JEeHCAYJIBIFBIH JKaKCapTy KoHe €H Kell
TapajiFaH aypylapasiH angsiH any. COHObIKTaH (PyHK-
[UOHATIBIK, TAMAKTaHY TYPFBICBIHIA COHFBI KBUITAPEI
HETi3ri TaMaK, MHTPEJUEHTTEePiH TYTHIHY, TYPBIC Ta-
MaKTaHy XOJIbIHa OeHiMaenynepiH cumartaipl. Kep-
TUTIKTI OTQH/IBIK, ap3aH MIMKi3aT Ke3iH MnaijanaHa OTbl-
pbII (6CiMIIiK pecypChiH) OHIIpicTe KOJAaHY KoHE aJlbl-
HATBIH KaHA OHIMJII aF3afa TMaigaibsl MIHEpaabl, Oei-
OKTHI T.0. 3aTTapMeH OalbITy 3epTTey TAaKbIPHIOBI YIIIiH

MaHbp3Ibl. COoHImal JKYMBICTApABIH Oip Karapbl, CYT
OHIMJICpiHiH TaOUFU ©CETiH KeMiC-KHUIEKTep IIKi3a-
TIMEH 12 Typii KOMIO3MLMACH YChIHbUIFaH [1-4].
CyTTeH aybIHATHIH OHIM/IEp KoHE CYTTEH KaliTa eHuey
apKBUTBI JIBIHFAH OHIMIEPHiH TYpJepi eTe Kol jKoHe
aJlyaH TYpJii aCCOPTUMEHTTi OOJiFaHbIMeH, OyJ1 OarbIT-
TBHIH 3€pTTEIMETeH KbIpJaphl, SFHU TaOWru (DyHKITH-
OHAJIIBl MHTPEIUEHTTEPMEH TOJBIKTHIPBUIBIT OaiBITHI-
JIFaH eHiM kacay KazakcTaH XanKpl YIIIiH HETi3ri ©3eKTi
Macere.

Kazipri 3amaHayy TamaKTaHy TEOpHSCHIHA CIHKec,
TaMakTaHy (PyHKLMSCH YII CAThIaH Typajibl: OipiH-
IIi — aF3aHbl TOJNBIK KYH[bl SHEPIUsMEH KaMTaMachl3
eTy, eKiHIII — aFr3aHbl KOPFAWTbIH IJIACTUKABIK 3aTTap,
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OHBIH iMTiHAE eH OACTBICHl aKybI3, Mall XKoHE KOMipCy-
JapMeH KaMTaMachl3 eTilyi, YIIHII — aJaM ar3achl-
HBIH TipLIUTK OalaHCHIH peTTeyre KaxerTi Ouonorus-
JIBIK, OesiceH 1l 3aTTapMeH — (hepPMEHT JKOHE rapMOHAAp-
MeH Kamramachid ery. KeliiH keie maiima OoiFaH Ta-
MaKTaHY[bIH TOPTIHILI KbI3METIH ailTa KEeTCeK, 01 aJam
OOlbIHIA UMMYHUTETTIH KAJBIITH OOMYBI JKOHE OJIap-
Il KQJIBIITHl MOJIIepae OHIIpy aKybI3Aap MeH Adpy-
MEHZEpPAiH KypaMbliHa OaiiaHbICThl [S]. MbIcaisl, cyT
©HIMJIEPiHiH KeITereH aCCOPTUMEHTTEPIH ILIbIFapa OTbl-
PBIIT, OTAH/IBIK, IIIMKi3aT PECYPCHIH MaiIalaHy CyT Kypa-
MBIHBIH OUOJIOTUSUTBIK, KYH/IBUTBIFBIH apTTHIPA/IbI, Alllbl-
Ty IIPOLIECIH JKe/IeNIeTe 1i, MUHEPAABIK, 3aTTap MEH BH-
TaMUHIEPMEH OaibIThiIafbl [6-8]. Ocimaik matepua-
JILIH HeMece TaFaM/IbIK KOCTIa PeTiH/le pelienTypaHbl 63-
repTe OTHIPHIT OHIM/II KOMITO3UIUSUIAY HeMece OalbITy
MaKcaThIH/a FaTbIMIap KernTereH eHOeKTep jkacaraH [ 1-
3]. Amaiiga, omi Je enmimisge CyT eHIMICpiHiH TaraMm-
JbIK, KYH/IBUTBIFBIH XKaKCapTy YIIiH OJapIblH KYPaMBbIH-
Ja aKybI3/IblH, BUTAMHUHIIK, MHUHEPAJJIBIK KOCHIH[bI-
JIap KYpaMbIH KeTepy KaxeT. [leMeK, OTaHJbIK, MHKi3aT
OHIMJIEpiH MaiiJjajlaHa OTHIPHIN CYT OHIMAEPiHIH Kypa-
MBIH OafibITBUIFaH MIMKi3aT ©HIMAEPIMEH TONTHIPY, Oa-
ctel Makcar [3-4]. CyTKHIIKBUT OHIMAEPiHiH acCOPTH-
MEHTIH JaMBITYIbIH TMEPCIeKTUBABIK, OarbITTAPHIHbIH
6ipi eciMIiK pecypChiHaH aJbIHFAaH — HYTPHETTePMEH
GaitpiTy. CoHait HyTpreTTepre 6aii ackadak, KypaMblH-
Jarbl 3-KapoTHHAEP XoHe Oacka Ja KapOTHHOUITEp-
JiH GOJTybIHAH aHTHOKCHAHTTHIK, KACUETTEP KOPCETE/Ii.
Ackabak kemici KaObIHyFa Kapchl, OAaKTEpUIMATI, aH-
JOpPOTEHIIK oHE MMMYHOCTUMYJISAIASUTBIK KacHeTTepi
6ap. Ackabak KypaMbIHIArbl TIEKTUH KOHE TMEKTUHII
3arTap, aHTUCENTUKANBIK, KacHeTTepre e JKoHe ac KO-
PBITY TIpOLIECTEPiH PeTTel i, COHOai-aK, TAFAMHBIH Ka-
JIOPUSUTBIFBIH TOMEH/IETE/li, Mailap MEH BUTaMHUHAEP-
IiH ciHipinyine acep erefti [9-13]. PyHKIIMOHAIIBIK, ap-
Hailbl (AMETANIbIK) KOHE eMIiK-IIPOpUIaKTUKATIBIK Ka-
cHeTTepiHe OalIaHBICTBl ACKAOAKTHIH KypaMbIHIa 00-
JIATBIH (-KApOTHH/EP KoHe 0acka Ja KapOTHHOMATAp-
JbIH OOJTybl CYTKBIIIKBUIIBI ©HIMAEPIi OalibiTy Mak-
caThlHAa pelenTypajapbiHa KOMITO3UIIMSIIAY Heri3iH-
Jie KOJUIOUATHIK Kyiere eciMaiKkTi HyTpHEHTTEp eHIi-
3y Gonajpl. 3epTTey KYPri3yle ambIThUIFaH CYT OHIM-
JepiHiH acCOpPTHUMEHTIH KeHENTy MaKcaThlHIa Kypam-
JIbIK, ©3repicke acKkabak Heri3iHje KapoTuHi 0ap eHiM
- cy30e JiecepTiH kacay Kapacteipbuiabl. COHIBIKTaH
JKYMBICTBIH MaKcaThl TaMaK ©HEepKaciOiHIe kaHa Ha-
PBIK, CaHaThIH allyfa MYMKiH OOJNAThIH, SIFHU CYTKbI-
IIKBUTIBI OHIMIII aCKa0aK, HeTiziHe $-KapoTUHMeH Oaii-
BITY apKBUIBI XaHa 6HIM aty Oobin Tabbutazbl. OchiFaH
GaiiTaHbICThl KeJleci MiHAETTep ajifa KOWbULIBI, LIHKi-
3aTThl, OCIMIIK KOMIIOHEHTTEPIH 1piKTey, IFHM OWHAp-

JIBIK, JKyHenepi JaMBITYIbIH KUBHABIKTAPE MEH MYM-
KIHIIKTEpiH FRUIBIMU TepeH 3epTTey; CYT: acKabak e3-
6eci K yHeciHiH COHFbI TEH/ICHIIMSIAPBI, COHAM-aK, OyJI
KYHeHiH KOMIO3ULIMSCHIH KYPYIarsl IIEKTeyaep MeH
APTHIKIIBUIBIKTAPBIH 3€PTTeY; CYTKBIIIKBUIIH ©HiMre
6CIMJIIK KypaMIbIK KOMIOHEHTTEPIH (aKybI3, KeMipcy-
JIap, KapaTUHOMATAP XKOHE [3-KapoTuHAepaiH T.0.) eHri-
3y TaFaMHBIH CEHCOPJIBIK, IPO(pHITiHE KaJtai acep eTeTiH-
JIriH KapacThIpy, aJbIHATHIH XKaHa OHIM YIIIiH cy30e Je-
CepTiHe apHaJFaH YHBITKbUIAPAB HETi3[ey JKoHE TaH-
nay, cy30e JecepTiH (pU3NKa-XUMUSUIBIK, MAKPOOHOJIO-
TUSIIBIK, 3epTTeY, KaHa OHIMHIH TaFaMIpIK, KoHe OHOIIOo-
TUSUIBIK, KYHIBUTBIFBIH 3€pTTey.

JKyMBICTBIH 3epTTey HBICaHBI PETiHIe KaHaJaH ca-
YBUIFaH CHBIP CYTi AKMOJIa OOJBICHIHBIH «Arpodupma
Poguna» KIIC mapyarislibiFbIHAH JIBIHIBL 3€pTTey
KYPrizy yiriH MUYYpUHCK el MeKeHiHEeH KHUHAJIBII
QJIBIHFAH acKabakK, jkoHe KeNTipiireH ackabak, JoHaepi
KOJIIaHbLIAE [14].

Marepunangap MeH aaictep. JKyMbICTH OpBIH-
Jlayga IIUKI3aT TMeH OHIMHIH cana KepceTKIlTepiH
AHBIKTAy[a OpPraHONENTHKAJBIK, AHAIUTUKATBIK, TYp-
7 omictep, (PU3MKA-XUMUSIIBIK, MHKPOOHOIOTHSIIBIK,
CaHx/eE, kayinci3mik TajganTapsl, Ke3iHIOe, MBICAH,
IIMKi3aT MeH TaMaK eHiMJIEepiHiH carnackl MEH HOTHKe-
CiH CaHJBIK TaJJay 9JicTepi, KONJAHBICTAaFbl CTAaHJAPT-
Tap MaijagaHbULABL. 3epTTeyAl KYprisy VIIiH acka-
0ak koHe KenTipiireH ackabak, JoHzepi, cy30e, acka-
6ak Miopeci, IoKo3a cUpoObl, KaHAJaH CayblIFaH CYT
nanianaHblIgbpl. 3epTTey OapbIChIHAA IPIMIIIK Jecep-
TiHiH )KaHa TYPiH aJIy TEXHOJIOTUACBIHAA IIUKi3aT peTiH-
ne cuplp cyTi Tangan anblHapl. Iukizar xoHe eHIM
carachl Kejieci HOpMAaTHBTI Ky KaTTapra: CYTKBIIIKbUI-
JIBI AIIBITYABIH KO3OBIPFRIITAphIH Konganyaa CaHx/eE
2.3.2.560-96 «ABBIK-TYJIIK IIMKi3aThl MEH TAMAK, OHIM-
Jepi canachl» koHe «MeIUIHAIBIK-OUOIOTUSITBIK, Ta-
JIANITApFa JKOHE a3bIK-TYJIIK IIMKi3aThl MEH TaMaK, ©HiM-
nepi camacel» CaHuTapiblk, HopMackiMeH Herizaemni.

[IukizaT peTiHze anblHFaH acKabOaKkKa CEHCOPJIBIK,
Tajjay (opraHonentukanslk cunartamanapsl) TOCT
7975-2013 o6oiipmma xyprizing. [OCT 7502-98
TanabbIMEH J>KEMICTiH MOJIIepi eJiley TaClachiMeH
AHBIKTAJbL. AJIbIHFAH ackabak KeMiCiHiH u3mKa-
XMMHUSJIBIK, KOPCETKIIITepi CTaHJapTTAJIFaH METOIUKa-
JIApMEH KoHe apHalbl METOIMKAJIBIK HYCKAy/IBIKTapFa
cotikec kyprizinmi. 9404-88 MeM CT =erizgemir xe-
Mic (acKaOak,) bUTFAJIIBIFBl AHBIKTAJIIBL.

Kana eHiM-ackabak KOChUIFaH cy30e mope aecep-
TiHIH CanaJibK, KoHE CaH[BIK KOPCETKIIITepiH 3epTTey
MeM CT nen T'OCT OoMbIHILA: BUIFAJIBUIBIFBL, CAJIMAK,
yieci 3626-73 TOCT-nieH xoHe KbIIKBUIIBIK, OeJICeH-
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mimiri 32892-2014 I'OCT OGoribiHIIA aHBIKTAIBII Oara-
JIAH[IBL.

[ukizarTapablH camacklH Oaraiay oficTepi acka-
0aKTa YbITTBI SJIEMEHTTEP/IiH, IECTUIUATEPIH, HUTPAT-
TapOblH, PagVOHYKIUATEPAiH, TEIBMUHTTEP XYMBIP-
TKAQJIAPBIHBIH JKoHE illleK MaTOreH i KaparnaibiM IucTa-
JapeiHbiH, OomybiH Gakpulay MemCT KP rtananrapra
CollKec Kypriziigi.

KypambiHa KapoTHH Oap TOJTBHIPFBILTBHIH Cy30e
JeCepTiHiH KYPbUIbIM/IBIK-MEXaHUKAJIBIK KacHeTTepiHe
qcepiH KapacThipyaa YJri JaidblHAay YIIiH MaijanaHbl-
nateid cy36e TOCT 31453-2013 «Cy36e. TexHUKANIBIK,
JKarJainap» craHgapThl OOMBIHIIA OPraHONENITUKAIIBIK
KepceTkimrepi perrengi [14].

JKYMBICTBIH 3€pTTey HBICAHBI PETiHJE XaHaJaH ca-
YBUIFAH CUBIP CYTi AKMOJIa OOJIBICHIHBIH «Arpoupma
Poguna» KIIC mapyaiisUIblFbIHAH aJIbIHABL. 3epTTey
JKYPprizy yiniH MuuypUHCK enjii MeKeHIHeH >KUHAJIbII
AJIbIHFaH acKa0aK koHe KeNTipiireH ackabak JoHAepi
KOJAaHbslIas [14].

HoTuzkesiep MeH TanKbLIay. [piMIIIiK fecepTiH eH-
Jipy YIIiH XeMic-KeKeHIC KOCMalapsl peTiHae KOH-
CepBiJICHIeH MIOPeHi MaiIanaHy apKbpUIbl CYT OHIMIEPiH
(apanmac Typhe amiblFaH) OHIIPYHOiH Ke3eHJi MaychlM-
JBUIBIFBI OOJTYBIH INEKTeH ajlaMbl3. 3epTTey 0O0BeKTici
peTiHzie Kypambl KapOTHH/I KOcIackl 6ap ackabak kaHe
CYTKBIIIKBUIIB OHIM aJBIHIH [ 14].

JKymbicka Axkmona oOibickiHBIH Pomyna enni me-
KeHiHiH «Arpodupma PonuHa» kayankepluiiiri mek-
TeyTi CEpIKTECTIK IIapyallbUIBIFBl ANBIHIBL. OyIdaH
’KaHa/IaH CayblJIFaH CUBIP CYTi 3€PTTey HbICAaHbl PETIHIE
KepceTini. JKambl aHaM3 3epTTeynepai Kyprisy yIuiH
MwudypHHCK €11 MEKeHIiHEeH KMUHAIIBIN aJIbIHFaH acKa-
6aK koHe KeNTipiireH ackabak JakplUIgapbl KoHE Cy3-
e, ackabak, Mmopeci, II0K03a CHPOIIBI, Al aIaHbULIbL.
DyHKIMOHABIK, OaFBITTHIH KOMIIOHEHTI peTiH/e acKa-
Oak, mopeci TaHaanpl, cededi, ackabak KOrapbl OHIM-
Jli, )KaKChl CAKTaJIAThIH, )KePriTiKTi ap3aH mukizat. CoH-
JBIKTaH cy30e JiecepTTepiHjie apajiac KOocha TOJBIKThI-
PFBILIBI PETiHAE aCKaOaKTHI MaifaaHy SKOHOMHUKAIIBIK
skarbiHaH TaimMai [14]. TOCT 31453-2013 «Cy306e. Tex-
HUKAJIBIK, KaFJaiiap» CTaHIapThl OOMBIHINA CAIBICTHIP-
MaJibl OaKpUIay HYCKAChI PETiHfe Cy30e JiecepTi aJibiH-
JTBL.

Cy30e JecepTiH ajlyFa apHajIfaH YHBITKbLIAPIHI
HETi3[ey jkoHe TaHayFa Tajjay xacai kercek. [pimiiik-
TeH cy30e JIecepTiHiH XaHa TYPIiH d3ipjey MaKCaThH-
JIa IIMKI3aT PeTiH/e CUBIP CYTi TaHJAJIbII, KOJIIAHBUIFaH
CYTKBIIIKBULIBI AIIBITYAbIH Ko3apIpreiiTapel CanllnH
2.3.2.560-96 TanadbiHa cail. CyTKbIIKBUIIbI llly HOTH-

JKeciHjie maiiaa GOMAThIH JIAKTO3a CYTKBIIIKbULIB OHIM-
JepiH eHIipyIe Ka3eMHHIH KOary/sSusUIaHybl alllbITKbI-
HbIH KYpaMblHa KipeTiH CYTKBIIIKbUIIbl OaKTepHsiiap-
IbIH TYpiHe OailylaHBICTHI Tporecc xypemi. Hotmxke-
CiHJe TYy3UIreH 3aTTap KOCHUIbICTAphl JalblH ©HIMAEP-
re epeKile KHIIKBUIIBIK, oM MeH wic Oepeni. OHiM-
re XOII MIC Ty3yre ocep eTeTiH CTPENTOKOKK TOITa-
Ppbl OaKTepusiIapbl XKoHe Oaraibl AllbITKB JAKbULIAPHI,
CYTKBIIIKBLIIB OAKTEPUSLIAPbI, TMPOKY31M KBIIIKbLTbI-
HaH CYTKBIIIKbUIBIMEH KOHE CipKe Cybl aJIbIeTH[li CH-
SIKTBHI MaHBI3[IBI XOII MICTi 3aTTap Oeie Kypei.

Str.diacetilactic, Str.acetonicuc, Str.citrovorus 6akre-
pUsUTapbIHAH KYJIbTHBUPJICHTCH YHWBITKBIHBIH KYpaMbl
CYTKBIIIIKBUIIH OHIMACPAIH OpPraHOJECNTUKAIBIK CH-
nartapbiH (JOMiH) FaHa emec, OEpiKTiriH, COHMaW-
aK, KYPbUIBIMABIK-MEXaHUKAJIBIK KaCUETTEPiH aHBIKTa-
yAarbl MaHpI3Abl pakTop. Bepik yHBIHABIMEH aJIbIHFaH
OHIMJII IMIAKAI apalacThIpFaHIa CTPYKTYPAJIBIK, KYPbI-
JIBIMBIHBIH JKOFAPFBl TYTKBIPJIBIFBIHBIH OCEPiHEH K-
TIBIHA KeJTy KaOUIeTTUTIriMEeH CHIaTTalaabl XKoHe Kypa-
MbIHAAFBI Str. thermophilus Gaktepusi YABITKBICH XoHE
KiJIereil CTPEeNTOKOKKTAPbIH, TePMODUIIbII TasKIIazap-
JIbl TIAlIaIaHy apKbUTbl CAphICYIbIH OeJliHyiHe Keiepri
JKacayra MYMKIHIIK Oepeni. 3eprreysep ambITKbuiap-
IIBI CYTKBIIKBUTIBI OaKTepUsIIAPAbIH dPTYPiMEH CeHep-
TM3MIK KACHETTepi apKbUIBI KAKETTi KOHCUCTEHITHSITBI
YHBITKB a1y MYMKiHAiriH 6epai. On yiiiH 3eprreyne
QIJBIMEH CYT CTEPUIIBJEHY 9/liciMeH ambITbiIIbl. CyTTi
aIIBITYFa apHAJIFAH allBITKBIHBIH KYPaMbl Streptococcus
Thermophilus, Lactobacillus bulgaricus, Lactobacillus
acidophilus GakTepusiTapiaH TYpajbl JKOHE AallIbITyFa
5%-7pl aIIBITKBI MOJIIIIEpi, anty YImiH 1 Toymik (24 car.)
KaxeT. AIly mpolieci asKTajJfaHHaH COH, eHiMHeH 24
carar iliHze FaHa capsl cy OestiHesi.

Cy30e [necepTiHe apHaJFaH IIMKIi3aTThl, ©CIMIIK
KOMITOHEHTTepiH ipikTeyre Tokrasicak. Cy30e nmecep-
TiH macTepieHreH cyTTi Lactobacillus asidophilus,
Streptococcus Thermophilus, Lactobacillus bulgaricus
AIIBITKBUIAPMEH apajiac allibITy SKOJIBIMEH OCIMIIK KOC-
MaJapblH €Hri3y apKbUIBI JKacajaibl. AJIBIHATBIH ©HIM-
HiH OpraHOJEeNTHKAJbIK KacuerTepi (oMK >koHe
XOII MiCTi KOpCEeTKIIUTepiH) >KaKcapTy MakcaTbIHIA
OCIMIIK TONTBHIPFBHILTAPbIH MARaNaHbIl KaHA OHiM-
Il eHAipy Ke3iHAe apanac ambITKeHBI (Lactobacillus
asidophilus, Streptococcus Thermophilus, Lactobacillus
bulgaricus) KonuaHyga MUKPOOPraHM3MJEPAiH eMip-
HIeHAIrH KApKbIHAATY KAXeT, OMTKeHi CYT IMIMKi3aTbIH
©CIMJIK TOJNTHIPFBIIITAPbIMEH illIiHApA aIMACTBIPY Kbl-
HIKBUIIBIH Takiaa G0y MpoLeciH Texeii. AJIbIHATHIH
cy30e eHIMHIH KeMipcy Kypam MeJIIIepiH apTThpy
MaKCaThIH/A, JOM/IIK KACUETiH peTTeyre KaHT KOCBUIBL.
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ATIBITKBHBIH KYPaMbIHA KipeTiH KBIIIKBUT TY3Till-
Tep eHiMHIH pH e3repretiH OesceH i 3aTTap KOCHUIIHL.
3eprreysep HOTHKECH 9eOUeTTIK MasliMeTTepre Tajaay
’Kacall KeJle )KyMBICTA IIMKi3aT - TOATHIPFBILITAp PeTiH-
Jie KapoTHHIe eTe 0ail KeMiCTi-KeKeHic - ackabak INeH
ackabak, JoHi TaHJal albIHABL. ACKaOak, koHe acKalak,
JIoHI KOCIIACHIHAH JIIBIMEH IMope JaibIHAaIH [ 14].

AnpIHATHIH KaHAa OHIMHIH — acka0ak Hirizinge
cy30e HecepTiHiH camachl MeH Kayimnci3miri ¢usmka-
XUMHUSIBIK, MHUKPOOHMOJNOTHSIIBIK, — 3€pTTeyep XKYp-
Ti3UTIN AoeNAeH i, TaFaM/IbIK, OMOJIOTHSUIBIK, KYHIbI-
JIBIFBI AHBIKTAJIIBL.

CYTKBILIKBUI 6HIM JIyABIH 3epTTey OapbICBIHAA MHK-

poopraHusMIepniH OenriTi apa-KaTbIHACHIMEH TIOJH-
3aKBACKaHBIH (aluA0(IIbAI TASKIIACH, TePMOQIIbI
CTPENTOKOKK koHe Bonrap Taskmacel) 3 Typii HycKa-
ChI TAHJAJIBIHBII AJTBIHIIB (S-KecTe). OnapabliH HeTi3iHae
apaJiac allbITy 9JiCiH/le MUKPOOPTraHU3MEP/iH OHTaii-
JIBI CAHJBIK, apa KATHIHACHIH aHBIKTay OOMBIHINA 3epTTe-
yrep xkyprizingi (1-kecre). [lonmm3zakBackagarbl MAKpPO-
opraHusMepiH [2, 3] oHTalIbl apa -KaTHIHACHIH aHbI-
KTay KeJTipiireH mapamerpiiep OOMbIHIIA 3epTTey KYp-
rizinmi.

3eprreyne OeceHal KBIIKbLUIIBIK, TUTP KBIIIKBLI-
JIBIFBI JKOHE OPTaHOJIEITUKAJIBIK, KOPCETKIIITEP OaIIBIK
JKYy¥WeMeH Tayianpl. Bamabik, xkyiie 0-5 6ayut OorbIHIIA
JKYPri3iimi.

1-Kecre - [Tonmm3akBackagarsl MUKPOOPraHU3MIEPIiH apa-KaThIHACHI

Yori: | MukpoopraHu3MIepaiH Typi apaKaThIHACHI
1 | anunodmibai TasgKa: TepMOUIIbAL CTPENTOKOKK: bonrap Taskiacst 2:02:02
2 | aummpodriIbOl TasIKINA: TepMOMIBII CTPENTOKOKK: Borap Taskmacst 2:02:01
3 | ammpoduibai TasKIa: TepMOQUIbAL CTPENTOKOKK: Bosrap Taskiacel 2:01:01

3eprrey Hotmxkenepi: CYTKBIIKBUIBIHBIH €H KO-
JIalIbl HyCKachl anuaouibai TasKlia: TepMO(UIb-
Ii CTpenTOKOKK: Bomrap taskmacsel, (2:2:1) apakarbl-
HACBIH[A 2-HYCKaJIaFbl MUKPOOPraHM3MICPIiH MOJH3a-
KBacKa OaKTepHsUIapbiH ocipy Ke3iHae naiga 6ol (1-

THTJICHETIH KRIIKELIITEIE

KecTejle ’KoHe 1-cypeTTe KepCceTiireH).

IMonmm3akBackaHbl ©cipy Ke3iHJe CYT KOCHACHIHBIH
TUTP KBIIIKBUIABIFBIHBIH ©3repTyi 1-cyperTe KepceTi-
TeH.
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8Ccipy VaKBITHL, Car

Bapmamr 1

Bapmamr 2 Bapmamr 3

1 — Cyper- [lonuzakBackaHbl ecipy Ke3iHfe CYT KOCHACIHBIH TUTP KbIIIKbUIIbFbIHBIH ©3repyi

1-CyperTte kepceTiirenaen, 3-HycKaaa KbIILKbULAbIK
THTPI 120°T, KBIIKBUTIBIK, OeICeHiTIr 3,16 TeH, SIFHI
OyJ1 KBIIKBULIBIKTHIH apTaThIHBI KOpceTeni. Mukpoop-
raHU3MIEPAiH 6MipIIeHIriH KapKpIHIATy KaXeT, OT-
KEeHi CYT LIMKi3aThH 6CiM/IiK TOATHIPFBILITAPBIMEH iI1li-

Hapa aJIMacThIPy KBIIIKBUIIbIH Maiga 6oy MpoLeciH Te-
JKEHI.

MUK pOOpraHu3MIepaiH 2-HYCKAJarbl apaKaThHACHI
(2:2:1) momm3akBacka OakTepUsUIapblH ecipy Ke3iHge
naiga 6onmanel (2-kecresne). OpraHoNenTUKAbIK, Oara-
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nay (2-kecte) Ke3iH/e MUKPOOPraHM3MICPIiH TOJH3a-
KBAaCKaMeH alllbIThUTFaH 2-HYCKAJarbl OHIMiHIH apaka-

TBIHACBI €H JKOFapbl OayiMeH Oar aJIaH/IbI.

2 - Kecre-Ilon3akBacka GaktepusiiapbIHbIH (2:2:1) apakaTbIHACBIHIAaFbl ©HIMHIH (PU3UKAIBIK - XUMUSLIBIK,
OpraHOJIENTHKAJIBIK, KOPCETKIMTepi

Muxkpoopranuzm | bencenai Tupt KoHcucreHIMSIHBIH Iomi, HiCiHIH
JepaiH KBIIIKBUIIBIK, | KBIIKBUIIBIFBL, | OaJIIbIK KOPCETKIill, | OagblK KepCceTKillri,
apaKaThIHACHI pH oT Gan Oat

1 HycKka 4,38 98 3,5 3,8

2 HyCKa 4,75 100 5 4.8

3 HycKa 5,16 120 4,2 4

OCIMZIIK  TOJNTHIPFBIITAPBIH AMIBFAH CYTKBIIIKBLT
OHIMIHE KOCy XOHE XaHa ©HIMHIH cama KepCEeTKill-
TepiHe TOKTambll ercek. Cy30e jecepTiH any YIIiH
2-HycKa OOWbIHINA AIBITHUIFAH CYTKBIIIKBUI OHIMiHE

3epTTey KYMBICTAphIH/IA KOCBUIATHIH TOJNBIKTHIPFBIIIITAP
KOMIIOHEHTTep peTiHfle ackalak jkoHe acKabaK MIoHi-
HEH JkacaJiFaH mopeci perient [ 14] GoibIHIIA TaHIABIIT
QJIBIHBII, SKCIIEPUMEHT XY Pri3iii.

3 - Kecre — Cy306e mecepTiHiH (pU3MKA -XUMHSUIBIK, KOPCETKIIITepi

Kepcetkimrep atayst Ackabak xoHe acKabaK JIoHI KOCHAChI- Cy30e
JeCepTi CHIaTTaMachl/HOpMAachl
blnranapik, ynec canmarsl, % 65+0,9
Caxapa3oHaHBIH YJIeC cajMarbl, % 22+ 0,8
Bencenai KpILIKbUIABUIBIK, pH 5,6
(ocdaraza -
Kyprak 3at KypambiH/IaFbl MalbIH YJIeC CaIMarhbl, 6
% (xem emec 6oiy)
Ackabak MIOpeCiHiH yJiec caiMarbl, % 20
Ackabak JIoHIHIH yriec canmarsl, % 10
Kok puipik, °T 120
Temmeparypa, °C 2-4

Cy30e mecepTiH MUKPOOUOIOTUSIIBIK, 3€PTTEY. AJIbI-
HFaH MIMKi3aT - CYT KYpaMbl lIacTepu3alus IporeciMeH
onzenai. COHBIMEH Karap, TEXHOJOTHSUIBIK, OIepallys]
MpolecTepi Ke3iHe JalblH OHiMIe TyCyi MyMKiH 60-
JIATBIH MUKPOOPTraHU3MEpre - IapTThl TATOTeH i MUK-

poopranmsmaep (Me30(puibai a3poOThl KoHe haKy/Ib-
TaTHBTI - aHA3POOTHl MUKPOOPraHU3M/IEp), illIeK TasiK-
manapsl T006 OakTepusiiapel (KMA®AHM) GomysiHa
seprrenni [14]. 3eprrey HoTmkenepi 4-kecresme Kep-
CeTLIreH.
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4 -Kecre - Cy30e JiecepTiHiH MUKPOOHUOIOTHSUTBIK, KOPCETKIIITEPi

Kepcertkimrep atayst

Hopmacet

Hakrsl pakti

Me3soduiib/i a3poOThl KoHE
(hakynbTaTUBTI-aHAPOOTH MUKPOOPraHU3MIEP

1-105

1-105

Imek Taskmansapsl Toos Oaktepustiapsl 0,01 cm3 eHim
(KMA®AHM), KOE/ cM3, apThiK emec

Kon 6epinmerini

TaObuTraH XOK,

25 cm3 eHiMJIeri MAaTOreHAi MUKpOOPraHU3MAED,
CaJTbMOHEJUIA CaHBI

Kon Gepinmeiini

TaObIIFaH KoK

0,1 cm3 meri S.aureus

Kon Gepinmeiini

TaObIIFaH JKOK

Hpoxoxu, (KOE/1 r, apThIK emec)

50

50

3eH canplpaykynakTapsl, (KOE/1 r, apThIK emec)

50

50

INatorenni mMukpoopraHusmuep, caiabMoHestanap (50

Kon 6epinmernti

TaObuTraH XOK,

cM3 eHimM/eri)

3eprTey HoTMKeIepi OOWBIHINA JAHBIH OHIM - CY3-
Oe iecepTiHiH MUKPOOUONOTHSUIBIK, KopceeTkirirepi (Ca-
HExH 4.01.047.97 (2.3.2560-96) 6.2.1.6. GoiibHIIA
colikec) 5-kecreze kepceriireH. Kecrene cy30e aecepti

OHJIPICIHIH OpTYPii TEXHONOTUSUIIbIK perjlaMeHTi Jaii-
bIH eHiMze [14] matoreHni MUKpoIopaHsH OOIMAYHI
OHIMHIH TMTMeHAIbIK, KayilCi3/iriHe Keniik oepei.

5-Kecre-Cakray Ke3iH/e ackabak koHe acKa0akK, IoHI KOCBUFaH cy30e JecepTiHiH OPraHONENTHKAIIBIK, camna

KepceTKilTepi
. Caxrasry Mep3imi, ToyJIiK

Canaislk, KepceTKimm 0 5 7 7

momi (6asut, max 5,0) 5,0+0,0 4,9+0,0 4,8+0,0 4,0+0,0

uici (6au1, max 5,0) 5,0+0,0 4,940,1 4,840,1 4,3+0,1
KOHCHCTEHIIUSICH ’KoHEe CHIPTKHI Typi (6a1, max 5,0) | 5,010,0 49104 | 4,80£0,4 | 4,4+0,2

Tyci (6amt, max 5,0) 5,0£0,0 4,910,0 4,9+0,0 4,010,2
ZKautmel GapibIFbIHBIH KOCHIHBICH (6aiut, max 20,0) | 20,0+0,0 | 19,7+0,0 | 19,3£0,9 | 16,7%0,8

Aurramikpl 2 KyH imiiHge ackabak MIOpPeciHeH aibl-
HaThlH Cy30e JecepTiHiH KOFapbl OPraHONENTHKABIK
KOPCETKIIITepre 1e jKaHe OTe KAKChl CAKTaJIaAThIH/IBIFbIH
KOPCETTi.

4 TOyIIiK caKTaJFaHHAH KeliH, cy30e IecepTiHiH 1oMmi,
HMiCi, TyCi MeH KYpPbUTBIMBIH/A [IAMAJTBl ©3repic, KOHCH-
CTEHIUSIChI KaOBICKAK, KAFBIMCHI3 HiC Oap ekeHiri 6aii-
Kayagpl. HakTel emHopce OOMMaraHIBIKTaH, OHIM Ka-
HaFaTTaHAPJIbIK, eTT OaraJlaH/IbL.

Ipi Kapail cakTay Ke3iH[e OpraHOJeNTHKAJBIK, cara
KOPCETKILITepiH/e anTapiIbIKTall e3repicrep 6omaibl. 7
TOYJIK CaKTaFraH COH, OHIMHiH J1oMi, UCi, TyCi MEH Ky pbl-
JIBIMBIH]IA ©3TepicTep OalKamIbl (5-Kecte).

O3ipieHeTiH ipiMIIIK AeCepTiH eHIipy YIIH KOM-
MOHEHTTepli TaHJan ipiKTey ©HIMHiH ©3iHAIK KYHbI-

HBIH TOMEH/IEUTIHIH KOpCceTe/li KoHe UMIIOPTTHI aama-
CTBHIPYbIHA BIKITAJI €Te/li. BUOMIOTHSIIBIK jXoHE TaramMIIbIK,
KYPaMBbl KOFapbl ©HIM aJTyJa, OpraHOJIENTHKAJIBIK, XKoHE
(przMKa-XUMUSAIBIK, MAKPOOHOJIOTHSIIIBIK, cara KepceT-
KIIITepi eHIMHIH caracklH KepceTeli. OHIMHIH Herisri
KepceTKilTepiHiH Oipi cakTay Mep3imi OosbIn Tabbuia-
JTTbL.

TaraMHBIH camnajblK KOpCeTKilITepiHiH Oipi aKybl-
3IBIK, MIMKI3aTThIH aMUHKBIIKBULIBIK, (AK) KypambiH
GarasiayMeH OaiJIaHbICTHI.

7Kana eHiM - cy30e JiecepTiHiH TaFaM/IbIK, jXoHe OUOo-
JIOTHSUIBIK, KYH/IBUIBIFBIH 3€PTTEY.

CYTKBIIIKBUT OHIMIEPIHIH aMUHKBIIIKBUIIBIK Ky pa-
MBIHBIH KepceTkilTepi 6-kecrene mr/ 100 r meepin-
JIe KeJITipiIreH.
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6-Kecte - CyTKBIIKBUIIb OHIMAEPIHET] aMUHKBIIKBUIIAPAbIH KYPaMbl

Ackabak neH ackadak,
AMMHKBIIIKBUIIAPBIHBIH aTaybl Cy306e ecepTi KOHTPOJIb, MI' | ASHJEPIiHEH JKacasraH

cy30e aecepri, Mr
AamacteipsuiMainTeiH AK.: 1177 1191
Banmun 135 177
Mzoneiinux 43 35
Jlennmu 277 235
JInzun 212 230
Merunonun 81 81
Tpeonun 110 185
Tpunroan - -
PeHnIanaHuH 141 132
AybicThipbliaTeiH AK, oHbIH imTinge: 1689 1800
AnanuH 106 91
ApruHuH 105 93
AcnaprvH KbIIIKbUIbI 216 312
T'uctnonn 78 76
I Z000%05 46 47
['myTaMyH KBIIIKBLTHI 497 636
IIponun 272 282
Cepun 185 124
Tpuosun 155 119
Iuctun 29 30

endtable

OCIMJIIK TOJBIKTHIPFBIIBIMEH OalbITBUIFAH jKaHA OHIM-Cy30e JecepTiHiH AopyMEH/AIK Kypambl OOWBIHIIA [ie-
pekTep (7-KecTe) KeNTipii.

7-Kecre - ©cimaik cy36e necepriHaeri BATAMUHIEPAIH KYpaMbl

Buramunnep mr, 100 r eHiMre marbin ecenTereH;ie

CYTKBINIKBLIABI 0HIM

Bl B2 PP C b A
Bakpinay - Cy30e necepri 0,0051 | 0,32 | 0,31 0,5 | 0,06 0,1
Ackabak TieH acKadakK, IoHIepiHeH 0,11 0,16 | 0,5 | 481 | 0,2 0,52
JKacaJFaH cy30e Jecepri

7 - KecTeHiH JepeKTepiHeH aJlbIHFaH KaHa OHIMJI JIiH KypaMbl YJIFAIObIH Kepyre Oonansl. [JalibiH CyTKbI-
(cy30e mecepTiH) CaBICTHIPYIB OaKbpUIAY HYCKACBIMEH —IIKBUIABI OHIMIEPIiH MIHEPAIIBIK, KypaMbl 8-KecTeqe
KYprisreHzie, cyaa ’koHe Maija epuTiH BUTAMHUHAEP- KeNTipiJreH.
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8-Kecre - CyTKBIIKBULABI Cy30€ iecepTi OHIMiHIH MUHEPAJIIbIK, KY PaMbl

Ackabak reH ackadax
. bakpuiay .
Kepcertkiuirin arayst . | moHmepiHeH xkacajFaH
Cy36e necepri .

cy30e meceprti
MakpoasemenrtTep, r 100 r ecenterenne
K (xammii) 117 147
Ca (xajpIuii) 120 122
Na (marpwuit) 14 52
Mg (marnuit) 24 15
P (pocdop) 189 100
Muxpo3iaementrep, kr 100 r ecenterene
Fe (temip) 0,3 0,74
Mn (mapranen) 8 15
Cu (MbIC) 60 68
Zn (MBIpBIL) 364 421

OcimMiik KocrackiMeH OaifbIThUIFaH Cy30e JecepTiH-
Jieri MUHepaJibl 3aTTapiblH KypaMbl Oakpuiay YIrici-
MEH CaJIbICTBIPFaH/Ia APTTHL

TaramplK, TaIIBIKTAPIBIH, M6JIIIEpIMEH ©HIMHIH

TaraMbIK, KYHIBUIBIFBI OepiireH, KYpPaMbIHIaFbl KOM-
MOHEHTTEePIiH TAIBIKTAPHl OOMBIHINA TEHAECTIiPiIreH
KYPaM/IBIK TOJBIKTaHABIPBUTY Jopesxkeci 25% Kypaiasl
(9-kecre).

9-Kecre - OHimzeri TaFaMABIK, TAJIIIBIKTAPIBIH KYpPaMbl

Onim Kypamsl, r /100 ¢

Knervarka | I'emmnemmonosa | Ilektunmi 3attap | Bapibirsr
AcKabax, ner ackabax IHICPIRSH | 550 1 | () 050,01 0,150,01 0,450,01
JKacasrad cys0e jecepri

Kepcerinren moniMeTTep HOTHXeNepi o3ipJeHreH
cy30e JecepTi aJMacThIPbUIMANTBIH aMUHKBIIIKbUIIA-
PpBl OOMBIHINA, AKYbI3, BUTAMHUH/EP, TaFaMIBIK TaJIIIb-
KTapMeH TeHJjecTipiireH, 6ail ke3i Oobil TaObuIa bl
’KOHE MEKTell JKaChIH/IaFbl Oaslaap/bH MPOpUIaKTHKA-
JIBIK, TAMAKTaHYB! YIIiH YCHIHBUTYBl MYMKIH JIeTeH KO-
PBITHIHIBI XKacayFa MYMKIiHIIK Oepei.

Ackabak mopeciHeH JaibHaaNFad cy30e JecepTiHig
JKapaM/IbUIBIK Mep3iMiH aHbIKTay yiIiH 2-6°C TeMnepa-
Typazia 9p TOYJIK CailbiH, 7 TOYJIK OOHEI 3epTTey KYp-
Ti3UTIM, OPraHOJENTUKANBIK, (PU3UKA-XUMUSIIBIK, JKOHE
MHKPOOHOJIOTHSUIBIK, Calla KOPCETKIIITePi aHbIKTaJIbI.

K opbIThIHABI. 3epTTey KYMBICHHBIH HETi3T1 MaKca-
Thl OOUBIHIIIA ©CIMIIIK TOJTBHIPFBIIITAPBIH KOCHII KaHa
oHIM — cy30e mecepti xkacaaapl. OHBIH CanachlH: Op-
TaHOJIENITHKANIBIK, (PU3UKA-XUMUSUIBIK, MUKPOOUOJIOTH-
SUTBIK, TYPJTi 9ficTepMeH TangaHipl. Tanpay GapbiChiH-
na kepcerkimrepi TOCT 7975-2013 cranmaptsl HOp-
Ma TaJanTapbIMeH CaJBICTBIPBUIBIT JasenneHi. Cysoe
JIeCepTiH ’Kacay TEXHOJIOTHSACH ©Te KapamaibiM jKoHe

THiM/Ii OOJTYBI OHAIPIC YIIiH Konaimsl [14].

Cy30e [ecepTiH ayFa apHajfaH MOJM3aKBacKa yii-
BITKBICBIH TaHAAN ajly VIIH Tajgayia auuaoguib-
i TasKia: TepMOoQWIbIi CTPENTOKOKK: bonrap Ta-
sAKmacel, (2:2:1) apa KaTbIHACBIHIAFB HYCKa THIMJI
GosraHbl aHbIKTANBL. [loNM3aKkBacKaHbl ©Cipy KesiHje
CYT KOCHACBIHBIH TUTP KBIIIKBUIIbIFBIHBIH 63repiCiHIH
MOHi aHBIKTAJIBIN TEXETrill Kocna TarailbiHganapl. Cys3-
Oe necepTiH amyra eCIMIIK TOJBIKTHIPFBIIBI peTiHIE
[-kapotuHre Oaii ackadak oHe acKabak [IoHI KOcIa-
Chl Tope Typinzae amsiHabl. [Tiope penent GoibIHINIA
[14] perrenni. Tangay KP MeMCT Ttanantap HopMachl
HEri3iHie TajjaHa Kelil, ackadak oHe acKaOak IIoHi
KOCIachl KOChUIFaH jKaHaaH jKacajFaH cy30e JecepTiH-
Jie eHIMiHiH Maich3 cy30e Typi YIIiH BUFaT KYpaMbl
80%-paH acnay Kepek [IEereH TY KbIPbIM Kacaylfpl.

3eprrey OapbICHIHIaFbl SKCIEPUMEHTTIK KOPCETKIlll-
Tep ackabak MeH acKabakK JoHiHiH Mopeci KOCHUIBII Ka-
caiFaH cy30e JIeCepTiHiH OpraHONENTUKAJBIK KaCHeT-
Tepi, pU3MKa - XUMHUSUIIBIK, KOPCETKIIITepi aHBIKTAJIIbI
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KOHE MUKPOOUOJIOTHSIIBIK, 3€PTTEy JKACABIIT HOpMara
colikecriri perrengi. Cy36e gecepTiH caKkTayablH OHTai-

JAbUIBIFBIHBIH JKOTAapbl CallaJIblIblF bIH KBpCCTe}Ii.

3eprTey HoTHKeNIepi OOMBIHINA KaHa MOIU(DUKATIHS-

JIBI CaKTaJy PeXrMi aHBIKTaJIABL. Mep3iMi 7 ToyIliKKe
JeiliH caKTajaTeiHbl Oesrii 6onapl. By cakray mep3i-
MiHJIe JKaHa eHiM cy30e JecepTi e3iHiH 6acTarkhl Kacy-
€TTEPiH KOFAITHANTHIHIBIFBI TJIEACH].

JIAHFaH TaraM cy30e JIeCepTiHiH pelenTypachl MeH TeX-
HOJIOTHSIIBIK, cXeMachl [ 14] xacasraH.

3eprrey OOWBIHING, CYTKBIIKBUIABL Cy30e jaecep-
TiHIH OGUOTEXHOJIOTHSICHI KOCBHIMIIIA MIBIFBIH/AP/IBI TAJIAI
eTTIeH i JKOHEe Ke3 KeJTeH KOCIOpBHIa HWrepyre Ko
KeTiMAl. OHIMHIH XUMHUSUIIBIK, KYPaMbIH OHTalTaHIBIPY
OarbIThIHIA, KYPbUIBIMIbIK-MEXaHUKAJBIK, KACUETTEPIiH
3epTTey KYMBICTAPHIH OJIaH 9pi KYPri3y Kaker.

TONMBIKTBIPBUTBINT OAUBITBUIFAH JKaHA JKacajFaH Cy3-
Oe lecepTiHiH MUHEPAIBIK, KOMipCy, BATAMHUHIED, COJ
CHAKTHI MaKpo-, MHKPO- 3JIEMEHTTEPTe, KapaTHHOUI-
Tap, TAMMIBIKTAPABIH Kypambl aHbKTanasl. COHbIMEH
Karap, Temipre jie 6aii 60J1ybl OHIMHIH TaFaMbIK KyH-
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OIIPEJIEJIEHUE KPUOCKOIIMYECKOM U IPEJIEJIbHOM TEMITEPATYPBI
IHNEPEOXJIAZKIEHUA MACA IITULIBI 1 ITTUIENNIPOJYKTOB

VYmupaauena JL.B.*, [Ilu6upacynaes M.A., [Iu6upacyuaaes /I.M., Crosinosa JL.I'., Uckakos M.X.,
duaaros U.JL.

TOO «Kazaxckuii HayYHO-VCCIIeI0BATEIbCKIIA MHCTUTYT TIepepadaThIBAIOIIEH U MTUIIEBOMH IPOMBIIIICHHOCTH,
Anmatel, Kazaxcran,

e-mail: umiraliyeva@rpf .kz

B nipezcraBiieHHOI cTaThe PUBEAEHHI JaHHBIE SKCIIEPUMEHTATBHBIX UCCASIOBAHMIM 110 OIPE/IC/ICHUIO 3HAUSHU I
KPUOCKOMUYECKON U MpeAenbHON TeMIepaTypbl NepeoxIakIeHnsl Msca NTUIBl U TEMIEpaTypsl OXJIaxJaroIiei
cpenpl, HeOOXOIUMOM JJIs1 OOOCHOBAHMS TEXHOJIOTMUECKUX PEKUMOB XpaHEHHs], 0OeCIIeUMBAIOIINX YCTONUMBOE
TIEPEOXJIAKIEHHOE COCTOSIHUE TTHUIIBI PAa3IMIHOTO TEPMHYECKOTO COCTOSIHUS. AHAIN3 TTOMYYeHHBIX JaHHBIX TIPH
OIHOCTAIUIHOM peXUMe OXJIAKICHUS TTOKa3aJl, YTo IJIs BCeX 00pasIoB (i KypHHOM IPYIKH MpeaeibHast TeM-
reparypa MepeoxIakaeHAs HIKe KPUOCKOIIYECKO HE3aBUCUMO OT TEPMUYECKOro coctostus ¢uie. [omyyen-
HbIE IaHHBIE CBUJETEIIbCTBYIOT O 3HAYUTEIBHON pa3HULIE MEXy KPUOCKOIMMYECKON TeMITepaTypol U IpeaesbHOI
TEMIIEpaTypol MepeoxJiaxeHnst Msca NTHIBI U NTULENPOLYKTOB M HeoOxoaumocTH audpepeHMpoBaHus pe-
JKMMOB XPaHEHUsI B 3aBUCMOCTH OT COCTaBa U TEPMUYECKOrO COCTOSIHUSA MpoaykTa. Onupasich Ha MOJTy4YeHHbIe
JaHHBIE BBIUMICIICHBl PEKOMEHAYeMbIe TEMITEpaTypbl XpaHEHHUST MsICa IITUIIB M ITHIICTIPOLYKTOB.

KiroueBblie ciioBa: MsCO MTHUILIBL, OXJIAKICHUE, IEPEOXIIaXICHHUE, KPUOCKOIIMYECKas TeMIleparypa, KypHHOe
(pue, Gpoiisep.

DETERMINATION OF CRYOSCOPIC AND LIMITING TEMPERATURE OF
SUPERCOOLING OF POULTRY MEAT AND POULTRY PRODUCTS

Umiraliyeva L.B.*, Dibirasulaev M.A., Dibirasulaev D.M., Stoyanova L.G., Iskakov M.H., Filatov L.D.
Kazakh Scientific Research Institute of Processing and Food Industry LLP, Almaty, Kazakhstan,

e-mail: umiraliyeva@rpf .kz

The presented article presents data from experimental studies to determine the values of the cryoscopic and
limiting temperature of supercooling poultry meat and the temperature of the cooling medium necessary to justify
technological storage modes that ensure a stable supercooled state of poultry of various thermal conditions. The
analysis of the data obtained in the single-stage cooling mode showed that for all samples of chicken breast fillets,
the maximum supercooling temperature is lower than the cryoscopic one, regardless of the thermal state of the
fillet. The data obtained indicate a significant difference between the cryoscopic temperature and the maximum
temperature of supercooling of poultry meat and poultry products and the need to differentiate storage modes
depending on the composition and thermal condition of the product. Based on the data obtained, the recommended
storage temperatures for poultry meat and poultry products are calculated.

Keywords: poultry meat, cooling, hypothermia, cryoscopic temperature, chicken fillet, broiler.

K¥C ETI MEH K¥C OHIM/JIEPIHIH KPNOCRKOIIUAJIBIK KOHE HIEKTI
TEMIIEPATYPACBIH I'MIIOTEPMUAHDBI AHBIKTAY

Ymupanuena JL.B.*, [luoupacyiaes M.A., /In6upacyuaes /I.M., Crosinosa JL.I'., Uckakos M.X.,
duaaros U.J1.

“Kaszak KaiTa eHJey koHe TaMak eHepKaciOi reiibiMu-3eprrey uHCTUTYTh JKIIIC, Anmarsl K., KazakcraH,

e-mail: umiraliyeva@rpf .kz
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Y CBIHBUIFaH MaKaslaJa KyC €TiHiH KPHOCKOMHUSIIBIK JKoHE [IEKTi THIIOTEPMUSIIBIK TEMIIEPATyPAChIHBIH MOHIEPiH
KOHE QPTYPJIi TEPMUSUIBIK KYH/IET] KYCTBIH TYPAKThl THIIOTEPMUSIIBIK, KYHIH KaMTaMachl3 €TeTiH CaKTayablH TeX-
HOJIOTHSUTBIK, PeXXUMIEPIH HeTi3[ey YIIiH KQXETTi CAlKbIHIATy OPTACHIHBIH TEMIIePaTypachlH aHbIKTAY OOMbIHINA
9KCNIEPUMEHTTIK 3epTTeysIepaiH AepeKTepi KenTipiireH. bip caTbiibl caKbIHAATY pekKUMiH/E aJIbIHFaH AepeKTepi
TaJgay TaybIKTBIH TOC €TiHiH OapJbIK YJriiepi YIIiH TMIOTepMUSHBIH LIEKTiI TeMIlepaTypachl (bWIeHIH TepMusi-
JIBIK, KyHiHE KapaMacTaH KPUOCKOITHSUIBIK, TEMIIEpaTypajiaH TOMEH eKeHiH KepceTTi. HoTikenep KproCKOMMsIIBIK
TeMIeparypa MeH KYC eTi MeH KYC eHIMIEpiHiH IMIOTepMUSICBIHBIH IIEeKTi TeMIIepaTypachl apachlHAAFbl anTap-
JIBIKTal albIPMAIIbLIBIKTHI )KOHE OHIMHIH KYpPaMbl MEH TEPMUSUIBIK, KaFJaiblHa OAlIaHBICTh CAKTAY PEXUM/IEPIH
capaJiay KQXeTTUIrH KepceTeai. AJIBIHFaH MaJIiMeTTepre cyfeHe OTHIPHII, KYC €Ti MeH KYC 6HIMIEpiH CaKTayablH

YCBIHBUIFAH TEMIIepaTypachl €CeNnTe .

Tyiiin ce3/ep: Kyc eTi, CaIKbIHAATY, TMIOTEPMHUSI, KPHOCKONUSUIBIK TEMIIepaTypa, TayblK, eTi, Opoiep.

Brenenune. OxiaxieHHOE MsICO IMEET psiJi IPeuMy-
IIECTB MO IUINEBOA W OHONIOrMYECKOW IEHHOCTU IO
CPaBHEHUIO C ITOIMOPOKEHHBIM M 3aMOPOKEHHBIM MSi-
coM. OJIHaKO OIHOH M3 Cepbe3HBIX MPOOJIEM pacIupe-
HM$I TPOU3BOJICTBA OXJIAXKIEHHOTO MsICa SIBJISIETCS Orpa-
HUYEHHBIN CPOK €r0 T'OIHOCTH (XpaHeHHs]).

OmHUM W3 HANpaBJICHUI COXpaHEHUs KauecTBa U
yBeJIWYEeHHe CpOKa TOAHOCTU OXJIaXKAEHHOIO Msca sB-
JIieTCsl IOHM:KEHUe TeMIepaTtypsl XxpaHeHus. B 1920 r.
Le Danon onmcan nporiecc nepeoxiaxkIeHusI BIIEpBbIe,
XOTSI caM TEPMHH «IIEPEOXJIAKACHNE» WM «[ITyOOKOe
OXJIaKJIEHHE» UM He MCIojb3oBajcs [1].

IMo paHHBEIM MeXIyHapOgHOIO WHCTUTYTAa XOJIOHA
(MUX) monmxkenne temnepatypsl ot 1 °C go munyc 1
°C yBenMUMBaET CPOK XpaHeHHs Msca B ABa pasa [2], a
COIMIAcHO McciefoBaHusM PeniepalibHOTO IIEHTpa Msca
(Kynpmbax, ['epmanust) B 00MacTH IOHMKEHUS TEMIIe-
paryp ot 0 °C o munyc 1.5 °C coorBercTBeHHO Ha 30%
[3], 94TO yKa3bpIBaeT HA IOMHUHHUpYIOIIEE BIUSHIE TEM-
TepaTyphl OXJIAKAAIOIIEH Cpefibl Ha YBEJIMYEHNE CPOKa
XPpaHEeHHU s OXJIAXJEHHOro Msca.

AHa3 COBPEMEHHOTO COCTOSIHHSI U Pa3BUTHUSA TEX-
HOJIOTUM XPAaHEHUs OXJIAXAEHHBIX NMPOLYKTOB KMBOT-
HOTO MPOUCXOXKAEHUS MOKA3bIBAET, YTO OJHUM U3 IIy-
Tel obecrieueHus1 6e30MacHOCTH, COXPaHEHH s KauecTBa
1 YBEJIMIEHHM I CPOKA TOJHOCTH Msica TPYU MUHUMAaJIbHON
TEXHOJIOTUUECKOH NepepaboTKe ChIpbsl SIBISAETCS MpHU-
MEHEHHE TEXHOJIOTHH CYMEpOXJaKIEHUs U XpaHEHHS
TIPY CYOKPUOCKOITMYECKUX TEMIIepaTypax.

CynepoxJiaxieHue MpeJICTaBsieT COOOM MPOIEce XO-
JIOMIBHON 00pabOTKM, 0OECTICUNBAIOIINI TOHWKEHIE
Temreparypbl Msica (Ha 1-2°C) Huke KpUOCKOITMYECKOM
TeMIieparypsl 6e3 (pa30BOro MpeBpaIieHrs BOIHI B Jie/
(mepeoxiaxaeHue - “supercooling”).

®dazoBoe npeBpalleHue BObI B Jie IPY MOAMOPaKH-
BaHWU Y 3aMOPAXUBAHUM NUIIEBBIX IPOLYKTOB BbI3bI-
BaeT HEOOpAaTUMBIC N3MEHEHH S B HUX B pe3yJIbTaTe KpH-
CTAJUI000Pa30BaHMsI B MBIIICUHBIX BOJIOKHAX, HEKOM-

MapTMEHTAJIM3alMK KJIETOYHBIX OpraHesul U JeHaTypa-
MY CApKOIUIA3MaTHIECKUX U MUO(PUOPHIUISAPHBIX Oell-
KOB.

HUccnenoBaauio mpoOieMbl XpaHeHHsT Msica B OXJIa-
JKJICHHOM BUJIe TIpU OJIM3- ¥ CyOK pUOCKOIIMYECKUX TEM-
nepaTypax MOCBSIIEHbl paOOThl KaK POCCHUICKHUX, Tak
1 3apyOexHbIX aBTOpoB. B mcciemoBanusix H.A. To-
JIOBKMHA U Jp. MOKa3aHo [4], 4To [yIsl NepeoxJiaxaeH-
HOTO Msica MO CPAaBHEHHUIO C OXJIAXAECHHBIM XapaKTe-
peH Ooliee 3HAYMTENBHBIN MPOTEOIN3 CApKOILIA3MAaTH-
YeCKMX M MHO(PUOPULISIPHBIX OEJIKOB, YTO BEPOSITHO
CBSI3aHO C Pa3pyLIEHUEM JIM30COM U BCJIEICTBUE 3TO-
ro ycKopeHueM rnpoteonu3a OenkoB. C Apyroi cropo-
HBl, MEXaHOXUMHUUYECKHE MPOLIECCH (TOCMEPTHOE OKO-
YeHEHNE) B MepPeOXIaxIeHHOW MbIIIEYHON TKAaHU Mpo-
WCXOIUT MO3[HEE, a UMEHHO Ha 5-7 CyTKM XpaHEHus,
YeM B OXJIQXKJEHHOM Msice. 3amessieHue OUOXUMMYe-
CKUX IIPOLIECCOB BO3MOKHO CBSA3aHO C TIOHMKEHUEM MO-
JIeKyIspHOi noaBrkHOCTH Boabl [5]. Tlo mepe oxia-
JKIEHHST THUIIEBOTO MPOAYKTa MOABMKHOCTH MOJIEKYJI
cHuxaercs, Aug@ys3us B MUIIEBOM MPOAYKTE OrpaHU-
YMBAETCS U BCE MIPOLIECCHI, 3aBUCALIME OT IOABUKHOCTU
MOJIEKYJI, 3aMeJJISIOTCS.

ComtacHO AaHHBIM [4] mepeoxJlakAeHHOE MSCO IO
Ka4eCTBEHHBIM MOKA3aTeJIsIM He yCTYIaeT, a [0 HEKOTO-
PbIM MPEBOCXOUT OXJIAXKJICHHOE M 00ECIIeUnBaCT yBe-
JIMYEHHUEe MPONOKUTENLHOCTU XpaHeHUsl. CI0KHOCTBIO
peanm3aii TeXHOJIOTHH XPaHeHUs TepeoXyIakIeHHO-
o Msica SIBJISIETCS TO, YTO COCTOSTHHE TIePeOXIIakICHIUS
JIETKO HapyIIaeTcst IpH KoJeOaHU! TeMITepaTypHBIX pe-
JKMMOB U €CJIM MsICO TIO[JBepraeTcsi KakoMy-JIH0o Mexa-
HUYECKOMY BO3IEHCTBUIO.

B pa6orte Justas D., and Bill B. [6] yka3zano 00 uc-
CJIEJOBAHUAX MHUHUMAJIBHOI TeMIlepaTypbl XpaHEHUs
OXJIQXK/ICHHOM TOBSIIMHBL. X PAHEHUIO TIOJIBEPraJiki OTPY-
Obl MsiCa, YIIAKOBAHHBIE TI0]] BAKYYMOM. YIIAKOBKH Xpa-
HWIM B 3aKPBITBIX KOpOOax MpH TeMIlepaType BO3My-
Xa B Kamepe B auamna3oHe ot MuHyc 2,2 °C 1o MuHYyC
2,6 °C. Bonbluas yactb OTpyOOB B BAKYYMHOH yIIaKOBKe
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He 3aMep3Jia B TeueHue 4 Helenb. ABTOPHI JEJAl0T BbI-
BOJI O I1e7IeCO00Pa3HOCTH [UTUTEIFHOTO XpaHEeHHs Msca
B MEPEOXJIAXKICHHOM BHUJIE, C MOJep:KaHUEM YCIIOBHIA,
UCKJTIOYAIOIINX BO3MOKHOCTh 3apOKAEHUST KPUCTAIIOB
JIbJA.

CreneHp JOCTUTAEMOTO TepeoxaxIeHus (Havasb-
Hasl TOYKHW 3aMep3aHus1) Py MPUMEHEHUU 3TON TEXHO-
JIOTUH 3aBUCHUT OT BHA ITPOAYKTA, U CBSI3aHa C €T0 CTPO-
eHueM u coctaBoM [7]. Ilo manHBIM Sanz et al., Msgco
3amep3aet npu Temrieparype ot -0.6°C no -1.6°C [8], a
James et al. u Small et al. npuBOAAT TOUKY 3amMep3aHus
B -1.5°C [9,10], a Lowry u Gill — munyc 2°C [11]. o
nanHbeiM Farouk et al. [12] Touka 3aMep3aHusi TOBSKbUX
MBILIL 3aBUCUT OT ypoBHs pH Mbii (ot -0.9 °C 1o -1,5
2C).

HUccnenosanus, nposeaeHHslie Fukuma et al. [13] o
TIePEOXIAKICHUIO, TIOKAa3aIi yYBEINUYCHHE CTEIeHH Tie-
PEOXJIaK/ICHNSI U CHIKEHHE TeMIlepaTyphl 3apOmbIIiie-
00pa30oBaHKs, KOIra pa3iuyHble 00pasiibl PhIObl Mej-
JieHHO oxJiaxaanuch Ha 0,5 °C 3a CyTKU ¥ OOHAPYKUIIH,
YTO CMATYSHUE MsICa PBIObI OBUIO OCTAHOBJICHO 3TOH 00-
PpabOTKOIA.

[MpumeHeHUe OMM3KPUOCKONMUYECKUX TEMIIepaTyp U
MepeoXJIaXIeHUsT 0OECIIEUMBAET COXPAHEHHE KAauecTBa
U yBeJIMYEeHHEe CPOKa TOAHOCTH OOJBIIMHCTBA THIIE-
BBIX MPOJAYKTOB (Msica, nTuibl, peiObl) [14-19]. s
00eCIIeYeHUsI YCTOMUMBOTO MEePEOXJIakICHHOIO COCTO-
SIHUSL TIPOIYKTOB TIPU CYOKPHUOCKOITMYECKON TeMIiepa-
Type OOJIbIIIOe 3HAYEHHE UMEET TOYHOE OIpe/esieHue
YPOBHSI TEeMIIEPATyphl Msica M CTaOWIIbHOE MOMIEPKa-
HHE TEMIIEPATYPbI OXJIAKJAIOIIEH CPEebl C JOMYCTUMbIM

YPOBHEM KOJIEOAaHMI Temrieparyp IJIsi BO3[yXa W VIS
MIPOZYKTA.

Jtst mojiepsKUBaHUsT YCIIOBHI, TpeOyeMbIX IS Tie-
peoxnaxaeHus (HU3Kasi TeMIeparypa U KOHTPOIb Hajl
CTAaOMJILHOCTBIO) HA TPOTSHKEHUH BCEH XOJIOMUIbHOW
LIEMTU HeOOXOIUMO CO3/IaHKE CIIEIMATLHOIO U MOJICPHH-
3aIUisl CYIIECTBYIOIEro 00OPYIOBaHUsI, KOTOPOE MO03-
BOJIUT Peajin30BaTh MPEUMYIIECTBA [IEPEOXIIAKTEHHOTO
MPOJIYKTA.

BBIMIpBIIIHBIM aCHEKTOM XpaHEeHHsl MUILEBBIX IPO-
JYKTOB B TEPEOXJaXJEHHOM BHJE SBIAIOTCA Oonee
HU3KHE SHEPro3arparsl AJ1s1 UMILIEMEHTAILINH 3TOH TeX-
HOJIOTHU B MIPOMBILIIEHHOCTb, 110 CPABHEHUIO C XpaHe-
HHUEM B 3aMOPOKEHHOM HJIM YaCTUYHO 3aMOPOXEHHOM
Bujle. Tak Kak Npu mepeoxJaxIeHUHM He HYXKHO yaa-
JISATh CKPBITYIO TEIUIOTY (ha30BOIO Iepexoa, TAKUM 00-
pasomM, TpeOyeTcsi MEHbIIE SHEPrUH, YTOOB! OXJIAXKAATh
MPOAYKT O OKOHYATEJIbHON TEMIIEpaTyphbl X pAaHEHUSI.

Boree KOpOTKHMi CPOK XpaHEHHUS OXJIAXKASHHOTO Ky-
PUHOTO MsICa CHIKAeT €r0 COBMECTUMOCTD IJISl TPaHC-
HOPTHPOBKU WM JJIMTENBHOrO XpaHeHus. Takum 00-
pazoM, B NTHLEBOACTBE HEOOXOAMMBI METO/IbI XpaHe-
HUS1, KOTOPbIE MOTYT COXPAHUTh Ka4eCTBO U MPOJIUTh
CPOK XpaHEHHSsI CBEKETO KypHHOTO MsICA 110 CPABHEHHUIO
C TPAIMLIMOHHBIMU METOIAMH XOJIOAWIIBHON 00pabOTKH
Y XpaHEHHUS.

Llenblo paGoTHl sIBNIsieTCsl ONpeeieHue 3HAYCHUH
KPHOCKOITMIECKON M TpeNesbHON TeMIepaTypsl mepe-
OXJIAXKACHUA MsACa NTHULBI U IITULETIPOAYKTOB [JIsI pas3-
PabOTK HayYHO OOOCHOBAHHBIX PEKUMOB UX X PAaHEHU ST
NP CYOK PUOCKOITMYECKHX TEMITepaTypax.

Puc.1 - Cxema sKkciepuMeEHTaIbHOTO CTEHAA

(1 - Ilepconanvhuiii komnviomep, 2 - Hamepumens memnepamypsbl MHO20KAHANbHbIL npeyusuontvlii MUT 8, 3 -
Tepmocmam cyxoeo3dyunviii TCB - 02)
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MarepuaJbl 1 MeTO/bl. DKCIIEPUMEHTHI 110 OITpe-
JeJICHAI0 KPHUOCKONIMYECKOW U TIpe/IeNIbHOM TeMIiepa-
TYPbI IEPEOXJIAKAEHH S, IPOJOIKUTEBHOCTH IIpoLiecca
TIePEOXJIaXACHUS MsICa IITULBI U ITULIETIPOAYKTOB ITPO-
BOJIMJTY B JTaOOPATOPHBIX YCJIOBUSIX XOJIOOUIBHON 00pa-
OOTKM M XpaHEeHHsI MAIIEBON TPOAYKLIMK Pa3TMIHbIMU
CIOCO0aMH TTOHMKEHHUSI TeMIIEpaTyphl, B TOM YKCIe U
CTYIEHYAThIM CHIKEHUEM TeMIIEpaTyphl CPelbl B CyXO-
Bo3ayurHoM Tepmoctare TCB-02 (puc.1).

Kpuockonuueckyo TemMIieparypy 1 npeJesibHyIo TeM-
nepatypy NepeoxJaxaeH s Onpeaessiia TepMorpadu-
YEeCKUM aHAIM30M IO TeMIleparype CTaOWIM3aliK Ha
KPUBOI 3aMOpakMBAHUS WU IO CKAYKOOOPA3HOMY U3-
MEHEHMIO, XapaKTepHOH misi (pa30BOroO INpeBpalieHus
BOZBI B Jief. Temneparypy Bo3yxa, Msica ITHIIBI ¥ IITH-
LENPONYKTOB ONpPEeIsN C IPUMEHEHHEM NPEL3UOH-
HOro u3mepurens temreparypst MUT-8.10M.

Puc. 2 - Ucnonmb3oBaHHasA B IKCIIEPUMEHTAX MPOAYKIUSA U pa3MELICHNUE JaTYMKOB HpI/I60p0B
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Puc. 3 - Onpenenenue npeaensHON TeMIepaTypbl HEpeoXJiakAeHN s ITUIIbL ¥ ITULETPOLYKTOB IPU
OJHOCTAAUIHOM peXUMe

(1-6030yx; 2—pune 2pyoxu KypuHoe 0XAaHCOeHHOe YNaKOBAHHOe 8 Nuesyto naenky (n/n); 3— duie epyoku
KYpUHOe KON4eHo-8apeHoe Ynakosantoe @ n/i; 4—pune epyoxu Kypuroe CbipoKOnueHoe YynakosamnHoe é n/.)

KoHTponb Temreparypsl OXJIaXJAIOIMEed Cpeibl U
MIPOAIYKIIUK OCYIIECTBIISIA C IPUMEHEHUEM COBpPEMEH-
HBIX IPELIU3MOHHBIX KOHTPOJILHO-U3MEPUTENBHBIX PH-
OOpPOB C perucTpaiyieil U 3aruchlo JaHHBIX C TOCIIeIY-
IOLlel nepeayell UX Ha KOMITBIOTEP U BBIBOJOM B BU-
e rpacukoB. OOBEKTOM HCCIIeJOBAHMS SIBJISUTUCH MSICO
MTHUIBL U ITUHENPOIYKThI, IPUOOPETEHHBIE B TOPTOBOM
cetu: 1 — cprste TpyAKM KypHLIBI OXJIaXAEHHOE, 2 — (hu-

Jie TPYJKH KYPHIIBl KOITYeHO-BapeHoe, 3 — (uie rpyaku
KYypHIIbl CBIPOKOITYEHOE, 4 — Hora Opoiiyiepa OXJIakJeH-
Hast; 5 — uie rpyaKu 6poiiiepa OXJIaxaeHHOe.

DOTO UCTIONB30BaHHOM NPOLYKLIUHU B SKCIIEPUMEHTAX
Y pa3MellleHHe JaTYMKOB MPHOOPOB IMOKa3aHbl Ha PU-
CYHKe 2.

9KCHepI/IMCHTaﬂbHLIC HCCIIEA0OBAaHUA TI0 OIIpEnciie-
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HMIO 3HAYEHHWH KPUOCKOIIMYECKOM U TIPEIETbHON TeM-
TIepaTyphl TIEPEOXTAKICHNS U TEMIIEPATYPBI OXJIaXKIa-
IOlIel Cpefibl, HEOOXOAUMOM Jjisi OOOCHOBAHHS TeX-
HOJIOTMYECKUX pC)KI/IMOB XpaHeHI/IH, OGCCHC‘{I/IBaIOLHI/IX
YCTOMUYMBOE MEPEOXJIAKIEHHOE COCTOSTHUS MITUIIBI pa3-
JIMYHOTO TEPMUYECKOTO COCTOSIHMSI TIPH CYOKPUOCKO-
MIMYECKUX TEMITEPATypax IMPOBOMWINCH TIPU Pasind-
HBIX PEKMMAaxX OXJIAXKACHHUS (OJHOCTAANAHOM, IBYX-

CTaJUHOM) U TIO paHee pa3pabOTaHHOMY aIrOPUTMY,
IpegycMaTpuBaollee MeUIeHHOE CTYNEHYaToe IOHH-
JKEHUE TEMIIEPaTypbl BO3/LyXa JI0 JOCTHKEHH IPEeb-
HOH TeMIepaTypsl epeoxyiaxaeHus mpoaykra [20-21].

Pe3ynbraThl  9KCIEpPUMEHTATBHBIX  MCCIIEJOBAHUN
NpHUBe/IeHb Ha TepMorpammax (puc.3-7) U Tabnunax
(1-3).
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Puc. 4 - Onpenenenue mpeaensHON TeMIepaTypbl HEPeoXJIakIeHU s ITUIIB ¥ ITULETIPOLYKTOB IIPU
JIBYXCTaIMAHOM peKUME

(1-6030yx; 2— pune 2pyodxu Opotinepa oxaaxNcoeHHoe YNnaKkosamHoe 8 n/n ; 3—gpune 2pyoku Kypuroe YynakoeanHoe 8
n/n; 4—gpune 2pyoku KypuHoe KOnUeHo-8aperoe YnaKoeanHoe 6 n/n; S—une zpyokit KYpUHoe ColpOKONUeHoe
Ynakoeamuoe 6 n

\
(S |
% , \\ 2 ﬁi\ 1 2
: 2 \ A o
o 2 s = ey = \
H \ W\
= )
. v 3
. \ |
-6 b
-7
0 10 20 30 40 50 60 70 80 90

HPO;JOJIDICHTGJIBHOCTI:,'I

Puc. 5 - Onpenenenue npeneabHON TEMIIEPaTyphl HePeoXJIax ICHHs IITHLB M NITULCTIPOAYKTOB IIPU CTYIIEHYATOM
pexume ¢ marom 2°C

(1-6030yx; 2— Hoz2a Opoinepa oxAaXHCOeHHAS: YNAKOBAHHASL 8 N/N.; 3— une 2pyoKku OPoLiiepa OXAANCOeHHOe
YNAKoBaHHOe 8 N/N.; 4— Hoea Opolinepa 0XAaNHCOeHHAs YNAKOBAHHAS 8 N/N.)
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Puc.6 - Onpezesnenue npegenbHON TeMIepaTyphl NEpeoxIakAeHUs NTHLbI 1 NTHLENPOAYKTOB IIPH CTyHeHYaTOM
pexume ¢ marom 2°C

(1-6030yx; 2— cpune 2pydxku Opolinepa oxaaxcoeHHoe ynaKoearHoe 8 n/n; 3— une epyoKu Kypuroe
KONUeHO-8apenoe Ynakoeannoe 8 n/n; 4— gpune 2pyoku Kypuroe colpokonuéroe ynaKkosantoe 6 n/n.)
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Puc. 7 - Onpenesnenye npeie/bHON TeMIIepaTy phl IIepeOXJIak JSHUS TUIO3bL, IITUIIB! U AUCTHIUTPOBAHHOM BOJIBI
IpH CTYNEHYaToOM pexxuMe ¢ marom 2°C

(1-6030yx; 2— 6oomuwiii pacmeop munozvt 10% (ananoe msca nmuybl N0 MeNAOPHUUUECKUM C8OTICMEam); 3—
Ppune epyoxu Opotinepa 0xAaNCOeHHOe YNAKOBAHHOE 8 N/, 4—pune epyoKu Kypuybl 0OXAANCOEHHOE YNAKOBAHHOE 8
n/m; 5— 600a OUCMUAUPOBAHHASL)

Pe3yabrarel HcciaegoBaHUi. AHAIHM3 JIaHHBIX
KPUOCKOIIMIECKOHN TeMITepaTyphl U MpeaeIbHON TeMIie-
paTypsl epeoXIaKACHUS IPH OQHOCTATUIAHOM PEXUMe
OXJIAKICHUST TIOKa3bIBaeT (puc.3), 4To 111 BCex oOpas-
1OB (puie IrpyIKy KypUHOTo MpejeibHas Temreparypa
MIePEOXJIAXICHAST HIKE KPUOCKOIIMIECKON He3aBUCUMO
OT TEPMHUYECKOro coctosiHus puiie. OgHako ¢azoBblil
Mepexoyt BO/IbI B Jie[] BO BCex oOpasiiax HaOmogaercs B
y3KOM BpeMeHHOM HHTepBajie 2,134. ITpomomkuress-
HOCTh (ha30BOr0 Iepexona MexIy oOpa3lamMu pa3ind-
HOT'O TEPMUYECKOTO COCTOSIHUS MeHee 1,23 u.

B ciyyae ucnonb30BaHUs ABYXCTAAMMHOTO PekMMa
(puc.4) BBISBISIETCA 3HAYMUTENIbHAS PAa3HUIIA TIO BpeMe-

HU BBHIXOJIa XapaKTepHBIX MHUKOB (pa30BOro Iepexona B
3aBUCHMOCTH OT TEPMHUYECKOrO COCTOSTHHS Msca. s
OXJIAKJIEHHOTO KypHUHOTo (prite (pa3oBHIN Mepexon Ha-
omonaercs yepe3 4,18 4. mocie Havasia SKCIEpUMEH-
Ta, KOIMYEHO-BapeHoro 24,32 4. u AJisi CHIPOKOITYEHO-
ro 27,15 4. Cnegyer OTMETUTD, UTO 1)1l ABYXCTaJUITHO-
TO OXJIAXKICHUS XapaKTepHO Oojiee YeTKoe pasJiesicHue
(pa3oBBIX IEPEXOIOB 1O BpeMeHH. AHAJIOTUYHAS KapTH-
Ha HAaOJIONAeTCs U MPY CTYNIEHYaTOM MOHM)XEHUU TeM-
nepatypsl Bozayxa marom 2,0°C 1y OTULBl M NTULE-
MPOIYKTOB Pa3IMYHOIO TEPMUYECKOTO COCTOSIHUS, IS
BOIHOro pactBopa Tuiio3bl 10% (aHasiora msica NTULIBI
0 TerUIo(pU3UIECKIM CBOMCTBAM) M JUCTHUIMPOBAH-
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HOW BogpI (puc.5-7).

CpaBHUTENBHBIN aHATI3 SKCIIEPUMEHTAIbHBIX 3HaUe-
HUI KPUOCKOIMIECKOH ¥ IPeIeTbHOM TEMITepaTy phl Tie-
PEOXJIaX/IeHUSI, TTPE/ICTABJICHHBIX B TaOuIle 2 MOKA3bl-
BaeT, YTO HE3aBHCHMO OT BHJIa MPOAYKTa M €r0 TePMH-
YEeCKOTO COCTOSTHUS (OXJIKAEHHDIN, KOMTUEHO-BapeHbIH,

CBIPOKOITYEHBIN) CpejHee 3HAYEeHNE KPHOCKOIMYECKON
Temmneparypbl MUHYC 2,01°C cylUecTBEHHO BbILLE Cpe[l-
HEro 3HauyeHWs Ipe/ieSIbHON TeMIlepaTypsl Mepeoxiia-
xaenust Munyc 4,77 °C B CBSI3U C 9TUM HWXHUU Tpe-
JeJ TEeMIIepaTypHOro JUana30Ha XpaHeHus Msca MTH-
bl ¥ ITULETIPOLYKTOB MOKET ObITh CYIIIECTBEHHO HIIKE
KPHOCKOINYECKON TEMIEPaTypbl

Tabmuua 1 - DkcnepuMeHTasbHble 3HAYEHUsT KPUOCKOITMUECKOH U Mpe/IeIbHON TeMIEpaTyphl MEPeoXJIax AeHNUsI
OXJIAKICHHOH, BApEHO-KOIMYEHO! 1 CBIPOKOIMUEHOM MTHULIBI ¥ NTULETTPOAYKTOB.

Ne | HaumeHOBaHHMe MPOLYKIAH EKP’ ;l“ng,
durte rpyIKy KypruHOE OXJIakKICHHOE YITaKOBAaHHOE B MHIIEBYIO TUICHKY (T1/11) -1,13 -3,67
1 | ®ue rpyaxu KypHHOE KOITYEHO-BapeHOe yIIaKOBaHHOE B I/ -2,33 -3,71
durne rpyaky KypuHOe CHIPOKOITYEHOE yIaKOBaHHOE B I/T -6,34 | 9,55
duie rpynku Opoiiiiepa OXJIakJEHHOE YIIaKOBaHHOE B 1I/T1 -0,83 -3,12
’ durte rpyIky KypuHOe OXJIaKICHHOE YITaKOBAaHHOE B I1/TI -0,97 -3,04
dure rpyaky KypuHOe KOITYeHO-BapeHoe YIIaKOBaHHOE B I1/TI 2,13 -5,43
durne rpyaky KypuHOe CHIPOKOITYEHOE yIAaKOBAHHOE B /T -5,31 -8,25
Hora Gpoiiniepa oxJiaxaeHHast yIakoBaHHasI B I1/11. -0,82 3,47
3 | ®wuie rpyaxu Oporiiepa OXJIaxIeHHOe YIIaKOBaHHOE B I1/TI -0,99 4,14
Hora 6poiinepa oxJiaxaeHHast ylakoBaHHasI B I1/11. -1,01 -3,90
duie rpynku Opoiiiepa OXJakJIeHHOE YIIaKOBaHHOE B 1I/11 0,95 -3,15
4 | ®ue rpyaku KypuHOE KOITYEHO-BapeHOe YIIAKOBAHHOE B II/TI 2,20 | -5,31
durne rpyaky KypuHOe CHIPOKOITYEHOE yITaKOBaHHOE B I/TI —6,65 -12,36
Bommsiii pactBop Tminossl 10% (aHanor msica mTHIlel Mo Teruiopusmdeckum | —0,53 2,41
5 CBOICTBaM)
dute rpynku Opoiiiepa OXJakJEHHOE YIIaKOBaHHOE B T1/T1 -0,88 2,46
durne rpyaku Kypuibl OXJaXIEHHOE YITAKOBAHHOE B I/ -0,96 | -3,43
Bona quctwiuipoBaHHast -0,03 -3,69
2,01+ | 4,77+
X£5 206 | 270

Tabnmuna 2 - PekoMeHiyeMble TeMIepaTypbl X paHeHHsI (rjIe KypUHOTO OXJIaXIEHHOTO, KOITYEHO-BAPEHOTO U
CBIPOKOITYEHHOTO, YIIAaKOBAaHHOTO B MHUINEBYIO IJIEHKY

Ne | HammeHoBaHuE NPOAYKLIUU Txp,°C T, °C Tprx,°C

-1,13 -3,67 -2,40
1 | ®wuse rpyaku KypuHoe OXJIaxIeHHOe yrakoBaHHoe B i/ | —0,97 -3,04 2,01
-0,96 =343 -2,20

X+S -1,02+0,10 | -3,38+0,32 | -2,20+0,20
-2,33 =3,71 -3,02
2 | due rpyaxu KypUHOE KOITYEHO-BapeHoe yNakoBaHHoE B I/H2,13 -5,43 -3,78
-2,20 =5,31 -5,98

X+£S -2,22+0,10 | —4,82+0,96 | —4,26%1,54
—6,34 -9,55 7,95
3 | ®uie rpyaku KypMHOE CBIPOKOITYEHOE yIakoBaHHoe B 1/m —5,31 -8,25 -6,78
—6,65 -12,36 -9,51

X+S -6,10£0,70 | -10,05+2,10 | -8,08+1,37
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Tabmuua 3 -PekoMeHiyeMble TeMIlepaTypbl XpaHeHus1 (huie TPYIKU U HOTH OXJIaXKIeHHOro Opoiiiepa,
YIIAKOBAHHBIX B THINEBYIO TIEHKY

Ne | HammeHoBaHMe NpOgyKLUH Txp,°C Torn, °C Tprx,°C

-0,83 =3,12 -1,98
1 | ®ue rpyaku Opoliiepa oxIaxaeHHOe yrakoBaHHoe B i/l —0,99 -4,14 -2,57
-0,95 -3,15 -2,05

X+S -0,92+0,08 | -3,47+0,58 | -2,20+0,32
-0,82 -3,47 2,15
2 | Hora 6poiinepa oxyaxkJeHHas yakoBaHHas B TI/TI. -1,01 -390 -2,46
-0,97 -3,85 2,41

X+S -0,93£0,10 | -3,74%0,24 | -2,34%0,17

Pexomennyemble TemriepaTypbl XpaHeHusl (e Ky-
PHHOTO OXJIXKAEHHOTO, KOITYEHO-BAPEHOTO U CHIPOKOI-
YEHHOI'0, YMAaKOBAHHOIO B TIMILEBYIO IUIEHKY U (buie
IPYOKH M HOTM (Pa3IMYHBIX aHATOMUYECKUX 4YacTeil)
OXJIaXK/IEHHOTO Opofiyiepa NpuBeeHbl B Tabimiax 3-4.

AHaJM3 MOTyYeHHBIX JaHHBIX [TOKA3bIBAET, YTO PEKO-
MEeH/lyeMasi TeMIieparypa XpaHeHuUs 11 OXJIakK JEHHOTO
¢une cocrasiger Munyc 2,20 °C +- , KOTYEHO-BapPEHOI0
MUHYC 4,26 + - U CBIPOKOMUEHHOT0 — MUHYC 8,08 +-T.

ConocTaBUTENIbHBIA aHAIM3 OXJIAKAEHHON MPOAYK-
UM TIOKa3bIBaeT OTCYTCTBHE CYIIECTBEHHON Pa3HUIIBI
B PEKOMEHIYeMOM TEeMIIepaTypHOM peXHUMe XpaHe-
HUS MEeXY pa3ddHbIMUA BUJAMH MPOLYKLUH (KYpHIa,
Opoilyiep) U MeXIy OTICIbHBIMA AaHATOMHUYECKUMH Ya-
ctsivu (¢prie, Hora Opoiiiepa).

BeiBoab1. O6001ieHe HHGOPMAIIMOHHOTO MaTepy-
aja 1Mo NMPUMEHEHUI0 WHHOBAIMOHHOTO Mpolecca Me-
PEOXJIaXAeHUS ITULBI ¥ ITUIIETIPOYKTOB TIOKA3bIBAET,
YTO CyNepoXJIakJeHHe MPOJIEBAET CPOK XPaHEHHS Ky-
PUHOTO Msica M 00eCcIIeurBaeT ero KauecTBo 1 Oe3omac-
HOCTh TIPY XPaHEHHM U TPAHCIOPTUPOBKE IO CpaBHE-
HUIO C TPAAUIIMOHHOI TEXHOJIOTHEN. DKCIIepUMEHTAIIb-
HO oIpejesieHbl 3HaueHHUs] KPUOCKOIMMUYECKUX W TIpe-
JEJBHBIX TEMIIEpaTyp Msca NTULBI M NTULETPOLYKTOB
Pa3IMYHBIX BUAOB U TEPMIYECKOTO COCTOSIHUS IIPH pa3-
HBIX TEMIIEPATypPHBIX peXUMax oxjiaxiaeHus. [lokasza-
HO, YTO IPH ONpeJieSIeHNH 3HAYeHUI KPUOCKOITUYECKON
U IpeJieSIbHON TeMIlepaTyphl MepeoxXIaxAeHNs LieJIeco-
00pa3HO MCHOJIBb30BATh CTYIEHYATHIN PEKUM OXJIAK/Ie-
HUSL.

YcraHOBIIEHO, YTO TIpesiesbHAsl TeMIleparypa mnepe-
OXJIAXZICHUS SIBJIAETCS (PUKCHPOBAHHBIM HMHAVBHIY-
JIBHBIM TOKa3aTesleM Hayala HyKJIealuu Ui Msca
NTHULIB U ITHULETPOAYKTOB U MOXKET ObITh UCIIOJIb30Ba-
Ha B COYETaHUU C KPHOCKOITUUECKOM TeMIlepaTypoil Kak
KPUTEpUii 11 0OOCHOBAHUS TEMITEpaTypbl OXJIakK/al0-
med cpenpl, obecreynBaoIeld CTabHIbBHOCTh MPOLYK-
TOB B IIEPEOXJIAKICHHOM COCTOSIHHU.

IMosy4yeHHble JaHHbBIE CBUAETETBCTBYIOT O 3HAUUTENb-
HOH pasHHIIEe MEKIy KPUOCKOIIMIECKON TeMIepaTypon
U TIpe/IeNIbHONM TEeMIIepaTypoll MepeoxJaxaeHus msica
NTUIBL ¥ NTULENPONYKTOB U HEOOXoouMocTH udde-
PEHLIIPOBAHUS PEKMMOB XPaHEHHUs B 3aBUCUMOCTH OT
COCTaBa M TEPMHUYECKOTO COCTOSIHHS HPOIYKTa. DKC-
NEePUMEHTAIBHO YCTAaHOBJICHO, YTO XpaHEHHUe KOIMYEHO-
BapeHBIX M CHIPOKOIMYEHBIX MPOLYKTOB MOXHO IPOBO-
JIUThb B Mana3oHe Temrepatyp ot muHyc 5,0 °C 1o mu-
Hyc 8,0 °C B nepeoxJiaxJJeHHOM COCTOSIHUU.

Dunancuposanue. Hccredosanue 6bINOAHEHO NPU
noodepaicke gpurarcuposanusi Komumema nayxu Munu-
cmepcmea Hayku u evicutezo obpazoseanust Pecnyonuxu
Kazaxcmarn no 6100xcemnoii npozpavmme 217 «Pazeu-
mue Hayku», noonpozpamme 102 «Ipanmoeoe puran-
CUpOBanUe HAYUHBIX UCCAeO08aAHULD», cneyuduke 154
«Onaama ycaye no UCcaeo0o8aHusiM» 8 pamkax ebinon-
Henusi npoekma AP19678940 «Pazpabomka HO80T mex-
HON0ZUU XPAHEHUS. OXAANCOEHHO20 MSICA NIUUbL U NN~
UENnpPoOYKmMoe8 ¢ NPUMEHEHUEM DUON0ZUMECKUX MEMO0008
KOHCEPBUPOBAHUSL 8 COMEeMAHUU ¢ X01000M» Ha 2023-
2025 ze.
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OPTYPJII AMMAKTAPJIBIH IIIYBATTAPBIHAH BOJITHIII AJIBIHFAH
LACTOCOCCUS T¥YKBIMJACBIHBIH CYTKBIIIKBIJI BAKTEPUAJIAPBIH
3EPTTEY

C.3. CarbIHABIKOBA ® 1 y.3. CarblHIbIKOB ®: , T.C. TacmaranoeroBa © 2 ML.K. CyaranoBa
®© 3, H. AKkkaHOB © ¥ M.A. fIxusieBa ®
IX. DocmyxamenoB aTbiHaarsl AThipay yHUBepcuTeTi, Atbipay, Kaszakcran,
2JLH. T'ymusies athiHgarsl Eypasus yiITThIK, yHMBepcHuTeTi, AcTana, Kasakcran,
3«Ka3a1< KaliTa eHzey koHe TaMak eHepkacioi F'3M» JKIIC AP, AcraHa, Kazakcran,
4 AJIMATBI TEXHOJIOTHSUTBIK, yHUBepcuteTi, Anmarsl, Kazakcran,

e-mail: nurtore0308 @gmail.com

Kazakcranzaa Tyiie mapyaribIbFbl - MaJl HIapyalibUTBIFBIHBIH JOCTYPJIi KAJIBIITACKAH casackl. ZKapThICh mei
JKQHe LIeJIelT aliMakTapaa opHanackaH Ka3akcTaHHBIH KeH ayMaKTapblH HIapyallbUIbIK UTrepyae Tyiie mapyariibl-
JIBIFBIHBIH YJITTHIK, 9KOHOMHUKAJIBIK, MaHbI3bI 30p. Tylie CyTi jkoHe OHBIH HeTi3iHJeri eHiMaep KyH/IB MpoOHOTH-
KaJIbIK, OaKTepusUIapabH Ke3i 0otbin Tadbuiafpl. [lybar - Tyde cyTiHeH jKacaJFaH YIITTBIK, CYCHIHHBIH MaJl Ila-
PYaIIbUIBIFB OHIMIEPiHIH apachlHAA TaraMIbIK JKarblHAH [a, eMIIK kKaFblHaH Ja 0ajaMachl KOK. BHOTOrUsIIbIK,
KacueTTepi OOMbIHIIA HIy0aT TeK KOPEKTIK KoHe IOMIi OHIM FaHa eMec, COHBIMEH KaTap 9pTYpJli OMOIOTUSIIBIK
GesiceHni 3arTapabH Ke3i 6okl Tabbutaapl. Byt 3eprrey Makanacbinga KazakcraHHBIH opTypili reorpausiibik
aiiMaKTapbIHBIH TyOaTTapblHaH OJTiHIIN AJIBIHFAH CYTKBIIIKBUI OAKTEpHsUIaphl INTaMMAAPs! Lactococcus TYKpIM-
Jacel 3eprrengi. Ateipay, Anmatel, AkTe0e, Kpi3biiopna oOIpIcTapbiHBIH (DepMEpITiK MapyaibUTbIK TAPBIHAH aJTbI-
HFaH [1y0aT ChIHAFBI 3€PTTEeyTe ATBIHBII, aJIIbIMEH OJIapIbIH OPraHOJMENTUKAIIBIK, KACHeTTepi aHbIKTaFaH. bemiHin
anbIHFaH Lactococcus MTaMMAAPBIHBIH (PU3HOTOTUSIIBIK, sKoHe OMOXUMUSUIBIK, KacHeTTepi 3epTTeireH. 3epTTelin
OTBIPFaH IIyOaTTapAblH YJIriiepiHeH OeiHin abiHFaH Lactococcus ITaMMIAPbIHBIH KaCHETTEPiHIH YKCACThIFbIHA
GaiaHpIcThl 3 TONKA OemiHl. By mramMmmaapapiH KeMipcy/pl allibITy epeKIeIiri, opTypiii TeMieparypajaa ecy
€peKINeNiKTepl aHBIKTAABL. DPTYPIi OOJBICTHIH NIyOaTTapblHaH OeJTiHIN ansiHFaH Lactococcus MTaMMAAPbIHBIH
TYPJIEPiHiH CaHbl, TYPJIIK KYPaMbl JKoHE Ke3/IeCy KULTIri OOUBIHINA [a 3epTTey KYPri3iiii.

Tyiiin ce3aep : Tyiie cyTi, Iy6ar, CyTKpIIIKBULIB OaKTepHsiIap, IITaMM, MUK podJiopa, NIeHTU(DHUKALIS.

VICCJIEJOBAHUE MOJIOYHOKUCJIBIX BAKTEPUI POJIA LACTOCOCCUS,
BBIAEJIEHHBIX U3 IIIYBATA PA3/IMYHbIX PETHOHOB

C.3. CarbIHJbIKOBA ® 1, ¥.3. CarsiHABIKOB ®© 2, T.C. Tacmaran6eToBa 12] 2 ML2K. CyaraHoBa ©

3
’

H. Akxanos © 3* ML.A. SIknsieBa 0
! ATnipayckuii yausepcurer umenn X. JlocMyxamenosa, Ateipay, Kasaxcras,
2EBpa3HﬁCKHﬁ Harmonanensiii Yausepcuter nvenu JIL.H. I'ymuneBa, Acrana, Kazaxcras,
3A® TOO «Kazaxckuit HUA nepepadaThIBaIOIei 1 MUIIEBOIM MPOMbIILIEHHOCTH», AcTaHa, Ka3axcraH,
4 AJIMATHHCKHIT TeXHONOTHYECKUil yHUBepcuteT, Anmartsl, Kazaxcras,

e-mail: nurtore0308 @gmail.com

B Kazaxcrane BCp6J'IIO)Kbe XO3SICTBO - TPAOJUIIMOHHO CJIOXKUBIIAACA OTPAC/Ib JKUBOTHOBOJACTBA. B xo3siicTBeH-
HOM OCBOCHHHU 06HII/IpH]>IX TeppI/ITOpI/Iﬁ Ka3aXCTaHa, TOJIOBMHA U3 KOTOPLIX PACIIOJIOKEHA B ITYCTBIHHBIX U IOJTY-
IMYCTbIHHBIX PEruoHax, Bep6IIIO)KI)6 XO3SICTBO MMeeT OOJIBIIIoe HAIMMOHAJIBHOE€ 3KOHOMMHYECKOE 3HAUYCHUE. Bep—
OJI0KBE MOJIOKO U MPOAYKTBI Ha €TO0 OCHOBE SABJIAIOTCS MCTOYHUKOM LICHHBIX Hp06I/IOTI/I‘lCCKI/IX 6aKTCpHﬁ. Harm-
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OHAJIBHBIY HAIIUTOK W3 Imy0aTa - BepOMIOKbEro MOJIOKA He UMeeT aHAJIOTOB CPEeiW MPOOYKTOB KHBOTHOBOLCTBA
HH B ITMIIEBOM, HH B JIeueOHOM Iutate. [1o GMOIOrnuecKiM CBOMCTBAaM LIyOat sIBJISISTCS He TOJIBKO IMUTATEIbHBIM
U BKYCHBIM IIPOIYKTOM, HO U MCTOYHHKOM Pa3IMYHBIX OMOJOTMYECKH aKTHBHBIX BellecTB. B maHHOW mccneno-
BaTeJIbCKOMW CTaThe ObLIM U3YUYEeHB! ITAMMbI MOJIOYHOKHUCIBIX OakTepuil pona Lactococcus N3 pa3IMuHbIX Teorpa-
(puyeckux perronoB Kazaxcrana. [lyis uccnenoBanust 6bu1 B3T 11y0ar u3 hepMepcKUX XO3SHUCTB ATHIpaycKoOH,
AnMatuHCKoH, AKTIOOMHCKOR 1 Kbi3putopanHckoi obnactedi. B BbIIeeHHBIX mTammax Lactococcus ObUTA U3Y-
YeHBl OPraHOJNeNTUYECKIE, (PU3HONOTMYECKHe M OMOXMMUYECKUe CBOICTBA. VI3-3a CXOINCTB CBOKCTBA IITAMMOB
Lactococcus, BbIIeTIGHHBIX U3 00pa3LoB UCCIIEyeMbIX IIy0aToB, OHM OBUIM pasfieieHbl Ha 3 IpyIibl. BeispieHs!
0COOEHHOCTH YIJIEBOJAHOTO OPOXEHHsI 3TUX IITAMMOB, OCOOEHHOCTH POCTa IIPH Pa3JIMYHBIX TeMreparypax. Takxke
ObUTH TPOBE/ICHBI UCCIIEI0BAHUS IO KOJIMUECTBY BUJIOB, BUIOBOMY COCTaBY M YacTOTE BCTPEYaeMOCTH IITaMMOB
Lactococcus, BbIIENEHHBIX U3 Iy0aTa pa3InHbIX 00JIacTel.

KiroueBble ci10Ba: BepOII0OKbE MOJIOKO, IIyOaT, MOJIOYHOKHUCIBIE OaKTepUH, IITaMM, MUKpOdIopa, UAeHTU-
uxanus.

THE STUDY OF LACTIC ACID BACTERIA OF THE GENUS LACTOCOCCUS
ISOLATED FROM SHUBAT FROM VARIOUS REGIONS

S.Z. Sagyndykova ® 1 U.Z. Sagyndykov © 2, T.S. Tasmaganbetova © 2, M.Zh. Sultanova ® 3,N.
Akzhanov © 3% ML.A. Yakiyayeva ®
lAtyrau University named after Kh. Dosmukhamedov, Atyrau, Kazakhstan,
2Eurasian National University named after L.N. Gumilyov, Astana, Kazakhstan,
3 «Kazakh research Institute of processing and food industry» LLP AF, Astana, Kazakhstan,
4Almaty Technological University, Almaty, Kazakhstan,

e-mail: nurtore0308 @gmail.com

Camel farming is a traditionally established branch of animal husbandry in Kazakhstan. Camel farming is
of great national economic importance in the economic development of vast territories of Kazakhstan, half of
which are located in desert and semi-desert regions. Camel milk and products based on it are a source of valuable
probiotic bacteria. The national drink made from camel milk shubat has no analogues among animal products,
either in terms of food or medicine. According to its biological properties, shubat is not only a nutritious and tasty
product, but also a source of various biologically active substances. In this research article, Lactococcus lactic acid
bacteria strains from various geographical regions of Kazakhstan were studied. Fur coats from farms in Atyrau,
Almaty, Aktobe, Kyzylorda regions were taken for research, first their organoleptic properties were revealed. The
physiological and biochemical properties of isolated Lactococcus strains have been studied. Due to the similarity
of the properties of Lactococcus strains isolated from the samples of the studied fur coats, they were divided
into 3 groups. The peculiarities of carbohydrate fermentation of these strains and the peculiarities of growth at
different temperatures have been revealed. Studies have also been conducted on the number of species, species
composition and frequency of occurrence of Lactococcus strains isolated from shubat in various regions.

Keywords: camel milk, shubat, lactic acid bacteria, strain, microflora, identification.

Kipicne. CyTTiH )orapbl TaramJplK, koHE OHOJIO-
THSUTHIK, KYHIBUTBIFB alllbIFaH Ke3/e OfIaH J1a apTaThH-
IBIKTaH, Ka3ipri yakpITTa (PyHKIHMOHATIBIK ©HIMAEp-
JiH TYTBIHY HApBIFBIHBIH JKAPTHICHIHAH KOO0l alllbIThl-
JIFAH CYT ©HIMJIEPIMEH YCBIHBUIFaH, OJIapibiH CTapTep-
JIK JIaKbULIAPHIHBIH aHTATOHUCTIK OEJICEHALTIr TUCOaK-
TEpHO3/Ibl KOHE OPraHW3MHIH WHTOKCHKAITMSACHIH OOJ-
JpipMaiinel. Onapasl JadbiHIayna KOMJAHBUIATHH OaK-
TepUSUIBIK, CTapTepiep aJaMHBIH ac KOPBITY JKOJIBIHA
OertimaesreH Oiperei MPOOHMOTUKTEP OOJIBIT TAOBLIAIBI.

AmbFad cyT eHIMJEpiHiH Maiaabl dcepi onapabH
OipKaTap MHKPOOPraHU3MIEpIi, COHBIH IMIiHAE KO3-
JBIPFBIIITAPABl OacybiHa OailaHbICTh. Byl ocep cyt
KBIIKBUIIbl OAKTEPHUSUIAPABIH, CYT KBIIIKBUIBIH JKOHE
iITIeKTe 3USH/IBI OaKTePUSsUIAPIbIH JAMYbIH TOKTATAThIH
3aTTapmpl (CyTeri acKblH TOTBHIFBI, Cipke, OSH30M Kbi-
MIKBUIIAPHL KOHE T.0.) KMHAKTAy KalineTiHe OaliaHbl-
CTBI, OYJI, ofeTTe, TeXeNnyre oKeJemdi, IIpiTy IMpore-
CTEpiH JKOHE YIIBI bIABIpAY OHIMAEPIHIH TY31TyiH TOKTa-
Tazawl [1, 2].
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JKaHa caypUTFaH MK CYTTiH KYPaMBIHIAFbl MUK PO-
OpraHM3M/Iep CaHBl Ta3aJbIK, JACHIeHiHe, CAaKTaly Kaf-
JafiblHA JKOHE TachIMaJJayFa OailyIaHbICTBI ©3repil OThI-
panbl. OHBIH KypaMbIHIa MHUKPOOPraHU3MHIH OOJTybI-
HBIH €Ki TYpJi (SHIOTEeH/Ii jKoHe 9K30TeH/Ii) XKoJbl Oap
EKeHJIri Oenristi. DHAOTEHIIK KOJIMEH CYTKe MUKPOOP-
TaHU3M TiKeJlel Maj KeJliHiHEeH Tycce, JKeNMiHHIH 06e3-
Ji Gesirinae Oipii kKapblM FaHa MHKPOOPraHU3M TOp-
macel Oonanpl. JKemiHHIH YII XKaFbIHAQ, SIFHA CYT ILIbI-
FATHIH CaybiM KaHAJIbIH/A AJIBIHFBI KAJFaH CYT TaM-
IIBICHI MEH KYFBIH/IBICHIHIIA MUKPOOPTaHU3MIED KH-
HaJIbI, KOOEWIl, «TBHIFBIH» TY3€/i kKOHE CYTKe TyC-
KeHme caHbl 1 oM’ cyrre OipHelle MbIHFA KeTesi.
Onap kebiHe MacTUTTIK CTPENTOKOKKAJIAp, MUKPOKOK-
Kajap, sHTepokokkanap (Ent.liguefaciens), kopuHeOak-
tepusiiap T.6. Gomagpl. Con cebenTi Manapl cayraH-
Jla aJFallKpl a3 FaHa CAyBIHIIBIHBI OOJIeK BIObICKA ca-
yFaH aypeic. JKemiH KaHaJIBIHBIH YIIBIHAA KUHAJFAH
MHUKPOOPraHU3M Ikl CyTKe TYCIereHi Typeic. Mai-
Ibl cayap aJiIbIHIA KeJiHIi JKyFaHIa MUKPOO caHbl |
cm? aymakrta 103-HeH koraphl GONMAayhl Kepek, JeTeH-
MeH, MaJl KeJTiHiHiH aHATOMUSUTBIK, KYPBUTBICBIHA Oaii-
JIAHBICTBI, JKEJIiH KaHAJIBIHBIH CijleMel KabaThl CHHTEe3-
JEUTIH Mail KbIIIKbULIAPBIHBIH OAKTEPHOLUITIK KacH-
eTi 60saipl. COHbIMEH Oipre, JKeNliH KaHaJbIHIAFbl CeK-
perrepMeH Oipre (hocONUMUATEp MACTUTTIK CTper-
TOKOKTap koHe Oacka na Oerae MHUKpOOpraHM3MIEp-
Ii enripin otelpansl. JKac manmapra KaparaHaa Kackl
YJIFaiifaH MaJIIapIbH KeTiHIHIE, Tepi KBIPTHICTAPBIH-
Ja MUKPOOpraHusmep kedipek Oonazpl, ceOedi: ipisi-
YCaKThI Tepi KBIPTHICTAPHIH/IA MUKPOOPraHU3M/IEP Ka-
JIBITT KOSITTBI XKOHE MAJIJIBIH JICHECiHIH KbUTbI TEMITEPATY-
pachl MUKPOOPraHU3MJIEPIiH KoOewiHe KOoNaiibl 6oma-
1pl. By Mukpodopa MUKpOKOKKamap, ifeKk Taskia-
JIapbl, SHTEPOKOKKAJAP, CYT KBIIIKbUIB OaKTepUsLIAPbI,
AIlBITKB CAaHBIPAYKYJIAKTAPhl TaFbl OacKa carmpo@urTi,
YIIBl, OHJIipiCKe KaKeTci3 MaJl TepiciHe MillleH XKoHe Ka-
MBIC TOCEHIMTEepiHEeH KYKKAH MUKPOOPraHU3MIepIcH
Typambl. Mast a3bIKTHIK, JKeMJepIe e opTypii MHKpO-
opraHu3mziep Oonazpl. JKaHa OpbUIFaH 1IONTE CYT Kbl-
HIKBUTB OaKTepHsiChl KoOipek 0o0Jica, CaKTaJiFaH JKeM-
IIenTepe cropa Ty3€eTiH, a3po0Thl Oaruuiaiap, COHbI-
MeH Oipre, Mas a3bIKTBIK, KEM-IIONTep/Ie MPOIMHOH Kbl
IIKBUTBL, CipKe KBIIIKBUIIAPHI, aKTHHOMUIIETTED, alllbl-
TKbI CAHBIPAYKYJIAKTAPBI T.0. MUKPOOPraHM3M/IEpP Ke3-
neceni. Manapl amibiFaH, OYJliHTEH HeMece TOIbIPaK,
apajacKkaH )eMMeH, Hallap CypjieMMeH KOPEeKTeHIipy
CYTTIiH Maii KBIIIIKBUTH ’KoHe Oacka 1a OaKTepusiapMeH
JlacTaHyblHa 9Kell corapl [3, 4].

KazakcraHHbIH OaTbiC jKoHE OHTYCTIK OOJIBICTApbIH-
Ja TyWe CyTi Herisri a3bK-TYJIK eHiMi OOJBII TaObl-

nanpl. KazakcraH — MHIYCTPUSUIBIK, MEMJIEKET OOJFaH-
IOpIKTaH Dateic aiiMakrapma ipi MyHall eHAIPY Xyp-
Ti3igyze, aja olapAblH IIbIFAPbIHABUIAPB! KOPIIaFraH Op-
TaHbl HAIIAPJIATATBIH MYHAH-XUMUS 3ayBITTAPbI KYMBIC
icreiini. Kenreren kananapna XxuMusi eHepKaciOiHaeri
METAJUTYprisuIbIK, kaHe (hocop 3aybITTapbl, COHBIMEH
KaTap, KeMip Iaxrajapbl MeH maxrajiap 6ap. MyHBIH
69opi KOpIIIAFaH OpTara JKoHE ajiaM JIeHCAYJIbIFbIHA Kepi
acep eTeli. ATOMJIBIK koHE SIPOJIbIK, KapbUIbICTap MEH
QCKEpH ChIHaKTap, COHJIAl-aK, FaphlllKa YIIy cajgapbl-
HaH eJIiMi3[JiH SKOJOTHUSICHl alTapiblKTail HaIapiaibl.
Con cebenti Ta3za MPOOUOTHKTEPMEH AIBITBUIFAH TYiie
CYTIMEH KOpeKTeHy MMMYHHTETTi KaKCapTyFa ocepiH
THTI3ETIHI co3ci3 [5].

MukpoopraausmMaep ¢epmana KacaWThH KYMBIC-
IIBUTAPABIH, CAyBIHINBUIAPABIH KHIMIEPiHeH Je Keill
tyceni. Con cekiyii, ayaHbIH KypaMblHIa 1a MHKpO-
opranmsm caubl 1 m>-ta 300-1500 Topmia ImamachiH-
na Oomamel. Ayana HerisiHeH KeOiHe MHKpPOKOKKajap,
capuyHajap, ambiTKbl CaHBIPAyKYJIaKTaphl KOHE 3€H
CaHBIpayKyJIaKTaphl Ke3aecei. MeMyekeTTiK cTaHaapT
TajabblHA Cail aybl3 CyMEH CYT KYSTBIH BLIBICTAPIbI,
Ky pai-KaOIpIKTapabl KyaJsl, al Oy cyma a3 na 6oi-
ca MUKpoopranusmep oonanpl. CyT cayaThiH, CaKTaii-
TBIH, IYPHIC XybUIMaraH, KENTipiIMereH BIIBICTAPIAFhI
CYTTIi Cy KQJIIBIFBl MEKPOOPTaHU3M/IEPAIH TipIIUTITiHIH
K631 60MbII TabblIaIbl. KBIIIKBUI CYT TaFaMIapbiH Aaii-
BIHJIaFaH/Ia 9PTYPJIi Oerie MUKpPOOpraHu3MIep aly yp-
JiciHe KeceliH THTi3yMeH Oipre, ajgam JeHCayJIbIFbIHA
J1a 3UsIH KenTipeTiHi MastiM. COHIBIKTaH, Tyle CYTiHEH
JAWBHOATATHIH OPTYPIi aliMakK YIriiepiHeH alblHFaH
IyOATThIH CYT KBIIIKbUIb (PIIOPACHIH, TYPIK KYPaMbIH
3epTTel, HeFypibiM THIMJI IITAMIAPAbl OOJII aJIblll,
mry6ar JaibiHAaya KoJlaHy Kasipri keszie ©3eKTi Ma-
cenesepaiH Oipi 60T TaOBUIAIH [6].

Keprinikri cy30eneH, 6aaMy3/IaKTaH KoHE TaOWFH
OGaKTepHUsUTHIK, IITaMIAP CYTKBIIIKBUTBL OaKTepUsLIapbIH
MPOOHOTHKTEP peTiHae OOl aibIl, OKAIIayiar, CH-
narrama Oepir in vitro OOMBIHINA Tajiay KYPri3iireH.
Typri ac KOpHITY XyHeciHiH Oy3bUIBICTAPBIHBIH KU1JTi-
TiHiH apTybl NPOOUOTUKTEPI O6IiN aJbll, 3epTTell, OH-
Jipyre JereH CypaHbICThIH apTYBIHBIH Heri3ri cebedi 60-
JBIT TaObUTanbl. EH KU Ke3leceTiH NeHCaysbIK Oy3bl-
JIBICTaphl KOOIHECe OPTYPJi eMip caiThl (PaKTOpIaphi-
Ha GaitnanbicThl. Kasipri ke3e aknapar KOKeTiMIiTi-
TiHIH apTysl TYTHIHYIIBUIAPIB OYPBIHFBIIAH J1a OiTiM-
ni erti. COHOBIKTaH oJlap e3[epiHiH JeHCAYIbIFbIH KaK-
capTy YIIIiH IPOOHOTUKTEPI KaObUIIayFa JalibiH eKeH-
Jiri Genriyti. OchIHBIH asChIHA 3epTTey KahaH/IBIK MPo-
OUOTHKTEp/Ii 3epTTEY/IiH Heri3ri ApaiiBepi peTiHiae AeH-
cayJibIK, Typasibl XabapaapiiblKThl apTTHIPYIbl Kepcere-
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Ii [7]. AngplH ana cakTaHy MakcaTblHIa Tyie CyTi Ka-
Tepii iciKke XoHe KaHT JuabeTiHe Kapchl KacueTTepi
6ap. CyT KypaMblHAarbl KaHBIKIIAFaH Mail KBIIIKbLUI-
JAPbIHBIH KOFapbl OOJYBI KaJIIIbl TaFaM CarachlHA BIK-
nan erefi. KasenHHiH a3 GoJybl KoHE JIAKTOIIOOY/IMH-
HiH OonMaybl TyHe CYTiHiH TMIOaJUIEpreH i acepiMeH
GaitanbicThl. JlakTohepprH, UMMYHOMIOOYIMHIEP, /K-
300uM HeMmece C BUTaMMHI CUAKTHI 0aCKa KOMIIOHEHT-
Tep OyJT KaCUeTTepAiH JeTePMUHU3MIH/IE MaHbI3IbI POJT
aTKapajpl gen caHanaael [8, 9, 10, 11, 12].

Enimi3 GolibIHINIA ecipiieTiH Tyiie 0achiHbH 82%-bl
Manrsictay, Atbipay, Kpi3buiopna sxoHe TypkicraH 00-
JBICTApBIHA MMOFBIPIAHFaH. ATan afTKaHaa, MaHFbI-
cray oombichiHa — 82 171 6ac, Kpbuiopma o6mbI-
coiazia — 53 203, Atbipay o6nbicbinga — 35 024, Typ-
KicTad oOJybIcbiHIa — 34 673, AKTe0e OOJIBICBHIHIA —
19 665, Anmarsl oOnbickiHza — 8 581, KamObu1 00-
neickiHga — 7 932, Bareic Kazakcran o0/bICHHIa — 2
300 6ac Tyiie Gapibirbl 6eJrisi, Ka3ipri yakpITTa oJ1apast
KeOelTyMeH IapyalibUIbIKTap aliHaibicyna. Herizinen
1ry6ar, 6acka Ja CyChIH JalbIH/QY YIIiH aHTarOHUCTTIK
KacueTTepi 0ap CyT KIIIKbUIB OaKTEpUSIAPBIHBIH Ta3a
KyabTypanapsl Lac.cremoris subsp.lactis-7, Lbm.casei-
27 mTaMMIapbiH KOJJIAHBIM, 3ePTTey XKYMBICHIH KYP-
rizren [13].

Cynan MeMJIeKeTi ipi Maygapra ete Oaii, OHBIH illliH-
zie ecipinren Tyiienep 12° conTycTik eHmiKTiH CONTYCTi-
riHjie YIII MIWUTMOHHAH actaM OacTel Kypaist [14].

Kermrresni Masmibiiap MeH OTBIPBIKIIB MaJIIIbIIAPIaH
JKUHAJIFaH rapycCaHbIH (alllbiFaH TyHe CyTi Hemece ITy-
OaTThIH) XUMUSUIBIK, KypaMbl MEH MHKPOOTBIK Kypa-
MbIH Oarajiay MakcaTblHIa 3epTTey Kyprisiired. Horu-
JKeJlep €Ki CeJIeKIIMOHEepIeH alblHFaH rapucca (uryoar)
VJITUIEpiHiH OpTallia XKalrbl KYprak 3aTblHAA, KYJIiH-
Jie ’kKoHe NPOTEHHEpiHIe albIpMAIIbIIBIKTapAbH Oap
ekeHiH kepcerTi. COHBIMEH Karap, rapucca yiriiepi-
ne % wmait, pH xoHe % CYT KBIIKBUIBIHAA KeIIIe-
JIi KQHE OTBIPBIKIIBI Tapycca apachlHIa adTapibIKTan
aiteipmarsuibKTap (P<0,01) anbikTanel. MukpoOTap-
IbIH CaHbl KaJIIbl OaKTEepUsIapIblH, AIIbITKbUIAPIBIH
KaHe Streptococcus spp. xaHe Lactobacillus spp xorapsl
neHreiepi. Kemmenainep ecipren rapricca yirijepi-
MEeH CaJbICTBIPFaH/Ia KeIIIesi Kafjaiia ecipiire ra-
pucca yarinepinae. Joctypii aaictepai KoiaaHy apKbl-
bl Streptococcus lactis, Str. lactis sub. spp diacetylactis,
Lactobacillus planturum, Lact. brevis, Lact. casei, Lact.
leichmanii, Lact. acidophilus and Lact. fermentum. Ocbl
3epTTey HOTWKECiHJIEe Tyie CYTIHIH H30JSTTapbl MEH
OHJIe/TeH OHIMJIEepiHiH UASHTU(HUKALMACH MEH MoJjie-
KyJlaJIbIK, CHIaTTaMachl OOWBIHIIA KOCBHIMINA 3epTTe-
yJIepaiH KepeK eKeHiri aiTeuiamsl [ 14].

IpTypii reorpadpusUTBIK, alMaKTapBIHBIH IITyOaTTa-
pbiHaH OeJiHINl aJbIHFaH CYTKBILIKBUI OaKTepHsIapbl
mTamMmmMaapsl Lactococcus TYKbIMIACHIHBIH CYTKBIIIKBLUI
GaKTepUsUIAPbIH 3ePTTEY OTE ©3€KTi OOJIBIIT TAOBLIAIBL.

Marepuajgap MeH daictep. KasakcraHHBIH op-
TYpIi reorpadusIIbIK, aiiMaKTapbIHBIH ITyOaTTapbIHAH
OeJIiHIN AJIBIHFAH CYTKBIIIKBUI OaKTepUsiIaphl MITaMM-
napel 3eprTendi. Ateipay, Ammarel, Akteoe, Kpizsutop-
Ja OONBICTAPBIHBIH (pepMepIliK IapyallblIbIKTApbIHAH
QJIbIHFaH IIy0aT ChIHAFBI 3ePTTEYre aJIbIHABL.

Cym KblKblabl OaKmepusiiapelt 66in any yuin
e2y macinoepi.

CYT KBIIKBUTH OAaKTEpUsIIaphl €Ki 9[IiCTIeH: TiKenen
oficrieH 1ryOaTThlH YIITICIH Tikellel KOPEKTiK opTara
ce0y KoHe KMHAKTAFbIII OPTa APKbUIbI CYUBLITHIIN ceOy
APKBUTBI OOJTIHIIT aJIBIHIBL.

Bipinami xarmaiina cerHakTHIH SO-rpameH He 50 oM’
- i 450 cm® 3anasnchizgaHraH KyOBp CybIHA KOCHI,
MYKHAT apanactbipajbl. CoHad coH, 1:10%; 1.10%; cyii-
biITIAHBH 1 cv3-piH TleTpy TabaKiiachiHa TepeHJeTe
ceOemi. 48 caraT ©TKEH COH, ©CKCH IIOFBIPIIAPIbIH Ca-
HBIH aHBIKTAII, OKIIAYJIall aJIbII CYWHIK KOPEKTiK OpTara
OTBIPFBI3BIN, TepMocTaTTa 24-48 carar Kosimel. CoHaH
COH Kepi CYWBIK OpTaJlaH CYMBIITIIA jKacar KaTThl KO-
PEKTIiK opTaFra eriln MUKpPOOPraHU3M IITaMIaPbIHBIH Ta-
3aJIBIFBIHA KO3 JKETKI3il, COHAH COH COJ Ta3a MUKpPOOP-
TaHM3M IITAMIAPHIHBIH KACHETTepi KaH-KaKThl 3epTTe-
JIem.

Exinmi omicte — 1 1 (CM3) CBIHAKTHL 9 cM® XKu-
HAKTarblll OpTara erefdi. JKWHAKTAFBII OpTa peTiHAe
MaWChI3JaHFaH CyT KoJAaHbLIael. Tepmocrarta 37°C-Ta
24 caraT ©TKeH COH CyWbLITIA jkacar, oHbH 0,1 cMm3-
BIH TEePEHJIETLITeH of1ic apKbuUibl [leTpu TabakiachiHa
ceoirin, 30, 37, 45, 50°C-Ta 24-48 carar 60IiBI TEpMO-
CTaTKa KOWBUIIOBL. 3epTTey OipHelle peT KaiTaJlaHIbl.
OCKeH LIOFBIpIap CaHbl CENTeNiN, HOTIKEeNepl CTaTh-
CTHKa OOMBIHIIA OHJIEJIII, OpTaIlia apU(PMETUKAIIBIK, Ka-
TeJKTepi TeMeHeri popMysa OOMbIHINA aHBIKTAJIbI:

m =

7

MyHza ¢ - opTaliia KBapaTThiH aybITKYbl. Ol TOMEH-
neri (popmysia OOMBIHINA AHBIKTAIAIBL:

Oprarma ece6i jKoHe eKi opTalla eJIeM apachlH/IaFbl
alipipManIbUIbIK, CTHIOAEHT KPUTEPUSICH GOMBIHIIIA aHBI-

240



KTanagsl [15, 16].

Cym KbluuKblabl OAKMEPUACHIH 0OAIN ANY JHCIHE
UOeHMUPUKAUUANAY.

CYT KBIIIKbUTH OaKTepUsUIapbl KUHAKTAFBII OpTa
JKOHE TiKeJler aJticTepi apKpuThl OeJrin ansHIbsl. Kopek-
TiK opTa peTiHIe Heri3iHeH BormaHoB koHe OHBIH MO-
IrpuKaIsuIapsl KOIAAHBUIIE. BeiHin ajgblHFaH CYyT
KbILIKbUIbI OaKTepUsLIAPBIHBIH MOP(OIOTUSIIBIK, KYJlb-
TYpPaJIbIbIK, (DU3HUONOTUSIIBIK, KOHE OMOXUMMSUTBIK Ka-
CHeTTepi 3epTTelijli: IOFBIPIIap OJIIeMi MEeH KYPbUIbl-
CBI, TOpIIA MilTiHi, ['pam otici 6oHbIHIIA OOSITYHI, Kypa-
MeiHga 9ptypii NaCl (2; 3; 4; 6,5%) KOHLIeHTpanusi-
cbl Oap, (20, 30, 40%) eti Gap rUAPOIU3ICHTEH CYTTe
ecyi, pH-ThIH 9,2; 9,6 MeIIepiHeri €T NEenTOHAbI COp-
a/1a ecyi, KeMipcysap/bl allibITybl, 7 TOYJIKTeH KeiHri
CYTTi YHBITY YaKHITHI, KYPaMbIHIA JJAKMYC JKOHE METH-
JneH keri (0,3%) 6ap cyTke Katbickl, CO,-Hi IIIOKO3aJaH
6eiyi, NH;-TiH apriuHHeH OeJliHy, kKeJaTHHAHbI CYHbUI-
Ty KaCUeTTepi aHBIKTAJIBII KaTasla3ara OaitIaHbICThl TECT
KYPriziani.

Mukpoopranusmaep uaeHTupuKanuscs bepru anbl-
KTaFbIIIbl apKbUTHI Ky prizinendi [17, 18, 19].

YKCACTBIK JKOHE COMKECTIK KO3(P(UIMEHTI apKbLIbI
rOMOTEH/Ii KJIacTepre mTamaapis! 6oy ToemeHeri dop-
MyJ1a apKbUIbl Ky prizinai [20; 21]:

> (w; —
M

yi)
- 1000

MyHpa S, - apa KallbIKTHIK; X - KACHETTEePAiH CAaHIBIK,
mejmepi, i - OTB yuin /onepaGebaik TOKCOHOMUSI-
aeIK Oiprik / i =1,2...n, y;- OTDB yumiH kacuertepain
caHIbIK Meuuepi; i=1,2...n; M - KacUeTTepIiH KaJIlbl
cansl [20; 21].

[TamaapapH TONTATYbl YKCACTBIK, )KOHE COMKECTLTIK
KO3(p(PULMEHTI apKbLUIbl aHBIKTAIABL [22, 23].

Cym KblUKblabl OaKmepusinapoli 0eain any yulin
KOAOGHBLAFAH KOPEKMIK OPMAnap.

Mukpoopranusmiepai 0eJiin any koHe ecipy YILiH
MPC, BorgaHoB KOpPeKTiK OpTachl KOJIJaHbLIbL.

MPC kopekTik opTachl: menToH-10 r, eT 3KCTPaTKThI-
10 r, alIBITKbI CaHBIPAYK YJIaFbIHBIH SKCTPAKTHICHI - 5 T;
K, HPO, - 2 r; nuamMoHuMil [UTpaTh -2 I; [oko3a-20 T;
TBUH-80-1 T; Hatpuii anerarsl-5 , MgSO,+7H,0-0,58
r; MnSO,-4H,0 - 0,28 1; arap — 15 r; qUCTHUIACHTEH
cy - 1am®; pH - 6,2 - 6,4; 121°C-Ta 15 MuHyT G0iibI 32-
JaNIChIBIAHIBIPLLIIBL. M-17 KOpeKTik opTachH S.lactis-
Ti KyJIbTUBUpJIEY YIIiH KOJJAHBULABL; (PUTONENTOH — 5
T; TIENTOH — 5 T alIBITKB CAHBIPAYK YJIAFBIHBIH SKCTPAaK-
THICHI - 2,5 cM°>; ackopOuH KeKpUIH -0,5 1; Na,HPO,

-8,5r; KH,PO, -2 r; IM. MgSO,+7H,0-2; cy — e,
121°C-ta 10 MuHyT GO¥ibI 3aJIAJICHI3IAH/IBIPAIBL.

Maiiceizganran  cyT. Kamamslk cyT KOMOWHATHI-
HaH aJIBIHFaH KBIIKBUIIBUIBIFEL 16-18°T Maice3manran
cyTTi 10 cM? Meiepin/e mpodupkaiapra koHe Konba-
Japra KyupUibi, 121°C-ta 10 MUHYT 3a1aCchi3IaH bl
panpl.

JIaBUC KOpEKTiK opTachi: 1 M MaiichI3IaHFaH CyTKe
10 r mmoko3a, 50 cM® ambITKBL aBTONIM3ATH KaHe 100
r CaCO; kocburabl. KopekTik opTa Tyci alllbIK, KbI3FbI-
nT GOJFaHFa NeiH (PeHON KBI3bUT HHAUKATOPBIH KOCHIIT,
KOpekTik opranbl 10-15 cm® memmepinze mpoGupka-
napra Ky#bit 121°C-ta 10 MuHYT 3a1a1ChI31aHABIPAIbL.

BormanoB xKopekTik optackl: 50 oM - TUJPOJIU3/EH-
TeH CYT, mentoH - 10 1, IMMOH KbIIKbUT HaTpuid — 10 T}
aIIBITK B ABTONH3aTHI - 20 cM; mmoko3a — 20 T; K,HPO,
-0,51;KH, PO, - 0,5 r; arap-arap — 25 r; pH - 7,0 -7,2;
cy—1 am>; 121°C-ra 15 MUHYT 3aJ1aJIChI3IaH bl PbUIbI
[24, 25, 26].

HaTmkenep MeH Taiakpliay. 3eprreye nryoarrap
YATiIepiHzeri CyT KHIIKBUIBl OaKTepusiIlapbiH Kypa-
MbIHIa 60pbl 6ap BorzaHOB KOPEKTiK OpTachlHA ceyill,
oNappblH CaHbl, TYPIiK Kypambl aHbIKTaAbl. CyT Kbl-
HIKBLTbI OaKTePUsLIAPBIH LIOFBIP MIllliHI MEH IIOFBIP aii-
HAJIACHIH/IAFbl aWMAKThIH OOpFa OaliIaHBICTBI TYCCI3/e-
Hyl apkputbl Oaiikasnapl. CaHbl OOHBIHINA QpTYpIi aii-
MaKTap/arbl ITyOaTThIH CYT KBILIKBUIbBI OaKTepHsIIaphbl
aszian KaHa axbIpaTbligbl. CyT KBIIIKBUIBI OaKTepHsIa-
PBIHBIH, KaJIIbl CaHbI 14,7x10° - 15,2x10° BTI/r apa-
JILIFBIH/A OOJIFaH/IbIFbI KOPCETIII.

OpTYpii allMaKTap/bIH H1yOaTTapeiHbiy Lactococcus
mTammaapsl 3eprrenni. Lactococcus mITaMMIAPHIHBIH
119-b1 Atbipay oOubichl, 100-1 AkTe6e 0ObICHIHBIH, 97-
ci AsiMats! 001bICH! KoHe 65-1 KpI3blnopaa oObICk Iy~
GarTapsl yirijepiHeH OeiHiN anbiHabl. AThIpay 00JbI-
celablH, Tennik, JKanbai, Anradac, Ykanos, JKackaii-
par, Anmarbl o0nbichiHbIH OkTs10pb, KanuuuHz, Ecik
ayJaHBIHBIH €JIJIi MeKeH/IepiHeH IIyOaTTaphiHaH OeJIiH-
Ii. Bapnblk aliMak THIH [Ty 0aTTapbiHAH OOJTIHIIT ATbIHFaH
CYT KBIIIKBUTHI Lactococcus TTaMMIapBIHBIH MOpgoIio-
TUSUIBIK, KYJIBTYPAIbIBIK, (DU3MONOTHSIIBIK, KACHeTTepi
3epTTeNi.

ToprmanapsHEIH MillliHI IOHTeEeK, Keie KeKe-KeKe
HeMmece KOCaKTallblll, keOiHece Ti30eKTelin opHaaca-
nbl. Topma minmini 0,7-1,0 Mmm. Bapinbik Topia ['pam
ofici OOWBIHIIA OH 0OsLTIa/IbI, KO3FAIMA/IbL, CIIOpa TY3-
oeni.

KynbTypanbaplk KacueTTepine Kescek, THAPOIU3IeH-
ren cyrre, MPC copnacbiHaa, cyiiblk borgaHoB opra-
cpiHAa 24-48 caraTTaH COH aHA3POOTHI KaFjaiga Kak-
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CBI ©CIN KYJIBTYPAJbABIK OpTa OIpTeKTi OONBIN Jaiina-
HaJibl XKoHE mpodupka TyOiHAe TyHOa Ty3enmi. Arap-
JIbl KOPEKTIiK OpTaHblH OeTiHJeri MIOFhIpiap MieTTepi
*KOHe OeTi Teric, IeHreNeK, aK TYCTI IOFbIpIap TY3e/i.
THIFBI3 KOPEKTIK OpTaja TepeH OpHalacKaH MIOFBIP-
Jlap KacbIMBIKIIA, KAWBIKILIA TOPi3Ai, Y3bIHIBIFEL 1-1,5
MM-Te JeiiH Gonanpl. Lactococcus MTaMMAAPBIH KeJl-
Oey arapibiH OeTiHe ecipreHie Ho3iK kapTbulall Mei-
Jip KiHIIIKe ChI3BIK TYpiHae Oomansl. CyTTe ecipreHie
GapIIbIK, IepJTiK IITaMaap KarbIMJbl KBIIIKBUT CYT HiCTi
HBIFbI3 KOUMaJUKbIH Ty34i. CedTin MOpgOIOTrUsIIbIK,
KOHE KYJIbTYPaIbIBbIK Oenriiepi OOMBIHINA INTamaap
rpam-oH, (akyJIbTaTUBTIi—aHAPOOTHI, CrIopa Ty30eHTiH
Lactococcus mtaMMmaapbiHa skataabl. LactococcusTiH
TYpiH aHBIKTAay YIIiH O6JIiHIN ajblHFaH IITaMIapibH
KaTajla3ara OaiJIaHBICTBI TECT JKYPri3y, KaHIpl arapia
ecyi, OTTeriHe KATBICHI, CUITLTIK OpTaFa TOJIEePAHTThUIbI-
Fbl, MeTiIeH KeriHe, NaCL-H opTypii KOHIIEHTparwsi-
CBIHA 9cepi 3epTTeni.

AngpiveH mry0ar YITUIEPiHIH KBIIKBUIIBUTBEBIH

Teprep GOUBIHINA KOHE OPraHONMENTUKATBIK, KOPCETKi-
mtepi aHbIKTa bl HoTrokenepi 1-kectene kepceTireH.
Artbipay OOJBICHIHBIH €JIi MEKEHIEpiHiH IrybarTapbl-
HbIH KK pUTapUTbEbl 120°-1en 160° T, Aktebe 061bI-
col 140°T-180° T, Anmars! obisickima 100°T-120°T,
Kp3putopaa oOmbICHHIA 110°T-140°T GommpL. Keiibip
YJIrijiep KOHCHCTEHIIMSICH JOM/IIK KacHeTTepi OOMbIHIIA
QKBIPATBUIIBL.

KanGaii enii MeKeHiHeH aJlbIHFaH HIyOATThIH KOH-
CHCTEHIIMSCH OIPTEKTi eMec, MIalKaraHIa aXbIPaAiThIH
ipiTki TyHipmIik 60spl. ATbipay OONBICBIHBIH TeHIIK,
JKanbaii, Ausrabac, JKackaiipar enai MeKeHIepiHeH
JIBIHFAH 11y0aT YJIriJiepiHeH bICTaiFaH KYOiHIH wici
Oafikanapl. JKorapsl KBIIIKBUIIBUTBIK, KOPCETKEH MIyoar
YJITLIEpiHEeH OTKip KBIIKBUT CYT JoMi Ce3UIIi. OpTypii
alMaKTBIH 1IyOaTTAPBIHBIH JOMi MEH HWiCiHiH opKaian
GOJTYBI BIIBICTBI BICTAY, IITYOATThI JAWBIHIAY TEXHOIOIH-
SIChIHA, 9PTYpIIi aliMaKTarbl MaJl >KailblIbIMbIHA Oaiina-
HBICTHI OOJTYBI MYMKIiH.

1 kecte — IpTypii reorpadusUIBIK aiiMaKkTap OTyOaTTapbIHBIH OpraHOJIENTUKAIIBIK, KacHeTTepi

Kbk b1
OouabicTap JIbUIBIFBI, KoHcHCcTeHIUACHI Hami men unici
oT
1.Atbipay, n. Tenuik; 120
1 130 CyiibIK, OipTeKTi, KOOIK TY3rill Taza TyTiHJE/IreH BIABICTBIH, Ta3a KbILKbLT
2 CYTTIH uici 6ap
. JKanGait, 140
3 160 CyiibIK, OipTeKTi, KOOiK Ty3rimn Taza Ty TiHJETeH bIIBICTBIH, Ta3a KbIIIKbLI
4 CYTTiH mici 6ap
I Ansraéac 110
6 120 Koio,6ipTekTi, KilikeHe Memiepae ipiT- | Taza TyTiHOENTreH bIIbICTHIH, Ta3a KBIIIKbLUT
7 160 Kiznepi 6ap CYTTiH mici 6ap
1. quHOBO, 110
9 120 Koto,0ipTekTi, KilikeHe Memmuepnae ipit- | Ta3a KbIIKBUI CYT TaFaMBbl, HiCi )KOK
10 160 Kiznepi 6ap
2. A;{ 1T o6e 140 Taza KbIIIKBLT CYT TaFrambl, HicCi3
12 160 CyiibIK, 6ipTeKTi, cinkireHae ke0ik Ty3emi. | Tasza KBILKBUI CYT TaraMbl, Hicci3 )
13 180 Koto, 6iprekri, ke0ik Ty3eni Taza KpIIIKBLT CYT TaFraMsbl, OTKIp Hicci3
3. Anmarsl. 100 Taza KbILIKBLT CYT Taramsl, Uicci3
OKTS0pb paiioHbI 130 CyiibIK, OipTeKTi, KeOik Ty30erai
14
15 110 CyiibIK, OipTeKTi,
Kanuun paitonst 120 Ke0ikci3 Taza KbIIKBLT CYT Taramsl, Hicci3
16
17
VcchIk paiioHbl 110 CyiibIK, OipTeKTi, KOOIKCI3
18 Taza KpIIIKBLT CYT TaFambl, HicCi3
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4. KpI3putopaa

5. XKackaitpar 115

10

19 110 . . . .
20 120 CyiibIK, OipTeKTi, KOOIKCi3
21 120

22 140 . . . .
23 140 Koio, 6iprexTi, keOik Ty3eni

CyiibIK, OipTeKTi, KOOIKTI

Taza KBIIKBUI CYT Tarambl, Hicci3

Taza KbIIIKBLT CYT TaFrambl, Kicci3

Taza KbILIKBLI CYT HicCTi

bInpicTh bicTayFa OAIAHBICTH €pPEKIIe TOMi MEH Hici
GalikamaTeiH 11y0at Atbipay oOnbichiHaH (1. TeHK,
Kanbaii xone Anradac) apiHFaH yariiepae Gainkasipl.
Kanran nry6ar yariiepiHiH Ta3a KbIIKbUT JoMi MeH uici
6OoJIBl. DPTYPIIi aliMaKTapaaH OeJTiHII aJIbIHFaH 1y 0at
VJTiUIEpiHiH TycTepi, KOHCUCTEHIUSCH OOMBIHINA akKbl-
PaTBUIIBL

Artbipay (JKan6aii, Ukanos, Kackaiipar emnui Mme-
KeHiHge), AkreOe xoHe KpI3putopma oOMbICTAPHIHAH
aspIHFaH 1yoartap GipKesKi ’KoHe KOI0 eKeHi aHBIKTa-
bl

[Ty6ar ynrinepineH OeiHin anbiHFaH Lactococcus
IITAMM/IAPBIHBIH (P3UOIOTUSIIBIK, JKOHE OMOXMMUSLIIBIK
KacHeTTepi 2-KecTeie KOpCeTiITeH.

2 kecte — Lactococcus ITaMMIAPbIHBIH KeHOip (hU3HOOTUSUIBIK, JKOHE OMOXUMUSUIBIK, KACUETTEpl

Kopekrik opra Cinrisi KOpekTik -
¥xcac . Karanazara | Tys3inyi .
. | KypambIHaaFe Meumepi, % | oprackiHaarsl pH JKenatunnin

O6msicrap | IIrampap | KacuerTepi - KAaTBICTBI o

P Cyrreri CYUBUTYBI

Gap NaCl . TecTt I'mokozanan | ApruHuHHEH

METHJIEH Keri 9,2 | 9,6

mramiap I5T65 101103 CO2-H NH3

32 + - + + + - - - + -

31 + - + + - - - - + -

32 - - - - - - - - - -
Artbipay 109 3 - - ¥ - - - - - - -

3 - - - + + - - - - -

3 - - + + - - - - - -

38 + - + + + - - - + -

22 + - + + + - - - + -
Akrebe 100

36 - - - - - - - - - -

4 - - r | £ - - - - - -

18 + - + + + - - - + -

R + R B N N

Anmvartst 97 20 + — + + +

57 - - - - - - - - - -

2 - - + + - - - - - -

21 + - + + + - - - + -

N + N N N N

Kemsbutopaa | 65 }3 __F - = :F :'— - - - __F -

20 - - + + - - - - - -

Eckeprrie — 1 (+) —xakchl OaiKanaipl;

Beninin aneiHran GapiblK KyJIbTypaiap Karajiasa
Ty30e/i, *KelaTMHAHBl CYHBUITIIAMBI, [TIOKO3aqaH Ta3
ty36emi. Bipne-6ip mramm pH-9,6 cinTini opraga ec-
ey KaCUeTi apKbUIbl SHTEPOKOKKAIAPIAH aXKbIPATBUIBII
AJTBIHTBI.

¥YKcac xKoHe CollKec KaCUeTTepiHiH KUbIHTHIKTapbIHA
OalJTAHBICTHI IITAMAAPIIBI Lactococcus TYbIChIHA KATKbI-
3bUIIABL. OPTYPIi aliMaKTapIaH aJbIHFAH CYTKBIIIKbI-
JIbl GakTepusuiapbl Lactococcus MTaMMIAPbIHBIH CaHbI
Lactobacillus canpiHan sxorapsl Oonawl. Lactobacillus
GeJieK 3epTTelii.

2 () — Hamap; 3 (-) — GalKanIMan bl

Beprrenin  OThIpFaH IMyOATTAPABIH  YJriJIepiHeH
OOJiHIl ~ aJbIHFAH  CYTKBILKBUIBI  OaKTepHsIaphbl
Lactococcus miTaMMAApbIHBIH KACUETTEePiHiH YKCaCThI-
FbIHA GaiiaHbICTHI 3 TONKA GeUTiHj.

3-kecrteqeH, OipiHIIN TONKA XaTKbI3BLUIFAH CYT KbI-
MIKBUTBL  OAKTepUsUIAPBIHBIH CaHbl OacKajiapblHA Ka-
paraHma GachlM eKeHMiri Oaiikamamel. Onap MeTWIIeH
KeriHe ce3IMTaJIBIFbIHA Kapail eKi Tommmara OeiHi.
Bipiami tommara 109 Lactococcus mraMmMaapsl CyTTeri
MeTusieH KeriHiH 0,1 xone 0,3%-1H KaIbllKa KeTipce,
eKiHIII TOoIara kataTelH 97 mramm Lactococcus Me-
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THJIEH KOTiH 9JICi3 KAJBINKA KenTipredi Oaikamisl. 206
mrTaMM TobiFbIMeH pH-9,2 cinrini opraga ecir, aMmu-
aKThl apruHUHHEH Ty3mi. II-Tomka skaTkp3pUFaH 143
Lactococcus mrammaapst 4,5%, 6,5% ac Ty3sl 6ap Ko-

pektik oprama, pH-9,2 xoHe 9,6-ma ecreni, MeTUIICH
KOTiHIH 9pTYpJli KOHLIEHTPALMSICHIH OYPBHIHFbI KAJIBITKA
KeNTipMe[i.

3 xecre — Lactococcus TITaMMIAPBIHBIH KeH0ip (PU3HOTOTHsUTHIK, KoHEe OMOXUMHUSITBIK, KACHETTepi

KopekTik opTa PPN P
. Ciarini Karanazara | Ty3simyi .
IIrampap | KypaMbIHAAQFbI MeJepi, % . Keaarunniyg
Tonrap 2 KOPEKTIK | KaThICTBI .
caHbl Cyrreri opra, pH | Tect CYIbLIYBI
el
NaCl | NaCl r:::;;“ Imoko3anan | ApruHUHHEH
6,5 4,5 vesmepi, % CO2-y NH3
0,1 03192 96
| 109 | - + + + + - - - + -
97 | - + + + + - - - + -
143 | - - - - - - - - - -
3 32| - - + + - - - - - -

Eckeprne — 1 (+)-kacueTt xakchl Oaiikananpl; 2 (1) — Hammap; 3 (-) — 6aiKaIMai bt

[I-tonka 32 Lactococcus mTaMMaaphbl AKaTKbI3bUIABL,
oJap ToMO(bepMEHTATUBTI, TPOTEONTUTUKAIIBIK, OeJICeH I
emec, NaCl KOHIIEHTpalusACHHA TO3IMCI3, CYTTeri Me-
TWJIEH KOTiH JIIBIHFBI KAJIbIKA KeNTipreHiMeH, CUITiI
opTaja ecrelTiHi aHBIKTAJI/IBI.

Keneci 3eprreyne Lactococcus mraMMaapel TYPIiK
KYPaMblH aHBIKTAy YILIiH OpPTYpPJIi KeMipcynapipl allibl-
Ty KacueTTepi 3epTTei.

4-kecteme KepcerinreHner, Oapnelk Lactococcus

MTaMMIApHl TIIIOKO3a, JIAKTO3a, CaXapo3aHBl alllbITa-
npl. [ tonrarst 206 mrampapasH 161-1 apabuHO3a MeH
MaHHUTTI, 45-1 apaOMHO3aHBI 9JICI3, a1 MAHHUTTI KaK-
ChI alIbITA/Ibl, EKiHIII TONTaH AWBIPMAIIIBIIBIFE Majlb-
To3anbl amrpiTnanapl. 11 Tonteiy 143 n3onareiae, 10-
bl MaJIbTO3a MEH MAHHMTTI JKaKChl ambiTca, 133-1 Tek
KaHa MaHHUTTI faHa ambITTel. 111 TonTeiH Lactococcus
mraMMaaps! 1 Torm mraMaapbiHaH alibIpMaIIbUTBIFRL pa-
(prHO3a MeH paMHO3aHBI, COJI CEKUIIi MajbTo3a MEH
MaHHUTTI XoHE 2 IITaMbl FaHA apaOUHO3AHBI AIIBITA/IBL.

4 kecre — IPTYpIi aliMaKTHIH ITyOaTTapblHaH O6JIHIN aJIBIHFAaH CYT KBIIIKBUIB OaKTepUsUIApbIHBIH KOMipCY/Ibl

AlIbITYbL
IIramaap

Tonrap canbt Apaduno3za | Maabro3a | Caxapo3a | Jlakro3a | ['moko3a | Imnuepun | Mannnt | Copour | Pad¢unosza | Kennoza | Pamnnosa
1 2 3 4 5 6 7 8 9 10 11 12 13

I 161 | + - + + + - + - - - -

35 ] % - + + + - + - - - -

I 133 | - - + + + - + - - -

10 | - + + + + - + - - - -

2|+ + + + + - + - + - -

I 20 | - + + + + - + - + - +

6| - + + + + - + - + - +

4 + + + + - + - + - +

ConbiMeH Oipre, Lactococcus MTaMMIAPbIHBIH, TeM-
niepatypara KaTbiChl 3epTTelii. bapiblk ITamaapabiH
SPTYPIIi KOPEKTiK opTanapaa (TMIpOIU3EHIeH CY T MeH
MaiichI3IanFaH CyTTe), opTypii Temmeparypa (25°C,
30°C, 37-40°C, 45°C) kepcertkimrepinze ecyi seprren-
ai (5-xecre).

5-xecremen 25-30°C, 37°C-ta Lactococcus mramm-
Japsl kKakchl ecce, aj 45°C-ta OJIApABIH ©CIIEHTIH-
miri aHelkTangpl. OChIHAAN KacweT aTajifaH MHKPO-

opranmsmuepre ToH. Ceiitin, Lactococcus mraMmaa-
pbl YIDiH onTMManbabsl Temneparypa 25°C, an mak-
cumanbgici 37°C. Mophonorusiblk, (pU3HONIOTHANbIK,
JKOHEe OMOXUMUSUTBIK, KACHeTTep OOMBIHINA opTYPIIi aii-
MaKTbIH IyOaTTaphlHAH OeJIiHill alblHFaH OaKTepH-
sutapabH OipiHmn ToObIHBIH 206 1mTammel Lac.lactis
subsp.lactis, exiHIi TomKa XaTaThiH 143 mTamm -
Lac.lactis subsp.cremoris, an YIIiHIII TONTaFbUIAPbI
Lac.raffinolactis TypiHe XaTKbI3bUIBL.
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5 kecte — Lactococcus IITaMMAAPBIHBIH 9PTYPIIi TEMIIepaTypaja ecyi

MIrammap | Temmeparypa, 0 C
Tomrap | et 25 (30| 37 | 40 | 45

1 158 |+ |+ |+ |- -

48 1+ | = |+ |+ |-

760+ |+ |+ |- -

2 57| |+ |+ |+ |-
10|+ | |+ |- -

8|1 | |+ |+ |-

3 20 |4+ |+ |+ |- -

41 |+ |+ |+ |-

Eckeprrie — 1 - Lactococcus lactis subsp.lactis; 2 - Lactococcus lactis subsp. cremoris; 3 - Lactococcus
raffinolactis

6 xecte — IpTYypIli OONBICTHIH ITyOaTTapbIHaH OJiHIN ajbiHFaH Lactococcus TaMMIapsl TY PIIepiHiH CaHbl

IPTYP-ii 06JIBICTBIH Iy 0ATTAPHIHAH 0OTiHIN
TypJaepi aabiaFal Lactococcus mraMmaapbl caHbl

Kepbuiopaa | Aamatel | Atbipay | AKTe0e
Lac.lactis subsp.lactis 35 38 73 60
Lac. lactis subsp.cremoris 10 57 40 36
Lac.raffinolactis 20 2 6 4

aiAmakTap, Typnik Kypamsl

0 20 40 60 80

WTaMaap caHsl

1 cyper — OpTypiii alMaKThIH TyOaTTapbiHaH OeJTiHIIl ajbliHFaH LactococcusmTaMMaapsl TYPITiK KypaMbl jKoHE
Ke3JIeCy JKULIITi (caH 1amachl):

1 — Ko3b110poa obavicol; 2 — Aamamoul ooavicol; 3 — Amouipay ooavicel; 4 — Akmebe o6avicol. ® — Lactococcus

lactis subsp.lactis, m — Lactococcus lactis subsp.cremoris, = — Lactococcus raffinolactis
OPTYpii OOMBICTHIH IIYyOATTaphlHAH OJIHIN abl- 6-xecTelieH caH xkarbiHaH Lac.lactis subsp.lactis xoHe
HFaH Lactococcus MITAMMIAPbIHBIH TYPIIK Kypam canbl  Lac.lactis subsp. cremoris TypiHe xaTtaTbiH mramaap 6a-
6-kecrene (1-cyperTe) KepceTiires. CBIM €KEHIIT aHBIKTAJIIbI.
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2

3 4 5

2 cypeT — OpTypili alMaKThIH IyOaTTapbHaH OeiHill ajblHFaH Lactococcus TNTaMMAAPHI TYPITIK KYPaMBbl sKoHE
Ke37IeCy JKULIIri (IafbI3ra MaKKaH/a):

1 — Kvizoriopoa o6nvicel; 2 — Aamamot oonvicsl; 3 — Amuipay 0bavicel; 4 — Akmebe oonbicel. B — Lactococcus

lactis subsp.lactis, ™ — Lactococcus lactis subsp.cremoris,

2-cyperte OapiblK OestiHin ajbiHFaH Lactococcus
IITaMM/Iaphl MalibI3Fa ecenTereH Ieri Kypambl KOPCeTis-
reH. Cyperre ATbipay OOJNBICHIHBIH ITyOar YJriCiHeH
anbiarad L.lactis subsp.lactis utampap cansl 32,10%,
AxTebe 0OJBICBIHBIH YJITiCIHEH OOJIiHII aJIbIHFAH IITaM-
nap caubl 30,60%. Kpi3putopna MeH Anmatsl 00-
JIBICBIHBIH, ITyOATTaphIHAH OOJIHIN aJIbIHFAH KYJIBTYP
Lac.lactis subsp.lactis mramaapsl 19,38% xoune 17,85%
Kypainsl. Lac.lactis subsp.cremoris 6ipa3 Menimepi A-
Matbl 00mbickl (39,80%) xoHe ATbipay OOJBICBIHIA
(20,40%). Opraia meniepi AkteOe OOIBICHIHBIH, 1Ty~
Oar yurinepinen OGeniHin aneiaraH (18,36%). Heryp-
JIbIM a3 MeJtiepi Kpi3buiopa oOMBICKIHBIH IIIy0aT YJI-
riiepiner OeiHin anbHABL (6,9%). Lac.raffinolactis
Typi KpI3bUiopna OOJBICHHBIH [TYOATHHBIH YITiLIepi-
HEH CaJbICTHIPMAJIbI TYpjie KeOipek meliepi OeiHimn
anpiapl (13,98%). Asmarbl mry0ar yiriiepiHeH -
1,02%, AxTtebe 0OMBICHIHBIH ITyOaThiHAH - 2,79%, an
ATbIpay OOJIBICHIHBIH IITyOaTTapbiHAH OOJIIHIIl aJIbIHFA-
HbI - 4,19%.

Kopsiteinapl. byn 3eprreyne KasakcranHbH op-
TypJi reorpausiblK aiiMaKTapbIHBIH ITyOaTTaphlHAH
OeJTiHIN aJMbIHFAH CYTKBIIIKBUT OaKTepUsiiap IMITAMM-

— Lactococcus raffinolactis

Japbl TONBIK 3eprreni. beminin anemaran Lactococcus
MITAMMJAPBIHBIH  (DU3HOJOTUSIIBIK, JKOHE OMOXUMMS-
JIBIK, KacUeTTepi 3epTTeliN, KaCUeTTepiHiH YKCACThIFbI-
Ha OaitaHbICTH 3 Tonka OemniHmi. By mrammmapmsH
KOMIpCYIBl alllbITy epeKIIe]Iiri, opTypili TeMIieparypa-
JIa 6Cy epeKIleiKTepi aHbIKTAJIbl. IPTYPIIi OOJIBICTBIH
ry6arTapeiHad OeJtiHin ansiHFaH Lactococcus mTamm-
JApbIHBIH TYPJIEPiHiH CaHbl, TYPJIK KYpambl XKoHE Ke3-
Jiecy Kuiiri 60MbIHINA /1a 3epTTey KYprisinai. ATbipay
koHe AKreOe oOMbIChIHBIH InybartaphiHaa Lac.lactis
subsp.lactis 6aceim 60s1ca, AnmMaTbl OONIBICHIHBIH, 11y 0aT-
tapbiHaa Lac.lactis subsp. cremoris 6achiM OOJFaH/IbI-
FbI OaliKasiaipl. OPTYPIli alMaKTapIaH eH a3 MeJIepe
GeutiHin anelHFaH TONKA Lac. raffinolactis xaTkpizyra
OoJabl.

Aarblc, my0denep KaKkmvlrblChbl (KaAPIHCHINAHObIPY )

Kywmvic asmopaaper «Kazax, kaiima eHley icare
mamak, enepkacioi F3U» XKIIC Acmana ¢gpuruansi-
uoiy, X. Hocmyxamedos amwinoarvl Amvipay YHU-
eepcumeminir, JLH. I'ymunes amwindarer Eypasus
VAMMbIK, YHUBEPCUMEMIHIH, AAMAmbl mMexHoNoeus-
ABIK YHUBEPCUIMEMIHIH, OACUBIABIFbL MEH FANLIMOADbI-
HA ANFbICHIH 0in0ipeoi.
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INVESTIGATION OF THERMOPHILIC MICROFLORA FOR THE SELECTION
OF STARTER CULTURE COMPOSITION FOR A FUNCTIONAL PRODUCT

A.A. Bekturganova'#*, A. Zh. Khastayeva'!, A. M. Omaraliyeva!, G.Z. Jahangirova?
IKazakh University of Technology and Business, Astana, Kazakhstan,
2Tashkent Institute of Chemical technology, Tashkent, Uzbekistan,
e-mail: 1968all @mail.ru

Fermented dairy products have valuable nutrients and contain a large number of living cells of lactic acid
bacteria strains of lactic acid bacteria. The selection of microorganisms according to their technological and
microbiological properties and their ability to develop in a dairy base, as well as organoleptic and rheological
parameters of the finished fermented milk product, is an important stage in the development of new types of
products. Therefore, special attention was paid to the selection of starter cultures for the production of a functional
product. The authors conducted research on the selection of starter culture microflora for the production of
functional products. The microbiological and organoleptic properties of selected microorganisms have been
studied. When selecting microorganisms, the intensity and direction of the microbiological and biochemical
processes occurring during fermentation were taken into account, which is determined by the development of the
starter microflora. Thermophilic starter culture by species Lactobacillus acidophilus, Streptococcus thermophiles,
Lactobacillus bulgaricus was used in the work.

Key words: fermented milk product, microflora, technology, functional fermented milk products, fermentation.

OYHKIINOHAJI/IbI OHIMI'E APHAJIFAH AIIIBITKbI K¥YPAMbBIH TAH/IAY
YHITH TEPMO®WJIbAI MUKPO®JIOPAHDBI BEPTTEY

A.A. Bextypranosa!*, A.JK. Xacraesa!, A.M. Omapaimesa!, I'.3. /I:xaxanruposa>

'Kazax TexHomnorus xoHe GusHec yHuBepcuTeTi, Actana, Kasakcran,
2TalKeHT XUMUSA-TEXHONOTUANBIK, MHCTUTYTHI, Tamikent, ©30eKkcTaH,
e-mail: 1968all @mail.ru

CyT KBIIIKBUIIb OHIMAEPIAIH KYH/Ibl KOPEKTIK 3aTTapra 6ail G0iybl KYpPaMbIHAAFbl CYT KbILIIKbUIbI OaKTepHsi-
JIapIbIH [ITAMIAPbIHBIH Tipi jKacyIiaiapbiHa OaiIaHbICTEl. OHIMHIH KaHa TYPJIePiH aayaa MaHbI3Ibl Ke3eH OOJIbIIL,
MHKPOOPraHU3M/IEPIi TEXHOJIOTUSIIBIK, MUKPOOUOJIOTHSUIBIK, KacHeTTepi OOWBIHINA, COHNIA-aK, CYT KbIIIKbUIbI
OHIMIHIH OPraHOJENITUKANIBIK, JKoHE PEOJIOTHSUIbIK, KOPCETKILITePiH TaHAay Heri3 6osbi Tadbutagsl. OChl TYPFBI-
Ja aIbITKbUIApbl TaHAdy (PYHKIMOHAIAB OHIMII 6HAIpy YIIiH epeKile Ha3apasl aynapaipl. CTaTbsia aBTopaap
(pyHKIIOHATBI OHIMIEP/I OHIPY YIIIiH AllBITKBl MUKPOQIIOPAChH TaHay OOMBIHIIA 3epTTeylep Kyprizai. TaH-
JaJifaH MUKPOOPraHU3MIEpAiH MUKPOOHOJIOTUSLIBIK, JKOHE OPraHOJENTUKAJIBIK, KacueTTepi 3eprrenii. Mukpoop-
raHU3MJIEpAi TaHAayAa allbITy Ke3iH/e KYpPEeTiH MUKpPOOUOJIOTHSIIBIK, OMOXUMUSIIBIK, TPOLECTEP/iH KapPKbIHIbI-
JILIFBI MEH OarbIThl €CKEPLJII, OYJI alllbITKbl MUKPOQJIOPACHIHBIH JaMybIMEH aHbIKTaFaH. JKymbicta TepModriibai
aIIBITKBl KyIbTypanapsl - Lactobacillus acidophilus, Streptococcus thermophiles, Lactobacillus bulgaricus Typnepi
KOJIIAaHBUIAIBL.

TyiiiH ce3aep: CyT KbIIKBUIIB ©HIM, MUKPOQJIOpa, TEXHOJIOTH, (PYHKIIMOHAIIBI CYT KBIIKBUIIB ©HIM, (bep-
MEeHTaIusI.

VICCJIEJOBAHUE TEPMO®UJIbHOM MUKPO®JIOPHI JJId ITOABOPA
COCTABA 3AKBACKH /14 ®YHKIIMOHAJIBHOI'O ITPOIYKTA

A. A. Bextypranosa'®, A. 7K. Xacraesa!, A. M. Omapaiuesa!, I.3. /I:)xaxanruposa’
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Kucnomonounble poayKTsl 00/1aaloT EHHBIMUA TUTATEIbHBIMH BEILIECTBAMU M COAEPXKAT OOJIBIIOE KOJIMYe-
CTBO JKMBBIX KJIETOK MOJIOYHOKHCIIBIX OaKTepHil INTaMMOB MOJOYHOKHCIBIX Oaktepuil. [Ton6op MUKpoopraHus-
MOB I10 TEXHOJIOTUYECKMM ¥ MUKPOOHOJIOTMYECKIM CBOMCTBAM U IO CIIOCOOHOCTH MX PA3BUBATHCS B MOJIOYHON
OCHOBE, a TaK)kKe MO OPraHOJIENTHYECKUM U PEOJIOTMYECKUM TI0Ka3aTelsIM TOTOBOIO KUCIOMOJIOUHOTO TPOIYKTa,
SIBJISIETCS] BAJKHBIM 3TarloM B pa3paboTKe HOBBIX BUI0B POyKTOB. [ToaToMy nondopy 3aKkBacok Jyist TPOU3BOJICTBA
(pyHKIIMOHATIBHOTO MPOIYKTa OBLIO yEJIeHO 0co00e BHUMaHUE. ABTOpPaMH ITPOBEAEHBI HCCIIEOBAHMSI 110 000~
Py 3aKBaCOYHOW MUK POQJIOPHI JUIsI IPOM3BOACTBA (PYHKIMOHAIBHBIX MPOAYKTOB. VI3y4eHbl MUK pOOHOIOrUecKre
U OpraHOJIENTUYECKHE CBOKCTBA MOJOOPAHHBIX MUKPOOPraHu3MoB. [Ipn mopbGope MUKpOOPraHM3MOB y4YHTHIBA-
JIUCh MHTEHCUBHOCTh W HAIPABJIEHHOCTh MUKPOOUOJIIOTHUECKUX, OMOXMMHUYECKUX MPOLECCOB, MPOTEKAIOIINX BO
BpeMs (pepMEeHTALIUH, YTO OIpefeseTcsl pa3BUTHEM 3aKBaCOYHOI MUKpodopel. B paboTe ncnosnp3oBasack Tep-
Mo HIbHAS 3aKBacOYHAsA KYJIbTYpa o Buaam Lactobacillus acidophilus, Streptococcus thermophiles, Lactobacillus

bulgaricum.

KiiroueBble c10Ba: KICIOMONIOYHBIN IPOAYKT, MUK POGIIOPa, TEXHONOT U, (DYHKIIMOHAJIbHBIE KMCIOMOJIOYHBIE

TIPOAYKTHI, (hepMEHTaLHSL.

Introduction. Fermented milk products occupy a
special place in the human diet and are in great
consumer demand due to their taste and dietary
properties. They contain all the necessary substances
that ensure normal human functioning, are easily
digested, contribute to the easy process of digesting
food, regulate and, if necessary, restore intestinal
microbiocenosis.

The technology of functional dairy-based food
products involves the fermentation of raw materials
by specially selected probiotic microorganisms. In this
work, microorganisms obtained from manufacturers
of starter cultures of «Propionix» LLC (Russia) and
MicroMilk company (Italy) are used for this purpose.

The composition and properties of starter cultures,
which provide specific organoleptic and biological
properties, have a certain effect on the indicators of
functional fermented milk products [1].

Industrial probiotic products have a number of
objective disadvantages from a therapeutic point of
view. This circumstance, combined with the high
stability of the established microbiocenoses, is a
factor determining the need for long-term intake of
adequate doses of probiotic products. To enhance the
therapeutic effect of the product, it is necessary to use
several strains of microorganisms. According to many
researchers, multi-strain starter cultures are resistant to
adverse environmental factors and have higher activity
compared to starter cultures prepared on monocultures
[2, 3].

The main purpose of the work was the selection of
thermophilic microflora for the preparation of a starter

culture for a protein product according to the biological
and organoleptic properties of microorganisms and
the study of the quality of the formed clot after the
fermentation process.

Materials and methods. To implement the tasks
set in the work, experimental studies were conducted
in the laboratories of the Department of Technology
and Standardization of the Kazakh University of
Technology and Business.

The objects of the study were:

- skimmed cow's milk according to GOST 13264
obtained by separating the harvested milk, with an
acidity of not more than 20 °T, with a density of 1029
kg /m?3.

Strains have been studied as biological objects:

- Lactobacillus bulgaricum Bulgarian wand YO100
(10U) manufactured by MicroMilk, Italy.

- Lactobacillus acidophilus. MicroMilk company,
Italy.

- Streptococcus thermophilus, Danisco France SAS,
France.

When performing the work, generally accepted,
standard methods of research of physico-chemical
and microbiological parameters of raw materials and
finished products, sensory indicators were used. The
following research methods were used in the work:

- sampling and preparation for testing according to
GOST 26809-86;

- the density of skimmed milk according to GOST
3625-84;
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- acidity by titrimetric method according to GOST
3624-92;

- microscopy of microorganisms. Photos of micro-
paintings of bacteria, microscopy of the finished
product were taken using an electronic digital
microscope according to GOST 9225-84;

- methods for the determination of lactic acid
microorganisms “Food products” according to GOST
10444.11-89.

The experiments were carried out in three- and five-
fold repetition.

Results and discussion. The selection is
based on general microbiological criteria: safety,
manufacturability, positive effect on health and
properties of the strain. When selecting probiotic
microorganisms from collection strains, we select
the following type of energetic acid-forming agents:
Str.thermophilus, L.acidophilus, L.bulgaricum. These
cultures are classified as probiotics that have a
regulating and stimulating effect on the body and are
not antagonistic to each other, producing metabolic
products that play an important role in the functioning
of the human body. The introduction of energetic acid-
forming agents into the polyzaccharacter contributes
to a significant accumulation of lactic acid and the
production of a dense clot with intensive separation of
serum [4].

Resistance to lysozyme, gastric juice, as well as
adhesive properties, and the production of antibiotic
substances play an important role. Lactobacilli are
actively involved in the processes of proteolysis. In
this case, the protein is converted into easily digestible
components (proteinases and lactobacilli), which in
turn form polypeptides [5].

Lactic acid bacteria need nutrients in the form
of amino acids and peptides for their development.
B vitamins are the most essential for the vital
activity of most species, thiamine is mainly needed
for heterofermentative lactobacilli, biotin and vitamin
B;, — only for some strains. The requirements for
folic acid, riboflavin, pyridoxal phosphate, and para-
aminobenzoic acid differ from species to species [6].

An important conclusion was made by VNMI

researchers when comparing the clinical results
obtained using probiotic products and bacterial
concentrates. The therapeutic efficacy of probiotic
products is higher compared to bacterial concentrates,
this circumstance is due to the large volume of the
medium containing the metabolic products of probiotic
microorganisms [7, 8].

From a technological point of view, rheological
properties and organoleptic characteristics of the
selected microflora are important for production.

In addition to the biochemical properties, the
identified strains of Str. thermophilus, L.acidophilus,
L.bulgaricum were selected on the basis of production
qualities, the most important being the taste, smell and
consistency that the strains form in their fermented
milk. The next condition for the selection of strains is
the existence of a symbiotic relationship between them.
Researchers explain the symbiotic relationship between
L.bulgaricum and Str. thermophilus by the peculiarities
of their metabolism, nutritional needs and development
conditions. L.bulgaricum has a pronounced proteolytic
activity characterized by a set and amount of free amino
acids accumulated during its development in milk. Szr.
thermophilus has weak proteolytic activity in milk and
forms only proline from amino acids, of which there
are only traces in fresh milk and consumes all other
amino acids. Str. thermophilus uses all amino acids for
its development, especially essential ones and valine
produced by L. bulgaricum.

Str. thermophilus is ahead of the Bulgarian bacillus
in its development, reducing the redox potential and
pH, thereby creating more favorable conditions for the
development of L. bulgaricum. According to Bulgarian
scientists, Str. thermophilus begins to develop for
the first time in 30 minutes, the number of cells
increases and reaches a maximum at the time of
complete coagulation of milk after 2.5 hours. Its
dying phase begins 9-10 hours after fermentation. The
Bulgarian bacillus begins to multiply an hour after
the introduction of the starter culture and reaches its
maximum just an hour after the Str. Thermophilus has
reached its maximum [9, 10].

The qualitative characteristics of the microflora are
presented in Table 1.
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Table 1 -Qualitative characteristics of microflora

Microorganisms Fermentation time, h | Fermentation temperature, °C | Titrated acidity, °T
Lactobacillus bulgaricum 3-5 37 | 118-250
Streptococcus thermophilus 5-7 37 | 110-130
Lactobacillus acidophilus 4-6 37 | 170-250

The table shows that the selected microorganisms
have the same fermentation temperature characteristic
of thermophilic microorganisms.

In production, the quality of fermented milk
products largely depends on the starter culture used,
which provides them with specific organoleptic,
biological, and functional properties.

The incubation of microorganisms was carried out

at a temperature of +37 ° C for 48 hours according to
the developed instructions for the preparation of starter
cultures.

The purity of the strains was checked by microscopy
of the preparations (Fig. 1). To prepare the drug, a small
drop of the test material was applied to a clean slide with
a loop and distributed over an area of about 1 cm”. The
preparation was dried at room temperature, fixed on a
burner flame and painted.

Lactobacillus bulgaricus

Lactobacillus acidophilus

Streptococcus thermophilus

Figure 1 - Microscopy of the studied strains

The microflora was seeded with a debilitating stroke
on dense media. Microscopy of the strains showed
the presence of cocci collected in chains of different
lengths of gram-positive cells and rod-shaped (rods are
straight, large, single and in chains) [6].

Selected cultures are able to form extracellular
polymers that are carbohydrate-protein complexes,
the carbohydrate part of which includes glucose,
galactose, rthamnose, and a number of amino acids
in the protein part. The use of such starter cultures,
selected according to the ability of its microflora to
produce extracellular polymers, provides a significant

improvement in product quality [11].

The products of carbohydrate fermentation are
acetic, lactic, propionic and butyric acids, which are
useful for humans, since the pH in the large intestine
decreases, which leads to the destruction of pathogenic
microorganisms and the cessation of the formation of
protein decay products, better absorption of micro- and
macronutrients, primarily calcium and iron [12].

After incubation, the titrated acidity of the clots and
organoleptic parameters were studied, the results are
shown in Table 2.
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Table 2— Organoleptic parameters of the clot

Microorganisms

Titrated acidity, °T

Organoleptic indicators

Str. thermophilus

80-90

the taste is sharp (spicy), fermented milk, without
foreign tastes and odors, the consistency of the clot is
homogeneous, coarseness is allowed, a small separation
of serum is noted

L. bulgaricum 100-130 the taste and smell are clean, fermented milk, without
foreign tastes and odors, the consistency of the clot is
homogeneous

L. acidophilus 100-130 the taste is prickly, sour and the smell is clean, fermented

milk, without foreign tastes and odors, the consistency of
the clot is homogeneous, viscous, mucosity is allowed

Figure 2 - Organoleptic parameters of the clot

During fermentation, it must be borne in mind
that milk contains all the nutrients necessary for the
development of heterotrophic microorganisms: lactose
— about 4.5%, proteins — 5%, mineral compounds
— 1%, vitamins. Milk without additives contains
approximately 0.01% of free amino acids, which is less
than 20% of the amino acids found in environments
that ensure optimal bacterial growth. In order to achieve
normal growth in an environment with milk casein as
the main source of nitrogen, organisms must have a
certain ability to proteolysis.

Conclusions. Thus, it can be concluded that
the selected associate of microorganisms has
the following advantages: when cultivated, the
selected microorganisms exhibit high acid resistance;
when cultivated separately, L.bulgaricum and
Str.  thermophilus quickly lose their characteristic

morphological properties and degenerate, while when
cultivated together they retain these qualities for a long
period; form a right-rotating (L+) the shape and mixture
of isomers resistant to adverse environmental factors
compared to monocultures, and have high biochemical
activity.

It is assumed that the joint cultivation of
microorganisms will give a more accelerated
fermentation, since during prolonged fermentation,
simultaneously with the development of the microflora
of starter cultures, a conditionally pathogenic
microflora or bacteriophage multiplies; the use of the
strain Str.thermophilus, which has increased activity to
produce (3-galactosidase, and the strain L. bulgaricum,
which produces L(+) lactic acid in a dominant amount,
which is physiological for the human body.
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TI'opnoe u negpmeza3zosoe deno

MPHTU 06.51.21 (574) https://doi.org/10.58805/kazutb.v.1.22-226

KA3AKCTAHHBIH MYHAW-TA3 CEKTOPBIH/IAFBI
NHAYCTPUAJIBIK-MHHOBAIIUAJIBIK KbIBMETTI BAYAJIAY

I.T. Kocméaesa'*, P.O. Opuinéacap!, I'.B. AKaymurosa!, A.K. ’Kymabekosa?, J.B. ’Kynycosa?,
K. Ky6aHoB aTbiHgarsl AKTe0e eHipiik yHuBepcuTeTi, AKTo0E K., Kazakcran,
2K a3ak TeXHOJIOTHSI JKIHE OM3HEC yHUBepcuTeTi, Acrana K. KazakcraH,

e-mail: gulzhank_67@mail.ru

[lemrimM KabbIIIAY TEXHOIOTHSIIAPBIHIA MHTEJUIEKTYAJI/IBI KYiie — OyJI onepaTop KaTblCaThH UHTEIIEKTYaJl /bl
KYWeleH albIpMAIIBUTBIFBL, [IemriM Kaobuinaynisl agaMabH (IIIKA) KaTeICybIHCHI3 MOceIeNep i MemeTiH HHTeN-
JIEKTYyaJIIBl KOJIaybl Oap aKmapaTTHIK-ecenTey kyheci. "MHTeeKTyaaipl SHEpreTUKABIK Kyienep”, “"UHren-
JIEKTYaJ/Ibl YHFbIMA”, ” AKBUIIBI KEH OpHBI” KoHe T.0. YFHIMAPBIHBIH ~3aHIACTHIPbUIFAH" TY KbIPIM/IAMACHIHBIH
60JIMaybl OCBI TAKBIPBINKA JIETEH KbI3IFYIIBLUIBIKTHIH aPTYhI asChIH/IA KAPACTHIPHUIBIIT OTBIPFAH TEPMUHIEPAIH Oe-
Tt Oip ByJIbrapu3anuschbiHa okeneli. “WHTeuieKTyaisl” qer Keiae aBToMaTuKa, 1abbul, 6ackapy Kyueci, KoM-
TIBIOTEPITIK JKeJi JkoHe T.0. KaOABIKTaJFaH SHEPreTHKAJIBIK, XKYHesep e aTanaipl.

WNupycrpus 4.0 myHaii-ra3 cajachblHa OKeJIreH MHHOBAIMSUIApAbIH apKACBIHAA OJ1 TUIMIIpeK, Kayirci3 jkoHe
i pranappeuTyna. MyHaii-ra3 canacet [T moyipiHe eHirl, i plaHIbIpyIblH, aBTOMATTAaHIBIPYIbIH XKoHEe OacKa
Jla MHXKEHEPITiK MiHJIETTepHiH Oocekere KaOIeTTi o[licTepiH eHpi FaHa 3eptreit 6actamsl. KU (kacaHmbs UHTEN-
JIEKT) maiifanany 0oceKeIecTiK apThIKIIbLUIBIKTH KAMTAMACHI3 €TYMEH KaTap, YHFbIMAIap MeH KeH OPbIHAAPBIHBIH
OHIM[IUTIriH apTThIpyFa MyMKiHIIK Oepeni. CoHpaii-aKk, poOOTOTEXHUKA MEH aKIapaTThl OHAEYAiH O3bIK, TEXHOJO-
TUSJIapbIH €HTi3y FAIBIMIAPBI KYMBICIIBUIAPIbIH OMipiH KEHUIIETeTiH jKaHa 9fiCTep i skacayFa HTepMeseni.

KazakcranHbIH MyHall-ra3 KeH OpbIHAAPBIH UTePYIeri KeTiCTIKTepi OHBIH SKOHOMUKACHIHBIH KAPKBIHIBI 6CyiHE
Heri3z 6omapl. Coran KapamactaH, MemuiekeT Gaclibichl KeMipcyTek pecypcrapbiH 2050 xkbutFa JIediH TypakThl
OHJIipY MEeH KCIOPTTHI CaKTay YIIiH OJap/bl OacKapyIblH HEFYPJIbIM THIMII KYHECiH Kypy KeHiH/ie KaHa MiHIeT
KOWbI.

TyiiiH ce3/ep: NHHOBALMS, KEH OPHbBI, MyHal-ra3 CEKTOPbI, MHAYCTPHUsI, 9CEP, TEXHOJOTHUS, TaMy.

OIIEHKA MHIYCTPUAJIbHO-UHHOBAIIMOHHOW TEATEJIBHOCTH B
HE®TEI'A30BOM CEKTOPE KA3AXCTAHA

I.T. Kocméaesa'*, P.O. Opwinéacap!, I'.B. Kaymurosa', A.K.2Kymaéekona?, J.B. ’Kynycosa?,
! AKTIOOMHCKMIA pernoHanbHbIA yHuBepcuTeT uvenn K. Ky6anosa, r.Akto6e, Kazaxcran,
2Kazaxckuii YHUBEPCUTET TEXHOJIOTHHU U OM3Heca, I. ActaHa, KaszaxcraH,

e-mail: gulzhank_67@mail.ru

B TexHONOrMSX NPUHATHS PEIEeHNH MHTEJUIEKTyallbHasl CHCTEMa — 9TO MH(POPMaIMOHHO-BBIYHCIUTEIbHAS CH-
cTeMa C MHTEJUIEKTyaJIbHOM MOINEPKKOM, pelaomas 3a0a4 0e3 yJacTusl YeloBeKa — JIMIA, IPHHUMAIOLIETo pe-
urenre (JI[IP), B oTiMume OT MHTEUIEKTYaIM3UPOBAHHON CHCTEMBI, B KOTOPOM omneparop npucyTcTByer. OTcyT-
CTBUE «y3aKOHEHHOW» (hOPMYIMPOBKU MOHATHS ~VIHTEeJUIeKTyalIbHbIE SHEpreTudeckre cucteMbl”, "VIHTEIUIIeKTY-
ajbHas CKBaXMHa”, ”YMHOE MECTOpOX/JeHHe” U Jp. Ha (pOHE MOBBIIIEHHOTO UHTepeca K 9TON TeMaTHUKe MPUBOAUT
K OIpeeleHHON BY/Ibrapu3allil paccMaTpHBaEMbIX TEPMHUHOB. «VIHTEIIEKTYaIbHBIMI» TTOPOW HA3bIBAIOT HEP-
TeTUYECKHE CHCTEMBI, IIPOCTO OCHAICHHBIE aBTOMATUKOM, CUTHATM3ALEH, JUCTIETYEPCKOM CUCTEMOW, KOMIIbIO-
TEpHOU CETHIO U Jp.

Bnaropaps nHHOBanmsAM, Kotopble npuHecaa Mupyctpus 4.0 B HedpTera3oBylo oTpaciib, OHa CTAHOBHUTCSI BCE
6onee 3¢pdpexTuBHOM, Ge3omacHoi 1 M poBr3upoBaHHON. Hedrerasosas orpacis Berynaet B IT snoxy, u Tosnb-
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KO HAauMHAeT U3y4yaThb KOHKYPEHTOCIIOCOOHBIE METONpl M(POBKH, aBTOMATH3ALMK U MPOYMX MHKECHEPHBIX 3a-
nad. Mcnomnp3oBanue MU (MCKyCcCTBEHHOrO MHTEJIIEKTa) IOMUMO OOECIIeYeHUs] KOHKYPEHTHOTO IPEMMYILECTBa,
MO3BOJISIET YBEJMYUTh MPOLYKTUBHOCTh CKBaXUH M MeCTOpOXJIeHHH. Tak ke BHeIpeHHe NepefoBbIX TEXHONIO-
Ui poOOTOTEXHUKU U 0OpabOTKHM MH(OPMALIUH, TTOITAIKUBAET YYEHBIX HA Pa3pabOTKy HOBBIX METOIOB, KOTOpPBIE
00JIeryaioT KU3Hb pabOUMX.

Ycnexu, nocturnyteie KazaxcraHoM B 0cBOeHMU HepTEra30BbIX MECTOPOKAEHHIA, 3I0KIIIA OCHOBY TSI AMHA-
MHUYHOT'O POCTa ero SKOHOMUKHU. Tem He MeHee, I71aBa roCyAapCTBa MOCTABKJI HOBYIO 3aJlady IO CO3aHMI0 Oojiee
3(pheKTUBHON CUCTEMBI YIIPaBJICHHSI YIIICBOIOPOIHBIMHI PECYpcaMy Tl COXPaHEHUsI UX YCTONUUBOH JTOOBIYN U
akcnopra o 2050 roaa.

KiiroueBble cJjioBa: MHHOBALMS; MECTOPOXKAECHNE; HE(PTEra3oBblil CEKTOP; UHAYCTPUs; I(PGPEKT; TEXHOIOTUS;
pasBuUTHE.

ASSESSMENT OF INDUSTRIAL AND INNOVATIVE ACTIVITY IN THE OIL
AND GAS SECTOR OF KAZAKHSTAN

G.T. Kosmbaeva'®, r.0.Orynbassar!, G.B.zhaumitova!, A.k.Zhumabekov?, e.b. zhunusova
IK. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan,
?Kazakh university of technology and business, Astana Kazakhstan,

2

e-mail: gulzhank_67@mail.ru

In decision—making technologies, an intelligent system is an information and computing system with intellectual
support that solves problems without the participation of a human decision-maker (LPR), in contrast to an
intellectualized system in which an operator is present. The absence of a "legalized” formulation of the concept of
“Intelligent energy systems”, "Intelligent well”, ”Smart deposit”, etc. against the background of increased interest
in this topic leads to a certain vulgarization of the terms under consideration. “Intelligent” is sometimes called
energy systems simply equipped with automation, alarm, dispatch system, computer network, etc.

Thanks to the innovations that Industry 4.0 has brought to the oil and gas industry, it is becoming more efficient,
secure and digitalized. The oil and gas industry is entering the IT era, and is just beginning to study competitive
methods of digitalization, automation and other engineering tasks. The use of Al (artificial intelligence), in
addition to providing a competitive advantage, allows you to increase the productivity of wells and fields. Also,
the introduction of advanced robotics and information processing technologies pushes scientists to develop new
methods that make life easier for workers.

The successes achieved by Kazakhstan in the development of oil and gas fields laid the foundation for the
dynamic growth of its economy. Nevertheless, the Head of state has set a new task to create a more efficient
management system for hydrocarbon resources to maintain their sustainable production and export until 2050.

Keywords: innovation; field; oil and gas sector; industry; effect; technology; development.

Kipicne. 3eprreynin makcarnl Kazakcran Pecny6-
JIMKACBIHBIH MYHall ©HAipy CeKTOPbIHAAFbl MHHOBAIIMSI-
JIapipl 6acKapyablH Ka3ipri xarIaibl MeH MPoOIeMachH
Tasiay OOJBIT TAOBLIAIBL.

Kazipri oeM MHHOBAIUJIBIK, OSJICEHIUTIKTIH KOFa-
PBl KAPKBIHBIH — €JIJIiH SKOHOMUKAJIBIK, OCYiHiH MaHbI-
30p1 (haKTOPBI, OHBIH Oocekere KaOiIeTTiNIriH cakra-
yABl Tajam eTeTiH e3TepiCTepOiH TYpaKThl ecil Keje
JKaTKaH KapKbIHBIMEH curartaiabl. COHABIKTaH, 6i31iH
enmimizain “Kazakcran-2050: xaHa casicut Oarbir” Tamy
CrparerusicblHIa MHHOBalMsIIapra CTaBKa OipiHIi Ke-
3ekreri minger oonasl [1, 2].

Ka3aKCTaHHbIH KOJ'[afIJ'[bI WHBECTULUAJIBIK aXyaJlbl

MEH OpacaH 30p PECYpPCTHIK, dJIeyeTi OHBIH MYyHaii-ra3
KellleHiHe kahaHJbIK 3IHEepPreTHKaJbIK HapBIKTHIH ipi
KOMITAHUTApBIH TapTThE: OyTiHe canana AKI, Pecet,
Kerrait, EO xoHe oneMHiH 6acKa elaepiHeH KOMITaHHsI-
nap TabbICTHI )KYMBIC icTeyne. Ken xarmaiina 6y pec-
nyonukara TeHi3 xone KapalliblFaHak, CHAKTHL ipi Ke-
MipCyTeK KeH OpBIHIAPbIH ©HEPKICINTIK MaiigagaHyra
XKeJlel eHri3yre MyMKiHAIK OepreH IIeTeNaiK opinTe-
CTepIiH TaObLTyHI.

CoHFBI OH XbUIA CaJlaFa CaJIbIHFAH UHBECTUIIUSIIAP-
JbiH mamMamMe 60%-bl IeTeNIiK KOMIaHUSIapAbIH Ka-
ThHICYbIMEH ko0anapra Tuecini. CoHbIMEH Karap, Oy-
ringe Kazakcran ykimeTi o3 cascaThlHAa MEMIICKETTiH
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MyHal-Ta3 X00alapelHIaFbl POJIiH KeHEUTyre, meTei-
JiK WHBECTODPJIApABbIH KbI3METIHJIET AIIBIKTHIKTBI apT-
THIPYFa, OAPABIH JICYMETTIK Cajlaiafbl JKoHE JKeprislik-
Ti KAMTYaFbl JKayarnKeplIulirid KymenTyre 6ac Tiryme.
JKana xarnaiinap 6i31iH opinTecrepimizieH Kazakcran-
HbIH MYHail 6HipyIlli MEMJIEKET peTiHaeri My eIepiH
’KOHE OHBIH Y3aK Mep3iMJi JaMy MakcaTTapblH ecKe-
pE€ OTBIPBIIN, MHBECTULMSIIBIK, CTPATETUsHbI HEFYPIIBIM
HAKThl TYKbIpbIMAAYbI Taan erefi. Herisri enaipymi
komnanustiapaby (TeHizmespoitn, Kapatsiranak Ilet-
poneym Omnepeiitiar, CHIIC-AkrebemyHaiiras, "Kasz-
Mymnaiil'a3” Bapnay Ouuipy 7 AK xone MaHrbicTay-
MyHaira3) MyHail eHJipyi Kapamia aisiHga 5073,2 MitH
TOHHaHbI KYPaJbl, OyJI eJIJIeri KaJlbl MyHall OHAipyIiH
75,1% xypaiinst [2,3].

Matepuaagap mMeH agicrep. byrinri tanga Kaza-
KCTaHHBIH KOMIpPCYTeK HIMKi3aTBIHBIH JIEMJIK KopJa-
pbIHAaFkl yieci mamaMmed 3% kypaiansl. By kepcert-
KiI OOMBIHIIA 613 9JIeMJIe TOFBI3BIHIIBI OPBIH/A TY PMBI3.
KP myHaii-ra3 canachlH MHHOBALMSUTBIK, IAMBITY OOii-
BIHIIIA KAl YCHIHBIMAAP:

- Kazakcran PecriyOnukachiHBIH MyHai-ra3 KellleHiH,
JamyIplH MHHOBALMSUIBIK JKOJIBIHA KadTa Oarnapriay
HAKTHI JKOHE TYCIHIKTI MEMJICKETTIK CasICaTThl, ipi NHBE-
CTULIATIApAbI JKOHE YJITTBIK SHEPIreTUKAJIbIK HAPBIKTHI,
OCBI CEKTOp/a KYMBIC iICTEHTIH OapibIK KOMITaHHsIIap-
Ibl IAMBITYABIH Y3aK Mep3imMJli OachIMABIKTapblHA Ka-
yar GepeTiH OapiblK, WHHOBALMSUIBIK-MHBECTHLIUSIIBIK
MIPOLIECTi 1e0ep peTTey/i Taarm eTe/i.

- KazakcraHHbIH MyHali-ra3 KelleHiH WHHOBAIWS-
JIBIK, 1AMy JKOJIbIHA KeINipy MiHAETi O3bIK FBUIBIMH-
TEXHUKAJIBIK, KETICTIKTEPi 93ipiey koHe KOMMEpPITH-
SUTAHIBIPY MYMKIHIIKTEpiMeH OaiJIaHBICTBI pecIryOIn-
KaHBIH OJCEKEeNIECTiK apTHIKIIBUIBIKTAPBIH MaliIaIaHy-
Ibl, aJl Ka3aKCTaHABIK, KOMITAaHWSUIAPIbIH WHHOBAIIWS-
JBIK, KBI3METIiH TAMBITY - €H aJAbIMEH eJNieysi TeXHO-
JIOTHSUTBIK, KOHE KAPXKbUIBIK TOYEKeNIepai TOMEHETyre
OarbITTAJIFaH MEMJICKET TaparblHAH eJIeYTi Kaaamaapiibl
TaJsian eTefi.

- VHHOBanUsAJBIK TPOIECTEPAl EHTi3y KaKeTTili-
ri Kasakcran PecryOnuKachiHbIH MYHAR-Ia3 CaJlaChiH-
Jarbl IpoOieMaapiaH TYBIHIABI, OJIApFa MbIHAJIAP JKa-
Tagpl: MyHall-ra3 KemleHiHiH QJIEMIiK SHEepreTHKAaJIbIK
HAPBIKTHIH Kal-KYyHl MEH KOHBIOHKTYPAChIHA KOFaphI
TOYEJALNITi; MMKi3aT Ga3achlHbIH Xaf-KYHiH YJIFaiTy
JKOHE KaKCapTy; OHAIPICTIK MPOLECTiH OapibIK OybIH-
JApbIH/IAFbl MBFBIHAAPIBI OaKbUIAY JKOHE a3aiTy; KO-
JIOTHSUTBIK, KAYiNCI3MIKTI KaMTaMachl3 €Ty; KaHa ©H-
Jipictep Kypy; ©HIM HApBIFBIH YIIFAUTY, KOFapBl HEri3-
i KOpJIapIbsH TO3Y Jopekeci; ra3 canachlHAa CaKTasa-
THIH UHBECTULMSUIBIK, PECYPCTAPABIH TAITIIBUIBIFI JKOHE

oJapAbl YTHIMCHI3 TAHJaNlaHy; OHMIIPICTIK JIeYeTTiH
QJIEMIIK FhUILIMU-TEXHUKAJIBIK, ICHIeHre ColKec Keme-
yi; KOpIIaraH OpTara CaKTaJaThlH JXKOFAphl JKYKTEME;
MYHaii-ra3 KellleHi KOCiMOpPBIHIAPbIHBIH XKYMBIC iCTEY
€PEKILIEJIITIH TOJBIK, KOJIEMJIE €CKEPETiH JIaMbIFaH jKoHe
TYPaKThl 3aHHAMAaHBIH OOJIMAayBblL.

- MyHaii-ra3 KelieHiH/eri UHHOBAIUSUIBIK, KbI3MET-
TiH CTpaTerWsUTHIK, MaKCaTTaphl: MYHaiifa >KoHE OHBI
KalTa eH/ey eHIMIepiHe ilKi KoHe CHIPTKBI CYpaHbI-
CTBI OPHBIKTHI, SKOHOMUKAJIBIK, THIM/Ii KAHAFATTaH/IBIPY;
HIOFBIPJIAHABIPBUTFAH OIOJKET KipiciHe TypaKThl jKOFa-
phl TyCiMaepai KamTamachi3 eTy; KazakcTaHHBIH ayieM-
JIeTi casich MyJIIeJIepiH KaMTaMachi3 eTy OOJIbII TaObl-
nagwl [4,5].

KazakcraH 5KOHOMHKACHIHBIH (6HIEY ©HepKacioi,
KBI3MET KOpCeTy cajachl, KOJK XoHe T.0.) TyHiCKeH
caJlaJIapbIHBIH OHIMIEPiHe TYPAKTHI TesiemMre Kalinet-
Ti CYpaHBICTHI KJIBIITACTBIpy. MyHali-ra3 KeleHiH Ja-
MBITYIBIH OacThl mpodnemanapsiHbiy Oipi KasakcraH-
Jla MEMJIEKET TIeH kep KOWHAYbIH MaiiaiaHyIbLIapIbH
MYIJeJIePiH eCKepe OTBHIPHII, TeHi3 OPTACHIHBIH MYHaii-
MEH JIACTaHYBIH OOJIIbIpMayFa KATBICTBI MoceJeNlepui
PETTEHTIH KeKe 3aHHAMAJIBIK, aKTiHiH OoMMaybl OOJIBIT
TaObutanbl. TeHizae koHe ilIKi Cy aiablHIapbiHaa MY-
Haii ornepanusIapbIH KYPrizyai Koca aiFaHia, Kep KOou-
HaybIH MailaaHy CaJIaCbIHAAFbl KATHIHACTAP/bI PETTEM-
TiH KOJIIaHBICTAaFbl 3aHJa "MYHaWJbIH TOru1yi” YFbIMbI
x0K. COHBIMEH Karap, TeHi3re MyHal TeriireH Kaf-
Jai1a MeMJIeKeT TeH XKep KOMHAYBIH aiIanaHyIbUiap-
JIBIH, ©3apa iC-KUMbLIbI alKplHAaIMaraH. KyMbICTHIH
TUIMJUTITIH apTTHIPY *OHE IKOJOTUSUIBIK, 3USHAbI a3aii-
Ty YIIiH OJNApIIBl KOOI €H epTe Ke3eHHeH Oacray Ke-
pek. Ochl MocelleHiH MaHbI3bUTBIFBIH Ha3apra ajla OThI-
phir, OyriH ”2Kep KOWHaYbI KoHE Xkep KOWHAYbIH Maiga-
JlaHy Typaibl” 3aHHBIH kaHa OaObIMEH TOJBIKTHIPbLIA-
TBIH 3aH X00aChI 931pJIeH/Ii, OHBIH IIeHOepiHe “MyHali-
IIBIH TeHi3re Terityi” yreMbl Oepimi. OHza xep Kou-
HaybIH [ai1aJlaHyIbIHBIH MYHAl TOrUTyiHiH albIH ay
JKOHE KOI0 KOHIHZEri jxocrapnapiapl OeKiTy, COHau-
aK, OCBI cajlaJjarbl KbI3METTi JKy3€ere achlpaThlH MaMaH-
JAHABIPBUIFAH YIBIMMEH IapTTap skacacy MiHIETi Ke3-
nesei. MyHalIbIH Terity cayIapblH JKOW IpobieMa-
CBIHBIH TaFbl Oip aCIeKTiCi *kep KOWHAYBIH Maiigana-
HYIIBIHBIH JKeTKLTIKTI KapXKbl KapaXaTbIMEH KaMTama-
ChI3 eTiyi OOMNbIN TaObLIAIbL. DJIEMIIK TKIpUOe Kop-
CEeTKeHJIel, MYHa/IbIH Kell MeJIIepae Terilyi Ke3iH-
Jie KOpIlIaFaH OpTara 3UsiH KoHe Ta3apTy KYMBICTApbIHA
KETeTiH IIBFbIHAAP OipHellle MIUTHAP], JOJUTapFa Ke-
Tyi MyMKiH. OchiFaH OaifJTaHBICTHI MEMJICKET Kep KO-
HaybIH Taii/IaIaHyITBIHBIH aBapUSHBI JKOIOFa KOHE Kel-
TipUJITeH 3aJ1ajl YIIiH eTeMaKsl TeJeyre KeTKUTIKTI Ka-
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pakaThIHBIH OOJTybIHA TiKesel My aaeni. Kasipri yakpiT-
Ta Xep KONHAYbIH HaiaJaHyIIbl CAKTAHIBIPY JIAMHU-
TiH TaHJay Ke3iHje KeOiHece CaKTaHbIPY HIBIFbIHAAPBIH
yHeMJIey MacesieNepiH OacIIbUIbIKKA alajibl XKoHe Oyl
JKayarKepIIUTIKTiH KEeTKUIKCI3 apanapbiHa, COHAAi-
aK, TOJBIK eMeC KaMTyFa oKelyi MyMKiH. OcbiFaH 6aii-
JIAHBICTHI 3aH KOOACBIHIA Kep KOWHAYbIH MaigaiaHy-
IIBIHBIH MYHA# TOriITeH Karaaiga KapakaTThl IOFBIP-
JIAHIBIPYIBIH MAMAHJAHIBIPBUIFAH KOPBIH KYPY KOHIH-
Jieri MiHAETI Ke3Jiene/i.

OHJIIPICTi AAMBITYIBIH MHHOBAIMSUIBIK (DAKTOPBI JKe-
KeJlereH cajajlap MeH eHJipyILIilepaiH, COHBIH iliH-
Jie SHEprus TaChIMAIAYIIbUIAPABIH ©Te Oocekere Ka-
OieTTi HapbIFBIHAA GaceKere KaOUIETTUTNH aHbIKTal-
npl. Kazakcran PecryOimkachHBIH MyHaii-Ta3 KellleHi
OyriHje eNiH 1aMy KapKbIHBIH aJIblH ala aiiKbIH/ai-
TBIH, pecypcTapAblH SpTYpii TYpJiepiH THiMAI maija-
JIaHy YIIIH aJIFBIIapTTap KacaWThlH, COHJAN-aK, Ke-
IIIeH IMTiHe e, COM CHSKTHI apajac cajaiapia Ja UH-
HOBAIMSUIBIK, 93ipiieMeNep YIMiH TeXHOJOTUSIIBIK, M-
MyJIbCTAPABl TEHEPAMSUIANTBIH OTaHABIK, SKOHOMHKA-
HBIH Herizi 6osbin Tabbutagpl. Kasipri HaphIKTHIK KO-
HOMUKAJ]a MHHOBAIIVSIHBIH MaHbI3bl alTAPIBIKTAN ©CTi.
Byt HApBIKTHIK, SKOHOMHKAIa MHHOBAIMSLIAP JaFaaphbl-
CKa KapChl KyaTThl (pakTop OOJIBIN TaOBLIATHIH/IBIFBIHA
OaliIaHbICThI, OUTKEHI JKaHA TEXHOJIOTUSUIAP/IbI, TEXHU-
KaHbIH JkKaHa TYpJepiH, COHIah-ak, 0ackapy MeH eH-
JipicTi yIBIMAACTBIPY/BIH KaHA 9[[iCTEPiH KOJIIaHy OH-
JipicC IIBIFBIHIAPBIHBIH TOMEHJEYiHe, OaFraHbIH TOMEH-
JeyiHe, maiija MeJIIEpiHiH YJIFaloblHa, jKaHa KakeT-
TUTIKTepl BIHTAJIAHABIPYFa, KOMITAHUSHBIH Oe/IeTiHiH
(MMUIKIHIH) ecyiHe oKelei koHe jKaHa HapbIKTapIIbl
’KayJiar ajyFa CerTiriH TUri3ei. OHAipiCTiH opTypiIi ca-
Jlajiapbl MeH KOFaMJIbl OacKapy cajajiapbiHa KaHa HJe-
SUTappl, FRUTBIMEA OLTIMJII, TEXHOJOTHSUIAP MEH ©HIM
TYpJIepiH eHri3yre HerizaenreH KasakcTaHHBIH HHHOBA-
LMSUTBIK, KBI3MET] pecryOinKa SKOHOMUKACHIH IAMBITY-
JIbIH aca MaHbI3bI (PaKTOPIIAPbIHBIH, KATapbIHA KaTabl.
Kazakcrangarsl MTHHOBALMSUIBIK, KbI3BMETTIH ayKbIMbIH
KeHelTyre "MHHOBALUSUIBIK KbI3MET Typasibl” KP 3aHbI-
HBIH XoHe “Kazakcran PecnyOnmkackiHIa MTHHOBAIHS-
JIApABI JAMBITY JKOHE TEXHOJIOTHSUIBIK, JKAHFBIPTYFa KIP-
JeMJIecy KeHiHzeri OarnapriamanapiblH’ Herisri epe-
*Kenepi OarbITTaiFaH. ~“VIHHOBAIMSJIBIK, KbI3MET Typa-
sel” KP 3aHbI MHHOBAIUSUTBIK, KBI3MET CaJIAaChIHIAFHI Ka-
THIHACTApIBI PETTEHli KoHEe MEMJICKETTIK WHHOBAIIUSI-
JIBIK, CAsICaTTHl iCKe aCBIPYIbIH HETi3ri MpHHIUITEpiH,
GarbITTAphl MEH HBICAHIAPbIH alKbIHOANIbl. By per-
Te Te3 JaMBbII Kejle jKaTKaH OaFbITTapFa, aTar anTKaH-
114, aKMapaTThIK-TEJIEKOMMYHUKAUSIIBIK TEXHOIOTUSI-
Jlap MeH 3JIeKTPOHWKAFa epeKIlie Hazap ayJapbUIaibl.

”Kazakcran PecryOnukacklHIa WHHOBAIWSUIAPIOBI 1a-
MBITY KOHE TEXHOJIOTHSUIBIK, KAHFBIPTYFa JKopIeMIecy
KOHiHJeri OarnapiamMaHblH’ MaKcaThl MHHOBAIIMSIIBIK -
TEXHOJIOTUSUIBIK, TaMyIbl OacKkapy XyHeciH Kypy, ca-
Jlajap MeH eHipiepli MHHOBAlMSUIBIK JaMbITy eceOi-
HEH SKOHOMUKAHBIH OaceKere KaOiIeTTiIriH apTThIpy-
JIbI KAMTaMachI3 eTeTiH YJITTHIK, MHHOBAISUTBIK, XKYHeHi
KYPY, KOFapbl TEXHOJOTUSLIBIK, LIIAFbIH KOHE OpTa Ou3-
HECTI IaMBITY XoHE eJIIiH FhUIBIMU JKoHE MHKUHUPHHT -
TIK QJIeyeTiH apTThIpy YIIiH Karaailiap xkacay OOJbII
tabputanpl. JKaHa 6inim, nHHOBarmsuiap KasakcraHHBIH
QJIEyMETTIK-3KOHOMHUKAITBIK, JAMYBIHBIH MaHBI3MIBI (hak-
TOpBIHA aliHAJFaH XOK. Ka3akcTaHABIK, KOCIOpHIHIAP-
IIBIH MHHOBALMSUTBIK, OEJICEHIUTIK AeHTeli o1i 1€ TOMeH
neHreine — 5,7 %, ajn UHAYCTpUAIB IaMbIFaH enjep-
Jie KocinopbeHAapAbH mamMaMeH 70% HapbIKTbIH KaHa
CerMEHTTepPiH Urepy MaKCaThIH/IA OH/IiPUIETIH OHIM ac-
COPTHMEHTIH KEeHEeWTyre OaiaHbICTBl MHHOBALIMSIIAP-
IIBI XKy3ere acepasl [6,7].

HoTu:xesiep *koHe TaJKbLIay. MyHail eHIIipiCiHIH
€PeKIIIeNITiH eCKepe OTHIPHII, MHHOBALMSLIBIK, TPOLIECC
MYHail OHIIpICiHIH TEXHOJOTUSUIBIK Ti30eriHiH Oap-
JIBIK, OYBIHIAPBIH/IA CHTI3UIETIH WHHOBAIMSIHBIH, ©Mip-
JIK IUKJI Ke3eHJIepiHiH e3apa OalIaHbICIH OiIipesi,
OHBIH ilIiHIE OHBI KYPY MICSCHIHBIH Maiina GoMybIHaH,
WHHOBALMSIHBl KOMMEPLIVSUTAHBIPYAAH JKOHE MPAKTH-
KaJIBIK KOJIJaHyaH OacTtar OHbl HEFY PIIBIM XKeTLLi piji-
TeH, IPOrPECCUBTI Typre aybICThIpyFa AEHiHIi opTypii
Ke3eHzep Oap.

KMI" ¥K MHHOBAIMSUIBIK -TEXHOJOTMSUTBIK, JaMy Oaf-
JapiaamaceiHa coiikec 2022 KbUIBL FBUIBIMH-3€pTTEY
JKOHE TOXKipHOEeNiK KOHCTPYKTOPJIBIK, )KYMbICTapFa ap-
HaJIFaH [IBIFBICTAp 46 MIIpM TEHrere JefiH YIIFai ThUIIBL.
Herisri msIFRIHOAP reonorusuIbIK, Oapray XKyMbICTaphl-
HBIH THIMAUTITIH apTTEIPy, MYHall MEH ra3fipl TachIMa-
Jay Kyiheci MeH TeXHOJOIMsUIapbIH KETiNIipy, KO-
TUsl, SHEPIusl KOHE Pecypc YHeMjey, MyHail eHIipyai
apTThIPy MaKCaThIHIA CApKBUFaH XKoHE OHAIPY KWbIH
KOpJiapbl 0ap KeH OpBIHAAPBIH Urepy THIMJIUITIH apT-
THIPY CHSIKTBI OaFbITTapMeH OaiiylaHbICThl O0JaIbl. AJl-
narbl xkbuU1Iapbl KMI'-HbIH MHHOBAIMSUTBIK, O€JICCHILTI-
riH Kyneity "Camypblk-KasblHa” YITTHIK 91-ayKaT KO-
PHIHBIH YJITTBIK KOMITAHVSUIAPFA MHHOBALMSUIBIK, KbI3-
METKe INbFBICTAPIbl YIIFAUTY TAICHIPMAchIMeH Oaiina-
HelcThl. Conpaii-ak, ~“Camypblk-Kassma” peiiTunrine
colikec, 6yringe KMI' HHHOBaIMSJIBIK, KbI3MET JAeHrewi
OOWBIHINA CEri3 YJITTHIK KOMITAHUSHBIH ilIiHJIe TOPTiH-
i opeiHAa Typ. KMIT HHHOBaIMSUIBIK, 1aMYBIHBIH 9J1-
Ci3 TYCTapbIHBIH iIIiHIEe KOMIAHMAAA TEXHOJOTHSIIBIK,
ko0anap MeH aKTUBTep/i GackapyablH OipblHFail cTaH-
JApTTapbIHBIH KOKTHIFBI aTan eriiefi. KomnaHusmarst

261



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

arpIMJarbl THHOBAIMSUIBIK KBISMETTIiH OipbIHFail 6acKa-
Py OpTaJIBIFBI KOK. TyTacTail anFaHga, KOMIAHHASA UH-
HOBaIMsUIApAbl OACKAPY/ABIH TYTAC XYMHeci, TeXHOJO-
rusjgap MeH WHHOBAalMsUlap CajlachlHAA MHBECTHLIUSA-
JIBIK, IHenIimMyiep KaObuliayabiH OipbIHFal MPOLeci KOK.
MyHna xo00aiblK, Talay KOMHUTETIHIH POJTiH KYIIIei-
Ty Kaxet 6onazpl. ”Camypbik-Ka3piHa” MHHOBAIIUSUIBIK,
KBI3METiHIH pEUTHHTIH/IE )KOFaphl OPBIHFA IIBIFY MaKca-
thiHga KMI™ Kpicka Mep3iM/Ii Ke3eHre apHayiFad Oipka-
Tap Herisri MiHaeTTepai ailkbiHAaasl. KMI'-na xekene-
TeH MHHOBALMSUIBIK casicar JeTnapTaMeHTiH Kypy, HHHO-
BallMsUIBIK JJAMYy CaJIaCBIHAAFBl MaKcaTTap MEH TEeXHO-
JIOTHSUTBIK, KQKETTUTIKTEpAl KoHEe THUIMIUTIKTIH HETi3ri
KOPCETKILITEPiH KOpCeTe OTHIPHIN, CTPATETHsUIBIK K-
kKarrapapl Oekity xocnapianyaa. ParpoHanmzanus Ty-
paJbl GarmapiaMaHbl icke KOCy Kepek xkoHe OyJ1 Oaraap-
JlamMa 9pOip eHIIiTec KOCIMOphHA J3ipJIeHill, icke KO-
CBUTYBI KEPEK.

Teonoruswibik, Gapriay XYMBICTAPBIHBIH THIMALTITIH
apTThIpy (MYy/IBTH(OKYCHHT, L(PIBIK TeONOTHUSIIBIK
Mozenpaey). 2023 KblTbl MHHOBAIMSUTBIK, TEXHOJIOTH-
sUTapibl KOJIaHa OTBHIPBIN, TEOJIOTHSUIBIK, Oapiay xKy-
MBICTapbl eceOiHeH MIOFbIPIAHABIPbUIFAaH KAJIBIK aJlbl-
HaTblH MYHail KOpJapblH €Ki ecelleH acraMm yJrai-
Ty. MyHaii any ko3 uIreHTiH apTThIpy MaKcaThIHAA
CapKbUIFaH KoHE OH/IIpY KUbIH KOpJapbl 0ap KeH OpbIH-
JapblH Urepy TUiMILUTIriH aptTeIpy [8,9,10].

Ilepcnekmusanvik, mexHoA02UsNAP:

1. Cy3ri arsIHIapbIHBIH OAaFBITBIHBIH ©3repyiMeH CTa-
LIMOHAPJIBIK, eMeC (LIMKIIHIK) Cy TACKbIHBI;

2. INomimep-rensb xKyHeciH aijay;

3. MyHaii MeH Cyapl Ke3eKTecin aijay;

4. By#iprik Gelkenepuai Kecy;

5. KenneHeH yHFpIMasap koHe TapMaKTaJFaH KeJijie-
HEH YHFbIMaap.

Hunosayusinvix acep:

1. Ka3akcTaHABIK FBUIBIMU-3EPTTEY JKOHE Y KBIM-
JapAblH  FBUIBIMU-TEXHHUKAJIBIK JKOHE TXipHOemiK-
KOHCTPYKTOPJIBIK, 33ipJieMeNepiHiH KEeH OpbIHIAPbIH-

JIaFbl OHIPICTIK CHIHAKTAP, KaHA OTaH/IBIK TEXHUKA MEH
TEXHOJIOTHSIAP/IBI CHIHAY;

2. QNeMAiK CepBUCTIK KOMITAHUSUIAPABIH KaHA TeX-
HOJIOTHSUIAPBIH EHI'i3Y KoHe KOJJIaHy Taxipuoeci;

3. KosngaHbIcTarbl KeH OpbIHIAPBIHAA KaHA TEXHOJIO-
THSUTAPIbI SHT13Y.

KazakcraH sKOHOMMKACBIHBIH ©3€ri MyHai-ra3 Ke-
treni 6osbin Tadbutaasl. O reonorusuibiK, Oapiay, My-
Hall eHJipy, eHJIeY, TACBIMAIIAY KoHE KbI3MET Kepce-
TY KOCINOPbIHAAPBIH KAMTUTBIH Oip-0ipiMeH ThIFbI3 Oaii-

JIAHBICTBI CANAJIAP/BbIH KUBIHTBIFBIH Olngipeni. MyHaii
VITTHIK SKOHOMHUKAHBIH OfIaH 9pi AaMyBIH aJIIbIH ajia
aHbIKTafbl. KaObUIIaHFaH cTparerusira Colkec MyHaii-
ra3 KelleHi eJiiH 9KOHOMUKAJIBIK, ©pJieyiHiH Herisi 60-
Jayra Ttuic. Kasipri yakpITTa KeMipcyTeKTepai eHIipy
MEH 3KCIOPTTAyABIH TYPAKTHl ©Cy Ypaici OaiKaaibl.
Kazakcran Heri3iHeH KeMipcyTeK pecypCcTapbIHBIH SKC-
nopTeiHA Toyeni. Kasipri yaksITTa eHipae eHIipy KbUT
cailbiH 1,5 MiH ToHHara aptein keiemi. KP MyHaii-
ra3 KellleHi-9KOHOMUKAHBIH OachIM, JKETEKII Casachl,
ereMeH MeMJICKeT SKOHOMUKACHIHBIH MaHbBI3IbI KYpaM-
Jac OeJiri, SKOHOMHUKAHBI TYPaKTaHIBIPYFa eNeyJli yIiec
KOCAaThIH eJliH 0a3asblK, caiagapbiHbiH Oipi. MyHaii-
ra3 cajachlH JaMBITY/IBIH HETi3ri OachIMIbIKTAPbL: YJIT-
TBIK, SHEPreTUKAJIbIK KayilCi3miKTi KamTaMachi3 eTy,
SHEPreTHUKAJIBIK, PECYPCTAPABI YIIFANTY, OMapabl THIMII
naianany, SKCIOPTTHIK, JKoHe IIKi KYOBIpIapIs! camy
GoJIbIN TAOBLIAIBI, OyJT pecryOiIuKa SKOHOMUKACHIHBIH
TYPaKTHI ecyiHe bIKnaji etTyi tuic [11,12,13].

KopbIThiHabI. Ka3akcTaH 9KOHOMUKACHIH JaMbITY-
JIBIH Ka3ipri Ke3eHi pedpopManayabl KYprisyMeH KoHe
VHIyCTPUSIIBIK-MHHOBALIUSJIBIK, KYHEHi JaMbITyMeH,
’KaHa OH/IiPICTIK-TEXHOJIOTUSJIBIK, GaCKapy/Ibl UTEpyMEH
cHUMaTTasajabl, OyJI Ke3ie MeMJIEKET IHKi3aTThIK OarbIT-
TaH OipTiH/EM KeTy XoHe JaMbIFaH KOFapbl TEXHOJIOTH-
SUTBIK, MHHOBAIIMSUIBIK SKOHOMHKACHI 0ap MEMJIEKETKe
KeIIly TypaJIbl MoceJie TKip KONbIIaIbI.

Kazakcranmarsl ~ MHHOBALMSUIBIK — ITPOIIECTEPAIH
Kazipri xkai-KyHiH Tajjlay MeMJIeKeTTiK Oarmapriama-
JIap/ibl €Hri3yre, TEXHOMAPKTEPi AaMbITYIbIH KOHE Fbl-
JIBIMJIBI OaCKApY/IBIH JKaHA MOJENBbICPIH d3ipieyre Ka-
pamactaH, QJIEMAIK CTaHIApPTTapMeH CaJIBICTBIpFaHa
WHHOBALMSUIBIK, JKOCIIAp/Iay MEH MEHEKMEHTTIiH JKeT-
KUTIKTI TOMeH OeHredi Typajbl KOPBITBIHIBI JKacayra
MYMKIiHJIK Gepei.

MyHaii-ra3 CEeKTOPBIHBIH KCIOPBIHAAPHI PecITyOIu-
KaHBIH OThIH-9HEPTeTHKAJIBIK KElIeHIHIH Heri3ri OybIH-
JAPbIHBIH Oipi OOJBI TaOBLIATHIHABIFBIHA JKOHE OY-
TiHr KYHI eJTiMi3/liH MeMJIEKeTTiK OIO/UKeTiHiH Kap-
JKBUTBIK HETi31H KAJIBIITACTBIPA OTHIPBII JKOHE AYKBIM-
Jbl MHHOBALMSUTBIK Jk0Oanapipl icKe achlpy MYMKiH-
JiriHe we Oona OThIpbi, KazakcTaH KOHOMHUKACHI-
HbIH HETi3iH KYPaWThIHIbIFbIHA OAMJIAHBICTHl S9KOHOMHU-
KaHBIH OCBI CEKTOPBIHAFbl MHHOBALMSIAPIbl HET131e1-
reH 6ackapy epekIie MaHpI3Fa ue Oomyaa.

¥MK uHHOBAIMSUTHIK, KBI3METIH 0acKapyibl KeTil-
Iipy MaKcaThiH/Ia WHHOBAITUSUIBIK, XKOOAMapIblH THIM-
JTIK KpUTEpUIIepiH, MHHOBALMsUIApAbl MHBECTULHU-
SUTayAbl  IOFBIPIAHABIPYABIH — YHBIMAACTHIPYIIBUTBIK -
9KOHOMUKAIBIK, Oar/apiamMaapbiH 93ipJield  OTHIPBII,
’KaHa MOJIE/Ib/Ii Ko0ajay TaJiar eTijie/i.
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KazakcranusiH ¥1'A naMybslHBIH Kazipri Ke3eHiHIe
Oi3[iH Ke3KapachiMbl3 OolbIHINA Oipkarap cebentep
OOVibIHIIIA UHHOBALMSIIBIK, KBI3METTI OacKapyabl 3epT-
Tey KaxeT:

1) MeMJIeKeTTiH Je, MyHail-ra3 KoCIOPHIHAAPHIHBIH
Jla OCHI MpoIlecKe TeH KYKBIKThl KAThICYbIHA HETi3/e-
reH WHHOBAIUSUTBIK, JTAMYIIBIH TOJIBIKKAH/IBI KYHECiHIH
JKETKLTKCI3 1aMyBl;

2) oneMJiK CTaHAAPTTapFa, OH/Ii PICTIK-TOTMCTUKAIBIK,

4) pecmu Typre OeNTieHreH WHHOBAIMSIIAPIBL [Ja-
MBITY KOHE €HTi3y KPUTCpHIIEPiHIH KETKITKCI3 93ip-
nenyi [14,15].

Ocol akTopnapapl xoHe anemaik MIK-marsr mH-
HOBALIMSJIBIK, TIPOLIECTEPAiH EpEeKIIeTIKTepiH Tanga-
yAbl Ha3zapra aja OThIpbIl, KazakcTaH SKOHOMMKA-
CBIHBIH MYHAali-Ta3 CEKTOPBHIHbIH MHHOBALUSIIBIK, KbI3-
MeTiH OacKapyapl KeTiAipy KOFaMIbIK, SKOHOMHKA-
JIBIK, KYKBIKTBIK, OHIiPIiCTIK, TEXHOJIOTUSIIBIK,, SKOJIOTH-

SUTBIK, KOHE KapKbUTBIK KBI3METTI KOca ajlFaH/a, 6acKa-
Py KY#ecCiHiH OapiblK KYPbUIBIMbIH KEIeH Ii KaHFbIp-
TYIBI TAJIAM €Teli Ae ecenTeimis.

MMpoLeCTEPre KaTbICThl KaHAFaTTAHAPJIBIKCBI3 JaMy;

3) nerisri MI'K ke ceKTOPbUIBIFbL, FeTepOreH/ILIIT;
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KOMIP KABATTAPBIHAH METAH OH/IIPYIIH IIETEJUIIK TOKIPUBECTH
TAJIJTAY

P.A. Mycun, M. Paéaryasl, H.JI. Ixxycynos, A.A. Kaiibip6ex”
”96inkac CarbiHOB aTbiHAaFbl KaparaH/ipl TEXHUKAJIBIK, YHUBEPCUTETI” KOMMEPLMSIIBIK, EMEC aKIIMOHEPITiK
korambl, Kaparannpl, Kazakcran

email: ayazhan.kairbek@bk.ru

Makanaza apTypii MeMJIeKeTTep/iH KeMip KabaTTapblHaH IIBIFATHIH METaH MeJIIepi jKaiblH/AA, COHBIMEH Ka-
Tap, op €JIiH METaH eHIipy TCUIAepi Typasibl KApaCTHIPhUIFaH. JJleMIeri keMip OacceitHaepine mamameH 70 e
6ap, onapmabiH 40-TaH acTamblH/Ia METaH/Ibl KaH/al Jia Gip jKOJIMEH ajly kKyMbICTaphbl XKy pill skatsip. Keitbip ennep
KOMip KabaTTapblHaH METaH OHAIPYIIiH SPTYPJIi TEXHOJIOTUsJIAPBIH CITTI KOJIaHabl. DJieMHiH 20-Fa KYbIK, eJ1i Me-
TaH OHJIPY YIIiH OyprbUIayapl OeliceH i KaObUIIAIb JKoHe MaiiaiaHa bl. KeMip MeTaHbIHBIH €H Kol MeJIepi
Peceii, AKIII, Kpiraii, Kanama, ABcrpamus, OHTycTik Adpuka, YHuicras, [lonsima, I'epmanus, ¥ ipiOputanus,
Kazakcran xoHe YkpanHa ayMarblH/A OpHaJIaCKaH KeH OpbIHAApbIHAA Iofbipianfad. COHbIH illliHAE METAHHBIH
eH ket 3eprrenreH pecypcrapsl a3ipre AKII, Kanana sxoHe ABcTpanusi MemiiekeTTepinae 6ap.

QJIeMHIH 9pTYpIIi eJepiHae MEeTaHHBIH T'eOJOTHSUIBIK Takaa OOy sKaFiaiiylapblH Talgall OTHIpHII, KaparaH-
Ibl Kemip OacceitHinge Oyl ra3ipl OHIIPyAiH SKOHOMHUKAJBIK, THIMIUIIN Typasibl aiita anambi3. Backa enaepiin
Toxkipubeci keMip KabaTTapbIHBIH Taiia OOMyBIHBIH YKCAC JKaFJalblHIa METaH OHAIpY/i KepceTesi.

Tyiiin ce3aep: MeraH, KoMip KabaThl, Ta3/IbIH OPBIH aybICTHIPYBI, OTKI3IIIITIK, Ta3/Ibl CY3Y, OyprbLIAY.

AHAJIN3 3APYBEZKHOI'O OIIBITA TOBbIYN METAHA YI'OJIBHBIX
IIJIACTOB

P.A. Mycun , M. Paéaryasi , H.JI. Izxycynos, A.A. Kaiibipoek”

Hekommepueckoe akimonepHoe o01ecTBo “KaparaHqMHCKUI TEXHUYECKUI YHUBEPCUTET UMeHH AObLIKaca
CarunoBa”, r.Kaparanna, Kazaxcran

email: ayazhan.kairbek@bk.ru

B crarbe pacckasbiBaeTcsi 0 KOJIMYECTBE METaHa, MOCTYIAIOIIEr0 U3 YTOJMBbHBIX IUIACTOB Pa3HBIX rocylapcTB, a
TaK’ ke O criocodax MPOU3BOACTBA METaHa B KaXIoW cTpaHe. B yrompHbIX OaccefiHax MUpa HACUUTHIBAETCS OKOJIO
70 crpan, 60s1ee 40 U3 KOTOPHIX KaKMM-JIOO 00pa3oM JoObIBaOT MeTaH. HeKoTopble CTpaHbl YCIEHTHO IPUMEH -
0T pa3IMYHbIe TEXHOJIOTUH JOOBIYM METaHa U3 YToJibHBIX TuiacToB. Okono 20 cTpaH MUpa aKTUBHO ITPUHUMAIOT U
UCTONB3YI0T OypeHue 1 MPOM3BOACTBA MeTaHa. HanGosbliiee KOIM4ecTBO YroJbHOrO METaHa COCPEAOTOYEHO Ha
MECTOPOXKJCHUSAX, PaconokeHHbIX Ha Tepputopun Poccun, CIIA, Kuras, Kanaael, ABcrpamiu, I0:xHoil Adpu-
ku, Uaguu, Tlonemm, [epmanun, BemmkoOpurtannu, Kasaxcrana n Ykpanssl. B Tom uncie Hanbosee N3yvIeHHbBIE
pecypcbl MeTaHa noka Haxoaates B CIHA, Kanane nu ABcrpaum.

AHanmm3upys yCJIOBHS re0IOrMIeckoro 00pa3oBaHusl METaHa B Pa3HbIX CTpaHaXx MHUpPa, MOKHO TOBOPHTH 00 3KO-
HOMMYECKOH 3(h(eKTHBHOCTU J00bIUM 3TOro raza B Kaparanamackom yronbHoM OacceitHe. OIBIT APYrux CTpaH
CBHUJIETENILCTBYET O JOOBIYE METaHA B aHAJIOTMYHBIX YCIOBHSX OOpA30BaHMUs YIOIbHBIX IIACTOB.

KuroueBble cioBa: MeTaH, yrOMBbHBIHA TUIACT, CMEIIeHHe Ta3a, IPOBOIUMOCTb, (PMIIBTpaITis ra3a, OypeHue.

ANALYSIS OF FOREIGN EXPERIENCE IN COALBED METHANE
EXTRACTION

R.A. Musin, M. Rabatuly, N.D. Dzhusupov, A.A. Kaiyrbek”

Non-profit Joint Stock Company “Karaganda Technical University named after Abylkas Saginov”, Karaganda,
Kazakhstan

email: ayazhan.kairbek@bk.ru
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The article describes the amount of methane coming from the coal seams of different states, as well as the
methods of methane production in each country. There are about 70 countries in the coal basins of the world, more
than 40 of which produce methane in some way. Some countries have successfully applied various technologies
for extracting methane from coal seams. About 20 countries of the world actively accept and use drilling for
methane production. The largest amount of coal methane is concentrated in deposits located in Russia, the USA,
China, Canada, Australia, South Africa, India, Poland, Germany, Great Britain, Kazakhstan and Ukraine. In
particular, the most studied methane resources are still in the USA, Canada and Australia.

Analyzing the conditions of geological formation of methane in different countries of the world, we can talk
about the economic efficiency of the extraction of this gas in the Karaganda coal basin. The experience of other
countries testifies to the extraction of methane in similar conditions of coal formation.

Keywords: methane, coal seam, gas displacement, conductivity, gas filtration, drilling .

Kipicne. Kemip enepkaciOi Kbi3MeTKepJepiHiH Ka-
YIMCi3MiriH KaMTaMachi3 €Ty OYTiHri TaHga ©3eKTi Mo-
cesie OoJIbIN TaObUIa bl KabaTTap/ipH ra3ibuibEbl O1ap-
JbIH Taiiga 00Ty TepeHMiriHe Kapai apTajpl )KoHe Tay-
KEH XYMbICTAPbIH KYPprizyae Texeymr (aktop O0JbIm
TaObUIagbl. METaHHBIH KEHETTEH MIbIFApbUTYbl KeITe-
I'eH aJ]aM IIbIFBIHBIH, KAPXKbLIBIK, [IBIFBIH/IBI XKOHE OacKa
caJIIapabl TYABIPYbI MyMKiH. TeK COHFBI KbULIAPH MYH-
nai anarrap Kaparannpl kemip OaccelHiHIH IaxTaa-
ppiHAa 140-TaH acTaM aJaMHBIH 6MipiH KUJIBL.

Anaiiia, ochl MaHBI3/Ibl MOCEJIEH] Iy apKbUIbI iJie-
crie ra3 aimyra Oonambl. ['a3chI3IaHIBIPYIbIH KOMIAHbI-
CTaFbl TEXHOJNOTHSUIAPHIMEH Ta3[daHIBIPy KOPCETKIIIiH
azaiity oHall emec. Ic xy3iHae HOAIIK ra3 eTKi3rilmTiri
’KOHE ra3[bIH TOMEH IIBIFYbI OJIAPIbIH JaMYBIHBIH Ka3ip-
ri Tepeniringe kaodarrapra ne. COHABIKTaH METaHHBIH
IIBIFYBIH KAMTaMachl3 €Ty YIIH KeMipTeri OaraHbIHA
ANIBIH ana acep eTy KaxeT. By mporecc eHepkacir-
TiH HEMece XaJbIK, IapyalIbUTBIFBIHBIH KaKEeTTUTKTEpI
YIIIH nakigananyra GoJaThliH LJIecrie ra3apl anyra MyM-
KiHIik 6epeni. HoTmxkeciHae keMip KabaTTapbiHbIH Ia3-
JBUTBIFBIH a3aUTYy Tay-KEeH JKYMbBICTAPBIH XKYPridy Ke3iH-
Iie ToyeKeNmepAi a3zaiiTyra XoHe eHOEK KayilCi3miriH
JKakcapTyFa MyMKiHIIK Oepei.

Mertan eHaipy MaceneciH 3epTreidl kene, KaparaH-
JIbl KeMip OGacceliHi Heri3iHeH KeMip ra3bIHbIH KEH Op-
HbI OOJIBIN TAOBLIAIBI JETeH KOPBITBIH/IbIFA Kenyre 60-
Japl. IPTYpIi Ke3aep OOHMbIHIIA MEeTaH KOpPBIH Oara-
JIall OTBIPBIT, ONAPIBIH TAOUFU I'a3 KOPHIMEH CaJIbICThI-
pyra OonaThHIBFBH Oaiikayra Oonmanpl. Tex Kaparan-
Jbl KeMip GacceitHiHae 1-1eH 4 TpiaH-Fa JediH HIOFbIP-
JIaHFaH, XeprutikTi KecinopsHaapaa 1800 m-re meiinri
TepeHMiKTeri M° a3, KbUI caiibiH mamames 500 MiH. M
ra3 ra3chi3IaHbIpy KypaigapbiMeH Kep aCThIHAH aJIbl-
Hajabl. Byn perre ockl KeseMHiH Tek 15% - bl OTBIH
peTiHIe MaiganaHbUIagbl, KaJFaHel KOpIIaFaH OpTara
SMFCCHSI KOPCETKIIITEPiH TOMBIKTHIpaabl. COHBIMEH Ka-
Tap, MetaH Oacka rasjuapra kaparanga 20-40 ece Tuim-
Oi. On 030H KabathiH Oy3abl XkoHe UH(pPaKb3bUl KyH

paguanusichiH ciHipeni. [TapHUKTIK ra3gap KOHIIEHTpa-
IUSCHIHBIH aHTPOIIOTEHAIK OCYiH CaJIbICTBIPA OTBHIPHIIL,
aTMocdepaga METaHHBIH KbULABIK, KUHAKTATYbl 1-2%
Kypaiasl. By kepceTkinn 6acka ra3uapIbiH KHHAKTa-
JIy KApKBIHIBUIBIFBIHAH achI Tycemi. [lereHMeH, MeTaH
JKAKCBI JOCTYPJIi eMeC SHEPrysl TaChIMAIIAYIIIBI OOJBIIT
Tabbutagpl. OHBI eJIfIiH OTHIH-9HEPreTUKAIBIK, IIUKi3aT
6a3achIHBIH Kypamjac 0eiri peTiHae KapacTbipyra 60-
najpl. MBIcasbl, XUMUST ©HEpPKaciOi YIIIiH KeMip reHe-
3WCiHIH MeTaHbl aMMHaK, METaHOJ, alleTHIeH, aKybI3
Maccachl koHe T.0. OH/IpiCiHe KYH/bI HMIMKi3aT Ooa-
JIBI.

MertaHHBIH O6JliHy K&3iH aHBIKTay KYpHei FhUIBIMH-
TeXHUKAJIBIK, MiHAeT Oonbin Tabbutagpl. Kasipri 3a-
MaHFBl TYCIHIKTEpre colikec, KeMip Kabarbl opTyp-
Ji pakToprapablH SCepiHeH OTKI3rillTiri TeMeH OJI0K-
JKapbUFaH opTa Oonbin Tadbutagpl. by karnaiina me-
taHHbiH 80-90% - b1 KeMip KabaThiHAA COPOLMSIIAHFAH
KyWze Oonaapl. By goctypii ra3napasl eHIipy TeXHO-
JIOTUSICBIMEH CaJIBICTBIPFAaH/Ia OHBI Jy IPOLECiHE aii-
TapJIBIKTAl ocep eTei.

Conrbl 5 xbuigarel TM]I enfepiHiH IIaxTaJapbH-
JaFbl amarTapAbl TajJjail OTHIPHIN, ajJaM IIbIFBIHBIHA
YIIbIpaFraH KOCIMOPbIHAAPAAFhl TOTEHIIE OKUFaIapIbH
mamameH 90%-bl KEHETTEH METaH IIbIFapbIH/IbUIAPHI
6omnapl JereH KOpPBITBIHABI kacayFa Oomagpl. Tay-keH
JKYMBICTapbIH JKYPri3y Ke3iH[e MeTaH-aya KOCHAChIHBIH
XKapbUly KayIliH a3aiTyra xep OeTiHeH YHFbIMaapMeH
MEeTaH eHAIpyli YHBIMIACTHIPY MYMKIHIIK Oepeni. By
I1aX SHEPreTUKAIBIK, KOHIBIPFbIIAPHI YIIIH ra3/ibl Maii-
JanaHyra MYMKIHIIK Oepemi, KeMip eHAipyaiH peHTa-
Oe/IBIUTriH apTThIPa/Ibl JKOHE KOMip OHIipyAiH kaHa
KOKXKHEKTEPiH KepacThl TICUTIMEH Urepyre acep eTeTiH
JKarbIMCBI3 (paKTOpIapasl azaitagsl. JKyprisuireHn tan-
Jay KyMbIChIHA colikec, Ka3akcranga keMip mMeTaHbI-
HBIH pecypcThiK, aneyeri 3000-4000 mapa.m® meringe
GarasiaHapl, KaJIbl JAMBIFaH jKoHE AaMyIIbl eIaepae -
93-285 tpin.m>.
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KP Tynrsm [Ipesunenti H.9. HazapbaeB kemip Ka-
GarTapblHaH MeTaHJBI Oapiay sKoHe eHIIpY TypaJibl aiiT-
Tel. 2010 >xpUTIBIH 26 KaHTapelHOA TIOTI KeMip KeH
OPBIHJAPbIHAH METaH eHAIPYAl JKoHe KoJere KapaTyibl
yibIMaacTeipy Typaisl Ne747 tanceipma Gepinui. 2013
*butrbl 28 kentokcanga KP IlpesuneHti OKimiiiii-
ri GacmbichiHBIH Ned757-1 tanceipmacel KP Ipembep-
MunucTpiHiH opbiHOacapbiHa Oepinai. Koliburan MiH-
JeTTepai icKe achlpy YINH TIiNTi Xko0a KapTacel (ic-
1apajap Kocrapsl) 93ipieH .

KeMip kabaTTapplHaH MeTaH ajlyFa apHajFaH koba-
Jlapapl 93ipiey KesiHAe aHbIKTaylibl (hakTop 3eprTe-
JIETiH yJacKeJieri MeTaH PecypcTaphbl Typasbl IepeKTep-
JiH JYPBICTHIFBI OONbII TaObl1agsl. A+B+C; caHaTbIH-
Iarpl KabarTapia IIOFBIPIaHFAaH KOpJap SKCTPaKLHs
YIIH KOJDKeTiMJTi 601bIN caHaiajbl. KeMip MeTaHbIHBIH
KOpJIapeiH OOJKay MEH ecenTeyliH Oelrii omicTepiH
3epTTel OTHIPHII, OOJKAMIIBI JepeKTepIe alTapIIbIKTa
colikecci3mikTepai Oalikayra 6omans [1].

Mertan eHipy TEXHOJIOTHUSCH KAYiIICi3 pecypc yHeM-
Jey 9iciMeH Jamybl KepeK, MyH[a rasjibl Kemip Ka-
OaTTapbIH jKacay Ke3iHae OyJ1 MeTaH ra3bl SHEepreThKa-
JIBIK, OTBIH HEMECEe XUMUSUIBIK, LIIMKI3aT peTiHe OemiHir,
KUHanaapl. OHIipyaiH OyJl HYCKACHI KATTHl OTBIHHBIH
O3iH/iK KYHbIH ap3aHjaTyfa acep eTeli, OfTKeHi LIbl-
FRIHIAPIBIH Oip OeJiri XKUHAJFaH METaH Ta3blH eTeyre
MYMKiHAIK Oepeni. FampMoapnpiH ecenreynepi OOWbIH-
ma 1 mua. M meran 1300 ToHHa KOMIipai aJMacThl-
pa amagpl. Ocputaiiia, KeMip KeH OpHBIH SKOHOMHKA-
JIBIK, THIMAUTIKKe OaiJIaHbICThl OapblHINA MaiJalaHyFa
KOJ keTKiziaeai. Hotmxkecinme 6ip kKeH OpHBIHIA Me-

TaH MeH KeMip/i Oip Me3rijijie OH/ipy: KEHETTeH IIbIFa-
PHIHIBLUIAPBIH Makiga 6oy KayIiH a3aiTyra; KeHIiiep
YIIIH Kayilci3 eHOeK KaraailapslH jxkacayra; ra3 ¢ak-
TOpPBI OOMBIHIIA TA3apTy KEH)KapiapbHa KOFaphl KYK-
TEMEHi KaMTaMachI3 eTyre; aTMocepalblK, ayara sKoHe
030H KabaThIHa Tepic acepmi a3alTyra MYMKIHIIK Oe-
peni. CoHbIMEH KaTap, MeTaH/Ibl MaiaIaHy - SKOJIOTH-
SUTBIK Ta3a TaOUFM HEPrusl TaChIMasayIlibl, SKOHOMH-
KaJIbIK, Taiga oKesei.

Kemip mraxtamapblHBIH TEepeHAEYIMEH Tra3 IIbIFa-
py Moceseci eTkip Ooia Oacraiipl, KeMip KabarTa-
PBIHBIH TaOWUFU Ta3/IbUIBIFBI apTajgbl. YKcac Tay-KeH-
TeOJIOrMSUTBIK, XKaFJaiiiapaa ra3 maxrajgapbl KbI3METiHiH
TEXHHUKAJIBIK-9KOHOMUKAJIBIK, KOPCETKIIITepi ra3 emec
OHJIIpY OHAIPiCTEepiHiH XYMBIC KOPCETKIIITEepiHeH To-
MeH. ['a3 GeH 1aH OOFbIHIIA aca KayilTi HIaxTalapaarsl
Ta3apTy KeHKapblHa XyKTeme ImamameH 1,5-2 ece Te-
MeH. 50-60% neHreinie TUIMIUTIKIIEH Fa3ChI3AAHABIPY
Ke3iH/Ie FaHa CaJlaHbl KaiTa KYPbUIBIMAAY/IBIH KOIlTereH
OarqapramMaliapbl TaJiar eTeTiH TOyMiriHe 5-7 MbIH TOHHA
OHJIipyre KOJ KeTKi3yre Gonajp [2].

Marepuaagap Men agicrep. ocTypri emec Ke3-
JEpAiH ra3 KeH OpbIHIAPHI IOCTY Pl KeH OPBIHAAPBIHBIH
KOpJIapblHaH €0yip achll Tyceai. XaIblKapasblK SHEp-
reTUKabIK areHTTIKTiH 2009 jKbUTHI sKapUsUTaHFaH M-
MeTTepiHe caiikec, 921 TpiH. M> gaCTYpIIi eMec Ke3ziep-
JIeH Ta3[pblH Kbl JIEMAIK OOJDKaMbl PecypcTapbiH
Kypaiapl. Bys kepceTkinn gacTypii KeH OpbIHIApbIH-
JaFel Ta3 pecypcrapbiHad 2,2 ece acanpl [3]. CoHblMeH
Karap, OyKiJ asieM OOHbIHIIIA KOMip KaOaTTapbiHbIH Me-
TaH KeJjeMi 256 TpiH. M (1-kecte).

1-kecTe - QIEeMIIK ra3 pecypCTapbiHbIH KYPbUIbIMbI [4, 6. 6]

I'a3 pecypcrapblHbIH Ty priepi 5;; Iiehi%PCTapblelH KeJieMml, E;f:;{ﬁ:iﬂ?ci, o
1. Jocrypni ra3 pecypcrapsl 405 30,54
2. JocTypiti emec ra3 pecypcrapsl 921 69,46
2.1. TeIFpI3 KYMTaC raspl 209 15,76
2.2. KeMmip KabaTTapblHbIH METaHbI 256 19,31
2.3. TakTarac ra3b 456 34,39
Bapieik ra3 pecypcrapst 1326 100

Keii6ip ennep kemip KabaTTapbiHaH METaH OHIipy/IiH
OPTYPJTi TEXHOJIOTUSIIAPBIH COTTI KOMAaHAbL. Ic Ky 3iH-
Je OYKiJT asieM/Ie ra3 eHIipy/IiH OyJ1 OarbIThl OJapIbI ajl-
JIBIH aJ1a ra3ChI3AHIBIPY KOHE YHFbIMANAp apKbUIbI Ta3
Iy TYPFBICHIHAH YJIKEH MaHBI3Fa ue OOJIIbL.

Kemip meranbinbH eH ken memepi Peceii, AKIL,

Kprtait, ABcrpamms, OHTycTik Adpuka, YHAICTaH,
Monbina, Tepmanus, ¥ipiOputanus, KazakcraH xoHe
VkpavHa ayMarblH/Ia OpHAJIACKaH KEeH OpbIHAApbIHIA
moreipiaadrad. 2002 xeutrsl M.B. TomuiipiH MaoniMeT-
TepiHe coliKec, oJIeM enepi OOMBIHINA KeMip MeTaHbI-
HBIH 9JIEMIIK PeCypPCTAPhIHBIH CaTBICTHIPMAITBI KECTECIH
*kacayra Gonajpl (2-kecre).
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2-kecte - KeMip KabaTTaphiHIarbl METAHHBIH QJIEMJIIK pecypcTapsi [5]

Erne Kemip kabarTapbHbIH MeTtaHHBIH OapiIbIK, Mertanp! ajty YIIiH peHTa0es b/
AAep METaHO3/bUIBIFBL, M3/T | pecypcrapsl, MiIpd. M3 MeJiuep, Mipa. M3
™[ 10-40 30000-58000 2550-2710
Kpirait 8-20 16000-25000 7000-7500
AKUI 7-14 11000-22000 6000-8000
ABcTpanmus 7-15 3800-6000 2000-3000
I'epmanusa 8-15 1700-3000 700-1000
[osnpima 8-13 1200-1450 450-600
YplOpuTanust 5-24 900-1600 400-800
Kanana 5-14 600-1600 300-500
Dpanuus 8-14 370-650 250-300
Adpuka 8-10 400-500 150-200
YHpictaH 5-8 250-400 100-200
Yexust 17-30 110-130 50
Kanonus 10-13 80-110 25
60
@ 50
Q
B
)
£ 40
>
£
g 30
3
€5
£
g
2 10
0

log pobblum

1-cyper-AKII keMip keH OpbIHAAPbIHIA METaH OHIPY/iH KUBIHTHIK, KepceTKilTepi [8]

Mertan pecypcrapbiH OaranayjplH OipblHFall SKoHE
CeHIMJi oicTeMeciHiH OoIMaybl OJNIapAblH MeJIIepiH
J9J1 KepceTyre MyMKiHaik Gepmeiini. Ken opsiHaapbH
Te0JIOTHSUIBIK, 3ePTTEYAIH opTYpJli AOpexkeci, METaH pe-
CypcTapblH OarayiaylIblH SpTYPii TOCUIAEpi acep eTei.
CoHbIMeH Katap, OyJ1 rasjsl Oajamasibl SHeprust Kesi
peTiHjie TaHy OYKiJl oyieM OOMbIHIIA KOMip METaHbIH OH-
Jipy oOajiapblHa CaJIbIHFaH WHBECTULIUS JeHrediMeH
pacranaasl. COHBIMEH KaTap, Keibip ennepne OyJ1 Ke-
MipCYTEKTEPIIiH KaJIFbl3 KO3i.

¥3aK yakpIT OOWBl MeTaH ra3bl KOMipIiH 3HsH/BI
KOHe KayinTi cepiri 6ombim caHaumsl. O kebiHece K-
Mip KabaTTapblH Xep acThl dfiCiMEeH Hrepyre Kenep-
ri kenripai. Kaparanael GacceiiHinaeri kemip kadarra-
PBIHBIH QJIEMJETi €H JKOFaphl Ta3AbUIBIFHL - 15-35 M /T.

Onrycrik Adpukana YorepOepr KeH OpHBIHBIH Ta3/bl-
abirel 3-5 M3/1. Amepuka Kypama Illtarrapsinga Can-
Xyan GacceiiHiHiH ra3mpuisEbl 5-12 M>/t, Yoppupop
GacceifHiHiH ra3mpUIbIFEl 8-12 M3/T Kypaiiasl. Byrin-
ri TaHJa KeMip KaOaTTapbIHbIH METAHBI €H MePCIeKTH-
BaJIBI TOCTYPIIi eMec KOMipCyTeK IIMKi3aThl Ke3IepaiH
6ipi GobII caHaIa bl DJIEMIeTi KeMip OacceitHiepinie
mamamer 70 en 6ap, onapapiH 40-TaH acTaMbIHAA Me-
TaH/bl KaHJal j1a Oip KOJIMEH ajly )KYMbICTaphl JKYpill
KaTblp. AyeMHiH 20-Fa KybIK eJli MeTaH eHAIpy YIIiH
OypreUtayapl OesiceHIi KaObUIIambl KoHE MaigaiaHa-
Ipl. MeTaHHBIH €H KeIl 3epTTeNITeH PecypcTapsl a3ip-
re AKIII, Kanana sxone Ascrpamusiga 6ap. 2010 Kbutsl
qnemjeri KeMip KabaTTapblHaH METaH OH/IPY/IiH KaIbl
KeJseMi 68 MJ'Ip,II.M3—TeH actel. AKIL enpepi GeiHiciH-
e 54,0 MIIpJI.M3, Kanana — 7,5 mupa. M ABcrpanus
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- 5,2 mupn. m>; Kprait — 1,4 MJIPA. M3 eHmipmi. Ke-
TEKIII aMEPUKAH/IBIK, CapaniibliapabpH Oaranaybl 00i-
BIHIIIA, KOMip KaOaTTapblHAH METaH[bl SJIEMIIK OH/IpY
2040 xputFa Kapai xbUtbiHa 157 Mipa. M skerei [6, 6.
43].

1993 KbUTFBI MeTaHABl Ay KOPCETKILITepiH 3epT-
TEW OTBHIPHII, OHBIH KOl Oeuriri exki GaccelH/e ajbIHFa-
HBIH Gaiikayra 6omagel. Byn 17 mummapn m® - Can-
XyaH xkoHe 2,9 Muapa M> — kapa Bappuop. AKIII-Ta
KEHiIll MeTaHBIH OHePKaCINTiK oHAipy 1980 xbU1mapasH
GacpiHaa Oactanabl. 20 KbUl iIiHAEe KOMip KabarTapbl-
HaH MeTaH eHJipy 6,7 ece ecti. COHBIMEH Karap, Mak-

- ‘;

L o 1M

CcMaITIBI ©ciM 90-TITbI KBUTIAPH! OaliKamms! [7, 83-TeH].
2000 sxbitet Ameprika Kypama Il tarTaps! kemip kadat-
TapbiHaH 39 Muuapa M° Metan enipai. By AKIII-
TBIH, JKJITIBI Ta3 eHAIpiciHiH 7% Kypaias! (1-cyper).

Tabury ra3gpUIbIFBl JKOFAPBl IIAXTAJIApPAA Ta3apTy
KeH’KaprapblHBIH eHiMLTir Toysirine 10 000 ToHHa Ke-
mip, 100 M>/MuH. neitin MeTaH eHJipyre MyMKiHiK Oe-
PETiH ra3chi3AaHbpy KYpaIapblH KaMTaMachl3 eTefi,
comal KeitiH 90% razmel komere kaparafpl. COHBIMEH
karap, Amepuka Kypama [Itarrapbinaa 6ec ipi kemip
MeTaH OacceiiHi jxoHe OipKaTap LIaFblH KeH OPbIHIAPbI
6ap (2-cyper).

2 _ T

2-cyper-AKIII-Tarsl MeTaH-KoMip GacceiHiepi

Can-Xyan OGacceiini ayganet 19,3 km? ConrycTik
AMepuKkagarbl eH eHiMIi Oonbll caHanaasl. OHpa 6-
naH 12 m-re jiefiin kabatTap *atblp. MeTaH eHJipy Te-
peHniri 0,16-maH 1,2 KM-Te AefiiH e3repeTiH YHFbIMAIap
APKBLIBI KY3€re achphliabl. MeTaH Kopb 2,4 TpiH. M°
Kypaiiael. Tarpl 6ip YuHTa GacceiiHi ayaaHbl lIaMaMeH
37,5 kM2, IOta mrareinga opHanackad. OHza eHiMi
kabarrap 300 mM-meH 2,1 KM-Te JIeiliH TepeHIiKTe Ka-
ThIp. Arnmanad Kemip OaccelHiHIH KypaMblHAa Marte-
pUKTEri eH OHTYCTIK Oosbin caHanaTeiH Kapa ypbl 6ac-
ceiiti 6ap. OHBIH ayiaHbl 65 MbIH KMZ, KeMip Kabar-
TapbIHbH TepeHiri 105-ten 760 m-re neiiH. Metan-
HBIH Oaranay Kopsl 566 miupa. M> Kypaiiasl. Byn ken
opHbIH urepyzeri 30 xbuigan acram Taxipubene 1000-
HaH acTam YHFbIMasiap Oyprbutanbl. KyObIpabiH Kaj-
16! y3HABEE 200 KM-71eH acast [9].

KonopayionsiH contycrik-6arbic Oemnirinae 18,7 KM2
TaiicbeHc OacceliHi opHanackaH. Kemipmin eHimzi Ka-
Garrapel 600 M - 2 KM TepeHgikTe x)arblp. OnapabiH
6ip Geuiri 1,5 KM-1eH actam TepeHaikTe. BaltOMUHITiH
COJITYCTIK-IIBIFBIC INTATHIHAA, ayIaH 66,8 MBIH KMZ,
YHTaK e3eHiHiH OacceliHi opHanackaH. OHjarbl Kabar-
TapablH eHiMIi GeniriHiH naiina Gomysl 130 m-men 2
KM-Te Jeifin e3repeai. Myna mamamen 849 mupa. m>
Kypaiinosl [7, 82-aeH].

Kazip Peceiife kemip KabaTTapblHbIH METaHbI HET13i-
HeH iecrie MuHepasi periHae enpuipiieni. [axranap-
JIaFbl Ta3CBI3AAHIBIPY KYHeNepi KbUT CaiblH MeTaH-aya
KOCTIACBIH/IAFbI OHBIH MeJIiepi 25%-1an actam OosFaH
ke3ae mamameH 0,5 mupn M> mertan anagpl. COHBI-
MEH KaTap, OHbl ©HEPKCINTIK ©HJipy, apHailbl YHFbI-
MaJiapabiH, 6eTiHeH Oyprbuiay apkpuibl, Peceiineri xy-
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MBIC iCTeN TYpPFaH IIAXTATAPIBH OpiCTepiHeH THIC Oa-
cTanksl KeseHzae Typ. “Tasmpom mpomraz” AAK, modmi-
MeTTepi OOMBIHINIA METAaHHBIH OOJKaMJIbl peCypcTaphl
Peceiinin Herisri kemip Gacceiinaepinae 83,7 TpaH. m>
Kypainsl. By Peceit ®enepanusacbiHbH OOKAMIBI Ta-
OUFH ra3 pecypcTapblHbIH I1amMamMeH 1/3 GesniriHe colikec
kesiefii. TakTarac ra3sl MEH THIFBI3 KYMTAC Ta3bIHBIH pe-
cypcrapbl Kemip KabaTTapblHIarbl METaH KeJIeMiH xkaba
anmaiipl. COHIBIKTAH PeceiIiK FallbIMaap OChl OarbITTa
OTaHJBIK Ta3 OHAIPYAi JAMBITYABIH epeKIlle PeJIiH aHbl-
Kraiapl. COHBIMEH KaTap, KeMip KabaTTapbIHbIH MeTa-
HBl TEXHUKQJIBIK PETTEY KoHE METpPOJIOTHs KOHIHIeri
Denepangpr aredTTiKTIH 22.11.2011 )pUTFBI No570-CT
OyipbirbiMeH Bykinpeceilik nafnansl Kazdanap MeH
JKep acThl CyJapblHbIH KiKTeyillliHe eHri3iuiai. bys ke-
Mip KabaTTapbiHaH OJIHETIH METaH TOYeJICi3 Maiaaibl

Kazbanap peTiHe TaHBUFaHBIH Oiungipeni. [lepcrekTu-
BBl KeMip Gacceitnaepine Kopsl 13,1 Tpiu. M> Metan
xone TMeyopa — 1,9 Tpuwon M metan kipemi. OH-
Jia Kas3ipAiH e3iHfe ijiecne koHe eHepKACINTIK eHAipic

JKYPpir kateip. [4, 0. 4].

HoTuzkesep MeH TajkbLiay. MeTaHHBIH KeMip
GaraHbIHIa OONTYBIHBIH KYpIETi KYpbUIBIMBI MeH (op-
MachIHa OAIaHBICTHI OHBIH PECYPCTaphIH AaHBIKTAY JKoHE
Oarayay CTaHIApPTTHl eMeC MiHAET OOJbBIT CaHaJaIbl.
JKepacTsl KeMip eHJIpy Ke3iHe abIHATHIH IIaxTa Me-
TaHBIH KOCIMIIUIK XKoHE inecrne eHaipy ke3iHae Oara-
nay anicremenepi epekineneneni. CoHbIMeH Karap, TyH-
ryc, Jlena xone Taiimblp OaccelHIEPiHiH IeONOTHIIBIK,
3epTTeNyiHiH QJICI3/iriHe OalaHbICTHl KOMip KabaTTa-
PBIHIATBI METaHHBIH HAKTHI MOJIIEPiH Oaranay MyMKiH
emec (3-kecre).

3-kecre-PeceiiiH Heri3ri 6acceliHaepi MeH KeH OpbIHIAPbIHBIH KOMip KabaTTapblHAAFbl METAHHBIH OOJIKaM/IbI
pecypcrtapst [10].

HKymsic icrern bapnanateiz xone | BacceitHnepnix Bacceiinepin
NepCHEeKTHBAIbI JKOFapFbI .
o TypraH TOMEHT1 KabaTblHIa
Bacceiin, Bapnbirsl, yuackeseple KoHe | KabaThiHaa
[IaxTagapabH : . 1 200-meu 1 800 m-re
KEH OpHBI miipa. M3 i3gectipy-0aranay | 1200 m L. .
aJKanTapblH/a, . . .. JeHiHTi TepeHiKTe.,
yuackesepiHie TepeHJliKKe JeHiH.,
MJIpa. M3 . MJIpa. M3
KejeMi, MiIpa. M3 | MIipd. M3
Ky3nenkwii 13 085 212 | 12873 7 448 5637
Ieuepo 1942 26 | 1916 1260 682
JHoHenk 1178 495 683 | - -
Oubly imIiHge
Iereic Joubacc o7 2 %5 |- )
Bypennckwmii 105 25 80 101 4
Arncar 55 55 | - 55 | -
Caxanua 47 5 42 45 2
MNaptuzan 23 8 15 15 8
Onrycrik SkyT 920 3 917 847 73
3bIpsiH 99 | - 99 98 1
Baprbirst 17 454 829 | 16 625 9 869 6 407
Tynryc* 20 000 - - - -
Jlenckuii * 6 000 - - - -
TaiimbIp * 5500 - - - -
Bapnbirst 48 954 - - - -

* Ochbl OacCelHIEpiH JICi3 TeONOTUSIIBIK, 3epTTe-
JyiHe OallIaHBICTBI KOMip KaOaTTapbIHAAFBl METAHIbI
Garayiay OOKAM/Ibl CHIIATKA He.

KemepoBo o6bickiHIa MeTaH eHAipy *ko0acel 2001
KBUIBI JKy3ere achipbuia Oactanpl. Hotmxecinme Oykin
TEXHOJIOTHSUIBIK, IIUKJIre OipKartap HOPMATHBTIK KOHE
SicTeMENiK Ky’KarTap JalbIHIAIBII, XaJbIKAPaJIbIK,
KoHe peceiltik yirigeri 31 mateHT anbiHabl. Tangbl-

KopraH KkeH opHbIHbIH [IbiFbic yuackecinge 2005 xbuibl
KOMip METaHBIH OHHIpy TEeXHOJIOTHSIAPbIH ChIHAKTaH
©TKi3y OOMBIHIIA FHUIBIMU TOJMIOH KYPBUIABL 4 KbUI-
JaH keWliH 7 yHrbiMa Oyprbutaniubl. 2010 KbULIBIH
KaHTap aibiHbIH COHbIHJA OipiHIIN Kemip MeTaH eH-
JipeTiH KocinopblH Naiinainanyra 6epinni. Kymsic xo-
Gacel 1650-11eH actamM YHFBIMaHBI KapacTBIPabl, Onap
KbUI CailblH 4 MWUTMApd M® MeTaHMeH KaMTaMachl3
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eTiTyi Kepek. ¥3aK Mep3imiIi iepcreKTuBaga Oy Kep-
CeTKimTi XpUTbiHa 18-21 mupm. M> JIelfiH KeTKi3rici
kenendi [7, 95-96 Gacran]. I3aey-Oaranay xyMbICTaphl
HapblK-OCTallIKMH yyackeciHae je xyprisiieni. OHbIH
xoprapsl 800 mapa. m° Garananamel. Onma 23 Gapmay
yHrbIMachiHaH 2016 sxputst 11,3 MitH. M> MeTaH OHJIpLI-
o [11, 74-77].

KprTaiina mocTypri ra3apiH pecyperapsl Kemip Kadar-
TapbIHAAFHl METaH MOJIIEPIiHEeH eoyip a3. Anaiaa, Ke-
MipiH naiga OoJybIHBIH SPTYPIi KOJUIEKTOPIBIK, CH-
rarramMajiapbl MeH Tay-KeH TeOJIOTMsUIbIK, JKaFJaiiaphl
3aMaHayy TCUIAepi KONJaHa OTIPbII, KOCBIMIIIA 3epT-
Tey/i KaxeT eTejli. ByJ1 OThIH-9HEPreTUKAITBIK, KeIlIeHIe
raz-MeTaH/Ibl aiilaiaHy OOUBIHINA Oip MOH[I KOPHITHH-
bl XKacayfa MyMKIHIIK Gepeti.

1980 xpuimape Kpitalima kemip KaOaThIHOAFBl Me-
TaH eHMipici 6actanapl. OHepKacin 6asty gambinsl. [e-
TeHMEH, COHFbl JKbUIIAphl CyOCUAMSIIApObIH OetiHyi

MPOLECTi alTapibIKTal xaHmaHaspapl. Kemip kaba-
THIH/IAFBl METaH/Ibl OHIIpY OOWBIHIIA TEXHOJOTHUSLIBIK
3eprreyiep Kyprizy yiniH «Kemip kaOaThlHIarbl ra-
30b1 OaKbUIAYIBIH YJITTHIK, FhUIBIMU-TEXHUKAJIBIK Op-
TaJIBIFBI» koHe «KeMip KaOaThIHBIH METAHBIHBIH YJIT-
TBHIK, FBUTBIMU-TEXHUKAIBIK, OPTAIBIFbl» KYPBUIIBL, ©H-
TIpICTIK KOCIMOPBHAAP MEH FRUIBIMH YHBIMAApaa ap-
Haiibl GeJtimMIesiep yibiMaacTeipiasl. Hotnxecinae onap
KeMip KabaTTapblHaH METAH[IbI Oapiiay kKoHe OH/Ipy ca-
JIachIH/IAFbl CTAHAAPTTAp XKYyileciH a3ipneni. 2006-2010
JKBUIIAP iIiHIe KeMip KadaTTapeIHIaFbl METAHHBIH Oap-
JIAHFAH TeOJIOTHANBIK, KOPBIHBIH yiFalobl 198 mupn v
Kypanpl. 2009 skpuiapiH asFeiHga Oapnayra 100-meH
acTaM JIMIIEH3KS KoHEe KeMip KaOaThIHIarbl METaH ©H-
nipyre 7 munieHsus Oepinni. Kemip kabartapsiHan Me-
TaH aJly YIIiH XbUIbHA JKaJIbl KyaTThUIBIFH 3,1 Mipa
M> rasisl KYPaWThIH 5,5 MBIH YHFbIMA Oy PFbUIAH/BI [7,
86-90 6.].

4-kecte — KpITallIbIH HETi3ri KeMip KoHe Ta3/ibl alMaKTapbIHBIH cUIIaTTaMackl [7, 87 6.].

. o . JKanmsl pecyperap,TpiH. M3 2000 >xpL1IapIbIH OaChIHIAFbI

Kewip rasmi Gap aifmaxrap | Kewip xacti 2000 x. 6acpl | 2010 k. 6achl | pecypcTapAblH THIFBI3BIFBL, TPIH. M3/KM2
Kemiprek-

Opnoc Tlepws, 0pa 8,85 9,8 | -

COHBIH ilIiHe: Kemiprek-

CONTYCTIK OeJriri Iepms, I0Opa 338 - 1,09

Ibirbic mer Kemiprek-Ilepmb 2 - 1,22

3 GarbIC KaK JKoraprel sxoHe opTansbl IOpa 1,27 | - 0,63

Iunnnyi Kewmiprek-Ilepmb 5,52 4 2,01

Typdan-Xamuckuit JKoraprbl sxoHe opTaHrbl IOpa 2,63 2,1 1,51

Xaitnap Temenri [Tepmb 1,51 1,6 1,7

JKonrap JKoraprbl xoHe opraHgbl IOpa 1,45 3,8 0,74

Ine - - 1.4 | -

Epnian JKoraprbl xoHe opraHfbl I0pa 1,22 2 1,21

I'yancu-Tyituxoy- Temenri [Tepmb 1,04 3,5 0,33

IOnHanen

KpiTaiigpiH kemMip KabaTTapbiHIaFbl TeOJIOTHSUIBIK, pe-
CypcTapiiblH MeJIIepi MEH METAaHHBIH JJIENIIEHTEH KO-
pBI Typautsl aepektep optypii. Kerrait Xansik Pecry6-
JMKAchIHBIH Tabufy pecypcrap MUHHCTPIITIHIH KapH-
simaHFaH Oaranaybl OOMBIHIIA, KOMIp KaOaThIHIAFbl Me-
TaHHBIH OOJKaMIbI TeoNorusibK, Kopsl 2000 merpre
newinri Teperikte 36,81 TpiH. M3, 1500 m peftinri Te-
penaikre — 10,87 TpiH. 3. 2000 JKBUITAPIBIH OACHIH-
narbl KpITalinbiH KeMip KabaTeIHIAFR METaH pecypcTa-
pbiH Oaranay eceGiHiH JiepeKTepi eliH OpTajblK, ail-
MaKTapbIH/Ia IOFbIpiaHFad KpITaiJbiH KeMip KaOaThIH-
Jarel MeTaH pecypcrapbiHbiH 63,81% Oap ekeHiH Kep-
cereni. bareic Oemirinae — 25,4%, IIbrbic Goirinae —
10,79%. EH nepcriektuBansl 6accetinnep: Opmoc, Lun-
uryit, ’Konrrap, Epmian, Typran-Xamu, Xaiinap. Kprraii-

JIbIH KeMipi Oap TOFbI3 aliMarbIHAa KeMip KadaTTapbiH-
JIarbl METAHHBIH OOKaMIBl KOpl | TpULUIMOHHAH M
opkaiiceichiHaa (4-kecte) [7, 86-87 6.].

2014 xbutFbl MaTiMETTEp OOMbIHINA OYPFBUTAHFAH TiK
JKOHE KeJIIeHEH YHFbIMalapiblH CaHbl Kas3ipHiH e3iH-
ne 14 merHHAH actel. KpiTaliiblH MeTaH eHipicCiHIH
ket Oeutiri L3uHbunH GaccelHiHAer! Ty31TiMAepaeH Ke-
neni. OHBIH ra3jpl KeprulikTi HapbIKTaH THIC TACBIMAJ-
Jayra MyMKiHaik 6eperid Barbic-11IbFbic Ta3 KyObIpbI-
Ha JKaKbIHABIFBI ocep etefi [12].

Ascrpamusiarbl «Kemip KabaTbIHIAFBl METaH» Tep-
MUHIHIH ©3iHJIK epekiesikrepi Oap. Onap HeriziHeH
KeuHceHaTe OpHATacKaH KeMip KadaTTapblHAH Ta3Ibl
xoHe Kaxa OHTyCTiK Yanbsc ieH OHTYCTiK ABCTpa-
siIaFbl KOMip KabaTTaphlHAH METaH IbIFapajsl. byt ra-
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31pIH, eqayip Oesiri efiiH HIbIFbIChIHAA Oosica aa. [le-
pekTepai Tangay Kerbip MemiekerTepiae Kemip Kaba-
THIH/IAFBI METaH OeJICeH I TYpIe Naiiaananbuica, 6acka-
JIapblHA JOCTY Pl HEMECe TAKTATAC Ta3bl KEH TAPaJiblll
JKaTKaHbIH Kepceteni (3-cyper).

Ksuncnenn mrateingarsl Komera xotacel (BoysH
Gacceiini) sxxoHe Baion ¢apseiti (Cypar Oacceiiti) keH
OPBIHIAPbIHIA KOMip KaOaThIHIAFBI METaH/Ibl SKCIIOPT-
Tay OoubIHIIA OipHele o0a Ky3ere acbipbuiibl. [a-
CTOYH TOPTHIHBIH MaHbIHAarbl Keprtuc apansiHma op-

HanackaH QCLNG TepMUHAJIBIHBIH KYaTTbUIBIFBl Kbl-
JBIHA 8,5 MWUIMOH TOHHA CYHBITBUIFAH Ta3pl Kypai-
nbl. KypambiHoa rassl 6ap kemip KaOaTTapbl calibl-
CTBIPMaJIbl TYpfie Tasi3 opHajackaH. OHbl any KeOiHe-
ce TiK YHFbIMasap apKbUIbl xKy3ere acaabl. 1996 xbuibl
OHBIH KOMMEPIUSUTBIK, oHipici 6acTanmsl. 2000 Kpuiaa-
pbl OyJT KepceTKilTepiH KypT ecyi Oakasapl. Byran
yKimerTiH mentimi ocep erti. Hotmxkeciage 2002-2009
KBUIIAp apajIbIFbIHAA OHOIPUITeH ra3blH XKalIbl KeJje-
MiHJIeTi KeMip KaOaThIHIaFbl METaH OHIPICiHIH yJieci
2-neH 9%-ra neiin octi [7, 34 6.].

3-cyper — ABCTpasMsigarbl MeTaH-KeMip KeH opbiHIapH [13]

5-kecte — HnoHe3ust PecrryOiukachiHaFsl METaH KOPHI

Kewmip Gacceiini ITpoBuHIMS KeH opHbIHBIH aygaHbl, KM2 | MeTaH KOpbl, TpJH. M3
Bapuro Onrycrik Kamnmanrtan 15 000 2,88
Bepay Ibirpic Kanumantan 2 000 0,24
Kyraii IIeireic KanumanTtad 10 000 2,53
Conrycrik Tapakan | Ieireic Kasmmantan 6 500 0,5
IMacup Acam-Acam | Onrycrik Kamumanran 1000 0,085
OMOUIMH Puay Apanpapst 1500 0,014
Opranbik Cymarpa | Puay 15 000 1,49
Onrycrik Cymarpa | OHrycrik Cymarpa xone Jxxamou | 20 000 5,18
Benkyny Benkyny 3000 0,1
JxarubapaH Barebic SIBa 500 0,023
Cenkan Onrycrik Cynasecu 1000 0,057
Bapnbirbt Muponesus PecryOnukacst 74 000 9,47
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ABCTpaNVsIHBIH, PECYpPCTHIK, 9JIeyeTi DCTYpIi eMec
ra3 apkpUIbl KeHeWinm kesemi. boysH xone Cypar
ananrapsl TONbIFbIpaK 3eprrenni. Cupnedt, ['yHHe-
na, Kiapenc-Mopeton xkone [octep GacceitHaepinae
Kana OHTYCTIK VYa7bcTe MaHbI3Ibl METaH pecypcra-
PbI TaOBUIIBL. [JoCTYpiti eMec ra3[plH JICYeTiH apTThIPY
yurina Famnes, Apkapunra, [lepr, Ilegupka Gacceitn-
Jepinae e Oapriay KyMBICTApbl JKYPri3ineTiH Ooaipl
[7,836.].

JlyHue xy3iHzeri KeMip KaGaTbIHAAFbI XKaJIbl METaH
KOPBIHBIH IIaMaMeH 6%-bl IHIOHe3usAJa OpHAJIACKaH.
9,47 tpuumon M> Genrimi. By enjeri Taburu ra3 Ko-
pBIHaH €Ki ece ke (5-kecte).

Conrycrik TapakaH keH OpHbIHIa MeTaH eHipy O0M-
BIHINIA TOXKipUOeTiK kobanap sxy3ere achipbuiabl. Co-
HBIMEH KaTap, OHbl KOMMepUMSUIBIK, oHIipy 2009 xbI-
ne1 Ierpic KammmvanTtan npoBuHImsACkHIars CaHra-
Canra keH opHbIH/Ia GacTanbl. Bip KbULIBIH ilIiHIE 6H-
JipiJreH ra3 xeprilikTi Ty ThIHYIIBUIAPFa caThlia OacTa-
Jpl. Metan eHgipici OHryctik CymaTpa HMpOBHUHIMS-
chiHIa Ja aHbIKTaabl. «Pertamina Hulu Energi» kom-
TIAHUSICHIHBIH MaJTiMeTiHIe, MyHaa 200-re KybIK YHFbI-

TO GOMOH

TO DELHI

Ma Oyprbitay Kaxer. By cananbl gambity yiria 2007
KbUTAaH Oepi e YKIMETi CalbIKTHIK, JKeHULIIKTep Oepy
’KOHE METaH eHJipyre MHBECTUIIMS CaJlaTblH MHBECTOP-
Jlapzibl KOpFay Typasisl 3aHap Kaobuinayna. MHnoHesu-
sna 11 xeMip maxracel 6ap, ojap apxunenartsit 4 ipi
apanbiHia - Kamimanran, Cymarpa, fIBa :xxone Cynase-
cujie OopHaJlacKaH. Byu perte enneri Kemip KOpBIHBIH
yurreH ekici Cymarpa apajibiHOa IIOFBIpIaHFad. Tay-
keH eHipy HeriziHeH Ilbrpic KanumanTanma xys3ere
achIpblyIajibl, OMTKEHI KOMIP/iH carachl MyH/a KOFaphl-
pax [14].

YHpictaHaaFrsl KoMip KabaThIHIAFBl METaH peCypcTa-
pbl mamamen 1,9 TpiaH. M>. AJl reoNorusIbIK, 3epTTey
KOHe Garanay KYMBICTAPHIHBIH Tek 230 mupn M® Fa-
Ha. Ex nepcriektuBael 610ktap Jamyn GacceiiHiHe xa-
tarbiH [[xapus, Bokapo xoHe Panuranmx Oosbin ca-
Hajaapl. YHIICTaHJaFsl eH ipi KeMip KeH opHbl Kaib-
KyTTagaH 270 KM GaTbicTa OpHAJIACKAH XKoHE IIaMaMeH
450 xkm? ayMaKThl aJibIll JKaTKaH [[xapust GombI caHa-
nazgel. OHpa 18 KabaT MOFBIPJIaHFaH, OHBIH METaH KOPbI
85 mupn M fen GaraaHabL. 4-cyperte YHAICTaHIAFHI
Jlxapust KeMip MeTaH KeH OpHbI KOPCETLITeH.

4-cypet — YHuictaHmarsl [Ixaprsi MeTaH-KeMip KeH OpHHI [15]

Bapray *kymbicTapbl YHIICTaHIarbl KOMIip KaOaThIH-
Jla METaH eHJIipyre apHaJifaH KOJJAaHBICTarbl 33 OJIOK-
THIH 25-iH KaMTHIBL. YTI OJIOK ©HJIpiCTe, aJl OCHIHINA-
Ma OJIOK OacTankbl reoOrusUIbIK, 3epTTeyiepaeH Kerin
Gapray KyYMBICTAPbIH TOKTAaTyFa MaxOyp Oosnmpl. YH-
JicTaH/1a KeMip KabaThIHIaFbl METaH JISCTYPIIi ra3ra Ka-
paranza KeimOaTeipak. CoHjai-aK, HAKThI 3aHHAMAJTBIK,
6a3a KoHe MEMJICKETTIK BIHTATAHIBIPY MIAPAIAPHI KOK,
[7,92-93 6.].

5-cyperte KepceTiireH PaHuranmx keH opHbI baTbic
Benranus mrateiHga, KanbkytagaH conTycTik-0aThicKa
Kapail mamamen 200 KM keplie OpHAJIACKAH KoHE ayJa-
Hel 1600 kM2 TaMachiHma. OHpipic KeyeMi OONBIHIIA
eKiHImi opelHIa caHantaasl. OHbH mibFbIc Oemiri 500
MBIH KM?Z, contycrik Gemiri 350 MbiH KMZ, OHTYCTIK
Geniri 210 MbIH KM?> ayMaKThl ajibill KaThlp. MyH/a
KeMip KabaTTaphlHAaH METaH bl KOMMEPIVSUIBIK, OHIIPY
2007 xpLIbl OacTagbl.
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5-cyper — YHaicranaarsl Panuranmk MeTaH-KeMip KeH OpHHI [15]

KemipcyTek HMKi3aThIHBIH JCTYPII emMec Ke3[epiH
urepyre KbI3BIFYIIBUIBIKTBIH apTybl KasipaiH e3iHje
Oykin anempe Oaikanasl. British Petroleum Gosmkambt
Kasipri oJemMJiK ra3 TYTHIHY Ke3iHAe o mamameH 60
KBUIFA CO3BUIAJIBL JieT OThIp. [lepektep OapnaHraH KeH
OPBIHJAPBIHBIH KOPCETKIllITepiHe HerizzaenreH. Meica-
Jibl, OapranFaH MyHail Kesemi 46 KbUIra, allbuIMaraH
JKepJiepre Tarbl OipHeIle OHJaFaH JKbUIJapFa KEeTeTiH
Gomnybl kepek. MeTaH ra3biH KeMip kabarrapbitia 98 %-
Fa JIeWiHTi Ta3alblFbIMeH OaaMalibl SHeprus Ke3i peTiH-
Je KapacTbIpyra OoJajibl. Ic )Ky3iHe elKaHIai alabH
aja eHJIey KaXeT eMec, OyJI OHBI TiKeJeld eHAIpy Op-
HBIHJA SHEPTUs KO3i peTiHae MaiiantaHyFa MyMKIiHIIK
Gepei.

KopbiThiabl. KazakcTaHHBIH MeTaH-KeMip KeH
OpBIHJIAPbIH OHJIIPY KoHe Oapnay GOWBIHINA AUTAPIIbI-
Kraii aneyeri 6ap. 1500 meTp TepeHuikke neitin Ka-
paraHabl Kemip OacceiiHinmeri metan Kopsl 490,47
wIpa M> Kypaiiasl. Bysl MeTaH rasbiH JocTypili TaGury
rasra Xakchl 0ajlama peTiHae KapacThpyFa MYMKiH/IK
Oepeni, cebebi oHbiH KaparaHabl OacceiiHiHzeri Me-
mepi 80-98% apaneirsiHAa aybITKUAbL. By perre Eki-
Gacty3 KeMip GacceliHi MeTaH KOpbl OOMBIHIIA a3 3epT-
TeJIreH, KaliFaH KeH OpbIH/Iaphbl TypaJibl aklapar MyJie
KOK, OYJT OJIap/IbIH HaIlap 3epTTeNreHid kepeereni. Ka-
3aKCTaHJa YJIKEH ayMaKTapZbl ajiblll XKaTKaH jKoHE ra3
TBIFBI3/IbIFBI JKOFapbl KOMipJIep IOFbIPIaHFaH KeH OPbIH-
napbl 6ap. COHIBIKTaH METaHHBIH KoJjija 0ap Kejem-
JepiH HaKThUIay YIIiH GipKarap 3epTTey KYMBICTApbIH
Kyprisred skoH. OHbI KOMip KaOaTTapbIHAH aJTy IOCTYP-
JIi ra3/ipl eHIpyre Kaparana KbIMOaThIpak, mporiece 60-
JIBIT CaHaNabl. By keMip KaGaThiHAA TUIPABIMKAIIBIK
JKapy apKblIbl METaHHbIH KO3Falybl YIIiH apHalapipl
KYPY KaKXeTTijTirine GaiaHbIcThl. MbICAJIbl, KYMTaCThIH
KYPaMBIHJAFbl I'a3 KabaT KbICHIMbIHA OAlJIaHBICTHI JKEp
OeTiHe e3iriHeH HIbIFaIbl.

JJIEMHIH, 9pTYpJi enfepiHie METaHHbIH TeoJorusi-
JBIK, Tafima OOy *kKarmaiylapblH Tangaid oTeipbi, Ka-
paraH/pl Kemip GacceitHiHae OyI1 ra3/bl OHIipyaiH KO-
HOMUKAJIBIK, THIMIUTITI Typajibl KOPBITBIHIBI JKacayfa
6omazbl. Backa enpepnin Toxipudeci keMip KabarTapbl-
HBIH Taia OOJNYBIHBIH YKCAC JKarJIaiibiHIa METaH ©H-
Jipyai KepceTesi.

Vuackenepnid OoJalliarblH  KeJieCi TeOOTHsUIBIK
JKOHE TEXHOJIOTUSUIBIK, (DAKTOpIApMEH aHBIKTayFa 00-
JIAJIbL:

- Ta3 CHIABIMABLIBIFGL 8-10 M3 /T apTHIK GOyl KoHE
KabaT TepeHJereH CaiblH apTyhl Kepek.

- KabaTTapIpH Kbl KATBIHIBIE - 8-10 M xoHe
ollaH Ja Kelr,

- KeMipiepaiH neTporpadysulblK KypaMbl — BUTPU-
HWT;

- Oarayiay TepeH/Iri MeTaH eH/Iipy SAiCTepiMEH JKoHe
TeXHOJIOTUANapeIMeH InekTeneni. Kasipri yakpitra on
300 - 1800 m. byn apapa en xomaisicel 500 - 1200
M;

- pecypcTapablH ayKbIMbI Ta3 OHipy KEH OpHbIH Maii-
JajaHy Mep3iMiH aHbIKTayra ocep eredi. Kenemi 50-
75 MIUTHAPITAH acaThlH AETIO3UTTEP i ITEPCTIEKTUBAIBI
Jenl caHayFa Oonajibl. KeH OpHBIHZA HeMece ydacKele

M.

- pecypc TBHIFBI3/IBIFBI KabaTTap TONTApbIHBIH O©HIM-
Ainmirin 6aramaiiael. 150-200 MaH M3 /KM% KOFapH KOH-
LEHTpaIUsIap KOkl OOJIBIT CaHAIAIbI;

- KeMipaiH Kymnaiiri 25-30% neiiin;

-metamopdmm gapexeci — I, K, K, OC, T ToObIH-
JaFel Kemiprep.

- CHIHFBIIITHIK, )KoHE ChIHY. MeTamopdu3MHiH opTa
CaTBICBIHIAFbl KOMipJIep.
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- maiiga 60y TEeKTOHMKAIBIK JKOCTIapblHIA €H JKaK-
Chl HYCKa Karmnapisl Oypsimrapst 30-40 rpaayc mierinie
Teric Kabarrap 6osabl.

Kaparanap! oOIbICHIHIA KYMBIC iCTEHTIH IIaxTasiap-
IblH KEH OpBIHAAPBIH ap3aH Ta3fiblH Ke3i Jell caHa-
yra Oonajipl, OyJ1 METaHIbl aJIIbIH ajla ajifaH JKaraai-
Ja KabaTTap/IbH Tra3IbUIbIFBIH TOMEHJIETYTe XKoHE Tay-
KEH >KYMBICTAPbIHBIH KAYIICi3[iriH apTThIpyFa MyMKiH-
Iik Gepeti.

[a3npl KambiHA KEITipyAi MHTeHCH(DUKaLUsIay TeX-
HOJIOTHSUIAPbIH  KOJIJAHFAHHAH KeHiH YHFbIMaJIap/ibiH
ne6uti 5-10 MBIH M/TOyIKTEH KOFaphl OOMybl KEPeK,
OyJ1 KepceTkill urepyaid Oencenni dazacpinaa 20-40
MbIH M>/Toy/liKKe JAeiliH apTaibl.

MertaHasl 6HEPKACINITIK OHIIpPY, THICTI KOPCETKIll-
Tepi Gap aymaHaapia KeMipaiH OeTiHeH ra3ipl aecopo-
UsiIayFa Herizzenyi kepek. KplcbIMHBIH KypT Gocarbl-
JIybl KYIIEUTY 9liCTepiHeH KeWiH maiaa OoyiFaH Kapbl-
KTap KYHeci apKpUTH YHFBIMaFa METaHHBIH TYCYiHe bIK-
raj eTel.

By mpouecTi MeMIIeKeTTIK Kojgay MeH cyOcuausi-
Jlay OHEPKACINTIK ayKbIMIa METaH OHAIPICiH JaMbITyFa
MaHBI3JIBI dcep eTei, Oy KeMip KaOaThIHIAFbl METaH/IBI
TaOBICTHI OH/IIPETIH eNIEPIiH TOKipHOECiHEH KOpiHEe.

Konnanbicrarbl MHGpPaKypbUIBIM Oipkatap enueprie
METaH eHipyre LIEeKTeYIi acep eTelli — ra3 KyObIpiapbl
MEeH SKCIIOPTTHIK TEePMHUHAJIAPIbIH TOMEH OTKi3y Ka-
O1J1eTi, TEXHOJOTHUSIIBIK, KYPAEIi KoHe KhIMOAT OypFbl-

JIay 5KYMBICTapbl, OLTIKTI KaapsapIbIH KeTiCeYIIiIri.
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NCJIEJOBAHUA TEXHOJIOI'NMA KPEIIJIEHU A
IF'OPHO-ITIOAI'OTOBUTEJ/IbBHBIX BBIPABOTOK KE3KA3I'AHCKOI'O
MECTOPOZKJIEHUA

Casuu U.H.
Topubiit uactutyr HUTY MUCuC , Mocksa, Poccus,

e-mail: tpr_msmu@mail.ru

B naHHol craThe MpeACTaBJICHbI PE3YJIbTAThl KOMIIJIEKCHOI'O HAYYHO-TEXHOJIOIMYECKOI'0 UCCIIEAOBAHNA KPETLIe-
HUA TOPHO-TIOATOTOBUTEJIbHBIX BI)Ipa6OTOK.

OcHOBHasI LieJIb MCCIIeOBAHMS 3aKTI0Yanach B 0O0CHOBAHHH U BBIPAOOTKE MPEUIOKEHHUI IO PECYpPCOCHMIKAIO-
IIel TEXHOJIOIUH KPEIUIEHUS] TOPHO-MONTOTOBUTEIIbHBIX BBIPAOOTOK, 3aTpaThl Ha MPOBeNEeHUe KPEIJICHH U repe-
KPEIUIEHU S KOTOPBIX COCTABIISIOT 3HAYMTEINIBHYIO YaCTh OT OOLIeH CTOUMOCTH padoT.

HUccnegoBanus 6a3upoBajuch Ha aHAIU3e HATYPHBIX B MOA3EMHBIX YCJIOBUAX HAOMIONEHUI TEXHOJIOTUM XKele-
300€TOHHOTO aHKEPHOTO KPEIUIEHHSI M TOPKPETOETOHHOTO KPETJIEHNsI TOPHO-MIOATOTOBUTEIbHBIX BHIPAOOTOK.

B pamkax uccienoBaHus aHaIM3 COCTOSIHUSI KPOBJIM TOPHO-MIOATOTOBUTENBHBIX BRIPAOOTOK M CYLIECTBYIOIIEN
TEXHOJIOTMM KOMOWHMPOBAHHOTO KPETUIEH! ! IOKa3aJl, YTo B Psijie TOPHO-TEOIOTMUECKUX YCIIOBUI ITPY MOI3EMHOM
Ppa3paboTKe JOCTATOYHO TOPKPETOETOHHOTO KPeIyIeH!sI Ha OCHOBE COBPEMEHHBIX COCTABOB HAIIOJHUTEJICH.

B cratbe 000CHOBaHBI PECYPCOCHNKAIOIUE TOPHO-TEXHOJIOTNYECKUE PEIICHUSA Ha OCHOBE COBPEMEHHBIX pa3-
pa6OTOK " COCTaBOB TOpreT6eTOHHOF0 KperieHuA.

KiroueBsnie cioBa: Pyna, monseMHasi JoObIva, ropHasi BHIPaOOTKA, KPOBJIsL, MACCUB, Kpellb, HAOPHI3rOSTOH,
aHKEpHOE KpeIUIeHNe, YCTOMYUBOCTb.

JKE3KA3FAH KEH OPHBIHJIAFBI KEH JJAHBIHIAY KA3FAJIAPBIH BEKITY
TEXHOJIOI'MACBIH 3EPTTEVJIEP

Casuu U.H.
MUCuC ¥T3Y tay-keH UHCTUTYTHI, Mackey, Peceid,

e-mail: tpr_msmu@mail.ru

By Makasiazia Tay-KeH Ka30aapblHbIH OEKiTY KyMBICTAPbIH KeLIIeH/1i FhLTBIMU-TEXHOIOTUSUTBIK, 3€PTTEY/iH HOTH-
Kenepi OepiireH.

JKYMBICTBIH KaJITbl KYHBIHBIH MaHBI3/IBI O6JIiriH OeKiTy XkoHe KaiTa OeKiTy HIBIFBIHIAPhl KYPAThIH Tay-KeH
Kaz0aJIapblH OCKiTY/JiH pecypCThl a3aiTaThIH TEXHOJIOTMSICH OOMBIHINIA YCHIHBICTAP/bl HET13/Iey JKoHE 93ipiey 3epT-
Tey/IiH Heri3ri MaKcaTbl OOJ/IBL.

3epTTey KYMBICH KeH Ka30aJlapbIHbIH aHKepJIbl TeMipOETOH/IBI JKoHE TOPKPET OETOHMEH OEKiTy TEXHOIOTUsICHIH
TOJIBIK, KeJIEMET1 JKepacThl OaKbUIayIapblH TATAAyFa HEeTi3Je/TeH.

3eprTey meHOepiHe KeHIlTep i urepy Ke3iHjeri KazoanapasiH TeOeciHiH Kal-KyHiH Taiay KoHe OipiKTipii-
reH OEKiTYAiH KOJIIaHBICTaFbl TEXHOJIOIHUSICHI JKEPACTHI Tay-KEeH JKYMBICTApbIH JKYPri3y Ke3iHje Oipkarap Tay-KeH-
TEONIOTUSUIBIK, JKAFIaiiIap/ia 3aMaHayy TOJNTHIPFBIII Kypamaap HeridiHae TOPKpeT OeTOHMeH OeKiTy KeTKiMiKTi
€KEeHIH KOpCETTi.

Makanaia TopKpeT OeToH/Ibl OEKITY/IiH 3aMaHayy d3ipieMeNiepiHe jKoHe Kypam/IapblHa HeTi3/ie/IreH pecyperap-
JIbl Q3AUTATHIH Tay-KEeH TEXHOJIOTUSUIBIK, MIENTiMAep Heri3aesemi.

Tyitinai ce3nep. KeH, xep actel Ka3dy, Tay-keH Ka30a, xaOblH, KATTHI KbIHBIC, TIpEK, HIANIpaH/bl OETOH, aH-
KepItiK OeKiTy, TYPaKThUIBIK.
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RESEARCH ON THE TECHNOLOGY OF FASTENING MINING

DEVELOPMENT WORKINGS O

Savic
Mining Institute of NITU

F THE ZHEZKAZGAN DEPOSIT
h I.N.
MISIS”, Moscow, Russia,

e-mail: tpr_msmu@mail.ru

This article presents the results of a comprehensive
development workings.

scientific and technological study of fastening mining

The main goal of the study was to substantiate and develop proposals for resource-reducing technology for
fastening mine development workings, the costs of fastening and re-fastening of which constitute a significant

part of the total cost of work.

The research was based on an analysis of full-scale underground observations of the technology of reinforced
concrete anchoring and shotcrete fastening of mine development workings.

As part of the study, an analysis of the condition of the roof of mine development workings and the existing
technology of combined fastening showed that in a number of mining and geological conditions during underground
mining, shotcrete fastening based on modern filler compositions is sufficient.

The article substantiates resource-reducing mining and technological solutions based on modern developments

and compositions of shotcrete fastening.

Keywords. Ore, underground mining, mining, roofing, solid rock, support, shotcrete, anchorage, stability.

BBepnenue. [JonronerHee npumeneHne Ha JKeskas-
TaHCKOM MECTOPOXKIEHUN KaMepHO-CTOJIOOBOI CHCTe-
MBI pa3pabOTKK CBUIETENBCTBYET O BBICOKOH YCTONYM-
BOCTH MOPOJHBIX 0OHaxeHuid. KamepHo-cronboBas cu-
cTeMa pa3paboTKU (C OTKPHITHIM BBHIPAOOTAHHBIM ITPO-
CTPaHCTBOM) NPUMEHSIETCS Jaxke B TeX CIydasix, Koraa
KpoBiis cinoxeHa noponamu 11 kareropun ycroitunBo-
CTH, COINIACHO MpuHATON B JKe3kasrane Kiaccupuka-
11 nopon.

MHoroneTHre HaTypHble HaOmoAeHus 3a Aedopma-
LUSIMU KPOBJIM B TOPHOIIPOXOIYECKHUX M OYUCTHBIX BbI-
paboTKax Mokasaiu, 4yto cMelnenus nopox Il karero-
MU YCTOMUMBOCTH B BHIPAOOTKAX TOABEPKEHHBIX BIIH-
SIHMIO OYMCTHBIX paboT MOryT pocturarh 20-25 MM.
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Kperuienre ropHO-TIOATOTOBUTEIBHBIX BHIPAOOTOK Ha
pyaHHUKax JKe3Ka3raHCKOTO MECTOPOXACHHS IPOM3BO-
JWTCS B COOTBETCTBUH C JeHCTBYIOIMMU «Metoamde-
CKMMH YKa3aHUsIMH I10 BHIOOPY ¥ TPUMEHEHHIO ITAHT0-
BOM, HaOpbI3r-OETOHHONW ¥ KOMOMHMPOBAHHOH Kperien
Ha JKe3Ka3raHCKUX PYJHUKAX» U JOTMOTHEHUSIMU U 13-
MeHEeHUsIMH K HuM [ 1, 2, 3,].

IMo MpOeKTHBHIM [AaHHBIM, MpPU MPOXOOKE TOPHO-
NOATOTOBUTEJBHBIX BBIPAOOTOK, IOPOJIBI TPEThEH IPYII-
Ibl KpersTcss KOMOMHHUPOBAaHHOW Kpemnblo (LITaHIH |
HaOpbI3r-0ETOH) B Kamepax, M0 KOTOPBHIM IPOXOIHUT
Tpacca JBUXEHUS JIOIeH 1 MEXaHU3MOB, a TAKXKe B Ka-
Mepax C MEJKO-OJIOYHBIM CTPOEHHEM HEOCPEICTBEeH-
HOW KPOBJIU NIPH pa3Mepe CTPYKTYPHOTo OJIOKa MEHbIIIe
0,4 m (puc. 1 u 2).
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Puc. 1 — Cxema pacnosoxeHus1 ITaHTOBOK CTaJIETIOIMMEPHOMN Kpern
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Puc. 2 — cxema ycTaHOBKM KOMOMHMPOBAHHON KpENu

[To oOMM CTATUCTUYECKMM JaHHBIM U F€OMEXaHH-
YECKUX OTYETOB MECTOPOXKJEHHUS MHTEHCUBHOE TPOsIB-
JIeHVe TOPHOTO JiaBJieHns1 HaOmoaeTcsl Kak MpH Ipo-
XOfIKE TOPHO-KAIUTAJIBHBIX, TaK U MPU Hape3Ke OYMCT-
HBIX Kamep, M HanOoJjiee YacTo MPOsIBIISIeTCs cpasy Io-
clle TIPOBEIeHNs] B3PhIBHBIX PadOT U MPOAOIKAETCS B
TeyeHue 1-2 yacoB. Pa3pyIeHre npoucxoauT, B OCHOB-
HOM, B KpOBJIe BHIPaOOTKHM Ha JIOKaJIbHBIX yyacTkax. C
yBEJIMUEHHNEM ITyOHBbI pa3pabOTKM MHTEHCUBHOCTb X
yBenmauBaercs (4, 5].

B cBs13u ¢ 3TIM nipo6iiema obecniedeHrst yCTOHINBO-
CTH TOPHO-TIOATOTOBUTEJIBHBIX BBIPAOOTOK HA MOI3EM-
HBIX PYOHHUKax SIBJISETCS OOHOHM M3 aKTyaJIbHBIX B KOM-
IUIEKCE BOMPOCOB pa3paboTku Ke3ka3raHckoro MecTo-
POXKICHHUS.

AHaJHN3 nuccae0BaHMI.

OO1en3BeCcTHO, YTO OTHUM U3 OCHOBHBIX (DaKTOPOB,
CHIKAIOIINX TIPOYHOCTb TOPHBIX TOPO, SIBISAETCS Tpe-
IIMHOBATOCTD. Ee pmusHue B 06IJ_ICM BUJIC YUUTBIBACTCA
IpU pacuerax Ko3(p(UIMEHTOM CTPYKTYpHOrO ociiad-
JIEHUS.

Ha ycToiiuMBOCTh KpOBJIM MOJIOTHE TPEIIMHbI CyIIe-
CTBEHHOTO BJIMSIHUSI HE OKa3bIBAalOT, TAK Kak 3a CYeT
CaMO3aKJIMHUBAHMS €CTECTBEHHBIX OJIOKOB OTIEJBHBIX
TUTACTOB TaKasl KPOBJIS COXpaHseT ycTolunBocTh. Ham-
6oJiee OIMacHbl CUCTEMBI TPEILHH, UMelolike Ooee Kpy-
TOH yron majgeHus. Bosbllyilo pone WrpaeT WHTEH-
CHBHOCTH TPELIMHOBATOCTH. YeM MeHbIlle paccTOsiHUe
MEXIy TpellrHaMH, TeM OoJblliee KOJIMYECTBO CTPYK-
TYPHBIX OJIOKOB MOKET OKa3aThCsl B 30HE PACTsLKEeHHUS (B
CepeiuHe MpoJIeTa KaMepsl), BbI3bIBAST IIPH 3TOM Pa3BH-
THE CBOJA OOpyLIeHHs. YCTOWYMBOCTh OOHAXKEHHI 3a-
BUCHUT TaKXe OT OPMEHTHPOBKH TPEIMH OTHOCHTEIBHO
BBIPa0OTAaHHOTO MpocTpaHcTBa [4,6].

Ha IMPOYHOCTDL NEJIMKOB MapaMETpbl TPEHIMHOBATO-
CTU OKa3bIBAIOT HECKOJILKO MHOM XapakTtep. CylllecTBeH-

HOI'O 3HAUEHUs HE UMEET HalpasieHUe (IIPOCTUPAHUE)
TPELINH, 3aTO BaXEH yroj UX MajeHus. MHorouucieH-
HBIMU UCCJIEJOBAHUSAMU YCTAHOBJIEHO, YTO CHIKEHHE
MIPOYHOCTH CTOJIOYATHIX LIEMKOB MAaKCUMAJIBHO, KOTZIa
10T yron pasen 30°. Eciu TpelmHbI MepreHIuKyIsap-
Hbl IIPUJIAaraeéMoil Harpyske, TO Hecymasl ClIoOCOOHOCTb
LIEJIMKOB TOBBIIIAETCS 32 CYET UX €CTECTBEHHOI mopat-
JmBocTH [6,7].

MHoTroIeTHHE UCCIIEIOBAHUST TPEIMHOBATOCTHA Mac-
CHBa TOKAa3aJIM YeThIpe CUCTeMbI TpeluH. [lepBrie Tpu
CHCTEMBI TPEUUHbBI TECHO CBSI3aHBI C (HIIEKCYPHBIMU 30-
HAMM U UMEIOT TEKTOHMYecKoe mpoucxoxaeHue. Oco-
GEHHOCTBIO CUCTEM TpEILMH MEPBOi U YETBEPTOM SIBJIs-
€TCsI OTCYTCTBUE CJIE/IOB CKOJIbKeHus. [1yOuna pacripo-
CTPaHEHUSI STUX TPEIIMH U PACCTOSTHUS MEXIy HUMHU
3aBUCAT OT MOIIHOCTH CJI0sl. YacToTa pa3phIBHBIX Tpe-
[IMH B U3rubaeMoM cjioe Oy/ieT TeM OOoJIbIiie, YeM MeHb-
IIIe MOIITHOCTh ¥ IMPOYHOCTSH ciios [4,5,6,7].

Mopdonornyeckue 0COOSHHOCTH Marepuaia Tpe-
IIMH pa3auuHbl. TpemuHbl 1 1 4 3amnoaHeHsl B OCHOB-
HOM Cy/Tb(PUAHBIMA MUHEPAJIAMU.

OtcyTcTBHE B TpEIIMHAX [IMHUCTOTO Marepuana u
GOPO3/1 CKOJBKEHMUS CBUAETENIHCTBYET O Pa3phIBHOM Xa-
pakTepe TPEIIMH ITUX ABYX cucteM. TpermHs! 3 nopsia-
Ka UMEIOT 60PO3/bl CKOJILKEHHS ¥ IJIMHKY IIPUTHPAHUSI.
Mopdonornyeckue 0COOEHHOCTH TPEIH CBUJIETEITh-
CTBYIOT O CKOJIOBOM MPOUCXOXK/IEHUU ITUX TPEIVH.

TopusoHTaTbHBIE TPEIUHBL 2 TIOPsAKA UMEIOT piKa-
BYIO OKPACKy WM 3allOIHEHbI KAJIBIIUTOM, peke KBap-
uem. CpefHee pacCTosiHUe Mexk Iy TpeluHamu 1 cucre-
MBI TpenwH coctaBiistet 0,2-0,7 M; 2 cuctema TpenmH
—-0,4-0,9 m; 3 cucrema TpemuH — 0,8—1,3 M; 4 cucrema
tpeuwH — 1,0-1,8 M.

B pesynbrate BU3yasIbHO-U3MEPUTENILHOTO HCCIIEI0-
BaHMsI COCTOSIHMSI BBIPAOOTOK YCTaHOBJIEHO, YTO Ha
TOPHO-TIO/ITOTOBUTEIbHBIX BHIPAOOTKAX B IEJIOM HE Ha-
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OrmoaeTcst BHENHKUE MPU3HAKY ONIACHBIX JiehopMaliyii:
HaJIM4YKe PACKPHITHIX TPEIIUH JaBIeHUs B KPOBJIe 1 00-
Kax; BbIBaJIbl IOPOJ] U3 KPOBJIM ME3K/ly aHKEpaMHU; BUIII-
Mble OTCJIaBaHMs1 TPUKOHTYPHBIX CIIOEB KPOBJIH; 00pa-
30BaHME KYTIOJIOB B IIpefieliax IMUPHUHbI BRIPAOOTKH (puUc
3).

CoracHO TPOEKTY M MHCTPYKIMH IO KPEIUIEHHIO
TOPHO-TIOATOTOBUTEJIbHBIE BRIPAOOTKH JKe3ka3ranckoro
MECTOPOXKIEHHUs KPEIATcsl COOTBETCTBYIOIINE CTaBIIEH
KJIACCHUECKON - KOMOMHUPOBAHHOW KpEIblo, COCTOsI-
el U3 CTAJIeNoNMMEPHOro aHKepa U HaOpbI3r-OeToHa
[3, 4].

Puc. 3 — [leiictByloiee cocTosiHie KOMOMHUPOBAHHON KPEIX FOPHO-TIOATOTOBUTEIIBHBIX BBIPAOOTOK

Marepnauabl 1 MeToabl. [IpumeHsiemas crajeno-
JIUMEpPHAS IITaHTa COCTOUT U3 METAJUTUUECKOTO CTePIK-
Hs BUHTOBOTO WJIU TIEPUOINIECKOTO TPOIIIS, aMITyIT
C XMMHUYECKUM 3aKPEeIUTesIeM U MapallioTOM, OIOPHOM
wTKY. [Tpy HEOOXOAMMOCTH ILITAaHTa MOXET ObITh BbI-
TIOJIHEHA C pe3bOO0i U TalKoil U JAOTOIHUTENBHO C BUH-
TOOOpA3HOM CIIMPAJIBIO B 3aMKOBO#T yacTh (puc. 4). [lna-
MeTp CTepKHEW CTaJIECHOMMMEPHBIX aHKEPOB COCTABIISI-

eT 22 MM. MuHMMasIbHas1 HecyIasi ClIoCOOHOCTb aHKep-
Hoil kperu He MeHee 120 xH. JlnuHa ankepoB 2100—
2400 mm. ar xperutenns 1,2x1,4 M Ha IPAMBIX y4acT-
kax 1 1,2x1,2 M Ha conpsraeMpix yyacTKax.

B mporiecce HaOPHI3r-06TOHMPOBAHUST UCTIONB3YETCS
TOPKPETOETOH CTAaHJAPTHOTO COCTaBa Mapku B25 B ciie-
Jyioiied npornopiuu (LieMeHT, 6asact, Boga), L: b: B
—-1:3:0,51[8,9, 10].
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Puc. 4 — KoHCTpyK1Ms cTanenoaMMepHoil aHKepHOH Kpemnu

B xoge MHOroneTHUX HaOJIOIeHUI T aBTOPOB Obl-
JIO YCTAHOBJIEHO, YTO MTPUMEHsieMast KOMOMHUPOBAHHAsI
Kperb He NMeeT B3aUMOCBSI3BIBAIOIIETO JIeMEHTa MEeX-
JIy aHKEPHOU KPETbl0 ¥ TOPKPETOSTOHOM B BUJIE META-
yyeckorl ceTku. COOTBETCTBEHHO KaxJasl Kperb BbI-
TIOJHSIET OTACTBHYI0 (PYHKIWIO IO TOIICP:KaHMI0 Mac-
CHBa TOPHBIX TIOPOZ.

B ciydae 3akperuieHus! MOpoA, HapyLIEHHBIX MHO-
TOYNCIIEHHBIMU JaXe MEJIKUMHU TPEIIMHaMH Pa3HO00-
Pa3HOTrO HaIpaBJIEHUs], AaHKEPbl OKa3bIBAIOTCS HEHAJIEK-
HBIM CPEJCTBOM MNOpJiepkaHus BeIpaboTok. Tak, nopo-
Jibl KPOBJIM MHTEHCHUBHO Pa3pyLIAlOTCs Y YCThbs IIMYpa,
TIPY 3TOM aHKEPbI MaJIo TPENSATCTBYIOT Pa3BUTHIO 9TO-
ro npouecca. OTCI0eH s TOPOJ MO, Iai6aMy AHKEPOB
NPUBOIAT K MOTEPE MX HECYIel CIIOCOOHOCTH.

BimsiHre 3TOro HEJIOCTaTKa aHKEPHOM KpENW CTpe-
MSATCS YMEHBIIUTh TIPUMEHEHUEM Pa3IMYHOrO BHIA
MOAXBATOB M3 METAIMYECKUX ILIAKO, IOJIOCOBOIO U
poHIILHOTO JKeJle3a, OPEBEH WM JOCOK, METAJLTHYE-
CKHUX CETOK U T.I. [ToixBaThl He MPEKpPaIaioT, a JIUIIIb
YMEHBIIAIOT MPOIECC pas3pylieHust opo. Hanmyuryio
M30JISAIAIO TOPHBIX TIOPOJI ITPY MX 3aK PETIEHNN aHKepa-
MH MOXET 00ecreunTh cioi HaOpbI3r-oerona. [11].

B cBs3M ¢ STHM IpencTaBisieTcs Leaecoo0pasHbM
HCCIIeIoBaTh HECYIYIO CIOCOOHOCTh KOMOWHHMPOBAaH-
HOW Kpenu pasiesIbHoO.

J71s1 OLEHKM TIPOYHOCTH 3aKpEIUIeHWs] aHKEPHBIX
CTep)KHEW B KPOBJIe BHIPAOOTKH orpeiensiercs: ux (ak-
THYECKas HeCyIas ClloCOOHOCTb, C MOMOIIBIO IIITaHTO-
BoiaepruBaresns tuna [TKA-15.

VcnibiTaHue aHKEpOB IMPOM3BOOMTCS Oe3 CHSTHUSA
OMOPHOM TUTUTKY U TaliKH.

HUccnenoBanust pa3sHBIX aBTOPOB B TEUSHUE [ECSATH-
JIETUH TIOKA3aJli, YTO HEecyIlasi CloCOOHOCTbh aHKEPOB
Ha HIDKHeM ydacTke mranru cocraBmia 100-120 kH,
YTO COOTBETCTBYET HOPMATHUBHBIM TOKA3aTessIM HE Me-
nee 100 kH.

O6cy:xaenne u pe3yabrarbl. KoMOMHUpOBaHHAS
Kperb 13 HaOphI3r-0eTOHA M aHKEPOB pPacCMaTpPUBACTCS
KaK MHOTOCJIONHAasi KOHCTPYKLIMSI, BHEUIHUNA CJIOH KO-
TOPBIX — OMOHOJIMYeHHast (HAOpPBI3r-0ETOHOM, aHKepa-
MHU) nopoaHas 3oHa. IlosTomy A OLEHKM KayecTsa
HaOpbI3r-OETOHHOTO MOKPBITHUS 11eJIECO00Pa3HO TIPUHU-
MaThb CJIeAyIolIYe NOKa3aTeu: CUEIIEHUE Ha KOHTaKTe
«Kperb-Tioposia», aechopMarisi KOHTypa Kpenu, Halu-
Yue TPEIMHOOOPa30BaHNSI M OTCIIOEHHsI, O0ecrieueH e
MPOEKTHOH TOJIIMHBI TIOPOJOOETOHHOTO CJIOSI.

CoBMectHasi paboTa Kpery U MacCuBa Kak eIUHON
KOHCTPYKIIMM OKAa3bIBaeT CYyIIECTBEHHOE BIMSHHE Ha
KauyecTBO MOJepKaHus BEIPAOOTKU. Mexay nopofamu
Y HaOpBI3r-OETOHHOTO TIOKPBITH S, KaK U MEKY CIOSIMU
6eToHa TIpH TOCJIOIHOM €ro HaHEeCEHHH, JIOJKHO OBITh
o0ecreueHo MPOYHOe CLETUICHHE.

OpHUM U3 BaXHEWNMX (PaKTOPOB, BIUAIININX HA
MIPOYHOCTh M CTPYKTYPY HAOPBI3r-OETOHA CUMTAETCS
CKOpOCTb TOJIETA €r0 CTPYH U €€ yJapHoe AeiCTBHe, a
TaKKe COCTOSIHIE TOPKPETUPYEMOU MOBEPXHOCTH. ITO,
B CBOIO OY€pe/Ib, ONpe/IeNIsIET BEUINHY OTCKOKA CMECH.

B mporiecce HaHeceHUs] HAOPHI3T-OETOHHOW Kperu
Ha0JII0/1aeTCs1 BBICOKHI MPOLIEHT (Mectamu 10 35%) oT-
CKOKa M OTCJIOEHMS, HAHOCHMOI'O Ha OOHaXXEHHBIA Mac-
CHUB.

BenmumHa OTCKOKA 3aBHCHT B 3HAUYMTENIBHOW CTerle-
HH OT KPYIHOCTH 3anonHuTess. Tak, Ipu yBennyeHun
KpynHocTH 3epeH 6ome 3 MM ¢ 18 10 71%, 1o jaHHBIM
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paHee BBITIOJIHEHHBIX HAMHU padoT, KOJIMYECTBO OTCKOKA
yBeanuusaercs ot 20 10 40%. B To xe Bpems, npu u3-
MEeHEHHH COfiepKaHus1 KPYITHOTro 3arnoiaHuTens ot 20 1o
50%, OTCKOK OT BepTHKAIbHON MOBEPXHOCTH BO3pacTa-
et oT 10 1o 20 %. Pemaromiee 3HaueHue Ha BEJMUUHY
OTCKOKa OKa3bIBaeT PACXO/l [IEMEHTA U CTIeLIaIbHBIE 10-
GapJIsieMble MOIU(HKATOPBL.

[ostomy, B TakuMx cilydasix peKOMEHIyeTcsl mnepe-
CMOTPETh COCTaB IPHMEHIEMOT0 HaOphI3r-0eToHa, 0CO-
OEHHO KPYIHOCTb 3epeH 3alloNHUTENEH, BEIMYUHY BO-
JIOIIEMEHTHOT'O OTHOIIIEHHUSI ¥ THIT MOIU(UKATOPA.

INocne mpow3BoACTBa B3PHIBHBIX PabOT KaK MpaBH-
JI0, 00Opa3yeTcsi U3JHIIEK MONEePEYHOro CeUeHus Bbipa-
OOTKM OTHOCHTEJIBHO MpoeKTHOM p=1,1-1,3 u npu 3TOM
IO TIEPUMETPY CTEH BhIPAOOTKU HEMPABUIBHON (hOPMBI
HMEIOTCSI TIOPOJHBIE BBICTYIIBI BBICOTOM M 3TO B CBOIO
ouepenpb PUBOIUT K Mepepacxony OeTOHa IPH BHIPaB-
HUBaHUHM KOHTYpa BBHIPAOOTKHU M3-32 BHICOKOU IIEPOXO-
BaTOCTU M POCTY a9POIUHAMUYECKOTO COMPOTUBIICHUS
BBIPAOOTKH.

STH BOIIPOCH PENIAIOTCS MPABUIIBHO BHIOPAHHOM TeX-
Hostoruu npousBozacTBa bBP nytem pacuera 3apsaoB ¢
y4eToM (PU3MKO-MEXaHMYECKHX CBOICTB IOPOJ MaccH-
Ba ¥ TOPHOTEXHUYECKUX YCIIOBHH.

BeiBoabl. B pamkax npoBeIEHHBIX HCCIEAOBaA-
HUA PacCMaTpPUBAIUCh BOMPOCH KpEIUICHHSI TOPHO-
MOATOTOBHUTEJIbHBIX BBIPAOOTOK Kak Hambosee moaBep-
JKEHHBIX BO3ICHCTBUIO JOOBIYHBIX PabOT B YaCTHOCTH
OypOB3PBIBHBIX PabOT U MepepaclpeieieHUI0 TOPHOTO
JIaBJICHUS.

B mporiecce UccneOBaHUI TPAKTHYECKOrO MpyMe-
HEeHHsI KOMOUHMPOBAHHOTO KPEIUIEHMUs, 3aKITI0UaloIe-
rocsi B COBMECTHOM KPEIUICHHMH KPOBJIM U aHKEPHBIM
KeNe300ETOHHBIM U TOPKPETOSTOHHBIM KpeIlIeHHeM
BBIABJICHO UBJIMITHEE KPEIUVIECHUE aHKEPHOI'O KPEIUICHU A
B psifie TOPHO-TEONIOTMYECKUX YCTIOBH.

OrnbIT NpUMeHEHHsT TOPKPETOETOHHOTO KPeTIeH s €
UCIIOJIb30BaHNEM TOJMMEPHBIX HATOHUTENEH YBeIH-
YHBAIOIIMX a/re3HOHHYIO CIIOCOOHOCTb U yBEJIMUYEHHE
BO3MOKHOCTH YAEp/KaHHSA KPOBIHM OT BEPTUKAJIBHBIX U
TOPU30HTAJIBHBIX HArpy30K C YBEJIMUYEHWEM TOJILHBI
HAHECEHHs] PACTBOPOB IO3BOJIUT OTKA3aThCS OT BBICO-
KO 3aTPaTHOr0 KOMOMHMPOBAHHOTO KPEIUIEHUs] TOPHO-
MOJTOTOBUTEJILHBIX BHIPAOOTOK.

BbIBOIbI U MIpEAJIOKEHHBIE B PE3Y/bTaTe MPOBE/ICH-
HbIX HAyYHO-MCCJIEIOBATENbCKUX PabOT pelieHrs MO-
T'yT OBITh MHTEPECHBI IIIMPOKOMY KPYTY CHEIMaINCTOB
Y MEHE/KEPOB T'OPHBIX MPEATIPUATHI M0 TEXHUIECKUM
¥ TOPHO-TPOM3BOACTBEHHBIM BOITPOCAM,
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PASBPYHIEHUE KPEIIKUX IIOPO/I 3APA/IOM B3PBIBUATOI'O BEUECTBA
KAPKACHO-CTYIIEHYATOI'O JEHCTBUA

T.M. Urbaes’, . K. Axmerkanos**
'Ualikhanov University, r.Kokmeray, Kazaxcran,
2Satbayev University, r.Anmarsl, Kazaxcran,

e-mail: d.akhmetkanov@satbayev.university

B crarbe npescTaBieHa TEXHOIOTMs MHOTOKPaTHOro (hOKYCHPOBaHUS KYMYJISTHBHOM CTPYH M €TI0 HalpaBJIeH-
HOTO JEiCTBHS B KYMYJISTUBHOM Ooerpuriace 1J1sl yCUIIeHHsI KyMYJIITUBHOTO TTOTOKA Oe3 yBeJIMYeHHUs] MacChl 3a-
psiga B3pBIBYATOIO BellecTBAa. PacCMOTpPEH MOBBILIEHHBIH KyMYJIITUBHBIN MOTOK IS MOBBILIEHNSI €T0 CKOPOCTH.
ITpu B3pbIBE CKBAKMHHOTO 3apsi/ia TOPHBIE OPOJIbI PA3PYIIAIOTCS METOIOM Ha CKATHE 3a CUeT OOJIBILIOTO AaBJICHHSI
SHEPIrUM B3pbIBA, B Pe3yJbTaTe Yero o0pasyercsi 3HAYUTENbHOE KOIMYECTBO U3MEIBYEHHON MacChl BOKPYT 3apsi-
a2, KOTopast IpH Neperpyske 1 JOCTABKE PAcChINaeTCsl U HapyIIAeT SKOJIOTHIO. YBEJIMUEHNE MacChl CKBaKMHHOTO
3apsijia He oOecreyrBaeT Ky9HOCTh OTOOMKM M NMPUBOAMUT K TNOBBIIICHUIO pas3jieTa TOPHOW MACCHl, UTO CHUKAET
0€30MacHOCTh B MECTax Be[EHHMs B3PHIBHBIX paboT, a TaK e YBEJIWYMBAIOTCS TPYLO3aTPaThl IIPH AEMOHTAXE U
MOHTake 00OPYIOBaHMSI JJIsl COXPAHEHHsI TOPHBIX MAIIMH M CUCTEMbI 0OECTICYeHHsI EKTPUUECKON SHEPrue, 1
YBEJIMUMBAETCS OObEM PEMOHTHBIX ¥ BOCCTAaHOBUTEIIBHBIX PA0OT. YUUTBIBASI, BHIIEU3JIOKEHHbBIA HEJOCTATOK Pa3-
paboTtaHa HOBast KOHCTPYKIIMS YCKOPHTEJSI C KaCKaIHO-CTYTIEHYaThIM JIEHCTBHEM KyMYJ/ISITUBHOTO 3apsina. Popma
KyMYJISITUBHOTO YCKOPHTEJISI Teriepb UMeeT 0O0TekaeMylo 00bEMHYI0 (hopMy, KOTOpasi yBEIMUMBAETCsI OT B3pbIBa-
TeJIs1, YTOOBI He CO3aBaTh BO3AYIIHbIE TIOAYIIKH 1 0OeCIIeuyrBaTh YIUIOTHEHHE HACBITHOTO 3apsiza. [Ipeanaraemas
WMHHOBALIOHHAs1 B3PbIBHASI TEXHOJIOTHSI MOXET MCIIOJIB30BATHCSI B TOPHOU M IPYTMX OTPACIIAX MPOMBIIIIIEHHOCTH
JJ151 TIOBBIIIIEHH I TIPOM3BOMTEILHOCTH B3PBIBHBIX pa0OT 10 pa3pylIeHHIO, APOOIEHHIO U KyYHOCTH pa3pylIeHHOH
TOPHOM MaccChl [yisl YJIy4IleHHs S9KOJIOTHY B MECTaX BE/IEHUS B3PbIBHBIX paboT 6e3 BbIX0/la HErabapUTHBIX KYCKOB.

KiiroueBble cjioBa: B3pHIBUATHIC BEIIECTBO, YCKOPUTEIH, KyMYJISTHUBHBIE CTPYH, BO3/YIIIHBIE TOTYIIKH, (POKY-
CHPOBAaHUE SHEPIUH B3pbIBA, pa3pyllieHHue TOPHBIX MOPO/,.

KAPKACTDBI-CATBLJIBI OPEKETTI KAPBL/ITBIII 3ATTbIH OKTAMACBIMEH
KATTDBI ’KbIHBICTAPIbI VATY

T.M. Urbaes’, JI.K. Axmerkanos**
'VonmmxaHos yHuBepcuteTi, Kekieray, Kazakcras,
2Cor6aeB yHUBepcuTeTi, Anmarsl, Kazakcran,

e-mail: d.akhmetkanov@satbayev.university

Makarnana sKapbUIFBII OKTAMaHBIH MACCACHIH apTTHIpMai, KYMYJISITHBTI aFbIHIBI KYIIECHTY YIIH KYMY/JISTHBTI
OK-JIopiZieri KyMyJISITUBTI pEaKTHBTI (POKyCTay TEXHOJOTHSACH YCHIHBUFAH. OHBIH KBULIAMIBIFBIH apTTHIPY YIIiH
KyMYJISITUBTI aFbIHHBIH KOFapbUIaybl KApacThIPBUIAIBL. YHFBIMA OKTAMACH! KaPBUFaH Ke3/le Tay KbIHBICTApHI XKa-
PBUIBIC SHEPTUSCHIHBIH YJIKEH KbICHIMbIHA OAMJIAHBICTHI KbICY 9ICIMEH yaThUIapl, HOTHIKECIHIEe OKTaMaHbIH ai-
HAJIACBIH/IA YCAKTaJIFAaH MACCAHBIH €I0yip Meilepi maiaa Oosabl, O MIaMaaH ThIC JKYKTEIreH/Ie JKoHe KeT-
Ki3UIreH Ie MAIbUTHII, SKOJIOTHSIHBI Oy3a/1bl. ¥HFPIMA OKTaMAaChl MACCACHIHBIH YJFAIOBI YaTy JIQJIIriH KAMTaMachi3
eTIeN/li JKOHe Tay-KeH MACCACBIHBIH yaTbLTy Ke3iHJe KeCeKTaCTap/bIH JKOFapbUIayblHA OKEI COFajpbl, OYII XKapbl-
JIBIC JKYMBICTAPBIH KYPTi3y OpBHIAPBIHAAFE KAYINCI3HIKTI TOMEHIETe i, COHBIMEH KaTap Tay-KeH MallliHaJIapbl
MEH 2JIeKTp SHEePrusChiH KAMTaMAachi3 €Ty KYHEeCiH cakTayra apHajFaH KaO/bIKThl OOJIIIeKTey jKoHEe MOHTaK/Ay
Ke3iHjie eHOeK IIBIFBIHIAPI aPTa/Ibl KOHE KOHEY, KAIbIHA KeJITipy KYMBICTAPBIHBIH KojieMi aptanpl. JKorapbiaa
KeJITipiIreH KeMIIIUJTIKTi eCKepe OTHIPHIT, KO KaOaTThl KYMYJISATUBTI OKTaMa YICTKIlTiHiH KaHa TU3aiHBI KacaJlIbl.
KyMynaTuBTI YAETKIIITIH MIlIiHI €H/Ii aya ’KacTHIKIIANAPHH KacaMay jKoHe OKTaMaHbBIH THIFBI3IATYBH KaMTaMa-
CBI3 €Ty YIIIiH XeHUIICTIITeH TlliHTe he. Y ChIHBUIBII OTHIPFaH MHHOBAIMSUIBIK, KaPbUIBIC TEXHOIOTUSICHIH Tay-KeH
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’KoHe 6acka Jja cajanapia Tay KbIHBICTAPBIH Oy3y jKoHE ycaKkTay OOMbIHINA KapbUIBIC KYMBICTAPBIHBIH OHIM/LTI-
TiH apTTHIPY YIUiH, TA0APUTTi eMeC KEeCEKTACTAPIIbIH LIBIFYBIHCHI3 XKapbUIBIC KYMBICTAPBIH KYPri3y MeH KapbUIbIC
OPBIHAAPBIHAFBI SKOJOTUSHBI JKAKCApTy YILiH MaiganaHyra 6onaipl.

TyiiiH ce3aep: KapblFbIII 3aTTap, YASTKIIITEP, KYMY/ISATUBTI aFblHAAP, ayasblK KybICTap, KapbUIbIC SHEPTH-
sIChIH (DOKYCHUPIIEY, Tay KBIHBICTAPBIH YaTy.

DESTRUCTION OF HARD ROCKS BY EXPLOSIVE CHARGE OF A
FRAME-STEP ACTION

T. Igbayev!, D. Akhmetkanov**
I'Ualikhanov University, Kokshetau, Kazakhstan,
2Satbayev University, Almaty, Kazakhstan,
e-mail: d.akhmetkanov@satbayev.university

The article presents the technology of multiple focusing of a cumulative jet and its directional action in a
cumulative ammunition to enhance the cumulative flow without increasing the mass of the explosive charge. An
increased cumulative flow is considered to increase its velocity. When a downhole charge explodes, rocks are
destroyed by compression due to the high pressure of the explosion energy, resulting in a significant amount of
crushed mass around the charge, which crumbles during overload and delivery and violates the environment. An
increase in the mass of the borehole charge does not ensure the accuracy of the rebound and leads to an increase in
the spread of rock mass, which reduces safety in places where blasting operations are carried out, as well as labor
costs increase during dismantling and installation of equipment to preserve mining machines and electric power
supply systems, and the volume of repair and restoration work increases. Taking into account the above drawback,
a new accelerator design with a cascade-step action of a cumulative charge has been developed. The shape of the
cumulative accelerator now has a streamlined volumetric shape, which increases from the fuse so as not to create
air cushions and ensure the sealing of the bulk charge. The proposed innovative explosive technology can be
used in mining and other industries to increase the productivity of blasting operations for destruction, crushing
and accuracy of the destroyed rock mass to improve the environment in places of blasting without the release of
oversized pieces.

Keywords: explosives, accelerators, cumulative jets, airbags, focusing of explosion energy, destruction of
rocks.

Beenenme. BspeBomoarotoBka TropHoOW  Mac- ikl Ha NEepepabOTKY: KOHGEUePHO20, NHEGMO - UAU 2U0-

col Ha Kapbepax CokomnoBcko-Capbaiickoro I'opHo-
TIPOM3BOJICTBEHHOIO OOBEAMHEHNs (Hanee, oObeIrHe-
HUsI) OCyILECTBisieTcs: Ha Oonbiiol riyouHe. Ee mo-
CTaBKa Ha IMOBEPXHOCTh HA NepepadaThiBaIoIIUe Tpe-
MIPUSATHUST OCYIIECTBIISETCS] ABTOCAMOCBAJIAMH OOJIBIION
rpy3onogbeMHuocTu. [Ipu mogbeme pynsl Ha «ropa» Ts-
JKeJble MAIMHBI 3aTPAaurBalOT 3HAYUTEIBHOE BPEMs U
sHepruo. Takas 3amensieHHas LUKJINYHOCTb TEXHOJIO-
TMYECKOro TMpoIecca JOCTAaBKU PyAbl HA MOBEPXHOCTh
PE3KO CHIKAET MPOU3BOAUTENBHOCTh TPYAA.

MarepuaJbl 1 MeTobl. [IpMeHsiemble B HACTOS-
Iiee BpeMs Ha Kapbepax 00beJMHEHNs B3PhIBHBIC TEX-
HOJIOTUH pa3pyIlieHHs] TOPHBIX MOPOJ] HECOBEPIIICHHBI,
JKeJle3Hasi pyAa BBIXOOHUT C HEOJHOPOIHOW KYCKOBATO-
CTBIO U 3HAYUTEIBHBIM BBIXOIOM HeraGapura. [Ipu BBI-
coTe ycTyna 27M CKBaXHHbI OypsAT rtyouHoun 30M ¢ re-
pedypoM 3M. DTO CAepXKUBAET KCHOIb30BaHUE B Ka-
pbepax Gosiee MPOrpecCUBHBIX CIIOCOOOB JOCTABKHU Py-

pompancnopma, TIO3BOJISIIONIMX OCYIIECTBIISATh Herpe-
PBHIBHYIO JJOCTaBKY PY/IBl HA «<TOpa».

[IprunHOil HEOAHOPOIHOU KYCKOBAaTOCTH Pa3pyllieH-
HOM FOPHO¥ Macchl M BbIXOa Herabapura sIBisieTcs To,
YTO 3apsAKy CKBaXXHH OCYIIECTBIISIOT HACBHITHBIM CIIO-
CO0OM IO TOPJIOBMHE CKBAXUH C IIPUMEHEHHEM JIBYX
GOEBUKOB /151 HAJIE)KHOCTH BO30YkIeH!s B3pbIBa. [1pn
9TOM Ha/IEKHOCTh BO30YXK/IEHHMS B3PbIBA JOCTHTaeTCs,
HO YacTb HEPrUH UAET Ha BHUIET, TaK KaKk BTOPOH Ooe-
BUK pacroyaraercs oimxke K nosepxHoctu[1,2].

ITpu B3pBIBE CKBAKMHHOTO 3apsijia TOPHbIE MOPOJIBI
Pa3pylLIaloTCss METOIOM Ha CXKaThe 3a CYeT OOJIBIIOro
JIaBJIeHUs1 SHEPIUM B3pbIBa, B PE3y/IbTaTe Yero odpasy-
€TCsl 3HAUUTEJILHOE KOJMYECTBO M3MEIbYEHHOI Macchl
BOKPYT 3apsfa, KOTopasi MpU Meperpyske M J0CTaBKe
pacchInaeTcst 1 HapyIaeT SKOJIOTHIo. B3pbIB conpoBosk-
JlaeTcs BhIAEJNCHNEM OOJIBIION TEeMIlepaTypsl B Mpejie-
Jlax MIJITMOHA rpagycos 1o Llenbcuio, B pesynbrare de-
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TO pa3pyllieHHas TOpHAs Macca el U CIIeKaeTcs, 9To
3aTpyAHsET Hpoliecc nepepaboTku u oborarenus. 13-
MeJIbYCHHAS TBUTb U CIIEKIIINECs] YaCTUIIbl TOPHOI Mac-
Chl BBIOPACHIBAIOTCSI B OTBAJI BBUJY OTCYTCTBUsI HEOO-
XOIMMO¥ TEXHOJIOTHH € TIepepadOTKH U OTPHIIATETHHO
CKa3bIBAIOTCS1 HAa SKOJIOTHIO TOPHOro pervona [3,4,5].

VBeuueHre MacChl CKBaXXMHHOTO 3apsia He oOectie-
YMBAET KYYHOCTb OTOOMKM M MPUBOIUT K MOBBIIIEHUIO
pasjera TOpHOM Macchl, YTO CHMXaeT 0e30MacHOCTh B
MeCTax BeIeHHsI B3PBIBHBIX paOoT, a TaK e YBeJIM4H-
BAIOTCSA TPYAO3aTPaThl IIPH JEMOHTAKE U MOHTaxe 000-
PYAOBaHUSA 111 COXPaHEHMsI TOPHBIX MAIIH M CUCTEMBI
oOecIieueHus MEeKTPUIECKON HEpruei N yBeIninBa-
ercst 00beM PEMOHTHBIX U BOCCTAHOBHTENIBHBIX padoT.

W3BecTHO, 4TO MpH B3pbIBE | KT 3apsia B3pbIBYATOrO
BemecTsa (nasee - BB) obpasyercst 1000 nuTpoB rasa.
INone3Hoe ucronp3oBaHMe B3pbIBa 3apsga BB Ha rop-
HBIX TPEANPUATUAX, TO JAaHHBIM yUEHbIX, COCTABIISET
okono 60%, a 40%, HecropeBilMe YacTUIIbI 3apsAa U
SIOBUTHIE Ta3bl, HAPYILIAOT SKOJOTUIO B MECTax Befe-
HUS B3pBIBHBIX paboT. B Kasaxcrane B TeueHume roga
B3pbIBatoT Ooree 220 Thicsiy ToHH BB Ha pasHBIX rop-
HBIX M APYTHX MPEANPHUATHAX M HECIOXKHO TOACUUTATD
o0beM 3arpsizHeHHst atmocdepsl, (opsaka 100 Tpui-
JIMOHOB JIUTPOB)

Ilo 3axoHy I'yka M3BeCTHO, YTO Ha pa3pyLIEHUE rop-
HBIX IOPOJ METOJOM Ha CXaTue TPaTUTCS SHEpPruu B
HECKOJIBKO pa3 OoJbllle 4eM METOIOM Ha M3rud u pac-
TSDKEHHE, OHAKO TIPY Pa3pyIIeHUH TOPHBIX MOPOJL Me-
top I'yka He ncrion3yercsi. Hamu paspaboTtaHsl ycKOpH-
TeJN, KOTOpBIE MO3BOJIAIOT, PACCPEAOTOUEHO MOAHSATDH
CKOpPOCTb B3pbIBa U 00ECIEUUTh U3rUOAIOIIMM METOIOM
paspylieHue ropHoi Maccel. K HacrosieMy BpeMeHU
HaMH pa3padoTaHo okosio 50 ycKopHTeseil pasiuuHOn
reoMeTpUYECKOil (hOpMBbI, KOTOpbIE OTpakeHsl B 37 ma-
teHTax. C 1987r mo 1992 r. 3tm yckopuTenu npoum
ucreiTaHie Ha CokonoBckoM Kapeepe CCITIO, koto-
pble JIETIM B OCHOBY MO€i IOKTOPCKOW AUCCEepTaIvu.

JMTebHBIE WCTIBITAHUS] YCKOPUTENEH TO3BOJMIN
aBTOpY pa3padoTaTh METOH MHOTOKPAaTHOTO (POKYCH-
pOBaHUs MPOAYKTOB B3pbIBa. MHOTrOKpaTHOE YCKOpe-
HHE MTPO/IyKTOB B3pbIBAa 0OECIIEYNBAET MOBBIIIEHHUE CKO-
POCTH B3pBIBHBIM razam. Kakylo CKOpOCTb MOXHO I10-
Jy4UTh TPH WCIOJB30BAaHMM METOAa MHOTOKPATHOTO
(pokycupoBanus? [Ina nomydeHust pesysbTara Ipo-
BE/IW HCHbITAHUE MHOTOKPATHOTO (POKYCHPOBAHHUSA Ha
B3pBIBHOM MoJUroHe MuxeHepHbIXx BoWick MuHHCTep-
crBa o6oponsl PK, rae nmokasanu npu nsaTukpatHoM ¢o-
KyCHPOBAaHMH CKOPOCTb MPOYKTOB B3pbIBa MPEBBICHIIO
CKOpoCTh JieToHaumu 3apsiza BB B 7,49 paza. Ha uc-
IIBITAHUM OBLIO MCTIONB30BAHO aMMHAYHO-CENUTPEHHOE

BB co ckopoctbio 3400 m/c, a ipu B3pbIBE C YCKOPUTE-
JIeM TONMyYriid ckopocTb 25500 m/c, eciu ObI mpuMe-
HIH 3apsin BB co ckopocteio seronanuu 7000 m/c, To
CKOPOCTH ¢ yckopuTesieM Obl iocturia 50 000 m/c. B pe-
3yJIbTaTe MPOBEJEHHBIX HAYYHO-NCCIIEI0BATENbCKUX pa-
60T OblIa 3alIMIIeHa KaHJUAATCKast AMCCePTaLHsL.

PesyabTarel n o6cy:xaenne. B Hacrosiee Bpemst
KOHCTPYKTOPCKasl IOKyMEHTAIIUSI TOTOBA U BHITIOTHEHO
W37IeNre B MeTaJule IJIsl IPOBE/ICHU I MCIIBITAHUI UHHO-
BaIlMOHHOTO METOAIA, T.€. PEe3YJIbTaT JOJKEH TOATBEp-
JUTh Hal TeopeTrdeckue pacyets (100 Thic. M/c).

INonMroHHO-NPOMBIIIIIEHHBIE MCTIBITAHUS TTOKA3aJIN
3(pheKTUBHOCTH 3aPSAIOB C KyMYJISIMEH SHEPIUH MHO-
TOKPATHBIM (TISITUKPATHBIM) (DOKYCHPOBAaHHEM B3PbIB-
HBIX [A30B U MPEAJIOKIIIN IPOAOJIKATh UCCAESAOBAHUA C
1IEJTBIO OTTpe/iesIeHNsI HOBBIX ITyTel MCIONb30BaHUS €€ B
IpaXIaHCKMX M BOEHHBIX esxX. Kak orMeTnt Hauasb-
HUK HMHXEHEpHbIX BOWCK MuHuctepcTBa 060poHbl PK
nonkoBHUK ['apeeB M.I".: ”3TOT MeTOl MOKET OBITH IIPH-
MEHEH Takke B OoernpuIacax /st HOBBIIIEHHUS MOpaxa-
IoIIero aencTus.” [6,7].

PyKOBOZCTBO KapbepoB 00beMHEHNSI TOTOBO MOJIED-
HU3UPOBATh TPAHCHIOPTHBIN MOTOK JOCTABKU PY/IbI MPU
VCJIOBMH, €CIT TIPUMEHsieMasi B3pBIBHASI TEXHOJOTHSI
TI03BOJIUT TTONTYYaTh JKEJE3HYI0 pydy Oe3 HerabapuToB 1
TaKOW KyCKOBATOCTH, KOTOpast HeoOXoauMma jijisi paboThl
HOBOTO TPAHCIIOPTHOTO TOTOKA, 0€3 MpPUMEHEHHS JI0-
MOJTHUTEJIBHBIX B3PHIBHBIX Pa0OT M APOOHIIBHBIX yCTa-
HOBOK TI0 Pa3pyIIEHNI0 HEraOapUTHBIX KYCKOB PYIIbI.

INocne npe3eHTall MTHHOBALIMOHHON B3PBIBHOM TEX-
HOJIOTHMH, PYKOBOJICTBO OOBEAMHEHHUsI pa3periniio mpo-
BECTH ONBITHBINA B3phB 2016 1. Ha CapOalickoM Kapbe-
pe. beuo B3opBano 10 TonH BB B 18-Tu ckBaxkuHax
quamerpoM 250 MM u ryOouHOW 23 Merpa. Pesyib-
TaThl B3pbIBA YIOBJIETBOPMJIM PYKOBOJCTBO IPOU3BOJ-
CTBEHHOTO OOBEAVHEHHUSI C MaJIOH KyCKOBAaTOCTBIO TOp-
HOM Macchl 1 6e3 HerabaputoB. B 2019 r. Ha Capbaii-
CKOM Kapbepe ObU10 B30pBaHO 50 ToHH B 70 CKBaXHHAX
¥ TTOZITOTOBJICHO B3PHIBOM 1 MUJITMOH KyOUUECKHUX MET-
PoB ropHoii Macchl. K B3psIBY IIpeTeH3uil HET U, OJJHAKO,
HET JIOroBOpa Ha MPOJOJIKEHUE B3PbIBOB.

3HaYMMOCTb TEXHOJIOTMH B HALIIOHAJILHOM U MEXLy-
HapOJIHOM MacIITa0e COCTOMT B TOM, UYTO €r0 pe3yib-
TaThl TIO3BOJIAIOT PE3KO MOAHATH MOTEHIMANBHO M0J1e3-
HyI0 3Hepruio B3peiBa 3apsga BB no 100%, uro, no
CPaBHEHHIO C CYIIECTBYIOLIMMH CIIOCOOAMU B3PbIBAHHU S,
Gosblile B HECKOJIBKO pa3. Kpome 9KOHOMHYECKUX MO-
KazareJsiei, pa3paboTaHHasi MHHOBAIIMOHHASI B3PbIBHAS
TeXHoJIorus Ge30IacHa o pa3JieTy KyCKOB FOpHOI Mac-
ChI B TIpeJIeNIax JBYX pa3 U Y/IyullaeT SKOJIOTHIO B MECTax
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BEJICHUS B3PBIBHBIX 34 CUET JIMKBUJAIMU SIOBUTBIX ra-
30B M yMEHBIIICHH S I3MEJIbYEHHON Macchl U blin. CHU-
JKEHHE BBIXO/IA ANOBUTBIX TA30B 3a CUET MOJHOTHI Cropa-
HUS BCeX KOMITOHeHTOB BB npu B3phIBe - 0ueHb BakHbIN
TIOKa3aresb IpU paboTe B IMOA3EMHBIX YCIIOBHSX.

SKCcHepUMeHTAIbHBIN B3pbIB poBesy B 1990 roqy Ha
IIpoxojKe mrpeka Ha maxrte "Ksapuutka” B CTenHoroc-
Ke, rae onbIT nokasayn KHUII paBubiM eauHuUIa, Torga
Kak y Hux oH Obu1 0,8. Takue sKCHEepUMEHTHl ObLIH C
TIOJIOXKUTETFHBIMU Pe3y/IbTaTaMu MpoBeeHs 1 B 2016-
2017 rogax. OnHaKO, JOTOBOP A0 CUX MOP HE 3aKJII0YeH
[8,9,10].

Hayuynast HOBH3HA TEXHOJIOTMH COCTOMT B TOM, UTO
BIIEpBbIE KACKaTHHIM METOIOM U3MEHWUJIN HaTpaBIeHNe
B3pbIBA U CKOPOCTb B3PBIBHOTO IMpoOIlecca, TOrga Kak
paHbIIie ObLIO MPUHSATO, YTO 3aBOJICKAST CKOPOCTH JIETO-
HallMM He M3MEHsIeTCs B Ipoliecce B3pbiBa 3apsiga BB.
HoBast B3ppIBHASI TEXHOJIOTHS YCTAHOBHIIA, UTO B3PHIB
MOXET pacpOCTPaHATHCS C HAMPABJIEHHOW, YBETUYEH-
HOH WM C HalpaBJIEHHO! MOHMKEHHON CKOPOCTBIO Me-
TOIIOM “JIOMHHO”, & TP HEOOXOAUMOCTH, ITYJIbCUPYIO-
MM CITIOCOOO0M, C OTPaKeHHUEM U KOHIICHTpaIiel SHep-
THH B3pbIBA B MIPefIeNax 3apsja, B pa3pyliacMoM MacCH-
B€ TOPHBIX MOPOI.

[MprMeHeHne ycKopuTeNiel pa3penieHoO Ipu IIpo-
BelleHM OypOB3pBIBHBIX ~pabOT Ha BCced  Tep-
putopun  Pecnyoiukn — Kasaxcran.  Paspeienue
NeKZ87VEHO00005132 ot 04.08.2016, moamucaHo 3a-
MecTuTelseM npezcesaaress Komurera.

28 um

[ - -

Cywrocms  UHHOBAUUOHHOLL 83PbIBHOLL MEXHON02UU
(0anee — UBT):

- B IPOOYpEeHHbIe CKBAXKUHBI ¢ 00bIYHBIM BB 3akia-
JBIBAIOTCS Yepe3 OIpelesicHHbIe IPOMEKYTKH Ha BCIO
ryOuHY CKBaXHHBI «Yckoputesu Mrbaesa» crierualib-
HOH KOHCTPYKIIMH;

- HHULMUPYIOIIKH OOEBHUK PACIIONAraeTcsi B BEpXHEH
YacTH 3apsaa (CKBaXXUHBL);

- B3PBIBHOH MPOIIECC Pa3BUBAETCS IMOCIIEJOBATEIHHO
CBEpXy CKBKMHBI BHU3 KACKAJHBIM METOZIOM OT pasfe-
JIEHHOTO 3apsfa K CJAEAYIOIEeMy 3apsIy B CKBaXUHE;

- TIOCTIE/IOBATENBHO YCKOPUTEIN YBEIWYMBAIOT: 0 5
pa3 — KOHLIEHTPAIMIO B3PBIBHBIX IIPOIIECCOB B CKBa-
KuHe, 10 10 pa3 — CKOpOCTb UCTEUEHH S B3PbIBHBIX FA30B
B 3apsinax BB, KoHLEHTpHpYs 1 npeBpalnas IPOLyKThI
B3pbIBA B TIa3MY;

- CKOpOCTb KOHIIEHTPUPOBAHHOW 3SHEPrUu B3pbIBA
(m1a3Mbl), HalpaBJIeHHas OT BEpXHEH dacTh 3apsiia
CKB2XMHBI B €€ JOHHYIO 4acTb, Bo3pacraer go 50 000
M/CeK;

- TOCJIEe/IOBATENbHAS CEepHsl YCHIMBAIOIIMXCS B3PBI-
BOB 3aps1oB BB cozmaeT BBICOKOYACTOTHBIC W HAIIPaB-
JIeHHble yJaphl 110 TOPHOMY MAacCHBY, BbI3bIBasi M3rUO-
Hble KoJIe0aHUs, PacTshKeHUE, a 3aTeM pa3pyILleHue rop-
HOM TOPO/Ibl Ha MEJIKME KYCKH, TIPUTOIHBIE /17151 00BN
meOHsI, YCKOPHUTENbh MHOTO KpaTHOro (hOKyCHpPOBAHUS
MIPOLYKTOB B3pbIBa MOKa3aHO Ha pucyHke 1. [11,12].

y

Puc. 1 - Yckopurenb MHOTO KpaTHOro (hoKyCUpOBaHUs IPOAYKTOB B3pbIBa

289



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

Ob6nracme npuMeHeHus..

Ienblo mpeparaeMoii MHHOBALIOHHON B3pPBIBHON
TEXHOJIOTHH SIBJISIETCS] BHE/IPEHNE €€ B TOPHYIO U pY-
TYe OTPacii MPOMBIIIJIEHHOCTH IS OBBIIEHUS MTPO-
W3BOJMTENBHOCTH B3PBIBHBIX PabOT MO Pa3pyLICHHIO U
JpOOJIEHHIO TOPHBIX TIOPOJ B I1IeOeHb, O3 BhIXO/Ia Hera-
GapUTHBIX KYCKOB U YJIy4IlIEHHS SKOJIOTHU B MECTaX Be-
JIeHVsI B3PBIBHBIX padoT.

HoBuzna I/IHHOBaIII/IOHHOﬁ B3prBHOﬁ TEXHOJI0-
TUH:

- Mpu MeHbllleld Macce 3apsga BB Bo mMHoro pas
YBEJUYMBACTCSl Pa3pyIIUTEIbHAS MOIIHOCTh SHEPTUU
B3pHIBA;

- TIpY TIPeBpAIeHUH ra3000pa3HbIX MPOTYKTOB B3PbI-
Ba JIO TUIA3MEHHOTO COCTOSTHUSI CTOPAIOT BCE BPEHBIC U
SITOBUTHIE Ta3bl, YeM HCKITI0YAETCS BHIOPOC MX B aTMO-
cdepy;

- pa3pyIMTeNIbHAS MOIHOCTh SHEPTUH B3phIBA pac-
XOIyeTcsl He B KPYrOBYIO, a HAIIPABJICHHO, KOHIIEHTPH-
PYACh Ha €JUHUILY IUIOIMIAAN pa3pyIIaeMON ITIOBEPXHO-
CTH;

- YMEHBIIIAeTCs CeHiCMIYeCcKOe BO3ICHUCTBHE B3phIBa
Ha TOPHBII MACCHB, T.K. BMECTO OJJHOMOMEHTHOTO B3pbI-
Ba O0JIBIIION Maccel BB npon3BomuTest kKackagHast cepust
YCKOPEHHBIX B3PHIBOB HEOOJBIINX PacCPeIOTOUYCHHBIX
3apsnoB BB, pacripemeneHHBIX MO BCeil BBICOTE CKBa-
KUH.

KoHuenTprpoBaHHast pa3pymuTesbHas MOIHOCTh
SHEPTUHM B3pbIBA, HANPABJICHHAS CBEPXY BHU3, ITO3BOJIS-
er:

- HCHOJB30BATh SHEPTHI0 B3pbIBa IOJHOCTHIO Ha
100%;

- pa3pyllaTh BHICOKOYACTOTHBIMU M3TMOHBIMH KOJIe-
GaHMSMH TOPHYIO NIOPONY Ul JOOBIYM INEOHS 10 Kyc-
KOB TpeOyeMoro pazmepa;

- MCKJIIOYUTB BHIOPOCHI OMACHBIX KYCKOB TOPHBIX I10-
POX, MBUIA M BPEAHBIX Fa30B HA IOBEPXHOCTb U B aTMO-
cepy.

HoBast B3pbIBHasI TEXHOJIOTHSI UMEET CBOYM HeJocCTa-
TOK B TOM, YTO YCKOPHTEIN UMEIOT 00BeMHYI0 (hopMy.
IIpu 3apske B3ppIBUaTOrO Bewiecrsa tuna Mrnanur, B
COCTaBe KOTOPOTO MMEETCsI CONSIPOBOE MAC/o, CO3AAeT-
€Sl BJIAXHOCTb U €r0 HACBHITHOE CBOWCTBO CHHIKAETCH.
[Ipu 3ackimke takoro BB B ckBaxuHy Moryt o6pazo-
BaTbCs OECKOHTPOJIbHBIE BO3/IYIIHBIE MIOJIOCTH, KOTOPHIE
MOTYT CHOCOOCTBOBATh CHHKEHUIO HAIIPABJIEHHOH 9HEp-
ruu 3apsiga BB.

BrIiBoabI. YUnThIBast BHIIEN3I0KEHHBII HEAOCTATOK
pa3paboTai HOBYIO KOHCTPYKIIMIO YCKOPUTEIISE MHOTO-
CJIOWHOTO KyMYJISITUBHOTO 3apsiga. Popma KyMyisaTUB-
HOTO YCKOPHTENIsl Teleph UMeeT oO0TeKaeMylo (opmy,
KOTOpasi YBEJIMUUBAETCS OT B3phIBATENs, YTOOBI HE CO-
3[1aBaTh BO3/YIIHBIE MOAYIIKU M 0OECeYnBaTh YILIOT-
HEHUE HACBIIHOTO 3apsja. Ilpu B3pbIBE CKOPOCTh JETO-
Hauu 3apsaa BB ysennunaerca o npunnmmy I < I
< I, < s, rae I - ckopocTh JeToHauuu 3apsga BB,
I, - CKOpOCTb IPOAYKTOB B3PbIBA MOCIIE IIEPBOTO KyMy-
JIATUBHOTIO 3apsfa, [, - CKOpocTh NMPOIYKTOB B3pbIBA
TocJIe BTOPOTro KyMYJIAATUBHOTO 3apsia, [z - ckopocTb
MPOYKTOB B3pbIBa MOCJIE TPETHETO KyMYJIATUBHOTO 3a-
psga. Ha ckosibko yBesmuMBaeTcs CKOPOCTb C(POKyCcH-
POBaHHBIX MTPOLYKTOB B3pbIBa MOCJIE POXOKIEHU S Kac-
KaJa KyMYJSITUBHBIX 3aps1J0B IIOKAXET 3aMep IpU MPo-
BE/ICHUM OMBITHHIX B3PHIBOB. MHOTOCIOWHBIE KyMYJIsi-
TUBHBIE 3apsi/ibl (POKYCHPYIOT IPOAYKTHI B3phIBA B 3 U
Gosiee pa3a CHUIIbHEE YeM M3BECTHBIE KyMYJISITUBHBIC 3a-
psabl. B 3TOM cOCTOUT HOBU3HA MHOTOCIOMHBIX KyMY-
JIATUBHBIX 3apsIJI0B.

KoHcTpykuuio (hopmMbl OpUTMHAJIBHOTO KYMYJISTHB-
HOTO 3apsijia TIOKaKeM Korja MosBATCs 3aKkazunku. Ec-
JM paHHee pa3pabOTaHHBIE YCKOPUTENM B KyMYJISTHB-
HBIX 3apsax NPUMEHSUINCh PaccpeJoTOYEHO, TO HOBas
KOHCTPYKIIMSI MOXET MPUMEHSTHCS CIUIOLUIHIKOM WU
paccpenoTodeHo. PacrpezneneHrie MHOTOCIOWHOTO Ky-
MYJISITUBHOTO 3apsija 1o 3apsify (paccTosiHue) 3aBUCHT
OT 33IaHHOM KYCKOBAaTOCTH TOPHOM Macchl, KOTOpasi co-
31a€TCs BO3LYIITHBIMH MOLYIIIKAMH.
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BYPFBLJIAY BAFAHBIHBIH KO3FAJIBICHIHBIH OPHBIK THLJIBIFBIH
MOJEJIbJEY

A.T. TaararoBa
on-dapadu aTbiHaarel Kazak yiaTThIK, YHUBepcuTeTi, AnMatsl, KasakcraH,
e-mail: aikerim.talgatova@mail.ru

Byn mMakanaza MyHail-ra3 eHepkociOiHae KOMIaHbUIATBIH OYpFbUIay OaraHbl KO3FAJIBICBIHBIH MAaTeMATHUKAJIbIK
MOJIEJTi KYPbUIbII, HEFYPJIbIM a3 HIBIFBIHMEH, OaraHa KO3FaIbICHIHBIH OPHBIKTBUIBIFBIH CAKTANTBIH T€3 XKOHE OHIM-
i HOTHDKeTe KOJ KETKI3eTiH mapamMeTpiep aManapsl aHbIKTa bl 2Koba GapbichiHAA TiK YHFBIMAIArsl Oyprbulay
GaraHACHIHBIH TOMEHT1 XaFbl €Ki JKYKTEMEHIH: OChTIK KYKTeMe KYIII koHe OaFaHaHBIH ©3iH/IIK CaJMarbl dcepiHe
GoaThIH MOZIEITb KapacThIpbLIIBL. KapacThIpbUIBII OTBIPFaH MOZIEIb KOIeIeM/ i, IEpUOATHI, GaFaHa OPHBIKTHUIbI-
FbIHA 9cep eTeTiH OipHellie mapamerprepai kKaMmtuabl. Kenedemai MonesbiiH Kypaenirine 6aiiaHbicTsl ByOHOB-
TayiepKMHHIH aiHBIMAJTBUIAPIBI 00Ty 9fici apKbLIbl MOJIE/Ib €KIHIII PeTTi KapanaibiM quddhepeHInaIbK TeHe-
ynep xKyheciHe KenTipiaai. MateMaTUKaIbIK MOZIENB/IH IIEIIiMIH illiHapa ipikTey ofici apKpulbl MbFapsin, C++
GarqapramMaibIK Titi MeH Matlab koinman6ae OaFmapiaMabIK, TaKeTiH/Ie ecenTeyiep KYpri3e OTHIPHII, rpaprKa-
JIBIK, HOTHKEJIEp albIHABL. Byprbinay OaraHacChIHBIH TYPAKTHUIBIFBIHBIH ©3TepiciH Oy prbliay MOJETIH/E Ke3/IeCeTiH
OPTYPITi TapaMeTpiIepAiH MOHAEPIH 63repTy apKbUIbl 63apa CATBICTBHICTHIPYIAP KYPri3ilin THIMII mentiMi Kapac-
THIPBLIIBL.

Byprbuiay GaraHbIHBIH MapaMeTpiepiHiH TepOeic aMITUTYAACkIHA dCEpiHe Talaay KYPriziiii. ARHaTy KUiTiTi
MeH OaraHa y3bIH/IBIFBIHBIH aUTAPIIBIKTAN 9cepi aHBIKTAJIIBL.

Tyiiin ce3aep: Oyprouiay OaraHACH, OPHBIKTBUIBIK, iITIHAPA iPIKTEY 9/1iCi, CHI3BIKCHI3 MOJies b, ByOHOB-T anepkuH
omici, peKypeHTTiK (popMyna.

MOJAEJINPOBAHUE VCTOMYNUBOCTH ABUKEHUA BYPOBOW KOJIOHHbBI
A.T. TaararoBa
Kazaxckuii HallMOHAJIbHBIN YHUBEPCUTET UMeHH ab-Papadu, Anmarel, KazaxcraH,

e-mail: aikerim.talgatova@mail.ru

B maHHO¥ cTaThe MOCTpOeHa MaTeMaTHyecKast MOIeIb IBHKEHNs Oy pUJIbHON KOJIOHHBI, IPUMEeHsieMas B HedbTe-
ra3oBoil IMPOMBIIIVIEHHOCTH, X ONIPEACJICHBI BEIMYMHBI IMTapaMETPOB, KOTOPLIE IMTPHU MUHUMAJILHBIX 3aTpaTax 0660—
MIEYMBAIOT OBICTPBII M POIYKTUBHBINA Pe3yJIbTaT, COXPaHSIOIINA YCTOWYMBOCTD ABMKEHHsT KOJIOHHBI. B Xone npo-
eKTa OblIa PACCMOTPEHA MOJIEb, B KOTOPOI HYKHSIS1 4acTh Oy pUJIbHON KOJIOHHBI B BEPTHKAJILHOM CKBaKHUHE HaXO-
JWTCS TIOJ, BJIMSIHUEM JBYX HAarpy3oK: OCEBOM Harpy3KH CHJIbI 1 COOCTBEHHOTO Beca KOJIOHHBI. PaccmarpuBaemast
MOJe/Ib MHOTOMEpHAs!, NePHOANYECKast. OH BKJIIOYAET B ceOsl HECKOIBKO MapaMeTpOB, BIMSIOIIMX Ha YCTOHYHM-
BOCTb KOJIOHHBI. }13-3a CJIOKHOCTH MHOTOMEPHON MOZE/H C HOMOILBIO METOAA pa3e/eHus nepeMeHHbIX byOHoBa-
lanepkrHa Monens Oblla IpeoOpa3oBaHa B CHCTEMY OOBIKHOBEHHBIX JU(epeHIMaIbHbIX YPaBHEHUI BTOPOTO
nopsaka. BelBoAs pelieHre MaTeMaTHUecKod MOZIEIM METOJOM YaCTUYHOH JTUCKPETU3ALUI U BHIMOJIHSAS BbIUKC-
JIeHHS B IPOrpaMMHOM s3bike C++ M MPUKJIaAHOM IporpaMMHoM nakere Matlab, nomyvanuce rpagpudeckue pe-
3ynbTathl. BpUIO paccMoTpeHo 3(pheKTHBHOE pellieHre YCTOWIMBOCTH OypHJIbHOW KOJIOHHBI IIyTeM M3MEHEHHUS
3HAYEHUH Pa3IMYHBIX [IAPAMETPOB, BCTPEYAIOLINXCS B MOIEH OypeHusl.

[TpoBesieH aHAIM3 BIMSIHUS MApaMeTPOB OYpPHIIBHOM KOJIOHHBI HA aMIUTMTYAy KojeOaHui. BhisBIeHO 3Ha4M-
TEJIbHOE BJIMSIHUE YacTOThI BPAILICHUS U JJIMHBI KOJIOHHBI.

KuroueBsble cioBa: 6ypoBast KOJIOHHA, YCTOMIUBOCTD, METO[] YACTUYHOH IVICKPETH3ALNH, HeJIMHEeHHAsI MOJIEJb,
meton By6HoBa-I'anepkuHa, pekypeHTHas ¢hopMya.

MODELING THE STABILITY OF THE DRILLING COLUMN MOVEMENT
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A.T. Talgatova
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e-mail: aikerim.talgatova@mail.ru

In this article, a mathematical model of the movement of a drill string used in the oil and gas industry is
constructed and the values of parameters are determined that, at minimal cost, provide a fast and productive result
that preserves the stability of the movement of the column. During the project, a model was considered in which
the lower part of the drill string in a vertical well is influenced by two loads: the axial force load and the column's
own weight. The model in question is multidimensional and periodic. It includes several parameters that affect the
stability of the column. Due to the complexity of the multidimensional model, using the Bubnov-Galerkin variable
separation method, the model was transformed into a system of second-order ordinary differential equations.
By deducing the solution of the mathematical model using the partial discretization method and performing
calculations in the C++ programming language and the Matlab application software package, graphical results
were obtained. An effective solution to the stability of the drill string was considered by changing the values of
various parameters found in the drilling model.

The analysis of the influence of the parameters of the drill string on the amplitude of vibrations is carried out.
A significant influence of the rotation frequency and the length of the column was revealed.

Keywords: drilling column, stability, partial discretization method, nonlinear model, Bubnov-Galerkin method,
recurrent formula.

Kipicme. Kazipri Taga MyHaiIbIH Kyat Ke3i peTiH-
ne Geneni sxorapel. OHbIH, illliHe MyHaii KoHe ra3 Ko- N(z,1)
pbiHa Oaii Oi3aiH pecnyOnMKambi3Fa OyJl MHMKi3aTThIH 1)
OpbIHBI epekiiie. Ej1 9KOHOMUKAChI YIIIiH ipi Tabbic Ke3i <
60JIBII TaOBUIATHIH MYHAHIbl THIMAI OHIIpY 63 e3eK-
TUTITIH KOFAJITHAUTBIH MoceNeNiepIiH Oipi. OHIM KeJe-
MiHiH 6CiMi MyHaii XoHe Ta3 YHFHIMAJIAPbIH Oy pFhUIAY I'q
TIPOIIECiHIH canajbl OOMybIHA TiKenel OafnaHbICThL. Byt o
TEK KOHABIPFbUIAPIbIH 3aMaHAYH KaOIbIKTaJIFaH/IbIFbIH
FaHa eMec, COHbIMEH Karap, YHFbIMasap/bl Oyprbuiay /
Ke3iH[eri TybIHAAYbl MYMKIH anaTTapibH alablH aTy/Ibl
14 KAMTHUIBI. @ }

Byprbuiay KYMBICTApPbIHBIH TEXHUKAJIBIK -
9KOHOMUKAJIBIK, KOpCeTKilITepiHe Oyprbliay MallllHa-
Japsl MEeH KYPaJJapblH SKETUIIpY, OMapAblH KYKTe-
Me KoHE KYMBIC PeKHMACPiH YHBIMAACTBIPY, OYPFHI-
Jlay KYpaJlIapblHBIH KO3FaJIbIChIHA KOpIIAFaH OPTaHbIH
acepi xoHe T.0. hakTopiap acep ereni. Byprpuiay To-
KipubeciHeH OyprbUlaHFaH YHFbIManapiplH 1/3-iHe
JediHi onmapIplH KHCAlobHA Hemece OYpFbUIAY INTaH- 1-cyper - Byproinay GaraHachIHBIH €CENTIK CYJI0achI
raJlapblHbIH ChIHYbIHa OaiJaHBICTHI JKapaMChI3/IaHaThI-

HbI Oenriti. ByJl TeXHUKaIbIK, TEXHOJOTHUSIIbIK, KOHE Marepuanaap Men daicrep. Byprouiay GaraHachiH
reofiorusnblK, - (hakTopnapra OallaHBICThl  OyprblIay Oxyz NeKapTTHIK KOOPAUHATANIAP KYHECIHE Y3bIHIbI-
LITaHTAJIAPBIHBIH, KYMbICBIHIAFbl KYPAENi TEPOEIMENi gy |, aifHATy KBUIIAMIBIBL W, KoFaphl yinbiHa N (z, t)
MpoLeCTep MeH KyObUIbICTapFa OaiJIaHbICTBI OOJaIbL. JKYKTeMe KYILi TyCipiiteH, TyPaKThl ailHaly MOMEHT
¥HrpiManapapl Oyprouiay peXUMAEPiHiH OPHBIKTHLTBI- 9CEp eTeTiH, KOJIJIeHEH KUMAChl TYPAKTh )KIHE CUMMeET-
FBI MCH KayiNCi3[iriH KaMTaMachI3 eTy YIiH Oy ak- pysUTBL OONMaThIH OipTeKTi ceprimzai e3ekmre (1-cyper)
TOpJIapAblH Oyprbuldy OaraHACBIHBIH JMHAMHKACHIHA peTiHze KapacTsipambi3 [4-6].

qcepiH MyKHMAT 3epTTey Kaxer [1-3].

by

Bypreinay GaraHackiHbIH U-Oxz Ka3bIKTHIKTAPBIH-
JIaFbl KO3FAJIBIC KOMIIOHEHTI 0ap KeJJeHEH aybiTKYbl-
HBIH MaTeMaTHUKAIBIK MOJIEJI KeJIeCi Type abIH/IbI:
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0%U(z,t) 0*U(z,t) 04U (z,t)
PA g P ozer TE T T )
+%[(NO + N, coswt + pAgzkl)%] — pAV U (2,t) = 0.

OcpTik KyKTeMe Ky N (z, t) GaraHaHblH €3 CaJIMarbl MEH YAaKbIT OOMBIHIIA TYPAKTHl [N, JKoHE allHBIMAJIBL [V,
) 0 t
KYII KypaylibUlapblHAH TYPAThIH YaKbIT OOMBIHIIA IEPUOATH (DYHKIIMsT OOBIN TAOBUTABI:

N(z,t) = Ny + N, coswt + pAgz,l 2)

BaranaHbIH KeJjieHeH KMMAaChIHBIH ayJaHbl:

A= — 3

CakuHaJIbl KUMaHbIH MHEPIUS MOMEHTI:

D4 d4
j=0 (1 _ D4> @)

1-kecte - Byprpulay Ke3iHje KOJIAaHbUIATbIH KAXKETTi apameTpiep

IMapamerp Oumem Gipriri
E IOsr Momymi ITa
p Byprbliay GaraHaHbIH THIFBIABIFEL (TEMip) | KI/m°
A | BaraHHbIH KeJieHeH KUMAChIHbIH ayJaHbl | M
d bBarananbIH i1Ki 1nameTpi M
D | baraHaHbIH CBIPTKBI JUaMETpi M
J CaxkpHaJIBl KUMaHBIH MHEPLMS] MOMEHTI m*
v BypHIITHIK aiiHaTy XKUiTIr pan/c
w CBIPTKBI 9cep KHULTIT1 pan/c
l Byprbuiay GaraHbIHBIH Y3bIH/IBIFbI M
2, | barana Geuriri
N, | AlHbIMaBI OCBTIK KYKTEME KYII H
Ny | TypakThl OCBTIK XKYKTEME KYIII H

DBaraHa yITapbiHBIH K6JIJEHEH KbUIKYJIapbl MEH alHAIybIHA IEKTey KOMBUIBII, €Ki jKarblHaH OekiTinreH. By
OpbIH ayBICTBIPY MEH MiJly MOMEHTIiHIH HeJITe TEHJIIriH O11/ipeai joHe Kesleci IeKapalibIK IapTTap apKblUIbl Oepiei:

U(z,t)].=0 =0 Ulz,8)]:= =0 ®)
02U (z,1) 02U (z,t)
EJ7|Z:0:O EJTLz‘:t:O

Ken emmemi TeHaeymiH mentimMid 6ip apryMeHTKe KaThICTH KaparaibiM quidepeHIUaIBIK, TEHISYIiH MIellli-
MiHe JeiiiH TeMeHeTy yimiH ByOHoB-anepkiH oficiH KoiagaHaMbl3. BepiireH mekapaisik MapTTapabl KaHarar-
TaHABIPaTHH ¢(z) = sin ”TZ (pyHKIMSACHH TaHAan anaMsl3 [7]. Expi memimai

Ul(z,t) = u(t) sin ? ©)
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TYPpiHAe KapacTeipambi3. (6)-HbI (1) TeHOeyre Koicak:

AT a0 (5 (3)

2
—(Ny + N, coswt + pAgz,l)u(t) (?) — pAv?u(t)] sin WTZ = 0.

eJecl HOB-I anepkyH ofici OoibIHINIA Sin %% 0a3KCTIK (PYHKIMAFa KOOEHTII, MHTErPAJI aJIaMbI3:
K By6 I 0 “f 0 0

2

) +EJ (7)4u(t)—
2

l 2 2
0%u(t) 0%u(t)
/O[pA T (
il
l

—(Ny + N, coswt + pAgz,l)u(t) ( > — pAv2u(t)] sin® 7TTZdZ =0.

T s RO

2
—(Ny + N, coswt + pAgz,l)u(t) (%) — pAv?u(t)) =0

Hormkecinae 6ip apryMeHTKe KaThICThI KaparnaibiM AudepeHIIHaiIbK TEHIEY IbIFAIbI:
2

12

2

, m 7r
Ju” (t) + (EJZ—4 — pAgTZk — pAv? —

2

NoJu(t) = 75

2

(pA+pJ 2

N,u(t) cos(wt) = 0. @)

VakpITTHIH aGCOMIOTTI MOHIHEH OHBIH CAJBICTHIPMAITbl MOHIHE KOllly YIIiH T = tw), TEHHITiH MaiiganaHbIII, Mo-
JeTiMi3[l eJIIeMci3 Typre KenTipemis:

EJﬁprg’ﬁz —pA’u2—”—2N LY,
uy (1) + s Lok 3 = Oul(T — (P—tuz)ul(T) cos(Qr) = 0. 8)
(pA+ pJ Iz )i (pA+ pJ T w2
Mynna
w ” b C
0n=== uf (1) + —5uy (1) + —5u (1) cos QT =0 (10)
wy’ awg awg

(10) ymuIiH aysITKY TeHOEYi:

d*f(7)

b A S —

w =1/ ) = +(B+CcosQr)f(1) =0 (11)
2 MyHpna
a=pA+pJ 7;—2,
t 2 2 B=Lt - (12)
bZEJlj—PAQTZk_PAU2—17NO> aw?’ aw?’
) (11) tenmeyni memy ymin A.H. Tiopexomxaes-
c—=_" N THIH IudepeHIranIpK TeHAeyJIepi iTHapa ipikTey
2t oniciH KonpaHambI3 [8].

OeJrinieysepi apKbUIb BIKIIAMAATFaH TeHIeyTe Kolle- TeHpeyaiH eKiHII MYTIeCiH JKMHAKTaJIFaH (PYHKITHS-

Mi3: JIap KJIAChIH/IA IUCKPETTEY apKbUIbl A1aMbI3:
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L1
3
—(B

f(m,)-f(T) dyHKUMACBIHBIH T), HYKTeCiHIeri MoHi,
k=1,n,8(t — 7;,)- dupak yHKIMACHL.

Jupak (YHKUMSCH KUHAKTAIFaH (PyHKIMsIApAbIH
TYpiHE KaTaapl ’KoHE HYKTEJIK dcepi, CoHaai-aK, Oip
HYKTeJle IOFbIpJIaHFaH HeMece KOJIAHbUIAThIH (PU3M-
KaJIBIK, IIAMAJIAP/ABIH KeHICTIKTIK THIFBI3/IBIFBIH JKa3yFa
MYMKiHJIiK Gepeai. On MbiHa Ty pie Oepiiesi:

§(r) = {T%Oﬁo (14)

r=0— +o0

On | t:o 0(T)dT = 1 Hopmanay IIAPTHIHBIH, CAKTA-

Z T + Tep) (B + Ceos Q) f(7,)0(m — 73)—
pm

+ Ccos () Tk+1) f(Tk+1)5<T

13)
— 7)1 =0

JyBIH KaxeT etefi. [lom ocputail piFbIcKaH upak (yHK-
USCHI OepieNi:

0
3(r—7,) = {T#T’f - (15)
T =T, — +00
By xarpaiina Hopmasiay mapTbi[9]:
+o0
/ 0(r—m,)dr =1 (16)

(13) tenpmeyni exi per uHTerpanzan, f(7)-1bl aHbl-
KTalMBbI3:

fr) = 5 D2+ T (B + C eos m) f(m ) Hr — 7,)— a7
k=1
—(B+ Ccos Q7 1) f(Trp 1)) H(T — )] + G4
Fr) = =5 D+ T (B + C eos Om) f(m)(r — ) H(r — 7)— (18)
k=1

—(B + Ccos Q7 1) f(Ths1)(T

By xepre H (T — 7,)- XoBucaiin 6ipmik (yHKIms-
CBI.

Byn ¢yskuums, Jupak (yHKUMSCH CUSKTBI, apry-
MEHTTiH TepiC MOHJEPiHE HOJITe TeH KoHEe OH MOHAEP-
e Oipitikke TeH OoNaThlH TYPaKThl (DYHKIIMsI OOJIBII Ta-
Obutanpl. X3BUCAH (DYHKIMSCHIHBIH 5Ka3bUTYbI:

H<T):{T<O%O (19)

T>0—>1

= 0 HykreciHe (yHKIMs aHbIKTAIMaraH, Oipak
0JI, 9lIeTTe, bIHFAWIBI OOy YIiH Oenria Oip caHMeH

H'(r)=46(r),H (1 —71,) = (T —7,,) Hemece /5(T—Tk) =H(t—1,).

Ecentix 6acTanksl mapTTapbH

- Tk+1)H(T

— Tk-‘rl)] + ClT + 02

aHbIKTaTaAbl. CHUMMETpPHSHBI €cKepe OTBIPHIIN, Y3iJic
HYKTECIHJIE COJI JKoHe OH KakK IIeKTepIiH aprdpMeTnKa-
JIBIK, OPTACBHIH KOJIIaHy OPBIHIbL, SFHU T = () HYKTeCiH-
Je hyHKIMA %—re TeH Oonajpl. blrsickan XaBucaiin 6ip-
JIK (PyHKUUSCHI:

(20)

T<T1 —0
H(T_Tk):{7'>7'k%1
k

Hupak xoHe X3BHcaid (PYHKIWSUIAPB apaCHIHIAFHI
Oaita"eIc[9]:

ey
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T=0: f=fof=1f (22)
nanpanancak, (17)-(18) TeHueynepaiH memntiMi MbIHA Typae OoabL:

n

F) == (7 + 1 DB + Ceos Qry) f(m) (T — 7 ) H (T — 7)) — (23)
k=1

—(B+ CcosQryy 1) f (T 1) (T = o)) H(T — T )] + fome + fo
[lenriM KUCHIFBIHAAFH! OipHEIIe aJFalliKbl HYKTeNep YIiH (DyHKIMSHBIH OpHEKTepiH xka3aiblK. (23) TeHaeyneH

T = T, YIH:

f(r) = —(1 + )[(B+ CcosQmy) f(ry)(my — 1) H(Ty —71)— (24)
—(B+ CcosQry) f(12) (1 — To)H (T — )] + fom1 + £

MyHpa 6i3 aybICTBIpY KOJTJaHaAMBbI3:

T, = ? (25)
+ +7y—2 -
(7_1_ 1)_7127'2_1_71 T; 7'1_7'227'1
J(r) = (4 m)(B + C eos ) f(r) (P H(Z )] - 26)

2
—(B+CcosQry) f(1y)(1y — 1) H(1y — )] + fors + fo

(25) aybICTBIpY/BI MAAATAHBII, BIKIIAMIARMBI3:
1 . ,
f(m) = —5(7'1 + 7o) (B + CeosQry) f(1y) (1o — 1) + fori + fo 27)

f(7y)-ni Tenpeynin cox GemiriHe }KUHAI, MOHIH Ta0aMBI3:

. foﬁ + fo
fn) = 1+ 3(m2 - 72)(B + Ccos Qry) (28)
f(7y) xoHe f(74) yIiHIE OCBI 9peKeTTEPAi KaTalaiMbi3.
(1 + 1) (B+CcosQry) f(1y) (15 — 1) + foTQ + fo
f(m) = 1+ %(73 — 19 )(13 — 79) (B + C cos Q7y) 29
f(r3):
Flrs) = —(1 + ) (A + K cos Qry ) f(1y) (73 — 71) + (13 — 71) (B + Ccos Qry) f(75) (73 — 7o) + foT3 + fo

1+ (14 — 73)(74 — 73)(B + C cos Q73)
(30)
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AnFaimkpl 3 HyKTeHiH OpHETiH TAIKAH COH, MATEMATHKAJIBIK, MHAYKIMs 9IICiH Maiinanansin f(7) YIIiH 7;, yakbIT

YIIiH peKypeTTik (popMynaHsl aHbKTaiMbI3 [10]:

f(7k)
- Zi:; (Ti+1 -

— (11 + 72)(B + Ccos Q) f(11)(

Tt Thin

2

_7-1)_

1+ %(74 — 7o) (14 — 73) (B + C cos Qr3)
7io1) (B + Ceos Qm) f () (g2 — 1) + fo ™55 + fy

HaTtmxkesep MeH Tajukpliay. ANbIHFaH PEKYPEHT-
Tik (opmyaa HoTmkeci Oi3re OaraHaHBIH KeJIeHEH
OpbIH ayBITKYBIH KOPCETETiH Tepoeltic rpaduKTepiH Oe-
peni. SrHW, TepOeric aMIUTUTYIACHIHBIH Killli OOTYyHI
KOHe TepOesicTiH Te3 elnyi OaraHa KO3FAJIbICHIHBIH
TYPaKTBUIBIK, KaFJalbIH KOpCeTeldi, ajl KapaMa-KapChl
JKarJal KO3FaJIbICTBIH TYPaKChI3ABIFbIHA, OHBIH Cajja-

2M22

(€29}

pbiHaH OaraHa JKYMBICBIHBIH Oy3bUIybIHa oKesemi. 1-

KecTeneri OipHellle MapaMmeTpliepoiH OaraHa KO3Fasibl-
CHIHBIH TYPAKThUIbIFBIHA 3CEPi 3€PTTEIII.

Mopenbie KenTipiireH napamerpriep Temip OaraHa-
HBIH THIFBI3JBIFbL p = 7800kr/M2, GaraHaHBIH KOJICHEH

KMMACBIHBIH ayfaHbl A = 2 x 107 , MHEpLUs MO-

menTi J = 6.8 x 10°m* IOur Momynmi B = 2.1 % 10! MTa
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4-cyper - z;, = 0.8, = 100m, D = 0.2m ke3inge
aifHaJTy KUUTITiHIH(V) TYpaKTBUIBIKKA dcepi

5-cypeT - z;, = 0.5,w = 1.5pan/c, D = 0.2m ke3iHge
opTypii GaraHa Y3bHIBIFHIHGIH (/) TYPaKTBUIBIKKA acepi
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6-cyper - z;, = 0.5, w = 1.5pag/c, | = 150m ke3iHe GaraHaHbIH CBIPTKBL JUaMeTPiHiH D TypaKThUIBIKKA dcepi

AJTBIHFAH HOTYIKENEpIIi CAJIBICTBIPHII, OEepiireH Mo-
JeJTb TYPAKTBUIBIFB OOMBIHIIIA KOPBITBIHABIFA KeJIeMi3:
1) affHaiy XMiJNiri v KeMireH cailblH TYpPaKTBUIBIK ap-
Tagpl, SFHU aybITKY MeJiuepi kemuai (2-4-cyperrepae
KepceTireH ieit); 2) | 6araHa y3bIH/IBIFBIHBIH YJIKEH Ia-
Machl aMIUTUTYJaHBIH ecyiHe oKeneli (5-cyperte Kep-
cerinrenyieit); 3) Oyprbuidy OaraHACHIHBIH ) CHIPTKBI
muametpid 0.2 m-geH 0.16 M-re OeiiH TeMeHneyi, 5F-
HU OaraHa KaObIprajapblHBIH KYKapybl TepOenic am-
IUTUTYIACHIHBIH IaMaJTbl ecyiHe okeneni. Hotkecinae
KYPBbUIFbIFa apHAJIFaH MaTepUaJIIbl YHEM/ICYTe MYMKiH-
Iik Tyagel. A 0.14 M-Te XyKapybl TepOeNiCTiH YIKeH
ayBITKyJapblHa 9Kelell (6-CypeTTe KepceTireHaen).

KopbIThIHabI. Makanana Tik YHFBIMAJaFsl Oy pFbI-
Jlay GaraHACBIHBIH TOMEHI1 XKaFbl eKi )XYKTEMEHiH: OCh-
TIK KYKTeMe KYII jkoHe OaraHaHblH ©3iH[iK CaJMarbl

ocepiHze OONaThiH JKarJalbIHBIH MOJENI KapacThIpbLI-
h113 8

KapacThIpbUtbil OTHIpFaH MOMETb KOTeJeM i, Te-
pUONTH GaFraHa TYPaKThUIBIFBIHA SCEp eTeTiH OipHele
napaMeTpiepai KamTuasl. ByOHOB-T ajlepKUHHIH aliHbI-
MaJTbUIapapl 06JTy 9JIiCi apKbUIbI MOJIENb eKiHI PeTTi
KapanaiibiM 1udepeHIaIbK, TeHIeYJIep KyieciHe
KeNTipiTi. AHBIKTAIFaH MOJIENb YIIiH ayBITKY TeHIe-
yi TaObUTBIN, caHABIK HoTmke A.H. TopexomkaeBTHH
imiHapa ipikTey oici apKblIbl peKypeHTTIK ¢opmyia
anbiHbi, C++ KongaHOaisl Oarqapiamanay xyueciHie

skoHe Matlab xonmaHOanbl GarmapiamMalblK, MaKeTiHe
€CEITeIHIl.

Byprbiiay OaraHBIHBIH MapamMeTpiepiHiH Tepoertic
aMIUIMTYJAachlHA 9CepiHe Tayjay KYpriziiai. AnHay
JKHLJri MeH OaraHa Y3bIHIBIFBIHBIH alTapIIBIKTal acepi
AHBIKTAJIIBL.

3eprTey HOTHKENEpi NapaMeTplepaiH opTypJli MoH-
JepiHeri rpauKTep TypiHAe KOPCETLUIIMN, CaTbICTHIPY-
JIap apKbUIBl YCBIHBUIBL.
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ADVANCED EXPERIENCE IN GAS SITUATION MANAGEMENT AT THE COAL
MINES OF THE KARAGANDA BASIN

N.M.Zamaliyev!, Zh.T.Dauletzhanova®*, N.Y.Ganyukov!, K.I.Belgibaev
! Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan,
2Kazakh University of Technology and Business named after K. Kulazhanov, Astana, Kazakhstan,

e-mail: Kaliyeva_zhanna @mail.ru

This article presents the main methods of implementing degassing control systems, which allow for a radical
reduction in the likelihood of accidents and achieving the most effective production results. The article discusses
measures to prevent explosive gas concentrations during degassing operations, proposes optimal diameters and
distances between degassing wells. Additionally, parameters influencing the volume of pumped methane are
identified. A technology for sealing underground wells to maintain methane gas concentration is proposed. A
modern mobile degassing unit is presented for methane extraction followed by utilization for electricity generation.

Keywords: degassing, methane, methane content, sealing, depression, methane utilization.

T'A3 JKAFJAIBIH BACKAPYIBIH O3bIK, TOKIPUBECI KAPAFAH/IbI
BACCEI71HIHIH KOMIP IIIAXTAJIAPBIHIA
H.M. 3amamues!, 2K.T. layner:kanosa®*, H.JO. Tanokos!, K.W. Bearioaes
196i1Kac CarblHOB aTHIHIATHI Kaparannsl TexHuKambIK yHuBepcuteTi, Kaparanapl, Kazakcras,
ZK.KyJIa)KaHOB areiHaarel Kazak TexHonorusi xoHe Ou3Hec yHuBepcuteTi, AcraHa, Kasakcra,

e-mail: Kaliyeva_zhanna @mail.ru

Makanana ska3ataifblM OKHFaIapablH BIK THMATIBIFBIH TYOETeiiI TOMEHIeTyTe ’KoHe eH THIM/II OHIIpICTIK HOTH-
JKeJepre Ko KeTKi3yre MyMKIH/IIK OepeTiH ra3chi3JaHpIpy/Ibl 0acKapy K yHenepiH icke achIpy/IblH Heri3ri ajticrepi
KeJITipiIreH.

Makanaza ra3cpI30aH/IbIpy KYMBICTAPBIH JKYPridy Ke3iHAe ra3fapIblH JKapbUFBII KOHIEHTPALUSACHHBIH al-
JbIH aJTy Iapajapbl KapacThIPbUIFaH, Ia3chI3IaHAbIPy YHFBIMAJIAPbIHBIH OHTAMIbl AUAMETPI MEH apaKallbIKThIFbI
ycbiHpuraH. CoHfaii-aK, aiilanaTelH METaH KeJIeMiHe ocep eTeTiH MapaMeTpiep aHbIKTaJIFaH. MeTaH ra3blHbIH
KOHLIEHTPALIMACBIH CaKTay YILiH XKepacTbl YHFBIMAJIAPbIH THIFBI3AAY TEXHOJIOTUACH! YChIHBUIFaH. MeTaH bl copyFa
apHaJIiFaH 3aMaHayl XbUDKBIMAJIBI Ta3ChI3IAHABIPY KOH/BIPFBICHI, CO/laH KEHiH 3JIEKTP SHEPrUsCHH OHJIpYy YILIiH
KoZIere JKapary YChIHBUIFaH.

TyfiiH ce3aep: ra3ch3IaHABIPY, YHFPIMA, METaH, THIFBI3IAY, IETIPECCUs], METAH]IB JKOI.

HEPEI[OBOIZ OIIBIT YIIPABJIEHUSA F'A30BOM CI/ITYAIII/IEﬁ HA
VYI'OJIBHBIX ITAXTAX KAPATAH/IMHCKOI'O BACEVHA
H.M. 3amammes!, 2K.T. Tayner:kanosa®”, H.JO. Tanioxos!, K.H. Bearioaes
lKapaFaHI[I/IHCKI/Iﬁ TeXHHUYECKU yHUBepcuTeT umenn AObuikaca Carunoa, Kaparanna, Kasaxcra,
?Kasaxckuil yHuBepcuTeT TexHonoruy u 6usneca umenn K. Kynmakanosa, Acrana, Kazaxcran,

e-mail: Kaliyeva_zhanna @mail.ru

B cratbe MpeaCTaBJICHbl OCHOBHBIC CIIOCOOBI peam3aliu CUCTEM YIIpaBJICHUS )lera3aumeﬁ, KOTOPbIE TTO3BOJIA-
10T paIUKAJIbHO CHU3UTb BEPOATHOCTb BOBHUKHOBEHU S HECUYACTHBIX CIIy4a€B U JOCTUYb Hauboree SQ)(l)CKTI/IBH])IX
IMPON3BOACTBCHHBIX PE3YJIbTATOB.
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B cratpe PpaccCMOTpPEHBI MEPHI 1TO MPEAOTBPAIECHUIO B3PbIBOOIIACHBIX KOHHGHTpaHI/Iﬁ ra3os IIpy BEJICHWUU [Iera3a-
ITUOHHBIX pa60T, MPEIJIOKEH ONTHMAJIbHBII AUAMETP U paCCTOAHUA MEKAY ACTra3allMOHHBIMA CKBa)KMHAMMU. Taxoxe
OIIPEACIIEHBI TapaMETPhI, BIUAIONIAE Ha 00BbEM OTKAYMBAEMOTO METAHA. Hpennomeﬂa TEXHOJIOTUA Ir€pMETU3alNN
TMOA3EMHBIX CKBAXWH IJId COXpPAHEHUA KOHICHTPAIMU ra3a METaHa. Hpe)lCTaBJICHa COBpEMECHHaA MOOUJIbHAST Jc-
razalilMOHHas YCTaHOBKaA I OTKAQ4YKU METaHa C nocne)lylomeﬁ yTI/IJII/ISaLIPIeﬁ JJIA BI)Ipa60TKI/I DJICKTPOIHEPIUU.

KiarwoueBsble ciaoBa: Aerasanus, M€TaH, METAHOHOCHOCTDb, F€pMETU3ALIUA, OCTIPECCUA, YTUIN3AllUA METaHa.

Introduction. The development of underground
coal mining is inseparably linked to increasing
concentration and intensification of mining operations.
Transitioning to greater depths is accompanied by
an increase in the gas content of mine workings due
to the growth of gas-bearing strata [1]. Modern coal
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deposits are essentially coalbed methane deposits, as
the methane reserves in them are comparable to natural
gas reserves. Global coalbed methane resources are
estimated at 260 trillion cubic meters, with significant
resources concentrated in developing countries (Fig.

1).

Figure 1 - Estimate of global coalbed methane reserves, trillion cubic meters

Most mines in the Karaganda coal basin at depths
exceeding 500 meters are classified as hazardous due
to sudden outbursts of coal and gas [2]. Thus, the
development of advanced technological solutions for
working high-gas coal seams, considering the specific
manifestations of gas dynamic processes in coal
mines, makes a significant contribution to accelerating
scientific and technical progress in the industry and
forms the basis of an important scientific problem [3].

The release of methane from the seam occurs
continuously and depends on the strength, thickness,
and gas content of the seam being mined. The release
of methane from coal extracted by a shearer primarily
depends on the speed of its movement along the face.
The volume of methane (adsorbed gas) released from
the cut and transported coal by a scraper conveyor is
an order of magnitude less than the volume of methane
released during coal extraction by a shearer and does not
significantly affect the overall methane concentration
in the ventilation heading. Methane emissions from the
goaf vary randomly and are difficult to predict [4-5].

During the development of coal seams in the
Karaganda basin, approximately 1 billion cubic meters
of methane are emitted annually, of which around 200
million cubic meters are extracted through degassing
methods. However, despite the recent development of
methane capture and utilization initiatives in the basin,
the utilization rate remains at approximately 10%,
resulting in significant environmental damage [6].

To prevent explosive gas concentrations of CH,/O,
during degassing operations, measures have been
considered, including: an operational system for sealing
degassing wells during seam degassing, proper layout
of degassing pipelines, adequate cross-section and
tightness of collection and trunk gas pipelines, and
a high-performance degassing unit with an integrated
gas monitoring system and safety observation system.
To identify existing problems, various methods of
implementing degassing control systems have been
presented, which significantly reduce the likelihood of
accidents and achieve the most efficient production
results (Fig. 1) [7-8].
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Figure 2 - Methane-air environment management scheme

The analysis of the aero-gas control problem in mine
atmospheres indicates that methane gas explosions
occur when the concentration of CH, significantly
exceeds safe limits. Figure 2 illustrates a diagram of the
explosive range for CH, and oxygen. Concentrations of
methane-air mixtures within the triangle are explosive,
rendering operations within this range impermissible.
It is also essential to adhere to regulations regarding

maximum and minimum permissible concentrations of
CH, and oxygen [9-13].

One of the primary factors determining the spacing
between wells is the gas permeability of the coal
seam. The greater the gas permeability, the greater the
possibility of gas extraction from the well, allowing for
larger spacing between wells [14].

Figure 3 - Diagram of the explosive range for CH, and Oxygen

The gas permeability depends not only on the seam
but also on whether the seam has been undermined or
overmined. There is a certain accumulated experience
in determining degassing parameters, but each seam
has its own characteristics regarding gas emission.
Therefore, conducting research on each seam is the only
reliable method for determining the volumes of emitted

gas [15].

The distance between wells typically ranges from 8
to 15 meters. The diameter of the well practically does
not affect the amount of gas extracted, so drilling wells
with a large diameter may not be necessary.

Materials and Methodology. From the experience
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of foreign coal mining countries, mines employ a
system of sealing seam degassing wells using Flexrohr
polymer pipes (Fig. 4). A guiding pipe, 2 meters in
length, is inserted into the reinforced Flexrohr pipe to
a length of approximately 10 cm. The guiding pipe
facilitates the simplified insertion of pipes into the well.

[

Drift

Figure 4 - Scheme of casing for seam degassing wells

4 15-20m
t’/)&/////////////// 27

1- The seam-undermining process;

2- The drilling of wells;
3- The creation of niches;
4- The development drift.

Figure 5 - Scheme of preliminary degassing of an
inclined coal seam

The length of the casing for the well should be 6 - 9
meters (2 meters for the guiding pipe plus 5 - 7 meters).
A foam rubber sleeve (0.8 meters in length) is placed
onto the guiding pipe and secured with wire. Another
sleeve is attached to the pipe at a distance of 1 meter
from the wellhead, thus providing a sealing length of 1
meter. Before inserting the pipe into the well, the sleeve
is soaked in water (first component) and then coated
with the second component.

The pipe is inserted into the well, and a reaction
between the two components occurs. After 1 - 2

minutes, polyurethane foam forms in the well. The
foam fully solidifies after 5 minutes. The foam not
only seals the pipe joints but also spreads throughout
the well's cross-section, filling cracks. Degassing wells
should be drilled at an angle to allow water drainage
(Fig.5).

Water separators should operate automatically and
be located at the lowest point of the collection or
main gas pipeline. Measurement sections should be
equipped with a control opening to allow for methane
concentration and flow volume measurements.

For sealing the well and pipes, PGM-Vielflex 80 with
a modified sealing package PGM-Dichtpaket can be
used. This facilitates the insertion of degassing pipes
into the wells and allows for sealing the well to a
greater depth without the use of auxiliary equipment,
enabling the extraction of gas with high concentration.
To prevent vacuum loss, it is necessary to calculate
the diameter of the main and sectional gas pipelines.
It is important during pipeline installation to ensure
and verify the pipeline's tightness each time after its
modification or reinstallation. The control is carried out
by fully sealing the pipeline, supplying compressed air
into it, and connecting a pressure gauge. If the pressure
gauge does not show any pressure changes within 30
minutes, the pipeline is considered sealed [16].

Water separators should operate automatically and
be located at the lowest point of the

PGM mobile degassing units (Fig. 6) are currently
the most advanced and straightforward solution for
methane extraction. The units come in different
performance modifications: 2-90, 2-150, and 2-229
m3/min. The units consist of a pumping module,
control module, and mobile flare with a control system.
Modular design ensures quick equipment reassembly.
Rotary vacuum pumps operate without water in
any climate conditions. The moisture content of the
extracted gas is low, facilitating its further utilization.
The volume of extracted gas is automatically regulated
by a frequency converter and adapted to the degassing
network conditions. The unit is equipped with a gas
analysis system and monitors CH4, O2, and CO2. In
case of unacceptable values, an alarm signal is sent, the
unit is shut down, and the valves are closed off from
the underground gas pipeline. Additionally, automatic
control of pressure, flow volume, temperature, and
other parameters is performed. All unit operation data
can be transmitted via a modem to a remote control
panel. Remote control of the unit is also possible from
the control panel.
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PGM - ETW -BHKW

Figure 6 - Mobile methane utilization units PGM-ETW 1360 MG

Mobile methane utilization units like the PGM-ETW
1360 MG operate with methane concentrations ranging
from 30 to 100% CH4. These units are equipped
with four-stroke gas engines manufactured by DEUTZ,
capable of producing up to 1364 kW of electricity. The
generator stabilizes the voltage constantly to 400 V/50
Hz. When multiple units are in operation, automatic
phase synchronization is performed. With optimal
utilization of heat from cooling water and exhaust
gases, the overall efficiency of the unit can reach
85.8%, meeting the highest standards [17-18].

Results and Discussion. Sudden outbursts of coal
and gas in the mine workings of the Karaganda basin
have been occurring since 1959. In total, 58 sudden
outbursts of coal and gas have occurred in the basin.
These outbursts are distributed across the coal mining
areas and districts of the basin as follows: there were 19
sudden outbursts in the Industrial area mines, 19 in the
Saransk area, 3 in the Sherubay-Nurinsky district, and
17 in the Tenteke district.

The analysis of the first 38 sudden outbursts of coal
and gas that occurred in the Karaganda basin mines is
presented in the study, while information about all 54
sudden outbursts of coal and gas in the basin is provided
in a catalog.

The first sudden outburst of coal and gas in the
basin occurred on September 12, 1959, in shaft 3-bis
of the Industrial area during the driving of a powerful
K12 seam “Upper Mariana” stope in the area of a

disruptive geological fault at a depth of 381 meters
from the surface. About 100 tons of coal were ejected
during the blasting of borehole charges. On September
16, in the same stope and also during the blasting of
borehole charges, the second sudden outburst of coal
and gas occurred. About 120 tons of coal were ejected,
and approximately 9000 m3 of methane were released
during this outburst. Two hours after the outburst, the
methane content in the outgoing air stream from the
stope was 6%.

Sudden outbursts of coal and gas in the basin
occurred during preparatory workings on coal seams
and during the opening of seams with headings and
vertical shafts. No outbursts were observed in the
development workings.

The strength of sudden outbursts, measured by the
mass of ejected coal, varies in the basin from 4 to 5
tons to 2000 tons. The strength of outbursts during the
opening of coal seams with headings is approximately
3.5 times greater than that during preparatory workings
conducted on the seam.

Sudden outbursts of coal and gas are accompanied by
intense methane emissions. The volume of additionally
released methane during these outbursts ranges from
660 m3 to 1,300,000 m3. The methane concentration
in the workings after the outburst and for a prolonged
period (1 to 3 hours or more) typically exceeds 5 to 6%,
reaching 60% or more in some cases.
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During sudden outbursts of coal and gas, a
shockwave of the gas-air jet is felt. Outbursts
where more than 350 tons of coal were ejected and
additionally over 26,000 m3 of methane was released
were accompanied by the overturning of the fresh
ventilation air stream.

The ejected coal during sudden outbursts is primarily
fine coal particles with sizes less than 10 mm. Severe
coal pulverization is one of the main characteristics of
sudden outbursts, distinguishing them from other gas
dynamic phenomena.

In the last meters from the face of the workings, the
ejected coal is usually positioned at an angle less than
the natural angle of repose, typically ranging from 7
to 10 degrees. On the face, the upper layer of ejected
coal, up to 20-30 cm thick, consists of finely dispersed
dust, known as “furious flour.” The more powerful the
outburst, the finer the coal pulverization and the greater
the amount of finely dispersed dust in the ejected coal
mass. There were also cases of this dust being present
on equipment, supports, and walls of the workings.
During severe outbursts, instances of drilling rigs and
loading machines being thrown up to 50 meters from
the face of the workings were observed.

A characteristic example of sudden coal and gas
outbursts in the basin can be the first outburst that
occurred at the V.I. Lenin mine on December 28,
1976, in the personnel roadway of the D6 seam at a
depth of 410 meters from the surface. The workings
were conducted on the lower layer of the D6 seam
using jackhammers. Immediately before the outburst,
temporary support work was being carried out. As
a result of the outburst, 50 meters of the personnel
roadway were filled with fine coal, with nearly 40
meters almost completely across the section of the
workings. In the upper part of the workings, between
the ejected coal and the roof supports, there remained
a gap 20-40 cm high. In the last 10-15 meters, the
coal was positioned at an angle of 8 to 10 degrees.
On the face, the layer of ejected coal, 10-15 cm thick,
consisted of finely dispersed dust (“furious flour”).

In total, 550 tons of coal were ejected, and
approximately 36,000 m3 of methane was released.
After the outburst, the overturning of the fresh air
stream in the personnel roadway was observed. The
methane concentration in the blind end of the personnel
roadway 1.5 hours after the outburst reached 62.5%,
while in the outgoing air stream, in air duct No. 8§,
through which 1150 m3/min of air passed, it was 9%.

The ejected coal consisted of fine coal with particle

sizes less than 10 mm. The content of the finest coal
fractions, less than 1 mm, was 20-30%. After the
ejected coal was removed, it was established that the
face of the personnel roadway had entered the zone
of geological disturbance - a thrust fault with the full
thickness of the seam. The outburst occurred from the
lower, most disturbed layer of the thrust part of the
seam.

Before the outburst in the personnel roadway, the
following warning signs were observed: a sharp increase
in methane concentration in the roadway up to 2%,
cracking in the massif, bouncing of coal pieces,
appearance of cracks, and coal squeezing from the face,
increased pressure on the supports. The outburst did
not lead to serious consequences because the miners
working in the personnel roadway were aware of the
increased outburst risk of the D6 seam in the mining
area, were well acquainted with the warning signs of
outbursts, carefully monitored them, and timely left the
face.

A characteristic feature of sudden coal and gas
outbursts is their predominant association with zones of
tectonic disturbances. All outbursts occur as workings
approach major tectonic disturbances or in zones of
minor disturbances associated with these major ones, as
well as in areas where the seam thickness changes (dips
or bulges) and where coal beds are intensely folded.

Depending on the complexity of the tectonic
structure of the coal mining areas (sections), the depth
at which sudden coal and gas outbursts occur varies.
Thus, in the most tectonically complex Saransk section,
the minimum depth at which outbursts are noted is
200 meters from the surface. In the Industrial section,
characterized by a calmer coal seam deposition, the
minimum depth of outburst occurrence is 350 meters.

The locations of sudden coal and gas outbursts
are often associated with zones of increased stress
caused by the influence of coal pillars left on overlying
coal seams. In the conditions of the Karaganda basin,
approximately half of all outbursts occurred in the zone
influenced by coal pillars.

Sudden coal and gas outbursts in preparatory
workings mainly occur in thick coal seams. Of all
sudden outbursts that occurred in preparatory workings,
91% occurred in seams with thicknesses of 3.5 meters
or more. When opening coal seams with entry headings,
outbursts occurred both when opening thick and thin
coal seams.

In terms of the amount of coal and gas ejected, the
most hazardous seam is the D6 seam in the Tentek
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district mines. This seam lacks protective layers. The
thickness of the seam varies from 5 to 7 meters, and the
dip angle ranges from 7 to 24 degrees. The upper layer
of the seam consists of medium-strength coal, while the
lower layer consists of soft coal. In the lower part of the
seam, there is a heavily disturbed and folded coal bed
with a thickness of 0.4-0.6 meters, and in certain local
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zones, its thickness reaches 1.8 meters.

Confirmation of the high hazard of the D6 seam
is a unique coal and gas outburst that occurred when
crossing this seam with the eastern flank ventilation
shaft of the V.I. Lenin mine at a depth of 435 meters
from the surface.

Drilling rig before and
after the outhurst

1-9 — Preceding boreholes

Figure 7 - Sudden Outburst of Coal and Gas on December 28, 1976, in the Main Drift of Seam D6 at the V.I.
Lenin Mine
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Figure 8 - Sudden Outburst of Coal and Gas when intersecting Seam D6 with a Vertical Shaft, occurring on
December 22, 1978, at the V.I. Lenin Mine

To prevent sudden coal and gas outbursts when
exposing the D6 seam and crossing it with a vertical
shaft, a frame protective support was used. Under

the protection of the protective support, the D6 seam
was exposed over the entire face area. To even out
the face plane of the shaft in the sector where the
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seam dips, 33 boreholes with depths of 0.6-1.0 meters
were drilled, and charges were detonated. During their
detonation, a sudden outburst of 380 tons of fine coal
occurred, releasing 27,900 m3 of methane (73 m3 of
methane per ton of ejected coal). Measurements of
methane concentration with the SHI-3 device on the
zero platform of the mine's cutting machine, taken a
few minutes after the explosion, showed a methane
content of over 6%. The increased gas release continued
for 32 hours.

The borehole was filled with ejected coal up to a
height of 5.5 meters from the expected borehole line
(see Figure 8). On top of the coal, as well as on the
lower and upper floors of the suspended shelf located
11 meters from the borehole, there was a layer of
fine dust with a thickness of 50-60 mm. The lining
of the borehole was significantly damaged during the
outburst, with cracks up to 5-6 mm wide observed in
the concrete lining of the borehole's bottom part. The
lower layer of the seam, with a thickness of 3-4 meters,
was destroyed down to its base.

The most severe sudden outburst of methane and
rock mass in the Karaganda Basin also occurred at the
V.1. Lenin Mine, originating from Seam D6 during its
excavation with a shearer. This outburst took place on

March 23, 1998, in the face of Shearer No. 2 of Seam
D6, at a depth of 580 meters from the surface (see
Figure 1.3).

The development of the kershlag was carried
out using the drilling and blasting method in the
interlayered rocks of sandstone, aleurolites, and
argillites. The sudden outburst of coal and gas occurred
as the face approached the kershlag at a distance of
7 meters from the seam along the normal line, in the
zone of weakened rock due to the bed's soil and a sharp
change in the topography of the seam. After the blasting
operations, the loading of the broken rock mass by a
loading machine was carried out in the kershlag face.
Approximately 4 hours after the blasting, during the
unloading of the rock mass, a sudden outburst of coal
and gas occurred. The entire length of the kershlag
face (106 meters) and the second eastern heading of
the seam D6 -100 meters over almost 150 meters were
filled with ejected rock mass. The total amount of
ejected rock mass was 3250 tons, including 2000 tons
of coal and 1250 tons of rock. The additional methane
released during the sudden outburst amounted to 1300
thousand cubic meters. This sudden outburst of coal,
rock, and gas led to the overturning of the ventilation
airflow in three preparatory headings and one clean
heading.

Figure 9 - Sudden Outburst of Coal and Gas Occurred in Faulty Kershlag No. 2 During the Extraction of Seam
D6 at the V.I. Lenin Mine

The majority of hazardous seams in the basin
do not have separate, intensively folded (hazardous)
coal benches. During sudden outbursts of coal, it is
usually ejected from several benches of the seam.
However, there have been several outbursts from a
single intensely folded coal bench of the seam.

Coal in zones of sudden coal and gas outbursts differs
in reduced mechanical strength and the absence of

cleavage. The coal strength coefficient in these zones
ranges from 0.6 to 0.1. In places of sudden coal and gas
outbursts, coal is characterized by an increased initial
gas release rate. The initial gas release rate values for
coal samples taken from sites of sudden coal and gas
outbursts range from 12 to 28 units. The initial gas
release rate for coal from heavily disrupted, intensely
folded hazardous seam benches reaches 28-30 units.
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The coals of hazardous seams have volatile matter
content ranging from 17 to 32%. Most of the coal and
gas outbursts in the basin (96%) occurred in coal seams
with volatile matter content ranging from 24 to 32%.
Coal in areas of coal and gas outbursts is usually dry,
and its moisture content does not exceed 3% in most
cases.

The natural gas content in coal at the depth of
occurrence of sudden coal and gas outbursts in the basin
ranges from 10.7 to 22.1 m3/ton, and the gas pressure in
coal seams ranges from 1.25 to 4.1 MPa. The minimum
gas pressure (1.25 MPa) at which a sudden coal and
gas outburst occurred was recorded in the K7 seam
”"Remarkable” of the Dubovskaya mine at a depth of
200 meters from the surface.

There is no direct connection between the natural
gas pressure in a coal seam and the natural gas content
in coal, on one hand, and the risk of sudden coal and
gas outbursts, on the other. All other conditions being
equal, with an increase in gas pressure and gas content in
coal, the risk of coal and gas outbursts increases. With
the increase in the depth of coal seam mining, there
is an increase in the number of outbursts, especially in
the depth interval of 200-400 meters from the surface.
Additionally, there is a trend of increasing the amount
of ejected coal and the volume of additionally released
gas.

Most of the sudden coal and gas outbursts are
associated with direct impacts on the coal mass.
Approximately 70% of sudden coal and gas outbursts

occurred during coal cutting by mining machines, using
percussion drills, through explosive works, and during
drilling operations.

Sudden coal and gas outbursts are typically preceded
by warning signs. According to modern understanding,
coal and gas outbursts occur in several stages, and the
preparation for a hazardous situation can last for several
tens of minutes. This preparatory stage manifests as
warning signs of sudden coal and gas outbursts, which
can be observed several minutes, hours, or even a day
before the event.

The most characteristic warning signs of sudden
coal and gas outbursts include a sudden increase in
gas emission into the workings, an increase in ground
pressure manifested by coal squeezing (extrusion) from
the seam, coal spilling, coal particles bouncing off the
seam surface, and increased pressure on the ground
support (deformation and cracking of support), as well
as the appearance of a dust cloud. In some cases, dull
impacts and cracks of varying intensity and frequency
in the rock mass, shaking of the mass, sometimes felt at
distances of tens to hundreds of meters, were observed
before a sudden outburst. A significant warning sign
of the entry of the workings into a hazardous zone is
the reduction in coal strength and the appearance of
intensely fractured coal benches in the seam.

Warning signs of sudden coal and gas outbursts
during drilling operations or spudding include the
jamming of the drilling tool, ejection of the drill rod,
coal fines, and gas from the borehole or spud.

Figure 10 - Methane Volume Over Time
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To study the influence of depression on degassing
outcomes, let's consider an example where the gas
pressure in the seam is approximately 10,000 mbar.
If we create a depression of 100 mbar at the well, it
represents only 1% of the gas pressure. The volume
of the mixture, i.e., the absolute volume pumped out
of the well, increases with an increase in depression.
The methane concentration decreases with increasing
depression.

Only after several months of degassing does
the methane concentration increase with increasing
depression, and as depression increases, the volume of
pumped mixture increases, but the gas concentration
decreases. Identical reservoirs do not exist, so
preliminary tests are necessary.

With the help of an automatically regulated
degassing installation, it is possible to set the optimal
depression. Water ring pumps do not meet these
requirements. Under normal operating conditions,
depression at wells should be maintained in the range
of 50 to 100 mbar.

Conclusions. In addition to the reservoir properties

and its methane content, the temporal factor plays a
significant role in degassing results. Experience has
shown that degassing of the reservoir should commence
at least 6 months before its exploitation begins. In some
cases, the degassing period may need to be extended,
but the influence of neighboring reservoirs, which can
also affect the outcomes, must not be overlooked.
With a well-designed degassing system, it is possible
to extract at least 50% of methane from the reservoir.
Ensuring the sealing of wells and optimally regulating
the installed depression are crucial. High depression
levels do not necessarily yield the expected results in
the long run.

Based on the analysis conducted, it has been
established that the distance between reservoir wells
and their sealing is a key factor in the effectiveness
of coal reservoir degassing. Additionally, the optimal
depression under normal operating conditions for wells
should be maintained within the range of 50 to 100
mbar. Degassing of the reservoir should commence
at least 6 months before exploitation begins, utilizing
mobile degassing units optimized for the conditions of
the Karaganda Coal Basin.
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Makanaga MyHai eHIipy ©HEepKICiOiHIH MyHa bl KOCIIIITK JaibIHAAYAbIH 63eKTi Mocesenepi KeTipiireH.
ABToprnap xacaraH KpI3pl1opaa KeHOPbIHAAPBIHIA OHAIPUIETIH CyTaHyAbIH XKail-KyHiH Tajgay HeriziHae MyHai-
MeH Oipre Taburu Gerrik-Oencenni 3arrapmet (bB53) jkoHe Mmiaiibipiap MeH Ty pakTaHbIPbUIFaH Ty PaKThl Cy-MyHaii
SMYJbCUSIAPBIH KYPalThIH cyabH 90%-Ha neiiin eHpipineTiHi kepcerinreH. [lapacdunai MmyHail eHaipy Ke3iHze
YHFbIMa OHIMJIEpiH KOCIMIILTK JalblHAQY KarJaiblHAA HEri3ri Macese TYPaKThl Cy-MyHall SMYJIbCUsIIAPbIHbIH
Oy3bUTYBl GOMBIN TaObLTAABL. By KyOBUIBICTAp YHFBIMAJIApIaH MYHAH OHIIpYyai enoyip KUbIHOATAIbl, MyHall eH-
Jipy KaOIbIKTapbIHBIH, KYOBIP KOMMYHHMKAIMUIAPBIHBIH KYMBICBIHA Tepic acep eTeli. MyHBIH caagapsl MyHail
KOCIMIIUTIK kKaOAbIKTAphIH, KOMIPCYTEK IIMKi3aThIH KalTa ©HIEY KOCIMOPHIHAAPHIH jKaOObIKTAPhIHAA KOPPO3HUSI
TIporiecTepi OOMBII TaObLIAbL.

MyHaiiap! TaceiManigayFa JalblHAay Ke3iH/le Heri3iHeH UMIIOPTTHIK, OHIPICTiH peareHTTepi KoJmaHbiaas. by
MYHail eHJJipeTiH ’KoHe OHJEeNTIH KOMIaHUsJIapFa alTap/IbIKTail KapKbUIBIK, IIBIFBIHAAP oKesei. COHIbIKTaH Kep-
TUTIKTI [IMKi3aTThl aijajlaHa OTHIPBII aJIbIHFAH YHFbIMA OHIMIEPIH dMYJIbCUSLIAY YIIiH HEFYPJbIM KOJKETiM/1
peareHTTepai NnaiijanaHy ©3eKTi KoHe SKOHOMUKAJIBIK TYPFBIIAH OPBIHABI IIentiM Oobin Tadbuiansl. Cy-MyHal
SMYJIbCHSUIAPHIH HEFYPJIBIM THIMJI JKOIOFa apajiac dMiCTi KOJIaHFaH XKaFrdaiia KODKeTKi3yre 6omaapl. Mblcasl,
3JIEKTPOAETUAPATOP/IAp HEMECE SKCTPOKOAIECIIEHTTED KAIIbIKTaFbl 3JIEMEHTTEpiHiH (DYHKLIUSACBIH OPbIHIANTHIH
aMIeKTpOoKoasecTupiiey naiaanany. by aBTopiapAblH MiKipiHIle IeKTp SHEPrUsChIH TYTHIHYObI a3alTyFa jKoHe
MYHai bl CyChI3AaHIbIPy MEH TY3ChI3AaHbIPy CalachiH XaKcapTyFa MyMKIiHAIK Oepeti.

Tyiiin ce3aep: napaduHai MyHaii, MyHal/ipl JaiibIHIAY, peareHT, OeTTiK OeJICeH]Ii 3aTTap, Mail KBbIIIKbULAAPHI,
PEOJIOTUSAIBIK, KACUETTEP, TOCCUIION LIAfbIPhI.

COBPEMEHHOE COCTOAHMUME ITPOBJIEM ITIOATI'OTOBKH
IMAPA®GMHUCTON HE®THU I0OKHO-TYPTAVICKOW BITA TUHBI
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B cratbe mpuBOASITCS aKTyaJIbHBIC BOMPOCH He(TeZOOBIBAIONIEIO MPOU3BOACTBA - IMPOMBICIIOBON MOATOTOB-
k1 He(pti. Ha ocHOBe aHanu3a COCTOSIHUsI OOBOIHEHHUsI, TOOBIBAEMOro Ha MecTopoxaeHusx Ksi3buioppl, pas-
paboTaHHOrO aBTOpaMM, MOKa3aHo, 4To BMecTe ¢ HepThio moObiBaeTcst 1o 90% Bojbl, coaepxkaiieil IpUpoaHbIe
MOBEPXHOCTHO-aKTHBHBIE BeltiecTBa (ITAB) 1 cMOJTBI M CTAOMTM3UPOBAHHbIE CTAOMITbHBIE BOTHO-HE(DTSIHBIC IMYJThb-
cun. [Ipu npowmsBojcTBe napahuHUCTON HePTU OCHOBHOM MPOOIEMOM B YCJIOBHSIX MPOMBICJIOBON MOATOTOBKH
CKBaKUHHOU MPOIYKIIUY SIBJISICTCS pa3pyIleHue CTOUKUAX BOJAHO-HE(TAHBIX SMYJIbCHIA. DTHU SIBJICHUS CYIIECCTBEH-
HO 3aTPYIHSIOT JOOBIYY He(bTH U3 CKBaXXWH, HETATUBHO CKA3BIBAIOTCS Ha paboTe HedrenepepadaThBaIONIEro 00o-
py/oBaHusi, TPyOOITPOBOAHBIX KOMMYHHUKalMiA. CIIECTBHEM 3TOTO SIBJISIIOTCS MPOLIECCHl KOPPO3UHU HedTecepBuC-
HOro 00OpyHOBaHMSs, 0OOPYIOBAHUS MPEANPUATAN MO MepepaboTKe YIIICBOZOPOIHOIO ChIpbsi. IIpH MOArOTOBKE
He(TU K TPAHCIIOPTUPOBKE B OCHOBHOM HCIOJIb3YIOTCSI PEAreHThl UMIIOPTHOTO MPOU3BOACTBA, UTO MPUBOAUT K
3HAYUTENTLHBIM (DUHAHCOBBIM TOTEPSIM TSI He(pTeqoOBIBAIIIX U TiepepadaThiBaomux Kommanui. [Tostomy wc-
TOJTb30BaHKE HAUOOJIee TOCTYITHBIX PEareHTOB JUIst SMYJIbIMPOBAHMUS CKBAKMHHBIX MPOAYKTOB, MOIYYEHHbIX C UC-
TOJIb30BAHMEM MECTHOTO ChIPbsI, SIBIISIETCSI AKTYAIBHBIM M SKOHOMUYECKH 1ielecoo0pa3HbiM pelieHreM. Hanbornee
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3¢(eKTHBHOE YaeHre BOTHO-HE(TSHBIX SMYJICUI MOXET ObITh JOCTUTHYTO MPH UCIOIB30BAHUM KOMOUHUPO-
BaHHOI'O METO/a, HAI[PUMeEp, C UCTIONIB30BAHMEM JIEKTPOKOATECTUPOBAHMSI, BHITOIHSIOMIETO (DYHKIIMIO YAAJICHHbIX
3JIEMEHTOB IEKTPOJIE TUIPOPEIIETOK WM SKCTPOKOAIECHIEHTOB. DTO NMO3BOJIUT, [0 MHEHHUIO aBTOPOB, CHU3UTD IO~
TpeOJIeHHe MEKTPOIHEPIUK U YIIyUIINTh KA4eCTBO 0OE3BOXHMBaHUSI M 00€CCONMBAHUS HE(PTH.

KuroueBsble ciaoBa: mapadunuctas He(pTh, MOATOTOBKA HE(PTH, peareHT, MOBEPXHOCTHO-AKTUBHBIE BEIIECTBA,
JKUPHBIE KUCJIOThI, PEOJIOTMIECKUE CBOMCTBA, TOCCUIIONOBAs CMOJIA.

PREPARATION OF DEMULSIFIERS FOR THE DESTRUCTION OF THE
WATER-OIL EMULSION OF PARAFFIN OIL OF THE YUZHNO-TURGAY
DEPRESSION

K.S. Zatybekov, M.K. Zhantasov*, K.S. Nadirov, A.R. Begimova, A.U. Dzhusenov
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan,
e-mail: manapjan_80@mail.ru

The article presents topical issues of oil production - field preparation of oil. Based on the analysis of the
state of waterlogging produced at the Kyzylorda fields, developed by the authors, it is shown that up to 90% of
water containing natural surfactants (surfactants) and resins and stabilized stable water-oil emulsions are extracted
together with oil. In the production of paraffin oil, the main problem in the conditions of field preparation of
well products is the destruction of resistant water-oil emulsions. These phenomena significantly complicate the
extraction of oil from wells, negatively affect the operation of oil refining equipment, pipeline communications.
The consequence of this is the processes of corrosion of oilfield service equipment, equipment of enterprises
for the processing of hydrocarbon raw materials. When preparing oil for transportation, reagents of imported
production are mainly used, which leads to significant financial losses for oil producing and refining companies.
Therefore, the use of the most available reagents for emulsifying borehole products obtained using local raw
materials is an actual and economically feasible solution. The most effective removal of water-oil emulsions can
be achieved by using a combined method, for example, using electrocoalesting, which performs the function of
removed elements of hydrolattices or electrocoalescents. This will, according to the authors, reduce electricity
consumption and improve the quality of dewatering and desalination of oil.

Keywords: paraffin oil, oil preparation, reagent, surfactants, fatty acids, rheological properties, gossypol resin.

eTeTiH 6omangpl. MyHIall MHHOBALMSUTBIK, TEXHOIOTHSI-
JIap KakpIH OoJaliaKTa y3aK Mep3iMji HoThxe Oepei
[1].

Kazipri yakpiTra KazakcraHHBIH KenTereH KeH OpbIH-
JapblHaa MyHaiiMeH Oipre TaOuru OeTTik-OesceHi
3attapmeH (BB3) xoHe 1maiibipiapMeH Ty paKTaHIbIPbI-
JIFAaH TYPaKThl Cy-MYHall 3MYJbCUSUIAPBIH KYPaUThIH
cyneiH 90%-na peitin enpipineni. Ilapadgunni myHaii
OHJIipY Ke3iHJe YHFhIMa OHIM/IepiH KOCIIIIUTIK JaibIH-
Jay SKaFJaiblHIA HETi3ri Mocesne TYpPaKThl Cy-MyHai
SMYJIbCHSUIAPBIHBIH Oy3bUTYBI OOJIBIT TaObLIaAbl. Byl
KyOBUIBICTAp YHFBIMAJIAPIaH MYHall OHIIpyHi enoyip

Kipicne. Byrinri tanga myHaii-ra3 canacel Kasa-
KCTaH MeH 0acKa Ja KeITereH MyHail eHAipyI ej-
JepaiH OlIKeTiH KaJbINTACThIpy Ke3iHae OachIMIIbl-
KrapaplH Oipi Oosbin TaGbutagbl. MyHail canackiHIa
eHOeKKe KaOiNeTTi XalbIKThIH efayip Oeutiri Tikenei
HEMece jxaHaMma TYpIe KYMbIC iCTel/li JKoHe KeMipcy-
TEK OHJIIPETiH eJJiep XaJIBIKTAPbIHBIH QJI-ayKaThl OHBIH
KeTiCTIKTepiHe Tikener OailylaHbICThl. AWTa KeTy Ke-
pek, Kazakcran MyHaii 9KCOpTTayIbl eJIepAiH MyIIie-
ci 6osmaca z1a, enriMizae MyHaid eH/1ipy KeJieMi KbuI caii-
bIH apThIN KeJledl skoHe Kbl cailbiH 80 MJTH.TOHHaaH
acasipl. SJIEMHIH KOITereH eJiepiHeri COHFbI JKblIgap-

JIaFbl OKUFaJIap OJIapIblH SKOHOMMKAIBIK OeNCeH T~
TiHiH TOMEH/IEYiHe aJIbIll KeNJi KoHe KOMipCyTeKTepre
CYpaHbIC TIeH QJIeMIiK Oarara Tepic ocep eTTi. Ayaiija,
HapbIKTarbl MyHJal Kargail MOHIUTIKKE CaKTajJIMaiabl
KOHE yaKBIT ©Te Kelle KeMipCyTeKTepre CYpaHBIC aii-
TapJBIKTAl apTabl JeTl caHaUMBI3. ByFaH MyHalIbl 0H-
Jipy, JalbiHIAy, TACKIMAJIIAy XoHe KaluTa eHpuey Ooil-
BIHIIIA JKAHA TEXHOJIOTUSIIAP/IBI AyKBIM/IBI €HTI3y BIKIIAJ

KMBIH/IATA/Ibl, MyHAll OH/Iipy *KaO/bIKTAPbIHBIH, KYOBIP
KOMMYHHUKAIMSUIAPBIHBIH K YMbICHIHA Tepic acep eTejli.
MyHbIH caiapbl MyHail KOCIMIIiTiri %a0/IbpIK TAPbIHBIH
Ja, KOMipCyTeK IIMKI3aThiH KalTa eHJey KoCIOpBIH-
JIApbIHBIH, KaOABIKTAPbIHBIH J1a KOPPO3Msl MpolecTepi
Oombin  TaObUTAMBl. MYHIAH SMYITbCUSIIAPIBIH KOFa-
Pbl TYPaKThUIbIFbIHA OAMTAHBICTHI OJIAP/IBIH KOUBLTYbIHA
TEK SMYJIbraTopiap MeH TeMIIepaTypaHbl OHIEY apKbl-
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JIBI KOJT JKETKi3yre Oonambl. OHIIPLITeH SMYIbCHSITBIK,
MYHaWAbl TaCHIMAJIAAYFa JAHbIHIBKTHH MaHBI3IbLIbI-
bl naparHAl MyHall ©HAIPICIHIH YIIFalobIMeH OalKa-
JIaJibl, COHJIBIKTaH MaiIaJaHbUIFaH 3MYJIbraTOpPIapIbH
OHJIeJITeH MYHAWJIbIH carachlHa OCEepiH 3epTTey KoHe
OHBI OCHI MYHAUIBIH KYOBIpJIapblH TackIMajay YIIiH
TachIMaJgayFa JalbiHIay eTe MaHbBObL. KongaHsicTarsn
JIe3IMYJIbIaTOPJIApIbIH KEH aCCOPTUMEHTIHIH OOoJTybIHA
KapamacTaH, Ka3ipri yakpITTa ofiapabl ic Ky3iHae KO-
JaHy Sp/aiibIM KaxeTTi HoTvke Oepmeiini. Korapbiga
aliTeuUFaHIapaaH 6acka, OyJI peareHTTepIiH CaJbICTBIP-
MaJTBl TYPIE KOFapbl KYHBI OJlapabl YHFEIMA OHIMIEPiH
JaiBIHIAYIBIH KOMMEPLUUITBIK, JKaF JaibIH 1A TTalifalaHy
Ke3iHJie JalblHAAFaH MYHAUIbIH ©31HIIK KYHBIHA 9Cep
ereni [2].

Kymbicteie aBTopsl [3] Onrycrik Toprait Gaccelii
KazakcraHHblH OHTYCTIriHJe OpHantackaH xoHe Kaza-
KCTaH ayMarbIH/IaFbl ©TKEH FaChIPIbIH COHBIHJA alllbl-
JIFaH €H ’Kac MyHai-ra3jbpl aiiMak OoJbIN TaObUIAbL.
KypambiHza camackl XOFaphl KYKIpPTCi3 MyHaibl Gap
KEHJEp/iH Tasi31ay Typle OpHajacybl GacceriHye xaHa
KEH OpBbIHJAPBIH i3]Iy KYMBICTAPbIH OPOITY/IiH 0acTbl
CTUMYJIBI GOJbIIT Tabbltaabl. OJap MyHalIbH IIeriH-
Ii reHe3uci Typajbl TMIIOTE3aHbIH HEri3iHAe J3ipJieH-
reH oxicreme OombiHmmA xypriziayae. Conay XXI ra-
ChIpIbIH OACBIH/A-AK, AJIbIHFAH 0ACCEHiHHIH KYPbUIbIChI
MEH OHBIH OHIMJIUIIT TypaJibl )KaHa AepeKTep Oaccerin-
Jle COHZaii-aK, TepenJieri MyHai KeHJiepiHiH O6ap ekeHi-
T'iH KepceTyje, OyJI )ar1ai ockl alMaKTa MyHail MeH ra-
31bIH JKaHA KeHZepi MEH KeHOPBIHIAPBIH allly Mepcriek-
THBAJIAPbIH €JIeyTi TYPAEe apTThIpya.

JKyMbICTBIH aBTOpBI [4] Ka3aKCTaHABIK, MYHaW[pl,
OHBIH iMIiHAe mapaduHIi MyHAHOpl OadbHOay (me-
SMYJIbCHSIAY) MACeJIeHIH Kal-KyHiHe Taijay Kacamipl.
QreMe eHAIpiIeTiH MyHaiabH maMameH 70%-b1 My-
HaWIaFrbl Cy CUSKTHI TYPAKThl JUCIEPCTi Kywienep 00-
b TabbutaIel. Kasakcranna eHaipijieTiH MyHaiFa Ke-
netiH 6orcak, on ic xy3iHge 100% cy-sMyIbCHSITBIK,
KYy¥ie OONBIT TaObLIAIbL.

ki MyHailapl canajisl AadbIHOAY YIIIH Cy-MyHai
SMYJIbCHSUIAPHIH Oy3y YIIIH SKOHOMHKAIBIK TYPFBI-
JaH KOJ KeTiMIi kaHa peareHTTep KakeT. COHIpI-
KTaH MOCeJeHiH Kasipri kai-KydiH Tajjay HerisiH-
JIe IeIMYJIbraTop OHIiPiCiHIH OHTAIIIBI TEXHOJIOTUSICHIH
TaH/ay KaKChl TEXHUKAJIBIK-9KOHOMMKAIBIK KOPCETKi-
mrepi Oap 3aMaHayW TEXHOJOTHSHBI KacayFa MyMKiH-
Iik Gepeni [5].

By MmacenieHiH ©3eKTiliri JKeprilikTi IUKi3aTThl (Co-
aTliCTOK — OCIMJIIK MasIapblH CUITLT Ta3apTy Ke3iH-
Je maiiga OOJIaThIH jXoHE KYPaMBIHAA CAOBIHHBIH CYJIbI
epitiHmici (60c MaJIbl KBIIIKBLIAAP CLITIMEH OeATapar-

TaHABIPY ©HIMIEpi) Oap jkaHaMa ©HIM) MaiJaaaHa OThI-
PBIN aJbIHFaH YHFBIMA OHIMIEPIH 3MYJbCHsUIAY YIMiH
KOJDKETIMJII peareHTTep/i Naiijaiany GoJbII TaObUIa bl

Marepuajgap MeH daicrep. OpraHuKaibIK CHH-
Te3 eHEPKACIOIHIH IIUKi3aT 6a3achl MbIHAAN LIMKi3aT
Ke37epiH KaMTHIbL: ©CIM/IIK JKoHE KaHyap TeKTeC IMIUKi-
3aT, KaTThl XKaHFBIII Ka30ajap, MyHai skoHe TaOuFu ras.
OciMIIKTep MEH KaHyapJlapJaH aJIbIHATBIH IIUKi3aTThIH
afippIKIIa epekmieniri — kanapy. OcblFaH opail Taburu
pecypcTapabl YHEMIEY MaKCaThIHAA OHIIpiC KaTIbIKTa-
PBIH KaliTajlaMa HaijlaylaHy YIiH Kosiany Kaxer. CoH-
JBIKTaH OHJIPICTiH OHTAMIBI TEXHOJOTUACHIH TaHJAy
Y1LIiH GipHene MaHpI3abl (haKTOpIAp/Ibl ECKEPY KaXkeT.

Bipinmn ke3ekre, TarcelpMara cyieHe OThIPbII, KO-
KETIMAI XKOHE ap3aH IIUKi3aTThl TaHJay Kepek. OciM-
JIKTep MeH >aHyapJjap/iaH aJIbIHaThlH INHKi3aT Ke3i
C16 xone C18 mail KBIIIKBULIAPBIHBIH apajiac TPUT-
JMUEPUTEpIHEH TYpPaThiH Maiap MeH Maiiiap 06o-
Jybl MYMKiH. MainapasiH Ty3ityiHe KeOiHece Kbl-
HIKBUIIAP KaTbICA[Ibl: CT€apHH, MAJIBMUTUH (reKcaje-
KaH), oneuH, JuHol. 1300-neH acram opTypii Taburu
Maiiap Oenrisi, onap MILIFY Teri OOUBIHINA KYPaMbl MEH
(pusuka-xuMUsIIBIK, KacueTTepi OoibiHIIA Oip-OipiHeH
epeKIIe/IeHeTiH JKaHyapiap MeH eciMaikTepre (Maii-
napra) OesiHenmi [6]. Ocimamik Maiiapsl Tamak eHep-
KacibiHzie, TUIeHKa TY3TiluTep eHfipicinae, cadbiH, 6eT-
Tik 6esncenni 3arrap (BB3), nopinik npenaparrap xacay
YIIIH KOJJaHblIaas!l. JlereHMeH, onapapl eHaipy Ke3iH-
Je maiina OonaTblH KaJABIKTApIbl YJIKEH SKOHOMHKA-
JIBIK, Talacel Oap OipkaTtap KyH/bB eHIMepIi eHAipy
YIIIH Jie naiaananyra 6oaapl. OHepKacinTeri ecimMIIik
JKOHE JKaHyapJIap MHKi3aTbIHAH aJIbIHFaH Mail KbIIIKbUI-
Japbl MaiyIapAblH THAPOIN3] apKbUTBI JIbIHAIbI, Oap/bl
JKOFapbl KbIChIMIA (peakTHBTI eMec ofic) cymeH 200-
225°C peitiH KpI3AbIpaabl HeMece CyIb(OH KBIIIKbLI-
JIAPBIHBIH KATBICYbIMEH KaJIBINTHI KBICBIMIA KbI3/IbIpa-
Ibl (TBUTYEIb KaTanu3atopsl Hemece [leTpoB GalinaHbl-
cbl). Mait kpimkpeuTgapei (MK) anmy yimie coarncrok-
Tap Ja KOMAaHBUIAIbl — ©CIM/IIK MalIapelH CUITLT Ta-
3apTylaH naiga 6onaThlH KoHEe KypaMblHIa CaObIHHBIH
cyisl epitinaici (6oc MK cinrtiMen Geiitapantanasipy
eHiMmzIepi), Mail, hocop KocklIbIcTaps! (hochomumnua-
Tep), OOSFBINI 3aTTap, MEXaHWKAJbIK KOCTasap >KoHe
1.6. MK anymbiH Tarbl 6ip Ke3i eciMJIik MaiiapbiH ©H-
JipyaiH xaHama eHiMzepi 60Jbi TabbLIaThIH (hocaTu-
nrep Hemece (ocommuaTep 00Iysl MyMKiH. Maii Kbl-
HMIKBUIIAapbiH quctiiusinmsiay MK rysponaapsis (roc-
CHIIOJ IIAMBIPBI) — KYPaMbIH/A FYIPOHHBIH KYpaMbl 50-
60% >xeTeTiH MaKTa MaibIH KaiTa OHIey KaJIIbIKTaPbIH
naijanaHy ofaH Aa MepCHeKTUBAIbI OONBIT KOpPiHEe.
Afita KeTy Kepek, JUCTH/UIALMSA TYAPOHIApbIH (TeK-
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me JueTrmisnus KaJIBIKTaphl) KO0 Macelieci e3eK-
Ti XKOHE eIyl KAXeT eTefli, acipece OHBI IeIMYIIbra-
TOpJIApABl CHHTE3[ey YINiH THiMIl nainanany. Kasipri
yakpITTa OETTiK OeJNCeH[i 3aTTapabl eHAIpy YIIiH Haii-
JaJTaHbUIAThIH IMKi3aTKa OHBIH KBIMOATTBIFbIHA, aJTy-
aery, Kypaeninirine (C3-Cs, C,,-C ¢ Pppakumsanapsn
6ey), Kypambl OOHBIHIIIA TeTePOreH/iTiriHe OaiaHbl-
CTBI KOJDKETKi3y KublH. COHIBIKTaH Oacka Ke3aepieH
QJIBIHFaH Mai KbIIIKbLIIAPbIHBIH KOCTIAJIAPBIH OAaCTaITKbI
OHIM peTiH/Ie KOJIAaHyFa 9peKeT kacaasl [7].

ExiHmi maHp3apl (paktop — Ae3MysIbraTopiapibl
CUHTE3JIeyiH €H TMepCleKTUBAILl SICTepiH a3ipIey,
oJlap eKi Herisri Typre OejliHe[li: MOHIIBIK eMeC KoHe
HMOHJIBIK, OesiceH 1l (KaTUOH — jKoHE aHHOHOAKTHBTI) OeT-
Tik Oencenai 3arrap. CUHTETHKAIBIK OeTTiK OeceH/i
3aTTapabH aeMIiK eHxipici 2013 xbUtl 25 MUIIMOH
TOHHAHBI KYPajbl, OHBIH ilIliHE MOHOAKTUBTI — 35%,
HOHJIBIK eMec — 65%. CanbicTeipy yiIiH, 1970 XKbuibl
OeTTik OeJiceHMi 3aTTap eHMipici 4 MIIIMOH TOHHAHBI
KYpPafbl: OCBl MOJIIIEPIeH aHMOHOAKTHBTI KoHE KaTHO-
HOAKTHUBTI XOHE MOHJBIK, eMec OeTTiK OesiceH i 3arTap
colikecinmie 64,7 xoHe 29% Kypanpl, SIFHM MHOTEH-
IiK eMec OeTTik OeJICeHli 3aTTap eH/Iipici alTapIbIKTai
OCTi, aJl HIOHOAKTUBTI OCTTIK OEJICeHMl 3aTTap a3aijibl
(8].

BUOXUMUSUTBIK, bIIbIpay TalanTapbl OYJT KATHIHACTBI
AKIII-ta ga, Eypornana ja OKCUSTUJIIEHTEH CITUPTTEp-
JiH mafgachiHa e3repTefii, Oipak OKCHITUIAEHIEH ajl-
KiibeHoIap TOMEHT1 AeHrenae Oosica da €3 MOHiH
cakTaiiapl. COHFBI MaJTiMIEME TapMaKTaJIFaH aJIKKI TO-
Obl 6ap OKCHITHJIICHTEH alKuieHOIJapra KaTbICTHI,
aJ TiKeJed anKwl TOOB Oap KOCHIMINAIap KaHaraTTa-
HapJIbIK, OMOXUMUSUIBIK blIbIpayFa ue. JlereHmeH, Jie-
SMYJBIAaTOPJBIK, PEareHTTepAiH OpPTYpPJi TONTAPHIHBIH
Gipkarap OH KacuerTepi FaHa emec, COHbIMEH Katap,
Keibip KeMIiIikTepi ie 6ap eKeHiH aTar eTKEH JKOH.
CoHbIMeH, Keilbip peareHTTep Ta3a CYABIH OeJliHyiH
KaMTaMachI3 eTefli, Oipak SMyIIbcUsIIap Te3 Oy3blUIMaii-
Ipl. Backa peareHTTEp SMYNbCHUSHBIH Te3 Oy3bUTyBIHA
BIKIIAJ eTefli, OipaK JpeHakIpl Cyjlapaa KemTereH My-
Hail eHimzaepi Oap. KenrtereH peareHTTep MexaHUKa-
JIBIK, KOocranappl THiMai Typre 6enmerini. COHObIKTaH
COHFBI OHXXBUIIBIKTapIia CHHEPTETUKATBIK, dcep Kepce-
TETiH Kocmajia GipHellie KeKe KOChUIBICTApIaH TYPaThlH
KOMIO3ULMsuIap Aamu Gactasl [9].

KommosunmsnapiaplH canaiblK, XoHE CaHIBIK Kypa-
MBI SMIMPUKAJIBIK, OHICTIEH aHBIKTATaAbl. By Tocin
KeOipeK 3MyJbcUsIap YIIiH THIMII JAeaMyJbratopiap-
Ibl amyabpl KamTamachki3 etei. Kommosuims Kypambl-
Ha BUFAJIJAHIBIPFBILI, JTHCIIEPraTop, KOArylsiHT KacH-
errepi Oap 6a3 kipyi MymkiH. COHFbI KbUIZAPHI Jie-

SMYJIBraTopJaapAsl KYPYABIH JXKaHa OarbIThl — KaTHO-
HaKTHBTI OeTTiK OesceH/i 3aTtap KeOipek OpbIH aia-
THIH KOMIIO3ULMATIAPAbB KosiaHy. Jleamynabraroprnap-
JIBIH, TUIMJIUTITIH apTTBIpyFa Oapabl Kajbllui, MarHui
TY3JapblHBIH Cy[a epirillTirid apTTeIpaThiH, TY34ap-
JIbIH MMKPOKPHUCTATIAPbIMEH JKoHE MEXaHUKAaJIBIK KOC-
MajJapMeH 9peKeTTeceTiH, onappbl YJIKeH arperarrapra
OipiKTipeTiH jkoHE OChUIAMINA ONapibl MyHalIaH Iibl-
Fapyabl JKEHIUIJETETiH KOFapbl MOJNEKYJIaIbl MOTHUIEK-
TPOJMTTEPMEH Oipre KOJIJaHFaH Ke3/ie e KOJI )KeTKi3yre
6omazpl. [1oMMANIEKTPOIUTTEP-MOJIEKYJIAJIBIK, CAIMAFBI
5000-HaH OipHelle MWUIMOHFA NEWiHT1 HOJMMepIiep.
Y CBIHBUIFaH JIEIMYJIbraTOPAApABIH YIIKEH aCCOPTUMEH-
Ti HeriziHge omOeOar peareHT )acajimaraH. Byn eH-
JipineTiH MyHalablH KacueTTepiHe (Kypamsl, MyHaii-
JIbIH (PM3MKA-XUMHSIIBIK, K9HE KOJUIOUITHIK -X MU SITBIK
KacHerTepi, Kabar CybIHbIH MUHEpaJIaHybl, MEXaHUKa-
JIbIK, KOCTIAJIAPABIH KYPaMbl MEH CaHbl, MYHAHUIBIH CY-
JIaHybl, TEMIIEpaTypa), OHbl OHAIPY TEXHOJIOIHsIaphl-
HbIH 9pTYpJIljIiriHe GaiinaHbicThl. MyHBIH O9pi peareHT-
JIeSMYIbraTopFa 9p alMaKkKa ToH TajlanTapbl OoyKai-
OBl KoHE OapiblK, alMakTap YIIiH omOeOar pearcHT-
Je3MYNIBraTop KOMeTIMEeH MYHaiIbl CyChI3JaHIbIpyFa
MYMKIiHJiK GepMeiifi, acipece KenTereH pakropiap Tek
6ip KeH OpHBIHAH EKiHIITCiHe aybICKaH Ke3/ie FaHa eMec,
COHBIMeH Oipre, 6enrisi 6ip 0OBEKT IIEriH/Ie YaKbIT OO0~
BIHIIIA ©3Tepill OThIpabl. IPOip HAKTH MYHAH SMYIb-
CHSICHL YIIH Kypamjac OeJiKTepai TaHIay MPUHIIUIT
QJIi aHBIKTAIFaH KOK. KOMIO3UIMAHBI KYPacThIpyIbIH
HAKTBl 93ipJIEHIeH 9JicTepi JKOK-OapibiFbl SMIMPUKA-
JIBIK, 91icrieH xy3ere acbipbuiaabl [ 10]. CoHIbIKTaH TeX-
HOJIOTHSIHBI TaH/ay YIIiH anabiMeH cuHTe3eneTin bb3
TYPiH TaHAAy KepeK. I1ebu AepeKTepi Taiaay Heri3iH-
Jie JKoHe TaHJJIFaH [IMKi3aT-Mail KbIIIKbIIIAPbIH eCKe-
€ OTBIPBIII, OHBIH HETi31H/e CHHEPTETUKAIIBIK dcep Kop-
CeTeTiH Kocnaja OipHellle keKe KOCBUIbICTap OoMaThiH
KOMITO3ULIMSHBI KYPY MaKcaTblHAa MHoreHi emec bb3
Iy TypaJibl IemIiM KaObUIIaHIBI.

HoaTm:xesep MeH TaJkbLIay. MoHIBIK eMec OETTiK
6encenni 3arrap (MBB3) KypambIHAa XOFapbl MOJSIP-
7l OGefiTapan TOMKa KOCBUIFaH Y3bIH TUAPO(OOTH ai-
Kt ToOb1 Oap. TTonsapisik ToI ruapoduIbl GOTYbI Ke-
peK, coHapIKTaH ruapoo0Ts Ton Cysibl epiTiHaire “Ki-
pe” ananpl. MloHplk emec OeTTik OesiceH/i 3aTTapablH
samnbl opmynacel 6ap: R-X(CH,CH,0) H. Mynna
R-ankwun; X-orreri, a30T, KyKipT aToMbl HeMece (PyHK-
oHasapl Ton Gonysl mymkiH —COO-, -CONH, -
C¢H,O-. KypamMbIHIa KbITKBIMAJIB CyTeri (KBIIKbLT-
Jap, cnuprrep, peHoiap, aMuHaep) 0ap KenrtereH Ko-
ChUIBICTAp STWJIEH OKCUIMEH KOHJIeHcanusiiansi, Mb-
B3 rty3eni. Ex ken Taparran NPA-napnpiH 6ipi — 9TH-
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JIeH OKCH[IH THICTi Mail KBIIIKBUIIAPHIHA KOCY apKbl-
JIBl OHAIPUIETIH OKCHSTWINCHTEH Mall KBIIKBUIIAPHL.
ToTBIFy peakuusch kXaKChl 3epTTeNreH kKoHe OHep-
KOCINTIK OpraHUKaNbIK, CUHTE3[le KEHIHEH KOJIaHbI-
nmagel [11]. JKorapsima afiTbUFaHaapra CyWeHe OTbI-
PbII, HEri3ri HyCcKa peTiHje MakKTa MIaibIpblHaH OKIla-
yJIaHFaH Mai KBIIKBUIIAPBH OKCHIIIEY 9iCIiH TaHAail-
MbI3. OCBHI IIMKI3aTTH MaiaNaHy MPOLECi aFaml per
’JKy3ere achIpblIajibl, COHIBIKTAH KOJIIa Oap oe0u MoJti-
MeTTep Heri3iH/e OChl PEaKIMSIHBIH MEXaHU3Mi MEH KU-
HETUKACHIHBIH HETi3Ti 3aHIBUTBIKTAPbIH AHBIKTAY KOHE
OCBI MOJTIMETTEp HETi3iH/Ie Maid KBIIIKBUIIAPHI YIIIH pe-
AKIUSHBIH aJIIBH aJ1a MAPTTapPbIH MOJEBICY KakKeT.

AliTa KeTy KepeK, OKCUITWJIIEHIeH Mail KbIIIKbLI-
Japbl  (TOJMOKCHATHIEHANKaHoaTTap) — Oyn RCOO
(C,N,O)PN sxammbl (hOpMyNIachiHBIH KOCBUIBICTaphI-
HBIH TEXHUKAJBIK, aTaybl, MyHJIarbl R-ankui, ajkeHu
C, xoHe onaH xorapsl, N=1. Oxcuatuingenred MK epi-
rilITIrl K9HE Karal Temreparypachl R paaukasiblHbIH
MeJIIIepiHe KoHe OKCHATHIII TONTapIbIH CaHbIHA Oaii-
naHbIcThL. OKCUITHIAEHTeH Mai KpIKeuigapsl (OMK)
3TWIeH OKCUIiHIH acepineH Hemece CK]l monmatuieH-
IJTUKOJIbAEpPMEH 3(hUpIIeHyi apKblIbl alblHAAbl. BipiHimi
skarpaina peakuus 120-200 °C temmeparypaia sxoHe
Heri3aepaiy Karsicybiver 0,196-0,686 MIla xpickiMaa
xy3ere acsipbliagsl (KOH, NaOH, CH;ONa, R;N); pe-
aKIMsl STUIIEH OKCHUII 6ap KMIIIKbLT HEMECEe OHBIH TY3bI
6ap KBIIIKbUT KEIeHAEPiHiH Ty311yl apKbUIbl KYpedi.
Kanama eHimziep — Mail KbIIIKbUIAAPBIHBIH MOIUIIII-
KOJIb 3uUpiepi, ITWIESHIJIMKOIb MOHO- X9HE IU3(puUp-
Jiepi, MONMUITHICHIIAKOMbAEP. DIeTTe YINHIN PEeTTIK
aMUH[Iep KaTalIu3aTop peTiHae KOJJIaHbUIa Ibl, Oyl Ka-
Hama eHIMJIepAiH maiaa 6oy KbUIIaMIbIFbIH MOHO-
a(up Ty3iIy caThiCBIHAA FaHAa TOMEHJETyre MYMKiH-
Iik O6epeni (OHBIH PeaKIVUIBIK, OpTafarsl Memmepi 90-
98% xeteni). Herisri @HEpKACINTIK OKCHUITHIIICHI€H
Mail KBIIKbUIIAPHL: CTEAPOKC-CTEApHH KBIIIKBUTBIHBIH
MOJIMOKCUATUIIEH 3(pupnepiHiH Kocrackl, N ~ 6, Kypa-
MbiHAa 90% Heriari 3at Oap; cynarbl CTeapoKce Ty paKkThl
SMYJIbCUSUIAPIB] KYPAHIbI; CyIaFbl MIEKTi PyKCaT eTil-
red koHueHtpauus (IIPK) 1,0 mr/n kypaiigsl. Crea-
POKC - cyza, OeH30J1/1a KAKChl epyi, ST CIIUPTIHIE
JKoHe IUITWUN 3pupiHae Hamap epuai. VIOHOBIK emec
Bb3 (UBB3) KypambIHAA KbUDKBIMABl CyTeri aTOMBI
6ap KOCBUIBICTAPMEH STWJICH OKCHJIiHIH KOHJICHCAIUs-
CBI ApKbUIBI aIbIHAAMI [S].

IMponecc cinTiHiH Hemece GacKa Karajau3aTOPABIH
(maccanbiH 0,5 — 1,5%) xareicypimen 160 — 180°C
TEMIlepaTypaja Kypeli) KapKblHIObl apajiacThIPbUIFaH
peakTopnapra. KpIIIKBIT KoHE CUITLN KaTajlu3atop-
JIapAblH, KATBICYBIMEH OKCHITWIACHY PEaKIUACBIHBIH

MexaHu3Mi opTypii. OKCHITWIIEeHy eHiMaepi Kerr-
TEereH MoJMMepromMosiorrtapual Ttypansl. Kasipri 3a-
MAaHFbl PeareHTTep — JeIMYJIbraTopiap Heri3iHeH HOH-
IbIK eMec OeTTik OesiceHni 3artap OOl TaObuIa-
npl. UBB3-6nokcononmumepnepae ruapodo0Ts Gestik
NPONWIIEH OKCHIIH JOWEeKTI KOCY apKbUIbl aJIbIHFaH
HOJIUITPOITMJICH-TJIMKONb Ti30eKTepiHeH Typanpl. Biok
COTIOJIIMEPIIEPAi CHHTE3[ey Ke3iHJe KBUDKBIMAJBL Cy-
Teri aToMbl 6ap SpTypiii GacTanKpl 3aTTap KOJNAaHbLIA-
JIbl — TOMEH MOJIEKYJIAJIbI [JIUKOJIBAED (STHIICHITIMKOIb,
NPONWJICHIJIMKONIb ), STUICHIMAMUH, [MLIEPHH, OJapFa
AJIKWJICH OKCHATEPi IoWeKTi Typae KochuUlaasl. Bapibik
MOH/IBIK, eMec OeTTiK OeJICeH/Ii 3aTTapIbIH ruAPOpIIbIL
Kypamzac OeJIiri KblDKbIMAJIbl CyTeri aTOMBIHBIH OPHBI
GolibiHIIa TUAPODOOTH Kypamaac OeJTliKKe ITUIEH OK-
CHJIiH J9HEeKTi KOCY apKbUIbI AJIbIHFAH TOTUITUIICHIN-
KOJIb Tiz0ekTepi Gosbir Tabbutaast [11-12].

HerizineH voHbIK, eMec OeTTik OenceHni 3aTtap 60-
JIBIIT TaObUIATHIH 3aMaHAYH peareHTTepi — JeIMYJib-
ratopiapipl ajly jKoHe KOJJaHy Mocesieci Typasbl aii-
Ta OTHIPBII, ITHUJICH OKCHUIiHIH epeKIlie MaHbI3/IbLIbIFbIH
aTamn ©TKEH XOH. DTUJIeH OKCU/II (3TUJIEH OKCUJ1) LIUK-

JiK 3cuprepre xaragsl. 3aTThIH KYPbUIBIMABIK, (hop-
H,C — CH;

Mynacel:  “So” Y MyIuesni SMOKCHATI HMKJIIH Ky-
1IeroiHe OalTaHBICThI THJIEH OKCHUI XKoHe Oacka 1a yK-
cac KOCBUIBICTap KOFapbl peakTUBTiIiIKKe ue. Kanbim-
THI TEMITEpaTypa MeH KbICHIMIA STUJICH OKCHJIi Ta3 KYH-
inze 6omamel. TeMeH Temreparypaga STUIEH OKCHII —
Genrini 6ip 3¢up wici Gap KeHin yIna Tycci3 cyibl-
KThIK (KaitHay Temmeparypacsl — 10,7 °C; katato Temre-
parypacel — 113,3°C); cymen 12,8°C 6anky Temmepa-
typacs 6ap 7 H,O monekynacel 6ap runpar tyseni. Cy-
MeH 3THJICH OKCUMI OApIIBIK KarblHAH apaiacaibl, aya-
MEeH JKapbUIFBII KOCHasap Ty3eldi. DTHICH OKCUMi MH-
CEKTHLIMITIK KoHe OAKTepPUIMATIK KacHeTTepre ue. -
1°C GorraH Ke3iH/e STUIIEH OKCUIiHIH JUEKTPIIIK OT-
kigrinrriri 13,9 kypaiigsl. Junons momenri 1,88 — 1,91
D xypaiigpl. AliTa KeTy KepeK, STWICH OKCHIi OYIT eH
PEaKTHBTI OPraHWKAJBIK KOCBUIBICTAPOBIH Oipi, KepHe-
VITi YII MYIIeST SMOKCUATI IMKJIIIH allbUTYBIHBIH Kapa-
NafbIMIBUTBIFBIHA OAMJIAHBICTHI OJ1 KYPaMbIH/A XK BUIKbI-
MaJIbl CyTeri aToMbl Oap 3aTTappl KOCHII, 5 — OKCHITUII
TYBIHIBUIAPBIH TY3€ aJIaJIbl, COHBIMEH KaTap, MoIuMep-
JIeHyl MYMKiH.

Frutbeivu 3epTTeyiepiiH HOTHKeNIepi Ka3aKCTaH/BIK,
KEH OpBIHIAPbIH/AA OHIIPUIETIH SMYJIbCUSIIBIK, MYHAaii-
IBIH Kal-KYHWiHe Tangay Kyprisy, COHIal-aK, Koaxec-
LEHIWs TMPOLECIH JKYpri3yre apHaJFaH ammaparrap-
Jla aJIbIHFaH JKePriTiKTi MUKi3aTTHl MaiilajlaHa OTHIPHII
YHFbIMA 6HIMJIEPiH JIeaMYJIbCcalsIay YIIiH KOKETIM-
Il peareHTTepHi KONJaHy OONBIT TaObUIaABl. TOBIFBI-
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pak 3eprreyiiep KeiHri SKCIIepHUMEHTTIK 3epTTeyiepie
KYPriziieTiH 60ampl.

KopsIThIHABI. MaceneHiH kail-KyiiHe Ky prizijareH
Tangay KazakcTaHabIK KeH OpbIHAApbIH/IA, OHBIH iIIiHIE
Onrycrik Topraii ofmaTeiHAa OHIIPIIETIH MyHAWIBIH
e/1ayip Geutiri SMYJIbCUSIIBIK, GOJIBIT TAOBUIATHIHBIH KOP-
cetefii. MyHaiiIpl ©HAIpY Ke3iHAe OHbIH KYPaMbIHIAFbI
cy memuepi 85-90% apanbirbiHga 6onanpl. [Taiinanany-
JIbIH KEIll CaThICHIHA EHIeH KeH OpbIHIAapblHIa MYHail-
IbIH (DU3UKA-XUMUSUIBIK, JKOHE PEOJIOTHSIBIK, KacHeT-
TepiHiH eJieyJli e3repyiHe OaliIaHbICThl YHFHIMAJIAP OHi-
MiH eH/ipy, )KHUHAY jkKoHe AaiiblHAay KyHeciHe 3aMmaHa-
YU TEXHHUKAJIBIK-TEXHOJOTHSJIBIK, IEeNIiMAepl 33ipiey
JKOHE eHI13y Tajal eTilel.

MyHaiinpl TachiMasiayra AalbiHIAy Ke3iHAe Herisi-
HEH UMIOPTTHIK OHAIPICTIH peareHTTepi KoNJaHblIaIbl,
OyJ1 MyHall OHAIPETiH KOHE OHJICUTIH KOMIIaHUsIapFa
afTapyIBIKTal KapXKbUTBIK, ITBIFBIHAAP oKenedi. CoHIpl-
KTaH KePruTiKTi IMIMKi3aTThl MaiijlalaHy apKbUIbl aJIbl-
HFaH YHFbIMa OHIMJIEPIH SMY/IbCHUSUIAY YIIiH KOIKETIM-
Il peareHTTepli MailjajiaHy ©3€KTi )KoHE SKOHOMMKa-
JIBIK, TYPFBIOAH THIMII IremiM Oombin Tabsutagst [12-
13].

Kommosuimsinblk, sMyssratopiapasl KoJagaHy napa-
(puHAi Maiimapapl HadbIHAAYABIH MAaHBI3IBl ACTIEKTici
GOJIBIN TaObLIA/Ibl, OUTKEHI OeNrii peareHTTep MyHan
YHFBIMAJIAPBIHBIH MYHJAll OHIMJEpPiH CYCBI3AaHIBIPY
JKOHE TY3ChI3IaHAbIPy KesiHje THiMci3. By xom xe-
K€ peareHTTepIiH MaHBI3/Ibl CUMATTaMalapblH KyIIei-
TyTe 5KoHe OJIapAblH (PYHKIHMOHAIABIK 9CEPiH KeHeHTyre
MYMKIiHJiK Oepei.

Cy-MyHall SMyJIbCHSUIAPBIH THIMAIpEK Oy3yra apa-
JIaC SJICTI KOJNJAHFaH Karjaija KOJKeTKizyre Oona-
JIbl, MbICAJIBI, ARIANIAHY IEKTPOKOATIECIISHTTI armapar
[13], onap anekTpoaTapabIH 31EeKTPOAETUAPATTap HEMe-
C€ MEKTPOKOAJTIECLIEHTOpPJIAp KbI3METiH aTKapaipl. Ar-
naparTap TMApaTop JEKTPOABIHBIH iIIiHAE eMec, Cy-
MYHai SMYJIbCUSACBIHAFbI CY TaMIIbITAPBIHBIH KOAJTEC-
LEHIIMSI IPOLECIH XY Pri3yre apHaJiFaH, Oipak oJaH ThbIC,
aKTaM KYPBUIFBIA, KOFaphl ceHiMALTIKKe ue. Cyapl My-
HaiiiaH Oely TYH/IBIPY amlraparbiH/ia Ky3ere achlpblia-
nbl. By aBroprnapablH MmiKipiHIIe, 9J€KTP SHEPTrUsIChIH
TYTBIHY/BI a3aiTyFa oHE MYHAHIBIH CyCBI3aHy JKoHE
TY3CBI3[IaHIbIPY CaIlaChlH JKaKCapTyFa MYMKiHAIK Oe-
peni.
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ZKOFAPBI BL/IIM BEPY JKYWECIH JKETLJIIIPY KAF IAVIBIH/IA BIJIIM
MUTI'PAIINACBIHBIH POJII

M.2K. Cyueiimenosa, P.K. Exmmioaes
Hapxo3 ynuBepcurerti, Anmarsl, Kazakcran,
e-mail: moldir.suleimenova@narxoz.kz

BijliM UMMUTpAIHUsCH! 9IeMHIH OapibIK, enjiepi, COHbIH imriHae KazakcTaHHbIH Jamybl YIIIH Jie OpacaH 30p aJie-
YMETTiK MaHBI3Fa fe. ATal aiiTKaH/Aa, KeMIiHIe MBIHAIA TOPT HETI3ri: 9JIEyMETTIK, CasICH, IeMOTpaUsIIBIK, KOHE
9KOHOMUKAJIBIK, acepre ue. JKorapsl Oiim Oepy KyiieciH KeTiiaipyae OiTiM Keli-KOHBI TAKbIPBIOb! OLTIM aTyIIbl-
JIAp/IbIH YTKBIPJIBIFBI MEH OLTIM canackl apachiHJarbl OaiIaHbICKa Ha3ap ay/laparhlH 63eKTi 3epTTey caiachl OOJBII
TabbUTagpl. MyHIal 3eprTeyiiep OUTiM MeH ToXipuOe aaMacydbl KEeHUIIETeli, MOJICHH 9PTYPILTIKTI OafbITambl
JKOHe Korapbl OiTiM Oepy kyiieci xetingipeni. O cTyaeHTTepre apTypii eaepaeri apaityaH 6iim 6epy pecyp-
CTapbl MeH TaxipuOenepiHe Kol xkeTkizyre MyMKinaik 6epeai. Kazakcran PecryOirMkachiHIa OKUTBIH MIETENIIK
CTYIICHTTEp CaHbIHBIH apTYbIHBIH Ka3ipri cepiiHiH oH Oarasail oTbipbin, Ka3akcTaHHBIH aieMaiK 6iiM Oepy Kbi3-
METTepi HapbIFBIHBIH KOIIOACIIIBI eJICPiHiH ICHIeiliHe KOJ KEeTKI3y YIIiH OChI KbI3METTEp/Ii IKCIIOPTTAY CalaChiHa
eniig 6acekere KaOIETTINH KEHENTY JKOHIH/ET1 TYKbIpbIMIaMaHbl 93ipJiey KaXeT eKeHi aTar eTiie/i.

Tyiiin ce3aep: OiJ1iM MUTPALUSCH, XJIBIKAPAJIBIK, KOIIIi-KOH, KOFaphl O11iM, 611iM Oepy KbI3METTEpiHiH aJieM-
JiK HapbIFbl, aKaJEMHUSLIIBIK, YTKBIPIIBIK, Oacekere KabileTTUTiK, )KYMBICTIEH KaMTy, eHOEK pecypcTapbl

POJIb MUT'PAIIMM 3HAHUM B COBEPIIEHCTBOBAHUM CUCTEMBI
BbBICHIET'O OBPA3OBAHUA

M.K. CyneiimenoBa, P.K. Enmun6aen
Vuusepcuter Hapxos, Anmarsl, Pecriyonuka Kazaxcran,

e-mail: moldir.suleimenova@narxoz.kz

O0pasoBaresbHasi IMMHT AL KMEeT OOJIBIIOE COLMATbHOE 3HAYCHHUE [UIs1 Pa3BUTHSI BCEX CTPaH MUpA, B TOM
yncie u Kazaxcrana. B 4acTHOCTH, OHO MMEET Kak MUHHMYM 4YEThIpe OCHOBHBIX 3(h(heKTa: COLUAIBbHBIN, TIOUTHU-
YeCKHH, ileMorpauieckuil 1 SJKOHOMUIECKHI. B COBEpIIEHCTBOBAHUN CHCTEMBI BBICIIIEr0 0Opa30BaHUs TeMa MU-
rpalyy 3HaHUH SIBIISIETCS aKTyaJIbHOW 0OJIACTBIO UCCIIEI0BAHMIA, B KOTOPO OCHOBHOE BHUMAaHHUE YIENSIETCs CBSI3U
ME3Ky MOOWJIBHOCTBIO OOYYaIOIIMXCSl M Ka4eCTBOM 0oOpa3oBaHMs. Takue McClenoBaHusl CIOCOOCTBYIOT OOMEHY
3HAHMSIMHM U OITBITOM, 00OTaIAIOT KYJIbTYPHOE pa3HOOOpa3Ke M COBEPIICHCTBYIOT CUCTEMY BBICILIErO 00pa30BaHMSI.
DTo JaeT CTyIeHTaM JOCTYI K pa3sHOOOpa3HbIM 00pa30BaTeIbHBIM PecypcaM M OIBITY B pa3HbIX cTpaHax. Ilomo-
)KUTEJIbHO OLIEHWBAsI HBIHEIIHIOK AMHAMUKY YBEJIMYEHHsI KOJIMYECTBA MHOCTPAHHBIX CTYAEHTOB, OOYyYaloOIIMXCs B
PecnyOmuke Ka3zaxcraH, oTMeuaercs, 4To JJI BBIXOZla Ha YPOBEHb CTPaH-JIMAEPOB MHUPOBOTO PbIHKA 0Opa3oBa-
TesbHBIX ycuyr KasaxcraHy Heo6xoauMo pa3paboTaTh KOHIENIMIO PaclivpeHnsl KOHKYPEHTOCTIOCOOHOCTb CTPaHbI
B c(pepe FKCIopTa ITHX YCIIYT.

KiroueBnle ciioBa: o6pa3013aTem>Haﬂ MUrpalyd, MeKAyHapoaHasaA MUT'paliis, BbICIIEE O6paBOBaHI/IC, MI/IPOBOﬁ
PBIHOK OGpaSOBaTCJ’[bHHX ycuayr, akaeMuieckana MO6I/IJ'II>HOCTI), KOHKprHTOCHOCOéHOCTL, 3aHATOCTb, TPYAOBBIC

PEecypChl.

THE ROLE OF KNOWLEDGE MIGRATION IN IMPROVING THE HIGHER
EDUCATION SYSTEM

M.Zh. Suleimenova, R.K. Elshibaev
Narxoz University, Almaty, Republic of Kazakhstan,

e-mail: moldir.suleimenova@narxoz.kz
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KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

Educational immigration is of great social importance for the development of all countries of the world,
including Kazakhstan. In particular, it has at least four main effects: social, political, demographic and economic.
In improving the higher education system, the topic of knowledge migration is a relevant area of research, which
focuses on the connection between student mobility and the quality of education. Such research promotes the
exchange of knowledge and experience, enriches cultural diversity and improves higher education. This gives
students access to a variety of educational resources and experiences in different countries. Positively assessing
the current dynamics of increasing the number of foreign students studying in the Republic of Kazakhstan, it is
noted that in order to reach the level of leading countries in the world market of educational services, Kazakhstan
needs to develop a concept for expanding the country’s competitiveness in the export of these services.

Key words: educational migration, international migration, higher education, global market for educational
services, academic mobility, competitiveness, employment, labor resources.

Kipicnme. Kazipri yakpitra )kahanpany xajblkapa-
JBIK, KYMBICTICH KAMTY TEHICHIMSUIAPBIHA alTapiIbl-
KrTait ocep erei. TinTi oKy opbIHAApbIHAA Oi3 IIeTes-
JiK CTyOeHTTepai Kebipek Taba ajnambi3, OyJl Goariak
’KYMBICIIBLIAP/Ibl MHTEPHAIIMOHAIAHIBIPYIbIH, JKOFAPBI
KapKBIHABUIBIFBIH OLI1ipyi MYMKIH.

2Kacrap XaJIbIKThIH €H MOOMJIbII TOOBI OOJIbIIT TaObI-
JIa/1bl JK9HE KACINTIK OL1iM ay OChl )KacTarbl TON YIIIiH
KOIIIi-KOHHBIH HeTi3ri cebernTepiHiH 0ipi O0IIbIT TadbLIa-
1l JKacrap mekren OiTipeTiH eJi MeKeHIe TaHIaraH
KOCil HeMece MaMaH/IbIK, OObIHIIA OiTiM Oepy yiHbIM-
JapbiHBIH OOJIMaybl OiTiM Kellli-KOHBIHBIH HEri3ri ce-
6e6i Oonbin TabbutabL. KacrapnpiH OackiM Oedtiri —
KQCINTIK-TEXHUKAJBIK, OUTIM aJaThlH OKY MUT'PaHTTaphl
— OKy/IBI asKTaFaHHAH KeHiH MeKTell OiTipreH e Me-
KEHre KaWThIIT OpaTyabl KOCTIap/IaMaibl.

Kazipri xahaunpK TeHASHIUTAPABIH Oipi — XaJTbl-
KTBIH KOIlli-KOHBIHBIH, OHBIH illiHae OirimM Gepy Keirri-
KOHBIHBIH apTybl. BiliM KeImi-KOHBI QJIEyMETTIK Ky-
ObUIBIC PETiH/IE OKY HeMece FhUIBIMU-3EPTTEY JKYMBICHI
MakcaTeiHIa OiniM any Hemece OiiM Oepy cajiachiH-
Jla )KYMBICKA OpHAJIACY MaKcaTblH/a €/IeH ThIC HeMe-
ce eI iIiHAeri ayMaKThIK, KO3FaJIbIC OOJBII TaObLIa bl
Enimizzeri 6is1iM KeIITi-KOHBIH peTTey MICeJIeCiH 3epT-
Tey ©3eKTi 6oJa Tycylie, OTKeHi o1 Oip KarFblHaH KaHa
OutiM anyra siKnai eteai, KOO Tysekrepiniy 6aceke-
re KabileTTUIriH apTThIpajbl, KOFapbl OUTIMHIH cara-
CBl MEH THIMIUTITiH apTThipansl. KepiciHime, xibepyri
eJIJie TANIAHTTHI JKacTapIblH Oacka eJepre KeTyiHe oKe-
neni. XKacrap kereriH MemJIeKeTTep YIIIiH OiliM Kelri-
KOHBIHBIH, JKaFbIMCBI3 CaJJIapblH Kajail Oonaplpmayra
HeMece azaiTyra O0oJaThIHbI TYpasibl 3aHbl CYPaK, TybIH-
Tanabl.

Ocpiran OainanbicTel Kazakcrangarsl O11iM Kelini-
KOHBIHBIH EpeKIIeTIKTepiH MeTeIiK TIKipuOeHi ec-
Kepe OTBIPHI 3epPTTey ©3eKTi Karmail OoJbIl TaObLIa-
Jbl. ByJT MakanaHbiH MakcaThl — OLTIM KeIIli-KOHBIHBIH
€pEeKIIeTIKTePiH 3epPTTey KOHE OHBIH KaFrbIMCHI3 caaa-
PBIH TOMEHIETETIH hakTOpIapabl i31ey.

Quicrep MeH Marepuaigap. Kenni-KoHHBIH [a
TYPAaKTHI 6CY TEHICHITUSCH Oap epeKIIe Typi — Kacrap-
JbiH merenre Oitim any yinid keryi. FOHECKO pe-
pexrepi 6oibiHIa 2001 KbUTBL QyHUE KY3iHae 2,1 MIH
amam nierenge OimiM anca, 2017 KbUTbl ONapObH ca-
Hbl 5,3 muumoHHaH actei[1]. Keneren capamibuiap
OyJ1 ypricTiH 6ipKaTap OH KakKTapbl 6ap JIeT ecenTeiii.
Ierennme 6iniM anFaH CTYJEHTTep enre skaHa OiTiMMeH
opaajel. CoHbIMEH Kartap, onap 0acka eJiaepaid Moje-
HHUETIMEH TaHBICYFa koHe OacKa eepiiH a3aMaTTapbi-
MEH JKeKe OalJIaHBIC OpHATYFa MYMKIHIIK ajajibl. By
SKOHOMMKAJIBIK, IAMYFa JKOHE XaJTBIKAPAIIBIK, BIHTHIMAK -
TACTHIKTHl HBIFAUTYFa YJIKeH CeNTiriH Turizeni. MyH-
Jai KarJaiiapaa Kemri-KOH/Ib «MUAIBIH aFbUTYBl» €MeC,
«MUABIH MOOWJIBALIIT» peTiH/ie KapacThIpy Kepek bl
Fap.

CTyneHTTepaiH YTKBIPIBIFBIH KEHUIAETY YIMiH YHH-
BEPCUTETTEP KOC JKoHE OipJieCKeH JUIMIOM/ABIK Oarnap-
JlaMaJiapypl, Hecue Oepyli KOHE CTPaTerHsUIBIK Cepik-
TecTikTepai Kebipek eHrizyme. COHBIMEH Karap, el-
Jep CTaHOAPTTapAbl YIJIeCTipyae, caraHbl KaMTaMachi3
€Ty TeTIKTepiH TepeHIETY/e KoHe eKiXKaKThl, AMaKTHIK,
HeMece kahaHJpIK JeHrenae akageMUsUIbIK OUTIKTITK-
Tepai MOMBIHIAY/A.

Binim anymmsuiap metengik KOO-ma okyra memtim
KaObUTgaraHga HeHi OacIIbUTBIKKA ajafpl? DKOHOMHU-
KaJIbIK BIHTBIMAKTACTBIK, %oHEe namy yibiMbl (DDBIIY)
JKYPprisreH OUTiM MUTpalvsIChl OOWBIHIIIA ATTBIHFAH 3epPT-
Tey HOTHXeJIepi KepceTKeHeH, HeTi3ri (akToprap: yii-
Je OUTIM aTyIbiH KOJKETIMIUTIT, KAPXKbUIBIK, IIBIFbIH-
Jap, COHIai-ak, ejae XoHe mieTenge OuTiM Oepy ca-
macel [2]. YHUBepCUTETTEp CTYIEHTTep KYPaMbIH dp-
TaparnTaHABIPy KOHE JIEMIIK PeATHHTTEpiH KaKcapTy
YUIH IIeTeNIiK CTyISHTTepl Kauaaipl, Oipak, Kai-
TIBI AJIFAH[A, HET13T1 ce0err - KipicTi apTTeipy. COHBIMEH,
2016 xbutel FaHa meTengik cryaentrep AKII skoHo-
MuKacbiHa mamameH 39,4 mwnmapa AKII nonmapbia
okenmi. YKiMeTTep KebiHece CTYICHTTEePHiH YTKBIPITbI-
FBIH 0acKa eJiepMeH ThIFbI3 OAMJIAHBIC OpHATY TACL
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perinzie Kapactoipaisl. Mbicanst, AKIII-Tars @ynopait
CTUMEHUSIIBIK, OaraapiaMachl Kbul caiibiH 160-Tan
actam einzie 8000-Fa KybIK, agaMabl Koaganasl [3].

CTyaeHTTIK YTKBIPIBIKTBIH MaHbI3Obl  KO3FAYIIBI
KYIIi-)KYMBIC TOXIpHOECiH any MyMKiHAiri. Mbicasbl,
2011-2014 >xputpapsl YHAICTAH CTYIEHTTEPiHIH CaHBI
Ysioputanusiga mamamer 50% - ra KbICKapabl KoHe
YIIbI0pUTaHusl casicaTbIHIaFbl e3repicTep OKyapl OiTip-
T€HHEH KeHiH JKYMBIC BU3aJapbIH ATy/bl [IEKTETeHHEH
keftin ABcrpamusiga 70%-ra ecrti [4].

Kopest Pecriybmukaceinna 2010-2014 xpuinaps! 1me-
TEJIIK CTYICHTTEp CaHbl 85 MBIHFA KYBIK agaM JIeH-
refiinge Kangpl. 2015 xeutel Kopest ykimeri 2023 xbI-
gra Kapaid 200 MBIH LIETENIIK CTYAEHT alydbl Mak-
car eTil KOH[pI, OyJI CTYISHTTEpP/iH Kbl CAHBIHBIH
5% xypaiasl [S]. Yausepcurertepre XasblKapablk,
rmangap HeMece OarmapiaManap amryFa, aFbUIIIBH
TUTIH OKBITYIbl KEHEHTyre MyMKIiHIK OepeTiH epexe-
Jiep 93ipieH[i, MeTeIiK CTyIeHTTepre CTUICHAUsIap
GeutiHi, OKy/bl OiTipreHHEeH KeWiH )KYMbICKA OpHaacy
MYMKiHAiKTepi keHeltiai. Hotuxecinae 2017 xblibt
Kopesi PecniyGrnukachiHia HIETENIIK CTYICHTTEpP CaHbI
124 mbIara gemid ecri.

4.50%

9.90% |

Aunaiia, Ginim Gepy Keli-KOHBIH/IA KAFbIMChI3 CaJl-
napnap jma 6ap. KebGiHece okyapl asiKTaraHHaH KeWiH
CTYZIeHTTep ILeTesjie Kajlagsl, KYMBICKA OpPHAIACAIBI,
OCBUIAMIIIA, KyTKeHIe KapamacTa, oiap OTaHbIHA OpaJi-
Mail conl ene Kajbin Kosiabl. HoTwxkeciHae, «IoHOp»
eNICpiHiH MEKTeNTepi JaMbIFaH «PElUNACHT» MeMJle-
KeTTepre Kaapiap HaisiHmaiabl. OcbiraH OailyIaHBICTHI
AKII nien ¥npiGpuranus ket 6acrarn typ, onna FOHE-
CKO wmomnimertepi 6otibiHIIa 2017 XbUIbl COMKeCiHIIe
971 MbIH koHe 432 MBbIH IIETEeAiK CTYJEHTTEP OKBIIBI
[4]. Byn typreina kembdacisiiap AKI nen Yei6puta-
Hust Gobin Tadbutasl, onapaa KOHECKO manimertepi
ooibiHma 2017 xblabl corikecinme 971 MblH xoHe 432
MBbIH LIETEJIIK CTYAEHT OitiM ayFaH [6].

AT¥iTa KeTy KepeK, OpajiFaH MATPAHTTap aKbUI-ON/IbIH
arblll KeTYiHiH oCepiH a3alTa anajpl, Oipak oJap cas-
cu Komjayabl Kaxer ereai. Omap yIIiH JuacropajiaH
TaJIAHTTapIbl TapTy VIOiH INBIKKAH eJiiepaiH YKiMerT-
Tepi GepeTiH THICTi bIHTAJIaHIBIPYJIap Kacalybl Kepek.
Msican peringe Onrycrik Kopes: Pecrmy6nmukaceiaga
«OaKBITTB Opaly» OaraapiaMachlH KeaTipyre OoJapl,
OJ1 periaTpUaHTTapblH KOJ1Jay [apaJapblHbIH TYTac Ke-
IIeHiH, COHBIH iLITiH/Ie JaFIbUTAp/Abl OKBITY/IbI )KOHE MaH-
can TypaJibl cepridukarTap 6epyai KapacTsipaast [S].

m O3bexcran

m YHzictan

m Typxwmencran
Peceit

m Monromnua

m Kurraii

m Kripreiscran

m backa ennep

51.10%

1-cyper - Kenren enpep OeuniHicine nmetenik cryaeHTrepnin yieci (2021-2022 oKy KbUIbIH/IA)

HoTu:xesiep meH Taakpuiay. 2021-2022 oKy Xbl-
meiga KP A9K BHC nepexrtepine coiikec Kazakcran-
HBIH XKOFapbl OKY OpbIHAApbIHAA OapibFbl 575,5 MbIH
CTYJEHT OKbIJbI, OHBIH ilriHAe 28,2 MBbIH ajJaM Heme-
ce 4,9%-b1 metengikrep. Canbicteipy yiniH, 2020 xbl-
JIbI MIETENIIK CTYAEHTTEPiH yJieci: ¥ipOpuranusia —
20,2%, Kanagana — 18,2%, ®panmmsina — 9,2% kypa-
JIBL.

Kazakcranra cTymeHTTep KeJeTiH Herisri engep O3-

OekcraH (opOip eKiHII Pe3uJIeHT eMec CTYIEHT), YH-
nicran (opOip Gecinmi crynent), TypikmeHcraH, Peceit
Denepanusicl, Monronus, Kprrait, Kelprpi3cTaH jxoHe
T.0. Gonbin TabbuTaabl. OcChlnaiIa, OTaHIBIK JKOFaphl
6i1iM Heri3iHeH A3Ms eIepiHiH CTyIeHTTepi YIIiH Tap-
TBHIMJIBI JIETeH KOPBITBIHABI XKacayra Gomapl.

2019 sxbuman 2021 xbutra AeiiHri KeseHje ILie-
TEeNIIK CTYIEHTTEePHiH CaHbl MEH YJIeCiHae Tepic Yp-
Jic Gatikananasl, Oy 2020-2021 oky xbuUibiHIa O30eK-
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CTaHHaH CTYACHTTepAiH KYPT KeTyiMeH OailJIaHBICTHL.
ByraH ocep erkeH Herisri ¢akropnapapiH Oipi ©36ek-
CTaHHBIH OTAH[BIK, YHUBEPCUTETTEpPre KOChIMIIA SMTH-
XQHCBI3 aybICY MYMKIHIIriH KAMTaMAacChi3 €TKEH CasCaThI
GOIIBL.

Kahauaplk gamy xarpaiibinga Kazakcran ga kerii-
KOH IpolectepiHe KaTeicagbl. COHbIMEH KaTap, MYH-
Jla KeIlli-KOHHBIH €Ki Typi 6ap: TYpaKThl TypyFa Kellli-

45
40
35
30

20
15
10

2015 2016 2017

KOH dHe 6itim Gepy Keriri-KoHbl. BY ¥ jxaHbHarb Xa-
JeIKapaislk, Kermi-KoH yitbiMel (FAO UN) xone Kaza-
Kcran Pecniyonukace! TIpesusieHTiHiH kaHbHAars Ka-
3aKCTaH/IBIK, CTPATETHSUIBIK 3ePTTeysiep MHCTUTYTh Op-
TaJIbIK, A3Usl eiepiHIeri ChIPTKbI XKacTap Kellli-KOHbI
(paktoprapsra 3epaeneni [7]. Temenaeri quarpaMmmanaH
JKACTAPABIH IIeTesie OONMyablH OacThl Makcarhl OiTiM
anymeH (62,5%) GailyIaHBICTBI EKeHIH KOpe ajlaMbl3.

2018 2019 2020

—a¢— Canpl(MBIH anaM) —m— Yneci (%)

2-cyper - llletenaik CcTyneHTTEpAiH CaHbl MEH YJIECIHIH ANHAMHKACH [6]

BimiM any

HyMmulc KpiameTi

TypaxTel TYpY

3-cyper - JKacrappIH 1metenie 00Ty MakKcaTTapsl (IeTelijie TYPaThIH afaMIap/IblH OHJIAlH-cayaTHaMachl, %)

Cribainac KeMEOPILIK, Gapiblk JeHreineri 00 poKpaTHs,

LIeHeY HIKTePIiH Ka3ack3 AbIFsl MeH swayancels apirsl, MemrexeTTix |G, 5 |

DACKAPYIEIH THIMCI3IIri

En IAMYLIHLIH TEMEH JeHreii, KOraMHRIH apXa3alHATaHy bl XaHe

KaiiTa TpagHIsIaHy bl

MemniHa MeH BiliM canachiHbIH HAlIApIaY bl

Anam kykpikrapsiesH i oy3sny s | 21.3

0 10 20 30 40 50 60

4-cyper - «OTaHBIHBI3/IBI TACTAI KETYre He TYPTKi OOJIBI?» [ereH CypakKa Ka3aKCTaHIbIK, PECIIOHIEHTTEP/IIH eH
KOl TapaFraH kayanTapsl (IeTesiie TypaThiH agaMAApIbH OHJIAIH cayaaHamachl, %)
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Kei-KOHHBIH Heri3ri cebenrepi Tapuxu OTaHbIHA Ke-
Ty, 0TOAChIH OipiKTipy, %koHe T.0. TypakThl TYpyFa KeT-
KEHJIep TYpaJIbl jka30asap/ibl Kellli-KOH KbI3MeTTepi Tip-
Kei[i koHe Kelli-KOHHBIH OCbl TYpi OOHBIHIIA JIypbIC
CTaTUCTUKAIBIK, MaJiMerTep Oap. OnapablH MasiMeT-
Tepi OOMBIHINA, XAIBIKTHIH a3 FaHa Oeiri KOChIMIIa
OiiM any yiniH keryre HueTTi. 2016 KbUTbl ONapIbIH
yJeci KeTKeH asaMarTapAblH kammsl caHbiHaH 0,1%
Kypaapl. 2017 xone 2018 xbuigapsl — 0,2%, 2019 xbi-
el — 0,5% [8].

SDKOHOMUKABIK, (paKTOp/Iap Ja Kelli-KOHHBIH Heri3-
ri cebenTepi 6obin TabbUIambl. OChUIalIa, pecyom-
KaJbIK cayaJlHama HoTwkesepi OoibiHIIa Kaszakcran-
HaH KeJIreH MUTPAHTTap IIeTeNre MIBIFYIbIH Herisri ce-
GernTepiH MbIHaIap [l AaHBIKTAl/IBL: ChIOaRIIac KeMKOp-
JIBIK, XoHe OapiblK aeHreiineri Oiopokparus (51,3%);
K9CiOM CYpPaHBICTHIH KOKTHIFbI, ©31H-631 KYy3ere achpy

- 0.8

0.8

JKOHE MaHcall MepCreKTUBACBIHBIH KOKThIFH (31,3%);
el TaMybIHBIH TeMeH jaeHrewi, apxamsamms (27,5%);
onapnpH OonamareiHbiy Oenricizairi (26,3%); KyMbic-
CBI3IIBIK, ICHICHiHIH JKOFapbl OOJTYybI, QJIEYMETTIK Kelliji-
nikTepaid 6ommaysl (23,8%); MenuiiHa MeH OuTiM ca-
NachlHbIH Hatapinaysl (23,8%) oHe aiaM KYKbIKTapbl-
HbIH xui Oy3butysl (21,3%).

Kammer anFaHma, Tangay KemIi-KOHHBIH Oyl Typi
afTapibIKTall ayKbIMABI KOHE ©CY TCHJICHITUSICHIHA We
eKkeHiH kepceteni. Mpicaisl, 2017 xbuthl 57 MBIH pe-
CEWJIIK CTYIEHT Ierese OiTiM asica, 85 MbIHFA KYbIFbI
Ka3aKCTaHIbIKTap. OTKEH XbUIbl KA3aKCTaHIbIK TYJIEK-
TepAiH 4 maibl3bl METENAIIK KOFapbl OKY OpbIHAApbIHA
TYCTi, onapablH apachiHOa AnmMatel, Kaparaunmsl koHe
Ibirpic Kazakcran oOONMbICTAPbIHAAFHI MEKTEI TYJIEK-
Tepi GachIM.
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5-cyper - Kazakcran KyHABUIBIKTAPBIHBIH ANHAMUKACH! XaJIbIKAPAJIBIK, PEHTHUHT KepceTKimTepi OoiibHIma [14]

[lerennik cTyAEHTTEpiH Ta3a aFbIHBI TYPATbl M-
MerTep OiniM Oepy Kelii-KOHBI MPOOIeMachiHbIH 0ap
exenpirin kepcereni. KOHECKO cratuctuka MHCTUTY-
TBIHBIH COHFBI KOJDKETIMJII JIEpeKTepiHe COUKec eslfieH
IIBIFATHIH CTYACHTTEp CaHBI MIETENIK CTYIEHTTEep ca-
HbIHaH efeyip 6ackim (2020 xbuthl 1metese 90,3 MbIH
Ka3aKCTaHIbIK, CTYJEHT OKBIIIBI).

Ochunaiiia, sKOFapblIa aTaJFaHOap Ka3aKCTaH/BIK
JKOFaphl OLTIMHIH JKepriTiKTI MEKTeN TyJeKTepi YImiH
e, IeTeIiK TyJeKTep YIIiH ae Oacekere Kabinerci3
GOJIBII KAJIBII, «MHUJIBIH aFybl» MPOOIEMACBIH YIIBIKThI-
paTBIHBIH alfFaKTali/Ibl.

Ocbl Typrbiga MemiekeT OaciibiChiHbIH JKoraps
OUTIMHIH KOJDKETIMALTITIH apTTHIPY, COHAal-aK, Kasa-
KcTaHaa Oefiesiii MIeTeIiK KOFapbl OKY OPbIHIAPBIHBIH
(punmangapeid arry OoibIHIIA GacTAMAIIBLIBIK, KacaraH
Hapanapisl icKe achlpy ©3eKTi 6ol oThip. OnapibH

YaKThUIBIFBI MEH THIMILUTIr jKOFaphl OiniM Oepyi vH-
TepHAIIMOHAJIAHBIPYBl KYIIEHTyre FaHa emec, Kac
Ka3aKCTaHbIKTApIBIH KEeWiHHEH OHBIH JIaMybIHa YJiec
KOCa OTBIPHII, €J1 IIETiH/e OKyFa JEreH bIHTACHIHA Ja
acep erefi.

AKaleMUsUTHIK,  YTKBIPJIBIK, OarmapiamackiHa  KP
¥KM kapaxkarsl ’koHe OIOIKETTEH ThIC Kapaxar ecedi-
HEH KATBICKAaH Ka3aKCTaHIBIK OUTIM aTyIIbUIapablH
JKammsl caHbl 12 xpu1 imiage 25 066 aqaMabl Kypapl.
Oceinaima, 12 kbt imiage (2011-2022 xok.) akaae-
MUSUIBIK, YTKBIPJIBIK OOWBIHINA MEMJIEKETTIK OkKeT
eceOiHeH — 7278, OIOIKETTeH THIC Kapaxar eceOiHeH —
17 788 Ka3aKCTaHIBIK CTYICHT OLTiM aJIpl.

2020 xbUIEl TAHAEMUsAFA OaNIaHBICTEl MEMIIEKETTIK
OIoKeT eceOiHeH IIeTeNjie OKUTHIH Ka3aKCTaH/IBIK, CTY-
JEHTTEepIiH CaHBl KYPT TOMeHeN, 33 azamasl Kypabl.
Hereamven 2021 bUTHl ONMapablH caHbl ecir, 2022 xKbI-
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bl Kaltagad 28 ajgamra JieliiH a3aiFaHbiH OaliKaybIMbl-
3ra Gonajsl [7, 6. 18]. Aiita kery kepek, 2022 KbULIbIH
OipiHIII JKapTHLKBUIABIFBIHAA 2292 anam e3 KapakaThl
eceOiHeH IIeTesre KETKEH.

Byt cyperTe KenTipinreH caHABIK AePeKTEePHiH Calbl-
CTBIpPMaJIbl TaJIaybl aKaJeMHSUIBIK YTKBIPIBIK, Oaraap-
JlaMachlHa KATBICKAH KA3aKCTaH/IBIK CTYAEHTTEpP CaHbI-
HBIH apTKaHBIH KOpCeTei.
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MAachl Ka3aKCTaHIBIK XKOFapbl OKY OPbIHIAPBIHBIH MAp-
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CYPaHBICTBI apPTTHIPYFa BIKIIAJ €Te/i.
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7-cypert - BiiM anyisuiapAablH CHIPTKbl MUTPALIUSLIIBIK, aKaJAEMUSIBIK YTKBIPIBIFHL [9]

Heri3ri eki GarbITTaH TYpPAThIH aJlaMU KalUTAIIbIH
ILIETeNre KeTyiH a3aiiTy OOMbIHINA KelleH i apaiapibl
33ipriey KakeT JIe ecenTerMiH.

Bipinmici — Ka3aKCTaHIBIKTAPIBIH HIETEIIIK KOFaphl
OKY OPBIHIAPbl MEH KOJUISIKJIEPIiH TYJIEKTEepiHiH ei-
re OpaJTyblH bIHTATAHBIPY KOHIHIET] Iapaiap KellleHi.
JKyMBICIIeH KaMTy Imapaiapbl )KoHe OJIapiblH ©3iH-e3i

JKY3€ere achIpyHl YIIiH KaKeTTi KaFJai kKacay KoHe dJie-
YMETTIK JudTTep Kypy IIENIyIli pesl aTKapaThlH CH-
SKTHL. ByJ1 MocesieHi Tek Oi1iM jKoHe FhUTBIM KYHEeCiHIH
KYII-KirepiMeH miemy MyMKiH emec. OpTanblK kKoHe
JKEpPrilikTi MeMJIEKEeTTIK OpraHiapiblH YHJIecTipiaren
JKYMBICBI KakeT. Byt perte « Atameken» ¥JITTHIK, Kocim-
KepJiep MajaTackiHbIH J1a YJIECi 30P.
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ExiHiii GarbIT — OTAH/BIK, OLTIMHIH TAPTHIM/IBUTBIFBIH
aptThipy. CoHbIMeH Katap, OyJ1 OaFbiTTa TaNankepiep-
nin oKy yiiH KOO TanmaysIHa ocep eTeTiH Keseci pak-
TOpJIAp MaHbI3bl POJI aTKapajbl: OUTIMHIH KOKETiM-
Jijiri, 6iyiM Oepy OarnapiamasiapbiH TaHAAyAarbl cana
MeH JPTYPIIUTIK, YHUBEPCUTETTIH aKaJIeMHSUTBIK, Oeei,
KapKBUTHIK, KOJIJAy MYMKIHJII1, IOKiPTaKbl, KYMbICKa
OpHAaJaCy MYMKiHAIT1 apKbUIBL.

JKakpiHma KaOpUiganrad bimiM xoHe FRUIBIMOBI Ja-
MBITyabIH 2020-2025 xpuigapra apHaiFaH MeMJIeKeT-
TiK OGaraapiIamMachiHAa OChl (pakTOpsIap €CKEPLIll, OTaH-
JBIK, OUTIM Oepy/IiH canachlH apTThIPY KOHE OHBIH MeK-
TEI TYJIEKTepi YIIiH TapTHIMIBUIBEBIH apTTHIPY TETi-
ri Kapacteipsutrad [10]. Binim 6epy xyiieciH ogaH opi
KETUIAIPY KoHe Korapbl Oinim OepymiH Oocekere Ka-
OieTTiirin apTTeipy MakcateiHga Kazakcran Ykimeri
Typii mapanap kadsuiiayna. Ocbuiaiina, Koc JUIIOM-
Ibl JKQHE IIeTeNuik Oeneni yHuBepcuterTepMeH Oip-
JiecKeH OimiM Oepy OargapiaMaiapblH OfIaH dpi JaMbl-
Ty XaJbIKApaJbIK CTAaHIAPTTAPIbl €HTI3y apKBUIBI Ka3a-
KCTaH[bIK, Oi1iM Oepy carnachlH apTThIPyFa KOMEKTECe/Ii.
Ocpunaiiia, 2020 oKy XbUIBIH/IA KA3aKCTAH/BIK, )KOFa-
Pbl OKY OpBbIHJIApHI HIETEJIIK CEPIKTEC YHUBEPCUTETTEP-
MeH Oipiecin 585 GipreckeH xoHe 343 KOC TUIIOMIBIK,
6itiM Gepy GarmapiaMachH xky3ere acoipas [11].

2023 xbUTBI HbIFasI TYCETiH TaFbl 6ip TeHaeHnms — Ka-
3aKCTaHAA MIETENIK KOFaphl OKY OPBIHIAPBIHBIH (PYITH-
ANJapbIH ally KoHe OTAHIBIK KOHE IIETENIiK YHUBEp-
CHTETTep apachlHAA CepikTecTik opHaTy. [Ipe3nmeHTTiH
THICTi TariCHIPMAChIHAH KEeHiH eNjie KEeTeKIli IeTeIiK
YHUBEpCUTETTEePiH (puiangapbiH anyasH Ko kap-
Tackl J1a OGOJNJIBI, TeK COHFHI Oip aima OUTiM HapPBHIFBIH-
Jia Tarbl exi TyJira — Peceil xoHe ¥IIbIOpUTAHMS TEXHU-
KaJIbIK, YHUBEPCUTETTEPiHIH (PrIMANgaphl Maiaa Oommbl
[12]. TokaeB aTan eTKeHIEH, TEXHUKAJIBIK, OarbITKa Oa-
CHIMJIBIK, Oepiye — Oubll «Bonarak» Garmapaamacht
OOUBIHINIA Kapiap Aasipiiay/iblH KaHAPTHUFAH Ti3iMiHe
PecetiniH TeXHUKAIBIK, YHUBepcUTETTepi Kipai. JKammer
tizimre anemHiH 30-ra xybik eineH 200-1eH actam Ge-
JeJIi YHUBEPCUTETTED Kipei.

JKanmsr, conrs! xbpUIIapsl Kasakcranra OipHerre iie-
TEJIIK YHWBEPCUTETTep €Hi, coHbH imiHme Kasza-
Kcrangarsl [le Moudopr yHuBepcureri (¥abiOpura-
Husi), Apuzona ynusepcureri (M. KosbiOaeB aTbiH-
narel CKY 06a3achiHza amibUIIbI) JKOHE CTPATETHSUTBIK,
CEepIKTECTIKTI Xy3ere achlpaTblH ApH30Ha MeMJIEKEeT-
Tik yHuBepcuteTi (AMY, AKII). Anvarsr Menemx-
MeHT yHuBepcuteTiMeH (Anmay, Kazakcran). Ileren-
JiK YHUBEPCHUTETTiH (DMIMAJIbIH ally HeMece OHbIMEH
CTpaTerusUibIK, cepikTecTik Kaszakcranmarsl akajgemu-
SUTBIK, YTKBIPJIBIKTBIH ISCTYPJIi TYpPiHEH adTapiIbIKTail

epekIlieieHeTiHiH Oiny MaHp3b! [13].

MaceneH, 120-naH actaMm Ka3aKCTaH[IBIK, )KOFapbl OKY
OpBIHAAPHIHBIH 40-Ka JKYBIFbI COHFBI KBUIIAPHI «KOC M-
TUIOM» OaFJapiaManapblH amThl. Ic xy3iHme Koc ou-
TUIOMIbI OGarapiiaMaapyisl icke achblpy KMbIHBIPAK, OyJI
pecypcTapibl, COHBIH ilITHIE [IeTeNiK YHUBEPCUTET Ta-
pamblHaH Ja Tanan ereni. KasakcraHaa 1iblH MoHiHAE
iCKe aCHIpbUFaH KOHE JKYMBIC icTel TypFaH KOC M-
oM OaFapiaManapsl OHFa XYyHIK. Kazakcranma oky-
JIbIH KOCBIMIIIA apTHIKIIBUIBIKTAPBIHBIH Oipi, erep «Koc
JMIUIOM» OarJapiaMaliapbl TypaJsibl alTaThiH OOJCaK,
KApKbIHBI YHEMJIEY OOJBIT TaObLUIa bl YH/IE OKY, 9fIeT-
Te, ap3aHblpaK. COHJIBIKTaH «KOC JUIUIOM» (hOpMaThI
GapraH caiiblH TaHBIMAJI 0OJ1a OacTaraHbl TAHKATIAPIIBIK,
emec. TinTi oFaH KyMoHMeH KapalThIHAAP Ja OHBIH IITbI-
HBIMEH JKYMBIC ICTEHTiHiH )oHe KOITereH apTHIKIIbLIbI-
KTapbl 0ap eKeHiH MOWBbIHIAWIbI. ANUTIAKIIBI, MyHIal
toxipubeni Kpiraii, Manavzus, Karap xoHe IMipiik-
Tep OypbIHHAH KOJIaHbI Keyeni. Kazipri anemae «kxoc
JVTIIOM» (DOPMATHI TEK KePTLTIKTI CTYAEHTTep YIIIiH Fa-
Ha eMec, COHBIMEH Kartap, IIETeJIiK CTyIeHTTep YIIiH
JIe TAaHBIMAJT )KoHe KOJDKETIM/Ii OOJBII KeJlesi.

Korapbl Oimim Oepy KypbUIbIMApbIH/A CalaHbl
Oakbliay/aH caraHbl KAMTaMAacChI3 Ty KyHeciHe Ke3eH-
Ke3eHIMEH Kellly Ky3ere achlpbuiabl. KazakcTaHHBIH
Bonon npouieciHe KartbiCybl OTaHIBIK, OiiM Oepy cara-
ChIH €ypONaJIbIK CTaHAAPTTAPFa COUKECTEHAIpyre MyM-
Kinaik Oepai. OubiH 6ip KepiHici [JurioMra KOChIMIIA-
Hbl 6epy (Diploma Supplement). Conrbl 3 KbL1aa €ypo-
NAJIBIK TUTUIOMFa KOCHIMITIAHBI Oepy KarIaibl alTapibl-
KTail kaKcap/sl.

2017-2019 xbuipapnl [Juminomra kockiMiia Kaza-
KcraH PecriyOnukachiHbIH 29 jKOFaphl OKY OpHBIHIA Fa-
Ha Gepinren. 2020 xpurian 6acran Kazakcran Peciy6-
nKacel Bistim jkoHe FRUTBIM MUHHUCTPIHIH apHafbI Oyii-
peirbiMeH KazakcTaHHBIH OapiiblK, KOFApbl OKY OPBIH-
JApbIHBIH OaKaJIaBpUaT )oHEe MarucTparypa aeHreinepi
Gitipymiiiepre Eyponaisik JUIMIOMFa KOCHIMIIIAHBI (1~
TJIOMFa KOChIMIIIA) TETiH, aFbUIIIBIH TUTiH/IE KOHE aBTO-
MArtTHl TypIe Oepe/i.

Macenen, 2022 xbiinan Oacran KazakcraHHsH 6ap-
JIBIK, YHUBEPCUTETTEPI CTYASHTTEPiH OTIHIIT OOUBIHIIIA
Hurnnomra Koceimina Gepeni. 2022 sxputel 102 KOO-
Fa JKYPri3iireH MOHUTOPHUHT HOTHXKeNepi OofibiHIIa [u-
TUIOMFa KOCHIMIIIAHBI aJlyFa TijlleK OUIIipreH TyJeKTep-
niH caubl 57 JKOO-HbIH 56%-bH Kypajbl. Ajaina Oy
KOCBIMIIIaHBIH CypaHbic OOMbIHIIA OepijieTiHiH eckepe
OTBIPBII, 613 GapJIBIK, )KOFapbl OKY OpbIHAAapbIHA [{iriom
KOCBIMIIIACKIMEH KaTaH TYpie AUIUIOM Oepyre MiHAeT-
TEeyHi AYPHIC JIeTl CAaHAWMBI3.
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B IunnoMra KoceMIIack!
fap TynekTep

B IumnoMra KoCEMIIacE s
BiTipyiwinep

8-cyper - 2022 xbuU1 OOMBIHINA TUMJIOMFa KOChIMITIaHbI KaObuimaran KOO yieci, % [15]

Bi3niy ofibIMBI3IIA, OYJT 1a OTAH/BIK, JKOHE IETEeIIiK
CTYIEHTTEpHI Ka3aKCTaH/IBIK, KOFaphl OKY OpbIHAAPHIHA
TAPTYFa KOCBIMIIIA bIHTATAHABIPY OOJIaIbL.

KopeIThiaabl. Kammel, 3epTrey Keeci KOPBITHIH-
JBUTApIBI Kacayra MyMKIHIIK Oeppi:

BipiHmizeH, 6i1iM Kelmi-KOHbI KeITereH 3aMaHayu
MeMJIeKeTTepyie OOJBII KaTKaH kKahaHIBIK e3repicTep-
IiH HoTWXKeci Ooublll TaObUIaAbl. BimiM  KeImi-KOHBL
JKanmnbl Korapel OimiM Oepy kyieciHiH, OimriM Oepy
YUBIMJIAPBIHBIH, TPO(ECCOPIBIK-OKBITYILBUIBIK KYpaM-
HBIH xoHe atan aitkanaa KOO TynektepiHiH 6acekere
KaOLIETTUIIriH apTTBIpyFa MYMKIH/IIK Oepei.

Kazakcrangarel OiTiM Kelli-KOHBIHBIH OH HOTHKE-
JIepiHe MbIHAJIap JKaTajbl:

e OiiM Oepy Kellli-KOHBI €1 YIIiH Oi1iM Oepy Kbi3MeT-
TEpiH JKCHOpTTay KO3l Ooia anamsl, OyJ1 KipicTi apt-
THIpYFa koHe OLTiM Oepyjie jKaHa KYMBIC OpbIHIAPbIH
KypyFa acep eTeli;

e OlriM Gepy Kellri-KOHbI MOJIEHH KAIUTAI/IbI JAMBITYFa
JKOHE eJJIiH XaJIbIKAPATBIK, TJAHKBIH apTThIPYFa bIKMAI
ereqi;

¢ Boc jKyMBIC OpPBIHIAPBIH TONTHIPA/IbI, SIFHU XKiOepyIi
eJijiep YITTHIK, KOMIIaHUsIap MEH MeKeMeiepie MaHbl-
31bl OpbIH/IAPFa Ue 0OJia aaThiH HIETeNIiK OiiMi OGap
a3zaMarTapblH KalTapylaH rnaijia Kepe anajsl.

 XasblkapaislK OaiIaHbICTap OpHATY/A YJIECi 30p, Iiie-
TeJIZIe OKUTBIH CTYASHTTEpP XaJIbIKApaJIbIK, KaTbIHACTAP

MeH eJIJiep apachiHIarbl BIHTHIMAKTACTHIK, YIIIiH KOIip
0oJ1a ayiajpl.

* JKaHa ujesiap MeH TEXHOJIOTUSUIAPIbIH JaMYbI: IIie-
TEJIIK CTyICHTTEep WHHOBAIIAP MEH FBUIBIMU 3€pT-
TeylepiH JamyblHa BIKIAJ €TeTiH KaHa uiesvIap,
61J1iM MEH TEXHOJIOTHsLIAp SKeJle ayiapl.

ExiHtmizen, Oi1iM Kelli-KOHBIHA dcep eTKeH (paKkTop-
JIap/IbIH Oipi KAl QIEYMETTIK CalaHbl a, OHBIH ilIiH-
Je Oi1iM Oepy callachlH J1a KapKblIaHIbIPyFa 9cep eTKeH
9KOHOMUKAJBIK Jarfapbic Oonasl. Byn kem skarmaiina
6iJ1iM camnachlHa, KCiOM Kajpiap CaHbIHBIH KbICKapybl-
Ha, eJiH MaTepHaJIIbIK-TEXHUKAJBIK, 0a3achlH KapiKbl-
JIaHABIPYFa acep eTTi.

Ywinminen, Kazakcran PecryOnukachiHIaFbl O11iM
K6IIIi-KOHBIHBIH epeKIIIeNiTi )KOFaphl TaMbIFaH eJaepre
JApbIHABI FAIBIMIAp MEH MaMaHAApIbIH KeTyi OOJBII
TaObLIAbI. ATall alTaThiH OOJICAK, Tepic caylapblHA TO-
MEeH/IETiIep/ii JKaTKbI3CcaK, Ooabl:

o JlapbiH/bl KaJpaap/biH KOFalybl: OutiM Oepy Kelli-
KOHBI OiliM Oepyai asKTaraHHAH KeiiH merenie Ka-
JIyFa IIIeNIiM KaObUIIaraH KOFapbl OUTIKTI MaMaHIap
MEH KaJpJIap/IblH KOFaTyblHa oKelyi 90JjeH MYyMKiH.

* XaJbIKapaJiblK CTYISHTTEPAIH KOl O0Tybl JIeyMETTiK-
MOJIEHU KUBIHBIKTAPFA, COHBIH iTiHAE TiMAIK Keaepri
MEH MoJIEHH aiibIpMaIlIbUIBIKTAPFa 9KEeMyl MYMKiH.

e JlapbIH/IBI )KacTap/blH LIETeNre KeTyi esiiH 9KOHOMU-
KaJIbIK, JJaMybIHa Kepi ocep eTyi MyMKiH.
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CUTYAIIMA B BAHKOBCKOM CEKTOPE POCCHHA B YCJIOBUX POCTA
HEONIPEAEJIEHHOCTHU HA PTHAHCOBOM PBIHKE

ITapycumosa H.H.
OpeHOypreKuil rOCyAapCTBEHHBIN YHUBEPCUTET,
I' .Open0ypr, Poccus

e-mail: parusimni @mail.ru

CoBpeMeHHbIE BHI30BHI, BBI3BAHHbIE BHEITHUMH ¥ BHYTPEHHIUMH (PaKTOpaMH CO CTOPOHBI SKOHOMUKH YCHIMBa-
10T POCT HEONpeeNeHHOCTH Ha (PMHAHCOBOM pbiHKe Poccum. [laHHBIE BBI3OBBI M OTIPEAECTMIIA HEOOXOANMOCTD B
W3YYEHHUH CUTYALIUI ¥ TEHOEHLI B GaHKOBCKOM JieJie Poccryt Ha COBpeMEHHOM 3Tarie B YCIOBHSX HEOOXOOUMOCTH
riepexoyia K HOBbIM IM(POBBIM TEXHOJIOTHSIM B OOJIACTH MACCHBHBIX M aKTUBHBIX orepaiinii 6aHkoB. OTMevaercs,
HEOOXOAMMOCTD JasbHEHIIel TpaHcdopMaIy GaHKOBCKUX MPOAYKTOB, BHICTPAaBaHUsI HOBBIX OTHOIIIEHHUH OaHKa
C KJINEHTaMH, CTUMYJIMPOBAHMSI POCTa KalMTaIN3alnK OaHKOBCKOTO CEKTOPa SKOHOMUKH.

OGOCHOBBIBAIOTCS TPEUIOKESHHUS O MOBBIIICHAI) UHBECTUIIMOHHON aKTUBHOCTH PA3JIMYHBIX POCCHHACKHMX OaH-
KOB, KOTOpast MOXET CTaTh KaTaIU3aTOPOM POCTa PeajibHOrO CEKTOpa SKOHOMUKH. BrIcTparBaHre HOBBIX OTHOIILIE-
HU ¢ KJIMEHTaMH, TIPUBOIUT K HEOOXOIMMOCTH JabHEHIen TpaHcdopMariuy 6aHKOBCKOTO JIeNa U K TIepexony
K HOBBIM MeTofiaM paboThl, KOTOPBIE COIPOBOXIAIOTCS HOBBIMHU MTPOTUBOPEUHSIMU B OTHOIIEHHUAX OaHKa C K-
€HTOM, HOBBIMHU BbI30BaMH TPAIUIIMOHHBIM OTHOIIEHUSIM U TPAAUIIMOHHBIM OM3Hec-Moiessam. [pu 3ToM nepexos
K HOBBIM (DOpMaM OTHOIIEHHI OaHKa ¢ KJIMEHTaMHU JOJUKEH OBITh IJIaBHBIM U AU hepeHIIMPOBaHHBIM 0e3 pe3-
KMX U3MEHEHUH. AHAJIM3 CUTyallui Ha OAHKOBCKOM PhIHKE TOKa3bIBAET, YTO B COBPEMEHHBIX YCIIOBUSX BO3HHKJIA
MOTPeOHOCTH B pa3padOTKe eJMHON CTpaTeruu, KoTopas odecredrT 3(h(PeKTUBHYIO KOOPIMHAIIUIO YCHIIUNA pa3iiid-
HBIX BEIOMCTB, 3aKOHOJATEIbHBIX OPraHOB U JIPYTHX YYACTHUKOB OAHKOBCKOTO PBIHKA, OTPEIETUT ONTUMATIBHOE
pacnpenesieHre OTBETCTBEHHOCTH ¥ 00BbEMOB 3aJa4 MEKIy Pa3IMIHBIMH CTPYKTYpPaMH, IIEHTPOM U pErrOHAMU,
MEX]y pa3IMIHbIMU OaHKAMHU.

KuroueBble ciioBa: GaHKOBCKUI CEKTOp, OaHKHU, OAHKOBCKUI OM3HEC, (PPOBOI GAHKUHT.

PECEN BAHK CEKTOPBIHJAFBI KAF AN KAPKbI HAPBIFBIHIATBI OCIIT
KEJIE JKATKAH BEJTICI3IIK JKAFJAVIBIHJIA
ITapycumosa H.H.
OpbIHOOp MeMJIeKeTTiK yHUBepcuTeTi, OpbiHOOD K., Peceit

e-mail: parusimni @mail.ru

SKOHOMUKAHBIH CHIPTKBI KoHE ilIKi (hakToprapblHaH TYBIHAAFaH 3aMaHayM ChIH-Kateprep Peceill Kapkbl Ha-
PBIFBIHAAFH OCNTiCI3OIKTIH OCYiH KyleiTei. By chiH-KaTepliep MacchBTi koHe OeiceH i OAHKTIK oreparysuiap
CaJIaChIH/IAFbl sKaHa HUQPIIBIK, TEXHOIOTUSIIAPFA KOIITy KAKETTUTIr TYPFBICHIHAH Ka3ipri Ke3eH eri peceinik GaHk-
Teri JKargad MeH TeHASHLUIAP/IB! 3epTTey KAXKETTUIITIH aHbIKTagpl. BaHK eHimMzepiH ofaH opi TpaHchopmarus-
Jiay, OaHKTIH KJIMEHTTEPMEH jkKaHa KaThIHACTAPBIH KYPY, SKOHOMHUKAHBIH OAHK CEKTOPBIH KalMTAJJaHbIPYIbIH
OCyiH BIHTAJAHABIPY KaKeTTiIri 6ap. Makasna/ia SKOHOMUKaHBIH HaKThl CEKTOPBIHBIH ©CYiHe KaTaju3arop Oosa
aJaThIH 9PTYPIi peceilik OAHKTepIiH WHBECTUIMSUIBIK, OSJICEHIUTIIH apTThIPy OOMBIHINA YCHIHBICTAP HETi3/iel-
reH. KimeHTTepMeH kaHa KapbIM-KaThIHAC OPHATY OaHK iCiH OfIaH opi e3repTy koHe DaHKTiH KIMEHTIeH KaphiM-
KAThIHACHIH/IAFbI JKaHA KAWIIBUIBIKTAPMEH, IOCTYPJIi KAThIHACTAP MEH JOCTYPIli OM3HeC-MojiesIbiepre KaHa ChIH-
KaTepJiepMeH Katap KYPETiH jKaHa JKYMBIC 9iCTepiHe Koy KaxeTTuririHe okenemi. CoHbIMEH KaTap, OaHKTIH
KJIMEHTTepMEH KapbIM-KaThIHACHIHBIH XaHa (hopMasiapbiHa Kely TyOereiii e3repiccis Teric koHe capajianraH 00-
JIybl KepeK. BaHK HaphIFBIHIAFBI XKaFIAN/IBl TAJIAY Ka3ipri kKaraaiia opTypili BeIOMCTBOIAPBIH, 3aH IIBFAPYIIbI
OpraHjap/blH jkoHe OAHK HAPBIFBIHBIH 0ACKA [a KATHICYIIBLIAPHIHBIH KYII-KIrepiH THIM/I YIIeCTipyai KaMTama-
CBI3 €TeTIiH, 9pPTYPJIi KYpPhUIBIMAAD, OPTAJIBIK, JKoHE aliMaKTap apachiHIa, 9pTYpii OaHKTep apachlHIa MiHAETTEp
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MeH MiHIETTep/IiH OHTAIbl OOTiHYiH AaHBIKTAUTBIH OipbIHFAN CTpATErHsIHbI 33ipiiey KaXeTTiliri 6ap eKeHiH Kep-
ceTel.

Tyiiinai ce3aep: 6aHK ceKTopbl, OaHKTep, 6aHK Ou3HECH, I PIBIK OAHKUHT.

THE SITUATION IN THE RUSSIAN BANKING SECTOR IN THE CONTEXT OF
GROWING UNCERTAINTY IN THE FINANCIAL MARKET

Parusimova N.L
Orenburg State University , Orenburg, Russia

e-mail: parusimni @mail.ru

Modern challenges caused by external and internal factors on the part of the economy increase the growth of
uncertainty in the Russian financial market. These challenges have determined the need to study the situations and
trends in Russian banking at the present stage in the context of the need to transition to new digital technologies
in the field of passive and active banking operations. It is noted that there is a need for further transformation
of banking products, building new bank relationships with customers, stimulating the growth of capitalization
of the banking sector of the Economy. The paper substantiates proposals to increase the investment activity of
various Russian banks, which can become a catalyst for the growth of the real sector of the Economy. Building
new relationships with clients leads to the need for further transformation of banking and the transition to new
working methods, which are accompanied by new contradictions in the bank's relationship with the client, new
challenges to traditional relationships and traditional business models. At the same time, the transition to new
forms of the bank's relations with customers should be smooth and differentiated without drastic changes. An
analysis of the situation on the banking market shows that in modern conditions there is a need to develop a
unified strategy that will ensure effective coordination of the efforts of various departments, legislative bodies
and other participants in the banking market, determine the optimal distribution of responsibilities and tasks

between different structures, the center and regions, between different banks.

Keywords: banking sector, banks, banking business, digital banking.

Brenenune. Ha Temy ananmuza cOBpeMEHHOTO COCTOSI-
HUs1 GAHKOBCKOTO OM3HECA B YCIIOBUSIX POCTa HEOIIpesie-
JIEHHOCTH, 3HAYMTEJILHOTO Ma/IeHH s CIIPOCca U CHYKEHU ST
JIeJIOBOY aKTUBHOCTH CYIIIECTBYET MHOXECTBO paboT [1-
6]. B HuX wuccreayioTcst myTH OOecredeHus JOCTyra
K KpEeIMUTOBAaHMIO OTpacjei, KOTOpble CTaHyT JpaiiBe-
pamu 3KOHOMHUYeckoro pocra. OOCyKIalTcs BOIPO-
cbl 1M¢POBOro OaHKWHTa, MHBECTUIIMOHHON IpUBIIE-
KaTeJIBHOCTH, KOHKYPEHTOCIIOCOOHOCTH, KaruTalu3a-
1 GaHKOBCKOTO CEKTOPa 9KOHOMHKH B COBPEMEHHBIX
ycnoBusX. 110 MHEHHMIO POCCHICKMX YYEHBIX Ha CHUTY-
anuio B 6aHKOBCKOM OW3HECE MOBJIMSUIM: SKOHOMHYE-
CKHWH KPHU3HUC, aHJEeMUs], NaJeHHUe JI0XOIOB, BOJIATHIIb-
HOCTb BJIIOT, OrpaHUYEeHNs B OM3HECe, AMHAMUKA ITPo-
LIEHTHOH CTaBKH, Nepexoyl K U POBBIM TEXHOJIOTUSM.

Brenpenne nnudpoBbIX TEXHOJIOTHIA BBI3BAJI CIIPOC HAa
JVCTaHIIMOHHOE OOCITy’KMBaHUE, Ha pa3pabOTKy HOBBIX
L(PPOBBIX CEPBHUCOB U HOBBIX KOMIIIEKCHBIX MTPOMYK-
TOB, Ha MOJEPHU3ALIMIO OTHOLIEHUH OaHKa C MOTEeHIIU-
aJbHBIMU KJIMEHTaMHU.

3nech Takke HY)KHO PacCMOTPETh BIUSIHHE (pakTopa
HEOIpe/IeJIeHHOCT! Ha Pa3BUTHE OaHKOBCKOTO CEKTOpa
He Toibko Poceun u apyrux rocymapers CHI'. B mo-

cliefiHee BpeMsl Takke MHOXKECTBO TPY/IOB YUEHBIX IO-
CBSINICHO MPOOJieMe POCTa HEOIPE/ICICHHOCTH Ha (pu-
HAHCOBBIX PBIHKAX, XOTS B KaXJOH CTpaHe 3TO BIHs-
HIEe WMeeT CBOM HallMOHATbHBIE OCOOEHHOCTH, KOTO-
pbIe OIpEeIeIIAIOT YPOBEHb M KA4eCTBO IMPEHOCTaBIIsie-
MbIX OAHKOBCKHX YCJIyT, OTIepalvii ¥ MPOYKTOB B 3aBH-
CHMOCTH OT Pa3BUTOCTH MX OaHKOBCKOTO pbiHKA. OiHOM
U3 TaKUX padoT, 3aCTyKHUBAOIIUX BHUMAaHHE SIBJISCT-
cs1 MOHOTpachusl Ka3axCTaHCKOTO yYEeHOro, 11.3.H., Tpo-
(peccopa Cagpokacopoit K.JK. mox nHazBanuem «Bmusi-
HUE POCTa HEOIPeJeIeHHOCTH Ha pa3BUTHE OAHKOBCKOM
nesTeabHOCTH B KazaxcraHe: Teopusi M IPaKTHUKa», Ie
JiaH OOJIBIION aHAJIU3 BIUSHUK (haKTOpa HeorpeesieH-
HOCTH Ha pa3BUTHE OAHKOB BTOPOTO YPOBHSI B COBpe-
MEHHBIX YCIIOBHSIX.

B uactHOCTHM, aBTOp CIpaBeUIMBO OTMEYaeT, 4YTO
«BOITPOCHI Pa3BUTHsI OAHKOBCKOH IESITENIBHOCTH B YCJIO-
BUSIX POCTa HEONPEETEHHOCTH MPHOOPETalnT 0cobyio
aKTYaJIbHOCTb, TaK KaK JesATebHOCTh OAHKOB JOJDKHA
OBITh HallpaBJieHa Ha yIpaBJeHUEe U MPeJOTBpAILEHUE,
Y CHIKEHHUE NIOCIIeACTBUIN BO3MOXKHBIX M HETIPE/IBUJIEH-
HBIX PUCKOB ITPY BHITIOJIHEHNH PA3INYHBIX OAHKOBCKUX
olepaLyi ¥ ycIyr 1 odecriedyeHre SKOHOMIYECKoH Oe3-
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OIACHOCTHU, (PMHAHCOBOU YCTOMYMBOCTH M CTAOMJIbHO-
cTi. BaXXHOCTh NPUHATHS yIIPaBIeHUECKUX PEIICHNH B
obnacti (PMHAHCOBOH, OaHKOBCKOW, KOMMEPYECKOW U
HpeIPUHAMATENBCKON JEsATENBHOCTH, a TAKKE IPYTUX
BUJIOB JIEATEJIPHOCTH 3aKJII0YaeTcss B HEOOXOAMMOCTH
YUMTHIBATh BIMSIHUE HEOITpe/IeTIEHHBIX (DaKTOPOB M pac-
CMaTpUBaTh BCE BO3MOXKHbIE ITOCIEICTBIS aJIbTEPHATHB
BbIOOpA. [lesATenbHOCTh OaHKOB, SIBJISISICh YaCThIO 9KOHO-
MHUECKHMX OTHOLIECHH, onpeensercs e€ CoaepKaHueM
W CTENeHBI0 Pa3BUTOCTH TOBAPHO-IEHEXHbBIX OTHOIIE-
Huil. YeM Bblllle YPOBEHDb ITUX OTHOIIEHUIA, TEM Pa3HO-
oOpa3Hee M coziepkaTesIbHee CTaHOBUTCSI OaHKOBCKAs
JeATENBHOCT, HAXOASIIAsACS Ha COBPEMEHHOM 3Tare
TOJ], BJIMSIHUEM TOJMTUYECKUX (PAKTOPOB, TOCIIONCTBY-
IolIel UIEOOTMH, MOJIEST SKOHOMHUYECKOTO Pa3BUTHA,
TIPUHATOM B 00IIECTBE, YTO (pOpMHpPYeET cpesly Heompe-
nenénHoctH | 8,¢.9].

MatepuaJunl 1 MmeToabl. Psan yuénsix crpan CHI'
n PK yTBepkJatoT, 4yTo COBpeMEHHbIE KPU3KCHBIC SIB-
JIeHVsI B 9KOHOMUKE U (PMHAHCOBOM chepe AeMOHCTPH-
PYIOT HECTIOCOOHOCTb TOCTIOACTBYIOIIMX TEOPETUUECKHUX
HIOCTPOEHUIA JIaTh OTBETHI HA HOBBIE TPEOOBAHMS KU3-
Hu. HenpenckasyemocTs caMuX (PMHAHCOBBIX KPH3H-
COB, C/IBUT'OB B IIEHOOOpa30BaHMM (Harpumep, Ha Hed-
TENPOIYKTH), HECTIOCOOHOCTh HAWTW MyTH PpElICHUs
[I00AJIBHBIX TTPOOJIEM YeloBevecTBa (Harpumep, cou-
KeHHEe YPOBHEW pa3BUTHsI OOraTbix U OEHbIX CTpaH) U
MHOTHE Jpyrue Hepel€HHble POOIeMbl — SIPKUE CBH-
JeTebCTBA pa3pblBa MEXAY TeOpUel U MpakTUkou [11,
c. 33]. Bee 310 00ycnaBiIMBaeT HEOOXOIUMOCTh HCCIie-
J0BaTh JaJbHElIIee pa3sBUTHE OAHKOBCKON JIesITeTbHO-
CTU B YCJIOBUSIX pOCTa HeonpeneaeéHHocTH. [loatomy ru-
10Te3a UCCNeOBaHUsI Oa3upyeTcsl Ha MPeIIIONOKeHHH,
YTO POCT HEONPEEJEHHOCTH OKa3bIBAET CYIIECTBEHHOE
BJIMSIHHAE Ha YCTOMYMBOE pa3BUTHE OAHKOBCKOTO CEKTO-
pa kak B Poccun, Tak u crpanax CHI'.

Il 3Toro OBUTM UCIIONB30BaHbI CIEAYIONIIE METO-
IbL: TUAJIEKTUYECKUA MeTol, aOCTPaKTHO-JIOTUIeCKIN
METOJI, METO/Ibl CPABHEHN S, HAYYHBIN aHAIN3 TIEPBOVC-
TOYHHKOB, PACKPHIBAIOIIMX CYIIIHOCTh TEOPUH HEoIpe-
JIEJICHHOCTH Ha Pa3HbIX Tanax pa3BUTHs SKOHOMUKH.

JI71s1 3TOro HEeOOXOOUMO BBISICHUTh OCHOBHBIE IOJIO-
KeHus Teopun HeonpeneneHHocTy. [losBaeHre Teopun
HEOIPeeIEHHOCTU CTAI0 Ba’KHBIM HOBIIECTBOM B Ha-
yke. OCHOBOITOIOXKHUKAMH JIAHHOW TEOPUU CUATASTCS
Pruyapn KaHTWIIBOH — MPIIaHICKMA SKOHOMHUCT M KOM-
MepcanT (1680-1734), a Takxe HeMenKuiA yIE€HbIA Tio-
Hed U. (1783-1850). 3acnyra nepBoro 3akiodaeTcs B
TOM, YTO OH TEPBBIM BBEN TOHSTHE «IIPEANPUHUMA-
TEJICTBOY, a MPENPUHUMATEILCKHN JIOXOJ] pACCMAaTPH-
BaJ KaK IUIaTy 3a YCIEIIHOCTh B YCJIOBUSX Heompene-

néxHocty. TioHeH /. BriepBble pa3iesul OHATHE PUCKa
Ha [TpeICKa3yeMBblil 1 HETTPEe/ICKa3yeMblid ¥ CBSA3AJ I0XON
NpeIpuHUMATENEN C HETPEACKa3yeMbIM PUCKOM.

HauGorpias 3aciyra B pasBUTHM TEOPUH Heolpe-
JEIEHHOCTH MPUHAIJIEKUT aMEPUKAHCKOMY YYEHOMY-
skoHomHcTy Ppanky XaiiHemany Haiity (1895-1973),
KOTOpBIA B CBOEH 3HaMeHUTOU padorte «Puck, Heorpe-
JeJIEHHOCTP U TIPUOBbLTL», M3MaHHOH B 1921 romy Takxke
BBIJICJIVJT IBA BHJA PUCKA — MPEACKA3yeMBbIi U HEMpen-
ckasyembiit [19]. Ilpu 3TOM J0XOn MpeAnpUHUMATENSA
OH yBsI3aJ1 IMEHHO C HeTIpeAcKa3yeMbIM puckoM. I1o ero
MHEHUIO, TPEICKa3yeMBblil PHCK — 3TO IPOCYNTHIBAEMbIN
PHUCK, KOTIa BEPOSITHOCTh HEYJauu TOAJAETCS OLIEHKE
Y CTPAXOBaHMIO U €€ TMOCNIeCTBUSI MOXHO PacCUMTaTh.
HeorpenenéHHOCTB — 3TO HENpeACKa3yeMBblIil PUCK B CO-
CTOSTHUH TOJIHOTO OTCYTCTBUS MH(OPMALIU O BO3MOXK-
HOM OyJIyIlleM ¥ 9TOT PUCK He MOXeT ObITh 3apaHee 3a-
crpaxoBaHHBIM. [1o ero MHEeHHIO, TPUOBLIb ITPEIIPUHI-
Maress ecTh IJIaTa MMEHHO 3a JefCTBUS peIipruHAMa-
TeJIsl B YCJIOBHUSX HEONPEAEIEHHOCTH.

Hano ormeruts, uto teopust Haiita ®. Obuta mep-
BOM B paMKaX HEOKJIACCHUECKOTO HAaIIPaBJIEHHsI, TaK KaK
OH BIIEPBBIE BBE MOHATHUS HEONPEIeIEHHOCTH, MH(OP-
MAlIOHHOTO BaKyyMa M HEpallMOHAJIbHOTO MOBEACHUS
KOHOMMYECKHUX areHToB. Takske cuiTaercs, 4To OH Clie-
Jla]l clieqylollye OTKPHITHS B HayKe — IPOBEN pasjie-
JIEHWE MEeXJy CTPaxyeMbIMH PHCKaMH M HECTPaxyeMou
HEOIPe/IeTIEHHOCThI0. A caMy HecTpaxyemylo Heorpe-
JeJIEHHOCTD CBSA3AJ C OBICTPHIMU SKOHOMHUYECKMMH Ie-
peMeHaMu. AMEPUKAHCKUIA SKOHOMUCT TIOJIOKUIT Hava-
JIO U3YYEHHUIO PUCKOB B KOHTEKCTE COBEPIIEHHON KOH-
KypeHumH. CorlacHO ero padoTam, COBEpIIEHHas! KOH-
KyPEHLI, TIPY KOTOPO! M3BECTHBI BCE YCIIOBHSI PHIHKA,
a TaKxe JOCTyIHa HH(pOopMaLHs 000 BCEX ero yJyacTHHU-
Kax, B YUCTOM BHJIE CYIIIECTBYIOT TOJIBKO B TEOPUH, HA
MPaKTHKE CYIIECTBYIOT pa3idyHble (DaKTOPHI Heonpee-
JNEHHOCTU. AHanu3 JaHHoro noHsitust Haiit ®. crpoun
Ha pa3/Iniiy «PHUCKa» U «HeomnpeneIeHHoCcTH». 1o ero
MHEHHIO, HEOIPEJENIEHHOCTh HEN3MEPUMA, a PUCK — 3TO
u3MepuMas HeonpeneneéHHOCTb. Takke, pUcK — 310 00b-
€KTUBHAs BEPOSITHOCTh, a HEONPEIEIEHHOCTb — CYObEK-
TUBHAS.

Ilo onpenenenuio yu€HOro, HEOIIPEeIEIEHHOCTD SIBJIS-
€TCsl KOJTMYECTBEHHON BEPOSITHOCTHIO IPYIIIIMPOBKY Ba-
puanToB Oymymiero. Ilpy 3TOM pHCKHM MOXHO Ompefie-
JINTH, TIOCYUTATh U 3aCTPAXOBATh, & HEOPEACTIEHHOCTD
— He cTpaxyema.

BaHKOBCKasi IesITENbHOCTh KaK COBOKYITHOCTb OaH-
KOBCKHX IIPOAYKTOB, OAHKOBCKHX YCIYT M OICpaLfit
NpeCTaBIIsAET COOOM CJIOXKHBIE MHOrOOOpPa3HBIN IMPO-
IlecC, pealu3yeMblii B paMKax OaHKOBCKOH CHCTe-
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MBI, TIOTYMHSSACH €AMHBIM NpaBWIaM BEIEHUS orepa-
. Pe3ynpTaToM 3BOMIOIMOHHOTO PasBUTHS (PYHK-
UM (PUHAHCOBOTO MOCPEIHUYECTBA CTajla TpaHc(op-
Malusi OOMEHHOro OaHKa ¢ MUHUMAQJIBHBIM YHCIOM
onepalnyil U BUAOB YCIYr B C(POKYCHPOBAHHBINA YHU-
BEpCAJIbHBIN OaHK, MPECTABIIAIONN HHBECTUIIIOHHO-
TapaHTUITHBIN (BUPTYAIBHBIN) OU3HEC.

[Iporiecc TMHAMIYHOTO Pa3BUTHS OOIIECTBA OIpe/e-
JISIeT TOTPEOHOCTh B M3MEHEHHMsIX (DYHKIMI OAHKOB, MX
aJanTauy K HOBBIM peasiisiM OOIIECTBEHHOMN KU3HU.
JasbHeIast MHTePHAIMOHAIM3AIMSA OAHKOBCKOTO OM3-
Heca ¥ (PMHAHCOBast IJI00AM3alMsl CYIIECTBEHHO M3Me-
HWIM caMy Hprpony OaHKOBCKOW JAEsITENIbHOCTH, Tpe-
BpaTHB €€ MHOTOOTPACIIeBON OaHKOBCKHIA OM3HEC, CTaB,
OTYACTH, IPIYMHAME €€ COBPEMEHHOM HeCTaOMIBHOCTH
U TIOSIBJICHUIO HOBBIX OAHKOBCKHX PHCKOB B YCJIOBHSIX
HECTaOMJIbHOCTH.

OcHOBHasI 11e/Ib KOMMEPYECKOro OaHKa 3aKJII0vaeT-
Cs B MOJTyYSHUH MTPUOBUINA OT MHBECTUPOBAHMS CPELICTB
BKJIQJIYMKOB TIOCPEJICTBOM MPUHATHUS PUEMIIEMOTO
pa3Mepa pHcKa, 00eCIeYHBaIOIIero ero CrocOOHOCTh
OTBEYaTh 10 CBOMM 00s13aTeNibcTBaM. Takum 00pazom,
GaHKOBCKasi JeSTeJIbHOCTh B YCIOBHSIX POCTa Heorpe-
JENEHHOCTU — ITO JIeSITeJIbHOCTh OAHKOBCKUX YUpeK/ie-
HUH MO MPEJOTBPAIEHUI0 U CHUXKEHUIO MOCeACTBUIA
BO3MOXHBIX U HENpeIBUACHHBIX PUCKOB U obecriede-
HUI0 SKOHOMHYECKOW O€30MacHOCTH, YCTONYMBOCTH U
CTaOMITBHOCTH.

Pe3yabsTarsl n 00cy:KkAeHHA. AKTYaIbHOM NpoOie-
MO¥ pa3BHUTHs GAHKOBCKOTO CEKTOPA MPOIOIKAET OCTa-
BaTbCs POCT KAMMUTAIN3ALUM KaK 3a CYET BHYTPEHHHX,
TaK U 3a CYET BHEUTHUX UCTOUHHUKOB.

B cBs131 ¢ 3TM Ha ceroHs Ha NEePBBIH MJIaH BBIXOAAT
CIIelyIOIe Pe3Y/IbTaThl OOCYKICHHUS:

* Kak moBICHTh MHTEPEC MHBECTUPOBAHMS B KAIIUTAIBI
poccuiickux GaHKOB?

¢ Kakopa sxoHOMMYECKast CYHIHOCTb KaHI/ITEUII/ISEIHI/II/I?

e EcTh TN MepCreKTUBB KaUTATN3aul OaHKOBCKOTO
CeKTOpa MOCPEJICTBOM BHEUIHUX MCTOYHUKOB MM Ha-
JIO IeNiaTh aKLEHT Ha BHYTPEHHUX Coco0ax pocTa Ka-
nuTanu3anun’?

Kpome 31oro poccuiickoe Hay4HOe COOOIIECTBO K-
poko obcyxaaerT npodieMbl (PYHKIOHUPOBAHKS Ma-
JIBIX OAHKOB:

* PoJib 1 MecTo Masibix 6aHKOB B cTpyKType BC;

* [lytn ykpereHus pecypcHoi 6a3bl GaHKOB U OITpejie-
JICHUE PHIHOYHBIX HHIL, 3aHUMAEMBIX MaJIbIMU OaHKa-
MH;

¢ CrocoOsbl BSaHMOHefICTBHH Pa3HbIX BUIOB 0aHKOB Ha

MeXO0aHKOBCKOM PBIHKE.

HeanexBaTHast opraHu3aiisi OaHKOBCKOTO CEKTOpa
HE TO3BOJISICT YIOBJIETBOPATH MOTPEOHOCTH peasTbHO-
r0 CEKTOpa, OOYCJIOBIMBAET PUCKU Pa30alaHCUPOBaH-
HOCTH, HEYCTOMUYMBOCTH. [0 MOC/IeJHEro BpeMeH! pas-
BUTHEM OAHKOBCKOTO CEKTOpa HHMKTO HE 3aHUMAJICs,
KpoMe Hero camoro. MoHeTapHble BJIaCTH COCPENOTO-
YT BHUMAaHYE Ha TOBBIIICHNE YCTONYMBOCTH OaHKOB,
UX TMPO3PavyHOCTH, HA OYMIIEHWE OT HemoOpOCOBeCT-
HBIX UTpoKOB. Llensamu pearensHocty banka Poccun ata
(pynkums ve npexycMarpuBanack. B P no cux mop Her
€JIMHOW rOCyIapCTBEHHOM MOJIUTUKHY B OTHOIIICHUH OaH-
KOBCKOT'O CEKTOpPa SKOHOMUKH, KOTOpast ObI OIpe/ielisi-
Jia Oy/IyIIyio B CO3/IAaHNU KOHIIEIIIUK Pa3BUTHUsI OAHKOB-
CKOT'O CEKTOpa TPAEKTOPUIO €r0 Pa3BUTHS U MO3BOIMIA
pelarh HAKOMUBIIUECS MTPOOJIEMBL.

AHanu3 cutyauum Ha OAaHKOBCKOM PbIHKE MOKa3bl-
BAET, YTO B COBPEMEHHBIX YCJOBUSX BO3HHUKJA I0-
TPeOHOCTh B pa3pabOTKe €IMHON CTpaTeru, KOTopas
obecrieunt 3(h(PEKTUBHYIO KOOPIVHALIUI YCUIAA pa3-
JIMYHBIX BEJOMCTB, 3aKOHOJIATEJIbHBIX OPraHOB W JPY-
I'MX yYaCTHUKOB GAHKOBCKOTO PHIHKA, OMPEJEUT OMTH-
MaJlbHOe pacrpe/e/ieHue OTBETCTBEHHOCTH 1 00bEMOB
3a7a4 MeX/y pa3IMYHBIMU CTPYKTYpamu, LEHTPOM W
pEeruoHaMu, Mexy pa3IMuHbIMU OaHKaMH.

INockoneKy B JaHHBIA MOMEHT HEBUAMMAS PyKa PbIH-
Ka B 0aHKOBCKOM CEKTOpE He CIIpaBJAeTCs C Lesd-
MM JOJITOCPOYHOTO Pa3BUTH, TO HEOOXOIMMO rocyaap-
CTBEHHOE PEryJMpOBaHHE TOW OTPACIN SKOHOMUKH U
onpeneneHus Oyaylierd Moiear pa3sBUTUSI OAHKOBCKO-
ro gena. Baxkna npopaGoTKa B €AMHOM pycile, B paMKax
OJIHOM CTpaTernyecKoy JIMHUM MTPABOBBIX aKTOB, KAcaio-
IUXCsl GAHKOBCKOTO CEKTOpa U 00ecIieueHre UxX peasu-
3allMy Ha OTHUX OA30BBIX MPHHIIMIIAX.

Crienyer TOBBICUTH BKJIAJl POCCHHCKHMX OaHKOB B
obecrieyeHre SKOHOMHUYECKOIO POCTa, KOTOPHI TMOKa
ocraercsi He3HauuTeNbHbIM [3,4,7,8]. XoTsa nonaepxka-
HUIO KPEIUTHON AKTUBHOCTU CIOCOOCTBOBAIM MEpbI
MO CMSTYEHHIO JCHEKHO-KPEIUTHOM MOJIUTHKN BaHka
Poccun Bo BpeMsi maHAeMuu, a TakkKe peryisTopHble
Mepbl, KOTOpBIE MO3BOIMINA OaHKAM COXPAaHWTh Karlu-
TaJl, OTHAKO KPEAUTHI pealbHOMY CEKTOPY HOCST KpaT-
KOCPOUHBIA XapakTep W HAIpaBJICHHl Ha TOMOJHEHHE
000poTHBIX cpecTB. Mcnonb3oBanne GAaHKOBCKHUX Kpe-
JUTOB HAlleJICHO He Ha POCT IPOM3BOJCTBA M MHBECTH-
Wi, a HA CHUXEHHE KPEAUTOPCKON 3aJ0JKEHHOCTH,
TOTIOJTHEHHE JIMKBUAHOCTH, U yBeJIMUeHHe (PMHAHCOBBIX
BIIOJKCHUI.

,HOJ'IH JOJITOCPOYHBIX KPEAUTOB COCTABJIACT BCETO 5%
B BaJIOBOM BHYTPEHHEM IPOAYKTE, C OJITHOU CTOPOHBI,
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M3-32 OrPAHMYEHHOCTH [OJTOCPOYHBIX PECYPCOB, a C
APYTOiA, - CYLIECTBYIOIIAsI CHCTeMa peprHAHCHPOBAHUS
He Mo0yX)aaeT GaHKK PaCIIMPSITh IOITOCPOYHOE KpeIu-
TOBaHHE.

Wuctpymentsl pedpmnHancupoBanus banka Poccrn
onHonHeBHble PEITO, pacyeTHble BHYTpUIHEBHBIE Kpe-
JUTHI U KPEIUTHI OBEPHANT OPUEHTUPOBAHBI O]l OCHOB-
HBIX OIEPaTOPOB MEXOAHKOBCKOTO KPEIUTHOTO PHIHKA
1 HOCSAT KPAaTKOCPOYHBII XapakTep.

Ha nai B3, B MHOTOYpOBHEBOM MeXaHU3MeE pe-
(puHaHCHpOBaHWS GaHKOB JOJDKEH OBITh JAOITOCPOYHBINA

YacTh OAHKOBCKOM CUCTEMBbI, HO HE pacnojaramT A0JI-
TOCPOYHBIMU peCypCaMU, aACKBATHbIMU HOTpC6HO-
CTAM CBOUX KJIMCHTOB.

Bank Poccuun He mMeeT MOTHBOB Juts Gojiee MIMPOKO-
'O UCHOJIb30BaHUsI CBOEH pecypCHOM Ga3bl B MHBECTH-
[IMOHHOM KPEJUTOBAaHUU IKOHOMHKH Uepe3 CUCTEMY
6aHKOB pa3HbIX YPOBHEH.

Takum 00Opa3oMm, MHOTOypoBHeBasi cucrema pedu-
HAHCUPOBAHUSI MOXET CTaTb HMHCTPYMEHTOM 3(pek-
TUBHOTO ¥ COAJTAHCUPOBAHHOTO PA3BUTHsI OAHKOBCKOTO
CEKTOpa SKOHOMHKH.

WMHBECTHIIOHHBIN ITPOIYKT C MPpUEMIIEMOH IIEHOH Ha CO-
3/1aHHEe HOBOW CTOMMOCTH. VICTOYHMKOM [JIsl CO3AaHuUsI
STUX MHBECTHLMOHHBIX MPOAYKTOB MOTYT CTaTh CPe-
cTBa cTab(hOH/IA, a TAKXKE ONTUMATLHOE TEPPUTOPUAITH-
HOE U OTpacjieBoe pa3MelieHne OaHKOBCKHUX PECYPCOB.

Peanuzanus porpaMmbl MHOFO}’pOBHeBOﬁ OGaHKOB-
CKOI HHTETrpaliuv O3BOJIUT:

1) Bauky Poccun yBenu4uThb 107110 aKTUBOB, UCTIONb-
3yeMylIo JUIsi KPEAMTOBAHMUSI POCCHIACKMX OaHKOB, a Cclie-

J0BaTCJIbHO, U pOCCI/IﬁCKOfI 9KOHOMMKMU;
BI:IBO}H)I. B nacrosimee BpEMs CUTYyallid Ha PbIHKE

2) 6aHKaM MakpoypoBHS - 3((DEKTUBHO M Ha/IEKHO
KalnuTana XapaKTepu3yeTcst CJIe/LyIOIIIM:

pa3MeniaTb N30bITOUHBIE PE3EPBHI;
e KpynHble 6aHKM MakpOypoOBHSI pacrionaraior H30bl-

TOYHBIMU pECypCaMM, HO HE HAIIPaBJIAIOT UX B OaHKU
ME30 YPOBH# B CWJTY CACPKUBAHUS KOHKYPEHIIMU U OT-
CYTCTBUA pCKOMCHHaHI/Iﬁ COOCTBEHHHMKOB B JIMIIE T'OC-

CTPYKTYP.
* BaHKM Me30 W MHKPOYPOBHSI COCTaBJISIIOT OOJIBIIYIO

3) 6aHKaM MHUKpPO ¥ Me30 YpPOBHSI - YKPEIHTH CBOIO
pecypcHyo 6a3y M YBEIHMUYHUTh KAUTATH3ALHIO;

4) XO3SIACTBYIOIIMM CYOBEKTaM - MOJYYUTh JOCTYI
K JIOITOCPOYHBIM MHBECTULIMOHHBIM PecypcaM Ha IpH-
BJICKATEJIBHBIX JJIs1 HUX YCJIOBHSIX.
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MaxkasaHblH MakKcatbl OyXrajTepiiiK ecell ITeH ayJUTTiH carackl MeH ChiOaiiyiac jXeMKOPIIBIKTHIH O0JKaM/Ibl 1€H-
reifi apacblH/IaFbl OAIaHBICTHI 3epTTey. Byl GaiiiaHbic OyXTanTepiik ecer, aylIuT XKoHe ChIOAlIac KEMKOPIIBIK,
carnachlH eJIIIIey YIIiH KaJIbiFa KOJ KeTiMAl AepeKTepai MaiganaHa OTHIPHIII, eTapablK TAIAAY KYpPrisy apKbUTbI
3eprreini. Bizgin Oo/mkaMaapeIMbI3ra ColKec, OyXraiTepiIik ecell IMeH ayAuTTiH camachl eigeri OoMKamIpl Chl-
Gaiiiac )KeMKOPJIBIK JIeHreiMeH afTapiblKTai OaiIaHbICThIH Oap eKeHAIrH Jasenaeii. 3epTTeyliH HoTkenepi
HEFypJIbIM alllbIK, €CeNTiTIr Oap exaepaiH 00mkaM/Ibl ChiOaiIac KeMKOPIBIK, IeHIeli TOMCH eKeHiH JKOHE elijie-
Ti G0oJKaMIBI ChIOAMIIAC KEMKOPIBIK JeHreli OyXraatepiik ecell IeH ayIuT CalachblH XaKcapTy apKbUIbl TOMEH-
JeTiTyl MyMKiH eKeHiH Kepceteni. 3epTrey OapbichiHaa upreHtio xoHe TpeficMaHHBIH perpecCrsUTBIK Moaeaepi
KoJIaHbULIBL. Ejineri Oyxrairepiiik ecerl IeH ayquTTiH canachl ejjeri chidaiiac RKeMKOPIBIK JeHrerine acepi du-
pueHLIoHBIH perpeccusuisik Moaenine BIG 4 men PAGE enrisy apksuisl skoHe TpelicMaHHBIH MOZIETiH/Ie eCenTeil,
OyXranTepiiik aifHbIMaJIBUIAP/BIH 3P TYPITi e1Aepleri cpidaiiac )KeMKOPIBIKTH TYCIHAIPY YIIiH MaHbI3/bl €KeHIIr
Tekcepii. [IpakTHKabIK, HOTHKEIEp OyXTaJITEpIIiK ecell IIeH ayAuT CTaHAAPTTAPBIH JKETLIipY apKbUIbl KapiKbl-
JIBIK, €CEeNTLTIKTIH AIBIKTHIFBIH APTTHIPA OTHIPHIIT, €TAEPIiH OOIKaM/IbI ChIOARIIAC KEMKOPIBIK, ICHIeHiH TOMEH/IeTe
AJaTBIHBIH KOPCETEIi.

Tyiiin ce3aep. OyXranTepiik ecer Kyuhesnepi, ayauT, ChIOaiac JKeMKOPIIBIK, KapKbUIBIK, €CENTUTIKTIH OypMa-
JIaHYBI, AyAUT Carachl, KApKbUIBIK, €CENTLTIK.
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Llenb craTbll W3YYUTh B3AMMOCBSI3b MEXIY Ka4eCTBOM OYyXIalTepCKOro yyeTa W ayguTa M MpeariojaraeMbiM
YPOBHEM KOPPYILIMHU. DTa CBsA3b ObUIA MCCIEJOBAHA MyTEM MTPOBEJICHMS] MEKCTPAHOBOTO aHAJIM3a C UCIOJIb30Ba-
HHEM OOLIEIOCTYITHBIX AaHHBIX 1JIs1 U3MEPEHHUsI KauecTBa OyXTaJITepCKOro yuera, ayiura U koppyniuu. CoriacHo
HalllUM TPOTHO3aM, Ka4eCTBO OyXTaJITEPCKOTO y4eTa M ayJuTa CBUIETEIbCTBYET O CYIIECTBEHHOH CBSI3H C Ipeji-
TnoJlaraeMbIM YPOBHEM KOPPYIILMK B cTpaHe. Pe3ysprarThl MccienoBaHus TIOKa3bIBAIOT, YTO CTPaHbI ¢ Gosiee mpo-
3pavyHOM MOIOTYETHOCTBIO UMEIOT OoJiee HU3KHMI MPOrHO3MPYEMbIH YPOBEHb KOPPYIILMU M YTO ITPOrHO3UPYEMBbIi
YPOBEHb KOPPYILIMH B CTPaHE MOKET OBbITh CHHKEH 32 CUeT YIyULlIeH!s KauecTBa OyXTaJITepCKOro yueTa 1 ayuTa.
B uccrieoBaHUY KCHONB30BAIUCH perpeccuoHHblie Momeau dupueniio u TpeticMana. BiusiHue kadectBa Oyxrai-
TEPCKOro yYeTa M ayuTa B CTpaHe Ha YPOBEHb KOPPYILIMM B CTpaHe ObIJIO pacCUMTaHO IyTeM BKJioueHus BIG 4
n PAGE B perpeccronnyio Mozienb [Juprenno u B Mogens TpelicMaHa, 9ToObI TPOBEPHTH, BaXKHBI JIM OyXrajirep-
CKHe TIepeMeHHbIe IS OOBbSICHEHHsI KOPPYILIMY B PA3HBIX CTpaHax. [IpakTHyecKue pe3ysbTarhl IOKa3bIBAIOT, YTO
CTpaHbl MOTYT CHU3UTb IIPOTHO3ZUPYEMBIN YPOBEHb KOPPYIILIMH 3a CUET MOBBIIIEHUS PO3PAYHOCTH (PUHAHCOBOH
OTYETHOCTH 32 CYET YIyUIleHHs] CTaHAApTOB OyXraJTepCcKOro yuera v ayauTa.

KuroueBble cJ10Ba. cucTeMbl OyXraJTepcKoro y4dera, ayuT, KOppyIiysi, UCKaxkeHne (PMHAHCOBOW OTYETHOCTH,
Ka4eCTBO ayauTa, q)I/IHaHCOBaH OTYETHOCTbD.

ACCOUNTING AND CORRUPTION: CROSS-COUNTRY ANALYSIS
Raidolda S*., Alpysbaeva A.K., Zhabytai B.N., Baidairova K.B.

337


https://doi.org/10.58805/kazutb.v.1.22-238

KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

Kazakh University of Technology and Business named after K. Kulazhanov, Astana, Kazakhstan,

e-mail: sau_1981@mail.ru

The purpose of the article is to study the relationship between the quality of accounting and audit and the
estimated level of corruption. This relationship was investigated by conducting cross-country analysis using
publicly available data to measure the quality of accounting, auditing, and corruption. According to our forecasts,
the quality of accounting and auditing proves the existence of a significant relationship with the alleged level
of corruption in the country. The results of the study show that countries with more transparent reporting have
a lower level of projected corruption, and the level of projected corruption in the country can be reduced by
improving the quality of accounting and auditing. The study used DiRienzo and Treisman regression models.
The impact of the quality of accounting and auditing in the country on the level of corruption in the country was
calculated by introducing BIG 4 and PAGE in DiRienzo's regression model and in Treisman's model, and it was
verified that accounting variables are important to explain corruption in different countries. Practical results show
that countries can reduce the level of projected corruption by increasing the transparency of financial statements

by improving accounting and audit standards.

Keywords. accounting systems, audit, corruption, falsification of financial statements, audit quality, financial

statements.

Kipicme. Ayaur xoHe Oyxrairepiik ecer CTaH-
JapTTaphl Jlaya3hIMbl OWJIIKKE W€ TYJFaJapiblH 3TH-
Kara ar, 3aHChI3 HEMECe OPBIHCBI3 TICLIIepMEH ape-
KeT eTy KayIliH a3aiTa OTBIPHII, KAPXKbUIBIK aKMapar-
THI AlIBIK, eTyre OGarbITTaFaH. Byxrantepuik ecer xoHe
AyIUT CTAHAAPTTAPbIHBIH MaKCcaTTapbIHBIH Oipi aKIyo-
HepJIep/iH KaJlaybIMeH YHbIM OacIIbUIAPBIHBIH 3aHCHI3
iC-OpeKeT XkacayblH OOJIIBIPMAay OOJIBIIT TAObLIA/IBL.

Chibaiinac )KeMKOPIIBIK OYKiJ aieM/Ieri enjiepre acep
eTeTiH MaHpI3Ibl kahaHIbIK IpodsemMa peTiHie CH-
narTasigpl. COHBIMEH KaTap, ChiOailyiac KeMKOPIIBIK, Ti-
KeJIel IIeTeN/IiK MHBECTUIMSIAD MEH SKOHOMMKAIIBIK
ecyi TeMeHzeTe i, OisliM Oepy jKoHe JICHCAYJIbIK, CAaKTay
cajajlapplHa MHBECTULMSIIAPABl a3alTajbl KOHE XKe-
MKOPJIBIK, JISHIeldi a3 elJiepMeH XaJIbIKapasibIK KeJTiciM-
mapTTap kacacy Ke3iHAe KOJaWChl3 kaFjaira aymiap
ereni. CoHbBIMEH Karap, ChlOaiiac KEMKOPIBIK Keii-
6ip YKIMETTepIiH TYphIC KYMBIC iCTeil alMayblHA BIK-
TIaJT €Te OTBHIPHII, CAJIBIK, CATy apKbUIbl aTbIHFAH KipiCTi
azaiiTazpl. Cpibaiinac )eMKOPIIBIK, CasICh KyHere JqereH
CEeHIMJ1 JKoHe KOFaMJaFbl TYJIFaapasibIK CeHiM/i TOMEeH-
nereni. CoiOaiiyiac KEMKOPJIBIKTHIH aJIFallKbl 3epTTe-
yniepi chibaiiac KeMKOPJBIKTBIH KOFaMFa 9CepiH aHbl-
KTayFa OarbITTajFaH OoJica, KeHiHri 3eprreyliep Chl-
Gaiiac KeMKOPJIBIKTBIH CeOeNnTepiH 3epTTeyre OarbiT-
tasFaH. Cpibaiiiac skeMKOPIIBIKTHIH AeTepMUHAHTTAPbIH
TYCiHY apKbUIBI KOFaM ChIOaiiylac )XeMKOPJIBIKIIEH Ka-
Jail Kypecyre oHe OFaH Kapchl TYpyFa OONaThIH/ABIFbIH
TyciHgipeni. JKakpHIa KXY pri3ijirer 3epTreysep Kerre-
reH CyOBbeKTiIepiH chibaiiac XeMKOPJIBbIK, AeHIeiiHe,
COHBIH illliHAE MPOTECTAHTU3M JeHreiiHe, bpuTaHabIK,
Gackapy TapuxbiHa, DKOHOMUKAJBIK, JaMy JeHreriHe,
UMIIOPT JieHreliHe, (enepanisl 6ackapy KyHeciH maii-

JajlaHyFa dcep eTeTiHAIr Typasbl JoNeNiep KemTipii-
mi [1], akmapatThiH KoJ skeTiMaitiri [2], kipicrepmi 6e-
JIy MeH YKIMeTTiH MeJlepiHjeri TeHci3aik, Xodcerea-
TiH 3€pTTeyl MOJEHU KYHAbUIbIKTap [3], SKOHOMMKa-
JIBIK, OocTaHabIK [4], xoHe 0acekenectik [5]. IIbIHBIH-
Jia J1a, KenTereH aiHbIMaIbUIap ChiOaiiac KeMKOPIIBIK
JIeHrefliHe ocep eTeTiHi KopCeTiIreH.

KapxbUlblK, ecenTilikTiH OypmaiaHy TaOuraThl eTe
Kypaeni, eiTKeHi OypMaiaHy KapXKbUIbIK, €CerTiTiKTe-
Il COMKECCI3MIKTiH TYpiHe koHe OypMaliay MaKcaTTapbi-
Ha OallJIaHBICTHI OPBIH aajibl. KapKbUIbIK, €CenTUTIKTIH
OypMasIaHyBIHBIH KYKBIKTBIK, OYXraJITeplIiK, CaTbIKThIK,
JKOHE ITUKAIBIK acTaphl Oap. Ockirad OailiaHbICTH Oy -
MaJiayFra Kelleciiell epeKIle CUIaTTap ToH: e3re agaM/Ibl
ayjiay OOWbBIHINA BIMBIPAIACKAH iC-9pEKeT; KAPXKBUIBIK,
€CeNTUIK aKnapaTTapbliH TYTHIHYLIbIIAPbIHA Oenrisi Oip
3WSH KeNTipy; OypManay ofictepi — OyXrairepitik ecer
CTaH/IAPTTAPBIHBIH, epeskeNiepiH KacakaHa AYpbIC eMec
KOJIJIaHY HeMece abaichi3/a KaTesik Kioepy.

JKanmer 6Gypmanayisl TEOpUSUIBIK TYPFbIIAH Kapac-
THIPATBIH OOJICAK, KAPKBUIBIK €CENTLTIK TYTHIHYIIbUIA-
pbIHA 3WSH KETiPEeTiHIr aHBIKTAJFaH, ajaia OHbIH
GacKkapyLIbLIBIK €MEC CHITaThl KapacThipbliMaraH. Kap-
KBUIBIK, €CENTUIIKTI OypManay JIereHiMi3 ecenTilik ak-
MApaTTapbIHBIH, 1IIKi JKOHE CBHIPTKBI TYTHIHYIIBUIAPHIH
aJlacTeIpy HeMece MaTepuasblK, KYHIbUIBIKTapabl Yp-
Jlay MakKcaThIHAA JIBIH ajla bIMbIpaJiaca OTBIPBIN XKa-
CaJIFaH ic-opeKeTTi alTaMbi3. KapXbUIbIK eCenTiMiKTiH
OypMasiaHy TaOUFaThIH CUIATTAI OTHIPBITI, OFaH TOH Ke-
Jieci OeNriyiepi aTamn aiTyFa 00 Ibl: OPHIHIAYIIE CYOb-
eKTi, )KY3ere acblpy MaKcarbl, Xy3ere achIpy a4ici, Oyp-
Masiay Typrepi [6].
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By makanaa 6i3 opTypii enepiiy JepeKTepi nai-
JaJlaHa OTBIPBIM, eNIAPAIBIK Tajgay XyprisiireH. Byx-
TITEpIIiK ecen TeH ChIOaiac XeMKOPIbIK, apachiH-
Jarbl OallJIaHBICTBI el1jiep OOWBIHINA SMITUPUKAIIBIK TYP-
ne 3eprrey kKepek. ChiOaiiiac KEMKOPJIBIKTBH TYCiH-
JipeTiH MofeNb KYpPy KapacThpblIMai/ibl, OUTKEH1 9/ie-
OuerTeple ChIOAIAC KEMKOPIIBIKTHIH KYPAELIriH ec-
Kepe OTBIPBII XacajFaH Moneabiep ere ken [7]. ben-
riTi Oip esmeri chibaiiac )eMKOPJIbIK, IeH Oyxrajarep-
JIK ecell canachlHbIH apachlHarbl OaiJIaHbIC 3ePTTETeH
JKOHE JIoJIeNIeHTeH. ATarl aliTKaHa, OyXraiTepiik ecer
carachIHbIH €Ki eJ1II1eMi MeH ChIOaiiac JKeMKOPJIBIK, apa-
CBIHIAFbl OalNaHBICTBl 3ePTTEN OTBHIPBIIN, OYJI Kepcet-
KiliTep e3apa OailaHbICTBIH Oap eKeHiH aHBIKTaHMBI3.
CopnaH KefiiH OyXrajiTepiik ecell IleH ayIuT KepCeTKilll-
TEpiH KoHe SKOHOMUKAIIBIK, JaMy KOPCETKIIITepiH KO-
JlaHa OTBIPBIN, ChIOAMIAC KEMKOPIBIK MOZIENIH Kypa-
MbI3, SKOHOMHUKAJIBIK, JaMy/bl OaKplIay Ke3iHzae chlOai-
JIaC KEMKOPJIBIKTHI TYCIHAIPY YIIiH OyXTraJlTepiik ecer-
TiH €Ki MaHbI3/Ibl KOPCETKIIIIiH aHbIKTalMBbI3. ChiOaiinac
KEMKOPJIBIK, TIeH OyXraJTepiiiK ecell apachHIaFrhl Oaii-

YIIIH KOCINOPBIHAAPIbI KOJICHKEI SKOHOMUKA/IaH IIIbI-
Fapa OTBIPHIIT, OHBIH KAPXKbUIBIK-IAPYaIIbUIBIK KBI3METI
TYpaJibl LIbIHAIBI aKIIapaTTapasl TYThIHYIIbIIAPFa YChI-
HYy KOHE THiIMJi MHBECTULMSUIIbIK, MIeNiMAepIi Kaobli-
nay Oombi TabbuIaas! [9].

Bypmanay cangapblHaH KapKbUIbIK €CENTiTiK M-
METTEPiHiH IIBIHAMBUIBIFBl TOMEHICH i, HOTHXKeCiHe
€CeNTUTK aKMapaTTapbiHa OAIaHBICTHI TOYEKEIUTIK
TYBIHIAWIBI, MEMJICKETTIK €MeC KOHOMHKA CEKTOPHI-
HBIH aIlIBIKTHIFBI MEH XKaPUSIIBLIBIFBl TOMEHACH 1, MeM-
JIEKETTIK OaKplIay TUIMALTINH HALIapIaThil Ky pAeieH-
nipeni. OchiFaH GafIaHBICTBI 3€PTTEIII OTHIPFAH TaKbl-
PBIITBHIH ©3EKTUII €CeNTUTKTIH OypMalaHybIHbIH aj-
JIbIH Ty MiHJETiH TYFbI3a/Ibl.

TakpIpHINTH 3€PTTEY/IiH HETi3ri MakcaThl — KapiKbl-
JBIK, eCEeNTUTKTIH OypMaaHybIHBIH cebedi MeH OFaH
BIKITAJT €TeTiH (PaKTOpJIApIbl aHBIKTAY KOHE Oypmalia-
VABIH aIBIH aJTy JKOJIAPbIH KApacThipy OOMbIN TaObI-
nagpl. MakcaTKa colikec Keseci MiHAeTTepdiH Ieniyi
KapacThIPbLIIHL:

JIaHBICTHI OJAH 3pi TeKCepy YILiH deGueTTe 6ap Chibaii- 1) KapXbUIBbIK €CenTiliKTiH OypMasaHy TaOUFaThiH 3epT-

JIac KeMKOPJIBIKTBIH €Ki MOJIEIIH ajIblll, OFaH OyXrai-

TEY;

TEpJIiK eCell CanachlHbIH KOPCETKIIITEPiH KOCY apKpUIbl 2) KapKbUIbIK, ecenTiTKTiH OypMalaHyblHbIH ToyeKel-

chI0aiiiac KeMKOPJIBIKTHI TYCIHIIpyre KOChIMIIIA MYM-

JUTIK (paKTOpIapbIH aHBIKTAY;

KiHJIKTep OepeTiHi aHBIKTAJIbl. ByJT MaHBI3/IbI KaHa- 3) BypMaay/IslH a/IbiH aly KOLAAPbIH KAPACTHIPY;

JIBIK, ONTKEHI 3epTTeyiMi3 KepCeTKeHeH, Oyxrairep-
JIK ecell TIeH ayAUTTiH KeTUIIi pijireH Xy#enepi ceoaii-
JIac JKEMKOPJIBIKTHI a3 KaObl1JayMeH OalIaHbICThI OO
ca, OHZIa YKiMeTTep OyXrajiTepiik ecerl MeH ayAuT CTaH-
JapTTapblH KETUIMIPY apKbUIbI CHIOAMIAC KEMKOPJIIBIK,
JeHrefliH TOMEeHAETYi MYMKiH, OChUIAMIIIA CaJIbIHFaH UH-
BECTUIHSIIAPIB BIHTAJIAHIBIPY aPKBUTBI OJTAPABIH iCKep-
JIK axyaJblH )KaKCcapTyFa, COHAAN-aK KaITbl OHIMIUTIK
nieH JKIO aprreipyra Gonapl.

Kazipri 3amaHfbl OyXraiatepiik ecenTiH Herisri Mo-
cesieniepiHiH Oipi — KapXKbUIbIK €CENTLTKTIH OypMa-
JIaHYBl KOHE OJI a3 3epTTEeNreH e3eKTi Macene. OWT-
KeHI MyHJall Macesie MBIKTBl KOFaMIIBIK Kociou Oip-
JIECTIKTEp KaJlbIITACKaH JaMblFaH esjiepie Oe Kesje-
ceni. An Kasakcran Pecriy6nmkacklHIa MBIKTBI KOFaM-
JIbIK, KOCi0u GipiecTikTep JaMbIMaraH, COHBIMEH KaTap
AyKbIM/IBI CHIOAIAC )EMKOPIIBIKTHI €CKEpPCeK, KaHIIa-
Ma KOCIMOPBIHAAP KAPXKBUIBIK, €CENTUTIK MaJiMETTEepiH
Oypmaliayra opeKeT eTeTiHiH aHFapy KublH emec [8].
KapXpUIBIK €cenTilik aKHmapaTrTapblH TYTHIHYIIBUIAP-
IbIH KaObUIIaFaH INeNTiMiHe BIKIAJ eTKeHIMeH KaTap,
OypMaliayIibUIbIK, CAJIbIK, 0a3achlH a3alTy, MEMJICKET-
TiK TeHJepJiepre KaTbiCyFa Ja bIKNai etefi. KapKbuibIk
€CeNTUTIKTIH OypMaaHyblH 3epTTey/IiH Heriri Makca-
Tl KOHOMMKAHBIH TYPAKThl AaMyblH KaJIBIITACTHIPY

4) Byxranrepiik ecen canacblHblH €Ki eJ1IeMi MEH Chl-

Gaiiac KeMKOPIBIK, apAChIHIAFbl OANIAHBICTBI 3€pT-
Tey.

MarepuaJjgap k9He dJicrep. dneduerrepae Oap
ChIOAIIIAC KEMKOPJBIKTBIH €Ki MOJIENIIH KapacCThIPIbIK,
JKOHE MaHbI3JbLIBIFBIH TEKCEPY YIIiH OyXrajTepik ecer
TIeH ayIuT alHBIMAJIBUIAPbIH KOCTHIK,. [{UPUEHIIO jKoHe
TpeiicmMaH yCbIHFaH €Ki MOJEJIbIi KapaCTbIPIBIK.

JIMpreHIIOHbIH, ChIOaiiIac KEeMKOPIBIKTBL TYCIHIIpY
MoJjIeJTli SKOHOMUKAIBIK, epKiHiKKe, Oenriii 6ip Moe-
HU (haKTOpJIapFa KoHE aKIapaTKa KO KeTKi3yre OarbIT-
TayFad. [MpHUEHIIOHBIH 3epTTeyi MUQPIBIK aKmaparka
KOJT )KETIMALTIKTI KEHEUTY ChIOAIIIAC KEMKOPIIBIKTHI TO-
MEH/IeTEeTiHiH KopceTyre GarbiTTanrad. Moenb 6apiibIK,
6acKa aiHBIMAJIBUIAPIB OACKAPYIIIbI PETiHJIE Maiaana-
Hajpl. JJUpUeHIio MoJelTiHe eHTi3iireH Oackapy aiHbI-
MaJTBUTAPBIHBIH, KBICKAIA TYCIHIipMeCiH YCHIHAMBI3 [2,
3226].

BuikTig 6ipkeki 6etiHOeYi *KoHe OMITIK OaChIHIAFbI
amamzapaa 6aceiM OWITIKTIH GOJTybI CaJlIapbIHAH KOFaM-
JIaFbl XaJIBIKTHIH OWJTIKTI ChIHAyFa JKOHE OFaH KYMOH-
JaHyra Oeiiim keneni. By Ouiik GacklHIarbIapra e3-
JepiHiH MEMJICKETTIK KaFJaiblH KeKe OAChIHBIH Maii-
Jachl VIIiH OHJIBI-CONIBl TMaiianaHOayFa ocep eTefi.
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ExiHImiieH, KOFAMHBIH UHMBUIYAIU3Mi ChIOAMIAC Ke-
MKOPJIBIKIIEH Kepi OaiiaHbicThl Oonajpl. Byn Koram-
HBIH KeKe XKETICTIKTep MeH KayaIlKepIIiTiKKe KOFapbl
MoH OepyiHiH HOTHXeci Goibill cananapl. MIHauBumya-
JIMCTIK KOFam/ia ajlamMzaap He icTeitiHiHe xkayar Oepei,
a7 Y KBIMABIK, KOFaMJIa jKeKe agaMaap e3JepiHiH xXe-
Ke 9peKeTTepi YIIiH a3 xayarl Oepeai. YIIHIIIACH, OK-
TeM KOFam/a akiia MeH OWIiKKe YJIKeH MoH Oepinei
[10], ocbiman OWTiK TeH OAMIBIKTHIH ©CYiHE OKeJeTiH
chI0aiiiac KEMKOPJIBIK, OpeKeTTepi TYbIHHANIbI, Xogh-
CTeNTiH OeNTicCi3[iriHeH ay/ak, OOJyIbIH MOICHU KYH-
JBUTBIFBI CHIOANIAC KEMKOPIBIKIICH OAilIaHBICTHI, OT-
KeHi OeNTiCi3OiKTeH aynak OoNaThiH KOFaMIArbl ajam-
Jap KYTIIereH Karjaniapaa e3[epiH jKaiibl ce3iHOe-
Ii. Byt e3iHi3ai Oenrici3 karqaiiapra, MbICAJIbI, OWITIK-

Ke Kapchl TypylaH 0ac Tapryra okenemi. JupreHiio mo-
JeJiHAe KOJJAHBUIATHIH aliHBIMabUIap 1-kectenme cu-
MaTTaJIFaH.

JIMpreHIIOHBIH MiKipiHIIe SKOHOMUKAIBIK aKIapaTka
KOJI XKeTKi3y (pakTopiapsl ChIOAIac KEeMKOPIBIKKA bIK-
nan eresi. CoHbIMEH Karap, 0i3 enepaeri Oyxranrepiik
€cerl MeH ay/IUTTiH carnackl ChiOaiIac KeMKOPIBIK AeH-
reriHe acep ereli en caHailMbl3. MyHBI TeKCepy YIIiH
613 [InpreHIIOHBIH perpeccrsuiblK, Mopnerine BIG 4 men
PAGE kepcetkimTepiH eHrizemi3 koHe op TYpii ej-
Jiepaieri chl0aiiac sKeMKOPIBIKTHI TYCIHIIpY YIIiH OyX-
rajlTepiiK aiHbIMAIbUIAPIBIH MaHBI3bl EKEHAIrH TeK-
cepeMi3, MOZIe/Ibep YIIiH eH Killli KBafparTap oiciMeH
ouerTeri Garayay/IbIH HOTIKeNIepi 1- Kectene KenTipii-
TeH:

Kecre 1 — Mopenbzie KOJIaHbUIATBIH ChIOAIac XKeMKOPIBIKKA 9cep eTeTiH hakTopiiap

ATVHBIMAJTBI

CurmarraMachl

PDI kyar KaIlbIK ThIFbI

KoraMHbIH a3 bIKIAIIBI MYIIeNepiHiH OWITKTiH Oipkenki OesiHOe-
reHiH MOUBIHIAY HopexeciH Oimaipeni. backamia adTkanma, OWITiK
KAIIBIKTBIFbl KOFaMIaFbl i30acapiaapablH TeHCI3IK MeH OWIIKTI Ka-
Jlail KOIauThIHBIH Kepceteni (upuenso xone 1.6., 2007).

IDW unpuBuayanusm

JKexke TyJFanapapH TONTAPFAa MHTET pAlMsUIaHy JopeKeciHe KaTabl.
WHauMBUyanu3m Ty prBICBIHAH JKeKe aaMiap apachiH/arbl OaiiIaHbIC
oncipeni. THauBuayanu3Mre Kapama-Kapchl YKbIMIIBUIIBIK, OOJIBIIT
TaObUIa Ibl, OH/IA aIaMJap KYIITi, 6ipTyTac TonTtapra Oipireai. Muau-
BUIyaJIU3M CO3i MEMJICKETKE eMecC, TOIKA KAThICTHI (JIupreH30 xkoHe
1.6., 2007).

MAS AnTtudemMuHI3M

Tennepiik pennepnid TapaiybiH Oumipeai. AHTugeMuHu3Mre e-
MUHU3M KapaMa-Kapchl KOUbUIFaH. AHTU(EMUHU3M JIeHreli jKora-
PBI eNziepre diienaep TaalIbUI KoHe OacekeKabiieTTi, 6ipak, epiep
CHSIKTHI €MeC, COHBIKTaH aHTU(eMUHI3M AEHTei KOrapsl eaepe
epJiep MeH oiesniep KYHIbUIBIKTaphl apachlH/ia alakThK, Oap ([{u-
pueHso xoHe T.6., 2007).

UALI Genrici3aikTeH KamiblK, 60Ty.

KoramHBIH Oenrici3Iik MeH TYCIHIKCI3OIKKe TO3IMIOUTIK KaOileTiH
6inipeni. backaria aliTkania, Oesrici3AikTeH KallblK, 00Ty MoJIeHH-
eTTiH 63 MYyIIeJiepiHe Oerici3 koHe Ky pbUIbIMAAIMAaFaH Karaaniap-
Jla ©3/IEpiH bIHFAWCHI3 HEMECE KalJbl Ce3iHyre KOMEKTEeCeTiH JIope-
sxkeciH ounnipeni (Jupuenso xoHe T.6., 2007).

EFW DKOHOMUKABIK epKiHIIK

Gwartney xoHe OackanapbiHaa kapusiianrad Munekc (2002), oH-
Ja YKiMeTTiH Meuepi, KYKbIKTHIK KYPbUIBIMBI, MEHIIIK KYKBIFBIH
KOpFay, CeHIM/JIi aKIara KoJ )eTKi3y, IeTeIiKTepMeH aIMacy ep-
KiHJIT %oHE peTTey CUSIKTHI (paKTopiap eckepijieni

DAI canapIK, KO KETIMAUTIK MHIEKCI.

Byn wunHmekc 1udpiblk OainaHbic WHGPAKYpPBUIBIMbIHA, Oara
OolibiHIIIA LUQPIBIK ~OaiaHbICKa KODKETIMIUTIKKe, [UpPIBIK
GaiiyaHbIC cajachlHIArbl OUTiMIe, aKNapaTThIK-KOMMYHUKAIMSIIBIK
TEXHOJIOTHSUIAPABIH ~ calachlHa JkoHe LUGPIBIK — aKMapaTThIK-
KOMMYHMKAIMSUTBIK TEXHOJIOTHsIIapra Herisgenred, mMoHi 0 - 1
apaJIBIFBIH KOpceTeNi.
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GDP - xanmnsl ilki eHiM.

JKanmel imki eHiM-Oyo1 Genrisi 6ip esiH SKOHOMUKACBIHIAFbI YJIT-
THIK, TAOBIC TIEH OHIPiC KeJIeMiHiH KepceTkiiti. By Gapibik, pesu-
JEHTTEePIiH Kbl KOCHUTFAH KYHBIHBIH KOCBIH/IBICHI

Model — 1.CPI = B, - 3, PDI + B,I1DV + By MAS + B,UAI + BsEFW + BGDP + B, DAI + ¢ (1)

biz [upueHno HoTHKeNepiHe YKcac HOTHXKeNepai
aJlambl3, Ke3 KeJIreH alblpMallbUIbIKTap OapiibIK, esjep
OOWBIHINA JepEeKTEePIiH KOJDKETIMALTIriHe OaliIaHbICTHL.

Model —2.CPI = B, - f, PDI + B,I1DV + B, MAS + 8,UAI + B EFW + BsGDP+

ConaH KeiiiH 6i3 2-MoJeNbre eCenTiK aliHbIMATBLTAPIBI
KOCY apKbLTbl MOZICIIB/Ii OaFraaiiMbI3 )KoHE HOTHKECI Ke-
Jneci 2-kectejie GepiireH:

2
B-DAI + ByPAQ + By BIG4 + ¢

Kecre 2 — Mopesbaep GolbIHIIA eCenTey HOTHkKEC

Kepcetkimrep ! Moﬂe{m 2 Moﬂe{]b
K03(ppunyeHTi SE ko3(pdpunuenti | SE
Constant -2.159 1.696 | -6.351 2.261
ChIHaK, allHBIMAJTBUTAPDI

PAQ 0.72 0.352

BIG4 0.389 0.168
Bakpinay aiiHpIMabUIaps! JupreHIonaH xoHe T. 0.

PDI -0.012 0.008 | -0.012 0.01

IDV -0.005 0.008 | -0.011 0.009

MAS -0.016 0.007 | -0.014 0.007

UAI -0.007 0.005 | 0.00 0.006

EFW 0.88 0.22 | 0.841 0.282

GDP 0.00 0.00 | 0.00 0.00

DAI 4.804 1.575 | 4.569 1.869

No. Obs 57 37

F 58.36 36.36

Adjusted R2 0.88 0.90

2 MOfeTIb/IeT] ecell alHBIMAaTbITAPBIHBIH MaHBI3bLIbI-
FBIH 3epTTed oThIphl, 0i3 Big 4 xone PAQ ekeyi ne
H1 xone H2 pacraiiteiaapirbit 0,05 geHreitinge MaHpl-
31pl eKEHiH aHbIKTaiMbI3. By HoTmxkenep Oeunrini Gip
enre ToH OipHerne (aKTOpIap/Ibl ecenke alFaHHAH Keii-
iH OyXraiTepiiK akHmapaTThlH Canachl ejjeri ceibaiiac
JKEMKOPJIBIK, IEHTeriHe alTapIbIKTal ocep eTeTiHAIriH
KOPCEeTTi.

Hotmkesiep :xoHe TaJkbuiayjaap. Kapxpuiblk

€CeNTLUTIKTIH Oy pMaJlaHybIHbIH MIiHJETTI IIAPTTAPHIHBIH
6ipi — ToyekeNIiliK (PakTOpbIHBIH 00ybl. KapKbUIbIK,

ecenTimkTi Oypmarayra bIKIajl eTeTiH (akTopiap caH
anybiH Gosazmpl. BypMainiay ToyekeNailiriH aHblKTayFa
XKIKTEMeiK amast Heri3 6omazsl. KikTemernik aman Tai-
JIaMaJIbIK, )KOHE TKIpUOENiK KOJJaHy apThIKThUIbIKTA-
pbiHa We, OyJ1 amMayiap ayauT CTaHJapTTapblHAA JKoHE
aynuT OarnapiaMachlHaa eHrisiireH. Kapkbuiblk, ecer-
TUTIKTIH OypMasiaHy ToyeKeNlaiiriHe acep eteTin ¢ak-
TOpPJIApAbl €Ki TOMKa OeJieMi3: Makpo JeHIrehaeri KoHe
MUKPO JeHremeri pakropap.

KapKbUIbIK €CenTiTiKTeri anasKThIK, dpeKeTTepre ca-
JIAJIBIK €PEeKINeIiKTiH BIKIaIbIH Oipa3 FalbIMIap 3epTTe-
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rew, aran aitcak, C. Cumricon, M. Baykyc, [I. Heap. By Jtik Gezernti, MOpaJIb/IbIK-3THKACHI MAHBI3/IBI POJT ATKAPa-
ranmsiMaap AKII anekTpoHnKa eHaipiciHae, OaHKTIK ca- Il

JaJapblHIa, KOFaphl TEXHOJOTHSIBIK OHJAEYIIi ©eHep- KapKbUIBIK €CENTUIKTIH OypMataHy (hakTopblHa
KOCIII CajaaphlHia, SHEPreTuka CEKTOPJIApbiHAA KAP-  kocinopbiHHBIH ayKbiMbl ocep eremi [11]. Amepukan-

JKBUIBIK ECENTUTIKTIH Oy pMasaHybIHa jK0J OepiIreHIiriH mbik Fanbivaap C. Cumricon, M. Baykyc, JI. Heapusin
aTar KepCeTKeH.

MiKipiHIIe ipi KocIMOpBIHAAp LIAFbIH KOCIMOpBIHIApFa

MukpozeHrelieri  (pakTopiapra  KOCIMOPBIHHBIH — KaparaHjia eKi ece apThIFBIMEH OypMaliayra xoi oepeji,
Kap KbUIBIK-9KOHOMUKAIIBIK, XKaF/Ialibl, OHAIPICTIK MyM-  aJl IaFbIH KoCiNOphIH/IapFa KaparaH/a opTa KoCilopbIH-
KIHIIUTIKTepi, OM3HECTiH YHWBIMIBIK KYPBUIBIMBI, Me- AapabsiH Oypmanayra xon 6epyi 10% kypaiiasl [12]. An
HepKepiiep MeH akIWOHepNiepdiH e3apa KapbeiM- X. CHIBECTOYHHBIH MiKipiHIIE OpTa KOHE IIAFbH Kaci-
KaTblHACHI, OUTIKTLNIri, ickepnik Oeneni, MOpaIbIbIK- TOPHIHIAP €H XUi OypManayra ko oepesi, an ipi Kaci-
9TUKacHl kaTtajabl. KocinmopbiH Gaciibuiapbl KapXbUIBIK, —TTOPBIHIAP ayKbIMIbl Kesemjeri Oypmanayra xon Oe-
€CEeNTUIIKKe TiKeJer XkayarnThl skoHe Oypmananyra xon  peni [13]. Kapkputblk ecenTinikTiH OypmaiaHy Toye-
OepMmeyre THIPbICKAHBIMEH, ONap/biH OUTIKTLIIr, icCKep-  KesiHiH (akTopiapsl Kejeci 3-kecte OepiireH:

Kecre 3 - KapKbUIBIK €CENTUTIKTIH OypMalaHy ToyeKeTiHiH (hakTopiapsl

| Toyeken hakTop/iaps!

| Canapsi

MakponeHrefineri (pakropriap

DKOHOMUKAJBIK, casicaT (pakTopiapsl

1.1 | 7Korapsl maiibI3ABIK, MeIIIEpIeMe MeH Bamo- | HecrueOepyiiepai TapTy YIIiH KOCIHOPHIHIApP KAPiKbI-
TaJIBIK, TOYEKEJALTIK JIBIK, JKaFJAbIH XKaKCapThIIT KOPCETYre ThIPBICA/IBL.

1.2 | Ap3aH UMIOPTTHIK GaceKeecTik Erep kacinopsIH mereniik eHiMMeH OacekeneceTiH 601-
ca, OHIa MEMJIEKETTiH KOJ/layblHa JeTeH MYKTaKIbIKTaH
©3iHiH TaOBICBIH a3alThIN KOPCETe[li, COUTIN ©3iH OaHK-
POTTHIK KarAaiiia eKeHIIriH KOpCeTKici Kemesi.

1.3 | Ceuibaiinac KeMKOPIBIK, MemitekeT crbaiiac KeMKOPIBIKKA Kapchl Kypec Kyp-

rizbece, OH/Ia KOITereH KoCIMOPHIHIAPIBIH OaCIIbUIaphI
KApXKbUIBIK, Oy pMasIayIibUIbIKKA KO0 Oepe/i.

BusHecTi KyprisyniH oneyMeTTiK-MOIeH! epeKIlesiKTepi

2.1

JJIeyMETTiK-MoIeHH OpTa

IJIEYMETTIK-MO/IEHH OpTa agaMHBIH IICHXOJIOTHSIChIHA
KATThl BIKMAJ eTelli, COHABIKTAH oJIeYyMEeTTiK KoJjai-
CBI3/IBIK, KAPKBUIBIK, €CENTUIIKTIH OypMaJlaHy ToyeKel-
JUIIriH apTThIpabl.

CanaJslk epeKIIenikTep

3.1

Bacekenecrik opra

Kacinopsia Gacekenectik KbIChIMFa TYCCE, OHJIa KAPXKbl-
JIBIK, €CETTUTIK KOPCEeTKIIITepiH: Maiiga KoHe TaObICThI
ecipiI KepceTesi.

32

TexXHONOrUsUIbIK, e3repicTep

KocinopeIH xkaHa TeXHOJNOTUSIIAPABI SHI13TeH Ke3ze Oip-
JIeH aKTUBTEP/IiH KYHBIH apThIFBIMEH Oarasiar ecipirn Kkep-
cerem.

3.3

HapbIKTbIH MOHONONM3AIMSUIAHY JAeHTreli

Taburu MoHomMoMMCTEp TapudTEpl KOFapiary apKbuUIbl
Mo naiaa Tadambl. TaOUFM MOHOTIONMUSITAPABIH TapUQTi
a3alTybl casicl OWBIHHBIH MoHI. TeK XaIbIKThIH KBICHIMBI-
MeH TapudTi a3alTyra THIPBICAIBI KHE 63 MaiAaNIaphH
KYTUsAIA YCTalIpl.

Mukpogereiineri aktopnap

Byxranrepiik
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4.1 | Eneyni uHBeCTHIIUS KOJIeMi

KQCiHOpBIH YJICKEH KOJIEMJI€ MHBECTULIMA TapTca, OH-
Ja MHBECTUIUAJIBIK Ta6I>ICTI>IJILIKTbI APTTBIPBIIT KOPCETY-
I'e¢ ThIpbICaJbl.

4.2 | AWHaAJIBIM KalUTaJIBIHBIH KETKUIIKCI3HIr

AWHATBIM KaITUTAIBIHBIH KEeTKLUTIKCI3HIr KOCITOPHHHBIH
HECHETiK PEeUTHHTICIH TeMeHIeTeHdl, COH/ABIKTaH aiHa-
JIBIM KaITUTAJIbIH aPTTHIPBIIT KOPCETYTe THIPHICA/IBI.

4.3 | KymaHzi neGuTopiblK GOpHIITHIH 6cyi

KymoHzi neOuTopIisiK, OOpHITap KApKbUIBIK, KBIH/IbI-
KKa anbin Keneni. COHIBIKTaH KOCIMOPBIH Kap:KBUIBIK
JKaFJai/Ibl )KaKCAPTHIIT KOPCETYTE THIPHICA/IBL.

4.4 | Axkma KapaxaTbHbIH TaNIlbUIbIFbI Ke3iHIe

JKOFaphl Taii/la MeJIIIIepiH KepceTyi

Erep KocinoOpbIH aKIIia arbIMbl TOMEH Ke3/Ie KOFaphbl Mai-
Ja MeJIIEpiH KopceTeTiH 0ojica, OH/a MAiIaHbIH MeJ-
IIEepiH acklpa ecipill KepCeTil OTHIPFaHIBIFBIH aHFapyFa
Oosapl.

Eckepry: [8] aknapaT ke3i Heri3iHAe KYpbUIFaH.

KapXbUIbIK eCeNTiIiK aKmapaTTapbiH OypMaian KepceTy TYpraThl Typajibl akaparrap Keneci 4-kectesie Kep-

CeTUITeH:
Kecre 4 - KapXbUIbIK ecenTiNiKTiH OypMasaHy TypraThl
Ne | KapXKbUIbIK, ecenTiliKTiH OypMaiaHy Typra- | KapKbpUIBIK ecenTilik akmapaTTapsiH OypMaiay opeKeT-
THI Tepi
BanaHc anemeHTTepiH Kate OipiKTipy.
AKTHBTEp MEH NACCUBTEPiH CaJbAIOChIH KaTe ecernTey.
1 | CaHOpIK, MoMIMETTEpi, KiKTeMeNepi, akna- | AKTHUBTEpIi IIBIFBIHFA HEMece KepiCiHIIe aifHAIABIPY.
paTTapibl YCHIHY JKSHE alllblll KopceTy Ke3iH- | Byxranresnik 6anaHC a1eMEeHTTepiH TYCIHIKCI3 OeJIlIeKTey.
Je OyxraJeTpiik Karuganapasl aypeic emec | EcenTeH mibirapbUIraH cOMaHbI OalaHCTa YCTaIl KOPCETY.
KOJIJIaHy
Kaiita 6aranay coMachlH KaTe ecernrey.
2 | Byxranrtepiik ecen IIOTTapblHIAFbl Kalidbl- | AMOPTH3ALMSIBIK ayAapbIMAAp COMAchlH Kate Oarasay.
KTap/pl Oaranay Ke3iHjie Heri3ci3 esreprynep- | ypbic emec Oaranay ofiCiH KOJIaHy.
re Ko oepy
. . . | BonmaraH onepanusiiapra OyXxraitepiik xa3oa xkasy.
3 | Bacramkpl KyaTrap MeH TipKeJimaepaeri .
. ; Tyrenzey ke3iHe xajFaH caHaapapl Kepcery.
MOJIIMETTEp/Ii ©3repTy XoHEe KaJlFaH KyKar-
Tap xkacay
4 | IlapyarmbUIbIK OTiepalisuiapbid of1eiti Tipkey- | Keitbip Gantapapl 6anaHcKa eHrizoey
re aJiMail KO HeEMece €CeNTiTiK Ky KarTapaa
KepceTnei Koo
5 | KapXbUIbIK eCenTiLTIKTI OypMaiay YIIiH Kyp- | ABTOpiap 9ii 3epTTeMereH
JeJli onepanusiiapra KaTbicy
Eckepry: [14] aknapar ke3i Heri3iHJe KypbUFaH.

J.P. KpeccuaiH anaskThIK TEOPUsICHI OOWBIHINA ajia-
SIKTBIK, 9peKeTKe Oapy IapTTapbl MblHaraH Herizzesnei
[15]:

- JKeKe TYJIFaHBIH CaHAJIbl TYpAe aJasgKThIK OpPEKeTTi
JKacay MYMKiHIIUTIT;

- KBICBIM JKaFJafibl MEH bIHTAJAHIBIPY (haKTOpJIapbl-
HBIH OOJTyHI;

- JKOFapbla aTajfaH eKi (pakTopiapaaH e3 9peKeTiH
JKaChIpy HEMece aKTay MYMKIiHAIr TybIHIAN/IbL.

Ochbl arajraH YII 3JeMEHT Oipiril agasik ThIKThIH
YOYpbIITHIK, yiriciH Kypaitopl. An K. Haddunn
xoHe II. I'paGockTiH 3eprreynepi OOWBIHINA OPHUILTH-
AHTTHIK TEOPHsI YCHIHBUIFAH JXKOHE aJIasKTHIKTHIH YIL-
OYPBILITHIK, YJriCiHIE KapacThIPbUIFaH YII JIEMEHTKe
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TOPTIHIII MeMeHT KadineTTimik eHri3iimi [16]. CoHbl-
MEH KaTap anasiKThIKThIH OeCOYPHIIITHIK, YIITICI 16 YChI-
HBUIFaH JXKOHE OFaH MBIHAHIAl 3JIEMEHTTEp eHTi3iNfi:

CEHIMJILTIK, KY3BIPETTLTK, MYMKIHIIK, BIHTATAHIBIPY
JKOHE ©3iH-e31 akTay. Juprenno xone TpelicMan mo-
JeJIepiHe ecenTey HOTKeNepi S-KecTe KemTipilreH:

Kecre 5 — [lupuenno xone TpeiicMaH MoAenepiHe ecentey HoTuxKeNepi

Byxranreprik ecenTi KaObUIAAYABIH OPHBIHA KOJIAHBUIATHIH KY paJl
. Backapyneg . Kan Gacrina
ArpeccuBTiTIK MoHiH amry | IIaKKaHJaFbl
AIBIK TBIFBI
ayauTopiap
A maueni: [fupuenno Gackapy ai-
HBIMQJIBUTAPBIH Al JasIaHy
PAQ -0.152 1.291 1.109 2.493
PDI -0.018 -0.007 -0.009 0.007
IDV -0.001 -0.018 -0.017 -0.033
MAS -0.031 -0.012 -0.013 -0.004
UAI 0.006 0.001 0.000 -0.002
EFW 2.107 0.685 0.761 0.189
GDP 0.000 0.000 0.000 0.000
DAI 1.755 6.359 6.157 6.187
const -7.785 -8.324 -7.66 -12.177
B naneni: Tpeticman Gackapy ai-
HbIMaJIbUJIAPBIH TaiijajaHy
PAQ 2.246 265 | 2.692 -3.673
JKanmsl KYKbIK Kxy#eci -1.498 -0.916 -0.998 1.398
Bypbiarel  Oputanipik, Komonust | 0.375 -0.340 -0.306 2.028
Hemece ¥JIbIOpUTaHus
Emkaniad KojoHus1 OOJIFaH eMec 0.782 1.079 01.06 | 0.097
IIpotecrantrap (%) 0.007 0.006 0.005 0.042
DTHOJIMHIBUCTUKAJIBIK, O0J1iM 0.003 -0.004 -0.003 -0.008
OTbiH, MeTagap koHe manmanel | 0.009 0.011 0.011 0.027
Kaz0asap SKCIIOPTHI
JKan OacplHa makkaupars! jora- | 3.311 3.304 3.312 8.398
pucdmaix JKIO
Denepayablk, -0.668 -0.400 -0.417 -0.451
Y3nikci3 aeMokpaTust -0.352 -0.442 -0.490 1.714
Constant -18.914 -21.081 -21.3 -9.351

By 3epTTeynin Makcarsl OyXrajTepiK ecell IIeH Chl-
Gaiiyac JKEMKOPITBIK, APaChIHIAFbI OalTaHBICTH SMITUPHU-
KaJIbIK 3epTTey xkacay Oomusl. Ockl MakcarTa 0i3 Oyx-
TajITepliK ecel MEeH ayAuT CallachiHbIH [CHIeili MeH
Go/KaMIbl ChIOAIIAC KEMKOPJIBIK, apachiHAarbl Oaiia-
HBICTBI 3epTTey YIIiH 57 enfiH JAepeKkTepiH Maiigana-
Ha OTBIPHIN, €apajiblK, Tammay Xyprimik. Kopperns-
LUSUTBIK, TAJIay JKoHE perpeccrsl apKbUbl JduprieHtio-
HBIH KYMBICHIH/IA Ke3/IeCeTiH alHbIMAJbLIAPAbl OaKbl-
JIail OTBIPBIII, 0i3 TUIOTE3aHbl KOJIAWTHIH AQJIEACD Ta-
Ganteik, (H1): bigd ¢pupmManapbiHbIH KaThICYBIHBIH ap-
TYBl MEH eJifieperi celbaiiac ;KeMKOPIBIKTBIH KaObLI-

JAHFaH JIeHredi apachlHIa Kepi OailaHbic Oap kKoHe
(H2): enpmeri xabbUTOaHFaH OYXTAJTEPITiK €cell camachl
MeH eJiep/ieri ChlOaliac KeMKOPIBIKTBIH OOMKaM/IbI
JieHreii apaceiHaa Kepi Oaiinansic 6ap. Tuicti Kypan-
JIApABIH IEKTeYJIepiH ecKepe OTHIPhIN, 0i3 TOPT TYpii
ACTIAITHIK, AHBIMAJTBUTAPIIBI KOJIJIAHY apKBUTBI €Ki CaThi-
JIbl €H Killll KBaApaTThIK TaJlIay KYPrisim, SHJOTeHIiK
Mocenenepni memtik. Hotmwkenep H2 yimiH sHOOreH-
Jik Oakpulayra Te3imii. ©3apa OalIaHBICThI eMecC ai-
HBIMaJIbLIAPhl Oap OPTYPJIi MOIEbICPIi, COHAN-aK eH
Killll KBaJIpaTTapIbIH €Ki CaTbUIBl 9ICiH KoHE Kypa-
JIap KUBIHTHIFBIH KOJIJJAHA OTHIPHII, 0i3 COMKECIHIIE OT-
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Ki3iN ajFaH aifHBIMAJTBLIAp MEH SHIOTEHIUIIKTIH OpbI-
HBIH ayBICTBIPY MoceJieNepiH mememis. by Hotmxe-
Jep OyXrauTepliK ecell MeH ayIuTTiH JKaKcapybl Chl-
Gailyiac XeMKOPIIBIK, JIeHIeHiHIH TOMeHIeyiMeH Oaiia-
HBICTBI JIETEH KaJbl TUIOTE3aMbI3[Ibl KATThl KOJIaii-
nel. Bizgin monenbaepimizperi PAG GaitaHbICTH KO-
a¢pdureHTTepiH MeIepi OyXraaTepitik ecenTin Ka-
ObUIIaHFaH carachl KAObUIIaHFaH ChIOANIIAC KEMKOPJIbI-
KIIeH CTAaTUCTUKAJIBIK TYPFbIIaH FaHa eMec, COHbIMEH
6ipre SKOHOMHKAJIBIK TYPFBIJAH JIa MaHBI3IbI E€KCHIH
kepcertelli. OCBIHBI eCKepe OTBHIPHII, OYXTaaTepIliK ecer-
Ti JKaKcapTy chIOailyiac KEMKOPJIBIKTH a3afTaThiH eKi
CaTBUIBI €H Killli KBaJIPaTTHIK PErPEecCHsl IeMOHCTPaIlH-
sCHIMEH Karap, OyJ1 TYKbIpbIMIAp ChlOailiac xKeMKop-
JILIKTIEH KYPEeCKici KeJeTiH enjiep YIIiH MaHbI3Ibl: OyX-
TaJITepIIiK ecell MeH ayTUTTiH CalachlH KaKCapTy apKbl-
JIBI eJIep ChIOAIac KeMKOPJIIBIK, JeHTeiiH TOMEH/IETyTe
Oosaapl.

KopsiThiHabl. KapXbuIbIK ecenTilikTiH Oypmara-
HYBIHBIH IABIH aly YIIiH CBIPTKBl ayJWTTi XYpri-
3y 9iCTepiH XeTUIIipy Kepek. CBIPTKBI ayIuTTe KO-
JAHBIIATBIH  JOCTYPIi OMiCTEpMEH KaTap >Korapbiga
aTaJiFaH alasKTHIKTBIH YIIOYPBIITHIK YJITiCI MeH Oe-
COYPBITHIK, YJITiIepi OOMBIHINA KAPXKBUIBIK, €CENTiTIK-
Ti KYpyFa XayanTsl TYJIFaHbIH aJasKTHIKKA kol Oepy
BIKTIMAJIIBUTBIFBIH aHBIKTAy KAXKET. OICTEMENIK IeH-
reiiie Keke TYJIFaHbIH KaOileTiH, aylasKThIKKa Oapy
MYMKIHAITH aHBIKTalTBIH TOyeKeNAUIiK (hakTopapbl-
HBIH MHAMKATOPJIAPbIHBIH Ti3iMiH jkacay KaxeT. byxrai-
TEpJIiK €cel MeH ayJWTTiH camachlHa 13, OyXraiTepiik
€Cell ITeH ayJUT CTaHJapTTapbIHA J1a CiJITeMe JKacaiMBI3.
Byxranteprnik ecem - OyJ1 KapKbUIBIK, aKMAPATTHI Kaj-
nbUTay KOHE KeIIIJIiKKe KEeTKi3y Ipoleci 0oica, aj
ayauT - OyJ1 Oyxrajirtepiik aklapar TeKCEepilIeTiH Ipo-
necc. OmnapablH ekeyi ge 6ip mporecTiH Oeiri 6o

TaOBUTabl, COHABIKTAH OJIAPHBIH eKeyi Jie aKmaparrap-
JIBIH IIIBIHAIBI )KOHE HaKThI OOTYBIH KAMTAMAcCh3 eTe/i.

JepexTepaiH KON KeTIMIUTIN HOTHKeciHOe Oi3IiH
ipiKTeMeHiH MeJIIepi MEH HOTHKECIH/Ie aJIbIHFaH eJiiep
CaHBl MOZIEJIBJCH MOJIEJIbIe Kapai e3repir OTeIpabl. Ju-
pueHIIo 2 Moeti 0i3/iH KO KeTiIMIUTIIT IeKTeyI yiI-
riIepiMi3[iH 6ipi OOJIBI, COHABIKTAH KOJMIaHOa A Ti3iM-
nenred engep dupueHno 2 MofesiHae naijalaHbUFaH
20 enpai cumarragsl.

AyIUT KoHE OYXTaJITepITiK ecerl CTaHIapTTaPbIH KaK-
capry chl0aiiac KEMKOPJBIKIICH OallIaHBICTHl €KeHiH
KepCeTeTiH OyJI TYKbIpbIMIAP MaHbI3/1bl. Chibaiiiac xe-
MKOPJBIK, €IIEpAiH /e, YHBIMIApIbH Aa JaMyblHa Ke-
nepri kenripeai. By nmporpecc kabinercizairi exi dak-
TOpHaH TybIHOaWabl. BipiHImiieH, ceibaiiac xeMKop-
JIBIK, OHBIH ©CyiHe KOMEKTEeCY YIIiH SKOHOMUKaFra Kak-
Ta MHBECTHLMsUIayFa OOMaThIH KApaXaTThl IIbIFapabl.
Hotumxecinzie yThIMCBI3 O6JIiHETIH pecypcrap chibaiiiac
KEMKOPJIBIK JIETEHIMI3 pecypcTap eHAipiCTIK aKTUBTEP-
re, Gapray KyMbICTapblHa HeMece eMip Cypy HeHIrei-
iH KOTepy/iH OacKa o[licTepiHe THIMCi3 MHBECTUIIUSLIIA-
Hajbl. Backa ennep e3nepinin JKIO-ui keberitim, 6ace-
KEJIECTIK MO3UIIMSIAPBIH KAKCAPTKAHBIMEH, chibaiiac
KEMKOPJIBIK, IEHreli )KOFaphl eJiep chibaiiac ;keMKOop-
JILIKCBI3 OOyl MYMKIH JKepre )eTyre ThIPICHII, YHEMi
aprra Kanagpl. Ceidaiinac ;keMKOPIIBIKTBIH €KiHIII KO-
KBIH 9cepi OfaH 1a MaHbI3b! Oomysl MyMKiH. [llerenik
YHBIMZIAp MEH XXeKe TYJIFanap e3[epiHiH WHBECTUIIHSI-
JIapel Kayirci3 60s1a/ip! ien ceHOeHTiH HeMece chibaiiiac
KEMKOPJIBIK JIeHredi KOFapbl JeN CaHAWTHIH eJjiepre
vHBecTUIMs canrbichl kenameiai. [lerengiktepaiy uH-
BECTUIUSIIAPBIH KBICKAPTYIBIH KOHE YTHIMCHI3 OOJIiH-
TeH pecypcTapibl TONTHIPYIBIH SKOHOMHKAIBIK, TETiK-
TEepiH amIyIbH €Ki XKaKThl Kepi cangapbl SKOHOMHKAaFa
3USH TUT13y1 MYMKIiH.
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CHALLENGES WITH THE TRANSITION TO A RESEARCH-BASED ECONOMY
IN KAZAKHSTAN

Z. Torebekova'®, B. Urazymbetov?
1Syracuse University, USA,
2Cornivus University of Budapest, Hungary,

e-mail: tzufiya@syr.edu

This study offers several qualitative and mixed approaches to explore the challenges with the transition to
a research-based economy in Kazakhstan. Some findings have been drawn from a doctoral study of science
policymaking in Kazakhstan focusing on experts’ involvement in agenda setting.

According to the results of this study, despite the significant structural transformation and numerous economic
development strategies, the economy of Kazakhstan remains dependent on extractive industries. It is mainly
because the structure of the economy of Kazakhstan is more export-oriented than service-based. The macroeconomic
situation is characterized by an unpredictable business environment.

The findings of this research highlight that the business sector is not interested in R&D activities and relies
most on accelerated foreign technologies. The Kazakh Government likely needs to facilitate specific subsidies
and tax preferences for business enterprises involved in research and development activities. This kind of state
support may encourage business representatives to invest more in scientific activities that could help the country
move smoothly to a research-based economy.

Keywords: a research-based economy, knowledge economy, research and development, diversification, export
volume, industrial innovation, extractive industries.

IMPOBJIEMBI NEPEXOJIA K HAYKOEMKOM S9KOHOMUKE B KABAXCTAHE

3. Topedexosa'”, B.YpazbimoeTos?

! Cupakysckuii yausepcurer, CIIIA,
*KopHuBckuii yauBepcuter Bynanernra, Benrpus,

e-mail: tzufiya@syr.edu

ﬂaHHOC HccieJoBaHUE MpeaIara€T HECKOJIbKO KAQYECTBEHHBIX U CMEIIAaHHBIX MOAXO0O0B K M3YUYCHUIO l'lpO6J'l€M,
CBA3aHHBIX C [IEPEXOAOM K HayKOCMKOfI skoHOMUKe B Kazaxcrane. HeKOTOpre BBIBO/IbI ObLIN CICJIaHbI B XO1€ TOK-
TOPCKOI'0 UCCJICAOBAHUA paSpa6OTKI/I MOJIUTHKU B 00JIACTH HayKU B Ka3aXCTaH€, B KOTOPOM OCHOBHO€ BHUMAaHHE
YACIAIOCh YIAaCTHUIO 9KCIIEPTOB B Cl)OpMI/IpOBaHI/II/I IIOBECTKH OHA.

CoryacHO pe3ysbTaTaM JaHHOTO MCCIIeIOBaHMS, HECMOTPSI Ha 3HAYUTEIbHbIE CTPYKTYPHBIE MPeoOpa3oBaHus U
MHOTOUKCIIEHHBIE CTPATEruH SKOHOMUYECKOTO Pa3BUTHSI, SKOHOMUKA KazaxcraHa ocraercst 3aBUCUMO# OT JI00bI-
BAIOIMX OTpaCc/ieid. DTO MPOUCXOIUT IJIABHBIM 00pa30M MMOTOMY, 4TO CTPYKTypa SKoHOoMUKH Ka3axcraHa Gosibiie
OpHMEHTHPOBaHa Ha IKCIIOPT, YeM Ha cepy yciyr. MakposKOHOMUYECKasi CUTYallHsl XapaKTepU3yeTCsl He310POBOM
U HeTipeJIcKa3yeMoi 1eJI0BOM Cpeou.

Pe3ysbraThl Hcciel0BaHNS CBUAETENBCTBYIOT O TOM, YTO OM3HEC-CEKTOp HEe 3aMHTEpPecOBaH B HAy4YHO- HCCIIENIO-
BaTEJIbCKOM JIESITEIBHOCTY U HE YYacCTBYeT B Pa3BUTHM HAy4YHBIX U MHHOBAIMOHHBIX cep. [IpaButenscTBy Kazax-
CTaHa, BEpPOSITHO, HEOOXOIMMO TPEOCTaBIIsATh CyOCHINI M HAJIOTOBble NpedhepeHIMi IS TPeIPUSTHI, 3aHHU-
MaloIIMXCsl UCCIIeJOBaHUAMU U paszpaboTkamu. [lonobHast rocynapcTBeHHast NOQJIEpkKKa MOXET MOOYIUTD Mpeji-
craBuTeNel OM3Heca OoJIbllle MHBECTUPOBATh B HAyYHBIE MCCIICAOBAHMS, KOTOPbIE MOIIM Obl IOMOYb IUIABHOMY
Tepexoy K 9KOHOMHUKE, OCHOBAHHO! Ha MCCIIEOBAHNUSX.

KiwoueBble ciioBa: HayKOE€MKasi 9KOHOMHMKaA, S9KOHOMHUKaA 3HaHI/II71, HCCIICOOBAHUA U pa3pa60TK1/I, lII/IBepCI/I(I)I/I-
Kanuysd, o0beM 9KCIOPTA, NIPOMBIIIJIECHHBIE THHOBAILIMH, ,II06I>IBEIIOH.[I/IC OTpaciiu.
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KA3AKCTAHHBIH FBUUIBIMYA HEI'IT3JIEJI'EH 9KOHOMMUKAYTA KOITY
MOCEJIEJIEPI
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?Bynanemr Kopuus ynusepcuteTi, Benrpus,
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By 3eprrey Kazakcranarsl FhUIBIMFA HETi3/1eITeH SKOHOMUKaFa KeLllyMeH OailJIaHbICThl KMBIHABIKTAPBI 3ePT-
Tey/liH OipHellle canaJbl KoHe apajac S/icTepiH ycbiHaabl. Keitoip KOphIThIHIBUIAP KYH TOPTiOiH Ky pyFa capariibl-
JIap/IbIH KaThiCybiHa OarbiTTaran KasakcraHaarsl FBUIBIM CasiCaThlH JKacaKTay >KOHIHJIEri JOKTOPIBIK 3epTTeyaeH
AJTBIH]IBL.

Ocbhl 3epTTey HOTHKETIepiHe ColKec, eNleysi KYPbUIBIMJBIK, 63repicTepre koHe KoelTereH SKOHOMUKAIBIK AaMy
CTpaTervsuiapbiHa Kapamacrat, KazakcraH 9KOHOMUKACH! OHJIPYII catanapra Toyesai 6onbin Kaina Gepyne. By,
eH aapiMeH, KazakcraH 9KOHOMMKACHIHBIH, KYPhLTBIMbI KBI3MET KOPCETY CalachlHA KaparaH/a 9KCIIOPTKA KeOipek
OarbITTATFAHbIFbIHA OaiiTaHbICThL. MaK pOIKOHOMUKAIIBIK, JKaF/Ial cay eMec koHe OokayFa O0IMANThIH KICITKep-
JIK OpTaMeH CHUIIaTTaNa/Ibl.

3epTTey HOTHXKeIepi KACIMKEpIK CEKTOPABIH FHIIBIMHU-3EPTTEY KBI3METIHE KBI3BIFYIIBLIBIK, TAHBITIIAWTBIHBIH
JKOHE FBUIBIMU-MHHOBALIMSUIBIK OArbITTapbl JAMbBITYFa KaThICTIAWTEIHBIH KepceTeai. Kazakcran yKiMeTi FhUIbIMHU-
3epTTey KoHE TKipUOeIiK-KOHCTPYKTOPJIBIK, )KYMBICTAPMEH aifHAJIBICATBIH KCIMOPBIHAAP YIIIiH HAKTH CyOCHIU-
sUTap MEH CAJIBIKTHIK, TipedpepeHnusiiap Oepy/i KeHIeTy KaxeT 0omybl MyMKiH. MyH/Iall MEMJIEKETTIK KoJay
Ou3HecTi 3epTTeyre Kedipek MHBECTULMS CaTyFa bIHTAJaHIBIPYbl MYMKIiH, OYJI 3epTTeyre Heri3JenreH SKOHOMU-
KaFa KeIy[i KeHUIIeTyre KOMeKTeCe]i.

Tyiiin ce3aep: OijiMre Herizae/NreH SKOHOMHUKA, Oi1iM SKOHOMHKACHI, FHUIBIMHU-3EPTTEY JKoHE d3ipieMenep,

opTapanTaHblpy, SKCHOPT KOJIEMi, OHEPKACINTIK MHHOBALMSUIAP, OHAIPYILI calaiap.

Introduction. Over the last few decades,
Kazakhstan has placed a high priority on promoting
scientific and research activities. The nation has
implemented several governmental reforms, strategies,
and programs to decrease its dependence on the
extractive industries, aiming at a research-based
economy. More specifically, the Kazakhstan 2030
and 2050 strategies adopted in 1997 and 2012,
respectively, call for extensive political and economic
changes, with a focus on diversifying the economy and
achieving high-value-added production. The national
government encourages industrial innovation due to
the decarbonization tendencies worldwide.

Along with other objectives, Kazakhstan's 2030
and 2050 strategies have set the goal to move
Kazakhstan into the top 30 countries by 2050. Science
and technology have been identified as the driving
forces behind this process. The nation pursues the
development of special industrial and economic zones,
innovation clusters, digital and industrial infrastructure,
support of programs to increase R&D and innovation,
high-tech exports, venture capital, development of
human capital, etc. The adoption of the Kazakhstan
2030 and 2050 strategies has been a significant
step toward establishing the agenda for innovational

and scientific development and diversification of the
economy.

Despite such ambitious plans, R&D and innovational
outcomes remain comparatively lower at 87th out of
132 on the “innovation output” sub-index of the Global
Innovation Index in 2023 [1]. This result however is
noticeably higher than those from previous years (97"
in 2022, 101st in 2020). The government expenditure
on science remains significantly low compared to more
developed countries (0.13% of GDP vs 2.5% of GDP)
(2].

One of the recent reforms on accelerating scientific
and innovational activities in Kazakhstan has been
establishing a separate governmental body responsible
for scientific development with relevant legislation
on Science and Technology Policy. The latter reflects
the logic of national development toward science and
innovation and effective measures to support private
initiatives to create innovative infrastructure - business
incubators, commercialization centers, technology
parks, and design bureaus.

Literature review. A research-based economy or
knowledge economy is an economic system that
relies more heavily on intellectual capabilities than
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natural resources. This term was initially coined by
Peter Drucker in the 1969 [3] essay "The Age of
Discontinuity.”

The Austrian economist Fritz Machlup defined
knowledge and prescribed knowledge's utility from
a multifaceted perspective in The Production and
Distribution of Knowledge in the United States
[4]. This definition focused on knowledge's use in
production, namely in the creation of the knowledge
industry.

This concept also refers to the increased demand for
knowledge, information, and highly trained workers, as
stated by the Organization for Economic Cooperation
and Development [5]. This transformation includes
adjustments to the political, economic, technological,
and value systems of societies [6]. This shift has led
to a reinterpretation of the function of human capital,
which is now deemed to be more significant [7].

The European Bank for Reconstruction and
Development (EBRD) has recently advanced the idea
of the knowledge economy as an aspect of economic
development, where productivity growth is driven by
innovation and information availability [8]. The shift to
the knowledge economy involves several components
of new developments like digitization and the Internet.

Meanwhile, theory and empirical study on the
economic effects of R&D spending received a
significant boost from Robert Solow's groundbreaking
work (1956), which emphasized the significance
of R&D as a driver of technological development,
innovation, and economic growth.

Studies highlight that subsidies for business R&D
encourage optimal private R&D spending and returns
on research and development [4-9]. According to Dai
& Liwei [5-10], a saturation limit beyond which an
increase in public subsidies would either partially or
entirely drown out a firm's private R&D investment
instead of increasing the firm's total R&D spending.
Studies also support the assumption that although
government support for firm-performed R&D has a
positive impact on business-financed R&D, the degree
of this effect's stimulation varies [11,12].

Yet, discovering the impact of government subsidies
on business R&D spending piqued likely the curiosity
of many scholars. The study conducted by Czarnitzki
and Lopes-Bento [13] examined the effect of a
government-sponsored commercial research and
development program in Flanders from different policy
perspectives. The findings indicated that the policies
are not fully crowding out, the treatment effects remain

constant over time, and additional subsidies do not
reduce the estimated treatment effects. In the case of
Germany, the coexistence of national and European
policies is described as complementary by the same
authors, Czarnitzki and Lopes-Bento [13].

In their studies, Hud and Hassinger [14] discovered
a positive effect for 2006-2010 and a crowding-out
effect for the crisis year 2009 due to the reluctance of
German small-medium enterprises (SMEs) to engage
in innovation through subsidies. According to their
findings, public subsidies have a generally positive
impact since they keep R&D spending from stopping,
which would have otherwise happened.

Large treatment effects were observed for European
SMEs, when it came to input additionality from
national and international programs separately for firms
supported by both sources compared to firms supported
just by national programs [15].

The study on the long-term relationships between
regional Trade Facilitation Programs, R&D, human
capital, and public infrastructure in Italy from 1980
to 2001 demonstrates that geography matters for
R&D spillovers, as R&D has a positive impact
on productivity and the R&D stock in one region
influences productivity levels in neighboring regions
[16].

Using data from 23 OECD nations from 1991 to
2006, Wang et al. [17] discovered that R&D spending
for high-tech sectors affects GDP per capita levels.
Another study by Inekwe [18] stated that the influence
of research and development spending on the economic
growth of 66 selected nations varies over the short and
long term, as in upper-middle-income and low-income
countries, and the impact is much more pronounced
and substantial. Thus, studies suggest that science and
technology enormously affect sustainable growth and
economic transformation.

Methods and materials. This article draws from
a study conducted by the first author using online
interviews with Kazakh governmental administrators,
independent experts, and scholars. The data was
collected as a part of dissertation research focused on
science agenda-setting in Kazakhstan. The first author
conducted in-depth, semi-structured online interviews
with 24 participants using snowball sampling for these
interviews. Interview questions focused on science
policymaking and experts’ involvement in this process.

Additionally, the current study includes an analysis
of the current state of the economy and the official
data of the National Bureau of Statistics and other
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sources. To expand the understanding of the research
subject, the findings from this current study have been
combined with the findings of the previous dissertation
research.

The role of extractive industries in the economy
of Kazakhstan. Despite the significant structural
transformation of Kazakhstan's economy, its
sustainability and competitiveness likely remain in a
high degree of dependence on extractive industries.
While many macroeconomic trends look strong,
the benefits of resource-led growth have not been
sufficiently distributed across the economy, leading
to uneven growth in productivity, investment, and
inclusion.

Yet, developing the private sector and promoting
economic diversification remain among critical
government priorities. The government developed
numerous economic development strategies, invested
significant public resources in industrialization
programs, and implemented several regulatory reforms
to support domestic and international business. The
environment for doing business in Kazakhstan has
become much easier and more attractive (25th in the
World Bank Doing Business 2020 ranking), and the
country's macroeconomic performance over the past
two decades has been impressive [19].

At the same time, progress in changing the role
of the state in the economy from a main driver of
output growth to a driver of private sector growth,
as well as progress in diversifying and increasing
the sustainability of the economy, remains slow.
Economic growth continues to be driven primarily
by the extraction and export of natural resources.
Moreover, Kazakhstan's economic growth has likely
correlated with world oil prices for more than two
decades. As oil prices rise, so does GDP, and the
opposite. It reflects that net exports — most of which are
hydrocarbons — are critical drivers of annual economic
growth.

Specifically, high oil prices have contributed to
offsetting a large portion of the national government
spending during the worldwide pandemic. In 2022,
government revenue increased by 70% due to the
international oil price, when the growth of oil revenues
amounted to 177% versus 27% of non-oil revenues
with a slight increase in volumes [20]. As a result, the
extractive industry continues to be the primary driver

of growth and fiscal sustainability, enabling the Kazakh
government to accumulate substantial reserves.

Yet, according to the International Energy
Agency [21], one of the challenges the Kazakh
government needs to address is the volatility created
by macroeconomic dependence on resource rents
and the challenges associated with unstable business
environment. While the country remains a competitive
exporter of hydrocarbons, the government should
recognize that its competitiveness could decline the
transition to decarbonization. Moreover, hydrocarbons
and other minerals exports constitute a large portion of
the national budget [22]. Despite Kazakhstan having
expanded the range of products it exports, becoming
the most diversified exporter in Central Asia in the
number of different export products, its impact on the
export volume seems limited.

According to the latest data, Kazakhstan’s trade
turnover with the outside world amounted to $134.4
billion in 2022. The country has a positive trade
balance: exports amounted to 84.4 billion dollars, and
imports - 50 billion. Yet, oil and petroleum products
constitute 65.17% of exports; the rest represent raw
materials such as copper and various ores. The export
volume with the EU, Russia, and China is dominated by
minerals and metals, which account for more than 80%
of all exports [23,24].

This situation is generally because the structure of the
economy of Kazakhstan is less service-based and more
export-oriented. The production of goods accounts
for almost 40% of GDP, including 14.5% from the
mining industry and 13.2% from manufacturing. Oil
and gas production accounts for 80% of the mining
sector. The manufacturing industry of Kazakhstan
is 44% metallurgical production, 15% mechanical
engineering, and 5.5% production of non-metallic
mineral products. The rest comes from small industries,
such as pharmaceuticals [25].

Meanwhile, according to the national statistics, the
largest share in exports with the EAEU countries
is occupied by machinery, equipment, vehicles,
instruments, and apparatus - 26.5%, followed by
products of the chemical and related industries - 26%.
The structure of imports from the EAEU countries
was dominated by animal and plant origin, finished
food products - 19.9%, metals and products made from
them - 19.3% [26].
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Table 1 - Commodity structure of exports and imports of Kazakhstan with the EAEU countries in 2023

Name of goods Export | Import
1. | Metals and products made from them 17,8 19
2. | Mineral products 16,8 12,1
3. | Vehicles and devices 26,5 18,6
4. | Foodstuffs 7,5 19,9
5. | Chemical industry products 26 16,7
6. | Other products 5.4 13,4

Source: Bureau of National Statistics [26]

In the total volume of foreign trade turnover of
Kazakhstan with the countries of the EAEU, the
Russian Federation occupies 91.6%, followed by
Kyrgyzstan - 5%, Belarus - 3.3%, and Armenia - 0.2%.

The trade turnover amounted to 25,7 million US
dollars in 2023, which in nominal terms is 3% less than
the same period last year. Exports of goods amounted
t0 9,9 million US dollars (more by 10%), imports — 15,8

million US dollars (less by 9.7%).

What hinders the transition to a research-based
economy in Kazakhstan? The results of the study
conducted by the first author as part of the doctoral
dissertation show the insufficiency of resources and
the lack of interest from the business sector as critical
problems of science and research development in
Kazakhstan.

“Due to the absence or a limited number of high-tech industries in the country, there is practically
no demand for science from the real sector. Thus, while setting the scientific agenda, the authorized
body often proceeds from the interests and capabilities of scientific organizations and universities.” (a

government of ficial, 49 years old).

“Business is not interested in science. Business is interested only in accelerated technologies and startups,
where it is possible to make quick money.” (an independent researcher, 34 years old).

“The authorized bodies in science, while setting the policy agenda, often proceed from the existing
potential of scientific organizations. Decision makers struggle with the insufficiency of resources and

business R&D.” (49 years old).

Table 2 - The volume of domestic expenditures on R&D by sources of financing in 2019-2021

Name of goods Export | Import
1. | Metals and products made from them 17,8 19
2. | Mineral products 16,8 12,1
3. | Vehicles and devices 26,5 18,6
4. | Foodstuffs 7.5 19,9
5. | Chemical industry products 26 16,7
6. | Other products 5.4 13,4

Source: The National Academy of Sciences, 2022

Indeed, the data from the National Academy
of Sciences [27] demonstrates that 58.6% of the
R&D costs in Kazakhstan are state-funded, 33.5%
- by scientific institutions, and 8.3% - by business
enterprises (Table 1). Meanwhile, within the EU zone,
the business sector covers more than half (57.9%) of

R&D spending, while government subsidies account
for about one-third (30.3%) of R&D costs.

According to the opinion of Kazakh scientists, the
provision of state support for research activities is
essentially acute in developing states since the business
enterprises are not actively involved in scientific
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research and funding. Most likely, compared to more
industrialized governments, the availability of state
assistance for research activities in Kazakhstan is
essentially acute. Research and development spending
by funding sources in developed nations looks
impressive as in South Korea, business funding for
R&D makes up approximately 80% of the total budget,
while in Japan, China, and the US, it accounts for 79%,
76%, 75%, Belgium, Ireland, Germany, Sweden, and
Malta, 42.4%, 62.6%, and 61.2%, respectively [28].

The official data highlights that the business
community in Kazakhstan contributes little to R&D.
The country's scientific endeavors are heavily
supported by the national government. As a result, the

state bears most of the R&D expenses (51.95%), with
the business bearing only 8% of these costs. The latter
prioritizes the natural sciences (16%), engineering
(about 75%), and agriculture (7%). Due to such
characteristics, foreign experts suggest that Kazakhstan
is still in the early stages of research and development
investment, with a large portion of its resources going
toward the extraction of energy reserves [19].

This situation is heightened by the small share of
R&D spending in GDP, which is only 0.13% (Figure 1).
According to the OECD [2], the average R&D spending
across the OECD states grew from 2.5% in 2019 to
roughly 2.7% in 2020.

Figure 1 - The average R&D spending from 2014 to 2021 as a percentage of GDP.
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Source: The National Academy of Sciences, 2022

Discussions and conclusions. According to the
results of this study, the volume of funding for research
activities and its distribution is among the most critical
issues in the Kazakh scientific and innovation field.
A large share of funding comes from the national
government, and this policy likely adheres to the vision
of a well-known American science administrator,
Vannevar Bush [29], who suggests that the central
government must sponsor basic science as it produces
broad social benefits.

The results highlight that the provision of state
support for research activities is essentially acute
in developing states, and compared with more
industrialized states, the business enterprises in
Kazakhstan are not actively involved in R&D. In more
developed countries, business-funded R&D accounts
for more than 60%. The business sector seems to play
a minor role in performing R&D in Kazakhstan.

The structure of Kazakh business R&D prioritizes
the engineering field (about 75%), natural sciences

(16%), and agriculture (7%) [5]. Thus, foreign experts
estimate that Kazakhstan is at an early stage of R&D
investment, and many of its resources are devoted to
the discovery and processing of energy reserves [19].

In addition, the average value for research and
development expenditures remains at 0.13% of GDP,
while across the OECD, R&D intensity increased from
2.5% in 2019 to about 2.7% in 2020 [30].

Kazakh policymakers likely lack efficient policies to
increase scientific and innovation productivity in the
country. Thus, they should adopt more rational and
evidence-based policymaking by engaging experts and
the scientific community. Moreover, considering the
shortage of resources and the limited business R&D,
scientific evidence and expert consultation should be
part of policymaking.

Beyond financial support, the government should
encourage innovation through various channels,
including trade assistance, research network
development programs, business strategy consulting,
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and basic introductions. One way to assist early- that government funding for innovation is important,
stage and long-term strategic R&D that can help but so is the broader commercial support they can
innovation creation and growth is probably to facilitate offer, reflecting the rise of business R&D share in
collaboration with universities. There is no denying Kazakhstan.
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