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I/IH(bOpMaIII/IOHHO-KOMMyHI/IKaIII/IOHHLIe N XUMHNYECKHE TEXHOJI0TNN
IRSTI 50.41.17 https://doi.org/10.58805/kazutb.v.3.20-86

CONSTRUCTION OF A ONE-DIMENSIONAL GRAPH OF THE TERRAIN BY
WIND DIRECTION

T.Zh. Mazakov'?*, A.T. Mazakova?, Sh.A. Jomartova?, G.Z. Ziyatbekoval?, A.A. SametovaZ, A.D.
Burgegulov!?

'RSE Institute of Information and Computational Technologies MSHE RK CS,
Almaty, Kazakhstan,
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan,
e-mail: dizel_kz@bk.ru

Three-dimensional surfaces are important objects for the study of modern geographic information systems.
Currently, the number of works on this topic is growing rapidly due to the introduction of information systems.
They present mathematical models of three-dimensional images. Many scientific studies are devoted to the
problem of synthesis of realistic images, as well as the construction of surface models based on Delaunay triangulation.
The Delaunay triangulation problem is one of the basic ones in computational geometry. Many other problems are
reduced to it, it is widely used in computer graphics and geographic information systems for modeling surfaces
and solving spatial problems. As practice shows, the choice of structure to represent triangulation has a significant
impact on the theoretical complexity of algorithms, as well as on the speed of a particular implementation.
In addition, the choice of structure may depend on the purpose of further use of triangulation. To bring the
terrain model closer to the real one, additional elements are introduced into it, which ensure that its linear and
area structural elements are considered and displayed. In this regard, there is a need to develop and study a
mathematical model of terrain display, considering its illumination by applying a linear density. This paper is
devoted to solving these problems. The software for the computer is designed to build a one-dimensional graph
of the terrain along the wind direction based on the original terrain elevation matrix. The program is included in
the hardware-software complex «monitoring of the fire safety systems».

Keywords: hardware and software package, terrain, automated system, fire safety.

IHOCTPOEHHME O/ITHOMEPHOI'O TPA®UKA PEJIBE®PA MECTHOCTH 110
HAITPABJIEHUIO BETPA

T.2K. Mazakos!?*, A.T. Mazakosa?, III.A. /I:xomaprosa?, I'.3. 3usaréexosal?, A.A. Camerosa?, A.JI.
Bypreryaos'?

'I/IHCTHTyT MH(pOPMAMOHHBIX U BeruucauTenbHbX TexHosmoruiit KH MHBO PK, Anmartsl, Kazaxcran,
?Kasaxckuil HAIMOHAJIBHBIA YHUBEpPCUTET UMeHH atb-Papadu, Anvarsl, Kazaxcran,
e-mail: dizel_kz@bk.ru

TpéxmMepHble TIOBEPXHOCTH SIBIISIIOTCSI BAXKHBIMU OOBEKTaMH JJIs1 U3YUYEHUs] COBPEMEHHBIX I'eOMH(OPMAIIMOH-
HBIX cucTeM. B HacTosiiiee BpeMsi KOJIMYECTBO paboT MO STOM TeMe OBICTPO pacTET B CBSI3M C BHEAPEHHEM HH-
(popmarmoHHBIX crcteM. B HUX mpeacTaBIeHBl MaTeMaTHYecKue MOAENN TPEXMEPHBIX M300pakeHnil. MHorue
Hay4Hble WCCIIEJOBaHMUs MOCBSIIEHB po0iieMe CHHTe3a PEeaIMCTHYECKUX M300paKeHHUH, a TaKke HOCTPOSHHUIO
Mojiesiel TOBEPXHOCTH Ha OCHOBE TpUaHTy/siiuu [lenone. 3aiada OCTPOEHHS TPUAHTYIIALUK lenoHe sABJIseTcs
OZIHOH M3 6a30BBIX B BBIUMCIIUTEBHBIX reoMeTpur. K Hell CBOAsITCS MHOTHE APYrue 3a/1auk, OHA NIMPOKO UCIOb-
3yeTcsi B MaIIMHHOM rpacuke 1 reonH(pOpMAaIIMOHHBIX CUCTEMax JUIsi MOJIEJIMPOBaHM s TIOBEPXHOCTEN 1 peleH s
IIPOCTPAHCTBEHHBIX 3a/a4. Kak Mokas3pIBaeT MpakTHKa, BHIOOP CTPYKTYPHI VIS TPE/ICTABIICHHUS TPHAHTYJISIIN OKa-
3bIBACT CYIIECTBEHHOE BIMSHIE HA TEOPETHUYECKYIO TPYAOEMKOCTh AITOPUTMOB, & TAKXKE Ha CKOPOCTh KOHKPETHOH
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peamuzany. Kpome Toro, BEIOOpP CTPYKTYphl MOKET 3aBHCETh OT LEJN JaJbHEHNIIEro MCIOIb30BAaHM S TPUAHT YIS
1y 1t mpuOkeHnst Mofenu peiibepa K peabHOi B He€ BHEAPSIOTCS JIOMOIHUTEIbHBIE JIEMEHTbI, oOecre-
YUBAIOIIKE YYET M OTOOpakeHNe e€ JTMHEeHHBIX U IUIOIAJHbIX CTPYKTYPHBIX JIEMEHTOB. B CBA3M ¢ 9TUM BO3HH-
KaeT HeoOXOOUMOCTb Pa3pabOTKU U UCCIIEI0BAHUS MaTeMaTHYECKON MOJIENU OTOOPaKeHUsI MECTHOCTHU C y4ETOM
e€ OCBEIEHHOCTU MyTEM NPUMEHEeHHs! JIMHEHHOH IIOTHOCTH. PerieHuio aTix 3a1a4 MocBsiieHa JaHHast padoTa.
ITporpammHuoe obecrieyenne a1t DBM npeaHasHavueHo JUIsl IOCTPOESHHS OTHOMEPHOTO rpacdyka pesbeda MecT-
HOCTH TIO HAITPaBJIEHHIO BETPa Ha OCHOBE MICXOJHOM MaTpPHIIBI BEICOT pesibecha MecTHOCTH. [IporpamMma BKIoueHa
B coctaB komruiekca [TAK «MOHUTOPHHT cHCTEMBbI OOeCTIeueH s TPOTHBOINOKAPHON Oe30MacHOCTH .

KiroueBbie cJIoBa: porpaMMHO-aMIaPaTHbBIN KOMIUIEKC, pelibep MECTHOCTH, aBTOMATH3MPOBAHHAS CHCTEMA,
HoKapHast 6e30IMacHOCTb.

2KEJI BAFBITBIHA COVIKEC JKEP BEJIEPIHIH BIP ©JIIIIEM/II TPA®UTTH
CAJlY

A.T. Mazakosal**, T.2K. Mazakos!?, III.A. I:xomaprosa?, I.3. 3uaréexosal?, A.A. CameroBa?, A.JI.
Byprerysios'?
'Kazakcran Pecrry6mikachi FBUIBIM 5koHe KOFaphI OiTiM MUHUCTPIIri AKIIApaTTHIK, KoHE ecerTeyiln
TEXHOJIOTUSIAp UHCTUTYTHI, AsMatel, Kazakcran,

2on-®apabu ateinarsl Kasak yarTeik yauBepcuteri, Anmvarel, Kazakcran,
e-mail: dizel_kz@bk.ru

Y emmremai GeTtep Kazipri reoaknaparThK, sKyHenepi 3epTTey YIIiH MaHBI3/Ib HbICaHap OOJBIN TaObLIa-
apl. Kasipri yakpITTa aknaparThiK KyHelep/i eHrisyre GaiIaHbICThl OChI TAKBIPHIT OOMBIHIIA XK YMBICTAP CAHbI TE3
ecyzie. Onap yI esmemMi KecKiHAepIiH MaTeMaTUKAaJIbIK, MOJEbIepiH YChHAAbL. KemnTerex FoiIbMu 3epTTeyiep
PEATUCTIK KECKiHAEP/i CHHTE3/Iey MacesieciHe, COHIai-aK JIeJIoH TpUaHTyJISIMSIChIHA HEeTi3/Ie/IreH OSTTiK MOJEIb-
Jepii Kypyra OarbITTasiraH. [IeioH TpHaHTy/ISLIACHH KY Py MiHIETi ecenTey IeOMeTpUsIChIHIAFb Heri3nepaiH 6ipi
607111 TabblTaAB. OFaH KenTereH 6acka MiHIETTep Kipeli, 01 MAIIMHAJIBIK rpadrKaja )KoHe reoaknapaTThK K-
enepre GeTTepai MoIesbey KoHe KeHICTIKTIK ecenTepi Miely YIiH KeHiHeH KonaaHbuiaasl. Toxipube kepcer-
KEHJIEH, TPHAHTYJISILIUSAHbI OUTAIPETiH KYPhUIBIM/IBI TAHAAY AJITOPUTMIEPAIH TEOPUSUIBIK, KY pAEIIiIiriHe, COHIan-aK
HAKTBI iCKe achIpy KbUIIAMIIBIFbIHA aliTapiblKTal ocep erefi. COHbIMEH KaTap, KYpPbUIBIMIIBI TaHIQy TPUAHTYJIS-
LIMSIHBI OJIaH 9pi KOJIJIaHy MaKcaTbiHa GaiiaHbICThl O0IYBl MYMKiH. Pesibed MonenniH HaKThl MoJiesIbre JKaKbIHAATY
YIIiH OHBIH CHI3BIKTHIK, )K9HE ayMaKTHIK, KYPBUIBIMABIK 3JIEMEHTTEPIH ECelKe aTy/bl )KoHe KOpceTylli KaMTamMachl3
eTeTiH KOCHIMINIA 3MIeMeHTTep eHri3inesi. OcbiraH OalIaHBICTBI CBI3BIKTBIK THIFBI3ABIKTE KOJIIAHY apKbLIbl OHBIH
JKapBIKTAaHIBIPBUTYBIH €CKepe OTBHIPBIN perbeTi KapTara TYCipydiH MaTeMaTUKAIBIK, MOIETIH 93ipiey KoHe 3epT-
Tey KaKeTTUIr TyblHIaiapl. Byl skyMBIC OCBl Macenenepi merryre apHairad. Kommploteprepre apHairaH Oar-
JapiaMaibIK, Jkacaktama kep OefiepiHiH OWiKTiKTepiHiH OacTallKbl MaTPUIIAChl HETi3iHe kel OarbiThl OOMBIHINA
xkep OezepiHiH Oip esmemai rpadurin Kypyra apHaiFaH. barnapinama «epTke Kapchl Kayirci3ikTi KaMTamachi3
€Ty KYWeCiHiH MOHUTOPHHTI» OaFJapiaMalIbIK -allapaTThIK, KeIIeHiHiH Ky paMbIHa €HTi31IreH.

Ty#fingi ce3aep: nporpamMMalbiK-anmnaparThiK KelleH, xep Oefiepi, aBTOMATTAHABIPbUFAH XYIie, OpT Kayil-
ci3/iri.

Introduction. With the development of satellite
technology, geoinformatics is becoming more and more
widespread. Important objects of modern GIS research
are three-dimensional surfaces. In recent years, the

triangulation [7-11].

In this regard, there is a need to develop and
investigate a mathematical model of terrain mapping,
taking into account its density of lines. Applying

number of works on this topic has grown rapidly due
to the deployment of information systems. Works [1-
2] present mathematical models of three-dimensional
images. Dissertations [3-6] are devoted to the problem
of synthesizing realistic images. A number of works are
devoted to building surface models based on Delaunay

methods of interpolation of two-dimensional function
allows to obtain smoother surface views. In [12]
a program for interpolation of a two-dimensional
function was developed.

Currently, in connection with the intensive
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development of remote sensing of the Earth and other
planets, much attention is paid to the detection and
analysis by space imaging materials of ring structures.
The study of ring structures is of great importance in
the search for new mineral deposits.

Materials and methods. Input and output data are
organized as separate files and contain information of
one of the following types:

e parameter data;
* initial regular terrain elevation matrix;

¢ result vector of terrain cross-section values in the wind
direction.

Results and discussion. To represent the surface
topography, there is a data display model in a
certain format. The format supports a relatively simple
description of an object as a regular list of points in the
terrain elevation. The files are arranged in the form of a
header, which defines the number of rows and columns
of the original matrix and the following list of elements
themselves. Elements - terrain elevation in the regular
surface grid.

In the ASCII version of the format each vertex is
described by one number (z-coordinate).

In case of insufficient number of rows and columns
or unsmoothness of the original surface, the authors
have developed a program of cubic interpolation, which
calculates a new regular DEM with large DEM size
from the original regular DEM [12].

The algorithm for constructing a cross-section of
the terrain surface is based on the interpolation of the
surface elevation matrix. In it, uniformly distributed
points in three-dimensional space are interpolated by
a continuous function of two independent variables. To
build the DEM cross section graph the following steps
are performed: formation of reference nodes in wind
direction (azimuth), calculation of interpolation value
in these nodes.

In the result file Grafl.txt the elements of the
calculated section of the DEM are written sequentially.

Numerical solution of problems with specific initial
data

When you access the mRelfVet program, the
following head module form is displayed (Figure 1).

A program for constructing a one-dimensional
terrain graph in the direction of the wind

‘ Calculation |

Al-Farabi KazNU
Faculty of Information Technology

Exit

Fig. 1 - The head form of the mRelfVet program

When you press the "Calculate" button, the algorithm
for constructing the section of surface topography
is performed, taking into account the following
parameters and suggestions:

1) The OX axis points east; the OY axis points north
(Figure 2);

2) Alfa - azimuth (angle between north and wind
direction) in degrees;

3) Points (X, Y,,), (X,,, Y},), (X, Y,) and (X, Y},)
define a rectangle bounding the study area.

4) Point (X, Y,) specifies the coordinates of the
wind direction and force sensor.




Figure 3 shows graphically the Graf2.txt source file
for the mRelVet program using the Excel software tool.

%

As an example, the data on the Shunak crater (matrix SN | (X4eY1)
17*17) are used. } /
I
|
L/
B
yAER %
(o) (K6%)  (Xada) (Xe:Yn)

Fig. 2 - Diagram of the location of the main points

Construction area

05 m510 mwl10-15 w1520 m20-25 m25-30

Fig. 3 - Source file for the mRelf Vet program

The following Figures 4-7 graphically show the results of the mRelf Vet program at different values of the Alfa
angle.

30 25
5
2 20

20

0 0
e N T (S A A S A A RN A I R AR I AN

Fig. 4 - Sectional graph at Alfa=0 Fig. 5 - Sectional graph at Alfa = 30
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Fig. 6 - Sectional graph at Alfa = 45

The program developed will be widely used. In
particular, it is planned to develop a system for
monitoring and predicting the direction of fires on its
basis [13-14].

Conclusions. The article describes a program
for spatial display of surface topography, taking
into account its illumination on raster-type graphical
devices.

The presented work contains research and
development, which can be seen as a solution
to an urgent scientific problem, dedicated to the
development of monitoring technology for fire safety
system (terrain elevation matrix).

The main theoretical results of the work are as
follows:

30
25

20

0
I S N R I I N A N S

Fig. 7 - Sectional graph at Alfa = 90

1) Mathematical apparatus and theoretical
foundations of the new technology of automated
construction of a one-dimensional terrain relief graph
by wind direction on the basis of the original terrain
elevation matrix.

2) Mathematical model for taking into account
terrain illumination due to the density of lines.

3) algorithms and software modules that implement
the developed technology of automated fire safety
system.

The practical value of the work lies in the fact that
the developed technology and algorithms can solve the
problem of an automated system to ensure fire safety
from digital data. And can also be used in scientific
and practical research on wind direction based on the
original terrain elevation matrix.
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DEVELOPMENT OF A STRUCTURAL AND FUNCTIONAL MODEL OF AN
AUTOMATED SYSTEM FOR DESIGNING ASPIRATION NETWORKS

Novitsky V. O.
Russian Biotechnological University, Moscow, Russia,

email: nvo60@mgupp.ru

Currently, the situation with the sale of grain products of the Russian Federation by an external consumer is
quite complicated. A large amount of grain products remains unclaimed and requires processing in the domestic
market.

In this regard, the capacities of existing enterprises are not sufficient for storage and processing. To increase
the processing of grain products, it is necessary to build new processing enterprises.

The technology of processing grain products requires the implementation of a number of safety-related measures,
in particular with dust removal and dust protection. For the implementation of safety measures, the installation
and installation of aspiration networks is carried out. The set of aspiration networks includes a large number
of equipment and components. Aspiration networks of enterprises are a complex and responsible economy, on
which the technological processes of functioning of the entire milling enterprise depend.

The calculation of aspiration networks, a rather laborious process currently carried out mainly manually, takes
along time. Automation of the design of aspiration networks, an urgent and in-demand necessity, both for Russia
and all the countries of the Eurasian Economic Community.

The presented article shows the methodology for the development of a structural and functional model (SPM)

of an automated aspiration network design system using the SADT, IDEFO methodology. SFM is used in the
development of an information logic model (IFM) and a program algorithm for calculating the aspiration network.

Keywords: aspiration network, model, SADT methodology, decomposition, program.

ACIIUPAIIMAJIBIK ZKEJIIVIEPII ZKOBAJIAY 1bIH

ABTOMATTAH/IBIPBLJIFAH KYAECIHIH,
KY¥PbUIBIM/IBIK -®YHKIINMOHAJIIBIK MOJAEJIIH 93IPJIEY

Hopunkunii B.O.
Peceii OMOTEeXHOMOTUSIBIK, yHUBepcHTeTi, Mackey K., Pecei,

email: nvo60@mgupp.ru

Kasipri yaksrrta Peceit PenepanuscbHbIH aCTHIK OHIMAEPIH CaTyAAFbl JKaFAail, CHIPTKBI TYTHIHYIITH 6T€ KYPAEI.
ACTBIK 6HIMJEpiHiH Kell MeJIIIepi Tanaln eTiIMeii jkoHe iIKi HapbIKTa KailTa eHJIeydi KakeT eTefi.

Ocpiran GalIaHBICTHl KOJIIAHBICTAFbI KOCITOPHHIAPIBIH KyaThl CaKTay JKOHE KalTa ©HAEy YINiH JKeTKUTIKCI3.
ACTBIK 6HIMJEpiH KaiiTa eHIeyl YIIFalTy YIIIH )KaHa KaiiTa eHIey KOCIIOPHHIAPhIH Caly KakeT.

ACTHIK 6HIMIEpIH KaliTa eHJey TeXHOIOTHSCH KAyillCi3MiKKe, aTal alTKaHIa MIaHIH KeTipyre KoHe IMaHHAH
KOprayra OaijiaHblCThl OipKaTap HIapaiap/bl OpbIHAAYAbl Tajan ereai. Kayincismik skeHinzeri ic-mapanapipl ic-
Ke achIpy YILiH acrupanys KeliiepiH MOHTaXay JKoHe MHCTAIUISLMSAIAY OPbIHAANAIB. ACIMPALUIBIK, XKeaiiep
JKUBIHTHIFBIHA KOITEreH KaOOpIKTap MEH KOMITIOHEHTTep Kipeni. KocinopblHaapaplH acripaiysuIbIK, kKeiiepi-oyi
OYKiJI YH TapTaThH KSCITOPBIHHBIH TEXHOJIOTUSIIBIK, ITPOLIECTEP] Toyenai O0NaThiH KYPAEi jKoHE XKayarThl [apy-
AIIBUIBIK,

Acnupauysibik, Kestiiepai ecentey, Kazipri yakpITTa Heri3iHeH KOJIMEH KY3ere achlpblIaThiH YaKbITThl KaXeT

€TEeTiH MPOLIECC Y3aK YaKbITThI ala/ibl. ACIUPAIUSUIIBIK KeJepi xko0atayasl aBTOMATTaHabIpy, Peceit i ne,
Eypasusiiblk, SKOHOMHUKAITBIK, OAKTHIH OApIIbIK, e1Iepi YIIiH JIe 63eKTi ’KoHe CYpaHBICKA he KAKETTLTK.
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¥YcoHbpUTFaH Makaana sadt, idefO omicTemeciH Ko/IaHa OTHIPHII, AaCIMPAITUSUIBIK, XKeITiHi )K0OaIayIblH aBTOMAT-
TaHABIPBUTFAH XYHWECiHIH KYPBUIBIMIBIK-(QyHKIMOHATIE MofeiH (SFM) azipney omictemeci kepcetinren. SFM
aKIapaTThIK-JIOrMKAJIBIK Monesbai (IFM) jxoHe acnupalysiIbIK, KelliHi ecenTeyre apHanran Oarapiiama ajaropur-
MiH jkacay/a KOJJAaHbUIa IbL.

TyiiiH ce3ep: acnupanusIIbIK, ke, Mojenb, sadt opictemeci, bIbIpay, Oaraapiama

PA3BPABOTKA CTPYKTYPHO-®YHKIIMOHAJILHOW MOIEJINA

ABTOMATU3UPOBAHHOM CUCTEMEI INPOEKTNPOBAHUA
ACIIMPAITMOHBIX CETEN

HoBunkuii B.O.
Poccuticknii GuoTeXHOMOrMIecKuil yHIuBepcuTeT, MockBa, Poccus,

email: nvo60@mgupp.ru

B Hacrosiiee BpeMsi cutyalys ¢ peanusauueil 3epHorponykimu Poccuiickoil dpenepanyy, BHEIIHUM MOTpPe-
OuTeseM JIOCTATOYHO CJIOXKHA. BONbIoe KOMMYECTBO 3epHONPOLYKIMHM OCTaeTCsl HEBOCTPEOOBAaHHOW M TpedyeT
nepepadoTKN Ha BHYTPEHHEM pbIHKE.

B 3T0# CBSI3M MOIHOCTH CYIIECTBYIOIIUX MPEINPUATHI HE JAOCTATOYHBI JUTsl XpaHeHus: U nepepadoTku. st
yBEJIMUCHHS NIepepabOTKK 3epHOIPOAYKIIMKA HEOOXOAUMO CTPOUTENHCTBO HOBBIX MEpepadaThIBAIOIINX MPEAIPHU-
ATHH.

TexHosorus nepepadoTK! 3epHOIPOLYKINH, TpeOyeT BHIIOMHEHUS psia MEPOIPUSATHI CBS3aHHBIX ¢ OGe3onac-
HOCTBIO, B YACTHOCTH C YJaJIeHHEM ITbUIM ¥ 3aILUTHI OT 3arbuieHus. s pealu3ayy MeporpusaTHii o 6e30macHo-
CTH, BBITIOJHSIETCSI MOHTQ)X M MHCTAJUISLMM CETel acnuparvi. B KOMILIEKT aclipalioHHbIX CeTeil BXOAUT OO0JIb-
II0€ KOJIMYECTBO 00OPYAOBaHMSI M KOMIUIEKTYIOIMX. ACITUPAIIOHHbIE CETH NMPENPUSATHI - CIIOXKHOE U OTBET-
CTBEHHOE XO3SIFICTBO, OT KOTOPOTO 3aBHCST, TEXHOJIOTMUYECKHUE MTPOLECCH (DyHKIIMOHMPOBAHUSI BCETO MYKOMOJIb-
HOTO MPEANPHSTHS.

Pacuer acnmpaliMoHHBIX ceTel, JOCTAaTOYHO TPYIOEMKUI MPOIIECC, OCYIIECTBIISIEMbI B HACTOsIIIEe BpeMs B
OCHOBHOM B PYYHYIO, 3aHUMaeT MPONOLKUTEIFHOE BpeMsl. ABTOMATHU3AIMS TPOSKTHPOBAHMUS ACTIVPAITMOHHBIX
ceTe, akTyaJIbHas U BOCTpeOOBaHHAS HEOOXOAUMOCTh, Kak 1iisl Poccu, Tak u Beex crpad EBpadC.

B nipencraBiieHHOM cTaThe, MOKa3aHa METOAOIOTUS pa3padOTKU CTPYKTYpHO-(pyHKIMOHaIBbHOH Mozen (CPM)
ABTOMATU3MPOBAHHOM CHCTEMBI ITPOEKTHPOBAHNS ACIMPALIMOHHON CETH C MCHob30BaHneM Metogosnoruu SADT,
IDEF0. C®M wucnosbayercsi, pyu pa3padoTke nHbopMalMoHHO-Iorndeckoi moaeu (MPM) u anropurma mpo-
IpaMMBl [Ulsl pacyeTa aclpalliOHHON CETH.

KuroueBble cioBa: acnpaliioHHas CeTh, MOJENb, MeTogonorus SADT, gekomnosunys, mporpaMma.

Introduction. Aspiration is the extraction of air dust collectors for cleaning the aspiration air from
from equipment in order to create a vacuum inside dust (cyclones, filters, etc.);

workspaces or protective casings necessary to prevent winner (fan, deflector) for communicating energy to
the release of dust into production facilities [1-6]. the air flow:

The main purpose of aspiration is to prevent dust auxiliary equipment (recirculating apparatus,
explosions in the food industry, which is formed during  peq¢ exchanger, heater, air conditioner, valves,

technological processes [1-6]. instrumentation, etc.)
Each aspiration (ventilation) installation consists of The totality of all these parts is called a ventilation
the following five parts: (aspiration) installation, ventilation system, or
ventilated  objects  (machines, apparatuses, aspiration (ventilation) network.
mechanisms, bunkers, silos and other devices); Figure 1 shows a typical scheme of the ventilation

air ducts designed to move air in the desired direction  system of mill production.
at a given speed;
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Fig. 1 — Typical ventilation scheme of mill production

where

1 is the pneumoseparating channel separator;
1" -screen body;
2-screw conveyor;
3-wallpaper machine;
4-unloader;
5-horizontal cyclone;
6-filter;

7-fan;

8-gate valve;

9- entrance box.

As a rule, this scheme is present at all mill
enterprises, and therefore the composition and
functionality of the equipment differs only by the
manufacturer and technical characteristics.

The purpose of the study is to develop a structural
and functional model of an automated system for
designing aspiration networks of mill production. To
fulfill the objectives of the study, it is necessary to solve
the following tasks:

-determine the equipment to be aspirated;

-to calculate the multiplicity of air exchange and
substantiate the choice of types of projected networks;

-perform the layout of aspiration networks;

-perform calculation, selection of dust collectors and
determination of their resistance;

-preliminary selection of the fan to the network;

-arrangement of dust collectors and fan;

-perform the design of the duct route;

-perform the calculation of the aspiration network;

-design of wiring diagrams.

Methods and materials. The research uses
the methodology of system analysis, the practical

experience of the author, the SADT methodology of
structural analysis and design, the Bp-win software tool.

Discussion of the results. When calculating the
data, recommendations and theoretical calculations
are considered [7-9]. Let's consider the mathematical
formulation of the problem of our research. The
calculation of the multiplicity of air exchange is
calculated by the formula (1):

z‘=% (1)

n

1) Calculation of dust collectors and selection of dust
collectors is calculated by formulas (2) and (3):

1,3
H, = 100 (Q_>

50 @
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Q _ %

ya = Sicp 3

Q = the flow rate of air entering the filter;
Q sp -~ normative specific load on the filter cloth;

2) The preliminary selection of the fan is calculated
by the formula (4):

Qv = Qnet + st (4)
3) The design of the pipeline route is calculated by

the formula (5):
D =194/ Q
v

@ - the air consumption is equal to the sum of the
expenses of the aspirated machines;

®)

v - air velocity (16..18 m/s).

4) The calculation of aspiration units is carried out
according to the formula (6):

Q=2 Qu+Qp (6)

where

Q,, - air consumption for fan selection;
b, = 1.1- Hnet =11 ZHnet‘

P, - fan pressure;

4) The total resistance of the network is calculated by the
formula (7):

Hnet = Z Hnet.p‘m = m1+z Hn+He+His+Hp.

)

5) The pressure loss in the section is calculated by the
formula (8):

Hlos = Rl + Hms (8)
where
2

Hd = %

H ; - dynamic pressure;

The formulas presented above are used to calculate
the parameters of the aspiration network in the
automated design system program, the block diagram
of which is developed according to the structural and
functional model discussed below.

Using the SADT methodology and the technology of
the graphic language of the IspIDEFO, we develop a
parent diagram Fig. 2., (the text of the diagrams is in
Russian).

In the parent diagram, as input data, the following are
used:

-a list of classifiers;

-data on the company and equipment;
-request for the design of aspiration networks;
-request for generating reports.

The following mechanisms are used:
-personnel;

-Software and computers.

The following are used as controls :

-GOST standards;

-documentation;

-regulatory documents;

v

C the result of the parent model is to get:
-reports of calculations of aspiration networks;

-schemes of aspiration networks;

11
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USED AT: AUTHOE: Gortbimow Vitaly DATE uz.uq.zuus-wumqns READER. DATE | CONTEXT
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Fig. 2 — Parent diagram of the automated aspiration network design system

Let's carry out the decomposition of the parent diagram, the result of the decomposition is shown in Fig. 3.
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Fig. 3 — Decomposition of the parent diagram
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In the diagram shown in Fig. 3, there are 4 operator
blocks:

-entering classifiers;

-entering data on the company and equipment;
-arrangement of equipment of aspiration networks;
-analysis of calculations, generation of reports.

Each of the operators is connected by connections
or interface arcs that provide conceptual and logical
movement of the ongoing production (business)
processes.

We will carry out the decomposition of the
block operator "analysis of calculations, generation of
reports"”, the result is shown in Fig.4.

As can be seen from Fig4, as a result of
decomposition, 4 operator blocks are obtained:

-selection of the network for calculation;
-analysis and calculation of the aspiration network;

-selection of a fan for the aspiration network,
checking the end of the calculation;

-generation of reports and schemes of the aspiration
network.

enterprises

aquipment_categoties el
id ‘ i id
Il
}

The SADT methodology allows you to simplify each
block operator as much as possible, until you get a
complete picture of the business processes and the
absence of a team of authors or experts of questions
on the project.

In order to obtain more complete information
on the block operator "analysis and calculation
of the aspiration network", we will carry out its

decomposition, the resulting diagram is shown in Fig.
5.

As can be seen from the diagram in Fig.5, 4 operator
blocks are obtained:

-network breakdown into sections;
-selection of the network section;
-calculation of data for a network section;
-summation of data by network sections.

We see that the decomposition of diagrams allows us
to approach the solution of the project tasks in more
detail, eliminate errors already at the design stages,
which reduces the costs associated with revision and
increasing the time for project development.
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Fig. 6 — ASPAS information and logic model
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The advantages of SADT technology, IDEFO
technology, include such qualities as visibility,
reliability, ensuring the introduction of clarifications,
the possibility of refinement without affecting the
decisions of the main business processes, simplicity,
flexibility. In this regard, the obtained structural and
functional model of the automated aspiration network
design system (SFMASPAS) was used as a base for the
implementation of the grant project.

Conclusions. On the basis of the developed
SFMASPAS, an information and logical model
of an automated aspiration network design system
(IFMASPAS) was created using the IDEF1X software
tool, Fig. 6.

Description of the methodology and development of

LY

MpoekT  Beizog  CNpseka

ABTOMETHIMPOEAHHSA CUCTEMS MPOEKTHPOBAHM A ACMMPALMOHHBIX CETER

IFL is not considered in this article. Based on the IFL,
an automated system for designing aspiration networks
(SPAS) has been created that allows:

-automate calculations of aerodynamic characteristics
of aspiration units;

-eliminate the possibility of errors in calculations;

-exclude exceeding the norms of the system
parameters;

-significantly reduce the time spent on design.

The program (ASPAS) is developed in the object-
oriented C++ language, in the Borland C++ Builder 6
Enterprise environment, in Russian.

The main menu of the program (ASPAS) is shown in
Fig. 7.
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Fig. 7 — Program Menu (ASPAS)

Figure 8 shows the program interface for data input and output.

15



KasTBY XABAPHIBICHI - VESTNIK KazUTB - BECTHHK KazVTb
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Fig. 8 — Program Interface (ASPAS)

In Fig. 9, the result of calculating the type of fan.
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Fig. 9 — Fan type calculation
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Figure 9 shows an example of the output of reports in the program (ASPAS).
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Fig. 10 — Example of generating reports in the program (ASPAS)

The developed program (ASPAS), as shown by
practical application and comparison with existing
analogues [10-11], has the following advantages:

-significant reduction in the cost of design and
calculation of aspiration units;

-reducing the time to search for information and
reference materials;

-reduction of labor costs of employees for the design
of aspiration networks in design organizations, grain
companies and large grain enterprises;

--reduction of time for the formation of

specifications and wiring diagrams of aspiration
systems;

-reduction of the development time of aspiration
system projects by 10-15 times compared to the manual
method;

-compliance with modern requirements for the
design of production and technological systems.

Currently, the developed program (ASPAS) is used
in the educational process of Moscow Academy of
Food Production, as well as in project organizations in
Russia.
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AHAJINTUKA HAYYHBIX TEKCTOB HA OCHOBE PACIIPEJIEJIEHHBIX
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Crarbsl paccMaTprBaeT pa3padOTKy MHTEJIEKTyaJIbHOM CHCTEMBI MapaJuIeIbHOTO aHaIn3a HECTPYKTYpPHUpPOBaH-
HBIX JaHHBIX Ha OCHOBE pacrpeneieHHoro (ppeiiMBopka Apache Spark. A takxe (popMupoBaHre MaTeMaTHIECKO-
TO anmnapara Jijisi peajii3aly ObICTPBIX aITOPUTMOB aHAJIM3a HAYYHBIX TEKCTOB HA ECTECTBEHHOM $I3bIKE C PHMe-
HEHMEM METOJ0B TEOPUM BEPOSITHOCTEH M CTATHCTUKH, TEOpHH MH(POPMAIMK U MallMHHOTO 00yveHusi. Apache
Spark - 3TO pacrpeneneHHbI (ppedAMBOPK 11 0OpaOOTKK OOJBIINX JaHHBIX M aHAIMTUKU. OH obecrieunBaeT
OBICTPBII M YHUBEPCAJIBHBIN ABIAKOK Ul KPYITHOMACIITAOHOH 0OpaOOTKH JaHHBIX, TO3BOJISIOIIMI MOJIb30BaTe-
JISIM BBITIOJHATD TMapajlyIe/IbHbIe BBIUMCICHNS B paclpeeNeHHbIX Kiactepax. HecTpykTyprpoBaHHbIE JaHHBIE OT-
HOCATCS K JAHHBIM, KOTOpBIE HE UMEIOT IPEAOIPEeSIeHHON CTPYKTYPBI, TAKUM KaK TEKCT, U300paXeHUsI, BUAEO
Y TyOJIMKAIMK B COLIMAIBHBIX CETSIX. AHAIN3 HECTPYKTYPHUPOBAHHBIX JIAHHBIX - CJIOKHAS 3a]a4a, TOCKOJIbKY TSI
aToro TpedyeTcsi U3BJeKaTh 3HAUMMYI0 MH(OPMAIMIO U3 JaHHBIX, KOTOPbIE HEJIETKO OpPraHW30BaTh B CTPOKU H
cronoupl. PazpaboTka MHTEIEKTyaIbHOM CUCTEMBI U151 TAPAJIIENIbHOTO aHAJIN3a HECTPYKTYPHPOBAHHBIX JIaHHBIX
¢ ucrionp3oBaHreM Apache Spark BkimouyaeT B ce0st HECKOJIBKO 3TaroB. Bo-niepBbIX, HECTPYKTYpHUPOBAaHHbIE JIaH-
HBIE JOJDKHBI OBITh 3arpyxkeHsl B Spark framework. 910 MOXHO clienaTh ¢ IOMOIIBIO Pa3IMYHBIX NCTOUHUKOB
JaHHBIX, TAKMX KaK pacrnpenesnenHas aiinosas cucrema Hadoop (HDFS), Amazon S3 mnu mo6ast apyras cucre-
Ma XpaHeHus, nopaepxupaeMas Spark. MHTes ek TyanpHas cucTeMa MOXeT ObITh pa3padoTaHa C UCIONIb30BaHUEM
TaKMX SA3bIKOB IPOrpaMMUpPOBaHus, Kak Scala, Java wm Python, kotopsle umelot npussasku Spark u npegocrasis-
10T API s B3aumoneticteus ¢ Spark framework. ti API-unTepdeiich HO3BOMSIOT pa3paboTINKaM OIPEeNATh
KOHBe#epbl Iepeiayy JaHHbIX, HACTPAHBaTh NApaMeTPhl MapaJuIeIbHOI 00paOOTKH M BHITIONHATH 32Ja4H aHAIN3A.

KiroueBble ciioBa: napajuleNbHBIA aHAN3, HAyYHBIA TEKCT, OOJIBIINE JaHHbIE, HECTPYKTYPHPOBAHHbIEC JIaH-
Hble, 00padoTKa JaHHBIX, Apache Spark, pacrpeneneHHble BEIYMCICHNsI, MATEMAaTHYECKUH anmapar.

ANALYTICS OF SCIENTIFIC TEXTS BASED ON DISTRIBUTED PARALLEL
DATA PROCESSING FRAMEWORKS

G.Zh. Shuitenov’, S.A. Altynbek?, A.S. Turginbayeva®*, C.9. Canreepa’
'Esil University, Astana, Republic of Kazakhstan,
2Kazakh University of Technology and Business, Astana, Kazakhstan,
3L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,

e-mail: tasheart@mail.ru

The article considers the development of an intelligent system for parallel analysis of unstructured data based
on the Apache Spark distributed framework. As well as the formation of a mathematical apparatus for the
implementation of fast algorithms for the analysis of scientific texts in natural language using methods of probability
theory and statistics, information theory and machine learning. Apache Spark is a distributed framework for big
data processing and analytics. It provides a fast and versatile engine for large-scale data processing, allowing
users to perform parallel computing in distributed clusters. Unstructured data refers to data that does not have a
predefined structure, such as text, images, videos, and social media posts. Analyzing unstructured data is a difficult
task because it requires extracting meaningful information from data that is not easy to organize into rows and
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columns. The development of an intelligent system for parallel analysis of unstructured data using Apache Spark
involves several stages. First, unstructured data must be loaded into Spark framework. This can be done using
various data sources, such as the Hadoop Distributed File System (HDFS), Amazon S3, or any other storage
system supported by Spark. An intelligent system can be developed using programming languages such as Scala,
Java or Python, which have Spark bindings and provide APIs for interacting with the Spark framework. These
APIs allow developers to define data transfer pipelines, configure parallel processing parameters, and perform
analysis tasks.

Keywords: parallel analysis, scientific text, big data, unstructured data, data processing, Apache Spark, distributed
computing, mathematical apparatus.

TAPTBIJIFAH ITAPAJIEJIBII JEPEKTEP/II OHAEY ®PAMMAJIAPBIHbIH
HEI'IBIH/JAEI'T FBIJIBIMU MOTIH/II TAJITIAY

I'.K. lyiirenos!, C.A. Anreiadex?, A.C. Typrunéaesa®, C.O. CanreeBa’

TEsil University, Acrana, Kazakcran,
2K a3aK, TeXHOJOTHS KaHe GH3HEeC yHUBepcuTeTi, Actana, Kazakcran,
3J1LH. T'ymusies athingarsl Eypasus yiITTHIK, yHMBepcHuTeTi, AcTana, Kasakcra,

e-mail: tasheart@mail.ru

Maxkanaga Apache Spark tapatsurran ¢ppamMmanapra Heri3geiareH KypbUIbIMIaJIMaraH JepeKTepli mapajuielib
TaAayAblH UHTEJUIEKTYaJ/Ibl JKYWECiH a3ipiey KapacTeipbliagpl. COHOal-aK BIKTUMAIABIK TEOPHUSICHI MEH CTa-
THCTUKA 9[iCTEPiH, aKIapaT TEOPUSICHIH jKoHE MAIIMHAJIBIK OKBITYABl KOJIJIaHa OTHIPBII, TAOUFU TiJIIETi FHIIBIMU
MOTiHIEPAI TaJay/IbIH KbIIIaM aJITOPUTM/IEPIH JKYy3€ere acklpyFa apHaJFaH MaTeMaTHKAaJIbIK alllapaTThl KaJIbIITa-
cteipy. Apache Spark - 6yJ1 y/IKeH JiepeKkTepai eHIeyre XkoHe TajljayFa apHaJFaH TapaTbuFaH Ky pbutbiM. OJ rmai-
JaJaHylIbUIApFa YJIECTIPUIreH KiacTepiepe napasuielb ecenreyyiep Kyprisyre MyMKiHAIK OepeTiH KeH ayKbIM-
Jbl IEPEKTEp/li OHEY YIIIH KbULIAM JKOHE KaH-KaKThl KO3FAITKBIIITH KamTaMachi3 etefi. KypbuibiMaanmara
JepeKTep MITiH, CypeTTep, OeiHeep KoHe JIeYMETTIK Meua ka30aiapbl CUSIKTHI AJIJIBIH ajla aHbIKTAJIFaH KYPbl-
JILIMBI KOK JiepeKTepre kataabl. KypbulbiMaaaMaraH JepeKTepii Tajigay KUbIH Macesie OobIn TaObUIajibl, OHTKEH]
OJ1 XOJ1Iap MeH OaraHaapra OHall YIBIMIACTHIPBUIMATBIH AePEKTEepIeH MaHbI3Ibl AKIAPATTHI ATyIbl TAJIAI eTe/.
Apache Spark kemeriMeH KypbUIbIMAQIMaraH A€PEKTePi Mapasuiess TajjlayFa apHAFaH UHTEIIEKTyallIbl K Y-
eHi a3ipey OipHelle Ke3eHaepai KaMTuabl. BipiHimigeH, Ky pbulbiMaaiMaraH aepekrep Spark framework-ka sxyk-
Tenyi kepek. MyHsbl Tapatbtrad Hadoop daiinmeik xyiteci (HDFS), Amazon S3 Hemece Spark KongaiThiH Ke3
KeJIreH O6acka cakTay JKyHeci CHSKTBI 9pTYpIli IepeKTep Ke3epiMeH kacayra 6omnansl. AKbULAB KyiieHi Scala, Java
Hemece Python cusikThl Garnapiamanay TinAepiH KojigaHa OTHIPHIN kacayra Oomnazsl, onap Spark GaiylaHbICTaphl
6ap xoHe Spark Framework-nien e3apa apekertecy yiuin API yceiHanst. By API unrtepdeiictepi a3ipreyiiinep-
re iepekTep KyObIpIapblH aHBIKTAyFa, apajule/bii OHIey apaMeTplIepiH peTTeyre koHe Tajay TalchlpMajapblH
OpbIHJIayFa MYMKIH/IiK Oepe/i.

TyiliH ce3aep: napasuiesbai TaJaay, FBUIBIMEI MOTiH, YIIKSH AepeKTep, Ky PhUIbIMIAIMAFaH IepeKTep, IepeKTep-
ni enzey, Apache Spark, GestiHreH ecenreysep, MaTeMaTHKAJIbIK, aIlliapar.

BBeneHne. COBepI_HEHHO OYECBUIHO, YTO B Kazax- cTOB Ha eCTECTBEHHOM SI3BIKE C MNPUMEHEHUEM aJITOPUT-
CTaH€ HUICT OOJIBILIOM HMHTEPEC K HAYYHBIM HUCCJIEJOBA- MOB MapauICJIbHOIO MAllIMHHOTO 06yquI/15{.

HHAM, MI/IHI/ICTCpCTBO HAyKH W BBICHICTO 06pa30BaH1/151 MaTepI/IaJII)I H MeTOHBbI. L[I/I(i)pOBI/BaHI/IH craja

EHKETO/IHO YBE/IMYMBACT TI'PAHTOBOES (DUHAHCUPOBAHHUE  pawypiv (hpaKTOPOM NI PA3BHTHS CHCTEMBI BBICIIETO

HayqHBIX TIPOEKTOB, B TCUCHUE CIICAYIOMIUX JIET OKM-  oGpazopaHuMs, a TAKKe IS PasIUUYHbIX OOJacTedl nesd-

[IaeTCs yBEIMUCHHE KONMYECTBA BHIIYCKHUKOB 0aKA-  renppocTy. BHepeHHe MepefOBbIX MUPOBBIX TEXHO-
JlaBpraTa, MaruCTpaTypel U IOKTOPAHTYPBL, U TIOSTOMY  jiorpii u H(OPMALIMOHHBIX CHCTEM B YYEOHBIHA U aIMHU-

pa3paGoTKa HHTEILIEKTYabHOM HH(OPMAIMOHHO# CH- HUCTPATHUBHBIHA MPOIIECCHl UMEET HECKOIBbKO 3HAUMMBbIX
CTeMbl NTOUCKA HAPYIICHUA B HAYUHBIX TEKCTAX KPAHHEe  ipeyvymmects:

HCO6XO)II/IM3.. Cratbsl ONUCHIBAET noaxo  Co3JgaHus UcC-

. 1. Vayumenue 3(peKTUBHOCTU U MPOU3BOIUTENb-
CJIeJOBaTeIbCKOM CUCTEMBI JUISl QaHAIN3a HayYHbIX TeK-
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HoctH: Vcrionp3oBaHue nU(pOBBIX HHCTPYMEHTOB T1103-
BOJISIET AaBTOMATU3UPOBATh PyTHHHBIE 331a4H, YIPOIIa-
€T MPOLIECCHI YIIPABJIEHH U aIMUHUCTPUPOBAHHUS, UTO B
UTOre YJIy4lIaeT IPOU3BOAUTEIBHOCTD U MO3BOJISIET CO-
TPYJHUKaM U cTyfeHTam 6osiee 3(p(peKTHBHO UCTIOIb30-
BaTh CBOE BpeMsl.

2. AHaiM3 W TPUHSTHE OOOCHOBAHHBIX PEIICHUIA:
Cobupaemble 1 oOpabaTsiBaeMble IU(DPOBBIE TAHHbIC
MIPEAOCTABIISIOT TIEHHYI0 WH(MOPMAIHIO /I aHAJIN3a U
MPUHSTHS 0OOCHOBAHHBIX YIPABICHYECKHUX PEIICHU.
ArperpoBaHHbIe JAaHHbIE MOT'YT OMOYb YYEOHBIM 3a-
BEJICHUSIM BBISIBJIATh TEHJIEHIIUH, POrHO3UPOBATH T10-
TpeOGHOCTU U ONITUMHU3UPOBAThH CBOIO JIESITEIFHOCTb.

3. Tonaepxka UpPOBOTO MBIIUIEHHS U IU(PPOBBIX
HaBBIKOB: Vcrionb3oBaHKe IMPOBBIX TEXHOJIOTHI B 00-
pa3oBaTeNbHOM MPOLECCe CTHMYJIUPYET CTYNEHTOB M
COTPYJHHUKOB Pa3BUBATh L(PPOBOE MBILLUICHHE M OCBa-
UBaTh U(POBBIE HABBIKU, KOTOPBIE CTAHOBSTCS BCe 00-
Jiee BaXHBIMH B COBPEMEHHOM OOILECTBE M Ha PhIHKE
Tpyna.

4. Ynyudienue JocTynHoctu u ruokoctu: Hudposbie
TEXHOJIOTMH TIO3BOJISIIOT NIPEJOCTABIISATh 00pa30BaHUE B
OHJIalH-(popMaTte, 4TO yBENMUYMBAET €ro JOCTYITHOCTD
IJIs1 CTYICHTOB W3 Pa3HBIX PETMOHOB M CTPaH, a TaKXKe
NO3BOJISIET 0Oy4aThCsl B yIOOHOE BpeMs U TeMIIe.

B uesnom, nugpoBu3aiisi BhICIIEro 0Opa30BaHUS -
9TO KJIIOYEBOW (DAKTOp Ul COBPEMEHHOTO pa3BUTHSI
y4eOHbIX 3aBe/IeHHI, YTO MO3BOJIsAET UM Oosiee Idek-
THUBHO BBLITIOJIHATL CBOM 3aJa4M U OCTaBaTbCA aKTyaJlb-
HBIMM B COBPEMEHHOM 00pa3oBaTeJbHOM W HAyYHOM
cooOIIecTBe.

O6cyxaenne u pe3yiabTaThl. JlaBuHOOOpa3HOe
pazBuTHe MH(GOPMALMOHHBIX TEXHOJIOTMH B MHpE 3a-
CTaBJISICT BY3bl MITU B HOTY C STUMHU TPEHIAMH, OOHOB-
JATh 00pa3oBaTebHbIEe TIPOrPaAMMBI U BECTH pabOTHI IO
BHezipeHu1o nporpeccuBHeix UT nonxonoB B yHUBEp-
cuterax. Tak Ha TeKymuil MoMeHT KazaxcraH yxe ak-
THBHO IMpPUMEHSIET TEXHOJOIMU AWUCTaHIIMOHHOIO 00Y-
YeHus, pa3padoTaHa HOpMAaTHBHasE Oa3a, Ha BeOWHAp-
HBIX IDIOMIAKaX BEMyTCS OHJIAMH 3aHATHS, BHEAPSIOT-
Cs1 TEXHOJIOTUH CMEIIAHHOTO 00YUYeHHsI U HOBBIE TIOJXO0-
Jbl OHJIalH 00yuenus [1] Ho TexHonorum He crosT Ha
MecTe, TaK Ha TEKYIIMA mepuo ObICTPO HaOWparoias
YyeTBepTast «00pa3oBaTe/IbHAS» PEBOJIOIIS TPpeOyeT Ie-
pecMOoTpa TPAAUIIIOHHOTO 00Pa30BaTEIFHOTO MTOAXO0A.
Hepnasnek TOT MOMEHT, KOrIa By3bl Oy/IyT WCIIBITBIBATD
MOTPEOHOCTh B TAKMX TEXHOJIOTUSIX, KOTOPbIE CIIOCOOHBI
IMPpUHUMAaTh «MalllMHHBIE PEHNICHUA» W NE€1aThb BbIBOIBI
0 HEOOXOAMMOCTH U3MEHEHHsI TeX WM UHBIX TTOAXO0/I0B
U JieiicTBri B 00pazoBany. OHON U3 TAKUX TEXHOJO-

TUI MOXET CTaTh TEXHOJIOTHSI OTNIEPUPOBAHMS OOJIBIIN-
mu qaHabivu (Big Data) [2]. OniepupoBanue Gobimmu
nanaeivu (Big Data) B 06pa3oBaHUM - 3TO TEXHOJIOTHs
AQHAJIMTUKKY 0OPa30BATENIbHON CHCTEMBI, BKJIOYAIOLIEH
u3MepeHue, cOop, aHaIu3 U NpeCTaBlIeHHUe CTPYKTYPH-
POBaHHBIX M HECTPYKTYPHPOBAHHBIX JAHHBIX OI POMHBIX
00BeMOB 00 0OYYAIOIIMXCS U 00pa30BATENIBHOM Cpejie ¢
EJIbI0 IOHUMAaHKsI OCOOEHHOCTEN (DYHKIIMOHUPOBAHUS
Y pa3BUTHs 0Opa3oBaTesIbHON cUCTeMBI [3].

Vike mpenBus Takoe IMOJOXKEHHe /eI, aBTOPHI CTa-
THY TIPEAJIAraloT UCTHOJIB30BAHUE TOCIEIHUX TEXHOJIO-
Wil apasuienbHol 00pabOTKH OOJIBIINX HECTPYKTYPH-
POBAHHBIX JIAHHBIX, C MPHMEHEHUEM TaKUX pacrpene-
JieHHbIX koMrioHeHToB kak HDEFS, MapReduce [4], Ha
sI3bIKAX BBICOKOTO ypoBHsi Java, Python, rae OymyT pe-
QJIM30BaHbI OBICTPBIE AITOPUTMBI HA BBIYMCIUTEILHOM
KJIacTepe.

Llenbio  KWCMONB30BaHUSI TEXHOJOTMA 0OpabOTKU
OOJIBILIMX JIAHHBIX SIBJIsIETCS] 00paboTKa HECTPYKTYpH-
POBaHHBIX JJaHHBIX, K KOUM W OTHOCSITCSI HAyYHBIE TEK-
CTBI, T7ie TIOMMMO pPa3pabOTKM METOOB MaTeMarHye-
CKOTO aHaJM3a TEKCTa HeOOXOOVMO HCIOJb30BaTh Ie-
penosbie IT TexHONMOrMM, B YaCTHOCTH CHUCTEMBI Mapa-
JIeIbHOW 00palbOTKH, pean3alisi alropuTMOB TOUCKa
«KOPOTKMX MaplLIpyTOB» C MCHOJb30BaHHEM pacripe-
JeJIeHHBIX (DPEMBOPKOB MOTOKOBOW OOPabOTKY JIaH-
HbIX. Ha ocHoBe 6azoBbix kommoHeHTOB HDFES, Map-
Reduce, xomnoHeHTaM# ynpaBieHHs OAJIaHCHPOBKOM
Harpys3ku, oOecrieueHus: Ge30MacHOCTU CHUCTEeMbI, aj-
TOpUTMAMH PEIUIMKAIMU JAHHBIX U KYypPHaJIMPOBAHUS
BBIUHMCIICHUI MOXHO c(opMHpOBaTh OJIOUHYIO apXu-
TeKTypa OOpabOTKM HECTPYKTYPUPOBAaHHBIX JIaHHBIX
He3aBUCHMbIMU Tasker-amMu Ha BBIUMCIUTENTBHBIX HO-
Jax. [l opraHuM3aliy CaMHX MapajlyIebHbIX aJITOpPHT-
MOB 00pabOTKM HAyYHBIX TEKCTOB MOXHO HCIIOJIB30-
BaTh paciipeie/ieHHble (hpeiiMBOpKH, padoTarolime Ha
pacnpocTpaHeHHOM popmarte it ooMeHa qaHHbX MPI
(Message Passing Interface), a opranmsanus mapai-
JIEJTBHBIX BBIUMCICHHUIN Peain3yeTcs Ha IMPOKO UCTIONb-
3yeMON TEXHOJIOTHU HCIOJIb30BAHUS pacIpeeeHHbIX
BbIuMcieHui [5]. OueBUAHBIMU MTHHOBAITMOHHBIMU HU/JIC-
SIMM TaKOTO ITOAXOZA Ul AHAIM3a HAyYHBIX TEKCTOB
SIBJISIETCSL:

* IOCTPOEHUE MaTeMaTUYECKOW MOJeNH JUld aHaIu3a
HAyYHBIX TEKCTOB M €€ peasl3allisl Ha pacrpenencH-
HOM 11aThopMme.

* CO3[aHMe TeXHOJIOTUH, HCIOJb3YIONIEH HOBBIN TPEeH.
B 00pabOTKe JaHHBIX, B YACTHOCTH [apaJUIe/IbHbIE Bbi-
YHCIICHNUS], PACIPENEICHHOe XPAaHCHUE TaHHBIX M UX
oOpaboTka.
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* BO3MOXHOCTb TOPM30HTAJIBHOTO MACIITAOMPOBAHU 32
CUeT NOJKJIIOYEHNUS B BEIYMCIIUTEIBHBIN KJIACTEp HEZIo-
POTHX BBIUKCIUTEIBHBIX PECYPCOB;

e BHEJpEHHE B OpraHu3aliid OOpa3OBAHUS CHCTEMbI
AQHATMTUKY W BU3YaJIM3allMK JAHHBIX 110 HAYYHBIM UC-
cJenoBaHusM [6-7].

Ha rtekynmii moment Apache Hadoop u Apache
Spark sBisIOTCS ABYMS IOIMYJISIPHBIMUA MHCTPYMEHTa-
MH Juist 00pabOTKM U aHaIu3a OOJBIINX 0OBEMOB JaH-
HbIX, BKJIIOYAsl aHAJIU3 TeKCTOB. Pe3ioMupys 0coOeHHO-
CTH KQXJOr0 MHCTPYMEHTA, CTaThsl UMeJia 1IeJIbI0 Orpe-
JEJUTh UX OTIIMYHS, ¥ IOHSTh, YTO MOXKET OBITh 3(heK-
THBHEe JUIs1 aHaJIN3a TEKCTOB.

Hadoop: Hadoop sBnstercst ¢ppeiiMBOpKOM 1ist pac-
MpeieIeHHON 00paboTKU GOMBIIMX 0OBEMOB JIAHHBIX,
OCHOBaHHBIM Ha Mozenu MapReduce. OcHOBHbIE KOM-
noneHThl Hadoop - 3o Hadoop Distributed File System
(HDFS) mis xpanenus nanabix 1 MapReduce myist 06-
paboTKM JaHHHIX [8].

IIpeumymecrsa:

Maciurabupyemocts: Hadoop xopolio nogxoaur st
00pabOTKM U XpaHEeHHUs1 OUYeHb OOJBIIMX 0ObEMOB [aH-
HbIX. OH MOKET paboTaTh Ha KJIACTEPE U3 JIECATKOB WJIN
COTEH Y3JIOB.

VYcrorunBocTh K oTKa3aM: Hadoop obGrnamaer mexa-
HU3MaMU BOCCTAHOBJICHHSI JAaHHBIX M 0OPaOOTKM OTKa-
30B y3JIOB, YTO JIENAET ero HaJeXHbIM Mpu oOpaboTKe
0OJIBIINX OOBEMOB JAHHBIX.

HepocraTtku:

OTHOCUTENTBHO HU3Kasl MPOU3BOAUTEILHOCTD IS
HeOonbImx 3371a4: Hadoop uMeer BBICOKYI0 CTOMMOCTD
3amycKa 3a/Ja4u 13-3a2 HeOOXOIMMOCTH 3alMCH Ha JTIUCK
MIPOMEKYTOUHBIX PE3Y/IbTATOB MOCJe KaXIOro Ilara
MapReduce.

CIIOXHOCTh TpOrpaMMHUpoBaHus: Pa3paboTka 3agau
B Hadoop Ha si3bike Java MOxeT ObITh CJIOKHOW U Tpe-
60BaTh OOJIbIIIE YCUIHUIA.

Spark: Spark Takxe sBisercss (ppeliMBOpKOM s
pacrpe/eaeHHOi 0OpabOTKH JaHHBIX, HO, B OTIUYHE OT
Hadoop, ucnons3yet 6omee 3(hpeKTUBHYIO MOJIENh 00-
paboTKM MaHHBIX, HasbBaeMylo «Resilient Distributed
Dataset» (RDD). Dto no3Bossier Spark o6pabaTsiBaTh
JaHHBIE B ONIEPATUBHOMN MAMSTH, UYTO JIEJIaeT €ro 3HauM-
TEJIbHO ObICTpee U1l HEKOTOPHIX TUIIOB 33/1au.

IIpeumyiecrsa:

Bbicokast mpon3BOIMTENBHOCTE: Spark MOXKET ObITh
3HauMTENBHO ObicTpee Hadoop il HEKOTOPBIX THIIOB
3aj1a4, Osarogapst 00paboTKe JaHHBIX B AMSITH.

IIpocrota wucnonb3oBanus: Spark mnpenocTapisier
API Ha HECKOJIBKMX SA3BIKAX MPOT PAMMHPOBAHHM S, TAKUX
kak Scala, Java, Python u SQL, uto menaer ero 6onee
JOCTYITHBIM JyIsl pa3pabOTUMKOB.

HenocraTku:

IMorpebienne mamsita: Vcnoip3oBaHHWE ONEpPaTUB-
HOM aMsITU MOKET ObITh IIpobemoit ist Spark mipu 06-
paboTKe OueHb OOMNBIINX 0OBEMOB JJAHHBIX, YTO MOXET
NPUBECTH K HEXBATKE MAMSITH M CHUKEHHIO TPOU3BO/IU-
TEJHOCTH.

Huskas ycroilumBocTh K OTKasaM: B omimume ot
Hadoop, Spark He nMeeT Takoil ke ypoBEeHb OTKa30-
YCTOHUYMBOCTH, YTO MOKET OBITh BaXXHO IpH 00paboTKe
KPUTHYECKHX JaHHBIX.

Kakoii u3 HuX 3¢ dexTrBHee ISl aHaIu3a TEKCTOB
3aBHCHUT OT KOHKPETHBIX TPeOOBAaHMI M XapakTepa Ba-
el 3agaun. Eci y Bac ectb orpoMHble 0ObeMBbI J1aH-
HbIX, TPeOYIOIIHe BBHICOKOM CTENeH! OTKa30yCTOMYMBO-
cru, Hadoop mosxer ObiTh npepnoututensHee. Ecim ke
Balll aHAJIU3 TEKCTOB (POKYCHUpPYyeTCs Ha OTHOCHUTEIBHHO
HeOOJbIINX 00bEMAX JaHHBIX, M BBl XOTHUTE JOCTUYb 60-
Jiee BHICOKOM MPOU3BOIUTENBHOCTH, Spark MoxeT ObITh
6ostee mopxonsAmUM BeidopoMm. JlononuurensHo Spark
TaKke MMeeT pa3HoOoOpa3Hble OUOIMOTEKU U MHCTPY-
MEHTBI JiIs1 MatrHHoro obyvenust (MLIib), rpacoBbix
Boramciiennid (GraphX) 1 06paboTKM OTOKOB JAHHBIX
(Spark Streaming), nenas ero MOIIHBIM WHCTPYMEH-
TOM JUIsl pa3iMdHbIX 3ajad. Vicxons n3 BBIIEN3/IOKEH-
HOTO BBIBOZIA MBI J€JIaéM 3aKJI0YEeHHe, 4TO Ul aHa-
JM3a HeOONBIIMX 10 pa3Mepy HayYHBIX TEKCTOB Oolee
NPEeIIOYTHTEILHBIM BHIJISIANUT HCTIONb30BaHUE Apache
Spark.

Kak MBI OTMETWIIM BbIIE, B YacTHU WCIIOJIB30BAHMS
(bpeiiMBOpKOB pacnpeneneHHOH 00pabOTKM JaHHBIX MBI
OyzieM UCIONB30BaTh TOBOJBHO MOMyJsipHBIA Big Data
(ppeiMBOpPK C OTKPHITHIM UCXOIHBIM KOIIOM JIJIS pactipe-
JIENEHHOM NaKeTHOW M MOTOKOBOW 0OpabOTKHM HECTPYK-
TYPUPOBAHHBIX U CIA0OCTPYKTYPHPOBAHHBIX JAHHbIX,
BXOJsMK B 3Kocuctemy npoektoB Hadoop - Apache
Spark [9-10].

B ommume OT KJIAcCHMUYEcKOro oOpadOTYMKa sIj-
pa Apache Hadoop ¢ ABYyXypOBHEBOW KOHLENLMEH
MapReduce Ha Ga3e AUCKOBOro Xpanmiuiia, Spark wc-
MOJIb3YeT CHEeNNAIN3MPOBAHHBIE TIPUMHUTHUBBI JUIS pe-
KypPEHTHOI 00pabOTKU B onepaTuBHOM Namsith. bia-
rojiapsi 3TOMy MHOTME BBIYMCIIUTENIbHbIE 3a]a4d pea-
JM3YIOTCsl Ha 3TOM (hpeliMBOpKE 3HAYUTENIBHO OBICT-
pee. Hanpumvep, BO3MOXHOCT MHOTOKPaTHOTO JOCTY-
Ma K 3arpy’KeHHbIM B MaMATh MOJb30BATEIBCKUM HaH-
HBIM TMO3BOJIsIET 3(P(PEKTUBHO paboTaTh C AITOpUTMa-
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Mu MarmaHoro odydenusi (Machine Learning). Spark
MOXeT paboTath Kak B cpene kiacrepa Hadoop moa
ynpaeiaeHueM YARN, Tak u Ge3 KOMIIOHEHTOB sijipa
Hadoop, Hartpumep, Ha 6a3e clCTeMBbl yNpaBJieHusI KJia-
crepoM Mesos. Spark nopjepkuBaeT HECKOJBKO IO-
MYJISIPHBIX pacHpeNe/IEHHbIX CHCTEM XPaHEeHHS JTaHHBIX
(HDFS, OpenStack Swift, Cassandra, Amazon S3) u
SI3BIKOB TporpaMmupoBanus (Java, Scala, Python, R),
npegoctaBiiss 11 HUX API-untepdeiics.

Last login: Sun Dec 4 22:08:56 on console
niyazbek@MacBook-Air-Niazbek ~ % spark-shell

C 1esnbl0 aHaIM3a HAayYHBIX TEKCTOB HaM HEOOXO-
JUMO Il Havaja MpPOBECTH TPOLENYpPY YCTAHOBKH
pacnpeneneHHoro (ppeiiMBopka Apache Spark. 3arpy-
3UTh TIOCNENHIO Bepcuio Spark, MOXHO ¢ O(UIM-
ajpHOro caita https://spark.apache.org/
downloads.html. Tlocne ckaunBaHus ailila ero
HeoOXOIMMO PacliaKoBaTh, CJIeLyst MHCTPYKLUAM, U eC-
JI TIpOLIeypa MPOILIA YCIEIIHO, TO BBEAS B TEPMUHA
komanay $spark-shell BbI mosyunTe CrieayOIIHii BHIBO
Ha 9KpaH KaK MOoKa3aHo Ha pUCyHKe 1.

niyazbek — java « spark-shell — 96x30

22/12/05 15:06:21 WARN Utils: Your hostname, MacBook-Air-Niazbek.local resolves to a loopback ad
dress: 127.0.0.1; using 192.168.0.102 instead (on interface en@)
22/12/05 15:06:21 WARN Utils: Set SPARK_LOCAL_IP if you need to bind to another address

Setting default log level to "WARN".

To adjust logging level use sc.setLogLevel(newlLevel). For SparkR, use setlLoglLevel(newLevel).
22/12/05 15:06:24 WARN NativeCodelLoader: Unable to load native-hadoop library for your platform.

. using builtin-java classes where applicable

Spark context Web UI available at http://192.168.0.182:4040

Spark context available as 'sc'
Spark session available as 'spark'.
Welcome to
/o !/
NN N L
ol e _ZINCZ/ 1IN
/_1/

version 3.3.0

(master = locall*], app id = local-1670231184424).

Using Scala version 2.12.15 (Open]DK 64-Bit Server VM, Java 19)

.Type in expressions to have them evaluated.
+ Type :help for more information.

scala> J

Puc. 1 - Nntepdeiic ycraHoBKU

JlJ1s1 peayiM3aluyl MOCTaBJIEHHOM 3aJaun 00paboOTKU
HAy4HBIX TEKCTOB OYy[ET MPOBOAUTHCS KOHTEHT-aHAIN3
C UCTIOJIb30BaHKNEe METOIOB MPUKJIATHON MaTeMaTUKH, B
YACTHOCTU CTATUCTUYECKOTO aHalu3a U TEOPUU BEpO-
satHocTeid. OCHOBHBIE Ujier MpoeKTa 0a3MpOBAIUCH Ha
OCHOBE METOJOB TEOPUH BEPOSITHOCTEH M CTaTHUCTHKH,
a Takxe Teopud MH(pOpMaLuH, B TOM uucie [aycco-
CKOTO pacripefiesieHust 1 baiiecoBckoit (hopMyIibl BEpo-
SITHOCTEW, KOTOpPbIE MO3BOJIMIM MOCTPOUTH HaJEKHbIMI
ITOPUTM IJIsI OTIPEICIICHUsI METOJJOB COKPBITHS 3aMM-
CTBOBaHWI B HAYYHBIX TEKCTAX W HAPYIICHUS MpPUH-
mumoB Akamemuyeckonn YecrtHoct. OOHAM M3 METO-
JIOB UCCJIEIOBaHNE TEKCTOB SIBJISIETCS AHAIN3 SHTPOINU
SI3BIKOB, MCIOJB3YEMbIX MPHU HAIMCAHUM HAay4YHBIX pa-
60T (Ka3axcKui, pycckuil u aHrmickuii). [Iporpamma
HaXOIWUT aHOMAJILHOE TIOBEJICHUE CHMBOJIOB B HAYYHOM
TEKCTe ¥ COOTBETCTBEHHO HaXOAWT HAPYILICHUE pacripe-
JieJIeHHsI CIMBOJIOB B TEKCTE C MCIIOJIb30BAHUEM CHUCTEM
napasuieSIbHON 00pabOTKM JAHHBIX.

Spark 1 Scala TecHO cBsi3aHHI IpyT ¢ Apyrom, 1 Scala

SIBJISIETCA OJHUM W3 OCHOBHBIX SI3bIKOB ITPOTPAMMHU-
pOBaHMsl AJIsi pa3pabOTKU MPUIOKEHUH Ha ruiardop-
Me Spark [11-12]. Scala - 3T0 craTM4ecku TUMM3UPO-
BaHHBIN SI3bIK MPOrPaMMHUPOBAHHUS, KOTOPHIA paboTaer
Ha 1utatopme Java Virtual Machine (JVM) u coBme-
ctuM ¢ Java. OH npefocTaBiisieT MHOXKECTBO (DYHKILIM-
OHAJIBHBIX U OOBEKTHO-OPUEHTHPOBAHHBIX BO3MOKHO-
cteit. Scala sBIsETCS KOMIUIMPYEMBIM SI3BIKOM TIPO-
IPaMMUpPOBaHus, YTO [EJaeT ero ObICTpee MO CpaB-
HEHMIO C MHTEPIPETUPYEMBIMHU SI3bIKAMH, TAKUMH Kak
Python. Scala npegocraBiisieT MHOXeCTBO (DYHKIHO-
HAJBHBIX BO3MOXKHOCTEH, TaKMX KaK BBICOKOYPOBHE-
Bble (DYHKIIMH, 3aMBbIKaHUSI U MaTTEPH-MaT4UHT, KOTO-
pble TIO3BOJISIIOT pa3paboTuvKaM mucarh Oosiee KOM-
MIAKTHBI ¥ BBIpa3sUTENbHBIA KoA. U TiiaBHOE BO3MOXK-
HOCTH TapaJuleJin3Ma M paciipelieJIeHHbIX BBIUMCIICHUN
B Spark Xopormo coderaoTcst ¢ MoIbio Scala mpu Ha-
ncaHny (PyHKIMOHAIBHBIX NporpaMm. Vicxons u3 Bbl-
IIEN3/I0)KEHHBIX BBIBOIOB MBI peajn3yeM Halll IPOEKT
Ha 9TOM SI3bIKE C UCMOJIb30BAHUEM CIELUAT3UPOBaH-
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HO# cpea paspabortku Intelij IDEA. Ins oGnerde-
HUSI YCTAHOBKM HEOOXOAUMbIX OUOIMOTEK HCIONb3YeT-
csa Apache Maven - (ppeiiMBOpK UIs1 aBTOMaTHU3AINA
CcOOPKH MTPOEKTOB HA OCHOBE OIMUCAHHUSI UX CTPYKTYPHI B
(aitnax Ha s3bike POM, siBstionieMcst HOIMHOXECTBOM
XML. ITpoekt Maven uznaércs coobimectBoM Apache
Software Foundation, rae (¢popMaJibHO SIBIISIETCS 9aCThIO

<dependencies>

<dependency>

Jakarta Project. Ilocne co3maHust M OTKPHITUS TPOEK-
Ta, UMIOPTUPYEM OMOIMOTEKH/3aBUCUMOCTH B MIPOEKT
TaK Kak Ha pUCyHKe 2, 100aBiisist X B pom.xml, Ham
noHag00sTCs Onbroteku apache spark core u apache
spark sql. 3aBUCMMOCTH MOXHO HalWTH Ha OQUIM-
aJIbHOM caiite maven https://mvnrepository.
com/artifact/org.apache.spark

<groupId>org.apache.spark</groupIld>
<artifactId>spark-core_2.13</artifactId>

<version>3.3.0</version>

</dependency>

<dependency>

<groupId>org.apache.spark</groupIld>
<artifactId>spark-sql_2.13</artifactId>

<version>3.3.0</version>
<scope>provided</scope>
</dependency4

Puc. 2 - Imnopt GMOIMOTEK B ITPOEKT

CozgaeM OCHOBHOHM main KJjacc, UMNopTupyeM Spark v vHUIMAIU3upysi/HacTpauBasi KoHpurypamuu (Puc 3).

TextAnalysis {

main(String[] args) {
SparkConf()

SparkConf sparkConf =
sparkConf.setAppName(

sparkConf.setMaster( )

JavaSparkContext sc =

JavaSparkContext (sparkConf)

Puc. 3 - mmopt Spark

WHunmanu3upyeM Haill TeKCTOBOH (hailn [yist najibHeiiieit paGoThl.

Jns nanpHelei pabotsl nepeBoqyuM Tyl gaHHBIX Spark RDD B npuBbIuHyI0 java Map. danee cautaeM OyKBHI
1 TIPOLIEHTHI TIOBTOPEHMI, BBIBOAVM KaK BUIHO Ha PUCYHKeE 4.
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tring, Integ = counts.collectAsMap()
counter =

per

perlod =
C 4 c.values()){

counter = f counter

etKey() +

.getValue()*

perlel = perl@@ + per

System. .println(String. format(

~intln(

0w

~intln(c)
*intln(count
printl rl

irintlnC

v w

w

Puc. 4 - BelBog JaHHBIX

3armyckaem MporpaMMy U B KOHCOJIM OyIyT BbIBejie-
Hbl BCce 3HaueHus (Takxke Map cpady copTupyer Haul
CIHUCOK B andaBUTHOM NopsAake). B kayecTse npumepa
IUTsL aHAJIM3a OBLT B3AT TEKCT XYIOKECTBEHHOTO MIPOU3-
BeneHus «BoitHa 1 Mup», 1 TOM Ha aHIJIMICKOM SI3bIKE.
CkopocTb 00pabOTKM HECTPYKTYPUPOBAHHOIO TEKCTa
C WCIIONB30BAHUEM TOIXOOB MapasliebHON 00padoT-
KM Ha OCHOBE pacrpeienieHHOro (ppeiimBopka Apache
Spark okazayiock oueHb OBICTPOIl ¥ B TEYEHUH HECKOJIb-
KX CEKyHJI MPOrPaMMHBI KOMIUIEKC BBIBEN CIIEHYIO-
I WUTOTOBBIE JaHHBIE, KaK MOKA3bBaeT HaIa Ipo-
rpamma Ha puUcyHKe 5.

BuiBoapb1. Kak BUIHO U3 TOMyYeHHBIX JaHHBIX, aHO-
MAaJIbHOTO ITOBEIECHMsI TEKCTa MBI HE HaOIogaeM, 4a-
CTOTHBI aHAIM3 W paclpeie/ieHde CUMBOJIOB BIIOJTHE
KOppEeTUpYyeT ¢ XapakTepHbIM paciipe/ie/ieHueM CUMBO-
JIOB JJISl aHTJIMHCKUX TeKCToB [ 13]. DTO TOBKO OUH 13
BapUaHTOB aHAJIN3a, KOTOPBI OygeT BHEApPeH HAMU U
JaJbHeIee pa3sBUTHE MpeanoaraeT pean3anuio Ha-
MH CJIEIyIONIMX BUJIOB aHATU30B:

¢ rpadeMaTHYecKuil aHAJIM3-BBIIENICHHE CJIOB, I(pO-
BBIX KOMIUIEKCOB, (DOPMYJI U T.1.;

* CHHTaKCHYECKHUI AHAJIN3-TIOCTPOCHUE I€PEBA 3aBUCHU-
MOCTEl BCEro MPEIJIOKECHUS;

* CEeMAaHTHYECKHUI aHAIM3-TIOCTPOCHUE CEMAHTHYECKO-
ro rpaa TeKcTa, COMPSIKEHHOTO ¢ HEOOXOAUMOCTHIO
00paboTKK GONBIINX OOBEMOB PACIIpe/Ie/ICHHBIX JIaH-
HBIX;

Cucrema Oyzet obecrieqnBarh:

MpoueHT 8,09 %
MpoueHT
MpoueHT
NpoueHT
Mpouent 12,39 %
NpoueHT 2,16 %
NpoueHTt 2,02 %
NpoueHT 6,59 %
MpoueHT
MpoueHT
MpoueHT 6
NpoueHTt 3
NpoueHT
MpoueHT
NpoueHT
NpoueHT
MpoueHT
MpoueHT
MpoueHT
NpoueHT
MpoueHT
MpoueHT
NpoueHT
MpoueHT
NpoueHT

MpoueHT

Puc. 5 - BeiBog
WUTOrOBBIX JAHHBIX

BO3MOXKHOCTh NApaJUIETIBHOM 3arpy3Kd M pacrpene-
JICHHOI'O XpaHC€HUA aHAJIM3UPYEMBIX HAy4YHBIX TEK-
CTOB;

AHAJIM3 TEKCTa MOCPEACTBOM peaslM3alMi MaTeMaTu-
YEeCKUX METOIOB U JITOPUTMOB 0OPaOOTKYM HAYIHOTO
TEeKCTa

peanzanuio 9KCHCpTHOﬁ CUCTEMBI C TOCIEAYIOIIM
MIPOCMOTPOM UTOI'OBBIX PE3YJILTATOB aHAJIN3a TEKCTA;

BU3YaJIM3ALMIO Pe3yJIbTATOB PaOOTHI CUCTEMBI, €€ KOM-
MIOHEHTOB U (POPMUPOBAHIE OTYETOB;

ONTUMAJIBHOE ¥ ITPUEMIIEMOE BPEMSI CUCTEMBI, 3a CUET
pacnapasuie/IMBaHus BBIYMCICHUA M OBICTPBIX aJro-
PUTMOB;

MHOTOSI3BIYHBIN MHTEPQENC 1 aHaIN3 TEKCTa Ha OCHOB-
HBbIX MUPOBBIX A3bIKAX.

B wactn nanpHeWIIero pa3BUTHS TIPOEKTa aBTO-
pbl  OPHEHTHPYIOTCSI Ha TIpUMeHeHHe MeToaoB data
mining Uisi NO3UIUOHUPOBAHUS WUAEHTU(DUIIMPOBAH-
HBIX CBEJCHU B MHOTOMEpPHOM IIPOCTPAHCTBE aHa-
JIUTHYECKUX M3MepeHull (mpeaMerHast 00J1acTh TEXHO-
JIOTUH/TIPOPBIBHOTO HAIIPABJICHUST; CTAAUS KU3HEHHOTO
IIMKJIa; YPOBEHb TMOTEHIIMAJIA; WUCIOIb30BaHHBIE METO-
JIbl U CpeICTBA U T.I.). ByayT npumeHsiTbest Mopgorio-
TMYECKUE Y CHHTAKCHUECKHE aHAM3aTOPBl TEKCTa JIIs
IOMCKA aHOMAJIMKM B TEKCTE C MOMOIIBI0 MaTeMaThue-
CKOTo ammapara, (PyHKIIMOHATFHOTO aHAIN3a, BKITIOYas
CBOICTBAa METPUYECKHUX MPOCTPAHCTB, BBIYMCIIEHHE TO-
TIOJIOTUH JIJ1S1 ECTECTBEHHBIX A3BIKOB. ByeT mpumMeHsITh-
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Cs1 HeueTKasl JIOTUKA JUIsl TTOWCKA 10 HEYETKOMY KpH- Hayuno-uccaedosamenvckas paboma 6blNOAHSIENICs,
TEpHIO, WCTIONB30BaHUSA (DYHKIMNA TMPUHAMICKHOCTH U 6 pamkax I @ Munucmepcmeom Hayku u 8vicuiezo oopa-
JIMHTBUCTHYECKHX NIEPEMEHHBIX JIsI HEUeTKOTO BhIBOfa.  308arusi Pecnybauxu Kazaxcman ARI19677733 no me-
Byzer co3naH HOBbIe next-generation ObICTpBIC TOUCKO-  Me «Paspabomka uHmMeateKmyanbHol pacnpeoeneHHotl
BbIE QJITOPUTMBI HA OCHOBE METOJIOB KJIACTEPU3AIMU U CUCIEMbL NAPANNENbHOZ0 AHAMU3A HAYUHBIX MEKCMO8»
MOCJEAYIOIIEr0 CUHTE3A. na 2023-2025 ze.
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MPHTU 20.19.27 https://doi.org/10.58805/kazutb.v.3.20-153

MATEMATUYECKHM ATIITAPAT JJISI AHAJIN3A HAYUYHBIX TEKCTOB:
TEOPHUA BEPOATHOCTEN FAMECA U EE PEAJIN3AIINA

C.A. Antemoex!, I'.JK. Ilyiitenos?, V.K. Typycéexosa®*, B.K. Kyoekosa!
'Kasaxckuii yHUBEpCUTET TeXHONOTMH 1 Gu3Heca, AcTana, Kazaxcram,
2Esil University, AcraHa, Kazaxcran,

e-mail: umut.t@mail.ru

B Hacrosiieli ctathe paccMaTpUBaeTCsl MAaTEMATHUECKUH anmapar, a IMEHHO Teopusl BeposiTHocTer barieca, u
€ro NprMeHeHHe JJ1s1 aHaJIM3a Hay YHBIX METOAOB TeKCTOB. OCHOBHOM LIEJIBIO MCCIIEI0BAHUS SIBJISIETCST BBIOOD OITH-
MAaJTbHBIX AJITOPUTMOB TSI pa3pabOTKU OYIyIleld WHTEIUIEKTYaTbHOM CHCTEMBI MApaJUIeIbHOTO aHAIN3a HeCTPYK-
TYPUPOBAHHBIX JIAaHHBIX. [J151 IOCTHKEHM 1 STOM 11U aBTOPbI 0030pa U3YUaloT pacrpeie/ieHHbIN (pperiMBOpK Apache
Spark. OHE TPOBOASAT aHATM3 BO3MOKHOCTEH M (DYHKITMOHATBHOCTH 3TOT0 (hpeliMBOPKA U TIPEIIAraloT ONTHMATb-
HbIE aJITOPUTMBI 7Sl aHAJIM3a HECTPYKTYPHUPOBAaHHBIX JIAHHBIX HA OCHOBE TeOpuH BeposiTHoctell baiteca. Takoid
MOIX0/], NO3BOJIsET 3(PPEKTUBHO aHATN3UPOBATH OONBIIHME 00BEMBI TEKCTOBOM MH(OPMAIINH, BBIAEISATh U KJIACCH-
(pumpoBarts ee mo pasnuHbIM napaMerpam. CTaThsl TaKKe ONMKMCHIBAET IPENMYIIECTBA MCIONb30BaHus Apache
Spark juis mapasienpHOro aHayiu3a JaHHbIX. OPEMBOPK 00ECTeurBaeT BHICOKYI0 CKOPOCTh 00paboTKU U (-
(pekTHBHOE UCIOJIb30BAHUE PECYPCOB, YTO JAENAET €ro MOAXONSIIMM BHIOOPOM [UIsl aHAM3a OONBIINX 0OBHEMOB
HECTPYKTYpUPOBaHHOI MH(popMaIy. B 3akiodyeHre, aBTOpbl CTaThU AENA0T BBIBOJ O TOM, YTO MCIOJIb30BaHUE
MaTeMaTU4YecKOro arfmnapara Teopuu BeposiTHocTel baiteca u pacnipenenenHoro gpeiimBopka Apache Spark mos-
BOJIsIET pa3paboTaTh MHTEJUIEKTYAIbHYIO CUCTEMY NapaJlIelIbHOTO aHaln3a HeCTPYKTYPUPOBaHHBIX JIaHHBIX, 00ec-
neurBast 3(pHEeKTUBHOCTh M TOYHOCTh AHAJIM3a TEKCTOBOW MH(OPMALIUK.

KiiroueBble c1oBa: napajulesbHbIl aHAIN3, TEOPUS BEPOSTHOCTEN, TeopUs BeposiTHocTell baitepca, Hay4HBII
TEKCT, OOJIbIIE JaHHble, HECTPYKTYpUpOBaHHbIe NaHHble, Apache Spark, pacrnpeneHHbIe BBIYMCICHHUS, MaTeMa-
THYECKUH armapar.

MATHEMATICAL APPARATUS FOR THE ANALYSIS OF SCIENTIFIC TEXTS:
BAYESIAN PROBABILITY THEORY AND ITS IMPLEMENTATION

S.A. Altynbek!, G.Zh. Shuitenov?, U.K. Turusbekova®®, V.K. Kubekova!
'Kazakh University of Technology and Business, Astana, Kazakhstan,
2Esil University, Astana, Republic of Kazakhstan,
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This article discusses the mathematical apparatus, namely the Bayesian probability theory, and its application
for the analysis of scientific methods of texts. The main purpose of the study is to select optimal algorithms for
the development of a future intelligent system for parallel analysis of unstructured data. To achieve this goal, the
authors of the review are studying the Apache Spark distributed framework. They analyze the capabilities and
functionality of this framework and propose optimal algorithms for analyzing unstructured data based on Bayes
probability theory. This approach makes it possible to effectively analyze large amounts of textual information,
isolate and classify it according to various parameters. The article also describes the advantages of using Apache
Spark for parallel data analysis. The framework provides high processing speed and efficient use of resources,
which makes it a suitable choice for analyzing large volumes of unstructured information. In conclusion, the
authors of the article conclude that the use of the mathematical apparatus of Bayes probability theory and the
Apache Spark distributed framework makes it possible to develop an intelligent system for parallel analysis of
unstructured data, ensuring the efficiency and accuracy of text information analysis.
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FBIJIBIMU MOTIHAEPAI TAJIIAY IbIH MATEMATHUKAJIBIK AITITAPATbBI:
BAUEC BIKTUMAJIIBIKTAP TEOPUSACHI ZKOHE OHBbI )KY3EI'E ACBIPY
F.K. lyiitenos!, C.A. Anteinbex?, V.K. Typycoexosa®*, B.K. Kyb6ekosa!

'Kazak TexHomorus soHe 61M3HeC yHUBEpCHTeTi, AcTaHa, Kazakcras,
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By Makanasa MaTeMaTHKAJIBIK allapar, aTarn aiTkanaa baliecTiH pIKTUMaJIIbIKTap TEOPUSICH )KOHE OHbI MOTIiH-
JepHiH FRUIBIMH OAICTEpiH TaJay YILUiH KONAAaHY KapacThIpbUIagbl. 3epTTEYIiH Herisri MakcaThl KYpbUIBIMIAI-
MaFraH JIepeKTep/i Mapajulesipi TaaaayablH OoMaliaK MHTEe/UIeKTYaJIbl JKYHECiH 93ipJiey YIIiH OHTAWbl ajro-
putMaepni Tanzay 6ombin Tadbutagpl. Ockl MaKcaTKa keTy yiuiH aBropiap Apache Spark Taparsutran gppamMmara-
pbiH 3eprreiai. Onap ocsl (ppaMManapIbiH MYMKIHIIKTeP: MeH (DyHKIMOHAIBIFBIH TaAaiab! xkoHe bailec bIKTH-
MaJIJIbIK, TEOPHSCHIHA HETi3/IeITeH KYPhUIbIMIAIMaFraH JepeKTep/i TaagayIblH OHTAMIIb aITTOPUTMIEPIH YChIHAMBL.
ByJ1 Tociyl MOTIHIIK aKNapaTThlH YJIKEH KOJIeMiH THiMI TaljayFa, OHbl SpPTYpIi mapamerpliiep OolibiHIIA Geury-
re JKoHe XiKTeyre MyMKiHAiK Oepemi. Makasiaaa COHbIMEH KaTap JepeKTepii mapauiesibai Taay yimiH Apache
Spark KonmaHy/IbIH apTHIKIIBUIBIKTAPB! CHNaTTaiFaH. ®@pamMma kKorapsl OHEY KbUIIAM/IBIFBIH KOHE pecypcTapipl
THIM/Ii TIaliJajiaHy/Ibl KaMTaMach3 eTeli, Oyl KyphUIbIMAIMAaraH akNaparThliH YJIKEH KeJIeMiH Tanjay YIIiH KO-
Jaiiel TaHzay kacaiapl. Makaiia aBTopiapsl bailec BIKTUMaIABIKTap TEOPHSICHIHBIH MaTeMATHKAIIBIK, allapaThiH
xoHe Apache Spark Tapatsurran (ppamMmarapsiH NaigasaHy MOTIHAIK aKMapaTThl TAAAYAbIH THIMIUTIT MEeH IoJI-
JiriH KaMTaMachI3 €Te OTHIPHIN, KYPbUIbIMAAIMaFaH AepeKTepi apasuiesb TalgayIblH HHTeJUIeKTyal bl KYyHeciH
’kacayra MYMKIiHZIK Oepefii JereH KOphITIH/bIFa KeJe/i.

TyiliH ce3aep: mapawiensli Taagay,bIKTUMATIIBIKTap Teopusichl, bailepc BIKTUMAIIABIK, TEOPHUSICHI, FHUIBIMU
MOTIH, YJIKEH JiepeKTep, KypblUIbIMIaIMaraH aepektep, Apache Spark, 6estiHreH ecenteylep, MaTeMaTUKAIIBIK all-

napar.

BBenenne. AHanu3 Hay4HBIX TEKCTOB TpeOyeT HC-
NOJIb30BAHUS MaTeMaTMUYeCKOro ammapara, KOTOPBIH
IIOMOTaeT B U3BJICYEHUH, 00pabOTKe U MHTEpIpETalui
nHpopmarmu 13 Tekcra. Huke npuBeneHsl HEKOTOpbIe
MaTeMaTH4YeCKHUe METOIbl U MHCTPYMEHTBI, KOTOpbIE Ya-
CTO MCHOJIB3YIOTCSI B aHAJIN3¢ HAYYHBIX TEKCTOB:

Mertonpl 00pabOTKU TEKCTOB:

Merok cioB (Bag of Words): Dtot meton npeodpa-
3yeT TEKCTOBBIE JIOKYMEHTHI B BEKTOPHI, IPEICTABISIO-
IIMe YACTOTY BCTPEYaEMOCTH CJIOB B JJOKYMEHTAX.

Tf-idf (Term  Frequency-Inverse = Document
Frequency): DToT MeTOoj BBIYMCIAET BaXHOCTb CJIO-
Ba B JJOKYMEHTE, YUUTBIBAsI €0 4acTOTy BCTPEYaeMo-
CTH B IOKYMEHTE 1 OOLIYI0 YaCTOTY BCTPEYaeMOCTH B
KOpITyce JOKYMEHTOB.

Word Embeddings: D10 BeKkTOpHBIE IpencTaBIeHIs
CJIOB, KOTOPBIE YUMTHIBAIOT CMBICI M KOHTEKCT CJIOBA
B MPE/UIOKEHUN WM IOKyMeHTe. MeTofpl, Takue Kak
Word2Vec u GloVe, ucnons3yiorcst 17151 CO3/1aHus Ta-
KHX TIPEACTaBIICHUH.

Latent Dirichlet Allocation (LDA): 9T0 craructuye-
CKasl MOJIeJib, UCTIONb3yeMast /17151 BbISIBJIEHUST CKPBITBIX
TEM WM TEMaTHUECKHX CTPYKTYp B Habope TOKyMeH-
toB. LDA nomoraer ornpeneinTh, Kakue cIoBa 00bI4-

HO COCE/ICTBYIOT B TEKCTe, YTOObI BbISIBUTH OCHOBHbIC
TEMBI, OTIMCHIBAIOIINE COCPKAHNE JOKYMEHTOB.

I'pacpoBrrit anamu3: Mertons! rpacdoBOro aHaym3a Mo-
TyT OBITh TIPUMEHEHBI IS aHAJIN3a HAyYHBIX TEKCTOB,
YTOOBI OIPE/IENIUTH KJTIOYEBbIE CIIOBA, ABTOPOB, KypHa-
JIbl WK CTaThU, KOTOPbIE SIBJISIIOTCS] HanOosee BaXHbI-
MU WM BIMSITETBHBIMUA B KOHKPETHOM obacT uccie-
JIOBaHUSI.

PerpeccronHslIi aHamu3: MeToJ| perpecCHOHHOrO aHa-
732 MOXKET ObITh WCIOJB30BAH IS HCCIICIOBAHUS
B3aMMOCBSI3ell MEXIY Ppa3IMIHbIMU [EPEeMCHHBIMU,
TaKMMHM KaK YHC/IO0 LUTHPOBAHUI CTATBU M €€ COmep-
KaHWe WM XapaKTePUCTUKHM aBTOpa M €ro BKJIaJA B
Hay4HYI0 00JIacTh.

MarepuaJibl H MeTO/Ibl. DTO TOJIBKO HEKOTOPHIE U3
MaTeMaTU4YeCKUX METOJOB, KOTOpble MOTYT ObITb HPH-
MEHEeHBI JUIsl aHAJIN3a HAyYHBIX TEKCTOB. BHIOOp KOH-
KpPETHOTO METOfIa OIpefieNisieTCsl LEesIMH M BOIPOCca-
MH HCCIIEJJOBaHUA, a TakkKe HOCTYIHOCTBIO U Xapak-
TepUCTUKaMH JaHHBIX. Paccmorpum, Hampumep, baii-
€COBCKYIO KJIacCU(PHKAIIUIO - 9TO CTATUCTUYECKUN Me-
ToN KyaccuhrKauy OObeKTOB (B HAIlEM Cllydae, TeK-
CTOBBIX JOKYMEHTOB). MeTol OCHOBaH Ha TeopeMe baii-
eca, KOTopasi TIO3BOJISIET TIepeCUUTHIBATh BEPOSITHOCTh
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HACTYIUICHUS] COOBITUSI MPU HAIUYUM OINpEIe/IeHHbIX
ycroBuid. B KOHTeKcTe aHanm3a Tekcra, BailecoBckast
KJIaccr(pUKAIH MOKET UCIIOJIb30BAThCSI /TSI OIpejiesie-
HUS TOTO, KaKOi KaTeropuul MPUHAUIEKUT TEKCTOBBIN
JIoKyMmeHT. Harpumep, Mbl MOkeM KJ1acCU(UIIMPOBATDH
2JIEKTPOHHOE MUCBbMO KaK «Cllam» WM «He criam» [1].

O0cy:x1eHne U pe3yJbTaThl. BaliecoBCKUi Kiac-
crUKATOp MPEJNoNaraeT, YTo Kak/blid KJIAacC UMeeT
cBoO#t Habop ocobenHocred (features), KOTOpbIE MOTYT
OBITh UCIOJIBb30BaHBI 1151 UX uaeHTudukamu. [pume-
pamu 0COOEHHOCTEH MOTYT OBITh YAaCTOTA BCTPEYAEMO-
CTH CJIOB WJIM HAJIMYKE ONPEIENICHHBIX CJIOB B IOKYMEH-
te. KimaccuukaTtop UConb3yeTr 3T 0COOEHHOCTH, UTO-
Obl OMpeIENNTh, K KAKOMY KJIACCy MPUHAJICKUT JIaH-
HbII JOKyMeHT. [Ipu o0y4yeHun BaiiecoBCKOro Kiaccu-
(pukaropa, ucrnosb3yercsi HA0Op JOKYMEHTOB, KOTOpPBIE
y)Ke OTHeCeHbl K OIpejie/ieHHbIM Kiaccam. Ha ocHoBe
STUX JAHHBIX KJIACCH(DUKATOP «yUUTCSA» OIPEIENSTh,
kakue ocobenHoctu (features) Hanbolsiee XapaKTEpHbI
JUIST KQXKJI0T0 Kilacca. 3ateM KJIacCU(UKATOP MOKET UC-
TIOJIb30BATHCS TSI KJIACCH(DUKALIMKA HOBBIX JIOKYMEH-
TOB Ha OCHOBE TOro, Kakue ocoOennoctu (features) B
HUX coepxkarcs. baitecoBckuil KjlaccupuKaTop siBIis-
etcst 3(pPeKTUBHBIM MHCTPYMEHTOM ISl KjlacCu(puKa-
MU TEKCTOBBIX JIOKYMEHTOB, M YaCTO UCHOJIb3YyeTcs B
MOYTOBBIX (PUIIBTPAX [yisl OOHApYkeHus criama. OH Tak-
K€ MOXET MCIIONIb30BAThCS JUIS OIpe/iesIeHrsI HaCTpoe-
HUI WA YYBCTB B TEKCTOBBIX COOOINCHUSAX WA KOM-
MEHTapHsIX HA COLUAIBHBIX ceTsX [2].

Teopus BeposiTHOCTel Baileca MOXeT ObITh HUCIIONb-
30BaHa JJIs aHa/IW3a TEKCTOB U NMPUHATHSA PEIeHUui Ha
OCHOBE CTaTHCTMUYECKMX AaHHbIX. K mpumepy, MOXHO
MCIONb30BaTh Teopuio baileca i onpeneseHus TeMbl
Tekcra. Ecm y Hac ectb HaOOp TEKCTOB pa3HBIX TeMa-
THK ¥ MBI XOTMM KJIACCH(PUIIPOBATh HOBHIN TEKCT Ha
COOTBETCTBUE TOH WJIM MHOM TEMAaTHKE, TO Mbl MOXEM
UCTIONL30BaTh (hopmysty Baiteca. [Is1 9Toro HaMm He0O-
XOZIUMO TIPEABAPUTEIIHHO TIOCYMTATh BEPOSITHOCTH Kak-
J0TO CJI0BA ISl KAXKAOH TEMBI C TIOMOLIBI0 00yJarommei
BBIOOPKH. 3arem, ucroibsys ¢popmyiy Baiieca, Mbl MO-
’KeM pacCcuMTaTh BEPOSTHOCTh TOTO, YTO JAHHBIM TEKCT
OTHOCUTCS K KaKOW-TO U3 TEM.

Takke, Teopusi BeposiTHOCcTell Baiieca MokeT OBbITh
HCIIONB30BaHA JUIS aHAJIN3a TOHAJIBHOCTH TeKcToB. Ha-
TIpUMep, MBI MOXKEM HAyYHUTh HAITY CUCTEMY pa3inJaTh
TEKCTHI C TIOJIOXKUTEIFHOW U OTPUIIATETbHOM TOHAIb-
HOCTbIO. [IJ1s1 3TOro HaMm HEeOOXOIMMO OOYYUTh MOJIESb
Ha Habope TEeKCTOB C Pa3IMYHbIMKU TOHAJILHOCTSAMHU. 3a-
TeM, ucronb3ys popmyny baiieca, Mbl MOXeM onpene-
JIUTh BEPOSTHOCTb TOTO, YTO HOBBI TEKCT UMEET IO0-
JIOKUTENBHYIO W OTPUIATETIFHYI0 TOHAJIBHOCTh. Ta-

KUM 00pa3oM, Teopusi BeposiTHOcTel Baiieca siBisiercst
MOIIHBIM WHCTPYMEHTOM ISl aHAIN3a TEKCTOB M IPH-
HATHUS PelIeHUI Ha OCHOBE CTATUCTUYECKHX [AHHBIX.
Teopus BeposiTHOCTell Baiieca sBisercss ocHOBoMOMa-
TAIOIUM HHCTPYMEHTOM JUISI CTATHCTUYECKOTO aHasIn3a
U MpuHATUS pereHnid. OHa MO3BOJISET PACCUMTHIBATH
BEPOSTHOCTb HACTYILICHHS OIPe/IeNICHHBIX COOBITHI Ha
OCHOBE IPEABAPUTENFHON MH(POPMAIIMI W TIPEIBIY-
ILIETO OIBITA.

dopmyina BepositHOCTel Baiieca MoxeT ObITh 3amuca-
Ha CJIe/lyIoIKM 00pa3om:

P(A|B) = (P(B|A) « P(4)) / P(B)

rue:

P(A|B) - BeposiTHOCTB COOBITHSI A, TIPH YCIIOBHH Ha-
CTyIUIeHus1 coObiTHs B

P(BJ|A) - BeposTHOCTb HACTYIUICHHSI COOBITUS B,
TIpY YCJIOBUM HACTYILIEHUS COOBITHS A

P(A) - BEpOsATHOCTb HACTYILICHUs COOBITHST A
P(B) - BeposTHOCTb HacTyIUIeHHsI coObITHs B [3].

dopmyna Baiteca mo3BossieT OOGHOBISTh BEPOSITHO-
CTU COOBITHI Ha OCHOBE HOBOW WH(MOpPMAIUH, TaKUM
00pa3oM, MOXXHO MOJYYUTh OoJiee TOUHBIE OIIEHKH Be-
POSTHOCTEN.

Sra (opMmynaa MHUPOKO MUCHOIB3YETCS B PA3TAYHBIX
00J1acTsIX, TAKUX KaK MeAUIMHA, (PMHAHCHI, MAITUHHOE
o0yueHue U Jpyrue, riae TpedyeTcst IPUHSTHAE PelleHUr
Ha OCHOBE cTaTucTuieckor mH(popmaimu. Jns cozna-
HMSI MaTeMaTHIecKOl MOJE/IN Ha OCHOBE (pOpMyJIbl Be-
posiTHOCTel Baifeca it aHam3a HAyYHBIX TEKCTOB Bam
[TOHAJO0UTCS:

» Co3garh KOPIyC TEKCTOB - KOJUIEKLIMIO JIOKYMEHTOB,
KOTOpBIe OyAyT MCMONBb30BaThCs U1 QHATIM3A.

* OT0Oparth CyIecTBEHHbIE AJIS aHaIM3a MPU3HAKI. ITO
MOTYT OBITh, HAITPUMeEp, KJIOYEBbIE CJI0BA, TEPMHHbI
Wi ¢pasbl, XapaKTepuU3yIolue 0ObeKT, SBJICHUE WIH
IIPOLIECC, OIUCHIBAEMBIE B TEKCTE.

* OrmpenenuTh arpuOpHBIE BEPOSTHOCTH. ATPHOpPHbIE
BEPOATHOCTU OIMMCBIBAIOT BEPOATHOCTHU TOABJICHUA
ONpeeIeHHOM TeMbl MJIM KaTeropruu B TEKCTE.

* BBIUMCIUTD YCIIOBHBIE BEPOSITHOCTH. YCJIOBHBIE BEPO-
SITHOCTH OIIPEJE/IAIOT BEPOATHOCTD TOT'O, UTO TEKCT OT-
HECeH K OIPe/IeNIeHHON KaTeropuy Ipy HAJIMYKMHU OIIpe-
JEJIEHHOI'O IIPU3HAKA.

* Bbruncnite coBMecTHble BeposiTHOCTH. CoBMecTHast
BEPOSATHOCTb - 3TO BEPOATHOCTh TOTO, YTO TEKCT CO-
JEPKUT HEKOTOPHIA HaOOP IMPU3HAKOB OTHOBPEMEHHO.
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* HWcnonv3oBark ¢opmyny baileca a1 BbIUMCIEHUS
OKOHYATeJIbHBIX BEPOSITHOCTEN.

» KoHeyHast MoziesIb JOJKHA OBITh HACTPOEHA Ha OIpe-
JeNieHre KaTeropuy TeKCTa Ha OCHOBE BXOJIHBIX [aH-
HBIX M allPHOPHBIX BEPOSTHOCTEN [4].

Teopusi BepositHocTell Bafieca m Apache Spark -
3TO /IB€ pasHble KOHIEMINH, KOTOPBIE MOXHO HCIIONb-
30BaTh BMECTE ISl PELEHMs Pa3IMYHbIX 3a7ad aHa-
mu3a JaHHbIX. Teopus BeposTHocTedl baiteca sBns-
€TCsl CTATUCTMYECKUM IIOJIXOOM, KOTOPBIA MO3BOJISIET
OOHOBJISAITH BEPOSITHOCTH Ha OCHOBE HOBOHM MH(OpMa-
n. OHa ocHoBaHa Ha hopmyste Baiteca, kotopast mos-
BOJISIET PACCUUTBIBATH BEPOSATHOCTH COOBITHH, YUMTHI-
Basi alpuoOpHYI0 MH(OPMAIIMIO U HOBbIE HAOMIONEHMUS.
Apache Spark, ¢ apyroit cTopoHbl, sIBJSIETCS pacrpe-
JIeJIeHHOW BBIYMCIIMTEIBHON CHCTEMOH, IpeaHa3HaYeH-
HOU 151 00paboTKu GOoMbIMX 00beMOB AaHHBIX. OHa
NPeJOCTaBIseT yIOOHBe HHCTPYMEHTHI [Ulsl pactipese-
JIEHHOTO aHaJIM3a JAHHBIX, MAIIMHHOTO O0yYEeHUs 1 00-
paboTKM MOTOKOB AaHHbIX. Apache Spark moxer ObITh
WCIIONb30BaH JUIsl peajM3alliyl ajrOpUTMOB, OCHOBaH-
HBIX Ha TeopuH BepositHocTell baiteca. Hanpumep, Bbl
MOJKeTe Ucronb3oBath Apache Spark mis o6paboTku 1
aHanM3a OOJBIINX TEKCTOBBIX HAOOPOB JAHHBIX, IPUMeE-
Hsis1 MeTonbl bailecoBCKOM KilaccupyKanuu win (pusib-
Tpauuu crnama. Apache Spark Takke mpemocraBisieT
OUOTMOTEKN W MHCTPYMEHTHI 151 00pabOTKU 1 aHaJIU-
3a JIaHHBIX, KOTOpble MOTYT OBITH TIOJIE3HBI IIPU paboTe
¢ Teopueli BepositHocTel Baiteca. Hanpumep, 6ubiio-
teka MLIib B Apache Spark mpenocraBiser pa3nud-
HbIE JITOPUTMBI MAILIMHHOTO 00Y4eHHs1, KOTOpbIE MOTYT
OBITh HICITONB30BAHBI VIS PEIIeHNs 3a1a4 KJlaccudrKa-
LM WK KJIACTePU3alli Ha OCHOBE BepOsTHOCTEH [S].

Takum o6pazom, ucniosnb3yst Apache Spark, Bbl Moxe-
Te 3(ppeKTUBHO paboTaTh C OONBIIMMI OOBEMaMH JIAH-
HBIX ¥ ITPUMEHSATh METOBl TEOPUH BeposTHOCTel Bail-
eca JUIsl aHaJIN3a U PUHATUSA PELleHUi Ha OCHOBE CTa-
THCTUYECKUX JAHHBIX.

Irot pertMBopK No3BOIIsET IPPEKTUBHO paboTaTh
¢ GONBIIMMYU 0ObEMaMH [aHHBIX, IIPOM3BOAUTD Pa3iIny-
HbIEe Onepanyy HajJ TEKCTOM M J0OUTHCS TOYHBIX pe-
3ynbTaToB. HezaBUCHMMO OT TOro, HY)XHO JIM BaM Hpo-
BECTH aHAJIM3 OT3BIBOB, COOPATh CTATUCTUKY IO TEKCTY
WJIA TIOCTPOMTH MOJIEJTh MAaIIMHHOTO 00y4eHus1, Apache
Spark - Bamr upeanbHbI BbIOOp. Apache Spark - 3to
BBICOKOITPOU3BOUTENbHBIN (hpeiiMBOpK [yt 0OpaboT-
KU JAHHBIX, KOTOPBIN [IUPOKO HCIIONB3YETCs] B COBpe-
MEHHO# aHAJMTHKE JaHHBIX. DTOT UHCTPYMEHT I03BO-
JIeT pa3padoOTUNKaM M aHAJTUTHKaM (PQEeKTUBHO 00-
pabatbiBaTh OOJIbIIME 00BEMbI JaHHBIX, BKJIOYAs TEK-
cToBbie (haiiyibl. OOpabOTKA TEKCTOBBIX JIAHHBIX SBJISET-

Cs1 OJHUM U3 HamOoJlee BaXHBIX MpuMeHeHui Apache
Spark. DTOT MHCTpYMEHT NpeaiaraeT MOIIHBIE CpEa-
CTBa Ul QHAIN3a TEKCTa, BKJIOYAsh BO3MOXKHOCTb pa-
6OTHI ¢ GONBIIMMU HAOOPAMH JAHHBIX.

OnHuM n3 HanboJIee YacTo MCIIONb3YEeMbIX METOIOB
00pabOTKH TEKCTOB SIBJISIETCsI TOKeHU3anus1. TokeHn3a-
IS - 9TO MPOIECC pa3fesieHrst Habopa TEKCTOBBIX JIaH-
HBIX Ha OTJEJIbHBIE CJIOBa WM TOKeHbl. Apache Spark
MIPEIOCTaBNIsICT YHOOHBIE CPECTBA [UISI BBHIONHEHUS
370 omnepauun. Hanpumep, ¢ UCTIONb30BaHIEM METOaa
split() MOXHO pa3eNuTh CTPOKY Ha OTAEJIbHBIE CIIOBA,
yKa3aB paslieluTelib, Kak mpooden win 3ansartyo. Kpo-
Me TokeHu3anmu, Apache Spark Tak:xe npemiaraer psj
IPYTUX METOHOB ISl 00pabOTKHU TEKCTa, TAKUX KaK yaa-
JIEHUE CTOII-CJIOB, TIpeoOpa30BaHMe PErucTpa, yaajJcHue
MYHKTYallud 1 MHOTOE Ipyroe. DTU METOIBI MTO3BOJISI-
10T OUYUCTUTh U TOATOTOBUTH TEKCTOBbIE JAHHBIE TIEPE]]
JTAJIbHENIIIM aHAIA30M.

Eme onHOIl BakHON BO3MOXHOCTBIO Apache Spark
SIBJISIETCSI TIOCTPOEHUE CTAaTHCTUKU 10 Tekcty. Harpu-
Mep, MOXHO BBIYMCIIUTh YAaCTOTY BCTPEYAEMOCTH CJIOB
B TEKCTe, a TAKXke HAWTU HauOojiee 4YacTo BCTpedae-
Mble croBa. JiT 3TOrO MOXHO BOCIOJIB30BAThCS Me-
TogoM count() IS TOACYETa KOJMYECTBA BXOXKICHUMN
KaX/JIOrO CJIOBa B TeKcTe. BakHbIM acrieKToM 00padoT-
KM TEKCTOBBIX JAaHHBIX SIBIISETCS] paboTa C GOJBIIMMU
obbemMamu AaHHBIX. Apache Spark mossonser agpex-
THBHO 00pa0aThiBaTh TAKWE NaHHbIE, Onarogapsi CBO-
el pacrnpeneseHHOU apXUTEKType W BO3MOXKHOCTH Ia-
PaJUIESIbHOTO BBINOJHEHUsI ONepalyii. DT0 MO3BOJAET
CYILIECTBEHHO YCKOPUTH TpOIiecC 00padOTKU TeKCTa U
CIIPaBUTHCS ¢ OOMBIIMMU 00beMaMu TaHHBIX. Eime o-
HUM MOJIe3HBIM MHCTpyMeHTOM Apache Spark msist 06-
paboTKH TeKCTa sIBJseTcsl MalHHoe oOyuenue. C mo-
MOIIBIO 3TOr0 (PpeiMBOpPKA MOXHO CTPOUTH MOJEIU
MalIMHHOTO OOy4YeHHMs], KOTOpble IMO3BONSIOT KJIacCH-
(purpoBaTh M aHAM3UPOBAThH TEKCTOBBIC TaHHBIC. Ha-
pUMep, MOXHO OOy4YHTh MOJENb Ha Habope TeKCTO-
BBIX JAHHBIX M WCIIONB30BATh ee s KiaccuuKarmm
HOBBIX TeKCTOB. OJHMM M3 HNPHUMEPOB HCTIOTb30BAHUSA
Apache Spark 1151 06pabGOTKM TEKCTOB SIBJISICTCS] aHA-
JIM3 OT3BIBOB NOJIb30Baresnell. Hanpumep, MOXHO 1po-
BECTH aHAJIM3 TOHAJIBHOCTH OT3BIBOB, OIpPEIEINTh Ha-
CTpPOEHHE TTOTb30BAaTeN el 10 UX TEKCTOBHIM KOMMEHTa-
pusiM. DTO MOXKET OBbITh MOJNE3HO IS OLIEHKH KauecTBa
MPOIyKTa WK yciuyrd. B 3akmodenue, Apache Spark
NPEeJOCTABIISIET MOIIHBIE BO3MOXHOCTH JUIsi 00pabOTKU
TEKCTOBBIX JIAHHBIX [6-7].

Apache Spark - 310 MolHas pacmpesiesieHHas Bbl-
YHCIIUTENIbHAS CHCTEMA C OTKPBITHIM UCXOIHBIM KOZIOM,
KOTOpasi MpeJoCTaBisieT BHICOKOYpoBHeBble API s
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KPYITHOMACIITAOHON 00paOOTKH JAHHBIX B PEXKHME pe-
anpHOrO BpeMenu. Python API g Apache Spark Ha-
3piBaeTcs PySpark, v OH IO3BOJISIET MTOTB30BATENSIM BbI-
MOJHATh 00pPabOTKYy JaHHBIX B PaCIpeeeHHON cpe-
Je ¢ ucnomnb3oBanueM Python [8]. PySpark mossons-
€T TOJIb30BATENISIM MHTEPAKTUBHO aHAIM3MPOBATh CBOU
JaHHble ¥ TIPENOCTABISET Ul 9TOH LeIM OOOJI0YKY
PySpark [1]. OH Takke mpeaiaractT MCYEPITBIBAIOLIIN
crnpaBoyHMK o API 17151 Bcex Mopyseit, KiaccoB, (PyHK-
uuii u MmetonoB PySpark, Bkmouas Spark SQL, Pandas
API Ha Spark, cTpyKTypUpOBaHHYIO IOTOKOBYIO IIepe-
nady, MLIib (Ha ocHoBe DataFrame), MLIib (#a ocno-
Be RDD) u Spark Core. B moronnenue k Python API,
Apache Spark Takke mpemocTaBisieT BBHICOKOYpPOBHE-

import pandas as pd

Bble APl Ha Java, Scala u R, urto agenaer ero ynusepcasb-
HBIM BBIOOPOM U151 3a1a4 00paOOTKH JAHHBIX M aHAJU-
tuku [9-10]. KimoyeBsie ¢pyHkImm Apache Spark Biitio-
YaloT MAKETHYIO U MIOTOKOBYIO 00pabOTKY JaHHBIX, BO3-
MOXXHOCTh YHU(PHUIMPOBaTh 0OpaOOTKY JaHHBIX B Ma-
KETHOM peXHMe M TTOTOKOBYIO Iepeiauy B PeKUME pe-
QJIBHOTO BPEMEHH C MCIOIb30BAaHNEM HECKOBKHX SI3bI-
KOB, BKmovasi Python, SQL, Scala, Java umm R, a Takxe
BO3MOKHOCTb BBITIOJIHSITh OBICTPBIE U pacipeesieHHbIe
3anpocsl ANSI SQL 111 co3nanust MH(OPMALIIOHHBIX
MIaHeNeH ¥ CTIeMaIbHBIX OTYETOB.

Bor npumep peanusanuy HauBHOTO ajiroputMa baii-
eca 71 kiaccugukanuy Tekcra Ha Python:

from sklearn.feature_extraction.text import CountVectorizer
from sklearn.naive_bayes import MultinomialNB
from sklearn.model_selection import train_test_split

# Load the text data and corresponding labels

data = pd.read_csv ('text_data.csv')
text = datal'text']
labels = data['label']

# Split the data into training and testing sets

labels_train,
labels,

text_train, text_test,
train_test_split (text,

labels_test =
test_size=0.2,

random_state=42)

# Create a bag-of-words representation of the text data

vectorizer = CountVectorizer ()
vectorizer.fit (text_train)

text_train_vectorized =
text_test_vectorized =

# Train a Naive Bayes classifier
classifier = MultinomialNB ()
classifier.fit (text_train_vectorized,

# Make predictions on the test set
predictions =

vectorizer.transform(text_train)
vectorizer.transform(text_test)

labels_train)

classifier.predict (text_test_vectorized)

# Evaluate the accuracy of the classifier

accuracy = (predictions ==
print ("Accuracy: ", accuracy)

B sTOM mprMepe MBI CHavasa 3arpyxkaeM TEeKCTOBBIE
JAHHBIE ¥ COOTBETCTBYIOIME MeTKU U3 CSV-gaiina. 3a-
TEM MBI pasziesisieM JaHHblE HA OOyYalollMid M TecTo-
BBl HAOOPBI, UCTIONB3Ys (PyHKIWIO train_test_split u3
scikit-learn. damee mbl mcnoms3dyem CountVectorizer
1151 TpeoOpa30BaHusl TEKCTOBBIX JAHHBIX B IIPEICTABIIe-

labels_test) .mean ()

HYe B Bujie Habopa cioB. [IpencraBieHue makeTa cJioB
MIPE/ICTABIACT KaXbli JOKYMEHT B BHJE BEKTOpa 4a-
CTOT ¢JIOB. MBIl IOATOHSIEM BEKTOPU3ATOP K 00YJaoNM
JaHHBIM | TIpeoOpasyeM Kak 00ydaloliye, Tak U TeCTo-
BbIC JIAaHHBIE B IX BEKTOPU30BAaHHbIE (DOPMBI.
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3areM MbI CO3[aeM SK3EMIUISIP MHOTOWIEHHOTO Ha-
MBHOTO 0aliecOBCKOro Kiaccudukaropa u3 scikit-learn
1 00y4aeM ero Ha BeKTOPU30BAaHHBIX OOYYaIOIIMX daH-
HBIX.

HakoHer1, MbI MCTIONIB3yeM OOy4eHHbIN KJiaccuduka-
TOp ISl COCTaBJIEHUS NPOTHO30B Ha OCHOBE BEKTOPHU-
30BaHHBIX TECTOBBIX JJAHHBIX M BBIUMCICHHS TOUYHOCTH
KJIaccu(UKaTOpa MyTeM CPaBHEHHs IPOTHO30B C HC-
THHHBIMH METKaMU.

Bort apyroii anroputm Baiiepca 11 kiaccudukaryu
CHMBOJIOB B TEKCTe:

e TogroroBbre OOy4valomMii HaOOpP NAHHBIX, KOTOPHIA
OyneT comeparb TEKCTHI C YK€ U3BECTHBIM KJIAaCCOM
CHMBOJIOB.

ITocuwmraiite BEPOATHOCTb BCTPEUU KaKAOro CUMBOJIA
B KaXXJIOM KJIaCCE€ Ha OCHOBE 06yqalomer0 Ha60pa JaH-
HBIX.

Paznenure Kaxmylo BepOsITHOCTb Ha oOllee Koaude-
CTBO CHMBOJIOB KaXJOTO KJIacca, YTOOBI MOJIyYHTh
YCJTIOBHYIO BEPOSTHOCTb BCTPEUM CUMBOJIA TSI KAX/I0-
To KJiacca.

3aTeM MMOArOTOBBTE TECTOBHIN TEKCT TS KIIacCH(prKa-
1117178

Pa30eiite TekCT Ha OTACJIbHBIC CUMBOJIBI.

HJ'IH KaxJaoro CHUMBOIJIA, BOCHOHb3yﬁTer YCJIOBHBI-
MU BEPOATHOCTAMU U3 06yqajomer0 Ha60pa JAHHBIX,
YTOOBI ONPpeAc/IMTb BEPOATHOCTb BXOXKIAEHUS KAKAOIO
CHMBOJIa B Ka)l(,[[hlﬁ KJacc.

HepeMHO)KbTC BCE BEPOATHOCTU IAJI1 KAKIAOI0 CUMBO-
Jia U1 KaXXKaoro Kjaacca, YTOOBI TNOJIYYMTb OKOHYATEJIb-
HYIO OLIEHKY BEPOATHOCTH KJIacca IJId AAaHHOI'O TEKCTA.

BoiGepurte Ki1acc ¢ HanOOJbIIEH OLIEHKOH BEPOSITHOCTH
Y TIPFICBOMTE TEKCT 3TOMy Kiaccy [11-12].

T0 OCHOBHOM 1mark aiaroputMma baidepca s kiac-
cruKan CUMBOJIOB B Tekcte. OmgHako s Goree
TOYHOM KJIacCH(PUKALIMKM MOXKET OTpeOOBaThCs I0ON-
HUTEJIbHAsT 00pa0OTKa JaHHBIX U y4eT Apyrux (pakro-
POB, TAKUX KaK B3aUMOJIEHCTBUE CUMBOJIOB M KOHTEKCT.

KoHkpeTHO 151 KJlacCH(PHUKAIIMIA CUMBOJIOB B TEK-
cTe, TOKaxkeM Ipumep peanusanuu anroputma Haus-
Horo Batieca B Python ¢ ucnons3oBannemM GuOIMOTEKH
Scikit-learn:

from sklearn.naive_bayes import MultinomialNB
from sklearn.feature_extraction.text import CountVectorizer

# obyuaomuii Habop NAaHHBIX
X_train = ['absrmoe',
y_train = ['xareropusal',

'Broeéxs’',

# TecToBLH HaboOp OAHHBIX
X_test = ['ax606']

# cospmaeM o6vexT "Memox cuoB"
vect =

'kaTteropug2',

'6Breéx’']

'xaTteropugal']

CountVectorizer (analyzer="'char')

# mpeobpaszyeM ofyualmU¥ M TECTOBBH HAOOPH OAHHBIX B MaTPHUILl NPHU3HAKOB

X_train_vect =
X_test_vect = vect.transform(X_test)
# cosmaeM 0o6bekT kinaccuduxartopa

clf = MultinomialNB ()

vect.fit_transform(X_train)

# obyuaem xnaccudukaTop Ha obyuawmeM Habope HmaHHBIX

clf.fit (X_train_vect, y_train)

# HCIIONIb3yeEM KHaCCHqDHKaTOp OJId rpencxasaHud KaTeropuu TeCTOBOI'O TeKCTa

prediction =

# BHIBOOUM pPe3ylIbTaThl
print (prediction)

clf.predict (X_test_vect)
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B sToM npumepe B KavecTBe oOyvawllero Habopa
JAaHHBIX WCTIONB3YIOTCSI TPH CTPOKHM CHMBOJIOB, pa3Me-
YeHHble Ha JBe Karteropud. [lanee TEKCT U3 TeCTOBOTO
Habopa rpeoOpasyercsi B MaTpUILy NMPU3HAKOB C TIOMO-
b0 00beKTa "MeINoK CJIOB". 3ateM co3maercs U 00y-
yaeTcst 00beKT Kilaccudukatopa Hameroro Baiteca. Ha-
KOHell, KJIacCU(hMKATOp WMCTIONB3YeTCs Ui MpeacKasa-
HHSI KaTETOPUHU TECTOBOTO TEKCTa, M PE3YJIbTATHI BBIBO-
asrcsi Ha 9KpaH. OOparuTe BHUMaHWe, YTO JJISl 3TO-
ro MpUMepa TeKCT NpeoOpa3yeTcsi He MOCMMBOJIBHO, a
o cioBaM (noatoMy ucnosbs3yercss CountVectorizer ¢
napamerpom analyzer='char'). Eciiu BbI XoTHTE pado-
TaTh C OTJAETBbHBIMHA CHMBOJIAMH, MOXHO HCIIOJIb30BaTh
CountVectorizer 0e3 mapamerpa analyzer, 4To MO3BO-
JIUT NpeoOpa3OBbIBaTh TEKCT TIOCUMBOJIBHO.

BeiBoabl. B cratee paccMoTpeHa TeopHsi BEpOSITHO-
creil Baileca 1 ee MpUMeHeHUe B aHAIN3€ HAYYHBIX Me-
TOJOB TEKCTOB. ABTOpHI 0030pa NPOBEJIM MCCIIEIOBa-
HUE U U3YYWIU pacrpeesieHHblid ppeiiMBOpk Apache
Spark s noctikeHus faHHOH nenmu. Teopust BeposIT-
Hocteilt Baifeca siBisieTcst OOHOW M3 OCHOBHBIX TEOPHI
B CTaTHCTHKE, KOTOpasi MO3BOJISIET ONpPEEIUTh BEPOSIT-
HOCTb HACTYIUIEHHsI COOBITHS Ha OCHOBE HMMEIOIIMXCS
naHHbIX. [IpuMeHeHre 9TON TeOpHHU B aHAJIM3E HAYIHBIX
METO/IOB TEKCTOB ITO3BOJISIET TOMYYUTh OOJiee TOUHbBIE
Pe3YBTaTHL M YTy 4IINTh KA9eCTBO UCCIeNoBaHus. M3y-
yeHue pacrpesesieHHoro (peiimBopka Apache Spark
B JIaHHOM KOHTEKCTEe MMeeT OOJIbIloe 3HaYeHHe. JTOT
(peiiMBOpPK MpefoCTaBsIET BO3MOKHOCTb (D PEKTUB-
HOUM 00paboTKH OOJBIIMX 0OBEMOB JAHHBIX M PacIipe-
JeJICHHBIX BBIYUCIICHHUM, UTO SIBJISAETCS HEOOXOIUMBIM
IVl QaHAJIM3a HAYYHBIX METOIOB TEKCTOB. Pe3ynbraThl
UCCIIeJOBaHUS MOKa3aiM, YTO HCIOJIb30BAHUE TEOPUU
BeposiTHOcTel Balieca u pacnpeneneHHoro gpeimsop-
ka Apache Spark nmo3Bosfer 3HAYMTENTBHO YIy4IIUThb
aHaJ M3 HAayYHBIX METOIOB TEKCTOB. DTO MOXET OBITh
TIOJIE3HO HE TOJBKO UISI MCCIIEIOBATENIeH W YUSHBIX, HO
U JJIs1 pa3pabOTYMKOB M TPOMBIILIEHHBIX MpPeIpusi-
THii, KOTOpblE 3aMHTEPECOBAHbl B U3BJICUCHUN 3HAHUI
13 TEKCTOBBIX JaHHBIX. Teopus BepositHocTer baiieca

MO3BOJISIET YUMTHIBATh MpPEIbIOyIIyi0 MH(GOPMALMIO U
JieaTh CTAaTHCTUYECKUE BBIBOABI HA OCHOBE BEPOSITHO-
cTeil. DT0 0COOEHHO MOJIE3HO B AHAJIM3E HAYYHBIX METO-
JIOB, I/ie 4acTo TpeOyeTcsl yUNUTHIBATh pa3ivuyHble (ak-
TOpPBI ¥ YPOBHHU HeolpeneieHHocTH. [IprMenenne pac-
npezeneHHoro gpeiiMBopka Apache Spark nossoss-
eT 3(pdekTBHO 0OpadaThiBaTh GOJIBIIME OOBEMBI 1aH-
HBIX. 9TO 0COOEHHO BaKHO B aHAJIM3€ HAYYHBIX METO-
JIOB TEKCTOB U IAHHBIX, IJIe CYIIIECTBYET OOJIbIIIOE KOIH-
4ecTBO MH(pOpPMAIU, KOTOPYID HEeoOXOoauMo 00pabo-
tatb. Apache Spark nosBoser pacnapasuienBaTh aHa-
JIM3 ¥ pacueThl Ha KJacTepe, 4To YCKOpsieT MPOoIece
no3BoJisieT paboTaTh ¢ GOJIBIIMMHU 00bEeMaMU JTAHHBIX.
Crarbsl TaKKe paccMOTpesia IpUMeEpbI IPUMEHEHHU I TEO-
puu BeposTHoctell Baileca u Apache Spark B ananuze
Hay4HBIX METOJIOB TEKCTOB W JlaHHBIX. Hampumep, aB-
TOpPBI pacCMOTPENH Ucnob30oBaHue BaiiecoBckoro aHa-
JM3a A7Ts TIPE/ICKa3aHusl YCIEITHOCTH AN3aliHOB, a TaK-
e ucnosnb3oBanue Apache Spark s aHanmM3a U Kiiac-
cuukanuy 6obIIoro oobemMa Hay4HbIX crateil. B ne-
JIOM, CTaThsl MOJYEPKHY/a 3HAUYMMOCTh U TIpPEHMYIIle-
CTBa NPMMEHEHNs Teopuu BepositTHocTel baiteca u pac-
npeneneHHoro (QpeiimBopka Apache Spark B aHamm-
3¢ Hay4HbIX METOJOB TEKCTOB M JAHHBIX. DTH METOIbI
TIO3BOJISIIOT YYUTBHIBATh HEONPEIENEeHHOCTb, paboTaTh ¢
GOJIBIIMMU 00beMaMH JaHHBIX ¥ 3((DEKTUBHO MPOBO-
JMTH aHAJIM3 U KJIACCU(DHKALIMIO.

B nenom, craths mokasaja 3HAYUMOCTb U MPEUMY-
IIeCTBa IIPUMEHEHUs TeOpHU BeposTHocTell Baiieca u
pacnpeneneHHoro ¢gpeiiMBopka Apache Spark B aHa-
JIM3€ Hay4HBIX METOZIOB TEKCTOB. [lanpHeimme wccre-
JIOBaHHsI B ITOM 00OJIACTH MOTYT MPUBECTH K elie Oonee
TOYHBIM U 3 PEKTUBHBIM METOJAM aHATM3a TEKCTOBBIX
JIAHHBIX.

Hayuno-uccaedosamenvckas paboma elnoaHsemcst
6 pamkax I' @ Munucmepcmeom HayKu u avicuiezo oopa-
306anust Pecnyonuxu Kazaxcman AR19677733 no me-
Me «Paszpabomka unmennekmyanoroli pacnpeodenentori
CUCmeMbl NApPANNEAbHO20 AHAAU3A HAYUHBIX MEKCIN08»
Ha 2023-2025 ee.
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ABTOKOJIIKTEP AIH KUBIJIBICTAYBI 2KYPICIH ATAIITUBTI BACKAPY

JI.C. Kamanrapun'®, A.JI. Tynerynos!, /I.C. Epraiues?, JK.M. Tamenosa’, M.7K. Eprem’
1K azak TexHOMOrMs KoHe OU3HEC yHUBepcuTeTi, Acrana K, KazakcraH,
2 A3aMaTThIK aBUALHS aKajeMusichl, AJMaTsl K, KaszakcraH,
31 H. I'ymunes ateinparsl EYY, Acrana k, Kazakcran,

dus_man89@mail.ru

AKBUIIBI KABUTBIC JIOTUKAITBIK, K YHEeHiH TUITIK TEXHOJIOTUSICH OOJTBIN TaObUIaapl. Kanama aBTOKeTIKTiH CAaHBIHBIH
Te3 ecyiHe OalIaHBICTBI KENTeJIiC MeH JIACTaHy CHUsKTBI TYpIIi TybIHIaFaH mpoOieManap OapraH cailblH Kyliliere
Tycyze.

AJanTHBTI KUBUIBICTHI OacKapy Kyheci, koOiHece KalaJarbl KeMTelic MICeJeCiH ey YIIiH Ky3ere achipbl-
Jaapl. TypakThl KONAaHBUIATHIH OacKapy Kyiienepi o[eTTe JOrMKabIK eMec OOl CaHalabl, sFHU OaFaapiiam
CHUTHAJIBI CTaTUKAJIBIK, TYple e3repei. By ’KyMBICTHIH MaKCaThl-KMBUIBICTHI JIOTHKAJIBIK OacKapy/IblH aarTHBTi
JKYWECIH YChIHY, sIFHU, aBTOKOJIKTEPIiH KYpiciHe OalIaHBICTBl HAKTHI YaKBIT PeKUMiH/Ie OaFaapiiaM CUTHAIIIA-
PBIH ©3TepTy.

By xyiie KeJslik KypaJiapsl MeH OaFapiiamMaap apacklHIarsl IepeKTepi YChIHYIb JKYy3ere achlpaThiH aJiar-
THBTI aBTOKOJIK OalJIaHBIC MOJIEITiHIH MBICATBI OOJBIT TaObUTAABL. KON KUBUIBICHIH/IA ABTOKOIIKTEp KUBLIBICKAH
Ke3[e OarmapiamMra JaTINKTEH aJIbIHFAH aBTOKOJIKTEDP CAHbI JKoHE OJIApIbIH KbUIIAMIBIFBL TYPaTbl CHTHAIAAP Ki-
Oepineni, an GargapiiaM ol akraparTapabl peTTer HaKThl YaKbIT PeKUMiH/Ie CUTHA Oepy YaKbIThIH perTeiiii. Exi
GarbITTarbl 9pOip OAFAapIIIAMHBIH OPTOrOHAJIBLIBIKTHI TAJIAIl THECTEH O31H/IK OacKapy cTpaterusichl 6ap. barmap-
IIamIsl GacKapyabsiH OyJ1 K ylieci KUBUIBICTAH OTETiH ABTOMOOWJIB/ICP CaHbIH OapbIHINA APTTHIPYFa KOHE peTTereH
KYiie apKbUThI KENTeNicTep MeH JIACTaHyIbl a3alTyFa MYMKIHIIK Oepemi. ABTOKeJIKTep XYpiciHe HerizaenreH
Garmapiuam/isl Gackapy arOpUTMi KOHE OHbI MOJIeNIb/Iey YChIHbUIFaH. Makanaga 6ackapy Ky#eciHiH Kayinci3iri
MEH CEHIMIIIT A€ TANIKbIIaHadbL.

Tyiingi ce3aep. VHTeUIEKTYaNIb KOJTIK, OaraapiamMaapasl Oackapy Kyweci, alrOpuT™, MOJETBIEY.

AJAIITUBHOE YIIPABJIEHUE JIBUKEHUEM ABTOTPAHCIIOPTA HA
INHEPEKPECTKE

JI.C. Kamanrapun'®, A.JI. Tynerynos!, /I.C. Epramues?, JK.M. Tamenosa’, M.7K. Eprem’
Kazaxckuit YHUBEPCUTET TEXHOJIOTHHU U OM3Heca, . Actana,Kazaxcras,
2 AkameMust rpakIaHCKON aBWaIwy, r. Anmarsl, KazaxcraH,
3 EHY um.JL.H. I'ymunesa, r. Acrana, Kazaxcras,

dus_man89@mail.ru

W3-3a GBICTPOro pocta KOJIMYECTBA aBTOMOOKJICH B rOpojie BCe Yallle BOHUKAIOT Pa3JIMYHbIe TPOOIEMBI, TAKUE
Kak 3aTOpbl U 3arpsi3HEHHe OKpYysKaiollel cpeasl. PerieHnem mpoGiemMsl ABIseTCs pa3paboTKa TUIMYHON TEXHO-
JIOTUM YMHOM KPOCC-JIOTMYECKON CUCTEMBI.

ApanTuBHas cUCTeMa YIpaBlieHHs IEpeKpPecTKaMM, Haubosiee YacTo NMpUMEHseTCsl Ul pelleHus] poOieMbl
3aTOpoB B ropoge. [TocTosIHHO UCHONb3yeMble CHCTEMBI YIIPaBJIeHUsI OOBIYHO CUMUTAIOTCS HEJIOTUYHBIMU, TO €CTh
curHai ceeroopa u3MeHsieTcs crarnuecku. Lenbio JaHHO| paboThl SIBIISIETCS MPEACTaBIICHNE aJalTHBHOM CUCTe-
MBI JIOTHYECKOTO YIIPaBJIeHNs IEPEKPECTKOM, T. €. U3MEHEHHEe CUTHAJIOB CBETO(Opa B PEXHMME PeabHOIO BpEMEHH
B 3aBHCHUMOCTH OT THIIa TPAHCTIOPTHBIX CPEACTB.

OTa cucreMa SBJISETCS NpuMeEpoOM MOAEIN aHaHTI/IBHOﬁ aBTOMOOMJILHOI CBAI3H, KOTOpasd peaM3yeT MpeacTaB-
JICHUEC JAHHBIX MEKAY TPAHCIIOPTHBIMU CPEACTBAMU U CBGToq)OpaMH. Koma aBTOMOOMIIU MEPECEKAIOTCs Ha Mepe-
KPECTKE, CUTHAJIbI, ITOJTYYCHHBIC OT JATYUKOB, OTIIPABJIAIOTCA Ha CBeTO(bOp, TIO0CJIE YE€ro CBGTOCI)OP KOPPEKTUPYET
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MHDOPMALMIO U PEryJIMpyeT BpeMs IToflaud CHIHAJIA B peXrMe pealbHoro BpemeHu. Kaxpiil ceeroop B 060Mx
HAIpaBJICHUSIX UMEET CBOIO CTPATETHIO yIpaBlieHHs], He TpeOysi OpTOrOHAIBHOCTU. DTa CHCTEMa YIIPABJICHHUS CBe-
TOhOPOM HO3BOJISIET MAKCUMAJIBHO YBEJIMYUTh KOIMYECTBO aBTOMOOMJICH, NepeceKalomuX MepekpecTok, 1, Kak
CJIEAICTBUE, YMEHBIINUTD 3aTOPBI U 3arps3HeHue. [IpeuioxkeH anropuT™ ynpasieHus cBeTopopoM Ha OCHOBE THIIA
aBTO U ero MoJieJIMpoBaHue. B crarbe Takske 00CykIaioTcsl 0€30MacHOCTb M HajIe)KHOCTh CUCTEMBI YIIPABJICHHS.

KiiroueBsble ciaoBa. MHTeUIEKTyalIbHBI TPAHCIOPT, CUCTEMA YIIPaBJIeHHs CBETOhopaMH,

AJITOPUTM, MOAETTUPOBAHME.

ADAPTIVE TRAFFIC CONTROL AT THE INTERSECTION
D.S. Zhamangarin!*, A.D.Tulegulov', D.S. Yergaliyev?, Zh.Tashenova®, M. Yergesh!
IKazakh University of Technology and Business, Astana, Kazakhstan,

2 Academy of Civil Aviation, Almaty, Kazakhstan,

3 L.N. Gumilyov ENU, Astana, Kazakhstan,

dus_man89@mail.ru

The solution to the problem is a typical technology of a smart cross-logic system. Due to the rapid growth in
the number of cars in the city, various problems such as congestion and environmental pollution are increasingly
emerging.

Adaptive intersection management system, often implemented to solve the problem of congestion in the city.
Constantly used control systems are usually considered illogical, that is, the traffic light signal changes statically.
The purpose of this work is to present an adaptive system of logical control of the intersection, i.e. changing
traffic light signals in real time depending on the type of vehicles.

This system is an example of an adaptive automotive communication model that implements data representation
between vehicles and traffic lights. When crossing with cars at an intersection, it sends an instant message to the
traffic light, after which the traffic light corrects the information and adjusts the signal time in real time. Each
traffic light in both directions has its own management strategy, without requiring orthogonality. This traffic
light control system allows you to maximize the number of cars crossing the intersection and, as a result, reduce
congestion and pollution. The algorithm of traffic light control based on the type of car and its modeling is

proposed. The safety and reliability of this control system are also discussed.

Keywords. Intelligent transport, traffic light control system,algorithm, simulation.

Kipicnme. Kemik amampmapnblH KYHOETIKTI eMipi-
MEH ThIFbI3 OAlJIAHBICTBI KOHE aJaMIap KeJiKKe Kar-
TH Toyenai. VHTeJUIeKTyaibIK, KOJIiK Ky#eci JTyHue
Ky3iHae gambin kenedi, KazakcTaHHbIH ipi Kanana-
PBIHA KOJI KO3FAJIBICHIHBIH WHTEJUICKTYAIIbl YABIM-
JacThIpy Kyiteci emayip aprra Kaigel. Ochl ceben-
Tep KOJ KO3FAJIBICBIH/IA TEHTepIMCI3/IK KenTericrepre,
JKOJI-KOJIIK OKUFAJIapbIHA, JIACTAHYFa JKOHE 0acKa Mo-
cenenepre okenedi. EH MaHbI3OpI Mocesesepais, Oipi-
KOJIiK KenTeJIici.

Kasipri yakpITTa KOJJIaHBUIATHIH OaraapiiaMaapipl
Gackapy JKyHelepiHiH KOIIITiri CTaTUKAIBIK OOJIbII
TaOBLIAMIbL, SIFHU OaFJapIIaMHbIH CHTHAIBI OeNTiJIeHTeH
apaJibIKTap/ia ©3repejli jKoHe OJ1 HAKThI KOJIK JKaraai-
BIHA COMKEC YaKpITap apKbUIbI XKy3ere acajbl. bipak ic
KY3iH/le aBTOMOOWIIb CaHbl MEH KHUbLIBICTAPAAFHI aBTO-
MOOMIIB/IEPIIH JKbLTIAM/IBIFb IMHAMUKAJIBIK, ©3repicTep
apKBUIBI JKYy3ere achipbuiaibl. OchUTaiiina, OerijieHreH

OarqapIIaMHbBIH KAPKbIpay Y3aKTHIFB KAKETTUTIKTEp-
re colikec kenMeyi ae MyMKiH. COHIBIKTaH WHTEIIeK-
TyaJJbl aBTOMATThl TYp/ie PETTell ajaThiH Oarjapiiam-
Ibl 6ackapy XK yiieci OarmapIiaMHbBIH aBTOMOOWIbACPIiH
caHblHa OAIJIAHBICTBI SPEKET €Ty YaKbIThl KOHE HAKTHI
VaKHIT pexXUMiH/Ie KUBUTBICTaH OTETiH aBTOMOOWIIBICP-
IiH KbUIAAM/IBIFBIHA OalIaHBICTBl JKYMBIC XKacay Ke-
pek. Bargapiiampl GackapyablH MyHIal xyueci Ker-
TEJTICTIH CaHbIH a3alTyra MyMYKiHZIiK Oepeni [1-3].
Scoot xoHe SATL Gackapy xyiesepi ChIMChI3 CEeH-
COPJIBIK, JKeJIiCiH yChiHaapl. Backapy anroputMize Heri3-
neiared SATL Gackapy Ky#eci KoJT akIapaThiH JKUHAIT,
colaH KeWiH OpTasbIK KOHTpoJuiepre xibepeni. Amiro-
PHTM KYPY, HAKTHI YaKBIT peKAMiH/IE IIENTiM Ta0y YIITiH
JKy3ere achppuIabl. Barmapimamasl alanTHBTI peTTey
YIIH (POTOMEKTPITIK KOCKBIITH Maiaananaasl. JKora-
phljla aTaJiFaH JKyHeJlepaiH KeIlIiliri, aBToOMOOWIbAep
caHblHa OalIaHBICTBl CUTHAJI OEpy YaKbITHIH peTTeni
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KoHe OarmapiamMaapiblH OPTOTOHAIIBUIBIFBIHA HETi3-
JenreH OarJapiiiaM CHUTHAJTBIHBIH ©3repyiH eKi OarbITTa
6ackapasl [4-6].

3eprrey MakcaThbl. 3eprreymiH Makcatsl - SATL
azanTuBTi 0ackapy KYHECiHiH KYMBICHIH Tasjay.
HakTbl yakpITTarbl jkKoHE aBTOMOOWJIbAED CaHbl MeH
KO3FaJIBIC JKbUIIAMIbIFbIHA OailylaHbICTHI Oargapiiam-
HBIH JKYMBIC PEXHMIEPIH 3epTTey.

3epTTeseTit Kyiie 6aiiiaHbIc MOJIENi apKbLIBI XKYy3ere
achIpbUIaJIbl JKoHE aBTOMOOMJIBAEP MEH OaraapiiaMaap
apachlHa OpPHAJACKaH CEHCOpAaH aJIbIHFAaH JIepeKTep-
Ji maiiganaHaasl. barmapimaMHbIH MHKpPOKOHTPOJLIEPI-
MEH aJbIHFaH JepeKTep HAKThl YaKbIT pexXUMiHae Oar-
JapIIaMHbIH ©3repy YakbIThiH perteiiai. CoHbIMeH Oip-
re op GarbITTarsl 9pOip GaraapiaM CUTHAIIAPbIH ©3rep-
Ty OapbICBIHIA KOJIK KYPaJIJapbIHbIH KbUIIaM/bIFbIHA
GaiIaHBICTBl OPTOTOHAJIIBUIBIK, TAIANTAPBIH CAKTAY Ke-
pex.

Ocpunaima, XyHeHiH Kayilci3airi MeH CeHIMALTITiH
KaMTaMachl3 eTy KaxeT. Barmapmamasl 6ackapy KHbl-
JILICTAH OTETiH KOJIK KYpalJapbiHbIH CaHbIH KOOEUTY
’KOHE OHBIH MYMKIiHIIIITT apTTEIpy MEH KeNTeniCTepiH
’K9HE JIaCTaHy/pl a3aiTyFa MyMKIHIIK Oepei.

OJicTep MeH MaTtepuaanap. byn mMakanaga xom
KHBUIBICBIHAAFbl  AaBTOMOOWMJIBAEPIIH KbUIAaM/IbIFbIHA
Heri3/ieNireH OarmapmaMabl OacKkapy aliroputMi Oepit-
reH. By 6ackapy xy#eciHiH Kayirnci3airi MeH ceHiM-
JiJIriH Garanayra MyMKIHIIK OepeTiH MOJENb YChIHbI-
Al

A. Kupuibic cumaTTamMacht

Byt xyiie 6ip KUbUTBICKA KOMIaHbLUTaabl. Herisri ofi-
KUBUIBICTAPAFBl KETITENICTepi a3aiTy YIIH OacKapy
KYWECIH JKEHUIIETY KepeK KoHe OHBI JKy3ere achlpy-
JIbl JKEHUTIeTy oTe MaHbI3Abl. O YIIiH ajjiblH-ana Ka-
ObUIIaHFaH [IapT-aBTOMOOMJIBIEP TeK TiKeNed OarbITTa
KO3Fasapl.

Byn OGarmapmiamabl Gackapy xy#deci eki OafrbITTa
KO3FaJIaThIH KOJIKTepre KAThICTHI JepeKTep i KaObLIma
anmanpl. Ocbulaiiina, Kyiie Ko KO3FasbIChIHBIH KYHiH
Gakpuiaii ananel. Coman KeitiH Garaapriamaapra 6acka-

Py CHTHaIaphl XiOepijemi: ©Ty yaKbITHIHA KATBICTHI
CHUTHAJT Y3aKTHIFBIHBIH apTybl, OarIaplIaMHBIH aybICybl
(KBI3bLI, Capbl, KaChLT) jKHE T. O.

B. Baiinansic pexvmi

BaiinaHpic cHTHAJIBI aBTOMOOWJIBAED MEH KON WH-
(ppaxyppUTHIMBL apachIHIAFbl ©3apa dPEeKEeTTeCyli KaM-
Tamack3 eteqi. Ko WHpPaKypeUTBIMBI 9[IeTTer1 Kylie
OOJIBIN TaOBLIA/Bl JKOHE MBIHAIAPABI KAMTHIbL Kelle
HIamIapbiH, Oaraapiiamaapipl, JIeKTPOHIBIK, Keaep-
riyiepai 6ackapy xyueci.

1 cyperte Star keTiCiHiH TOTOJOIUSICH KOPCETUIIeH.
ABTOKOJIIK KO3FaJIICBIH KOPIill OTHIPFaHbIMbI3/IAH, KOJ
KUBUTBICHIH/IA JKOJIAKTHI KeCill oTy Ke3iHe OarmapIiam-
MeH peTTenei. ABTOMOOWIBICPIIH CaHBl MEH JKbUI-
JAMJIBIFBI Typaibl Xxabapiaamanap 6ackapy KyHeciHe xi-
Oepijiefli oHEe OmaH opi THICTI arbIHIAPIBIH KO3Fasbl-
ChIH OacKapy KOMaHaIaph! xkacanapi[7-8].

Cypert 1 — Xytienik e TONOJIOTHSCHI

C. Moaynb[ik coymier.

JKyiieHiH eki Heri3ri 6eJIiri o1 - GariapIaM KoHe aB-
TOKeJTiKTep. KMbUIbICTaFbI 9p KOTAKTHI ColKec (DyHKITH-
SUTAPABIH OPBIHAATYbIHA OAMIAHBICTBI 9P TYPIli MOIYJIb-
Jepre 6esyre 6oJabl.

MonynmbiK merriMi 2 CypeTTe KOpCceTireH.
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Oepektepai
Kaboingay mogyni

Bacrapy
Mmoayni

Hapeik mogyni

Bainaueic
moayni

Bafpapwam
petTeriwi

B fAepekTepai
wibepy moayni

BaitnaHbic
mogyni

Depektepai
HUHay mogyni

ABTOKONIK

Cypet 2—Monynb[ik cyioacst

Bi3 ychHATBIH Mopesbre Gackapy MOy, Kapbl-
KTaHABIPY MOMYJI oHE AepeKTepli KaObliaay MOyt
kipeni. Kyiie nepexrepai KaObuiiay MOAYJH KaXeTTi
aKmapariieH KaMTaMachI3 eTefli JKoHe AepeKTepi eHe-
yre jKayanTtsl Oackapy MOyJliHe HycKayJap xioepeni.

Barnmapmam (pyHKIMsUIaphL: AepeKTepi KUHAY, KbLI-
JaMJIbIK, aHBIKTAY, JKOJIAKTaFbl Xabapiamasapiibl KUHaY
JKOHE JiepeKTep/i Kidepy, KoK KypaaIapbiHbIH OaFbIT-
Tapel MeH Oacka Ja KarbiHacTapbl. OChl apXHUTEKTY-
pa meHOepiHIe KYWeNliK YPHicTi Kenleciged cumarra-
yra Gonajpl: qepeKTepii KUHAy MO, aBTOKOJIK Ty-
paJibl xabapiiamanap, COHbIH illliHE KbULIAMIBIK, OPHA-
JIACKaH xep, OarbiT koHe 1.6 [9-10].

ABTOKOIIK KONaKKa KipreH kesme (Kyhe KamTH-
THIH JIepeKTepi OepyliH MaKCMMaJIbl KAllbIKTBIFbI)
Jepektepni kibepy Momyii xadapiamasiapabl KaObii-
Jay MOAyJIiHe eHriseni. JJaTulKTeH ajbIHFaH AepeKTepal
MHUKPOKOHTpOILIEep OarnapiamMra xkidepeni. Jucnerdep
JKaFIai/Ibl KaJaranaiipl, THICTI HycKayaap Oepy yIiH
aNropuTMie comkec mapanap Kaobuigaiasl. CoHbIHIA
JKapblK, MOIYJIi IIamJapasl KOCy HeMece Ollipy yakbl-
TBIH y3apTajibl HeMece a3aitaasl. by opekertep cepu-
SICHI KaWTaJIAHATHIH CHIIATKA UE.

Tankbliay ’KoHe HITHIKeJIep.

A. JlepexTtepai :xunay moayJi: byn xyiiene ne-

PEKTepai KUHay XKoHe Kibepy KYPbUIFbICHI OPHAIACKAH.
BarpITTanfan AuarHocTUKaIbIK Kypbutrbl (OBD).

3epTTey OPTANBIFBL. Byl KypbUFBl aBTOMATTHI
TYpHE opTYpii KYpBUIFbUIApFa KocbUla amanbl. [e-
PEKTepIi KMHAy OHIAFbl KaMepa apKbUIbI JKy3ere achl-
pamst. Bi3 xyiteni Typae keniktig OBD unTepdeiicine
Kocbuia anambi3. JKoHe xibepreH keiOip koHpUryparm-
sUTApABI peTTeyre OoMabl.

B. V2I 6aiiiaHbic MOTyJIi:

1) Baitnansic KypeUwbichl: MyHna ZigBee mMonynin
KOJJIaHbUIa b, OyJ KyWene Oainanbic momym V2I
apKpUTBI Ky3ere acanpl. ZigBee curnHambsiabiH 30-50
METp KAUIBIKTHIKKA Tapaaybl MYMKiHIiri Gap xoHe
amblK ayana mamameH 100 metpre keTyre KaOieTTi.
ZigBee monyni ©3iH-631 YIBIMAACTHIPY XOHE ©3iH-631
perTey MyMKiH/iKTepi Gap, KeTiHiH 6TKi3y KaOiaeTTii-
Il YJIKEH jKOHE JKaKChl OaliIaHbIC CEHIMILTIT Oap TeXHO-
JIOTUA.

2) Gepinetin aepexrep GhopMarhL:

ABTOKOJIKTep Typasbl aKMaparrap MHUKPOKOHTPOI-
Jepaie Keneci Typae aHbiKTanaawl. depektepmiH Oacta-
aysl Data [0] 0x55 TypakTbl MOHIH MaiialaHy apKbl-
Jibl Ky3ere acanpl. Keseci exi OaliT KeJiK KypasbIHbIH
WIeHTU(UKATOPBI.
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1 Kecre -Iepektep dopmatst

Baiit Hemipi | ¥3bIHAabIFH (OaliT) | Ma3myHBI
0 1 Hepekrepai eHaey OeiMiHiH GACIIBICH
1 2 Keutik KypasblHbIH ColKecTeHIipy HeMipi
3 2 JKpuimamabIK,
5 4 Enpnik
9 4 Boinsik
13 4 Ko3srabic 6arbIThl
17 2 JepexTepaiH COHbI

Keutik Typasbl KaKeTTi akapar Kejeci KypbUibiM 00-
JIbIN TaOBUIA/BI: KbLTIAM/IBIKT aHBIKTAY YIIiH 2 GaiT,
QJTBIIT JKATKAH XKOJMAKTHIH eHAIrH aHBIKTAaY YIIIiH 4 GaiT,
GarmapiiamMra JIediHri KamblKTBIKTBI aHBIKTAy YIIH 4
0aliT KoHE KO3FAIBIC OAFBITHIH aHBIKTAY YIIH 4 OaT.
Aupiaran OBD kburiaMapiesl Oy TiH caH O0JbIIT TabbLIa-
b, COHIBIKTAH OHBI TIKeJIeH OH ajTBUIBIK XYHere Typ-
JieHipyre OOJaIpl.

AJTbIHFaH KONMAKTBIH €Hi oHe Oarjapiiamra jei-
iHT1 KAIIBIKTBIK-YTipAeH KeHiHri 5 TaHOaaaH TYpaThlH
HakThl canap. CoHABIKTaH 0i3 onapapl aJibIMEH Oy TiH
CaHJapFa alHAIIBIPYBIMBI3 KepeK. Ko3rasbic OarbIThl
A3UMYTIICH YCHIHBUFaH OYPHIIITHH OaFbITHIMEH aHbI-
KTanagel. Bi3 comrycrikke 0 rpamycka, mbiFbicka 90
rpaaycKa TeH OarbITThl OeNrieimis.

Bi3 6acranksl nepekrepni MoHiHe 0X0D, anm coHFBI
nepextepin MoHI peringe OXAA kongaHamez. MyH-
na 6ip OaiiT eMec, exi OalT KOIIaHbLUIa bl JKOHE OapIIbIK,
nepektep Keszeiicok, 6onranabikTad 0x0D xoHe OXAA
MYMKiH MoHJepi | kectene KenTipingi.

OBD nepekTepai xorapbiga KepceTiireH opmarra
KaObUTIAIbl. AJIBIHFAH JIePeKTep/i TaJIAi b JKOHe Je-
KOITaipl koHe Oiphedl xabapiamanapabl JIOTHKAJIBIK,
TYPFbIIa OHACHII.

C. Backapy moay.Ji:

1) Kontpostep: 6armapiiam KyieciHiH eH MaHbI3/IbI
Geutiri Oonem TaObUTaAE KOHTpOIUIep opbiHAayFa Xka-
yarThl 6acKapy aJfOpuUTMi jkoHe o Garaapiiam TYCiH
Gackapy/ibl Ky3ere acbipapl.

2) backapy airopuTmi IIEINETiH HEri3ri Macee:
KBUIIAMIBIK, Typasbl aKMapaTka COMKec XOoJl KO3fa-
JIBICBIHBIH Kal-KYHWiH aHBIKTay KoHe Oarapiiamaapra
JypeIC HycKayap Oepy.

MyHza eki Oaraapiiam/ipl Kanai yiiecTipy KepeKTi-
TiH oiacThlpy Kaxer. Herisri Gackapy aiaropurmi ke-
Jlecifeil: eki Oarapiiam YIiiH jie erep epekiie karaai-
Jap tysiHEamaca, EW xone NS GarbITTapblHIarsl Oar-
JapIiaMaapIbH KbI3bUT KOHE JKachll TYCTE JKaHy yakbl-

Th1 60 cexyna. Exi Garnapiiiam opHatblIFaH Vmax sxoHe
Vmin ImeKTiK XbUIIaMABIKTapbl OOMbIHIIA Vmax-TeH
JKOFaphl JKbULIAMJIBIK, apKbLTbI JKOJIIBIH 0OC eKeHIrH
oiipce, am Vmin TeMeH XKbUIIaM/IBIK, OOMBIHINA KeTl-
TeJTicTiH 6ap eKeHAIriH OuTIipeni.

Hax el anroputwm:

a) Ausroputmai Tanjay: OyJl alropuT™ KeJiecinen
VTew Oarbitsl skoHe VTyg OarbiThIH KOJMHaHAABL AJl-
roputmzae "T" Gac opmi "Oyin OGareiT" gereHmi Oil-
nipeni, an "O" "Kapama-kapcht OarbIT" IereH Oinmiperi.
EW OGenrici GaTbICTaH MIBIFBICKA KApal KYPETiH KOJiK-
Tepai, anm NS Oenrici OHTYCTIKTEH CONTYCTiKKe Ka-
pail xyperiH keuikrepni Oingipeni.”Koraprbl vHzEKC
"+"KeNIKTiH KMBUIbICTA ekeHiH, an " T " gmerem Gy
KeJIiK KeJieci yuacke/e eKeHiH Outaipeni. Mbicabl, erep
6i3 EW OotibiHIna GaraapiiaM Komgancak, V+T-kermik
KbuIaMIbirbl EW GarbIThIHAAFB KUBLUIBICTAFBI JKYHere
kenefi. An VTO-KUBUIBICTaH OHTYCTIKTEH CONTYCTIKKE
Kapay IIbIFATHIH KOJIIKTIH KbUIIAM/IBIFBl O0JIAJIbI;

CoHbiMeH Oipre KbULIAMABIKTBIH ©JII1eM OipJiri Ku-
sometp/ carat (KM/car) eKeHJiri Oenrii.

Kyitere Vmax-tor 40 km/car., Vmin-ai 20 km/car.
)Kl)UI)laM)l])IKTapl)IH OpHaTaMbB.

0) aNropUTMHIH KayilCi3/iri xoHe CeHIMIUTIK: aro-
PUTM YIIIiH KAyiMCi3AiK MeH CeHiMIUTIK MaHbI3/bl KacH-
eT 6otbIn TadbuUIaabL. JKyiiene OyI1 eki KacueT Kejeciaen
AHBIKTAJIA/IbL.

Kayinciznik perenimiz exi OaraapiiamMHbiH - Oip
yakpITTa Oip TyCTe )aHOaybl TaJal eTiIe/i.

CeHiMIiIK anropuTMre perreyre MyMKIHJIIriH Oe-
peni, sIFHBIA eKi OarbITTarsl OargapaMaap Tycrepi Ke-
3€KIIeH JKaHybl KAMTAMACHI3 ETie.

Kayinci3aik neH ceHiMALTIKTI KaMTamMachl3 €Ty YIIiH
ITOPUTM TYPaKThl JKYMBIC jKacaybl KaxeT. MpIcaJibl,
erep eki OarjgapiiaM Aa KbI3bUI TYCIIEH JKaHBII TYpCa,
KakcplOip OarbITTarbl y4yacke OyFaTTajMaraH, COH[IbI-
KTaH Kail OarbITTa KBI3bUI KaHY YaKBITHI a3 Gojica coi
GarbITTa KAChLI TYCTi XaHABIPYy Kepek. COHbIMEH Ka-
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Tap, Garmapiiamaap olapra KaxerTi KeJleci epexernep-
MeH KYMBIC KaCaiIbl.

1-epesxe erep ci3 KbI3bUT MHIUKATOPIBI KOCYBIHBI3 Ke-
pek Gorica, 6ipak 0acka MHIUKATOP KAaChUT OOJIBII Ka-
HaJBI )KOHE ©3repMeNi/li, COaH KeiiH KbI3bUT )KaHA/IBI.

KyHmi3ri %KaphIK, yaKbITHL:

1: Erep kasipri yakpITTa WHIUKATOP KACBLUT OOJIBIIT
KaHca, OH/IA;

2ierep(V+T> Vo u VT >V yu (V0 <
Vinin) CONAH KeHiH;

3: KaJIFaH yaKbITTBIH CEKYH/IBIH TeKcepy kepek 10 ce-
KyHJKA TeH OoJica, xacbutra 10 cekyHI Kocy Kepek;

4: erep on asKTasuca;

5:coman (V+T > Vo, nVIT > V.. yu | Empty(T},)
u Empty(Oy,);

6: KaJFaH YaKBITTHIH CEKyH/ABIH TEKCEPy Kepek;

10 cekyHaka TeH 6oJca, kacsurra 10 ceKyHI Kocy Ke-
peK;

7: erep on asKTaJCa;

8:erepV + T >V, u VIO > V.. conan Kefin;

9: KayiFaH yaKbITTBIH Y3arblpaK eKeHiH TeKcepy Ke-
pexk, oyt 10 cekyHaKa TeH 6oJIca, ajl KachUT IaM KaHbIIT
ketce, 30 cekyH/ITaH 00JICca, aybICTHIPY KEpPeK;

10: erep ox asKTasica;

1:erep VIT >V, u V1O >V, conau keitin;
12: KaJIFaH yakbITThIH Y3arbIpaK, eKeHiH TeKCepy Ke-

pek Hemece Oyt 10 cekyHaKa TeH Ooica, a Kachl1 Oaf-

JapiiaMm xkaHy kepek. Au, 30 cekyHATaH a3 6oJca, Ka-

CBUT UHJTUKATOP KbI3bUT XKaHY KepeK;
13: erep on asgKTaica;

14: erep Kazipri yakpITTa UHAUKATOP KbI3bUI TYCIEH
JKAHBIM TYPabl;

15:erep VT > Vo)u(V+0>V,  uVo>
V ax) COMaH KetiH;

16: xaFaH yakbITTHIH 71in €KEHiH TeKcepy Kepek, OH-
Jla THAMKaTop kaHybl 10 cekyHIKa TeH OoJapl;

17: erep on asiKTasca;
18: erep 60c 6onca (Iy,) u (V+0 >V,

min

uV'io >

1-®ynkuus: EW xacou p ()

Viwin) 1 | Empty(Oy,) conaH KeiiiH;

19: kanraH yakpITeimin 10 cekyHIKa TeH Oonaipl;

20: erep o asiKTasca;

21: erep VIT > Vinin
Copan keniin KbI3bIJT;

22: KajraH YakbITThIH Y3arblpak eKeHiH Oinemis
HemeceOyJ1 10 cekyH/IKa TeH 0oJiaibl, ajl KbI3bLT Oaraap-
1m1aM kaHbin 30 CeKyHIKAKOChLIA b,

23:end

Munukarop xachlT KaHFaHIIA KYyTyi Kepek. Exi 6af-
Japiuamzpl Oip yakbITTa aybICTBIpYFa OONaIpl.

u O)Kapblx

2. epexe erep eKi OarmapinaM Ja KbI3bUT IAMMEH Ka-
HBIIT TYpCa KoHe pesiebip CoTTe KOChUICa, COfIaH KeHiH
Y3aK, yaKbIT OOUbI KbI3bLT OOJBII KAJIFAH KAPBIKTHI Aybl-
CTHIPBUIA/IBL.

¢) AJropuTMJIi MOJEINbeY: aJTOPUTMHIH JYPBICTBI-
FBIH Tekcepy, anroputmai Simulink/MATLAB kemeri-
MEeH MoJIesIbAeiMi3.

3. ByJ1 Mozens aNrOpuTMHIH Kalall XYMBIC iCTei-
TiHiH cunartaiapl. Huki 6ap yur kyii: R G, G R xoHe
R R. Anpgpinrst opin 6armapimam EW OarbIThl, a Kesneci
opirt NS GarbiTeiH Oinuipeni. Bacranket ko1 R G 60i-
ca V C EW ymiin 0-70 (V + ngerenni 6ingipeni EW), V
n EW (vTnerenni Ginmipeni EW), V C NS (V-+aerenmi
Gingipeni NS), V n NS (nexonrasnran VT perinze NS),
koHe MoHi 1 Hemece MoHi 0 GonaThiH €Ki Ke3IeHCOK,
oytin cad Boc EW in (60c(EW In) nmerenni 6inmumipeni)
sxoHe 60oc NS in(6oc (NS In) merenni 6inmipeni). Erep
60c Ko Kipebepicke VTEW TaraublHAaICca MoHI 1 TeH,
CoIaH KerliH VTEW OarbITBIHAA XKAKBIHIAIN KeJIE KaTKaH
keusik MoHi0. Erep EW OGarnmapiiambl kacbul TyCIieH
*KaHca, yakbIT apaneirel EW intEW Green p () dyHK-
IUSICBIHBIH KARTaphUFaH MOHIH KaObUTIaiapl. DyHKITHS
Ew Green p () pyHKIMsCHIH/IA aHBIKTaIFaH Oosica 6acka
(pyakuumsnap, atan aiitkaaga EW red p (), NS green p
() xoueNS red p (), opeiHAATAIBL.

Ew aifHpIMael caratTapsl MeH NS caraTTapsl KaHIa
YaKBITKa CO3BUIATHIHBIH MUKPOKOHTPOJUIED KOpCceTe[i.
Erep uHaukarop yakpIT apajibiFbiHa TeH Oosica, 6arnap-
mamjiap apachbiHAa TUICTI aybICYJIapabl PETTey Kepek.

RED && Vn NS < MIN)

1: function interval = EW_green_p ()

2 if (Vc EW > MAX && Vn EW > MAX && NS light
3: if (EWint <= EW clock + 10)

4. interval = EW int + 10;

5: else

6: interval = EW int;




7 end

8: else if (Vc EW > MIN && Vn EW > MIN && Empty EW in == 0 &&
NS light == RED && Empty NS in == 1)

9: if (EWint <= EW clock + 10)

10: interval = EW int + 10;

11: else

12: interval = EW int;

13: end

14: else 1if (Vc EW < MIN && Vn NS > MIN)

15: if (EWint >= EW clock + 10 && EW clock > 30)

16: interval = EW clock;

17: else

18: interval = EW int;

19: end

20: else 1if (Vn EW < MIN && Vn NS > MIN)

21: if (EWint >= EW clock + 10 && EW clock > 30)

22 interval = EW clock;

23: else

24 : interval = EW int;

25: end

26: else

27: interval = EW int;

28: end

bi3 6ip carar imiHgeri aBTOMOOWIBAEPIIH KbLIIaM-
IBIFBIH Ke3JEeHCOK TYpie ajlaMbl3, all COIaH KeHiH 0i3
OaraapIIaMHbIH KaJlai K YMbIC iCTeiTiHIH OaK bUIARMBI3.
3-4 cypeTTe Ke3OEHCOK KBUITAM/BIK PETiHIE aJIbIHFaH
MoH/IEp KepceTiireH. TeMeHHeH Xorapbl V CHSKTHI
byukimsnap Viw+, Kacbt VT, Vig+, VygT, 60c
(EW_In) xoHe ke3ekTi yakwT iminge 6oc (NS in) es-
repic 6oJa/ibl.

Mopenbaey HoTUXkeci 5 cyperte KepceTiireH. by

IIUKJIJIE KBI3bUT KATTHI ChI3bIK, EW OarnapinameiH, aj Ka-
pa HyKTelti cbi3bIK, NS GarmapiiambiH Oiipesi. YakbIT-
TBIH 9P COTiHIE MHIUKATOP eKi MoHHIH OipiH amajsl: 1
MoHi Hemece 0 MoHi.

1 MoHi MHOMKATOPOBIH KACBUI TYCIHEH XXaHATHIHBIH,
an 0 KpI3bLT TYCIHEH kaHaThIHBIH Oingipeni. TyciHikTi
6outy yirin 6i3 3600 cekyHATaH YIII XaF/iai peTiHjie yIi
allMaKThl TAaHJAAMBI3 CypeT.

ETLAE FUNctkn MiervamEn _Ted_D
WATLAT T Unceon PENvaRTIS_fedp

WATLAS Funchon Miena=EW_green_p

ncbon henva=HE_oreen_p

Cyper 3 — Mopnenbaey momnesi
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Cypert 4 — KeniKTiH Ke3JeHCOK KbUITAM/IBIFbI

1-xaryaii ajapiMeH OarJapliaMHAaH aBTOKOJIIK KAl YaKbITTa OTKEHIH aHbIK TAUMBI3.

Cyperre 6 kepceriireH 32-mi cekyHAra Oarmap-
maMHbiH NS GarbIThIHAA KBI3bUI TYCI KOCBUIA/IBI, Al
Oacka Oarmapiam 41 cekyHTa xaHaapl. 31-11 ceKyH-
ta vINS kpurzamapiEst 13,2269 kM / car, sSiFHYU OJ1 Oyrar-
TaJiFaH. Aj VTEW SKbUTIaMabIEsl 52,1285 kM / car. On
TYCTepIiH XaChUIIaH KBI3BUFA aybICy IMApPTBIHA COMi-
Kec KeJle[li, COHABIKTaH HMHAUKATOP KOCBUTYHI mapt. EW
OarbITBIHIAFBI OaFqapiiaM curHaisl yiiid, NS Oarnap-
ITaMBbI KBI3bLT TYCKE ailHaJIFaHHAH KeiliH, 32 CeKyH/ATa,
TBEW 54,6159 kM / car Kypaiipl, OyJ1 vmin-ieH yJi-
KEeH, COHJIBIKTaH KbI3bUT TYC yakbIThl 10 cekyHaka, 33

CEKYH/IKAa KbICKApapl, VTEW—6yJ1 31,2749 xm/car, Kbl-
3bUT YaKbIT KalTagaH 40 ceKyHIKa OeiH KbICKapampl,
COHJBIKTaH OyJ1 41-111i CeKyH/ITa UHAUKATOP Kachl1 60-
JIBIT KaHagpl. 32-1meH 41-11i ceKyHAKa JeriHTi Ke3eHre
Ha3ap aylIapbiHbI3, OCHI YaKBIT illliH/E €Ki OaraapIiam jia
KBI3BLT OOJIBII sKaHA B

Kyiie NS OarbiT OorbiHa GailyIaHBICTBI OCHI KYHiHe
sketeni. ComaH KeiiH KYJIBITaH O0caThlIFaH OarbITTHIH
KBI3BUT yaKBITH KBICKapapl skoHe Kyie GR kyiiine ete-
i

PR

Cypet 5—Mopeinbiey HoTHxXecl

Eckepry: KpI3bUI KaTTh! chI3bIK: EB Gargapiamsl. Kapa HyKTesi ChI3BIK: CONTYCTIK OaFbITTarbl OariapiiaM cyper

6.

1 Momi: Kacein. 0 MoHi: Kpi3but.
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Cypert 6 — 1-MbIcai1, Gargapiuam ajFamnt peT TypiaeHIipeni

2 xargail. By xxarmaiina 6araapIliaMHbIH KOCBUIFAH KYHIHIH Y3aKTHIFBI apTa/IbI.

7-cyperte GargapiiaMHbiH EW70 GarbIThIHIAFH JKYMBIC pexuMi KepceriireH. 2975-teH 3045 cexkyHaka Jieii-
iHTI apajbIKTa KbI3bUT XKaHaIbl. JKbUIIAMIBIKTH TATJaFaHHAH KEHiH, OCHI YaKbIT illliHae OaFaapiiamM pekiumi 7 peT
e3repeTiHiH aHbIKTaiMbI3. Tannay Hotmxkecinae 6i3 70 CeKyHATH KYPaNTBIH aybICy apajibiFbIH alblK. Byt karnai
8-cyperTe KepceTiireH.

b i i i i i i i
2950 2960 70 2980 2990 3000 anio 3020 3030 3040 3050

me otiser 0

Cyper 7 — 2-mbicai, REB GarbITBIHBIH KEHEHUTIITEH KbI3bLUT YAKbIThI

LTS

we ot 0

Cyper 8 — 3-mbIca1, KJIBIITHI XKaFgai
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KoppITbiaabl. Kazipri yakeTTa )01 KENTesici eH
YJKEH KUBIHIBIKTAPABIH Oipi Oounbin Tabbutafpl. bBi3
JKOJIAPIIBIH OTKI3Y KaOllIeTiH apTThIPYFa KoHE KO Kell-
TeJIiCiH a3alTyFa apHaJIFaH OarmapiiaMaapabl 6ackapy-
IbIH aJIalTUBTI KYHeCiH YCBIHBIK K9HE Heri3leliK.
Bizniy xyiie ZigBee apkpuisl OBD xkoHe Oacka Tex-
HOJIOTHsUIApAbl KonmaHaapl. JKyiieHiH HerisiH Oarpap-

apachIHAAFBl Y3UTCTI PeTTEelTiH aJanTHBTI KOHTPOI-
nep kypainpl.Gorenje. Bi3 jkaHa xkyie apkpUibl Oaf-
Japiiamisl 6acKapy aJlrOpUTMiH yChiHaMbI3. KonnaHsl-
crarbl OacKapy XyHenepiMeH CalblCTHIpFaH/a, YChIHbI-
JIFaH OacKapy KyWeci KUBLUIBICTApAaFbl KerTesTicTepii
THIMII OacKapyFa jKoHEe OTKi3y KaOUIeTTUIrH apTThI-
pyra kabirerri [10-11].
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Beenenue. B nocnieHue rofpl mony4Yniid COBMECT-
HOE pa3BUTHE HAyYHO-TEXHUUECKUe HarpaBieHus gap-
MakokuHeTrKa (PK) u papmakoqunamuka (OI) [1].

DapMaKOKMHETHUYECKHE MOIENU IUPOKO HCIIONb3Y-
I0TCSI B Ka4eCTBE CPEACTBAa MPOTHO3MPOBAHHUS PACIIO-
JIO)KEHUSI JIEKApCTBEHHOTO CPEJICTBAa B OpraHusMe. DTo
MOKHO MpeCcKa3aTh, MOAESTUPYsI OTHOBPEMEHHOE pac-
TIpejieNicHre JIEKapCTBEHHOTO CPEeICTBA Yepe3 TKaH! Te-
Jla 1 KampeHc [2-3].

DapMaKOKMHETUYECKUE UCCIIeJOBAHUS U3YYaloT, KaKk
OpraHM3M B3aNMOJEHCTBYET Ha BCachIBaHHME, pacIipe-
JiefieHne, MeTaboJi3M U BbIBEJEHUE HCCIIeIyeMbIX Jie-
KapcCTB, BBIPAKEHHBIE B MATEMATUIECKUX TePMUHAX [4].

B 1968 rony E.Kporep-Tumep BriepBble IpeIIOKHT
MOJIETTb C JBYMSI KaMepaMu IJIs1 JOCTYKEHUS ¥ IOJep-
’KaHU S TIOCTOSTHHOTO YPOBHSI KOHIIEHTPAINH JIEKapCTB B
KpoBH [5]. Pe3ynbraTsl mokasasu, 4To Harpy3o4yHas J0-
3a OblJ1a HEOOXOIMMA J1JTs1 3AITOTHEHH ST HAYaJIbHOTO 00b-
€Ma pacrpeesneHus is IOCTHKEHNsT YCTOWIMBOTO CO-
CTOSTHHS.

HanbHeilinee HayuHoe pazButue OK u O]l npopos-
’KaeTcs ¢ TOUYKH 3PEHNsT COBEPIIEHCTBOBAHN ST ITPUMEHSI-
€MOT0 MaTeMaTHUECKOTO aapaTa, aHATMTUIECKHX Me-
TOIOB, METONMKY U3MEPEHU, YIITyOJIEeHHOTO N3YyYeHHsI
1 000CHOBaHUA (PU3HONIOTMYECKHUX OCHOB.

DapMaKOKMHETUYECKUI aHaIU3 TPOBOAUTCs Oe3Ka-
MEPHBIMHU (MOJEIbHO-HE3aBUCUMBIMU) HJTH KaMEPHBIMU
Metofamu. OCHOBHBIM NIPEUMYILECTBOM KaMEpHBIX Me-
TOJOB Teper] Oe3KkaMepHbIMU METOAAMH SIBJISIETCS CIIO-
COOHOCTh TIPOTHO3MPOBATH KOHLIEHTpAIHIO [6-7].

Ha mpaxkTnke KoqM4yecTBO Kamep OOBIYHO OrpaHHUde-
HO 10 3, TIOCKOJIBKY OHMOJOrnveckass N3MEHUYMBOCTh U
N3MEHEHNE aHAIN3a He MO3BOJISIOT OLEHUTD JIOTOTHH-
TeJbHble KO3 (DUIMEHTH M TIOKa3aTeNi 1o HaOmonae-
MBIM JIJaHHBIM. YCIIO)KHEHHE MOJIENI KUHETUKU C YBe-
JIMYEHHEM YHcla Kamep MOZENH 10 ABYX U Oosiee Mo-
KeT ObITh TPOM3BEICHO B Cydae, eCIM MaTeMarihde-
cknii aHam3 PK-aHHBIX MOKa3bIBAacT HEAaJEKBATHOCTD
OITMCAHUS UX MOJENbI0 ¢ Oojee MPOCTO CTPYKTYpOid
WM HEOOXOIMMOCTBIO TAaKOTO YCIOXKHEHHsI TUKTYeTCsl
M3BECTHBIMU CBOMCTBAMU JJAaHHOTO Mpenapara [1].

[Tpu Ha3HAYEHWW MHOTHUX MpenapaToB Bpady MpUXo-
JUTCS TPUHUMAThH BO BHUMaHKE BapHalvio peakivi na-
IIMEHTOB Ha Tepanuio. PaHbIlle CUUTANIOCh, UTO pas3iiv-
4rsi OOBSICHSIIOTCSI B OCHOBHOM WHIMBUYAJIbHOM UyB-
CTBUTEIBHOCTHIO WJIM PE3UCTEHTHOCTHIO. MccnenoBanus
MOC/ICAHUX JECATUICTUN B 00NacTi (papMaKOKUHETH-
KM U (hpapMaKoJAMHAMUKH TIOKa3aJy, YTO BO MHOTOM
9TH pa3au4usi 0OYCIOBJICHBI MEXUHIMBUIYAIbHON Ba-
PprabeTbHOCTBIO MTOKa3aTeNlell MpoIecCOB BCACHIBAHUSA,

pacrpesiesieHHst ¥ SIMMUHALIIN JIEKAPCTBEHHBIX TTpera-
paroB. Bospacr, 1o, reHeTuueckre 0COOEHHOCTH Ta-
LIUEHTa, €r0 (PU3MYECKOE COCTOSHUE, HAJIMYME COIYT-
CTBYIOIIMX 3200JIeBaHMUI, OTy4yaeMast TALeHTOM KOM-
IUIEKCHAs! Tepamus MOTYT OKa3bIBaTh BJIMSHUE Ha MPO-
TeKaHHe ITUX (papMaKOKUHETUYECKHX mpoueccos [1].

Ilepexon mpemnapata W3 KpPOBH BO BHECOCYIHUCTOE
MPOCTPAHCTBO (BHEKJIETOUHYI0 ¥ BHYTPUKJIETOYHYIO
JKUIKOCTH, TKAHM) HA3BIBACTCSI €r0 PACIpEee/ICHUEM.
PacripeniesieHue mperiapata - 3T0 OOBIYHO OBICTPBIA U
obparumeIil tiporiecc. Tak, BCKOpe MOcie BHYTPUBEH-
HOTO BBE/ICHHSI TIpenapar A0CTUraeT PABHOBECHOI'O pac-
npefieNieHUs] MeX/y TUIa3MOM, SPUTPOLIUTAMU, IPYTHMH
JKUIKAMH CPeJaMH M TKaHSAME Opranu3mMa. B pesynbra-
T€ JOCTHKEHHsI STOTO IUHAMHUYECKOTO PABHOBECHST U3-
MEHEeHHe KOHLICHTDALMK [perapaTa B Ila3Me OTpaxa-
€T U3MEHEHU KOHLEHTpAIUY [Ipernapara B Ipyrux TKa-
HSIX, BKJTIOYAs MECTO JIHCTBUSI.

BriBesieHuE ITpenapara, WK TMMUAHALAS, 00eCIeYH-
BaeTcst (M3 KPOBU B MOYY MJIU JIPYTHe SKCKPETOPHBIE Ka-
MEpHI, TaKKeE, KaK JKeJlub, CIIIOHA, TPYITHOE MOJIOKO), a
Takxke OGUoTpaHcopMalyeil Mpenapara B TKaHIX WA
wiazme. Tlporiecchl MMMAHAIN, OOBIYHO HEOOpaTH-
Mble, BKJIIOUAIOIINE BCE CIIOCOOBI IKCKPELMU U MeTabo-
ﬂl/l‘lCCKOﬁ WHAKTHUBAllUU:. BbIBEACHUE ITOYKaAMU UJIA JICT-
KUMH, C KeT4bl0, C IKCKPEMEHTAMHU, YEPE3 KOKY, OHO-
TpaHc(OPMAIIHIO | T.11., - OTBETCTBEHHBI 3a BhIBEIEHUE
npernapara u3 OpraHusma.
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Puc. 1 - Cxema kpoBooOpareHus

IMockonbKy NMPOHMKHOBEHME IIpenapara B Ty WIA
MHYIO TKaHb 3aBHCUT OT ¢ KPOBOCHAOXEHHMsI, OTHOCH-
TEJIbHO AOCTYITHBIMH /TSI IPETIApaToB OOBIYHO CUUTAIOT
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KpPOBb, MHTEPCTHUITNATIBHYIO KUIKOCTh U CHJIBHO BacKy-
JISIPU30BAaHHBIE TKAHW CEpAlla, MO3Ta, JIETKHX, TICYCHH,
MOYEeK, SHAOKPUHHBIX Kele3, a MeHee NOCTYITHBIMHU -
Bce ocTasibHble TKaHu (PucyHok 1).

Tl pereHus 3a1a4 KIMHAYECKON (hbapMaKOKMHETH-
KU 11e71eco00pa3HO ¥ HEOOXOIUMO KCIOIb30BaTh Ma-
TeMaTH4eckoe MoJeIMpoBaHue. YacTro MMEHHO BBIOOD
aJIEKBATHON MOJIEJIH, TIOIXO/IAIIETO AJITOPUTMA UIEHTH-
(pukanmu ee mapamMeTpoB MO UMEIOIIUMCS U3MEPEHHUSIM
KOHIIEHTpAIIMK ITperapara, MOMEHTOB BPEMEHH B3SITUSI
po6 KPOBHU B XOjie TPOLIELypbl MOHUTOPUHIA OIIpejie-
JITIOT TOYHOCTh MPOrHO3a 3(p(eKTUBHOCTU U Oe30mac-
HOCTH Tepariiu, a UHOIJIA ¥ CaMy BO3MOXXHOCTb TAKOTO
MPOrHO3a.

Marepunaabnl n1 mMetoabl. B obmem Buge OK-
MOJIeNTb MOXKET OBITh TMpEe/ICTaBlieHa KaK crcTeMa audg-
(pepeHITATbHBIX ypaBHEHUI, 3alMCaHHAs Ha OCHOBE
GasiaHca Macc (CKOpOCTb M3MEHEHHUsl KOJIUYeCTBa Ipe-
napara B KaMepe MOJIENIM paBHA Pa3HOCTH MEXAY CKO-
POCTBIO MIOCTYIIJIEHUSI BbI HE€ U CKOPOCTH BBIBE/IEHU S U3
Hee mperapara). B obmeM Buie Takasi cucrema audg-
(pepeHITATBHBIX YPpABHEHH, ONVCHIBAIOIIAs KTHETHUKY
JIEKQPCTBEHHOT'O Tpernapara B OpraHu3Me, MOXeT ObITh
3amucana Tak [8]:

X:F<X795 U7t>7 X(O):X07 (1)

rae 0 - BekTop mapamerpoB pasmepnoctu m, U (t) -
BXOJIbI MOJIENH, 3aJIAI0IIMe CIIOCOObl BBEACHMUS Nperia-
para, X () - BEKTOp NepeMEHHbIX MOJIEJIN Pa3MEPHOCTH
1 (0OOBIYHO KOMMYECTBA Mpernapara B Kamepax MOJIENHN),
Bpems ¢ € [0,7]. T - 3agaHo.

K cucreme ypaBHenuit (1) noGaBisioTCs HaYaIbHbIC
YCJIOBUSI:

2)

Mopesib KUHETHKH JIOTIONHSIETCS] CUCTEMOM ypaBHe-
HUI PErUCTPALIK, WM U3MEPEHHUI KOHLIEHTPALMH Tpe-
Mapar B TECT-TKaHAX WM U3MEpEeHUs MoKasatesei -
¢pexToB:

3)

JInHe#HO MHOTOKaMEpHOW MOIETM COOTBETCTBY-
er cucrema audpepeHIMaNbHBIX ypaBHEHU! OanaHca
Macc ¢ MOCTOSIHHBIMU K03puIrieHTaMy (KOHCTaHTaMHU
CKOPOCTH IIEPEHOCA):

X =A0)X, “)

e A(6) - n % n - MaTpuIIa SIEMEHTHI KOTOPO#T 3aBH-
CAT OT BEKTOPA MapaMeTPOB.

Jns TMHEHHOW MO#eNy KWHETHKH M3MEepeHHs] KOH-
].[eHTpaI_lI/II/I npenapaT B TECT-TKAHAX l'lpOI/I3BOIIHTCSI B
MOMEHTbI BpeMeHH ¢, j = 0, p:

Y (t;) =C*X(t;,0). (6)
3nech p - uncio usMepeHni, C - n-BeKTop.
Oopamnas 3adaua
OOparHble  3aJa4d  CBsA3aHBl C  OOpalleHHeM

MIPUYUHHO-CNIEICTBEHHON CBS3H, T. €. 3a[a4u OIpeje-
JIEHUsI HEeWU3BECTHBIX MPUYMH W3BECTHBIX CJIEJCTBUI.
Takue 3a/1a4M BO3HUKAIOT OOBIYHO KaK 3a7avd MHTEp-
MpeTaluy TeX VJIM WHBIX HAOIONCHUI WM KaK 3a1aqd
BOCCTAHOBJIEHHsI BHYTPEHHETO COCTOSIHUSI OOBEKTA MO
ero BHemHUM TiposiBieHusaM [9]. s (4)-(5) ato 3a-
Jau UICHTHU(PHUKAIMKA WHIUBUIYATbHBIX HEU3BECTHBIX
napametpoB (3nemeHToB Marpuiibl A(6) or mapamer-
poB (0)) 1 no pe3ysbTaTaM M3MEPEHHsT KOHIEHTPALIIN
M3y4aeMoro mpernapara B TecT-kamepax (6).

Hns uneHtudukaumu napamerpo mozenu (4)-(5)
CYIIECTBYIOT MHOTO METO/IOB, OCHOBAaHHBIX Ha MWHH-
MU3aIMH (PYHKIIMOHAJIOB, 3aBHUCAIINX OT SKCIIEPUMEH-
TaJIbHBIX W MTPOTHO3HBIX JaHHBIX [10-11]:

P
S=3 (Y —CxX(t,,0)" > min, (7)
=0

J
WIA pelleHUH CUCTeMbl HEJIMHEHHbIX aireOpande-
CKUX YpaBHEHHUI

C*X(tjve) 25/}617 jzlapa (8)

rae Y ¥ u3MepeHHOe 3HAaYeHHEe B MOMEHT BPEMEHH
tja i=0,p,

X (tj, 9) - peueHue cucteMsl AU epeHIInaTbHbIX
ypaBHeHwuii (4).

3anuieM perieHne CUCTeMHI (4) B BUJIe

X(t,0) = A0 x X,. )

Kak m3BectHo [12-13], nocrpoenne marpuipt e ()t

- JOBOJIHO CJIOXKHAS 3aja4a, TeM Oojiee 3aBUCSIIEN OT
napamvetpoB 6. [Tostomy mHorue wccnenoBarenu ap-
MaKOKHHETHUYECKUX MOJesiell OrpaHIYNBAIOTCS TPeMs
Kamepamu [14-15].
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Pemenue cucremy ypaBHenuit (4)-(5) 3anuiiem B BU-
Jie MTHTETPAIbHOTO yPaBHEHUSI:

t
X(t,0) =X, —l—/ A(0) * X(1,0)dT,t € [0,T)
0
(10)

VYpaBuenue (12) siisieTcsi YaCTHBIM CIIy4aeM HUHTe-
rpajbHOro ypaBHenusi Bosibreppa Broporo pona [16]

y(t) = F()+ 1 / K(t,r) *y(rdr, (1)
0

rje

y(t) = X(8,0); f(t) = Xo; K(t,7) = A(0); = 1.
12)

Teopema 1. YpaBHenue (12) umeer eIMHCTBEHHOE
HETIPepbIBHOE pEleHre TNpU 3aJlaHHbIX (PUKCUPOBaH-
HBIX 3HAYEHUAX MapaMeTpoB . DTO pelleHue MOXET
OBITH HAalJIEHO METOJIOM T10CIIEJOBATENILHBIX TIPUOIHIKE-
HUIL.

HokazarenbcrBo. Tak kak marpuna A(6) u Bektop
HayaJIbHBIX YCJIOBUI MaTpuLia X ) IpH (PUKCUPOBAHHBIX
3HAYEHMSX MApaMeTpoB § SBISIOTCS MOCTOSTHHBIMH, TO
TEM CaMbIM BBIIIOJTHEHBI BCe YCIIOBHUs TeopeMsl 1 [16].
Orciona cienyeT CpaBeAIMBOCTb YTBEPXKACHHS Teope-
MBI

st ypaBuenus (13) o6o3Haunm oneparop Bonbrep-
pa uepe3

By = / K(t,7)*y(7)dr.
0

OrnpeieMM MOBTOPHOE SAMPO orepaTtopa Bombreppa:
t
By = / K, (t,7)«y(r)dr,
0
t
K, (ts) = / K(t,m)K,_ _ (7,s)dr,

R(t,s) =Y K,(r,s).
n=1
Mycte M =0 < t,s < T|K(t,s)| Torma gns no-
BTOPHBIX sifiep CIIPABELTHBO

| K, (1, 5)] < M

Torpa pewenue ypasHenus (13) npumer sup [17]

vty = f0+ [ Re)ss(ar a3
0
Bwmecro y(7) B (15) noncrapum X (7, 6)

Orciona B cuity HeszaBucumoct marpuiisl A(f ot
BpPEMEHH TTOTyINM

X(t,0) = (E A0+ %A(G)%Q

X (14)
kik
+ A" +)
HHH JOCTAaTOYHO 6OJIBI.HI/IX k BEJIMUHa

k )
# HA(G) * t’fH cTaHOBUTCS Mol U (16) MOKHO me-
perucarh B Bu/Ie

X(t,0) = (E +) %A(o)’c * tk> X, (15
k=1""

Teopema 2. s moboro € > ( cymiecTByer Ho-
Mep 7, TakOW 4YTO Ui BceXx k > 1T CHOpaBeJIMBO

1 HA(@)"'*T’“H < e
JokazaTenbcTBO. BBEgeM 0003HaYEHMS
a= |A®)|* T.a, = La*

1+, .

Brruncnim p = lim,,_,

. Paccmotpum psin

Api1
Ay

— | a
= llmk —00 T+l =0.
T.x. 1% < 1, TO HOCTpOGHHBIﬁ pAad ABJIACTCA CXOOA-

mmmcst. iist moboro € > () cyIiecTByeT HoMep 7, TAKO!

9TO JUIs BCeX k > r CIpaBeInBO ag:l < p+e[l7].

Orcioma ;45 < ewmr = [2]. (Ienas vactb ot
nenenust). OTciozia cieyer CrpaBeyIuBOCTh

YTBEPKICHUSI TEOPEMBI.

PesyabTaTnl u 00cy:xaeHue. JajabHerInme uccie-
JIOBaHHMsI IIPOBE/IEM Ha ITPUMEpPE MOJIEH, OIMChIBAEMOM
ypaBHeHusIMU (4)-(5).

3pecs marpuua A(f) npumer Bup:

-0 0 0 0

g —-05 0 04
Al9) = 0 02 0 O
0 03 0 —-04

Torna AHAJIMTUYCCKOC pEHICHUE IPUMET BUA:

X(0,1) =
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rue
X,(0,t) =2 —2t0 + 6% — Liags + Ljagi — Lysgs
n 3 12 60
1
X,(0,t) = 2t0 4+ t* (—6% — 0.50) + gtf‘ (6% + 0.56% 4 0.376)

1 1
+ gt (0" —0.56° —0.376% — 0.2936) + 17 (67 +0.56" + 0.376° +0.2036% + 0.23410)

X5(0,t) = 0.26%0 + %ﬁ' (—0.262 — 0.106) + %t“ (0.26% 4 0.106% + 0.0746)
1
+ @ﬁ (—0.26* — 0.106% — 0.0746% — 0.0586) ,
1 1
X,(0,t) = 0.3t%0 + §t3 (—0.30% — 0.270) + Et‘* (0.30° + 0.2762 4 0.2196)

1
+ — 17 (—0.30* — 0.276% — 0.2196% — 0.1750) .

60
(16)
IMpu pukcuposanHoM 3HaueHun 6 = 0.5
X,(0.5,¢) = 2 — t + 0.25¢% — 0.041¢ + 0.005t* — 0.0005¢°,
X,(0.5,¢) =t — 0.5t2 + 0.145¢> — 0.03t* + 0.005¢°, an
X5(0.5,t) = 0.1¢2 — 0.033t3 + 0.007t* — 0.001¢5,
X,(0.5,) = 0.15¢t% — 0.07t> 4- 0.17t* — 0.003t°.

B ciiyuae eciiu pasMepHOCTb m BEKTOpa apamMeTpoB O COBNaaeT ¢ YUCJIOM U3MEPEHUIi p B (6), TO HEU3BECTHbIE
rapaMeTpbl 6 MOryT OBITh Hal/ICHBI M3 pEelIeHs CUCTEMBI HENTMHEHHBIX ypaBHeHuH [18]:

Cx <E+ S A0 *tk> Xy =Yg, j=1p ()
k=1""

Pemmim o6patHyIo 3a1aua (hapMaKOKHUHETHKH, T.€.HaiieM 3HayeHre napamerpa 0 npu 7' = 0.5 1 u3BecTHOM
3HaueHnu Y = 1.5644.

Penmm HenmHeiiHoe ypaBaenne X (0,0.5) = 1.5644 meronom muxotomuu [19]. [Ist sToro BBegeM 0603Ha-
venre f(0) = X,(0,0.5) — 1.5644.

B Ta6J'[I/IIIe NPpUBECHBI PE3YJIbTAThl PACUCTOB.

Ne 0, 0y 3= (0y+6,)/2 | 65—6, | [f(bs)
1 | 0.1000 | 0.7000 0.4000 0.6000 | -0.0730
2 | 0.4000 | 0.7000 0.5500 0.3000 0.0453
3 | 0.4000 | 0.5500 0.4750 0.1500 | -0.0127
4 | 0.4750 | 0.5500 0.5125 0.0750 0.0166
5 | 0.4750 | 0.5125 0.4937 0.0375 0.0020
6 | 0.4750 | 0.4937 0.4844 0.0187 | -0.0054
7 | 0.4844 | 0.4937 0.4891 0.0094 | -0.0017
8 | 0.4891 | 0.4937 0.4914 0.0047 0.0001
9 | 0.4891 | 04914 0.4902 0.0023 | -0.00007
10 | 0.4902 | 0.4914 0.4908 0.0012 | -0.00003
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PesynbraThl pacueToB mMoKasaiy OBICTPYIO CXOIM-
MOCTb K MckoMoMy 3HaueHuio 0=0.5 yxe Ha 10-if ure-
patuu ¢ TouHoctsio 0.001

BeiBoapbl. VccnenoBana n-kamepHast (papMOKUHETH-
Yeckasi MOfiesIb, OIMKMChIBaeMasi OOBIKHOBEHHBIMH An-
(pepeHumanbapiMu ypaBHeHusAMU. Ha ocHOBe cBeneHust
paccMaTpuBaeMol MOJENM K HUHTerpajbHOMY YpaBHe-
HHI0 Bosbreppa BTOporo posia nojtyueH aHaTMTHYEeCKUHA
BUJI ero pemreHus. Ha ocHOBe MpHMeHEHHsT KOMITBbIO-
TepPHOI anreOpbl pa3paboTaH KOHCTPYKTUBHBIA ajro-
PUTM MOCTPOEHM S aHATMTHYECKOTO pellieHns (papMako-
KMHETHYECKOW MOJIEeNH, 3aBUCSIIMA OT MapaMeTpoB U

BpeMeHHU. Pa3paboraHo mporpammHoe obecriedeHne Ha
MatLab [20-21]. D¢ peKTHBHOCTD TTPEATOKEHHOTO aJl-
ropuTMa MPOAEMOHCTPUPOBAHA HAa MOJEJIBHON 3ajadve:
pelueHue nonydeHHoe MmeronoM PyHre-Kyrra u ananm-
TUdeckoe peuienue (25) copnagaet ¢ TouHocThio 0.001.

Paboma evinoanena 3a cuem cpeocme HUH mame-
mamuky u mexanuku npu KazHY umenu anv-Papadu u
2PaHMO8020 (PUHAHCUPOBAHUST HAYUHBIX UCCAEO0BAHULL
Ha 2023-2025 20061 no npoexkmy AP19678157 «Pas-
pabomka npozpamMMHO-ARNAPAMHO20 KOMNNEKCA MOHU-
MOpUH2a COCMOSIHUSL YPOBHSL 3ANOAHAEMOCHU 8000¢-
Ma».
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MO/JIEJINPOBAHUE ITPOIIECCA CJIOEBOM TABUPUKAIIAN
CAPBIAIBIPCROTO YIUIA

H.V Hyprammes®, A.7K.Xamur, I.B. Kynycosa, X.B. Omapos, A.A.AxaeBa, A.K. ’Kymaéexona,
A.W. NBapaii

Kazaxckuii yHUBEpCUTET TEXHOJIOIUH U Ou3Heca, I. AcraHa, KazaxcraH,

nurgaliev_nao@mail.ru

B crarbe npoBeseHO MOIEIMPOBAHUE MPOLECCa MOMYUYEHUsI CUHTETUYECKOro rasa u3 CapblafiblpCKOro yrjsi
(mnact «II9TUMETPOBbI» ) IPU APO-BO3/IYIIHOM U APO-KUCIOPOIHOM Ay ThsiX. [Iyist pacuera pa3paboTaHO Crienu-
aJIbHOE TIPOrpaMMHOE OOecCrieueHre, O3BOJISIONIEe MPH 33JAHHBIX 3HAYEHHUSIX KOJIMYECTBA FA30BbIX PEAreHTOB U
00bemHbIX cooTHomennid H,/CO onpenensts OCHOBHblE XUMHUKO-TEXHOJIOTMYECKUE TTapaMeTpsl IIOy4aeMoro ra-
3a. PacueT mpoBoAMIM TaKMM 00pa30M, YTOOBI B MOJEJBHOM Ta3e, OJMYYEHHOM M3 YIJisi, 0ObeMHBIE COOTHOIICHHSI
H,/CO cocraBinsiim ot 1:1 10 2:1, Tak Kak 0OBIYHO TAKME COOTHOLIEHHS UCTIONB3YIOT B OPraHNYECKOM CHHTE3€ JUIst
TIOJIyYeHNUsT Pa3IMIHBIX YITIEBOJOPOIHBIX MPOAYKTOB. [ moy4yeHusi cooTBeTCTByonMX cootHouteHnii H,/CO
TIPOBOIIIIN BapbUpPOBaHKE TIOJAYH BOISHOTO Mapa, BO3IyXa WK KHciopona. B pesysbraTe mpoBeaeHNs] MOOEH-
POBaHMs U3yUYEHO BIIMSHHE TA30BBIX PEareHTOB HAa JIEMEHTHBIA COCTaB M BBIXO[ Ta3a, KOI((HUIMEHT MOJIe3HOTO
JercTBYs ra3uuKaIyy, TEIIOTBOPHYIO CIIOCOOHOCTD ra3a. [loydeHHbIe pe3y/IbTaThl IPECTABIISIOT ONpe/ie/ieH-
HBII NPaKTHUYECKUI UHTEpeC ISl ONTUMU3ALMHU Tpoliecca CJI0eBO ra3upuKauy yriis 1Jisl UCIOIb30BaHUs €ro B
kavectBe reseparopHoro rasa (CO, H,, C H, ) wm cunres-raza (CO, H,).

KuroueBsble cioBa: yroins, cinoeBast razudukaniys, ra3, napo-BO3AyIIHOE 1yThe, TapO-KUCIOPOAHOE 1yThe, TO-
piourie KOMIIOHEHTHI, 00beMHoe cooTHotenne H,/CO

CAPBIAIBIP KOMIPIH KABATTBI 'A3JAH/IBIPY YPIICIMEH MO/IEJIB/IEY

H.V.Hyprammes”, A.7K. Xamur, 3.B.2Kynycosa, X.B.OmapoB, A.A.AxaeBa, A.K. Kymabekosa,
A.N. UBapaii

Kasak TexHonorust xoHe OusHec yHuBepcuterti, Acrana, Kazakcran

nurgaliev_nao@mail.ru

Makainana Oy-aya sxoHe Oy-oTTeri ypiey apkbuibl Capblablp KOMipiHEH CHHTETUKANBIK, ra3isl ('oec MeTpiik”
Kabar) any mozenbaey ypaicinge sxyprisinai. Ecenrey yinin ra3 peareHrrepi caHbiHbIH koHe H,/CO kenemaik
apaKaTBIHACHIHBIH OepiireH MOH/Epi Ke3iH/Ie albIHATHIH Ia3/IbIH HEeri3ri XMMUKa-TeXHONOTHSUIBIK MapaMeTpliepiH
aHBIKTayFa MYMKIH/IIK OepeTiH apHaiibl OarapIamMasblk KaMTamackl3 ety o3ipienji. Ecenrtey kemipieH aibiHFaH
Mogenbaik rasna H,/CO kenemuik katsiHacel 1:1-neH 2:1-re neftin GonaTblHOal eTin Kypri3iini, edTkeHi oner-
Te MYH/Iall KaThIHACTAp SPTYPIi KOMIPCYTeK OHIMJIEPiH aly YIIiH OpraHUKAIBIK CUHTE3/le KOJNAaHbUIaabl. TuicTi
H,/CO apakarbsiHachIH aJty YIIIiH cy OYbIHBIH, ayaHbIH HeMece OTTeriHiH Oepityi op Typiti 6omnapl. Mozenbiey HoTu-
JKeciHJIe ra3 peareHTTepiHiH ra3/ibiH MMEMEHTTIK KYPaMbl MEH IIbIFYbIHA 3CEPi, Fa3IaHIbIPY/IbIH MTaiaJIbl 9cep eTy
KO3(p(PUIIMEHT], Ta3[bIH KaJOPUSUIBIK, MOHI 3epTTeNi. AJIBIHFaH HOTHIKeIep KOMipIi TeHepaToOpIIbIK Ta3 peTiHie
naiianaty yimiH KabaTThl ra3gaHabpy MPOLECiH OHTAMIAH/BIPY YIITiH Oenrisi Oip NPaKTHUKAJIBIK, KbI3bIFYIIBUIBIK
tyaeipaasl (CO, H,, C H,,) Hemece cunTes rasel (CO, H,).

Tyitinai ce3mep: kemip, KabaTThl ra3AaHbIpy, ra3, Oy-aya ypieyi, Oy-0TTeri ypieyi, KaHFbIlll KOMIIOHEHTTep,
H,/CO kenemaik KaTbIHAChI

SIMULATION OF THE PROCESS OF LAYERED GASIFICATION SARYADYR
COAL

N.U. Nurgaliyev®, A.Zh.Khamit, E.B.Zhunusova, Kh.B.Omarov, A.A.Akhaeva, A.K. Zhumabekova,
A.L Ivaray
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The article simulates the process of obtaining synthetic gas from Saryadyr coal (Pyatimetrovy seam) with
steam-air and steam-oxygen blasts. Special software has been developed for the calculation, which makes it
possible to determine the main chemical and technological parameters of the resulting gas for given values of
the amount of gas reagents and volumetric ratios of H,/CO. The calculation was carried out in such a way that in
the model gas obtained from coal, the volume ratios of H,/CO were from 1:1 to 2:1, since such ratios are usually
used in organic synthesis to obtain various hydrocarbon products. To obtain the appropriate H,/CO ratios, the
supply of water vapor, air, or oxygen was varied. As a result of the simulation, the influence of gas reagents on the
elemental composition and gas yield, the efficiency of gasification, and the calorific value of the gas were studied.
The results obtained are of certain practical interest for optimizing the process of layered coal gasification for its
use as a generator gas (CO, H,, CnHm) or synthesis gas (CO, H,).

Keywords: coal, layered gasification, gas, steam-air blast, steam-oxygen blast, combustible components, H,/CO

volume ratio

Beenenune. B Hacrosiee Bpemsi epclieKTHBHBIM B
obnacTi TIIyOOKOH TepepabOTKU YISl SBJSIETCS TPO-
necc ra3uduKaly C TOTy4YeHHEM ras3a, IMPUIOZHOTO
IJI1 WCHONb30BAaHMS B Ka4yecTBE TEHEPATOPHOIO rasa
(CO, H,, C,H,,)) unmu cunres-raza (CO, H,). I'eneparop-
HBI ra3 UCMOJIB3YIOT /ISl OJyUeHUs! TETUIOBOH U JIeK-
TPUUYECKOHN SHEPTUH, a CHHTE3-T'a3 MOXET ObITh CHIPbEM
U151 TIPOM3BOZICTBA MOTOPHBIX TOIUIMB M LIEHHBIX XMMH-
YECKHUX MPOAYKTOB. DTO MO3BOJISAET YBEINIUTh dPPek-
TUBHOCTb UCIIOJIb30BAHUSI [IEPBUYHON SHEPT UM TBEPABIX
TOILIMB IO CPABHEHUIO C IPOLIECCOM IPSIMOTO CKUTAHU ST
[1].

AHaJIM3 KOHCTPYKTHUBHBIX OCOOCHHOCTEH M TPUHIIM-
TIOB JEFICTBUSI COBPEMEHHBIX ra3(HUKaTOpoOB MOKa3al,
YTO WX YAEJIBHYIO TIPOM3BOAUTEIBHOCTh MOXHO IOBBI-
CHTb, MCIIONB3YS CIEAYIONINE CIIOCOOb!, OCHOBAaHHBIE HA
MHTEHCU(HKALMK TIPOLIECCOB TEIUIO- U MaccooOMeHa
[2]:

* MOBBIIIEHNE pacxofa IyTbsl (yBEIMUYEHHWE CKOPOCTH
MOTOKA);

¢ YMCHBIICHUE pa3MeEpa YacCTULl, YBECJIMYCHUE PCAKIIN-
OHHOM TIOBEPXHOCTHU TOILIABA;

* W3MEHEHHEe COCTaBa AYThsl, UCIIONB30BAHKE KUCIOPO-
I1a, TIAPO-BO3AYIITHEIX CMecei B KadecTBe Ta3u(puIId-
PYIOILIETO areHTa.

XapakTepHOi 0COOCHHOCTBIO COBPEMEHHBIX METOIOB
Pa3pabOTKX HOBBIX MPOLIECCOB ra3i(PUKALMH SBJISETCS
HIMPOKOE MPUMEHEHHNE MAaTEMaTHUECKOTO MOIEINPOBa-
HUSA U1 IPOBEJEHHS YUCIIEHHBIX 9KCIIEPUMEHTOB, KaKk
Ha CTaJyl IPOEKTUPOBAHUSI C LIEJIbI0 COKPAIIEHUST CPO-
KOB BHEJIPEHH I IIPOIIECCOB, TaK M HA CTaJJU¥ SKCILTyaTa-
LMY 7151 ONTHMU3ALNY TEXHOJIOTMYECKUX PEKUMOB [3].

Cozaanuio mMozeneil ra3uguKaly U ropeHust TBep-
JIBIX YACTHII MOCBSAIICHB paboThl [4—13], B KOTOpPBIX
OITMCHIBAIOTCS CTAIIMOHAPHBIE U HECTAITMOHAPHBIE MOJIe-
JIM TETUIO- ¥ MaccollepeHoca B rasudukarope, (pusnuko-
XMMUYECKHe TPOIIECCHl B OKUCIUTETBHON M BOCCTAHO-
BUTEJIbHOW 30HaX rasupukaTopa U METOIbl MX UHTEH-
cudukanuu. PacueTHple Monenu razudpukaniu no3Bo-
JISIOT TIOBBICHTH TPOU3BOAMTEBFHOCTD IpoIiecca M Ka-
JIOpUIHOCTD Ta3a. [lpu 3ToM, COCTaB M KaJIOPUHHOCTD
raza BapbpUpPYIOTCS B 3aBUCHMOCTH OT THIA ra3upuka-
TOpa, CBOMCTB yIJisA U MPUMEHSIEMOrO I'a30BOrO JTyTbsI
(map, BO3AyX, KUCJOPO/ U T.[I.).

Ienpio aHHOW pabOTHI SBJISIETCS PACyeT IPOLEC-
ca CJIoeBOil razudukanuu yrisi Mecropoxaenust «Ca-
puagbip» (ruact  «[larumerposeiii») (Kazaxcran) c
UCIIONb30BaHMeM mapo-BosaymHoro (I1B) u mapo-
kucnopoanoro (ITK) nyTss.

Matepnausl 1 MeToaAbl. Cpeay paslIuyHBIX METO-
JoB pacuera Obut BbiOpan meroq H.H. JoGpoxoroBa
[14], xoTOpsIil UcHONB3YETCS MPH pacyeTax razudpuka-
MM KaMeHHbIX W OypbIX YIVIEH, U BIIOCIEACTBHU YCO-
BepileHcTBoBaIcs [15]. B aToM MeTonie pacuer Benetcs
OTJENIBHO TI0 00EUM CTAIUSIM: CTA[IN CYXOTO pasjioxke-
HUs1 Oe3 JOCTyna Bo3ayxa (B BEpXHEW YacTH rasuduka-
TOpa) ¥ OCHOBHOTO TIporecca ra3upukaniy (B HIKHEH
yactu ra3ucukaropa). Ilpu pacuere, ucxons U3 mpak-
TUYECKMX JIaHHBIX, 33/1aI0TCSl pacrpeneeHueM coaep-
JKamumxcs B Torumse 31eMeHToB (C, O, H,) Mex1y KOM-
noHeHTamu rasa (CO, H,, CH4, CO,, H,O u pp.). na
OIpeese s KOIMYECTBA KaXkA0TO U3 STUX KOMITOHEH-
TOB PEIIAIOT CJIEAYIOILYI0 CUCTEMY YPaBHEHUH (1151 CTa-
uu razudukanmn) [14]:
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H,O + Hy = HyO,,
200, + CO = Ny, /1.9 + H,
200, + CO = 204, + H,

oot o
2119
II€ - KOJMYECTBO ymepoda (MOJb), NOCTYNMBLIE-
ro B 30HY rasu(uKalyu W3 30HBl CYXOTro pasjoxke-
Hust; Hy Oy, - KOJIMYECTBO BOASHOTO 11apa (MOJIb), BBe-
IeHHOro ¢ ayTheM; N, /1,9 - KOJIMYecTBO KHUCIOposa,
BBE/ICHHOTO C BO3IYXOM JJISl TAPOBO3AYIIHOTO IYThS

- ypaBHeHHUe OajiaHca BOIopoaa D
- ypaBHeHHUe OajlaHca KUCIopoa 2
- ypaBHeHHUe OajlaHca KUCIopoaa 3)
- YpaBHEHHE KOHCTAHTbl PABHOBECH S (@)

(MoB); OnyT - KOJIMYECTBO KMCJIOPOJA, BBEIEHHOTO C
AYTbEM ISl NIAPOKKMCIOPOAHOTO 1yThst (MOJb); K, -
3HAUE€HHe KOHCTAHTHl PABHOBECHS B TEMIIEPATypPHBIX
VCIIOBUSIX PEAKIIOHHON 30HHL.

[Ipu narHOM pacyeTe ra3u(pUKAIIN YIS UCTIONB3YIOT OCHOBHBIC YpaBHEHHSI peakuuii [2]:

C+0, < CO,
CO,+C < 2C0O
H,O0+C < Hy,+CO

CO+ H,0 + CO, + H,
C+2H, < CH,

2H, 4+ O, < 2H,0
20+ 04 + 2C0O

Koncranty pasHosecust K, u3 ypaHenus (5) onpeaensior no Gpopmyse:

2203.24

ngp = (—

) —5.1588 10757 —

AH = —406.4 x]JIx/Monb (®)]
AH = 160.1 xIx/Momb 6)
AH = 118.6 xIx/Momb @)
AH = —41.0 xIx/Momb ®)
AH = —83.8 k/Ix/Moib )
AH = —482.2 kJIx/Monb (10)
AH = —246.4 x]Ix/Moib (11)
2.5426 10~ 7T% + 7.461 1071173 4+ 2.3 (12)

TennorBopHas cllocoOHOCTS rasa (), 1 Koddduuuent nonesHoro aevcreus rasuduxauuu (KI1I) n, paccun-

TBIBAIOT 110 U3BECTHBIM (popmyaam [14]:

Q, = 0.01(ncoQco + 112y + "oraQcmas + Nr25Cas)

e

TIE Ncos Mo H2s MCH4» M E2s - KOHIEHTPAUHA KOM-
nonentos CO, Hy, CH,, H,S (00.%) B rase; Ocg,
Ouz»> Ocnia> Orps — COOTBETCTBEHHO TETIOTBOPHBIE CITO-
cobnoct komnonenros CO, H,, CH,, H,S (kIIx/m3);
V. - obuiee komuecTro raza (M*); O, u Qy - TeIIOTBOP-
Hble criocoGHocTH ra3a (kJx/M>) u yos (kx/Kr); vy
— KOJMYECTBO ra3upuIMpyeMoro yris (Kr).

Jlns peanu3anyu pacyeTa IO BHIIIEYKa3aHHON METO-
oike ¢ yderoM ypasHeHmd (1)—(14) mcmoJab3oBajn
KOMINbIOTepHYI0 nporpammy MathCAD. [Ins ompe-
JieJIeHHsI ONITHMAJIbHBIX ITApaMeTpoB Ipoliecca ra3ugu-
KaIlK 33/IaHbl MACCUBBI 3HAUCHUI KOJIMYECTBA BIyBa-
eMBIX B ra3u(pukaTop BOASHOTO Mapa u Bo3myxa. [Ipu

_ V@
VyQy

13)

(14)

9TOM, KOJIMYECTBO Mapa MpH pacuere Momoupaioch Ta-
KuUM 00pa3oM, 4ToObl 00beMHble cooTHowenusa H,/CO
B raze cocraBisii or 1 g0 2. Takue COOTHOIIEHUS
OOBIYHO UCTOJIB3YIOT B OPraHUYECKOM CHHTE3€e IS 110-
JIy4eHHsI Pa3IMYHbIX YIJIEBOJOPOIOB (aJIbJETHI0B, Me-
TaHOJIA UM anu(aTuvIecKuX yrjaeBOoIOpOIOB U JIp.).

VcxoaHeIME JaHHBIMU [TPOTPAMMBI SIBJISIOTCS:
1) macca 3arpy:;xaemoro Torumsa (Kr);
2) TemniepaTypa npotecca razupukauuu (K);

3) comepkanue B TOIUIMBE yIJeposa, KUCIOPOIa, BO-
JI0pof1a, a30Ta, cepbl, BOABI U 30J1bl (Macc. %);

4) KOMMYeCTBO YHOCA yIjiepona B mpoiiecce rasudu-
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Karuu (Mac. %);

5) nons mepexona KUCIOpojaa TOIUIMBA B BOISIHOM
nap (macc. %);

6) 1o nepexona KUCI0po/a TOIUIMBA B YITIEKUCIbIN
raz CO, (macc. %);

7) nonsa mepexona Bojgopoaa Torumea B MetaH CH,
(Macc. %);

8) mons nmepexona BOAOPOA TOILTUBA B STHJIEH U K-
BUBAJICHTHOE eMy KosimydecTBo yrieBogopona C,H, u
C,H,, (macc. %);

9) nmons mepexopa cepel ToluMBa B ras B Buge H,S
(Macc. %);

10) nons nepexona yriepona TOILIMBA B 3011y (Macc.
%);

11) creneHp pa3noxkeHus1 BOASHOTO Tapa JIsl pacue-
Ta KOHCTaHThl paBHOBecHUs K b (%);

12) MaccuB 3HaYEeHHMI KOJIMYECTBA BIyBaeMOro B ra-
3uGUKaTOp BOASHOrO napa (Macc. % ot Beca yris);

13) maccuB 3HaYeHUH KO3((PUITMIEHTOB TI0 BO3YIII-
HoMmy AOyThio (oTHOweHue C/N,) WM KUCIOPOJHOMY
ayTthio (C/O,), XapaKTepHU3yIOIIUX KOJIUIECTBO CrOpao-
IEro yriepoaa;

14) xonMuecTBO 3HAYEHUI MapaMeTPOB U3 MYHKTOB
12), 13).

TexHoIOrnuecKye napaMeTpsl, yKa3aHHbIE B TyHKTaxX
2), 10), 12), yTOUHSUIIUCD, UCXOMSI U3 IKCIIEPUMEHTATIb-
HBIX JaHHBIX [16, 17]. Asropurm mporpaMMHUpOBaHUSA
TIpY 33/IAHMU MACCHBOB 3HAYeHWH B MyHKTax 12), 13)
CIIe YOI

* IIpY HAIMYMH 71 OTIPEJENIsieMbIX TapaMeTpOB 10 /1 3Ha-
YEHW# C TIOMOIIBIO 3a[aHNsl ONEepPaTOpPOB LIUKJIA OCY-
IIeCTBIsIeTCs m" Pa3INYHBIX KOMOMHAIMIA pacyeToB
MEXy BCEMH NapaMeTpaMu LUKJa oT 1 1o m;

* Cpeay MHOXECTBA IOTy4YEHHBIX Pe3y/IbTaToB pacyera
(pukcupyloTcst M OTOMPpAIOTCSI Te paboure napamMeTpel,
IpH KOTOPBIX 00beMHble cooTHomenus H,/CO B raze

COCTaBJIAIOT OT 1 110 2.

Takum o00OpazoM, pesyibTaTaMH pacuera Hporiecca
rasuukanmm yris seisorcs: W, - pacxon Bo3ayxa,
BIlyBaeMoro B rasudukarop (Ha 1 kr yrs), mY/kr; W, -
pacxop KUCI0poa, BAyBaeMoro B razudukarop (Ha 1 kr
yrust), MY/Kr; W, - pacxon BOAAHOTO napa, ByBaeMoro
B rasucukarop (Ha 1 kxr yris), kr/kr; T - Temnepary-
pa rasucpukanyy, K; V. V., - COOTBETCTBEHHO BBIXOJ
BJIAKHOTO M CYXOro ra3oB, 00. %; n - o01as KOHLICH-
Tpanusi OCHOBHBIX TOPIOYHMX KOMITOHEHTOB CYXOro rasa
(CO, H,, CH,), 00. %; n,,, Ngyy - KOHUEHTPALMU KOMIIO-
HEHTOB BJIKHOTO U CYXOT'0O a30B COOTBETCTBEHHO; O, -
TEIIOTBOPHas CIIOCOGHOCT Taza, KIK/M; 7, - K03(-
(pureHT MIONIE3HOTO IeHCTBUA razudpuKkanyu, %;

TexHMUYEeCKU 1 37IEMEHTHBIN aHAIN3bl YIJIs TPOBO-
WM Ha TepMorpaBUMeTpuieckoM aHanmsarope Eltra
Thermostep (cormacno ASTM D7582-12 «Standard
Test Methods for Proximate Analysis of Coal and Coke
by Macro Thermogravimetric Analysis») U 371€eMeHT-
HoM aHaymm3atope «EURO EA3000».

PesyabTarsl n 06cy:xaenne. Xapakrepucruka Ca-
priagbipckoro yrst (miact «IlsTumeTpoBblidi») U pe-
3yJIBTAThl IPOIPaMMHOTO pacyeTa IMpUBeieHbl B Ta0IH-
nax 1-3 u pucynkax 1-2. BeiGop ONTUMAJIBHBIX PacXo-
0B Bozayxa (1,912 m*/kr) u kucnopona (0,574 m>/kr)
00yCJIOBJIEH HAaMOOJBIINM BBIXOJIOM KoMmrioHeHToB CO,
H,, CH, (m/kr).

INonyyeHHble JaHHbBIE MOKA3BIBAIOT, YTO YBEJIMUYECHUE
pacxona BogsaHoro napa npu [1B-nytse u ITIK-nyThe B
JIOCTaTOYHO 1MpokoM AuanaszoHe (ot 0,63 go 1,7 kr)
MPUBOAMT (JUISI CYXOTO ra3a) K CyIeCTBEHHOMY yMEHb-
menunio KoHueHTpaiuu CO (00. %), MOBBIILIEHHIO 00b-
emHoro conepxanust H, u CO, B raze 1 00beMHOTO CO-
orHourenus H,/CO (ot 1 mo 2). Takoe BmusHue H,O
MIPOMCXOINT B CJIydae NMPOTEKaHWs PeaKkIUK BOASHOTO
raza (9), 9To HeMOCPEACTBEHHO OTPaKAeTCsl HA HEKOTO-
POM YMEHBIIEHNHU 00IIel KOHIEHTPALUK TOPIOYHX KOM-
nonenToB raza (CO, H,, CH,), u cooTBETCTBEHHO Ha
CHIKeHUM KajopuitHocTu ra3a u KIIJI rasudgukanum.

Tabmuua 1 - XapakTepucTrka razuuipyemMoro yris

Cocra yriis (Ha pabouyio maccy), % 0., kJIx/Kr
Yrons Wr Al Vdat Cr Or H' Nt Sr Q Q
Capoiaapip («ITatumerpoBbiit») | 2,56 | 19,71 50,54| 64,73| 7,55 | 4,29 | 0,77 | 0,39 | 25556| 24413
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Tabmuua 2 - BapuanTsl BeieHust nporiecca razudukarmy yris CapblabIpckoro MecTopoxkaeHus (T1act

«[IaTMeTpOBBIA») PU NAapO-BO3LYITHOM JIyThe

Ne | 1 | 2 | 3 | 4 |5 | 6 | 7 | 8 | 9 | 10 | 11 | 12
We, M/kr 1912 1912 [ 1912 |1912 [1912 |1912 [1912 |1912 [1912 |1912 |1912 | 1912
W, kr/kr 0,630 [0700 [0800 [0900 [1000 [1,100 [1200 |1300 [1400 [1500 | 1,600 [ 1,700
T,K 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173
Venm/kr 3732 [3819 [3944 [4068 |4,192 [4317 |4441 [ 4566 [4690 |4815 [4939 |5,064
Veyx,mP/kr 3335 [3361 [3393 [3422 [3448 [3471 [3492 [3512 [3530 [3546 [3561 |3575
H2/CO 1,004 [ 1,079 | 1184 [1286 | 138 | 1485 [1582 | 1,677 | 1771 [1863 | 1955 |2045
n,06. % 4472 4438 [ 4397 | 4359 4327 [4297 4271 [4247 [4225 | 4206 |4189 |4172
nBJI/ncyx
Cco2 8,38 8.85 9,40 9,82 10,14 1039 [1058 [1072 [ 1081 [ 10,87 [1091 [ 1092
9.38 1006 | 1092 | 11,67 | 1233 | 1292 | 1345 | 1393 | 1437 | 1476 |1513 | 1546
CH4 2,25 2,20 2,13 2,07 2,01 1,95 1,89 1,84 1,79 1,75 1,70 1,66
2,52 2,50 2,48 2,46 2,44 242 241 2,39 2,38 2,37 2,36 2,35
CO 1882 | 1772 [ 1634 [1513 [1407 |13,12 [1228 [1152 | 1083 | 1021 | 9,64 9.13
2105 2014 | 1900 | 1799 | 1711 1632 |1561 | 1497 | 1439 | 1386 | 1338 | 12,93
H2S 0,06 0,06 0,06 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,04 0,04
0,07 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
H2 1890 | 1913 [ 1935 [ 1946 [ 1950 | 1948 [1941 [1931 | 1918 | 19,02 | 1885 [ 18,67
21,15 | 21,74 | 2249 | 23,14 | 23,72 | 2423 | 2469 |2511 |2548 | 2583 |2615 | 2644
N2 4064 [3971 |[3846 |3728 [3618 [3513 |[3415 [3322 [3234 [3150 [3071 |[2995
4547 | 4513 | 4470 | 4432 | 43,99 | 4370 | 4343 | 43,19 | 4297 | 4277 | 4259 | 4242
H20 10,63 | 12,01 1396 | 1588 [17,76 [ 1959 [21,37 [2309 [2475 [2635 [2790 2939
C2H4 0,32 031 0,30 0,30 0,29 0.28 0.27 0,26 0.26 0,25 0,24 0,24
0,36 0,36 0,35 0,35 0,35 0,35 0,34 0,34 0,34 0,34 0,34 0,34
Or, kJlx/m’ 5858 5800 5727 5663 5607 5557 5512 5471 5434 5401 5370 5341
g, % 80,03 | 7984 [7959 [7938 |7918 [7900 |7884 |7870 |[7856 | 7844 |7832 |7822
Tabmuna 3 - BapuanTsl Begenus npouecca rasugukarmy yris CapblagblpcKoro MeCTopokaeHus (I1acT
«[TATUMETPOBBII») NPU NAaPO-KUCIOPOJHOM AYThe
Ne | 1 | 2 |3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12
We, M/kr 0574 | 0574 ]0574 |0574 ]0574 |0574 ]0574 |0574 |0574 ]0574 |0574 | 0574
Wi, Kkr/kr 0,630 [0700 [0800 [0900 [1000 [1,100 [1,200 |1300 [1400 [1,500 | 1,600 [ 1,700
T.K 900 900 900 900 900 900 900 900 900 900 900 900
VBM/Kr 2221 [2309 [2433 |2557 [268 [2806 |2931 [3055 3180 |3304 [3429 |3553
Veyx, M/t 1,825 | 1,850 [ 1,882 [ 1911 [1937 | 1961 [1982 [2001 |2019 [2035 [2051 [2065
H2/CO 1004 [ 1079 [1,084 [1286 [ 138 [1485 [1582 [1677 [1771 1,863 | 1,955 [2045
n, 06. % 81,74 80,63 | 7924 [7804 |7700 |[7608 |7526 |7453 [7387 |7328 [7274 [7224
Naia/ncyx
Cco2 1408 [ 1465 [ 1523 [1562 [ 1586 [1599 [1603 [ 1601 [1595 [ 1584 [1571 [ 1556
17,15 | 1828 | 19,68 2090 | 21,95 |2288 |2371 |2445 |2512 |2572 |2627 | 2677
CH4 379 3,64 3,46 3.29 3,14 3,00 2.87 2,75 2,64 2,54 2,45 2,37
4,61 4,55 447 4,40 434 4,29 4,24 4,20 4,16 4,13 4,10 4,07
co 31,61 [ 2932 | 2649 [2407 [2199 |2018 | 1860 [ 1721 [ 1598 | 1488 | 1389 [ 13,01
3848 3659 | 3424 | 3221 3045 [2889 |2751 |2627 |2516 |2415 |2323 | 2239
H2S 0,10 0,09 0,09 0,09 0,08 0,08 0,07 0,07 0,07 0,07 0,06 0,06
0,12 0,12 0,12 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11
H2 31,75 | 3164 [ 3136 [3096 |3049 [2997 |2942 [2886 [2829 |2772 |[27.16 | 26,60
3865 3949 | 4053 | 4143 | 4221 | 4290 | 4351 | 4406 | 4455 | 4500 | 4541 | 4578
N2 0,28 0,27 0,25 0,24 0,23 0,22 0,21 0,20 0,19 0,19 0,18 0,17
0,34 033 033 0,32 032 031 0,31 031 031 0,30 0,30 0,30
H20 1786 | 1986 | 22,63 [2527 |[27,77 |30,14 [3238 [3450 |[3650 |3840 |[40,19 [ 41,89
C2H4 0,54 0,52 0,49 0,47 0,45 0,43 0,41 0,39 0,38 0,36 035 0,34
0,66 0,65 0,64 0,63 0,62 0.61 0.61 0,60 0.59 0,59 0.59 0,58
Or, kIx/v 10707 | 10536 | 10322 | 10139 | 9979 9838 9713 9601 9500 9408 9325 9248
r, % 8003 [79.84 [7959 [7938 [7918 [7900 |7884 [7870 [7856 | 7844 |7832 |7822
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ncyx, 06. %

s 1H2 (k)

40 -

354

30

CO (k)

CH4 (k)
- CH4 (B)

0 T T T T T

o o A N Ny N

Wn, mM¥/ke
Puc. 1 - 3aBUCHMOCTb KOHIIEHTPALIMK KOMIIOHEHTOB

CyXoro rasa ”cyx OT pacxXxoZa BOOAHOIO I1apa

W, npu napo-6030yuHom u napoKucaopooHoMm Oymusix:
CO (s), H, (8), CH, (8) CO, (8) - komnonenmul 2a3a npu
I1B-oymue;

Kak mokazanu pacuetsl, 1715 MOMy4YeHHs YKe IeHe-
paTopHOro Trasa, ¢ HauOOJNBIIEH KaJOpUIHOCTHIO (pe-
xmM 1 B Tabnm. 2 um 3), HEOOXOAMMO, UTOOBI Pacxo-
bl TAPO-BO3AYIITHOTO (MJIM MAPO-KUCIOPOAHOTO TyThsI)
ObLIM HaMMEHBIIMMHU. BMmecTe ¢ TeM, Ha IpakTHKe, HUX-
HUIl mpefen Mogayd JyTheBOM CMECH JIMMHUTHUPYETCs
HEOOXOAMMOCTBIO TOIJEPXKaHUSI ONPEJEIeHHOTO TeM-
TIepaTypHOTO pekrMa B rasuprKaTope 1 ee KOJIMIECTBO
JOJIKHO OBITh JOCTATOYHBIM 11 KAYECTBEHHOTO CXKUTa-
HUS yIVIsl, C MUHIMAJIbHBIMH OCTAaTKaMU IIUIAKA.

[Ipu mapo-KUCIOPOAHOM IyThe MONYYeHHHIA Tra3
MOYKHO MCIIOJTb30BaTh KaK CHHTE3-Ta3 U KaK reHepaTop-
HbIiA Ta3. O6 3TOM CBUAETENBCTBYET TO, YTO IO CpPaB-
HEHMIO C Mapo-Mapo-BO3AYIIHBIM TyTheM, KOHIIEHTpa-
1y roprounx komnoreHnTos (CO, H,, CH,) u cootBeT-
CTBEHHO KaJIOPUAHOCTH raza npu [1K-ayThe cyrecTBen-
Ho BbilIe (ot 1,83 o 1,73 pa3a Ha BceM UHTEpBAJIE U3-
MeHeHus cootHowenus H,/CO), uyro o6ycnoBieHo oT-
cyTcTBUEM OayutacTHOro raza N, U OKUCIIAIONMM Jei-
CTBHEM KUCJIOpoJa, coriacHo ypaBHeHuio (12). OtcyT-
crBue N, obnerdaer ycioBus AalbHEHIIETO UCIOIb30-
BaHus noyveHHoro rasa. Onnako npu I[IK-gyThe KoH-
nentpammst CO, B cyxom rase B 1,73-1,83 pa3a Beite 1o
cpaBHeHuo ¢ [IB-nyThem, BBUY IPOTEKAHUS pEaKLU

(6).

n, o6. %
90 -

80—\ 2

70 +

60
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& K ~ N N o Wn, ka/k2

Puc. 2 - 3aBucumoctb 0011eil KOHLEHTPALK TOPIOYUX
KOMIIOHEHTOB CYXOTO I'a3a 11 OT pacXofia BOASHOTO Iapa
W,, Ipu Napo-BO3AYIIHOM U NAPO-KUCIOPOTHOM
OYThAIX:

1 - I[IB-oymwe; 2 - [IK-0ymve.

Beixon cyxoro raza npu IIB-mytee (3,335-3,575
M?/KT) 3HAYMTENLHO MPEBBIIAET MO CPABHEHMIO C aHa-
JornuHbiM napamerpoM npu ITK-mytse (1,825-2,065
M /kr), u3-3a Gonbluoro cogepxanus N,. Bmecre ¢ Tem,
KII mis o6oux BHUAOB AyThsl COCTABISIIOT OIMHAKO-
Bble 3HAUEHMS], TaK Kak 0oJiee HU3KHI BBIXOJ] CYXOro ra-
3a nipu [TK-1yThe 0IMHAKOBO KOMITEHCHpYET ero bosee
BBICOKAsI KJIOPUHHOCTh, B COOTBETCTBUM C (popMyJIon
(14).

Iosbimennsle koHueHTpanuu N,, CO,, H,O B ra-
3e yBEIMUYMBAIOT HArpy3Ky Ha ra300UYKCTKY AJIS Jlallb-
Hellleld nepepaGoTKH B LieJIeBbe MPOMYKTHI. YKa3aH-
Hble HEJOCTaTKM MpH IOIyYeHUM Tra3a B rasuduka-
TOpax YaCTUYHO YCTPAHSIOT MOBBIIIEHUEM TeMIIepaTy-
pbl BoasiHoro mapa (cebie 300°C), yto crocoOcTByeT
Goree ONMArONpPHUATHOMY IPOTEKAHUIO AECTPYKTUBHBIX
TIPOLIECCOB PA3TIOKEHUS YITISL.

BeiBogpl. B nanHoii pabore, 0cOOEHHOCTBIO ITPOBe-
JEHHOTO KOMIIBIOTEPHOTO pacyera IIporecca CIOeBOH
rasuukanuy ynis sSBjIseTcsl BO3MOXHOCTD OIpesesie-
HHUSI OCHOBHBIX XHMMUKO-TEXHOJOITMYECKUX XapaKTepH-
CTHUK raza ¢ 3aJaHHbIMU OOBEMHBIMU COOTHOIICHUSIMU
H,/CO. INony4eHHble pe3yabTaThl MPEACTaBIIAIOT OMpe-
JIeJIeHHbI TIPAaKTHUECKWII MHTepec AJIsl POeKTUpPOBa-
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HHA CJIOEBBIX I‘a3I/I(1)I/IKaT0p0B, MPOrHO3UPOBAHUA OIl- BaHWA IPU INITAHUPOBAHWW CUHTE3a YITICBOAOPOAOB U
TUMAJIbHBIX IIAPAMETPOB ITPOLECCa € LEJIbIO MOJIYYCHHUA B KA4YCCTBC SHEPIrOHOCUTEIIA.
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CUHTE3 ®UHIEPA-TPOIIIIA HA ITIPOMOTHUPOBAHHBIX
KOBAJ/IBTCOJEPKAIIINX KATAJIN3ATOPAX

IIonos A.IO.
OMCKH# TOCYIapCTBEHHBIN TeXHUYECKUH yHuBepcuTeT, OMcK, Poccns,

popov_a_u@list.ru

B craThe METOIOM TPOMHOM MPOMUTKHU TOTyUYeHbl KOOATHTOBbIE KATAIM3aTOPhl HA OCHOBE OKCH/A AJTIOMUHHUS C
MCIONIb30BaHUEM ITPOMOTOPA TUOKCH/A IUPKOHUS. [IpoBeieHbl UCIIBITAHKS HA JIA0OPATOPHOM YCTAHOBKE CHHTE-
3a @umepa-Tporiia, B pe3y/ibTare KOTOPbIX M3y4eHO BiusHUe Temreparypbl PT-cuHTe3a, 100ABOK MPOMOTOpa
710, (3 % macc.) B KaTay3arop U Jo0aBok kobanbra ¢ 10 10 30 % (Macc.) B Co-karaau3aTop Ha KOHBEPCUIO
OKCHJia yIJIepofia, BbIXO[ KUAKUX HpoaykToB Cs,, celeKTUBHOCTb oOpasoBanus yriesopoponos CH, u C,-Cs.
OrpeiesieHbl ONTUMAJIBHBIE TEMIIEPATYPHI, TPU KOTOPBIX 00pa3yeTcsi HauOobliiee KOIMYECTBO YIIEBOJOPOIHbIX
npoaykToB. [TpoBeeHa cpaBHUTEIbHASI XaPAKTEPUCTHUKA TPUrOTOBIEHHBIX CO-KaTAIN3aTOPOB HAa UX aKTHBHOCTD
U CEJIEKTUBHOCTb B OTHOILIEHUM 0O0pa30BaHUsI CUHTETHUYECKUX YIVIEBOJIOPOIOB. YCTaHOBIIEHO, YTO MTPOMOTHPOBA-
Hue Co-KaTtanu3aTtopa OKCUIOM LUPKOHHUSA (3 % Macc.) NPUBOAUT K CYIIECTBEHHOMY MOBBIIIEHHIO Bbixoga Cs, U
cesleKTUBHOCTY 00pasoBaHus yriaeBonoponos C,-Cs. IIpu cpaBHeHuu mpurorosieHHbIX Co-KaTalu3aTopoB Bbl-
SIBJICHO, YTO KaTaJM3aTop ¢ cofepxkanneM kodambsra 20 % (Macc.) siBIseTcsl HanOoJiee akTUBHBIM 15 TIOTyIeHH ST
HanOOJBIIIErO BBIXOJIA YIIIEBOJOPO/IOB.

KarwueBble ca0Ba: cuntes-ras, KOGaILTOBbIE Karalu3aTtopsl, IpoMoTop, cuHTe3 Puniepa-Tporina, KoH-
BEPCHUS, CEIEKTUBHOCTD, YIJIEBOAOPO/IbI

KY¥PAMBIH/JIA KOBAJIBT BAP ITPOMOTOPJJIAHYAH KATAJIN3ATOPJIAPJATbBI
OUIIEP-TPOIIII CUHTE3I

IIonos A.IO.
OMCK MeMJIEKETTIK TeXHUKAJIbIK, YHUBepcuTeTi, OMck, Peceit,

popov_a_u@list.ru

Makasiaga [MPKOHUA AMOKCHII IPOMOTOPBIH KOJIIaHA OTBIPBII, aTIOMHHHUI OKCHIl HETi3iHaeri KoOaJbT KaTa-
JI3aTopyapsl YII ece CiHAipy oficiMeH anbiHabl. 3eprreyiep Purrep-Tpomnin CUHTE31HiH 3ePTXaHAIBIK, KOH[IbI-
PFBICBIH[A KYpri3inai, HoTmkecinge ®T-cuHte3 TeMneparypachiHbiH, ZrO, NpoMOTOp KocnanapbHblH (Mac 3%)
ocepi KaTanm3aTopra ’koHe KooansT KocnainapeiHa 10-HaH 30% - Fa nefiH (Macc.) KeMipTeri OKCHIIIH KOHBEPCHSI-
JlayFa apHasFaH OipyeckeH Katanuzaropra, Cs, CyHbIK eHiMaepiHiH WbFBIMEL, C, koHe C,-Cs KeMipcyTeKTepiHiH
TY3UIy CeJICKTUBTLIIriHE acepi 3eprTenai. KemipcyTek eHiMIEpiHiH eH Ko MeJepi naiaa OoJaThlH OHTAIIBI
Temreparypa aHblKTaaabl. CHHTETUKAIBIK, KOMipCyTEKTEep/AiH TY31TyiHe KaThICThI OJapIbH OelCcCeH iIiri MeH ce-
JIEKTUBTLNIriHe gaibiHanFad Co KaTaau3aTopiaphiHbIH CAIBICTHIPMANIbI cCUIIaTTamack! Kyprizingi. Co - karanusza-
TOpAB! LIMPKOHUY okcuaiMeH (3 % Macc.) OesiceHipy KeMipcyTeKTep Ty3UTyiHiH mbFbIMAbUIbIFBL Cs, MeH C;-Cs
CENIeKTUBTLJIIHIH alTapiBIKTal apTybIHA OKeJNeTiHi aHbKTanasl. JarsHnanran Co KaTaam3aTopiapibl CaTbICTHPY
kesinge kodanbt Medepi 20 % (Macc.) 60aThiH KaTaI3aTop KOMipCYTEKTEp/IiH eH KOl MeJIIepiH any YIIIiH eH
OesiceH i eKeHIIr aHbIKTaIbl.

Tyitinai ce3mep: cuHTtes-ra3, KOOAILT KaTanu3aropiapsl, mpomotop, Guitiep-Tpormii cuHTe3i, KOHBEpCusl, ce-
JIEKTUBTLIIK, KOMipCYyTEKTep.

FISCHER-TROPSCH SYNTHESIS ON PROMOTED COBALT-CONTAINING
CATALYSTS

Popov A.Y.

Omsk State Technical University, Omsk, Russian,
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In this article, cobalt catalysts based on alumina using a zirconium dioxide promoter were obtained by triple
impregnation. Tests were carried out on a laboratory Fischer-Tropsch synthesis unit, as a result of which the
influence of the temperature of FT synthesis, the addition of a ZrO2 promoter (3% wt.) to the catalyst and the
addition of cobalt from 10 to 30% (wt.) to the Co-catalyst on the conversion of the oxide was studied. carbon, yield
of liquid C5+ products, selectivity of formation of hydrocarbons CH4 and C2-C5. The optimal temperatures at

which the largest amount of hydrocarbon products are formed have been determined. A comparative characterization

of the prepared Co-catalysts was carried out for their activity and selectivity with respect to the formation of
synthetic hydrocarbons. It has been established that promotion of the Co-catalyst with zirconium oxide (3 wt.%)
leads to a significant increase in the yield of C5+ and the selectivity of the formation of C1-C5 hydrocarbons.
When comparing the prepared Co-catalysts, it was revealed that the catalyst with a cobalt content of 20% (wt.)
is the most active for obtaining the highest yield of hydrocarbons.

Keywords: synthesis gas, cobalt catalysts, promoter, Fischer-Tropsch synthesis, conversion, selectivity,

hydrocarbons

BBenenne. CymectByer o0OmmepacpocTpaHeHHO
MHEHHUe, 9TO XMMUYecKas repepaboTKa yIis B CHHTeE-
THYECKE MOTOpHbIE TOIUIMBA MpPUAET HA CMEHY Hed-
TernepepabOTKe 10 Mepe WCTOIIEHN 3anacoB Heptu. B
YACTHOCTH, AJIbTEPHATUBOM HedhTerepepadoTKe SBIISET-
CsI TAa30XMMH , OCHOBaHHAS HAa XMMHUYECKOI TiepepadoT-
Ke MIPUPOIJHOTO Ta3a, 3armackl KOTOPOTO, TIO0 CAMBIM OCTO-
POXHBIM IIporHo3am, foctarognst Ha 100-150 ner [1].

OnHMM 13 HanboJIee OCBOEHHBIX B IIPOMBIIITIEHHOCTH
METOJIOB XMMHYECKOTO TPEBPAIEHHUS OPraHMYeCKOro
CBIpbSl B TOILIMBA siBisieTcsl cuHTe3 Puiepa-Tpormima
(®T-cunTte3). B mocneanue necsaTusieTHsi MHTEpEC K
9TOMY METOJly 3HaUMTEIbHO BO3POC B CBSA3YU C TIOBBIIIIE-
HHMEM 3KOJIOTHYECKHMX TpeOOBaHMI, N3MEHEHNEeM 3aria-
COB MCKOIIaeMBIX SHEPrOHOCHUTEJIEH 1 MOCTENEHHBIM I10-
BBILIICHUEM Ce0eCTOMMOCTH MPOLYKTOB HedTerasore-
pepabotku. B Hacrosiee Bpemst B mupe (FOAP, HoBast
3enanus, Manaizus, CIIIA) no sTomy MeTony mpou3s-
BOJST CBBIILIE 5 MJIH TOHH YIJIEBOJOPOJIOB, MOTOPHBIX
TOIUIMB U JIPYTUX OPraHUYECKHUX MPOAYKTOB [2].

OcHoBHO# 11e7bI0 PT-cUHTE3a ABIAETCSA CO3JIAHKE
CHHTETUYECKOTO 3aMeHHTeNsl HehTU /TSl MCIIONb30Ba-
HHA B Ka4yeCTBE CHHTETMUYECKOIO CMAa304YHOTO Macja
WM CHHTETUYecKoro Tormaa [3]. B yactaocTH, C yue-
TOM TOTO, YTO yIrojib - HanOoJiee U300MITbHOE UCKOTIae-
MOE€ ChIpbe, YrosibHbIH npotiecc PT-cuHTe3a MOXKET Hall-
TH B OrpkaiiiiieM OyAaymneM 3HaYWTeTbHO - Oojee Mv-
POKOe MpUMEHeHu e, 1aBast He TOJbKO OEH3KH, HO TaK ke
ra3oijb U TOIJIMBA HOBOI'O MOKOJIeHH [4].

IponykTer ®T-crHTE3a 00/1aJAI0T UCKITIOUNTETHHBIM
Ka4eCTBOM C TOUKH 3PEHHUsI COflepKaHus BOIOPOa, Of-
HOPOTHOCTH MOJIEKYJIBI, TEMIIEPATY Bl 3aMep3aHus, Xa-
PaAKTEPUCTUK TOPEHUsI U COAEPKaHUsI Cepbl. DTU MPO-
JIYKTBl UMEIOT BBICOKYIO PHIHOYHYIO CTOMMOCTb. YTJIEBO-

Jopoast Cs- C, mocsie U30Mepu3alyy s NOBbILEHHS
OKTaHOBOTO YHCJIa UCTIONB3YIOTCS, B OCHOBHOM, B Kaue-
ctBe OeH3MHOBOrO ToruMBa. Husive npoxykTsi (OyTaH,
NPOIIaH) MOTYT TAaKXe OJUTOMEPH30BAThCS B OCH3MH.
Tstkesnbie NPOLYKThI OTIPABIISIOTCS Ha KPEKHMHT 1S TT0-
JIy4€HHs] HU3KOMOJIEKYJISIPHBIX IPOTYKTOB [5].

Haunbonee akTHBHBIMU KaTalu3aTopaMd CHHTE3a
@umepa-Tpomma ssisaorcsa Fe, Co, Ni, Ru. B npo-
MBILJIEHHOCTH HAaxXOAsAT MPUMEHEHNE HMCKIIOYNTEIBHO
KOOQJITOBBIC U KEJE3HbIEe KAaTaIn3aTophbl, KOTOpbIE OT-
JIMYAIOTCS] HaMOOMBIIIe aKTUBHOCTBIO B MPEBPAICHUH
cunre3-ra3a (6).

B nocnenHue OecsATUIETUS] OCYIIECTBICHO OOJIbIIoe
YKCJIO WCCIIEOBAaHMI B 0ONacT pa3pabOTKU HOBBIX
karaszuzaropoB ®PT-cunresa [7-10]. [Ipu stom, B Ka-
YecTBe HOCHUTENIW KaTayn3aTtopoB cuHTe3a Puiepa-
Tporiia (0cOGeHHO KOOATBTOBBIX) OOBIYHO HCIIONB3YIOT
WHIVBUAYATbHBIE OKCUIBI 1 CMEIIIaHHBIE OKCUIHBIE CH-
CTeMBI, CKJIOHHbIE K 00pa30BaHHIO TBEPIbIX PACTBOPOB
WM IIMUHENBHBIX cmpykmyp (11). TUNMYHBIME HOCH-
Tensamu Co-KaTan3aTopoB sIBJISIIOTCS: CHUITUKAresb, KU-
3eJIbTyp, OKCHIBI ATIOMUHWS, KPEeMHHs, TUTaHa, Mar-
HUS ¥ IIAPKOHUS, aMOP(HBIE aTIOMOCHIAKATHI, TIe0JH-
1ol [Iprpona HocuTems 1 ero (pu3NKO-XUMHYECKHE Xa-
PaKTEPUCTUKU MOTYT OKa3bIBaTh CHUJIbHOE BO3CHCTBHE
Ha aKTMBHOCTb M CEJIEKTUBHOCTh KOHTakTOB. Hocuteb
MOKET TaKXke BCTYNATh B XUMUUECKOE B3aUMOJICHCTBIC
C MEeTaJuIoM, HOCUTENb YJacTByeT B 0Opa3OBaHUH HO-
BBIX COCJMHEHMI WM HOBBIX (pa3. CHiibHOE B3aMMO-
JISVCTBHE MeTaJlla C HOCUTEJIeM MOXKET OCYIIeCTBIISATh-
sl IO MEXaHU3MY TepeHoca 3apsiia ¢ BOSHUKHOBEHHEM
YACTUYHOTO MOJIOKUTENIBHOTO 3apsiia Ha MeTasuie [12].
B OCHOBHOM, C yBelIWYeHWEM KHCJIOTHOCTH HOCHTEIIS
BBIXOJI KHJIKMX M TBEPIBIX YIJIEBOOOPOIOB BO3PACTaET
[13].
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Tabmuna 1 - OcHoBHBbIE apaMeTpbl TpoBefeHus npouecca PT-cunte3a Ha katamuzarope 10%Co/90%y-Al, O,

CeleKTUBHOCTD POAYKTOB, %

Kartamuzaropsl | Temmneparypa, oC | Konsepcus CO, % CHA o5

160 6,4 0,2 0,0

170 9,7 1,2 0,0

180 13,8 7,2 1,8
10%Cof 190 23.1 2,6 47

200 37,5 19,4 9,3
90%y-A1203 210 73 243 13,1

220 58,1 28,2 14,7

230 61,2 27,8 12,6

Llenbio naHHOW paOOTHI SIBJISETCS MOJNYYEHUE CHH-
TETUYECKUX YIJIEBOIOPOAOB U3 MOHOOKHUCU YIIIEpOAA
W BOZOpOJAa Ha KOOAJbTOBBIX KaTalu3aTopax Ha OC-
HOBE OKCHJIa aTIOMUHUS (IIPOMOTHPOBAHHBIX OKCHJIOM
LMPKOHHUSI) M N3YUECHHE BIIMSHUS CONEPKAHUS KOOab-
Ta U IPOMOTOPAa HAa OCHOBHBHIE IIOKA3aTeIM CHHTE3a
Pumepa-Tpomnmia.

MarepuaJbl 1 MeToAbl. KoGanbToBble KaTaniu3aTo-
PbI TOTOBHJIM METOZIOM TPOMHOM NMponuTKu. B kayecTse
HOCHTeJISl KaTaIu3aTopa UCHOIb30BAIM I'PaHYIMPOBaH-
HBIA OKcHp amomunus Y-Al,O5. IIpomoropoM B Kkara-
JIM3aTOpax CIyXWI TUOKCHT LUPKOHUs ZrO,, KOTOPBIA
WCHOb30BAJIN /7S TIOBBIIIEHHS] aKTUBHOCTH KaTaln3a-
TOpa M CEJIEKTMBHOCTH B 0OpPa30BaHUM CUHTETUYECKUX
YIJIEBOJOPOIIOB.

Il TIPUTOTOBJICHUSI KOOAJIBTOBBIX KaTaIM3aTOPOB
st cuHTe3a QPuinepa-Tponina NPUMEHSI  Cleay-
IOI[ie PEaKTHBBL: HUTpAT KOOAJIbTa IICCTUBOIHBINA
Co(NO3),-6H,0 n HUTpaT LMPKOHMS IIECTHBOIHBIA
ZrO(NO;),-2H,0.

[penBapuTenbHO HOCUTENH ITPOKAJIBIBAIA B My(eb-
HoiA nieur ripu Temmepatype 450 °C B Teuenue 5 4acos,
IJ151 yAaJIeHn sl TOCTOPOHHUX BEILECTB (B TOM YHMCIIE OCO-
OEHHO yrepona).

Karanuriueckue UCTbITaHNs Ha JaOOPATOPHOH ycTa-
HoBKke PT-cuHTE3a NPOBOOWIM C WCIOIb30BAHUEM
TOJTyYEHHBIX KaTaJIN3aTOPOB CJEAYIOUIMX COCTAaBOB:
10%Co/90%Y-Al, 05, 10%Co/3%ZrO,/87%Y-Al,O5,
20%Co/3%ZrO,/77%Y-Al, O3, 30%Co/3%ZrO,/
67%Y-Al,O5.

9KCH6pI/IMeHT MMPpOBOJWIN B ABE CTaJUN: BOCCTAHOB-

JICHUE KaTalu3atopa U HenocpeactBeHHO PT-cuHtes.
KobGasbroBble KaTaan3aTopsl ITpelBApUTEIbHO aKTHBH-
poBain (BOCCTAHABJIMBAJIN) B TOKE BOJOPOAA IIPH aTMO-
ceprom gasnennu (0,1 MITa) u temneparype 450 °C
¢ 00BEMHOM CKOPOCTHIO mojiauu cuHTe3-raza 2000 gl
B TeyeHue | 4vaca. Pacxonm Bomopoma coctasisn 1000
MJI/MUH.

D T-cuHTE3 NPOBOAUIIM ITPU aTMOC(EPHOM JaBIEHUN
B unTepBane Temneparyp 160-230 °C. Ucxoanyio ra-
30BYI0O CMECh Pa3HOTO COCTaBa I0/IaBajli B COOTHOIIIE-
H1n H,/CO = 2/1 (06.) co ckopoctbio 250 MiI/MUH nipu
TIOCTIE/IOBATENBHO TOBBIIIAEMON TEMITepaType C IaroM
10 °C. TpononxkutensHocts ®T-cuHTe3a B U30TEp-
MHYECKUX YCJIOBUSIX MPHU OOBEMHON CKOPOCTH MOJAYU
cunres-raza 500 u'! cocraBnana okono 12 u. Herpope-
arvpoBaBIIHNECs YIJIEBOJOPOIHBIE I'a3bl OTIIPABJISIN Ha
cOpOC B BEHTUJIALIMIO.

PesyabTaTsl 1 ux 00cyxkqenue. B pesyibrare mnpo-
BE/ICHHBIX SKCIICPIMEHTOB OBLTH CHHTE3WPOBAHBI CJie-
aytomue yriepogoponsl: Metan (CHy); sran (C,Hy),
nponad (C;Hyg); m300yTtan u 6yran (C,H,); HeoneHraH,
uszoneHTaH U H-neHtad (CsH),).

PesynbraTsl mpoBeICHHBIX UCCIIEJOBAHUM I1O MTOTyYe-
HUI0O CUHTETUYECKUX YIJIEBOIOPOIOB IMpeJCTaBJIeHb B
tabmuiax 1-5 u pucyHkax 1-6, Ha KOTOpHIX NpHUBe/e-
HBI COOTBETCTBYIOIE 3aBUCUMOCTH KOHBEPCHUH OKCH-
Ja yraepona U KoHueHTpauuu npoxyktos CH,, C,-Cs
OT TeMIlepaTyphl CHHTE3a Ha KaTaIM3aTopax C COOepKa-
HUeM Kobasnbra B guanasode 10-30 mac.%. B tatnune
5 BoIxoz1 Kuakux npoayktos Cs, (r/m®) npouecca ®T-
CHMHTE3a Ha UCCIIEIyeMbIX KaTan3aTopax ObUT MONTyYeH
B TEUEHHE BCEr0 BPEMEHU MMPOTEKAHUsI CHHTE3a.
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Tabmuua 2 - OcHOBHbIE TapameTpbl IpoBeeHus nporiecca PT-cuHTe3a Ha KarajamMzarope
10%Co/3%Zr0,/87%y-Al,O4

Karanuzaropbt Temneparypa, °C | Konsepcus CO, % CeNeKTHBHOCTS PORYKTOB, %
CH, | C,-C;

160 7,5 1,2 0,0

170 12,4 2,6 1,7

180 21,2 9,3 4,5
10%Co/3%Zxr0O,/ 87%Y-Al,04 190 35,9 17,8 10,6

200 52,7 29,2 19,2

210 62,8 32,9 16,3

220 69,5 30,2 15,8

Ta6J'II/II_[a 3 - OcHOBHEBIE MapaMeTpsl MPOBEACHUS ITpOoLecca ®T-cunresa Ha KaTajan3aTtope
20%Co0/3%Zr0,/17%-Al,04

Karanmuzaropst Temmeparypa, °C | Koneepcus CO, % CeneKTMBHOCTR POIYKTOB, %
CH, C,-Cs
160 10,6 3,6 1,5
170 18,3 8,1 34
180 354 13,8 9,5
20%Co/3%ZxrO,/ T7%Y-Al,04 190 59,1 21,9 18,2
200 73,7 30,2 25,9
210 76,2 34,2 21,7
220 78,4 29,4 19,3

Tabmua 4 - OcHOBHBIE TapameTphl poBeeHust nporiecca PT-cuHTe3a Ha Karaamuzarope
30%Co/3%Zr0,/67%y-Al,O;

Katamzaropbt Temmeparypa, °C | Konsepcusa CO, % CeNeKTMBHOCTR POTYKTOB, %
CH, C,-Cs
160 15,3 2,8 0,2
170 23,8 10,8 4,1
180 40,9 194 10,9
30%Co/3%Zr0O,/ 67%-Al,O; 190 67,2 25,3 21,5
200 76,1 31,1 20,1
210 79,8 33,8 18,4
220 82,4 31,7 16,8

Tab6mura 5 - Beixon Kuakux mpoaykToB mporecca PT-cuHTe3a Ha UCCIIeyeMBbIX KaTanru3aTopax

Karanmuzaropst Brixon Cy /M
10%C0/90%y-Al,O4 35
10%Co/3%Zr0,/87%Yy-Al,O4 47
20%Co/3%Zr0,/77%Yy-Al,O4 62
30%Co/3%Zr0O,/67%Yy-Al,O4 54
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[NonmydenHble pe3ysbTaThl KCHEPUMEHTOB IOKa3a-
JW, 4TO J0OABJIEHUE TPOMOTOPA - JBYOKHCH IMPKO-
Hus ZrO, B konmuuectse 3% (Mac.) K KarajausaTropy
10%Co/90%y-Al,O; NPUBOAUT K YBEIMYEHMIO KOH-
sepcuu CO, Bbixojty Cs, (35-47 r/m?) v OBBILIEHUIO Ce-
JIeKTUBHOCTH 0Opa3zoBanus nponykros CH, (28,2-32,9
%), C,-C5 (14,7-19,2 %) npu onTUMAaJBHBIX TEMIIEpa-
Typax MX HauOoJblero odpasoBanus. [Ipu mpomoru-
POBAaHHOM KaTaJIu3aTope HanOoJbllee KOJTNYEeCTBO IPOo-
ayktos C,-Cs, CH, nomyuaercss mpu Oojiee HU3KHUX
temneparypax (200 °C u 210 °C coOTBETCTBEHHO),
TI0 CPaBHEHMIO C HEIPOMOTHPOBAHHBIM KaTaJIM3aTOpPOM,
I7ie ONTUMAaJIbHAsI TeMIieparypa coctapisiia 220 °C.

CeneKkTMBHOCTh 0Opa30BaHMs METaHa BHIIIIE TT0 CPaB-
HeHmio ¢ yriaesogopoaamu C,-Cs, 4To CBSI3aHO € TeM,
YTO TOBBILICHUE TEMIIEPaTypbl CIIOCOOCTBYET yBeIHYe-
HMIO BEPOSITHOCTH OOpBIBA YIJIEBOAOPOJHOW Lieru. A
3TO CHOCOOCTBYET HMPEUMYILECTBEHHO K OOpa30BaHUIO
OTHOCHTEJIBHO HEOOJBIINX MOJIEKYJ MeTaHa, 4eM yTI-
nesonoponos C,-Cs, nmeiomupe 6osee UIMHHYIO [Elb.
ITpu 3TOM, 0OpazoBaHue MeraHa (C OZHOBPEMEHHBIM
00pa3oBaHKEM BOJBI) U3 CHHTE3-Ta3a MOXET IPOUCXO-
IUTh IyTeM THAPOreHONN3a 00pa30oBaBLIUXCS onedu-
HOB WJIM TIPSIMOTO THJIPUPOBAHUS OKCHAA yIJIeposia B
COOTBETCTBUHM C YPAaBHEHUEM:

CO + 3H, © CH, + H,0

Poct comepxanus kobansra ¢ 10 o 20 % (mac.) B
Katajn3aTope MPUBOAUT K YBEJIMYEHHUIO BBIXOHA KUM-
kux yraesogoponos (Cs,) ¢ 47 mo 62 /M° 1 cerek-
THUBHOCTH 00pa30BaHMSI ra3000pa3HBIX YIJIEBOIOPOIOB
CH, (32,9-34,2 %), C,-Cs5 (19,2-25,9 %) npu onru-
MaJIbHBIX TeMIlepaTypax HMX HauOoJbllero oOpa3oBa-
Hus. [Ipy 3TOM HamOoIblee KOJTUYECTBO MPOIYKTOB
C,-C5 u CH, naOmopnaercs Ipu TeMIepaTypax cOOT-
perctBeHHO 200 °C u 210 °C. [anbHeliiee MOBHIIIe-
Hue cofepxkanus kobdambra 10 30 % (mac.) croco6-
CTBYeT HEKOTOPOMY YMEHBILEHHUIO BHIXOAA IPOIYKTOB

Cs, ¢ 62 mo 54 /M> ¥ CeNeKTHBHOCTH 00OpazoBaHUs
CH, (34,2-33,8 %), C,-Cs (25,9-21,5 %) nipn onrtu-
MaJIbHBIX TeMIIepaTypax HMX HauOOJbIIEro 0o0pa3oBa-
Hust. JlaHHBIA (DaKT BO3MOXKHO OOYCJIOBJIEH YMEHbIIe-
HUEM YJEJbHOW MOBEPXHOCTU KaTaliu3aTopa u3-3a 3a-
NOJIHEHUs Mop Hocutend Y-Al,O; Jactumamu meran-
na (kobanbTa). BeencTBre 3T0ro yMeHbIIAeTCst aKTUB-
HOCTh U CEJIEKTHBHOCTh KaTaJIN3aTopa.

Crienyer Takke OTMETHTb, UTO B COCTaB rasa, BBIXO-
JsiIero u3 peakropa B nporecce OT-cuHTe3a, 00paso-
BBIBIKCh TaKye 000uHble MpoaykKTsl, Kak H,O u CO,.
OO0pa3oBaHue IMOCIEJHET0 MOXET IPOUCXOIUTH B pe-
3yJIbTaTe MPOXOXKAECHNI peakuuii AUCIPONOPLMOHUPO-
Banus1 CO (bemna-Bynyapa) u BogsiHOroO rasa:

2CO0<CO, +C
CO +H,0 < CO, +H,

[pw noBBIIIEHIN TEMIIEPaTyPBl CUHTE3a (DAKTHYECKH
BO BCEX OIBITax Habmoganock ysennuenue gjom CO, B
raze. [Ipu 9TOM, BBIIESIIONIMIACS B MPOIECCE PEaKIuu
yriepon, (onHoBpeMeHHO ¢ CO,) IpUBOIUT K «3ayriie-
POXUBAHUIO» KaTaam3aTopa (a Takke peakTropa), 4To B
3HAYMTENIFHON CTETICHN CHIDKAeT aKTMBHOCTh WM CeJIeK-
THUBHOCTh KaTanu3aTtopa. [Io3ToMy MHOBBIIIEHHE conep-
JKaHUsI JBYOKHMCH yIJiepofa B MOJTyYaeMOM ra3e HOCHT
HEraTUBHbINA 3 PeKT.

BriBoabl. Ha ocHOBaHMM MOJTy4YEeHHBIX SKCTIEPUMEH-
TaJIbHBIX JIAHHBIX BBISIBJIEHO, YTO NPH J00ABJICHUH TTPO-
Motopa ZrO, (3 % mac.) B HEIPOMOTHPOBaHHBII KaTa-
ym3atop u kodassta ¢ 10 1o 20 % (Macc.) B IpOMOTHPO-
BaHHBIN KaTIM3aTOP MPOUCXOOUT yBeIMIEHNE KOHBEP-
CHUM OKCHZA yIJIEpOJia, MOBBIIIEHNE BBIXOAA NMPOAYKTOB
Cs, u cenextuBHoctH obpasoBanus CH, u C,-Cs. [lo-
6aBneHue rpomoropa ZrO, (3 % mac.) B HEIPOMOTH-
POBaHHBIN KaTIN3aTOp NMPUBOJUT K CHIKEHHIO OITH-
MaJIbHO! TeMnepatypsl T, , IPH KOTOPOH 00pasyioTcs
HaunOoJIblIee KOMMYECTBO YIJIEBONOPOIOB.
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IIpousBoacTBEHHBIE H 00padaThLIBAIOINHE OTPACIIH

IRSTI 69.51.03, 65.13.23 https://doi.org/10.58805/kazutb.v.3.20-123

STUDY OF THE CONTENT OF TOXICANTS IN FISH ORGANS AND TISSUES

L.B.Pulatov'*, Sh.A. Ishniyazova', K.O. Dodaev 2, A. Typcynos!
1Samarkand State University of Veterinary Medicine, Animal Husbandry and Biotechnology,
Samarkand, Uzbekistan, 2Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan,

e-mail: pulatov.i1990@mail.ru

An ecological assessment of the content of antimony and arsenic in the organs and tissues of fish caught from
the Zarafshan River is given. The relevance of the determination of toxic elements is assessed, despite the fact
that their content in fish meat is negligible and requires the use of highly sensitive physicochemical methods for
determination. The possibility of using the proposed method for determining toxic elements in diagnostics and
in the environmental assessment of the region under study, as well as processing these fish for canned food, is
shown. The method and materials for sampling fish according to GOST 26929 “Raw materials and food products"
are presented. The method of atomic absorption detection of toxic elements was used on Spectr-1 and Saturn
instruments equipped with electrothermal atomizers, with the help of which elements were determined in the
form of hydrides and in aqueous solutions. Hydrides are fed into the furnace through a jet, and aqueous solutions
are introduced using a microdoser. Quantitative determination of toxic elements was carried out by a calibrated
(graded) graphical method. The danger of the presence of arsenic and antimony in the meat of fish selected for
the experiment: marinka, carp and silver carp was assessed.

Keywords: ecological assessment, toxic elements, antimony content, arsenic, fish organs, tissues, maximum
allowable concentration, human health.

TOKCUKAHTTAP/IbIH MA3MYHDIH 3EPTTEY BAJIBIKTBIH
MYHEJIEPIHJAEI'T MEH YJIBIHBIH/IA

I.B. Iyaaros'”, III.A. Mmnunszosa', K.O./logaes?, A.Typcbinos!
ICamapkan MeMIEKETTiK BeTepUHAPYs, MaJl IAPYALIBUILIFB KoHe OHOTEXHONOTMs YHUBEPCHTETI,
Camapkan, ©36ekctaH, >TallkeHT XUMHIA-TEXHOTOTHAIBIK, MHCTUTYTHI, TallkeHT, ©30eKCTaH,

e-mail: pulatov.i1990@mail.ru

Bapadiian e3eHiHeH ay/aHFaH OABIKTAP/IBIH aF3aJIapbl MEH YJIATAPBIH/IAFHI CYPbMa MEH MBIIIbSIK KY PAMbIHBIH
SKOJIOTHSUTBIK, Garachl OepiireH. YhITThI JIEMEHTTEP/i aHBIKTAY/IbIH ©3€KTLUIIr oJapabH OaJIbIK, eTiHeri Meepi
IIIaMaJibl )X9HE aHbIKTAY YIIIiH KOFaphl ce3iMTal (hU3MKa-XUMUSIIBIK SAiCTepi KOIIaHy/Ibl Tajlar eTeTiHiHe Kapa-
MacTaH OarayiaHapl. ¥ CHIHBUFAH 9JIiCTi IUArHOCTHKAIA KOHE 3ePTTe/IeTiH aliMaKThIH SKOJIOTUSIIBIK, OaFaiaybiHIa
VIJIBI JIEMEHTTEP/I aHBIKTAy/a, COHJIAl-aK OCBhl OATBIKTHI KOHCEpBLIepre eHeyae KOJIaHy MYMKIHIIr KOpCeTil-
reH. OCT 26929 «I1luki3art xoHe TaMak eHiMepi» OOUBIHIIA OaJIBIK, CHIHAMAIAPHIH aJTy 9/IiCi MEH MaTeprasIiapbl
YCHIHBUIFAH. YIIbl 2JIEMEHTTEP/i ATOM/IBIK, A0COPOIMSIIBIK AHBIKTAY 9/1iCI SEKTPOTEPMHUSLIBIK, TO3aHIATK IITAPMEH
kaOmpIkTanFan Spectr-1 jxoHe Saturn acranTapblHAa KOJIAHBUIIBI, OJapIbIH KOMEriMeH 3JIeMEHTTEp THAPUATED
TYPpiHJE XoHE Cy/bl epiTiHAlIepae aHbIKTAIB. [MapuaTep aFblH apKbUIbl Nelike Oepisieli, an cy epiTiHaiiepi
MHKPO/I03€p apKbUIbl €HTi31Iei. YHITTH 3IeMeHTTepi CaH/IbIK aHbIKTay KaJuOpiieHreH (pa3psiiThl) rpaduKaibIk
omicrieH xyprizinai. ToxipuOe YITiH ipiKTein ajJbIHFaH OaJTbIK: MAPHHKA, TYKBI JKOHE KYMIC TYKBI OAJIBIK TAPHIHBIH
eTiH/Ie MBIIIbSIK TIeH CypbMaHbIH 00Ty KayIl GarasiaH/ibl.

Tyiiinai ce3aep: KopiiaraH opTaHsl Oarajay, yJIbl IeMEHTTep, CypbMa KYpaMbl, MBIIIbsIK, MYILeJep, OaJIbIK,
yJIranapsl, MeKTi pyKcar eTijireH KOHIIEHTPalys, a/laM JIeHCAYJIbIFbI.

HNCCJIEJOBAHUE COAEPKAHUA TOKCUKAHTOB B OPTAHAX 1 TKAHAX
PbIb
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N.B.Hyaatos!”, ILA.Mmnunszosal, K.0.donaes, A.Typcynos!

1CaMapKaH)10KHﬁ rOCYJapCTBEHHbII1 YHUBEPCUTET BETEPUHAPHOU MEIUIIVHBI, )KUBOTHOBOJICTBA U
ouorexnosormii, CamapkaHz, Y30eKUCTaH,

2TElIJ_IKeHTCKI/IIL/'I XUMHUKO-TEXHOJIOTMYECKUI HUHCTUTYT, TaH_IKCHT, y36eKI/ICTaH,

e-mail: pulatov.i1990@mail.ru

JlaHa sKonoruyeckasl oleHKa CONEepKaHUsI CYpbMbl U MBIIIbSIKA B OpraHaX M TKaHsIX pblO, BBUIOBJICHHBIX U3
pexu 3apadman. OneHeHa aKTyaJbHOCTD OIpe/ieIeHNs] TOKCUYHBIX JIEMEHTOB, HECMOTPsI Ha TO, YTO MX COZep-
JKaHKe B MsICe PhIOBI HUUTOXHO MaJlo U TpeOyeT UCIIONb30BaHUE BHICOKOUYBCTBUTEIIBHBIX (DU3HKO-XUMUIECKUX
MEeTOIOB ornpefeneHus. [lokasana BO3MOKHOCTb MCIIONb30BAHMSI NPEAJIAraeMoro MeToa ONpeleseHsi TOKCHY-
HBIX JIEMEHTOB B JIMArHOCTHKE M B SKOJOTMYECKOI OLIEHKE HCCIeyeMOro PeruoHa, a Takke NepepaboTKH STUX
pbi6 Ha KoHcepsbl. [IprBesieHs MeTox U Matepuaitbl 1o otoopy 1pod pbid o F'OCT 26929 “Chipbe 1 MPOAYKTHI
nuessle”. Vicnonp30BaH MeTol aTOMHO-a0COPOLIMOHHOrO OOHApYKEeHHs TOKCUYHBIX JIEMEHTOB» Ha Ipudopax
«Criektp-1» 1 «CaTypH», CHAOXEHHBIX MEKTPOTEPMUYECKIMH aTOMH3aTOPAMH, C IIOMOLIBIO KOTOPBIX ONpezesne-
HbI JIEMEHTHI B BUJIe THIPUIOB U B BOAHBIX PacTBOpax. [ Mopuabl mojaHbl B IeUb Yepes3 KHUKJIep, a BOJHBIE pac-
TBOPHI BBEEHBI C OMOIIBIO MUKpogo3aTtopa. KommyecTBeHHOE onpeneneHre TOKCUYHBIX IEMEHTOB TIPOBEICHO
KaJIMOPOBaHHBIM (IpagynpoBaHHbIM) rpadudeckuM MetoioM. OleHeHa ONacHOCTb HAIMYMS MBIIIbSIKA U CYpPbMBI

B MsiCe BBIOPAHHBIX 151 9KCIIEPUMEHTA PhIO: MAPUHKH, Kapria U TOJICTO00a.

KuroueBble cjioBa: sKonornyeckas OreHKa, TOKCUYHBIE JIEMEHThI, COIEPXKAHUE CYPbMBbI, MBIIIbSIK, OPTaHB,
TKaHU PbIO, MpeebHO JOMyCTUMAast KOHLICHTPAIKsl, 30POBbE YeIOBeKa.

Introduction. Fish and fish products are very useful
for the human body. Fish meat has a high nutritional
value, so fish dishes are widely used in the daily
diet, in children's and diet food. The usefulness of
fish is due, first of all, to the content of high-grade
proteins easily digestible by the human body. The total
amount of all protein substances in fish meat is, on
average, about 16% and ranges from 12 to 22%. These
include salt-soluble proteins such as globulins (myosin,
actin, actomyosin, tropoliosin), water-soluble proteins
such as albumins (myogen, myoalbumin, globulin,
myoprotein). Myostromins, as well as nucleoproteins
(histones, deoxyribose, purine and pyrimidine bases)
have been identified. Fish meat proteins are complete,
they contain all the essential amino acids in a well-
balanced ratio for human consumption [1, 2].

In fish, especially in liver fat, caviar, internal fat,
fat-soluble vitamins A, D and E are contained in a
significant amount. Vitamins of group B (B1, B2, B3,
B5, B6, B12) in fish meat are about the same as in
meat warm-blooded animals. Any fish is a valuable
and affordable source of phosphorus, fluorine and
iodine. Particularly important is the content of the
trace element iodine, which is very small in other
foods. For example, cod meat contains 800-2440 times
more iodine than beef. Of the minerals, fish meat
contains: potassium, sodium, magnesium, chlorine,
sulfur, phosphorus, iron and other elements (from 0.9
to 1.6% in total). Water in fish meat - 55-83%, the fatter

the fish, the less water in its tissues. So, in the meat of
eel it is about 55%, and in the meat of perch and cod -
up to 80% [3; 4].

But at the same time, due to the presence of
industrial and other hazardous waste, the fish absorbs
all the toxic substances in the water, accumulates toxic
elements in itself. The content of harmful elements
such as antimony and arsenic is strictly regulated in
the regulatory document "Sanitary rules, norms and
hygienic standards of the Republic of Uzbekistan".
Hygienic standards for food safety SanPin Ne 0366-19,
which were reviewed and approved by the Committee
for the Regulation of Potentially Unfavorable Factors
of the Human Environment under the Ministry of
Health of the Republic of Uzbekistan (Minutes No. 7 of
December 27, 2018). In the environmental assessment
of the environment, it is important to determine toxic
elements, the content of which is very low and requires
the use of highly sensitive physicochemical methods of
determination [5, 6, 7, 8].

Methods and materials. Sampling of fish caught
from the Zarafshan River and their preparation
for analysis was carried out in accordance with
GOST 26929 “Raw materials and food products".
Basic preparations. Mineralization for detection of
toxic elements". This International Standard applies
to food raw materials and specifies methods for
dry digestion, wet digestion and acid separation for
the determination of antimony and arsenic. The
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method of dry mineralization achieved complete
decomposition of organic substances by burning
samples of raw materials in an electric furnace
at a controlled temperature, then the sample was
mineralized. Atomic absorption spectroscopy (AAS) is
characterized by high sensitivity, reproducibility and
selectivity. Determination of the content of antimony
and arsenic in the organs and tissues of fish was carried
out in accordance with GOST 30178 “Raw materials
and food products". Method of atomic absorption
detection of toxic elements” on Spectr-1 and Saturn
instruments equipped with electrothermal atomizers,
with the help of which elements were determined

in the form of hydrides and in aqueous solutions.
Hydrides are fed into the furnace through a jet, and
aqueous solutions are introduced using a microdoser.
Quantitative determination of toxic elements was
carried out by a calibrated (graded) graphical method
[9, 10].

Results and its discussion. To study the content
of antimony and arsenic, organs, tissues and whole
carcasses (without entrails) of Marinka vulgaris, carp
and common silver carp were taken. As a result of the
analyzes, it was revealed that a little more arsenic is
concentrated in the body of silver carp, while the level
of antimony is higher in carp (table Nel).

Table 1 - The amount of antimony and arsenic in the body of fish, mg/kg

‘ Ne ‘ Type of fish Number of measurements

Arsenic x + Ax ‘ Sr ‘ Antimony = 4+ Ax ‘ Sr ‘

1 Marinka ordinary 10 1,0+0,09 0,06 0,3+£0,03 0,03
2 | Carp 14 0,8+£0,09 0,04 0,5+£0,01 0,07
3 Silver carp ordinary 12 1,1£0,10 0,05 0,320,03 0,01

Table 2 - The results of the determination of toxic elements in the organs and tissues of fish in the Middle

Zarafshan
‘ Ne | Name of organs ‘ Number of measurements | Arsenic x 4+ Ax ‘ Sr ‘ Antimony z + Ax ‘ Sr ‘
Marinka vulgaris
scales - - 0,75 £ 0,03 0,06
leather - - 0,83 £ 0,02 0,03
1 muscles 10 1,8 £0,07 - 0,21 £0,01 0,07
skeleton 1,2+ 0,05 0,05 | - -
liver - 0,06 | 0,3 £0,008 0,04
swim bladder - - 0,2 £ 0,003 0,02
black film - - 0,010,001 0,01
Carp
scales 0,6x0,03 0,09 | 0,40 +0,020 0,09
2. | leather 14 0,5+0,01 0,3 | 0,07+0,001 0,03
skeleton 0,6+0,02 0,06 | 0,19+0,009 0,03
gills 0,3+0,01 0,06 | 0,260,040 0,03
The silver carp - - - -
common 0,24+0,02 0,01 | 0,16x0,009 0,09
3. | scales 12 - - 0,20£0,010 0,08
leather - - 0,07£0,001 0,02
muscles

An analysis of the distribution of the studied
elements in the organs and tissues of marinka, carp and
silver carp specimens caught in the Middle Zarafshan
showed that the concentration of arsenic and antimony

in them is significantly higher than the background
values. The organs and tissues of the common marinka
are enriched with antimony and arsenic, while most of
the antimony is concentrated in the scales and skin, and
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its content is 3-4 times higher than in the muscles and
liver. The average data of atomic absorption analysis of
the distribution of antimony and arsenic in the tissues
and organs of fish in the Middle Zarafshan shown in
table Ne 2.

Table 2 shows that arsenic and antimony are the
most dangerous when canning a number of fish. Most
of these elements accumulate in the scales, skin, gills
and skeleton of the fish. Recommendations for the
processing of fish into canned food should include the
removal of scales, skin, and heads of fish. The remains
of these elements in the skeleton of fish for the entire
mass of fish become much lower than the permissible
value. When processing fish for fillets, the residual

amount of arsenic and antimony does not pose a danger
to human health [11, 12].

Conclusions. As can be seen from the tables,
such a distribution of chemical elements is apparently
associated with the lifestyle and species specificity of
fish. The content of antimony found in the organs
and tissues of fish is below the limit of permissible
concentrations and therefore is not dangerous for
humans and animals; As for the content of arsenic,
its concentration in the muscles of the marinka is
higher than the maximum permissible concentration (1
mg/kg), and eating this fish can pose a danger to human
health.
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TECHNOLOGICAL SCHEME FOR PROCESSING MULBERRY FRUITS FOR
JUICE AND CONCENTRATE. MATHEMATICAL MODELING OF THE
PROCESS OF SEDIMENT DECANTATION IN JUICE

A.L Samandarov!”, D.K. Maksumova?, K.O. Dodaev?
1Urgench State University, Urgench, Uzbekistan,
2Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan,
e-mail: bror_samandarov0723 @mail.ru

The chemical composition of mulberry fruits was studied. A technological scheme for processing mulberry
fruits into juices and concentrates has been developed. It is made in the form of decantation of solid particles -
evaporation of clarified juice. Based on the analysis of all processes included in the technological scheme, a line
was assembled, including pressing juice, cleaning freshly squeezed juice from mechanical impurities, fermenting
and clarifying juice, filtering and obtaining clear juice, evaporating and obtaining juice concentrate.

Equations for the material balance of hydromechanical separation of sediments in mulberry juice in the field
of centrifugal forces are obtained (sediment decantation). Thus, a mathematical model of the dynamics of the
liquid separation process has been obtained. Using the SIMULINK part of the MATLAB program, a computer
model for solving equations was compiled. The results of studies of the separation of solid particles of mulberry
juice in the field of centrifugal forces were used as input parameters for studying the evaporation process on
a five-pan vacuum evaporator. These are the following juice parameters al, atrl, atnl, avl - respectively, the
concentration of incoming juice, solid soluble, solid insoluble components and water in the incoming juice; atr2,
atn2, av2 - concentration of solids, including solid soluble, solid insoluble components and water in a thick mass;
atr3, atn3, av3 - concentration of solids, including solid soluble, solid insoluble components and water in clarified
juice; G1, G2, G3 - costs, respectively, of the original juice (input), thick mass (output), clarified juice (output).

Keywords: mulberry fruit juice, starch, pectin, fermentation, concentrate.

IIBIPBIH ’KOHE KOHIHEHTPAT YIIIH TYT KEMICTEPIH OHAEY JI1H
TEXHOJIOI'MAJIBIK CYJIBACBI. HIBIPBIH/IAT'BI INIOI'TMIEP 11
JEKAHTAIIUAJIAY ITPOIIECIH MATEMATHUKAJIBIK MO/JIEJIB/IEY

A.M Camanpapos'”, I.K Makcymosa?, K.O./lonaes?
1Y prenim memnexertik yHuBepcuteti, Y prenim, ©36eKkcTaH,
2TalKeHT XUMHUSA-TEXHONOTUANBIK, MHCTUTYTHI, TallkeHT, ©306eKCTaH,

e-mail: bror_samandarov0723 @mail.ru

TyT XeMicTepiHiH XUMHSUIBIK Kypambl 3epTTeni. TyT sKeMicTepiH HIBIpbIHAAD MEH KOHIIEHTpaTTapFa eHJe-
YiH TEXHOJIOTHSUIBIK, CXeMachl a3ipieH . KaTThl OesiekTepi IeKaHTalysIay - MOJITipJICHI€H HIBIPBIH/IBI OyIaHy
TypiHge kacanangpl. TeXHOMOrusIbIK, chi30ara eHri3iireH GapIIbIK MPOLeCTepi Tajlaay HeriziH/e MbIPbIH/BI Ipe-
CTey, KaHa CHIFBUIFAH HIBIPHIH/IBI MEXaHUKAJIBIK, KOCTIAIAPIAH Ta3apTy, IIBIPHH/BI AIIBITY KOHE MOJIIIpIey, Cy3y
JKOHE MOJIIIp IIBIPHIH ATy, HIBIPBIH KOHIIEHTPAThIH OyJ1ay kKoHE aTy/ibl KAMTUTBIH XKelli KYPacThIPbULIBL.

OpTaybIKTaH TENKIlll KYIITep aliMaFrbiH/IA TYT ITBIPBIHBIHIAFB IO HIIePIi THIPOMeXaHUKAJIBIK, O8JTy/IiH MaTe-
pUaIBIK, OaIaHCHIHBIH TeHAEY/IEpi abIHABI (KaybIH-IIAIIBIHHBIH AeKaHTAIMACH). OchUIaiiia, CyHBIKTHIKTEI 0Ty
MIPOLIECiHIH JMHAMUKACBIHBIH MAaTeMaTHKAJIBIK Mojiesti anbiHabl. MATLAB 6arnapiamaceiabiy SIMULINK Gesti-
T'i apKbUIBI TEHJIEY/Iep/i ISy iH KOMITBIOTEPIIiK MOIei KypacThpbUlabl. Ty T HIBIPBIHBIHBIH KATThI OOJIIEKTEPiH
OpTaJIBIKTAH TETKIIll KYIITEp aschiHAa 06ty 3epTTey HoTrkesepi Oec TabaHbl BaKyyM/Ibl OyJIaH/IBIPFBIIITA OyJIaHy
MPOLECIH 3epTTey YILiH Kipic napamerpiepi peTiHie naiaaiaHbuiabl. By keneci mslpblH napameTpiepi al, atrl,
atnl, avl - THiCiHIIIe, TYCETiH HIBIPHIHHBIH, KATTHI €PUTIH, KATThl €pIMEUTIH KOMITIOHEHTTEP/IiH KoHE TYCETiH IIbI-
PBIHIAFBI CYIBIH KOHLEHTPALMSCHL; atr2, atn2, av2 - KaTTel EpHTIH, KaTThl €pIMENTIH KOMITIOHEHTTEP/ KoHE KOIO
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MaccafiaFbl Cy/Ibl KOca ajiFaH[a, KATThl 3aTTAP/IbIH KOHIIEHTPAIMACH, atr3, atn3, av3 - KaTThl 3aTTAp/IbIH, OHBIH
iITiHAe KaTThl €pHTIiH, KATTH €pIMEUTIH KOMIIOHEHTTEPHAIH KoHEe MOJIIpJIeHIeH IIBIPhIHIAF! CYIbIH KOHLICHTpA-
musicel; G1, G2, G3 - coiikeciHine GacTankpl HIBIPBIH (Kipic), KO Macca (IIbIFbIC), Ta3apThUIFaH HIBIPBIH (IIIBIFBIC)
IIBIFBIHIAPBI.

Ty#inai ce3aep: TYT KeMicC IIBIPHIHBI, KpaxMaJl, IEKTHH, alllbITy, KOHIIEHTPAT.

TEXHOJIOTUYECKASI CXEMA IEPEPABOTKH ILJIO/IOB TYTOBHUKA HA
COK 1 KOHIIEHTPAT. MATEMATHYECKOE MO/IEJTUPOBAHUE
MPOIIECCA TEKAHTAITUM OCAJIKOB B COKE

*
A.M.Camangapos!®, JI.K. Makcymona?, K.O./lonaes?
1Vpreruckuit rocynapcTBeHHbIA YHUBEPCHUTET, I. YpreHd, Y30eKucTa,
2TalKeHTCKHiA XMMUKO-TEXHONIOTMYECKHiT MHCTUTYT, T. TalukeHT, Y30eKucTaH,

e-mail: bror_samandarov0723 @mail.ru

I/ICCIIG,I[OBEIH XUMUYECKUHI COCTaB TJI0A0B TYTOBHHUKA. Pa3pa60TaHa TEXHOJIOTMYECKasA CXEMa HCpepa60TKI/I I1J10-
JOB TYTOBHMKA Ha COKHW W KOHLEHTPATHI. OHa BHINOJHEHA B BUIC JCKaHTAMA TBép,I[bIX YaCTHUII-BbIIIapUBAHNE
OCBEeTIEHHOro coka. Ha ocHOBe aHayn3a Bcex IMPOUECCOB, BXOAAIIUX B TEXHOJIOTMYECKYI0O CXEMY KOMITOHOBaHa
JIMHUA, BKJIIOYalomasa MpeCCOBAHME COKa, OYUIICHHUE CBEKEOTKATOIO COKa OT MEXaHUYECKUX HpHMCCCﬁ, cpep—
MEHTUPOBAHHUE U OCBETJICHHUE COKa, (I)I/IJ'[I)TpaHI/IIO " MNOJIYYEHHE IMPO3PAavYHOro COKa, BbIITAPUBAHUE U TTOJTYUYECHHC
KOHIEHTpATa COKa.

[Noy4eHs! ypaBHEHUS MaTepPUAIBHOIO 0ajlaHCa THIPOMEXaHUYECKOTO pa3/e/ieHHs OCAIKOB B COKE TYTOBHUKA
(mexkaHTalMs 0CaJKOB) B IOJIE LIEHTPOOEKHBIX cHJI. [lomydeHa TeM caMbIM MareMaTHdyecKasl MOJeb JUHAMHUKH
npouecca pasaenenus xuakoctu. Mcnonesys yacts SIMULINK nporpamvel MATLAB cocraBiena koMmmnbloTep-
Hasi MOJE/b PEIIeHNs ypaBHEHUI. Pe3ynbTarsl MicceloBaHUI pa3eneHus TBEPIbIX YAaCTUL] TYTOBOTO COKa B IOJIE
LEHTPOOEKHBIX CUJI UCIIOIB30BaHbl B KAYECTBE BXOIHBIX [TAPAMETPOB IS MCCIIEIOBaHNU ITPOLIECCa BbIIIAPHBAHUS
Ha MATUKOPITYCHOW BaKyyM-BBHIIIAPHOH YCTaHOBKE. DTO HMKECIEAYIOUIUE MapaMeTpbl COKa: d; , g, gy Gy -
COOTBETCTBEHHO, KOHIIEHTPAIIKsI TIOCTYIAIOIIETO COKA, TBEPABIX PACTBOPHMBIX, TBEPABIX HEPACTBOPHMBIX KOMIIO-
HEHTOB M BOZIBI B ITOCTYIAIOIIEM COKE; d,,5, (yy, A, - KOHIIEHTPAINS CyXUX BEIIECTB, B TOM YHCIIE, TBEPABIX pac-
TBOPUMBIX, TBEPABIX HEPACTBOPHMBIX KOMIIOHEHTOB U BOJBI B I'YCTOM Macce; d,,3, d,y,3, 4,3 - KOHIEHTPALHSI CYXHX
BEILIECTB, B TOM UMCJIE, TBEPABIX PACTBOPHMBIX, TBEPIBIX HEPACTBOPUMBIX KOMIIOHEHTOB U BOJbI B OCBETJIEHHOM
coke; G;, G,, G - pacxofibl, COOTBETCTBEHHO UCXOIHOTO COKa (BXO[), IYCTON Macchl (BBIXOMI), OCBETJIEHHOTO COKa
(BBIXOM).

KiiroueBble cjoBa: COK IJIOIOB TYTOBHHUKA, KPaxMaJl, IEKTHUH, (pepMeHTalMsl, KOHIIEHTpPAT.

Introduction. It is estimated that more than 150 ¢ of
mulberries are grown in Uzbekistan annually, mainly
consumed in raw form by the population. Our research
is focused on mulberry fruits as a source of production
of natural sweet, at the same time useful products for
the body: dried fruits, preserves and jams, juices and
concentrates.

Mulberry (Morus) - a family of trees belonging to the
mulberry family; fruit tree; In Uzbekistan, 5 species are
grown. The fruits of white mulberry (M. alba, fig.1) and
black mulberry (M. nigra, fig.2) are mainly used [1, 2].

In the food industry of the world, scientific research
is being carried out on the processing of raw materials
rich in carbohydrates, proteins, minerals, vitamins,
organic acids, polyphenols, as well as on the production

of high-quality natural food products.

Modern medical research has proven that mulberry
fruits have many properties, such as treating fever,
protecting the liver, diuretic, lowering blood pressure,
lowering blood sugar and lipids. Due to the high
moisture content and short harvest period, mulberry
fruits are not easily kept fresh and are prone to rotting,
so obtaining juice and concentrate of mulberry fruits
becomes an important processing method to increase
shelf life and facilitate further use.

There are no such studies in the world on the
processing of mulberry fruits, obtaining juice and
concentrate. There are results of studies on the drying
of mulberry leaves and fruits, and the study of the
chemical composition of their extracts. There are
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Fig.1. Morus alba

technologies for the use of dried mulberry fruits in
confectionery.

The purpose of the research is to obtain juice
from mulberry fruits, develop technology and modes
of juice clarification, obtain juice concentrate, study
the chemical composition of juice and concentrate, and
evaluate the indicators of the results obtained.

Methods and materials. We used standard and
special physicochemical, microbiological, rheological
and organoleptic (sensor) methods of raw materials,
semi-finished products and finished products.
Statistical processing of experimental data was carried
out using correlation-regression analysis in Microsoft
Excel 2013 and MathCad 15 environments [3].

The main methods have been developed and applied
for the study of individual components of the juice and
concentrate of mulberry fruits.

Flavonoids in the sample were determined using
liquid chromatography. To do this, 5-10 g of a sample
was taken on an analytical balance and placed in a flat
flask with a capacity of 300 ml. 50 ml of 70% ethanol
solution is added to it [4].

The mixture was heated at 70-80°C with vigorous
stirring for 1 hour, stirred with a magnetic stirrer,
reflux, and then stirred at room temperature for 2 hours.
The mixture is cooled and filtered. 25 ml of 70%
ethanol are added to the remainder and re-extracted 2
times. The filtrates were combined and made up to the
mark with 70% ethanol in a 100 ml volumetric flask.
The resulting solution is centrifuged at a speed of 6000-
8000 rpm for 20-30 minutes. The resulting solution was
taken from above for analysis. Phosphorus and acetate
buffer systems and acetonitrile were used as eluents in
the determination of flavonoids by HPLC. A phosphate
buffer system and acetonitrile were used [4].

Fig.2. Morus nigra

Isolation of free amino acids. Sedimentation
of proteins and peptides from aqueous extract in
centrifuge beakers. To do this, 1 ml (exact volume)
of 20% trichloroacetic acid (TCA) was added to 1 ml
of the test sample. After 10 minutes, the precipitate
was separated by centrifugation at 8000 rpm for 15
minutes. After separating 0.1 ml over the sedimentary
liquid, it was freeze-dried [5].

High performance liquid chromatography (HPLC)
analysis of PTC-derivatives of amino acids. The
synthesis of phenylthiocarbomayl (FTC) derivatives
of free amino acids was carried out according to the
method of Steven A., Cohen Daviel.

Identification of FTC-amino acids is carried out
on an Agilent Technologies 1200 chromatograph on
a 75x4.6 mm Discovery HS C18 column. Solution A:
0.14 M CH3COONa + 0.05% TEA pH 6.4, B: CH3CN.
Flow rate 1.2 ml/min, absorbance 269 nm. Gradient
% B/min: 1-6%/0-2.5 min; 6-30%/2.51-40 min; 30-
60%/40.1-45 min; 60-60%/45.1-50 min; 60-0%/50.1-
55 min.

The results of laboratory studies of the composition
of amino acids in mulberry fruits are presented. Each
dried sample was prepared for analysis separately in the
following order:

We used standard and special physicochemical,
microbiological, rheological and organoleptic (sensor)
methods of raw materials, semi-finished products
and finished products. Statistical processing of
experimental data was carried out using correlation-
regression analysis in Microsoft Excel 2013 and
MathCad 15 environments [6].

Results and its discussion. Let us analyze the
results obtained on the chemical composition of
mulberry fruits presented in table 1.
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Table 1 - The chemical composition of mulberry fruits

‘ o | Nutrients Mass fraction, g/100 g of fruit
1 Water 81,74
2 Protein 0,78
3 Sugar 12,60
4 Starch 0,65
5 Pectin 0,21
6 Fats 0,41
7 Organic acids 1,34
8 Alimentary fiber 1,75
9 Ash 0,23
10 | Other substances 0,29
11 | Degree of sweetness high
12 | Energy value, kcal 56,7

Vitamins: A-0.4%, -carotenoids - 0.4%, B1 - 2.7%,
B2 - 1.1%, choline - 2.5%, B5 - 1.6%, B6 - 2, 5%,
B9 - 1.5%, B12 - not determined. , C-11.1%, D-
not determined, E-5.8%, H-1.2%, K-6.5%, PP-4%, K-
14%,

The total amount of macro- and microelements (in%
of the total amount): K-14%; Ca-2.4%, Si-33.3%, Mg-
12.8%, Na-1.2%, Ph-4.8%, C1-0.1%, Fe-10.3%, 1 -
0.7%, Co-10. %, Mn-0.9%, Cu-6%, Mo-3.6%, Se-
1.1%, R-0.3%, Cr-14%, Zn-1%.

Mulberry fruits are eaten whole, fresh or dried
(mulberry raisins), they are also used to prepare sweets,
jams, marmalades, jam and molasses.

The mulberry fruit is watery, it contains 81.7-86.2%
water. The sugar content of fresh fruit is 10.9-12.7%,
mulberry raisins 73.29-83.71%. Mulberry fruits are
recommended for those who are weakened by diseases
and often catch a cold. The seeds contain 24-33% oil
and other useful substances. Since it contains a large
amount of phosphorus, mulberry is very useful for
people who are engaged in mental activity. For pregnant
women, mulberry fruits are also a source of necessary
preparations for good fetal development, strengthen the
immune system, the body's defenses against infectious
diseases, prevent premature skin wrinkles, improve
vision, and protect retinal damage. Fresh (or canned)
mulberry juice helps relieve chest pain and shortness
of breath. With a therapeutic purpose, mulberry juice
is consumed for three weeks, during this period of time
the work of the heart is completely restored [4,5].

We are developing a technology for obtaining

mulberry juice, in an organized workshop, the scheme
of which is shown in Fig.3.

Mulberry fruits, despite the fact that they fell to the
ground, are crushed and juice flows out of them, are
collected in special containers and sent to a cannery for
processing. The containers are unloaded into receiving
tanks 1, then the fruits are fed to the belt press 3
by means of a screw pump 2, the juice is squeezed
out of them, which accumulates in the collector 5.
Particles related to dust, soil, tree leaves, as well as solid
particles of fruits pass into the squeezed juice , they are
previously separated from the juice using a separator 7,
into which it is supplied by a pump 6.

In the technology for obtaining clear juice and
concentrate, the starch and pectin contained in the juice
are decomposed by fermentation in the 16 fermenter.
heated to a temperature of 90°C and cooled to a
temperature of 45-50°C in the "pipe in pipe" cooler 13.
In this case, the starch binds water to itself and swells,
which is favorable for its splitting. In the fermenter 16,
the process of splitting starch with amylase supplied
from tank 17 and pectin with pectinase supplied from
tank 18 is carried out in parallel, processing is carried
out with bentonite supplied from tank 19 and erbigel
supplied from tank 20 to aggregate and precipitate
the by-products of fermentation, then sediments are
removed with a separator 23 is filtered on the device 25
and accumulated in the buffer tank 26 of the vacuum
evaporator complex (VEC). Before evaporation, the
juice is heated in a tubular apparatus 28 to avoid
deformation of the tubular structure, accumulated in
a container 29 and evaporated in a five-case vacuum
evaporator complex, including buildings 31, 36, 41,
44 and 47, the resulting concentrate is sent to an
aseptic storage tank 50 installed in the refrigerator
compartment. Separators VEC 34, 39, 42, 45, 48 serve
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Fig.3. Technological line for the production of juice and concentrate from mulberries.

1 - buffer capacity for receiving mulberry fruits; 2-screw pump; 3-belt press; 4-node removal of pomace; 5-juice
collector; 6, 21, 27, 30, 35, 40, 43, 46, 49 pumps; 7-separator for removing mechanical impurities; 8, 24-exit
nodes of waste separators; 10-heater "pipe in pipe"; 11-inlet of heating steam; 12-heating steam condensate
outlet; 13-cooler "pipe in pipe"; 14-cold water inlet; 15-cold water outlet; 16-fermenter; 17-enzyme dispenser
for amylase; 18 - enzyme dispenser for pectinase; 19-bottle with erbigel; 20-tank with bentonite; 23-separator
for removing sediments (decanter); 22-tee-guide juice; 25 filter; 26, 29 - filtered juice collection tank; 29-tube
heater; 31 - the first building of the 5-case vacuum evaporator complex (VEC), 32 - heating steam inlet pipe;
33-pipe condensate outlet; 34-separator of the 1st building; 36-2nd apparat of ; 37 - secondary steam inlet to the
2nd building of the ; 38-condensate outlet from the 2nd building of the ; 39 - separator of the 2nd building of
the ; 41-third building of the ; 42-separator of the 3rd building of the ; 44th Corps of the ; 45-separator of the
4th building of the ; 47-5th building of the ; 48-separator of the Sth building; 50 - aseptic concentrate storage
tank; 51 - secondary steam condenser; 52-cold water inlet; 53-cold water outlet; 54-vacuum-pump system.
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to separate secondary vapors from juice [6, 7, 8, 9].

Mathematical modeling of the hydromechanical
process of sediment decantation during the
fermentation of raw juice. As stated above, deep
processing of mulberries is proposed according to the
scheme of fine grinding of silkworm pulp - separation
into fractions (juice and thick mass) - juice clarification
- juice concentration. When concentrating clarified
juice, aromatic substances are recovered, for which
one of the existing schemes of foreign companies is
used.

We simulate the process of hydromechanical
separation of sediment after fermentation of mulberry
juice into fractions in the field of centrifugal forces.
To this end, we denote the input and output parameters
of the process as follows.

al , arrl, atnl, avl - respectively, the concentration
of the incoming juice, solid soluble, solid insoluble
components and water in the incoming juice; atr2, am?2,
av2 - concentration of solids, including solid soluble,
solid insoluble components and water in a thick mass;
atr3, am3, av3 - concentration of solids, including
solid soluble, solid insoluble components and water
in clarified juice; G, G,, G5 - costs, respectively, of
the original juice (input), thick mass (output), clarified
juice (output).

For compiling a mathematical description and its
study in the form of a model, it is favorable to use
relative dimensionless quantities.

Let us compose the material balance equations
for the juice components entering the centrifuge and
releasing them together with the clarified juice and
thick mass. The solids concentration of the solid
component as a whole consists of the concentrations of
solid soluble and insoluble components

ey

A1 = Q1 T Gy

Hence, the relative dimensionless value of water
concentration is determined

(@)

Ay =1—ay

The amount of solids entering the centrifuge is
determined by the following expression

9v1 = Gl sy (3)

The amount of soluble component entering the
centrifuge along with the juice

“

91 = Gq - ay

The amount of insoluble component entering the
centrifuge along with the juice

&)

G = Gy ay,

The total amount of the solid component entering the
centrifuge along with the juice

g1 =Gy -ay (6)

The total concentration of the solid component
in the juice includes the solid soluble and insoluble
components

N

(3 = Qp3 + Gp3

The concentration of water in the juice is determined
by the following equation

®)

g =1—az

The amount (consumption) of the insoluble
component in the original juice and in the thick mass
is assumed to be equal, i.e.

gnl = gn2 (9)
Juice consumption is determined as follows
Gy = Ins (10)
(0%

The proportion of water in the juice is determined by
the following expression

an

Guz = G3 - a3

The proportion of the solid soluble component in
the clarified juice is determined by the following
expression

93 =G - a3 (12)

The solid component in clarified juice consists of
soluble and insoluble components (the proportion of
insoluble component is zero g,,3 = 0)

9¢3 = 9n3s + 9r3 (13)
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The ratio of costs of clarified juice and thick mass
with the original is as follows

Gy =G, — G,y (14)

For moisture consumption in clarified and initial

juices, as well as in a thick mass, the following
expression can be written

9v3 = Gv1 — Go2 (15)

There is no insoluble component in the clarified juice

Inz =0 (16)

Soluble dry matter in is distributed as follows

9r3 = 9r1 — 9r2 (17)

The total amount of solids in the juice consists only
of the solid soluble component

913 = 9r3 (18)

The concentration of water in the juice is determined
by the following expression

O3 = G (19)

The concentration of the insoluble component in the
juice clarified by centrifugation is determined by the
following expression

_ 9n3

. 20)

a

The concentration of the soluble component in the
juice clarified by centrifugation is determined by the
following expression

_ I3

Q.3 = G, (21)

The total concentration of the solid component in
juice clarified by centrifugation is determined by the
expression

U3

Q3 = G, (22)

The system of equations (1-22) is a mathematical
description of the silkworm juice centrifugation
process. It is investigated for the range of changes in

the amount of dry substances in the mulberry pulp and
the ratio of their water-soluble (S) and water-insoluble
(IS) components in order to obtain a concentrate of
a given concentration according to the proposed low-
temperature technology [9, 10].

Ay = Qpy + Gy

Ay =1+ ay;

g = Gl -a,y;
91 =Gl-a,q;
g1 = G1-apy;
9 = G1-ay;
gz = Qpg " Apg;

Qy3 =1 — 35

9n1 = 9n2s
g

GS _ n3;
an3

Guz = G3 - y3;

9rs = G3 - Q33 (23)
913 = 9n3 " 9r3;
Gy =Gy —Gy;
9v3 = Gu1 " Gu2s
9r3 = 9r1 " 9r2s
9t3 = 9r35
93
Q5 = =2
v3 GS
9n3
a,3 = ;
n3 GS
9r3
Ay = 22,
r3 G3
93
Qg = =2
t3 037

For installations with processes that are fast
and simple in terms of dynamics, the optimization
procedure is carried out based on its cost and current
costs - the consumption of electricity to rotate the
centrifuge drum. Prof. K.O. Dodaev previously
obtained an equation for determining the optimal flow
rate when concentrating tomato juice [4].

Mathematical model of economic indicators of the
process of hydromechanical separation of silkworm
Juice.

Given the known initial values of the suspension
parameters, the water content in the suspension and
the residual water content in the thick mass after
centrifugation or the flow rate of pumped water, as
well as the geometric and kinematic characteristics
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of the centrifuge, it is possible to determine the
energy consumption spent on centrifugation, which is
mathematically expressed in the following form
N:f(G17X03X17"') (24)

When determining the power of the electric motor
Nel of the centrifuge, the expressions obtained for the

individual components of the power consumption are
used, which are given below [11, 12].

The power required to communicate the kinetic
energy of the ejected liquid NI, the power required
to overcome the frictional forces against the air N2,
the power required to overcome the frictional forces
in the support bearings N3, the power required to eject
sediment through the discharge slots N,,.

Ny +Ny+ N+ Ny
n

N,

31

(25)

However, for practical calculations, a simplified
formula for calculating the power of an electric motor
is used

Noyg = 1000 M - Hg - 3n -4 (26)

(6

where M is the coefficient (M = 0.016 - 0.018); Hb

- height of the centrifuge drum, m; nb - drum rotation
frequency, s-1; r - maximum radius of the drum, m.

Annual electricity costs in kW*h are determined by
the expression

N, = Ny

oo Tces

27

where 7, is the resource of working time in the
season, hour.

The cost of electricity during centrifugation is one
of the most significant current costs spent on the
separation of mulberry juice into components in the
field of centrifugal forces.

Production costs for pulp centrifugation are
determined by the following expression

A-G C, - N,
— 1 ) ) 28
©T TG, 73600 Gy, (28)
G
K=—-t
G,

Here A is the depreciation of capital investments.
They are defined by the following expression

C.E,

= et 29
G 7oy 3600 29)

where C_, C, - respectively, the cost of the centrifuge
and 1 kWh of electricity, soum; Yen - normative
coefficient of depreciation; G, - current productivity
of the centrifuge, kg/s; G, - theoretical productivity of
the centrifuge, kg/s; K-factor of centrifuge use, under
normal conditions of operation of the workshop, K can
be equal to one, the smaller K, the less the centrifuge is
used in production, sometimes the value of K exceeds
one, this goes without saying the optimal mode of using
the centrifuge.

The resulting system of equations (30) is a
mathematical description of the material balance of
the suspension centrifugation process. Equations (28)
and (29) are necessary to study the optimal parameters
of the centrifugation process of mulberry pulp [10,11].

Nogw = 1000 - M - Hg - n - r;
CE
=_—"1 . 30
G Tee; 3600 (30)
N, = Ny

oo * Teess

Conclusions.

1. The method of hydromechanical decontamination
of fermented juice sediments and further evaporation
of the clarified juice of mulberry fruits was studied. A
mathematical model of the centrifugation process was
obtained, including the material balance equations for
the concentrations of water-soluble P and insoluble HP
of dry substances, a model for optimizing the economic
indicators of centrifugation.

2. The study of a complex of processes occurring
in complex technological lines, described by algebraic
and differential equations, was implemented using the
MATLAB complex program and its SIMULINK part,
the MATHCAD program. The results of studies of
the mathematical model in a wide range of variation
of the input parameters of the process are presented.
The analysis of the results obtained with respect to the
weight of the parameters influencing the course of the
sediment decontamination process is carried out.

An iterative algorithm for solving the system of
transcendental balance equations is proposed. The
results of the study turned out to be adequate to the
results of calculating the evaporation of moisture from
the phase interface in the separators of the evaporator
complex by changing the interfacial equilibrium and
partial pressures of steam and water. They are also
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identical to the results of industrial experiments. vacuum evaporator was also optimized.

3. The optimization of the juice centrifugation 4. A number of parameters were obtained
process at the stage of sediment decantation, obtained experimentally, the centrifugation of fermented
by fermentation of the original raw juice, was also mulberry juice was also investigated.
optimized, the evaporation process in a multi-vessel
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IRSTI 65.53.39, 27.35.33 https://doi.org/10.58805/kazutb.v.3.20-120

MATHEMATICAL MODELING OF THE PROCESS EVAPORATION OF
MULBERRY FRUITS JUICE

A.L Samandarov!'*, D.K. Maksumova?, K.O. Dodaev>
1Urgench State University, Urgench, Uzbekistan,
2Tashkent Institute of Chemical Technology, Tashkent,
e-mail: abror_samandarov0723 @mail.ru

When evaporating the juice of mulberry fruits, a differential equation was obtained for changing the amount of
liquid over time, expressed as a material balance, converted to the liquid level in the separator of the evaporator,
an expression for the density of the liquid, its flow rates at the inlet and outlet of the apparatus, the differential
equation for changing the temperature of the liquid over time. Using the reference data of the state of water
and steam, equations for the temperature, enthalpy of liquid and dry steam are obtained. A system of equations
has been obtained - a mathematical model of the dynamics of the process of liquid evaporation in a single-
vessel vacuum evaporator. Using the SIMULINK part of the MATLAB program, a computer model for solving
equations was compiled. Some results of studies of the evaporation of mulberry juice on a five-case vacuum
evaporator are given, the optimal number of stages of the complex is found.

Since the calculation of the process of evaporation of water vapor is associated with the thermodynamic
parameters of the state of water, it is necessary to obtain equations for the dependence of the boiling point of
water, the heat of vaporization of water, the enthalpy of steam, the enthalpy of water on pressure. Experimental
data have been obtained for a long time, they are successfully used, however, there are no uniform empirical
equations used by all researchers.

Using the capabilities of the MATLAB program, by statistical processing of tabular data, we obtain empirical
equations in the form of polynomials for the state of water and water vapor, describing the real picture with an
accuracy of 98% or more.

Keywords: heat balance, enthalpy, material balance, concentrate, computer model.

INNPOLHECTI MATEMATHUKAJIBIK MOJEJIBJIEY TVYT KEMICI HIbIPbIHBIH
BYJIAHDBIPY

*
A.M.Camannapos!”, . K.Makcymosa?, K.O./lonaes>
1Y prenim mMemnekeTTik yHuBepcuteti, Ypreuim, ©36eKkcTaH,
2TallKeHT XUMHUSA-TEXHONOTUSAIBIK, MHCTUTYTHI, TallkeHT, ©30eKCTaH,

e-mail: abror_samandarov0723 @mail.ru

TyT xemicTepiHiH HILIPBIHBIH OyJIaHy Ke3iH/e CYHBIKTHIK MOJIIEPiH YaKbIT OObIHIIA e3repTyre AuddepeHim-
QIIBIK TEHJEY aJIbIH/IBI, MaTepruaslibl OaslaHC TYpiHIe epHEeKTeNeAl, OyJaHIbIPFBIIITHIH CeapaTopbIHIaFbl CYbI-
KTBIK JICHIeHiHe Ty pJIeHe i, CYHBIKTHIKTHIH ThIFbI3IBIFBIHBIH ©PHET1. allapaTThiH Kipic KoHE MbIFbICEIHIAFbl OHBIH
IIBIFBIHBI, CYABIKTHIK, TEMIIEPATYPaChIH YaKBIT OOMBIHINA ©3repTyre apHanFaH auddepeHnmanpk Tenaey. Cy MeH
Oy KyWiHIH aHBIKTAMAJIBIK, MOJTIMETTEPIH Mali/iaiaHa OTHIPBII, TEMIIEPAaTypa, CYHbIK KoHE KYpFak, Oy SHTAJIbITHSI-
CBIHBIH TeHJIeyJIepi asibiHapl. Tenaeynep Kyneci abHABI - Oip bIIBICTBI BAKYYM/IBI OYJIaHIBIPFBIITAFbI CYABIKTHIH
OyJlaHy IMPOIIECiHIH TUHAMHUKACBHIHBIH MaTeMaTUKasbK, Monesti. MATLAB 6arnapnamaceiabin SIMULINK 6Gestiri
apKbUTBI TEHJIEY/IEPi eIy iH KOMIBIOTEPIIIK MOJIeNi KYPacThIpbLIIbl. Bec KopItycTsl BaKyyM Il OyJIaHbIPFBIIITA
TYT IOBIPHIHBIH OyNIaHy 3epTTeYNIepiHiH KeiOip HOTHKeIepi KeJTipijreH, KeIIeHHIH OHTAIIIBI CAThITAPBIHBIH CAHBI
TaOBUIFaH.

Cy OybIHbIH OyJIaHy NIPOLIECIH ecenTey Cy KYHiHiH TepMOAMHAMUKAIBIK, ITapaMeTpiiepiMeH OaillaHbICThI OOJIFaH-
IBIKTaH, CyJblH KalHay TeMIlepaTypachiHa, CyAblH Oy/laHy KbUTyblHa, Oy SHTAIBITHACHHA TOYEIAUTIK TEHICYIEPiH
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ay KaxeT. , KbICBIMIAFbl CYIbIH SHTAIBIUSCH. DKCIIEPIMEHTTIK MOTIMETTep Y3aK YaKbIT OOWBI abIHFaH, Ofap
COTTI KOJIJaHbLTy/Ia, OipaK OapIibIK 3epTTeyIIijiep KONAAHATHIH Ol PKEJTKi SMITMPUKAIIBIK, TEHJIEYJIEP JKOK..

MATLAB 6arnapnaMacklHBIH MYMKIHAIKTEPIH MMaiaaHa OTBIPBII, KECTENIIK MATIMETTEPIi CTATUCTUKAIIBIK, OH-
JIey apKbUIbI HAKTBI cypeTTi 98% KoHe OfaH KOFapbl TOJIIKIIEH CUITATTAUTHIH CYy MeH Cy OybIHBIH KYHi YIIIiH Ke-
MIMYIIEJTK TYPiHICTI SMIMPUKAIBIK, TCHACYJIEPIi aTaMbI3.

Tyitinai ce3aep: xbuty GaTAHCHI, SHTAIBITHA, MaTepran OaJIAHCHI, KOHIIEHTPAT, KOMITBIOTEPITiK MOJIEIb.

MATEMATHYECKOE MOJE/JINPOBAHUE ITPOIIECCA BBIITAPUBAHU A
COKA IITOJOB TYTOBHUKA

AM.Camangapos!”, I.K.Makcymosa?, K.O.logaes?
1Vprenuckuii rocynapcTBeHHBIN YHUBEPCHUTET, I'. YpreHd, Y30ekucTaH,
2TaimKeHTCKHil XMMUKO-TEXHOJOTMUECKUil MHCTUTYT, T. TauikeHT, Y36eKkucTaH,

e-mail: abror_samandarov0723 @mail.ru

ITpu BeIMapuBaHUM COKa IUIOIOB TYTOBHUKA MOJTy4YeHO AudpepeHanbHoe ypaBHEHUE H3MEHEHU 1 KOJTMUEeCTBa
JKUJIKOCTH IO BPEMEHH, BBIPRKEHHOE B BUJIE MaTepUaJIbHOTO OaslaHca, TpeoOpa3oBaHo IO YPOBHSI KMAKOCTH B Ce-
Maparope BHITAPHOIO arapara, BhIpaXkeHHe JJ1s IUIOTHOCTH XKUJIKOCTH, €€ PacXO0B Ha BXOJIE M BBIXOJE alapara,
v depeHnnaTbHOe ypaBHEHNE N3MEHEHHsI TEMIIepaTyphl XKUIKOCTH 10 BpeMeHH. Bocmonb3ysch ClipaBOuYHBIMU
JAHHBIMU COCTOSIHMSI BOABI U BOISHOTO Mapa, MOJYYEeHbl YPABHEHUA MJIA TEMIIEPATYPBI, SHTAJIBIUUA KUIKOCTH
u cyxoro napa. IlonmyyeHa cuctemMa ypaBHEHHIl - MaTeMaTH4ecKas MOJeNb JUHAMHKH TPOLecca BhIITAPUBAHUS
KHUAKOCTH B OTHOKOPITYCHOM BakyyM-BblnapHoM amnmapate. Mcnons3ys yacts SIMULINK nporpamvert MATLAB
COCTaBJIEHA KOMITBIOTEPHAS] MOZIEJIb pellleHNs ypaBHeHUN. [IprBeaeHbl HeKOTOphle pe3yIbTaThl UCCIEJOBaHUIT BbI-
MaprBaHKs TYTOBOI'O COKa Ha MATUKOPITYCHON BaKyyM-BBIIAPHOW YCTAHOBKE, HAEHO ONTHMATIBPHOE KOJIMYECTBO
CTyTIeHEl KOMILTEKCa.

TToCKOJIBKY pacyer Mmpoliecca BhIApUBAHUS MAPOB BOJbI CBA3aH C TEPMOJMHAMUYECKUMH TTApaMETPAMU COCTO-
SIHUST BOIBI HEOOXOMMO TOJNYYUTh YPABHEHHSI 3aBUCMMOCTH TEMIIEPATYPbl KUIIEHUSI BOJIBI, TEILIOTHI MApooOpa-
30BaHMsI BOJIbI, SHTAJIBIIMY T1apa, SHTAJBIIMK BOABI OT JaBJIEHUs. DKCIIEPUMEHTAIbHbIC JaHHBIE MIOJYYeHBI JABHO,
YCIIEITHO MCIIOJIb3YIOTCSI, OJIHAKO €AMHBIX SMITMPU-YECKUX YPaBHEHUH, UCIIONb3YEMbIX BCEMH UCCIICIOBATE/ISIMU
HE CyIIECTBYIOT.

Bocnonb3ysich Bo3MoxkHOCTsIMU TporpaMvbel MATLAB, myTemM cTaTHCTH4eCKON 00pabOTKU TaOIMYHBIX JTaH-

HBIX, TOJIy4UM 3MITUPUYECKHE YPABHEHUS B BUJIE TIOJIMHOMOB ISl COCTOSIHUS BOABI M BOJSHOIO Iapa, ONUCHIBA-
IOIIME peaylbHyIo KapTHHY ¢ TOYHOCTHIO 98% 1 Gortee.

KuroueBble ciioBa: TeruioBod OajiaHC, SHTANIBIINS, MaTepHaIbHBIi OajlaHC, KOHIIEHTPAT, KOMIIBIOTEPHASI MO-
Jelb.

Introduction. A literary study of the process
of evaporation of food solutions has shown the
feasibility of their evaporation in multi-vessel vacuum
evaporators. We have to solve the problem of modeling
the process of evaporating clarified mulberry juice and
choosing the number of plant buildings on the basis of
computer research. To this end, we simulate the process
of evaporating water from the composition of the juice
in a single-vessel vacuum evaporator. Further, it is
possible to carry out a gradual transition to two-, three-
, four-, and five-case installations. Let us denote the
input and output parameters of the process as follows
[1,2,3,5].

It is known that when modeling one stage of any

process, the hydrodynamic structure of the flow is taken
in the form of ideal mixing or ideal displacement. When
compiling our model, the simulation object is taken as
one cell of ideal mixing. At the next stage, when moving
from one body to the entire installation, each body of
the apparatus is taken as a separate cell of ideal mixing.
They are combined accordingly and a cell model of
countercurrent flows is adopted [4, 6, 7, 8, 9].

Methods and materials. The change in the amount
of liquid over time is expressed by the equations of
material balance, i.e. it depends on the difference
between the flow rates of the incoming and outgoing
liquids and the evaporated moisture [6, 9, 10,11]

89



KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

dm
—— =G, —G;—G,

dr M

where m is the amount of liquid mixture in the body
of the apparatus, [kg]; Gn - flow rate of juice entering
the apparatus, G - flow rate of the liquid mixture
leaving through the bottom of the apparatus, [kg / s];
G, is the flow rate of the evaporating liquid (secondary
steam), [kg/s].

To express mass in terms of volume and density, we
use the following equations:

m=Vp=SHp 2)

where V is the volume of liquid in the apparatus,
[m?]; p is the liquid density, [kg/m3]; S is the cross-
sectional area of the apparatus, [m”];. H is the liquid
level in the apparatus, [m];

Using formula (2), for the capacity of the body of the
apparatus, the change in the liquid level in the apparatus
is expressed by the following differential equation:

dH 1
I _
L= (6, — G~ Gy

5 3)

where H; is the current liquid level in the separator
of the evaporator, [m]; p is the density of the liquid
mixture, [kg/m?].

The value of the density of the liquid mixture is
within the density of pure water and solids dissolved
in water. Density can be calculated using the formula
below

P;, - is the density of the pure product, [kg/m?]; a; -
current concentration of solids in juice, [kg/kg]; 1000 -
pure water density, [kg/m?].

The flow rate of the liquid flowing from the
apparatus has a functional dependence on the height
of the liquid in the apparatus, i.e. the greater the
hydrostatic pressure, the greater the fluid flow. If we
consider this dependence in the simplest case to be
proportional, then the equation for the flow rate takes
the following form:

Gy = K, H, 5)

In fact, this dependence is not proportional, but
has a more complex character. In addition, equation

(3-4) does not take into account the viscosity of the
evaporated liquid.

The flow rate of water vapor released from the
mixture in one body of the apparatus is determined
from the basic equation of the heat exchange process.
The driving force of the process is the temperature
difference.

Gy = ky(ty —t*) (6)

where t* is the boiling point of the liquid in
the apparatus case under vacuum (equilibrium
temperature), [°C].

Having determined the flow rate of the liquid
entering the apparatus, the amount of solids entering
together with the liquid, the flow rate of the liquid
flowing from the apparatus, the flow rate of deaf
steam heating to evaporate moisture, the flow rate of
evaporated moisture, we can obtain an equation for
determining the concentration of solids in the flowing
liquid.

doy _ 1

dr  SHp @

[Gs as — G f a f ]

Using the heat balance, one can obtain a differential
expression for the change in liquid temperature over
time

da 1
r . . .
dT = STPC[GSctS _Gfth _G2ZSS +DZS —le]
(3)

where c is the heat capacity of the liquid mixture,
[kJ/(kg ¢C)]; i, 1, - enthalpy of steam supplied to the
annular space of the apparatus and condensate, [kJ/(kg
°C)]; Ds, Dk is the flow rate of blind steam supplied to
the annular space and condensate [kg/s].

Since the calculation of the process of evaporation
of water vapor is associated with the thermodynamic
parameters of the state of water, it is necessary to
obtain equations for the dependence of the boiling
point of water, the heat of vaporization of water, the
enthalpy of steam, the enthalpy of water on pressure.
Experimental data have been obtained for a long time,
they are successfully used, however, there are no
uniform empirical equations used by all researchers.

Using the capabilities of the MATLAB program, by
statistical processing of the tabular data given in, we
obtain empirical equations in the form of polynomials
for the state of water and steam, describing the real
picture with an accuracy of 98% or more.
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The empirical dependence of the boiling point of
a liquid on the pressure in the apparatus, obtained by
processing tabular data, has the form:

#* = —0.00059 - p2 + 0.48 - p + 51 )

The empirical dependence of the heat of
vaporization of water on the pressure in the apparatus,
obtained by processing tabular data, has the form:

i/ =—2.5-p2 42000 -p+ 210000  (10)

The empirical dependence of the liquid enthalpy on
the pressure in the apparatus, obtained by processing
tabular data, has the form:

r=14-p2—1200-p+ 2400000  (11)

The empirical dependence of the enthalpy of dry
saturated steam on the pressure in the apparatus,
obtained by processing tabular data, has the form:

i” = —p2 + 800 - p + 2600000 (12)

Using the capabilities of the MATLAB program,
we obtained empirical equations in the form of
polynomials for the state of water and water vapor by
statistical processing of tabular data. Such polynomials
describe the real picture with an accuracy of 99.9%
or more. These empirical equations are also included
in the mathematical model of the mulberry juice
evaporation process.

The system of equations (1-12) is a mathematical
model of the dynamics of the liquid evaporation
process in a single-vessel vacuum apparatus. Using the
SIMULINK part of the MATLAB program, you can
create a computer model for solving equations.

Having studied the process of moisture distillation
in one-, two-, three-, four-, and five-case evaporator
complexes, it is possible to compile a mathematical
model of the economic indicators of the process.

The above equations are combined into a general
system of equations (1-12), which is a mathematical
description of the current single-vessel continuous
vacuum evaporator plant. The mathematical model
includes the equations of material and heat balances
in the MVVE, as well as the empirical equations for
the dependences of the boiling point, the heat of
vaporization and the enthalpy of water, as well as the
enthalpy of steam on the pressure in the apparatus.
The problem is reduced to the study of the dynamic

characteristics of changes in concentrations, juice
temperature and the height of the liquid layer in the
separator of a vacuum evaporator on a mathematical
model [11, 12, 13].

The study of the mathematical model of the process
of evaporation of the volatile component in the range
of variations of the input parameters of the process and
the analysis of the results obtained allows us to judge
the dynamics of the evaporation process in a single-
vessel apparatus. By accepting the output parameters
of the process as the input of the subsequent vessel, it
is possible to calculate the installation with any number
of vessels.

dH
56— G =Gl
Gp=FkHy
Gy = ky(ty — 1)
da
d—Tf = %M[G‘sas —Gayl
dt, 1 , S
d7(' = S’T/}C[Gsds —Gyety — Cyigg + Diy — Diy]
p=fla)=ps.-ap+1000- (1 —ay)
m=Vp=SHp
£ = —0.00059 - p2 + 0.48 - p + 51
7 = —2.5-p2 + 2000 - p + 210000
r=1.4-p2—1200 - p + 2400000
i = —p2 + 800 - p + 2600000 (1-12)

To solve a system of equations, it iS necessary to
integrate its differential equations with respect to time.
For example, in order to determine the height of the
liquid column H from the equation, you must perform
the following calculation:

"dH

H = / il

b dT

This method is also used in solving equations (3-
7) and (3-8), thereby determining the concentration of

solids in the outflowing liquid ak and the temperature
of the liquid mixture.

13)

Results and discussion. The initial temperature of
mulberry fruits at the entrance to the apparatus should
not exceed tn=90°C. Residual pressure in the first
building of the multi-case vacuum evaporator complex
plant P = 61 kPa, in the second - 31 kPa, in the third
and fourth - 8 kPa and the fifth - 5 kPa each. The
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flow rates of blind steam supplied to the steam jacket
of each of the evaporators are predetermined and are,
respectively, D(1)=0.93 kg/s;

- change in the concentration of solids at the outlet of
the apparatus over time - the dynamics of the process
(Fig. 1). Incoming juice concentration ar =22%. Within
4000 s, it reaches its maximum value and equals 48%.
No further increase in concentration in the first vessel
of the vacuum evaporator is observed. The conclusion
is that in the first building of the vacuum evaporator,
the residence time of the juice should be no more than
4000 s;

0.5
ay, OC

0.45

0.4

0.35

0.3

0.25(1-

0.2

0 2000 4000 7.8 6000

Fig.1 - Graph of the change in the concentration
of solids at the outlet over time

0.4

0 2000 4000 7.8 6000

Fig.3 - Graph of change in fluid

- change in juice consumption at the outlet of the
evaporator over time - the dynamics of the process (Fig.
3). The flow rate of concentrated juice at the outlet

- change in the temperature of the juice at the exit -
the dynamics of the process (Fig. 2). The temperature
of the juice entering the apparatus decreases due to
the evaporation of moisture. Within 70 s it reaches
87.8°C, i.e. cooled by 2.2 °C; Juice is supplied to the
first building of the multi-vessel vacuum evaporator
at the maximum attainable temperature (about 90
°C) so that excessive cooling of the juice does not
occur, because there are further stages of evaporation.
Temperature losses are associated with the evaporation
of moisture, they are replenished by heating the body
of the apparatus with deaf steam;

90
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Fig.2 - Graph of the temperature of the liquid at
the outlet over time
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Fig.4 - Graph of the dependence of the height of
the liquid in the apparatus on time

of the apparatus must vary depending on the flow rate
at the inlet of the evaporator and the concentration at
the inlet and outlet, or the flow rate of the secondary
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steam evaporated from the evaporator. In the analyzed
case, the liquid flow after a period of time of 3000 s
decreases from 1,39 kg/s to 0,6 kg/s, then a constant
(steady) mode of juice evaporation is established. In the
case under study, the transition period is 4000 s. The
curve is quadratic, the period of flow change from 1,39
[keg/s] to 0,6 [kg/s] is only 2000 s, but the decrease in
flow lasts up to 4000 s;

- change in the height of the liquid in the apparatus
H [m] over time, [s] (Fig. 4). The height of the liquid
column in the apparatus is necessary to maintain the

flow of processed juice through the lower branch pipe
of the apparatus. In the case of an increase in height, the
flow through the nozzle increases and vice versa, with
a decrease in height, the height of the liquid column
decreases [14, 15, 16].

The logical conclusion of mathematical modeling
and the research procedure for the process of multi-
vessel juice evaporation should be aimed at studying the
economic indicators of the process. Below is a program
for studying the process of concentrating in an VEC.

Mathematical model for the study of economic indicators of the process of evaporating juices in VEC

function Zevp = Zv ( Gk )

format short

Cva = 225000000;

En = 0.15;

Gk = 0.3

tau_sez = 2400;

A =Cva * En / ( Gk * tau_sez * 3600 )
Nmax = 5.5;

Ce = 64.2;

Zvak = Nmax * Ce / ( 3600 * Gk )
Cn = 420;

D = 0.93;

Zn = Cn * D / ( 1000 * Gk )

Zv = Cc*Gv

Zvip = A + Zn + Zvak +Zv

Figure 5 shows the dependence of the change in costs per unit of production [sum/kg] on the final productivity

of the VEC Gk at Gn = 1,39 kg/s.

The program for displaying research results in the form of a graphical dependence

Gf [0.2 0.25 0.3 0.35 0.4 0.45 0.571;
for i=1:7
(1)

Zvip VA
End
Plot (Gk,
grid on
xlabel ('Gf,
ylabel ('Zv,

zZevp = [ 1;

(Gk (1

)) i
Zvip, '-o')

[kg/s1")
[sum/kg]")
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25 ‘ |

Fig.5 - Dependence of costs per unit of evaporated juice on the number of IDP cases
Number of devices VEC, n

1-cost of apparatuses, 2-costs for heating apparatuses with deaf steam, 3-costs for creating a vacuum in the
VEC, 4-costs for condensing secondary vapors with cold water, 5-curve for the sum of all costs for evaporation
in the VEC.

In the range of final juice consumption Gevp from
0.2 to 0.5 kg/s, the cost of producing a unit of
production decreases from 22 to 8.8 kg/s. This indicates
that the greater the productivity of the apparatus, the
lower the cost of producing a unit of output. In the
range of our research, with an increase in productivity
by 0.5/0.2=2.5 times, the cost per unit of output
also decreases by 22/8.8 = 2.5 times. This suggests
that the cost change curve Zv for productivity Gf
is symmetrically proportional. The optimal value of
costs per unit of production is selected based on the
possibility of choosing the input parameters of the
process and the design features of the devices of the
VEC complex.

At the same time, from the curve of the total cost
values for the production of silkworm raft concentrate
(curve 5), it can be seen that the optimal number of
VEC devices lies in the range of 3-4.

Conclusion. A mathematical model of the process
of evaporating clarified mulberry juice in a single-
vessel vacuum evaporator has been obtained, a way has
been established for using the obtained mathematical
model in multi-vessel vacuum evaporators, thereby
mathematical modeling of the process of obtaining
concentrates of fruit, berry and vegetable juices in
the centrifugation system forces) - evaporation. The
adequacy of the mathematical model of the system to
the real process has been established on the example of
concentrating the juice of mulberry fruits. The results
of model studies are obtained and analyzed.

Mathematical modeling of the juice evaporation
process allows you to determine the number of cases
that provides the minimum energy costs for juice
concentration, which is 3-4. The simulation results
were used to compile a mathematical description
of economic indicators and further optimize the
evaporation process.

References

1. Panfilov V.A. Scientific basis for the development of technological lines of food production. -M.: Agropromizdat,

1986. -288 p.

2. Taubman E.I. Evaporation. - M.: Khimiya, 1982. -327 p.

94



3. Fruit and vegetable juice: translation from German / Shobinger U. / Pod. ed. Ph.D. A.N. Samsonova. -M.:
" Light and food industry, 1982. - 472 p.

4. Dodaev K.O. Development of the Scientific Foundations for the Intensification of Heat and Mass Transfer
Processes of Tomato Processing. Dissertation Ph.D. tech. science Tashkent. 2006. -260 p.

5. Artikov A.A., Mamatkulov A Kh., Yakhasmuradova N.K., Dodaev K.O. Systemic analysis of concentration
of solutions in inert gas. Monograph. Tashkent: publishing house "Fan", 1986. -164 p.

6. Pavlov K.F., Romankov P.G., Noskov A.A. Examples and tasks for the course of processes and apparatus
of chemical technologies. -L.: Chemistry, Leningrad branch,1981.-600 p.

7. Maksumova D.K. Improving the processes and apparatus for the complex processing of melons and their
instrumentation / Dis. sugar tech. science Tashkent 2010. -145 p.

8. Abdurakhmanov O.R. Modeling and optimization of the process of obtaining tomato paste in the centrifugation-
evaporation system / Dis... kand. tech Nauk. -Tashkent: TXTI. 2000. -161 p.

9. Juraev H.F., Choriev A.J., Artikov A.A., Dodaev K.O., Khikmatov D.N., Safarov O.F., Mekhmonov I.I.
Intensification of the heat-mass transfer process in complex processing of agricultural products // Storage and
processing of agricultural raw materials. Nel11. 2003. -pp.47-48.

10.F.Eshmatov, K.Dodaev, X.Xasanov. Processing of pomegranate fruits into juices and concentrates. J. «Beer
and drinks». Limited liability company «Pishepromizdat», Ne 2, M.: 2005.- pp.46-47.

11.K.Dodaev. Scientific basis of intensification and instrumentation of tomato processing processes. Monograph.
Tashkent. Fan Publishing House.- 2005. -123 p.

12.D.Maksumova, K.Dodaev, F.Eshmatov, A.Choriev. Mathematical modeling and research of the process of
processing fruits and vegetables into juices and purees // Journal of Chemical Technology. Control and management.
Tashkent. Ne3. 2014. -pp.23-28.

13. K.O. Dodaev, I.T. Abdukadirov, H.F. Dzhuraev, R.A. Babayarov, A.Zh. Choriev, D.K. Dodaeva, D.A.
Rakhimov, I.A. Ivanova. Peculiarities of melons and gourds processing // Food industry magazine. - Moscow,
2002. - No. 11. -pp.40-45.

14. Artikov A.A., Mamatkulov A.Kh., Yakhshimuradova N.K. , Dodaev K.O. System analysis of the concentration
of solutions with an inert gas. Monograph. Tashkent. Fan Publishing House, 1986. -164 p.

15. https://floristics.info. - Date of the application - 20.07. 2023

16. https://kfh-fruktovyjsad.ru. - Date of the application -20.07. 2023

Information about authors
Samandarov A.I.- doctoral student of Urgench State University, Urgench Uzbekistan, e-mail:
abror_samandarov0723 @mail.ru;

Maksumova D K. - Candidate of Technical Sciences, Associate Professor, Tashkent Institute of Chemical Technology,
Tashkent, Uzbekistan, e-mail:d.maksumova@bk.ru;

Dodaev K.O. - Doctor of Technical Sciences, Professor, Tashkent Institute of Chemical Technology, Tashkent
Uzbekistan, e-mail:Dodoev@rambler.ru.

Cesedenus 06 asmopax
CamanpapoB A V.- JOKTOpaHT YpreHucKoro rocyAapCTBEHHOrO yHUBEPCUTETA, YpreHd Y30eKucTaH,
e-mail: abror_samandarov0723 @mail.ru;

MakcymoBa JI.K. - kaHAuIaT TeXHUYECKUX HAyK, JOLEHT TallKeHTCKUN XMMHUKO-TEXHOJIOTHUECKUI UHCTUTYT,
Tamkenrt, Y30ekucrad, e-mail: d.maksumova@bk.ru;

Homae K.O. - 1oKTOp TeXHUUECKHUX HayK, Mpoeccop, TalkeHTCKUi XMMUKO-TEXHOJIOTMIECKUI MHCTUTYT, Tarm-
KeHT, Y30ekucrad, e-mail: Dodoev@rambler.ru

95


https://floristics.info/ru/stati/sad/2754-shelkovitsa-vyrashchivanie-i-ukhod-posadka-i-obrezka.html
https://kfh-fruktovyjsad.ru/stati/shelkovitsa-vyrashhivanie-i-uhod

KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

MPHTMU 65.55.37 https://doi.org/10.58805/kazutb.v.3.20-147

TEXHOJIOTNYECKUE XAPAKTEPUCTUKU ®YHKIIMOHAJIBHO
OBOT'AIIIEHHOI'O MACHOTI'O ITPOJAYKTA C KJIATPATHO
KAIICYJINPOBAHHBIMN BUTAMUWHAMMU
A. Uckuneepal, A. Mycradaesa!, P. Baknposa?, C. ®a3bL10B>",
'Kasaxckwuii arpotexnuueckuii yausepcuter um. C.Ceiidysina, Acrana, Kazaxcran,
> MeauLIHCK Ui yauBepcuteT Kaparangpl, Kaparanna, Kazaxcran,
3I/IHCTI/ITyT OPraHMYECKOro CHHTe3a U yriaexumud, Kaparanga, Kazaxcras,

e-mail: 10su8990@mail.ru

B crarbe npoBeneHo rccieioBaHie TEXHOJIOTHYECK e XapaKTePUCTHKY (PyHKIIOHAJIBHO 0OO0TaIlIeHHOTO MSICHO-
IO MPOAYKTA C KJIATPaTHO KaICyIMPOBAHHBIMU BUTaMUHaMU. [1yTeM aHKeTHpOBaHUs cpeay MOKynaresel n3yveH
TOPrOBBIA ACCOPTHUMEHT MSICHOM IPOAYKIIMM Ha KPYITHBIX TOPOACKUX TOPrOBBIX LIEHTpax. PaccMoTpeHs! pe3yinbTa-
ThI U3y4YEHHU sl YACTOTHI YIIOTPeOsIeHUsI MsICa CTY/ICHTaMU YHUBEPCUTETOB B I51TH pernonax Kazaxcrana. YcraHobie-
HO, 4TO HAaUOOJIBIIINM CIIPOCOM Y MOTPEOUTENeN NOIb3YeTCsT MSICO TOBSIAMHBI, KOHUHBI M NTULIBL. Msico GapaH1HBI 1
CBHMHMHBI HE TIOJIb3YeTCsI IIMPOKKUM CIIpocoM. [IpesicTaBieHsl pe3ybTaThl MCCIEA0BaHMIA 10 pa3padoTKe (hyHKIIMO-
HaJIbHO 0OOTAIIEHHOTO MSICHOTO TMPOYKTA C MHKAICYIMPOBAHHBIMU OJIMTOCAXapUIOM BUTAMUHHBIMH JOOABKaMHU.
VcTaHOBJIEHO, YTO 00pasiibl MSICHBIX MPOIYKTOB COOTBETCTBYIOT 0 OPraHOJIENTHYECKHM MOKa3aTesIsiM U Tpedo-
BaHUSM HOPMATUBHO-TEXHUYECKOH JOKYMEHTALlMK Ha JaHHBIN BUJ TPOAYKLIUH.

KiroueBble cioBa: CI)yHKLlI/IOHEU]bHLIC IIPOAYKTDBI, MSACHBIC U3EJINA, MSICHOM ACCOPTHUMEHT, KallCyJIMpPOBaHbIC
BUTaMHHBI.
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Makanana KJIaTparThl KalCylaJaHFaH JopyMeHepi 0ap (pyHKIMOHAJIH OAMBITHUIFAH €T ©HIMiHiH TEeXHOJO-
TUSJIBIK, CUTIaTTamMasapsl 3eprreireH. CayaaHaMa apKbUTBI CaThIIl JIyIIbUIAP apachlH/a ipi KasajblK cayjga opTa-
JILIKTApbIH/IAFbl €T OHIMJIEPiHiH cayqa accopTuMeHTi 3eprrenmi. KaszakcranHbeiH Oec ©HipiHAe YHUBEPCHUTET CTY-
JEHTTepiHiH eT Xey KUUITIH 3epTTey HOTIKenepi Kapaiasl. TyThIHYIIbIIAPFa CHBIP €Ti, KbUIKBI €Ti MeH KYC eTi
YJIKEeH CypaHBICKa Me eKeHJiri aHblKTanapl. Kol eTi MeH LIOMIKA eTi Kol cypaHbicKa ue eMec. Onmurocaxapui-
MeH KaNTaJFaH BUTAaMHUHIIK Kocrayiapbl 6ap (byHKIMOHAIB OalbITHUIFAH €T eHIMIH 93ipiiey OOWbIHINA 3epTTey
HOTHKeJepl YCbIHbUIFaH. ET eHiMzepiHiH yJTrijepi OpraHoenTHKAIBIK, KOPCETKILITEPre )oHe OHIMHIH OChl TYpiHe
apHaJiFaH HOPMAaTUBTIK-TEXHUKAJIBIK, KY KaTTaMaHBIH TaJIalITapPbIHA COMKEC KeJIeTiHi aHBIKTAIIbI.
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TECHNOLOGICAL CHARACTERISTICS OF A FUNCTIONALLY ENRICHED
MEAT PRODUCT WITH CLATHRATE-ENCAPSULATED VITAMINS
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The article investigates the technological characteristics of a functionally enriched meat product with clathrate-
encapsulated vitamins. By means of a survey among buyers, the trade assortment of meat products at large urban
shopping centers was studied. The results of studying the frequency of meat consumption by university students
in five regions of Kazakhstan are considered. It has been established that beef, horse meat and poultry are in the
greatest demand among consumers. Lamb and pork meat is not in high demand. The results of research on the
development of a functionally enriched meat product with vitamin supplements encapsulated with oligosaccharide
are presented. It has been established that the samples of meat products comply with organoleptic indicators and
the requirements of regulatory and technical documentation for this type of product.

Keywords: functional products, meat products, meat assortment, encapsulated vitamins

Beenenue. BaxHoii 3a1aueii MsiconepepabarbiBaio-
meit orpaciu PK sBisieTcsl MOUCK HOBBIX TEXHOJIOTH-
YECKUX IPUEMOB U CO3[JaHUE HOBBIX MSACHBIX MPOLYK-
TOB BBICOKOM MUIIEBON (DYHKIIMOHATBHOCTHIO. HayuHoit
OCHOBOW COBPEMEHHOM CTPaTeriuy MPOU3BOACTBA MTHIIH
ABIIAETCS M3BICKAHUE HOBBIX PECYPCOB HE3aMEHHMMBIX
KOMITOHEHTOB MHIIIY, UCIIOJIb30BaHHUE HETPAAUIIMOHHBIX
BUJIOB CBIPbS], CO3/JaHUE HOBBIX MIPOrPECCUBHBIX TEXHO-
JIOTH, TTO3BOJISIIONIMX MOBBICUTH MHIIEBYI0 U OUOJIOTH-
YECKYI0 LIEHHOCTb MPOAYKTa, MPUAATh €My 3aJaHHbIE
CBOWCTBa, yBeTMUYUTh Cpok xpaHeHws [1]. Cozmaxue
(pyHKIMOHAIBHBIX TPORyKTOB muTaHus (PIII) saBns-
€TCs1 MHHOBAIIMOHHBIM HaIlpaBJIeHUEeM B MUIIEBON MPO-
MBIIIIEHHOCTH, UMEIOLIAM YPE3BBIYAiIHO BaXKHOE MPaK-
TUYECKOE 3HAYEHUE U COLIUATBbHYIO 3(P(PEKTUBHOCTD [2].
B nacrosiee Bpems cexrop pbiHka PIIIT npomomxka-
€T CTPEMUTENBHO pa3BuBaThes. B fAnonun, Hanpumep,
@IIIT cocrasnsior moutu 50-60 % OT Bcex BbITycKae-
MBIX NuIeBbix npoaykTos, B CIIIA u EBpore - okosno
25 % [3]. B uesoM MOXHO BBIIEIUTD CJAEIYIOLIUE TPYII-
IIb! (DYHKIIMOHAJIBHBIX MACHBIX ITPOAYKTOB: a). HU3KOKa-
JIOPUIAHBIE MSICHBIE TPOAYKTHI, 0OOrallieHHbIE ITHIIEBbI-
MM BOJIOKHaMH. 0). MsICHBbIE NPOAYKTHI, 00OraIlieHHbIe
BUTAMUHAMHU; B). MSICHBIE IIPOYKTHI, 0OOTall[eHHbIE MH-
HEepaJbHBIMH BEIIECTBAMM; T'). MSCHBIE ITPOIYKTHI, 000-
TallleHHbIE MTOJIMHEHACHIIIEHHBIMU KHUPHBIMHA KHCJIOTA-
MH; €). MSICHBIE ITPOLYKTHI, 0OOTallleHHble TIPeOUOTHKA-
MU U NPOOMOTUYECKUMH KYJIbTYPaMU MHKPOOPraHU3-
MOB [2-4].

ITpousBomuTeM MSCHBIX W3/EIMM, W3-32 MOCTOSH-
HO MEHSIIOLIMXCSI BKYCOB MOTpeOuTeliel, Bee vallle cra-
JIM MCHIOJIb30BAaTh MSICO AUKHUX KUBOTHBIX. MACO IMKUX
JKUBOTHBIX - 3TO HAaTypaJIbHBIN MTPOAYKT MUTAHMUs, 00B-
eIMHSAIOMMI B cebe Maccy npenmyinecTs. OHU MUTAIOT-
¢ B COOTBETCTBUU C IIPUPOTHBIMU LIUKJIAMH, TIPOXOASAT
€CTEeCTBEHHbIN 0TOOP, COXPAHSIOT BCE 3JI0KEHHBIE TPH-
PONOiIl MHCTUHKTHI, KUBYT CBOOOIHO M HE HCIIBITHIBA-
10T cTpecca [4-7]. B cBs3U ¢ 9TUM NEPCHEKTUBHBIM SIB-

JISIeTCs1 U3YYeHUEM IHUILEeBON [IEHHOCTH U pa3paboTKOM
TEXHOJIOT'MH MPOU3BOACTBA IMPOAYKTOB INUTAHUSA ITYyTEM
KOMOWHMPOBAHUS C MsICAMH JIUKUX KMBOTHBIX.

MarepuaJbl 1 MeTOAbI. Pe3ynpraTel HalmMx pas-
PaboTOK IO MONYYEHNI0 BOAOPACTOBOPUMBIX MHKAIICY-
JIMPOBAHHBIX BUTAMHMHOB paHee ObUTH OIyOIMKOBAaHbI B
Haimx Tpyaax [8-10]. O6bexTamu MSCHOM NPOAYKIMU
C BHECEHHBIMH BOIOPACTBOPUMBIMH MHKAIICY/IMPOBaH-
HbIMU BUTAMHHAMH ObUIM MOJYKOIMYEHbIE KONOACH U3

6apanunsl (69,0-71,0%) u msca crpayca (19,0-21,0%).

IMporoTumnom A pa3paOOTKH PELEnTyp MOCTYXKH-
Jia kojibaca "OapaHbs”, pa3pabOTaHHAsI B COOTBETCTBHU
¢ CT PK 243-2013 u3 Oapanunb (50%) u mimuka
(50%). TexHomorus MOMyYeHUs KOJIOACHBIX W3IEIUIN
C VMHKAICYJIMPOBAaHHBIM BUTAMHUHHBIMU KOMITIEKCAaMU
ObUla anmpoOUpOBaHa B MPOU3BOICTBEHHBIX YCIOBHUSIX
Ha 6a3ax Ka3axckoro arpoTeXHU4ecKoro yHMBEpCHTETa
umeni C. Ceitdymmza (r. Actana) 1 TOO «MIIK Pax-
MeT» (r.Exubacry3). 3ydyeHne nuineBbIX NPUBBIYEK T0-
POICKOTo HaceJIeHUsI M MOJIOAEKH ITPOBOAMIIOCH ITyTEM
OHJIAH-aHKET TI0 JIeKTPOHHOM I0YTe 1 Yepe3 TPYIIbI
WhatsApp. OpraHonentudeckasi OlEHKa MOTyKOM4e-
HBIX Kosibac poBoAmIachk B cooTBeTcTBIH ¢ SS9959-91
«MsicHble rTpomyKkThl. OOIIHE YCIIOBUSI OpraHoienTHYe-
CKOM olleHKm». CofepkaHue BJIard Opeesisuid B COOT-
BeTcTBUH ¢ SS 9793-74 myTeM BHICYIIUBAHUSA CYCIIEH-
3 10 noctostHHOM Maccel (pu 105£30°C). Ilpu paz-
paboTKe pelentyp ¥ TEXHOJOTHH HCCIeNyeMbIX MsiC-
HBIX TPOIYKTOB C MCIIONB30BAaHUEM OapaHWHBI U CTpa-
YCSITUHBI, 32 OCHOBY ObUIa B3fITa OOIIas cxema Ipou3-
BOJICTBA TIOJTYKOITYEHBIX KOJIOACHBIX M3JENNH, KOTopas
BKJTIOUAJIA TaKXXe CIIeAYyIoIIe KOMIIOHeHTH (KT Ha 100
KI' HECOJIGHOTO ChIpbs1): Kypiiok Oapanuii (10), conb mo-
BapeHHas (3,0), nepeur yepHblii MonoThid (0,1), HUT-
pur Harpusa (0,01), xopuanap mosnotsiii (0,005), gec-
HOK cBexwuii (0,002) n BuramuuHbI KoMiuteke (0,002-
0,003). ITocne okoOHUAHMS TEXHOJIOTMYECKOIO MPOLIEC-
ca Oblla MpOBEAEHAa CPaBHHUTENbHAs OpraHoJeNnTHYe-
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CKasl OLIEHKA, a TAaKKe M3YYeHbl (PH3UKO-XMMHYECKHUE,
MHUKPOOHOJNIOTMYECKHE M [pyrHe MapameTpbl n3ydae-
MBIX MSICHBIX M3/E/IH.

PesynbTarel u 00cy:xenue. B Hacrosiiiee Bpemst
MPWJIABKM Mara3vHOB 3allOfIHEHbl OOJBIIMM aCCOPTH-
MEHTOM KOJIOACHBIX M3JIE/IMiA Pa3HBIX COPTOB M C pas-
JINYHOM CTOMMOCTBI0. HaMu OBbLT M3yYeH TOProBblIid ac-
COPTUMEHT MSICHOU MPOIYKIIMH Ha KPYIMHBIX TOproBx
nenTpax Ecmibckoro paiioHa (r.ActaHa) B TeYeHHH 3
MecsieB (ceHTsIOpb-HOsIOpb, 2021r., o 2 pasa B Me-
cs11). YCTaHOBJIEHO, YTO HanOOBINH YIEIbHBINA BEC 3a-
HUMAIOT monykomueHble (~5410,28%), BapeHble KOJ-
6acHble m3nems (~31+0,31%) u rpymnma cocucok u cap-
nenok u ap. (15+0,52%). Ha ocHOBaHMM NTPOBEIEHHBIX
MapKETHHTOBBIX MCCIICJOBAHMI YCTAaHOBJICHO, UTO HAM-
GOJIBILIM CITPOCOM Y TOTPEOHTENEH TONb3YeTCs MSICO
TOBSIIVHbI, KOHUHBI ¥ NITULB (pUCYHOK 1). Msico Gapa-
HUHBI 3aHUMaJl YeTBepToe MecTo. OCHOBHOU MPUYMHOM
(6110,37%) HEedacToro WCIOIb30BAHUS B palloHe Oa-
PaHUHBL, 0 MHEHHIO PECIIOHICHTOB, SIBJISICTCS CIEIH-
(prrueckumit 3amax JAaHHOTO MsICa U TIOBBIIIEHHOE COAEp-
’KaHe XoJIecTepruHa.

m FoBaavHam Maco ntuubim KoHuHa m BapaHuHam CBUHUHA

Puc. 1 - O61ast KapTuHa crpoca y norpedureneii msica

Hamu B 2020-2022rT. npoBeieHO U3YYEHUE TMHUIIEBBIX
MIpUBBIYEK MoJofexu KaszaxcraHa, B YaCTHOCTH, 4a-
CTOTHI yNOTpeOJeHns] Msica CTYJEHTAMU YHUBEpCHUTeE-
TOB B nsATH pervoHax Kazaxcrana (Ceep (r. Kocranaii,
INerponasnosck, Kokmeray, Illyunnck); 3anan (Akcaii,
Vpanbck, Aktobe), Llentp (Acrana, Kaparanna), IOr
(Anmarel, Typkecran, HIsiMkenT) 1 Boctok (ITanonap,
Cemeit, Dxubacty3). 3arpocsl Ha 3aroHEHHE OHJIAMH-
aHKeT O YacToTe YNOTpeOJeHUsl IMPOAYKTOB MUTAHUS
ObUTM Pa30CIIaHbl CTYEHTaM I10 JIEKTPOHHOM MouTe 1
yepe3 rpymsl WhatsApp. B uccnenoBanue ObUTH BKITIO-
yeHbl 0TBeTH 986 yuacTHHKOB (M3 1069 y4acTHHUKOB) B

Bo3pacte ot 16 1o 30 sier. OLieHKa IPOBOAMIIACH Ha OC-
HOBE OIMPOCHHKA-BOIPOCHHKA O YacTOTe yHOTpeOIeHus
Msca.

Kak cnenyeT u3 JaHHBIX aHKETUPOBaHUs, TPUMEPHO 24-
27% y4acTHUKOB OIpoca COOOIIMIIM, YTO 3-7 pasa B
HEZIeJTI0 yHOTPeOISIoT MSICO, IPUYEM Yallle BCEro yIo-
TpeONsAT TOBsAMHY U nTully (pucyHok 2a,6). Cpenu
OIPOIIEHHBIX 7% 1 67% OIpPOILIEHHBIX HUKOT/IA HE en
CBUHMHY ¥ KO3JIATHHY (pucyHOK 2). [Torpebnenue Ms-
ca Cpe/ii yYaCTHUKOB ObLJIO HUXKE, YeM PEKOMEHIyeMoe
niorpedierne (1500r) B Hememo B Kazaxcrane, HO mo-
YTH B /IBa pa3a BbIIIE, YeM peKOMeHaanuu Beemupro-
ro (poHma uccrenoBanuii paka B Hepemo (500 r) [11].
Ipu sTOM, 0I5 IOTpedeHns Msica GapaHUHBI U NITU-
bl B OOIIIEH CTPYKTYpe MSICHOTO OajlaHca IoKa He3Ha-
yHTesbHAs (PUCYHOK 2B,r). Pe3ynabTaThl Hammx uccie-
JIOBAaHWH IOTIOJIHSIOT OTHOCUTEJIBHO OTPaHIYEHHYIO MH-
dopmarmio o moTpedneHnn Msica GapaHUHBI CPEH To-
poxckoro HaceneHus. Ilpu 3ToM, oS moTpebneHus
Msica GapaHMHBI M NTHUIBI B OOIIEH CTPYKTYpe MSICHO-
ro 6ayiaHca 1oka He3HAUMTe bHAs (PUCYHOK 2B,T).

J71s1 3ammThl OOIIECTBEHHOTO 3[0POBbsi HEOOXOAVMBI
JOTIOTHUTENbHBIE 3HAHUS O ANETHUYECKUX IIPUBBIUKAX H,
BO3MOXKHO, YIyUIlIeHHbIE PEKOMEHJALMH MO ITUTAHHIO B
OTHOlIeHNH ToTpednenus Msica B Kazaxcrane. Cneny-
€T TakKe OTMETUTb, YTO (PYHKIMOHAIU3ALUS UIIEBBIX
MIPOAYKTOB, B TOM YHCIie MsCHBIX M3aenmid, B Kazax-
CTaHe Bce ellle He pa3BUTO. BhlleckazaHHOe OAYEPKH-
BaeT NePCIIeKTUBHOCTb Pa3pabOTKU TEXHOJIOIUH (PyHK-
LMOHAJIBHBIX MSACHBIX NpoaykToB (®PMII) mnurensHO-
r0 XpaHeHWs1 U OOecliedeHHs HaceleHUs] CTPaHbl Bbl-
COK03(p(heKTUBHBIMU HYTPUEHTAMHU C MOBBILIEHHON MH-
IEBO# LIEHHOCThI0. Pa3paboTka (hyHKIIMOHAIBHBIX TTPO-
nykroB nurtanus (QPIII) sBisgercss MHHOBALMOHHBIM
HalpapjIeHUEM B MHINEBOM MPOMBIIUIEHHOCTH, UMEI0-
MM YpEe3BBIYaliHO BaXKHOE MpPaKTHYECKOe 3HA4YeHHe
U couuaybHyo 3pdektuBHOCTh [2]. W3 umeromuxcs
nMyOIMKalyil crieyer, 4To MCCIeJOBaHUs U pa3padoT-
Ka MSCHBIX IPOXYKTOB (DyHKIIMOHAJBHOTO U JIe4eOHO-
Npo(pHUIaKTUYECKOTO HA3HAUEHUS C yYaCTHEM MsIca -
KHX J)KUBOTHBIX (CTpayca), SBJISETCS aKTyaJIbHOU TeMOU
B YCJIOBHSIX COBPEMEHHOTO COCTOSIHMSI U CIIPOCA PhIHKA
IIPOJIOBOJILCTBEHHBIX MTPOAYKTOB. Msico cTpayca conep-
KAT 6enKu - 21,7 %, xupsl 1,2 %. KanopuitHocTs Msica
crpayca cocrapiseT 98 kKai, T.e ero MoAkHO OTHECTH K
HU3KOKAJOPHUUHBIM MTPOLYKTaM.
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Puc. 2 - TlotpeGieHue Msca cpey CTyIeHYECKOU MOMOIEKH

Ionp3a Msica crpayca 3aK/IIOYaeTCsl B €ro XUMUYe-
CKOM cocTaBe. borar 3ToT mpoaykT Oe/lKoM, KOTOpbIH
Ba)XeH JUIsi HOPMAJIbHOM JKU3HEESITENIbHOCTH OpraHu3-
Ma. Takxke BBIIENSETCS] TaKoe MsICO HEOONIBIINM KOJIH-
YecTBOM XOJlecTeprHa. B cocraB Msica crpayca BXOAUT
KaJIMi, KOTOPBIH HE TOJIBKO HOPMAJIM3YeT NABJICHHUE, a 1
yllydiaeT paboTy cepoedHO-COCYAUCTON cucteMsl. Pe-
KOMEH/1yeTcst ynoTpeOisiTh OJ1oJa, IPUrOTOBJICHHbIE U3
MsIca CTpayca, JIOIAM, Y KOTOPBIX €CTh CepiieuHast He10-

CTaTOYHOCTD, CAXapHbIA qUadeT, aHeMus1 v TIPOOJIeMBbI C
JIABJICHHAEM.

B tabnuiiax 1 u 2 npecraBieHbl pe3y/ibTaThl HAIIHMX
WCCIIE/IOBAHUI 110 pa3paboTke (PYHKIIMOHAIBHO 00ora-
IIEHHOTO MHKAIICYJTUPOBAHHBIMU B-IUKJIONEKCTPUHOM
(B-LLI) (onurocaxapuaoM Kpaxmaja) BUTAMUHHBIMHU
nodaskamn (B-LJI-A; B-LUL-E; B-LUL-JI; u B-LU- PEC

(pecBepaTpoit) MSICHOTO MPOAYKTA.

Tabmuma 1 - OpraHonenTuyeckue nokasarea KOMOMHIPOBAHHOTO MSICHOTO IIPOAYKTA C CYIPaMOJIEKyIIPHBIM
KOMIUIEKCOM BUTaMHUHOB

HanmenoBanme noka3zarens

XapakTeprcTiKa KOMOMHMPOBAHHOTO MSICHOTO TIPOIYKTa

Brermnii BUI 1 KOHCUCTEH-
us

BaToHbI ¢ YHCTOI CyXO¥ MOBEPXHOCTBIO, Oe3 IsATEH, CJIU-
TOB, MOBPEX/IEHNI 000JI0UKH, HAMJIBIBOB MSICHOTO (hapiiia

Bkyc u apomar

CBO¥CTBEHHbBIE JIAHHOMY BUJy MPOAYKTa, 03 MOCTOPOH-
HUX MIPUBKYCOB U 3aI1aX0OB, C BBIPAKEHHBIM apOMaTOM TIpsi-
HOCTEeH, KOIMUEHNs] 1 YMEPEHHBIM 3ariaxoM 4eCHOKa; BKYC
B MEpY COJIEHBII

Bug Ha paspese

dapiu paBHOMEPHO NepeMeliiat, 1BeT (apiia OT PO30BOro
JI0 TEMHO-KPAcHOT0, 6€3 CephIX ISTEH, IyCTOT K CONEPXKHUT
KYCOYKH IIINHKa OeJIoro 1era
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OrbITHEIE 00pa3Ibl NPOIIUIH TAKKe CEHCOPHYIO OLIeH-
Ky (IpodruibHBI MeTox Mo OaIbHOM mKane (Tab-
mua 2). Ilo pesyiabTaTaM [erycTaliy  yCTaHOBJIE-
HO, 4TO OOpasiibl MSCHBIX IPOLYKTOB COOTBETCTBYIOT

M0 OPTaHOJIENITHYECKUM TIOKa3aTesisiM M TPeOOBaHUSIM
HOPMATHUBHO-TEXHUYECKON HOKYMEHTAIIMM Ha JAHHBIA
BUJI IPOAYKIINH.

Tabnuua 2 - OpraHonenTryeckas oleHka (hyHKIMOHAIBHO 0OOTAIlIeHHOTO MSCHOTO IIPOAYKTa ¢ KJIATPATHO
KaICy/JIMpOBaHHBIMU BUTAMUHHBIMU JOOABKaMM C BATAMHUHHBIMY KOMILJIEKCAMU

WNunukaropel nokazaresnedn | KonTponbHbIl 06pazery Vcereyembie 00pasiiul (KIATPATH BUTAMHHOE)
PILA [ pLULE [ pLULA3 | B-LULPEC
Buewnuii Bun 4,6+0,3 4,5+0,1 4,4+0,3 4,5+0,1 4,5%0,1
Bup Ha paspese 4,5%0,1 4,310,2 4,5%0,2 4,31+0,2 4,620,1
3amax, apomar 5,0+0,3 14,610,2 14,5+0,4 14,5£0,2 | 4,4%0,2
Koncucrenmus 4,7+0,2 14,5+0,1 14,5+0,3 14,6%0,1 4,5+0,3
Bkyc 4,7+0,2 14,610,2 14,5£0,3 14,5£0,2 | 4,5%0,2
CounocTb 4,7+0,3 14,610,1 14,610,2 14,6+0,3 | 4,6%0,1
OO0Iuii pedTHHT 4,70+0,23 4,51+0,15 | 4,431£0,28 | 4,50+0,18 | 4,51£0,13

MaccoBass gona Biaard cocraBwia  59-61+0,3%,
Genka - 23,75-24,2940,02/100r, sxwupa - 11,28-
12,56£0,01/100r. DHeprerrdeckast IEHHOCTb 00pa3IIoB
cocrapwm 200-215/100r (xkan/kIx). ITo Mukpobuo-
JIOTUYECKMM TIOKa3aTesIsiM 00pa3ilbl KOMIOACHBIX H3[Ie-
i U3 OGapaHWHBI M Msca CTpayca COOTBETCTBOBAIU
CanlluH 2.3.2.1078-01.

BI)IBOIH)II B cootBercTBUU C pe3yibTaTaMu IIpoBe-
JCHHBIX I/ICCJ'IC,IlOBaHI/Iﬁ OpraHoJICNTUYCCKUX, CI)I/I3I/IKO-
XUMHUYCCKUX U MI/IKpO6I/IO.H0FI/ILICCKI/IX ToKa3areJieil 1mo-

Ka3aHO Xxopoiiee codyeraHue OapanuHbl (69,0-71,0%)
¢ mscom crpayca (19,0-21,0%). Koneunslii nmpomykr
UMeeT SIPKO BBIPAKEHHBIA IOCTHBIN BKYC, XapaKTepH-
3yeTcsl MPUBJIEKATENbHBIMU OPraHOJENTUYECKUMU Xa-
PAKTEPUCTUKAMU: COUYHOM M HEXHOU KOHCUCTEHLIMEW,
CBETJIO-KOPUIHEBHIM IIBETOM W HEKHBIM MSICHBIM 3aIia-
xoM. Pa3zpaGoTaHHbIe OMBITHBIE 00PA3IIbl MSCHBIX H3Jie-
JIMA U3 OapaHKHbBI U CTPAYCSTUHBI C MHKAICYIMPOBAH-
HBIMUA BUTAMHUHHBIMH KOMILJIEKCAMH MOTYT OBITh PEKO-
MEH/IOBaHbI KaK MMOJIE3HBIA U Oe30IMacHbIA POAYKT JJIs
MIAPOKOTO TIPUMEHEHHUSI.
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JKAKBIH 7KATKAH KOFAPBI TA3/IbI KOMIP KABATTAPBIH KA3BY/IA
TA3/IbIH IIBITY JUHAMUKACHI

M.C. Ycen6exos, T.K. Hcadek”, P.K. Kamapos, M.M. Ban36aes
Aobuikac CarbIHOB aThiHIaFbl KaparaH/ipl TEXHUKAJIBIK, YHUBEPCUTETI,

Kaparannsl K., Kazakcran, e-mail: tyak@mail.ru

TuiMi ra3chbi3IaHABIPY ©Te MAHBI3IBI MiHIET OOJIBIN TaObLIaABl. OHBIH JTYPHIC IIEIIiMi aJIIbIHAH aJla OHJEIETiH
iprejiec KabaTTap/iaH Heri3ri eHeNeTiH KabaTThiH Ka30anapelHa HeMece Ka3bUIFaH KeHICTITHe METaHHBIH KO3Fa-
JIy MeXaHU3MiH TypbIC TYCiHreHIe MyMKiH Oonajibl. JKymbicTa kKemip KabaTTaphlHAH METAHHBIH a3 IIbIFAPY [U-
HAMUKACHIH aHBIKTay OOMBIHIIA FRUIBIMH-3EPTTEY KYMBICTAPBIHBIH HOTHKeNepl KenTipinreH. "ApceuiopMurran
Temipray" AK K] kapactsl "AGaii" miaxTachiHbiH OipKaTap JiaBaslapbl YIIIiH XaKblH KabaTTapaaH rasiblH LIbIFy
JVMHAMUKACHIHBIH 3€pTTEYIEPi KYPri3iiii.

Tyitinai ce3aep: MeTaH rasbl, ra3MOJIBIFBI, Ta3/IbIH OOJTiHYi, )aKblH Ka0aTTap, ra3chi3IaHbIPy, ACTHIHAH OH-
Jey, YCTiHeH eHJey, IaxTa, Ka30a analsl, JaBa-KeHxap, ra3 OalaHChl.

DYNAMICS OF GAS RELEASE DURING THE DEVELOPMENT OF HIGH-GAS

NEARBY COAL SEAMS M.S. Usenbekov, T.K. Isabek”, R.K Kamarov, M. M Baizbayev
Karaganda Technical University named after Abylkas Saginov,

Karaganda, Kazakhstan, e-mail: tyiak@mail.ru

In underground mining of high-gas-bearing coal seams, effective degasification of converging coal seams is
a very important task. Its correct solution is possible with a proper understanding of the mechanism of methane
movement from pre-developed adjacent formations into the workings of the main developed formation. The
paper presents the results of research work on determining the dynamics of methane gas emission from coal
seams being mined. For a number of faces of the Abayskaya mine of ArcellorMittal Temirtau JSC, studies of gas
emission from the adjacent seams were conducted.

Keywords: methane gas, gas abundance, gas release, converging layers, degassing, part-time work, overworking,
mine, excavation site, lava, gas balance.

JNHAMMKA TI'A3OBBIIEJIEHUA ITPU PASPABOTKE
BBICOKOTI'ABOHOCHDIX BJIN3JIEZKAIIINX YT'OJIBHBIX ITJIACTOB

M.C. Ycenbekos, T.K. Hcadex”, P.K. Kamapos, M.M. Ban36aes
KaparanguHckuii TexHU4YecKnid yHuBepcHuTeT nM. AGpuikaca CaruHosa,

r. Kaparanna, Kazaxcran, e-mail: tyak@mail.ru

ITpn mozmzeMHON pa3pabOTKe BBICOKOTA30HOCHBIX YIOJBHBIX IJIACTOB 3(heKTUBHAS Jerazalys COMIKEHHBIX
YTOJIBHBIX IUIACTOB SIBJISIETCS] OYEHb BaKHOM 3agaveil. Ee mpaBnibHOE pelieHre BO3ZMOKHO ITPY TPABHIIBHOM ITO-
HUMaHUM MeXaHU3Ma ABIKEHHUsI METaHa U3 IIPEIBAPUTEIIEHO pa3padaThIBAEMbIX CMEXKHBIX IIJIACTOB B BHIPAOOTKH
OCHOBHOTO pa3padaThIBaeMOro IuiacTa. B pabote npuBogATCs pe3ysbTaThl HayYHO-UCCIIEIOBATEIbCKUX PadoT Mo
OITpe/iesIeHUI0 IMHAMUKY Ta30BbIIENICHHs] METaHa U3 MoapadaThlBAeMBbIX YTOBHBIX IUIACTOB. [Iyisl psina j1aB 1axThl
Aobaiickas”" Y] AO "ApcemopMurran Temupray" npOBOIMINCE UCCIIENOBAHUS TA30BbIIEICHUS U3 COMMKEHHbIX
TUIACTOB.

KiroueBsle cjioBa: ra3 MetaH, ra3000WILHOCTb, Fa30BbIIE/ICHIE, COMMKEHHBIE IIACTHI, Iera3anus, mogpadoT-
Ka, HaJIpaObOTKa, IaxTa, BIEMOYHBIN YYACTOK, JIaBa, Ta30BbIi OaTaHC.
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Anpanra. JKorapel ra3asl Kemip KabaTTapblH xkepa-
CTBI Ka3y Ke3iHJe JKaKbIH KaTKaH Kemip KabaTTapbiH
THIM/Ii Ta3ChI3IAHIBIPY ©Te MaHbI3Ibl MiHAETTepAiH Oipi
60u1bin ecenreseni. OHBIH AYpHIC IIENIMiH Taly YIIiH
OHJICTIIT KaTKaH ipreyiec KabaTTapaaH eHJENIyre JKOoc-
TapiaHFaH KabaTThlH Ka3baslapblHa METaHHBIH KO3Fa-
Jly MEXaHU3MiH JypbIC TyCiHreH Kaxer Oonapl. Cepik
KabaTTapaaH METaHHBIH Kipyi HeridiHeH Kabar apasblk
KBIHBICTAP/IAFbI KAPBIKIIAKTAPBIH IaMYBbI XOHE ra3 eT-
Ki3rilTiriHiz aprybl eceOGiHeH KaMTamachl3 eTiieq, Jie-
MeK, Tay JKbIHBICTApPhl KAJIBIHABIFBIHBIH JKbIIKYBI K[ IHe
MacCHBTeET1 KepHEYIiH KaiTa yiecyi mporeciHie maii-
Ja GOJaThIH Tay KBICBIMBIHAH OOCATBUIFaH aliMaKTapbIH-
Jarbl KeMip KabaTTapbiHbIH (CEpIKTepAiH) ra3 IIbIFYbI
[1].

TyTacThiFbl Y3UTICTI Tay KBIHBICTAPBIHBIH 16Ty aii-
MarblHaFbl ipresiec KabaTTap/bH ra3Cchi3aHbIPbLTYbI
OHJIeJII XKaTKaH KabaT Ka30asapblHbIH a3 MOJIBIFBIH
TOMeHJIeTyre MyMKiHAIK Oepemi. Ipreiec kabGarTapmbl
JKacaH/Ibl Ta3ChI3IaH/IBIPy OOJIMaraH Karjaija, MeTaH
KapbIKTApMEH KOIIipijly apKpulbl TaOMFKU Typle ras-

ChI3IaHBIPbLTaIb. OChl aiiMaKkTa KaTKaH KabaTTap/bH
ra3ChI31aHbIPbLTYBI ONIAP/IBIH, Ta3/IbUIBIFBIH TOMEH/IETE-
I, Gipak eHjeseTiH Kabar Ka30aJapbhiHbIH Ia3MOJIIbI-
FBIH TOMEHJETIIEHI].

OHJienetiH KabaT Ka30aaapblHbIH [a3/IbUIBIFBIH a3aii-
TY YIIiH TYTaCThIFbI Y3UTICTHI Tay KBIHBICTAPBIHBIH LIIOTY
aiiMarbIH/Ia KaTKAT ipresiec KabaTTapapl ra3chi3aaH/pbl-
Py Kaxer.

Iprenec kabarTapiplH Ta3[bUIbIFBIH TOMEHETYTe
JKOHE ILBIFATHIH METAHHBIH MOJIIEPiH YJIFalTyFa Kbl-
HBICTAp/blH KApKbIHIbBl IeTHAUIEPiHIH AOFachlHAA
JKATKaH OapiblK KeMip KaOaTTapblH Ta3ChI3IaHIbIPy
ApKBLIBI APTTHIPYFa OONA/bI.

Marepuajaap KoHe djicreMeci. OHeeTiH Ka-
GartaH iprenec KabaTrapra JediHri Hopman OOWBIH-
A IIeKTi apaKallbIKThIK, Tay KACBIMBIHAH O0OCAThUTY
SCepMeH eHJIeNeTiH KabaTTapIbH THIM/II ra3ChI3IaH/Ibl-
PbUTYBl OpbIH aJIybl MYMKIH OOJFaH/a, KbIHBICTAP/BIH
KapKBIHJBI 16Ty JOFACBIHBIH OMIKTIriMeH aHbIKTasa bl

(cyper 1).

Cyper 1 - YcriHri xbiHbICTap (Ka0aT) KAIBIH/IBIFBIH ACTHIHAH OHJICY CXEMAChI
Hceé - XbpHBICTAPIIBIH KAPKBIHIIH 6Ty JTOFACHIHBIH OMIKTITi (KabaTKa HopMaJl OOMBIHITA);
L - naBaHbBIH Y3BIHIBIFBI

Toxipube KepceTKeHIeH, ra3Chi3IaHabpy Mpo-
LIECiHIH Y3aKThIFbI ra3/IblH 0aCTaIKbI KbICBIMBIHA, COHFBI
(e3repMeiiTiH) KBICHIMBIHA, Ka0aTTap apajbiFblHA, XKbI-
HBICTAPIBIH KEYeKTLIri MEeH OTKI3TillTiriHe OaiaHbI-
CTHI.

Kabarrap apasbirbl yIrFaiifaH CaiibIH KaKbIH KaTKaH
KaOaTThIH TaOMFU Ta3ChI3AAHABIPY YAKBITHI Ja YIIFAlo
MyMKiH. [1] momimertepi OoiibiHIA, Mbicaibl, Ky3-

Gaccrarbl "CeBepHasi" IIaXTAaCHIHBIH JKaFJaiblHIA Ka-
6at apaibirbl 13-teH 70 M-re AefiHri aiMaKTa, )aKbH
KabaTTapblH TAOWFU Ta3CHI3IAHIBIPY YaKbITH 120-1aH
1060 kyHre nefiiH e3reprex.

Tankpuiay MeH HITI:Kedep. Kysbacc maxrana-
peiHOa xyprizitrer 6. BoctHUU 3eprreyepiHid HOTH-
JKeJtepi OOMBIHINA XKaKbIH KaOaTThIH TaOMFU ra3Chl3aH-
JBIPY YaKbITHL MEH KaOaT apasblK KyaTbl apachIHAAFbI
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GaiiIaHbIC aHBIKTAIIBL. AJIBIHFAH (popMystanap GOUBIH-
ma KaKblH KaOaTTarbl ra3 KbICBIMBIHBIH ©3TepyiH CH-

MaTTaWThIH KUCBIKTAp canblHapl [1] (cyper 2).

P, yroliom
20
\%%
. \&?‘%ﬂ
o H%ﬁ%%
10 N\ﬁﬁbﬁ:
5 :1-2\“"\“"‘%:_%%_'_'_
.Li-\-l\:-l‘-‘:-‘-‘bh‘-_‘_-_
==
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35 40 45 t, cyTEm

Cyper 2 - AcTbiHaH ©HJIE/ITEH KAIBIHABIK, KaOaTTapblH/Ia a3 KbICHIMBIHBIH ©3repyi

I'pacpukTeri ra3 KpICBIMBI KMCHIKTAPBIHBIH €H KbI3bI-
KTHI JIEMEHTI] - €H YJIKEeH KEeYeKTUIIK TeH OTKI3TiIlTiK
afiMarbIHa CoMKeC KEJIETiH Uiy HYKTECH.

Tabury ra3AbUIBIKTHI €CENTey YIIiH Keneci (hopmyna
KOJIJAaHbLIa bl

_ c¢(H — Hy)
1+ b(H — Hy)

xT

D

®opmyna (1) conpaii-ak kakplH KabaTTaH ra3 Ibl-
ry Oenrini M{IHi OoWbIHIIA OCbl KaOaTTarbl OAaCTarKpl
ra3 KbICBIMBIHBIH Po IIaMachblH aHBIKTAy YIIiH KOJa-
HbUIaAbl. KaxeTTi ¢ xxoHe b Koa(hpuIMEeHTTEPiHIH MoHI
"KaparaHapl OacCefHiHiH IaxTa aKaNTapbIHIAFbl KO-
Mip KaOaTTapblHbIH TaOMFY METAHO3/IBIFBIHBIH JKIKTEYi-
1" iepektepi GolbIHINA anbiHAIB (KecTe 1).

Kecre 1 - Kaparannpt 6acceiini KabaTTapbIHBIH METAHO3/bIK, TapaMeTpliepi

MaxTa Katar Jlenrmiop TeHaeyiHiH Koadduimentrepi | [a3aplk yriny aiiMarbl, M
c 8 Ho

"Abait" K10 | 0,710 0,033 130

"Capan" K10 | 0,173 0,009 90

"MMaxtuack” | O5-106 | 0,338 0,023 182

Bacrankpl ’oHE COHFBI a3 KbICBIMBIH XKOHE JKaKbIH
KabarTarpl Gacka ra3 napameTpiepiH aHbBIKTay YIIiH
(opmynanapnan Gesiek HOMOrpammanap YChIHbUIA B!
[1] (cyper 3).

Homorpammanaprp! naianany yiriH KaxerTi 6acra-
KB aepektep: z, he, PO, [3a6, hcn,, Vo3, MyHAaFHI 7
- KabaTTap apachlHIarbl KbIHBICTAp KyaTbl, M; Po - KeH
IIOFBIPJIAPBIH/IAFBI Ta3IBIH OacTaIIKbl KbICIMBL, KIla; /6

- OHJIeJIETiH KaOaTThIH KyaThl, M, [3a0 - Ta3aprina KeH-
JKapIbIH Y3bIHIBIFBI, M; /ich - JKaKbIH jKaTKaH KaOaTThIH
Kyartsl, M; Vo3 - TazapTia KeHXap/blH KO3FaTy KbU1JaM-
JIBIFBI, M/TOYIIK; Pk - )KaKbIH KaTKaH Ka0ATTHIH KaThIC
JKa3BIKTHIFBIH/IA Ke3 KeJreH HYKTECIH/IeTi e3repMeiTiH
IEKTi KbICBIMBI, KI1a; Icp.max - kakplH jKaTKaH Kabar-
TaH MaKCUMaJIIbl aOCOJIOTTI ra3 MIBIFYHI, w2 /mun; K -
ra3fiblH aybITKBIMA IIBIFY KOI((UIIUEHTI.
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Cyper 3 - Homorpammanap (I - IV)
HomorpammanapmeH KyMbIC iCTey peTi: MoHiH aHbIKTay YiiH C xoHe /] 6ip-OipiHe kebOeiTinei.

1 HoMorpammanaH OepijireH z skoHe h GovibiHIa PK
MoHIH Tabambi3, conaH keiin II HomorpammanaH Ge-
rim PK xone PO GoibIHIIA A ©JIIIEMIH aHBIKTAiMBI3.

Ocpl HOMOTpaMMaJIap/b! Mai1amy MBICAITBL.

BonceiH z=52 M™; he=1,75 wm; P0=15 xrc/cm?;
[3a6=100 M; hcn=1m; Voz=2 m/1oy. KabarTsl acTeiHaH
Benrini [3a6 xoHe z apkpUibl B mMoni Tabbutanst (I enpen anyma Icp.max MoHiIH TabalbIK.

HOMOT'paMMa). =CD, Icp.max=2x0,5=1 M>/MUH.

AB=/] kebeitringici [V HoMorpamMma GOMbIHIIA aHbI-
kranajpl. Cosan Keilin Oepinren hcn xone Vo3 MoH-
nepi 6ombiHIIA KecTegeH C euieMin TabambI3. Icp.max

1. PO=15 krc/em? xone PK=2,9 krc/cm? apkpuist 11
HOMorpammanaH A=0,26 TabaMsbI3.

2. IIT Homorpammanat [3a6=100 M xoHe z=52 M O0ii-
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pIHIIA B=1,9 M.

3. IV HomorpamMmanelH D mIKajacel OOHBIHIIA
A=0,26 xone B=1,9 xebelTiHaiciH KapaiiMez. D=0,5
OOJIBIIT IIIBIFAIBL.

4. 1 HOmorpamma OoiibiHIa Tabsutamel PK=2.9
Kre/cM2;

5. heni=1 M xoHe Vo3=2 M/Toy keOenTiHIici OOMbIH-
ma oomaner C=2.

KakpiH KabaTTaH MakcUMasbl aOCOMIOTTI ra3 Ibl-
Fy IIaMaChIH aHBIKTAY YIiH /cp MeJILIEpiH ra3/ibH aybl-
TKBIMA IIbIFY KO3 uieHTi Ku-He KoOeHTy Kepek.

Homorpammarap GoibIHIIA TYpaKTaHIbIPY Ke3eHiH-
Jie ra3/iblH 0eJ1iHy MelepiH aHbIKTayFa 60oaabl. OHbIH
ecy Ke3eHiHJie ra3 IIbIFy MeJIIepiH KecTe 2 KeMeriMeH
Taly YCBHIHBLIA/IbI, OHIA OJ1 Icp.max yieciMeH Oepiiiei,
opmynacet

Kecre 2 - T'a3piH koOew0iHiH OacTankpl Ke3eHiHae [x aBara ra3iibiFyibH ecentey KoadduiueHTrepi

MoHTaxX KamepachlHaH Ka- Koobdpurtent C MoHTaX KamepachlHaH Ka- Koobdpurtent C
IIBIKTHIK, X, M IIBIKTHIK, X, M

0,1L 0,021 0,9L 0,808

0,2L 0,081 1,0L 0,868

0,3L 0,172 1,1L 0,915

0,4L 0,285 1,2L 0,950

0,5L 0,406 1,3L 0,970

0,6L 0,526 1,4L 0,985

0,7L 0,636 1,5L 1,000

0,8L 0,731

"KasTOKI3M1" (KasHUUBITI) uncTuTyTH MakKcar-
ThI FBUTBIMHU-3EPTTEY KYMBICTAPBIH XKYPri3[i, HaTHXe-
CiHIe METaHHBIH KeMip KaOaTTapblHaH OeJliHy 3aH/Ibl-
JILIKTapbIH CUTIATTANTBIH TOYEIUTIKTEP! aHBIKTANBI [2]
SicTeMeNiK YCHIHBIMAAPIBIH kKaHA pelaKlUsChIHA eH-
ri3i.

Ochbl ToyenaiTikTepre ceiikec jKakplH XKaTKaH Kabar-
TapAbl eHJIpyJe acThiHAaH 6HJEJETiH HeMece YCTiHEeH
OH/IeJIeTiH KabaTTaH (CIyTHUKTEH) METaHHbBIH apaKaThl-
cThl OeITiHYi KeJieci (hopMy/iaMeH aHbIKTala bl

Mo (Iz 7xoc)Kz (2)

de; =
My

MYHJIAFBI: M; /M6 - OHJIEJIECTiH KabaTThH KeMip Oyma-
JIAPBIHBIH ATBIHATHIH KYaThl, M; Xi - CIYTHUKTiH TaOUFU
METAHOBIBUTBIFBL, M-/T; mci - XeKe (I-mi) KaGaTTHIH
(CIlyTHMKTIH) KOMip OyMaJlapbIHBIH TOJBIK >KMBIHTBIK,
KyaTbl; Kx - acCTbIHaH ©HIEJIETIH KadaTTaH (CIIyTHUKTIH)
OeJIiHreH METaHHBIH apaKaThICThl KOJIEMiHiH IaMAChIH
eckepeTiH KO3 (PUIMEHT xoc - KaOaTTHH (CITyTHUKTIH)
KaJIBIK, METAHO3IBIFEL, M>/T. Kx Keseci opmyma 60ii-
BIHIIIA AWK bIHAIAAb]

M.
K, =exp | —0.06(—

B.IID.

—3) 3)

MyHaarel Mi - enzenerin k[ JHe iprenec kKadartap
apachlHIaFBl HOpMaJT OOMBIHITIA aJIBIHFAH KAJIBIIITH Ka-
LIBIKTHIK, M.

"Apcemiop Murran Temipray" AK KI xapactst
"AGai" miaxTaceiHbIH OipKatap JiaBayiapel yimiH [2, 3]
€CeNTeNTeH Ka3y yYacKeCiHiH KOCTapibl eHIipy Ke3iH-
Jieri ra3 OGaslaHChl Kecte 3 xkoHe 4 KenTipiiesi.

JKakpiH KabaTTapmaH Ta3[blH IIBIFYBIH —ecenTey
SJlicTeMeCiH a3ipiey Ke3iHAe ra3- AWHAMUKAJIBIK Mpo-
HecTep CaJlaChIHIaFbl TMITOTE€3aHBIH Heri3i JKapbUIFaH
opTajiap apKbUIbl a3 aFbIHBIHBIH KO3FAJIBIC 3aHIaphl
60wt [1]. Onpa, 6ip-OipiHe KakbIH KabaTTapaaH OeJri-
HETiH METaHHBIH MeJIIepi KabaTapasiblK, OyTireH Kbl-
HBICTAp/IbIH CO3BUTYBIHBIH TiK KapbIKTAPbIHBIH

ocepiHe OalIAHBICTBI KOMBLIFAH.¥3aK Mep3imMIi Ta-
3apTy JKYMBICTaphl Ke3iH/e ra3/ibiH Kaz0anapra Kipyre
MYMKiH aiiMaFrbl Ta3apTia KeHXap/ablH KbUDKBIFAH Ke3-
Jie Koca KO3FaJlaThlH KBICBIM JIOFAChIMEH IIEKTeNyi Ke-
PEK IereH KOPBITBIH/BI JKacaJiFaH.

Kapacteipbiirat jaBajap yiiiH Ka3zy YYacKeciHiH ras
GalaHCBIH ecenTey HoTHXeJepi Kecte 5 koHe 6 Ken-
Tipiieni.
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Kecre 3 - "Ao6aii" maxracsiaarsl 21K12-c kasy yyackeciHiH ra3 6anaHcsl 2]

. . A=5000t1/10y;H=300m
KepcerkimTepniHataybl :
aCTHIHAHOH/IEYCI3 | acThIHaHOHJeyne | Koba
KabarThIHra3qpUIbIEbL, M3/ T:
12,29 12,29 12,29
-Ta0uru
- 7,89 -
-KaJIIBIK,
6,86 3,83
7,03
3,62 2,12
KasbumraHKeHICTIK,0.1.: ToMeHrikadbat 4,16
0,62 0,53
ActpiHaHeH IeIeTiHKabaTTapaaH,o.1.:K 14k abarst -
0,23 0,21
K13kabats -
0,39 0,32
Y crineHenzeseriHkadarTapaan,o.i.:.K11kabarst -1,68
1,86 0,84
1,68
1,86 0,84
KaiinapnapOoiisiHinameranoeJtinici,M3/T:Ou1enerinkadarrad,o.i.: | 5,06 2,36 5,67
-KeHXXapKeHICTirine 1,44 0,14 1,51
-Ka3bUIFAHKEHICTIKKE 3,62 2,12 4,16
Vuacrkene,M3/T 8.3 4,07 8,54
KenxapibiHaOCOMOTTira3qblIbEbl, M3/ MUH 28,82 14,13 29,65
JKaxTarpDKbIHBICTAPAAH,M3/T 0,76 0,34 1,19
Kecre 4 - "A6ait" maxraceinaars! 31K12-10 ka3y yuackeciHiy ra3 6anaHcsl [2]
. . A=3900 1/1oy;H=360m
Kepcertkitrepuin araybl -
acThIHAH OH/IEYCI3 | acThIHAaH eHJeyle | Koba
KabarTelH ra3apUIbFbl Ta,M3/T:
16,06 16,06 16,06
-TaOuru
16,06 8,73 10,52
-KaJIIBIK,
JKakTarbl )KbIHBICTApAAH, M3/T 1,66 0,79 1,55
Kaitnapiap6o#biHiia Metan6esiHic,M3/1: OHnenerin Kabar,0.i.: | 11,04 5,19 6,25
-KeHXap KeHICTiriHe 6,03 3,19 1,81
-Ka3bUIFaH KEHICTIKKe 5,01 2,00 4,44
KasbuiraH KeHiCTiK, 0.i.: 5,01 2,92 6,93
Temenri Kadar 5,01 2,92 4,44
AcTbIHaH eHJeneTiH KabarTtapaaH,
0.1.: - -
K14 kabarsl - - 0,8
K13 ka0arsl - 0,8
YcriHeH eHzieneTiH KadaTTapiaH, o.i.:
K11 xabarst - - -
Kenxap/blH aOCOMIOTTI Ta3IbUIbIFbI,M3/MUH 34,40 24,10 23,67
VYuacrkene,m3/tT 12,7 8,90 8,74
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Kecre 5 - "Abaii" maxracst 21K12-c ka3y yyackeciHiH raz 6ajaHchl

. . A=50001/cyT;H=300™m
Kepcerkimrepain araysl
aCThIHAH
acTbhiHaHeHzeyle | koba
OHJIEYCi3
KabaTTeIHra3 apibre,M3/T:
12,29 12,29 12,29
-Taburu
- 7,89 -
-KaJJIbIK,
JKakTarppKbIHBICTApIAH,M3/T 1,10 0,21 1,19
Ka3blUraHKEHICTIK,0.1.: 8,72 3,36 7,03
Temenrikadar 3,62 1,28 4,16
AcTbIHaHOH/IeNeTiIHKa0aTTap/IaH,o.1.: 2,14 1,30 -
K14xabarsl 0,82 0,54 -
K13ka0arst 1,32 0,76 -
YcriHeHeH/IeneTiHKabaTTapaaH,o.1.: 1,86 0,57 1,68
K11kabarsl 1,86 0,57 1,68
Kaiinapnap6oiisiHinameranteninic,M3/T:OnaeneTinkadarras,0.4.: | 5,06 2,05 5,67
-KeH)XapKeHICTiriHe 1,44 0,77 1,51
-Ka3bUIFAaHKEHICTIKKE 3,62 1,28 4,16
VYuactkene,M3/T 10,16 4,13 8,54
KenxapapiHaOCOMIOTTIra3qpLIbIFbl,M3/MUH 35,28 14,34 29,65
Kecre 6 - "A6ait" maxracer 31K 12-10 ka3y yuyackeciHif ra3 6amancs [1, 3]
. . A=3900t/cyT; H=360m
Kepcertkimmrepin atayst -
ACTHIHAH OHIIEYCI3 | acThIHAH eHueyae | koda
KabarTsIH ra3abUIbEs, M3/T:
16,06 16,06 16,06
-TaOUFKu
16,06 8,73 10,52
-KQJIIBIK,
JKakTarsl KbIHBICTapAAH, M3/T 2,26 0,87 1,55
Kaitnapiap6oiibiHiiia MetaHOemiHiC,M3/T: OHenetid Kabarran,0.i.: | 7,75 3,42 6,25
-KEeH)Kap KeHiCTiriHe 2,74 1,37 1,81
-Ka3bUIFaH KEHIiCTIKKe 5,01 2,05 4,44
KasbUraH KeHiCTiK, 0.1.:
Temenri kadar 5,01 2,92 6,93
AcTbIHaH eHJeNeTiH KabaTTap/aH, o0.i.:
K14 kabarst 2,92 4,44
K13 kabarst
YcriHeH eHzieNeTiH KabarTapias, o.1.: - - 0,8
K11 kabarbt - - 0,8
Kemsxap/iblH aOCOMOTTI ra3abuIbIFbl,M3/MUH 27,11 9,53 23,67
Vuacrtkene,m3/T 10,01 7,21 8,74
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KopbIThIHABI. OHpeIN XaTKaH KadaTTaH JJaBaHblH — CETLITeH.
KeHXap KeHiCTiriHe MeTaH OeJiHyiH aHBIKTAy YIUiH Kectesiepre GOiibIHILIA METAHIB! KeIIETY KYPaJIaphl
MHCTHTYTKa "AGaii"maxtachi GoidbiHia K10 KaGathl-  ypxpiey anbisran Mestmepiep:
HBIH aCTBIHAFbI OHJIENITeH aiMaKTa opHantackaH 2 1K12- 3
. . - naBa 31K12-10 - 4,4 M’ /MmuH;
¢ xkoHe 31K12-10 naBaylapApIH ra3fpliblK, MoJliMeTTepi

Gepinren [1]. - naBa 21K12-c - 4,3 m*/vun.
31K12-10 Ta3apTia KeH:KapiblH OpHAjacybl cyper 4 OcpI Ke3eHyIeri JKa/Ibl KOMip eHIpiC Kelemi:
KeJITIpUJIreH, ajl OChl JIaBa OOMBIHIIA Ta3IIbIFY JKOHE ra3- - maBa 31K12-10 - 311102 T;
CBI3IAHABIPY eceOiHeH METaHHBIH JeOUTi cypeT 5 Kep- - mapa 21K12-c - 263475 1.
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Hayunast HoBU3Ha paboThI COCTOUT B OTOOPAXEHUH TEMIIEPATyPHOI 3aBUCUMOCTH BSI3KOCTH KJIACTEPHO-aCCOLIMATHON

BEPOSATHOCTHOM MaTeMaTH4ecKOH MOJIETIbIO, HepapXxuieckast CTPyKTypa KOTOpO ajieKBaTHa (PM3MYECKOH MPHpO-
e arperanyy JyacTui] 6e3 ydeTa X KOHKPETHOTO CTPOEHHsI, HO C yYETOM M3MEHEHHsI CTEIIeHN MX acCOLMALNY C
TOBBIIIICHUEM TeMIepaTyphl. Pacyer JaHHBIX NMPOBOAMIICS Ha OCHOBE HOBOTO KJIACTEPHO-ACCOLMATHOTO ypaBHe-
HMsI, KOTOPOe ObUIO BBIBEICHO B PaMKax KOHIIEMLIMK XaOTU3UPOBAHHBIX YacTHLL. [IpuBeeHbl pacueTHbIe JaHHbIC
B TEMIIepaTypHOM JMara3oHe OT TeMIepaTypbl Haualo KUMEeHUs U KoHel KuneHs. IToka3aHo, 4To cTeneHs acco-
LMAlMK KJIACTEPOB IPY MOBBIIICHUH TEMITEPaTyPbl 3aKOHOMEPHO MOHMKAETCsl, PaBHAS B CPEJHEM TPEX-4eThIpex-
YaCTUYHOW KOMIIOHOBKE KJ1acTepoB B acconmare. [IpoBeneHo comocrapieHne KiacTepHO-acCONMATHON MOJIENH C
ypaBHeHneM PpeHkess B JorapuhMUIECKIX KOOPAUHATAX.
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JKyYMBICTHIH FRUTHIMU KaHATBIFBI TY TKBIPITBIK THIH TEMIIEPATY PAIBIK, TOYEIUITIH KJIACTEPITiK-aCCOIUATHBTI bIKTH-
MaJIJIbIK, MATEMATUKAJIBIK, MOJIeJIbMEH OefHeNey/IeH TY PaJibl, OHbIH MEPAPXUSLIBIK, KY PBUTHIMBI OOJIIIIEKTEP/IiH HAK ThI
KYPbUIBIMBIH €CKepMeH, Oipak, TeMIlepaTypaHbIH KOFapbUlaybIMEH OJIapiblH ACCOLMAIMS JOPEKECiHIH e3repyiH
eCKepe OTHIPHIIT, arperalisiHbIH (hU3MKaJIBIK, CUIIaThIHA COMKeC Keytelli. [lepeKTep/i ecentey XaoTHKAITBIK, OeJIIeK-
Tep TYKbIPbIMJAMAcChl asiChIH/IA AJIBIHFAH JKaHA KJIaCTepIliK-aCCOLMALMSUIBIK, TeHIeY Herizinje xyprizinai. Kai-
Hay/IbIH OacTasybsl MeH KalHAYIBIH COHFI TEMIIepPaTyPANIBIK, AUANa30HIaFsl O0KaMIbl MATIMETTEpPi KeJITipijireH.
Temreparypa KeTepiireH Ke3Je KJIacTepiep/iH accoluanus A9pexeci Taburu Type TOMEHICUTIHI KepceTiireH,
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The scientific novelty of the work consists in displaying the temperature dependence of viscosity by a cluster-
associated probabilistic mathematical model, the hierarchical structure of which is adequate to the physical nature
of particle aggregation without taking into account their specific structure, but taking into account changes in the
degree of their association with an increase in temperature. The calculation of the data was carried out on the
basis of a new cluster-associative equation, which was derived within the framework of the concept of chaotic
particles. The calculated data in the temperature range from the boiling point and the end of boiling are given. It is
shown that the degree of cluster association naturally decreases with increasing temperature, equal on average to
three-four-part cluster arrangement in the associate. The cluster-associative model is compared with the Frenkel

equation in logarithmic coordinates.

Keywords: catalyst, microsilicate, thermodynamics, oil sludge, probabilistic-deterministic design, viscosity,

nickel, cobalt

Beenenune. B crpemyieHUN K YCTOIUUBBIM 3Hepre-
THYECKUM pemeHusiM 1 3(pPEeKTUBHOMY HCIIONB30Ba-
HHIO PeCypcoB nepepaboTKa He(pTelnIaMoB cTajia MHO-
rooGewiaoiyM HarpasieHreM. OJJHUM 13 BaXHEHIINX
aCIIeKTOB 3TOW IepepabOTKU SIBISIETCS OIpe/eeHne
BA3KOCTU TOJTYUYEHHBIX XUIKUX (PPaKLUil, MOCKOJbKY
3TO HEIOCPEACTBEHHO BIIMSAET HA TEKydecTb, oOpalie-
HHe W TiepepaboTKy 3Tux MarepuanoB. C 3Toi Iie-
JIbI0 pa3paboTKa KOMIUIEKCHOH MOJENH BSA3KOCTH, CIIO-
COOHOI OXBaThIBaTh BECh TEMIIEPATypHBIA JHAra30H,
OT HAYaJIBHOW TEMIepaTypbl KUIEHUs O KOHILA TeM-
TiepaTypbl KHIIEHHs], TPUOOPETaeT pelaioliee 3Hade-
Hue. B 31Ol crathe paccmarpuBaeTcs METOH CO3[a-
HHS TaKOH MozenH, oco0oe BHUMaHHE YAEJseTCsl Mo-
JIeM BSI3KOCTH, CBSI3aHHOH C KJIacTepaMy KJIACTEpPHO-
accorupoBaHHoi Moaenu Bsizkocti (KAMB), nmpume-
HsIeMOH K (hpakIvH, MOMyYeHHas! B pe3yJsibTaTe Iuipo-
reHn3anyy Hedrenuiama. BsskocTs siBisieTcs: BaxHeH-
muM (GU3UMIECKIM CBOWCTBOM, KOTOPOE UrPaeT 3HAuM-
TEJIbHYIO POJIb B MOBEJEHUU U SKCIUTyaTal[IOHHBIX Xa-
PaKTepUCTUKAX Pa3lMYHBIX KUAKOCTEH, BKJIIOUas Mac-

Jia, TOIUIMBO W Jpyrue HedTenponyKTel. OH n3Mepsier
COIPOTHBIICHHE KMIKOCTH TEUEHHUIO, M, TIPOLIIE TOBO-
P51, HACKOJIBKO T'yCTOM WJTH pa3peKeHHOH ABIISETCS KU~
KOCThb. Ha BsIBKOCTB BiIMsIET BHYTPEHHEE TPEHUE MEKAY
MOJIEKYJIAMHA BHYTPH KUIKOCTH.

ABTOopamu [1-2] Ha OCHOBE KOHIIETIIIMN XaOTHU3UPO-
BaHHbIX yactuil (KXY) Oblia pazpaboTaHa KJiacTepPHO-
accouuarHass mogeib Bsskoctd (KAMB) skuakoctr
B TIONHOM JMana3oHe OT Temmeparypsl. Iloka3ana
JeTanbHasi pa3paboTKa HEepapXUUYecKOl KJacTepHO-
aCCOLIMATHOM MAaTEMAaTUYECKOH MOJAEIA BS3ZKOCTH.
Mopenb, OCHOBaHA Ha PaBHOBECHOM pacrpeieieHUU
BonpliMaHa ¥ MO3TOMY paccMaTpUBAETCSl KaK Xaoco-
YYBCTBUTEJIBHOE CBOMCTBO JKHIKOCTH, TIPHUCYIIee il He
TOJIPKO B JIBKEHWH, HO W B Tokoe. A aganTaiuu
KJIACTEPHO-aCCOIMATHON MOJIENM K SKCIHepPUMEHTAIb-
HbIM JaHHBIM pa3paboTaHbl ONpE/e/ICHHbIE PUEMBI
06p3.6OTKI/l JAHHBIX IJIS1 l/l,H,eHTl/Iq)I/IKaLII/II/I HEU3BECTHBIX
napameTpoB mozenu [1-2].

B Hacroseii paboTe UcclieIoBaHO BIIMSIHAE HAHOKA-
TaJIN3aTOpPa HA OCHOBE MUKPOCHJIMKATA, C HAHECEHHbIM
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HUKEJIEM U KOOaJIbTOM Ha BSI3KOCTb CpefiHel (ppakuim
TIOJTyYeHHast 13 He(pTeliama B Imponecce rugporeHn3a-
uun Heprenuiama (Atacy-AJamaHpKoy).

Pa3paboTKa KJACTepHO-aCCOIMMPOBAHHON MOJEIN
Bsskoct (KAMB) nist cpeanux (pakumii, oOpasy-
IOIIUXCSl B pe3y/ibTaTe T'MApPUpOBaHUsl Hedreliama,
BKJIIOYAeT B ceOs CO3JaHME MaTeMaTUYEeCKOro IMpejl-
CTaBJICHUs], ONHUCHIBAIOLIETO B3aMMOCBSA3b MEKIY MO-
JICKYJIIPHOM CTPYKTYPOIH KOMIIOHEHTOB HedTenuiama,
CTENeHbI0 THAPUPOBAHUS M PE3YJIbTUPYIOIIeH BSA3KO-
CTBI0. DTa MOZieJIb IIPeAHa3HaueHa AJIs IPOrHO3MPOBa-
HUSI BSI3KOCTH TMIPHPOBAHHOIO Hedreliama Ha OCHO-
BE€ XapaKTEepHUCTHK €ro MOJIEKYJISIPHBIX KOMIIOHEHTOB U
nporecca TuAPUPOBAHHUS.

Llens pabotbl pa3paboTKa KJIACTEPHO-aCCOLMATHOM
MOJIETIM BSI3KOCTH TOJTYYEHHBIX (hpaKIMH C TeMIlepaTy-
poit konma kunenus o 350°C u3 Hedrenuiama u u3
TUJpOreHn3aTa B 3aBUCHMOTH OT KOJMYECTBA JOOAB-
JIileMBbIX HAHOKATAJIN3aTOPOB (MUKPOCUIIMKAT COfepiKa-
KA HUKeNb ¥ KOOAJbT) B IpoOIecce AeCTPYKTHBHOM
ruiporeHu3anuy Hedrerama.

Marepnaabsl 1 Metoabl. OOBEKTOM HCCIIENI0BA-
HUS Ul TIPOBEJEHUsI SKCHEPUMEHTATBHBIX paboT Io
OIpeJIe/IeHNI0 BA3KOCTU IIMPOKOW (PpakIu C TeM-
neparypoii koHma kwrenus 1o 350°C. Hedremuiam
oOpazoBajicsi B IpoLecce TPaHCIOPTHPOBKU HE(PTH
no TpybomnpoBony, mpennpustiu «KascrpaHcoi»
3ananHo-Kazaxcranckux Hedrern Pecnyomkn  Ka-
3axcraH. PU3MKO-XMMHUYECKasl XapaKTephCTUKa Hed-
tenuiama (Artacy-AJlallaHbKOy), YCJIOBUSI IpOBe[e-
HUSI 9KCIIEPUMEHTOB KaTaJIMTUIECKOW THIPOreHN3aliN
HedTellaMa U CHHTe3 HaHOKATalIN3aTOpPOB IPEJICTaB-
JieHbl B padote [3-4].

OnperneneHne KUHEMATHYECKON BS3KOCTH IIHPOKON
¢pakiyy HedTelIaMa ¢ TeMIIepaTypoil KOHLIA KUIe-
Husa go 350°C mpoBomwim npu Temmeparype 25°C,
30°C, 35°C ¢ noMoIIbI0 aBTOMAaTHYECKOTO BI3KO3UMET-
pa SYD-265B-1 (mpoussoncteo KHP), rioe B kadectBe
00pa3ioB ObLIM BBIOpaHHBI (PPAKIMU MOJNYYEHHbIE U3
ucxoHoro Hedrenuiama u rugporenusara. Odpasery 1
- UcxofiHas (ppakiys ¢ TeMIepaTypoil KOHIa KUTIEHUs
1o 350°C nomyuennast u3 Hedrenuiama, Obpazen 2 -
(pakims ¢ Temriepatypoil KoHIa kKumneHus no 350°C
(ppakumOHMpPOBaHHBIN M3 TMApOreHu3aTa (TMIPOTeHH-
3aT MOJTyYeH B MTpoliecce THAPOreHn3aliy Heprenuiama
B MPUCYTCTBUM HAHOKATAJIN3aTOpa COAEPXKAIMA MUK-
POCWIIMIKAT C HAHECEHHBIM KOOAJIbTOM M HUKesieM), O6-
pasen 3 - ¢pakiys ¢ TeMneparypor KOHUA KUMEHUS 10
350°C ¢paknMOHMPOBAHHBIN M3 TWApOTreHn3aTa (TUjI-
pOreHH3aT Moyy4eH B MpoLEecce THAPOreHn3aty Hed-
TelulaMa B MPUCYTCTBUM HaHOKAaTaJIM3aTopa Comepika-

MIAA MUKPOCHJIMKAT C HAHECEHHBIM K0OaIbToM) [3].

CormnacHO 3TOI KOHLEMIUY, B COOTBETCTBUU C (pyH-
JaMEHTAIHBIM pacrpesiec/ieHieM BosbliMaHa Bsi3Koe
TEUEHUE PacCMaTpHBAETCS KaK paspylLIeHHe accolua-
TOB KJIACTEPOB, COCTOSIIMX M3 KPHUCTAJIONOABMKHBIX
yactull. Pa3pyiiieHre npoucxoauT myTeM MpeoJoIeHuUs
CHJI BaH-JIep-BaaJIbCOBOTO MPUTSIKEHUST MEXK/Ly KJlacte-
pamu, 4TO B MPUHIHMIIE HEe MPOTUBOPEUUT CYIIECTBYIO-
MM IPEJCTABICHHUSM O BSI3KOM TEYCHUH M TOTUMHS-
€TCs1 HOBOH 3aBUCHMOCTH [5]:

()
n=m T ’

Ie 7); — penepHasl SKCIepUMeHTaIbHas (CIIpaBoOY-
Hasl) TOYKa TUHAMHYECKOW BS3KOCTH TIPH TEMITepary-
pe T, (K), mIla-c; - Ge3pa3mepHast CTeleHb acCOLMa-
LI KJIACTEPOB (B MPUOIIMKEHUH €€ TTOCTOSTHCTBA). st
BBIpaKEHUsI TEMIIEPATYPHOU 3aBUCUMOCTH TOKa3aTelist
@ He0OXOIMMO NMETh BTOPYIO PETIEPHYIO TOUKY 7)o, 1

ey

T b
(B

rie b - Mepa ITOHVKEHUS CTETIeH! acCOLMAINY KJla-
crepoB. 171 uaeHTU(DUKALINY TTOKa3aTessl b UCTIONb3y-
€TCsl TPEThsI pernepHas TouKa 73, 13

(@)

- In(ny/ny)

" = (1, /1) ©
In(ns/ny)

"= (T, /T,) @
In(as/as)

(T, Ty) ©)

HHH METaJJIOB TOKa3areNlb b COCTaBIsieT He Ooee
€AVHULBI U IIPUHUMAETCA TTOCTOSAHHBIM. OH TPaKTYETCA
KaK CTEIICHb arperaiyuy accoluaros, cnabo BBIpAXKECH-
HOI U1 HEOPraHNYECKUX BEUIECTB.

Takum o06pazoM, oOmiasi ¢opMa [ABYyXypOBHEBOK
MepapXuIecKoil Mojieni OyAeT Mpe/CTaBieHa Cleaylo-
UM 00pa3oM:

b

T, “2(%)

n=1m <?) ©6)

IIpu stom KAMB (6) MOXHO ONpegenuTh Kak

0000IIEHHOE TOy3MIMPUYECKOe, TTOCKOJIbKY, COXpa-

HsIsl IPUYACTHOCTh K (DYHJAMEHTAJIbHOMY pacripeesie-

HuIo bosbliMaHa, B HEM HCHONB3YIOTCSl pelepHble 3Ha-
yennd (npu 17, 1o n'Ty).
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PeriepHble TOUKH 11e1ecO00pa3HO BHIOKPATh COOTBET-
CTBEHHO B HavaJie, CepeiHe 1 B KOHLIE BCEro MMeIoLLe-
rocsi SKCIepUMeHTaIbHOro MaccuBa 1);, 1. B atom ciy-
Yae MOXHO OrPaHUUUTHCS PACUETOM Gy, Gg U b, HE 00-
pabaTbiBasi BeCh KCIEPUMEHTAIBHBIA MacCHB, C JaJlb-
HEWIIIMM BBeJIeHHEM HEOOXOAMMbIX BEJIMYMH B MOJEIb
(6) ¥ BBIYMCICHHUEM 7) AJIsl COMOCTABJICHUSI CO BCEMH
9KCHEPUMEHTAIbHBIMU 3HAYEHUSIMH 110 K03 duimeHTy
KOPPEJISLUH.

PesyabTarel u o6cyxaenne. [[1s1 yCTaHOBJIEHUS
BEJIMUMHbBI JUHAMUYECKOH BA3KOCTU HAMU ObUT IIpUMe-
HEH KJIACTEPHO-aCCOLMATHOM MOJEINb, IJje B KauecTBe
UCXOOHBIX OAHHBIX 6])1.]]3. UCIIOJIb30BaHA BEJINYUHA BA3-
KOCTH OIpe/Ie/ieHHas] KCIIEPUMEHTAIBHBIM ITyTeM 0
He(TelIamMy 1 nojryueHHble (PPaKIMK U3 THPOreHr3a-
Ta. B tabnuie 1 npeacraBieHHbI SKCIIEPUMEHTAIbHHBIE
BEJIMUMHBI BS3KOCTH 00po31oB 1, 2, 3.

Tab6muna 1 - VicxomHble TaHHBIE BA3KOCTH 00pasIioB 1, 2, 3

T,K | O6pazen 1, 7, (3), mm?-c | O6pazen 2, n; (3), mm?-c? | O6pazen 3, 1, (3), Mm>-c?
298 2.45 1.53 1.42
303 2.19 1.44 1.29
308 2.16 14 1.23

Paccunraem mo HUMEIOIMMCA JaHHBIM BA3KOCTH IIO

KAMB (6).

V3 mpuBeseHHOrO SKCIIEpPMMEHTAIBHOTO MAacCHBa
JaHHBIX TaOnuua 1 BeJMYMHBI BA3KOCTH (7);) ¥ TeMIIe-
patypsl (1) oHM e ObLIM BBIOpaHbI B KayecTBe perep-
HbIX Touek 17, 1y; Th, ny; Ty, 13. Ilo 3TUM TOukaMm c
nomotpio (opmyi (3)-(5) paccuuTaHbl 3HAUEHUA A, U
b (Tabin. 2) U B COOTBETCTBUM C MOJIENBIO (6) MOTyYeHbl
pacyeTHbIe ypaBHEHUS BA3KOCTH.

Tab6mua 2 - [apamerpst KAMB (6) o pacueTHbIM
BEJIMYMHAM BSI3KOCTU 00pa3iioB 1, 2, 3

Heooxomumbie | O6pazerr| Oopazer;| Obpaserr
TapaMeTpal 1 2 3

a2 6.74 3.64 5.77

b 34.76 18.53 17.24

PacueTHble BeJIMYMHBI IO BA3KOCTH HCCJIENYEMBIX BE-
IIeCTB MPUBE/ICHBI B TA0MIAX 3-5.

TaGmuia 3 - PacuéTHble BeIMIMHBI BA3KOCTH 00pa3er]
1 no KAMB (6)

T,K | 7y @), mIla-c | n(7), mIla-c | a

298 | 2.45 2.45 12.02
303 | 2.19 2.19 6.74
308 | 2.16 2.16 3.82

o6pazer 2 mo KAMB (6)

Taomuna 4 - PacdyeTHasa BemuyHA 110 BA3KOCTHA

T,K | n; (), MIla-c | n(8),mllac | a

298 | 1.53 1.53 4.96
303 | 1.44 1.44 3.64
308 | 1.40 1.40 2.69

TaoOmuua 5 - PacyeTHas BeIMYMHA 1O BA3BKOCTHA

obpazerr 2 mo KAMB (6)

T,K | n; 3, mIac | (9),mllac | a

298 | 1.42 1.42 7.69
303 | 1.29 1.29 5.77
308 | 1.23 1.23 4.35

Jist kaxgoro odpasiia MprBeJeHbl PACUETHBIEC YPaB-

HECHUA.

st obpasua 1:

34.76

998 674 (303/T)
n= 2.45 (T) N mlla-c. (7)
st obpazma 2:
18,53
908 3:64 (303/T)
n = 1.53 (%) , mlla-c. (8)
st obpasua 3:
17,24
998 577 (303/T)
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M3MenHeHre BS3KOCTH LTSl MICCTIeAyeMbIX oOpaserl 1
MOKa3aHO Ha pHCYHKe 1.

Kak BumHO 13 tabmmi 3-5 crereHs accolyanyy Kiia-
CTEpOB a C POCTOM TeMITepaTypbl 3aKOHOMEPHO ITOHIKA-
eTcsl ISl BceX BEIEeCTB, COOTBETCTBYA AWHAMUKE pa3-
pyiieHus: accoraroB. HeoOX0qMMO OTMETHTh, YTO B
JAHHOM CJlydae JJisi OPraHu4eCKUX BELECTB MOHSTHUS
KJIacTepa U accolaTta OymayT OTIMYaThCsS OT TOHSTHI
IUTSL pacIiiaBa METaJUTMIECKIX CIUIaBOB. B maHHOM city-
Yyae HY)KHO 3a eIMHHUITY KJacTepa IpUHATh MOHOMeEp, a
accoLuar a - MOJMMEp, COCTOSIIMI U3 COOTBETCTBYIO-
[MX MOHOMepOB. UeM BbIIlIe TeMIeparypa, TeM Kopode
JUIMHA LUETIOYKH WK UThHa noauMepa. CrenoBartesbHo,
TIPOUCXOMUT NEeCTPYKIWS BEMIeCTBa C YIIyUIIeHHEeM ero
TEKyYECTH.

Tak Kak JIsi MOCTPOEHUsI MAPIUAIBHO-KIIACTEPHON
MOJIESIA BSI3KOCTH ObLTM B3SIThl UMEIOIIUECS TPH TOY-
KM, TO Tpeyiaraembie Mozed (6)-(9) ¢popMansHO mMoi-
HOCTBIO COITaCyIOTCA € IKCIIEPUMEHTAJIbHBIMU BEJINYH-
HaMHU B pacCMaTpPHBaeMbIX JMana3oHax, U Koagduim-

€HT HEJIMHEWHON MHOXECTBEHHOM KOPPEJSILIMU paBeH
R=1

OpHako MOTy4YeHHBIE MOJIENIM MOXKHO HCIOJIB30BaTh
TOUKHM IJIs1 O'PaHMYEHHOTO TIPOrHO3MPOBAHMSI TTOBEJIe-
HHSI BEIIECTB KaK B HW)KHEM, Tak M B BEPXHEM TeMIle-
paTypHBIX JUaNa3oHaX M3-3a HEJAOCTATKa KCIEPUMEH-
TaJIbHBIX TOYEK (PUCYHOK 1).

= Sample 1
& Samplc2
24 ks —a— Sample 3
2.24 _— - e
[#]
& 2.04
=
=
= 1.8+
1.6
.-
144 4 T
A
1.2 T

298 300 302 304 306

Puc. 1 - 3aBUCUMOCTb JUHAMUYECKOW BSI3KOCTH OT
TeMITepaTyphl IS UCCIeyeMbIX BermecTs, Obpaser 1,
2, 3 TOUKH - SKCIICPUMEHTATbHBIE IaHHBIC, JIMHUU — I10

ypaBHeHusM (7)-(9)

TepMOHI/IHaMI/I‘-IECKI/IC XapaKTEPUCTUKHA Hccie-
AYEMBIX BCIICCTB IIPA COITIACOBAHHWU  KJIACTECPHO-
aCCOI.[PIaTHOﬁ MOJEJI C YpaBHEHHUEM (I)peHKC.TIH

JI1st cpaBHEHMs KJIaCTEPHO-AaCCOLMATHOM MOJIENN
BSI3KOCTH C Mojiesibio PpeHkens, a Takke B3aUMHOTO CO-
[JIACOBAHUS 3TUX MOJEJIEN U OMyUeHHU s TEPMOIUHAMHU-
YECKUX XapaKTePUCTUK JaHHbIe U3 Ta0/umIl 3-5 mpeacra-
BWJIM B JIOrapuhMHYECKUX KOOpIMHaTax (Tabmuibl 6-8
U pUCYHKU 2-4).

Tabmuua 6 - PacuetHble BeIMUMHBI IO BA3KOCTU oOpasell 1 B jorapupMUIecKux KOOpAuHaTax

T,K | 103/T | 0, (3), mIa-c | Inn, (3) | n(7), mHa-c | Inn(7)
298 3.36 2.45 0.90 2.45 0.90
303 | 3.30 2.19 0.78 2.19 0.78
308 3.25 2.16 0.77 2.16 0.77

Tabmiua 7 - PacueTHble BEIMUMHBI TIO BA3KOCTH 0Opasell 2 B JorapuhMUIECKUX KOOpAXHATAX

T.K | 103/T | n, (3), mIasc | Inn, (3) | n(8), mIa-c | inn(8)
298 | 3.36 1.53 0.43 1.53 0.43
303 | 3.30 1.44 0.36 1.44 0.36
308 | 3.25 1.40 0.34 1.40 0.34

Tabmna § - PacueTHble BEIMUYMHBI TIO BA3KOCTH 0Opasell 3 B JorapupMUIeCKIX KOOPAXHATAX

T,K | 103/T | n, (3), mIasc | Inn, 3) | n(9), mIMa-c | inn(9)
298 | 3.36 1.42 0.35 1.42 0.35
303 | 3.30 1.29 0.25 1.29 0.25
308 | 3.25 1.23 0.21 1.23 0.21
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336 33 325

1031

Puc. 2 - Jlorapudmuueckast 3aBUCUMOCTb BA3KOCTH
obpasua 1 ot oOpaTHOH TeMIiepaTyphl
KBamapTuku - sKcriepruMeHTalIbHbIe JaHHBIE, TOUKH -
TI0 JAaHHBIM TaOMuUIIB! 6, IpsAMast JIMHUA - TI0
ypaBHeHuo PpeHkens

—=— Sample 2

0344 -

0.361 e

1, MPa-c¢

0,43 -

3.36 33 3.25 1031

Puc. 3 - Jlorapudgmmueckast 3aBUCHIMOCTD BA3KOCTH
o6pasel] 2 OT 0OpaTHOI TeMIlepaTyphl
KBazipaTuku - sKkcriepruMeHTalIbHbIe JaHHBIE, TOYKH -
0 JJAHHBIM TaOJIHIBL 7, IpsiMast JIMHUS - TI0
ypaBHeHHI0 PpeHKens

= Sample 3

035 i

T
3.36 33 325 5

Puc. 4 - Jlorapudmuueckast 3aBUCUMOCTb BA3KOCTH
ob6paszel 3 oT 0OpaTHOH TeMIlepaTyphl
KBagparuku (Wam KBapar) — SKCIIepUMEHTAIbHbIE
JaHHBIe, TOUYKHU — 10 JAaHHBIM TaOMHIIpl 8, mpsamast
JIMHYS — 10 ypaBHeHHI0 PpeHkens

B stnx KoopnuHarax OMM3KHME K MPSIMOIMHEHHOMY
pa3MelleHne JaHHBIX HAOMo0gaeTcsl BO BCEM TeMIepa-

TYPHOM [Marna3oHe Touek juist oopasia 2 u 3. s 06-
pasua 1 sKCriepuMeHTAIbHbIE TOUKH PACTIONIOKEHBI C 5B~
HbIM PazOpOCOM OT MPSAMOJMHEHHOCTH, YTO OBbLIO 3a-
METHO H3HAYaJIbHO IO 3KCHEPUMEHTAJIbHBIM TOYKaM.
OpnHako 00padOTKa ITHX JJAHHBIX M0 METOIY HaMEHb-
IIMX KBAJIpaToB MOJTyYEeHHOE YpaBHEHHE HPSIMOM OKa-
3aJI0Ch JOCTATOYHO 3HAUYMMOH.

3HauMMoe MPSIMOIMHEHHOE pa3MelieHNe JaHHbIX Aa-
T TPaBO Ha ONpe/e/IeHNe SHEPIU aKTUBALIMN BSI3KOTO
TedeHUs 10 ypaBHeHn0 PpeHkens

By
n=MnoerT, (10)

rae 1y 1 E, - nocrosHHbIE (1], MHOTAA paccMaTpHBa-
I0T KaK (PyHKLIMIO TEMIIEPATypbl); € - OCHOBaHHE HATy-
paibHBIX JorapudmoB; 1’ - abCOMOTHasI TeMIepaTypa;
R - ra3oBast mocTosiHHasL.

OO6paboTKy AaHHBIX MO BSA3KOCTU B Jiorapugmuye-
CKUX KOOPIMHATAX 0 ITOMY YPABHEHHIO

E
Inn =1 B 11
nn m]o-i-R T (11)

crieqyeT MPOBOAUTh METOIOM HAaMMEHBIINX KBaapa-
TOB MPU UCTIOJIL30BAHUYU PACUETHBIX JTAHHBIX IO BSI3KO-
cTu 1o Mozesu (6), Tak Kak JIMHeapu3allds OCHOBaHa Ha
ypaBHeHnn Ppenkens, a He Ha KAMB (6), obecnieun-
BAIOIIEd COOTBETCTBUE MapIMATPHO-KJIACTEPHON 3aBH-
CHMOCTH BSI3KOCTH OT TEeMIIEpPaTYPBI.

[Ipu 3TOM B ypaBHEHUH NIPsIMOH y = ax + b:

1

= T’b = Inn,.

=In &x
y_ n7R7

B pesyabrare nosyuum

E, = aR Jlx/vonb, 1, = e’ mla-c.

Io o6pa3ziy 1

1o = 0.049, E, = 9.655 kJIx/Mo1s,

0655 (12)
n=0.049 - e RT mlla-c.

KoagpuipeHT koppessiuuu KJIacTepHO-acCOLMaTHON
Mofenn ¢ ypaBHeHMeM PpeHkens coctaBun R =
0.8327 mpu ero 3HaummoctH tp = 2.72 (tp > 2),
D = R? = 0.6934. DTo CBUETENLCTBYET O ONU30CTH
PE3yJIbTATOB pacyeTa BSI3KOCTH 10 00EUM MOJEISIM,
paccMaTpHBaIOM 3Ty XapaKTEePUCTHKY C Pa3IMIHbIX
TOYEK 3PEHUSI - MOJIEKYJISI PHO-KMHETUIECKO! 1 BEPOSAT-
HOCTHOM.

PCSyIII)TaTI)I, TMOJIy4Y€HHbIC 8 () KJIACTEpPHO-
aCCOHHaTHOﬁ MOJEJI U 10 YPABHECHUIO (I)pCHKC.TIH JJIA
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obpasia 1 B MOJHOM OMANa3oHe XUAKOTO COCTOSIHUS
MpUBE/IeHbI B Tabnuiie 9.

Tab6muria 9 - ConocrapiieHre pacyeTHbIE BeTMIHHBI
Bs3kocTu obpasert 1 mo (7) u (12)

T, K | n(7), mITasc | n(12), mIla-c
298 2.45 2.41
303 2.19 2.26
308 2.16 2.13

Vpaeuenue ®penkens s odpasia 2:

6790

1n = 0.098 - e rT , mITa-c.

(13)

Koadpumment xoppensdimy 1o 3SKCIEpUMEHTAb-
0.9612 npu 3HaUMMO-

HBIM JTaHHBIM cOcCTaBua R

cutp = 12.63 (tp > 2) u creneHu JeTepMUHALIIN
D = R? = (.9239, uto Takxe CBHJETEJILCTBYET O OJIH-
30CTH Pe3yJIbTaTOB pacuera BS3KOCTH MO 0OerM Mofe-

JIAM.

Tabmuma 10 - ConocTapiieHue pacyeTHbIE BEJIMYUHBL
Bsi3kocTH obpaser] 2 o (8) u (13)

T, K | n(8), mIlasc | n(13), mIla-c
298 1.53 1.52
303 1.44 1.46
308 1.40 1.39

Vpasuenue ®peHkens a1 odpasia 3:

9655 JTx/mMonb, st odpasina 2 - 6790 Ix/Moib, 1j1s1 06-
paszua 3 - 10981 Ix/Modb.

Taxke MOXHO ONpEaAc/INTb, CKOJIBKO MNPUXOAUTCH
DHCPIruy aKTUBALIUU HA 1 MOHOMEDP. HJIH 9TOrO HEOOXO-
AUMO IMOCYUTATh CPEAHENHTET PAJIBHOE 3HAYEHUE CTETIE-
HHU accolfyaliun KJ1aCTEPOB.

70 3HAYCHHE G MOXKET OBITh AHAJIMTUYECKH OTIpesie-
JIEHO Ha OCHOBE (pOopMYITHI (2) B BUJIE CpPeJHEMHTET PAITh-
HOW BEJINYMHBI.

ay Ty (T,," — T ")
(1 - b) (Tup - T‘l) ’

a= (15)
rae 1) - auxnee (low), Tup - BepxHee (upper) 3Haue-
HUS TEMITEpaTypHOTO MHTEPBAJA.

IMockonbKy BeJIMUMHA @ XapaKTepHU3yeT CpeHee Juc-
JIO KJIaCTepoB B accolyare (WIM B HAIlEM ciydae, JUis
OPraHWYEecKOro BEIIECTBA, YKCIO MOHOMEPOB B MOJH-
Mepe), TO IO OTHOUIEHHI0 F/a MOXHO OIpeaenTh
SHEPIUI0 AKTUBALIUH, TPUXOASIIYIoCS Ha | Kiactep uim
OIMH MOHOMEp U MMEIOIIYI0 CMBIC/I SHEPIUU pa3pbiBa
CBSI3M KJIACTEpa C acCOLMaTOM, TO €CTh Havaja paspy-
IIeHNS TIOTIMepa.

CpenHenHTerpajbHbIe 3HAYCHUS CTEIIEHW acCOoIlfa-
LIMM KJIACTEPOB HUCCJIELYEMOM JMana3oHe coracHo (15)
Juis o6pasia 1, 2, 3 npuseneHs! B Tabnuie 12.

Tabnuua 12 - DHeprus aktuBanmu Ea,
CpeHeHHTerpajIbHOEe 3HAYEHUE CTETIeHH acCOlMaln
KJ1acTepoB a u oTHowenue E/a nuist obpasia 1, 2, 3.

n=0,017-¢ &t ma-c. (14)

Ta6muma 11 - CorocraBlieHHE pacueTHBIC BETUUINHEL
Bs13KOCTH 0Opaser] 3 o (9) u (14)

T, K | n(9), mIlasc | n(14), mIla-c
298 1.42 1.41
303 1.29 1.31
308 1.23 1.22

KoagpuimeHT Koppensiuu 1o 3SKCHepuMeHTalb-
0.9675 npu 3HAYUMO-

HBIM JaHHBIM cocTaBuil R
cu tp = 15.14 (tp > 2) U cTeneHu JeTepMUHALUA
D = 0.9361, uT0 CBUAETENHCTBYET O OMM30CTU JIBYX

MOJIEEN.

Takum 00pa3oM, MBI TONYYHIN SHEPIUI0 aKTHUBA-
LMK [UI BCEX TPeX BeIlecTB: i obpasma 1 £, =

®pakunn | E, a E/a,
kJx/Moib kJx/Momb
O6pazerr 9.655 7.13 1.354
1
Ob6pazert 6.789 3.70 1.833
2
O6pazen 10.981 5.85 1.876
3

Kak ObL10 Moka3aHo paHee Ha Apyrux oobekrax [6-9],
BO BCEX CIIy4asx yAesbHas SHEPrus aKTUBALUM BSI3KO-
ro TeueHus, E/a, He BeIXxouIa 3a peebl SHEPrUy CHIT
BaH-JIep-BaaJlbCOBOro mputsbkeHus, 2-20 kI:x/MoJb,
Kak yka3aHo aBropamu pabotsl [10]. Bce BemmumHbl
SHepruu aktuBaimu ¢pakimu odpasios 1, 2, 3 npuse-
JeHHble B Tabnuie 11 HaxoasaTcsl B HUXKHEM JIMarna3oHe
SHEPrUu BaH-Jep-BaaJlbCOBOTO NMPUTSKEHUS MOJIEKYII,
TO €CTh MX MOXXHO CPaBHUTb C TIOJIMMEPHBIMU MaTepy-
sumami [10], rae oueHb ciadble CBsi3u 00pPa30BaHUs MO-
JIEKYJISIPHBIX CBSI3€H, OCHOBAaHHBI Ha (DM3UIECKOM ITpH-

118



TSDKEHHMHM MOHOMEPOB JIpYr K Apyry 6e3 oOpa3oBaHHsI
(pukcrpoBaHHbIX cBsi3ell. Bynyun Hanbonee cnabbIMu 1
HEHACBIIIEHHBIMU MEXMOJIEKYJIIPHBIMU CBSI35IMU, OHU
IIPEO0/IEBAIOTCS B IIEPBYIO OUEPE/b, UTO JAET MOBOJ aB-
Topam [1-2] yTBepxaTh 0 Takoi MPUPOAE BA3KOIO Te-
YeHMsI, KOTOpasi COCTOUT B pa3pyLlIeHNH aCCOLMATOB 6e3
JECTPYKLMHN KJIACTEPOB, COXPAHSIONINX AaXe MPU BUP-
TyaJIbHOM CBOEM CYIIECTBOBAaHMM SHEPIUIO CBA3U aTO-
MOB B TBEP/IOM COCTOSTHUH.

BriBoapl. B 3akiioueHne, KiiacTepHO-acCcOlMaTUBHAS
MoOJeNb AeMOHCTPUPYET CBOIO JKU3HECHIOCOOHOCTh ITPH
ONUCAaHUM 3aBUCAILIENH OT TeMIepaTypbl JUHAMUYe-
CKOH BSI3KOCTH He(pTEIIaMOB M T'MIPOTeHU3UPOBaH-
HBIX (DPaKIMI 10 BCEMY CIIEKTPY KHUAKOTO COCTOSTHHMS,

BKJTIOYAs] SKCTPAIOJIALMI0 HAYAIBHON U KOHEYHO TO-
YeK KHIeHWs. ITO MPELIOKEHHOS COOTHOIICHHUE BsI3-
KOCTH CJIyXHUT Ha4yaJbHBIM IPUOIMKEHUEM, OCOOSHHO
JUIS CUTyalluil, KOrga OTCYTCTBYIOT TOYHBIE SKCIIEpH-
MEHTaJIbHble JaHHble. [IprMedarenbHO, 4TO OIM3KOe
COOTBETCTBHE MEXIy KJIACTEPHO-aCCOLIMATUBHON MOJIe-
JIBI0 BSI3KOCTU U MOfienbio DpeHKesi B MPaKTUIeCKOM
IUTAHE TIOAYEPKUBACT UX B3aUMHYK COBMECTHMOCTb U
INOoTEHLMaJI JIs TOro, ‘{TO6bI 9TU MOIECIU OOIIOJIHAIN
apyr apyra. ITo Mepe MOCTYIUIEHHs] DOTIOMTHUTENIBHBIX
9KCIIEPUMEHTANIBHBIX JAHHBIX TOYHOCTh U HPUMEHH-
MOCTb KJIACTEPHO-ACCOLMATUBHON MOJIEIN MOTYT OBITh
YTOYHEHBI, YTO PACIIMPHT HAIIIC IOHMMAHHE MTOBEICHHUS
BS3KOCTHU B 3TUX CJIOKHBIX CUCTEMAX.
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IRSTI 55.39.01 https://doi.org/10.58805/kazutb.v.3.20-124

TECHNOLOGICAL SOLUTIONS FOR THE RECONSTRUCTION OF THE
SECTION OF THE MAIN OIL AND GAS PIPELINE

N.T. Smailova'*, A.Y. Popov?
IKazakh University of Technology and Business, Astana, Kazakhstan,
2 Omsk State Technical University, Omsk, Russia,
email: ganibek2006@mail.ru

The article proposes a new solution for laying an oil pipeline with the help of a repair pit, which allows to
preserve the fertile layer of the earth, which is difficult to restore after conventional work in the traditional
way. An analysis of the occurrence of defects was carried out and a conclusion was made about the criteria and
operating conditions of the oil pipeline that affect their occurrence. As a novelty, the scheme of the repair pit
of the main oil pipeline is proposed. The proposed novelty will significantly optimize and increase productivity
during the reconstruction of the main oil pipeline. This method is distinguished by simplicity, as well as the
preservation of a fertile soil layer, which is quite important in the conditions of the sharply continental climate
of the oil pipeline area. The ongoing reconstruction of the pipeline will allow replacing defective sections of the
pipeline, thereby increasing the service life and avoiding accidents on the pipeline, which is quite an important
factor in the conditions of uninterrupted supply of petroleum products to the consumer.

Keywords: trunk pipeline, oil pipeline, reconstruction, defective sections, laying of an oil pipeline.

MATHUCTPAJIbJIBIK, MYHAI-T'A3 KYBBIPHI YUACKECIH
PEROHCTPYRKIMAJIAY KESIH/JEI'T TEXHOJIOTUAJIBIK INEINIM/IEPI

Cwmaiitosa H.T.!, Ilonos A.JO.2
'Kazax TexHomnorus xoHe GusHec yHuBepcuTeTi, Actana, Kasakcran,
2OMOBI MEMJIEKETTIK TEXHUKANBIK YHUBEpCUTeTi, OMOHI K., Peceit

email: ganibek2006@mail.ru

Makananma 1ocTypii o[IiCTIeH 9fISTTeri JKYMBICTAp/IaH KeiH KaJIblHa KeNTipy KUbIH OOJNATHIH KepiH KYHAPITI
KabaTblH CaKTayFa MYMKIHIIK OepeTiH keH/ey IIYHKbIPBIHBIH KoMeriMeH MyHai KYOBIPbIH Tecey Typasibl kKaHa
HIeNIM YCHIHBUIFAaH. AKayJIapbIH Maijia OoTyblHa Tauaay jKacajbl KoHe ONIApABIH Maiia OOoMyblHA dcep eTeTiH
MYHaii KyOBbIPbIHBIH ©JIIIEMEPi MEH XYMBIC JKaFAailiapsl Typajibl KOPBITHIH/BI jkacaspl. JKaHaJbIK peTiHae Maru-
CTpaJIbJbIK, MYHal KYOBIPBIH KOH/EY ITYHKBIPHIHBIH CXEMAChI YCHIHBLIA/IbI. ¥ CBIHBUIFAH KaHAJIBIK MaruCTPIIbBIK
MyHall KyOBIPBIH KaliTa Kypy *KYMBICTAPBIH KYPri3y Ke3iHae eHIMIUTIKTI aliTapibIKTall OHTaIaHIbIPyFa KOHE
apTThIpyFa MYMKIHIIK Oepeni. By onic KapanailbIMIBUIBIFBIMEH, COH/IAl-aK, TOITBIPAKTHIH KYHAPIIbl KaOaThIHBIH
CaKTaJybIMEH epeKIleseHeni, Oy1 MyHail KyObIpbl OpHAJIACKAH KepIiH KYPT KOHTUHEHTAJIb/Ibl KIMMAaTbI JKaF 1ai-
BIHAA 6Te MaHpI3Abl. MyHaill KyObIPBIH KaiiTa jkaHAapTy MYHail KYOBIPBIHBIH aKayJibl y4acKeJepiH aybICTBIPYFa,
COJI apKbUIbl KBI3MET €Ty Mep3iMiH y3apTyra )oHe MyHail KyObIpbIHIaFbl aBapHsiIapbl OOJIbIpMayFa MYMKiH-
Iik Oepeni, Oy TYTHIHYIIBIFA MyHall ©HIMIH Y3/liKCi3 Oepy KaraaifblHaa aifTapiblKTaid MaHbI3abl (hakTop OOMbII
TaObLIAIEI.

Tyiiinai ce3aep: MarucTpaibablK KyOblp, MyHail KyObIpbl, KaiiTa Kypy, akayJibl yyackesep, MyHal KyObIpbIH
KYpPacThIpy.

TEXHOJIOI'MYECKUE PEHIEHUA ITPU PEKOHCTPYRKIIUNA YYACTKA
MATI'NCTPAJIBHOI'O HE®TEI'A3OIIPOBOIA

Cwmaiizosa H.T.!, Ilonos A.10.2

IKazaxckumit YHUBEPCHUTET TeXHONOruy 1 Ou3Heca, r. AcraHa, Kasaxcrax,
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B crarbe mpeanoxeHO HOBOE pelleHue MO MPOKJIaJKe HedTenpoBoaa MpH MOMOIIM PEMOHTHOTO KOTJIOBAaHa,
TO3BOJISIONIETO COXPAHUTD IIONOPOIHBIMA CJTOM 3¢MJIM, KOTOPHIH B IIOCIEACTBUM OOBIYHBIX paOoT TPaJULIMOHHBIM
CrOCOOOM TPYAHO TOAJIEKUT BOCCTAaHOBJIEHHIO. [IpoBeeH aHaIN3 BO3HUKHOBEHUS Je(DEKTOB U CAeJIaH BBIBOJ O
KPUTEPUSIX U YCIOBHX paboThl He(pTerTpoBo/ia, BIUSIONIMX HA MX BO3HUKHOBEHUE. B KauecTBe HOBU3HBI ITpejiia-
raeTcsi CXeMa PEMOHTHOro KOTJIOBaHA MarucTpajibHoro Hedrenposona. [IpeyioxeHHass HOBU3HA MO3BOJIUT 3HA-
YHTEIHHO ONTHUMHU3MPOBATH M YBEJIMUIUTD IIPOU3BOANTENIBHOCTD IPH IPOBEAECHNH PabOT MO PEeKOHCTPYKIMM Maru-
cTpasbHOrO HepTenpoBoa. [JaHHbIH Cocod OTIMYAeT MPOCTOTA, a TAKXKE COXPaHEHHE TIOJOPOIHOTO CIIos MOoY-
BBI, YTO HEMAJIO BAKHO B YCJIOBUAX PE3KO-KOHTMHEHTAJIBHOIO KJIMMAaTa MECTHOCTH IpoJieraHus Hedrernposoaa.
[IpoBoouMast peKOHCTPYKIMsI He(PTENPOBOAA MO3BOIUT 3aMEHUTD Je(PeKTHBIE YUAaCTKH HeTelpoBoaa, TeM ca-
MBIM YBEJIUUTH CPOK CITY’KObl M M30€XkaTh aBapuil Ha HeTEIPOBO/E, YTO SBJSETCS HEMAJIO BaXKHBIM (DAKTOPOM

B YCJIOBUSIX OecriepeOoiHON nofgadun HedbTelpoayKTa MoTpeOUTeIio.

KuroueBble ci1oBa: MarucTpaibHbIi TPyOOIpOBOL, HE(TENPOBOL, PEKOHCTPYKLIHS, Ie(PEKTHBIE YYaCTKH, ITPO-

KJIaJIKa HeTernpoBoya.

Introduction. The fuel and energy complex is
the basis for the development of all sectors of the
economy of Kazakhstan. Its most important element
is the system of trunk pipelines for the transport of
oil, gas and their refined products. The geographical
location of oil and gas fields in Kazakhstan and
their consumers puts pipeline transport in the first
place among all other types. Only pipeline transport
is able to guarantee uninterrupted and uniform supply
of significant cargo flows of oil, gas, and petroleum
products, while ensuring the lowest economic costs. It
is also important that pipeline transport, with proper
trouble-free operation, is environmentally friendly.

For oil, pipeline transport is the main mode of
transport in our country. Pipeline transportation of oil
is the most economical, environmentally friendly, and
easily automated. These advantages over other modes
of transport explain its intensive development [1-3].

Modern trunk pipelines are independent transport
enterprises equipped with a complex of head,
intermediate pumping pumping stations of high
capacity with the necessary production and auxiliary
facilities.

Failures on trunk pipelines cause not only great
economic damage due to product losses and disruption
of the continuous production process in related
industries, but can be accompanied by environmental
pollution, fires and even human casualties.

Modern conditions of oil pipeline transportation are
characterized by the natural aging of fixed assets,
increased requirements for their environmental safety
and the need to maintain the linear part of the main
oil pipelines in working condition for the uninterrupted

provision of transport services to oil companies [4-6].

When transporting large volumes of oil at high
pressures, it is necessary to ensure the reliability of
the main oil pipelines and the prevention of failures
and accidents. The natural aging of oil trunk pipelines
and, in connection with this, a significant increase in
the requirements for their environmental safety are
characteristic features of the working conditions of oil
pipeline transport. These moments determine the main
directions of improving the system of prevention and
liquidation of emergency situations in the industry.

Materials and methods. The quality of repair work
is largely determined by the perfection of the machines
and mechanisms used, the high-quality organization
of operational control at all stages of repair and,
finally, the competent fulfillment of the requirements
of repair technology. The rational solution consists in
carrying out effective preventive actions, consisting
in timely detection of pipe defects, in carrying out
repairs in order to eliminate the adverse effects of
defects, to prevent their dangerous development [7-
9]. The reconstruction of the existing Kalamkas-
Karazhanbas-Aktau oil pipeline (Kazakhstan oil
pipeline) connecting the Buzachin oil and gas fields of
Kalamkas, Karazhanbas, Severnoye Buzachi, Arman,
Zhalgistube with the city of Aktau is being considered,
which will then connect with the Aktau-Zhetybai-Uzen
oil pipeline. By means of a planned diagnostic study
on the Kalamkas-Karazhanbas-Aktau oil pipeline, on a
section of 30 km from the «Kalamkas» GNPS in the
direction of the «Karazhanbas» GNPS, a section of
deterioration of the pipeline along a length of 50 km
was detected.
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Scheme of main pipelines

On this section of the pipeline, according to the
results of in-line and electrometric diagnostics, the
following defects were identified:

- insulation defects (unsatisfactory adhesion, gusts,
lack of insulation, etc.);

- corrosion defects (wall thinning, the effect of stress
corrosion, brook corrosion, etc.);

- defects in welded joints (due to wear and defects
during construction and installation work);

- defects in the geometry of the pipeline (dents,
corrugations, ovality of more than 3%, etc.);

Along the pipeline route of the investigated section,
80% of the length is occupied by defects of priority
repair.

The reconstructed section of the oil pipeline is laid
in a separate trench at a distance of 4 meters from the
existing route of the Kalamkas-Karazhanbas-Aktau oil
pipeline with subsequent opening and dismantling of
the replaced one. The target of the reconstructed section
is moved to the right along the course of the oil [10].

Before laying, the new oil pipeline thread must be
fully ready for connection to the existing oil pipeline:
welded into a thread, cleaned and insulated with
anticorrosive insulation. The pipeline, welded into a
thread, as well as individual sections of pipes on the
route should be laid on inventory beds with soft gaskets
that exclude insulation damage. Laying the pipe on
earthen prisms is not allowed.

The proposed novelty relates to the repair of
pipelines. The repair pit contains slopes with specified
slopes on both sides of the main pipeline, while the
pipeline is located in the ground with a minimum wall
thickness of at least 200-300 mm, and a flat bottom
is formed on both sides of the pipeline located in
the ground to the width of the excavator bucket. The
soil extracted from the pit is located at least 500 mm
from the edge of the slopes of the pit on both sides.
The method of developing a repair pit along the main
pipeline consists in the fact that the repair pit is formed
in the form of a trench, and the fertile soil layer is
removed beforehand, the drainage strip is cleared of
shrubs and vegetation, the trench axis is broken down
and fixed on the terrain, the latter is made by the end
face method when a single-bucket excavator moves
along the axis of the newly laid oil pipeline instead of
the repaired one. The soil removed from the trench is
placed in the dump no closer than 0.5 - 0.7 m from
the edge of the trench. When developing a trench with
a single-bucket excavator, hangers are placed along
the axis of the trench in front of it along the course
of its movement and behind along the already dug
trench, and in rectilinear sections, along the course of
its movement, landmarks with a height of 1 - 3 m are
set every 30 - 50 m. To increase the accuracy of the
excavator movement on curved sections relative to the
trench within the curve along the width of the tracks or
along the width of the trench on both sides, landmarks
are set every 1-2 m. As a result, simplification of work
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is achieved by minimizing manual labor with minimal
environmental impact [11].

Results and discussion. The repair pit contains
slopes with specified slopes on both sides of the main
pipeline, while the pipeline is located in the ground with
a minimum wall thickness of at least 200-300 mm, and
a flat bottom is formed on both sides of the pipeline
located in the ground to the width of the excavator
bucket. The technical result is that it is possible to
simplify the work by reducing manual labor as much
as possible with minimal environmental impact. The
repair pit along the main pipeline 1 contains on both
sides of the main pipeline 1 slopes 2 with specified
slopes (steepness). The main pipeline 1 is located in the
ground 3 with a minimum thickness of the soil wall of
at least 200 - 300 mm, and on both sides of the main
pipeline 1 located in the ground 3, a flat bottom 4 is
formed for the width of the excavator bucket 5. The
soil extracted from the pit 6 is located at least 500 - 700
mm from the edge of the slopes 2 of the pit on both
sides.

The method of developing a repair pit along the main
pipeline 1, in particular the oil pipeline, is that the repair
pit is formed in the form of a trench, and the fertile
soil layer is previously removed, which is formed in the
form of a separate dump 7, the drainage strip is cleared

of shrubs and vegetation, the axis of the trench is broken
down and fixed on the terrain, which is made by end
face when moving a single-bucket excavator 5 along the
axis of the newly laid oil pipeline instead of the repaired
one, while the soil 6 removed from the trench, they are
placed in the dump no closer than 0.5 - 0.7 m from the
edge of the trench. When developing a trench with a
single-bucket excavator 5, hangers are placed along the
axis of the trench (not shown in the drawing) in front
of it along the course of its movement and behind along
the already dug trench, and in rectilinear sections, along
the course of its movement, landmarks (hangers) with a
height of 1 - 3 m are set every 30 - 50 m, to increase the
accuracy of movement excavators on curved sections
relative to the trench within the curve along the width
of the tracks or along the width of the trench on both
sides set landmarks every 1-2 m. [12-13].

During the work carried out, it was found that the
described method ensures the precise movement of the
excavator 5 along the underground main pipeline 1
laid in the ground, and no strengthening of the slopes
is required, the ingress of soil from the dumps into
the trench is completely prevented and the fertile soil
layer is preserved, which fully allows restoring the
environment after repair work on the main pipeline and
at the same time, minimize the use of manual labor to
clean the main pipeline under repair from the ground.

3

Scheme of the repair pit of the main oil pipeline

The trench, preferably, is deepened no more than 3.0
m, but not less than 1.6 m, along the lower base the
trench is expanded no more than 4 m, while the slopes
of the trench, arranged without fasteners in soils located

above the groundwater level, are performed with the
greatest steepness equal to 45 ° - 60 ° with respect to
the horizontal.

This method ensures the precise movement of the
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excavator 5 along the underground main pipeline 1
laid in the ground, and no strengthening of the slopes
is required, the ingress of soil from the dumps into
the trench is completely prevented and the fertile soil
layer is preserved, which fully allows restoring the
environment after repair work on the main pipeline and
at the same time minimizing the use of manual labor
for cleaning the main pipeline being repaired from the
ground.

Conclusions. The proposed novelty will
significantly optimize and increase productivity during
the reconstruction of the main oil pipeline. This
method is distinguished by simplicity and economic

expediency, as well as the preservation of a fertile soil
layer, which is quite important in the conditions of the
sharply continental climate of the oil pipeline area.

The proposed novelty will significantly optimize
and increase productivity during the reconstruction of
the main oil pipeline. This method is distinguished
by simplicity and economic expediency, as well as
the preservation of a fertile soil layer, which is quite
important in the conditions of the sharply continental
climate of the oil pipeline area. The restoration of the
fertile soil layer is significantly reduced and practically
not affected, in the conditions of reconstruction and
repair of the main oil pipeline.
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METOA0JIOTHUA NOBBIIIEHUA 9KOJIOTUYHOCTHA N
OHEPI'O93®PEKTUBHOCTU HA OTKPbBIX PASPABOTKAX
MECTOPOZKJIEHAM IMOJIE3HBIX NCKOITAEMBIX

C.K.Tamues!, E.T. Yremos!, E.E. Capcendaes’, /I.A. l'ammnes?, H.E.Akcanaiues 3
Wucruryt ropHoro nena um. II.A Kynaesa PI'TI «HLI KIIMC» MUUWP PK, r. Anmarsi, Kazaxcran,
TOO «Qazakstan smart technology», r. Anmarsl, Kazaxcras,

Kazaxckwmit HanlmoHabHBIA TexHudeckni yauBepernteT nM. K.M. Carmaea, r. Anvarsl, KazaxcraH,

email: seitgaligaliyev@mail.ru

Crarbsl MOCBSIIIIEHa aKTYaJIbHOW TeMe, B KOTOPOW COYETAIOTCsI MPOOJIEMHBIE BOIPOCH 3HEProa(PeKTUBHOCTH 1
HU3KOYTJIEPOAHOIO Pa3BUTHSI TOPHOTO IPOU3BOACTBA C OTKPBITBIM CIIOCOOOM pa3pabOTKKM MECTOPOXJEHUI TBED-
JBIX TIOJE3HBIX MICKOTIAeMbIX. B Hell 3aTparmBaioTcsi METONOJIOTMYECKUE ACTIEKTHI MOBBIIICHNST SKOJIOTUIHOCTH U
9Heproa(pHEKTUBHOCTA OCHOBHBIX IPOM3BOICTBEHHBIX MPOLIECCOB Ha NMPUMEPE OZHOTO M3 FOPHONOOBIBAIOIIMX
npennpuaruii Kazaxcrana. B kauecTBe oImcaHusl METOIOB U MOAXOOB IPECTaBIeH aITOPUTM y4ETa HEpro-
pacxo/ia U KOJIOTMYECKHMX BBHIOPOCOB B Iporiecce (hyHKIIMOHMPOBAHUS T€0TEXHOJIOIMYECKOr0 KOMILIEKCa C MpH-
MeHEeHHe aBTOMOOWJIBHOTO TPaHCIIOpPTa M3BJIEKAEMOW T'OPHOM MacChl, B 3aBUCUMOCTH TEXHUYECKOTO COCTOSIHUS,
OpraHM3alMH 1 YCJIOBUI KCIUTyaTallii OCHOBHOTO TOPHOTO M TPAHCTIOPTHOTO 000PYJOBAaHMS B XO€ MMHTALIIOH-
HOTO MOJEIMPOBaHuUs. B Br/ie BBIXOZHOM TaOIMIIBI JEMOHCTPUPYETCS MepedeHb BHIXOIHON HH(OPMAIMH I10 KO-
JIOTUYECKMM BBIOpOCAM, a TaKXkKe AuarpaMMbl SHEPropacxona U 00bEMOB IKOJIOTMYECKUX BBIOPOCOB IO y4acTKaM
aBTOMOOHJIBHOM TPACChl, B 3aBUCMOCTH OT Ka4eCTBa JIOPOKHOTO MOKPBITHS1, YUCTEHHOCTH U UHTEHCUBHOCTH TIPO-
ITyCKa TPAHCHOPTHBIX CPEACTB 110 HAM. Y/IeJAeTCsl BHUMAaHUE HCIOIb30BaHUIO0 aBTOTPAHCHIOPTA C NEKTPUUECKUMU
1 W3eNbHBIME JIBUTATesIMU. 1o pe3ysbraraM McciaefoBaHus NpecTaBieHa oleHKa 3¢ (eKTUBHOCTY PHHSATHS
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Makasna KaTThbl naiaaisl Kazoaiap KeH OpbIHAAPBIH UTepYAiH allblK TOCITIMEH Tay-KeH OHJipiCiH SHeprust TUiM-
JITIri MEH TeMeH KOMIipTeKTi JaMBITYABIH MPOOIeMabIK, Moceseepi YINTACAThH ©3¢KTi TAKBIPHIITKA apHAJFaH.
Onpa KazakcraHHBIH Tay-KeH eHIipy KoCIMOPHIHIAPBIHBIH OipiHiH MBICATBIH/IA HETi3ri ®HAIPICTIK MpOoIecTepaiH
SKOJOTHSUTBIK, Ta3aJIbIFbl MEH SHEPrusi TUIMIIUIITIH apTTHIPYIbIH OIiCHAMAJBIK, aCHeKTUIepi KO3Falaapl. DicTep
MEH TOCUTAEpi CUMAaTTay PETiHAe UMUTALMSIIBIK MOIEbICY OaphIChIHIA HETI3I Tay-KeH jKoHe KOJIK kKaOmplKTa-
PBIHBIH TEXHMKAJIBIK, Kai-KyHiHe, YABIMIACTHIPbLTYbIHA JKoHE MailaiaHy IIapTTapbiHa OafJIAHBICTHI aJIBIHATHIH
Tay-KeH MacCaCHIHBIH aBTOMOOWIIb KOJIIiH KOJIaHa OTHIPHII, TEOTEXHOJIOTUSIIBIK, KEIIEHHIH XYMBIC iCTey Mpo-
TIeciH/le SHEeprusl IIBIFBIHBIH JKOHE SKOJIOTUSUIBIK, IIBIFAPRIHABUIAPABI €CEKe aly alropuTMi ychbiHbUFaH. [Ibry
KecTeci TYPpiH/Ie SKONOTUsIIBbIK, IIbIFAPbIHIbLIAP OOMBIHINA IIBIFY AKNAPATHIHBIH Ti30eCi, COH/Ial-aK, aBTOMOOHIIb
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TPACCACHIHBIH, y4YacKesepi OOMBIHIIA SHEPTUS HIBIFBIHBI MEH SKOJOTUSUIBIK, MBIFAPBIH/BLIADP KOJIEMiHIH qUarpam-
Machl KOpCEeTiIei.

Ty#ingi ce3aep: ambk Tay-KeH KYMBICTAPhI, TEOTEXHOJIOTUSIIBIK, KeIIeH, SKOIOTHSUTBIK, IIBIFAPBIHIBLIAP, SHEP-
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METHODOLOGY FOR IMPROVING ENVIRONMENTAL FRIENDLINESS AND
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The article is devoted to the actual topic, which combines problematic issues of energy efficiency and low-
carbon development of mining production with the open-pit method of development of solid mineral deposits. It
touches upon the methodological aspects of improving the environmental friendliness and energy efficiency of
the main production processes on the example of one of the mining enterprises in Kazakhstan. As a description
of methods and approaches is presented an algorithm for accounting energy consumption and environmental
emissions in the functioning of geotechnological complex with the use of road transport of extracted rock mass,
depending on the technical condition, organization and operating conditions of the main mining and transport
equipment in the course of simulation modeling. The list of output information on ecological emissions, as well
as diagrams of energy consumption and volumes of ecological emissions by sections of the highway, depending
on the quality of the road surface, the number and intensity of vehicles passing along them, is demonstrated in
the form of an output table. Attention is also paid to the use of vehicles with electric and diesel engines. Based
on the results of the study, an assessment of the effectiveness of taking a set of measures aimed at improving the

engergo- and environmental efficiency of geotechnological complexes is presented.

Keywords: open-pit mining, geotechnological complex, environmental emissions,energy efficiency, energy

conservation, economy, optimization, automation.

BBegenue. YBenuueHue 3KONOTMYECKON HArPY3KH
[IPY OJHOBPEMEHHOM BO3PACTAHHH ILIaTEKeH 32 BBIOPO-
Cbl CTAHOBUTCA OOHUM U3 OCHOBHBIX q)aKTOpOB, BJIU-
sionmx Ha 3¢ (EKTUBHOCTb OTKPHITHIX TOPHBIX PadoT.
OmnacHOCTh AHTPOIOTEHHBIX 3arps3HEHUN COCTOMT B
MX JIOKATbHBIX BBICOKMX KOHILIEHTpaiusix. Poct noGb-
YM, €CTECTBEHHO, OOYC/IOBJIMBACT yBeJlMUYeHHe o0bema
TPAHCIIOPTUPOBAHKS CBHIPbsI, U KaK CJIEACTBUE POCT 3a-
IPSI3HEHUs] BO3JLYITHOrO OacceiiHa, OCHOBHBIE 3HEPro-
3aTpathl U BLIOPOCH! MPUXOIATCS HA KAPbEPHBII TPAHC-
nopt. CreoBaTebHO, BOZHUKAET HEOOXOIUMOCTh pe-
HIEHUs] SKOIOTMYECKUX MPOOJIEM B TOPHOIPOMBIIILIEH-
HBIX pEermoHax, y4era 3Toro (pakTopa Ipu IUIaHUPO-
BaHUM TOPHOTPAHCIIOPTHBIX PabOT M CpPaBHUTEILHOW
OLIEHKE BAPHAHTOB.

Bricokast MHTEHCUBHOCTh JBUXEHUSA aBTOMO6I/IJ'I]>H0-
T0 TPAHCIIOPTA B Kapbepax MPUBOAUT K OOJIBIIION 3arlbl-
JIEHHOCTH BO3/yXa, KOTOpas OTPUIIATENIHHO BJIMSET HA
paboTy TpaHCIOPTa M CO3AET AHTUCAHUTAPHBIE YCIIO-
BUS, OCOOCHHO C YBEJIMYEHHEM ITyOuHbI pa3paboTKu

Y HapyIlIeHUEeM eCTECTBEHHOrO BO31yXO0O0OMeHa. 3arbl-
JIEHHOCTh BO3/yXa JaXe MpU MPUMEHEHUH OpOLICHHUs
JOPOT BOIOHM B TPU-TIATh Pa3 MPEBHIIACT CAaHUTAPHbBIC
HOPMBI, a TIPH OTCYTCTBHU CPEJICTB MBUICTIONABJICHUS HA
OT/EJIbHBIX KApbepax COCTABJISET JECATKH U COTHU M-
JIMTPaMMOB Ha KyOoMmeTp Bo3ayxa. OCHOBHBIMH UCTOY-
HUKaMH TbUICOOpa30BaHMSI HA Kapbepax SIBJISIOTCS aB-
TOMOOUJIbHBIE JIOPOTH, HEe MMeolue MOKphiThs. Hau-
6oJiee HEOIATONPUATHBIME IO YCJIOBUSM IBLIEOOpa30-
BaHUS SIBJIAIOTCS PYJHBIE Kaphepsbl, IJIe 3arbUICHHOCTh
BO3/yXa B KaOMHAX aBTOCAMOCBAJIOB B JIETHHUI MEPUOJT
nocruraet 360 mr/m>.

ITbb Ha KapbepHBIX aBTOOpOrax obpasyercss U3
MIPOLYKTOB pa3pyIleHNs ¥ U3MEIbUeHH S MaTepraa Jao0-
pOrH M TPyHTa, IPUHOCHMOIO Ha KOJIECaX aBTOMAIMH
¢ 3a00MHBIX ¥ OTBAJIBHBIX JOPOT, a TaKke HaHOCHMO-
ro ¢ 00OUYMH JOPOr M OTKOCOB ycTynoB. Kpome Toro,
IIBUTH 0OpasyeTcst OT MOPOJHON 1 PyAHOM MeIo4H, mpo-
CHITIABIIIEHCS HA IOPOTY U3 KY30BOB aBTOMAIIIMH, a TaK-
k€ TIPUHOCUTCS] BETPOM TIPH ITPONU3BOJICTBE B3PbIBHBIX,
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TIOTPY30YHBIX ¥ OTBAIBHBIX PaboOT, ¢ OTKOCOB, IUIONIA-
JOK YCTYTIOB.

Meroponorusi MOBBIIICHNs] SKOJIOTHYHOCTH U SHEp-
103 (eKTHBHOCTH HA OTKPHITHIX Pa3pabOTKaX MecTo-
POXKICHUI MOJE3HBIX HCKONAaeMBIX BKIIOYaeT B ceOs
psi 1IaroB W TIOAXOJOB, HANpAaBIEHHBIX HA CHHXe-
HHUE HeraTMBHOT'O BO3/IEICTBUS Ha OKPYXKAIOIIYIO Cpey
1 3(peKTIBHOE MCIOIBb30BaHNE SHEpPropecypcoB. Bor
HEKOTOPBIE U3 HUX:

- WHTETPUPOBAHHBIN MMOAXO/ K TUIAHUPOBAHUIO: Pa3-
paboTKa MECTOPOXIEHUI JO/IKHA HAYMHATHCSA C KOM-
TUIEKCHOTO aHAIM3a BO3MOXKHOCTEH BIMSIHUSI HA OKPY-
HKAIOIIYIO Cpey;

- MUHHUMM3AIIMsS OTXOJIOB: pa3paboTKa W BHeEpeHue
METONOB JOOBIUH U oOoraieHust, 00paboTKU pyibl, KO-
TOpbIe TIO3BOJIAT MAKCUMAITBHO 3(P(HEKTUBHO U3BJIEKATDH
IIEHHble KOMITOHEHTHl M3 Marepuaja ¥ MUHUMHU3UPO-
BaTh 0OPA30BAHKE OTXO/IOB U BHIOPOCOB;

- UCTIOJIb30BAHUE TEXHOJIOTHIA BOCCTAHOBJIEHUS: TIPU-
MEHEHHME TEXHOJIOTUH CHIDKEHMSI KOJIOTMYECKON Ha-
TPY3KU Ha TPUPOIHBIE SKOCHCTEMbI W CHIKCHUS BO3-
JefCTBYS Ha JTaHAMAPT, KOHTPOJb HaJ 3arpsisHEHNEM;

- 9Hepro3(PEKTUBHOCTh M ATBTEPHATHBHBIC UCTOY-
HUKU SHEPruM: WCIONb30BaHUE SHeprocOeperaroimx
TEXHOJIOTMH, ONTUMU3ALMS MPOLIECCOB ISl CHIKEHHS
SHEProsarpar U nepexoq K aJbTEPHATUBHBIM MCTOYHU-
KaM SHEpru, MO3BOJSIONINX CYIECTBEHHO COKPATUTH
HeraTMBHOE BO3/ICHCTBHE HA OKPYKAIOILYIO CPeIy;

- collMajibHasi OTBETCTBEHHOCTDb: B3aMMOJEWCTBUE C
MECTHBIMU COOOIIECTBaMH, MH(POPMUPOBaHUE 00 HC-
CIIEIOBAHMSX M IUIAHAX Pa3pabOTKH, YYET MHTEPECOB
MECTHBIX JKUTEJIeH, NPEeIOCTaBleHHe pabouMX MeCT U
WHBECTUPOBAHME B COLMAIBHBIE ITPOTPAMMBI;

- MOHHMTOPHHT 1 OLIEHKA: OCTOSIHHOE HaOJIoIeH!e 32
BO3JCHCTBHAEM Ha OKPYXAIOILYIO Cpefty, COOp JaHHBIX U
orieHKa 3(PeKTUBHOCTH IPUHUMAEMBIX Mep, BHECEHHE
KOPPEKTHB TPH HEOOXOIMMOCTH;

- WCCIIEIOBAHUS ¥ WHHOBALIUK: MCCIEJOBAHUA B 00-
JIACTH HOBBIX TEXHOJIOTMI M METOIOB Pa3pabOTKH, Ha-
MIPABJICHHBIX HA YJYYIIeHHe SKOJOTMYHOCTH U 3hek-
TUBHOCTH, MO3BOJISIIOT TIOCTEMEHHO COBEPINEHCTBOBATD
TIPOTIECCH JOOBIYM M OOOTAIIICHUSI.

D¢ dexTrBHAS METONONOTHS JIOKHA COYeTaTh ITU
U IpyTHe TOIXOABl B 3aBUCUMOCTH OT CHEIW(PUKH Me-
CTOPOXKJEHHUsI ¥ YCIIOBHIA ero pa3padoTku. BaxkHo crpe-
MUTBbCsI K OaJlaHCy Mexjy MOTpeGHOCTSMH MPOMBbIII-
JIEHHOCTH ¥ COXPaHEHUEM IIPUPOIHON CPEJIbL.

MatepuaJubl 41 MeTOAbl. MeTonuKa pacuera Bpea-
HBIX BBIODOCOB M TBLICBBIIC/ICHUSI B IpOLIECCE pa-

OOTHl TEOTEXHOJIOTMUYECKOr0 KOMIUIEKCa Oasupyercs
Ha TPUMEHEHWM WMUTALMOHHOTO MOJEMPOBAHHS B
paMKax IIPOLECCHOTO IOAXOAa K YIpPaBJIEHUIO Ieo-
TEXHOJIOTMYECKMMU KOMILUIEKCAMU U IO3BOJISIET ajieK-
BaTHO YyYeCTh MPAKTHYECKH BECh AaCleKT OCHOBHbIX
ONpeAeNsoIuX (HakTopoB FOPHOTEXHHUYECKOTO, TOPHO-
T€OMETPHYECKOr0, TOPHO-TEOJIOTMYECKOro, OpraHu3a-
LIMOHHOTO ¥ 9KOHOMHUYECKOT0 XapaKTepa, a e€ peaamnsa-
111 - KOMIBIOTEPHAs! IIPOrpaMMa, KOTopasl IO3BOJIsIET
C BBICOKOW TOYHOCTBIO

OITpe/IeIUTh PACXOJI TOTUIMBA U BLIOPOCH BPEIHbIX Be-
IIECTB aBTOCAMOCBAJIAMH B ITPOLIECCE IBHAKEHUS M0 JII0-
60oMy MapuIpyTy (TEXHOJOTHUYECKUH, XO3IHCTBEHHBIH)
[1-6].

Mozenupyomuii anroput™ MMHUTALIOHHOTO MOJIe-
JIMPOBaHUsI pabOTHl SKCKABATOPHO-TPAHCIIOPTHBIX KOM-
TUIEKCOB NTPElycMAaTPUBAET BOCHPOM3BEACHUE Kaue-
CTBEHHO Pa3JIMYHBIX SKOJIOTMUECKUX CHUTYAIUH, a TaK-
e BO3MOXKHOCTH HX PEryJMpOBaHHsS C YYETOM IPHO-
PUTETOB M KOHKPETHOTO COCTOSIHHSI I€OTEXHOJIOrHYe-
ckux cucreM. Kpome Toro, oH obecrieunBaeT ajiekBar-
HOE MOJIEJIMPOBAaHNE BCEBO3MOXHBIX TEXHOIOTMUECKUX
COOBITHI, ONepalnii 1 IPOLIECCOB, CBSA3aHHBIX C HHTEH-
CHBHBIM BBIJIEJIEHUEM BPEIHbBIX BELIECTB U MbUIM, TAKUX
Kak: BbIeMKa rOpHOM nopofpl B 3a00€, TPaHCIOPTUPOB-
Ka aBTOTPAHCIIOPTOM, OypOBbIe pabOTHI.

s monydeHus: TaKuX 3HAYeHWd, KaK MHTEHCHB-
HOCTb TBUICBBIJICJICHHS] ¥ BLIOPOCOB BPETHBIX BEIIIECTB,
HEOOXO/IMMO AJIEKBATHO YYUTBHIBATH TEXHOJIOTHYECKHE
napameTpbl TOPHOTPAHCIIOPTHOTO KOMILIEKCA, KaK B Iie-
JIOM, TaK Y MO KaXIOH TPaHCHOPTHOW M BBIEMOYHOM
€IMHUIIE B OTACIBHOCTU. Takue MmoKa3aTesid MOIETHUPO-
BaHMsI TEXHOJIOTMUYECKOTO MpOoIlecca, Kak: pacXoj TOI-
JIMBA, BPEMS BBIEMKHU U TOrPY3KH, OOBEMbI TIEPEBO3U-
MO TOPHOIM Macchl U T.JI. SIBJSIIOTCSI UCXOMHBIMH J1aH-
HBIMU [1J151 OTIpe/ie/ieHH st 00bEMOB BHIOPOCOB.

Pacxoj1 TOMIMBa 3aBUCUT OT pekuMa padOThI JIBUIa-
TeJlell ¥ CyMMAapHOTO BO3JEWCTBUSI BHEIIHMX M BHYT-
peHHux hakTopoB. Pacxon TOIUIMBa MOBBIILIACTCS MPU
paboTte B IUIOXMX JOPOXHBIX YCJIOBHUSIX, IPU HHU3KOW
TeMIieparype, pu U3HOCE JIBUTATeNIs, B 3UMHUIA CE30H,
B YCJIOBUSIX YaCThIX OCTAHOBOK U pa3roHoB. CymmapHOe
BJIMsIHUE 9THX (hAKTOPOB IMOBBIIIAET PACXOJ TOIIMBA B
1,5 pa3a OT HOMHUHAJIHOTO.

KonuyecTBeHHas: XapaKTepHUCTHKA BbIOpAChIBAEMBIX
BPEOHBIX KOMIIOHEHTOB, 3aBUCUT OT TEXHHYECKUX I1a-
paMeTpoB M KOHCTPYKTHBHBIX OCOOEHHOCTEH aBTOCa-
MOCBAJIOB, YCJIOBUM BHEIIHEN Cpe/ibl, CPOKOB U YCIIO-
B 3KCIUTyaTali. BeiOpochl BpeJHBIX BEILECTB 3aBH-
CST OT pexuMa padoThl IBUTATENEH U CYMMAapHOTO BO3-
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JEVICTBUSI BHELIHUX M BHYTpeHHUX (pakTtopoB. Pacxon
TOIUIMBA MOBBIILIAETCS TPU PAbOTE B IUVIOXHUX JOPOKHBIX
YCJIOBUSIX, TIPU HU3KOW TeMIlepaType, Py U3HOCe JBH-
ratesisi, B 3MMHHIA CE30H, B YCJIOBHSIX YaCThIX OCTAHOBOK
U Pa3rOHOB.

OcHOBHBIE (haKTOPbI, BIMSIONIHE HA 00bEMBI BHIOPO-
COB B Kapbepe, CIeayomue:

- Ka4ye€CTBO JOPOXKHOI'O0 ITOKPBITHA, OIIPEACIAEMOE
YAEJbHBIM COIIPOTHUBJICHUEM KaUY€HUIO;

- COCTOAAHUE ABUTATEIA U TPAHCMHUCCUU aBTOCAMO-
CBaJla, CpOK €ro 3KCIl1yaTaliuu,

- THIIOB ¥ MOJEJIEN UCIIONIb3YEMOr0 aBTOTPAHCIIOPTA;

- CTCIICHb HAKAYKH! U KaYE€CTBO IIPOTEKTOPOB IIINH aB-
TOCAMOCBAJIOB;

- TeoMeTpHYecKrie 0COOEHHOCTH aBTOTPAHCIOPTHBIX
KOMMYHHUKALIMH - 3aBUCAT OT IVIaBHBIX MTAPaMETPOB Ka-
pbepa (paccTOsIHUS OTKATKHU, CPEAHEB3BEIIEHHAS BBICO-
Ta TPAHCIIOPTHUPOBAHUS);

- Ka4ecTBO NMpPU3a0OWHBIX M Pasrpy304HbIX ILIOLIIA-
TOK;
- MOJIE3HAsT Macca aBTOCAMOCBaJIa;

- crocoObl IPUMEHSIEMBIX PUPOIOOX PAHHBIX MEpO-
TIPUSATHHA

- KJIMMaTH4YeCKHue OCOOSHHOCTH WM Teorpaduyeckoe
MOJIOKEHHE Kapbepa.

B TAroBbIX pacyerax nmpu BEIYUCICHUH CKOPOCTH JIBH-
JKEHUSI U pacxofa TOIUTUBA aBTOCAMOCBAJIAMU, UX TEX-
HUYECKOE COCTOSIHME YYUTHIBAeTCs 4yepe3 Koapduiu-
enT nose3Horo neiicreus (KIT) apurareneii. IToka3a-
TEJIEM KA4YE€CTBaA MOKPLITUA aBTOTPACC ABJIACTCA YACIIb-
HOE CONPOTHUBJICHHE KAYeHUIO.

Pacuer BBHIOPOCOB Bpe/IHBIX BEIIECTB TEXHOJIOTHYe-
CKHM aBTOTPAHCIIOPTOM, PabOTalONMM Ha JU3EIbHOM
TOIUIMBE, OCHOBAH Ha a[IEKBATHOM YYeTe pacxoja TOI-
JIMBa TP BOCIIPOU3BEICHUM TEXHOJOTHYECKOTO TpPO-
tecca paboThl TOPHOTPAHCIIOPTHOM CHUCTEMbI Kapbepa
(I'TCK) B X0 MIMUTAIIIOHHOTO MOJICJIMPOBAHKS.

AJITOPUTM ~ peayiM3alliy  IPeAiaraeMoro —pacyera
BpEOHBIX BBIOPOCOB M ITBUICBBIICNICHHUST TEXHOJIOTHYE-
CKHMM KOMIIEKCOM B IpoLiecce paboTh! IIpeJCcTaBieH Ha
pucyHke 1.

O06o3HaueHHad B O10ke 1 cucreMaru3anysa OCHOBHBIX
¢pakTOpPOB MPON3BOAUTCS HA CTAJUU MTOATOTOBKY UCXOA-
HBIX JIaHHBIX. B mpoliecce pacyeToB B paMKax Kak[aoro
YCTAHABJIMBAEMOTO TEXHOJIOIMYECKU CTAOMIIBHOTO Tie-
puozia paboThl TOPHOTPAHCIIOPTHOTO KOMILIEKCA Kapbe-
pa 00beMbl BHIOPOCOB BBIYUCIISIOTCS 110 HanOoee 3Ha-
YUMBIM 3arPS3HUATEIISIM.

Ha ypoBHe moAaroTtoBKM JAaHHBIX KMCXOZHOW HMH(OP-
Maliell CiIyXkar: IUIaH TOpHBIX padoT C mpearonarae-
MbIM BapUaHTOM BCKPBITHS U OTPaOOTKH Kapbepa; KO-
JIMYECTBO W BHJ TOPHOTO U TPAaHCIHOPTHOTO 0OOpY-
JIOBaHMsI; TUIAHOBBIE MOKa3aTeNd 10 0O0beMaM BbIEM-
KM TOPHOW Macchl M IUIOTHOCTh MOPOJ; CTOMMOCTHBIC
TIOKa3aTeNf, IKOJOTMIECKHE XapaKTEPHUCTUKH T'OPHO-
TPaHCIIOPTHOTO OOOPYHOBAHMS U TPAHCIIOPTHBIX KOM-
MYHHUKallMM ¥ T.A. B mpoliecce MOAroTOBKU MCXOAHBIX
JAHHBIX Ha TUIAHaX TOPHBIX PaboT BBIOENSIOTCS pado-
yre OJIOKM IO TOPU30HTaM Kapbepa, OCYIIECTBIISAETCS
paccTaHOBKA BHIEMOYHO-TIOTPY304YHOTO M Pa3rpy304HO-
ro o6opyaoBaHus, (GOPMHUPYIOTCSI CXEeMBI aBTOLOPOT, C
YCTAHOBJICHMEM JJIMH BCEX MX OJIOK-YYacTKOB, OIpe-
JEJISI0TCS CpeIHEB3BEIIEHHBIE PACCTOSHUSA OT IyHKTOB
0OMeHa IT0e3/10B JI0 MECTa CTOSTHUSI 9KCKaBaTOPOB, (hop-
MUpYIOTCS rpadbl U ONpeaenseTcs MOPSIOK JBIKEHUS
nepeABKHBIX TpaHcnopTHbIX cpenactB (ITTC); ucxons
U3 IIPUHATOrO 000PYIOBaHUS U (PUBUKO-MEXaHUUECKHX
CBOIICTB IMOPOJI PACCUUTHIBAETCS BpEMsI TOTPY3KHU U pas-
rpy3ku I1TC u 1.1 (611ok 1).

B mporiecce HENMOCPEACTBEHHOrO MOIEIMPOBAHUS,
MOJIEUPYIOIINIA aJITOPUTM B KakKIOM Illare MMHUTAIIUN
JIeNIaeT BHIOOPKY OYEPEIHOro, aBTOCAMOCBaa, K KOTO-
POMY TIPOM3BOMISATCS TSATOBBIE PACUETHI M OCYITIECTBIIS-
€TCsl BBIYMCIIEHHWE PAcXoa TOIUIMBA HA TEKYIIHH MO-
MeHT BpeMeHH (010K 2). st Gosee IeTaabHOro orpe-
JieJIeHsI BBIOPOCOB TpejyiaraeTcst y4er pexuma pado-
ThI JJBUTATEJIS] TPAHCTIOPTHOTO CPEJICTBA, TaK KaK KOJIH-
YECTBEHHBIN COCTAaB BHIOPACHIBAEMBIX BPEIHBIX KOMITO-
HEHTOB B peXMMax pasiuueH. [Ipy 5TOM BbIesIsieTCs
YeThIpe OCHOBHBIX PEXHMMA: XOJIOCTOM XOJI, YCKOpEHHE,
JBIKEHME Ha MOCTOSHHOM CKOPOCTH, 3aMeJIEHHE.

B Gnoke 3 ko3duirieHTaM BBIXOJIA BPEAHBIX KOM-
MOHEHTOB, COITIACHO TEKYILEMY PEXUMY, IIPHCBANBAIOT-
csl 3HavYeHus1 U3 Tabmuubl 2. Pexum paboTsl orpene-
JIsieTcs 1O TATOBBIM pacyeTaM, 110 pa3HOCTH CKOPOCTeH
TEKYIIEro W MpeblIyIero IaroB, pabodyero cocros-
HHUSI TPAHCIIOPTHOTO CPEACTBA M OCOOSHHOCTEH TPAcChl
(Ha norpyske, pasrpyske, 110 YKJIOHY Tpacchl). Pacuerst
BHIOPOCOB BPEJHBIX KOMIIOHEHTOB U IMbUICBbIICICHUS B
KOHKPETHOM Il1are MOJIEIMPOBAHUS TPOM3BOIATCS MO
opmynam (2-4) u peammzoBansl B Onoke 4. [pomecc
BBIUKCIICHUS TIPONOIIKAETCS, TIOKa He OyayT oOpadoTa-
HbI JIAaHHBIE BCEX TPAHCIOPTHBIX CPEJICTB, HAXOMAIIMX-
cs1 B padote (610K 5). Tlocne 3TOr0 paccuMTHIBAIOTCS
3Ha4YeHHUsI BHIOPOCOB (IbLIEBbIIEICHHUE) 151 9KCKaBaTO-
POB, PacIIOIOKEHHBIX B 32005IX, OTBAJIaX U Ha Ieperpy-
304HBIX cKIagax (6s0k 6). ITocsae kaxaoro Iara Moje-
JIMPOBaHUSI IPOU3BOAUTCS CyMMHPOBAHHE KOJIMYECTBA
BPEIHBIX BEIIECTB C MOCIEIYIOEH 3a1Chio pe3ysbTa-
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TOB B COOTBETCTBYIOIIHE Oa3bl JaHHBIX. [Iponecc nMu-
TaIMKM TIPONOJIKAETCS O JOCTHKEHUS] BPEMEHN OKOH-
yaHust nepuona (6sok 10).

Ha ocHoBe mnpencTaBieHHONW METOIMKH, aJITOPHTM
KOTOPOH MHTETPUPOBAaH B MPOTrpaMMHOE OOecredeHIe
UMHTAIHOHHOTO MOJENMPOBaHUS (DYHKIIIOHUPOBAHUS
re0TeXHOJIOTMYECKOTO KOMIUIEKCA, B IIPOLIECCE BOCIIPO-
n3BeneHnst (OpMHUpPYIOTCS JITaHHbIE, HA OCHOBE KOTO-
PphIX (popMHPYIOTCS BBIXOAHBIE TAOIHUIIBI M JUArpaMMBbl,
MpeJICTABJICHHbIE HA pUCYHKaX 2-4 u Tabnuie 1.

Ha pucynkax 2-3 npencraBieHbl AuarpaMMsbl SHEPro-
EMKOCTH KakJ0ro u3 256 OOK-y4acTKOB aBTOTPACCH B
LIETIOM, 4 TAKXKE B IPY30BOM U MOPOXHAKOBOM HaIlpaB-
JIEHUU B OTIEJBbHOCTHU 0 OJHOMY U3 KapbepoB Kazax-
CTaHa.

INony4yeHHble Ha MOJENH paclpeneneHus] SHEpro-
EMKOCTH M 3arpyXeHHOCTU aBTOTPACCHI OOYCJIOBJIEHBI
(paKTUIECKY MOTyYeHHBIMU CKOPOCTSIMU JIBUKCHUS aB-
TOCaMOCBAJIOB I10 YYaCTKaM aBTOTPACCH, NMEIOIIAMIICS
CKOPOCTHBIMH OTPAaHUYCHHSIMH ¥ 33/IAHHBIM Ka9eCTBOM
JOPOXKHOTO MOKPBITUS TI0 HUM.

Cyns mo guarpamMmam, B T'PY30BOM HAIpaBJICHWUH
SHEpronoTpedieHue Ha y4acTKax MpPAKTHYECKU B JBa
pasa TpeBbINIAeT aHAJOTWYHBIA TIOKa3aTeb Uil TIO-
POXHSIKOBOro HarpasjieHus. [IpuHuunuansHoe 3Have-
HHUE TYT UI'PAlOT KA4eCTBO JOPOKHOTO MOKPHITUS, T€0-
MeTpusi ONIOK-y4yacTka, a Takxke (pakTop 0Oe30macHo-
CTH TPaHCIOPTHOTO mporecca. OCOOEHHOCTHIO TAHHO-
ro (akTopa sIBISIETCS] TO, YTO MPU MUHMMAJIBHBIX 3a-
TpaTax Ha TOAJEp)KaHWe AOPOr B KaueCTBEHHOM CO-
CTOSTHUM, JAHHBIA (PaKTOP UMEET B CYILIECTBEHHOUN Me-
pe Gosbliiee BIUSHKE HA CHIKEHUE SHEPropacxoa npu
TPaHCHOPTHPOBKE TOPHOW MACCHI, a TaKXKe MUHAMU3H-
pyeT 3aTparthl Ha 3KOJOTHI0, 0OecrieyrBasi yMeHblile-
HHE IKOJIOTMYECKUX BHIOPOCOB B arMocepy U MOpOH,
onperessisi TeM caMbiM, B CYIIECTBEHHON Mepe Mpou3-
BOJIUTENILHOCTh F€0TEXHOIOIMUYECKOro Komruiekca. Ilo-
JIy9eHHBIe HA MOJENH pacIpe/iefieHus] SHeProEMKOCTH
U 3arpy’keHHOCTH aBTOTPACChl 0OYCIIOBJIEHbI (haKTHUe-
CKU TIOJyYEHHBIMU CKOPOCTSIMH JIBUXKEHHST aBTOCAMO-
CBQJIOB M0 y4YacTKaMm aBTOTPACChl, UMEIOIIUMUCS CKO-
POCTHBIMH OT'PAaHUICHHUSIMU U 33/IaHHBIM KAU4ECTBOM JIO-
POXKHOTO TIOKPBITHSI TTO HYM.

Koa(duimeHT 3aHATOCTH aBTOMOOWIBHOW TPacChl
B paccMaTpuBacMoOM BapuaHTe cocrasiser 33,77%,
13 KOTOPHIX IO BPEMEHHBIM JOPOTaM OH COCTABJISIET
14,24%, a 10 TOCTOSIHHBIM C T'PYHTOBBIM yKAaTaHHBIM
nokpeITHeM - 19,53%. CpenHsissi CKOPOCTb JABUKEHUS
aBTOCAMOCBAJIOB MO NepBbIM cocTaBisieT 18,68 km/Jac,
a mo BTOpBIM - 25,89 km/yac. Ilpu 3TOM nokKa3arensb

VAENBHOTO pacXoa IW3eTbHOTO TOIUIMBA PACTIPEHes-
ercst coorBerctBeHHo 0,9 n/m u 1,56 n/m, 4yto 00y-
CIJIOBJICHO, TIPEXJE BCEro, MOBBIIIEHHON 3arpykeHHO-
CTBIO YYaCTKOB MOCTOSIHHON KaTeropuu J0por.

PesyabTatsl 0 06cy:kaeHne. B guarpamme 4 pac-
TpeJie/ieHne BHIOPOCOB IMOKA3aHO MO BCEM YdYacTKam
Tpaccel. Hanmure nngopmanim o xapakrepe 3arpyxeH-
HOCTH YYaCTKOB aBTOJIOPOTH, A TAKXKe Haubosee 3arpy-
JKCHHbIC U3 HUX, HA TIPEOIPHUSTUAM [OSIBIIACTCS BO3MOK-
HOCTh TIPOM3BOAKTH TEKYIIYID KJIACCH(HUKALMIO C pa3-
OUTHEM TPAHCIOPTHBIX YYACTKOB MO IPyIIaM C Ofpe-
JIETIEHHOM CTETIEHBIO 3arpyKeHHOCTH, a TaKXke Oornee Iie-
JICHAMPABJIEHHOTO PACIIpe/IeNieHHsI CPEICTB U3 aMOPTH-
3aIMOHHOTO (POHIA U JOIOJHUTEIBHO BBIIEIAEMBIX Ha
TOfIICpKaHne I0POr B pabodyeM COCTOSIHUM. DTO B CY-
IIECTBEHHO! Mepe 00eCIeurBaeT MOBBIILIEHHE CKOPOCTH
JBYDKCHHST aBTOCAMOCBAJIOB 110 HUM, CHIKEHHE Pacxoa
JIM3eJIbHOTO TOIUIMBA M M3HAIIMBAHUS IIIMH, YTO, B KO-
HEYHOM HTOre, 00YC/IABIIMBAET U MOBBIIICHHE TIPOU3BO-
JUTETBHOCTH TOPHOTPAHCIIOPTHOTO KOMIUIEKCA U CHH-
JKEHHeE 3aTpar Ha ero padory.

B cymiecTBeHHO# Mepe B MocieTHee BpeMsl, IO BITH-
STHAEM MHPOBOW KOJIOTHUYECKOW MOJTUTHKH, a TAKXKe B
CBsI3U C TeM, uTo KazaxcraHoMm mpuHSTH Ha ceOst 00s-
3aTeNbCTBA MO JOCTHKEHUIO YITIEPOJHON HEHUTpasIbHO-
CTH U CHIDKEHMIO 9KOJIOTUIECKUX BHIOPOCOB Ha 15-25%
1o 2030 ropa, cTaHOBUTCS (PAKTOP IKOJOTMYECKUX Bbl-
6pocoB. [1pu 3a7aHHOI TPOM3BOIUTETFHOCTH 1 HICTIONb-
3yeMOM TOPHOTPAHCTIOPTHOM KOMILIEKCE, T€0TEXHOIIO-
TMYECKUI KOMIUIEKC Kapbepa BaKbIpUMKCKOTrO MecTo-
POXIEHUs MPOU3BOAUT A0 2762,95 TOHH B rof 3K0JIO-
TMIEeCKUX BBIOPOCOB B aTMocepy B pe3ysibTaTe CiKH-
TaHWsl AU3EJBHOTO TOIUIMBA, 3allbUICHUE B pe3yibTaTe
MOrPY304YHO-Pa3rpy304HbIX padoT, a TAKKE TPH TPAHC-
MOPTHUPOBKE FOPHON MACChl ITPOU3BOAUTCS B 00bEME J10
7524,63 TOHH B rofi, KaK 3TO CJieAyeT U3 TaOuIb! 1.

Nudopmarys mo 5KOIOrHIECKMM BBIOPOCaM, Kak U
0 3ambIIEHHOCTH, BBIAETCS C pacHpesieleHHeM Mo
yYacTKaM TOPHOTPAHCIIOPTHOUN CUCTEMBI, KaK 3TO BUJI-
HO 10 JAHHBIM TaOMMIBl | U AUarpammbl 1O BHIOPO-
caMm Ha pucyHke 4. 3Has1 TaHHYI0 HH(POPMALIUIO, MOXK-
HO PeryarpoBaTh 0ObEMBI IKOJIOTMYECKUX BHIOPOCOB U
3aIBUIEHHOCTH C MOMOIIBIO Psiia Mep, BKITIOYasl TaKKe,
KaK TexHHueckoe cocrosinne MainuH, KIIJ npurate-
JIe, Ka4eCTBO JIOPOKHOIO MOKPHITUS, CKOPOCTHBIE pe-
JKUMBI KCIUTyaTALINH, & TAK)KE [eNeHANPaBISHHBIM [0~
JIMBOM JIOpOT, IPEMMYIIECTBEHHO HA CaMbIX 3allbLIéH-
HBIX yYacCTKax.

K Hacrosiiemy BpeMeHH B CTpaHe U B MUpe Bblpada-
THIBAETCS MOJIMTHUKA KBOTHPOBAHUS BHIOPOCOB, a TAKKE
HaJIOKEeHH ITpacdoB 3a UX MPEBbILIEHNE, YTO B CyIIe-
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Tabnuiia 1 - Ikomoruyeckue acrneKThl TOPHOTPAHCIIOPTHOTO MpoIiecca

JKONOMMUECKUe pesyETaTE! x
Pesynwraret | Mapamerpei | Beibpoc no wiactan | Pacripenenenvie | Debug |
N I NapaveTpel | 3a cvery | 3a e NE Maxcum pasosbie
|1 No aeTocamMoceanam
| [1:1 - Oxuce yraepona. Tonn 2924 2133 1578823 E7.679
| |12 | -Yrnepoaeitonn 0877 0658 473,647 20304
_1 3 - Jeyokuce 33073, TOHH 0,292 0,219 157,882 6,768
| [14 -Camatomn 0439 0323 236,823 10,152
| [15 -Ceprcteitras, Tonn 0585 0.439 315,765 13536
| [16 -Coureu ton 0,000 0,000 0,000 0,000
| |17 -Benslajupen. Torn 0,000 0.000 0,005 0,000
| |2 B nynkrax norpysku
L] 2.1 - Okuce yraepoaa, TOHH 0,000 0,000 0,000 0,000
| [22 |-YreepoaeiTonn 0.000 0.000 0,000 0,000
| |23 - Meyokuce asoTa, ToHH 0,000 0,000 0,000 0,000
| [24 -Camatomm 0,000 0,000 0,000 0,000
| [25 -Ceprictoiitras, Tonn 0,000 0.000 0,000 0,000
| |26 | -Ceurew, Tomm 0,000 0,000 0,000 0,000
|| 2.7 -Bens{ajnupen, ToHH 0,000 0,000 0,000 0,000
T 3anenenue
[ |1 Mo agTocaMOCBanam, TOHH 0,546 0410 294,867 12640
| [2  Monysram norpyskm, Torm 4ne 353 254771 109,213
| |3 Mo NYHKT aM BBINPYSKH, TORH 8670 6.503 4682057 200,705
W T nokasarenu
[ [ Boifpoch! 0T CkMraHWA TONMMEE B TOHHER 5117 3837 2762345 118433
| [2 | 3ameinenmocts, Towm 13935 10.451 7524634 322558
mEl MNasrexu, Tenre 33063 22973 16 540,691
| [4 | 3arpareinanoavs, ToicTr 55,825 41.868 30145277
1|5 |Cummapnsie skon. sarpare:, . /kybne 0,208 0156 0208
[P[E  YaensHeleskonoriyeckye aTPATEY, TT./KY6.M 0373 0,505 0379
EreHHEIE NapameTpol | s Excel 3akpeims.

Jkonorvueckue pe3ynbTaTthbl
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Puc. 4 - HI/IanaMMa pacipeesieHNA SKOJIOrMICCKUX B]>I6pOCOB OT aBTOTPAHCIIOPTA MO YYaCTKaM aBTOTPACChl
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CTBEHHOU Mepe OyfieT cKa3blBaeTcst Ha ceGeCTOMMOCTH
KaK FOpPHOTPAHCIIOPTHBIX padoT, TaK U He IieHe Bbipala-
THIBAEMOH U pea3yeMblil TeOTeXHOJIOTUIECKUM KOM-
riekcoM nponyKT. CoriacHO MpUHSATHIX B PecyOnuke
KazaxcraH HOpMaTUBOB, 3aTpaThl 32 BHIOPOCH, MIPU 3a-
JaHHOU MTPOM3BOIUTENIBHOCTH TI0 TOPHOU Macce, MOTYT
COCTaBUTh OPSIZIKA 25,3 MJIH. TEHTE B IOfl, & B COBOKYII-
HOCTH C MepaMH MTPOTUBO3ANBUIEHHOCTH OHH BO3PACTYT
1o 32,6 miH. 1. [7-8].

CraBKka IUIaThl 32 SMECCHM B OKPYKAIOIIYIO Cpe-
Iy B IIpoIecce MOASTUPOBaHUS (PYHKLIMOHUPOBAHUS
reOTEXHOJIOTMYECKOr0 KOMILJIEKCA Kapbepa Ompeesnsi-
Jach WCXoAs W3 MpuHATHX Pemenunem Bocrouyno-
Kazaxcranckoro o6iacTHOro Macimxara oT 12 ampens
2018 roma Ne 19/220- 3Hauenwmit [8]. Ilo mu3ensHOMY
TOIUTMBY, B paccMaTpMBaeMOM BapHaHTE, OHA OMpene-
nieHa B peruoHe Ha ypoBHe 0,9 MPII 3a TOHHY 3arpsi3Hsi-
IOIMX BEIIECTB OT MepPeBIKHbIX UCTOYHUKOB. B CBOIO
ouepenp, JaHHOE pelleHHe MPUHUMAIIOCh B COOTBET-
CTBUU C IIYHKTOM 8 cTaTbil 576, MyHKTOM 2 cTatbu 577
Kopnekca Pecniyonuku Kaszaxcran ot 25 aekabps 2017
roga «O Hajorax u Opyrux o0s3aTesIbHbIX IUIaTekax B
OromkeT» (HamoroBwiii KofeKc), MyHKTOM 5 ctatbu 6 3a-
koHa Pecriybmukm Kazaxcran or 23 sBaps 2001 ro-
na «O MecTHOM ToCyJapCTBEHHOM YIIPABJICHUH U CAMO-
yrpasieHnu B Pecrryommke Kazaxcran».

Cornacao 3akony PK or 1 pmekabps 2022 roma Ne
163-VII, c 1 suBaps 2023 roga MecsSYHBIN pacyeTHBIA
nokazarenib (MPIT) cocraBnsier 3 450 tenre (s wuc-
YHUCJIEHHS TOCOOMI M MHBIX COLIMAJIBHBIX BHIILIAT, a TaK-
ke MPUMEHEeHUs] ITPapHbIX CAHKIUHI, HAJIOTOB U JIpY-
UX IJIaTeXeld B COOTBETCTBUU C 3aKOHOJATEIHCTBOM
Pecriyormkn Kazaxcran). Takum oGpazoM, B JIaHHOM
cily4ae, TUIaThl 32 BRIOPOCH! 3arpsi3HSIONINX BEIECTB B
00bEMe 2762,945 ToHH cocraBiser 8578944,23 teHre.
Bwmecte ¢ 3aTparamu Ha MOJMB aBTOAOPOT OT 3arblie-
HUSI, COCTaBJISIONIMMY Ha Kapbepe B 00béMa 30145,23
THIC. TEHTe B TOJ, OOII¥e 3aTpaThl 3a MEepHol, CBSI3aH-
HbIE C 9KOJIOruel 1 Ge30MaCHOCThI0 PAbOTHI MEPCOHANA,
COCTaBJIAIOT 10 Tipeanpusitiio 38724,17 TeiC. TeHre.

BoiBoabl. [IponeccHblld TOAXOA B YIPABIEHUH TIe€0-
TEXHOJIOTHYECKMMH KOMITJIEKCAMA Ha MOJEIU ITOKa-
3bIBa€T BO3MOXKHOCTh aJIeKBATHOTO MOOMEPAIIIOHHOTO
yuéTa SHEepropacxofa M 3IKOJOTMYECKUX BHIOPOCOB, a
TaKXe BO3MOXHOCTh PEryIMpOBaTh U ONTHMHU3UPOBATH
9TH IOKa3aTeJu. AHAJOTMYHBIA IMOAXOA MOXET OBITh
3(p(PeKTUBHO peann30BaH Ha peabHbIX OOBEKTaX rop-
HOJOOBIBAIOIIMX HPENPUATAN C OTKPBITBIM CIIOCOOOM
OCBOEHMSI MECTOPOKICHHUI MOJIE3HBIX UCKOTIAEMBIX.

OpHVM W3 BaXHBIX W TIPUHIMIHIATGHBIX HAIpaBiie-
HUH TOBBIIIEHUST SKOHOMMYECKOM, a TaKKe SKOJIOIM-
4yecKol 3(p(eKTUBHOCTH (PYHKIIMOHMPOBAHUS TeoTeX-
HOJIOTUIECKUX KOMILIEKCOB B YCIIOBUSIX OCBOCHUS Me-
CTOPOX/IEHUsI OTKPBITOrO Ccroco0a pa3pabOTKU MOXKET
CTaTh 3aMeHa B CHHCOYHBIX MapKax MPeATpUsTHA IH-
3eJIbHBIX 9KCKaBaTOPOB HA IeKTprueckre. B aTom ciy-
Yyae CHUKEHHE KOJIOTUIECKUX BHIOPOCOB COMPOBOX/IA-
€TCs1 CYIIeCTBEHHBIM SKOHOMUYECKUM 3(P(HEKTOM B CBsI-
37 CO CHIKEHHEM Ce0eCTOMMOCTU TOPHOTPAHCIIOPTHBIX
padoT u3-3a Gomee HU3KOH CTOMMOCTHU IEKTPUIECKOM
SHEPruy, CHWKEHHS 3aTpaT Ha BRIOPOCHL, a TAKKE MEHb-
MM BJIMSIHAEM TEXHMUYECKOT'O COCTOSIHUS MOrPY304YHO-
ro 000pY/IOBaHMS HA UX MPOU3BOAUTELHOCTb M SHEP-
rororpebieHue.

OrniepaTiBHbBII MOHUTOPUHI KOJIOTHYECKUX BBIOPO-
COB MOXET Takke OOECHeuuTb, B COOTBETCTBYIOIINX
KJIMMaTHYeCKMX M MECTHBIX NPUPOAHBIX YCIOBHUSX, a
TaK’kKe MAHIMH3ALHIO TIEPHOIOB PUOCTAHOBKH TOPHBIX
paboT IO YCIOBHSAM 3arpsI3HEHHOCTH BO3IyXa B Kapbep-
HOM NPOCTPAHCTBE, YTO TaKKe MTO3BOJIUT MOBBICHTH 00-
I1y10 TPOU3BOAUTENBHOCTb T€0TEXHOJIOTMUECKOTO KOM-
TUIeKCa ¥ CHYDKEHHE 3aTpaT Ha I00bI1y OCHOBHOTO ITPO-
JyKTa. B aTHX 1esX, MOXXHO, McXons U3 (PakTHYECKOH
PO3BI BETPOB, 3Has1 HTHTEHCUBHOCTb SKOJIOTMYECKUX BbI-
OpOCOB, MPOU3BOIUTH ABTOMATH3WPOBAHHbBIE PACUETHI
KOHIIEHTPALMK BHIOPOCOB B KapbePHOM IPOCTPAHCTBE,
B paMKax BCTPOEHHBIX MOAYJIEN B OOIIYI0 aBTOMATU3M-
POBaHHYIO CHCTEMY YIPABJICHHUS I€OTEXHOIOTHUYECKIM
KOMIIJIEKCOM.
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YIIPABJIEHUE UHBECTUIIMOHHBIM ITIOPT®EJIEM HA OCHOBE
MATEMATHYECKOI'O MOJEJINPOBAHUA

A.T. Mazakosa'®, A.M. Kamnmoanaes?, IIL.A. /I:xomaprosa!, H. Baiimoaan!, A.A. Kyisxanosa!,

T.2K. Mazakos'?
'Kazaxckuii HAIMOHATBHBIH YHUBEpCUTET uMeHH ajb-Papadu, Anmarel, KazaxcraH,
2ncrutyT nH(OPMAIMOHHBIX ¥ BHIUMCTUTEIbHBIX TexHonornii KH MHBO PK,
Anmarsl, Kazaxcran,

e-mail: aigerym97 @mail.ru

Llesb HACTOSIIETO HCCIEIOBAHUS 3aKJII0YASTCs B [IyOOKOM aHAIM3e W MMPOTHO3MPOBAHHME MHBECTHUIIMOHHBIX
PELIeHHH C MPIMEHEHHEM MAaTeMAaTHYECKUX METOIOB U Mozenei. [IpruMeHeHne MaTeMaTnuecKoro Mo IMpoBa-
HUSI B 00JIACTH MHBECTHUIIMI TPECTABIISAET COO0M MOIIHBIA aHATUTUYECKUI HHCTPYMEHT, CIIOCOOCTBYIONIMI Goree
TOYHOMY TIOHUMAHUIO JUHAMUKH (DUHAHCOBBIX PHIHKOB, OLIEHKE PUCKOB U 3(D(PEKTUBHOCTH BHIOPAHHBIX MHBECTHU-
[MOHHBIX CTPATETHH.

Vcnonp30oBaHne MaTeMaTHYeCKUX METOOB M MOJejIell MO3BOIsIeT MHBECTOpaM M YHPABJIAIIINM NopTdenem
MPUHUMaTh OOOCHOBAHHbIE PEIIEHUsI, OCHOBAHHbIE HA KOJMYECTBEHHBIX JaHHBIX M JeTaJIbHOM aHanmmuze. OpHoi
W3 BaXHBIX 33/1a4, KOTOPbIE PEMIAIOTCS C MOMOIIBI0 MAaTEMaTHUYECKOTO MOJIEJIMPOBAHMSI, SIBJISIETCS ONpeesieHne
OITHMAJIbHBIX TTaPaMETPOB MHBECTULIMOHHBIX CTPATErMid. DTH MapaMeTpsl BKJIIOYAIOT J0JIN aKTHBOB B NOpTderne,
YacToTy nepeGaJaHCUPOBKH U ApyTHe (PaKTOPhI, KOTOPBIE OKA3bIBAIOT BJIMSHUE HA YCHEIIHOCTb CTPATETHH.

MOI[GJ'[I/IpOBaHI/Ie TAKKE MO3BOJIACT YYUTBIBATb MHOXKECTBO PUCKOB, BKJIIOYad BOJIATUJIIBHOCTb PbIHKA, I/IHq)J'IH-
LU0, MTPOLIEHTHBIE CTABKU U I'€OINNOJIMTUYCCKHC coObITHs. DTO 0OecreunBaeT 6ojee TOYHOE YyiipaBJIeHUE pUCKaMU
U TIO3BOJIACT aJAlITUPOBATH CTPATETUN K U3MEHAIOIINMCSA MaKPO9IKOHOMUYECKUM YCIIOBUSM.

[MpermymecTBO MaTeMaTHYECKMX MOZEJEN TaKKe 3aKJII0YAETCsl B X CIIOCOOHOCTH ITPOBOANTD CUMYJISLINK U Te-
CTPOBAHHUE PA3JIMYHbIX CLIEHAPHUEB. DTO MO3BOJSIET OLEHUTh BEPOSITHOCTh JOCTHKECHHSI NHBECTULIMOHHBIX LEJeH
B Pa3/IMYHBIX YCJIOBHSIX PHIHKA, a TAKXKe OLEHUTDb MOTEHIMAIbHbIE PUCKK M BO3MOXHOCTU. Takoi nogxon odecrie-
yuBaeT 6oJiee OCHOBATEIbHOE PUHATHE PELICHUH Y MOBBIIIAET YCIIENTHOCTh MHBECTUIIOHHBIX CTPaTeruil.

B 11e710M, HCTONb30BaHKUE MAaTEMATUUECKUX METOJOB M MOJEJIeil B MHBECTUIIMOHHOM JeATENbHOCTH MO3BOJISET
60Hee TOYHO aHAJIM3UPOBATH, ITPOrHO3UPOBATH U YIIPABJIATH MHBECTULIMOHHBIMU PEHICHUAMM, YTO CHOCO6CTByCT
GoJiee YCTOMYMBOMY U YCIIEHTHOMY (DPMHAHCOBOMY Oynyliemy.

KiroueBble cji0Ba: akTUBBI, BO3BPAaTHOCTh KPEIUTA, MHBECTULIOHHBIN TOPTQEITb.

MATEMATHUKAJIBIK MOJAEJIBAEY HEI'SIHIAE HHBECTUIIU AJIBIK
INOPT®EJIbI BACKAPY

A.T. Mazakosa'*, A.M. Kamnmoagaes?, III.A. /I:xomaprosa!, H. Baiimoaan', A.A. Kyisxanosa!,
T.7K. Mazakos!?

lon-dapabu arempare Kazak yaTThIK yHUBEpCHTeTi, AMathl, Kazakcran,

2Kasakcran Pecriy6mkachk! FbUTbIM 5koHe sKorapbl OiTiM MUHUCTPIIri AKMApaTTHIK KoHe ecenTeyil
TEXHOJIOTHSUIAp MHCTUTYTHI, AnMatel, Kazakcras,

e-mail: aigerym97 @mail.ru

By 3eprTeynin MakcaThl - MAaTEMAaTUKAIIBIK, 9/IiCTEp MEH MOJEJ AP/ KONJaHa OThIPHIIT UHBECTUIUSIIBIK, 111e-
IIMIepi TepeH Talay xkoHe 6opkay. VHBecTHIUIap calachiHIa MaTeMaTHKAJIBIK, MOJIC/IBICYI KOTIaHY Kap:Kbl
HaPBIKTAPBIHBIH JUHAMUKACHIH AQJTipeK TYCIHyTe, ToyeKenIepai OaranayFa xKoHe TaHIaJIFaH MHBECTHUITUSUTBIK, CTpa-
TerusUIapablH THIMALTIrHE BIKIIAT €TeTiH KyaTThl aHATUTUKAIIBIK, KYPasl OOJIbIN TaObLIA/IbI.
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MareMaTHKaIIBIK 9IiCTep MeH MOIeIbAepai KOIIaHy MHBECTOpIap MeH MopT(OoIro MeHeKepiepiHe CaHbIK,
MOJTIMETTep MEeH erker-Ter ke Tajagayra Heri3fe/ireH Heri3ereH menrmaep Kaobuiaayra MyMKIHIK Oepeti.
MarteMaTuKabIK, MOJEIbEY aApKbUIbI IEIIIETIH MaHBbI3Ibl MOcelesIepIiH Oipi MHBECTHUIIMSUIBIK, CTPATErHsLTAP/IBIH
OHTaIJIbl TapaMeTpJiepiH aHbIKTay OOJBIN TabblIaAbl. Byl ommsinapra noprdenbaeri akTMBTEpIiH yJieci, Kaiira
TEHrepiMIey JKUIITi KoHE CTpaTerusiHbIH COTTLIrHE acep eTeTiH OacKa ¢akropiap Kipei.

Mopnesbiey COHbIMEH KaTap HAPBIKTHIH KYObLIMAbLIbIFbI, HHGIIAIMS, TadbI3ABIK, MeIIIepieMesep KoHe reo-
casicl OKUFaJiap CUSIKTHI KOITETeH ToyeKeIeplli eckepyre MyMKiHIiK Oeperi. Byt Toyekemnnepni 1oy 6ackapymbt
KaMTaMachl3 eTeli sKoHe CTpaTerusuIapbl ©3repeTiH MaKpOIKOHOMUKAIIBIK, JKaFIaiiapra OefliMaeyre MyMKiHIIK
Gepeni.

MareMaTHKaJIbIK, MOJICNIBACPIiH apTHIKIIBUIBIFB OJNAPIBIH OPTYPJIi CIIEHAPHUIIEPIi MOJIENbACY KOHE TecTiiey
KaOinerinzae. By HAPBIKTHIH OpTYPIIi KaFIailapblH/Ia HHBECTULIMSUTBIK, MAKCATTAPFA KETY BIKTUMAJIIBIFBIH Oara-
JlayFa, COHIal-aK bIKTHMAJI TOYeKeIep MeH MYyMKIHIIKTepi Oaranayra KOMaibl 60mapl. Byt Tocin HerypiibiM
MYKHSAT HISNM KaObULiay/ibl KAMTaMAaChI3 €Te/li )KoHEe MHBECTHULSIIBIK, CTPATETUsUIAPAbIH COTTLNINH apTTHIPaIbL.

JKambl aFaHaa, MHBECTHLMSIIBIK KBI3METTE MaTeMaTHKAIIBIK, 9[licTep MEH MOZISIIbCPAi KOJIJaHy HHBECTHLIMSI-
JIBIK, HIEIIMIEp/i IaJTipek Taijiayra, Oomkayra xoHe 0ackapyra MyMKIHIIK Oepeii, OyJI TYpaKThl KoHE TAOBICThI
KapKbUTBIK, OOJIaIaKkKa bIKIa eTefi.

Ty#inai ce3aep: akTuBTEp, HECHEHIH KAUTaphIMbl, HHBECTUIUSIIBIK, IIOPT(hEITh.

INVESTMENT PORTFOLIO MANAGEMENT BASED ON MATHEMATICAL
MODELING

A.T. Mazakova!®, A.M. Kalimoldayev?, Sh.A. Jomartova!, H. Baitmonan!, A.A. Kyasxanosa!, T.Zh.
Mazakov'?

! Al-Farabi Kazakh National University, Almaty, Kazakhstan,
’RSE Institute of Information and Computational Technologies MSHE RK CS,
Almaty, Kazakhstan,
e-mail: aigerym97 @mail.ru

The purpose of this study is to deeply analyze and forecast investment decisions using mathematical methods
and models. The application of mathematical modeling in the field of investment is a powerful analytical tool
that contributes to a more accurate understanding of the dynamics of financial markets, risk assessment and the
effectiveness of selected investment strategies.

The use of mathematical methods and models allows investors and portfolio managers to make informed
decisions based on quantitative data and detailed analysis. One of the important tasks that are solved with the help
of mathematical modeling is the determination of optimal parameters of investment strategies. These parameters
include asset shares in the portfolio, rebalancing frequency, and other factors that influence the success of the
strategy.

Modeling also allows for a multitude of risks, including market volatility, inflation, interest rates and geopolitical
events. This provides more accurate risk management and allows strategies to be adapted to changing macroeconomic
conditions.

Mathematical models also have the advantage of their ability to simulate and test different scenarios. This
allows us to assess the likelihood of achieving investment objectives under different market conditions, as well
as to evaluate potential risks and opportunities. This approach provides more informed decision-making and
increases the success of investment strategies.

Overall, the use of mathematical methods and models in investment activities allows for more accurate analysis,
forecasting and management of investment decisions, which contributes to a more sustainable and successful
financial future.

Keywords: assets, loan repayment, investment portfolio.
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BBenenune. B coBpeMeHHBIX YCIIOBHSIX AWHAMUYHO
pa3BHUBAOIIXCS (DPUHAHCOBBIX PHIHKOB M HEOTIPEIEICH-
HOCTH 9KOHOMHYECKOH cpelbl 3(PeKTUBHOE YIpaBiie-
HUE MHBECTUILIMUOHHBIMU HOpT(I)CJIHMI/I CTAaHOBUTC KJIIO-
YEeBBIM (DAKTOPOM IS JIOCTHIKEHUSI YCIIEITHBIX Pe3yiib-
TatoB B chepe nHBecTHIM. OHUM U3 Hanbosee MOIIl-
HBIX MHCTPYMEHTOB ISl JOCTMKEHHS ONTHUMAJIbHOTO
GasiaHCca MEXK/1y PUCKOM M OXKHUIAeMO# JJOXOHOCTBIO 5IB-
JIAeTCsA MaTeMaTuiecKoe MojienipoBanue [1-2].

VHBeCTHLIMOHHbIE pElIeHNsT B COBPEMEHHOM MHpE
OXBATHIBAIOT IMIMPOKUI CHEKTP (PUHAHCOBBIX HMHCTPY-
MEHTOB, CTpaTeruii 1 (pakTopoB, KOTOpbIe B3aUMOJEH-
CTBYIOT B cJOXHOU cucrteMe. OpHako 3¢ heKTHBHOE
TIPUHSATHE PEIIeHUH B TaKO cpejie TpeOyeT CHCTEMHOTO
TIOJXO0/1a ¥ aHAJIN3a, KOTOPBI MOKET 00eCTeYnTh Mate-
MaTH4YecKOe MOJEIMPOBaHUeE.

Hcnonb3oBanne MareMaTHYeCKUX MOJETed mpH
YIPaBJIEHUM WHBECTHULIMOHHBIMHU MOPTQETsIMU MO3BO-
JISIeT JOCTHYb HECKOJIbKMX BaXKHBIX Liejiedl. Bo-nepBbix,
OHO T03BOJIsIET OoJiee ITyOOKO MOHSTh AWHAMUKY (hH-
HaHCOBBIX PIHKOB U BJIMSTHHE PA3IMYHbIX (DAKTOPOB Ha
TIOBeJIeHNE aKTHBOB. BO-BTOPBIX, MOJIENIMpOBaHUE 1103~
BOJISIET CTPYKTYPUPOBAaTh M CUCTEMATH3MPOBATh MMEI0-
1ylocst MHGOpManuio, npeodpasys ee B KOJINYECTBEeH-
HbIE OLIEHKH ¥ IPOTHO3BI. DTO CYIIECTBEHHO o0Jieryaer
TIpoLiecc NPUHATUSA pelenuil [3-4].

MaremaTuuecKyie MOJies Takxke 00eclednBaloT UH-
BECTOPOB U YIPABJIAIINX HOPT(dENeM BO3MOKHOCTBIO
OLIEHKM Pa3IMYHBIX CTpaTeruii B Pa3HBIX CLIEHApHUsIX.
OHN TIO3BOJIAIOT CHMYJIPOBATh MOBEAEHUE MOPTQheEs
B YCJIOBHSIX M3MEHSIOIMXCS PBIHOYHBIX YCJIOBUH, W3-
MEHEeHH s TapaMeTpoB U APYrux ¢paxTopos. Takoit mosu-
XOJl TIOMOTaeT BBbISIBUTh IOTEHIMAJIbHBIE PUCKHU, OLle-
HHUTh BEPOSITHOCTD JIOCTMKEHHsI MHBECTHLIMOHHBIX Lie-
JIel ¥ OIIpeieNIUTh ONTHMaJIbHBIE CTPATETHH.

MarepuaJusl 1 MeTOAbL. B 1aHHOM KOHTEKCTe, Oc-
HOBaHHOE HA MAaTEMaTUIECKOM MOJICIMPOBAHNH YIIPaB-
JIeHVe MHBECTULIMOHHBIMY TIOPTQeIIIMI BBIXOIUT Jajie-

KO 3 IIpe/ie/Ibl MFHTYUTUBHBIX PEIlieHnH 1 OasupyeTcs Ha
AHAJIN3€E JAHHBIX, CTATUCTHKE, SKOHOMHUECKUX TEOPH-
X 1 (PUHAHCOBBIX MOJE/ISAX. DTO oOecreunBaeTr Oolee
000CHOBaHHBII 1 MH(POPMUPOBAHHbIN MOIXO[ K yIIPaB-
JIEHWIO MHBECTHLIMSIMU, YTO B CBOIO OYEPEIb MOXET CIIO-
cOOCTBOBAThH IOCTIKEHUIO OoJiee CTaOMIIBbHBIX U yCIIeI-
HBIX PE3YyJIbTaTOB B JOJATOCPOYHON MEPCIIEKTHBE.

Pesyabrarel u o6cyxkaenne. B pabore [5] mpen-
JIO)KeHAa MaTeMaTH4ecKasl MOJelb, OMMCHIBAIOMIAs JH-
HAMMKY WHBECTHLIIOHHOTO NMOPTQeEs, COCTOAmAs U3 I
BUJIOB PUCKOBBIX aKTHBOB U OAHKOBCKOT'O CYETa C repe-
MEHHOH JJOXOJHOCTBIO.

[TycTh BEKTOp COCTOSIHMSI MHBECTHUIIMOHHOTO MOPT-
besis, KOMIOHEHTBI KOTOPOTO X; pPaBHBI 00bEMY MHBE-
CTULIMI B i-i BUJ aKTHBa, KOMIIOHEHTA X, OMHUCHIBAET
COCTOsTHUE OaHKOBCKOTO cuerta. Torma AMHaAMIKa PHCKO-
BBIX aKTHUBOB OMNHCHIBACTCS CIEAYyIOIMUME Aupdeper-
[UaTbHBIMU YPABHEHUSIMU.

a) qudpepeHIUanbHOrO ypaBHEH 1, OMKUCHIBAIOILIETO
COCTOsTHME OAHKOBCKOTO CYeTa:

Lo =r(t)T) — Zui7 20(0) = a7 (M
i1

e 7 (t)-MrHOBEHHas CTaBKa JOXOAHOCTH OAaHKOBCKO-
IO cuera, I (t) - MTHOBEHHBIN KaluTal B MOMEHT Bpe-
MeHH t. u; (t)- cyMMa repeBojia Kanurana ¢ GaHKOBCKO-
ro cueTa B 1-U BUJ aKTHBa.

6) n muddepeHIanbHbIX ypaBHEHUIl, ONUCHIBAIO-
IIMX MPOLIECC MHBECTUPOBAHMSI B i-H BUJI aKTHBA

i = pi (e +uy,  2,0) =22 i=T,n (2
e j;(t) XapakTepusyer HOpMy BO3BpaTa JUISl i-ro
BU/A AKTHBA.

Beenem o0o3HaueHnEe

T = ($07x17 7xn)7 u = (ul’UQa aun)
r(t) 0 0 0 -1 —1
A() = 0 Ly 0 B= 0 1 0
0 0 L, 0 0 1

3nech 2 — (1 + 1)-BEKTOP COCTOSHHST HHBECTUIMOH-
HOro noprdens, u - n-BeKTOp yNpaBieHUs] UHBECTULM-
simu, T' - iepyoyt yripaBiieHus! (TOPU30HT MHBECTUPOBA-

HUS),

A(t) - (n+ 1) x (n+ 1) - Marpua, 3JeMEeHTHI KO-
TOPOM SIBJISAIOTCS HETIPEPHIBHBIMU (DYHKIUAMH, B - 10-
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crostHHast (n + 1) X n - MaTpua.

Ynpasnenue BoiOupaeTcst U3 MHOXecTBa U

U= u\ue[R",Ogui§17i:1,n72ui:1
i=1

3
Uy ={ulueR",0<y, <1,i=1n}

I[Mpu BBe/ieHHBIX 0003HAYEHHUSIX TIEPETTHIIIEM CUCTEMY
ypaBHeHuil (1)-(2) B cieayiomiem Buae

&= A(t)x + Bu 4)

2(0) = 2° 5)

0O0603HaYMM Yepes

x(T) = 2T (6)

KEJTAEMOE KOHEYHOE COCTOAHME B MOMEHT BPEMEHU
T.

ITycrs 3anan cnemyommii pyHruronan J(u)

v
J(u) == / (z*Qx + v*Ru) dt )
0

2
me@ >0—(n+1)x (n+1)-wmarpuma, R > 0 -
HOJIOXKUTEJIBHO-OIIPEeICJIEHHAs 1. X 7 - MAaTPULIA.
[MycTp ] - TOuKa MUHUMYMa Ha MHOXecTBe U, us -
TOYKAa MUHUMYMa Ha MHOxecTBe U :

uj € Arg min J(u),

uel,

seA i .
ub € Arg gglr}J(u)

Iycte
ycJoBue

P~ TMOJIY4YE€HO U3 ’Uf{ , TaK YTOOBI BHIITOJTHSIETCS

3

u, =1
i=1

i @®)

370 MOXET OBITh TPOEKIMSA TOUYKHU v} Ha rpaHumy I
MHO)ecTBa U WM MaciTabupoBaHue, TaKk 4TOObI BbI-
MOJHSUIOCH YcTIoBHE (8).

O6osnaunm J; = J(u}), Jy = J(ub),J3 =
7 (u,)

Toraa cripaBeUTUBHI CJICAYOIINE YTBEPK ICHUS.

Vreepxaenue 1. J; < J,.

Jloka3aTenbCTBO OCHOBAHO HA CIIEAYIOIEM CBOMCTBE
mHox)ectB U € U, .

Vr1BepxkaeHue 2. u, € U. Cxopee Bcero aaxe u, €
T.

Vreepxaenue 3. J; > J,. Bonee toro J; > J,.

IIOKa3aTeJ'IbCTBO OCHOBAHO Ha CJIEAYIOHIUX O4YE€BUI-
HBIX BBIKJIagKaXx:

Jy =minJ(u) < minJ(u) < Jg
uelU uel

Vreepxnenue 4. He dakr, uyro crpaBemmso J; =
Jy.

JlokazaTenbCTBO. DTO 3aBUCHUT OT CBOICTB (DYHKIIMO-
Haua J(u).

VrBepxaenue 5. He oueBHIHO, YTO CIIpaBEAJMBO

— *
U, = u.

HoxkazarenbcTBo. ClieICTBUE yTBEpKAESHU 2-4.

CraButcs creyomas 3ajava: ornpeaesuTh yrpasie-
Hue u € U ¥ TpaeKkTopuio x, MUHUMU3UpYIolIye (hyHK-
uuoHai (7) nepeBonsye cucteMy (4) U3 Ha4aJIbHOTO
cocrosiHMSA (5) B 3aJaHHOE KOHEYHOe cocTosiHue (63)-
(7)) B MomeHT Bpemenu T.

P a3pa60mlca 8blUUCAUMENbHO20 anrzopumma

Hans 3apaun (3)-(7) cocraBum ¢yHkuuio [amuibro-
Ha.

% 1
H = (A(t)x + Bu) ¢+ 5(.’)3”@1‘ +u*Ru) (9)
VhpapneHue HaiiieM W3 YCJIOBUSI Makcumyma [a-
MIIbTOHHAaHA (9)

u= Py (R By) (10)

e P;; - onepatop NpoeKTUPOBAHUA Ha MHOXECTBO
U.

IMycts JaHa MpoU3BOJbHAS TOYKA IVIOCKOCTH U, €
R’n

Onpedenenue 1. Touka u,Ha3bIBACTCS MPOCKLMEH

TOYKH Uy Ha MHOXECTBO U , €CJIM BBIIIOJIHACTCA YCJIO-
BHE

. 2
A —
u, € Arg 21613 (u—ug)

Onpeoenenue 2. TIpoeknuel TOUKH U HA MHOXECTBO
U HasbIBaeTcs OMmpkaiimas K Hell TOuKa, IpHHAIeKa-
11as K MHOxecTBy U.

HaxoxeHne onTMaNbHON TPaeKTOPUH CBEIEHO K
PEIIeHHIO CIIeAYIoIed KpaeBoy 3a1aum

142



i = A(t)x + BP; (R By)

J= A~ Qr )
z(0) = 2°
z(T) =27

OnTumainbHOe yrpaBjieHue BhUKCIseTcs o hopMy-

T
Jp(u) = L / (r*Qx + u*Ru) dt + % (2(T) —aT)" Fy, ((T) — 27)
0

2

B ¢yskumonanax .J;, — Fj,— MaTpHLbl 10 TUArOHAIN
KOTOPOW CTOSIT 3JIEMEHTHI 0., KOTOpble 00pa3yIoT MOJIO-
KUTEJIBHYIO MOCIIEI0BATENBHOCT {6}, }, cTpemsiiyocs
K OECKOHEUHOCTH.

3aMeHNM HCXOIHYIO 3aJa4y CIeAyIoIei: IS 3a/1aH-
HOTO K HAWTH ONTUMAJIBHOE YIIpaBJieHHe MUHUMU3UPY-
tomiee pyHkumonain J;, (12) npu orpannuenusix (3)-(5).
INonyuyeHHast 3anava sBJsieTCs 3aJa4ell ONTUMATBHOTO
YIIPaBJICHUSI CO CBOOOTHBIM ITPABBIM KOHIIOM W OTPaHH-
YeHHeM Ha yrpapieHus. s Hee cocTaBUM (DYHKINIO
T"'ammnbToHA

" 1
Hy, = (A(t)z), + Buy) ¢y + 5 (23, Qy, + uj Ruy)

Ipennaraercst caemyOMuMi aITOPUTM pELIeHHS.

Hlar 1. IMycts & = 1,e > 0- Tpebyemast TOYHOCTb
BBIUKCIICHUSI.

IHar 2. ITycts i=0; 3agaeTca HavanbHOE (HYJIEBOE)
nipubmkeHue Ut ynpasienus u,0 € U

Mar 3. ¢ = ¢ + 1; BeUKCIsACTCS i-€ MPUOIIKEHEe
U1 UICXOMHOM CUCTEMBI

wy; = A(t)wy,; + Bu;_4

_ .0
r;(0) =z
B pesynbTare onpeessiercst

xki(t)a te [OaT]

[ar 4. Pemmaercs conpsbkeHHas CHCTEMa B 00paTHOM
HarpaBJIeHUN

Ui = —At) Yy — Qg

Vii(T) = Fi(z,,(T) —aT)

1e (10).

Kak uzBecTHO pelieHue KpaeBoy 3a/1a4d UMeeT psiji
BBIUMCIIMTEIIFHBIX TPYAHOCTEH. B 3T0i cBs3u cBegeM
3a0a4y ONTUMAJIBFHOTO YIIPaBJICHUs C 3aKPETUICHHBIMH
KOHITAMH K 3a/1a4e CO CBOOOHBIM MPaBBbIM KOHIIOM.

Jl1st 3TOTO BBE#EM CHCTEMY (DYHKIIMOHAJIOB

12)

B pesysbrare onpenensiercs ¢y, (t), t € [0,T]

Hlar 5. Beluucnsercsa ouepeHoe NPUOTIKEHUE Uy,
JUIA YIIPABJIEHUSA U,

uy; = Py (R Biy,).

Bblunciisiercst pasHuIia Mexay § = |u,ﬂ —Up |-
Ecmn § < e 1o mepexof K mary 6, MHauYe repexomn K
miary 3.

Hlar 6. [Insa k- uTepaluy HafIEHBl ONTHMAIBHOE
yIIpaBJicHue

L
U = U

1 OlITUMAJIbHAsA TPACKTOPUSA

The = T
Hlar 7. Ipu HaligEHHBIX x;, U U;, BBIYUCIAETCS 3Ha-
4yeHue (pyHKIHUOHANA J;,.

IMar 8. Eciu |J;, — J,,_;| < € To nepexon K miary 9,
nHaue k = k + 1,1=0, u,, = uj_; ¥ nepexo K 1mary
3.

Ilpy HalifeHHBIX T ¥ Uj BBIUMCIIAETCA 3HAYEHUE
yHkmoHana J,.

Ecmu |J,, — J;,_;| < & To mepexon K mary 5, nHaue
k = k 4+ 1 n nepexon k mary 2. (3meck £ > 0- TpeOye-
Mast TOYHOCTD BBIYUCIIEHUS).

Ilar 9. HaiinenHast napa (x}, uj) sIBISETCS ONTH-
MaJIbHBIM pEellleHUEM.

Yucaennoe pewenue 3a0au npu KOHKPEMHBLIX UC-
XOOHBLX OAHHDBIX.

PaccmorpumM MopenbHyI0 3a/1ady pasMepHOCTH N=3,
KOTOpasi OMUCHIBAETCA cienyoniei cucremoi audde-
PEHIMATIbHBIX YPABHEHUI

Ty =TTy — Uy — Uy — Ug
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Ty = PyTq + Uy,
To = HoTy + Us,

T3 = f3T3 + Uz

Figure Mo. 1
File Edit

=gy =

View Insert Tools Window Help

NA A/ BBET

Pazpaborannass Ha ocHoBe MatlLab mporpam-
Ma, TOKa3blBaeT JOUHAMHKY HCXOIHBIX MEPEMEHHBIX
(g, @1, g, T3).

ITpy poeKTpOBaHNM YIIPaBJIEHUH UCIIONIb30BaH aJl-
TOPUTM peaI30BaHHBIN B [6].

Sistema
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Puc. 1 - I'paduk n3MeHeHMs1 UCXOIHBIX IEPEMEHHBIX

BruiBoapl. B ycioBusix Hapacrarolieid noTpeOHOCTH
B MHTErpallii TEXHOJOTMYECKUX M MPOEKTHBIX METO-
JI0B B GAHKOBCKYIO TIPAKTHKY, TIPH MOJHOM OTCYTCTBHU
HALIMOHAJIPHBIX HAyYHBIX pa3pa0OTOK B JaHHOH oOia-
CTH, ObUI TIPOBEJICH NTEPBOHAYAIIBHBIN aHAIN3 TEOpETH-
YEeCKHMX acleKTOB 1 MOTEHIIMAJIa TPAKTHYECKOTO IIPHMe-
HEeHUs MeTojla UepapXU4ecKoro aHajlu3a B yIpaBIeHUN
MpOOJIEMHBIMY aKTUBaMH Ka3aXCTAHCKMX OAHKOB, KOTO-
pble (PMHAHCHPYIOT PEaJIbHBIN CEKTOp 9KOHOMUKH [7-9].

OCHOBHOH TEOPETHUYECKON HEHHOCTbIO JAHHOTO HC-
CIIeIOBaHUs SIBJISICTCSI Pa3BUTHE aBTOPOM TeOpeTHde-
CKOM OCHOBBI JUIsI OI[EHKHM KPEIUTOCIIOCOOHOCTH 3aeM-
HIMKOB, YTO MMEET BaXXHOE 3Ha4yeHue [yis Ooiee TOY-
HOTO Y HAJeXKHOTO MPUHSITHUS PElIeHni B OaHKOBCKON
cepe.

[MpakTrueckasi 3HAYUMOCTb 3TOW PabOTHI 3aKJII0Ya-
€TCsl B aKTYaJIbHOCTH TPOOJIEMBI HETIIATEKECTIOCOOHBIX

kpeautoB B Pecnyoiuke KazaxcraH. OcoOeHHO Baxk-
HbIM (paKTOPOM SIBJISIETCS BBICOKHMI IPOLIEHT HEBO3-
BPATHBIX KPEJUTOB, 0COOSHHO B PEaJIbHOM CEKTOPE KO-
HOMHKH. B CBSI3M ¢ 3THM, CTAaHOBHTCSI HEOOXOAMMBIM
MHTErpPUPOBATh METOABI, IIPOrPaMMHBIE CPEACTBA M MH-
(popmaLiOHHBIE CHCTEMBI YIIPABJIEHHS BbIAAYEH Kpeau-
TOB B GAaHKOBCKYIO JI€SITEIbHOCTb.

B pamkax JaHHOro uccienoBaHus Obul pazpaboraH
KOMILJIEKC MHCTPYMEHTOB NMPOEKTHOTO MEHEIKMEHTa,
NpeHa3HAYCHHBIX JUIsl pabOoThl C MPOOIEMHBIMH AKTH-
BaMH OaHKOB BTOporo ypoBHs B PecmyOnuke Kazax-
CTaH, KOTOpble (DMHAHCHUPYIOT PEabHBIl CEKTOpP KO-
HOMHKH M MHIMBHIyaJIbHBIX ITPpeIIIpUHIMATENeH. DTOT
KOMIUIEKC HMHCTPYMEHTOB IPElOCTaBIAET Pecypchl U
MeTtofoioruu Juist 6osee 3(pPEKTUBHOTO YpaBiIeHus
KPEIUTHBIMU TOPT(ETSIMH, MUHUMH3AIUKA PUCKOB U
THOBBIIIIEHHUS CTETICHH BO3BPATHOCTU KPEAUTOB.
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DEVELOPMENT OF CROSS-BORDER ECONOMIC ZONES AS A FACTOR OF
ENSURING FOOD SECURITY IN KAZAKHSTAN

S.A. Saginova'®, A.S.Baktymbet!, A. N. BigalievaZ,
I Kazhach University of Technology and Business, Astana, Kazakhstan,
2 Kyrgyz Economic University named after Musa Ryskulbekov, Bishkek, Kyrgyzstan,

e-mail: saginova.s@gmail.com

In the context of the transition to a green economy and the need to improve the quality of life of the population,
the problems of ensuring food security are increasing. The importance of the Kazakhstan boundary zones (free
economic zones), aimed at the country's agricultural sector development, is growing in the age of world economic
globalization and comestibles problem aggravation due to the environmental crisis.

Based on the fact that Kazakhstan has a large fertile territory, available environment suitable for the development
of animal husbandry, crop production, it would be necessary to create free economic zones, to develop border
areas oriented to agricultural productivity enhancement. It is a hot topic for ensuring food security of Kazakhstan
and of countries which are scarce of food.

Integrated agricultural structures in the boundary regions should be a factor in the food security of the Republic
of Kazakhstan, which in turn is related to the development of cross-border trade of the country. Boundary regions
play an important role in the development of the Kazakhstan economy considering the overall length of the
borders.

The article considers the transboundedness also as a sphere of implementing cooperative relations in the
agricultural sector in the new integration format conditions. The development of various forms of cooperation
and integration, including free economic zones, will promote the growth of production of certain types of crop-
growing and livestock materials, as well as the way of the import substitution.

Keywords: agricultural sector, boundary zone, food safety, free economic zone, integration, green economy.

TPAHCIHIEKAPAJIBIK, 9KOHOMMKAJIBIK, AUMAKTAPIbI JAMBITY
KA3AKCTAHHBIH A3BBIK-TYJIIK KAVIIICI3JITTH KAMTAMACHI3 ETY
®AKTOPBI PEHTIH/IE

C. A. CarunoBal”, Q. C. BakteiMoer! A.H. Buraiauepa®
! Kasak, TexHONOrMS koHe Ou3HeC yHMBepcuTeTi, Actana, Kaszakcran,
Myca Pricky16eKOB aTbiHIaFbl KpIpFbI3 SKOHOMUKAIIBIK, yHUBEpCHUTETI, buiikek, KpIproicTaH,

e-mail: saginova.s@gmail.com

JKachbi1 SKOHOMPKaFa KeIIly JKaFIaifbIH/Ia XaJbIKTHIH 6Mip CYpY CalachlH apTThIPY KAKETTUIIr, a3bIK-TYJIK Ka-
VIIICI3[iTiH KaMTaMachl3 €Ty Macesesepi KeTepuyae. OJeMAiK SKOHOMHUKAHBIH kahaHAaHy jKoHE SKOJOTHSIIBIK,
JarmapbicKa OalIaHBICTBI Mocesiesiepi IuesIeHicyl IoyipiHae emiMi3/IiH arpapiblK, CeKTOPbIH JaMbITyFa OarbiT-
tasiraH KazakCcTaHHBIH 1IeKapasblK aiiMakTapblHbIH (€pPKiH 9KOHOMUKAJIBIK, alMaKTap) MaHbI3bl apThIIN KeJe/i.

KazakcraHHbBIH YJIKeH KYHap/bl TEPPUTOPUSICH Oap eKeHIIrH, MaJl IapyalliblUIbiFbl MEH €riH IapyallibLIbEbIH
JaMBITYFa KOJIAWJIbl TAOUFH KaFIaiiapIbiH OOJTYBIH HETi3re ajia OTHIPHII, ePKiH SKOHOMHKAJIBIK, alMaKTap KYPhIIL,
IIeKapaiac aiiMaKTapapl JaMbITy KaXKeT. aybUl MapyalibUIbIFel OHIMIUTITIH apTTeipyFa OarsiTTanrad. bym Kaza-
KCTaHHBIH X9HE a3bIK-TYJIIK TAIIIBUTBIFBIH CE31HIeH eIepHiH a3bIK-TYJIK KAyilCi3AiriH KAMTaMachl3 eTyIeri o3eK-
Ti Macesenepi.

[Iekapanac aiiMakTapaarsl OipiKTipiireH aybll MAapyalIbUTBIFE Ky peuTbiMIapsl Kazakcran PecryOmmukachiHBIH
a3bIK-TYJIIK Kayinci3airiHig (akTopbiHa alHANYBl THIC, OYJT ©3 Ke3eriHiae eJiH MeKapaiblK, CayIachlH JaMbITy-
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MeH OaiJIaHBICTHL. H_IeKapanaleLIH 7KaJIIbl Y3bIHABIFBIH €CKEPE OTBIPHIII, KaSaKCTaH 9KOHOMUKACBIHBIH JaMybIHJ1a
meKapaJjac afxiMaKTap MaHBbI3bI POJI aTKaApaJbl.

Makarnana TpaHCIIEKapaIbIK, )KaHa UHTETPalUsIIbIK, (hopMar kKargafibIHAa arpapiblK, CEKTOPAAFbl KOOIEPaTHB-
TIK KATBIHACTAP/BI XKY3€ere achpy calachl peTiHe e KapacTeIppuiagsl. Koonepariiis MeH HHTer palisHBIH 9pTY Pl
HBICAaHJAPbIH, COHBIH iITIHE epKiH SKOHOMHKAJIBIK, allMaKTap/Ibl JAMBITY ©CIMIIK jKoHE MaJl IAPyaIIbUTBIFB OHIM-
JepiHiH eKeJereH TypiepiH eHIipy/li, COHIai-aK UMIIOPTTHI AIMACTHIPY JKOJJApbIH apTTHIPYFa bIKIAJ eTe/i.

Tyiinai ce3aep: arpapiblk, CEKTOp, IMeEKapasblK, aliMaK, a3bIK-TYIK KAYiNCi3/iri, epKiH SKOHOMUKAIBIK, aii-
MaK, MHTETrpalus, Kachbll SKOHOMHKA.

PA3BBUTHUE TPAHCTPAHUYHBIX 9KOHOMMNYECKHNX 30H KAK ®AKTOP
OBECIIEYEHUA NTPOJOBOJIbCTBEHHOMU BE3OITACHOCTHU KA3AXCTAHA

C.A.CarnnoBa'®, O.C. Bakteivéer!, A.H.Burainepa?

I Kazaxckuit YHUBEPCHUTET TeXHONOruu u Ousneca, Acrana, KazaxcraH,
2KBIprbI3cKHil SKOHOMUYECKHI yHUBEpcuTeT MMeHr Mychl Phickyn6exosa,
Bumikek, Ksipreiscran,

e-mail: saginova.s@gmail.com

B ycrnoBusix mepexoia K 3e1€HON S9KOHOMHKE, HEOOXOAMMOCTH TOBBIIIIEHHsI KaUeCTBa XU3HU HAaCeJIeHHUsI BO3-
pacraiot rmpo6sembl oOectiedeHH st IPOIOBOJILCTBEHHO! Oe30I1acHOCTH. 3HaYeHre NpUrpaHiyHbIX 30H Kasaxcrana
(cBOOOAHBIX SKOHOMHYECKUX 30H), HAIIPABJIECHHBIX HA Pa3BUTHE CEILCKOXO3ANWCTBEHHOTO CEKTOpa CTPaHbl, BO3-
pacraet B 310Xy I0GaIM3aLK MUPOBOH SKOHOMUKH M 000CTpeHHsI TPOOJIeM, CBA3aHHBIX C 9KOJIOTMYECKIM KpH-
3HCOM.

Hcxons u3 toro, uro Kasaxcran nmeer GONBIIYIO TUIOAOPOAHYIO TEPPUTOPHUIO, HAJIMYME PUPOIHBIX YCITIOBH,
NPUTOAHBIX [JIs1 Pa3BUTHS )KMBOTHOBOACTBA, PACTEHUEBOACTBA, HEOOXOAMMO CO3[aHHE CBOOOIHBIX KOHOMHYE-
CKUX 30H, Pa3BUTHE NMPUIPAHUYHBIX TEPPUTOPHIL. HAIpaBJieHa HA TOBBILIIEHNE MPOU3BOAUTEIBHOCTH CEIbCKOTO
XO3sIHCTBa. DTO aKTyaslbHasl TeMa JUIsi 00ecrieueH s MPOAOBOJILCTBEHHON Oe3onacHocTi Kasaxcrana u crpas, uc-
MBITHIBAIOINUX Je(DULIAT TPOJOBOILCTBHS.

KomruiekcHbIe ceTbCKOXO03SICTBEHHBIE CTPYKTYPhI B IPUTPAHIUYHBIX PErMOHAX JOJIKHBI CTaTh (PaKTOPOM MPOJIO-
BOJILCTBEHHOM Oe3omnacHoctH Pecriyonmkn KaszaxcraH, 4To B CBOIO 04epe/ib CBSI3aHO C Pa3BUTHEM IPUTPAHUIHOM
TOProBJM cTpanbl. [IpurpaHudHbIE PErMOHBI UI'PAIOT BAKHYIO POJIb B PA3BUTHN SKOHOMUKH KazaxcraHa, yunThiBast
00LIYI0 MPOTSKEHHOCTD TPAHULL.

B craTtbe TpaHCTpaHUYHOCTh pacCMaTpUBAETCs TAKKe Kak cdepa peain3aliii KOONepalMOHHBIX OTHOIIEHHUH B
arpapHoy cepe B yCIOBHSAX HOBOTO MHTETpallMoHHOTo (hopMara. PasButue pasnnyubix (hopM COTPYJHUYECTBA U
WHTErpalyy, B TOM YKCiIe CBOOOIHBIX SKOHOMHYECKHX 30H, OyIeT CIOCOOCTBOBATH POCTY ITPOU3BOACTBA OTAE/b-
HBIX BUIOB PaCTEHUEBOIYECKON 1 )KUBOTHOBOAUECKON MPOAYKIIMH, a TaKKe MyTH UMIIOPTO3aMeleHHs.

KuroueBble ciioBa: arpapHblii CEKTOp, MOrpaHMYHAs 30HA, MPONOBOJILCTBEHHAsI OE30MaCHOCTb, CBOOOIHAS
SKOHOMHUYECKAS 30Ha, MHTErpaLiysl, 3eJIeHass SKOHOMHKA.

Introduction. The importance of development geopolitical centers [1].

of specific economic zones and other integration  Begides, further integration processes in the world
organizations aimed at development of the country's space include development of free trade zones with

agricultural sector is growing within the conditions of g, Jeading partners as the EU, China, as well as Egypt,
the world economy globalization. In the opinion of G.A.  [ndia, South Korea, Iran, etc.

Kaliyev, a famous Kazakh scientist, world economic
relations have been constantly changing the balance of
geostrategic and

The development of these processes is impossible
without integrated formations functioning. Today,

Kazakhstan has such zones as industrial and production
political forces, blurring the geopolitical boundaries ,ones je. " Seaport Aktau", "Ontustik", "National

of regions and creating the broad transition zones [pdustrial Petrochemical Technopark, "Pavlodar",
taking on greater and greater importance for the main
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"Saryarka", "Taraz Chemical Park"; service zones such
as "Burabay”, "Astana - new city", "Khorgos-Eastern
Gates"; and technical and educational zone, such as
"Park of Innovative Technologies".

Considering the fact that Kazakhstan has a large
fertile territory (it occupies the 9th place in the world),
all conditions for the development of animal husbandry,
huge crop areas for grain growing, it would be necessary
to create free economic zones aimed at increasing
the efficiency of agricultural production. Kazakhstan
borders on Russia in the east, north and northwest, on
Uzbekistan, Kyrgyzstan and Turkmenistan in the south,
and on China in the southeast.

On the global stage where the food crisis deepens in
the less developed and other countries, the development
of the agricultural sector in Kazakhstan as well as
in other countries would play a role in solving the
food problem. According to the data of the Eurasian
Economic Commission (EEC), the industry of the
Eurasian Economic Union (EAEU) has overcome the
recession caused by the global financial crisis, and
entered the "digital" phase of its development: the
growth of industrial production in the EAEU states
amounted to 2.6% for the eight months of 2017;
and that of the agricultural production of the EAEU
countries amounted to 1.5%, while the total GDP
growth of states was 1.8% [2].

Competition in the food market is intensifying.
There is an increase in its participants, which means
that trade conflicts are inevitable. However, there is
the possibility for the border areas of Kazakhstan to
constructively solve such disputes, which will favorably
influence the development of the economy, including
its integrated structures.

According to Kazakh scientists, Kazakhstan can use
the integration potential of the EAEU in modernization
and industrialization, as well as implementation of
export diversification on this basis in the context of
developing export-oriented import substitution through
the involvement of its own resources [3].

It should be noted that the existing potential growth
opportunities for individual sectors of the country are
constrained due to internal problems:

shortage of primary processing and storage capacities;

unmatured system of relations between agricultural
producers and processing enterprises;

lack of high-quality raw materials in sufficient
quantity;

uneven development of rural infrastructure.

* underemployment, increased internal migration of the
rural population;

¢ delay the economic development level of the border
areas.

All the above-mentioned problems call for their
accelerated solution.

Materials and methods. The research included
the generalizing achievements of economic science in
the field of creating models for the development of
border regions and various methods of system-oriented
economic analysis, dynamic series, relative quantities,
and schemes.

The information base was formed on the basis
of materials of the Agency on Statistics, FAO and
ILO reports, sociological research, publications in the
periodical press, current legislative and regulatory acts
of the Republic of Kazakhstan, and also summarizes
in the field of formation of various integration groups
in the agricultural sector, aimed at addressing the food
security problem.

Result and Discussion. Currently, 7.6 million
people live in rural areas of Kazakhstan. It is 43%
of the total population of the state. The mass outflow
of the rural population to cities and the migration
of the working population from the northern regions
to the southern ones continue. The Government has
developed a plan for the development of conditions for
the migration from densely populated territories to less
densely populated ones.

The evidence from overseas experience of the state
regulation of the development of rural areas shows that
this development is based revenue levels (GDP per
capita, unemployment rate) which are in tense contact
with the economy of rural areas. The author presents
the data of border rural areas, as joint business zones
should be developed there first of all.

In order to ensure the food security of the Republic
of Kazakhstan, integrated agricultural structures in the
border regions should play a role, which in turn is
related to the development of cross-border trade in the
country. For Kazakhstan, the role of border regions
in the development of the economy is important,
considering the overall length of borders, especially
with Russia. According to the Kazakh scientist, the
Russian vector was chosen not by chance, considering
that 12 regions participate in cross-border cooperation
only from the Russian side, and 7 from Kazakhstan
[4]. The border regions of Kazakhstan and Russia are
developing economic activity which is evidenced by
a Memorandum of Cooperation signed by the West
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Kazakhstan branch of Kazakhstan National Economic
Chamber "Atameken" and the Kazakhstan Chamber
of Commerce and Industry of the Orenburg region.
It should be noted that the Orenburg region has a
section of the Russian-Kazakh border of more than
1870 kilometers [5]. Its activity with China, Mongolia
and the countries of the Central Asian region is growing
along with Russian cooperation.

The further development of livestock production will
depend on the expansion of economic cooperation with
Kyrgyzstan. For example, farmers of both countries pin
their hopes on holding trade fairs, building livestock
corridors of veterinary laboratories and temporary
cattle holding places, which would allow increasing raw
materials for dairy factories in the Zhambyl region.
Given that more than 500 joint ventures operate in
Kazakhstan and Kyrgyzstan, it can be assumed we have
all conditions to form a free economic zone [6].

The emerging Shymkent-Tashkent-Khujand
Economic corridor (STHEK) should play an important
role in the development of rural areas and in ensuring
the growth of food security. It should be agreed with
the research of Kazakhstani scientists that the STHEK
region has the potential to become a transnational
economic corridor.

The food security decision is also facilitated by the
intensification of the trade and economic cooperation
between Kazakhstan and Uzbekistan on the basis of
the development of the transport and logistics sector
(the creation of a network of high-speed railways, the
completion of Angren-Pap electrified railway line, the
extension of the highway for the uninterrupted auto
traffic between the Fergana Valley and the rest of the
country, etc. [7].

Thus, taking into account international specialization
and international division of labor, the active
participation of border regions in the integration
processes is of paramount importance for the
development of cross-border cooperation.

In food security in Kazakhstan, the development of
border regions has both positive and negative factors:

- positive factors: the incomes of commodity
producers increase due to the processing of agricultural
products; purchasing power increases, unemployment
and internal migration rates are reduced; the problem
of ensuring food security of the population of the
countries of the transboundedness zone with better food
products is being addressed;

- negative factors: The country's dependence on
the supply of goods from abroad is growing, which
can weaken its political independence; the growth of
traditional products produced in the border areas is
declining; costs associated with the training of old
personnel and the emergence of new personnel in-
demand for integrated structures, are increasing.

In the opinion of both Kazakh and foreign scientists,
motives to develop integration processes are: to
improve the quality of life of the integrating countries
both on the part of producers due to the growth of
incomes from the formation of new trade flows, and
consumers due to the reduction of prices for individual
goods, caused by the competition development;
strengthening of economic positions of the countries
which are members of integration associations in the
world space [8].

According to Kazakh scientists, many countries have
operating technoparks, clusters, business incubators,
innovation centers. In the EAEU, the development
of technoparks is being implemented for cooperation
within the framework of the Silk Road. In the
current conditions of the development of information
technologies, EAEU countries have gained access to
state purchase markets. The formation of EAEU digital
space was a noticeable step on the way to active
cooperation. The transition to an electronic form of
issuance of receipts will make financial resources more
available, and thus expand the trade in agricultural
goods.

The study considers the transboundedness also as a
sphere of implementing cooperative relations in the
agrarian sector under the conditions of a new-format
integration. The development of various forms of
cooperation and integration, including free economic
zones, will promote the growth of production of certain
types of crop and livestock raw materials, as well as the
solution of import substitution problem.

To develop and increase the production of domestic
products, it is necessary to increase state support for
agriculture, which is associated with the availability of
low resource potential.

Any state takes into account national interests,
including Table I shows the specific advantages of the
production of certain types of agricultural products in
the context of countries participating in the Eurasian
Economic Union (EAEU).
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Table 1 - Production volumes of food, beverages and tobacco products by EAEU member states for
January-December 2022

. Production volume (current prices)

Indicator -

national currency | mln.USD
Armenia 1 060,1 24333
Kazakhstan | 3 966,4 8613,7
Kyrgyzstan | 62,0 736,9
Russia 10 877,5 1612433
Note - compiled from source [9]

To date, Kazakhstan is ranked 60rd place among the
world's exporters by the end of 2021. In the structure
of the country's exports, the main share is in mineral
products, i.e. 65,9% in 2021.

The dynamics of the structure of exports of agri-food

products is specified in Tables II.

The largest export structure share (about 50%) is
occupied by wheat and wheat flour (Table II), according
to which Kazakhstan is one of the world's largest
exporters (9th place).

Table 2 - Structure of exports of agri-food products of Kazakhstan in 2010-2015, mln. USD

HS Name 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | Share
code (%)
2021
1001 Wheat and muslin 694 660 972 1003 | 1151 | 1426 | 38
1101 Wheat flour 505 469 448 362 490 441 12
1003 Barley 109 137 293 297 176 165 4
1204 Flax seeds, whether or not | 92 109 141 180 207 227 6
broken
0304 Fish fillets and other fish | 40 40 44 36 36 29 1
meat
1205 Seeds of rapeseed 31 54 69 50 21 40 1
1512 Sunflower oil 30 55 66 81 103 117 3
2202 Waters, including mineral | 35 36 42 42 36 46 1
and carbonated
1806 Chocolate 27 40 40 34 33 30 1
1704 Confectionery 27 38 34 32 29 23 1
1006 Rice 16 22 26 25 29 39 1
TOTAL 2150 | 2418 | 3102 | 3282 | 3353 | 3757 | 100

Source: Data of the Committee on Statistics of the Ministry of Education and Science of the Republic of
Kazakhstan

To date, annual supplies of wheat to foreign markets
reach 5-7 million tons, flour - 2-3 million tons.

In 2015, the export of wheat flour decreased by
11.9%, the volume of supplies of this product was $ 494
million. The main consumers are Afghanistan (47% or
231 million dollars), Uzbekistan (39% or 191 million
dollars) and Tajikistan (8.5% or $ 42 million).

In the import structure, according to Table III,

the share of such products as sugar, chocolate, flour
confectionery, meat and poultry, tea, fruit is high.

Climatic changes and unpredictable natural disasters
intensify the problem of effective land use through
oasis irrigation by the reconstruction and the new
construction. For example, Kazakhstan has developed
Strategic Measures to combat desertification in the
Republic of Kazakhstan up to 2025 and allocated
funds to implement tasks on watering pastures using
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renewable energy sources and creating an appropriate
infrastructure[10].

However, to implement the task, the irrigation of
pastures on the main land used by agroformations and
the land in rural settlements requires the reconstruction
of 14,387 wells, which is three times more than the
planned amount, and 72,993 million tenge. According
to Kazakh scientists' calculations, only 1 well requires
at least 13 million tenge, and not 5.5 million tenge,
to be allocated by the Ministry of Agriculture of the
Republic of Kazakhstan; for this reason, the cost for
new flooding installations and flooding installations
subjected to reconstruction in the amount of 14387 is
187,031 million tenge [11].

Conclusions. Kazakhstan, like other transboundary
states, has not yet realized its integration potential in

full. Its effective interaction is hindered by various
rates of development of the agroindustrial complex,
the lack of unified approaches to the formation of
prices in national markets, the unmature logistical and
social infrastructure, the incoordination of the export
policy, the lack of a unified system for informing about
dangerous agro-food products and foods.

In the agrarian sector, cooperation and collaboration
sprouts emerged in the form of development of
joint Kazakh-Russian enterprises. In the future, it
is necessary to accelerate the creation of integration
agrarian structures with other states bordering on
Kazakhstan, as well as far-abroad countries.

The formation of free trade zones will allow
Kazakhstan to realize its regional advantages.
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METHODICAL APPROACHES TO ENHANCING BUSINESS PROCESSES
THROUGH INNOVATION IMPLEMENTATION AT THE ENTERPRISE

G. A. Shmarlovskaya'*, A.Serikkyzy A.
IBelarusian State Economic University, Minsk, Belarus,
2 Almaty Management University, Kazakhstan,

galina.shmarlovskaya@gmail.com,

This article describes the importance of developing high technology and a competitive economy in Kazakhstan,
as well as the significance of improving business processes and mechanisms to achieve this goal. The success of
enterprises depends on the right strategy, competent leadership, the availability of resources and markets, and
efficient business processes.

The authors discuss the role of innovation in increasing turnover and production growth of enterprises in the
modern world. They emphasize the need to quickly adapt production programs to changing customer demands
and short product life cycles.

Special attention is given to the complexity of assessing the beneficial effect of innovations, and two evaluation
criteria are presented: the minimum cost criterion and the integrated quality indicator of innovations. It also
mentions the use of expert or statistical methods when it is impossible to establish a quantitative relationship
between quality indicators and costs.

In addition, the article describes the establishment of a relationship between costs and comprehensive indicators
of technical level and economic efficiency using correlation and regression modeling. A methodology is proposed,
including traditional normative approaches and the "cost-effectiveness" method.

Keywords: foreign economic relations, competitiveness, national economy, innovations, efficiency, quality,
technology.

KOCIHIOPBIHIA NTHHOBALIUAJIAPAbI EHI'T3Y HEI'I3IHAE
BU3HEC-ITPOLUECTEPAI KETLJIAIPY IIH 9 AICTEMEJIIK TOCIJIJIEPI

I".A .IlImapaosckaa'™,A. Cepikkbi3bl A.
'Benapych MeMIeKeTTiK SKOHOMUKAJIBIK, yHUBEpCUTETi, MuHCK, Besapych,
2 Almaty Management University, Kaszakcran,

galina.shmarlovskaya@gmail

Anparna. Byn makanana Kasakcranga skorapbl TEXHOJOTHsUIAp MeH Oocekere KaOieTTi SKOHOMHKA calia-
ChIH JJAMBITY/IbIH MaHBI3/IBUIBIFBI )KOHE OCHI MaKCaTKA KETY YIIIiH OM3HeC-poLecTep MeH TeTiKTep/i KeTiIaipyliH
MaHBI3bUTBIFBI cUTIaTTaNIFaH. KocimophiHIapAbIH TaOBICTHUIBIFB IYPBIC CTpaTerusira, Ky3pperTi OacIibUIbIKKa, pe-
CypcTap MeH OTKi3y HaphIKTApBIHBIH KOKETIMIUTITIHE, COHIAl-aK, THIMIiI OU3HeC-TIporiecTepre OaiIaHbICTHI.

ABTOpJIap MHHOBAIMSTHBIH aHAJIBIMIIBI YIIFAUTYIAFbI )KOHE Ka3ipri afieMIeri KCIMOpsIHAAp OHIPiCiHIH 6CyiH-
Jeri pestiH TaynKpU1aiapl. Onap KocilopbIHIApAbIH OHIIPICTIK OaraapraMaliapblH TYTHIHYIIBUIAPABIH 63repeTiH
CypaHbICTApbIHA KOHE OHIMHIH KBICKA OMipIIiK IUKJIIepiHe Te3 OefiMIey KaKeTTUTIrH KopceTesi.

VHHOBaIMsUIap/IbIH alIaibl 9cepiH Oaraiay/iblH KYpASIUIiriHe epeKilie Ha3ap aylapbulaibl KoHe OaraiayIbiH
€Ki KpUTepuili YChIHBUIAAbL: KEITipUINeH IIBIFbIHAAPIBIH €H TOMEHT1 KPUTEPUIi koHe MHHOBAUSIAP CallaChIHbIH
MHTErpangpl Kepcetkimti. Carna KepceTKIiITepi MeH IIBIFRIHAAP apachlHAA CAHIBIK TOYSIIUTIKTI aHBIKTAY MYMKIH
GoMaraH Kesjie caparTaMasblK HeMece CTATUCTUKAIIBIK 9iCcTepai KONaHy Typajibl Ja afThUIa bl.

CoHbIMEH Kartap, Makaiaja KOpPeJsIUsIIbIK jKOHe PerpecCUsiIbIK, MOAEbAEY/l KONIaHa OTHIPHII, MIBIFbIHIAP
MeH TeXHUKAIBIK, JCHIel MeH SKOHOMHKAJIBIK, THIMALTIKTIH JKaJITblIaMa KOPCEeTKIIITepi apachIHAAFbl TOYEIIiTiK-
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Ti aHBIKTAY CHIIATTAJFaH. [[ocTypii HOPMATHBTIK TOCUIAEp MeH "MIBIFBIHIAP - THIMIUTIK" 9MiCiH KAMTHUTBIH 9JIiC

YCbIHbLIA/IbI.

Ty#ingi ce31ep: CHIPTKH SKOHOMUKAIBIK, OalTaHbICTap, OaceKere KaOIeTTiliK, YITTHK 9KOHOMUKA, UHHO-

Balys, THIMITK, cara, TEXHOJIOTHA.

METOJUYECKHME ITIOJAXO /bl COBEPHIEHCTBOBAHUA

BU3HEC-IIPOIIECCOB HA OCHOBE BHE/IPEHAAA MTHHOBAITUI HA
HNPEAINIPUATUN

I'.A. Illmapaosckas!™, A. CepikKbI3bl

2

Benopycckuit FocymapcrBeHHblit IKOHOMUUECKHiT YHUBEpCUTeT, T. MuHck, Benapych,

2 Almaty Management University, KasaxcraH,

galina.shmarlovskaya@gmail.com

B nanHOI cTaThe onycaHa BakHOCTb pa3BUTHSA B KazaxcraHe cpepbl BHICOKMX TEXHOJOTHI U KOHKYPEHTOCIIO-
COOHOI 9KOHOMMKH 1 3HAYMMOCTh COBEPIICHCTBOBAHUS OM3HEC-TIPOLIECCOB 1 MEXaHM3MOB /TSI TOCTHKEHHS TOH
LeJM. YCHEIHOCTb MPeNPHUTHIA 3aBICUT OT MPABUJIbHON CTPATeTrHH, KOMIIETEHTHOTO PyKOBOZACTBA, JOCTYITHOCTH
PECypCOB U PBIHKOB COBITA, a Takke OT 3(P(EKTUBHBIX OM3HEC-TIPOLIECCOB.

ABTOpBI 00CYXIAI0T pOJIb MHHOBAIMIA B YBEJIMYEHUH 000pOTA M POCTE MPOM3BOACTBA MPEIIPUATHI B COBpe-
MeHHOM Mupe. OHHM yKa3blBaeT Ha HEOOXOAMMOCTb OBICTPO aJaNTHPOBATh POM3BOACTBEHHbIE ITPOr PAMMBbI TIpE-
MPUATUI K U3MEHSIOLIUMCS 3aIIpocaM KJIMEHTOB M KOPOTKUM KU3HEHHBIM [IUKJIAM [TPOAYKLIUH.

Oco6oe BHUMaHHE y/ieJIeHO CT0XKHOCTH OLIEHKH T0JIe3HOTO 3(pheKTa MHHOBAIMI M ITPECTABIIEHO ABA KPUTEPHS
OLIEHKM: KPUTEPUA MUHIMYyMa TPUBEICHHBIX 3aTPaT M MHTETPaJIbHBIN MOKa3aTelb KauecTBa MHHOBALMH. Takxke
YIIOMHUHAETCS] UCTIONB30BAHKE SKCIIEPTHBIX MJIM CTATUCTUYECKUX METOJOB ITPYU HEBO3MOKHOCTU YCTAaHOBJICHUS KO-
JIMYECTBEHHOI 3aBUCUMOCTH ME3K 1y MOKa3aTe MU KauecTBa U 3aTpaTaMu.

Bmo6GaBoK B CTaThbe OIMUCHIBAETCS YCTAHOBJICHUE 3aBHCHMOCTU MEKIY 3aTpaTaMu M 00OOIIAIOIMMY ITOKa3aTe-
JISIMU TEXHUYECKOTO YPOBHSI U SKOHOMUUYECKOHN 3(P(PEKTUBHOCTH, UCTIONB3Ysl KOPPEISIIMOHHOE U PErPeCCUOHHOE
MogienupoBanue. [IpemiaraeTcss MeToqVKa, BKITIOYAOIIAS TPATUIMOHHbIC HOPMATHBHBIE TOIXOABI M MeToq '"'3a-

Tpathl - 3(pHEeKTUBHOCTD".

KiroueBnle c10Ba: BHEITHESKOHOMHYECKYE CBA3H, KOHKypeHTOCHOCO6HOCTb, HallMOHAJIbHAsA SKOHOMUKA, UH-

HOBalyu, 9(1)(1)CKTI/IBHOCTI>, Ka4yeCTBO, TEXHOJIOT'MH.

Introduction. In the current global economic
landscape, Kazakhstan stands at a critical juncture
where foreign economic relations wield substantial
influence over macroeconomic and social advantages,
affecting competitiveness, sustainable growth, and
national independence.

Kazakhstan envisions a transformative journey
towards a high-tech industry and a competitive
economy. This transition necessitates the enhancement
of enterprise processes, a fundamental catalyst for
economic development.

Enterprise success depends on strategy, leadership,
resources, market positioning, and efficient processes.
Innovation is pivotal, given the dynamic global
competition, changing customer demands, evolving
quality standards, and shorter product cycles.

Materials and methods. The development of

foreign economic relations at the present stage reflects
the most tangible macroeconomic and social advantages
that contribute to enhancing the competitiveness of
the national economy, ensuring sustainable economic
growth, the development, and further state regulation
of macroeconomic processes, and strengthening
Kazakhstan's national independence [1].

The Republic of Kazakhstan has entered a
qualitatively new stage of its development, based on
the creation of a high-tech industry and the principles
of building a competitive economy. To address these
tasks, it is necessary to improve the development of
enterprise business processes and the mechanisms for
their enhancement to promote the country's economic
development.

The long-term success of any enterprise depends
primarily on the right strategy, competent leadership,
the availability of valuable resources, markets for their
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products, and well-structured business processes.

Results and discussion. Increasing turnover and
the growth of production of various enterprises in the
modern world critically depend on innovations. The
prerequisites for the development of these companies
in the market are new and improved products and
services. Changes in customer demands, evolving
quality requirements for products and services, short
product life cycles, and increasing rates of product
renewal led to the need for rapid adjustments in the
production programs of enterprises.

The beneficial effect of innovations in the
implementation of business processes, both in
production and operation, cannot always be evaluated
using cost assessments. Therefore, two criteria are
applied: the criterion of minimizing costs incurred
and an integral (comprehensive) indicator of the
quality of innovations [1]. If it is impossible to
establish a quantitative functional relationship between
specific quality indicators and incurred costs, expert or
statistical methods are used to determine the average
weighted composite indicator of innovation. It is
calculated as either the weighted arithmetic means or
the weighted geometric mean.

The next step can be establishing a relationship
between the value of incurred costs and the
comprehensive indicators of the technical level of
a product or process. Correlation and regression
modeling are tools for such an approach.

The proposed methodology utilizes both traditional
normative approaches and the "cost-effectiveness"
method. With changes in the economic situation
during the transition to a market economy, enterprises
have had to reorient their criteria for technical and
technological levels and the economic efficiency of
innovations. In the short term, the implementation
of innovations worsens economic indicators, increases
production costs, and requires additional capital
investment in research and development.

In the design, development, and implementation
of innovative technology and technology within the
framework of traditional approaches to economic
entities, the procedure for determining the economic
efficiency of these activities consists of four stages [2].

The first stage is to determine the necessary expenses
for implementing innovative measures; the second is
to identify potential sources of funding; the third is
to assess the economic impact of implementing new
technology and techniques; and the fourth is to evaluate
the comparative effectiveness of the innovation by

comparing economic indicators.

Economic efficiency is characterized by the ratio of
the economic effect obtained during the year to the
costs of implementing the project. When comparing
different options for new technology and techniques,
overall and specific capital investments, production
unit costs, and so on are compared. However, in the
case of innovations, lower costs can be accompanied
not only by inadequate technical and quality indicators
of the innovation but also by higher specific capital
investments. Simple comparison of techno-economic
indicators does not allow us to identify the best option.
In this case, it is necessary to determine a common
indicator of comparative effectiveness of the options
based on comparing the savings in incurred costs.

It is important to mention the selection of the
baseline technology and technique. The choice
of a baseline is necessary for comparing and
standardizing the options. Thus, when assessing
the level of production technology and choosing a
technological solution, it is necessary to classify types
of technology into the following categories: obsolete,
basic, modernized and improved, and fundamentally
new [3].

When choosing the baseline option and technology,
the entire range of existing solutions is examined.
Then, the general population is divided into groups
that are homogeneous in terms of quality, followed by
selection within each group. Sometimes it is necessary
to aggregate small technological solutions to create
larger groups to obtain a unified baseline model.

The choice of a baseline for comparing the initial
indicators of innovative technology and techniques is
crucial in determining economic efficiency, as the
comparative economic efficiency of a new technical
and technological solution is determined by comparing
the values of indicators between the implemented and
baseline options. In this regard, the following points
should be considered:

- The choice of a baseline depends on the stage of the
life cycle of the new technology and techniques.

- The selection of the baseline and the new solution
should be carried out at different stages of the life cycle.

- It is necessary to assess the efficiency indicators
of the new design (prototype) compared to the baseline
during the R&D stage.

- An analysis of the effectiveness of new solutions
should be conducted both during the implementation
phase and during production and operation.

156



All the above principles are important in the systemic
analysis of innovations, i.e., in evaluating the economic
efficiency of innovations with indicators brought into a
comparable form.

The comparability is established based on criteria
such as the volume of production, the structure of
the product range, product quality, incurred costs,
manufacturing lead times, social and environmental
impact. In addition, it is necessary to standardize
the variants of new solutions in terms of the
composition of production resources, i.e., identify
additional equipment, additional labor, additional
production areas, etc., required for the implementation
of innovations. Based on this, additional capital
investments should be planned for the implementation
of new technical or technological solutions.

In addition to adjusting and correcting the values
of total capital investments and product costs, it is
important to consider that various expenditure items
change differently depending on changes in production
and sales volumes. This is most pronounced in the
dynamics of changes in fixed and variable costs.

Let's consider the indicators calculated when
implementing innovations in the form of state-of-
the-art technology and techniques. Expenses for the
implementation of innovative technology encompass
capital investments, working capital, and labor. The
economic effect is calculated using the following
formula [4]:

E, =R, —TC,

where: E, - economic effect of implementing
innovative technology and techniques for the
calculation period ¢, in tenge.

R, - cost assessment of the results obtained for the
calculation period ¢, in tenge.

TC, - cost assessment of expenses for the
development, implementation, and adoption of
innovative technology and techniques for the
calculation period ¢, in tenge.

The alignment of expenses incurred at different
times over the entire period of innovation
implementation is carried out as follows:

T
R, = ZPt oy
t=1

where:

- P, is the cost assessment of innovation results for
the calculation period ¢.

- P, is the cost assessment in year ?.
- o, 18 the cost discounting factor.
Costs and capital investments for subsequent years

for each option should be adjusted for the time factor,
i.e., the cost discounting factor - a.

o= (1+E)

where:
- o, (alpha t) is the cost discounting factor.

- I is the accepted norm for discounting costs
incurred at different times.

- t is the time that determines the year of costs and
results from the year to which they are discounted (from
the baseline moment in time).

The discounting norm E' is calculated differently
depending on the methodology, industry, type of
business activity of the enterprise, and ownership form.
In traditional approaches, E typically ranges from
0.08 to 0.10, while in project-based approaches, E is
calculated as the discount rate, equal to the investor's
acceptable rate of return on capital.

It is also possible to calculate the present value of
capital investments in innovations. Usually, the present
value of production costs and the use of innovative
technology is determined as the sum of the production
cost and the normative profit. [5]:

TC,=CV,+E,K

where:

- T'Cy is the cost of production per unit for period
"t," in tenge.

- C'Vp is the cost of production in period "t," in tenge.
- I/, is the normative efficiency coefficient.

- K 1is the capital investment per unit of production,
in tenge.

- I/, K is the normative profit in tenge.

The annual economic effect of implementing

innovative technology and techniques is determined by
the formula:

By =(TCp—TCN)Ny =[(TCp+ EyKp) — (TCy + ExKy)] - NN,
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where:
- Epp is the annual economic effect.

- TCg and TCy are the total costs before and after
implementing the innovative technology.

- ExyKp and ENK)y are the normative profits
before and after implementing the innovative
technology.

- NN is the number of production units.
where:

- E;p is the economic effect of innovative
technology, in tenge.

- T'Cy is the present value of costs for producing
one unit of product using the base technology and
technique, in tenge.

- T'C'y is the present value of costs for producing
product using the new technology or technique, in
tenge.

- N is the annual production volume using the new
technology and technique, in units.

- T'Cpg is the cost of production for the base variant,
in tenge.

- T'Cy is the cost of production based on the new
technology and technique, in tenge.

- K5 is the capital investment per unit of production
for the base variant, in tenge.

- K is the capital investment per unit of production
based on the new technology and technique, in tenge.

4, —

- E/ is the normative efficiency coefficient.

The provided formula serves as the foundation for
calculating the economic effect of new technology in
all sectors of the economy.

When calculating the annual economic impact of
implementing innovative technology as part of capital
investments, costs at all stages are considered - creation,
development, implementation, and utilization of the
new technology; namely [6]:

= Expenses for scientific research, design,
experimental, and pilot installations (K ).

= Costs for the acquisition, delivery, installation
(dismantling) of equipment, technical preparation,
setup, and production adoption (K ).

= Working capital replenishment costs related to the
creation and utilization of new technology (/).

= Expenses (profit) from production and sales
of products during the production adoption period
preceding the calculated year (K p).

Then, the total capital investments are calculated
using the formula:

Krota = K+ K+ Kp+ Kp

The calculation of the economic effect from the
production and use of new long-term labor assets during
their service life is carried out using the formula:

I/I2) — EH(KHZ — Knl)

N, 0‘1+EH+

D = |3ey - =2 -
HT 6a3 J\[1 OZ2+EH

Where:

9, - is the economic effect of the production and
use of innovative equipment in tenge.

- 3¢, and 3, are the unit costs for the base and new
labor assets, respectively, in tenge.

- N, and N, are the annual volumes of production
based on the base and new labor assets, respectively, in
units.

- oy and a, are the proportions of contributions to
the renovation of base and new labor assets.

- oy + Ky and ay + E, are coefficients for
accounting for the service life of the base and new labor
assets, including moral depreciation.

-3 N2a

HOB
ay— Ey

- U, and N, are the annual operational costs when
using the base and new labor assets in tenge.

- K,; and K,,, are additional capital investments by
the consumer when using the base and new labor assets
in tenge.

If we are talking about the economic effect of
implementing new or improved work items (raw
materials, materials, fuel), the formula takes the
following form:

If we are discussing the economic impact of
introducing new or improved work items (raw
materials, materials, fuel), then the formula takes the
following form:
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where 3., is the economic effect of the
implementation and use of a new work item in tenge.

- 3¢, and 3, are the unit costs for the base and new
labor assets, respectively, in tenge.

- 1, and U, are the annual operational costs when
using the base and new labor assets in tenge.

P, and P, are the specific consumption rates of the
base and new work items per unit of work done in units.

N, is the annual production volume.

In addition to calculating the economic impact
of introducing new labor assets and new work
items, it is widely practiced calculating the labor
results of innovations in the form of increased
labor productivity, reduced material intensity, reduced
energy consumption, workforce liberation, and so on.
For example, the projected reduction in the workforce
because of the introduction of new technology is
calculated using the formula:

_uN, LN,
q1 a4y

where: - P, is the release of workers in people.

Py

- 11, is the price of one unit of the product in the t-th
year in tenge.

- g, is the production output per worker before the
introduction of innovative technology, and g, is the
production output per worker in the t-th year.

- N, is the volume of production in the t-th year in
natural units.

In addition to important indicators of the economic
efficiency of innovation production and operation, the
results of sales volume and the commercial activities of
the enterprise in the implementation of innovations are
highly significant. For example, the calculation of the
projected profit increase from the introduction and sale
of new products is calculated using the formula:

H:(Ht_ct>'Nt_(H1_Cl)'N17

where:

- ITis the increase in profit from the production and
sale of new products in tenge.

- LI, is the wholesale price of the product without
taxes in the t-th year in tenge.

- 11, is the wholesale price of the replaced product in
the base year in tenge.

- C, is the cost of the new product in the t-th year in
tenge.

- (] is the cost of the replaced product in the base
year in units.

- N, is the annual production volume of the new
product in the t-th year in units.

The analysis of existing and newly proposed methods
for forming criteria for evaluating innovative projects
shows that there is often a mixing of concepts between
project evaluation criteria and indicators of a project's
alignment with its innovative purpose.

In connection with this, there is a need for
systematizing and distinguishing between groups of
concepts and indicators related to a project's alignment
with its innovative purpose, as well as criteria for the
economic evaluation of a specific innovation (Table
1). As seen from the table, innovations are divided
into four alignment groups, each of which has its own
corresponding indicators [8].

The assessment and selection of innovations can be
based on various methodologies and oriented towards
different criteria, the choice of which depends on the
specificity of innovation activities, the industry type,
and several other factors. The specificity of innovation
activities implies the use of both economic evaluation
and multifactorial methods, as well as considering
various criteria, each of which can be decisive in the
decision-making process regarding the implementation
of an innovation project. Additionally, it is essential to
consider the business processes and the strategy of the
innovation project.
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Table 1 - Groups and indicators of innovation compliance with the innovative business process

technical level.
. Patent purity.

Compliance Groups Indicators
1 2
L Economic | 1. Compatibility of the project with the economic direction of
development of | development of the region.
the region, its | 2. Interaction with the national science and technology policy.
environmental 3. Impact on the ecology of the region.
features, scientific | 4. Compliance with the innovation policy of the industry and its
and technological | long-term and short-term goals.
directions of the . Evaluation of the phase of the product innovation cycle.
innovation structure. . The number of jobs.
I.For commercial . Meeting the needs of the market.
purposes. . Assessment of the total market capacity and market share.

. Evaluation of the production period.

. The price of the product.

. Start-up capital, its value.

. Probable sales volume.

. Interaction with competitors.

. Providing channels of promotion to the market.
III.Scientific and . Novelty.

. The ratio with the world level.

. Availability of scientific and technical resources.
. The probability of technical implementation.

IV.Production
capabilities.

. Progressiveness of the production process.
. The possibility of providing production facilities.
. The possibility of providing production facilities.
. The possibility of production development.
Availability of production personnel
specialization and qualifications.

5
6
1
2
3
4
5
6
7
8
9. The probability of commercial success.
1
2
3
4
5
1
2
3
4
5

with appropriate

Note - Compiled by the authors

Assessing innovations is a very challenging task,
and it is even more difficult to determine whether
the implementation of an innovation will be effective.
Laboratories, firms, and corporations individually
address this key question. The reward for making the
right decision here is achieving commercial success.

The evaluation of a company's investment
opportunities is based on an analysis of the company's
life cycle and a diagnosis of its financial condition.
The time from the inception of the company to its
liquidation is referred to as the company's life cycle.

In market theory, there are six stages of a company's
life cycle: birth, infancy, youth, early maturity, full
maturity, and aging [9].

Determining the stage of the life cycle is carried
out through the conduct of a dynamic analysis of the
company's activities. For these purposes, the following
indicators have been analyzed over the past few years:
the dynamics of production volume, the dynamics of
the total asset value, the dynamics of equity capital
(share capital), and the dynamics of profit amounts.
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“Birth”, “Infancy”,
“Youth”, “Early maturity” ( >

“Full Maturity”

“Aging”

Growth of indicators.
At the stages of "youth" and "early maturity” -
average. The company is in the process of
growth (development), the investment
attractiveness is average.

Stabilization of most indicators
Investing is advisable if the company's
products have sufficiently high marketing
prospects, and the amount of investment in
technical re-equipment is relatively small and
the funds invested.

Decrease in indicators
Investing, as a rule, is impractical. Exception:
extensive diversification of services, i.e. a
certain re-profiling of the enterprise. In this
case, a certain saving of investment resources
is possible in comparison with new
construction.

Fig. 1 - Investment opportunities by stages of the life cycle.

The stage of a company's life cycle is determined by the rate of change in indicators (Figure 1).

Conclusion. Assessing the business processes
of a company is an integral evaluation of its
capabilities as an object for future investment from
the perspective of development prospects, product
sales volumes, asset utilization efficiency, liquidity,
solvency, and financial stability. Several factors have
been identified that influence the economic efficiency
of business processes: the company's investment
policy, investment programs and strategy, the presence
of competitive products, production diversification,
enterprise management, rational asset utilization, and
the completion degree of investment projects.

The methodology for evaluating the improvement of
acompany's business processes is based on methods and
techniques of investment opportunities and financial
analysis. It is necessary to use a set of financial
indicators that quantitatively and accurately assess the
attractiveness of the company. Various financial ratios
can be used to evaluate the attractiveness of business
processes and further investment. These indicators can
be used to identify the dynamics and trends of the
indicators, as well as to compare them with planned and
benchmark indicators. Typically, their composition is
determined based on the goals and depth of financial
analysis.
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