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I/IH(I)OpMaIII/IOHHO-KOMMYHI/IKaIII/IOHHbIe N XUMHUYE€CKHE TEXHOJIOIrnn

YK 542.6+54.057

T.XK. Ma3zakos'?, lll.A. Ixxomaptosa'?, A.T. Typcein6ai?, b.M. XKakpin?
(‘Uncmumym ungopmayuonubix u ebiiucaumenvibix mexruoaozuit KH MOH PK,
Aamamnt, Kasaxcman,
2Kaszaxckuil HayuoHaabHbiil yHugepcumem umenu asb-Papadu, Aamamot, Kasaxcman, tmazakov@mail.ru)

AHAJIMTUYECKOE PEIIEHUE OBPATHOM 3AJAYN ®APMAKOKHWHETUKHA METOJAMU KOM-
NBIOTEPHOU AJI'EBPBI 1 INXOTOMUU

AnHoTaumusi. B crathe wucciegoBaHa n-KaMepHasi (hapMOKMHETHYECKash MOjieflb, ONKChbIBaeMasi OOBIKHOBEHHBIMU
mucdepeHmansHbIMU - ypaBHeHHsIMU. Ha OcHOBe CBefieHMs] paccMaTpuBacMOll MOJENM K WHTETPATbHOMY YpPaBHEHUIO
BoneTeppa BTOporo popia nojgy4yeH aHAIUTHYECKUI BUJ ero peuieHus. Ha ocHoBe nMprMeHEeHUs] KOMITBIOTEPHO anreophl
pa3pab0oTaH KOHCTPYKTHBHBIA aJTOPUTM pelleHnss OOpaTHOW 3ajjaun (papMOKMHETHKM. Pa3paboTaHo mnporpamMmHoe
obecneuyenne Ha MatLab. D¢ heKTMBHOCTD NPeyIO’KEHHOro aropuTMa MPOJIEMOHCTPUPOBaHA Ha MOJIEITEHON 3ajjade.

Kunrodessle ciioBa: nHTErpasbHOe ypaBHeHne BonbTeppa, KOMIIbIOTEpHAs anreOpa, MHOroKaMepHasi MOJIellb, OOpaTHbIE
3ajauu, (papMakoiMHAMUKa, (hapMaKOKMHETHKA,, (DYHKIMOHAJ.

T.Zh. Mazakov'?, Sh.A. Jomartova!?, A.T. Tursynbai?, B.M. Zhakyp?>
(!RSE Institute of Information and Computational Technologies MES RK CS,
Almaty, Kazakhstan,
2Al-Farabi Kazakh National University, Almaty, Kazakhstan,
tmazakov@mail .ru)

ANALYTICAL SOLUTION OF THE INVERSE PROBLEM OF PHARMACOKINETICS BY COMPUTER
ALGEBRA AND DICHOTOMY METHODS

Abstract. The article investigates an n-chamber pharmacokinetic model described by ordinary differential equations.
Based on the reduction of the model under consideration to the Volterra integral equation of the second kind, an analytical
form of its solution is obtained. Based on the use of computer algebra, a constructive algorithm for solving the inverse
problem of pharmacokinetics has been developed. Software developed on MatLab. The efficiency of the proposed algorithm
is demonstrated using a model problem.

Key words: Volterra integral equation, computer algebra, multi-chamber model, inverse problems, pharmacodynamics,
pharmacokinetics, functional.

TJK. Masaxoe'?, Il A. Tocomapmosa’?, A.T. Typcoinoaii’, .M. Kaxvin?
(!Kasaxcman Pecnybauxacvinoiry Biaim scone Foiavin Munucmpaizi Aknapammeoix dcane ecenmeyiui
mexHoaouaAap uHcmumymst, Aamamol, Kasaxcman,
2an-Dapabu amvimoazvr Kasax yammuix ynueepcumemi, Aamamot, Kasaxcman,
tmazakov@mail .ru)

KOMIIBIOTEPIIIK AJITEBPA XK9HE INXOTOMUA 9AICTEPIMEH ®PAPMAKOKUHETUKAHDBIH
KEPI ECEBIH AHAJIMTUKAJIBIK HIEITY

Anparna. Makanaja kapanaibM audgepeHIraIbIK TEHIEYJIEPMEH CUMTATTaIFaH N-KaMepasibIK (hapMaKOKMHETHKAJIBIK
MoOJIesIb 3epTTenred. KapacThIpblibll OTBIPFAH MOJIENbI €KIHIIL TUNTErT BonbTeppaHblH MHTErpaIbIK TEHIEYiHE KENTipy

HEri3iHge OHbl WICIIY[iH aHAIMTUKAIBLIK, ¢opMackl anbiHaabl. KoMnbloTepnik —anre6paHbl KOJJIaHY —HerisiHpie
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(hapMaKOKMHETUKAHBIH Kepi eceOiH ey [iH KOHCTPYKTUBTI alropuTMi xKacanbl. barmapnamanbik xkacakrama MatLab-ta
KacaraH. YChbIHbUIFaH aJrOPUTMHIH, TUIMILIITT MOJENBIK €CEeNTi KOMAaHy apKbUIbl KOpCeTisei.
Tyiiin ce3nep: BonbTeppaHblH MHTErpANIbIK, TEHIEY1, KOMIBIOTEPIIK anredpa, Ken KaMmepasibl MOjIeNb, Kepi ecentep,

¢papMakopiiHamrika, (hapMakKOKMHETHKA, (DYHKIMOHA.

Bgenenmne. B nocneanue rospl moryqymiiv COBMECTHOE
pasBUTHE HAYYHO-TEXHUUYECKHE HampaBiieHHs (papmako-
kuHetrka (PK) u papmakogunamuka (O/1) [1].

DapMaKOKMHETUUECKUE MOJAEIHM LIMPOKO HCIOJB3Y-
IOTCSl B KQUECTBE CPEJICTBA MMPOrHO3MPOBAHUS PACIIONO-
JKEHHsl JIGKapCTBEHHOTO CPEICTBA B OpraHu3Me. OTO
MOKHO TpeACKa3aTh, MOACIHMPYS OJHOBPEMEHHOE pac-
npezesieHre JeKapCTBEHHOT'O CPEACTBA Yepe3 TKaH! Tena
U KiupeHc [2-3].

dapMaKOKMHETUUECKUE UCCIEIOBAHUS H3YUalOT, KaK
OpraHu3M B3aUMOJCHCTBYET Ha BCAachbIBaHUE, paclpene-
JieHne, MeTaOOJMM3M M BBIBEJICHHE HCCIEIyEeMBIX Jie-
KapcCTB, BEIPAXKEHHBIE B MATEMAaTHYECKUX TePMUHax [4].

B 1968 rony E. Kprorep-Tumep BriepBbie IPeIoKUI
MOJIEIb C ABYMsI KaMepaMH ISl TOCTHDKEHHS U TTOJAEp-
JKaHMS TIOCTOSTHHOTO YPOBHS KOHLIEHTPALUH JICKApCTB B
KpoBU [5]. Pe3ynbpTaThl MoKa3aliy, YTO HArpy304Hasi 103a
OblTa HEOOXOMMMA IS 3aIIOTHEHUSI HAa4allbHOTO 00beMa
pacripeneneHus Uil JOCTHXKEHHUsSI YCTOWYHMBOTO COCTOSI-
HUSL.

HansHeimee Hayunoe pazsutue @K u @/ nponomxka-
eTCsl C TOYKH 3PEHHSI COBEPIICHCTBOBAHMS NPHMEHsE-
MOTO MaTeMaTHYECKOTO aIllapaTa, aHaATUTHIECKUX METO-
JIOB, METOAMKH M3MEPEHUH, yriyOJIeHHOro N3yueHHus U
000cHOBaHUS (PU3NOTOTHIECKUX OCHOB.

dapMaKOKMHETHYECKUI aHaIM3 TPOBOAUTCA Oe3Ka-
MEpPHBIMHU (MOJIEIbHO-HE3aBUCUMBIMHI) WM KaMEPHBIMU
MeTtonaMu. OCHOBHBIM NPEUMYIIECTBOM KaMEPHBIX Me-
TOJIOB Iepen Oe3KaMEepHBIMH METOAAMH SBISIETCS CIIO-
CcOOHOCTh IPOTHO3WPOBATH KOHIIEHTpAIHIO [6-7].

Ha mpakTuke Konu4ecTBo KaMmep 0ObIYHO OIPaHUIECHO
110 3, IOCKOJIbKY OMOJIOTHYECKasi N3MEHYUBOCTh U U3Me-
HEHME aHaJIN3a HE II03BOJISIOT OLIEHUTD JIOTIOJTHUTEIbHBIC
Kod(PUIMEHTH W TOKa3aTeIM 10 HAOII0JaeMBbIM JaH-
HBIM. YCJIOKHEHHE MOJENN KHHETHKH C yBEIHYEHHEM
YHUCIIa KaMep MOJIEIH JI0 JBYX M 0oJjiee MOXeT OBITh Tpo-
M3BEACHO B ClIy4ae, eciu MaTeMaThdeckuil ananus OK-
JAHHBIX TOKAa3bIBAET HEAJAEKBATHOCTh OIMMCAHMS UX MO-
JIeIBI0 ¢ 0oJIee TIPOCTOM CTPYKTYPOM MM HEOOXOIUMO-
CTHIO TAKOT'O YCJIOXKHEHUsI JUKTYETCS U3BECTHBIMU CBOII-
CTBaMHM JTAHHOTO TIpernapata [1].

IIpy Ha3HaYeHUU MHOTHUX IPENapaToB Bpady HpPHUXO-
JUTCS IPUHUMATh BO BHUMAaHUE BapUallMIO peakuui na-
LMEHTOB Ha Tepamuio. PaHbllle cunTanock, 4To pasjindus
OOBSACHAIOTCS B OCHOBHOM HHIWBUIYaJTbHON YyBCTBH-
TEJNFHOCTBIO MJIM PE3UCTEHTHOCTHIO. MccnemoBanus

e O

MOCJICAHUX JCCATUICTUH B 0071aCTH (PapMaKOKHHETHKH U
q)apMaKOJII/IHaMI/IKI/I IOoKasajii, YTO BO MHOI'OM 3TH pa3Jjin-
4usi 00YCIIOBJICHBI MEKUHIUBHYaIbHOH BapuaOeIbHO-
CTBIO TIOKA3aTeJICH MPOLIeCCOB BCaCchIBAHMSI, pacipeese-
HUA W SJIMMUHAIMKN JICKAPCTBCHHBIX IIPCIIapaToB. Bos-
pacTt, 10J, TeHETHYECKHE OCOOCHHOCTH MAI[MeHTa, €ro
(U3UYECKOE COCTOSIHUE, HAJTMUME COIY TCTBYOIIUX 3a00-
HeBaHHﬁ, nojrydyaemMas maugu€HTOM KOMINJICKCHAA TCparus
MOT'YT OKa3bIBaThb BJIMAHHUEC HA NPOTCKAHUE 3TUX (I)apMa-
KOKHMHETHYECKUX TporieccoB [1].

[lepexon npemnapaTa U3 KPOBH BO BHECOCY IUCTOE MPO-
CTPAHCTBO (BHEKJIETOYHYIO U BHYTPHKJIETOUHYIO JKHIKO-
CTH, TKAaHH ) Ha3BIBACTCS €0 pacmpenencHueM. Pacmpene-
JIeHHE Tpernapara — 3T0 0OBIYHO OBICTPBIA U 0OPATHUMBIHA
npouecc. Tak, Bckope Nocie BHYTPUBEHHOTO BBEJIECHUS
mpernapar JOCTHracT PaBHOBECHOTO PAaCIHpPEICICHUs
MEXIy IUIa3MOM, SPUTPOLUTAMH, APYTUMH KUJKHUMHU
cpellaMu ¥ TKaHSIMHU OpraHu3Ma. B pesynbraTe 10CcTHMXe-
HUA 3TOI0 AMHAMHUYCCKOI'0 PaBHOBECHUA U3MCHCHNUE KOH-
LEHTPAIMU TIpenapara B IUIa3Me OTPAXKAeT M3MCHCHUS
KOHIICHTpalMu IIpenapara B OPYIUX TKaHAX, BKIIOYAst
MECTO JE€HUCTBUSL.

BriBenenue mpemnapata, Win SIMMUHALUS, 00eceyun-
BaeTcs (M3 KPOBH B MOYY WJIH JIPYTHE SKCKPETOPHBIC Ka-
MEpbI, TaKhe, KakK JKeNuyb, CIIOHA, TPYIHOE MOJIOKO), a
Takke OuoTpaHcopmanued npenapara B TKaHAX WIH
ia3me. [Iporiecchl aMMuHaIK, OOBIYHO HEOOpPaTUMEIE,
BKJIIOUAIOIINE BCE CIIOCOOBI 3KCKPEIMU M MeTaboymye-
CKOH MHAKTHBAaIlUU: BHIBEJCHUE TTOYKAMU WU JICTKUMH,
C XKeITYbI0, C IKCKPEMEHTaMH, uepe3 KoKy, Onorpancdop-
MAITUIO | T.II. - OTBETCTBCHHEI 32 BBIBEJICHUE TIperiapara
W3 OpraHu3Ma.

[TockonbKy TPOHWKHOBEHHE TMpenapara B Ty WIH
WHYI TKaHb 3aBHCUT OT €€ KPOBOCHAOXKEHHS, OTHOCH-
TEJIBHO JIOCTYIHBIMU JIJISl TIPENapaTOB OOBIYHO CUUTAIOT
KpPOBb, HHTEPCTUIIUAIBHYIO XKHUJIKOCTh U CHIIEHO BacKy-
JISIPU30BaHHBIC TKAHW CEPJALA, MO3Ta, JETKUX, TCUCHH,
MOYEK, SHJOKPUHHBIX XKeJIe3, a MEHEE JJOCTYITHBIMH — BCE
OcTaJIbHBIE TKaHU (PUCYHOK 1).
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Puc.l1. Cxema kposoobpawerus

IInst peumieHust 3ajay KJIMHUYECKON (hapMakOKUHe-
THUKU LEecO00pa3HO U HEOOXOIMMO UCMONb30BATh Ma-
TeMaThyeckoe MofenarpoBanue. YacTo UMEHHO BbLIOOP
aJIeKBaTHON MOJIEJU, MOAXOMSIIEro aaropuT™Ma UaeHTU-
(pUKalyU ee MapameTpoB MO UMEIOLIMMCS U3MEPEHUSIM
KOHUEHTpaUMU Mpenapara, MOMEHTOB BPEMEHU B3SITUS
npo6 KpoBU B XOfie MPOLEAYypPbl MOHUTOPUHIA ONpefie-
JISIIOT TOYHOCTh MPOrHO3a 3(P(peKTUBHOCTU U Ge3omnac-
HOCTU TEepamnuu, a MUHOTa U caMy BO3MOXKHOCTb TaKOro
MPOrHO3a.

Meroanl. B o6mem Buge PK-Mofienb MOXKET ObITh
NpejcTaB/eHa Kak cucteMa qudepeHIranbHbIX ypaB-
HEHUI1, 3aMMcalHasi Ha OCHOBe OajiaHca Macc (CKOpPOCThb
W3MEHEHMsI KOJIMYeCcTBa TpenapaTta B KaMepe MOJeNn
paBHA Pa3HOCTU MEXTY CKOPOCTBIO TIOCTYIIJICHUS B Hee
U CKOPOCTU BbIBE[CHUSI U3 Hee mpenapara). B oGuiem
BUJIe Takas cuctema JudepeHIaIbLHbIX ypaBHEHWI,
OTMCHIBAIOIIAS] KWHETUKY JIEKAPCTBEHHOTO TMpernapaTa B
OpraHusMe, MOXKET ObITh 3anucaHa Tak [8]:

X =F(X,0,U,t), X(0) =X, (1)

rie O — BekTOp MapameTpoB pa3zmepHoctu m, U(t) —
BXOJIbl MOJIENIM, 3ajalolye CrocoObl BBEJAEHHs Mpemna-
pata, X(t) — BEKTOp NepEeMEHHbIX MOJIENN Pa3MEPHOCTU
n (0OBIYHO KONMYECTBA MpenapaTa B Kamepax MOJIeN),
Bpemsi t € [0, T]. T — 3ajaHo.

K cucreme ypaBHenuii (1) mo6aBisitOTCSl HAYAJIbHbIE
YCIIOBUSI:

x(0)=x, (2

Moryienb KUHETUKY JIOTIOJTHSAETCS] CUCTEMON ypaBHe-
HUI1 pEerucTpayy WM U3MEepeHUil KOHIIEHTPAIK TIpe-
napaT B TECT-TKaHSIX WM MU3MEPEHus oKaszaresen ag-
(beKTOB:

Y(t) =Z(X(0),6) 3)

JIuHeHOW MHOTOKaMepHOI MOJIENN COOTBETCTBYET
cuctema qucdepeHIraIbHbIX YPAaBHEHUI OajlaHCca Macc
C MOCTOSTHHBIMU K03(hhULIEHTAMU (KOHCTAHTaMU CKO-
POCTH IIEpEHOCA):

X =A4(0)X 4)
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X(0) = X, )

e A(6) - n*n — MaTpuua 371eMeHTbI KOTOPOW 3aBH-
CSIT OT BEKTOpa MapaMeTpOB.

HHH JIMHEITHOM MOJICJIN KUHETUKU HU3MEPEHHST KOH-
LOEeHTpalyu npenapar B TECT-TKaHSAX MNPOU3IBOJSATCA B

MOMEHTbI BpeMEHH t;, ] = 0,p:
Y(t;) = C+X(t,0) (6)

3nech p — yncno u3Mepenuii, C — n-BeKTop.
YactaemM ciydaem (4)-(5) snsitoTcst pudpcpepen-
LIMAJIbHBIE YPAaBHEHUS, OMUCHIBAIOIIME TUHAMUKY U3Me-
HEHWSI KOJIMYECTBA JIEKAPCTBEHHBIX CPEACTB MMEFOLLINIA
CIIENYIOLLMI BUJL;

dcC, - kC,

dt
d

C2 = klcl —(k2C2 + k3C2) +k4C4
9 ke, (7)
dt
dc, =k,C, -k,C,

K cucreme ypaBHenuii (7) 1o6GaBisitOTCS HAYAJIbHbIE
YCIIOBUSL:

C,(0)=C,. C,(0)=0,
C,(0)=0, C,(0)=0, 3)

rae C,(f) - KOHLEHTpALVI KOMIIOHEHTOB B MOMEHT Bpe-

menu ¢, K,

- KOHCTAHTbI CKOPOCTH OTAEIbHbIX CTaUii
peakuuit.

3apgauva (7)-(8) onuchIBaeT Npolecc pacnpefeeHust
JIEKApCTBEHHOIO CpefiCTBA B opranusme. B aToit 3agaue
opraHu3M pasfieJileH Ha Tpu Kamepol. lleHTpanmbHas
Kamepa 1 — 3TO 4YacTb OpraHuM3Ma, B COCTaB KOTOPOH
BXOJISIT CEp/Lie U KPOBsSIHAS CUCTEMA, BTOpasl Kamepa —
3TO OpraHbl C BLICOKMM KPOBOCHAOKEHUEM (ITOYKH, Ie-
YeHb, Jierkue). OcranpHasi 4acTh OpraHu3Ma OTHOCUTCS
K TPETBEN KaMepPe, COCTOSILIEN U3 TKaHEW C HU3KUM KpPO-
BOCHAOXXeHUEM (KU, KOCTHU, MbILLLLI U T.J1.) [1].

Oo6cyxnenue. [Tpu nccrnenoBannn (hapMaKOKUHETH-
yeckoii Mojiesin (4)-(5) BOZHMKAIOT CIIeyoIIre 3aJaun:

1) Ilpsimas 3apayva. K npsmbIM 3a1auam MOfIeMpo-
BaHUSI OTHOCST 3a/]a4, OPMEHTUPOBAHHBIE TI0 XOJIy TIPU-
YMHHO-CJICJICTBEHHON CBSI3U, T.€. 33/]a4u MMOJTyYeHUs He-
M3BECTHBIX CJIEJICTBUI 33/JAHHBIX TPUYVH.

[Ipu 3ajaHHBIX TIOCTOSIHHBIX 3HAUEHUSX JIEMEHTOB
Mmatpuiibl A(0) 1 HaYa bHBIX YCIOBUSIX (5) MOXKHO pe-
WUTh cucTeMy ypaBHenuil (4) metomom Pynre-Kytra
[9-10], T.e. monyYuTh 3HAYEHUI MEPEMEHHBIX BBIXOMIA,
MOJICTIMPYIOLMX U3MEHEHNE KOHIIEHTPAIMK BO BpEMEH!
B Kamepax MOJIeJIH, M0 U3BECTHLIM 3HAUCHUSIM ee Mapa-
METpPOB, 3aJlaHHON CXeMe 3KCIePVMEHTa W 3aJJaHHbIM
3HAYEHUSIM MOJICJTLHBIX BXOJIOB. TakuM 06pa3oM MOKHO
paccunTaTh W BU3YaIM3UPOBATh MPOGUIA N3MEHEHUS
KOHIIEHTPAINH TIperapaTa Bo BCeX Kamepax MOJIEIH.

2) O6paTthas 3ama4a. OGpaTHbIe 3a1aud CBSI3aHbI C
ofpallleHneM MPUIMHHO-CJIE/ICTBEHHON CBSI3U, T.€. 3a-
Jaun OmpefiesieHnsT HEM3BECTHBIX MPUYMH W3BECTHBIX
cnencTBuil. Takue 3ajladd BO3HMKAIOT OOBIYHO Kak 3a-
Jauyl WHTEepHpeTaly TeX WA WHbIX HAOJFONCHUN WIH
KaK 3alauyll BOCCTAHOBJICHWSI BHYTPEHHETO COCTOSIHUS
00beKTa Mo ero BHeIUHUM nposieaenusMm [11]. Hast (4) -
(5) a0 3agaun uaEHTU(UKALUY UHIUBULY ATIbHBIX HEU3-
BECTHBIX MapameTpoB (3jeMeHTOB Marpuibl A(B) ot
napameTpoB (0)) 1 o pe3ysbTaTamMm U3MepeHnsi KOHLEH-
Tpanuy U3y4aeMoro Tpernapara B TecT-kamepax (6).

ns vpenTudpukanuu napamerpoB mopenaun (4)-(5)
CYIIECTBYIOT MHOTO METOJIOB, OCHOBAHHBIX HA MUHUMU-
3anun (PYHKIMOHAJIOB, 3aBUCSIIUX OT 9KCIIEPUMEHTAIb-
HBIX ¥ MPOTHO3HBIX JIaHHbIX [12-13]:

g = Z?:O (Y}ex —Cx X(tj, 9))2 - min )]

WV pElIEHUN CUCTEMbl HEJIMHENHBIX alre0pandyecKux
YpaBHEHUIA

C+X(t,08) =Y™j=1p, (10)

rae Yjex U3MEPEHHOC 3HAY€HUE B MOMCHT BPEMCHU

tjl ] = Or p,v
X (tj, 9) - pelieHue CUCTEMbI
muepeHImanbHbIX ypaBHeHNH (4).
3anuiuem pelieHue cuctemsl (4) B BUfie
X(t,0) = eA®ty X, (11)

Kak uzBectHO [9- 10] mocTpoeHre MaTpULbI eAO _

TOBOJIBHO CJIOKHAST 3a7ja4a, TeM 6oJiee 3aBUCSIIEl OT Ta-
pametpos 6. [TosToMy MHOTME mccienoBaTenu apma-
KOKMHETUUECKUX MOJIesiell OrpaHMIMBAIOTCS TpeMst Ka-
mepamu [14-15].

Pewnenue cucremy ypaBHenuil (4)-(5) 3amuiieMm B
BUJIC UHTETPAITLHOTO YPABHEHUSI:
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X(t,6) = Xo+ [, A() * X(¢,0)dr,  (12)
t € [0,T]

YpagHeHue (12) siBAsieTCS YaCTHBIM Cy4YaeM UHTe-
rpajbHOrO ypaBHeHUs1 BoabTeppa BTroporo poaa [16]

y(©) = f(t) +pf; K(t,T) * y(@)dr, (13)

rae

y() = X(t,0); f(t) = Xo; K(t, 1) = A(O),
p=1 (14)

Teopema 1. YpaBHenue (12) umeeT eIMHCTBEHHOE
HETIPEPBIBHOE PELEHUE MPYU 33/JaHHBIX (DUKCHPOBAHHBIX
3HAUEHUSIX NMapameTpoB 8. DTO pellleHne MOXeT ObITb
HaiifIeHO METOJIOM MOCJIE/IOBATEILHBIX TPUOIIVIKEHWIA.

Joka3zarenbctBo. Tx. marpuna A(6) u BekTOop
HayaJbHBIX YCJIOBUI MaTpuua Xy Npu (PUKCHUPOBAHHBIX
3HAUEHUSIX MapameTpoB O SIBISIOTCS! TOCTOSHHBIMU, TO
TEM CaMbIM BbITIOJIHEHbI Bce YCioBus Teopembl 7.1 [16].
OTcrofa ciefyeT CrnpaBejIMBOCTb YTBEPXKACHUSI TEO-
peMBI.

Inst ypaBHenust (13) o6o3nauum omnepatop Bousb-
Teppa yepe3

t
By = f K(t,t) *y(t)dt
0
Onpefiennm MOBTOPHOE sifpo onepaTopa BonbTeppa:
By = [y Kn(t,D) * y(@)dr,

Kn(t,s) = [ K(t, D)Ky—1 (7, 5)dT,
R(t,s) = ) Ku(t,s)

ITycte M = supo<t s<r|K(t,s)| . Torma mnsa mo-
BTOPHBIX SIA€P CIPABEATIHBO
M™ x (t —s)"

(n—1)!

Torpa pewenve ypaBHeHus (13) npumeT Buj

| Kn(t: S)l S

y(t) = (&) + [, R(t,7) * f(D)de (15)

Bmecro y(t) B (15) mopcrasum X (7, 6)
Orciola B CWIy  HE3aBUCHMOCTH  MAaTpPHLbI
A(6) oT BpeMeHH MoJIy4YuM

X(t,0) = (E +AB)t +5A(0)? * 2 ..+ — A(B)* *
£ + ) « X, (16)

1
s mocratouyno GounbliMx k BeamurHa . ||A(6')" *

tk” craHoBuTcsl Majnorn u (16) MOXHO mepenucatb B
BUJIC

X(t,0) = (E+2;:1%A(9)k*tk )*XO (17)

Jlake B MpeNNoJIOKEHN!, YTO MapamMeTpbl 8 BXOJST
JIMHENHO B 3jieMeHTbl MaTtpuipl A(6) , To peleHne
X(t,6) B (17) OyneT 3aBUCETH OT MOJMHOMOB CTEIEHH T
mo O [17].

B cayyae ecnu pa3amMepHOCTb 7 BEKTOPa NapaMeTPOB
0 coBnagaet ¢ unciom n3Mepenuii p B (6), TO HEN3BECT-
HbIe MapamMeTpbl O MOTYT ObITh HAlJIeHbI U3 PEIICHUS CH-
CTEMbI HEJIMHEVHBIX YPAaBHEHUI:

r
1
C*<E+ZFA(9)k*tk )*XO :Y}.ex,

k=1

—

j=1p (18)

B obuem ciyyae, He06XOOUMO HEU3BECTHLIE Mapa-
MeTpbl 0 HaXOIWUTh U3 YCJIOBUS MUHUMYyMa (QyHKIMO-
Haja:

2

§ = X (17 = C ¢ (B + Biea 4@ + ¢ )} — min
(19

MunnmyM pyHKIHoHana (19) MOKHO HaiTH YUCIIEH-
HbIMU MeTofiaMu. B yacTHOCTHU, B cTaThe MPUMEHEH I'pa-
mieHTHLII MeTop, [18-19].

J1J1s IpaKTUYeCKOro MPUMEHEHMsI TIOTyYeHHbIX TeO-
PETHUECKUX Pe3ybTaTOB NMPOOJIEeMATUIHON BBITJISIAT
MOCTPOEHUE MAaTpPUL] A(B)k, k =1,2,..., aneMeHTHI KO-
TOPOU MPEJICTABJISIFOT COOON MOJIMHOMBI CTETeHH K TIO
napameTpam 6.

JInst ¥X BbIYMCIEHUS NpeiaraeTcsl UCNoIb30BaHKe
CUCTeM KOMIbIOTepHOU anrebpbl. B mpenyaraemoit
pabore ucnoas3oBana cuctrema MatLab [20-21].

Pe3yastatel. [losBienne B 20-M Beke HOBOrO
HaIpaBJieHUsT MATEMATUIECKON HAYKU -KOMIThIOTEPHOM
anreOpbl - MO3BOJIMIIO ABTOMATH3MPOBATH MPOIECC TO-
JIyJeHUs] YpaBHEHUI MaTeMaTUIECKOIN MOJIENN TMHAMU-
YECKUX CHCTEeM Ha OCHOBE CHCTEM aHAJIMTUYECKUX BbI-
yucnenuit (CAB) [22].

CAB cHavana npefocTaBisii OCHOBHOW Habop Mpo-
eayp o0paboTKM anreGpandecKrX BhIPasKeHUIA: BHIUNC-
JieHue, TIOfICTAaHOBKa, yTIpoIlieHue , i depeHIpoBaHue.
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3aTeM Ha UX OCHOBE ObLITN peam30BaHbI 0oJiee CI0XKHbIS

orepanyun: pa3ioXeHre B Psijibl, KAHOHM3AIUS BhIpasKe- ~k 0 0 0

HUI1, THTErPUPOBAHUE B YaCTHBIX ciyyasx. C pa3HooO-

Pa3HbIMK TTAKETAMK OHM PUMEHSIFOTCSI BO MHOTHX 00Jia- A@)=|k -05 0 04

CTSIX - OT pelleHUs 3ajilay HeOECHOM MEXaHUKU JIO Teope- 0 02 0 0

TUYECKUX UCCIIEIOBAaHUI alirOpUTMOB [23]. 0 03 0-04
HanbHeiye ucciefoBaHusl MPOBEIEM Ha NpUMeEpe Xo = (CO, 0,0,0),Y =(010,0) (20)

MOJIENIU, ONUChIBaeMOl ypaBHeHusiMu (7)-(8).

3neck npumeM n=4, m =1, T =5,p=1,t; =T/2 .
Torpa B (4)-(6) marpuia A(6), BeKTOp napameTpoB X,
¥ BEKTOp U3MepeHnuit Y NpuMyT BUJT:

[pu crnepyrommx 3HaueHUsx mapameTpoB kq = 0.5 u
Co = 5.0 meromom Pynre-KyTra HaiijeHo 4mciieHHOE
pellieHre, IpefiCTaBJIeHHOE Ha puC. 2.

HasBaHue anarpammbl
4,5
3,5

2,5

1,5

0,5

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Pl e—Pan? e—Pan3  e—Pand
Puc. 2. Tpaekmopus cucmembot, noayuennas memooom Pynze-Kymma

Ha ocHoBe nporpammbl, HancaHHOH Ha si3bike Delphi, JIns oueHKM OTOPOLIEHHOTO MOCJEHErO CJIaracMoro
NoJIy4yeHo pelueHue no opmyJie (17), npu cregyrommx CIIPaBE/JIUBO:
3HaueHusx r =10.

L A0 10 = ———0,510 x 5,010 = —~ 0,001 * 9765625 = 0,003 (21)

1
X! ||A(9)k * tk” ~ To! 3628800 ~ 3628800

Ha pucynke 3 npepictaBieHsl rpaKu pelieHni, NoTy4YeHHbIX 1o ¢opmyde (17).

Ha3BaHue Anarpammbl

O R, N W H U1 O

-

1 35 7 91113151719212325272931333537394143454749

e PRl em— PR es—Pan3 Pap4d

Puc. 3. Tpaekmopus cucmembt, noayuennasn no opmyae (17)
e | 3
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st HaXOKACHNS aHAJTUTUIECKOTO PEIICHUS 4yTo obecneunt Gosiee KOMMAKTHYIO 3alMCh M OLCHKA
cuctembl (20) mpumem T =1 wu r=3, (21) npumer BUA:

1 1 1 1
k , 4k 5 4 45 5 5
e * = — k = * = =
7 |a@)F « tX|| 57 14(0)° * ¢°]l = 550,5% * 1,0° = ==50,031 = 0,0002
[pu cniepyrommx 3HaueHusiX mapameTpoB kq = 0.5 YUCJIEHHOE PelleHre, MpefICTaBIeHHoe Ha puc. 4. Pucy-
u Cy=20 w™erogom Pynre - Kyrra HaiiieHO HOK ToJyueH cpefcTtBamu MatLab.
B Figure No. 1 - o X
File Edit View Insert Tools Window Help
== = =2 - I C I e
Sistema 1
2 T T T T
H H i )
T - - — Y2y
— Y
16}-- B . J— Yi H
\ : E
14f---- - Lot
8l ..
08p---
06f-- - beoooad
04 T
02f--- // -
L : E—
00 01 02 03 04 05 06 07 0!8 0!9 1

Puc. 4. Tpaekmopus cucmembt, noayuennas memooom Pynee-Kymma

JIns nony4eHus aHaIMTUYeCKoro perienns no gpopmyte (17) cuctemst (20) npu 3Hadenusx T = 1 ur =5 ¢ nomoipo
MatLab nomyunm:

-6 0 0 0
¢ —-05 0 04
A0) = 0 02 0 O
0 03 0 —04
—62 0 0 0
A2(9) = -62-0560 037 0 —036
0.20 -01 0 0.08
0.36 -027 0 0.28
-63 0 0 0
A3(0) = 63 +0.5602 +0.376 —0.293 0 0.292
—-0.260% —0.16 0.07 0 0.07 |’
—0.302 -0.276 0219 0 -0.22
(22)
0* 0 0 0
A4(8) = —0*—0.50% —0.3762 -0.29360 0234 0 —0.234
0.263 + 0.162 + 0.746 —-0.058 0 0.058 |’
0.363 + 0.276% + 0.2196 -0.175 0 0.175
—6° 0 0 0

A5(8) = 0° + 0.50* + 0.3763 + 0.2930% + 0.2346 —0.187 0 0.187
—0.26* — 0.16% — 0.0746% — 0.5866 0.046 0 -—0.046
—0.36* — 0.2763 — 0.21962 — 0.1750 014 0 -0.14
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[pu pukcupoBannoM 3Hayennn napamerpa 6 = 0.5, popmyna (22) npumeT Bup;

-05 0 0 0 —0.25 0 0 0
_ [ 05 —-05 0 04 2ren _ | =050 037 0 —0.36
A(05) = 0 02 0 0  A°(5) = 0.1 -01 0 0.08 [
0 03 0 -04 0.15 -027 0 0.28
—0.125 0 0 0 0.062 0 0 0
3 _ [ 0435 —0.293 0 0.292 4/ _ | 0364 0234 0 -0.234
A°(0.5) = -0.1 0.07 0 0.07 ANO) = 0.087 —-0.058 0 0.058 |’
—-0.210 0219 0 -0.22 0.214 -0.175 0 0.175

—0.031 0 0 0
0.299 -0.187 0 0.187
—-0.072 0.046 0 -—0.046
-0.195 014 0 -0.14

A5(0.5) =

IIpu 0o603HaUEHN

T
1
M(t,6) = E +ZFA(9)" .t
k=1

¢opmyna (17) npumet Bup;

X(t,0) = M(t,0) « X, (23)
Boruncmm mMatpuiy
M, 0 0 0
_ [ My My, 0 My,
MOOD= 1y My 1 My,
M4-1 M4-2 0 M44

AJIEMECHTHI KOTOpOfI 3aBUCAT OT NapaMeTpa 6 u BpEMCHU t UMEIOT BU], (HOJII/IHOMLI CTCIICHU 5)

My1(6,t) =1-1t%0 + 0.5%"2%0"2 - 1/6*t"3%0"3 + 1/24*t"4*0 - 1/120*"5*6"5 ,

1 1
M,,(6,t) = t*9+§*t2*(—92—0.5*9)+E*t3*(93+0.5*62+0.37*9)+

1
+ﬁ*t4*(_94_0'5*93 —0.37%60%—0.293%6) +

+Hlo* £5 % (65 + 0.5 % 0 + 0.37 * 83 + 0.293 * 62 + 0.234 * 0),
My, (8,8) = 1-0.5% + 0.185%"2 - 0.048%"3 + 0.009%™ - 0.001*¢"5,
My, (6,8) = 0.4% - 0.180%"2 + 0.048%"3 - 0.009%" + 0.001*¢"5,

M31(6,t) = 0.1%°2% 0 + 1/6%"3*%(-0.2% 6°2-0.1%0) + 1/24*"4*(0.2%6"3 + 0.1*6"2 + 0.074* 0)
+ I/120%"5%(-0.2*%0"4 - 0.1*0"3 - 0.74*0"2 - 0.058*0),

M3,(6,t) =0.2% - 0.05*"2 + 0.012*%"3 - 0.002*"4 + 0.0004*t"5,
M34(6,t) =0.04¢"2 - 0.012%"3 + 0.002*t"4 - 0.0004*t"5,

My1(6,t) = 0.15%" 2% + 1/6*"3%(-0.3%0"2 -0.27* 0) +1/24*t"4*(0.3%0"3+0.27%6"2+0.219%0) + 1/120*"5*(-
0.3*0"4 - 0.27*0"3 - 0.219*6"2 - 0.1755*0),
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My, (6,t) = 0.3% - 0.135%"2 + 0.036*t"3 - 0.007*t"4 + 0.001*t"S5,
Myy(6,t) =1-0.4% + 0.14*%"2 - 0.036*"3 + 0.007t"4 - 0.001 *t"5
I[Mpu pukcupoBanHOM 3HaueHnH napamerpa 6 = 0.5 maTpuna M (0.5, t) npumer BuI:
M;1(0.5,t) =1-0.5% + 0.125%"2 - 0.02*"3 - 0.02%"4*6"4 - 0.0001 *1"5,
M,1(0.5,t) = 0.5%t — 0.25*t2 + 0.072 = t3 — 0.015 = t* + 0.002 * >,
M5,(0.5,t) = 1-0.5% + 0.185*"2 - 0.048*"3 + 0.009*t"4 - 0.001 *t"5,

M,4(0.5,t) = 0.4% - 0.180*"2 + 0.048*t"3 - 0.009*t"4 + 0.001 *t"5,
M341(0.5,t) = 0.05%"2 - 0.016*"3 + 0.003*t"4 - 0,003*t"5,

M35(0.5,t) =0.2% - 0.05%"2 + 0.012%"3 - 0.002*t"4 + 0.0004*t"5,
M3,(0.5,t) =0.04%"2 - 0.012*"3 + 0.002*"4 - 0.0004*t"5,
M41(0.5,t) =-0.075%"2 — 0.035%"3 + 0.009*t"4 — 0.001 *t"5,
M4,(0.5,t) = 0.3% - 0.135%"2 + 0.036*"3 - 0.007*t"4 + 0.001*t"5,

My4(0.5,t) =1-0.4% + 0.14%"2 - 0.036*"3 + 0.007t"4 - 0.001 *"5

Torna AHAJIUTUYECKOC PCUICHUE MPUMET BUT:

X(@6,t) =

e

X1(0,t) = 2-2%1%0 + tA2%0472 - 1/3%tA3*0A3 + 1/12%7 4*07 - 1/60*t75%045,
X5(0,t) = 2%%0 + 2%(-0/2 - 0.5%0) + 1/3*\3%(0/3 + 0.5%0/2 + 0.37%0) + 1/12%\4%(-0/4 - 0.5%0/3 - 0.37%6/2 -
0.293%0) + 1/60*t/5%(075 + 0.5%074 + 0.37%013 + 0.293*%0/2 + 0.2341%*9),
X3 (0,t) =0 2%/2%0 + 1/3*%tA3%(-0.2%072 - 0.10%0) + 1/12*%t/4%(0.2*%0/3 + 0.10%0/2 + 0.074*0) +1/60*tA5*
(-0.2%674 - 0.10*%043 - 0.074*612 - 0.058*8), (24)
X4 (0,t) = 0.3%/2%0 + 1/3*\3%(-0.3%0/2 - 0.27%0) + 1/12*%t"4*(0.3%0/3 + 0.27%0/2 + 0.219%0 )+ 1/60%'5*
(-0.3%074 - 0.27%613 - 0.219%6/2 - 0.175%0).

ITpu pukcupoBanHoM 3HadeHun 6 = 0.5

X1(0.5,t) =2—¢t+0.25%"2 - 0.041%"3 + 0.005*t™ - 0.0005*t"5,

X3(0.5,t) =t-0.5%"2 + 0.145%"3 - 0.03*t™ + 0.005*t"5, (25)
X3(0.5,t) = 0.1*"2 - 0.033%"3 + 0.007*t"4 - 0.001 *t"5,
X4(0.5,t) = 0.15%"2 -0.07*"3 + 0. 17%t"4 - 0.003*t"5.

I'pacuk pynkumit (25) coBnajaeT ¢ rpadukaMu Ha B ciyyae ecnm pa3MepHOCTB m BEKTOpa MapaMeTpOB
pucyHke 5 (MakcumanbHas pasHuna gocturaet 0.001) u 0 coBnajaeT ¢ YnCIOM U3MepeHuii p B (6), TO HEN3BECT-
B 9TOW CBSI3U HE MPUBOJUTCS. Hble TapaMeTpbl @ MOTYT ObITH HAWJIEHbI N3 PELLIEHUS CH-

CTEMbI HEJIMHENHBIX YPaBHEHUI:
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1 .
Cx(E+Thoy A« % ) x Xo = V&%, j =

Penmm  oOpaTHyto 3ajaya  (papMaKOKMHETHKH,
T.. HailjleM 3HauyeHue mapamerpa € 1mpu
T = 0.5 v uzBectHoM 3Hauennu Y™~ = 1.5644.

B Tabnuue npuBesieHbl pe3yabTaThl pacyeTOoB.

Lp. (18)

Pewmm nenmueiiHoe ypaBHenue Xq(6,0.5) = 1.5644
METOJIOM IMXOoToMuM. [71s1 3TOro BBefeM 0603HaUYeHMe
f(8) = X1(6,0.5) - 1.5644.

No 61 6, 0s = (6, +6,)/2 0, — 6, £(63)

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 04750 0.1500 -0.0127
4 04750 0.5500 0.5125 0.0750 0.0166

5 04750 0.5125 0.4937 0.0375 0.0020

6 04750 0.4937 0.4844 0.0187 -0.0054
7 0.4844 0.4937 0.4891 0.0094 -0.0017
8 0.4891 0.4937 04914 0.0047 0.0001

9 0.4891 04914 0.4902 0.0023 -0.00007
10 0.4902 04914 0.4908 0.0012 -0.00003

PesynbraThl pacueToB mokasaiu ObICTPYIO CXOfIU-
MOCTb K UICKOMOMY 3HaueHuto 0=0.5 yxe Ha 10-ii ure-
pauuu ¢ TouHocThro 0.001.

BeiBonpbl. VMccnenoBana n-kamepHasi (papMOKHHETH-
yeckasi MOjiesib, OMUChIBaeMasi OOBIKHOBEHHBIMHU AU-
¢epeHupanbHbIMU ypaBHeHUsIMU. Ha ocHoOBe cBepieHust
paccMaTpuBaeMoil MOfIeld K MHTErpajbHOMY ypaBHe-
HUto BonbTeppa BTOporo pojia nosyyueH aHaTMTHIeCKUi
BUJ ero perieHns. Ha ocHoBe MpuMeHeHnsT KOMITBIOTEp-
HOW anre6pbl pa3paboTaH KOHCTPYKTUBHBIN alTrOPUTM
MOCTPOECHUS AHAJIMTUYECKOrO peLueHust

(papMaKOKMHETUYECKOl MOJEINH, 3aBUCALIMI OT mapa-
MeTpoB 1 BpeMeHH. Pa3paboTaHo nporpamMmmHoe obecrie-
yenne Ha MatlLab. Dd¢dekTnBHOCTE NpeIoKEeHHOro
aJIropuT™Ma NPOJIEMOHCTPUPOBAaHA HAa MOJIETILHOM 3aj1aye:
peluenue nosyyeHHoe mMerofgom Pynre-Kytra u ananu-
TU4eckoe petienue (25) coBmajeT ¢ TouHocThio 0.001.

Pa6oTa BbInosHeHa 3a CUeT CPECTB IPAHTOBOrO (hu-
HAHCUPOBAHUSl HAy4uHbIX ucciaenoBanuii Ha 2018-2020
rogel mo mpoekty AP05132044 «Pa3paboTka amma-
PaTHO-MEIMLIMHCKOrO KOMIUIEKCA OLUEHKH NMCUXO0(PU3HO-
JIOTMYECKUX TTAPAMETPOB YEJIOBEKa» .
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Cgeodenus 06 asmopax

MaszakoB Tanrat ZKakynoBuu — JOKTOp (pu3.-MaT. HAYK, TJIABHbIA HAYUHbIN COTPYAHUK, VHCTUTYT MH(OPMALMOHHBIX
" BeumcnTenbHbIX TexHonornii KH MOH PK;

>xomaprosa lllonman AGapa3akoBHa — JOKTOP TeXH.HAYK, JoueHT KazHY nmenn ans-Papadn;

TypceH6ait Avicyny Tayacapkpisbl — fokTopanT KasHY nmenn anb-Papadu;

Kakpin Borare3 Mapatkpbizbl — fokTopanT KazHY uMenu ans-dapabu.
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III.A. I:xomaproBa, I'.C. baiipoekosna, T.C. lllopmanos, I'.3. 3uaroexkosa, M.C. dnuackap, A.T. Ma3zakoBa
(Kasaxckuii HayuonaabHblil YyHugepcumem umernu aib-Papabu, Aamamot, Kasaxcman, jomartova@mail .ru)

MHOTI'OITAPAMETPUYECKASI ABTOMATU3UPOBAHHASI CHCTEMA BUOMETPUYECKOMN
NIEHTUOUKAIINN INYHOCTU

AnHoTauus. CtaTesl NOCBsIIEHa pa3pab0oTKe CUCTEMbI OMOMETPUYECKON HIEHTU(UKAWN YeJI0BEKA MO JIULY , OTIIe-
yaTKaM Najblia ¥ rojocy . B kauyecTBe MH(pOpMaTHBHBIX PU3HAKOB OMOMETPUYECKON HACHTU(IHUKALIMY YEJIOBEKA 1O JIUILY
VCTIONIb30BaHbI IBYMEPHbIE M TPEXMEPHbIE XapaKTEPUCTUKY JIMLA YEJIOBEKa, YUMTHIBAIOIIME IUIOWEAAs U o0beM. s
yueTa Takux SIBJIEHMI, KaK CJIBUI MOPTpeTa, pa3Hblil MaciuTab cpoTorpaduil 1 HAKIOH MASHTU(ULMPYEMOro LA,
pa3paboTaH CJIOXKHBI aNrOpUTM MAEHTU(hUKALUK. 115 GMoMeTpryecKoil WIEHTA(UKAMN YeJloBeKa Mo OTHevaTKaM
nanbueB ucrnonb3oBad ckanep FPM10A u mukpokoHTposutep Arduino. MeHTr(UKaOHHbIE TPU3HAKW OCHOBAHbI Ha
aHaJM3e CTPOSHMS NAMWIUISIPHBIX Y30POB Ha NaJbLA: TUI ¥ BUJI MANMIIISIPHOTO Y30Pa; HalpaBJieH!e U KPYTH3HA MOTOKOB
NanUISIPHBIX JIMHUIA; CTPOEHWE LEHTPAILHOTO PUCYHKA y30pa; CTPOSHME MEJbThI; KOJMUYECTBO MANMIIISIPHBIX JIMHUI
MEXKy LEHTPOM M JIEJIbTON U MHOKECTBO JIPYTMX MPU3HAKOB.

Jpyroft Tun Npu3HaKkoB — JIOKaJbHble. IX Tak:Ke Ha3bIBAIOT MUHYLMSIMU (OCOOEHHOCTSIMU MJTM OCOOBIMU TOUYKAMU) —
YHUKaJbHbIE MPU3HAKM NPUCYILHME TOJBLKO KOHKPETHOMY OTHEUaTKy, ONMpE/eIsoIIMe MYHKThI N3MEHEHUSI CTPYKTYPhI
NaNUISIPHBIX JIMHUE (OKOHYAHUE , Pa3[IBOCHUE , Pa3pbIB U T. /I.), OPUCHTALMIO MTANUJUISIPHBIX JIMHUIA U KOOPAWHATBI B 3TUX
nyHkTax. Kaxplii oTneyaTok MoxkeT cofepxkathb 10 70 u 6onee Munyuuid. 11 GuomMeTpuyeckoi uaeHTuruKalmy ye-
JI0BeKa Mo rosiocy nenosb3oBanbl anroputMbl MFCC n PLP nnst ypdpoBoit 06paboTku 1 aHamm3a ayauosanuceid. s
aKyCTHYECKOTO aHajM3a Peyr NPUMEHEHbI Pa3inuHble aJITOPUTMbI: CKPbIThbIE MAPKOBCKUE MOJIENIN, MOJIENIb CMECH TayC-
COBCKHUX pacrnpepienieHuil. [lonyueH pe3ysbTaT onpefesieHus] TOHAILHOCTU PEYr M COfIEPKaTeJIbHOCTU peyun JJisl Leliei
uaenTudgukauuu no romnocy. Ha CYB/I Visual FoxPro paspaborana «MHoronapamerpuueckasi aBTOMAaTU3MPOBAHHAS
cucreMa GMOMETPUUECKON UICHTU(UKALMN IMYHOCTH .

KuiroueBble ciioBa: 3ammTa MHQOpMAaLiy, IBYXMEPHOE U TPEXMEPHOE N300pakeHue , MCHTU(UK ALK , TANUIIISIPHbIE
y30pbl, XapaKTEPUCTHKA TOJIOCA, YEIOBEUECKasl PeUb, aKyCTUUECKOE MOJIETMPOBAHNE .

Sh.A. Jomartova, G.S. Bayrbekova, T.S. Shormanov, G.Z. Ziyatbekova, M.S. Aliaskar, A.T. Mazakova
(Al-Farabi Kazakh National University, Almaty, Kazakhstan, jomartova@mail .ru)

MULTIPARAMETER AUTOMATED SYSTEM FOR BIOMETRIC IDENTIFICATION OF A PERSON

Abstract. The article is devoted to the development of a system for biometric identification of a person by face,
fingerprints and voice. As informative signs of biometric identification of a person by face, two-dimensional and three-
dimensional characteristics of a person's face were used, taking into account the area and volume. A sophisticated
identification algorithm has been developed to take into account such phenomena as portrait shift, different photo scales
and the tilt of the identified person. For biometric identification of a person by fingerprints, an FPM10A scanner and an
Arduino microcontroller were used. Identification signs are based on the analysis of the structure of papillary patterns
on the finger: type and type of papillary pattern; direction and steepness of streams of papillary lines; the structure of
the central pattern of the pattern; delta structure; the number of papillary lines between the center and the delta and many
other signs.

Another type of signs is local. They are also called minutiae (features or special points) - unique features inherent
only in a particular imprint, determining the points of change in the structure of papillary lines (ending, bifurcation,
break, etc.), the orientation of the papillary lines and coordinates at these points. Each print can contain up to 70 or more
minutes. For biometric identification of a person by voice, the MFCC and PLP algorithms are used for digital processing
and analysis of audio recordings. Various algorithms are used for acoustic analysis of speech: hidden Markov models, a
model of a mixture of Gaussian distributions. The result of determining the tone of speech and the content of speech for
the purposes of identification by voice is obtained. The “Multiparameter automated system of biometric identification
of a person” has been developed on the Visual FoxPro DBMS.

Key words: information security, two-dimensional and three-dimensional image, identification, papillary patterns,
voice characteristics, human speech, acoustic modeling.
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AJAMIIBI BUOMETPUSIJIBIK COVIKECTEH/IIPY ITH KOIIIAPAMETPJII
ABTOMATTAHIBIPLIIFAH JKYWECI

AnpaTnma. Makana afamabl GeT, caycak, i3epi MeH JaybIChl OOMbIHIIA OUOMETPUSIIBIK COUKECTEHHIPY KYWEeCiH
JKacayra apHajraH. AJJaMHbIH OeT-oIMETiHIH €Ki eJIeM/l KoHe YII eJIeM/i CUMaTTaMalapbl, ayJaHbl MEH KeJIeMiH
€CKepe OTBIPbII, TYJIFaHbl OMOMETPUSITIBIK, COMKECTEH/IIPY/IiH aKmapaTThIK Oenrinepi peTiHue Koaganbuiaael. [lopTpeTTiy
aybICybl, OPTYPpJl (POTOCYpPETTEp >KOHE COMKECTEHMIpPIIreH agaMHbIH €HKEI0l CUSIKTBI KYOBbUIbICTApibl €CKEepeTiH
KYPHeni CoKecTeHiipy anroputMi xkacamral. Caycak i3aepi OOfbIHIIA ajjlaMfibl OMOMETPUSIIBIK, COMKECTEHIIPY YIUiH
FPM10A ckanepi koHe Arduino MUKpOKOHTpoJIepi Konpaubuiabl. ColikecTeH/ipy Gelriyiepi caycakTarbl NanuIsipibl
OPHEKTEP/IiH KYPbUIBIMBIH TalflayFa HETi3eJreH: ManvUISpIbIK, OpPHEKTIH TYPi MEH TYPi; NanuuISpbIK, ChI3bIKTAp
arbIHAPbIHBIH OArbITHI K9HE TiK O0ybl; ©PHEKTIH OPTAJIbIK ©PHETiHIH KYPbIIbIMBIH; aThIpay KYPbUIbIMbI; OPTAJbIK EH
ieNbTa apachbIHArbl TAMUIUISIPILIK, ChI3bIKTAPABIH CaHbl XKoHE KenTereH 6acka oenriiep.

Benrinepaiy Tarbl 6ip TYpi - Keprinikti. Onapybl epekuesikTepi Hemece apHaiibl HyKTeJIepiHe Kapai MUHYLus Aen
Te araibl. [lanunmsipibIK ChI3bIKTAp KYPbUIBIMBIHBIH ©3repy HYKTENEPiH aHbIKTANTbIH (aSKTaly, €Ki ChI3bIKThI O0TybI,
Y3imic koHe T.6.), COHAai-aK, MaNWUISPJbIK CbI3BIKTAD MEH OCbl HYKTeJlepferi KOOpAMHATTAPAbIH OargapblH
AHBIKTANTBIH, HAKTHI 13re FaHa ToH epekile oenriyepi 6omapl. Caycak i3nepiHiH op 6acbuibiMbl 70 Hemece OflaH /1a Kel
MHUHYLMSHBI KAMTYbI MYMKiH. AJlaMJibl IaybIChI OOMbIHILIA GMOMETPUSIIBIK, CONKECTEHIpYyTe, COHbIMEH KaTap LUMMPIIbIK
eHJIey MeH aynuoxka36anapyel Tanay yuriH MFCC sxone PLP anroputmpaepi konmansuias. Ceiiey e akKyCTUKATIBIK,
Tajmgaybl YIIH 9p TYPJl alropuT™iep KOJJaHbUIAfbL: KacklpplH MapkoB Mmopenbaepi, ['aycc yrecrtipimaepi
KOCMAaChIHbIH, Mojiesli. J[laybIcnieH CofKeCTeHipy MakCaTbIH[]a COiJiey TOHBIH XKOHE COJiey Ma3MYHbIH aHbIKTAY/IbIH
HoTieKedepi anbiHAbl. Visual FoxPro JIKBXK-ma «Apamibl GMOMETpPUSUIBIK, COMKECTEHJIPY/iH KemmapamMeTpJi
ABTOMATTAHABIPbIIFAH XY eCi» Kacapl.

TyiliH ce3nep: akmapaTThIK Kayinci3fik, eKi eameM/l KoHe YII eNIeM/l CYpeT, COMKeCTEeHAIpY, NanuiuIsipibIK

OPHEKTEP, JAYBICTBIK CUIIATTaMa, alaMHbIH ceﬁneyi, AKYCTUKAJIBIK MOJICJIL/ICY .

Bgenenue. IIpo6iema 3amuThl MH(pOPMALMU U MH-
¢popMaLOHHOI 6€30MACHOCTH SBJISIETCS] OJHUM M3 BaXK-
HEWIIMX aCeKTOB Pa3BUTHSI COBPEMEHHOIO OOIIECTBa.
B HacTosiLIee BpeMsl pelleHue 3Toii NpodJeMbl B 00a-
CTH pa3pabOTKH 1 IKCITyaTaluu MH(OPMAUMOHHBIX CH-
CTEM PAa3JIMYHOrO Ha3HAYEHMS CBSI3aHO C pa3pabOTKOi
BCEBO3MOKHBIX TpPEOOBaHWII K OOECTIEYEHUIO UX Oe3-
OMACHOCTU M CO3[JaHMEM  NPOrpPaMMHO-aNNapaTHBIX
CPEICTB OT HECAHKMOHUPOBaHHOro foctyna [1-3].

ABTOMaTHYECKOE paclo3HaBaHUE YeJoBeKa JyIs
YCTaQHOBJIEHUS] IMYHOCTH MMEET OOJIbLIOE KOJIUYECTBO
MPWIOKEHNI B pa3AYHbIX 001acTsX. [IpobnemMbl oOie-
CTBEHHOM O0€30MacCHOCTH, NOTPEOHOCTh B YJAJECHHOU
ayTeHTH(pUKaLMK, Pa3BUTHE YETOBEKO-MAILMHHBIX MH-
TepericOB BbI3bIBAET MOBBILIEHHBI UHTEPEC K JAHHOW
TexHosioruu [4-5].

Bce Gounee 1mMpokoe NpUMEHEHUE HAXOAAT B CUCTE-
Max KOHTPOJIsI JOCTyNa K paboyrM MecTaM, MOOMIIbHBIM
YCTPOMCTBaM, JIOKAJIbHbIM U IJ100aIbHbIM MH(pOpMaLy-
OHHBIM pecypcaM METO/bl OMOMETPUYECKON UIEHTU(U-
Kauuu JuuHOCcTH. Tak Kak i peaju3anyy CUCTEM He
TpebyeTcs cnequalu3upOBaHHAs TEXHUKA, & OMOMETPU-
YECKUI MPU3HAK HEJb3sl MOTEPSITh, 3a0bITh UM Nepe-
faTh, HauboJsiee NMEePCNEeKTUBHBIMU SIBJISIOTCS CHCTEMBI,

NPUHIAT paboThl KOTOPHIX OCHOBAH HA PacTiO3HABAHWN
JIMa yejioBeka [6].

B Ykasze IIpesugenta Peciy6mku Kazaxcran ot 10
okT6ps 2006 roga N 199 «O Konuenumm napopmanm-
OHHOI Oe3onacHocTu PecnyOmuku Kazaxcran» oTrme-
YEeHO: «AHaIN3 COBPEMEHHOTO COCTOSHUSI MH(POPMaIH-
OHHOI1 6e3onmacHocTH B Ka3axcTaHe moKas3bIBAaeT, UTo ee
YPOBEHb B HACTOSIIIIEE BpeMsI HE COOTBETCTBYET MOTPEO-
HOCTSIM 4eJioBeKa, OOILEeCTBa 1 TOCyJapCTBa» U B Kade-
CTBE OCHOBHOW IIeNi obGecriedeHrsi MH(MOPMALMOHHON
6€30MacCHOCTY YKa3aHO: «CO3[]aHNE 1 YKPEIUIeHUe Hallu-
OHAJIbHOM CUCTEMBI 3alIUThI I/IH(bOpMaIH/II/I, B TOM 4YUCJIE
B TOCY/IAPCTBEHHBIX UH(OPMAIMOHHBIX PECYpCax».

31 auBapsa 2017 r. Ilpe3unient Pecny6mmku Kazax-
cran Hypcynran A6umeBnu HazapGaeB obGpaTmiics K
Ka3axcTaHlaMm ¢ TociaHueM «TpeTbsd MopiepHU3alus
Kazaxcrana: rio6anbHasi KOHKYPEHTOCTIOCOOHOCTh» . B
3TOM oOOpallleHnd OTMeuYeHa HeoOXOAUMOCTh pa3pa-
6oTku u npuHaTHa nporpammbl «Uudposoit Kazax-
cTan». B cBs3u ¢ aTiM o mopydenuto H.A. Hazap6aesa
B LIeJIsIX obecnedeHus: THPOPMAIMOHHOM 6€30MacHOCTH
o0111ecTBa M rocyfapcTsa B cpepe nH(pOopMaTH3alnu U
CBA3U, a4 TaKXKE 3alIUThl HEIPUKOCHOBEHHOCTHU YaCTHOM
2KU3HU I'paxaH Npr UCIIOJIb30BaHUN UMU I/IH(bOpMaHI/I—
OHHO-KOMMYHMKALIMOHHBIX TEXHOJIOTUI pa3padoTaHa
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Konuenuus «Kubepumr Kazaxcrana». B Hell oTme-
YEeHO, YTO 0COO0r0 BHUMAHUS TPEOYIOT BOMPOCHI MOJTO-
TOBKHM KajipoB B By3ax Kazaxcrana mo mH(OpMaIpoH-
HOU 6e30MmacHOCTH U pa3pabOTKU  OTEYeCTBEHHBIX
CPENCTB 3alUThl UH(OPMALIUK.

MerTonbl ayTeHTH(UKALINKM, OCHOBaHHBIE Ha U3Mepe-
HUM OMOMETPUUYECKMX TapaMeTpoB 4YelsioBeKa, obecre-
yuBatoT 100 % upenTudukanuio. Ha naHHbIA MOMEHT B
OMOMETPUUYECKUX CUCTEMax Uil ayTeHTU(UKAIN
TOJTL30BATEIST  YCIEITHO WCTOJIBL3YIOTCS  CIIEYIOoIIre
OMOMETpPUUECKIE XapaKTEePUCTUKU: pafykHast 0060-
JIOYKA rj1a3a, OTIeYaTOK MaJIblia, OTIIEYaTOK JIAOHH, CO-
CYJMCThIE PUCYHKH, TEOMETpPUS JIMIA, OTHEeYaTOK To-
Joca, noanuck, cpaBHenue [THK, kotopble o6napgator
cBOWcTBaMM, ©6€3  KOTOpbIX  HEBO3MOXHO WX
NpakTU4Yeckoe npumeHenue [7-9]:

Bceobunocmp: Kaxnplil YeIIOBEK UMeeT OUOMETpH-
YecKue XapaKTepUCTHKH.

Y HuKaavHoCcmb: He CYyLIECTBYET JBYX Jtofiel, o0a-
MAIOLWX TOJHOCTHIO OMHAKOBBIMUA OMOMETPUUECKUMHU
XapaKTepUCTUKAMHU.

Tabnuua 1— BuoMerpuueckue XxapakTepUuCTUKA

Ilocmosancmeo: GUOMETPUYECKUE XaPAKTEPUCTUKU
JOJIKHBI ObITH CTA0MIILHBI BO BPEMEHH.

Hzmepsaemocmp: GUOMETpUYECKHIE XaPAKTEPUCTUKI
OOJKHBI ObITh HU3MEPSEMbl KAKUM-JTHOO0 (PU3UUECKUM
CUMTHIBAIOILMM YCTPOMCTBOM.

Tax>ke oyeHb BaXKHBIM CBOMICTBOM SIBJISIETCSI npUeM-
aemocmb. OHO MEHee BCEero CBA3aHO C KaKUM-JHOO
OMpefieNIeHHbIM OMOMETPUYECKUM NAPaMeTPOM, OTHAKO
6e3 ero yuera HeJb3s1 CO3[aTh MOJHYI0 KapTUHY 3 deK-
TUBHOCTM HCIOJIb30BaHUS OMOMETPUUYECKUX CHCTEM.
Kom0OuHanusi Bcex mNepevMclieHHbIX BbIlIE CBOMCTB
omnpepensieT 3hpPeKTUBHOCTE OUOMETPUUECKUX CUCTEM
ayTeHTU(pUKalyu. OCHOBHbIE OMOMETPUYECKUE XapaK-
TEPUCTHUKHM, & TAK>KE BUAIbI X PEan3alyy NPUBEJICHbI B
Tabmue 1 [10].

B Hacrosiiee Bpemsi He CyLECTBYyeT OMOMETpUye-
CKHX NTApaMeTPOB, KOTOPbIE coueTasn Obl B ce0e BCe 9TH
CBOWICTBA OJIHOBPEMEHHO, OCOOEHHO €C/IM yUYUTbIBATH
npueMieMocTb. [l03TOMy, CTaHOBUTCS aKTyaJlbHbIM
NPUMEHEHNE MHOTONapaMeTpUIeCcKOl 6IOMETPUIeCKOM
ayTeHTU(DUKALWN.

BbuomeTrpuyeckast Peructpupyiomee Oopazen Hccnenyembie
XapakTepuCTHKA YCTPOWCTBO YepThl
OTnevaTok najibla Ckanep N3o6pakeHne Pacnonozxenvie n
oTrneyaTKa HarpasJeHue
najablieB rpe6elKoBbIX
BBICTYIOB U
Ppa3BETBIICHUN Ha
OTINEeYaTKe NaJbLeB U T.I1.
I'eomerpus muua Bupeokamepa, N3o6pakenne mmna OTHOCUTENBEHOE
¢poroannapar pacrnosoxeHnue u
¢opmMa HOCa U T.0.
Tonoc Muxkpodpon, Tenedon 3aMuch rojioca YacToTa 1 MOy JISIUMS
roJI0COBOro obpasa

Metoppi. Kak 66110 cCKa3aHO BbIIIIE, 3aa4a OMOMET-
pUUYECKON MJIEHTU(PUKALIMU JIMYHOCTUA TIO JIULy, OTIIe-
yaTKaM Majbla U roJocy OTHOCSTCS K OJHOW M3 3aj1ad,
pelIaeMbIX MpHU MOMOLIM AITOPUTMOB OOpabOTKM JaH-
HBIX.

Oocyxpenue. [Ins nporpammHon peamzauun AC
«BuomeTpuueckas cucrema 3alUTbl UHPOPMALUI» BbI-
6pana CYB[I Visual FoxPro.

Visual FoxPro — ato Cucrema Ynpasnenus: Pensium-
oHHbIMU Ba3zamu [laHHBIX, OCHOBaHHAsi Ha OOBEKTHO-
OPMEHTHPOBAaHHOM, BHU3YaJIbHO IMPOrPaMMHUPYEMOM
si3bIKe MporpamMMupoBanusi. HaunHas ¢ ieBsiToil Bepcun
Visual FoxPro nocrasnsiercst Habop knaccoB GDIPlus u
MCI. B GDIPlus noppepskuBaetcsi paboTa Kak ¢ pacT-
poBbiMu (BMP, GIF, PNGu T.1.), Tak ¥ ¢ BEKTOPHbIMU
(WMF, EMF) wu3o0paxkeHusIMu. I'pacdpuueckuii

unrepgeiic ycrpoiicts (GDIPlus) no3ponsieT pazpaba-
THIBAEMBIM TPUIIOXKEHUSIM UCTIONIb30BaTh IpadhuKy W
¢hopMaTHPOBAHHBIA TEKCT, I BEIBOJIA HA 3KPAH MOHH-
TOpa WK nevyaTu Ha npuHtepe [11].

OcHoBHbIM cBoiicTBoM GDIPlus i1s1 ee ucnons3oBa-
HUsl py nporpammMHoii peanusauun APM «buomeTpu-
YyecKasl CHCTeEMa 3alUThl MH(POPMaWN» SIBJISIETCS CJie-
AyIoILIee:

- BO3MOXHOCTb 3arpy3KH W COXpaHEHUs] N300pae-
HUl U3 paiiia, u3 noss TabauLbl WM EPEMEHHOIA;

- BO3MOXKHOCTb MOJTy4YeHus1 uH(popMayu o0 u3oopa-
>KEHUM (OTpefieJieHne pa3Mepa pacTpa, pa3pelleHUs
pactpa, rpacpuueckoro opmara);

- BO3MOXKHOCTb OCYLIECTBJIEHUSI psifja ONepauyid Haf
n300paXkeHneM (IOBOPOT W OTpaXkKeHWE, OTCEYEHHE
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NpsSIMOYTOJIBHOTO  (pparMeHTa,
U300paKEeHUs, UHTEPIOJISILS);

- BO3MOJKHOCTb CaMOCTOSITEJIbBHOTO PHCOBAaHWS B
OKHE (popMbI;

- BO3MOXKHOCTb NeYaTH U300paKeHNUi Ha TIPUHTEPE.

C nomompro MCI MOKHO 3anuchIBaTh, BOCIPOU3BO-
JUTb 3BYKOBbIE M BUfIe0(hailyibl pa3aMyHbIX (hOPMaTOB.
MCI npu HEOOXOIMMOCTH HMCHOJB3YET PAa3INYHbIE KO-
[EKU JUIsl KOJMPOBAHWSI U JIEKOMPOBAHUS «CKATBIX»
¢aitnos, Taknx kak MP3, WMA nmn AVI. Ynpasnenne
MYJIbTUMEIMIHBIMI ycTpoiicTBamu U paiiimamu B MCI
OTJIMYAEeTCs 4pe3BbluaiiHoW mpoctoToil. MHrepdeiic
MCI nompepkuBaeT 46 KOMaH/|, TAKUX KaK OTKPBLITHE
¢aitma (OPEN), 3amyck mnpouecca BOCIPOU3BEJICHUS
aiitna  (PLAY), mnpuocTaHoOBKa BOCIHPOU3BENCHUS

U3MEHEeHne pasmepa

daitma (PAUSE), 3aBEPLUEHAE BOCIPOU3BEICHUS
(CLOSE), nonyuyenne nHopMalym o TEKYIIEM COCTOsI-
HuK mpouecca Bocnpoussenenus: (STATUS), nozunuo-
HupoBaHue BHyTpu cpaitna (SEEK), ynpaBaenue Boc-
npoussefenneM 3Byka (SETAUDIO), ynpasnenue Boc-
npousBefenuemM Buaeo (SETVIDEO) u ap. Ha 6aze
CYB/[I Visual FoxPro 9 peanu3oBana uHTepdericHas
YaCTh, BKJIIOYAIOLIAS CIEAYIOLIME pe>KUMbL: 1) bronoru-
YEeCKHE XapaKTEPUCTUKH, 2) TapaMeTpbl XapaKTepPUCTHUK,
3) ucxopHble 6a3bl JaHHBIX , 4) HACTPOIiKa 0a3bl JAHHbBIX,
5) mpocTas ueHTA(UKaWs, 6) CIOXHAsT WIeHTH(UKA-
uust, 7) knaccudpukanys [12].

ITocne BbzoBa APM mnosiBiisieTcsl IIaBHBIA 3KpaH
NPOrpamMMbl, IPEICTABIICHHbII Ha PUCYHKe 1.

NHcTntyT MHpopMaLMoHHbIX U BbluncnutenbHbix TeXHormornm

Pecnybnuka KasaxctaH

APM "Bbunometpuyeckaa 3awmta NMHdpopmaymumn®

pazpabonaucs Mazakos Tanrat >XKakynosud

e

[

MapameTpel xapakTepneTik

e

[ Knacondukauns |

[

HacTpoiika 6a3 [laHHbIx }

l ViaeHTndukauma l

Beixon l

Puc. 1. I'nasnuwii skpan APM

Ha panHbIil MOMEHT B KadecTBe OMOJIOrMYECKON Xa-
PAKTEPUCTUKU BKJFOUCHBI «BUIC000pa3 JINLA», «OTIIe-
YaTOK MAaJbLa» U «TOJI0C».

Pesxxum — «cxopHble 6a3bl JaHHBIX» . B KauecTse nc-
XOJIHBIX IAHHBIX J151 U300paXKeHUI MOTYT ObITh UCTIOJb-
30BaHbl NOPTPETHI B CACAYIOLMX rpadpuuecknx opma-
Tax: bmp, gif, jpeg, tiff u png. [Ins pexxnma «BrIe006-
pa3 nMua» OCHOBHOM MH(popMalLyent SIBIIeTCsl 00beMHast
3d-Mopenb, NpefcTaBieHHasl KaK peryJisipHas MaTpuLa
BBICOT.

B Ttabmuume IsxDan.dbf monst mmeroT ciemyromiye
Ha3HAYEHMSI:

Kodxar — ko1 6uomMeTpriecKkoil XapaKTepUCTUKH;

koddan—kop ncxomHOTO N300pasKeHNS JINIIA;
namdan—wumsi (pafina, coepKaiiero n300paskeHre JINa;
kla — HOMep KiTacca, K KOTOPOMY NMPUHAIIEXUT N300pa-
>KeHre (BbIYMCIISIETCS B PEXKUME «KJlacCUprKaLusi» )

J1Jsl mapamMeTpoB XapakTepUCTUK BBEEHbI CIEHYIO-
LIYe TUIbI:

1 - KoopyMHATA TOYKH; 2 - paccTosHKUE (YKCio0); 3 - mJIo-
manb; 4 - 00bEM.

B panbHeiiiemM no Mepe BBEIEHNUS HOBbIX OMOMETPH-
YECKUX XapaKTEePUCTUK OY/IyT BBOAUTHCS HOBbIE THIIBI.

Pexxum — «knaccucukanusi» . B nporpamme peanmso-
BaHa KJlacCU(pUKaNus MO OfHOMY WJIM HECKOJIbKUM Ta-
pameTpam. B maHHOM ciyyae 3agava Kiaccugukanyu
COCTOUT B YHPOILEHUN MaTPULbI TAHHBIX, CITUILIKOM 00-
IMPHOM /I HETIOCPEACTBEHHOTO aHAJN3a YEeJIOBEKOM.
He cymiecTByeT eIMHCTBEHHO <«IPaBUJILHOM» KJIACCH-
puKkanyy Kakoro-nm6o Habopa AaHHbIX. Paznuynble
YHUCJICHHBIE CTPATECIUN 0OBIYHO TNPUBOJAT K COBEPIICHHO
pasHbIM pe3ynbTaTtaM. CienoBaTesbHO , HEOOXOIMa To-
MOULIb KOHCYJIbTAHTa IO YMCJICHHBIM METOAaM JJid Xa-
PAKTEPUCTUKN UMEIOUIUXCA THIIOB KIIaCCI/IC])I/IKaHI/II/I, n
JIEJI0 CTIeNMANICTA — BLIOPATDH THIT, KOTOPKIA €My TOfX0-
JIAT.

Pe3synapraTrhl. OcHoBHOW anroput™m. HavanmbHble
HCﬁCTBHH BO BCEX arjIoMe€paTBHbLIX CUCTeEMax
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OfMHaKOBbI. [1J1s1 n MHIMBHUIOB BhIUMCIsItOTCS. Bee n(n-
1)/2 mep pa3nuuus ¥ Mapa MHAWBU/IOB C HAUMEHBLIEH
Mepoil oObeiHseTCsl B ofiHy rpynmy. Heo6xogumo 3a-
TEM ONpeeUTh NOXOISLIYI0 MEpPY PasiIuuusl MEX/y
9TOM IPYNINO U OCTAILHBIMU 71-2 UHAMBUJIAMH, & Ha 6O-
Jiee MO3[HUX CTausiX, OYEBUJIHO, OyIeT HEOOXOAUMO
OTIPEJIeNIUTL MEPY MEXKJly MHJIMBUJOM W TPYMIOH JIO-
6oro ob6bema, a TakxKe MEeXAy JIIOObIMU IByMsl TpyIl-
namu. Ha kaxkjom mare Kiaccuukanyy oCcyIecTBIs-
eTcsl OObeIMHEHre (MEeX/Y AByMSI MHIMBUJIAMU, MEXK/TY
VHMBUJIAMU U TPYIION WM MEXKy IBYMsI TpyNnamu),
7151 KOTOPOW Mepa pa3iinuusl MUHMMAJIbHA CPefii BCeX
OCTaBLIMXCS K JaHHOMY 11ary. Mepa JjoiKHa ObITh Ta-
KOH, YTOOBI MHJIMBU/] MOT' pACCMaTPUBATLCS Kak rpymnmna
13 offHoro anemeHnTta. CtpaTerust OO bEJMHEHNS ONpefie-
JSIeTC MMEHHO MEpOH pPa3linuusl MEXKJy TCpyniamu.
Bcero B npouecce anroputMa Bbluncnsercs (n — 1)32

mep. B [13] mokazaHo, yTo (7, ] )—MepLI 0ObIYHO MOTYT
paccMaTpuBaThCs C MO3ULMY OTHON JIMHEMHON MOJIENH.

IycTsb umerotcst ase rpynmbl i v jc i u "'i anemenTamn

COOTBETCTBECHHO; MEpa pa3jiniuvsi MEXKNY 9TUMU IpyI-

d; d;
namMu oGozHauvaercsa Y . Jomyctum, 4to Y — MUHU-
MaJlbHasi Mepa U3 BCeX OCTAaBILMXCS, TAK YTO i U j 00b-

N =n;+n;
eIMHSAIOTCS U 00pa3yroT HOBYIO Tpymnmy kc J

aNeMeHTaMU. PaccMOTpUM HEKOTOPYIO IPYTYIO TPyMITy

hc ™h snementamu. Ilepes 06bEAMHEHMEM HM3BECTHBI
3HaquI/I${dhi,dhj , dif, p iy "j Tonoxum
dy,=ad, +ajdhj "’ﬂdy +7/‘dhi _dhj (D

rjie MapamMeTpel ¢f;, ¢ j, B M ) ONPEensioT Cyul-

HOCTb CTPATEruun.

I'mbkast cTparerus npuMeHrMa JJist 060 Mephbl pa3-
JIMYUS ¥ OTIPENIETISIETCS YEThIPbMSl OTPaHUYEHHUSIMU:
a;+a;+f=La;=a;,f<ly=0.
Crparerusi MOHOTOHHA, U €€ CBOICTBA MOJHOCTLIO 3a-
sucsit ot 3. Ecim ff=(), TO cTpaTerus CoXpaHsieT MeT-

PUKY NPOCTPAHCTBA. ECM /3 NPUHUMAET MOJIOKUTE b=

HbIC 3HAYCHUS, TO CTPATEIUsI C2KUMACT MPOCTPAHCTBO, a
€CJIK OTpULATECJ/IbHAsT, TO PACTATMBACT. B NnporpamMme uc-
II0JIb30BaJjia 3HAYCHNE IB = —0’25 , KaK pEKOMEH/JOBAHHOC

I IPpAaKTUKU.

B nporpamMme pe€ajim30BaHbl pa3jIMYHbIC aJITOPUTMbI
KJIaCCI/I(pI/IKaIII/II/I, TaK HAa3bIBAEMbIC CTpATErun OG’BCH[/I—
HCHUSA (aFIIOMepaTI/IBHBIe CI/ICTCM])I)Z rmokas CTparerus,
CTpaTerus OIKANIIIETO coceia, CTpaTerus NaJbHEro
coceia, CTpaTerusd rpynmnoBoro CpegHero, HEHTPOUAHANA
CTpaTerus, CTpaTerus Ha CyMME KBaJIpaToOB.

«BuneooGpas nuia»

JInst XapakTepucTUKU «BUAEO00pa3 JIULa» OIpefe-
JIEHBI Psij] MapaMeTPOB, MPECTABISIOLIMX COOOIA:

1) TOUKy - KOOPAMHATHI 3pAUYKOB TJIa3, TIEPSHOCHUIIbI,
KOHYMKA HOCa,

2) paccTosiHie — MeX/y IJIa3aMu, MEKTy TIepeHOCH-
el 1 KOHYMKOM HOCa, OCHOBaHMEM HOCa,

3) nepuMeTp - TpPeyroJbHUKA (3payky I1a3 U KOHYUK
HOCa), TPeYroJibHIKa (TIEPEeHOCHIIa M OCHOBAHUE HOCA),

4) IO/ — N30JIMHUY TJIA3HUIL, U30JIMHUN HOCA,

5) 06beM — TIa3HMIL, HOCA.

B xauecTBe MCXONHBIX JIAaHHBIX JIJISI «BUeo0oOpa3a
JIMLAa» UCMOJIb3yeTcsl 00beMHast 3d-Mopiesb, NpecTaB-
JIEHHas KaK peryJsipHasi MaTpuua BbIcoT [14-15].

Anroput™Mbl  00pabOTKM HMH(OPMALMOHHBIX TMapa-
METPOB /IS WACHTU(DUKALINY YeJI0BeKa IO JIVILY:

1. KoopauHaTe! LeHTpa 3pauka JjeBoro rinasa - (P1x,
Ply): onpepensrorcst u3 rpacdpuyeckoro gaiisa ¢ poto-
rpacuel YeIoBeKa;

2. KoopauHaThl HeHTpa 3payka npaBoro raasa - (P2x,
P2y): onpepensitorcs uz rpacpuyeckoro caitna ¢ ¢oto-
rpacue YeroBeKa;

3. Paccrosinue Mexxy 3paukamu - P3: Beruucnstorcs
yepes ganuble (P1x, Ply) u (P2x, P2y);

4. 'ny6GuHa neBoii rnasHuupl - P4: onpepenstores us3
(patina c 3]1-maHHBIMY JINIIA YETI0BEKA;

5. [1nomajs nepBoii M30JMHIH JIEBOY TTa3HUIIBI - PS:
BBIUMCIISIIOTCS (hatina ¢ 3d-aHHBIMY T YEeTOBEeKa IMy-
TEM anmpOKCUMAIY W30JIMHUN 3JUTATICOM;

6. [1nomas BTOPO¥ M30JMHIN JIEBOI TITa3HUIIbI - P6:
BBIUMCIISIIOTCS (haiina ¢ 3d-aHHBIMY T YEeTOBeKa IMy-
TEM anmpOKCUMAIY U30JIMHUN 3JUTUTICOM;

7. Ilnowane TpeThell W30JMHUM JIEBOW TJIA3HULBI -
P7: BerumcnsroTcst dpaiina ¢ 3d-maHHBIME JIMIA YeTOBeKa
My TeM anmpOKCUMAINA N30JIMHUN 3JUTUTICOM;

8. O6beM J1eBoi ra3Huipl - P8: BeuncisioTes yepes
mannbie PS5, P6, P7 u paccrosHme (1iar) Mexyy U30J1-
HUSIMU;

9. I'nyOuna npaBoil riasHuupl - P9: BbumMCIseTCs
aHaJNormyHo napametpy P4;

10. ITnowmaae nepBoi N30JMHUM MPABOWA TIaA3HULIBI —
P10: BbruncnsieTcs aHamornyHo napameTpy PS;

11. Iliowaas BTOPOiA W30JMHMM MPABOM IIa3HULIBI —
P11: BeruncnsieTcs aHamornyHo napameTpy P6;

12. ITnotaab TpeTbeit N30IMHAN PABOI TIIa3HUIIBI —
P12: Bbruncnsgercsa ananornyHo napametpy P7;

13. O6wem mpaBont TnasHulpl — P13: BeruncasieTcs
aHAJIOTMYHO mapamMeTpy P8;

14. KooppuHaTtel koHuuka Hoca — (P14x, Pl4y):
ompefensitoTes U3 rpadudeckoro aina ¢ ¢ororpa-
ueit yemoBeka;

15. KoopaunaTe! jeBoro ocHoBanusi Hoca — (P15x,
P15y): onpenensitorcst u3 rpacuyeckoro ¢aiina ¢ poro-
rpacdueit 9esoBeKa;

16. KoopauuaTe!l ipaBoro ocHoBanust Hoca — (P16x,
P16y): onpenensroTcs u3 rpacpudeckoro aiina ¢ poTo-
rpacdueit YeaoBeKa;
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17. Beicota koHuuKa Hoca — P17: onpepensitorcs u3
(paiina ¢ 3d-maHHbIMU JIULIA YETOBEKa;

18. Beicora nepenocuup! — P18: onpepenstores u3
(paiina ¢ 3d-naHHbIMU JIULIA YETOBEKa;

19. ITnowaas nepBoil U30aMHUM JieBOi Hoca — P19:
BBIYUCJISIFOTCS (haiiina ¢ 3d-JTaHHbIMY JIMIA YEeJIOBEeKa ITy-
TEM anmpOKCUMAIMY U30JIMHUA Tpamnenuel;

20. ITnowans BTOpO# M30AMHUM JIeBO Hoca — P20:
BBIYUCIISIIOTCS paiina ¢ 3d-naHHbIMU JIMLA YeIoBeKa IMmy-
TEM anmpOKCUMAIY U30JIMHIA Tparnenued;

21. [1nowanps TpeTbeit U30JMHUM JIeBoii Hoca — P21:
BBIYUCIISIIOTCS paiina ¢ 3d-IaHHbIMU JIMLA YeJIOBeKa Iy-
TEM anmpOKCUMAIY U30JIMHUA Tparnenuer;

22. O6BeM Hoca — P22: BBIMMCISIOTCS Yepe3 JaHHbIe
P19, P20, P21 u paccTosinue (uar) MexKay U30JIMHUSIMU;

23. IlepumeTp TpeyrojbHUKAa «HOC-TJaza» — P23:
BbIUMCIISIIOTCSL yepe3 fganHble (P1x, Ply), (P2x, P2y) u
(P14x, P14y);

24 T1nowans TpeyroiabHUKa «HOC-TJa3a» — P24: Bbl-
yucssitoTest yepe3 panuble (Plx, Ply), (P2x, P2y) u
(P14x, P14y) no ¢opmyne ['epona;

25. OrtHourenne «PaccrosiHue Mexay  3pad-
Kamu»/«PaccTosiHue Mexay NepeHocullell U OCHOBa-
HUeM Hoca» —P25: Berumcisitorcst yepe3 ganabie (P1x,
Ply), (P2x, P2y) u (P14x, P14y).

Jlno ckanmpyercss mpu moMom 3d cKaHepa OT
kommnannu HP Intel RealSense SR 300, ycranoBneHHBII
Ha HOyTOyke HP Pavilion u umetrommii I10 Camera
Explorer SDK (pucynok 2). Ilocne pepgakTupoBaHust
n3o0pakeHue Jmua umnoptupyercst B ¢gopmare PLY
(ASCII) nmm B popmate XYZ. B popmate XYZ coxpa-
HSIFOTCSl JIMIIb KOOPJIMHATBHI TOYEK B BUJE TEKCTOBOTO
¢hatina, KOTOPBIH C JIETKOCTbIO MOKHO OTKPBITh B JItO-
OOM TEKCTOBOM peakTope M o0pabaTbiBaThb B IMPO-
PAMMHBIX pacyeTax.

-

WIK ceHcop LiseToBas WK nazep \

rnyGuHb! Kamepa npoekTop

\ Mpaduyeckuin Npoueccop /

Puc. 2. Obwuii 6uo 3D-cxanupyrouezo Hoymoyka

ANTOPUTM MOCTPOSHUS MAaTPUIIBI BBICOT 6a3MpyeTcst
Ha METOJIC MHTEPNOJISLMY OBEPXHOCTEN. B HEM Hepas-
HOMEPHO pacrpeyie]ieHHble TOYKN B TPEXMEPHOM TPO-
CTPAHCTBE MHTEPIOINPYIOTCS HENMPEPHIBHON (PYHKIMEH
IBYX HE3aBHCHMBIX MepeMeHHbIX. [ mocTpoeHns pe-
TYJISIPHON MaTpPHILBI BHICOT BBITMOIHSIOTCS CIEAYIOIITE
aTanbl: (DPOPMUPOBAHME OMOPHBIX Y3JIOB, BHIUKCIICHUE
MaTpUlbl OIMXKANIINX TOYEK M MATPHILI PACCTOSIHUIA,
VHTEPHOJISILIKS Y3JI0B, KOPPEKTUPOBKA MaTPUIIbI BHICOT.

Beupny Toro, uto nannble B (popmare PLY mpencras-
JIeHbl IOTOYEYHO KOOpAUHATaMu (X, Y, z) pa3paboTaHa
nporpamMma JIMHEWHOM MHTEPNOJISILAN, KOTOpas CTPOUT
PETYJISIpHYIO MaTpully BbICOT Ha OCHOBE KYOWYECKOI
VHTEPIOSLWN.

«OTneyaTox majnua»

CI/ICTGMBI, OCHOBAHHBIE Ha TaKTUJIOCKOIUUN, CPaBHU-
BarOT HOHy‘{CHHbIﬁ OTNEYATOK NMaMsATU C IPYIruMu OTIEC-
YyaTKaMu, KOTOPbIC XPAHATCS B 0a3ax CUCTEMBbI NN 3Ke
C OTMEeYaTKOM KOHKPETHOTO YeJIoBeKa, Crocod cpaBHe-
HUSI TaKXKe 3aBUCUT OT cpepbl MPUMEHEHNS JAHHON TeX-
Hosoruwm [16-17].

Inst co3pmanusi 6510Ka OUOMETPUIECKON CUCTEMBI
uaeHT(UKAIMY YeJIoBeKa M0 OTIevYaTkaM NajbleB Uc-
noJsib3oBaH Mofysib FPM10A ¢ 6ubnmuorekoit Adafruit
Arduino [18].

Ha pucynke 3 npeficTaBlieHbI 3IeMEHThI 6JI0Ka MOJTY-
YEHUSI CHUMKA U UICHTU(PUKAINA OTIEYATKOB MAJIbLEB.
YkazaHHbII OJIOK peaji30BaH HA OCHOBE KOHTpOJIIepa
Arduino UNO.

Arduino — 3TO YCTpOWCTBO Ha OCHOBE MHKpPO-
koHTpoJiiepa ATmega 328 [19]. B ero coctaB BxoguT
BCce HeoOXomumoe [l yaoOHOW pPaboThl C MHMKPO-
KOHTPOJIIepoM: 14 uppOBBIX BXOIOB/BBIXOMIOB (13 HUX
6 MoOryT HMcnosb30BaThesl B kKadecTBe IIIMIM-BbIXONOB),
6 aHaAJOrOBBIX BXOJOB, KBAplEBLI pe30HATOpP Ha 16
MTI', pazsem USB, pa3bem nuTanusi, pa3beM JIj1sl BHYT-
pucxemHoro nporpammupoBanus (ICSP) wu kHomka
cOpoca.

OnTuyeckuil cCKaHep OTNEYaTKOB NaIbLEB - MOIYJIb,
KOTOPBIA MOXKHO UCMOJIb30BaTh COBMECTHO ¢ Arduino u
ApyruMu MukpokonTposiepamu [20]. CiocobeH coxpa-
HsTh B namMsit otnevyatky najbues (1000 oTrmeyaTkoB)
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C JalbHEeHlMM uX uaeHTuuuupoBanueM. Mcnoabiy-
eTCsl B MECTaxX CTPOroii CEKPETHOCTH, KaK CBOErO pojia

HapOJICBbIﬁ KJIFOY 10CTYyna, OCHOBaHHBIN Ha CKaHUpOBa-
HUU N CBEPKU OTNEYATKOB MAJILIEB C 6azoit JaHHBbIX.

Puc. 3. Cxanep omneuamkos naavyes: 1 — FPM10A onmuueckuii ckanep omneyamros naavyes,; 2 — Arduino
UNO; 3 — nposooa 0aa nookaouenue ckanepa k Arduino; 4 — USB kabeab 0asa Arduino

[Ipy ucnonb3oBaHMM AaTyMKa OTNEYaTKa MNaJbLEB
€CTb /IBa OCHOBHBIX 3Tana. CHayasa 3anuchIBarOTCs JJaH-
HbIe B MaMSITh CEHCOpa, TO €CTh NMPHUCBAaUBAETCS yHU-
KanbHbI ID KaxkaoMy oTnedaTky, KOTOpbId OyAeT uc-
NOJIb30BaH ISl CpaBHEHMs B fasibHeimeM. [locre 3a-
NHCH AAHHBIX , MOKHO MEPEXOIUTH K «ITOUCKY> , CPABHU-
Basl TeKyllee M300pakeHne OTnevyaTka ¢ TeMHU, KOTOpbIe

3aMMCaHbl B MAMSITH JaTYHUKA.

C nomoupto nporpammbl SEFGDemo u ArduinolDE
3arpy>KaroTcsl HOBbIE OTNEUYATKU MANbLEB, NPUCBAUBas
KaxjoMy u3 HUx HoBbli ID #. Bee 3arpyskeHHble n300-
pakeHus OTIEeYaTKOB MaJIbLEB 3agpoBaHbl (PUCYHOK
4).
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Puc. 4. 3azpysxa omneuamok naavyes 8 6asy

Ha pucynke 5 MOXKHO YBUAETb MPOLEHT COBMAJICHUSI.
OTnevaTky nanbLeB, HE COBMAJAIOLIME C OTHEYATKAMU

NajbLEB, XPAHALIMMUCS B 6a3€, UTHOPUPYIOTCS CKaHHe-
pom.
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Puc. 5. Pacnosnasarnue omneuamrkos naavles

WpenTrdrkanmonHble MPU3HAKKM CTPOSHUST TariI-
JIIPHBIX Y30POB Ha TMAJbIIaX MPUHSITO TOAPA3/esiTh Ha
r06aNbHbIEe U JOKalbHble npu3Haku [21].

K ryo6anbHBIM OTHOCSAT MPU3HAKY, KOTOPBIE MOXKHO
YBUJIETh HEBOOPY>KEHHBIM r1a3oM. K Takum nmpr3Hakam
OTHOCSITCSI: TUIT M BUJ] MAMMMJUISIPHOTO Y30pa; HaNpaBJe-
HIE W KPyTH3HA MMOTOKOB MANWUISIPHBIX JIMHWI; CTpOe-
HIE [EHTPAJBHOTO PUCYHKA Y30pa; CTPOCHUE JIETbThI;
KOJIMUECTBO MANWUISIPHBIX JIMHAN MEXJy HEeHTPOM W
IETBTON ¥ MHOXKECTBO JIPYTUX MPU3HAKOB.

JIpyroii TMN MpPU3HAKOB — JIOKaJbHbIE. VX Takxke
HA3bIBAIOT MUHYLUSIMU (OCOOEHHOCTSIMU WJIM OCOOBLIMU
TOYKAMU) — YHHUKaJIbHbIE IPU3HAKY TIPUCYIINE TOJILKO
KOHKPETHOMY OTIIEYaTKY, ONPEJEIISIONe MyHKThI U3-
MEHEHHsI CTPYKTYPhI MANMWJUISPHBIX JIMHUI (OKOHYAHWE,
pa3flBOeHUE, Pa3pbIB U T.[I.), OPUEHTANWIO MATUAILISP-
HBIX JIMHWIA ¥ KOOPJIMHATHI B 3TUX MyHKTaxX . Kaxp1it OT-
MeYaToK MOXKeT cofiepkaTh 1o 70 u 6osee MUHYLIMIA.

B pganHOM MCCEqOBaHNK MCMONIB30BAHBI HECKOILKO
BupoB geckpuntopos: SIFT, SURF u ORB [22]. 1o pe-
3yJbTaTaM MPOBEAEHHOTo aHaim3a 3(P(EKTUBHOCTA U
CKOPOCTH METO[K W aJTOPUTMOB OWOMETPUIECKON
WIeHTA(PUKAWN JIAL, MOXKHO CJIeNIaTh CIIeAYIOIIHe BbI-
BOJIBI.

Hcnonb3oBaHre MOAX0[a HA OCHOBAHUK BhIJEICHUS
KJTIOUEBBIX TOYEK Ha WM300paKeHWW [l TPOBEICHUS
OMOMeTpUYECKON WASHTU(PUKAIMN TIO OTHeYyaTKaM
MaJbLEB, TIO3BOJISIET CO3AaTh Ha ee Ga3e MpOrpaMMHYIO

cucTeMy Jisl ObICTPOrO PAacno3HaHUS OTIIEYATKOB U T10-
CIIE/IYIOLIYIO MOUCKA.

Anroputmbl SURF/SIFT umerot nydume knaccudu-
LMPYIOIIME CIOCOOHOCTU TPHU PELIeHUM OBbITOBBIX 3a-
faud MOMCKA Ha TEKCTYPUPOBAHHBIX M300pPa’KEHUSX.
O6a anroputMma 60jee TpeOOBaTENbHbI K aNnapaTHOM
4yacTu M OOJIbILIE TIOAXOMASAT AJIS IPYTUX 3aad KOMITbIO-
TEPHOTO 3pEHMs1, TAKXKE 00a aJIrOpUTMa 3aMaTeHTOBAHbI
1 MMEIOT 3ampeTa Ha KOMMEPUYECKOe HCIOJIb30BaHME,
6e3 cornacus npaBooOnagarens. st 3aa4 uaeHTU(U-
Kaluy N0 OTHEeYaTKaM MaJlbLEB, OHU UMEIOT «M30bITOY-
HYIO MOILLHOCTH>.

Anroputm ORB mmeeT 6oree BBICOKYIO CKOPOCThb
paboTbI B CPABHEHME C BbILLIEYKA3aHHBIMU AJITOPUTMAMU
Metogukamu SIFT/SURF, u OoJibliie mogxoguT AJs 3a-
a4y OMOMETPUIECKON MACHTU(DUKAIMK 1O OTIeYaTKaM
nanbies. [Jeckpunrops! anroputmMa ORB 310 6rHapHBIE
[AECKPUITOPBI 1 NIPOBEPKA Ha COBIAJCHUE JJIs1 TAKUX Jie-
CKPUINITOPOB, 3TO CyMMa PACCTOSHUI X3MMUHra sl
Kaxyoro 6aita neckpunrtopa. [IpumeHeHue faHHoro an-
ropuT™a 00JIbLIe MOIXOAAT AJIs 33/a4 IIOUCKA MO HE MOJI-
HOMY OTIEYaTKy NnajnblLa.

«I'onoc»

OpHrM U3 MapaMeTpoB OMOMETPUIECKO MACHTU(DH-
KalWW JIMYHOCTH SBJISIETCS] FOJIOCY, HO OJIOC YeJIOBEeKa
MOZKET MEHSIThCS B 3aBUCUMOCTH OT BO3pacTa, IMOLMO-
HAJILHOTO COCTOSIHUSI, 3J0POBbs WM APYTUX (DaKTOPOB,
YTO fIeNIaeT Npouecc uaeHTU(UKALMK 00JIee CJIOKHBIM K
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peamuzauuu. TexHonorus UAeHTU(UKALMU O TOJIOCY

NPUMEHSIETCS] B CAMbIX Pa3fIMUHbIX cepax 3allUThl UH-

hopmaluu, CUCTEM KOHTPOJISL  JIOCTYMA, KPUMUHAIU-

CTUKE U JIpyrux cepax.

YcTHas peub yenoBeka NpeficTaBisieT cobor ynopsi-
[IOYEHHYIO CUCTEMY aKyCTUYECKUX CUTHAJIOB, KOTOPbIE
BOCIPUHUMAIOTCSl KaK 3ByKOBOI 00pa3, B YCTHOU peuu
YeJIOBEKa OTPAXKAKOTCS €ro UHAMBUY AJIbHbIE MPU3HAKU
U ocoOeHHOCTU. MHAMBHIYaIbHOCTh roJIoca SIBJISIETCS
caencTBueM (popMoOi U pa3MepaMu pOTOBOW U HOCOBOW
MOJIOCTU TOpJia U OPraHoB [bixaHus. TakuM 0Opa3oM
(pU3MYECKHE XapaKTePUCTUKUA 3BYKOB — 4YacTOTa, JJIU-
TEJbHOCTb, WHTEHCUBHOCTb — Y KAaXKJOro YeJoBeKa
CTPOro WHAMBUYAJbHbI. AKYCTUYECKasl XapakTepu-
CTHKA roJIoca OTHOCUTENILHO YCTOMYKMBA BO BPEMEHU U
OCTAaeTCsl UHAUBUYAJIbHON JJaxKe MPU MaTOJOrMYECKUX
U3MEHEHUSIX OPraHoB peuu. 3ajavya UeHTU(DUKALUU 1O
[OJIOCY COCTOMT B BBIIECJIEHUM U3 BXOJHOIO AyAUOIO-
TOKAa UMEHHO YeJIOBEUECKYIO peyb, €€ KiaccuuKauus u
pacno3HaBaHue.

ITockonbKy, yenoBeyeckuil rooc, 3T0 CyMMa MHO-
JKECTBA OT/IENIbHbIX YacTOT, CO3[JaBAEMbIX T'OJIOCOBLIMU
CBSI3KAMU, TO MOXKHO BBIIEJIUTH HECKOJILKO TPU3HAKOB,
KOTOpbIE MOXKHO HAOJIOaTh U MPOAHAIM3UPOBATH B
peuH KaxkJoro 4eyoBeKa:

e BokanbHOCTh peun (FPOMKOCTb, TEMI, CTaOWUIIb-
HOCTb — (PU3UYECKIE KOMIIOHEHTHI);

e ToHaNBLHOCTHL peur (MHTOHALMS — MCUXOJOTMYECKUe
KOMITOHEHTHI);

e CopepKaTelbHOCTb peuu (CJIOBApHbIA 3amac KOH-
KPETHOH JIMYHOCTH).

e ['poMKOCTb — 3TO CyOBEKTUBHAs Mepa OLLYLICHUS,
CBsI3aHHAS C BO3JCICTBUEM HA OPraHbl CllyXa 3BYKO-
BbIX KOJICOAHUI U 3aBUCSLIAS] OT aMIUTUTY[bl U Ya-
CTOTbI JIaHHBIX KOJIeOaHUIA.

Temn peun — 370 CyOBEKTUBHASI MEPA, CBSI3aHHAS CO
CKOPOCTH MPOU3HOLLEHKS T€X UM UHBIX OTPE3KOB peyuu
BO BpeMeHU. TeMIl MOKET ObITh CBSI3aH C COIEP>KaHUEM,
0ObIYHO HambOOJIee BaXKHBIE CJIOBA MPOU3HOCATCS MeEJI-
JieHHee. ['poMKOCTh U TemIl peur UHIMBULYAJIbHbI [JIs
KaX/I0ro yesioBeka.

Yenoek 06s1a1aeT ONMpeeIEHHbIM CJIOBAPHBIM 3ara-
COM, 3TOT 3aMac ONPENETSETCS €ro COUMATBHBIMU U NICH-
XUYECKUMHU OKpyKeHueM. CchopMUpPOBABILMECS B FOHO-
CTU NPUMEPHO K [IBALATU TOflaM OCOOEHHOCTH PEYH,

rojoca, MHTOHALMK, & TAaK>Ke MaHepa rOBOPUTh, COXpa-
HSIFOTCSl B TEYEHUE BCEM XKU3HU U 00JIaIat0T KOMILIEK-
COM OIIPEJICNIEHHbIX,, TOJbKO UM MPUCYLIMX MPU3HAKOB
[23]. I[IpoaHamm3upoBaB OTJENbHBIE 3JEMEHTHI pEeUM
MO>KHO OIPE/IeNINTb NHAMBUlY AJIbHYIO MaHEpy peyu ye-
JIOBEKa.

Takke OffHOWM U3 BaKHEMIUMX XAPAKTEPUCTUK CH-
CTEMbI T'0JIOCOBOM MJIEHTU(DHKALMY SIBIISIETCS] CKOPOCTh
(ObICTpOpIENCTBUE) UIEHTU(PUKALUKA TUYHOCTH.

Mexny wuieHTU(UKAUMOHHBIMU [IPU3HAKK rojioca
OJIHOTO M TOrO XK€ YeJoBeKa, MOJyYeHHble B Pa3HOe
BpeMsl M1 B Pa3HOM 3MOLMOHAIBHOM COCTOSIHUM, MMe-
I0TCSl OIpefieNIeHHble 3aBUCUMOCTH, KOTOpble HE00Xo-
[IUMO YCTAHOBUTb.

Paznuuue B TeMOpax pasHbIX FOJIOCOB OMUCHIBAETCS
pasHbIMM YAaCTOTHbIMM CIeKTpamu. Maremarnueckum
annapaToM JJIsl aHaJIM3a YACTOTHOIO CHEKTpa SBJISeTCs
npeobpazoBanmne Pypbe, Kak ciocod onucaTh CI0XKHYIO
3BYKOBYIO BOJIHY cnieKTporpammont. ITpu pacuere cnek-
TpPOrpaMMbl BTOPOI'O MOPSJIKA, BbISBJISIOTCS FAPMOHUKM,
KOTOpbIe Ha3bIBAIOTCSI «KETNCTP», OHU HE YOOHbI st
aHamM3a, MOCKOJIBKY AyOIMpyIOT HH(OPMALIUIO,, TPUIMEP
TaKoW TapMOHMKHW, PAaBHOMEPHbIN (DOHOBBIN IIyM WA
My3bIKa B IIECHE.

YuuTbiBato OCOOEHHOCTEW CJllyXa uYeJloBeKa, a
VMEHHO eT0 HeJIMHEHAs nprupoaa 1o OTHOLICHUIO K BOC-
NPUATUIO 3BYKOBBIX 4YacTOT. [I71s1 MaHHOM 3ajaud MC-
MoJIb3yeTcs MpeoOpa3oBaHMe W3 WKaibl ['epiy B Men-
mKanmy (Men-ncuxodusndeckass eJUHUIA  BbICOTBI
3ByKa) HUKE yKasaHa cpopmyra il mepexofa Mexay
yactoToii (') 1 BICOTOM 3ByKa B MeJIax

m = 1127 x In(1 + f/700) 2)

Ha BBIYKCJIEHHBI CNIEKTP HakJjajblBaeTcsi Habop u3s M
¢uABTPOB MIKaNbl Mend, 06bryHO M=20 wim M=24,
0OBIYHO, YeM OoJiblle (PUILTPOB, TEM BbIILIE TOYHOCTb,
1pU 3TOM (PUIIBTPBI CMEIAIOTCS B T€ YaCTOTHI, B KOTO-
PBIX GOJIbIIE BCETO B ayJMO3aINCH:

x; = Y=ol Xel * Hi(fi)i=1..M 3)

$unbTp wKansl Men H uMeer TpeyronbHbI B,
npuMep Takoro (huibTpa MoKa3aH HUXKe (PUCYHOK 6).
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4000

8000
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Puc. 6. Illpumep Mea-¢purvmpa

Jl71st aKyCTUYECKOro aHanu3a peyd TakxKe MpUMEeHs-
IOTCS1 camble Pa3lIMuHbIe AIrOPUTMbI, HabOJIee pacrpo-
CTPaHEHHBIMU SIBJISIFOTCSI CKPBIThIE MAPKOBCKUE MOJIEIH
(CMM unu HMM B aHrnuiickoii Bepcum), a Tak>Ke Mo-
feidb cMecH rayccoBckux pacnpepenennii (CI'P nmm
GMM B aHrnuiicKoil Bepcuu), B MOCIJEHUE TOfibl aK-
THUBHO MPUMEHSIOTCS] HEPOHHBIE ceTh [24].

AKyCTHYECKOE MOJIEIMPOBAHNUE C MOMOIIBIO CKPbI-
TOI1 MAPKOBCKOI1 MOJIEIIH TMO3BOJISIET ONPEAEIUTD COfep-
>KaTeJbHOCTh PEeYM U NpefcKas3aTh CIIOBa, KOTOpble Oy-
AYT WCMOJIL30BaHbl [JIsl MIEHTU(UKALMU, YTO B CBOIO
ouepefb MO3BOJISIET MOBBICUTL TOYHOCTH MACHTU(UKA-
uuu. HepoctaTkoM JaHHOrO mojixopa siBisieTcs Heo6xo-
AUMOCTb MOATOTOBKH SI3bIKOBOM MOJIENH, a JJIsl 3TOrO
HE0OXOIUMO cOOpaTh GOJIBLLIYIO 00YYAIOLILYIO BBIOOPKY
ay/iMo3anuceii, KOTOpyt0 HEOOXOIMMO MPeBaAPUTETLHO
«pa3MeTUTb» U ouupoBaTh. [laHHbIA NOAXO/1 O3HAYAET,
YTO HEOOXOAMMO TMOJIyYUTh 3aliCU BCE BO3MOXKHBIX
3BYKOB 711 6a3bl JaHHBIX CJIOB.

Pexum — «upenTudpukamus». B qanHom pexxnme
ISl BBOAMMBIX JJAaHHBIX O  yesioBeKe (M300pakeHust
JMLA, Taibla WK 3BYKOBOro (paiiia), KOTOpOro Heoo-
XOMMO MACHTU(PULMPOBATE, BLIYMCIISETCS CTENEHb CO-
OTBETCTBHSI €0 C KaK/[bIM U3 [JAHHBIX , BHECEHHBIX B Ta0-

mvry IsxDan.dbf.
BeiBopbl. Pazpaborana APM «bBuomerpudeckas
cuctemMa  3alUThl  MHGpopMaumn».  OnpepeneHsl

CTPYKTYPbI Tabnui 6a3bl JAHHBIX U UX B3aUMOCBA3b. Ha
OCHOBE TMpEABAPUTENBHON KilaccuuKauym OOBEKTOB
YCKOPEH MOMCK 33JJaHHOTO 4eJIOBeKa B MCXOfIHOH Oasze.
Ha ocHoBe npumeHeHus1 METOJI0B MHOTOKPUTEPUATIBHOM
ONTUMU3ALMU JIJIS1 KAXK/I0Tr0 KJlacca BBIUMCIISIFOTCS CBOU
K03(ppULMEHTHI, N03BOJISIFOILIME PaHXMpOBaTh

KpuTepuu No BaxkHocTu. MccnenoBanbl cBoiCcTBa npef-
JIO3KEHHOT'0 MAaTEMATHYECKOr0 ajirOpUTMAa.

B anropurme pacno3HaBaHMsS YeJIOBEKA BIEPBbIE
YUTEHbI TaKKE NapaMeTpbl Kak 00beM HOCa, 00bEM Ti1a3-
HULBI U JIP. TPEXMEPHbIE XapaKTepUcTHKU. [171s1 ycKope-
HUS WJICHTU(UKAIUN BCE [AaHHbIE, HAXOJLMECs] B UC-
XOJIHOI1 6a3e NaHHbIX , IPEABAPUTENHLHO KIlacCUULMpYy-
FOTCSI.

Jyist yyera Takux SBJIEHMH, KaK C/IBUI MOPTPETa,
pasHblii  macwtab  Qotorpacdmii MU HAKIIOH
UJICHTU(ULMPYEMOrO JIMLA, Pa3paboTaH CJIOXKHbIA
anroput™ upeHtudukanuu. IIpoBesieHHble HA MOMIEIb-
HOI 3ajjaue YKMCJIEHHbIE MCCIIEIOBAaHUsI MOKasaiu 3-
(peKTUBHOCTD PACMIO3HABAHMS YEJIOBEKA ITPU U3MEHEHUU
macutada pororpacpun.

Ha 6a3e mukpokonTposuiepa Arduino m ckaHepa
FPM10A pa3paboTaHa cucTeMa pacrno3HaBaHus NpejHa-
3HAYECHHAs 711 XPAHEHWS] JAaHHbBIX , JaJIbHEHIIEH ee o0pa-
O0TKH, UIEHTU(PHKALMU U OTOOPAsKEHN CHUIMKOB OTIIE-
YaTKOB NaJibLEeB. B kauecTse naeHTU(MKAIUOHHbIE TPU-
3HaKOB BbIOpaHA CTPYKTYpa CTPOEHMS NANUIIISIPHBIX
y30poB Ha majblax. [lonyyeH pe3ynbTaT COBMAJieHUN
OTNEYATKOB NaJIbLEB C Pa3JMYHbIM BpAlLCHUEM yepe3
ckaHep. IlepcnekTMBHOM 00IAaCThIO SBJISETCS MOUCK 10
HE TOJIHOMY OTIEYaTKy Majibla, MOCKOJbKY YacTO Ha
NpakTUKe MMEETCsl TOJBbKO 4acTh OTIHEvaTKa MaJbleB
[17151 IPOBEJIeH!s! IOMCKa COBNAIEHNUI.

DKCTepUMEHTAITLHOE WCCIIEIOBaHne OMOMeTpuye-
CKOI1 MieHTHU(pUKALMK 10 OTNIeYaTKaM NaJIbLEB, CO3[aH-
Hoii Ha ocHOBe fieckpunTopoB SIFT, SURF u ORB, no-
Ka3aJio, 4TO pa3paboTaHHasl MPOrpaMMHas CucTemMa 00-
JlaflaeT UHBAPUAHTHOCTHIO K MOBOPOTaM M300pasKeHus!.
Crioco6Ha paboTaTh B GOJBIIIOM JIHATa30HE U3MEHEHUH
ocgemenusi 10 50-70% oOT ypoBHS OCBEIEHWSI Ha
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U300paKEeHUN, a TakKe 00JalaeT MHBAPUAHTHOCTBHIO K PabGoTa BbIMosiHEHa 3a CYET CPEICTB I'PAHTOBOIO
M3MEHEHMIO MaciiTaba W HEe3HAUMTEILHBIM FHCKaxKe- puHAHCUPOBaHUST HAay4yHbIX ucciefoBaHuii Ha 2018-
HUSIM. 2020 roppl no npoekty AP05131027 «Pa3paboTka 61o-

B cucreme oTpaGoTaHbl TPU aJrOPUTMA O AHAJIA3Y METPUIECKNX METOJIOB M CPECTB 3alluThl MH(pOpMa-
aymo3anuceii Jijis pellieHrst 3ajiaud NpOoBefieHus] Oho- LW .

METPUUECKON UACHTU(UKALMH 1O TOJIOCY .
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H.Y.Hypranues, A. Koanek

(Kasaxckuii ynusepcumem mexnoao2uu u ousneca, Hyp-Cyaman, Kasaxcman, nurgaliev_nao@mail.ru)

WCCJIEJOBAHUE KUHETUKU TEPMAYECKON JECTPYKIUU YIS MECTOPOXIEHUS
BOPJIbI

AHHOTauus. B cTaTee MpoBefeH TepMOrpaBUMETPUUYECKUI aHATTN3 YTJIsl MECTOPOXK/AEHUS Bopiibl B cpefie a3oTa, npu
CKOPOCTH Harpesa B inana3oHe 3-15 rpap/muH. OnpefienieHbl MOTepy Macchbl 00pasLoB YU B Pa3IWYHbIX TEMIIEPATYP-
HbIX nHTepBanax ot 30 go 900 °C. C ncnoab30BaHUEM TEPMUYECKOT0 aHAIN3A U3YUYEHO BIMSHHUE TEMIIEPATyPbl U CKOPO-
CTH HarpeBa Ha KWHETUYECKHE MapaMeTphl MpoLecca TepMUYECKON ECTPYKLWN YIJisl. BBISBIEHBI OCHOBHBIE CTAIUM TEP-
MHUYECKOT'0 Pa3ioXKeH!s YIiisl U 3HaYeHHUsI TEMIIEPATyP, COOTBETCTBYIOLMX MaKCUMAIIbHOM CKOPOCTH MOTEPU Macchl 00-
pa3toB. Y CTaHOBIIEHO, YTO CKOPOCTh HarpeBa 3aMETHO BIIMSIET Ha TEMIEpaTypy ¥ CKOPOCTh UCCIIElyeMOro Tpolecca.

KunrodeBble c1oBa: TepMOrpaBUMETPUYECKUI aHAIIN3, YTOJIb, TEPMUYECKAas IECTPYKLMS, KHHETHYECKUE MapaMeTphbl,
CTaJMU pa3oXKeH!si, CKOPOCThb Harpesa.

N.U. Nurgaliyev, A. Kolpek

(Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan, nurgaliev_nao@mail.ru)

INVESTIGATION OF THE KINETICS OF THERMAL DESTRUCTION OF COAL FROM THE BORLY
DEPOSIT

Abstract. The article presents a thermogravimetric analysis of coal from the Borly deposit in a nitrogen atmosphere
at a heating rate in the range of 3-15 deg / min. The loss of mass of coal samples was determined in different temperature
ranges from 30 to 900 ° C. Using thermal analysis, the effect of temperature and heating rate on the kinetic parameters
of the process of thermal destruction of coal was studied. The main stages of thermal decomposition of coal and the
values of temperatures corresponding to the maximum rate of weight loss of the samples are revealed. It was found that
the heating rate noticeably affects the temperature and rate of the process under study.

Key words: thermogravimetric analysis, coal, thermal destruction, the kinetic parameters, decomposition stages,
heating rate.

H.Y. Hyprammes, A. Koanek

(Kasax mexnonozus xane busnec ynusepcumemi, Hyp-Cyaman, Kazaxcman, nurgaliev_nao@mail .ru)

BOPJIbl KEH OPHbI KOMIPIHIH TEPMUAJBIK JECTPYKHUACBIH KUHETUKAJIBIK 3EPTTEY

Anpatna. Makanaja a30T opTacbIHarbl bopJibl KeH OPHBIHBIH KOMipiHE TEPMOTpaBUMETPHUSIIBIK TAIay K'Y Prizuii,
KbI3ABIPY KbUIAaMAbwbl 3-15 rpagyc/mMuH puanasonbiHfga. 30-gan 900 °C-ka pediiHri opTypdi TeMmepaTypa
UHTEpBAJIApPbIHAArbl KOMip YIITJIEPiHiH MaccanlblK, WbEFbIHAAPbI aHbIKTaNIbl. KeMipiiH TepMUSIIbIK, bIIbIPAYbIHbIH
HET13r1 Ke3eHfiepi >KoHe YJIriIep/Iii MacCaChIH >KOFAITY/IbIH MaKCHMAaIIbI KbUIJaMBIFbIHA COKEC KEJIETiH TeMIepaTypa
MOHI aHbIKTaIbl. KpI3[bIpy >KbUIIaMABIFBI 3€PTTENETIH MPOLECTIH TEMNEPATYPACH] MEH KbUIAM/IbIFbIHA aiTapIIbIKTal
acep eTeTiHI aHbIKTAIbI.

Tyiiin ce3aep: TepMOrpaBUMETPUSIIBIK, TATIAY , KOMIDP, TEPMUSUTBIK, OY3bUTY, KWHETUKAJIBIK, TApaMeTPIIep, bIAbIpay
Ke3eHJIepi, KbI3IbIPY XKbUTIaM/bIFbI.

BBeneHne. HJ’IS[ uccIefoBaHus mnpouecca TepmMuic-
CKOIro pas3jioKeHusi TBEPAbIX BCIHICCTB MNPUMEHSIOTCA

KaK U30TEPMUICCKUE, TAK U HCU3OTCPMUICCKUE METO/IbI.

B HacTosiiiee Bpemsl IIMPOKOE PacnpoCTpaHEeHUE MOJy-
YUJIM HEM30TEPMUYECKHE METOJIbI, TIO3BOJISIFOLLME 32 OT-
HOCHUTEJILHO KOPOTKOE BpeMsl IOJIyUYUTh OOJIbLIYIO

MH(OPMAIIMIO O XapaKTepe Mpolecca Pa3IoXKeHus C pe-
THCTpanyeil BCeX CTajuii NPEeBPAIeHNS B IIMPOKOM TEM-
neparypHoM auanasose [1].

N3yuenue npoueccoB, MPOTEKAIOIINX B TEMIIEPATY -
HOM MHTEpBajie OCHOBHOTO Pa3JIOKEeHUsI OPraHMIeCKOM
Maccel yrnst (OMY), mo3BossieT NMOHSATH Kak oOue

33
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3aKOHOMEPHOCTH, TaK U CNIEUU(UKY Pa3IOKEHUST TBEP-
AbIX TOMJMB. DTOT TEMINEPATYPHBIA MHTEPBAI MCHOIb-
3yeTcsl Uil pacueTa KMHETMYECKUX NapaMeTpoB Mpo-
Hecca, KOTopble HECYT BaXKHYI0 MH(POPMALHMIO Kak O Xa-
pakTepe CTPYKTYPHO-XUMUUECKUX MPEBPALLECHU, TaK U
0 CTPYKTYpe M HampaBiieHuH TepmopecTpykuun OMY
[2]. ITpu aTOM, cocTaB M CBOICTBA NPOAYKTOB TEPMUYE-
CKOIl TepepabOTKM Yriieil 3aBUCAT HE TOJNBKO OT HX
CTPYKTYPHO-XMMMUYECKHX XapaKTEPUCTUK, MPUPOJIbI
Pa3IMYHBIX XMMUYECKUX [00aBOK, TEMIEpaTyphbl, 1aB-
JIEHUsI, COCTaBa Cpefibl, HO M OT pa3Mepa yroJbHbIX Ya-
CTHL M XapakTepa HarpeBa (MeJJIeHHbI, CKOPOCTHO)
[3].

Cpen METOIOB TEPMHYECKOTO aHAJIN3a TBEPHBbIX
TOIJIMB HaOOJIbIlEe PpacCIpOCTPaHEHUE MOy YMIn Aug-
(pbepeHIMATBHBIA TepMUYECKU U AU epeHIUATbHBII
TEpMOrpaBUMETPUYECKUI MeTofIbl aHanu3a [4]. [Ipume-
HEHME 3TUX METOJOB MO3BOJISIET PACCUMTATh KUHETHYE-
CKHM€ NapaMeTpbl COOTBETCTBYIOIIMX MPOLIECCOB, TEMJIO-
Bble 3(p(heKThI peakuuu, TeMIIepaTypy Hayasa pasioxe-
HUS U JIpyrue BaxkHble Xapaktepuctuku [5]. Tepmorpa-
BUMETPUYECKUII METOJ] MO3BOJISET IONYyYUTh KpPUBbIE
TG (3aBHCMMOCTB Macchl 00pa3lia OT TeMIepaTypbl) U
DTG (3aBUCMMOCTb CKOPOCTH W3MEHEHUsI MacChl 00-
pasia oT TeMrneparypbl), KOra TeMnepaTypa CUCTEMbI
M3MEHSIETCS MO 3aJaHHOMY — JIMHEMHOMY 3akoHy [6].
3T 3KCNIepUMEHTAJIbHbIE KPUBbIE TO3BOJISIOT CYAUTD O
TEPMOCTAOMIIBHOCTH MCCIIEyEMOro BEILLECTBA, COCTABE
Y TEPMOCTAOMIIBHOCTH BELLIECTB, KOTOpble 00pa3yoTCs
Ha IPOMEXKYTOYHBIX CTaUsX. [JaHHBIA METOJl OCOOEHHO
acppekTUBEH, €cau oOpasel BELIECTBA B pe3yJbTaTe
Pa3iIMuHbIX (PU3MKO-XMMHUUYECKUX TPOLECCOB (Mcmape-
HME, TOPEHHEe U T.1.) BBIAEISET JOCTATOYHOE KOJMye-
CTBO JIETY4YUX BelEeCTB [7].

Lenbto faHHO# pabOTHI SIBIISIETCS U3y YSHUE BIUSHUS
CKOPOCTH UM TeMIIepaTypbl HarpeBa yIiisl Ha KWHETHYe-
CKME TMapaMmeTpbl TepMHYECKON paecTpykuuu OMY
MecTopoxpeHus: bopiel.

MeTtonpl. IKcniepuMeHTbI NPOBOAWIIN TIPH PA3HBIX
CKOpOCTSIX HarpeBa B mpepenax 3-15 rpag/MuH U B

unTepBaie Temnepatyp 30-900 °C B mHepTHOII cpene
a3oTa. [I71s1 XapaKTepUCTUKH poLiecca TEPMUYECKO fie-
cTpykuu OMY BbIOpaHbI CIAEAyIOLIYE MOKA3aTeNN: 10-
Tepu Macc 00pa3LOB B Pa3IMUHbIX TEMNEPATYPHBIX MH-
TepBasiax; TEeMNEPATYPbl Tmax, CKOPOCTU Vimax, KOH-
CTaHTbI CKOPOCTH Kmax, COOTBETCTBYIOLMIE HANOONBLIEH
CKOPOCTHM MOTEpPH Macchl, T.€. MAKCUMyMaM OCHOBHOTO
pasnokenus Ha kpuBbIx DTG B Toukax neperu6a; npep-
9KCIOHEHIMaHbIl MHOXHUTENb Ko M SHEprus akTMBayu
E.uxr, OTHOCSIIIIMECS K CTAJIUSIM OCHOBHOT'O TEPMHYECKOTO
pa3noxkenus yrias. B cuimy MHOroo6pasus v ClIoKHOCTH
(PUBMKO-XMMUYECKUX MPEBPALLEHNN JJaHHbIE KUHETUYe-
CKME TapaMeTpbl ONKCHLIBAIOT HE ONpe/ieIeHHbIE peak-
LMK, 2 CyMMapHbIe MPOLECChl TEPMUYECKOIO TepMUYe-
ckoro pasnoxenust OMY, noaToMy OHM paccMaTpuBa-
I0TCA KaK «3(p(eKTUBHbIE MapamMeTpbl» (HOpPMaIbHOM
KuHeTHKH [3].

Kunetnyeckue napaMeTpbl OCHOBHOTO TepMUYe-
ckoro pasnoxennss OMY onpefienssii Ha OCHOBE ypaB-
HEHUI HEM30TEPMHUYECKON (popMaTbHON KUHETHKH [8].
B kauecTBe MCXONHOTO ypaBHEHMS BHIODAHO CIEHyIO-
iee:

v=da/dt = f(a)koe E/RT

Iie V — CKOPOCTb MpOLecca, 0. — CTeTNeHb MpeBpallie-
Hust OMY, f () — pyHKIMS cTenenu npeBpauienus, ko —
NpeKCIIOHeHIMANILHBIA MHOXKUTENb; E — sHeprus ak-
tuBaumy; T — aGcomroTHas Temneparypa.

B kauectBe (PyHKUMM CTeNeHM NPEBPAILEHUSI KC-
nosb3oBau (pyHkuuio f (o) = 1 — @, Tak Kak coryiacHo
9KCHEPUMEHTANBHBIM IaHHBIM [9], Tporieccbl OCHOBHOTO
TEPMUUYECKOTrO PA3JIOKEHUs] YIJIsl MPOTEKAIOT MO Nep-
BOMY MOPSIKY .

MeTopuKy NpoBejieHus] 3KCIIEPUMEHTOB U PacyeT Ku-
HETUYECKUX TapaMeTPOB HMCCIIElyeMOro npoiecca ocy-
IIECTBIISANN B cooTBeTcTBNN C [10].

Pe3ynbsTarhl. Pe3ynbTaThl TEXHMYECKOrO aHaIN3a
YTl MECTOPOKfieHus1 Bopubl npepicTaBieHbl B TabauLe
1.

Tabmuya 1 — XapakrepucTuka 00pa3LoB YIJis MECTOPOXKIEHUsST BopJibl

TexHuuecKne XapakTepHCTHKH
Yrone MecTopoxkpeHust bopibl Bnaxnoctb Jlery4ecTb 307BHOCTD

(W7 (Ve (A)
npoGa Ne 1 8,6397 36,9069 33,9271
npo6a Ne 2 8,8173 35,2681 34,2052
npo6a Ne 3 8,2571 36,2784 33,3478
npo6a Ne 4 8,7754 36,7164 34,6743
npo6a Ne 5 7,9356 34,8232 34,8256
npoba Ne 6 8,9935 354356 33,6587
npo6a Ne 7 7,1675 36,3528 34,9356
npo6a Ne 8 9,2657 35,7652 33,1652
CpeniHee 3HaUeHUE 8,4816 35,9433 34,0924
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Kak BUJHO W3 MOJyYEHHBIX AAaHHBIX, WCCIENYEMBbIi
yroiyib 00J1ajaeT HU3KUM 3HAYEHUEM 30JIbHOCTH U BBICO-
KO JIETYUYECTBIO.

Ha pucynke 1 npepcrasnens! kpusble DTG yris me-
cToposk/eHust BopJibl ipu ckopocTsix Harpesa f3 ot 6 10
15 rpap/muH B cpepie a3oTa. [Ipu aHanm3e KpUBbBIX BbISB-
JIEHbI TPY CTAJJMV OCHOBHOT'O pasioxeHnust OMY mecro-
poxneHust Bopabl Ha pudgepeHIuanbHbIX  KPUBBIX
DTG, rae HaGmoAar0TCd NMMKU C MAKCUMYMaMH CKOPO-
CTH NMOTEPH MacChl (TOYKM Mepernoa).

IlepBas cragust ¢ MaKCMMyMOM TIpy TeMmepaTypax
Tma B MHTEpBasIe 148-229 °C, cBsizaHa C McnapeHueM
BOJIbI, BBIJICJIEHUEM KHCJIOPOJCOIEp>XKAIMX Ta30B 3a
CYET pa3siosKeHNUs OOKOBBIX IPYyNN MAaKPOMOJIEKYJI, (T K.
yIJIepOA-KUCIOPOJIHBIE CBSA3M HaWMEHee CTaOWJIbHBI B
TEePMUYECKOM OTHoLleHuu). Bo 2-it cragum Habmropa-
eTCsl MK ¢ MakCuMyMoM 1ipu 362-459 °C, koTopblit OT-
BeYaeT 3a BO3pAaCTaHWE WHTEHCUBHOCTH TPYHIbI pPeak-
81171 TEPMOCHHTE3 BCJIE/ICTBUE TMOBBIIIIEHAS

-Am/At,
MI/MHH
0,5 -

0,45 -

0,4 -
0,35 -
0,3

0,25

PEakUMOHHOM CIMOCOOHOCTM BEIIECTB HarpeBaeMoi
OMY. Ha TpeTbeii cTaiuy ¢ IMKOM C MaKCUMYMOM TpH
478-637 °C pasBuBalOTCSl peakuuM TepMopachaja
Hanbojiee  TEepMOCTAOWIIBHBIX ~ OpPraHOMHMHEPAIBHBIX
KOMIUIEKCOB, K KOHLY JJAaHHOI CTaIu1 HaOJIIOaeTCsl Bbl-
fieJieHUe OCHOBHOI MAacChl CMOJIbI U Fa3000pa3HbIX  yr-
JIEBOJIOPOJIOB, MPOLECC 3aBEPLIAETCS] C 0Opa30BaHUEM
MOJIYKOKCA.

IMpu ckopocTsix Harpesa 3 ot 6 g0 15 rpaj/muH Ha
crajguu pasnoxkenns OMY npu remnepaTypax Trax B MH-
tepBatie 478-637 °C nmuku ¢ MaKCUMyMOM CKOPOCTH T10-
TEpH Macchl C1a00 BBIPA>KEHbI (YMEHbBIIASICh PU POCTE
[3), 4TO CONPSIKEHO C HATIOXKEHNUEM HECKOJIBKHX MPOLEC-
COB M HEBO3MOXHOCTBIO WX Pa3fie]IbHOM OLEHKU st
NpOBEJICHNsI pacyeTa KHHETUYECKUX MapaMeTpoB (pUcy-
HOK 1).

——6 rpajy/MuH

——9 rpag/mMuH
12 rpan/mun
15 rpap/muH

07\/ T T

0 10 20 30 40

/

50 60 70 80 90 100

Puc. 1. Kpusvie DTG yeasn mecmopoxcoenus bopavt 8 cpede azoma npu ckopocmsix nazpesa 6-15 2pad/mun

PesynbTaThl 06pabOTKM NOTYYEHHBIX IaHHBIX MPHUBE/IEHBI B TAOIMIAX 2 U 3.

Tabnuua 2 — 3Hayenus noTepy Macc 06pa3LOB YISl U TEMNEPATYPbl Tiax Ha PA3IMUHBIX CTAAUSX PA3JIOKEHUS B Cpefie

a3oTra
CKopocTh [ToTepst Macchl OT HaBECKH, %o Tmax, °C
?gr}’em’ 30-300°C 300-600°C 600-900°C | 30-900°C Cranmm pasnoxenns
MUH 1 2 3

3 10,32 17,36 9,73 37,41 148 362 478
6 10,03 16,56 8,93 35,52 176 403 527
9 9,64 16,69 8,59 34,92 193 425 562
12 9,27 16,23 8,24 33,74 205 441 603
15 8,63 15,68 7,85 32,16 229 459 637
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Tabnuya 3 — Kunetuueckue napametpbl TepmMudeckoil nectpykuun OMY B cpefie a3oTa

Craziuy OCHOBHOT'O Pa3IoKeHHsI
CkopocTh 1 cragus | 2 cragus
Harpesa, Kmax, ko, Ear, n Kmax, ko, Ear, n
°C /mMuH 103 ¢! 10°¢”! kJx/Momb 103 ¢! 10*c! kJIx/Mob
3 1,84 3,61 56,14 1,12 1,42 2,73 73,41 1,04
6 1,47 5,93 54,27 1,09 1,17 1,39 67,14 1,15
9 2,83 6,17 53,72 1,03 1,93 1,82 60,29 1,21
12 1,39 4,39 47,93 1,17 1,27 2,16 63,72 1,13
15 3,26 2,31 46,13 1,06 2,37 3,27 68,58 1,09

Jlnst Bcex oOpasuoB yriisi B MHTEpBAJIe TEMIEpaTyp
300-600 °C, rje HabJFOaeTCS BTOPOIl U TPETHI MAaKCH-
MyMbl, HaOJIOAIOTCSl HAaMOOJbIIME TOTEPUM MAaccChbl
OMY (tabmuua 2). DT MoTepu Macchl Y Cylle-
CTBEHHO MPEBBIIAIOT MOTEPU B Ipyrux urepsanax 30-
300 °C u 600-900 °C, 3HaYeHMs] KOTOPBbIX MPHOIM3HU-
TEJbHO OfIMHAKOBbI. [lOBBIIEHME CKOPOCTH Harpepa
NPUBOUT K HEKOTOPOMY CHIDKEHMIO TMOTEPU MAacChl
OMY c¢ 3741 po 32,16 %. Orcroga BUIHO, UTO HA CTe-
NeHb KOHBEPCHU YIUI NPU TEPMOJIU3E CYLIECTBEHHO
BJIMSIET BpeMsl NPeObIBaHUST YaCTHIL YIJIS.

BbIsiBIICHO, UTO yBeIMUYEHUE CKOPOCTHU HArpesa [3 ot
3 no 15 rpajp/MuH Ha Bcex cTajusix pasznoxkenuss OMY
3aMETHO MOBbIIAET 3HAYEHUS TeMNepaTypbl Tmax, KOTO-
pas pacteT npu nepexofe 1—2—3 crapuii. Tak, obume
m3MeHeHUs Ty st 1-11 cragu AT, = 81 °C, 2-1i cra-
m AT = 97 °C, 3-it ctagun ATma = 159 °C. Tlpu
yBEeJIMYEHUH CKOpoCTH HarpeBa [3 oT 3 o 15 rpag/mun
MOBBIIIAETCS CKOPOCTD Vinax AECTPYKLIUM (COOTBETCTBY-
IOLIMEe MaKCUMYMaM OCHOBHOT'O Pa3JiosKeHus1 Ha iudpde-
peHuanbHbIX KpuBbIXx DTG) (pucyHok 1), a Takke
HaOIo1aeTCS CHUXKEHME aKTMBALMOHHOTO H6apbepa Mpo-
Hecca Ha 1-ii ctaguu paznoxenus (Tadauua 3).

INokazaTenu cTeneHu npouecca BapbUpyIOTCS B Mpe-
penax 1,03-1,21 (Ttabnuya 3), T.e. MPOLECC OCHOBHOIO
TepMuyeckoro pasnoxennss OMY MoxHO mnpubim-
>KEHHO OMUCATh ypaBHEHUEM (DOPMaNbHON KMHETHKH |-
ro nopsiika (MOHOMOJIEKYJISIPHOTO TPEBPAILECHMS).

BeiBopnpbl. [TosydeHHbIE JTaHHBIE TOKA3aJTH, YTO C IMO-
BBILLICHEM TEMIEepPaTypbl MPU MEepexofie OT OfJHOM CTa-
MM OCHOBHOI'O pa3JIoXKeHMsl K ApYyroi (Ha BceM uarna-
30HE M3MEHEHUsI CKOPOCTH Harpesa oT 3 1o 15 rpaj/muH)
HaOmoaeTcst 3ameTHoe yBenuueHue Eu,. Pasnuna
ME3K/1y aAKTUBALMOHHLIMU Oapbepamu 1-ii u 2-i1 cTaguil B
npefenax OffiHAKOBBIX CKOPOCTEH HarpeBa COCTABIISIET
B MHTepBasax = 6-22 kJIx/mMonb (Tabauua 3). [Tpu aToMm,
BEPOSITHOCTb Pa3pbiBa OMNpEJIENIEHHbIX THUIIOB CBSI3E B
npouecce AECTPYKUMM 3aMETHO BO3pacTaeT, O YeM
CBUJIETEJILCTBYIOT PAa3NU4Msl MEXKy 3HaYeHUsIMU ko Ha
1-it u 2-11 cragusx (Ha 2 mopsiika, T.e. Kor ~102¢!, koo
~10%ct).

B uesioM MOKHO OTMETHTD, YTO PACCUMTAHHbIE 3HA-
YeHMsl SHEPIUM aKTUBALMK CTa[Uil OCHOBHOTO TEPMUYe-
CKOT'0 pa3JIoXKeHUsl YISl COM3MEPUMBI C SHEPTUSIMU XU-
MUYECKUX CBSI3EH.
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Hyprames HypkeH Y TeyoBud — KaHInjaT XUMAYECKUX HAayK, aCCOLIMMPOBAHHBIN npodeccop kKadenpsl, Kazaxckuit
YHUBEPCUTET TEXHOJIOIMH 1 OM3HECa;

Konnex AfiHaryn — KaHAuIaT XMMUUYECKMX HAYK, aCCOLMMPOBAaHHBII npodeccop, 3aBenytoias Kagenpoit, Kazaxckuit
YHUBEPCUTET TEXHOJIOTMH 1 OM3HECa.
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XJIOP ATOMBI AP TABUFN CECKBUTEPIIEHAI IAKTOHIAP (KpicKamia moaiy)

AnpaTnma. Makanana ofeOMeTTIK LIOJNY HEri3iHfe ©cCIMAIK Ke3epiHeH OeJiiHiN ajblHFaH XJOp aToMbl Oap
CECKBUTEPIEH/I] JIAKTOHAAP OOWBIHIIA MAJIMETTEp KeNTipinreH. 2Kypri3uireH ofileOMeTTIK 3epTTeyJiep HOTHXKECIHJIe
XJIOp aTOMbI 06ap CECKBUTEPIEHI1 JaKTOHAAP 6CIMIKTEP/iH K6OiHe K'Y PAEHIrYIIiiep TYKbIMIACThIFbIHAA Ke3eCeTiH/Ir
aHbIKTabl. Atan aiitkanna Amberboa, Richogonia, Artemisia, Achillea, Saussurea Typiepinjge KesfieceTiHJIiri
monenyenti. COHbIMEH KaTap OChl 3epTTeyJiep/ieH KypaMbIH/ia XJIOp aTOMbI 6ap CEeCKBUTEPIEHIi JTaKTOHAP/IbIH, 0achM
KOMIIILJIr TBallaH TUITI KYPhUIbIMFA M€ eKEHIIT aHbIKTaIIbI.

Tyiiin ce3nep: Asteraceae, CECKBUTEPIICH]II JIAKTOH/AP, XJIOP, KYPhLIbIChI, TBANAHOIU/TED.
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CHLORINE-CONTAINING NATURAL SESQUITERPENE LACTONES (short review)

Abstract. Based on the literature review, the article presents information on sesquiterpene lactones containing a
chlorine atom isolated from plant sources. As a result of the literature research, it was found that sesquiterpene lactones
containing a chlorine atom are often found in the Asteraceae family. In particular, they are found in the genus Amberboa,
Richogonia, Artemisia, Achillea, and Saussurea. In addition, as a result of these studies, it was found that the vast
majority of sesquiterpene lactones containing a chlorine atom have a guaiane structure.

Key words: Asteraceae, sesquiterpene lactones, chlorine, structure, guaianolides.
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XJIOPCOAEPXKAIIMVE NPUPOOHBIE CECKBUTEPIIEHOBBIE JIAKTOHDBI (kpaTtkuii 0630p)

AHHoTalus. B cTatbe Ha OCHOBE JIUTEPATYPHOrO 0030pa NPefICTABIEHbI CBECHNUS 110 CECKBUTEPIIEHOBLIM JIAKTOHAM,
cofiepKalllie aToM XJIOpa, BbIIEJIEHHbIX U3 PACTUTENLHbIX UCTOUYHUKOB. B pe3ynbTaTe MpOBEIEeHHbIX JUTEPATYPHBIX
WCCIIE/IOBaHUIl YCTAHOBJIEHO, UTO CECKBUTEPIICHOBBIC JIAKTOHBI, COJIEpKAllie aTOM XJIopa 4YacTO BCTPEYarOTCs B
CEeMENCTBE CA0XKHOLBETHBIX . B yacTHOCTH, lOKa3aHO, UTO OHM BCTpevaroTcs B pogax Amberboa, Richogonia, Artemisia,
Achillea, Saussurea. Kpome Toro, B pe3synbraTe 3THX HCCJENOBaHUN ObUIO YCTAHOBJEHO, YTO MOJABISIIOLLEE
OOJILIIMHCTBO CECKBUTEPINEHHBIX JIAKTOHOB, COIEPKAIIUX aTOM XJIOPA, UMEIOT I'BailaHOBON CTPYKTYPHI.

Kiruessble ciioBa: Asteraceae, CECKBUTEPIIEHOBbIE JAKTOHbI, XJIOP, CTPOSHUE , TBAAHOIHJIBI.

Kipicne. [uxizaT TypJiepi IpakTHKaJIbIK MaHbI3/bI
KOCBUIBICTAP/IbIH HETi3T1 K631 OOJBINT TaOBUIATHIH/BIFBI
Ooenrimi. OHBIH  imIiHAE OCIMIIKTEp oNeMi e
3epTTeyIILIEep KBI3BIFYIIBUTBIFBIH apTTHIPYBIH
kanFacTeipyaa. OxapApl  XalblK — JKOHE  JACTYpdi
MeIULIMHA CcajachblHAQ KEHIHEH KOJIAaHbLIATHIHbI
Oearimi. Illukizat Kke3iHeH  OediHIN  aJbIHFaH

KOCBLIBICTap/IbIH KOJIJIaHY IIET1 )KbUTAAH XKBUTFa apTya.
Byn kocwutbicrap MukpoOka [1], Oakrepusra >xoHe
KaObIHYFa [2], icikke Kapchl [3], IUTOYBITTHUILIK [4],
AHTHUIIPOTO30MIIBI [5], TaFel Oacka ia OelceHIiTKTepTe
ue.

CeckBuTepHneHIl JIAKTOHAAp OH Oec KOeMIpTeKTi
KaHKaJlaH TYPAaJbl, OJapAbIH KOIIILTIri UKl OOJIBII
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keneni. Epekmeniri onap/ieiH Ke3-KeNTeHIHE Y-TaKTOH
CaKUHACHIHBIH OOMNyBI, Keille §-TakTOH CaKMHACHI Ja
kezneceni. JIakTOHM3aUMSHBIH  CTEPEOXUMUSCHL O
Hemece [3 00ybl MYMKiH, ©HTKEHI JJAKTOH CAKWHACHI
OoJybl MYMKIH KaJfaH KaHKaMeH He TPaHC, HE LHUC-
KoHpurypanusga Oonanel. TaOuraTtra HEFYpPIBIM
KeHipeK TapairaHbliHa repMakpat (10 mymeni cakuna),
rBaifan (5-7 OWIUKIABI KOCBUIBICTAp), 3BAecMaH (6-6
OULMKIIBI KOCBUIBICTAP) KYPBUIBIMABI CECKBUTEPIICH I
JAKTOHZAp JKaTaxel. AJaiija, OJapAblH  KaHKa
KYpBUIBIMBIHA COliKec Oacka Ja Typiepi 6ap.

OnokcuATi  TOMTAp, THIPOKCUIACP  JKOHE
STepUPULUPICHICH TUAPOKCUWINEp, SFHH alerar,
MPOMMOHAT, TUIJIAT, aHTeNIaT, U300yTHpAaT, METaKpUJIaT,
n30Bajepar, 3MOKCUMETAKpHJIAT, CCHELHOoaT,
STMOKCHAHTeNnaT JXoHe Oacka Ja YKcac KaJAbIKTap
CECKBHUTEPIICH/II IAKTOHIAP 1A KU1 Ke3/IeCe/i.

TaburarTa eciMIikTep KypaMmbIHAH T'€T€POATOM/IBI,
aran aiTkaHma XJop, a30T, KYKIpT aTroMmel Oap
CECKBUTEPIICHII JIAKTOHAAp TaOburaH. bymapusiy
IOIiHeH XJIOp aTOMBI 0ap CEeCKBUTEPIEH[I JaKTOHIap
KEHIHEH TapaJFaH.

byn makanaga Mosekyia KypamblHIA XJIOp aTOMBI
Ke3lleceTiH ociMAIK Ke3iHeH OeJjiHill  aJbIHFaH
CECKBHUTEPIICHI IJIaKTOHIAp OOWBIHIIA MONIMETTep
Oepinrex.

Tanksliay. Astopiap [6] Amberboa ramosa
(Roxb.) Jafri (Asteraceae) eciMAiriHiH KypaMbIH
3eprTen, OipHele KOCHUIBICTap KaTapbiH Oejiin ajFal,
onmapAplH IOIiHAE KypaMblHAAa XJOp aTOMBl ©Oap

CECKBUTEPIICH] JAKTOHAAPIBI AHBIKTaraH.
OKCTpakLuusIayFa SKCTPAareHT peTiHAe XJI0podOpMIbI
KOJIJIaHFaH.

Benin  anfaH  KOCBUIBICTap  XJIOPOCKONApUH

TyBIHIBIIApH! - 4B- (Xxnmopometuin)-3,40-TUrHAPOKCH,
80-[(s)-2-xapbokcunpormonokcu|-1 aH,5aH,68H,70H
-raii-10(14),11(13)- muen-6,12-omug (1) >xoHe 4B-
(xopomeTtin)-3f,40-Turuapokrcu,8a-[(s)-3-ruApoKCcH-
2-metmn-niponuonuinokcu |- 1aH,5aH,6H, 7o-reaii-
10(14),11(13)-quen-6,12-omux 2) eKeHJIITiH
nmonenyiered.  byn KockuteicTap ypeasa (epMeHTiHe
KapChl TEpPCHEKTUBAIGI HHTHOUTOPIBIK MOTEHIHAI
KOpCETTI.

HO R

CH,C OH

R: (1) = 80-OCOPY, (2) = 80-OCOPr(3’-OH)

Vichnewski W., xoHe Tarbl 6ackanap Richogonia
gardneri A.Gray (Asteraceae) eciMAiriHEH €Ki JKaHa
CECKBUTEPIICH]II JIAKTOHJbI OOJIM abIl, KYpPbUILIMbIH
>KoHe crepeoxumusicblH SIMP crnekTpomerpusicbl MeH
PEHTreHiKk  audpakuys KOMOUHALMSCHI — APKbUIbI
monenyiered.  CoHpia KOCBUILICTBIH, (3) KypaMbIH/a XJIOP
aToMbl 6ap eKeHJIirH aHbIKTan, 14-aleTokcu-3 - XJop-
9-rupokcu-2-okco-8-turnokcursai-1(10),3-nuen-
6,12-o5m1 KYPhUIBICKIHA M€ eKEHITH 1ameryiereH [7].

CH,0AC

Cl ~Q,CC(Me)=CHMe

O
3

Artemisia anomala S. Moore (Asteraceae) TypiHiH
xkep Oeri OesiriH 3eprTerexje Oip Tonm KbITail
3epTTeylliyiepi OH CEeCKBUTEPIEHl JaKTOHJbl OeJin
ajraH, oOJapblH ilmiHeH Oip KOChUILICThIH  (4)
KYpPaMbIH/Ia XJIOp aTOMbl 0ap E€KEHIrl aHbIKTAJFaH.
Okcrpakuusiibl 60°C-ie XK YPri3reH >KoHe 3KCTPareHT
PETiHJie STaHONbI KOJIaHFaH. AJIbIHFaH OipiKTipinreH
9KCTPaKTTbl CyMeH, OflaH opi MeTpoJeiiH 3pupimeH,
3TUIIALETATIIEH JKOHE K-OyTaHOJIMEH 3KCTpaKLMsIaraH.
AnblHFaH  pakuusyapAabl  OfjaH  9pi  KOJIOHKAJbBIK,
xpoMmaTorpacusiibl, — XKapTbUlail — >KOrapbl  THiMJi
CYWBIKTBIK, ~ XpoMaTorpausiHibl  KOJJJaHA  OTBIPBIN
KOCBUIBICTApAbl MHAMBUAYAAbI TYPpAE Oeuin asraH.
Mornekynajia XJIOp aTOMBIHBIH 6ap eKeHJIiri CIeKTPJIK
MaJliMETTEPMEH Karap, Macc-CreKTPiHferTi
MOJIEKYJIaNbIK, ~ WMOHJBIK  IIBIHAAPAbIH ~ OONybIMEH
nonenpeHred. KocbuiblcTbl apraHomanvp B gen araran

[8]-
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C))

Kprrait 3eprreywinepi Lindera aggregata (Sims)
Kosterm. (Lauraceae) KypambIH (TaMmbIp TYyWHEKTEpi)
3eprren, 6ipKaTap 3KaHa CECKBUTEPNEH/i JIAKTOHIAP/bI
Oenin anraH, oJapAblH iliHAE KOCBUIBICTBIH (85)
KYpaMbIHJIa XJIOp aTOMbl 0ap EKEHJIIriH AaHbIKTaraH.
OKCTpakuusiiayra  SKCTPareHT  PeTiHje  CHOMPTTI
KOJIJaHFaH. KocbuibicTapabl OeJtin anyfia
XxpoMaTorpadusuiblK, ~ 9icTepii, aTan  alTKaHfia
KOJIOHKANBIK, XpoMaTorpadusiHbl Konanrad. COHaH COH
anbiHFaH (ppakIpsuapibl KaiTa Xpomartorpadusiiay
HOTIDKECiH/e, SIFHM pexpomarorpadusiyiann  ColKecTi
CECKBUTEPIICH]TI JIAKTOHNIAP/BI Geutin ajraH.
KochImbicTap/ibH, KYPbUIBIMAAPhl MEH CaJIBICTHIPMAITBI
KOH(pUTypanusiiapbl CIEKTPOCKOMUSIIBIK, Sf[iCTEpMEH
aHbIKTaNIbI, aTan antkanga HRESIMS xone 2D SIMP
omictepi. AOCOMOTTI KOH(UTIYpauusicbl ~KBaHTThI
XUMUSITBIK, TDDFT ecenreyiepyi JKOHE
akcnepuMeHTTiK ECD criekTprepyii canbIcThIpa OTBIPBII
aHbIKTabL. JIuHaeparanakToHn A (5) — KaiiTa KypbUraH
epeKIIie KeMipTeTi KAHKACBIHAH TYPAThIH FaJIOTeHJIEITeH
CECKBUTEPIIEH]Ii JTAKTOH OOJIBIN TaObUTILI [9].

©)

Asropnap Achillea biebersteinii Afan. >kone A.
santolina L. (Asteraceae) 3epTTeyliepiH >KalracTbIpa
OTBIPBIN KOCHUILICTHI (6) Gedin anrax [10].

OH

Cl --||II||OH

(6)

Achillea ligustica All. TypiniH kep O6eTi OeuiriH
3epTTereHye KypaMbIH/Ia XJIOp 6ap JKaHa
CeCKBUTEpIEH 1 JIAKTOH (7), COHbIMEH KaTap eki 6esrii
KOCBUILICTBI ~ Oeminm  amrad. IukizaTtThl  Genme
TeMIepaTypachiHa UXJIOpPMETaH-METaHOJ
KOCMAchIMEH SKCTPaKIUsIaN, KaIbIKThl KOJIOHKaja
XpomatorpadusiyiaraH. Kypbuibichbl 3aMaHayu
CHEeKTPOCKONUSITIBIK, ~ 3epTTEyJIepMEH  aHBIKTAJIFaH.
CoHbIMEH KaTap KOCBUIBICTBIH,  HEMPOTPOGUSIIBIK
Genceniniri  3eprrenreH. OHbIH HENPOTPOPUSIIBIK,
Oencenpimiri OosraH KoK, Oipak 10 MM
koHueHTpauusicbiga PC12 kacymanapbiHa KaTbICThI
YBITTBUIBIK KepceTkeH [11].

~iQAC

Tins,
O

@)

MpirkanbipakThiH, Achillea cretica L.  skep Gerti
06JiKTepiH (PUTOXUMUSIIBIK 3ePTTEY €Ki XKaHa AMUMepJTi
cekorpajaHonuaned  6ipre  xjop  6ap  KaHa
CECKBUTEpIIeH/II JIaKTOHHBIH, (8) OesiHyiHe OKeJIi.
OnapaplH ~ KypbUIbICHI  Oip  KOHE €Ki  eJseMsl
CHEKTpJIEPiHiH KeMeTiMeH aHbIKTamFraH. Ockl KyMbICTa
0eJin  anraH KOCBbUIBICTAp aJaMHbIH, KaTepii ICiK
>KacylajnapbiHbIH TOpT TYPpiHe KATBICTbI
UTOYBITTLUILIK, ~ OesiceHnuTlikke chiHamran. CoHpa
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rajoreH arombl 6ap Kocbiibic (8) >acyla KaTapblHa
KATBICThI €H, IUTOYbITThI 60JIbIN WILIKKAH [12].

@®)

3eprreymrinep F.Hichri xxone 1.6. Achillea cretica L.
3epTTEYJIEPiH >KaJFacThipa OTBHIPHIN, YXaHA >KUHAJFaH
eCIMIIKTIH ep OeTi OemirineH (ryJi) xymopodopm — an
METAHONJIbI ~ SKCTPAKIMSACHIHAH  KOCBUIBICTBI ~ —
CECKIOTYHMH/II (sesquitunin ) (9) 6emin aymran [13].

OH

J
S
N

2 @)
HO =
© (12)
KopbIThiHabsl. COHBIMEH, OChI XKYPri3iJireH KbICKa
O oneOMeTTIK 10Ny  HEri3iHfe XJop arombl  6ap
) CECKBUTEPIICH/II  JIAKTOHJAp OCIMJIIKTepJiH, KeOiHe

KYPHSTIryJiijiep TYKbIMAACTHIFBIH/IA, OHBIH ilIiHfE,
aranm anTkaHga Amberboa, Richogonia, Artemisia,

IIy6apmwenTiy Saussurea alata DC. Typi aTaHO/BI Achillea, Saussurea TypJepiHge — KesjeceTiHAirl
9KCTPaKTHICHIHAH XJIOpOSIHEPUH]I 10), anbIkTanbl. COHbIMEH KOca, OChl 1Oy HerisiHpe,
XJIOpOrucconuOIUH/L E 11) SKOHE KypamblHa XJOp aToMbl O0ap OejiHiN ajbIHFaH
xyioporucconudgomunai A (12) 6esnin anbiaraH [14]. CECKBUTEPIICH/II  JIAKTOHAAp/AbIH, 0achbiM  KeTIIiJIiri

rBaiiaH TUNTI KYPbUTbIMEA M€ eKEeHJIIT] aHBIKTaIIbI.
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Cegedenus 06 asmopax

IIxxanmaxan6eroBa Po3a MneMucoBHa - JOKTOp XMMUYECKUX HAYK, ACCOLMUPOBAHHbII npodeccop (ToueHT), mpodeccop
kadenpbl, Kazaxckuii yHMBEPCUTET TEXHOJIOTMU M OU3HECa;

MyxutauHoBa Maguna MinemucoBHa - cTyjeHT, Kasaxckuil yHMBEpCUTET TEXHOIOTMU U Or3Heca;

Kymaranmesa 2Kapkbin 2KakreBHa — KaHAMAT XUMUYECKUX HAYK , IOLEHT Kadeapbl, KaparaHauHcKuil yHUBEPCUTET UM.
E.A. BykeTtosa.
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IIpou3BoacTBeHHBIE K 00PAGATHIBAKOIINE OTPACITH

YK 502.174.656.658.567:656
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(Kasaxckuii ynusepcumem mexnoaozuu u ousnec, Hyp-Cyaman, Kazaxcman,
b.M. KeHKuH,
Kapazanounckuii mawunocmpoumeabrwiit Koncopyuymm, Kapazanowot, Kazaxcman,
P.K. AxmeToBa,
Hasapbaes Y nusepcumem, Kazaxcman, Hyp-Cyamar,
A.T. Epmek,
Eepasuiickuii I'ymanumapnwii Mucmumym, Kasaxcman, Hyp-Cyaman,
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NCCIEJOBAHHME U BBIBOP ITIPOUECCOB YITPABJIEHUSA YTUIUSAIUENA TBEPIO-BBITOBBIX
N KNJIKHUX OTXOOO0B ITYTEM BHEJAPEHN A 3EJJEHOU TEXHOJIOI'U BBIITY CKA ITPOAYKINN
HA ABTOMOBWIJIE BBAMEH MYCOPOBO30B

AHHOTanus1. AKTYalIbHOCTb MPOEKTA 3aKJI0YAeTCs B TOM, YTO BIEPBbIE B MUPOBOI MPAKTUKE MCHOJb3YETCs [PaBH-
TALMOHHBINA CIYCK TBEPJIO-ObITOBBIX M >KUJKMX OTXOJOB U METOJl TMJPABIMYECKON CUCTEMbI YNPABIEHUS MPOLECCAMU
yrrimmzapu Th2KO ¢ ncnosnbs3oBaHMEM B FEpMETMYHOM MHUKCEPE Pa3HbIX YCTPOMCTB: APOOJIEHUE, U3METIBUEHNE U CMe-
wuBaHue. B utore nonyvaercsi cBsizbiBarowiuii Matepuan "I[lynsna" u pa3nuyHble BUbI FA30B.

KuroueBble ci10Ba: 3e1eHble TEXHOIOTHH, TPOLIECChI, THAPABIMYECKasi CUCTEMA YIPABJIEHNS, TPABUTALMOHHBIN CITYCK.

Zh.Z. Urazbaev, T.E. Ermekov,
(Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan,
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Nazarbayev University, Nur-Sultan, Kazakhstan,

A.T.Ermek,
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RESEARCH AND SELECTION OF DISPOSAL MANAGEMENT PROCESSES OF SOLID AND LIQUID
WASTE THROUGH THE INTRODUCTION OF GREEN TECHNOLOGIES OF PRODUCTION BY CAR
INSTEAD OF GARBAGE TRUCKS

Abstract. The relevance of the project lies in the fact that for the first time in world practice, gravity descent of solid
domestic and liquid waste and the method of a hydraulic system for controlling the processes of disposal of solid waste
and the use of various devices in a sealed mixer are used: crushing, grinding and mixing. The result is a binding material
"Pulp" and various types of gases.

Key words: green technologies, processes, hydraulic control system, gravity descent.
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KOKBIC TACBIFBINITAPIIBIH OPHBIHA ABTOMOBWIBAE OHIM IIBIFAPY IBIH 2KACBLI
TEXHOJOI'MSICBIH EHT'I3Y KOJIBIMEH KATTBI-TYPMbBICTBIK 2K9HE C¥UBIK KAJIBIKTAPIbI
KOIEI'E XAPATYAbI BACKAPY NTPOUECTEPIH 3EPTTEY XK9HE TAHIAY

AnpaTma. 2Ko6aHbIH ©3eKTiliri TaObLIAThIHJLIFBIHAA aFalll peT oJeMiiK Taxipubene mnaifanaHbuIaIbl
IPaBUTALMSIIBIK TYCipy KATThI-TYPMBICTBIK >KOHE CYIBIK KaIbIKTap/Abl 9liCi MEH T'MPaBMKAabIK pouecTepyi 6ackapy
xyiiecin TB2KO kopere >kapaTy nafijjajaHa OTBIPBIN, FePMETUKAJIBIK MUKCEPE Op TYPJi KYpbUWbIIap-0eleKTey,
ycakTay >KoHe apaacTeIpy. Afaiifia 6aililaHbICTBIPaThIH MaTepuan "[lynbna MeH Typai rasuap.

TyiiiH ce3aep: Kacbll TEXHONOTUsIIAP, MPOLECTEP, TUPABIMKAJBIK, 6acKapy KyHeci, rpaBUTALMSIIBbIK TYCIpy .

Beenenne. Ha ocHoBe mopbopa (pu3MKo-XuMmye-
CKMX MapameTpoB Tpouecca ApoOIeHns U U3MEIbUeHUs!
TBEP/O-OBITOBBIX M >KHUKHUX 0TX0f0B ropofa Hyp-Cyn-
TaHa, pa3paboTKN COOTBETCTBYIOLIETO TEXHUKO-3KOHO-
Muueckoro o6ocHoBanust (T20) u peanuzauuu METOOB
«3eJIEHON TeXHOJIOTUW» TPEJIIoaraeTcsi MoJIyunTh HO-
BbIe MaTE€pUAIbI U U3/IENIHSI.

B MupoBoil mpakTHke padOTalOT pa3iuyuHble KOH-
CTPYKLMU MYCOPOBO30B, KOTOPBIE BBINOJHSIOT TOJIBKO
(pyHKIMIO NEPEBO3KM OTXO/IOB J1JIsl 3aXOPOHEHUS! B TIOJIN-
rOHax, HO He nepepabaThIBACT UX.

[Ipennaraemble MHHOBALMOHHBIE TEXHOJIOTHU TEpe-
pabaTbIBAIOT OTXOJ[bI, COKPALLAs TIOJIMIOHbI 3aXOPOHe-
HM$1, KOJIMYECTBO MYCOPOCOPTHMPOBOYHBIX 3aBOJOB, MY-
COpPOBO30B M MECT TEPMUYECKOH yTMIN3ALUHU, YMEHb-
1ast «MapHUKOBBINA 3(PEKT», U CIEeI0BATEIBHO, HE Me-
HsISl KJIMMAT.

Mertopbl ucciaeqoBaHusi. YpasJeHUe NMPOLEccaMu
nepepabOTKM TBEPABIX M KUAKMX OTXOAOB MPOM3BO/-
CTBa IyTeM BHE[IPEHS] UHHOBALMIOHHOI TEXHOJIOTMHU MO-
[eJMPOBaHKS 1 ONTUMU3ALMH APaMETPOB, BbIOOpA KOH-
CTPYKLMHU MUKCEpa [71s1 yCKOPEHHS POLECCOB MPOCThIX
XMUMMYECKUX PEaKUMil CMELIMBAHUS 3THX OTXOJOB B
mukcepe. [Ipy 3ToM nmpegycMoTpeHa crenyasbHasi KOH-
CTPYKLMS BPALLAIOILMXCS] pOMOOOOPa3HbIX ILIHEKOB, KO-
TOpbIE PEryJMPYIOTCS U PEBEPCUPYIOTCS, B 3aBUCHUMO-
CTH OT COCTaBa OTXOfIOB U KOMIIOHEHTOB XMMHYECKHX
COEIUHEHWI1, MPUBOAOB MUKcepa [1].

IIpu HeoOxopMMOCTH OYIy T YCTAHOBJIEHBI CIEUUAITb-
Hbl€, COBPEMEHHbIE MPUOOPHI Il HAOJIOAEHHS 32 Mpo-
CTHIMM XMMMUYECKUMM NPOLECCAMU B MUKCEpE U yNpaB-
JICHWS] UMH.

Ilocne HeiTpanu3auyu U JETOKCUKALMU XAMUYE-
CKMX MPOLIECCOB 32 CUET XUMUYECKUX PEAKLIMI B CMECH-
TeJle, OCYLIECTBIISIETCS. BBIOOP U MOArOTOBKA COC00a U
YCTPOWCTBA [1/15l IPUMEHEHUS! Oy YEHHBIX XMMUYECKUX
COEJIMHEHWI1 B BUJIE MYJIbIIbI B IPOLECCaX IKCTPYAUpPOBA-
HUS, IPECCOBaHUS U (hOPMOOOPa30BaHMS 15 IOy YCHUS
Pa3JIMYHBIX U3AEJIMI U NPORYKUMU 17151 HY2K]] HAPOIHOTO
XO351CTBA.

Bri6op cocTaBa M COOTHOLLIEHUS JOOABOUHBIX XUMHU-
KaTOB 3aBUCHUT OT BbINTYCKAeMOW MPOAYKLMH, BbIOpaH-
HbIX KOHCTPYKUMI M KOJIMYECTBA CBSA3BIBAIOLIMX 3JI€-
MEHTOB 1 Kpacurenei [2,4].

Texnosorust momyvennst mynbnsl Ne 1 B mporiecce
CMEIIMBAHUS Iy TeM MUKCUPOBaHUS [5].

Kak BuguM, 1a60paTOpHBINT MUKCEP COCTOWT U3 LIU-
JMHAIpA, 32 KOTOPbIM PACMOJIOKEHbI 3aKPEMJICHHbIE
LIHEKU, TEPMETHYHO 3aKPbIBAIOIUMECS KPBILKH, A
Takxke Kajopudep, TEPMOMETP, PE3UHOBAs MOKPBIIIIKA.
Pe3nHoBas MOKphIIIKa CITy>KUT JI71s IOy YeHUs Ta30B [6].
Hunuupap yepes NOAIIMITHUK COSUHEH C 3JIEKTPOBUra-
TeneM. C MOMOIIBI0 aBTOMATUYECKOrO BBIKITIOUATENS
NPOU3BOJUTCS YIIPABJICHUE BPALCHUEM LIMJIVH/PA.

TexHnyeckas XapakTepUCTHKa Ja00PATOPHOIO MUK-
cepa:

Emkoctb — 5 mutpos; [uameTp munmmaApa — 23 cMm;
Bricota — 35 cMm; Bpamenue mukcepa — 35 o6/MuH;
MormHocTh anekTpoasurarenss — 1,5 kBT; Bpamenue
anekTponsurateasi — 50-100 o6/mun; OG6miass Macca
MUKcepa — 8 KT.

Tabnuua 1- Buipl MaTepranoB, MoyyyeHHbIE B 1TaOOPaTOPHBIX YCIOBUSIX.

Bec B Mapka HoBOrO
CocTaB HOBOro MaTepHasa
rpamMmax marepuana
ITynena Ne3 65
lITykaTypHble OTXO/IbI 40 1
[Monumep 30
ITynena Ne3 50
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ITomamep 30 X1
Kpacurenn 10
ITynena Ne3 50
[Honumep 30 31
Pocop 25
ITynena Ne3 65
[Tomamep 35 ni
AcdanbT 25
ITynena Ne3 65
[Monumep 40 K1
Crekyo 30
ITynena Ne3 65
[Honumep 40 M1
I'mnc 30
ITynena Ne3 65
[Monumep 40 C1
ITykaTypHble OTXO/IbI 20
I'mnc 20
ITynena Ne3 65
[Honumep 40 T1
LlemenT 22
PactBopurenb 10
[Nonyyennsle HOBBIE MaTepHabl MO3KHO TPOTYapoB, Yepenuibl JJisl KPbILM JJOMOB, OOP/IOPOB

HCIIONIL30BaTh B KA4YeCTBE CTEHOBBIX U IIOJIOBBLIX
NOKPBITHIA, a TakKXe Uil [OPOXKHBIX  TUIOIAfied 1

JIJIs1 IOPOT U JP.

Puc 1. Iloayuennbte 8 2aO0OpAMOPHbIX YCAOBUAX NYMEM COCOUHEHUA NYAbNbL Ne3 1 Opy2ux 0mxo008 noaAy4eHbt
HOBble MAMepPUabL

YnpaBieHue onepalyoOHHbIMUA MPOLECCAMU CHOCO-
6GOM 3eJICHOU TEXHOJIOTHY YTUIIN3aIui OTXOJ0B MOTPe6-
JICHUs! TIPY TPABUTAIMOHHOM CIYCKe W THJIPABINYECKast
cXeMa Ha TPy30BOM aBTOMOOWMIIE B3aMEH MYCOPOBO3Y.

Nzo6perenus [5,6] OTHOCITCS K MHHOBAIMOHHOM 3€-
JieHo# TexHoJioruu ytunusauuu TBO npu rpaBUTaluoH-
HOM crnycke. OHU MOTYT KCHOJIb30BaThCSl B MOCEJIKAaX
(aymax) W MOHOTOpOJiaX, KpPYNHBIX TOpofiax C

HaceJIeHUeM CBbILE | MJH., a MaNblid, CPEJHUI U KPYTI-
HbIl GU3HEC U Ipyrue OpraHu3alyy MOr Obl MCIOJNB30-
BaTh BbITYCKAEMYIO MPOAYKLMIO B BUJIE MYyJIbIbl B3aMEH
LEMEHTOB J|JIs1 TIOTpeOUTENeH.

Cy1HOCTD MpeIaraeMoro cnoco6a ynpasJieHus 3a-
KJIFOYaeTcsl B TOM, uTo npu ytunuzauuu ThO Bce 060-
PYZIOBaHMSI PACHONIOXKEHbI HA TPY30BOM aBTOMOOMIIE U
MCTIOJIb3YETCS TPABUTALMOHHBIN CITyCK OTXOMIOB.
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YnpaBnenue onepaluyoHHLIMU MPOLieCCaMu 3eJIEHON
TEXHOJIOTUU OCYLIECTBIISIETCSl CIOCOO0M nNepepaboTKu
OTXOJIOB MPOU3BOJICTBA U NPOMBILLIEHHOCTH [3].

OnucbiBarole MPUHLMITLI BHITOTHEHUS! TEXHOJIOTUU
nepepaboTKM OTXOOB IO JIOTUCTUKE OOecrneynBaeT

HENPEPBLIBHOC U MOCJICAOBATEILHOE PACIIOJIOKEHUE 060-
pynoBaHus YCTpOﬁCTB, yTO 00ecneuynBaeT MOJIy4YCHUs
WHHOBAIIMOHHBIX MAaTC€PUAJIOB U H3HCHHﬁ.

70080

e

Puc. 2. Obwuii 6u0 noosuxchozo cocmasa asmomoouls

YcnoBHbIe 0003HaYeHNsI MO PUCYHKY 2: O-1-Yron
nogbeMa OOLLEr0 OCHOBAHMS, YCTAHOBJIEHHOTO THPO
CTOMKOM C BhIIBIKeHeM mToka o 700 Mm.; a-2-Yron
HIZKHETO TMOJIOKEHHUST OOIIEro OCHOBAHMSI, YCTAHOBIIEH-
HOT'O TUAPOCTOMKOMN JI0 >KECTKOro cocrosinusi; 1- ['py-
308011 aBTOoMOOWITL THITAa KAMA3; 2- IlorbeMHBI KpaH
apromoouins; 3- HacocHas ctaHuusi;4- I'uapasiuyeckas
CTOWKa 71l NObeMa OOLLEro OCHOBAHMS 1LIEKOBOI JIpO-
6wtk BB-300 1 ycTpoiicTBO JI7151 U3MENBYEHUS C OCHO-
BaHMEM MUKcepa;S - O6uiee 000CHOBaHME UIEKOBOIA
apoounku BB-300 u ycTpoWCTBO sl M3MENbYCHUS

rugpoHoxkHUNamu (6 t) B kKoHTelHepe. THO; 6- lle-
koBast npobournka BB-300 co BXOogoM W3MENbYEHHbIX
TBO pazmepamu 350-400 mm; 7- Perrrak st JOCTaBKY;
8- YcrpoiicTtso g naMensuennst ThO pazmepamu 1o 1
MM; 9- Pemrrak st jocraBku; 10- Mukcep repMeTnsu-
POBaHHbBII 3aKpEIUVICHHbIA HA OopTy aBTomMoOuMnsd; 11-
Y cTpoiiCTBO 711 JOCTaBKM KOHTEWHEpPaA C BBIXOJIOM 2-
2,5 MM nocrnie paspe3anus no Junud B-B o miekoBoii
npo6uku BB-300.

aP

bY PH

2JP AP 03P

— I ™ aM IM
L L'l L L

Puc. 3. Cxema ynpasaenua Y TBXKO na asmomobuse
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Y cnioBHBIE 0003HAa4YEHMS IO pUCYHKY 3: DM — iBura-
Tenu BHyTpeHHero cropanus; I'H — rungponacoc; 1T'M —
rUpoMoTOP 1o ipobsieHnto; 2I'M — pesanne ThO; 3I'M
— cmewBaHue TBO u xkuakux oTxooB B Mukcepe; [TY
— nyneT ynpasneHus; bBY — oOmmil 610K ynpaBrieHus;
PH — perynsitop Harpysku; 19I'P — anekTpo-rujpo pac-
MpefiesnTeNb 1o ipobnennto; 20I'P — nast pesannst THO;
30I'P — ecmenmBanue TB2KO; O3I'P — o6miwmii.

IIpuHuMn paGoThl rUAPaABIMYECKON cXeMbl 00ec-
MeYnBaeTCs N0 cxeme:

Ha [IBC BKIItOUYEH 4epe3 KOJIEHYaThI Ball TAIPOHA-
coc I'H, yepe3 HanopHblil TPyOOMPOBOJ MOJACOEAUHEH
1I'M, 2I'M, a Takxke 3I'M, KOTOpbIE NOJKIIIOUEHbI Yepe3
obumit anekrporuapopacnpeneaurens OS3I'P. Arperar
MMEET YCTPOICTBO: APOOIICHUS], pE3aHus] U CMEILMBAHUSI,
I7ie KaK/Iblil UMEET NEPCOHANBHBII 3JIEKTPOPACTIPENIEIN-
Tenb: 19I'P, 20I'P, 30I'P.

Ianee yepe3 anekTporugpomMorop (3M) ocyecTs-
JsieTcsl  ynpaBJieHUe TEeXHOJOTMYECKUMH TpOLeccaMu
yrummsaumn ThO n KI1O (kupgkve v MpoMBbIIIEHHbIE
OTXOfIbl), TTIE B CBOIO OYEPE/ib €CTh OOLIMIA MyJIbT yIpaB-
nenust ITY u 6710k ynpasnenns bY, a Takke perynarop
Harpy3ku PH.

Hanophble Tpy©OnpoBO/ibl HAIPSIMYIO COEJIMHSIFOTCS
¢ OOLIMM M'MIIPOHACOCOM, M UMEIOT cucTeMy cauBa. ['mp-
pocxema ympaBjeHHsl TOJyYeHUs] KOHEYHOIO pe3yJib-
Tara naketupoBanus (5,10,15,20,50 uTpoB B KasKaom
MakeTe) KOTOpblE UCHOJHSIOTCS B aBTOMAaTHUECKOM pe-
SKAME, JITIS] pean3alyy moTpeouressm [5,6].

3agauaMM KOHCTPYKLMM SIBIISIIOTCSI MCHOJIb30BaHUE
COBPEMEHHOr0 000pY/I0BaHMs, YCTAHOBKH [JIsl ApoOiie-
HUA 1 n3MenbuyeHre ThO M KuKnuX NMpOMBIIIIEHHbBIX
OTXOJIOB B MUKCEpE, KOTOpble 00eCHeYMBAIOT MOJyye-
HME CBSI3bIBAIOLIETO MaTepuasa B BUAE «IyJbIbl» B Ia-
KeTax.

Iopsipok pa6otel YTBZKO mMuHM pexa Ha aBTOMO-
onre.

Komanma cocrout o 5 paboumx, KOTOpble OyAyT
NPOXOUTH CreLMaNbHOe 00yUYeHHe C MOJIyYeHUEM cep-
TU(PUKATA.

MuHu-1eX Ha aBTOMOOUIIE YCTaHABIMBAETCS PSIJIOM C
HAIOJHEHHBbIM MYCOPHBIM KOHTETHEPOM, I'ie BO BHYTPb
3anoniHenHoro TBO mnorpyxkaercst rupgpaBiIMuecKue
HOXKHUIBI (6 TT.) most pazpe3anuss THO pasmepamu 1o
350-400 mM. B aBTOMaTHYECKOM pesKnMe TPOBEPSIETCS
NPUCYTCTBUE YEPHOTO, LIBETHOIO METaJla U CTeKsa 60-
gee 400 mm. Ilocne mpoBepKHM OCYILLECTBJSIETCS Bbl-
rpy3Ka U3MeJbUYEHHOIO OTXOfa B KOHCTPYKLMIO MYyCO-
poBo3a [2].

H3menbuéHHas CTpyKTypa OTXOfa Nocie JpoOieHust
(70 2,5 MM) mocTymaeT B EMKOCTH yCTPOWCTBA U3MEINb-
yeHus fio pasmepoB 1,0 mm. Mamenbuénnas macca TBO
NOCTyNaeT B FepMETUYECKUI MUKcep. B Mukcepe npo-
n3BoguTcs cMmemmBanne THO ¢ KugknMm oTxogamMu B

TeyeHne 3 MUHYT (TIpH aBIIeHUH 75 aTMocdep u Temrie-
patypsl Ao 80°C). 3a cu€T cMemmBaHusl OPraHNYECKNX
1 HEOPT'aHMUYECKUX OTXOJIOB C >KUJIKUMH OTXOJaMH B CO-
CTaBE Pa3NMYHbIX LIEJIOYEH, MOTYYaeTCs HOBbI WHHO-
BAaIMOHHBIN MaTepUAI «IyJbla» W PAa3JINYHbIE ra3bl (Me-
TaH, npomnax, 6yTtaH u ap.) [4,5].

B cmecuTesne mogroraBimMBaeTCsl XMMUYECKast CMECh
M3MENIbYEHHBIX TBEPABIX OBITOBBIX OTXOOB M YKUAKUX
XVMHUYECKHUX OTXOJIOB, /ISl KOTOPOU TPeOYIOTCS CIielu-
aJbHBbIE COEJIUHSAIOUE IEMEHTHI B BUIE XUMHYECKUX
N00aBOK TaKMX Kak, XJIOPUCTBIN KaJvil, HATPUI, OKUCh
JKelle3a, XJIOPHOe Kelle30, OKMCh XpoMa, TOIUMephl 1
ApyTHe, KOTOPbIe MMEIOTCS B COCTABE SKUIKMX OTXOJIOB.

OTAMUnTENHLHON  OCOOCHHOCTBIO — TPEMITIOKEHHOTO
KOHCTPYKIVH SIBJISIETCSI CO3/laHie KOHKYPEHIUH C MYCO-
POCOPTUPOBOYHLIMU 3aBOAAMU TaK KaK OTMAfaeT WX
HEOOXOIMMOCTh, a TaKXKe CO3MIaeT KOHKYPEHIIUIO MYCO-
poBO3am.

BriBoapI:

1. VIHHOBalLMOHHBIN CBSA3bIBAIOLIMI MaTEpUa B BUJIE
«IYJBIBD» TO3BOJISIET COEUHSTHECS C APYTUMH OTXO-
[IaMy TIPOM3BOJICTBA W MIPOMBIIIIJIEHHOCTH,, TIOJTy4aTh Ma-
Tepuasbl U U3ACIUS JIJIS1 pa3IMYHbIX OTPaCIIei.

2. IonyTHbIii ra3 B GOJBIIOM OOBEME JJIsi AaBTOMO-
OUIILHOTO U IPYroro TOIJIUBA.

3. Coxkpartenue moauroHoB 3axopoHenusi TbO u ko-
JINYeCTBA MyCOPOCOPTHUPOBOYHBIX 3aBOJIOB, MyTEM pea-
JIN3aUN «3€JIEHOI» TEXHOJIOTHWU, TTie OTCYTCTBYET OT-
XOJIbl, 3arpsI3HSIONIME OKPYKAIOIIYI0 Cpefly M BOTHYIO
9KOCUCTEMY .

4. 3a cuéT npuMeHeHUs 3eJEHON TeXHOJOTHUM CHU-
KeHre 00bEéMa «MapHUKoBOro aghdekTa» B aTMocepe.

5. Co3zpaHue v pa3BUTHE MAJIOTO U CPEHEro Ou3Heca
HA OCHOBE KOMMEPIMATIN3AIMU «3€JICHON TEeXHOJIOTUN»
nepepabotku TB2KO Ha aBTOMOOUILHOM MUHH LieXe
B3aMeH MycopoBo3am [1.,4.,5,6].

6. IloBblaeTcs NPOU3BOAUTENBHOCTD, MyTEM 00ec-
NeYeHus! MPUHIUIA TUAPABINYECKUX CXEM YIPaBJICHUS
npoueccaMu nepepaboTKu OTXOAOB B aBTOMATU3UPO-
BaHHOM pPeXKUME.

7. Bce o6opyaoBaHusl, yCTPOWCTBAa U KOHCTPYKLUU
YTB2KO uszrorasnuBatoTcs Ha 6a3e CepUitHO BbIMTyCKa-
eMbIX ycTpoicTB B Poccun u B Pecniy6smuke Kasaxcran.

8. DKojoruyeckasi YucTasi TEXHOJIOTHSI U BbITyCKae-
Mble MaTepuaybl U u3fenus 6e3 BpeqHoro JeHCTBUS Ha
aTMocepy, BOTHYIO U 3eMJISIHYIO OBEPXHOCTh, TaK Kak
OTCYTCTBYIOT OTXO[bl, YTO YMEHbIIIAeT MAPHUKOBBIi
apekT.

9. Peumenusimu 1 uzobperenusimu [4,5,6] nopreep-
JKJeHA U JOKa3aHa HEOOXOIUMOCTh U3TOTOBJICHUS OTIBIT-
HOro o6paslia aBTOMOOWJILHOIO MMHHUIIEXA HAa OCHOBE
BHEJIPEHUSI «3€JICHON TeXHOJIOTUW», UTO MO3BOJISIET MO-
JIyYUThb 9KOHOMUYECKHE U KOJIOTMYECKUE BLITO/IbI.
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MNPOEKTUPOBAHUE TEPMO3AIINTHBIX MATEPHUAJIOB JIA CIIEHOJEXIbI C NUCII0Jb30-
BAHUEM ABTOMATU3NPOBAHHOI'O UCIIBITATEJBHOI'O KOMIIIEKCA

AHHOTaHPlSI. Tema I/ICCHGHOBaHl/Iﬁ HanpasJ/ICHA Ha pa3pa60TKy HAay4YHBIX OCHOB 1 METOJJOJIOTMU UCCJICTOBAHUS TEPMO-
SallIUTHBIX CBOIICTB MaTepUuajioB MyTEM pa3pa60TK1/I ABTOMATU3UPOBAHHOT'O UCNIBLITATEJIbHOTO KOMILJIEKCA (AI/IK) JJIA UC-
CJIENOBAHUS 9TUX CBOIICTB U €ro BHEIPEHUE NTPU MTPOU3BOJICTBE MATEPUAJTIOB CIELOJICK]IbI.
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DESIGN OF THERMAL-PROTECTION MATERIALS FOR WORKWEAR USING AN AUTOMATED
TESTING COMPLEX

Abstract. The research topic is aimed at the development of scientific foundations and methodology for studying the
thermal protective properties of materials by developing an automated test complex (AIC) for the study of these
properties and its implementation in the production of protective workwear.
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ABTOMATTAHJBIPLUIFAH CHIHAY KEIEHIH KOJJIAHYMEH APHANBI KUIM YIIIH
TEPMOKOPFAYIIBI MATEPUAJOAPADBI 2KOBAJTIAY

Anpatna. 3eprrey TakpIpblObl OCbl KAaCHETTEpAl 3€pTTey YIIiH aBTOMAaTTaHAbIpbIIFaH cbiHay KemeHiH (ACK)
33ipJey apKpUIbl MaTepUaapAblH TEPMOKOPFaHbIC KAaCHETTEpiH 3€pTTEY/iH FbUILIMU HETI3[lepi MEH oflicTeMeciH
>Kacayra JKoHE OHbI apHaiibl KWIMHIH MaTepHaJIapblH 6HIipyre OarbITTaFaH.

TyiliH ce3aep: chiHAy KellleHi, apHalibl KWiM, eJIlIey,, KAyiNci3/iK, TEPMOKOPFrayLlibl MAaTepUaiap.

Beenenne. OGecrieyeHne 6e30MaCHBIX YCIOBHAN pa-
00TBI YeJIOBEKA SIBIISIETCS] OJJHOW M3 BasKHEWIINX 3ajad
JI060ro rocyapcTBa. Y poBeHb 0€30MacHOCTH, 0OecTe-
YMBAEMBII CHIELOAEKI0N U ee 3(p(hpeKTUBHOCTb BO MHO-
TOM OIPENIETISFIOTCS 3aIlMTHBIMHA CBOVICTBAMM MaTepua-
JIOB U €€ KOMIUIEKCHOIN OLECHKOM.

PesynbTaThl MccaenoBaHnil MOKa3aal HEY/IOBIETBO-
PUTENLHOE KadeCTBO M HEBBICOKYIO 3(h(hEeKTHUBHOCTH
CHELOAICKbI  MPH BO3JEVICTBUM BBICOKMX TEMIIEPATyp
Mo TNpPHWYMHE HU3KUX MOKa3aTesleldl TepMO3allUTHBIX
CBOVICTB MaTepHasioB. A OTCYTCTBHE METOMOJIOTHH, A
TaKXKe aBTOMAaTU3UPOBaHHBIX VCTIBITATENBHBIX

KOMIIIEKCOB HUCCIIC[IOBAHHSI TEPMO3ALIUTHBIX CBOICTB
MaTepUaioB He TMO3BOJISIIOT B JJAOOPATOPHBIX YCIIOBUSIX
MOJICJIMPOBATh PEANIbHBIC YCIIOBUSI IKCILUTYaTAlUN U TEM
CaMbIM MPOEKTUPOBATH HOBbIE MaTepHAllbl C 3apaHee 3a-
JIAHHBIMU 3aIUTHBIMU CBOIICTBAMHU.

AHanm3 u pe3yabTaThl 00cyxkaeHus. [IposeneH-
HbIE UCCIIE/IOBaHNsI TO3BOJIIIM MOy YUTh HOBbIE (DyH/Ia-
MEHTAIIbHbIC 3HAHUSI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX,
CBSI3bIBAOLIME TEPMO3AIMTHBIE CBONCTBA MATEPHAIIOB C
BOJIOKHHCTBIM COCTABOM U CTPYKTYpPOU TepernieTeHusl
TKaHeil, C BUJIaMU TIPOMUTOK M COCTABOM MOJIMMEPHOTO
MOKPBITHSI, & TakXe C YCJIOBUSMU 3KCIUTyaTalyy,
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MO3BOJISIFOIIME TPOEKTUPOBATH U IPOU3BOUTEL MaTepH-
aJlbl C 33JJaHHBIMU 3aLUTHBIMU CBOVICTBAMM.

[MosTomy  PazpaboTka  aBTOMAaTU3MPOBAHHOIO
ucnbiTaTenbHoro Kommiekca (AUMK) pgnst oneHku u
MPOTHO3UPOBAHUSl TEPMO3AILUTHBIX CBOWCTB U €ro
BHEJIpEeHME MPY MPOU3BOJICTBE MATEPUATIOB CIIELOAE Kb
SIBJISIETCS aKTyaJILHOM.

N3sBecTHO, yTo B pamMkax CHI" u BocTounoit EBponbl
BOMpOcaMi pa3pabOTKM M BHEJPEHUS TEPMO-OTHE3a-
LIUTHBIX MaTEpUANIOB U CNELMANBLHON OfIesK bl 3aHNMa-
torcst OAO LleHTpasbHBI HayYHO-MCCIIEIOBATEILCKUI
WHCTUTYT MiBeWHOW mnpombiienHocty (LHWWIIIL,
Poccus), Cankr-IleTepOyprckuil yHUBEPCUTET TEXHO-
JIOTUU Y IU3aiiHA, MTHCTUTYThI OXPaHbl TPYAa U TEXHUKHU
6esomacHoct Poccum, Ykpaunel, benopyccun un fip.
CoBpeMEHHbI  MPOLIECC  MCCTIEIOBAHUS  3AILUTHBIX
CBOICTB MaTepuasioB Oa3upyercs Ha MasoapgeKTUB-
HOH M TPYJIOEMKO! TEXHOJIOTMH B BUJIE ONBITHBIX HOCOK,
B CBSI3U C OTCYTCTBUEM HAJIEXXHBIX METOJOB OLICHKH 3a-
LIUTHBIX CBOWCTB B JabopaTopHbIX ycioBusix. Ho B
Toxe BpeMsi B Kazaxcrane OTCyTCTBYIOT HAYyYHO-TIPOU3-
BOJICTBEHHbIE LICHTPbI, KOTOPbIEC LEJIEHANPABICHHO 3a-
HUMAIOTCSl MCCIIEOBaHUSMM, Pa3pabOTKON M BHEJpe-
HHMEM B MTPOM3BOJCTBO MAaTEPUAIIOB U CIIELOAEK b, UTO
BbI3bIBAET OOJILILION MHTEPEC CO CTOPOHbBI, KaK OM3HEC
COOOLIECTB, TAK U UHBECTULIMOHHBIX CTPYKTYP [1].

Pesyabratsl uccinepoanusi. Meroponorust 1 oc-
HOBBI MCCJIE/IOBAHMS TAHHOI HAYYHO PabOThI SIBIISIOTCS
NPOAOJIKEHWEM MHOTOJIETHEH HCCIIeoBATENbCKON pa-
60TbI, NMPOBOAMMOI TOJ] PYKOBOJICTBOM Ipodeccopa
M.T. MbIiHOaeBa COBMECTHO ¢ yuyeHbIMM U3 Tapasa,
Cankr IleTepOypra u I'epmanuu. B npouecce uccneno-
BaHUS1 OJTyYEHbI Psif ABTOPCKUX CBUIETEILCTB U NATEH-
TOB, B YACTHOCTH:

1. Cnoco6 ompepneneHusi 103 arpecCUBHbIX (pakTo-
POB, IOCTATOYHBIX /Il TPOXKUT'aHUSI OTHECTOMKHX MaTe-
puaiioB» (aBT. cBUeTeTHCTBO Nel(017986);

2. Cnoco6 ucnbiTaHusi OOpa3lLOB MaTepUajoB Ha
YCTOMYMBOCTb K BO3/ICHICTBMIO DACIJIABJICHHOTO Me-
Tamna» (aBT. cBUA. Nel1335855);

3. YcTpoicTBO TSl OTIpefieieHnsT 3allUTHON CII0Cc00-
HOCTM TEeKCTWJbHBIX MaTepuasoB» (aBT. CBHJ.
Ne1509740);

4. YcTpoiCcTBO 11 ONpPEAESICHUS] TOPHOYECTH TEK-
CTWIIbHBIX MaTepuasoB» (ABT. cBup. Ne 1582103);

5. YCTpofCTBO il ONpeAesieHnsT CTOMKOCTH TeK-
CTWJIbHBIX MaTE€pPHUaJIoB K TEIIIOBOMY BO3[EHICTBHIO (ABT.
cBuji. Ne1406447);

6. CocraB Jij1s1 OTHE3AIIUTHON OTAENKH IIEPCTSIHBIX
TKaHen (aBT. cBujl. Ne1479561).

Pesynbratel pa6or BHenpenbl Ha HIIO [Ike3kas-
raHuseTMeT», Ha Ka3aHCKOM 3aBojie CHHTETHYECKOI'O
Kayuyka, Ha pabpuke [IOILI; «[IxkamOyIKOKOOYBb»;
TOO «2KaHTypchbIH».

B npouecce 1aHHOI HayYHO-UCCIIE0BATENBCKOM pa-
0OTBI pELIEHBI CIAEAYIOUINE 3a/Iaun:

—pa3paboTaHbl TEOPETUYECKHE ACHEKThbI BOCILIAME-
HEHUSI U PACITPOCTPAHEHNS IIJIAMEHN HA TKaHSX;

—TEOPETUIECKH U3yYeHbI MPOLECC BO3MENCTBAS Ya-
CTHL| PACIUIaBIEHHOT'O MeTaJlla M MH(PpaKpacHOro u3iy-
YEHUs] HA TEKCTUIIBHBIN MaTEepHal;

—pa3paboTaHa MaTeMaTU4YecKasi MOJIE]b ONTUMA3A-
LY apameTpoB (pOPMUPOBAHHUS PALMOHAIBHOT'O acCOp-
TAMEHTA MATEPUAJIOB [IJIs CELOAE Kbl METAJUTYPrOB;

—Pa3BUTbI TEOPETUYECKKE OCHOBBI TPOEKTUPOBAHNS
HOBBIX MaTEPUAJIOB JIJIsl CIIEUUAIILHON OfIEKNIbI C 3ajlaH-
HBIMH CBOIICTBaMU;

—Ppa3paboTaH UCOBITATENbHbII KOMIUIEKC [J1 UCCIE-
JOBaHUsl OTHE3ALIUTHBIX CBOMCTB MaTEPUAJIOB CIIEl-
OflexK/Ibl B J1JaAOOPATOPHBIX YCJIOBUSIX.

Ha ocHOBe WMCHOJIB30BaHUSI UCHBITATENBHOIO KOM-
IIeKca pa3paboTaH METOJl KOMIIEKCHOI OLEHKH U ITPo-
THO3MPOBAHUSl OTHE3AlIMTHBIX CBOWCTB TEKCTHIIBLHBIX
MaTepuaioB, MO3BOJISIOIIME B JJAOOPATOPHBIX YCIOBUSIX
MOJIEJIMPOBATh peallbHble YCIOBUS 3KCIITyaTally Cliel-
Oe>K/bl, B3aMEH JOPOTrOCTOSIMX OMBITHBIX HOCOK, U
T€M CaMbIM MPOEKTUPOBATH HOBbIE BUIbI TEKCTUIIHLHBIX
MaTepualioB C 3apaHee 33JJaHHbIMH 3alUTHBIMU CBOM-
CTBaMH.

Ha Hcnerratensaom Kowmmnekce mo paspaboTtas-
HOMY METO/1y IPOBE/IEHbI NCCIIEIOBAHNS U BbISIBIIEHBI OC-
HOBHbIE 3aKOHOMEPHOCTH, CBSI3bIBAIOLME OTHE3AIUT-
HbIE CBOMCTBA MaTEpUAJIOB CO CTPYKTYpOI NepernJieTe-
HUS TKaHEe, C BUIaMy TIPOMTUTOK U MOJIMMEPHBIX MOKPbI-
TUH, C BOJIOKHUCTHIM COCTABOM, & TaKXe C yCIOBUSMU
3KCIUTyaTal|K, MO3BOJISIIOLINE TPOrHO3UPOBATH 3aLUT-
HbIE CBOIICTBA MaTepuasos [2].

ITo utoram uccaegoBanuii pa3padboTaHa TeXHOJOTHUS
NOJY4YEeHUs] TEPMO3ALIUTHOTO MaTepHala, yCTONUYUBOTrO
K BO3JIEMICTBHIO UCKP U OPBI3T pacnjiaBJIeHHOrO MeTaJlla
u UK-u3nyyenus.

BeinyieHa onbITHas apTUsl OTHECTOMKOrO MaTepu-
aja v MpoBefeHbI J1JAbOpaTOpPHbIE U MPOMBIIIJIEHHbIE UC-
NbITaHKS.

B ycnoBusax AO «Ka3zaxmbIc» mpoBefieHbl MPOU3BOJI-
CTBEHHbIE WCNBITAHWSl Pa3pabOTaHHBIX BHUOB CIEl-
onexibl B KomuuectBe 1000 KOMIUIEKTOB U MOJYYEHbI
MOJIO>KUTENBbHBIE OT3bIBbI pAa0OYHX.

BeiBonbl. [JanHast paboTa MMeeT OOJIBbIIYIO 3HAYM-
MOCTb B HallMOHAJIBHOM M MEXK/yHapOJHOM MaclluTabe,
MOCKOJIbKY Pe3yJIbTaThl MPOEKTa MO3BONAT YJIyYLIATh
YCIIOBHS TPYy/la pab0o4rX rOpsiYMX LEXOB U CHU3UTH NPO-
W3BOJICTBEHHBIII TPaBMAaTH3M, YTO SIBJISIETCS] aKTyallb-
HBIM JIJIs1 BCEX METAJUTY PrMYECKUX POU3BOJICTB B MUpE.

KOHKYpeHTHBIMM yYacTHUKaMU PbIHKA MPOAYKLIUU
NPOEKTA SIBIISIOTCS:

— s NPOAyKTa «Komrmnekc» -
ABTOMAaTU3UPOBAHHOTO WCIBITATEIBHOTO  KOMILIEKCA
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7Sl OLIEHKU W MPOTHO3UPOBAHUST TEPMO-OTHE3AIINTHBIX
CBOVICTB MaTepHasioB CHeloAeXKabl: MOCKOBCKMIA 3aBOJ
«Maumpubop», Cankt IleTepOypckuil 3aBoj; TOUYHOrO
MAIIMHOCTPOEHUS U JIp.;

—aas mpopykTta «Marepuan» - TepMOCTOWMKOro
METAINIM3MPOBAHHOTO  MaTepuana, YCTOMYMBOIO K
MHOTOKpPaTHbIM ~ BO3JIECTBUSM  HMCPK U OpBI3T
pacmiapieHHoro Metanna u UK-uznyuenus: Kazanckuil
3aBoy, cuHTeTMYeckoro kaydyka, OOO «TekcTuib u
3amimia», MockBa; OAO «Hckox», Hedrekamck; 3A0
«BaHOBOUCKOX», MIBaHOBO, Ps13aHCKUI KOSKE€BEHHBIN
3aBos; AO «Pycckas koxka»; OO0 «Komopur», TeBepsb.

HecmoTpst Ha cepbe3HOoe Halmuune KOHKYPEHTOB Ha
pbIHKE, MPOyKThI [IpoekTa obaaeT caeayomymMu 10-
MOJTHUTENBHBIMIA KOHKYPEHTHBIMU MPEUMYILECTBAMUA U

KaueCTBOM M3MEPEHUI1, 3aMEHSIIOLLMU IOPOTOCTOSIIME
OMBITHBIE HOCKU CHELOJIEXKbI;

—mpofyKT «Matepuann», yCTOMUMBOCTBIO K MHOTO-
KPaTHOMY TPSIMOMY KOHTAKTY C OTKPBITbIM IJITAMEHEM U
OpbI3ramMy paciulaBlIEHHOTO METaJIa;

—OMnTOBAsl 3aKyNOoYHasl LieHa npogyKuuu [IpoekTa co-
CTaBJISIET:

—npoaykT «Kommneke» — 180 000 Thic. TeHre 3a
OJIVH KOMIUTEKC; poftyKimn «Martepuai» 2840 Tr 3a .M.

3axka3unMKamMy Halleil MPOyKIMN MOTYT BBICTYIUTh
AO «Kazaxmpic», AO «Kazaxmmak», AO «AFoMrIHAN
Kazaxcrana», Cny>KObl NPOTUBONOXKAPHOW OOOPOHBI
MB] PK, Bce uiBeiiHble (paOpuKu MO W3rOTOBJICHUIO
CHeLOAe Kb u TEKCTUIIbHbIE KOMOMHATBI,
BbIYCKAIOIIME TKAHU JIJ1s1 cieqoaeK bl [3].

NOTPEeOUTENBCKAMU CBOIICTBAMU:
—npoaykT «Kommiiekc» - HU3KOI ce6ecTOMMOCTbIO
(aHaymornyHasi cepusi NpuOOPOB CTOST BJIBOE [OPOXKE),
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FOREIGN EXPERIENCE IN MODERNIZING THE ECONOMY

Abstract. The problem of modernization for any country is the problem of maintaining the status of a center country,
or changing the status of a country and moving from the category of developing countries to a higher category. This is
the problem of choosing the path of development in a rapidly changing environment.
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3APYBEXHBIV ONBIT MOAEPHU3ALIMN SKOHOMUKHU

AnHoTtauust. [Tpo6iema MopepHU3aluy Jjis1 000K CTpaHbl — 3TO MPOOJIeMa COXPaHEeHHUs CTaTyca CTPaHbI-UEHTpa,
WM U3MEHEHUSI CTaTyca CTPaHbl M epexoj] U3 paspsjia pa3BUBAIOILMXCS CTPaH B 0oJiee BLICOKUI pa3psjl. DTo npobiema
BbIOOpA MyTH Pa3BUTHSI B YCIOBUSIX ObICTPOMEHSIIOLLEICS CPEfibI.

KiroueBble €10Ba. MOJIEpHU3a1IMS, 3KOHOMHUKA, 3apYOEsKHbII OMBIT, MHAYCTPUATIM3aLHMsl, OTPACIb 9KOHOMUKH

Introduction. Today, a multilevel world has been
formed with the presence of countries in the center of
the world system, countries of the periphery, semi-pe-
riphery; functioning in the context of globalization,
which slows down the processes of modernization of the
periphery and semi-periphery. In this regard, most semi-
peripheral countries (in particular, Brazil, China, India,
Russia) experience difficulties in implementing effec-
tive modernization, taking into account their own inter-
ests, preserving culture and existing traditions. The
semi-periphery functions in the most specific way, since
it is both exploiting and exploited. Nevertheless, this
layer in the world system provides balance between the
center and the periphery. In aggregate, the population of
the BRICS countries is about 42% of the world's popu-
lation; the BRICS countries produce up to 20% of world
GDP (according to PPP - 29% in 2018) [1].

Method of research. The article uses both General
scientific research methods (induction and deduction,
logical analysis and synthesis) and particular methods of
analysis: causal, structural and functional, comparative,
factorial, structural, and historical.

Research result. The countries of the BRICS group
have historically followed the path of catch-up modern-
ization, however, at the end of the 20th century they
were able to switch to a mixed type (with the exception
of China, which at a certain stage of its development, in
addition to mixed modernization, implemented modern-
ization based on the theories of anti-modernization). “In
modern political and economic literature, quite a lot of
studies are devoted to one or another aspect of modern-
ization. The experience of Brazil, China and India is
seen as a possible role model for Russia. The considered
semi-periphery countries (India, China, Brazil) do not
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use only Western ideas and approaches as a theoretical
resource for their own modernization concepts. They
rely heavily on local traditions, mentality and work
ethic ”.

“As a result of deep socio-economic and political re-
forms aimed at the transition from a centrally planned
economy to a market economy and the integration of na-
tional economies into the world economy, in the early
1990s, former socialist countries, as well as other semi-
periphery countries, actively interacted with the IMF.
The policy and recommendations of the IMF in relation
to large semi-periphery countries (China, Russia, India,
Brazil) have been repeatedly criticized, the essence of
which is that the implementation of the recommenda-
tions was aimed not at increasing the independence of
the economies of states, but at tying them to interna-
tional financial flows ”.

Nevertheless, the main “goals of modernization in
the studied semi-periphery countries were: bringing
technologies, social institutions, political organization
to a post-industrial level, regardless of what economic
past the country had that embarked on the path of tran-
sitional modernization (socialist like China and the
USSR, or capitalist like India and Brazil). These goals
are relevant for the countries of the periphery, semi-pe-
riphery, and should be achieved so that integration into
the world community takes place taking into account
their national interests.”

When analyzing the modernization of these countries,
special attention should be paid to their historical inter-
action with international organizations in general and
the IMF, in particular. Below is a brief description of the
attitude of the considered semi-peripheral countries to
the recommendations of the IMF during the 1990-s. Re-
garding Russia (full support for IMF reforms). “In the
1990s, the IMF helped transform the economies of East-
ern Europe. In the USSR, the proposed reforms of the
IMF were supported and implemented by the executors
of the reforms, first persons of the Government. Russia
joined the IMF in 1992. Its financing was suspended by
the IMF in 1999, and by the beginning of 2005 our coun-
try had paid off its debt to the IMF ahead of schedule.
The subjects of the reforms were: the customer - the
leaders of the United States and Western Europe; exec-
utor - the leadership of the USSR, which agreed to ac-
cept the help of the West.”

Concerning China (refusal to reform). “In 1997-1998.
The IMF has received the so-called "Chinese band-
wagon". The PRC maintained a fixed yuan exchange
rate, pursued a completely independent monetary policy,
but did not allow the slightest liberalization of capital
flows. That is, China did not do what Malaysia, South
Korea, Taiwan, Indonesia, etc. did, did not follow the
course of the IMF reforms ”.

Regarding India (forced partial support). “The pivot
of the Indian government's economic policy in the 1990s
was an attempt to combine monetary and financial sta-
bilization with economic recovery and further liberali-
zation. However, this required large injections of finan-
cial resources from outside, which in many respects
made the country's economic policy dependent on the
recommendations of the IMF as a potential creditor.”

Regarding Brazil (support for reforms). “In the
1990s, Brazil has consistently met the targets of the
IMF-funded reform program. In the IMF, Brazil has al-
ways occupied a privileged position, including in terms
of implementing anti-inflationary policies. At the end of
2005, the Brazilian government completed its external
debt repayment plan by paying the remainder of the debt
in advance.”

According to A.V. Buzgalina, “the transformation of
China and other BRICS countries into independent en-
tities with an economy comparable to the usual global
players, the transformation of Islamic political and eco-
nomic institutions into a significant factor in world life,
the first steps of Russia on the world stage, which
showed its intention to pursue an independent course in
international affairs - all this is evidence of a changing
world ”.

“It is worth noting the common features for Brazil,
India and China, which are the existence of national de-
velopment models despite the different political and
economic backgrounds. Their creation required the ef-
forts of intellectual forces, the latter's access to decision-
making, and not simple theoretical borrowings, close to
the mentality of power. "

“Summarizing the above statistical data, we note that,
in general, the studied countries experienced GDP
growth in 2016 compared to 1988. One has only to eval-
uate in more detail the degree of growth of the studied
macroeconomic indicators. In particular, in China the
growth was observed approximately 16 times, in India -
8 times, in Brazil - almost 3 times. It should be noted
that of all countries, the sharpest GDP growth was rec-
orded in China. Also, despite the similarity of Brazilian
GDP growth rates with Russia and the insignificant dif-
ference in population size, in Russia the process of at-
tracting foreign investment is unlikely to become effec-
tive and successful in the near future. This is due to the
investment risks of foreign and national investors in our
country, as well as the investment conditions and dy-
namics of national business. "

“Growth in GDP per capita for the period from 1988
to 2016 for the countries under consideration had a dy-
namics similar to that of GDP, despite the fact that India,
China and Brazil experienced population growth. Nev-
ertheless, the dynamics of population growth was sig-
nificantly lower than the dynamics of GDP growth as a
whole. For example, in China during the period under
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review, GDP per capita increased 13.5 times, in India -
almost 5.3 times, in Brazil - 2 times.

“Regarding the “Unemployment” indicator, we can
say that in general across the BRICS countries, the dy-
namics of the unemployed over the period under review
was progressive (increased). However, in Brazil there
was a critical surge in the number of unemployed people
in 1998 compared to other countries, and by 2016 the
figure had decreased.”

The "Human Development Index" has increased dur-
ing the period under review for all countries. The most
significant growth in general for all countries was rec-
orded in 2008.

“In comparison with the European Union (first of all,
the countries of the center of the world system), we can
conclude that the countries of the BRICS group (coun-
tries of the semi-periphery of the world system) do not
have significant advantages in terms of their economic
development. In fact, their indicators of stability and rel-
atively high growth rates of national economies are
achieved due to a significant limitation of spending on
the social sphere. Essentially, the countries of Western
Europe and the BRICS show two different models of
economic development, the first of which provides for
the achievement of results through the use of technology,
and the second - the exploitation of labor and resources."

Thus, in the new world, it is important for moderni-
zation processes to find effective ways, as well as to
avoid the risk of entering the path of “modernization by
inertia”.

The features of modernization of the economy of
semi-peripheral countries (China, India and Brazil) are
disclosed in more detail below.

Features of the modernization of the Chinese econ-
omy. "The Chinese" economic miracle "happened on the
basis of combining the concept of market socialism with
the export-oriented model of accelerated development,
previously used by capitalist countries." At the same
time, there was a focus on the growth of domestic ag-
gregate demand (living standards of the population), for-
eign direct investment, a high rate of accumulation, and,
as a consequence, stable dynamism in all groups of in-
dicators. China has set a task - by 2020 to become one
of the states with an innovative economy, and by mid-
century to become a world leader in science and tech-
nology. The emphasis is on developing our own innova-
tions. It is planned to create conditions and develop in-
frastructure for innovation and business, to attract for-
eign scientists and specialists to R&D.

The philosophy of Chinese modernization was that
one should start not with breaking the political system,
but with increasing the efficiency of the economy. Chi-
nese reformers managed to avoid "shock therapy" and
"privatization", thereby reducing the social cost of tran-
sition to the market. China was in no hurry to privatize

state-owned enterprises, especially natural monopolies.
Instead, free economic zones with preferential treatment
for foreign investors were created in the coastal regions.
This allowed not only to increase exports, saturate the
domestic market, but also raise the overall technological
level of production in the country. In fact, gradual pri-
vatization continues to this day. As a kind of “visiting
card” of the Chinese reform, “gradualism” is presented,
that is, a strategy of gradual transformations, which acts
as an alternative to the Russian reforms of “shock ther-
apy”. China has chosen the concept of socialism, the
features of which include: maintaining medium-term
plans and, at the same time, leaving the market for the
main role in resource management; a common state mar-
ket with a sufficient level of foreign investment; multi-
level system of social institutions; the formation of a
sectoral price system at several levels [2].

Reforms in China were started by D. Xiaoping in
1978 with “four modernizations”. These modernizations
took place in agriculture, industry, military sphere and
science. The aim of the reforms was to ensure social sta-
bility of all economic transformations. In particular,
great attention was paid to increasing accumulation,
combining the market with government regulation, bor-
rowing technology and at the same time attracting for-
eign investment.

The so-called "Great Strategy" reveals the essence of
China's national development. Foreign literature also
mentions the "Beijing Consensus", according to which
China mainly focuses on:

—competitiveness and leadership in the economy;

—building a middle-class society;

—preservation of the leading role of the state in the
economy;

—state control in the most important sectors.

It should also be noted that the PRC government has
applied a model of parallel development of various eco-
nomic structures while maintaining the dominant role of
the public sector. In connection with the strengthening
of China in the world market, it is worth mentioning the
concept of "going outside", involvement in international
organizations, active economic cooperation not only
with developed countries, but also with third world
countries. At the same time, China has launched a strat-
egy of moving away from an export-oriented economy
and stimulating the development of the domestic market.
Another important component of the development strat-
egy worked out in the PRC is the active attraction of for-
eign capital as a source of direct investment in the pro-
duction sector [3].

The PRC has achieved a positive experience of re-
forming due to the fact that:

—the modernization model is aimed at keeping power
in the hands of the party elite, which has received guar-
antees of privileges;
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—the driving force behind modernization in society
has become a wide class of entrepreneurs and scientific
intelligentsia;

—the government supported the business as a whole,
not large companies;

—the military was interested in modernization due to
the need to re-equip the army and increase defense
spending.

Many contemporaries also note that “the task of sci-
entific and technological modernization of any country
is complex, and therefore requires not only an adequate
strategy, but also a comprehensive state plan for its so-
lution. For example, in China today, an internal plan for
improving science and technology (2006-2020) is being
implemented, aimed at achieving a strategic national
goal. Taking into account this task, China in 2020 will
become a developed state in terms of the technological
component, and in 2050 - one of the most developed
countries in the world in terms of technology [4].

It is also worth noting the opinion of S.Yu. Glazyev,
that “today the volume of China's GDP in terms of pur-
chasing power parity, in terms of the export of science-
intensive products has surpassed the American one.
China has the largest "army" of scientists; in terms of
the volume of research and development, China is also
experiencing explosive growth”[5].

“The relations of ownership of the means of produc-
tion in the USSR began to slow down the growth of pro-
ductive forces, and the transformation of these relations
in the 1990s corrected the situation. In this context, it is
interesting to observe Russian assessments of China's
economic success, which also boil down to two posi-
tions: 1) growth will slow down and China will “col-
lapse”; 2) growth may slow down, but it will continue
on a more harmonious and technological basis”’[6].

In conclusion, one of the key problems in Brazil
should be noted - inflation. Brazil went through a lack
of economic equilibrium, a chronic state budget deficit,
the use of the printing press mechanism and constant in-
dexation of all funds, and in the foreign economic sphere
- through a systematic depreciation of national curren-
cies. Such a situation in the country is characterized by

hyperinflation, caused mainly by the financing of the
budget deficit and the associated excessive emission of
money, as a result of which there is an annual deprecia-
tion of money of several thousand percent per year.

The issue of the specifics of relations between the
BRICS countries and the United States deserves special
attention. Today, diplomatic, political and economic re-
lations between the United States and China are among
the most important bilateral relations in the world. It is
a relationship between an experienced and full-fledged
superpower and a new, partial superpower. China and
the United States are each other's second largest trading
partners. In addition, China is the largest holder of US
debt. Relatively recently, in certain circles of the US es-
tablishment, the idea of persuading Brazil to an alliance
against the PRC was hatched. That is due to the rapid
expansion of the Asian giant into Latin America, which
was previously considered a sphere of special American
interests. The volume of trade between the Latin Amer-
ican continent and China is already close to the total
trade between Latin American countries and the United
States. Regarding the relationship between India and the
United States, it can be noted that India is one of the key
sources of labor resources for America, representing the
so-called "innovation periphery".

Conclusions. Based on the results of the analysis of
the reforms of the large semi-peripheral countries of the
BRICS group, we can say that, despite the differences in
structures that stimulate the development of moderniza-
tion, all these countries have achieved some success in
implementing reforms (by choosing a unique path of
transformation). Thus, “operating contrary to the recom-
mendations of the IMF and monetarist dogmas, China,
India and the countries of Southeast Asia, were engaged
in the creation of industries of a new technological order,
and, earlier than others, saddled a new wave of eco-
nomic growth. This allowed them not only to success-
fully pass the global financial crisis, but also to make a
leap in economic development, creating a new system
of institutions, potentially more effective than in the
United States."

References

1. Luxemburg R. E., Accumulation of capital. TT. 1,2/ R. E. Luxemburg. — M.: Leningrad.- 1934. - 670 p.

2. Fursov A., I. Report, "Corporation-state". URL:

http://andreyfursov.ru/news/gosudarstvo_ono_zhe_korporacija/2008-01-01-6.
3. Miropolsky, D. Y., Future of the world economy: the ratio of the market and the planned bases / D. U. Miropolsky //

Economist.- 2004.- No. 8.- pp. 59-66.

4. Rumyantseva S. Yu., Evolutionary theory and economic dynamics / S. Yu. Rumyantseva // Problems of the modern

economy. —2015. — Nel (53). — pp. 67-71.

5. Prospects and strategic priorities of the BRICS ascent / edited by V. A. Nikonov, G. D. Toloraya. — Moscow: MISK-

INES-NKI BRICS .- 2014. — 362 p.



KA3TBY XABAPHIBICHI \ VESTNIK KAZUTB \ BECTHHUK KA3YTB Ne 3 (2020)

6. Makareikina M. R., Experience of modernization of large semi-peripheral countries in the context of globalization /
M. R. Makareikina // Proceedings of the Saint Petersburg state University of Economics. — 2016. — Ne 5 (101). — pp.
145-150.

Ceedenus 00 asmope

JIu Anexcannp HukonaeBuu, J1.3.H., npoceccop, 3aBenyroiuil Kadenpoit «Punance», BaHKoBCKO-(huHaHCcOBas akaje-
must Pecriy6mvikn Y 306eKucTaH.



KA3TBY XABAPHIBICHI \ VESTNIK KAZUTB \ BECTHHUK KA3YTB Ne 3 (2020)

UDC 338.439.02(574)

S.A. Amanzholov, N.A. Sakenov, I.E.Sarybaeva
(Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan,
inarasaribaeva@mail.ru)

THE MAIN DIRECTIONS OF INCREASING FOOD SECURITY
OF THE REPUBLIC OF KAZAKHSTAN
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Introduction. The agro-industrial complex, being
one of the most significant sectors of the economy, due
to the specifics of its economic and production activities,
largely depends on other industries. The existing prob-
lems in these sectors negatively affect the pace of devel-
opment of the agro-industrial complex. Thus, the effec-
tiveness of solving problems in the agro-industrial com-
plex depends on how economically justified the strategy
for the development of the country's economy will be at

the Government level. This is especially important in
light of Kazakhstan's accession to the World Trade Or-
ganization [1].

Method of research. On the basis of the country's
economic development strategy, it is necessary to de-
velop a particular strategy for the development of the
agro-industrial complex at the government level, a com-
ponent of which should be provisions for increasing the
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competitiveness of the domestic agro-industrial com-
plex.

Taking into account the country's economic develop-
ment strategy and strategic provisions for increasing the
competitiveness of the domestic agro-industrial com-
plex, strategies should be developed further at the re-
gional and district levels, as well as in all agro-industrial
organizations, containing provisions for increasing the
competitiveness of agro-industrial production and prod-
ucts. The interrelated complex of these strategies will
allow business entities to orient themselves in their pro-
duction and economic activities to ensure food security
and, increasing the efficiency of activities, to ensure the
high competitiveness of their products (works, services)
both in the domestic and foreign markets [2].

When developing strategic provisions for increasing
the competitiveness of the agro-industrial complex, first
of all, it is necessary to determine the main goal and
tasks facing agro-industrial production and identify the
key problems.

Research result. At the country level, the main goal
and primary tasks can be called the full provision of food
security of the state and the transformation of agro-in-
dustrial production into highly profitable sectors of the
economy. At the same time, the problems of strategic
management in the agro-industrial complex, the solution
of the existing problems of the development of agro-in-
dustrial production on the basis of the use of the ad-
vanced achievements of science and technology, the fi-
nancial capabilities of the state; increasing the physical,
economic and social availability of food for the popula-
tion of the country - all of these will be actual and urgent.
This is especially important if the state wants to be
highly competitive and remain in the list of world lead-
ers in the future, which was noted by Elbasy N. Naz-
arbayev in his Presidential messages to the people of
Kazakhstan [3].

When developing a strategy at each of these levels, it
is necessary to consider the key problems and factors
that affect agro-industrial production and the position of
agribusiness organizations.

For example, the following main negative points in
the field of the Kazakh agro-industrial complex can be
identified:

- the level of purchase prices for the products of ag-
ricultural commodity producers is insufficient for con-
ducting expanded reproduction;

- poorly organized activities for the purchase of prod-
ucts from agricultural enterprises;

- a high share of imports of agricultural products.

Similar problems are typical for many CIS countries.

The main factors shaping these problems include:

- weak support for the production and consumption
of agricultural products from the state;

- insufficient investment activity in the agro-indus-
trial complex both at the country level and at the level
of individual regions and districts (municipalities);

- outdated technical base in most agricultural enter-
prises.

Having studied these problems and the factors that
form them, it is advisable to move on to choosing a com-
petitive strategy aimed at overcoming these problems.

As a result, the competitive strategy should contain a
set of management decisions aimed at achieving goals
in the long term, based on a deep understanding of such
defining moments as the trends in the economy of the
agro-industrial complex, its state and the competitive
positions that economic entities occupy within this com-
plex. Hence, in a tough competitive environment, each
agro-industrial complex needs to develop a strategy tak-
ing into account the competitiveness of its products
(works, services), the availability of competitive pro-
duction and market advantages, ways and methods of
increasing competitiveness and analyzing the activities
of its competitors [4].

In order to substantiate the chosen competitive strat-
egy, the governing bodies of the agro-industrial complex
and individual organizations need to assess their com-
petitiveness in comparison with other participants in the
agricultural market (market segment) in the following
main areas:

- analysis of competitive potential;

- efficient use of resources;

- assessment of the financial condition and other
characteristics.

After studying the market conditions and their com-
petitive potential, the economic entities of the agro-in-
dustrial complex need to start choosing a specific type
of competitive strategy. You can specify the following
main types of competitive strategies that can be used in
the agro-industrial complex:

- cost leadership strategy, which allows to reduce
prices due to low production and sales costs;

- product quality leadership strategy;

- production diversification strategy;

- strategy of strengthening in the local market;

- strategy of concentrated growth and service of
small market segments;

- strategy of integration and cooperation;

- strategy of innovative development;

- a strategy for a technological breakthrough.

The following key points should be highlighted here,
which must be taken into account in the process of de-
veloping a competitive strategy at all levels:

- the development of a strategy should begin with a
study of the level and dynamics of the effective demand
of the population, the structure and capacity of that ter-
ritorial specific segment of the market, which the com-
modity producer is supposed to enter (external, internal:



KA3TBY XABAPHIBICHI \ VESTNIK KAZUTB \ BECTHHUK KA3YTB Ne 3 (2020)

republican, regional, local, etc.). To do this, it is neces-
sary to conduct a market analysis and diagnostics of the
competitive environment. The likelihood of success of a
competitive strategy depends on the quality of the anal-
ysis performed, as well as on the completeness and reli-
ability of the market information used;

- the development of a competitive strategy of an
economic entity in order to ensure effective implemen-
tation should be carried out taking into account the max-
imum of the main parameters characterizing the situa-
tion and the provisions of the strategy of the agro-indus-
trial complex of the country, region, district. This is of
particular importance in the modern conditions of inte-
gration of the economies of different countries and re-
gions.

The next important point in developing a competitive
strategy is to distinguish between external and internal
competition and to determine the factors that influence
each of these types of competition.

With external competition, commodity producers
cannot influence its factors and must adapt to the mani-
festation of competition and adjust their activities based
on the balance of market forces, conjuncture, their own
economic interests and opportunities.

The openness of the economy of Kazakhstan, the
process of the country's integration into the global eco-
nomic system has both negative and positive values. For
example, participation in the global division of labor has
a positive effect on the development of agriculture, but
at the same time, an increase in the share of imported
food in the total amount of food consumed poses a threat
to food and, as a consequence, to the country's national
security.

Based on the analysis, the following key competitive
advantages in external competition can be identified,
which should be taken into account when developing a
strategy for increasing competitiveness in the agro-in-
dustrial complex of the Republic of Kazakhstan:

- in general, a high level of competitiveness of the
country;

- scientific level of management of the agro-indus-
trial complex economy;

- high potential for increasing the competitiveness of
manufacturers.

It should be noted that the use of each of the compet-
itive strategies suitable for the agro-industrial complex
should be carried out on the basis of marketing research
of the competitive environment and the financial and
economic capabilities of commodity producers. At the

same time, marketing research of the competitive envi-
ronment should include the following:

- determination of the market capacity, the degree of
its saturation;

- compilation of a list of agro-industrial complex en-
terprises operating in a certain market (its segment), tak-
ing into account their specialization, problems and com-
petitive advantages;

- determination of the market share of enterprises;

- study of barriers to entry into a particular market;

- establishing the level of market openness for the
participation of interregional and international trade.

When developing a strategy, it is necessary to take
into account that competitiveness can be achieved only
if the requirements for the effective use of a set of the
following factors are observed in the process of produc-
tion and sale of agricultural products:

- basic: land, labor, capital;

- organizational and economic: specialization, con-
centration, intensification, diversification;

- marketing: sales channels, product quality, uni-
formity or seasonality of sales in time;

- financial: own funds, credit resources, budget sup-
port, leasing [5].

Conclusions. In general, the following conditions
can be formulated that must be followed when develop-
ing a competitive strategy in the agro-industrial complex
and in economic entities:

- a thorough and comprehensive approach when
choosing a competitive strategy, taking into account the
state of the competitive environment in various market
segments;

- the choice of competitive strategies should involve
ensuring food security of both the municipality and the
region, and the country as a whole;

- pay more attention to the process of processing ag-
ricultural raw materials and stimulating the production
of the most important types of high-quality food prod-
ucts at affordable prices for the population.

Thus, the main directions of developing a strategy for
increasing the competitiveness of the agro-industrial
complex should be: the development of a set of strate-
gies at all levels of agro-industrial complex management,
taking into account the development of the economy of
the country (region, district) and the requirements for
ensuring food security. The main sections of the strategy
should provide for the optimization and effective use of
the resource and production potential of commodity pro-
ducers, bringing products to the consumer while imple-
menting the most appropriate competitive strategy.
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PECULIARITIES OF CONDUCTING ENVIRONMENTAL AUDIT AT THE ENTERPRISE

Abstract. The article is devoted to the environmental audit as a form of financial control (supervision). For Kazakh-
stan the very urgent task is the development of this form of financial supervision as an environmental audit of ecological
and economic activities of enterprises. It becomes an important tool to ensure environmental security and sustainable
development of enterprises.

The article substantiates the necessity of using environmental auditing in the financial-economic activity of enter-
prises. Reveals foreign experience of application of the environmental auditing procedure and the specificities of its
development in Kazakhstan. Compares the financial and environmental audit, showing goals, objectives and types of
environmental audit in relation to the Kazakhstan enterprises. It is noted that in many respects the problems of the
implementation procedure of environmental audit in the financial-economic activity of enterprises and organizations
related to the lack of a full understanding of the adverse ecological situation in Kazakhstan and the world, lack of expe-
rience with this type of activity, nesovershenstva regulatory framework.

The article also considers the question of environmental audits in finansional economic activity of the enterprise.
Environmental auditing can be useful to establish additional measures for the study of risks and security and the timely
introduction of sustainable means of risk prevention
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AnHoTanusi. CTaThs MOCBALIEHA 9KOJIOTMYECKOMY ayJuTy Kak popMme (DMHAHCOBOrO KOHTpoJsi (Hajgzopa). s
Ka3zaxcTaHna BecbMa akTyasbHOM 3ajiayeil sIBseTCsl pa3BUTHE TakoW (hOpMbI (PMHAHCOBOIO HAJI30Ppa, KaK 3KOJIOTMYECKUI
ayIUT 3KOJIOrO-XO3AMCTBEHHON NIeSITeIbHOCTH NMpeanpusiTuii. OHa CTAHOBUTCS! Ba>KHBIM WHCTPYMEHTOM OOeCTeYEeHUs
9KOJIOTMYECKON 6€30MacHOCTH 1 YCTOMYMBOIO pa3BUTHS MPEANPUSITHIA.

B craTbe 060CHOBBIBaeTCS HEOOXOAMMOCTD MCIOJB30BaHMST 9KOJOMMUYECKOr0 ayuTa B (DMHAHCOBO-XO3SICTBEHHON
[eATeIbHOCTH NpeanpuaThil. PackpeiBaeTcs 3apyOesKHbI OIMBIT MPUMEHEHUs! MPOLEAYPbl 3KOJOIMYECKOro ayiuTa U
ocobeHHocTH ee pa3BuThs B Kasaxcrane. IIpoBouTcst cpaBHeHMe (pMHAHCOBOIO M 3KOJIOTMYECKOr0 ayiuTa, MOKa3aHbl
LEJH, 3314/ ¥ BHU/IbI 3KOJOTMYECKOr0O ayiuTa MPUMEHUTEIBHO K Ka3aXCTaHCKUM NpeanpuaTusiM. OTMedaeTcsi, 4To BO
MHOTOM TpOOJIEMbI BHEIPEHUsS] MPOLENYpPhl 3KOJIOTMYECKOro ayauTa B (PUHAHCOBO-XO3SIICTBEHHYIO NIESTEIbHOCTh
NpeNpUsTAI ¥ OPraHu3alyil CBA3aHbI C OTCYTCTBUEM MOJHOTO MOHMMaHKsl HEOJIarONPHUSITHON 3KOJIOTMYECKON CUTYaluu
B Ka3zaxcrtane n mupe, oTCyTCTBMEM OMbITa pabOThI C JJAHHBIM BUIOM JAESTELHOCTH, HECOBEPILIEHCTBA HOPMATHUBHO-
NpaBOBON 0a3kbl.

B crarbe Takxke paccMaTpHBAeTCSl BONPOC MPOBEACHUS 3KOJOIMYECKOro ayjuTa B (DMHAHCOBO-XO3SHCTBEHHOMN
AEATETbHOCTH NPeNIpUsITHS. DKOJOTMUYECKUI ay[JUT MOXKET ObITh MOJIE3€H ISl YCTAaHOBIIEHHS OTIOJHATEIIBHBIX Mep 110
W3yYEHHIO PUCKOB M 00ECTIEYEHNIO 6E30MTaCHOCTH M CBOEBPEMEHHOI'O BHE[IPEHNST YCTOMUYMBBIX CPEJICTB NMPEAOTBPALLECHUS
PHUCKOB

KuroueBbie c10Ba: 3KOJIOTMYECKUN ayJHT, JESITEIBHOCTh MO 3KOJOMMYECKOMY MOHWUTOPHMHIY, KOMIUIAGHC-ay/IUT,
0XpaHa OKPY>KAOLIEH CPefibl.

I'.K. Kymaoekona, I'./l. Tacanosa, XK.XK. Hypranuesa, A.XK. AcanHos
(Kasax mexnonoeus xane busnec ynusepcumemi, Hyp-Cyaman, Kazaxcman, gaukhar69@mail ru)

K9CHIOPBIHIAYBI OKOJOI'MANBIK AY IUTTIH EPEKIIE/JIKTEPI
s ) 1
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AnpaTna. Makana 5KoJIOTUSITIbIK, ayUTKE Kap>XKbUIbIK 0akblIay (Kagaranay) HbICaHbl peTiHfie apHamraH. Kazakcran
YIIH KApXKbUIbIK, KaJaralayblH KoCINOPBIHAAPbIH, 3KOJIOTUsUIBIK-IIAPYAIIbUILIK, KbI3METIHIH 9KOJOTUSIILIK, ayIuTi
CUSIKTbI HBICAHbIH JJAMBITY ©TE€ ©3€KTi MIHJET O0JIbIN TaObLIaAbl. By 3KOMOrUANbIK KAyiNCi3[iK MeH KCIMOPbIHAAP/IbIH
TYPaKThbl JAMYbIH KAMTaMAaChI3 €TY/IiH MaHbI3/Ibl KYPaJIbIHA allHAJIA/IbI.

Makanaga KocinopbIHAAPBIH, KAPKbUIbIK-1IAPYAIbUILIK, KbI3METIH/IE SKOJOTUSIILIK, AyIUTTI KOJJaHy KaxKeTTiliri
Herizfenei. DKOJOTUSIbIK, ayuT PICiMiH KOJMaHYAbIH LIETENIiK Taxipubeci oHe OHbIH, KazakcTaHpmarbl namy
epekiuenikTepi aumbliagbl. KapXbUIbIK, >KOHE 3KOJOTMSUIBIK, ayJUTTi CaJbICTBIPY 3KYPri3iiefii, Ka3akCTaH/bIK,
KOCIMOPBIHapra KATBICThI 3KOJIOTHSUIBIK, AyJIUTTIH MaKcaTTaphbl, MiHAETTEpPI MeH TypJepi kepceTineni. Kacinopemaap
MEH YWBbIMJApAbIH Kap>KbI-IIAPYalIbUIbIK KbI3METiHE 3KOJOTMSUIBIK ayUT PICIMiH €Hri3y mnpobijeMarnapbl KebOiHe
KazakcTan MeH anemperi KoJaichbl3 3KOJOTUSIIbIK, Karfaiifibl TOJbIK, TYCiHY/iH 00JIMaybIMEH, KbI3METTiH OCbl TYPIMEH
SKYMBIC TOXKipHOeCiHiH 60IMaybIMEH, HOPMATUBTIK-KYKBIKTBIK Oa3aHbIH >KETI/IipiIMeyiMeH OafilaHbICTHI.

Makanaga COHbIMEH KATap KOCIMOPBIHHBIH KapXKbI-IIAPYallbUIbIK, KbI3METIHIE 9KOJOTUSUILIK ayauT KYPrizy
MceJIeCi KapacThIPbUIafibl. DKOJIOTHSUIBIK ayIUT TOYEKENNIEPAl 3epTTey SKoHE KayiNcCi3[iKTi KaMTamachl3 eTy OOMbIHIIA
KOCBhIMIlLIA LIapajiapibl Oejrijiey >kKoHe ToyeKenaepi OoJIbIpMay/blH TYPAKThl KYPaIIapblH YaKTbUIbl €HII3y YUIH
naiiass! 00Iybl MYMKIH

TyniHai ce3mep: SKONOTUSIIBIK, ayIUT KbI3METI GOMBIHINA SKOJIOTUSIIBIK, MOHUTOPUHT KOMILJTACHC-ay/UT,, KOpIIIaraH

OpTaHbl KOpray

Introduction. Business activity of any entity that has
an impact on the environment as well as conducting
environmental protection activities shall be subject to an
audit.

Monitoring and inspection of the environmental
safety by enterprises, and their economic responsibility
for ecology damage are important. However, today even
among the specialists there is no uniformity in the
terminology of these processes.

Environmental audit also improves the financial
services of the enterprises as an independent audit aimed
at identifying and evaluating environmental risks and
auditing activities of the audited entities and improving
the environmental safety of their activities
Environmental Codeof the Republic of Kazakhstan
2007: [1]

1).Environmental audit is definedas a means of
obtaining and evaluating information about an
organization (or other entity) for different levels of
management (from a specific enterprise to the executive
authorities of the government) in order to make the
necessary decisions and take corrective action measures
(the central office of the Ministry of Environment
Protection of the Republic of Kazakhstan 2005 :

2). Wide dissemination of environmental audit is
related to the tightening of environmental legislation.
Failure to comply with its requirements may be the
cause of severe financial risk for industrial and related
credit and insurance companies, environmental auditis
combinedwith environmental-economic audit, and have
been initially introduced as a means to protect the
interests of business entities. Environmental audit helps
reduce environmental and human health risks, and helps
to improve regulatory measures in the field of
environmental protection.

Materials and methods. According to the definition
of the International Organization for Standardization, an

environmental audit is a systematic and documented
verification process, i.e. identification of compliance
with audit criteria of specific environmental measures,
terms, controls or information on them, as well as
obtaining and evaluating objective information for the
purpose of transmitting this process to the customer

The audit should be purposefully implemented in
several ways:

- internal (secret) audit - strict assessment of the pre-
sent state and prospects of ecological safety for
company's management and production structures
(pessimistic and optimistic versions);

- audit for external use - an optimistic assessment of
the situation, providing public (not secret) information,
that isprovided within reports forpublic authorities for
environment and resource use, investors, creditors, etc.
or in forms agreed with the management of the
company;

- audit for a large holding company - conducting a
permanent environmental and economic auditby
subsidiary companies, with involvement of independent
auditors,including the regional level(including financial
auditors) [2].

For example, the Ministry of Environment Protection
of the Republic of Kazakhstan calls value of impact on
the environment and population healthas an
environmental audit. S.Saenko, V.B. Mestechkin, A.A.
Popov, A.Sh. Shakhbazov, S.V. Makarov, L.B.
Shagarova, M.B. Rogachev, A.V. Shevchuk also
agreewith this opinion.

This type of monitoringA.S.Shilov called
environmental monitoring. S.M. Shapiguzov and L.
Shnaidman considers nature protection activities as an
audit of the organization's environmental information.

Literature review. R. Adams, A. Arene, J. Bartels,
K. Drury, B. Nidles, K. North, R. Anthony and
otherforeign scientists worked in matterswith regard to
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development of environmental account and audit.. Now
we try to bring to light a research study on the concept
given by J. Bartels.

Magazines, where can be found the issues of
environmental audit of financial economic activity of
the enterprise: Managerial Auditing Journal, Environ-
mental Management Journal, Accounting, Organiza-
tions and Society Journal, Accounting Forum, Account-
ing, Auditing and Accountability Journal, Total Quality
Management Journal, Greener Management Interna-
tional Journal, Journal of Accounting and Public Policy,
The European Accounting Review, Environmental
Quality Management, The Journal of Corporate Ac-
counting and Finance [3].

Nominal environmental audit at
enterprises,demotivation  inaction of  enterprise
managersdo not allow to take all the required actions
according to audit results.

Michael Baram (July 22, 1994) in his [The New En-
vironment for Protecting Corporate Information, 25 EN-
VTL. REP. (BNA) 545 Jresearchsays that conducting
environmental audit in hazardous production facilities
can prevent violations of legitimacy, as well as reduces
the risk of prestige.

According to Australian scientists Dennis W. Taylor,
Maliah Sulaiman, Michael Sheahan, (2001) "Auditing
of environmental management systems: alegitimacy
theory perspective", Managerial Auditing Journal, Vol.
16 Iss: 7, pp. 411 — 422, environmental audit is of the
utmost importance to the environmental management
system.

US industry representatives require liberalization
legislation because corporate audit results could have an
impact on the company. Mark L. Manewitz, Vicki J.
Isler, and Nancy R. Westphal ENVIRONMENTAL
AUDIT POLICY Fordham Environmental Law Review
Volume 7, Issue 3 2011 Article 7, pp. 775-794.

According to New Zealand scientistsChristina
Chiang, Margaret Lightbody, (2004) "Financial auditors
and environmental auditing in New Zealand", Manage-
rial Auditing Journal, Vol. 19 Iss: 2, pp. 224 — 234. ac-
countants were often involved in conducting environ-
mental audits, in the early nineties have not even been
involvedin environmental audit at a professional level.
But in recent years, in New Zealand the number of fi-
nancial auditorsfor conducting an environmental audit
of the company's financial and economic activities is
growing.

At the same time, Charles Piot, (2007) in his arti-
cle"Auditor concentration in a joint auditing environ-
ment: the French market 1997-2003", Managerial Au-
diting Journal, Vol. 22. Iss: 2, pp. 161 — 176.French law
uses a consolidated auditand quality audit methods.
Those regulatory enactments limitlarge auditing
companies and encourage competition.

The environmental accounting system 1is a
continuation of traditional accounting. It provides a
compact assessment of the environmental impact during
external and internal audits. Peter Letmathe, Roger K.
Doost, (2000) "Environmental cost accounting and au-
diting", Managerial Auditing Journal, Vol. 15.Iss: 8, pp.
424 —431. In this research, the system will allow to take
into account not environmental purposes alone, but busi-
ness purposes [4].

Monitoring and environmental audits are a key tool
to prevent environmental pollution. But in many litera-
ture, the two concepts are often compounded.Claudia V.
Viegasa, Alan Bondb, José Luis Duarte Ribeirod, Paulo
MauricioSeliga A review of environmental monitoring
and auditing in the context of risk: unveiling the extent
of a confused relationship // Journal of Cleaner Produc-
tion Volume 47, May 2013, Pages 165-173.

Results and discussion. J. Bartels provides the
following classification of nature protection activities:

A detailed environmental audit is part of the process
of purchasing controlling shares or the process of
making investment decisions.

Compliance auditiscompliance test ofcompany’s
business with the license and the legal requirements.

An audit of the environmental management system
is the company’s ecological organizational structure and
environmental performance of the company is described
and tested.

Assessment of the state of the environment (Phase 1
and Phase 2) - To conduct an in-depth review of
production processes and hazardous emissions into all
past and present air [5].

The financial statement on environmental issues is an
assessment of informationcontained in the annual
environmental report or environmental financial report.

Environmental  accounting  audit  provides
information on the financial results of decisions
regarding reserves, investments and prioritization of
actions required.

Each author gives his definition. In the opinion of
J.Barthols, environmental audit is a way of evaluating
the deviation of the actual environmental situation from
the original internal and external environmental
standards to determine the current and potential
environmental risks that threaten the company. In a
sense, environmental damage is a subjective category
and often depends on the customer's viewpoint.

The following objectives are set before the
environmental audit:

- assessment of damage to the environment;

- definition of conformity to norms;

- identification of potential problems;

- Estimation of costfor recovery works;

- assessment of potential debt;

- brief management report;
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- a more detailed special report.

The summary of the audit is a summary report (an
instruction manual). When working intensely, the
aggregate part and the conclusion should be prepared in
a few days or weeks, unless there is a shortage of time,
such as detailed soil exploration was impossible. The
longer the deadline allows for detailed monitoring and
measurement of contaminated air. The depth of
conclusion, as well as specific areas that are subject to
research depend on the purpose of the audit.

In most cases, an environmental audit is competent
assess beyond the power, analyze, and make appropriate
suggestions and recommendations on the actual results
of any environmental impact. Consequently, the
environmental audit is not merely an audit of the
operation and reporting of enterprises and organizations
with regard to the current environmental legislation
(which is an integral part of any environmental audit
program), a large set of additional audit services,
including consultative services. The main objective of
providing such services is to improve the efficiency of
the internal environmental control system and manage-
ment of the audited entity, to develop the system of
environmental management, as a result to get an
additional benefits.

The main objective of providing such services is to
improve the efficiency of the internal control system and
environmental monitoring of the audited entity, to
develop an environmental management system, and,
ultimately, to generate additional benefits. In recent
years, such services have been prioritized in the
activities of many audit firms.

According to the definition of the International
Chamber of Commerce, the term "environmental
auditing" is understood as a mean for a systematic,
documented, periodic and objective assessment of con-
formity of organizational systems, environmental
management and operation of equipment to
environmental objectives. This implies enhancing
managerial control over practical environmental
activities, as well as evaluating the compliance of
production with the environmental policy and
compliance with the standards.

According to our definition environmental audit is a
systematic process of data acquisition and assessment,
which identifies complianceof organizational systems,
environmental management, as well as operation of
equipment with environmental objectives, determines
their conformity to the specific criteria, and defines
compliance withenvironmental targetsrecommending
results for concerned users.

The term "audit" is derived from the financial
lexicon. However, there is a fundamental difference
between the financial audit and the environmental audit
on the meaning (subject) of the audit. The meaning of

the environmental audit is not only the economic entity's
reporting on the environment and the use of natural
resources, but also its specific environmental
performance in many aspects of its appearance and in all
its aspects. In the following aspects:

- development of environmental policy;

- establishment of goals and objectives of environ-
ment protection;

- monitoring, regulation and minimization of
pollutant emissions;

- monitoring, regulation and minimization of waste
generation, deployment and storage;

- rational use of natural resources, raw materials,
materials and reagents as well as end products;

- environmental safety of workers and the population
(including the assessment of the risks of environmental
hazards and emergencies and their prevention);

- environmental awareness, education and training of
the employee;

- Interaction with the public and population;

- environmental- economic and environmental-legal
(including criminal liability) liability assessment and
reducing its risk for environmental legislation
violations;

- Interaction with state environmental control and
management bodies (including environmental licensing,
insurance, certification, etc.).

In fact, the mentioned directions and types of
ecological activity are not registered [6].

Peculiarity of the Environmental Audit Program
implementation is that almost all the environmental
reports produced by economic entities (unlike financial
reporting) are insufficient and abstract, that is, not true.
For example, in the statistical report on environmental
impact assessment, only about 15-25% of pollutants
emitted into the air are recorded. It is noticeable that the
officialdata provided by any enterprises show lessened
emissions of pollutants in the environment. In the work
of Russian and Kazakh enterprises, in fact,
unfortunately,  concealment of  environmental
information is allowed. In this case, during the
environmental audit, we believe that the first place
should be not only to assess the compliance of the
economic entity with the environmental legislation, but
also to provide additional audit services. In particular:

- reasonability of the company's environmental
strategy and policy;

- defining and planning the prerequisites of
environmental protection activities of the economic
entity and identifying additional opportunities for its
implementation;

- preparing recommendations on reduction of
emergency ecological situation threats and exacerbation
of emergency ecological situations;
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- services related to enhancing the effectiveness of
environmental regulation, minimizing impact, and
rational utilization of natural resources;

- services related to development of industrial
environmental monitoring and management systems;

- preparing recommendations for the development of
relations with the state environmental control and
management bodies, the public and the population;

- development of recommendations and proposals on
environmental education for the staff (employee);

- advice on environmental legislation, information
services and other services.

All of this defines the main objectives and tasks that
are different from the financial audit, other forms of
auditor's opinion, and the requirements to it. The most
complex value of the environmental audit does not allow
for strict regulation and registration of the methods and
procedures used in the audit program implementation.

The similarity of environmental audit and financial
audit is as follows:

- independence, objectivity, high professional level
of auditors;

- confidentiality of the data obtained;

- entrepreneurial (market) character of the service;

- ability to provide a large set of consulting services
to the customer;

- priority of voluntaryaudit forms from mandatory
forms;

- providing the customer with important additional
information that will greatly enhance the management
effectiveness;

- identification of unused opportunities for auditing;

- ability to obtain direct and indirect economic
benefits;

- mandatory assessment of compliance of audited
activities with current legislation.

Technical aspects of environmental control may be
called as an analysis of ecological impacts for the
environment and human health,in order to clearly define
objectives, goals and functions of control. And the
financial side of the environmental control should be
called the impact of environmental problems on the
financial position of the client.

As a recommendation for the analysis of the
economic impact on the environment, we can
recommend:

- environmental impact analysis should be
considered as a mechanism for identifying, analyzing
and evaluating open and secretive destruction of natural
conditions of natural environment components.It leads
to deterioration or decline of living conditions of the
population, as well as the general environmental threat
associated with the functioning of the enterprise and its
functional units;

- means of controlling the ecological consequences
of the company's activities for the purpose of prevention
and elimination of the violations of environment
protection norms and rules;

- organization of the company's publicity on nature
protection activities and its products;

- instrument for the future activity and direction of
the enterprise in the same territory (maintaining previ-
ous work regime, reconstruction, modernization, change
of business, suspension of separate shops, sites,
facilities, businessin general);

- managing tool for the observance of environmental
and technical requirements for the environment both
inside and outside the enterprise.

The environmental impact analysis should provide
the following solutions:

a) responsibility of the customer and the expert for
the authenticity of the information on the performed
expertise;

b) availability of public information expertise;

c) responsibility of all participants for the
implementation of recommendations on the conducted
expertise;

d) consideration of positive and negative
environmental aspects of enterprise activity;

e) predicting the future environmental condition re-
lated to the entity inspected (ecological and special
prognosis);

e) development of measures to eliminate the adverse
environmental impact;

g) evaluate the current impact of the audited entity
on the environmental protection and compliance with
the established state standards and restrictions;

h) verification of reasonability of attribution of
enterprise costs to environment protection measures.

i) determining the wvalidity of environmental
reporting on compliance with environmental laws and
enforcement of environmental measures assessment of
the effectiveness of adopted environmental measures;

k) selection of capital investments;

m) forecasting of production growth; detection of
"hidden" problems that may require urgent funds;

n) preparation of data on ecological situation for
obtaining  targeted loans from  international
organizations.

Following can be used as information base:

- existing legal and regulatory acts;

- environmental passports of enterprises.

The results of the examination shall be formalized in
the form of an expert opinion. It should include:

- introductory section should contain the data on the
expert and the enterprise where the expert examination
is conducted (name, address, requisites);

- program section should contain the purpose of the
conducted expertise, features of physical and
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geographical and meteorological conditions of the com-
pany location, company descriptione, the need for
natural, labor and energy resources, socio-economic
significance of the object;

- main part should contain a description of the
environmental conditions and sources of their impacts,
a complex assessment of the impact on environment of
enterprise and the existing system of integrated
monitoring.

- final part should include the company's
recommendations on improving the environment and
improving the living conditions of the population, the
program of environment protection.

Audit must be conducted in the order provided by the
J.Bartels.

The sequence of actions in the process of
environmental audit:

Determination of the purpose of the audit.

Determine the scope and sources of information
required.

Audit tools (protocols, test results, software).

Execution of activities.

Auditor's conclusion and report.

Decision making.

The following requirements are set for the
organization of the audit:

- getting access to the company's location;

- presence of the company's employee to help with
the location of the company;

- availability of company's documents;

- availability of permits to employees and managers
of the companys;

- audit methodology using;

- method of conclusions using.

To carry out the environmental audit, the auditor
must be able to enter the area in which the subject is lo-
cated. With the help of employee that familiar with its
service and subdivision's location, an auditor can moni-
tor the land and access documents and company staff.
There should be access to information and to employees
to get an information from them, availability of

permission to obtain access to information from them
and should be beset by management. Information on the
level of emissions of pollutants, licenses, penalties and
agreements (including disposal of wastes) and infor-
mation on interactions with the authorities should be ob-
tained before reaching the audit location.

The first phase of audit

Preparation:

- gathering information about company location;

- selection of regulatory documents;

- setting up a meeting.

Visiting the Company:

- collection of documents;

- inquiry;

- look over.

The second phase of audit:

Additional questions and information:

- additional collection of documents;

- communication with the authorities;

- studying the adjacent territory of the company;

- study of the results of the internal audit performed
by the entity itself.

Auditor's conclusion:

- brief conclusions;

- marking alarms;

- assessment of potential costs;

- technical conclusion.

Quality assurance - control over the achievement of
the goals [7].

Conclusion. However, control over environment
protection, from an ecological point of view, is not com-
pletewithout financial performance of the enterprise.
Therefore, it is necessary to audit the impact of
environmental problems on the financial position of the
client.

An audit of the impact of environmental problems on
the financial position of the client is, in our opinion, an
independent audit for costs and liabilities that arise from
environmental protection and affect the financial
position of the entit.
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Cegedenusn 06 asmopax

KymabekoBa T'ayxap 2KymabekoBHa- KaHOMla 3SKOHOMUYECKMX HAayK, aCCOLUMPOBaHHbIA mnpodpeccop Kadenapwl
Kazaxckuil yHUBpCUTET TEXHOJOIUU U OU3HECa

Tacanosa I'ynbBupa JlockanueBHA MarucTp 95KOHOMUYECKUX HaykK, CTapuIMii npenofaBaTenab Kazaxckuii yHUBpCUTET
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