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KHUPHUI (dan xoxropu (DSc) AHCCEPTAUHACH AHHOTAIHECH)

Jucceprallia MaB3yCHHHHT J013ap6aura Ba 3apyparH. Xaxonna cyHrTH
BAaKT/ap/ia CaHOAaT MIUIA6 YMKapHOUIapH MaXCyJIOTHH HIIA0 YHKApHUIIAaH TO YHH
HcTepMomuura erué Gopmmraua 6ysraH >kapaHnapHH aBTOMATIAIITHPHIraH
axbopor TH3uMIapH é&paaMuAa OomKapHINHM Hynra KyHHm MakcagHaa
MaxCyNOTIApHHHT XaéTuii uMkmuHu 6omkapum (Product Lifecycle Management —
PLM) Ba cHcreManap Xaétuit muwmHH OGommapum (System Lifecycle
Management — SysLM) Thsumiapura anoxmaa 3bTHOOpP KapamwiMoxaa. By
Hynanuumpa AYHEHHHT eTakYH MaMJIaKaT/apHOa MabiyM IOTyKIapra 3pHIIHIraH
6ynu6, ynapaa Hmna® YHKApHI2ETTaH MaxCy/noT CHOQAaTHHM OIMIHpPHIN Ba
GOIIKApHII TH3UMIIAPHHY TAKOMWUIAIITHPMIN YYYH GOLIKADMIIHMAT SHTH
ycynnapy, anropuTMiIapH Ba TH3HMJIapH Hpuab 4MKHAMOKAa. Bupok, Mypakkab
TEXHONIOTHK Ma’KMyanap XaéTuif LMKIMHM GomKapHImza pecypc Ba 3HEprHa
ucpodu xatra 6ymu6 xomMokma. By Gopapga, Maxcvyamap Xa¥THl OHKTHHY
GOmKapHIIHHHI peCypc Ba JHEprHA cappuHH KaMaHTHpagMraH HMHTEJUICKTyall
yCyJ1apH Ba TH3HMIIADHHH HILNA0 YHKHIN MyXHM aXaMHMAT Kach 3TMORIA.

Xaxonma  Mypakka®  apamamManapHH — @KPaTHIIHHHT  TEXHOMOTHK
skapa€HnapuHH Oomxapumn cupaTHHM OIMPHINra KapaTWiraH  HIMHH
TanxkuKkoTiap onmH6 OGopunMoxna. By Gopana, TexHomorHk Maxmyanap Xa&Tai
IMKAMHY ~ HMHTEJ/UIEKTyan GOmKapHiu TH3MMJIapHMHH WImnab uYHKMm Ba
TaKOMHUTAIITHPHII MyaMMOJIaPHHH €9HIN Jon3apb xucobnananu. 1ily sxmxarnan,
XO3MPrH  BAaKTAa  MaxXCynoTIapHMHT cHpaT  KypcaTkHwiapH  Xamzaa
3HEPrHATEHKAMKOPIHKHM TABMHHIIOBYA HHTEIUIEKTYan GOIIKapHmI TH3MMIIAPUHH
ApaTHII, aXPaTHIl apaéHnapu Ba KypHWIMaJlapHHH GOIIKapHmm y9IyH HOaHHK
MaHTHK YCYyJUIapH acocHia BasHADIH OOIMKADHIIHHHI HOAHHK MOJAEILIapH Ba
ANTOPHTMIIAPHHM HIWIA6 YHKUIL, QXPATHIIHHHT TEXROMOTHK MaKMyasiapH XaérHii
LHKJIMHE GONIKAPHIIHUHI MHTeJUIeKTyal TH3HMJIApHHA Wuuiab umkum G6yliuga
TafgKHUKOT/Iapra aoXuaa 3pTHOOp KapaTHIMOKIA.

Pecny6nukaMi3fa TeXHONOrMK JkapaéHiap Ba MNUIa0 YHKapHILIADHH
aBTOMAT/AIITHPHII Ba GomKApHI- i&ynannmnapm‘a KaTTa axaMmuar GepnmmO,
XKyMnagaH  apajaliMajapHH a:xpa‘gﬁmunm TEXHOJIOTHK  JKapatHJIapHH
aBTOMATIAIITHPHIN Ba Gonn(hpumna mrepma Ba pecypc TeKAMKOPJIMKHH
TabMHHIIOBYH HHTEJLIEKTYAl, 6omxapmn yl}wﬂlapn Ba TH3HMJIApHHH ApaTHIIra
aloxuaa IHTHOOP KapaTHIMOKAE: .2022-2926 wwapra MymKaUtaHrad  SIHru
V36€KHCTOHHMHT Tapaiuq@x c:pa‘te?uﬁcm(a, wlanan «CaHoar TapMOK/1apHIa
HyKoTHIILIApHH xamaﬁmpmn\—sa peoypcuapnn MIUIATHII  CaMapajiOpIMIHHH
OLIMpHII ..., 3aMOHaBHH 3nep1;uz TERCAMKOP ~1exu0normapuu JKOpHH 3THHI, ..
SHeprus camapanopmmm omnmnn Gy‘itma JNIOMHXaNapHH MOJMSIAIITHPHIIIN!
BasH}anapu Genrmiab 6epm1mn ‘Maskyp BasmpanapHu amaiTa OIMpHII,
XKyMJIaZlaH, Maxcylomiap Ba cHCTeManap XadTWif IMKIHHH GomxapHm
KOHLEMUMANIAPH acoCHAa KN KOMIOHEHTNM apaialiMaNapHH aXpaTHIIHUHT

' Vsﬁemmn Pecnyﬁumaen IMpesupenmyrunr 2022 nm 28 susapnars [1G-60-con “2022-2026 ftunnapra Myjwxannanran fAum
.v P P HACH TYTP
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TeXHONOTHK MaXKMYanapH Xa€rui UMKIHHM GOIMKAPHINHHHT IOKOPH CaMapaiy
yCynnapH Ba HHTeJ/UIEKTYall TH3HM/IAPHHH CHHTe3NIalll Ba aMalra OMPHII MyXHM
MacananapaaH 6upu xucobnananu.

Va6exucTon Pecriy6nukacu IlpesupenTununr 2018 #iun 27 anpengaru K-
3682-con “HIHHOBAUKMOH FOANAp, TEXHONOTHANAP Ba JIOHMXANAPHU aMaHii XKOpHIi
KWIHII TH3MMHHE AHAJa TAKOMWUIAINTHPHIN YOpa-TanOHplapH TYFPUCHAA»NTH Ba
2021 #n 17 despanparu IMK-4996-coH «CyHBHIl HHTE/UIEKT TEXHONOTHANAPHHH
Kajan kOpHii STHIN yYyH IIapT-IApoMTIap ApaTHII 49opa-TanbupnapH
TyrpucHaa»tu Kapopnapa xamaa 2019 iinn 9 mongarn ITK-4388-coH «AX0NH Ba
MKTHCOIMETHH 3HEprus pecypcnap Owiad Gapkapop TabMHHIAm, HedTh-ras
TapMOFHHH MOJIHABMH COFJIOMIAIITHPHII Ba YHHHT OOIUKADYE TU3HMHHY -
TAKOMWUIAWITHPHII  4opa-Tanbupnapu  TyrpucHpanrs  Kapopu  Guwian
TACAMK/IAHTaH «Y36eKHCTOH Pecrmy6nHkacHHHHT He(Th-ra3 Tapmorunn 2030
fimnrada pMBONJIAHTHPHIN KOHLICMIIHACH» XaMaa MasKyp (aoiHfITa TerHuum
6omxa MebEpHHl-XyKyKuH Xyxokatnapia OenrunaHran BasudanapHu amanra
OMKpHIITa ymby KHCCEPTAUHA TAIKHKOTH MyalifH Aapakaqa XH3MaT KiUTagy.

TaagKuKoTHHHT pecny6inka ¢an Ba TeXHOJOrHEIAPH PHUBOFIAHHIIN-
HHHT yCTYBOp HyHanHmuiapura mocaaru. Maskyp TagKMKoT pecny6nuxa dan
Ba TEXHOJIOTHANApH pHBOMUIaHAWMHMHT HI. «Ax6Gopornammupumn Ba ax6opor-
KOMMYHHMKAIIHA TEXHOJIOTHAUIADHHH PHBOMUIAHTHpHMID» Xamaa VI «Kumé
TEXHOJNOTMUIAPH, HEQTKUME Ba HAHOTEXHONOrHANap» YCTYBOP HyHanmHILIapu
JonpacHa GaxapHiraH.

HMucceprauus MaB3ycn 6yiinua xopmKxHil WIMHIH-TaAKHKOT/Iap MapxuZ,

Mypakkab TeXHONOMHK XapadHIapHH aBTOMAT/IALITHPHII Ba GONIKAPHITHHHE
IOKOpH caMapanH TH3HMIIaPHHH HIUIa6 4MKHIN, MaxCyJoTjiap Ba CHcTeManap
Xalruii mMIOMEM  Gomkapum  OYlimua camapanu  WIMMA-TAIKHKOTAAp:
“Honeywell”, SIMSCI-Simulation Ba University of California, Massachusetts
Institute of Technology, University of Michigan (AKLLI), “Siemens” Ba University
of Miinster (Omvonus), Imperial College London (Byiox Bpuranus), Shell Global
Solution (Byrok Bpuranms-Tomnasmus), University of Chemical Technology in
Prague (Yexus), Osaka University Ba Tokyo Institute of Technology (sImonms),
Korea Advanced Institute of Science and Technology (MKamy6uit Kopes),
“MAWEA INDUSTRIES Enabling Digitilazition” (Manaiisus) “Alstom”
(®panumsa), “Simatek-Energo” (Benapycs), Bayman Homuparnm Mocksa Aasnar
TeXHHKa YHHBepcHTeTH (Poccus) kabu erakyw WIMMA Ba OJHIL TaWIMM
Myaccacanapuaa onu6 6opunmoxna.

TexHonoruk xapaéunap Ba MaXMyalapH# GOIIKADHIIHMHI HHTEUICKTYan
TU3MMJISDH, aNrOPHTMIApd Ba YCY/UIapHHM sApaTHml XamAa GolnKapHIn
TH3HMJIADHHH TaKOMWUIANITHPHIITAa OMA XKAXOHAA ONMMG GopwiraH TaoKHKOTIAp
HaTWKACHIA Karop, XyMJiadaH MapaMeTPJapHHHI HOAHMK/IMIH IIApOMTHAA

?  [Nucceprampn  Msssycu  6fitria prxcil 1 nap wmapxu  hitps/Avww.honeywell.com/us/en,
https://orww.avova.com/en/support-and Jsupp Jsimsci/, https:/Awww.universityofcalifornia.edu,
https:/fwwrw.mitedw/,  hitps/fumich.edw/,  https:/www.siemens.com/global/enhitml,  hittps://www.uni-muenster.de/en/,
https:/fwww.imperial.ac.uk/,  hitps//www.shefl.conV,  https/fwww.vscht.cz/?jazyk=en,  hitps:/fwww.osaka-u.acjp/en,
hitps:/fwww titech. ec jplenglish, https://www.keist.ec kr/en/, https://mawea.com.my/, https//www.alstom.cony/,
https://energyexpo.by/catalog/2021/2213/, https: /it n/ a Gomxa p unnzb
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TEXHONOTHK XapathJiap Ba 00BEKTIAPHH HHTEJUTEKTYas GOMIKapHIll aNTrOpHTMIIapH
Ba TH3HMiIapH spatwiraH (Massachusetts Institute of Technology, Muusnran
yuupepcuterd (AKHI), University of Miinster (Onmonmsa), Imperial College
London (Byrox BpHranmf)); HOAHHMK MAaHTHK aCOCHAArH BasHATIH GomKapHm
mogenapy Hmab umxuaran (University of Chemical Technology in Prague
(Yexus), Osaka University sa Tokyo Institute of Technology (sInoHus)); Heiipo-
HORHHK POCT/IAarHWiap Ba KOHTpOJUIEpNap acoCHAa HHTeJUleKTyan Gomkaprmi
TH3MMJIapy Ba anroputwiap umnab umkuaran (Korea Advanced Institute of
Science and Technology (Kamy6uii Kopes), “MAWEA INDUSTRIES Enabling
Digitilazition” (Manaif3us)); MaxcynoTnap XaéTuii UMKIH Ba CHCTEMAanap Xa&THi
LUMKAHHY GOMIKapHI KOHLEMIMANAPH acOCHAA MaxCynoTiap Ba 0OBEKIIapHHMHI
XabTHil LMKIHHA GomKapu yoyanapy HiUia6 unkunran (Massachusetts Institute
of Technology, Muumran ynusepcuretd (AKIL), University of Miinster
(OnMoHHs));  KOpXOHanap Ba  KyPWIMANADHMHT  XaéTlf  IMKIMHH
MOIC/UTAIITHPHINAA KOTHHTHB OumuMnapaad doiligananmm ycyianapd Hmnab
aukuarad (Imperial College London (Byiok Bpuranua), Massachusetts Institute of
Technology (AKIL), Bayman HomMHmarn MOCKBa HAaBNAaT TeXHHKa YHHBEPCHTETH
(Poccns)).

MaxcysoTnap Xa&THii LMIUTHHE GOoIKApHIN KOHUENIMACHEHN KyJUIAraH Xoiaa,
MypaKkkab TexXHONOrHk oOneKTiap Ba TEXHHK TH3HMJIAPHMHT XaSTHH LHKIMHU
GomKapHII TH3HMIAPHHHE APATUIN BOCUTANAPHUHH MILNA6 yukuw 6¥itmaa kaxoHxa
6np KaTop ycTyBOp HyHanHIUIapAa HWIMHA-TAOKWKOT Hiiapk onHO GopriMokna,
JKyMJ1aiaH, KOPXOHAIapHHUHT Xa8THH IMKIH G0CKHWIAPHHH NHArHOCTHKA KHITHIN,
«Canoar 4.0» napagurMacH 3JieMEHTJIADH acOCHAAa aKUIM HILIad 9HKapHm
KOpXoHalapuHU 6apno 3THII Ba Xa&THii LMKIMHK 6axoJiam, Mypakkat TEXHONOIHK
obbeKkTiIap Ba KypWIMalapHHHI' Xa&Tufl UMKIM AaBOMHIUTMTHHH TabMHHIOBYH
HHTeJUIeKTy an GOLIKApHIN anropUTMIIapH Ba yCyJUTapHHH HULIa0 YHKMD.

MyamMMOHHHT YprasnmarawiaK aapaxaci. CaHoar HIUIal YMKapHIIHAard
MypaKkKaG TeXHOJIOTHK >kapaHIapHH MOJEIUIAINTHPHIN Ba ONTHMa/UIAIITHPHII,
MaxcyJoTnap Ba CHCTeManap XasTWif LMKIMHM OGOMKApHIn KOHLIENMANapH
2COCHJA TEXHOJNIOTHK KypHIMAllap, TEXHUK TH3HMJIAD Ba OOBeKT/IapHHUHT Xa¥Twi
LUKIMHM Jlofimxanam, Gomxapum Ba 6axonam aITOPUTMIApH, TH3AMIApH Ba
yCy/UlapHHM HOUIa0 YMKHINDHHHr Has3apHif Ba aMaiMi MyaMMOJIapMHHM TafKHK
3THII MacananapH 6§iinya KaTop Xopwikuii omaMiap, XKymianad Martin Eigner®®,
Anselmi ImmonenS, Abir Ismaili-Alaoui, Michael Riesener’, Antti Saaksvuori®,
Spreafico Christian’, John Stark8, Ralf Stelzer®, Thiebat Francesca'®, Shiqi Wang'',

3 Martin Eigner. S; Lifecycle Manag Engi Digitalization (Engi 8 4.0). Monograph. —Gi
“Consultant Bnden-Baden. ger Fachmedien Wiesbad Gmb!lpaﬂofSpnnsaNamm 2021. 275p.
4 Abir lsmmh-Alwm. Karim Bama, Khnhd Benali. (2022) I0DEP: Towards an loT-Data Ann!ysu and Event Proemns
Archi for Process I g ional Journal of Ad d Comp and App
13(4). -pp.900-915.
$ Riesener M., Schuh G., Dolle C., Tonnesa C. (2019). The digital shadow as enabler for data analytics in product life cycle
mamsumm. Proecdm CIRP 80 729-734.
¢ Antti Sazk i, Product Lifecycle Management. Monograph. Third Edition. - Heidelberg (Berlin)
“Spnnget-Valag 2008 270p.

C. An analysis of design ies for circul: hrough life cycle assessment. Environ Monit Assess,194-

I80 (2022). hitps://doi. Ofs/ 10.1007/310661-022-09803-1
$ John Stark. Product Lifecycle Management (Volume 3): The Executive Summary .-Geneva (Switzerland): Springer Intemational
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Stefan Wiesner'2, U.T.laBunenko®, K. J)Kyx', A.A.Pamnonos', B.5.Tapacos!s,
A.A Tumuenko', A B.denoToBa'® Ba Gomkanap xamaa MaMIaKaTHMK3 OnuMITapH,
Kymnanan A.A.A6ayxammpos'’, ®.T.Amunos's, ILL.M.I'ynamos'®, A.U.Msauban®,
H.P.}Ocyn6exos® a Gomkanap uanasuuiap onu6é GopuuiraH Ba COXa PHBOKHIA
JanapuHUHT yiKaH XMCCANApPUHM KYIIMIITaH, 5

IOkopuna aittn6 ¥yTwaras onummap ToMOHMAaH MaxcynoTiap xaérui
HUKIMHE OOMIKAPHIN, pakamJIaIITHPHIL, JofMXanam, XaéTuii UMKIHM Gaxonain,
Ta3HH KaliTa HUUTAl MaKMYalapHHH HHTEUIEKTyan 6omkapum TH3UMIIApH,
GomKapum TH3MMAADH YyuyH GynyTiH TEXHOJIOTHANAp, KHUME-TEXHOJIOTHK
TH3HMJIAPHUHT Xa€THH LMK/UIApHHY GOIKApMII alrOPHTMIZpH Ba TH3MMJIAPHHH
HUNab YHKUI MyaMMoNapH 6¥iimua TAAKHKOTIAp YTKa3HLIraH.

Uly 6unan Gupra, xypu6 uukunaérran macananap Gy#uya TamkukoTiap
CoXacHjia SPHUILAITraH I0TyK/Iap, MaxCy/loTiap Ba CHCTEMAnap XatTHil LUKTHHH
OOIKApHII yCY/UIADH COXACHIA SPHIIMITAH MyXHM HaTKanapra Kapawmaii,
XO3HPrM BaKTA2 Mypakkab TeXHONOTHK MakMyanmap Xaértuli LMKIHHH
MHTE/UIEKTyall GOMKapHIl yCyjUlapu Ba TH3HMIIApH €TapiiM Japakana Hmnab
YHKHIMAaraH.

Auccepraums TAIKHKOTHHHHI JHCCEPTAUMA 6akapuiran onmii TapaMM
MyaccacacHHHHI HIMHH-TAAKHKOT HMILNAPH PexaiapH Gmian GOFIMICTHIH.
Jucceprauus TagxukOoTH TOIIKEHT AaBNAT TeXHMKa YHHBEpCHTETH HIMHI-
TaAKHKOT HULIapH pekanapuuuur $-7-47 — «Kym koMnoHeHTIH apanammanapH{
KPATHI XKapaBHIApHHUHT Ha3apHi acocmapuy (2012-2016); OT-d7-88 — «Toza
MaxcynoTiap —ONMIIHMHI SHEPIHS Ba  PeCyPCTEXAaMKOpP HCCHKIMK-Macca
AIMAUMHHIN  %APAaCHNAPHHHHT  MCTHKOOITM  Mypakkab  KMME-TEeXHONOIMK
TH3HMTIAPUHHHT Ha3apHi acoCNapHHH TakOMHUTAWTHpHIm (2017-2020) xamaa
YHHBEpCHTET JacTypunuHr «HedTe Ba rasmm YyKyp KaiiTa MILIaIMHHHT
Publishing AG, 2018, - 137p.

? Ralph Stelzer, Martin Eigner. Product Lifecycle M.

Springer Berlin, Heidelberg, 2009 434p,

!° Thibat F. Life Cycle and Sustainability: Concepts and Keywords. In: Life Cycle Design. PoliTO Springer Series. Springer,
Cham. hitps://doi.org/10.1007/978-3-030-11497-8_ 1

'! Shigi Wang. Application of Product Life Cycle Mi Method in F
Engineering, 2022. Article ID 7192152, 10p. hﬂpa]/doi.orylo. 1155/2022/7192152
12 Stefan Wiesner, Mike Freitag, Ingo Westphal, Klaus-Dieter Thoben. (2015). Interactions between Service and Product
Lifecycle Management. Procedia CIRP, 30, -pp.36-41.
B D HT, & AB. O X0ro 06K i r a Vv

Memayap. nays.rexst. Koid. Mutick, 19-21 despans 2015 rona. - Masicx: ETYHP, 2015, - 429, 438
" Xyx KJI, Tumuesxo AA, P AA T

Modular Design. Mathematical Problems in

24 P CHCTEM HIHP 0 NPOeXTHP -
Kues, Hayxa, 1983 .-248¢
'3 Tapacos B.B. Homue CTPaTerys  peoprauusamuy o peanp i HA MYTH K MHTC/IEKTYANbHMM
peanpuTian // H Y HOTO HHTeNUICKT], 1996, Ned. ~C 40-84
° o AB. C ymp HIIHCHHMM LHKIOM DPOXYKUMM HOBOTO MOKONCHMF, OCHOBAMMMO HA SHAMHAX
3nexTponnsidi naymmi eckuii xypran Wi PHul secTik MITTY, 2016, -Nel 1.ISSN: 2307-0595. —C.531-539.

Y7 Aéyrannpos A.A. u mp. Asnropumuu n

ua i "
yny LHKIOM XH

Marepiama XVI Mexaynaponsoti HAYIHO-npaKTHIECKOH XOHdepenuan «Hayxa i Texnuxa: war s Gyymees. ~Ilpara (Mexns),
22-29 despans 2020 1. - Toum 13, ~C.60-62. o

1% Farukh Adilov et al. Application of Digital Twin Theory for Improvement of Natural Gas T Unit // 11th International
Conference on Theory and Application of Soft C. ing, C

§ puting, puting with Words and Perceptions and Artificial Intelligence -
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MHHOBALMOH TEXHONOrHAnapuHH «CaHoat 4.0» CTpaTernicH acoCHAA ApaTHIIHAHT
Hazapuii acocmapu» (2021-2024) Massynapunard JIOHHXaiapH AOHpacHiad
Oakapuirat.

TaAKHKOTHMHI MAKCAAH TEXHOJOTHK MAKMYANapHUHI XaETHH WHKIHHU
KYpu6 UMKMII HA3apMACHHH TAKOMMWUIAIITHPHIL, UIyHHHIICK KyTl KOMNOHEHT/IH
apajalIMAIapHH  AKPATHLI MHCOIHAA TEXHOJIOTHK KapaSHNapHHHT XaETui
LMKITHHM GOLIKAPHIT YCy/UIAPH Ba TH3HMJIADHHH HILIA0 YHKHIIAH ubopar.

TaaKHKOTHHHT Basudanapu: .

SHIUIAH JIOHMXANaHAETTaH Ba PEKOHCTPYKLUMA KIWIMHAIIH peXalaliTHPHIraH
TeXHONOTHK MKMYalIapHHHT Xa€THH LIHKITHHHA TaXJTH/ KAJIHLI;

KyNl KOMIOHEHT/IH apanamMaapHd KPATHII KapaCHHHHHI TEXHOJIOTHK
MaKMyallapH Xaéruii UHKUIapH XapaKaTiapy Ba JABOMHIMIHHE aHUKJIALI
ycnyGUATHHH HILTA0 YHKHUILL;

KPATHII MOKMYaCHIArH KypHIMANapHH JiofHxanam BaKTHHH KHCKapTHPHI
Ba MakMyanap XaéTHi LHKIHMHH ONTHMaN nofHXanall aArOPHTMUHH MHLTA6
YHKHII;

DKPAaTHIIHHHT TEXHONOTHK MAXMyanapu XabTui UMKIHHH SomKapui
CaMapalop/IMI¥HK OWMPHII Ba 3HEPrUA CapdHHM KaMaTHpHILra HMKOH
fepanural UHTeUIeKTya1 6OINKapHIl TH3HMHHH HOUIa6 YAKHI;

QKPATHII MaXMyalapH XatTHil LUMINIHHH y3afTHPHIL HMKOHHHH 6epaaurad
GOMKAapHII TH3UMUHK HINA0 HKHLL;

aXKpaTHIm  kapatHWHH OOIKApUUIHH AXIIWIAW  HMKOHHHH Gepapurad
MHTE/UIeKTyan G0IKapHL YCYTHHH HIa6 YHKHII;

Kyl KOMNOHEHTH apaNamMaiapHH KPATHIN XapaEHHHHHT MaxMyanapH
XabTHil UMKIMHH y3aiTHpHI UMKOHHHH Gepazmran GOMIKApHII YCYJMHH HILTab
YHKHII.

TaaKUKOTHHHI 06BeKTH KyT KOMIOHEHT/IH apa/laliManapHH apaTHILHHHT
TEXHOJIOTHK MaXKMyanapH Ba YAapHHHI Xa&Thil LHKIIapH XucobnaHanH.

TaIKHKOTHMHr TNpeIMeTH Mypakkal TeXHONOrHK apafiap Ba
MaXMyalapHHHT XalTuil LUMKIMHK GOLIKApHII YCyJUlapy Ba JIrOpHTMIapHHH
TAIIKAN 3TajH.

TagkukoTHHHr ycyanapu. TagkukoT >kapalHuza TH3HMIH —Taxjmi,
aBTOMATHK GOMKAPHIIHWHT 3aMOHaBHH Ha3apMACH, HOAHHK MaHTHK YCYyJUTapH,
CYHBHHi MHTEIUIGKT Ha3apuicH, aHATMTHK xuco6 ycymnapH, TEXHOJOTHK
KapadHiap Ba MuUIab MHMKapHILTApHH MOIE/UIATHPHIN B ONTHMA/LTAINTHPHII
ycynnapuaas goiiaananwira.

TaaKHKOTHHHI MBI SHCIWIHIH KyAuaarnnapnad ubopar:

TEXHONOTHMK MaXMyalap Xa&Tuil UMKIMHM ONTHMAIN JIOHHXanall Ha3apHicH
TAKOMMW/UTAINTHPH/ITAH Ba MABJIYMOTJApHH MHTE/UIeKTyall Tax/ i1 KWIHII yCyIH
acocua JofiXanall BaKTHHH KHCKapTHPHIIHHM TAbMHHIIOBYH A/IrOPHTM umnab
YHKWITaH;

K¥T KOMIOHEHTIN apalaliMalapHH AXPATHII MOXXMyanapH XaéTHil WHKITHHA
y3aliTHpHII MMKOHHHM Gepaauran GOLIKApHMII TH3WMH Ba OHJIANH JHArHOCTHKA
aNropUTMH XOJIAT Ky3aTyBUYMIapH acocuaa MIIab YMKWIraH;



TEXHOJIOTHK >kapa&iiiapHH GOMKapHIN HAa3apHACH TaKOMWLIAWITHPWITAH Ba
Kyl KOMITOHEHT/IH apanaliMajapHH DKPATHIIHHHT TEXHONOTHK MaXMYyalapH
Xa€muii UMIUIHHH GOMIKApHII CaMapanoOp/MrHHH OLIMPMIN Ba 3HEprHA capHHH
KaMaiiTHpUIl MMKOHMHHM OepajHraH HHTe/UIeKTyan GOLIKapHII TH3MMH HILIat
YUKWITaH;

cHcTeMalap XalThii UMKIMHM GomKapuil TH3HMJIApH acOCHAA Kym
KOMIIOHEHT/IH apanamMallapHd aKpaTHIl >XapadHHHHHI KypHJIMaliapH Xaéruit
OHKJIHHE y3aiiTHPHII AMKOHHHH OepamvraH akparTvml skapaéHuHM GomkapHm
YCyJM HULIab YHKHITaH;

BasHATIN GONMKApHIIHMHT HOAHMK MOZENH acOCHAa MaxcynoT cubaTuru
OIIMPHIN Ba KPATHIN XKapaéHHHM GOIMIKAPHIIHK AXIMIMIALI MMKOHHHM Oepamura
Kyl KOMMOHCHTIH apajalIMAIAPHH AKPATHUIN XapaSHAapHHH HHTEJUICKTyan
OOMIK2PHII YCY/IH HILNA6 YHKHIraH;

Xa¥Tuii WHIUTHHHT Xap 6Hp GockuMuaary xapaxartiapHH Xucobnam acocHaa
MakMya XadTHil UMKIHHHHC YMYMHH HapxuHua Gaxonmamn MMKOHHHH OepamHraH
Xa€Tuil LK JABOMMILTMIH BA HADXHHH aHHMKJIaNl yCTyOuATH Takiud 3THIraH.

TagKEKOTHMHI aMATHi HATIRAIAPH Ky dHAarwiapaaH #uéopar:

KyN KOMIIOHEHT/IM apanamMaliapHH aXPaTHIN )KapaHIapHHH HUHTEJUIEKTYal
GomKapHIl YCyHHH aMalira OUIMPHIIHH TaBCH(IOBYHM QyHKLHOHAN CXeMa HIILIa6
YUKHIIIaH;

WKPATHII JKapaHHHHUHI KypWIManapH Xaétuif UMKIMHH Y3aiTHpHIN
HMKOHHHH GepanHraH aKpaTHII XkapatHuHy GOMKapH yCy/IH MILTa6 THKUAraH;

QKPATHITHMHI TEXHONOTHK KapadHNapH MaxMmyanapd Xa€TMi LMKITMHH
ONTHMaJI JIONMXaialll A/MOPHTMH HIIIA0 YMKHITAH,

2KpaTHIl MOKMyaJlapH Xa€THil UMINTHHH y3affTHpHIOra XH3MaT KHITYBYH
OHJIaHH AMArHOCTHKA AIrOPHTMH HLILIA6 YHKHIraH.

TaaKHKOT HATIKAIADHHHAT HIDOHWIMIHIY. TaJKHKOT HATWXAJIAPHHUHT
MIIOHWIH/IMIH HOAHHK MAaHTHK Ba BasUATIM GOLIKApHLI AIrOPHTMIIApHra
acocnmamub, KYN KOMNOHEHTIH apalaliManapHM aKPaTHIl KapaSHIapHHU
HHTeJUleKTyan OGOmKapHIl YCYJHMHH XaMmJa cHcTeManap Xaéruil WMKIHHH
6omxapum acocuia aXpaTHII KypHIMalapH XaéThHi LHMKIHHA Yy3alTHPYBYM
OOmKapum yCymMHH MILIa6 YMKMII, IDYHHHTHEK, 3aMOHABHMI YCyIap Ba
BocHTanapaan ¢oianannO, YTkaswiraH Hasapuii Ba TAXpHOaBmi TaOKUKOTJIap
HATIDKAIAPHHMHT  ¥3ap0  MYBOMKIMIHM,  CaHOaT-CHHOB  TaxpuOGanapu
HATIXaNapHHMHT WkoOuitnura GHUnan TacauKnaHaau.

TamKOT HATIDKANAPHHHMET WAMEN Ba amanHil axamMusTH. TaKHKOT
HaTIKANApHHUHT WIMHI axXaMHATH XalTHH UMIUIHH AHUKIA HA3APUACHHUHI
TaKOMHNIAIITHPWITAH/IMIH,  @KPAaTHIIHHHT  TeXHONOrHK  KapagHnapHHu
HHTEJUIEKTYyall GOWIKAPHIN YCYJUIapMHM Ba KypwiManap XalTHil IMKIMHH
y3afiTHpHIm MMKOHMHM GepanmuraH GOIIKapHmI yCyNHHH HIUIa6 YHKWITAHIHIH
6rtaH u3oxnaHamy.

TagxuKoT HaTDKANApHHMHT aManMii  aXaMMATH Kyl  KOMIOHEHTIIH
apanaliMalapHH  DKPATHIMHHHT TEXHONOTHK ’KapalHIApHHH HMHTEIUIEKTyan
Oomkapum ycynu Ba MamMyanap XaETHH LHKTHHH y3aHTHpUII HMKOHHHH
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6epysun GomIKapHIn yCyJ/iH, HHTeJUIeKTyan GOIIKapHII TH3HMH, XaéTHH HHKIHH
noluXaNamHy ONTHMA/UIAIITHPHIN Ba OHNAHH AUArHOCTHKA &JIrOPHTMIIADHHH
HedTkHME Ba HedTrasHM KaiiTa HOUNAW CAHOATIAPHAArH KPATHII MDKMYalapy
Xaéruil nukMHM GolKapHIia Ky/Ulall SHeprus Ba pecypc cappuud 3-4 % ra
KaMaHTHpHIIY GuiaH H30XNaHaTH.

TAOKMKOT HATHXAQIADHHHHT XOpPHH KHWIHHHIIH. AJKpaTHIIHHHI
TEXHOJIOTHK MaXXMyanapH Xa€Tuil mMIOIMHM MHTelUIeKTyan Gomkapum 6yifida
OJIMHTaH WIMHI{ HaTHKaNap acocHaa:

KYTI KOMNOHEHT/IH apanalMaliapHH XPaTHI XKapatHIapHHH MHTEJUICKTya
GomKkapHm ycynapd «®aproHa HeTHH KaifTa nmnam 3asoau» MWKna sxopwmit
KwmuHrad («O*ZLITINEFTGAZy» AX uunr 2022 #un «17» oxrabpnaru 35/2771-
COH MabilymMoTHOMacH). HaTipkana axparuim jxapaSHHHH GomKapHII cHpaTHHH
AXIIWIAIIra Ba KypHUIMaIap XaérHil IMKIHHH y3aiiTHPHINTa HMKOH 6epraH;

MabIIyMOTNapHH HHTEJUIEKTyaNn Tax)iiil KHJIHII YCYNH aCOCHJA2 TEXHOJOIHK
skapaBHnap MaxMyanapH XaéTHil UMKTHHH onTHMan noftMxanmaml anropHTMH
«daprona HedTHM KafTa HOovlam 3asogH» MWAma xopuit KHIMHraH
(«O‘ZLITINEFTGAZ» AX mmar 2022 #un «17» oxrabpmarn 35/2771-con
MaBIyMOTHOMacK). Harmibkana  akpaTHll  Kapa8HHHHHT  MaXXMyamapuHH
JioiuXxanail BAKTHHH KHCKapTHPHII HMKOHHHH Gepran;

KYTI KOMMOHEHTNIH apajaliMAaNapHH LKPATHII TEXHOJOTHK MAXMYACHHH
HHTe/UTeKTyan Gomxapm TH3uMH «daproHa HedTHH Kaiita Hmnamr 3aBOIM»
MWiKpa xopuit kwmiaraH («O‘ZLITINEFTGAZ» AX nunr 2022 #iun «17»
oktabpnary 35/2771-con MawbmyMoTHOMacH). MMHI TanKHKOT HaTwxalapH
WKPATHIIHAHT  TEXHOJMOIHK MaKMyanapH XaéTHi IMKIHHM  Gomxapum
caMapafiopJINrHHH OINHpPHII Ba 3Heprus capduHH 3 % ra kaMalTHPHIN HMKOHMHH
6epran.

TagKAKOT HATHKANADHHHHT anpoGanmscH. TaZKMKOT HaTikanapu 8 Ta
xankapo Ba 1 Ta pecny6nuka HnMuii-amanuii aswKyMawnapHia MyXoKaMaznas
YTKasHITaH.

TagKHKOT HATHKAJADHHHHT 3BJOH KWIHArawiurn., Baxapairan
TAIKMKOT HAaTWXanapH Gyimua 25 Ta mwiMmit M, ymnanax, V3P OAK 3BTHpPO
3TraH nAMHi XxypHaitmapaa 12 Ta Makona, yiapaaH 4 TaCH XOpIKAA 40N ITHITaH,
uxTHposiapra 1 Ta mareHT Ba 1 Ta mkoOuit Kapop, OXM ydym mactypuit
BOCMTAIAPHHMHT KAl STIIraHIHrH TYFPUCHAA 2 Ta TYBOXHOMA OJIMHIaH.

JuccepralEsHHET TY3WIHIIH Ba xaxmu. JlHccepraumd kupum, Gemrra
606, xynoca, dofinananunraH agabu¥nap pyiixatd Ba wioBanapaaH ubopar.
Juccepramua xakmMH 192 6eTHH TalmKui 9TTaH.

JAACCEPTAIMAHHAHT ACOCHH MASMYHH

Kupnimn KucMHAa YTKa3sAITaH TAOKMKOTAApPHHHT O/3apbyIMra Ba 3apypaTti
acocnaHraH, TaNKHKOTHMHT Makcaj Ba Basupanapu, o6BeKT Ba npeaMeTH
tacudnanran,  TamkukotHunr  ViGekucrom  PecmyGnuxach  dam  Ba
TEXHONOTHANAPDH PHBOXISHHIIHHHHT YCTYBOp HYHaIMmnapura MOCIHIH
KYpcaTwiran, TaOKHKOT MaB3ycH Gyitnda xopikuit WIMHH-TAAKHKOTNAD INApXH,
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MYaMMOHMHT YpraHWITaH/IHK JapaXacH KEJITHPWIraH, TAJKHKOTHHHI HIMM
SAHIWIMTH Ba amankii HaTwxkanapn 0aH KWIHHIaH, OJMHIaH HaTWXXANAPHHHT
H/IMHIi Ba aMaTii axaMUATH 0946 GepHiraH, TADKMKOT HATHXAAPUHH aMannéTra
JKOpHH KHJMIN, Hamp I3THITaH HIINap Ba IMccepraums Ty3wmmmu G6yiiumua
MabIIyMOT/Iap KeJITHPUITaH.

Huccepramuaguar «Kyn KOMIIOHEHTIH  ApajaIMAVIADHH  AKPATHIN
MAKMYAJIAPDHHHHT XAETHH IMICTHHH HHTE/LICKTYaN GOMKAPHINHMHI 3aMOHABHIA
xonarw» fAe6 HommaHran OWpHHUHM OGobHpa MAIMHA-TEXHHK MyaMMOHMHT
3aMOHaBHIf XONard TAHKHAMH O KMXATAaH TaxJIWl OSTWIraH. AdKparHil
JKapaSHNapuHM MOJC/UIAIITHPMII Ba ONTHMA/UIAIITHPHIN Macanaiapd TaXjiui
KWIMHTaH. AJKpaTHIIl MaKMyanapHHHHT XaéTuil immeg 60olKapuIn ycyIuIapH Ba
TH3HMJIAPHHH MILTA0 YHKUIL, MaxcynoT cuaTHHH AXLIKIIAL Ba SHeprus cappuHu
KaMaifTUpHII WMKOHMHH OepaguraH HMKOHHAT/IAD &COCJIaHraH. AJKpaTHIl
M@OKMYQIaPHHHHT XaéTHi LuMHM GOIUKapull YCyJnapd Ba TH3HMIIApHHH
Maxcynoriap Xaéradl OHINIMHH GOIKapyll XaMja CHCTeMalap Xalrtwil LMKITHHH
GomKapUml KOHHENIMANAPH acCOCHRA KYPHUIHMHT MYMKUMHIIHTH KYpCAaTHITaH.
Xaérall oy GOIIKapHIN KOHUENIMATAPUHHHT PHBOXIAHHIN TEHACHLMANApH
AHAKJIAHTaH.

HuccepraupsHuar «Kynm KOMIOHEHTIH APANAHIMAJAPHH AXKPATHI
XapaHNapHHHET TeXHOJIOTHK MaxMyajlapH XaéTuii HHIJIHHH noiinxanam»
Ze6 HOMMaHTaH MKKMHYH 60o6una KiM KOMMOHEHTITH apajlalmMaNapHH akpaTHIN
MaxMyalaprEM nofiuxanam ycyyuapd 6agH sTnran. Kynm  xoMmoHeHTIH
apanaliMalapHH QXpaTHWl MMOKMYacCHHHHr XaéTHi IMKIHHM foliuxanai
CIPYKTYpacH Xamia JIOMHXaNapHMHT opacHiaH 3Hr MakOyJMHH TaHnam
ITOPHTMH HIIUIa0 YHKHIraH.

TexHONOrHK  MaXMyaNapHHHT  JOMHXAIapUHH  HHUIA0  YHKMUIHM
CTpyKTypaBmif cxema (1-pacM) KypHHMIIMJAA TacBHp/aml MyMKHH: GyropTMadw,
TEXHOJIOTHK MakMyanap JiofiHXacHra O6yloprMaud TOMOHHIaH KyHunaauraH
Tanabnap, noilimxanosud, Gunumnap GazacH, Kapop Kabyn Kwinm Gioxu Ba
TEXHOJIOTHK MaXXMyasap y4yH Tai€paHraH joiuxanap BapHaHTIapH.

Kapop sabya
s Gnoxn
TexHWIOTHK MIKMY QHHET
nofinxacura 6¥aran Joit B::::nap
Tanabaap o
= TexHON0MK MMy aHIHT
T Taiifp noitnxacu sapuanvinps

1-pacm. TexHONOrHK MaOXMyaIap IORHXACHHH HULTA6 YMKHIN CTPYKTYpacH.

ByloptMaun noHHXaHMHT KHHMAaTH, YHHHr a3a/UTMKIapH Ba JOMHMXaHH
aMaira OMMpHIN MyANaTiapn KabH acocuil TanabnapHd IaK/UIaHTHpaOH Ba
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ynapra 6¥nraH derapanaHHIUIapHH Oenrunab 6epamn. TeXHONMOTHK Maxmyanap
noituxacura OylopTMadd TOMOHMZaH KyiMnaguraH Tanabnap Gyroprmaun
TOMOHHAaH HIUIA0 YHKWIAAH Ba JIOHHXAIOBYMra TaKAMM  STHIAIH.
JlofinxanoBYMHHHT BasHpacH OGyiopTMadd TanabNapHHA TaxjaMA KWIraH XoJja
6wmmnap 6azach, xapop xabyn Kuwmmm Gnoknapuaad ¢oiinananu6, noHHxaHHHT
Ou3aliHH Ba YHM aManra OMIHPHII KeTMa-KeTIHKiapuHH Genrwiab onumpaH
H6opar. BunuMnap 6asacH TEXHONOTHK jkapadHnap Ba KypHiIMalap, YJNapHHHT
CTaHAApPTra COJIMHIaH reOMETPHK KYPHHHIUIAPH XaKAJard TypiH OwiHMnaphu ¥3
HuHra Kampab onagu. Taifi€pnanran snolisxanap BapHaHTNapH GOyropTMauura
TakOMMoOT KuwinHagu. Kapop kalyn xummm Onok# CyHBMH HMHTEIIEKT
TEXHOJIOTHANIApDH GWiaH TabMHMHIaHTaH GYymb, maskyp 6nok Tapkubura umuiat
YUKHNASTraH JIOHHX@IADHMHI ONTHMan BapHANTHHH TaWialll AJFCPHTMH
KHpHTHIIaZH (2-pacM).

)
Ka oa
Bywpnawa paln CAD o 201 ax6:
- TamSmpn CAD manesm
Kzpalu xoa0rn syt MInTy MOTIRpIN MITCLIATY AT TAL TLY
Gnnaiep Sazacn AILTUN YOy LTApU
Bouousapan $oltrarenst, mapsin oa Eapali va syprATARISET
you o e an Azprun
OIPANCTRUPIOS THLTAL amsam
Xapoltn pa KyprinIapnn HyK
Gapua nxpasteTpiapn Syopmasan

Tambmpura MoC Ketanm?

Tarxosmumimran napaveTpmap Giitnya
ONTUMALIIII A TCXIATOHUXK nP‘ﬂ ba
KYPILDELTRD MARMYREH

TeXHOIOTIIK AKAMYRIILNT
OUTIMAT Toltrxac BAPURHTH

2-pacM. TeXHOROTHK MaXkMya JIOHHXaJIapH OpacHIaH SHT MaKOy/IHHH TaH/Ianl
ANTOPHTMH.

TexHONMOrHMK KapaEHHHHI KOMMBIOTEPNH AM3aliHHAArd ManJyMOTIap
HHTe/UIEKTYaN TAaX/IWl KWIMII YCyJ/UIapH acocHja TaXJwl KWiHHagH Ba OyHpa
’Kapa€H Xakuaard OwmmmMnap O6asacHHHHT MaBIyMOTJIapHTa XaM MYpOXaaT
KWIHHaau. ByHpalf Taxyan XaTONMMKIapHH MaKCHMan Japaxkana KaMalTHpHII
HMKOHHHH Gepamy.

Tuzummu noduxanamuuur V-monemy. Tusnmny noiiuxanamHHHT GHp HewTa
MoJe/IapH MapxyR OYnu6, yJapHMHr Huua Ty3WIMIIMIAa Kypa 3HT Colna Ba
TaOKUKOTYMra KynpoK ax6opor GepamuraHu aHbaHaBHi V-Mopenb XucoOnaHamy.
V-MOZE/NHHHr Yall TOMOHH IOKOpHZAaH nacTra HYHanMIl Ky KOMIOHEHTIH
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apanaliMATapHH DKPATHIIHMHI TEXHOJOTHK MaXMyalapHHHM JIoHMXanam ydyH
ynapra 6ylopTMaun TOMOHMAaH GenrmiaHraH TanaGNapHHHT MOAYJUTH HepapXHs
6yitnua Kyiiwmmuay udonanalimy, YHr KHCMH 3¢a MIACTAAH IOKOPHra HyHATHIIA
Oy TanabnapHuHr GaxapHIHLIE TEKUMPIIHITHHY KYpcaranu (3-pacm).

_—

3-pacM. AJKpaTHIIHHUHT TEXHOIOIHK MaXKMyallapHHH JToRHXaNaITHHHT
V-monenu.

Tuzumnn nofinxanannnr W-moneny. Tuzumnu noiiuxanawnusr W-mozenu
GylopT™adn Tanabnapura kypa NoHHXanall XamMaa TH3UMITH JTOHHXaNAIIHHHT V-
MOJE/HHH OHpraiHKia KyJUiall HaTIKacHia Xocun 6ynann. Jlekun V-Momengan
¢apxma ynapok, Tanabmap xackax KYpHHHIIHAA HaMoEH 6ymamu Ba W-Mozenna
6up BaKTAa XalTwif UMKIHHHT TYpT GOCKHUH: noliMxanamw, WIITa TYIIMpHII,
¢oiinananum Ba XM3MaT KYpcaTHULIApHH ¥3apo anokanapu Gwran GupranMkia
TacBHpJIall HIMKOHH MaBxyJ (4-pacmM). _

4-pacM. AXPaTHITHHHT TEXHONOTHK MAXMYaapH Xa&ruii LMKIMHY TH3HMITH
JoAMxanamHHHr W-Moznemu.

AXPaTMIIHHHT ~ TEXHONOTHK  MIKMyanapHHHHT  XalTuif  [MITHHM
noinxanamna W-mogenman QolimanumbuHr ad3awMrs  mymnakm, 6yHzait
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Moje/ulapia OMp HedTa MaKcajiap amaira OMHpHIamH. Macanal, HedTHM
6upnamMuy KaliTa HIUAAATH AKPATHUIHHHT TEXHONOTHK MaKMyanapH Xa&Twii
UHKIHHA NoMHXanaiml ydJyH TawiHg a3Tinaérran W-mozenaa TypTTa Makcal
Hazapfia TYTWITAH: JOfHXanallHH ONTHMALIAINTHDHIN, JIOAMXaHH HIra
TyIIMpHILAA OITTHMANIAIITHPHLI, TEXHONOTHMK napaMeTpiapHi
ONTHMAUTALITHPHIN Ba XapaOXKATIAPHH ONTUMALTANITHPHIIL.

Jlofinxara Y3rapTHPHUUIADHH KHPHTHII HMKOHHSTHHH TabMHHIAIN YYYH
MabIyMOT/IapHH HOAHHK KnacTepilall aMmanra OMHpHnamgy. MawIyMOTIapHH
HOQHMK KjacTepiaml yJapHHHT Oup-OMpH OHNaH @IOKaCHHH KaHYIHK
AKHHJIHTHHH Gaxonamra acociaHany (S-pacMm).

AXPaTHIHHHT TCXHOJIOIHK
MAXKMYaCH

| Maztysomzpin l
MyBOGHEARUITHPHI

- Hoaunx Mysoduxnmrnap
MBTPHLIBCHHH TY3HII

QAINOPHTMA
S5-pacM. XaTuil HHAKIHE HHTEIUICKTYan GOLIKAPHLIAA MAbTYMOTIApHH
HOAHUK KilacTepnam 60cKAIIapH.

Masnymotnapsn ymum‘—l

TacaBByp KWNaMHM3, @KPATHIIHHHT TEXHONOTMK MaKMyacHia MaBXyX
aXpaTHIl KypWIManapu cOHM n Ta 6ymu6, xap 6up axpaTHl KypwmMacuia
Ha30paT KWIMHAAMraH Ba POCT/IAHAJHTaH TEXHOJIOTHK MapaMmeTpiap m Typiu
6yncuH. YHaa MasKyp KeNTHDHITAH KyPHWIMA Ba NapaMeTpiiap COHHIa Kypa nxm
yayamiin X MaTpHLaHH KypHII MyMKHH:

X F2 e Kim
. x?I x:2 o Xam | a)
Xy Xpp eee X

Oupn xap Oup KypwIMara TYFpH KeNyBYH MapaMeTpiiapra OHI
MaBAyMOTNapHH  MyBOQHKIamTHpamus. Byama  Kyimpgarn  mgonanan
¢olinananamms:

1 n
"v“;Z"y
x5 = A=l = (i=12,..mj=12,..m). 2)

L5 (ige)

ém] i=}
MyBOQUKIMKHMHI MHHHMYM Ba MaKCHMyM KHHAMAaTNapHHH  MocC
paBumpamin {x)}= 4 Ba max{x;}=B ka6u Genrunab oncax, KyRHIarn KOppeNsLHMOH
GORTHKINK HPOAACHHH XOCHIT KHIIaMH3:

.l
=22 0sy,s1. ®)
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Arap HOAHHKJTHK IAPOHTHAR ONMHANMIAH THKHIN NapaMETPNapyHK Y =[y] .

KYpHHHIIN2 E3UIT MyMKHH G¥7ica, YHAa MyBOQUKIHKHHHT HOAHWK MaTpHuacH T
HH KyAHIar# KYpHHHIIAA &3aMu3;

o @
tn lg e

6y epma f; — y; Ba y, nmapameTpnap YpracujarM MyBOQHKIMK NapaKACHHH

Sunpupami. :
AdXpaTHI KyprwiMallapura OuJi MabJlyMoT/ap MyBOOHKIAITHPHG 6¥muHray,

ynap Moc paBumja Gowmkapuil TWsMMHra ysatwnaad. Bywpa xocun 6¥nram

MaTpHLara HOAHHK 3KBHBAEHT Gynran marpuua 7* xaM Maexyn 6ynamu Ba

TPaH3AT MaTpHNa Basudacurn 6axapaau:

,(r)=r'=ror:~-~~r, ®)
6y epama “-” Genrn Kepakmu Xo/napAa yHWHT YpHuna (Av) HoaHHK amannapaaH
tofinananmmumnn Gunaupany.

AXPpaTHIl KypWIMANApHHHHI KOHCTPYKTHB Ba TEXHONOMHMK MNapaMeTpiapH
Oup-Gupunan (apk KWIMIIMHM IBTHOOpra ONraH Xo/ja, MOXY/UIH EHAALIYBHH
KymnafiMus. ByHna xap 6up Typ aKpamimi KypWIMACHHMHI HULTALYJAr
MIOH'UTHITHK Aapaokach A KaH9a I0KOpH (A HMHT KuiiMary O aan 1 raua opammkaa
€ramu) 6ynca, ynna 103 Gepanura skapalH myH4a MypakkaG Ba TEXHOJIOTHK
napaMeTpnap COHH KyN G¥/ajii. AXpPaTHil KypHIManaph MaKyMacH MOAyIUiapra
apatib OynuHrad, Kynm MaKCaUIH ONTHMA/NAIITHPHII aMara OWHpHIIaaH.
OnTHMaIaIITHPHIN YUyH KyHHIArH YerapalaHnILIap TaHnat oHHraH:

Fy — Kyn KOMAOHEHTNH 3PATAUIMAHH DKPATHIU MAKMYAaCH TAPKHOMHMHI
MYpaKka6JHry; F — aXpaTHIIl KyPHIMAacH KOHCTPYKUMACHHHHT COATATMIH; Fy —
aXKpaTHIL JXapaEHHHHHT MyPaKKaONMHIH; Fy — XM3MAT KYPCATHIIHMHT OCOHJIATH.

AKDATHIIHHHT TEXHONOTHK MaKMyacH XaéTHil LMKIMHH Xap GHMp GocKuum
YYYH MOC GOFITHKINKIIAPHH KEITTHPaMH3.

AXpDaTHIIHWHT ~ TEXHOJIOTHK MaXMyajiapH MOMY/UIaDHHH  JIoHHXanam
6ocKHYM yayH:

Fa=—3dnd +(-d)nl1-d)), ©6)
A =1
6y epna ry — MaiMyanars KypuiMara Moc KeTyBaH “M” Momyra Moc KeITyBYH
TapTH6 pakamu; d; — Kypuimann nofiMxanam 6oCKWUMAArH i-dyHKUMSHHHT
AHHKIAHTAHTHK JapaXacH.
AJKpaTHII KypH/IManapHiaH HILTa6 YnKapuiia GoinanaHnm 60CKHaH yuyH:
Fe === 3/t £+ (- £)nG- £) )

=1
Oy epna f; — umnab uYMKapHm GoCKWUMIArH i-YHKUMAHMHT AHMKTAHTAHIMK
JAapaxac.
AXpaTHIIl KypH/IMacHza 103 GepaiHraH aXpaTHIL XKapatHH yuyH:

16



Foc= -—i-ﬂm—) (8)
a‘m n
n,(j) — j-Moyfra MOC &KpaTHIN KypHIMacHAarH skapaéHHUHT (yHKIHACH.
Jloiinxana xap 6Mp KypwimMara MoC KeJIyBUH i-MOXYJIHHHI HINZaH YHKHUINHA
n; 6wiaH Genrunacak, yHA2 HIAAH YHKMILIApra XM3MaT KypcaTHin 60CKHIH yIyH
Ky#ituaars GOFIHKIHKHY E3aMH3:
Fx= -:Z[ﬂﬁnm +(-n)(-n)- )
IOkopupa xenTHpaAraH noaanapra acocHaHHO, aXXPaTHIIHHHE TEXHOMIOTHK
MaKMyanapy  XaéTHif  IDMKIMHH = JofiMXanampaa  MOAYJ/UIap  COHMHH
ONTHMAUTAIITHPHIN Y9YH Xap 6Hp 60cKH4Aa MHHHMaN KHAMATTa SPHIIHIN JI03HM.
ByHpali onrAMaamTApHn MacanacHHuHT eunMM S(Y) dyHKImoRan opkanH
aHHKJIaHAMH:

S(Y)=mh1{i~‘,, +F +?x+i‘}}, (10)
6y epna Fy ; Fi; Fx BaFy, — MOC paBHIIa MOKMya, KypHIMA, TEXHONOTHK XKapaéH
Ba XH3MaT Kypcatnm 6¥iiuua Kyiiunran yeknannmum GyHKIMSnapHHHT §axomapH.

Maskyp Gaxonap Moc papHmia KyiHaarn HOHanap OpKATH aHHK/IAHWINH
MYMKHH:

ﬁ F F}\-— FR Fx F‘. = Fx

—.
ZF,, ZF,, ZF,,\- N
i=1 i=1 i=1 i=l

AXpaTHIIHUHI Mypakka® TeXHONOTMK MakMyanapH Xaérmil HUMKIMHU
JolMxanampga Momy/uH EHAamyBjnaH doifpananmm alipuMm YXmam Momysnap
(KypwiManap)iH TakpopaH mnofiMxamamgaH xanoc G6YmHm asamnurara sra.
ByHaaH  Tamkapd, ~ MOAYJUIapHH  JIORMXanamja  Kyn  [apaMeTpiH
ONTHMAJUTAITHPHIUAAH (olinanannm alipUM napaMeTpaapHH ONTHMAILNAINTHPUIN
HATIDKACHTa TABCHPH I0KOPH GYNMHIIMHUHI OIMHYM O/IMI HMKOHHMHH GepamH.

HucceprauusHuHr «KyN KOMNOHERT/IH apanamiaMajlapHH aXRpaTHIN
KapaéHNAPHHHHT TeXHOJOrHK MaXMyaJlapH XaéTuil HHKIHHH HHTe/LUIeKTYyal
fomKapnm TH3UMHHH HIUIA6 uwnKMm» HOMMM YYHMH4YH 6obumpa kym
KOMIIOHEHT/IH apajaliMaiapHH KPATHIOHHHT TEXHOJOTHK MaXMyanapH Xattui
LHKINHA HHTEJUIEKTyan GOMKapyil TH3HMIapH Takym( STHITaH.

Hedrts xomamécunu Oupnamun KaliTa HUUTAmAQ OKPATHII TEXHOJIOTHK
skapadanapd xadtuii uuknuHM Gomkapum — PLM-TM3HMMHMHI apXMTEKTypacH
Huwiab yukunrax (6-pacm).

PLM-unosanapaan ¢oiinananuil spaTiraH Xy#oKaTinapHH Kadn sTvm,
caknawl Ba ynapaaH doiinanaHuuuiapHn GOMIKapMIl, YJapHMHI MAasMYHHHH
y3raprupum  kapatHnapMHHd  GOIIKapMm, I[IyHUHIZIEK HIOAll JaBoMHAa
KUPHUTIUITaH Y3rapuuuiap Xakujga doinanadysuiapra xabap GepHm HMKOHHHH
Gepanm.

AXGOpOT TeXHONOTHANIAPHHHHT 3aMOHaBHi IOTyKIapuiaH (olinananum Ba
«Canoar 4.0» KOHUEMUMACH acocHAa KYI KOMIOHEHTNH apaNalliMaylapHH
@KPATHIIHUHT  TEXHONOTHK MKMYallapy .. XabTuil-.-UKITHHH- ummexgyan
GOIIKAPHII TH3HMHHHHT apxuTeKTypacH wpﬁnpan (’v‘-pacm) . “@‘V‘“D"\\" |

an




I, ic

|

Q [
=
Tyxmmsrspas: M PLM-crpy
TEeshenx I aErgReTIp —
mpalnm Sesacn —
Galtazegn

‘wxpsiun
fakaipn

6-pacm. Hedts xomamEciuy GHpaMyu KaifTa HIINAL TEXHOMOPHK
JKapagHIapHHMHT XaéTnii HUKNMHY GOmXAPHIN TH3HMH apXUTEKTYPACcH.

BKEO | fornbrosain] | iR
l |k
i A

Kyl carx
(snrmb <woqpezn saiinom:)

7-pacm. Ky KOMITOHEHT/IH apananiManapHH QKPaTHIIHUET TEXHOJIOTHK
MaxXMyaJiapu Xaéruil UHKIMHH HHTEJUICKTYasn GoKapHIn TH3HMHHHHT
APXHTEKTYPacH.

Xycycan, pakamH MOZE/UIAIITHPHIN Ba CHMCH3 TEXHONOTHANAp, KOMOBIOTEp
TH3MMIIADH BAa TapMOKIapH, CyMyTnH TEXHOJNOTHAIap, MaxcCy/loTiap Xaéruit
OUK/IHHHE Gomkapum — PLM, crcremanap Xa8tuii uuimun Gomkapum — SysLM,
BHpTyan 3ru3ak — Virtual Twin, aménap untepHetn — IoT kabu TexHonOrMAnap

Mypakkab TEXHONOTMK MaXMYalapHHHT XaéTHil LMKITHHH MHTEJUIEKTyan
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60IKapHII NMKOHUHH ApaTajgH.

Mypakkab TEXHONOTHK MaXMyalapHHHI XaéTMii UHMKIHHH HHTEJUIEKTyan
6OMKapHIl TH3MMHHHMHI acocHH BasHdacH Mypakkal YITYKCH3 TEXHOJIOTHK
xapaSunap 103 GepaguraH Mypakka® TEXHOJIOTHK MaXMyalapHH GolIKapHInaH
nbopar. Maxvya Tapkufura axparum KypHaManapH, Hasopar-¥muam acGobnapu,
6OIIKAapHII KapOpNapHHU MXKPO IJTYBYM KypHIManap Ba TYPAH 3aMOHABHH
ceHcopnap kupaau. ByHaaH TamKapH, apXHTEKTypaja CHMCH3 aloKa BOCHTalapH
MaBXyn ©Oynub, ynap MawIyMOTJIap aIMallHHYBHAA HIOTHPOK 3TaiH.
ApxuTeKTypajard cepeep 3ca KyHH caTx/ia aMaira OMHPHITaH Ha3opaT-Yiadam
axCopoTnapuHH MHTeUleKTyan OOINKApHIl TH3HMHHHHI IOKODH CaTXIapHra
YUTYKCH3, aHUK MaH3WUIM Ba ¥3 BakTHAa €THO GOpHINMHM, IIyHHHIZCK HXPO
MexaHu3MJlapura KeJIMIDHHH TapMHHMalau. Cepsep Kyt carX Ounan
JacTypiiaHaJural MaHTHKUl KOHTPOJUIEPNap, aBapHira KapiniH XMMOA TH3HMIIADH
Ba CHMCH3 anoKa BOCHTallapH OpKAaiH Y3ap0 MYJIOKOTHH TamKWA 3TajH.
Cepsepan rokopuaa 3ca SysLM Ba caHoaT KOpPXOHACHHHHr GymnyTH Typafd.
Cucremanap XatTHi UMKIMHH Gomkapum TH3MMH — SysLM HuHr acocunn
MaxcyJnoTiap XaéTuif uuKmuMHY Gomkapumn TH3uMu — PLM Ba Buptyan srusak
Tamkwi 3TagM. By KucCMHMHT acocuii BasHdacH pakammu MoAe/UIALITHPHI
MaxcysioTh xucobnanraH Buprtyan srusakaard acocuit KypcaTKWunapHH HaMyHa
KWIKG oyirad xonga MaxcynoTnap xaéTuii IMKNHHY GomKapunaH uoopar.

ADXMTEKTYPaHHHT 3HT IOKOpPH KHMCMHAA >oiinamran OymyTaard Merta
MabilyMoTiaap 6azach sxxapa8HHHHT Xap OHp BakT 6¥iiHya 6apua ManTyMOTIIAPHHH
Y3112 MyxKaccaMIaIITHPaAH Ba HHTe/UIEKTyan GoMKapHIl THIUMHHMHT CaMapany
thaomaTHHH Hyira KyHum ydyH 3apyp 6¥nraH KaTTa XaXMAAarH ManiIyMoTiapra
Te3KOP HIUIOB GepHIIHH TabMHHNAHIH.

Axparum M anapyu __Xa®rui Hu _ 60 a__mapamerpin
HoaHUWKNUrH, Kyn KOMIOHEHTIM apanamiMaiapHH @KPARTHIOHHHI TEXHOJIOTHK
MaxMyanaph XafTui LMKIMHH GOMIKapHIUAA KPATHII MAKMYaCHHHHT HII
(aonuaTHra GHp BAKTHHHT ¥31ja XaM HOAHHKIIMKIAp XaM GONIKapHII CHTHALIapH
TabcHp Kunagu. HoaHukmknap, §3 HaB6aTHAa, DKPATHIN MasKMYACHHHHT XYJIKHATa
XaM Y3 TabCHpHHH YTkasamy. Iy caGabmn, akpaTHm MaXMyaCHHHHT TEXHOJIOTHK
¢$yHKUMANapHra ATOXHAA YbTHOOP KapaTHiH 1o3uM (8-pacM).

n M Maxuyzomr “H "
SpaucIpIap 7 > TEXHOTOMIX Harsoaxap HAYOPIT KL bR
TOOULTL TEXHOIOMISCH o ’ < > ' bl

————X&uﬁmnmnmw—_l

H MHKABH Kenub wuKH, Tex YSropTHpAIT—

8-pacM. AXKpaTHIN MaKMyaCHHHHT TEXHONOTHACH, TEXHOJIOTHK QYHKIHANAPH Ba
XasTHii IMKIHTa HOAHHK/IHKIADHH TabCHP 3THIIH.

[TapameTpnap HOAHHKIHKIADHHH XHcoOra OJiTaH XONAA TY3HITaH TEXHONOTHK
¢dyuxumuanapnas, yjiap HOMOHaHA 6¥/mm6 konMmarywda, Kym mapra ¢olinananum
MyMKuH. [TapaMeTpnap HOaHMKIMKIApHHH “Ha30paT KWIMII Ba 6axonam™ MyMKHH
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Gynran XomnapAa aKpaTMIl MaXMyaCHHHHT XaéTHit LMKIH MyBapaKkusITIIH
TaKpOpJIaHHIIH Ba (oiina KeNTHpHIIY KadonaTiaHamy.

Kyn xOMNOHeHT/IH apalalIMalapHH aXPATHII MAXMYACHHHHT TEXHOJNOTHK
byHxumanapunn Gakapumaa Xapakariap HORHHK/IMIH Ba KHDHII NapaMeTpapH
HOBHHMK/IMTHHH aJI0OXHAa aXparub kypcaramus (9-pacM). Xapakariap HOAHHK/IMIH
XaETHi IHKIHUHT GHPOP GOCKUYHMHHM aMaira OIMPYIIZA 103ara KeJlaauraH XoMar
6wran uponananany.

9-pacM. AXPpaTHII MaKMyaCHHHHT TEXHONOTHK QyHKUHIapH.

Kupnm napamerpnapy HOQHHKIMIHHMHI M@XMya XalrHil LHIIHHH
Gomkapumra Tancupu Monre-Kapno ycynu 6unan Tascudnanras 6¥1m6, xap 6up
KHpHMII mapaMerpH X, YJYyH OIXTHMONUIAP 3HWIMFH (YHKUMACH KHiMaTH
TawiaHraH. KeiHH, axparim jxapaéHH Y9yH TY3WIraH MOAEMHMHT YHKHIN
KHiiMaTiapy xucobnaHamu. MORENHHHT YHKMII KuiiMaTinapn z KyHuzaru
TeHrnama 61nan Hdoaanrananm:

2= Y WX, (12)
Oy epna W, — cesarupnuk k03¢HIMEnTH; X, ~ KHPHII NapaMeTP/IapH; Z — YHKHII
KuAMaTIapH.

Kupum napametpnapu X, cesarupnuk kospduumentnapn W Ba uMKMI

KuiiMaT/iapH z MOC paBHIIza KyHunary npoaanap Grian Tascudnanamy:

@M ... x@®
x=[s J 3)
xN) .. x(N),
W=[w, w,,], (14)
w-x(1)
=W XY, eam| |, 15)
[w’ ‘x(N)]

6y epna N — Hrepatmanap conm.
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K¥yn kOMnoHeHT/IH apajlamIMajiapHH aKPaTHII MOKMYaCHHHHT TEXHONOTHK
dbyHKUMANApPHTa TACHP KYPCaTyB4YH acOCHH MKKHTa OMHI aXpaTHO KypcaTwiras,
yiap: HOAQHHKIMKIap Ba Oomkapuiml. YMymaH, MaxMya Xaémvil LHMKIHHM
6OLIKapHIIHWHE HHTEJUIEKTYal TH3MMHHH KypHINJA HOAHHKIHKISPHH Xucobra
onMI MaxkMya (aonHATHHH 60MKApHITHY TAHIKKI STHINAR AXIUY camapa Gepaau.

HuccepraimsaHuHr «Kyn KoMNOHeHTAH apajJamMajiapHH aXpPaTHM
KAPAEHIAPH TeXHONOrHK MAaXMYAJIapH Xxaéraft mHITHHH Gomxapmm
ycyulapHHH Hmia6 YHKHmM» HOMIH TYpTHHYM G6GoOMaa aKpaTHIIHMHT
TEXHOJIOTMK MaKMyallapH Xaétull UHINIMHM GollKapHImm YCyJUlapH HOUiat
YHKWITaH Ba YJIapHM aManra omupHm 6a&H 3THIraH.

17 OnTamaanam 3
: (ol

pon
%&E

10-pacM. K¥n KOMNOHEHTIIH apaaliMaiapHH &XpaTUIl kapaEHHHU
HHTeNeKTyall GomKapHIl yCyNHHA aManTa OIIMPHITHUHT (PYHKUHOHAN CXeMacH.

Takmud STHAraH HHTE/NIEKTYyan OOIIKAPHII YCYNMHHHT (yHKIMOHAN
CXEMAacHAa MKKHTa acocHH TalIKMA 3TYBYH KHCMIIAp: GOIIKAPMIIHMHT
TakoMHWuUlawTHpuarad APC-TH3uMu Ba TakcHwiakran Gomxapum TusiMu (TBT)
anoxuaa axparn0 kypcarwirad. Tyswmam cxemacuna APC — Advanced Process

21



Control — TakoMunnamTupwiran Gomkapum TH3uMM, TBT — TakcumuaHraH
6omxapum tTu3uMH, KKKB — kapop xabyn xutys4u 610k, KKKII — kapop xabyn
KWIyBYH IIaxc Ba yNapHUHI BazHdanapy KeJITHPHITaH.

Taxm$p smanaérrad  HHTE/NIEKTyan OGOMIKapMII YCYNH  BasUATIIH
GOmKapHINHMHI HOAHHK MOAENH acoCHA3, HOaHMK MOJENb 3Ca TErHIUTHIMK
(yHKUMATAapHHH XHcoOnamra acocnaHanu. JIMHTBHCTHK V3rapyBud cudatuna
MaxCyJIOTHHHT cHdaT KYpcaTKu4H, ALHN AUCTHIULIT KOHICHTPAUHACH ONHHIaH:

<«JIHCTHWLIAT KoHUeHTpammsacH — C»,C’, X>.

Moc TepMapHH €3HI0 OPKAIH Ba3HATIM GOMKaPHIIHUHT HOAHHK MOJENHHH
KyHHjard KypHHHmaa E3Ul MyMKHH:

Si ={<</“xyna nacr™>,</“nacr”>, </“menépna™> /“6bownansuy apanawuma
Kouyenmpayuacu™>, <</“xyna nact”>, < /[“macr”>, < /“Menépna’™>, < /“lokopu”>,
</“xyna woKopu™> / “yapopamnap @dapxu’>, << [“kyna mact™>, < [“macr’>, <
/“Menépma’™>, < /“tokopu™>, < /“XKyHa I0KOpH™> / “nezma muxdopu™>.

AXpaTHml Kkapa8HMHHMHI TEXHONOTHK MAKMYaNapH XaéTuil LMKIHHH
6OmKapHIl YYyH MaXMya TapKkKOMZarn KypWIMalapHHHT XONATHHH TaXJIWi
Kb, skapalHHH OGomKapHIl AABOMHAA TYIUIAHraH CTaTHCTHK axGopotiap
acocua  M@KMyaHHHT  ONTHM&l  HII  PEKHMIADH  KuMMamIapuHU
fawopaTnafiiuran AMarHoCTHKA AanropHTMHM EpraMmaa OOWKApHIN TH3HMHU
TakH} ITHITaH.

| | ] =] =
Y S S S S I

L Oiriadis MAMHOCTHXD TICHNK KL

i 1 i i i T

1-axp 2 3 4 5. Cepane / ssugr

7

11-pacM. OHnaitH JHaTHOCTHKA ITOPHTMH aCOCH/A AXPATHIN MOKMYanapH
XaéTHii (MKIMHH GOIIKApHII TH3HMH.

OmnaifH AUarHoCTWKa TH3MMM Ba J[MArHOCTHKA aNTOPHTMH  acocHAa
QKPATMUTHUHT TEXHOJIOMUK MAKMYaIapH XaéTHi LHIIMHH y3aiTHPHII HMKOHHHH
6epaguran 60MKapHII TH3UMWHH MU0 YHKHIU MyMKHH (12-pacm).

Hmna6 guxunrad GomKapHm TH3HMH DKPaTHII MOKMYaCHHHHT (GaonHATHHU
Gamoparnam, WIIOHWIMIMIHHH Oomkapum Owran OHp KaTopAa MaKMyaHHHT
AIUTAll CamMapajopJIMTH Ba AKPATHUl KypWIMANapHHH GomKapummparH xaed-
XarapiapHH 3bTHOOpra onraH XoiAa MaxMya XatTHH IMKJIMHH y3alTHpHII
HMKOHWHH Gepann.
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Gz |

Jimroctxa

12-pacM. [InarHoCTHKA aNTOPHTMH aCOCHAA AKPATHIN MAKMYyaJiapH Xa&THi
LMKJIHHH y3aiiTHpHIOra XM3MaT KWIYBYH GOLIKApHIN TH3UMHHHHE TY3HINIIH.

Axparam HIMACHHHHT a&THit KITHHH

Hm__OmiaH
KOMIIOHEHTIIH apaIaliMaiapHH aTHI XXapa&HHHK 60

AT JIH.

20 Byayr

B

[ sevden

13-pacM. AsxpaTHll KyPHIMACHHHHT Xa&THH LMIUIMHH y3alTHDHIN Ba aXpaTHIN
apatHHHH GOIMIKAapHIl YCy/NMHH aMalira OMIMPHIIHMHT (PYHKLMOHAN CXEMacH:
1 — axparHm KONOHHACH; 2 — KalHaTkA4, 3 — HCCHKIHK aNMAITHHAIN KypHmMacH;, 4 —
aednermarop; 5 — koHaeHcaTop; 6,7- Hacocnap; FT8, FT15 — capd marmxnapn; TT9, TT10,
TT12, TT 16 — xapopar narunxiaps; PT11 — 6ocam naramra; LT13, LT14 — carx sarasxiapH,
17 - PLC (macTypnaRagsTal MaHTHKHIX KoHTposuiep); 18 — SysLM-TisuMa (cAcTeManap Xaéruit
UMKVHEE Golikapum Tu3uMH); 19 — cepsep; 20 — Oymyt; 21 — xupuTam Mogyms; 22 — DT
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(paKanyTA 3rH3aK), XApatHHHAT PaKaMIA MOZennaaH Hbopar; 23 — PLM-TH3uME (MaxcynoTnap
XatTHil EKTHAY GOMKIpHN THIHMH) aXPaTHII KONOHHACHHMHT XatTHil IMKIHHE GOMIKapHINTa
Machby; 24 — yakapam Moxym; 25 — PLM-cepaep.

Kyn kOMNOHEHTIH apaialiMaJlapHHHT TEXHOJIOTHK MaOKMyanapH Xa&Tuii
IMKIMHH GOImKapHIl yYyH TAaKIH( 3TWIraH YCyJl MaxMyanapAarH TEXHOJOIHK
sxapaHiapHH GOIIKAPHIN XaMJa MakMya Xa8THi UMIOTMHH y3aiffTHpHIIra XM3MaT
KWwiamH. BomxapHIn ycynu aHbaHaBuii GOIIKapHII ycyuiapuaad ¢apxiu paBumiaa
PLM-cepeepra 3ra. Cepsep MakMyaHH OOIIKApHII CHCTEMaCHHHHIr Xa&Tuii
LIMKJIHHH GOIDKApHINHM TabMUHNOBYH SysLM-Tu3umu Ounan ¥3apo Gormiiukaa
Tamkun 3Twirad. CucreManap Xa&tuHu OGomxapum TH3WMH, ¥3 HaeBbaTtHAa,
MaXcMyallarH KyPWIMANApHHHT Xa€thit uMKmHH OomkapyBud PLM-Tu3uM Ba
paxamin 3rusak DT OmiaH axpanMac KHCMHM TAIUKWI 3TafH. XaéTuil LHITHH
6omkapumHuHT ymby ycyaH 6Mp BaKTHHHI ¥3HAa XaM OOIIKapMI CHCTeMaiapH
XaM KypwiManap Xa®ruii IMKIMHH GOMmIKapuIml OpKaiHM MaxcysioT cH(aTHHH
AXOIMIAraH XO/ZIa Pecypc Ba SHEPrHA TEKAMKOPIHMKHM TabMMHJAINFA XH3Mar
KA.

Bomikapumi TH3MMMHMHI CaMapafop/IMIHHK OLIHPHII Y4yH Maxkya Xaéruli
IMKIMHE GomKapHmaa caphnaHaéTraH XapaskaT/apHH kamalffTHpMII Ba MaskMya
Xa€THil UMKTMHN y3aRTApHID to3¥M. Hasapuii kuxaraaH KapanraHiaa, GomxapHia
CaMapafiOpANTHHE OWMPHINHH MOAEJ/UIAINTHPHIN YYyH GOWKAPHMIN THIMMMIAH
onuHaMraH Gapua axGopornaphn y3apo MyHocaGarnapn GmwiaH Guprannkma axe
ITTHpaMu3. Macanan, MaxsMyaHn —OOImKApPUINHUHC KOPHIt  Xonargaru
caMapajiopJuruHd n O6mnaH Genrmnab® oncak, KYpcaTKMwiap AXIMMnaHraHAaH
KelHrd camapafiop/IHK n’ Gy namy Ba ynap ypracupard MyHoca0aT:

m==,  n=0BOYAp)'. (6)

n
Oy epoa Q — Maxkmya TaBcu(UIapHHMHI MaTpHuacH; B — xapaxarnap MaTpuuacy;
A — apanamManapH¥M aXKpaTHII KYpcaTKHWIapH Martpuuacu; !/ — Mmaxcyiaorra
OynraH Tanat.

ApanamManapHi KpaTHIMII XYpCcaTKHYHHH AXLMnam, STHHH
KOHUECHTPAUHAAPHHHHT SXITIIAHUIDHHA TabMMHJIAI Makcainfa A MarpHuajga
¥3rapTHpHILHY amaira olMpHO, A’ Ba n’ TapHH aHUKIAKMU3:

n=QBA", 17
Oy epra A' MaTPHIIAHHHT JTEMEHTIAPH a;; =Ka,;, i= j.

IHynpafi KwiHO, axpaTHill KYpcaTKMWwiapDH MaTPHUACHHHMHMT HXTHEpHE a;
YCTYHH ¥3upma aKpaTMl MaKMYaCHHHHT @KpaTHMII KOJIOHHACHAAH MCCHUKIMK
TZECHPUAA KOMIOHEHTIIApHH aKparnO® omumHu nopanalimy, & 3ca aKpaTHII
*apalHHHH GOIIKapHIN caMapaJOP/IHTHHHA OIIHPHIHII MHKIOPH.

Kenrupunraunapra acocnanu6, 4 MaTpHliaHH €3aMH3:
[~} _ Xi,2 .

=ai2

[} C: o 1 [ (R
A= _ﬂ:au c_3=] e f=tay, 1 ) (18)
[~

] C2
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Gy epaa ¢ — axpaTHb ONMHAETTaH KOMHOHEHT XOCCA/IAPHHH; j — SKPATHIHN KApaHH
KaiicH KypWiMana Keda@TraHNMIHHM aHITAaTYBYH COH; X;; — capgaHa&traH
SHEPrHA MHKAOPHHH; Gj=] Ba G2 — @KPaTHIl MAOXKMyacHOarH aXkpaTHIl
KypHIManapHHH aHI/IaTajH.

BoulKapuIin camMapanOp/MrHHH OIIMPHIN MaKcajuia 6ab3u KYpCaTKuuwiapHH
yaraprHpraHnaH Cymr Xocwn 6YmanumraH caMapajOpiIMKHM aHrnaTyBuM A'
MaTpHLIaHH XOCHWI KWIHII YIyH A MAaTpHLAHWHT 4;-; Ba @j-2 YCTYHJIapHOarH
HOAWAroHaJl 3NIEeMEHT/IAPDHHH CaMapajJlOpIHKHH OMMpHII  ko3(¢HIUHEHTHra

KynaiTtHpaMH3:
I3 g o 1 ka, ..
A': —-x—z"l-= %) -c—z'=l e |= kau 1 eee |* (19)
a

XOCHT KHITHHIaH TH3MMAA Taitép Maxcysor c'; Gunan, 3Heprua capdu 3ca x’;.
6unaH TakmMM ITHITAH. YHAA Xx'j; HUHT KHAMAaTH ONAMHIY KuiiMatura HucGaTan
LIyHYaKd MyTaHocH6 3Mac, 6anku camMapanupoK 3KAHIMIMHHA AMITATANM, YYHKH:
x, =ka, ).

JucceprawusausHr «ARpaTHII sKapadiapARNAT TEeXHOJIOFHK
MaxkMyanaps xadTHli UNHKIH JaBOMHIUTHTH Ba HADXHMHH AHHKIAM
yenyGusTHHA HMUIa6 auKcHm» Homm GemuHIH 600HuAR axpaTHil KOJOHHACH Ba
TEXHOMOTHK MaKMYaHHMHI XaTHili LMIUIH XapaXaT/NapHHH aHHKam yciyOHaTH
6agn sTHnTaH.

AdxpaTHII KONOHHACHHUHT XaéTHil LHKIH XapaOKaTNapHHU aHHKAAll MasKyp
KonmoHHanaH QoiipanaHum &ku yHu coTHO omum G¥iivda Kapop KaOyn Kuimm
6ockuumza xKyaa MyxuM axGopoTHH TasMHHNal Gepamu. AKpaTHII KOJIOHHACH
Xaéruii MM XapakaT/JapHHH aHMKIAIJA TYPTTa: XapaxaTnap TapKUOHHH
TaxJIW1 KWIKII, XapaKaTJapHHHT KUiiMaTiapHHH Oaxonaln, AHCKOHTAAI Xamzaa
HHQNAUMAHM 3bTHOOpra ommm Myxumaup. Taxmmd sTanran ycny6nstra kipa
KyHHIarH acoCKii XapaaTiap aHHKNaHaIv:

1. Ancpamuw xononnacuday iiuwiux dotidananum Kypcamxuyuny xucobnawu.
AsKpaTHII KONOHHACHHHHT COaTNHK dolizananum KypcaTkiin Kylnaaru GopMyna
&pmamuaa XucobnaHaou:

®.=cl-f, (20)
6y epna @,— koNoHHaAaH Hwn aBoMHAa (olaaiaHum BaKTH, COAT; C — CMEHAIap
coHY; / — Mun naBOMHAArH MIO KyHJIApH COHHM; [ — KONOHHaxaH ¢oilanaHHn
IapaxacH, %.

2. Konounanu mavmupnaw _ea_dhotidananuw _xapaxcamnapuny anuxiau
Oockuyy. AdXKpaTHMIl KOJNOHHAJIapH Xap JOMM XaM TabMHP/AaHMAaCIHTHHH
3bTHOOpra onral xonaa dofganaHHmHUHT i-ofimaru doliaanraHuIn Ba TABMUpIAN
XapaxariiapH Kyiiuaaru ¢opMyna EpaaMuia aHUKIAHAH:

T6()BP.f,

X=-12_

2, @
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6y epma i — KOJIOHHaZaH (ofigananum ofiM; X,— i-olinaru dQolinarannm Ba
TABMHUpJIAI XapaykamiapH; T; — KOJIOHHAHHHT TaHHapxy; 5, 4,5 — ¢olinanaHum
Ba TABMHPJIAII XapAXAT/IAPHIa TAabCHP STYBYM ko3(ouiMeHTnap; @. — iHn
JaBOMMJA KOJIOHHAAaH (oiianaHuI BaKTH, COAT.

HadnamuoH TabcHpnap ysTHOOpra onHHca, Kyluaark ¢gopMynann E3MMHUMH3
MYMKHH: :

Xy =X(0+1)", (22)
6y epaa X, — HH}UAUMA TabCHPHAA KOJIOHHaAaH (poiimanaHMm Ba TabMHMpiam
xapaxxarnapu; I, — uapnamua koahduimeHTy. '

Slarm  konoHHa coTHO oOMMHTaHZar TO j-offraua  (olixanaHHIAArH
HHOIALEAHA XHcobra onub, KONOHHA TaHHAPXHMHK Ky iMAaruta aHHKIafiMu3:
1

Tin, = G- B+ 1)%, (23)
Oy epaa T, — HHQAALMAHH YBTHOOPra ONraH XONJa SHIH KONOHHA COTHO onuil
xapaxatd; I, — HHGIALNA Ko3d¢uimenTH 3pTHOOpPra ONMMHraH KOJOHHA HapXy,
D, (i) — 3CKUpraH KOJIOHHAHHHT &nra 60FINK KHHMATH.

3. Axcpamuws _xononnacuru uwnab HuUKapuwi2a %copuii  3muuiHu__Konaaul
MY g()gm_:_{t}m anwcngus.  Ymby GockMuga ONTHMAn KOIUIAIN  MYIIATH O,.e
aHuKIaHaad. Muab qMKapMInra AHMH £XPaTHII KOJIOHHACH ONIMHray, TAbMHpIALL
Ba HOUIATHII XapakaTiapH KaMasfn. YHHHT HaTHXacHAa OJHHamuraH dotina
KyHuparusa aHuK/1aHaiu:
Z,=X,,-X, (24)
Oy epna Z, , - AHrH KOJIOHHajaH (olijanaHHII HaTIKACHAA ONIMHIaH doina.
Konnanum MyaaaT™ Kyiiuparada aHHKIaHaau:
0, =min{i:2C,, 2T - #(j)}, (25)
Oy epaa Q, — AHCH KOJIOHHAHHHT KOIUIaHMII MYAAATH.
Komnauum MyamaTH acocHa KOJIOHHAHMHT ONTHMall M0 AaBPUHH
aHMKTANMH3:
t, =mn{j:0,=0,}, (26)
6y epaa t._— KONOHHA XaETHIi LIMINTHHHUHT ONTTHMAaJl HIll BAKTH (JaBOMHINHIH).
ASKpaTHI KOJIOHHACHHUHI XabTHi LMIVIHAArH XapaKamIapHHHT Y3rapHin

rpadHKJIapHHH KeTTHpaMH3.
12

. /l

0 100 200 300 400 500 600 700
ifotf

14-pacm. KosionHa Hm npMknMaard yprada xapaxariap rpadura.

X [ cihafalt])
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=== w= KonloHHA COTHO OAHILTa yMyMHIT XapaxaTiap
15-pacM. A>xpaTHLI KOJIOHHRCHHHMHT Xa&THil LMIUTH AaBOMHAAry COTHO onuul,
HIIIATHI, Q)oﬁnanaﬂnm Ba TabMHpJialll XapaXXaTIIapHHHHI rpa(bmmapn.
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16-pacM. AXpaTHIIl KOJIOHHACHHH XOPUH 3THIUTa capdnaHraH XapaxaTiapHi
KOIUTall Ba XH3MaT KYpcaTHIl MyAAaT/IapHHH aHUKJIam rpadury.

Kerrrupunran ¢opmynanapnan goiinanannb, xumé, HepTkHME Ba O3MK-
OBaKaT CAHOATHHHMHI YXIDaml KOJIOHHA Ba KyPHJIMAaNapWHHHI Xa&Twif IMKIH
JAaBOMMJArd XapaXaTjiapH Ba LHKJIH [JaBOMHMIJIMTHHH aHHKJIAlDHY aMaira
OIIHPHII MyMKHH.

XVJOCA

K¥n xoMnoHeHT/IH apanamManapHy &XPaTHIIHMHE TEXHOJIOTHK MaXKMy anapH
XaéTHii LMKNMHM MHTEJNEKTYa)l GOMKApHIMHH TAaOKMK KWIHII HaTIDKacHAa
KyHHaary HIMHL HaTWKanap OJIHHraH:

1.Kyn KOMNOHCHT/IM apanalIMaIapHH @KpaTHII MaXMyanapu Xa&THif
OHKIHHH GOMIKapHIll HA3aDHACH Ba AMATHETHHHHT 3aMOHABHI XONATH TAX/IHI
KwikHran. Hamwkana xa€Tuil UMKIHH GOMIKAPHINHMHI KEJITYCHMAA PHBOMXUIAHKIN
Ba TAKOMH/UTAIITHPHIN TCHACHIHAIAPH aHUK/IAHTaH.

2. BazuATM GONIKAPUINHMHT HOSHHK MOZAENM acOCHAA KyN KOMIOHEHTIH
apanalmManapHi KpaTHI >xapaHUHHM MATEIUIEKTYan Gomkapum ycyim umiab
YUKWIraH 6¥imM6, y AQKpaTHIIHHHT TEXHOJNOTHK  JkapaHimapH Ba YynapHH
GOIKApHIIHUET MHTE/UIEKTY& TH3MMJIAPHHH CaMapalld TallKWI 3THII Xamza
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3Heprus capguan KamMaliTHpHIN HMKOHHHH Oepanu.

3. Maxcynotnap Ba cHcTemanap Xaéruii LMKIHHH  GOIIKApHIN
KOHUENMUMAIAPH acOCHAR @KPaTHIl JKapaBHHHH OGomkapum ycym Huuiab
guKwIrad 6YmH0, y aKparHm kapaBHHHHHI KypWIManapH Xa€THi LHMKIMHH
y3aliTHpHII Ba TeXHHK XH3Mar KYpcaTHII, TabMHpiaml Ba dQolpanaHum
XapaxaT/IapHHH KaMalTHPHIN HMKOHMHY GepaiH.

4. ManiyMoTNapHH HOAHHK KJIaCTep/all aCOCHAA AXKPATHIIHHHT TEXHONIOTHK
MaxKMyaslapH Xaérii DHKAHHH ONTHMAJI JIOHHXanall aNropHTMH HIWIA0 YMKHIraH
6¥m6, MasKyp anropuT™ JIORHXanall BaKTHHH KHCKapTHPHIN Xamja lodHxanain
CaMapafOpIHIrHHH OIIMPHINHH TAbMUHIAAIH.

5. «Canoar 4.0» KOHUENUMACH TexXHonoruanapupan doiigananub, xyn
KOMIIOHEHTJIH apalaliManapHH aXPaTHIUHUHT TEXHONOIMK MaXXMyanapH XaétHi
IHMKIMHH OCOIIKAPHOIHWHT MHTEJUIEKTYal TH3MMHHH apXHTEKTypacH HIwuiab
YUKWIraH. ApXHTEKTypa MaXMyanapHHHT XaéTu#t 1HKMHN 6apua Gockunapuaa
MaxkMyaap Ba 6OIKapHDI TH3HMMApHOArH Y3rapHiinap Ba TAKOMHJUTAUTYBIAPHH
y3upa Kalii JTHII OpKAIH OGOmKApHEI TH3HMJIAPHHHM MOC/ANIyBYaHTHIHHH
OIIHPHIN HMKOHUHH GepaH. i

6. Onnalii QHarHOCTHKA ANTOPHTMH AaCOCHAA a@KPaTHIIHM TEXHOJIOTHK
MakMyanapH Xa&Tuii IMKIHHH OOIIKAPHMIIHM HHTEUIEKTyal TH3MMH HuUIat
yuKwiraH. BomxapumsuHr ymby MHTe/NIEKTyan TH3MMH  KPaTHIIHMHT
TEXHONOTHK MOKMyanapH Xadtudl WHKMHM OOmKapHil caMapagopJIMrHHH
OMMpHII B2 IHEprua capduAn KaMaikTHpHII MMKOHHHH Gepany.

7. Xonar Ky3aTyBUWIapH acOCHOAa MaxXMyalap XONaTlapHHH pean BaKT
O¥itvua TauXHCNOBYM OHIAlH AHArHOCTHKA AIFOPHTMH HIUIA0 YuKuAraH. Maskyp
NTOPHTM MaXMYyallapHH TAbMHpNall Ba yapra XM3MarT KYpCaTHIN MyANaTIapHHH
Gesrinain opkamH MaxMya Xaérit IHKITMHY GomKapHn MMKOHHHY Gepany.

8. TexHONOrHK *apaéHnapHH GOIIKAPHII HAa3apHACH TAKOMWLIAINTHPHIraH
6ymi6, Oy ¥3 HaBOaTM@a MaxMyanap Xa¥THil UHKIHHH KYpHO uMKMI
MacananapuHH Camapany eqHIl HMKOHMATIAPMHHM KeHralTHPHII Ba TEXHONOTHK
XapaSHiapHu GOMKAPHINIHUHT MHTE/UICKTYal TH3HMNAPHHM TY3HIOHHHT SHIH
yCyJIIapHHY HIOUIa0 YHKMID HMKOHHHH Gepany.

9. Maxkmyanap xaéruif IMKNIMHH GOmMKapHIIAA HOAHWKJIMKIAPHM 3bTHOOpra
oNraH XonaAa Maxcynot cudaTHHH OIIMPHI Ba YHeprus capduHH KamalTHpHLI
Me30HIapura kypa MaOKMyanapHH OOIIKapMIl caMapafopsuru GaxonaHraH.
Maskyp Oaxonapaan dofinanaHumn xatrufi LUMKIHM GOmIKapHIIAAa 3HEprHs Ba
PECYPCTEXaMKOPJIMKHE TapMHHIAm 6¥liHua MacamanapHu €YHID WMKOHMHH
Gepanu.

10. K¥n1 KOMNOHEHTJIM apanaliMalapHH &KPaTHIl )Kapa&HUHHUHT TEXHONOTHK
MakMyanapH XaéTHif UMK/UIapH SaBOMHIUTHIH Ba HapXHHH aHMKNAI yCITyOHATH
Takmd STwirad. Mazkyp yclayOuAT MaxKmyanap XaéTHil LM JaBOMHAATH
xapaxamiapHu Oaxosmam Ba MaxMya (aoNMATH XaKHAa Kapop Kabyn Kuwimm
HMKOHHHHM Oepamm.
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BBEJAEHHME (anHOTAIHA JHCCEPTAIHHA A0KTOpa Hayk (DSc))

AKTYaJbHOCTL H BOCTPeGOBAHHOCTH TeMbl AHCCepTaunHH. B MHpe B
nocnegHee BpeMa ocofoe BHHMaHHE YJENRETCA CHCTEMaM  yHNpPaBJIeHHA
JKH3HEHHBIMH LHMKIaMH mpoxykimu (Product Lifecycle Management — PLM) u
yNpaBeHHus KU3HEHHBIMH LMKMamMu cHcTeMb! (System Lifecycle Management —
SysLM) ¢ uensto ynpaBiieHusa NPOLECCaMH OT NMPOH3BOACTBA MPOAYKUMH JO e
JOCTaBKH MOTPeOHTE/I0 C MOMOINBIO ABTOMAaTH3HPOBAHHBIX HH(OPMALHOHHBIX
cHcTeM. B 3TOM HamnpaB/leHHH ONpEACICHHbIE YCNEXH ACCTHTHYTH B BEAYNIHX
CTpaHax MHpa, rje pa3pabaTeiBaloTCA M COBEPHICHCTBYIOTCS HOBBIE METOIBI
yNpaBlieHHA, B TOM SHCJie AITOPHTMEI H CHCTEMBbl YNPABICHHA AJlA MOBEIIEHHA
KadecTBa BBUTyCKaeMo#i mnpomykuud. OOHakO HpH YOPAaBIEHHH XH3HCHHBIM
LMKJIOM CJIOXHKIX TEXHONOIHYECKHX KOMIUIEKCOB HMEET MECTO OrpoOMHasd Tpara
PeECypcoB H HepruH. B cBA3H ¢ 3THM BaxkHOE 3HA4eHHE MpHoOpeTaeT paspaborka

- MHTE/UIEKTyQIbHBIX METOJOB M CHMCTEM YNpaBReHHA JKM3HEHHEIM LMKJIOM
KOMIUIEKCOB, CHIDKAIOIHX PECYpPCO+ H SHEPro€MKOCTb.

B MHpe BeIyTcA HCCNENOBaHHA IO MOBLIIIEHHIO KaiecTBa YIIPaBIIEHHA
TeXHOMOTHYECKUMHU IpOLecCaMK pa3ieNIeHUs CIOKHBIX cMmeceill. [1o 3TOH nputmue
aKTyanbHBIM ABJIAETCA pelleHHe mpo0bJieMsl pa3paloTKH H ycoBepLICHCTBOBAHHSA
CHCTCMBI  HMHTCJUICKTyanbHOIO  YMPABNEHWMA  JKM3HEHHBIMH  LHK/IAMH
TeXHOJIOTHIECKHX KOMILIeKCOB. B CBA3H ¢ 3THM B HacTosioliee BPEMA ocoboe
BHUMaHHE YJENACTCA HCCICAOBAHHAM MO CO3JAHMIO HHTEJUICKTYalbHREIX CHCTEM
ynpaBlieHHA, oOecnmeuHBalOmMHX  TOKasaTellH  KayecrBa NpOMAYKUWH H
sHeproa¢dexruBHOCTH, pa3paboTke HeueTKHX Moaeneii H  AIFOPHTMOB
CHTYallMOHHOTO YIPABIEHHA HAa OCHOBE METOJOB HEYETKOH JIOTHkM s
yNpaBieHus pa3fieJIMTENbHBIMH MpolieccaMM M anmaparami, PaspaboTke
HHTEJUIEKTYQNIbHbIX CHCTEM YNpPABJIEHHA JKH3HEHHBIM LMKIOM TEXHONOTHYECKHX
KOMILIEKCOB pa3fiefieHH.

B pecrybmuke Gonbmoe BHHMaHHe YHACNACTCA ABTOMATH3AUHH H
YNpPaBJIECHHIO TEXHONOTHIECKHMH npouecoanm ¥ TIpOH3BOACTBAMM, B TOM HHCIIE
CO3JaHHIO MHTEJUIEKTY AIBHBIX Me;mz(o%n CHCTéM ynpaB/ieHHs, 0Gece HBAIOMUX
3HEpro- H  pecypcocteperxenig ’up”n*’* an'i'omamsamm H  yOpaBjieHHH
TEXHONOTHUECKHMH npoucccanhﬁf‘pasqqr \cueceﬁ B Crparerdn pasputHa
Hosoro Y30exucraHa Ha’ 2022-20%6 O unnexanenu 3a0a4YH «.. CHIDKEHHA
foTeppr B  OTpacmix npggmhmelfih mgjnf ‘IOBHIIIEHHS a(b(beicmmoc'm
HMCTIO/IE30BAHMA  PECYPCOB;, % bheapensia c'ospeuemmx 3Heprocheperalomux
TEXHOJIOTHHA, tbnuaaenpe*eaw . MPOEKTOB MO TOBHILICHHIO
aueproatbd)emsnocm»' Ins BEHIONHERMUS 'STHX 33789 BAXHBIM ARIAETCA CHHTE3
M BHEOpEHHE BHICOKOI()PEKTHBHBIX METOOB H HMHTCJUICKTYQIIBHBIX CHCTEM
YOpaBJICHHA JXH3HEHHBIM LHMIUIOM TEXHOJIOTHYECKHX KOMIUIEKCOB Ppa3fc/ieHHs
MHOTOKOMITOHEHTHBIX CMeceif Ha OCHOBE KOHLEMUHI YNpaBieHHWA >XHU3HEHHLIM
LHKIIOM H3ICJIHHA H CHCTEM.
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JlaHHoe AxccepTaLMOHHOE MCCICAOBAHHE B ONMPENEIECHHON CTENCHH CITyXHT
U peaNM3ALMK 3a7a4, NpeXyCMOTPEHHBIX MOCcTaHoBneHHsMH IIpesnneHTta
Pecrrybmaxn V3bekucran NeIlI1-3682 ot 27 anpens 2018 roma «O mepax mno
JanbReileMy COBEPIICHCTBOBAHHIO CHCTEMBI MPAKTHYECKOTO BHEAPEHHA
MHHOBAIMOHHBIX HMAeH, TexHonmorui u mpoekros», Nell[1-4996 or 17 despans
2021 roga «O Mepax MO CO3JAHHMIO YC/OBHH i YCKOPEHHOTO BHEAPEHHA
TEXHONOTHH HMCKYCCTBEHHOro HHTE/UIEKTa» W YTBepxkAeHHas IlocranoBneHueM
Ipesunenra NelT1-4388 or 9 miona 2019 roga «O Mepax mo cTaGHABHOMY
ofecneyeHHI0O JKOHOMHKM M HacelleHHsd 3SHepropecypcaMH, (HHaHCOBOMY
O3NOPOBNICHHI0O H COBEPIIEHCTBOBAHMIO CHCTEMBI yMpaBneHHsA Hedrerasosoii
orpacnu» «KoHuenuMs pasBuTHa HedrerasoBoit orpacnn  PecrmyGnuku
Vabexucran po 2030 roma», a Takke APYTHMH HOPMAaTHBHO-NPABOBBIMH
JOKYMEHTaMH, NPUHATHIMH B AaHHO# cdepe.

CooTBercTBHe  HCCICAOBAHHA  APHOPHTETHHIM  HANMPABACHUAM
palBHTHS HAykH H TexHomormit pecnmybamku. JaHHOe HccegoBaHHE
BEHTOJIHEHO B COOTBETCTBHH C NPHOPHTETHEIMH HANpPaBNCHHAMH Pa3sBUTHs HayKH
o TexHonorui pecny6mixu 111, «MadopMarH3ams 1 pasBHTHE HHPOPMAHOHHO-
KOMMYHUKAROHHEIX TEXHONOTHI» U V. « XuMHUecKkue TEXHONOTHH, HeTeXHMHA
H HAHOTEXHONIOTHHY,

00630p 3apyleKHBIX HAYSIHBIX HCCISI0BAHRMH MO TeMe AHCCEPTaLMK®.

B BeAymMX HaywHIX UEHTPAX W BHICIIMX 00pa3oBaTeIbHBIX YIPEKACHHAX MHpa
MPOBOAATCA  HAydHBle HCCIIENOBaHWA, HaNpaBReHHble Ha  paspaborKy
BBICOKOTIDOM3BOJUTEIEHEIX CHCTEM aBTOMAaTH3aUMH H YNPABICHHS CNOXHBIMH
TEXHONOTHIECKHMH MPOLIECCAMH, YNpaB/IeHHe >KM3HEHHHIM LHKIOM H3JCHi H
cucreM, B ToM umcie, B “Honeywell”, SIMSCI-Simulation u University of
California, Massachusetts Institute of Technology, University of Michigan
(ClIA), “Simens” n Universitit in Milnster (I'epmauus), Imperial College London
(Bemuxo6puranus), Shell Global Solution (Benuxo6puranusa-Ionnanaus),
University of Chemical Technology in Prague (Uexma), Osaka University u
Tokyo Institute of Technology (SInoxns), Korea Advanced Institute of Science and
Technology (IOxnas Kopes), “MAWEA INDUSTRIES Enabling Digitilazition”
(Manaifzus), “Alstom” (®panima), “Simatek-Energo” (Benapyce), MI'TY uMeHH
H.3.Baymana (Poccus).

B pesynsrare HccnenoBaHMii, NpOBEfEHHBIX B MHpe MO0 CO3LAHHIO
HHTE/UIEKTYQNIbHBIX ~ CHCTEM, aNrOPpHTMOB M METOROB  YMNpaBJieHH:d
TEeXHOJIOTHYECKHMM  MpolecCaMH M KOMIUIEKCaMM, a Takke 1o
COBEpPILCHCTBOBAHMIO CHCTEM YNpaBJieHHsA, NONYYeH psA pe3yJbTaToB, B TOM
4MCIe CO3/1aHbl METOAB!, AIFOPHTME! H CHCTEMBI HHTEJUIEKTYAILHOIO YNpaBAeHUA
TEXHOJIOTHYECKHMH MPOLIECCAMH M OOBEKTaMH B YCIOBHAX HEONpPENeNICHHOCTH
napamerpoB B (Massachusetts Institute of Technology, University of Michigan

2 O6sop sapybexHbIx HEYYHMX ~ RCCNEROBAHMI MO TeMe P Ka
https:/fwww.honeywell.comv/us/en, https:/fwww.aveva.com/ d Jsupp P
hitps:/fwww.universityofcalifomiaedu,  hitps./www.mit.edu/, hnp&l/mudn.edul “hitpsc/iwww s fglobal/en.html,

hitps:/fwww.uni-muenster.de/en/,  https://www.imperial.ac.uk/,  https://www.shell.com/,  https:/www. vscht cz/ljazyk=en,
https:/fvww.oszke-u.ac jp/en, https:/fwww.titech.ec jp/english,  https://www.keistsckr/en/,  https://mawea.com.my/,
https:/fwww.alstom.conv/, https://energyexpo.by/catalog/2021/2213/, https://bmstu.ny/ 4 Qpyrux HCTOUHIKOB.
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(CL1A), University of Miinster (I'epmanmns), Imperial College London
(Benmuko6puranns)); paspaboTaHbl MOIEIH CHTYaUHOHHOTO YINpaBleHHs Ha
ocHoBe Heyerkoii orukn (University of Chemical Technology in Prague (Yexns),
Osaka University u Tokyo Institute of Technology (flmonms)); paspaGotamsi
HHTEJUICKTYaNbHEE CHCTEMbl YIpaBNeHHs H QITOPHTMBI Ha OCHOBE Helpo-
HEUETKHX PerynATopos H kouTposuiepos (Korea Advanced Institute of Science and
Technology (FOxmas Kopes), “MAWEA INDUSTRIES Enabling Digitilazition”
(Manaii3us)); Ha OCHOBE KOHHENIMI YNPAaBJICHHA JKH3HCHHEIM LHKIOM
NpOAYKLMH H CHCTEM pa3paboTaHel METOABI YNpABAEHHA KH3HEHHBIM IHKIOM
npoxyxuun u ofbekToB (Massachusetts Institute of Technology, Ymusepcurer
Muuurana (CILA), University of Minster (OnMoHus)); paspaGoTaHsl MeTomb!
HCONB30BAHMA KOTHHTHBHBIX 3HaHHH NpH MOAEIHPOBAHHH JXH3HCHHOIO LHKIA
npeanpastuii ¥ anmaparoB (Imperial College London (Bemmxo6puranms),
Massachusetts Institute of Technology (CIIA), MockoBcknit rocyaapcTBeHHEIH
TexXHUUeCKHH yHHBepcHTeT HMeHH Baymana (PoccHs)).

B Mupe ¢ HCONBL30BaHHEM KOHIENLIMH YNPABICHHA >KH3HCHHBIM HHKIOM
MPOMYKLMH BEAYTCA HAyTHO-HCCIEAOBATENBCKHE PaboTht N0 Py NPHOPHTCTHRIX
HanpaejieHuti no paspaGoTke HHCTPYMEHTOB CO3JaHHA CHCTEM YHpamJeHHs
KH3HEHHBIM WHKIOM CJIOXKHBIX TEXHONOrHYeCKMX OOBEKTOB M TeXHHYECKHX
CHCTEM, BKMIOYAA AHACHOCTHKY 3TAanoB XM3HEHHONo LMKIA TIpennpuaTHii, Ha
OCHOBE 3neMeHTOB napamurmsl «MHIycTpua 4.0», co3paHue MHTEIUTEKTYIBHEBIX
TPOH3BOACTBEHHBIX NMPENNPANTHI M OLEHKa MX XKH3HEHHOro LHKAa, paspaborke
AMrOpPMTMOB M METOAOB HHTEJUIEKTYANBHOrO YMpPaBNEHHS, OGecTe:HBalONIHX
HENPEPHIBHOCTh JKM3HEHHOTO LMK/A CHOXKHEIX TEXHOJIOTHYECKHX OOBeKToB H
anmnaparos.

CreneHb H3y"1eHHOCTH nmpo6iemel. BonpocaM HCCNGIOBHMA TCOPETHYCCKHX
M TpaKTHYECKHX 3anad N0 pa3paboTke KOHLEMLMIT YIIPaBIeHMs >KH3HEHHBIM
LIHKJIOM CIIOXHBIX TEXHOJIOFHYCCKHX IPOLECCOB, HSIJQJIHﬁ H CHCTEM B
MPOMBIIIJIEHHOM MPOH3BOJCTBE NOCBAMEHE! paboThl pAxa 3apyOeXHBIX Y9eHBIX:
Martin Eigner®®, Anselmi Immonen®, Abir Ismaili-Alaoui®, Michael Riesener’,
Antti Saaksvuori®, Spreafico Christian’, John Stark®, Ralf Stelzer’, Thiebat
Francesca'®, Shigi Wang!!, Stefan Wiesner'?, W.T.Haeunenxo®, K.JXKyx',

3 Martin Eigner. System Lifecycle Management Engincering Digitalization (Engi g 4.0). Monograph. -G y

“Consultant Baden-Baden, Springer Fachmedien Wiesbaden GmbH, part of Springer Nature™, 2021. 275p.

4 Abn‘ Ismaili-Alaoui, Kerim Baina, Khalid Beneli. (2022). [oDEP: Towards an IoT-] Data Analysis and Event Processing
for Business Process Incident Management. Intemational Journal of Ady d Computer S and Applications,

13(4) -pp.900-915.

S Riesener M., Schuh, G, Dolle, C., Tonnesa, C. (2019). The digital shadow as cnabler for data analytics in product life cycle

mnaseumt?moeducm 80 T29-734.

¢ Antti S i, Product Lifecycle Management Monogreph. Third Edition. - Heidelberg (Berlin)
“Springer-Verlag™. 2008. 270p.

7 Spreafico C. An analysis of design ies for circul y through life cycle asscssment. Environ Monit Assess 194,
IBO (2022). https://doi. ots/lo |007/310661-022,09803-1

$ John Stark. Product Lifecycte Management (Volume 3): The E ive S y.~Geneva (Switzerland): Springer I ional

Publishing AG, 2018. - 137p.
? Ralph Stelzer, Martin Eigner. Product Lifecycle Management. -Springer Berlin, Heidelberg, 2009. 434p.
19 Thibat F. Life Cycle and Sustainability: Concepts and Keywords. In: Life Cycle Design. PoliTO Springer Series. Springer,
Cham. https:/doi.org/10.1007/978-3-030-11497-8_1
" Shiqi Wang. Applwuﬁnnof?lndnaL:feCydc" Method in Fumniture Moduler Design. Math ical Probl in
Engincering, 2022, Asticle ID 7192152, 10 p. hitps://doi.org/10.1155/2022/7152152
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A.A.PaguonoBa', B.5.Tapacopa'®, A.A.Tumuenko', A.B.®enoroBa'® u np., a
TakKe OTeYeCTBEHHBIX Yy4eHnX A.A.A6mykammposa'’, ®.T.Amunosa'?,
LM I'ynamoea'®, A M. Usanpan®, H.P.JOcyn6exosa' u ap.

Co CropoHsl  BBLIUEYNOMAHYTHIX YYCHBIX  BENHCh  HCC/IE0BaHMA
HOCBAIIEHHble nNpobneMaM YNpaBNCHHA KM3HEHHBIM LMKIOM MPOIYKUMH,
IM(POBU3ALMH, NPOESKTHPOBAHMA, OLUEHKH JKH3HEHHOro LMKIa, paspaborke
HHTEJUIEKTy allbHbIX CHCTEM ynpaBReHHA rasonepepabarsIBalOIUMH
KOMILTEKCaMH, OOJIaYHBIX TEXHOMOrMM MIA CHCTEM YIpPAaBJEHHA, ajifOPUTMOB H
CHCTEM YTIPABJIEHHA KU3HEHHBIM LIMKIIOM XHMHKO-TEXHOJIOTHYECKHX CHCTEM.

Hapsgy ¢ 2THM, HeCMOTpA Ha HMEIOIMeCs JOCTIKEHHA B obnactu
HCCIIeiOBaHHii 1O PacCMaTpUBaEMbIM BOMPOCAM M 3HAYHTENBHBIE PE3YJbTATHI,
JIOCTHTHYTEIE B OOJIACTH METOJIOB YNPAB/ICHHA JKH3HEHHBIM LHKIOM M3ACNHA H
CHCTEM, B HACTOAILEE BpEMA B HEJOCTATOYHOH CTEMEHH pa3paboTaHel METOIBl U
CHCTEMBl HHTEUICKTYalbHOrO YMpaBAEHHA JKM3HEHHBIM LHKIOM CIOXHBIX
TEXHOJIOTHUECKHX KOMILIEKCOB.

CBfi3b TeMBbl AMCCEPTALMHM C IUIAHAMH HayYHO-HCCIIEN0BATENbCKHX
pabor Buicmero 06pa3loBaTeLHOTO  yYpexAEHHs, TiAeé BLIMOJIHEH
auccepTanns. JuccepTalHOHHOE MCCIEJOBAHHE BHITIONHEHO B PaMKax Hay4HO-
HCCIIEROBATENBCKHX NMPOEKTOB TaillkeHTCKOrO FOCYJapCTBEHHOTO TEXHHYECKOro
yHugepcutera: ®-7-47 — «TeopeTnueckde OCHOBB! INpPOLIECCOB Ppa3Ae/ICHHA
MHOTOKOMIIOHEHTHBIX cMecei» (2012-2016); OT-P7-88 — «CoBeplieHCTBOBAHUE
TEOPETHUECKMX OCHOB TMEPCNeKTHBHBIX JHEpPro- M pecypcocbeperaiommx
TEIUIOM2CCOOGMEHHBIX POLIECCOB CIIOKHBIX XHMHKO-TEXHOJIOTHYECKUX CHCTEM
MONyY4EeHHA YHCTHIX NpPORYKTOB» (2017-2020) " MpOrpaMME!
«COBEpDICHCTBOBAHHE TEOPHH CO3NAHHA DHEPro- M pecypcocheperalomux
Kubepdu3MuecKHX HHHOBALMOHHBIX CHCTEM ONTTHMH3alMH TEXHOJIOTHH rTyGoKo#H
nepepaboTkH HeTH M rasa Ha OCHOBE CTPAaTerHH TOTanbHOH LH(pOBH3ALMU
«HAupycrpus 4.0» (2021-2024).

Ilenb HCCAEAOBAHHANA COCTOHT B COBEPHICHCTBOBAHHH TEOPHH PacCMOTPEHHA
KM3HEHHBIX LMKIOB TEXHOJIOTHYECKOro KOMILIEKCa, a Takke B paspaborke

12 Gtefan Wiesner, Mike Freitag, Ingo Westphal, Klaus-Dieter Thoben. (2015). Interactions between Service and Product
foccycle Mnnagunem PmcedxaCIRP 30, -pp.36-41.

uT, Ouranoruueckoe obeaty /I Marep v

MEXAYHEP. HAYY.“TEXH. KOHG. Mnucx. 19-21 ¢espans 2015 rona. — Munek: BI'YHP, 2015. -C429- 438
" Xyx K1, T AA, P A.A. Tlocrp P CHCTEM P 0 NpoeKTHP -
Kues, Hayxa, 1983 .-248¢
IS Tapacos B.5. Hobme crparerui PeOPraMH3AUMH M ABTOMATHIALHH PEANPUATHE. HA MYTH X HHTCNIEKTYanbHbM
npeanpuTiam // HoBocTH HCKYCCTBEHEOTO HHTEANEXTR, 1996 Ned. -C 40-84
16 AB. C ynp PONYKUHH HOBOTO na
1nex HayuHMH i aypuan “Us p MITY™, 2016. -Nel 1 ISSN: 2307-0595. —C.531-539.
7 AGwlwmpon AA, u mp. Anmpn'ruu " u i "

XVIA uayqno-npamqecxoﬁ dep «Hayka war B Syayuees. —TIpara (Mexua),

2229¢eapaml2020r Tau 13. -C.60-62.
18 Farukh Adilov et al. Application of Digital Twin Theory for Improvement of Natural Gas Treatment Unit // 11th International

Conference on Theory and Application of Soft Computing, C g with Words and Perceptions and Artificial Intelligence -
ICSCCW-2021. Springer Nazure Switzerland AG, 2022. -PP. 1-8.

9Gulyamov Sh. Et al. E: g of the Problematic Industry 4.0 and Platform-Based Economic Development // Lecture Notes in
Networks and Systems, 2022, 362 LNNS, pp. 412-419

Plvanyan A. et al. Design of Distributed Archi of Refinery Compl Control Sy by “Al Zour Refinery” Example //

Lecture Notes in Networks and Systems, 2022, 439 LNNS, pp. 587-593.
2t Yysupbekov N.R. et al. The Possibilities of Using Cloud Computing for Applications of Industrial Automation // Advances in
Intelligent Systems and Computing, 2021, 1323 AISC, pp. 246-253.
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CHCTEMBI H CHOCOGOB YMpaBNeHHA JKH3HCHHHIMH LHKJIAMM TEXHONOrHIECKHX
NpPOLECCOB Ha NpHMepe pasaesieHHs MHOTOKOMIOHEHTHBIX CMecei.

3apayd HCC/IeAOBAHHA:

aHAH3 JKM3HEHHOTO LHMKIA BHOBb IPOEKTHPYEMBIX H IUIAHHPYEMBIX
PEKOHCTPYKIIH TEXHONOTHYECKHX KOMILIEKCOB;

pa3paGoTKa METOAMKH ONPEAENEHHA JUIHTENLHOCTH ¥ CTOHMOCTH JKH3HEHHbIX
LHKJIOB TEXHOJNIOTHIECKHX KOMILIEKCOB npouecca pazAencHHS
MHOTOKOMITOHEHTHBIX CMECEH;

COKpalleHHe CPOKOB NPOGKTHPOBAaHMA  amnmapaToB  PasAeNHTILHOTO
KOMIUIEKCa M  paspaboTka ONTHMAnbHOrO  ITOPHTMA NPOEKTHPOBAHMA
JKM3HEHHOTO LMKJIA KOMILTEKCOB;

pa3paboTka MHTE/UICKTYanbHOH CHCTEMBbl YMpaBJICHHA, MO3BOJIAIOILCH
NOBLICHTE I((PEKTHBHOCTD YNPABNEHHA XKU3HEHHBIM LHKIOM Pa3fCNHTENLHBIX
TEXHONMOTHYECKHUX KOMIUIEKCOB H CHH3HTE SHEPro3aTparsl;

paspa6oTka CHCTeMb! YMpaBIIeHHA, MO3BOAAMOLIEH NPOMTHTL KH3HEHHBIH
IWIKJT Pa3feNuTeNbHBIX KOMIUIEKCOB;

pa3pa6oTKa MHTEJUIEKTYNbHOTO Cnocofa ynpasnenHs, MO3BOJAIOIMETO
yAY4IIMTE YNpaBleHHe NPOLECCOM pazieNneHus;

paspaGoTka cmocoba ynpaBjieHHs, TO3BOJIIOMIEr0 MPOMIHTL KH3HCHHBH
LHIUT KOMILTEKCOB NPOLIECCa PasAe/ieHHs MHOMOKOMIIOHEHTHBIX CMeCeH.

OO6beKTOM HMCCIeJ0BAHHA ABIAIOTCH  TEXHOIIOTHYECKHE  KOMIUICKCE!
pasjieNiens MHOTOKOMIIOHEHTHBIX CMeCeH H MX XH3HECHHbIC LHIIIBL.

Iipeamer MCCHe[OBAHHA COCTABJIAIOT METOAB! M &IrOPHTME! yHPaBNCHHA
KU3HEHHBIM LIHKJIOM CI0XKHBIX TEXHONIOTHYECKNX MPOLIECCOB H KOMILIEKCOB.

Metoans! HcchaegosBaHHil. B npouecce HccnenoBaHHs HCIHONB30BAIHCE
METONBl CHCTEMHOr0 aHajn3a, COBPEMEHHOH TEOPHH AaBTOMAaTHYECKOIo
ynpaBneHus, METOAbI HEYETKOH JOTHKH, TEOPHH HCKYCCTBEHHOTO HHTEIUIEKTa,
aHANMMTHYECKHX pPACcYeTOB, MOAC/IMPOBAHHMA H ONTHUMU3AUMH TEXHONOrMYEeCKHUX
MpOLIECCOB M MPOH3BOACTB.

Hay4qHast HOBH3HA HCCIEAOBAHHSA 3aK/IIOY2ETCA B CICAYIOMEM:

YCOBEPUICHCTEOBaHa TEOpMA M pa3paboTaH anropuT™M ONTHMAIBHOTO
TPOEKTHPOBAHHSA JKH3HEHHONO LHK/IA KOMILIEKCOB TEXHONOTHIECKHX MpOLICCCOB
HA OCHOBE METOAA MHTEJUIEKTYyalbHOTO aHaNH3a MNAHHBIX, ObecredHBaloIHX
COKpaleHHE CPOKOB NIPOEKTHPOBAHHA;

paspaboTana cucTeMa YNpaBlICHMA W AITOPHTM OH-NAHH [AMArHOCTHKH HA
OCHOBe HaGmopaTesell COCTOAHHIA, MO3BOJAIOMIAA NMPOMIHTE KHIHCHHEIC LMKIBI
TEeXHONOFHYECKHX KOMIUIEKCOB Mpolecca pasfefieHHs MHOMOKOMIIOHEHTHBIX
cmeceii;

YCOBEpLICHCTBOBAHA TEOpPHA W pa3paboTaHa HHTEJUICKTyalbHad CHCTeMa
YNpaBNeHHs  TEXHONOFMYECKHM  MPOLECCOM,  MO3BOJAIOMEAA  MOBEICHTH
5¢eKTHBHOCTb YNPaBICHHA XKHIHEHHbIM LHKIIOM TEXHOJNIOTHIECKHUX KOMILICKCOB
paszie/ieHHA MHOTOKOMITOHEHTHBIX cMeceH H CHH3HTB JHEPro3aTpaTsl;

paspaboraH cnoco6 yNpaBeHHs TpPOLIECCOM pasAEICHHsd HA OCHOBE
YIIPaBJIeHHUs XH3HEHHBIM LIHKJIOM CHCTEMBI, TIO3BO/IAIONAHA POUTHTD KH3HCHHbIC
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LHKJIEI AlTIApaToB MpoLecca pasfieNleHua MHOrOKOMITIOHEHTHBIX cMecel;

paspaboraH crnocod HHTeJUIEKTYalbHOrO YNpaBjieHHs NpoLeCCOM pasziesieHHs
MHOIOKOMIIOHEHTHBIX cMecefi Ha OCHOBE HedeTkod MoIend CHTYauHOHHOro
ynpaBjieHus, NO3BOJIOMHA NOBBICHTP KadecTBO MpOAYKTa H YJIY4IIMTh
ynpaBJjieHHe NPOLECCOM Pa3feIICHHA;

NpeIokeHa METOAMKA ONpelefieHHs MPOACIDKHTENIBHOCTH LHMKIOB H
CTOMMOCTH JKHM3HEHHOI0 LMK/IAa TEXHONOTHYECKHX KOMILIEKCOB pa3/ieieHHs Ha
OCHOBE pacyera 3aTpar i KLKIOro 3Tana JXKH3HEeHHOro ILMKIA, MO3BOJAIOmAA
OLIEHHTL OBIIYI0O CTOHMOCTB KH3HEHHOTO LIMKJIa KOMILTEKCA.

IpaxTHYecKHe Pe3ylbTaThl HCCAEX0BAHHSA 3aKIIOYAIOTCA B CIEAYIOMEM:

pazpabGoTaHa QyHKUHOHAIbHAA CXEMa, OMHCHIBAIOINAA peaNH3alMIO MeToAa
HHTEJUICKTYJIbHOFO YIPABJICHUA NPOLECCAMH pasfesieHUss MHOTOKOMITOHEHTHBIX
cMeceii;

pa3paboTaH MeTOA YNpPaBJICHHA MPOLIECCOM pa3feNeHud, NO3BOAIOMMIA
NPOUTHTE XKHU3HEHHBIH LMK alMapaToB MpPoLecca PasAC/eHH;

pa3paboTaH ONTHMATLHBIA ANrOPHTM MPOEKTHPOBAHHA MH3HEHHOro LMKNA
TEXHOJIOrHYeCKHX KOMIUIEKCOB pa3/Ie/iCHHS;

pa3paboTaH IrOPHTM OH-NalfH NHArHOCTHKH, CHYXamMH AA NPOMICHHS
SKH3HEHHOrO IIHK/a Pa3NeNHTENIbHBIX KOMILIEKCOB.

JlocToBepHOCTE Pe3ynbTaToB HecIeaoBanusl. JIOCTOBEPHOCTh PE3yJILTATOB
HCCNeNOoBaHHA MOATBEPKAACTCA TOJIOKHTCHBHEIMU  pe3yNbTaTaMH  OMBITHO-
NPOMBINUIEHHBIX HCTIBITAHNH H aNTOPHTMaMH HeYeTKOM JIOTHKH H CHTYaHOHHOTO
YNpaBJieHRsA, B pa3paboTke METOAa HHTEJUICKTYalbHOrO YNpaRJIEHHA MPOLECCaMH
pasacyieHns  MHOPOKOMIOHEHTHBIX cMecelfi W MeToja  ynpaBiieHHd,
NpOUICBAIOMIET0 JKH3HEHHBIH LMK/ pa3smeNIMTENBHBIX aNNapaToB Ha OCHOBE
yNpaBjieHH XH3HEHHBIM IMKJIOM CHCTeM. A  Taloke [IMONTBEPKAACTCA
B3aHMOJCHCTBHEM  PE3yNbTaTOB  TEOPETHYECKMX M  IKCHEPHMEHTANBHBIX
MCCJICZIOBaHMUIi C HCIONB30BAHHEM COBPEMEHHEIX METOXOB H CPEACTB.

HayuHass H NpaKTHYecKas 3HAYHMOCTL Pe3yALTATOB HCC/HeJOBAHHS.
Hayuanan 3HATHMOCTh Ppe3ybTaToB HcchiefoBaHUH obpsacHAETCA
COBEpHIECTBOBaHHEM TEOPHH ONPEACIICHHA KH3HEHHOrO LIMKIIA, METOAa U cnocoba
HHTEJLIEKTYANbHOTO YNpPaB/ieHHA TEXHONOrHYCCKUMH NpolecCaMH pasfeneHus U
crnioco6a ynpasJieHHs, MO3BOJIAIOIHMH NPOUIHTE JKH3HCHHBIH LHIUT aNNapaToB.

IMpaktHyeckad 3HAYMMOCTD PE3YNLTATOB MCCIENOBAHMI 3aKIIOYacTCAd B
paspaborke cnocofa HHTEJUIEKTYaNbHOrO YNpPaBiCHHA TEXHOJIOTHYECKHMH
OpoLeccaMy pasfie/ieHHs MHOTOKOMIIOHEHTHRIX cMecell M criocoba ynpasneHus,
MO3BOJMIOIIETO TOBRICHTh Ka4YeCTBO YNpaBJIE€HHA H NpPOLIHTH CPOK CITyxOBI
KOMIUIEKCOB, B MPHMCHEHHH HHTEJUIEKTYaIbHON CHCTEMBI  YNpaBiCHHSA,
ONTHMH3ALMEH PECYPCOB, MPOEKTHPOBaHHA NHKIOB H anrOPHTMOB OHNaliH
JUArHOCTHKH B YNPABJICHHH JKH3HEHHBIM LMIJIOM Pa3/ie/IMTe/IbHEIX KOMIUIEKCOB B
HedTexumudeckoli M HedTerazonepepafaTeiBalomell OTpaciixX, NO3BOAIIIMX
CHHM3HTB SHEPro- ¥ pecypcoeMKoCcTh Ha 3-4%.

BHeapeHue pesyJbTaToB HccilexoBanus. Ha OCHOBaHHH HONMy4eHHBIX
HAY9HEBIX Pe3yJIbTATOB N0 MHTCJUIEKTY AIBHOMY YNIPaBICHUIO XH3HEHHBIM LIHKIIOM
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TEXHOJIOTHMECKHX KOMIUICKCOB:

CrnocoGkl  MHTE/UIEKTY&IRHOTO YMpaBlieHHs HpONeccaMH  pasfeneHHs
MHOrOKOMIIOREHTHBIX  cMeceii  BHeapeHl Ha 00O  «®epranckuii
Heerenepepabareisatomuii  3aBoa» (CnpaBka AO  «O‘ZLITINEFTGAZ»
Ne35/2771 or 17 oktabpa 2022 ropa). B pesynbrate crnocoObl nO3BONWIH
MOBLICHTh KAYECTBO YMPABJICHHA NpPOLECCOM Pa3sACiieHUds H NPONIMTE CPOK
ciyx0Hl armaparos;

IrOpUT™M ONTHMAILHOTNO MPOEKTHPOBAHHA >KH3HEHHOIO IHIUIA KOMIUIEKCOB
TEXHONIOTHYECKHX MPOLIECCOB Ha OCHOBE METOAA HHTEJUIEKTYaIBHOTO aHANH32a
maHHeix BHegpeH Ha OOO «®epraHckuii HederenepepabarsiBalomui 3aBOIY
(Cnpaska AO «O‘ZLITINEFTGAZ» Ne35/2771 or 17 okrabpa 2022 roza). B
pe3yJIbTATE  QIrOPHTM  TO3BOJM/  COKPATHTh CPOKH  MPOCKTHPOBRHMA
Pa3HENHTENLHEIX TEXHONOTHYECKHX KOMILIEKCOB;

UHTEJUIeKTyalbHasd CHCTEMa YMPABJICHHA TEXHONOTHYECKHM KOMILIEKCOM
pasfeNicHHs MHOTOKOMITIOHEHTHRIX cMecelt BHempeHa Ha OOO «depranckuii
HederenepepabatbiBatomuit  3aBo» (CnpaBka AO  «O‘ZLITINEFTGAZ»
Ne35/2771 or 17 okrtabpa 2022 ropa). PesynsraThl Hay9HBIX HCCIICNOBAHHH
MO3BONWIIM  NOBBLICHTL 3((EeKTHBHOCTD YNpPAaBNCHHS JKH3HCHHLIM  LHKIOM
pa3fenuTeNbHBIX TEXHONIOTHYECKHX KOMIUIEKCOB H CHHM3WTbL 3HEpro3atpats! Ha
3%.

Anpofauusi pe3yibTATOB HCCICAOBAHMSI. Pe3yNsTaTsl  HCCNEAOBaHHA
anpobvpoeaHs! Ha 8 MexayHapomHslX HW 1 pecnybnuxaHCKON Hay9HBIX
KOH(epeHLMAX.

Ony6aHKGBaHHOCTL Pe3yJILTaTOB HecleAoBanns. [To Teme HecneoBaHHA
omy6ymkoBaHo 25 HaydHeX paboT, B ToM umcie 12 crareit B KypHaIax,
pekoMenoBaHHEIX BAK PV3., u3 HuX 4 - 3a py6exkoM, nomydenst 1 nareHT H
OZTHO MOJIOKHTENBHOE PElICHHE Ha H300peTeHHs, 2 CBHAETENBCTBA O PETHCTPALMH
nporpaMMHBIX NPOAyKTOB At OBM.

Crpyxrypa n ofbem amccepraumm. J{MccepTaua COCTOMT M3 BBEICHHS,
[ATH TIJIaB, 3aKIOYCHHA, CMMCKA HCMOJB30BAHHOM JIMTEPATYpH H NMPHIOKEHHH.
O6BeM quccepraliMi cocraBnger 192 crpaHnn.

OCHOBHOE COJAEPXAHHE AUCCEPTAIIHH

Bo BBeneHMH OGOCHOBBIBAIOTCA aKTYaJbHOCTh H BOCTpeGOBAHHOCTB
MPOBEACHHOIO HCC/IEOBAHHA, €r0 LeNb W 3a4a4H, XapaKTepu3yloTcd -O0BEeKT H
NpeAMET, MOKA3aHO COOTBETCTRUE HCCIEROBAHUA NPHOPMTETHRIM HANpaRICHHAM
Pa3BHTHA HayKH H TeXHOJOruil pecmyGIIHKH, NpeACTaBleH 0030p 3apyGexmHBIX
HAy4yHEIX HCCIEOBAHHMA 1O TeMe MCCHCOBAaHMA H YPOBEHb H3YUCHHOCTH
npoGneMbl, H3NAraloTCA HaydHasd HOBM3HAa M TIPaKTHYECKHME pPE3YJIETAaTHl
HCCIIEI0BAHHS, PACKPHIBAIOTCA HayYHAaA H NPaKTHYECKAA 3HAYHMOCTSH I0JTy 9€HHBIX
pe3yNbTaToB, BHEAPEHHE B MPAKTHKY pe3yJbTaTOB HCCIECAOBAaHHA, NPHBEACHE!
CBeJeHHUA N0 OMy6IIHKOBAHHEIM paboTaM M CTPYKType AUCCepTallHH.

B neppoii riaBe AucceprauMu noa HaspaHHeM «CoBpeMeHHOE COCTOSHHE
HMHTCJUIEKTYAIbHOr0 YNPaBJIeHHA XH3HEHHbIM IHMKJIOM KOMILIEKCOB
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pa3feieHAsl MHOIOKOMIOHEHTHBIX CMecel» KPHTHYECKH aHaM3HpYeTCH
COBPEMEHHOE COCTOAHHE O0O03HAueHHOHM Hay4HO-TEeXHHYEeCKOH npobneMsl.
TTpoaHANM3HPOBaHBl BOMPOCH! MOJENMPOBAaHHA M ONTHMH3ALMM ITPOLECCOB
paszaenenus. O60cHOBaHa pa3paboTka METOJOB H CHCTEM YNPABICHHUA KHIHEHHBIM
LMKIOM pa3sfieIMTeNbHbIX KOMIUIEKCOB, MOBBUNEHHA KAY€CTBA MPOAYKUMH H
CHIDKeHMA 3HepronoTpebneHus. [TokasaHa BO3MOXHOCTh HOCTPOCHUA METOHNOB H
CHCTEM YNpaBlieHMs >KH3HEHHEIM UHKJIOM DasfeNuTeNbHBIX KOMIUICKCOB Ha
OCHOBE KOHLICIIHIA YIpaBiieHHsA KU3HEHHBIM IHKIOM MPOXYKLUHH M YIPaBICHHA
JKU3HEHHBIM LHKIOM CHCTEM. BBIABNEHB TEHICHUMH pa3sBHUTHA KOHUENUMH
YOpaBleHHA KU3HCHHBIM LHMKIOM.

Bo BrOpoii INiaBe OMCCEpTalMH, o3arnaeieHHoll «IIpoexkTHpoBamue
JKH3HEHHOT0 IHKAAa TEXHOJOTHYeCKHX KOMILIEKCOB NPOLECCOB pa3feieHMs
MHOFOKOMIIOHEHTHBLIX  CMeceil»  H3MOXKEHbl  METOABl  NPOSKTHPOBAHHsA
KOMIUIEKCOB pa3fiefieHHs MHOTOKOMIIOHEHTHBIX cMecei. PaspaGoTaHE! CTpYKTypa
MpOeKTHPOBAHHA XKHUIHEHHOTO LHKJIa KOMIUIEKCa pasaeneHus
MHOTOKOMITOHEHTHEIX CMeceli M anroput™ Beibopa Haufosee ONTHMANbHOrO
TIPOEKTa.

Pa3paboTKy MPOEKTOB TEXHOJIOTHYECKMX KOMIUIEKCOB MOXKHO TIPEACTAaBHTb B
BHIE CTPYKTypHO# cxembl (puc. 1): 3akasuuk, Tpe6OBaHUA 3aKa3yHKa K MPOEKTY
TEXHOIOTHYECKHX KOMILIEKCOB, NPOEKTHPOBINMK, 6a3a 3HaHMMH, OJOK IpUHATHA
pemieHuli H BapHaHTHl NPOEKTOB, NOATOTOBICHHBIE IS TEXHONOTHYECKHX
KOMILIEKCOB.

Brok npHHATHS
peluesii
TpeSosannsg 3aKadHHKa K
NPOEKTaM T HUECKHX Mp p Basa it
KOMILTeKCOoB
T P ThI NpoexTon

3axaluuk
TEXLOTOMHUECKOro KOMILTEKCA

Puc. 1. Ctpykrypa pa3spaboTku MpoekTa TEXHOJIOTHYECKHX KOMILIIEKCOB.

3aka3auk (oOpMyTHpYeT OCHOBHEIE TpeOOBaHMSA, TaKHe kakK CTOMMOCTB
NpPOEKTa, €10 NMPEHMYIIECTBa H CPOKH Peanu3alii MPOEKTa H ONMPEACIAET K HUM
orpaHudeHua. TpeGoBaHHA 3aKa3UMKA K NMPOEKTY TEXHONOFHYECKHX KOMILIEKCOB
pa3pabaTLIBAlOTC 3aKa3YMKOM M TNPENOCTABJAIOTCA MPOEKTHPOBIIMKY. 3anaya
NPOEKTHPOBIIMKA: ONPEHACNHTh AH3aHH TMpOEKTa M MOCIENOBATeNBHOCTh €ro
peanuzaumy, Kcnonmb3ys Gasy 3HaHwmif, GNOKM NPHHATHA peLIeHHH, aHaMM3HPYA
TpeGoBaHus 3aka3uuka. basa 3Haumii BKIouaeT B cefd paznuuHble 3HAHHA O
TEXHONOTHYECKHX TIpolleccax M  anmapartax, HMX CTaHJapTH3HpPOBaHHBHIC
FeOMETpHYECKHE NpeCTaBIICHHA. BapnaHTs! rOTOBBIX MPOEKTOB
NpEeNOCTABIIAIOTCA 3aKa34HKy. BloK NpHHATHA pelleHHi OCHAIIEH TEXHONOTHAMH
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MCKYCCTBEHHOTO MHTe/UIEKTa, B OJTOT ONOK BKIIOYEH anropuT™ Beibopa
ONTHMANLHOr0 BapHAHTA pa3pabareiBaeMbiX MPoeKTOB (pHC. 2).

$
Tpe6 CAD-uozen Hisopsanus,
TEXUONOITIECKOTO
IZXAIIARA nosysmesas 3 CAD-mazem
npoecca 0 ANDRPATOD
Cyumecrayroman 6a3a 3uauai o M agrel YAmB0ro
upoueceax DREIMX
Bubop ycosepmencTnonamimx Ounpexeneane DapaneTpoOd
PaMETPOD AT 0P a patos j¢— 7 P
< ocnosslonamuen uguni o annaparos

CooTtneTcTnytoT X
DCe DapaMeTpL: IPoUeCcon
© aumapaTen
TpeSonaummm
3axmqaal

Komn:exc TeXG010T NSECKIX ZpoUeccos
L] , o p ax B

€OOTDETCTRUL ¢
yconep W DAPAMCTPRMD

Oamamansmaii sapnaar
DPOEKTA TEXHOSOTHHECR0re

KOMILTERCR

Puc. 2. AnropuT™ BhiGopa HanGoNee ONMTHMANLHOTO NPOEKTa TEXHONOTHIECKHX
KOMILIIEKCOB.

JlanHple B KOMMBIOTEPHOM MpPOEKTHPOBAHHH TEXHOJIOrHYECKOro mpoLecca
aHANM3NPYETCA Ha OCHOBE METONOB HHTEIUIEKTY&IbHOTO aHalH3a, a Takoke
COOTHOCATCA ¢ AaHHBIMM 6asbl 3HaHMii 0 mpouecce. Takofl aHanH3 MO3BONACT
MAKCHMATBHO MMHHMH3HUPOBATh OLIHOKH.

V-MoJieNb_CHCTEMHOro MpoexTHpoBahusA. CyLIecTByeT HECKONBKO MoxeneH
CHCTEMHOTO NPOEKTHPOBaHHsA, M3 KOTOPHIX HauGonee MpOCTOH MO CTPYKType H
HanGonee uHQOpMaTHBHOM IS MCCHENOBaTefd SBIACTCH TPAAULHOHHAA V-
mozmens. JleBad dvacte V-MONeNH CBEpXy BHH3 MpPEICTAaBIACT cobo#
MpE/CTABNEHHYI0 B BHAC MOMNYNBHON HEPapXWi0 3a/laHHBIX 3AKA3THKOM
Tpe6OBAHMI X NPOEKTHPOBAHMIO TEXHQJOTHYECKHX KOMIIEKCOB Pa3fICeHUA
MHOTOKOMIIOHEHTHBLIX cMeceii (puc. 3).

W-Monelb____CHCTEMHOrO __ NpoeKTHposahMs.  W-MOJelb  CHCTEMHOrO
NPOEKTHPOBAHMA ABNAETCA pe3yNbTaToM KOMOHHMPOBAHHOTO  NPHMCHEHMA
NpOEKTHpOBaHMA MO Tpe6OBAaHMAM 3aKasdMka H V-MOJENH CHCTCMHOIO
npoexTuposanus. OJHAKO, B OT/IHIME OT V-MONEIH, TpeOoBaHHA MPEACTaBIIOTCA
B BHJE Kackaza, a B W-MOJIGNH BO3MOXHO OJJHOBPEMCHHOE OMMCAHHE HETHIPEX
a3 XM3HEHHOTO LMKIA: NPOSKTMPOBAHHE, MyCK, SKCILTyaTal|A U 06CITyXXHBaHHE
BMECTe C HX B3aHMOCBA3AMH (pHC. 4).
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Pauc. 3. V-Mozess IpOeKTHPOBaHHA TEXHONOIHYECKHX KOMILIEKCOB
pa3nesyieHus,

Puc. 4. W-Mozenb CHCTEMHOTO NNPOEKTHPOBAHMS JKH3HEHHOI'O LIHKIIA
TEXHOJIOTHYECKHX KOMIUIEKCOB pa3ziesiecHHA.

lpeumymectBo  ucnonb3oBaHMss W-MOZENM 1npH  NpoeKTHUPOBaHHH
JKU3HEHHOTO IHKIAa TEXHONOMHYECKHX KOMILICKCOB pa3fe/ieHHs 3aK/ouaercd B
TOM, 4YTO B TAaKMX MOMEIAX pCWIM3YETCH HECKONBKO wUeneit. Hampumep,
npeanaraemMas W-MoZe/ib MOAE/IHPOBAHHS KHU3HEHHOrN0 LMK/IA TEXHOJOTHYECKHX
KOMIUIEKCOB pasjiefieHHsd HEpBHYHOH mepepaboTkun HedTH npemycMaTpHBacT
4eThipe 3ajavK: ONTHMH3alMA IPOEKTa, ONTHMM3AUMA MNPH IyCKe INpPOEKTa,
ONTHMM3IIHSA TEXHOJIOrHYECKHX NIapaMeTpPOB, ONTHMH3ALHA 3aTpaT.

Jlna obecnedeHns BOSMOXXHOCTH BHECEHHA H3MEHEHMH B IPOEKT NPOBOXHTCA
HeveTkasd KnacTepH3alMs AaHHBIX. KiiacTepHsalis JaHHBIX OCHOBAHA HA OUEHKE
6/1M30CTH HX B3aHMOCBS3H APYT APYroM (puc. 5).
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TexnonorsaccKnit
KOMIUICKC pazIeIeHHS

ComacosaiHe

RAHHBIX
\Z
CocrarneHHe HEICTROH
MATPHIIN COINACOBAHHIA

L Anroputu |
nepeaatii AaHHEX
Puc. 5. JTanb! HeyeTKOH KiacTepH3alMH JaHHBIX B HHTS/UIEKTyAlTbHOM
YHNPARICHHH XKH3HEHHEIM HHKIIOM.

TpencraBuM, 9TO B TEXHOJIOMHYECKOM KOMIUIEKCE PasAelieHHd HMMeeTcA n
anmapaToB pasfeieHHs H B KaKAOM H3 HMX HMEETCs m  PasiMIHBIX
KOHTPONIMPYEMEIX M pery/JHPYeMBIX TEXHOJOFHYECKHX mapaMeTpoB. MoxHo
NOCTPOMTH MATPHLy X Ppa3MEDHOCTBIO NXm B COOTBETCTBHH C KOJIHYECTBOM
annapaToB H yKa3aHHBEIMH B Heil mapameTpam:

X X e X,
x=|™ T2 e )
X xnz xm

Teneps cornacyem HMHGOpMamMIO O mapaMeTpax, COOTBETCTBYIOIIMX
KKIOMY armapaty. J[is 3T0ro HCNOoMNk3yeM CleyIomee BEIPAKECHHE:
1 L3
Xy ‘;ZJ’#
X = "'sl =(i=12..mj=12,...;m). 2
l n Ld
i 35e)

O603HaYNB MMHMMaIbHOE H MaKCHMANLHOE 3HAYEHHA COOTBETCTBHA Kak
min{)}=4 u max{x;}=B, COOTBETCTBEHHO, mMOMy4MM ClieAyloliee BHIpOKEHHE
KOppeJIALIHOHHOH B3aMMOCBA3H:

¥ -4
==— 0gy,s1. 3
Y=g 4 Yy 3

Eciu BHIXO[HbIE MapaMeTphl, NONyYeHHBIE B YCIOBHAX HEOMPee/eHHOCTH,

~

MOXHO 3anmcath B Bume Y =[yl.., TO Hewetkyio Matpmuy coemectHoctM T

3anveM B CICAYIOIIEM BHAC:
'l 1 ‘lz s t‘.,

T= t:| t:z oo logm (4)

‘nl ‘nZ LA ‘m
I/ie f;— yKa3BIBaET Ha CTENEHb COOTBETCTBHA MEX/Y NTapaMEeTPaMH y; M Y.
IMocne corsacoBaHHs AaHHBIX 06 annaparax pasfcjICHHA OHH IEpeaaloTed
COOTBETCTBEHHO B CHCTEMYy YNpaBlicHHA. B 3TOM ciydae Takke CyIIECTBYET
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Matpuna T, KOTOpas He4eTKo SKBHBANICHTHA MOy YEHHON MaTpuue u JeHCTByeT
KaK TpaH3UTHad MaTpHLa:

r(T):T":ToT:---oT, (5)
rae “o” CUMBOJI YKa3biBaeT Ha TO, YTO BMECTO HEro MpH HeoGOXOOMMOCTH
HCIOMB3YIOTCS HEYETKHE Npouenyps! (a,v).

YuuTeiBasd, YTO KOHCTPYKTHBHBIE M TEXHONOTHYECKME MapaMeTphl
PasAENHTENBHBIX aNNapaToB OTAHYAIOTCA APYT OT APYra, HCMOME3yeM MOMYIBHBIH
noaxon. Ilpum 3TOM, 4YeM BEHINE YpPOBeHb OSKCILTYATAUHOHHON HaAeXHOCTH A
KaXIOT0 THA PasAENMTENIBHOro annapara (3Ha4eHHe A JNEXHUT B mpenenax ot 0
mno 1), TeM cnoxHee npouecc H Golbumiee KONMYECTBO TEXHONOTHYECKHX
napamerpoB. Ilocre paspenieHMa KOMIUIEKCA HAR MOIYIM  BHINONHAETCA
MHOTOKDHTEpHAIbHAA ONTHMH3aUMA jid 4dero ObUH BHIGpaHBI ClERyOMmHE
OrpaHHYeHHA:

F, — CHOXHOCTL COCTaBa KOMIUIEKkCca pasfiefleHHd MHOTOKOMIOHEHTHEIX
cMeceli; F, — NpOCTOTa KOHCTPYKUMH pasfeNHTEN:sHOro anmapara;, F, —
CIIOXHOCTE NPOIECCa pa3fielicHus; F, — pocToTa 06CTyKHBaHHA.

B COOTBETCTBHH C XHM3HEHHBIM LIMKIOM TEXHOJNOIHYECKOr0 KOMIDIEKCA
MpPHBEAEM COOTBETCTBYIOIIHE 3aBHCHMOCTH Il KAKAOH CTaAMHM KM3HEHHOTO
LHKIIa TEXHONOTHYECKOro KOMILIEKCA Pa3feieHus.

Ha stame npoexkTHpoBaHHA MOAYNEH pasgeNMTENBHEIX TEXHONOTHYECKHX
KOMILIEKCOB:

Fe=-=3ldnd, +(-d)n(1-4,), ©

TRe ry — CepHAHBIE HOMEp, COOTBeTCTBYIOMMH Momymo «M» M anmapaty B
KOMILUIEKCe; d; — CTENEHDb OMpPENENCHHOCTH i-pyHKUHH Ha Tane NPOEKTHPOBAHHA
anmnapara.

Ha 3Tane skcrutyaTauus paspeuTeNnbHbIX alapaTtos B NPOH3BOACTEE:

] n
Fi==—2 s+ (- )@ 7)), ™
A =l
A€ fi— creneHb ONPEAENEHHOCTH i-(YHKIMM HA YTane 3KCIUTyaTalMy.
JUna naHHOTO Mpoliecca, MPOTEKAIOMIEro B ANMapaTe pasieeHHA:
1 n (j) n, (/
Fp===Y 2l 2]
A a% ), 50) ®)
n,(j) — GyHKUHA MPOLECCa, COOTBETCTBYIOMIAn AlapaTy B j-MOIYJe.

Ecnu 0603Ha41M 0TKa3 i-r0 MOAYJIA, COOTBETCTBYIOLIEr0 KAXKAOMY amnmapary,
uepes 7; B MPOEKTE, TO 1A ITana o6CiyKHBaHHA OTKAa3a 3aNUILEM CHEAYIOMIYIO
3aBHCHMOCTB:

l n
Fo=——lntn,+0-7)n-7)]. )

Tar im1 -
Hcxonms b3 BBILUCTIPHBEACHHEIX BBIpAKEHHH, s ONTHMH3ALHH KOJIHYECTBA
Mony.neﬁ npy  NPOCKTUPOBAHMH JKH3HCHHOIO I1[MKJIA TEXHOJNOTHYECKHX

KOMIUIEKCOB pa3nCiICHUA HeoOxomuMO ROGHTECA MHHHMAIBHOrO 3HAYEHHA Ha
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KaKROM JTane. PemeHue Takoit onTHMH3aMOHHON 330adH  ONMpeReNAeTCH
dynkunonanom S(Y):

S()=minff, +F,+F,+E), . (10)
rae F; F,; F; u F, — oueHK: QyHKIHM orpaHHYeHHil, BOINAaraeMEIX Ha KOMILIEKC,
annapart, TeXHONOTHYECKAH NPoLecc U 06CITyXHBaHHE, COOTBETCTBEHHO.

3TH OUEHKH MOXHO ONpEfENUT: MO CHCAYIOIIHM  BEIPAKEHHAM,
COOTBETCTBEHHO:

~ F = F ~ F o~
Fp=5t—, Fy=—5t-, Fy =51, Fp=52%. 11
2 Fx 2F 2Fa 25
= il =1 =

Hcnonesopanue MOAy/IHOrO NOAXOAA NPH NPOCKTHPOBAHHH KH3HEHHOrO
LMKIa  CHOXKHBIX  TEXHONOrHYECKHX  KOMIUIEKCOB  PasOCICHHA  MMeEeT
APEHMYIIECTBa, N03BOJAIOIHE H30eKaTh NOBTOPHOINO NPOEKTHPOBAHHA OFHHX H
TeX ke  Momynet  (ammapatos). Kpome  TOro,  HCHONBb30BaHHE
MHOronapaMeTpH4ecKolt ONTHMH3ALHH NPH IMPOEKTHPOBAHHH MOAYJICH NMO3BOAAET
NpeNOTBPaTHTh CHILHOE BHHAHHE HEKOTOPHIX INapaMeTpoB HA PE3YNBTaT
ONTHMM3aLHH.

B Tpersefi rnaBe jaMccepraumu mnoA  HassaHueM «PaspaGorka
HATOJUIEKTYAALHOM  CHCTEMBI  ynpaBileRMA  KHIHEHHBIM NHEKA0M
TeXHOJIOTHYeCKHX KOMIUICKCOB Hpolecca pasfe/ieHHE MHOTOKOMIIOHeHTHBIX
cMecell» NpPeANAraloTCs HHTEUIEKTYANBHEIE CHCTEMH YNDABICHUS XUIHEHHEIM
LUMKIOM TEXHOJIOTHYECKHX KOMIUIEKCOB pasfielleHHs MHOTOKOMIOHEHTHBIX
CMeceH.

Pazpa6otana apxurexrypa PLM-cHCTEME! ynpaBneH s KH3HEHHBIM LHKIIOM
TEXHONOTHYECKHX MPOHECCOB pasfeNeHHs He(TAHOro CLIphA Ha MNECPBHIHOM
nepepaboTke (pHc.6).

PLM 1 PLM

]

/TR

I, 1%

Dail s TEXL QI CTY
upouccca obedoaunima

ies

Dall T TELI0ICITECROTD
TPOLECER PesTHPLREIm

Puc. 6. ApXHTEKTYpa CHCTEMEI YIIPaB/ICHHS KH3HEHHBIM [HKIIOM
TEXHOJIOTHYECKOro KOMIUIEKCa nepepaboTkH HehTAHOTO CHIphA.
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Hcnons3opanne PLM-npunoXkeHuii NMO3BOAAET YNpaBIATh PErHCTpaLHed,
XpaHeHHEM M  HCHOJb30BAaHHEM CO34ABAaEMbIX ANOKYMEHTOB, YNpaBiATh
NpOLIeCCaMH H3MEHEHMA HX COAEPHKAaHMA, a TAakoKe ONOBEIICHHEM NOJb30BaTeNei
00 M3MEHEHMAX, BHOCHMBIX B NIpoLecce padoTal.

Hcenonesys coBpeMeHHbIE JOCTIDKEHNA HHOPMALMOHHEIX TEXHONOHI U Ha
OCHOBe¢  KoHIemuun  «MHayctpus  4.0», nocrpoeHa  apXuTeKTypa
HHTEeJUIEKTYaNbHON CHCTEMBI YIIPABJICHHA XH3HEHHEIM LIUKIIOM TEXHOJNIOTHYECKHX
KOMILIEKCOB pa3fiefieHHs MHOTOKOMIOHEHTHBIX cMeceit (pHc. 7).

B uactHOoCTH, TakMe TEXHONOTMH, KaK LM(ppoBoe MONENHPOBaHHE M
GecrpoBOAHLIE TEXHONOFHH, KOMIBIOTEPHBIE CHCTEMHI M CeTH, obnauHkie
TEXHOJIOTHH, YMpaBJicHHE XH3HEHHBIM LMKIOM npomykra — PLM, ynpasnenue
JKU3HEHHBIM LHKIOM cHCcTeMbl — SysLM, BupTyanbHsiii aofinuk — Virtual Twin,
Hnreprer Bemeii — IoT - ofecneyHBalOT MHTEIUIEKTYanbHOE YIpaBIECHHE
JKH3HCHHEIM IHKIIOM CAOXHBIX TEXHONOTHYECKHX KOMILUIEKCOB.

PO | S e |
[(CADQJAHMCAE) | mM M;ﬁ SysLMi
T '"’""N; ---------- e :
Cepaep
o] (] R
1l i) T
Hipexnit ypoesis
(monesoft yposers )

Puc. 7. ApXHUTeXTypa HHTEIUICKTY ANBHON CHCTEMBI YIIPABNEHUA KH3HEHHBIM
HHKIIOM TE€XHOJOTHIECKOrO KOMIUIEKCA Pa3ae/ieHHss MHOTOKOMIIOHEHTHBIX cMecel.

OcHoBHO}i 3ajauell MHTe/UIEKTyanbHOM CHUCTEMBI YNpaBleHHS JKHIHEHHBIM
IIHKJIOM CJIOXKHBIX TEXHOJIOTHYECKHMX KOMILIEKCOB ARIIAETCA TaKOe YNpaBlieHUe, B
KOTOPOM MpOTEKAIOT CJIOXKHbIE HenpephiBHBIE TEXHOJIOTHYECKHE mpouecchl. B
COCTaB KOMIUIEKCA BXOAAT ammapaThl pasAcieHHdA, KOHTPONbHO-H3MEPHTEIBHbIE
npHOOPHI, HCIONHUTENBHBIC MEXAHH3MBl M PaxTMYHBIC COBpPEMEHHBIE NATUHKH.
KpoMe TOro, B apxurekrype HMeEIOTCA YCTpoiicTBa OecrnpoBOAHON CBA3H,
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yuacTeylomue B ofMeHe paHHBIMH. CepBep apXMTEKTYpH ofecnednBacT
HeNpepeiBHOE ajipeCHOE M  CBOEBPEMEHHOE NOCTYIUIEHHe KOHTPOJBHO-
H3MepHTebHOH HHGOPMALMH, peATH30BAaHHON HA HIDKHEM YPOBHE, Ha BEpXHHE
YPOBHH HHTEJUICKTYQILHOH CHCTEMBI YNpaBleHHA H HA HMCHOONHHTE/ILHELIE
mexaHH3Mbl. CepBep OpraHH3yeT B3aHMOREHCTBHA C HWKHHM YPOBHEM 4epe3
nporpaMMHupyeMbie JIOTHYESCKHE KOHTPOILIEPH!, IIPOTHBOABAPHIHEIE CHUCTEMBI H
cpencrsa GecrpoBomHoM cBasH. Han cepeepom Haxommres SysLM H ofnaxo
MPOMBIIIEHHOTO MpeanpuATHd. CHCTEM2 YNpaBiEeHHA JKH3HCHHBIM UHKIOM
cHCTeMBl — SysLM ocHoBaH2 Ha CHCTEME YNpaBleHHA >H3HEHHBIM LMKIOM
npoaykra — PLM n BupryansHom apoiinuke (Virtual Twin). OcHoBHas 3amada
3TOH 4YacTH — ynpaBjicHHE XKH3HEHHBIM LHMKJIOM MpPOAYKIMH MyTeM BHIGOpKM
OCHOBHEIX NOKa3are/ieli BUPTYalbHOro ABOMHHKA, KOTOPBIA CYHTACTCA NPOXYKTOM
UH(pPOBOro MOASIIHPOBAHHA B KAYECTBE ITANOHA.

basa MerananHBIX B o0llake, pacHonokeHHad Ha BEPIIMHE apXHMTEKTypHI,
B6upaer B ceba BCI0 UHGOPMAILMIO O Mporecce B KAKILI MOMEHT BPEMEHM M
obecneunBaer GricTpyio o6paboTky Gonemoro 06beMa AaHHEIX, HEOOXOMMMEIX
s 3¢ derTHBHOHA paGOTE! HHTELNEKTY ANBHOM CHCTEMB! YNIPaBieHH .

HeonpenenewHOCT: _1NapaMeTpoBR B ARNCHHY _ JKH3HEHHBIM oM
pa3fenuTeNbHbIX  KOMIUIEKCOB. IIpH  YNpaBfleHHH  KM3HEHHBIM  LIMKIOM
TEXHONOTHYECKHX KOMIUIEKCOB pa3ie/ieHHs MHOTOKOMNOHEHTHEIX cMecelt Ha
paboTy pasACNHMTENHHOTO KOMIUIEKCA OJHOBPEMEHHO BNHAIOT YNPAaRIAIOLIUE
CHTHAJTBI H HEONpENEEeHHOCTD TEXHONOTHYECKHX HapaMeTpoB.
HeonpeneneHHocTs, B CBOIO OYepenh, BIMIET H Ha MOBEAEHHE PA3NETHTEIBHONO
kommiekca. ITosroMy ocofoe BHHMaHHe CJleilyeT YACNATH TEXHONOTHYESCKHM
(yHKUMAM pasneMTeNbHOMO KoMIUIekca (pHC. 8).

Tewozorus |} Texuoaorecxe  — Kosrpom & oneuxa
M2paNETPOS KOMILEERC dyapm xosmrexca HEOTPER TEHHOCTH

X KL

H TCXHONOTHH Ha OCHOBC HEOMp

Puc. 8. Biusnue HeonpeReNeHHOCTH HA TEXHOJIOTHIO, TEXHONIOrHIeckne QyHKIMH
H XH3HEHHBIH LHKJT Pa3sAE/TMTEIBHOrO KOMILTEKCA.

TexHonornueckne (PyHKUHH, pa3paGoTaHHEIE C YIETOM HEOMPEACIEHHOCTH
napaMeTpoB, -MOXHO HCHOJBL30BATL MHOTOKDAaTHO, NOKA OHM He CTAHYT
HeaZiekBaTHBIMM. Korza HeonpeneneHHOCTH napaMeTpoB MOXHO  Oyner
«KOHTPO/IHPOBATL H OLCHHBATEY, XKH3HCHHLIH MK/ PA3ACMTENBHOTO KOMILUIEKCa
rapaHTHPOBAHHO OYAET YCIEIHEIM M NOBTOPAEMBIM.

BeigeiMM  HEONpeeNeHHOCTs REHCTBHN M HEONMPEAENeHHOCTh BXORHBIX
NapaMeTpoB NpH BAIOJIHEHHH TEXHONOTHYECKHX (YHKIHIl KOMIUIEKCA pasAe/iCHAN
MHOTOKOMIIOHEHTHBIX cMeceli (puc. 9). HeompenenenHocTs neitcTehii BripaKaercs
CHTyauuel, BO3HHKAIOMIEH PH pealM3allii CTaITHH KH3HEHHOIO LHK/IA.
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PXODOLX NEPANCTOD

Heonpeaenaatoets

Puc. 9. TexHonornueckue GyHKIMH pa3Ae/HTEILHOIO KOMILIEKCA.

BrudHHe HEOMpefe/ICHHOCTH BXOAHOTO mNapaMerpa Ha YNpaBjleHHe
AKU3HCHHBIM [HMKIOM KOMIUIEKCa ONMHChIBacTca MeromoM Monre-Kapno, rae
aHaveHye GYHKHHUM IIOTHOCTH BEPOATHOCTH BBIOHPAETCA 1A KOKAOro BXOJHOTO
napamerpaX,. 3aTeM pacCUMTHIBAIOTCA BLIXOJHBIE 3HAYEHHA MOCTPOEHHOM
MOIeNH npouecca paszcneHud. BLIXOAHEIE 3HAYEHHA z MOMENH BHIPAKAIOTCS
CJICTYIOIMHM YPABHEHHEM:

z=3 WX, (12)
rae W, — k03(G(HUMEHT YYBCTBHTENIBHOCTH; X, — BXOJHBIC MapaMeTpsl; z —
BBIXOIHBIC 3HAYEHMA.

BxogHbie napamMeTph! X, K03(GGHUHEHTE! TyBCTBUTEIBHOCTH W ¥ BEIXOAHEIE
3HAYE€HHA Z OMUCHIBAIOTCS CIEXYIOMNMH BEIPAKEHHAMH COOTBETCTBEHHO:
xM .. xO

X=| : R (13)
x(N) .. x(N)
w=[w..w), (14)
w - x(1)
z=W XY, wm| .. |, (15)
w - x(N)

rae N — KOJM9eCTBO HTepauMid.

BrigenseM IBa OCHOBHBIX (paKkTopa, BIMAIOIMX HAa TEXHONOrHYECKHE
(yHxHH KOMILIEKCa paszesieHHs MHOTOKOMITOHEHTHLIX cMeceii:
HEOHpPEAeNeHHOCTH W yNpaBleHHe. B 1enoM, y4eT HeompejeNncHHOCTed npH
NOCTPOEHHM WHTEIUICKTYANEHON CHCTEMEl YMNPABJEHUS JKM3HEHHBIM ILTHKIOM
KOMILIEKCa JacT Xxopomuif 3¢ pexT NMpH OpraHM3aliK YNpaRIeHUA ACATENEHOCTBIO
KOMILIEKCa.
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B ueTBeprofi rnaBe AHUCCEPTaUHH, o3arjiaBieHHol «Pa3spaGoTka cmocofon
ynpaBjieHHS KH3HEHHLIM LHIKJIOM TeXHOIOTHIECKHX KOMILIEKCOB IPOMEccoB
pa3fe/ieHHsl MHOrOKOMIOHEHTHBIX cmecell» H3NOXeHa paspaboTka crnocoGoB
YNpaB/eHHA KH3HCHHBIM HHKJIOM TEXHOJOTHYECKHX KOMIUIEKCOB pasfielieHHd U

OIHCaHA HX peayM3alni.
17 Tlapamerpnt
ONTHMH3ANEH
|
i3
12  Hesersas mazens APC
- — 9 e
11 B by
TPHIHAATEAIOCTH
—
| 8 | 7}
PCY 14

nap

| ik??f A

it
| ain

Puc. 10. @ynxipoHaNEHas cxeMa peallH3aliiH crlocoba HHTEIUIeKTY alTbHOTO
yNpaRieHHS OPOREcCcOM pa3fe/leHus MHOFOKOMIIOHEHTHRIX .CMecei.

&/

B ¢yHKUMOHANBHON CcXeMe NpeanaraeMoro HMHTEJUIEKTYIBHOro cnocoba
YNpaB/ieHHs BBIREJIAIOT ABE OCHOBHBIE COCTaBHbIE YACTH: YCOBEPIIEHCTBOBAHHYIO
APC-cicTeMy ympasneHMs H pacnpelefieHHyl0 CHCTeMy ymnpaeienms. Ha
CTpyKTypHO# cxeme mnokasaHel APC - Advanced Process Control -
yCOBEepLICHCTBOBaHHAad CHCTeMa ynpasicHHA, PCY — pacnpenenieHHas CHCTeMa
ynpasnenus, BIIP — 6nok mpunstia pemenmit, JITIP — nvuo, mpuAWMalomee
PEIIEHH A, H HX 3aa4H.
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INpennaraeMenit cnoco6 HHTE/UIEKTYaNLHOTO YNpaBAE€HHS OCHOBaH Ha
HeueTKOH MOZe/IH CHTYaWHOHHOIrO yrpaBJieHHA, a HedeTKad MoJie/ib OCHOBaHa Ha
pacueTe QyHKUMit NPHHAUIEXHOCTH. B kadecTBe JIMHTBHCTH'MECKO#H NEpeMEeHHOMH
6b1 moNydeH MOKasaTenb KadecrBa MNPOAYKTa, TO €CTh KOHLECHTPalluH
JUCTHIUIATA:

<«Konuextpauua quctwwara — C»,C’, X>,

3amKcaB COOTBETCTBYIOIIME TEPMBI, HEYETKYHO MOMENb CHTYalHOHHOrO
YNpaBjICHHA MOKHO 3alTMCATh B CAEAYIOIIEM BHIE:

S; ={<</“oueHb HM3KHI>,</“HU3KHI">, </“B HOpME™> /* KoHyewmpayus
HauanoHOU cMecu™, <</“O4YeHb HM3KMI'™>, < [“HM3KHMI™>, < /“B HOpMe™, <
/“BrIcOKHI™>, </“O4eHb BHICOKHH> / “nepenad memnepamyp”™, << [“OueHb
HM3KUI">, < [“Hu3KHi™>, < /“B HOpME™>, < /“BHICOKHII”>, < /“OYeHb BHICOKHMII™>
/ “xonuyecmeso gnezmor’™>.

Jnd ynpaBmeHHd IKH3HEHHBIM LHKIOM TEXHONOTMYECKHX KOMIUTEKCOB
nporecca pasfeNieHHA NpEJUIaraeTcsi CHCTEMAa YNpaBieHHd C HMCMONB30BaHUEM
JMArHOCTHYECKOro anrOpHTMa, aHAMM3UPYIOIIEro COCTOAHME anmapara B COCTaBe
KOMIUIEKCZ M MPOTHO3HPYIOIIEro 3Ha9eHWS ONTHMANBHBIX PEXMMOB paGoTHI
KOMIUIEKCZ Ha OCHOBE CTAaTHCTHYeckodi HHopmanyH, coOpaHHOli B Xone
YNPaRJICHHA TEXHOJIOTHYECKHM MPOLIECCOM.

M ™M M Moxeas N
l-oro 2-or0 3-ero 4-oro S-oro 31 B3
‘E‘H i :\m e px. 1 P“ :!’ﬂ y
: | I : _
l C Hin-gy p MPIHATHA
1 1 1 1 i T
1-sifi annapar | | 2-ofi ammapar | | 3-uit annzpat | { 4-wiit annapar | | S-wtii annapar Ceposte /
P p p P pa obcny

Puc. 11. Cucrema ynpaBiieHHs JKA3HEHHBIM LHKJIOM pa3AeMTeIbHbIX KOMIUIEKCOB
Ha OCHOBE aIropHTMAa OHNaliH AHAPHOCTHKH.

Ha 6a3ze cucreMbl OHIAiH [AMArHOCTHKH M QJIFOPHTMAa JHArHOCTHKH
BO3MOXHA pa3pafoTka CHCTEMBl YyMpaBieHMs, MNO3BOJAIOMIEH MOPOANMTH
JKM3HCHHBIH LHKJT TEXHOJNIOMMYECKHMX KOMILIEKCOB pasaeneHHs (puc. 12).

PaspaboTaHHad CHCTEMa YNpPaBJCHHA IO3BOJAET HPOTHO3MPOBATH pabory
pas3qe/MMTENTEHOro KOMIUIEKCa, YIIPaBIIATh €r0 HAACKHOCTHIO, a Takke MpPoAjIeBaTh
SKH3HEHHMBI LMIJI KOMIUIEKCA ¢ YYEeTOM PHCKOB @pH  YNPaBJIEHHH
pasienuTeNnbHBIMH aIapaTaMy, a Taoke ¢ 3¢ eKTMBHOCTBIO paboTh! KOMILIEKCA.
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XNex Aaropamd Amnzpar

Bsox
apoascius
ATCITICTO
o) ImmzocTusa

Puc. 12. CrpyKkrypa CHCTEeMB! YIIPaBJICHHA, CTy3Kalas A NPOAJICHAA
3KH3HEHHOIO 1LIHK/1a pa3AeIHTEIbHBIX KOMJIEKCOB Ha OCHOBE allTOpHTMa

AHarHOCTHKH.
Cnocob ABJICHHSA ECCOM elIeHHA MHOTOKOMITOHEHTHERIX cMecelt H
OJUTEHHE CPOKa BI peKTH(OHKANHOHHON KOJIOHHEI.
. Copacp 19 20 O6naxo

D

bl

Puc. 13. OyHKuHOHANBEHAA cxeMa pealu3alHH crocofa ynpariIeHHs MpOLEccoM
pasfeneHHs MHOIOKOMIIOHEHTHBIX CMecefl H TNpONIEHHA CpPOKa CiyxkOs!
PeKTHOHKAUHOHHOM KOJNIOHHBE 1 — peKTH(HKAMEORHAY KOJIOHHS, 2 — KANATAILHHK; 3 —
TemioobMeHHEK; 4 — nediiermarop; 5 — xonmercarop; 6,7- Hacocw; FT8, FT15 — naraaxm
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pacxonos; TT9, TT10, TT12, TT 16 — parauxu Temneparyp; PT11 — JaTd6K JaBlcHHA, LTI13,
LT14 ~ parunka yposns; 17 —PLC (porpaMMHBpyeMbii normueck il koHTpoutep); 18 — SysLM
— 370 cHCTeMa (CACTEMa YIIPaBJIEHAs KH3HCHHBIM LIHKIIOM cucten); 19 — cepaep; 20 — obnako;
21 — Moy BBoAa; 22 — DT (wmdipoBoi JBOMHHK), COCTOHT M3 I{poBoli MoAE/H rpoLecca,
23 — PLM-cucrema (Product Lifecycle Management System) oTBedaeT 32 YMpAaBICHHE
AUSHEHHSIM [HKITOM PeKTH(HKAIMOHHOMA KONOHHET, 24 — MOIyTh BEIBOJA; 25 — PLM-cepaep.

Cnoco6 ynpaenenus umeer PLM-cepep, B OTIHYHE OT TPaIHLMOHHbIX
crnoco6oB ynpasnenus. Ceppep OpraHu3oBaH BO B3aHMOCBA3H C SysLM-cucremoi,
ofecneuuBalOmedl yNpapieHHe JKH3HEHHHIM LMKJIOM CHCTEMbI ynpaBieHus
KoMIUtekcoM. CHCTeMa YIpaBNeHHA JKH3HEHHBIM LHKIOM CHCTEMBI — SysLM, B
CBOIO Ou€pellb, OPraHU3yeT HEOThEMIIEMbIC HacTH PLM-cHcTeMB], ynpasistouied
JKM3HEHHBIM LIMKJIOM ANMapaToB B KOMILIEKCe, U H(poBoro neoituuka DT. Otot
croco6 ynpas/eHus JH3HEHHBIM LHKIOM CITYXHT IJiA obecricueHus IKOHOMHH
PECYPCOB M 3HEPTMH NPH OHOBPEMEHHOM MOBBIMCHUHU KayecTBa MPOMYKUHH 33
CYeT yMpaBJIeHHs XH3HEHHBIM IIMKIIOM Kak CHCTEM yMpaBJIeHHd, TaK H anfaparos.

Jlns mopbimenus 3(dEKTHBHOCTM CHCTEMBbl YNpaBJICHHA HeobXoauMo
COKpaTHTh 3aTpaThl, 3aTpauMBaeMble Ha YNPAaBICHHE JKM3HEHHBIM LIMKIIOM
KOMIUIEKCA, H MPOAIMTE XKH3HEHHbIH LMK KOMILICKCA. C TeopeTndecKoi TOHKH
3peHus, MOJIETHPOBAHHE TOBBIIIECHHS 3 hEeKTHBHOCTH YNPABICHHA OTPKAET BCIO
uHpOpMALMIO, FONYYEHHYI0 OT CHCTEMB!  yMpaBMNCHH, BMeCTe C HX
B3auMojiciicteueM. HanpuMep, ecnH 0603HaYHTH 3¢ (peKTHBHOCTh TEKYILEro
COCTOAHHS YINpAaBNEHMs KOMIUIEKCOM B depes »n, TO TOCIe yITyHIeHHs
nokasareneit 3¢dexTHBHOCTD GyIeT paBHa n', @ CBA3b MEXTY HUMH:

m=";' . n=0BOXAO)'L (16)

rae  — MaTpHIa XapaKTepHCTHK KOMIUICKCa,; B — MarpHua 3arpat; 4 — MaTpulia
NoKazaTesel pasneeHus cMecH; / — Cnpoc Ha MPOAYKT.

Jing yjydiueHus Nokasatens pasfcneHHs cMmeceii, T.e. aA obecneueHHs
yy4IIeHus HX KOHICHTpPALMy, BHOCHM H3MEHCHHA B matpuiy A u onpeaenieM A
un"

n=0BA, 17
rae a;; = ka, j~ 3ICMEHTH] MATPHLIBI Ali=j.

TakuM obpasom, moGoii cronGeu g MaTpHUEBL nokasareneii pasgencHHA
npeacTaBuseT cofoil BBIAENCHHE KOMIOHEHTOB H3 pa3feIUTENLHONH KOJIOHHEI
pa3feNIMTENEHOTO KOMILIEKCA NTOA JHeiiCTBHEM Temna, a k - BeNMYNHA MOBLILICHHA
5¢peKTHBHOCTH  YNpaBNeHHs  TNPOLECCOM pasnenenns. Ha  OCHOBAaHHH
M3IOKEHHOTO 3aMIIeM MaTpHiy A:

2=y Jhe g a2
€ €2 1 a.

A=|-Fog, 221 L=lan 1 ) (18)
(5] Ca

rae ¢ — CBOMCTBA H3BJICKAEMOr0 KOMIIOHEHTA, j — YHCINOo, ykassma:omee, Ha KaKoM
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anmapaTte BHIONHAETCA MPOLECC PAa3fiENEHHs; X;; — KONMIECTBO MoTpebnieMol
3HEPrHH; Gj=| H aj= — allllapaThl B KOMIUIEKCE pa3sacCHH.

Jins nossimieHus 3(()EKTHBHOCTH YNpamieHHs YMHOXHM HEAMAroHanbHbIE
3MeMeHTbl MaTpHubl 4 B CTON6UAX Gj-) H. g@j- Ha KO3GQHUMEHT NOBBIICHHA
spdexTHBHOCTH, YTOOH CHOPMHPOBATL MATPHLY A', MPEACTABIAIOUIYIO coboii
3¢ eKTHBHOCTb N10C/IE H3MEHEHHA HEKOTOPHIX NOKA3aTeNeH:

’ ’

- = ——,=kag_z ‘oo
'Cl 42' 1 ka, ...

A=|-Bope, Z=1 Llslka 1 19)
[~ C2

B mosy4yeHHOM CHCTEME TOTOBBIH MNPOAYKT NPEACTABAEH 1epes cj a
notpebneHue 3HEPrHH — 4Hepe3 x;. IJTO O3HAYaeT, 4TO x'yj He mpocTo
NpOMNOPILMOHANEHO €r0 NpenbiAYUIEMY 3HAYCHHIO, HO H 6onee 3ddeKTHBHO,
NOTOMY 4TO x, =ka, cj.

B naTOif rAaBe AMCCEPTALMM, O3arJIaBlICHHOM «Pa3paborka METOAMKH
onpeeNeHnsl NPOJO/UKATENLHOCTH M 33TPaT  XKH3HEHHOTO  LMKIA
TeXHOJIOFHYECKHX KOMILIEKCOB Pa3lefHTE/AIbHLIX MpPOHEccoBy», MH3N0KCH
METOZIMKA OTIPENENECHHS 3aTPaT PasAENHTENLHON KOMOHHB! H KH3HEHHOTO IHIUA
TEXHONOrHYECKOro KOMILIEKCa.

OnpeneneHye CTOMMOCTH KM3HEHHOrO LHKNA pasaeHTenbHOA KONOHHBI
JaeT BaXHYI0 HHYOPMALMIO HA ITaNe NPUHATHA PeMICHHH 06 MCcnoJib30BaHUH WIH
NoKynke 3Toil KONMOHHBL IIpH oOnpeneneHHH CTOMMOCTH KH3HEHHOTO LMK
pasjeNUTeNbHON KONOHHbI HEOOXOMHMO YYHTHIBATL “eThIpe COCTaBJIAIONIHE:
aHANMH3 COCTABHBIX 3aTpaT, OLEHKAa CTOMMOCTH 3aTpar, MHCKOHTHpOBAaHHE H
uHpnAuus. COTNacHO MpPEIOKEHHOH METOIHKE, ONMpeACIAoTCA cneqyromue
OCHOBHBIC 3aTPaTEL:

1.Pacuem noxasamens_ 20006020 UCNOAb306aHUA_PA30eIUMENLHOU KONOHHEL.
BpemMenHoi [OKa3aTellb  MCMONB30OBAHMA  Pa3NEJIMTEbHOH  KOJIOHHBI
paccuMTHIBaeTCA 110 clenyiomeil gpopmyre:

O.=cl-f, (20)
rae @.— BpeMA HMCMONB30BaHHA KOJIOHHBI B TeYEHHE roja, 9ac; ¢ — KOJIHIECTBO
cMeH; [ — KOAHYeCTBO pabovux AHed B Toay; f — creneHb HMCNONB30BAHHA
KOJIOHHBE, %.

2.Oman_onpedenenus_3ampam HA_PeMOHm_U IKCNIYaAMAYUIo xononust. C
Y4€TOM TOro, 9TO KOJIOHHEI PEMOHTHPYIOTCS HE BCErAa, CTOMMOCTH JKCILTyaTalliH
¥ PEMOHT Pa3/IeIHTENLHOM KOJNIOHHEI B i-M MecAlle onpeaenserca no cnexyromei

dopmyne:

i
&, oy dje
Tﬂo(lzl)zﬂl B @

TZie i — MecAll MCIOB30BAHHA KONOHHBI; X, — 3aTpaThl Ha SKCILTYaTalMIO H PEMOHT
B i-M Mecale; T, — CTOHMOCTE KOJIOHHEL, Bo, i, B2 — KOIPHIACHTEI, BIMAIOMHE HA
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SKCIUTyaTAUHOHHBIE PACXONB! H 3aTATHl Ha TEXHHUECKHH PEMOHT; @, — BpeMA
HCTIONB30BAHKA KOJIOHHBI B TeCHHE T2, Jac.
TpunuMas BO BHMMaHHe HHQSLUMOHHOE BHMAHWE, MOXHO HArHCaTh

ciemyomyio dopmyay: '

Xay = X(1+1)%, 22
rae Xqy — Pacxopl Ha IKCIUTYATALHIO H TEXHHIECKHHA PEMOHT KOJIOHHEI C yHETOM
na}nAHY; I, —k03hHIMEHT HHAIALMH.

C yueroM MHOMAUMH OT NOKYMKH HOBOH KOJOHHBI O i-TO ‘Mecilia
HCIIONB30BAHHA CTOMMOCTB KOJIOHHBI OMNpE/IENAETCA CETY oMM 06pasoM:
1

Tiy, = B =B+ 1), (23
rae Ti, — 3aTpaThl Ha MOKYNKYy HOBOH KOJIOHHBI C Y4€TOM uudnauny; L —
ko3pduuuent uHmAUMH; @() — MoKasaTeb, 3aBUCAMMI OT BPEMEHH

HCIONL30BAHHUA yCTapeBLieH KOJOHHEL.

3. Onpedenenue _cpoxa__oxynaemocmu odonxcumenbHocmuy) sHeopenus
pazdenumenvHoll _KONOHHb & npouzgodcmeo. Ha sTOM ITame omnpeaenseTcs
OINTHMANBHBIH IEPHOZA MOKPEITHS O, -

Korna HoBsas pasnenuTeNbHas KOJNOHHA 3alyCcKaerca B NPOM3BO/CTEO,
pacxofbi Ha TEXHHYECKHH PEMOHT W 3KCIUTyaTalllio cHWXaloTCA. B pesyjerare
noJy4eHHas npubbUIL ONIPEEIAETCA Clleqy oM obpasom:

Z,=X,,-X, (24)
re Z,; - pUGLUTE, NONyueHHas N0Ce NPHOOPETEHHs HOBOH KOOHHE.

CpoK OKyNaeMOCTH OMpefeNieTcs ceyiouum obpasom:

Q, =min {i: 2C,, 2 - ()}, (25)
rae Q; — CpOK OKyNaeMOCTH MOKYNKN HOBO# KONOHHEIL.

Ha ocHOBe CpoKa OKynmaeMOCTH OMpenc/acM ONTHMAJIBHLIA  CPOK
3KCIUTyaTaliH KOJIOHHBI:

te,, =min {j: Q) = O}, (26)
TA€ f.,— ONTHMaNbHas HapaboTKa KU3HEHHOT0 KA KONOHHEL.

anBeneM rpa(bmm H3MEHEHHs1 CTOHMMOCTH B J)KM3HEHHOM  LHKIIE
pasnenmnbﬂoﬁ KOJIOHHBI.
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Puc. 14. I'paduk cpeqHux 3aTpar B paGodeM LHKIIE KOJIOHHBI.
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TponOXHTENEHOCTS KHIHCHHOTO WK KONOHIH [roa}
Puc. 16. Mpaduk onpeneneHus nepHo/a MPOACIDKHTENLHOCTH JKH3HEHHOrO
LMKJIA M CPOK OKYaeMOCTH 3aTpaT Ha pealu3alHio Pa3feNATENbLHON KOOHHEL

o npuBeneHHbIM (opMysiaM MOXKHO ONpENCTHTE CTOHMOCTb XXH3HEHHOTO
IMKTa M NPONOJDKMTENBHOCTH LMKIA AHAIOTHYHBIX KONOHH M anmaparoB
XHMHUECKOH, HedTeXMMHUECKOH H MUIIEBOH MPOMBIIUICHHOCTH.

3AKJIOYEHHUE

B pesynsTare HCCNEAOBaHHA HHTEILIEKTYANBHOIO ynpaBAeHHA KH3HEHHBIMH
LMIJIaMH  TEXHOJIOTHUECKHX ~KOMIUIEKCOB  pasieNicHus MHOFOKOMITOHEHTHEIX
cMeceil NTOTydeHs! CleyolHe HayTHEIe pe3y IETaThl:

1. TpoaHaH3MPOBAaHO COBPEMEHHOC COCTOSHHE TEOPHH M HPAKTHKH
yHpaBleHHs >KH3HEHHBIM LHKJIOM MHOTOKOMITOHEHTHBIX CMecepasiIHTENbHBIX
KOMILIEKCOB. B pe3ysisTare onpezeNieHs! HaMpaBNeH s HX panbHeiimero pa3sBUTHA
W COBEpIIEHCTBOBAHHSA.

2. Ha oCHOBE HEYeTKON MOJEH CHTYalHOHHOro ynpasnieHna paspaboTaH
cnocob HHTEJUTEKTYIEHOIO ynpaBJieHHUs MPOLECCOM pasfieNicHHA
MHOTOKOMMOHEHTHBIX cMeceif, 4YTo [03BONACT 3¢deKTHBHO OpraHH30BaTh
TEXHOJIOTHYECKHE NpOLecCH pasaelieHds H HHTE/UIEKTyalnbHele  CHCTEMEI

yIIpaB/ieHus HMH, a TAKOKe CHH3UTh SHEPro3aTpaTeL.
3. Ha OCHOBE KOHLEMUMH YNpPABICHHA JKH3HEHHBIM LHKIOM MPOAYKUMH H
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cucteM paspaboraH cnmoco® ynmpaBieHHA NMPOLIECCOM pa3fefieHHs, TO3BOJAIOIIMIA
NPOAJIATE XKHIHEHHBE LHIUT aNliapaToB Npouecca pasjgeNeHua H CHH3HTD 3aTpaThl
Ha TEXHHYECKOE o0C/TyKUBaHHE, PEMOHT H 3KCIUTYaTalHIo0,

4. Pa3paboraH onTUMaNbHBIH aIroOpHTM NPOEKTHPOBAHMA KH3HEHHOIO LIHK/IA
TEXHOJIOTHYECKHX KOMIUIEKCOB pasieeHus MH(OpMaluM Ha OCHOBE HEYeTKOi
KiacTepH3auuH, ofecneunBaloInuii cokpalleHHE BpeMeHHM NPOSKTHPOBaHHA M
nosbimeHne 3 EKTHBHOCTH NPOCKTHPOBAHMA.

5. C mncnonb3oBaHMeM TeXHONMOTHi koHuemmH «UHpycrpus 4.0»
pa3paboTaHa apXHTEKTypa HHTeJUIEKTyalbHON CHCTEMBI YIIPaBAeHHS KHU3HEHHBIM
LHKIOM TEXHOJIOTHYECKHX KOMIUIEKCOB pa3feNieHHd MHOTOKOMIIOHEHTHEIX
cMeceil. ApxuTeKTypa ofecneuuBaeT rHOKOCTb CHCTeM ympaBneHMa, ¢uKcHpys
H3MEHEHHA M YJYYIICHHA B KOMIUIEKCE H CHCTeMaX ynpasjeHHs Ha BCEX 3Tamax
JKH3HEHHOTO LIHIUIa KOMIUIEKCa.

6. Ha ocrHoBe anropuTMa OHNalfH AHarHOCTMKH  pa3spaboTana
HHTENNEeKTyanbHasd CHCTEMA YNpaBIeHHS JKH3HEHHLIM WHKIOM TEXHONOTHYECKHX
KOMIUIEKCOB pasfesieHus, MO3BOJIAIONas NMOBLICHTh 3 (EeKTHBHOCTE YNPaBICHUA
JKM3HEHHBIM IMKJIOM TEXHONOIHMYECKHX KOMIUIEKCOB pa3fieficHMA M CHH3MTL
3Hepro3arTparsl.

7. Ha ocHoBe HaOGmogareneii cocToAHHA pa3paGoTaH OHJIANHH-aIrOPHTM
JHATHOCTHKH COCTOAHHH KOMIUIEKCa B PEXHME peanbHoro BpeMeHH. JlaHHEIA
AMTOPMTM TNO3BOJAET YUPABJIATH JKHM3HEHHLIM LMKIOM KOMIUIEKCA 3a Cuer
omnpenesIcHHA NEPHOAOB OOCITyKHBaHHA M PEMOHTa KOMIUIEKCA.

8. YcopepmeHcTBOBaHa  TEOpPHA  YNPABIECHHA  TEXHOJOTHUECKHMH
MPOLECCaMH, YTO MO3BOMIAET PACIIMPUTh BO3MOXKHOCTH 3((eKTHBHOIO pelieHus
3a1aq yuera JKH3HEHHOr0 LHMKIa KOMIUIEKCOB H pa3paboTaTh HOBBIE CHOCOGHI
TOCTPOCHHA HHTEJUIEKTYANbHBIX CHCTEM YNPABJIEHHS TEXHOJOrHUECKHMH
[poLiecCaMu.

9. 3¢ dexTHBHOCTE KOMIUIEKCHOTO YNPABJICHHA OLEHHBANACH NI0 KPHTEPHAM
MIOBBIMIECHHA KaYecTBa MPOAYKLMH H CHIDKEHHS JHEPromoTpeGleHHs ¢ y4yeTroM
HEOmpejle/IeHHOCTEf B  KOMIUIEKCHOM YNpPaBICHMH JKH3HEHHBIM LMKIIOM.
Hcnonb3oBaHAE 3ITHX OLEHOK JaeT BO3MOXHOCTb PpemeHHA 3afa4 Mo
obecneueHnIo 3Hepro- M pecypcocOepekeHHs MPH YNPABIEHHH JKU3HCHHBIM
LMKJIOM KOMIUIEKCOB.

10. TlpennoxeHHas METOAHKA OMNpPERCNICHHA MPOJAOJDKUTENBHOCTH H
CTOMMOCTH JM3HEHHOr0 LMKIAa TEXHONOrMYECKHX KOMIUIEKCOB HpoLecca
paszieneHHs MHOPOKOMIIOHEHTHBIX CMeceii, MO3BOJAIONIAA OLEHHBATH 3aTPaThl B
Te4YeHHe JKM3HEHHOIO LMKJIA KOMIUIEKCOB H INpPHHHMATh pelleHud o6 ux
JeATeNILHOCTH.

54



SCIENTIFIC COUNCIL DSc.03/30.12.2019.T.03.02
ON THE ADMISSION OF SCIENTIFIC DEGREES
AT THE TASHKENT STATE TECHNICAL UNIVERSITY

TASHKENT STATE TECHNICAL UNIVERSITY

AVAZOV YUSUF SHODIYEVICH

INTELLIGENT CONTROL OF LIFE CYCLES OF TECHNOLOGICAL
COMPLEXES FOR THE RECTIFICATION OF MULTICOMPONENT
MIXTURES

05.01.08 - Automation and 1 of technological pr and manufactures

ABSTRACT Of THE DISSERTATION OF
DOCTOR OF SCIENCES (DSc) ON TECHNICAL SCIENCES

Tashkent — 2022



The theme of doctoral (DSc) dissertation was registered at the Supreme Attestation
Commission under the Cabinet of Ministers of the Republic of Uzbekistan under number
B2020.2.DSc/T341.

The dissertation has been prepared at Tashkent State Technical University.

The abstract of dissertation is posted in three languages (Uzbek, Russian, English (resume)) is
placed on the web-page of Scientific Council (www.tdtwuz) and Information and Educational Portal
«Ziyonet» (www.ziyonet.uz).

Scientific consultant: Yusupbekov Nodirbek Rustambekovich
doctor of technical sciences, professor, academician

Official opponents: Igamberdiev Husan Zakirovich
doctor of technical sciences, professor, academician

Kaipbergenov Batirbek Tulepbergenovich
doctor of technical sciences, professor

Parsiyev Saydiaxat Solixodjayevich
doctor of technical sciences, associate professor

Leading organization: JV LLC “Ximavtomatika”

Defense of dissertation will take place in « » 2022 at o’clock at a meeting of
the scientific council DSc.03/30.12,2019.T.03.02 at the Tashkent state technical university (Address:
100095, Tashkent, str. University-2, tel.. (99871) 246-46-00; fax: (99871) 227-10-32; e-mail:
tstu_info@tdtu.uz).

The doctoral dissertation could be reviewed at the Information-resource center of Tashkent state

technical university (registration number ). (Address: 100095, Tashkent, str. University-2,
tel.: (99871) 246-03-41.)

Abstract of dissertation sent out on « » 2022 year.
(mailing report Ne____ ,on « » 2022 year).

F.T.Adilov
hairman of scientific council,
awarding scientific degrees,
i of technical sciences, professor

U.F.Mamirov
eybfitific secretary of scientific council,
awarding scientific degrees,
f technical sgé€nces, associate professor

H.Z.Igamberdiev
Chairm: e academic seminar under the
scientific council awarding scientific degrees,

doctor of technical sciences, professor, academician




INTRODUCTION (abstract of DSc thesis)

The aim of the resedrch work is to improve the theory of consideration of
the life cycles of the technological complex, as well as to develop a system and
methods for managing the life cycles of technological processes using the example
of the rectification of multicomponent mixtures.

The object of the research work is technological complexes for the
rectification of multicomponent mixtures and their life cycles.

Scientific novelty of the research work is as follows:

the theory has been improved and an algorithm for the optimal design of the
life cycle of technological process complexes based on the data mining method has
been developed, which reduces the design time;

a control system and an online diagnostic algorithm based on state observers

have been developed to extend the life cycles of technological complexes for the
rectification of multicomponent mixtures;
- the theory has been improved and an intelligent process control system has
been developed, which makes it possible to increase the efficiency of controling
the life cycle of technological complexes for the rectification of multicomponent
mixtures and reduce energy costs;

a method has been developed for controlling the rectification process based
on system life cycle management, which makes it possible to extend the life cycles
of devices for the rectification process of multicomponent mixtures;

a method has been developed for intelligent control of the process of
rectification of multicomponent mixtures based on a fuzzy situational control
model, which makes it possible to improve the quality of product and improve the
control of the rectification process;

a method is proposed for determining the duration of cycles and the cost of
the life cycle of technological rectification complexes based on the calculation of
costs for each stage of the life cycle, which makes it possible to estimate the total
cost of the life cycle of the complex.

Implementation of the research results. Based on the obtained scientific
results on the intelligent management of the life cycle of technological complexes:

methods of intellectual comro,l of the processes of rectification of
multicomponent mixtures wege iﬁﬁo@qggd ‘at LLC “Ferghana Oil Refinery”
(Reference «O‘ZLITINEFTGAZ» JSC"NZ. ‘3‘512771 October 17, 2022). As a result,
this improved the quality of: conﬁ‘nr o m&ﬁﬁcatnon process and extended the
service life of the apparatus; . .-

an algorithm for the- O.ptiinal desxgn' ) life cycle of technological process
complexes based on the datammmg method ‘Was'introduced at LLC “Ferghana Qil
Refinery” (Reference «O‘ZL“H‘RQEETGAZ» JSC Ne 35/2771, October 17, 2022).
As a result, this made it possxblq 10- feduce the design time for rectification
technological complexes;

an intelligent control system for the technological complex for the
rectification of multicomponent mixtures was introduced at LLC “Ferghana Oil
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Refinery” (Reference «O‘ZLITINEFTGAZ» JSC Ne 35/2771, October 17, 2022).
The results of scientific research have made it possible to increase the efficiency of
managing the life cycle of rectification technological complexes and reduce energy
costs by 3%.

The structure and volume of the dissertation. The thesis consists of an
introduction, five chapters, a conclusion, a list of used literature and applications. The
volume of the thesis is 192 pages of typewritten text.
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