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KHPHIU (dpancada aoxropn (PhD) anccepTanHacH aHHOTALMSCH)

Aucceprauna MaB3ycHHMHr Aoa3ap6amru Ba 3apyparu. JKaxonaa
CYHITM BaKTIapAa TeXHONOrMK JKapaéHiap Ba HuUUIab YHKApHILIApHH
AaBTOMATNAWITHPHII  COXAaCHBAa WIFOP MaMilakaTlap TOMOHHMAaH Kymna6-
KyBBaT/aHa¥TraH  Mypakkab  TeXHONOTMK Ba  TeXHHK  TH3MMJIapHH
TakOMHMNAWITHpHAran Gomkapum koHuenuuacH (Advanced Process Control —
APC) ra anoxuna 3»TH60p KapatunMokaa. «ByryH APC-eunmnap HedTHU Kaifta
Hunaw, HedTkUME, MHHepan YrUTiIap MILIA6 “MMKapHIL, MeTannyprud, HedT Ba
ra3 KasH6 YMKapHIl, HCCHK/IHMK YHEPreTHKAaCH, LeJUTION03a HIWIA6 YMKapHLI, 03HK-~
OBKaT Ba aBTOMOGH/ICO3NMK CAaHOAaTHAA KeHr Kymnamwtmmuy' —caHoar
TapMOKJIapHAa eTakuM YpHHHM s3ramnab kenmokma. By 6Gopama pueoxnanran
MaMaKaTlapAa TakOMHWUIaWTHpunrad 6owxkapuitHaHr APC-Tu3uMnapu acocuaa
TEXHONIOPHK KYPWIMalapHH ONTHMan GOWKAPHUIHMHI ONEpaTop apanallyBu
MHHHMan 6YnraH XaMaa TAaAKMK KHaMHa&TraH ofbekTHM GainopaTnoBum
Mozennapu acocuaa kyn ynyamnu GolkapyBHHM amManra OLIMpPYBYM CTpaTerMAHH
MY>KaccaMJIAIITHPYBYH MXTHCOCHALIraH JAacTYpPHil TABMHHOTHH amaira OWKPHLI
MyXHuM BasudanapaaH 6upu XucobraHMoKAa.

XKaxonna MypakkaG apanaiManapHH — @KPaTHIIHHHT  TeXHONOTHK
xapa8HnapuHu  Gowkapuwt  cHMpAaTHHH  OWMPHIUrA  KApaTWIraH  WIMHIA
TaaKMKOTNAp onubG Gopunmokaa. By Gopana, syMnanas, MaxcyoTAapHUHr cudar
KypcaTkuunapy Oyiinya aBTOMATNALUTHPHATAH TE3KOP TH3HMAPHH ApaTHLl,
WKPATHII JKAPABHMHMHT AMHAMMKACH YYYH MoJeNb ONMill, HOAHMK MAHTHK
yCy/apH acocHia >kapatHHH HOAHHWK BasHATAM OOLIKAapHII anropuTMIapUHU
HmNab YMKMIL, KpaTHIN XapalHWHM OOIIKAPHIUHHHI TaKOMHILTALITHPWIraH
Tuzumnapu (APC — Advanced Process Control) Hy uiunab ynkui MyXuM axamuaT
Kach 3TMOKAa.

Pecny6nukamnsna xo3uprd KyHna ¢(aH Ba TEXHHMKAHMHP TEXHONOIMK
KapaéHnap Ba HuUIa0 uMKApUIWIADHM aBTOMATHAlITHpHWI Ba GoLiKapuiu
AyHanumnapura Kkatra 3bTHOOp Kaparwiub, >KyMnajaH, apanaliManapHu
KPATHIHHHT TEXHOJNIOTHK >kapaéHNapHHH aBTOMATJAlUTHPHIL Ba Gomkapuuiga
JHEPrHA Ba PECYpPC TEKAMKOPIMKHM TabMHHJIOBYM TaKOMWUIALITHPHIraH
OolwKapuLl  TH3MMIAPHHH  ApaTHIUra anoxuja IJBTHOOp KapaTHiIMOKHa.
2017-2021 #unnappa S"36exncjrou Pecny6nukacuHH  pHMBOMXUIAHTHPHIUHUHT
XapakaTnap cTpaTeruacHaa, >KyMaafaH, «... MKTHCOOHETHUHT 3HEPTHA Ba pecypc
cappUHH KHCKapTHPHL, HIINA6 YHNKAPHILTa SHEPrHUa TEXXaMKOP TEXHONOTUANIAPHU
XKOpPMIl 3THIU, MKTHCOMMET TAPMOK/IAPUAATH MEXHAT YHYMAOP/IUTHHHE OLUHPHLIN?
Basudanapu Genruna® Oepunran. Maskyp BasudamapHy amanra oummMpuul,
AyMAagaH, pocT/ialll KOHTYPNApUHHHI ¥3apo TabCHPJIAPHHH KOMIMEHCAUMsANall
UMKOHMHM GepyBuM K¥n ¥nyamau MaHTHKMI pOCT/IarMIap acoCHAA MCCHKIHK Ba
Macca AIMAIIMHHIHUHET Mypakka® TEXHOMOTHK JKapadHNapHHM OGOILKAPMIUHHHT

! «CanoaT/a aBTOMAT/BIITHPHLI) XKypHANH, 2013, Ne 1. (www.researchgate.net/publication/281148781)
2 Ys6exucron PecnyGnuxacu [lpesmmenmummnr 2017 fun 7 ¢espanaarn Id—4947-con  «V3bexscron
PecnyGnnxacuun 2017-2021 #uanapaa suwana PHBOAVIAHTHDHINHMHT X2PaxaTnap CTPATErHACH TYFPHCHOANTH

dapmorn
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YOKOpH caMmapai HHTE/UIEKTYal TH3HMIADHHM CHHTE3Nall Ba amManra OWMpHII
MYXHM Macananapaan 6upu xucobnanamu. -
Y36ekucron Pecrmy6nukacu [pesupentununr 2017 #éun 7 ¢despangaru
TI®-4947-con «V3bekucron Pecny6bnukacunnm 2017—-2021 Auwmnappa sanHaza
PHBOXIAHTHPHINHHHT Xapakat/iap CTPaTerusacH TYFpHCHAANTH dapmoHn xamaa
2017 #un 27 wosparu ITK-3151-coH «Onmii MaBIyMOTIM MyTaxaccuciiap
Tali€pnami cHpaTHHM OIIMpPHMINAA MKTHCOOMET coXanapy Ba TapMOKAapH
HIITHPOKMHH SHAAA KEHralTHPHII Yopa-TanGupnapu TYrpucHAanTh sa 2018 ifun
27 anpenparn IIK-3682-con «MHHOBaumon rosnap, TeXHonorusAnap Ba
JiofuXanapHi amanuii XKOpHit KWIHII TH3UMHMHH AHAZA TaKOMIWLTALITHPHIL YOpa-
Tan6upnapu Tyrpucuaanru Kapopnapn xamaa Maskyp daonustra Termmny Gouka
MebEPUi-XYKYKuHA Xyxokatnapaa Genruwnadrad sasudanapHu amanra OIHpHLITa
ywby auccepTauma TaAKHKOTH MyaiisH Aapakasia XM3MaT KHiaiu.

TaaknoTHHHr pecny6auka dan Ba TeXHOJOrHIapH PHBOKJIAHHILN-
HHHI YCTYBOp #yHAaNMmAApHra Mocauru. Maskyp TajkukoT pecry6iuka ¢an
Ba TeXHONOrHANapu pHBOXNAHMIIMHMHT VII. «KuméBnii Texuonorms =a
HaHOTEXHOMOTHAAp» YCTYBOP HYHaNMIIM foupacuaa Gaxapmirax.

MyaMMOHHHI YpraHMAramink mapaxacu. JKaxou MHKECHAa HNMMii-
TAIKHKOTNAP HATIKACHAA DKPATHIUHMHI MYpaKkal TEXHONOTMK KapagHmapuHM
HalopaT KWW BAa GOWIKAPMIUHMHI IOKOPH CaMapand  TH3MMIapHHH
puBoiianTHpuwra: - “Honeywell”, SIMSCI-Simulation Ba  University of
California, Massachusetts Institute of Technology (AKIL), “Siemens” pa
University of Milnster (Onmonus), Imperial College London (Bytok Bputanus),
Shell Global Solution (Byiok Bpurauus-Tonnanmus), University of Chemical
Technology in Prague (Yexus), Osaka University Ba Tokyo Institute of
Technology (Anonns), Korea Advanced Institute of Science and Technology
(XKany6uit Kopen), “Alstom” (Ppanums), “Simatek-Energo” (Benapycs), Poccus
KHME-TeXHONOrHs yHupepcutetd (Poccus) Kabu eTakuM WAMHHA Ba ONMi TabIUM
Myaccacanapu xamaa R.A.Aliev, S.Skogestad, W.L.Luyben, Koichi Asano,
C.P.Almeida-Rivera, B.B.Kadapos, B.I1.Mewmankux, A.N.Bosputos, B.J1.ITepos,
B.C Banakepes, B.A.Illlecronanoe, T.H.'aprman, M.I'neGos, M.Jl.Maupens-
wrreii, JL.A.Axkcenspon, B.P.Caranosckuii, I'.C.Tpunuyk Ba GomKa XOpHKHii
OJIMMJIap XHCCa KYLIHULLUraH.,

MamnakaTuMu3na axpaTuin kapaéHiapuHB MaTeMaTHK MOJE/UTALITHPUIL
Ba ONTUMALIAITHPHIIHHHT WIMHHA MyamMonapuuu euuwra H.P.FOcynGekos,
HI.M.I'ynamos, M.A Hcmaunos, J.I1.MyxutauHoB, C.I'.3akupos,
T.®.Bexmypanos, LI.H.Hyputauuos, VY.B.MauHauor Ba Gowka onumnap
Y3napMHMHT yJIKaH XMCCAIaDMHH KYIUMLITaH.

BHpoK cyHrTH Hiwuapaa axpaTHil sKapadiiapH XULIU Mypakkabnauu6,
yuwfy kapaHnapHHHr TAKOMWUIAWITHPWAraH  GOIIKapull — TH3UMIIApPHHH
ApaTHIIHH Tanab 3TMokaa. Llly 6unaw Gupranukaa, Iokopu camapanu GolKapHiu
TH3MMJIapDHMHH  ApaTHMIUAA IOMIIOK XHcoOnamnap Ba HOAHMK MAHTHKHHUHT
3aMOHaBMii annapamiapuiaH TYnakoHiu ¢oiganaHuil UMKOHHATIAPHIra €Tapiu
napaxaza ypTHOOp KapaTHiMaraH. :
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JuccepTanus TAAKHKOTHHHHT AMccepTanus Gaxkapuaran oamil Tabaum
MYAacCacaCHHHHI MAMHA-TAAKHKOT HIIAPH peXajJapH GuiaaH GOFIHKIMIH.
Aucceprauua TagKHKOTH TOIIKEHT MHABNAT TEXHHWKA YHHBEPCHTETH WIMHii-
TAAKHKOT HULTapH pexxanapUHHHr @-7-47 — «Kyn KOMNOHEHTNH apanalMaiapHy
KpaTHII JxapaHIapUHHHT Hasapuil acocnapu» (2012-2016); OT-7-88 — «To3a
MaxcynoTiap ONHWIHHUHI 3JHEPrds Ba PeCypCTeRKAaMKOpP HMCCHKIMK-Macca
AIMALIMHAW  )Kapa8HIAPHHHHT HMCTHUKOONTH Mypakka6  KHME-TEXHONOTHK
TH3NMJIADMHMHT Ha3apWii  acocnapHHH  TakoMWUtawTHpum»  (2017-2020)
MaB3y/apuAary joiuxanapu noupacuaa 6axapmiras.

TagKHKOTHHHr  MaKcagH Kyn  KOMIOHEHTNIM  apajaliMaIapHH
QKPATHINHUHT  Mypakkal  TeXHONMOTHK  >XapaéHNapHHH  OOLIKAPUIIHUHI
TaKOMHWJLNAWITHPHITaH TH3HMHHH HLTa6 uHKuIuaaH ubopar.

TaakuKoTHUHT Ba3upanapu:

KYN KOMIMOHEHT/H apalaliMIAPHK KPATHIL >KapaSHUHHUHI AHHAMMKACH
MaTeMaTHK MOZAEJUTAPHHH KypHIL;

QKpaTHIl  KOJIOHHANApH  HLINALHHHUHT  TEXHONOTHK  PEXHMIIApHHH
GOLKAPHIUIHMHT AaCTypHii-MaHTHKHI aNrOPHTMIAPHHH HuLnab YuKHLL;

KYN KOMNOHEHTNH apanaiManapHH aKpaTHII JKapaéHWHH HOAHWK MaHTHK
YCYJUlapy aCOCHAA MOJEIUTALITHPHILL

Kapop a0yl KHIHIHHHT HOAHHK Monen.napu acocuja BasHATAK GolKapHIl
anropuTMHHM KypHIL;

KpaTHII >Kapa&HUHU 60m1<apmuunur TAKOMILTAIITUPHITaH TH3MMUHH
Hwnaé uukuw (GparopexTudUKaLKMA KypUiIMacH MUCONKAA).

TagKuKOTHHHr  00beKTM  KyN  KOMMOHEHTIH  apalaulMaNapHH
DKPATHIIHUHT MypaKKka6 HCCHKIMK Ba Macca anMallMHMI >kapaSHnapu
Xucobnanamu.

TaAKHKOTHHHI NpeaMeTH Mypakkab TEXHONOTHK xapaHiap Ba HULIab
YHUKApUIUIAPHUHT  TAaKOMWUTAIITHpWIraH  OomIKapull  ycymnapu  Ba
NTOPHTMIIAPHHH TAUIKA/ 3TafH.

TaaKHKOTHHHT ycyanapn. TaOKMKOT >KapaSHMAa THSHMIIM TaxJui,
aBTOMAaTHK GOMIKAPULIIHHHT 3aMOHABHil Ha3apHACH, HOAHUK MAHTHK YCYJUIapH,
CYHBUH HHTEUIEKT Ha3apHACH, AHAINTHK XHCOD yCyMnapH, TEXHONOTHK
xapaéunap Ba MULIA0 YHUKAPHIIAPHM MOAEJUIALUTHPHII Ba ONTHMALTAIITHPHIU
ycyunapuaaH doiizanaHwirax.

TaaKMKOTHHHT HAMMIL AHTWINH Ky#naaruiapaad nbopar:

ofbekTHH GolIKapHIl YuyH HOAHMK MaXCYIHi TH3HM KYpUHMLUMAA
IAKIUIAHTHPUIIARNTaH EHAANTYB KILTA0 YHKWIraH;

HHBapHaHT GolIKapHIl TH3UMHHHMHT TapaMeTplapuHH Xucobnawu acocupa
WKPATHIL KONMOHHANAPH KMCMIAPMHUHI AMHAMUK MOAEJIH HULIA6 YHKWIraH;

@KPaTHII KONOHHANAPHHUHI MIN PEXHMIapHHM Tali€p Mmaxcynor cHdar
Kypcatkuunapn Gyitnua pacTypuii-MaHTHKuii GolUKapMul anrOpuTMH HIUIa6
YUKHIIraH;

HOaHHK MAHTHK YCY/UIapH apCeHalH acOCHEA AKPATHIU KOJIOHHACHHM
TEe3KOp aBTOMATIALITHPHATaH GOLIKAPHIL anrOPHTMU HLLIA0 YMKWIraH;



HOAHHK-TYIJIaMIH ~ TyLIyHYaap acocuaa  Kyn KOMITOHEHTIH
apanaimiaManapHi aXpaTHII JKapaCHNapHHH BasuATIM GOKapHIl YCYNH Hiumab
YUKWIraH; :

3THJI CIIUPTHHK MILTA6 uMKapHaary GparopexTHOUKALHA KypPUIMATapHHK
TaKOMHUTAIITHPIIraH 60mKapHITHUHT APC-TH3MMH HIIa6 YMKUiraH.

TaaKHKOTHHHI aManuii HATIXKARAPH Kyfuaaruiapaan u6opar:

KYTl KOMIMOHEHT/IM apalalliMalapHU AKPaTHUl >KAPaEHUHWHT MHBAPHAHT
GoMKapHII T3UMHHH GYHKUMOHAN CXeMacH HINNA6 YMKHITaK;

TaKOMHUTAIWITHPWIraH GoIKapHIIAa onepaTop ydyH Xyjocanap Hmna6
YHKHII MMKOHMHH GepyBYH AacCTypuii TAbMHHOT HULIA6 YHUKWITaH;

QKPaTHIN jKapaCHHHH HOAHMK MAaHTHK acocuia GOLIKAPHIN anropHTMH
HIUTa0 YUKUITaH,

WKPATUIIHMHT MYypPaKka® TEXHONMOrMK *apalHMHH GOWKApHII YYYH SHTH
TY3WIHLIAArY TAKOMWUTAIITHPHATaH TH3UM HULIA6 YHKWIraH;

KpaTHIIl KypHIMaNapHIard acoCHii napamMeTpiapHy poCT/lall TH3UMHU yayH
Hoauuk [TH[I-pocTnarna mosenu Matlab MyxuTima uina6 yukwiras.

TaaKKKOT HATHKANAPHHUHT HILOHYAWINIH. TaAKHKOT HATHIKATIAPHHUHT
HUIOH'UIMIIATY HOAHMK MAaHTHK Ba Ba3sUATAH GOUIKAapuII anropHUTMiapura
acocnanub, KYN KOMMOHEHTNM apajalliMANapHH WDKPATHIN  KAPASHNAPHHMHT
TaKOMWUTAIITHPIWIraH GOLIKAPHII TH3MMUHH MUUIA6 YMKMIU, LIyHHHIAEK,
3amMoHaBHA ycymnap Ba BocHTanapaaH doiimananu6, yTkaswiraH Hasapuii Ba
T@KPHOABHI TAAKHKOTIAP HATIKAIAPHHUHT §3ap0 MyBOGDHKINIH, CAHOAT-CHHOB
TaXpHGanapu HaTHXANAPUHHHT WKOGHIINTH GHNaH TaCAMKIAHALM.

TagkuKoT HaTIKANAPHHMET WIMHIT Ba aManuit axamMusTH. TaaKUKOT
HaTHXANAPHHUHT HIMMH  aXaMHATH @KpaTHII >KAPaEHHHHUHT  MaTeMaTHK
MOJIeJUIapHHH HILIA0 YHMKHMII Ba HOAHWK TYIUIamap acoCHa K¥n KOMIOHEHT/IH
dpanaliMaiapHd  KPaTHIUHHHT  Mypakka6  TEXHONOrMK  JKapagHnapHHH
GOIIKAPHIIHMHT  TAKOMMWUIALITHPHATAH TH3UMJIADHHH  CHHTe3Niall  Gunau
H30XJIaHafu.

TamkukoT HaTWXaNapUHHHr aMaNuii  AXAMHATH 6paropexthdnkaums
KYPUWIMaNnapuH aBTOMaTIAUTHPHMAraH GowKapuil yyyH HuIa6 YMKWIraH
TaKOMWUTAIUTHPHITaH GOWIKAapHI TU3HMH, YCy/NIapd, airOpUTMIapH Ba
MOZJC/IApHHE  KHME, HehTKUME Ba O3HMK-OBKAT CAHOATNAPUNATH AKPATHII
KONOHHanapuHK GowKapyuIaa KY/nam sHeprus Ba pecypc capuuu 5-10 % ra
KaMaiTupumy 611aH n3oxaHaau.

Taakukor HaTHXaJIADHHHHI KOpHH KHIMHHIIH. Bparopextudukauus
KyPWIMaNapHHHHT TEXHONOTHK CXEMAaCHHH TAKOMW/LIAIITHPUL BA YJIApHHHT ML
PEKUMINApHHY ONTHMANNAIUTHPHIN 6Fiiiya onuHraH HIMHI HaTHXKaNap acocuAa:

Kyl KOMINOHEHTIH apanaliManapHH aKPATHIl KONOHHACHHHHF MM
PEXHMIADHHH  GOIUKApUMLIHMHT  JAacTypMHA-MAaHTMKMEt anropuT™Mu  SIHrubyn
waxpupary “BIOKIMYO” AXKna xopuit Kununran («V3mapo6canoa AX Huur
2018 #iun 16 anpenmaru TY-1083-cor manmymoTHoMack). Harwxana axparum
apa€HuHu GOLIKapHIL CHATHHH AXIIMNALIra HMKOH Gepran;

HOQHHK MAaHTHK acoCHAAa XPaTHII KOJOHHACHMHM GOIUKapHIl aIrOpUTMH



“BIOKIMYO” AXXna xopuit kunuuran («V3amapo6eanoam AX Huur 2018 fiun
16 anpenparn TY-1083-con manfmymorHomacu). Harixana xyn koMnoHeHTnH
apanauiManapHu KpaTHIL apa€HaapHH Gomwkapui TH3HMHHH
TaKOMUANALTHPHILIA HMMKOHHAT ApaTHAraH;

HOAHHK TYTUTaMNIap acocHia Ky KOMMOHEHTNIH apanaliManapHu aXpaTHLI
’apatHnapuiu BasuaTaM Gowkapuw ycynn “BIOKIMYO” AXCna sxopuit
xunuuran («VY3mapo6eanoar AXK muur 2018 #mn 16 anpenparu TY-1083-con
MabiIyMoTHoMacH). Mnmuii  TankMkOT HaTkalapy KYnm  KOMIOHEHTIH
apanaumManapHy akpaTHLI Kapa€HIapHHH TaKOMHINAINTHPUIraH GomKapHLAary
3Heprua Ba pecypcnap capguHu 5-10 % ra kamalTHpHIl HMKOHHHM GepraH.

TaaKHKOT HaTIKANAPHHHHT anpo6Gauusicy. TankMKOT HaTixanapu 9 Ta
Xankapo Ba | Ta pecny6nuka MIMHH-TEXHMK aHXyMaHjiapuaa MyXoKamajgaH
¥TKaswnrax.

TaaKHKOT HATIDKATAPDHHHHI JbJIOH KHJIHHrAHIMrH. baxapunrax
TAIKUKOT HaTwkanapu 6¥fnua 23 Ta unmuit uw, xymnanaH, 1 Ta Monorpadwus,
V3P OAK 3bTipod 3Tran wiMui xypHamnapaa 10 Ta Makona, WyHNaH 5 Tacu
Xopwxaa yon 3THAraH, DXM yuyH spaTWiaraH AacTypHil BocuTanapHH Kaiig
KHITHHTAHIIKTH TYFPHUCHAA 2 Ta TYBOXHOMA OJTMHIaH.

JHccepTaLMAHHHT TY3WJIMIIM Ba XakMH, JlHccepTauus KHpHIL, TYpTTa
606, xynoca, doiimananunran anabuérnap pyiixat Ba HioBanapaan uGopart.
Iucceprauua xaxMu 123 6eTHH TaLIKWI 3TTaH.

JAUCCEPTALUMAHMHI ACOCHIl MAZMYLIH

Kupnm KpcMuga YTKasuiral TaaKHKOTIAPHHHT 0J3apGIHIK Ba 3apypaTH
acocNaHraH, TaJKMKOTHMHI Makcag Ba Basudanapu, o0bekr Ba mnpeaMeTH
TaBcu(maHraH, TaAKUKOTHMHr peciybnuka ¢aH Ba  TeXHONOrManapH
PHBOXNAHHIUMHHUHT  YCTyBOp  HyHamumunapura  MOCIMIH  KypcaTHiras,
TaAKMKOTHHUHT WIMHI SHIUNKCH Ba aManuit HaTKatapu 6aéH KWIMHraH, OIMHraH
HaTHXXAIApHHUHT WIMHHA Ba amanuit axamMuaTH ouu6 OepunraH, TagKuKOT
HaTHXaapUHH aMalTHETTa SKOpHii KWIHLI, HAlIp 3THAraH MILfap Ba AHCCEPTALUA
Ty3unuumu 6¥iinda MabiiyMoT/Iap KeNTHPHATaH.

Nucceprauuanuir «Kynm KOMNOHEHTAH apanamMaNapHH AXPATHII
KApadHJIapHHH  TAKOMHINAMITHPMATaH  GomIKapHIl  Ha3apHAcH Ba
aMaNMETHHMHT 3aMoHaBuil XonaTh» ne6 HomnaHran GupuHun Gob6una MAMHii-
TEXHHK MyaMMOHHHT TAHKUAHIA JKMXAT/aH euHNagurad 3aMOHaBKil XONaTH TaXaun
atunrad. Mmnab uyukapumi caHoaTH Kynm KOMMOHEHTIH apalaliMalapyuHH
KPaTHUIHUHT MYpaKKka6 >kapaéHnapuHH GOLIKApHLIHY YMYMHit Kabyn KHNHHraH
ycyanapu Ba TH3HMIAPHHMHI Ty3WIMILNApHHH H30XH KEJITHPMIraH Xamaa
6omkapuw TH3UMNapuaary 6apKapopnMK pexXHMIapUHHHT Oy3wmuim cababGnapu
kypcatwirad. Kyn koMnoHeHTNH apanamimManapHH aXPaTHIIHHHI HMCCHKJIMK Ba
Macca anMallMHHII KapaHNapHHH TaKOMWUTAINTHPHIraH GolKapHUIHHHT
acocuii Basudanapu GadH KWIMHraH. AJKpaTHIIl KypHAManapuaard axpaTHil
xapabHnapuHu JAeKoMMnosuuMAnawl ycynu OunaH Kynm yiuuammwink Ba Kyn
ANOKANWIHK  JapaxcanapHHH  nacalTHpHIl, aXpaTHIl  >kapa&HnapHHHHT
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MOIE/NATHPHLI MacananapyH¥ €4Mil WUMKOHMHM OepaluraH HMMKOHHATIAp
acocnaHraH. AXpaTHII KypWiManapu KerMma-kerT GoFnaHrau ouuk Gowkapuiu
TH3HMHHHHT TallKWA 3TyBuunapu cudaruia KapanraHupga, ynapHu GowkapyBumu
JOKan TH3UMAAp acocHpa ywmby kapaHaapHy GolIKapuml  TH3UMIAPHHHUHT
TYPFYHAUTHHH TabMMHIAI MYMKMHIMIH KypcaTuiraH. AJKpaTHlll >kapaHUHMHT
GomKapuml TH3UMK CHATHHM ONMHAETTAH MaXCyJNOT KOHUEHTpauusacH 6yitnua
Gaxonaw xucobura, SHT AXINN POCTIAHAANraH NapameTpaap cuaTHaa KONOHHAHMHT
KYHM Ba I0KOPH KHCMJIapHIarH XONaTHapHH akc 3TTHPYBYH MapamerpnapHu xabyn
KHIMIIHUHT Makcaara MyBoMKIMIM KypcaTuirad. BolUKapuIl TH3WMJIAPHHHHT
CaMapaJIOp/IMrMHK OLIMpHIN Ba TaHép MaXCyNOTHUHT IOKOPH cHdaTHHH TabMUHIAL
Tamoinuiapu udogananran.

AuccepTauMaHHHT «ITHI COMPTH HINAA6 YHMKAPHII  TEeXHOJOrHK
KapaéHiIapUHK MATeMATHK MOAe/IAIITHPHIN BA GOMIKAPHIN TH3UMJIAPUHM
HIAa6 uMKHm» fe6 HOMNAaHraH MKKMHYM 606MAa Ky KOMIOHEHTIIH
apaaliMaIapHH  @KpaTHII JKapaHNapyHH MaTeMaTHK MOAE/UIALITHPHIL Ba
Gowkapuw THIMMNApHHH amaira owMpull ycyuiapu 6aH aTunran. Kyn
KOMIOHEHT/IH apanaliManapHd aKpaTHIl JkapaéHWHHHT MaTeMaTHK TaBcHGH
KeITUPWIraH XamAia TUOMK KPAaTHLI KOJNOHHANADHMHHHI AIOXHAA KMCMiapH
HIIMHH ANHAMHK MOJE/UIapH ONIMHIaH Ba yNap acocHAa MHBApMAHT Golukapuiu
TH3NMHHHHT CTPYKTYpaBHii-TapaMeTPHK CHHTE3H aMaira OLIMPUIIraH.

KononHanapHuHr 1okopH Ba KyiiH KHCMJIAPMHH DOCT/IAIIHMHT MHBAPHAHT
THU3UMNApHAAr¥ KOPPEKT/IOBYM TabCHplapHH xucobnawpa obbektra 6¥nran
FanalHnapHd Xamjaa GowKapuil KaHANHHMHT JMHAMHK XOCCAlapHHM 3bTHGOpra
onum  no3uM. ILIyHUHr yuyH axpaTHml KOJOHHACHHHHI MapameTpnapy
KOJIOHHAHHHI KOHCTPYKTMB Ba peXHMM napaMerpnapu 6¥yiiuua noiiuxanaw
Gockuyuna xucobnanauran TakpuGUii AMHAMUK MOZENH KENTUPHE YMKapuraH.

[-MUKOMYaHUHr Mopmmii GanaHc TeHrnamacd KyHMaard KYpMHHmra sra
(Ty3wMw cxemacy 1-pacMaa KenTUpUAraH):

dc,

M;7=F¢,(C,,,—C,)+F5( w=C), i=l.,n (1)
C’=f(C)=za +pBC, 2)
6y epna f3,— i -nMKOMYaHUHT Macca Gepuin ko3(pduumentn; M,— i -nuKonyanaru
Cyloknuk Maccacw; C,— - nuKOMYajarM CyOKIMK KOHLEHTpALMACH;
C’ — i- nukomyajarn Gyr KOHUeHTpauwscu; F;, — Gyr capm; F, — ¢nerma
cappu.
YHZa, i- NMKOMYAHUHT YH3UKIAHTUPWIrAH MONENH KyHMAArH KYpHHMILra
sra:
dAC, ;
M, — == Fou(AC. = AC) + Fy(BuCri = BAC), i=1,..on, (3)
dAC
T % +AC, = ki—lACl-l + kMACm’ C)
M F, F,
6y epna: T, ————, &, _FbBy k- £

Fo+BF" " F.+BF, Fu+BF"
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LI

1-pacM. AXpaTHIl KOJIOHHACHHHHT JHKOMYATM MOJEJUTAPHHH TY3WIMIL
cxemacH.

Wmipa axpaTdill KONOHHACHHHMHT YMYMHH Ty3WNMI cxeMacH (2-pacM)
KyliHgarH MOmyJUlap TH3UMH CHOATHA2 KeNTHPWITaH: KONMOHHA KyOM Ba
KaHaTtkuuM (W,), KOJIOHHAHHHT JIHKOMYanu Kyiin kucmu (W), KONMOHHaHMHr
JHMKOMYanu IoKopH Kucmu (W,) Ba dnerma tynnarmwm nednermarop (W,,),
TabMHUHOT Jtukonyacu (¥,).

Fc  Fgs Fr Cr Fgo Fo
- Rlﬂt M > Rmo » <
Ro A A 4 A 4 : R"+'
we [T wis [T wr [O] we [T W
G Cn Cm G
] +
L* L C: Co=Cu1 P  P*

2-pacM. AXpaTHII KOMOHHACHMHHUHT GOLIKApHMIN TH3UMHHH TY3WIHII
CXeMacH: Rgo, Ry — AMHAMHK KOMMeEHcaTopnap; R, — GocuM pocriaruum;

R, — xy6 cytoxknuru catx pocmarnum; T,,T, — KOJNOHHAJark Xapopatiap;
P* — Gepunraun 6ocnm; L' — Gepunran carx,

KononHanuur Macca anMauIMHHALIIH KACMUHH MaTeMaTHK MOAENY GUpHHYM
TapTHOnu auddepeHunan TeHrnamanap TH3MMH IIAKINWAA KENTHPHO YMKapWIraH
6ysm6, y xap 6up nukomuamaru 6yr Ba cylokiuk ¢asanapu ypracumard macca
aTMalIMHHIIHA akc 3TTHpagu. HxTtuépuit m nukonmuagad HOopaT JIHKOMYAIM
COXaCHHHHI TaXMMHHUN MOAENM MKKMHYH TapTUONM, Keuuxuuw OYFuH
KypuHHIIMAA 6§nNuG, yHUHr y3aTHII (bymcuwlcn lwi'umamqa:

W)= iy p+l) ©)

Oy epna T — OMTTA IMKOMMYAHHHT YpTaya BaKT JOMMHIACH.
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KononHaHuHr furupMata NuKomyanaH nbopar coxacH yuyH YTHIL skapa&HH
3TPH YH3HKJIApHHH CHIUTHKIAHTHPHIU amManra OWHpHAraH (3-pacm). h

Hmpa axpatvin KONOHHACHHM MHBApUaHT GOWIKApUII TH3UMU Y4yH Z
ranaéuapra 6YnraH HHBapHAHT/IMK IAPTIIApH TaKMH STHraH:

1 —pr e
Yioz =Z(P)@+—l)z(kme # — kyoe """Rua)=0, ©6)
1 - pr,
om = 20Ny (bae ™ bR )0 )

O4YHK HMHBApHaHT GOIIKAPHII TH3UMHHHMHT AHMHAMHK KOMIIEHCATODIApHHH
y3atum QyHKUMANApH KyHHAarH KYpHHUIIra 3ra;

kyoe™ 7™ -p( oo~ )
Roo(p)=—2"—=k,e P, (8)
kwae-rfw
ke P’ = p(rae-i
Ruc(p)="2E = gy Ce), )
kyge™ 71
k k
6y epna Ky =3 ks ==
kUlO kUK
¥6 H 4 I’y
V71271 P 12X 7
o A ."'/{’/f'//
yg '+ :'.'.’l' ,l, /' /!
10 LT A Vi
;u 1 H .':'II',!./,/." /
v eI
177717
yis HiIKTTH .w,- 7
ne NI /A7
7. 1 /1 Fi Lyt 7 £
y1 ; ; ,r',l g /I
y19 WOLL A VLR
0

0 S5 10 15 20 25 30 35 40 45 S50 n
TapenKkajiap cOHH

3-pacm. TaaKHKOT OGBEKTHHUHT YTHIL XapaéHu TaBcudnapu.

“STaHON-CyB” apanaliMacH MHCONMAA CAHOAT KOJMOHHACHHHHI MILNALl
IIapOHTH TaXJIW/IH, OOBEKT pean WapoOMT/IApAa TAbMUHOT apanamMacH capgu Ba
Tapkubu Gyiiuya noiiuxa pexumura Hucbaran 8-20 % dapk GwraH Hmnamu
aHuUKNaHraH (4- Ba 5-pacminap).

12



AF, M¥coar

hy

VL J"’\IJ/” \L

/
W M
i _

00 1% 2% 3™ 4% 5% 6™ 77 3° 9 10% 1™ 12 13% 1T 15V 167 17718% 19%20° 21® 2% 23" 24°  t, coaT

4-pacm. “OtaHon-cyB” apanamMacH capdMHHHT CyTKa JaBOMHKIA Y3rapHiuy.

AC,% (x.y)

100

%

98

:; ; A i |

o A v ~ Y W
| 4 Ad

i

9

2

9

%

07 1™ 2% 3% 4% 5P 6% 1% g% 9P 10 1™ 12% 13% 14% 15® 167 177 18% 19% 20™ 2% 2% 23% 34  t, coaT

2>
5-pacm. 3TaHON KOHUEHTPALUMUACHHHUHT CYyTKA JABOMHIIA Y3rapHIUH.

JucceprauuaHUHT «AKPaTHII KOJOHHANAPHUHH GomlKapumuH HOAHHK
MaHTHK AcOCHAA AJTOPHTMIALDY HOMNH YYHMHYM 60OMAa K¥n KOMMOHEHTIN
apanauiManapHi aXpaTHLI jkapatHHHH GOIIKAPHWHHUHE YMYMJIAIUTraH aJITOPHTMH
acocnadrad. TerMuummnuk QyHKUMANApHHH KY(QT-KydT Kwimb conMiTMpHII
ycynu OunaH aHHKnam yciay6uaTH 6adH KWIMHIaH Ba KYN KOMIOHEHTIH
apanallManapHH aKpaTHIL >KapagHnapMHH GOIIKApMINHMHT MOJENNapH HOaHHMK
MaHTHK aCOCHJA OJIMHIAH.

Kyn koMMOHEHT/IM apanaliMaIapHM KPAaTHII KapaéHHHM GOmKapHII
anroputT™MH MUWIab yMKwiraH (6-pacM). AJIFOpUTM TapKMOMAA TaXJIWA KWIMII Ba
6ommkapui TabcHpH Usow HH Galopatinaiu 610K1apH MaBxKya.

Nna6 unkunrad anropuTMHUHT Gounanruy 6ockuum (2-610K) Aa KHPYBYH
Gomnanryy  apanaliMaHMHr OyTYH XaKMM TaxjJWil KWIMHraH. AoxpaTuul
xapalHuHMHr OenrumnanraH kypcaTkM4napu Hasopat KuwiuHrad. Kupum
ax6opOTNapMHMHI  Y3rapHUUIapy  XaKuaa ONMHIaH MaBJyMOTJIap acocuja
ynuanran Xxamaa Moaelap acocupa  GawopaTnaHraH —MabllyMOT/IapHH
conuiuTHpu6, Usoww GOMIKApHII TABCHPHHHM TAHJIAWI aManra owMpuarad. Keiiun
GolKapuill anropuTMH AaBpHii pexHMra YTraH Ba HarHxkaja skapatHHUHI Gapua
pOCTIaHafNraH KaTTalHKapu 6¥ituua coanauuiap aManra OImMpHAraH.

AdxpaTHill xapa¥HHHUHT Ha30paT KWIMHAAHIaH MapaMeTpAapuHH Jkopuit Ba
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OJIIHHIH KMAMATNApHHH Yn4all HaTHXanapuHU comuwiTupull 7-6jokaa amainra
ownpwirad. OOBEKTHHHI TEXHOJNOTMK ¥iyaluiap Ba >kapadH MOAENM acocHaa
OJIMHI'aH XOJIaT/IapH TaXJIKJ1 KWIHHIraH.

Gom.izmms
MARTA HOTIEDNN K|

@ Uiy Somnspsm Tanenprapans
wizeeal sieantay

Aracrh nzpaverprap
<>
a5

Llacopar sattiesdeonn Xo {8yt pdsuenta]
@ RAFAUCTRRIP KA AT OKH0
3
IO Mapain w013t Sav0ATPNNN ]

QAN 88 TALTL) KRIHS

Bomxspiia odeenTu masesn

3

U Sommxapuin rancuprnn
@ 1w

@ o

6-pacM. Kyn KOMMOHEHTIH apanaliMalapHH KPaTHI JKapagHIapuHH
6OoLIKapHLl aNropuT™MH.

Mawnymotnapuu 8-6nokga Taxnun KWIMII acocupa (3apypar 6¥nranpa)
¥3rapTMpHILIap KMPHTWIHINM Ha3zapAa TYTHIraH. 9-6510kAa POCTIaHANMraH
napameTpiap yduyH Gowmkapui Tabcupy U HUHT BEKTOPH HLLIA0 YMKMNaaM, yHaa
X = {Uy, U,, ..., Un}. BOWKApHIU TabCHPH U™ = Ut + AU™ ra teur 6§¥nu6,
U™ — n-Kapmampard GOLIKapHL TABCHpH, AU™ — GolKapHLll TabCUPHHUHT
yarapumu. U™ y3aupan onpuHr¥ Kazamparn GOLIKApMII TabCHpH Ba HazopaT
KWIHMHAJUIaH NapaMeTpiap BeKTOp/Iapy TYMAaMHUra GOFNMHKIMKHH HaMO&H >Taau:
Uw = FU™Y, X'), yapa X' — nasopar KunuHagura X napamerpnap
BEKTOPHHMHT MaCCHBH, AbHU X'={X® X0 Xt}
Ax6oporniap YIuYalUNApHUHr YeKJIaHTaH COHMIAH TYINIAHHWM  MYMKUH
Gynrasnury ydyH & oy / ra TeHr 6ynumm Max6ypuii amMac 1e6 onuHraH.

KONMOHHAHHMHI TAabMHMHOT JIMKOMYacH Ba IOKOPH KHCMIapH Ypracuparu
xapopamiap (apkuuuur xufiMatuuu 10-11°C (T1n) uerapacmpaa TyTH6 Typuiu
TaBcHA 3TWiraH. TervmuMnuk ¢yHKUMACH KHIMaTIapHHH XHcOOmam y4yd
JIMHTBUCTHK ¥3rapyBun <Xapopamnap dapxu — AT, Fu, Xi> KypuHuwmaa
&3wirad, 6y epaa Ti1 = {«OKyna KHYMK», «KHUYHK», «GUP 03 KHUHK», «KMebEpHaay,
«6up 03 KaTTa», «karTa», «kyna karran}, Xi={ -Tu, -(0,75:Tu), -(0,5-Tn), 0,
(0,5:T11), (0,75:Tn), T'T11}. KoNOHHAHMHT TABMHHOT TMKOMYACH Ba OKOPH KHCMH
14



TacHja Xapopariap (apKUHHHT TMHFBUCTHK Y3rapyBUMCHHH Gapua Tepmnapu
yuyH ONMHTaH rpaduKnapu yMymuii Xonaa Kelrupunran (7-pacm).

B

05 | AA A A

A EAVAVAWAWAVAY S—

BT A AV AA e

0,6 - e GUP 03 KUMKK

0.5 1 ——pEBLEPHAA

04 -

03 emnee GUP 03 KaTTA

0,2 1 —KATTA

0,1 - — —KYAQ KATTD
0 - T T T T T Y TepMnap

0 1 2 3 4 5 6 7 8

7-pacM. <Xapopamnap papxu — AT, Ty, X;> nUHTBUCTHK ¥3rapyBUHIIH
TeruiWINK GYHKUHACHHUHT rpaduKIapH.

Wwaa, IWyHHHrAek — «JIMCTIWUIAT — KOHLEHTPALMACH»  JIMHIBHCTHK
YyarapyBYMCHHHUHT TETHULTHINK (YHKUHMATAPH XaM WAKIIaHTHPHIITaH:

<JIucTHnAT koHueHTpauuscu — Cn, C', Xo>,
6y epaa C' = {«okynia nacm, «rac, «MebEpaar», KIOKOpH», OKyJia IOKOpH» };

X2 = {0; 0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; },0} (umKaérran
IUCTHUIATHHHT 96,6 % XaxkM yJIyIIHAaH OFHLI GOH3NapH).

TerHUUTMNIHK  (QYHKUMANAPUHHMHT  KuAMaTnapn rpaduk  KypuHMIIZA

kerupuirad (8-pacm).

B

1
09 4
0,8 1
0,7 1 e——)KYA3 NACT
0,6 4 o—(12CT
05 1 —ebEPAI
04
o N7 —oom
02 1 —)HYAQ OKOPH
0,1

0 ——r—T————T 71—  T¢pMiap

01 2 3 4 5 6 7 8 9 10
8-pacMm. «IHCTHIAT KOHUEHTPALMACHY HHHI TErHULTHNMK GyHKUMsNapH.

PocTiaml TH3MMMHMHC XONAaTiapH YTHUUIAp MaTPHUAIADH OPKAJIH aKC
sTTHpWIraH 6¥1u6, yHna Tepm-timnaM C = {«oKyaa KHUHK», KKHIHK», <MEBEPAa»,
«IOKOpWY, «Kyaa lokopu»}, C = {Cy, C2, C3, C4, Cs} Ounan udonanaran.

VTuwnap MaTpHuanapH Ba TanCHpNap BakTMAard 103 GepHIIM MyMKHH
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6Ynran y3rapuuuiap KyiHaaruya KeJITHpHIraH:

a) Kym ommpum:
¢ C ¢ C, C
C, 0 01 1 03 O
I o 0 o1 1 03
T, 00 0 o1 1ff
cc 0 0 0 0 1
c, 0 0 0 0 1
6) Omupum:
¢, C C C C,
c, 01 1 02 0 O
, 0 01 1 02 0
“Zlc, 0o o o1 1 02
c, 0 0 0 o1 1
, 0 0 0 0 1
8) Varaprupunmacun:
G G G C G
¢ 1 0 0 0 O
c, 0 1 0 0 O
Ma=le, 0 0 1 o of
c, 0 0 0 1 0
Cs 0 0 0 0 1

BasuaTnn GowmkapHin ycynu &paamupa Kapop Kabyl KHIHIIHHHT HOAHHK
MOZE/UIapH acoCHAa i-KajlaMja 103ara KenaguraH OGOIIKapHIl skapa#HH yuyH
HOAHHK Ba3HAT MOJICSTH HILTab YHKHIIraH:

S, ={<<g4/“wyna nact™>, <p/“nact™>, <,/“Menspua”>> / [“Gounansuy
apanawima KOHYeHmpayuacu’>, <<} “xyna nactT”>,< 4 [“nacr”>,
<p[“Menépma™>, <p,[“toxopu™>, <pu!/“xynma tokopu™> / “yapopamnap
dapxu™>,  <<p[Kyma  KMUHK™>, <M /KEMMK™>, </ /[“MenEpupa”>,
< 11 [“KaTTa™>, < M1, [“Kyna KatTa”> | “hnezma muxdopu”>.

Hipa HOaHMK 3TaNlOH BasHATNIAD Yy4yH MuLIa0 YMKWITaH AacTyp acocHaa
75 Ta 3TaNOH Ba3HATIAp MAK/UIAHTHPHATaH.

Iuccepraimanur «EXPERION PKS pactypmii maxmyacu acocuaa
AXKPATHIN KAPAéHHHH TAKOMHUIALITHPHIAraH GomIKapHIn TH3UMH» HOMIH
TYpruHyH 6GobHMAa @KPATHIUHHHT TEXHOMOTMK JKapaéliapH YuyH APC-
TU3MMIapUHM HUTa6 YuKHIura 6ynran EHpanrys 6agH 3THATaH.

Hmpna kyn KOMMNOHEHTNIH apanaliManapHM aXpaTHIIHMHT Mypakka6
TeXHONOrMK apatHUHH GOLIKAPHIMHHUHT TaKOMKJUIALUTHPHITAH TH3UMHHM SHTH
Ty3WRHI cXeMacH HIuIab yuKwiraH (9-pacm).
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9-pacM. AKPaTHLIHHHI TEXHOJOTHK apadHIapyHH TAKOMWUTALITHPHIraH
6oLUKapHIL TH3HMH TapkiGHit cxeMacH.

Taxnug 3TUAraH AHrH TY3WIHLI CXEMaCHa HKKHTA acOCHH TalllkW 3TYBYH
KHCMJTap: GOIIKAPHLIHMHT TakOMHUTAIITHpWIraH APC-TH3HMH Ba TaKCHMJIaHIaH
6owmkapum Thaumu (TBT) anoxuna axpatu6 kypcarunrad. Tysunuw cxeMmacuaa
APC -~ Advanced Process Control — TakoMHiawITHpuiarad Gomkapuin
wapaéunapy, TBT — Takcumnanran Gowkapum Thsumu, KKKB — kapop kabya
KuiyBuHM 6nok, BA — Buptyan ananuzarop, KKK — kapop xalyn KuwryBuH waxc,
O — pmatumknap (¥nvwaw Bocuranapu), MK — pacTypnaraguraH MaHTHKHi
kouTponnep, K.Y. — kupuTH-unkapum KypunMaci, bO — Gomkapuin o6sexTH,
UK — mxpo KypunMmanapy kabu Talukuauit aneMeHTIap Ba yNapHUHT Basudanapu
KENTHPHIITaH.

K¥n komnoneHTNH apanammanapnn WKPaTHIIHUHI TaKOMWLNAIITHPUIITaH
GowKapuIl TH3UMH CXEMacHura acocaH, KPaTHIU >XapadéHHWHH KOMMBIOTEPIH
MOfeNIAITHPUIN Ba Gomikapuml TH3UMH MAab uuKwiraH. YHAa axpaTui

-JROT
10-pacm. Bparopencmdmxaunaﬁ;ygmm‘am HEHHT Y HGVOEREagH.
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Kentupunran MHemocxeMagaru axpatiill KypWIMANapuaaH SHT acocHiicu
cuaTHia pekTHQHKaUMANALI KOJIOHHACH KYPCaTHIUG, YHHHT ax60poTiH cxemacH
Ty3uinraH (11-pacm).

Konoiinia toxopacHagre

Auctannay capdn <
Byr oxnmn capdn — {;

Boutnasrny apaaatuna

xapopat
Kouscuna soxoprcna:

Bocsiat
g} L ABMHEOT TRPEMIGICH

capdu xspoparn
Ky6 maxcysomn cappu ) KyS xapoparn R
Knza, 18 Gyr capdn Ky6 cavxn R
Bomzaarny spanamua

XapopaTi

11-pacm. PexTuduxaiyia KONOHHACHHUHT axX00POT/IH CXEMACH.

Pextudukaumanam xonoHHacH Y4yH TyswiraH ax6Gopornu cxemama
KypcaTunraH Z ranaéH TabcHpnapM Tapkubura GownaHFMy  apanammMa
KOHLIEHTpAUMACH, COBYK areHT capgu Ba XapopaTH, AMCTHIUIAT carx, Gyr
XapopaTH Ba OGOCHMH, MCCHKIMK TallyBYM Ba TabMHHOT apanalumacH
OKMMJIApHHHHT COJIMIUTHPMA HCCHIJIHK CHFUMIIAPH, Ky6 MaXcyNloTH suwiurn, Ky6
CYIOKIMIMHMHI COMMWITHPMA OyFIaHHLI MCCHUKIMIH BAa OKMMJIADHHHT MoOJsAp
TapkuOH kabu KY1Nad OMHUUIAp KHPUTHITAH.

K¥n xoMmoHeHT/IN apanaliManapHH axpaTMIUHHHT MYpaKkkaG TexHomormk
kapa8HMHH Oollkapuil yuyH TakiMd OSTWIraH TH3UMHHMHT TYPFYHJIMIHUHH
6axonaw maxcanuaa onauit ITM[-poctnaruunap (13-pacM) Ba HOAHHK MAHTHKHI
MU O-pocrnaruy (15-pacM) &ppammuaa axkpaTHll KOJNOHHACUHMHT TabMMHOT
JIMKOMYacH Ba KONOHHA IOKOPH COXacHAarH XapopawmlIapHM pOCTialfard $rui
kapaéHsapy TaBCH(IapH OJIMHIaH.

{0

12-pacm. ITUI-pocTiaru4ny pocTiaml TUSHMHHHHT TY3WIHIL CXEMAaCH.
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13-pacm. TabMUHOT AHKONYacKHaary Xapopar (1) Ba KOJNIOHHA IOKOPH COXacHIaru
xapopar (2) napuu opmuii [TW][I-poctnarnunap épnamuaa pocthalugard YT
sapa&Hnapy TaBcHgnapy.

14-pacm. Hoanuk mautuxuit I[TU/I-poctnaruyny poctnai TH3HMHHHHE Ty SHIHII
CXEMaCH.

-

e

0 20 40 60 30 100 120 140 160 180 200
15-pacm. TapMHHOT THKOMYacHaark xapopar (1) Ba kofloHHa IOKOPH cOXacHAaru
xapopart (2) napau HoaHuK MaHTHKHii [TH{-pocTnaryunap &ppaMuaa

pocTnamaary YTHIL kapaéHnapH TaBcHguaph.

Hwpa kentrpunrad 13- Ba 15-pacMnappard §THimn xapa&Hu TaBcHgmapHHH
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CONMIITHPHII acocHAa HOaHWK MaHThkuit [MHJ[-poctnaruy &paamuna amanra
OWIMPHNANNIAH pOCT/IAll TH3HMAAPMHHHT pocTnaml BaktH oamuii TIM/-
POCTIArH'WIN TH3MMJapHWKHra KaparaHaa 20 CexyHAra KHCKApOK 3KaHIHIH
KypcaTwiray,

XVYJIOCA

Kyn  koMnoHewtin  apanamManapHM — @KPAaTHWHHHT  TEXHONOTHK
apa€HNapUHN TaKOMWLIAWITHPWITaH GOWKApHII TH3UMHHH HULIA6 YHKMIIHU
TaKHK KWK HaTHKacHa Kyiuaary Xynocanap KWIHHIY:

1. K¥n xoMnonenTan apanammanapiu aXpaTUIl Ha3apUACH Ba AMATMETHHHHIT
3aMOHaBHii XONaTH TAax/Mi KHIMHTAH Ba YNAapHH KENIyCHMAA PHBOXUIAHTMpHMIN Ba
TaKOMHNNAWTHPALI TCHACHLMANAPH aHHKIaHTaH.

2. Axpatiin KoOHHaNapuHY GolKapHi o6BeKTH CHpaTHAA TAAKMK KHAHWAA
KONOHHA TabMMHOT JMKONM4YacH Ba [OKOPH COXacM YpracHjard Xapopatiap
(apkusMHr KuiiMati EpramMuaa MaxcyNOTHHHT cMAT KYpCaTKM4JIApHHM pocTial
Y4YH KOJIOHHa TABMHHOT JIMKONHYAacH Ba IOKOPH COXacH ¥pTacujarM Xapopatriap
dapxuuuur KuiiMatunn  10-11 °C opanuruaa TyTH6 TypHLI MaKCaara MyBOQHKIUIH
aHMKNaHraH.

3. Axparum KO/MOHHanapuuu GOWIKAapHIl yYyH TaiM( 3THAraH MHBapHaHT
TH3UM Ba XKapa&H XONAaTHHH MaHTMKHMil TaXJWI KHIHLIAaH Qoliaanaunuil, HoaHHK
POCTNAarMYHMHT cO3Nall NapaMeTpiiapHra Ty3aTManap KHPUTHII Ba SHeprus
HCTEbMONMHH KHCKApTHPHII HMKOHHHHU Gepanu.

4. AxpaTuin xapaHNapUHHHT POCT/IaHAMHIaH NapaMeTplapHHU xydT-xydr
KWIHG CONMIITHPHIN YCyNM ACOCHAA AHMKAAHTaH TETHILTMINK QYHKUMANapH
%apaéHHH OOLIKApHIIAA HOAHHK pPOCTIATMWIAPHHHI MapaMeTpAapHHU  Cco3nall
HMKOHHATAApHHH Gepann.

5. Asxpatuin xapaéunapuHu GOLIKAPHUIAATH HOAHHK XONaTNapiia MKIBUCTHK
¥3rapyBuHIapHHHI HOAHMK MOZENNApHHH KYJNaraHaa ONTHMaN Kapoprnap kabyn
KWIMII Ba HOAHWK BasuATIap pYHXaTHHH IIAKIUIAHTHPHIL  HMKOHHSTIapH
KYpcaTHIraH.

6. Taxamud oTunras Momennap TEXHOJNOFHK xapa€HHMHT YmMyaHa&rraH
napaMetprapu 6yiinua cudar xypcaTkuuIapHHY TE3XOpP aHWKnam Ba Gawoparnain
MMKOHMHH Gepagu Xamza Taiiép MaxcynoT cudatHH GolIKapHIl WMKOHHATHHH
TabMHUHIAHIH.

" 7. Kyn xoMIOHEHTH apajauiManapHH axpaTHII XKapaéHUHUHT Galiopatiosyu
MOJEJIapH acocu/a, FanadHnaHTHPYBYH XaNnakuTIapHH oneparopra HucbaraH Te3 Ba
loMuioK  Gaprapad 3tH6, xypunmamapHu GoIIKapull HMKOHMHH Gepaauran
TAKOMHJUTALITHPIIraH GOLIKAPHLI THIMMHHHUHT SHIH TY3HNHLIH TalTH STriran,

8. Kyn xoMmoHenT/IM apanamiManapHM aKpaTHIIHK MOAC/UIAIUTHPHIN Ba
Gomxapuuiiuur,  GparopexTnuKauus — KypWIMIADHHMHI  ONTHMan MM
PEXHMMIAPUHY TaHnall Ba TyTMO TypHII Xamia YJNApHHHT HIIl pexXHMIapHHu Gup
pexuMaaH Golkacura Te3kop YTUIIMHM TabMUHJIOBYHM KOMIBIOTEPAH MAXKMYacH
uinab ynkunran,
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HAYYHBIA COBET DSc.27.06.2017.T.03.02
O NPHCYXAEHNIO YYEHBIX CTENEHEX IPU
TAIIKEHTCKOM rOCYJAPCTBEHHOM TEXHHYECKOM
YHUBEPCHTETE

TAIIKEHTCKHM TOCYJAAPCTBEHHBIN TEXHUYECKHI
YHUBEPCUTET

ABA30B IOCY® INOAHEBHUY

YCOBEPIUEHCTBOBAHHOE YIIPABJIEHHE
TEXHOJIO'HYECKHMH INPOINECCAMMU PA3NEJIEHHSA
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Tema puccepraumm goxtopa ¢mnocopun (PhD) 3aperncrpuposana B  Buicmedi
arTecTanuonnoli  Kommccmnm npn  KaGmmere Mummcrpos PecnyGnaxm  Y3Gexucran --3a
N B2017.4.PhD/TS12.

Rucceprauns smonHena B TalIKeHTCKOM TOCYAPCTBERHOM TEXHHECKOM YHHBEDCHTETe.

ABtopedepar nHccepTauMu Ha TPEX ssbikax (ysGekcxui, pycckuil, amrnmbickuii (pesiome))
pasmellten Ha BeB-cTpannue no anpecy (wwiw.tdtu.uz) i na HidopMainonto-06pasosatensHoM noprane
«ZiyoNeb» no azipecy www.ziyonet.uz.

Hayunmili pyxosonurens: IO0cynGexos Honupbex PycramGexopaq
ROKTOP TEXHHHECKHX HAYK, NPpoieccop, akafeMuk

Odunuansusie omnonentsi:  Hemasios Muapxanmn Aramosns
JIOKTOp TeXHKYECKHX HayK, npodeccop

KaunSepreros BarapGex TynenGeprenonus
[LOKTOp TeXHH4ECKHX HayK, npodeccop

Benywmas opranmanss: 000 «Ximavtomatika»
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coseta DSc.27.06.2017.T.03.02 npu TawkeHTckOM TEXHHUECKOM YHHBEpCHTeTe no agpecy: 100095,
r.Taumkent, yn.Yuusepcurerckas, 2. Ten: (+99871) 246-46-00; daxc: (+99871) 227-10-32; e-mail:
tstu_info@tdtu.uz,

C mHccepraumeli MoxRO 03HaKoMHTBCA B MHdopMausonHo-pecypcroM uentpe TaikeHTCKOro
TOCYAIapCTBEHKOIO TeXHHYeCKOro yHuBepcuTeTa (3aperncTpuposana 3a Ne 43). Anpec: 100095,
r.Tamkent, yn. Yuusepcurerckas, 2. Ten.: (+99871) 246-03-41.

ABTopetepaT AHCCEPTALHK PasoCiaH « /L)M 2018 rona.
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NPHCYKACHHIO YYEHLIX cTenenei,

A.T.H., npoceccop

XK.V.Cenunos
yueHnilt cexpetaps Hayuuoro cosera no
PHCYKNCHHIO YEHBIX cTeneHelt, K.T.H., ROUEHT
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ncenarens HayuHoro ceMitHapa npy HayuHOM coBeTe
1O MPHCYXACHHIO YHEHBIX CTenexel,

A.T.H., podyeccop, akaReMHK



BBEJEHUE (auHoTaLUus AuccepTaunn A0KTopa giutecoduu (PhD))

AKTyanLHOCTH M BOCTPeGOBAHHOCTL TEMB! AMCCEPTALMH. B Mupe B
nocaenHee BpeMs B 06MacTH aBTOMATH3ALUMM TEXHOMOTHYECKHX IMpPOLECCOB M
npoM3BoACTB 0coGoe BHUMaHHe YAENAETCS KOHUENUHH YCOREPUIEHCTBOBAHHOIO
ynpasnenus (Advanced Process Control = APC) cloKHBIMH TEXHONOTHUECKUMH K
TEeXHMYECKMMH CHCTeMaMH, TOAy4YMBUIEH TNOANEPXKKY NEPelNoBLIX CTpaH.
«CeroaHa APC-pewienus B HedTenepepaboTke, HeGTEXHMHH, NPOH3BOACTEE
MHHEpanbHLIX yHoGpenuit, Meramwmypran, HedTe- M rasonobbre, Temnopoii
JHEPreTHKe, Ha I[POU3BOACTBE LEJUIIOJO3L, B MUILEBOH M  aBTOMOBUALHOI
NPOMRLILNIEHHOCTH' 3aHMMAlOT Bedylliue mo3uuMH. B 3ToH CBA3M, B pasButhIX
cTpaHax ocoboif 3anmadyel gBigeTCA  peanu3aliid  CNeUHAIM3HPOBAHHOrO
nporpaMMHoro ofecneueHusa, BOMJIOWIAIOMAA  CTPAaTerHlid  ONTHMANLHOrO
ynpaBieHus TeXHOJOTHYECKOH YCTAHOBKOH NpH MUHHUMANLHOM BMEINATENLCTRE
oMepaTopoB M peanulyeMoe CPeACTBAMH MHOTrOMEPHOrO YNpaBileHHs Ha OCHOBE
nporHosupyioweil Mosenu uccnegyeMoro obnekra ¢ nomowso APC-cucrem
YCOBEPIIECHCTBOBAHHOIO YNPaBIeHHU .

B Mupe oCyleCTBIAIOTCA Hay4Hble HCCIEAOBAHHMA, HAMNpaBjieHHbIE Ha
NOBbLILIEHUE KAYECTBA YNPpAR/IEHHA TEXHONOTHYCCKHMH [POLECCAMH pa3fieieHHs
CNOXKHEIX cMeceil. B aroit CBA3M, ocoboe 3HayeHHe yaenserca paspaGorke:
OMNEPaTHBHOM CHCTEMbI ABTOMATH3AUMH MO MNOKa3laTeNAM KayecTsa NPOAYKTa,
MOZENHN AMHAMMKH NpoLecca pasie/ieHHs, anropHTMOB YNIPaBNeHla NpoLeccoM Ha
OCHOBE METOIOB HEUETKOH JIOrHKH M HEYETKOro CHMTYaUHOHHOro ynpaBieHns,
CHCTEMBI YCOBEplIEHCTBOBaHHoro ynpasienua (APC -~ Advanced Process
Control) nponteccamu pasaeneHns.

B mHacrosmee Bpems B PecnyGnuke ynenss 6onbioe BHUMauue
HanpasBNneHUAM aBTOMATH3ALHH U YNPaBJICHH TEXHONOMMYECKUMH NpOLECcCaMH M
AIPOM3BO/ICTBAMM HAaYKN M TEXHUKH, B TOM HHCIE YIENSETCA BHHMAHHE CO3NAHHUIO
CHCTEM YCOBEpPIIEHCTBOBAHHOrO YmpaBieHus, ofecneunBatolux >Hepro- m
pecypcocOepeskeHHe Npd aBTOMATH3aUWH H YNPABIEHHH TEXHOAOrHYECKHMM
npoueccaMH paspeneHun cmeceil. B Crpareruu no nanbHeiitlleMy pasBHTHIO
Pecmy6nukn Yabekucrad Ha 2017-2021 roapt 0603Ha4eHbl 3a8auu, B TOM YHChe:
«... COKpAIUEHHA SHEProeMKOCTH M PECYPCOEMKOCTH 3KOHOMHKH, UIHPOKOro
BHEAPEHUs B MPOU3BOACTBO 3HEProcGeperatolluX TEXHONOTHi, MOBHILIEHHA
NpPOM3BOAMTENBHOCTH TpyAa B OTPaciaX SKOHOMHMKH®»?. JUIA pelneHMs 3THX
3aZa4 OAHMM M3 BaXHBIX BOMPOCOB ABJAETCA CHMHTE3 H  peanu3aumsa
BbICOKO3$$IEKTHBHBIX KHTEJUIEKTYANbHBIX CHCTEM YIIPABACHHA CIIOKHBIMH TEMIO-
H MaccooOMEHHBIMH TEXHOJNIOrHYECKHMH MpOLECCAMH Ha OCHOBE MHOTOMEPHBIX
JNIOTHYECKHX PETy/IATOPOB C KOMMEHCauueil B3aMMHOrO BIIMAHMA KOHTYpPOB
perynupoBaHus.

JaHHoe nuccepTalOHHOE HCCIISAOBAHHE B ONPERENEHHON CTENEHH CIYXKHT
BBIMONHEHHIO 3ana4, NpPEeAYCMOTPEHHBIX YkasoM Ilpesugenta PecmyGnuku

! HKypHan «ABTOMETHIZLMA B NpOMBLILLAERROCTHY, 2013, Ne 1. (www.researchgate.net/publication/281148781)
2 Va3 Npesunenta Pecy6muxn Vibexucran «O Crpareruy achcreait no aansueiemy passutino PecnyGnuxn
V3bekucran» YI1-4947 or 7 deapans 2017 roga
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Y3bexucran Ne VT1-4947 «O Crpaterun neficTBHil Mo JanbHeflleMy Pa3BHTHIO
Pecniy6nukn V3i6ekucran» or 7 ¢espans 2017 roma u IocraHosneHuam
Ipesunenta Pecry6nuxu Ya6exucran Ne [IT-3151 «O mepax no AanbHeiiweMy
PaclIMpeHnIo y4acTua oTpacieli ¥ cdep SKOHOMHKH B MOBHILICHHH KayecTBa
HOATOTOBKH CHELHANMCTOB ¢ BhICIIMM obpazoBaHueM» ot 27 miona 2017 rona,
Ne III-3682 «O Mepax no panbHefilleMy COBEPLICHCTBOBAHHIO CHCTEMBI
ApaKTHYECKOrO BHEApPEHHA WHHOBALMOHHEIX HIeH, TEXHONOTHA H NPOCKTOB» OT
27 anpens 2018 ropa, a Talke B ApYFrMX HOPMaTHBHO-TIPAaBOBBIX JIOKYyMEHTaX,
OPHHATHIX B JaHHOH cepe.

CooTBeTcTBHe  HCCNeaOBAaHHHA  MPHOPHTETHBIM  HAMpPABAEHHAM
Pa3sBHTHA HAYKH M TexHojoruit pecmy6nnku. [laHHoe HcCnefoBanue
BLINIONIHEHO B COOTBETCTBHH C MPHOPHTETHBIM HaNpaBjieHHEM Pa3BHTHA HaYKH H
TeXHoJoruil pecyonuku VII. « XuMHYecKue TEXHONOTHH H HAHOTEXHOIOTHHY,

Crenens u3yyennoctn npo6aemsl. B paMkax MHPOBBIX HCCe0BAHMI NO
paspaboTke BHICOKOI()EKTHBHBIX CHCTEM KOHTPONA Y YNpaBIEHHS CIOMXHBIMH
TEXHONOrHYECKUMH NpoLeccaMy pasaeneHns 60nbloi BKIaa BHECH CREAyOlHe
BedyliMe HayyHble LEHTphl M BbicliMe o0pa3oBaTellbHbie YUPEXNCHHI MHpa:
“Honeywell”, SIMSCI-Simulation u University of California, Massachusetts
Institute of Technology (CILIA), “Siemens” u University of Miinster (Iepmanns),
Imperial College London (Benukobpuranus), Shell Global Solution
(Benuxobpuranus-Tonnanaua), University of Chemical Technology in Prague
(Yexus), Osaka University u Tokyo Institute of Technology (Sinonus), Korea
Advanced Institute of Science and Technology (lOxmas Kopes), “Alstom”
(Ppasuua), “Simatek-Energo” (Benapycs), Poccniickuii XHMHKO-
TEXHOMOrH4eckuit yHusepcurer (Poccus), a Taloke TakHe 3apybeskHble Y4eHble,
kak R.A.Aliev, S.Skogestad, W.L.Luyben, Koichi Asano, C.P.Almeida-Rivera,
B.B.Kagapos, B.[l.Mewankun, A.M.Bospusos, B.JLIlepoe, B.C.Banaxupes,
B.A.llecronanos, T.H.I'aprman, M.I'ne6os, M.J1.Mangensiuefi,
JLA.Akcenbpon, B.P.Caranosckuit, I".C.TpuHYYK 1 Ap.

BecoMmbrif Bkjiag B pelleHHe HayyHbIX MNpobieM MaTeMaTHYeCKOro
MOJC/NHPOBAHMA M ONTHMH3AUMH PA3JENHTENLHBIX MPOLECCOB B Halle
pecny6nnke BHecnM Takue yueHwle, kak H.P.IOcynGekos, LLL.M.['ynsmos,
JIT.Myxuraunos, C.I".3axupos, T.®.BexMypanos, M.A.Hcmaunos,
U1.H.Hypurauuos, V.B.MaunaHos u ap.

Onnako B nocieHue rofbl CYLeCTBEHHO OCIOXHITHCH MPOLECCh] pasaeseHus,
TpefyIollMe CO3AAHNA CHCTEMEI YCOBEPLIEHCTBOBAHHOTO yNpasneHus. BMecte ¢ Tem
HEe YRENAETCS ROCTATOYHOTO BHHMAaHMA CO3JAHHIO BBICOKOI((EKTHBHBIX CHCTEM
YTIPaBJIEHHUs, TOJIHOLEHHO HCMOMB3YIOLHMX BO3MOKHOCTH NPHMEHEHNA COBPEMEHHOIO
anmnapara He4eTKO# JIOMMKK ¥ MATKHUX BBIMHMCIICHHIA.

CBA3b TeMbI AMCCEPTAUMHM ¢ MJIAHAMH HAYYHO-HMCCIEAO0BATENbCKHMX
pabor Boicmiero o06pa3’oBaTelbHOrO0  YYpeKAeHHs, FRe BLINOJHEHA
auccepTauua. JHCCEPTaUMOHHOE MCCNEN0BaHHE BLINOJIHEHO B paMKax [UlaHa
HAYYHO-HCCNEAOBATENbCKUX  MpoekTOB  TaIlKEHTCKOro  rocyAapCTBEHHOro
TEeXHH4YECKOro yuupepcurera: ®-7-47 — .«TeopeTHueckHe OCHOBbI NPOLECCOR
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pasfeneHus MHOPOKOMMOHEHTHBIX cMeceit»  (2012-2016); OT-97-88 -
«COBEpLIEHCTBOBAaHHE TEOPETHYECKHX OCHOB MEPCMEKTHBHLIX 3HEpro- M
pecypcoc6eperaioiux TEeMmIOMacCOOOMEHHBIX [MPOLECCOB CJIOXKHBIX XHMHKO-
TeXHONIOTHYECKHX CHCTEM MONTyYEeHHA YHCThIX NpoayKToB» (2017-2020).

Hens HCCJICTOBAHMA COCTOHT B paspaboTtke CHCTEM
YCOBEpLIEHCTBOBAHHOTO YIPABJICHHA CJIOKHBIMH TEXHOJIOTHYECKHMH NpoLeccaMH
pa3ae/ieHHs MHOTOKOMIOHEHTHBIX CMECEii.

3anauu HCCIeROBAHMA:

MOCTPOGHHE MaTeMaTH4YeCKoH MoRmeH AHHAMMKM IIpoliecca pasfaenieHHs
MHOTOKOMIIOHEHTHBIX cMeceif;

paspaborka anropuTMOB nporpaMMHO-JIOTHYECKOro YIpagBjieHHA
TEXHOJIOFHYECKHMH peXHMaMH QYHKUHOHHPOBAHUA Pa3iElIUTENIbHBIX KOJNIORH;

MOJEJIHpOBaHHE MpoOLeCCa pa3AeiicHHA MHOrOKOMITIOHEHTHBIX cMeceii Ha
OCHOBE METOAOB HeUETKOM JIOTHKH;

MOCTPOCHHE anropuTMa cm'yauuounoro ynpaBieHHs Ha Oa3de HEUETKHX
MozeJiei NPpUHATHA pelIeHH;

pa3paGoTka CHCTEMBb! YCOBEPLIEHCTBOBAHHOIO YIpAaBNEHUA MpPOLECCOM
pasaeneHus (Ha npumepe 6poropekTHPHKALHOHHONR YCTaHOBKH).

O06beKTOM HMCCIEA0BAHNS ABNAIOTCA CJIOKHBIE TEMI0- H MacCOOGMeHHBIe
NpoLEecChl pa3ieSIeHNA MHOMOKOMIIOHEHTHBIX CMeceii.

IlpeamMeTr  HCCIEAOBAHMA  COCTABJIAIOT  METOOBI M aNTrOPHTMBI
YCOBEPILEHCTBOBARHHOIO YNPABJIEHHA CII0KHBIMH TEXHONOIHYECKUMH NPoLeccaMu
H TIPOH3BOACTBAMH. .

Mertoabl HccnemoBaHmif. B mpoliecce HCCAEROBAHHA HMCIOB30BAHBI
MeToAbl CHCTEMHOr0 aHalnW3a, COBpEMEHHOH TEOpHH aBTOMaTHYECKOro
ynpasfieHHA, METOAbl HEYETKOH JIOTMKH, TEOPHH HCKYCCTBEHHOro MHTE/UIEKTa,
METONB!  AHAIHTHYECKHWX  pacyéroB, MOACIHMPOBAHHA M ONTHMH3ALUH
TEXHOJIOTHYECKHX NMPOLIECCOB M NMPOU3BOACTB.

HayyHasi HOBH3HA HCCJIeA0BAHUA 3aKIIIOYAETCA B CIEAYIOLIEM:

s ynpaBjieHHA 00BEKTOM peanu3oBaH noaxol, GopManusyowmiics B BUaE
HEUEeTKOI NpOoAYKUHOHHO CHCTEMBI;

paspaboTaHa AMHAMHYeCKasd MOME/Nb OTACNIBHBIX CEKUHI pa3fieIHTeNbHBIX
KOJIOHH, MOJIOXEHHad B OCHOBY pacyeTa MapamMeTpoB HHBapUAHTHON CHCTEMBI
yMpaBieHH;

pa3paboTaH anropMTM NpPOrpaMMHO-JIOFHYECKOTrO YIpaBNEHHs PeXHMaMM
paboTel pasuenuTENBHBIX KOJIOHH 10 [OKa3areJiAM KadecTBa KOHEYHOi
NpOAYKUMHU;

paspaboTaH anropuTM ONepaTHBHOIO ABTOMATH3MPOBAHHOIO YNpaBJIEHMA
KOJIOHHOH pa3eNieHHA Ha OCHOBE apceHala METOAOB HEYETKO IOTHKH;

Ha OCHOBE HEYETKO-MHOXXECTBEHHBIX NpECTaBleHHil NpesioxeH MeTOR
CHTYaLMOHHOrO YMNPAB/CHHA TMpPOLECCAMH pa3fiefieHuss MHOTOKOMIOHEHTHBIX
cMmeceit;

paspaborana  APC-cucTeMa  yCOBEpIIEHCTBOBAHHOrO  YNpaBieHHA
GparopekTiduKaLHOHHOM YCTAHOBKOI B IPOM3BOACTBE ITHIIOBOO CIHPTA.
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IIpaKTHyeckue pe3ynnLTaThl HCCIEROBAHMS 3aKIIIOYAETCA B CIIEYIOLIEM:*

pa3spaboTaHa (yHKUMOHANEHAA CXEMA HHBAPHAHTHON CHCTEMBI yNPaBICHUs
NPOLECCOM PaszieNeHnst MHOrOKOMNOHEHTHBIX CMeceii;

paspaboTaHo mporpaMMHoe ofecneueHue, MosBonidlolee BhpaGaTbIBaTh
PEKOMEHAANHH 1A OnepaTopa MpH YCOBEPILIEHCTBOBAHHOM YNPaBICHHH,

Ha OCHOBE HeveTKoil 1orukH pa3paboTaH arOPMTM YNpas/ieHHA NpOLECCOM
pasaeneHus;

paspabotana obnaparomas COBEpUIEHHO HOBOIf CTpYKTYpo#
YCOBEpPIICHCTBOBAHHOTO YTNPaBieHus CIOKHBIMH TEXHONOTHYECKHMH NpoLleccamMu
pasfesnieHus;

IIA CHCTEMbl pEryiMpOBaHMsi OCHOBHBIX MapaMEeTPOB Pasle/HTENbHON
YyCTaHOBKH paspaorana B cpene Matlab mozens neuerxoro [TH/I-perynatopa. .

JlocroBepHOCTL  pesynsTaToOB  HcciaenoBanns.  JIOCTOBEPHOCTH
pe3yNnsTaToB  McCNemoBaHMs ~ OGOCHOBbIBaeTcA  pa3paboTKoif  CHCTEMBI
YCOBEpIIEHCTBOBAaHHOTO ynpasyieHHa npotteccaMu pasfieneHus
MHOTOKOMIMOHEHTHBIX CMeceli Ha OCHOBE HEUETKOH JIOTMKH M CHTYaUMOHHOro
YNpaBlieHHd, KpPOME TOTO COMJIACOBAHHOCTHIO HTOrOB TEOPETHUECKHX H
IKCNEPHUMEHTAILHBIX ~ MCCNEAOBAHHH,  BHIMOMHEHHBIX C  HCMOJbL3OBAHHEM
COBPEMEHHBIX METOHOB M CPEACTB, a TaKXKE INOJOKHTENBHBIMU pe3yNbTaTaMH
OMNBITHO-MPOMBIIUTEHHBIX HCILITAHHA.

Hayunas u mpakTndeckas 3Ha4HMOCTL pe3yJAbTATOB HCC/IEA0BAHMA.
HayyHas 3HauMMOCTL pe3ybTAaTOB MCAENOBaHMA 3aKullouaeTca B pa3spaloTke
MaTeMaTH4ecKod MoJenH npolecca pekTHHKALMK U CHHTe3e Ha Gase HeueTko-
MHOXECTBEHHBIX MpeICTaB/leHHH CHCTEMB! YCOBEpIIEHCTBOBAHHOrO yNpaBneHHA
CNIOKHBIMH TEXHONOTHYECKUMH MpPOLIECCaMH pa3fie/ieHHs MHOTOKOMIOHEHTHbIX
cmeceii,

IIpakTHyeckas 3HAYMMOCTD Pe3yNbTAaTOB HCC/EIOBAHUS 3aK/TIOYAETCS B TOM,
YTO NpHMEHEeHHe pa3paGoTaHHON CHCTEMbl YCOBEPIIEHCTBOBAHHOTO YMPABJICHHUA,
METONOB, AITOPMTMOB H MOZEIH YMpaBjieHua /4  ABTOMATH3MPOBAHHOrO
ynpaeneHHs  GparopexTHdMKAaUMOHHOM  YCTaHOBKOH  NpH  YNPaBACHHH
Pa3feSUTENBHEIMU KONOHHAMKM B XHMHUYeckoi, He(Texumuueckoif M MHLIEBOH
NPOMBILIIEHHOCTH NPHBOJAUT K COKpAUIEHHMIO SHEPro- U pecypconotpebenus Ha
5-10 %.

BHeapeHne pe3yabTaTOB HcclenoBaHMs. Ha OCHOBaHHM NONYYECHHBIX
pe3yJITaTOB 1O MOCTPOEHHIO CHCTEMB! YCOBEPILEHCTBOBAHHOrO YNpAaBJCHUA
6paropekTH)MKALMOHHON KOJNOHHOH M ONTHMH3AUMH pExXHMOB € paboTsl
BHEJpeHEI:

MPOrpaMMHO-TIOMMYECKHE  aNnrOpUTM yNpaBieHHs pexuMamu  paboTsl
pa3neNUTENBHBIX KOMOHH MHOTOKOMIOHEHTHBIX cmeceil Ha AO “BIOKIMYO” B
ropone Suruions (CnpaBka AO «YamapoGeaHoat» Ne TY-1083 or 16 anpens
2018 roma). B pesynsTaTe AOCTMCHYTO YJNYHLICHME KAuecTBAa YMNpaBiieHUs
npoLeccoM;

IrOPUTM YNPaBNEHUs Pa3fENUTENbHOH KOJMOHHBI Ha OCHOBE HEYETKOH
gorukn Ha AO  “BIOKIMYO” B ropome Surmions  (Cnpaska
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AO «Y3mapoGcanoa™ Ne TVY-1083 ot 16 ampens 2018 roma). B pesynwrare
AOCTHrHYTO YCOBEPUICHCTBOBaHHE CHCTEMBI YNPaB/IeHUA NPOLECCAMM pasaeNeHus
MHOrOKOMITIOHEHTHBIX CMeceii; .

MeTofl  CHTYaUHOHHOro  ynpaBieHHA npoueccaMH  pasfesieHHA
MHOIOKOMIIOHEHTHBIX CMeceli Ha OCHOBE HEYeTKMX MHOXECTB Ha
AO “BIOKIMYO” B ropoge Surutons (CnpaBka AO «YswmapoGcaHoaT»
Ne TY-1083 ot 16 anpena 2018 ropa). Pe3ynbTaTel Hay4HO-HCCIICAOBATEIbCKOM
paboThl MO3BOMAIOT COKPAaTHTh JHEpro- M pecypconorpebnenne Ha 5-10 % B
cHMcTeMax YCOBEPIIEHCTBOBAaHHOTO yNpaBJIEeHHS TNpOLECCaMH  pasfelieHHA
MHOTOKOMIIOHEHTHBIX CMecei.

AnpoGauusi pe3yabTaTOB HCCIeAOBAHMA. Pe3yiabTaTel HCCIENOBaHHA
anpo6upoBaHbl Ha 9 MeXIyHapoAHeIX H 1 pecmyOnukaHCKOM HaywHBIX
KOH(}epeHMAX.

Ony6AHKOBAHHOCTE  pe3yJbTATOB  McCilenoBanmsa. Ilo  Teme
KCccnenoBaHus ony6nHKoBaHEl 23 HayyHsble paboTHl, B ToM 4Hcine 1 MoHorpadus,
11 crareit B xxypHanax, pekoMeHaoBaHHbIX BAK PVY3., B ToM uncne 5 3a pyGexom,
NOJy4YeHsl 2 CBUACTENILCTBA O PETHCTPaLMM NPOrPaMMHLIX APOAYKTOB uia OBM.

CTpykrypa H obbem mHcceprauuH. J[HCCEepTaius COCTOHT H3 BBEACHHA,
Yyerbipex [/1aB, 3aKJIOYEHHA, CIHCKa MCNONBL30OBaHHON JIMTEpPaTyphl M
npunoxeHuit. O6bpeM aucceprauuu cocrariser 123 crpaHMibl MAWUMHOMHCHOIO
TeKcra.

OCHOBHOE COAEPXKAHHE JUCCEPTAIILITA

Bo BBeaeHMH O0COCHOBBIBAaGTCS AaKTyalbHOCT, M BOCTPEOOBaHHOCTE
NpOBE/IEHHOTO HCCNENOBaHHA, Leb H 3aauyH HCCIeOBaHHA, XapaKTepH3YHOTCs
o0BbekT M TMpEeAMET, NOKa3aHO COOTBETCTBHE MCCNeJOBaHHA IIPHOPHTETHBIM
HanpasJjieHUAM Pa3sBHTHA HayKH U TEXHOJIOTHI peCIyQIIHKH, H3NaraloTCa Hay4Has
HOBHM3HAa M MPaKTHYECKHE pe3yNIbTaThl MCCIENO0BAHMA, PACKPBIBAIOTCA HayuHasA H
NpaKTHYecKas 3HAYMMOCTh NOJyYEeHHBIX pPe3yJbTaTOB, BHEApDEHHE B NPaKTHKY
PE3ynbLTaTOB HCCNCAOBAHUA, CBEACHHA N0 OMy6JIMKOBaHHEIM paGoTaM H CTPYKType

ZAHCCepTaLHH.
B nmepBo#i rnase «CoBpemeHHOe COCTOSIHHE TEOPHH H MNPaKTHKE
YCOBepIIEHCTBOBAHHOIO ynpaBieHus nmpoueccamMu pasaeneHust

MHOTOKOMIMOHEHTHBIX cMeceil» ¢ KPUTHYECKMX MO3ULMI NpOBEAEH aHanu3
COBpPEMEHHOTO COCTOSIHHA pellaeMoif Hay4HO-TEXHH4YecKkod 3amaun. JlaHa
TPaKTOBKa OOIIENPHHATBIX METOJOB U CTPYKTYP CUCTEM YMPABIEHHA CJOKHBIMH
npoueccaMy  pasfeJieHMs MHOIOKOMIIOHEHTHBIX cMeceil  MPOMEIIUICHHBIX
NPOM3BOACTB M II0KAa3aHb! NMPMYHMHBI HApYIIEHHUA PEXHMOB CTa6HIM3auMH B
cHCTeMaX ynpaeneHus. H3/o’keHBl OCHOBHBIE 33fla¥H YCOBEPLIEHCTBOBAHHOIO
ynpasneHMa  TEIUIO- M MaccOOGMEHHBIMH  NpOUECCAMH  pa3fiesiCHHA
MHOrOKOMIOHEHTHEIX cMeceil. O60cHOBaHA BO3MOXHOCTE YMEHBICHHS CTENEHH
MHOrOMEpPHOCTH M MHOrOCBA3aHHOCTH METOAOM JEKOMMO3WLHM Tpolecca
PasneneHus B PeKTHGUKAUMOHHBIX YCTAHOBKAaX, YTO CHOCOGCTBYeT pelIEHHIO
3ajay¥ MOAENHPOBAHHA pa3NIEIMTENLHBIX MNpoleccoB. IlokasaHo, 4YTO mnpu
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PacCMOTPEHHHM annapatoB peKTHQHKALUHMKM MHOrOKOMIOHEHTHBIX cMecell B
KayecTBe MOC/eAOBaTENbHO COEAMHEHHBIX COCTABIIAIOINX Pa3OMKHYTOH CHCTEMBI
ynpaBieHWs Ha OCHOBE YNpPABIAIOMIMX HKMM JIOK&IbHBIX CHCTEM MOXKHO
obecnequts yCTONYMBOCTS CHCTEMBI YNIpaBJieHHA 3THM npouieccoM. ITokasano, yto
6narojaps OLEHKE Ka4eCTBa CUCTEMBI YIpaBJeHHA NpPoLeccOM PeKTHHHKALUU Mo
KOHLIGHTpallM¥ TNOMyYaeMBIX NPOAYKTOB, B KayeCTBe CaMoOro Xopoiuo
perysupyeMoro fapaMerpa LenecooOpasHO MPUHATH MapaMeTpel, OTpaxaloline
COCTOSIHHE B BepXHel M HIDKHeH JacTax KonoHHs!. CopMyTHpoBaHE! NPHHLMIIEI
nopeimenns 3(QPEeKTHBHOCTH CHCTEM YINpaBieHMA M obecneueHHs BBICOKOTO
Ka4ecTBa rOTOBO# NMPOAYKLHH.

Bo BTOpoit rmaBe «MaTemaTH4ecKoe MOAENHPOBaHHE M Ppa3paboTka
CHCTeMbl YNPaBAEGHHSA  TeXHOJOTHYECKMM  NpPOLECCOM  IMPOM3IBOACTBA
TWIOBOTO CNMPTA» M3JIOXKEHBI METOABl MaTeMaTHYECKOro MOIENHPOBAHHA M
peanusauuH CHCTEM ynpasieHHA npoueccaMu pexTU(HKalUH
MHOrOKOMITOHEHTHBIX cMeceil. IIpuBeaeHB MaTeMaTHYECKOE ONHCaHHE MpoLecca
pekTH(HKALHKH MHOFOKOMIIOHEHTHBIX CMECEH U MOTyYeHsl JHHAMHYECKHE MOJENH
paboTsl OTAENBHBIX CeKUHMil TUNOBOH peKTH()HKAUHOHHOH KOJNOHHBI H Ha 3TOH
OCHOBE BBINOJIHEH CTPYKTYpHO-IIapaMeTpHIECKHH CHHTE3 HHBApHAHTHOM CHCTEMBI
ynpasjieHHA.

IIpu pacu¥re KOPPEKTHPYIOMX BO3AEHCTBHII B MHBapHAHTHBIX CHCTEMax
peryJMpoBaHHs BepXa H HU3a KOJIOHHBI HEOOXOAMMO YUMTHIBATE BO3MYLIECHHA Ha
o6BeKT H AUHAMHYeckHe CBOMCTBAa KaHanoB ynpasicHHA. [lns 3Toro BbiBEAEHA
npubmKEHHAaA  AWHAMHYECKad MOJeNb  PeKTH)HKAUMOHHOH  YCTaHOBKH,
napameTpsl KOTOpPOH PacCYMTBIBAIOTCA HA CTagMM MpPOEKTHPOBAaHHA IO
KOHCTPYKTHBHBIM H PEXXMMHBIM NapaMeTpaM KOJIOHHBIL

VpaBHeHHs MaTepHanbHoro Oamanca i-off TapenkM HMEIOT BHA
(cTpyKTYpHaa cxema npuBelieHa Ha pucyHke 1):

dcC .
TI'= F(C, -C)+F(C-C"), i=l...,n (1)

Cl'=f(C)=ze,+BC, @
rae B, — xoadpuumeHT MaccooTaauH i -i Tapenku; M, — Macca JKHAKOCTH Ha i -i
Tapenke; C,— KOHUEHTpaLWs >XHAKOCTH Ha i -i Tapenke; C/ — KOHLEHTpauua
napa Ha i -i Tapesike; F, — pacxol napa; F,, — PacXoA (erMet.

M,

Jluneapu3oBaHHad MOZEND i -it TAPE/IKH HMEET CIIEHYIOLINA BHA:

M, = F(BCu = AC)+ Fy(BubiC = BAC), i=lum, ()
T % +AC, = kn-lAC:-l + kmACuv Q)]
rae: T, M _Fb, ki F

—_—t—, khl - > = . A °
F,+BF; F,+BF, Fo+ B Fy
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Pucynok 1. CTpyKTypHas cxema MoTapesibuaToil MOAENH pa3feNHTeIbHON
KOJIOHHBIL.

B pabote ofwad CTpyKTypa peKTHQHKAUHOHHOH KONOHHB! (PHUCYHOK 2)
npemnaraeTci B BHAE CHCTEMBI CIEAYIOIIMX MozyJeii: Ky6 M KHIATHIBHHK
KOJIOHHbI W,, HIKHAA TapenbyaTad 4acTh KOJNOHHBI W,, BEpXHsf TapelbyaTas
4acTh KOJIOHHBI W, u aednermartop co cGopHukoM dnermel W, , Tapesika MHTaHUA

w,.

F F:p E‘ Cf Fg‘p Fo
»> < Run ¢ » R »
Rv v y A 4 A 4 R"#l
Wo:m::”’f‘: WB:Wnﬂ‘ 3
G Cn Cm GCa
L* L C. Co=Cos P P*

Pucynok 2. CTpyKTypHad cXeMa CHCTEMb! YNpaBieHHS peKTHGUKALMOHHOM
KOJIOHHOH: Ry, Ry — AHHAMHYECKHE KOMIICHCATOPHI; R,, — PEryJATOp NaBlEHHs;
R, — perynstop ypoBHa KyGoBoii sxunkoctH; T;,7, — TeMneparypa B KOJIOHHE;
P’ —3anannoe naenenue; L — 3aaaHHbIH ypOBEHS.

IMoctpoeHne mareMaTH4eckoi MOOENH MacCOOOGMEHHON 4YacTM KONOHHBI
BHINOJNHEHO MyTéM QopManu3anuu oObekTa B BHAE CHCTeMBl AuddepeHupansHeIx
ypaBHEHH#i EpBOro NOpAAKa, OTpaKaromleit Mpolecc K3IMEHEHUA COCTaBa XKHUIKOH
¢asst Ha kaxpmolt Tapenke, kak camoif MEMIEHHOH cocTaBisomed nNpH
MaccoobMeHe Mexay napoBol M okuakodt dasamu. IMpubmwkEHHas Mopens
TapensyaToil CeKUMH M3 M — TapeNoK NPHHHMAeTcs B BMAE 3BEHAa BTOPOrO
HOps/IKa € 3aNa3/ibIBaHHeM; e nepeaaToYHad PyHKUMA MMEeT BHIL:

_ ke
Wm(p)_ (Tp+1)2 ’ (5)

roe T — CpeAHAA MO KONIOHHE IOCTOAHHAA BPEMEHH OHOMN TapeIKA.
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TpoBeseHa annpokcuMalus KPUBBIX MEPEXOAHBIX MPOLECCOB I CEKLUHH
U3 ABajLIaTH Tapenok (pUCyHOK 3). '
Ycnosus HHBaPHAHTHOCTH CHCTEMBI K BO3MYILEHHIO Z

1 . ey
J’az=Z(P)(Tp;_1—)z(kne’v—kme ! Rw)=0’ 6

1 - -pry
Viz = Z(P)m(kwe "o = ke Rm) =0. ™

IMepenaTtounsie QYHKLNH AN AUHAMHYECKHX KOMIEHCATOPOB Pa3OMKHYTOMH
HMHBApHaHTHON CHCTEMBbI yNpaBJieHHs MMEIOT BHA:

ke P -p( t=ts
Rap)= K2 e, ®
kuse Phin
- pram
RKII (p) = kﬂle = k‘,e- p('m-nn) . (9)
kyne”

. .
s

3

:
2N

=1 2

20 25 30 35 40 45 50
YHCII0 TApPEIoK

PucyHok 3. KpuBsie pasroHa o6peKxTa HCCITEI0BaHHA.

AHanu3 ycnoeuit paGoTsl MPOMBILUICHHBIX KOMOHH HAa fIpHMepe CHCTEMBI
«3TaHON-BOAA» MOKa3aNl, 4YTO B pealbHbIX ycnoBuaXx oObexT pabGoTaer ¢
nepeMeHHOl Harpy3skoli mo pacxody M COCTaBy MUTaHMA B npemenax 8-20 % ot
MPOEKTHOTO pexuMa (PHCYHKH 4 1 5).
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PucyHox 4. U3sMeHeHHe pacxoia MUTAHHUA CMECH «3ITAHON-BOAA» B TEYEHHE CYTOK.

AC,% (0oa.)
100
»
9
9 : A 7
96 I | A ¥
ss RAA M v N ]~ W
L L\
93
92
9
”o" 1 2% 3% 4% 52 6% 7% g 9% 107 11° 127 13° 14 150 16° 17° 18 157 20,317 2T 1® G 1

PucyHok 5. U3MeHeHHe KOHLEHTPAaUMH ITaHONA B TEYEHHE CYTOK.

B Tperseii rnaBe gucceprauMH  «AJrOPMTMH3ALMA  YNpaBjeHHs
pa3feauTenbHONl KONOHHON Ha OCHOBe Heuerkofl JIOrMKH» 060CHOBAaH
00001LEeHHBbIi IrOPHTM ynpaB/eHus MIpOLIECCOM paszeneHus
MHOTOKOMITOHEHTHBIX cMecell. HanoxkeHa Meromuka onpefeneHus (yHKLHU
NPHHAWIEKHOCTH METOAOM MOMApHBIX CpPaBHEHHH H TMONY4YEeHH MOJenH
ynpaBleHHA NPOLEcCOM peKTH(HKALMM MHOFOKOMIIOHEHTHBIX cMecelf Ha OCHOBE
HEYEeTKOMH JIOTHKH.

PaspaGoran  anropuT™  ynpaBjieHMA ~ NpOLIECCAMH  pasfielieHHs
MHOTOKOMITOHEHTHBIX cMecelt (pucyHok 6). B ero coctaB BxoaaT 6JI0K aHaIH3a M
610K NPOrHO3HPOBaHHUA ynpasAtowmero Bo3aehcTBua Unna.

B npeacraBneHHoi O6nok-cxeMe Ha HawyankHOM ostane (6mok  2)
aHanM3upyeTcs Beck 06beM Bxoaaiuit uexoaHoi undopmauun. Kontponupytores
periaMeHTHEIe NoKa3aTeM BCEro npoiiecca pasaeneHna. Ha ocHOBe nmoyYeHHBIX
NaHHBIX 06 M3MEeHeHMH BXOAHON HH(OPMALMU IMyTEM CPABHEHHA M3MEPEHHBIX U
NpefcKa3aHHLIX HAa OCHOBE MOZENM [JAHHBIX OCylIeCTBiferca BhiGop
ynpasnsiomero Bo3AeAcTBUA Usae. 3aTEM aNropuTM YNPaBNCHHA NEPEXOAMT B
UMKIHYECKHii pexxuM paboThl, B pe3yasTaTe KOTOPOTO OCYLIECTBIAETCA HACTpOiika
BCEX PEryHpYEMBIX BENHYHH npolecca,
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Pucynox 6. AnropHT™ ynpasJicHHs NpoLieccaMy pa3AeNeHus
MHOT'OKOMIIOHEHTHBIX cMeceH.

B 6noke 7 ocyliecTBseTCA CPaBHEHHE PE3y/IbTATOB U3MEPEHHS TEKYLIHX H
NpeAbTYIUHX 3Ha4YeHUii KOHTPONMpYEMBIX MAapaMeTpoB Mpolecca paspeneHus.
AHanmu3upyeTca CoctosHue o0BbeKTa, MoMy4eHHOE Ha OCHOBE TEXHONOTHYECKHX
U3MepeHHit 1 Ha OCHOBe Moaenu mpouecca. Ha ocHoBaHHM JaHHBIX aHAIH3a B
6noke 8 (B ciy4yae HEOOXOAHMOCTH) OCYLIECTBIAETCA BHECEHHE M3MEHEHHil. B
Grioke 9 ang perynupyeMsix napaMeTpoB BLIpa0aThIBaeTCA BEKTOP YNPaBIAIOLLEro
Bospeiicteug U. 3nece X = {Ui, U, .., Un}. Ynpaensiomuii BekTOop paBeH
U®=y@e-d + AU®™, rpe U® — ynpaenenue Ha ware n, AU® — usmeHenue
ynpasnenusa. U™ mpencrapiaser coboii  3aBUCMMOCTb OT  MPeAbIAYIIEro
ynpasieHHs W Habopa BEKTOPOB KOHTPOJMPYEMBIX MapaMeTPOB Ha MPEAbIAYLUHX
marax: U™ = FU®™D X'), rne X' — MacCHB BEKTOPOB KOHTPOSIHMDYEMEIX
napamerpoB X, T.e. X' = {X®, X&) X} Hupopmauus moxer cobuparses
3a OrpaHMyeHHOe YHCII0 H3MepeHHH, MO3TOMY & He 0643aTeNbHO paBHO /.

PexoMeHayeTcs MNOAKEpXKUBAaTh periiaMeHTHble 3HA4YeHHA Tepenana
TeMMepaTypsl MeXAY TapeiKaMH NHTaHHA H BepXa KOJIOHHBI B npeaenax 10-11°C
(Tu). Ana pacuéra 3HauyeHHH GYHKUMM TNPHHAANEKHOCTH MOXKHO 3arHcaTh
JIMHIBHCTHYECKYIO NepeMeHHYI0 B BUAe <Ilepenad memnepamypor — AT, Tii, X1>,
roe Ty = {«HAaMHOTO MeHbIIE», «MEHbIIE», KHEMHOTO MEHBIUE», «B HOpMeE»,
«HeMmHOro Gonbiue», «6onbweyn, «HamHoro Gonbwen»}, Xy = { -Tu, -(0,75:Tn),
-(0,5-T11), 0, (0,5-Tu1), (0,75-Tn), T-Tn}. Ha pucynke 7 npuseneH coBMeLIeHHbIA
rpaguk 1A BceX (QYHKUMA NPHHALNEXHOCTH JIMHTBHCTHYECKOH MepeMeHHOH
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Tnepenaza TeMneparyphbl MEX/Y TApeNKoi MUTaHHA ¥ BEPXOM KONOHHEL.

n
1
09 ] AA AN AN
M EELVAVAVAVAVAY, — aoro menbe
0,7 - — MEHbLLIEQ
0,6 1 — HEMHOTO MEHDLIE
0,5 - —g HOpME
04
03 e KEMHOFO 602bWE
02 - = Gonbise
01 - e H2MHOro Gonbue
0 T g v T T v T " TepM

0 1 2 3 4 5 6 7 8

Pucynok 7. Ipadpuxu ¢yHKUMHM NpPHHAIIEXHOCTH JIMHTBHCTHYECKO#H
nepemenHoit <[Tepenad memnepamypvt — 47T, Tii, X> .

B pabGore, kpome Toro, cjopmHpoBaHBl (YHKUHH NPHHAMNEKHOCTH
JNHHrBHCTHYECKON nepeMeHHoM «KOHUEHTpalHa AUCTHLIATAY:

<«KoHuenrpauus auctiwuiara — Cy», C', Xo>,
rae  C'={«KOHLlEHTpauuA CIHIIKOM HH3Kad», «KOHUEHTPAaLMs HH3KaA»,
«KOHUEHTpAlMA B HOpMe», KKOHLIEHTpallusA BhICOKaA», «KOHUECHTPALMS CIIMLIKOM
BBICOKaA» }; -

X2 = {0; 0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0} (oTknOHEeHUE
NPOLIEHTOB 06.0/M OT KOHUEHTPALMH BHIXOAHOTO AUCTHILIATA 96,6 % 06.105m).

3HaueHHa (QYHKUMH NPHHAUIEXKHOCTH NpeACTaBieHEl B rpadHyeckoM BHIE

(pHcyHok 8).

®
1
0,9 -
038
0,7 v HIMHOIO MEHbLIE
0,6 1 e pEHBIE
05 1 B KOPME
04 6
03 w— GONbIWE
02 w—H3MHOr0 GONbLLE
0,1
0 —r—rrr—Tr—7— TepMH

. 0123456788910
Pucynok 8. OyHKuMH NpUHaIIEKHOCTH «KOHLEHTpaLHs AUCTHULATAY.
CoCTOsHHE CHCTEMB! pery/HPOBaHHA NpPEACTABNEHO B BHAE MaTpPHUBI
"IEPEXO/0B; 3[€Ch TEPM-MHOKECTBO C = {«CNHINKOM HH3KAm», CHU3KALM, «B
HopMe»} obosHauaercs Habopom C = {C), Cz, C3, C4, Cs}.
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Martpuusl nepexodoB H BO3MOXHBIE NEpPEXoAsl MpH  BO3NECACTBHM
npeAcTaBNeHs! CleAyIomHuM o6pasom:
a) 3HaYUTENBHO YBENHYHTD
C, Cy C3 C4 Cs

¢ 0 0l 1 03 0
C, 0 0 01 1 03
Moyl o 0 0 o1 1
Cs, 0 0 0 0 1
cs 0 0 0 0 1

6) Yeenuuuts

u cC, 0 01 1 02 0
C27lc; o o o1 1 o2’
s 0 0 0 01 1

Cs 0 0 0 0 1

B) He u3meHATH

C; C; C; C4 Cs

c 1 0 0 0 0

M. of€2 0 1 0 0 0
Gz c; 0 0o 1 0 o
C, 0 0 0 1 0

Cs 0 0 0 0 |1

C noMOomp0 METOAa CHTYaUMOHHOre ympaBineHHs Ha 6asze Heuerkoi
MOZIe/Id MpPHHATHA PelleHHi H3yueHa HeueTKas CHTyalus NpoLecca yNpaBjieHus,
KOTOpas MOXET BO3HHKHYTh Ha i-OM 1uare:

S ={<<p![“cnumxoM Hu3kas™>, <u/“HuzKaA”>, <u,/“B HOpMe™>> /
I“KoHyenmpayua ucxodHol cmecw”™>, <<y} [“crMIIKOM HU3KaA™>,< 4; [“HH3KaA >,
<pil* B Hopme™, <ul/“BEICOKas™>, <p/“cnumKoM BbiCOKai™> / “nepenada
memnepamypbr™>, << j1; [“CTIALIKOM HU3KaA™>, < u; [“HU3Kan">, < /“B HOpME™>,
< 4] [“Bricokas™>, <y /“cnuiukom BeIcOKas™> / “xonuecmao gpneamor™>,

B pa6oTe ¢ MOMOMBIO pa3paboOTaHHBIX NMPOrpaMM HEHETKHX 3TaNOHHBIX
cHTyauuit copMHpOBaHO 75 3TANOHHBIX CHTYalHiA.

B  uerBepToli MIaBe  AuccepTauuM, o3arnaBieHHoll  «CHerema
yCOBEpUIeHCTBOBAHHOIO0 YNpaBjieHHs npoueccom Gparopextndnxauun Ha
6aze nporpammuo-annapaTtHoro Kommiaexca EXPERION PKS», uinoxeH
nogxof k paspaborke APC-cucTeMbl [JIA  TEXHONOIMYECKMX IPOLIECCOB
pa3fesieH .

B pafore paspaGotaHa HoBas CTpYKTYpHad cxeMa  APC-cuctemsl
YCOBEpIICHCTBOBAaHHOTO  YNpABJEHHA  TEXHONOTHYECKMMHM  TpoueccaMu
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paszieneHns MHOFOKOMIIOHEHTHBIX cMecelt (pHucyHoK 9).

| TapameTpul ONTHMHIAURY JITIP)

fud—fon i} —{ov}-{x]

Pucynok 9. CrpyKTypHas CXeMa YCOBEPIIEHCTBOBAHHAA CHCTEMBHI
ynpaBieHNs TEXHONOFHYECKMMH MpoLleccaMH pasfielleHHs MHOTOKOMMOHEHTHBIX
cMeceit.

B npunoxeHHON CTpYKTypHOH cxeMe BbIAC/ICHBI JBE COCTABHBIE YaCTH:
ycoBepuieHCTBOBaHHaA APC-cucTeMa ynpaBneHMs M pacnpeneneHHas CHCTeMa
ynpaeiseHns (PCY). B 3roii cxeme. NpHBEREHB! ClIEAYIOWMIME COCTABIAIOLIHE
35ieMeHThl U MX HasHayeHne: APC — Advanced Process Control — cucremsl
YCOBEpIIEHCTBOBAHHOrO ynpaBneHHs mnpoueccam, PCY — pacnpeaenenHas
cucrema ynpasnenusa, BIIP — 6ok npuHATHA peuwlenuii, BA — BUpTyanbHbli
asann3arop, JI[IP — nuuo, npunuMalomee pewenue, JI — maruuku (cpeacrsa
n3mepenns), IUIK — nporpammupyembiit nornueckmii koHtposuiep, B.B. —
ycrpoiictsa BBOAa-BbiBoAa, OY — obbexT ynpasnenus, UM — ucnonHuTensHsii
MeXaHH3M.

Ha ocHOBe cXeMbl CHCTEMBI YCOBCPIICHCTBOBAHHONO  yNpaBlICHUA
npoLeccaMH pasAesieHHAs MHOTOKOMIIOHEHTHBIX cMeceif paspabGorana cucrema
KOMMBIOTEPHOrO MOAENHPOBaHHA M ympaBieHus. B Heil npeactasneHsl Tpu
OCHOBHBIE KOJIOHHBI Npoliecca pasaenenns (pucyHok 10

.r‘w
o

! Pl AL ) “Mhm;mr;ﬁw 2 v puk-h
Pucynok 10. MHemocxema 6paropexTHHKalHOHHOH YCTAHOBKH.
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B npuBeneHHol MHeMocxeMe OparopekTuMKALMOHHON YCTaHOBKH
OCHOBHas poJib OTBEACHA pa3fic/INTENBHON KONOHHE, Wi KOTOPOH cocTamieHa
HH(popMalLMOHHaA CXeMa, KOTOpOii npeAcTaBiieHa Ha pUCyHke 11.

Paczas aueTnaasra Temneparyps Bepey

A————— -~

Pacxax rioToxa napa Janteine nepxa

Pacxoa uezaancd execit el Tesn 8 ONTR=
> ".uuog TRPEARN »

Pacxon 0 Teuneparyps wya N

npaTyxTa

Pacxox rpesoutero napa ) Yposcuan xy6a >

Temaepsvypa sexonoll

cuecn

Pucynok 11. HHdopMauHoHHas cxema peKTH)HKALHOHHOH KOOHHBI.

B cocrae  Bo3MyllaloLlero BO3NEHCTBHA Z B NpHBEACHHOIA
HHpOpPMALMOHHO# CcXeMe pPasfAeNHTeNbHOR KONOHHBI BXOJAT CNEQyHOLIHE
(aKTopEl: KOHLEHTpallHs MCXOIHOH CMECH, PacXop XjajareHTa, Temmeparypa
XJlajareHTa, ypoBeHb OUCTHIUIATA, TeMIepaTypa M HOaBieHHe Mapa, yhenbHas
TEMNOEMKOCT MOTOKOB MHUTAaHMS M TEMJIOHOCHTENd, IUIOTHOCTh KyGoBoro
NpoAyKTa, ynenbHas TemnoTa McnapeHus KyGoBod KMAKOCTH M MOJApHbIE
COCTaBEI IOTOKOB.

Jinda  oHeHKM YCTOMUYMBOCTH pa3paCoTaHHOM CHCTeMBl YNpaBJeHHs
CNIO’KHBIMH TEXHOJIOTHYECKMMH MPOLECCaMH Ppa3feNieHHs MHOTOKOMIOHEHTHBIX
cMeceii ¢ moMowkio TpaguuuoHHoro ITHUJI-peryaaropa u HEYETKOro JI0ruuecKoro
MU /1-peryniaTopa COCTaBiIEHB! CTPYKTYpPHbIE CxeMEl (pucyHok 12 u pucyHok 14
COOTBETCTBEHHO) H NMOMyYEHb! XapaKTEPHCTHKH MEPEXOAHBIX MPOLECCOB (PHCYHOK
13 ¥ pHUCYHOK 15 COOTBETCTBEHHO) MpH pEryJIMPOBaHHH TEMNEPATYpPhl TapeiiKH
MHUTAHUA U BepXa KOJIOHHBI.

Supl PID

{0

PucyHok 12. CTpykTypHas cxeMa ¢ TpaguunoHHeiM [TUI-peryasTopom.
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Pucynok 13. XapaKrepHcTHKa MNEpeXoAHOro Ipoulecca INpH PperyjiHpOBaHHM
TeMnepatypbl Tapenku nuTaHHa (1) M Bepxa KOJMOHHBI (2) C NOMOIIBIO
TpanuunonHoro ITHI-perynsaropa. ’

PucyHok 14. CTpyKTypHas cXxema CHCTeMBI YNIPaBJICHHs C HEYETKHM JIOTHYECKHUM
MU O-perynaTopom.

0 20 40 60 80 100 120 140 160 180 200
Pucynox 15. XapakTepHCTHKAa NeEpeXOAHOTO NpOLECCAa NpPH peryIHpOBaHHU
TeMmmepaTypbl TApelKH NHTaHHA M BepXa KONOHHBI C NOMOWIBK HEYETKOro

Joruyeckoro [TUA-peryniropa.
Ha ocHOBEe COMOCTaBIEHHA XapaKTEPHCTUK TMNEPEXOAHBIX IPOLECCOB,
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MpHUBENEHHBIX Ha PHCYHKe 13 M pucyHKe 15 And TpaOuUMOHHOIO M HEYEeTKOro
noruyeckoro ITHJI-perynaTopos, MoOKa3saHoO, YTO BpEeMA peryIMpOBaHHs CUCTEMbI C
HeuerkuM norudeckum ITHJ-perynatopom Ha 20 cekyHA Kkopoue, 4eM Y
TpaHLIMOHHOTO,

3AK/IIOYEHHE

Ha ocHoBe pe3ynbTaToB HCCNEAOBaHMA, MOCBALLECHHOrO pa3paboTke CHCTEMBI
YCOBEpUICHCTBOBAHHOrO  YNpaBlAECHHA  TEXHOJNOTHYECKHMMM  MpoLeccaMu
pasgesieHHA MHOTOKOMMOHEHTHBIX CMecei c/ieNlaHb! CIeQYIOMHE BEIBOMBL:

1. TlpoaHaIN3HPOBAaHO COBPEMEHHOE COCTOAHHE TEOPUH H TpPaKTHKU
PEKTH(HKALMOHHOTO pas/ieleHns MHOTOKOMMOHEHTHBIX cMeceli M BbLIABEHBI
TeHACHUHH HX AanbHeillIero pasBUTHA H COBEPILIEHCTBOBAHHA.

2. Ilpu HcenepoBaHUM peKTHOMKALMOHHON KONOHHEI B KayecTBe 00beKTa
yNpaB/ieHHd YCTaHOBJEHO, YTO MJjIA PpEryJMpOBaHHA MapaMerpa KauecTBa
NPORXYKUMH O KOHLEHTPalUHH BBIXOAHOTNO AHCTH/UIATA C NMOMOIUBIO 3HAYEHMiA
nepenaga TeMNEpaTyphl MEXAY TapeilkaMH THTAaHHA H BepXa KOJIOHHBI,
HesnecoobpasHO TMOAAEpKMBAaTH 3HA4YEHHA Mepenaga TEMMEPaTyphl  MEXIy
TapenkaMH MATaHHA H BepXa KOJOHHKI B npexenax 10-11 °C.

3. TlpumeHeHue mnpemnaraeModl MHBapHaHTHOH CHCTEMBI YMpaBJeHHS
PEKTHPHKALKOHHBIMH KOJIOHHaMH H JIOTHYECKOrO aHalM3a COCTOAHHMA NpoLecca
ofecneyHBaeT BBEIecHHE NONPaBOK B APaMETPhl HACTPOEK HEYETKOro peryyaTopa
H TIO3BOJIAET COKPATHTH 3HEpronoTpebneHue.

4. OnpeneneHHble Ha OCHOBE TIONMAPHOrO COMOCTABJIEHHA  YHKUMH
NPHHAIJIEKHOCTH  PETYNIMpYEMBIX [1apaMETPOB Pa3AENHMTENBHBIX IPOLIECCOB
obecrneynBaloT BO3MOXKHOCTh HACTPOHKH MapaMeTpoB HEYETKUX PeryjaTopoB NpH
yNpaBJIeHHH TIPOLIECCAMH.

5. IToka3aHa BO3MOXKHOCTb COCTaBNECHMA MEpeYyHA HEYETKMX COCTOAHHA M
TPUHATAA ONTHMAIBHBIX pelleHWit MNpH NPUMEHEHMH He4yeTKoH Moaenu
JIMHTBMCTHYECKHX TepeMEeHHBIX B HEUeTKMX COCTOAHHAX MNpH YMpaBleHHU
pasfenuTenbHLIMH NIPOLIECCAMU. )

6. IlpemnokeHHble MOAENM MO3BOJLAIOT OMEPaTHBHO OMNpeAeNATh H
NpPOTHO3HPOBATh  INOKA3aTeNIH Ka4yecTBa MO  H3MEPAEMBIM  MapameTpaMm
TEXHONOTHYECKOro npouecca, 4ro obecneyHBaeT BO3MOXKHOCTH YNpaBJIEeHHA
KayeCTBOM KOHEUHOi NPOZYKLHMH.

7. Ha ocHoBe nporHosupyomedl Moaenu npouecca  pasfeNCHHA
MHOTOKOMIOHEHTHBIX CMeceil mpemioxeHa HoBas CTpykTypa APC-cucreMsl
YCOBEpLIEHCTBOBAHHOTO YIPABNEHHA, TMO3BOJAIOIAA YNPABIATL YCTAHOBKO#,
KOMITEHCHUpY BO3MYILAIOLIHE IOMEXH GBICTpee M MArie, YeM onepaTop.

8. PaspaboraH KOMNBIOTEPHBIH KOMIUIEKC MOJENMPOBAHHA M YNpPaBJIECHHA
NpoLeccaMH  pasfeeHHA MHOTOKOMIMOHEHTHBIX cMeceif, obecnednBaromuii
noabop ] noaaepkaHue ONTHMAJILHOTO pexuma paboTh!
6paropexTHQHKAUHOHHOH YCTaHOBKM M e€e ObIcTpoaeiicTBylomuii mepeBoa ¢
OIHOTO peKMMa paboTs! Ha APYToii.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to develop systems for the advanced
management of complex technological processes of the distillation of
multicomponent mixtures.

The tasks of research:

the construction of a mathematical model of the dynamics of the process of
distillation of multicomponent mixtures;

development of algorithms for software-logical control of technological
modes of operation of distillation columns;

modeling of the process of distillation of multicomponent mixtures on the
basis of fuzzy logic methods;

constructing an algorithm for situational management based on fuzzy models
of decision making;

the development of a system for improved control of the distillation process
(using the example processes of rectification).

The object of the research work are complex heat and mass transfer
processes of the distillation of multicomponent mixtures.

Scientific novelty of the research work is as follows:

for the control of the object, an approach formalized as a fuzzy production
system is implemented;

the dynamic model of distillate sections of dividing columns is developed,
which is the basis for calculating the parameters of the invariant control system;

the algorithm of program-logical control of the operating modes of the
distillation columns according to the quality indicators of the final product was
developed;

developed an algorithm for operational automated control of the distillation
column based on the arsenal of fuzzy logic methods;

on the basis of fuzzy-multiple representations, a method of situational
control of the processes of distillation of multicomponent mixtures is proposed;

APC-system of advanced control of the rectification plants in the production
of ethyl alcohol was developed.

Implementation of the research results. On the basis of the results on the
construction of the advanced control system for the correction rectification column and
optimization of its operation modes, the following are developed and implemented:

software-logic algorithm for controlling the operating modes of distillation
columns of multi-component mixtures at JSC “BIOKIMYO” in Yangiyul
(Reference JSC “Uzsharobsanoat” Ne TU-1083, April 16, 2018). As a result, the
quality of process control has been improved;

" algorithm of control of the distillation column based on fuzzy logic on
JSC “BIOKIMYO?” in Yangiyul (Reference JSC “Uzsharobsanoat” Ne TU-1083,
April 16, 2018). As a result, the control system of the distillation of
multicomponent mixtures has been improved;

" method of situational control of processes of distillation of multicomponent
mlxtures based on fuzzy sets at JSC “BIOKIMYO” in Yangiyul (Reference
41



JSC “Uzsharobsanoat” Ne TU-1083, April 16, 2018). The results of research work
can reduce energy and resource consumption by 5-10% in systems for improved
control over the distillation of multicomponent mixtures.

The structure and volume of the dissertation. The thesis consists of an
introduction, four chapters, a conclusion, a list of used literature and applications. The
volume of the thesis is 123 pages of typewritten text.
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