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KHUPHUI (1OKTOPJIMK IMCCEPTANMICH AHHOTAIMSICH)

Juccepranuss MaB3yCMHUHI J0J3ap0Juru Ba 3apyparu. XO03UpPrd KyHJa
OyHE aMalu€éTuga aBTOMATJAIITUPUIL COXAacUAa TEXHOJIOTUK KapaEHJIapHUHT
MHTEJUIEKTYyaJI TEXHOJOTHSUIAPU FOTYKJIApura acOCJIaHTaH FOKOPH camapaJopiIuKKa
sra OOIIKApHII TU3UMIIAPUHM SAPATUII KapaEHU €Takuu YpuHHM srajuiaiian. XKaman
pUBOXKJIAaHAETraH 3aMOHABUU axOOpOT KaMHUATHAA Kyda Karra MabIyMOTIap
OKMMHUHU TaxJIWJI KWIWII Ba KalWTa WIUIAIIra acOCJIaHraH peal  JIMHAMUK
TU3UMJIAPHU OONIKapuIl a013ap0d Myammonapaan Oupu xucobmananu. by Gopana
pUBOXIIAHTaH 4eT 31 Mamjakamiapuna, sbHu AKIL, T'epmanus, Anonwus, XKanyOuit
Kopess Ba Oomika maBiariapia MablyM IOTyKJapra SpuUIIWiIran Oynu0, ymapna
CaHOAT Ba HOCAHOAT coXaJlapyja HMILIa0 YMKApUIIl camapaJOopiIUTrvHU OLIUPHII Ba

MaxCyJIOTIapHUHT  pako0aTOapaoIUIUTUHU TabMUHJIAII YYyH TEXHOJIOTHUK
xapaCHIapHU OOIIKApUIl YCY/UIApUHM TAaKOMWIIAIITUPUINTA ajJoXujia bTUOOP
KaparwiMoKJaa. XO3Uprd  Bakraa ynapaa TEXHOJIOTUK  OOBEKTIIAPHUHT

XyCyCHUATIapHUHU cho6ra OJIraH XO0JIaa KS”J'IJ'IaHI/IJ'IaéTFaH HHTCJUICKTYAJ 601m<ap1/1m



TU3UMJIAPU YMYMHUM HMIUIa0 4YMKapuil KopxoHajmapuHUHT 40-45% HU Tamkumn
stagu'. ByHHHT HaTHXacu1a MaxcyloT Ba SHEPTHs cap(PUHHMHT TEKAMKOPIHTH 35%
raua KaMaiMIINra SpUIIHAITaH’,

V36ekncTon Pecny6nukachaa TEXHOJNOTHK SKapaSHIApHM Ba  MILIA0
YUKAPUIITHUHT FOKOPH camMapaJopiiuKka dra Oyiran OOIIKapuIl THU3UMJIAPUHU
spaTuIIra ouj TaJAOUpIapHU caMapaid TallKWI KWIHII F03acuaaH KeHI KaMpOBIIU
yopa-Taaoupiap amainra omupuinau. by 6opana, )KymiaaaH, uiiad YUKAPUITHUHT
TYpJIM COXaJIAPHUIary aloXu1a TEXHOIOTUK 00BEKTIIapHU IOKOPH camapaiu
OOLIKApUIIl TU3UMIIAPUHM SIPATUI, OONIKAPHUII Kapa€HJIApUHU UHTEIJIEKTYyaJlIall,
WHTEJUICKTyaJl ~ OOWIKApUIN  TU3UMJIAPUHUHT  TAJKUK  OTUII  YCYJJIAapUHU
TaKOMWJUTAIITUPUIN ~ Ba  KapaCHJIapHU  OOIIKAPUIIHUHT  MHTEJUICKTyasulall
BOCUTAJIAPUHM SIPATHINTA OaFWIIJIAaHTAH Karop WJIMHN-TAIKAKOT HWIUIAPU OJUO
Oopuras.

Kaxonma Typiid TEXHOJOTHK OOBEKTIAPHU OOILIKAPHUIII KapaEHUHU
MHTEJUICKTyJTAIITUPUIIIA OOMIKAPUII TUBUMUHUHT HEMPO-KaThUMAac MOJIEIIapy
Ba aJITOPUTMJIAPUHU UILIA0 YMKHUIL, OMirMIIap 0a3acyHU MIAK/UTAHTUPHUILL Ba yiap
acocuia OOIIKAPUIIT TH3UMUHU TAKOMUJUTAIITUPHIIT MYXUM aXaMHAT KacO 3TMOK/IA.
By 6opana makcaau UIMHAR-TaIKUKOTIIApHHU, KyMJlaJaH, KyHuaara
HYyHaTUIUIapAary WIMHUN U3JaHUIUIAPHA aMalira OIIMPUILl MyXUM Bazudanapaan
Oupu XrucoOlaHaIu: TUHAMUK OOBEKTIAPHUHT XYCYCHUSTIAPUHU XHUCOOTra OJUIII
MMKOHWHHU OEpyBYH HEHPOH TYPJIAPHU Ba KaTbHMMac MaHTHK acoCHa )KapaéHHUHT
ruOpUT MOJICITIAPUHU KypHIIl; OOIIKAPHUII HA3apUSICUHUHT 3aMOHABHH yCyJIapH
Xam/1a MHTEUIEKTyalall TaMOMMIIApUHU OUprajiKaa KyJulall acocuaa
OOLLIKAPUIIIHA UHTEIJIEKTYaJ JIAIITUPUI; OOLIKAPHUIIL XKapaCHIapUHU
MHTEJUICKTyJINTAIITUPUTIITHIHT TEXHHUK Ba JTAaCTypUi BOCUTAJIAPUHU UIIUTA0 YHKUIII,
Mypakkab Ba ¥3 HaBOaTH/1a FOKOpU camapalii MOCJalllyBYaH Ba poOacTiu
OOLIKapyB aJITOPUTMIIAPUHU SIPATUI; MOJEIIap Ba OOLIKAPHUII AITOPUTMIIApU

1
acocyaa 6I/IJ'II/IMJIap 0azacuHHu APATHII; - DnexTpoH KypHaa «CHCTEMHBIN aHAIIU3 B HAYKE U

o6pazopanmm», Ne2, 2015 (www.http://sanse.ru); > MexayHaponsbiii xypHan « IpoGneMb! TeOpuH U HPaKTHKH
ynpasienus», 5/2014 (www.https://istina.msu/ru).

JTUHAMUK OOBEKTIapHU HOAHUKJIUK IIAPOUTHAA aBTOMATJIAIITUPUIITAH
MOHUTOPUHTY Ba OOMIKAPUIITHU UHTEIUICKTYAJTAIITUPUIIIHUHT JACTypUit
MHCTPYMEHTAJ BOCUTACUHU HIILIA0 YMKHUII.

V36ekucron Pecnyonukacu Ilpesumentununr 2013 #iun 27 wuroHgaru
[IK-1989-con «Y36ekucron PecryGmukach Mumii  ax60poT-KOMMYHHKALHS
TU3UMUHU SHAJIa PUBOXKJIAHTUPUII YOopa-TaaOupiapu xakuaa»ru DapMoHH Xamja
Ma3Kyp (aonusTra TErwinu 0apya MebEPUN-XYKYKHH XyxoKaTiapaa OenruiaHrad
BazuQasapHu aMalra OIUPUIITra yiuly AuccepTalus TAAKUKOTH MyailsiH Japakaaa
XU3MaT KUJIaJIH.

TankKuKOTHUHT pecnydanka ¢gaH Ba TEXHOJOTMSJIAPH PUBOKIAHUIIN
HHMHT YCTYBOP HyHATHILIAPUTa OOFIUKIANTH. Ma3Kyp TaAKUKOT peciyOiinKa
(daH Ba TEXHOJIOTHUSIIAD PUBOKIAHUIIMHUHT [V. « AXOopoTiamTupuii Ba ax60pot
KOMMYHHKAIIUS TEXHOJIOTHSIIAPUHN PUBOKIAHTUPHIID) YCTYBOP HYHATUIIIH



noupacua 0axapuiras.

JlnccepTanusi MaB3ycH OViiMua XOPIGKHMI WIMMIi-TaIKHKOTIAP HIAPXH .
Typnu xun yskimonan Basudara sra OyiraH TEXHOJOTHUK jKapaéHJap Ba HILIA0
YUKAPHUIITHA WHTEIUICKTyaJl OOIIKAPHUII TU3UMJIAPUHM SPATHIN Ba MILIA0 YHUKHILITA
WYHANTUPWITaH WIMHUH H3JAHULUIAD YKaXOHHUHI €TaKYd WIMHUN MapKasjlapu Ba
oMUl TabBIMM Myaccacaiapu, xymiaman, Togai Infra Logic, Omron, Micro
Devices, Johnson Space Centre, Department of electron and Intellegent System,
Honeywell (AKILL), LIFE xankapo naGoparopusicu, Hitachi, Mitsubishu Electric,
Ibaraki University, Kawasaki Medical Schcool (SAnonus), Siemens (I'epmanus),
Wecan Agrotexservis (JKanyowuit Kopest) xamaa onwmii Tabiaum myaccacanapu: ZIFIT,
BISC(AKIL), 3uren Yausepcureru (I'epmanus), JJoHTyK YHUBEpCUTETH (PKaHyOUI
Kopest), Kopest MmynstuMenus sxamusiti, Muxa yuusepcuteruaa (Y30eKHCTOH) KEHT
KaMpPOBJIM WJIMHUM TAAKUKOT HUIIApU 01O OOPHIMOKIA.

Hoanuknuk mapoutua JUHAMUK OOBEKTIApHHU OOIIKApHII >KapaéHIapuHU
MHTEJUICKTyJINIAIITUPUII  MOJEJJIApH Ba aJNTOPUTMIIAPUHHM TAaKOMUWJUIAIITAPHINTA
OWJl JKaxOHJa o0 OopwiraH TaIKUKOTIAp HaATWKACUAa Karop, KyMIaJllaH,
Kydugarn WIMHA HaTKajap OJMHTAH: YYMII AallapaTHHWHT HHTEIJICKTYall
Oomkapuil Tth3uMu unwiad uyukuwirad (Johnson Space Centre, AKIII); caG3aBot
MaxCyJIOTJIApUHM CaKJall >KapaéHuaa XapopaT peXUMUHU KaTbUMac OOLIKAPHUII
ti3umMu  umiad  yukwiran — (Wecan  Agrotexservis  JKanmyouit  Kopes);
aBTOMOOWJUIap/la MUKPOWKJIMMHHM HWHTEIICKTyall OOIMIKAPUIN TH3UMJIApU HIILIA0
yukuwiran (Hitachi, fnonus); nudminapHuu OuTTamu Ba TypyXJiM KaTbHiIMac
Oomkapuin Th3umiiapu  unuiad  uyukwirad (Mitsubishu  Electric, Anonus);
WHTEJUICKTYyaJl TaTuyuKIIap uiniad yukwiran (Siemens, ['epmanus); THOOUN 3KCriepT
tizumu  unwiad uukwiran (Kawasaki Medical Schcool, SAnonusi); HanGoky
WyHamumM Oyiirya METPOIOJIUTEH MOE3UVIAPUHUHT XApaKaTUHU  WHTEJUICKTYall
oomkapum TtH3uMmu unuiad gukwirad (LIFE xankapo maGoparopust cu, SAnoHus);
UHTEIJIEKTyall OomkapuwiyBud pobomiap unuiad yukuiaran (Ibaraki  University,
SnoHus); MHTEJUIEKTYyall OOIIKApUIIITa aCOCIaHTaH MUKPOKOHTPOJLIEP-

*Juccepramms MaB3ycH Gyiiuua XOpyKHil HIMHI-TagKuKOTIap mapxu http:/www.works.doklad.ru,
http://www.refdt.ru, http://www.km.ru, http://osp/ru/os, 3axapoB B. HTennexTyaapHbIe TEXHOJIOTHH B COBPE
MEHHBIX CHCTEMaX ympaBieHus // MexayHapoaHblit xkypHai «[IpobreMsl TEOPUU U MPAKTHKU YIPaBICHUD). - M.
Ne5/2005. —C.96-100 Ba 6omka Manbanap acocuia UIUIad YNKWITaH.

nap unuiad yukuiarad (Department of electron and Intellegent System, AKILL).
Jynéna 3aMoHaBHM aXOOPOT TEXHOJIOTUSIIAPH IOTYKIApUHU Y3 UUKTa OJIraH
TMHAMUK OOBEKTIIAPHUHT UHTEJUIEKTYasl OOIIKAPUIN TU3UMIIAPUHU SPATHUIIHUHT
WHCTPYMEHTAJI BOCUTAJIAPUHU UILTA0 YUKHII Oyitnda KaTop, )KymJiajaaH, Kyduaara
YCTYBOp HyHanIUIUIapAa TaAKUKOTIap 0O OOpUIMOK/IA: HOAHUKIUKHYU XUcoOra
OJITaH XO0J1/1a TMHAMUK OObEKTJIApHU MAaTEMATUK MOACIMHY IIAKUTAHTUPHIIL;
TEXHOJIOTHK >Kapa¢HIIApHU OOIIKAPHII KapaéHUHU HEHPO-KAaThUHMacC
MOJICJUTAPUHM SIPATHUILL;, TUHAMHUK 0O0BEKTIapHU OOLITKAPHUII KapaCHIapUHH
MHTEJUICKTyJJTAITHUHT aITOPUTMIIAPUHU UILTA0 YUKW, JUHAMUK OOBEKTIapHU
aBTOMATJIAIITUPUIITAH MOHUTOPUHTY Ba OOLIKAPUIIIHK HHCTPYMEHTAI



BOCUTATAaCUHU SIPATHUII; HOAHUKJIUK IMAPOUTH/IA TUHAMHUK OOBEKTIAPHU OOIIKAPHIIL
Kapa€HUHU MHTEJUIEKTyaJlJIall MacajlaJapyuHu €YUl YUyH JAcTypiap MakKMyacCHUHH

WII1a0 YUKHUIIL.
MyaMMOHMHT YPraHuIraHJIMK Japakacu. J[nHaMuK 0ObEKTIIApHU OOIIIKAPHIIT
*KapaCHIapUHU UHTEJUICKTYaJUTAIITUPHUIN Ba yaapaa CoAUp OYaauraH Typiau XUl
HOAHHMKJIMKJIAPHU XUCOOTa OJIUIIT UMKOHUHU OepyBYM FOKOPY caMapasid OOLTKApHUIIT
TU3UMJIAPHM SIPATUIHUHT HAa3apyui Ba aMaInil MacajajJapyuHu eUnIlga KaTbuiMac
TyTuiamiap TaBcudu acocujia MHTEIVIEKTyaJlallral TU3UMIIApHU CUHTE31alll
AJITOPUTMIIAPUHHU SIPATHUI, HEHPO-HOKATHUN MOIeIIIap acocuaa HePThb-KUMEBUMA
Ma)kMyaJJapHUHT TEXHOJIOTHK TapaMeTpIIapyuHu Oamopamiai Ba OOIIKaPHIII
AJITOPUTMIIAPYMHHU UIILIA0 YUKHUII, HEHPOH TYpiiap Ba KaTbUMac MaHTHKKA
acoCJIaHTaH TypJId COXaJlap TEXHOJOTUK OOBEKTIAPUHU MOJEIUIAIITUPHUII
*Kapa€HIapUHU annapar-JacTypyuid TAbMUHOTHUHHU SIPATUL, CTPYKTypacH,
napaMeTpiiapy Ba Ba3UsTIApU HOAHUK IIApOUTIAPIard TEXHOJIOTUK OOBEKTIapHU
Ba apaCHIapHU UHTEIUIEKTyasl OOIIKAPHUII TU3UMIIAPUHM SIPATUII Macaiajiapu Oup
kKarop onumiiap: Abraham A., Aliev R.A., A.Allgower, Griffin M.F., Hunt K.J.,
Irwin G., Kraszewski P., Li Ning, Li Shao Yuan, Piegat A., Stolcman S., Sugeno
M., Tanaka K., Wang H.O., Warwick K., Xi Yu Geng, Zadeh L.A., Zheng A.,
Antynun A.E., bo6ko, B./l., bopucos A.H., BacunseB C.H., Bepnans A.D.,
Boctpos H.H., ITynkos K.A., Tapacos B.b., Ynesunos C., AGxymnaes /I. A.,
AobytanueB @.b., AnunoB @.T., ApunoB M.M., bekmyparo T.®., I'ynsimos .M,
Kymanos 1U.U., Urambepanes X.3., Kagupos A.A., KommioB M.M., Mapaxumos
A.P., Myxamenuena /1. T., PaxmarynnaeB M.A., Yecmanos P.H., FOcyn6exos H.P. Ba
OOIIKaJTApHUHT UIUIapuIa KYpuO YMKUIITaH.

Mypakka® HOUYM3HUKIN TUHAMUK 0ObEKTIapHU OOLIKAPHUII MacalallapuHU
eunIn OuinaH OOFIMK TaIKUKOTIAp OMp KaTop ojJuMyIap TOMOHHUIAAH oJu0 Oopuiras,
xymitanan, F.L.Smidth, P.A.Anues, Y.Mak Kannak, V. ITutrc, T.KoxoHeH,

Jlx. Xonduna Ba 6o1IKanap TaxIWIH IIYHU KYpcaTaauKu, XO3UPTd KyHAa
HOQHUKJIMK IIAPOUTH]Ia HEUPO-HOKATHHUIN KOHTPOJIEPIIAp TYpAU HHTEIUICKTyal
TU3UMJIAP SIPATHIITAH Ba CAaHOAT/AA KYJUTAHIJIMOK/IA Ba MabJIyM Japakaja MKOoOHid
HaT¥OKaiapra SpUIIAITaH.

OKCcHepT TU3UMIIAPHU  KyJUlalll  OpKajdud  HMHTEIUIEKTyaldl  OOIIKapHuIl
TU3UMJIAPUHU sipaTuil Macananapura Oarunuianrad unuiap M.Cyreno, T.fImakosa,
T.Takarn, C.fAcyno0y, JI.3age, H.I'fApymkuna, I1.)Kekcon, R. Davis, T.Caarnu,
E.Mamnanu, J[.A.IlocienoB, T.®d.bekmyparoB, H.P.IFOcynbekoB Ba  Oomika
TaJIKUKOTJIapa TMHAMUK 00bEKTIIap apaMeTpiiapy Ba
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XapaKTepUCTUKAJIApUTra TETUIIIA HOAHUKJIUK XaMmJa TEXHOJIOTHMK Kapa€HJIapHU
MOJACIIAIITUPUIII ~ Ba  OOWIKApUIlJa  MabIyMOTIIADHUHT  HOAHUKJWIU  Ba
KaTbUMMACIIUTUHA OEBOCUTA XMCOOTa OJUII 3apyplIiTd MyaMMOJapu KYpWIIraH.
[y Ounan Oupra, MJIMUN HaIIpiIapAa HOAHUKJIUK MapouTuaa GaosiusaT KypcaTyBUH
TUHAMUK  OOBEKTIApPHUHI  aJalnTUB  HEUpPO-HOKAThUW  Moneulapu  Ba
aQNTOPUTMIIAPUHM  APATUII AaCOCHJA HWHTEJUIEKTyasl OOIIKAPUIIHUHT caMapalu
yCyJUIapy UIUIA0 YUKW, MabIyM EHJIAITYBIAPHA TU3UMIIAIITUPHUIN Ba OOUIKAPHUII



xKapaCHIapUHU MHTEIUIEKTyald OOIIKApUIIl TU3UMHHH SPATUIIHUHT HHCTPYMEHTAI
BOCUTACUHU SIPATUII Ba KEJITyCHJIda TAaKOMUJUIAIITUPHUINTa OaFUIUIaHTaH WIMHMA
W3JIaHUIILJIAP XO3UPry KyHJa €Tapiiy Japaxaaa KypHuJiMaraH.

Juccepranus MaB3yCMHMHI AHcCCepTalus 0a:kKapWwiraH oOJIMH TabJUM
MYACCACMHUHI WIMHH-TAAKHMKOT HILIAPH OWiIaH OOFIMKJIUrU. Jlucceprauus
TaJKUKOTH TOLIKEHT JaBiarT TEXHUKA YHUBEPCUTETUHUHI WJIMHI-TaAKUKOT
unuiapu pesxxacuHUHT 0.80.02 — «VY37IyKCu3 Ba JUCKPET TEXHOJOTUK OOBEKTIapHU
KYTI caTXJI1 HepapXUK OOIIKAPUII TUZUMIIAPUHU TaXJIWI Ba CUHTE3 KUJIHIII
Macajanapuja OOIIKApUIl €YUMUHU AACTYPHH-aJTOPUTMHUK KYIa0-KyBBATIOBYU
WHTEJUIEKTyaJl TU3UMJIApPHH UIIIA0 9uKuil Ba TarOuK st (2001-2003); 1120.22 -
«TexHonoruk OOBEKTIAPHU HEPAPXUK MYIBTUMHUKPOIPOIECCOPIN  OOIIKAPHUIIT
TU3UMJIADUHU  ABTOMATIAIITUPWITAH  TAAKWUK  KWIWIIHUHT  YCYJUIapu  Ba
anroputmiiapuiu unuiad yukunn (2004-2006); A-14.002 — «Mypakkad TuHAMHK
00BbEeKTIapHU OolIKapuill  >Kapa€HJIapUHU VHTEJUICKTYyaJJTaIl acocujia
MOJICJUIAIITUPYBUM, OalmiopaTiioBud Ba aJanTUB  OOIIKAPWII TU3UMIIAPUHU
SPATUILHUHT UHCTPYMEHTaN BOCUTACUHU UIad yukuin (2006-2008); UT-5-36 -
«HedTh-kuMEBUIT KypwiiMa Ba MaXMyaJIapUHU TEXHOJIOTHK XaB(CU3IUTH
MOHUTOPUHTUHUHT  aXOOpOT-aHAIIMTUK HWHTEIUIEKTyal TU3UMUHU SApaTUID)
(2012-2014) Ba A-5-42 — «Anpwop HOAHUKJIWK IIAPOUTHIA TEXHOJIOTHUK
OOBEKTIapHUHT  ABTOMATJIAIITHUPUITAH  MOHHUTOPUHTH  Ba  OONIKAPUIITHUHT
MHTEJUIEKTyJTAIITUPUIITHY  1aCTypUi-UHCTpyMeHTan Bocutacw» (2015-2017)
MaB3yJapuaard WiMui Joiuxanapu qoupacuaa 0akapuira.

TaaKMKOTHHHI MaKcaJaW HOAHUKJIWK MIAPOUTHIA JIUHAMHUK OOBEKTIapHU
OouIKapuII Kapa€HIapuHH MHTEJUICKTYaJUTAII TUPHILL MoJIeJIIapH Ba
AJITOPUTMIIAPUHU UIILJIA0 YMKUIIAAH HOOpaT.

TagKuKoTHUHT Basudasapu:

UNUIad YUKAPUIN XOJIATIIADUHUHT HOAHUKJIMK IMAPOUTHUIATH JTUHAMUK
OObEeKTIIapHU OOIIKAPHII THU3UMIIADUHU TAAKWK KWIMIIHUHT HA3apusCH Ba
aMAJIMETUHUHT 3aMOHABUIN XOJIATUHU TU3UMIIU TAXJIWJ KUJIHII;

HOQHWKJIMK IIAPOWTHIA MYypakkad JWHAMHUK OOBEKTIIApHU OOIIKAPHUIII
*KapaCHUHU WHTEJUIEKTyaJUIAIIHUHT TaMOWWJUIApUHU Ba YCIYOUSTUHHM HIILIA0
YUKHILL

HOAQHUKJIUK IIAPOUTH/IA JUHAMUK OOBEKTIIApHU OOIIKAPHUIII KapaEHUHU
MHTEJUIEKTyJJTAIraH MOJEUIAIITUPUII MAaCaJIACUHU CTPYKTypaJIalll Ba
aJrOpUTMIIALL,

Mypakkad TMHAMHUK OOBEKTIAPHUHT aJalTHB HEHPO-KaThbUiiMac OOIIKAPHIII
TU3UMUHU TaxXJIWJI KWIHII Ba CHHTE3JIall alrOPUTMIIAPUHU UIIA0 YUKW, AUHAMUK
OOBEKTIAPHUHT TAJAKUK KUJIUII AJITOPUTMIIAPUHU Ba MOJCIIAIITHPHUIIIHH
aJITOPUTMUK aCOCUHU UIILIA0 YMKHIIL;
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unutad YMKWITaH JUHAMHUK OOBEKTIApHH OOIIKAPHUII THU3UMIIAPUHU TaTKUK
KWIMITHAHT MOJCJUIApH Ba aJTOPUTMIIAPU aCcOCHJIAa TEXHOJIOTHK KapaéHJIapHU
ABTOMATJIAIITHPUIITAH OOIIKAPHII MacaJlaJlApUHU SUMIINJIA KyJIIall.
TaaKUKOTHUHT 00beKTH cudaTHa UIUTad YUKAPHUII Ba3USITIapyu aHUKMAacC



Ba (PAOTUATH HOAHUKJIMK ITAPOUTHJIATH JUHAMUK OOBCKTIAPHUHT OOIIKAPHIIT
TU3UMHM KapaJiraH.

TagKUKOTHUHI NpeIMeTH - HEHPO-KarbuKMMac MOJEIJIAp acoCUla HOAHUK
IapouTiapaa JTUHAMMK 00BEKTIIAPHUHT OoIIKapuIII KapaCHIapuHU
HMHTEJUICKTYyaJlJIalll yCyJIJIapy Ba TaMONUJIIaApH.

TaaKUKOTHUHT ycyJaapu. TaakukoT KapaéHuaa TUZUMIIN TaxJIu,
KarbuiiMac TyIuiamyiap Ha3apusiCu, MaTeMAaTUK MOAECIUIAIITUPUIL, ABTOMATHK
OOILLKApHIIl Ha3apUsICH, MHTEIUICKTYyall OOIIKAPHII Ha3apHUsICH, CYHbUI MHTEIUICKT
Ha3apHUsACH Ba ONTUMAJUIAIITUPUIN YCYJUIApU KYJUTAaHUIITaH.

TaaKMKOTHUHT MJIMUII SHTWINTY Kyluaaruiaapiad uoopar:

SUMJIAJIUTaH MacaJaJIJApDHUHT acOCHil CHH(JIapU aHHWKJIAHTaH Ba HOAHUKJIMK
mapoutuia  GaonusIT KypcaTa€TraH JMHAMUK OOBEKTJIAPHUHT  OONIKApHII
KapaéHJIapUHU UHTEJJISKTYJJIATHUHT TaMONUIIIapU UIIa0 YMKHUIITaH;

3aMOHAaBUM  OOIIKApPHUII  Ha3apwsICH Ba  HMHTEIUICKTyaldl  TEXHOJIOTHS
YCYJUIApUHUHT WHTETPAIUsCH acoCHJia WILIA0 YMKAPHUIN Ba3HUsTIAPU HOAHUKJIHK
mapoutuia GaousIT KypcaTyBUM JUHAMHUK OOBEKTIApPHH OOIIKApHII KapaEHUHU
MHTENEKTyaUIalliraH TU3UMUHU SPATUIIHUHT sTHTU4Ya cudar KYpUHHUIIUIArd
€HIaTyBH UILIA0 YMKUJITaH;

TUHAMHUK OOBETIAPHUHT OOIIKAPHUII THU3UMJIAPUHU MOCJAIIyBYaH Xoccara
ara OynraH Ba OOIIKAPUIIYBUM >Kapa¢HIAPHUHT JUHAMUK XyCYCUATIAPUHU XHCOOTa
OJIyBYM MaBXKYyJl TypJid MoJiejuiapjaH ¢apK KWJIyBYM HHTEJUICKTyasulalirad Tuopu;y
MOJeIUIap MaXMyacH UIJIa0 YUKUITaH;

JUHAMUK  OOBEKTIAPHUHT  MOJACIUIAIITUPUIN  aJTOPUTMIIAPUHU  TaJTKUK
KWIAITHAHT OOMIKAPUII KAPOPUHU KaOyJl KWJIMII Ba DHT SIXIIW MOJEIMHU TaHJIaII
MacajaajJapuHUHT CUNMMHH TabMUHJIOBYU MOJICJUTAIITUPHUIILL camapaliu
aJITOPUTMJIAPH SIPATUJITAH;

CTPYKTypacH, napaMeTpiapy Ba Ba3UsATIapy HOAHUKJIMK IIAPOUTUIATH Y3UAa
aHbaHABMK aBTOMATHK OOIIKAPHWIN HA3apuUsICH YCy/Ulapy Ba HMHTEIUICKTyasl
OOLIKApWIII ~ TAMOWWIMHM  jKamjlaraH JUHAMUK  OOBEKTJIapHU  OOIIKApHII
MacajlaCMHH UHTEJUIEKTyaJlallral €4yBUYUCH SIPaTUIITaH;

JTUHAMUK OOBEKTIApHM aIallITUB HEHPO-KaTbuiiMac Ba Oarroparsiari
MOJIeIIJIapHu acocuaa OOBEKTHUHT YITYaHMaWIUTaH KOOpAMHATAIapUHN aHUKJIAIII,
OOIIKApHIIl TU3UMUHUHT TTapaMeTPIapUHA KOPPEKIIUSIIAII Ba CUHTE3JIall
aNrOpUTMIIAPU UILIA0 YUKHUIITAH;

HOQHUKJIUK IIAPOUTHJIAa CaHOAT OOBEKTIApUHU OOIIKAPWII MacajlajJapuHu
caMapajay e4yuIIa UACHTU(HUKAIMSIANI Ba TCHETHK AJTOPUTMIIAP KOMOWHAIIHSICH
MaKJIWJard  MHTEPAKTUB  aJanTalusiiall  yCyJura acocClaHraH JUHaMHK
O0OBEKTIAPHUHT OOIIKAPHUII TUZUMHHU MOCJIAIlyBYaH HEHPO-KaTbUiiMac
CHHTE3JIalll AJITOPUTMIIAPH SIpaTUITaH.

TagKUKOTHUHT aMaJMil HATUKACU KyHuaaruiapaad noopar: KyHuiarad MaKkcaara
acoCaH KUIWH MaK/UIaHTUPIITYBYH Kapa¢HIIapHA THOPHU]T MOJCIITIapUHU
HIAKJUTAHTUPUII Kapa€HUHYU aBTOMATIAIITUPHUILITA
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MYIDKaJUlaHraH, Owiumiap 0a3acMHU  TYJNIUPHIL, OOLIKApUII  TU3UMHHH



CUHTE3JAIlra XW3MaT KWJIYyBUYM JUHAMHUK OOBEKTJIApHU OOIIKApUII KapaCHUHU
MHTEJUICKTYJUTAIITUPUILIHUHT JACTYpUi MakMya KYPHUHHUIIMAATA WHCTPYMEHTAJ
BOCHUTAJAp SpaTUITaH;

AIIEKTPOIHEPTETUK OOBEKTIAp Ba HEPTh-KUME MaKMyaTapUHUHT TEXHOJOTUK
arperamjiapyHyd ONTHMaJl WIUIANl PEKUMIIAPUHU TaHJIAll XUCOOUTra  SHEPrus
cappuHU KaMaWTUPHII Ba YHUHT HATIKAacHJa UIUTA0 YUKAPUII caMapaJopiIuTrHHH
OIIMPHII Xama TYPJId aBapusi Ba3USITIAPUHU OJITUHU OJIUIII
MMKOHHHH OepyBYH OOBEKTIAPHUHT TEXHOJIOTHUK MapaMeTpIIapuHu
aBTOMATIAIITUPUIITAH MOHUTOPUHTHY Ba OOIIKAPUII TU3UMHU UIILIA0 YMKUIITAH;
aBTOMATHK OOLIKAPUIL TUZUMIIAPUHH CUHTE3JAIIHUHT CTAaHAAPT €HJIAllyBU €TapIiu
camapara sra 0yaMaras XoJl yuyH, sS’bHU MapaMeTpiiu Ba aXO0pOT HOAHMKJIMTUTA
ara Mypakka0 HOYM3HUKJIN 0OBEKTIapHU OOILIKApUIIIA caMapaliy OyJaraH
MOCTIalTyBUYaH HEUPO-KaTbuiMac OOIMIKAPUII TU3UMHU UIILIA0 YuKuiarad. Tagkukor
HATHKAJIAPUHUHT HITOHYIHINTH. TaAKUKOT HATHKATAPUHUHT HILIOHYWIMIINTY
KaTbHiIMac TYIIaM Ba MAHTUKKA ACOCJIAHTaH JMHAMHUK OOBEKTIApPHH UHTEJUICKTYal
OOIIKApHIIl Ha3apHUil aCOCTAPUHUHT OaXKaPWIHIIKA, WHTEIUICKTyasl OOIIKaAPHIII
MacallaJlapuHU €UHIIl YCY/UIapy acoCH/ia TMHAMHUK OOBEKTIapHU aJanThB
OOITKAPUIITHUHT Ha3apUi aCOCIaHTaH KOHIEMIUSIAPUHUHAT KYJIJTAaHUIHIIIH,
MHTEIJIEKTYall OOLIKAPUIITHUHT anpoOalysl KWIMHTaH yCyljlapy Ba
AJITOPUTMIIAPUHU UILJIATHIIMIIN, UHTEIJIEKTYas OOIIKAPUIITHUHT TakJIu( dTuiran
yCyJUIapy Ba aJITOPUTMIIAPUHU Tajad KUJIMHTaH SKUHJIAIINII Japakacu, Ha3apui
aManui TaJKUKOTIAPHUHT OJIMHTaH HaTH>KaJlapy Ba YJIAPHUHT ¥3ap0 MOCIIHUTU
Ona” U30XJIaHAIH.

TagKUKOT HATHKAJTAPUHUHT MJIMHUI Ba aMaJIUil aXxaMUSATH. TaaKuKoTIa
OJIMHTaH HaTWKaJTapHUHT UJIMUM aXaMUSITH Y3JIYKCU3-IUCKPET XapaKTepJaru
TEXHOJIOTMK OOBEKTIApHU OOLIKAPHUIII XKAapaEHUHU WHTEJUICKTYyaJlJIall MacajJaCuHu
camapalid €4uill UMKOHUHU OepyBUYM HOAHUKJIMK IIAPOWTH Ba UILTA0 YHKAPHIII
Ba3USATHHUHT aHUK 3MACIIMK IIapouTha HaoausT KypcaTyBuu AUHAMUK
O0OBEKTIaPHUHT OOIIKAPHUII TU3UMIIADUHUA ABTOMATIAIITUPUITAH TATKUK
KWIHIIHUHT yCYJUIapy, MOJIeJUIapy Ba aJITOPUTMIIAPUHU SPATHUI YCIyOUSITHHU
unu1ad yukumaan nooparaup. Mmmga taknud dTUiaran rudpua xapakTepiiu
HeWpo-KaTbHuiiMac MoJiesuiap MabiayMoTiap OazacuHu udomaail,
MOJICJUTAIITUPHUILL, CHHTE31alll Ba MIAK/UVIAHTUPUIIHUHT SITOHA MaTeMaTUK aCOCUHU
oepaau.

OnuHraH HaTWKAJAPHUHT aMalduil  axaMusaTh OOIIKApUIll TU3UMHUHU
JolMxaam Macajajapuia Typiad HIiad YMKapuil BasUSTIAPUHH Oaliopariail Ba
TaxXJIWI KWW Xamja onTuMal OOMIKApUIIl €YUMUHU Tallllalll UMKOHUHU OepyBYU
JACTypuil  Makmya  KYpPUHHUIIMAA  TacBHUpJaHTaH JAUHAMUK  OObEKTJIapHU
aBTOMATJAIITUPUIITAH  MOHUTOPHMHTH  Ba  OONIKAPUIIHWHT  WHCTPYMEHTA
BOCUTACUHU spaTuinad ndopar. HoaHMKIMK maponTuia JTMHAaMUK O0OBEKTIIAPHUHT
OolIKapHIll >KapaéHUHU WHTEIUICKTyUTAIITHPUIITHUHT SpaTWiraH Mojesiiapu Ba
aNrOpUTMIIAPU Y3ITYKCU3 XamjJia JUCKPET XapakTepyiu unuiad  4YUKapUITHUHT
TEXHOJIOTHK >Kapa€HJIApUHU HHTEJJIEKTyan OOIIKApWII CUCTEMAaCHHM SIPATUILIA
KEHT KyJlamMJa KYJUIAHWJIAIIN MyMKHH.
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TagKUKOT HATHKAJIAPUHMHT KOPUHA KUJIMHUIIHA. AJJaNITUB HEHUPO
KaTbuiiMac OOLIKAPUII CUCTEMAJIapu Ba THOPUJT MOJIEIITIapU acoCua sipaTUiral
MHCTPYMEHTAJI IACTypHil BOCHTaJIap acocHaa «Y36eksnepro» Jlapiar
Axnusgopauk KoMranuscu TU3MMHUTra KUPYBYM KOpXOHalIapAaa, )xymiaaas, JSCIV
«Deutsche Kabel AG Tashkenty», «Delta Nety MUK, «SIaru texunonorusiiap»
WIMUK-TAAKUKOT MapKa3uaa >KOpUil KUJIUHTaH (?36eKI/ICT0H Pecnybnukacu
«Y36exsnepron JJAK munr 2016 jiun 12 maiinaru JIA-01-21/1953-con
MabIyMOTHOMACH). MIIMHUI-TaIKUKOT HATHXKaTapyu TUHAMHUK OObEKTIapHU
aBTOMATJIAIlIraH MOHUTOPUHTY Ba MHTEJUIEKTyaJUIalliraH OOIIKapHUIII )KapacHuIa
ax0opoTiap OKUMUHHU KalTa UIIUIAII Ba TaX I KWJINII KapaéHuHu 1,26 maprara
KUCKAapTUPHILL, TEXHOJIOTMK OOBEKTIAPHUHT SHEPTUs TABMUHOTH]IA SHEPT U
cappunu 1,15% ra kamalTUpUII Ba UILIA0 YUKAPHUII CaMapaTOPIUTHHU
OIIMPUIITHY TAbMUHJIAIITA XU3MaT KUJIaIH.

TagKuKOT HATHXKAJAPUHUHT anpoOaumsicu. TagkuKoOT HaTwxkanapu 47 ta
WIMHN-TEXHUK, Iy XymilaZaH 32 XajlKapo aHKyMaHjlapAa MyXOKaMa KWIMHTaH:
«21 acp mmoban wmyammomapu Ba TexHuK dannap» (Tomkent, 2001);
«nnoBanua-2003» (Tomkent, 2003); «TYKUMauyuiIMK CAHOATUHUHT 3aMOHABUIMA
Kypuiamaiapu Ba TexHoiorusmapu» (Mocksa, 2003); «TexHuka Ba TEXHOJIOTHUsIarH
matematuk ycymnap» (C.IlerepOypr, 2003); «Tabiumpma, TexHHKaga Ba HUIMAA
nHOOKOMMYHUKalMsUTap Ba XxucoOmam TtexHoyorusuiapw»  (Tomkent, 2004);
«TYykuMaunaMK Ba €HTWJI caHoaTrra axOOpOT KOMMYHMKAIIMOH TEXHOJIOTHSIIAapHU
wopuid kuuiny (Tomkent, 2005, 2007); World Conference of Intelligent Systems
for Industrial Automation (Tashkent, 2002-2014), «MamuHaco3/IUKIa TEXHUKA Ba
TEXHOJIOTHsUIAp 3aMOHaBUi Marepuamiapu» (AnguxoH, 2012, 2014); «Tor-koH
METAJTyprys COXacCHJa Ba YHUHI PUBOXKJIAHMIN WYIUIAry 3aMOHABUN TEXHHUKA Ba
texnonorusuiap» (Haomit, 2013); «CyHbUil HHTEIIEKTa HWHTETpaliallraH
Mozesuiap Ba “rommok’ xucoomanuiapy (Komomua, 2013); «Seventh International
Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control - ICSCCW-2013», (Izmir, Turkey, 2013);
«Proceedings Eleventh International Conference on Application of Fuzzy Systems
and Soft Computing -ICAFS-2014» (Paris, France, 2014); «The 11" International
Conference on Multimedia Information Technology and Application —-MITA-2015»
(Tomikent, 2015); «XXI acp wiMuil TapakKUETH. SIHTH 103 HUIUTMKHUHT TapaKKUETH
Ba MmyBaddakuétn» (HoBocubupck, 2015); Ba 12 ta pecnybnuka aHXKymaHiapua
anpoOanusiiad YTKa3uira.

TagKMKOT HATHXKAJTAPUHMHI JbJOH KHJIMHMIIM. Jluccepranus MaB3ycu
Oyitnua s>xkamMu 88 Ta WJIMHMA WIN YOI STHJITAH, mIyjJapaaH, | Ta MoHorpaduwus,
V36exucron Pecny6nukacu Omuif  arTecTanus KOMUCCHSACHHHHI —JTOKTOPIHK
IUCCEPTALUSIIAPU ACOCUM WIMUKA HATHKAJIIAPUHHU YOIl ATUILI TABCHUS ATWITAaH WIMHHU
Hampiapaa 40 ta Makona, )KymJiaJaH, 6 TaCH XOpU KU Ba KOJITaHJIapHu PeCIyOivKa
KypHaJJIapyaa Hamp KWIMHraH Xxamjaa 15 ta OXM ydyH sipatuirad JacTypuil
BOCUTAJIAPHU KAl KUJIUII TYBOXHOMACH OJIMHTaH.

JluccepTauMAHUHT Xa:KMHM Ba TY3WJuIIU. Jluccepranys TapKuOW KUPHII,



6emra 000, Xynoca, hoigananunTad anadueTaap pyxaru Ba WioBaJIapiaan uOopar.
JluccepTansaHUHT XXMy 198 GeTHU TaIIKUII ATraH.
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JIACCEPTAIIMSTHUHT ACOCUH MASMYHH

Kupum xucMmuaa yTka3wiraH TaAKUKOTIAPHHUHT JI0J3apOJIMrU Ba 3apypaTu
acoCllaHTaH, TAJAKUKOTHUHT Makcaau Ba Basudaiapu, OOBEKT Ba MpeaMETIIapu
TaBcudUIaHTaH, peciyonuka (paH Ba TEXHOJOTHUIAPU PUBOXKIAHUIIMHUHT YCTYBOD
HYyHaIMIuIapura MOCIUTH KYpCcaTWiIraH, TaJAKUKOTHUHT WJIMUN SHTWIMTH Ba
amanuii Hatwxkanapyu OaéH KUJIMHIAH, OJIMHTaH HATWKAJAPHUHI WIMUN Ba aMajuil
axaMusITH 04uO OepwiiraH, TaJAKUKOT HATHKAIAPUHU aMaIHETTa >KOPHA KWJIHII,
Hallp OTWITaH WIUIAp Ba JAUCCEpTAlUsl TY3WIMIIM OViiM4a MabiIyMOTIap
KEJITUPUJITaH.

HucceprauusHuHr «/IlMHAaMHK 00beKTIAPDHM OOLIKAPHMII KAPACHUHU
HHTEJJIEKTYyaJlJIalll MyaMMOJIADUHU 3aMOHABHUI X0JIATUHU TU3UMJIN TaXJIHJIN
ne6 HoOMITaHTaH OMpUHYM 000UAa TYpJIHM XWJI HOAHUKJIMKIIAD IAPOWTH]IA WIIJIOBYU
IMHAMUK OOBEKTIADHU MHTEIJUICKTyad OOIIKapuIll  THU3UMIIADUHU Ha3apuil Ba
amMaluii KypHUILIHUHI 3aMOHaBUH XonaTu €puTwirad. JluHamuk oOBEKTIIapHU
OolKapuil xapa€Huja nHaigo OYyiaauraH HOAHUKJIUKIAPHUHT KEJIHO YHUKHUII
cababyapy OMIMHIIAII THPUIITAH.

XO03HUpru BakTAa CaHOAT MIUIA0 YMKAPUIIWHM aBTOMATIAIITUPUII OWJIaH
Oornuk  Oynaran amanuil  coxagard  (QaHmapHuHr  (aon  PUBOKIAHUIIM
Ky3atuiMmokaa. Ly cababmu rokopu napakald aBTOHOMJIMKKA MOCIAIYBYaHIIUK
X0ccacura, WIIOHWIMIMKKA Ba HOAHUKIWK IIApOWTIapAa OKopu cudarra sra
OYnTaH TYpJIM XU TEXHUK TU3UMIIAPHHU SIPATHUII 3apyPUSITH Maiia0 OYIiu.

bynmait Tu3umitapHUHT OomKapuill OOBEKTH Mypakkad, Ky Yiauamiy,
YU3UKCU3 OOMIKApHUII THU3UMJIIapu OYiu0, ynap 3apypuil doiganaHum TaBcudu Ba
KeHI (PYHKIMOHAJI HMKOHHUSTIApra Oamopariaim MMKOHUSTHrA, XamJa TallKu
TabCHUP Ba TUBUMHUHT )KOPUI X0JaTra MOCIallyBUaH XyCCyCUTHUTa 3Traiup.

Tuzumnapaary OMWUIAPHUHT HOAQHUKJWIU Ba Y3rapyBYaHJIMIUA JUHAMHK
TU3UMJIAD XOJIAaTUHU OalopariioBud, Y3 HaBOaTuga OOIIKApUIIl MacallaCUHU
CUUIIIHA MYypakkaOnamumura oaud keinaau. AlHuKca, peas mapoutia (Haoiaust
KypcaraéTraH TEXHOJOTHK OOBEKTIIapAa Ccoaup OyiaauraH uNUad YUKApHII
Ba3USTIAPHUHT HOAHUKJIUTH, XKapa€H MOIETUHUHT XaTOJNUTH OOBEKTIaH oJaéTran
ax0opoJyiap OKUMUHHU KaTTAJIMTH Ba XaTOJIMKIApU Xam/1a yIapHHU KailTa MIUTAIIHUHT
MypakkaOmuru, OyHAall AUHAMUK TH3UMJIApPHU OOIIKAapUII  AJIrOPUTMUHUHLT
SApaTHIHA KUWWHIAIITApaaun Ba Oy MacalaHW €4uIla 3aMOHaBHNA — axOopoT
TEXHOJIOTHSUIAPH I0TYKJIapAaH (porgamaHuIl 3apypUSTUHN TYFAUPAIH.

bynmait Oomkapuil THU3UMIIADUHU SpaTUIAa HOCTAHAAPT yCyliapjaaH
doigananum Ttanad stunagu. by sca ¥3 HaBOartuga TEXHOJOTHK OOBEKTHIIA
WMHTEJUIEKyTald OOILIKapHIll YCyJlapu Ba HHCTPYMEHTaJl BOCHUTAJIapUHHU SPATHII
3apypUSTUHU TYFIUPAIN.

TuzumiapHu aHbaHaBUWA TAAKUK OTUII YyCyliapu OVIMUIN aJanThB Ba
poOacT cuH(puUra KUpyBYM OOLIKAPUII TU3UMIIAPU TabCUPJIApHU OaxoJiall yCyinu Ba



OOIIKApUIl TU3UMHUHHUHT CTPYKTYpaCMHM aHWK OCpUiIuIIM TMIapTiiapd OuiaH
KAAUHYAIMKIIApTa Jy4 KeJIaIH.
Bomkapum xonamiapiuan 6axoJal Xxam1a JMHAMAK TU3UMIIApHUHT
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xKapa€Hiapy Ba XOJUCAJApPUHU MOACIUIAIITUPUIIHUHT YCIYyOUl KUXaTIIapuHU
TaxJIMJI KWIMII UIYHW KYpcaTaJuKH, YJIapHU HH(OPMALMOH aHUKJIAHMaraHJIMK
mapoutiapuaa  (QU3MK-KUMEBUN  KOHYHHMSITJIAp Ba HOaHUK cabab-oxkuOar
OOFJIMKJIMKJIAPUHU YBTUOOpTa OJITaH XOJIa THU3UMIIM TAIKUK STHUII Macaiallapura
KepaKIM Japakasa ybTHO0p KapaTHUiIMaraH.

IOxopuna kentupuiranigapra Kypa IMHaMUK 00bEKTIap Ba HOAHUK cabad
OKMOAaT aJOKAJIAPUHUHT XYCyCHUSITIApH XaMa HHPOPMAMOH HOAHUKJIUK
mapouTIapuaa Kapop Kadyil KWIHIITHA YbTHOOPTa OJTaH XOJAa TH3UMIIH TaxXJIHII,
MaTeMaTUK MOJEIUIAIITUPHIIL, aX00poTIapra UILIOB OEpHUIl Ba TAAKUKOTHUHT
Mypakkad IMHAMUK OObEKTIapHHU OOIIKAPUIL YCYJUTAPUHU KYJIall, €4UMU UIILIa0
YUKApHIL CaMapaJ0pJIMTMHU OLUMPHIL UMKOHUHM OepaJuraH MyXuM MacajiajapiaH
Oupu 6YMO KoJIaBepaIu.

Hoanuk Qaxrtopiap Mapxymauruaa OOMIKApHILI HA3apUSICUHUHI aHbaHABUUI
yCyJIapy y4yH AMHAMHUK 00BEKTIIapHU OOIIKAPHII aJTOpUTMIIAPH Ba MOJIEJUIAPUHU
ApaTHIl IIYHYaJUK Mypakkad Ba HOTPUBHAIIM, YHHU €UYMII YYyH 3aMOHaBUU
MH(OPMALIMOH TEXHOJIOTUSJIADUHUHI PUBOXKJIAHUII IOTYKJIApPUHU XHMCOOra oJiraH
X0J/1a SIHTH Ba MaBXyl YCY/UIAPHUHT MOMU(MUKAIMACUHU WIUIA0 YWKHII Tanad
STWIMIIY TU3UMITU TaXJIWJI acoCua YpraHuiau.

@aH Ba TEXHUKAHUHI TYypiu coxajapuaa KYJUIAaHWIAJUraH WHTEJUIEKTyall
ABTOMAaTHK OOIIKApHILI TU3UMIIAPUHU KYyPULIHUHT KYI1ad MOJEN Ba alropuTMiapu
MaBXyJl. YJIapAaH 3HT KYII TapKaJraHjiapu HEUPOH TApMOKJIapy, HOAHUK TU3HMIIAp,
AKCIEPT OOLIKAPUII TU3UMIIAPH, TEHETHK aJITOPUTMIIAP, MabIIyMOTIAPHU KYPHIIL,
€4nMIIap JapaxTy Ba “ysin’ UHTEJUICKTIAPUIUD.

TU3MMHUHT W1 peXUMIIApUra TabCUpP 3TYBUM OMUJUIAPHUHI HOAHUKJIMIU
mapouTiapuia UIUIAMAWTaH JAUHAMUK  OOIIKApUII THU3UMIIAPUHU  pacMUU
udonanani, MOICIUIAINITUPHII Ba TAIKUK KUIUII YCY/UIAPUHUHT TaXJIWIA TUHAMUK
O0ObEeKTJIapHU OOILIKAPHUII KapaHJIApUHU HHTEJUICKTYaJUTAIITUPHUII YYyH Oa3aBuit
acoc XucoOJaHyBYM aBTOMAaTHK OOIIKApHII Ha3apusicHU yCyIJlapu Xamja HOAHMK
MaHTUK (TYIUIamyiap) Ha3apUsICUHU Y3 WYUra OJYBYM THMOpUJ YCYJUIapHU KYJUIall
SHT a/IEKBaT Ba XaJl KWIMHAIUTaH Macajaiap SKaHJIUTMHUA KYpCaTau.

bupunun 60612 nuccepranus TaAKUKOTH YCIyOHuii 60CcKu4Iapu Ba
HYHAIMIIUTAPUHUHT CTPYKTYpacu acocuil ypuH sramiarad (1-pacm). YHna
MHTEJUIEKTyJJTAIITUPUIITaH OOLIKAPUI YCYUIAPUHU Y3 UYUTa OJIyBYU
MabJIyMOTap Ba Ounumiiap 6a3ajgapy MHTETPALUsACH acoCUIaru Tuopu
uH()OPMAITMOH TEXHOJIOTHsIIapAaH (OiTaTaHUIITHA Ha3apaa TYTyBUM MypPaKKao
IMHAMUK O0BEKTIIApHU OOLIKAPUII KapaHUHU TAJIKUK KUJIUII Ba
MHTEJUIEKTyJJTAIITHPUIT KOHUENIUSIAPU aKC STTUPUIITAH.



IMpeameTHas uH(pOpPMAIHOHHbIE
IMpenmer TEXHOJIOTHSIIapU
00J1aCTh TEXHOJIOTHA
coxacu

bJ1 b3 Mb bb
[Ipob6aema
Myammo
Konnenmusa
Konnenmums

JluHaMu9ecKuii 00BEKT
Hoanuk maoputnapna
XapakaTIaHyB4YX THHAMUK
(DYHKIIMOHHUPYIOIIHH B
00BeKT

YCIIOBUSAX HEONPENEIEHHOCTH

JluHaMUK 0OBEKTIIApHUHT TIpUHLHITBL
GomKapuur WHTennexryammamTupuirad
Pacumpenne HMHTEJUIEKTYaIH3HPOBAHHOTO

AITOPUTMUYECKUX U
TU3UMJIAPUHHUHT MHTEJICKTYall
pa3BUTHE MHTEIJIEKTYyJIbHBIX
UMKOHUSTIApUHH
PHUBOXJIAHUILU Ba
BO3MOXKHOCTEW CHCTEMBI
YIPaBJICHUSI AJITOPUTMHUK
KEeHral TUpUII
JIUHAMUYIECKAMHU 00BhEKTaMHU

OONIKApUIII TAMOWWILIIApU
YIpaBICHUS

I'ubpunHsIe
T'ubpun ax6opot
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NBCuuHr AJTOPUTMBI

Monennap Meronpt bomkapu xxapa€¢auan
MO,Z[eJ'II/I H Ba ycyiap TaXJIMJIU Ba HMHTEJUIEKTYyaUIaIl TUPULLL
METOJIBI aHam3a u HHTEIUIEKTyalIn3alH
I'mOpunnbie Monenu CHHTE3H aITOPUTMIIAPU
MOHMTOPHHT Ba cuntesza UCY rpolecca yupaBjieHus
HMHTEJUIEKTyall ycylapu
MOHHUTOPHHTIA U M
€TO/IBI pean3anun
OOLIKAPUIITHUHT THOPH]T VP3Vaunr K JIBI P 1
apacH MOHHUTOPHUHIHU Ba

UHTEJUIEKTYaIbHOTO TnGpuambre P p

rudpun OOLIKAPUILIHY aMajra
MojieIuIapH

monenu UP3Y npouecca MOHUTOPHUHTA

MOZEIIIApH OLIMPHII yCyJapu

Helipo-HedeTkast Moznens ¥ YIPaBICHUS
yIpaBJICHUS S .

Heiipo-karbuiiMac MOLCN Cyryanmonmsie Mogenu

- OowIKapuIl XKapaEHUHU 06
MeTozbi OCHOBA 'EKT XapaKaTHHUHT
bb sa Mbunap uHTeseKTyaamupu PYHKITHOHHPOBAHUS
UHTErapius HMHTEJUICKTyaJIn3aluy  Ba3HATIM MOAEIH
HUHTETPaluu acocu 0GBeKTa
cu ycyiiapn [POLIECCOB YIIPABICHHS
b/l u b3

Bamopar kumyBun
Heiipo-HeueTkas
MOJIEIUIH Helpo
aJanTUBHAs CUCTEMA
HOKAThUH aJalTHB
C IPOrHO3UpPYIOIIEH
TU3UM
MOJIEJIbIO

MNBCununr ax6opot
Mertonb! U Mozenu
TabMHUHOTH
UH(pOPMaLTMOHHOTO
MOJIEIUIapH Ba
obecneuenust UCY
ycyiapu

Bbamopar xuiryBun
IIporuosupyromue
Mozieap
MOJENHN

1-pacm. Auccepranusi TAAKMKOTHHUHI METOI0JOTHK
ACIEeKTH Ba HYHAIUILIAPH
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VYenyOusitaa HOAaHUKJIMK IIapOUTIIapy/ia UITUTANANTaH TUHAMUK OOBEKTIapHU
OolIKapuill  MacajajlapuHU  aBTOMATIAIITUPUITAaH  €4yBUYMHUHT TuopuI

VMHTEJUICKTYyaJI MOJEJUIapH, aJanTUB HEWpO-KarbuiMac MoOJeiiap,  JAWHAMUK
OOBbEeKTIIapHU OOIIKApUIIl Macaiajapuaa HEeHpo-KaTbUiiMac aJanTHB MOJEIUIApHU
amajra OIIMPHUII YCyJJIapH, IIYHUHIZIEK ax0opomiapra HWIUIOB  OCpPUIITHUHT



MHTEJUICKTYaJI YCY/UTApUHH HIIIIA0 YMKAPHUINTa aJIOXHIa Y5THO0p OepriiraH.

JluccepranussHuHT «InHaMuk 00bEeKTIIAPHU aBTOMATJIAINTaH
OOIIKAPMIIHUHT HHTEUIEKTYa/JIall KOHIENMIMUSACH BAa MeTOH0JIOTUsicH» J1e0
HOMJIAHTaH MKKMHYM Oo0uzma Oomkapuin Oyiinua Kapopiap KaOya KWJIUII Ba
OOIIKApHII TH3UMJIAPUHU WIIA0 YMKHINIA SUUIauraH SHI MyXUM Ba KYI MEXHAT
Tajad KWjaguraH MmacajajapiaH Oupu XucoOJaHyBUM JUHAMHK >KapaéHJIApHUHT
MOJIeJUTapH UIIIA0 YUKUIITaH.

Kapa€unapau OOIIKApHIN TU3UMIIAPWHM HIILIA0 YHUKHUIIIA aCOCHH YBTHOOD
axOOpOTHM KalTa WIUIall Ba OOIIKApUIN TAbCUPUHHM HILIA0 YMKUIIHUHT FOKOPHU
caMapaju YCyJUIapuHHU SpaThil XucoOiaHaau. by MyaMMOHHM edudil Mypakkao
mapouTiapja HWIUIOBYM  THU3UMJIAPHUHT  HOAQHUKJIWK Ba  TalllKM  MYXUT
XyCYCUSITJIADUHUHT Y3Tapulilld, aHOMaJl XOJIATIADHUHT Taijao Oymumm, OoIika
KypuiMaiapHu OOIIKapUIl KOMAaHAAJIApPUHU MIAKJUIAHTUPHUII Ba amalira OUIMPyBYU
ax0opoT MaHOAJapWHM, ajoKa KaHaJUIAQPWHH, TEXHUK BOCHUTAJAPUHU HIIAaH
YUKWIIWA, IIYHUHIJICK FallaéH Ba XaJTaKUTIAPHUHT CHEeUU(PUK TabCHUpJIapUHU
KypcaryB4d MaTeMaTHK MOJECIIMHU MIUTa0 YMKUII OnsiaH OeBocuTa OOFIIHK.

bynpaii €HpamlyBHUHT KYJUIQHWIIM MOJEIUIApAA TYPJU KYpPHUHUIIIArd
HOAHUKJIMKJIAp MaBXKya Oyiaranma, SbHH OOIIKAPYB C€UYMMHHH TaHJIANl MY>KMall
aHWKJIaHTaH, Oab3aH ¢akarruHu cudar Kypcarruwiapu OepwiraH Mojel Ba
npoleaypaiapaa  Mypakkad oObEKTIIApHM camapaid OOIIKAPUIIHA  amajra
OLLIMPHIL UIMKOHUHH Oepaiu.

YMymuii xosaa OOMKapUIll TH3SUMUHUHT JUHAMUKACUHU X0JIaT
TEeHIIaMaJiapu €paamuaa udoanan MyMKHAH:

X1 = F(xk,uk),k =0,N,
X € Xu, €U,

Oy epaa X — xonat ¢dazocu, U- MyMKuH OYJraH OoMIKapuill Tyiamu, F —
XOJIATHUHT YTKUHYU (QYHKIMICH, YMYMUN X0JIJ1a YM3UKCU3 KYypUHHIIa Oynanu: F :
XxU - X.

TynuK aHMKJIaHMarad >kapa€HiapHy KaTrbUMMac TyIUIaM anmaparu €paaMuaa
mMonetamTipuil - MymMkuH. Koaddumuentiap Ba Oup KaHua  KaTTaJIUKIIap
TAATYKJIUIUK (PYHKIUSACU KYPUHHIIKMA OCPUIIUIIN MYMKUH. Y Xo0Jij1a OOIIKapHII
TU3UMHA JUHAMHUKacu X x U x X KaTbUMMac JEKapT KYyMaWTMacu OCTTYIUIaMHUHU
ndoganoBun KarpuiiMac MyHocabatiap OunaH udomaraHaIn.

F:XxUxX - [0,1],

Typnu KYpUHHIIIATY HOAHUKJIUKIIApTa 3ra TUHAMHK TH3HM YYyH YTKUHIU

byHKIIMS Kyiuaarnda E3WIAIITN MyMKIH

F:XxU - XP,
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oyama XP - X [1a »SXTUMOJUIMKHUHT TaKCHUMJIAHMIN TYyIulamMu. Mojenia
HOAHUKJIMKHU XMCOOTa OJHUIN YYyH yHTa Tacoauduil KarTaMkK EKu Kod(PUIIMEHT
KUPUTHUIII MYMKUH. AMMO Oy Mojesuiapja 3XTUMOJIIap TaAKCUMOTUHH KypHIIl Y9yH
MabJIyM MablIyMOTIapra sra OynuI 3apyp.

Kapanaérran macana cuHQUHM pacMUNIAIITUPHUIN TH3UM Ba KapacHiap



KOMIIO3UIIUSACUHU Y3uaa uOmaToBYM THOPUI MOJACIUIAPHUHT MaTeMaTHK THIIN
€prammia TabUMii paBUIIIa aMalira OIIUPUITAIITT MyMKHH.
Bynnait mozien Kyiuaaru TeHriamanap €paamMuaa udoaaaaHuI MyMKWH:

[]
HE
xk@mkkmkkukxk

(DO, 0O, (D, (D, )0

+=++-+

[O, O, (D, (1), O] O
]
++ +-

I'mkkmkkukwk

k

(DL, (DITCD, (DI, 14
] |
ckHmkkGmkkvk,,

+=+++++-
++

OyHaa x(k) — ymyMm#uii 6omkapuin oObEeKTH Ba TAIllKa MyXUT MOJCTUHUHT
KEHTalTHPHUJITaH X0JIaT BEKTOPH; u(k) — OOIIKAPHII TabCUPIIAPH BEKTOPH: z(k +1) —
Ha3opaT KWW MyMKHH OYJIraH KaTTaJuKJIap BEKTOpH; w(k) Ba v(k) —keT™a , , @, 1 H,
u [] Giwi—
KETJIUTH KOppelsusuIanMarad y3apo sexropiap; [-] [ [] +
yidaamiiapra MOC MaTpuniaiiv QpyHKIusap.

Acocuii  MOZETAITUPWIYBYM  TH3UM  TAAKUK  OTWIAETTaH  TU3UM
JTUHAMUKACUHUHT  Hepapxuk  udomacu  xucoOnaHaad, OyHIa  THU3UMHU
a0CTPaKTIAIITUPUIIHUHT ~ Typiu  caTXJIapd HYKTald Ha3apuJlaH JAUHAMUK
Xycycusatiapu udonanaHaam.

MacananuHr equmura Kalys KUIMHAETraH UePApXUK MOJEIMHU UKKUTA
HyHanumra Oynuim Takiaug dTUIaau:

- BepTukai Oyiinua uepapxus, OyH/1a MOJICIIHU TU3UMHUHT CTPYKTYpPaBH
dbyHKIMsACH OViinYa carxJiapra OYIuI amaira O PIIIaIu;

- ropu3oHTan OYViinya uepapxus, OyH/1a MOJICIIHA TAIKUK STHUII yCYJIUTa
OOFJIMK X0JIJIa caTXJiapra OYIuII amaira OIIupuIIaIu.

Beprukan 6Viinya nepapxusiianiga MoJeuiap yqra carxra OyJIuHraH:

- coaa MoziesuIapian nbopar 6azaBuii MojesIap caTXu;

- XyCyCHW MacalaJlapHU €UuIlra UyHaITUpuiarad (yHKIMOHAJ TyTaJlJlaHTaH
KypWIMaJAapHUHT CTPYKTYpaBUN-(QYHKIIMOHANT XOCCaJlapHH KypcaTyB4M JIOKall
MOJIEJIIap CaTXu;

- TU3UMJIAPHUHT TAalIKUJIMN XOCCAIIAPUHU KYpCaTyBYM Ba IOKOPH Japakaia
JeTaJUTAllITUPUIITaH MoJIeJuTapHH U(oanoBuu rodan Moaeiap carxu. [opuzoran
Oyiinya epapXusi MOJICITHU TAJAKUK STHUII YCYIUra OOFJIHMK X0J/Ia MOJEIUIap TYpTTa
carxra OyJIUHaIN:

- AHAIIMTUK MOJICIUTAIITUPHII aCOCHIA JKapa&HIapHU XUCOOaII



HaTWXaJlapyUHU OJUII UMKOHUHU OepyBYH MOZEIIap;

- MaHTUKUI-udepeHman TeHriamanap OuiliaH TaCBUPIAHYBYH Ba JTUCKPET
XyCYCHUSITII Kapa€HHU aKC STTUPYBUU MOJACIIIAP;

- HelipoH TapMoOKJIap alropuTMu acocuja >kapa€HiIiapHUHT MaTeMaTHK
CXEMaJlapuHU CTPYKTYpaBUil OMPUKTUPHUII (OOFTIAIT)HU aKC ITTUPYBUU MOJIEIUIAP; -
CYHBHI UHTEIUIEKT YCYJUIApU acOCH/Ia TU3UM XOJaTUHU Oallopar KWiIuil Ba
ONTUMAJIIAIITUPUIII UMKOHUHU O€pYBYU MOJIEIIIap.

JlnHaMuK 00BEKTIIApHUHT paCMUN KOHCTPYKTUB MOJICIUIapU Kyiujaarnda
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KYpuHUIIIA UDOTATAHUIIIA MYMKHUH:
M=<LP &, X,Y, Q>,

Oy epna I — moaen unentuduxkatopu; P= P (x,x,,...,x,) — X TyIJIaMa1a aHUKJIAHTaH
Ooup Yypuunam mnpenukar (cyobekTHH wudomanoBunm TymryH4a). By mpemukarHUHT
MabHOCH PAacMUM aHUKJIAHMINA yIIOy MOJACIHM KYJIJIAITHUHT UMKOHMATH; @ : X
- Y ( XUY=Z) — monemnamtupuiaéTrad aJTOPUTMHUHT OMp KaH4Ya XOccajapu
MakMyHHH U]opanoBun tacBup; X={x,, x,,..., X, } - XMcoOIaII MOJEIUHUHT KHPULI
ysrapysumnapy; Y = {yy, ys,..., ¥, }- XUCOOIAII MOJIEIMHUHT YHKHII Y3rapyBUMIapH;
Z = {z,,z3,....2z, }- y3rapyBumnap maxwmyu; Q- X aHukgoBUMIap Ba Y KuiiMatiap
apau Q = {X,Y} xydrauru coxacu OuIaH GepHITyBIU MOJEIHH KYILIAIl COXACH.

Mogemmap  Ounan  unuiam — JkapaéHua  MKKH  TypJlard  KUPHII
y3rapyBumiapura Jay4 KeJIHIll MyMKHUH: aHUKJIMHTaH Ba aHUuKJIaHnMarad. [llynra moc
paBuiIa X TYNJIaMHU UKKUATA KECUILIMAUIUTaH X"ga X OCTTyIUIaMJIapra
OynamMu3, IbHU

XYux=xx'" x°-@)

Xrymmam sneMenTiapu aHuKiIaHraH X© y3rapyBumiapu opacura y éku Oy
MyHOCAa0aTHU KUPUTHUIN OWJIaH aHUKJIAHWIMIIK MyMKUH. bByHmail amoka
MYypaKkKkaOpoK KyI carTxJid XucoOjam MOJE/UIAPUHUHT [IAKJUTAHUIIUTA  OJHO
KeTau, KM aKCHHYA YHKHII BEKTOPH Y Ba aHUKJIAHMAraH y3rapyBuH BEKTOpH X' ra

sra M monen ckansp Bekropma Y, e Y, k= 1,2,..., N, moznen-raceup N,,=N,UN,
KYpUHHUIINA UPOTATaHUIII MyMKHUH.

Typnu ymuamiu Giokiiap XucoOaaHTaH OCTTYIIaMJIap XaM KyHugaru
KYpuHUIIA UDOTATAHUIIIN MYMKUH:

m;=<1LP,f,x;,y;, Q>

VY xonaa GonutaHFUY MOJIeNT KOMIIOHEHTIIAPU 3JIEMEHTap MOJIE

KOMIIOHEHTJIapU OpKalu Kyhdujaaruia udoaaaaHaiu:
M={m}, @={f}, [ 1N,
€1,
()[()()()]PXPX]}V)XPNmXNm(Vx) o 11N NLA

N 11||J]||U



i = 1
P.Z(Q)- xoMInoHeHTIapu BEKTOpH Z; 6ynran runepro3ara Q TYIIaMHUHT
IIPOCKLIMSCH.

Xucobnmam ~ MOJEIUIApUHUHT  OyHAald  MIaKiId  MOJEIUIAITHPYBYU
aNrOPUTMIIAPHU pacMHUIIAIITUPUIL Ouan OOFIJIUK poLEeaypATAPHU
yMyMJIAIITUPUII Ba yJapHU Oy Mozesuiap 6a3zacuja eduiaurad pacMuii macanaap
cudaruaa nudomanam IMKOHUHA Oepaju.

Hlynnait  kuimb, OOMIKAPUUIHMHT JUHAMHUK CaTXyJa KEe4yBUM TYpJid
TEXHOJIOTUK Kapa€HIApHUHI MEIEJUIAPUHM KypHIll MYMKUH. ByHnail €npanrysna
00BEKT MapaMeTpiapy BakT Oyilnda y3rapyBuM HOCTAIIMOHAP OOBEKTIIAp YUYH Xam
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MOJIeJT KypHUIll MyMKUH. Takiud KUIUHTaH yCyll UAeHTU(PUKATOPIN MOCIallyBYaH
Ba Oamopar KWIyBYM TU3UMJIAPHU SPATHUI YUYH acoc OYIMO Xu3mar Kuiaau.
Juccepranusaunr «/{uHaMuk 00beKTIapHU OOIIKAPUII MAacaIaJapUHU
HHTEJIEKTYaJl €4YBUMHM SIPATHID J1e0 HOMJIAHTaH YYUHYUA 0001 1a HOAHUKJTUK
mapoutuia paoausT KypcaTyBud JUHAMUK OOBEKTIAPHUHT MOJICIUIAPUHHU SPATHUIIT
yciyOuérura acociaHuO TMHAMUK OObEKTJIAPHU aBTOMATIAIITUPHIITaH OOILIKAPHIILI
MacajajgapyuHu €4yBYMHU WIUTA0 YMKHUII Macananapu Kypuwirad. [IponykTuB Kouaa
acocHujia CYMMHH YMKAPUIITa MyJKaJIaHTaH MacaJlaHi JIMHAMHK €9yBYU
TapKUOWra KUpraH JMHaMHUK OOBEKTIapHU MHTEUICKTYyaJIallran OOIIKapHII
TU3UMUHU YMYMJIAIIITAH aJTOPUTMUK CTPYKTypacH Takiu@ stuiran (2-pacm).
Hoanuknuk mapountnaa Gpaonust KypcaTyBul TEXHOJIOTUK 0OBEKTIaApHU
OOIIKapHIIl MacaIACHU JITMHAMUK €UyBUMHHUHT acOCH OVIJIraH aJarTuB
Oamroparian TA3UMHUHT Y4all MyMKUH OYJiMarad KoopAuHaTalIapyuHU aHUKJIAIT
Ba OONIKAPUII TU3UMHUHUHT MMapaMeTpiIapruHu KOPPEKIUsIall alfOPUTMIIApU
SpaTHIITaH.

NHTennexkTyaaluTupwiran OOUIKApUIN TU3UMUHHUHT CTPYKTYpacH YHUHT
aHbaHaBUM 3JE€MEHTIApH Ba ajoKajapu OujaH Oupraiukia Mapkasuil YpuHra sra
OynraH MacallaHUHT JUHAMUK €UyBUMCH MaBXKY/:

)

ITMSCTx%x —

X -

b



CTXSRTxxx

—,X;

{H}

TXATXTBTUTXx=xx+xX

{}
TYDTXT

x=xx;

2

TRYCT

X X X

Oy epma T -BakT MoMeHTIapu Ttymiamu; X,S,M,C,R Ba Y TU3UMHHUHT XoJaTiap
TYIJIaMy, TalIKH MYXWT, MOTHBAIMs, Makcajajap, OamoparjaHTaH Bapual €4uM
Tymnamu; A, B ea D mnapamerpmap wmarpuuanapu, a , i = 1,4 -Ounumiapra
ACOCJIaHTaH Y3rapTUPULIHUHT UHTEIUIEKTYaJl ONIEPATOPH.

Macanann TMHAMUK €UyBYHCH IITYHJIai KOMILIEKC TalIKWIIaHyBIH OYIHO, y
TU3UM Ba MYXHUT XOJIaTUHM Oaxojialll MMKOHHUSATH XamJia XapaKaTIapHUHT Tanad
ATUJITAH Ba peasl HaTWXKajlapyu NapaMeTpIIapUHU COJIMILITUPUIL XyCYyCUSATUTA drajgup.
ByHuHT y4yyH OolKapuil MacajacMHHU JAMHAMMK €4yBYM OWJIMMIIAp 3aXupacura Ba
MacajaJapHu €4ull yCyulapura 3ra OYiIuIlIy Kepak.

Bouikapuin MacanacuHu IMHAMUK €4yBUMHUHT acocuil pyHKUMsACH
MabIyMOTIIap Ba OumumIiap 0a3acu XOJaTHHU IIaK/UTAHTUPHINIAH HOOpaTIup.
WuTennekryannamrad O0MIKapuIll TUSUMUHU MaTeMaTHK acocu OYiran HelpoH
TYpiap Ba KarbUHMac MaHTHUK yCYJUIAPUHUHT MXKOOMM XyCyCHUSITIApUHU Y3U/a KaM
KWJITaH THOpUJT MOJIeIIIap HEMpOH-KaTbuiiMac OOIIKAPUIIT TU3UMIIApUJIA FOKOPH
caMapaJOpJIMKKa 3ra SKaHJIUTUHU KYpCaTIH.
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Tamku Myxut

Bomkapur o0bexTH
x=Fyx, u, f)
u=u;+tu,

baxapyBun TH3numu o
Py VYnuam ti3umu y = F(x, u, t)

Xwucobmam cucremMacu
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Had CHOTEMA

Beroic mime M. Han CHcTenMa y=Falxat)
Crab O CHOBHOT {:
T . P BAKOH
P Rt VTP AE TEHHA | K neHTrhcal pHa
Ha= ""-'::':-r:"'?::II HH=FHI:_}J} J\J
ol ] 7w -
Ja J!'.-'In;:[e:n oDk BKTA
HurennekTva IbHad CHCTEMa :| iy (8, )
AFTORMATHME CEROD O CHHTE A f ’
(H-peiiarem. sagas TAV) d Mogen cpeapl
Fa (1)
HomomHHTe ThHAaA MoJcHCTeMa J.
C,:I'll IMen: yrpae meHMA
Pemarmiirad 1o gokcTena T "8 1y
baza mHaroat CL ParvmpyeneIe TIEPEMEHHEIE
8 = Fy(x)
Fyy) Fu(y) Ji Poctnanysuu y3rapysuniap
6 = Fy(x)

ABTOMATHK CUHTE3HUHT
WHTEIJICKTYal TU3HMH
(1 — ABH macananapunu Fy

€4yBYH
yBm) OOBEKT MOJIENTH

FO’(uaf)

baxapyBuu KHUCM TH3UM

Myxut Mozenu

EuyBum kucm tH3nm ;
Fy (0

bunmumap 6azacu
bomkapum monenu

fo £ J, (0, 1)

2-pacM. /InHaMKMK 00bEeKTIIAPHUA HHTEJIEKTYAJIAIITHPUJITAH
0OLIKAPUII TU3MMUHHUHT CTPYKTYypacu

Kynkatnamnun HeWpoH TYpJAapHUHT KypuHUUUIapuAaH Oupu Oynrax
KaTbUiiMac aJanTHB Mojeiap OuiaH E3WIyBYM JUHAMHMK OOBEKTJIAPHUHT
WHTEJUIEKTyaJlJIallirad ~ OOIIKApHIll ~ TU3UMHUHU  JJIEMEHTIapU  TEXHOJOTHK
y3rapyBumjiap Ba MUUIA0 YMKAPUIIAATH Y3rapuilra MOCTAIIMII UMKOHHUATHUTA 3ra
Oynaran OOFIMKIMKIAD XapaKTepura acoClaHraH XoJja IIaKJUIAHTUPHIIaIN.
bomkapum macanacMHM JWHAMUK €4YBYMCHUHUHI MWIIMHU TYLIYHTUPHII Y4yH
JMHAMUK OOBEKTHUHI YUKMII Y3rapyBUMJIAPUHHU OapKapOpJIAIITUPHUIL >KapaéHUHU
KypuO uukamu3. by ’xapa€H 4M3MKIMCU3 aillMpManu TeHIlaMa OujiaH €3WiIraH
OyJCcuH.

vifyiyirxi
(D COseerr O O



xXisuiuiq

() Oseees O)),

Oy epna i =0,1,2,...,N )KOpUH JTUCKPET BAKT, y(i)- YNKUIII CUTHAH, xixixi=, TAIIK{
TabCUPJIAP BEKTOPH, u(i) - OOIIKAPHILL, 7,5, ¢ - MABIYM
()(()99())1
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napakara sra OyiaraH HOUYM3UKIN QYHKIUS- f( y(i),..., y(i = 1), X(@),..., X(i = 8),u(i),....u(i = q)) -
OOBEKTHUHT KUPUII KAaTTAJIUTH KOOPAMHATANIApU UXTUEPUI BaKT/la YerapajiaHraH,
ABHU:

min max
uuiu
<<

(),

min max

xxixiN

<<=

(),1,.
Jlunamuk >xapa¢Hau udonanam yayH CyreHOHUHT KaTbHiIMac MOJICTTUHU
KyJuranmus. by mozien Kyluaaru Kouaajiap Makjinaa TaCBUpJIaHadu:
})
acap xiynca X ()0

i YOO O, ==+++

00
xiynca Xxiynca X
()6,.,()0,

k k km km
22

0O00o0 (2)
= I,,n

xonoauibbxibxikkkkimin
011

QO

(¢}
“KarbuitMac TYTIIaMIIA Ba () ((), (s () 12
X,l=1,m
k= ki KUPHUILLIAP BA u (i)
xixixixi
YUKUAITHA OOFJIOBYM YN3UKIN OOFJIMKIIHK.
Karbuiimac Tynnamuau 0epyBun acocuid TaBcu@ X (X,) TaaTyKJIHIUK
byskusacu 6ynu0, y KyWnaara CHrMOUT KYPUHUIIIATA 3Ta OYIaau:

Oa eX]D(()))_l
=ttt Xxdxd:

i =1,2,...,N BaKT MOMeHTHIa (2) KaTpbuiiMac Mojell Oyitnda Oepuiran



L YMKUIIIMHA aHUKJaIl MeXaHu3MHu, ( ()) *Xx i

wKUpHumiapaa u (i) KyUuJarnda aHuKJIaHagu: o o o o
X uibbxibxi

0) OO Osor

OO0 =+ + +

Kkl Tan'IYKJ'II/IJ'H/IK k k k k km km

GYHKIUSICH BA by ,by1s..sDp € = 10,0 = 1,m
YU3HUKJIM TEHITIAMaHUHT (3)

ko3 dunreHTIapu Oepuirasia
QO l,,n

Oy MeXaHU3MHHU KaTbuiiMac Oel KaTiaMiIun HeMpoH TYpu cudarua Kyiiuaarnya
TacBUPJIAI MyMKHH.

Bynna Oupunum Katinamaa y3rapyBUuiaapHUHr ( ()),..., (())°°
[S2N$)

nXxiXxi
k k km km

KouJara MoC KeJMIIIUK 6 napakacu xucoOiaHaau, MKKMHYM Kartiaamaa 3ca © wy

HUHT KHUMaTH XaKUKAWIUTH Y3rapyBUWJIAPHUHT aJIreOpavik KYMmauTMach OpKau

AHUKJIaHaIW:
0000

() (O 1122w XxiXxiXxi

kkkkkkmkm
YuuHumn Kamiamaa XaKuKMAJIMKHAHT HUCOMH HOpMaJlIalraH KHiMaTu

KyHuJlarndya aHuKJIaHau:
Q)

wi
<0 0 k ()

(fzwiwiwi

000

& HUHT KUUMaTH (3) Yu3UKJIU TeHIIama Oyiinda
Typrunun Karnamna (7)
. k
xucobanras ()
ui
( YAKUIIHUHT KWAMAaTUra Kynantupuiaau. bynaa
0 00
Xixixi
(), ()seees O)

«kimTA COHIIM KHMAT OepUIINO )y aHUKJIaHAIH.
: 2
bemmnaun katnamnaa u (i)
(HUHT SIKYHUM KuiiMaTtu Oapua Koujanap Oyiinua



0

Xyna ()
ui
(HUHT YpTaya WMTHHAUCH cudaThIa TOUIIATH:
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=n§: &b
vt LTui () () ()

Q = 1
KarbpuiiMac MOJIETHUHT pOCTIIALI TapaMETPIIAPUHN BEKTOPUHU aHUKJIAIT

YIYH ()yees 5 (),
Xixui
1 JAPHUHT KUKMaTIapuan Qoiinananunany. byrana

1

y(i +1) yuKHII KaTTAJIUTX YHUHT
Y HOMUHAJIUTa KyHuIaru mapTHU

KaHOATIIAaHTUPYBYIN KI/IJ'II/I6 OJIMHaIu:

*HH

yyxiuiyJ

= k
N i
Oy epna “ I J
J -pocTnanHuHT HUCOMM XaTOJUTMHUHT HOMHHAT KuiiMaTu. KelnHru

00CKHMY/1a TApMOK YpraTruiiaid. ByHUHT yuyH KOPPEKTIOBYU

MaTpuIa; 0
(D r
HixixiHi
(D
=—-4)
HiHi %
O« 1)x iHixi
1 TOMm
e 0
Ba K0 pUIMEHTIAp kBkeKTOPI/I xucobnaaHaaa:



SO
(). OO

bibiHixiuibixi,=,—+,—; )

(9]
Onuuran KarbuiiMac mozen b, () =1,n, [ kosdduimenTiapaa Ba
= 0,m TaaTyKIWIUK QyHKIUSACH
napametpu © ¢

dkl ldk 2,
, HU MYHAJITUPUIITaH X0JI1a

VKUTHJIAIN.

TapMOKHU YKWTHIII y4yH WHTEPAKTHUB aJalTallds Hazapuscura acocCiiaHTaH
AITOPUTMHU KYJUTall TakJu@ 3TuiraH. by aqrOpuTMHUHT MOXMSTH XaTOJUK e HU
HOAQHUK IAKJIJIa XUcoOaIra acocianraHup.

HNuTepakTrB agantanusiamnl aJITOPUTMHU KYJUTAHUITAH TU3UM N

HUMTHU3UMIIApra OyIuHaau Ba Xap OUTTACH Y, UHTErpAJIIIaHYBYM YUKHII Ba
WHTErpajUlaHyBYM KUPUII CUTHAJIapura 3ra 0ynuo, ynap ypracugaru MmyHocaoar
Kyhuaara pyHKIMoHa I OOFIUKIMK OpKaiu noaataHau.
F:X,->Yn=12,..N
TU3UMHUHT i- SIEMEHTUHUHT MyHOCa0aTH Kyiuaruyaaup:
v{t) = Fx,(0],i = 1,2,....N
Arap srneMeHTIap Ba TAlIKK CUTHAIIAp YpTacuJaru ¥3apo TabCup YU3HKIH
Ba KyMuJaru TeHIjiama opKajiu é3uica:

2

x(Duft) v (0,iN, (6)
=+

Oy epna J;= {K : yx= i} i-5NEMEHTHUHT YUKUILIApU OOFIIUKIUKHUHT TYIUIAMH, v 4
OOFJIMKJIMK Ba3HU OYJica, Y X0J1/1a i-3JIEMEHTHUHT KUPUIL YUKULI MYHOCa0aTH

KyWujara TeHriama Owiad €3uiaiu:
+
i< i ki€
O[O v Ol
ytFutytiN
KJ
€
Arap ti3uM (6) TeHIIIaMa MmaKiIuaa €3usca y Xolija v ,alloKajiap Ba3HU

KyWugara Koujia Oyinda co3naHau:



y
||U bl
E
” guixK
vvwvl Fx
(101,
Fxy

ststKy

6xK 6xK sbixK S0

v s i

6xK € 6xK
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oy epna [ll > 0 - YKUTHUII TE3IUTUHUA aHUKIOBYU KOADOUITUEHT; | ]
wk ek F x - Operiie

xocunacy; E — xaronuk pyHkuuscu, KEK.
(6) TeHrmama v , y4yH SITOHa €4UMTa dra OYynuin ImapTéd OakapuiraHia
xaronmuk Qysakuuscu E (v, ..., V., u;, ..., 4,) BakT OViiM4a MOHOTOH KaMasjid Ba

KYﬁHﬂaFH TCHINIMKHU KaHOATJIIaHTUpPAAW:

vl

ov £
kK
byHpaii €npamryBna HEWpPOH TapMOK SJIEMEHTAp HEMPO TAPMOK MIAKIWIA
aiipuM  aneMeHTIIapra OynuHamu. HelpoH TapMOKHM VKHTHIN —aJITOPUTMHU

Kylujaruia TacBUpJIaHAIN:

Pn [ r

s DI’IS pres

= ?

= 8,
r(pn
Oy epaa n- HEHUPOH WHIEKCH, S- CHHAIIC WHJIEKCH, Dn- n HEHPOHJIAPHUHT KUPHII
CHUHAIICJIADUHUHT WUFUHIUCU, pres Ba post ONAW CHHANTUK Ba CYHTM CUHANTHK
HEHpOHJIAp, [ - § CUHAIICHUHT Ba3HU, pn — N HCUPOHHUHT MeMOpaH/ MOTSHINAIH,
r, — N HEHPOHHHUHI KYy3FaJMII YacToTacd, ¢ - CHICMOWJA THIHIATH
daommamtupui pyHkiuscu. by QyHkiusHu Kylingarnya TacBUpial MyMKHUH:

20 1l

X _

X



+ e
By xonna cunancnap Ba3uu Kyhujaara Gopmyna 6yiinua aHUKTaHaIH

( ) pres posts posts posts S =r _P + - f
r=?20M

6yepz[az
s=, L, 0,

n

54,
S

y — Oapua HeHpoHJIap yuyH Teckapu Oorsianuil ko3 OUIMeHTH, ¢, -
O6eBocHTa TeCKapu XaTOJMK CUTHAIH.

Myngatt kuauO, HEWpPOH TYpiap Ba KaTbHiiMac MOJACIIAPHUHT HXKOOWMN
XOCCAJIADUHUA  OWPJIAIITUPUIIT  HOAHUKJWK IIApPOWUTHUJATH Mypakkad JUHAMUK
oOBbeKTIapHU OOIIKAPHUII MacajlaJJapuHu caMapajiy €4uill UMKOHUHU Oepajii.

HuccepranusHuar «/IlMHAMHUK 00bEeKTIAPDHM HHTEJJIEKTYaJ OOIIKaApPUII
TU3MMHHH AJTOPUTMHK CHHTE3W» 10 HOMIIAHTaH TYPTUHYH 000ua OONUTaHFUY
MabJIyMOTJIAp HOAHUKJIUTH MIAPOUTHA (PAOTUAT KYpcaTaETraH MepapXuK TaIIKWI
STUWITAH JUHAMUK OOBEKTIAPHU UHTEIUICKTYaUTAIITUPUITAH OOIIKAPUIIT TU3UMUHU
KYpHIII TaMONUIUIApU KEJITUPUIITaH.

Kymncarxiam wuepapxuk THU3MMIApJa MYyXHM MacajajapiaH Oupu YHHUHT
OCTTH3UMJIAPUHUHT HMIIWHA KOOPJAMHAIMSIIANIT MacajaCUHHU EYMIIIaH UOOopaTaup.
Arapna TU3MMJIa HOAHUKJIMK MaBxys OYyiica, Kapop KaOya KUJIUII MacajacH siHaja
MypakKabamajiu.

Bynnait xonna carxjiapHu KoopauHanusiam 0eBocuta 6apya OOIIKapUITyBUU
OOBEKTIIAPHUHT OOIIKApHUIT CU(PATHHN YMyMIIAITaH 0aXx0cu OYIMUII CUTHAJUTAPHU
OOIIKApUII THU3UMU OJUIIM OPKAJIM amaira OUIMPUIIAAH. JUCCEPTalUs HIIUa
OOILIKApUIIl CATXJIAPUHU KOOPAMHAIMSIAII YYyH HKKH  CATXJIM TU3UMIIApHU
ONTUMAJUIAII MacajJalapyuHU TAAKUK KWIAII TaKIUu( dTUIIaIU.
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bynna (i -1)- carxiaru MacajaHy €4uIl yUyH i caTXJIard ONTUMAaJUIall HaTHKacu X
KyWuJaru KypuHHUIIa €3cax:
Oepuiiran xucoOnaHaau. Arapja y
ow={x},i=1,N,j= 1M
i- OOIIKApPUII CATXUAArH OCTTU3UMIIAP M = m,- COHU OYca, (),x

i_j_ mi_

, 1
€YMMHH TOIHUII Y4yH Oapya euumiap ;m;
°= xaOyn KWJIMHTaH XucoOIaHaIu.
x,j1,
By xomnma nokan OOImKapuIl TH3UMUHUHT JUHAMHUKACH KyHuaarnda
n(ponasaHUII MyMKHH:



* XOJIAaTHUHT KaTbUiMac TEHIJIAMACH
i axBu )@@,
= >
* Ky3aTyBUMHHMHI KaTbUMAaC TEHITIaMacu
y=CQ®x,
* KaTbHUiIMac OOILIIaHFUY IIAPTIIAP
x0=D,()()wx,0=D2,.,x,0=D,
()"
Oy epaa ®,® - KarbuiiMac KYIIUII Ba KYNaWUTUPUIL ONEpalUsIapy; ¥ — KaTbUiiMac
KUAMAaTHY KaOyl KUTyBYM OOIIKAPUII CUTHAIM x = {x1, X 2,..., Xi,..., X » }-KaTbUIMac
xonar BeKTOpH, i=1,2,...,1; y = {y1, ¥ 10s Y aerns Y1}~ KATHHIMAC YUKHII

Y3rapyBUHIIAPUHUHT BEKTOpH, ¢=1,2,...,/; (s)
Y - § X0JaT y3rapyBYMIAPUHUAHT
S
KaTbuiiMac (Y3rapyBud) COHMHHHT KYpCATKUYX Ba XO0JIaT TEHITIAMACHHUHT Ba3HU;
| 1A A pS{ | | B | | ncc |
[l WL U e I
" 1 . "

A
!, MOJCTHUHT KaTbuiiMac =

ravs B A = A
A = C ALA
" nnB ccC
AAyS ,
l
1 . 1 ﬁ n

k03¢ UIeHTIIap MaTPUIIACH.
Xonar BeKTOpUHUHT OUPOH OUp i-y3rapyBUMCH BaKT PyHKIUACH cudaThaa
KarbuiiMac MyHocabar makiauaa udoxananumu mymkus: () { ()} .

xt=t,xVt,x,i=1,
li

2,...,n,. Kypcarunran y3rapyBun OelruiaHraH BaKT MOMEHTH/IA KaThUIIMac TYTUIaM
kypunnmuaa udonananumu mymxus. { ()} .
xi=x ¥ x . XyIJIH IIyHTa

i

VXAl ¢ YAKHUII Y3rapyBUMCH KyWugarnya €3Winii MyMKHH:

Q
{(a)}@ «
()=99’g:1)29""1)
yitytity

{(@)}4@4‘

yyty

’
Oy epna byHKIMSACH;
, TAAJLUTY KJTHITHK



iy Xy, - YHHUBEpCaJ TYIUIaMIaH KuiAMar

A,B,C MaTpULIaCUHUHT 3JIEMEHTJIapU KaTbUMAacC TYIUIaM Iakiauaa Oepuirad
OyJICUH:

COHO)

1 1

|- —

Y
AAAAAA==

BBBBBB==
geeey o B
1 ; B
{OR.{O}
1 1 1 I} / /
iy
ccececece==
1 | C 1 n
1 ﬁ n Cn n

Bbonutanruy maptiap Karbuimac Typruiam cudaruia Kyiuaarnya
uponananamy { ()} »
;Di=x Y x , X0JIaT BEKTOPH Y3rapyBUNCUHHUHT COHU KyHHAarnya
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ésmnanu, S {sl(s)} s

=1V, 0y epnas=1,2,...,n XoIaT BEKTOPH Y3rapyBUUCUHUHT TapTUO
HOMEDPH.

Taannyknuauk QyHKIUACH aHAIUTUK MyHOca0aT cudaruga OepuIui
MYMKHWH, MacaJIaH x, y3rapyBulCH YIyH

() (OO

signbax—+ sign b ax
-+



o0
1

=-bax L -2
nxnt —
1 % Xi b ax 1
2 4 Xi
2 by epna .. 2
a TAAITYKIWINK (DYHKIIUSICU MOJIACH, y;
b,Ba y
b,
K03 PUIUEHTIAP TAAUTTYKITINK (QYHKIMSICHHUHAT KEHITIUTUHA Oepasy, @ Ba , v
aca Oy QyHKIMSHUHT X; YKKa HUCOATaH OFUIIIMHU KypcaTaau, v b,
b27lXi
0.

@ xoxddunmeHTIap UXTUEPUN KYPUHUIIIATH TAAUTYKIWIUK QYHKIUSICUHU 2 xi

IAKJIMHUA XOCUJI KAJIMII UMKOHUHU Oepa/ii Ba HOAHUKJIMKHUHT KYpPCaTKUUH
cudaTuaa KyJUTaHWITUIITN MyMKHH.

Bomkapuil TU3UMUHUHT cudaTr Kypcarkuwiapu (YTKUHYM Kapa€H BaKTH,
MakKcuMajl OFHI, Ky3aTHII XaToJIUTu Ba Oomikanap) Qoimanuiuk (yHKIUICH
aKiuaa Kyluaara KypuHuuiga oepuiaam:

{0

3 v 3 3

000kK="=

k e
9 , 1,2,...,,

O

1~ @@Q0Qabb

_ Xi
= ! 121X Xi

Ok k f Xi Xi
Oy epaa K- Oomkapuill TH3UMUHAHT CU(aT KYypcaTKUWIapy COHH. BOoITKapuIHIHAT
Oepwiran cudar KypcaTkuujaapyu acoCuaa TAIOH MOJICST aHWKJIaHAIH:

x8 =Ax+Bu

MMMMM

Oy epla u,, - TA3SUMHUHT KUPUII KaTTAJIUTH; X,,(1) — TAJIOH X0JIaT BEKTOPHU. X0JI1aT
BEKTOPJIapH y3rapyBuuiIapy Ba OOUIKAPUIIIHUHT YeTapaBUil KUMMaTu KyWHaaru
KYpHUHUIIA OCPUITUIITN MyMKHH;

) )



gxutxgxutx

292999 9% 9%
<<

1 Imax 2 2 min

QXQ)
]
g)_cul‘xgxul‘x

59999 5 9 900y
<<

2 1 max 2_min
nnupn

(-9:9)7(-9:9)'..
gxutugxutu

mm

1 max min

Borkapuin Tu3uMuHE cudar KypcarkMWIapUHU aHUKJIAIl YIyH OOIIKAPHIII
OOBEKTHHUHT a_(¢)

Xis a_(t)

,» BAKT XapaKTepUCTUKAJIAPU XaM/J1a Taa LTy KJIMJIUK

(GyHKIUSACUHUHT b (1)
i b (7)
205 b (1)
i b (2)
2« KEHIJIUTY OYHin4a aHUKJIaHA U aH
KaTbUHMACIIHUK TTapaMeTpiIapy KyutaHuaaau. bomkapuin o0beKTH XaKuaa
MabIyMOTIIAPHUHT HOAHWKJIMTUHHA KaMalTUPHUII Ba Oomkapuiil cudar
KYpCaTKU4WiIapyuHU AXIIWIAII YYyH KyWHaru Kuimariap MakCUMaJUTIaIITUPUIIAIA
> D (1)
25 b (1)
i b (7)
b (z) Bomkapuir anropuTMura pooacTIIHINK
29 XOCCAaCUHU OEpHUIll YUYH TE€3KOP
TPaAUEHTHUHT JUCKPET aJIrOPUTMHHU MMapaMeTpUK IaKiaa KyJjam Takiaud
stwirad. by sca MypakkaOIUKHM MUHHUMYMJIMTHHUA TabMUHJIAHIUM Ba OONIKApPHII
CUTHAJIM XamJla yHU Y3rapuil Te3JIMrura KYWWiraH dYerapaHu XucoOra OJIWII
MMKOHUHU Oepai.
Bourkapuiil TH3UMHUHT YTKUHYY KapaéHUHUHT aHUKJIUTH Ba cu(aTruHu
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AXIIWJIA  Makcaauga OOIIKapHIl —aJrOpuTMHUra OOIIKapHIl CHUTHAJUIAPUHU
KOMIIPOMHMC BapUaHTUHU TaHJam Oyiinya Kapop KaOya KWIHII aJrOPUTMHU
KYJUJTAHWJITaH.
VY xon1a TaKOMUUTAIITUPUIITaH OOIIKAPHIL KOHYHHU KyHHaaru KypuHHILITa
ara Oynaau:



n

00200

uktutktxt
= .4

)
umMxi

Zzzz[I]i[](1 )=()[]1[][1][1],IIIUIU
Ktkkhhixthtxt v = =+ = =g+ +

XX

[ULI) OTITITI [ 4=t 5=y =t
238 1 1 A2 B
ktkkhhtxthtxt
s [I]TICU) COYTTLT LU D), Kt + = ki~ iR+ 1
.6_.2
O fut- @ -ttugt
Hll ¢
Oy epna t = mh, h>0 — nquckpernam kagamu, , m=0,1,2,...m; Il = {11 .1 .1 B
49-59-6}z

- aJIalTuB perynarop napamerpaapu; () () = [~

exx Y e dx X0nar BEKTOpU
iiim c-i ;
X

Y3rapyBUMIapy Ba XOJATHHUHT 5TajioH Y3rapysuniaapu ypracuaard Gapk; () () wee

efel
i

V=, ,,.@ @ - XaTonuK TaaUTyKJIWINK QYHKITUSACH; @ — eeabb ., ,
i
TAAUTYKJIWIMK QYHKIUSCUHUHT aHAJIMTUK KYPUHUIIH; ;i a.= d.~ X , 11 @ =@ ,

z
. _. 5 erxi

9 i xi

2et 2xi
bb bb,, MHTErpajIalrad
1-1 iii
X X dx - XOJIJaTHUHT Xi
y3rapyBumiap BeKTopy; [ ] )
@ , /,— 00BEKT MaTPULIACHHUHT - = -

tke

il

= 1
ko3¢ dulreHTIapu Ba B, 3TajoH Mojiesl MaTpuliacu kodhpuimenmiapuian
OJIMHTaH K03 dUleHTIap.



[ynunrnek Oy 000ma TypiM HOAHUK Xalakuiapra poOaCTIMKHU
TabMHUHJIOBYM JIMHAMHUK OOBEKTIApPHU HHTEICKTYAJTAIITUPWITaH  OOIIKAPHIIL
TU3UMUHU TAAKUK KWIMIIHUHT aJalTHB HEUpO-KaThUKWMAC alrOpUTMIIApUHU
KypHIIl Macajacu KypuiraH.

Taxmud H>TwiraH CHUHTE3NANl aJTOPUTMIIAPH KEHT CHEKTpAard XalaKuT
MaBxKyJ, OynraHja AMHAMUK OOBEKTIIAPHU OOIIKAPHUII THU3UMIIAPUHM JOMHXaJall
MacaJIAIAPUHU KYJUTAHWIMII COXaCUHUA KEHTaUTUPaJIH.

HMucceprauusaauar «Hmuiad 4YuKWIran wMomea Ba aJrOpUTMJIApPHH
TEXHOJIOTMK 00beKTIIapHHI OoIKapuI JKapaéHIapuHU
HHTEVIEKTYA/UIAIITHPUIT  MAaCAJAJIapUra aMajJuil Tar0uK 3THIID» HOMIHU
OemmHYM OOOWJa anpvOp HOAHUKJIMK IIAPOMTIAPUJIA TEXHOJOTHK OOBEKTIapHU
OomIKapuII Ba aBTOMATJIAIITHPUIITAH MOHUTOPUHTUHH
WHTEJUICKTYJUTAIITUPHUIIIHUAT TEXHUK BOCHTAJApUHU SPATUIl Macajiajapujia
unuiad 4YMKWIraH OOLIKAPHUIN >KapaéHJIApUHU HHTEIUICKTyaUTAIITUPUIT MOJEN Ba
ANTOPUTMIIAPUHM KYJLIAII HATH>KAJIApU KeJITUPUIITAH.

Mucon cudaruga pexkTudukanus KOJIOHHACH TEXHOJIOTHK KapaCHIapUuHU
MHTEIJICKTyall aJanTHB HeWpo-KarbuiMac OOIIKApHIIl TH3UMIIAPUHU SPATHUII
Macananapu Kypub uukwirad. Pektudukaius KOJOHHACHHUHT CaMapajiopivuru
KOHIIEHTPAIMSHUHT KOJIOHHA OyTyH OajaHjjurd Oyinda TaKCUMJIAHWIIU >KOPHUI
npodunu Ounan anukiIaHaau. Pekrudukamus KoJoHHAacH Xapopamid MPO(HIMHUHT
MaTeMaTHuK MojAeNuHM Kypuiina JIproca-Marucon ycinyounaan Qorgananunrad. Y
X0J1/1a 00BEKT MOJIEIH KyiHiaruya KYpuHUIIra ra 0ynaau:
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Maremaruk momenga Y (¢) 1, Y (¢) 5, Y (1) 5, Y () 5, Y (¢) 7, ¥ (£) s — mocC
paBuIIIa KOJIOHHA KyOou, 16-, 22-, 28- (TabMHUHIIAII TapesiKaiapu), 37- KOJOHHA
IOKOpH KHCMJIADMHMHT Xapopamiap, Y (f) ,- TabMUHJIAIl TapeiKacHHUHT
Tarugan Oepunagurad OyFHMHr Xapopartd, Y (f) (- TaMuHJIaIl TapeaKaCHMHMHT
TenmacuaH TyINyBYM CyHOKIUK xapopar, X (¢) |, X (¢) ,- xusgupunran Gyr Ba
COBYTHUIIl areHTUHUHT capdu, T;...Tg — OomKapuIl OOBEKTH MOC KaHaJJIapu
IMHAMUK TaBCU(DIAPUHUHT BaKT JOUMUNIAPH, |

k.. g
k — GoKapuIn 00beKTH

MOC KaHaJapu O0yiinua y3aruiil kodhGUuimeHTiapu,
B g

iy — Oormkapuin
00BEKTH MOC KaHaulapu Oyinuya KEUMKHUII BaKTUHUHI KuiiMatiapu, K1, K2 —
co3nam Kod(phUIMEHTIApH, [ — aHAJIOIIM BakKT. TaIKuK JTHWIAETTaH MasKyp
aBTOMATUK OOIIKAPHUII TU3UMHU TAIIKU KY3FaTyBUM TahCUpJIAp OCTHAA (MacaiaH,
oyr capdu y3rapumm 15% nan xynpok Oynranna), €ku OOIIKapuill OO0bEKTHAA
napaMeTpuK Yy3rapunuiap (MacanaH, apainamma Tapkuou Yy3rapum  10%



Oynranna) kapaHHUHI cudar KypcaTKU4Wwiapd Ce3WIapiid  Japakaja
EéMOHJIaIaau, HaTmwkaga XoMm amé ucpodu opramu. bomkapumn sxkapa€HUHUHT
cudar KypcaTrMUMHU SIXIIWJAIl MakKcaauaa oOObeKTra JIWHAMHUK pPOCTIall
XaTOJIMTU y3rapuil Auana3oHu]la Ba YHUHI OOIUIAHMIN KUWMaTura HucOaraH

bty £ Ty d e unuiad  9YMKyBYM  HMHTEJUICKTYall
=L A f\‘ o .g nuKaIysa KOJIOHHACHHUHT XapopaT
g35:10" H._.Qf------— o \\ }\VW )OCTJIAIl TH3UMHHHHT HMHTALHOH
I . P 8
IS IT XaMmJla TMapaMeTPHUK Ky3FaTyB4H
B o 0 2 o 5" ap yTrasuwiau (3-pacm).
e [T repnt campin Ben pipamven s

===- ILOTERE Capdd Opd pobalTecE (TalEns sl HE

ELodcids o aliel £ M a0 e i ¥ s i

bomkapumicus xonariard XoM alméHUHT HYKOTUITUIIH
Pobact crabuuam Xonaruaard XoM aléHUHT HYKOTHIIMIIT
HHTennekTya G0IIKAPUII XOIaTUIATH XOM aIIEHHHT

3-pacM. XoM alICHUHT HYKOTHIMIIHHUHT 0OIIKAPHUIN )KapaéHuaaru rpaguru
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TagkukoTnap IMIyHW KYpCATIWKW, CHUHTE3 KWJIMHIAH HEUPO-KaTbUMMAC
TU3UMHUHT OOIIKAPHII aJTOPUTMH acocuia OOIKapwiIaéTraH KaTTaTMKHUHT
KOpUU KUMMaTh Tajad STUITaH KaTTAIMKAAH Ofuimu 2,5% HaH OmIMaciuru
AKKOJ Kypuill MyMKHH. ByHIa TU3MMHUHT XoM ami€ capdu Ba KU3IUPYBUU OYyF
XapOpaTUHUHT Y3rapuiiu Oyitnya ranaéHiapra poOacT/IUrd XaM TabMHUHJIAH/IH.
JlacTypuii KOMIUIEKC KYPHUHHUIINJA SpaTUITaH TEXHOJOTHK OOIIKapyB Ba
MOHUTOPUHT aXOOpOT-TaxXJWJd THU3UMHU Y30CKUCTOH PECIYyOJUKACUHUHT KaTop
KOpXOHAJIapuJa KYJUIAaHWIMIIK HaTuXacuja axOoporTiap OKMMUHM KalTa WIuIall
Ba MabJIYMOTJIApPHU TaxJIWj Kujuiira capdruanaaurad BakT 1,26 mapTa KUCKap.u,
SHEPTreTHK OOBEKTIAPHUHT TEXHOJOTHK HII PEKUMIAPUHN ONTHUMAJUIAIITHPHUIIT
xucobura sHeprussHuHT capdu 1,15% ra KuCKapuImra SpuIIuiIm.

XVJIOCA

«HoaHuKIWK mapouTuaa JMHAMUK OOBEKTIapHU OOIIKApHUII sKapa&HIapuHU
MHTEJUICKTyJTAIITUPHUIIT MOJIeIUIapy Ba aJITOPUTMIIAPUHU SIPATUIID» MaB3yCHIArd
JOKTOPJIMK JuccepTanuscu Oyinya onu0 OopuiraH TaJKUKOTIAp HaTUXKacuja
KyWH1aru xXyjaocanap TakJIuM STHIIIU:

1. lunamuk 0OBbEKTIIapHU MHTEIIEKTYall OOITKAPHUII MacalaJapuHU
SUUIIHUHT yCYJUIapH Ba aJTOPUTMIIAPUHU TU3UMIIAIITUPHUII Ba TAXJTHJT KUJIHIII
acocu/ia aBTOMaTUK OOILIKAPUII Ha3apHsICH Ba MHTEIJUIEKTyasl TEXHOJIOTUs
Tamonniapu 6azacuja AMHAMUK OObEKTIIApHU UHTEIIEKTyal OOIIKApHUIIT
TU3UMJIAPUHM SIPATUILHUHT HA3apHUil acocliapy PUBOKIAHTUPUIITAH.

2. Hoanuknuk mapoutuaa ¢GaoiusT KypcaTaauraH JTUHAMHUK OObEKTIIapHU
MHTEJUIEKTyaJl OOIIKAPUII TU3UMIIAPUHU SIPATUILIA KJIACCUK OOIIKAPUIIl Ha3apHsICU



Ba MHTEJUICKTYaJl OOMIKAPHUIN YCYJUIAPUHN WHTErpajuIallira aCoCIanral sHTH cudar
KYpCcaTKU4Iu EHAAITyB TaKiIug dTHITaH.

3. TexHOnOTHK OOBbEKTIIAp OOMIKAPUITYBYH KapaCHIAPUHUHT JTUHAMUK
XOCCAJIApUHU XUCOOTa OJIMII UMKOHUHH OE€pYBUM Ba MOCJIAITYBUYAHIIUK XOCCallapura
Ara MHTEJUIEKTyaJUIallirad THOpUJl MOJIeJIap MaXKMyacH HUIIIA0 YUKUITaH.

4. HelipoH TypJiap, HOAHUK MAHTHUK, T€HETUK AJITOPUTMIIAP Ba KIIACCUK
OOIIKapHUIIl HA3apUSICH YCYIIapH acOCHa MypaKKal IIaKIaHyBUM OOIIKAPHIIT
*KapaCHIapUHU MOJICJUIAPYUHHU MAKJJITAHTUPHUII Ba JUHAMUK OOBEKTIIApHU
OOolLIKapHIll )KapaéHUHU WHTEIUICKTyJUTAIIHUHT MaTeMaTHUK acocu OYyiran
TEXHOJIOTHK XKapaCHIapHUHT THOPU MOACIUIAPUHU SPATHIN yCITyOUATH UIILTa0
YUKWJITaH.

5. Uepapxuk TaxJjivi1 ycyiuiapu, 6axonail npoueaypajapy Ba KarbuiMac
MaHTHUK yCyJiapu 06a3acujia OomKapuiln TU3UMU (PAOTUATUHUHT MOACIIMHYU TaHJIAII
acocuJa AMHAMUK OObEKTIIAPHU TAIKUK KWIUIIHUHT camapaii €HUMUHU
TabMHUHJIOBYM MOJIEJUIAI aJITOPUTMIIAPUHU SIPATUILIHUHT aJITOPUTMUK acoCiiapu
UIU1a0 YUKUITaH.

6. CrpykTypacu, napameTpiiapd Ba Ba3usATIapy HOAHUKJIMK IIapOUTH]IA
WHTEJUIEKTyaJl OOIIKapuIl TaMOWWIIJIApM Ba aHbaHABUU aBTOMATUK OOUIKAPHII
Ha3apusICU yCYIJIAPUHU Y3 NUUTa OJIraH IUHAMUK OObEKTJIAPHUHT OOLIKAPHIILI
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MacaJacHHU UHTEJUICKTyall €4yBYMCH UIILIA0 YUKUITaH.

7. Jlunamuk OOBEKTIApHU HJCHTHU(UKALMSIIAII Ba TEHETHK aJrOpUTMIIap
KOMOMHAIUSAIApU IIAKIKUJIard HMHTEPAKTUB ajanTalus YyCyliura acocjaHTraH
aJlanTUB HEHPO-KaThUiiMac KOMOWHANIMSAIAIITAH OOIIKAPHII TH3UMUHU CHUHTE3JAII
Xamja aJanTuB Oamiopariainil, TU3UMHHUHT YIYaHMaWJIuraH KOOpJWHAaTaJapuHU
aHUKJIalll Ba OOLIKApUII TU3UMHUHUHT TapameTpliapuHu KOppeKIUsIall
aNTOPUTMIIAPU UILITA0 YUKUIITAH.

8. Taakuk HSTWIAETraH WHTEIEKTyal OOIIKApUIIl THU3UMUHU HUEpapXUK
noaJaHUIINTa aCOCIAHTaH MHTEUIEKTyan OOMIKAPHII TU3UMHUHH TaJAKUK KUJIHII
Ba MEPAPXUK KYII CaTXJIM MOACIUIAIITUPHUII TAMOWIIN UIILJIA0 YUKUJITaH.

9. JlunamMuk OOBEKTHUHT MOJEIM Ba TalIKU TabCHUpJIApP XaKUAaru
MabIymMOTIap  TYIMK  OynMmaraHga, — OOIIKAapUIl  TU3UMUHUHT  cudaT
KypcaTKH4japura HEHUPOH Typiiapyu MapaMeTpIapUHUHT TabCHUPHHHM OaxoJiarl,
OOILIKApHIIl TU3UMHHUHT CTPYKTYpacH Ba YHUHT 3JIEMEHTIApPUHU Y3apo OOFIUKINK
MOZCIIMHY aHUKJIAL [TPOLEAYyPATAPUHY Y3 UUUTa OJITaH aJanTUB HEHPO
KaTbuiMac OOIIKAPHUII TUZUMUHUHT CHHTE3JIAI alropuTMiapu spatuirad. 10.
DHepreTrk 00beKTIap Ba He(PTh-KUME MaXKMyaTapUHUHT TEXHOJIOTUK
arperamiapyvHy ONTUMAJI WA PeKUMIIAPUHU TaHJIAIl XUCOOUTa SHEPTUs
capduHM KaMaUTHUPUII Ba YHUHT HaTHXKACU]Ia MIITA0 YUKAPHIIl caMapalopIUruHu
OIIUPUII Xama TYpJId aBapusl Ba3USITIIADUHU OJITUHU OJIUIII UMKOHUHH OEpyBUU
OOBEKTIAPHUHT TEXHOJIOTHK MapaMeTpiIapyuHi aBTOMATIIAIITUPUITAH MOHUTOPUHTH
Ba OOIIKAPHIIT TU3UMHU UIIA0 YUKUIITAH.



HAYUYHBIN COBET IO IPUCY KAEHUIO YYEHOU CTEIIEHU
JTOKTOPA HAYK 16.07.2013.T.02.01 ITPU TAIIKEHTCKOM
T'OCYIAPCTBEHHOM TEXHUYECKOM YHUBEPCHUTETE u
UHCTUTYTE DHEPTETUKHN U ABTOMATUKHU
TAIIKEHTCKHU TOCYIAPCTBEHHBIN
TEXHUYECKWUUN YHUBEPCUTET

CUINKOB UCAMHU/INH XAKUMOBHY

KOHCTPYUPOBAHUE MOJEJIEI U AJITOPUTMOB
UHTEJUIEKTYAJIM3AIIUU TPOLHECCOB YIIPABJIEHUSA
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JNHAMMNYECKHUMU OFBEKTAMMU B YCJIOBUAX
HEOIIPEAEJEHHOCTH

05.01.08 — ABToMaTH3anus M YIIPaBJICHHE
TeXHOJIOTHYECKMMHM MPoLeccaMH ¥ POU3BOACTBAMU
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JIOKTOPCKOI JJMCCEPTALIUU

Tamkenr — 2016
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H. P. Ocyno6ekoB

I[pencenarens HaygIHOTO COBETA 10 MPUCYKICHHIO
YUEHOH CTENEeHU JOKTOpa HayK,

I.T.H., Ipodeccop, aKkaJeMuK

0. O. 3apunos

VYueHslil ceKpeTapb Hay4YHOIO COBETA MO MPUCYKICHUIO
Y4EHOM cTeNeHN JOKTOPa HayK,

J.T.H., JOLEHT

1. M. I'ynsamos

[Ipencenarens HAyYHOTO CEMHUHAPA

npu HaygHoM coBeTe o npucyxAeHUI0

YUYEHOMH CTeNeHH JOKTopa HaykK, A.T.H., mpodeccop
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BBEJIEHUE (anHOTAUMSI AOKTOPCKOM IMCCEPTAIMHI)

AKTYaJIbHOCTb M BOCTPe0OBAHHOCTHL TeMmbl Jaucceprauumm. Ha
CErOJIHAIIHUHN JIeHb B MUPOBOM MpaKTUKE B cepe aBTOMATH3alMU BEAyIIee MECTO
3aHMMAET CO3/1aHHE€ BBICOKOI(P(PEKTUBHBIX CUCTEM YIPABICHUS TEXHOJIOTMYECKUMU
IIPOLIECCAaMM € IIPUBJICYEHUEM HHTEIUIEKTyalIbHBIX  TexHoJorui. OmHOW H3
HaumOoJee aKTyalbHBIX 3aJad CTPEMUTEIBHO  Pa3BHUBAIOIIETOCS COBPEMEHHOIO
MH(GOPMAIIMOHHOTO O0IIECTBA SIBISIETCS YIIPABJICHHUE PEAbHBIMU IMHAMUYECKUMHU
CUCTEMaMH Ha OCHOBE OOpa0OTKM M aHaju3a OrPOMHBIX MOTOKOB JaHHBIX. B 3TOM
HAIIPaBJICHUN OIPENECIECHHbIE YCNEXH AOCTUTHYTHI B BEAYyLIMX CTpPaHax MHpA,
takux kak CIIA, Tepmanusi, Anonus, IOxnas Kopes u np., rae yuaensercs
OPUCTAJIbHOE BHUMAHHE [0 COBEPUICHCTBOBAHUIO CUCTEMBI  YIPABICHUS
TEXHOJIOTMYECKUMU OOBEKTaMM ISt o0ecreyeHus KOHKYPEHTOCIOCOOHOCTh
OpOAYKTOB U 3(p(EKTUBHOCTH IIPOM3BOACTBA B  IPOMBIIIIEHHON W
HENPOMBIIIIEHHONH cdepe. B Hacrosiiue Bpems B 3THUX CTpaHax MPHUMEHSEMbIE
UHTEJUIEKTYaJIbHbIE CHUCTEMbl YIPAaBICHUS MPOU3BOJICTBOM COCTABIISIIOT OKOJIO
40-45%'. B pesymsTaTe 5TOr0 06ECHeUMBAETCS YMEHBIICHHE PACXOA PECYPCOB H
SHepruu Ha 35%>.



B PecnyOnuke Y30ekucTaH mpOBOASTCA IMIUPOKOMACIITAOHBIE MEPONPUSITHUS
o 3¢ GEKTUBHON OpraHU3aIllid MEpP IO CO3JaHUI0 BBICOKOI(P(PEKTHBHBIX CHUCTEM
yHpaBieHUs] TEXHOJIOTMYECKUMU TpolieccaMu U Mpou3BoAcTBaMu. B aToit cdepe, B
TOM 4Yucjie, Mo pa3paboTke S(DPEKTUBHBIX CHUCTEM YIIPABICHUS OTICIbHBIMU
TEXHOJIOTHYECKUMH O0OBbEKTaMH B PA3IMYHBIX OTPACISAX IPOU3BOJICTBA,
MHTEJUJIEKTYaJIM3allK POLIECCOB YIIPaBJICHMsI, COBEPILIEHCTBOBAHUN METOJIOB
UCCJIEIOBAHUS MHTEIUIEKTYaJIbHBIX CUCTEM YIIPABJICHUS, CO3IaHUU
UHTEJJIEKTYaJIbHBIX CPEJICTB MPOLIECCOB YIIPABICHHUS, IPOBOAUTCS PSJL
HCCIIEIOBATEIIbCKUX Pa0OT.

B wmupe mnpucranbHOoe BHHUMaHUE YHENSeTCs pa3paboTKe HEHpO-HEeUeTKHX
MoOzelied U adrOpuTMOB  CHUHTE3a  CHCTEM  yIpaBi€HUs B  3ajadax
WHTEJUICKTYalI3allid  CHCTEM  YIPaBJICHUS TEXHOJOTHYECKUMHU OOBEKTaMH,
dbopmupoBanus 0a3bl 3HAHUNW W HUCIOJNB30BAHUS HMX TPU COBEPILICHCTBOBAHUU
yIpaBiIsieMbIX cUCTEM. B 3Toil 005acTh OCYIIECTBICHHE IEJICHANPaBICHHBIX
Hay4YHBIX MCCIICIOBAHUM SIBISICTCS TMPUOPUTETHON MPOOIEMOH, MPHU 3TOM BEChMa
aKTyaJlbHbl UCCJIEIOBaHUS B CIIEAYIOIIMX HAIpaBICHUSX: pa3paboTKa TMOPUIHBIX
MOZENEH AUHAMUYECKUX IIPOLIECCOB HAa OCHOBE HEHPOHHBIX CETEH U HEYETKOU
JIOTUKHW, TIO3BOJISIIOLME YYHUTHIBATH OCOOCHHOCTH JUHAMUYECKUX OOBEKTOB;
WHTEJUIEKTyaJIu3alisg  MPOLECCOB  YNPABICHUM HA  OCHOBE  COBMECTHOIO
IPUMEHEHUSI COBPEMEHHBIX METOJ0OB TEOPUU YIIPABICHUS ¢ TMPUHIIUIIOB
WHTEJUICKTyaJIu3alliy; pa3paboTKa MHCTPYMEHTAJbHBIX U MPOTPAMMHBIX CPEACTB
MHTEJUIEKTyaJIM3allMd TPOLIECCOB YIPABJICHUS; pa3paboTKa BHICOKOI(P(PEKTUBHBIX
aJITOPUTMOB AJANTHBHOTO M POOACTHOTO YIpPABICHUS; CO3AaHHME 0a3bl 3HAHWN Ha
OCHOBE MOfeJiel M  aJTOPUTMOB  YIpaBjieHHs; pa3paboTka MPOrpaMMHO

1
HHCTPYMCHTAJIbHBIX CPCACTB HHTCIIICKTYAJIU3allUK AaBTOMATHU3UPOBAHHOI'O -
OnekTpoHHBIN )KypHal «CUCTEMHBIH aHanu3 B HayKe 1 o0pazoBaHum», Ne2, 2015 (www.http://sanse.ru);

2 MesxayHapoHblii xypHai «IIpo61eMsl TEOPHH 1 TIPAKTHKK YIpaBlIeHus», 5/2014. (www.https:/istina.msu/ru).
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MOHUTOPUHTA U YIPABJICHUS JUHAMUYECKUMU 0OBEKTaMU B YCIOBUSIX
HEOIPEAEIECHHOCTH.

JlaHHO€ AMCCEePTALMOHHOE UCCIICIOBAHUE B OMPEACICHHOM CTENEHU CIYKHUT
BBIIIOJIHEHUIO  3aja4, mnpeanycMorpeHHeix B [locranoemenun Ilpe3nnenra
Pecnyonmuku VY36exkuctan NellIl1-1989 or 27 wurwons 2013 roga «O Mepax 1o
Ja’dbHENIIEMy Pa3BUTHIO HAIIMOHAIBHOM WHOOPMAIMOHHO-KOMMYHHUKAITMOHHOM
CHUCTEMBI», a TaKXE€ B JIPYTHX HOPMAaTHUBHO-IIPABOBBIX JOKYMEHTAX, NPUHATHIX B
naHHOM cdepe.

CoorBeTrcTBHE HMCCJIEIOBAHUA C TPUOPUTETHBHIMH HANPABJICHUAMU
Pa3BUTHS HAYKH U TEXHOJOIWH pecnyOjauku. JlaHHOE HCClieI0BaHUE BBINOJHEHO
B COOTBETCTBUM IPHUOPUTETHOTO HANPABICHUS PA3BUTUS HAYKU U TEXHOJIOTUU
pecnyonuku V. «Pa3Butue nnpopmatuzanuu 1 tHGOPMAITUOHHO
KOMMYHUKAIIMOHHBIX TEXHOJIOTUID.

OG30p 3apyGeKHBIX HAyYHBIX HCCAETOBAHMIA 0 TeMe AuccepTanum. HayuHsle
UCCJIEIOBaHMs, HAIIPaBJICHHbBIC HA pa3pa0OTKy U CO3/1aHUE MHTEIIEKTYaIbHbBIX
CHUCTEM YNPaBJIEHUS TEXHOJOTMYECKUMHU MPOLIECCAMU U TTPOU3BOICTBAMHU
pazIuyHOTrO QYHKIMOHAILHOIO HA3HAYEHHUS, OCYIIECTBISIOTCS B BEAYIIMX HAYYHBIX



[IEHTPaX U BHICIIUX 00Pa30BaTEIbHBIX YUPESKICHUIX MUPA, B TOM 4Hcie, B Togai
Infra Logic, Omron, Micro Devices, Johnson Space Centre, Department of Electron
and Intellegent System (CHIA), Mexaynapoanoii naboparopuu LIFE, Hitachi,
Mitsubishu Elektric, Ibaraki University, Kawasaki Medical Schcool (Anonus),
Siemens (I'epmanus), Wecan Agrotexservis (KOxxnast Kopes), ZIFIT, BISC (CILIA),
yauBepcurterax 3ureH (I'epmanus), Muxa (Y36ekucran), Jonryk (FOxuas Kopes),
MyJIbTUMEIUHHOM o01iecTBe Kopes.

B pesynbrare MUPOBBIX MCCIENOBAHUMN IO COBEPIIEHCTBOBAHUIO MOJECJIEH H
ANTOPUTMOB ~ MHTEIUICKTYyaJIM3allMA  MPOIIECCOB  yMPABICHUS TUHAMUYCCKUMH
00BEKTaMHU B YCJIOBHSX HEOMPEICICHHOCTH MOJIYYCHBI Psii HAyYHBIX PE3yJbTAaTOB,
B TOM 4YHCIJE, pa3pabOTaHbl: HHTEJUIEKTyajbHasi OOpPTOBas CHUCTEMa YNpaBICHUS
nerarenbHbiMU anmnaparamu (Johnson Space Centre, CIIA); HeueTkas cucrema
YOPaBICHUS TEMIIEPATYPHBIM PEXKUMOM B TPOIECCE XPAHEHUS TUIOTOOBOIIHBIX
npoaykroB (Wecan Agrotexservis, lOxnas Kopes); uHTENmIeKTyadpHas cuUcTema
yhnpaBieHuss MuUKpokiumarom B aromoOwmsx (Hitachi, Snonus); Hederkas
cUCTeMa YIpaBleHHUs OAMHOYHBIM U Tpynnod audrtoB (Mitsubishu Elektric,
SnonHus); MHTEIUIEKTyalbHble JarTyuku (Siemens, lepManus); 53KcnepTHas
MenuinHcKkass cuctema (Kawasaki  Medical Schcool, fmonus); cucrema
yOpaBJeHUs  JIBDKCGHHEM  IIO€3[I0B  METPOIoJIMTeHa  JuHMM  HanOoky
(Mexnynaponnas nabopatopuss LIFE, Slnonus); uHTemeKTyalbHble POOOTHI
(Ibaraki ~ University,  SlnoHust);  HUHTEIJIEKTyaJlbHbIE  MUKPOKOHTPOJUIEPHI
(Department of Electron and Intellegent System, CLLIA).

0630p 3apyOeKHBIX HAYYHBIX HCCIETOBAHMIT IO TEMe TUCCEPTAINI OCYIIECTBIISIICS Ha OCHOBE:
http://www.works.doklad.ru, http://www.refdt.ru, http://www.km.ru, http://osp.ru/os; 3axapos B. UnTemiekryans
HbIE TEXHOJIOTUH B COBPEMEHHBIX CHCTEMax yrpaBiieHus // MexayHapoansiit xypHai «[IpobneMsl Teopuu 1
MIPaKTHKK yrpasiaeHus». -M.: Ne5/2005. — C.96-100 1 apyrux uCTOYHHKAX.
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B MHPOBBIX HCCIICAOBAHUAX I10 pa3pa60TI<e HHCTPYMCHTAJIbHBIX CPCACTB
CO3aaHusAl MHTCIUICKTYAJIbHBIX CHUCTEM YIPABJICHHUA JUHAMHWYCCKUMU 00BbEKTaMHU C
MPUBJIMYEHUEM JOCTHKEHUN COBPEMEHHBIX HWH(GOPMAIMOHHBIX TEXHOJOTUH II0
pALY OPUOPUTETHBIX HAIIPABIECHUM ITPOBOJATCS HAYUYHbBIE UCCIICIOBAHUS 10
(hOpMHPOBAHHUIO MAaTEMATHYCCKUX MOJICIICH THHAMHYECKUX OOBEKTOB C YICTOM
HEONpPEEeIIEHHOCTEN; pa3paboTKe HEMPO-HEUETKUX MOEIIEN MTPOLIECCOB
YIIpaBJICHUA TCXHOJOIHYCCKUMU IIPOICCCaMU,; aJITOPUTMOB HHTCIICKTYaJIU3allin
MIPOIICCCOB YIPABJICHUS JUHAMUYECKUMU 00bEKTaMU; HHCTPYMEHTAIILHBIX CPEJICTB
ABTOMATU3UPOBAHHOI'O MOHHUTOPHUHI'A U YIIPABJIICHUA TUHAMUYICCKUMNA O6’E>CKT3,MI/I;
KOMILJICKCOB IIporpaMm JJid PCIICHUSA 3a1a49 HHTCIUICKTyalIu3alun IIpouccCoB
YIpaBJICHUA JTNHAMHWYCCKHUMHU 00BbEKTaMU B YCIOBHUAX HCOIIPCACICHHOCTH.

Crenenb U3YYCHHOCTH npooJIeMbl. Bompocam HCCIEN0BaHUSA
TCOPCTHYCCKHUX U TIMPAKTHYCCKUX 3ada4 II0 HHTCIUICKTyaJIn3alru IIpOoLcCCoOB
yHpaBJICHUA JUHAMHWYCCKUMU 0o0beKTaMu U CO3JaHUIO BBICOKOC—)(I)(I)CKTI/IBHBIX
CUCTEM YMPABICHHS C YyYETOM pa3IMYHbIX  (PAKTOPOB  CJIOXKHOCTU U



HEOIPEICICHHOCTH, WHTEIUICKTYaJIbHBIX CUCTEM YIPABJICHUS TEXHOJOTMYECKUMHU
o0beKTaMU H TIPOIECCAaMH B YCJOBHUSAX CTPYKTYPHOM, TIapaMeTPUUYECKON W
CUTYaIIMOHHOW HEONPENEICHHOCTEH, MOCBSIIeHBl paboThl psana yuéHbix: Abraham
A., Aliev R.A., A Allgower, Griffin M.F., Hunt K.J., Irwin G., Kraszewski P., Li
Ning, Li Shao Yuan, Piegat A., Stolcman S., Sugeno M., Tanaka K., Wang H.O.,
Warwick K., Xi Yu Geng, Zadeh L.A., Zheng A., Antynuna A.E., booko B./I.,
bopucosa A.H., BacunseBa C.H., Bepnans A.®., Boctposa H.H., IIynkoBa K.A.,
Tapacosa B.b., Vnesnoa C., AOnymnaeBa /. A., AOyranuea ®@.b., Anunosa @.T.,
ApunoBa M.M., bekmyparoa T.®., TI'ynmamoa II.M, JKymanoBa W.U.,
HUrambepnueBa X.3., KampipoBa A.A., KamwmioBa M.M., MapaxumoBa A.P,
Myxamenuesoii JI.T., Paxmarynnaesa M.A., YemanoBa P.H., FOcynbekosa H.P. u
Ap.

Co croponsl psaa yu€neix (F.L. Smidth, P.A. Anues, V. MakKamnak, V.
ITurrc, T. Koxonen, /. Xondung u Ip.) BETUCh UCCIASAOBAHUS, MOCBSIICHHbBIC
BOIIpocaM pa3pabOTKM M UCIOJIb30BAHUSA HEUETKUX pPEryIsTOpOB B 3ajadax
YOPABJICHUS! CIOXKHBIMU HETUHEUHBIMU JTMHAMUYECKUMH OOBEKTaMH, B KOTOPBIX
MOJTy4Y€HBI BEChMa BaKHBIE PE3Y/bTaThl, B YACTHOCTH, CO3/IaHbl M UCIIOIL3YIOTCS B
MPOMBIIIICHHOCTH HEUPO-HEUETKHUE KOHTPOJLIEPHI u pa3sHooOpa3HbIe
WHTEJUICKTYaJIbHbIE CUCTEMBI.

HccnenoBanuto BOPOCOB CO3/IaHUS MHTEIJICKTYaJIbHBIX CUCTEM YIIPaBICHUS
C MPUMEHEHUEM PKCIEPTHBIX CUCTEM MocBsieHbl padotel M. Cyreno, T. fImakaga,
T. Takaru, C. ScynoOy, JI. 3ane, H.I'. SApymkunoii, I1. XKekcon, R. Davis, T. Caarn,
E. Mampnanu, J[.A. TlocnenoBa, T.®. bekmyparora, H.P. IOcynbGekoBa u np., B
KOTOPBIX 000CHOBaHa HEOOXOAUMOCTh HEMOCPEACTBEHHOTO
y4eTa HEONPEACJICHHOCTH IMapaMeTpOB M  XapPaKTEPUCTHUK, KACAIOUIUXCS
TUHAMUYECKUX OOBEKTOB, a TaK)Ke€ HETOYHOCTH M HEYETKOCTH HHQOpMAIMU B
MOJICJIMPOBAaHUM M YIIPaBJICHUH TEXHOJIOTHUYECKUMHU Ipolieccamu. Bmecte ¢ TeM, B
Hay4YHBIX MyOJMKAIMAX B HEIOCTAaTOYHOM Mepe pacCMOTPEHBI  BOIMPOCHI
CHUCTEMaTHU3aIliU U3BECTHBIX MOAXO/IOB U Pa3padOTKU COBEPIICHHBIX
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WHCTPYMEHTAJBHBIX CPEICTB CO3/IaHUS HMHTEIUICKTYaJbHBIX CHUCTEM YIIpaBICHUS
IMHAMAYECKUMU OOBEKTAaMH, a TakXKe MJalbHEHIIero COBEPIIEHCTBOBAHUSA U
co3nanus 3((EeKTUBHBIX METOAOB KOHCTPYHPOBAaHUS MOJENEH U aJrOpUTMOB
MHTEJUIEKTyaJIM3alliyd [POLECCOB YMPABICHUA JWHAMUYECKUMH OOBEKTaMU B
YCIIOBUSIX HEOIIPENIEIIEHHOCTH.

CBs13b TeMBI IHCCEPTAIUH C HAYYHO-HCCIIEI0BATEIHCKUMH padoTaMu
BBICIIET0 00PA30BaTEJILHOTO YUPeKAeHUs], I71e BHINOJTHEHA JUCCePTAIUS.
JluccepTallMOHHOE UCCIIE0BAaHUE BBIITOJHEHO B PAMKAX CIIEAYIOUINX HAy4HO
MCCIIEIOBATEILCKUX MPOEKTOB TalIKEHTCKOTO TOCYIapCTBEHHOTO TEXHUYECKOTO
yausepcurera 1o remam: 0.80.02 - «Pa3paboTka v BHEIpEHUE UHTEIIEKTYaJIbHbIX
CHCTEM C MPOTPAaMMHO-AJITOPUTMUYECKON MOAEPKKONW MPUHATHUS YTIPaB JICHYECKUX
peleHuil B 33/1a4ax aHaju3a U CUHTE3a HEPAPXUUECKUX MHOTOYPOBHEBBIX CUCTEM
yIpaBJICHUS HEMPEPHIBHBIMU U AUCKPETHBIMUA TEXHOJOTHYECKHUMH OOBEKTaMM,
(2001-2003); 1120.22 - «Pa3paboTka METOOB U AJITOPUTMOB aBTOMATHU3UPOBAHHOT'O



UCCIIEAOBaHUS UEPAPXUUECKUX MYJIBTH MUKPOIPOLIECCOPHBIX CUCTEM YIPABICHUS
TEXHOJOTUUECKUMH 00bekTaMmu», (2004-2006); A-14.002 - «Pa3paboTtka
WHCTPYMEHTAJBHBIX CPEJICTB CO3/IaHUS MOJACIUPYIOUIUX, MPOTHO3UPYIOIINX U
aJanTUBHBIX CUCTEM HA OCHOBE HWHTEJUICKTYallM3alluu MPOLIECCOB YIPABICHUS
CJIIOKHBIMU JUHAMUYECKUMU OOBekTamMmuy, (2006-2008); UT/I-5-36 - «Pa3paboTka
MH(GOPMALIMOHHO aHATTUTUYECKON WHTEIUIEKTyaIbHONW CUCTEMbl MOHUTOPUHTA
TEXHOJIOTMYECKOM 0e30MacHOCTH HEQTEXUMUUECKUX YCTAHOBOK U KOMILIEKCOBY
(2012-2014); A-5-42 - «ITporpaMMHO-UHCTPYMEHTAIbHBIE CPE/ICTBA
WHTEJUICKTyaJIU3aI[i aBTOMATU3HUPOBAHHOTO MOHUTOPUHTA U YIPABICHUS
TEXHOJIOTHYECKUMHU OOBEKTaMU B YCIOBUSX allPUOPHOIN HEONPEAECTEHHOCTI
(2015-2017).

Henabo wuccaenoBanusi sBIseTCS pa3paboTka MoOJeENel W alroOpUTMOB
WHTEJUICKTyaJIM3aI[ii  TIPOIIECCOB  yTPABIEHUS JTUHAMHYECKUMH OOBEKTAMU B
YCIIOBUSX HEOTPEACIEHHOCTH

3amaum ucciie10BaHNS:

CUCTEMHBI aHaJu3 COBPEMEHHOTO COCTOSIHHSI TEOPUHM M  TPAKTHKHU
UCCIIEOBAaHUSl CHUCTEM YIPABICHUSI JAUHAMUYECKUMU OOBEKTaMH B YCIOBUSIX
HEOIPENEIEHHOCTH U Pa3MbITOCTH MPOU3BOACTBEHHBIX CUTYaLIUI;

pa3paboTKa IPUHIUIIOB U METO/I0JIOTUU MHTEJUIEKyaIM3alliU MPOIIECCOB
YIPABJICHUS CI0KHBIMU JUHAMUYECKUMU OObEKTAMU B YCIOBHUSAX
HEONPEECICHHOCTH;

CTPYKTYPHU3AILHS U aITOPUTMHU3AIINS 3a]1a4 UHTEIJIEKTYaTM3UPOBAHHOTO
MOJICTTUPOBAHUS CUCTEM YIIPABJICHUS TMHAMUYECKIMHU 00bEKTaMu; pa3padoTKa
aJITOPUTMOB aHAJIM3a U CUHTE3a a/IalITUBHBIX HEUPO-HEYETKUX CUCTEM yIIPaBIICHUS
CJIIOKHBIMU JUHAMUYECKUMU 00BEKTaMU;

pa3paboTka aIropuTMUYECKON OCHOBBI KOHCTPYHUPOBAHUS MOACIUPYIOIIUX
aJTOPUTMOB UCCJIEIOBAHUS TUHAMUYECKUX OObEKTOB;

npakTUueckass anpoOaiusi pa3pabOTaHHBIX MoOJAENed U aJfOPUTMOB
UCCJICIOBAHUSI CUCTEM YIPABICHUS IMHAMHUYECKUMHU OOBEKTaMHU MPHU PEIICHUH
3a/1a4 aBTOMAaTU3UPOBAHHOTO YIIPABJICHUS TEXHOJOTUUECKUMHU MPOIECCaMHU.
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O0BLeKTOM HCCJIeI0BAHUSA SIBJIISFOTCS CUCTEMBI YIIPaBJICHUS
TUHAMWYECKUMHU 00BEKTaMHU, (bYHKIMOHUPYFOIITUMU B YCIIOBHUSIX

HEOMPEIEICHHOCTH U Pa3MbITOCTH POU3BOJCTBEHHBIX CUTYAITUH.

IIpenMeT wuccieq0BaHUsl - TPUHIMUIIBI U METOAbl WHTEJUIEKTYaJIH3AIUs
MPOLECCOB yIIPaBICHUS ITUHAMHUYECKUMU 00BbEKTaMU B YCIIOBUSX
HEOMNPEAECICHHOCTH HA OCHOBE HEMPOHEUETKUX MOJICIIEH.

MeToabl uccieanoBanuid. B nuccepranyu MCMOIb30BAHBI METOJBI CHUCTEMHOTO
aHaJin3a, TCOPUU HEYETKUX MHOXXECTB, MAaTEMAaTUUECKOTO MOJIEJIM POBAHUS, TCOPUU
ABTOMATHUYECKOTO YIPABJICHUS, TECOPUU UHTEIUIEKTYaIbHOTO YIIPABICHHUS, TEOPUU
MCKYCCTBEHHOT'O MHTEJIJIEKTA U METObI ONITUMHU3ALINH.

HayuyHasi HOBU3HA MCCJIEIOBAHUSA 3aKJII0YACTCS B CICAYIOIIEM: BbISIBJICHBI
OCHOBHBIE KJIACCHI peIIaeMbIX 3aJ1ad, pa3padoTaHbl MPUHIIAITHI



WHTEJUICKTyJIU3AIIH MPOIIECCOB YIIPABICHHS TUHAMUYECKIMHU 00bEKTaMH,
(GYHKIIMOHUPYIONINX B YCIOBUAX HEONPEACIICHHOCTH;

pa3paboTaH KaueCTBEHHO HOBBIN MOAXOMA K CO3aHUIO CUCTEM
MHTEJUIEKTyaJI3al[MH MPOIIECCOB YIPABICHUS IUHAMUYECKUMHU 00bEKTaMH,
(YHKIMOHUPYIOUIMMHU B YCIIOBUSAX HEONPEICIEHHOCTH U PACILIBIBUATOCTH
MIPOU3BOACTBEHHBIX CUTYallUid, HA OCHOBE MHTETPallui METO/I0B COBPEMEHHOMU
TEOPHH YIIPABICHUS U UHTEIUIEKTYaIbHbIX TEXHOJIOTHII;

pa3paboTaH KOMIUIEKC HWHTEIICKTYyaJM3UPOBAHHBIX THOPUAHBIX MOJENeH
CUCTEM yIpaBJICHUS JAUHAMUYECKUMU OOBEKTaMH, OONaJarolluil aJlanTUBHBIMU
CBOWCTBAaMH, Y MO3BOJISIFOLIMM B OTJIMYUE OT U3BECTHBIX TUIIOB MOJEJIEH YUYUTHIBAThH
JTMHAMUYECKHE 0COOEHHOCTH YIPABISIEMBIX MPOIECCOB;

pa3paboTaHbl aNTOPUTMHUYECKHE OCHOBBI KOHCTPYHPOBAHUS MOJCTUPYIONIUX
aQIrOPUTMOB  HUCCJEOBAaHUS ~ JUHAMUYECKUX  OOBEKTOB,  OOECIeYMBaIOIINE
s¢dexTuBHOE pelieHue 3aJad  BbIOOpa HAWIYUYIIMX MOJEJIeH U MOpPUHSITHUS
YIIPABJICHYECKUX PEIICHUN;

co3aH  MHTEJUICKTYaJU3UpPOBAHHBIM  pemiaresib  3afad  yIopaBJieHUs
JMHAMUYECKUMU OOBEKTaMM, COUETAIOIIUNA B ceOe METObl TPAJUIMOHHON TEOPUH
ABTOMATUYECKOTO YIIPABJICHUS W MPUHLMUIBI WHTEIJICKTYaJIbHOIO YNIPaBJIEHUS, B
YCIOBHUSIX CTPYKTYPHOU, MAPAMETPUUECKON U CUTyallMOHHOW HEONPEIECIICHHOCTEN;

pa3paboTaHbl aITOPUTMBI OTIPECIICHUS HEU3MEPSIEMBIX KOOPIWHAT OOBEKTa,
KOPpPEKIIMM [apaMEeTPOB CHUCTEMBl YHPABICHUS, A TaKXe CHHTE3a CHUCTEMBbI
YOpPaBJICHUS] TUHAMUUYECKUMHU OOBbEKTaMH Ha OCHOBE aJaliTUBHBIX HEUPO-HEUETKUX
Y IPOTHO3UPYIOIINX MOJEIIEH.

CO3J1aHbI aJITOPUTMBI CUHTE3a aZanTUBHOMN HEUPO-HEYETKON
KOMOMHUPOBAHHON  CHUCTEMbl  yNpaBICHUS  JUHAMUYECKHUMH  OOBEKTaMH,
OCHOBAaHHBIH Ha METOJIE MHTEPAKTHMBHOW aJanTaluu, NpeACTaBiIsioluil colOoi
KOMOMHAIMIO alropuTMa UACHTU(UKAIMU U T€HETUYECKUX AJITOPUTMOB, KOTOPBIN
nmo3BouisieT 3QGEKTUBHO peniaTh 3a/1a49M YIPABICHUS MPOMBIIIUICHHBIMI O0BEKTaMHU
B YCJIOBUSIX HEOTIPEAEIEHHOCTH.

IIpakTu4yeckue pe3yJibTaThbl HCCIEIOBAHUSA 3aKII0YAIOTCS B CIEIYIOMIEM:
pa3paboTaHbl HHCTPYMEHTAJIbHbIE CPEACTBA MHTEJUIEKTYaI3alui POLECCOB
yIpaBjieHUsl JUHAMUYECKUMH 00ObEKTaMU B BUJE IPOrPAMMHOIO KOMILIEKCa,
npenHa3HaYeHHbIC U1 aBTOMATU3AIMH TIpoiiecca (OPMUPOBAHUS
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ruOpUIHBIX MojieNiel ci1abohopMann3yeMbIX MPOIECCOB, TOMOJHEHUS 0a3bl
3HAHUM U CHHTE3a CUCTEMBI YIIPaBJICHHsI HA OCHOBE TIOCTABJIICHHOM 11€JIM; CO3/[aHa
CHUCTEMa aBTOMATU3UPOBAHHOTO MOHUTOPUHTA M YIIPABICHUS TEXHOJIOTHYCCKUMU
rapaMeTpaMHu JIEKTPOIHEPTETHICCKUX O0BEKTOB U HEPTEXUMUUECKHUX
KOMILJIEKCOB, TIO3BOJISOIIAST BRIOMPATh ONITUMAIIbHBIE PEKUMBI PabOTHI
TEXHOJIOTHYECKUX arperaTtoB, yMEHBIIUTh SHEPTrO3aTPaThl U MOBBICUTD
MIPOU3BOUTEIIBHOCTD 32 CYET COKPAIICHUS YICILHOTO PACX0/1a UCTIOIb3yeMOU
DHEPTUH, a TAKXKE MPEAOTBPATUTH PA3INYHbBIC aBAPUIHBIC CUTYAIUH;
pa3paboTaHHas aJanTUBHAS HEHMpPO-HEUETKAsk CUCTEMA YIPABICHUS OCOOCHHO
s pexTHBHA NPU yIIPABICHUH CI0KHBIMU HEJTMHEHHBIMUA O0BEKTaMU C



MapaMeTPUIECKUMH U HHPOPMAITMOHHBIMUA HEOTIPEICIICHHOCTAMHU, JJIs1 KOTOPBIX
CTaHJIAPTHBIC MOAXO/Abl CHHTE3a CUCTEMbI aBTOMAaTH4YE€CKOIO YIIPABJICHUS MaJIO
3¢ (EeKTUBHBI.

JloCTOBEPHOCTD Pe3yJibTATOB HUCCAeA0BaHMsl. JJOCTOBEpPHOCTh PE3YJIBTATOB
HCClIeIoBaHUs OOOCHOBBIBAECTCSI NPUMEHEHHEM TEOPETUUYECKHM  O0OOCHOBAHHBIX
KOHIIENIIIUA HWHTEJJICKTyaJIbHOTO YIPaBICHUS IUHAMHYECKHUMH  OOBEKTaMH Ha
OCHOBE T€OPHH HEYETKUX MHOXKECTB U JIOTMKH, HEUPOHHBIX CETEH, T€HETUYECKHUX
aJTOPUTMOB; HCMOJIb30BAHUEM alpOOMPOBAHHBIX METOIOB COBPEMEHHOUW TEOpUHU
VIIPaBJICHUS; TIOJYYCHHBIMH pe3ydbTaTaMH TEOPETUUYECKUX W MPHUKIATHBIX
HUCCJICAOBAaHUM U MX B3aUMHOM COINIACOBAHHOCTBIO.

Hayuynasi W mnpakTHyeckasi 3HAYUMOCTb Pe3yJbTAaTOB HCCJIeI0BAHUS.
Hayunasi 3Ha4uMOCTb pE3yJbTaTOB MCCJICIOBAHMS 3aKIIOYaeTCs B pa3pabOTKe
METOJIOJIOT U KOHCTPYUPOBAHUS METO/IOB, MOJeJIei U aJrOpUTMOB
ABTOMATHU3UPOBAHHOIO HCCJICIOBAHUSA CHCTEM YMPABICHUS JUHAMHUYECKUMHU
o0beKkTamMu, (PYHKIIMOHUPYIOIIMMHU B YCIOBUSX HEOMPEACICHHOCTH M Pa3MBbITOCTH
MPOU3BOACTBEHHBIX CUTyallui, TMo3BoJisAmomas d3(PQGeKTuBHO pemarb 3aJadu
MHTEJUICKTyaJIu3allid MPOLECCOB YIPaBICHUS TEXHOJIOTUYECKUMU OOBEKTaMu
HETIPEPHIBHO-IUCKPETHOTO  Xapakrepa. Ilpu >ToM ruUOpUIHBIA  XapakTep
IPUMEHSAEMBIX B paboTe HEUpO-HEUETKUX MoJeeld I03BOJIIET Ha EAUHOU
MaTeMaTu4eCKOM OCHOBE MPOU3BOAUTH OINUCAHUE, MOJICIIUPOBAHUE, CHUHTE3 W
dhopMupoBaHue 6a3bl 3HAHUI.

[IpakTuueckas 3HAYUMOCTh PE3YJIbTATOB pabOThI 3aKJIFOUACTCSI B pa3padoOTKe
WHCTPYMEHTAJILHOTO CPEJICTBA aBTOMAaTU3MPOBAHHOTO MOHUTOPUHTA U YIPABJICHUS
JTUHAMUYECKUMH OOBEKTaMH B BHUJE MPOTPAMMHBIX KOMIUJIEKCOB, TIO3BOJISIIOIINE
MIPOTHO3UPOBATh W AHAJIM3UPOBATH PA3JIMYHBIE MPOU3BOACTBEHHBIE CHUTyallUd U
BBIOMpATh ONTHUMAJIbHBIE YIIPABICHUECKHE PEIICHHS B 3ajadaX IPOCKTHUPOBAHUS
cucTeM yrpaBieHus. PazpaboTaHHbIC MOJEIN U aJTOPUTMbl HHTEIUICKTYaIU3aluu
IPOILIECCOB  yNpPABJICHUS  JUHAMUYECKUMH  OOBEKTaMH B YCIIOBUSX
HEOMNPENCICHHOCTH MOTYT HaWTH WIMPOKOE NPUMEHEHHWE TP  CO3JAaHUU
MHTEJUICKTYJIbHBIX CHUCTEM YMPABJICHUS TEXHOJOTMYECKUMH TIPOIEcCaMu  C
HETPEPHIBHBIM U JUCKPETHBIM XapaKTepoM MPOU3BOICTBRA.

BHenpenue pe3yibTaroB ucciaenoBanus. Pazpadorannsie

WHCTPYMEHTAIBHO-TIPOTPAMMHBIE CPEJICTBA HA OCHOBE THOPUAHBIX MOJIeNIeH 1

aJlanTUBHON HEWPO-HEUETKON CUCTEMBI YIIPABIICHUS BHEAPECHBI HA MPEATIPUITUIX
I'AK «VY36exanepro», B Tom uncie, JSCJV «Deutsche Kabel AG Tashkent», OOO
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«Delta Net», HayuHo-uccienopareiabckoro 1entpa «Hosbie Texnonorum» (Cropaska
I'AK «¥Y36exanepro» PecnyOnuku Y30ekuctan o BHeapennn 3a NeJ[M-01-21/1953
or 12.05.2016 r). PesynbraThl Hay4YHO-UCCIEIOBATEIILCKUX  PaOOT IMO3BOJISIOT
COKpaTUTh BpeMsl MPOLeCCOB 00pabOTKM U aHaM3a MOTOKOB uHpopmaiuu B 1,26
pasa, CHU3UTh pacxoj] AJeKTposHepruu Ha 1,15% B TexHOIOrMuecKux oObEKTax U
TE€M CaMbIM ITOBBICUTH 3(PPEKTUBHOCTH TPOU3BOICTRA.
Anpofanusi pe3yjbTaToOB MCCJIEIOBAHUA. Pe3ynbrarel wHcciie10BaHus
JOJIO)KeHbl Ha 47 HayyHO-TIPAKTUYECKUX KOH(PEPEHIUSAX, B TOM 4HCIe, Ha 32



MeXAyHaponaHbIX: «TexHuueckne Hayku H TioOanbHBIE Mpobiembl 21 Beka»
(Tamkent, 2001); «WuaHOBamA-2003» (Tamkent, 2003); «CoBpeMeHHbIE
TEXHOJIOTMU M 000pyIOBaHHE TEKCTHIIBHOM mMpombliuieHHocTH» (Mocksa, 2003);
«Maremarnueckue Meronbl B TexHuke u TtexHonorusix» (C.IlerepOypr, 2003);
«H(DOKOMMYHUKAIMUOHHBIE U BBIYMCIHUTENIbHBIE TEXHOJIOTMU B HAyKe, TEXHUKE U
obpazoBanumny (Tamkent, 2004); «Bueapenne nHGOPMAITMOHHO
KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH B TEKCTUJIBHYIO M JIETKYIO MPOMBIIIJIEHHOCTH
(Tamkent, 2005, 2007); World Conference of Intelligent Systems for Industrial
Automation (Tashkent, 2002-2014), «CoBpemeHHbIE MaTepuaibl TEXHUKA U
TEXHOJOTHUM B MammHocTpoeHun» (Annmwxkan 2012, 2014); «CoBpemeHHbIE
TEXHUKAa M TEXHOJIOTMU TOPHO-METAJTyPTrUYeCKON OTpaciu M MYTU WX Pa3BUTHUS
(HaBou, 2013); «WHrerpupoBaHHble MOJEIM U MSITKHME BBIYUCICHHUS B
uckyccrBeHHOM uHTeiiekre» (Komomua, 2013); «Seventh International
Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control - [CSCCW-2013», (Izmir, Turkey, 2013);
«Pacno3znaBanue-13» (Kypck, 2013); «Proceedings Eleventh International
Conference on Application of Fuzzy Systems and Soft Computing -ICAFS-2014»
(Paris, France, 2014); «The 11" International Conference on Multimedia
Information Technology and Application —-MITA-2015» (Tamxent, 2015);
«Hayunbie nepcriektuBbl X X1 Beka. JJ0CTHXKEHUSA U IEPCIIEKTUBBI HOBOTO
cronetusi» (HoBocubupck, 2015); n Ha 12 pecnmyOnukaHCKUX KOH(GEPESHITHSIX.
Ony0IMKOBAHHOCTDH Pe3yJbTaToB HccjaenoBanus. [lo Teme aucceprauuu
onmyOiMKOBaHbI Bcero 88 HayuHbIX padoT. M3 Hux 1 MoHorpadus, 40 KypHalIbHBIX
cTaTel, B TOM 4ucje 6 B MHOCTPaHHBIX, 34 B pecnyOIMKaHCKUX KypHaIax,
pEeKOMEHI0BaHHBIX Briciiel aTTecTanimoHHoON komuccuen Pecnyonuku Y36ekucran
JUTsl Ty OJIMKAIMKA OCHOBHBIX HAYYHBIX PE3YJBTATOB IOKTOPCKUX AMCCEPTAIUH, a
TAKXKe MOJTYYEHO 15 CBUAETENBCTB O perucTpanuu nporpamm st IBM.
Crpykrypa n o0beM guccepramuu. CTpykTypa JHUCCEPTALUM COCTOUT U3
BBEJICHMS, IISITM IJIaB, 3aKJIIOUYEHHMs, CIUCKAa MCIOJb30BaHHON JIMTEPATYPHI,
npuioxeHuit. O0beM auccepraiuu coctapisier 198 crpanuil.
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OCHOBHOE COAEPKAHUE JUCCEPTALINU

Bo BBegeHmm OOOCHOBBIBAETCSI aAKTyaJdbHOCTh U BOCTPEOOBAHHOCTH
IIPOBEACHHOIO HCCIENOBaHUsA, LEJIb W 3aJa4d HCCIEHOBAHUSA, XapaKTEpU3YIOTCS
O0OBEKT ¥ TpeAMET, II0Ka3aHO COOTBETCTBUE HCCIEAOBAaHUS MNPUOPUTETHBIM
HaMpaBJIEHUSM PA3BUTHS HAYKU U TEXHOJOTUW PECIyOJIMKH, W3JIaratoTcsl Hay4yHas
HOBHM3HA M TPAKTUYECKUE PE3YybTaTbl UCCICAOBAHMS, PACKPBIBAIOTCS HAyyHas U
MPAKTUYECKasi 3HAYMMOCTh MOJNYYEHHBIX PE3YJBTATOB, BHEAPEHUE B MPAKTUKY



PE3yIABTaTOB UCCIIEIOBAHUS, CBEACHMS MO ONyOIMKOBAaHHBIM padoTaM U CTPYKType
JUCCepTalUU.

B nepBoii 1naBe auccepranun «CHCTeMHBIH aHAJW3 COBPEMEHHOIO
COCTOSIHMSL  NPOoOJieMbl  HMHTEUVICKTYAJM3aUMU  Ipolecca  yNpaBJICHUA
AUHAMHYECKMMH O0BbeKTAMM» H3JIaracTcsi COBPEMEHHOE COCTOSIHUE TEOpUU H
MPAKTUKU TOCTPOCHUSI MHTEIUIEKTyaJIbHBIX CHCTEM YIPaBICHUS TUHAMUYECKHUMHU
00bEeKTaMH, (YHKIIMOHUPYIOIIMMH B YCJIOBHUSX  Pa3dUYHbIX  BHUJOB
HEONIPENEIICHHOCTEN.  BBISBIEHBI ~ OCHOBHBIE  INPUYMHBI  BO3HUKHOBEHMS
HEONPEEICHHOCTEN B IIPOLIECCE YIPABICHUS TUHAMUYECKUMH OOBEKTaMH.

B Hacrosmiee BpeMs HaOmIOJAeTCs aKTUBHOE pa3BUTHE MPUKIIATHBIX
obnacTelt HayKH, CBS3aHHBIX C aBTOMAaTH3aIlMel TPOMBIIIIIICHHOTO MPOU3BO/ICTBA. B
CBS3M C 3TUM HEOOXOAMMO CO3JaHUE PANTMYHOTO PO/a TEXHUYECKUX CHUCTEM,
o0MalalollMX BBICOKOM CTENEHbI0 aBTOHOMHOCTH, aJallTUBHOCTH, HAJEKHOCTH U
KayecTBa (PyHKLIMOHUPOBAHMS B YCIOBHUSAX HEONPEIEICHHOCTH.

OObeKkTaMM yHpaBie€HUsl SIBISIIOTCS CIIOKHbIE, MHOTOMEpPHbBIE HEJIMHEWHbIE
CUCTEMBI YIIpaBJICHMSI, KOTOpble TPeOYIOT OCOOBIX, HECTAHIAPTHBIX METOJOB, IS
oOecriedeHusi TpeOyeMbIX IKCIUTYaTallMOHHBIX XapaKTEPUCTUK M IIMPOKOro Habopa
(YHKIMOHAJIBHBIX ~ BO3MOXHOCTEW 1O  (DOPMUPOBAHUIO  LEIE€COOOPa3HOTO
MOBEJCHUS W IUIAHUPOBAHUIO IIOCJIEAOBATEIIbBHOCTH BBIMOIHSAEMBIX ONEpanui c
BO3MOKHOCTBIO TIPOTHO3UPOBAHUSI C YYETOM BO3ACHCTBUS BHEIIHEH Cpeabl, a
TaKKe aKTUBHOW ajanTaiueil ee TeKylMX cocTosHui. JlaHHble TpeOoBaHuUs
oOyCIIOBJIMBAIOT ~ pa3pabOTKy  MHCTPYMEHTAJIBbHBIX  CPEACTB M METOJOB
MHTEJUIEKTYaJIbHOTO YIIPABJICHUS.

Onnoil u3 HamOonee akTyaJbHBIX 3aJad4 CTPEMUTEIBHO Pa3BHUBAIOLIETOCS
COBPEMEHHOT0 HMH(OPMAIIMOHHOIO O00IlecTBa SIBISETCS YIpaBiIeHHE peaJbHbIMU
JMHAMUYECKUMU CHUCTEMaMU Ha OCHOBE 0OpaOOTKHM M aHAJIM3a OFPOMHBIX OTOKOB
naHHbIX. HeonpeneneHHOCTh U TUHAMUYECKHUI XapakTep (pakTopoB, AEHCTBYIOIINX
B CUCTEME, CYIIECTBEHHO 3aTPYAHSIET IPOTHO3UPOBAHUE MTOBECHUS JTUHAMHYECKUX
CUCTEM, CJIE0BATEIBHO, YCIOKHIETCS PELICHUE 3a/1a4l  YIIPABJICHUS.

CymiecTByeT  MHOXKECTBO  MOJEIEH M alfOPUTMOB  IMOCTPOEHHUS
VMHTEJUICKTYJIbHBIX CUCTEM ABTOMATHYECKOTO yIpaBJIeHUS, KOTOPBIE
UCIONB3YIOTCA B pa3HbIX  OTpacisix Hayku ©W  TexHUKU. CaMbIMu
pacIpoOCTPaHEHHBIMU W3 HUX SIBJIAIOTCS HEHUPOHHBIE CETH, HEYETKHE CHCTEMBI,
DKCIIEPTHBIE CHUCTEMBI YNPABICHMS, TECHETHYECKHE AJTOPUTMBI, BU3YyaJU3aLUs]
JAHHBIX, JE€PEBbS PELIEHUN, POEBBIM UHTEIUIEKT.
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Ha ocHOBe cucTeMHOro aHanausa YCTaHOBJICHO, YTO CO3JAHHUE MOJEIICH U
QITOPUTMOB  YIOpPABICHUA  JUHAMHYECKUMU  OOBEKTaMH  MpPU  HAIUYUHU
HEONpPENCNCHHbIX  (aKTOPOB  HACTOJNBKO CJIOXHBI W HETPUBHUAIBHBI  JUIS
KJIACCUUECKUX METOJOB TEOPHUM YHPABJICHUS, YTO JJII UX PEIICHUS MOTpeOyeTcs
pa3paboTka HOBBIX M MOAW(UKAIMS H3BECTHBIX METOIOB C YYETOM pa3BUTHS
JIOCTIKEHHUSI COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJIOTHH. DTO CBSI3aHO C TEM,
YTO TPAAUIMOHHBIE METObI UCCIEAOBAHUS TAKUX CUCTEM B KJIaCCE aJalTUBHBIX U



POOACTHBIX CUCTEM YIPABIEHUS, CTATKUBAIOTCS C TPYAHOCTAMH, OOYCIOBICHHBIMU
CTPYKTYPOU 00bEKTa yIIpaBICHUS U CIIOCOOOM OIEHUBAHUSI BO3JICHCTBHIA.

AHanu3 METOIOJOTHYECKUX AaCIEKTOB OLEHKH COCTOSHHSI YIPAaBICHHUS W
MOJEIUPOBAHUS SIBJICHUI W MPOLECCOB JUHAMUYECKHUX CUCTEM IIOKA3bIBAET, UTO
BOIPOCAM WX CHUCTEMHBIX UCCJIEJAOBAHUI B YCJIOBUSAX HH(POpPMAIMOHHOMN
HEONPENCIEHHOCTH ¢ YIETOM (U3UKO-XUMHUUYSCKUX 3aKOHOMEPHOCTEH M HEUYETKUX
OPUYMHHO-CIECACTBEHHBIX  CBSI3€M, HE  yAENSUIOCh  JOJKHOTO  BHHUMAHMS.
CrnenoBaresibHO, TPUMEHEHUE METOJIOB CHUCTEMHOIO aHalu3a, MaTeMaTu4eCKoro
MOJEIUPOBAHUS, 00paboTku uHpopmanuu, YIIPaBJICHUS CIIO’KHBIMH
JTMHAMUYECKUMU O0BEKTaMHU B YCIOBHUSIX WH()OPMAIIMOHHOW HEONPEeIEHHOCTH,
OCTa&TCs OAHOM U3 BaXKHEUIIMX 3aJ1a4, pelIeHUue KOTOpoil OyleT crnoco0CTBOBATh
MOBBIICHUIO () (PEKTUBHOCTH MPOU3BOJICTB.

AHann3 MeTomoB  (OpMANTBHOTO TPEIACTABICHHS, MOJCIUPOBAHUSA |
UCCIEAOBaHUSl JUHAMUKU CHUCTEM YIIpaBIeHUS, (PYHKIIMOHUPYIOIIUX B YCIIOBUSIX
HEOTIPE/ICIICHHOCTH, BIMSIIONIMX HA PEKUMBI paOOTHI CHCTEMBI, TOKA3bIBACT, YTO
HaubOosee aJeKBAaTHBIMU 3aJjauaMy SIBISIETCS MPUMEHEHHE THOPUIHBIX METOIOB,
BKJIIOYAIOIIMX, KaK TEOPUI0 HEYETKOW JIOTMKM, TaK M METOJbl TEOpUH
ABTOMATUYECKOTO YIMpPABICHHUS, KOTOPbIE SBISAIOTCS 0a30BOM OCHOBOW JIst
WHTEJUICKTyaJIU3aIIH MPOIIECCOB YIIPABICHHS TMHAMUYECKIUMH 0ObEKTaMH.

Oco060€e MecTo B MEPBOM IN1aBe 3aHUMAET CTPYKTYpa METOAOJIOTUYECKUX
ATaIoB W HaIpaBJICHUHN JUCCEPTAIMOHHOTO UccienoBanus (puc.l). 3aech
MPEJCTABICHBI KOHIEMIINU UCCIECA0BAHNS B YACTH UHTEJUIEKTyaIu3aliy MPOLECCOB
yIpaBJi€HUs CI0KHBIMU JUHAMUUYECKUMH O0ObEKTaMHU, MPEAYCMaTPUBAIOIINE
MCIOJIb30BaHNE THOPUIHBIX HH(POPMAITMOHHBIX TEXHOJIOTUNA Ha OCHOBE
MHTErpary 6a3bl JTaHHBIX U 3HAHUH, BKIIFOYAOIINE METObI
VMHTEJUICKTYIM3UPOBAHHOTO yIIPABJICHHUS.

B mpennaraemoit metojofioruu 0co00€ BHUMaHHUE YIEICHO pa3padoTKe
TUOPUJIHBIX MHTEJUICKTYaJbHbIX MOJENIed aBTOMAaTU3MPOBAHHOIO pellaTens 3aaady
yOpaBleHUs JAUHAMHYECKUMHU OObEKTaMH, (PYHKIMOHUPYIOIIUX B YCIOBHUSX
HEOIPECTCHHOCTH, HEUPO-HEUETKUX MOJIENICH, METOJ0B Pealn3allui HEHPO
HEYETKUX aJalTUBHBIX MOZEJIEH B 3a/1a4axX yIpPaBICHUS JUHAMUYECKUMU
00BbeKTaMu, a TaK)K€ UHTEJUIEKTYaJIbHbIM METoAaM 00paboTKu uH(MOpMaIUu.
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Jusmnimaec kmii odLexT iy B Y B B
VCIOBHAY HEOMPEICTCHROCTH

PaciuMpe HEE AATOPHTMEMECKHY |
PAIBHTHE HHTCANCKTY AThHAIY
B MO HOC T CHOTEMB ¥ PR TEHH
JTHHEA M HYEE KM I}I_q'l.:I: KT
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Puc. 1. MeTonosioru4ecKue acneKkTbl 1 HaNpaBJieHHe
JAUCCEPTANUOHHOTO UCCJIeI0BAHUSA
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Bo Bropoii mase nuccepranuu « KoHuenmum u MeTon0J10rust
HHTEJUIEKTYaIu3alui ABTOMATH3MPOBAHHOTO YIIPABJIE€HHUS JTHHAMUYECKUMH
00beKTaMM» NPUBEICHBI pa3pabOTaHHbIE MOJEIN JUHAMUYECKUX MPOLECCOB,
SBIISIOIINUECS OAHON U3 CAMbIX BAKHBIX U TPYIIOEMKHX 3a]1a4, PeIIaeMbIX MIPH



pa3palboTKe CUCTEM yNPABICHUS U MPUHATHUS PELICHUN MO YIPABICHUIO.

OCHOBHBIM MOMEHTOM MpHU Pa3pabOTKE CUCTEM YIPABICHUS IPOLIECCOM,
ABIIIETCA CO3JaHHE BBICOKOI(P(PEKTUBHBIX METOAOB 00paboTkM WHOpMALUU U
BBIDAOOTKM  yOpaBISIIOIIMX — Bo3jeWcTBuil.  Pemienue  aTol  mpoOieMbl
HEMOCPEJICTBEHHO CBS3aHO C pa3pabOTKOW MaTeMaTU4eCKHUX MOJEJEH, KOTOpbIe
OTpaXKaroT CHEeNU(PUKY CIOKHBIX YCIOBUN (DyHKIMOHUPOBAHUS CUCTEMBI, TakKue,
KaK HEOIPENEIEHHOCTh U U3MEHEHHUE XapaKTEPUCTUK BHEIIHEW CpPE.bl, MOSABICHHE
AHOMAJIbHBIX CHUTYyallMi, OTKa30B HMCTOYHHMKOB HWH(OpPMALMM, KaHAJIOB CBS3H,
YCTPOUCTB, peanu3yroumux (HopMUpPOBaHUE YIPaBISIOMIUX BO3ACHCTBUN, a TaKKe
BJIMSIHUE BO3MYIICHUN U IIOMEX.

CnoXXHOCTB pelieHus JTaHHON NpoOIeMbl 3HAYUTEIBHO OCIOXKHSIETCS B CBSI3U
C T€M, YTO IMOMUMO YUCTO KOHLIETITyaJIbHbIX 3a/lad M pElIeHUs O0OIeCHUCTEMHbIX
BOIIPOCOB, HEOOXOAMMO peniarh 3aaadu (GopMaanu3aluy IPEeACTABICHUS CTPYKTYP
MOZENEN, aHaluu3a  aJIeKBAaTHOCTH  MOJEJIEH, dopmupoBanne  OaHKa
AHAJIMTUKO-TEXHOJIOTUYECKUX BBIOOPOK, BBISBICHUS  MPUYMHHO CJIEICTBEHHBIX
CBsi3ei, pa3paboTku (opM MpeAcTaBlIeHUs 3HAHUU O COOBITHSX, ACHCTBUSAX H
nporenypax.

Hcnons30BaHNEe HHTEIJIEKTYaJIbHOTO TMOAXOAA IO3BOJIAET OCYLIECTBIATH
s deKTUBHOE yNpaBICHUE CIOKHBIMH O0BEKTAMU MPU HATUYUU PA3TUYHBIX BHJIOB
HEOTpEeICICHHOCTE B  MOJENSAX, KOrja MOAENM ¢ Mpoleaypbl BbIOOpa
YOPABJSIIOIINX PELICHUM OIpENENeHbl PacIljIblBUaTO, a WHOTAA 3aJaHbl JIMIIb Ha
Ka4€CTBEHHOM YPOBHE.

B o01ieM ciayyae AMHAMHMKY CUCTEM YNPABIEHUS MOYKHO MPEACTaBUTh
YPaBHEHUEM COCTOSIHUS:

X1 = F(xkauk)ak = O,N,
X € AXv,Z/lk eU R

rae X - MpOCTPAaHCTBO COCTOSIHUM, U- MHOKECTBO TOITyCTUMBIX YIIpaBICHUH, I -
repexoaHas QyHKIH COCTOSIHUSA, B 00mieM cirydae Henunednas [ : XX U - X,
HemnomHoCThIO OlpeneneHHple IpOouecchl MOXHO MOJIEINPOBATh C IIOMOIIBIO

ararapara HCYCTKHUX  MHOXKCCTB. Torz[a JUHaMHUKa CHCTCMBI  YIIPABJICHHUA
OITMCBIBACTCA HCUCTKUM OTHOIICHHUECM

F:XxUxX - [01],
PEICTABIISIIONIMM COOOM HEUETKOE TTOJIMHOKECTBO JICKAPTOBA MPOU3BEACHUS XX
Ux X.
JIns nTMHaMUYeCKUX CUCTEM C Pa3IWYHbIMU BUJAMHU HEONPEAECICHHOCTEN

nepexonHas QyHKINS MOXKeET OBITh 3amicana B cnexyromeM Buge I @ X X U -

XP,
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rne XP - MHOXECTBO pacupeacieHund BeposTHoctd Ha X. g ydera
HEONIPENEIICHHOCTE B MOZENb  BBOAUTCSA  CIy4allHbIE  BEJIMYMHBI WU
KO3 OHUITMCHTBI.



dopmanuzanusi  paccMaTpUBaEeMOro  Kjacca  3ajJad  MOXET  ObITh
€CTECTBEHHBIM 00pa3oM OCYIIECTBICHA C HCIOJb30BAaHUEM MaTEeMaTHUECKOTO
S3bIKa THOPHUIHBIX MOJEJCH, KOTOopas MOXET OBITh TMpeACTaBiIeHA B BHUJL
CIEAYIOIIUX YPAaBHEHUM:
[]
]

xXk®@mkkmkkukxk
(DO,O, (D, (D, 0)

+=++-+

[O. O, (D, (D, 010
HE
++ + -

I'mkkmkkukwk
k

(DD, (DD, (D] O, 114 i~
zkHmkkGmbkkvk,  +=+++++-
rie x(k) — pacCIIMpeHHBIA BEKTOP COCTOSHUSI 0000IIEHHOIO 00BEKTa YIpaBICHUS U
MOJICIIA OKpY Karomeu cpenpl; u(k) — BEKTOP yNpaBISIONIUX Bo3aeHCcTBUM: z(k +1) —
BEKTOP JAOCTYNHBIX HaOmoneHui; w(k) u v(k) — HekoppenupoBaHHBIE MEXTy CO00
nocnenosarensHoctu Bektopos; [ [ [ +
oy Ol Hyn [] G-
MaTpU4HbIC (PYHKIIUU COOTBETCTBYIOIINX PA3MEPHOCTEH.

OCHOBOM MOJETUPYIOIIMX CHUCTEM SBJISICTCS HMEPAPXUUYECKOE OMUCAHUE
JTAHAMHKH HCCIIEIYEMOUW CUCTEMBI, IIPEJICTABIISIEMOE CEMENCTBOM MOJIEIICH, KaxKaast
U3 KOTOPBIX OIMCHIBACT IOBEICHUS IUHAMUYECKOW CHUCTEMBI C TOUKH 3PCHHS
Pa3IMYHBIX YPOBHEN aOCTparupoBaHusl.

[TpuMeHHTENIBHO K pelllaeMbIM 3a1a4aM MPeiaraeTcs BhIICIUTD JBa
HaIlpaBJICHUS HePAPXUICCKUX MOJICIICH:

- Mepapxwusi 1o BEPTUKAJHU, B KOTOPOU JIeJIeHHEe MOJIEJIeH 10 YPOBHIM
OCYIIIECTBIISIETCS 110 CTPYKTYPHO-(PYHKITMOHATBLHBIM OCOOCHHOCTSIM CUCTEMBI; -
uepapxus 1o TOPU30HTAIIM, B KOTOPOH JIeJIEHHE MOJIEJICH M0 YPOBHIM
OCYILIECTBIISIETCS B 3aBUCUMOCTH OT METO/IOB UCCIICIOBAHUS.

B nepapxuu 1o BepTHKaIN BbIICICHBI TPU YPOBHS MOJIEIICH:

- YpOBeHb 0a30BbIX MOJIETIEH, CoJep KA MPOCTEUIIINE MOJEIH; - YPOBEHb
JIOKaJIBHBIX MOJICJICH, OTOOpaXKaIOUUX CTPYKTYPHO (PYHKITMOHATBHBIE CBOMCTBA
(YHKIIMOHATILHO 3aKOHYEHHBIX YCTPOICTB, OPUEHTHUPOBAHHBIX HA PEILICHUE
YJaCTHBIX 3a/1a4;

- YpOBEHb IJOOAIBHBIX MoOJENeH, OTOOpakaroluX OpraHu3aluOHHbIE
OCOOCHHOCTH CHCTEM U TPEACTABISAIONIUX COOOW MOJEIHU C BBICOKOW CTETEHBIO
JeTaTu3aIm.

Hepapxus o ropr30HTAIM BKITFOYAET YETHIPE YPOBHSI MOJIEIICH B
3aBUCUMOCTH OT METOJIOB UX MCCIICIOBAHMS:



- MOJIEJY, TIO3BOJISIOIIME OMYUYUTh PE3YJIbTaThl pacueTa MpolecCcoB Ha
OCHOBE aHAJIMTUYECKOTO MOJIETMPOBAHUS;

- MOJZIeNIM, OTOOpaKaroIIre TUCKPETHBIN XapakTep MPOLECCOB U
MpeICTaBUMBbIE JIOTUKO-AU(PhEepeHIINaTbHBIM YPAaBHEHUEM;

- MOJIeNIH, 0TOOpaKaroIIfe CTPYKTYPHOE CONPSIKEHNE MAaTEMAaTUYECKUX CXEM
IIPOLIECCOB HA OCHOBE HEUPOCETEBBIX AJITOPUTMOB;

- MOJIEJIY, TTO3BOJISAIOIIKME ONTUMHU3UPOBATH U IPOrHO3UPOBATH COCTOSIHUE
CUCTEMBI HA OCHOBE METOJIOB NCKYCCTBEHHOTO MHTEJIEKTA.
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dopManbHO KOHCTPYHUPOBAHUE MOJICNICH TUHAMUYECKUX OOBEKTOB MOXKET
OBITH TIPEACTABIICHO B CIICAYIOIIEM BHUJIE:
M=<LP ®, X, Y, Q>,
rne [ — unentudukarop monmenu; P= P (x;,X...,X,) - OIHOMECTHBIA IPEIUKAT,
onpeeaeHHbI Ha MHOKeCTBEe X.CMBICIT 3TOTO MpeauKaTa COCTOUT B (popMaIbHOM
ONPEICIICHUN BO3MOXKHOCTH MCIOJIb30BaHUs AaHHOM Mojaenu; @ - X - Y (XUY=Z) -

OTOOpaKEeHHUS, OMUCHIBAIOIIKE HEKOTOPYIO COBOKYITHOCTb CBOMCTB
Mozienupylomero  anmroputma; X={x,, X,,..., X,} - BXOIHbIE IEpEMEHHbIE
BRIUMCIMTENbHOM Mogenn; Y = {y,, V.., V,}- BbIXOJHbIE IEpPEMEHHBIE
BBIYUCIUTENBHOW Monenu; Z = {z,,z,,...,Z,}- COBOKYIHOCTh HNepeMEHHEIX; Q-

001acTh IPUMEHEHHS MOJEIH, KOTOpasi 3alaeTcsl Mapoi obnactu onpeneneHus X u
snauenus Y, e. Q = {X,Y}

B mporecce paboThl ¢ MOACISIMUA MOTYT BCTPEYaThCsl BXOAHBIC MEPEMEHHbBIC
JIByX THIIOB: OIPEACICHHbIE W HEOoNpenesieHHble. B COOTBETCTBUHM € 3TUM
MHOXecTBa X OyJieM JeuTh Ha JiBa HEMEPECeKAIOIUXCs TTOJIMHOXKECTBA X1 xX° ,
T.C.

XYux=xx' ' x°=@)
DreMeHTbl MHOXKECTBA X' MOTYT OBITh OMPEICIICHBI C BBEICHUEM TOTO WJIH
WHOTO OTHOIICHUS MEXIY OIPEICIICHHBIMU TEPEMEHHBIMU X°. Takast cBs3b
MIPUBOJNT K 0O0pa30BaHUIO 00JIee CIIOKHBIX MHOTOYPOBHEBBIX BBIYHCIUTEIBHBIX
MOZENEH WM WHade, Moaenb M, uMeromas B KayeCTBE BbIXOAA BEKTOp Y M
HEOIPEEICHHbIC BEKTOpPa IMEPEMEHHBIX X moxer ObITH NpeACTaBIeHAa B BHU/IEC

coBOKynHOCTH N,,=N,UN, MOzieneli-0TOOpaXKeHUii CO CKaIApPHBIMHU BEKTOpaMu Y €
Y, k=12,.., N

”-
Hcnonb3yeMble OAMOAENH, SBISIOIMECS OIOKAMU Pa3InYHOM
Pa3MEPHOCTH, TAKKE MOTYT OBITh ITPEICTABIECHBI B BUJIE:
m;=<1I P, fi, x;, y;, Q>
Torma KOMIIOHEHTBI HCXOIHOM MOZIENHU OIUCHIBAIOTCS YE€PE3 KOMIOHEHTHI
3JIEMEHTAPHBIX MOJIETIEN CIIEAYIOLIMM 00Pa3oM:

M={m;}, ©={f}, [ ] N,,

€1,
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P.Z;(Q)- npoexuus MHOoxkecTBa Q Ha TUNEPIIOCKOCTh, KOOPAMHATAMH KOTOPOI
SIBJISIFOTCSI KOMITOHEHTBI BEKTOpPA Z;.

Takve ¢GopMbl NPENCTABICHUS BBIUUCIUTEIBHBIX MOJCIECH IMO3BOJISIOT
0000IIUTh  TpOLEAYphl, CBsA3aHHbIE C (OPMUPOBAHUEM  MOJCIUPYIOIINX
aJIrOPUTMOB U MPEACTAaBUTh UX Kak (popMalibHbIE 3a/lauu, peuiaeMble Ha 0a3ze ITUX
MOJIEJIEH.

Taxum 00pa3zoM, MOKHO TOCTPOUTH MOJIENIH PA3IUYHBIX TEXHOJIOTHYECKUX
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IIPOLIECCOB, NPOTEKAIOIIUX Ha JAUHAMMYECKOM YypoBHe ympasieHus. [loaxon
MOCTPOEHUA MOJENEe TakKe NPUMEHUM JUIsl HECTAalMOHApHBIX OOBEKTOB, I/E
napameTpbl 00bEKTa W3MEHSIOTCS BO BpeMeHU. lIpeuiokeHHbI cnoco0d sABiseTcs
OCHOBOM 1 (OpMHUPOBaHUSI MOJIENIel KaK MPOTHO3UPYIOIINX, TaK U aJJalTUBHBIX
CUCTEM C UJIEHTU(UKATOPOM.

B tperbeit mmaBe gucceprauuu «Pa3pa0oTka HMHTEIEKTYaJbHOIO
peumiarejsi 3aAa4  ynpaBJieHUMs [IMHAMUYECKHMH O0bEKTaMH» Ha OCHOBE

pa3paboTaHHOM METOJIUKH KOHCTPYUPOBaHUS MOJEEen TAHAMUKHU
(yHKIIMOHUPOBAHUS 00BEKTOB, (YHKIIMOHUPYIOIINX B YCIIOBUSIX
HEOIPENEIICHHOCTH, PacCMOTPEHBI BOIIPOCHI CO3JIaHUS

VHTEJUICKTYAIM3UPOBAHHOTO pPelIaTeNs 3aJad aBTOMAaTU3MPOBAHHOTO YIIPABJICHUSA
IMHAMUYECKUMU oObekTamu. [IpemiokeHa o000OIICHHAs —aNTrOpUTMHUYECKAs
CTPYKTypa HWHTEIUICKTYAJIM3UPOBAHHON CHUCTEMBI YIPaBICHUS IMHAMUYECKUMU
o0beKTaMH, B COCTaB KOTOPHIX BXOJUT JAMHAMUYECKUW peliarenb 3ajad,
MPEAHA3HAYCHHBIM I BBIBOAA PEIICHUM HAa OCHOBE MPOAYKUHMOHHBIX MPaBHIL
Pa3paGotanpl  anropuTMbl  QJAaNTUBHOTO  MPOTHO3UPOBAHUS,  OMPEICICHHS
HEU3MEPSAEMBIX KOOPJAMHAT CHUCTEMbl M KOPPEKIHUS MapaMETPOB CHUCTEMBbI
yIPaBIICHHUS, SBISIOLIIMECS OCHOBOW JTWHAMUYECKOTO periaresis 3ajad yIpaBlICHUs
TEXHOJIOTMYECKUMH  00beKTamMu, (QYHKIHOHHPYIOIIUX B  HEOMNPEIEICHHBIX



YCIOBUSIX.

CrpyKTypa UHTEJUIEKTYaIU3UPOBAHHON CUCTEMBI yHpaBiieHus (puc.2), Ha
psy C HOBBIMH, COACPKUT TPAJULUOHHBIE JIEMEHTHI U CBA3H, IEHTPAIbHOE
MECTO B HEW 3aHMMAET IMHAMUYECKHUM peIIaTeNb 3a1au.

ITMSCT

XX—,X;

CTXSRTxxx

—,X;

1

{H}

TXATXTBTUTX=%XXx+X

X

{}
TYDTXT

X =XX

TRYCT

XX X
2

rae 7 - MHOXeCcTBO MOMEHTOB BpemeHu; X,S,M,C,R u Y - MHOXeCTBa COCTOSIHUI
CUCTEMBI, OKPY>KAKOLIEN Cpellbl, MOTUBALIUH, LIEJIN, IPOTHO3UPYEMOTO U PEATILHOTO
pesynbrara; A, B u D - maTpulbl IapaMeTpoB; a ,i = 1,4 -
MHTEJUIEKTyaJIbHBIE ONepaTopbl MPe0OPa30BaHMSI, UCTIONB3YIOIINE 3HAHMS.
JlnHaMu4ecKuil peraTelib 3a/1a4 €CTh HEKOTOPOE KOMILIEKCHOE 00pa3oBaHUe,
CHOCOOHOE OLIEHUBATh COCTOSTHUE CUCTEMBI U CPE/Ibl, COMOCTABIIATh MapaMeTpbl
JKEJIAEMOT0 U PEAJIBHOTO PE3YJIBTATOB AEUCTBUSA, IPUHUMATh PELICHUE U
BbIpa0aThIBaTh YIpaBiIeHUE, CIIOCOOCTBYIOIIEE TOCTHKEHUIO 1Ienu. 1 aToro
JMHAMUYECKUN pellaTelib 3a/1a4 yIpaBlIeHus JTOJKeH 00J1ajaTh 3armacoM 3HaHul U
pacrnojaratb METoJaMH pelieHus 3a1ad. BaxHoil pyHKLIMeH AMHAMHYECKOTO
peuiaresns 3aja4 ynpasieHus sipisiercs popmanuzanusa cocrosiHust b/ u b3.
['ubpuiHbIE MOAEH, SBISIOUIMECS MATEMATUYECKON OCHOBOM
MHTEJUIEKTYaJIM3UPOBAHHOM CUCTEMBI YIIPABJIEHUS, PEATU3YIOLINE
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MTOJIOKUTEIIbHBIE CBOMCTBA HEMPOHHBIX CETEN U HEYETKOM JIOTUKH MMOKa3aJn
BBICOKY0 3()(PEKTUBHOCTh HEHPO-HEUETKUX CUCTEM YIIPABIICHUS.
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Puc. 2. CTpykTypa HHTE/UIEKTYAJTU3MPOBAHHOM CHCTEMbI
ylpaBjieHUsl JHHAMHYeCKHUMHU 00beKTaMH

DNEMEHTHI VHTEJJICKTYAJIN3UPOBAHHOU CHCTEMBI yHIpaBICHUS
JUHAMUYECKUMHU OOBEKTaMH OIMCBHIBAIOTCS HEUETKUMU aJalTUBHBIMU MOJIEISIMH,
ABJISIIOIIMMUCS PAa3HOBUIHOCTBIO MHOTOCIIOMHOW HEWPOHHOW CETH, CTPYKTypa
KOTOpOH (hopMHpyeTcsi Ha OCHOBAaHUHU aHAJIW3a TEXHOJOTMYECKUX MEPEMEHHBIX U
XapakTepa CBA3€d MEXIYy HMMH C BO3MOXXKHOCTBIO HACTPOWKH HA MEHSIOLIUECS
ycioBUsl Mpou3BojacTBa. /i noscHeHus: paboThl TMHAMHYECKOTO pelaTens 3a1ad
yHOpaBIeHUsI PACCMOTPHUM MPOLECC CTAOMIIN3AIMK BBIXOAHON IEPEMEHHOM y(i +1)
JUHAMUYECKOrO 00BEKTa, OMMCHIBAEMOTO0 HETMHEHHBIM PA3HOCTHBIM YpaBHEHHUEM

vifyiyirxi
(1) COseer O O

xXisuiuiq

() s O)),

45
rae i = 0,1,2,...,N - Texymiee AUCKpeTHOE BpeMs; V(i)- BBIXOMHON CUTHAMN, X I X i X i

= 4~ BEKTOp BO3MYIIAIOIINX BO3ICUCTBUY; U(i)- yIIPABICHUE;

OOy O) 1
1 ((0),..., (i — r), x(i),..., x(i = 5),u(i),...,u(i — q))- HEKOTOpask HETUHEHHAS
(bYHKITHS, IMETOIIIasi H3BECTHBIE TIOPSIIKY 7.,5,( .
BxomHbIe KOOpIMHATEI 00BEKTAa OTPAHUYCHBI B JTF00O0H MOMECHT BPEMCHH,
T.C.:

min max

Uuiu

I\
I\

(),

min max

xXxIxiN
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I[JISI OIIMCAaHUS TUHAMHWYCCKOI'O IPOoHICCCa UCITIOJIb3YyCTCA HCUCTKAA MOJCIIb

CYI[)KGHO, MMpCACTaBJIICHHAsA COBOKYITHOCTBIO ITPpABUIILL
()

ecmu () ecth xi X

kk

=4+ + +
1010 kkkkkmkm011
xiXxiX
C€CThb ... CCTb |, kkkmkm
gz) ’ >() s m (2)

O000

T0()()...(),uibbxibxi

$) I,,n
O -
C HEYCTKUMHU MHOXKeCTBaMH X,/ =1,m

cesspiBarorneit Bxoasl () (), (

U IUHEWHOU 3aBUCUMOCTBIO

)sees () 12X ixixXiXi

&= ki jon ¥ BBIXOT U ()
k

OCHOBHOW XapaKTE€PUCTUKOM, 3aJA0IIEH HEYETKOE MHOKECTBO X, SIBJISICTCS

byHKUUS TpUHAITIEKHOCTH X,(X,), KOTOpas UMEET BUJ CUTMOU/IbI:

() (T exp(()) 1

kk=+kk+kXXd'Xd’
12

MexanusMm onpeneneHus Boixoaa u (i)

3a/1aHUH BXOJIOB ()
X1

npuHauiexnocty ( () "X x i

JIMHEVHBIX YPaBHEHUM:

110 HEeYeTKoW Mozenu (2) npu

B MOMEHT BpemeHu i =1,2,...,N , byHKIHHA

OO0

b

i 1 ¥ KOdpputmenToB byy,by1,....00,, ) =1, n,l =1,m

O000

uibbxibxi
DO Osort
=+ + +

kkkkkm km

3)
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MOYHO IPEICTABUTh B BUJEC HEUETKOM ISTUCIOWHON HEMPOHHOU ceTh. B mepBom

CJI0C BBIYHCIIAIOTCA CTCIICHU IIPUHAIJICKHOCTH 0 OI[J'IH Toro 0-ro IIpaBHujIa, a BO

BTOPOM CJIOC 3HAUCHUA

(s (N °

1 XxiXxi
Je e Jom ke
HUCTUHHOCTH MOCBUIOK © w, ITyTEM ajareOpanyecKkoro
YMHOXKEHHUS: O O O 0
() (O 1122w XxiXxiXxi

kkkkkkmkm
B TPETHEM CJIOC OIPCACIIAIOTCS OTHOCUTCIIbHBIC HOPMAJIM30BaHHLBIC

3HA4YCHHUA HCTUHHOCTH IIOCHBIJIOK:
(¢}

wi
0 k 0)

3o .

WIWIwi
QIO
kkk
8}

&5 YMHOXKAIOTCS Ha 3HAYCHUS BBIXOZA
B uetBeprom ciioe 3HaueHus (i)
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4» PACCUMTAHHBIE MO JUHEWHBIM ypaBHEHUM (3) IpHU MOCTAaHOBKE 3HAYCHUM
0 00

xixixi(),(),..,()

kk km -

2
B IMOCJICOIHCM IIATOM CJIOC UTOI'OBOC 3HAUCHUC U (l)

10 BCEM TpaBUIIaM
0

HAXOJMUTCS KaK CpeIHEeB3BeIICHHAs cyMMa ()
ui
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I[HSI ONpCACIICHUA BCKTOPAa HACTPOCYHBIX ITaApaMCTPOB HEUYETKOM MOACIIN
k sk sk

UCIIONB3yeTCs JaHHkbIE, ( ),..., , (),
Xixul

& km TIPY KOTOPBIX BBIXOJHAS MEPEMEHHAS
1

y(i +1) 6U3Ka K HOMHHATEHOMY 3HAYEHHIO
V, T.€. YAOBIIETBOPSIET YCIOBHIO:

I\ (CO*(D),

= — *HH
> u

= vyxiuiylJ

Y f;

J - HOMMHAJIbHOE 3HaY€HHE OTHOCUTENbHOMN OLIMOKHU PETyIMPOBaHUS.
CrnemyromuM MOMEHTOM SIBISIETCS] O0y4deHUe ceTH. st 9To ey BEIYuCIseTCs

KOPPEKTUPYIO MATPHULIA: ~0
T

Ias (D

HixixiHi

D
=--4)
HiHi Lk £
()(1)xiHixi
1 O
Heor O

k kk

U BEKTOP KOI(PPHUITUEHTOB:

O
(). OO
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k
HOHyI‘IeHI/IH HCEYCTKAs MOACJIb B HaHBHeﬁmeM O6y‘-IaeTC$I 110 TeKYH_[I/IM JAHHBIM O

IIyTE€M HarpaBJI€HHOTO U3MEHEHUS ) -
ko3 unmentos b, () =1,n, /= 0,m 1

napaMeTpoB GYHKIUN TPUHAJICKHOCTH
00

dkl,l dk 2,1

I[JISI 06y"I€HI/ISI CCTU IpCAIaracTtCcia aJIropurMm, OCHOBAHHBIM Ha TCOPHUH
I/IHTepaKTHBHOﬁ aganTangyu, CYIHOCTb KOTOPOIo 3aKIro4acTCA B BbIYMCICHHU

OHJI/I6KI/I()()(()(()))2

2**Ei05ei05uiud,xi
&= k= ~— ik x HEABHBIM 00pa3oMm.

IIpy wWcCnoNBb30BaHMM aNrOpUTMA HHTEPAKTHUBHOM aJanTallMd CHCTEMA
pazOuBaeTcss Ha N-MOACHCTEM, KaXIbIH M3 KOTOPBIX HMEET HWHTErPUPYEMBIil
BBIXOJIHOWM CHUTHAJI ), U MUHTETPUPYEMBI BXOJIHOM CHTHAJ X,, OTHOLUEHHUE MEXKIY
HUMU TPEJCTABISAETCS B BUJE (PYHKIIMOHATBEHON 3aBUCUMOCTH:

F:.X, -Y,n=12...N

OTHOILIEHUE i-TO IEMEHTa CUCTEMbI UMEET BU;

v{t) = Fj[x,(0)],i = 1,2,....N

[TycTh B3auMOCMCTBHE MEXKTy JIEMEHTAMU U BHEIIHUM CUTHAJIOM 1,(1)

JIMHEMHO U ONUCHIBAECTCS YPABHEHUEM:

2

x{(H) u(t) v DI N, (6)
=4 .

KJ
S

rie J; = {K : yx =i} - MHOXkeCTBa CBS3HBIX BXOJIOB i-T0 JIEMEHTA; v .- BECa CBA3EH,
TO OTHOIIEHHE BXOJAa M BBIXOJA I-TO DJJIEMEHTA ONMUCHIBAETCA CIEAYIOLIIUM
YPAaBHEHUEM:
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Ecnu cucrema onuceiBaeTcs ypaBHeHHEM (6), TO Beca CBSI3eH v g
HACTPauBacTCs 10 CIEAYOLEMY IIPaBUILy:

| y | v
I\ )
E
gbixK
vvv-lFx
[101,
Fxy
K 6xK 6xK.
6xK 6xK 6vixK SO .
y %s
6xK ol 6xK
E '
rie ] > 0 - xosdppuuument, onpenensromumii ckopocts 06yuenns; [ |
exK@xKFx -

npou3BoaHas dpemre; £ — pyHkuus noreps (ommodka) kEK.
[Ipu ycnoBun, 4To ypaBHEHUE (6) UMEET €IMHCTBEHHOE PEIICHUE IS v ,

rne ¢yHkuus noreps E (v, ..., Vo U ..., U,) OyIeT MOHOTOHHO YOBIBaTh BO
BpeMeHU U Oy/eT yIOBIETBOPSTHCS CIIEAYIOIIEE PABEHCTBO:
4
E

2
vl

K

Ov K

[Ipu Takom moaxoe HEHPOCETh MOKET OBITH PA3IOKEHA HA COCTaBHBIC
AJIEMEHTBI, IPEJCTABISIEMbIC KaK 3JIEMEHTapHAsi HEHPOCETh.
MaremMaTudecku HEHPOCETEBOM alropuT™M O0yUSHHUSI MPEICTABUM B BHJIC:

2

s pres

Pn [ r

s Dn
S

=7,

r(pn)
Tae: n — NHIACKC HeﬁpOHa; S — MHACKCA CHHAaIICAa, Dl’l — Ha60p BXOJIHBIX CHUHAIICOB
HEUpOHA n; pres W post — NPECUHANTUYECKUM W TMOCTCHUHANTUYECKUM HEUPOH,



COOTBETCTBYIOIIMI CHHAICY §; [ ¢ BEC CHHAIICA §; pn — MEMOPaHHBIN MOTCHITHAI
HEWpOHa n; 7, — Y4acToTa BO30OYXKIEHMS HEHpOHA n; ? - QYHKIM aKTHBAI[UK THIIA
CUTMOWJ, KOTOpAsi IPEJACTABIIACTCS BUJIEC
X
20+
= e
11

X_

[Tpu »TOM Bec cuHarcoB onpeaesnsercs no Gopmyre:

( ) pres posts posts posts S =r-P+ f

rae Z

S‘il’liSE7

S4,
S
rae: y — ko3 UIMEeHT HEMOCPECTBEHHOW 00paTHOM CBSI3U JJIs BCEX HEHPOHOB, ¢,
— CUTHAJ HETIOCPEACTBEHHOM 00paTHOW OMIMOKH.

Takum 00pa3om, 0ObETMHEHUE TTOJIOKHUTEIIBHBIX CBOWCTB HEHPOHHBIX CETEH
M HEYETKUX Mojened mo3BoisieT 3(G(EKTHBHO pemaTh 3a7add  ynpaBIeHUS
CJIIOHBIMU JUHAMUYECKUMU 00ObEKTaMU B YCIIOBUSX HEOMPEICTECHHOCTH.

B  dyerBeprol 1maBe  guccepranvud  «AJTOPUTMUYECKHMH  CHHTE3
HHTE/UICKTYAJbHOM CHCTEMbl YNPABJIEHHS] [AUHAMUYECKHUMH OObeKTaMM»
c(hOpMyIUPOBAaHBl TPHUHIUIBI MOCTPOCHUS] WHTEIUICKTYAIU3UPOBAHHON CHUCTEMBI
yOpaBIEHUSI  MEPAPXUUYECKH  OPraHM30BAHHBIX  JIMHAMUYECKHX  OOBEKTOB,
(YHKIMOHUPYIOUTUX B YCIIOBUSIX allpUOPHON HEONIPEACICHHOCTH HH(MOPMAITUH.
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B MHOroypoBHEBBIX MEPAPXUUECKUX CUCTEMAX BAKHBIM BOIIPOCOM SIBIISETCS

pelIeHHEe 3aJa4u KOOpAMHAUMU pPabOThl IMOICHUCTEM, €CIU B CHCTEME HMEETCs
HEOIPENEIEHHOCTb, TO 3a/1a4a MPUHSTHS PEIICHHS 3HAYUTEIbHO YCIOKHSAETCS.

B nuccepranuronHoi pabote sl KOOpAUHAIMU YPOBHEH yIpaBieHUs
IIpeJIaraeTcs UCCIIe0BaTh BOIPOCHl ONTUMHU3ALMHN JBYXYPOBHEBOU CUCTEMBI U
IPUHUMATH 3TY 33]1a4y KaKk OCHOBHOM MOAYJIb JUisl J1t000i N-ypOBHEBOI CHCTEMBI,
MpUYEeM JIJId pellieHus 3aAa4uu Ha (I -1)-M ypoBHE CUMTAETCA 3aJJaHHBIM PE3yJbTaT X
B BHUJIE:

ONTUMU3AIUMKU Ha ypoBHe i. Wi, ecnu 3anucars y

Xy= {xl-j}, i=1,N,j=1,M,

e M = m,- 4McII0 MOJACKUCTEM Ha i-M YPOBHE YIpaBJIeHHs, TO Ipenonaraercs, =

2
yKe
X ] , BCC PEUICHUS ; M,



-j—m
, 1, IIPUHSATBI.

i_

YTO NP HAXOXKIECHUH PEIIEHUH (1) X/ 1,

B sToM ciyyae nuHaMMKa JIOKaIbHOTO YPOBHS YIPABIEHUS MOXKET ObITh
IIPEICTABIECHA B BUJE!
* HEYETKOE YPABHEHUE COCTOSIHUS

i AxBuu(s)®®0®,

9

* HEUETKOE ypaBHEHUE HAOIIONCHUS
y=CQ®x,
* HEUETKHUE HauyaJIbHbIE YCIOBHS
()1x,0=D,()()nx0=D2,..x,0=D,
e @, - HeueTKHe onepalnry COOTBETCTBEHHO CIIOKCHHS W YMHOXKEHUS, U —
YOPABJSIIOMANA CUTHAN (CKaJISIp), TPUHUMAIOIIUM HEYETKUE 3HAYCHUS; X = {xl, X,
yeees Xj yene xn} - BEKTOP HEYETKOIrO COCTOsIHUS, i=1,2,...,n; y = {yl, Vaseees Vrreees y,} -

BEKTOP HEUETKUX BBIXOAHBIX MEpPEMEHHbIX, ¢=1,2,...,[; 1 - ToKa3areib HEYETKOTO

(M3MEHSIIOLIETOCs ) YKCIia IEPEMEHHBIX COCTOSIHUSI U
S

(s)

IIPEACTABIISIIOIINN BEC S-TO YPABHEHUS COCTOSHUS;

| - 114 ApyS | | - B | | ncc |
IR ey i 11|11
1 ) 1 oS .
A = , » -~ MaTPUIIBI
ALALA) HEYETKUX
B | = S
=  C  pSrR
" nnB [
A Ars , CccC
I ) 1 . )

K03 HUIIMEHTOB MOICIIH.
Hekotopas i-s1 mepeMeHHas BEKTOpa COCTOSHUS KaK (DYHKIIMS BPEMEHH ¢
MOXET OBITh IIpe/icTaBIeHa HeueTkoM oTHomeHueM (HO): ( ) { ( ,)} i
xt=t,xVtx,
li
i=1, 2,...,n, a B QUKCUPOBAHHBI MOMCHT BPEMCHH YKa3aHHAS TIEpEeMEHHAs MOXKET
6bITh BEIpaskeHa HeueTkum MHOxectBoM (HM): { ()} .

xi=x Y x . AHamorunusoe
i

OIIMCAaHUC UMCCT ¢-A BbIXOJHAA IICPCMCHHAA:
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{(é)}é <
yttytty
()=,,,¢=1,2,...1

{(a)}«?@é

yyty

5

y

VY
- = Xty

Iae (CDH), Qa9
5 - (bYHKI_II/II/I MPHUHAAJICKHOCTH

XY i, - BHAYCHUA U3

YHHBEpCAIbHBIX MHOXECTB. JnemenTsl Marpun A,B,C 3agansr HM:

{OH O}

1 1 1 n n n n
vy
AAAAAA==
! "4l o
1 1 n An n
{OHO}
111 n nn
i
BBBBBB==
yeees 5 B
B
{Or{ O
1 1 1 l ! l l
vy
ccccoccoce==
! "c1
1 1 n Cn

n
HauanbHubie ycnmoBus onrcansl HM { ( ,)} Di



;Di=x Y X, a 4nuCII0 IepEMEHHBIX

BeKTopa coctossuus — HM § {sl(s)} s
, e s=1,2,...,n — NOpsiAKOBBINA HOMEP
IIEPEMEHHON BEKTOPA COCTOSIHUS.

OyHKIIMY MPUHAJJIC)KHOCTH 3aJJaHbl AaHATTUTUYECKON 3aBUCUMOCTHIO,

HanpuMep, ISl IEPEMEHHOM X; :

'-00
xxabb
Xi Xi Xi Xi Xi X1
- 1212
() |
() ()
sign b ax—+ sign b a-x
-+
- 1
| [, |
Neab)
o0 1
=-bax XiXi i +-bax f‘ﬁu‘ﬂ 1
12
o & Xi 1
Xi Xi 2 ;Xl 2
a npencrasiseT moxy DI, korhpuiueHTs! y;
3neck kodphuiyent v, @ u 5y @ - naxson @Il k ocu x;, Te.
b, u KOHTPACTHOCT.

b,3apatot mmpuny OII, |y, xi

by, x @ 103B0IIsI0T 06pa3zOBBIBATE
Q... o0y hopmy
Kosddunuent b,,,y;

Bl y;
®OI1 1 MOTYT BBICTYNIaTh B Ka4€CTBE MTOKA3aTeJIe HEONIPEACICHHOCTH. 3a/1aHbl
MOKa3aTeJIM KayeCcTBa CUCTEMbI yIPaBieHUs (BpeMs IIEPEXOIHOr0 MpoIiecca,
nepeperyiupoBaHue, omuoOKa CIeKeHUs U T.11.) B popMe QyHKIMI MOJIE3HOCTH:

{0



1,2,...,,

OG0

3 3 3 3
33 3 2
'\~ @@00abb
= Xi 12 1Xi Xi
Ok k k Xi Xi

rae K — 4uciio rnokasarejied KauecTBa CUCTEMBI YIIPABIICHMUS.

OrnpeneneHa 3TajloHHas MOAEIb HA OCHOBE 3aIaHHBIX MOKa3aTelel KayecTBa

x8 =Ax+, rue u,— 3anaoiee Bo3IeHCTBUE CUCTEMBI;

ynpaBieHus: ,, ,, ,, B,u,
X,,(t) — BEKTOP 3TAJIOHHBIX COCTOSHUSI.

3aJaHbl OTPAHUYECHUS HA IEPEMEHHBIE BEKTOPA COCTOSHUS M OTPAHUYEHUSI Ha
YIIPaBJICHUE;

) ()

gxutxgxutx

9999999 900y
<<

s

gxutxgxutx

9999999 900y
<<

2 1 max 2 min
nnnn

(=..).(=..)
]

gxutugxutu

1 max min

JIs onpejieNeHus oKa3aTesIs KaueCTBa CHCTEMBI YIIPABICHHUS HCTIOJIb3YOTCS
KaK BPEMEHHBIE XapaKTEPUCTHKK 00bekTa ynpasienus a (¢)
X;y A (f )
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byHKuMY npuHaIIeKHOCTH. C LENTbI0 CHUKEHUS! HEYETKOCTH JIAaHHBIX 00 00BEKTe

1 yITy9IIeHHs TOKA3aTesIeN Ka4yeCTBa YIPABICHNS MAKCUMHU3UPYIOTCS 3HAYCHUS |y,
b (1)

b (1) 2 k-

2xi> b (t )

Lxi> b (t)

Jlist mpuaaHusi CBOMCTBA pOOACTHOCTH alTOpUTMa YMPABICHUS MPEITIOKEHO
WCMOJb30BAHUE  JUCKPETHOIO  QJIrOpUTMAa  CKOPOCTHOIO  TpaJWEHTa B
napamMeTpuyeckoil ¢opmMe, 4TO MO3BOJIUT OOECHEUYUTh MUHHUMYM CIOKHOCTH M
Y4E€CTh OTPAaHUUYCHUS HA YIIPABIISIIOIIAN CUTHAT U CKOPOCTh €r0 U3MEHEHUSI.

C uenpl0 yaydllleHHs KadecTBa U TOYHOCTH (HOPMHUPOBAHHS TEPEXOIHBIX
MPOLIECCOB B CUCTEMBI YIIPABICHUS PEATIM30BaH AJITOPUTM MPUHATHS PEUICHUN 1O
BBIOOPY KOMIIPOMHUCCHOTO YIPABJSIONIETO CHTHAja YMPaBICHUS MyTEM €ro
BCTPAUBAaHMS B AJITOPUTMBI YIIPABICHUS.
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K03 (UIIMEHTOB MaTPHUIIbl 00BEKTa M MaTPHUIIbl ATAJJOHHOU Mozenu B,. B riase
TAK>KE€ PACCMOTPEHBI BOIPOCHI MOCTPOEHUS aIAlITUBHBIE HEHPOHEUETKUE
AJTOPUTMBI UCCIIEIOBAHUS UHTEJUIEKTYATU3UPOBAHHBIX CUCTEM YIIPABICHUS
TMHAMUYECKUMHU 00BEKTaMu, 00eCTIeYNBAIOIINE POOACTHOCTD K Pa3INIHBIM
HEONPEIETIEHHBIM BO3MYILIEHUAM. Peanu3anus npejioKEHHbIX allfOPUTMOB
CUHTE3a paclupseT 00JacTh UX MPUMEHEHHUsI B 3aJla4aX MPOCKTUPOBAHUS CUCTEMBbI
yIpaBJiIeHUsl JTUHAMUYECKUMH OObEKTaMHU MPU HAIMYUU IIUPOKOTO CIEKTpa
BO3MYIICHUN.

B  maroin  mmaBe  nmuccepraumn  «IIpakTHMueckass  peaJju3auus
pa3padoTaHHBIX MoOJeJed W AJrOPUTMOB B 33/a4aX HHTEIEKTYyaIu3aluu
npouecca  ynpaBjJeHHs  TEXHOJOIMYeCKHUMH  O0beKTaMH»  IPUBEICHBI
pEe3yIbTaTh OpUMEHEHUs]  pa3pabOTaHHBIX  MOJAENeM W aJIropuTMOB
MHTEJUIEKTYyaJIU3aliU [IPOIIECCOB YIIPABICHUS B 3a1a4ax YIPaBICHUS

Pa3TUYHBIMU TEXHOJIOTHUYECKUMHU OOBEKTAMU B YCIOBUSAX allpUOPHOMN
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HEONPEIEIEHHOCTH. B KauecTBe IpuMepa pacCMOTPEHBI BOIIPOCHI CO31aHUS
VMHTEJUICKTYAJIbHON aJallTUBHON HEUPO-HEYETKON CUCTEMBI YIIPABICHUS
TEXHOJIOTMYECKUMH MpoLiecCaMy PEKTU(PUKAMOHHON KOJIOHHbBI, MaTeMaTH4eCKas
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B maremarnueckoi momemn Y (1) 1, Y (¢) 5, Y (¢) 5, Y (¢) 5, Y (¢) 7, Y (¢) o
TeMIIepaTyphl Kyba KonoHHbl, Y (¢) 4~ TeMmeparypa napoB, IOCTYTAIOMUX CHA3Y Ha
Tapenky nuranus, Y (f) ¢— Temneparypa sKuIKOCTH, TIOCTYNAOIEH CBEPXY Ha
tapenky mutanus, X (¢) |, X (£) ,— pacxopl neperperoro napa u xjiajareHra,
T,...T¢— MOCTOSHHBIE BPEMEHH TMHAMHYECKHX XapAKTEPHCTHK MO K ... g
COOTBETCTBYIOIIMM KaHajlaM 00beKTa  Nepeadu MO COOTBETCTBYIOMIUM KaHajlaM

YIpaBJICHUs, | 00BbEKTA yIpaBICHUS, |
k — xo3hpuIeHTs By ... g

3HAYEHUS BPEMEHHU 3alla3/IbIBaHMs 110 COOTBETCTBYIOIIUM KaHajdaM 00beKTa
ynpasienusi, K1, K2 — HacTpoeuHbie KOd()PUIIMEHTHI, f — aHaJIoroBoe BpeMsi. B
CYILIECTBYIOIINI CUCTEME YIIPABICHUS, YTO TPU HATUYUK BHEITHUX BO3MYIICHUI
(Hanpumep, U3MEHEHUs pacxoj mnapa oosee yeM Ha 15%) win napaMeTpuyecKux
BO3MYIIIEHUN B 00BEKTE yrpaBieHus (HanpuMep, U3MEHEHHsI COCTaBa CMECH Ha



[ICPUMCHT IIOKa3all, 4TO

ﬁ OHCHUS 3HAYCHUH
0 3HaueHus (puc.3) uTo

[otepu cvipbst Ge3 ynpaBieHUS
[oTtepwu cvIpbst Ipu poGacTHO CTaOMIH3aUH
IToTepu CBIpBs IPH UHTEIUIEKTYaIHHOM YIIPABICHUH

Puc.3. I'paduxy norepsb ChIpbsi NP HMUTALMH NPOLECCOB YIPABJICHUS
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CoznanHas MH(OPMALIMOHHO-aHAJIMTUYECKAs CHUCTEMA TEXHOJOTHYECKOTO

MOHUTOpPUHIa W  YyHOPABICHMS, peaid30BaHa JUIsi  aBTOMATU3MPOBAHHOTO

MOHHUTOPHHIAa TEXHOJOTMYECKUX TMapaMeTpoB psija MNpeAnpuaTuil Y3OekucraHa,

MO3BOJIMJIA COKPAaTUTh BpeMsi Ha oOpabOTKy MOTOKOB MH(popmanuu B 1,26 pasa, u
yMeHblua pacxoj 3Hepruu Ha 1,15% 3a cuet BhIOOpa ONTUMAIBHBIX PEXKUMOB.

3AKJIIOYEHHUE

Ha ocHoBe mpoBen€HHBIX MCCIAEAOBAHUN MO JOKTOPCKOM IHUCCEPTAlA Ha
temy «KoHCTpyHpOBaHUE MOAENEHN U aJTOPUTMOB MHTEIJIEKTYalIM3alUul MPOLIECCOB
VIIPaBICHUS JIUHAMHUYECKHUMH OOBEKTaMH B YCIOBHUSIX  HEOIPEISICHHOCTH
MPEJICTABJICHBI CJICIYIOIIUE BHIBOJIBI:

1. Ha ocHOBe cucTeMaru3aluy U aHaJin3a METOOB U aJITOPUTMOB PEIICHUS 3aja4
WHTEJUICKTYaJIbHOTO  YNpaBJIE€HUS] JUHAMUYECKUMU OOBEKTaMH  Pa3BUTHI
TEOPETUYECKHE OCHOBBI CO3JIaHUSI CHUCTEM MHTEJUIEKTYaJdbHOIO YIPABICHUS
JTMHAMUYECKUMH OOBEKTaMM Ha OCHOBE COYETAHUS METOJIOB TEOpHUH
ABTOMATHUYECKOTO YIPABJICHUS U MPUHIIUIIOB UHTEJUIEKTYaJIbHBIX TEXHOJIOTUH.

2. llpennokeH Ka4ye€CTBEHHO HOBBIM  MOIXOX K  CO3JAHUI0  CHUCTEMBI
WHTEJUICKTYaJIU3allid MPOILECCOB YIPABICHUS JUHAMUYECKUMHU OOBEKTAMH,
(YHKIIMOHUPYIOIIUMH B YCJIOBHSIX HEOIPEICICHHOCTH, Ha OCHOBE MHTErpalliu
METOJOB  KJIACCUYECKOW TEOpPUU  YIPABJICHUS W  HMHTEIUICKTYyaJIbHOIO
yIIpaBJICHUS.

3. Pa3paboTan KOMILJIEKC HHTEIUICKTYaIM3UPOBAHHBIX THOPUIHBIX MOJICIICH CHCTEM
yOpaBieHUsT JUHAMUYECKUMU OObEKTaMH, OONaJaonuil  aJanTUBHBIMU
CBOMCTBAMHM, M MO3BOJISIIONIMM B OTJIMYHUE OT M3BECTHBIX THUIIOB MojejeH
YYHUTBIBATh TUHAMHYECKUE 0COOCHHOCTH YIPABIISIEMBIX ITPOIIECCOB.

4. Ha 6a3e HEHpPOHHBIX CeTel, HEYETKOM JIOTUKH, TCHETHYECKUX aJTOPUTMOB U
METOJIOB KJIACCHUECKOU TEOPUU yHPABIICHUS pazpaboTaHa METOH0IOTUS
KOHCTPYHUPOBAHUS THOPUIHBIX MOJEIICH TEXHOJIOTHYECKUX MTPOIECCOB,



SBJISIONIASICSL MATEMATHUECKOM OCHOBOW MHTEIUIEKTyaJIN3alliy POIIECCOB
yIpaBICHUS JUHAMUYECKAMU O0bEKTaMHU, M TO3BOJISIONIAsT ()OPMHUPOBATH
MOJIEITN CJIOKHO (pOpMai3yeMbIX MPOIECCOB yIPABICHHUS.

PaszpaboTaHpl anrOpUTMUYECKUE OCHOBBI KOHCTPYHPOBAaHHUS MOJCIIMPYIOLIIX
AQNTOPUTMOB  HMCCIICOBAHUS JMHAMHUYECKHMX OOBEKTOB, OOECIEUMBAIOIIHE
b deKTUBHOE pereHue 3a1a4 BBIOOpA HAMTYYIITIX Mojenen
(YHKIIMOHUPOBAHHUS CHCTEM B BBIYHCIUTEIHLHOM OTHOIICHWH, OCHOBAaHHBIC HA
COYETaHWU METO/Ia aHAJIN3a UePAPXUHU, TIPOIIETyp OLIEHUBAHUS  METOZOB
HEYETHOMN JIOTHKH.

Co3maH  WHTEUIEKTYaIM3UPOBAHHBIM  pemiareiab  3a7ad  yYIpaBJICHHS
TMHAMHYECKAMU OOBEKTaMH, COUYETAIOMMid B ceOe METOIbl TPaAHIIMOHHON
TEOPUH AaBTOMATHYECKOTO YIPABICHHWS W MPHUHIMIIBI HHTEIEKTYyaTbHOTO
yIPaBJICHUS B YCIOBUIX CTPYKTYPHOH, MapaMeTPUIECKON M CUTYAIIMOHHOM
HEOIIPEAEICHHOCTEN.

7. Pa3paboTaHpl aNropuTMbI aJaNTUBHOTO MPOTHO3UPOBAHMUS, ONIPEICTICHUS

10.

HCUBMCPSACMBIX KOOPANHAT CUCTECMBI 1 KOPPCKIHUU ITapaMCTPOB CUCTCMBbI

53
yIOpaBJICHUS, a TAKKE CUHTE3a aIallTUBHON HEUPO-HEUETKOM KOMOMHUPOBAHHOM
CUCTEMBI YMpABICHUS JMHAMUYECKHMMH OOBEKTaMM Ha  OCHOBE METOAA
WHTEPAKTUBHOW  ajamnTaluu, MPeACTaBISIOMMNN  co0oM KOMOUWHAIUIO
aJITOPUTMOB UACHTU(DUKAIIMN U TEHETUYECKUX aJITOPUTMOB.

IIpennoxkeH TPUHLUMI HEPAPXUUECKOTO MHOTOYPOBHEBOIO MOICIUPOBAHUS U
UCCJIEIOBAHUSl MHTEJUICKTYalIbHBIX CHCTEM YIpaBIICHUs, Oa3upYIOUIUICA Ha
UEpapXUUECKOM ONUCAHUM UCCIEAYEMOM CHCTEMBbI HMHTEJUIEKTYaJbHOIO
yIIpaBIICHUS.

Pa3paboranbl anropuTMbBl CHHTE3a QJANTHBHON HEHWPO-HEUETKOW CHCTEMBI
yOpaBJieHUs, BKJIIOYAIONIUME B ce0sl MPOLENypy OIpEACNICHUs] apXUTEKTYpHI,
pa3paboOTKy CTPYKTYpbl M MOJAEIU B3aUMOJCHCTBHS €€ BJIEMEHTOB, OLEHKY
BIIMSHUSL TapaMETPOB HEWPOHHOW CETU Ha IOKAa3aTelil Ka4ecTBa CHUCTEMBbI,
MO3BOJISIIONINE MOBHICUTH A()(PEKTUBHOCTH CUCTEM YIMPABICHUS MPU HETOTHBIX
ApPUOPHBIX CBEACHUSX OTHOCUTEIIBHO MOJEIW OOBbEKTa YIpaBICHUS W
BO3MYILICHUU.

Co3mana cucTeMa aBTOMATU3WPOBAHHOTO MOHUTOPUHIA W YIIPABICHUS
TEXHOJIOTMUYECKUMH  TlapaMeTpaMu  DJIEKTPOIHEPIeTUUECKUX OOBEKTOB H
HEe(PTEXUMHUECKUX KOMIUIEKCOB, IIO3BOJISIIONIASl  BBIOMpATh ONTHUMAJIbHbBIC
pexUMBI pabOThl TEXHOJIOTMYECKUX arperaroB, YMEHBIIUTb 3HEPro3arparbl U
NOBBICUTh TMPOU3BOJUTEIBHOCTh 33 CUET COKpAIeHUs YIEIbHOIO pacxoja
UCIIOJB3YEMOM DJHEpPruu, a TakXkKe MNPEeIOTBPATUTh pa3IUYHbIE aBapUHHbIC
CUTYyallUH.
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INTRODUCTION (summary of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. To date, the
world practice the leading position occupied by the creation of high-performance
process control systems with the involvement of intelligent technologies. One of
the most urgent tasks of rapidly evolving modern information society is the
management of real dynamic systems based on processing and analysis of huge
data streams. In this direction, some progress has been made in the leading
countries of the world such as USA, Germany, Japan, South Korea, etc., Where on
the practical implementation of the work carried out intensively in the industrial
and non-industrial field, allowing to increase the efficiency of production, i.e. the
competitiveness of the products, due to modernization of management practices
using modern information technologies, allowing for the particular technological
objects. Now in these countries used intelligent production control systems account
for about 40-45%' of the total production. This results in reduction of resource and
energy consumption by 35%?.



In the Republic of Uzbekistan held large-scale activities on the effective
organization of measures aimed at creating a high-performance process control
systems and production. In this area, we carried out a series of research projects,
including for the development of effective individual technological objects control
systems in various industries, intellectualization control processes, improving
methods of research of intelligent control systems, creation of intellectual assets
control processes.

The world's attention is paid to the development of neuro-fuzzy models and
algorithms of control systems in problems of intellectualization process facilities
management, building a knowledge base, their use in improving the control system.
In this area, the implementation of targeted research is a top priority, including
research in the following areas: development of hybrid models of dynamic
processes based on neural networks and fuzzy logic, which allows to consider
features of dynamic objects; intellectualization control processes based on the joint
application of modern methods of control theory and principles of
intellectualization; development of tools and software intellectualization control
process; the development of sophisticated, highly adaptive control algorithms;
creating knowledge-based adaptive processing control signals control algorithms;
development of software - tools intellectualization of automated monitoring and
control of dynamic objects in conditions of uncertainty.

This dissertation research is to a certain extent the tasks provided for in the
Decree of the President of the Republic of Uzbekistan Ne PP-1989 on June 27, 2013
"On measures for further development of the national information and
communication systems", as well as in other legal instruments adopted this sphere.

Compliance research priority areas of science and technology of the
Republic. This study was performed according to the priority directions of

development of science and technology of the Republic IV. "Development of !
Electronic Journal "System Analysis in Science and Education", Ne2, 2015 (www.http://sanse.ru);
*International Journal "Problems of the theory and practice of management", 5/2014. (www.https://istina.msu/ru)
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information and information and communication technologies." Overview of the
international research on the dissertation theme®’. Research aimed at the
development and creation of intelligent process control systems and manufacture of
various functional purpose, are made in the leading research centers and higher
educational institutions of the world, including in Togai Infra Logic, Omron, Micro
Devices, Johnson Space Centre, Department of Electron and Intellegent System
(USA), the International laboratory LIFE, Hitachi, Mitsubishu Elektric, Ibaraki
university (Japan), the Siemens (Germany), Wecan Agrotexservis (South Korea),
ZIFIT, DISC (USA), university of Siegen (Germany), Inha ( Uzbekistan), a
multimedia society Dongguk (South Korea). As a result, the world's research on the
development of models and algorithms for dynamic objects intellectualization of
control processes under uncertainty obtained a number of research results,
including developed: an intelligent on-board aircraft control system (Johnson Space
Centre, USA); fuzzy control system of temperature control during storage of fruit
and vegetable products (Wecan Agrotexservis, South Korea); intelligent climate



control system in vehicles (Hitachi, Japan); fuzzy control system’s single and a
group of lifts (Mitsubishu Elektric, Japan); intelligent sensors (Siemens, Germany);
Expert medical system (Kawasaki Medical Schcool, Japan); Train Control System
Nanboku subway line (LIFE International Laboratory, Japan); intelligent robots
(Ibaraki University, Japan); intelligent microcontrollers (Department of Electron
and Intellegent System, USA).

The world's research on the development of tools to create intelligent dynamic
objects control systems with the involvement of the achievements of modern
information technologies for a number of priority areas conduct research on the
formation of mathematical models of dynamic objects in the light of uncertainties;
the development of neuro-fuzzy models of process control processes; algorithms
intellectualization dynamic objects control processes; automated tools for
monitoring and control of dynamic objects; complex programs to solve the
problems of intellectualization of dynamic objects control processes in conditions
of uncertainty.

The degree of knowledge of the problem. Research questions of theoretical
and practical problems for the intellectualization of dynamic objects management
processes and the creation of high-performance control systems, taking into account
the complexity of various factors and uncertainties, intelligent control systems of
technological objects and processes in terms of the structural, parameter and
situational uncertainties are devoted to a number of scientists: Abraham A., Aliev
R.A., A.Allgéwer, Griffin M.F., Hunt K.J., Irwin G., Kraszewski P., Li Ning, Li
Shao Yuan, Piegat A., Stolcman S., Sugeno M., Tanaka K., Wang H.O., Warwick
K., Xi Yu Geng, Zadeh L.A., Zheng A., Altunin A.E., Bobko, V.D., Borisov A.N.,
Vasilev S.N., Verlan' A.F., Vostrov N.N., Pupkov K.A., Tarasov

 Review of foreign scientific research on the topic of the thesis is based on: http://www.works.doklad.ru,
http://www.refdt.ru, http://www.km.ru, http://osp.ru/os, Zakharov V. Intellectual Technologies in Modern
management Systems // Theoretical and practical aspects of management. -Moscov. 2005. -Vol 5. -p.96-100 and
other sources.
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V.B., Uljanov S., Abdullaev D. A., Abutaliev F.B., Adilov F.T., Aripov M.M.,
Bekmuratov T.F., Guljamov Sh.M, Zhumanov LI., Igamberdyev H.Z., Kadyrov
A.A., Kamilov M.M., Marahimov A.R., Muhamedieva D.T., Rahmatullaev M.A.,
Usmanov R.N., Jusupbekov N.R. and etc.

From the number of scholars (FL Smidth, R. Aliyev MakKallak W., W. Pitts,
T. Kohonen, J. Hopfield et al.) Conducted research on the development and use of
fuzzy controllers in complex nonlinear dynamic object control tasks where very
important results were obtained, in particular, are created and used in the industry
neuro-fuzzy controllers and various intelligent system.

Research questions of creation of intelligent control systems with the use of
expert systems studied by M. Sugeno, T. Yamakawa, T. Takagi, S. Yasunobu, L.
Zadeh, N. Yarushkin, Zhekson P., R. Davis, T. Saaty, E. Mamdani, DA Pospelov,
TF Bekmuratov, NR Yusupbekova et al., In which the necessity of taking into
account the uncertainty of direct parameters and characteristics related to dynamic



objects, as well as errors and ambiguities in the simulation data and process control.
However, in scientific publications are not adequately addressed issues of
systematization of conventional approaches and the development of sophisticated
tools to create intelligent control systems of dynamic objects, as well as the further
development and establishing effective methods for designing models and
algorithms intellectualization of dynamic objects of control processes in conditions
of uncertainty.

Communication of the research plans of scientific research is reflected in
the following projects: 0.80.02, "The development and implementation of
intelligent systems, algorithmic and software support of managerial decision making
in problems of analysis and synthesis of hierarchical multi-level continuous and
discrete control systems of technological objects" (2001-2003); P20.22:
"Development of methods and algorithms for automated research
multimicroprocessor hierarchical control systems of technological objects" (2004-
2006); A-14.002: "Development tools create modeling, predictive and adaptive
systems based on intellectualization control processes of complex dynamic objects"
(2006-2008); ITD-5-36 "Development of information-analytical intellectual process
safety monitoring system of petrochemical plants and complexes" (2012-2014);
ITD-5-39 "Development of an integrated information system of the production
process monitoring and control prediction in light industry, using Web-based
technologies (IT technology)" (2012-2014); A-5-42 "Software tools
intellectualization of automated monitoring and control of technological objects in
conditions of a priori uncertainty" (2015-2017).

The aim of the study is to develop design models and algorithms for dynamic
objects intellectualization control processes in conditions of uncertainty. Research
problems:

systematic analysis of the current state of theory and practice of research of
dynamic objects control systems conditions of uncertainty and fuzziness of work
situations;

develop the principles and methodology of intellectualization control
processes of complex dynamic objects in conditions of uncertainty;
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structuring and algorithmization tasks intellectualized simulation of dynamic
objects of control systems;

development of algorithms for analysis and synthesis of adaptive neuro-fuzzy
complex dynamic objects control systems;

the development of algorithmic design principles modeling algorithms
research of dynamic objects;

Practical testing of the developed models and algorithms for the study of
dynamic objects of control systems in dealing with automated process control
problems.

The object of the study are hierarchically organized multi-level dynamic
object control system functioning in the face of uncertainty and fuzziness of work
situations.



The subject of the study is to analyze the principles and methods of
management multilevel dynamic objects that operate under uncertainties of various
kinds, the development of mathematical models based on neuro-fuzzy technology
intellectualization control processes, algorithms, analysis and synthesis of
technological processes and object control systems.

Research methods. System analysis, the theory of intelligent systems,
automatic control theory, methods of state space and interval analysis. Scientific
novelty of the research is as follows:

the Dbasic classes of solved problems, developed principles of
intellectualization of dynamic objects control processes that operate in conditions
of uncertainty;

it developed a new approach to building intellectualization systems control
processes dynamic objects that operate in conditions of uncertainty and vagueness
of work situations, based on the integration of modern control theory, methods and
intelligent technologies;

developed a set of intellectualized hybrid models of dynamic objects of
control systems having adaptive properties, and allows in contrast to the known
types of models to take into account the dynamic characteristics of controlled
processes;

developed algorithmic design principles modeling algorithms research of
dynamic objects, providing an effective solution to problems of selection of the best
models and cotrol decisions;

solver created intellectualized dynamic objects control problems, combining
traditional methods of automatic control theory and principles of intelligent control,
in terms of structural, situational and parametric uncertainties;

developed algorithms for determining the coordinates of an object of
immeasurable, correction control system parameters, as well as dynamic objects
control systems synthesis based on neuro-fuzzy adaptive and predictive model,

synthesis algorithms developed adaptive neuro-fuzzy combination of dynamic
objects control system, based on an interactive method of adaptation, which is a
combination of the identification algorithm and genetic algorithms, which can
effectively solve the problem of industrial objects control under uncertainty.
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Practical research results are as follows:

Developed tools intellectualization of dynamic objects control process as a
software system designed to automate the process of formation of hybrid models of
poorly formalized processes, replenishment and synthesize knowledge control
systems based on the goal.

A system of automated monitoring and control of technological parameters of
electric power facilities, petrochemical complexes and ginneries, allowing the
opportunity to choose the best modes of technological units, reduce energy costs
and improve productivity by reducing the specific consumption of the energy used,
as well as to prevent various accidents.



Designed especially neuro-fuzzy control system is effective in complex
nonlinear process control with parametric uncertainties, for which standard
approaches of synthesis of automatic control systems are inefficient.

The reliability of the results justified the application of theory-based
concepts of intelligent control dynamic objects based on fuzzy set theory and logic,
neural networks, genetic algorithms; Using proven methods of modern control
theory; with the results of theoretical and applied research, and their mutual
consistency.

Theoretical and practical significance of the study results. The theoretical
significance of the results of the study is time-processing methodology of design
methods, models and algorithms for automated research of dynamic layered
hierarchically organized dynamic objects control systems that operate in conditions
of uncertainty and fuzziness of work situations, can effectively solve the problem of
intellectualization of technological objects control processes continuous-discrete
character. This hybrid character used in the neuro-fuzzy models, allows for a
unified mathematical basis to describe, simulate, synthesize and build a knowledge
base, both in structural and in the parameter against the designed system.

The practical significance of the results of the work is to develop a tool of
automated monitoring and control of dynamic objects in a software package that
allows to predict and analyze the different production situations and choose the best
control solutions in problems of designing a multi-level control system. The
developed models and algorithms intellectualization process control dynamic
objects under uncertainty can be widely used in the creation of intelligent process
control systems of production with continuous discrete nature.

Implementation of the research results. The developed instrumental and
software based on hybrid models and adaptive neuro-fuzzy control system
implemented in enterprises of SISC "Uzbekenergo", including, JSCIJV «Deutsche
Kabel AG Tashkenty, OOO «Delta Net», the research center "New Technologies"
(Reference "Uzbekenergo" the Republic of Uzbekistan on the implementation of
number CI-01-21 / 1953 from 12.05.2016 g). The results of scientific research can
reduce the processing and analysis of the processes of information flow in 1.26
times, lower energy consumption by 1.15% in industrial facilities, thereby
increasing the efficiency of production.

Approbation of the work. The main results were presented and discussed at
the 47 scientific conferences, including 32 international: "Technical sciences and
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global challenges of the 2Ist century" (Tashkent, 2001); "Innovation-2003"
(Tashkent, 2003); "Modern technologies and equipment Textile Industry" (Moscow,
2003); "Mathematical Methods in Engineering and Technology" (St. Petersburg,
2003); "Info-communication and computer technologies in science, technology and
education" (Tashkent, 2004); "The introduction of information and communication
technologies in the textile and light industry" (Tashkent, 2005, 2007); World
Conference of Intelligent Systems for Industrial Automation  (Tashkent,
2002-2014), «Modern materials equipment and technologies in  mechanical



engineering" (Andijan 2012, 2014); "Modern equipment and technology of mining
and metallurgical industry and their development" (Navoi, 2013); "Integrated
models and soft computing in artificial intelligence" (Kolomna, 2013); «Seventh
International Conference on Soft Computing, Computing with  Words and
Perceptions in System Analysis, Decision and Control - ICSCCW 2013y, (Izmir,
Turkey, 2013); "Recognition-13" (Kursk, 2013); «The 11th  International
Conference on Multimedia Information Technology and Application -MITA-2015"
(Tashkent, 2015); "Scientific Perspectives XXI century. new state Achievements
and Prospects "(Novosibirsk, 2015); and 12 national conferences.

Publication of the results. According to the thesis topic published only 88
papers. From the bottom of 1 monograph, 40 journal articles, including 6 foreign,
34 in national journals recommended by the Higher Attestation Commission of the
Republic of Uzbekistan for the publication of basic scientific results of doctoral
theses and received 15 certificates of registration for computer programs.

The structure and scope of the thesis. Structure of the thesis consists of an
introduction, five chapters, conclusion, list of references, applications. The volume
of dissertation is 198 pages.
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THE MAIN CONTENTS OF DISSERTATION

In the introduction part the urgency and demand of the theme of dissertation
is proved, the purpose and problems, and also object and an object of research are
formulated, conformity of research to priority directions of development of science
and technologies in the Republic of Uzbekistan is stated, scientific novelty and
practical results of research are stated, reliability of obtained results is proved, the



theoretical and practical importance of obtained results is reveals, the list of
introductions in practice of research results, data on published works and
dissertation structure are given.

In the first chapter of the thesis ""System analysis of the current state of the
problem of intellectualization of dynamic objects control process" sets out the
current state of theory and practice of constructing dynamic objects intelligent
control systems that operate in the conditions of various types of uncertainties. The
basic causes of uncertainty in the control of dynamic objects

There are many models and algorithms for constructing intelligent automatic
control systems, which are used in various branches of science and technology. The
most common of these are neural networks, fuzzy systems, expert control system,
genetic algorithms, data visualization, decision trees, swarm intelligence.

On the basis of a systematic analysis found that the creation of models and
control algorithms of dynamic objects in the presence of uncertain factors are so
complex and non-trivial to the classical methods of control theory that in order to
solve them will require the development of new and modification of known
methods taking into account the achievements of modern information technologies.
This is due to the fact that traditional methods of investigating such systems in the
class of adaptive, robust control systems are facing difficulties due to the precise
task control structure and method of evaluation factors.

Analysis methods of formal representation, modeling and study of the
dynamics that operate under control systems uncertainties affecting the operation
modes of the system showed that the most appropriate and solve problems is the
use of hybrid methods, including, as the theory of fuzzy logic (sets), and the
methods automatic control theory, which is the basic foundation for creating
dynamic objects intellectualized control system.

Analysis of the methodological aspects of the assessment of the state of
control and simulation of phenomens and processes of dynamical systems shows
that the issues of systemic research in the information uncertainty, taking into
account the physical and chemical laws and fuzzy causal relations have been
neglected. Therefore, the application of systems analysis, mathematical modeling,
data processing, control of complex dynamic objects of study, taking into account
characteristics of dynamic objects and fuzzy causal relationships and decision
making under conditions of information uncertainty remains one of the major
problems the solution of which will enhance the efficiency of production. Analysis
methods of formal representation, modeling and study of the dynamics that operate
under control systems uncertainties affecting the operation modes of the system
showed that the most appropriate and solve problems is the
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use of hybrid methods, including, as the theory of fuzzy logic (sets), and the
methods automatic control theory, which is the basic foundation for the
intellectualization of dynamic objects process control.

A special place in the first chapter covers the structure of methodological steps
and directions of dissertation research (fig. 1).
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Fig. 1. Methodological aspects and direction of dissertation research
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It presents the concept of research and intellectualization of process control of
complex dynamic objects, involving the use of hybrid information technology
based on database integration and knowledge, including methods of intellectualized
control.

The methodology focuses on the development of hybrid intellectual models of
automated solver dynamic object management tasks, operating in conditions of
uncertainty, adaptive neuro-fuzzy models, methods of implementation of the
neuro-fuzzy adaptive models in dynamic objects control problems, as well as
intelligent information processing method.

In the second chapter of the thesis "Concepts and methodology of
intellectualization of automated dynamic control objects" given the developed
models of dynamic processes are one of the most important and time consuming
tasks to be solved in the development of control systems and management
decisions.

The highlight of the design development of highly efficient methods of
information processing is a process control system and the development of control
actions. The solution to this problem is directly linked to the development of
mathematical models that reflect the specifics of the difficult conditions of
functioning of system, such as uncertainty and changes in the external environment
characteristics, the appearance of abnormal situations, failures of information
sources, communication channels, devices that implement the generation of control
units of other equipment, as well as the effect of disturbances and interference.

The complexity of solving this problem is considerably complicated by the
fact that in addition to the purely conceptual tasks and solve systemic issues, it is
necessary to solve the problems of formalization representation structures models,
analysis of the adequacy of the model, the formation of the bank's analytical and
process samples, identifying cause-effect relationships, presentation of expert
knowledge on the state and changes in the situation, the development of forms of
knowledge representation about the events, actions and procedures. Using this
approach allows the efficient management of complex objects in the presence of
various kinds of uncertainties in the models when the models and controlling
decisions selection procedures are defined vaguely, and sometimes set on a
qualitative level only.

In general, the dynamics of the control system can be represented by the
equation of state:

X1 = Fox,u,),k = 0N,
X € Xu, €U,
where: X - the state space, U- set of admissible controls, the F - state transition

function, in general, non-linear
F:XxU - X.



Incomplete certain processes can be modeled using fuzzy sets. Odds and some
values may be given in the form of membership functions. Then the dynamics of
control system is described by fuzzy relations

F:XxUxX - [0,1],
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of representing a fuzzy subset of the Xx Ux X Cartesian product. For dynamic
systems with different types of uncertainties transfer function can be written as:

F:XxU - XP
where XP - the set of probability distributions on X.

To account for the uncertainties in the model are introduced random variables
or factors. However, these models need to have the information for the construction
of probability distributions.

The formalization of this class of problems can be naturally carried out using
mathematical language hybrid models, is a composition of processes and system
This model can be represented as the following equations:
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where: x(k) - advanced state vector and generalized object control model of the
environment; u(k) - vector control actions; z(k +1) - vector available observations;
w(k) and v(k) - uncorrelated between a sequence of vectors; [-] [] [] «

,, 0, 4,H,and
[] Gi.,- matrix functions of appropriate dimensions.

The basis for modeling systems is a hierarchical description of the dynamics
of the system under study, are a family of models, each of which describes the
behavior of dynamic systems in terms of various levels of abstraction.

With regard to the task proposed to allocate two directions of hierarchical
models:

- vertical hierarchy, in which the division of models through the levels is carried
out on the structural and functional features of the system; * horizontal hierarchy,
in which the division in levels models is dependent on the methods of



investigation.
In the hierarchy of three levels of models are marked by vertical:
* level base models containing the simplest models;
- the level of local models, reflecting the structural and functional properties of
functionally complete devices aimed at solving specific problems; * the level of
global models that reflect the organizational features of systems and is a model
with a high degree of detail.
Horizontal hierarchy of models includes four levels, depending on the
methods of investigation:
models to get the process of calculating results based on analytical modeling; *
model showing the discrete nature of the processes and presentable logical
differential equation;
+ model showing structural coupling mathematical process diagrams based on
neural network algorithms;
* models to optimize and predict the state of a system based on artificial
intelligence techniques.
Formally, the construction of models of dynamic objects can be represented
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as:
M=<LP ® X, Y, Q>
where: I - model identifier: P= P (x;,x,,...,x,) - single predicate defined on the X
set.

The meaning of this predicate is the formal definition of the possibility of
using this model @ : X Y ( XUY=Z) - display a certain set of properties
describing the modeling algorithm; X = {x,, x,,..., x, } - input variables computational
model; Y = {y,, y,...., ¥, } - output variables computational mode; Z = {z,,z,,....z, } - a
set of variables; Q - the scope of the model, which is defined by a pair of the
domain of the X and the Y value, i.e. Q = {X,Y}.

In the process of working with models input variables of two types can occur:
definite and indefinite. In accordance with this X-set will be divided into two
disjoint subsets X" and X, i.c.

N
Xuxl=xx" x°=@)
The elements of X can be defined with the introduction of a relationship

between certain variables X°. This connection leads to the formation of more
complex tiered computing model or another model M having as an output vector Y

and vector undefined variables X", it can be represented as a set of N,,=N,UN,, -

model mappings witha ¥, e Y, k= 1,2,..., N,, scalar vectors.
Used sub-models, which are blocks of different dimensions, can also be
represented in the form.
m; =<1 P, f,x;,y;, Q>
Then the components of the original model described by the elementary



components of the following models:

M={m;}, ®={f},[ 1N,

€1,
()[()()()]PXPXPXPNmXNm(vx) o 11N ALA
il
Uu
XXYYX==
/i

P.Z:(Q) - the Q - set projection onto the hyperplane, the coordinates of which
are components of the vector Z;

Such presentation of computational models allow to generalize the procedures
associated with the formation of modeling algorithms, and present them as formal
problems to be solved on the basis of these models.

To determine the optimal process model structure is formed by a plurality of
structures, defining a set of defined relationships and metric distances between any
of its elements. A M ¢set structures of process models is a vector (matrix and the
presentation of sets) function.

S oy
M QO(D L)
where: D - many structural components, + €7 time points,
including a subset of ¢
x, € X state variables, u, €U admissible control actions, w, €W random
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disturbances, g, €G technological limitations, =, €& communication operators, L-
set, which characterizes the functioning of possible situations, /€ L ; "." - Boolean
operation of multiplication; Q - function that determines the options structure
models generated from the results of the Boolean product of the set structural
components and operation of the set situations.
Then the set of structures process models will be defined as
M O[T, X ,UW,G,®} {L}]

A T-subset determines the classification process for the time parameter. It



allows you to select the type of model for the type of equation. The T-structure is
defined as a set of process elements ,z - continuous; ,¢ - discrete; ;¢ - continuously
discrete; ,

t - discrete-continuous.

In order to clearly understand the dynamics and processes of logic, you need
to have information about his condition. For this purpose, a subset of the intended
X, which contains as elements the variables carry information about the condition
of TP (generalized coordinates)

X= {xl, Xopen xf}
where: /- the smallest number of independent variables that uniquely characterize
the state of processes for a given time.

In order for the process to be controlled in the model must have the elements,
varying the values of which can be converted processes from one state to another.
This function is performed by a U-subset, which contains variables that describe
control actions: U = {u,us,...,us }, Where @ - the number of admissible control
variables.

The W-subset contains occasional disturbing influence, causing uncertainty
processes. Choose as a basis for structuring the disturbances and how to specify the
nature of the influence on the solution of the problem.

Thus, it is possible to construct models of various processes occurring in the
dynamic control plane. The approach of building models are also suitable for non
stationary objects, where the parameters of the object change over time. The
proposed method is the basis for the formation of patterns as a predictive and
adaptive systems with the identifier.

In the third chapter of the thesis '"Development of intelligent solver tasks
control of dynamic object" on the basis of the developed technique of
constructing models of the dynamics of the functioning of operating in an uncertain
environment, the issues of creation of intellectualized solver problems automated
dynamic control objects. The generalized algorithmic structure intellectualized
dynamic object management system, which include dynamic solver problems, for
outputting, based on production rules solutions. Algorithms for adaptive
forecasting, determining unmeasured coordinate system and the correction of
control parameters of the system, which are the basis of dynamic solver technology
objects control problems, operating in an uncertain environment.

The structure of the intellectualized management system (fig. 2), along with
new, contains the traditional elements and connections, a central place in it takes a
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dynamic solver problems.
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Fig. 2. Structure of intellectualized dynamic objects control system

69

Dynamic solver problems have a complex education, ability to assess the state
of the system and the environment, to compare the parameters of the desired and
actual results of the action, make decisions and develop control, contributing to the
achievement of objectives. For this dynamic solver control problems should have
knowledge of stock and have methods of solving problems.

An important function of dynamic solver control problems is the formalization
of the state of the database and knowledge base.

The hybrid model is the mathematical basis intellectualized control system
realizing the positive properties of neural networks and fuzzy logic have shown
high efficiency of neuro-fuzzy control systems. Elements intellectualized dynamic
objects control system described fuzzy adaptive model is a kind of multi-layer
neural network, which structure is formed on the basis of the analysis of process
variables and the nature of relationships between them that can be customized to
the changing conditions of production. To explain the operation of the dynamic
solver control problems, consider the process of stabilization of the y(i +1) -output
variable of the dynamic object described by a nonlinear difference equation

vifyiyirxi
(D) Oy O O

xXisuiuiq

() Oseees O)),

where: i = 0,1,2,...,N - actual discrete time; y(i) - output signal; () ((),.... () | xixixi=,-
vector disturbing action; u(i) - control; £ ( yG),..., y(i = r), X(@),...x(i = $),u(),...u(i - ¢)) - Some
non-linear function having the orders of r.s, ¢ .

Input the coordinates of the object are limited at any given time, i.e.:
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In order to describe the dynamic process used Sugeno fuzzy model
represented by a set of rules:
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th rule, and the second layer of the value of © w,parcels of truth by algebraic

multiplication:
O0O0O0
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The next point is the training of the network. For this purpose, the correction
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with the (/) Ad, = h,0E,dd, working step, where ,
h - the parameter of the working
step.
To make the adaptive properties of the fuzzy controller, in order to ensure the
stability of a dynamic system to disturbances (changes of control object parameters
and external influences) carried out assessment of the rate of change in the Ag
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erTor.

For training the network is proposed an algorithm based on an interactive
adaptation theory, the essence of which is to calculate the implicit error manner.
When using an interactive adaptation algorithm system is divided into N
subsystems, each of which has integrable output signal y,, and the integrable input
signal x,, the relationship between them is represented in the form of functional
dependence

F:X,-» Yn=12..N

The ratio of i-th element of the system has the form

y{(t) = Flx,(0],i=1.2,..,N

Let the interaction between the elements and u,(2) by an external signal and is

described by linear
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+
=i i€

OLO v Ol
ytFutyti N

KJ
€

If the system is described by the equation (6), that links the v ,weight is
adjusted by the following rule
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where: [l > 0 - factor that determines the speed of learning; [ ]

'3szxKFx - FI’CChet
derivative; E — loss function (error) k€K.

Provided that the equation (6) has a unique solution for v ,, where the £ (y,,

veer Voo Uy, ..., U,) 18 loss function would decrease monotonically over time and will
be satisfied by the following equation:
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With this approach, the neural network can be decomposed into its constituent
elements, represented as an elementary neural network.
Mathematically, the neural network learning algorithm can be represented as:
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Pn [ r
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n = ? 2
r(pn)
where: n - the index of the neuron; s - the index of the synapse; Dn - a set of input
synapses the neuron n; pres and post - presynaptic and postsynaptic neuron

corresponding s-synapse; Ls. synapse weight s; pn - the membrane potential of

neuron n; rn - frequency excitation of the neuron n; ? s Sigmoid activation
function type, which is represented as

X
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Thus synapse weight is determined by the formula
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where: y - the feedback directly to all neurons, ¢, - direct feedback signal error.
Thus, combining the positive properties of neural networks and fuzzy models can
effectively solve the control problem of complex dynamic objects in conditions of
uncertainty.

In the fourth chapter of the thesis "Algorithmic synthesis of intellectual
control system of dynamic objects" formulated principles of intellectualized
control system of hierarchically organized dynamic objects, operating in conditions
of a priori uncertainty of the information on which solved the problem of
coordination of technological units.

The emergence of a hierarchical control structure was due to the increasing
complexity of the technology controlled objects, which creates great difficulties for
centralized control. Therefore there was a need to separate the decision-making
process on a number of levels to optimize the solution of the problem was not
difficult at all of them. But with the emergence of multi-level hierarchical control
systems and a new task appeared to harmonize and coordinate the decisions taken
at all levels of control.

The multi-level hierarchical systems important issue is to solve the problem of
coordinating the work of the subsystems in the system if there is uncertainty, the
problem is much more complicated decision.

n this case, the level of coordination is carried out by receiving control signal
systems, is a generalized assessment of quality management across a set of
controlled objects from the perspective of an outside observer, as which can act as
the other current level control systems, and higher levels of the hierarchy control
system.

The main function of coordinating the subsystems is to provide a coherent
interconnected operation of all the components (the local control systems) together.
This function is provided primarily by the optimum choice of settings set of vectors
for each of the system components. Selecting the optimal operation of each
component separately in itself is quite a challenge, but it does not imply that the
entire system will also work optimally.

Currently decided to investigate how to optimize for the two-tier system and
to take this as a basic unit for any N-level system, and to solve the problem on the (i

-1)-th level is considered to be the result of optimization given level i. Or, if *form:
written in the ¥

Xy= {x,-j}, i=1,Nj=1,M
where M = m- number of subsystems in the i-th control layer, it is assumed that
when the ),

xj solutions, all solutions ;m,
i-j = m, 19

= have already been take. x,; 1,

As an indication of the decisions taken on individual subsystems j and the
whole system we will use the supplies of solution function to a subset of valid,
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effective and ( ) , ¥ x coordinated solution, and this function is not limited to clear

solutions to the ( ) y F x function, as it includes not only the characteristic
effectiveness of the solution, but the solution of its admissibility (degree solutions
to a subset of valid modes with accessories) and coordination with the objectives
and constraints downstream subsystems (degree of belonging to a subset of
solutions coordinated modes K).

Membership functions are defined on the X = {x,} set of solutions. The
effectiveness of solutions given by the G C X fuzzy aim as a fuzzy subset with () 5,
¥ x membership function , feasible solutions - with fuzzy subset C C X membership
function ( ) ¢, ¥ x and coordination - fuzzy set K C X with (') x; ¥ x membership
function. The net effect of the fuzzy goal G, fuzzy constraint with no coordination
By the choice of the ,x solution can be represented by the G NC N K intersection.

System solution coordinated at the level of N can be determined by the type
expression

DxDxDxDxDx
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The important point here is to build a mathematical model to represent
knowledge of the dynamic objects in a fuzzy information, which should enable the
identification of indicators of uncertainty, giving a description of random processes,
invariant to their distribution law.
In general, a dynamic mathematical model of the object can be represented as:
* fuzzy state equation

A axBu ()@@ ®,
* fuzzy observation equation
y=CQ®x
* fuzzy initial conditions

)"~ () ()ox0=Ds,x,0=D

where ®,® - fuzzy operations of addition and multiplication, respectively; u - a
control signal (scalar) receiving fuzzy values; x = {x1, x 2,..., xi,.., x , } - fuzzy state
vector, i=1,2,...,1; y = {y1, ¥ 30y Varn i} - vector fuzzy output variables, ¢=1,2,...,1;
¥ - fuzzy index (changing) the number of state variables and represents the

N

(s)



weight of the s-th equation of state;

| 1A A pR{ | | B | | nccC |
'L L T | LR II']l
n 1 ﬂ n
A =
', - matrix fuzzy coefficients of model.
rary B A = A
i = C  yars
" nnB
s | CccC
/
1 » 1 ﬁ n

Some of the i-th variable of the state vector as a function of time # can be
represented by fuzzy relations (FR): () { ()} .

xt=t,xVtx,i=1,2,..,n and at a fixed
li

time specified variable can be expressed as a fuzzy set (FS): { ()} ..

xi=x¥1x.A

1

similar description is ¢-th output variable:
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O=,,,c=1,2,...], , - membership function (MF);
yttyVty @
Yy xy ,, - the value from the universal

set. Elements of A,B,C matrices specified FS.

1

n

{OHO}

1 1 1 n n n
i
AAAAAA==
11 ;1 | ﬁ n " n
1 n n
| COH O}
1 n nn
BBBBBB==



OB
cceceocec== !

1 1 Cn
1 C 1 n n n

The initial conditions are described by { ()}
:Di=x ¥ x of FS , and the number

of variables of the state vector — § {sl(s)} s
=¥ of FS, where s=1,2,...,n — sequence

number state variable vector.
Membership functions are given analytic function, for example, for the x,

variable:
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2 There 1s a the 4, 2
a coefficient of MF mode, coefficients |,
b,and ,,
b,define the
width of MF,

@ and .,
@ - tilt MF to x; axis, i.e. contrast. The

factors, allows to form any form of MF, and can act as indicators of uncertainty.
Sets the control system quality metrics (time of transition, overshoot, bug tracking,

etc.) in the form of utility functions.
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where K - the number of indicators of the quality control system. Determined

reference model based on given parameters of quality control: x 8 =4 x +
Bu

where u,, - reference variable system; x,,(?) - vector of the reference state.
Set limits on the variables of the state vector and control constraints: ( ) (

)
]
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To determine the control system quality index used as the time characteristics
» ar)
,of the control object and b (¢)
v 0 (1)
2> b (1)
Lyks b (t)
a(t) ,,«the parameters of



fuzziness determined by the width of the membership function.

In order to reduce the fuzziness of the object data and improve quality control
indicators are maximized b (¢)

i b ()
2 b (1)
we 0 (1)
,0f value.

To make the properties of the robustness of the algorithm proposed to control
the use of discrete algorithm speed gradient in parametric form, which will provide
a minimum of complexity and take into account the restrictions on the control
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signal and the rate of change.

In order to improve the quality and accuracy of formation of transients in a
compromise on the choice of the control of the control signal control system
algorithm decision is implemented through its incorporation in control algorithms.
The modified control law has the form:

n
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where t = mh, h>0 — digitization step, m=0,1,2,...m; Il ={l} .J1 -1 -1 .1 -1 ;}
- the =
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parameters of the adaptive controller;
exx,, 1 e dx - a mismatch between

ii
e

X

1

' =....@.@ - MF errors; ¢ - analytical form of membership ,eeabb
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n >
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integrated variable of the g

state vector; ; [] Y

@ ., /;,— coefficients obtained -

tke

il

= 1
from the coefficient matrix and the matrix of object reference model W,,.
Implementation of the proposed control system synthesis algorithm extends the
scope of the control systems in production conditions in the presence of a wide
range of disturbances.

In the fifth chapter of the thesis "The practical implementation of the
developed models and algorithms in problems of intellectualization process
facilities management process" shows the results of the application of the
developed models and algorithms intellectualization management processes in
problems of management of various technological objects in the conditions of a
priori uncertainty. As an example, the issues of creating intelligent adaptive neuro
fuzzy process control system of the distillation column, a mathematical model
which is as follows:
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The mathematical model Y (¢) |, Y (¢) 5, Y (¢) 5, Y (¢) 5, Y (¢) 5, Y () ¢ cube
column temperature, 16th, 22th, 28th (plate supply), the 37th and the top of the



column, respectively, Y (¢) ,- vapor temperature entering the bottom plate of supply,
Y (¢) ¢ temperature of the liquid flowing down on supply plate, ¥ (¢) , — reflux
temperature, X (¢) ,, X (¢) ,— costs superheated vapor refrigerant, T}... Ty the time

constants of the dynamic characteristics of the respective channels of the control
object, ,

— the transmission ratios for the B

respective channels of the control object,

I

the value of the delay time through the appropriate channels of the control object,
K1, K2 — adjusting coefficients, ¢ — analog time.

The existing management system, in the presence of external disturbances (eg,
changes in steam consumption by more than 15%) or parametric perturbations in
the control object (for example, changing the composition of the mixture at 10%)
raw material loss is 86%. Simulation experiment showed that it reduces the loss of
raw materials is 10 times in this process intellectualisation protseea current
implementations deviation values do not exceed 2.5% of the specified value (fig.3).

A

Fig. 3. Charts raw material losses during the simulation process control
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Create an information-analytical system of process monitoring and control

implemented in a software system used for automated monitoring of process

parameters ginneries. Due to the use of time to process the huge flow of

information and analysis of the data was reduced to 1.26 times, and it has been

applied to determine the optimal operating conditions of technological units of
electric power facilities, allowing to reduce specific fuel consumption by 1.15%.

CONCLUSION
On the basis of the survey on his doctoral dissertation on the theme "Design of

models and intellectualization of dynamic objects control processes algorithms in
conditions of uncertainty", presented the following conclusions. 1. Based on the



systematization and analysis of methods and algorithms for
solving dynamic objects intelligent control problems developed the theoretical
basis for the creation of intelligent control systems of dynamic objects through
a combination of methods of control theory and principles of intelligent
technologies.

2. Propose a new approach to the creation of a system of intellectualization of
dynamic objects control processes that operate in conditions of uncertainty,
based on the integration of classical control theory and methods of intelligent
control.

. The complex of intellectualized hybrid models of dynamic objects of control
systems having adaptive properties, and allows in contrast to the known types
of models to take into account the dynamic characteristics of controlled
processes.

4. On the basis of neural networks, fuzzy logic, genetic algorithms and techniques
of classical control theory developed a methodology for the construction of
hybrid models of technological processes, which is the mathematical basis of
intellectualization of dynamic objects control processes, and allowing to form
complex patterns formalized control processes.

5. The developed algorithmic design principles modeling algorithms research of
dynamic objects, providing an effective solution to problems of selection of the
best systems functioning models computationally based on a combination of the
method of hierarchy analysis, evaluation procedures and methods fuzzy logic.

6. Created intellectualized solver dynamic objects control problems, combining
traditional methods of automatic control theory and principles of intelligent
control in terms of structural, situational and parametric uncertainties.

. Algorithms of adaptive prediction, determination unmeasured coordinate system
and the correction of control parameters of the system, as well as the synthesis
of adaptive neuro-fuzzy combination of dynamic objects control system based
on an interactive method of adaptation, which is a combination of identification
algorithms and genetic algorithms.

(98]
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8. The principle of hierarchical multilevel modeling and study of intelligent control
systems, based on a hierarchical description of the study of intelligent control
system.

9. Algorithms for synthesis adaptive neuro-fuzzy control system, including a
procedure for determining the architecture, structure and development model of
interaction of its elements, assessing the impact of neural network parameters
on the quality of performance of the system, allowing to increase the
effectiveness of control systems with incomplete a priori information regarding
the model of the control object and disturbance.

10. A system of automated monitoring and control of technological parameters of
electric power facilities and petrochemical complexes, allowing to choose the



optimum modes of technological units, reduce energy costs and improve
productivity by reducing the specific consumption of energy used, and also to
prevent a variety of emergency situations.

79
3bJOH KWJIMHTAH UIIJIAP PYUXATH
Cnncok onmy0JIMKOBAaHHBIX padoT
List of published works

I 6ysamm; (I yacTs; I part)

1. MapaxumoB A.P., UrambepaueB X.3., FOcyn6ekoB A.H., CugmuxoB N.X.
HeueTko MHOXKECTBEHHBICE MOJACIM M HWHTEIJICKTYallbHOE yIpaBJiCHUE
TexHosiornueckumu nponeccamu. — T.: Taml TV, 2014. — 240c.

2. CupgmuxoB WM.X., XammaroB JI[.A. ABTOMaTH3UpPOBAHHOE MCCJEIOBAHUE



MIICY texHonmormdeckumu oOOBEKTaMU C 3ama3nbiBaHueM //  KypHan
«Bectauk Taml TY». — Tamkent, 2000. -Ne2. - C. 55- 59. (05.00.00; Ne16).

3. CuanukoB N.X. OnTumanbHOE yHpaBlIeHHE MHOTOMEPHBIMU JTUCKPETHBIMU
oObekTamu // Kypnain «IIpobnemsl Tekctumnsy». — TamkeHt, 2004. -Ne3. -
C.64-66. (05.00.00; Ne17).

4. CunnukoB M. X. PacueT HacTpoeuHbIX apaMeTpoB LHU(PPOBOro perynsaropa
HeTMHEHHOM cucteMbl ynpasienus // Kypuan «IIpobiema TeKCTHISY. —
Tamkent, 2005. -Nel. - C.77-80. (05.00.00; Nel7).

5. CupnukoB M.X. KoHcTpyupoBaHHE MOJENE€d MHOTOYPOBHEBOM CHCTEMBI
yIpaBlIeHUsl TeXHojormdueckumMu cucremamu //  XKypnan «IIpobnema
TekcTWIsD». — TamkeHt, 2005. -Ne3. - C.96-97. (05.00.00; Nel7).

6. CupmuxkoB W.X. HWHTemiexkTtyanusamus CO3MaHUS  MOACIUPYIOLIUX
aJTOPUTMOB MHOTOYPOBHEBBIX 00heKTOB yrpanieHus // XKypuan «IIpobnema
TekcTuis». — TamkeHt, 2005. -Ne4. - C.66-69. (05.00.00; Ne17).

7. CupaukoB UM.X., CamaxytauHoB P.'T. AnantuBHas KOppekuus HapameTpoB
ooObekTa ympasinenus // KypnHan «Xumuueckas TexHonorus. KoHTponb u
ynpasneHus». — TamkeHt, 2006. - No5. - C.-78-81. (05.00.00; Ne12).

8. CupmukoB HM.X. MHoronapaMeTpuyecKuii CHHTE3 MUKPOIPOIECCOPHBIX
MHOTOYPOBHEBBIX CHCTEM YIIPABJICHMS Ha 3Talle 3CKU3HOTO MPOEKTHUPOBAHUS
/| «Xumuueckast Texnonorus. Konrpons u ynpasnenus». — Tamkent, 2006.
-Ned. - C.72-74. (05.00.00; Nel2).

9. CunnuxoB 1.X., CanaxytaunoB P.T. CuHTe3 ONTUMaIBHBIX YIIPABISIOMINX
BO3/IeiicTBUM AUCKpeTHBIX cucteMax ¢ [IIMM-monynsiiueit // XKypuan
«Xumuueckas texnonorusd. Kourpons u ynpasinenus». — Tamkent, 2006. -
Nel. -C.81-86. (05.00.00; Ne12).

10.CunnukoB 1U.X. @opmanuzanus KpUuTEprUeB ONTUMHU3ALINT
KOOPAUHUPYIOIIHUX TOJCUCTEM MHOTOYPOBHEBOM CHCTEMBI yIpaBiaeHus //
Kypuan «Xumuueckast TexHonorus. KoHtposnb u ynpasieHus». — TalllKeHT,
2007. -Neb. - C.59-62. (05.00.00; Ne12).

11.CunouroB U.X., XKykosa 1O. A., U3maiinosa P.J11. MonenupoBanue CucTeMbl
MHTEJJIEKTYaJIbHOTO YIIPaBJICHUSI MPOIIECCOM CYIIKH XJjonka // KypHan
«Xumnueckas texHonorusd. Kontpons n ynpasnenus». — Tamkent, 2008.
-Ne6. - C.72-75. (05.00.00; Nel2).

12.CupgnukoB 1. X., CetmetoB H.Y. MHOroypoBHEBOE IIpECTaBICHUE Mpoliecca
nepepaboTKH XJIOMKa C yUeTOM Huepapxuu ynpasieHus // Kypuan

80



