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KHWPUII (10KTOPJANK IUCCEPTANUACH AHHOTAIUSCH)

Juccepranuss MAB3yCHHUHT 10J13ap0JIMru Ba 3apypaTu. XO03Upru KyHJa
IyHE aMalMETHUIa aBTOMATJIAIITHUPHUII COXAaCHAa TEXHOJOTHK >Kapa¢HIapHUHT
MHTEJUIEKTYaJl TEXHOJOTHSUIAPH IOTYKJIAPHUTa aCOCIAHTaH IOKOPU caMapalopiuKKa
sra OOWIKApWII TU3UMJIAPUHU SPATUIN >KapaCHU €TaKud YPUHHU OSTrajUlaiIu.
Kanan puBoxiaHa€TraH 3aMOHAaBUN  ax0oOpoT KaMHATHAA Kylda KaTTa
MabJIYMOTJIap OKMMHHM TaxJIMJI KWJIWII Ba KalTa HIUIAINTa acOoCJIaHTraH peai
JUHAMHUK TU3UMJIApHU OOIIKApHUIl 1073ap0 MyamMMmoJiapjaH Oupu XucoOJaHaIIH.
by Oopana puBoxiianran det 51 MamiakaTiapunaa, seHu AKI, T'epmanus,
SAnonus, XKanyouit Kopest Ba 6o1ika faBiatiapja MabliyM IOTYKIapra SpUIIWITaH
O0ynub, ynapaa caHoaT Ba  HOCAaHOAT coxXajapujaa HILad  YUKapuil
caMapaJOpJIMTHHUA  OIIMPUII Ba MaxXCYJIOTJIAPHUHT PaKoOaTOaApAOUUIUTHHU
TabMHMHJIAII ~ YYYH  TEXHOJIOTHK  KapaéHJapHU  OOIIKaApUII  YyCYJUIApUHU
TaKOMUJUTAIITUPHUIITa aloXKla 3bTUOOp KapaTWIMOKIA. XO03UPrd BaKTAa yjapia
TEXHOJIOTUK  OOBEKTJIAPHUHT  XYCYCUSTIIApUHM  XuUcoOra  ojiraHn  XoJjija
KYyJuTaHuIa€Tral MHTEJUIEKTyal OOMIKApUI TU3UMIIApU YMYMUN HIILIA0 YUKAPHUIII
KopxoHanapuHUHT 40-45% HuU Tamkui 3Taau . bByHUHT HaTWKacuaa MaxcyJjaoT Ba
SHEprys capOUHUHT TeKAMKOPIHTH 35% raua KaMailnIIura SpHIIITanH .

V36ekucton Pecny6nmkacuia TEXHONOTMK JKApadHIApHM Ba  MILIA0
YUKAPUIITHUHT FOKOPH caMapaJopiiMKKa dsra OYyiraH OONIKApUIll THU3UMJIAPUHU
SpaTUIlTa OUJl TaAOUPIIAPHU caMapajiy TallKWJ KAJIHUII F03acCUiaH KeHI KaMpPOBJIH
yopa-Taaoupiiap amanra omupuiau. by 6opana, skymnanaH, uniad YMKapUITHAHT
TYpAu coXajapuaard ajoxuja TEXHOJIOTUK OOBEKTIapHH IOKOPH camapaliu
OOIIKAPUII TU3UMJIAPUHU SPATHUII, OOIIKAPHUII KapaCHIApUHN UHTEIUICKTyalJIall,
WHTEJUIEKTYal  OOMIKApUII  TU3UMIIAPMHUHT  TaAKUK OTUII  yCYyJJIApUHU
TaKOMWUIAIITUPUINT ~ Ba  JKapaCHJIapHM  OOMIKAPUIIHWHT  MHTEJUICKTYyaJlIall
BOCUTAJIAPUHU  sIpaTHINra OaruIIaHTaH KaTop WIMHUN-TAIKUKOT WIILJIApU OJIHUO
OopunraH.

XKaxoHna Typau TEXHOJOTMK OOBEKTIApHU OOMIKapHIl KapaHUHU
MHTEJUICKTYaJUIalITHPHUILIA OolIKapuIl  TU3UMUHUHT  HEUpO-KaTbHiIMac
MoOJeIIapy Ba  ANTOPUTMJIAPUHM MIUIA0  4uKuil, Ounumiap ©Oa3acuHU
MAKJJIAHTUPUIIT Ba yilap acocuja OOIIKAPUIN TU3UMHUHU TaKOMUJUIAIITHPHUIILL
MyXHUM axaMmHsIT KacO 3TMokaa. by Oopana makcaaium WIMUN-TaIKUKOTIAPHHU,
KymIIaJaH, Kyuuaara MyHaauiiapaard WiIMAN W3JaHUILIIAPHU aMmajra OLUIUPUIIL
MyxuM  BasudanapgaH Oupu  XMCOOJaHaaW: JUHAMHUK  OOBEKTIAPHUHT
XYCYCUSTIADUHU XUCOOTAa OJIMII HWMKOHWHU OEpyBYM HEUpPOH TYpjapHU Ba
KaTbUiiMac MaHTHK acoCHJa J>KapaéHHUHT THOpUJ MOJE/UIAPUHHM KYPHII;
OOIIKapWIll Ha3apUSCUHUHT 3aMOHABUM yCyJJIapu Xamjaa MHTEIUICKTyaJliamt
TaMOWWJIJIApUHU OWprajaukaa KyJjaml acocuaa OOIIKAPUIITHU HHTEIUICKTYyal-
JAITUPUI;, OOIIKAPHUII KapaéHJIapUHU MHTEUICKTYaUTAIITUPUIIIHUHT TEXHUK Ba
JACTypUil BOCUTAJapUHU HIUIA0 YMKHUIN, Mypakkad Ba y3 HaBOaTujIa HOKOPHU
caMapajy MocCJallyB4aH Ba pobOacTiin OOMIKapyB ajirOPUTMIIAPUHU SPATHII;
MojieJIap Ba OOIIKapHIll aNropuTMiIapu acocuaa Owammiap 0a3acMHU SpaTUI;

! Snextpon xypHan «CHCTEMHbII aHAIN3 B HAYKe 1 oOpasoBanHum», Ne2, 2015 (www.http://sanse.ru);
? MexryHapoHblit xkypHan «[Ipo6i1eMbl TEOPHH 1 MPAKTHKX YIpaBieHusy, 5/2014 (www.https://istina.msu/ru).



IUHAMUK  OOBEKTIApHU  HOAHUKJIWK  IIAPOUTHIA  aBTOMATJIAIITUPHUITAH
MOHHTOPUHTH Ba OOIIKAPUIIHMA HHTEIUICKTYAJUIAIITUPUIIHUHT  JaCTYpHIA-
MHCTPYMEHTAJl BOCUTACUHU UILJIA0 YHKHUIII.

V36ekucron Pecny6nukacu Ilpesupentnnuar 2013 iimn 27 MioHmaru
[IK-1989-con «¥Y36exucTon Pecry6nukacy Mummii axGopoT-KOMMYHUKAIHS
TU3UMHUHM STHAa/1a PUBOKIIAHTUPUII Yopa-Taadupiapu xakuaanru dapMonu xamia
MasKyp (aonustra Teruiuuin 6apya MebEPUN-XyKyKUd XyxoKaTiapaa Oenruianral
BazudarapHu amMaira omupuiira ymoly Auccepranus TaAKUKOTH — MyailsiH
Iapaxkaja Xu3MaT Kujaaiau.

TaaKuKOTHUHI pecny0/uKa ¢aH Ba TeXHOJOTHSUIAPH PHUBOXKJIAHMILIN-
HMHI YCTYBOp HYHaJuunuiapura OOFJMKJIUIH. Maskyp TaJKUKOT peciyOJivka
(daH Ba TEXHOJIOTHUsIAp PUBONKIAHUIIMHUHT V. « AXOopoTiamTupuin Ba ax00poT-
KOMMYHUKAILIMSI TEXHOJIOTUSUIADUHU  PUBOXKJIAHTUPUIL»  YCTYBOp HYHaIuIIn
aoupacuia oakapuiras.

Juccepranus MaB3ycu Oyiin4a XOPH:KUN WIMHH-TAAKHUKOTJIAp mapxu3.
Typnu xun @ynkuuonan Basudara sra OyiaraH TEXHOJIOTHK Kapa€Hiap Ba HUILIA0
YUKAPUIIHA WHTEUIEKTYall OOMIKApHUII TU3UMIIAPUHU SIPATUIL Ba MILIA0 YUKHILTA
HYHAITUPWITaH WIMUN U3JTAHUIUIAP KaXOHHUHT €TaKkyd WIMHM Mapkasjiapu Ba
OJIUA TabIUM Myaccacayiapu, xymianan, logai Infra Logic, Omron, Micro
Devices, Johnson Space Centre, Department of electron and Intellegent System,
Honeywell (AKLL), LIFE xankapo naboparopusicu, Hitachi, Mitsubishu Electric,
Ibaraki University, Kawasaki Medical Schcool (Snonus), Siemens (I'epmanus),
Wecan Agrotexservis (JKanyouit Kopest) xamma onuii TabJIuM Myaccacajapu:
ZIFIT, BISC(AKILL), 3uren Yuuepcutetu (I'epmanus), JJoHryK yHUBEPCUTETH
(xanyouit Kopes), Kopes wmymbTuMenus sxamustd, WHXa yHUBEpCUTETHIA
(V36eKnCTOH) KeHI KAMPOBIIH WIMHIT TAAKHKOT UILIAPH OIU6 GOPHIMOKIA.

Hoanuknuk mapoutuga TuHAMUK OOBEKTIAPHU OOLIKAPHUIN >KapaHIapUHU
MHTEJUIEKTYaJUTAIITUPUI MOJIEJUIAPY Ba aJITOPUTMIIAPUHU TaKOMUJUIAIITHPHILTA
O]l KaxoHJa oJu0 OopwiraH TaAKUKOTIAp HATWXKAcUIa KaTop, KyMJIaJaH,
KyHugaru WIMUN HaTWKajgap OJIMHTaH: YYMII anmapaTUHUHT WHTEJUIEKTYall
oomkapum TH3uMu unuiad yukuiarad (Johnson Space Centre, AKIII); caG3aBoT
MaxCyJOTJIapUHU CakJall jkapaéHuia Xapopar peKMMUHU KaThuiMac OOIIKapHIll
tizumMu  umiad  umkuiaradn  (Wecan  Agrotexservis  JKamyouit  Kopes);
aBTOMOOMIUIapAa MHUKPOUKIMMHHU HHTEIJIEKTyal OOMIKApHII TU3UMIIAPH HIIIA0
gyukuwiarad (Hitachi, Snonwus); nudtmapau Outramu Ba TYpyXJdud KaTbHiiMac
Oomkapumn TuduMiapu unuiad uukwirad (Mitsubishu Electric, Snonus);
UMHTEJUIEKTYyan JaTudkinap unuiad uukwirad (Siemens, ['epmanus); TuOOMi
skcnept Tudumu unuiad uukwiran (Kawasaki Medical Schceool, Snonwus);
HanOoky #ynanumu Oyiiuya METPONOJUTEH TOE3AJIApUHUHT  XapaKaTUHU
MHTEIUIeKTYyan 6omkapu Tuzumu uiad ynkwirad (LIFE xankapo nabopatopusi-
cH, SnoHus); UHTEIUIeKTYyall OomKapuiyBuu podotiap unuiad yukuiran (Ibaraki
University, SlnoHust); MHTEJUIEKTyal OOIIKapHUIITa aCOCIaHTaH MUKPOKOHTPOJLIEP-

Jluccepramms  MaB3ycH  OyifMua  XODIKMH — WIMMH-TaAKMKOTIap mapxu  http:/www.works.doklad.ru,
http://www.refdt.ru, http://www.km.ru, http://osp/ru/os, 3axapo B. HHTemiekTyaabHbIe TEXHOJOTHMH B COBpE-
MEHHBIX CHCTEMax yrpapieHus // MexayHapoaHsiii xypHai «[IpobieMbl TEOPHUH U MPAKTHKH YIPaBICHUS». - M.:
Ne5/2005. —C.96-100 Ba 6orika MaHOaIap acOCUIa UIILTA0 YHKUIITaH.



nap unuiad yukwiran (Department of electron and Intellegent System, AKILLI).

Jlynéna 3aMoHaBHI ax00OpOT TEXHOJOTHIAPH IOTYKIAPUHU Y3 UUKUra OJIraH
JUHAMUK OOBEKTIAPHUHT HHTEIUICKTYaJa OOIIKApHIN TH3UMJIAPUHU SPATHIIHUHT
WHCTPYMEHTAJI BOCUTAJIAPUHU HMILIA0 YUKW OYiWYa KaTop, )KyMiaaaH, KyHumaara
YCTYBOp MYHanuIiapaa TaAKUKOTIap oJu0 OOPHIMOKIA: HOAHUKIUKHH XUcoOra
oJiTaH XOJiJa JHHAMHK OOBEKTIApHHM MaTeMaTHK MOJCIUHHU IIIaKJUIaHTHPHIII,
TEXHOJIOTHK  J>KapaéHJlapHH  OOWIKapuIl  >KapaéHMHM  HEMpo-KaTbHiiMac
MOJICIIAPWHM ~ SPATHIN, JUHAMUK OOBEKTIApHU OOIIKApHUII KapaéHJIapUHU
WHTEJUICKTYaJUTAIIHAHT aJTOPUTMIIAPWHKA WIUTA0 YHMKHIIL, JUHAMUK OOBEKTIApHHU
aBTOMATJAINTUPWITAH  MOHHTOPHUHTH  Ba  OOIIKAPUIITHU  MHCTPYMEHTAJ
BOCUTAaTaCUHU  SPATHUII; HOAHUKIWK IIApOUTHAA JUHAMUK OOBEKTIApHU
OomKapuI xapaéHUHA MHTEIUICKTyaJlIalll MacajajlapyuHu €UuIll Y9yH AacTypiap
MaXMyaCHHH WIIJIA0 YHKHIIL.

MyaMMOHMHI VpraHwiranjamk jaapasxkacu. J[uHamMuk OOBEKTIIapHU
OomKapuI x)apa€¢HIapuHU MHTEJUICKTYyaJUTAIITUPHUIN Ba yJapja coaup OymaauraH
TYpPJIU XWJI HOAHUKJTHKJIAPHA XUCOOTa OJTMIII MMKOHUHU OSPYBYM FOKOPH caMapaiu
OOIITKAPUII TU3MMIIAPHU SIPATUITHUHT Ha3apHi Ba aMaJlMi MacajaJlapyuHy CUHIIIa
KaTbUiiMac Tymuiamyiap TaBCU(PU acocuja HUHTEIUIEKTyalUlallraH TU3UMIIApHU
CUHTE3JIalll aJTOPUTMIIAPUHM SIPATHI, HEHUPO-HOKATHHM MoJelap acocujaa
He(DTh-KUMEBUY MaKMyaJIApHUHT TEXHOJIOTHK MapaMeTpiiapuHu Oarropatiiamni Ba
OOIIKAPHUII aNTOPUTMIIAPWHU WIIA0 YWKHUIN, HEHPOH TYypjap Ba KaTbUKWMAacC
MaHTHKKA  acoCJlaHraH  TypJid  cOoXajap  TEXHOJIOTUK  OOBEKTIapUHU
MOJICIIAIITHPUIN  KapaCHJIApUHN  anmnapaT-JacTypuld TabMHHOTHHU  SIPATHIII,
CTPYKTYypacH, MmapaMeTpiiapy Ba Ba3UsTIApU HOAHUK IIapOUTIApAard T€XHOIOTHUK
OoOBEKTIApHH Ba >KapaCHIApHU WHTEUICKTyall OONIKAPHUIN TH3UMJIAPUHH SPATHUII
Macananapu o6up katop onumiiap: 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., Antynun A.E., bo6ko, B./., bopucor A.H., Bacunbe C.H.,
Bepnanp A.®@., BoctpoB H.H., IlynkoB K.A., TapacoB B.b., VYaeauoB C.,
Abnynnaes . A., AOyranueB @.b., AnunoB @.T., Apunos M.M., bekmypaToB
T.®., I'ymamor II.M, XymanoB W.U., HUrambepame X.3., Kagupor A.A.,
Komunos M.M., MapaxumoB A.P., Myxamenuera [[.T., Paxmarymiaes M.A.,
VYcemanos P.H., FOcyn6exos H.P. Ba GomikanapHuHT Uiiapuaa Kypuod YuKuiIraH.

Mypakka® HOYM3HMKIM JUHAMHK OOBEKTIapHU OOUIKapHUIl MacallajJapuHH
eyuin OwsiaH OOFJIMK TaAKUKOTIap OuUp KaTop oJMMiIap TOMOHHJAH OJU0
Oopunran, sxymnanaH, F.L.Smidth, P.A.Amue, Y.Mak Kammak, V. Ilurrc,
T.Koxonen, JIx.Xonduag Ba Oomkagap TaxJWiId IIYHH KYpcaTaauKH, XO3HPTH
KyHJIa HOAQHUKJIMK IIapOUTHAA HEWPO-HOKATBUU  KOHTpoOJUIepiap Typiu
WMHTEJUIEKTYal TH3UMJIap SpaTWTaH Ba caHoaTAa KYJJIAaHWIMOKJA Ba MabliyM
napaxazaa mKoOU HaTHXKajlapra SPUIIIIITaH.

OKcnepT TH3MMJIADHU  KYJUIall  OpKaJld  HWHTEJUIEKTyal  OOIIKApMIII
TH3UMJIAPUHU  SpaTHIl  Macajajgapura Oarunuianran wunuwiap M.CyreHo,
T.fImakoBa, T.Takaru, C.Acyno0y, JI.3ane, H.I'. Apymkuna, I1.)Kekcon, R. Davis,
T.Caatu, E.Mampanu, Jl.A.Ilocnenos, T.D.bexmyparos, H.P.FOcynbexoB Ba
Oomrka TaJKUKOTIapaa JTUHAMUK oOBbeKTIIap napamMmeTpiaapu Ba



XapaKTepUCTUKAIapura TETHIIJIM HOAHUKJIMK XaMmJa TEXHOJOTUK XapaCHJIapHU
MOJICIITAIITUPUII  Ba  OOLIKApuliAa MabIyMOTJIAPHUHT  HOAHUKJIMTUA  Ba
KaTbUHMAacIUruHu  OeBocuTa  XucoOra  OdMIl  3apypiuru  MyamMMoJiapu
kypwiras. llly 6unan Oupra, niamMuil HampiapJa HOAHUKIUK apoutuaa Gpaoaust
KypcaTyBuUd AMHAMUK OOBEKTIIAPHUHT aJanTHUB HEHpPO-HOKATHUN MOJEJUIapu Ba
QNTOPUTMIIAPUHM  SPATUIl ACOCHAAa HMHTEIUIEKTyal OOIIKAPUIIHUHT caMapaiu
ycy/ulapu UWNUiad YMKULI, MabiyM EHAAIIYBIApHH THU3UMIAIITHPUIN  Ba
OoLIKapuIl >KapaCHIApUHU WHTEICKTyall OOIIKApHII TU3UMUHU SIPATULIHUHT
MHCTPYMEHTAJl BOCUTACHHU SpaTUII Ba KEITyCHJa TaKOMWJUIAIITHUPUINTa
OarvIUTaHTaH UMUK U3JAHUIUIAP XO3UPTU KyHAa €Tapiu Japaxaaa KypuiMmaras.

Juccepraumuss MaB3yCMHMHI JAUcCCepPTANMs 0aKapMIIraH OJIMI TabJIUM
MYaCCACMHMHI WJIMHI-TAAKMKOT MILIapu OwiaH Ooraukauru. Jlucceprauus
TaJKUKOTH TOIIKEHT JaBiaT TEXHUKA YHUBEPCUTETUHUHT WIMUN-TAIKUKOT
uniapu pexxacuHuHr 0.80.02 — «Y31yKcHu3 Ba JUCKPET TEXHOJIOTHK O0BEKTIApHU
Kyl caTXJM HUepapXuKk OOIIKAPHII TU3UMIIAPUHU TaxJWiI Ba CHUHTE3 KHJIWII
Macajanapuja OOIIKapHIll €YMMUHU JACTYPUH-AITOPUTMUK KYJ1a0-KyBBaTIOBUU
MHTEJUIEKTYaJl TU3UMIIApHU MIIa0 YMKUII Ba TaTOUK »Tuin» (2001-2003); 1120.22
- «TexHONOruK OOBEKTIIADHU HEPAPXUK MYJIBTUMHUKPOIPOLECCOPIN OOIIKApUII
TU3UMJIADUHU ~ aBTOMATJAIITHPWUITAH TAAKUK KWIMIIHUHT  YCyJUJIlapu  Ba
anroputMiaapuHu unuiad gyukummn (2004-2006); A-14.002 — «Mypakkad JUHAMUK
oOBeKTNapHu  OomIKapuil  >kapaéHIapMHU  HHTEJUIEKTyaJllall  acocuia
MOJICIIIAIITUPYBYH, OalIopaToBYd Ba aJanTHUB OOIIKAPUII TU3UMJIAPUHU
APATUIIHUHT ~ WHCTPYMEHTal BOCUTacMHM umuiad yukum»  (2006-2008);
UTHA-5-36 - «HedT1b-kuMEBUI KypuiMa Ba MaXMyaJlapuHU TEXHOJOTHUK
XaB(CU3IUTH MOHUTOPUHTMHUHT aXOOpOT-aHAJIMTUK HHTEIJIEKTyal THU3UMHUHU
apatu» (2012-2014) Ba A-5-42 — «Anipuop HOAHUKJIMK LIAPOUTHIA TEXHOJIOTUK
OOBEKTIAPHUHT  aBTOMATIAIITUPUITAH MOHUTOPUHTM Ba  OOLIKAPUIIHUHT
MHTEJUICKTYaJUTAIITUPUIIHA  TACTYpU-UHCTpyMeHTall BocuTacu» (2015-2017)
MaB3yJlapuaaru WiMui Joiuxaiapu goupacua oaxxapuiras.

TaagKMKOTHUHI MaKcaau HOAHMKJIMK IIApOUTHIA AMHAMUK OOBEKTIApHU
OOlIKapuIl  JKapa€HJIapUHU  HHTEJUICKTyaIAIITUPUII  MOJeNIapu  Ba
ANTOPUTMIIAPUHY UIILIA0 YUKUIIIaH noopar.

TaaKMKOTHUHI Ba3udanapu:

UNUIad YUKApUII XOJATIAPUHUHT HOAHUKJIMK IIAPOUTHUIATH JUHAMUK
OOBEKTIapHU OOMIKApUII THU3UMIIAPUHM TAJAKUK KWJIUMIIHUHT Ha3apusicu Ba
aMaTUETUHUHT 3aMOHABUI XONMATUHHU TU3UMIIM TaX W KUJIULLL;

HOQHUKJIMK IIApOUTHJIAa Mypakkad JAMHAMUK OOBEKTIApHU OOLIKApHUII
Kapa€HUHU MHTEJUICKTyAJIAIIHUHT TaMOMWJUIADUHU Ba YCIYOUSTUHU HIILIA0
YUKUIII;

HOAHUKJIUK IIApOMTUAA JMHAMHUK OOBEKTIApHU OOIIKApHIl KapaéHUHU
MHTEJUIEKTYyaJUlallilraH ~ MOJEJUIAIITUPUII  MacajacuHU  CTpyKTypajaml  Ba
aNropuTMIIAIL;

Mypakkal JUHAMUK OOBEKTIAPHUHT aJIallTUB HEUpO-KaThbUHMaAC OOLIKApHUII
TU3UMHUHM TaXJIWI KWINII Ba CHHTE3JIAIl alrOpUTMIIAPUHU UILIA0 YMKUIII;

IUHAMUK  OOBEKTIApHUHI  TaJAKUK  KWJIUII  aIrOpUTMJIADUHU  Ba
MOJICIIIAIITUPUIITHY AJITOPUTMUK aCOCUHU MIIA0 YMKHILL



unuiad YMKWITaH JUHAMHUK OOBEKTIApHU OOIIKAPUIN TUIUMIIAPUHU TaJIKUK
KWIMIIHUHT MOJEJUIapU Ba QITOPUTMIIAPU aACOCHUIA TEXHOJIOTHK KapacHIIapHU
aBTOMATJIAIITUPUIITaH OOIIKAPUIIl MacaTaIApUHK CUMIIIA KYJIIall.

TagkuKOTHUHT 00beKTH cudaTha UIUIad YUKAPHII Ba3UATIIApU aHUKMAC
Ba (haoNMATH HOAHUKJIUK IIAPOUTUIATH JTUHAMHUK OOBEKTIIAPHUHT OOIIKAPHIII
TU3UMHU KapaJIraH.

TaaKMKOTHUHI NPeaAMeTH - HEUPO-KaTbUHUMaC MOJEIIIAP acOCUa HOAHUK
mapouTiapaa NUHAMUK OOBEKTIIAPHUHT OoIIKapHIII Kapa€HIapuHu
MHTEJUIEKTyaJlJIalll yCyJUIApU Ba TAMOMUJLIIAPH.

TagkKUKOTHUHI ycy/uiapu. TagkukoT xkapa€Huaa TU3UMIM TaxJIuWII,
KaTbUMMAC TYyIUIamyap Ha3apusICH, MAaTEeMAaTHK MOJCIUIAIITUPUIL, aBTOMATHUK
OOIIKapHIIl Ha3apUsSICH, UHTEJUICKTYyal OOIIKAPHUII HA3apUsICH, CYHBUU MHTEIUICKT
HA3apUsCH Ba ONTUMAJUIAIITUPHUII YCYJUIAPU KYJUIAHUIITAH.

TagKNKOTHUHT MIIMHUII SHTWIMIM Kyduaarmiapian uoopar:

eUWIaINTaH MacajlaJJapHUHT acoCUM cHH(Iapu aHWUKJIaHTaH Ba HOAHUKJIHMK
mapoutnaa QaonusaT kypcata€TraH JAWHAMHUK OOBEKTIApPHUHT  OOIIKAPWIII
*Kapa€HIapyuHU UHTEJUICKTYyaJUTAITHUHT TAMONUIUIApY UIIIIA0 YMKUJITaH;

3aMOHaBUM  OOIIKApUILl  HA3apUsICU Ba HWHTEJUICKTyal  TEXHOJIOTHS
YCYJUIAPUHUHT MHTETPaIUsCH acOCHJa HIILIA0 YUKAPUIL Ba3UATIAPU HOAHUKJIHK
mapoutuaa GaoiausaT KypcaTyBud JMHAMUK OOBEKTIApHHU OOILIKApHII >KapaéHUHU
WHTEJEeKTyaJlJlallraHl TU3UMUHU SIPATUIIHUHT sSHTMYa cudar KYpUHUIIUIATH
EHayBy UIUIa0 YUKUIITaH;

JTUHAMHUK OOBETIAPHUHT OOIIKAPHUII TU3WMJIAPUHM MOCHAIIyBYaH Xoccara
sra Oynrad Ba OOIIKApUIYBYM >KapaCHJIApPHUHT JUHAMUK XYCYCHUSTIAPUHU
xucoora OJIyBYH MaBXKYy/]l TypJu MoOJeJIapaaH bapk KUJIYBYU
WHTEJUICKTYyaJUlallirad THOpuI MoIeIIap MaXMyacu UIiad YMKUJITaH;

JUHAMHUK OOBEKTJIAPHUHT MOJCIUIAINTHPHUIN  aJITOPUTMIIAPUHU  TaJIKUK
KWIMIITHAHT OOIIKAPHUII KAPOPHUHHU KaOyJl KUJIHUII Ba DHT SXIITH MOJEIUHYU TaHJIAII
MaCaJIJIAPUHUHT  €YMMHUHM  TabMHUHJIOBYM  MOJCJUIAIUTHPUII  caMapaiu
aJrOPUTMIIAPHU APATUIITAH;

CTPYKTypacH, MapaMeTpjapd Ba Ba3UATIAPM HOAHUKJIWK I[IAPOUTHUIATH
y3usla aHbaHaBUl aBTOMATHUK OOIIKAPUII HA3apHsICH yCYJ/UIapu Ba MHTEIUIEKTYall
OolIKapuIl TaMOWMJIMHM JKamylaraH JIMHAMUK OOBEKTIApHU  OOIIKAPHUII
MAacCaJIACMHU MHTEJUIEKTYaJJIAIraH €4yBUMCH SIPATUITaH;

JUHAMHUK OOBEKTJIApHU aJanTUB HEWpo-KaTbUiiMac Ba Oamopatiaiil
MOJIEJUIapU acocHa OOBEKTHUHT YIIYaHMalJauTraH KOOpJIMHATAIADUHM aHWKJIAIIL,
OOolIKapuIl TU3UMHUHUHT TlapaMeTpiapUHU  KOpPpEKIMsIall Ba CHHTE3JaIl
aITOpUTMIIAPH UILIA0 YNKWITaH;

HOQHUKJIUK IIApOUTHJIAa CaHOAT OOBEKTIApUHU OOIIKApHII MacajlalapuHu
caMapaiy euuliga WAeHTU(PUKAIUIAIl Ba TCHETUK alTOPUTMIIAp KOMOUHAIIUICU
WIAKIWIATH  WHTEPAKTUB  aJalTalusulalll  yCyJura acoCJaHraH JIMHAMUK
OOBEKTIIAPHUHT  OOLIKApUIN  TU3UMHUHH  MOCJAIlyBYaH  HEHWpo-KaTbuiiMac
CHUHTE3JIall AJITOPUTMIIAPU SIPATUIITAH.

TaagKNKOTHUHT aMaJInil HATHXKACHU Kyluaaruiapjaan noopar:

KYyUWJITaH MakcaJra acoCaH KHMWMH IIAKJUIAHTUPWIYBYM JKapacHJIapHHU
ruopu  MOJCIJIAPUHU  IMAKIUIAHTHPUIL  KapaCHUHU  aBTOMATJIAIITHPHINTa
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MyJDKaJlaHraH, Owiumiiap 0a3acHMHM — TYJJAMPUIN, OOMIKAPUIN — TU3UMHUHU
CUHTE3JIaIlllra XU3MaT KUJIYBUM JIMHAMHUK OOBEKTIApHU OOIIKApHUIN >KapaCHUHU
MHTEJUIEKTYAJUTAIITUPULLIHUHT JTACTYPUU MakMya KYPUHUIIUIATH WHCTPYMEHTA
BOCUTAJIAp SIPATUJITAH;

AIEKTPOIHEPTreTUK  OOBEKTIap Ba  HEPTh-KUME  MakKMyaJlapUHUHT
TEXHOJIOTUK arperaTmjiapuHi ONTUMAaJI WAl PEeXKUMIIADUHU TaHJaIll XucoOura
sHeprus capGuHM KaMaWTUPUII Ba YHUHT HaTHXKACHJa WILIA0 YUKApPHII
caMapaJIOpJUrMHU OIIMPHUILI XamJa TYpJIM aBapusl BAa3UATIAPUHU OJAVWHHU OJIAII
UMKOHHUHU O0epyBUH O0OBEKTIAPHUHT TEXHOJIOTHUK rapaMeTpIapuHU
aBTOMATJIAIITUPUITaH MOHUTOPUHTU Ba OOLIKAPUII TU3UMU UIIJIA0 YMKUJITaH;

aBTOMATHUK OOIIKAPUII TU3MMIIAPUHHU CUHTE3JIATHUHT CTaHAApT €HIAlIyBU
eTapJii camMapara dra OyiMmarad XoJ Y4YyH, S’bHU IapaMeTpiud Ba axOopoT
HOQHUKJIUTUTA 3Ta MYpakKka0 HOUYM3HUKIU OOBEKTIApHU OOIIKapHIlia caMapaiu
OynraH MociallyBuYaH HEHpo-KaThUiMac OOIIKAPHUII TU3UMHU UITA0 YMKUIITaH.

TaaKNKOT HATHKAJTAPUHUHT MINOHYWIMJIUTY. TaIKUKOT HATHKAJIAPUHUHT
WIIOHWIWJIMIKA KAaThbMKWMAC TYIUIAaM Ba MAaHTUMKKA AaCOCJAHINaH JIUHAMUK
OOBEKTJIApHU HWHTEIJIEKTyall OOILIKApWIIl Ha3apuil acOCIapUHUHT Oa’KapUIIUIIH,
WHTEJUIEKTYyal OOLIKapUIll MacallalappyHd €YUl YCYJUIApU acocuja JUHAMUK
OOBEKTIApHM aJallTUB OOIIKAPUIITHUHT Ha3apuid acOCIaHTaH KOHLETIUSIAPUHUHT
KYJUTAaHUJIUIIHM, HHTEJJIEKTYall OOIIKAPUITHUHT anpoOalysi KWIMHTaH yCyJlapu Ba
AITOPUTMJIAPUHU HUIUIATWINIIN, UHTEJUIEKTYal OOMIKAPUIIHUHT TaKJIU( STUITaH
yCyJUIapu Ba alrOpUTMIIAPUHU Tajlad KWJIWHTAH SKUHJIAIIWIN Japa)kacu, Ha3zapui
aMalauid TAaJKUKOTJIAPHUHI OJIMHIAH HATWXKAJIApU Ba YJAPHUHI Y3ap0O MOCIHUTH
OMJIaH M30XJIaHAIN.

TaaKUKOT HATHKATAPUHUHT WIMHMHA BA aMAJIU aXaMUSATH.

TaIKAKOTIAa OJMHIaH HATWIKAIAPHUHT WIMUNA aXaMUATH Y3I1yKCU3-IUCKPET
XapakTepJiaru TEXHOJIOTHUK 00BEKTIapHU OOIIKAPHIII KapaCHUHU
WHTEJUIEKTYyaJUlalll MacajlaCuHU caMapaliyd €YUl UMKOHUHH OepyBUM HOAHUKJIHMK
IIAPOUTH Ba MIILJIA0 YMKAPHUIN BAa3UATUHUHT aHUK AMACIUK MIapOUTHIa (HAOTUsT
KypcaTyBYHU JNTUHAMUK OOBEKTIIAPHUHT OOIIKapHIII TU3UMIIAPUHU
ABTOMATJIAIITUPWITAH  TAJKAK  KWIWIIHAHT  YCYJUIApH, MOJEJJIapu  Ba
AITOPUTMJIAPUHU SIPaTUI YCIYOMSTUHM HILIA0 4YMKUIIgaH uoopataup. Umiga
Takug STWIraH THOPUJ XapaKTepiiu HEeWpO-KaTbUMMac MoJeIap MablIyMOTIap
0azacuHu wudoaanam, MOJC/UIAIITUPUII, CHUHTE3JAIl Ba IIAKIUIAHTUPUITHUHT
SArOHAa MaTeMaTUK aCOCHHU Oepaji.

OnuHraH HATWXKJIAPHUHT aMajud axXaMusaTh OOIIKapHIl TU3UMHUHHU
JoMuXxaIall Macaiajiapu/ia TypJiv UII1ad YUKapHIll Ba3USATIApUHU Oaropatialil Ba
TaxXJIWT KWK XaM/Jla ONITUMaJT OOIIKAPHIII €YMMUHHU TalllJIalll UMKOHUHU OepyBUU
JACTypuil MakmMya KYpPUHUIIKJA TacBUpPJIAHTaH JUHAMHUK OOBEKTIapHU
aBTOMATJAIITHPWITAaH  MOHHUTOPHMHTM Ba  OOMIKAPUIIHUHT  WHCTPYMEHTAI
BOCUTACHMHHM  SIpaTHUIJIaH  uOopar. Hoanuknuk  mapouTtuga  AUHAMHUK
OOBEKTIIAPHUHT OOIIKAPHUII KapaCHUHU MHTEIUICKTYAJUIAIITUPUITHAHT SIpaTUITaH
MOJISJUTApU Ba QJITOPUTMIIAPH Y3JIYKCHU3 XamJia JHUCKPET XapakTepyiu HILa0
YUKAPUIIHUHT  TEXHOJOTMK  KapaCHJIapuHU MHTEIJIEKTYall OOIIKapHIII
CUCTEMACHUHU APATHUILIA KEHT KyJIaMIa KYJUTAHUIUIIA MYMKHH.
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TagKUKOT HATHXKAJAPUHMHI KOPU KWIMHMINKA. AJanTUB HEHpo-
KaTbuiiMac OOIIKapHIll CUCTEMajapu Ba TMOpPHUA MOJEIapu acocujia spaTUIraH
MHCTPYMEHTAll ~ JAcTypuil  BOCHTamap acocuma «Y30ekdsHepro»  JlaBiaT
Axkuusgopiuk KoMmnanusicu TH3UMHUra KUpyBYM KOpXoHalap/a, skymmnanaad, JSCJV
«Deutsche Kabel AG Tashkenty, «Delta Nety MUX, «fHru texHomorusiap»
WIMHA-TAIKHKOT Mapkasujaa skopuil kumuarad (Y36exmcton Pecrny6nmkacu
«V36exonepron» JAK munr 2016 imn 12 wmaiimarn  JIA-01-21/1953-con
MabIyMOTHOMAcH). WIMHI-TaIKUKOT HaTWXKajlapu JMHAMHUK OOBEKTJIapHU
aBTOMAaTJallraH MOHUTOPUHTY Ba HMHTEJUIEKTyaJIallraH OOILIKapuil >kapaéHuia
ax0opoTiap OKUMHMHM KaiiTa MILIall Ba TaxJujl KWIUII kapaéHunu 1,26 maprara
KUCKapTUPHUII, TEXHOJOIMK OOBEKTIAPHUHI  SHEPIrus TabMHHOTUIA DHEPrus
cappunu 1,15% ra kamaiiTupuimn Ba uOUIA0 YUKAPUII camMapaJopiIurUHU
OLLMPUIIHA TAbMUHJIAIITAa XU3MaT KUJIa IH.

TagKUKOT HATHKAJTAPUHUHT anpodauuscu. TagkUuKOT HaTWxkanapu 47 ta
WIMHI-TEXHUK, 1y KyMiaaaH 32 Xajakapo aHKyMaHjapaa MyXOKama KUJIMHTaH:
«21 acp rioGan MyamMmmoJiapu Ba TexHUK dannap» (Tomkent, 2001);
«MunoBanusa-2003» (Tomkent, 2003); «TYKUMaunWIMK CAaHOATUHUHI 3aMOHABHI
Kypuimanapu Ba  TexHojorustiapuw»  (MockBa, 2003); «TexHuka Ba
texHosorusiarn Marematuk ycymiap» (C.Ilerepoypr, 2003); «Tabaumna,
TEXHUKaJa Ba WiIMAa MHPOKOMMYHHUKALMSIAp Ba XMUCOOJALI TEXHOJOTHUSIapH»
(Tomxkent, 2004); «TykuMauuauK Ba €HrMJ CaHOATra axoopOT KOMMYHUKAIMOH
TexHoJorusnapHu >xopuit kunum» (Tomkent, 2005, 2007); World Conference of
Intelligent Systems for Industrial Automation (Tashkent, 2002-2014),
«MaimHaco3IuK/Ia TEeXHUKAa Ba TEXHOJOTHSJIAp 3aMOHABUN MaTepuaiapu»
(Anmgmwxon, 2012, 2014); «Tor-KOH MeTaJTyprusi coxacuja Ba YHUHT
PUBOXKJIAHUII WYIHMIard 3aMOHABUI TeXHHKa Ba TexHojorusap» (Hasowuii, 2013);
«CyHBUN MHTEUICKTIAa MHTErpaJljallrad MoJieiiap Ba “rOMIIOK’ XHcOoOJaIiapy
(Konmomua, 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» (TomxkenTt, 2015); «XXI
acp WIMHNA TapakKUETH. SIHTU 103 HWIIMKHUHT TapakKUETH Ba MyBadaxuéTu»
(HoBocubupck, 2015); Ba 12 Ta pecnybimka aHXyMmaHJapuaa ampoOanusigaH
YTKa3UJITaH.

TaaKuKOT HATHKAJAPUMHMHI IbJOH KHMJIAMHMIIM. [[uccepraius maB3ycu
Oyiinya >xamu 88 Ta WIMHN HWII YOO JTWIraH, myjapjaad, 1 Ta moHorpadus,
V36exucron PecryGmukacu Onuif  aTTecTanysi KOMHMCCHUACHHHHT JOKTOPJIHK
JUCCepTAlMSIIapd aCOCUM WMJIMUNA HATW)KAJIApUHU YOI JTUII TaBCUA JTHITaH
unmuil Hampiapaa 40 tTa Makosna, )KymisiagaH, 6 Tacu XOpPWKHM Ba KOJITaHJIApH
pecry0yiMKa XypHajUlapyaa Hamp KWwinHran xamaa 15 ta OXM ydyH sipatuiiran
JaCTypUi BOCUTAIAPHU Kal]Jl KMJIMII T'YBOXHOMACH OJMHTaH.

JluccepTauMsAHUHT XaKMHU Ba Ty3WJMIIM. J(uccepranus TapkuOu KUpUIL,
Oemra 600, Xynoca, ¢oiganaHunran anabuérnap pyixatd Ba WiIoBaJIapAaH
nbopar. JlucceprauustHUHT XXM 198 OETHU TalTKWII ATraH.

11



JINCCEPTAIIUSTHUHT ACOCHII MASMYHH

Kupum xucmuna yTkazwiral TaJKMKOTIAPHUHT J0J73apOJIUTU Ba 3apypaTu
acocllaHraH, TaJAKUKOTHUHI Makcaau Ba Baszudayiapu, oOBEKT Ba NpeaMeTiapu
TaBcu(IIaHraH, pecnyOiarKka GpaH Ba TEXHOJIOTUSIApU PUBOXIAHUIIIMHUHT YCTYBOP
HyHanmMuuiapura MOCJIMIM KYpcaTWIraH, TaJKUKOTHUHI MJIMUN SHTUJIUTH Ba
amaiuil HaTWXKanapu 0aéH KWIMHIaH, OJMHTaH HaTH)KAJIADHUHT WIMUHN Ba amanuii
axaMHsITH Oo4yuO OepuiiraH, TaJAKUKOT HATHWXKAJTApPUHU aMaluérra >KOpUd KWIUIL,
Halp OTWITaH HWOUIap Ba JUCCEpTAlMs TY3WIUIIM Oyinya MabIyMOTIIap
KEJITUPUIITaH.

HucceprauusaHuHr «/JIMHAMHK O00BbEKT/IapHH OOMIKAPUII KapaéHMHH
HHTE/UIEKTya/UI1all MYaMMOJIAPMHM  3aMOHABHH  XOJATHHM  TH3HUMJIH
TAXJIWIW» J1€0 HOMJAHraH OupuHUM Oo0OWJa Typiau XWJ HOAHUKIIUKIAP
HIapOUTHAA HWIUIOBYM JUHAMUK OOBEKTIApHM MHTEJUIEKTyasl OOILIKApHUII
TU3UMJIADUHU Ha3apuil Ba aMajiuil KYpPUIIHUHI 3aMOHAaBUN XOJaTH EpPUTUIITAH.
JlnHamMuk 00BEKTIapHU OoIIKapHIII xKapa€Huaa MamnIo Oynamurax
HOAHUKIMKIAPHUHT KeTUO YUKW cabadiapy OWAMHIAIITHPUIITAH.

XO03Upru BaKTJa caHOAaT MIIA0 YMKApUIIWHUA aBTOMATIAIITHUPUII OHWIIaH
OornmMK OynraH amanuii  coxagaru  ¢aHiIapHUHr  (paod  PUBOKIAHUIIU
ky3arunmoka. Iy cababnu okopu aapakajaud aBTOHOMIIMKKA MOCJIAIlyBYaHIUK
X0Ccacura, WMIIOHWIMJIMKKA Ba HOAHUKJIMK IIapouTiapia IOKOpU cudarra sra
OYNraH Typiau XU TEXHUK TU3UMIIAPHU SPATHIL 3apyPUSITH a0 Oyaau.

byHnait TU3MMIapHUHT OOIIKApUIl OOBEKTH MYpakkad, Kym Yiadamiu,
YU3UKCHU3 OOLIKapuIl TU3UMIIapu O0Yiaub, ynap 3apypuil oiigananui taBcudu Ba
KeHI (YHKLIHMOHAJT HMMKOHUSTIapra Oamropariall HUMKOHUSTUTA, XaMJa TallK{
TabCUP Ba TU3UMHUHT KOPHUI X0JIaTra MOCJAIyBYaH XyCCYCUTHIa ATaiup.

Tuszumnapraru OMUJUTAPHUHT HOAHUKJIMTUA Ba Y3TapyBUYAHIIUTH JTUHAMMK
TH3UMJIAD XOJIATMHHM OalopaTiioBud, Y3 HaBOaTuaa OOIIKApWIl MacalacuHU
CUMILHA MypakkaOjalmuiiura oaud kenaau. AWHUKca, pean mapoutiaa (HaoiausT
KypcaTa€TraH TEXHOJOTHK OObeKTIapAa coaup OynaauraH uNUiad YUKapUIl
Ba3UATJIAPHUHT HOAHUKJIUTH, Kapa€H MOJICIMHUHT XaTOJUTH OOBEKTIaH OJlaéTraH
ax0oponap OKMMHHHM KaTTaJul'M Ba XaTOJIMKIapH XamJia yIapHU Kaita
WIUIAIIHUHT  MypakkaOiauru, OyHAall JAUMHAMUK THU3UMJIApHU  OOIIKapuIl
QITOPUTMUHUHT SPATUIIHA KUHMHIAIITUPAIU Ba Oy MacajlaHy €4HIlJla 3aMOHABHM
ax00pOT TEXHOJNOTUsIaApH IOTYKIapAaH GoianaHuil 3apypUusiTUHU TYFIUPAIH.

bynpaii Oomkapuil THU3MMIIAPUHU SpaTULIAa HOCTAHAApT yCyJulapJaH
dorinananum Ttanad sTwiangu. by sca y3 HaBOaTMaa TEXHOJOTHK OOBEKTHAA
MHTEJUIEKYTajd OOLIKApUII yCyJlapu Ba HMHCTPYMEHTAJ BOCHUTAJAPUHU SPATHUII
3apypUATUHH TYFIUPAIH.

Tuzumnapau aHbaHaBUW TaJKUK OSTUII yCy/Ulapu OVIMMII aJanTuB Ba
poOact cuH(pura KUpyBYH OOIIKAPUII TU3UMIAPU TabCUPJIApHU Oaxoiall yCyau Ba
OOLIKApUII TU3UMHUHUHT CTPYKTYpacMHU aHUK OepuiuIIM IIapTiapu OuiaH
KMMMHYMATIUKIIApTa Iy4d Kellau.

Bbomkapum  xonatiapuHu  Oaxojam  xamaa JAMHAMUK —THU3UMJIAPHHUHT
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Kapa€Hiapu Ba XOJUCAIAPUHH MOJCIUIAIITHPHUINHUHT YCIyOuil >KuXaTIapuHU
TaXJWI KWINII [IyHW KypcaTaauKH, YJIapHH HH(OOPMAIMOH aHWKIaHMAaraHIHK
mapouTinapuaa  (GU3MK-KUMEBUN  KOHYHUSATIAp Ba HOAHUK cabab-oxkuOar
OOFNMKIUKIAPUHN YbTHOOPTa OJITaH XOJa TH3UMIIA TaJKUK ATHII Macalajlapura
Kepakiy Japaxaja dbTHOOp KapaTuiIMaraH.

IOkopuaa kentupuwiranaapra kypa IMHaAMUK OOBEKTIap Ba HOAHUK cabad-
OKHOAT aJIOKaJTapUHUHT XYCYCHSTIIApU XaMJa WHQOPMAIIMOH HOAHHUKJIUK
HrapouTiapuaa Kapop KaOysl KWIUIIHKA YbTHOOpTa ONTaH XOJAa TU3MMITU TaXJIHI,
MaTeMaTHK MOJCIUIAIITUPHIN, axOopoTiapra HIUIOB OEpUIl Ba TaJIKHKOTHHHT
Mypakkad TuHAMUK 00BEKTIapHH OOIIKAPHUIN YCYIIAPUHU KYIUIAIl, €YUMHU UILIA0
YUKAPUII ~ CaMapaJopJMTHHH  OIIMPUIN  WMKOHWMHH  OepajiuraH  MyXHUM
Macayianapaas oupu 6ynub KonaBepau.

Hoanuk QaxTopmap MaBKyMruaa OOMIKAPUIT HA3apUSCUHUHT aHbaHABHM
yCylmapu Y4yH JUMHAMHK OOBEKTIApHU  OOIIKApWIN  adrOpuTMIIApU  Ba
MOJICJUTAPUHH SIPATUII IIYHYAIMK Mypakka®d Ba HOTPWUBHAJUIA, YHU €YHII YIYH
3aMOHaBUI HMHQOPMAIMOH TEXHOJOTHJIAPHHUHT PUBOXKIIAHUII FOTYKJIApUHU
XucoOra oyraH XOJja SHTH Ba MaBXKyJ] YCY/UIApHUHT MOIUGPUKALMICHHU WIIA0
YUKHII TaJIa0 dTUINIINA TU3UMITH TaXJIHI aCOCHIA YPTraHUIIH.

®aH Ba TEXHUKAHWHT TYpJIH COXalapuaa KyJIJIaHWIAIUTaH WHTEIUICKTYyal
aBTOMAaTUK  OOINKApWIN  TH3UMJIADUHU  KYpPUIIHUHT Kymiab  mMomen  Ba
ITOPUTMIIAPH MaBXy[A. YJapAaH dHT Ky TapKajraHjiapyd HEHpOH TapMOKJIapH,
HOAHUK THU3UMJIAp, OSKCHEepT OOIMKApWIN THU3UMIIAPH, TEHETHUK aJrOpUTMIIAp,
MabJIyMOTIAPHU KYPHUII, €UUMIIAP JapaxTH Ba “ysaau’’ HHTEIUICKTIAPUIUD.

TH3UMHHUHT HII peXUMIIApUTra TabCHUP ITYBYM OMIJUTAPHUHT HOAHUKIUTH
[IApOWTIApUIa WIUIAWIUTaH JAWHAMHUK OOINKApWIN TU3UMJIAPUHU  pacMUi
udoaananl, MOACIIAIITHPHIN Ba TATKUK KUIUII YCYJUTAPUHUHT TaXJTHIU JUHAMHK
00BEKTIIapHU OOMIKAPHUII >KapaCHIAPHHA MHTEUICKTYAIAIITHPHUIN YIyH Oa3aBuii
acoc XMCOOJaHyBUM aBTOMATHK OOIIKApHIN Ha3apHsICH yCYJUIapH Xamjaa HOAHUK
MaHTHK (TYTUTamiiap) Ha3apsICHHH Y3 MUUTa OTYBYHM THOPUJ YCYIIApPHU KyJUIaml
9HT aJIeKBaT Ba XaJl KWJIMHAIUTAaH Macaiajiap SKaHJIUTUHU KYypCcaTIau.

bupnaun ©606ma amccepranus TAAKUKOTH YCIyOM OOCKHWIapu Ba
HYHAIMIUTAPUHUHAT CTPYKTYpacHu acocuid YpuH sramiaras (1-pacwm).

YHAa UWHTENEKTyaJUTAIITUPUITaH OOIIKAPUII YCY/UIApUHU Y3 HUYUTA
ONyBUM MablIyMOTJIap Ba OwimMiap Oa3anapu MHTETPAIMSICH acOCHIard THOpUa
WHGOPMAIIMOH TEXHOJNOTHsUIapAaH (oiaTaHUIIHN Ha3apja TYTyBYM MYypakkad
IVHAMHK ~ OOBEKTIApHH  OOIIKApUIN  JKapaCHWHW  TAaIKWUK  KWIHII — Ba
MHTEIUICKTyaJUTAIITHPUIIT KOHIEMIUSIApH aKC STTHPUIITaH.
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IIpeamer
coxacu

Hoanuk maoputinapaa
XapakaTaaHyBYM JUHAMUK
00BEKT

Y

Myammo

JluHaMUK OOBEKTIaPHUHT OOIIKApHUIL
TU3UMJIAPUHUHT UHTEIUIEKTYal
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AITOPUTMUK KEHralTUpHII
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Ba ycyiiap

MoHuTOpUHT Ba
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HHTEJJIEKTYaJl OoLIKapyil XapaCHUHU |
OOLIKAPUIITHUHT THOPUL MHTENNeKTyalIaTHpum |
MozesIapu acocu
bb Ba MBnap Bokapuin xapaéHuHU
»| uHTErapuys- MHTEIIEKTYaJUTAITHPUL |¢————
cH ycyaapu aJIrOpUTMIIapU
NbCuunr :
Xapaén MOHUTOpUHTH Ba
TaxXJIMIX Ba 5 .
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> CHHTE3H OLIKAPHIIIHY aMaIra |«
yeyIuiapy OLIUPHII YCyIapu
WP3YHnunr
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MOZEILIAPH OOBEKT XapaKaTUHUHT P

Bamopar kuiryBun
MOJIEJUIA HeMpo-
HOKaThUH aJanTuB
THU3UM

A

UBCunuHr ax60poT

TabMHUHOTH
MOJeIIapy Ba
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A

moxacmiap

Bamopar kuiryBun

1-pacm. Inccepranus TAAKUKOTHHUHT METOA0JIOT UK
aACIEeKTH Ba HyHAIMIIIAPH
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VYenyOusitia  HOAQHUKJIMK — [IAPOMTIApUAa  MIUIAAWraH  AMHAMUK
OoOBeKTIapHH OOIIKApUIl MacalallapyHy aBTOMATIAIITUPWITAH €YyBUYMHUHT
ruOpujl UHTEIUIEKTyal MOJIeJUlapy, aJanTHUB HeWpo-KaTbHUiiMac Mojesuiap,
JUHAMUK OOBEKTIapHU OOIIKApUIIl Macajiajapuaa Helpo-KaTbuiMac aJanTuB
MOJICJIJIApHM amajira OLIMPHII YCYJUIapu, LIYHUHTJEK axO0opoTiapra HIIOB
OCpUILIHUHT MHTEJUIEKTyall YCYJUIApUHM HIIA0 YUKApUIITa ajoxXuja bTHOOP
Oepuira.

JluccepTaustHUHT «Innamuk 00beKTIapHH aBTOMATJIAILITAH
OOIIKAPUIIHMHI MHTEJJIEKTYAJIAll KOHUENIUSICH Ba MeTOI0J0rusicn» Jeo
HOMJIAaHTaH WMKKWHYU OoOuja Oomkapuin Oyiinua Kapopiap KaOyna KWJUIIT Ba
OOLIKApUII TU3UMJIAPUHM MIIIA0 YMKUIIIA €YUIIAIUTaH YHT MyXUM Ba KYII MEXHAT
Tanad KwiaauraH macaiajiapiaH Oupu XMCOOJaHYBUM AMHAMUK >Kapa&HJIapHUHT
MOJIeJIIapy UIIad YUKUIITaH.

XKapacnnapuu O60MIKApUII TUZUMIAPUHU UILIA0 YMKULIAA aCOCUU IBTHOOP
ax0OpOoTHU KaiTa MILIalm Ba OOMIKAPHUII TAhCUPUHHU MIIA0 YUKUIIHUHT FOKOPHU
camapalid yCyJUJIapUHM sIpaTHIl XucoOnaHaau. by MyaMMOHM eduIil Mypakkad
mapouTiapia MILIOBYM  THU3UMIIADHUHT HOAHMKJIMK Ba  TalllKH  MYXUT
XYCYCUSTIAPUHUHT Y3Trapulliy, aHoOMaj XOJATJapHUHI TNaijgo Oynumm, Ooluka
KyprIMajlapHU OOLIKApUIl KOMaHJadapUHU MIAKIJIAHTUPUIL Ba aMaira OmpyBYd
ax0opoT MaHOanapvHH, ajloKa KaHAIJIAPUHHM, TEXHUK BOCHUTAJAPUHHU HWUIAAH
YUKUIIM, LIYHUHTJEK FallaéH Ba XaJlaKUTJIApPHUHT CHEHU(PUK TabCUpIapUHU
KypcaTyBuUM MaTeMaTUK MOJICTUHYU UIILIA0 YMKUII OuiiaH OeBocUTa OOFIHK.

bynnaii €npalmyBHMHI KYJUIAaHUIIM MOJEUIapAa TYpJId KYpPUHHUILIATH
HOQHUKJIMKIAPD MaBXyJ OYiranjga, s’bHU OOLIKAPYB €UYMMHMHHM TaHJAIl MY>KMall
aHWKJIaHTaH, Oab3aH (akaTruHu cudar Kypcarruwiapu OepuiraH Mol Ba
npoueaypaiapia  Mypakkad oOOBEKTJIAapHH camapajld OOLIKApUIIHU amaira
OLLIMPUII UMKOHUHU Oepajiu.

Ymymuit  xonga  OOWIKapuIl — TU3UMHHUHT  JWHAMHUKAaCMHU  XOJaT
TeHTJIaManapu €paamuja ndoganamn MyMKUAH:

X = Flx,u, ) k=0,N,
x,eX,u €U,
Oy epna X — xonat ¢azocu, U- MyMKuH Oynran Oomkapuin Tyruiamu, F —
XOJaTHUHT YTKUHYM QYHKIMICH, YMYMUHN X0J1a YM3UKCU3 KYpUHHULIAA OYiIaau:
F:XxU->X.

Tynuk aHUKIAaHMaraH >Kapa€HJIapHU KAaTbUMMAc TYyIUIaM ammnapaTru
épnamuna moaemtamtupuil  MyMkuH.  Kosddumumentnap Ba Oup KaHua
KAaTTAJUKIAD TAATYKIWINK (QYHKIHMICH KYPUHHUIIWIA OCpWIMIIN MYMKHUH. Y
XoJa OOIIKAPHUII TU3UMH JHHAMUKAcH X x Ux X KaThbHUMac AeKapT KymauTMmacu
OCTTYTUJIaMUHU U(OJaTOBYHM KaTbUiiMac MyHocabaTiap Ounan udoaaiaHaim.

F:XxUxX —[0]],

Typnu xkypUHHMIIIATH HOAHUKJIMKIIApra 3ra AUMHAMUK TU3UM YUyH YTKUHYU

byHKIMS Kyluaarnda 3uIHIg MyMKIH

F:XxU—> XP,
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Oynnma XP - X J§a 5SXTUMOJUIMKHUHT TakCUMJIAaHWII TYyTuilamMu. Mognenaa
HOAHUKJIMKHUA XUcoOra OJUII YYyH yHTa Tacoauduil KaTTaauk €Ku Kod(pPuuueHT
KUPUTHUII MYMKUH. AMMO Oy Mojeiap/ia 3XTUMOJUIap TAKCUMOTHUHU KypHUIIl Y9yH
MabJIyM MabiIyMoOTjapra 3ra Oy 3apyp.

Kapanaérran macana cuHQUHM pacMHUILIAIITUPUIL TH3UM Ba >Kapa¢Hiap
KOMITO3ULIUACUHU Y3uaa uQoaanoBuu THOpUA MOJEUIAPHUHT MAaTEMaTUK THUIIU
épraMuia TaOUUI paBUILIa aMajra OMIMPUIUIIA MyYMKHH.

bynnait Mmonen Kyituaaru teHriiamanap €paaMmuaa ndoganaHuId MyMKUH:

x(k+1)=d, [m(k), y (k),m(k +1),y(k +1),u(k)] x(k)+
+ I m(k), y (), m(k +1), y (k + 1), u(k)]- wik);
2(k +1) = Hypylm(k + 1),y (k + D]+ Gy [m(k + 1),y (k + D] -v(k),
OyHna x(k) — ymymui OomKapuil OOBEKTH Ba Tallka MYXUT MOJEIUHUHT
KEHraWTUPWITaH X0JaT BEKTOpH; u(k) — OOIIKapHIL Tabcupiapu BeKTopu: z(k +1)
— Ha30paT KWIMII MYMKUH OYJiraH KaTTajJukiap BEKTOpHU; w(k) Ba v(k) —KeTMma-
KETJIMIU KoppelsiysuianMaran yzapo Bekropnap; @[}, [} #..[] v G,.,[]

Yiyamiapra Moc MaTpuuanu GyHKUUsIAP.

Acocuii  MOAEIUTAIUTUPWIYBYM THU3UM  TaAKUK OTUJIAETraH  THU3UM
IUHAMUKACUHMHT  Wepapxuk udomacu  xucobOnaHagu, OyHAA  TU3UMHHU
aOCTpaKTNAITUPUILIHUHT ~ TYpJId  caTXJapd HyKTad Ha3zapujaH JUHAMUK
XycycusTiapu udoaanaHaiu.

MacananuHr eunMmura KalOyn KWIMHAETTaH HEPAPXMK MOJEIMHU HKKUTA
HyHanumra OYnuin Takiaud STUIAIN:

- BepTUKaJa Oyinua vepapxus, OyH/la MOJEITHU TU3UMHHUHI CTPYKTYpaBUM-
dbynkusacu OViinya caTxjiapra OYJIMII amaira ONIuPIaIn,

- Topu3oHTan OYyilmua umepapxus, OyHIa MOJEITHHU TAJIKUK JITHUII yCYyJUra
OOFJIMK X0J1J1a caTxJiapra OYiIuIl aManra OUIMpUIIaIu.

Beprukan 6yiinua nepapxusiiaiiia MoAeiap yuTa caTxra OyJIuHIaH:

- cofia MoJiesuiapAad ubopat 0a3aBuil MoJeIIap CaTXM;

- XyCyCHil MacajalapHu e4uiira HyHanaTupuwirad (pyHKIIMOHAN TyrajjaHTraH
KypWIMaJIApPHUHT CTPYKTYpaBUH-(YHKIIMOHAT XOCCaJapHU KypcaTyBud JIOKall
MOJEIIAP CATXU;

- TU3UMJIAPHUHT TAlIKWIMN XOCCAJIApUHU KYpCaTyBUM Ba IOKOPH Japakaza
JAeTATAIITUPUIITaH MOJEIUIapHu M OAaIOBYM T7100al MoiessIap CaTxH.

["opuzoTan Oyitnua uepapxus MOJEITHHU TaAKUK STUII yCyJIUra OOFIuK X0Jiaa
MoOJIeJuIap TYpTTa carxra OYJIUHAIN:

- AHanuTHK MOJACIUIAIITHPHUIN  acocuja JKapaéHJapHU  xucoOJarl
HaTWKAJIApUHU OJIUII UMKOHUHU OepyBUM MOJEIIap;

- MaHTUKUH-nuddepeHan TeHriamanap OuilaH TacBUpPJAHYBUM Ba
IUCKPET XyCYCHUSTIM Kapa€HHU aKC dTTUPYBYH MOJIEIIAD;

- HeiipoH TapMoKkinap aJropuTMu acocuja >KapaCHIAPHUHI MaTEeMaTHK
CXEeMaJlapUHU CTPYKTYpaBUi OMpUKTUpHUIL (OOFIAII)HU aKC STTUPYBUU MOJEIIAp;

- CYHBUU HMHTEJUIEKT yCYyJUJIapu acoCHJa TU3UM XOJaTHUHU OamiopaTr KWW
Ba ONTUMAIUIAIITUPUILI UMKOHUHU O€pyBUM MOEIIap.

JluHaMuK OOBEKTIAPHUHT pAacMUN KOHCTPYKTUB MOJEIIapu KyHuaaruya
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KypuHUIIIa nHoaaTaHUIII MyMKHUH:

M=<LP, ®,X,Y, Q>,
Oy epna I — monen unentudukaropu; P= P (x;,x3,...,X,) — X TyIIaM/a aHUKJIaHTaH
Ooup Vpunau npeaukar (CyObeKTHH H(OAaNOBYM TyllyH4Ya). By mpeaukaTHUHT
MabHOCH paCMUN aHMKJIAHUIIA YIIOY MOJEIHU KYJUIAIIHUHT UMKOHUATU;, D : X
—Y ( XUY=Z) — moaemnamtupuiiaéTral aJlrOPpUTMHUHT OUp KaH4ya Xoccajlapu
MaXMyWHH HU(OJANIOBYM TacBUp; X= {xl,xz,...,xn} - Xycobusam MOJETUHUHT

KUpUII Yy3rapyBuwiapu; Y = {yl, Vs geees yn}- XHCOOMall MOJEAUHUHT  YUKHII
y3rapyBuwiapu; Z = {zl,zz,...,z,Z }- y3rapyBumiap Maxmyu; Q- X aHUKIOBUHIIAp
Ba Y kuiimatiap sipHU (= {X Y } KypTiuru coxacu OunaH OepuIyBUM MOJEIHU
KYJUIAaIll COXACH.

Mopennap OwiaHn  unuiam — skapaéHuJa  UKKA — TypAard  KUPHUII

y3rapyBUMJIapura 1y4 KeJIMII MyMKUH: aHUKJIMHIaH Ba aHukinaHMarad. lllyHra
MOC paBuiga X TYIUIAMHU MKKUTA KECHUILIMaWIUIaH X" Ba X° OCTTYILJIaMJIapra

OynamMu3, SbHU
XoXxX=xx'"x=9g)

X TYIUIaM 3JIEMEHTIIApU aHUKJIaHTaH X° y3rapyBUWIapH opacura y €ku 0y
MyHOCa0aTHW KHUPWUTHIN OWJaH aHMUKJIAHWIUIIN MYMKUH. byHmaih anoka
MypaKKaOpoOK KYI caTXJIM XucOOJiall MOJCIUIAPUHUHT IMAKJUIAHUIINTa OJIu0
Kenaau, €KM aKCMHYa YUKHII BEKTOPU ¥V Ba aHUKJIAaHMAaraH y3rapyBuM BEKTOpHU X7
ra sra M monen ckamap Bekrtopiu Y, ¢ Y, k= 1,2,..., N, Mouen-TacBUp
N,,=N;yUN, KypuHUIImMIa u(oaataHUuIId MyMKHH.

Typau Vmauamnum Onokjap XucOOJIAHTaH OCTTYIUIAMJIAp XaM  KyWujaaru
KYpuHUIIa noanaHuId MyMKHH:

m; =<1 P, fi, x;, yi, Q>

Y xompma OonutaHFWY — MOJEN  KOMIIOHEHTJapu dJIEeMEHTap MOl
KOMITOHEHTJIApU OpKau Kyhuaarunia udoianananm:

M={m |, @={f}, i€[LN,]
(VX)P(X)H [Pl(Xl)/\Pz(Xz)/\---/\PNm(XNm)]

Nﬂ’l Nﬂ’l
X=0X; Yz(UYI.J/X

i=1 i=l

m

Nm
z=0Z7; Q,=PZ(Q)i=12,.,N
i=1

PZZ,-(Q)- KOMIIOHEHTJIapu BeKTopu Z; Oynran rumepro3ara € TYMJIaMHHUHT
MPOEKIIUSICH.

Xucobnam  MOACUIApMHUHT  OyHAAW  MAKIM  MOJEJUIAIITHPYBUH
QITOPUTMIIAPHU  pacMUMNaIITUpUIl ~ OuiaH  OOFIMK  IpoLeaypajapHH
yMyMJAIITUPUIL Ba ylapHu Oy woxeuap Oa3acujga edwiaguraH pacMui
Macananap cudaruaa udoaanan UIMKOHUHHA Oepaiu.

Mynnait kuiub, OOIIKAPUILIHUHT JIMHAMHMK CaTXuJa KedyBUM TYpPIIH
TEXHOJIOTUK apa¢HJIApHUHT MeJleJUIApUHU Kypulll MyMKuH. ByHnait énpanrysna
00BEKT MapamMeTpJiapu BakT Oyiinya y3rapyBuM HOCTALIMOHAP OOBEKTIAP YUyH XaM
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MOJIeNl KypuIll MyMKUH. Takiug KWIMHraH ycys UIeHTU(DUKATOPIN MOCIallyBYaH
Ba OamopaT KWJIyBUM TU3UMIIAPHU SPATHUIL YUYH acoc OYIMO XU3MatT KUjiaau.

HucceprauusaHuHr «/JIMHAaMHK 00beKTJIapHH 0OIIKAPHUII MAaCAJAJaAPUHHU
HHTEJUIEKTYaJl e4yBUYMHH SIPAaTHID» €0 HOMJIAHTaH YYUHYU 000M/1a HOAHUKIIHK
mapouTuaa GaoauaT KypcaTyBUl TMHAMUK OObEKTIIAPHUHT MOJICIUTAPUHU SPATULIT
ycnyouéTtura  acociaHu®O — AMHAMUK  OOBEKTIapHU  aBTOMATJALITHUPUITaH
OOLIKApUIl MacajaJlapyHu €4YYBUMHM MILIA0 YHKUII Macajajlapud KYpHIIraH.
[IponykTuB KoWJa acocuja €YMMHU YMKApPUINra MYyJDKajUlaHraH MacajlaHu
JUHAMUK €4yBYM TapKUOHUra KUPraH JMHAMUK OOBEKTIApHU MHTEIIEKTYyasulallraH
OOLIKApUII TU3UMHHH YMYMJIALITaH aJITOPUTMHUK CTPYKTypacHu Takiaud 3TUITaH
(2-pacm). Hoanukiuk mapontuaa Gaosvar KypcaTyBUl TEXHOJIOTUK 00BbEKTIApPHU
OOLIKApUII MacajJlaCMHUW JMHAMUK €YYBYMHUHI acocu OyiraH ajanTuB
Oamoparian TU3UMHUHT YlIyanl MyMKHH OYJIMaral KOOpAuWHATaJIlapUHU aHUKJIAII
Ba OOLIKApUII THU3UMUHUHT MapaMEeTpIapUHU KOPPEKIUsIall alropuTMiIapu
ApaTUJITaH.

WuTennekTyamialiTMpuirad OOMKAPUIl TU3UMUHUHT CTPYKTYPAacH YHUHT
aHbaHaBUM 3JIEMEHTJIApU Ba aJoOKajlapu OuWJiaH Ouprajaukia MapKasuil ypuHra sra
OynraH MacallaHUHT JUHAMUK €4yBUMCH MaBXY/:

TxMxS—=2-5CxT,

CxTxXxS—">RxT;

TxX ={AxT}X xT+{BxTU xT;
TxY ={DxT}XxT;

TxRxY—25CxT
Oy epna T -Bakt mMomeHTiapu tymnamu;, X,S,M,C,R Ba Y TU3UMHHUHT XoJIaTiap
TYIUIaMU, TalllKu MYXHUT, MOTHBaIMs, Makcajjap, OamiopaTiaHraH Bapual €4yuM
Tymnamu; A, B ea D napaMmeTpiaap MaTpHMUANapM, a,, i = 1,4 -Onmumiapra
ACOCJIAaHTaH Y3rapTUPUITHUHT UHTEJUIEKTYAJI OIEPATOPH.

Macaiany TMHaAaMUK €9yBUMCH IIIYH/Iail KOMIUJIEKC TAllIKWUTAaHYBYHU OYIH0, y
TH3UM Ba MYXUT XOJaTHHU OaxoJialll UMKOHUATH XaMJla XapaKaTJIapHUHT Tayiad
STWITAaH Ba peajl HATWXKAJIAPU TApAMETPJIAPUHU COJUILUTUPHUIL XYCYCHUSATHUTa
sraaup. ByHUHT ydyH OOIIKapuill MacajlaCuHU JWHAMHUK €4yBUM OWJIUMIIAp
3axXypacura Ba MacajaJapHH €UuIll yCyJlapura sra OYIuIm Kepak.

Bomkapuin MacajiaciHu  AMHAMUK €YYBUMHUHT acocuil  (yHKIUsICU
MabJIyMOTJIap Ba OuyiMmMiiap 6a3acu XOJaTHHU MIAKIUIAHTUPHUIIIAaH HOOpaTIup.

WNuTtennextyannamrad OOIIKApUI TU3UMHHM MaTEMaTHK acocu OYiraH
HEUpOH TYpiap Ba KaTbUMMac MaHTUK YCY/UIAPUHUHT MXKOOUN XyCyCHSTIApUHU
y3uma kam  KWiIraH THOpWa MoAeiap HEUpOH-KaThHiiMac  OOIIKapHIIl
TU3UMJIApUIa FOKOPHU CaMapalopirKKa 3ra SKaHJIUTUHA KYpPCaTIH.
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Tamku Myxut

!

Bomkapuir o6bekTH
x = Fo(x, u, f)

u=us+u, TT

bax 91 TUSUMHU <
axKapys 3 VYiganr TusumMu

l l et

Xwucobamnr cucTeMacu
5 ¢
CrabumioBun OLIKapUIITHWHT
KOHYH acoCuil KOHYH o
us = Fy(y) u, = F,(y) Wnentuduxanus
| 1l
E0) || Fuly) , <
Jfo O6bekT Moaenu
ABTOMAaTHK CUHTE3HHUHT — Fo7(u, )]
WHTEJUICKTYaJl TU3UMHU ,
(1 — ABH macananapunu e4yBYH) Js MyXHT MOJIENH
f pr—— s
Fy (1)
| baxxapyBuu KucMm THU3UM it
< — | bomkapum moaenu
EuyBum KucMm TH3UM J, (0, 1)
bummnap 6a3acu F 4 PoctnanyBum y3rapyBuniiap
0 = Fo(x)

2-pacM. /luHaMUK 00bEeKTJIAPHHU MHTEJIEKTYAIAIITHPHUITAH
O0OLIKAPHMII TH3BMMMHMHI CTPYKTYpacH

Kynkarnamnu HeWpoH TYpiapHMHI KYpUHULUIApUIaH Oupu Oynran
KaTbuiiMac aJanTUB Mojeulap OwiaH E3WIyBUM JUHAMUK OOBEKTIIAPHUHT
MHTEJUIEKTyaulalrad ~ OOIIKapuIl ~ THU3UMHUHU  3JEMEHTJIApU  TEXHOJOTHK
y3rapyBuniap Ba UIUIA0 YMKAPUIIAATK Y3rapuilira MOCHalluil UMKOHHUSTHIA dra
OynraH OOFIMKIMKIAP XapaKTepUra acocjaHraH XojJla IIAKIJIaHTUPUIAIN.
bomkapuir macallaCMHM AWHAMUK €YYBUYMCHUHUHI MIIMHUA TYLIYHTHPHUII Y4yH
JUHAMUK OOBEKTHUHT YMKHII Y3rapyBUMIApUHHU OapKapopialiTUPUII >KapaéHUHU
kypub uukamu3. By ’kapa€H yu3MKIMCH3 ailiMpManu TeHrJiamMa OujlaH E3WiIraH
OyJICHUH.

(i +1) = F(3@)yens (i = 1), x(0),..
x(i = 8),u(D),...,u(i — q)),

6y eppa  i=0,12,..,N OKOpUM JUCKPET BaKT, y(i)- YUKUII CUTHAJIH,

(1)

x(i) = (x,(i),...,x; (i) - TAIIKH TabCUPJIAP BEKTOPH, u(i)- OOIIKAPHII, 7,s,q- MabIIyM
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Japakara 3ra OynraH HOYU3HKIH QYHKIUSA- f(p(i),..., (i — ), X(D),..., x(i — 8), u(i),....u(i —q)) -
OODBEKTHUHT KHpUII KaTTAJIUTH KOOpAMHATAJIapu UXTUEPUM BakTAa
qerapanaHraH, SABHUA.
u™in < u(@) <u™,

—min

x <x@)<x o ,i=1,N.
Juunamuk >xapaéHau udonanam ydyH CYreHOHMHT KaTbUMMac MOJICITUHU
KyJuranMu3. by Mozen Kyruaard Konaaaap Makinaa TaCBUpIJIaHaIu:
azap x;,(i) 6ynca X ,fl

X, (1) 6ynca XP,,....x,, (i) 6ynca X7, 2
y —xonda u! (i)=bYy +blx,, () +...+b" x, (i),

0=1n,

X% .1=1,m KaTbUHMAC TYIUIAMIIU BA x, (i) = (x4 (i), X4y (D). Xy (i) KAPULLIAP Ba u’ (i)
YUKUITHU OOFJIOBYM YM3UKJIIN OOFIUKIIHUK.

Karpuiimac Ttymnamuu OepyBum acocuil TaBcU( Xi(Xi) TaaLTyKIMIHUK
byakuusacu 0ynuo, y Kyluaaru CUrMou/ KYpUHHILNATA 3ra 0Yiaau:

X, (x0) = (+exp(dy, (x, +d;,))"

i=12,..,N BakT MoMeHTHJa (2) KaTbuiiMac Mojen Oyiinya Oepuiran
x,, (/) KHpHIIUTapAa u, (/) YAKUIIUHA aHUKJIAIl MEXaHU3MH, X, (x, (i) TaaTyKIHWIAK

GyHKIUACH Ba B bl bY 0 =1nl=1,m YH3UKITH TEeHTJIaMaHUHT
koadpunrenTnapu 6epunrania Kyiuaarnia aHuKJI1aHa u:
u! (@()=b)y +b)x,, (i) +...+ by x, (D), 3)
0=1n,
Oy MexXxaHM3MHHU KaTbHilMac Oell KaTiiamyiu HEeHpoH TYpu cudaruna Kyhduaaruya
TacBUpJIAll MYMKHH.
Bynna OupuHYM Kamiamaa Y3rapyBUWJIAPHUHT X[ (x}, ()),.... X2 (x) (7))
Koujara Moc Kenuuumk 6 napaxkacu XucoOnaHaau, MKKMHYM Kariamjaa ica
w! HUHI KUHUMaTh XaKUKUIIUTH Y3rapyBUYWIAPHUHT anreOpauk KymalTMacu

OPKAJIM aHUKJIAHA A :
Wf = Xf] (xk] (i))X/cgz (xk2 (Z))ngm (ka (@)
YuyuHun KaTiaMja XaKUKUWIMKHUHT HHCOMI HOpMasulallifaH KuiMaTh
KynuJarnya aHuKJIaHaIu:
9,
w; (i)

B ()= wi @)+ w (D) + ...+ w! (i)

Typrunuu Katnamaa [, (i) HUHT KuiiMaTd (3) YM3HKIM TeHrama Oyiuua

XucobnaHran  u, (/)  YMKWIIHUHT ~ KWiMartura — Kymadtupwiaau.  byrzma
x;, (@),x],(0),...,x, (i) Ta COHNM KUAMAT GEPHUITHO Y AHUKITAHAIH.
bemmHun katnamaa u, (i) HUHT SKyHMH KuiiMaTH Oapuya Koujpanap Oyiuua

xyanu u, (i) HUHT ypTada HUTHHANCH chaTHIa TONIIAIH:
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. < O/N Oy
u; ()= Zﬁk (l)uk (@)
=1
Karpuilmac MOJETHHMHT pOCTJIAIl MapaMeTpiIapUHU BEKTOPUHU aHMKJIAIL
yayn X, (i),...,x, ,u (i), JapHUHr KuiimMaTiaapuaan Qolnananunaan. byHna
y(i+1) YMKMII KaTTJIWTH YHMHT '  HOMHUHAIWTa KyHMJard IIapTHU
KaHOATJIAHTUPYBYU KUJTUO OJIMHAIN:
1 N H * (o . H H
N N S e OVAL0) | S B LN
N i=1
Oy epaa J" -pocTnamHuAr HUCOUM XaTOIMIMHUHT HOMUHAI KUMMATH.

Keituaru Oockuyaa TapMOK Vpratuiagud. ByHUHT y4yyH KOpPpEKTIOBYU
MaTpuLa:

, , H (i-D)x,0Ox (OH (-1
H —H (i—1) ==& k k k 4
N P G @
Ba KO3 PuIMeHTIap BEKTOpU XHcoOIaHaaa:

b ())=b,(i-1)+ H, ()X, (i) (i) - ka (i = DX, (1)) (5)
OnuHran KaTbuiiMac momen b/ ,0 = I,_n, [ = O,_m kod(punmreHTIapaa Ba

TaaIIyKIMIUK  (QyHKOUacH napamerpu d,,,,d;

niod, HA HYHAITHPUIITaH XoJja

(V)

YKUTHIIATH.

TapMOKHU YKUTHUII y4yH WHTEPAKTUB aJalTallisl Ha3apUsCUTa acoCIaHTaH
ITOPUTMHH KyJUTall Takinu@ STHITad. by anrOpuTMHUHT MOXHUSTH XaTOJIUK e HU
HOAHMK IIaKjAa XucoOJamira acociaHranup.

WMHTepakTuB  ajanrTanysuialll  alrOPUTMU  KYJUIAaHWJITaH THU3UM  N-
HUMTH3UMIIapra OYIMHAIW Ba Xap OWTTacw ), WHTETpAUIAaHYBYM YHKHUII Ba
WHTErpaJUIaHyBUM KHUPHUII CUTHAJUIapura sra 0ynuo, ynap ypracuaaru MyHocadat
KyHugaru QyHKIIMOHAJ OOFIUKIUK OpKaiu udoaanaHaiu.

F X, —->Y . n=12,..,N

TU3UMHMHT i- S5TIEMEHTHHUHT MyHOCa0aTh Kyiuaarndaup:

y:()=Flx,(0],i=12,.,N

Arap sneMeHTIap Ba TalllK| CUTHAJUIAp YpTacHaard y3apo TabCUP YU3UKIN
Ba KyiHIaru TeHIrJ1aMa opKaiu €3uca:

xi(t):“i(t)"'zak'yi(t)’iENa (6)

KeJ;
Oy epaa J, ={K : y, =i} [->]€eMEHTHUHT YUKUILIAPH OOFIHUKIMKHUHT TYIUIAMH, o,

OOFNMKJIMK Ba3HU OYica, y Xoyja i-3J€MEHTHUHI KUPHII YUKHUII MYyHOcabaTu
KyHugaru TeHriama Ounan €3unaiau:

y,()=Flu,(t)+ D ay-y,(OlieN

KeJ;
Arap tu3uMm (6) TeHrjiama makiauaa €3wica y XoijJa «, ajJloKajlap Ba3HU
KyHugaru kouza 0yitnda coznaHaiu:

: ! Yeoix : ! OE
aK:FexK[xsxK]'( Kj ZaS'aS_V'stK[xng]'ysbzxK'
Yok )s S 5y3xl(

b
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Oy epna y >0- YKATHUII TE3TUTUHU aHUKIOBYM KOdPUIMeHt;, F,  [x, |- Operre

xocunacu; E — xaTonuk QyHkiusicu, ke K.
(6) Tenrama o, y4yH AroHa €4uMmra 3ra OVIMII mapTd OakapuiraHja
xatonuk yukuuscu E (v;, ..., Vi, Uj, ..., U,) BAKT OYi4a MOHOTOH Kamasu Ba

KyWHUJaru TEHIJIMKHA KaHOATIIaHTUPAIU:
O.C K ==Y 5—E,k ek
oa
bynnan énpmamyBna HEWpOH TApMOK 3JEMEHTAap HEUPO TapMOK ILIAKIUIA
allpuMm siemeHTiapra OynuHanu. HeWpoH TapMOKHU VKUTHII —alrOpPUTMHU
KyWugaruya TaCBUpJIaHaIN:

Pn=73%ao r,.,
seDn

r,=o(pn),
Oy epaa n- HEMPOH MHIEKCH, S- CUHAIC UHJEKCH, Dn- n HEUPOHJIAPHUHT KUPHUII
CI/IHaHCJIapI/IHI/IHI‘ ﬁHFHHIIPICH, pres Ba pOSf OJIIN CHUHAIITUK Ba CSJfHFI/I CHUHAIITUK
HEUpOHJIAp, w,- § CHHATICHUHT Ba3HU, pn — n HEUPOHHUHT MeMOpaH1 NOTEHIIUAIH,

¥, — N HEWPOHHHMHI KYy3FajuIl YacTOTaCM, O - CUICMOHUJ THUIHAAru
daommamtupuin GyHkiusacu. by GyHKIMSHY Kylugarnia TacBUpJIail MyMKHH:
1
o(x)= —
l+e

by xonna cunancnap BazHu Kyiuaaru ¢popmysia Oyitnda aHuKJIaHaIU

Ws = rﬁres (qopostso(_Pﬁf’S“) + v fp osts )

Oy epna @, = Za)s ‘s,

SeAd,

y — Oapya HeWpoHIap YYyH Teckapu OofJiaHuil KodDPUIIUCHTH, ¢, -
O0eBocHTa TeCKapy XaTOJUK CUTHAJH.

[ynnait Kuaub, HEUpOH TYpiap Ba KaTbhUIMAc MOJCIUIAPHUHT MXKOOUU
XOCCaJapuHU OUPJAIITUPUII HOAHUKIMK I[IAPOUTHUIATH MYpPAKKad JTHUHAMHK
oOBeKTIapHHU OOMIKAPHIL MacajlajJapuHU caMapajy e4uill UMKOHUHU Oepajiu.

HuccepranussHUHr «/IMHAMUK 00beKTIAPHH HMHTEJJIEKTYaJ OOIIKapuil
TU3MMHUHU AJTOPUTMHUK CHHTE3W» 1e0 HOMJIAHTaH TYPTUHYM 600u1a OolIIaHFUY
MabIyMOTJIAp HOAHUKJIUTU MapouTuaa GaoiusT KypcaTaéTraH uepapXuK TalIKHI
STWITAH JIUHAMHUK  OOBEKTIApHH  WHTEUICKTYaJUIAIITUPUITaH  OOLIKAPHUII
TU3UMHUHH KypUII TAMOWUILIIAPU KEATUPUIITaH.

Kymncarxyiu wuepapxuk THU3UMIIApAa MYXUM MacajaiapJaH OupH YHUHT
OCTTU3UMJIAPUHUHT UIIMHU KOOpAMHAIMSJIAII MacajlacuHU €4HIlJiaH ubopataup.
Arapja Tu3uMIa HOAHUKJIMK MaBxKyZ O0yica, Kapop KaOyJ KWJIMII Macajacu siHaja
MypakKkaOalaim.

bynpgaii  xonga — caTxJapHM  KoopAuHauusiam — OeBocuTa  Oapua
OOLIKApUIYBUM OOBEKTIIAPHUHT OOomIKapuil cudaTuHu yMymilamrad ©0axocu
OYIMUII CUTHAJJIAPHU OOLIKAPUIN THU3UMH OJIMIIM OPKAJIM amajra OLIMpPHIIaIu.
auccepranus Uinuga OONIKApHUII CaTXJIApUHU  KOOpAMHALMSAIAII Y4YYH MKKH
CaTXJIM TU3UMJIAPHU ONTUMAILIAII MacalajJapuHu TaAKUK KWW TAKIU( dTUIIATH.
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bynna (i -1)- carxgaru macajlaHd €UuIll YUYH i caTXJlard ONTUMaJIIall HaTHXKACU
Oepuiran xucoOnanaau. Arapjaa x, KyHuAard KypuHuIjga €3cax:
Xy = ij},i:l,N,j:I,M

i- OOWIKApUII CaTXWAaru OCTTM3UMJIAp M =m,- COHU OYiuca, x;,,,j=Lm,,

i
€YMMHH TOMUII yYyH Oapya edumiiap x_‘; j=1,m, Kabyl KWIMHTaH XUCOONaHAIN.
by xonga nokanm OomIKapuill THU3UMUHUHT JWHAMUKACH KyWuaaruya
udoaanaHuIId MyMKHUH:
® XOJIATHUHT KAThbUIMAC TeHI1aMacu
dx/dt=A®x®B®u, us),
® Ky3aTyBUYMHUHI KaThbUHMaC TEHTJIaMaCH
y=C®x,
e KarbuiiMac OOLLIaHFUY HIapTiIap
x,(0)=D1, x,(0)=Ds,....x,(0)= D,
Oy epra ®,® - KaTbUHUMAC KYIIHII Ba KYMAUTUPHUII OoNepalusiiapy; u# — KaTbUuiiMac
KUAMAaTHA KaOyld KWJIyBYM OONIKAPULI CUTHAIM; X = \X1,X2,..0XiseeesXn }-KaTLHﬁMac
X0JlaT ~ BEKTOpHW, i=1,2,...,n; ;: yl,;z,...,;g,...,;, }— KaTbUHMac  YHUKHIII
y3rapyBUMIApUHUHT BeKTOpH, ¢=1,2,...,l; u.(s) - s XomaT y3rapyBumMIIapMHHHT

KaT’BPIfIMac (5’/3rapquI/1) COHUHUHT KS'/pCElTKI/IIH/I Ba XO0JIaT TCHIJIaMaCHUHHWHI' Ba3HU,

A .. A |B|_ | ... G
A=|... ... ... |\B=|...,C=|... ... .. MOJICJIHUHT KaTbUMMac

Al ... A, B’ ¢ ... G
Kod(ppuLMeHTIap MaTPULIACH.

XoJ1aT BeKTOPUHUHT OMPOH OUp i-y3rapyBUncH BaKT QyHKUUsAcH cudaTuia
KaThUIAMAC MyHOCA0AT WAKIHAA HpOIANAHMILE MYMKHH: x,(f)={,x, 1 (t,x, ) Li=1,
2,...,n,. Kypcarunran ¥y3rapyBum OeNrujaHraH BaKT MOMEHTHJA KaTbHiIMac
TYIIaM KYpUHUIIMAA HQPOAANAHUIIE MyMKHH. X; = {xl. i (x, )} Xyanau uryHra
YXIIAII ¢ YAKUII Y3rapyBUUCU KyMugarnya €3uiniiy MyMKUH:

y.0=vy oy ) g=1,2,...1

;g - {yg//l;g (yg )}9

Oy epna -, f1,. TAAJUTYKITHITHK GyHKIMACH; X,, y - YHUBEPCAI TYIUIaMIaH KHAMaT

A,B,C MaTpuMIAaCHMHUHT DIEMEHTIApH KaTbUHAMAc TYILUIAM MIAKIUaa OepuiraH
OYJICUH:

fi = All/“ml(All }’--1’42 :{A:/“znn(A:)}’
B = Bl/“BI(Bl)’---aBn_: {B”/“E”(B”)}’
Ci=1Cl/ug'(c! )..C = ci/ue, (€ )
boumnanruu  miaptiap KareuiiMac TYpriamMm  cudartuia  Kyhuparuua
uoaananaam D; = {xl. s, (x, )}, X0JIaT BEKTOPU y3rapyBUMCUHUHI COHU KyHHJaruya
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é3nnam, §:{s/ ug(s)}, Oy epma s=1,2,..,n XOJaT BEKTOPH Y3rapyBYMCHHMHIT
TapTHO HOMEPH.

Taannyknuiuk QyHKIMSICH aHANIMTHK MyHocabar cudaruma Oepuiuii
MyMKHH, Macajlal x; Y3rapyBU4hCH Y4yH
s, (v = ol b by v vz )=

. . ]
_ [(bm ( a _x))v&’ szgn(b&i (a;,- —x))+1 . (bZ;,. (a;,. —x))vz?' szgn(bﬁi (a;’_ — x))+1 +1j

2 2

By epma @, TaauyKnuiMk ~QyHKOMACH Mojacy, b, Ba b,
k03 uuneHTIap TAALTYKIUINK QYHKIMACHMHUHT KEHITIMTMHU Oepaiu, v, Ba v, ..
b

v, KoOQUIUEnHTIap UXTUEPUM KYPUHMIIAATM TAALIYKIMINK (QYHKIUSACUHU

sca Oy (QYHKUMSHUHT X; YKKa HuUcOaTaH OFUIIMHU KypcaTtaau, b v

1Xi>  T2Xi% 71X ?
MIAKJIMHU XOCWJI KWJIMII HMMKOHUHU Oepaju Ba HOAHUKIMKHUHT KYpcaTKU4U
cudaruia KyJUTaHWIUIIH MYMKHH.

Bomkapuin TH3UMUHUHT cudaT KypcaTkuuiapu (YTKHHYM >KapaéH BakKTH,
MaKcUMaJl OFHMII, Ky3aTUII XaTOJIUrM Ba Ooumikanap) dodganuiuk (QyHKIUSACH

aKJIuaa KyWuaaru KypuHuiiaa Oepusnaiu:

S 3 3 3
0, =10; /1, (01 )k =1.2.... K.
_ _ _ _ 3
‘uék Q,f :@fQ;,ag){i,bngi,b32Xi,V31Xi,V 2)(1'),
Oy epaa K- Oomkapuil TU3UMUHUHT cudaT KypcaTKUujIapu COHU.
BomkapumauHr O6epunran cudar KypcaTKU4jiapy acocuaa ATaJoOH MOJEN
AHUKJIaHa/IU.
x,rw = AM x,rw + BM u,’l’i
6y cpaa u, - TASUMHUHI' KHPpUII KaTTAJIUT U, X M( l) — 3TAJIOH X0JIaT BCKTOPU.
XonaT BEKTOpJiapu y3rapyBUuiIapy Ba OOUIKAPUIIHUHT YerapaBuil KMMMaTH
KyHugaru KypuHuuiaa Oepuininyg MyMKHH;

g x,u_,;/,t)< X} max 2 gz(x,u_;/,t)< X min 2++»
8on-1 (ZC,Z/I,}/,I‘ < X1 max » glL(x,u,;/ t)< Xpimin o+++5
g (x,u,;/,t <U,> &, Cx,u,y,t5< U -
Bomkapumn tTH3uMuHE cHBaT KYpCaTKUWIAPUHN aHHUKJIAII YUyH OOIIKApPHIII
obbeKkTHHUHT a; (1), a. (f), BaKT XapaKTepHCTHUKAIapM XaM[a TaaUTyKIHJIUK

bynxuuscununr b_(1), b.(¢), b (1), b (1) xeHrnuru G¥yinuya aHuKIaHaguraH

KaTbUMMACIUK TapameTpiapu Kyutanuiaau. bomkapuin o0BEeKTH XaKuja
MabIYMOTJIADHUHT  HOAQHUKJIMTUHUW  KaMaWTHpUIN Ba  OomKkapum  cudar
KYPCAaTKUWIAPUHHU SXIIIIAN YIyH KyHUAard KuiMaTiap MakCUMasUTalll THPHIIA TN
b-(t), b,-(t), b];k(t), bz;k(f)-

Bomkapumr anroputMura poOacTIWIMK XOCCACHHHM OCpHIl YYYH TE3KOp
IPAJUCHTHUHT JIICKPET AQJITOPUTMHUHHM TapaMeTPUK IMaKJIJIa KyJUlaml TaKIud
sTiirad. by 3ca MypakkaOJUKHM MUHUMYMJIMTHHU TabMUHJIAHIN Ba OOIIKApPHII
CUTHAJIM XaMmJia YHU Y3rapull TE3JIUTMra KyWWiIraH derapaHd XucoOra OJIUII
MMKOHHUHU Oepaiu.

Borkapuir TH3UMHUHT YTKHHYM JKapaéHUHUHT aHUKJIMTH Ba CUMATHHH
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SAXITWIANl  Makcaauaa OOIIKApUIN aJITOPUTMUra OOIIKAPHUIN CUTHAJIAPUHU
KOMIIPOMUC BapHaHTUHU TaHJaml Oyiinda Kapop KaOyd KWIUII alrOpPUTMU
KYJUIAHWJITaH.

VY Xonma TaKOMWLIAMITUPUITaH OOIIKApUINl KOHYHU KyHUAaru KYpUHHUIILTA
ara Oynaau:

w=k (¢)-u )+ gkf(t)- (),
ke + 1= k= hyy)+ hlys = y,)8 [ [e] - yss [+ 107 +1]
ko[t + 1] =k [k )= hyy)+ s —7,)0 - [t [e]- Ay [+ 1 [ +1]

ku [t + 1] = ku [k](l - h}/l)+ h(}/() - }/2)5 ) [t]u,w [t]_ h}/65 ) [t + l]u,w [t + 1]’
Oy epna t = mh, h>0 — puckpernaml Kagamu, , m=0,1,2,...,m; y ={7,,7,.73: Vs Vs:Vs}

1 m

- aJanTHB peryaatop mnapamerpnapu; e = [(x,—x, )u (e)dx, XomaT BeKTOpH
X;

y3rapyBUMJIapd Ba XOJATHUHT JTAJOH Y3rapyBuujapu Yypracumaru (Qapk;
i)_ .
o \e' )= ei’“;i’bla’bz;-"/lgi"/z;i)' XaTOJIUK  TaaJUTyKJIMJIUK q)yHKI_II/ISICI/I, 0] —

TAQUIYKITHIMK  (YHKUWSCHHUHI aHAINTHK KYPHHHULIN; a.=d- —X,, V- =V,
_ _ _ s _
V,.=V,, b_=b_, b_=b_, x'=[xdx- XOJaTHUHI  HHTErpaalraH
Xi
n
y3rapyBuuimap BEKTOpHM; O-[t(|=Yk-e*, h; — OOBEKT MaTPUIIACHHUHT
i=1

koapduuentiapu Ba B, 3TaJoH MojaeNn MaTpuuacu KodhuimeHTIapuIaHn
OJIMHTaH K03 HUIIMEHTIAP.

[ynunrgek Oy 0007a Typiu HOAHWK XaJlaKUTIapra poOacTIUKHU
Ta@bMUHJIOBYM JUHAMUK OOBEKTIAPHU MHTEIEKTYaUIAIITUPHITaH OOIMIKAPHIII
TU3UMHUHHM TAJKUK KAJUIIHUHT aJanTUB HEHWpO-KaTbUMac alropuTMIIAPUHU
KypHILI Macajlacu KYpHUJIraH.

Taknug sSTUATaH CUHTE3NAIl aNTOPUTMIAPU KEHI CHEKTPAAard XajJakuT
MaBxyj Oynranaa AUHAMUK OOBEKTIApHU OOUIKApUII TU3UMIIAPUHU JIOMUXaJIalll
MacajalapyuHu KYJUITaHUIUII COXaCUHU KeHTaUTUpaIu.

Hucceprauusauar «Anuwiad YMKWITaH MojAea Ba AJTOPUTMJIAPHHU
TEXHOJIOTUK 00beKTIapHA OomKapuun JKapaéHIapUHH
HHTE/UVIEKTYAJUVIAIUTHPUIT Macajajapura amMajuid TaTOMK JTHII» HOMIHU
OemnHYM 000MJa anmpuop HOAHUKIMK IIApOMTIApUIA TEXHOJOTUK OOBEKTIApHU
OoLIKapuIl Ba aBTOMATJIAIITUPUIITaH MOHUTOPUHTUHU
MHTEJUICKTYaJUTAIITUPUIIIHUHT TEXHUK BOCHUTAJAPUHM SpaTUII Macajajiapuia
UIUIad YUKWIraH OOMIKApHII >KapaéHIapyuHU WHTEUIEKTyaJUTalllITUPUII MOJEN Ba
ANTOPUTMIIAPUHU KYILIAIl HATHXKaJapy KeATUPUIITaH.

Mucon cudartuga pekTuduKaus KOJIOHHACH TEXHOJIOTHK Kapa€HIapuHU
MHTEJUIEKTYall aJanTUB HeUpo-KaTbuiMac OOLIKAPUIN TU3UMIIAPUHU SIPATUII
Macananapu KypuO uukuirad. PekTudukaius KOJOHHACUHUHI caMapajopiiuru
KOHIEHTPAIUSHUHT KOJIOHHa OyTyH Oananayiurua OYinda TaKCUMIIAHUILIU KOPUN
npobunu  OwinaH  aHuUKIaHaAu. PekTudukanus  KOJOHHACH  Xapopatriu
NpOoQUIMHUHT MaTeMaTUK MOJENUMHU Kypuijga Jlbioca-MatucoH yciayOuaaH
doitnananunrad. Y xonaa o0beKT MOJIeN KyHuaarnia KypuHuIira sra 0yinaau:
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T, - dell(l) + Y (t)=k, - X, (t-1))
V() -
A Tz‘%*'yz(l):kz‘n(l_fz)
>l Yp() dy
: % —ZZ;'(Tf T3‘%+Y3(z)=k3‘)’2(t—r3)
N Z,(0) v
LR Pt) Ly c;t(l)+y4(l)=k4‘y3(l_f4)
. \‘Q?\‘\ 1N Ys(1)=0,5-(K1-Y,(1)+ K2-Ys(1)
W H (1) dy ¢ (t) ~
 pecens N EA% To =gt Y@=k Tli-to)
EKT‘H HKAITHOH \‘* X3 dY
5, r Dy ) =k Y-
T -y =k X, (- 10)
dt
Marematuk momenna Yi(t), Y,(¢), Yi(¢), Ys(¢), Y,(¢), Y(t) — wmoc
aBUIIIa KOJIOHHA KyOu, 16-, 22-, 28- (TabMHUHIIAILI TapesKajiapu), 37- KOJIOHHA
9 9 9 9
IOKOpYM KUCMJIADUHUHI Xapopamiapu, Y, (z‘) - TabMUHJIAII TapeJIKACUHUHT

Tarunan Gepwiaguran OyFHMHT Xapopatd, Y, (f) - TaMMHIAII TapeiKacHHUHT
TemacuiaH TYIIYBUM CYIOKIHMK Xapopat, X,(t), X,(¢) - xkusnupunran 6yr Ba
COBYTHII areHTUHUHr capdu, 7;...7; — OomKapuml OOBEKTH MOC KaHaJUIapH
IVHAMMK TaBCU(IIADUHUHI BaKT NOMMMIIApH, K, ... ks — OOIIKapuml oOBEKTH

MOC KaHaJIapu Oyinua ys3aTuil Kod(pQuUMEHTIapu, 7,...7q — OOLIKapuUI
00BEKTH MOC KaHajuIapu OYVirYa KeYWKHUII BAaKTHHUHT KukiMatiapu, K1, K2 —
co3nam Kod(ppuUIMeHTIapy, { — aHAJIOTJIM BaKT. TaakKWK ATUIAETraH Ma3Kyp
ABTOMATHK OOIIKApWII TH3UMH TalllKH KYy3FaTyBYHd TabCHpJap OCTHUIA
(macanan, Oyr capbu y3rapumu 15% man kynpok OVnaranaa), €Ku OOIIKapHII
oOBeKTHIa MapaMeTpUK Yy3rapunuiap (MacajiaH, apajaiimMa TapKUOW Y3rapuiil
10% OVynranga) xapaéHHUHr cudaT KypcaTKU4iIapu Cce3ujapiad Japaxana
EéMOHIaIaau, HaTHXKada XoM ameé ucpodu opraau. bomkapuin skapa€HUHUHT
cudar KYpcaTTMYMHU SAXIIWIANI MaKcaauaa OOBEKTITra JIMHAMHK POCTJIAII
XaTOJUTH Y3rapuil Avana3oHua Ba YHUHT OONUIAHWIN KUKWMaTtwra HucOaTaH
WHTETpamugaH OOMIKApUII TabCUPUHU HIUIA0 YMKYBYM HWHTEJUICKTYall
pocTiarud ynaimu3. ByHUHT acocuia pekTudUKaius KOJOHHACUHUHT Xapopar
npopUINHA aJalnTHB HEHPO-KaThbUMMAaC POCTIANl TH3UMUHHHT HMHUTAIIIOH
MOJCIN WIIIA0 YUKWIIAM Ba TallKM MYXUT XaMmJila IlapaMeTpUK Ky3raTyBUHd
TabCcUpPJIAp OCTHAA KaTOp XucoOuit Taxxpudanap yrkaszuiaau (3-pacm).
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TaaKuKOTIIap IIyHW KYpCATAUKH, CHUHTE3 KWJIMHTAaH HEWPO-KAThUKMAC
TU3UMHUHT OOUIKAPHUIL AJTOPUTMHU acocujia OOLIKApUIA€TraH KaTTAJIUKHUHT
KOpUM KuUHUMATH Tanad STWITAH KaTTalWKAaH ofuiu 2,5% JaH ommMaciuru
AKKOJI KYpUII MyMKHUH. ByH/a TU3UMHUHT XOM amé cappu Ba KU3IUPYBUU OYF
XapOpaTUHUHT Y3rapuily 0yiinya rana€¢Hiaapra pooacTiIuru XaMm TabMUHJIAHIH.

JlacTypuil KOMILIEKC KYpUHHUIIUAA SpaTHIIraH TEXHOJOTHMK OOIIKapyB Ba
MOHUTOPUHT aXxOOpOT-TaxJIMJI THU3UMHU Y30E€KUCTOH PECIyOJMKACUHUHT KaTop
KOpXOHaNapuJaa KYJIJaHWIUIIK HaTHXKacuaa axO0opoTiap OKUMUHU KailTa WIIaIl
Ba MabJIYMOTJIAPHU TaxJuj Kuiuiira capdananurad Bakr 1,26 Mapra Kuckap/au,
HHEPreTUK OOBEKTIAPHUHT TEXHOJIOTHMK HII PEKUMIAPUHHU ONTHUMAILIAIITHPHUILIT
xucobura sHeprustHuHr capdu 1,15% ra Kuckapuimra 3punuiii.

XVJIOCA

«HoaHUKIMK MmapouTHia TMHAMUK 00BEKTIapHU OOLIKApHIII KapaéHIapuHU
MHTEJUICKTYaJUTAIITUPHII MOJISIITIapH Ba aJlTOPUTMIIAPUHHU SIPATHIID MaB3yCHJIaru
JOKTOPJIUK JHUCCEpTaUsIcu Oyinva onubd OopwiiraH TaAKUKOTIIAp HaTHXKACH[a
KyHuaru xyJjocanap TaKJIuM dTHIIIN:

1. JluHamMuk OOBEKTIApPHU HWHTEIUICKTyald OOIIKaApUIl MacajlajlapuHu
CUUIITHUHT YCYJUIApH Ba QJITOPUTMJIAPUHU TUUMIIAIITHPHUIN Ba TaXJIUI KUJIHUII
acocujsia aBTOMATHUK OOIIKApWII Ha3apHsICH Ba HWHTEIJIEKTyall TEXHOJOTHS
TamMoMWIIapu 0a3zacuaa JAMHAMUK OOBEKTJIADHM MHTEJUICKTyan OOIIKapHIIl
TU3UMJIAPUHU SPATUITHUHT Ha3apHuil acociapy pUBOKIAHTUPHUIITAH.

2. Hoanuknuk mapoutuaa ¢GaoiusaT KypcaTaauraH JUHAMUK OOBEKTIapHU
WHTEJUIEKTYal OOIIKapuIl TU3UMIIADUHM  SIPATHINIA KJIACCHUK  OOIIKAPHIII
HazapusCy Ba MHTEJUICKTYasl OOIIKAPHUIN yCYJJIapUHU MHTErpaJljialira acocjlaHraH
SHTU cudaT KYpcaTKUWIN EHAANTYB TakIug dTUITaH.

3. Texuoyoruk oO0BEKTIAp OOMIKAPMIYBYHM >KapaCHIAPUHUHT JTUHAMHUK
XOCCAJIapuHM  XUcoOra OJIMIl HMMKOHUHM OepyBYM Ba MOCJAIlyBYaHJIMK
Xoccajlapura 3ra HWHTEIUIEKTyalllalrad TUOpuj MojJeiiap MaXMyacu HIILia0
YUKUJITaH.

4. Heiipon Ttypnap, HOQHUK MAaHTHK, T€HETHK aJIrOpUTMJIAp Ba KJIACCUK
OolIKapuIll Ha3apusiICH yCy/Ulapu acocuja Mypakkad IIakJIaHyBYM OOIIKAPHUII
xKapa€HIapyuHU MOJCJUIADMHU  I[IAKUTAHTUPHUII Ba JUHAMHK OOBEKTIApHU
Oomkapuin xapa€HUHU WHTEJUICKTya/UIAlTHUHT MaTeMaTUK acocu OynraH
TEXHOJIOTUK >Kapa¢HJIIADHUHT TUOPHUA MOJCIIAPUHU SPATUII YCIYyOUSTH HIILIA0
YUKUJITaH.

5. Hepapxuk Taxjmmia ycyiiapu, OaxoJail Mporeaypaiapy Ba KaTbUMMac
MaHTHK ycyJiapu Oa3zacuja Oomkapuil TU3UMH (DAOTHATHHUHT  MOJEIUHU
TaHJall acoCujla TMHAMUK OOBEKTJIAPHU TAJAKUK KWJIMIIHUHT camMapaid e4YUMUHU
TabMHMHJIOBUM MOJIEJUIAII AJITOPUTMIIAPUHU SPATUIITHUHT QJITOPUTMHUK acocyiapu
U120 YMKUJITaH.

6. CrpykTypacu, mapameTpyiapy Ba Ba3uUSTIapW HOAHUKJIUK IIApOUTHIA
WHTEJUIEKTYal OOIIKApUIl TaMOWWLIapU Ba aHbaHABUM aBTOMATHK OOLIKApHIII
HazapusICH YCYJ/UIApUHHM Y3 WYHUTa OJITAaH JAWHAMUK OOBEKTIAPHUHT OOIIKApPHIII
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MacajJaCuHU UHTEIJIEKTyall €4yBYMCH UIILTa0 YMKUJITaH.

7. JluHamMuk OOBEKTIapHU HJECHTU(UKALUAIAII Ba T€HETUK aJIrOpUTMIIAp
KOMOMHAIMSATIApY IIAKIWJArd WHTEPAKTUB aJlanTalus yCyJiura acocCJlaHraH
ajanThB HEHWpo-KaTbUiMac KOMOMHaUUAMAmTrad  OOIIKApUIl  TU3UMHUHU
CUHTE3Jall XaMmJa aJanThuB OamopaTiaml, THU3UMHUHT  YiIyaHMalaura
KOOpJMHATATApUHA aAHUKJAIl Ba OOMIKApUII THU3UMHUHUHT [apaMeTpliapuHu
KOPPEKIUsUIAIl aJrOpUTMIIapy MILTA0 YUKUITaH.

8. Tankuk »TunaéTraH WHTEIUIEKTyaldl OOLIKApUIN THU3UMUHU HUEPAPXUK
ndoaaNaHNIINra aCOCIAHTaH UHTEJUIEKTYasl OOIIKApUI TU3UMUHH TAJIKUK KHIJIAII
Ba MEpapXUK KYT CaTXJ I MOJICJUTAILITUPUIL TAMOWMIIN UIILJIA0 YUKUITaH.

9. JluHamMMK OOBEKTHUHI MOJEIM Ba TalIKd TabCcUpiap XaKuJaru
MabBIyMOTJIap  TYNIMK  OynMaranga,  OOIIKApWII  TU3UMHHUHT  cudaT
KypcaTKuwiapura HEHpOH TYpiapu mnapamMeTpiapuHUHT TabCUPUHU Oaxouall,
OOLIKApUII TU3UMHUHT CTPYKTYpacu Ba YHUHT 3JEMEHTIAPUHU Y3ap0 OOFIHUKIUK
MOJICJIMHM aHUKJALl MpoUeAypallapuHd VY3 UWYUra oJiraH aJanThB Helpo-
KaTbuiiMac OOIIKApUIL TUBUMUHUHT CHUHTE3JIAI alrOpPUTMIIAPH SIPATUIITaH.

10. DHepreTuk 00BEKTIAP Ba HEPTH-KUME MakKMyaJapUHUHT TEXHOJOTHUK
arperaTjiapyHy ONTUMAaJ HIUIAll PEKUMIAPUHU TaHJall XucoOura >SHEprus
cap@uHU KaMalTUPUII Ba YHUHI HATH)KACHUJIA UIIA0 YMKAPHIL camapalopIuruHu
OLIMPUII XaMJa TypJid aBapusi Ba3HUSATIAPUHU OJJAMHHU OJUII UMKOHUHU OepyBUH
OOBEKTIAPHUHT TEXHOJIOTUK napameTpiIapuHu aBTOMATJIALITUPWITAH
MOHUTOPHUHTH Ba OOUIKAPUII TU3UMU UILIA0 YUKUJITaH.
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BBE/IEHUE (anHOTAanMS TOKTOPCKOI JUCCEPTAIMHI)

AKTYaJIbHOCTb M  BOCTPe0OBAaHHOCTHL TeMbl jAuccepranmu. Ha
CErOJHALIHUN J€Hb B MUPOBOM MpaKkTUKE B chepe aBTOMATU3aLUU BeAYIIEE MECTO
3aHUMAaeT co3aHue BBICOKO?((EKTUBHBIX CUCTEM yIpaBIICHUS
TEXHOJIOTUYECKUMH  MpOIeccaMd €  NPHUBJICUYCHUEM  HMHTEJUIEKTyalbHBIX
texHojorui. OnHOM w3 Haubonee akKTyaJlbHBIX 3a7a4  CTPEMUTEIBHO
pPa3BHUBAIOLIETOCS  COBPEMEHHOTO  MH(OPMAIMOHHOIO  00IlecTBa  SIBISIETCS
yIpaBJieHUE pealbHbIMU JUHAMUYECKUMH CHCTEMaMH Ha OCHOBE 0OpabOTKH H
aHanM3a OrPOMHBIX IIOTOKOB JaHHBIX. B 3TOM HampaBieHHM ONpeneleHHbIE
yCclexXu OOCTUTHYTHl B BEAYLIMX cTpaHax mupa, Takux kak CIIA, ['epmanus,
Snonus, MOxuas Kopes u np., rae yaenseTcs NPUCTAIbHOE BHUMAHHME 10
COBEPIIEHCTBOBAHUIO CUCTEMbI YINPABIEHUS TEXHOJOTMUECKUMHU OOBEKTaMH IS
oOecrieyeHusi  KOHKYPEHTOCIIOCOOHOCTh  MPOJIYKTOB U 3(P(HEKTUBHOCTH
MPOU3BOJICTBA B MPOMBIIUICHHOW W HENpPOMBINUIEHHOW cdepe. B HacTosme
BpEMsl B 3TUX CTpaHax MPUMEHSEMblE MHTEUIEKTYyaJbHbIE CHUCTEMbl YIPaBIICHUS
MPOU3BOJACTBOM  COCTABISIOT ~ okomo  40-45%'. B pesymprate  3TOrO
06eCIeunBaeTCs YMEHbIICHHE PACX0/a PECYPCOB M SHEPIHH Ha 35% .

B Pecniy6nuke Y30ekuctan npoBOJSTCS HIMPOKOMACIITAOHBIE MEPOIPUITHS
1o 3¢ (PEeKTUBHON OpraHu3aluu Mep MO CO3JaHUIO0 BHICOKOI(DPEKTUBHBIX CUCTEM
yIpaBJI€HUs] TEXHOJOTUUECKUMU MPOLIeCCaMy U Mpou3BoAcTBaMU. B 3Toit cdepe, B
TOM 4YHCle, N0 pa3paboTke 3P(HEKTUBHBIX CHCTEM YIPABJICHHUS OTACIbHBIMU
TEXHOJIOTUYECKUMH  OO0BEKTaMU B  Pa3IWYHBIX OTpacisiX MPOU3BOICTBA,
MHTEJUIEKTYaJUu3allii TPOIECCOB YIPaBJICHUS, COBEPIICHCTBOBAHUU METOOB
UCCJIeI0BAHMUS MHTEJIEKTYaJIbHbIX CUCTEM yIpaBIICHUS, CO3aHUU
MHTEJUIEKTYaJbHbIX  CPEJCTB  MPOILIECCOB  YMNPABICHUS, NPOBOAUTCS  Psif
UCCJIeI0BATENBCKUX PaboT.

B Mupe npucranbHOe BHUMaHUE ynemnsercs pa3paboTke HeWpo-HEUeTKHX
Mojelleld M aNropuTMOB  CHHTE3a  CHUCTEM  YIpaBieHUs B 3ajJaydax
MHTEJUIEKTYaJu3allul CUCTEM  YINPABIEHUS TEXHOJOTHYECKUMH OOBEKTaMH,
dbopmupoBaHusi 0a3bl 3HAHWW W UCIHOJIB30BAaHUS UX IPU COBEPIICHCTBOBAHUU
ylpaBisieMblX cucTeM. B 3Toil o0nacTu ocyllecTBI€HHE LeJeHanpaBIeHHBIX
HAyYHBIX UCCJIEIOBAHMM SIBIIAETCS MPUOPUTETHOM MpoOJIeMOil, MpH 3TOM BechMa
aKTyaJIbHbl UCCIEAOBAHMS B CIEAYIOIIUX HAIpaBICHUSIX: pa3pab0oTKa TMOPUIHBIX
Mojielield AMHAMUYECKUX IPOIIECCOB HA OCHOBE HEUPOHHBIX CETe U HEYETKOMH
JIOTUKH, TIO3BOJISIIOLIME YYUTHIBATH OCOOEHHOCTH JMHAMHYECKUX OOBEKTOB;
MHTEJUIEKTYyadu3alus TPOLECCOB  YNpaBIEHWM HAa OCHOBE COBMECTHOTO
NPUMEHEHUS! COBPEMEHHBIX METOJOB TEOPUM YINPABIEHUS U IPUHIIUIIOB
MHTEJUIEKTYyaJu3alun; pa3paboTka MHCTPYMEHTAIBHBIX U MPOTPaMMHBIX CPEJICTB
MHTEJUIEKTYaJIu3allui IPOLIECCOB YIpaBIeHUs; pa3paboTKka BICOKOI(DPEKTUBHBIX
QITOPUTMOB AJIAIITUBHOTO U pOOACTHOIO YIpaBJi€HUs; CO3JaHue 0a3bl 3HAHUN Ha
OCHOBE MoOJieJied M aJropuTMOB YIPaBICHUSA;, pa3paboTka MPOrpaMMHO-
MHCTPYMEHTAJBHBIX  CPEJICTB  HMHTEJUIEKTyalM3alid  aBTOMATU3UPOBAHHOIO

! SnexrponnbIit xypHan «CHCTEMHbII aHAIN3 B HAYKe U 00pasoBanmum», Ne2, 2015 (www.http://sanse.ru);
? MexmyHapoHblit xkypHaT «[Ipo61eMbl TEOPHH M MPAKTHKU YIpaBIeHHs», 5/2014. (www.https://istina.msu/ru).
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MOHUTOPUHTAa W yOPABIICHHS JUHAMHUYECKHMMH OOBEKTaMH B  YCIOBHUAX
HEONPEeIETICHHOCTH.

JlaHHO€ HuccepTalMOHHOE UCCIEOBAaHUE B ONPEACIICHHON CTENEHU CITYKUT
BBINIOJIHEHUIO  3a/a4y, npeaycMoTpeHHblx B IlocranoBnenuu Ilpesunenta
PecnnyOnuku Y306ekuctan NelIl1-1989 ot 27 wmronsa 2013 roma «O mepax 1o
JallbHEHIIIeMy Pa3BUTHIO HAIMOHAIBHON HH(POPMAIIMOHHO-KOMMYHHUKAIITMOHHON
CHUCTEMBI», a TaKKe B JAPYTMX HOPMATHBHO-IIPABOBBIX JOKYMEHTaX, MPUHSATHIX B
naHHOM cdepe.

CooTBeTCTBHE HCC/IEI0OBAHUSI € MNPUHOPUTETHBIMH HANPaBJIEHUSIMHU
pa3sBUTHS HAYKM M TexXHOJoruii pecmyOiamku. JlaHHoe wuccienoBaHue
BBHIMIOJTHEHO B COOTBETCTBUHU MPHOPUTETHOTO HAMPABICHUS Pa3BUTHS HAyKH W
TexHoJoruii pecyonuku 1V. «Pa3putne mHpopmaTuzauuu M UHGOPMALUOHHO-
KOMMYHUKAITMOHHBIX TEXHOJIOTHIN.

0G30p 3apyGe:KHBIX HAYYHBIX MCCJAEIOBAHHMII MO TeMe JHCCEPTALMK .
Hayunble wuccienoBaHMs, HampaBl€HHblE Ha pa3paboOTKy U CO3JaHue
MHTEJUIEKTYaJbHbIX CHCTEM YIPABICHUS TEXHOJOTUYECKUMH TMpoLEecCaMu |
MPOU3BOJICTBAMH PA3IUYHOr0 (YHKIMOHATBLHOTO HA3HAYEHHUS, OCYIIECTBIISIIOTCS B
BEIYIINX HAYYHBIX IICHTPAX W BBICIIUX 00pa30BaTEIbHBIX YUPEIKIACHUAX MUPA, B
toMm uuciie, B Togai Infra Logic, Omron, Micro Devices, Johnson Space Centre,
Department of Electron and Intellegent System (CIIIA), MexayHapoaHoi
naboparopuu LIFE, Hitachi, Mitsubishu Elektric, Ibaraki University, Kawasaki
Medical Schcool (Anonus), Siemens (I'epmanust), Wecan Agrotexservis (FOxxnHas
Kopes), ZIFIT, BISC (CIIIA), ynuepcurerax 3ureH (I'epmanus), HWuxa
(Y36ekucran), Houryk (FOxnas Kopes), mynbtumeauitnom obmiectse Kopes.

B pe3ynbrate MUPOBBIX UCCIEAOBAHUI 1O COBEPUICHCTBOBAHUIO MOJENIEH U
QITOPUTMOB ~ MHTEJUIEKTYalIU3allMd TPOLECCOB YIpaBiICHUS JHUHAMHYECKUMU
00BEKTaMH B YCJIOBHSX HEONPEACICHHOCTHU MOTYUYEHBI PsJi HAYYHBIX PE3YyIbTaTOB,
B TOM uucje, pa3paboTaHbl: MHTEIUIEKTyallbHass OOpPTOBasl CUCTEMa YIpPaBJICHHS
netatenbHbiMU anmnapatamu (Johnson Space Centre, CIIIA); HeueTkas cucrema
yIpPaBJIEHUS TEMIIEPATypPHBIM PEKHMOM B MPOILIECCE XPAHEHHS IIOJA00BOIIHBIX
npoayktoB (Wecan Agrotexservis, KOxxnas Kopes); uHTenekTyanbHas cuctema
yhnpaBjieHuss MHUKpokiauMatoM B aBTtomoOwrsix (Hitachi, fAnonus); Heuerkas
cucTeMa YyIpaBjieHUs OJMHOYHBIM W Tpynnoi audrtoB (Mitsubishu Elektric,
SlnoHus); WMHTEUIEKTyanbHblE naTduku (Siemens, [epmanus); sKcnepTHas
MmeauinHckas cucrema (Kawasaki Medical Schcool, fmonus); cucrema
yIpaBieHUs  JIBIDKEHMEM  TO€3J0B  MeTpornoyiuteHa  JguHud — HanOoky
(Mexnynaponnas nabopatopust LIFE, flnonus), wHTemIeKTyajdbHbIE POOOTHI
(Ibaraki ~ University,  SlmoHust);  WHTEIUIEKTyaldbHble  MHUKPOKOHTPOJUIEPHI
(Department of Electron and Intellegent System, CIIIA).

’0630p 3apyOeKHBIX HaydHBIX HCCNEIOBAHHI 110 TeMe JMCCEPTAallMM  OCYIIECTBISNCS HA  OCHOBE:
http://www.works.doklad.ru, http://www.refdt.ru, http://www.km.ru, http://osp.ru/os; 3axapo B. MHTemnekryasb-
HBIC TEXHOIIOTMH B COBPEMEHHBIX CHCTeMax ympaBieHus // MexmayHapomublid skypHan «IIpo6GieMsl Teopuu |
MPaKTHKH ynpasieHus». -M.: Ne5/2005. — C.96-100 u apyrux UCTOUHHKAX.
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B MuUpOBBIX HCCIEIOBAaHUAX IO Pa3padOTKe MHCTPYMEHTAIBHBIX CPEICTB
CO3/IaHUSI MHTEJUICKTYIbHBIX CUCTEM YIPaBICHUS TUHAMUYECKUMHU OOBEKTaMH C
MPUBIUYEHUEM JOCTHKEHUU COBPEMEHHBIX WH(OPMAIIMOHHBIX TEXHOJIOTHH IO
pAly TPUOPUTETHBIX HAMNPABICHUN MPOBOIATCS HAY4YHBIE MCCIEIOBaHUS MO
(GOpMUPOBAHUIO MAaTEMAaTUUYECKUX MOJICNIed JUHAMHYECKUX OOBEKTOB C YYETOM
HEOMNpeACICHHOCTEeH;  pa3pabOTKe  HEUpO-HEYETKUX  MOJeNied  MPOIECCOB
YIPaBICHUSI TEXHOJIOTMYECKUMHU MPOLECCAMU; AITOPUTMOB MHTEIJIEKTyaIu3aluu
MPOIIECCOB  yMPABJICHUS JUHAMHYECKUMH OOBEKTaMHU;, HHCTPYMEHTAIBHBIX
CpPEIACTB aBTOMATU3WPOBAHHOIO MOHUTOPHHIA W YNPABICHUS IUHAMHYECKUMU
00BbEeKTaMU; KOMILUICKCOB MPOrpaMM JJis PEIICHHS 3a7ad WHTEJUICKTyaau3aluu
MPOIIECCOB  YINpPaBJICHUS  JUHAMUYECKUMU  OOBEKTaMHU B YCIOBHUAX
HEOIPEICIICHHOCTH.

Crenenb  uM3y4YeHHOCTM  mpoOJjembl. Bomnpocam — ucciegoBanus
TEOPETUYECKUX W TNPAKTUYECKUX 3aJad 10 HMHTEJUIEKTYaJIM3aluyd IPOILIECCOB
yIOpaBiICHUs JAUHAMUYECKUMHU OOBEKTaMH M CO3JaHUI0 BBICOKOI(P(HEKTUBHBIX
CHUCTEM YIIPaBJICHUA C YYETOM pa3IUuHbIX  (AKTOPOB  CIOXKHOCTH U
HEOIPEICIICHHOCTH, UHTEIUICKTYaJIbHBIX CUCTEM YIPAaBICHUS TE€XHOJIOTHYECKUMHU
00bEKTaMU U TMPOIECCaMH B YCIOBHUSIX CTPYKTYpPHOM, MapaMeTpUUYECKON U
CUTYaITMOHHOM HEONpeAeICHHOCTEH, MOCBAIICHBI pabOThI psifa yuéHbix: Abraham
A., Aliev R.A., A.Allgower, Griffin M.F., Hunt K.J., [rwin 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., Anrynuna A.E., bo6xo B./I.,
bopucosa A.H., BacunseBa C.H., Bepnaus A.®., Bocrpoa H.H., ITynkosa K.A.,
TapacoBa B.b., YaesnoBa C., AGaymnaeBa . A., AGyranueBa @.b., Axmiosa
@.T., Apunoa M.M., bekmyparoBa T.®., I'ymamona III.M, XKymanoa N.N.,
Urambepauea X.3., KaapipoBa A.A., KamumnoBa M.M., MapaxumoBa A.P.,
MyxamenueBoit JI.T., Paxmarymiaea M.A., Ycmanosa P.H., FOcyn6exosa H.P.
u Jp.

Co croponsl psaga yuénsix (F.L. Smidth, P.A. Anues, Y. MaxkKamnak, V.
[Tutrc, T. Koxonen, Jx. Xonduna u ap.) BEIUCh UCCIEIOBAHUS, MOCBSAIICHHbBIE
BOIIpocaM pa3pabOTKH W HCIOJIb30BAaHUS HEYETKUX PEryJIsiITOpOB B 3ajadax
yIpaBJICHUS CIOKHBIMU HETMHEHHBIMU JUHAMHYECKUMH OOBEKTaMHU, B KOTOPBIX
MOJy4YE€HBbl BECbMa BaKHBIE PE3yJIbTaThl, B YACTHOCTH, CO3/IaHbI U UCIIOJIb3YIOTCS B
MPOMBINIJIGHHOCTH ~ HEHPO-HEUETKHME  KOHTPOJUIEphl M Pa3HOOOpa3HbIe
MHTEJUICKTYaJbHbIE CUCTEMBI.

HccnenoBannio  BONPOCOB  CO3AAHUSI  MHTEJUIEKTYaJbHBIX  CHUCTEM
yIpaBJICHUS ¢ MPUMEHEHUEM SKCIIEPTHBIX CUCTEM MOCBAIICHBI paboThl M. CyreHo,
T. SImakara, T. Takaru, C. SIcynoOy, JI. 3ane, H.I'. Spymkunoii, I1. XKekcon, R.
Davis, T. Caatu, E. Mamnanu, [.A. Ilocnenora, T.®D. bexmypartoma, H.P.
KOcynbekoBa u nip., B KOTOPBIX 000CHOBaHA HEOOXOIUMOCTh HETMOCPEICTBEHHOTO
ydeTa HEONPEACICHHOCTH TapaMeTpOB M  XAPAKTEPUCTUK, KaCAIOUIUXCS
JTUHAMHYECKUX OOBEKTOB, a TAKXKE€ HETOYHOCTH W HEUETKOCTH HH(OpManuu B
MO/JICJIMPOBAHUY U YIIPABJIECHUH TEXHOJOTMYECKUMH Tporieccamu. Bmecrte ¢ tem, B
HAay4YHBIX MyOJHKaMUsIX B HEAOCTATOUHOM MeEpe PacCMOTPEHBI BOIPOCHI
CUCTEMATH3alluM  HU3BECTHBIX  TOAXOJ0B U  pa3pabOTKU  COBEPIIECHHBIX
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WHCTPYMEHTAJIbHBIX CPEICTB CO3[aHUsl MHTEIUIEKTYaJbHBIX CUCTEM YIpaBICHUS
IUHAMUYECKUMU OOBEKTaMM, a TakKe JaJIbHEHIIEro COBEpPUICHCTBOBAHUA U
co3gaHusl A(PPEKTUBHBIX METOJIOB KOHCTPYHUPOBAHHS MOJENEH M aJrOpUTMOB
MHTEJUIEKTYaJu3allui MPOLECCOB YIPABICHUS IUHAMUYECKUMU OOBEKTaMU B
YCIIOBUSAX HEONPEIEICHHOCTH.

CBsi3b TeMbl JHCCEPTALMM € HAYYHO-HCCJIE0BATEJIbCKUMH PadoTamMu
BbICIIET0 00Pa30BaTeJbHOI0 Y4YpesKJAeHHsl, IJle BbINOJIHEHA JIHUCCEPTALMS.
JluccepTalluOHHOE MCCIIEJOBAHUE BBIMOJHEHO B paMKax CIEAYIOIIHMX Hay4HO-
UCCJIEeI0BATENBCKUX MPOEKTOB TalllKeHTCKOTO TOCYAapCTBEHHOT'O TEXHUYECKOTO
yauBepcutera o temam: 0.80.02 - «Pa3paboTka 1 BHEAPEHUE UHTEILIEKTYJIbHBIX
CUCTEeM C MPOrpaMMHO-aJTOPUTMHUYECKON TOMJACPKKONH TMPHUHITHS — yIpaB-
JIEHYECKUX pelIeHMH B 3ajJayax aHalu3a M CHUHTE3a HepapXUyeCKHUX
MHOTOYPOBHEBBIX ~CHUCTEM VIPABICHHUS HENPEPHIBHBIMA M  JUCKPETHBIMHU
TEeXHOJIOTHYECKUMHU 00BbekTammy, (2001-2003); 1120.22 - «Pa3zpaboTrka MeTO0B U
QITOPUTMOB  ABTOMATU3WPOBAHHOTO HWCCIEAOBAHUS HEPAPXUUYECKUX MYJIbTH-
MUKPOIPOLIECCOPHBIX CHUCTEM YIPABICHUS TEXHOJIOTUYECKUMU OOBEKTAMU,
(2004-2006); A-14.002 - «Pa3paboTka WHCTPYMEHTAJIbHBIX CPEACTB CO3/IaHUS
MOJICJIUPYIOIIMX, TPOTHOZUPYIOUIMX U  aJaNTUBHBIX CHCTEM Ha OCHOBE
MHTEJUIEKTYaJu3alluid  [POLIECCOB  YNPABICHUSA CJHOXKHBIMU  JTMHAMHUYECKUMU
o0vektamu», (2006-2008); UTHA-5-36 - «Pa3pabotka uHGOPMAILIMOHHO-
AHAIMTUYECKOW HHTEJUIEKTYaJIbHOM CHUCTEMbl MOHHUTOPUHIA TEXHOJIOTHYECKON
0€301acHOCTH HEPTEXMMUUECKUX YCTAHOBOK U KoMIUIeKkcoB» (2012-2014); A-5-42
- «IIporpaMMHO-MHCTPpYMEHTATbHBIE CpelcTBa MHTEJUIEKTYyaInu3aluu
aBTOMATU3WPOBAHHOTO  MOHUTOPUHIAa W  YNPaBIEHUS  TEXHOJOTHUYECKUMHU
00BbEKTaMHU B YCIIOBUAX allpUOpHON HeomnpeaeneHHocTH» (2015-2017).

Heabo ucciaenoBaHusi sBisieTcss pa3paboTka Mojelied W alropuTMOB
MHTEJUIEKTYaJu3allui MPOLECCOB YIPABICHUS IUHAMUYECKUMU OOBEKTaMU B
YCIIOBUSX HEONPEEICHHOCTH

3amaum ucciae10BaAHNSA:

CUCTEMHBIM aHajJu3 COBPEMEHHOTO COCTOSIHUS TEOPUM U MPaKTUKH
UCCJIEIOBAHUSI CHUCTEM VIMPABICHUS TUHAMHYECKHMMH OOBEKTaMU B YCIOBHUAX
HEONPEeIEJICHHOCTU U Pa3MbITOCTH MPOU3BOJCTBEHHBIX CUTYaIUH;

pa3paboTKa MPUHIUIOB M METOJOJOIMU HHTEJUIEKyalu3aluud MpPOLECCOB
yIOpaBICHUS  CJIOXHBIMH  JWHAMHYECKUMH  OOBEKTaMH B YCIOBHUAX
HEONPeIeJICHHOCTH;

CTPYKTYpHU3allMs M aIropuTMH3alus 3a7ad HHTEJUIEKTYaJIu3uPOBAHHOTO
MOJICJIUPOBAHUS CUCTEM YNPABICHUS TUHAMUYECKUMHU O0BEKTAMU;

pa3paboTKa aaropuTMOB aHAJIM3a U CHUHTE3a AJaNTUBHBIX HEHPO-HEYETKUX
CUCTEM YIPaBJICHHUSI CIIOKHBIMH THHAMUYECKUMHI 00bEKTAMH;

pa3paboTKa aarOpUTMUYECKON OCHOBBI KOHCTPYHUPOBAHMS MOJEIUPYIOLIUX
ITOPUTMOB UCCIEAOBAHUS JUHAMUYECKUX OOBEKTOB;

npakTUyeckas amnpodanus pa3pabOTaHHBIX MoOJeNed U aJrOpUTMOB
UCCJIeIOBAHUS CHCTEM YIIpaBICHUS AMHAMUYECKUMU OOBEKTaMU TpPHU pEUICHUH
3aJlay aBTOMaTU3UPOBAHHOTO YIIPABJIEHUS TEXHOJOTUYECKUMHU MPOIIECCaMHU.
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O0bexTOM HCCJIe0BAHMS ABJSIOTCS CUCTEMBI yIPABJICHUS
JUHAMHYECKUMHU 00BEKTaMH, (GYHKUHOHUPYIOIUMHU B YCIIOBUSIX
HEONPEAEIEHHOCTH U Pa3MbITOCTH TPOU3BOJICTBEHHBIX CUTYAIIMIA.

IIpexmer wuccaegoBaHMsA - NPUHLMUIBI U METOIBl WHTEIUIEKTYyaJu3alus
MpOLIECCOB  YOpaBiCHUS  JUHAMUYECKUMH  OOBEKTaMH B YCIOBHUAX
HEOIPEEICHHOCTH HA OCHOBE HEMPOHEYETKUX MOJEICH.

Metoabl wuccaenoBanuii. B guccepranMM  MCHOJNB30BaHbl  METOJBI
CUCTEMHOI'0 aHAJIN3a, TEOPHUM HEUYETKUX MHOMKECTB, MAaTEMaTUYECKOrO MOJEIIN-
pOBaHUsA, TEOPUM ABTOMATUYECKOIO YIIPABICHHS, TEOPUU HHTEIUIEKTYaJIbHOTO
YIPABJIEHUS, TEOPUH UCKYCCTBEHHOI'O MHTEIUIEKTa U METOAbI ONITUMH3ALINH.

HayuyHnasi HOBH3HA HCCJIeI0BAHMA 3aKII0OYACTCA B CICAYIOIIEM:

BBISIBJIEHBI OCHOBHBIE€ KJIACChl PEIIAEMbIX 3a/ay, pa3paOOTaHbl MPUHIUIIBI
MHTEJUIEKTYaJu3allui  TPOLIECCOB YIpPaBIEHUS JUHAMUYECKUMH OOBEKTaMH,
(GYHKUMOHUPYIOIIKUX B YCIOBUSAX HEOTPEIETIEHHOCTH;

pa3pa0OoTaH KadyeCTBEHHO HOBBIM MOAXOJ K  CO3/JaHUI0  CHCTEM
MHTEJUIEKTYaJu3allui  TPOILECCOB YIpPaBIEHUS JUHAMUYECKUMH OOBEKTaMH,
(GYHKUMOHUPYIOIIMMH B YCJIOBHSIX HEOMNPEAENIEHHOCTH M  PacIUIbIBUATOCTH
MIPOU3BOJCTBEHHBIX CUTyalluid, HA OCHOBE HHTETpPallid METONOB COBPEMEHHOM
TEOPUH YNPABIEHUS U UHTEIJIEKTYAJIbHBIX TEXHOJIOTUI;

pa3paboTaH KOMIUIEKC HHTEIIEKTYaTU3UPOBAHHBIX THOPUIHBIX MOENeH
CUCTEM YMPABICHUS JAUHAMUYECKUMU OOBEKTaMHU, OO0JIANAIOMIUNA aJlanTUBHBIMU
CBOMCTBaMHM, W TO3BOJSIOIIMI B OTIMYME OT H3BECTHBIX THUIOB MOJEIEH
YUUTBHIBATh JUHAMUYECKHE OCOOEHHOCTH YIPaBJIsiEMbIX MPOLIECCOB;

pa3paboTaHbl AITOPUTMUYECKHE OCHOBBI KOHCTPYUPOBAHMS MOJIETUPYIOIIHUX
QITOPUTMOB  HUCCJIEIOBAaHUSA  JAMHAMUYECKUX OOBEKTOB, 00€cCleurBarolIne
sbdexTuBHOE pelieHre 3ajad  BbIOOpAa HAWIYUIIMX MOJENeH U IPUHITHS
YIPABIECHYECKUX PELICHU;

CO3JaH  MHTEJUIEKTYaJIU3UPOBAHHBIM  pelmiarenp 3ajxad  yOpaBJCHUs
JUHAMUYECKUMU 00bEKTaMHU, COUYETAIONINI B ce0e METOAbl TPAAUIMOHHON TEOPUHU
aBTOMAaTHYECKOTO YIPaBIEHUS W MPUHIUIIBI UHTEIUIEKTYalbHOTO YIIPABIECHHUS, B
YCIIOBUSIX CTPYKTYPHOM, TapaMETPUYECKON U CUTYAILITMOHHON HEONPENAEIICHHOCTEM;

pa3paboTaHbl AITOPUTMBI ONIPEJIEICHHS HEM3MEPSEMbIX KOOPAMHAT 00BEKTa,
KOPPEKLIMM TAapaMETPOB CHUCTEMBI YNPABJIECHUSA, & TaK)KE CHHTE3a  CUCTEMBI
yIpaBJIeHUs TUHAMUYECKUMHU O0BEKTaMU Ha OCHOBE a/IalITUBHBIX HEHPO-HEUETKUX
Y IIPOTHO3UPYIOLIMX MOJIEIIEH.

CO3/J1aHbl aIrOPUTMBI CUHTE3a aZJanTUBHOMN HEWpO-HEYETKON
KOMOMHUPOBAHHOW  CHUCTEMbl  YINpaBIEHUS  JUHAMUYECKUMH  OOBEKTaMH,
OCHOBAaHHBI Ha METOJI€ MHTEPAKTUBHOM aJanTaluy, MPEeACTaBISIoMUNA co0oil
KOMOHMHAIMIO aIrOpUTMa UACHTU(PUKALIMK U TEHETUYECKUX aIrOPUTMOB, KOTOPbIN
no3BosisieT  3(p(GEeKTUBHO pelmaTh 3aJauyd  YOPaBICHHUS  MPOMBIILICHHBIMU
00BEKTaMH B YCJIOBHUSX HEOIPEACICHHOCTH.

IIpakTHyeckue pe3yabTaThl HCCJISI0BAHUSA 3aKII0OYAIOTCS B CICTYIOLIEM:

pa3paboTaHbl ~ MHCTPYMEHTaJbHBIE  CpPEJCTBA  HHTEIUICKTyaJIU3alluu
MPOLIECCOB YIPABJICHUS AMHAMUYECKUMH OOBEKTaMHM B BHUJE MPOTrPaMMHOTO
KOMIUJIEKCa, MpeJHAa3HAUYEHHbIE [JIs aBTOMAaTH3aluu Mpoiecca (HOpMUPOBAHUS
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THOPUIHBIX MOJeNe cimabodopMan3yeMbIX IPOILECCOB, ITOMOJHCHHUS Oa3bl
3HAHHMHA M CHHTE3a CUCTEMBI YIIPABJICHHUS HA OCHOBE TTOCTABJICHHOM I1EJIH;

co3JgaHa CHUCTEMa aBTOMATU3MPOBAHHOTO MOHHUTOPHWHTA W  YIPABJICHHS
TEXHOJIOTUYECKHUMH  IapaMeTpaMu  DJICKTPOIHEPTreTUYCCKUX  OOBEKTOB U
HEe()TEXUMUICCKUX KOMIUICKCOB, MTO3BOJISIONIAS BEIOMPATh ONTHMANIBHBIE PEKUMBI
paboOThl TEXHOJIOTHYCCKUX arperaToB, YMCHBIIUTH 3HEPro3aTpaTbl W IOBBICUTH
MIPOU3BOJIUTEILHOCTh 32 CYET COKpAIIEHUs YACIBHOTO pPacxXoja HCIOJIb3yeMOn
DHEPTUH, a TAKXKE NPEIOTBPATUTh Pa3INYHbIC AaBAPHIHBIC CUTYAIIHH;

pa3paboTaHHas aJanTHBHAs HEWpPO-HEUETKAas CHUCTEMa  YIPABJICHUS
0co0eHHO (P PeKTUBHA MPU YIPABICHUH CJIOXKHBIMH HEIMHEHHBIMU O0BEKTaMH C
napamMeTpUYECKUMHU U WH()OPMAITMOHHBIMH HEONPEIEICHHOCTIMHM, JJIT KOTOPBIX
CTaHJapTHBIC IOAXOABl CHHTE3a CHCTEMBbl aBTOMATHYECCKOTO YIIPABJICHHS MaJlo-
3¢ )EeKTUBHBI.

JloCTOBEpHOCTH pe3yJibTaTOB HCCJIeIOBAHMS. JIoCTOBEpPHOCTH
pE3YJIbTATOB  HCCIEAOBAaHUS OOOCHOBBIBACTCS NPHUMCHCHHEM TCOPETHUCCKH
000CHOBaHHBIX KOHIIEMIIUHA HWHTEUICKTYaJIbHOTO YIPABICHUS JUHAMUYECKHUMHU
00BbEeKTaMH Ha OCHOBE TCOPHH HEUETKHX MHOXKECTB M JIOTMKH, HCHPOHHBIX CETCH,
TCHCTHYECKUX  aJTOPUTMOB; HCIOJB30BaHUEM  alpOOMPOBAHHBIX  METOJOB
COBPEMCHHOW TEOPHH YIPABIICHHS; MOJYYCHHBIMH PE3YJIbTaTAMH TEOPETUUCCKUX
Y TIPHUKJIQTHBIX HCCIICIOBAaHUH M MX B3aUMHOM COTJIaCOBAaHHOCTHIO.

Hayuynasi u mpakTuyeckasi 3HAYUMOCTHb Pe3yJabTAaTOB HCCJIET0OBAHMSI.
Hay4Hasi 3HQYMMOCTHh PE3YJIbTAaTOB HCCICIOBAHHUS 3aKIIIOYaeTcs B pa3pabOTKe
METOJIOJIOTUH  KOHCTPYUPOBAHHMS ~ METOJOB, MOJCICH W  aJrOpUTMOB
ABTOMATU3WPOBAHHOTO HCCICIOBAHUS CHUCTEM YIPABJICHHS JUHAMUYECKHUMH
o0bekTaMu, (HYHKIMOHUPYIOIIMMH B YCIIOBUSX HEONPEICICHHOCTH M Pa3MBITOCTH
MIPOU3BOJICTBCHHBIX CHUTYyallMi, MO3BOJIAIONMAas 3(PGEKTUBHO pemaTh 3aJadu
WHTEJUICKTYaJU3alluk TIPOIIECCOB YIPABICHUS TEXHOJOTHYECKHUMH OOBEKTaMHU
HETMPEPBIBHO-TUCKPETHOTO ~ Xapaktepa. Ilpum 3TOM THOPWAHBIA  XapakTep
MPUMEHSEMBIX B pabOoTe HEHPO-HEYETKUX MOJeel IT03BOJSET Ha €IUHOMN
MaTEeMaTHYECKOH OCHOBE IPOM3BOIAUTH OIMCAHWE, MOJCIMPOBAHUE, CHHTE3 W
dbopmupoBaHue 0a3bl 3HAHUH.

[TpakTryeckas 3HAYMMOCTh PE3YIbTATOB paOOTHI 3aKIF0YACTCS B pa3paboTKe
WHCTPYMCHTAJILHOTO  CPEJACTBA  aBTOMATU3MPOBAHHOTO  MOHHUTOPHMHTA U
yIIPaBICHUS TUHAMHYECKUMH OOBEKTaMH B BHUJC NPOTPAMMHBIX KOMIUICKCOB,
MTO3BOJISIIONIUE TIPOTHO3UPOBATh U aHAITM3UPOBATh PA3JIMUHBIC MPOU3BOICTBCHHBIE
CUTyalluh W BBIOMpATh ONTUMAaJbHBIC YIIPaBICHYCCKHUE PEIICHUS B 3ajadax
MIPOCKTHPOBAHUS CHCTEM YIpaBicHUsA. Pa3paboTaHHBIE MOJEIM W aJTOPUTMBI
WHTEJUICKTYaJU3alluk TIPOIIECCOB YIPABICHUS JIUHAMUYCCKUMHU OOBEKTaMHU B
YCIIOBUSAX HEOMPECICHHOCTH MOTYT HAalTH IIMPOKOE MPUMEHECHHE MPU CO3TaHUHU
WHTEJUICKTYaJbHBIX CHCTEM YIIPAaBICHUS TEXHOJOTMYCCKUMHU TIPOIECCAaMU  C
HEIMPEPBIBHBIM U JTUCKPETHBIM XapaKTEPOM MPOU3BOACTBA.

Buenpenne pe3yJabTaToOB HCCJIeIOBAHMS. Pa3zpaboTannbie
WHCTPYMCHTAJILHO-IPOIPAMMHBIC CPEJICTBA HAa OCHOBE THOPHIHBIX MOJCICH W
aJalTHBHOW HEHPO-HEYETKOW CHCTEMBI YIIPABJICHUS BHEAPEHBI Ha MPEIIPUATHIX
I'AK «¥Y36exanepro», B Tom uucie, JSCJV «Deutsche Kabel AG Tashkenty», OOO
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«Delta Net», HayuHO-HCClIeIOBAaTENbCKOTO IIeHTpa «HOBBIE TEXHOJIOTHUU»
(CmpaBka I'AK «VY306exsnepro» PecnyOnuku VY30ekucTaH O BHEIPEHHH 3a
NeJIN-01-21/1953 ot 12.05.2016 1). Pe3ynapTaThl Hay4HO-UCCIEIOBATEIBCKUX
paboT MO3BOJSIOT COKPATHTh BpPEMS MPOLECCOB 0OpaOOTKM M aHajiu3a MOTOKOB
unpopmaruu B 1,26 pasza, CHU3UTH pacxoi »djiekTpodnepruun Ha 1,15% B
TEXHOJIOTUYECKUX OOBEeKTaX U TEeM CcaMbiM MOBBICUTH 3(()EKTUBHOCTH
MIPOU3BOJICTBA.

Anpo0anusi pe3yJibTATOB HCCJeI0BaHMsA. Pe3ylnbTaTbl HCCIEI0BaHUSA
J0JI0’KeHbl Ha 47 Hay4YHO-NPaKTUYECKHX KOH(epeHLHsX, B TOM 4yucie, Ha 32
MexAyHapolHbiX: «TexHuueckue Hayku M TJIoOabHble MpoOiemMbl 21 Beka»
(Tamkent, 2001); <« unoBammsa-2003» (Tawmkent, 2003); «CoBpemeHHbIE
TEXHOJIOTUU U 000pYyJ0BaHUE TEKCTHJIbHOU mpombinuieHHocTH» (Mocksa, 2003);
«Marematuueckue MeTonbl B TexHuke W TexHojorusx» (C.Ilerepoypr, 2003);
«MHPOKOMMYHHKAIIMOHHBIE U BHIYMCIHUTENbHbIE TEXHOJIOTUH B HayKe, TEXHUKE U
00pa30BaHUN» (Tamkenr, 2004); «Buexapenue nH(OpPMaAIMOHHO-
KOMMYHUKAIIMOHHBIX TE€XHOJOTUN B TEKCTHJIBHYIO M JIETKYIO MPOMBILIICHHOCTH
(Tamxkent, 2005, 2007); World Conference of Intelligent Systems for Industrial
Automation (Tashkent, 2002-2014), «CoBpeMeHHble MaTepuaibl TEXHUKA U
TEXHOJIOTUH B MamuHocTpoeHun» (Anmmwkan 2012, 2014); «CoBpemeHHbIE
TEXHUKA U TEXHOJOTUHU FOPHO-METALTYPTrUYECKON OTPACiIu U MYTHU UX PAa3BUTHUI»
(HaBou, 2013); «MHTerpupoBaHHble MOJAEIM U MSITKHE BBIYUCICHHUS B
uckycctBeHHoM uHteiiekte»  (Komomua, 2013); «Seventh International
Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control - ICSCCW-2013», (Izmir, Turkey, 2013);
«PacnioznaBanue-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» (Tamkent, 2015);
«Hayunbie mnepcriektuBbl XXI Beka. JloCTMXKEHMST MW TEPCHEKTUBBI HOBOT'O
cronetusi» (HoBocubupck, 2015); u Ha 12 pecrnyOiukaHCKUX KOH(EepeHUIUsX.

Ony0JnKOBAHHOCTH Pe3yJibTATOB HcciaenoBanms. [lo Teme auccepranuu
onmyOJIHMKOBaHbI Bcero 88 HayuHbIx padot. U3 Hux 1 Monorpadus, 40 sxypHaIbHBIX
cTatei, B ToM umucie 6 B WMHOCTPaHHBIX, 34 B pecnyOJMKaHCKUX >KypHaJax,
pEeKOMEHJOBaHHBIX  Brwicmiet  arrectanmoHHOM  KoMmMuccueidl — PecryOnuku
V30ekucTan sl MyOJMKAlMM OCHOBHBIX HAaYYHBIX pE3YyJbTAaTOB JIOKTOPCKUX
JUCCEPTALINA, a TAKXKE MOJIY4eHO 15 CBUAETENHCTB O PETUCTPALIMM MTPOTPAMM JIJISt
OBM.

Crpykrypa n 00beM guccepranmu. CTpyKTypa JHUCCEpTAllUU COCTOUT U3
BBEJICHUS, TISITH TJIaB, 3aKIIOYEHHS, CIHCKA HCIOJb30BAHHON JUTEpaTypBhl,
npuioxkennit. O0vbeM auccepranuu coctapisieT 198 ctpanui.
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OCHOBHOE COIEPKAHUE JUCCEPTALIUN

Bo BBegeHmu 0OOCHOBBIBA€TCS aKTYallbHOCTh M  BOCTPEOOBAHHOCTD
IIPOBEJCHHOIO HUCCIEAOBAHUA, LEIb U 3ala4d MCCICAOBAHUSA, XapaKTEPU3YIOTCS
O0OBEKT U TMpeAMET, IO0Ka3aHO COOTBETCTBHE HCCIEIOBAHUS MPUOPUTETHBIM
HaIpaBJICHUSIM Pa3BUTHUS HAYKU U TEXHOJOTUM peclyOINKH, U3J1araloTcsl HayqHas
HOBM3HA U INPAKTUYECKHUE PE3YIbTAThl MCCIIEAOBAHMS, PACKPBIBAIOTCS Hay4yHas U
[IPAKTUYECKass 3HAYUMOCTh IIOJYYEHHBIX PE3YJIbTAaTOB, BHEIPECHHUE B IPAKTUKY
PE3yNIbTATOB UCCIEOBaHUS, CBEJICHUS 10 OMYyOJMKOBAHHBIM paboTaM U CTPYKTYype
JUCCEPTaLUH.

B mnepBoii r1naBe nuccepranun «CHCTEMHBI aHAJIHU3 COBPEMEHHOIO
COCTOSIHMA  NPO0JIeMbl HMHTE/UIEKTYAJM3ALMH  Ipouecca  yInpaBJIeHHA
AUHAMUYECKHMH 00BbEKTAMM» H3JIaracTcs COBPEMEHHOE COCTOSIHHE TEOPUU U
IIPAKTUKU MOCTPOCHUSI UHTEIUIEKTYaJIbHBIX CUCTEM YIPABJICHUS JUHAMUYECKUMHU
oObekTamMH,  (GYHKUMOHUPYIOIIMMH B YCIOBUSAX  pa3IWYHBIX  BHUJOB
HEOIIPEICIICHHOCTEH.  BBIABIEHBI  OCHOBHBIE  IPUYUHBI  BO3HUKHOBECHUS
HEONpeIeJICHHOCTE! B MPOIIECCE YIIPaBICHUS JUHAMUYECKUMH 00bEKTaMU.

B mnactosmee Bpems HaOmIoAaeTcsl AKTUBHOE PAa3BUTUE TPHUKIAIHBIX
oOnacTeil HayKu, CBA3aHHBIX C ABTOMATU3AlMEN MPOMBIIIJIEHHOTO POU3BOJICTBA.
B cBs3u ¢ 3TUM HEOOXOJIMMO CO3/IaHHME PA3TUYHOIO POJA TEXHUYECKUX CHUCTEM,
00JaaronMX BbICOKOM CTENEHbIO aBTOHOMHOCTH, aJalTHUBHOCTH, HAJECKHOCTU U
KauecTBa (DYHKIIMOHUPOBAHUS B YCIOBHIX HEONPEIECICHHOCTH.

OObexTaMu yHpaBlIeHUs SBISIOTCS CIIOKHBbIE, MHOTOMEpHbIE HEJIMHEHHbIE
CUCTEMBI YIpaBJieHHs, KOTOpble TPeOYIOT O0COOBbIX, HECTAaHAAPTHBIX METOJIOB, IS
oOecrieueHus: TpeOyeMBbIX HKCILTyaTalIMOHHBIX XapaKTEPUCTUK U ITUPOKOro Habopa
(GYyHKUMOHANBHBIX ~ BO3MOXKHOCTEH 1O  (OPMHUPOBAHUIO  LIETECOOOPA3HOTO
[IOBEJICHUS Y IUIAHUPOBAHMIO IIOCJIENOBATEIBHOCTUA BBIIIOIHSAEMBIX OIEpaldi ¢
BO3MOYXHOCTBIO IIPOTHO3UPOBAHMS C YYETOM BO3JCHUCTBUs BHEIIHEH Cpenbl, a
TaK)K€ aKTHMBHOW ajanrtanuei ee TeKylUX cocTossHui. JlanHble TpeOoBaHUsA
OoOyCIIOBIUBAIOT  Pa3pabOTKy  MHCTPYMEHTAJbHBIX CPEACTB W  METOOB
VHTEJUICKTYaJIbHOT'O YIIPaBJICHUS.

OnHolt U3 Hamboiyiee akTyalbHBIX 3a/ad CTPEMHUTENIBHO Pa3BHUBAIOILEIOCA
COBPEMEHHOI'0 MH(POPMAIIMOHHOIO OOIIECTBa SIBJSETCA YNpABIECHUE PEaTbHBIMU
JUHAMUYECKUMHU CHCTEMaMH Ha OCHOBE 0Opa0OTKHU M aHAJIM3a OTPOMHBIX MTOTOKOB
naHHbIX. HeonpeneneHHOCTh U TMHAMUYECKUHN XapakTep (pakTopoB, AEHCTBYIOMIKUX
B CHUCTE€ME, CYLIECTBEHHO  3aTPyAHSAET  IIPOTHO3UPOBAHME  MOBEICHUSA
JUHAMWYECKUX CHUCTEM, CJICAOBATEIbHO, YCIOXKHACTCA pEUICHUE 3a7adyu

yIPaBIEHUS.
CymecTByeT  MHOXKECTBO  MOJEIEM W aIrOPUTMOB  MOCTPOEHUS
MHTEJUIEKTYaJbHBIX ~ CUCTEM  aBTOMATUYECKOTO  YIPABJIEHUSA,  KOTOPBIE

HCIIOJIB3YHOTCA B Pa3HbIX oTpacirax HaYKH u TCXHHUKMU. CamMpIiMHu
PacpoCTpaHCHHBIMU M3 HUX ABJIAIOTCA HeﬁpOHHBIe CCTH, HCUYCTKUC CHUCTCMBbI,
OKCIICPTHBIC CHCTCMbBI YIIPABJIICHUA, T'CHCTHUYCCKHUC AJTOPUTMBI, BU3YyaJIU3allUA
HaHHbIX, ICPCBbIA peHIeHHﬁ, pOCBBIfI HHTCIIJICKT.
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Ha ocHOBe cucTteMHOro aHanm3a YCTaHOBJIEHO, YTO CO3JaHUE MOJEIEH U
QITOPUTMOB  YIpaBi€HUS  JUHAMUYECKUMH  OOBEKTaMHU TMpPU  HAJUYUHU
HEonpeeIeHHbIX (PAKTOPOB HACTOJBKO CJIOXHBI W  HETPUBHAIBHBI IS
KJIACCUYECKUX METOJOB TEOPUM YIPABICHHS, YTO JJIA UX PEIIeHUs MOTpeOyeTcs
pa3paboTka HOBBIX M MOAM(UKAIMS HU3BECTHBIX METOJIOB C YYE€TOM pa3BUTHUSA
JOCTUXKEHUSI COBPEMEHHBIX MH(POPMAIIMOHHBIX TEXHOJOTUU. DTO CBSI3aHO C TEM,
YTO TPAAUIIMOHHBIE METObI UCCIIEIOBAHUS TAKUX CUCTEM B KJIacce aJlallTUBHBIX U
poOacCTHbIX  CHUCTEM  YNpaBIEHHUS,  CTAJIKUBAIOTCI  C  TPYIHOCTSIMHU,
O0OyCIIOBJIEHHBIMH CTPYKTYpOll OO0BEKTa YHpaBiCHHS U CHOCOOOM OIIEHUBAHUS
BO3JICHCTBUHU.

AHanu3 METOJOJIOTUYECKUX ACIIEKTOB OLIEHKU COCTOSIHUSI YIpaBJICHHUS U
MOJICJIMPOBAHUS SIBJICHUN U MPOILIECCOB JUHAMUYECKUX CHCTEM IOKA3bIBAET, YTO
BONPOCAM HMX CHCTEMHBIX MCCJIEIOBaHMM B YCIOBUAX HH(POPMALIMOHHOM
HEONpeeIEHHOCTU C YUETOM (PUZMKO-XUMHUUYECKUX 3aKOHOMEPHOCTEH M HEUETKUX
MPUYUHHO-CIIE/ICTBEHHBIX  CBSI3€M, HE  yAENsJIOoCh JIOJDKHOTO — BHHMAaHWUS.
CnenoBatenibHO, MPUMEHEHHUE METOJOB CHCTEMHOrO aHalIKM3a, MAaTeMaTHYeCKOro
MOJEIUPOBAHUS, o0paboTku  MHpOpMAIIHH, yIpaBIEHUS CI10KHBIMHU
JUHAMUYECKUMU OOBEKTaMHU B YCIOBHUSIX MH(POPMALMOHHON HEONpeaenEéHHOCTH,
ocTaércs OAHOW M3 BaXKHEMIIMX 3a]ay, peuieHue KOTopoil OyaeT cnocoOCTBOBATh
MOBBIIEHUIO 3(PPEKTUBHOCTU MPOU3BOCTB.

Ananu3z MeTol0B (POpMarIbHOTO TMPEACTABICHHS, MOJACIUPOBAHUS U
UCCJIeIOBAHUS TUHAMUKHU CHCTEM YIpaBieHUs, GQYHKIMOHUPYIOIIUX B YCIOBUSIX
HEONPEECICHHOCTH, BIUSIOIIUX HA PEXKUMBbI pabOThl CHCTEMbI, NOKA3bIBAET, YTO
HamOoJiee aJeKBaTHBIMU 3aJa4aMM SIBISIETCS NMPUMEHEHHE THOPHUIIHBIX METOJIOB,
BKJIIOYAIOIIMX, KAaK TEOPUI0O HEUETKOW JIOTUKH, TaK M METOJbl TEOpUHU
aBTOMAaTUYECKOT0 YIpaBJICHUS, KOTOpbIE SBJISIOTCA 0a30BOM OCHOBOM IS
MHTEJUIEKTYaJIu3alliuK MPOIECCOB YIPaBICHUS TUHAMUYECKUMH 0ObEKTaMU.

Oco0oe MecTo B MEpBOM TIJlaBe 3aHUMAET CTPYKTYpa METOJIOJIOTMYECKUX
ATAliOB W HAalpaBieHUN AHMccepTallMOHHOro wuccienoBanus (puc.l). 3xech
MPEACTABICHbl KOHLEMIMM UCCIENOBaHMS B YacTH MHTEIUICKTyalu3aluu
MPOLIECCOB yTpaBiIeHUs CIIOXHBIMU JTUHAMUAYECKUMHU 00BEKTaMH,
MpeaycMaTpUBAIOIIKE UCTIONB30BAaHNUE THOPUIHBIX HH()OPMAIIMOHHBIX TEXHOIOT U
Ha OCHOBE WUHTEerpauuu ©0a3bl JaHHbIX W 3HAaHUW, BKIIOYAIOIIUE METObI
MHTEJUIEKTYaJIU3UPOBAHHOTO yIPABICHUS.

B mpennaraemoil meromonorun oco0oe BHMMAaHHE YIEIEHO pa3paboTke
TUOPUIHBIX MHTEIUIEKTYaIbHBIX MOJIeNIe aBTOMAaTU3UPOBAHHOIO pellaTess 3aj1a4y
yIpaBJIEHUS JWHAMUYECKUMU OOBEKTaMH, (PYHKIHMOHUPYIOUIMX B  YCIOBUSX
HEOIPEJICIEHHOCTH, HEHpO-HEYETKUX MOJIENIe, METOJ0B pealu3alud Hehpo-
HEYETKUX aJanTUBHBIX MOJIeJiel B 3ajayax YNpaBiIeHUs JMHAMHUYECKUMU
00BEKTaMH, a TAK)KE MHTEIIEKTYalIbHBIM METO/1aM 00paboTKU MH(pOpMAaIIIH.
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Bo Bropoit Tr1maBe gucceprauun «KoOHmemmuM M METOX0JIOTMS
HHTEJICKTYAJIU3AIMHA aBTOMATU3MPOBAHHOIO YNPAaBJCHUS IMHAMHYECCKUMH
o0beKTaMu» TPUBEJICHb pa3paboTaHHbIE MOJEIU JIUHAMHYECKHX MPOIECCOB,
ABJISIFOIMECS] OJHOM W3 CaMbIX BaXHBIX M TPYAOEMKHX 3a/1ad, PEIIAEMBIX MpHU
pa3paboTKe CHUCTEM YIpaBICHUs U NPUHITHUS PELICHUN M0 YIIPaBIEHUIO.

OCHOBHBIM MOMEHTOM MpHU pa3pabOTKE CHUCTEM YMPABICHHUS IMPOIECCOM,
ABIIAETCS CO3/1aHHE BBICOKOA((PEKTUBHBIX METOJIOB 00pabOTKM MHMOpMANUU U
BBIPAOOTKM  YIPaBIAIOIIMX  BO3neWcTBUU.  Pemienme 310t mpoOiiembl
HEIMOCPEJICTBEHHO CBS3aHO C Pa3pabOTKOW MaTEeMaTHYECKUX MOJENEH, KOTOphIe
OTpaXkaroT cHelu(pUKy CIOXKHBIX YCIOBHM (PYHKIIMOHMPOBAHUSA CUCTEMBI, TaKue,
KaK HEOIPEJIETICHHOCTh U U3MEHEHUE XapaKTEPUCTUK BHEIIHEN CPEbL, TIOSIBJICHUE
AHOMAJIBHBIX CHUTYallud, OTKa30B MCTOYHUKOB HH(OpMALUMU, KaHAJIOB CBA3M,
YCTPOMCTB, peanu3yronux GopMUPOBAHUE YNPABISIOMINX BO3IACHCTBUN, a TakkKe
BIIMSIHUE BO3MYILEHUI U TIOMEX.

CnoXHOCTh pemnieHus: JaHHOM MpoOJeMbl 3HAYUTEIBHO OCIOXKHSIETCS B
CBA3M C TEM, YTO TMOMHUMO YHUCTO KOHILENTYyaJIbHBIX 3adad M pPEIICHUs
OOIIECUCTEMHBIX BOMPOCOB, HEOOXOAUMO pemiaTh 3ajadyd  (popMaju3aluu
IIPEICTABICHUS.  CTPYKTYpP  MOJEJIEH, aHaJIM3a  aJeKBaTHOCTU  MOJEIIEH,
dbopmupoBaHue OaHKa AHAIUTHUKO-TEXHOJIOTMUECKHX BBIOOPOK, BBISBICHUS
MPUYMHHO CJIEJICTBEHHBIX CBs3ed, pa3paboTku (opMm mpeacTaBieHUs 3HAHUM O
COOBITHSIX, NEUCTBUAX U TIPOLEAYpaX.

Hcnonp3oBaHre HHTEIUIEKTYAJIBHOTO IIOAXO0AA II03BOJSET OCYLIECTBIATH
3¢ (exTuBHOE yIpaBieHUE CIOXKHBIMU OOBEKTaMHM MPU HAIUYAHU PA3TUYHBIX
BUJIOB HEOIPEICIICHHOCTEH B MOJENSIX, KOTJa MOJEIM W TMPOUEAYyphl BbIOOpa
YIOPABISIOIIMX PEMIEHUH ONpPENENICHbl PACIUIBIBYATO, @ MHOTA 3a/JaHbl JUIIb Ha
Ka4e€CTBEHHOM YPOBHE.

B o0mem ciyyae AMHAMHKY CHUCTEM YIPABICHHUS MOXKHO IMPEICTaBUTh
YPaBHEHUEM COCTOSHHSL:

X =Fx,,u, ) k=0,N,
x,eX,u, €U,
rae X - NIpoCTpaHCTBO COCTOSIHUM, U- MHOXKECTBO OIYCTUMBIX YIIpaBJICHUH, F -
nepexoaHast GyHKIUs COCTOSIHUS, B OOLIEM Cllydyae HeJMHeHHas
F:XxU—>X.
HernomaHoCThIO OlpeielIeHHbIE ITPOLIECCHI MOKHO MOJAEIUPOBATE C ITIOMOILBIO

ariaapara HCYCTKHUX  MHOXKCCTB. Torz[a AWHaAaMHKa CHUCTCMBbI  YIIPABJIICHUA
OIMIKUCHIBACTCA HCUCTKUM OTHOILICHHUEM
F:XxUxX —[0]],
MMpCaACTaBJIAOIINM co00lf HeyeTKoe IMOAMHOKCCTBO JCKAPTOBA IIPOU3BCACHUSA
XxUxX.
I[JISI ANHAMHWYCCKUX CUCTCM C pPA3JIMYHBIMU BUAAMHU HCOHpGI[GJ'ICHHOCTGfI
MePeXOoaHaA (1)YHKI_II/ISI MOKET OBITH 3allMcaHa B CICAYIOUICM BUIC

F:XxU-— XP.
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rae  XP - MHOXECTBO pacmpeleleHul BeposATHOcTH Ha X. [lna  yuera
HEONpeJeJIeHHOCTe B  MOJI€Jb  BBOJAUTCA  CIOydyallHbIe  BEJIWYHMHBI  WJIU
KO3 PULIHEHTBHI.
dopmanuzanus ~ paccMaTpUBaEMOro  Kjacca  3a7ady  MOXKeT  OBITh

€CTECTBEHHBIM O00pPa30M OCYILECTBIEHA C HCIOJIb30BAaHUEM MaTEeMaTUYECKOTO
A3pIKa TUOPUAHBIX MOJENEH, KOTOopas MOXET ObITh MpeJCcTaBiIeHAa B BHJIE
CIEIYIOIIMUX YPAaBHECHUM:

x(k +1) =@ [m(k),y (k),m(k + 1),y (k +1),u(k)] x(k)+

+ L[mk). y (), mCk +1), (k + 1), (k)] w(k):

z(k +1)= Hyg[mk + 1),y (k + D]+ Gy [mk + 1),y (k + D] v(k),

rae x(k) — pacHIMpeHHBI BEKTOP COCTOSHUS 00OOIIEHHOTO 00bEeKTa YIpaBiIeHUs
U MOJENH OKpyXkarouied cpeabl; u(k) — BEKTOp YNPaBISIOMIMX BO3ACHCTBUI:
z(k+1) — BekTOp mocTynHbIX Habmonenuit; w(k) u v(k) — HeKoppelupoBaHHBIE
MEXIy €O000# MOCIIEN0BaTEILHOCTH BEKTOPOB; @k[-], r k[-], H,, [] u Gk+1[-]

MaTpUyYHble QYHKIIUHA COOTBETCTBYIOIIMX PA3MEPHOCTE.

OCHOBOM MOJENUPYIOLIIUX CHUCTEM SIBISIETCA HEPAPXUUYECKOE OMMUCAHUE
JUHAMHKNA HCCIEIyEMOM CHUCTEMBI, NPEACTABIsAEMOE CEMENCTBOM MOJENEH,
KaXJasi U3 KOTOPBIX OIMCHIBAET MOBEACHHS IUHAMHYECKONM CHUCTEMBI C TOYKHU
3peHus pa3IuYHbIX YPOBHEN aOCTparupoBaHusl.

[IpuMeHUTENBHO K pEMIAEMBIM 3a/adyaM MPEIJIaracTcs BbIACIUTh IBa
HaIlpaBJICHUS UEPAPXUUECKUX MOJICIICH:

- Hepapxus IO BEpPTUKAIM, B KOTOPOW [EJICHHE MOJEJIEW IO YpPOBHIM
OCYIIECTBIISIETCS TI0 CTPYKTYPHO-(PYHKIIMOHAIBHBIM OCOOCHHOCTSIM CUCTEMBI;

- Hepapxus MO TOPU30HTAJIU, B KOTOPOW NEJIEHHE MOJEJIEH 1O YpOBHIM
OCYLIECTBIISIETCS B 3aBUCUMOCTH OT METOJIOB UCCIIEA0OBAHUS.

B nepapxuu 1o BepTUKaIN BbIACICHBI TP YPOBHS MOJENIEH:

- YpOBEHb 0a30BBIX MOJIENIEH, CoJlep KAl MPOCTEUIINE MOICIIH;

- YpOBEHb  JIOKaJbHBIX  MojJeNeH, OoToOpaxarioumx CTPYKTypHO-
(GyHKUMOHANBHBIE  CBOMCTBa  (DYHKIIMOHAJIBHO  3aKOHYEHHBIX  YCTPOMCTB,
OPHUEHTHPOBAHHBIX HA PEIICHUE YAaCTHBIX 33/1a4;

- YpOBEHb TNOOANbHBIX MojJeNeH, OTOOpa)XaroUUMX OpraHU3alMOHHBIE
OCOOEHHOCTH CHCTEM M MPEJCTABISAIONIUX COOOW MOJENH C BBICOKOM CTENEHBIO
JeTaTn3alnHy.

Hepapxusi 1O TOPU3OHTAIM BKIKOYAET YETHIPE YPOBHA MOJENEH B
3aBUCHMOCTH OT METOJOB UX UCCIIEN0BAHUA:

- MOJENH, IO3BOJIAIOIINE MOJYYUTh PE3yJbTaThl pacyeTa MNpPOLECCOB Ha
OCHOBE aHAJUTUYECKOTO MOJICIIUPOBAHMS;

- MojenH, oroOpaxarouiue AUCKPETHBIA XapaKTep MpOILECCOB U
MpeicTaBUMbI€ JJOTUKO-IU( PepeHIInaTbHbIM YPaBHEHHUEM;

- MOJeNId, OTOOpa)karolue CTPYKTYPHOE COMPSHKEHWE MaTeMaTHYeCKUX
CXEM IPOLIECCOB HA OCHOBE HEUPOCETEBBIX AITOPUTMOB;

- MOJENH, MO3BOJIAIONIME ONTHUMHU3UPOBATH U MPOTHO3UPOBATH COCTOSIHUE
CUCTEMBI Ha OCHOBE METOJIOB NCKYCCTBEHHOT'O MHTEIIECKTA.
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dopMaIbHO KOHCTPYHUPOBAHUE MOJENCH NTUHAMUYECKHX OOBEKTOB MOXKET

OBITH IPE/ICTABIICHO B CIIEAYIOLIEM BU/IE:
M=<LP,®,X,Y, Q>

rae [ — unentudukarop monenu; P= P (x;,xy...,X,) - OAHOMECTHBIN MpeauKar,
onpeieNIeHHbI Ha MHOKeCTBE X.CMBICIT ATOTO MpeauKaTa COCTOUT B opMaIbHOM
ONPENEIICHUH BO3MOXHOCTH HCIIOJNb30BaHUSA JaHHOW wmoxenu; @ : X —>Y
(XUY=Z) - oroOpakeHUs, OMUCHIBAIOIINE HEKOTOPYIO COBOKYIMHOCTH CBOMCTB
MOJEIUPYIOIIET0  alropurMma; X= {xl,xz,...,xn} - BXOJHBIE TEPEMECHHBIC

BBIYMCIIMTEIILHON  MOJICHIH; Y= {yl 3 VooV }- BBIXOJIHBIC  TEPEMEHHBIC
BBIYMCIIMTEILHON Mojaenu; Z = {zl,zz,...,z,Z }- COBOKYITHOCTb IE€PEMEHHBbIX; ()-

00JiacTh MPUMEHEHHUS MOJIeNIH, KOTOpas 3a/1aeTcs Napoit odjactu onpeaeneHus X u
3HaueHMs Y, T.¢. Q= {X,Y}

B nponecce paboThl ¢ MOJEISIMU MOTYT BCTPEUYAThCSl BXOAHBIE MIEPEMEHHbIE
JIBYX THWIIOB: OIPENECIEHHBIE W HEOINpEJEICHHbIE. B COOTBETCTBUM C JTUM
MHOKeCTBa X GyaeM JeTHTh Ha [Ba HElepeceKaromuxcs moaMHuoxkecta X u X°,

T.C.
X UX=xx'0x0= @)

NIeMEHTBI MHOXeECTBA X' MOTYT OBITh ONMPE/ICICHbI ¢ BBEACHUEM TOTO HIIH
MHOTO OTHOIICHWS MEKIy OIpPENCTCHHBIMH mepeMeHHbIME X°. Takas CBs3b
MPUBOJIUT K 00pa3oBaHMIO 0OJEe CIOKHBIX MHOTOYPOBHEBBIX BBIUYHUCIUTEIBHBIX
MOJENEN WM WHAye, MoJeNnb M, uMmermas B KayecTBE BBIXOJA BEKTOp Y u
HEOpE/IC/ICHHbIE BEKTOPA TEepeMEHHBIX X', MOXKeT OBbIThb IPEACTABICHA B BH/C
COBOKYNHOCTU N,,=N,UN, MOJenei-0ToOpakeH!H CO CKaIsApHBIMH BEKTOpPaMH Y
eV, k=12,..,N,.

Hcnonb3dyemble  MOAMOJENH,  SIBISIOLIIMECSs ~ OJIOKaMU  pas3linyHOMN
pPa3MEpHOCTH, TAK)KE€ MOTYT OBITh MPECTABICHBI B BUJIE:

m; =<1 P, fi, xi, yi, Q>
Torna KOMINOHEHTHI UCXOJHOM MOJEIW OIMCHIBAIOTCS 4Y€pe3 KOMIIOHEHTHI
AIIEMEHTAPHBIX MOJIENIEH CIeAYIOIHUM 00pa3oMm:
M={m;}, @={f,}. i€[LN,]
(Vo) P(X) & [B(X)AB(X,) A A Py, (X, )]
N N,
X=UX;, Y=\UY|X

i=1 i=l

m

Nm
Z=UZ; Q,=PZ(Q):i=12,.,N
i=1

P.7Z, (Q)- MPOEKIM MHOXKeCTBa (2 Ha TMIEPIUIOCKOCTh, KOOPAUHATAMU KOTOPOH
SBJISIFOTCA KOMIIOHEHTHI BEKTOpa Z;.

Taxkue QopMbl TpeACTaBIECHUS BBIUUCIUTEIBHBIX MOJEICH TO3BOJISIOT
0000IIUT, MPOLEAYPHl, CBsA3aHHBIE C (POPMHUPOBAHHEM  MOJEIUPYIOIIUX
aJTOPUTMOB U TIPEACTABUTh UX KaK hopMasbHBIC 3a/1a4M, pelracMble Ha 0a3e 3TUx
MOJICIICH.

Takum 00pa3om, MOXKHO MOCTPOUTH MOJIEIN Pa3TUUYHBIX TEXHOJIOTHYECKUX
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MPOLIECCOB, MPOTEKAKIIUX HAa JUHAMUYECKOM YpoBHE ympasieHus. I[loaxon
MOCTPOCHHST MOJICJICH TaKXKe MPUMEHUM JJii HECTAIlMOHAPHBIX OOBEKTOB, TJIE
napaMeTpbl 00beKTa U3MEHSIOTCSI BO BpeMeHU. [IpeiokeHHbli crnoco0 sBIseTCs
OCHOBOM 17151 hOPMUPOBAHUS MOJIEIEH KaK MPOTHO3UPYIOIINX, TaK U aJalTHBHBIX
CUCTEM C HICHTU(HUKATOPOM.

B Tperbeit r1naBe nucceprainuu «Pa3padoTka MHTENIEKTYAJbHOI0
pelmiatesisi 3aaa4  YNPABJEHHUS JHUHAMHYECKMMH O0beKTaMHM» Ha OCHOBE

pa3paboTaHHON METOJUKHU KOHCTPYUPOBAHUS Mozenen JUHAMHKH
(GYHKUIMOHUPOBAHUS 00BEKTOB, (GYHKUMOHUPYIOMHX B YCIIOBHSAX
HEOINPEEICHHOCTH, PacCMOTPEHBI BOITPOCHI CO3JaHUs

MHTEJUICKTYaJTU3UPOBAHHOTO periaTes 3a/1ad aBTOMAaTU3UPOBAHHOTO YMPABJICHUS
JUHAMHYECKUMH oO0BbekTamu. [lpemyioxkena o0000IIeHHas aaropuTMHUUYECKas
CTPYKTypa HWHTEIUICKTYaTU3UPOBAHHONW CHUCTEMBI YIIPABICHHUS JTUHAMUYECKUMU
00bEKTaMHU, B COCTAaB KOTOPHIX BXOAUT JWHAMHYECKUM pelIaTesb 3ajad,
MpeaHAa3HAYCHHBIM JJI1 BBIBOJIA PEIICHUM Ha OCHOBE MPOIYKIIMOHHBIX IPaBUIL
Pa3pabotanpl ~ aJirOpUTMBI  AJANTUBHOTO  MPOTHO3UPOBAHMS,  OMPEACIICHUS
HEU3MEPSAEMBIX KOOPJMHAT CHUCTEMBI W KOPPEKUHS TapaMeTpoB CHUCTEMBI
yIpaBJICHUs, SIBJSIONINECS OCHOBOW JUHAMHYECKOIO PEIIaTelis 3a/1ad yIpaBiIeHUs
TEXHOJIOTUYECKUMHU  OOBEeKTaMM, (PYHKIMOHUPYIOUIUX B  HEONPEIACICHHBIX
YCIIOBHSIX.

CtpyKkTypa MHTEUIEKTYaTU3UPOBAHHON CUCTEMBbI yrpaBieHus (puc.2), Ha-
Py C HOBBIMH, COACPKHUT TPAJUIIMOHHBIC JIEMEHTHI M CBSI3U, LIEHTPAIbHOE
MECTO B HEM 3aHUMAaeT JMHAMUYECKHUH pelraTeb 3a1ay.

TxMxS—2>5CxT;
CxTxXxS—">RxT;

TxX ={AxT\X xT +{BxTU xT;
TxY ={DxT}XxT;

TxRxY—25CxT

rae T - MHOXKeCTBO MOMEHTOB BpeMeHu; X,S,M,C,R u Y - MHOXECTBa COCTOSAHUI
CHUCTEMBI, OKPYXarIIEd Cpeabl, MOTHUBAUWUH, LEIU, IPOTHOZUPYEMOTO H
peanbHOro pesynbTata; A, B u D - MaTpuubl NapaMeTpoB; a.,i=14 -
WHTEJUIEKTYaJbHbIE ONIepaTOphl MPeoOpa3oBaHUsl, UCIIOJIB3YIONIUE 3HAHUS.

JIlnHaMUYecKnii  pemiaTeslb  3aJa4  €CTh  HEKOTOpPOE  KOMIUIEKCHOE
oOpa3zoBaHue, CIOCOOHOE OLICHUBATH COCTOSTHUE CUCTEMBI U CPE/Ibl, COTIOCTABIISITh
rmapaMeTpbl KEJIaeMOr0 M PEAIBHOTO PE3yJIbTAaTOB JICHUCTBUS, IPUHUMATh
peleHre M BbIpadaThIBaTh YIMPaBJICHUE, CIOCOOCTBYIONIEE JOCTHKEHUIO LIEIIH.
Jlns 3TOro AWHAMHUYECKMM pelarenb 3ajad yIpaBiIeHUsS JTOJDKEH o00yaaaTh
3armacoM 3HaHUM U pacroyiaraTh METOJaMu perieHus 3aaad. BaxxHol (yHkiuein
JUHAMHYECKOTO peIIaresis 3ajad yOpaBjieHUs SBIACTCS  (opManu3anus
cocrostnus bJ1 u B3.

['ubpunnbie MOJICIIH, SIBJISIIOLIIHECS MaTeMaTH4YEeCKOMN OCHOBOH
MHTEJUIEKTYaJIU3UPOBAHHON CHUCTEMBI YIIPaBJICHUS, pean3yroIune
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MIOJIOKUTENIbHBIE CBOMCTBA HEHPOHHBIX CETEH M HEYETKOW JIOTMKH MOKa3alu
BBICOKYIO 3 (DEKTUBHOCTh HEMPO-HEUETKUX CUCTEM YIIpaBICHUS.

Baenrasas cpena

U

OO0BekT ynpaBiieHUus
x=F,(x,u, )

HNcnomaurensHas cucrema

u=u, +u,

A

HNsmepurens-

‘ ‘ ‘ ‘ Hasg CUCTeMa
BreruncnurensHas cucreMma y=F,(x,u,r)
OcHoBHOMU
Crabunuzupy
IOIMH 3aK0H saKon
F yHOpaBISHUS Unentudukanms
FO) | RS ,
Jo Mognen o6bexra
UnTenexryanpHas cucrema — Fy (u, f)

aBTOMATHUYECKOTO CUHTE3a ) !
(M-pemarens 3anaa TAY) e | Mopnen cpensl

s ’

| Fy (1)

HcniomaurensHas noacucreMa J
o
— llens ympaBneHUS
Pemaromias moacucrema J, (6.1)
Vg 2
basa snanuit iL Perynupyemsle nepemMeHHBIE

0 = F,(x)

Puc. 2. CTpyKTypa HHTEJIEKTYAJTU3UPOBAHHOM CHCTEMBI
ylpaBJjieHUsl TUHAMUYECKHMHU 00beKTaMH

DJIEeMEHTHI MHTEIUICKTYAJIM3UPOBAHHOM CUCTEMBI YIpaBJICHUA
JTUHAMHYECKUMH OOBEKTaMH ONMUCHIBAIOTCS HEYETKUMH aIalTUBHBIMU MOJEIISIMH,
SBIAIOIIUMHUCSA PA3HOBUIHOCTHEO MHOTOCJIOMHOW HEWPOHHOM CETH, CTPYKTypa
KOTOpOU (popMHUpPYETCsl HA OCHOBAHMM aHAJU3a TEXHOJOTHMUECKHUX MEPEMEHHBIX U
XapakTepa CBA3E€M MEXIY HHUMHU C BO3MO>KHOCTBIO HACTPOWKH HAa MEHSIOIIMECS
yCJIOBHS NMPOU3BOACTBA. J{J1s1 mosicHeHUs paboThl TMHAMUYECKOTO pelIaTesis 3a1a4
yIpaBJICHUS PACCMOTPUM MPOIECC CTAOUIU3AIMU BBIXOAHOW MEepeMeHHON y(i+1)

ANHAMHYCCKOI'O O6’BCKTa, OIMMChIBAEMOI'0 HEJIMHECHHBIM PAa3HOCTHBIM YPaBHCHUCM
YA+D) = f (0 =130 0
(i =),1(0)...1(i = )
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rie i=0,1,2,.,N- Tekymee auckperHoe Bpems; V(i)- BBIXOJHOW CHUTHAI,
)_c(i):(x_l(i),...,g(i))- BEKTOpP BO3MYIIAIONMIUX BO3AeHCTBUM; u(i)- yNpaBicHUE;
f((@),...,y(i— r),)_c(i),...,)_c(i —8),u(Q),...,u(i — q))- HEKoTOpas HeJTMHeWHAas
(GYHKIIMS, IMEIOIIasi W3BECTHBIC TIOPSIKA 7, S,q .
BxomHbIE KOOpPAMHATBHI OOBEKTa OTpaHUYCHBI B JFOOOM MOMEHT BPEMCHH,
T.C.:
u™ <u(i) <u™>,

—mi X P

x n<x@<x ,i=1N.

Jlns onucaHusi AUHAMHYECKOTO Tpoliecca MCIOJIb3yeTCsl HeYeTKasi MOJIeIb
CymxeHo, peJicTaBlIeHHAas COBOKYITHOCTBIO MTPaBUIIL:

eca x,, (i) ectb X},

X, (i) ecte X7,,..0x,, (i) ectb XD | )
10 Ul (i) = bl + b x,, (@) +...+ bl x, (i),

0=1n,

C HEUYETKMMH MHOXecTBaMu X ,fl,l =1l,m W JMHEHHON 3aBUCHUMOCTBIO

CBSI3BIBAIOLIEH BXOIBI X, (i) = (X, (1), X, (i),...,X, ({)) ¥ BBIXOJ u,f @@).
OCHOBHOW XapaKTEPUCTHKOM, 3aJaI0MIeH HEUETKOS MHOXKECTBO X, SBIISCTCS
(GYHKIUS PUHAIICKHOCTH X, (X, ), KOTOpas UMeeT BHUJl CUTMOM/IBI:

X ()= (1+exp(dy, (x; +dj,))
Mexanu3m onpezneneHus BbIxoaa u, (i) Mo HedyeTkodl Moxenu (2) mpu

3alaHUM  BXOJOB x,?l(i)B MOMEHT BpemMenu [=12,...,N, ¢yHKoui

npuHaiexsoctd X o (x,, (1)) u xosbdurmenros b, bY,....b0 .60 :L_n,l zl,_m,
p kel \ Xkt k0> Pkl m
JIMHEVHBIX YPaBHECHUM:
0 (- 0 0 . 0 .
u (D) = by + by x (0) + ...+ by, x,, (D),

S (3)
0=1n,
MOKHO ITPEJICTABUTH B BUJE€ HEYECTKOMN MATUCIOMHON HEUPOHHOU CETH.
B MEPBOM cJioe BBIUHCISIOTCS CTEIICHU MPUHAJIC)KHOCTH

0,0 0 (.0 /.
X5 (x5 (0)),e., X, (X, (D)) A TOro 0-ro mpasumiia, a BO BTOPOM CJIO€ 3HAYEHUS
UCTUHHOCTH TOCBUIOK w! IIyTeM alIreOpandeckoro yMHOKCHUS:
0 _ 0 . 0 . 2] .
Wi = X (0 (D)X g5 (2 (D) X gy, (X, (1)) -
B TperbeM cioe OIpenensioTcs OTHOCHTEIbHBIE HOPMAaJIM30BAHHBIC
3HAYeHHsI HCTUHHOCTHU MTOCHUIOK:

BLG) = i)

w, (D) +wp (@) + ...+ wi Q)

B derBeproM ciioe 3Ha4YeHUs ﬁ,f () yMHOKAIOTCSL Ha 3HAYEHHUS BBIXOJA
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0/ ) o
u, (i), pacCUUTaHHbIE 1O JMHEHHBIM ypaBHEHUAM (3) IIPU MOCTAHOBKE 3HAYECHUU

0 ,. 0 ,. 0 ,.
X1 (D), X5 (D)0 Xy, (7)) -

B nocnenneM mATOM ClI0€ MTOTOBOE 3HAUYCHME Mk(i)HO BCCM IIPpaBUIIaM

HaXOJIUTCS KaK CPEHEB3BEIICHHAS CyMMa u,? (@)
n
. O, O/-
(i) = Zﬁk (D (7).
o-1

I[JISI OIIPCACICHUSA BCKTOpPAa HACTPOCUYHBIX ITAPaMCTPOB HCUYETKOU MOACIN

* . * *
UCTONB3YyeTCsl JaHHbIE, X;,(7),...,X;,,u (i),[Ipd KOTOPBIX BBIXOAHAs INEpEMECHHAs

: H
(i + 1) 6nr3Ka K HOMUHAJILHOMY 3HAUYCHHUIO ) , T.€. YAOBJICTBOPSIET YCIOBHUIO:

1 G ow * (. . H H
J*= WZQy D @)y <,
rme J'"- HOMMHANBHOE 3HAueHHE OTHOCHTENBHOH OUIMOKH peryiHpOBaHHMS.
CrelyroIyuM MOMEHTOM SIBIIsieTCS 0OydeHHe CeTH. J[Js STOM LENU BBEIYMCIIAETCS
KOPPEKTHPYIOIIAs MaTPHILIA:
H, (i) = Hy(—1) - RO OFL G2 ]) “
1+, (H, ({-1)X, (1)

i=1

U BEKTOP KO3(P(PULIMEHTOB:

TN T - N~ sy Koo 1T g- ~ /.

b)) =b,(i-1)+ H,(DF ()@ () -b[ i-DF().  (5)
[Tomy4yeHuss HeYeTKass MOJEIb B JallbHEHWIIEM OOydYaeTcs MO TEeKYIIUM JIaHHBIM
MyTEM HAMpaBJICHHOTO W3MEHEHUS KO3(PUIIMECHTOB b?.0=1nl1=0m u

napaMeTpoB GYHKIHiT IpUHALISKHOCTH do) ;,dpy .

I[JISI O6y‘leHI/I$I CCTU MpCajiaracrCia aJroputM, OCHOBAHHBIM Ha TCOpUN
HHTepaKTHBHOﬁ ajaliTaliny, CYIIHOCTHL KOTOPOI'O 3aKJIHOYACTCA B BbIYHMCICHUU

oum6xkn E, (i1)=0.5¢;(i)= O.S(M*(i) —u, (dk X, (z)))2 HESIBHBIM 00pa3oM.

Ilpn wuCHONB30BaHMM AITOPUTMA WHTEPAKTUBHOW aJanTalliy CUCTEMa
pa3OuBaercsi Ha N-NOACUCTEM, KaXAbI M3 KOTOPbIX HMEET HHTETPUPYEMBbIil
BBIXO/IHOW CUTHAN y, U MHTETPUPYEMBbIl BXOJHON CUTHAJ X,, OTHOLICHUE MEXIY
HUMU NPEJCTABISETCS B BUE (PyHKIMOHAIBHON 3aBUCMOCTH:

F:X,—>Y.,n=12..,N

OTHolIEHUE i-T0 IEMEHTa CUCTEMbI UMEET BUJL:

yl(t) = E[xn(t)]al = 1929"':N

ITycTs B3auMoOAEHCTBHE MEXIy 3JIEMEHTAMM M BHELIHUM CHUTHAIOM u;(?)
JIMHEIHO U ONHUCHIBAETCS] YPaBHECHUEM:

x; () =u,; () + Zak'yi(t)aieNa (6)
KeJ;

rae J; ={K “Vk =i} - MHOJXKECTBa CBSA3HBIX BXOJOB [-I'O JJIEMEHTa; o, - Beca

CBA3€H, TO OTHOIIEHUE BXO/JIa U BBIXOJIA I-T'0 3JIEMEHTA ONUCHIBAECTCS CIEAYIOIINM
YpaBHEHUEM:
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yi(0)=Flu,()+ Y ag-y,0]ieN

KeJ;
Ecin cucrema onMchiBaeTcsi ypaBHEHHUEeM (6), TO Beca CBS3eH O
HACTPaMBAETCS 10 CIEAYIOIIEMY MTPABHITY:

. OoF
akg = F;;xK [xexK] )

ZaS as — 7/ ) FexK[xexK] ) yebzxK )
Yexk ]S €0l 5yexK

y sbixK
9

rae y >0 - kodhdUIMEHT, ONpeaeNsIonUi cKopocTh o0yueHus; F, . [x, . ]
npousBojHas Opeme; £ — pyHkuusa noreps (ommodxa) k e K.
[Ipu ycnoBuu, yto ypaBHeHHE (6) UMEET €IMHCTBEHHOE pElIeHue I «a ,

rae ¢yHkuus noreps E (Vi ..., Vir U5, ..., U,) OyI€T MOHOTOHHO YOBIBATH BO
BpPEMEHU U OYJET YIOBIETBOPATHCS CIEAYIOIIEe PABEHCTBO:
. OoF
ak =—y—,ke K
oa

[Ipy Takom moIX0lle HEUPOCETh MOXKET OBITh Pa3NioKEHAa HAa COCTaBHbIE
AIIEMEHTBHI, IPEACTABISIEMbIE KaK dJIEMEHTAPHAS HEUPOCETD.
MaTtemMaTudyecku HeHpOCeTeBOM aNropuT™M 0O0y4YeHUs PEICTABUM B BUJIE:
Pn = Z a)S ) rpres

seDn
r, =o(pn),
r7ie: n — UHACKC HeWpoHa; s — MHJEKca cuHarca; Dn — Habop BXOJIHBIX CHHAIICOB
HEUpOHaA n; pres U post — NMPECUHANTUYECKUA W TOCTCUHANITUYECKUN HEUPOH,
COOTBETCTBYIOILIMIA CUHAIICY §; @, - BEC CUHAIICA §; pn — MEMOpaHHBIA MOTEHLIUAT

HEeHpoHa n; 1, — 4acToTa BO30YKJIeHUs HEMpoHa n; O - QYHKIUS aKTUBALIMK TUIIA
CUTMOMJ, KOTOpas NPEICTABISIETCS BUIE

o(x)=

[Ipu 3TOM Bec cHHAICOB onpeeseTcs o Gopmyiie:

Os = Tpres ((Dpostsa(_P posts) vy posts )’

.
rae @, = ZCOS *Ws

SeAd,
rjae: y — KodpUIUeHT HEMOCPEACTBEHHONW 00paTHOM CBS3H ISl BCEX HEUPOHOB, ¢,
— CUTHAJI HEMIOCPEICTBEHHON 00paTHOM OLINOKH.

Takum 06pa3om, 00BEAMHEHUE MTOJIOKHUTEIBHBIX CBOMCTB HEMPOHHBIX ceTel
U HEYeTKHX Mojeneil mo3BoisieT 3(G(EeKTUBHO pemaTh 3aJaud  YIpaBiIeHUsS
CJIOHBIMH IMHAMUYECKUMH 00BEKTaMU B YCIOBHIX HEONPEIEIEHHOCTH.

B derBepTOii rnaBe aMccEpTAMU  «AJITOPUTMHYECKHIl  CHHTE3
HHTEJIEKTYAJIbHON CHCTEMbl YNPABJCHUS JAHMHAMUYECKHMH OOBEKTAMMU)
c(hOpMyIHPOBAaHbl MPUHIUIIBI MOCTPOEHUS WHTEIUIEKTYaTU3UPOBAHHON CHUCTEMBI
YIpaBIE€HUS  HEPApXUYECKH  OPraHu30BaHHBIX  JUHAMUYECKHX  OOBEKTOB,
(GYHKUMOHUPYIOIIKUX B YCIOBUSAX allpUOPHOI HEONPEASIEHHOCTH NHPOPMALIUH.
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B MHOroypOoBHEBBIX HEPAPXUUECKUX CUCTEMAX BAKHBIM BOIIPOCOM SIBJISETCA
pellieHne 3aJaud KOOpIMHAIMK paboThl MOJCUCTEM, €CIM B CUCTEME HMEETCA
HEOIPEAEIEHHOCTD, TO 3a7a4a IPUHATUS PELICHUS 3HAYUTEIBHO YCIOKHAECTCS.

B nwuccepranmonHoit paGoTe Uisi KOOpAMHALIMM YpPOBHEW YIpaBieHUS
MPEJIAraeTcsl HKCCIENI0BAaTh BONPOCH ONTHMM3ALUKA JABYXYPOBHEBOUW CUCTEMBI U
MPUHUMATH ATy 3a7a4y KaKk OCHOBHON MOAYJb AJis JIt0O0W N-ypOBHEBON CUCTEMBI,
puyYeM JUisl perieHus 3a1aun Ha (i -1)-M ypoBHE cuMTaeTcs 3aJlaHHbIM pe3yJIbTaT

ONTHMM3AIMU Ha ypoBHE i. Miun, eciu 3anucartb x, B BUAE:

xy={opi=LN, j=1M,

rae M =m; - 4ucio MOACUCTEM Ha i-M ypOBHE YIpPaBIIEHUs, TO MPEAIONaraeTcs,

0 j=Lm,, yxe

4TO IPU HAXOXKACHUH PCLICHHUH X(;_y);, j =1,m,, Bce pemenus x;;,

IIPUHATHI.
B »stom ClIydyac AIWMHAMHUKA JIOKAJIBHOT'O YPOBHA YIIPABJICHUA MOKCET OBITH
NpcacTaBjicHa B BUIC!:
® HCUYCTKOC YPABHCHUC COCTOAHUSA

dx/dt=AQx®B®u, us),
® HCUYCTKOC YPABHCHHC HagJIIOIEHI/IH_
y=C®x,

® HCUCTKHNC HAYAJIBHBIC YCIIOBU

x(0)=Di, x,(0)=D2,...,x,(0)= Dy,
rac ®,@ - HCUYCTKHUC OIICpalii COOTBCTCTBCHHO CJIOXKCHUA WU YMHOXCHHA, U —
YHOpaBISIOMMA  CUrHal  (CKajsdp), MNPUHUMAIOUIMM  HEYETKHE  3HAYCHUS;

xX= {xl,xz,...,x,-,...,xn - BEKTOp  HEYETKOro  cocTosiHusA, i=1,2,...,n;

y= {J’1 2 Vass Ve ,...,yl} - BEKTOpP HEYETKHMX BBIXOJHBIX MEpPEeMEHHbIX, ¢=1,2,...,/;
114(s) - MOKa3aTeIb HEUETKOTO (M3MEHSIOMIErOCs ) YKCIIA TIEPEMEHHBIX COCTOSIHUS 1
MIPEACTABISIOIINI BEC S-TO YPaBHEHHUS COCTOSHUS;

—1 —1 —1

A ... A B G ... Ch

A=|... ... ... [ B=|...|,C=|... ... .. - MAaTPHUIIbI HEUETKHX

—n —n —n ) —I

At ... An B Ci ... Cu
K03 PUIIMEHTOB MOJIEIH.

Hekotopast i-s mepemMeHHas BEKTOpa COCTOSHUS KakK (YHKIUSI BPEMEHHU
MOXeT ObITh TpeaCTaBicHa HeueTkoM otHomenueM (HO): x,(¢)= {t,xl. s, (t,x, )},
i=1, 2,...,n, a B pUKCUPOBaHHBII MOMEHT BPEMEHU yKa3aHHas IEPEMEHHASI MOKET
ObITh BbIpaXkeHa HeueTKuM MHoxkectBoM (HM): x; = {xl. / I (xl. )} AHanoru4ysoe

OIIMCAHUC UMCCT ¢-s BbIXOOHAA IICPCMCHHAA:
yg(t) = {tayg/:uyg(t)yg)}a C= 1: 23' "313

v = Ju, )
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Toe  py, M- ¢yskmmn  npusamnexsoctn  (OII);  x;, y.- 3Ha4YeHHs U3

YHUBCPCAJIBHBIX MHOKCCTB. DIeMEHTBI MaTpun A, B, C 3aJ1aHbl HM:

A= (=, ()
B = {Bl/ﬂgl(Bl)}a---»En = {Bn/ﬂgn(Bn)}a
Ci = {Cll /e, (Cll )} .C = {Cflz/ ﬂcnl(ci )}
Hauanbusie yenosus omucanst HM D; = {xl. [ s, (i, )}, a YMCIO TIEPEeMEHHBIX

BeKTOpa coctosmms — HM S = {s/ ‘LtE(S)}, rae s=1,2,...,n — NOPAIKOBBIA HOMED
NIEPEMEHHOM BEKTOPA COCTOSHUS.

QOyHKIMM ~ [PUHAUIEKHOCTH  3aJaHbl  AHAJIMTHYECKOW  3aBHCHUMOCTHIO,
HAIIPUMED, [J1S TIEPEMEHHOI X, :

t, () = @lx,ag, b by Vi Vo ) =

e

1Xi 2 2
3neck koaduumeHt ay npencrasmsier Moxy DI, koadduimentsr by, u

b,,3anaror mmpuny OII, v .1 v, - Hakion ®II K ocH x;, T.€. KOHTPACTHOCTb.
Koaddummentst b ., b

1Xi°> 2Xi°V1Xi® V2Xi
®I1 1 MOTyT BBICTYIIaTh B KaUe€CTBE MTOKa3aTeIeH HEOMPEACICHHOCTH.
3agaHbl MOKa3aTeM KauyecTBa CUCTEMBl YIpaBieHHUS (BpeMs IMEPEXOJTHOTO
mpoiiecca, IMepeperyanpoBaHue, OIMOKa CIeXeHUs U T.1.) B ¢dopme (QyHKIUH
MOJIE3HOCTHU

1% V,— TO3BOJSIOT 00pa3oBbIBATH J100YI0 (hopmy

0, =10: /w00 Ik =12, K,
,uék (Q,f)z go(Q,i , a3Xi,b31Xi,b32Xi,v31Xi,v32Xi),

rae K — 4uciio rnokasaresei KauyecTBa CUCTEMBI YIIPaBICHUS.

Omnpenenena 3TaJoHHAs MOJIEIh Ha OCHOBE 33/IaHHBIX TOKa3aTelell KauecTBa
ynpasnenus: X, = A, x, +B u,, rne u, — 3amamouee BO3IEHCTBHE CHCTEMBI;
X,,(t) — BEKTOP ATAJTOHHBIX COCTOSHUS.

3aaHbl OrpaHUYCHUS Ha IEPEMEHHBIE BEKTOPA COCTOSIHHS M OTPaHUYCHHS Ha

yHpaBJICHUC;
g (x,u,y,t)< Xlmax> &2 (x,u,y,t)< X5 min o+
g2n—1 (x,u, }/,t)< xnmax? g2n (X,l/l, }/,t)< xnmin 900

Em-1 (x,u, }/,t)< Unax> 8m (x,u, }/,t) < U i -
I[JISI OIIPECACICHUA 110Ka3aTCIIsA Ka4y€CTBa CUCTEMbBI YIIPABJICHUA UCIIOJIB3YIOTCA
KaK BPCMCHHBIC XdpPAKTCPUCTUKH 00BeKTa YHPAaBJICHUA a;, (f ) ) a; (f ) , TaK H
i i

napaMeTpbl HEYETKOCTH b, (¢), b, (¢), by (¢), by (t), onpenensemele o mupuHe
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(1)YHKI_II/II/I MMPpUHAOJICKHOCTU. C OCJIbIO CHMKXCHUA HCUCTKOCTH JaHHBIX 00 00BEKTE
N yIydliCHUA MoKa3aTejied KauecTBa YHpaBJICHUA MAKCHUMU3UPYIOTCA 3HAYCHUA

blif(t)> bzii(t)’ bl}k(t)’ bz}k(t)'

Jlist mpuganus cBOMCTBA poOACTHOCTU ajlrOpUTMa YIPaBICHUS MPEIIOKEHO
UCIIOJb30BAHUE  JUCKPETHOTO  airopuTMa  CKOPOCTHOTO  TpajJveHTa B
napamMeTpuyeckoi Qgopme, YTO MO3BOJUT OOECNEYUTh MUHUMYM CJIOKHOCTH U
y4€CTh OTPAaHUYEHHUS Ha YIPABIISIOIINNA CUTHAII U CKOPOCTh €r0 U3MEHEHUS.

C uenplo ynydmieHusi KadyecTBa M TOYHOCTU (DOPMHUPOBAHUS TMEPEXOAHBIX
IIPOLIECCOB B CUCTEMBI YIIPABIICHHS PEajM30BaH aJrOPUTM NPUHATHS PEIICHUH 10
BBIOOPY KOMIIPOMHUCCHOTO YMPABISIOIIETO CHUTHAla YIpaBiICHUS IyTeM €ro
BCTPaWBaHUs B AJITOPUTMBI YIIPABIICHHUS.

MoauduuupoBaHHbIN 3aKOH YIIpaBICHUS UMEET BU/I:

u=ku(t)-um(t)+élkf(t)-x?(t),

kalt+1]= k5 [k)U=Rys)+ h(ys =738 [tha ] hys6 e+ 1] [ +1]
el +1]= K [) = hys )+ h(ys = 7,8 - [ehe [e]= hys [+ 1] e +1]

ke +1]=k [kt =Ry )+ hlyg = 72)8 e, [e]= hyed e+ 1k, e +1]
rae t = mh, h>0 — war auckperusauuu, m=0,1,2,....m; y = {7/1,7/2,7/3,7/4,7/5,7/6} -

)
napaMeTpsl alalITUBHOTO peryunsaTopa; e = _[ (x, —x,, )/,t;, (e, )dx, -
1
Xl'

paccCoriiaCoBaHuc MCXKAYy IMNCPCMCHHBIMH BCKTOpa COCTOJAHHUA W I3TAJIOHHBIMHU

nepeMeHHbIMu coctosuus. u-\e' |=\e..a-..b-..b.-..v-.v.- ) - ®I omubku —
2 e [ 2ei? " lei® " 2ei 2 gp

e’ lei’

V- =

AHAJIMTUYCCKUHN BH] (I)YHKI_[I/II/I MMpUHAOJICKHOCTH, a;l. = a;l. — X loi = vl}i )

J— f— _ - = — 2 = -
Vi =Vyus b =b—, b=b_, xi= J.xl.dxl. UHTEIPUPOBAaHHAs IEpEeMEHHas
Xi
N z
BEKTOPa COCTOSHHS; 5-[t]:Zkl.-el. , h; — Ko>QHUIUEHTBI, IMOIyYECHHBIE H3
i=l

K03 (PUIIMEHTOB MATPUIIbI OOBEKTA U MATPUIIBI STATOHHON Mojenu B,,.

B rmaBe Takke paccMOTpPEHbl BONIPOCHI IIOCTPOCHHUS  AJalTUBHBIE
HEUPOHEUETKUE AIITOPUTMBI HCCIIENOBAHUS WHTEIUIEKTYAIM3UPOBAHHBIX CUCTEM
yIpaBJIE€HUS JTUHAMUYECKHUMH OO0BEKTaMH, OOeCnedyuBalouue poOacTHOCTh K
Pa3IMYHBIM  HEONPEACIICHHBIM BO3MYyIIEHUsIM. Peanusanus npeaioKeHHbBIX
QIrOPUTMOB  CHHTE3a paclIMpseT o0JacTb HMX TMPUMEHEHHS B 3ajJadax
MIPOEKTUPOBAHUS CUCTEMBI YIIPABICHUS JUHAMUYECKUMU 00bEKTaMU IIPU HAIMYU U
LIMPOKOI'O CIIEKTPa BO3MYILIECHUM.

B  marou  rmaBe  guccepraumu  «IIpakTHyeckass  peaju3anus
pa3paldoTaHHBIX MOJeJell M AJrOPUTMOB B 32Ja4aX HHTEJLICKTYyaJIHu3aluH
npouecca  ynpabBJeHHSI TEXHOJOTHYEeCKMMH  O0beKTaMH»  IPHUBEICHBI
pe3ynbTaThl  MPUMEHEHUs  pa3palOTaHHBIX  MOJAENEeW U aJIrOPUTMOB
VMHTEJUICKTYyaJn3allul  [POLIECCOB  YIPABJICHUs B 3aJadax  yIpaBIICHUS
pa3IUYHBIMU ~ TEXHOJIOTMYECKUMU  OOBEKTaMH B  YCIOBHSX  alpUOPHOU
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HeomnpeaeIeHHocTU. B kadecTBe mnpumepa paccMOTPEHBI BOMPOCHI CO3AaHUS
MHTEJUIEKTYaJbHOM  aJanTUBHOM  HEWpPO-HEUETKOW  CHCTEMbl  YIpaBICHUS
TEXHOJIOTUYECKUMH MPOLIeCCaMH PEKTU(DUKAIMOHHONW KOJIOHHBI, MaTeMaTH4eCKas
MO/IeJIb KOTOPOM UMEET CIIeAyIOUIUi BU/L:

Z (1) T]'%WLY](”:]C]'X]“*T])
X,(t) y1(t) dy (t)
2 — . —
X (1) Yy (1) Tz'T+Yz(t)—k2 Y, (¢ T,)
R Y, (1) dy 5 (1)
X, (1) EERDN Ty SR V() = ks Y ()
X, (@) Z4(1) ay , (¢
— 0 R O TR S
Py (1) Ys(t)=0,5 - (K1 -Y,(t)+ K2 -Y (1)
H (1) ;LAY ()
 —_— Y (t)= kg - Y, (t -
. . Zm(l) 6 dt + 6() 6 7( TG)
EKTH(UKaIL \Y
HOHHAs —X&b T7.d)/d7¢+ Y, (t) =k, - Ys(t —7,)
KOJIOHHA
T, -%+ Yo(t) = ky - X ,(t - 1y)

B wmarematmueckoit momemn Y (¢), Y,(¢), Yi(¢), Yi(¢), Y,(¢), Yi(t) —
TeMmepaTyphl Kyba xomouHbl, Y,(¢) — TemmepaTypa mapos, HOCTYHAIOIIUX CHU3Y
Ha Tapenky muTanus, Y, () — Temmeparypa jKHMIKOCTH, TIOCTyNarouleil cCBEpXy Ha
TapeyIky MUTaHHud, X, (z‘), X 2(1‘) — pacxoJbl IEPErpeToro Iapa M XjIaJarcHra,
1,..T; — TIOCTOAHHBIC BPEMEHHM [IUHAMUYECKUX  XAPAaKTEPUCTHK IIO
COOTBETCTBYIOIIUM KaHajlaM OObeKTa ympasieHus, k,..k; — Ko3(QQUIMEHTHI
nepefadyd IO COOTBETCTBYIOUIMM KaHajlaM OOBEKTa YHpPaBICHHA, T...Tg —

3HAUCHUs BPEMEHU 3alla3/IbIBaHUsS 110 COOTBETCTBYIOIIMM KaHajdaM OOBCKTa
ynpasnenus, K1, K2 — HactpoeuHble KO3Q(GULIUEHTHI,  — aHAJOTOBOE BPEMSI.

B cymectByromuii CUCTEME YIpaBiCHHUS, YTO TPH HAIWYUM BHEIIHUX
BO3MYIIICHUI (HampuMmep, W3MEHEHHUs pacxoja mapa Oonee uem Ha 15%) wunu
napaMeTPUYECKUX BO3MYIICHUH B OOBEKTE yNpaBleHUs (HANpUMeEp, WU3MCHCHHS
coctaBa cmecu Ha 10%) morepu Cwipbsi cocTaBisieT 86%. NMuTauroHHBIN
HKCIIEPUMEHT MOKAa3aj, YTO MPU MHTEJUIEKTYalu3alluy Ipolieea JaHHOTO Mpolecca
OTKJIOHEHUs 3HAYCHHWH TEKYyIIUX peanu3anuii He mnpeBbimaet 2,5% oT ux
3aJIaHHOTO 3HA4YeHHs (pUC.3) YTO MPHUBOJUT K YMCHBIICHHUIO MOTEPh ChIpbs B 10
pas.

1m10®
05107

§38=10"
Sx]I:lJ'

— Ilorepu cbIpbs Oe3 ynpaBieHus
- = = Tlorepu cbIpbs Ipu pobACTHOI cTabMIM3aLUK
- - = IloTepu ChIphs IpH HHTEIUIEKTYAILHOM YIPABICHUH

Puc.3. I'padpuxu noreps cbipbsi NIPU MMUTALUH NIPOLIECCOB YIIPABJICHUS
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CoznanHas MH(POPMALIMOHHO-aHATUTUYECKAs CHCTEMa TEXHOJIOTMYECKOTO
MOHUTOPUHTA M YOpPABJICHHS, peaJu30BaHa JUIs.  AaBTOMATHU3UPOBAHHOI'O
MOHHUTOPUHTA TEXHOJIOTMYECKUX MapaMeTpoB psAlla MpeAnpUsITHii Y30eKucTaHa,
MO3BOJIMJIA COKPATUTh BpeMsi Ha 00paboTKy MOTOKOB uHpopManuu B 1,26 pasa, u
yMeHbIIMIa pacxo 3Hepruu Ha 1,15% 3a cyeT BpIOOpa ONTUMATBHBIX PEKUMOB.

3AKITIOYEHHUE

Ha ocHoBe nmpoBen€HHBIX MCCIEAOBAHUM IO JTOKTOPCKOW NUCCEPTALMU HA
temy «KoHCTpyupoBaHue MoOJ€N€d W  AITOPUTMOB  MHTEIUICKTyalu3aluu
MPOLIECCOB yIIPaBJICHUS JTUHAMHUYECKUMHU 00BeKTaMH B YCIIOBUSX
HEONPEIAECICHHOCTUY» IIPEICTABIICHBI CJIEAYIOIINE BbIBOJIBI:

I. Ha ocHoBe cucTeMaTH3allMd W aHajIu3a METOAOB M aJTOPUTMOB PEUICHUS
3a/1a4 MHTEJUICKTYaIbHOTO YIPaBICHUS TUHAMUYECKUMH OOBEKTaAMU Pa3BUTHI
TEOPETUUECKUE OCHOBBI CO3JAaHUSI CHUCTEM HHTEIUIEKTYAIBHOTO YIIPABICHUSA
JTUHAMHYECKUMH OOBEKTaMHU Ha OCHOBE COYETaHUS METOJOB TEOPHUU
ABTOMATHUYECKOIr'0 YIIPABJIECHUS U IPUHIIMIIOB UHTEJJIEKTYAJIbHBIX TEXHOJIOTHM.

2. Ilpemyio’keH  KayeCTBEHHO HOBBIM MOAXOJ K  CO3JIaHUIO  CHUCTEMBI
WHTEJUICKTYaJu3alii MPOIECCOB YIPaBICHUS IUHAMUYECKHUMHU OOBEKTaAMH,
(G YHKIIMOHUPYIOIIUMHU B YCIOBUSX HEOIPEICIEHHOCTH, HA OCHOBE UHTETPALUU
METOJOB  KJIACCUYECKOW TEOPHUM  YHOPABICHUS W  HUHTEIUIEKTYaJIbHOTO
YIIPaBJICHHUS.

3. Pa3paboraH KOMIUIEKC WHTEIUICKTYaTU3UPOBAHHBIX THOPUIHBIX MOJEIIEH
CHUCTEM YIIPaBIICHHS JUHAMHYECKUMH 00bEKTaMU, 00Iada0Ui aTalTUBHBIMHU
CBOMCTBAMM, W MO3BOJIIOIIMW B OTJIMYME OT H3BECTHBLIX THUIIOB MOJIEJCH
YUUTHIBATh JUHAMHUECKHUE OCOOCHHOCTH YMPABISIEMBIX MPOIECCOB.

4. Ha 6a3ze HEHpPOHHBIX CETEH, HEUETKON JIOTUKH, TEHETUYECKUX aJTOPUTMOB U
METOJIOB KJIACCUUECKOW TEOpUM YIIPaBIICHHS pa3paboTaHa METOHO0JOTHS
KOHCTPYUPOBAHUS THUOPUAHBIX MOJEIEH TEXHOJOTHMUYECKUX TPOIIECCOB,
SBIIAIOIIASACS MATEMATUYECKOW OCHOBOW WHTEIUICKTYAIM3aluu IIPOLIECCOB
yIpaBiICHUs IUHAMUYECKUMU OO0BEKTaMH, M T03BOJsIONMAas (HopMUpOBATH
MOJIEJIH CJI0KHO (hOpMaTU3yeMbIX ITPOIIECCOB YIIPABICHUS.

5. Pa3paboTaHbl aJITOPUTMUUYECKHUE OCHOBBI KOHCTPYHPOBAHUS MOACITUPYIOIINX
QITOPUTMOB HUCCIEOBAHUS JTUHAMHYECKMX OOBEKTOB, OOECICUMBAIOIINE
s pexkTuBHOE pelieHue 3ajau BBIOOpA HAWJIYYIINX Mojenen
(YHKIIMOHUPOBAHUS CUCTEM B BBIUMCIUTEIIBHOM OTHOIIEHWU, OCHOBAHHBIC Ha
COYETAaHUMH METOJIa aHAIN3a HMEPAPXUH, NPOUEAYpP OLECHUBAHUSA U METOJIOB
HEYETHOMU JIOTUKH.

6. Co3maH  MHTEJUICKTYaJU3WPOBAHHBIA  pemaTelb  3aaad  yIpaBlICHUS
JTUHAMHYECKUMH OOBEKTaMH, COYETAIOIIMNA B ceOe METOAbl TPaJAUITMOHHOMN
TEOPUM ABTOMATUYECKOTO YIPABJICHUS W IPUHIUIIBI WHTEJUIEKTYaJIbHOTO
VIPABJIEHUS B YCIOBUAX CTPYKTYPHOM, MAapaMETPUUECKOM U CUTYal[MOHHOU
HEONPEACICHHOCTEM.

7. Pa3paboraHpl anroOpUTMbl QJaNTUBHOTO MPOTHO3UPOBAHUS, OIpEICTICHUS
HEU3MEPSIEMBIX KOOPAMHAT CUCTEMBI M KOPPEKIMU IAPAMETPOB CHUCTEMBI

53



10.

yIpaBIICHUS, a TaKXke CUHTE3a aJalTUBHOU HEUPO-HEYETKOMN
KOMOMHUPOBAHHOW CHUCTEMBI YIPaBICHUS IUHAMUYECKHUMHU OOBEKTaMU Ha
OCHOBE METO/la MHTEPAKTHUBHOM aJanTaluy, MpeAcTaBISIONNN  co0oil
KOMOHMHAIMIO aJTOPUTMOB UACHTU(PUKALIMHN U TEHETUYECKUX aJITOPUTMOB.
IIpennoxeH NpUHLKN UEPAPXUUYECKOIO MHOIOYPOBHEBOI'O MOJECIUPOBAHUSA U
UCCJIeI0BAHUS MHTEIUIEKTYaJbHbIX CHCTEM YIpaBlieHUs, Oa3upyroluiics Ha
MEpApXUUYECKOM ONMUCAHUM HCCIEAYEMOM CHUCTEMbl HWHTEIJIEKTYaJlbHOI'O
yIIPaBJICHUS.

Pa3paboTanbl anropuTMbl CUHTE3a aJaNTHUBHON HEMPO-HEUETKOW CHUCTEMBI
yIpaBleHUs, BKJIIOYAIOUIUE B ce0s MPOIEAYpPY ONpEAeNieHUs apXUTEKTYpHI,
pa3paboTKy CTPYKTYpbl W MOJEIH B3aUMOJEHUCTBUSA €€ DIIEMEHTOB, OLEHKY
BIIMSIHUS [TApAMETPOB HEHMPOHHOM CETH Ha IIOKAa3aTeld KadecTBA CHUCTEMBI,
MO3BOJISIFOIIME TOBBICUTH 3(PPEKTUBHOCTh CUCTEM YIIPaBICHUS MPH HEMOIHBIX
anpUOPHBIX CBEACHUSX OTHOCUTEIIBHO MOJEIN OOBEKTa YIpPABICHUS W
BO3MYLLIECHUM.

Co3mana cucremMa aBTOMATH3WPOBAHHOIO MOHUTOPHHIA M YOPAaBJIECHUS
TEXHOJIOTUYECKUMH TapaMeTpamMu  DJIEKTPOIHEPreTUYECKUX OOBEKTOB U
HEe(PTEXUMUYECKUX KOMIUIEKCOB, TIO3BOJISIONIAs BBIOMPATh ONTHMAaJIbHbIE
PEXHUMBI pabOThl TEXHOJIOTMYECKUX arperatoB, YMEHbBIIUTh YHEPro3aTpaTsl U
[IOBBICUTH IMPOU3BOAUTEIBLHOCT 3a CUET COKPAILICHUSA YACIBHOIO pacxona
HCIIOJIb3YEMOW DJHEPIHM, a TaKXKe NPENOTBPATUTH PA3JIUYHBIC aBApUKUHBIE
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.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., 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., Abdullacv 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., Rahmatullacv 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 basic 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, JSCJV «Deutsche
Kabel AG Tashkent», 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 21st 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" (Andyan 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-
2013», (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).

Subject Dynamic’s object functioning
arca in conditions of uncertainty
Y
Problem Expanm.on. and developmen.t of

algorithmic intellectual capabilities

control system of dynamic objects
ST Tt T \\
Conception Hybrid Information I
technology :
[
[
|
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_ | —
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[ Principles of intellectualized :
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4 Y Y N
Models and Hybrid model for Neuro-fuzzy model - the
methods > monitoring and basis of intellectualization |<
intelligent control of control processes
Methods of Algorithms
> integration intellectualization of | «———
DB and KB control process
Methods of . Metho.d s of
N . implementing of the |
> analysis and tor al
synthesis of ICS process monitoring an
control
Hybrid models — _
SSCP Situational model object |
operation )
X
Neuro-fuzzy
adaptive predictive
model
Methods and models
of information <
support of ICS
»| Predictive model
- /

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:

X = F(x,u ) k=0,N,
x,eX,u €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:

x(k+1) =0, |m(k),y (k),m(k +1),y(k +1),u(k)| x(k) +
+ A, [m(k), y (l),m(k +1),y (k +1),u(k)]- wik);
z(k+1)=H,, [mk+1),y(k+ D]+ G, [m(k+1),y(k + )] v(k),
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; O,[] 4,[] H,,[] and
G,.,[] - 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:

e vertical hierarchy, in which the division of models through the levels is
carried out on the structural and functional features of the system;

e 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:

e level base models containing the simplest models;

e the level of local models, reflecting the structural and functional properties of
functionally complete devices aimed at solving specific problems;

o 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;

e model showing the discrete nature of the processes and presentable logical-
differential equation;

e model showing structural coupling mathematical process diagrams based on
neural network algorithms;

e 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 = {yl,yz,...,yn} - output variables computational mode; Z = {zl,zz,...,zn}

- 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, 1.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.e.

XToxX=xx""x°=2)

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* , 1t can be represented as a set of N,=N,UN, -
model mappings witha Y, ¢ Y, k= 1,2,..., N, scalar vectors.

Used sub-models, which are blocks of different dimensions, can also be
represented in the form.

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

Then the components of the original model described by the elementary

components of the following models:
M={m,}, ={f;}, ic[LN,]
(Vx)P(X ) > [Pl(Xl)/\Pz(Xz)/\---/\PNm(XNm)]

N, N,
X=UX, Yz[UYl.j/X

i=1 i=l

m

Nm
Z=UZ; Q =PZ(Q):i=12,.,N
i=1

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.

Mg =0Q(DoL),
where: D - many structural components, including a subset of ¢, e T time points,
x, € X state variables, u, eU admissible control actions, w,eW random
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disturbances, g, € G technological limitations, ¢, € ® communication operators,
L- set, which characterizes the functioning of possible situations, /, eL; "" -

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, =Ql{T,X,U,W,G,®}o{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 ¢, - continuous; z,- discrete; ¢, - continuously-
discrete; ¢, - 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,xz,...,xf}
where: f - 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,,u,,..,u;}, 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.

knowledge.

TxMxS—2>CxT;
CxTxXxS—4>RxT;

TxX ={AxT)X xT +{BxTYU xT;

TxY

={DxT}X xT;

TxRxY—2-5CxT
where T - a lot of time; X, S, M, C, R and Y - set of states of the system,
environment, motivation, goals, projected and actual results; 4, B and D - the
parameters of the matrix; aq,, i =14 - Intellectual conversion operators using
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Fig. 2. Structure of intellectualized dynamic objects control system
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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

y(i+1) = F@E),es (i — 1), x(0),..
x(i = 8),u(@),...,u(i — q)),

where: i=0,1,2,..,N - actual discrete time; y(i) - output signal; x(i)=(x;(i)....x; (i) -
vector disturbing action; u(i) - control; f(y@i),...pGi —r),x(),....x(i - ),u(i),...u(i —q)) -
Some non-linear function having the orders of r,s.q.

Input the coordinates of the object are limited at any given time, i.e.:

™ <u(i)<u™>,

(1)

<Ry <X i=LN.
In order to describe the dynamic process used Sugeno fuzzy model

represented by a set of rules:
. 'ifx,é,(i)is X{f]' ,
ka(Z) 18 Xk2""’ka(l) 18 ka’ (2)
then u; (i) =by, + by X, (1) +...4+ b, x;,, (D),
0=1n,

with X7,/ =1,m-fuzzy sets and linear dependency linking x, (i) = (xy; (i) Xxs ()s...oX g (V)
inputs and «! (i) outputs.

The main characteristic that defines the X fuzzy set membership function is
X«(Xx), which has the form of sigmoid:

X, (x,)=(+exp(d,,(x, +d,,))"

The mechanism for determining the u, (i) output of fuzzy model (2) by setting
the x, (i/)inputs at the i=1,2,..,N time of X (x, (/) membership functions and the
b bl .0 .0 =1,n1=1m coefficients of linear equations:

ul (i) =bly + bl x,, (@) +...+b] x,, (i),
0=1n,
it can be represented as a five-layer fuzzy neural network
The first layer is calculated X7, (x}, (0),..., X (xp. (i) membership degrees for 6-

3)
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th rule, and the second layer of the value of w’ parcels of truth by algebraic
multiplication:
W = X (g D)X L (3, (). XL (34, ()
The third layer is defined relative to the normalized values of truth parcels:
) w! (i
B = 0

w, (@) +w; (@) +...+ w! (i)

The fourth layer B/(i) output values are multiplied by the u, (i) values
calculated by a linear equation (3) for setting x,, (i), x;, (i),...,x,, (i) values.

In the latter the fifth layer of the u, (i)total value of all the rules is the u, (i)
average weighted sum

uAD=§ﬁﬂDﬁU)

The fuzzy model of the object a vector settings comprise bf,,l:(),_m
coefficients of linear equations (3) and the parameters dfu,d fwl :L_m,Q =1,n of

membership functions.
In this case, the x,,(i),...,x, ,u (i), data in which the y(i +1) output variable
is close to the nominal y” value, i.e. satisfies the condition:
1 & ‘. :
J* =(NZ(Jy” = y(x, (i)u *(l))\)/y”j <J",
i=lI
where J" - the nominal value of the relative error control.
The next point is the training of the network. For this purpose, the correction
matrix is calculated:
, , H.(i- DX 0OF O)H, (-1
H —H (i—1) =2 k k k (4
O S o R ) :

and the vector of the coefficients:

b (i) = b, (i = ) + H, (DX, ()t (i) — b} (i — DT, (i). (5)

Getting fuzzy model of the future are trained on current data by directional

change b’,0=1,n,1=0,m factors, multi-stage least squares method (4), (5) and

[4 [4
the parameters of d,,,,d,,,

membership function by back propagation. Last is to
minimize the mean square error.
E — T /. 2
E,(1)=05¢2(0) =05 () -, 42 1)
gradient method by the formula:
d,(A+1)=d (1)-Ad, (1)
with the Ad, =h,(3E, /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 Aeg
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error.
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, —->Y . ,n=12,..,N
The ratio of i-th element of the system has the form
y:()=Flx,(0),i=12,.,N
Let the interaction between the elements and u;(z) by an external signal and is
described by linear
x, (O =u()+ Yag -y (),ieN
KeJ, (6)
where: J, ={K :y, =i} - a plurality of inputs associated i-th element; o, - weight
linkages, then the ratio of input and output i-th element by the following equation:
¥ =Flu,0)+ Y a -y, (OLieN

KeJ;
If the system is described by the equation (6), that links the o, weight is
adjusted by the following rule

: ! Yeoix : ! OF
aK:stK[‘xsxK]'( Kj Zas'as_y'stK[‘xng]'ysbzxK' ’
Yok )s S 5y8xl(

where: y >0 - factor that determines the speed of learning; F,,[x, ] - Frechet

derivative; E — loss function (error) ke K.
Provided that the equation (6) has a unique solution for «,, where the E (v,

ey Yo UJ, ..., Uy) 18 loss function would decrease monotonically over time and will
be satisfied by the following equation:
O.CK ==Y £ ,k ek
aK

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:

Pn=73%ao r,.,
seDn

r.=o(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; “s - synapse weight s; pn - the membrane potential of

the neuron n; rn - frequency excitation of the neuron n; 9 s- Sigmoid activation
function type, which is represented as
1

l+e™
Thus synapse weight is determined by the formula

o(x)=
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Ws = rﬁres (qopostso(_Pﬁf’S“) + Ve fp Osm)

gDn = Za)s "Ws 5

Sed,
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

written in the *¥ form:

Xy :{x_ﬁ},izl,N,jzl,M
where M =m,- number of subsystems in the i-th control layer, it is assumed that
when the x,,);, j=1,m,, solutions, all solutions E j=1,m, have already been take.

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 u D(E) coordinated solution, and this function is not limited to clear

solutions to the F(ﬁ) 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 :{xij} set of solutions. The

effectiveness of solutions given by the G X fuzzy aim as a fuzzy subset with
,uG(xl.j) membership function , feasible solutions - with fuzzy subset Cc X

membership function ,uc(xl.j) and coordination - fuzzy set K < X with uK(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 GnCnK

intersection.

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

D(xN):.l)((]I)"')'D(.XIM()'D(XZ))"“'DSXZM)""'

Xv-p ) D Xn-1)m NC Xn (’\G(XN)

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:

e fuzzy state equation
d)_c/dt —A®x®BQu, ,u§(s)
e fuzzy observation equation
y=C®x
e fuzzy initial conditions

x(0)=D: x,(0)=Da,...,x,(0)= D,
where ®,® - fuzzy operations of a’ddition and multiplicatiorjl, respectively; u - a
control signal (scalar) receiving fuzzy values; x = {;1,}2,...,;“...,}"} - fuzzy state
vector, i=1,2,...,n; y = {;,;z;g;,} - vector fuzzy output variables, ¢=1,2,...,1;
p¢(s) - fuzzy index (changing) the number of state variables and represents the
weight of the s-th equation of state;
|4 .4 |B|_ |a .. c
A= EETS , B= By ,C= EETRRRT - matrix fuzzy coefficients of model.
Ar ... Aa B Ci ... C,
Some of the i-th variable of the state vector as a function of time ¢ can be
represented by fuzzy relations (FR): x,(r)={t.x, 1 (t,x, )\, i=1, 2,...,n, and at a fixed
time specified variable can be expressed as a fuzzy set (FS): x; = {xi Ju, (x, )} A

similar description is ¢-th output variable:
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;g(t):{t,yg/u;g(t,yg)}, ¢=1,2,...],
v = (v

where u-, H - membership function (MF); x,, y. - the value from the universal

set. Elements of 4,B,C matrices specified FS.

Ei = All/:“;l](All },;ZZ - {A:/'“Znn(A: )}’
SRS e

Cr=icl/u, (e h.Co =t e, (1)
The initial conditions are described by D; = {x, 15, (x, )} of FS , and the number

of variables of the state vector — § = {s/yg (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:

My, (x,.) = (p(x, a;i,b&i,bﬁi,v&i,vﬁi)z

_ {(bm (a%_ B x)), sign(b,;,. (a;,. - x))+ 1 . (bz;,- (“;,- ~ x))’ sign(bﬁi (“},- _ x)) +1 ) IJI

2 2
There is a the a, coefficient of MF mode, coefficients 4. and b, define the

width of MF, v - and v . - tilt MF to x; axis, i.e. contrast. The b, b

1xi 2 v

axi Vi Voxi
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.

Qk = {Q}:/‘u3k (Qlj )}Jk = 132:"'9[(:
‘uék Q,f = @fQ;,agXi,bngi,b32Xi,V31Xi,V32Xi),
where K - the number of indicators of the quality control system.
Determined reference model based on given parameters of quality control:
x,=Ax,+Bu,
where u,, - reference variable system; x,,(z) - vector of the reference state.
Set limits on the variables of the state vector and control constraints:
gl (X,Z/L, }/’t)< ‘xlmax > gZ (x’u_}/’ t)< 2min 2***
an—l XU, }/’t)< xnmax H g _rL(‘x’u’}/ f)<x
gm—l XU, }/’t) < umax H gm (X,Z/l, }/’ tj< Z/lmin .
To determine the control system quality index used as the time characteristics
a- (¢), a, (¢) of the control object and (1), b,,(t), b, (1), b, (¢) the parameters of

nmin 2°*°2

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 (¢), b,. (1), b, (¢), b, (¢) of 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:

w=k (¢)-u,(t)+ zk (£)-x*(¢),

kale+1]= ks [k - Ay, )+ hys =y )5 -l ] =y oo - [e 4 1] [ +1)
ke [t +1]= k2 [k =Ry )+ hlys =7, )5 [l [e]= ny o [+ 1) [ +1)
ku [t +1]: ku [k](1 _h}/l)—i_ h(}/() - }/2 )5 ) [t]uw [t]_h}/65 ) [t +1]MM [t +1]’
where ¢ = mh, h>0 — digitization step, m=0,1,2,....,m; ¥ ={y,,7,.75,74,Vs: 7} - the

parameters of the adaptive controller; e = [(x, —x,, )u (e )dx, - a mismatch between
X,

the wvariables of the state vector and the reference state variables;
e (ei ):(el.,a;i N A ) - MF errors; ¢ - analytical form of membership

lei 1xi 2ei 2xi lei 1xi 2ei 2 xi

function; a =a_ -x,, v_.=v-, v_=v_, b-=b-, b_=b_, xi=[xdx -
X;

integrated variable of the state vector; ; 5-[t]:2njki -e’, h; — coefficients obtained
i=l

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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Y1)

T, +Y )=k - X, (t—7))
Y, (1)

v - 2Oy =k, ¥,

\2492))’ T3'dY3(t)+Ys(t):k3'Y2(t_T3)

1236((;))’ 7, 5O Ly )=k, v -1
0N 7,0 =05-(K1-7,(0) + K2.7,(0)

\4(—)—>Ht Té'M+Y6(t):k6'Y7(t_76)

R Z(1) dy, (1)
Rectification X,() T, ~#+Y7(t) =k, Y, (t—1,)
column
dY,
T, ~%+Ys(l‘):k8 X, (t—1y)

The mathematical model Y,(¢), Y,(¢), Y;(¢), Ys(¢), Y;(¢), Y;(¢) — cube column

temperature, 16th, 22th, 28th (plate supply), the 37th and the top of the column,
respectively, Y, (t) - vapor temperature entering the bottom plate of supply, Y, (t) —

temperature of the liquid flowing down on supply plate, ¥,(¢) — reflux temperature,
X,(t), X,(¢) — costs superheated vapor refrigerant, T... T, — the time constants of
the dynamic characteristics of the respective channels of the control object, &, ... kg
— the transmission ratios for the respective channels of the control object, 7,...74 —

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).

fud g
£ 08 =1 0

53510’
51 [

— the loss of raw materials without control
--- the loss of raw material in robust stabilization

the loss of raw materials in the adaptive control

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.

3. 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.

7. 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.
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8.

10.

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

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.

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.
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