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KHNPHUI (dpancada noxropu (DSc) anccepraunsic AHHOTALMSCH)

Juccepranus MaB3YCHHHHI Aon3apOanrn Ba 3apyparu. JKaxonna
CYHITM Bakmjiapia TeXHOJOrMK apa€Hnap Ba Humad uHKapuUUIApHH
ABTOMAT/IAIITHPHIL COXACHIA TEXHOJOrHK O0BeKT/IApHMHI Typnu Bazudanapra
MyJDKannaHrad ajanTHB OOLIKAPHIL CHCTEMAlapUHH CHHTE3/All YCYJUlapH Ba
ANrOPUTMIIAPHHN HUUIAD YMKMILra anoxuaa 3pTHOOp KapatwiMokaa. By coxapa
fepk BoumKapull KOHTYpHAAarH IOHHAMHK OOBEKTNApHHHT MapaMeTplapHHH
ajanTMB MAEHTH(HKAUMANALIHMHT MYHTa3aM aJlOPHTMJIADHHH HIA0 UMKHLI
MyXHM MacananapjaH 6upu xucobnananu. Ly »uxaTian JHHAMHK 0OBEKTIApHH
HIeHTH(HKAUMAIa Ba OOIIKAPHILIHHHT XHIMa-XH YCYJUIAapHHH HINTA0 MHKHULI
MyXHM Baszudanapnan 6upn xucobnananu. XopHxnit Mamnakatiapaa, xymiagaH
AKII, Poccua, Iepmanua, Anonus, XKanyouii Kopea sa Gomka mamiakatiapia
TeXHONOTHK JKapagéHNnapHH MACHTH(HKaUHAIaW, AHHAMHMK Oaxonaw, ajanTHB
folIKapUIIHUHT Ha3apHii MacananapHHW €4MIU Ba YJApHH CAHOATHMHI TYPJIH
TapMOKJIapHIa aManuii TanOHK THIIrA KaTTa axaMHAT GepuiMoka.

Haxonpa auHaMHK OOBEKTNAapHH ananTHB OOMIKapHIN MacanajlapHHH
euMLIra AYHanTHpHIraH 6epk CHCTEMAalap/iari o0BeKTIapHH
HACHTH(UKaNUAIALITa YHUBEpCcan HNallyBHH ApaTHIUra HYHaNTHPHATAH HIMHIE-
TaOKHKOT Muulapy onub Oopunmokna. By OGopama, skymnanad JUHAMHK
obbekTapHH OOIUIKAPHILIHHHT aaNnTHB CHCTEMATapHHH CHHTC3AAll yCY/apH Ba
ANTOPHTMIAPHHH HIeHTHUKALHOH gHyanys Me30HapH acocuza
TAKOMHJIIALITHPHIN ~ Ba  YJapHH  moaudukaumsanaw, Oepk  Qolikapuui
cucreMacHgary o0bekT Ba OOLIKApHII KypHJIMAIAPHHHHE [apaMeTpliapHHH
TypryH Gaxonail alropHTMJIApHHH HLINA0 “MKHII MYXHM BasudanapaaH OupH
xucobnanagn. Illy 6unan Oupra napamerpinapy HOMab/iyM Ba ynuanmaiiiurad
FamaéunM  AuHamMHK  00beKTHM  amantuB  OapKapopnail - ycyJulapy  Ba
AICOPUTMIIAPHHM APATHLL 3apyp Xucobnanaau.

Xo3upri Bakraa pecrmyOnMKamMH3Aa aBTOMATIAIITHPHLI Ba OOLIKapHI
HyHanuuMra, Xycycas, Typ/iM TEXHOMOIHK Kapaéunap Ba HuImab YMKapHIILTAPHH
aBTOMATJAIUTHPHII Ba OOLIKApHIAA 3HEPrus Ba PECYpPC TEKAMKOPIMKHH
TABMUHIOBYH, TaKOMHJUIAIUraH Gomxapum CHCTEMAIApUHM  ApaTHIUra Karra
obTHGOp KapatHnMokma. 2017-2021 “fimnnapna Vabekucton Pecry@nukacHHm
aHaja puBokmaHTHpHu  Oyiinua  Xapakartnap —cTpareruscHia, KyMIilaJaH
«... HKTHCOMMETHMHI SHeprus Ba pecypc cap(MHM KMCKapTHpHLL, HIUIad
YMKApHUIra JHEprHsi TEKAMKOP - TEXHONOIHANAPHH JKOPHH STHIL, HKTHCOIMET
TAPMOKIAPHAATH MEXHAT YHYMIOP/IMIMHH' OLIMPHIL, ... HKTHCOAMET, MKTHMOMIA
coxa, OolKapyB TH3UMHra ax0OpOT-KOMMYHHKALUA TEXHOJIOrHAIAPHHH YKOPHH
atuiy' pazudanapy Genrunad Gepuirad. Maskyp BazudianapHyu amanra oLHpPHLI,
JKyMnagan, HAeHTH(MKaUHOH . €HAAalyB ME30HJIAapH  acocHAa TEeXHOJIOTHK
00beKTIapHH a/lanTHR “OOIIKAPHII CHCTEMAlapHHH CHHTEIALIHHHT camMapaiH
YCYIapH Ba alropHTMIAPHHH HULIA0 YMKHLIra MMKOH OepyBYM TeCKapH ajloka

! Vsbexeuron PecnyGnnkacn [lpeswgenmunnar 2017 dinn 7 despangarn I1d-4947-con  «V3Gekncron
PecrryGankacunn 2017-2021 dinuapaa sHana PHBOXJIANTHPHIIHKHET XapPakaTiap CTPATErHACH TYFrPHCHAANTH
hapMOHH



KOHTYpHIIa MACHTH(HKATOPH 6Yniran ananTus GOLIKApPHLI CHCTEMANAPHHM APATHIN
MyXHuM Basudanapaad OHpH XHcobnanaau.

9366}(;{6“@&! Pecniybnukacu [lpesupentunuur 2017 iiun 7 deepangaru
[1h-4947-con «Y3bekucron PecrnyOnukacuHu fHajga PHBOXKIAHTHpHII OYiiMua
Xapakariap CTpaTerHAcH TyFpucuaanru, 2017 #fiun 29 noabpparu IdP-5264-con
«Y36ekucToH PecryGuKacH HHHOBALMOH PHBOMJIAHTHPHIL Ba3MPJIHTHHH TalIKHJI
oTHI Tyrpucupark» @apmonnapu, 2012 #un 21 maprmaru T1K-1730-con
«3aMoHaBHii aX60pPOT-KOMMYHHKALKA TEXHONOTHAIAPHHH JKOPHIi 3THIN Ba AHAzA
PHBOMIAHTHPHIL tOpa-Tanbupnapu Tyrpucupanth, 2014 Hun 3 anpenparwu
TK-2158-con «AXGOpPOT-KOMMYHHKAILMA TEXHONOTUANAPHHH HWKTHCOAHETHHHT
pean CeKkTopura fHaja XKOpHH 3THII yopa-Taabupnapu TYrpucuaanru Kapopnapu
Xamza Maskyp ¢aonuaTra Teruiwnu Gomka MebEpHil-XyKyKuii XyxokaTnapia
Genrunavray Basu(anapH amanra OWMpHIUra yw6y AHCCEPTALMA TAIKUKOTH
MyaiisiH Japaxaia XM3Mar KHiaju.

TagkHKoTHUHT pecny0aHKA (aH Ba TeXHOJOTHANAPH PHEBOAIAHHIIH-
HHHI YCTYBOp HYHANHIIIAPHra MocaHrd., Maskyp Taakukor pecry6nuka dan
BA TEXHOJIOTHANAPH PHBOMJIAHHIIKHUHT IV. «Ax6opoTnawtipuu Ba ax6opor-
KOMMYHHMKAUHA  TEXHOJOTHANADH  PHBOAIAHTHPHII»  YCTYBOp  HyHANMuIM
JoHpacuaa baxkapuiarax.

Hucceprauus Map3ycH 6yiinya Xopu:kuii MIMHI-TAAKHKOTIAD WApXKZ,
TexHuK Ba TEXHONOTHK OOBEKTNAPHH ajanTHB OOWKApull ycyanapH Ba
QIrOPHTMIAPHHH  HUUIA0  YMKMWIra AyHANTHPWIraH WIMMH  TanxMKOTIAp
KAaXOHHMHT €TaK4M HIMHH MapkasnapH Ba ONWi TABJIMM MyaccacanapHia,
#ymnanan «Honeywell», SIMSCI-Simulation sa University of California,
Massachusetts Institute of Technology (AKLL), «Siemens» Ba Technical
University Munich, Karlsruhe Institute of Technology, Technical University
Darmstadt (['epmanus), Imperial College London, The University of Edinburgh
(Bytok Gputanus), University of Chemical Technology in Prague (Yexus), The
University of Tokyo, Tokyo Institute of Technology (SInouus), Seoul National
University, Korea Advanced Institute of Science and Technology (MKamyGwuit
Kopes), «Alstom» (Ppanums), «Simatek-Energo» (Benapyccus),
ABTOMAT/IAWUITHPHIN HHCTHTYTH (XuToit), H.D.Bayman Homuaard Mocksa jgasnat
TexHUKa yHuBepcHTETH, Cankr-IletepOypr uHpopmaTHKa Ba aBTOMAaT/IALUTHPHLL
unctuTyTHnapHaa (Poccua denepaumscu) keHr KaMpoBIH HJIMHH-TAAKHKOT
uwnapu onub GopHIMoKaa.

HunamMuk  0OBEKTNapHH  GOLIKAPMILHMHT  afanTHE  CMCTEMAnapHHH
CHHTE3/1alll YCY/UIapH Ba anrOpMTMIIApHHH  ApaTHIU, YyJIapHH OoluKapHIu
CHCTEMaAIApPHMHH TAKOMHJIALUTHPHINTA OMA KaXoHaa onub GopunraH TaaKHKoTIap
HaTHKAacula KaTop, XKymianaH KyHWuaard Wimuii HaTHKanap OJIMHraH: ajanTHB
napameTpHK HACHTHQHKALMATAI YCy/UIapH Ba allfOPHTMIIAPHHH HILUTA0 YHKHIraH
(University of California, Massachusetts Institute of Technology, George Mason

?[lucceprauma MaB3ycH 6¥itnua HaMmit TaAKHKOTNAp wapxu https://elibrary.ru,
http://ieeexplore.ieee.org/document/824819, http://www.mathnet.rw/rus/agreement, www.asucontrol.ru,
www sial.iias.spb.su, http://www.ipu.ru, http://cyberleninka.ru, http://izv-tn.tti.sfedu.rw/7p=21073,
htips://nl.wikipedia.org/wiki/Pieter_Eykhoff, htps:/books.google. rbooks/about/Optimum_systems_control.html,
https://books.google. rwbooks/about/System_identification.html, http://terraelectronica.ru, http:/uk.farnell.com/
static/findings/DF10/findings10_aducs.htm pa Gowka manGanap acocina nuiab SHKHIFAH.
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University, AKLL; Linksping University, LlIseuus; Poccua ®annap Akanemusacu
(PdA) Bowkapui MyamMonapd HHCTHTYTH, Poccna (esiepaunach); napaMmeTpuk
Ba CTPYKTypaBHil HIAEHTH)HKALMAIALI YCYJUIapH Ba ITOPHTMIApH HILIab
unkuaran (Massachusetts Institute of Technology, AKIL; Linksping University,
Ieeuus; Technische Universiteit Eindhoven, Hunepnanana; POA Bowxkapuw
MyaMMosapu uHetHTyTH,  H.B.XKyKoBCkuii HOMHJIAru Xapowuii-xaro
MyXaHaucnapH akagemusach, Poccns denepaunscu); 6axonall HazapHsACH acocHaa
uaeHTHHKaunaIawW anropurmnapu uunab yukunran (George Mason University,
AKLI;  PPA  Bomkapumwr  myammonapH  MHCTHTYTH,  Caukt-IletepGypr
uHopMaTHKa Ba ABTOMATIAITHPHII HHCTHTYTH, Poccus @exepauuscu);
JHHAMHK CHCTEMaJlapHHMHI MapaMmeTp/lapH Ba BEKTOP XOJaTIapHHH YMyMIIAllra
Gaxonaw anroput™iapn Huad uukwiran (POA  Bowkapuur myammonapu
uHcTuTyTH, H.D.bayman Homuaard MockBa AaBnaT TEXHHMKA YHMBEPCHTETH,
Cankr-lletepOypr HH(oOpMaTHKa Ba aBTOMATAALUTHPHIL MHCTHTYTH, Poccus
denepauuacH); BakT Karopaapu Ba (a3zo XonaTH  ycyJulapd  acocHia
uaeHTHMKaUMANAW  YCyJUlapd  Ba  alropuTMiapH  Hmnad — YHKHIIraH
(Massachusetts Institute of Technology, AKLL; Linksping University, IlIeuus;
P®A Bomkapui MyaMMonapH HHCTHTYTH, Poccus @enepalusch); Teckapi ajioka
KOHTYpHJa HAEeHTH(HKATOPIH ajanTHB OOIIKAPHII CHCTEMAJlapMHH CHHTE3Jall
yeynnapu uuiab umkwiarad (Linksping University, Ilseums; POA Bowmkapui
MyamMoJapH HHCTHTYTH, Poccua ®epnepaunscu).

Jynéna AMHaMMK OOBEKTNAPHHHI aAanTHB OOIIKApHII CHCTeMAIapHHH
CHHTE3/all ycy/ulapH Ba alllOPHTMIApHHH Apatum O¥iinua Karop, :KymianaH
Kyiuparn ycrypop MiyHanuuuiapaa TagkukoTiap onud OopHiaMokaa: Tanad
ITHIFAH POCTNAll AHUKJIWTH Ba cHdaTHHH TabMHHIOBYH MypakkaG IHHAMMK
cHcTeManapHUHr MaeHTH(HKauuananr, OGaxonawl Ba GoOWIKapHll YCyJUlapHHu
TAKOMHJINAITHPHIL, MYKH Ba TallKH FanaéH TabcHpriapura OorIMK ©Oyiamaran
ajanTHB Ba pobacTnu Oowkapum cucTeManapuHH Wuwiad uukMi; Gepx
OolIKapHIl KOHTYpHJIa AHHAMMK OOBEKTNIapHH alanTHB HACHTH(HKAIMANAL Ba
OOWIKAPHIUHHMHT  TYPFYH  YCYJUIapHHM  Hwad uMKHLI;  pocTiarH4wiapHH
AIMALITHPHII ~ Ba  XalakWT/iap  TabCHPH  «4erapack»la  MOCIHALLHLI
aNTOPHTMIIAPHHH 2KPATHII QYHKUHATAPHHH CHHTE3NAUI ANTOPHTMIAPHHH HILIA6
YHKHLL, TYPIH XIaKUT CHCHAMIM MIAPOHTAAP YUYH KalbMaH THIMAArH IHHAMHK
(unLTpNap Ba MyHTa3aMJIAIITHPHIINAH XOAT Ky3aTyBUHIApHHH Ky PHILL

MyaMMOHHMHI ¥PraHMaranank gapaxacu. MaeHTH(MKALUMOH EHpalnys
acocHia TexXHOMOrHK oOBEeKTNapHM aganTHB  OOIIKAPHII  CHCTEMATApHHH
CHHTE3Nall yCyJUIapH Ba alrOpUTMJIapHHHU HINA® uyuKHu O¥iinua YTKa3uiran
TAJIKHKOTIApra TeruiuM 6ynran, cyHrrH fuanapaary HIMH-TeXHUK azabuérnap
TaxJILIH ylﬂﬁy coxanaa axaMHATIN Adapaxaaard Ha3apm“1 Ba aMaluii HaTHXKanapra
SPHIIHITAHIHIHAaH Japak Gepam{. AJIBI'ITHB 60].!]['(8]3]111] CHCTeEMallapHHH
CHHTe3Nall MyaMMoJlapHra GaFHIITaHraH KYI COHIArH MUUIAP HALIp STHIraH,
yMyMHa3apHi Me3onjlap Wumiab 4YMKMAraH, eqdrad aMaiuii Macajiajap COHM
optb 6Gopmoxna. AnanTHB OOMIKApHIN CHCTeMalapHHMHI PHBOXKHIA Kymnsad
XOPHAJIHK OnMMIapH, xymiaafad Astrom K.J., Brayson A., Eykhoff P., lzerman
R., Kalman R., Kashyap P.L., Ljung L., Melsa J., Rao A.R., Sage E., Simon D.,
Anppuesckuii B.P., Antonos B.H., Banouun H.A., Bykor B.H., Bynuu A.JL,



Bopuuk B.I'., Xupos M.B., 3emnskor C.[I., 351611 E.10., KapaGytor H.H., Koran
MM., Kpacoeckuii A.A., JlomoB A.A., Mupownuk HW.B., Mbuunses JLII.,
Heiimapk FO.H., Hukudopor B.O., Ilerpos B.H., ITonsk B.T., Paiitébman H.C.,
Py6an A.M., Pytkorckuii B.IO., Cemenos A.ll., Cricoes JLII., domun B.H.,
®pankor AJL, Leinkun £1.3., Lreintepr 111LE., Aapikun U.B., SIky6osuu B.A. pa
fowKanap XaMaa MaMIaKaTHMH3 ONHMIIapH, »ymnagaH A6aykamupoB A.A.,
Asumos B.M., Bekmypartos T.®., T'ynamos LLL.M., XKymaunos U.H., 3apunos 0.0.,
Hrambepanes X.3., Mcmaunos M.A., Kaaripos A.A., Kamanor H.3., Kamunos
M.M., Mapaxumos A.P., Hypmyxamenos T.P., Paxmatysuiaes M.A., CHAIHKOR
HU.X., ®ozunos LI.X., KOcynGekos H.P. Ba Gowmkanap ¥3napHHHHr YyJKaH
XHUCCATAPHHU KYIIUIITaH.

BUpoK HAMHA-TaIKHKOT 00BEKTIapH AOMPACHHUHI KEHraiMIUM Ba JOUMHIi
MypakkabjauryBH HOAHHMKJIMK  WIAPOMTHAA afanTHB  MAEHTH(QHKAUWsAIALI,
xonatnapuu 0axonaml Ba GOIUKAPMIUHWHF AHCH CaMmapanu ycy/ulapH Ba
aNropHTMIApHHH HILTA0 uMkHIIHH Tana6 staau. Ly Gunan Gupranukpa, Gepk
fowkapull cucTeManapu cHH(uaa wuneHTHPHKauHAnaw Ba OOLIKAPHMILHMHC
MyHTa3aM YCy/JnapH Ba aNrOpUTMIIapd eTapiuya Hmnad 4HKWIMaras.
llynuuraek, HMOeHTHQHKALKMOH EHOAlNYB acocHOa aanTHB OOLUKAPHIIHMHI
MyHTa3aM YCyJuapH ¥3 puHBOXXMHM Tanab® aTMokaa. ByHnaH Tawkapu Oepk
OolKapHI cucTeMacHia obbekT  Ba pocTiaarud rnapaMeTpraapHHH
HIEHTHQHKALMANAIIHHAT MYyHTa3aM YCyJulapd Ba @IrOPUTMJIApHHH HLINat
YHKMIL, SKYMadaH Jokan-onTHMan Ba cy0onTHMan apanTHB  GoluxapHiu
cHcTemanapuia OolIKapyBUM TabCHp/apHH LIAK/UIAHTHPHIL XaM  Makcanra
myBopHK  OYnubd, HOAHMKIMK  IAPOMTHOArH  OHHAMHK  OOBEKTNApHH
OOWIKAPHIUHMHT 3JaNTHB CHCTEMaNapMHM KYpHMII Ba aMmalra OLIWPHIUHHHT
anropHTMHK aMa/llapH CIEKTPHHH KeHraiiTHpagH Ba CHCTEManapHHHT (aoiuAT
KypcaTHLI caMapafiop/IirdHH OMIHPHII HMKOHMHH Oepanu. FOKopupa kenTHpHG
yTunrannapaad  HMACHTHOHKAUMOH EHpallyB ME30HNIApH acocupa AMHAMHK
00BEeKTIIapHH afanTHB OOLIKAPHIU CHCTeMaJAapHHH CHHTE3NALIHHHT caMapanu
MyHTa3aM  YCyJUlaph  Ba  aJrOpUTMJIapMHH  ApaTHIl — Ba  KeNrycuzaa
TaKOMHJIIAIITHPHIIHUHT 5Ky 1a 3apypIIHTH Kelub YHuKaau.

JuccepTauusa TAAKHKOTHHHHT AHCCEPTALMS 0aKAPHIATAH 0HI TABINM
MyacCacACHHHHI MJIMHH-TAAKHKOT HINIAPH pexanapu O6HaaH GOFIHKINIH.
Juccepraunsd TaJKHKOTH TOWIKEHT [aBnaT TeXHHKa YHHBEPCHTETH HIIMHIi-
TAOKHKOT HUIapH  pexanapdHuHr  NeQT-®1-080-«Mypakkab TeXHOMOrMK
skapaéunap Ba  MWnad  uuKapuuulapHd  OOWIKAPHIUHMHL  HHTENIEKTyan
CHCTEMAIapPHHH KYPHIUHHHT KOHUENUMATIApH Ba TAMOHHINAPHHH HIINa0 YHKHILY
(2007-2011);  NeE-4-06-«Co3nanyeuyn  Momesiu agantHE  OolIKapHiU
CHUCTEMAJIApHHH CHHTE3NALUHUHT MYyHTa3zaM ycynapH Ba aJirOPpHTMJIApHHH uuuiad
iy (2012-2013); NeA-5-42-«AnpHop HOAHMKIMK IIAPOMTHAA TEXHONOTHK
OOBEKTIIapHH  AaBTOMATNALITHPUAraH  MOHHUTOPHHIM  Ba  OOIUKApHIIHK
MHTEJUIEKTYJUTAIUTHPHILHUHT JAacTypHil MHCTpYMeHTall BocHTacH» (2015-2017);
NoOT-4-78-«Mnentndukanmon EHpawys acocHia AHHAMHK OGBEKTIApHH
ananTue OOIIKAPHIL CHCTEMAnapH CHHTE3HMHMHI HasapHil acociapH Ba MyHTasaM
ycynapHau Huutab ynkuuy (2017-2020) map3ynapuaart JoliHxanapH JOHpacHaa
HakapHiTaH.



TaaKHKOTHHHI MaKcaaH HAEHTHOHKAUKOH EHAAIIYB ME30HIapH acocHia
TEXHOJIOTHK O0BEKTIapHH ananTHB OOLIKAPHII CHCTEMAIAPHHH CHHTE3/all
yCyJUTapH Ba aropHTMIapHHH Hiuiab YHKHIIAaH HOOpaT.

TaaKHKOTHHHI BasHdanapu:

uaeHTHOHKAUHOH EHOAlNYE ME30HNapH acocuaa AHHAMHK 00LeKTIapHH
OOIIKAPHIUHMHT ~ AfanTHB  CHCTEMANapHHM  CHHTe3Nall  ycyJlapH  Ba
ANrOPHTMJIADHHHHT PHBOMXJIAHHLIHHH TH3HMITH TaxJIMJ1 KHJTHLL,

JMHAMHK OOWIKapuil OOBEKTNIApHHH TYpFyH AaianTHB  napaMeTpHK
naeHTHOHKAUNANALT YCyTapH Ba ATTOPHTMIIAPHHH HIUIa0 YHKHII;

OMHAMHK ~ 0oOBEKTNIApHH  ajanTue  (OIUKAapull  CHCTeMalapHHH
CHHTE3JIAWHKHT TYPFYH YCY/IapH Ba aIFOPHTMJIapHHH HILNA0 YHKHIL,

Gepk GowKapull KOHTYpHAZ JHHAMHK oOBeKTNap Ba  GOLIKApHIL
KypHIMalapy napamMeTplapHHH aNanTHB HAeHTH(HKAUMANAUHUHT TYpEYH
yCyJUlapH Ba aJITCOPHTM/IAPHHH HILIA0 YHKHIU;

JOHHAMHK ~ 00BeKTNapHH  OOWIKADHIUHHHT  JOKAT-OMTHManm  aJanTHB
cHcTeManapuaa GolKapHLI TABCHPNAPHHH IAKLTAHTHPHLIHHHT TYPFYH yCyJnapu
Ba AIFOPHTMJIAPHHH HIIA0 YHKHLLI;

aHHK TEXHOMOrHK 0oObeKTNapHH OOLUKAPHIIHMHI aNanTHB CHCTEMAalapHHH
CHHTE3Nalll MacalalapHHH euHlga oOBeKT Ba OOWKAPHII KypuIManapH
napaMeTpiapHHH TYpFyH HAEHTH(QMKAUMANAll Ba yJIapHHHT &ITOpHTMIapH Ba
Xucobnau cxeManapHHH HILIA0 YHKHLLL

TagkHKOTHHHI  00beKTH cHdaTHaa TeckapH anoka  KOHTYypHAa
uaeHTH(HKaTOpH 6¥nrad ananTHe OOIIKAPHII CHCTEMANAPH ONHHIAH,

TaaKHKOTHHHr npeaMeTH Gepk OolIKapHi cHCTeManapHIarH obbeKTIap
Ba POCTJIATHYIAPHHHT MapaMeTpJIapHHH MYHTa3aM aJanTHB MAEHTH(HKauMAnal
yCyqnapH Ba anropHTMIapHaaH noopar.

TagkuKoTHHHr  ycyaaapu. TagkukoT »xapag€HHAa TH3HMIH TaxXJMI,
uAeHTH(HKAUMANALW, AMHAMHK ©OaXomaw, aganTHB GOWIKAPHII Ba HOKOPPEKT
Ky#unraH MacananapHH €4HLIHHHT YMYMHit yemyGuaTnapuaas Qoiinananunran.

TaAKHKOTHHHI HIMMI IHTHJIMIH KyHHaarunapaad Mbopart:

MyBOGHKIALITHPHLL Tanabnapuaan kenuo YHKKaH Xonaa
MyHTa3aMJIAIITHPHII TapaMETPHHHHI ONTHMan KHAMATHHH OlIKOpa Taliam
MMKOHHHH OepyBUM TYpIH MONENNM CTPYKTypanap y4yH HAeHTHHKauusamall
TEHTNIAMaCHHHHT COLTaHFHY MabIyMOTJIAPH TOMIUHPHKIAPH XaTONHKIAPHHHHT
6axosiapy OJIMHIaH;

KajibMaH THIMOArd MyHTasamjawrad (HIBTP acocHAa AWcHepcuAnap
MHHHMYMJIHTH Me30HH O¥HHuya nOHHaMHK OOBeKTNapHH aJanTHB GOLIKapHIU
CHCTEMANapHHH CHHTE3NAlHHHT TYPFYH Cy0OnTHMan anropuTMnapH Huunad
HHKUIITaH;

colanalurad MYHTa3aMJAIITHPHIUHHHT PETPOCNEKTHE Ba HTEpalHAJIH
BADHAHTIAPH ACOCHMAA NMHAMHK OOBEKTNapHH cyfonTHMan ajanTHB-TOKan
OOoLUKAPHITHHHT TYPFYH alrOPHTMIAPH HIUNAG YHKWIraH;

CHHIyJIAp EHMIUra acoCHaHraH MyHTa3aMIAITHPHIL Ba MCEBIOMYpOKaaT
yCyJUIapH acocHia AMHaMHK GolKapHIl 00beKTIapHHH HAeHTHOHKALHATAWHHHT
TYpPFYH anropuTMiapH HUL1ab YHKHIraH;



TYIUIAMJIM MOJIEJIap Ba YJIAPHHHT napaMeTpilapHHH raycc TaKCHMOTHHHHI
YyeKIM HHFUHAWMCH KYPHHHILHAArH CHIIMKIaHTHpHluaaH doHaanaHull acocHia
MOCNALITHPHUIN EPAaMHAA PEKKYPEHT WAeHTHQHKaUMAIaLl AIrOPHTMIAPH HLWIad
YHKHITaH;

opToroHan OynmaraH ¢akTopuzauuanaml Ba €MOH apTnaHraH €KH Xoc
KBajjpaT MaTpHLanapHHd T[ICEBAOTECKapH TapTubaa E3uul acocHaa JAHHAMHK
00BEKTNAapHH JIOKAN-ONTHMaN ajganTUB OOolIKAapHl cHcTemanapuaa OomkapHi
TabCHPIAPHHH 1AKTAHTHPHLIHHHT TYPFYH arOpHTMIIapH HLUTA0 YHKHIraH;

BapHaLMOH  TEHICH3MKIAp  ycynupaH  (oijanaHnd,  UTepaTHB
MyHTa3aMJIalTHPHII TaMOHMWIN acocHza bepk GOIIKapHIL cHCTeMacHia O0BeKT Ba
poCT/Iaruy napamMeTplapHHH MACHTHOMKAUMANALHUHT TYpPFYH alrOpHTMIIapH
HIL1ad YHKHIITaH.

TaaAKHKOTHHHI AMAJIHIl HATHKANAPH KyHuaarunapaad nbopar:

JUHAMMK CHCTEMalapHH HAeHTH(HMKauMsanam Ba ajantus OOLIKAPHIL
MacalanapuHH EUHILHH JacTy pHi-anropuTMHK K¥nnab-KyBBatiaira
MyoKannaurai —pgactypuit  Momymnapgan  tysunran  IARE  (Identification,
Adaptation, Regularization, Estimation) nactypuii MaxkMyacH HuUIal UHKHIraH;

CaHOaT TaXpHOACH HATHKANApH acocHla MebEPHH WL WAPOWTHAA KaHii
XJIOPH/IHH Ky PHTHII jKapaéHHHHHT MaTeMaTHK MOJE/Iapy HIwialb YMKUIraH;

KanMiIH JFUTAAp HUUIa0 uYHMKapHIuga Kanud XJOPHAHM KYpPHUTHILHHHT
TEXHOJIOTHK Kapa€HMHH ajantue OOLIKApHII XaMAad aBTOMATJALUTHPHIUHHHI
CTPYKTYpaBHii Ba (JyHKIMOHAI cXeManapy Huuiab YMKUIIraH;

JapagHnap 103 OepHIIMHHHT TEXHOJIOTHK pexUMIapUHH
GapkapopnaliTHpPHII Ba yMapHMHT (aoNMATH CaMapafgOpNMTHHH = OUIMPHII
MMKOHMHM OepyBYH TeXHHK TabMHHOTra MyBOGMK XoJja Kanuii XIOpHIAHH
KYPHTHIIHHHI TEXHOJIOTHK Jkapa€HHHH OOILKApHLI CHCTEMACH HILIa0 YHKHITaH;

TEXHHK TABMHHOTra Moc KenyBuM Oydepnu tankepna 60CMMHH aBTOMATHK
pOCT/I0BYM CHCTEMa H1al YHKHIIraH.

TagKHKOT HATHAKANADHHMHI HWOHWIWINIKH., OnHHraH  TagKHKOT
HATHKAIAPUHUHT HINOHWIHIMIH ycyOuil sKkuxaTaaH acocjiaHrad HasapHii Xucob-
KMTOO/IapHH amanra OLIHPHIIHIUN, HAEHTH()HKAUMOH EHJAIIYB acOCHAa AMHAMHK
00BEKTNIapHH ananTuB OOUMIKAPHUUIHMHT Ha3apHil acociaHraH Me30HNapHHH
KY/UIaHWJIMIIM, 3aMOHABHH aBTOMATHK OOLUKAPUIUHMHI amanuit CUHOBJAAH yTrau
yCyJulapd  Ba  anrOPHTMJIADHHM  HIWIATHIMIUM, Hasapuii Ba  aMaiuid
TaJKHKOT/IIADHHHI OJTMHTaH HaTHXKaNIApH Ba YNapHUHC ¥3apo MyBO(MHMKIMIH OunaH
TabMUHIAHA/IH.

TagKHKOT HATHAKANAPUHMHT WIMHIl Ba aMaidil axamMuaTH. TaaKHKOT
HATH/KAJIADMHUHI  WIMMH  axamuaTH Gowkapuin >kapaéunapy  cHaTHHU
OlUMpHUITA HMKOH OepyBuH TeckapH anoka KOHTypHAA HISHTU(UKATOPIH
JHHAMHK OOBEKTIAapHH ajanTHB Gom;qapnmuunr KOHCTPYKTHB TYPFYH YyCyJUlapH
Ba aITOPHTMIIAPHHH HITAa6 YMKHII OMJIaH H30XIaHAaIH.

TaakMKOT HATHXKANAPHHHHI aMaIMil axaMHATH Gepk GOIKapHII KOHTYpHAa
KEHr CHH()JIar¥ TeXHONOTHK OGDbeKTIapHH afanTHB OOIKAPHMIIHHHI TYpIH
MacananapuHid MaTeMaTHK Ba aJITOPHTMUK TAbMMHOTHHM Muad HMKHLW Ba
TEXHOJIOTMK  JKapa€HJlapiHM  aBTOMATJNAIUTHPHIUHMHT  Huab  yMKWiIrad
(yHKUHOHAN CXeManapH Y3JlyKCH3 XapakTepiy MUUIa0 YMKAPHIIHHHT TEXHOJIOTHK
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Japa€Hnapuuu  GOWIKAPHIIHHMHT  ANanTHB  CHCTeManapH  (yHKLHOHAN
CTPYKTypaNlapHHH KYpHII Ba JIOfHXanallHH aBTOMATAAITHPHILAA KeHr Kyjual
OunaH M30XnaHaaH,

TaaKHKOT HATICKANADHHHHI XopHii Kuauuunmu. Haentndukaumon
€HJIAlYB ME30H/IApH ACOCHAA TEXHOJOTHK OOBEKTIApHH AJanTHB OOWKApHIL
CHCTeMaNlapHHH KypHLL 6FHHYa HIUJA ONMHHIaH HIMHIT HATIDKANap acocHa:

anantHe OOWIKAPHII CHCTEMANApMHH CHHTEINAIUHHHT HUUIAO YHKHIraH
yCylnapu Ba me3oHnapH, Oepk Golukapuin cucTemacHaa o6BEKT Ba pocT/iaruy
napameTp/IapHHH HAEHTHOHKALMANAWHHHT MYHTa3aM alrOPHTMIApH, AHHAMHK
00beKkTIapHH cy6oNTHMAN ajganTHB-TOKal HOoMKapHII cucremacH «exkoHobon
Kanuiind  Yrutnap 3asomu» YKpa skopuii kunusran («Y3KMUMECAHOAT»
AXCunnr 2018 itun 20 despanparu 01-736/A-con masnymotHoMach). Hatinkaza
Kanui JFUTHHM HWNAl YHKApHILAArH KalHit XMOPHAHH KyPHTHLI jKapagHMaark
TEXHONOTHK  peXHMIapMHH  OapKapopnaliTHpuIl  Ba  YHHHT  HIljauwl
camMapafiopJIMrHHH OLIMPHIL HMKOHHHH Gepraw;

AHHAMHK CHCTeMallapHH HAeHTH(HKAUMANAW Ba afanTHE OOLIKApHLL
MacananapHHH EUHIIHH JacTypHH-anropHTMHUK K¥nmat-KyBRaTialra
My/okannawrad  gactypuit  mMomynnappan  Tyswiran  IARE  (Identification,
Adaptation, Regularization, Estimation) nactypuit MaxkMyacH  «[lexxonobon
Kanuiing  yruTnap 3aeonu» YKna skopui kwimuran («Y3KMMECAHOAT»
AXuunur 2018 iinn 20 despanparn 01-736/A-con MabaymortHoMach). HaTinkana
Kl XJIOPHAHH KYPHTHLI TEXHONIOTHK JKAapaHHHH HACHTHQHKAUMANAIL Ba
GOLIKAPHIIHKMHT AACTYPHIT-ANTOPHTMHK TABMHHOTH amanra OLIMPHIraH Ba Oy
KYPHTHIL AKHX03HHU HLUMALI cCaMapagopiIMrHHH OLIHPHIL HMKOHHHH Geprau;

ABTOMaTHK pOCTJIAIl CHCTEMACHHMHI MIMad YHKHITAaH CHHTE3Nall
anropuT™MiapH OyQepii TaHKepHUHT GocuMHKH cTabunam yuyH «[IMIR-TRADE
GROUP» MYKna opuit kununran («VY3KMMECAHOAT» AXuunr 2018 iiun
20 despannarn 01-736/A-con MabnymoTHomacH). Hatwxana 6ydepnu Tankepna
BOCHMHH pocTnall apagHHHHHT CHAT KYPCATKHUIAPHHH OLIMIIMIA 3PHIIMIITaH.

TagKHKOT HATHAATADHHHHT anpoGaunsicn. TaOKUKOTHHHI Ha3apHil Ba
amanuit HatHkanapu 17 Ta Xankapo Ba 11 Ta pecny6nuka HAMHii-amanuii
aHXyMaH/lapHaa Mabpy3a KHIIHHTaH Ba MyXoKaMaaH YTKa3HIIraH.

TajKHKOT HATHRAMADHHMHT 9BJIOH KHIHHrawmurn. Juccepraums
map3ycH GO¥finya xamu 60 Ta MnMuit MW, wymtapgaH — 1 Ta MoHorpadmus,
V36ekucTon Pecnybnnkacy Onuif aTTecTauMs KOMHMCCHACHHHHI JIOKTOPJIMK
JucceprauManapd acocHH WIMHH HATHXKaNapHHH YOM 3THII TAaBCHA 3TUNraH
WIMHI Hawpnapaa 21 Ta Makona, »ymnagaH, 16 Tacu pecryOnuka Ba 5 Tacu
XOpHKHIi JypHannapaa Hawp 3THAu0, XM fap yuyH gactypuii MaxcynoTiapra
V3Gekncron Pecnybnukacu HHTennektyan Myik areHTNHMrUaaH pyiixataan yTrad
10 Ta ryRoXHOMA OJTHHTAH.

JduccepTauHAHMHI TY3HAHIIH Ba Xammu. [(ucceprauus kupuuw, Gewita
606, xynoca, Qoiimananunran apabuérnap pyHxaTH Ba WNoBatapiaH u6opar.
Huccepranua xaxmu 185 GeTHH TALIKKN 3TAH,



JTUCCEPTAIIUAHUHI ACOCHII MASMYHH

KupHm kucMuaa yTKazunraH TaKMKOTIAPHUHT Jon3apbiury Ba 3apypartH
acoC/IaHraH, TaJKMKOTHMHT MakcaJ Ba Basudamapu, oOBEKT Ba MNpeaMeTH
TascH(NaHrad, TAOKAKOTHHHT  Y3bekucToH  Pecnybnukacu  ¢an  Ba
TEXHOJNOTHANAapH  PHBOAJIAHMIUMHHHT  YCTYBOp  HyHanMuuiapura MOCIHIH
acocnaHraH, TAJKHKOTHMHT WIMHH SHTHIWTH Ba aManuii HaTHxkamapu OaéH
KWIHHTaH, ONIMHTaH HATHKANapHUHT HIIMHIT Ba aManuii axaMuaTH ouub Gepuinran,
TANKHKOT HATHXATapHHH aManHETra >KOPHH KHMHLI, TagKHKOT HATHKalapHHH
anpobauuscH, Halp 3THIraH HUUTAD Ba [HCCEpPTALHA TY3HAHIUM O¥iinua
MaBJIyMOT/Iap KeNTHPHJITaH.

HucceprauuaauHr «/JJHHAMHK 00beKT/IapHN GOIMIKAPHIIHHHT AJATITHB
cHCTeMAaJapHHH KYPHII BA CHHTE3IAL YCYIAPH PHBOAIAHHIIHHH TH3HMIH
Taxaunm» e HomnanraH OupHHuUM 000MAa nuHAMHK OOBEKTIApHH ajanTHB
OomwKapull cHCTeManapHHH CHHTE3Jlall Ba KypUUl YCYNJAapHHHHT PHBOXHHH
TH3UMITH TaxXJIMIM HATHKaNapH, JWHAMHK o0bekTnapHuM aJanTHB OoluKapHLu
CHCTEMANapHMHH KypHlira HIGHTHOMKALHOH &HOAWYBHH  LUAKITAHTHPHILL,
IMHAMHK  oBbekTapHM  HAeHTHQMKauWANall Ba  ajantHB  OolUKapuIl
Macananapijard MyaMMOIM Ba3HATIAPHHM TaxXJIMJIH, TaAKMKOT MaKkcaau Ba
Bazudanapuiy KYHHIMILY KeITHPHATaH, X03Hpru BaKT/a TeXHHK TapakKHil 3THLI
Ounan Gornmuk xonma OoOWIKApMII OOBEKTNapH, HImab uHKMIaETraH Ba
noHuxanaHaérran GoOIIKApHII CHCTEMANAaPHHUHT MypakkaGnamryBH cesunapiu
opruiumra cabad 6ynmoxaa. Hoanuknnk mwapoutinapaa Gowkapuil MacananapHHm
eUHIl YYYH CHCTEMANapHHHI  MIMOWIMIAMICHHH  OIUMPMIUTa,  LIYHHHIIEeK
JoiiHXanauiga TeXHOMOTHK TanablapHH KaMailTHpUiura HMKOH GepyBUM alanTHB
Ba pobactnu Enpalnysnap acocupard Golukapuin cHcTeMacH Mamicy)l O¥nnim
kepak. Mpenrtudukaumanam pa OowKapHil MacananapMHH UMW TErHMUUTH
AIFOPUTMIIAPHUHT TYPFYHIIMK MyaMMosnapd 6unan 6ornuk. Bynpait wapoutnapia
HaeHTHOUKaUMANaL Ba OOIKAPHILHHHT MABIYM yCYJUlapH KYIHHYA HOTYPFYH Ba
uwra apamaitnuran 6¥nu6 xomaan. Xo3Mpru BakTaa wyHjaail GUkpra KenuHIMKH,
OOBEKTHHHI MOJIENH KaTopuja yxwaum o0beKTnap xakuaa TyIiaHrad 6unumiap
Ba Xap XMI KYLIHMYa MablyMOT/Iapra acocjiaHraH, 0OBEKTHHHI Mofend OuilaH
OofnaHraH Mofelb XaM TYpPHMIUM Kepak. MpaenTudHkauusnamr Ba anganTHB
OolIKapHIll Macajac TeCKapH MacajlalapHHHr anoxupga cuHpu 6ynud, ynapia
Oneparop TEHrNAMaHUHT eMHMMHH, rapud MabjiyM 6yica-ja, KMAMpHIIZaH Kypa
ONEpaTOPHUHT Y3 — CTPYKTYPAcH Ba NapameTpiiapi KMAHPHIANW. Y praHuiaérras
CHCTEMaHHHI aHHK TabpUQHHH ¥3uaa Kadonatiu cakiaran Moje/uiap TYiaMHHH
€310 uMKMIUra XamMMa BaKT XaM 3pHIIHNMAaiiau. HOKOppPeKTIMIMK OMUIH AXLIH
MabllyM, IEKHH Y [03ara KejlaquraH MIapoMTIapHH aHHKIall Ba MyBodHKmamram
eYMMJIapHH KypHLI YCyJUIapH TaJIKMKOTNAp yuyH, aifiHMKCa, MablyMOTJIApHUHT
YEKNAHTAHJIMMH  AHMK  LWI3apoMTiapuga  ponsap6  Oyinmd  Konmabepaj.
Hokoppextaunuk 6ynaail cund MacananapuHuHr acocuii XycycHaTH Oynrannuru
YUyH Y HMOeHTH(HKauuanawl ea OOLIKAPMIU MacananapMHH Kaicd ycyn Ounan
SUYMJIMILM/AH KAaThUi Hazap 103ara kenasepand. Tabkuanaml MyMKHHKH, aanTHB
OolKapHLl KOHTYpHIA 00BEKTHN MAEHTH()MKauManam Ba GOIIKAPUIL MAKCAAUra
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XH3MaT  KHIAgHraH  BocHTanap — Oup-Ompura  3ux  Oynaan.  Arap
MISHTH()HKALHANAIIHIHT MaKcau 0ObeKTHHHT XyCyCHATIApH, AbHH 00BEKTHHHT
OolKapyBYM TabCHp/apra KypcaraiuraH ¥3ura Xoc peakUManapH Kadpaaii
PHBOAUTAHHIINIA Kapad aHMKNAll MyMKHHJIWCHHM Ypranumaan ubopar 6¥nca,
OOLIKAapHIIHMHT  MaKCalAM, aKCHH4Ya — Typnu oObeKTiapiard QapknapHu
iykoTHaay, obbekTiapra yTH skapaéunapuuu MamOypnab ¥3 xycycHaTiaapH
3apapura Ioprusuunad noopar.

IO3ara kenran XomaT HAeHTH(GHKALMOH EHOALIYB ME30H/IapH acocHiaa
OMHAMHK 00BEKT/IapHH aJanTHB OOLIKApHII CHCTEMANAPHHHM  CHHTE3Jall
MyammoJapHra sHruua éHaaulyBiapHH pUBOXKIAHTHPHILHH Tanad ataau. Lyunan
kenmub uMKKaH Xonjaa, Oomkapuiml oO0BEKTIapH JAHHAMHKACHHHUHT TecKapu
MacanajapH KOHLEMUHACH Ba MYHTa3zaM YCYJUTapHH jKan® 3THIIra acociaHraH
ajanTHB CHCTEMATapHH CHHTE3all MacajlalapMHH TH3HMIIM H3YHIUIHK YCIyOuaTH
myea(dakusatan kypunanu. Kypub yrunran xonartnap naeHtHuKanuoH Haaiys
MEe30H/IapH acocHia JHHAMHK OOBeKTNIapHH aJanTHB GOLIKAPHII CHCTEMAllapHHH
CHHTE3JIall YCy/Ulapd Ba @IrOpuTMJapMHH ApaTHLI, YJIapHu caHoaT Hwmad
YHKAPHILHHUHT MyalaH TEXHOMOrHMK >jKapaéHnapHHH aBTOMATAAUITHPHIL Ba
fomKapuil MacananapHHH euHIlJia amaira olHPYBYH XHcoOnall cxemalapHHH
CHHTE3NalHHHI 3apy PHHIIHTHHH KYpcaTaiH.

HucceprauuaHuur  «/JHHAMHK OOWIKAPHI  O0BEKTAAPHHN  TYPFYH
napaMeTpHK HACHTHOHKANMAIAI AJCOPHTMIAAPHHE HuuIal ywuKHm» aed
HOMJIAHTAH MKKHHuH Gobuza uM3niiH GolkapHul OOLEKTAApHHH NapaMeTpHK
faxonam anroputMiapH, OepunaraH aacTiadku MabIyMOTIAPDHMHT XaTOJIMK
DaxonapuHyu HLWIA0 YMKHIUra, AMHAMUK OowKapui o0beKTIapy napaMeTpaapHHu
ajanTHB 6axonam  anroOpHTMIAPHMHHHT MYBO(QHKIMIMHH TaXJIHJ — KHJIMLIra
OaruinaHraH.

ARHpManH UM3HKAH TeHrjama Ownan udopanaHrad JHHAMHK CHCTeMaHH
KypHO uHKaMH3:

(1) = fl.4}y([—j)+ ileu(t—j}+v(r). t=12,.. N, m
S e
EKH
y(n)= .dly(:—l)+...+.‘tf,_v(r— p)+But-D+...+Bult-q)+v(1),
OyHOa: KMPHII CHTHaIH #(!) — m ¥n4aMJId BeKTOp, HYHKHLI CHrHanu y(¢) aca — /
ynmyamnu Bektop, A, — (/xI) ynuamnu matpuua, B, — (/xm) ynuamiu mMatpuua,
v(t) — ranaéH,

Ay oA,y By,..., B, MaTpHUAMAPHHHT 3/IEMEHTIapHHY aHuKnaw yuyn (1)
TeHIJIaMaHH MapameTpnam 3apyp. ByHHHr OMp HynM — MaTpHUQHHHI Xamma
3JIEMEHTIapHHH  (XaMMAacHHHHT COHH — (p/+gm)x!) (1) nan € Bexropra
kupuTHILAaH ubopat. LLlyHna ((pl+gm)x1) MaTpuUaHu

g=l4. 4, .0, By BT
Ba (pl+qm) ynuamiau BEKTOP-YCTYHHH
(p(!):[yr(f-—l) Loy t=p) i (=1 1 ur(t—q)]r,
aHuKsIau Ba (1) HH Kyiingaruya €3I MyMKHH:
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0 =8"p(0)+ (1), 2
OyHna v(1) — ynuamnap XxanakuTiapH.

[Napamerpnamnuur 6oluKa BapHaHTH d Yn4aMiiH BeKTOp-YCTYH 0 Ba (Ixd)
ynuamnu MmaTpHua ¢ (f) HH IIyHOail wWakuiaHTHpuwgad ubopat-kM, (1) Hu
KyiiMaarnua €3vi MyMKHH GYJICHH:

)= (N6 +v(). 3)

(2) Ba (3) Tenrnamanap euumnapy 0axocMHH MoOc paBMWIAA KyHHOard
KYpPHHHLIA €311 MYMKHH:

A . R r
a, {W,Z_.:WW (:)+cd] ﬁZw(r)y 0,

1=l

- 1< iy " AR .
0, =[WZ¢(I)A @ (r)+a1] FZ(DU)A ¥,

1=l =l
OyHaa A — BasH MaTpHUacH, @ >0 — MyHTa3aMJIALITHPHIL NapaMeTpH, [ — GHpAHK
matpulla;, Oy epha MyHTa3aMIalUTHPHLI TApaMeTpH « HH KBa3HONTHMAIIHK
YCYJIM acocHa aHHKJIAIl MaKcaara MyBoQHKANP.

0 OGaxonapHu xucobna® TomMW Yy4yH AWHAMHMK (QUIBTPAAll YCYJMra
acocsiaHraH €HOallyB XaM Kyda camapand XdcobnaHaau. ByHUHr yuyH
PerpeccHAHMHT YH3HKIH MoJesH (3) HH Ky HHAard KypHHHILAA €3aMu3;
8(t+1)=0()+w(), y(1)=9" (NO@)+¥(1), (4)
OyHna

E[wiyw” (N]=00)8(), EVuW (N]= ROSW) .

(4) ra Hucbaran KanbmauHMHr apjanTHe  QUILTPUHH  Kynna6,
Ky#naarunapHu XocHI KHiaamus:

Gut-)=0¢-1]t-1), (5)

(10 =8t 1-D+ K0 [yn-o" 08w -1 , (6)
K(t)=P(t|t-N)p(t)G, (D)), (7
P(t|t-1=K(1 —I)A'f(v(r)vr(r))KT(f -0+ P-1), (8)
P(1)=P(t[1=1)=P(t|1=1)p()G, (D))" (1) P(t| 1 -1, %)

Gynna G,(D@®)=[D@)+al]", Dit)= 9" (1)P(t|1~1)p() — MyHTa3aMNAWTHPHII YCYNH
yuyH (yHKUNANApHH HL1ab YMKAPHULE CHCTEMACH.

(5)+9) myHocabaTnapHu aManra  OLWIMPHINAA  MYHTa3aMJIALITHPHLI
napaMeTpH « HH, LIYHHHIJIEK, MOJE/IIM MHCOJUTap YCYJIH acocHua aHHMKnall
Makcanara MyBOQHKIHD.

HokoppekT MacananapHH euMiija MyHTa3aMNaIUTHPUIL TapaMeTpH a HH
TYFpH aHHKJAL YYYH OMEPaTOPHHUHI XAaTOJIHK AapaykacH Ba YHI KUCMHHK Oaxonail
kepak. Yy maxkcania (3) MOEIH CTPYKTYpPaHHHT MaTPHUAIH OMepaTopu ¢ (1),
napameTpsiapH BEKTOpPH & Ba ¥YHr KucMmu Y({)HM KyHHOarH KypuHHLIAA
udoganaimus:

@ ()=t -D)@I, |y=2)® L |..| = p)® I, | u(t =)@, | u(t=2) @1, | ... | u(t ) ® L,],
OyHpa

Ye=0@ 1 =[l=i) t -0}t yl=0)] L Vi=12,...p,



ni-is=

nir=j)=

6yunna
a=[allll @ Yy @y @y @y nalyaf alyafy af ...aﬁ’] .
b=[b b} by By bl B b b b b bl bS]
yo=ho @ o]
v : Y2
h—{ [25 (:)+Za (:)]} 5 J:{]Zé‘i(f}} :
sl =l
6y epna J,I,I(r) Ba 5,,2‘(:) — KHpHII Ba YHKHIU Y3TrapyBuHAapH BEKTOpIapH

u,(t),j=12,...,m Ba y,(1),i=12,...,] HUHT TErHUUIH JHCNCPUHANAPH XATOIHKIAPH.

Bowka Mozenn cTpyKTypanap y4yH XaM Wy Ka0H 0axonap OJIHHraH.
Mopennu CTpYKTypalapHHHr OOLUTAHFHY MabAyMOTJIADHHH TOMWIHPHKIAPH
XaTOMMKNapuHH Oaxomaw yuyH onuHran wudonanap GeBocHTa XHcobnar
unapuiu Gaxkapunmail Typub, HanaHagTran eudM XaToCHHH Gaxonall HMKOHHHH
Bepanu.

Junamuk GolukapHil oOkeKTIApHHHUHT NapaMeTplIapHHH afanTue Gaxonaru
anropMTMIIapH CamapafiopAHrHHH 0axonawl yuyH YJIapHHHT MYBOQHKIMIHHH
TaxX W KM Kepak. Tacoanduii ranaéunap mMasxyanuruaa KaneMman ¢unsTpu
acocHAa ONTHMAal CTOXAacTHK OTOXJAHTHPrHY KyJjall Makcajgra MyBOQHKIMP.
OroxJIaHTHPrHYHHHT KHpHII-YHKHII O¥HH4a XapakaTH Kyitnnaru TeHriama GunaH
vonanaHanu:

Alg™)¥(0)= Blg™ () +Cg™)w(),
Oynna {w(r)} OK IIOBKHHHHHI HHHOBALMAIH KeTMa-KeTnuru, C(g™') aca bapkapop
Kaneman (UIBTPHHHHP Maxpaxuiard Kynxagw Oynub, y KyHMOard WapTHH
KaHOAT/IaHTHPa/H:
|cz™")|#0 npu |z|21,
(z — y3rapyBu#, Z — ¥3rapTHpHLLIAp).

['panventny cxemara HucbaTaH napamerpnap Ba XonarTiapHu 6Gaxonatw

KyHuaaru anroput™ €paamMuaa aMaira OlHPHIHLIH MyMKHH:

e S e RS i
6w =ba-0+Z2 0~ g1y de-n)
Hynma
F-1)=r(t-2)+gu=1 gt=1), 6()=|d,..d,, by, o c]

m?
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gu=1)" =[=y(t=1), ....= y(t=n),..., u(t=d—m), e(t~1), ..., e(t—n) ],
e(t)=y()-gr=17 8(1-1).

ByHpia e(f) HM OrOXJaHTHPHIU XaTocH 6(1)=6(1)—-60, NapameTprapHHHT

Daxosnal xaTocu OunaH Kyiuaarn HucGaT opkaii GoFnaHran:
Clg™e() =gt =17 9 -1).

Onunran udonanap Kaneman ¢uneTpu 6azacujard onTHMan CTOXACTHK
OroXJIaHTHpruunan doiigananud, rpaaueHTIH CcXeMalap acocujaa AWHAMHK
obbekTnapuu anoxuaa Ba OHpraaMkia ajanTHe 6axonaul Ba  GOUIKApHII
AITOPHTMJIADHHUMHT MYBO(DHIIIMTHHH Daxonall HMKOHHHH Depaju.

Hucceprauuanuur «/IHHAMHK 00BEKTJIADHH aganTHB GOLIKAPHIIHHHLT
TYPFYH AJAropuTMJIAPHHH HILIA0 4YMKHIOY Ae0 HomnaHrad yuuHuu 6obja
ajanTHE OOIIKAPUIIHMHI TYPFYH ANrOPUTMIAPHHH HILIA0 YMKHMIIL, POCTIATHY
napameTpinapuid - 6axonam, JHHAMHK 00BeKTNapHM ajanTHE  OolIKapHLI
KapaéHIapuH{ JHCHOEPCHAHHHT MHHHMYMIMIH Me30HM O¥iinua cuuTesnaul,
OawoparaoBul MOZe/UIap acocHaa ANHAMMK 00BEKTIIapHH CyGONTHMAN afanTHB-
Jokan Goukapuu, afaantHe 6axonaw Ba GOLIKAPHLL ANTOPUTMIIAPHHE CHHTE3/IALI
HaTHKanapH KelTHpPHIIraH.

Kyiinaarn mogens Ounad HofanaHrad YH3MK/IN CHCTEMaHU KYpUb uuKaMu3:

A(g™)y(@0) = Blg " u(n)+&(1) (10)

OyHna A(q'*):l—ﬁAI(q" ), B(‘?-l)=iB;(‘l" Y, u(f) — (mx1) YoUaMIK Kup:, y(()

J=1 J=l
— (Ix1) ymyamaH YHKHLL, £(r) — (% 1) yayamnm Taconuguii KeTMa-KeTIHK.
Kypcatumr MyMKHHKH, OapKapop XojaTHard ONTHMal OroXJIAHTHPruy
z(1) =< (q) y(t) Y4yH KyHHAArH TeHI1aMaHi KaHoaTlaHTHPaaH:
Clg™En = Ba ™ m+a(q™ ),
OyHnna
C{q-I)_""'Clq—I‘i' +qu ’ /?q )= ﬁ}+ﬂlqu+ +)9.'q :."j'n“I
aqg )= +..+aT,q"

'{(q)y(r) HHHT  (g)y'(r) ra anﬁaTaH pOCTNAlUHUHI  MHHHMAI
KOBapHalUMACHHH TabMHHIAMIMIaH pocTiardy Kyliuaard TeHrnama €paamujia
aHHKJIaHAJH:

Bl @) +a@ (@ )y =Clg™) gy 1),
OyHna {y'([)} Gepunran 3apypHil TpaeKTOpMSHH Y3HMJa aKkC STTHPamM; WYHHH
y4yH YHKHIO y(f)-y'(f) HM Ky3aTHw GyilMua XaTonurd Kyilugard TeHIJIaMaHH
KaHOaTNaHTHpaAHu:

T @0 -y 0]=CTa™)Fg)£w).

(10) MopmenHH OrOXJAHTMPHIL  XaTocHJaH OMp KajaM  OJIMHCH
OTOXJIAaHTHPIrHY Aeb Kapatl MyMKHH:

S0 =x)-30),
OyHna
, 3= Ep0)| F ).
(10) Tenrnama éEpaamMuza d KajaMm OJIAMH  OrOXJIAHTHPHII XaTOCHHH
Ky#iugard ailHuaTAaH Goiinanannd oNUUIHMH3 MyMKHH:
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1=FgHAg™")+qGg™), (1)
bynna
FgW=FR+Fkg'+..F_qg*", Glg"=6,+Gg"+...

(10) 1 F(g™') ra kynaiitupu6 Ba (11) afiauataan doiinananu6, Kyituaaru

TEHIJIAMaHH XOCHJI KHIIAMH3:
E{y(t+d)| F}=G(g™)p(0)+ Ty (g ™HEW + Blgu() ,
6ynna
B@)=q'Fq)Blg™) =By + Ba' + .. Bra' + F@™),
Bla=pa" +ha? ., T =Ty +Iyg™ + ...

E{y(t+d)|F,] HM HoNra KeNTHpajHraH Ba SHC KHYMK OJHEpruara asra
Oynanuran GoluKapHl KOHyHHMHH Kyfinmard ndona opKaiM TONHW Makcaara
MyBO(HK;

u(t+ ) =L |G+ L@z o) j=0...,d-1, (12)
OyHna
a ~1rld= o =
L,=[g] [gﬁkﬁ: +a1] ,
a >0 — MyHTa3aMJIAIUTHPHIL TapaMETpPH.

Kentupunran (12) cybontuman owmkapui Kouysuuu (10) Moznenra Kuprax
A(g™") Ba B(g™') maTpuuanapHu Gupop Gup anroput™maan $oiiaanannd, ajanTHera
aiiIaHTHPHIL MYMKHH.

OntuMan ajanTHB CHCTEMayap HazapHacuaa OOBEKTra Teruuuld KaTtop
KHAOUH MapaMeTpiiap Ba OMH/UTAp HOMabJiyM OViraH mapouTinap yuyH DHHAMHK
oOBeKTMapHH OolIKapHLl ycyinapH Hwnad uuKHIMokaa. Bynpaii Xonmappa
OOLUKAPHMIUHHHT  JIOKAI-ONTHMAA anropuTMmiapuiaad dQoiigananun  Maxcanra
MYBO(YHKIHP.

JMHaMMK 0OBEKTHH JIOKan-onTuman OolKapHml Kyiimaard TeHriamanap
6unan udonanananm:

X, =Ax, +Bu, +&,,,

V= er,, i ) i
Oy epna x, e R" — XonaT BeKTOpH; u, € R" — OomKapuiu Tabcupnapu; y, R —
Ky3aTunagural qukuw; 4, B, H — termwunu ynuamparu matpuuanap; &.¢&,,. —
V(x)=x"Cx, C" =C >0 Me3oHra xasob Gepanuran Taconuduii BekTopiap KerMma-
KeTnury 6¥nub, Kyiiuaary Tenrnama épaMuaa aHuKIaHaau:

-1

u =argminE[AV(x,,u)/x,u'],

OyHma AV(x,,u,)=V(Ax, Bu,) — V(x,).

E(&./x,u)=0, E(&, &L /%0.u,) = K = const wapt Gakapuirauna
Golkapui » HM KyiHaard TeHrnaManaH aHHKJIaHaou:
B'CBu, =-B"CAx,, (13)

WIYHHHT YUYH AV (x,, 1 )=—x'0x,, Q=C—A"CA+ A"CB(B"CB)* B"CA.

t

Ulynpaii kunub, (13) acocuma dowkapHin u, Kyiumarn KypuHumra sra

6ynanu:
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u=0"x,
oyuna 0" kyiunaru udosa opKanu TONUNAnM:
B'CBG" =-B"CA. (14)

(13) éku (14) TeHrnamanap cucTeMacH EMOH LIAPTIAHTaH OYIMIUH MYMKHH.
EMOH [iapTiaHraH Ba XoC cucTeManap GepuiraH aHMKIMK Yerapanapuaa fXiiu
KYpuHMaiaurad 6y MyMKuH. (14) TeHrnama acocuaa GoluKapuil KOHYHMHH
GaxoyiafiiuraH MYHTa3aM AaNrOpPHTMHHM KenTHpamu3. B'CB=D, —-B'CA=S neb
KabyJ1 KHIaMH3.

Llynna

D" =S. (15)
CHWUIHKNTaHTHPHLI YUYH KyHHJard lapTnapHi KHpUTaMH3:
|p-D|<h.|s,-5,|<5,
Gynna D, 5, — MaTpuua D Ba S MATPHUAHHMHT j-yCTYHHMHMHT (j=1,2,...,n) aHUK
KHHAMaTIapH.
(15) TeHrnamaHWHr MCEBAOEYMMM 0, =D's, ra AKMHIAWYBHH KyiHOaru
KYpPHHHILAA TY3aMH3:
61.r=gr(D)-’j: (16)
0,,=g(D)DO,,, a7
Oynna d, — maTpuuanap 07 (j=12,..,n) HHHT J-4M YCTYHM; s, — MaTpuuaiap S
HHUHT j-4H YCTYHH.

Marpuuanu oneparopnap D ¥3-¥3unaH TyTalUMIUMHM Xucobra onub, (16)
TEeHIrIaMaHHHI €YHMHHHM MYHTazaMiallTHpHi yuyd M.M.JlaBpeHTheB ycynuaaH
toiinananamus. M.M.JlaBpeHTEeB yCyJIHra TETHLUUTH (yHKUHATAp:

g,(A):({z+l)—l, a=r', 0sdl<w.

Ulynna (16) Ba (17) skuHnawuuiap Ky iuaaruua Ky pHuHMILTa Keaaau:

0,.=D+a)'s,, 8,,=(D+ad)"'DE,,.

Kypunaérran ycynHHHr HTepaTHB BapHaHTHra YTuO, Kyiumarudua &€3ui
MYMKHH:

6, =0, 6 =6¢" -B, (D6 -s,), 1=1,.,r,
8, =0,8"=8""-B, (08" -D0,,) I=1,.r.
B, =¢g(D), B, =B,DB,.

r MapaMeTpHH TaH/all KyHHAard KypHHHILIArH MyHocabaT opKaid aMara

OILMPHIICA, MAKCaAra My BOHKIMD:
|D6,, s |=bls +]o,.|n). 6>1.

Bodpa wyHudrgex, 6awlopaTioBYH  MOIE/UIap  acocHAa  AHHAMHK
ofbexTnapHi ananTue Gaxonawl Ba GOWIKAPMIIHMHE AIFOPUTMIAPH, AJIArNTHB
fowKapuul  CHCTeManapHHMHI  JHCCUNATHBIAMLM  XaKMOaru  Macananapaa
poctinaruy napameTpapHHU faxonauu, aJlanTHe OOLIKAPHLIHUHT

MYHTa3aMJIalITHPHIITAaH PEeKYPPEHT ArOPUTMJIAPUHH KYpPHLI caBoiulapH Kypub
YHKHWIraH.




Huccepraunanuur  «bepk  Gomkapmum KOHTYpHAArH  JHHAMHK
00BbeKTIAPHHHT MAPAMETPAAPHHH  ANANTHR HICHTHOHKALMANAIHN TYPFYH
YCy/1api Ba aAropHTMAAPHHH HWAA0 MKMW 1e6 nomnanran TYPTHHYH
fobnpa Oepk OolkapHil KOHTYpPHIA aoanTHB HICHTHQHKALMANAUIHUAT TYpPFyH
ycyinnapH Ba anropuTMiiapH, MOJCMIAp TYNnaMu Ba pocTnariy napameTpnapH
épnamuna odbeTnapHH peKKYpEHT HACHTHOHKALMANAL, TuHAMHK 00beKTNapHH
JIOKAN-ONTHMA ananTHe OOLIKApHLI CHCTeManapuaa Gowkapum TabCHPNAPHHH
IAKINAHTHPUIL ANTTOPHTMAAPHHH HILa0 YHKHIUTa Oaruinanray.

Bepk cucremana Gowkapuul ofbekTH n-TapTH6nM aiipmanu TeHrnama
6unan udonananran GyncHH:

A[K] =ﬁ;a,x[k-f]+£bﬂ[k_ .
r= e

k= x[k1+ vk nlk)=ulk]+wik],
Gynpa n[k] Ba x[k] — OOBEKTHHHI KMpPHIUI Ba YMKMUITApy; w[k] Ba v[k] — MocC
PaBHIIAA MHKHLIHY YNuaraHfard FanaéH TabCHpH Ba Xatonuk; u[k] Ba V] -
HaeHTHUKALMANAIL aMANHETHIA KHPHMII BAa YMKuI MabaymoTaapH cudatuaa
doitnananunanuran YHKHIIHK Yauaraupars Gowkapui TAbCHPH BA HATHIKA;
@, b, — OGBLEKTHHHT HOMABIYM NapaMETPNapH. v[k] NapHHHr KeTMa-KeTITHIH

ramagén  wik], curnauiap wu[k] Ba y[k] HMHr ommuuru KuiimaTnapn Gunan
KoppensuMAnaHMaraH.
PocTnarHyHuHr aMpMany TEHrNaMacH Kyiinaaruya:
i

ulk]= un{k—mid,g[k— il

1=l 1=0
elk]=y'[k]-y[k],

Oynpa y'[k] — TOMWMPHKHHHT MKOPHIt KHilMaTh; £[k] — HomyTaHOCHONHK
CHTHAJH; Ci, dj — POCTIarHYHHHT MabJlyM NapamMeTpJiapu.

WMpentndurauuanaiiHuur KypHS YHKMIAETraH MacanacHHM euuuaa obsexT
napameTplapHHHHT @ BEKTOPHHH Ky HH/IArH TEHINIaMa acocHza aHHKJIAL Kepak

H-8=Y,

Oy epra H Matpuua Ba Y BekTop Golukapuin Tancupnapu u[k] Ba unkmm y[k]
JIapHH aManra OIHPHII ACOCHAA MAKNIUTAHTHPHIANH, & = [al e, | by bp]’".

Ywby macananu eunmMd A.H.THXOHOBHHHr MyHTasamnawTHpum Ba
MaTpHUAHH CHHIYJAp EHMIUra acoC/IaHraH caMapanH [CeBOTecKapH TapTHOma
€3MIW ycyJ/Ulapd acocHia amanra OWMPHIAH. MyHTasaMnawTHpHII TaMOHKIH
M3NaHAETraH e4HM § HU KyHHIark TEHr1ama acocHa 6axoalra o Kenamm:

6, =(H H+al'HTY,
OyHna e >0 — MyHTa3aMIALITHPHII MapaMeTpH, [ — GUpIHK MaTpHLa.

Arap GoLTaHFHY MaBTYMOTIAPHHHT XaTONHK AapaskacH Mabiym 6¥ca

h=|H-H|, s=|r-7],

VHOA MYHTA3aMIAWTHPHIU MapaMeTpH a HH YMYMIIALUFAH XATONMK TAMOHHIIH

acocHia aHMKIaWl MyMkuH, OyHaa H Ba ¥ — MaTpHLatH oneparop H Ba YHr
KHCM BEKTOpH Y HHMHI aHWK KHAMaTnapu. Arap h Ba § HHHI KHiiMarmiapu
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HOMabJyM O¥nca, MyHTazaMIalUTHPHII TNApaMeTpH « HHM KBA3MONTHMALIHK
yCyJIN acOCHA aHHKJIAI MaKcaara MyBO(GHKIAHP:

éll—é‘,‘]zmin, a, =k, i=012,., 0<x<l.

o

Arap MaTpuua / §map paHrHHH r=p Oenrunacak, y xonga 0
napameTpiapHHHI BEKTOpP 0axOCHHM camapaiM MceBAOoTecKapH TapTHGaa &3uw
yCyJUlapH acocHa aHMKIall Makcaara MyBoGHK:

6, =VS,UTY = rziv, a7,
= H
bynna S — caMapanu nceBAoTecKapd MaTpHua S = diag(s,,,..,s.,); arap g >t
6ynca, r'<r, s, =1/ Baarap u =0 0ynca, s, =0.

Bomkapuul sxapaéunapiaHi cHGaTHHM TaXJIMI KWIHII YUYH SKHHIAWYB
WApTAapHHH TAXJMI KHIMI Kepak. KMpHIM wu(r) Ba YMKHIUH y(f) TeHrama
ounad HdoaanaHrad domkapHi 06beKTHHH KYpHO uMKaMu3:

A(d)y(t) =B(d)u(t)+ (1),
OyHna A Ba B — TeckapH cypHIl onepaTtop d 1 Kynxamnap 6ymuo,
(+ad+ .. +a,d™)yt) = (bd + .. + b dwu(t) + £(1),
y(O)==ayt-1)—..—ay(t—n)+bu(t-1)+..+bu(t—m)+£&(@1),
EKH
YO =8"p(n)+£(0),
byHna: :
O=la, ..a,ib .51, p)=[-yt=1)..—pt=n)iut=1). .. u@t—m)] .

Crauuonap oK IIOBKHH &(/) HHHI MaTeMaTHK KYTH/IMACH Ba QHUCIEPLHACH
o} Honmra TeHr, jne® apas kunuHanu. Ilapamerpnapu  y3rapyBuaH
naeHTH(UKALMAIAHAAraH CHCTEMaHH XonaTnap ¢asocHaa KyHHaard AHHAMHK
Mojiennap 6unan udoaanain MyMKHH:

(t=1)=6(t)+w(t)

_ y(r)=w"(:)§(r)+ém}’

OyHOa £(1) Ba w(f) — Ky3ranuuunap, w(r) CHCTeMa napaMeTplapHHMHC y3rapHil
JKapaéHnapHMHi MOJEIalITHpaaH.

Arap napameTpIapHHHI ¥3rapuil >KapaéHMHM KOBapHLHOH MaTpHuUacH
y3rapagurad raycc TakcMMoTHzaaH doitnananmn ounan Gornuk 6¥nca, yHma
knaccuk Kaneman ¢unsrpunan goiigananuil MyMkuH. Yiby Xonataa w(r) raycc
TAKCHMOTHra oufi 6ynmaranu cababanu KanbMan (GuibTpu ontuman GaxonauHu
TabMHHNAiiAM.  Bywpgalt  Xonpga  KyHmpgarm  KYpHMHHILZArH — alropuTMmzan
doitnananuin Makcaara MyBoHK:

P()=P(t—1)— Pf(i—-l)qf(t)wf(f)f’.(f—l)’
Ry, + ¢  (DF(=Dep(1)
£ =309 OFU-Ds TO=Fu-1+~POPOED)

2

i= 1,2, ...,M ’

OyHna R, — WOBKHUH AUCNEPCHACH.
INapametpnap Bektopu &(f) HuHr G6axocu @(f) KyilMmarnua TONWIaLH:
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2 M !
a() =% A ()o,)-
i=]

Amanuii  Macananapia KeHr KyilaHaaurad odbektHma pg BolKapu
KYPHJIMAacHa MWIOBKHHIM Mogewiap CHHQHHH KYPHO wikamys, mDBKuI:{ 1
GolKapHLl CHCTEMACHHHHT Oy cHHQHHH KyHHIArn KYpHHHmaary TeHI‘Ilama_ng
6unan udonanam MyMKHH: P

9
¥, = ia,yn_f + Zb'“"" + aw,,
i=l

=l

u v
u, = Zc,yH + Zd.u”_‘ +o,v,,

1=l =l
Oynna {un}, {y»} — moc paBuwga OOBEKTHHHI KMpHW gg MKW
Ky3aTHJaanran KetMa-kerimknap; {vi}, {va:} — KyuMa rtakcumory 6¥itnua
MaTEMaTHK KyTHIMACH HONra TeHr Ba OMPNUK JMCNEPCHANH rayce gersa-
keTnuknapi. bynna:
Mvyvyl=Mvy vy l=8y, My, v, 1= Mva, ¥, =0, My, )= Mlvpu,,]=0,
Mvy, 1y, = p3,, (j21), 1>p>-1,6,,~ Kponexep Genrucy,

O6bekT Ba OOWIKAPHII KYPHIMACHHHHI H3NaHATrau niapamMeTpaapunu

aHMKITaW yuyH Kyiiuaard TeuraaManap CHCTEMacHHH el 3apyp:

oAy (18)
EKH KEHTaHTHPMIITaH [aK/Ia:
@SS, @ SIS, L anSTS, - ans|S; ) @S\ ¥y +a,,STS,
so|@iSiS @SS %, o] @Sty +apsts,
@383 S, | @83 S 0" @Sty +a,sTs,
@Sl apSTs 0, ﬂ’nSfJN+a”S,TSN

By epaa Yy, Sy BekTopnap Ba S,,S, matpuu@iap {ua}, {u}, n=0,1,..., N kupuw
Ba UMKHW CHIHA/UIADHHH amaira OWMPHII  ACOCHAA  WAKITAHTHpHAAMM;
ayy =0},a, =—pa,o;, 1255 =°'12; 6, &, 6;, 6, napMerpnap Kyhuaaru Hdoyanap
OpKalli aHHKIaHaaH:

OF =(ay, wsiitp, By oos BrY s B = (G swssys Bits 52 B,

A =6 daeidy, wnd; )5 65 =(Cups suChvd g aiadl):

(18) Typharu onepaTop MaTpHUANH TEHITIAMAHH YHIU MACANIACHHH XaTO/IHK
(QyHKUMOHATHMHH MHHMMALIALITHPHLI MAcanacura ailIaHTHPHIL MYMKHH, AbHH
B.K.MBaHoB ycynn Oyitnua Gepk QO Tymnamiaa TeHINIAMAHMHT KBazHEUHMUHH
Tonuwra kentupunanu. Konauk cudaruna Kyiunaru KBajpaTuk ¢yHKUHOHATHH
OJIMLIHMH3 MYMKHH:

(o) = ”S‘g_y”f:z'

Y Xonma 6, yuyH UTepaTHB KeTMa-KCTJIMIHHH KyHHIarn KYpHHULIAA E3u1m

MYMKHH:
énl = P(_)(ér —a,(F_,(é,H E,é, )), r=01.. 5
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Oyuma P, — METpHK [poekTop, o&d®=F, r — HTCPALMA paKaMmH,
MyHTa3aMJAWITHPHII —MapaMeTpiaapH a«,>0,¢ >0  KyAMgarH —TeHramanaH
AHHK/IaHaH:

a, =+, 5 =+, 0<p<l/2.

Kypub uukunaérraH WTepauus »kapa8HHHM KyiHIard Iakngard ysapo

MyHocabaT acocHia aMaira OIUHPHIL MYMKHH:
limé /¢, =0, mfs'”/sfw, =0,
PF;—F)<8,620, F;e5 .
Ly 6unan Gupranvkia:
i o -07-0.
fysna 6'e€= — (18) MacamacHra TErHUUIH — BapHalMOH  TEHICH3JIHK
(M(8),0-d) <0, ¥d e = HUHI ATOHA €4HMH, = — euumMIIap TYIJIaMH.

Bepk cucTeMaiapia pocTNarH4HH CHHTE3Nall[a JIoKan-onTHMan aganTHe
GoLIKapHLI YCyNTapH KyAa Kyn kymnaumunamd. bepunra makngard Gomkapui
00BEKTHHH KYPHO YHKAMH3:

Az Ny, = BE e +w,y,,
6ynna y, € R — ynuanaauran unkuwap; «, € R” — Gomkapuur.
Llynna, Ky#uaarunapsuy xucobra onranja
u, =0 ( Q)0 1 =nsts sd] s Yionats -atht ) (19)
Q= (A", ..~ A, B",.,BV), O] =Gl ptswad] s Yoptronlh ) (20)
NIOKaJI-ONTHMa DOLUKAPHLI KOHYHH KyHHOarn KYpHHHILHH OTanH:
u, = (HTBOY (AN + 5Dy, +. 4+ (A" + 5Dy, +

(21)

+(=BY + DOy, 4., +(=BD 4+ DDy,
Gyuma S i=1n Ba DY, j=ILn—1 — Moc paBMwpa Ix! Ba Ixm ynuamnu
MXTHEpHIT Martpuuanap; H — mx/ ¥no4amMnd IIyHAaidl Marpuua-kKd, YHzaa

det H B 0.
(21) udomana G =H"B" kypuHMIIZArH KBAAPaT MaTpHLA aBBANrH

xonatura Kaiitanu. By MaTpuuanap &MoH wwaprnaHrad 6ynvmn MyMkuH. Kyiinaa
(21) Tedrnamazard TeckapH MaTpuua G-' HH TypryH 0axonalwl anropHTMHHH
KeJITHpaMH3.

[lcepmoTeckapH MaTpHUA YuyH sAKHHMAIWUMW Kyiugary MyHocabat
épnamMuia aHHKIAHHILH MYMKHH:

G, =R U, (22)
Gynna R,, U, — Kyinaaru ndoaanap €paaMuia aHHKIaHaH:
G, =UR, Ul =luTiul), R =|R iR, Uy =GP, (23)
L0 gl & .. gl
R =G®, U= A i 0 gy - g (24)
g =2 .. 1 0 0 .. gh
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Huccepraumsnunr «Kanuit Xnopuann kypurim TeXHOJIOTHK KapaéHHHH
ABTOMATJIAIUTHPHII  BA ﬁomKapluﬂu Macamanapuaa wmia6  umKnAraH
yey1ap Ba aaropHTMJIApHH KOPHH KHAHWY ne6 HomnaHran Gemnnun 6o6aa
WICHTHOKAIIOH EHTIAIYB MESOHADH ACOCHAA TMHAMHK OBheKTApHH aTamTHB
OOoIIKAPHII CHCTEMATApHHH CHHTEINAWHHHT MULTa wHKuiran ycyJnapn Ba
ANrOPUTMIAPHHH  KAIHA  XJOPHAHH  KYPHTHMIN  TeXHOMOrMK KaAPAEHHHHHT
ABTOMATNALUTHPHLI BA OolIKapHILAA KYnnanuw HaTHXallapH KenTHpHJIraH.

Bowkapuin o0bekTH CH}ATHAA Kamuii Xmopummm KYPHTHII >KapaéHu
pacMHinawTHpuIuG, KypHO YHKHNAETraH kapaéHuu TaBCH(IIOBYH  acocHii
KypcaTkuunap cudarnaa KyHHJard acocHi y3rapyBuunap onuuran: GowKapHL
napamerpnapu U = (u,u,), Oy epa u; — KypuTHu Gapabauu KupHIHOAru
HCCHKIHK  TaUYBUMHUHT XApOPAaTH, w2 — KypuTHII GapaGaHn KupuIMAAri
MCCHKJIMK TawyBuH capdH; HHKHIU NapaMeTpiaapu Y =(y,y,), oy epaa y; —
KypHTHLI 6apabani YHKHIUHAATH KYPHTHIrAaH MaTepHan Hamiur, Y2 — KYPHTHIU
GapabaHu UMKMIIMAArH HCCHKIHK TAUIYBYH XapopaTH; HA30paT KMAMHMAiAHIaH
rana€H TascHpnapd W =(w,w,,w,), TOE€ W; — KYpHTHI Gapabanu KHpHIIHIA
KypUTHWNaauraH martepuan capgu, w: — KypuTHw GapaGauu KHpHWHAa
KyPHTHIAQUraH MaTepHaTHHHT OOWIAHFHY HAMIMLH; w3 — KypHTHIAQMraH
MaTepHATHHHT 3appayanapHHH TApKANHIU TAPKHOH.

Kypu6 uukunarrad Kanui XMOPHAHM KyPHTHW >KApa&HHHHHL 4HIHKIH
HOCTALMOHAP KYN ¥auam/Id MOIEIHHH Kyitnaaru KypHunnna ndoganaiiMns:

Xy = Ay + B +w (25)
Vi = oy +vy, (26)
OyHna x, y, # — MOC paBHLIAA OOBEKTHHHI n, m, M YNuaMIn BEKTOp XOMaTH,
uukHWY Ba Gowkapuw; A, B Ba C — o0bekTHHHT [nxn], [nxm], [mxn] ymuammm
XakHKMii TapaMeTplapH MaTpHUAcH, w, v — MOC paBMIIZA MaTEMaTHK
KyTHIMQJlapH HOJIFA TEHr OY/raH Mabiym skafainamysu Q,8,, RJ, 0GBEKTHHHT

if2 SH%
OK IayCCJIH IUOBKMHH Ba Yiuall XanaKkHTH.

Kamuil xjopuaHy KypHTHIU >kapaénunu Oomkapuw o6bekTH cudaruma
nactiabku TaaKMK KWJIHHHIIM WYHH KYpcaTAH-KH, OOBEKT MapaMeTpiapHHHHT
MyHocabaTHaa KBa3HCTALHOHAPIHK ME30HNAPHHH Kalyn KMAMUIMMH3 MYMKHH,
OOBEKTHHHI ¥3u 3ca TYAHK OOLIKApHIYBYAaH Ba MAEHTHOHKAUMANAHYBYAH
xucobnaHagd. MareMaTHK MOIE/UIAPHM OJMUI Ba AMAIMETAA MIUIATHII YUYH
«[lexxonobon kanuiinu yrumnap 3asoam» YKna Kanuil XNOPHAHH KypHTHIL
TEXHONOIMK >Kapa@HHHH HOpMal LIApOWTAAa HUUIALIMAA caHoaT TaxpuOacu
yrrasunrad. [Tapamerpnapuu Kaila 3THII BakTH T Ba skapaéH y3rapyB4aHIapHHHHT
amanra OWHPHIHIUH TYFPUCHIAA MABIYMOTJAPHH OJIMII HHTEpBANH Af Yy €kH Oy
napaMeTpiapHd  YIYaulHH aManra OUMPHII XYCYCHATIAPH Ba TABCHANAPHH
MOC/JIHTMHH HHoOaTra onrad Xonga TaunaHramnap. Kysatunaérran Ttacommdmuit
Japa€HJIapHH aManra OLMPHIMIIHHM Kaka 3THII BakTH BAa AMCKPETNALUTHPHILH
Kyiunarura tenr 6ynran: T = 5 coat, Ar = 2 mud. JKamun 150 ynuawnap amanra
OLUHPHJITaH,



(25) Tenrmamanma 4, Ba B, MarpHUATApHHHI H3NMaHaérraH KHHMAaTH

KBA3UCTALMOHAPIMKHHHT TYPIIH HHTEPBAIIAPH YUYH Meiina 6axonaruum acocuaa
xXucobnanas. Macanas, KBa3HOCTALMOHAPIHKHUHT OMPHHYH HKKHTA MHTEpBATH
yuyH ynap Kyiiuaard KypHHHIa 0Fmamu:
GupuHuM uaTepsan yuyH (1-50 pakamii yn4aminap)
[0,748 101 37] _[0,544: -0.771]
= ;

______ G- e ————

~0564! 0671

MKKMHYM HHTepBan yuyH (51-100 pakamiu ynvaluiap)
[ 0,683 ; 0,296:| [0,732: 0,352]
h =

______ - il P

-0,351} 0,723 i 0,882! 0,612

MUmnab 9ukunrad MOIeNHHHT MOHAHUTHTH KOJIIHK XOCCATAPHHHU TaX/IHIHra
acocnaHraH Me3oH acocuia ypHartuarad. Muuiad YHKMIraH MaTeMaTHK MOZe/uiap
acocuja Kanuil  XJIOpPMAHH  KYPHTHLI dapaHHHHHT ajantue  Oowkapuil
CHCTEMAacHHH CHMHTe3Nall MacalacHHH KYypHO uMKamM3. Bollkapuul KOHYHHHH
Ky#HHIard KypHHULIAA Kabyn KHIaMH3:

=07 (Q,)x,,
Oynma 0(Q) — GepunraH MaTpHUAIH ¢dyHkuua, Q, — Maiina 6axonaruyu acocuaa
onuHaguran Q7 = (4, B) MaTpHUANAPHHHT AacTnabkH HaxocH.

OOBEKTHHHI XO0/aT BEKTOpH x, HH Daxonall y4yH anbanauii Kaneman
duneTpuaaH QoiinanaHuara-.

Kypu6 unkunaérraH OGBEKTHHHI ¥3ura Xo¢ XyCyCHATIApHHH HHOOaTra
osirad Xosia GoLIKapHIIaa KeYHKHII MaBiy/ Oyaranaa, GOLKapHIL CHCTEMACHHH
CHHTe3Nall MacanacHHH kypu® unkamu3. Bollkapuin 00BEeKTH ¥3MAa KeWHKHIU
Tynnamnapu 6,, 6,, ..., 0,uu TaBcudnaiinu ned, dapas kwicak, (25) Tenrnama
ypHHra 06BEKT TeHrNIamMacH Kyiuaars Kypunuuaa 6ynam:

i
Xpy = Ap X + .ZEBf-" Mg, + W, (k=0,1....,N=1L xo, 1, ...,u_y, TOMUHPHKIAP),
=
Gynna 6, — kynaii Gynumum yuyH opti® Oopuil TapTHOuMAa KOHMAWTHPHO
xHcobnanaauran Typnuua GyTyH coHnap sa 6apya B,, MaTpuuanap nxm ynyamra
ara 6ynanu.

KynuHua, KUpHII CHMTHaIH 1w, KOppelAUMANIaHAJHraH KeTMa-KeT/IHK
xucobnaHcuH. ByHpait Xoinapga KOMIMEHCALHANOBYM OOIUKAPHUIHH Kyiinaard
KYpUHUILJA TAHIALl MaKcara MyBoQHK:

U, = "[H!: +Bi P By +a]]—lBIPk+|Aka >
P, = A{Rhl[’dk + Bkyk]+Gi- » Py =Gy.

Vwfy KepaknH KOMMOEHCaUMANall MaTpHUACHMHH  KyinaraH —Xxosja

KeUHMKMUUTH OepK CHCTEMaHH XONaT BEKTOPH x, MabHOCHAA 3KBMBAIEHT

KeNTHpHITaH Keyukuuicus Gepk cucrema ne6 kabyn xunamus. Kanuil XnmopuaHd
KYPHTHIU 3KapaéHHHHM ajanTHB OOLIKApHMII CHCTEMAaCHHM CHMHTeanauja Kypuo
UMKMJITAH @ITOPHTMIApHH Kymnaw, Gomkapum 6yiHua KeUMKHMIIHH Xucobra
onran xosna GoluKapul sxkapa8HHHHHT CH(aTHHH AXwHawra épaaM Gepaau.
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Onunran uonanap acocuua aganTHB GOIIKAPHII CHCTEMACHHM Ky#HHaru
CTPYKTYPACHHH TaKJIH() KHIHII MYMKHH:

1 1

Tk

——— | OOBEeKTHHHT HOMAIYM KysaTuw ~k
napametpaapu & — " —-HT\- Y T s
X, = Ax, + Bu, +w,, A g

X
BoluKapimHiHr XonatHu
AeTepMHHAHIAHTaH Gaxonat 0J10KH
KyPHAMACH —>

[
IMapameTpnap
iaeHTHHKaTOpH

1-pacm. Xonar 6¥iinya ananTue GOIKAPHII CHCTEMACHHHHT CTPYTYPACH.

Cavoar wMwnad uuKapHIUMAZ HOAHMKIMK  IMAPOHMTHAA  OOIKApHLI
O0BEKTHHHHT XOJIAT BEKTOPIAPHHN THKIAHHILZAA XUUNI KHIHHYHIHKIApra ayy
KeMMHMOKAA. ByHpnait Xonatnapga oObekTHM wudomanamr yuyH KyHugard
TeHrnamanad goitnananui Makcanra myBsoduk 6ynamn:

A =B+,
byHna y, e R - ynyaHaaurad YHKHULIAD, u, € R* — GomKapHu.

Yupa (19), (20) kypunummpary MyHocabarnapra acocad, n=2 6¥iranna
GowKapHil KOHyHH (21) KyHuaary maknjia TanjaaHaiu:

u, = (HTBOY (AP + 5Dy, + (AP + 8Py, + (=B + Dy, ), (27)

Gynma SO, 5% Ba DY — uxTuépHit 2x2 ynuamnu marpuua, # — 2x2 Yauamiu

marpuua 6ynub, det #'B™ 2 0.

(5) — (9) unmentHdukammanam anroputMnapu acocuaa AU, 4 g g
MaTpHLaNapHH HIeHTHGHKALHANALL HaATHXKalapH YIapHH COH KHitMaTiapMHH
OJTHII HMKOHHHH Oepau:

o[l 7] o [ 1000 o [0 060 o [0 0016

0,645} -0,691 047810288 0,384 } —0,293 i 0,418 | 0,497

(27) na matpuua G = H7 B uu Teckapu TapTHOMA E3HII aMallapH COHIM
TYPFYHIMTHHU OLUMpHIN Makcanuaa [aycCHHHI MYHTa3aMMAIUTHPHII YCyJuaau
toiinananaMus.

Y xonpa

(G =Ry UL .
OyHna R, U, —(23), (24) uonanap épaamuaa aHHKJIaHAIH.

Mumab unkmira pactypuil TabMHHOT acocuza (22) Hu xucobra onubd, (27)
aJIrOPUTM acocuzia GOLIKAPHIN KOHYHHHUHT COHJIH MOJEMNAIITHPHIMILKY amanira
owupuind. Mucon yuyH, 2-pacmaa u1 — y; kKaHan 6yiinya kypnb uukunaérran
XapaéHHUHT OolIKApHIl TAabCHPNApH Ba 4YHKHII Y3rapyBUHIApHHH amManra
OLINPHITHIIN KYPCATHIITaH.
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2-pacMm. t1—>y; KaHaa 6Yiinua kKypu6 unkKuaaérran ;kapaéuHuHr GowKapum
TALCHPJAAPH BA YHKHI ¥3rapyBYHIAPHHM aMAaIra OUHPHIHILH,

YTKasunran TaKMKOT acocHia alanTHB OOLUKApPHII CHCTEMACHHMHT
Ky#ugaru CTpyKTypacHHH TakIH() KHIHI MYMKHH.

e i

1 Hnermuimxammnauﬂl
4 Gnoxsm

______________ . 1 L A :

JAzanranus- | i 9 H

inaur 6ok ! 1| O6vext mozenn !

1 1 : 1

[l 10 1 H ¥ ]

) Xucobnaw ! ! 2 !

: KypHiinacy : [ Moneaun cownaw - <

' 1 ! 6nokit 1 Arsocdepars

1 ! 1 ! MCCHIUTHE TallTyBqi

] 11 Bowxapiur L el & S e e R S e e e

i Tavcupnapunn ||

1 |wakanauTHphw Gnoxu|1

1 1

e 1

g 12
>
Poctaarny

3-pacm. Unknm y3rapysunnapu 6yiinya Kanuii XJI0pHAHH KyPHTHII
KApatHUHY AJAaNTHE (OKAPHII CHCTEMACHHHHI CTPYKTYPACH.

Hpentudukaumon  Evpamryr  acocujaa  Golukapuil — TabCHpRapHHH
IIAKIaHTHPHIHHHT HIINa0 YHKHIraH MyHTa3aMIalITHPHIL aJIFOPHTMIAPH Kanuii
YPMTHHM HUIa0 YMKApHILJA KanHMil XJIOPMAHHM KypPHTHLI »KapaéHMHHM alanTHa
folkapiin cucTeMacHaa OOWIKApHIL TALCHPNAPHHHM XHcobnaml aHUKMMIHHU
OLIHMpPHUILI HMKOHUHHU GepamH.
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XVJIOCA

Juccepraunana TH3MMAM Taxwl, aBTOMATHK OOLIKAPHLI cHcTemManapu
Ha3apHACH, AMHAMHK (HILTPNAIl Ba HOKOPPEKT MacalalapHH eumm ycynnapu
acocHaa MASHTHQHKAUMOH EHZIALYB Me30HIapH acocHaa AMHAMHK obbeKTapHH
anantHp GOLIKapHLl CHCTEManapHMHH MYHTA3aM CHHTEe3NAUIHHHT KOHCTPYKTHRB
YCIyOHATH HIWIa0 YHKHITaH Ba KYHHIOArH WiMHI HaTH>Kaap OJIHHraH:

1. Typmn MOJENIH  CTpyKTypanap — yuyH  HIAeHTHdHKauMaiai
TCHIIAMACHHHHT  GOLLTAHFHY  MabjyMOT/JapH TOMWHPHKIAPHHH  XaTONMHKIapH
Gaxonapu onuuran. Yoy ANrOpUTMIIAp Xey KaHAaail XucoOJall anropurMiapuHi
Gaxkapmait Typu®, CHHMIIAPHHHI XaTOJIHK Jlapaskach XakKuzia alpHop ax6opoTra ara
Oy MMKOHHHH Oepanu Ba cHcTemMaHuHr KefiMHru XHCOOnapumuu kamaka
AHHKNHK Ounad Oakapull MabKyJIMry Ba Mochammu Talabiapupan kenud
HHKKAH X0/, MyHTa3aMNalUTHPHIL TapaMeTPHHUHT OnTHMAT KHiMaTHHI Te3Kop
TaHMall XaKuaa cuamiiv Xysocanap YHKapHIIra Xuamar KHiaiH.

2. Kanbman ¢uneTpu 6aszacHaard ontHMal croxacTHK OFOXJaHTHprHunaH
dolinananub, rpageHtiu cxeManap acocuia AnHammk oObEKTIApHY anoxuaa Ba
Oupranukna amantHB  Oaxonamr  Ba oowkapuimn  YIYH - anropurmnapHu
laKlaHTHpuwaa udopanap onuurad. Onusrad udoAlap  HapamerpiapHH
Oaxomaw amanura sra 6ysiran Teckap amoka makiigary OOUIKApHII KOHYHHHH
OHMpRAWTHPHIL acOCHIA ANANTHB ANrOPHTMIAPHUHI MyBOPHKIMruuM Gaxonau
HMKOHHHM GepajH.

3. Jlwnamuk duibTpramn  Me30HHM acocuua CTOXACTHK  o06beKTIapHH
ajanTue OOWIKAPHII CHCTEMANapHHMHI AMCCHNaTHBIMrH XaKHaarn Macanaia
GapkapopiioBun pocTIarHy napameTpiapHHH TypryH 0axollaul anropuTMiIapu
Taku( kunuarad. Muab unkuiray anroputmiuap 6up MapoOMAArH ONTHMAIUIHK
XycycHaT/iapura sra 6ynran 6axonapHH oJMII HMKOHHHM Gepalu.

4. Kanbman THnuaars MyHTasamtawrad GuibTp acoCHla AHCIepCHAHUHT
MHHHMYMIIHTH Me30HM G¥iiMya QuHaMMK oObeKmIapHHM alanTHB GolIKapHLu
CHCTEMAaCHHH CHHTE3NMallHHHI TYPFYH cydonTuman anropHTMiiapy Takiaug
sTiarad. ONHHran anropuTMiIap pPOCT/IAIIHHHT MHHMMAN  KOBapHalHACHHH
TabMHHIaHIH.

5. Coppanamrad MyHTa3aMIalITHPHIIHHHE PETPOCIICKTHB Ba WTEPALMsIIH
BapHaHTIapH acocuja JHHAMHK O0OBeKTIapHH cybonTHMaJl —ananTHB-JIOKa
OOIIKAPHILHUHT TYpFYyH anropuTmiapH Hua® uukwirad. Tawkiud stunaérran
anroputmiiap GoluKapHil KOHYHHM MapaMeTpJlapHHH aHHKIIMTHHH  OLIMPHIN
WMKOHMHH Depaju.

6. CuHrynap  axpaTHMIIra  acoclaHraH  MyHTa3aMIAWITHpUIN  Ba
nceeporeckapy TaptHbaa €3 ycyJulapu acocuiaa AMHaAMHMK - GOlUIKapuiu
00BEeKTIAPHHHE HACHTHOUKALMANALIHHHT TYPFYH arOpUTMAAPH HILIA0 MHKHIIMaH.
Ymby anroputmiap GOWIKApHII KOHTYpPHAArH IHHAMHK OOBEKTIApHM MabIym
XaJlaKMT-CHIHAJLIAp WAPOMTHAA TYPFYH HiueHTHdHKauusialra MMKon Gepaau.
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7. Tynnamnu  Mojemnap Ba  YMapHUHT  MapaMeTpyiapuH¥  raycc
TAKCHMOTHHMHI  YEKIM  AMFMHAMCH  KYPHHHIUMAA  CHUIHKNAHTHPHIUOAH
(oifgananum acocuaa MOCTAIUTHPHIN €pAaMHIA PEKKYPEHT MAeHTH(HKaUHsIIAL
anroputMiapy Hmnab uukunrad. OnuHran anroputmnap Gepk GorukapHi
cucTeManapuia Oowkapum skapagHnapd  cudarHHM  OLUMPHMII  MMKOHHHH
Oepaaurad Ba CanlMoKIH Oaxoapra onud Kenagu.

8. BapuauMoH TEHIrCH3NMKnap ycynuaaH ¢oiiganaHub, wuTepaTus
MYHTa3aMJIalITHPHII TaMOHMIH acocuaa 6epk GoIIKapHII cHCTeMacHaard oObeKT
Ba POCT/IArMY INapaMerpiapMHH HASHTHOUKAUWAIAIHHHT TYPFYH anropuTMIapH
umiad uMKHarad. Ymby anroputmiap oOBeKT Ba pocTiiaruy napamerpiapHHHHT
H3naHaérraH OaXxonapMHH JeApiH XakMKMi KuiiMaTtnapra MyBOQMKIMIHHH
TabMHMHIARIH.

9. Oproronan 6¥naMarad (akTopH3alMAIALI Ba EMOH ILAPTIaHraH EKH XoC
KBajpaT MaTpULANapHH IMceBjoTeckapd TapTHbja €3l acocuaa JAHHAMMK
00BEKT/IapHH JIOKaN-ONTHMaN ananTue OGollkapHIl cHcTeManapuaa GolIKapHLl
TabCHPNApHHH AKUIAHTUPHILHUHT TYPFYH IFOPHTMIIapM TakiH() 3THIraH.
Anroputmimap  Oepk  Oomwkapuml  KOHTypuaa — OOLIKApHIN — TAbCHPHHH
IAKITAHTHPHIL aHMKJIMTHHM OLUMPHLITa HMKOH Oepanu.

10. Takmud >Tunaérran  apanTHE HIAeHTHQHUKAUMANAUNIHHHT MYHTa3aMm
anropHTMIIApH acocHJa Kanmuii YFHTHHH MuUiad® YHKapHIUAAa Kajiuil XJIOpHIHH
KYPHTHILI TEXHOJIOTHK >KapaéHHHH afanTHB OOLIKApHLI CHCTEMACH CHHTE3/IaHIaH.
Kapanaérran »apa&H yuyyH Taiind 3Tarad OOLIKApHUIUHHHI aJalTHB TH3UMH
s#apaéH 103 OepHIIMHHMHT TEXHOJIOTHK PeXHMHMHH GapKapoprnaliTHpHLI Ba YHHHT
thaonuATH caMapagoOpIHIHHH OLIHPHII HMKOHHHH Gepanu.

28



HAVYYHBII COBET DSc.27.06.2017.T.03.02
110 MPUCYKJIEHHUIO YYEHBIX CTEIIEHEH ITPH
TAINKEHTCKOM 'OCYJAPCTBEHHOM TEXHHYECKOM
YHHBEPCHUTETE

TAIIKEHTCKHI TOCYJIAPCTBEHHBII TEXHUYECKHIi
YHHUBEPCHTET

CEBHHOB KACYP YCMOHOBHY

METOJBI H AJITOPHTMEI CHHTE3A ATAIITHBHEIX CHCTEM
VIIPABJIEHUSA TEXHOJIOTHYECKUMH OBBEKTAMH HA OCHOBE
KOHOENIHH HIEHTHOHKAIHOHHOI'O MO XO0JA

05.01.08 - ABTOMATHIAUNA N YNPABJICHHE TEXHOA0THUECKHMI MPOUECCAMI 11
NPOH3BOACTBAMH

ABTOPE®EPAT JJOKTOPCKOIi (DSc)
JUICCEPTAIHH 10 TEXHHYECKHM HAVKAM

Tawkent — 2018



Tema pokropekoii (DSc) auccepraumn 3apermcTpupoBaHa B Belcweii arrectaumonnoii
komucenn npn KaGunere Munncrpos Pecnybaukn Yibexueran 3a NeB2017.3.DSc/T141

HMucceprauns soinoniena p TalKEHTCKOM rocyIapcTBEHHOM TEXHHYECKOM YHHBEPCHTETE,

Aptopelhepar auccepraunn Ha TpéX s3wikax (ys0ekckuil, pycckuii, anrauiickuii (pestome))
pasmewen Ha seb-cTpanHue no aapecy (www.ldtu.uz) u Ha Hndopmaunonno-obpasosaresnsiom noprane
«ZiyoNet» no agpecy www.ziyonet.uz.

Hayumuetii KoncyabTanT: Hram6epanes Xycan 3akupouy
JAOKTOp TEXHHYECKHX Hayk, npuc{]eccop, aKaleMHK

O¢uunaneHbIe ONMOHEHTHI: Mapaxumos Asayxon Paxumosuy
JIOKTOp TEXHHYECKHX Hayk, npodeccop

Hazapos Yayr6ek Cyaranosuu
NOKTOP TeXHHYECKHX HayK, npodeccop

Abaykaasipos AGaysapud Abaypaydosnu
NOKTOP TEXHHYECKHX HayK

Beaymas opranu3aumHa: 000 «Ximavtomatika»

3ammnTa qUCCePTALME COCTOMTCA «__ » 2018 rona B ___ uacos Ha 3acepanun Hayunoro
cosera DSc.27.06.2017.T.03.02 npu TawkeHTCKOM TeXHHYECKOM YHHBepcHTeTe mo aapecy: 100095,
r.Tawxent, yn. Ynusepcurerckas, 2. Tem: (99871) 246-46-00; dakc: (99871) 227-10-32; e-mail:
tstu_info@tdtu.uz.

C nmuccepraumeii MoxHO 03HakoMHTECA B MudopmanmoHHo-pecypetoM wentpe TalkeHTCKOro
rocy/1apCTBEHHOrO TEXHHUECKOro yYHUBEpCHTeTa (3aperHeTpuposano Ne62). Anpec: 100095, r. Tawkenr,
yn. Yuusepcutetckad, 2, Ten.: 246-03-41,

Astopedepat AnccepTalii pa3ocaaH « » 2018 ropa.
(peecTp npoToxona pacceuiki N 0T « » 2018 rona)

i A H.P.IOcyn6exon
e, HayHOro CoBeTa 1o
yAfeHHI0 YUEHBIX CTeneHeii,
,’ ccop, akaaemuk AH PY3

,
; /. 1 4 HIL.M.I'ynsmos

€Tg{b HaY4HOro COBETA M0

it
‘- créneneil, 2.1.4., npodeccop
A.M.Hazapos
[Npeacenatext HAyuHOro ceMuHapa npu
HRY4HOM COBETE N0 MPHCYAKACHHIO YUEHBIX
cTenexed, A.T.H., npogeccop



BBEJAEHHE (anHoTaums auccepraumu IokTopa nayk (DSc))

AKTYaJBHOCTE H BOCTPeGOBAHHOCTE TeMbI Auccepraunn. B mupe B
nocneanee Bpems B oONacTH aBTOMATH3AlHH TEXHONOTHUYECKHX NIpoLIecCcoB H
MPOH3BOACTB 0COG0OE BHHMAHHE yHeNAeTCA pa3paGoTKe MeTONOB M anropHTMOB
CHHTE3a AaNaNTHBHBIX CHCTCM YMNPaBIEHHA TEXHOMOTHUYECKHMMH OODBEKTAMH
PA3NHYHOrO  QYHKUMOHAIBHOTO Ha3HAayeHuds. B 3Toii  oBnactu pazpabotka
peryfspHBIX anropHTMOR alanTHBHOIH HIAEHTH)HKALIMH napamMeTposB
AMHAMHYECKHX OOBEKTOB B 3aMKHYTOM KOHTYpE yMNpaBJIeHHs ABNAETCS OmHON H3
BaKHBIX 3a1a4. [TosTomy pazpaboTka pa3zHOOOpPasHEIX METONOB HIeHTHOHKAUHH U
YNpaB/ICHHA AMHAMHYECKHMI OOBEKTaMH ABACTCS OAHON M3 BakHeliwMx 3amau.
B 3apyGesxHeIX cTpanax, B ToM umcne s CILLIA, Poccun, I'epmanun, Snouuw,
1O:xHoit Kopee u ap., Gonblloe BHHMaHHe YAenserca pelleHHI0 TeOPETHYECKHX
3amay HACHTHQHKAUMH, JHHAMHYECKOrO OLEHHMBAHHA, ananTHBHOIO ynpaeieHus
TEXHOMOrHUECKHMH MPOLECCAMH H HX NPAKTHYECKOMY MPHMEHEHHIO B Pas/IH4HBIX
OTpaciAX MPOMBILLUIEHHOCTH.

B Mupe Beayrca uayuHo-HCCNlefOBaTeNbCKHe paGoThl MO COIMAHHIO
YHHBEPCANBLHOTO MOAX0JA K HMAEHTH(HKAUHH OO6BEKTOB B 3aMKHYTBIX CHCTEMax,
OPHEHTHPOBAHHEIX HA pELUeHHE 3aJa4 aJanTHBHOIO YIIpaBieHHs AHHAMHYECKHMH
o0bexTaMH. B cBS3H ¢ 3TUM, BaxkHOI 3anaueii sBnAl0TCS YCOBEPIUEHCTBOBAHUE H
MOJH(HKALIMA METONOB M AIFOPHTMOB CHHTE3d AfaNTHEHBIX CHCTEM ynpaBleHHs
NUHAMMYECKHMH OOBEKTAMH HA OCHOBE KOHLEMIHil HAEHTH(HKAUHOHHOrO
noaxoAa; paspaboTka anrOPHTMOB  YCTOHYHBOIO OLEHHBAHMA napamMeTpoB
00beKTa M YNpaBNAIOIIEro yCTPoiicTBa B 3aMKHYTOH cHcTeMe YNpaB/ieHUs;
CO3/laHKe€ METOJOB M ANropHTMOB ANANTHBHON CTAOMNHM3aLMH JHHAMHYECKOro
00BEKTa ¢ HEH3BECTHBIMH [TAPAMETPAMH H HEH3MEPAEMbIM BO3MYLUEHHEM.

B Hacrosmee Bpems B Pecrybnuke yaenserca Gonboe BHHMaHMe
HanpasJIEHWAM AaBTOMATH3alMH H YNpaBjleHHA, B TOM YHMCIe CO3AAHHIO CHTTEM
YCOBEPLUEHCTBOBAHHOTO  YIpaBJieHHs, obecneunBaommx JHepre- H
pecypcocOepeskeHHe NpH  aBTOMATH3AUMH M YNpABAEHHH  PasNdSHLIMH
TEXHOJIOrHYECKHMH NpoLeccamMH M npouspofcTBamMi. B Crparerun melictBuii no
AansHeiiemy passuTHio Pecry6nuku VYabekucran B 2017-2021 rr. oTMeueHs!
3ajauH, B TOM 4HCIe, 110 ... COKPALLEHHIO SHEPrOeMKOCTH H PecypCOEMKOCTH
3KOHOMHKH, IUHPOKOrO BHEJPEHHs B MNPOM3BOACTBO 3Heproceperaommx
TEXHOJIOTHH, MOBBILIEHHIO NPOM3BOJNTENLHOCTH TPYAa B OTPAC/IAX IKOHOMMKH,
... BHEJIPEHHIO HH(OPMALHOHHO-KOMMYHHKALHOHHBIX TEXHOIOTHI B IKOHOMHKY,
counanbHyio cdepy, cucTeMsl ynpasneHns»'. Jins peanuszauuu noaoGHbIX 3aqau
BAKHBIM  AB/ACTCA ~ CO3AAHME  CHCTEM  A[ANTHBHOTO  YNPABAEHHA  C
HIEHTH(UKATOPOM B . KOHType . ofpaTHOM cBs3M, 4YTO OBYCIOBIUBaeT
HeoOXonuMOCTe pa3paboTku 3(()EeKTHBHBIX METONOB M ANrOpPMTMOB CHMHTE3a
aJanTHBHBEIX CHCTEM YNpaBIECHHA TEXHOJOTHYECKHMH OOBEKTAMH HAa OCHOBE
KOHLEeNUHUi naeHTHGHKALHOHHOrO NoAX0/a.

! Va3 INpeserta Pecny6amkn Y3bexncran «O Crpatersn aeficTamii no aansueiimesy passiriuo PecryGmikit
Vibekuctawy [1D-4947 ot 7 gespana 2017 roga.
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JlaHHOoe MccepTalHOHHOE HCCISA0BAHHE B ONpe/IeEéHHOH CTENEHH CITyKHT
BBIMOJIHEHHIO 3aiay, MNpeaycMOTPeHHBIX VYkasom [lpesueHTta Pecry6mmkn
¥Y36ekucraH NeYI1-4947 ot 7 ¢espana 2017 ropa «O Crparersu JeiicTBuii no
HanbHeiimemy pazuTHio Pecry6nuky Yabekucrany u [Tocranosnenusmu Nellll-
3151 ot 27 mionsa 2017 roma «O Mepax mo manbHeiiueMy paciIMpeHHIO yHacTHs
oTpacieii 4 ciep IKOHOMMKH B MOBLILIEHHH KayecTBa MOJArOTOBKH CMELHATHCTOB
C BBICIUMM oGpazoBannem», Nell[1-1730 ot 21 mapra 2012 roma «O mepax mno
JanpHeiilleMy BHeApeHHI0O M Pa3sBHTHIO COBpeMeHHBIX HH(pOpMaIIHOHHO-
KOMMYHHKALMOHHBIX TexHomoruii» u Nell[1-3682 ot 27 ampens 2018 roma «O
Mepax [0 pAanbHeilleMy COBEpPLUEHCTBOBAHHIO CHCTEMBl IPAKTHHECKOro
BHEApPEHWA WHHOBALMOHHBIX Me, TEXHONOTHI M MPOEKTOBY, a TAKXKE B IPYIHX
HOPMAaTHBHO-NIPABOBBIX JJOKYMEHTaX, IPHHATHIX B JaHHOl chepe.

CooTBeTCTBHe  MCCAEI0BAHHS  NPHOPHTETHBIM  HANPABJICHHAM
PA3BHTHSA HAyKH M TexHodormii pecny6aukm. JlanHoe HCCIEAOBAHHE
BEITIOJIHEHO B COOTBETCTBHH C MPHOPUTETHHIM HanpapfieHHEM Pa3BHUTHA HaYKH H
TexHonoruit  IV.  “PazguTHe  MH(QOpMAaTH3aLHH M HMHpOpMaALHOHHO-
KOMMYHHKAUHOHHBIX TEXHONOTHH”.

O630p 3apyGemHbIX HAYYHBIX HCCIAEJOBAHMIT Mo Teme AMCCepTAaLHH.
Hayunsle uccnemosanus, HanpaBneHHble Ha pa3paboTky METOMOB H alrOPHTMOB
aJaNTHBHOTO YMNpaBieHMs TEXHHYECKHMH H TEXHOJOrMYECKHMH OOBeKTamH,
OCYWIECTBIAKOTCA B  BeAylUMX HAYUHBIX UEHTpaXx MHpa M BBICIIHX
ofpaszoBaTenbHbIX yupexkaeHHsX, B ToM uucie, B «Honeywell», SIMSCI-
Simulation u University of California, Massachusetts Institute of Technology
(CILIA), «Siemens» u Technical University Munich, Karlsruhe Institute of
Technology, Technical University Darmstadt (lepmanus), Imperial College
London, The University of Edinburgh (Benuxo6putauus), University of Chemical
Technology in Prague (Yexus), The University of Tokyo, Tokyo Institute of
Technology (SImonua), Seoul National University, Korea Advanced Institute of
Science and Technology (IOxunas Kopes), «Alstom» (dpanums), «Simatek-
Energo»  (Benapycs), MucrutyTe aBromatuk  (Kwurail), MockosckoM
rocylapCTBEHHOM TEeXHHYeCKOM YHHBepcuTer um. H.D. baymana, Caukr-
[lerepbyprckoM HHCTHTYTe MHpOpPMAaTHKH M apromarusauuu (Poccuiickas
denepaums).

B pesynbraTe HccleJOBaHHI, POBENCHHBIX B MHpPE M0 CO3/aHHIO METONOB
M anroOpHTMOB CHHTe3a aJanTHBHBIX CHCTEM YyMnpaBfleHHs AWHAMHYECKHMH
00bekTaMH, a Tak)Ke COBEpIUIEHCTBOBAHUIO CHCTEM YMpABIEHHA, TOJYUYEeH Pl
pe3yAbTATOB, B TOM UYHC/e CO3JaHBl METONbl W ANrOpPHTMbl aNanTHBHOI
napamerprueckoii uaentudukamn  (University of California, Massachusetts
Institute of Technology, George Mason University, CILIA; Linksping University,
Ilreuus, Muctutyr npo6nem ynpasnenus PAH, Poccuiickas ®enepauus);

® O630p HayuHBIX MCCNEJOBAaHMIl TO TeMme [MCCEpTaLMM cocTaBned Ha ocHoeaHuu  https:/elibrary.ru,
http://ieeexplore.icee.org/document/824819, http://www.mathnet.ru/rus/agreement, www.asucontrol.ru,
www sial.iias.spb.su, http://www.ipu.ru, http://cyberleninka.ru, http://izv-tn.tti.sfedu.ru/?p=21073,
https://nl.wikipedia.org/wiki/Pieter_Eykhoff, https://books.google ru/books/about/Optimum_systems_control.html,
https://books.google.nu/books/about/System_identification.html,  http://terraelectronica.ru,  http://uk.farnell.com/
static/findings/DF 10/findings 10_aducs.htm # apyrix HCTOYHHKOB.
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paspafoTaHbl METOJbl W ANrOPHTMBl [APAMETPHYECKON M CTPYKTYpHOI
uneHTHukaunn  (Massachusetts Institute of Technology, CILIA; Linksping
University, LlIseuns; Technische Universiteit Eindhoven, Hunepnaumpr; Hucruryr
npoGiem ynpasienus PAH, BoeHHO-BO3yIIHAA HIDKEHEPHAA aKAZEMHA HMeHH
H.B. Xykosckoro, Poccuiickas ®egmepauns); pazpaGoTaHbi ArOPHTMBI
HACHTHQHUKALME HA OCHOBe Teopun oueHuBahusa (George Mason University,
CIUA; HucrutyT npoGnem  ynpaenenus PAH, Cankr-Iletepdyprekuii
rOCYAapCTBEHHBIH 3JIeKTPOTEXHHYECKHIT YHHBepcHTeT, Poccuiickas Denepanus);
pa3paboTanbl alroputMbl 0G0OIIEHHOTO OLEHHBAHHA MapaMETPOB M BekTopa
COCTOAHMA JHHAMHYeCKHX cHcTeM (MuctutyT npoGnem ynpaemenus PAH,
MockoBckuii rocyaapcTBeHHBIN TEXHHUYECKHI YHHBEPCHTET M.H.D Baymaua,
Cankr-I[TerepOypcknit HHCTHTYT MH(OPMATHKH M aBTOMaTH3aUMM, Poccuiickas
Mepepauua); paspaboTanbl METOIB H ANTOPHTMBI HAEHTH(PHKAIMH HA OCHORE
TEOPHH BPEMEHHBIX PANOB M METOJOB MpPOCTPaHCTBa cocTofHHI (Massachusetts
Institute of Technology, CILA; Linksping University, ILlBeums; Hucturyr
npoGnem ynpasnenus PAH, Poccuiickas denepauus); paspaGoTaisl Mertoss!
CHHTE3a aJanTHBHBIX CHCTEM YMPaBIEHHA C MIACHTH(MKATOPOM B KOHType
obparHoit ceasu (Linksping University, IlBeuns; Hucruryt npoSiem ynpaenenus
PAH, Poccuiickas ®enepauus).

B Mupe panbHeiiniee pa3BHTHE CYLICCTBVIOHMX M CO3LAHHIO HOBBIX
METOJOB M  allfOPHTMOB  CHHTE3a  aNANTHBHBLIX  CcHCTEM  YIpPaBJIeHHS
JHHaMHYeCKHMH 00BeKTAMH OCYILUECTBIIAETCA IO CﬂCﬂym[uHM AEPCIEKTHBHBIM
HaMpae/eHUsM: COBEPLUICHCTRORAHHE METOMOB HAeHTH(HKALMH, OLECHHBAHHA H
YNOpaBlieHHs  CHOXKHBIMH  JHHAMMYECKHMM  CHcTeMamu  OOECIHeuHBaloniux
Tpefyemble TOYHOCTh M KauecTBO PEry/HPOBAHMs; paspafoTKa ANaNTHBHLIX M
pobacTHeIX CHCTEM YNPABNEHMA HE 3aBUCALIUX OT BHEMHMX H BHYTPEHHHX
BO3MYLIAIOUMX BO3AeHCTBMIT; pa3paboTKa YCTOHUMBLIX METONOB AJAaNTHBHOMN
HAGHTHQHKALMH W yNpaBleHHs AMHAMHYECKMMH OOLekTaMH B 3aMKHYTOM
KOHTYpE ynpaeneHus; pa3paboTka anropHTMOB CHHTe3a (yHKUMH OTKIOYeHus
aJITOPHTMOB aflaNTalUHK B «30HE» JAECTBHA IOMEX M MepersTioueHHA PerynaTopos;
MOCTPOEHHE PETyNAPH3OBAHHBIX HalmofaTene cocTosuud M IHHAMHYECKHX
(MIBETPOBR KAIMAHOBCKOIO THIA JUIA PA3THYHBIX TOMEXOCHTHATBHBIX YCIIOBHIA,

Crenens  m3yueHHOCTH mNpolieMbl. AHanu3  HayuHO-TEXHHUECKOil
JINTEPATy bl MOC/EHHX JIET, KACAIOLIMXCA HCCIENIOBAHMIT o pa3padoTKe METO0B
H aIropuTMOB CHHTE3a aNalTHBHBIX CHCTEM YIpaBIeHHA TEXHOJIOTHYECKHUMH
00BbEeKTaMH  HAa  OCHOBE  KOHUENUWH  MAEHTHQHMKAUMOHHOIO  MO/XOJa,
CBHIETENLCTBYET O JOCTHXKEHHU 3HAUMTESbHBIX TEOPETHUECKHX H NPAKTHYECKHX
pe3yNnpTaToOB B 3TOit obmactH. OmnyOiMkoBaHo Gonbllioe KOMHYECTBO pabor,
MOCBAIIEHHBIX  mpobfieMaM  CHHTE3a  aJlaITHBHBIX ~ CHCTEM  YIIpaBIICHM,
pa3paboTanbl ofleTeOpeTHYECKHE KOHUEMLHH, BO3pacTaeT YHCIO pPEeIleHHbIX
NpakTHYECKMX 3ajay. Bonelloil BKIAA B Pa3BHTHE alanTHBHEIX CHCTEM
yIpaBeHus BHeCAH MHOrue 3apyOexHble yuenble, Takue Kak Astrom K.J.,
Brayson A., Eykhoff P, Izerman R., Kalman R., Kashyap P.L., Ljung L., Melsa J.,
Rao A.R., Sage E., Simon D., Auapuesckuii 5.P., Autonos B.H., Banonun H.A.,
Bykos B.H., Byuuu A.Jl., Bopuuk B.I',, Xupor M.B., 3emnaxor C.J., 3bi0un
EIO., Kapabyros H.H., Koran M.M., Kpacoeckuii A.A., Jlomo AA,,
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Mupownuk U.B., Meuunses JLIT., Heiimapk 10.M., Hukugopor B.O., Iletpor
B.H., ITonsk B.T., Paiioman H.C., Py6an A.H., PyTkosckuii B.IO., Cemenos A.[L.,
Cricoer JLIL., ®omun B.H., ®pagko AJL, Usinkun $1.3., Llreiin6epr LLE.,
Aneikun M.B., SlkyG6ormu B.A. u 1Op., a TakKe OTE4ECTBEHHblE YYEHBIE —
Abnykanupor A.A., Azumor B.M., Bekmyparos T.®., Iyaamos L1LM., Xymanos
WM., 3apunoe 0.0., HramGepaues X.3., Hcmamnoe M.A., Kansipor A.A.,
Kamanos H.3.,, Kamumoe M.M. Mapaxumoe A.P., Hypmyxamemor T.P.,
Paxmatynnaes M.A., Cunaukos M.X., ®oaunos L1.X., FOcynéekos H.P. u np.

O@Hako noOCTOAHHOE YycnoKHEHME M paclIMpeHHe Kpyra Hay4HbIX
MccneoBaHuii Tpebyer paspaborku HOBBIX 3()(h)eKTHBHBIX METOJOB H &JIFOPHTMOB
aganTHBHOH MAEHTHHMKALNH, OLEHHBAHHA COCTOAHHA H YNPABNEHHA B YCIOBHAX
HeonpeseNeHHOCTH. B nenonHo#t Mepe pa3paboTaHbl peryfispHble MeTolbl M
QIrOPUTMBl MAECHTH(DMKALIMKM M YIpPaBIEHHA B KJIacCe 3aMKHYTBIX CHCTEM
ynpasieHus. TpebyloT cBoero pasBHTHSA TakKe peryJiApHele METOMbl aNanTHBHOIO
ynpaBJIeHHA Ha OcHOBe HAeHTH(HUKauHOHHOro noaxoma. Kpome Toro,
OKa3kIBAETCA 11e/1eco00pa3HbIM OCYILECTBIATE pa3paboTKy peryJspHbIX METOLOB H
ITOPHTMOB HACHTH(MKALMKU NapaMeTpoB O0BEKTA M peryisaTopa B 3aMKHYTOM
CHCTEMe YIpaBJieHMsA, a Takke (OPMHpPOBaHMA YNPaBIAIOWMX BO3AEHCTBHH B
NIOKAJIbHO-ONTHMAJIBHEIX M CyOONTHMANIBHEIX aAaNTHBHBIX CHCTEMAX YINpaB/IeHHs,
HUTO I1O3BOJIMT pacllHPUTh CIIEKTP @IrOPHTMHYECKHX MNpoLeayp MNOCTPOEHHA H
peaH3alHH aJaNTHBHBIX CHCTEM YNpaBlieHHs AMHAMHYECKHMH OObeKTaMH B
YCIOBHAX HEOMNpeneneHHOCTH H MOBBICHTh 3¢ ekTHBHOCTE HX
byHKUMOHMPOBaHHA. B CBA3M C BHIIEOTMEYEHHBIM BO3HMKAET HACTOATENHHAsA
HeoOXOAMMOCTh  fmanbHeiimed MomMdUKauMH W cozmauus 3 QeKTHBHBIX
PeryJisipHeIX METOIOB M &IFOPHTMOB CHHTe3a aJaNTHBHBIX CHCTEM YIpPaBJIeHHS
JAHHAMHYECKHUMH O0OBEKTaMHM Ha OCHOBE KOHLEMUHIT HAEHTH(HKALHOHHOIO
MoAXoJa.

Cesi3b  JHCCEPTALMOHHOIO HCCIEAOBAHHS € IUIAHAMH  HAY4HO-
HCCJIEI0BATEILCKHX pafoT Hay4HO-HCCIeJ0BAaTENbCKOT0 YUpPe:KACHHs, e
BBINOJHEHA JuccepTauusa. JlHccepTalMOHHOE MCCe/l0BaHHE BBIMOJHEHO B
paMKax Hay4HOo-HCCNeNOBATENbCKUX NpoekToB TallKkeHTCKOro rocyIapcTBEHHOrO
TEXHHYECKOI0 yHHBEpPCHTEeTa Mo criemyomuM Temam: OT-$1-080: «Pazpaborka
KOHLIENUHA ¥ MPUHLUMNIOB NOCTPOEHHS HMHTE/UIEKTYaNbHBIX CHCTEM YIPaBJIEHHS
CJIOHBIMH TEXHOJIOTHYECKHMH TpolleccaMH M npouspoicTeamu» (2007-2011);
E®-4-06: «PaspaboTka peryJsipHbIX METOJIOB M allrOPHTMOB CHHTE3a aaNnTHBHBIX
CHCTEM YIIpaBJIEHUs € HacTpauBaeMbIMM Mopenamu» (2012-2013); A-5-42 -
«ITporpaMMHO-HHCTPYMEHTANbHBIE cpencTa HHTEIeKTy AlTH3aLii
aBTOMAaTH3MPOBAHHONO MOHHMTOPHHIA W YMpaB/ieHHs  TEXHOJOrMYeCKHMMH
obbeKTaMH B yCIOBHAX allpHOPHOIT Heonpenenennoctuy (2015-2017); OT-D4-78:
«Pa3paboTka TeOpPEeTHYECKHX -OCHOB H PErYJIAPHBIX METOJOB CHHTE3a aJlallTHBHBIX
CHCTEM yTpaBIeHHs JHHAMHUYeCKHMH o6BbeKTaMH Ha OCHOBE
nneHTHuKauMorHoro noaxoaa» (2017-2020).

Hear HccaegoBaHHA COCTOMT B pa3spaboTke METONOB H alrOPHTMOB
CHHTE3a ajanTHBHBIX CHCTEM YIMpAaBJIEHHA TEeXHOJOrH4eCKHMH OObeKTaMH Ha
OCHOBE KOHUENUUH HAeHTHPHKALMOHHOrO NoAX0a.
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3apayuH HecJle/l0BAHHS:

CHUCTEMHBIH aHanmu3 Pa3sBHTHA METOAOB H AITOPHTMOB CHHTEC3a alanTHBHBIX
CHCTEM YMNpaBleHHA [AHHAMHYECKUMH OOBEKTAMH HAa OCHOBE KOHLeILMIT
HACHTH(HKALIHOHHOTO TIOAXO0MA;

paspaboTka  METOAOB W  &IrOPHTMOB  YCTOMYMBOH  aJanTHBHOI
napaMeTpHYecKoil HIEHTHPHKALNH JHHAMHYECKHX 00BEKTOB YNpaBneHHs;

pa3paboTka YCTOMUMBBIX METOJNOB M QITOPHTMOB CHHTE3a CHCTEM
aJlanTHBHOIO YIPABJICHHA AHHAMHYECKHMH 00beKTaMu;

pazpaboTka  ycTOHYUMBBIX  METOAOB H  aNrOPHTMOB  aJalTHBHOMH
HIEHTH()HKALHH [apaMeTpoR [JHHAMMUECKUX OOBEKTOB M  YIIPABIAIOLIErO
YCTpOICTBA B 3aMKHYTOM KOHTYpPE YIpaBIeHH,

pa3paboTka YCTOHUMBEIX METONOB H  AlNrOPHTMOR  (hOPMHPOBaHHA
YNpaBNAOIHX BO3JCHCTBHH B NOKalIbHO-ONTHMANbHBIX aJaNTHBHBIX CHCTEMAXx
ynpasieHHs AMHaMHYECKHMH 00 bEKTaMH,;

npakTHueckas anpobauus pa3paboTaHHBIX AIrOPHTMOB M BBIYMCIHTE/IBHBIX
CXeM YCTOH4YMBON MAEHTH(HKAUMM NapaMeTpoB o0beKTa M YNpaBnAioLIero
yCTpoiicTBa NpH pelleHHM 3ajay CHHTE3a aJanTHBHEIX CHCTEM YIIpaBlicHHA
KOHKPETHBIMH TEXHOJIOTHYECKHMH 00BbEKTaMH.

O0BLeKTOM HcC/Ie0BAHHSA ABNAIOTCA CHCTEMBI aJanTHBHOIO YNpaBleHHA
TEeXHOJIOrHYECKUMH 00beKTaMU ¢ MASHTH(HKATOPOM B KOHTYpE 00paTHOIl CBA3M.

IIpeameTomM HCC/IeI0BAHHS ABJAIOTCA METOABI H AJNOPHTMbI PeryspHoil
alanTHBHOM MOeHTH(UKALUN MapaMeTpoB 0OBEKTOB M PEryIATOPOB B 3aMKHYTHIX
CHCTeMax YIpaBJieHHA.

MeTtoael HccaegoBanus. B aMccepraudoHHOH padoTe HCHONIB30BaHEI
oblas METONONOrHA CHCTEMHOTO aHanM3a, HAEHTH(UKALMH, JTHHAMHYECKOro
OLIeHHBAHHSA, AAANTHBHOrO YMPaBIAE€HUA M PELICHH HEKOPPEKTHO TNMOCTABIEHHBIX
3aaau.

Hayunas HOBHM3HA JQHCCEPTALHOHHOIO HCCJIEIOBAHHS 3aK/IIOYAETCS B
CNIEAYIOLIEM:

NOJTyYeHbI OLEHKH MOTpellHOCTH 3a7aHHA HCXOJHBIX JAaHHBIX YpaBHEHHH
HAEHTHHKALMH AN Pa3HYHLIX MOJENBHBIX CTPYKTYP, MO3BOJIAIOLIHE ABHBIM
00pa3oM  OCYLUECTBNATH  BBLIGOP  ONTHMAILHOrO  3HAUGHHA  MapaMeTpa
peryispu3aluy ucxoas U3 TpeboBaHHA COrNACOBaHMs;

pazpaboTaHbl ycToluMBbEIE CYyDONTHMANbHLIC ATOPHTMBI CHHTE32 CHCTEMBI
aIalTHBHOTO YNPaBJieHHs AHHAMHYECKUMH O0OBEKTaMH MO KPHTEpPHIO MMHMMYyMa
JIICTIEPCHH HA OCHOBE PEryJIApH30BAHHOTO (UIBTPa KAIMAHOBCKOIO THIIA;

pazpaboTaubl YCTOHYHMBEIE AIrOPHTMbl CYDONTHMANLHONO AJANTHBHO-
JIOKallbHOI'0 ynpaeJieHHA JHHAMHYECKHMH 00BEKTAMH Ha OCHOBE
PETPOCMEKTHBHBIX H HTEPAIIMOHHBIX BAPHAHTOB YNPOIUEHHON perynsapH3ainm;

paspaboTaHbl ycTOHYMBEIE ANTOPUTMBlI HAEHTH(UKALMH JHHAMHYECKMX
00BEKTOB yNpaBneHHWs Ha OCHOBE METOIOB PErylApH3alMH M nceBloolpalneHus,
OCHOBAHHBIE HA CHHTYJIAPHOM pas/IoKeHHH,

paspaboTaHbl aNropUTMbl PEKYPPEHTHOH HAEHTHOHKAUHMH C MOMOLIBIO

MHOKECTBEHHBIX MojJenell M ajanTalMd WX [apaMeTpoB Ha  OCHOBE
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HCIIONB30BAHHA ANMpPOKCHMALM B BHIE KOHEYHOH CYMMBI TayCCOBCKHX
pacnpeneneHHii;

paspaboTaHbl YCTOHYMBBIE ITOPHTMbl (JOPMHPOBAHHA YNPABISIOLMX
BO3/IeHCTBHH B JIOKa/IbHO-ONTHMANBHBIX AJaNTHBHBIX CHCTEMax YIpaBleHHs
NMHAMHYECKMMH OOBEKTAMH HAa OCHOBE HEOPTOrOHANBHEIX (DAKTOPH3ALMAX M
TCeBJ00OPAIIEHHAX IJIOXO00YCIOBNEHHBIX MIH BBIPOKIEHHBIX KBaIpaTHLIX
MaTpHL;

paspaboTaHBl yCTOIYHBEIE aNTOPHTMEI HICHTH(HKALHH TapaMeTpoB o6beKTa
M peryiatopa B 3aMKHYTOH CHCTEMe YMpaBJicHHs Ha OCHOBE TpHHIIMIA
HTEPaTHBHOM PeryJ/iApH3alkH C MPHB/IEYEHHEM METO/Ia BAPHALHOHHBIX HEPABEHCTB,

IpakTH4ecKHe pe3ydbTATEI HCCIeI0BAHNS 3aKTIOYAIOTCA B CIIEAYIOILEM:

paspaboTtaH mnporpaMMHblit komiutekc IARE (identification, adaptation,
regularization,  estimation), cocToAwMi  u3 MporpaMMHBIX  MoAyJiedd,
NpeaHasHauYeHHbIA UIA MPOrPaMMHO-aNrOPUTMHYECKOH IOICPIKKH  pelleHns
3ajiay HACHTH(QHKALMK H aNanTHBHOTO YNPABIEHHS MHAMHYECKHMH CHCTEMAaMH;

Ha OCHOBE pe3yJbTATOB MPOMBIIUIEHHOr0 3KCIEPHMEHTA B YCIOBHAX
HOpPMaILHOrO  (YHKLHOHHpOBaHUA pa3paboTaHbl MaTeMaTHYeCKHe MOJENH
npouecca CYIKH KaJlisi XJIOpH/Ia;

pa3paboTaHbl CTPYKTYpHEIE H (DYHKUHMOHANBHBIE CXEMbl ABTOMATH3ALMH H
a[anTHBHOTO YIPAB/IEHHA TEXHONOTHYECKHM MPOLECCOM CYLIKH KanuA XI0pHAa B
IPOH3BO/ICTBE KAIHIHHBIX ya00peHuii;

pa3paboTaHbl CHCTEMBI YNpPABAEHHA TEXHOJIOMHYECKHM [IPOLIECCOM CYLUKH
Kalis XJI0pH/a ¢ COOTBETCTBYIOLIHM TEXHHYECKHM obecneueHHemM, Mo3BoIIONIHE
CTaOWIIH3NPOBATh TEXHONOTHYECKHE PEeKMMbI NPOTEKAHHA MPOLECCOB, MOBLICHTh
3 heKTHBHOCTB UX ()YHKUMOHHPOBAHHS.

pa3paboTaHa CHCTEMAa aBTOMATHYECKOLO PEeryJHpOBaHUA [aBNCHUA B
Oy(epHoM TaHKe ¢ COOTBETCTBYIOIINM TEXHHYECKHM 06CCIeYCHHEM.

JocToBepHocTh pe3yJILTaTOB HCCJIeI0BAHHS. JocToBepHocTh
NIOJYYEHHBIX ~ pe3y/IbTaTOB  MCC/IENOBaHMA obecrneuyMBaercsi  BbIMTONHEHHEM
METOAUYECKH  OOOCHOBAHHBIX  TEOPETHHECKHX BBIKJIAZIOK;  MpPHMEHEHHEeM
TEOPETHYECKH  00OCHOBAaHHBIX  KOHLENUMii  aganTHBHOTO YIpaBJieHus
JAHHAMHYECKHMMH 0O0BEKTAMHM Ha OCHOBe HAEHTHOUKALMOHHOIO MOAX0Ja;
HCIIONB30BAHUEM anpoOMPOBaHHBIX METOIOB H ANIrOPHTMOB COBPEMEHHOI TEOPHH
ABTOMATHYECKOrO YNpPaBleHHs; TpeOyeMoit CTeNeHbI0 CXOIMMOCTH [pejJiaraeMeIx
METOZOB H AJITOPUTMOB aNalTHBHOTO YIPAB/ICHUSA; NOTYYEHHBIMH pe3yibTaTaMu
TCOPETHYECKHX H NPHKIAAHBIX HCCICAOBAHMI H MX B3aHMHOI COrNMAacOBAHHOCTHIO.

Hayunas M npakTuyeckas 3HAYHMOCTDL pPe3yJabLTATOB HCCIEA0BAHHS.
Hayunas 3saumMocts pesynsraToB uccnenobanus cocToHT B paspaborke
KOHCTPYKTHBHBIX YCTOHYHBBIX METOIOB W ArOPHTMOB anafTHBHONO ynpaeyieHus
AMHAMUYECKHMH OOBEKTAMH C MACHTH(HKATOpOM B KOHType 0OpaTHOH CBA3M,
T03BOJIAOLIMX OBLICHTE KA4ECTBO NPOLIECCOR YIPABIICHHS.

[IpakTHyeckas 3HAuUMMOCTB pe3ynbTaToB  paboTel  3aKAIOYAETCA B
pazpaboTKe MaTeMaTHYECKOro 1 AIrOpUTMHYECKOro obecredeHus pa3HOO6pasHbIX
3aj1ad  MACHTHQMKALWH M  QaNTHBHOTO yNpaBieHHs WMPOKHM  KIACCOM
TEXHOJIOTHYECKHX OOBEKTOB B 3aMKHYTOM KOHTYpe YNpaBJieHHA H MOTyT HaHTH
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LIHPOKOE MpHMEHEHHE TNpPH TMOCTPOEHHH (YHKUHOHAIBHOH CTPYKTYphl H
aBTOMAaTH3allMH  MPOEKTHPOBAHMA  ANANTHBHBIX  CHCTEM  YMpaBlieHHs
TEXHOJIOTHYECKHMH MPOLIECCAMH C HEMNpPEPLIBHBIM XapakTepoM NPOM3BO/CTEA.

Buenpenne pe3yiabTaToB HcenenoBaHms. Ha ocHoBe MOMy4eHHBIX B
paboTe pe3y/nbTaTOB CHHTE3a aJANTHBHBIX CHCTEM YMpaBNEHHA NHHAMHYECKHMH
00BEKTAMH HA OCHOBE KOHLENLHUIT HAEHTHHKALMOHHOTO NOAX0Aa BHEAPEHbI:

PazpaboTannble METOABI ¥ KOHLEMUMM CHHTE3a ANANTHBHLIX CHCTEM
yNpaBlieHHs; peryiapHble ITOPHTMBI HAeHTH(OHKAUWH MapaMeTpoB oObeKkTa M
perynaTopa B 3aMKHYTOIi clcTeme ympaBneHHS; cyOONTHMANbHOrO ananTHBHO-
JIOKanbHOTO YNpaBJeHHA AHHAMHYECKUMH OOBEKTaMH, BHEpEHbl HAa YHHTAPHOM
npeanpuATHH «Jlexkanabaackuii 3aBoa KanuiHeIX ynoOpenuiin (Cnpaska TAK
«Y3KMMECAHOAT» Ne01-736/A ot 20 deppans 2018 roma). IMonyuennsie
pesyneTaThl NO3BONAIOT CTAOHIH3IHPOBATE TEXHONOTHYECKHE PEXKUMBI IPOTEKAHHA
npouecca CyWKH KalHad XJIOpHAZ B MpPOM3BOACTBE KanMiiHBIX ymoOpeHuii u
MOBBICHTE 3()/)EKTHBHOCTE ero GPyHKLIHOHHPOBAHHS.

paspaboTaunelii nporpaMmHelit kommieke IARE (identification, adaptation,
regularization,  estimation), cocroswuii W3  OporpaMMuLIX  MOIYyJNei,
npeAHa3HayeHHblH 11 MPOrpaMMHO-AITOPHTMHUYECKOH TMOMANCPIKKHN pelueHHa
3ajay MAEeHTHOHKAUMH H aJanTHBHOrO YMpPAaBIEHHS AHHAMHUECKHUMH CHCTEMAMH
BHEJpPEH HA YHHTApHOM TNpeanpuaTHH «JexkaHabaickuid 3aBoJ KANHHHBIX
ynobpenuii» (Cnpaska TAK «Y3KHMECAHOAT» NeO1-736/A ot 20 deppansa
2018 roma). Kommiekc cmocoberByeT — moBbiweHuio  3(peKTHBHOCTH
(yHKLHOHHPOBAHHA CYLIHILHOIO 000y A0OBAHM.

PazpaboTaHHble  airOpUTMBl  CHHTE3a  CHCTEM  ABTOMATHUECKOIO
perynuposanus BHeapensl Ha 000 «IMIR-TRADE GROUP» (cmpaeka I'AK
«Y3KUMECAHOAT» o Bueapenun 3a NeO1-736/A ot 20.02.2018 r.) ana
crabunuzaumy pasnenus B OydepHoMm TaHke. B pesynerare AOCTHrHYTO
NOBBIILIEHHE KAYECTBA NPOLECCOB PEryaHpOBaHHA.

Anpofauus  pe3yJbTaToB  HccJleAoBaHHAl.  TeopeTHueckHe  H
NPaKTHUECKHE Pe3yJbTaThl AHCCEPTALHOHHOrO HCCNEAOBAHHA NOKIANBIBAIHCh M
obcyxpanick Ha 17 MexayHapoaHblx H 11 pecnyOnMKaHCKMX HayuyHo-
NpakTHYeCKUX KOH{epeHLHAX.

Ony6anKoBaHHOCTL pe3yabTaToB Hceaenosauus. [To Teme aucceprauuu
ony0nukoBaHo 60 HayuHbIX paboT, 3 HUX — 1 MOHorpadus, 21 HayuHbIX cTaTeil,
B ToM uHcne 16 B pecnybnukaHckHX H 5 B 3apy0eHbIX JKypHanax,
pekoMeHaoBaHHbIX BAK PY3 nng nyGnukaunu oCHOBHBIX HayuUHBIX pe3yJIbTaTOR
JIOKTOPCKHMX AHccepTauuii, 28 Te3MCOB [OKIANOB HAa MEMXIYHApOAHBIX M
pecnyOnHKaHCKHX HayuHbIX KOH(epeHUHAX, noayueHst 10 ceuperenscts 00
o(HuHanbHOi perucTpauun nporpaMm ans OBM.

CrpykTypa u o6bem aucceprauuu. J{HccepTalia COCTOHT M3 BBEACHHA,
MATH TJIaB, 3AKIIO4EHHs, CIHCKA WCIIONB30BAHHOH JNMTEPAaTyphl U MPHIOXKEHHH.
O6mnem auccepTauuu coctabnsger 185 ctpanuu.
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OCHOBHOE COAEPXKAHHUE JUCCEPTAILIHH

Bo BBeaeHMH 000CHOBaHAa aKTyalbHOCTE H BOCTPeGOBAaHHOCTH TEMEI
AuccepTauny, copMynHpOBRaHEl LieNlb M 3ajaull, BhIABIEHBI 0OBEKT H MpeaMeT
HCCIE0BAaHNA, OINpEeNeNeH0 COOTBETCTBHE HCCIIE[IOBAHHS  NMPHOPHTETHBIM
HanpaBJieHHAM pPa3BHTHA HayKH M TexHonoruii PecnyGnuku V3bekucran,
H3/I0JKEeHBl Hay4Had HOBM3HA MW TNpPaKTHYECKHE pe3yNbTaTbl MCC/ed0BaHHMA,
obocHOBaHA MOCTOBEPHOCTEH TOMyHEHHBIX Pe3yNLTATOB, PACKPBITBI HAyuHAs H
NpaKkTHYeCKad 3HAUYHMOCTb TMOMYYEHHBIX pe3y/bTATOB, NPHBEIEHEl IMepeveHb
BHEPEHHH B DpaKTHKY pe3yNkTaToB HCCIENOBAHHA, CIHCOK anpobariuii
pe3ynLTaToOB padoThl, CBEJEHHS MO OMYONHKOBAHHEIM paboTaM H CTPYKTYype
JHCCEPTALHH,

y B neppoii rnase «CHCTeMHbIIi aHAJIH3 PA3BHTHA MeTOI0B MOCTPOEHHS H
CHHTEe3a AaJaNTHBHBLIX CHCTEM YNpaBleHHs AHHAMHYECKHMH 00BbeKTaMmy
TNIPHBOAATCA Pe3yJIbTATEl CHCTEMHOrO aHANH3a Pa3BHTHA METOJOB MOCTPOEHHS M
CHHTE3a aNanTHBHEIX CHCTEM YMpaBfieHHs [IHHAMHYECKHMH OOBEKTAMH,
dopmanu3auny HAEHTHOHMKALHOHHOTO MOAXOAA K MOCTPOEHHIO AJANTHBHBIX
CHCTEM YNpaBleHHA JUHAMHYECKHMH O0OBEKTaMM, aHanH3a npoBieMHBIX
CHTyallmii B  3agadyaX MAeHTH)MKALUMH M afanTHBHOrO yIpaBieHHs
AHHAMHYEeCKMMH OOBEKTaMH, [OCTAHOBKA LENM M 3adauH HcenenoBaHua. B
HacToAllee BpEMA B CBA3H C Da3BUTHEM TEXHWKHM CJIOXKHOCTh YMPaBIAEMbIX
00BEKTOB B paspabaThIBaeMBIX H NIPOCKTHPYEMBIX CHCTEMaxX YIpaBJIeHHs
3HAYHTENbHO nOBblIAETCA. [JInd peweHus 3agay YOpaBjeHHA B YCIOBHAX
HEONpPEC/IEHHOCTH NPEAHA3HA4Y€Hbl CHCTEME! YNPABI€HHs HA OCHOBE aNanTHBHbIX
1 pobacTHEIX MOAXOJ0B, MO3BOJAIOIMX MOBLICHTS HaJIeKHOCTh CHCTEM, a TaKKe
CHH3HTb TEXHOJIOTHYeCKHe TpeboBaHHA npu NpoeKkTHpoRaHHH. Pernenue 3anay
HOGHTH(MKALMH M YNpaBleHHS CBA2aHO C npobnemoii  yCTOHYHBOCTH
COOTBETCTBYIOLUHMX anropHTMOB. B naHHBIX yCNOBHAX GONBIIHHCTBO H3BECTHLIX
METON0B HAEHTH(HKALIMH M YNIpaBIeHHA OKA3BIBAIOTCA HEYCTONYHMBBIMH H 4YacTo
HepaboTocrnocobHeIMH. B HacToswee BpEMA BO3HHK/IO MNOHMMAaHHE TOro, YTO
Hapay ¢ MoAenaMH oOBbeKTa, HOJKHBL CYLIECTBOBATh M HAXOAHMTLCA C HMM BO
B3aUMOAEHCTBUH MOJIeJH, npeacrasifaroHe HaKoIJIEeHHbIE 3HAHHU4,
OMHCLIBAIOLINE TIOBEACHHE AHANOTHYHBIX OOBEKTOB, a TaKkKe pa3zHooOpa3Hble
AONONHATENbHLIE NaHHble. 3afaun HAEHTHGHKALME M afanNTHBHOIO YIpaBJieHHs
NPE/ICTaBIAT 0co0bIH KIace o6paTHbIX 3a/1a4y, B KOTOPBLIX HUIETCA HE CTONBKO
pElUCHHE OMNEPATOPHOrO YPABHEHHSA, XOTH OHO HEH3BECTHO, CKOJIBKO caM
OMepaTop, Kak €ro CTPyKTypa, Tak M Mapamerpsl ero onpenenswoumue. He Bcerna
YAAETCA 3aMHCaTh MHOXKECTBO Mojeneil, KOTOpOe rapaHTHPOBAHHO CONEPKHT
TOYHOE ONHCAHHE H3Y4YaeMOl CHcTeMEl, DakT HEKOPPEKTHOCTH XOPOILO M3BECTEH,
OHAKO YCTAHOBJICHHE YCNOBHii, mpH KOTOpbIX OHa BO3HHMKAeT, M CNOCOOHI
MOCTPOCHHA PEryNAPH3HPOBAHHBIX PeLICHHH OCTAIOTCH AKTYanbHBIMH  JUIA
HCC/Ie/10BAHHI, OCOGEHHO B YCNIOBHAX OrpaHHYEHHO ONpeAeNeHHOCTH B JaHHBIX.
[Mockonbky CBOMCTBO HEKOpPEeKTHOCTH ABnseTca ($hyHaaMeHTaNBHOI
0CODEHHOCTBIO 3TOrO Kiacca 3ala4, OHO NMPOAB/AETCA HE3ABUCHMO OT TOTO, KAKHM
METO/IOM PELIAIOTCA 3aia4i HACHTHOMKALMK K ynpasnenns. MoxHo YTBEPIKIATS,
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YTO B KOHTYpe ajJanTHBHOTO YNpPABMEHHA CPEACTBA JOCTHXEHHA LeJH
HAEHTH(HKALMH H ynpaBneHHs oGbEKTOM MPOTHBOMONOXKHEI Mo cyuecTsy. Ecnn
uenb HAEGHTH(HKAUMH COCTOMT B M3y4YeHMH COOCTBEHHBIX CBOMCTB 0ObekTa,
KOTOPBIE TONIBKO H MOXHO BBIABHTE B Pa3BHTHH XapaKTEpPHBIX [UIA HEro peakumii
Ha ynpapnsioliHe BO3JAEHCTBHA, TO LeNb YNPaBIeHHA COCTOMT, HaoBOpoT, B
HHBENTHPOBAHHH BCAKHX OTIHYHMH Yy pa3HbIX OOBEKTOB, B HAaBA3bIBAHHH HM
THNHYHBIX MEPEXOAHBIX MpoLeccoB B yuiepd MpOABIEHHI0 HMX COOCTBEHHBIX
CBOHCTB.

CroxuBILeecs nonoxeHHe TpedyeT pa3BHTHs HOBBIX MOAXO0B K NMpobneme
CHHTE3a aaNTHBHbIX CHCTEM YNPABNEHHA AHHAMHYECKHMH 0OBEKTaMH HAa OCHOBE
KOHLENUHH WAEHTHOUKALHOHHOIO MOAXona. YAauHoil B 3TOH CBS3H BHAHTCA
METONONIOTHA CHCTeMHOH TrpajauMH 3ajay CHHTe3a aJanTHBHEIX CHCTEM,
OCHOBAaHHad, B YacTHOCTH, HAa MNpPHBJIEYEHHH KOHUenuuid oOpaTHeIX 3agay
JHHAMHKH YyNpaBifeMbX OOBEKTOB M peryJsapHbIX MeTofoB. OTMeueHHble
o0cTOATENbCTBA YKA3BIBAIOT HA HEOOXOMHMOCTb CO3/iaHHA METOAOB H AlTOPHTMOB
CHHTE3a aJlanTHBHBIX CHCTEM YNpaBleHHa AHHAMHYECKHMH 00beKTaMH Ha OCHOBE
KOHUEMUHI HAeHTH)HKALHOHHOIO MOAX0/a H CHHTE3a BhIYHCIHTEAbHBIX CXEM HX
MPaKTHYECKOH peanu3aluy MpH pelieHHH 3anay aBTOMAaTH3ALUMH W YIpaBleHHs
KOHKPETHBIMH TEXHOJOTHYECKMMH MPOLIECCAMH MPOMBILIIEHHEIX POH3BOJCTE.

Bropas rnaBa nucceprauuu «PaspaGoTka anropHTMOB yCTOMYHMBOI
napaMeTpH4ecKoi HAeHTHOHKALHN JHHAMHYECKHX 00LEKTOB YIpPaBJIeHHS»
noceAuieHa pa3paboTKe aNropHTMOB MApAMETPHYECKOrO OLEHHBAHHSA JIMHEHHBIX
OOBEKTOB YMpaBleHHA, OLEHHBAHHA NOTPEIIHOCTH 3aJaHHA MCXOJHBIX JaHHBIX,
aHaqu3a CXOOMMOCTH @NrOPMTMOB aNanTHBHOrO OLEHHWBAHMA [APAMETPOB
AMHAMHYECKUX 0OBEKTOB YIIpaBIeHH.

PaccMOTpMM  AHMHAMHYECKYI0 CHCTEMY, ONMHCHIBAEMYI0O pPa3HOCTHBIM
YpaBHEeHHEM BHAA:

y(t)= ﬁlAjy(r—jH ilB,ir(t—j)+v(t), t=12,., N (1)
J= =

HITH
¥ = A,y(f—l)+...+Apy(!-— p)+ B,u(r—l)+...+Bqu(r—q)+v(r) 5
rAe BXOOHOMH curHan u(t) ABNAETCA m-MEPHBIM BEKTOPOM, a BHIXOJHOMH cHrHan y(f)
- .’-MeprlM BEKTOpPOM, A —(Ix/)-MaTpuUbl, a B, —(Ixm)-MaTpuuel, v() -
BO3MYILEHHE.
Jins onpefiefieHHA 3NEMEHTOB MATPHU 4, ... A,; B,,....B, HeoOX0omuMO

NPOM3BECTH  NapaMeTpu3audio  ypaeHeHus (1). OmMH M3 BapHaHTOB
napamMeTpH3aLMH COCTOHT BO BKJIIOYEHHMH BCEX 3JIEMEHTOB MaTpHu M3 (1) ofimm
uicnoM (pl+gm)x! B Bektop 8. Toraa MoxHO onpenenuts ((pl +gm)x!) —MaTpHLy

0=l s dys Busn B
H (pl+qm)-MepHblil BEKTOp-cTONOEL]
o)=p7 - 1. Ly a-p) LT =) T -g)f
W nepenucars (1) B BHAE

»
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y()=0"p)+v(1), (2)
TIE v(r) — roMexa H3MEpEHHiA.

Mpyroit BapuaHT mapaMeTpH3aUHM COCTOHMT B ()OPMHpPOBAHHH TaKOro d-
MepHoro BekTopa-ctonfua @ u (/xd) -matpuusl ¢ (/) TakuM 00pazoM, uTOBEI
npexnctasuts (1) B BUOE

¥0)=¢" (0 +v(1). 3)
Ouenku peweHuii ypasHeHui (2) 1 (3) MOXKHO 3amMcaTh COOTBETCTBEHHO B
BHIE:
= | L T i r
9~=[—Z¢(l)¢ (f)+0d] =2 oWy M),
NJ:I N =1
5 1 X ST X a
9~=[—Z¢(’)/\ 4 (f)+ﬂ'1} =2 0ONy(0),
N 1=1 NJ:I
TA¢ A — BecoBas MaTpHua, « >0 — rMapameTp peryispHsauuy, / — eAUHHYHAS
MaTpuLa; 34ech napaMeTp peryiApH3auMH a ULenecooGpasHo ONpedendTh Ha
OCHOBe Criocoba KBa3HONTHMAIbHOCTH.

Ans Beluucnenns oueHkH 6 Tarke BechMa 3(()eKTHBHBIM OKa3bIBAETCSA
MOAXON, OCHOBAaHHBIH Ha METOAE AHHAMMYeCKOH QuneTpauxH. Jna storo
nHHelHy10 MoJieNs perpeccuH Buaa (3) 3anHuemM B Buae:

A+ 1)=0()+w(t), y(1)=g  ()6)+v(r), (C))
roe
EDw(w" (N]=08W), E[ven ()= R(1S().
lpnmenas k (4) anantusueii punetp Kanmana monyunm:
O(e|t=1)=8(t-1|1-1), (5)
01 =00| -1+ K[y -¢" 06w -1 , (6)
K(t)= P(t|t=1)p(t) G, (D(r)), (7)
P(t]1=1= K (t =DM)W 0K (¢~ 1)+ P-1), (8)
P(t)=P(t|t=1)= P(t| 1 =1)p(0)G,, (DW))p” (1) P(t| £ -1, (9)
rae G, (DW)=[D)+al]’, D(t)= " (P |t-p(r) — nopoxalolas cHcTeMa

(yHKUMIT 14 MeTOAA peryapH3aLHH.
[Ipn peanuzaumu cooTHowWweHwMiT (5)-(9) napamerp perynsapuzauuu o
LienecoofpasHo Tak:ke OnpeseNaTh Ha OCHOBE Croco6a MOJENbHBIX IPHMEPOB.
Hna  npaBuneHOro onpeneneHMs napameTpa peryafpM3alHH a TIpH
PCLIEHHH HEKOPPEKTHOH 3aaYM HeoOXOAHMMO OLEHHTH YPOBEHb MOrpellHOCTH
onepatopa H npaso# yacTH. C 3Toii uensio MaTpHYHBIH onepatop ¢ (¢), BEKTOp
T1apameTpoB 6 M mpaBylo 4acTk Y(f) MOJENBHOH CTpYKTYphI (3) NpeacTaBHM B
BHaE: F
;ar(t)=[v(r—l)®l,|y(r—2)®f,|...|y(r—p)®1,lu(r—t)@f,|u(f—2)®!,|...|M(r—q)®l,],
rae

Y- =[e-i | y2e-iy}...| ye-i),vi=12,.,p,
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nit=i)= e Vt=0)=

u(t=j)= el (- f

Lol
rue
a= [a,'l st an el alta e esal ...a,f] ;
b=[BY, b} by by B Bl B] . BY B ...b,"l...b,‘i,,. AR
YOl o o
! m V2 ! 2
={12(26}1’(1)+253' (r)]} , a:{!Zb‘f‘ (1)} 3
i=l J=l =
rae 5,3.(’) H 5, (f) — AMCHEPCHH TMOrPEUIHOCTH COCTABAAIOMMNX u, (1), /=12,...m H

¥,(1),i=1,2,...,] BEKTOPOB BXOJHBIX H BLIXOAHBIX NEepeMeHHbIX.

AHanorMyHele OLEHKH MOIy4YeHbl H JUIA JOpYTHX MOAEIBHBIX CTPYKTYp.
[TosyueHHsle BBIpQKEHHA 1A OLEHHBAHHA MOrPEIIHOCTH HCXOMHBIX HaHHBIX
MOIEJIbHbIX CTPYKTYp II03BOJIAIOT HE IIPOH3BOAA HEMOCPEACTBEHHOrO pelieHHA
OLIGHHUBATE CBEPXY IMOrPEIIHOCTh PELUEHH 3THX YpaBHeHHH.

Jnsa oueHkn 3¢¢eKTHBHOCTH aIrOpUTMOB aJanTHBHOrO OLCHHBAHMA
napaMeTpoR JMHaMHYECKHX 0OBEKTOR ynpapneHHs HeoOXOAHMO MPOBECTH aHAIN3
MX cxomuMocTH. IlpM HanMunMK coyvaiiHelX BO3MYILIEHHE Uenccoobpasio
NPHMEHHTh  ONTHMAIBHBIH  CTOXacCTHYECKHil  ympenuTelb  Ha  OCHOBC
kanmaHoBckoro ¢mnbtpa. IToBeAeHHE Takoro ympeauTeNs MO BXOMy-BbIXOIY
ONHCHIBAETCA YPaBHEHHEM:

Alg™)y(t) = B(g™ () +Clg™)wit),
rae {w(r)} nmpeacraBnfer coGoil MHHOBALMOHHYIO MOCIENOBATENLHOCTE Genoro
myma, a C(g™') - MONMHOM 3HAMeHaTens ycTaHosuBluerocs ¢uuibTpa Kanmana,
YIOBJIETBOPSAIOLIHI YCIOBHIO:
|c=")|=0 npu |z|=1,
(z — nepemenHan Z — npeobpa3oBanus).

[TpyMeHUTENBHO K TpagMEHTHO CXeMe OLEHHBaHHE IApaMeTpoB H

COCTOAHHMA MOKHO OCYUIECTBHTS C nomommo CIe/TYIOILETO AIFOPUTMA:

Gy =0(t-1)+ 4’( Dlyry- ge-1"de-1)),
roe
Ft-D)=r(t=2)+ g =1)" g1=1), 6(1)= [a,, 0y El,...,é,,],
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B~ =[~p(t=1), o=yt =n),..., ult=d=m), et =1), ..., e(t—n)],
e(1) = y(1)-g(t=1)"G(t~1).

Ilpu aToM owmbka ynpexpeHHs e(f) cBA3aHa C OMIMOKOH OLEHHBaHHA

napaMeTpoB é(:):é(r)—ﬁu CJICOYHOLIHM COOTHOIUEHHEM:
Clg™)e(t) =gt~ 1Y G (t-1).

[onyuenHsle BBIpakeHUS TOIBONAIOT OLUEHHBATH CXOAMMOCTE ANANTHBHBIX
ITOPHTMOB  pasfie/lbHOr0 M COBMECTHOTO aNanTHBHOTO OLIEHMBAHMS M
YNpaBJIeHH AHHAMHYECKMMH OOBEKTAMH Ha OCHOBE TIpajHEHTHOH CXeMBI C
HCIMO/IB30BAHHEM  ONTHMAIBLHOINO  CTOXACTHHECKOro ympeauTens Ha 0aze
KalIMaHOBCKOTO (hHIIbTpa.

B Tpertbeli rmaBe mucceprauun «Pa3paGoTka ycToiYHBBIX AJArOPHUTMOB
AAaNTHBHOIO  YNpaBJIeHHs1 JAHHAMHYeCKHMH O00BbeKTAMH»  [PHBOJATCA
pe3ynbTaTel pa3pabOTKH YCTOHYMBBEIX aIrOPHTMOB afaNTHBHOTO YIpaBieHHU,
OLUCHHBAHHA MAapaMeTpPOB perynaTopa, CHHTe3a MpOLEAyphl aJanTHBHOIO
YTNpaBJIeHHA JHHAMHYECKHMH OOBEKTaMH MO KPHTEPHIO MHHHMYMa JHMCIIEPCHH,
ANTOPUTMBl CHHTe3a CYDONTHMANBHOrO AAANTHBHO-JIOKAIBHOIO YNpaBaeHHs H
a[IanTHBHOrO OLICHHBAaHMs M YNpaBNeHHA NUHAMMYCCKHMH 00BEKTAMH Ha OCHOBE
TPOrHOZHPYIOLHX MOAENEN.

PaccmoTpum nuHeliHyo crcTeMy, OMHMCHIBAEMYIO ClIeAYIOIIEH MOAEIbIO:

Alg™)y(0) = Blg™Yulr) +£(), (10)

rae A(q-‘)=1_f,4}(q-‘)f, B(q-l):iﬂl(q-l]’, u(t) - (mxl) -mepHBIH BXOA, (1)
J=1 J=1

npeacrasnseT coboil (/x1) - MEpPHBIA BBIXOH, £(f) — (Ix1) - MepHas cityJaiiHas
N0C/Ie10BaATENILHOCT.
MoxKHO MoOKa3aTh, YTO ONTHMANLHBI ynpeauTesls B yCTaHOBMBLUEMCH
COCTOAHHMH (1) JUIA =(f) = {(g) y(t) YNOBNETBOPAET ypaBHEHHIO BU/IA:
Clg™)2) = Ba™ ) +@ g™y,
roe
Cla)=1+Cq"+..+Cq™, B@" ) =F+Ba' +..+Ba”, Bo=V,
alg)=a,+..+&q”".
Perynarop, o6ecneunsaromnii MHHHMaJIbHYI0 KOBapHaLIHIO peryJIMpoBaHus
&(q) y(r) OTHOCHTENBHO Sy ), OnpenenaeTcs ypaBHEHHEM:
Bla™Hu@ + g™y =Tl ¢ @)y o),
rae {y'(r)} MPE/CTABAACT COOOH 3aJaHHYIO JKENaeMyl0 TPAaeKTOPHIO, MPH ITOM
OlIHOKa CNeKeHHs 1o BBIXOIY y(1)— y' (1) YAOBIIETBOPACT YPaBHEHHIO:
Ce @b~y wl=CaFgew.
Mogene (10) MokHO paccMaTpuBaTh kax YOpeauTeNns Ha OJMH LUAr ¢
OLIMOKOH yNpeskaeHns

HOESIOESIOR
rae

¥ = E{y@)| F_}.
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YnpexaeHHe Ha d IaroB MOXKHO MOMYYHTH C [OMOLIBIO ypasHeHus (10),
HCMONB3YA TOXKIECTBO!:

1=F(gAq™")+q7'Glg™, (11)
roe
Flg)=F+Fg'+. . F.g™, GgH=G+Gg"'+...

Ymuoxkan (10) wa F(g') u wucnomesya Ttoxaectso (11), momyuaem

ypaBHeHHe:
Efyt+d)| F}=G(g™")p() + Ty (g e + Blu()
rae
B(@)=q"Fg"Bg™") =P+ Ba' + . B’ + B,
B =Ba"+bg7 ., Tg)=Ty+Dg™ + ...
3aKoH YMpaBieHHs, Npusopswuii E{y(t+d)|F,} K HYmO H HMEIOIIHil
HaHMEHBILYI0 JHEPIHIO, Lie/iecoobpa3Ho onpeaeNHTh BEIpakKEeHHEM
u(t+ ) =~L,|Gg™ )y + Ty @O} j=0.....d~1, (12)
rae
R U S =t
L,:La,] [?_‘Lﬂkp: +a’f} )
a >0 - napaMeTp peryiasapHu3ainuH,

CyGonTuManeHblii  3akoH ynpasineHus (12) MOKHO TIpeBpaTHTh B
A[anTHBHBIA, €CTH BOCIONB30BAaThCA KAKHM-NHOO anropHTMOM OLCHWUBAHHSA
matpul A(g™') W B(q™'), Bxoaswmx B Moaens (10).

B TeopuH ONTHMANBHBIX AJANTHBHBIX CHCTEM pa3pabaThIBalOTCA METOJIbI
ynpaBjieHHs AHHAMHYECKHMH OOBEKTaMH B YCJIOBHAX, KOrAa HEH3BECTEH Psl
CYILIECTBEHHBIX MapaMeTpoR M (akTopoB, OnpefeNalolHX HX MoBeeHHe. B Takux
ciyyasx LenecooOpasHO HCIHOJIB30BAaTh JIOKAJIbHO-ONTHMANIBHEIE ANTOPHTMEI

ynpaeieHus. JlokanbHO-ONTHMANIbLHOE YNpPaBliCHHE AHHAMHYECKHM O0OBEKTOM,
OMUCHIBAEMEIM YPABHEHHAMH BHAA

X, =Ax,+Bu, +¢,),
y,=H"x, 1=0,,..,
roe x, € R" — BEKTOp COCTOAHMA; u, € R" — ynpasneHue; y, € R' — HaOmonaemblii
Beixon; A, B, H — MarpHubl COOTBETCTRYIOIIMX pa3MepHocTel; &.&5,,.. —
NoC/eI0BATE/IbHOCTE  CNIYYAHHBIX ~ BEKTOPOB, B CMBIC/IIE  KPHUTEpHA
V(x)=x"Cx, C" =C 20, onpe/ensercs BhIpaKeHHEM:
u = urgnlalinE[AV(x,,u‘ ) %',
rne AF(x,,u,)=V(4x,, Bu,) —V(x,).
VnpaeneHWe 4  NpH  BLINONHEHMM  YCNOBMH  E(£,,/xhub)=0,
E(&, €L,/ xb,ub) = const, onpeienseTcs U3 ypaBHEHHS:
B'CBu, =-B'Cix,, (13)
NpH 3TOM AV (x, u)=-% Ox,, Q=C— A"CA+ A"CB(B'CB)* B'CA.
Takum 06pazom, ynpaeneHue u, Ha ocHose (13) MMeeT BUA:
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u =0"x,
e 67 onpejenserca U3 BhIpaKeHHs
B'CBO" =-B'CA. (14)
Cuctemsl ypasnennit (13) unu (14) MoryT GbITh TUIOXO 06YC/IOBIEHHBIMH.
I1noxo 06ycnoB/eHHEIE U BLIPOKIEHHBIE CHCTEMb] MOIYT GBITh HEPAZMHUHMBIMH B
paMKax 3adaHHOH TouHOCTH. IIpMBeneM perynspHEBIii anropHTM OLIEHHBAHHA
3aKOHa ynpaBjieHHA Ha OcHOBe ypaBHeHud (14). [Ipumem B'CB=D, —B"CA=S.
Torna
DO =S. (15)
BeezieM cneyloline yClIoBHA annpoKCHMAalHH;
lo-Bjsnfs,~3 <o,
rae D, 5, — TOYHbIE 3HaY€HHA MaTpHIBl D 1 j-ro cronbia matpuusl S, j=1,2,...,n.
ITpuGnixenus k ncepaopemenuio 0, = D's ; ypaBHeHus (15) 6ynem cTpouTh
B BHIE
8, =g,(D)sl, (16)
5,,=2.(0)Do,., (17)
rae @, — j-elit cronbeu MaTpuub! 87, j=12...,n; s, —J-blii cronben MaTpuie S.
Ilpuuumas  BO BHMMaHMe, 4TO MaTpHuHBIi onepatop D  sBIseTCA
CaMOCOMNpPSEHHBIM, [UI1  perynspH3auud pelieHus ypasHenus (16) 6ymem
HCnone3oBaTe  Meton  M.M.JlaBpenThepa. Merong ~ M.M.JlaBpeHTbeBa
COOTBETCTBYET (DYHKIMAM
&N =(@+a)", a=r", 0<i<w.
Torna nputmmxenns (16), (17) npumyT BHA
0,.=(D+al)'s,, 8,,=(D+al)" Do,
Ilepexons k HTepHPOBAHHOMY BapHAHTY PACCMATPHBAEMOrO METOAA MOKHO
HanucaThb

ot

6, =0, 0" =6/ B, (Do -5} I=1,.r,
b =0, 0" =8"-B, (D8~ D0, ) I=1,.r.
B, =g(p), B,=B,DB,.

Bribopa  mapametpa r  uenecoofpasHO  OCYLIECTBNATE HA  OCHOBE

COOTHOLIEHHA BHaA
Ipa,.-s,|=tls+[o,,|4), 6>1.

B rmaee Taike paccMoTpeHBl Bompockl [IOCTPOEHHs pPErysspu30BaHHBIX
PEKYPPEHTHBIX AIFOPUTMOB aNanTHBHOTO YNpPAB/ICHHSA, OLEHUBAHHA MApPaMeTPOB
peryaAaropa B 3anadye O JHCCHNATHBHOCTH aalTUBHOM CHCTEMBEI ynpaBJli€eHHA,
AJITOPHTMBI aJalITHBHOTO OLCHHUBAHHA U YnpaeleHHA NHHAMHYECKHMH obbexTaMu
Ha OCHOBE NPOTHO3HMPYIOLIHX Meaeneii.

Hereepras rnaBa muccepraumm «PaspaGorka YCTONYHBBIX METO10B M
AIrOPUTMOB  AJANTHBHOH HﬂeH’I‘Hf]JHKaHHH napaMeTrpoB JHHAMHYEeCKHX
00LeKTOB B 3aMKHYTOM KOHTYPE yNpaBAeHMs» TOCBSLIEHA pazpaboTke
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YCTOIYHMBBIX METONOB H AIFOPHTMOB aNanTHBHOH HAEHTH(HKALMH B 3aMKHYTOM
KOHTYpE YMpaBfeHHA, PEeKyppeHTHOH HAeHTHhHKAUHH OOBEKTa ¢ IOMOMIBIO
MHOKECTBEHHLIX ~ MOfeneil W  NapamMeTpoB  perynaropa, (OpMHpOBaHHA
YNpaBNAOUIHX BO3NEHCTBHH B JIOKabHO-ONTHMANBHEIX ANANTHBHBIX CHCTEMax
ynpaBieHna JHHAMHYECKHMH 00 BEKTaMH.

[IycTe 00BEKT ympaBleHMA B 3aMKHYTOH CHCTEME OIMChLIBAeTCA
Pa3HOCTHBIM YpPaBHEHHEM n-I'0 nopAaka:

x[k]= 2a,x[k—i]+ i‘,b,q[k — s

i=l J=l

MA]= x[k]+v[k]; nlk]=ulk]+wlk],
rae nlk] n x[k] — exon W BeIXoA obmekrta; wk] H Vv[k] — Bo3MyLialowwee
BO3/IeHCTBHE M MOTPeLIHOCTE H3MEPEHHS BHIXOAA COOTBETCTBEHHO; u[k] M y[k] -
yrpasjsiolee Bo3AeHCTBHE M pe3ynbTaT M3MEPEHHA BLIXOAd, HCIONL3YEMBIE B
KAuecTBE BXOMHBIX M BBIXOJHBIX JIAHHBIX B MPOLEAYPE HAEHTHHKAUMK; a,, b,

HEeN3BeCTHRIe napaMeTpsl 00bekTa. [TocnenosarensHOCTL v{A] HEKOpPpENHpOBaHa ¢
BO3MYLUEHHEM w[k], MpeabICTOpHEN CHrHANOB u[k] H M[A].
Pa3HocTHOe ypaBHEHHe perym'ropa Hmee'r BHA:
ulk]= Zcu[k—r]-)— Zd elk—j1,
i=| J=0
elk]= y'[k]- K]
rae y'[k] — Tekyluee 3HayeHue 3anaHus; £[k] — cMrHan paccornacoBaHus; ci, dj —
HU3BECTHBIE MMAPAMETPEI peryIaTopa.
[Mpu pelueHdd paccMaTpUBaeMOill 3aaaud  HAEHTH(MKALWHM BO3HUKAET

HeoBXONUMOCTL OMpeZeneHHs BeKTOpa MapaMeTpoB O0BEKTa & HAa OCHOBE
YpaBHEHHA

H-6=Y,

rie marpuua H M BekTop Y (OpMHpYIOTCA Ha OCHOBE peanu3auuii
ynpaendtowero posaeiicTeua u[k] u Beixona y[k], €= [al “ea, | b —-~bP]T.

Pewienne 3Toif 3ajayd NpoOM3BENEHO Ha OCHOBE METOMA pPerysApH3alHu
A.H.Tuxonoea u 3¢dextHBHoro nceenoobpatledud, Oaszupylowuiica Ha
CHHTYJIAPHOM Pa3NioKeHHH MaTpHL. [IpHHLMM perynapH3aluH NPHBOAMT K OLIEHKE
HCKOMOTO pellieHHs § Ha OCHOBE YPABHEHHS

0, =(H"H+al)'H'Y,

rae o >0 — napameTp perynsapu3auuy, [/ — eIMHHYHaA MaTpHUA.

Ec/ii H3BECTHBI YPOBHH MOTPEIIHOCTH HCXOAHBIX JaHHBIX

hel-m. s=Jr-1.

TO NAapamerTp PeryjispH3alMi & MOXHO ONpEeJeNHTe Ha OCHOBE MPMHLMNA
obo0weHHo HeBA3kH, rae A W ¥ — TouHBlE 3HAYEHWs MATPHYHOrO OMepaTopa
H W BekTOpa Nnpasoii yacTH Y. EcnH e yHcna h H § HEH3BECTHbI, TO NapaMeTp

peryispu3auMd a  lenecoodpa3sHO  ompeAenATh Ha  OCHOBe  crocofa
KBa3HONTHMANBHOCTH:
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“'

J |-l§u =min, a,, =«xq, i=012,., 0<x<l.
[TokasaHo, uyTO ecnd paHr MaTpHuel H r=p, TO OLEHKY BEKTOpa
napameTpoB 6 uenecoofpa3HO  ONpENENATh HA  OCHOBE 3¢ deKTHBHBIX

nces1000paTHBIX MAaTPHLL:

6. =VSUTY = Ziv, bk,
=1 M,

rae 87 — oabdexTHBHas ncesnoobpasHas MaTpHUA S = diag(s)...s5); F<r,
sh,=l/p,ecmd yg,>t, 15, =0,€ecnd 4 =0.

Hns  awanusa  KayecTBa  MpPOLECCOB  YNpaBleHHs  HEoBXOOMMO
NpOaHaITH3HPOBATh YCIOBHA CXOOMMOCTH. PaccMoTpuM 0OBEKT ympaBieHHs c
BXOJIOM u(r) ¥ BBIXOOOM y(f), ONHCHIBAEMBIH YpaBHEHHEM:

A(d)y(0) =B(d)u(t)+ (1),
rae 4 v B — nofnMHOMBI ¢ onepaTtopom o6paTHOro casura d:
(I+ad+..+ad")y(t)=(bd+..+b,du(t)+ &),
y)y=—aylt-1)—..—a,y{t=n)+bu(t=1)+ .+b u(t —m)+&(1),

WIH

() =0"p(1)+ &),
rie

0=[a,..a,ib .51, @O)=[-yt=1)..=y-n)iut=1)..u@t-m)] .
lpennonaraercs, uto cTauMOHapHbli Genblif wym &(r) uMeeT HyJeBoe

MaTeMaTHYeckoe OXHOAHHE M MMCNEPCHIO of. Muentnduumpyemas cucrema c
H3MEHAIOLMMHCA MapaMeTpaMH MOKeT ObITb NpeAcTaBjieHa B BHAE cleaylolle
NHHaMHYEeCKOA MOJEH B IPOCTPAHCTBE COCTOAHUS:

8(t=1)=06(t) + w(t)

y(r)=¢’(:)6(z>+r:rr)}’
roe §(r) M w(t) — BO3MYyIIEHHS, NpHYEM w(f) MOAGHPYET npouecc H3MEHEHHA
rapaMeTpOB CHCTEMBEI.

B cnyuae, ecnu npouecc H3MeHeHHs NapaMeTpoB CBA3aH C MCMOJL30BAHHEM
[ayCCOBCKOro pacnpeaeneHns ¢ H3MeHsAIoweics KOBapHALIHOHHOI MaTpHLEH, TO
MO3KeT OBbITh HCII0Nb30BaH KIACCHYECKHI ¢unpTp Kanmana. MosxHo nokasats, 4To
B Ciyuac, KOraa w(r) He ABJIAETCA raycCOBCKMM, TO KaJMaHOBCKHil QMILTp He
obecneuHBaeT ONTHMAIBLHOH OUEHKH. B 3Tom crmydae, uesnecoobpasHo
HCIO/b30BaThk aNTOPUTM BHAA:

B = I:(r__])_P,(r—l}?(l)qﬁ"(f)}’,(l—l)' Ju
Ry +@ (OB =1)p(r)
- 50 =09 ()G -1),
9',(:)=§,(f—t)+Rizau)¢{r)s,(r),

riie R, — AMCnepcHs wyma.
OueHka @(r) BekTopa napameTpoB ¢(f) onpenenserTcs COOTHOLICHHEM

Sy )i &
()= )_:iﬂ,(l)g,(!)-
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PaccMOTpHM  Kiacc Mogeneil ¢ umiymamH B OOBEKTE M YNpaBisiolICM
ycTpoiicTBe, MMEIOLIMI IUHPOKOE pacnpocTpaHeHHe B NPaKTHUECKHX 3ajavax.
Takoii Kjacc cucTeM ynpapjieHus C lymamd B 00BEKTe H YNpaBAloLEeM
YCTpOHCTBE MOXKHO ONHCATh YPAaBHEHHAMH BHIIA:

i 9
Yo = Zalyn-f +Zbr“n—f +0‘lvln!
i=1 i=|

15 [
u, = Z CVnu+ Za’,u,,_j + 0,3 Vans
i=]

=1
rae {un}, {yn} — Habmomaemble MocnemOBATENBPHOCTH Ha BXOINE M Ha BbIXOIE
00BEKTa COOTBETCTBEHHO; {Vin}, {vas} — raycCOBCKHE IMOCIEAOBATE/IEHOCTH C
HYJIEBLIM MaTEMATHYECKHM OXXMAAHHEM M eIHHHYHOH AHCNepcHeH, COBMECTHOE
pacnpeneneHHe rayccosckoe. [Tpu 3Tom
My v 1= Mvy vy 1=6, Mlvy, v, 1= Mvy, ¥, 120, My, ;1= Mvy, 1, ;1=0,
My iy,]=ps,, (j21), 1>p>-1,6,,— cumBon Kponekepa.

Jlna onpedeneHHs HCKOMBIX MapaMeTpoB 00beKTa H  YMPaBAAIOLIEro

ycTpoiicTBa He0OXOAMMO PEILHTD ClleAYIOLLYIO CHCTEMY YPAaBHEHHI:

5-0=y, (18)
HIIH B pBSBEpHyTOﬁ qJOpMBI
@SS SIS, ; anSiS, @SS, | (6 &S Yy + @S] Sy
so|@SiS @SS, fanSiS, fanSiSs| o |0, - @83 Yy + @83 Sy
@838, @383 S LanSiSs | |67 @Sty +anSiSy
@SS, a.szSz LSS, G’zzSITSs é4 ale{YAr +apS| Sy

riae BEeKTOpbl Yy, Sy H MaTpuLbl S;,S, (GOpMHpPYIOTCA Ha OCHOBE peanu3auuii
BXO/IHBIX M BBIXOJIHBIX CHTHANOB {tn}, {yn}, =0, 1,.... N; &, =03 ,a), =—po,0,,
a5, =af; napameTpel 6, , 6, , 6;, 6, onpeAeaAOTCA CIENYOHMH BbIPAXKEHHAMH:
T
6F =(ay, .oonay, by, oo by), 87 = (a0, ety By e B)5
RS (SR N I ol =(ceus vessCra O irievion ) s
PeleHue onepaTopHOro MaTpHUYHOro ypasHeHHs THNA (18) MOXHO CBECTH K
3ajaye MHHUMHM3aUMH  (QYHKUHOHAla HEBA3KH, TO €CTh  HAXOMKICHHIO
KBasHpelleHHA YpPaBHEHHA Ha 3aMKHYTOM BBIMYKIOM MHOXecTBe () B CMbIC/IE
B.K.MBaHoBa. B kauecTBe HEBA3KH MOKHO Oparb KBagpaTHUHbIH (yHKIHOHAN
BHIA:
@) =|so-»|,"
Toraa HMTEpaTHBHYIO MOC/IEJO0BATENBHOCTE 1A 0, MOXKHO 3amucaTh B
ClelyI0IEM BH/IE:
6, = By(6, —a,(F5(8.)+&,6,), r=01..,
rae P, — MeTpHYeckHil npoekTop; 8P =F, r — HOMEp HTEpalHH; Mapamerpsl
perynsapH3auiu a, >0, £, >0 ONpPeAenaoTcs BhIPAKEHHAMH:
a,=(1+r)"2, e =(1+r)", 0<p<l/2.
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Ocranon paccMaTpHBaeMoro HTEpPALIHOHHOIO rporecca MOJKHO
OCYIIECTBJIATE HA OCHOBE COOTHOLIEHHI BHaA:
: Coeli2g 2
‘!’E}]J/sr(é, =0, ‘]sl_r.rtllzf /&5 =0,

p(F;—F)<68,620, F;e.5 .

ITpu sTOM
lim |9, -¢"| =0,
£—0
rne 6 €= -  eIMHCTBEHHOE peuieHHe  BapHaUHOHHOr0  HepaBEHCTBA
(6,0-d)<0, Vd e E, £ — MHOXeCTBO pelueHuii (18).

BecbMa wuwacto mnpu cuHTesa perynstopa B 3aMKHYTHEIX CHCTEMax
HCIONB3YIOTCA METOABI JIOKABHO-ONTHMAJIBHOTO aAanTHBHOIO YMpaBJIeHHA.
PaceMoTpiM 06beKT ynpapnenus, 3ananuslii B opme

A(Z_])}’u-l = B(zhl)ur + W,
rae y, € R — namepsembie BLIXOABL, 1, € R” — ynpaBieHHe.
Torna ¢ yuerom Toro, uto
 =6" QM B =0t ¥l s Wity ol D (19)
Q =(=A", .~ A" B BOY, @ = (3 s st genitt] ), (20)
JI0KaNbHO-ONMTHMANIBHEIH 3aKOH YIIPaBJIEHHS MPHMET BHL:
up = (HTBOY(AD + 5Dy, 4.4 (AP £ 5y 4 1)
+(=BY + DDy, 4.+ (=BOD 4 DYy, g,
rae S i=1n m DY, j=1n—1 — npousBosbHbIe MAaTPHLBI pasMepHOCTH [x/ M
I xm COOTBETCTBEHHO, H — MaTpuua mx/ Takas, uTo det H7B™ 2 0.

B Bripaxenuu (21) obpamaercs kpamparhas matpuua Buma G =H7 B,

Hannas MaTpuua Moer OBITH IUIOXO ofycnoBneHHoil. Huske npHBOAHTCA

- =1
AIFOPHTM YCTOHYHBOrO OLIEHHBaHHA o6paTHOI Matpuuel G B (21).
[Ipubmikenne a1 nceBaoOGPAaTHOR MATPHIBI MOXKHO ONPENENHTB TPH
MOMOILH COOTHOILECHHA:

G! =R U}, (22)
rae R,, U, — ONpeaensiorcs npu oMo BeIPAKEHHi:
G, =UR,, Ul =[u70I], R =|R iR, U, =G, (23)
10 ... 0 g? 2p .. &P
R, =G, U= g 1 o0 | R= 0 gb . g9 | (24)
& g .. 1 0 0 g

B naroit rnase «IIpumenene Pa3paboTaHHBLIX METOJ0B H aJIrOPHTMOB
CHHTe32 ANANTHBHBIX CHCTEM YNpAaBJeHHS B 3aJa4aX ABTOMATH3AIHH H
YOPABJICHHsI  TEXHOJOTHYECKHM MpPOLECCOM CYIIKH KaJHsl  XJOPHAA»
TIPUBOJIATCA pE3Y/ILTATEl NPHMEHEHHA Pa3paGOTAHHBIX METONOB M AJIrOPHTMOB
CHHTE3a aJanTUBHBIX CHCTEM YNpaBieHHsA AMHAMHYECKUMH 0OHEKTAMH HA OCHOBE

48



KOHLIeNIHiT MISHTHGHKALHOHHOIO MOAXOAA IPH ABTOMATH3AUHH H YIpaBleHHH
TEXHOJIOrHYECKHM NIPOLIECCOM CYIIKH KanHs XJIopHa.

[TponspenenHas Qopmanu3aums npouecca CYLIKH KalHg XJOpMa Kak
o0bexTa ynpasneHHA MO3BONIIA BRICTHTE CIEYIOUME OCHOBHBIC MEpeMEeHHBIE,
XapaKTepH3yIollHe PacCMaTpHBAaeMbIil Npolecc: YIpaBifioUIHEe NapaMeTpEl
U= (u,u,), TA€ 17 — TEMOEPATypa TEIJIOHOCHTEA HA BXOJe CyUIHNbHOro Gapabaua,

uz — pacxoji TEMIOHOCHTENA Ha BXOJe CYIUMJIKH; BBIXOAHBIE IapaMeTpsl
Y =(»,»,), [ie y; — BIAKHOCTb CYLIWILHOTO MAaTEpHAla HA BEIXOJE CYIIHIBHOTO
Gapabana, y» — TemnepaTypa TEIUIOHOCHTENA HA BbIXOAE  CYLIWIIKH,

HEKOHTpOJIMpyeMble BO3MYLIAloIuKe Bo3aeHcTBHA W = (w,w,,w,;), [AE W — pacxojl
CYUIMMOrOo MaTepHana Ha BXOAE B CYIUWIbHbIH OapabaH, w: — HauanbHas
BJI&YKHOCTh CYUIHMMOIO MaTepHasna Ha BXO/Je B CYLIMIIKY, W3 — JHCIEPCHBIIl cocTas
4JacTHY CyLIHMOro MaTepHana.
PaccmarpHBaemblii npouecc CyIIKH Kanua Xnopuiaa OyaeM ONMCHIBaTh
JIMHeiHOo# HecTauOHAPHOM MHOrOMepHO MOJIENLIO B CIE/IYIOIEM BHE:
Xpoy = Apxp + Bty +ywy (25)
P =Cpxg +vg, (26)
rae x, y, u - COOTBETCTBEHHO BEKTOPbI cOCTOsHMA 00beKTa, BhIX0JAa O00BEKTa U
ynpasnenus; 4, B 1 C — HeH3BECTHbIE MaTpHIbl BCLUCCTBEHHBIX MapaMeTpoB
00BEKTa COOTBETCBBYIOLIMX pasMepHOCTeH; w, v — BCKTOPLI OENBIX rayCcCOBCKHX
HIyMOB 0OBEKTA M [TOMEX M3MEPEHHIT C H3BECTHBIMH MATPHIIAMH HHTEHCHBHOCTEH
0,8, , R, ¢ HYJIEBBIMH MaTEMAaTHYECKUMH 0XHIAHHAMH COOTBETCBEHHO.

[IpenBapHTeNbHbIC MCCAEGAOBAHHA Npolecca CYLIKH KalHs XJIOpHAa Kak
obBexTa ynpasieHHA MOKa3aiH, YTO B OTHOLIGHHH MapaMeTpoB OOBEKTa MOXKHO
NPHHATE FHIOTE3Y KBa3sHCTAUMOHAPHOCTH, @ caM OOBEKT fABJIACTCA MOJHOCTHIO
ynpaeiaseMblM M MOeHTHHUHpYyeMBIM. [II8 MOMyHeHHA M MpPaKTHYECKOro
HCTIONIL30BAHMA MaTeMaTHYeCKoH Moaend ObUl TIPOBENEH [POMBIILLICHHBIH
3KCHEPUMEHT B YCJIOBHAX HOpMalbHOro ()yHKLUHOHHPOBAHHA TEXHOJIOTHYECKOrO
npouecca CyWKH Kanusa Xxnopuuaa Ha JlexkaHabaacKoM 3aBojie  KalMifHBIX
ynobpenuil. Bpema perncrpaunu napamerpos 7' W HHTepBasl cheMa HH{opMaunu
At peanuzalMii nepeMeHHBIX Mpolecca BLIOHpaNHCE C yueToM ocoOeHHocTel
NpoBENEHUA 3aMEpOB TeX MM HHbIX [apaMEeTpPOB H B COOTBETCTBHH €
MMECIOLMMHCA pekoMeHaauusaMu. HeoOxoanmble 3HaueHUA BPEMEHH PErHCTpaLUiH
M [HCKpeTH3alMH peann3alii Hab/oJaeMBIX Cly4aiHbIX MPOLECCOB OKa3alHCh
COOTBETCTBEHHO paBHBLIMH: 7=5 yac, Ar=2 MHH. Bcero 6bu1o npoussenero 150
H3MepeHuii.

Hckomble 3HaueHHA MATpUL 4, M B, B YpaBHEHUH (25) paccuuThIBAIMCE HA
OCHOBE OlleHHBaTeNnsd MeiiHa [ii pa3M4HBEIX HHTEPBAIOB KBA3HCTALMOHAPHOCTH.
Tak, HanpuMmep, Ul NEPBBIX ABYX HHTEPBANIOB KBA3HCTALHOHAPHOCTH OHH HMEKOT
BH/L:

JUIsl [IepBOro HHTepBana (M3MepeHus ¢ Homepamu 1-50)

[0748 10187)  [0,6441-0771
'[—0,564? 0.671]’ '_[0,597: 0,327}
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LUl BTOPOro MHTepBana (M3MepeHHs ¢ Homepamu 51-100)
0,683 | 0,296 0,732, 0352
i =[l'd551?b,'7'5j} 2 =[6,'8"3"2“ :”6,13'1'2]'

AnexBaTHOCTh pa3paboTaHHBIX Mopeseill 6bula yCTAHOBJIEHA Ha OCHOBe
KpHTEpHA, OCHOBAaHHOI'0 Ha aHaliu3e CBOICTB OCTaTKOB. PHCCMOTPHM 3agady
CHMHTe3a afalTMBHOM CHUCTEeMBI YNIPaBJIEHUS [IPOLIECCOM CYIUKM KaJMfA
XJIOpMAA Ha OCHOBE pa3paboTaHHBIX MaTeMaTHYeCcKMX MofeJei. 3aKoH
YTIpaBJieHMA IPUMEM B BUAE:

u,=60"(Q,)x,,
roe 6(Q) — zanaHHas MatpuyHas GyHkuMd, a Q, — Tekylulas OUEHKa MaTpHULbI
Q' =(4,B), nonyuaemas Ha 0OCHOBe OLieHHBATeNS Meitna.

Hnst OueHHBAHMA BEKTOpa COCTOAHMA x, O0OBEKTa ObUT HMCIOJB30BaH
TpaauUKOHHbIH GuneTp Kanmana.

C yuerom cneunduueckux ocobeHHocTei paccMaTpHBaEeMOoro oﬁ'bﬂfra
paccMOTpHM 3aJavyy CHHTe3a CHCTEMBbI ynpaBl€HHA MpH HAJTHYHH 3ana3iblBaHHH B
ynpaBJI€HHAX. By,IIBM [mosararse, 4TO obbekT ynpapJIEeHHA XapaKTEpPH3YETCA LCJIbIM
HabopoM samasmeiBanuii &, 6;, .., 6,, T.e. BMecTO (25) umeeM cneaylolllee
YpaBHeHHe obbekTa:

'
Xpa=A,x, + .E%Bf-" Upg, + W,
j=
(k=0,1,..,N-1; x,, Uy slig, , 32]12HBI),
A€ 0, — pa3IHYHble LeMble YHMCIa, KOTOpble i yao6cTBa GyaeM CUMTATh
PACMoONOXeHHLIMH B MOPA/AKE BO3PACTaHHA, H BCE MAaTPHLIbI B,, HMEIOT pasmep
nxm.
Becbma wacto BxomHOH cHrHan W, ABNAETCA KOppeIHpPOBAHHOMH

- IOCJIEN0OBATENBHOCTEIO. B Takux ciay4dadxX KOMIICHCHpYylolee YyIpaBleHHe
uenecoobpazHo BLIOGMpPATE B BHE:
w=-[H, + BB, B, +al| BT ox,,
B =4 R[4 +BY]+G,, P, =G,.

I1pu Hcmonb30BaHKUH 3TOH KenaTenbHORH MaTpPHLIEI KOMIIEHCALMH 3aMKHYTas
CHCTEMA C 3ana3fiblBAaHUAMH OYZIeT BecTH cebs, B cMbICIe BEKTOpa COCTOAHHUA x,,
SKBHBAJICHTHO  MpPHUBENCHHOH  3aMKHYTOH cHcTeMe Ge3  3ama3/ibIBaHHA.
IlpuMeHeHHE pacCMOTpPEHHBIX ANropHTMOB NPH CHHTE3E¢ CHCTEMB! aJallTHBHOIO
YOpaBIeHHA NpOLECCOM CYWIKH Kalus Xnopuaa Oymer crocofCTBOBATh
[TOBBIIEHHIO KaYeCTBA MPOLECCOB YNPaBIEHHA C YUETOM 3amasfblBaHHs [0
yIpaBJIeHHIO.

Ha ocHoBe monyueHHbIX BeipakeHuii MosHO NpeUIoKHTE CleayIoLyIo
CTPYKTYPY alallTHBHOH CHCTEMB! YNIpaBieHHS:
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l l

%k HenssecTHble napaMeTpsbl Habnioaenue "k
— r—
obvexta & SR
X = Ax, +Bu, +w,,
X
JleTepMHHHPO- Bnox
BAHHOE YCTPOIICTBO OLEHHBAHNA
ynpasieHua [ *| COCTOAHHA

A ~
!
Hnentndukatop
napameTpoB

Pue. 1. Cprmypa AJANTHBHOI CHCTEMBbIL ynpaBJieHHs N0 COCTOAHHIO

B yc/loBHAX MPOMBILUIEHHOTO MpPOH3BOACTBA BOCCTAHOBIEHHE BEKTOPA
COCTOSHHMA OOBEKTOB YMpABNEHHA B YCIOBHAX HEOMpPEAeNeHHOCTH BCTpevaeT
3HAYMTENLHLIE TPYAHOCTH. B  Takux cnywasx /s onucanus ofbekra
[peAcTaBaseTcs uenecooﬁpmnbm MCIONB30BATE ClEAyIolee YpaBHEHHE:

A =B E Y+ Ey,
roe y, € R* — u3MepsieMble BBIXOMBI, 1, € R® — ylpaBieHHE,

Torna Ha ocHOBE cCOOTHOWEHHI BHaa (19), (20) 3akon ynpaenenus (21) npu
n=2 BbibepeM B BHAE:

u, =(HTBOY (AP +5Myy, + (AP + 8Py, +(=B® + DMy, 1, 27
rae S® 5@ u DY — npou3BONBHBIE MATPHLBI Pa3MEPHOCTH 2x2, H — MaTpHua
2x2 TaKas, uto det H B 2 0.

Pesyneratel  upentHQukaumn  matpuu A0, 4P B B ma  ocHose
anroput™Ma uaeHTHOHKAuuH (5)-(9) mNO3BONMNM MOAYUYHTH HX HHCJIEHHbIE

3HAYCHHAL
o _[08121 0257] o, [ 0713 } 0566
0645{~0,691] 2047810288

- [0431. 06[9] 50~ [0334 0516:\

0,384} 0,293 0,418 | 0,497

C uenbio NOBLILEHHS YHCIEHHOI YCTOHYHBOCTH Npoueaypsl obpaleHHs
matpuu G = H7 B B (27) 6yaem HCMONB30BATE PEryNApHEIi MeTo ["aycca.

Torna

GO =R U;.
rae R,, U, — onpenensioTca NpH NOMOILH BeIpaxeHHid (23), (24).

Ha ocHoee paspaboranHoro mporpaMmHoro obecriedeHus  Obu1o
MpOM3BEIEHO YHCIeHHOE MOJICNHPOBAHHE 3aKOHA YMpaBleHHd Ha OCHOBE
anroput™a (27) ¢ ydueroM (22). Tak, HampuMep, Ha CIEOyHOLIMX pHCYHKax
MPeACTaBJieHbl  peajH3alnH  YNpPaBlAKIIEr0  BO3AEHCTBMA M BBIXOOHOMH
nepeMeHHOH paccMaTPHBAEMOT0 NMPOLECCA NO KAHAY 1 —> V1.
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Puc. 2. Peanuiauuu ynpapisiiollero Bo3aeiicTBHA H BLIXOJHOI nepeMeHHoil
paccMaTpPHBAEMOI0 NIPOUECca N0 KAHATY Hy —> )i

Ha ocHoBe npoBeneHHBIX HCCIEN0BaHMH MOXKHO MpPEIOXKHTE CIEAYIOILYIO
CTPYKTYPY CHCTEMBI aJJallTHBHOTO YIIPaBJICHHS.

TENAOHOSHTETL

11 Bnox diopmitpo-
BAHHA Y NPABNSIOLINX
Bo3neficTauil

e L e
| Bno
: I HACHTHQHKAL I
1 hd I
-------------- 1 |
Brok 1 : 9 1
1
L nanTanum ! : Monens ofuexta :
1 1 1
I 10 ] : ¥ ]
! Buuuncnurensioe  |! ' !
1 ' f 8 1
1 ycTpoficTao ! 1 Bnok "
| 1 1
| ¢ 1 1 | macrpoiixu monenn 1 B anocdepy.
1 1 1
1 I !
1 |
1 1
1 1
1 1
1 I

& 12
Perynstop

Puc.3. CTpykTypa aganTHBHOIT cHCTeMBI YNIPABJIEHHS NPOLECCOM CYIIKH
KAJTHST XJI0PH/A 110 BLIXOAHBIM MepeMeHHbIM

PaspaboTtaHHble peryispH30BaHHEIC aJITOPUTMBI thopMupoBaHus
YOpaBisIOWMX BO3JEHCTBHH HAa OCHOBE MJEHTH(MKALUMOHHOIO MoAX0Ja
CrnocoOCTBYIOT MOBBILIEHHIO TOYHOCTH BEIYHCIICHHSA YIIPABIAIOUWIMX BO3AeiiCTBHI B
aNanTUBHOH CcHCTeMe YyNpaBjeHHA TIPOLECCOM CYUIKM Kalufd Xjopuaa B
NPOH3BOJCTBE KANHITHBIX y100pEHHIA.
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3AK/IIOYEHHE

B nucceprauuu Ha OCHOBE METOJ0B CHCTEMHOrO aHalH3a, TEOPHH CHCTEM
AaBTOMAaTHYECKOro  YNpaBjieHHs, AMHAMMYecKOH (UILTPAUMH M pelleHus
HEKOPPEKTHBIX 3a/lay pa3paboTaHa KOHCTPYKTHBHAs METOMONIOTHA pEryispHoro
CHHTE3a aJaNTHBHBIX CHCTEM YIIpaBJieHHs HHAMHYeCKUMH OOBCKTAMH Ha OCHOBE
KOHUENUHH HAEHTH(HKALMOHHOr0 noaxoaa.

B urore nony4eHsl cienytolHe Hay4HbIe pe3yabTaThbl:

1. Tlony4yeHsl OLEHKH [OrPeIUHOCTH 3afaHMd  HCXONHBIX  JIAHHBIX
ypaBHeHHit MACHTHOHKALMH JUIA  pA3TMYHBIX MOAEJIBHBIX CTPYKTYp. OTH
aJIrOPUTMBI MO3BOJIAIOT HE MPOH3BO/IA HENOCPE/ICTBEHHOrO PCLICHHA npuobperarsb
anpHOpHYI0 HH(OpMalHIO O Mopsjke MOrpeliHOCTH PEUICHHA JUIR IOJTYHCHHA
KAuecTBEHHBIX BHIBOJOB O TOM, C KakOH TOYHOCTBIO Pa3yMHO Jaiee pelars
CHCTeMY, M OMNEPaTHBHO OCYLIeCTBIATH BbIOop ONTHMAILHOIO  3HAUCHHA
napamerpa perynapu3anuu uexons u3 Tpebopatits coracoBati.

2. Ilpn  GopMHpOBaHMM ANrOPHTMOB  pa3ae/bHOro M COBMECTHOrQ
aJanTHBHOTO OLEHHUBAHUA 1 YMPABICHNA AnHAMHuecKiMH OOBEKTAMH Ha OCHOBE
rpaMeHTHON CXeMBI C HCMONb30BAHHEM ONTHMaILHOTO  CTOXACTHHECKOrO
ynpenutens Ha 0aze  KanMaHOBCKoro (uueTpa MOJAYHUEHBI  BRIDAKEHMA,
MO3BOMIAIONIME  OLEHHBAThH CXOAHMOCTEL afanTHBHpiX &/1FOPHTMOB HA OCHOBC
ofbenuHenus 3akoHa ynpasnenus B dopme ofparnoil CBA3M C npoueypoit
OLIeHMBAHUA TIAPaMETPOB.

3. IlpeanoskeHsl @IrOPHTMb! YCTOifuMBoro OUCHHBAHHA  [AapaMCTPOB
cTabMMN3UpPYIOLIEro perynsaropa B 3ajade o AMccHNATHBHOCTH ananTHBHOI
CHCTEMBI YINpaBleHUs CTOXacTHYecKMMH o0bekTamy Ha OCHOBC KOHLEILHH
nuHaMuueckoit (unpTpauun. PaszpaGoTtannble anropuTMbl [MO3BOMAIOT MOMY1ATH
OLEHKH, oOnajaioiine CBOHCTBaMH paBHOMEpPHOH onTHMAIEHOCTH.

4. TlpeanoskeHbl YcToHuMBBIE CybonTHManpHble @IFOPHTMbL  CHHTE3a
CHMCTEMBI aJIaNTHBHOTO YMPABNEHHA AMHAMHYECKMMH OOBEKTaMM IO KPHTEPHIO
MHHHMYMa JHCIEPCHH HA OCHOBE PEryJjAipH30BaHHOIO (UILTPa KalMaHOBCKOTO
Tuna. [lonyueHHble anrOpHTMBL ofecreuHBalT MHHHMAIBHYIO KOBapHallMio
perynupoBaHus.

5. PazpaboraHbl ycToiiumBele anroputmbl CyOONTHMAIBHOrO aJanTHBHO-
NOK&IBHOTO ~ YNpAaBIEHMA  AMHAMHYeCcKHMM  o0BEKTaMM  HAa  OCHOBC
PETPOCIEKTHBHBIX M MTEPALMOHHBIX BAPHAHTOB YMpPOIUCHHOH perysipH3aluu.
ITpennosxeHHble anropHTMBI CMOCOOCTBYIOT NOBBIMIEHHIO TOUHOCTH ONpEENnCHHs
napaMeTpoB 3aKOHa YNpaBleHHUA.

6. PaspaboTaHbl ycTOIYHBEIE AIFOPUTMBI HASHTH(HKALMN AHHAMHYECKUX
00BLEKTOB YNpaBJICHHA HA OCHOBE METOJOB peryispu3alHlH H NcesaoodpalucHus,
OCHOBaHHble HA CHHIYJIAPHOM pa3snoxeHuH. Hacrogiipe airopuTmbl MO3BONAIOT
NpH OMNpe/eseHHbIX MOMEXOCHTHAIbHBIX YCIO0BHAX OCYIUECTBIATH YCTOHYMBYIO
HACHTH()HKALMIO THHAMHYECKHX 00BEKTOB B 3aMKHYTOM KOHTYPE YIIpaBlleHHs.
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7. PaspaGotanbl anroput™si pekyppenTHoii HAEHTH(HKAUMH C TOMOLIBIO
MHOKECTBEHHBIX Momenedl M ajantauMd HMX [apaMeTpoB Ha  OCHOBe
HCIIONIE30BAHHA  aNMpoOKCHMaUHi B BHJIE KOHEYHOH CYMMBI TIayCCOBCKHX
pacnpenenenuii. [TonyueHnsie QIFOPHTMBI MMPHBOJAT K COCTOATE/IBHBIM OLIEHKaM H
MO3BONIAIOT MOBLICHTH KAYECTEO MPOLECCOB yIlpaBleHHA B 3aMKHYTbIX CHCTEMax
yIhpaBneHH4.

8. Ilpemnoskens! ycroiiuupple ANTOPHTMEI (POPMHPOBAHHA YTPaBJAIOLIHX
BO3JeHcTBHI B JIOKANBHO-ONTHMANBHEIX aAanTHBHBIX CHCTEMax YnpaBncHHA
AHHAMHYECKUMH OOBEKTAMH Ha OCHORE HEOPTOrOHAIBHBIX (haKTOPH3ALMAX H
ncesnoobpaleHusx IUI0X000YCIIOBNCHHbIX HIIH BBIPOKIEHHBIX KBaIApaTHBIX
MaTpul. AJTOPHTMbI CMOCODCTBYIOT MOBBILEHHI0 TOYHOCTH (opmMHpOBaHHs
YHPABIAIOLHX BO3ACHCTBHH B 3aMKHYTOM KOHTYpE yNpaBJleHHs.

9. Pazpaboransi YCTOAYHBBIE AJITOPHTMEI HAeHTH(HKALUHA MapaMeTPoB
o0nekTa H PerysiiTopa B 3aMKHYTOI cHcTeMe yrpaBlieHHS Ha OCHOBE NMpHHLHMA
HTEepaTHBHOMH PEryNApH3alMH  C  npHBrIeYeHHeM MeToja BapHALMOHHBIX
HepaBeHCTE. [IpemnoskeHHble aJITOPHTMEI 00€CIeYHBaOT CXOOMMOCTh HMCKOMBIX
OLEHOK mnapaMmeTpoB oObekTa M PErynATopa MO4YTH HaBepHOE K HCTHHHbLIM
3HAYSHHUAM.

10.Ha ocHoge NPCIUIOKEHHBIX pEryNApHBIX alrOpHTMOB AJaNTHBHOI
naeHTHGHKaALMH CHHTE3HpOBaHa aflanTHRHAA CHCTEM yIpaBJieHHs
TEXHOJIOTHYECKHM MPOLIECCOM CYILKH KaMst XJIOpHJa B NPOM3BOJCTEE KAIHHHBIX
ynobpenwuii. [Tpeanoxennas a[lalITHBHAA CHUCTEMa YIparieHHA pacCMaTpHBaEMBbIM
TpoLEcCcOM no3poNAeT cTabHIM3MPOBATh TEXHONOrHYECKHE PEKHMBI [IPOTEKAHHA
npouecca H MoBbICHTE 3(eKTHBHOCTE ero (byHKUHOHHPOBAHHS.
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INTRODUCTION (abstract of DSc thesis)

The aim of the research work is to develop methods and algorithms of
synthesis of adaptive process control systems based on the concepts of the
identification approach.

The tasks of research:

system analysis of the development of methods and algorithms of synthesis
of adaptive control systems for dynamic objects based on the concepts of the the
identification approach;

development of methods and algorithms for sustainable adaptive parametric
identification of dynamic control objects; '

development of reliable methods and algorithms of synthesis of systems for
adaptive control of dynamic objects;

development of reliable methods and algorithms of adaptive identification of
parameters of dynamic objects and a control device in a closed control loop;

development of sustainable methods and algorithms for the formation of
control actions in local-optimal adaptive control systems for dynamic objects;

practical approbation of the developed algorithms and computational
diagrams for stable identification of the parameters of an object and a control
device for solving problems of synthesis of adaptive control systems for specific
technological objects.

The objects of the research work are adaptive control systems with
identifier in the feedback loop.

Scientific novelty of the research work is as follows:

estimates of error of initial data of the identification equations for various
model structures are obtained that make it possible to explicitly choose the
optimal value of the regularization parameter based on the requirement of
correlation;

stable suboptimal algorithms for the synthesis of an adaptive control system
for dynamic objects by criterion of minimum of variance based on a regularized
Kalman type filter are proposed;

stable algorithms for suboptimal adaptive-local control of dynamic objects
based on retrospective and iterative variants of simplified regularization are
developed;

stable algorithms of identifying dynamic control objects based on
regularization and pseudo-inversion methods based on singular decomposition are
proposed;

recurrent identification algorithms using multiple models and adapting their
parameters based on application of approximations in the form of a finite sum of
Gaussian distributions are developed;

stable algorithms for the formation of control impacts in local-optimal
adaptive control systems for dynamic objects based on non-orthogonal
factorizations and pseudo-inversions of poorly conditioned or degenerate square
matrices are developed;
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robust algorithms for identifying the parameters of the object and the
controller in a closed control system based on the principle of iterative
regularization involving the method of variational inequalities are developed.

Implementation of the research results. The results of synthesis of the
adaptive control systems for technological objects based on the concepts of the
identification approach obtained in the framework of the dissertation work are
implemented in the following projects:

The developed methods and concepts of synthesis of adaptive control
systems; regular algorithms of identifying the parameters of an object and a
controller in a closed control system; suboptimal adaptive-local control of dynamic
objects, allowing to stabilize the technological regimes of the potassium chloride
drying process in the production of potash fertilizers are implemented in the
Unitary Enterprise "Dehkanabad Potash Plant” (the reference letter of JSC
“UZKIMYOSANOAT” Ne01-736/A, February 20, 2018) and overall improve the
efficiency of its functioning.

The developed IARE software package (ldentification, Adaptation,
Regularization, Estimation), which allows for software and algorithmic support of
identification and process control of potassium chloride drying are implemented in
the Unitary Enterprise "Dehkanabad Potash Plant" (reference letter of JSC
“UZKIMYOSANOAT” Ne01-736/A, February 20, 2018). The software package
contributes to the efficiency of drying equipment.

the developed algorithms of synthesis of process control systems are
implemented in the pressure control system in the buffer tank at IMIR-TRADE
GROUP LLC (the reference letter of JSC “UZKIMYOSANOAT” NeO1-736/A,
February 20, 2018). As a result, the increase in the quality of regulatory processes
has been achieved.

The structure and volume of the dissertation. The dissertation thesis consists
of an introduction, five chapters, a conclusion, a list of used literature and applications.
The volume of the thesis is 185 pages of typewritten text.
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