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JOKTOPJIMK ITUCCEPTAIIUACHU AHHOTAIUACHU

JlnccepTanusi MAB3YCHHHHT J0J3apG/IMIH Ba 3apyPHATH. Y30EKHUCTOH
PecryOikacu XykyMaTd TOMOHHJIAH PETHOHATI-XYAYIWH aBTOMATIAIITUPUITAH
OOIIKAPHUIIT TH3UMJIAPWHY PUBOXIAHTHPHUII Ba TOHA aXO00pOT MalJOHUHHM SIPATHIIT
Oyiinya KaOyJql KWIMHTaH KOMIUIEKC dYopa-Taa0upiap 3aMOHaBHM ax0opoT-
KOMMYHUKAIIUS TEXHOJIOTHSIIApU acoCHIa axO00poT-001IKapyB TUZUMIIAPUHU KEHT
xopuit otumra wyHantupuiarad. [lynaman kenu® 4YWKKaH Xojiga, Typiud
dbyukimoHan Bazudanu 0O0BEKTIApHU OOIIKApUIII Ba YJAPHUHT XOJaTHHU
0axOJIAIIHUHT camapalii yCyJulapyd Ba aJTOPUTMIIAPUHU HILIA0 YMKHUII Y3UHUHT
nom3aponuru OwnaH axpanub® Typaau Ba 1y OWIaH OWpraivkia, Karra Xajk
XYKaJIUTU axaMusiThra Jra OynraH Hazapuil Ba amanuii MyamMmo cudarua
TYJIaTUTUda eyuIMail KOJIMOKIa. AXOopoTiapra uiioB OepuIll Ba OOIITKAPUTITHIHT
Mypakkad TH3UMIIApU, XYyCYCaH, TEXHOJOTHK OOBEKTIApHU  OOIIKAPHIII
TU3UMJIADUHUHT TapakKUETH aHUKJIWK TaBcuduiapura OYnraH TanablapHUHT
JIOUMU paBuila omud Oopuiy OWIaH KU3UKUII yiFoTaau. by macana aitHukca,
TalIKA MYXUT Ba MojelIap TaBCU(IAPUHUHT apHOp HOAHUKJIUTH Ba KyTHJIMaraH
y3rapyBUaHIUTH KaOW peajn ImapouTiapjaa Mypakkadbmup. byHmaii mapowutiapaa
XaJlakuT OepyBuM cojada omwuiap cudaruna  KapaJiMaladraH — MOJEIUTH
Oy3wiuiiapra HucOaTaH TU3UMHHUHT (DAOTUAT KYpCcaTUIIM MOCTAIIYBUYAHIUTH Ba
HazopaTura yTuil Makcajara MyBOQHUK Ba XaJIaKUT OepyBUM OMWLUIApHU Oaxosaril
yMyMaH TH3UMHUHT (HaoHsIT KypcaTuill CU(aTUHUA aXaMUSTIN Japa)asa OUTUPHIIL
umMkonuan Oepaau. Illynnmaii kw0, anpuop HOAHUKIWKHUHT FOKOpH Oyiraxn
mapouTiIapua OOMIKAPUIN TU3MMIIAPHU MOCIAIITHPUIITHUHT caMapaiu ycyJuiapu
Ba BOCHUTAJIAPUHU PUBOXKJIAHTHUPHUIN Ba UIUIA0 YMKHUII peall BaKT *KaJaJTUTHIArA
Ky3aTHIIIap MabIyMOTIIApUTa camapalid WIUIOB OepuIll MMKOHWHHU Oepaau Ba
axOopoTiapra WINUIOB OEpHUIl Xamja OOIIKAPWIN TU3UMIIAPUHUHT AHUKJIUTH Ba
UITOHYWIVIIUTUHU OTIHAPAIH.

Huccepranmmst ~ wmmra  OynraH — 3apypusiT,  CAHOATHUHT  TYPJH
TapMOKJIapUJIard, XycycaH, KUMEBHUU caHOATIard Mypakkad TEXHOJOTHK
OOBEKTIIapHU  HaA30paT KWIMII Ba ABTOMATJIAIITHPUIIHWHT  3aMOHABUU
KOHLEMIUSJIADUHU KEHI' KOPUW ATHUII, HOAHUKJIHMK IIapouTIapujia 00bEeKTIapHU
Oaxonami, uACHTU(UKAIMIIANI Ba OOIIKApUIN Macajajapura JIUKKAT OujiaH
axamMusAT OCpUITHYU Tajaad TUIIN OWJIaH OOFJIMKIUTH OpKaiH udoaaraHaIu.

Ma3skyp TagKuKOT V36exucTon Pecniy6nukacu [pesunentnnunar « Kumépuit
CaHOAT/ard  KOPXOHAJIADHU  MOJICPHUBANMSUIAIN, TEXHUK Ba  TEXHOJIOTHK
TapbMUHIAIl jgactypu Tyrpucuaanru 2007 vun 7 wuronparu 11P-677-connu
GbapMOHMHMHT aMalra OUIUMPWIWIIMHYA TabMUHJIAINITAa KapaTWiran Oynuo,
JACTypJard DHT acOCUW MacajajapjaH OupH WIDa0d YMKAPUIITHUHT TEXHUK
Japakacn Ba CaMapaJOpJIUTHHH OIIUPHIN, 3aMOHABUW FOKOPH camapaid
TEXHOJIOTHUSIIAP, KypHIMallap Ba TEXHOJOTHK Kapa¢HIApHU JHT SHTU OOIIKAPHIII
TU3UMIIADUHU SKOPUM ATUII HYIM OpKadu KUMEBUWA MILUIA0 YUKApUIIAArU
DKOJIOTUK  XaBMCH3IMK Ba OKCIUIyaTallMOH HWINIOHWIMJIMKHUA  TabMUHJIAII
XUCOOIaHaIN.



[y >xuxaTaaH 0Kopuaa KypcaTud YTWIraH MacajlajapHu €4l 3aMOHABHIA
ax0opOT TEXHOJOTHSUIAPH ACOCHJA TEXHOJIOTMK >KapadHiapHH OOIMIKapHI
TU3UMUHUHT CaMapaJOpJIUIUHA KeJlaXak/la OILIMPUIIra KapaTWiIraH Maxcyc
TQJKUKOTJIAp Ba MHILJaHMAaJapHU amaira OUIMPHUINHMA Tajald KWIAIIKM Kenauo
YUKAH.

bynaa mocnammin Ba Ha30paT KWIMIIHUHT KYpcaTUO YTUITAaH yCyJJIapyUHU
amaJira OIMPHUIL OOIMKAPUITYBYM OOBEKTIAp AMHAMUKACUHHUHT TYPJIA XUJ TECKapu
MacajaJapuHyd €4YuIl 3apypuaTd OujaH TYKHAIl Kenaau. byHpmail Typparu
Macajasap €MOH WIapTIaHTaH Macaiajap XucoOnaHaau. Yiaap HOKOPPEKT
KyHWITaH Macaianap cuHdura Terunuiy oynaau. bynmait Bazustiapaa HOAaHUKJIHK
mapouTuaaru OOMIKapHUIl OOBEKTH XOJIATIApUHH aJIaNTUB Oaxoaml yCyJjapyu Ba
QITOPUTMIIAPUHU CUHTE3JAIl MacaJlaCUHM >KOPHM axO0opoTiapra HIILIOB Oepuill-
HUHT TYPFYH aJITOPUTMJIAPUHH KyPHIIl yCIyOUSITUHU Oenrnnad 6epyBYr MyHTa3aM
OaxoJiall Ha3zapusiCM HyKTau Has3apHuJaH KypuO YMKWII MakKcajara MyBOQUKIHP.
ynra kypa MOIENIN HOAHUKJIMK IIAPOUTIAPUIA TEXHOJOTHK OOLIKAPHII
OOBEKTIIapU XOJATUHM MYHTa3aM aJanTuB OAaXOJIAIIHUHI caMapaiu ycyJulapu Ba
QITOPUTMJIAPUHYU UILIA0 YMKUILI Ba yJIapHU aMaJIMi JKUXATAaH amaira OMIMpHUIL-
HUHT XUCOOJIall CXeMaJlapUHU CUHTE3 Al HUXOATAA MyXUM aXaMUsT KacO 3Tajiu.

TaaKNKOTHHHT Y36exncToH Pecny6iamkacn ¢aH Ba TeXHOJOTHSIAp
TAPAKKUETUHUHI  YCTYBOPp HMyHaJguuuiapura Mocauru. Jlucceprauus
V36exncron Pecny6inkacn (aH Ba TEXHOJOTHSUIAPHH PHBOMKJIAHTHPHIIHUHT
myxuMm WyHanmumoapura:  UWUTH-17 — «AxOopor Ba  TElIeKOMMYHHKAIUS
TEXHOJIOTUSJIADUHUA KEHI' PUBOXKJIAHTUPHII Ba >KOPUN STHUIIHU TabMHHJIAWIWIAH
3aMOHaBHI ax00pOT THU3UMIIApH, OOIIKAPUIN Ba YKUTHIIHUHT WHTEJUICKTYall
BOCUTANapU, WIMUN-TEXHUKABUM  MabJIyMOTiap 0azacu Ba  JacTypuid
MaxcynorTiapuau unmad uukum Ba UT/-5 — «Kamusatan axGopornamrupuin
JapaXaCMHU  OMIMPUINTa  HYHaATHPWITaH  WIMHA  XaXMIop  ax0opor
TEXHOJIOTUSJIAPDHU,  TEJIEKOMMYHHUKAllMOH  TapMOKJApHH, amnmnapar-JacTypuid
BOCUTAJIAPHU HMHTEJJIEKTyal OOLIKApWII, YKUTUII yCYJUIAPUHHU Ba TU3UMIIAPUHU
UIuIad YUKUID MOC X0J11a OakapuiraH.

JAuccepranusa MaB3ycH OyiM4Ya XaJKapo MIMUN TAAKUKOTJAp ILIAPXH.
CroxacTuk OOILIKApWII Ha3zapuscuga TYpiad XWJ MacajlaJlapHUHT  COHJIU
CUMMJIADUHU OJIMIITa OYynraH Typiauya EHIANIyBJIapHU TaBCU(MIOBYM KY1sia0
yCyJulap Ba alroOpuTMIIap UILIA0 YUKWITaH. BOIIKAPUITHUHT Typiid XHJI ONITUMA
Ba cyOomnTMMan cTparerusyapu Takiuu@ KuauHrad. CTOXacTUK OOIIKAPUIITHUHT
0ab3u Oup TaBcubIapyu Ba CTpaTeTUsNIADUHUHT CUHGbIApU aHUKJIAHTaH. ATanTuB
OolmIKapuInl TH3UMJIApu CHUHQHUAA TypJd Japaxkaaard amnpuop HOAHUKJIHK
mapouTHaa 6axosanl, uACHTAQUKAIUAIAIT Ba Kapop KalyJl KWIUITHUHT caMapalid
ycyJuiapu Ba QJIITOPUTMJIIAPH unuad YUKUJITaH. by Cco
xana AKII, Bbyrox bpuranus, Poccus, Anonms, Xwuroii, Kanyomit Kopes,
['epmanus, [omnannus, @pannus, Uranus, ABctpanus Ba Oomika JaBiaTIapHUHT
OJIUMJIapU TOMOHUAAH MablyM Aapaxaiaru MyBaddakusTiapra SpuIiniras.

Honeywell, Siemens, Mitsubishi, ABB, Invensys, Festo, GE Fanuc,
Rockwell, Advantech, Evoc, Kontron, Eurotech, Intel, SeaTech, MOX,
Wonderware, Rockwell Automation, Iconics, Trace-Mode Ba Oomka xajikapo
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KOMMAaHUsAJAp Ba WIMUNA MapKa3jJapHUHT HalIpiapuia KaiJl KWIMHUIINYA,
OOLLIKApPUIIIHUHT 3aMOHABUU TEXHOJOTHSUIAPUHU PUBOXKJIAHUIIM ONTHUMAJl Ba
aganTuB OOIIKAPUII TU3UMIIAPUHU MOJU(UKaIMsIa Ba TaKOMUJUIAIITHPHUIILL
MYHAJIMIUIApUIA aMajira O1au.

[lly Ounan Owupra, OomIKApUII OOBEKTIAPU TABCUDUHUHT HOAHUKJIUTU
Owran OofnuK OViaraH Ba yJapHUHT (HAOTUAT KYpcaTUI IIAPTIAPUHUHT
MypakkaOJallyBu Japaxacuja MaBxyd MOJeUM Oy3uiaunuiapra HucOataHn
TU3UMIIADHUHT  (PAONUAT KYPCATHIIMHM HA30paT KWIMII Ba MOCIAIITUPHUII
TaMOMMJJIADUHU KUPUTHUIITA aCOCIAHTaH SHIM WYHAIMII Ba WIOBAJIapHU UILIA0
YUKHINTa WYHAITHPWITAH TaaKUKOTIAp ¢aos oaubd OopunMokma. by coxamaru
WIMHI-TEXHUK afa0METIIapHU aHAIIMTUK YPTaHUII ITyHU KYpCaTaauKd, TUHAMHK
O00BEKTIapHU OOIIKAPHUIIT TUZUMIIAPUHUHT KEeITYCHUIarH TAKOMUJUIANTYBU MOCIIITU
Ba CUTHAJUIM HOAHUKJIUK IIAPOUTIApUAA HUIUIANAUTraH TYypJid Xuidl (yHKIIMOHAI
Bazudanu OOMIKAPUII TH3UMIIAPUHU afanTuB (UIBTPIANl KOHLEMIUSICH acOCHIa
CUHTE3JIAIIHUHT MabJIyM YCYJUIAPUHHU TAKOMUJUTAIITUPUIN Ba STHTWJIAPUHU UIILIA0
YUKUII OujiaH yamOapyac OOFIUKIUDP.

MyaMMOHMHI  VPraHWJIraHJuK Japaxacu. MoJemnu HOaHUKIUK
mapouTuaa OONIKAPUIIHUHT TEXHOJOTMK OOBEKTJIApU XOJIATMHU  aJalTUB
Oaxousail ycyJjiapu Ba alrOpUTMIIAPMHU UILIad YuKuin OViinya TaJaKUKOTIapra
TEeTUIUTM OYJIraH CYHITH WujapAard WIMHUH-TEXHUK agaObueTinap TaxJuid yiioy
coxala axaMHMSATIM  JapaxkaJaru Ha3zapuid Ba  aMajauid  HaTwKaiapra
SPUIIMITAHIUTHAAH fanonar Oepamu. bomkapumn Tusumiiapu  (QaoausTHHU
Ha3opaT KWIHII Ba MOCIAINTUPUINTa OaFWIUIaHTaH KYI COHJU HWIJIAp YBJIOH
KWIMHTaH, YMyMHa3apuid KOHIENIUsIAp WMIUIA0 YMKWITAH Ba €YWITaH aMaliuid
Macajaiap coHu opTud Oopmokna. CurHautap Ba XaJdakUTIap CTaTHCTHK
TaBCU(IAPUHUHT  Typiud Japakajard anpuop HOAHUKJIMTH  IAPOWTH]IA
UIUTAWIATaH FOKOPU aHUKJIWKIArd (UIbTPIApHU KyPHUIIHUHT TYpJId Wyiapu
MaBxyJ Ba MNUIA0 YUKUIMOKIA. by coxamaru Typiau Ha3zapuid Ba aMaldid
Macajajapra Kym COHJIM MoOHorpadusiiap, Tymiamiap Ba  MakoJjanap
Ooarunuianrad. by coxama Aliev R., Andrews A.P., Brayson A., Bucy R., Izerman
R., Jaegeol Yim, Jachun Joo, Kalman R., Lainiotis D., Landau [.D., Leondes C.,
Ljung L., Simon D., Tao G., Wiener N., Zhou J., A6xymiaeB XK.A., AHapueBcKuii
Bb.P., bekmyparoB T.®., bykoB B.H., bymsues IO.I'., Bepnampr A.D.,
Urambepaues X.3., Kamupor A.A., KammioB M.M., Kpacosckuii A.A.,
Hukudopos B.O., OrapkoB M.A., Tlonsk b.T., [lynkoB K.A., Cemymun WN.B.,
Cunauneia ML.H., ®pagkos A.JL., Hpmkun f.3., FOcyn6exos H.P., Snpikun U.b.,
AxoBneB B.b. Ba Oomika mry kabu OJMMIIAPHUHT HIJIAPUHU KYpcaTHUO VTHII
MYMKHH. BHPOK WIMHIA-TAAKUKOT OOBEKTIApU JIOMPACHHHUHI KCHTaWWIIA Ba
JTOVMHI MypakkaOanyBu Oy3WJIWIIUIAPHU aHUKJIAII Ba TAIIXUCIAII, HOAHUKIUK
IIAPOUTHIA CTOXACTUK OOIIKAPHUII O0BEKTIAPH XONIATIAPUHU UACHTHUDUKAIUSITAII
Ba aJanTUB OAXOJIANIHUHT SHTU CaMapaidl yCYJUIapy Ba aJITOPUTMIIAPUHU UIILTA0
yukuInHY Tanad otanu. [y Owunman Oupranukaa, agabuériapaa HOAHUKIMK
HIapOUTUAA CTOXAaCTUK  OOLIKapuIll  OOBEKTIapU  XOJATJIApUHU  aJanTUB
O0axOJalTHUHT  OCTTU3UMIIADUHM  CHHTE3Jalll  Macajajapujard  MyHTa3am
AITOPUTMIIAPHUHT UMKOHUATIAPH eTapinya 0axosianMarad. MoJesin HOaHUKJIHK
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mapoutiiapuja OOIIKAPUIIIHUHT CTOXACTHK TU3UMIIApU CUH(UIArd aHUKJIAIl Ba
MOCJHAIITUPUIIHUHT MYHTa3aM yCyJUIapyd Ba ajaropuTMIIapy TYlaluruya unuiad
yukuiamarad. LlyHuHraek, croxacTuk OOMIKapuIl OOBEKTIApU XOJATIApUHU
uaeHTu@uKausIam Ba OeBocuTa EHAAIYB acoCHJa aJanThB OaxoJIAIIHUHT
MyHTa3aM YyCyJUlapu Xamjaa OOBEKT JIWHAMHMKACH MOJEIUIapuaa HOAHUKIHUK
Oynranzia anantuB 6axoJiail aaropuTMIapU Y3 pUBOKUHU Tallab »TMoKIa. byHaan
Tamkapy Oy3WIMIIIApHUA OUpraiMK/aa aHUKIall, uaeHTuuKaysanm Ba 6aprapad
STUIIHUHT MYHTa3aM yCyJJlapd Ba aJIrOpUTMJIAPUHU MYHTa3aM yCYJUIApHUHT
3aMOHABHI KOHIENIMSJIApU acocuja MIUIad YMKUII XaM Makcajara MyBO(MHK
Oynu0, HOAHUKIWK MIAPOUTHUIATH CTOXACTHK OOBEKTIAPHU OOIIKAPUIITHUHT
aJanTHB TU3UMIIAPUHU KypPHUIIl Ba amajira OUIMPHUIIHUHT aJTOPUTMUK amajliapu
CHEKTPUHU  KEHTaWTHpagd  Ba  THU3UMJIADHUHT  (PaonusT  KypcaTwuin
caMapaJopJIMTUHU ~ OIMUPHUII ~ WMKOHMHH  Oepamu. FOkopuma  kentupu®
VTWIraHiaapaH MOJE/UTM HOAHWKJIWK IIAPOUTHAA CTOXACTUK  OOIIKApPHIII
O0BEKTIIapU XOJaTIAPUHUA MYHTA3aM JIalTHB OaXOJAIIHUHT CaMapaid yCyJUlapu
Ba QITOPUTMJIAPMHU SIPATUIl Ba KEATYCHJA TaKOMWUIAIITUPUIIHUHT Ky
3apypIIUTH KEIUO YUKaIH.

Juccepranmus TAAKUKOTHHUHT HJIMHH-TAAKUKOT HMILIAPH pexKajapu
OuJaH OOFJIMKJIUIM KyWHaaru joluxanapaa y3 akCMHU TONTaH: JaBjaT WUIMUU-
TeXHUKa nactypu A-14-045 — «¥Y3iykcu3 XapakTepsii TEXHOJIOTHK >Kapa€Hiapra
ra caHoaT HIUIA0 YUKAPUIIM YYYH HWHTEUICKTYaJUIAlITUPUITaH ax0opoT-
GOIIKAPYB TU3MMIAPHHU MINIA0 YMKHII Ba Kysam (2006-2008 itit.); EA-17-05 —
«Y3IIyKCU3 TEXHOJOTUK OOBEKTIAPHUHT AJaNTHB CTOXACTUK OOIIKAPHUII TU3UMHU
CUHTE3UHUHI MYHTa3aM aJIrOPUTMJIADMHU Ba JACTYpUH BOCHUTAIAPUHU UIILIA0
gukuny (2010-2011 #ii.); OT-®1-080 — «Mypakkab TeXHOJIOTHK >kKapaéHiap Ba
UNUTa0 YMKAPUILIAPHU OONTKAPUIITHIHT WHTEJUICKTYall TU3UMIIAPUHU KYPHUIITHUHT
KOHLEMUIMSJIAPU Ba NPUHLMUIUIApUHU Hiiad yukunny (2007-2011 iit.); d-4-56 —
«Mypakka® TEXHOJIOTUK OOBEKTIIAPHUHT MHTEIUIEKTyall OOLIKApUIIl TU3UMIIAPUHU
KaTbUMAaC TYIJIAMJIAPHUA TACBUPJAIl acoCHJia CTPYKTYpaau NapaMeTpUK CHUHTE3-
JAIIHUHT HAa3apuid acOCIapuHU Ba ycyJulapuHu uiwiad yukunn (2012-2016 iid.).

TagKMKOTHUHI MAaKCAAH TEXHOJOTHK OOIIKApyB OOBEKTIApU XOJIATHHHU
MOJICJUTM HOAHUKJIMK I[IAPOUTHJA MYHTa3aM aJanTuB Oaxojall ycyJulapu Ba
AITOPUTMJIAPUHU  MILIA0 YMKHUII Ba YyJIapHU MyallssH HIUad YuKapuiln
Kapa€HJIapUHU aBTOMATIAIITHPHUII Ba OOLIKAPUII MacajlajJapuHU €4HINIA aMallui
KYJuIamiad noopar.

Makcajira 3puiui y4yH KyWujgard TaaKuKoT Ba3u(aaapu KyWiuiras:

JTMHAMUK TU3UMIIAPHU OoIIKapuII TU3UMIIAPUHA CUHTE3J1alll
Macajajapuiard aganTuB  (QUIbTpIANl Ha3apusiCH Ba YCYJUIApU PUBOKUHU
TU3UMIIHA TaXJTAJT KHJTAIIT;

amanTuB OaxXOJAITHUHT MYHTa3aM aJTOPUTMIIAPUHU HUACHTU(PUKAINOH
EHJanryB acocua uuiad YuKul;

Kanman QuiabTpyuHUHT MaTpULlaIM KydaWTUpUIl KOADPUIMEHTUHU aIalTUB
0axOJalTHUHT MyHTa3aM alrOPUTMIIAPUHU UIIIA0 YUKHUIIL

Oo0OBEKT JMHAMUKAcH MOJeJlapuja HOAHUKIMUK OYyiraHjga aJanTuB
0axOoJIAIIHUHT MYHTa3aM aIrOPUTMIIAPUHU UIILTA0 YUKW,
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MyHTa3aM aJanTuB  OaxOJAallHUHT  WOUIa0 YMKWIraH ycyld Ba
QITOPUTMJIAPUHU TEXHOJIOTUK 00BEKTIIAPHU OOILIKApHIL Macajaiapura KyJiamnl.

Tankukor o00bekTH cudaTuaa CTOXacTUK OOMIKApUII OO0bEKTIApU
XOJaTIapuHu 0axonail Ba JUHAMUK (QUIbTpiall ycyJulapd Ba ajaropuTMiiapu
KapaJjras.

TaakuKOT mpeAMeTH — CTOXACTHK OOIIKApUII OOBEKTIApU XOJaTIapUHU
MyHTa3aM aJanTuB 0axoJjall ycyJijapyu Ba allfOpUTMIIAPH.

Tagkukor ycyamapu. TaakukoT  Kapa€HuAa THU3UMIIM — TaxJIWd,
uaeHTUGUKAIMSUIIALI, JUHAMUK (QUIbTpJAIl, aAanThB OOIIKAPHUII Ba HOKOPPEKT
KYWWJITaH MacajlaJapHU CUYUITHUHT YMYyMUHN YCITyOUSITH KYJIJTaHUJITaH.

JAuccepranuss TAAKMKOTHHUHI WJIMHMHA SIHTHJIMIHA KyWuJarwiapiaH
ndopar:

KHIAPWIAETTaH €4uM MYBOQUKIWTHHU TabMUHJAII Ba 11y OwWjaH
Oupranukaa ajaantuB Oaxojall amMaulapd aHUKJIUTUHU OIIMPUILL HUMKOHUHU
Oepaguran €MOH IIAPTJIAHTAaH MATPULATM YWU3UKJIAHTUPUITAH TU3UMIIAPHUHT
MyMKHH OViraH KUHMHYWIMKIAPUHUA 3SBTUOOpPra OJraH XoJjija HOYM3UKIIU
(GyHKUHMOHAN TEHIJaMalapHU €YMIIl YCyJUlapu acocuia OOBEKT IIOBKUHUHHUHT
KOBAapUaLMOH MaTPUIIACUHU MYHTa3aM 0axoJiall alropuTMIIapy UILIA0 YMKUITaH;

OaxoJsamn XaTOJNMKIAPU Ha3apuid KOBApHUAlMOH MaTpULATApUHU  peal
KuiiMaTiiapra OOFJIaHUIIMHM TabMUHJIAII Ba Iy OunaH Oupranukaa Kamman
GUIbTPHU Ky4alTUPUIL MaTpULIATIAPUHU XUCOOJIAIIHY peall YaJaliapaard y3uino
KOJIUIIUHKN OapTapad JTHII MMKOHWHU OepajuraH MaTpHUIAJIAPHUHT CHUHTYIISP
aXpaTHUIIl aCOCH/Ia Yrdanuiapja KeTMa-KeT KOpPEJsIUsUIaHral XalaKkuTiap OynraHn
mapouTiapja OOIIKapuIll OOBEKTH XOJAaTHUHH aJalTHB MyHTazaMm OaxoJial
ITOPUTMIIAPH TAKIU( ITHIITAH;

bunbTpHU  FanaéH TAbCUPJAPUHUHT  KOBApHAIMOH  MAaTpPUILIAIAPUHU
y3rapyB4aH KHMMaTjapura MOCIAIITUPUII HMKOHHHM OepaguraH, XycCycui
XOCWJaNapHu  XucoOjam  Ba  CWUIMKJIAHTHPUINHM — Tanad  STMaiauran
KECUIIYBUWIAP YCYJH Ba SHIWIOBYM apa€H acocula yiayaul XajlakuTiapud Ba
OOBEKT MIOBKMHMHMHI KOBApUALMOH MAaTpULIAJIADUHU  aJalTHUB MYHTa3am
UTEPALMOH OaxoJaml alropuTMIapy TakJIu( dTUITaH;

IpaJMEeHTHU TpOEKIMsuIam ycyiau acocuga KanmaH — QuibTpUHHUHT
MaTpUIAIM Ky4auTHpuil KOd()PUIMEHTHHU aJanTuB OaxoJIAIIHUHT MYyHTa3aM
QITOPUTMHU MILIA0 YUKWITAaH Ba MaTpULIAJIM TEHIJIaMaHu euyMmaciaH Typuo,
CUMMHHUHI  XaTOJUTMHM  Oaxoyaml  HWMKOHWHU  Oepaguran  Ky4aTHpUII
KOG PUIIMEHTHHN  XUCOONAITHUHT  MaTpPUIAIM  TEHTJIaMacu YHT  KUCMU
XaTOJMUKIApUHU O6axosnai udoaaiapu OJMHTaH;

YU3UKJIN ajareOpanuk TeHIJIaMaIapHUHT TaKpUOUiA XOCHIT KMJIMHTaH €K EMOH
HIapTJIaHraH CTOXAaCTUK THU3MMIIAPUHM €YML YCYJUIApUM acocuaa  yiadarl
XallaKUTiIapu Ba OOBEKT MIOBKMHHHHM aBTO- Ba ¥3ap0 KOPPETUpPIaHTAHIUTH
mapouTHaa  ajantuB  OaxXOJallHUHT  JUHAMUK  QUIbTp  KydalTHpHII
KO3 PUIMEHTUHN XUCcOOJall AHUKJIWTMHU OUIMPUIL HMKOHUHU Oepaaurax
MyHTa3aM aJrOpUTMIIApU TaKIu( STUIITaH;

UTEpPaTHUB  MYHTa3aMJIAIUTUPHUIN  TaMOWWIM  JOUpacuia  BapuUalUOH
TEHICU3JUKIAPHU €UHUII YCYJUIapu acocujia OOLIKApUII OOBEKTIAPUHHUHT YTHII
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MaTpUIAIAPUHA aJanTUB OaXOJAITHUHT KUIWPWIAETTaH 0axonap MyCTaKWJUTHTH
Ba MyBO(MUKJIUTHHY TABMUHJIOBUM MyHTa3aM aJTOPUTMIIApU UTTLTA0 YMKUJITaH,

(GyHKIIMOHA/UIADHY MUHUMYMJIAIITHPUIITHUHT MyHTa3aM ycyJulapu acocuaa
KypuO uyukuiaaétran Oaxonaml MacajlaCMHU MYyHTa3aMJIAIITUPHUIL WMKOHUHU
Oepaaurad Tyja anpuop MOJEIM HOAHMKIMK InapouTiapuaa Kanman typunaru
JUHAMHUK (QUIBTPHUHT KydauTupuin koddduimeHTn Ba OONMIKAPUIYBUU OOBEKT
YTUII MaTpuuajgapu MapaMeTpiiapuHy OaxOJjalllHUHT MYyHTa3aM ajJropuTMIiIapu
TaKIug dTUITAH.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaruiapaad noopar:

JUHAMUK TU3UMIIAp XOJIATUHM aJaNTHB Oaxojiall MacajajlapuHU CUHIIHU
JaCTypUN-aAITOPUTMUK KyJu1a0-KyBBaTamra MYJDKaJIJIAHTaH JacTypui
moaysutapaan tyswirad ARES (adaptation, regularization, estimation, system)
JACTypUi MaXMyacH UIILIa0 YMKWIITaH;

MEBEPUN  QAoNMAT KYpCcaTHMIN I[IApOMTIAPUAATH CaHoaT Taxpuobacu
HaTWXRamapu acocuma PS-Arpo wnura® 4YWKapuIigard MyJdblIaHA TpaHyIald
KYpUTHUILI Ba aMMHAKIW CEeIUTpaHu OyFlaTuIl >KapaéHJIApUHUHT MaTeMaTHK
MOJIEJIApU UIILTIA0 YMKUIITaH;

MOJICJUTM HOAQHUKJIMKHUHT TypJM Japa)kalapuHd bTHOOpra ojraH XoJijaa
napamMeTpuK Ba  CUTHAJUIM  MOCJAIIMII  KOHTypJapuaad  ¢oiigananuo,
OOLIKApMIIYBUM OOBEKTJIAp XOJATJIApUHU aJanTHUB OaXOJAIIHUHT OCTTU3UMU
UIU1ad YMKUJITaH;

KaJIbLUN-Cynb(aT-GpochaTiv myibllaHd TpaHyJadl KypUTHUII arperaTUHUHT
unuiad 4YuKapyBYaHIWTHHU 2,25% Ta OWMpHUII Ba aMMHAKId CEIUTPAHU
Oyrnmarumgaru OyrHUHT capduau Oup wnnga 1223,2 'kanopusra KaMauTUPUIITHU
TabMUHJIAUAUTAaH MOC TEXHOJIOTHK J>KapaéHJIApHUHT aBTOMATJIAIITHUPHIIL Ba
OOITKAPUTITHUHT MYHOCUO TEXHUK TAbMUHOTIIM TH3UMJIAPH TaKJIA(] dTUITAH.

OJIMHTaH HATWKAJAPHUHT WIIOHYWIMJIMIH YCITyOui acociiaHTaH Ha3zapui
ACOCJIAPHUHT Oa)KapUJIUIIN, HOKOPPEKT KYHUITraH MacajajlapHu €4MIl yCyJulapu
acocusia TMHAMUK OOBEKTJIApHU aJanTUB Oaxojail Ba OOLIKAPUIIHUHT Ha3zapuil
acOCJIaHTaH  KOHUECMIMUIAPUHUHT  KYJUIAHWIMIIK, 3aMOHABHl  aBTOMATHUK
OOILIKApPUIIIHUHT ~ ampoOanus KWIMHTAH YCyJ/Ulapu Ba  aJIrOPUTMIIAPUHUHT
WIUIATAJIUIIN, —aJanTuB  OaxOoJAIHUHT  Takiaug HJTWIraH YyCyulapu Ba
AITOPUTMJIAPUHUHT Tajlad KUJIMHTaH SKMHJIAIIUII Jlapakacu, Ha3apuil Ba aMauit
TQIKUKOTJIAPHUHT OJMHTaH HATIWKajJapy Ba YJAPHUHT y3ap0o MOCIWTU OuIiaH
TabMUHJIAHTaH.

TaaKuKOT HATHKAJTAPDUHUHT HA3apUil Ba aMaJuid axaMusATH. TagKuKOT
HATHKAIAPUHUHT Ha3apuil axaMusiTd MOJICJUTM HOAHUKJIWK IIapouTIapuja
TEXHOJIOTUK  OomKapuil OO0BEKTIapW  XOJATIIApUHUA  MYHTa3aM  aJalTUB
0axOJIAIHUHT KOHCTPYKTHUB YCYyJUIapW Ba AJITOPUTMIIAPUHU WILIA0 YUKHIIIAH
ndopar.

TanKuKOTIapHUHT aMaluii axXaMmusITH KEHT CHUHGIArn TEXHOJOTHUK
OOBEKTIApHUHT OONIKAPUII TU3UMIIAPUHU aJanTUB Oaxojall Ba CUHTE3JIAII
MacaJlalapUHUHT MaTEMAaTHK Ba QJITOPUTMUK TabMUHOTHMHU HIUIA0 YHKUILIJIAH
nbopar. AnNpuop HOAHUKJIMK IIAPOUTHAA CTOXACTUK OOILIKApHIll OO0BEKTIapU
XOJATJIAPUHU aJanTHB OaxOoJAUTHUHT MIUIA0 YMKWITaH YCyJ Ba ajaropuTMiiapu
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Y3IyKCU3 XapakTepyii UNuiad YUKAPUIIHUHT TEXHOJOTHK JKapaCHJIapUHU
OOLLIKAPUIIIHUHT aJalTUB TU3UMIApU (DYHKIMOHAN CTPYKTypalapyuHU KypHII Ba
JOMUXaallHU aBTOMATIAIITUPUIIAA KeHT KYJUTaHUIUIITNT MyMKHH.

TagKuKoT HATWKAJAPDUHMHI SKOPUIl KHUJIMHMINU. AjantuB Oaxonanl
JIrOpUTMJIAPHU Ba OOIIKAPUIITHU aBTOMATIAIITUPUIIHUHT (QYHKIIMOHAT CXeMallapy
«Y3KUMECAHOAT» JlaBoaT akmHOHEPIHK KOMIAHHSACH KOPXOHAJIAPHIA,
xymnagad, Onmanuk «AMMO®OC-MAKCAM» akuMOHEPJIMK KaMHUSATHAA
Kasblui-cynbdar-pochatnu  nynapnanu  rpanyianu  Kyputum - (03.10.2014
wungarm  npamonatHoma) Ba «FARG‘ONAAZOT» akuMOHEpPSWK >KaMHUSATHIIA
ammuakiu cenutpanu Oyrnatum (21.05.2014 diungaru ganoinatHoMa) TEXHOJIOTHK
KapaCHIapUHU OOIIKAPUIIHKA aBTOMATJIAMITUPHIN TH3UMIIAPHUAA KOPUM ATUITaH
O0ynu0, >xamyaHTaH WWJUIMK UKTUCOAWM camapa 83 MiH. 76 MUHT CYMHU TaIlIKWJ
stran («Y3KUMECAHOAT» JIAK wmmur 17.11.2014  jiuwngaru HKOpUH
KunuHTrauauk Tyrpucugaru Ne01-2304/1-connu MabIyMOTHOMACH).

Numaunr anpobGammsicn. TankukoT HaTwxkanapu 32 Ta uUIMHM-amManui
aHXXyMaH, KOHIPECC Ba CeMHMHapJiapja, >KymyiaJlan 25 Ta Xalnkapo: «DHepreTuka
TapaKKUETUHUHT 3aMOHABUM X0J1aTh Ba uctukoosapu» (Tomkent, 2006); «Anoka
TexHukacu u texHosorusicu» (TomkeHt, 2008); «Tor-meTamtyprus COXaCHHUHT
3aMOHABHI TEXHHMKA Ba TEXHOJIOTHMSICHM XaMJla YHU PHUBOXKIAHTUPHUII HYIIapu»
(HaBowii, 2008, 2013); «World Conference on Intelligent Systems for Industrial
Automation — WCIS-2008-2012» (Tomxkent, 2008, 2010, 2012); «Congress of the
World Mathematical Society of Turkic Countries» (Almaty, 2009); «Uurterpan
tenrmamanap-2009» (Kues, 2009); «/luHamuk TH3UMIApHU OOIIKApHII Ba
ontumaamtupuil — CODS-2009» (Towmkent, 2009); «Martematuk ycyuiap
TexHuka Ba TexHosorusuiapga — MMTT-23» (CapatoB, 2010); «International
Conference on Application of Fuzzy Systems and Soft Computing — [CAFS-2010-
2014» (Prague, 2010; Lisbon, 2012; Paris, 2014); «International School and
Conference on Foliations, Dynamical Systems, Singularity Theory and Perverse
Sheaves» (Samarkand, 2009); «International training-seminars on mathematics in
conjunction with the joint mathematics meeting» (Samarkand, 2011);
«AnnoBamus» (Tomkent, 2010-2013); «Amanuii MaremaTuka Ba axOopoT
TEXHOJIOTUSJIADUHUHAT J1073ap0 Myammonapu - An-Xopasmuii — 2012 - 2014»
(Tomkent, 2012; Camapxkann, 2014); «CyHbUH HHTEIJIEKTAA WHTErpaUlallraH
Mozesap Ba oMok xucoomnanuiap» (Komomua, 2013); «International Conference
on Soft Computing, Computing with Words and Perceptions in System Analysis,
Decision and Control — «ICSCCW-2013» (Izmir, 2013); «Mamunaco3nukia
3aMOHaBUIl MaTepHailiap, TEXHUKA Ba TexHoJorusmap» (AunuxoH, 2014) Ba 7 ta
pecnyOnuka KoH(pepeHIHsuIapuaa anpodanusgal YTKa3uira.

HatnxanapHuHr 3bJ0H KWIMHIanauru. Jlucceprauus mas3ycu Oyitnua
60 Ta uaMuUi U, Kymiaaaad, 2 Ta MoHorpadus, 20 Ta UIMHUI MaKonanap, yaapaaH
6 Tacu XOpWXKHM KypHauiapaa yon stwirad xamaa 10 ta 9XM yuyH spaTwiran
JACTypHUil BOCUTAJIAPHU KAl KUJIUII TYBOXHOMAJIAPU OJIMHTaH.

J{uccepTauMSIHUHT TY3WIHIIH Ba Xaxkmu. [{uccepraums kupuii, Oemira
000, xynoca, dholgananuiran agaduériap pynxaru, 4 ta uinona, 198 caxuda math,
12 Ta pacM Ba 5 Ta *xkajBajijgaH noopar.
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JIACCEPTAIIMSIHUHT ACOCUN MASMYHHA

Kupum Kucmuaa nuccepraius MaB3yCHMHHMHT JI0JI3apOJIMTH Ba 3apypHsTH
acocjlaHraH, TaJKUKOT Makcaaud Ba Ba3udaiapu, OOBEKTHM Ba NpeaMETIapu
aHUKJIAaHTaH, TaJIKUKOTHUHT V36ekucron PecniyOnukacu ¢an Ba TeXHOJIOTHSIAP
TAPAKKUETUHUHT YCTYBOP MYHAJIMIIAPUTa MOCIUTH KYpCATWITaH, TAAKUKOTHUHT
WIMHUI SHTWIMTY Ba aMaJivil HaTvbKamapu 0a€H ATHIITaH, OJIMHTaH HATHKAJTapHUHT
WIIOHWIWJIUTY aCOCHIaHTaH, YJIapHUHT Hazapuil Ba amaiaui axaMusTiapu o4dud
OepuiraH, TaAKUKOT HATIXKAJAPUHU aMalIuETra )OpUui KWINII PYWXaTH, UIITHUHT
anpoOanuscl HaTWXalapy, OBJIIOH KWIWHTAaH WIDIAPD Ba JIUCCEPTAIlUSHUHT
TY3WIUIIM OViin4a MablyMOTIap KEATUPUIITAH.

Juccepranyss WIIUHAHT OWMPUHYM 000MAA JUHAMUK THU3WMJIAPHUHT
OOLIKapuIl THU3UMJIAPUHM CHUHTE3JIall Macalajlapyuiard afganTuB (UIIbTpIIall
Ha3apusACH Ba YCYJUIApU PUBOXKUHUHT TU3UMIIM TaxXJIWIM Macajanapu Kypuo
YUKWIraH. ABTOMAaTHK OOIIKAPUIIHUHI 3aMOHABUM Ha3apusiCh Ba aMaiuérujia
MOCJIAIIMII MyaMMOCHTa KaTTa 3bTHOOp KapaTtuirad. by MyaMMoJapHUHT €4uMU
00BEKT TaBcH(Iapy Ba TAITKH MYXUT TabCHpJapura HUCOATaH ampuop Ba >KOPUH
axOOpOTHUHT TYJIMUK OYyJiIMarad Iapoutiapuja VyTa XuWiIMa-Xwil TEXHOJOTHK
KapaCHiapHu OOIIKApUIIHK aMaira Owmupuin WMKoHWHH Oepaau. Illynu
TabKUIA0  YTHUIN  JIO3UMKH, amnpuop HOAHMKIMKHUHI THaigo  Oynuiu
aBTOMATJIAIITUPWIAETTAH OOBEKT Ba KapaCHJIApHUHT (DU3UKABUI, KUMEBUN EKU
TEXHOJIOTUK MOJICJUIApUHM IIAKJUIAHTUPUII OOoCKMUMIaeK 103 Oepamu. Kopuid
HOQHUKJIMK Ha30paT KWIMHMaWauran Tacoauduii xapakrepaa 6ynuo, 0y menépuii
doimamanumn peXuMuAa OOBEKTTa TAllKW MYXUTHUHT TabCHUPHU Ba OOIIKAPHII
OOBEKTMHMHI CTaTHUK Ba JMHAMMK XOCcCalapu y3rapumu OuiaH OenrujiaHaju.
AnanTuB THU3UMIIAD OOIIKAPHIN THU3UMIIAPH HEpPApXUICHIa Mypakkad TU3uMIap
KaTopura Kupaau. YJIApHUHT MypakkaOiuru HadakaT XyCyCHUH TOMOJIOTHK
Xycycusitiap ~ OunaH, Oankud — ajmoka  OMEpaTOpPJApPUHUHT  CTPYKTYpacw,
dbolinananunagural MaTeMaTUK anmnapaTHUHT XWUJIMa-XUJUIMTH Ba TEXHUK aMmalira
OLIMPUIIHUHT XyCYCHUSITIIapU OWJIaH XaM aHUKJIaHaAW. bomkapuin Tu3uMiIapuiaru
MOCJAIIUII MyaMMOCHHUHT MYpPaKKaOJIUTH TEXHUK, OMOJIOTMK €KUM OOIlKa TU3UM
Oynaaumu, yHIArd Kym MYyKOOWJUIMK, OOIIKapWIyBUM >Kapa€H Ba TalIKU MYXHUT
XaKUJarn axOOpOTHUHT HOAHUKJIUTH XapaKTEPUHUHT XWIMA-XWJUIUTH KalOu
aJanTUB XYJK KOHIEMUUSICUHUHT Y3uja TapkuO Tomaaud. by aBBanmo, Mypakkad
TEXHOJIOTUK >Kapa€HiapHH OOIIKApUIN THU3UMIIAPUHU  sIpaTHUIIA  OfaT/Aa
OOBEKTHHHT MIIOHWIA MOJICJUTAPUHU Ha3apaa TyTMACIWK OWJIaH TYITyHTUPHIAIIH.
Magsxxya HazapusiapAaH xed Oupu ¢dakaTrvHa y TU3UM HIIUHU TYFpU TaBcudiai
OJIMIIIMTa JabBOTApPJIMK KWia OJMaigu. by MyaMMmolapHU TalKUH KWJYBUH
HazapusJapHUHT OyTyH Oup chnekTpura sramu3. bByryHru kyHza amoxuja
KapaCHIIapHU TOp Joupana KypuO yukuil Ba (akaTTUHA MablyM Jgapaxkasa
TaBcU(IIAIl OPKAJIM TU3UM XaKuJa OMp TOMOHJIaMa TaCaBBYpP XOCHJI KMJIMHMOKJ1a
Ba Oy Oapua xapaCHJIApHUHT HIIOHWIA Oaxojapura sra OYIuIll WUMKOHWHU
oepmaiinu. [lyngait kunub, xamakut OepyBuM coama omMuiuiap cudaruma Kapad
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Oynmaiimuran mojemnu Oy3wiunuiapra HucOaTaH THU3UM (PAOTUSATHHH Ha30paT
KWJIMII Ba MOCJAIITHPHILHN KyJulall Makcaara MyBo¢puk 0ynuo, ynapau Oaxosaii
TU3UM cU(aTUHU YMyMUH XOJJa aHya sXIIWIall UMKOHMHM Oepanu. bynna
OomKapuil 00bEKTIaApU XOJIATUHU Oaxojall MacalaJapyuHu TYFpHU KYWHII Ba YHU
cubaTiay euyun xamja Oy3WIMIUIAPHM AaHUWKJIAll Ba Oaxojaml y4YyH KaTop
MOMEHTJIAPHU 3bTUOOpPra OJUII JIO3UM OYynuO, ylapaaH >3HI MyXuUMIapu
Kyiujarwiap XucoOjaHaJAu: HOAHUKIMKHUHI KYpUHHUILIApU (MoJemin Eku
napaMeTpHK), HOAHUKJIUKHUHT TypH ((dhakar OumpuHYM OOCKHYIAru, JIoMMXasail
Oockuuuparn €xkd UWKKana (Kopuil >KapaéHHM JioMuxanam Ba OOUIKApWII)
O0OCKMYJard HOAHMKIMK). MoJemin HOaHMKJIMK 0ab3u TEXHOJOTHK Kapa€Hiap
YU4yH KaliCu MaTreMaThK MojesjaH (poiganaHuIl KepakiIurd Xakuaa Tyja WIIOHY
UYKJIUTUHY, MapaMeTpUK HOAHMKJIMK 3Ca Xap Oup TEXHOJOTHK XapaéH YYyH
TEHIJIAMAJIADHUHT YMYMUI CTPYKTYPAaCH MabJiyM, JEKUH MOJENb apaMeTpiaapuaa
HOAHUKJIMK MaBXyAJIUTMHUA OWIIIUpaIn.

IOxopuna kenTupwiraniapra Kypa MOAEIJIM HOAHHUKJIMK, PEAJUIMKHU aKC
TTUPHUII >KapaéHU CoOAJANAllraH MoJeap €praMuja amMaira OUIMPUIIHIL
XoJaTuaaH Kenud YnkuO, (QU3MK KapaCHHUHT KOHLENTYyal MOJEIMHUA aKC
TTUPAIM JEraH Xyjoca YUKapull MyMKUH. ByH&Ia Monemiu HOaHUKIUK V3
HaBOaTHIa MaTeMaTUK HOAHUKJIMKHU akc »JTtupaad. by ymOy xongaru
KOHLIENITyaJl MOJIENIb TaKpUOUd ycyJuiap OuilaH edusaJural TEeHIJiamajaap TU3UMU
KYpUHUIIMA aMalira OIIMPWIMINKA OujaH KypcaTwianud. byHma HaTuxamap
HOAHUKJIUTUHUHT MUKJIOpUN OaxoNaHWIIM MYMKHH OYiraH KYpHHUIIN f03ara
KeJau.

FO3ara kenran xonat Ky3aTuluiap OuiaH OOLIKapHIaIUraH TU3UMIIAPHUHT
MOJIeJUIapU aHUKIUTH OYVinYa CONUIITUPUIMIIHU TabMUHIIAIL YCYJIJIapU acoCuja
OONUTAHFUY MAaBJIYMOTJIADHU TOMIIUPUFU TaKpuOWi Oynran 1apouTiapaa
Oomkapuiaaurad oOBEKTIap Ba THU3UMIIAP XOJAaTJIApMHU aJanThB OaxoJiall
MyaMMoJapura SIHrM €HJAIlyBJIapHU PUBOXJIAHTUPHUIIHU Tanad sTanu. byHna
IOKOpHAa Kypcatwiran (ukpra OMHOAH XOJAaTHU OaxXOJAUTHUHT KYI KUppalId
MyaMMOJIapUHU €YHULIHUHI acoCura JUHAMHUK OaxXOJIAIHUHI YMyMHUH Ha3apuscu
Ba HOKOPPEKT TECKApW MacajajlapHd €4Ydll YCYJUIApUHU OWprajivkaa KyJulail
KOHLENIMICUHU Kyhui makcaara myBoduxaup. llynnan kenud yuMkkaH Xxosnna,
aJalTHB CXEMAJapHU CHUHTE3JNall MacaJlajJlapuHd TU3MMIIA TpafalvsuIalllHUAHT,
XycycaH, Oomkapuil oOOBEKTIapd JIWHAMHMKACMHUHI TECKapu Macajanapu
KOHIIEMIMSICH Ba MYHTa3aM YCYJUIApHU >Kaj0 ATHILNra acoCliaHraH yCIyOusTH
MyBaphakuiATIN KUpUTHIMOKAa. Kypub yTunran xonatiap MOAEUIA HOAHUKIHK
HIapoUTIapyua OOIMIKAPUIIHUHI TEXHOJOIMK OOBEKTJIApH XOJIATUHU MYHTa3zaM
anantuB OaxOJAIIHUHT YCyJUIapH Ba aIrOPUTMIIAPUHU SAPATHIL, yJIapHU caHOaT

uIuad YUKAPUILIUHUHT MyalsH TEXHOJIOTUK KapaéHIapuHu
ABTOMATJIAIITAPUIN ~ Ba  OOIIKApWII  MacajajJapuHu  €UHIla  amaira
OLIMPYBYM  XHCOONAll CXEMaJlapUHU  CHHTE3JAIlHUHT 3apypUISIUTUHU

KypcaTtaau.
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Nxxkunun 0600 Oomkapumr  OOBEKTIAPUHUHT  XOJATUHUA  Q/IalTHB
0axOJalTHUHT MYyHTa3aM aJTOPUTMIIAPUHU HACHTU(HUKAIMOH EHJAIYB acocha
unuiad yukuimra Oarumuianrad. Kylumarn JUcKpeT BaKTAaru TEHrjaMa OujiaH
TaBCU(IAHAIUTAH YU3UKIH KU YM3UKIAHTUPHWITAH Y3JIyKCU3 JUHAMHUK TH3UMHU
KYpuO YuKamMu3:

Xig = Aixi +Bu, + 1w, (1)

z;=Hx +v, (2)

Oy epla x, — TU3BUMHMHT /1 YII4aMJIU XO0JIaT BEKTOPH, u, — [ Yymuamiu OOIIKApHIII
BEKTOpH, z, — m YIMaMJIM Ky3aTHII BEKTOPH, w, Ba v, — MOC PaBHUIIIA OOBEKT
IIOBKMHU Ba Ky3aTHII XaJKUTJIAPUHUHT ¢ Ba p Yadamiu BeKTopiapu OYyiuo,
E[w.]=0, E[wl.wkr] =06,, E[v.]=0, E vl.vkr] =RJ,, E[wl.vkr] =0 TaBcudau ['aycc ok
IIOBKMHUHUHT KETMa-KeT KypuHHIIU XucoOmanamu; A, B, I' Ba H — Moc
Ymuamaarn marpunanap. by keTma-keTimkmap X, MaTeMaTWK KyTwiMa Ba P,

KOBapHUAIMsIN TU3UMHHUHT TacoAu(puil OONUTAHFUY X0JIaTH x, Ta OOFJIMK AMac.
(1), (2) nuHAMUK TU3MMIIAPHUHT XOJIAT BEKTOPH x, HHU Oaxojaml y4dyH

olatna KyWummaru KypuHwira sra Oynran Kanman ¢GuUATpUHUHT aHbaHABUUN
TEHIJIaMaJlapy UIIATUIAIN:
521‘\1’ = A*i,i—l)%i—l\i—l +B, u +K, [Zi - B, u;, - H %, ] > (3)

i, ivili-1
Ki = Pi\i—lHiT [H P, lHiT +R;]_l > (4)

iili-
1Ai€—1 +0., B = Pz‘\i—l -K.HP,,, £0|—1 = Ho» By =M, (5)

=4\ F, i

ili-1 i1 i-1ji—
bupox Kanman duietpu (3) — (5) amammapuaun Kymutaawmi cdepacu, Oy
QITOPUTM THU3UM TMapaMeTpjapuHM aHUK OWIMINTra acoCiIaHTaHJIuru cabaliau
yerapananrad. A, B, I' Ba H Marpuniayiap y3WHUHI HOMUHAJI KHIIMaTiapura Moc
KeJlaJu, JEeKMH KoBapualus Marpuianapu ( Ba R Homabiym 1ed dapa3 Kuiamus.
VYuga puHamuk  unsTpraam  (3)-(5) HM  amanra  OUWMpPHINAA KOBapUaIus
maTtpunaiapu Q Ba R uu anuknamnu (4), (5) udonanapra MyBopUK KydauTHPHIL
kod(ppunmentTn K HU KeTMa-KeT Xuco01ad amanra omwupuilgaH udbopar OyiraH
uaeHTu(uUKaoH Euaanrysaan (oinaJaHuI MaKcaara MyBOQHK.

ApantuB  0axojaml  aNrOPUTMJIAPUHM  CHUHTE3JIAIIHUHT  OXHUPTHU
TEeHIVIaMallapua OOIIKapuIll u, Ha3apJa TYTWIMAraHjurd SKKOJI KYpUHHO
TypuOau. bupox Oomkapuil Xap OMM BakT Oyin4Ya MabiayM (QYHKIUSA
xucobnanaau. lllyHuHr yuyH y AHMCKpeT BakT i ra OynraH OOFIHMKINK OpKaJIA

bTUOOPra OJMHTaH OYIMIIM MYMKUH. O, Ba R, ULIOBKUH KOBapHalusiapu

MaTpULAIapUHU UJeHTU(UKanusanam €ku Oaxojall aJlrOpUTMIAPUHUHT KaTTa
xkucmu Kanman ¢unbrpuparu v, =z, - H%,, , yIYalUIJapHUHT SHIMJIaHYBYU KETMa-
KeTJIMKIapu €KU OOFJIaHMaraHIMKIApUHU TaxJIW KWIKLI yCYyJUTapura acocjaHraH
Oymumm MymkuH. KoBapuaumss Marpunacu () HM aHUKJIAIl YYyH KyWujaaru

TeHrjaamajaH (oiiiaranamMus;
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kiHA’/fQ/fT (4 H" =(PH"Y (4 ) H -

(6)

k-1

—HA(PHT) = HAV () HT, k=12,...m,

-

=0
y = A[— k(pH"Y -(PH K +KéOKT] A

Viyam IIOBKMHH MAaTPULANAPUHMHT Gaxomapu C, = E(v,.vf )= HP'H" +R,
spau R=C,—H(P'H" ) TeHriamanan $oiIaaHuII aCOCH 1A Ty3HIIA/TH.

(6) TeHrnamanap TU3UMUHU KyWHIaru KYpUHUIILIA KalTaJaH €3aMu3:

f(@)=0,
Oy epma ¢= {ql,qz,...,qq} — KoBapwalmus marpuniack () HHUHT JJIEMEHTIapHUIaH
TY3WJITaH BEKTOP.
BekTop ¢ Hu xucoObmnarm yqu HeroToH ycynunan doigananamMus:
4,.=4,~F@g)]" flg,), r=0L...,
Oy epna F(q,) — qg=gq, 6yJ1raH)1a OJIUHTaH SlkoOu MaTpuiiacu.

g BEKTOpPHM XucoOnam skapaéHuna F(g,) warpuna HadakaT EMOH
HIapTiaHrad, Oalku ¢ HykKTa arpoduma Oy3wiaraH XojaTiap XaMm OYIHIIn
MYMKUH. F(q.)¢ =-f., q..,=q,+& TU3UMHU eunil yayH M.M.JIaBpeHTbEBHUHT
Kydugara xucooarn cxemacuaan (porganaHuin Makcaara MyBo(uK:

aé, , +F(q)¢, , =aé, . —f,, n=12,.. (7)

(7) marm MyHTa3aMJIAIITAPHUII MYHTa3aMJIAIITAPUIN TApaMETPU « HUHT
KAl »TWIraH KaWMatiapuaa Kyl COHJIM HWTepauusiap xucoOura amasnra
omupwianu. llapamerpiap BEeKTOpHM ¢, HH KUAMPUIIHU KyWHJard TeHTJIama
acOCHJIa XaM amaJira OIIUPHUII MYMKHH:

I'(h..q,)¢, = f(4,), 4,,=4,—¢,, r=0L2,..,
Oy epna I'(h,q ) — alupMa Marpuiiack, s, — 0ab3u OepwiraH MyBopHUK KeTMa-
KETJIMKJIApJArd XaKHKUH COH.

VYnganuiapgard MojeNb HOAHUKJIMTH aIIUTUB MapKOB KeTMa-KeTIIUTH
XucoOJaHTaH XoJuiapa aganTuB (GHIBTPHU CHUHTE3JNIAII YIYH YI9allIapHUHT STHTHA
BeKTOpU 4, =z, —V¥,z, HU aHUKIAI Makcaara MyBohuK OYnuO, HaTmKaga
TU3UMHUHT KyWHIard MOJICTTUHU XOCUJT KAJIaMU3:

a=Ax +w, u=Hx +s,
Oy epna H, =H. A -VY.H,, {g } — HOJUTK ypTaya OK KeTMa-KeTINK Oynuo0, Kyduaaru
HUCcOAaT OMJIaH KAaHOATIIAHTHPHIIA]IN

E{|:——:|[WT | & } {3}1 --} , S,=QH!, R=HQH' +R,,

V. — viu=Yvi+& udona OunaH aHUKIAHATUTAH YTUIIT MAaTPUIACH.
YHaa y3rapyBuaH XoJjaT BEKTOPMHUHT Oaxocw Kyiuaarun udoaa acocuaa
AHUKJIAHUTIT MYMKUH:

1 (2)
- Tz+1x + T;+1 /UH-I b

Oy epaa matpumanap 7.') Ba Tl.(fl) KanMaH GUABTPUHUHT XUCOOJIAI amMaIapuaaH
¢orinananu0, MaTpuIagap CHHTYJISP aKPaTHII aCOCH A AHUKJIAHA U,
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OOBeKT WIOBKUHWHWHI KOBapHWAllMOH MATPHIIACH Ba YIYalUIAPHUHT
XaJlaKUTJIAPDHHN OWprajmkaa 0axojaml ydyH KyHuIaru TeHriaMaiap TH3UMHIAH
doitnananamus:

E(vy))-HP, H -R=0,
E(vy!,)= HA(I - K, \H)[P.,, ,H" K, ,R]=0,

E(vp!, )= HA(I - K, ,H)A.. A - K, )P

i—ml|i—-m—1

H"-K. R]=0. (8)
(8) Tenrnamanap TU3MMUHU KyHuJaru KypuHulaa €3aMus:
S(c)=0, %)
Oy epma S(c) — E' nma E’ ra OyiaraH HOYMBHKJIHM OIEpaTop, f=q+p,
c= {cl,cz,...,cq;cqﬂ,cm,...,cp} — Q Ba R KOBapualMOH MaTPUIAJIAPHUHT AHAroHal
AJEMEHTIApUAaH Ty3UJIraH BEKTOp, SbHU
C=4115C =qys-sCy =Gy Cout TN15C10 T 1p500C) =T,
IOkopuna kentupwiran mapriaapAaa KyWHAArd KypPUHULUIM HOYM3HUKIN
TEHIJIaMaJlap TU3UMHUHM €YUl Tajlal 3TUIIaIu:
S[(cl,cz,...,cp):O, i=1L2,..,p. (10)
(10) TenrnmamaHu e4yuml YYyH /-ymyamud (pazofgarud KeCcUUIyBUMJIAp
ycyaunan (Qoimananamu3. KecunryBum TeHrnamanap ycynura MyBOQUK -
Yyimyamnu azona p+1 HyKTaJapHU Ba ) TUIIEPIO3aHU KyHuaaruya €3uil MyMKUH:

+1

A o . 4
¢ =(cf' ¢y e ), ¥ =12,0p, L'(0)=D ajc, +af, =0, k=12,.,}.
j=1

byHnna runeproza Kynuaaru miapTHU KAHOATJIIAHTUPHUILNA KEpakK:
L(c)=8,(CL), y=012,...p, k=12,...0,

i i ! i i i i
8ku L' (c")- L (c") =) al(c) —c")=85,(c") =S, (c"), y=12,..p, k=12,.,}.
=1
VYHaa  xucoOnaml — BEeKTOPU ¢ HUHT  HUTEPAllMOH  aJITOPUTMHU
MyHTa3aMJalITUPUITrad BapuaHTUHU (9) acocuaa KyWHJIard KypuHULIAA E3MII
MYMKHH:
M= = (S(cp(c ) +a,B) ' S(c), (11)
Oy epma ¢, (c)=c,—S,(c'), a,=B@E+1)", B>>0.
MyHn alTUIl MyMKHHKH, uTepanuoH >xapa¢H (11) uxtuépuii Oonuanrud
AKUHIAmyB c’eN,, SbHU lich’—c"H:O naH  kenmuO 4ywkaaw, Oy epja

i—00
N, = {Hc—c'” <p}, p>0 — erapau Japaxajga KHYUK COH; ¢’ =(¢/,¢5,..,C))
S()=0, c=(c,cy,..,c,), S=(5,,5,,...,.5,) TABUMHUHT SITOHA €YUMU.

Urepaunon anroput™ (11) xycycudt XocunajgapHu xucoOnam —EKu
CWUIMKIAHTUPHUIIHKA Tanad 3TMaiiiu Ba y OMpPUMHYM Ba MKKUHYM TapTUOIU
UTEPAIMOH aNTopuTMIapaaH GapKiIaHuO Typaau.

Mynnait kunmuO, KenTUpWIraH MyHTazam anroputmiiap Kamman ¢uiastpu
Ky4alTupuil Kod(p(GUUUMEHTUHM XUcOoOIall Y4YyH Yiyamuiap XajlakuTiapud Ba
OOBEKT UIOBKMHHM KOBapHallMOH MaTpHULaJapu 3JIEeMEHTIApUHUHT OaxoJapuHU
OJIUIII Ba 11y OuiiaH Oupranukaa GUIBTPHHU y3rapyBUaH TAIIKU XaJaKUT-CUTHAJUTN
mapouTra HU0aTaH MOCIAIITUPHUIIL UMKOHUHH Oepau.
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JluccepTansTHUHT Y4YHMHYH 000MAa JUHAMHUK (DUIBTPHUHT MaTpHUIIAIA
KydauTupum Kod(PUIIMEHTHHN aganTuB 0axojall aJlrOpUTMIIAPUHU HUILTA0
YUKW HATWOKalapu kentupwirad. Kyhunaru tenrinama Ownad udoganaHaauran
YU3UKJIA JUHAMUK TH3UMHU KYPUO YNKAMU3:

X, =Ax, +I'w,, z, = Hx, +v,. (12)
dapa3 KuigamMu3, MOBKUHHUHT @, Ba R, KOBapHalMsJIApU HOMAbIIyM.
OWIBTPHU MOCHAIMITUPHUIIIA ONITUMAN GUIBTP YUyH YpUHIN OYnran S =PH' — KR,

MyHOCa0aTHU HIIaTaMu3. Kyinnaru KYPUHHIIA aHUKJIaHaJUTaH,
(GYHKIIMOHATHI MUHUMAJUTAIITUPUII MacaJlaCHHU KYPUO YMKAMMU3:

n m

ISy (13)

i=l j=1
Oy epna s; — S MaTpUIAHUHT (i,])-3JIEMEHTH.

S MarpuuaHud Hojra oau0® KemyBYM KydaWtupuil koddduuuentd K HU
aHUKJAll YYyH IpaJIMeHTHH MPOEKUUsIIA YCYIUAaH (poijanaHaMus:

kl.,=P.(k = pJ'(k)), i=0,1,.., r=0,123,.., (14)

Oy epna P, (k) — K Tymnamaard k HYKTaHUHT TPOCKIUSICH, £ >0; K — KaBapHK
Oepk Tyruiam.

Kypub6 uukwiaérran MUHUMAJUIAIITUPUII MacallaCMHM €UUII  y4YyH
A.H.TuxoHOBHMHTI MyHTa3aMJIAIITHPUII YCYyIUAaH poiiganaHamMus.

YHna Vig =B, (v — BT +av)), i=12,.; vekK mapT Owian

aHWKJIAHATIUTaH {V;} KETMa-KeTJIMK MUHUMal MehEp OwmnmaH k. e, HyKrara

SpHUILIAAH,  SBHH lim|ki—k:|=0, OyHza lim|jvi —ki| =0, £:>0,1imp,=0,
=i, B=i =10y K £ D T minf J() > —0s Ko = {kk €K, J) = b # D, K =1h: kek,}.
kek

(13) dysxmumonannu (14) ra mMoc paBulga MUHHUMAUIAIITUPUII YIyH S
MaTpuiia SKKOJI HaMOEH OynamuraH XyCyCHMd XoOcCWiIajlapiard TEHTrJamalapHu
XEcoOan 3apyp. S HH aHHKJIAI y9yH KyAuaard uoland UIuIaTaMus3;

D-S=R, (15)
Oy epna D =[[HAT | [H[A( ~ KH)AY |-+ | [H[A( - KH)Y =" AT |",
R=[RT IR | 1R, TT,
. 1 &, 1 ro. . .
RO :—Zyiyi o Rj :—.Zijyi > .] = 1729"”.],wakc’ .],ua}cc = 77 .
N-13 —J =l

(15) Tenrmama €YMMHUHM MYyHTa3aMJAITUPUII YYYyH VYHT  TOMOH
TONIIMPUFUHUHT XaTOMUTUHU Oaxonaiimu3. Koppemsius ko3 duineHTIapuHuHT
XaTOJMUTH MEBEPUI TaKCUMIIAHHWII KOHyHUTa OYiicyHamu ne0 ¢apa3 Kuiamus.
VYHIa MIIOHWIM 3XTUMOJUIMK p=0.95 yuyH (15) TeHrnamaHuHT VHT KUCMU
XaToJIUTUra Kyhuaaru udoganu €3uin MyMKHUH:

AR=R-R= [[Aélm]T i [Aézm]T 3 3 [Aﬁmm]r]

T

nmxl1 ?

| | |
eS| L e e 7 O L 721 | R
| N Y Ry R ey |
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Vuaga (15) tenrnmama VHr KHUCMUHUHI MYTJAK Ba HUCOMI Fama€Hiapu
MebEpaapuHu Kyiinaara udoganap acocuaa 0axoiamn MyMKUH:

1/2
2 2
1—7, |
J (ki)

Al e - UINTITR | P
s=[ar]=[R-r[=223> T

- |1—l’<2i S 12 y m m 1/2
R AEEE ] (B8]

j=1 i=l k=l

Onunran udonanap O6eBocuTa €YMMHH TomMaciaH TypuO, (15) tenrmama
€4MMJIapU XaTOJIUKIApUHK 0axoJiall UMKOHUHU Oepajiu.

baxomamr Ba QUABTPAAIIHUHT TYpJM MacalajlapuyHu €4yulia OOBEeKT
INIOBKMHM Ba YIYalUIAPHUHT XaJakuTiIapu BakT OViiuya aBTO- Ba y3apo
KOppenupiaHrad Basusriaap Oynmumu  MyMkuH. OOBEKT IIOBKMHM  Ba
YIHalIapHUHT XaJlaKUTIapy aBTOKOPPENUpIIaHraH OyiraH xoJulapAa TU3UMHUHT
MOJICJIMHHA KyWUJard KYpUHUILIA €3UI MYMKHUH:

Xt = AiiX; + Ligi®lis Mo = Ayl + HWea 5

i+1)i Vi i

i+l

anpuop MabIyMOTIap GwmaaH w, ~ N(0,0,), v, ~ N(0,R).x, ~ N(%,. P, ), 1, ~ N(i7,. B ),

Zon =H %0+ 8, & =H, & +0y

cov(x,,77,) = cov (x,, w;) = cov (17,, w, ) = cov (17,, v, ) = cov (v, w,) = 0.
Kypub wuymkwnaérran xonarma Oaxosialmn —MacallalapiHH — CUUIIIATH
Kydatupuim kodpdunueHntinapu K,, Ba K? Kyhugarn udomamap acocuua

aHUKJIaHaIU:
(22)* _ p()
Ki+lB+l|i - Pi+l b (16)
(m) p(22)* _ p(2)
Kiflpiﬂ\i _Pi+] 4 (17)

6y epma PRZ°, BV Ba P2 ¥3uga Gaxolam XaTOIMIMHHHI KOBAapUALMOH
MaTpULAJIapUHU HAMOEH 3Tau.

K., Ba K!) Hm XmcoOnaml y4yH MyHTa3aMm amajiapaad QoiinagaHull
Makcaara MyBoGuK. EuuMHuMHr w™yHTazam anroputmMunu (16) Tenriamara
HucOatan Kyswraiimu3. Omnuuran anroput™m (17) TeHrmamanw edwIga Xam
KYJUIAaHWJIMIIM MYMKUH. (16) TeHrnmamanu Kyiduaaru KypuHunaa €3aMmus:

@p1
P k - pi+1,j >

i+1]i i+1,j

Oy epaa k,

.1, — Kl marpunanuur j-yctynu, j=12,..n; d;, —P\)" MaTpUIaHHUHI j-

i+1
Karopu, j=1L2,..,n.
By ep/ia edMMHUHT MyHTa3aMJIAIITUPUITaH 0axocH k., ; HA TCHIIIAMAJIApHU

Oupraavkaa €4uill aCOCH/1a aHUKJIAIl MaKcaara MyBo(puk:

2
(22)*T 1.(@) (@) _ p(22)*=(1) (22)*T 1.(a) ~(1) _
Pl ki+1,j+aki+1,j_1)i+l\i Pisj» ‘Pmu ki+1,j_pi+1,jH =0uin 90,
OyHma = inf Ok k. =[P 7T~ p09 1 550 MyHTasaMIAmITHPHID
YHA Qmin_klneRm a( i+1,j)9 a( i+1,j)_ i Ry T P oo > My p
i+l,j

napameTpu o OOFJIaHMAaraHJIMK IIapTUIaH aHUKJIAHA U,
OObeKT MIOBKMHM Ba YiIyall XaJaKUTJIAPUHUHT Y3apOKOppeaupiaHraH
XOJATUHU KYPpHUO YUKUILA TU3UMHUHT MOJICJIMHU KyHHark KYpUHHILIA €3aMHU3:
Xy = A x, +Lw,

i+ Vi i+1°
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+Gv,

Z i+l i+l o

i+l = i+1x

anpuop Mawbaymomiap Owinan  w,, ~N(0,0.,), v.,~N(O,R,), x,~N(&,B),

1w, 1 C.
cov P}i},[—'—’} ={—Q—’—:——i}5y, 0.20, C. 20, R >0, cov(x,,w.)=0; cov(x,,v,)=0.

V; Vj

KyuallTupuIIHUHT KUAMPWIAETTaH MaTpulacu K/ HU aHUKIAIl Y4yH

KyWuaaru KypyUHUILIM TeHIJIaMaHU €3aMu3:
Lk  =d’ . =d +d&d,, (18)

i, i,j
Oy epna L =(R'G/) — H ra H T'mibbept dazocupgaH kenud YUKYBUM UYWU3UKIIU
omepaTtop; k, ,— K/ MaTPULIAHMHT i-KaTtopH, j=12,..n; d’ 52=H5dl-,j‘z,

i,j i ij

2 o .
§ém<H5d,<,jHE<§éax KYPUHUIJIATH CUWUIMKJIAHTUPUUUIA D;=C/ I/ MaTpUUAHUHT i-
YCTYHH, j =1,2,...,n; d, - (18) TeHIIaMa YHI KUCMMHMHI aHUK KHAMaTu.

(18) Tenrnama e4MMHMHM MYHTa3aMJIAIITUPHUIN YYyH KyWHJard MyHTa3aM

amajiap camapajiy SKaHJIUTru Kypcatud YTUiraH:
—1 45
ko=(L+al)'d

i,j?

- -1
ko=l +al)' Lk, .,
2 2 _ 5
o k,.,j’a + Liki,j,a = Ll.a’l.’j )
FOxopuna KEJITUPUIITaH AJITOPUTMIIAPHH amajira OLIUPHIIIA

MYHTa3aMJIAIITHPUIIT TApaMeTPH « HHU OOFJIaHMaraHjivuK yCyJIH acoCHa aHUKJIAll
Makcajra MyBO(UK.

Hokoppektr kyimiaran wacanajgapHud eduin ycysuiapu acocuaa (18)
TU3UMHUHT SHT SXIIM MIAPTIAHTAHJIWTUHU TabMUHJIANI YYyH TU3UMHHU KyHuaaru
KYpUHUIILIA KYPUO YUKHUIIT MaKcaara MyBOGUKJIUTUHU KYpcaTHO YTUII MyMKHUH:

Li,aki,j,a = ﬂ“d:‘(,sj ’

oy epma L, =[(D, +aD;Y+(1-B)L,-D,)], D, — L HUHT JTUArOHAJ MaTpHIAIAPH,
i,a i L L i p p

s i e , I LE
G0 i R S (R A Y | R
L k. =d° TU3UMHHHT CUHMH.

i,a'vi,j,a i,j

by epma A Ba S Karranukiap « TapaMETPHUHT TaHJIAHTaH KUMaTH
acocujia TOTHIIA N,

bob6na myHuwHrmexk, OOBEKT HIOBKMHMHHMHT — KOPPEJSIUSIAHTAHIUTH
IApOUTHA aJalTUB OaXOJAllHUHT MYHTa3aMJIAIITHPUIITAH aJrOpPUTMIIAPUHU
KypHUIII XamJa Japa)xacu macaTupwiran cybonTtuman (GuibTp acocujia aganTHB
Oaxomam Macanmajgapu KypuO UUKWITAH. YJIApHU amajira  OUIUMPHINa
COITANAIITUPWIITAH MYHTa3aMJIAIITUPHUII Ba MYHTAa3aMJIAIITHPUIN  yCYJIUHU
XEcoOIall cxeMaaapu caMapaii SKaHIUTU KYpcaTUIraH.

Kentupwiran anroputmmap Kanman Typumarm awHaMuK QUIBTPHUHT
MaTpUIACH Ky4YauTupuil KOIPGUIMSHTHHH aJanTuB 0axojall MacalaCuHU
MyHTa3aMJIAIITHPUIIT UMKOHUHU OEpaJiu.
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Typrunuu 0600 o0OBeKT TaBcudUAa HOAHWKIUK OYiraHga aaanTwB
0axXOJIAIIHUHT MYHTa3aM ajJrOpUMTIapUHHA MUUIa0d yukuiira oarunuianrad. ®apas
KWIaMu3, JUHAMMK TU3UMHUHT Mojenu Tenrinama (12)  kypunuinmiga
tapcudnananu. Kypub uukuna€rtraH TU3UM TYypFyH, Oy3uiamaraH Ba Tyla
Ky3aTHIIyBYaH OYIcuH: rank[H' | (HA) 1.1 (HA"")' 1" =n. A, I marpunanap Ba
HIOBKMHHUHT () Ba R KOBapuauus MaTpULQIApUHU JOWMHUNA Ba HOMAbJIyM €0
TaxMUH Kuiamu3. Marpuna H mabiym xucoOnanaau. Matpuna 4 Hu Oaxonaii
YUYH KyHUJaru KypUHUILUIM MyHOca0aTAaH QoiiiaJaHuil MaKkcaara MyBo(uUK:

= L7 B 2] =l e ]
Oy epna
Zinn=E1Z, 5 VB Z,, =1zl 2l 0 12 B = ELRE]]. (19)
Marpuuanap KETMa-KETJIUTU (A", — 4 ne6 dapa3 KUIno0,
ey Ay ) A= [ie) ey ] =c Ky pHHHIITH

Macalianu KypuO uukamus, Oy epna Onoxnu marpuna C udona (19) acocuna
MabJIyMOTJIApra HIIOB OEPUII HATHKAIAPU XWCOONAHAaAM. YHIA alrOpHTM A,

0axoHu OepyBYM KyHuAaru TEHIJIAMAHU K€TMa-KET €YMILJIaH TAIIKWJ TOIA Iu:
L, (4)4,=C, i=0,.,n-1, (20)
Gy epna L,,(4)=[[H]" | [HA]" |- | [HA]"]". (20) TeHrnamann MabiyM omeparop
£:D(£)— G, D()c G OntaH MuaraH makiga ¢3aMus:
B(a)=c;, a,e D(£) , (21)
Oy epra G — xakukuii [mibbept dasocn. (21) udonana £(a,)=L, (4)-d,, j=1...n,
a, Ba ¢, — MOC papuiia mMatpuua 4 Ba Onoknu mMatpuua C HUHT j-yCTYHIIApH.
Bekrop 4, HM aHMKIAIUHM  KyHMJIard  KYpUHMILUIM  (yHKIMOHAIHU

MUHHAMAJUTAIIITUPHUII aCOCHIA aMajra OIIHPaAMHU3:
n
J(aj):Z(B(aj)_Cj)zﬂ nn=m-n (22)
Jj=1
SAbHM BEKTOP @, HMHI Kuaupuiaérran 6axocu a;=arginf J(a,). (22) ndonanarn
acR" ’

Gynkumonan J(a,) I'mnpbepr dasocn G maru Oepk KaBapuk Tymiaam Qc G Ja
aHWKJIAHTaH, KaBapuk uddepeHnmsumanyBd  (GyHKIUOHAT XUCOOJaHATH.
Mlynpaii  KuaumO, wyHgad o, JapHd  aHWKIAll  3apypKW, yjaap Y4YyH
(F(a;),a,—d;)<0, Vd,eQ ypunnu Oyicun, Oy epma F(a;)=J'(a;) — MOHOTOH
orneparop. VYHIa MyHTa3aMJIAIITHPUIITaH HTEPATHB KETMA-KETIMK 4, HHU
KyWHMIard KypUHMIIIA €3UI MyMKHH:

a,..,=Pa,  ~a, (Fa, )+e, M@, ), r=0,L..,

Oy epna P, — METpPUK NPOEKTOp; M(a,;,) — QcG JAa KywId MOHOTOHJIMK
XycycusiTura dra Oynran omeparop; a,;>0,¢ >0 — MyHTa3amJIalITUPUIL
napamMeTpiiapu.
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=(1+r)"?, &, =1+r)",0<p<1/2

ne6 kabyn kwmm MyMkuH. KypuO dukwinaérraH uWTepanuoH >kapaéHHU
o . _ . V2,2 _ G
TYXTaTUIIHU %15%5 1€ 5 =0, }512%5 /& 5, =0 Kypunuingara udonanap acocuaa

Kypub unkunaérran xomnga M (a,;))=a,,, a

r.J

amanra ommpuin MymkuH. lllynnait kunmmO, mapametp i ra / 1aH n radya Kuimar
O0epu0, roKopuaa Kentupwiran udopanapra acocaH A4,,4,,..,4, MaTpUllaJlapHU
KeTMa-KeT Oaxosiall MyMKUH. bomikapuin oOBbEeKTIapUHUHT peall MapouTiapa
unuiamuaa Typiu cabadmapra kypa (12) monennapuunr 4, I, O, R mapameTpiiapu
aHUK HOMAbJIyM OYIMIIM MYMKUH OYnuO, ylapHU z; Yayaml MabiyMOTIIapu
Oyiinua anukiam 3apyp Oynamu. by macamanm euwmin ydyH ojatna Kaaman
buabTpu TEHTIaMajapu Typura kypa tuzum (12) ga OGakapunaguran yiapaaru
Oy3WwIMaranjank, TYpPFYHJIUK Ba TYIHK Ky3aTWIYBUYAHJIMKHHM CakKJaraH XoJija
KyWHIaru CO3JIaHyBYH MOJIEJIb UIILJIATUIIA N
é’wui = ®§i\i—1 +L(z, - Cgi\i—l ), izl, L=®D,
boriianMaranauk KaTTaaury yuyH Kyiuaara udoganu €3ui MyMKUH:
Epy =A(Z,,,-Ug ), J 20,

Gy epma A=[07 | (@¥) |- | @¥") |, rankA=n, Z,, =[], |, |-120,1".
Nnentudukanusnam cuaTtuHUHT ME30HU Y4yH J=J(D,L,C) :Hg ‘2

JHJ

KypuHALOUIA ~ (QyHKOMOHATHW  KalOyn  kKuinamus.  (4,,G,,H,)=argminJ(®,L,C)
D,L,C

OenruialiHu KUpUTaMu3, 0y epaa 4 =SA4S™,G, =SG, H, = HS™'. Yuaa mabiym H Ba
HOMabIyM A, I, O, R nap y4yH Kyiugara udoanu €3amus:

(4,G) =argminJ(®,L,H), &.,(A,G.H)=g,, =5.,, H=HS.
DL

i+1]i 9

2
‘ MHUHHUMAJIJIaIITH-

JHJ

[llynnait kumo, (4,,G,)=argminJ(®D,L,H) = arg minJ“g
@D,L DL

PUIIHUHT apryMEHTJIM Macajlacura sra Oynamu3, OyHJa KUIUPHUIAETraH BEKTOP
= wmarpunamap @, L HMHI DJEMEHTIApUJAaH  TallKWI  TONaaM.
MyHTazaMaamTHPUITaH MUHUMAJJIAIITUPYBYU KETMA-KETIUK (QyHKIHMOHAIU J(6)

HU WaKuiaitupumra yramu3. Papa3 Kuiamus, argminJ(0)=J(6,)=J,. bapua

Oec=

0 cZ1a aHUKJIAHTaH byHKIHOHAT M “[0,J,(0)]=J;(0)+aQ[f], a>0 HH KypuOd
yukamu3, Oy epma Q] — OapkapopiamTupyBuu (QyHKIMoHan, J,;(¢d) — Oapua
6>0 YYyH aHMKJIaHTaH (YHKIUOHAJUIADHUHI MapamMeTpuK owujacu, J(0)
dyHkumMonan EcE  TymaMaa  CHUIMKJIAHTHPYBYM — OVITAHIUTH — y4yH
[J5(0)-J(0)|<5Q[6].

OyHKIMOHAJUIADH MUHUMAJUIAIITUPUILIHUHET TYPFYH YCYJUIApUHU Ky3ara
TypuO, aHMK KyHu uerapa M, =argmin M “[6,J5(6)] MaBKyUIMTHMHA KypCaTUILI

(23

MyMKHH. YHJa 3JIEMEHT 6, Ta KemyBuH M [0,J, ()] (yHKIHOHAIUIADHU MOC
paBuIa JACIpPIM MUHUMAUIAIITUPYBU 6, , o6, 3JICMCHTJIAPHUHT {ea ,5,1} KeTMa-

KeTuru Ypuniau Oynamu. Xyaau myHAal n—> oo 6ynranma ¢, Ba 6, Hojra
WHTWJIaIU Ba {9 5} KETMa-KeTJIHNK J(0) byHKIIMOHAT Y4yH

a,? n
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MyHTa3aMJIAIITUPUITAaH MUHUMAJUIAIITUPYBYM KETMA-KETJIMK XUcoOIaHaau. DHIU
MyHTa3aM aJanTuB OaxoJianl KOHIEHIUAICH acocuia 0anopaTioBYd MoJIeiapaan
doinanann6, OOMKAPUIIT TUZUMIIAPUHU CHUHTE3Jall MacajJaCUHU KYpUO YMKaMU3.
Kyiiunarn TeHriamangap TH3UMH OWIaH TaBCUQUIAHATUTAH, KYyN YIdamiid
Oomkapuin 00beKTH Oepuiirad OYICHH:

X,,, = Ax, + Bu, +w,, x, = X,, (23)
z,=Hx, +v,, n,=Gx,. (24)
(24) ndbonana n, — OOBEKT UYMKUIIMHUHT BEKTOPHU. TH3UMHHMHI YUKHIII

BEKTOpH 77, OEpWJITaH BEKTOp 77, ra SIKMH OYiaaurad OOIIKApHUIN CTPATETHsICUHU

aHUKIam J1o3uM. KanMaHHUHT 3KcTpanoisTopuaad (oiinanaHud, omnTuman
OOLIKapuIl AJITOPUTMUHU CHHTE3NANMM3. YHAA Kyluaaru TEHIVIaMaJlapHU €3WII
MYMKHH:

j-1 j—1

A _ 4j-1a J—k—1 . A _ Jj-1z J—k-1 H—

R =A% Y A Buy,, j=2300N s B, =GAT'R,, +G Y. A7 Bu,,,, j=23,..,N,
k=1 k=1

Oy epma u,, — Oamoparnaml y49yH HWIOUIATHIraH OOIIKApMIN, u,, — (+i

t+i

MOMeHTaru oomkapuii, N — 6amopatiain TOPU30HTH.

Kyiiunran wmacamanu e4yumn y4yH Makcaa (QyHkmusich cudarumaa

1 N A —_ 2 2 v

Jt B EZ m 77t+k|t - 77t ||C + || ut+k|t - ut+k—l|t ||D} MCBOHI[aH CI)OHHaHaHaMHS’ 6YH,Ha

k=1
Mmatputaizap C >0 Ba D >0 — Ba3H MaTpuLaJIapH.

VYuaa OamopatinoBun MmojeuiapAad ¢oiganannb, onTtuMan OOIIKapHII

yCyJIapu acocuaa Kyiuaara udosara KeIui MyMKHH:
U’ =—(@"Cd+D)" (@' CAR,,,, —@'C®,)-[[Du,1" 101--10]", (25)
Oy epma @, C, D, A Ba ©, MaTpullajap MablyM MyHocabaTiap acocuia

t+1)t

HIaKJUTAHTHUPUIIAIH.
VYHaa onTuman OamopaTiioBud OOIIKapUIl KyHuUJard KYpUHUIIra sra
oymamm: u,,,, = 10| 0)U,.

(25) TeHrmamaHu TaxJIMJ KWITaH XOJAa, OalloparyioBYM TEHIJIamanap Ba
onTUMasl OamopaTioOBUMd OOIIKAPWINHUA IMAKJUIAHTUPHIL AHUKJIMTKA ~ XOJIaT
Vy3rapyBYuCH BEKTOPUHUHI 0axocu i HU XUCOOJall aHUKJIWUTUTra OOFIHK

t+1t
OKAHJIUTUHYU KYpCaTUIl MYMKHUH. JleMak, Typiu gapakajaru MOJACIIIIU HOAHUKJIHK
IapouTIapuIa NUHAMHUK TH3UMJIAPHH MOCHAIITAPUIN Ba HA30paT KWIMIITHUHT
Taknmud OSTUiaTaH KOHIEHIUsIapuaaH (QolganaHuII, XoJiaT Y3rapyBUHCH
BEKTOPUHU XUCOOJAIl aHUKJIUTH Ba 11y OniIaH OUprajivkia IMHAMUK 0ObEeKTIapHU
Oomrkapui sxkapaéunapu cudaTUHU OMIMPUIITa UMKOH Oepanu. boOa nryHuHraex,
Oomkapuil OOBEKTIapH XOJaTJapuHU, OOIIKApUIl OOBEKTH JUHAMUKACHU
TEHIJIaMaJlapyu MaTpullajapyu Ba FajaCHIAPHUHT KOBapUALMOH MaTpULIAIAPUHUHT
napamMeTpiapyuHu aganTuB OaxoJialll Macajajapujiard MapaMeTpuK rajaéHIapHU
MyHTa3aM 0axoJail aJroOpuTMIIAPUHYN KypHUIIl Macajajiapyd XaMm KYpuO YHKUIITaH.
YnapHu amanra OHmMpPHINAA TYPFYH IICEBAOMYpPOXKaaT Ba MYyHTa3aMJIAIITHPHIII
YCYJIMHU XMCOOJIAIl cXeMallapy camapaiiu dKaHiuru kypcarwirad. Kenrtupuiran
anropuTMIAp OO0BEKT TaBCHU(HIA HOAHUKJIMK OYIraHaa XoJjaTiIapHU aJanTHB
OaxoJam MacajacMHU MYHTa3aMJIAIITHPHUIN Ba OaxoJiall aHWKIUTHHH OIIHPHUII
UMKOHHUHHU Oepaji.
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Bemmmnyu 60061a MyHTa3aM ajfanTuB OaxOJAUTHUHT UILTA0 YUKUITAH YCYJ
Ba QITOPUTMIIAPUHU KATOpP CaHOAT WIUIA0 YWKAPUIUIAPUHUHT TEXHOJIOTHK
OOBEKTIapUHU aBTOMATJIAIITHPHUILI Ba OOMIKApHIN Macajalapuaa KyJUIaHWIHII
HaTWXKaJlapy KeJITHUPUIITaH.

PS-Arpo wunuiad 4YuKapuILIard KaablHH-cyiabdar-dhocdarin  myJabHaHu
IpaHyJadd KYPUTHIN KapaéHWHW OOMIKAPWIITHUHT QJIanTuB TU3uMu. KypuTuii-
rpaHyJajan sxkapaéHuHUA TaBCU(IIOBUM acocuil KypcaTkuuiap cudaruga Kyhnaaru
V3rapyBumiap Kypud YMKWIraH: OomkapyBuu napamerpiuap U = (u,,u,,u,), 0y epaa
u; — 6apabannu-rpanyastopan-Kyputrud (bI'K) kupuimmmaaru nCCUKINK TalryBYd
Xapopaty; u» — CyloKiIanma capdu; uz — petyp capdu; YMKHUII MMapaMmeTpiiapu
¥ =(,7,,¥;), Oy epaa y; — UIUIATWITaH HCCHUKJIUK TallyBYU XapopaTu; )2 —

rpaHyJjia HaMJIUTH; V3 — MAaxXCyJOTHHHT TPaHYJOMETPHK TapKuOW, FamacH
Tabcupiaapu W =(w,w,,w;), Oy epma w; — Kajbluil-cynbdar-pocdatiu
MyJIBIIAHUHT HAMIIUK TapKUOH; W2 — CYIOKJIAHMAHUHT TPaHYyJIOMETPUK TapKUOU; W3
— PEeTYpHHHI TpaHyJIOMETpUK TapkuOu. XKapaCHHUHT KenTUpuirad udoaiaHuIIm
MaTeMaTUK MOJETHUHT CTPYKTYPACUHM KyWHJIAru KYpUHUILIA TaHIalll UIMKOHUHU
oepanu:
X, =Ax +Fx_,+Bu,+w,, y,=Hx, +v,. (26)
MareMaTuk MOJIEITHU OJUII Ba YHAAH aManuil porgananum yuyH Oamanuk
«AMMODOOC-MAXAM»» aKIIMOHEpIUK  >kamuaTuaa  PS-Arpo  umiab
YUKAPUILJATd  Kalblui-cynbdar-pochaTiny myabnaHu TpaHyJadd KypUTHIIL
TEXHOJIOTHK JKapaéHWHU MEBEPUN (PaomuaAT KypcaTHII MIAPOUTHIA CaHOAT
Taxxpubacu yTkazwirad. (26) TeHrnamanaru 4, F, Ba B, MaTpULAJAPHUHT W3JIaH-

1

ra" KuiMatiaapu KaOyJ KWJIMHTaH BaKT OpauFy YUyH KyWHarura TeHr Oymaau:

0,748 | ! 0,187 .—0479 —0872 0,862 '—0633 0,344 | 0971' -0,523
A= —0964' 0671 -0,896|, F'=| 0963 | i 0926' 0,214 |, B= —0997' 0,127 | I 0352 | (27)
0,255 '—0964 0,723 —0671 0,341 ' 0,672 0,246 ' 0,882 ' 0,612

Nuna® 4YukwiraH MOJIEJUIAPHUHT  MOHAHJUIMTUHUA  KOJJUKJIAp ME30HU
acocusa Texwmupuil, (27) udoaagaru napameTpiapHUHT KUMaTIapyu acocCHIaru
(26) mogenb Kypub YMKUIAETTaH KapaéHHU MOHAH/T TaBCU(IIAIMHUA KYPCATAH.

bapabannu-rpanyasTopau-KypUTTUYHUHT amManuéraard (aoiusaTuaa aHuK
MaKca/UId MaxCyJaoTiap TapKUOW yJIapHUHT OJAWHIAH OepuiiraH KuiMaTiIapuaaH
MYyXUM JapakaJa OFHIIN IIyHH KypcaTaJWKH, AACTIa0KH XOMAIIEHUHT TapKuOU
Ba capdUHUHT Y3rapuinu OujlaH OOFIMK OYiTraH KaTTa Ba TE€3 TaKpOpJaHaJAWraH
ranmaéunapra osra Oymaau. IIyHUHr y4yH KYpuO 4YHKWIAETTaH TEXHOJIOTHK
*apa€HHU OolIKapullla OOBEKTHUHI HILIAIl PEeXUMUAA aJalnTUB CTaOWJUIAIl
Macajach MyXuM axamusaT kacO odragu. by wmacama Tamku FamaéHiu
TabCUPJIADHUHT  TaBcu(uapu Ba  OOmKapuil  OOBEKTH  MapaMeTpiapu
KUAMaTIapyuHU OMJIMarad XOJJJar HOAHUKJIUK [apOUTHIa TEXHOJIOTUK KapaCHHU
OOMIKapUITHUHT acocuii Macanacu xucoobnanaau. Kypub unkumnaérran rpanymnanu
KYpPUTHIII TEXHOJOTHK >Kapa€HMHM OOILIKAPHUIN BaKT OYyiiMua OWp Hedya MUHYTTa
KEUMKHIIN, YPHATUII BAKTUHUHT Y30KJIMIM, HaM CYIOKJIAHMAaHUHT TapKuOUaaru
HAMJIMKHUHT KaTTa JAWana3oHjga TEOpaHWIIM Ba CYIOKIAHMAHWHT —Y3UHHHT
XoccamapuHu ynmya® OynMaiiouran y3rapunuiapy KaOu  HOMHHAN-(pa3zaBUil
xoccanapu cababimu HUXosTAa Mypakkad xucoomananu. O0bekT (26) ra poctiaarund
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u, = K!z, H1 ynaiimus, Oy epaa K — pocTiaruy napameTpIapuHUHT 7 x 2] -YI4amiu
marpunacu. Papaz xwiamu3, 4, F, B, H wMarpunamap &£eM HOMablIyM

napaMeTpiap BeKkTopura OOFJuK, OyHma M — cuUHTe3JaHaéTraH TU3UM

MOCJTANTyBYAHJIMK CHH(OUHU OCNTUIIOBYH TYTUTIAM.
Kypwiaértran wmacamanu e4yuil y4yH KyWugard KypuHALUA JIsmyHOB-

KpacoBckuil pyHKIIMOHAIMHY OJaMU3:

(x / TLox + Z /(01 %01‘)_ 7|:% (xiT—hxi—h + xiTxi )+ ixi];lxi+lj| >

I=1-h
Oy epna L,, L, — XakuKUi CUMMETPHUK MycOaT aHUKJIAHTaH MaTpuuanap; , — K,

MAaTPULIAHUHT I-yCTyHH, ¥ >0.

9
Apantus 6axoJiali
010KH

A YV VY \L Y VY

10 8
. ATtmocepara,
Unentndpuka- |€ Mantukuii HCCHKIHK

LMSUIALI OJIOKH 0JI0K TalTyBUH

3.
.

Y
11 Bomxkapu
TabCUPJIAPHHH <

LIAKJUTAHTUPUIL OJIOKH

FE s

£ ’ 13

AnanTtus > O 14
pocTiiarn4 I—)—{i] 3
u

12

Hceuknuk tanryBun Ui
V3 A

A
g \__/
Bankamu
15 MaiianoBun

2 3

DneBaTop
N

1 - pacm. I'panyasiusyId KYPUTHII KaPAaéHUHU OOIIKAPUIIHUHT aJaNITUB
TH3UMH QYHKIIHOHAJ CXeMaCH
Cunresnanaérran Tu3uMm Oepunran M cuHpnpa amantuB OYynumu Ba
pocTiarud TmapamMeTpiapuHU CO3Jall AIrOPUTMH KyWHIard KYpUHHINTa 3Tra

SKAHJIMTHHU KYPCATHI MyMKHWH:
foy =k, —d z.Py,, i=12,. (28)

Oy epma P — uxtuépuii mMycOar aHMKJIAHTaH MaTpuuaiap; <, - THU3UMIAp
TYpFYHJUTHHUHT ~ 4YacTOTaBUH  Teopemanapu OwWwiaH  aHUKIaHAguran 9
MaTPULAHUHT I-yCTYHH; ' =z]z],.

Kanman GuibTpUHUHT TEHIIaMacu KyWnuaaru KypuHHIITa sra 6ynam:
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R0 =A% +F X, +Bu, + K[y, - K% - K Bu]-

i+l i [ A i

a1 (29)

-1

- ; {5 (Kz%—h iy =KX, ]+ Kfo [y, — %iiz])"' ZK[Z,][yHI - Ki+l'£i+l]j| .
I=1-h

Kyuaiitupum kosddunmentinapu K, Ba K] Kyiupara TeHriamanap Ousan

aHUKJIAHAIU:
Kz‘l =[F _Pi,o]g{iTR;la Kiz,s :Pz‘,s%i{rsR:s- (30)

(28) — (30) ndomanap Ba x0JIaT BEKTOPUHH aJaNTHB 0axoJaml TH3UMIAPUHU
CUHTE3NAIIHUHT  MIIA0 YMKWITaH IOKOpUAArd  ajlropuTMiapu — acocuja
KYypwiIa€Tran oKapaéHHUHI  aJanTUB  OOIIKApHUIl THU3UMUHUHI  KyHuaarua
BapuaHTUHU Takiu(d ostum MymkuH (l-pacm). By epma amantuB Oomrkapuin
tusumu bI'K 1, Hamnuk natauru 2, iuckpeT GyHKIMOHAT Y3rapTUprud 3, Xxapopar
JaT4YUrd 4 Ba WMIUIATUITAH UCCUKJMK TallyBUMHUHT capdunu poctiarny 5, bI'K
nyygarn 0ocuMm gaTdyurud 6, aganTUB pocCTiarud 7, MaHTUKUN OJIOK 8, aganTuB
Oaxonam Onoku 9, unentudukanusiam Onoku 10, OGomKapuill TabCUpPIAPUHU
maKutanTupuiI 61oku 11, uCCUKIMK TanryBUMHUHT capduuu poctiaruy 12, BI'K
HUHT KUpulyaard myisna 13 Ba petyp 14 HuHr cap@uHU pocTiaruy, UCCUKIHUK
TaUlyBUMHHUHI Xapopar natuuru 15, nynsna 16 Ba peryp 17 HuHr capdu
JATYMKIApUJIaH TAIIKNAJ TOITaH.

AJnanTuB OOLIKAPUIIHUHT TaKAU( STHITaH TU3UMH Kapa€HHUHI XapopaT
PeXXUMUHU  OapKapopiIalUTHUPUII, MaxcyldoT cudar KypcaTKUWIApUHU Ba
arperaTHUHI YHYMJOPAUTUHU 2,25 % ra omupuIl UIMKOHUHU Oepaiu.

AMMMAKIN CeaUTpa 3pUTMACHUHU OyFIaTUII KapaCHUHU OOLIKAPUIITHUHT
aJlaliTUB _TH3UMHU. AMMUAKIN CEIUTpa DSPUTMACHHH OYFIaTUIl KapaSHUHU
TaBCU(IIOBUM aCOCHM KypcaTkuuiap cudaTuga KyWuaard y3rapyBdwiap Kypuo
YUKWITaH: OOIIKApWIyBUM mapameTpiap u=(usuz), Oy epna u; — OyriaTtuiira
Oepuia€TraH aMMHaKiId CeJuTpa ’3puTMmacu capdu; ux — OyfF capdu; YUKUII
napameTpiapu z = (z;,z2), Oy epaa zi — OyFJlaHTaH dpUTMA KOHIICHTPALIUSCH; Z2 —
OyFnaTWIraH SpUTMa XapopaTu; Ha3opaT KWIMHMaWIuraH fajaéHlId TabCUpIap
w = (w,w2), Oy epaa w; — anmapar Kupuiuura oepuinaérraH aMMHUAKIU CEIUTpa
PUTMACH KOHIIEHTPALUIACH; W2 — YUKAETraH SPUTMA HAMJITUTH.

byfrnatum  kapa€Hu  caMapaJOpJWIMHHUHI  ACOCUM  KYpCaTKUWIApH
OyFiaTuiraH »JPUTMAHUHT KOHIEHTPAIMSCH XUCOOJIaHaIu, OOIIKAPHUIITHUHT
Makcagu 3ca yulOy KOHUEHTPAaUUSHUHI MablIyM KuiMaTAa TyTHO TypuLIIaH
nbopar. Anabuil MaHOGanapHu TaxXJIWJI KWIHUIL, OYyFJIATUII anmnapaTuaa poCTIOBYU
TQbCUPHUHT XyJa KUYMK y3rapuiud (OyfiaTviura OepuiiraH aMMHUAKIW CEIUTpa
sputmMacu cappu Ba Oyr caphu) Kypub YMKWIA€TraH >XapaCHHUHT Xapopar
peKUMUJA KyWId akCc OTUIIMHM aHMUKJIall UMKOHMHM Oepau. by xapaén
TYPFYHJIUTUHU HYKoTUIra onubd kenmuimu MyMKuH. lllynnmait kuau0, OyrmaTuin
annapaTUHUHT XapopaT PeKUMHUHU OOIIKAPUIIHHUHI IIyHJAH alanTuB TU3UMUHU
Unu1ad YMKUII 3apypKHW, y peaj Faja€Hiiap MIApOUTHAA POCTJIAIIHHUHI 3apypuid
cudpaTi Ba TYpFYHJIMKHU TabMUHJIACUH. ByHmal THU3UM THU3UMHUHI TYpPFYHJIUK
COXaCMHM pOCTJIAll OPraHMHUHT MUHUMAJ CWDKUIUIApUAaru OOUUIaHFUY
maptiaap Oyiuya erapivdya Juana3oHra KEeHrauTupuiud kepak. bomkaua cy3
OwiaH alTranjga, pocTIall TabCUPJAPUHUHI MHUHUMAJ  Y3rapuillapuHu
TabMUHJIAUAUTaH Ba OOBEKTHUHT YUKHLI KOOpAMHATaJapHHU
OapKapopJalITUPYBUM, UXTUEPUN MIAKIAArM peajl Faja€H TabCcUpiap TabCUPHU
OCTHJIa WIIUIAN OJIaIUTaH, I0OKOPU aHUKJWKIArd aBTOMATUK OOIIKAPHII TU3UMUHU
CUHTE3JIAII JIO3UM.
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AnanTuB O0axXONAIIHUHT FOKOPHUAA WIUIA0 YHKWITAH JITOPUTMIIAP acochaa
MaTeMaTUK MOJENIN WIIIA0 YMKWITaH Ba KypuO YMKWiIaétraH skapa€H Qaomust
KypcaTaJiuraH acoCHi XaJaKUT-CUTHALIM IIapouT aHwWkjiIaHraH. Iy acocumma
aMMUaKIIA CEeTUTPa IPUTMACHHH OYFJIATHIN KapaCHUHU OONTKAPUIITHUHT a/IalTHB
TU3UMUHHUHT KyWuJard BapuaHTH Takiaud osTwiaran Oymubd (2 - pacm), y
KOMOWHHpIIAIITAaH OyFIaTUII anmapaTd |, KU3auprud 2, KOHIICHTPAIys JaTIYUTH 3
Ba OyFJIaTWITaH dpUTMa XapopaTd JATYuTH 4, aJanTUB POCTIarud S5, MaHTUKHUN
Osiok 6, amanTuB Oaxosam Ojoku 7, uaeHTUUKanusIam OJoKu 8, OOIIKApHUII
TAbCUPJIAPUHU INAKIUIAHTHPUII OJIokM 9, Oyfiaruimira OepwiraH aMMHAKIA
cenmtpa sputMmacu capdu poctiaruuu 10, Oyr capdu poctinaruum 11, Oyrnaruimra
OepuiraH aMMHAaKJIU ceuTpa dputMmacu capdu natuuru 12, 6yr capdu garuuru 13
JlaH noopar.
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2 - pacM. AMMHAKJIM CEJIMTPA JPUTMACHHHU OYFJIATHII KAPACHUHH
OOIIKAPUIIHMHI AAANTHB TH3UMHU (PYHKIMOHAJI CXeMACH

TaxpubaBuii TaAKUKOTIAp IIyHU KYypcaTaJuKH, aJalTHB OOIIKapHIIIa
aMMHAKJIM CEJIUTpa APUTMACH KOHUEHTPAUUSICUHU aMalira OIIMPUIIHUHT ypTaya
KBQJIpaTUK OFWIN KATTAIMTHHUHT KUHAMaTH OJAWi OomIKapuiigaru OwiiaH
comuuTupuiragaa, moc pasuiga 0.051 gan 0.022 rava xamasnu. bynna umab
YUKWITaH aJanTuB OONIKApUIl TU3MMHUHU amajira OUIMPUIIAaH OJUHAIUTaH
WKTUCOAWM CaMapaHWUHT aCOCUM YJIylIMra aMMHAKId CeJIUTpa DSPUTMACUHU
Oyrnatumn yuyH capduaHagurad Oyf capuuu #wunura 1223,2 T'kanopusra
KUCKAPTUPUII XUCOOUTAH SPUILIUAIIAIH.
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XVYJIOCA

Jluccepranusga TH3UMIIMA TaxJIui, OOIIKAPUIIHWHT aJalTUB TH3UMIIAPH
Ha3apusACH, HOKOPPEKT MacajalapHU €4MIl yCyJulapd Ba AMHAMUK (UIbTpIall
KOHLEMUUJIAPH aCOCHAA MOJE/UIM HOAHUKJIMK IMIapouTiapuaa OOIIKAPUILIHUHT
TEXHOJIOTUK OOBEKTIapH XOJIATJapUHM MYHTa3aM aJanTuB  OaxOJalIHUHT
KOHCTPYKTHUB yCIIyOUSTH UIILIA0 YMKWITaH Ba KyWHIard HaTH>Kajlap OJIMHTaH:

1. Kunupunaérran ednM MyBOMOUKJIMIMHUA TabMUHIANI OWJIaH OMprainkia
ajganTuB 0axoJialll AMAIMHUHT aHUKJIUTHUHU OIIMPUIL UMKOHUHU OepaauraH y3ura
X0C Ba EMOH LIapTJIaHraH MAaTPULAIN YU3UKIAHTUPWITaH TU3UMIIAPHUHT MyMKHUH
OynraH KUMMHYMIIMKIAPUHU YBTHOOpPra OJraH XO0JJIa HOYM3HUKIN (PYyHKIIMOHAI
TEHIJIaMaJIapHU €YMII yCYJUIapu acocuja OOBEKT HIOBKUHUHHUHI KOBAapHAI[MOH
MaTpULIACKHU 0aXOJAIIHUHT MyHTa3aM alrOPUTMIIAPHU UIIIa0 YUKUIITaH.

2. baxomaml XaToJuKIapyu Ha3apuil KOBapUaLMOH MAaTpHUIAIapUHU peall
KuiiMaTiapra OOFJIaHUIIMHM TabMHHJIAII Ba 01y Owunan Oupranukna Kamnman
GUIbTPHU Ky4alTHUPUIL MaTpULIATITAPDUHU XUCOOJIAIIHY peall yaJaliapaard y3uino
KOJMIIMHK OapTapad 3TUII MMKOHMHU OepaguraH MaTpULAIAPHUHT CHHTYJISAP
aXpaTUIl acocHa yiayaluiap/ia KeTMa-KeT KOppeIupllaHral XalakuTiap OyiraH
miapouTiapjaa OolIKapuill OOBEKTH XOJAaTUHU aJanTUB MyHTazaMm Oaxosail
QITOPUTMIIAPH TAKIU( ITUIITAH.

3. Xycycuil XocwiajmapHu XucoOsam €K CUUIMKJIAHTUPUIIHU Tajiad
TMaMIUraH, SHTUJIaHYBYM >Kapa€H Ba KECHUIIYBUMJIAP YCYJIHM acocuia OOBEKT
HIOBKMHM Ba YiIyall XaJlaKUTJIAPUHUHT KOBAapHAllMOH MaTpULAIApUHU aJlallTUB
MyHTa3aM  MUTEpaluoH  OaxONAaIIHUHT,  KUJUpUIA€TraH  sSKUHJIALIMILIAp
MYBO(UKIUTY Ba (PUIBTPHU FajaéH TabCUpJapU KOBApUALIMOH MATPULAIIAPUHUHT
y3rapyB4aH KuilMaTiapura MOCIAIIMIIMHU TabMHHJIAIl WMKOHUHU Oepaauran
AJITOPUTMIIAPH TAKJIU( STHIITaH.

4. T'pagueHTHH mpoeKuusIam ycynu acocuga Kanman ¢GuiabTpuHUHT
MaTpULIaTN Ky4dauTupuml Kod((UIMEHTHHU aJanTuB OaxOJallHUHT MYHTa3aM
anroputMiiapu unuiad yukuwirad. Kysailtupui ko3gpGUuuueHTHHr XUCOOTallHUHT
MaTpullaJid TEHIJIaMacu YHT KUCMHU XaTOJUTMHU Oaxojam yuyyH wudoaaiap
oJiuHTraH 06yauo, yinap 6eBocuTa MaTpUIIAIA TEHIVIaMa €YUMHUHH TOIIMACIaH TypuoO,
TEHIJIaMa E€YMMUHUHI XaTOJIUTMHM Oaxojam HMMKOHWMHU Oepamu. Illynunrnek,
Tonwiral udopanap OpKajd TU3UMHH KEJITyCHAa KaHAal aHUKJIMK OWJIaH €4MIIl
Oyinua cudariau xysaocajgap OJMILI YUyH €4UM XaTOJUTMHUHT Japa)kacu XaKuaaru
anpuop axO0poTJIapHHU XaM OJIHUILI MyMKHH.

5. OuAbTpHUHT MaTPHUIAIA Ky4aWTHpUIIT KOd(DPUIMEHTIApUHUA amnpuop
MabJIyMOTJIapra KaTbuil OOFIMKIMTUHUA OapTapad STHUII MMKOHWHU OepajuraH
OOBEKTHUHT KOPPENSLUSIAHTaH UIOBKUHJIAPUAA WKKA OOCKUWIM  aJalTHB
0axOoNaIIHUHT MYHTa3aMIIAIITHPWITAH aIrOpPUTMIIApU Takiaug ostunrad. by
MacaJlaHd €uulIla KBa3HONTUMAIIUK, KECHINYBYM KUUMATIWIWK Ba L-3rpu
YU3UKJIA yCyJUlap acoCHAa MYHTa3aMIIAIITUPHUIN MMapaMeTPUHU TaHJall OpKaJd
oMb OopuiaauraH MaBXyM MypoxkaaT KWIMII, MyHTazamjamTupum, [; —
MUHUMAJJIAIITAPHII Ba YpTada UIIJaH YMKHII YCyJJIapy dHT camapaid SKaHIUTH
KYpCaTHUJITaH.
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6. Uusukian anreOpavk TEHIVIAMaJapHUHI TaXMMHUNA Oy3wiraH €ku EMOH
[IAPTJIAHTaH CTOXACTUK TU3UMJIAPUHU €YMII YCYJJIapU acoCH]ia OOBEKT IIOBKUHU
Ba yiyall XaJaKWTIapy AaBTOKOPpEISUMSJIAHTaH IIapOUTIapJa aJanTUB
OaxoNalIHMHI  MyHTa3aM  aJroputmiapu  Takiaug  stwirad.  baxomam
AITOPUTMIIAPUHM IIAKIJIAHTUPUIIIA TaKpUOUN CTOXACTUK TEHIVIaMajap TU3UMHU
€UMMJIADUHUHT  ONTHUMaJl ~ MYHTa3aMJIAIUTUPWITaH  OaxOoJapyuHU  OJIMUIHU
kadonarnoBun  OOFJIaHMaraHjJMK  TaMOMMJIMHUHI  CTaTHUCTUK  IIAKJIWAAH
dholnananuaTaH.

7. JuHaMuK QUIBTPHUHT Ky4aTupuil KO3(QOUIMEHTHHH XKUCOOJam
AHUKJIMTUHU OIIMPHUII HMKOHUHM OepaguraH oOOBEKT IIOBKMHM Ba Yiodalln
XaJlaKUTIapu Y3apo KOppesusuIaHrad Oyiaranaa, YHr KUCMU TaKpuOuil 6epuiran
Ba MycOaT aHHMKJIAHIaH MaTpULajdd OIlepaTop TEHIVIaMalapyd eYUMIIApUHU
MyHTa3aMJalITUPUIL  yCyJulapu  Xamja  I[IOBKMH  Ba  XaJAKUTJIAPHU
JEKOppesALMAiall acocuJia aJanTuB OaXOJIAIHUHT MYHTa3aM ajropUTMIIapu
UIU1a0 YUKUJITaH.

8. Mopennu HOAHUKIMK IOKOpPM Japaxkaja Oyiarad IIapouTiiapuia
OOIIKApPUIITHUHT a/1alITUB TU3UMJIAPUHU CUHTE3JIAll UMKOHUHU OepaJuraH BaKTIU
KAaTopjlap KOHIENIMSICM acocujia FajaéHiap KOBapUMalMOH MaTpulacu Ba
OomKapu oOBeKTIIapu JUHAMUKACH TEHIJIaMaJlapu MaTpulanapu
napaMeTpiiapuHi  aJanThB OaxOJallHUHI MyHTa3aM alrOpUTMIIapu TakiIug
STUIITaH.

9. Kuagupwiaérran 0axoJIapHUHI AaCOCJIAHTAHIUIM Ba MYBOQUKIUTUHU
Ta@bMUHJIOBYM WTEPATUB MYHTa3aMJIAIITHPUII TaMONWIM JOMpAcH]a BapHALMOH
TEHICU3JIMKJIAPHU €YMIL YCyJJIapu acocuja OOoIIKapuil OOBEKTIApUHUHI YTHIL
MaTpULAIAPUHNA aJanTHB OaxOJAIIHUHI MYyHTa3aM aJIrOpUTMJapu KOuiad
YUKWJITaH.

10. Tynuk anpuop MOAEIIIM HOAHUKJIMUK Mapoutiaapuaa Kanman Ttypunaru
OUHAMHUK ~ (QUIABTPHUHT  KydaTupuim kod3puuumentu Ba  OOMIKapUIyBUU
OOBEKTJIAPHUHT YTHUII MaTpULAIapu IMapaMeTpiapuHU aJanTuB OaXOJIaLUIHUHT,
(GyHKIMOHAUIApHU MUHUMAJUIAIITUPUIIHUHT MyHTa3aM yCyJulapu acocuaa Kypuo
YUKUIaETran Oaxonail MacalaCMHU MYyHTa3amJIAlITUPHUIL UMKOHUHU OepaauraH
MYHTa3aM ajJropuTMiap Takiaug 3TUITaH.

11. bomkapyB Tabcupiapu Ba X0JIaT y3rapyBumiIapu BEKTOPUHU XHcoOmalll
AHUKJIUTUHU ~ OIIMPUII HMMKOHUHU  OepajuraH MOJIEJUIM  HOAHUKIMKHHUHT
Japaxkanapu Typiuda OyiiraH mapouTiap/ia MyHTa3aM aJanTuB OaxoJall acocuaa
OamopaTiioBUM MojeuiapAaH (¢oinanaHrad xoJjiga JUHAMHUK OOBEKTJIIAPHUHT
OOLIKApUII TU3UMJIAPUHU CUHTE3JIAI aJITOPUTMIIAPU TaKIU( STUITaH.

12. Mopnennn HOAHUKIUK IIapouTiaapugard Oomkapuil o0OBeKTIapu
XOJaTjJapuHy afanTUB OaxOJAaIlHUHI TAKJIW(] STWIraH MyHTa3aM ajlropUTMIapu
acocuna PS-Arpo unuia® yukapumgaru kaiablui-cyibdar-pocdarnum mynbnanu
rpaHylajidi KypUTUII XaMJa aMMHUaKId CEIUTPaHH OyFJaTUIl TEXHOJIOIMK
Kapa€HIapuHu ~ OOLIKAPUILIHUHT  aJalTUB  THU3UMJIApU MIUIa0  YMKWUJIITaH.
Kypcatwiran sxapaéunap yuyyH Takiu@ dSTuiarad OOIMIKAPUIIHUHT aJalTHB
TU3UMJIApU  JkapaCHimap 103 OCpUINIMHMHT  TEXHOJOTHK  PEKUMHHU
OapKapopialITUPUII Ba YJIApHUHT (PAOIMATH CcaMapaJOpJIMTUHU  OLIUPUII
WMKOHUHU Oepajiu.
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HAYYHBINA COBET IO MPUCYKIEHUIO YYEHOM CTENNIEHU
JOKTOPA HAYK 16.07.2013.7T.02.01 ITPU TAIIKEHTCKOM
IFrOCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE "
HHCTUTYTE DQOHEPTETUKHU U ABTOMATHUKH

TAIIKEHTCKHUHN T'OCYJAPCTBEHHBIN TEXHUUYECKHW YHUBEPCUTET

3APHUITIOB OPHUII’)KOH OJIMMOBHNY

METOAbI U AJITOPUTMBI PETI'YJIAPHOI'O AJAIITUBHOI'O
OLEHUBAHUA COCTOAHUA CTOXACTHYECKHUX
OBBEKTOB YIIPABJIEHUS

05.13.07 — ABTOMaTH3alMs M YIPaBJIeHHEe TeXHOJIOTHYeCKMMH
NpoueccaMM M MPOU3BOACTBAMH
(TeXHMYEeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIINN

Tamxkent —2014
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Tema noxkTOpcKoOi amMccepranuu 3aperucrpupoBana 3a Ne 30.09.2014/B2014.5.T308 B
Broicuieii arrecTanmonnoi komuccnu npu Kaounere Munuctpon Pecny0iuku Y30eKucraH.

Jlokropckast nuccepranys BBIIOJHEHA B TalIKeHTCKOM TIOCYJApCTBEHHOM TEXHUYECKOM
YHHUBEPCUTETE.

[TonHBIA TEKCT NOKTOPCKOW AMCCEPTAlMM pa3MELIeH Ha BeO-CTpaHMLe HayYyHOTO COBETa MO
MPUCYKIACHUIO YUEHOU cTrenenu nokrtopa Hayk 16.07.2013.T.02.01 npu TanmkeHTCKOM rocy1apCTBEHHOM
TE€XHUYECKOM YHUBEpcUTeTe U HCTUTYTe SHEPreTUKH U aBTOMAaTHKHU IO azpecy www.tdtu.uz.

ABTopedepar auccepTalii Ha TpeX si3blkax (y30€KCKUH, pycCKUH, aHTIIMICKHIA) pa3MelleH Ha
BeO-cTpanuie 1o aapecy www.tdtu.uz u Madopmanmonno-obpazoBarensHoM mopraie "ZIYONET" mo
anpecy www.ziyonet.uz.

Hay4yublii HramoepaueB Xycan 3akupoBUY
KOHCYJIbTAHT: JOKTOp TEXHUYECKUX HayK, podeccop
O¢puunanbHbie BexkmypatoB Tyuakun ®ajiizueBny
ONMOHEHTHI: akagemuk AH PVY3,

JOKTOp TEXHUYECKUX HayK, podeccop

AnunioB ®@apyx TyakyHoBu4
JIOKTOP TEXHUYECKUX HAYK

Kaunoeprenos barsipéexk TynenoeprenoBuy
JIOKTOP TEXHUYECKUX HAYK

Benymasi opranuszanus: T'AK «Y3KUMECAHOAT»

3ammra JUCCepTallid COCTOUTCS « » 2014 r. B 10° yacoB ma 3acemanumn
HayuHoro coBera 16.07.2013.T.02.01 npu TamkeHTCKOM rocyJapCTBEHHOM TEXHMYECKOM YHHBEPCHUTETE
u HCTUTYTE PHEPreTUKU U aBTOMATUKH 1o aapecy: 100095, r.TamkeHT, yn.YHuBepcuterckas, 2. Tein.:
(99871) 246-46-00; dhakc: (99871) 227-10-32; e-mail: tstu_info@tdtu.uz.

C IOKTOpCKOW AMccepTalueil MOXKHO O3HaKOMHUTHCS B MHQOpManoOHHO-pEcCypCHOM IEHTpe
TamKkeHTCKOro rocy1apCTBEHHOTO TEXHUUECKOT0 YHUBEPCUTETA (PErUCTPALlMOHHBINA HOMep ). Afnpec:
100095, Tamkent, yiu. YauBepcuterckas, 2. Tem.: (99871) 246-03-41.

ABToOpedepar auccepTalnny pa3zociaH « » 2014 roga.
(IpoTOKOJ pacchUTKU Ne OT « » 2014 r.).

H.P.FOcyné6exoB

Ipencenarens HAYYHOTO COBETA MO MPUCYKICHHIO
y4EHOU CTENIeHHU JIOKTOpa HayK,

I.T.H., podeccop, akagemuk AH PY3

A.P.Mapaxumos

YueHslil ceKpeTapb Hay4YHOT'O COBETA 10
IIPUCYKIECHUIO YYEHOHN CTEIIEHH JOKTOpA HayK,
II.T.H., mpoeccop

HI.M.I'yasmoB

IIpencenarens HAy4YHOTO CEMUHApPA MPU

HayuyHoMm coBeTe 1o NpUCYKICHUIO

y4€HOU CTENeHH JOKTOpa HayK, J.T.H., mpodeccop
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AHHOTALIUSI JOKTOPCKOI TMCCEPTALIUU

AKTYaJILHOCTb U BOCTPeOOBAHHOCTDb TeMbI auccepTannu. KomiiekcHbie
Mepbl, npeanpuHumaembie I[IpaButensctBoM PecnyOnuku — Y30ekuctaH 1o
Pa3BUTHIO CHUCTEM  PErMOHAIBHO-TEPPUTOPUATIBHOTO  ABTOMATHU3UPOBAHHOIO
YIPABJICHUS U CO3aHUIO €AMHOTO HH(POPMAIIMOHHOTO MTPOCTPAHCTBA, HAIIPABJICHBI
HAa MIMPOKOE BHEIpPEeHHUE HHOOPMAIMOHHO-YIPABISIONIMX CHCTEM Ha OCHOBE
COBPEMEHHBIX HH(POPMALIMOHHO-KOMMYHHUKAIIMOHHBIX TeXHOJOrud. B cBsizu ¢
TUM pa3paboTka 3PPEKTUBHBIX METOI0B U AITOPUTMOB OLICHUBAHUS COCTOSTHUS U
YOPABJICHHUS 00BEKTAMU PA3IMYHOTO (PYHKIMOHAIHHOTO HAa3HAYCHUS OTIIMYACTCS
0CO00HM aKTyaJbHOCTBIO MU, BMECTE C TEM, OCTAeTCsl HE IMOJIHOCTHbIO PEHICHHON
TEOPETUYECKOW M TMPUKIATHOW MpoOJIeMOi, uMeromeld OOJbIIoe HapOIHO-
XO035IIICTBEHHOE 3HaueHne. Pa3BuTHE CIOXKHBIX CUCTEM 00pabOTKH MHGOPMAIUU U
YOPABJICHHS, B YACTHOCTH, CUCTEM YIIPABJICHUS TEXHOJOTUYECKUMH OOBEKTAMH,
CTUMYJIUPYETCSl TOCTOSIHHBIM TIOBBIIIEHUEM TpPEeOOBaHUI K XapaKTEepUCTUKAM
TOYHOCTU. JTa 3ajadya OCOOEHHO CJIO)KHA B PEATbHBIX YCJIOBHUSX AalpUOPHOU
HEONPEeIEJICHHOCTH U HENPEABUACHHON N3MEHUNBOCTU XapaKTEPUCTUK MOJIETeH 1
BHEIIHEH cpenbl. B 3TUX yClOBHSIX BBEACHHE aJaNnTallud W  KOHTPOJIA
(GyHKIMOHUPOBAHUSI CUCTEMBI 11€JIECO00pPA3HO OCYUIECTBISATH MO OTHOIICHUIO K
CYILLIECTBEHHBIM MOJICJIbHBIM HapyUICHUSIM, KOTOpPbIE HE MOTYT paccMaTpHUBaThCS
KaK [MpocThle Memawinue ¢GakToppl W OIEHUBAHHWE KOTOPBIX IO3BOJIUT
3HAYUTEIHHO YIYUYIIUTh KAYeCTBO (DYHKIIMOHHPOBAHUS CUCTEMBI B II€JIOM. Takum
o0Opa3omM, pa3BuTue U pa3zpaborka 3H(PEKTUBHBIX CPEACTB U METOJOB aJanTalluu
CUCTEM YNPAaBJIEHUS B YCJIOBUSX MOBBIILICHHOW alpUOPHOIl HEOINPEIEIECHHOCTU B
TEMIIE PEAJIbHOTO0 BPEMEHU TMO3BOJAT JPPEeKTHBHO 00pabdaThIiBaTh JTaHHBIC
HaAOJI0/IEHUH, CYIIECTBEHHO MOBBICHB TOYHOCTh M HAJIEKHOCTh CUCTEM 00pabOTKU
uH(OpPMAITUU U YIIPABICHUS.

BocTtpeboBaHHOCTh UCCEpTALMM  XapaKTepU3YyeTCs TEM, YTO IIHUPOKOE
BHEJIPEHHE COBPEMEHHBIX KOHLEMIIMN aBTOMATHU3allMd M KOHTPOJS CJIOKHBIMU
TEXHOJOTUYECKUMH OOBEKTaMU B PA3IMYHBIX OTPACIISIX MPOMBIIUIEHHOCTH, B TOM
YyuCclie M XUMHUYECKOH, CBSI3aHO C TpeOyIOUMMHU MPUCTAIBLHOTO BHUMAaHUSA
3aJlayaMu OLEHUBAHMS, MICHTU(PUKALUU U YNpPaBICHUS OOBEKTaMHU B YCIOBHSX
HEONPEeIEICHHOCTH.

Jlannast wuccienoBaTenbckas paboTa OpUEHTHpOBaHa Ha oOecreueHue
peammmzanuu [locranosnenus [Ipesunenta PecyOnuku Y30ekucran 3a Nellll-677
or 27.07.2007 roma «O IlporpamMmme MOAEpPHU3ALMNHU, TEXHUYECKOTO U
TEXHOJIOTHYECKOT O NIEPEBOOPYKEHUS MPEANPUATHN XUMHUYECKOM
MPOMBIILJIEHHOCTH», B KOTOPOM OTMEYAaeTCs, YTO OJHUMH M3 Ba)KHEWIHX 3a/1ay
MIPOTPAMMBI  SIBIISTIOTCSI  TIOBBIIICHUE TEXHUYECKOTO YpOBHS U d()PeKTUBHOCTH
IIPOU3BOJICTBA, 00ECIEUEHNE SKCIUTYyaTaAlMOHHOW HAJEKHOCTU U 3KOJOTMYECKOU
0€30MacHOCTH XMMHYECKUX MPOU3BOACTB IyTEM BHEAPEHUS COBPEMEHHBIX
BBICOKOO(()EKTUBHBIX ~ TEXHOJOTUW, OOOpPYJOBaHMS W HOBEHIIMX CHUCTEM
YIPABJICHUS TEXHOJIOTMYECKUMU MTPOLIECCAMH.

Hcxons u3 3TOro, pelieHue MepevyurclIeHHbIX 3aJad TpeOyeT MpOBEACHUS
CHEIUATbHBIX HCCIEIOBAHUM M pa3pabOTOK, HAMNpaBICHHBIX Ha JalibHEWIIee
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noBbilieHne  A(PPEKTUBHOCTH  CUCTEM  yOPaBIEHUS  TEXHOJIOTUYECKUMU
MpoIleccaMy Ha OCHOBE COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOJIOTHIA.

[Ipu sTOM mpakTHUeCcKas pealu3alys YKa3aHHBIX METOJIOB ajamnTaluud U
KOHTPOJISI CTAJIKUBAETCA ¢ HEOOXOJAMMOCTBIO PEelIeHUs] pa3HOOOpa3HBIX 00PATHBIX
3a/1a4 IMHAMUKH yIPaBIsieMbIX 00BEKTOB. 3a/lauu 1MOJJOOHOT0 THUIIA, MO CYIIECTRY,
ABJIAIOTCS TUIOXO 00ycioBiAeHHbIMU. OHU NMPUHAIUIEKAT K KJIacCy HEKOPPEKTHO
MIOCTABJICHHBIX 3a7a4. B Takol cuTyaluu 3ajady CUHTE3a METOJ0B U aITOPUTMOB
aJaliTUBHOTO OLIEHWBAHHUS COCTOSIHUSI OOBEKTOB YINPABIEHUS B  YCIOBHUAX
HEONPEICJICHHOCTH 1IeJIECO00pa3HO paccMaTpuBaTh C TOYKH 3pPEHHS] TEOPUU
pPEryJIIpHOTO  OLICHUBAHWS,  ONPEIETSAIONIE  METOJOJIOTHI0  MOCTPOEHUS
YCTOMUYMBBIX aITOPUTMOB 00pabOTKM Tekymeld uHpopmanuu. B 3Toil cBs3u
pa3zpaboTka 3((PEKTUBHBIX METOJOB W AJITOPUTMOB PETYJSIPHOTO aJaNTUBHOTO
OIICHUBAHUSI COCTOSIHHSI TEXHOJIOTHYECKUX OOBEKTOB YIPABJICHHUS B YCIOBUIX
MOJICIbHOM  HEOMNpPEJEICHHOCTH U CHUHTE3a BBIYUCIUTEIBHBIX CXEM HX
MPaKTUYECKON peanu3aiui NpruoOpeTaeT BeChMa BaXKHOE 3HaUCHHUE.

CooTBeTcTBHE  WCCJIENOBAHUSA  TNPUOPUTETHBIM  HANPABJEHUAM
Pa3BUTHA HAayKH M TexHoJoruid PecnyOauku VY30ekucran. Jluccepranus
BBITIOJTHEHA B COOTBETCTBUU C MMPUOPUTETHBIMU HAINPABICHUSIMU PA3BUTUS HAYKU U
texnonoruu: I1II1-17: «Pa3paboTka COBpeMEHHBIX HH(GOPMAIMOHHBIX CHUCTEM,
WHTEJUIEKTYaJIbHBIX CPEJICTB YIpaBiCHUS U O0y4YeHHUs, HAyYHO-TEXHUUYECKHX 0a3
JAHHBIX U MPOTPAMMHBIX MPOAYKTOB, OOECHEUMBAIOIIMX IIMPOKOE PA3BUTHE U
BHEJIpeHUE WH(OOPMAIMOHHBIX U TEJIEKOMMYHUKAIIMOHHBIX TEXHOJOTUI» U
[MITN-5: «Pa3paboTka MHGOPMAIIMOHHBIX TEXHOJIOTHH, TEICKOMMYHHKAITMOHHBIX
CEeTEH, anmnapaTHO-MPOrpPaAMMHBIX CPEACTB, METOJIOB M CUCTEM MHTEJUIEKTYaIbHOTO
yOpaBieHWss W OOy4YeHWs, HAMpaBJICHHBIX HA  TOBBIINICHUE  YPOBHA
uH(pOpMaTU3alUU OOIIECTBAY.

O0630p MeXAYHAPOAHBIX HAYYHBIX HMCCJIEJIOBAHUI 1O  TeMe
auccepTanuu. B Teopum CTOXaCTUYECKOTO YMIPABICHHS pa3padOTaHO OOJbIIOE
KOJIMYECTBO METOJOB U QJITOPUTMOB, OIUCHIBAIOIIUX PA3IMYHbIC TOAXOAbl K
MOJIYYCHUIO YUCJICHHBIX PEIICHUM pa3iuuHbIX 3adad. [IpeniokeHsl pazinyHbIe
ONTUMAaJbHbIE U CYOONTUMAJIbHBIC CTpaTeruu ymnpapiieHus. OnpeaeieHbl Kiacchl
CTpaTErvil 1 OCHOBHBIE XapaKTEPUCTUKU CTOXACTUYECKOIO ynpasieHusd. B knacce
aJaNTUBHBIX CHUCTEM yIpaBieHUs pa3padoTaHbl 3(G(GEKTUBHBIE METOAbl U
QITOPUTMbl OLICHUBAHUS, WACHTU(PUKALMM W TPUHATUS PEIICHUNH B YCIOBUAX
pa3IMYHOM CTEICHW AanpHOPHOM HeompeaeIeHHOCTH. B aToit obnactu ObutH
JIOCTUTHYTBI ompeneneHHbie ycrnexu ydenbiMu ctpaH CIIA, BenukoOpuranuw,
Poccuu, Snonum, Kuras, HOxuoit Kopeu, I'epmanum, I'omnanauu, PpaHuuw,
Wrtanuu, ABCTpanuu u ap.

B nyOnukanusx MexayHapOoJHbIX KOMMIAHUW M HAyYHBIX LIEHTPOB, TaKUX
kak Honeywell, Siemens, Mitsubishi, ABB, Invensys, Festo, GE Fanuc, Rockwell,
Advantech, Evoc, Kontron, Eurotech, Intel, SeaTech, MOX, Wonderware,
Rockwell Automation, Iconics, Trace-Mode u ap., oTMedaeTcsi, 4TO pa3BUTHE
COBPEMEHHBIX  TEXHOJIOTUW  yIpaBieHUs  MNPOUCXOJUT B  HAMNpaBICHUU
MOAU(DUKALIMM U COBEPIICHCTBOBAHUSI CHUCTEM ONTUMAJIBHOIO U aJlallTUBHOTO
YIIpaBJICHHUS.
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Bmecte ¢ Tem, mo wMepe YCIOXKHEHHS YCIOBUNW (PYHKIIMOHUPOBAHUS
O0OBEKTOB YTMPABIICHUS, CBS3aHHBIX, MPEXKIE BCETO, C HEOMPEISICHHOCTHIO HX
OMUCaHUs, aKTUBHO BEIYTCS UCCIEIOBaHUSI, HAIIPaBJICHHbIC Ha Pa3pab0OTKy HOBBIX
HaIpaBJICHUH U MPUJI0KEHUN, OCHOBAHHBIX HA BBEJICHUU MPUHITUIIOB a/IallTalluu U
KOHTpOJIS (DYHKIMOHUPOBAHUSI CHUCTEMbl IO OTHOIIEHHUIO K CYIIECTBEHHBIM
MOJICJIbHBIM ~ HapyUICHUSIM. AHAJIUTHYECKOE HW3Y4YEHHWE HAyYHO-TEXHUYECKOU
JUTEPATYPHl B 3TOM 00JIACTH MOKA3bIBAET, YTO JAJIbHEMIIIEEe COBEPUICHCTBOBAHUE
CUCTEM yIpaBJCHUS [HHAMHUYECKUMH OOBEKTaMU HEPA3PbIBHO CBS3aHO C
pa3paboTKOW HOBBIX W MOJU(DUKAIMEH H3BECTHBIX METOJIOB CHHTE3a CHUCTEM
YOPABJICHHS PA3IMIHOTO (PYHKIIMOHAIHHOTO HAa3HAYEHUS B YCIIOBUAX MOJCIBHON
M CHUTHQJIBHOM HEONPEACICHHOCTM HAa OCHOBE KOHILEIUIWK aJalTUBHOU
buabTpayy.

CreneHb M3y4YeHHOCTH NPOOJeMbl. AHaIM3 HAYYHO-TEXHUYECKON
JUTEPATYPHI MIOCISTHNUX JIET, KACAIOIIHUICS UCCICIOBAHUN 110 pa3pad0TKe METO/IOB
U aJITCOPUTMOB AJJAlITUBHOTO OLICHUBAHUSI COCTOSIHUSI TEXHOJOTHMUYECKUX OOBEKTOB
yIOpaBJEHUsI B YCJIOBUSAX MOJICILHOW HEONMPEACICHHOCTH, CBUACTEILCTBYET O
JIOCTUKEHUU 3HAYUTEIBHBIX TEOPETUUECKUX U MPAKTHUECKUX PE3YJIHbTATOB B ITOM
obnacTtu. Ony0JIMKOBaHO OOJBIIOE KOJIMYECTBO PadOT, MOCBALLEHHBIX TpodiemMam
ajanTaluy U KOHTPOJIA (YHKIMOHUPOBAHUS CHUCTEM YIIpaBJEHUS, pa3pabOTaHbI
OOLIETEOPETUYECKHUE KOHIEMINK, BO3PACTACT YHUCJIO PEIIEHHBIX MPAKTUYECKUX
BonpocoB. CyIlIecTBYIOT U pa3padaThIBAlOTCS pa3MYHbIE MTYTH MOCTPOEHUS
BBICOKOTOYHBIX (PUIBTPOB, padoTalONMX B YCIOBUAX PAa3jIMYHON CTEMEHU
anpUOPHON HEOMNPEJEICHHOCTH CTAaTUCTUYECKUX XapaKTEPUCTUK CHUTHAJIOB U
nomMex. PaznuyHbIM TEOpETHYECKUM M TMPHUKIAIHBIM BOIpPOCAM B 3TOM 00iacTu
MOCBSIIIEHO OOJBIIIOE YHCIIO MOHOrpaduii, COOPHMKOB W cTaTeil. 31ech cieayer
OTMETHTH PabOTHI TaKuX y4eHbIX, Kak Aliev R., Andrews A.P., Brayson A., Bucy
R., Izerman R., Jaegeol Yim, Jachun Joo, Kalman R., Lainiotis D., Landau I.D.,
Leondes C., Ljung L., Simon D., Tao G., Wiener N., Zhou J., A6aymmaes /[.A.,
Annpuesckuil b.P., bexmyparos T.D., bykos B.H., bynerue FO.I'., Bepnanb
A.®., Urambepaue X.3., KaasipoB A.A., KamunoB M.M., KpacoBckuii A.A.,
Hukudopos B.O., OrapkoB M.A., Tlonsk b.T., [lynkoB K.A., Cemymun WN.B.,
Cununeia M.H., ®paakos A.JL., Hpmkun f.3., FOcyn6exkos H.P., SAnpikun U.b.,
SAxosneB B.b. u gp. OgHako MOCTOSHHOE YCIOXHEHUE W PacCIIMpPEeHHE Kpyra
O0OBEKTOB HAyYHBIX HCCJICAOBAaHUU TpeOyeT pa3paOOTKU HOBBIX 3(PHEKTUBHBIX
METOJIOB M QJITOPUTMOB OOHAPY>KEHUS M JUATHOCTUPOBAHUS HAPYIICHUU,
uAeHTU(UKAINH, aIalITUBHOTO OLIEHUBAHUS COCTOSIHUSI CTOXACTHUYECKUX OOBHEKTOB
yVIOpaBJIEHUS B YCIOBUSX HEONpPEACIICHHOCTH. BMecte ¢ Tem, B JuTepaType
HEJIOCTATOYHO OLEHEHbl BO3MOKHOCTH PETYJISIPHBIX METOJOB B 3aJayax CHHTE3a
MOJICHCTEM aJanTUBHOTO OIICHWBAHUS COCTOSHUS CTOXAaCTUYECKHX OOBEKTOB
YOPABJICHHUS B YCJIOBHUSX HEOMPEIEICHHOCTH. B HemomHoW mepe pa3padoTaHbl
pEeTyJsipHBIC METOABl W QJITOPUTMBI OOHAPYKEHHsSI W aJanTallid B KJIacce
CTOXAaCTHYECKUX CUCTEM YMPABJICHUS B YCIOBUSIX MOJECIBHON HEONMPEIeIEHHOCTH.
TpeOyroT cBOETro pa3BUTHS TAKXKE PETYJISIPHBIE METO/IbI aIalITUBHOIO OIICHUBAHUS
COCTOSIHUS CTOXACTUYECKHUX 00BEKTOB yIpaBJeHUsI Ha OCHOBE
UACHTU(PUKAITMOHHOTO U MPSMOT0 MOJIXO0J0B, & TAKXKE aJTOPUTMOB aJallTUBHOTO
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OIICHUBAHUS TPU HAIMYNAU HEOMPEEICHHOCTH B onrcannu oobwekra. Kpome Toro,
OKa3bIBaeTCA L1E€JIECO00Pa3HBIM OCYIIECTBIIATh pa3pabOTKy peryIsipHBIX METOI0B U
QITOPUTMOB COBMECTHOTO OOHApYyXCHHS, HUACHTU(PUKAIMK W IMapUPOBAHUS
HapyIIeHUH Ha OCHOBE COBPEMEHHBIX KOHIICTIIIMA PETYJISPHBIX METOJOB, YTO
MO3BOJIUT PACHIUPUTH CICKTP aJTOPUTMUYECKHX TPOLEAYp IOCTPOSHUS U
peanu3anuy aJanTUBHBIX CHUCTEM YIPaBICHUS CTOXACTMYECKHUMH OOBEKTaMu B
YCIIOBUSAX HEONpeIeIeHHOCTH u MOBBICUTD 3¢ (HEKTUBHOCTH ux
byHKUHOHUpOBaHUS. B CBsI3W C BBIIICOTMEUEHHBIM BO3HUKAET HACTOSITEIIbHAS
HEO0OXOAMMOCTD JlajbHEelIel MoaupUKaU U co3aaHusi 3QPEKTUBHBIX METO/IOB
U aNrOpUTMOB  PETYJSIPHOIO  QJaNTHUBHOTO  OICHUBAHUSA  COCTOSHUSA
CTOXaCTUYECKUX  OOBEKTOB  yOpaBJICHHS B YCJIOBUSX  MOJEIBHOMN
HEONPEEIEHHOCTH.

CBsi3b JIMCCEPTANMOHHOTO MCCJAEAOBAHUS C MJAHAMHU HaYy4YHO-
HCCIeA0BATELCKUX  padoT  OTpakeHa B CIEAYIOIIUX  MPOEKTax:
['ocymapcTBeHHBI Hay4YHO-TEXHHYECKUM TpoeKT NeA-14-045 — «Pa3pabotka u
BHEJIPCHUE WHTEJUICKTYyIM3UPOBAHHBIX WH(POPMAITMOHHO-YIIPABISIONIUX CHCTEM
JUISL  TIPOMBINIUICHHBIX  TMPOM3BOACTB  C  HENPEPBIBHBIM  XapaKTEPOM
TexXHoJIorudeckux mnpouecco» (2006-2008 rr.); Ne EA-17-05 — «Pa3paboTka
PETYJSIPHBIX aJrOPUTMOB H MPOrPAaMMHBIX CPEACTB CHHTE3a aJalnTHUBHBIX
CTOXaCTUYECKUX CHCTEM YIPaBJICHUS HENPEPHIBHBIMH  TEXHOJOTMUYECKUMU
oobektamMmm» (2010-2011 rr.); Ne OT-®1-080 — «Pa3paboTka KOHIENIUNA U
MPUHITUIIOB TIOCTPOCHUSI WHTEJUIEKTYaJbHBIX CHCTEM YIPABICHUS CIOKHBIMU
TEXHOJIOTUYECKUMU TporieccaMu U npousBojctBamMm» (2007-2011 rr.); Ne d-4-56
— «Pa3paboTka TEOPETUYECKUX OCHOB U METOJOB CTPYKTYPHO-IIAPaMETPUUECKOTO
CUHTE3a MHTEIJICKTYaJIbHBIX CHCTEM YIPABICHUS CIOKHBIMU TEXHOJIOTHUYECKUMU
o0BEKTaMu Ha OCHOBE HEYETKO-MHOKECTBEHHBIX MIPEICTABIICHUIN
(2012-2016 rT.).

Leap wucciaeroBaHusi COCTOUT B pPa3pabOTKE METOAOB U aJIrOPUTMOB
PETYISPHOTO aJaNTHBHOTO OIEHWBAHMS COCTOSIHHS TEXHOJOTHYECKHX OOBEKTOB
YOPABJICHHUS B YCJIOBHSAX MOJCIBHOW HEOMNPEACICHHOCTH W WX MPAKTHUYECKOM
MPUMEHEHUW TIPH PEIICHUU 3a7a4 aBTOMATH3aIlMd W YIPaBJIEeHUS KOHKPETHBIMU
MpolieccaMmu MPOU3BO/ICTBA.

Jlist peanu3zanuu MOCTABJICHHOW 1I€JIM OMPEENICHbl CIIEAYIOUIUE 3adauM
HCCJIe[0BAHMSA:

CUCTEMHBIN aHAJIU3 Pa3BUTHS TEOPUH M METOJIOB AN TUBHON (PUIBTPALIUU B
3aJlagyax CUHTE3a CUCTEM YIIPABIEHUS JUHAMUYECKUMH CUCTEMaMH;

pa3paboTKa PETyJISIPHBIX aJTOPUTMOB AJANTHBHOTO OIICHUBAHWS HAa OCHOBE
UACHTU(HUKAIIMOHHOTO MTOAX0/14;

pa3paboTKa  peryispHBIX  QITOPUTMOB  aJalTUBHOTO  OICHUBAHHUS
MaTpUYHOTO KO3 (PpUlIMeHTa yCUIeHHs KAJIMaHOBCKOTO (GUIIbTPA;

pa3paboTKa peryJspHBIX aJITOPUTMOB AaJalTUBHOTO OICHUBAHUS TIPH
HAJIMYUH HEOMPEACICHHOCTH B MOJICITN JUHAMUKHA OOBCKTA;

NpPUMEHEHUE pa3pabOTaHHBIX METOJOB M AJITOPHUTMOB PETYISPHOTO
aJIaNITHBHOTO OIICHWBAHUS B 33/1a4axX YIPaBJICHUS TEXHOJOTHICCKUMH OOBCKTAMHU.
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O0BbeKTOM HCCIIe0BAHMS SIBISIOTCA METOBI U AJITOPUTMBI JUHAMHYECKON
(UIBTPALMY U OLEHUBAHMS COCTOSIHUSL CTOXaCTUYECKUX OOBEKTOB YIIPaBJICHUS.

IIpeamer wmccjenoBaHusi — METOAbl U ANTOPUTMBI  PETYJSPHOTO
aJIalTUBHOT'O OLICHUBAHUSI COCTOSIHUSI CTOXACTUUYECKUX OOBEKTOB YIPABICHUS.

Metoabl wucciaenoBanmii. B jauccepranumonHod paboTe UCHOJIb30BaHa
o0m1asi METOJO0JIOTHS CHCTEMHOIO aHaju3a, WICHTU(PHUKALUHU, JUHAMHYECKON
¢unbTpanuy, aJanTUBHOIO YIPAaBJICHUS U PEIICHHUS HEKOPPEKTHO MOCTABIEHHBIX
3a/ay.

Hayynasi HOBM3HAa QHMCCEPTALMOHHOIO HCCJIEAOBAHMS 3aKIIIOYACTCS B
CIIEAYIOLIEM:

pa3paboTaHbl aJTOPUTMbl PETYJSPHOIO OLICHMBAHMS KOBAPUAILMOHHOM
MaTpullbl IIymMa OOBEKTa Ha OCHOBE METOJOB pELICHUS HEIMHEWHBIX
(GYyHKUHMOHAIBHBIX  ypPaBHEHUMH C  Y4Y4E€TOM BO3MOXHOM  HEpPa3peliMMOCTH
JMHEApU30BaHHON CHCTEMBI C OCOOOM WM IUIOXO OOYCJIOBIIEHHOM MaTpHLEH,
MO3BOJIAIOIINE O0ECTIEYUTh CXOAUMOCTH HMCKOMOTO pEIICHHS M TEeM CaMbIM
MTOBBICUTH TOYHOCTh IIPOLIEAYPHI aAaNITUBHOTO OLICHUBAHMS;

MPEUIOKEHBl  AJITOPUTMBl  aJANTUBHOTO  PETYJSIPHOIO  OLICHUBAHMS
COCTOSIHUA ~ OOBEKTOB  yIpaBJ€HUs B YCJIOBUSX  IOCJIEIOBATEIbHO
KOPpPEJIMPOBAaHHOW NIOMEXH B U3MEPEHUSIX HA OCHOBE CUHIYJISIPHOTO PA3JIOKEHUS
MaTpHll, NO3BOJIAIOIINE O0ECIEUUTh MPUBA3KY TEOPETHUUECKON KOBAapHALMOHHOU
MaTpullbl OMIMOKM OLCHUBAaHUS K peajbHbIM 3HAYEHUSIM, U TEM CaMbIM
JUMKBUIMPOBAaTh OTOPBAHHOCTH IIPOLIECCA BBIYMUCICHUS MaTPULbl YCUIICHUS
KaJIMaHOBCKOTO (pUIIbTPa OT peasibHbIX U3MEPEHHUI;

IIPEUIOKEHBl  AJITOPUTMBI  AJAIITUBHOIO  PETYJSAPHOIO  MTEPALMOHHOTO
OLICHWBAHUS KOBapHALMOHHBIX MAaTpHIl IIyMa OObEKTa W MOMEXH M3MEpPEHHUIl Ha
OCHOBE OOHOBJIAIOLIErOCS Ipollecca M METOoAa CEeKylIHX, He Tpelyroume
BBIYMCJICHNS WJIM AaNIPOKCUMAIIMM YaCTHBIX MPOU3BOAHBIX, ITO3BOJISIOIINE
aJanTHPOBaTh (QUIBTP K HM3MEHSIOIIMMCS 3HAYEHUSM KOBAapUALMOHHBIX MaTpHUI
BO3MYIIAIOIIMX BO3/ICHCTBUM;

pa3paboTaHbl  pEryJiipHblE  aNrOPUTMbl  AJANTUBHOIO  OLICHUBAHUS
MaTpUYHOrO KO3 (UIMeHTa YCUJIEHHsS KaJIMaHOBCKOTO (UIbTpa Ha OCHOBE
METO/Ia IIPOCKLUYU I'PAAMECHTA U NOJYyYEHBbI BBIPAXKEHUS JJI OLICHKU IOTPEIIHOCTH
OpaBod 4YacTW MAaTPUYHOTO YpaBHEHMsS JJsi BbIUMCIEHMsS KoddduuueHra
YCWICHHMsI, TIO3BOJISIFOLIME, HE IIPOMU3BOAS  HEIOCPEICTBEHHOIO  pELICHUs
MaTpUYHOI'O YPaBHEHMS, OLICHUBATH IIOTPELIHOCTD €ro PEIICHHUS;

IIPEUIOKEHBl  PETYJSIPHBIE  QJITOPUTMBI  AJANITUBHOIO OLICHWBAHUA B
YCIIOBUSIX aBTO- WU B3aUMHO-KOPPEIUPOBAHHOCTU IIymMa OOBEKTAa U IOMEXHU
U3MEPEHUII Ha OCHOBE METOJIOB pPELICHUS NPUOIMKEHHBIX BBIPOXKJIEHHBIX WIH
IUIOXO OOYCJIOBJIEHHBIX CTOXaCTUYECKUX CHCTEM JIMHEHHBIX alreOpanyecKux
YpaBHEHUH, TO3BOJIAIOMIMX TMOBBICUTh TOYHOCTH BBIYHUCICHHUS KOdPPUIEHTA
YCHJICHUS] JTMHAMUYECKOTO (PUIIBbTPA;

pa3paboTaHbl  pEryJiipHble  aNrOPUTMbl  AJANTUBHOIO  OLICHUBAHUS
NepexXoqHON MaTpullbl OOBEKTOB YINPABIECHHS HAa OCHOBE METOJOB pELIEHUs
BAPUALIMOHHBIX HEPABEHCTB B PAMKAX NPUHLHWIIA WTEPATUBHOMN pETyJISIpU3aLINH,
00€CIIeunBAIOIINE COCTOSTENIBHOCTh U CXOJUMOCTb UCKOMBIX OLIEHOK;
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OPEJUIOKEHBl  PEryJIsipHbIE  aNrOPUTMbI  aJaNTUBHOTO  OLICHUBAHMS
napaMeTpoB MEPEXOIHOM MaTPUIIBl YHPABISEMBIX OOBEKTOB U Kod(dduimeHnra
YCUJICHUS! JUHAMHUYECKOTO (MIbTpa KAJIMAaHOBCKOTO THMA B YCJIOBHUAX TMOJHOU
alpUOPHONl MOJIEIBHONW HEONPEJEICHHOCTH, IIO3BOJISIOLIUE PETYJIIpU30BaTh
paccMaTpuBaeMyr0 3ajady OLIGHMBAaHWS HAa OCHOBE pETYJSIPHBIX METOOB
MUHUMH3AIUU PYHKIIHOHATIOB.

IIpakTH4eckue pe3yabTaThl HCCAEAOBAHUSA 3aKII0YAOTCS B CIEAYIOLIEM:

paszpaboran mnporpammubiii komiuiekc ARES (adaptation, regularization,
estimation, system), COCTOAILIMKA M3 MPOrPAMMHBIX MOJYJIEH, NMpeIHAa3HAUYECHHbIN
JUIS TIPOTPaMMHO-aJITOPUTMUUYECKON TMOANEPKKH PpEHICHHUsS 3a1ad aJalnTHBHOTO
OLICHUBAHUS COCTOSIHUS IMHAMUYECKUX CHUCTEM;

Ha OCHOBE pE3YyJbTaTOB IPOMBIIUIEHHOIO 3KCIEPUMEHTa B YCIOBUSX
HOPMAJIbHOTO (DYHKIMOHHPOBAHUS pa3pabOTaHbl MaTeMaTUYECKHUE MOJENU
IPOLECCOB  TPaHyJSALUU-CYIIKH  Kajbluil-cynbdar ¢ochaTtHoil mynbosl B
npou3BojcTBe PS-Arpo u rpanyiupoBaHus aMMHUAYHOMN CETUTPBI;

pazpaboTana  moacuCTeMa  AJaNTHUBHOTO  OICHUBAHHUS  COCTOSIHHS
yOpPaBIsieMBIX OOBEKTOB C yYe€TOM pPa3jMYHbIX CTETMEeHEeW MOJAEIbHOU
HEOIPEAEIEHHOCTH €  HCIOJIb30BAHMEM  KOHTYpOB  IApaMETPUYECKOH U
CUTHAJILHOM aJanTaIuu;

NPEJIOKEHBl CUCTEMBbl aBTOMATHU3AIMHA U yHPABICHUS TEXHOJIOTUYECKUMU
IpoLeccaMi TpaHyJIALUU-CYIIKA KalblUi-cynbdar ¢ocaTHON Mynbnbl U
IpaHyJMpPOBAaHUS aMMHUAYHOW CEJIUTPbl C COOTBETCTBYIOIIUM TEXHUYECKUM
o0ecrieueHrneM, TO3BOJIAIONIME TMOBBICUTH MPOU3BOJUTENBHOCTh arperara Ha
2,25% u cHu3uTh pacxon napa Ha 1223,2 ['kail. B rog COOTBETCTBEHHO.

Jl0CTOBEPHOCTH MOJy4€eHHBbIX pe3yJbTaToB obecnieunBaercs
BBIMIOJJTHEHUEM  METOAMYECKH  OOOCHOBAHHBIX  TEOPETUYECKUX  BBIKJIAJIOK;
NPUMEHEHHEM  TEOPETHYECKHM  OOOCHOBAHHBIX  KOHLEMIMH  aJanTHUBHOTO
OLICHUBAaHUS W YINpPaBJICHUS IUHAMHUYECKMMHM OOBEKTaMH Ha OCHOBE METOJOB
pelleHus] HEKOPPEKTHO MOCTABIIEHHBIX 3ajay; UCIOJIb30BaHUEM anpoOUPOBAHHBIX
METOJIOB U AJITOPUTMOB COBPEMEHHOH TEOpHUHM aBTOMATUYECKOTO YIPaBICHUS;
TpeOyeMOl CTENeHBbI0 CXOAMMOCTH TpEeIIaraéMbiX METOJOB M alrOPUTMOB
aJlaliTUBHOTO OLICHUWBAHHUA; IIOJIyYEHHBIMH pe3yJlbTaTaMU TEOPETUUYECKUX U
IPUKIJIATHBIX UCCIEA0BAHUN U UX B3aUMHOM COIIaCOBAaHHOCTBIO.

Teoperuyeckass W  NpaKTH4YecKas  3HAYMMOCTh  Pe3yJIbTATOB
uccjaeaoBaHusA. TeopeTnueckas 3HAaUMMOCTb PE3YyJIbTaTOB UCCIIEI0OBAHUSI COCTOUT
B pa3pa0OoTKe KOHCTPYKTUBHBIX METOJOB U  QITOPUTMOB  PETYJSPHOIO
aIalITUBHOTO OIICHUBAHUS COCTOSIHHSI TEXHOJIOTUYECKUX OOBEKTOB YIIPABJICHUS B
YCIIOBUSIX MOJCIbHON HEONPEICTICHHOCTH.

[TpakTHueckass 3HAUYUMOCTb  PE3YyJbTAaTOB  pabOTBl  3aKIIOYAETCSl B
pa3paboTKe MaTeMaTHYeCKOro U alrOpUTMHUYECKOTo olecredeHust 3ajad
aJIalITHBHOTO OICHUBAHUS W CHHTE3a CUCTEM YMPABICHUS LIMPOKHUM KJIaCCOM
TEXHOJIOTHUECKUX 00BEKTOB. PazpaboTaHHBIE METOBI M aNTOPUTMBI aJaITUBHOTO
OLICHUBAHUS COCTOSIHUSL CTOXaCTHUYECKMX OOBEKTOB YIpPAaBICHHUS B YCIOBMSIX
alpUOPHON  HEOMPEACNEeHHOCTH MOTYT HaWTH LIMPOKOE MPHUMEHEHUE TMpHU
NOCTPOCHUU (YHKIIMOHATIBHOW CTPYKTYphl M aBTOMAaTH3allUU MPOEKTUPOBAHUS
aNalTUBHBIX  CUCTEM  YIPABIEHUS  TEXHOJOTMYECKUMH  IpoLlecCaMu  C
HENPEPHIBHBIM XapaKTEPOM MPOU3BOCTBA.
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BHenpenue pe3yabTaTOB MCCAEI0BAHUSA. AJTOPUTMBI  aJalTUBHOTO
OLICHMBAHUS M (PYHKIMOHAJIbHBIE CXEMbl aBTOMATH3ALMK YIIPABICHUS BHEAPEHbI
Ha npeanpustusx ['AK «Y3KUMECAHOAT» B cHcTeMax aBTOMATH3AIHH
YIOpaBJIEHUSI TEXHOJIOTUYECKUMHU TMPOIIECCAaMU TPAHYJSALMHU-CYIIKH KaJblHM-
cynbdar pocharnoit mynbnsel Ha Anmanbikckom AO « AMMO®OC-MAKCAM»
(akt ot 03.10.2014r.) wu BbIIapuBaHusdg aMMHauyHOM cenuTpbel Ha AO
«FARG‘ONAAZOT» (akr ot 21.052014 r1.) ¢ cCyMMapHbIM TOJOBBIM
skoHOMHUYEeCKUM dddektom 83 wmmH. 76 TBHIC. Ccym (cmpaBka ['AK
«Y3KUMECAHOATY o BHeapenun 3a Ne01-5304/U ot 17.11.2014 1.).

Anpobanusi padotbl. Pe3ynbraTel HccieqoBaHus anpoOupoBaHbl Ha 32
HayYHO-TIPAKTUYECKUX KOH(DEPEHIIUAX, KOHIPeccax U CeMHHapax, B TOM 4ucie, 25
MEXKIyHAapoAHbIX: «COBPEMEHHOE COCTOSIHUE M  IEpPCIEKTHUBBI  Pa3BUTHUS
snepretukn» (TamkeHt, 2006); « Texnuka u TexHosuoruu cBsizu» (Tamkent, 2008);
«CoBpeMeHHasi TEXHUKA ¥ TEXHOJOTHSI TOPHO-METAJUTYPIHUECKOM OTPaCiIH U MyTH
ux passutus» (HaBowu, 2008, 2013); «World Conference on Intelligent Systems for
Industrial Automation — WCIS-2008-2012» (Tamxkent, 2008-2012); «Congress of
the World Mathematical Society of Turkic Countries» (Almaty, 2009);
«nTerpanbasie ypaBHeHus-2009» (Kues, 2009); «YmnpaBieHre U onTUMU3AIUS
nuHamuueckux cucteM — CODS-2009» (Tamkent, 2009); «Maremaruueckue
METOJbl B TeXHHUKE U TexHosorusix — MMTT-23» (Caparos, 2010); «International
Conference on Application of Fuzzy Systems and Soft Computing — ICAFS —
2010-2014» (Prague, 2010; Lisbon, 2012; Paris, 2014); «International School and
Conference on Foliations, Dynamical Systems, Singularity Theory and Perverse
Sheaves» (Samarkand, 2009); «International training-seminars on mathematics in
conjunction with the joint mathematics meeting» (Samarkand, 2011);
«uanoBamusy (Tamxkent, 2010-2013); «AkTyalibHBIE MPOOJIEMBl MPUKIATHON
MaTE€MaTUKU M MH(POPMALMOHHBIX TEXHOJIOTHH - Ajnb-Xopesmu — 2012 - 2014»
(Tamkent, 2012; Camapkana, 2014); «MHTerpupoBaHHbIE MOJEIW U MSTKUE
BbIUKCIICHHUS] B HCKyccTBeHHOM wuHTemekTe» (Komomua, 2013); «International
Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control — «ICSCCW-2013» (Izmir, 2013); «CoBpemeHHBIC
MaTepualbl, TEXHUKAa U TEXHOJIOTUH B MarmmHocTpoeHun» (Anmwkan, 2014) u 7
pecnyOIUKaHCKUX KOH(PEPESHITUSX.

Ony0anKoBaHHOCTH pe3yabTaToB. [[o TemMe nuccepranuu onyO0IMKOBaHO
60 Hay4HBIX paboT, B TOM 4Hciie — 2 MoHoTpadun, 20 KypHaIbHBIX CTaTeH, U3 HUX
5 — B MHOCTPAaHHBIX XYypHAJIaX, U NOJy4eHO 10 CBHUIAETENBCTB O PETHCTPALMHU
nporpamm g 9BM.

Crpykrypa u 0o0beM auccepranmum. Jluccepranus COCTOMT U3 BBEICHUS,
MSTU TJIaB, 3aKJIIOUEHMsS], CIHUCKA JUTEPATYyphl, 4 MPHIOKEHUN U coaepx uT 198
CTpaHMUII TEKCTa, BKIIOYAET 12 PUCYHKOB U 5 TaOJIHIL.
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OCHOBHOE COJEP KAHUE IMCCEPTALINHN

Bo BBegeHMm 00OOCHOBaHa AakKTyaJbHOCTh M BOCTPEOOBAHHOCTb TEMBI
JccepTanii, cPOpMyJIUPOBAHbI I€NIb U 33/Ja4H, BBISBICHBI OOBEKT U MPEAMET
WCCIICIOBAHUSI, OIPENEIEHO COOTBETCTBUE  HMCCIEHOBAHUS  NPUOPUTETHBIM
HalpaBJIeHUSIM pa3BUTUS Hayku U TexHojorui PecnyOnuku VY30ekucras,
W3JIOKEHbl Hay4dHas HOBHU3HA M NPAKTHUYECKUE PE3YJIbTAaThl HCCIEA0OBAHUA,
000CHOBaHa JIOCTOBEPHOCTh MOJYUYEHHBIX PE3YJIbTATOB, PACKPBITHI TEOPETHUECKAS
Y TPAKTUYECKAS 3HAYMMOCThH IOJIYYEHHBIX PE3YyJbTAaTOB, NMPUBEIECHBI IEPEUYEHD

BHEJPEHUH B  TMPAKTUKy  pe3yJbTaTOB  HCCIEAOBAaHUA,  PE3yJbTaThl
anpobanuu padoThl, CBEAEHUS MO ONyOJUMKOBAHHBIM pabdOTaM M CTPYKType
JcCcepTalum.

B mnepBoii riaaBe auccepTalMOHHONW PabOThl paccMaTPHUBAIOTCS BOIMPOCHI
CUCTEMHOT0 aHali3a Pa3BUTHS TEOPUM U METOJIOB aJaNTHUBHON (QuibTpanuu B
3aJlayax ~ CHHTE€3a  CUCTEM  YIpPABICHUS  JUHAMUYECKHMMH  CHCTEMaMHU.
B coBpeMeHHO# Teopuu W MpaKTUKE aBTOMATHYECKOTO YIpaBieHUs IMpolieMam
aJlanTaluy yaensercs Bce 0oJibllle BHUMaHuA. Perienune »Tux npo6sieM mo3BoiseT
OCYUIECTBUTh  YIpaBJICHUE CaMbIMH Pa3HOOOPA3HBIMU  TEXHOJOTHMUYECKUMU
npoleccaMi B YCIOBHUSX HEMOJIHOTHI alnpuOpHOM M TeKyuled uH(opManuu
OTHOCUTEJIBHO XapaKTEPUCTUK OOBEKTa W BO3JCHCTBUN BHEIIHEH cpeabl. 37eCh
ClIeAyeT 3aMEeTUTb, YTO BO3HMKHOBEHME alPUOPHOM  HEOIPEIEICHHOCTU
IPOUCXOAUT YK€ Ha CTaaiuu (POPMHUPOBAHUSA (PUINYECKOM, XUMUYECKOM WIH
TEXHOJIOTMYECKON MOJIEIN aBTOMAaTU3UPYEMbIX OOBEKTOB M IpolieccoB. Tekymas
HEOIPEIeNICHHOCTh, KaK MPaBUiIo, 00yCIOBIeHa HEKOHTPOJIUPYEMBIM CIy4YalHbIM
XapakTepoOM H3MEHEHMS CTAaTHYECKUX U JUHAMUYECKMX CBOMCTB YIIPABIIIEMBIX
OOBEKTOB M BO3JCUCTBUII BHEIIHEH Cpelbl Ha OOBEKT B PEXUME HOPMAIBLHOMN
OKCIUTyaTallii. ATalTUBHBIE CHCTEMbI OTHOCSTCS K YHCIY HauboJiee CIOXKHBIX B
CYILLECTBYIOIIEH UEPAPXUN CHCTEM ympasieHusA. VX cl0KHOCTh omnpenensercs He
TOJBKO ~ COOCTBEHHBIMH  TOIOJIOTHUYECKHUMU  OCOOCHHOCTSIMH,  CTPYKTYpOU
OIIEpaTOPOB CBA3EH, pa3HOOOpPA3HEM HCIIOIB3YEMOI0 MAaTEMAaTHYECKOr O alIapara,
O0COOCHHOCTSIMH TE€XHUYECKOM peanu3anuu U T.1. CI0KHOCTh MpoOIeM afantainuu
B CHCTEMax YIPaBJICHUS COCTOUT B TJIyOMHE camMOl KOHLEMIUU adalTHBHOTO
NOBEAEHUS, OyIp TO TEXHUYECKas, OWMOJIOrMYecKass WM HMHas CUCTEMa, B €€
MHOTOAJIbTEPHATUBHOCTH, B MHOTOOOpa3uu XapakTepa HEONpeAeNeHHOCTH
uHpopMalu 00 ympaBiIsIEMOM MPOLIECCE U BHEIIHEH cpefe. ITO OOBACHSETCS
NpEeXAE BCErO TEM, YTO MPU CO3JAHUU CHCTEM YIPABJIEHUS CIIOXKHBIMU
TEXHOJIOTUYECKUMH TpolleccaMd OOBIYHO HE pPACHojaratoT JIOCTOBEPHBIMU
MozAeNsIMH  00beKTOB. Hu oOJHa U3 CyUIECTBYIOUIMX TEOPUM HE MOXKET
MPETEeHI0BATh HAa TO, YTO €IMHCTBEHHO OHA JaeT MPAaBUJIBHOE ONHUCaHUE PadOThI
cucteM. Ckopee, UMeeTCsl LENbld CIEKTP TEOPH, TPAKTYIOIUX 3TH MPOOJIEMBI.
[Ipn mMeromeMest celyac y3KOM PacCMOTPEHHH JIMIIb OTIAEIBHBIX IPOLIECCOB U
TOJBKO Ha ONPENCIICHHBIX YPOBHAX OINHUCAHUS MOJYyYAeTC OJHOCTOPOHHEE
MPE/ICTABICHUE O CUCTEME, HE IO3BOJIAIOIICE MMETh JIOCTOBEPHBIE OLIEHKH 000
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BCceX Imponeccax. Takum 00pa3oM, MOXKHO KOHCTAaTUPOBaTh, YTO BBEICHUE
amanTanuy M KOHTPOJSA (PYHKITMOHMPOBAHUS CHUCTEMBI II€JIeCOO0pa3HO  TI0
OTHOILIEHUIO K CYIIECTBEHHBIM MOJICJIbHBIM HApPYIIEHUSAM, KOTOpPHIE HE MOTYT
paccMaTpUBaTLCA KaK IMPOCTHhIC MeMArIue (akToOphl W OINEHUBAHHE KOTOPHIX
MO3BOJIUT 3HAYUTENIBHO YJYYIIUTh Ka4eCTBO CHUCTEMBI B 1esioM. [Ipu sTom s
MPaBWIbHOM TIOCTAHOBKM W KA4ECTBEHHOTO pEIICHUs 3ajad OICHUBaHUS
COCTOSIHUSI OOBEKTOB YIIPABJICHUS U OLICHKU HAPYIIEHUN HEOOXOJIUMO YUUTHIBAThH
LUENbIi Pl MOMEHTOB, BaXXHEHIIUMU U3  KOTOPBIX  SIBJISIOTCS:  BUJ
HEOMNpPEACICHHOCTH (MOJIeTIbHASI WM TlapaMeTpuyecKas), TUIl HEONpeeIeHHOCTH
(HeompeeIeHHOCTh TOJIBKO Ha MEPBOM 3Tare, dTare MPOCKTUPOBAHMS, WM Ha
oboux »9ranax (MPOEKTHUPOBAHUE U YIPABICHHUE JEHCTBYIOIIUM MPOILECCOM).
MogenbHas HeONpeeIeHHOCTh 03HAYAET, UTO OTCYTCTBYET MOJIHASI YBEPEHHOCTh B
TOM, KaKOM MaTeMaTHYECKOM MOJCIBIO CIIeAYeT BOCIIOIB30BAThCS JJISI HEKOTOPBIX
TEXHOJIOTUYECKUX TIPOILIECCOB, a IapaMeTpuueckas — 4YTo oO0Ias CTPyKTypa
YPaBHEHHH TSI K&KJIOT0 TEXHOJOTHYECKOTO MPOoIlecca U3BECTHA, HO UMEIOT MECTO
HEOIPEACTICHHOCTH B TTapaMeTpax MOJICIIH.

Pe3tomupysi  BBIIIEOTMEUEHHOE, MOXXHO 3aKJIIOYUTh, YTO MOJCIbHAs
HEOMpPEACICHHOCTh 0TOOpakaeT KOHIENTyalIbHYI0 MOJIeTb (PU3MUECKOTO MpoIecca
BBHUJIy TOI'O OOCTOSATENIBCTBA, YTO MPOIECC OTOOPAKEHUS PEaTbHOCTH MTPAKTHUECKU
OCYIIECTBIISIETCSI C TOMOINBIO YHOPOWIEHHBIX Moxenen. [lpu 3ToM MonaenbHas
HEONpPEAECICHHOCTh B  CBOIO  OYEpEeAb  HHUIMUPYET  MATEMAaTHYECKYIO
HEOIPEACICHHOCTb. DTO OOYCIIOBIICHO TEM, YTO KOHIIENTyaJlbHas MOJEIb B
JAHHOM CiIy4ae OOBIYHO peaju3yeTcsi B BUJE CHUCTEMbl ypaBHEHHH, pEIIaeMbIX,
KaK TpaBWIO, NPUOIKEHHBIMH METOAAMHU. 3Je€Ch BO3HUKACT CBOM BH]
HEOMPEIETICHHOCTH PE3YIbTAaTOB, KOTOPBIA OJIHAKO MOXKET OBbITh KOJIMYECTBEHHO
OLICHEH.

CrnosuBieecs NoJ0XEeHHE TpeOyeT pa3BUTHsI HOBBIX MOAXOA0B K IMpodieMe
aJanTUBHOTO OILICHUBAHMS COCTOSIHUSI YMPABISIEMBIX OOBEKTOB M CHCTEM B
YCIOBUSIX NPUOJIIMIKEHHOTO 3aJlaHHsl HCXOJHBIX JIAHHBIX Ha OCHOBE METOJIOB
o0OecrieueHus COMOCTABUMOCTH IO TOYHOCTH MOJIENICH YIPaBIISIEMBIX CHUCTEM C
HaOmoneHusiMu. [lpu 3TOM B OCHOBY pEIIEHHWS MHOTOrPaHHON MPOOJIEeMbl
OIICHUBAHUS COCTOSIHUSI B YIIOMSHYTOM BBIIIIE CMBICIIE II€JIeCO00Pa3HO MOJIOKHUTh
KOHIICTIIIMIO COBMECTHOI'O HCIOJIb30BaHMS OOIIEd TEOpUU JUHAMHYECKOIO
OIICHWBAHUS W METOJOB PEIICHUs OOpaTHBIX HEKOPPEKTHBIX 3ajad. YJa4HOW B
OTOW CBS3UM BHUAUTCS METOHOJIOTUS CHUCTEMHOW Tpajaluu 3a7ady CHUHTE3a
aJanTUBHBIX CXEM, OCHOBAHHAasl, B YAaCTHOCTH, Ha MPUBJICYCHUU KOHIICTIIUN
oOpaTHBIX 3a7a4 JUHAMHUKHA YIPaBIseMbIX OOBEKTOB M PETYJSPHBIX METOJIOB.
OTMeueHHbIe O0CTOSATENBCTBA YKA3bIBAIOT HA HEOOXOJAUMOCTh CO3/IaHHUSI METOJIOB
U QITOPUTMOB  PETYISIPHOTO  aJaNTUBHOTO  OIICHWBAHUS  COCTOSIHUS
TEXHOJIOTUYECKMX  OOBEKTOB  yIpaBJIEHHs] B  YCIOBUSX  MOJEIIBHOM
HEOMpPEACICHHOCTH U CHHTE3a BBIYMCIUTEIBHBIX CXEM HX MPaKTUYECKOU
peanu3ay Npu pEIIeHUU 3ajad aBTOMATH3aIllMd M YIPaBJICHHS KOHKPETHBIMH
TEXHOJIOTUYECKUMU MPOIECCAMH MPOMBIIIIICHHBIX MPOXU3BOICTB.
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Bropas riaBa TmocBsAlleHa pa3pabOTKE PETYNSIPHBIX  AITOPUTMOB
aJIaliTHBHOTO  OIICHUBAHHS COCTOSHUSI OOBEKTOB YIPABJICHHS HAa OCHOBE
UACHTU(DUKAIIMOHHOTO MOAX0Ja. PaccMOTpUM JIMHEHHYIO WIH JTIMHEAPU30BAHHYIO
HENPEPHIBHYIO TUHAMHYECKYIO CHCTEMY, OMHCHIBAEMYI0 B Pa3HOCTHOM BPEMEHU
CIICZTYIOIIMMHU YPaBHEHUSIMU:

X, =Ax,+Bu, +ITw, (1)

z,=Hx +v,, (2)

IZle x, — BEKTOpP COCTOSIHMSI CHUCTEMbl Pa3MEpPHOCTH M, u, — BEKTOp YIIPaBJICHUS
pa3MEepHOCTH [, z, — BEKTOp HAOIIOJEHUS Pa3sMEPHOCTH M, w, U v, — BEKTOPBI

nmymMa oOBEKTa M TMOMEXH HaONIOJCHUS PAa3MEPHOCTH ¢ U p COOTBETCTBEHHO,
SBIIIONIMECS TOCIEAOBATEIbHOCTRIO BHJIAa TayCCOBCKOTO Oejoro Imyma ¢

xapakrepuctukamu E[w]=0, E[ww!| =03, , E[v,]=0, E[pv] =Rs,, E[wy]] =0;
A, B, I' m H — wMarpuilbl COOTBETCTBYIOIIMX  pa3MepHocTeil. JlaHHbIE

IIOCJIEIOBATEIILHOCTH TAKXE HE 3aBUCAT OT CIYYalHOI'O HAYaJbHOI'O COCTOSIHUSA
CHUCTEMBI X, C MATEMAaTUYECKUM OXKUJAHUEM X, U KOBapualueu F,.

Jlns onleHMBaHUS BEKTOpa COCTOSHUSA x, JTWHaMU4eckon cuctemsl (1), (2)

OOBIYHO UCHONB3YIOTCA TPAAUIMOHHBIE ypaBHeHHs GuibTpa Kanmvana Buja
Xy = A Xy + B + K, [Zi —-B, u_,—Hx, ] > (3)

ili iMili-1
K, =P, H’ [H,Pl‘l H'+R]", (4)
B\i—l :Az‘u—lPi—ul AI\TI +Q1 1 1\, KHIPW 19 XOH =Ky POH :Mo- (5)

Opnnako cdepa NpUMEHEHUs MPOLEIYPhl KaIMaHOBCKON (pubTparuu (3) —
(5) orpaHnueHa BCJIEACTBHUE TOrO, YTO 3TOT AJITOPUTM MPEANOJIATaeT TOYHOE
3HaHHWE mnapaMeTpoB cuctemsbl. I[Ipeanmonoxum, yto matpuubl A, B, I’ u H
COOTBETCTBYIOT CBOMM HOMHMHAJIbHBIM 3HAUYCHUSM, HO MaTPUIlbl KoBapHuauii O u
R weuwsBectHwsl. Torma mns peanusanuu auHamudeckoro ¢uibtpa (3) - (5)
11€J1€CO00pa3HO UCIOJIb30BaTh UACHTU(DUKAIIMOHHON TOJIX0/I, 3aKITIOYAOIIUNACS B
OTpeNieICHN: MaTpull KoBapuamuii O W R ¢ MOCHEAYIONUM BBIYHUCICHUEM
kod(humrieHTa ycunaeHuss K coriiacHo BeipaxkeHusM (4), (5).

B nocneayrommx ypaBHEHUSIX CHUHTE3a aJITOPUTMOB  aJanTHUBHOTO
OLICHMBAHUS B SIBHOM BHUJIE HE YUTEHO ynpasiieHue u,. OqHaKo ynpaBlieHUE BCera
CUMTaeTCs M3BECTHOM (yHkiued BpemeHH. [loATOMy OHO MOMKET ObITh YUTEHO
yepe3 3aBUCUMOCTh OT JAMCKPETHOTO BPEMEHU i. 3HAUUTENIbHAs YacTh aJITOPUTMOB
UACHTU(GUKAIIMY WIIH OLICHUBAHUS MATPHI] KOBapHaIlMii MIyMOB O, U R, MOXET
ObITh OCHOBaHA Ha METOJAaX aHaian3a OOHOBISIONMICH MOCIETOBATEIHLHOCTH WIIU
HEBA3KM HU3MEepeHuil v,=z,—H.x,, B ¢Guiptpe Kanmana. [lnsg onpeneneHus

ivili-1

KOBapHaHOHHOU MaTpuilsl O OyIeM HCII0Ib30BaTh YPABHEHHS:
S aaror (4 1t = (e aTf (4t T -

" (6)
~HA(PHT) - kZ_I:HAfI}(Aj”‘)THT, k=12,..n

J=0
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V= A[— k(PHTY -(PH")K + KéOKT] A
OmeHka MaTpulbl HM3MEPUTEIBHOIO IIyMa CTPOHUTCS HAa  OCHOBE
UCIIOJIb30BaHUsl  ypaBHeHUs1 C, :E(vl.vf):HP'H "R, Te. R=C,-H (P'H 4 )
[lepenumiem cucremy ypaBHeHu# (6) B BUje
f(g)=0,
rae g :{ql,qz,...,qq} — BEKTOp, COCTABJCHHBIM W3 3JIEMEHTOB KOBapUALIMOHHOU
Matpuubl Q.
Jl1st BIUMCIIEHUS! BEKTOpa g Oy/IeM UCTOoIb30BaTh MeTo ], HhioToOHA
q,. =4, -[F@q)]" flg,), r=0L,..,
rae F(q,) —Marpuna SJkoOu, B3sTasi Ipu g =g, .
B mporecce BbIUMCIIEHHS BEKTOPAa g BO3MOXHBI CIydad, KOrja MaTpuia
F(gq,) MOXeET ObITb HE TOJBKO IJIOXO OOYCJIOBJIEHHOW, HO M BBIPOXKJACHHON B
OKPECTHOCTH HEKOTOpOW TOouku ¢ . Jlns pemienuss cuctemsl F(q,)E =—f.,
q,..,=q,+&  OKasblBaeTcs — LEJIECOOOpa3sHbIM — KCIONb30BaTh  CIEIYIOLIYIO
BBIYMCIUTENBHYIO cxeMy M.M.JIaBpeHTneBa:
as,,+Fq.)s,, =ag, .~ f., n=12,.. (7)
Perynsapuzanus B (7) ocyuiecTBisieTcsl 3a c4eT OONBIIOrO YMCia UTeparui

npy (PUKCHPOBAHHOM 3HAYEHHH IapameTrpa peryispusauuu «. [lokazano, 4To
OTBICKAHHE BEKTOpa MapaMETPOB ¢, MOXKXHO TaKX€ IHPOU3BOAUTH HAa OCHOBE
YpaBHEHHUS BUJIA:

I'(h.q,)s,=/(q,) 4,.=4,~¢,, =012,
rae I'(h.,q,) — pa3HOCTHAs MaTpuULA, s — BEIIECTBEHHBIC UYKCIIA U3 HEKOTOPOU
3aJaHHOU CXOJAIIENCS I10CIIE0BATEIBHOCTH.

B ciyyae, korjga MOJENbIO HEOIPEIEIIEHHOCTH B H3MEPECHUSIX SBISIETCSA
alIuTHUBHAsg MAapPKOBCKas IOCJIEAOBAaTEILHOCTL, JUISI CHHTE3a aJalTUBHOIO
¢unbTpa nenecooOpa3zHo ONMpPEAETUTh HOBBIM BEKTOp M3MEPEHUU u, =z, —'Vz,, B
pe3yabTaTe 4€T0 MOIydacM CICIYIONYIO MOJICIb CHCTEMBI

X = Ax +w, g =Hx + g,
rne H, =H.A-VY.H,, {&} — Oeclas mOCICAOBATEIBHOCTb C HYJEBBIM CPCIHHM,
YIOBJICTBOPSIIONIAS CICAYIOIIUM COOTHOLICHUSM

T i
E.

1

I A
w. . . A ~
‘ |:_i:|[WT : STT]}: _AQ_;_E_EL O rs S :QiHiT’ R‘:HiQiHiT+Ri9
il

¥, — nepexoaHas MaTpulia, onpeaesieMast BeIpaxeHuem v, =Yy, +¢,.

Torna oreHka BeKTOpa MEPEMEHHOM COCTOSTHHSI MOYKET OBITh ONpe/ie/icHa Ha
OCHOBE BBIPaKCHUS:
X = T;Erll)jet + Zizl)ﬂiJrl )
rae Marpunbl 7)) u T ompemensioTcs Ha OCHOBE CHHIYJISPHOTO Pa3IOKEHHUs
MaTpUI] C KCIOJIb30BAHUEM  BBIYUCIUTEIBHBIX MPOLEAYP KaJIMaHOBCKOM
bunpTpanum.
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I[Hﬂ COBMCCTHOTI'O OLICHUBAHUA KOBAPWMAIMOHHBLIX MAaTpUll IIymMa o0beKTa "
HOMEXHU M3MEPEHUi OyIeM HCITOIb30BaTh CIEIYIONIYIO CHCTEMY YPaBHEHHMIA:
E(viviT)_ HB\;‘—IHT -R=0,

E(vy!,)= HA(I - K, \H)[P.,, ,H" ~K, ,R]=0,

E(vy!, )= HA(I - K, \H)A.. A - K, )P, o H ~K,_,R]=0. (8)

[lepenuiiem cucremy ypaBHeHu# (8) B BUae
S(c)=0, 9)
rae  S() — HenuHeWHBId omepatop Ha E/ B E',  j)=q+p,

c= {cl,cz,...,cq;ch,cqm...,cp} — BEKTOp, COCTaBJIEHHBIN U3 IMArOHAIbHBIX AJIEMEHTOB
KOBapHalMOHHBIX MaTpull QO U R, T.€.
G =q115C =G0 Cy T ggs C =T1oCoia = 1ap5000C) =1
B cdopMynupoBaHHBIX BBIIE YCIOBUSAX TpeOyeTCs pELIUTh CUCTEMY
HEJIMHEMHBIX YPAaBHEHUN BUA:
8,(€15Cy5esc)) =0, i=12,., 5. (10)
Jns pemienust ypaHenust (10) Oyaem Mcronb30BaTh METOJl CEKYIIHUX B /-
MepHOM IpocTpaHcTBe. COrjacHO METOAY CEKYIIMX YPAaBHEHMs /+1 TOYKHU B /-

MEpPHOM ITPOCTPAHCTBE U / THUIIEPILNIOCKOCTEW MOKHO 3aIIMCaTh B BUJE:

p+1

. o . /
c” :(cl",cl{,...,c;'y)r, r=12,..,p, Lk(c)EZafcj+ak =0, k=12,.,}.
=1

HpI/I 3TOM FI/IHepHJ'IOCKOCTI/I JOJI2KHBI y,HOBJ'ICTBOpHTI) YCJIOBI/IIO BHA4.:
L) =85,(C), y=012,...p, k=12,...0,

win L (¢")- L (¢") = iajf(c;? —c")=8,(c") =S ("), y=12,0p, k=12,..0.
o

Torma perynspu3OBaHHBIA BapUaHT HWTCPANMOHHOTO aJITrOpPHTMa IS

BBIYKCIICHUS BEKTOPA ¢ Ha OCHOBE (9) MOKHO 3aIlicaTh B BUJIC:
= = (S(cp(e) +aB) ' S(), (11)

rae ¢, (c)=c,-S,(c'), a,=Bi+1)", B>>0.

MOJXHO TOKa3aTh, YTO HMTeparmoHHbI mporecc (11) cxomutcs ¢ mo0bOoro
HAYaJILHOTO MPUOIMKEHHS ¢’ € N, , T.€. lich’ —c H =0,r1ae N, = {Hc—c'” <p}, p>0 —

i—
JOCTAaTOYHO MaJI0€ YHCIO0;, ¢’ :(cl',c;,...,c;) — €OUHCTBEHHOE PCIICHHUE CHUCTEMBI
S()=0, c=(c,c,,...,C,), S:(SI,SZ,...,S/,). 3aMeTuM, 4YTO HUTEPALMOHHBIN AITOPUTM

(11) He TpeOyeT BBIUYMCICHUS WA ANMPOKCUMAIIUN YAaCTHBIX MPOU3BOIHBIX, UTO
BBITOJTHO OTJIMYAET €r0 OT HUTEPAIMOHHBIX aJTOPUTMOB IEPBOTO U BTOPOTO
nopsikoB. TakuMm 00pa3oM, MPHUBEICHHBIE PETYISPHBIC AITOPUTMBI TO3BOJISIOT
MOJIy4aTh OIEHKH AJIEMEHTOB KOBAPUAIIMOHHBIX MATPHI] ITyMa 00bEKTa U TTIOMEXHU
WU3MEPEHUI I BbIYUCICHUS KO (GUIIMEHTA YCUTICHUSI KAIMaHOBCKOTO (PHIIbTpA,
U TeM CaMbIM aJanTUPOBATh (GUIBTP MO OTHOIICHUIO K U3MEHSIOIMMCS BHEITHUM
MOMEXO-CUTHAIBHBIM yCIIOBUSIM.
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B Tperbeil riaBe uccepTaliM MPUBOIATCS PE3YJbTaThl pa3padOTKU
PEryJSIPHBIX aJTOPUTMOB AJIAIITUBHOIO OLIEHUBAHUS MATPUYHOIO KO3 (ULIMEHTA
yCcwJieHusl AuHamMuueckoro ¢uiabTpa. byaem paccmaTtpuBaTth JUHAMHUYECKYIO
CUCTEMY, OIIUCHIBAEMYIO YPABHEHUSIMU

X, =Ax, + I'w,, z, = Hx, +v,. (12)

IIpenmnosioxuM, YTO KOBapualuu IIyMOB (Q, U R HeusBeCcTHbI. Jlid

amantanuy GuiabTpa OyJIeM UCIONIB30BaTh COOTHOUICHUE S =PH' —KR,, KOTOpOE

COpPaBEMJIMBO ISl ONTUMAJIbHOro ¢uibTpa. PaccMoTpum 3agady MUHUMH3ALUU
(byHKIIMOHAJa, OIPEENIIEMOr0 B BUJIE

n m

J=IY Y (13)

i=1 j=1
rje s; — (i,j)-1 DJIEMEHT MaTPHUIIBI S.
Jlnst  ompenenenns kodddumpenTa ycwieHus K, KOTOPBIA TMPUBOIUT
MaTpuIy S K HYJI0, HCIIOJIb3YEM METOJI MPOCKINHU TPAJUEHTA:
kl,=P.(k/ —BJ'(k)), i=01,.., r=0,123,.., (14)
rae P (k) — OpoeKmyst TOYKM k HA MHOXECTBO K, £, >0; K — BBIIYKIOE

3aMKHYTO€ MHOKECTBO.
Jlist pemeHuss paccMaTpuBaeMoOW 3aadyd MHHHMH3AIWAUA BOCIIOIB3YyEMCS
meroaoM peryisipuzauun  A.H.TuxonoBa. Torga MOXHO TMOKa3aTh, 4YTO
MOCJIEI0BATENBLHOCTD {V;}, onpenensemMast yCIoBUEM
+ = B{O(Vi _ﬂi(J;(v[)+aivi))7 i=12,.; vek,

CXOAUTCA K TOYKE k., €K, ¢ MUHMMAJIbHOH HOPMOH, T.€. lim [k, k.
i—00

=0, Opu 3TOM
lim [, —k[=0, B>0,1mpB =0, a;=i"" B =i i=12.., K=@,J. =infJ(k)> -,
i—® i—> ek

K.=tk:keK,Jk)=J.}#D, K={k:kek,}.
Jns muanmuzanuu ¢ysknuonana (13) B coorBerctBuu ¢ (14) HeobxoaumMo
BBIYHCIIATH YPABHEHHUS B YACTHBIX MPOU3BOIHBIX, TJI€ IBHO MIPUCYTCTBYET MAaTPHUIIA
S . Jlnst onipenenenus S OyJIeM MCIIOJIB30BATh CIICAYIONIEE BEIPAKCHUE
D-S =R, (15)
rae D =[HAT | [H[A(I - KH)AT |- | [H[AU - KH)P=" 4T |,

R=[RY HIRT | 1R _T].

. 1 &, = 1 ro. . .
RO :—zyiyi ’ Rj :—.Zyi+jyi > J :152""’.],uazcci .],ual(c :77 :
N-1"35 —J =l

JUis perynsipusauuu penieHus: ypaBHeHus (15) oLeHMM NOrpenHocTb
3amaHdd  npaBod yactd. CrhemaeM  NPEANIONIOKEHUE, YTO IOTPEUIHOCTH
KOA(PUIIUEHTOB KOPPEISALUU MOTIMHEHBI HOPMAIbHOMY 3aKOHY pacHpeeICHHUS.
Torma s HOBEPUTENIBHOM BEPOSITHOCTU p =0.95 MOXKHO 3amucarh CIEAYIOLINE

BBIPAKEHHUSI JIJIs1 IOTPEIIHOCTH IPaBoOil yacTu ypaBHeHus (15):

A ~ A A | A | A T
AR:R‘R:[[ARM)]T AR ] " e [AR77(i)]T]I7m><1 ’
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[ [ [ T
AR =+ 2[1_rr]2(1i)] ! + 2[1_’3,2(21')] ! ! + 2[1_1/;72(n1i)]
"o IN=n=1 ][ IN-p-1|1 1| IN-p-1]]

Torna HOpMBbI aOCOMIOTHBIX M OTHOCUTEIBHBIX BO3MYIIEHUIN MpPaBOW YacTu
ypaBHeHHS (15) MOXKHO OLIEHUTh HA OCHOBE BBIPa)KEHUI:

= R_R L |1 21‘
T ot =T
HAé N m m |1_rﬁki) 2712 L 1/2
O = A =2 ;;;]\f—j—l {;;;’r/(mﬂ} .

[ToyyeHHbIE BBIpa)KE€HUS MO3BOJISIIOT, HE MPOU3BOJS HEMOCPEIACTBEHHOTO
pEelIeHNs, OLIEHNBATh NOTPEIIHOCTD pellieHus1 ypaBHeHus (15).

[Ipn pemieHnn pa3HOOOpPA3HBIX 3aJady OLEHUBAHMS W  (UIbTpaLUuU
BO3MOXXHbI CHUTyallud, KOTJa IIyMbl OOBEKTa U IMOMEXH HU3MEPEHUHN SBISAIOTCA
aBTO- W B3aHMMHO-  KOPpPEIMPOBAaHHBIMH  BO  BpeMeHH. B ciyuae
aBTOKOPPEIMPOBAHHOCTU IIYMOB OOBEKTa U MOMEX M3MEPEHUI MOJIENb CUCTEMBbI
MO>KHO 3alMCcaTh B BUJE:

Xiyp = Az‘+1\z‘xi + Fi+1\i77i s M = Ai+1\i77i T HUW

Zin=H X, +&,, & =H,,&+0y

C anmpHOpHBIMH IaHHBIME  w, ~ N(0,0,), v, ~ N(O,R,),x, ~ N(%,, B,). 1, ~ N(7,. P )

i+l

cov(x,,7,) = cov(x,, w,) = cov(77,, w,) = cov(17,,v,) = cov (v, w,) = 0.
IIpu pewmieHur 3a7ayd  OLEHUBAHUA B  PACCMAaTPUBAEMOM  Cllydae
KO3 GUITUEHTHI yeueHus K., U K?' onpeaesssroTcsl Ha OCHOBE BBIPAKCHUI

i+l

Ki+1])i§-21\2i)* = strll) > (16)
KNP = PBY, (17)

rae P27, PV u P mpenactaBisioT coOOi KOBapHAI[MOHHBIC MATPHUIIBI OIIHMOKH

i+1)i
OIICHUBAHUSI.
Jlis Beruucienus K., u K 1menecooOpa3HO HCIOJIb30BaTh PETyJISPHBIC

i+1

npouenypbl. PeryispHbiii aaropuTm pemieHust 0yJieM NPUBOJUTH OTHOCUTEIIBHO
ypaBHeHus (16). [TomyueHHBIN anroOpuT™M MOKET OBITh TAK)KE MCIOJIB30BAH U MPHU
pemienun ypaBHenus (17). Ypasuenue (16) 3anuiiem B clieyronieM BUIE:
QT _ ()
Pi+1\i ki+1,j =Pin,j>
T
i+12

rae k,

i+1,j

POT i=12,..n.

i+1

— J-bIii cronben mMatpuupl K, j=12,..n; d, — j-i cTpoka MaTpuiibl

3nech  peryjspu3OBaHHYIO OLIEHKY peuieHus k

i+1,j

1esecoodpasHo
OMpeIeNIATh HA OCHOBE COBMECTHOT'O PCIICHHS YPaBHEHUM:

2
22)*T 1.(a) (@) _ p(22)*>=(1) (22)*T 7,(a) =) _
Pl ki+1,j + aki+1,j =P Do ‘BH\:‘ ki+1,j - pi+1,j” =0pin t 0,

_ _ || p(22)*T o
rae Qrnin = mEme Q(km,_/) 5 Q(km,_/) = “Eﬂ\i km,_/ —Dia
)

i

’ , 0>0; rnapamMeTp

peryJisipu3alii o ONPENEIIETCS U3 YCIOBUS HEBA3KH.
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IIpu paccMOTpeHuu cilydas B3aUMHOKOPPEIMPOBAHHOCTH IIyMa o0beKTa u
MMOMEXH U3MEPEHUN MOJAEIb CUCTEMBI 3aIIMILIEM B BUE:
=A...x +1Lw,

i+1)i7vi i+1°

+Gv,

Zin = 1+1xz+l i7i+l

i+1

C  anpuOpHBIMH  JaHHBIMH  w,, ~N(0,0.,), v., ~N(O,R,), x,~N(%,.B),

1

w

cov P}L}{_l} :{-QJ-L—C'—} i 0,20, C 20, R >0, cov (x,,w;) = 0; cov (x,,v,)=0.

Vi vj

JIns onpeneneHuss ICKOMOW MAaTpULlbl yCUJIEHUs K/ 3amnuileM ypaBHEHUE
BHJIA:

Lk, ;= dfj =d,  +4d, ;, (18)

rne L =(R'G') — nuHEHHBIA omeparop, ACUCTBYIOIUN |3 TUIHOEPTOBOTO

npocrpanctsa H B H, k, ;—i-as cTpoka matpuusl K!", j=12,.,n; d’ —i-ii cTonoer

2
Matpullbl  D,=C/I7 ¢ yCIOBHEM AaNNpPOKCHMAallM¥d  BHIA 52:“&1’1.7].‘15,

S < H&i H <Opu>Jj=12,...,n; d,;-TOUHOE 3HAYEHHE NPABOK yacTy ypaBHeHus (18).

[TokazaHo, 4TO 715 peryJsipu3aluu peiieHus ypaBHeHus (18) okazbpiBaroTcs
3¢ (HEKTUBHBIMU CIIEIYIOLIUE PETYISIPHBIE TPOLIETYPHI:

ko=L+ad)'d’, k., =L +d)'Lk,,, ok, +Ik,, =Ld’.

[Ipu  peanu3anMu  TPUBEACHHBIX  BBINIE  AJTOPUTMOB  TapaMeTp
peryJspu3aliy  1enecoo0pa3Ho ONpeeNiaTh Ha OCHOBE CIoc00a HEBSZKHU.

Ha ocHOBe MeTONOB pelIeHHs HEKOPPEKTHO IMOCTaBICHHBIX 3a/1ad MOYKHO
MoKaszaTh, 4YTO IS OOECIICUCHUS CYIIECTBEHHO JIy4IIed OO0YCIOBICHHOCTH
cucteMsl (18) nenecoodbpa3Ho paccMaTpuBaTh CUCTEMY BUJIA:

L k., —ﬂdi‘f, ,

rie L, =[(D,+aD;H+(1-p)L,-D,)], O, — OMaroHaab MaTpumpl L,

2 P 5 . V2
(o N B (LA Y | L o R Y

pelueHue cucreMst Lk, =d’,.

i,a'i,j,a

31ech BEMUYMHBI A W S HaXOAIATCI HAa OCHOBE BBHIOPAHHOTO 3HAYCHHS
napameTpa « .

B rmaBe Takke paccMOTpPEHBI BOMPOCHI MOCTPOSHUS PETYJSIPU30BAHHBIX
QITOPUTMOB AJJANITUBHOTO OIICHUBAHUSA B YCJIOBHUSX KOPPEIUPOBAHHOTO IIIyMa
O0BeKTa W aJalTUBHOTO OIICHHUBAHUS HAa OCHOBE CYOONTUMAIbHOTO (QHUIbTpa
NOHIKEHHOro mopsiaka. [loka3aHo, 4TO NpuU UX MNPAKTUUYECKOW pealn3alnuu
2 ()EKTUBHBIMH  OKa3bIBAIOTCS  BBIYMCIUTEIBHBICE  CXEMBl  YIPOIICHHOU
peryJspu3aluy 1 METOa PEeryIspu3aliu.

[IpuBeneHHbIE  aNTOPUTMBI ~ MO3BOJIAIOT  PEryJsIpU30BaTh  3a4ayy
aIalITUBHOTO OIICHUBAHMS MAaTPUYHOTO KOI(PPUIIMEHTA YCUICHHUS JUHAMUYECKOTO
($uIbTpa KAJIMaHOBCKOTO TUIIA.

45



YerBepTasi rjaBa TIOCBAIIEHA pPa3pabOTKe PETYISIPHBIX aJITOPUTMOB
aJanTUBHOTO OLEHUBAHUS MPU HAJUYUU HEOINPECIECHHOCTH B ONTMCAHUHN OOBEKTA.
[Ipennosioxum, 4TO0 MOJEIb JUHAMUYECKONW CUCTEMBI OMUCHIBAETCS YPABHEHUSIMHU
Buja (12). Ilycts paccmarpuBaemasi cucTeMa yCTOMUYMBA, HE BBIPOXK/ICHA U BIIOJIHE
HaOmomaema:  rank[H' i (HA) | ...\ (HA"™")'1"=n. Marpuust A4, I u
KOBapHalMOHHbIE MaTpulpl MmyMoB () uW R 1molaraeM IOCTOSHHBIMH, HO
Heus3BecTHbIMU. MaTpuua H cuutaercs u3BecTHOU. J[Jis olleHMBaHUS MaTpullbl 4

uenecoo6pa3Ho HCIIOJIB30BaTh COOTHOIICHHS BHAA:

= Bl 220 0] =y e ey ]
rae
Zinn=EZ, A )EL S Z, =1zl 12,0 L 12, B =ERE]. (19)
[lonaras mocien0BaTeIbHOCTh MATPHIL {2},’; — A pacCMOTpPHUM 3a7a4y BHUIa
L pay | Ay ) A=lic)” eyt o le)’) =, rae Grounas

Marpunia C sBISICTCS pe3yJIbTaTOM 00paOOTKH JaHHBIX Ha OCHOBE COOTHOIICHUM
(19). Torma anroput™ OyA€T COCTOATH B ITOCJIEIOBATEIIHPHOM PEIICHUN YpaBHEHUH

L,(4)-4.,=C, i=0,.,n-1, (20)

JAIOMUX OLEHKYy A, TJe L,.,n(A,.)z[[H]T [HA]T e [HA[”]T]T. 3anumem
ypaBHeHue (20) B pa3BepHyTOH dopme:

£(a,)=c,, a,e D(E), (21)

OIPENCIIEHHOE OIEpaTopoM £:D(L)—> G, D(£)c G, tne G — BEUICCTBEHHOE

riib0epTOBO TpocTpancTBo. B (21) E(aj):Ll.,n(ﬁ)-&j, j=Ll.,n, a, M c; — j-bIe

cTonOBl Matpuubl 4 U O1aoyHOM MaTpuubl C, cooTBETCTBEHHO. OmpeneneHue
BEKTOpa a; OyJeM IIPOM3BOJUTH HA OCHOBE MMHMMU3ALUK (yHKIIMOHANA BUAA!

J@)=Y (Ea) eV, n=m-n (22)

T.C. ICKOMasi OLICHKA BEKTOpa @, eCThb d, =arginf J(a,). ®dynkuuonan J(a,) B (22)
acR’

SBIISICTCSA BBINYKIBIM JTuddepeHIupyeMbIM (YyHKIIMOHAIOM, OIPEASICHHBIM Ha
3aMKHYTOM BBIITYKJIIOM MHOXeCTBe Q — G TwibbepToBa npoctpancTtBa G. Takum
obOpazom, HEOO0XO0UMO OIIPENEIINTD Takue a, T KOTOPBIX
(F(a;),a;—d;)<0, Vd, €0, tne F(a;)=J'(a;) — MOHOTOHHBIM ONIEPATOP. Torpa
PETyJIIPU3UPOBAHHYIO UTCPATUBHYIO MOCIICIOBATCIILHOCTD @, ; MOXHO 3amucaTh B
=F,(a,,-a, (Fs(a,)+e. M@, ;) r=0L.., toe F, -

METPHYECKHHI IPOEKTOP; M (4, ;) — onepaTop, obnamaromuii Ha Q < G CBOWCTBOM

CICyIoIeM BHUIEL: 4, ;
CHJILHOM MOHOTOHHOCTH; o, ;>0,¢, >0 —napaMeTpsl peryJsipu3annm.

—-1/2

B paccmarpuBacMoM ciy4ae MOXHO NMPHHATE M(a, )=a,, o, ;=(1+r)""",

g, =(1+r)", 0<p<1/2. OCTaHOB pacCMaTpMBaEMOI0 HTEPALMOHHOTO IpoIecca

MOKHO OCYIIECTBIIATh HA OCHOBE COOTHOLICHUW BHUJA: ldimci /g 0,
—0

rj@) =
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: 1/2 2
imo™ /e,

=0. Takum oOpa3oM, mpujaBas mapamerpy i 3HaueHus oT 1 a0 n,
COTJIACHO BBIIIE MPUBEICHHBIM BBIPAKCHUSIM MOXKHO MOCJIEAO0BATEIBHO OLICHUTH

MaTpUuIbl 4, 4,,....,4,. B peanbHbIX ycnoBusix (YHKIMOHUPOBAHUS OOBEKTOB

n*
yOpaBJICHHs MO psay npuduH mapametpsl 4, I, O, R mongenu (12) Moryt ObITH
TOYHO HE M3BECTHBI, UTO BBIHYKJIAECT ONPEACNATh UX 110 JAHHBIM MU3MEPEHUU Z;.
Jlist pemieHrs 9To# 3a1a4u 0OOBIYHO UCTIONB3YIOT HACTPAUBAEMYIO MOJIETh IO THITY
ypaBHenuii ¢unbrpauuu  Kanmawma B Buue: g, =g, +L(z,-Cg, ), i=1,
L=®D, cobmoias B HEH YCIOBUSI HEBBIPOKIACHHOCTH, YCTOMYMBOCTH U TOJIHON
HaO0JII0AeMOCTH, TaK KaK OHU BBINONHSAIOTCA B cucteme (12). s BemuuuHb
HCBSI3KM ~ MOXXHO  HamucaTh — BBIpaKeHWC ¢, =A"(Z,,-Ug, ), j=20, r11¢C

A=[o" @) || @], rankA=n, Z,, =[], | 2T, |- 1201
[Mpumem 3a KkpuTepuil KayecTBa HWACHTU(PHUKANUU (DYHKIIMOHAT BHUJIA:

2
J=J(@,L,C) = e,

J+j

Beenem o6o3nauenmne (4,,G,,H,)=argminJ(®,L,C), THOC

D,L,C
A =8SAS™,G =SG, H = HS™'. Torna npu u3BectHoit H u HeusBecTHbIX A, I, O, R
MO>KHO 3aIlUCaTh CIEIYIONIEE BhIPAKECHUE:
(4,G) =argminJ(D,L,H), &,.,,(4,G,H)=g,, =5
DL

H=HS.

i+1)i o

Takum  obOpazom, wuMeeM  apryMeHTHYIO  3aJady  MHUHUMHU3ALNU

2 )
(4,,G,)=argminJ(P,L,H) =argminJ Hg , IIpH DOTOM HCKOMBIM BEKTOp €HeZ=
DL DL

j+1|j‘
cocronT u3 dnemMeHToB Marpun @, L. Tlepeiinem k ¢dopmMupoBaHUIO

PETyJIApU30BaHHBIX MHHHUMH3UPYIOUIMX MOCIEAOBATEIbHOCTEH (PYHKIIMOHATA
J(@). Tlomaraem, uyto argminJ(9)=J(6,)=J,. Paccmorpum ¢yHKIIHOHAT

OecE
M6,J5(0)]=J;0)+aQ[f], a>0, ONpPEHCICHHbBIN Ha BCEX Oe 2, rae Qo] —
crabmwnmsupyromuii  GyHKIHOHAN, J,(f) — TapaMeTpudecKoe CEeMEHCTBO
(YHKIIMOHAIOB,  OMNPEJIEISHHBIX IS BceX oO0>0, anmpOKCUMHUPYIOIIHUX
dbyHKIMOHAT J(f) Ha MHOXECTBE = C E Tak, 4T0 |J/;(6) - J(0)| < 5Q[6].
Crnenyst yCTOMYMBBIM METOJAM MHUHUMH3AIMK (YyHKIIMOHAIOB, MOXKHO
1I0Ka3aTh, YTO CYLIECTBYET TOYHAS HIDKHSSA TpaHb M, ; =argmin M “[0,J,(0)]. Toraa

(2SS

HUMEET MECTO IOCJICI0BATCILHOCTh {ea ,5n} DJIEMEHTOB 6, ,6,, MTOYTH
MUHUMU3UPYIOIIHUX COOTBETCTBEHHO (YHKUMOHANBI M “[0,J; (0)], cxonsmascs K
anemMeHty 6,. Tak Kak @, W O, CTpPEMATCSI K HYIIO IIpU n—>o, TO
IOCJICJ0BATCIIbHOCTh {ea ,5n} ABJISICTCS PETYIAPU30BAHHON MUHUMU3UPYIOLIEH
MOCJIEI0BATEILHOCTRIO 1M1 PyHKIIMOHANA J(6).

Paccmorpum  panee  3amayy  CHUHTE3a  CUCTEMBl  YIPaBICHHUS  C
MCIIOJIb30BaHUEM IIPOTHOZUPYIOIIMX MOJEIEH HA OCHOBE KOHLEIIUMN PETYIIIPHOIO
alanTuBHOTO oneHuBaHus. [lycTh mmeeTcss MHOTOMEpHBIM OOBEKT yIpaBlICHUS,

KOTOPBIW OIMKCHIBACTCS CUCTEMOM YPAaBHEHU BUIA
X, = Ax, + Bu, +w,, x, = X,, (23)
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z, =Hx, +v,, n,=Gx, . (24)

B (24) n, — BexTop BBIXOJA 00BEKTa. HeoOX0MMMO ompenenuTh CTpaTEruio
YOpaBJICHUs, MPU KOTOPOM BEKTOP BBIXOJIAa CHUCTEMBI 77, OyAeT OJM30K K
3aJIaHHOMY BEKTOpPY 7,. byleM CHHTE3UpOBaTh QITOPUTM ONTUMAJILHOIO

yIIpaBJIEHUs, MCHOJb3ys J3Kcrpanossstop Kanmana. Torma MOXHO 3anucarb
CIIEAYIOIINE YPABHEHUS

j-1
T k-1 .
xi+./|f =4 ‘xt+1\t + ZA But+k\t’ J= 2,3,...,N 5
k=1
j-1
2 — Jj-lz j—k-1 .
Aoy =GA'%,, +GY A7 'Bu,,,, j=23,..N,
k=1

ric u YHOpaBJICHUC, HCIIOJB3YyCMOC MIJid IPOTHO3UPOBAHUA, u,,, —

t+ilt t+i

JIEHCTBYIOLIEE YIPABIEHUE B MOMEHT 7 +i, N — TOPU30HT MPOTHO3UPOBAHUSI.

Jlnst pelieHus MOCTaBAEHHOM 3aJaul B KauecTBe 11eJIeBOM PyHKIUU OynieM
N

~ (v} 1 A —_— 2 2
UCIIONIB30BaTh CACIYIOIIUN KPUTEPUil J, :Ezm%kv —17, e+l ety =iy | D}, rIe
k=1

MmaTpunpl C >0 U D >0 — BECOBBIC MATPHULIBL.
Jlaiee Ha OCHOBE METOJOB ONTHUMAJBHOTO YIIPABJICHUSA C UCIOJIb30BAHUEM
MPOTHO3UPYIOLIUX MOJEIECH MOXKHO IPUUTH K CIEAYIOLIEMY BBIPAXKEHUIO:

Ul =~(@"Cd+D) (@' CAS,,,, ~®"CO)~[[Du,]" 10|10, (25)
rae marpuisl @, C, D, A u ©, (GOPMHPYIOTCA Ha OCHOBE H3BECTHBIX
COOTHOULIEHHM.

Toraa onTUMaIbHOE IPOTHO3KUPYIOIIEE YIPABICHHE OyIeT UMETh BU/I:
Uy =1 1011 0)U, .
Ananuzupys ypaBHeHue (25), MOXKHO BHIETh, YTO TOYHOCTH (POPMUPOBAHHS
IPOrHO3MPYIOIIUX YPAaBHEHUI W ONTUMAJIBHOTO IPOTHO3MPYIOIIETO YIIPABICHUS
CYILECTBEHHO 3aBUCHT OT TOYHOCTH BBIYHCIICHHS OIECHKH BEKTOpA IEPEMEHHOMN

COCTOSIHHS X CrnenoBarenbHO, MCIOJIB30BAHHUE MPEII0OKEHHBIX KOHLETINN

t+1)t *
aZanTalld U KOHTPOJS AUHAMHUYECKUX CUCTEM B YCIOBUSX PA3JIUYHOM CTENEHU
MOJIJIbBHOM  HEOIpPEAEIICHHOCTH  CIOCOOCTBYET  MOBBIIIEHUIO  TOYHOCTHU
BBIYUCJICHUS BEKTOPA IIEPEMEHHBIX COCTOSIHUS U, TEM CaMbIM, Ka4e€CTBA IIPOLECCOB
yHpaBJIEHUS TUHAMUYECKUMU 00bEKTaMHU.

B r1imaBe TakXke pacCMOTPEHBl BOIPOCHI IIOCTPOCHUSA  AITOPUTMOB
pEeryJIipHOrO  OLEHMBAHUSA  IApaMETPUYECKUX  BO3MYIIEHUMM B 3ajadax
a/IalITUBHOTO OIICHUBAHMSI COCTOSIHUS OOBEKTOB yIpPaBJIEHUs, TapaMETPOB MaTPUIL
YpaBHEHUS JAMHAMUKH OOBEKTOB YIPAaBJICHHUS U KOBAPUALMOHHBIX MAaTpHUIL
Bo3MyLIeHuH. [lokazaHo, 4TO MpH UX NPAaKTHYECKON peanu3auud 3(hPEeKTUBHBIMU
OKa3bIBAIOTCS BBIYMCIIUTEIBHBIE CXEMbl YCTOMUMBOIO MCEBAO0OPALLEHUS U METO1A
peryJisipru3anum.

[IpuBeneHHBIE  aNrOPUTMBI  IO3BOJIAKOT  PETYJISAPU30BaTh  3a1ady
aJanTUBHOTO OLEHHUBAHUS COCTOSAHMS IpU HAIWYAHM HEONPEACIICHHOCTH B
ONMHMCAHUU O0BEKTA U TOBBICUTh TOYHOCTb OLIEHUBAHMSI.
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B nsATOi riaBe mNpHBOAATCSA Ppe3yNbTaThl MPUMEHEHHUS pa3paOOTaHHBIX
METOJIOB M aJrOPUTMOB PETYJSAPHOrO aJalTUBHOTO OILICHUBAaHMUS B 3ajadax
aBTOMAaTH3allM U yOPaBJICHUS  TEXHOJOTMYECKUMHU  OOBbEeKTaMU  psija
MIPOMBIIIJICHHBIX TTPOU3BO/ICTB.

AnanThBHAsg  CHCTEMa  VIPAaBJICHHS  NPOIECCOM  T'PaHYISIIAHU-CYIIKH
KaJpli-cybda dochaTtHol nyiaplbl B npousBojacTtBe PS-Arpo. B kauecTBe
OCHOBHBIX TIOKa3aTelield, XapaKTEePU3YIOIIUX IMPOIECC CYIIKU-TPaHYJISIUH,
paccMaTpUMBaJIMCh  CICAYIOIIME  TMEPEMEHHBIC:  yIpPaBJSIONIMNE  IapamMeTphl
U = (u,,u,,u;), TAE U; — TEMIIEpaTypa TemnoHocutens Ha Bxone bI'C; u:> — pacxon

IyJbIIbI;, U3 — pacxoJ peTypa; BBIXOAHBIC IapaMeTpwl ¥ =(y;,y,,»;), TAC Vi —
TeMIiepaTypa OTpaOOTAHHOIO TEIJIOHOCUTENS; )2 — BIQKHOCTb TPaHyld; V3 —
I'PAHYJIOMETPUYECKUN COCTAaB IPOAYKTAa; HEKOHTPOJIUPYEMBIE BO3MYILAOLINE
BO3ACHCTBUS W = (w,,w,,w;), TAE W; — BIArocoaep)kKaHue KanblHUi-Cyabdar
¢docharHOl mynbOB; W2 — TPaHYJOMETPUYECKHM COCTaB IYJbIBL, W3 —
rpaHyJIoOMeTpuueckuil coctaB perypa. [IpousBenennas ¢opmanuzanus mnpoiecca
MO3BOJISIET BBIOPATh CTPYKTYPY MATEMATHUECKOW MOJIENIN B CIEAYIOIIEM BUJIE:
Xy =Ax, +Fx,_, +Bu,+w,, y,=Hx, +v,. (26)
JIns momy4eHust ¥ NPaKTUYECKOTO UCIOJIb30BAHNSI MAaTEMATUYECKON MOJEIN
ObUI TPOBEJEH MPOMBIIIJICHHBIH OSKCIEPUMEHT B YCIOBHUSIX HOPMaJIbHOIO
(GYHKIIMOHUPOBAHUS TEXHOJOTHYECKOrO IMpolecca IPaHyIALUU-CYIIKA KaJlbLUN-
cyabdar docdaTHON mydsnsl B mpousBoiacTBe PS-Arpo na Anmansikckom AO
«AMMO®DOC-MAKCAM)». HUckomble 3Ha4YE€HUS] MATpULl 4, F, U B, ypaBHCHUSA

(26) s HpI/IHSITOFO WHTEPBAJIa BPEMEHU OKa3aJIUCh PAaBHBIMH:

0,748 | 0,187 | | -0,479 0872 0,862 '—0633 0344 | 0971' -0,523
= —0964' 0,671 | I -0.896(, F'=| 0,963 | i 0926' 0214 | B= —0997' 0,127 | I 0352 |. (27)
0,255 '—0964 0,723 —0671 0,341 ' 0,672 0246 0,882 ' 0,612

[IpoBepka aneKkBaTHOCTH p213pa60TaHHOI/I MOJIEJIM HAa OCHOBE KpUTEPHS
OCTaTKOB I0Ka3aJa, 4To MOJENb (26) co 3HaueHUsIMU napaMeTpoB (27) aleKBaTHO
OMKCHIBAET pACCMATPUBAEMBII MPOLECC B 00JACTH IKCIIEPUMEHTUPOBAHUS.

Nmeronmme Mecro B mpaktuke paborsl BI'C  Oosblime u  4yactele
BO3MYLIEHUS, CBSI3aHHBIE C M3MEHEHUEM pacxoja M COCTaBa MCXOJHOIO ChIPBA,
BBI3BIBAIOT 3HAYUTEJIbHBIE OTKJIOHEHHUS COCTaBa IIEJIEBBIX MPOAYKTOB OT HX
3alaHHbIX 3HaueHud. Takum oOpa3oM, MNpU YIHIPaBIECHUU PACCMATPUBAEMbBIM
TEXHOJIOIMYECKUM TIPOLIECCOM CYILIECTBEHHOE 3HAu€HUE IpHOoOperaeT 3ajgayda
aIalITUBHOM CTaOWUIM3aluu PeKUMOB pabOThl 00BEKTa, KOTOpask SABISAETCS OJHOMN
U3 TJaBHBIX 3a7a4 YIPaBJICHUS TEXHOJOTMYECKHMMH MPOLECCaMH B YCIOBHSX
HEOIIPEIEICHHOCTH, 00YCIOBIEHHON HE3HAHMEM 3HAUEHUI MapaMeTpoB OOBbEKTa
YOPABJIEHUSI M  XapaKTEPUCTUK BHEIIHMX  BO3MYINAMOIIUX  BO3JEHCTBHIA.
VYnopaBieHue paccMaTpUBAEMbIM IPOLECCOM TI'PaHYJISILUU-CYIIKH OCIJIOXKHSAETCS
TaK)X€ €ro HEeMHUHMMAaJIbHO-()a30BbIMH CBOWCTBAMH C BPEMEHAMM 3ala3]/IbIBaHUS B
HECKOJIbKO MUHYT, JUIMTEIbHBIM BPEMEHEM YCTAHOBJIEHHUS, OOJIBIIUM JUANa30HOM
KoJIeOaHUI BIIArOCOAEP)KAHUS CHIPOM MYJIBIBI U HEU3MEPUMBIMH W3MEHEHUSIMU
CBOMCTB caMO# MyJiblbl. JIJIsi MOCTPOEHUS] CUCTEMBI YNPABIEHUS MOJCOCIUHUM K
00BekTy (26) perymarop u, =Kz, tae K — nx2/-MepHas MaTpuiia mapameTpoB
perynstopa. Ilpeanonoxkum, uyto wmatpuubl A4, F, B 3aBUCAT OT BEKTOpa
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HCU3BCCTHBLIX IIApaMCTPOB ceM, tae M — MHOXCCTBO, OIPCACIIAIOMICC KIaCC
aJaIlITUBHOCTHU CHHTGSpreMOﬁ CHCTCMBI.

Jlst pemienus paccMaTpuBaeMon 3a/1auu Bo3bMeM (hyHKIMoHan JIsmyHoBa —
Kpacosckoro B Buze

V(x, k)= xILyx, +Z Lk, =ty ) - [;(xfhxl.h +x/ x, )+ lexii,x,.+,}

I=1-h
rae L, L, — BEIIECTBCHHbIC CUMMETPUYHBIE II0JI0KUTEIBHO OIPEICICHHbIE
MaTpHIIbL; £, — i-i cTON0€1 HEKOTOPO MaTpulbl %, , y >0.

9
biok amanTtuBHOTO [€
OLIEHUBAaHUS

Y Y VY \L Y VY

10 8
bnok € Jlornueckuii 00K
UACHTU(DUKAIIMN B armocdepy, | A

TECIUIOHOCUTECIIb

\ 4 i

11 Bnox ¢popmupo-
BaHMS YIPABIAIOMINX [€
BO3/ICHCTBUI

FE s

g 7

ATanITUBHBIN > 14

] eryIsITo 3
pery. p . 13, /

12 2

TeroHoCHTETH
V3 A

uy
>
\—) BankoBas
15 JpoOHITKa

V2

DneBatop

2 3
Puc.1. ®yHKunoOHAIBLHAS CXeMa aIalTUBHON CHCTEMbI YIIPABJIEHUSA
MPOLECCOM IPaHYJIANNHU-CYLIKH

CI/IHTe3HpOBaHHaﬂ CHUCTCMaA ABJIICTCA aﬂaHTHBHOﬁ B 3a1aHHOM KIJIACCC M u

aJITOPUTM HACTPOMKHU HapaMETPOB perynﬂTopa MOYKHO HpI/IHSITB B BUJIC
foy =k, —dlz, Py, i=12,. (28)

rae P — MPOW3BOJIbHBIC MOJOXKHUTEIBLHO ONPEACICHHBIC MATPHUIIBI;, 4, - i-bIil
cron0er, Marpuubl ), ONpPEAEISEMON YCIOBUAMH YaCTOTHONM TEOPEMEI
ycroituuBocty; w' =z/z],.

YPaBHeHI/Ie KaJIMaHOBCKOI'O @HHLTpa 31CCh 6y,ZIeT NUMCTb BU:

£, =A% +F %, +Bu, + K[y, - K% —K,Bu,]-
hil A

- [_ (Kiz,—h i =KX, 1+ Ki20 v, — ) Z Kz i =KX ]}

ni2 | I=1-h

(29)
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Koaddunuents! ycunenuss K| u K onpeAestoTcsl ypaBHCHUSIMH
Ki=[R-P KR, K} =P KR, (30)

Ha ocnoBe cootnomenuit (28) — (30) u pa3paOOTaHHBIX BBIIIE AITOPUTMOB
aJIalITUBHOTO OLICHMBAHUSI BEKTOpPA COCTOSHUS MOXHO MPEIIOKUThH CIIETYIOUIUN
BApUAHT AaJalTHUBHOM CHCTEMbl YIPABJICHHUS PACCMATPUBAEMBIM IPOLIECCOM
(puc.1), xoropasi coctouT u3 OapabanHoro rpanyistopa-cymwika (BI'C) 1,
JaTYMKA BJIAKHOCTU 2, JUCKPETHOro (YHKIMOHAIBLHOTO MpeodpaszoBarens 3,
JaTYMKA TeMIIepaTypbl 4 U perynaropa pacxoga 5 oTpabOTaHHOTO TETIOHOCUTEIS,
natuvka naasienus BHyTpu BI'C 6, amanTuBHOrO perynstopa 7, JOTHYECKOTO
Oyoka 8, Oj0Ka amanTHUBHOIO OlleHWBaHWs 9, Onoka miueHtudukanuu 10, Ooka
dbopMuUpOBaHUS  YNPaBIAOIMUX  Bo3aeucTBUM 11, peryiastopoB  pacxoja
tertoHocutens 12, mynsnsl 13 u perypa 14 Ha Bxone bI'C, natunkoB TemnepaTyp
TerioHocuTens 15, pacxoaa mynbnbl 16 u petypa 17.

[IpennoxkeHHass ~ cuctemMa  aAalNTUBHOTO  YNOPABIECHUS  [O3BOJIAET
CTaOMIM3UPOBATh TEMIIEPATYPHBIE PEKUMBI MPOIECCa, MOBBICUTh KadeCTBEHHbBIE
MOKa3aTesld MPOIyKTOB U IPOU3BOIUTEIBLHOCTh arperara Ha 2,25 %.

AJlanTUBHAsL CUCTEMa YHOPABJICHHsI MOPOLECCOM BbINAPUBAHUS pacTBOpa
aMMHUAYyHOU cenuTpbl. B KayecTBe OCHOBHBIX IIOKA3aTesIed, XapaKTEepU3YIOLIUX
IPOLIECC BHINAPKK PACTBOPA AMMHUAYHOUM CEIUTPBI, pACCMATPUBAIIUCH CIEAYIOLINE
NepeMEHHBIC: YIPABIISIONME MapaMeTpsl u=(uj,uz,), TAE U; — Pacxojll pacTBopa
aMMUA4YHOM CEIUTPBI Ha YIAPKY; 42 — PAcXoJ] Ilapa; BBIXOJHBIC IAPAMETPHI z =
(z1,2z2), Toe zi — KOHIIGHTpalUs YHApeHHOrO0 pacTBOpa; z2 — TeMIeparypa
YIOApeHHOI0 pacTBOpa; HEKOHTPOJIUPYEMBIE BO3MYLIAKOUIUE BO3JACHCTBHA W =
(w,w2), TAe w; — KOHIIEHTpalus pacTBOpa aMMHA4YHON CEIUTPhl Ha BXOJE B
anmnapar; w2 — BJIaXKHOCTb HCXOJIHOT'O PacTBOpA.

OcHOBHBIM NOKa3aTeneM 3(pPEeKTUBHOCTHU Mpoliecca BbIIAPUBAHUS SIBISETCS
KOHLIEHTpalusi YINapeHHOro pacTBOpPA, a LENbI YIpaBiICHUS - MOJAEpKaHUE
ONPENEICHHOr0 3HAY€HUs HJTOM KOHIEHTpauuH. AHaIU3 JUTEPATypPHBIX
VMCTOYHHUKOB I103BOJIMJI YCTAaHOBUTh, YTO B BBIIAPHOM amnapare Majeuine
U3MEHEHUS] PEryJupyolluX BO3AEHCTBUI (pacxoda pacTBOpa aMMHA4YHOU
CEJIMTPhI HA YHApKy M pacxojia mapa) CUJIbHO OTPa)XKarTCs Ha TEMIIEpaTypHOM
peXKMME PpaccMAaTpUBAEMOro Ipolecca. ITO MOXKET TMPHUBECTH K MOTepe
YCTOMYMBOCTU Tipoliecca. Takum o0pa3oM, HEOOXOIMMO pa3paboTaTh TaKylo
aJaNTUBHYI0 CHCTEMY YINPABICHUA TEMIIEPATYPHBIM PEXKUMOM  BBIIAPHOTO
anmapara, KoTopas OOeCleYuT YCTOMYMBOCTh M HEOOXOAMMOE KayecTBO
peryJiupoBaHMsl B YCIOBUSIX pealbHbIX BO3MylleHUW. Takas cuctemMa JOJIKHA
pacliupuTh B JOCTATOYHOM JMAara3oHe O0JacTh YCTOMYMBOCTH CHUCTEMBI IO
HayaJbHbIM YCJIOBUSAM NIPU MHUHHMAIbHBIX MEPEMEUIEHUAX PEryJIHPYIOMINX
opraHoB. Jlpyrumu ciaoBaMu, HEOOXOJUMO CHHTE3HPOBAaTh BBICOKOTOYHYIO
CUCTEMY AaBTOMAaTHUYECKOIO YINpAaBJIEHHUSA, OOECHEYHBAIOLUIYI0 MHUHHUMAJIBHOE
U3MEHEHUE PEryJUpPYIOIIUX BO3JACHCTBUA U CTAOMJIM3HPYIOLIYI0 BBIXOAHbBIE
KOOpAMHATBHI  O0BEKTa, (PYHKIMOHUPYIOUIETO B  YCJIOBHSIX  peabHBIX
BO3MYLIAIOLIMX BO3AEHCTBUI MPOU3BOIBHON (DOPMBI.
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Ha ocHoBe pa3paGoTaHHBIX BHIIIE AJITOPUTMOB AJANTHBHOTO OICHUBAHMUS
OblTa pa3paboTaHa MaTeMaTHYeCKas MOJEITb W BBISBICHBI OCHOBHBIC ITOMEXO-
CUTHaJIbHBIE YCIOBUS (YHKIIMOHUPOBAHUS paccMaTpuBaeMoro npoiecca. Ha stom
OCHOBAHUH TpeJjIaraeTcs CAeAyoIUi BapyuaHT aJalTUBHON CUCTEMBI YIIPaBJICHUS
MPOIIECCOM BBINIAPUBAHUS PACTBOpPA aMMHUAYHOW CcenuTphl (puc.2), KoTopas
COCTOMT W3 KOMOMHUPOBAHHOI'O BBIMAPHOrO ammapara 1, momorpeBarens 2,
JATYMKOB KOHIIGHTPAIMU 3 U TeMIIepaTyphl yIIapeHHOTo pacTBopa 4, alaiTUBHOTO
peryisitopa 5, norudeckoro 0ioka 6, 610ka aJanTUBHOIO OLICHUBaHUsA 7, OJ0Ka
uaeHTuGukauu 8, OJoka (QopMHUpOBaHMS YNPABIAIOMIMX BO3JEHCTBUIA 9,
PEryJISITOPOB pacxo/ia pacTBOpa aMMHUA4yHOU cenuTphl Ha ynapky 10 u mapa 11,
JATYMKOB pacxojia pacTBOpa aMMHUAYHOW CENUTPHI Ha yrnapky 12 u napa 13.

ITapoBo3aymiHas
cMech

1

10
Konnencar

> >
PacTBOp amMmmHauHO# ceUTPhI U
>
12 ITap
|le——
5 AanTHBHBIN
g N PEryssTop > 11 Konpencar
> [Map >
13 E===-
w  F===F

9 Biiok popmupo-

BaHUA YIIPaBJIAOMINUX B

BO3ACHCTBUI
K

[InaB
7 Biok aganTus- 8 biok unen-

Y

HOTO OleHH-  [€>|  rydukanun @
BaHUsL
X ’ )

Y Y

6 Jlornaeckui
0JI0K
A

A
-

N
>

A

Puc.2. ®yHKUMOHAJIBHAS CXeMa AIANITUBHON CHCTEMbI
YIIPABJICHUSA MPOLECCOM BbINNAPHUBAHUS PACTBOPAa AMMHUAYHOM CEJTUTPBI

OKCHEpUMEHTAJIBHBIE MCCIIEIOBAHMS IIOKa3aJId, 4YTO II0 CPAaBHEHHMIO C
OOBIYHBIM  yNpaBJICHHMEM  NpPU  aJalTUBHOM  YyHOPaBICHUM  BEJIUYMHA
CPEIHEKBAJPATHYECKOTO OTKJIOHEHUS pealn3aluil KOHUEHTpaluu pacTBopa
aMMHA4YHOU cenuTpsl ymeHbmaercs co 3HadeHus 0.051 o 0.022 cooTBETCTBEHHO.
[Ipu »o5ToM oOCHOBHas J0Jds DJKOHOMHUYECKOro 3(ddexra 0T peanuzanuu
pa3pabOTaHHOM CHCTEMbl aJAaNTHUBHOTO YIOPABJICHUS JOCTHIaeTcs 3a CUeT

CHIDKCHUS pacxoja mapa sl BbIIIAPUBAHMS PACTBOPA aMMHUAYHOW CEJIUTPbI HA
1223,2 I'kan. B rof.
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3AK/IIOYEHUE

B nawumccepranuu Ha OCHOBE KOHIICNIIMH CHUCTEMHOTO aHallu3a, TEOPUHU
aJanTUBHBIX CHUCTEM YMpPABJICHUS, AUHAMUYECKON (QuiIbTpaluu W METOJI0B
pelieHrss HEKOPPEKTHBIX 3a7ady pa3paboTaHa KOHCTPYKTHUBHAs METOJIOJIOTHUS
PETYJSIPHOrO aJanNTUBHOTO OILEHWBAHMS COCTOSIHUS TEXHOJOTMYECKHX OOBEKTOB
YIIPaBJICHHUS B YCIOBUSIX MOJIEJIbHONW HEONIPEEIEHHOCTH.

B uTore nonyueHsl caeayOnme pe3yabTaThl:

1. Pa3paboranbl airopuTMbl PEryJsipHOTO OLICHHBAHUS KOBapHAILIMOHHOMN
MaTpuIlbl IIyMa OOBEKTa Ha OCHOBE METOJOB pEIICHHUsS HEJIMHEHHBIX
GyHKIMOHANBHBIX ~ ypPaBHEHUH C  y4e€TOM BO3MOXKHOM  HEpPa3peuruMOCTH
JMHEApPU30BAaHHON CHCTEMBI C OCOOOW WM TUIOXO OOYCIIOBIIGHHOW MaTpHIIEH,
MO3BOJISIONINE OOECMEYUTh CXOJUMOCTh HMCKOMOTO pEIICHUS W TEM CaMbIM
MOBBICUTH TOYHOCTh MPOIIEAYPHI aAaITUBHOTO OLICHUBAHMUSI.

2. llpensioxkeHbl aIrOPUTMbl AJANTUBHOTO PETYJISIPHOrO OLICHUBAHUS
COCTOSIHUSI ~ OOBEKTOB  YNPABJICHUS B YCIOBUAX  MOCJEJOBATEIHLHO
KOPPEIUPOBAHHON MOMEXH B U3MEPEHUSIX HAa OCHOBE CUHTYJISIPHOTO Pa3ioKeHUs
MaTpHull, MO3BOJISIONINE OOECIEUUTh MPUBSI3KY TECOPETHUUYECKONW KOBapUAIIMOHHOMU
MaTpUIbl OMIMOKM OIICHMBAHUSA K pEabHbIM 3HAYEHUSAM, U TEM CaMbIM
JUKBUIMPOBATh OTOPBAHHOCTh IIPOLIECCA BBIYMUCICHUS MaTPULbl YCUJICHUS
KaJIMaHOBCKOT'O (PMIIbTPA OT peaibHbIX U3MEPEHUH.

3. IlpennoxkeHsl anropuTMbl AJANTUBHOTO PETYJISPHOIO HTEPALUOHHOIO
OIICHMBAHUSI KOBAPUAIMOHHBIX MATpHUIl IIyMa 0O0BEKTa U TOMEXU U3MEPEHUN Ha
OCHOBE OOHOBIIAIOIIETO TIpoIecca HM METOoJla CEKYIIUX, He Tpedyroume
BBIYUCJICHUS WM AaNIPOKCUMAIIMM YaCTHBIX MPOU3BOAHBIX, IO3BOJISIIOLINE
00eCIeYnTh CXOJUMOCTh HCKOMBIX MPHUOMMKEHUH W aJdanTHpOBaTh (QUIBTP K
U3MEHSAIONIUMCS.  3HAQYEHUSAM  KOBAapUALMOHHBIX  MaTPUI]  BO3MYIIAIOIINX
BO3JECHUCTBU.

4. Pa3paOoTaHbl peEryjsipHbIE QJITOPUTMbI aJaNTUBHOIO OILICHUBAHUS
MaTpUYHOro Kod(d(uIMeHTa YCUJIEHHS KaJIMaHOBCKOTO (UIbTpa Ha OCHOBE
MeToJa npoekiuu rpaaueHTa. [lomydeHsl BhIpaXXeHUs JJI OLICHKH MOTPEIIHOCTH
IpaBoOl 4YacTM MATPUYHOTO YypaBHEHUS JUIsl BbIUMCIEHUS Kod(duiumeHrta
YCUJIEHUS, TIO3BOJISIOIIME HE MPOU3BOJS  HEMOCPEICTBEHHOIO  PEUICHUS
MAaTpUYHOI'O YPaBHEHUS, OLEHUBATh MOTPEUIHOCTh €ro pewmenus. [1lo HaliqeHHbIM
BBIPAKECHUSIM MOXXHO TaKKe MOJIy4aTh AnpHOPHYI0 HH(OpPMAIMI0O O MOPSIKe
MOTPEIIHOCTU PELICHUS ISl MOJyYeHUsI Ka4eCTBEHHBIX BBIBOJIOB O TOM, C KaKOW
TOYHOCTBIO PA3yMHO Jlajiee pelaTh CUCTEMY.

5. IlpennoxkeHbl  peryiasipu30BaHHbIE  AJITOPUTMBI  JBYXITAIlHOTO
aIANITHBHOTO OIICHUBAHUS MPU KOPPEIUPOBAHHBIX IITyMaX 0OBEKTA, TTO3BOJISIIONITNE
YCTPaHUTh JKECTKYIO 3aBUCHUMOCTh MATPUYHOTO KO3(ppuLHEeHTa yCUIICHUSA
dbunpTpa OT anpuopHBIX JaHHbIX. [loka3aHo, YTO MmpHU pElIEHUU 3TOW 3ajayu
BEChbMa 2 PeKTUBHBIMU OKa3bIBAKOTCS METO/IbI 1IceB000paleHus,
peryJjspuzanuu, /; — MUHUMHU3AIMd 1 YMEPEHHOU MOpYM C BHIOOPOM IMapaMeTpa
peryjspuszallid Ha OCHOBE CHOCOOOB KBa3UONTUMAJIbHOCTH, MEPEKPECTHOM
3HAYUMOCTH U L-KpUBOM.
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6. IlpemyioxeHbl peryiaspHble aarOpUTMBbl aJalTHBHOIO OLEHUBAHMS B
YCIOBUSIX aBTOKOPPEJIMPOBAHHOCTH IIyMa OOBEKTAa W IOMEXH HU3MEpPEHUN Ha
OCHOBE METOJIOB pEHICHUS NPUOIMKEHHBIX BBIPOKACHHBIX WM  IUIOXO
0OyCJIOBJIEHHBIX CTOXAaCTUYECKUX CUCTEM JIMHEHHBIX aareOpandeckux ypaBHEHUH.
[Ipu ¢opmupoBaHUU AITOPUTMOB OLIEHMBAHUS HCIOJb30BaHA CTAaTHUCTUYECKas
dbopmMa TpUHOMIA HEBS3KM, TrapaHTUpPYyIOLlas IOJyYeHHE ONTUMAalbHBIX
pEryJIIpU30BAaHHBIX OLIEHOK PEIIEHUH NPUOIMKEHHBIX CTOXaCTHMUYECKHUX CHCTEM
YPaBHECHUM.

7. Pa3zpaboTaHbl peryJsipHble ajirOpUTMbl aJaNTUBHOIO OLIEHUBAHUS IpU
B3aMMHOI KOpPPEJIMPOBAHHOCTH LIyMa OOBEKTAa U NMOMEXH M3MEPEHHI HAa OCHOBE
JNEKOPPEJIMPOBAHMS IlIyMa U IOMEXH, M METOJOB pEryJiipu3allud pelIeHUs
ONEPATOPHBIX YPABHEHUU C TMIOJIOXKUTEIBHO OIPEAEICHHBIMU MaTpULllaMud |
OpUOIMIKEHHO 33JaHHOM NpPaBOM YacThO, MO3BOJIAIOIIME IOBBICUTH TOYHOCTH
BBIYKCIIEHUS KO3(PPUIMEHTa YCUIIEHU TUHAMUYECKOro (PriibTpa.

8. IlpennoxkeHbl pEryJsipHbIE aIrOPUTMbl AJalNTHUBHOIO OLIEHWBAHUS
napamMeTpoB  MaTpULl ypaBHEHUS JUHAMUKM OOBEKTOB  YIpaBICHUS U
KOBApUALIMOHHBIX MATPHUIL BO3MYILEHUI Ha OCHOBE KOHUEMUUNA BPEMEHHBIX PSI/IOB,
NO3BOJISIOIME CUHTE3UPOBATh AJAlTUBHBIE CUCTEMBI YNPABICHHUS B YCIOBHAX
BBICOKOU CTENEHH MOJIEIbHOM HEONPEAEIEHHOCTH.

9. PazpabGoTanbl peryjspHble aIrOpUTMbl aAJaNTHUBHOIO OLIEHWBAHUSA
NepexXoqHOM MaTpullbl OOBEKTOB YINPABIECHHUS Ha OCHOBE METOJOB pELIEHUs
BAapUALMOHHBIX HEPABEHCTB B paMKaX MPHUHIMIA WTEPATUBHOM pErysspu3aliH,
00€eCIEeYNBAIOIINE COCTOSITENIBHOCTh U CXOJJUMOCTh UICKOMBIX OIICHOK.

10. IlpemnoxeHsl peEryJsipHbIE ANTOPUTMBI AJANTUBHOIO OLIEHUBAHUSA
napamMeTpoB NEPEeXOAHOW MaTpHIbl YNPaBIIEMbIX OOBEKTOB M KoO3(ppuuueHTta
YCUJIEHUS! AMUHAMUYECKOTO (WIbTpa KaJIMAaHOBCKOIO THIA B YCJIOBHUAX IOJHOU
anpHOPHOM MOJEIIBHOM HEOINPEACIICHHOCTH, II03BOJSIOIINE PEryJIsIpU30BaTh
paccMaTpuBaeMyro 3ajady OLIEHMBAaHUS HAa OCHOBE pPETYJSIPHBIX METOOB
MUHHAMH3AUUU QyHKIHOHAJIOB.

11. IlpeiokeHsl aIrOPUTMBbI CUHTE3a CUCTEM YIIPABIICHUS JUHAMHYECKUMU
O00BEKTAMHU C UCIOJIB30BAHUEM MPOTHOZUPYIOLIUX MOJIENIEl HA OCHOBE KOHLENIUI
pETyJIIpHOTO aJaNTUBHOIO OLEHUBAHUS B YCIOBUSX PA3JIMYHOW CTENEHU
MOJICJIbHOW ~ HEOMPEJCIIEHHOCTH, CIOCOOCTBYIOIIKME MOBBIIICHUIO TOYHOCTU
BBIUMCJIEHHSI BEKTOpA MIEPEMEHHBIX COCTOSIHUSI U YIIPABIISIOLUINX BO3ACHCTBUIA.

12. Ha oOCHOBE NpPEUIOKEHHBIX PETYJSIPHBIX AQJITOPUTMOB aJANTHBHOIO
OLICHUBAaHUS COCTOSIHUSI OOBEKTOB yIPABIEHUS B YCJIOBUAX MOJEIbHOMN
HEOIPEAENCHHOCTH  pa3paboTaHbl  aJalTUBHbIE  CUCTEMBbl  YIIPaBJICHUS
TEXHOJOTUYECKUMHU npoueccaMu IPaHyJISIUU-CY KU KaJIbLIAM-
cynbdardocdaTHOii MyabIBI B TPOU3BOACTBE PS-ATpo 1 BhIMapuBaHus pacTBOPOB
aMMuayHO cenuTpbl. IlpeasiokeHHble aJanTUBHBIE CHUCTEMBI YIPaBICHUS
YKa3aHHbIMM TPOIIECCAMU  IO3BOJISIIOT  CTAaOMJIM3UPOBATh  TEXHOJIOTHMUYECKUE
peXKUMBl ~ MPOTEKaHHUs]  NPOLECCOB U MOBBICUTH  3PPEKTHUBHOCTh  MX
GyHKIIMOHUPOBAHMUS.
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ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the subject of dissertation. Comprehensive
measures taken by the Government of the Republic of Uzbekistan for the
development of a regional and territorial control and automated creation system of
a single information space, focused on the widespread introduction of information
control systems based on modern information and communication technologies. In
this regard, the development of efficient methods and algorithms for state
estimation and control of various functional purpose and is of particular relevance,
however, remains not completely solve theoretical and applied problems of wide
national economic significance. The development of complex information
processing systems and controls, in particular, systems of technological objects,
stimulated constant increase of the performance requirements of accuracy. This
task 1s especially difficult in real conditions of a priori uncertainty and unexpected
variability of the models and the external environment. Under these conditions the
introduction of the adaptation and monitoring of the system carried is expedient in
relation to significant disturbance model, which can not be considered as a simple
evaluation of interfering factors and which will significantly improve the quality of
the system as a whole. Thus, the development and the development of effective
means and methods of adaptation of the control system in conditions of high
uncertainty a priori in the real-time rate will effectively handle the data of
observations significantly improve the accuracy and reliability of information
processing and control.

Demand dissertation is characterized by the widespread introduction of
modern concepts of automation and control of complex engineering in various
industries, including chemical, associated with tasks requiring close attention
estimation, identification and management of objects in an uncertain environment.

This research work is focused on ensuring implementation of the Resolution
of the President of the Republic of Uzbekistan the NePP-677 of 27.07.2007 vy.
"About the Program of modernization, technical and technological modernization
of the enterprises of chemical industry", which states that one of the main
objectives of the Programme is to improve the technical level and production
efficiency, ensuring operational reliability and environmental safety of chemical
production by introduction of modern high technology equipment and advanced
process control systems.

Accordingly, the solution of these problems requires special research and
development aimed at further improving the efficiency of process control systems
based on modern information technology.

Thus the practical implementation of these methods of adaptation and
control faced with the need to solve a variety of inverse problems of managed
dynamics objects. Problems of this type are essentially ill-conditioned. They
belong to the class of ill-posed problems. In this situation, the problem of synthesis
methods and algorithms for adaptive state estimation control objects in the face of
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uncertainty should be considered in terms of the theory of regular evaluation,
defining the methodology for constructing stable algorithms for processing the
current information. In this regard, the development of efficient methods and
algorithms for regular adaptive state estimation process facilities control under
model uncertainty and synthesis of computing circuits for their implementation
acquires great importance.

Conformity of research on priority directions on development of science
and technologies of the Republic of Uzbekistan. Thesis completed in accordance
with the priority areas of science and technology: the PPI-17 - "Development of
modern information systems, intelligent control tools and training, scientific and
technical databases and software products that provide broad development and
implementation of information and communication technologies" and PPI-5 - "The
development of information technology, telecommunications networks, hardware
and software tools, methods and systems for intelligent control and training aimed
at improving the information society".

International review of scientific researches on theme of dissertation. In
the theory of stochastic control a large number of the methods and algorithms
describing various approaches to obtaining numerical solutions of various tasks is
developed. Various optimum and suboptimum strategy of control are offered.
Classes of strategy and the main characteristics of stochastic control are defined. In
a class of adaptive control systems effective methods and algorithms of estimation,
identification and decision-making in the conditions of various degree of
aprioristic uncertainty are developed. In this area certain success by scientists of
the countries of USA, Great Britain, Russia, Japan, China, South Korea, Germany,
Holland, France, Italy, Australia and others was achieved.

In publications of the international companies and scientific centers, such as
Honeywell, Siemens, Mitsubishi, ABB, Invensys, Festo, GE Fanuc, Rockwell,
Advantech, Evoc, Kontron, Eurotech, Intel, SeaTech, MOX, Wonderware,
Rockwell Automation, Iconics, Trace-Mode et al. noted that the development of
modern management techniques occurs in the direction of the modification and
improvement of the systems of optimal and adaptive control.

However, as the complexity of conditions of facilities control related
primarily to the uncertainty of their description, actively conducting research
aimed at developing new trends and applications, based on the introduction of the
principles of adaptation and control of the system with respect to the essential
model violations. Analytical study of scientific literature in this area shows that
further improvement of control systems dynamic objects are inextricably linked to
the development of new and modification of the known methods for the synthesis
of control systems of different functionality in terms of model uncertainty and the
signal based on the concepts of adaptive filtering.

Degree of study of problem. Analysis of the scientific literature of recent
years in research on the development of methods and algorithms for adaptive state
estimation process facilities control under model uncertainty indicates that
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achieving significant theoretical and practical results in this area. Published a large
number of papers devoted to the problems of adaptation and control the
functioning of control systems, developed general theoretical concepts, increasing
the number of solutions to practical problems. There are various ways of
developing and constructing high-precision filters, operating under conditions of
varying degrees of a priori uncertainty of the statistical characteristics of signals
and interferences. Various theoretical and applied aspects in this area in a large
number of monographs, collections, and articles. Here we should mention the work
of scholars such as Aliev R., Andrews A.P., Brayson A., Bucy R., Izerman R.,
Jaegeol Yim, Jachun Joo, Kalman R., Lainiotis D., Landau I.D., Leondes C., Ljung
L., Simon D., Tao G., Wiener N., Zhou J., Abdullaecv D.A., Andrievskiy B.R.,
Bekmuratov T.F., Bukov V.N., Bulichev Yu.G., Verlan® A.F., Igamberdiev Kh.Z.,
Kadirov A.A., Kamilov M.M., Krasovskiy A.A., Nikiforov V.O., Ogarkov M.A.,
Polyak B.T., Pupkov K.A., Semushin I.V., Sinisin .N., Fradkov A.L., Sipkin Y.Z.,
Yusupbekov N.R., Yadikin 1.B., Yakovlev V.B. and others. However, the
increasing complexity and expansion of the objects of scientific research requires
the development of new efficient methods and algorithms for the detection and
diagnosis of disorders, identification, adaptive state estimation of stochastic control
objects in the face of uncertainty. However, the literature is insufficient to
assessing the potential of regular methods of synthesis problems in the subsystems
of the adaptive state estimation of stochastic control objects in the face of
uncertainty. In imperfectly developed regular methods and algorithms to detect and
adapt to the class of stochastic control systems in terms of model uncertainty.
Demands the development and regular methods of adaptive state estimation of
stochastic control objects on the basis of identification and direct approaches and
algorithms for adaptive estimation in the presence of uncertainty in the model of
the dynamics of the object. Also, it is helpful to carry out the development of
methods and algorithms for regular joint detection, identification and parry
violations based on modern concepts of regular methods that will expand the range
of algorithmic procedures for constructing and implementing adaptive control
systems stochastic objects in conditions of uncertainty and improve the efficiency
of their operation. In connection with the above-noted there is an urgent need for
further modification and creation of efficient methods and algorithms for regular
adaptive state estimation of stochastic control objects in a model uncertainty.
Connection of dissertational research with the plans of scientific-
research works is reflected in the following projects: State Science and
Technology Project NeA-14-045 - "Development and implementation
intellectualized control information systems for the industrial production of
continuous nature of the process" (2006-2008 yy); NeYA-17-05 - "Development of
regular algorithms and software tools for synthesis of stochastic control systems
continuous technological objects" (2010-2011 yy); NeOT-F1-080 - "Development
of concepts and principles of construction of intelligent control systems for
complex technological processes and manufactures" (2007-2011 yy); NeF-4-56 -
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"Development of theoretical foundations and methods of structural and parametric
synthesis of intelligent control systems for complex technological objects based on
fuzzy multiple representations" (2012-2016 yy).

Purpose of research is to develop methods and algorithms for regular
adaptive state estimation process facilities control under model uncertainty and
their practical application in solving problems of automation and control of
specific production processes.

Tasks of research:

systematic analysis of the development theory and methods for adaptive
filtering in the synthesis tasks of control systems for dynamic systems;

development of regular algorithms of adaptive estimation on the basis of the
identification approach;

development of regular algorithms of adaptive estimation of the gain matrix
of Kalman filter;

development of regular algorithms of adaptive estimation in the presence of
uncertainty in the model of the dynamic object;

application of the developed methods and algorithms for regular adaptive
estimation in problems of technological objects.

Object of research methods and algorithms for dynamic filtering and state
estimation of stochastic control objects.

Subject of research - methods and algorithms for regular adaptive state
estimation of stochastic control objects.

Methods of research. The thesis used the general methodology of system
analysis, identification, dynamic filtering, adaptive control and solving ill-posed
problems.

Scientific novelty of dissertational research consist in the following:

the algorithms of the regular evaluation of noise covariance matrix of the
object developed, based on methods for solving nonlinear functional equations,
taking into account the possible undecidability of the linearized system with
singular or ill-conditioned matrix, allowing for the convergence of the desired
solution, and thereby improve the accuracy of adaptive estimation procedures;

proposed adaptive algorithms regular state estimation control objects in a
consistently correlated noise in measurements based on singular value
decomposition of matrices, allowing for binding of theoretical covariance matrix of
the estimation error to the actual value, and thereby eliminate the isolation process
of calculating the gain matrix of Kalman filter from actual measurements;

proposed adaptive algorithms regular iterative estimation of noise
covariance matrices of the object and noise measurements based innovation
process and secant method that does not require calculation or approximation of
partial derivatives, allowing the filter to adapt to the changing values of the
covariance matrices of disturbances;

developed regular algorithms of adaptive estimation of the gain matrix of
Kalman filter based on the gradient projection method and derive expressions for
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the error estimates right side of the matrix equation for the calculation of the gain,
allowing not made directly solving the matrix equation to estimate the error of his
decision;

proposed regular algorithms of adaptive estimation under auto- and cross-
correlation of noise and interference measurements of the object on the basis of
approximate methods for solving ill-conditioned or singular stochastic systems of
linear algebraic equations which can improve the accuracy of calculating the gain
of a dynamic filter;

developed regular algorithms of adaptive estimation of the transition matrix
of control objects on the basis of methods for solving variational inequalities in the
framework of the principle of iterative regularization to ensure consistency and
convergence of the required assessments;

proposed regular algorithms of adaptive parameter estimation of the
transition matrix of managed objects and gain dynamic Kalman filter type in a
complete a priori model uncertainty, allowing estimation regularize the problem
under consideration on the basis of regular methods of minimizing functionals.

Practical results of research consist in the following:

developed a software package ARES (adaptation, regularization, estimation,
system), consisting of software modules designed for software and algorithmic
problem solving support adaptive state estimation of dynamic systems;

based on the results of industrial experiments in the normal functioning of
the mathematical models of granulation-drying calcium sulfate processes and
phosphate pulp production PS-Agro and granulation of ammonium nitrate;

developed an adaptive state estimation subsystem managed objects
according to different degrees of model uncertainty using parametric contours as
well as the adaptation of the signal;

proposed automation and process control of granulation-drying calcium
sulfate and phosphate sludge granulation of ammonium nitrate with an appropriate
technical support to expand the performance of the unit at 2.25% and reduce steam
consumption at 1,223.2 Gcal. per year, respectively.

Reliability of obtained results is proved by methodologically sound
theoretical calculations; application of theoretical concepts grounded adaptive
estimation and control of dynamic objects on the basis of methods for solving ill-
posed problems; using proven methods and algorithms of modern control theory;
the required degree of convergence of the proposed methods and algorithms for
adaptive estimation; with the results of theoretical and applied research, and their
mutual consistency.

Theoretical and practical value of research results. The theoretical
significance of the research results is to develop constructive methods and
algorithms for regular adaptive state estimation process facilities control under
model uncertainty.

The practical significance of the work results is to develop mathematical and
algorithmic support tasks adaptive estimation and synthesis of control systems in a
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wide class of technological objects. The developed methods and algorithms for
adaptive state estimation of stochastic control objects in the conditions of a priori
uncertainty can be widely used in the construction of the functional structure and
automate the design of adaptive control systems of technological processes with
the continuous nature of production.

Realization of results. Algorithms of adaptive estimation and functional
diagrams of automation controls are introduced at the enterprises of State Joint
Stock Companies «UZKIMYOSANOAT» in systems of automation of control of
technological processes of granulation drying calcium-sulfate of a phosphatic pulp
on Almalyk Stock Company "AMMOPHOS-MAXAM" (Act of 03.10.2014 y.)
and evaporation of ammonium nitrate and on Stock Company
«FARG‘ONAAZOT» (Act 0of 21.05.2014 y.) with a total annual economic benefit
83 million. 76 thous. soums (reference of State Joint Stock Companies
«UZKIMYOSANOAT» about introduction for Ne01-2304/I of 17.11.2014 y.).

Approbation of work. Results of the study were tested at 32 scientific
conferences, congresses and seminars, including 25 international, "Current status
and prospects of power development" (Tashkent, 2006); "Technology and
communication technologies" (Tashkent, 2008); "Modern technology and the
technology of mining industry and the ways of their development" (Navoi 2008,
2013); «World Conference on Intelligent Systems for Industrial Automation -
WCIS-2008-2012» (Tashkent, 2008-2012); «Congress of the World Mathematical
Society of Turkic Countries» (Almaty, 2009); "Integral equations of 2009" (Kiev,
2009); "Control and optimization of dynamic systems - CODS-2009" (Tashkent,
2009); "Mathematical Methods in Engineering and Technology - MMET-23"
(Saratov, 2010); «International Conference on Application of Fuzzy Systems and
Soft Computing - ICAFS - 2010-2014» (Prague, 2010; Lisbon, 2012; Paris, 2014);
«International School and Conference on Foliations, Dynamical Systems,
Singularity Theory and Perverse Sheaves» (Samarkand, 2009); «International
training-seminars on mathematics in conjunction with the joint mathematics
meeting» (Samarkand, 2011); "Innovation" (Tashkent, 2010-2013); "Actual
Problems of Applied Mathematics and Information Technology - Al-Khwarizmi -
2012 - 2014" (Tashkent, 2012, Samarkand, 2014); "Integrated models and soft
computing in artificial intelligence" (Kolomna, 2013); «International Conference
on Soft Computing, Computing with Words and Perceptions in System Analysis,
Decision and Control -« ICSCCW-2013 »(Izmir, 2013); "Modern materials,
equipment and technology in engineering" (Andijan, 2014) and 7 Republican
conferences.

Publication of results. On the topic of the dissertation is published 60
scientific works, including - 2 monographs, 20 journal articles, 5 of them - in
foreign journals, and has received 10 certificates of registration programs for
computer.

Structure and volume of dissertation. Dissertation is consisted of
introduction, five chapters, conclusion, bibliography, 4 applications and contains
198 text pages, includes 12 figures and 5 tables.
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MAIN CONTENTS OF DISSERTATION

In the introduction the urgency and relevance of the dissertation topic,
stated purpose and objectives, identified the object and subject of research, identify
relevant research priority areas of science and technology of the Republic of
Uzbekistan, presented scientific novelty and practical results of the study proved
the reliability of the results obtained revealed theoretical and practical significance
the results obtained are given a list of implementing the findings of research,
testing operation, data from published work and structure of the dissertation.

In the first chapter of the thesis deals with the development theory of
systems analysis and adaptive filtering methods in synthesis of control systems for
dynamic systems problems. In the modern theory and practice of automatic control
problems of adaptation has received increasing attention. Solving these problems
allows for a wide variety of technological processes control under incomplete
priori and current information regarding the characteristics of the object and the
external environment. Here it should be noted that the emergence of a priori
uncertainty occurs at the stage of formation of physical, chemical or technological
model of automated facilities and processes. The current uncertainty is usually
caused by uncontrolled random nature of the changes of static and dynamic
properties of the managed objects and effects of the environment on the object in
the normal operation mode. Adaptive systems are among the most complex in the
existing hierarchy of control systems. Their complexity is determined not only by
their own topological features, the structure of telecom operators, the variety of the
mathematical apparatus, especially technical implementation, etc. The complexity
of the adaptation problems in control systems is the depth of the concept of
adaptive behavior, be it technical, biological or other system in its multialternative,
in the variety of the nature of uncertainty information about the controlled process
and the external environment. This is due primarily to the fact that the creation of
control systems of technological processes complex usually do not have a reliable
model objects. None of the existing theories can not claim that it only gives a
correct description of the systems. Rather, there are a range of theories that treat
these problems. With currently placed only narrowly considering individual
processes and only at certain levels of description implies a unilateral view of the
system, does not allow reliable estimates of all processes. Thus, it can be stated
that the introduction of adaptation and control of the system is expedient in relation
to significant infringements model, which can not be regarded as mere
confounding factors and evaluation which will significantly improve the quality of
the system as a whole. Thus for the correct formulation and qualitative problem
solving state estimation and control objects and assessment of disorders must
consider a number of points, the most important of which are the following: the
type of uncertainty (modeling or parametric), the type of uncertainty (uncertainty
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only in the first phase, the design phase, or at both stages (design and control of the
current process). The model uncertainty means that there is no complete assurance
that any mathematical model should be used for certain processes, and parametric -
that the general structure of equations for each manufacturing process is known,
but there are uncertainties in the model parameters.

Summarizing the above there may be concluded that the model uncertainty
shows a conceptual model of the physical process in view of the fact that the
process of displaying virtually reality by using simplified models. In this model the
uncertainty in turn initiates mathematical uncertainty. This is because the
conceptual model in this case is usually implemented as a system of equations to
be solved, as a rule, approximate methods. This gives rise to a kind of uncertainty
in the results, which nevertheless can be quantified.

This situation requires the development of new approaches to the problem
adaptive estimation of the managed objects state and systems in terms of the
approximate input data on the basis of methods to ensure comparability in terms of
accuracy models of controlled systems with observations. In the framework
decision multifaceted problem of state estimation in the above sense is advisable to
put the concept of sharing the general theory of dynamic assessment and methods
for solving inverse ill-posed problems. Successful in this regard seems
methodology gradation system synthesis problems of adaptive schemes, based in
particular on the involvement of the concepts of inverse dynamic problems of
managed objects and regular methods. These circumstances indicate the need for
methods and algorithms for regular adaptive state estimation process facilities
control under model uncertainty and synthesis of computing schemes of their
implementation in solving problems of automation and control a particular process
of industrial production.

The second chapter is devoted to the development of regular algorithms
adaptive state estimation control objects on the basis of the identification approach.
Consider a linear or linearized continuous dynamic system described by the
difference in time by the following equations

Xy = Ax; + Bu; + I'w,, (1)

z,=Hx +v,, (2)

where the x, - state vector of dimension n, u, - control vector of dimension /; z, -
observation vector of dimension m, w, and v, - the noise vector object and
interference observation dimension g and p, respectively, is a sequence of the form

of a Gaussian white noise with characteristics of E[w]=0, Elww/| =005,,
E[v]=0, Ep] =Rs,, E [wiv,f] =0; A, B, D and H - matrices of appropriate

dimensions. These sequences do not depend on a random initial state of the system
x, with a mean x,, and covariance of P,.
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For estimation the state vector x, of the dynamic system (1), (2) commonly

used conventional Kalman filter equations of type

J%i\i = Ai,ifl)%ifl\[fl + Bi,ifluifl + Ki [Zi - Bi,ifluifl - H[JAC”H] ’ (3)
-1
K, = Pi\i—lHiT [HiB\i—lHiT + Ri] > (4)
R\i—l = Ai\[—lB—l\i—lA[T;—l +0.4, R\i = Pi|i—1 - KiHiR\i—l ’ )%0\71 = Hy> POH =M,. (5)

However, the scope of the Kalman filter procedure (3) - (5) is limited
because the algorithm requires a precise knowledge of system parameters. We
assume that the matrix 4, B, D and H correspond to their nominal values, but the
covariance matrix Q and R are unknown. Then, for the implementation of dynamic
filters (3) - (5) it is advisable to use an identification approach is to determine the
covariance matrices O and R followed by calculating the gain of K according to
the expressions (4) and (5).

In the following equations, the synthesis algorithms, adaptive estimation is
not explicitly taken into account control u,. However, control is always considered

to be a known function of time. Therefore, it can be considered by the dependence
on the discrete time i. A significant part of the algorithms of identification or
estimation of noise covariance matrix Q, and R, may be based on the methods of

analysis are upgraded sequentially or discrepancy in measurements v, =z, — H.%,

iVili-1

Kalman filter. To determine the covariance matrix Q will use equation:
= RN e \T 7 7
ZHAJAQAT(AF]‘) HT =(P'HT) (Afk) HT _
i=0
J l (6)

—HA(PH") =S HAV(AH HY, k=12,.m,

~

= A[— k(pa" —(PHTKT + KéOKT] A

Evaluation matrix measuring noise based on the use of the equation
C, :E(vl.vf ):HP'HT +R,ie. R=C,—-H (P'H T). We rewrite the system of equations
(6) in the form

f(@)=0,

where ¢ = {ql,qz,...,qq} - vector, composed of covariance matrix Q elements.

To calculate the vector ¢ will use Newton's method

9.0 =49, -[F(g)]" flg,) r=01..,

where F(q,) - Jacobi matrix, taken at g =g, .

In the process of calculating the vector ¢ may be cases when the matrix
F(g,) can be not only ill-conditioned, but degenerate in a neighborhood of some
point ¢°. For the solution of the system

F(qr)fr = _ﬁ b qr+l = qr + fr
is it appropriate to use the following computational scheme M.M.Lavrentev:
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as,, +¥(q,)s,, =as, .~ f, n=12,.. (7)

Regularization in (7) is carried out by a large number of iterations for a fixed
value of the regularization parameter « . It is shown that the determination of the
parameter vector ¢, can also be made on the basis equation of the form:

L(h,q,)5, = 1(4,), 4,0=9, =5, 7=012,.,
where I'(h,,q.) - difference matrix, 4, - the real numbers from a given convergent
sequence .

In a case where model uncertainty in the measurements is an additive
Markov sequence for the synthesis of the adaptive filter is useful to define a new
vector of measurements u =z, , —¥z , whereby we obtain the following system
model

X, =Ax +w,
u=Hx +¢,
where H =H A -WY.H,, {¢} - white sequence with zero mean, satisfying the

following relationships

S:- = QiHiT > Rz’ :HiQiHiT +R,
¥, - transition matrix defined by expression v, =Wy, +¢,.

Then the estimate of the vector of the state variable can be defined on the

basis of the expression
% = T0% 4 T

where matrix 7") and T are determined based on singular value decomposition
matrix using computational procedures Kalman filtering.

For joint estimation of the covariance matrices of noise and interference
measurements of the object will use the system of equations

E(vy')-HP, H" -R=0,

ili-1

E(ViviT—l): HA(I - Ki—lH)[Pi—ui—zHT -K,R]=0,

E(vy!, )= HAI - K, \H)A.. A~ K, )Py iH ~K,_,R]=0. (8)

Rewrite the system of equations (8) in the form
S(c)=0, 9)
where S(c) - nonlinear operator E/ on E’, j=q+p, c= {cl,c2,...,cq;cq+1,cq+2,...,cp} -

vector consisting of the diagonal elements of the covariance matrices Q and R, i.e.
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CL=q115C) = GoyresCy =Gy Cat =T15Cpia = TagseeesCp =T,
In the above conditions required to solve the system of nonlinear equations
of the form
S,(¢,Cppnnc)) =0, i=12,...,5. (10)
To solve the equation (10) will use the secant method in /-dimensional
space. According to the method, secant equation /+1 points in p-dimensional

space, and y hyperplanes can be written as:

iy iy iy i, N\NT —
¢’ =(c/,¢] s/ ) y=12,...74,
/
L'(c)=) djc,+a}, =0, k=12,..).
j=1

In this hyperplane must satisfy the condition of the form:
L(c)=8,(C)), y=012,...p, k=12,...0,

or
L) =L (™)=Y al (e =) =8, (") =S, ("), y=12..p, k=12,.,.
j=1

Then regularized embodiment the iterative algorithm for computing based
vector (9) can be written as:
= = (S, o)) +aB) S, (11)
where
@, (c)=c, =S, ("), a,=BG+1)", B>>0.
It can be shown that the iterative process (11) converges from any initial
approximation ¢’ e N, i.e.

lim|c* - ¢ =0,

i—0
where
N, = {Hc -c’

<p}, p>0 - fairly small number;
¢* =(c},¢3,....c;) - the only solution of the system
S()=0, c=(c,¢55005¢))y S=(S,8,,...,5,).

Note that the iterative algorithm (11) does not require the computation or
approximation of the partial derivatives that favorably distinguishes it from the
iterative algorithms of the first and second order.

Thus, these algorithms are used to obtain a regular assessment of elements of
noise covariance matrices of the object and noise measurements to calculate the

gain Kalman filter, and thus adapt the filter in relation to the changing external
interference-signal conditions.
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In the third chapter presents the results of the regular development
algorithms of adaptive estimation of the gain matrix of dynamic filter. Let us
consider a dynamic system described by equation

X, =Ax, +I'w,, z, = Hx, +v,. (12)

Assume that a covariance of noise O, and R are unknown. To adapt the

filter S=PH" - KR, will use a ratio which is valid for the optimal filter. Let us

consider the problem of minimizing the functional, defined as
J=133, (13)
2 i=1 j=1
where s;; - (i, j) - element of the matrix S.
To determine the gain K, which reduces the matrix S to zero, we use a
gradient method projection
k. =P.(k = BJ'(K)), i=0,L,..., r=0,123,.., (14)
where P, (k) - k for the projection of the set K, B >0; K - closed convex set.
For solution the problem of minimizing use Tikhonov regularization
method. Then we can show that the sequence {v;}, defined by the condition
Vi =P v = B (L, (0)+aw)), i=12,.5 v e K,

converges to a point k eX. with minimal norm, ie, lim |k, -k/|=0, with

i—00

lim|v, ~&[=0, £ >0,1imp =0, a,=i"" g =i""i=12.., K=, J.=infJ(k)> -,

K.=tk:kek, Jk)=J} 2D, K=tk - kekK,}.

To minimize the functional (13) in accordance with (14) it is necessary to
calculate the partial differential equation, which is clearly present matrix S. To
determine the S shall use the following expression

D-S=R, (15)
wherein
D =[HAT | [H[A(I - KH)AT |- | [H[A( - KH)P=" 4T |,

T
R=[RY [RT | |R. T,
A 1 N T 2 1 N_j T . . .
R() :—Zyiyi 9 Rj :—-Zijyi ) ] :172""’-]/1111%’ -]MaKc :77 °
N-1"3 —J =l

For the regularization the solution of (15) to estimate the error job right. We
make the assumption that the errors of the correlation coefficients are subject to the
normal distribution law. Then for a confidence level of p=0.95 can write the

following expression for the error of the right side of equation (15):

A ~ A A A A T
AR:R_R:[[ARM)]T i [ARM)]T R i [AR77(i)]T]77m><1 ’

| | | T
AR =+ 21-ry0] | ! + 2A1-r,60] | | o J_rz[l_rnz(mn] .
7 IN=n=1] [ IN-p-1]1 1| IN-n-1]]
Then the norm of absolute and relative perturbation right side of equation
(15) can be estimated on the basis of expressions:

68



5‘\\Aﬁ\\—\\ﬁ—é\\—z{iii u}
] . B j=1 i=1 k=1 N / >

y oo |1—V?i E 1/2 y o 1/2
S 3ss ot 185 S e

The obtained expressions allow no decision is made directly assess error
solutions of equation (15).

When solving various problems of estimation and filtering may be situations
where noise and interference measurements of the object are mutually correlated
auto and time. In the case of autocorrelation noise and interference measurements
of the object model of the system can be written as:

Xy = Ay, + il s

i+1)ivi i

~

i = Ai+l\i77i T UW

Zin = Hi+1xi+1 + §i+l 5

it = ﬁmé +0,V,. 5
with a priori data
W~ N(Oin)v Vi~ N(OaRi)sxo - N()_CosR))s o ~ N(%,R)(W)),
cov (x,,77,) = cov(x,, w,) = cov(n,, w,) = cov (77,,v,) = cov (v, w,) = 0.

To solve the problem in this case estimation gains K,, and K” are

i+l

determined on the basis of expressions

Ki+1])i§-21\2i)* = strll) > (16)
KRG =S, (17)

where P°, PV and P'? represent the covariance matrix of the estimation error.

i+l o L
To calculate the K, and K!” it is advisable to use regular procedure.
Regular solution algorithm will be given relative to the equation (16). The
resulting algorithm may also be used in the solution of equation (17). Equation
(16) can be written as follows:

(22)*T — M
F ki, = Pivj»

i+li - i

where k., ; - j-th column of the matrix K/,,, j=12,..,n; d;, - j-th row of the matrix
PO i=12,..n.

Here regularized assessment solutions k,,, ; can usefully be measured on the

i+1,j

basis of the joint equations solution:

(2207 1 (@) @ _ pQ2F=)
P kil +ak =P D

i+l1)i i+1,j i+l,j i+l

with Q= inf Ok, ), Ok, ,)=]

2
(22)*T . () ) —
P k; _pi+l,jH _Qmin+5’

i+1)i i+l,j

2
P(22)*Tk‘ (o

i Ky P s 0>0; regularization

parameter « is determined from the condition of the residuals.
When considering the case mutually correlated noise and interference
measurements of the object and model the system will be written as:
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=A4 .x. + 1w,

i+ i+l

Z.le +Gv

i+ z+l iVi+l o

with a  priori  data w.., ~N(0,0.,), v, ~N(O,R,,), x, ~ N(%,.P,),

COV([XVL},FVJ}]z{_Q__’_?_} i 0,20,C 20, R >0, cov (x,,w,)=0; covxy,v,)=0.

c''R
To determine the required matrix gain K/ we write the equation of the form:
Lk, =d’ =d,  +&d, (18)
where L, =(R'G/) - linear operator from a Hilbert space H to H; k, ,-i-th row of the

matrix K", j=12,.,n; d’ -i-th column of the matrix D, =C/I7 with the condition

of the approximation of form §° =

2 . .
mm<H5d,,H <82, j=12,.,n; d, -current

value of the right side of equation (18).
It is shown that for the regularization the solution of equation (18) are
effective following regular procedures:
k. = (Ll. + a[)_ld.‘g.

L],

ko= (L +al) Lk

i"i,j.a

o’k + Lk . =Ld°. .

e LK o = Ld;
In implementing the above algorithms regularization parameter o« is
advisable to determine, based on the residual method.
On the basis of methods for solving ill-posed problems can be shown that for
significantly better conditioning system (18) it is advisable to consider a system of
the form:

Li,aki,j,a = ﬂdﬁj >
where
L, =[(D, +aD,)+(1~BNL ~D,)],
D, - diagonal matrix L,,
A= ﬂ_(dz/’ zz;a (H i,j,a )
/2
p=1 —KH@L + a@;lui —||@L||2E]Q|L,. —@L||E2)} , k.. - Lk, =d’ ofthe decision.

The quantities 4 and g are based on the selected parameter value « .

The chapter also discussed issues of constructing regularized adaptive
estimation algorithms in terms of the correlated noise and adaptive estimation of
the object based on the reduced-order suboptimal filter. It is shown that for their
implementation efficient computational schemes are simplified regularization and
the regularization method.

These algorithms are used to regularize the problem of adaptive estimation
of the gain matrix of the dynamic Kalman filter type.
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The fourth chapter is devoted to the development of regular algorithms of
adaptive estimation in the presence of uncertainty in the object description. We
assume that the model of a dynamical system described by equations of the form
(12). Let us consider the system is stable, non-degenerate and completely
observable: rank[H" | (HA)" | ..\ (HA"")"1" =n. The matrices 4, D and the noise
covariance matrices O and R are assumed to be constant but unknown. The matrix
H 1s assumed known. For the evaluation of matrix 4 appropriate to use the ratio of
the form

A ~ A A T ~ ~ A
S = LT -0 L P 0 B (27 AR 275 (R B 7 )
where

2. =E[Z 5 15", 7 =[zF 1zl 11z, E_ =E[&5]. (19)

i+n,n i,n”i—n i,n i—n+1 i—-n+2

Assuming that the sequence of matrices {4}", — 4 will consider the problem

of the form [[#]" | [HAY" ||| A=[(c)" 111" | 11C,1"] =C, where
the block matrix C is the result of data processing on the basis of the relations (19).
Then the algorithm will consist in the sequential solution of equations
L,(4)-4,=C, i=0,.,n-1, (20)
giving an estimate of 4,, where L (4)= [[E1" 1 (HAY | L [HA])T. The
equation (20) in the expanded form:
L(a,)=c;, a;e D(E) , (21)
definition of the operator £:D(£) - G, D(£)c G, where G - a real Hilbert space. In
(21), £(a,)=L,(A)d,, j=l..n, a, and ¢, - j-s columns of the matrix 4 and the

block C, respectively. Determining the vector a4, will produce on the basis of

minimizing the functional form:

J(aj):zﬂ;(ﬁ(aj)—cj)z, n=m-n (22)

J=
i.e. desired estimate of the vector a, has a a, =arg 1£1Rf] J(a;). The functional J(a,) in
(22) 1s convex differentiable functional defined on a closed convex set of QG a
Hilbert space G. Thus, it is necessary to determine such «;, for which
(F(a;),a;-d;)<0, Vd, €0, where F(a;)=J'(a;) - monotone operator. Then the
regularized iterative sequence 4, ; can be written as follows:
G, =P)a,  —a, (Fy@, )+ M@, ), r=01..,

where P, - metric projector; M(q, ;) - operator with a O — G -strong monotonicity
property; «, ; >0, ¢, ;>0 - regularization parameters.

In this case, you can take M(q, )=a a,, =1+r)"2,

r.j?2

g.,=(1+r)", 0<p<1/2. Stop An iterative process can be carried out on the basis
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of relations of the form: limd/¢ 0, limé'"?/¢l,, =0. Thus, giving the
50 50 >

O
parameter values of i from 1 to n according to the expressions given above can
consistently estimate the matrix 4,,4,,..., 4,. In the real world operation of facilities

control number of reasons the parameters 4, D, O, R models (12) may be not
known exactly what causes them to determine by measurements z;. To solve this
problem typically use a customized model-type equations of the Kalman filter in
the form of
ému = @gl‘\pl +L(z _Cénm)a izl, L=®D,
following in her non-degeneracy conditions, stability and full observability, as they
are executed in the system (12). For the value of the discrepancy can write the
expression
£y =A(Z,0 =UZ ), 720,

where A=[@ | (@W)" |- | @¥")|", rankA=n, Z,,, =[7, | 20, | | 27,17

j+n

We take quality criteria identifying functional form: J :J(CD,L,C):‘

€

We set (4,,G,,H,)=argminJ(D,L,C) where A4 =S4S"',G,=5G, H, =HS"'. Then at

D,L,C
known H and unknown A4, D, O, R, you can write the following expression:
(4,G) =argminJ(D,L,H), g.,,(4,G,H)=g,, =S H=HS.
DL

i+1)i o

Thus, we have the problem of minimizing the argument

(4,,G,) = argmin J (@, L, H) = argmin J ¢ * wherein the desired vector consists of
D, L DL

yaaly)

0= elements of the matrices @, L. Let us turn to the formation of regularized
minimizing sequences functional J(#). We believe that argminJ(9)=J(6,)=J,.

fez
Consider the functional M“[6,J,(0)]=J,(0)+aQ[0], a>0, defined at all #cZ,
where Q[f] - stabilizing functional, J,;(9) - parameter family of functionals
defined for all §>0, approximating functional J(d) on the set of EcZ, so that
[J;(6)-J(0)|<5Q[0].

Following sustainable methods of minimization of functionals can be shown
that there is a greatest lower bound is M, ; =argmin M “[0,J,(0)]. Then there is a

OeE

sequence of elements {49 5} to 6,,6,, almost minimizing functionals

M*10,J, (0)] respectively converging to element 6,. Since the «, and 5, tend to
zero at n — oo, then {9%, 5n} is a sequence of regularized minimizing sequence for
the functional J(6).

Consider now the problem of synthesis of a control system using predictive

models based on the concepts of regular adaptive estimation. Let there be a
multidimensional object control, which is described by equations of the form
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X, = Ax, + Bu, +w,, x, = X,, (23)

z,=Hx,+v,, n,=Gx,. (24)

The (24) 5, - output vector object. You must define the control strategy, in
which the output vector of the system 7, will be close to a given vector 7,. We

synthesize optimal control algorithm using Kalman extrapolator. Then we can
write the following equation

J-1
R Tt jk-1 P
X =A7 X0, + E A" Buy s J=23,.,N,
k=1

j=23,.,N,

t+klt>

j-1

~ _ j-la J—k-1

77t+j\t - GA xt+1\t + GZ A Bu
k=1

where u, ,, - control used for prediction, u,,, - control actions at the time ¢+i, N -

t+ilt
horizon.

To solve the problem as the objective function will use the following criteria

1 . _
Jz = EZ m 77t+k\t -1, ||é + || ut+k|t _qu—l\t Hi) }9
k=1

where the matrices C >0 and D >0 - the weight of the matrix.

Then, based on the optimal control methods using predictive models can
arrive at the following expression

U =—(@"Cd+D)" (@' CAR,,,, ~®'CO,)-[[Du,1" 101--10]", (25

where the matrices @, C, D, A and ©, formed based on known relationships.

t+1)t

Then the optimal predictive control will be:
U =100 10U,
Analyzing the equation (25) we can see that the accuracy of predictive
equations forming and optimal predictive control essentially depends on the
accuracy of computation of the state variable estimation vector %, . Consequently,

t+1)r *
the use of the proposed concept for adaptation and control of dynamic systems in a
varying degree of model uncertainty contributes to improving the accuracy of
calculation of the vector of variables state and, thus, the quality control processes
of dynamic objects.

The chapter also discussed issues of constructing algorithms for regular
estimation of parametric perturbations in problems of adaptive estimation of the
state of the control objects, parameters, matrix equations of the dynamics of
control objects and covariance matrices of perturbation. It is shown that for their
implementation efficient computational schemes are sustainable and pseudo
regularization method.

These algorithms are used to regularize the problem of adaptive state
estimation in the presence of uncertainty in the description of the object and
increase the accuracy of estimation.
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The fifth chapter presents the application results of the developed methods
and algorithms for regular adaptive estimation in the automation and control of
technological objects of some industrial enterprises.

Adaptive control system during the granulation-drying calcium sulfate,
phosphate pulp production PS-Agro. The main indicators characterizing the
drying-granulation, the following variables were considered: the control
parameters ¢/ = (u,,u,,u;), where u; - the coolant temperature at the inlet of drum

granulator-dryer (DGD); u2 - consumption of pulp; u3 - retur consumption; output
parameters ¥ =(y,,v,,y;), where y1 - the coolant temperature of the exhaust; y» -

humidity granules; 3 - size distribution of the product; uncontrollable disturbance
variables W = (w,,w,,w;), where wi - moisture content of calcium-phosphate sulfate

pulp; wz - size distribution of the slurry; w3 - size distribution retur. Produced
formalization of the process allows you to choose structure of the mathematical
model in the form:
Xy =Ax, +Fx,_, +Bu,+w,, y,=Hx, +v,. (26)
For practical use, and a mathematical model of an industrial experiment was
conducted under conditions of normal operation of the technological process of
granulation-drying calcium sulfate and phosphate pulp production PS-Agro on
Almalyk Stock Company "AMMOPHOS-MAXAM". The required values of the
matrices 4, F, and B, of the equation (26) for the received time interval were found

to be

0,748 | 0187 | i -0,479 0872 0,862 '—0633 0344 | 0971' -0,523
A= —0964' 0,671 | | -0.896(, F'=| 0,963 | i 0926' 0214 |, B= —0997' 0127 | i 0352 |. (27)
0,255 '—0964 0,723 —0671 0,341 ' 0,672 0246 0,882 ' 0,612

Verification of the adequacy of the developed model based on the criterion
residues showed that the model (26) with the parameter values (27) adequately
describes the process in a field of experimentation.

Taking place in the practice of DGD large and frequent disturbances
associated with changes in flow rate and composition of the feedstock to cause
significant deviations of the desired products from the specified values. Thus,
when controlling the process considered essential task acquires adaptive
stabilization modes of the object. This problem is one of the main tasks of process
control in the face of uncertainty caused by ignorance of the control object
parameters and characteristics of external perturbations. Management considers the
process of granulation-drying is also complicated by its non-minimum phase
properties are delayed a few minutes, a long time to establish greater fluctuation
range of moisture content of crude pulp and immeasurable changes in the
properties of the pulp. For the construction of the control system is connected to
the object (26) regulator

u, =Kz
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where K — nx2/-dimensional matrix regulator parameters. Suppose that the matrix
A, F, B, H depend on the vector of unknown parameters &e M, where M - set

defining a class of adaptability of the synthesized system.
For the solution of this problem we take the Lyapunov functional -

Krasowski as:

( =X L X; +z / _/‘Oz i i kOi)_7|:%(xiT—hxi—h +xiT‘xi )+ Zl‘,xizjflxi+l:|’

1=1-h

where L, L, - real symmetric positive definite matrix; #,- i-th column of a matrix
Kys 7>0.
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Fig.1. Functional diagram of the adaptive process control
of granulation-drying

Synthesized system is adaptive in a given class M and algorithm tuning
controller parameters can be taken as:

b=k —d"z Py, i=12,. (28)

where P - arbitrary positive definite matrix; /.- z-th column of the matrix O, the

frequency determined by the conditions of the theorem of systems stability;

T
4 _ZZzh
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Kalman Filter equation here will be:

X,=AX +F % _, +Bu, +K'[y, - K% —K,Bu,]-

i+l i [ i

hl 1 , . (29)
__|:_(Ki2,—h[yi—h A ]"‘K2 ) ZK:I Vi — ,+1x,+/]}
n|2 I=1-h
The gains of K, and K} are defined by equations
I<i1 = [})1 - Pi,O]%iTRiil’ Kfs = IS%IT+SRI+2 * (30)

On the basis of the relations (28) - (30) above and developed algorithms for
adaptive estimation of the state vector can offer the following variant of the
adaptive control system considers the process (Fig.1), which consists of DGD 1, 2
humidity sensor, digital functional converter 3, the temperature sensor 4 and 5
exhaust flow regulator coolant pressure sensor inside the BGS 6, 7, adaptive
controller, logical block 8, 9 block adaptive estimation, identification unit 10, the
control actions forming unit 11, water flow regulators 12, 13 pulp retour 14 and
inlet BGS, the flow temperature sensor 15, the flow of pulp and 16 retour 17.

The proposed adaptive control system to stabilize the temperature conditions
of the process, improve the quality parameters of products and equipment
productivity by 2.25%.

Adaptive control system of the evaporation process of the solution of
ammonium nitrate. The main parameters that characterize the process of
evaporation of the solution of ammonium nitrate, the following variables were
considered: the control parameters u=(u1, u2), where u1 - consumption ammonium
nitrate solution at evaporate; u> - steam consumption; output parameters z=(z1, z2),
where z1 - concentration of the evaporated solution; z> - the temperature of the
evaporated solution; uncontrollable disturbance variables w=(wi, w»), where wi -
ammonium nitrate solution concentration at the inlet of the device; w> - moisture
source solution.

The main indicator of the effectiveness of the evaporation process is the
concentration of the evaporated solution, and the purpose of control - maintaining a
certain value of the concentration. Analysis of the literature revealed that in the
evaporator slightest change of control interventions (expense ammonium nitrate
solution at evaporate and steam flow) strongly affect the temperature regime of the
process. This can lead to loss of stability of the process. Thus, it is necessary to
develop such adaptive temperature control of the evaporator, which will provide
the necessary stability and quality control in terms of real disturbances. Such a
system should expand at a sufficient stability region of the initial conditions with
minimal movements regulators. In other words, it is necessary to synthesize a
highly accurate automatic control system, which provides the minimum change of
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control interventions and stabilizing output coordinates facility operating under the
influence of real disturbances of arbitrary shape.

Based on the above algorithms developed adaptive estimation mathematical
model was developed and identified major interference-signal operating conditions
of the process. On this basis, we propose the following embodiment of an adaptive
process control system evaporation ammonium nitrate solution (2), which consists
of a combined evaporator 1, the heater 2 concentration sensors 3 and 4, the
temperature of the evaporated solution, the adaptive controller 5, the logical block
6, the block adaptive evaluation 7, 8 identification unit, forming unit control
actions 9, flow regulators ammonium nitrate solution at evaporate 10 and 11
couple, flow sensors ammonium nitrate solution at evaporate 12 and 13 couple.
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Fig.2. Functional diagram of the adaptive control system of the
evaporation process of the solution of ammonium nitrate

Experimental studies have shown that, compared with normal control when
the adaptive control value standard deviation implementations concentration of
ammonium nitrate solution is reduced from 0.051 to 0.022, respectively. Thus the
major share of economic benefit from the sale of the developed system of adaptive
control is achieved by reducing steam consumption for evaporation of ammonium
nitrate solution at 1,223.2 Gcal. per year.
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CONCLUSION

The thesis is based on the concepts of system analysis, the theory of adaptive
control systems, and methods for dynamic filtering solution of incorrect problems
developed constructive methodology regular adaptive state estimation process
facilities control under model uncertainty.

As a result, the following results:

1. Algorithms for the regular assessment of noise covariance matrix of the
object, based on methods for solving nonlinear functional equations, taking into
account the possible undecidability of the linearized system with singular or ill-
conditioned matrix, allowing for the convergence of the desired solution, and
thereby improve the accuracy of adaptive estimation procedure.

2. The algorithms of adaptive regular state estimation control objects in a
consistently correlated noise in measurements based on singular value
decomposition of matrices, allowing for binding of the theoretical covariance
matrix of the estimation error to the actual values, and thereby eliminate the
isolation process of calculating the gain matrix of the Kalman filter real
measurements.

3. The algorithms of adaptive regular iterative estimation covariance
matrices of noise and interference measurements of the object based on the
innovation process and the secant method does not require calculation or
approximation of partial derivatives, allowing for the convergence of
approximations of the desired filter and adapt to the changing values of the
covariance matrices of disturbances.

4. Develop a regular algorithms adaptive estimation of the gain matrix of
Kalman filter based on the gradient projection method. The expressions for the
error estimate the right side of the matrix equation for the calculation of the gain,
allowing not made directly solving the matrix equation to estimate the error of his
decision. For the resulting expression can also obtain a priori information about the
order of error in the solution to obtain qualitative conclusions about the accuracy
with which a reasonably continue to solve the system.

5. The proposed two-step regularized algorithms with adaptive estimation of
correlated noise object to obviate the strict dependency matrix filter gain from a
priori data. It is shown that the solution of this problem are very effective methods
pseudoinversion regularization, /i - minimization and moderate damage to the
choice of the regularization parameter based methods quasioptimality, cross
significance and L-curve.

78



6. A regular algorithms of adaptive estimation in terms of noise
autocorrelation of the object and noise measurements on the basis of approximate
methods for solving ill-conditioned or singular stochastic systems of linear
algebraic equations. In forming the estimation algorithms use statistical shape
discrepancy principle, achieve the best possible estimates of the regularized
solutions approximate stochastic systems of equations.

7. Develop a regular adaptive estimation algorithms with mutual correlation
of noise and interference measurements of the object based on decorrelation noise
and interference, and regularization methods for solving operator equations with
positive definite matrices and approximately given right-hand side, to improve the
accuracy of calculating the gain of a dynamic filter.

8. A regular adaptive algorithms for estimating the parameters of the
equation matrices dynamics control objects and covariance matrices of
perturbation based on the concepts of time series, allows to synthesize the adaptive
control system in a high degree of model uncertainty.

9. Develop regular algorithms adaptive estimation of the transition matrix of
control objects on the basis of methods for solving variational inequalities in the
framework of the principle of iterative regularization to ensure consistency and
convergence of the required assessments.

10. A regular adaptive algorithms for estimating the parameters of the
transition matrix of managed objects and gain dynamic Kalman filter type in a
complete a priori model uncertainty, allowing estimation regularize the problem
under consideration on the basis of regular methods of minimizing functionals.

11. The algorithms of synthesis of control systems dynamic objects using
predictive models based on the concepts of regular adaptive estimation under
varying degrees of model uncertainty that improve the accuracy of the computation
of the vector of state variables and control actions.

12. On the basis of the proposed adaptive algorithms for regular state
estimation control objects in a model uncertainty developed adaptive process
control system granulation-drying calcium sulfate and phosphate pulp production
PS-Agro and evaporation of ammonium nitrate solution. The proposed adaptive
control systems allow these processes to stabilize the technological regimes of the
processes and increase the efficiency of their operation.
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