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Yuchulii cekperaph 1HCCEPTAILHOHHOIO COBCTA,

KaHAMAAT (PH3HKO-MATCMATHYCCKHX HAYK, AOUCHT IapuemGuesa @. K.

OBILIAA XAPAKTEPHUCTHKA UCCJIIEAOBAHUA

AKTyanbHOCTE  TeMmbl auccepTauun. OOGuas TeopHs  ONTHMAILHOMO
YNpaBReHus pacnpefeiCHHLIMH CHCTEMAaMH H3yHaeTcs Ha IPOTMKEHHN MHOTHX €T i
He TepseT CBOCH aKTyanbHOCTH 13-3a pa3HooOpasuA pacrpefeNeHHBIX CHCTEM,
ONHCHIBAIONINX TIPOLECCH CAMBIX pPavTHHHKBIX obmactell  u3HKN, MexaHHKH,
9KOHOMHKH.

B npuioxkeHnaX BCTPEMAlOTCH NPHICIAAHbIE 324aYH, ONIChIBAEMbIC HHTECIPO-
I pepeHUHATLHEIM YPABHEHHEM B YaCTHLIX MPOH3BOAHLIX, KOTOPBIE MOKHO
HCCIIEI0BaTh MCTONAMH TEOPHH ONTAMAJBHONO YNpaBJEHHA JUIA pacnipeaeeHHbIX
cucTeM. B Hacrosmeli pabore paccmaTpHBalOTCA  3amaYM  YNpaBjieHHS
KonebaTeILHLIME ~ TIpOLIECCAMH,  ONMHCHIBAEMBbIE  HHTErpo-ANQ(epeHIHATBHBIMN
YPABHEHHAMH C HHTCIPANbHLIM onepatopom PpearosnbMa B cnydae, kKoraa (GyHkuns
BHEITHEr0' BO3NeMCTBHA HeNWHEitHa, OTHOCHTEIBHO YNPAaRISIONNX FAPaMETPOB.
Takne 3amaun Mbel HazbiBaeM 3adaveil Henuneiinoll onmususayuu. Viccnenonawus
TIPOBOMIUTICH MIPH HANWYHY OTPaHIYEHHS Ha YNPaBNAIOUINX NapaMeTpax.

HecMmotpa Ha o6rnHe yiccnefoBaHmit yIpaBnseMbIX NPOLECCOB, OMHCHIBASMBIX
CHCTEMaMH C pacnpefieNéHHBIME IapaMeTpaMH, TaKHe 3aJaYH Maio HCCIeA0BaHbI H
He paspaboTanbl KOHCTPYKTHBHbIE METOAB! HX pemenns. [Tostomy uccrefobanie
paspemMMOCTH HeMHHEHBIX 3a1a9 ONTHMH3ALMH H pa3paboTKa KOHCTPYKTHBHbIX
METOJI0B X pémcmm ABJIAIOTCS ONHOI W3 aKTyaNbHBIX 3aJ1a9 TEOPHR ONTHMAILHOTO
ynpaBieHHst CHCTEMaMIi C pacrpeesieHHBIMH NapaMeTpanmi.

B 3TOM HanpaBICHHH HCCNEAOBAHHS 3ajay HejHHeliHoll onTinvimaumm 6e3
OTpaHHNCHHA Ha YNPaBIAIOMMX [apaMeTpOR TIPOBOMWIHCE B AHCCEPTaUHH
Ceiinakmar k. D. (2016), rue HcclefoBaHbl TEMIOBbIE NPOLECCH], OMHCHIBACMBIE
MHTErpo-AH(PepeHURANBHBIME  YPABHEHHAMH B YAaCTHBIX OPOM3BOAHBIX C
HHTCTPANLHBIM ONEPaTOPOM Bonkteppa, B Hayumsix crarbax KepumGexosa A. u
A6aunaesoli 3. ®. (2015), dylimenannesoit V. 3. (2016) , rae Guinm Hecaen0saHs!
xoneGarensuble  MPOLECCH,  OMICHLIBACMBIE  HHTerpo-IHddepeHuHaTbHEIME
YPABHEHHAMH B HACTHBIX NPOH3BOAHEIX C HHTETPANLHLIM onepatopom Ppearosima,
H Ipyrue.

Casi3b  TeMbI JHCCEPTALHH € KPYNHLIMH HARYYHLIMK INIpOrpamMManMi
(npoexTamu) m OCHOBHBLIMH  HAYYHO-HCCIEA0BATCALCKIMH paGoTami.

Hccnenosanue no RHCCEPTALHM NPOBOMENIOCH B PAMKAX HAYIHBIX MPOCKTOB Ne
KP-05 (nomep roc. perucrpausi Ne 0006988) «Maremamiueckoe obecneucHue
NpOLECCOB YMpABAeHHsS 3HEPro-MaCcCONEPeHOCAMH, NPOHCXOAAWNMMH B NKHHIAX
nepenad, H NPOAYKUMOHHLIMH T0YBO-PaCTHTEILHBIMH CHCTeMaMiD, Ne KP-03 (nomep
roc. peructpaunn Ne 0007436) «OnTHMAILHOC YTIPABNEHHE HCXKCNATCABHBIMN
KONeGATENBHLIMI MPOLECCAMH, BOSHHKAIOUIUMH B THHKAX nepeaaw» MOuH KP.
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Lear w 3apasn wccienoBanns. Lleanio paboThi SRAAETCA HCCNCAOBaHHE
PA3PCHIMMOCTH 3a1a8  HENIMHEHHON ONTHMH3AWIK  KONCOATENILHBIX TPOIECCOB €
YNPaBNCHHAMH PA3HOfi  CTPYKTYpsl W YCTAHOBNEHHE JOCTATOWHBIX ycnosuii
CYUICCTBOBAHMA 1 ¢AMHCTBEHHOCTH PetleHHS 3a/1a4H ONTHMH3ALIHH, Koraa

- (bYHKIHS BHEUIHETO HCTOYHHKA N0 YIIPARNEHUIO HETHRERHA W MOHOTOHHA, T.C.

KOFIa MeXAY JeMEeHTaMii NPOCTPAHCTBA YNpaBleHHH {u(t,x)} H TIPOCTPAHCTBA
COCTOSHNI yNPABRAEMOTo npouecca {V(f,x)} HMEET MECTO B3aHMHO OJHO3HA'HOC

COOTBCTCTBHE,
= (byukuna BHCUWIHETO HCTOYHHKA N0 YIIPARTICHHIO HesiHHeliHa 1 He MOHOTOHHA,

T. €. KOI'1a MEX/IY IEMCHTAMH TIPOCTPAHCTBA ynpasieHd {u(l.x)} H MPOCTPAHCTRA
COCTOSHHIR  YIpaBAseMOro npouecca {V(l.x)} HapyIIaeTcs YCNOBHE B3aHMHO

OJHO3HAYHOrO COOTBETCTBHA. B 3TOM cilyyae MPOCTPAHCTBO ympasieriit (io
OTHOILCHHIO 3HAUCHUA (YHKIMH BHELIHCTO HCTOMHHKA) PACNajacTci Ha KIacChl
CMCKHOCTH, T. ¢. ofpasyeTcs B3aMMHO Henepecekaiolyecs (GakTop - MHOXKeCTBa
tu,(1.x)}, i=1.2,3.... 3ameriyM, uTO Kaknoe (GAKTOP-MHOKECTBO €MHHCTBCHHLIM
06pa3oM ONpeNienseT OHO COCTOSAHHE ynpasnsemoro npouecca V(1,x), T. e. B 3T0M
Cyuac B3aMMHO OHO3HAMHOE COOTBETCTBHC YCTAHABNHBACTCA MEKAY dMEMCHTAMH
npoctpancTsa coctosrkit {¥(¢,x)} u daxrop - npocTpancTsa ynpasneHitii {ia(t.x)};

PeltieHn ciefiyiomse 3aa4n HelmHeHOR oNTHMIT3aLIHI:

- Ha OCHOBE HOBOFO OMpeefiCHHA MOCTPOUTh obobuiennoe pewenite Kpacsoi
3a]a4K yMpasaseMoro npoliecca B CiTyyasX, korja kosebarenshbili nmpotiecc
onuchiBaectcs  WHTCrpo-aMddepeHUMaNbHBIM  YPABHCHHEM B HacTHBIX
IIPOH3BOIHBLIX BTOPOrO NMOPsIKa C HHTErPaILHbIM onepaTtopoM Mpearonbma;

—  NONYYHTH HETMHENIHOE HHTErPaibHOE YPAaBHCHHE ONTHMAILHOIO YIPABIEHHS H
MCC/IC0BAaTh BONPOCH!  CYIIECTBOBAHHA M C/MHCTBEHHOCTH HCKOMOIO
«ONMTUMATBLHOrOY YIIPABICHHS;

NOCTPOMTSL NMOAHOE PEieHN 3a1adi HeHHEliHOH onTIMI3aLyIN.

Hayunas noswina. Brepsuic, Ha mpuMepe ynpasieHHs KosneOaTelbHbLIMH
NPOUCCCAMH,  ONMCHLIBACMBIMHM  HHTErpo-AH(PEpeHUNATBLHLIM ~ YPAaBHEHHEM €
HHTCrpaIbHBM  onepaTopoM  Dpenronsma, paspabotaH  anropuT™  NOCTPOCHHSA
peleHus 3aaaqn  HennHeltHOM  ONTHMI3AINH  KoleOaTeNbHBIX TMPOUECCoB, MK
HATHYHH OrPAHHUCHHS Ha YNIPaBIeHHS CIIELHATLHONO BHAA.

- VcTaHoBICHO, YMTO B HeEJlHHeliHON 3agade ONTHMH3AUWH NPH  HATHUHH
OTPAHHYEHHH Ha YIPARJICHHE HCKOMOE ONMTHMMILHOE YTIPABNIECHHE OIPEAENACTCA KaK
petticHye  6eCKOHCYHOMEpPHOI CHCTEMB HETMHEHHBIX MHTCrPaNbHBIX YpaBHEHHI
dpe1rosibMa HEPBOTO poa; :

- Haiigenbl pocTaTounble YCNOBMA CYLECTBOBAHHA PELICHHA  CHCTEMbI
HeNMHEHHBIX HHTErpanbHLIX ypasnenuit @pearonsma nepsoro posa u palpaboran
UIFOPHTM [IOCTPOCHI €€ PEeLICHHA,;

—~ PaspaboTan anropHT™ MOCTPOEHHA MONHOMO pPEIUCHHA HenHHeliHOH 3anain
ONTHMIALUME B CJyuyae, KOraa Henuuciinas ¢yHKUMA HCTOYHHKA ABNAETCA
MOHOTOHHNOI N0 (hy HKUHOBANLHOH NepeMEHHOI;

- Paspaboran ajIropuT™ I10CTPOCHHMA OONIHONO PEIICHHA HENHHEHHOM 3a1a4H
ONTHMH3AUMH B CAy4Yae, KOr4a HeJMHeiiHas (yHKUMA HCTOMHHKA HE ABIAETCA
MOHOTOHHOIT N0 @yHKUHMOHANLHON nepemeHnoii (cny4ail nosenerus ¢axtop
MHOKECTB).

TeoperntiecKkasi H NIPAKTHYECKASA 3HAYHMOCTDL NOAYHEHHbIX PC3YIbLTATOB.

PesynbTaTbl AMCCEPTAUHH HOCAT TCOPETHYECKHH XapakTep H MOryT OwiTh
HCIIONB3OBAHBI NpH  AaNbHElIMX HCCACNOBAHMAX 10 TEOPHH OMTHMANLHOIO
ynpaBieHia, HHTErpo-anghepeHuanbLHbLIM YPaBHEHHAM, YPaBREHHIl
MaremarHueckoii ¢u3nKm M npy  pa3paboTke CNEUKYPCOB Ai  CTyAEHTOB
sMarematTiyecknx cneunansnocreii Byszos KP: KHY um. XK. banacarsina, KPCY nm.
nepeoro [lpesnnenta Poccuiickofi ®enepaumn b. H. Enbumna, KITY um. H
Pazsakosa.

OcHOBHbBIE NOJIOKEHHSE THCCEPTALNH, BbIHOCHMbIE HA 3ALUHTY.

- /IOKQ3aTeLCTBO, YTO B 3aQa4e HEIHHEHHON ONTHMH3AUHH NPH HAIHYMH
OTPaHMICHHH HA YNPABICHHE HCKOMOE ONITHMANBHOE YNPaB/IeHHE ONpPENCNACTCA KaK
pewierite GecKOHEUHOMEPHON CHCTEMBI HeMHEHBIX HHTErpanbHbIX YpPaBHEHWi
QpearonbMa NEpeOro poa;

— NOCTATOYHLIE YC/NOBMA CYIUCCTBOBAHHA pCUICHHA CHCTEMbl HENHHEHHbIN
HHTErpanLHbLIX ypaHennii (Ppearonsma nepsoro poaa H paspaboTan anropuTMa
NOCTPOCHHA €€ PELICHHA;

- [I0KQ3aTeNbCTBO CYIIECTBOBAHWA MNOJHOTO pElICHMA 3a/adH  HCJHHEHHOM
ONTHMHIALMKN B C/Ayyae, KOrA2 HEIHHEHAn (YHKUHA HCTOMHHKA ABMAACTCA
MOHOTOHHOIT 0 HYHKUHORANLHOI NepeMEeHHO;

—~  NOKa3aTeNbCTBO CYIUECTBOBAHIL MOJIHOTO pELICHMA 3a1a4M  HenuHeiiHoii
ONTHMM3ALMN B CJIyvae, KOria Heanueiinas ¢yHKUMA HCTOMHMKA HE ABAAETCA
MOHOTOHHOH no QyHKuMonanbHoii nepemennoii (cnyuaii nossnenus daxtop -
MHOXKECTB)

~ anpofauma TEOPETHUECKMX BBLIBOZOB HA NpHMepe npocTeiiued 3aaaun
wennneiinoii ontumuzauni (6e3 muTerpannHoro oneparopa ®pearosibma), npu
NPHCYTCTBHH COCTOAHKA yNpansemoro npouecca i ee 06o6uierHol mpoussoanoii 8
OrpaHIMEHIvIX HA YAPABACHIL.



Jluunniii BKAaA conckaTeas. [loctanoBka 3agay it o6CY/RACHHE NIOTYUCHIBIX
Pe3y. ILTATOB NPOBOIIKCL NPH HENOCPEACBEHHOM y4aCTHIL Hay4HONO PYKOBOAMTENA.
Pe3yvibLTaTs HCC1€/10BAHMIT AHCCCPTALLHI 110y I€HBI RBTOPOM.

Anpobaunn  pe3yabTaToB  HccaenoBanmii.  Pelynbrathl HcceloBaiti
oKaibiBaaHch M ofcyxnanuc, Ha  cemyHapax  HMucmHTyTe  MaTeMaTHkH
HawnonabHoit akanemiti Hayx Koiproisckoii PecniyOnuxH (pyKOBOIMTEND - AKANEMHK
A. A bopyGaes) 1 1a cleayommX KoH(epeHLUHAX!

—  MeRAyHapoaHas W00wieiiHas HayuHas Konepesws, nocsaweH as 15-neTio
obparosanns KPCY, «AxTyanbHble mpofemsl TEOPHH YNpPaBiACHHRA, TONOJOTHH H
ONepaTOpHbIN YPaBHeHHI, brnkek, 2008 r.;

MERAYHAPONHOM CHMNO3nyMe  «JJHHAMHYCCKHE CHCTEMBbl, ONTHMAILHOE
VOPaBICHHE 1§ MaTeMaTHUECKoe Monenispoanne», 7-11 okrabpa 2019 r., r. HpkyTek,
Poccis:

7-ii  MeKIYHApPOIHOH KOHDEpeHUMH 110  YNPABJICHHMIO 1 ONTHMH3ALHK
HPOMBLIILTEHHBIX NpraoAennii, 26-28 arryct 2020 r., r. Baxy, Asepbaiimxkanckar
Pecny6anka (oHnaitn);

- MexayHapoaHoil konpepenun «MunoBaumn B Hayke  Texuuke» KPCY, 25-
HosOpa 2020 r., r. buxkek.

A Takke peryaspHo GbL1n ofCyxOeHbl Ha HAayWHBIX CeMHHapax Kadeapsi
npitkaaanoii Matematks 1 ndopmatuxi KPCY (nayunwiii pyxoBoaurens npod.
Keprasdekos A.).

Moanora oTpakeHus pe3yaLTATOB AHCCcepTaund B nybankaumsx.
OCHOBHbIE pe3yabTaThl ABCCEPTAUHOHHOTO HCCAea0BaHuA onybaukosansl B 12
Hayunbix crateax [1]-{12], npHBenennsIx B cnicke ony6nsxkoBaHibIX pabor. CtaTbh
{11).]12]. BxoasT B Ga3y nauubix Web of Science, craron [3]-[6]. [8]-[10] BxonsT B
Oasy nanbix PHHU. B coBmecThbix paboTax nocTaHoBKa 3afay MPHHAUICKHT
HAMYHOMY  PYKOBOAHMTENIO, [OMYYeHHble OCHOBHbIE PpE3YJLTATH M OLEHKH -
COHCKATEMO.

Crpykrypa n obbem amucceprauuy. Jluccepraiis COCTOMT H3 NEpedHA
COKpaLLEHHIt 1 0D03HAYeHHIT, BBEACHHS, TPEX [11aB, BLIBOAOB, CIIHCKA HCIIONL3YEMbIX
HCTOUHNKOB W3 7] HaumeHoBanuii, Hymepatns pasnenos - TpoiiHas: nepsas uuppa
VKAd311BACT HAa HOMEP r11aBbl, BTOPAs — Ha HOMEP pasjena, TPeTbS — Ha NOPALKOBbI
Homep B pasnene. O0bem auccepraunoHtoi paboTi! cocToBaseT 93 cTpaHiy TeKCTa.

OCHOBHOE COJEPXXAHHME JHCCEPTALHH

B nepsoii rnase «Ob30P JIMTEPATYPbl» npuseaensl npumepb! 3azad,
(PHBIIANIMX K HHTErpo-ni@GepeHliHaibHbiM YPaBHEHHAM | cleaH KpaTkuit 003op
pabio 7. NPHMbLIKAIOILHX N0 COAEPKAHHIO K AAHHON TeMe Q1ICCepPTaHOHHO# paboTel.
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Bo srtopoti rmase «MATEPHAJI W METOJbl HCCJIEJOBAHHS»
OITNCLIBAIOTCA OOBEKT M MpEIMET WCCACAOBAHHA, MCIO/bIOBAHHLIC METOMW IS
pelcHis NOCTaBAeHHBIX 3aiay. B miccepraunoHHoil paGote 061LEKTOM HecneaonaHHS
ABASIOTCA YNpaBAsAcMble KoneOaTebHble POLIECCH.

lpeameroM nccaenosanns SRASIOTCA pa3paboTka airopHTMa [OCTPOEHHS
pelleHus 32341 HETHHEHHON ONTHMH3ALIHY KoslebaTenbHbIX MpOoLECCoB,
OIMHCHIBAEMBIE  WHTErpo-AHPPCPeHUHATLHLIMI  YPABHCHHAMH B HaCTHBIX
NPOH3BOAHLIX € HHTErpanbHbIM onepatopoM @pearonsma, OPH  HANOAEHHH
orpaHutueHuli Ha QyHKwino ynpaenenus. HWccneioBaHHA MPOBOAMMANHCH COTIACHO
METOJaM TCOPHH ONTHMAILHOIO YRpaBRNeHHA CHCTEMAMH C  pacTpeeacHIbIMY
napaMeTpaMi, MCTOAaMH  TCOPHH  OMEPATOPHBIX  YPaBHEHHIT M MeToaawh
BapHALHOHHOIO HCUHCICHHS.

B Tperseti rnase «PEUIEHWE 3AJAY HEJIMHEMHONH ONTUMM3ALIMH
KOJIEBATEJIBHBIX  FIPOLIECCOOB,  OIIUCLIBAEMbIX HHTEI"PO-
JAWOOEPEHLHMAJILHBIMU  YPABHEHUSIMU W YPABHEHHMSMU B
YACTHBIX TTPOU3BOAHBIX» nccnesopans! 3agauyH HeAHHENTHON ONTHMHZAUHH
koyebatebHbiX  NPOLECCOB,  OMHCLIBAEMble  HHTerpo-AHdepeHUHATLHBIMH
YPABHEHUAMH B YACTHBIX MPOH3BOAHBIX C HHTEMPAILHLIM onepatopoM MpearosiLma i
AH(hepeRUHATLHBIME YPABHEHHAMH B 4aCTHBIX NpPOM3BOAHLIX B Cllywae, koOTia
(QyHKIMA  BHEWIHEro HCTOYHHKA HeHefiHa OTHOCHMTENILHO  YIIPARAMMLIEN
napaMeTpoB M NMPH HATHYHH OTPAHHYEHHA Ha YIPaBJICHHE.

B pasnene 3.1. nompobHo H3noxkeHa mpoueaypa noctpoeHis ofobuenHoro
pellcHia kpaeBoit 3aJavH ynpaBnseMoro npouecca.

[ycts ynpasasemsiil npouecc V' (7,x) omichBaeTcs KpacBoft 3anavel

T
V,=V,+ AIK(:,r)V(r,x)dr-ff[t,x.u(l,x)], O0<x<l,0<t<T, (1)
0
V0,x)=yr(x). V,(0,x)=w,(x), 0O<x<] (2)
V.(.0)=0, V.@.)+aV(,1)=0, O0<t<T. (3)

3gech 3ananwHas  dywxkuus  K(s,7) aBnserca  onpemencHHoif B 06.-actw

D =(0,7)x(0.7T) u y10BACTBOPSET YCHOBHIO
rr
K, =” K. r)drdr <oo; +H
(iK1}

dyuxium yr, (x) € H,(0,1), y,(x)e H(0,1) 3ananst, Hemineiinas o GyHKuHoHA hHOI

nepeMennoli u« (1,x)€ H(Q) ¢yuxuns f[l.x,u(l,x)]e H(Q), 0=(0,1)x(0.T")
wisecTHa, 4 mapametp, #,(0.1) - Cobonesa npocTpaHcTsa nepsoro nopankez, 7 -
(pHKCHPOBAHHBLIIT MOMCHT BPEMEHHK.



MccneaoBanits  1POBOJIAANCH € WCIOAL3OBAKKEM 0000UICHHOTO  pellieHNs
Kpacsofl 3a1a4n.

Onpenesenne. Tlog o0obwenBLIM  petieHHeM Kpacsoft  sazaun (1)-(3)
HaibiacTed QyHKUMa V(7 x) e H (). KoTopas YA0BICTBOPACT YPABHCHHIO (1) noutu
BCIOIY M HaualbHBIM YCJIOBHSM B clabom cMuicne, T.¢. ais moGofl dyHkumm
@ (x)e H(()).d(x)e H(Q) HMEIOT MECTO PaBEHCTBR

lim [ (1.3)x)et = i (x) ),

,I.i.'gj'V. (rx)(x)dx = j‘/’: () (x .

a koddpuimenTor Gypoe

lﬁ(:):jV(r.x):_(x)dr 3)
VIOKICTBOPRIOT THHERHOMY mnc:*pnm,nomy ypasnchiio dpearoiibMa BTOporo poja
Vn(l)=/IiKn(f.s)l’,(s)ds+q"(l). 6)
0
3acch GyHkums z, (x) ABASCTCS peuicHHeM Kpacsoit 3aaau
2+ Az, =0, 2(0)=0, z()+az,()=0 )

W obpasyeT B I[IPOCTPAHCTBE //(0,1) TOJNHYIO OPTOHOPMHPOBAHHYIO CHCTEMY

~

COOCTBECHHBIX (hYHKIUST

2(2,,’ +a’)

— cosdx, n=123...,
A +a+a

o (x)=

a4 COOTHCTCTBYHWOUMME HM  cobcTBCHHBIC 3BaucHns A, kpaesoit  3amaun  (7)

ONPCACNSIOTC]  Kak  pelieHHe  TPaHCUCHACHTHOrO  ypaBHcHHA AlgAd=a u
VIOBNCTBOPAIOT YCIOBHAM

ST !jx}:).n:w)(n—l)zu:,{"<—;£(2n—l),n=l,2.3...., ®)

hVHKILHS
A’,,(t.s)=;Ljsinl,(t-r)K(r..r)rlr. K (0.5)=0, 9)
ABJIACICK AUPOM, A
., . [ 7.
g, (1) =y, COSAL+ ‘-nsmzl,,l+ZIS|n2,,(l—r)L[t,zl](1r (10)

ABISCTCA CBOOOJIHBIM HIEHOM HHTCTPAILHOrO ypaBHeHus (6).
8

Janee xoddpdnunentns Dypoe ¥, (1), xak peiscune ypasuenme (6),

onpeacnaoTes no (popuyne
:
V,(t)= A[ R, (t.5.4)q, (s)ds +q, (). (11)
]

3nech  pelonbBeNTa  MuTerpaibioro  ypassenma R (1,s.4)  npu  kwxnom

¢uxcHposantom 1 =1.23,... onpenenserca no gopmyne
R A)=Y 17K, (10} w=L23, (12)
t=l

rae K, (1.s) nosTophuic aapa.

Hoxazano, uto paa (12) abcomoTHo CXOANTCA TONLKO AA TeX IHAYCHMUI napameTpos
A, KOTOpbi€ y1OBACTBOPSIOT YCIOBHIO

TJK,
Takum oOpasom, o0obuienHoe pewenne kpaepoil 3amaun (1)-(3), Haxoaum 0o
opmyne

1] < (13)

Fi.x)= Z[v (r.2) +%I£. (LmA)f, [n-u}lv]:,(x) ' (14)

rac

il
sind (t-n)+ AIR,, (.5,2)sind,(s —p)ds, 0s<psq,
0

"
&, (1.n.2)=1 AJ'R, (r,8.4)sinA (s —n)ls, 1sysT.
(]

nput=n, &,(11,2)-HenpepoisHa.

L

1
v, (1.A)=w,, [cos A+ /lj R, (t.5,A)cos A,sds} +
o

.
V:l”' [sin AL+ AI R, (t.5,4)sin /l,sds},
0

"

JARIE If[l,.r.u(t.x)]zn (x)dr.

Jokasansl, 410 (hyukuns cocronnmsi V{1.x) u ee obobuwennas npowisoanan
V.(t,x) HBAMOTCA IMEMEHTaMH TWiLGCPTOBO  MPOCTPANCTBA  KBA/PATHYHO

cymmupyemoix pynxkusii H(Q).



Taxum ofpasom, B pajgene 3.1. HCMOMLIOBAHO HOBOC OMPENENCHIC 0606meHHoro
pemieHHA H YKa3aH HHTCPBAT IMMEHEHWA 3HAUCHWIl mapameTpa 4, DAR KOTOPBIX
CyLIECTBYET eAHHCTBEHHOE 0000meHnoe petenue.

B pasaene 3.2. uccneZoBana paspeMOCTh 3a1a4H HeJiHelinoil omTHMIauiK
KONeDATENBHBIX ~ NPOLECCOB,  OMHCHIBACMBIX  MHTErpo-Au(QepenianbuLIMI
YpaBHCHMAMH C- O[PAHICICHHAMM HA  ynpasnemus, Koraa  Qymxus
BHEILHETO HCTOYHHKA ABNACTCA HEAHHEIiHON OTHOCHTENBHO pacnpeaesientoro (JiH
PABHOMEPHO PACNPEACNCHHOI0) YNpaBjiCHus.

1. HocranoBxka 3aaa4y sHeanHeiiHol ONTUMHIALNY H YPAaBHCHNSE HCKOMOIO
ONTHMAILHOrO ynpapjenusi. PaccMoTpuM 3azady HeaMHEHHOM ONTHMHI3AlLMY, rAe
Tpe6yerca HaifTH ynpasfieHne, KOTOpoe MHHHMIBHPYET GyHKUHONAN

J[u(t,x)] - Hp[l,x,ﬁ(f,x)] dxdt, (15)

IpH YCJIOBHH g
, V(1) =€(x), | 16
rae i"(t,x) =V [t,x,u(r;x)] apnsercs 0600meHHbIM pemeuué.ﬁ Kpaesoif 3agaun (1-3),
sapanuan Pynxuma £(x)e H(0,1). :

B s70if 3agaye MCKOMOE ynNpaBnenme crlefyeT HaXoAMTh TaK, 4To0kl
ynpasnsemslit npouecc V(f,x) or HayansHoro cocroanus ¥ (0,x) =y, (x) 3a Koneysoe

BpeMA T nepewen B koHegnoe cocTosuue (16).

3neck dynkwm y,(x)e H,0,1),y,(x)e HQ,), p[e.xu(tx)]eHE@) n
f[txu(tx)]eH(@) sapamw, u dymxwmn flrxu(nx)] v plexu(rx)]
HeIBHeliHO 3aBHCAT OT (GYHKIMYH YNpaBAeHHA.

Hanee ycnosue (16) nepemiieM B Biie

® ok -
V(T,x)= ZI:/?-_[ R,(T,s,4)q,(s)ds + g, (T)]I,. x)=
g f 1O ! (17
=245 0=, &= [z, (x)ax,
H OTCIONa YYHTHIBAA nuuem{yio HE33BHCHMOCTh CHCTEMBI COOCTBEHHBIX (yHKLIE
{z,(x)} , nonyusm cicremy pasencrs

T - ;e : :
Af R,(T,5,2)q,(s)ds +4,(T)=§,, n=123,... (18)

Ot pasencTea ¢ yueroM (10), nocie HecnOKHBIX BEIMHCACHHIT, NeperweM B B

a3

10

‘.

T 5 ; :
[[G@0,x,2) f Tt xu(t, %)) dvdt = b, (4), n=1,2,3,... S 19)
oo 5 MGETY

rac

z,(x)

G, (r,x,A)= {sin A(T~1)+ lj&, (T,s, A)'-jlh-.sin A(s— f)df} M= l,%3,..., (20)

h(2)=¢,- y),,, {cos AT + A}RH (T,s,A)cos Z,,sds} -
n 0 Y

‘ T @n
—%{sin AT+ AJ'R,,(T,.&, A)sin /T.,,sds'}, n=123,..
n [¢] k

Takum ofpasoM, B nyHKTe | YCTaHOB/IEHO, UTO HCKOMOE ONTHMAILHOE
ynpaBleHHe CleayeT HAXOOWTL KaK pemenHe OGeCKOHEYROMCPHON CHCTEMBI
HeJIHHEHBIX HHTErpATHHBIX ypaBHenwii Opearonsma nepsoro posa (19).

2. Hecenegosanue paspemiMocTH onepaTopuoro ypasuenns (19).
Kak Gbuto Bbillle OTMEYECHO, HCKOMOE ONTHMANLHOE YIPABICHHE ONPEACHACTCH KaK
pewieriie GecKOHEHHOMEPHON CHCTeMbl HENWHEIHHBIX WHTErPaNbHBIX YPaBHEHMIT
®pearomsMa nepeoro poxa. Jiis HCCNENOBAHNA PA3PENIMMOCTH TaKHX CHCTeM Gyem
HCIIONL30BaTh OneparopHble MeTomsl. C 3Toit nensio cucreMy (19) nepemimenm B

onepartopHoit ¢opme

Tt & ;
[[Ge,x.2) 1 [tx,u00,0))dxde = h(2), n=1,2,3,... s (2D
00
rae
G(t,x,2)={G,(t,x,2),....G, (t;x,2),..}, y s (23)
h(2)={h (2),. 1, (2),}- 4)
Beepnem ofo3nauciue . :
Stxu(t,x))=v(t,x) : (25)
H OnepaTopHoe ypaBHeHue (22) nepenuiieM B BHIe
Ti
Glv]=[[GxAw(t,x)dxdt = h(2). - (26)
00 ! :
Hanee moxaszamul:

Jlemma 1. Bexrop /(1) sBnsieTcA 3eMEHTOM NPOCTpANCTBa
¢, = {a =058y 500yAy50) Zaf < oo}.

k=1

1



Jlemma 2. Onecparop G:H(Q)->€,., Te. onepatop G, ABAAETCA
npoctpaicreoM £, npu moGom v(t,x) € H(Q).

TaxuM 06pa3oM, Ha OCHOBE JOKA3AHHEIX JIEMM oOrlepaTopHoe ypastenue (26)
Gynem paccmMaTpHBaTh B IPOCTPAHCTBE £,.
Ero pewenne nuieM B BijC

V(%) =ic (hx2)a, +7=G (xDa +7, @7

»+) HEH3BECTHHIH BEKTOpP MpoCTpaHcTBa £,, f - npomnonmaa
NOCTOSHHAsA. (27) noacrasuM B (26) i MMeEM COOTHOUICHHE

raec a={a,..q,

T1 i
[J6w.x,2)[G (t,x)a + y Jdxdr = h(2), 28)
T, | g ST
WIH . |
T ri
”G(t,x. MG (t,x, A)dxdt - & = h(A) - y”c;(:,x. A)didt. (29)
Beenenm o6o3Havenns

T : ‘ i il T .
M(2)= iG(l, X, )G (t,x, Adxdt, h(A,y)=h(A)- rij(r,x, Adedt  (30)
00 (]

¥ ypasHenne (29) nepenuiem B oneparopHoii opMe CreIyIOmEro BHAa
Mla]=M(2)-a=h(4y), @30

rae M(A) GeckoneuHoMepHAas CHMMETPHWHAA TOCTOsHHas Matpuima, h(4,7)
6eckoneyHOMepHLI MOCTORHHBILN BEKTOP.
JIoKa3aHe! CICKYIOUIHE ICMMEL: ‘

Jlemma 3. Bexrop /i(4,y) smnsercs aneMeHTOM IPOCTpaKcTsa £, npu moGom
(uxcpoBaHHOM 7, ' v

Jiemma 4. Onepatop M[a] oroﬁpmlcacr npoc'lpauc‘mo ¢, B cebn, T.ec.
Vaet, = Mla]et,.

Jlemma 5. Oneparop M[a] senserca MONOKNTENLHO — ONPEACACHNLIM, T.e
HMEeT MECTo Hepascnmo(a, M a) s 20m (a, M a) s 0 Torza H TOJNILKO TOr/a Koraa

a=0=(0,..0,.), T.¢. KOr/la a HyncBOli BEKTOp

Cornacio eMmam 3 H 4 OncpaToOpHOE YPABHEHHE PaCCMATPHBACTCS B IPOCTPAHCTBE
¢,. CormacHo nemme 5 HCTIONE3ys CBOMNCTBO NONOKHTENBLHO ~ ONPEAECNEHHOro

oneparopa yTBepkaacM, uto ompeatop M [a] uMeer obparHElit orpaHMMeHHbI
oneparop N, Takoit uto

12

Tl
a =1Vh(z.r)=1v(h(/1)-yj | G(t,x,ﬂ.)drdt] 32)
00 1
u |Ni(Aa, y)|, S No[ji(2, r)l const N, >0.
Teneps naiinesnoe pemenne (38) moacTasum B (33) H nony'um q)ymuuuo

v(t,x) = G'(:,x,z)zv(h(z)— 7| jc.'(r,'x,;.)z&dr)+ 7 (33)

KOTOpas #ABAfeTCcs peuieHneM GeckoHEUHOMEpHOH ~ 'CHCTEMbl HHTEIPANBHBIX

* ypasHennii ®penronsma nepsoro popa (26). Jlerko BHAeTb, YTO NPH PazNMIHBIX

3HAUCHHAX NAapaMmeTpy Y NOAYYMM pa3niyHbie . peuleHua ypashenus (26), T.e.
ypashrenue (26) umeer 6ECKOHCYMHO MHOIO peIleHMIT.
Janee ecnu (33) noacrasuts B (25), To noay M GyHkuuo

f[r,x,u(l,x)]=G'(t,x,A)N[h(Z)-.-)'-ﬁ‘G(’--\'»l)d"d‘)H’, G9

KOTOpast AB/AETCA PELICHHEM ONEPATOPHOro ypasHenna (22).
Taknm ofpasom, BO BTOPOM NyHKTE YCTaHOBIEHO, YTO HCKOMOE ONTHMaNsHOE
yIpas/ieHHe HaXOAMTCA Cpean perennuii HenueiiHoro oneparoporo ypassenus (22),
KOTOpOe HMeeT OeckoHeuHo MHOIO peuleHiii yI0BICTBOPAIOMWME YCoBHIO (34).

3. Munnvmusauns GyRKuHoHaAA B c1yuae MOHOTOHHOCTH QYHKIMH

ftxu(e,x)). § o0
Takum 0GpazoM, HCKOMOE ONTHMANLHOC YMPABJICHME CCAYCT HAXONHTH
cornacuo cootHowemiio (34). Tlockomky dymxws  f[t.xu(t,x)]e H(Q)

MOHOTORHAR QyHKIMA MO PyHKUHONATLHOM nepemMennoit u(¢,x), TO BRNOMHAETCH
ycnosue

L[txu(tx)]#0, Y(@Ex)eQ (35)
Torpa cornacHo Teopeme O HEABHBIX (yHKUHAX cooTHowenMe (34) OAHO3AAYHO
pi3peIuacTcsa OTHOCHTENLHO NepeMeHH oI #(f, x), T.e. NPH KAKIAOM (HKCHPOBAHHOM 7

, cymectsyet pyuxmin ¢(-) Takas, 4ro
u(t,x)= ¢(G- (% ).)N (h(l) - 7ﬁ¢(t, x, l)dxd:) + 7) =u(t,x,y). | (36)

Teneps Haiiaennyio ¢yuxkumo u(f,X,y) NOACTABHM B qiymumo:m (15) u
HMeeM CKUIAPHYI0 (yHKLHIO ‘ ot

J[“("x,'f )]=.ﬁb['vx,u(t,x,r)]dxdr='d>(,;)',' s 7))

13



rae 7 € R. Jlanee nccnenyem gynxmmo &(y) na sxcrpemym. Pewenue 31oii 3anatn
HAXOJHM H3 COOTHOIIEHHIT '

@'(7)= B[ [p. [t xu(t,%.7) Ju, (1.5.7)dxdt =0,

@)= Bf (o [bxa x|, (x) + 8

+p, [t.xu(t,x.7)u,, (t.%,7)dxdt > 0.
3anasa (38) MOxeT METH ONHO HIH HECKOLKO PelICHMNi.
‘1) Cnyuaii: mycTs 3ana4a (38) uMeeT emmicTBenHOe pewenne y = y°. Toraa cornacko
(36) nckomoe ynpasnenue »° (r,x) Haxomum no gopmyne :
' (6,x) =u(t,x,7"), , (39
KOTOpOE ABIACTCA CAMHCTBEHHBIM YNPAB/IEHIEM, Ha KOTOPOM (yHKUHOHAN AOCTHIAET
MHHHMAILHONO 3HAYEHHS, T.€.

[ )] =Iu(tnr) s o ulexr)], Vrer (40)

B 3710M Cy4ae HcKOMoOe ynpannenne u° (l x) OnpeeNfeTCs eHHCTBEHHBIM 06pasoM
H ABNACTCA ONTHMANILHBIM. .

2) Cnyuaii: nycrs 3anaua (38) mMeer Heckonbko pewenmii 7y ,...7S, rae m
HaTypaNbHOE MHCNO. B 3TOM ciiyqae nMeeM HeCKOJIbKO YNpaBJieHuii

uf (6,%) =u(t,x, 77 )yt (6, 3) = u(t,3,72). @1)
Bsiazciunv snavense dynxusonana (15) coorserctayionmee ynpasnenmio u(,x, 7} )

J[": (s x)] =J[”("f-7f)]. k=1,...,m. @2)
Janee u3 pemnenys 3anaqy

J[u (t.x)] =min{J [of (t,x)]. ,J [u (s, x)]} . 43)

HaxomuM «°(f,x) . B arom cayuae #°(f,x) aBnaerca ONTAMANLHLM ynpasnenneM. OHo
MoweT GLrTh emumcTBenLM, ecnit J [ u(t,x,y, )| npunimMaer pasurnsie 3HaueHIS, B

TIPOTHBHOM CJTy4ae ONTHMANBHBIMH MOrYT OBITE HECKONLKO YNpaBACHHiT, HA KOTOPBIX
dynsumonan J[u(r,x,7, )] npunimact oauo i Toxe 3uatiensne, T.c.

.([u° (t,x)] =J [u, (l,x)], i=12,..,r<m (44)
M3 BriIe H3NOKeHHOro cnenyer, uro ecuit ynxuns f[1,x,u(r,x)] Monoronsas, 1o

B Cnydae, Xoraa pewenne 3agauu (38) €AMHCTBEHHO, HCKOMOE OMTHMANLHOE
ynpasneHuie onpezessercs no gopmyae (39), a B cnyqae, Korza pemenue 3agaqun (38)

‘14

HE EQMHCTBCHHO HCKOMOE OMNTHMANBHOE ynpanncnne ONpEAENIAETCA  COIACHO
cooTHOweHHIO (43).
5. Munnmusaunsn GynKusoHana B cayyae He mnomuuocm pynKunn

f [I,x,u(t,x)].
Tockonsky Qynsumt f[¢.x,u(t,x)]e H(Q) He MoHOTOMIAA NO byHKuMOHANBHOI
nepemennoii (¢, x), T0 ycaosue (37) He BHINONHACTCH M HMEET MECTO COOTHOLIEHHE

f [: x,u(t,x)]=0. & @é3)
B 3ToM cnyHac ypasHenue (36), MOKCT HMETh HECKONILKO pemenmii
u,(t,x)=u(t,xy) k=123,..,r,7y€R, ; (46)

rae r moboe HaTypanbLHOE YHCIO.
Teneps Haiigennyio Qynkumio u,(t,x,7) noncramm B q:yuxuuom (15) n
HMeeM CKanAphbie GyHKIpnL

I, (t.x.7)]= I Ip[r xu, (t, r,r)]wcdr~¢.(r), - @

rae k=1,2,..m.. Janee dynxumo @, () mccnenyem Ha 3xcTpemyM. Bo3mMoKHEI
CAy'an, T. €. KOr/ia JKCTPEMYM OCTHIAETCA B O/IHOH TOYKE WIH B HECKOJILKHX TOUKAX.
To meTomuKe onpenencHis «ONTHMAILHOIO» YTIPABJICHHSA, H3NOKEHHOMN At
Ciay4as MOHOTOHHOCTH (YHKLMH f[l,x,u(l,x)], HAXOAMM  (ONTHMANLHOE»
ynpasnenue u;(1,x,7;)-
Teneps uckoMoe oNTHMANLHOE ynpasachue u° (1,x) uaxojmu W3 yCNOBHA
J [u" (s, t)] =min{J [u," (t,,\‘)] RS [uf (t,x)]} i : L0 48
Takum oGpazom, ecii GyHKLA f[t,x,u(!.x)] He MOHOTOHHAsA, TO ypasueHue (36),
MOKET HMEeTh HecKONMbKO pemichMii. C KaKALIM pemeEHHeM NOCTynas, Kak H B
MOHOTOHHOM Clly'4ae HAXOHM HCKOMOE ONTHMANLHOE ynpasnenne u°(r,x), KoTopoe
MOXET GbITh eAHHCTBEHHBIM, €C/TH H3 uucen {J [u{’ (1,x)],....J [u}' (t,x)]} HET PaBHEIX.

B aToM pasgene TakkKe MIVIOAEHLI PesyabTaThl HCCAeAOBAHMI H s Clyvas,
Koraa  (QyHKuMA  BHELIHEro HCTOYHHKA ABNAETCA HENMHEHON =~ OTHOCHTEJILHO
PaBHOMEPHO PacnpeAe/eHHON0 YNPaBICHHA M OTPaHIEHHE A YNIPABJEHIE COACPKHT
yHKuMo cocToaHmA 1 06061meNHYI0 NPOKH3BOAHYIO (PYHKIMH COCTOAHHA
PaccmoTpena 3a/1aua ONTHMH3ALNH, rae Tpebyerca Hality ynpasnenuse (e HQ)
TaKoe, 4TO MHTerpanbblii GyHKIMOHAT

J[u]= ]:p [t,u(0))d, : : 49)

NpHHEMAeT MHHHMAILHOE 3HAUCHHE HA MHOKECTBE peteHHil Xpaesoil 3afaun
: 15



T .
=V, +A[ KW (r,x)dr + gt x)f[t,u(r)], 0<x<1, 0<esT,
) )
V(0.x)=y,, ¥,(0,x)=y,, 0<x<l, AT -
v.(10)=0, V. (11)+a¥(1,1)=0, 0<t<T, :

Tpi ycnosi, 4o 0600mennoe pewenye V(¢,Xx) ynIOBIETBOPAIOT COOTHOMEHHAM

| V(T.x)=6(x), V,(T.x)=4,(), 61
KOTOPbIC ABJIACTCA AONMIHHTEILHLIM OI'pa.HH‘IeHHeM Ha ynpaBlICHHA.
Peenie XpaeBoii 3a3a4i iMeeT BUA '

- T . : "
v (l.x)=Z[ZIR.(t.s,A)q.(s)dwq,(t)]a(x). (52)

W‘.‘n

,(t) =y, cos At + 22 y smz,,z+—J‘sm,1,,(r—r)g,(z)f[f,u(r)]dr

ITpennonoxnm, 10 nna ynpasnenns u°(f) BHINONHEHO pasencrsa (51). Toraa

coracHo  (52), NOMYuMM CHCTEMy HE/NHHCHHBIX MHTErPANBHLIX ~ypaBHeHmit
@peroabma nepsoro poaa

'-!D(r)f [ba()]a=0 (53)

rae

D()={D,(t). D,(#),.. D,(1)..}, D,(e)={4,().B,(1)}

00 111,040,220
n

4 (:)-Z[smz,(r :)+Aj R(T,s, ;)sma,(s-:)ds)g,,

(54)
B.(n)= (cos A(T —l)+/1jR,; (T,s, A)Isin A(s- r)ds)) &

,,(T) & =V [cos; T+/IJR,,(T s,/I)cos}l,,sds]-

"l; [sm AT+A I R,,(T s,/l)sm ).,,sds]
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H, (T) =&~ [—A. sin AT + A[ R, (T:s.A)cos z,sds]— |
“tlon X ' (55)
+"’72~[cosa,r+/1j&;(r,s.z)sin z,,'sds]. A
0
Pemenue xoTopoii nMeeT BHA ‘ e

Itu) =0 (){G'H-C(r)}+r=D"(1)G'H-D' (t)C(r)+r (56)

B CIy"iac MOHOTORHOCTI dymcmm f[,u()], T.e. , ' 3

£ [tu)]=0, we[o 7] - &Y))

u3 pancuma (56) ynpanneune u(f) onpenensiercs ONHOMAWHO (NpH KaxIOM ‘
tjmxcupoaalmou 3HAYEHHH }), T. e CyuIecTBYeT (yHKIpA () Takas, 70 :
u() = o[ D" ()G H - D" (1)C(») +7 | = u(t, ). (58)
B cayuae, koraa dynkuma f [f,u(1)] ne smaserca MonoTonHOM No PynKuUMOHANEHOI
nepemennoit u(r), T.e.

£ [au®)=0, veelo,r). ' (59)
anreGpandeckoe ypaHesHe (56) MOKET HMeTb RECKONTBKO pelleHit
u()=u07), k=123..,r. (60)

Takum 06pa3oM, yCTaHOBAEHO, YTO CYMECTBYeT GECKOHEHWHOE MHOKSCTBO
ynpasneniit {u(¢)}, npi KoTOPEIX BhINOIHMOTCA YcnoBHA (51).

Janee no Bhime W3noxeHHoit cxeme (Kak H B Ciyuae pacrpelenenHoro
ynpasJieHHs) aHANOIMYHO HCCAEAOBAHA 3ajava MHHHMH3AMWH (QYHKUHOHATA M
paspaGoTaH aJirOPUTM NOCTPOEHIA HCKOMOTO ONTTHMAILHOIO YIPABJICHIS. :

B pasgene 3.3. M3noXeHs! pesyNbTaThl HccnenoBaHuil npocreifmedi sanaun
HeanneiiHoil onTHMIBaWIH KoNeGaTeNbHBIX NPOIECCOB, ONHCHBAEMBIX YPABHEHHAMH
B YACTHBIX MNPOW3BOAHBIX JUIR Clydyad, KOTAA (YHKIMA BHEMIHEro HCTOUHHKA
sRascTCA HenuHelinoli  oTHOCHTENBHO  pacnpefeneHHoro (WM - PaBHOMCPHO
pacnpefie/icHHOro) ynpaBieHHA 3 OrpaHIMeHHe Ha ynpanncnnc COMEPXKHT TONBKO
(DYHKLHIO COCTOSHHNS.

Paccmotpena 3ajawa HemmmeltHoli onTHMH3aUMH, TAE 'rpcﬁycrcx Haffm

pacnpesiesienHoe ynpasnenue u°(f, x) € H(Q), Taxoe uro, q)yummouan

Ju(t,x)]= ”p[f x,u(t x)]dta? ' - (61)
NPUHIMAET HalMeHbILee 3HaYeHHE Ha MHOKECTBE pcmcmm xpaenoh 3a1aun
V,=V, +f[l,x.u(l,x)], 0<x<1,0<t<T,
V(0,x)=y,(x), V(0,x) =V’z(x)t O<x<], (62)
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V0=0, V.)+aV(,1)=0, O0<r<T.
TPl YCIIOBIIL WTO 0500meHioe peluenne

Vit,x)= i[wm cosAt+ %’—‘-sin AL+ %Isin Au-0)f [z, u] dr]z,, (x) (63)
=l 0

k]
YIOBNETBOPAET OrPAHIMNEHHIO
V(T.x)=£(x). - (69)
B paszene 3.4. minoxenst pesynstamst mccienosanmit npocreiiuleli 3agaun
HENHHCIHON ONTHMIBAIIM KoNeGaTeNEHBIX TPOLCCCOB, OMICHIBACMBIX YPaBHEHHAMH
B HACTHBIX MPOM3BOAHBIX JUIA . CJlydasi, KOrja (YHKUMS BHEUIHEro HCTOMHMKA
ARNACTCA HEMMACHHOA  OTHOCHTENBHO  pacnpencnenHoro (WM PaBHOMCPHO
PACUPCACNCHHOIO YMPABNCHHA M OIPAHWYCHWE Ha YNPaBJICHHE COACPHHT
0606 YO TIPOH3BOAHYIO GYHKUMI COCTOAHMS.

BHBO}IH

- B xome nccnenoBamus 3ajauy HeaMHENROH ONTHMIBALMK KoNeGaTENLHBIX
NpOLECCOB,  ONWMCKIBACMBIX  WHTerpo-AnpepeHuManbHEIME - ypaBHeHHAMM  C
WHTETPATLHLIM OflepaTopoM PpeArossMa i ypaBHEHHAME B YACTHEIX NPONIBOJHBIX,
B cuydae, KOrga GQyHKuMA BHEIIHEr0 MCTOUHNKR HeMMHCHHA OTHOCHTENBHO
YTPARISIOWMX TIAPAMETPOB K NIPH HARHUHI OTPANMYCHHS A2 YIIpaBlIchHie:

T YCTQHOBNEHO, YTO MCKOMOE ONTHMANBHOC YMPABNCHNHE ONPEACNACTCR Kak
pewtcHie  GECKORCYHOMEPHON CHCTEMBI HeMHENHBIX MHTCTPANBHLIX YPaBHEHMIT
®pearoasma nepsoro poja;

—  YCTQHOBNCHB!l JIOCTATOYHLIC YCNOBMA CYINECTBOBAHMA PEUICHHA CHCTCMBI
HETAHEHHBIX MHTETPUILHLIX ypasHenuli OpearonsMa Nepsoro pona u pazpaGoran
AIrOpHTMA NOCTPOCHUA ¢¢ PeLICHM, : :

—~ AOKa3aHO  CYWICCTBOBAHMC MONHOrO  pelleHHS  Hemuuelinolt  3amaun
ONTHMIBALNM B Ciydae, KOorga HenmueliHas ¢yHKIMA HCTOURMKA SBASETCA
MOHOTOHHON W He MoHOTOHHON (chyuwait noseneHus daxTop MHOXecTB) mnO
dynximonansHok nepemeHoli;

OcHoBHEIE Pe3yNbTaTH! GRUTH NOMYUEHB! C HCMONE3OBANNCM MOHSTHS ¢axrop-
MHOKCCTB, T.6. MCTONOM (JaKTOPU3ALMM NPOCTPANCTBA YNpaBIeHKH, UTO ARNACTCS
cuenepuyeckolt ocobennocTuio Hccaeayemolt 3azaun nemmuHelinofi ONTHMH3ALYTH,
IMonyuennsie pe3ynbTaThl ABAAIOTCA HOBBIMM M MOTyT OLITH NOJNCIHLIMH TPH

pa3paboTKe HOBLIX METOAOB pcmcmu ue.mmcmmx 33724 TCOPHH OMNTHMATLHOIO
YNpABICHHSA.
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NMPAKTHYECKHE PEKOMEHIJALMH

Hayuusie pe3yasTaThl AMCCEPTALYM HOCAT TEOPETHYECKHIT XapaKTep 1 MOryT
GbITh MCMONL30BaHLl NPH AanbHEHIINX MCCAEAOBAHMAX NO TEOPHN ONTHMAILHOIO
ynpaJicHus, WHTErpO-AudPepeHIMANEHLIM  YDABHEHMAM, ypaBHeHuii
Mareuamqecxon dusukn.
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JoynGexosa Canranar BaiibiGexopnannin 01.01.02 — anddepenunananix
TeaeMenep, ANHAMHMKAJIBLIK CHCTEMANAp KaHa ONTHUMANALIK GamKapyy
amueTuru Golonua QUINKA-MATEMATHK2 WIHMACPHHHH KAHAMAATHI WMl
OKYMYIUTYYIYK Aapaikachlil anyy yuyyn “@axTopusanms MeToxy MeHeu
CCPRUArHY TEPMEYYIOPAY CHI3LIKTYY JMeC ONTHMANAWITBLIPYY MacexecHn
uBIrapyy” TeMACHIHAA KA3LUIMAH ARCCEPTAUMSUTBIK HIUINHNN

PE3IOMECH

Hermsru ce3gep: TepMmenyy TpOUECCH, IKAMNLUIRHTAH  THITAphINbIUL,
(pyHKIMOHaN, ONTHMAIIBIK Gamkapyy, CHI3BIKTYY 3MeC MHTCIPAIBIK TEHAEMC,
onepaTopiaykK TCHAEME, XEIHHANYYyJyyK.

Haunpee = obnextn: OpearombMIyH mrrcrpo-m«d)(bcpemma:mux
TeHUEMeJIepi MEHEH MYHe3/IoNToH, 6alkapsuTyyqy TepMelTyY NpoLecCTepit.

H3unaee npeamern: Bamkapyy (yHKINACEHA 9eKTeesep KOIONTaH y'ypaa
DpeAronsMAYH MHTCTPANABIK - ONEPaTOpy MEHEH XeKe TYYHAyNapia HHTCTpo-
mudepeHUHATILIK TEHAEMENEP MEHEH MYHO3ONTOH TCPMEIYY NpOUECCTepHH
CBI3BLIKTYY MEC ONTHMANAAUITHIPYY MACENEAEPHHWH UbIrapbUIbIIIBIHBIH ANITOPHTMITH
HLLITEI YBITYY. : .

Maunpeenyn MakcaThl: bBamkapyycyHaa uekteenepy Oap Tepmenyy
NpOLECCTEPHH - .CBITBIKTYY  3MeC . ONTHMANAAWTHIPYYHYH — MacelieiepuHiH
YLIMAPBUILILEIH YEYIWIHIINH H3WAN00, KAWAWBMH JXaHa XUMH3 YBIrapbuTbIT
SKCHIMIHH XKETHIITYY WapTTapsiH Genrunee Gomyn cananar.

Hawngeonyn ycynnapbi: Onmivanasix 6amkapyy, oncpa'ropnyx Tclmemenep
TCOPHACKIHLIH aHA BAPHALMANBIK 3CCNTOOHYH METOAX0PY.

. Mmmun unauMuit ckansiabirs:: Bamkapyyaa gekToBNOp GOMrOH y'lypna
ONTHMANJALITLIPYYHYH CBI3LIKTYY SMEC MaceleCHHAe H3fieirel  ONTHMALIBIK
Gamkapyy Oupnuun Typaery @pearonbMAyH ChI3LIKTYY 3MEC HHTCTPAIABIK
TCHAEMEIEPHHIH YEKCH3 OIMOMAYY CHCTEMACHIHEIH YEINAPBUIBIIIL! KaTaphl aHIK;
Bupunun Typaery @OpearofbM CBI3BLIKTYY 3MeC WHTETPUIIBIK TCHACMENCPUHHH
CHCTEMACHIHBIH YBITAPBUTBLIIEI KAIAWBIHEIN JKCTHUITYY IAPTTaphl JKaHA aHbl
YLIFAPYYHYH AITOPHTMH HIITEIND YbIKTE; ONTHMAAWTLPYYHYH CBISBIKTYY IMEC
MaceJeCHH TOMYK TLrapyyHyH anropHTMi HLUTENHIT BIKTEI;

W3mngoonyn NpaKTRKansk Maammucn. Bawkapyycymma uwextoenopy Gap
TepMellyy NPOLECCTEPHH CHI3BIKTYY SMeC ONTHMANJAmTHIPYYHYH MacencrnepiH
YLIrapyyHyH MIOTEHN YBLIKKAH aNTOPHTMH THPKEMEACp/e TEPMENYY NPOLCCCIEpHH
Gawxapyyra GallnaHLiIITYy MPaKTHKANBIK MAaceNeNepal 4hirapyyaa KOMJOHYSIylly
MYMKYH. 33 :

Kosgonyy . afimarst. Ontumanasik  Gamkapyy TeOpHsacel, WHTCrpo-
mi(depenimanILIK TEHICMENep, MATCMATHKAIBIK QI3HKAHLI TCHACMCCH.



PE3IOME
Ancceprannn JoynGekooii Canranat BaiibisGexosnnt na Temy «Pemsenne
lajaum  wenmmeiinoit - onTMMZAUMN  ynpyrmx  koseGanuii MeToaoM
daxTopmiaumm» npecTanNeHnoil Ha concKaHie yuenoii crenenn xammmaaTa
usuKo-MaTeMATHUECKHX  MAyK MmO  cheUMANLHOCTH 01.01.02 -
AupepenumuaibHbIe YPABHCHNS, ANHAMMYCCKHE CHCTEMBI M ONITHMAaNbHoe
ynpasaensue.

Katouessie coBa: Konebatenbubilt npouecc, o6oGmentoe peulenne,
bynkunonan, omrvamuoe ynpasnerme, Hemneloe HHTETPILHOE ypaBHeHe,
OIEPaTOPHOE YpaBHEHHE, CXOTHMOCTD. :

OGuext wccnemoBanms:  Vopamnsemme  XoleGaTenHbie TIpOLECCH!
OIHCLIBAEMbIE HHTETPO-AH(PepeHIHANLHEMIT BPEAToNbEMOBEIM YPaBHEHHAMH. ’

Ipeamer uccnenosanms: IpeameTtom mccnenoBanus sensmotcs pa3spaborka
AIropiTMa TIOCTPOCKHA PEWEHNSA 3824 HemeliHoM ommuMIBauH KoJleGaTeNsHuIX
TIPOLECCOB, ONNICKIBACMEIE WHTETPO-THOGEPEHIHANLHEIMI YPaBHEHHAMH B YaCTHBIX
TIPOM3BOAHBIX C HHTETPaNbHEIM onepatopomM ®pearonbMa,” NpH  HANOKEHHAX
OrpaudeHiti Ha GyRKINIO yipaBncHus, ;

Hean.  paGomwr:  mccnenoramme Pa3spemMMOCTH  3a%a¥  HemuHeltHolt
ONTHMH3AME  kOJe0ATENBHEIX NpONeccoB ¢ OrpamTICHHAMH HAa YNpaBJIeHHA W
YCTAHOBNEHHE AOCTATOMHEIX YCNOBHIl CYIICCTBOBANMA | CIMHCTBEHHOCTH pemeHns
3371a9H ONTHMH3AIPH, \

Metoael mcenenoranmus: Meromr Teopun ontmansmoro yTpaBieHHs
Mcrpnu TEOpIH ONEPaTOPHLIX ypaBHEHHI I METOA! BapHaIHOHHOTO HCYHCEHNS, ’

Honyvenusie p_esy.us'nm H WX HOBH3HA: VCTaHOBNEHO, YTO B HeMmHeliHol
Jamaye ONTHMM3AUMHM NPH  HATHIHK OTPAHHYCHNN Ha ympaRNeHHEe MCKOMOE
ONTHMANLHOE YNPaRNEHNe ONpeaenserca Kak pemerie GeckoHe HOMEpHOI CHCTeMB
HEMIHEHHBIX HHTETPANLHEIX ypaBHeHuif ®pexronsma nepsoro poga; Halimenst
AOCTaTOMHBIE  YCNOBMA  CymecTBOBaHuS PELICHHA  CHCTEMBI  HeJMHeNHBIX
HHTCTPaNbHLIX * ypasHennit ®pearonsma TMEpBOro poxa ¥ paspaGoTan - aaropiT™
nocTpocns ee pewenus; PapaGoran ITOPHTM NMOCTPOCHHA TIONHOTO pelleHHs
ucmmempn 3ARATH ONTHMIBALMH B CITyYae, KOrAa HemiHe HHas dyHKuus nerounuxa
ABNACTCA MOHOTOHHOI i He MOHOTONHOI o ynpaszenno,

P e et ey TR UIOD rocoe
UHH  KoNeGaTenbHLIX NpoueccoB ¢
OTPaHHYCHHAMH HA YNpamneHns Moxer GuiTs HCTIONL30BAH B NMPHIOKEHHAX NPH
PEIICHIT NPAKTIYECKIIX 3082Y, CBA3AHHBIX ¢ YNpaBNeHHeM IPolecCoB.
OGnacrs Npumenenns. Teopus onmtumankioro YUpaBnenns, MHTErpo-
AudpepenmansRuie ypaniiensis, ypasrene MarteMaTireckoit gusmi, :

SUMMARY
Dissertations “Solving the problem of nonlinear optimization of elastic
oscillations by the factorization method” by Doulbekova Saltanat Bayzbekovna is
submitted for the scientific degree of physical-mathematical sciences candidate,
specialty 01.01.02 - differential equations, dynamical systems and optimal control.

Keywords: oscillatory process, generalized solution, functional, optimal
control, nonlinear integral equation, operator equation, convergence.

Object of research controlled oscillatory processes described by Fredholm
integro-differential equations.

Subject of research the subject of the research is the development of an
algorithm for constructing a solution to the problem of nonlinear optimization of
oscillatory processes, described by partial integro-differential equations with an
integral Fredholm operator, when imposing restrictions on the control function.

Aim of research the aim of the work is to study the solvability of problems of
nonlinear optimality of oscillatory processes with restrictions on control and the
establishment of sufficient conditions for execution and unique solutions to the
problems.

Research methods methods of the theory of optimal control, methods of the
theory of operator equations and methods of the calculus of variations.

.The scientific results and their novelty:

—~ It has been established that in a nonlinear optimization problem in the presence
of a control constraint, the desired optimal control is defined as a solution to an infinite-
dimensional system of nonlinear Fredholm integral equations of the first kind;

—  Sufficient conditions for the existence of a solution to a system of nonlinear
Fredholm integral equations of the first kind are found and an algorithm for
constructing its solution is developed;

~  An algorithm has been developed for constructing a complete solution to a
nonlinear optimization problem in the case when the nonlinear source function is
monotonic and not monotonic in a functional variable; -

Recommendations on using. The developed algorithm for constructing a
solution to the problem of nonlinear optimization of oscillatory processes with
restrictions on controls can be used in applications for solving practical problems
related to the control of oscillatory processes.

Field of applications. Theory of optimal control, integro-differential equations,

equation of mathematical physics. ;
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