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OBHIAA XAPAKTEPUCTUKA UCCJIIEJOBAHUSA

AKTYyaJbHOCTH TeMbl JuccepTanuu. O0mias Teopus ONTUMAIBLHOTO YIPaBICHUS
pacnpeaeleHHbIMUA CUCTEMAMH M3Yy4aeTcsl Ha MPOTSHKEHWH MHOTHX JIET U HE TepseT CBOeH
aKTyaJIbHOCTHU U3-32 pa3HOOOpa3usi pacipeIeI€HHbIX CUCTEM, OMUCHIBAIOIINX MPOLECCHI
CaMbIX pa3IMYHbIX o0JacTel HU3NKU, MEXaHUKH, YKOHOMHUKH.

B mnpunoxeHUsX BCTpeYaroTCsl MPHUKIAIHBIC 3aJadd, OMNHCHIBAEMbIE HHTETPO-
g epeHIraIbHbIM YPaBHEHUEM B YACTHBIX MPOU3BOIHBIX, KOTOPHIE MOYKHO
HCCIIEIOBaTh METOJaMHU TEOPUU OINTUMAaJIbHOTO VYIPABICHHUS s paclpeaeleHHBIX
cucteM. B HacTosield pabore paccMaTpuBarOTCSl 3a/adyd yNpaBlieHUsS KoJeOaTelbHbIMU
IpoIlecCaMH,  OMUCHIBAEMbIE  HHTErPO-AU(PPEpEeHIIMANBHEIMU  YPaBHCHUSIMH C
MHTETpanbHBIM omeparopoM  @Dpearonbma B choydae, Korjga (QYHKIHS BHEIIHETO
BO3/ICHCTBHS HEIMHEHA, OTHOCUTENHHO YIPABISIONINX MapamMeTpoB. Takue 3agaud MBI
Ha3bIBa€M 3aodauell HeluHelHou onmumuzayuu. ViccienoBaHus NPOBOAWINCH — TIpU
HAJIMYUH OTPAaHUYCHUS Ha YIPABIIAIOIINAX ITapaMeTpax.

HecmoTpst Ha oOunume ucciaeAOBaHM YIPaBISEMbIX MPOIECCOB, OMHCHIBAEMBIX
CUCTEMaMH C pachpeiesiEHHbIMU MapaMeTpaMy, TaKhe 3a/ladyd Majio UCCIIEeIOBAaHbl U HE
pa3paboTaHbl KOHCTPYKTUBHBIE METOABl WX PEUICHHUS. [ToaToMy wuccnenoBaHue
pa3penImMoCTy HETMHENHBIX 3a/1a4 ONTUMU3ALMU U pa3pab0TKa KOHCTPYKTUBHBIX
METOJIOB UX PELICHUS SBISIOTCS OJHOM M3 aKTyalbHBIX 3a/lad TEOPUHU ONTHUMAIBLHOTO
yIpaBJIEHUsI CUCTEMaMH C paclpeleICHHBIMU ITapaMeTpPaMHU.

B oromM HampaBieHMM WUCCIENOBaHUS 3aJa4 HEJIWHEWHOW omnTUMHU3aluuud 0e3
OTpaHUYEHUs Ha YMPABISIOMIMX MapaMeTpoB MPOBOAMWINCH B Auccepranuu Ceiliakmar K.
D. (2016), rae wucciemoBaHBl TEIUIOBBIE IPOIECCHI, OMUCBIBAEMBIC HHTErPO-
mubdepeHnnaIbHbIMA  YPABHEHUSIMH B YAaCTHBIX TPOU3BOAHBIX C HHTETPAIHHBIM
ornepatopoM BomnbsTeppa, B HayuHbIX cTarhsix KepumbexoBa A. mu AobnpuinaeBori O.D.
(2015), Hyimenamuesoir Y.D. (2016) , rme ObUTM HCCIEIOBaHBI KOjleOaTeIbHbIC
IPOIIECCHI, OIHUChIBa€Mble HHTETPO-AudepeHIIMAIbHBIMU  YPAaBHEHUSIMA B YaCTHBIX
MIPOU3BOJIHBIX C HHTETPAIBHBIM onieparopoM dpearonbpma, u Apyrue.

CBs3b TeMBbI JHUcCCePTALUM ¢ KpPYNHBIMH HAYYHbIMH MPOrpaMMaMHu
(mpoeKkTamMH) M OCHOBHBIMHM HAaYYHO-UCCJIEA0BATEJIbCKMMHU padoramu. VccinenoBanue
[0 JUCCEepTalMyd MPOBOJAUIIOCH B paMkax HaydyHbeiX npoekTtoB Ne KP-05 (Homep
roc.peructpauuu Ne 0006988) «MaTtemarnueckoe oOecreueHre MPOLEeCCOB YIPABICHUS
JSHEPro-MacCoNEePEeHOCAMH, MPOUCXOIAINIMMHA B JIMHHUAX Mepeaad, W MNPOAYKIMOHHBIMHU
mo4YBO-pacTuTeNbHbIMU cucTtemMamu», No KP-03 (momep roc.peructpamum Ne 0007436)
«OnTuManbHOE  YNpaBICHHE  HEXKEJIATeNbHBIMU  KOJEOaTeIbHBIMU  MpOlecCcamu,
BO3HUKAIOIIUMU B JIMHUAX niepeaad» MOuH KP.



Hear u 3agaum wucciaenoBanms. llenpio paboThl SBISETCS HCCIEIOBAHUE

paspeuinMoCT  3aJ1a4 HCJIMHEMHOW  OIITUMM3aIUU KoJIcOaTeIIbHBIX mpoueccoB ¢

YIOPAaBICHUSMU  Pa3HOM  CTPYKTYPbl W YCTAHOBJIIEHHWE  JIOCTATOYHBIX  YCIOBUU

CymeCTBOBaHMA U CAIMHCTBCHHOCTH PCHICHHWA 3a/la41 OIITUMU3AINH, KOT' a

(yHKIMS BHEIIHEr0 HWCTOYHHMKA IO YIPaBJICHUIO HEJIMHEiHAa M MOHOTOHHA, T.€.

KOTJla MEXJy 3JIEMEHTaMU MPOCTPAHCTBA YIpaBICHUMA {u(t,x)} U TPOCTPAHCTBA
COCTOSIHMHM yIpaBisieMOro mporecca {V (t,X)} MMEET MECTO B3aMMHO OJTHO3HAYHOE

COOTBETCTBHC;
GyHKIMS BHENTHEr0 UCTOYHUKA MO YIPABICHUIO HEJIMHEITHA 1 HE MOHOTOHHA, T.€.

KOI'Jla MEXJIy d3JeMEHTaMHu IMPOCTPAHCTBA YNpaBIICHUN {u(t,x)} U IPOCTPAaHCTBA
COCTOSIHMM YIIPaBJIIEMOI0 Ipolecca {V (t,x)} HapylaeTcsl YCJIOBUE B3aUMHO

OJIHO3HAYHOTO COOTBETCTBUS. B 3TOM ciydae NpOCTpaHCTBO YrpaBieHUH (1o
OTHONICHUIO 3HAYCHUH (YHKIIMM BHEUIHEr0 MCTOYHUKA) paclajaeTcs Ha KJacchl
CMEXHOCTH, T.. 00pa3zyeTcsl B3aMMHO HelepeceKkarouiecs: (akrop - MHOXKECTBA

{ui (t,X)}, i=12,3,.... 3aMeTumM, 4TO Kaxjaoe (PaKTOp-MHOXKECTBO €IUHCTBEHHBIM
0o0pa3oMm ompenenseT OJIHO COCTOSIHUE YIpaBiisiemMoro mnporecca V (t,X), T.e. B 3ToM

cllydae B3aUMHO OJIHO3HAYHOE COOTBETCTBHE YCTAHABIMBACTCS MEXK/TY DJIEMEHTAMH
IPOCTPAHCTBA COCTOSTHHIMA {V (t, X)} U (paKTOP-IPOCTPAHCTBA YIIPABICHHH {G(t, X)} ;

Peuiensl cneqyroniue 3agaun HEIMHEMHON ONITUMU3ALNU:

Ha OCHOBE HOBOT'O OTPEJIEJICHHs TOCTPOUTH 0000IIIEHHOE pellieHne KpaeBor 3a1aun
YIPaBIIIEMOr0 TMpoliecca B Ciydasx, Korja Kojie0aTeIbHbIN MPOIECC OMUCHIBACTCA
UHTETpo-Tu(PepeHIINATbEHBIM YPAaBHEHUEM B YAaCTHBIX TMPOU3BOJHBIX BTOPOTO
NOPsIIKA C UHTETPaIbHBIM onepatopomM Opearoiapma;

NOJIyYUTh HEJIMHEHHOE HHTETPaJbHOE YPABHEHHE OINTHMAJIBHOTO YIIPABICHUS U
UCCIENOBaTh  BOIPOCHl  CYIIECTBOBAaHUS W E€OUHCTBEHHOCTH  HCKOMOTO
«ONTUMAJIBHOT0» YIIPABIICHHUS;

IIOCTPOUTH IOJTHOTO PELIEHUS 3a1a41 HEJTMHEMHON ONTUMU3ALUU.

Hay4ynasi HOBU3HA.

VY CTaHOBJIEHO, YTO B HEJIMHENHOM 3aJ1a4€ ONTUMU3ALNU TP HAUTMYUU OrPAaHUYCHUN
Ha YNPABJIECHHE HCKOMOE ONTHMAJIbHOE YIPABJICHHUE OMNPEICISIETCS KAK PELICHUE
OECKOHEYHOMEPHOW CHCTEMbl HEJTMHEHHBIX HHTETPAIBHBIX YpaBHeHN Dpearoaprma
IIEPBOTO PO,

Haiinensl mocratouHble yCIIOBUSI CYIIECTBOBAHUS PELICHUSI CUCTEMBbl HEJIMHEHNHBIX
WHTETPAIBHBIX ypaBHeHUN @PpenroibMa MEpBOTO pojia W pa3paboTaH aIrOpUTM
ITIOCTPOCHHUS €€ PEIICHUS;



— Pazpabotan anropuT™M TOCTPOCHHS TIOJHOTO pEIICHHUs HEIWHEWHOW 3ajadyu
ONTUMM3ALMU B Clly4ae, KOrjJa HeJIuHeiHas (YyHKUMS HUCTOYHUKA SBISETCS
MOHOTOHHOM MO ()YHKIIMOHAJIBHOMN NEpEMEHHOM;

— Pa3pabotan anropuT™M TOCTPOCHHS TIOJHOTO pEIICHUs] HEIMHEHHOM 3amauu
ONTUMM3AIMU B CiIy4yae, KOrja HejauHeilHas (QyHKUMS HMCTOYHHKA HE SIBISETCS
MOHOTOHHOM 1O (PYHKIMOHAIBHOW NEpeMEHHOW (ciydyall TOSBIEHHUS (aKTop
MHOKECTB).

TeopeTndeckasi 1 NPAKTHYECKAS 3HAYUMOCTD IMOJY4YEHHBIX Pe3yJIbTaTOB.

PesynbTaThl auccepTalMu  HOCSIT TEOPETHUYECKUM XapakTep HW MOTYT OBITh
UCIIOJIb30BaHbI MPU JATBHEHIINX UCCIEIOBAHUAX 110 TEOPUH ONTUMAIIBHOTO yNpPaBICHUS,
UHTErpo-audPpepeHIuanbHbIM YPABHEHUSIM, YPABHEHUN MaTeMaTU4eCKOW (DU3UKU U TpU
pa3pabOTKe CIEIKYPCOB IJis CTYACHTOB MaTeMaThueckux creruainbHocteid Bysor KP:
KHY um. XK. banacareina, KPCY um. nepBoro IIpesunenta Poccuiickoit @enepamuu b. H.
Ensununa, KI'TY um. U.Pa33akosa.

OcHOBHBIE NOJIOKEHUS TUCCEPTAUN, BBIHOCUMbIE HA 3a1LIUTY.

— JIOKa3aTeNbCTBO, YTO B HEJUHEHHOW 3ajlau€ ONTUMHU3AUMU TIpU HAUTMYUU
OTPAaHMYEHUU HA YIPABJICHUE HMCKOMOE ONTHUMAJIbHOE YIMPABICHUE OIpPEEIIeTCA
KaKk pelieHne OECKOHEYHOMEPHON CHUCTEMbl HEJTUHEHWHBIX HMHTETrpajbHBIX
ypaBHeHuil @pearosiibma NePBOro poaa;

— JOCTaTOYHBIE YCIOBHS  CYHIECTBOBAHMS  PEUIEHUS CHCTEMbI  HEJIMHEHWHBIX
UHTETpalbHBIX ypaBHeHUN Dpearonbma MepBoro pojaa M paspaboTaH alropuTMa
NIOCTPOEHHUS €€ PEIICHUS;

— JI0OKa3aTeNbCTBO  CYILIECTBOBAaHUS IOJIHOTO PEHIEHUS HEJIUMHEWHOW 3ajayu
ONTUMM3AIMKA B CJIydae, KOIJa HeIuHeWHas (YHKIHMS HCTOYHUKA SIBISETCS
MOHOTOHHOM 1O (PYHKITMOHAJILHON TTEPEMEHHOM;

— JI0OKa3aTeNbCTBO  CYILIECTBOBAaHUS IOJIHOTO PEHIEHUS HEIUMHEWHOW 3aj]ayu
ONTUMM3AIMK B cllydae, KOT/a HeJIMHeHas (yHKIUS HCTOYHWUKA HE SIBISETCS
MOHOTOHHOM MO (YHKIIMOHAIBHOW TIepeMeHHOW (Citydail mosiBneHus (axtop
MHOKECTB);

— ampoOaIus TeOPeTUYECKUX BHIBOJIOB HA MPUMEpE MPOCTeHIel HeMTMHEHHOMN 3a/1auu
ontuMm3anuu (6e3 MHTErpanbHOro omeparopa Ppenroibma), MpPU MPUCYTCTBUU
COCTOSIHUSL ~ yNpajsieMoro Ipolecca W €€ OOOOIIEHHON MNpPOM3BOAHON B
OTPaHUYECHUAX HA YIIPABIICHUS.

JInunblii BKJIAA couckartess. IloctaHoBka 3agady M OOCYXACHHE TMOTYYEHHBIX
pe3yIbTaTOB NPOBOJWIIMCH MPU HEMOCPEICBEHHOM YYaCTHU HAYYHOTO PYKOBOJIUTEIIS.
Pe3ynbTaThl HCCaEIOBAaHUN TUCCEPTALMHA TTOTYYEHBI ABTOPOM.



Anpodanuu  pe3yJbTaToB  HCCJeAOBaHMil.  Pe3yimprarel  MCClEeNOBaHUU
JOKa3bIBAJIUCh U OOCYXXJaduch Ha ceMuHapax WHcTuTyTe MareMatuku HanuonanbHOM
akagemuu Hayk Keipreizckoit Pecniyonuku (pykoBoautens - akageMuk A.A.bopy0Oaes) u
Ha CJIeIYIOUINX KOHPEPEeHIIHSIX:

— MeXAyHapoJHas oOusieliHag HayyHass KOH(EpeHLHMs, MOCBsIIEHHas 15-neTuto
oOpazoBanusa KPCY, «AkryanbHbie poOIeMbl TEOPUU yIIpaBJICHU,
TOIIOJIOTMH U ONIEPATOPHBIX YpaBHEHUI», buiikek, 2008 r.;

— MEXIYHapOJHOM  CUMIIO3UyME  «J/lMHaMH4YEeCKME  CHUCTEMBI, ONTUMAJIbHOE
yIpaBlieHUE U MaTeMaTu4yecKoe MojaenupoBanuey, /-11 oxktabps 2019 1., T
Hpkytck, Poccus;

— /- MeXIyHapoAHOW KOH(pEpeHUUH 1O YOPABICHUID U  ONTUMH3ALUHU
IPOMBIIIJICHHBIX TIpUjIokeHui, 26-28 asryct 2020 r., 1. baky, AzepOaiimxaHckas
PecnyOnuka (oHmnaiin);

— MexayHapoaHoil koHpepenuun «MHHOBanmum B Hayke u TexHuke» KPCVY, 25-
HOs10pst 2020 r., T. bumikexk.

A Takxke peryasipHo ObuTM OOCYXKIEHbl Ha HAay4YHBIX CEeMUHapax Kadeapsl

npukiagHod Marematuku W uHPopmatukn KPCY (Hayusblii pykoBOAMTENb MpOQd.
KepumbGekos A.).

IToiHOTa OTpakeHUs1 Pe3yabTATOB AUCCepTAUU B nyOaumkanusax. OCHOBHbIE
pe3yIbTaThl JAUCCEPTAIMOHHOTO HMCCIACIOBaHMS OMyOJMKOBaHbI B 12 HaydHBIX CTaThIX
[1]-[12], mpuBemeHHBIX B CIMCKe OMyOJHMKOBaHHBIX padoT. Crarem [11],[12], BXomsaT B
0a3y nanaeix Web of Science, crateu [3]-[6], [8]-[10] BxoasaT B 6a3y nanusix PUHII. B
COBMECTHBIX paboTaX IIOCTAHOBKA 3aJa4 NPUHAIICKUT HAYYHOMY DPYKOBOIHUTEIIIO,
MOJTY4YEeHHBIC OCHOBHBIC PE3YJIbTAThI M OIICHKHA — COMCKATEJIO.

Crpyktypa u o0bem auccepranmu. Jlucceprauus COCTOMT U3 MEpeUHs
COKpalleHuid u 0003HAaueHUU, BBEICHUS, TPEX IJIaB, BHIBOJIOB, CIIMCKA HCIOJIb3YEMbIX
HUCTOYHUKOB W3 72 HamMmeHOBaHmi. Hymepamus pas3nenoB - TpoiHas: mepBas mudpa
YKa3bIBa€T HAa HOMEp TIJIaBbl, BTOpasi — HA HOMEP pa3zena, TPEThsl — Ha MOPAIKOBBINA B
paznene. O6bem Tekcta 94 cTpaHuil.

OCHOBHOE COAEPXAHUE JUCCEPTALIUN

B nepBoii rnaBe «OB3OP JIMTEPATYPBI» npuBeneHsl mnpuMmepsl 3aaad,
MPUBOJAIINX K HHTETpO-TudPepeHInanbHbIM yPaBHEHUSIM U CIENaH KpaTKuil 0030p
paboT, MPUMBIKAIOIINX 0 COJIEPKAHMIO K TAHHON TeMe IUCCEPTAIMOHHON PabOTHI.

Bo Btopoii rmae <MATEPHUAJI 1 METO/IbI UCCJIIEAOBAHUA» onuckiBatoTcs
O00BEKT U MPEAMET UCCIICIOBAHUS, UCTIOIH30BaHHBIE METO/IbI JUIsI PEIICHHUS TOCTABICHHBIX
3amad.

B tperseit rmaBe «PEIIEHWUE 3AJJAU HEJMHEMHOM OITUMM3AILIMU
KOJIEBATEJIbHBIX I[MPOILIECCOOB, OIMNMCBIBAEMBIX NHTEI'PO-
JNNODEPEHIIMAJIBHBIMU YPABHEHUAMU U YPABHEHUSAMU B UACTHBIX
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I[TPONU3BOJIHbBIX» ucciaemoBanbl 3agadydl HEIWHCHHOM ONTHMHU3AIMU KOJCOATCIBHBIX
MPOIIECCOB, OMHUCHIBAEMbIE HWHTErpO-AU(PepeHIIMaTIbHBIMU YPAaBHEHUSIMH B YaCTHBIX
MPOU3BOJHBIX C WHTErpaibHBIM onepatopom DpearonsMa u auddepeHiuaIbHbIMU
YpaBHEHUSIMU B YAaCTHBIX MPOU3BOJIHBIX B ClIydae, KOTJIa (PYHKIMS BHEUIHETO UCTOYHHUKA
HEJMHEWHA OTHOCUTEIBHO YIPABISIONIUX MapaMeTPOB U MPU HAIMYUHM OTpaHUYCHUS Ha
yIpaBJicHUE.

B pasmene 3.1. moapoOGHO wu3MOXkKEHA Tpoleaypa MOCTPOCHUs O0O00OIIEHHOTO
pelieHrs KpaeBou 3a/1auu ynpasisieMoro mpoiiecca.

ITycts pynkmums V (i, X) omuceiBaeT cocTOsHUE KOIE0ATENEHOTO IPOIIECCA U B

obnmactu Q =(0,1)x(0,T) yaOBIETBOPAET KPacBoi 3a/1aue

V, =vxx+z]K(t,r)V(f,x)df+f[t,x,u(t,x)], 0<x<1,0<t<T, 1)
V(O,x) =y(x), V(0,x)=p,(x), 0<x<l, (2)
V. (t,00=0, V (t,D)+aV(1)=0 0<t<T. (3)

3necn sanannas Qynkuus K(t,7) ssasercs onpenenennoii 8 o6mactn D=(0,T)x(0,T) u

YAOBJICTBOPACT YCIIOBUIO

Ko =

O ey, —

].Kz(t,r)drdt <0 4)

GyHKIHAN l//l(X) e H,(0,), v, (X) € H(0,) 3amanbl, HeauHeHHas MO (QYHKIMOHAIBHOM
nepemennoii U (t,X) e H(Q) ¢yuxims f [t, x,u(t, X)] eH(@Q), Q=(01)x(0,T)

u3BectHa, /4 mapamerp, H,(0,1) - ColOomeBa mpocTpaHCcTBa NepBOro mopsaka, 1 -

(HUKCHPOBAHHBI MOMECHT BPEMEHH.

HWccenoBanust MPOBOIMINCH C MCIOJIB30BAHUEM OOOOIIEHHOTO PEIICHUS KPAacBOH
3a/1a4H.

Omnpenenenue. [long 0600meHHbIM pemerneM kpaeBoit 3amaun (1)-(3) Ha3zpIBaeTCs
yuakmus V (1,X) € H,(Q), xoropas ymoBIeTBOpSET HAdYalbHBIM YCIOBHSIM B CIaboM

CMBICJIC, T.€. IS JII000H QyHKITUN @0(X) e H(Q), @1(X) € H(Q) umeroT MecTO paBEeHCTBA
1 1
t“ﬂ} V (t,X)@y(x)dx = '([wl(x)cbo(x)dx,
1

lim 1Vt (t,x)@(x)dx = .[WZ (X)X )dx,

t—+0
0

u kodpdunmentsl Dypbe yIOBICTBOPSIOT JTUHEHHOMY HWHTETPAaJbHOMY YpPaBHEHUIO
®pearosibMa BTOPOTo poja



T

V. (t):inn(t,s)Vn(s)ds+qn(t), (10)

0

rae QyHKIus

t
Kn(t,s)=%jsinﬂn(t—r)K(r,S)dr, K.(0,5) =0 (11)
n 0
ABJIAETCS SIAPOM, a PYHKITUS

t
g, (t) =, CosAt+ %sin A+ %Isin At —7)f [z,u]dr (12)
n o

n
SIBJISIETCSI CBOOOTHBIM WICHOM.
Hanee ko3¢ dunuentel Oypoe V, (t), Kak perienue ypasHeHnue (10), onpeaenstorcs

o ¢popmyre
:

A (t)z/IJRn (t,s,4)q,(s)ds+q,(t). (13)

0

371ech pe30JIbBEeHTa HHTETPAIbHOTO ypaBHEeHUsT R (t, S,/l) pU KaX10M (PUKCUPOBAHHOM

n=12,3,... onpenensercs no Gpopmyie
n

R, (t,s,2) Z;t"lK (t,;s), n=123,.., (14)

rzie OBTOpHBIC sapa K i('[ ) OTpENENSIOTCS 10 hopMysIam

Knym(t,s):]Kn(tn)Kn,(ns)dn, K,(t,s)=K,,(t;s) i=123... (15)

HGHOCpGI{CTBGHHbIMI/I BBIYHUCIICHUAMMA YCTAHOBJICHBI CJICAYIOIIHNC OLICHKN
K i-1T72i-1 T

|Kn,i(t,s)|zsz/1T£K2(n,s)dn, i=1,23,.., Vte[0,T] (16)
T K—l 21 TT (i)TZi—l
!IK (ts)Pds<—2—— (7 ”K n,s)dnds = Hh

KOTOPBIE MCIONB3YIOTCS NP J0Ka3aTeNbCTBE cxomauMmocTy pana (14). Jloka3ansl, 4To mpu
kaxaoMm (Qukcupoannom N=1,23..  cormacuo omenkam (16), npu 3HAYEHHAX

napameTpa A yIOBIETBOPAIOLINX OIIEHKE

I
TJK,

HMCIOT MECTa CICAYIOMNC HCPAaBCHCTBA

rne N=12,3,... , (17)



A, \o 1_|2|T\/K70 ﬂ“n_|ﬂ“|T\/K70
& (18)
T Y 1 TK
R¥(t,s,4)d K?(y,s)ds = : :
! M :3) (4 —ATYR) (A AT,

Ortcrona cieayeT, 4To UHTEpBal cXoauMocTu psaa (14) yBenuuuBaeTcsl C YBEJIUUCHHEM

ﬂ“n
T\/K—O—>OO

N ycranoBneHno, 4to 3ToT psag (14) aGCONIOTHO CXOAUTCS TOJBKO JJII T€X 3HAYCHUM

3HaueHus uHaexkca N=1,2,3,... , T.e. W <

apaMeTpoB A , KOTOPHIE YAOBIETBOPSAIOT YCIOBUIO

A
|ﬂ,|<T\/E.

Takum oOpa3zoM, popmanbHOE perieHne kpaeBoii 3anaun (1)-(3), Haxoaum mo Gopmysie

(19)

T

V(t,X) = z o (62)+ [ (b 2) £ [0k ., (20)

rIe

.
sinA (t—mn)+ /II R, (t,5,4)sin4,(s—n)ds, 0<ny<t,
0

]
& (tm2)={A[R, (t,5,2)sin 4 (s —n)ds, t<p<T.
0

mput=n, &, (t,t,l) — HENpepbIBHA.

.
v, (tA)=y, {coslnt + /1_[ R, (t,s,/l)cosﬂnsds} +
0

:
%{sin At+ ﬂf R, (t,s,4)sin /Insds},
n 0

1

f [t,u]:J f[t,xu(t,x)]z, (x)dx.

0

Joxazansl, uto ¢pynkuus cocrosuus V (1, X) n ee 0600mennas npoussoanas V, (t, x)



ABISAIOTCA OJIEMEHTAMU  T'WILOEPTOBO MPOCTPAHCTBA KBAAPATHYHO CYMMHUPYEMBIX
bynxmmii H(Q).

Takum o6pazom, B pagene 3.1. HCNONB30BAaHO HOBOE OMNpefeieHre O0000IIEHHOTO
pellleHus] U YCTAaHOBJCHO WHTEPBAJ M3MEHEHHs 3HAUCHWU mapameTpa A, AN KOTOPBIX
CYILIECTBYET €AMHCTBEHHOE 0000IIIEHHOE pellIeHNUE.

B pazpene 3.2. uccnenoBaHa pa3peliUMOCTh 3aJayd HEJTWHEHHOW ONTUMU3AINU
KOJIEOATENIbHBIX MPOIIECCOB, OMUCHIBAEMBIX HHTErpO-au(hepeHIINaTbHBIMI ypaBHEHUSIMHU
C OTpaHUYCHHUSIMU Ha yTpaBJiIeHUS, KOT/1a byHKIHSA
BHEIIHETO NCTOYHUKA SBIISICTCSI HETMHEHHOW ~ OTHOCUTENBHO  pPAcHpeleIeHHOTO |
pPaBHOMEPHO paclpeeIEHHOTO YIPaBICHUSI.

1. MocTaHoBKa 3a1aYyM HEJMHEHHON ONTUMH3ALUM W YPABHEHHUSI MCKOMOIO
ONTHMAJBHOTO YymnpaBjeHusi. PaccMOoTpuM 3a7ady HEJIMHEWHON ONTUMH3AIUHU, TIC
TpeOyeTcs HAaUTH yIpaBlIeHHE, KOTOPOE MUHUMH3UPYET PYHKIIHOHAI

J[u(t,x)}=]"1[p[t,x,u(t,x)}dxdt, (21)

[pU YCIIOBUU

V (T, x)=¢&(x), (22)
rae V(t,x)=V [t, X, u(t, X)] ABJISICTCSI 00OOIIEHHBIM pellIcHHEeM KpaeBoit 3aaaun (1-3),
3aJaHHas QYHKIHS §(X) eH(0,1).

B sTo0i1 3a1aue nckoMoe yrpaBiieHHE CleayeT HaXOAUTh TakK, YTOObI yIpaBisieMbIi
npouecc V (t,x) oT HaganpHOro coctosHus V (0, X) =y, (X) 3a KOHEUHOE BpeMs | meperien

B KOHEeuHOe cocTosinue (22).
3nece  Qynkumn (X)) e H,(0,1), ,(x)e H(0,2), p[t.x.u(t,x)]eH(Q) u
flt,xu(t,x)]e H(Q) 3amansl, u Gynxmau f[t,x,u(t,x)] n p[t,x,u(t,x)| Henuueiino

3aBUCST OT (DYHKIIMH YIIpaBICHUS.
Janee ycnoBue (22) nepenuiiemM B BUIE

VU,X)=§: A]RH(T,S,/?,)qn(S)ds+qn(T) z,(x) =
» e 1 (23)
=262,09=5(0), & =[£()z,()dx

U OTCIOZa YYWTHIBAsS JIMHEWHYI0 HE3aBHUCHUMOCTh CHCTEMBl COOCTBEHHBIX (YHKIIUN

{Zn (X)} , TIOJTyYUM CHCTEMY PaBEHCTB

A[R,(T.5,2)0,(s)ds +q,(T) =&, n=123,... (24)
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OtH paBeHcTBa ¢ yueToM (12), mociie HeCI0KHbBIX BEIYNCIICHHH, TICPEITUIIICM B BUJIC
T1
[]G,tx ) f[t.xu(t,)]dxdt =h, (1), n=1,23,.. (25)
00
rac

G, (7,x,4) =

z,(X)
)

n

{sinﬂn(l'—r)+/1]Rn(T,s,ﬂ,)%sin/1n(s—r)ds},n—1,2,3,..., (26)

n

;
h,(A)=¢&, -, {cos/lnT + /lj R (T, s,i)cosﬁnsds} -

0
(27)

T
—";f” {sin/lnT +A[R, (T,s,ﬂ,)sin/lnsds}, n=123,..
n 0

Taxum oOpa3om, B MyHKTE | yCTaHOBJIEHO, YTO UICKOMOE ONTHUMAJIbHOE YIpaBJICHUE
cllefyeT HaXxOJuTh Kak pelleHHe OECKOHEYHOMEPHOW CHCTEMbl  HEJIMHEHHBIX
MHTETPaJbHBIX YpaBHeHHH Dpenaronsma nepsoro poaa (25).

2. UcciienoBanne pa3penmimMocTd ONePaATOPHOTo ypaBHeHus (25).
Kak Obulo BBIIIE OTMEUYEHO, HCKOMOE ONTHUMAJbHOE YIIPABICHUE ONPEAENAETCS Kak
pelieHne OECKOHEYHOMEPHOW CHUCTEMbl HEIMHEMHBIX MHTErpajbHBIX ypaBHEHUH
@pearonsma nepBoro poja. s ucciaenoBaHUS pa3spelIMMOCTH TaKUX CUCTEM Oyaem
UCNOJIb30BaTh omnepaTtopHble MeTonbl. C 3TON menpto cuctemy (25) mnepenuieM B
orepaTopHoi ¢popme

le(t,x,ﬂ)f [t,xu(t,x)]dxdt=h(1), n=1,2,3,..., (28)

rae
G(t, %, 2) ={G,(t, X, 2),...G, (t. X, 2),...}, (29)

h(2)={h(2),..., (1)} (30)
BBenem o0o3HaueHUE
f [t xu(t,x)]=v(t,x) (31)

U OIIEpaTOpHOE ypaBHEHHUE (28) nmepenuiiemM B BUIE
T1
G[v]= j j G(t, x, A)v(t, x)dxdt =h(2). (32)
00

Jlanee noka3zaHsl:
JlemMma 1. BekTop h(/l) ABJISETCA JIEMEHTOM IIPOCTPAHCTBA

¢, ={a:(a1,a2,..,an,..)/iak2 <oo}.
k=1

11



Jlemma 2. Oneparop G[v]: H(Q) — ¢,., r.e. G[v] sBusiercst mpoctpancTBoM £,
pu modoM v(t,xX) € H(Q).

Takum o0Opa3omM, Ha OCHOBE JJOKa3aHHBIX JIEMM ONepaToOpHOE ypaBHEeHHE (32) Oyaem
paccMaTrpuBaTh B POCTPAHCTBE £, .

Ero pemenue wuiem B Buae
v(t,x)=> G, (t,x,A)a, +7 =G"(t, x, ) + 7, (33)
n=1
rpe o= {0!1, e A } HEU3BECTHBIM BEKTOpP IIPOCTPAaHCTBA (,, J - IIPOU3BOJIbHAsA

nocrostiaas. (33) moacraBuM B (32) M KIMEEM COOTHOIIICHHUE
T1
[[et.xA)[G (t.x)a +y Jdxdt =h(2), (34)
00
WITH
T1 T1
[[ot.x )Gt x, A)dxdt - & = h(2) - 7 [ [ G(t, x, A)dxdt. (35)
00 00
BBenem 0003HaueHNs
T1 T1
M (4)=[[G(t.xA)G"(t,x, A)dxdt, h(4,»)=h(4)-y[[G(t,x, A)dxdt (36)
00 00

U ypaBHeHue (35) nepenwuiieM B orepaTopHOi opMe CIeAyIOIEero Buia
M[a]=M(1)-a=h(4,7), (37)
rnie M(A) OeckoHeuHOMEepHasi CHUMMETpUYHAsi TMOCTOsHHass Mmatpuua, h(A,y)

OCCKOHEUYHOMEPHBIN OCTOSTHHBIN BEKTOP.
Jloka3zaHsbl CIIEIYIOLINE JIEMMBbIL:
Jlemma 3. Bektop h(A,y) sBaseTcss 3I€MEHTOM MPOCTpPaHCTBA ¢, TpPHU JTOOOM

(UKCUPOBAaHHOM 7.

Jemma 4. Omeparop M[a] orobpakaer mpocTpaHcTtBO ¢, B cebs, T.e.
Vael,=>M [a]efz.

Jlemma 5. Oneparop M [a] siBisiercst HOTOKUTENBHO — ONPENCICHHBIM, T.¢ UMEeT

MECTO HepaBeHCTB0<0[,M(Z>Z >0 wu <0{,M0¢>z =0Torma ¥ TOJBKO TOrZa KOorma
2 2

a=60=(0,..0,.), T.e. KOTJa ¢ HYJIEBOH! BEKTOP

CornacHo nemmaM 3 u 4 onepaTtopHoe (anredpanveckoe) ypaBHEHUE PacCMaTpUBAETCS B
npoctpanctBe ¢,. CormacHo JneMMe 5 UCHOJB3Ys CBOMCTBO TMOJOXKHUTEIBHO —

ONpeAeICHHOr0 orepaTopa yTBepxkaaeMm, utro ompeatrop M [a] MMeEEeT OOpaTHBIN

orpaHu4eHHbIN onepatop N, TakoM 4TO

12



a=Nh(4,7)=N (h(i) — y]jG(’[, X,/I)dxdt] (38)

u ||Nh(/1,7/)||62 < NO||h(/1,;/)||gz , const N, >0.

Teneps Haiinennoe pemenue (38) moacraBuM B (33) 1 moayduM QYHKITUIO
T1
V(%) = G* (t, X, )N [h(ﬂ) - ;/”G(t,x,ﬂ)dxdtj +y (39)
00

KOTOpasi, SBJISIETCS PEIICHHEM OECKOHEYHOMEPHOM CHUCTeMbl MHTErPAIbHBIX YpPaBHEHUU
Opearonsbma nepBoro poaa (32). Jlerko BujeTh, UYTO TPHU PaA3IMUYHBIX 3HAYCHUSIX
napaMmeTpy ) MOJY4YUM pas3finyHble pelieHust ypaBHeHus (32), T.e. ypaBHeHue (32) umeet

OECKOHEYHO MHOTO pELICHUH.
Hanee ecnu (39) noactaButh B (31), TO mostydum QpyHKIUIO

f[t,x.u(t,x)]=G"(t,x, )N [h(/l) - yHG(t, x,ﬂ,)dxdt} +7, (40)

KOTOpast SIBJIIETCS PEIICHUEM OIepaTopHOro ypaBHeHus (28).
Taxkum oOpazoM, B TPEThEM MTYHKTE YCTAHOBJICHO, YTO UCKOMOE ONTHUMAIbHOE YIPaBJICHUE
HAXOJIUTCSI CPEI PEIICHU HEIMHEHHOTO OMnepaTopHOro ypaBHeHUs (28), koTopoe uMeer
0ECKOHEYHO MHOT'O PELICHUN yIOBICTBOPSIOIINE YCIOBUIO (40).

3. Munumu3anus GyHKIMOHAJIA B CJIy4ae MOHOTOHHOCTH (DYHKIUH

f[t,x,u(t,x)].

Takum 00pa3oM, UCKOMOE ONTUMAIBHOE YNPABICHHUE CIEAYeT HaXOJHUTh COTJIACHO
cootHomeHuo (40). ITockonpky GyHKIUS f [t,x,u(t,x)] e H(Q) MoHOTOHHAsI (QyHKIUS

10 (yHKIHOHATBHON NEPEMEHHOM U (t,X), TO BBIIOIHAETCS YCIOBHE
f,[t.xu(t,x)]=0, V(t,x)eQ (41)

Torma cormacHo TeopeMe O HEABHBIX (YHKIUAX cooTHommeHne (40) oaHO3HAYHO
paspenraeTcsi OTHOCUTEIBHO TepeMeHHou U(t,X), T.e. mpH KaXKaoM (UKCHPOBAHHOM 7,

CYIIECTBYET (PyHKITUS go() TaKas, 4To

u(t,x) = go[G*(t, X, )N (h(/l) —~ ;/T[.l[G(t, x,/l)dxdt] + 7/] =u(t, X, 7). (42)

Tenepp Halinennyo Qynkmuto U(t,X,y) moacrtaBuMm B (yHknuoHan (18) u nmeem

CKAIAPHYIO (PYHKIIHIO

Ju(t,xy)]= ﬁp[t, X,u(t,x,y) Jdxdt=a(), (43)
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rie y € R. Jlanee uccinenyem (QpyHKIMIO cD()/) Ha JKCTpemyM. Pemenue stou 3amauu

HaXOJINM U3 COOTHOIIICHUH

D'(y)= ﬂ”pu [t,x,u(t,x, y)]uy (t, X, 7)dxdt =0,

(P tra(tx))(u, (7)) + (44)

+p, [txu(t,x,7)Ju, (t.x,7)dxdt > 0.

3anaya (44) MOXKET UMETh OJIHO WUJIU HECKOJIBKO PEIICHUM.

D'(y) = ﬂ]

O ey

1) Cuyuaii: mycts 3aaua (44) uMeeT eIMHCTBEHHOE pelieHne » = »°. Toraa cormacHo

(42) ncxomoe ynpasnenne U’ (t,x) Haxoaum no dopmyie

ul(t,x) =u(t,x,7°) (45)
KOTOpOC, ABIACTCA CAMHCTBCHHBIM VYIIPABJICHHUCM, Ha KOTOPOM (I)YHKHHOHaH JO0CTUTACT
MHWHHUMAJIBHOI'O 3HA4YCHMUS, T.C.

J [uo (t,x)] =J [u(t, x,yo)] <J[u(t.x7)], VyeR. (46)
B stoMm ciydae mckomoe ympasinenue U°(t,X) ompenensercs eIMHCTBEHHBIM 00pa3oM H
ABJISICTCA OIITUMAJIBHBIM.
2) Cnydaii: mycTh 3anaua (44) UMeeT HECKONBKO pelleHuil 7, ..., o, rae M HaTypaabHOe

yucio. B atom ClIydya€ HMMCCM HCCKOJIBKO ynpaBHGHI/Iﬁ

ul(t,x) = u(t, x,yf),...,ur?](t, X) = u(t, X, 70 ) 47)
BreruncnuMm 3HaueHue GyHkimonana (21) COOTBETCTBYIOIIEE YIIPABICHUIO U (t, X, ;/If)
J[uf(t,x)]zJ[u(t,x,yf)], k=1...,m. (48)
Jlanee u3 pemreHus 3a1a4u
J [uo (t, x)] = min{J [uf (t, x)] J [u,?1 (t, x)]} (49)

HaxoguM u’(t,x). B aTom ciydae u°(t,x) sIBIsSE€TCS ONTUMAalIbHBIM YyrpaBiaeHuemM. OHO
MOXET OBITh €IUHCTBCHHBIM, €CIIH J[u (t,x,yk )] MPUHUMAET pa3JIMuHbIC 3HAYCHUS, B

IIPOTUBHOM CJIy4ac OIITUMAJIbHBIMH MOI'YT OBITH HECKOJILKO ynpaBHeHI/Iﬁ, Ha KOTOPBIX

GyHkumonan J [u (t, %, 7, )] NPUHUMAET OJJHO U TOKE 3HAUECHHE, T.€.
I (tx)|=3[u’(t,x)], i=12..,r<m. (50)
VI3 BBIlIE W3IIOXKEHHOTO CieyeT, uto ecmu Gymkimus f[t,x,u(t,x)]| MonoToHHas, TO B

cilyyae, Korja peuieHue 3aaaun (44) eqMHCTBEHHO, HCKOMOE ONTUMAIbHOE YIIPABJICHUE
onpenensercs o ¢popmyie (45), a B cirydae, Korja peuieHue 3aaaun (44) He eIMHCTBEHHO
HCKOMOE OINTHMAJIbHOE yMPaBJICHHUE OMpPEJIENICTCS COrjlacHO cooTHomeHuto (49). Takum
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oOpa3oM, TpU MOHO TOHHOCTH (DYHKIIUH f[t, x,u(t,x)] HUCKOMOE YIpaBJIECHUE

OIIpENENAETCS €INHCTBEHHBIM 00pa3oM, Tak Kak 00a citydast ApyT Apyra UCKIKOYaroT.
S. Munumu3anus GpyHKUMOHAJIA B ¢JIy4ae He MOHOTOHHOCTH (DYHKIIUHU

f[t,x,u(t,x)].

[lockonbky QyHKIUSA f[t,x,u(t,x)]eH(Q) HE MOHOTOHHAas MO (YHKIHOHAIBHOU

IIEPEMEHHON U(t,X), TO yCIoBHUE (43) HE BBINOIHACTCSA U UMEET MECTO COOTHOLIECHHE

f, [t,x,u(t,x)jzo. (51)
B stoMm cnydae ypaBHeHue (42), MOXKET UMETh HECKOJIBKO PEIICHUN
u (tx)=u(t,xy) k=123, ..r yreR, (52)

rje r Jar00e HATypallbHOE YHUCIIO.
Tenepp Halinenuyto ¢ynkuuto U, (t,X,7) nmoacraBum B dyukimonan (21) u umeem

CKaJSIpHbIE (QYHKIIUH
T1
J[u (t.xy ]z”p[t,x,uk (t,x,7)]dxdt=a, (»), (53)
00

rae k=12,..m.. Tanee pyukuuo D, (7) UCClIelyeM Ha IKCTpeMyM. Bo3MOXHBI citydau,

T.€. KOT/Ia OKCTPEMYM JOCTUTAETCS B OJHOM TOYKE WM B HECKOJIBKUX TOYKAX.
[lo Meroauke oOmpeAeieHus «ONTUMAIBLHOTO» YIPABICHUS, W3IOKEHHOW IS
CJly4asi MOHOTOHHOCTH (PYHKIIUU f[t,x,u(t,x)], HAXOJUM «ONTHUMAJIbHOE)» YIpaBICHHUE

Uy (6%, 7).

Teneps HCKOMOE ONTUMAIbLHOE yrpaBienue U’ (t,X) HaxXOUM M3 yCIOBUS

J[u tx] mln{J[u tx] J[u tx]} (54)
Taxum oOpaszom, ecnu GyHKIUS f[t,x,u(t,x)] HC MOHOTOHHAs, TO ypaBHeHue (42),

MOXET HMMETh HECKOJbKO pemeHnil. C KakIbIM pelIeHHeM IMOocTynas, Kak U B

MOHOTOHHOM Clly4ae HAaXOJMM MCKOMOE ONTHMalbHOe ympasierue U°(t,X), kotopoe
0 0
MOXET OBITh €IUHCTBEHHELIM, €CI U3 yncel {J [ul (t, x)]..., J [ur (t, x)}} HET PaBHEIX.

B srom pasgene Takke H3J0KEHBI PE3yJbTAaThl WCCIENOBAHUM WM I Ciydas, Korja
(GyHKIMS ~ BHEINIHETO MCTOYHHUKA SIBJISETCS HEJIMHEHHOW  OTHOCHUTEIBHO  PaBHOMEPHO
pacnpenesieHHOr0 YIpaBICHHUS.

B pazgene 3.3. u3noxkeHBI pe3yiabTaThl MCCIECIOBAHMNA MPOCTEUINEH HETWHEHHOMN
3aJ1ayv ONTUMM3AIUY IS CITydaeB, Korja (YHKINUS BHEITHETO UCTOYHUKA SBISICTCS

HEJIMHEMHOW  OTHOCUTEJIBHO  PACHPENCICHHOIO  YIPABICHUA W PaBHOMEPHO
paclpenesieHHOr0 YNpPaBJICHU W OrPaHUYCHUE HA YNPABICHHE COAEPKUT TOJIBKO
(GYHKITHIO COCTOSTHUSI.
B pasznene 3.4. u3I0XKEHBI PE3YyAbTATHI UCCICIOBAHUNA NMPOCTEUIIEH HETMHEHHOU
3a/1a4d ONTUMM3ALIUU JIJIsl CITydaeB, Koraa (yHKIMS BHEIIHETO UCTOYHUKA SIBIISIETCS
15



HEJIMHEWHOW  OTHOCUTEIBHO  PACHPENCIICHHOTO  YNPAaBICHUS W PaBHOMEPHO
pacnpeeIeHHOr0 YIpaBJiIeHU U OrpaHMYEHHE Ha YIpPaBICHUE COJEPKUT OOOOIICHHYIO
MIPOU3BOJIHYIO (PYHKI[UU COCTOSHUS.

BbIBO/bI
B xome wucciaemoBaHug 3amdadyd  HEJIWHEHHOW ONTUMH3AIMH KOJIeOATEIbHBIX
MPOLIECCOB, OITMCBIBAEMEBIX uHTerpo-nuddepeHInaTIbHBIMU YpPaBHECHUSAMU C

MHTErpajJbHBIM ornepaTopoM DpearoiapMma B ciiydae, Koraa G yHKIHS BHEIIHETO HCTOYHUKA
HEJIMHEMHA OTHOCUTEJIBHO YIPABISAIOIMX TapaMETPOB U MPU HAJIWYUKU OIPAHUYCHUS Ha
yIIpaBJICHUE:

— YCTaHOBJICHO, YTO B HEJIMHEUHOM 3aJadye ONTUMU3ALUN TP HAJIUYUN OTPAHUYCHUU
Ha YIPaBJICEHUE HMCKOMOE ONTUMAJIBHOE YIPABICHUE OINPEACIAETCS KAaK PELICHUE
0ECKOHEUHOMEPHOU CUCTEMbl HETMHEWHBIX UHTETPAIbHBIX ypaBHEHUI Dpearoapma
IIEPBOTO PO,

— YCTaHOBJICHBl  JIOCTaTOYHBIE YCJIOBUS  CYLIECTBOBAHUS PELICHUS  CUCTEMBI
HEJIMHEWHBIX MHTETPaIbHBIX ypaBHeHHN PpenrojibMa nepBoro poja u pa3padoTaH
aJrOpUTMa IIOCTPOEHMUS €€ PELICHUS;

— JI0Ka3aHO CYILECTBOBAHME ITOJHOTO PELICHUs HEJIMHEMHOM 3aJauyd ONTUMHU3ALNUU B
cilly4yae, Korja HeJHWHEWHas QYHKIUS HCTOYHHMKA SBJISETCS MOHOTOHHOW TIO
(GYHKIIMOHAIBHON TIEPEeMEHHOM;

— JI0Ka3aHO CYIIECTBOBAHME ITOJHOTO PELICHUsI HEJIMHEMHOM 3aJaud ONTUMHU3ALNUU B
cilydae, KOrja HeJIuHeWHas (QyHKIUS HCTOYHUKA HE SIBISETCS MOHOTOHHOW IO
(YHKIMOHAIBHON NepeMEHHOM (Citydail mosiBlIeHUs (PAKTOpP MHOXKECTB);

[TomyueHHbIe pe3yabTaThl SIBISIOTCS HOBBIMU U MOTYT OBITh IOJIE3HBIMU IPU pa3paboTKe
HOBBIX METOJIOB PELICHUs HEJIMHEMHBIX 3a1a4 TEOPUU OITUMAIIBHOTO YIIPABIICHMUS.

MNPAKTUYECKHUE PEKOMEHJIALIUN
HayuHnble pe3yibTaThl TUCCEPTAIMM HOCSIT TCOPETHUSCKUN XapakTep W MOTYT
OBITh HWCIOJB30BaHBI TIPH JANBHEHIINX HCCIEAOBAHUSAX IO TEOPUH ONTHMAIBLHOTO
yIIpaBJICHUS, WHTETPO-TH(PPEpEeHIIMATBHBIM YPaBHCHHUSM, YPaBHCHHH MaTeMaTHUECKON
bu3uKH.
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HoyaodexoBa Canranar baiibizoexoBHanbiH 01.01.02 — gudgepeHumnanabik
TeHAeMeJIep, AUHAMHUKAJIBIK CHCTEMAJIAP KAHA ONTHMAIABIK OalIKapyy aauCTHUIH
0010HYa (PHU3MKA-MATEMATHKA WJIMMACPHMHUH KAHAMIATHI WIMMHI OKYMYIITYYJYK
AapamachbiH ajJyy Y4yH “dPDakropu3anusi METOAY MEHEH CepIuIrd4 TepMeJyyJdepay
CBI3BIKTYY 3MeC ONTHUMAJAALITHIPYY MAacCeJeCHH 4YbIrapyy” TeMachbIHAA Ka3bLITaH
AUCCEPTANMAIBIK HITHHUH

PE3IOMECH

Herusru ce3nep: TepMenyy nporneccu, KaanbUlaHTaH YbIrapbUIbIil, PYyHKIIMOHAT,
ONTUMAJIBIK OAIIKaAPYY, CHI3BIKTYY AMEC UHTETPAJIABIK TEHIEME, ONepaTOPIyK TCHIEME,
XKBIMHATYYYYIIYK.

N3unnee od0bekTH: (pearonbmMayH HHTErpo-audpepeHImanaplk TeHIEMeIepu
MEHEH MYHO3/10JITeH, OallKapbluTyydy TEPMETYY MPOIECCTEPH.

N3uanee npeameru: M3mineenyH npeaMeTu Oamkapyy (QyHKIHMSICHIHA YEKTOOIOP
KoroJIraH yuypiaa OpearodbMIyH HHTETPAIILIK ONEpaTopy MEHEH KEKe TYyYHIyjnapia
UHTErpO-AudPepeHITUATIBIK TEHAEMEIEP MEHEH MYHO30JITOH TePMENYy MpOIeCCTePUH
CBI3BIKTYYy 5MEC ONTUMAJAAIITHIPYy MAaCEICICPUHUH YbITaPbUIbIIIBIHBIH aJITOPUTMUH
UIITET YBITYYy OOJIyN caHaar.

M3uaneenyn wmakcatbl: WMmTuH Makcatel OalikapyycyHzia dYeKkTeejepy Oap
TEPMEIyY TPOILECCTEPUH CBI3BIKTYY HMEC ONTUMAIJAIITBIPYYHYH MaceleIepUuHUH
YBITAPBUIBIIIBIH -~ M3WI06 >KkaHa Oap OONyHIYHYH SKETHUIITYY IIapTTapblH >KaHa
ONTUMAIIAIITHIPYY MACEJIECCUHUH KAIThI3 YBITAPBUIBII Oap dKEHAUTUH OenTuiiee 0oyn
caHaJjar.

N3ungeenyn ycyagapbl: ONTUMAABIK Oalllkapyy TEOPUACHIHBIH METOI0pY,
ONEPATOPAYK TEHAEMEIEPANH TEOPUSACHIHBIH METOIOPY KaHAa BapHaLUSIIbIK 3CENTOOHYH
METOAA0PY.

NuruH uiaMMui sKaHbLIBITbI .

— bamkapyyna dekteenep O0IroH ydypaa ONTUMAJIAMITEIPYYHYH CBHI3BIKTYY IMEC
MaceJeCcHuH/Je  HW3JCIreH  ONTUMANAbIK  Oamkapyy  OWUpUHYHM  TYpAOry
@peAroabMIyH ChI3BIKTYY HMEC MHTErPAAbIK TEHJEMEJIEPUHUH YEKCH3
OITYOM/]TYY CUCTEMACHIHBIH YbITAPBUIBIIIBI KaTaphl AaHBIKTAJITaHbl OCITUIICH/IH;

— bupunun typaery ®penronbM ChI3BIKTYY 3MEC MHTETPAIAbIK TEHAEMEIECPUHUH
CUCTEMACBIHBIH YBITAPBUIBIIIBI Oap SKCHAUTUHUH KETUIITYY MapTTaphl TAObLIIbI
’KaHa aHbl YbITAPYYHYH aJTOPUTMHU UILTEIIUIT YbIKTHI;

— DBynakThiH CBI3BIKTYY 3Mec (QYHKIUACH anMmainryydy (GyHKIHOHaa OOroHdYa Oup
TYpZ® JKaHa OUp TYpAe 3Mec OONTOH y4dypJa ONTHUMAIJAIITHIPYYHYH CBI3BIKTYY
AMEC MACeJEeCUH TOJIYK YbITApYYHYH JITOPUTMU UIITEIUI YbIKTHI;

N3unneeHyH mNpakTHKAJbIK MaaHucH. bamkapyycyHna dekreesiepy Oap
TEpMENYY TMPOUECCTEPUH CBI3BIKTYY 53MEC ONTUMAIJAlITBIPYyHYH MaceleaepuH
YpITAPYYHYH MIITENINUN YbIKKAH aJITOPUTMHU THUPKEMENEepJie TEepMeNyy MpOIECCTEpUH
Oamkapyyra OailIaHBIINTYy TPAKTUKAIBIK Macelelepaud 4blrapyyaa KOJAOHYIYITy
MYMKYH.

Kosmonyy  aiimarsl. Ontumanaplk  Oamikapyy  TEOPHSIChI,  MHTErpo-
nuddepeHIanabik TeHAEMeNep, MaTeMaTUKaIbIK (PU3NKaHBIH TEHIEMECH .
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PE3IOME
aucceprauuu /Joyiaodexosoii Caaranar baiibi30ekoBHbI Ha Temy «Pemenue
3a4a4¥ HeJIMHEHHON ONTHMMH3ALUMH YNPYIMX KOJeOAHUN METOAO0M (paKTOpU3ALHI)
NPEeICTABJICHHON HA  COMCKAaHME Y4YEHOH CTelmeHM KaHauAaTta  (PU3HKO-
MareMaTH4eckux Hayk mno coneumuagabHoctu 01.01.02 - jguddepenHuunanbHbie
YPaBHEHHS, JUHAMHYECKHE CUCTEMbI H ONITUMAJIbHOE YIIPABJICHHUE.

KuoueBble cjioBa: kojebaTeIbHBIN Mpoliecc, 0000IIeHHOE peleHne, (PyHKIMoHaM,
ONTUMAJILHOE YNPAaBICHUE, HEJIMHENMHOE WHTETrpalibHOEC YPAaBHEHUE, OIEPATOPHOE
ypaBHEHUE, CXOJUMOCTb.

OO0bekT HccienoBaHusA: YTpaBisgeMble KojieOaTeNbHbIE MPOLIECCHI, OMUCHIBAEMbIE
UHTErpo-audPpepeHIuanTbHbIMU PPEAT0IbMOBBIMU YPAaBHEHUSIMU.

IIpeamer wuccaenoBanus: IlpeqmeroM wuccieoBaHMs — SBISIOTCA  pa3paboTKa
aJropuTMa TOCTPOCHUS PEIICHUS 3aJlauyd HeJIMHEWHOU ONTUMH3AIMK  K0JieOaTeIbHBIX
IIPOIIECCOB, ONHUCHIBAEMbIE HWHTErpo-Iu(HepeHIIMATBHBIMI YPAaBHCHUSIMU B YaCTHBIX
OPOU3BOJAHBIX C MHTErpajdbHbIM omnepatopoM Dpenronabma, 0OpU  HAJTOXKEHUIX
OrpaHUYEHUN Ha QYHKIIUIO YIIPaBICHUS.

Heabp padoThI: HCCIEAOBAHUE PA3PEHIMMOCTU 3a7ad HEIMHEWMHON ONTUMM3AIUU
KoJeOaTeNbHBIX TPOIECCOB C OTPAHMYCHUSMH Ha YIOpPaBICHUS U YCTAaHOBJICHUE
JOCTATOYHBIX  YCJOBUW  CYIIECTBOBAHUS M  €IWHCTBEHHOCTHM PEUICHHUS  3aJa4u
ONTHUMU3ALUY.

Metoabl ucciaenoBaHuss: MeToIbl TEOPUH ONTUMAJIBHOIO YIPAaBIEHHUS, METOJbI
TEOPHH ONEPATOPHBIX YPABHEHUI U METOAbI BAPUALIMOHHOTO UCUNCIICHHUS.

IHonyuyeHHble pe3yJibTATHI 1 HX HOBU3HA:

— VYCTaHOBIEHO, 4YTO B HEJIMHEWHOM 3aJadye ONTHUMHU3ALMU TPU HATUIUHU

OTPAaHUYEHUH Ha YNPABICHUE MCKOMOE ONTUMAJIbHOE YIPABJICHUE OINPEIEIAETCS
KaK pelieHne OECKOHEYHOMEPHOM CHUCTEMbl HEIMHEHHBIX HMHTETPATbHBIX
ypaBHeHUN DpearoibMa mepBoro poaa;

— HalineHsl 1ocTaToYHbIe YCIOBUS CYLIECTBOBAHUS PEIIEHUSI CUCTEMbI HETMHEWHBIX
UHTETPAIbHBIX ypaBHEeHUN Dpearonbma MEpBOro poja U pa3pabOTaH aIrOPUTM
MOCTPOEHHUS €€ PEIICHUS;

— Pazpaboran anropuT™M TOCTPOCHUS TOJIHOTO pEIICHUS HEIUHEWHON 3ajadu
ONTUMM3AIMKA B CiIy4yae, KOrJa HeJIMHeWHas (QYHKIUS WCTOYHUKA SBISETCS
MOHOTOHHOW ¥ HE MOHOTOHHOM IO (PYHKITMOHAILHON TIEPEeMEHHOIA;

Pexomenmanuu mno wucciaenoBanuio. Pa3zpaboTaHHBIM aXTOPUTM MOCTPOCHUS
pelieHrs  3aJadyd  HEJIMHEHHOM  ONTUMM3allMM  KOJeOaTelIbHBIX  MIPOILIECCOB €
OTPaHUYCHUSIMH Ha YMPABIECHUS MOXET OBITh UCIIOIH30BaH B MPUJIOKEHUSX MIPHU PEIICHUN
MPAKTUYECKUX 3a/1a4, CBSI3aHHBIX C YIPABIECHUEM KO0JIEOATEIbHBIX IPOLIECCOB.

Ob0sactp npuMeHeHusi. Teopuss ONTHUMAJBHOIO  YIPABIECHUS, HMHTErPO-

muddepeHnmaabHbIe YpaBHEHUS, yDABHEHHE MAaTEMAaTHUECKON (DU3UKH.
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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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