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OBIIAA XAPAKTEPUCTUKA UCCJIEJOBAHUSA

AKTYaJIbHOCTL TeMbl AHuccepTanuu. lccnenoBanne MaTeMaTHYECKHX
MOJIENell MHOTUX PEaJIbHBIX MPOLECCOB, ONMUCHIBAEMBIX B 3aBUCHMOCTH TOJIBKO
OT HACTOAIIETO COCTOSIHHMS, CBOANUTCA K OOBIKHOBEHHBIM AM((epeHINATHHBIM
YpaBHEHMSIM WiId K  JUQQEepeHIManbHBIM ~ yPaBHEHMSIM B YaCTHBIX
MIPOU3BOIHBIX. MoJeny, y4UThIBAIOLINE MOBEJCHUE CHUCTEMBl B IpEAbIAYIINE
MOMEHTBl BpeMEHU (C SPEIUTApPHBIMU SIBICHUSAMM), CBOJSATCA K MHTErpo-
middepeHnanbHbpIM - ypaBHeHHsIM. OJHUM W3 TEPBBIX, TakWe 3aJaud Julsd
uHTerpo-nuddepeHanbHIMHI yYpaBHEHUSIMU apaboIMyecKoro u
rUnepOOMUECKOro THIOB, wuccienoan B.Boaesreppa. K Heobxomumoctu
U3Yy4YCHUS] UHTErpo-Iu(pQepeHIHaNbHBIX  ypaBHEHHH TakkKe  IPHBOAUT
MaTeMaTUYECKOE OMNHMCAaHUE 3aJad JABMKECHUS >XKMIKOCTH W Ta30B, IepeHoca
4acTUI] B BEIIECTBE, IEPEHOCA JIyYUCTON SHEPTHH U JIP.

C Tak¥MH MOJENSMH CBA3aHO MHOTO 3a7a4 ONTHMAJIBHOTO YIIPABICHUS
CHCTEMaMH C paclpesieleHHBIMU napamerpamu. OJHaKko, HECMOTPS Ha O0wmIIHe
HCCIIEOBAaHUHA IO TEOPUU ONTUMAIBHOIO YIPABIEHHs, 3aJa4d YIpaBICHUSL
MIPOLIECCaMH, ONMCHIBAEMBIMH HHTETpO-IH((PEpeHINATBHBIMA YPaBHEHUAMHI
MaJo U3y4EeHBI.

AKTyanbHOH 3ana4yeit TEOpUU OINTUMAJILHOTO YIpaBICHUA
pacnpenieleHHBIMI CHCTEMaMH SIBJIIETCS UCCIIeI0OBaHNE Pa3pEeIIMMOCTH 3a7jauu
HEJINHEIHOTO YIPaBICHHUS MPOIleCCaMy, OIMCHIBAEMBIX BOJIBTEPPOBO HHTEIPO-
i depeHInanbHBIMA YPaBHEHUSIMUA M pa3paboTKa KOHCTPYKTHBHBIX METOJIOB
UX PELICHHUS.

B nauccepranmm uccrnenoBaHbl 3ajadd  HEJIWHEMHOM ONTHMMH3alUU
TEIUIOBOTO MpOoIecca, KOr/la yIpaBIIsieMbIi MIPOLECC ONMKUCHIBAETCS BOIBTEPPOBO
uHTerpo-muddepeHuanbHpIM  ypaBHEHHEM M TPaHHYHOE YCIIOBHE KpaeBOM
3a[]a4d HEITMHENHO COJAEPXKUT apaMeTp yIpaBJIeHUs.

CBsi3b TeMBbI JUCCEPTANMH C KPYNHBIMM HAYYHBIMH IPOIPAMMAMH,
OCHOBHBIMH HAYYHO-UCCJIeI0BATEJbCKUMH padoTaMH, MNPOBOAUMBIMH
HAYYHBIMHM Y4Ype:kaeHUsIMHM. Jluccepranus BBIIIOJHEHA B PaMKax HaydHO-
HCCIIeIOBATENILCKOH  paboThl  «MaremMaTndeckue MEeTOIbl  ONTHUMAIBLHOTO
YOPaBJICHUS TEXHOJOTHYECKUMH TMPOIECCAMH, ONHCHIBAEMBIMH HHTEIPO-
nuddepeHnnanbHEIMA - YPAaBHEHUSIMH B YAaCTHBIX TIPOM3BOAHBIX» KadeIpsl
«[Ipuxmagnas matematuka u uH(popmatuka» Keiprerzcko-Poccuiickoro
Crnasstackoro Yuusepcutera MOuH KP (Per. Homep 0006988, Ne KP-03).

Heau wm 3agaum mcciaenoBanmus. llenplo nuccepTannoHHON pPabOTHI
SBIIIETCA  UCCIENOBaHME 3ajad HEIMHEHHONM ONTHUMM3AaLUU  TEIUIOBOrO
Ipolecca, KOraa yIpaBiIseMbld IPOLECC OMHMCHIBAETCS BOJBTEPPOBO UHTETPO-
i depeHInanbHBIM  YpaBHEHHEM M YIPaBJICHHE BXOAWT B T'PaHUYHOE
ycnoBue. [Ipy 5TOM MOCTaBIEHBI U PELIEHBI CAEYIONUE 3aa4u:



- HalTH JOCTAaTOYHBIC YCJIOBHUSA pPAa3pelIMMOCTU  3aJaud HEJIMHEHHOMN
ONTUMH3ALMNA TEIUIOBOIO IIPOLECCA, OMHMCHIBAEMBIE BOJIBTEPPOBO HHTErPO-
muddepeHnInaNbHBIM YPaBHEHUEM, JUI OAHOCTOPOHHETO YHPABICHHS, & TAKKE
JUIA IBYXCTOPOHHETO YIPAaBJICHUS,

- pa3paboTaTh anroOpUTM IOCTPOCHWSA NPHONMKEHHOTO pEIICHUA W
JIOKa3aTb €ro CXOOMMOCTb 33aJa4d HEIMHEHHONW ONTUMHU3AIMH TEIIOBBIX
MPOLIECCOB,  ONMMUCHIBAEMBIE  BOJITEPPOBO  MHTETPO-AuhepeHInanIbHbIM
ypaBHEHHEM, IIPU HATTMUUHU HEJIMHEHHBIX TPAHUYHBIX CKASPHBIX U BEKTOPHBIX
yIpaBIeHUM.

Hayynasi HOBM3HA IOJIy4eHHBIX pe3yJbTAaTOB. Briepsrle, pa3paboTan
QITOPUTM TIOCTPOCHUS NPUOMIDKEHHOTO pELICHUs HEeNMHEHHOH 3ajaun
ONTHMU3AIIMY, OINHCHIBAEMBIMU BOJBTEPPOBO HHTETpo-auddepeHnnansHpIMu
YpaBHEHHSMH B Cllydae, Korga (YHKIMS BHEIIHETO BO3JACHCTBUS BXOAUT B
TPaHUYHOE YCIIOBHE W SBIISIETCSl HEIMHEHHO 3aBHUCSIICH (YHKIMU yIpaBICHHUS
(st OMHOCTOPOHHETO — YHpaBJeHHs, a TaKkKe Uil JBYXCTOPOHHETO
YIPaBJICHUSL), B YaCTHOCTH,

- YCTaHOBIEHO, YTO  ONTHMAaJbHOE  YNpaBJICHUE  yIOBIETBOPSET
JOTIONTHUTENEHOMY YCIOBHIO B BuAe AU (EepeHINATIbHOTO HEPAaBEHCTBA U
HaXOJUTCA KaK pCIICHUEe HEJIMHEHHOT O HUHTErpaJIbHOT'O YPaBHCHUA,

— HalJIeHO JO0CTaTOYHOE YCJIOBHUE pa3pellMMOCTH 3a/Jauyd HEJIWHEWHOU
ONTUMU3AIMU TpPU HEJIMHEHHOM TpaHUYHOM YOpaBJIEHUM, [ cliydail
OJTHOCTOPOHHETO U IByXCTOPOHHETO YIpaBIeHUIl;

- yKa3aH aJrOpUTM IOCTPOCHHUS NPUOIIDKEHHOTO peIleHHs 3agadu
HEJIMHEHOW onTHMu3anmu (JUIsl yIpaBiIeHHs C OJHOTO KOHIA, a TaKXKe JUIs
BEKTOPHOTO YIIPABJIEHHUS C JABYX KOHIIOB) M JI0Ka3aHa WX CXOJIUMOCTh K
TOYHOMY PELICHHIO.

- YCTaHOBIICHO, YTO CJIEAYET pa3inyaTh 3 BU/A MPHOJIKEHHBIX PELICHUMH;
- MOJY4YEHHBIE PE3YIbTAThl SBISAIOTCS HOBBIMU U XapaKTEPU3YIOTCA Kak
JlaNbHEIIee pa3sBUTHE METO/1A PELICHUS 3a1a4l HEIMHENHOM ONTUMH3AIHH.

IIpakTHyeckas 3HAYMMOCTh MOJTYy4eHHBIX pe3yJabTaToB.
HOJ’Iy‘IeHHLIe pe3yJbTaThl ABJAOTCA HOBBIMH B TCOPUHM ONTHUMAJIBHOTO
YIIpaBJIE€HNUS CHCTEMaMM C paCHpPENEICHHBIMHM ITapaMeTpaMH, OIHMCHIBAEMBIMU
UHTErpo-auddepeHInanbHBIMA  ypaBHEHISIMA.  Pa3paboTaHHBIH  MeTox
peuicHusa 3aJa4d  TCIUIOBBIX ITPOLECCOB, OIMMCBIBAEMBIMH  BOJIBTEPPOBO
UHTErpo-AudepeHInaTbHPIMA  yPABHEHUSIMH € HEITWHEHHBIM TPaHUYHBIM
YIPaBJICHUEM MOXKET OBITh WCIIONBb30BAH IPH PEHICHUM MPUKIAIHBIX 3aaad,
CBSI3aHHBIX C TIIPOLIECCOM TEIUIONPOBOJHOCTH (TI€peHOCca YacTHll, sepHbIC
PEaKTOpHI, pa3nuyHbIe 1 dy3noHHBIE MIPOLIECCHI, MEKBHJIOBOE
B3aUMOJICHiCTBHE OMOJIOTMYECKUX TMOMYJSLHUH, JBI)KCHHE TBEPJAOr0 WM
nedopmupyemoro tena). C Apyroi CTOPOHBI, OIyYEHHBIE PE3yIbTAThl HOCAT U
TeopeTHdecknii xapakrep. X MOXHO HCHOJB30BaTh NpH  pa3paboTke



KOHCTPYKTHUBHBIX METOJIOB PEHICHUS HENWHEWHBIX MNPUKIATHBIX 3a/1ad
ONTHMHU3AIMN, a TAKXKE B PA3BUTHH TEOPHM KPAEBBIX 3a/la4 M HEIMHCHHBIX
MHTETPATBbHBIX yPaBHEHUH.

OCHOBHBbIE M0JI0’KEHHUSI TUCCePTALUH, BBIHOCHMbIE Ha 3aILUTY.

- [octpoeHo cmabo  0000meHHOE  pemieHWe  KpaeBoil  3amadn

YIPaBISIEMOTO TEIUIOBOTO IIPOIIECCa B CIydae, KOTAA YMpPaBISIEMBIH IPOIECC

OIUCHIBAETCSI  BOJILTEPPOBO  MHTErpo-AH(pGepeHINaIbHbBIM  ypaBHEHHEM,

HEJIMHEHO cofeprkalluii mapaMeTp yrnpaBieHHs B TPaHUYHOM YCJIOBUH;

- HaliieHBl JOCTaTOUHBIE YCIOBUS PAa3peIIMMOCTH 3aJayd HENMHEHHOM

ONTUMU3AIMUU TEIUIOBBIX IPOLIECCOB, OMHCHIBAEMBIMU BOJIETEPPOBO HHTEIPO-

muddepeHInaTbHBIMA  YPaBHEHUSIMH B ClIydae, KOrJla  MHHHMHU3UPYETCS

UHTETrpajJbHBIA KBaJApaTW4HbIH (QYHKIMOHAN W HEJWHEWHO CoJepKalluii

rapaMeTp YIpaBJICHHS B TPaHUYHOM YCJIOBHH,

- yKa3aH arOPUTM ITOCTPOCHHUS TOYHOTO M NPHOIMKEHHOTO PEIICHUH U

JI0Ka3aH CXOAMMOCTh HMPUOIMKEHHOTO PEIICHUS K TOYHOMY PEILICHHIO 3aJadu

HETMHEHHOM  ONTHMHU3alMM  TEIUIOBBIX  MPOLECCOB,  ONHMCHIBAEMBIMHU

BOJIBTEPPOBO  MHTErpo-Au(PepeHNaNbHBIMI  YPAaBHCHUSIMH,  HEIWHEWHO

COJeprKaIUi TapaMeTp YIPaBICHNS B TPAaHUYHOM YCIIOBHH,

- PaccMOTpeH YHCIICHHBIN HpuUMep, MOATBEPXKIAIOMIUNA TeopeTHYecKHe

BBIBOJIBI.

Jinuynblii  BkJax comckareasi. [lo pesympTataM  HcCleIOBaHHUH
omybnukoBanel 13 crareit m 5 Te3uca. [locTaHOBKA 3amayMl MPUHAATICKUT
HAayYHOMY pPYKOBOIHTENIO, KOTOPHIE OIYOJMKOBAHHBIX B COAaBTOPCTBE B
paborax [1-3, 6, 8-14], a OCHOBHbIC pPE3yabTATHl: KaK IMOCTPOCHHE CIIabo
00OOIIEHHOTO pEeHICHHs, BbBIBOA YCIOBUS ONTHMAlbHOCTH, JOCTaTOYHbIC
YCIIOBUSI CYIIECTBOBAHMS DPEIICHHS HEJIMHEHHOTO MHTETPAJIbHOTO YpaBHEHHS,
QJITOPUTM IIOCTPOCHUSI TOYHOTO W TIPHOJIMIKEHHOTO pEIICHWH HeIWHEHHON
3a7a4d ONTHMHU3AIMH M  CXOAMMOCTHh HPUOIMXEHHBIX DPEIICHHH ITOJydYeHBI
COHNCKATeJIEeM.

Anpodanuu pe3yabTaToB JUcCepTalMM. Pe3ynpTaTel MCCieTOBaHHUN
JOKJIABIBAJINCh HAa MEXAYHAPOIHBIX KOH(EpEeHIHMIX, CHMIO3UyMax U
ME)XBY30BCKHX, By30BCKHUX KOH(PEPEHINAX:

— 2-1 MeXAyHapojHas Hay4Has KOH(EpeHUHs «AKTyajbHbIE MHPOOIIEMbI
TEOPUH  YIPABJICHHUS, TONOJOTMHM W  ONEPAaTOPHBIX  YpaBHEHUID».
Keipreizcran, bynan-Corotry, 2013;

— 3-1 pecryOiuKaHCKash HaydHas  KOH(EpEHNHUS, TOCBSIICHHOH MaMsTH
npogeccopa P.YcybakynoBa. Keipreizcran, bumkek, 2014;

— V Congress of the Turkic World Mathematicians. Kyrgyzstan, Bulan-
Sogottu, 2014,

— Second ICAAM. Kazakstan, Shymkent, 2014;

— Issyk-Kul International Mathematical Forum. Kyrgyzstan, Bozteri, 2015;



— International Conference on Advancements in Mathematical Sciences. An-
talya, Turkey, 2015;

— XI MexnyHaponHas HaydHas KOH()EPEHINS CTYIEHTOB M MOJOMABIX YUSHBIX
«Hayxka n o6pazoBanue - 2016». Kazaxcran, Actana, 2016;

a Taoke OpUTH 0OCYXKIEHBI B HAyYHOM ceMHHape «ONTHManbHOE yIpaBiIeHUE

CHCTEMaMH C paclpelelicHHBIMH IapaMeTpaMu (YTIpaBiseMble HPOLECCHI,

OIUCHIBAEMBIMH MHTETpo-TuddepeHnuansupMu - ypaBHeHussME)»  (Hay4nsrii

pykoBoautenp npod. KepumbekoB A.) xadenpsl NpUKIAJAHOW MaTeMaTHKU H

undopmaruku Keipreizcko-Poccuiickoro CnaBsHCKOro YHHBEpCUTETA.

IMoHoTa oTpaKeHHs] pe3yJabTATOB AHCCEPTANUH B MyOJIMKALMSIIX.
OCHOBHBIE PE3YJIbTATHl JUCCEPTALHOHHOTO UCCIIEIOBAHHS OITyOIMKOBaHBI B 13
HAay4YHBIX CTaThsiX M B 5 Te3HucaX, B TOM 4Huclie B pedepupyeMbix >KypHaliax
Keipreisckoit Pecnyonmuku — 6 (4 u3 koTtopeix BxomsaT B 0asy PUHILI), B
pedepupyembix 3apyOekHbIX KypHanax — 3 (2 U3 KOTOPBIX BXOIAT B 0a3y
PHHLI), B maTepuanax koHdepeHnuii — 4, N3 HUX B ¢IWHOJIMYHOM aBTOPCTBE —
5. Ilo marepnanaM TepBoOi TJIaBBI OIMyONUKOBaHO 4 ctareii u 1 Te3uc, a mo
MaTepHajiaM BTOPOH TJIaBBI OITyOIMKOBAHO 6 cTareit u 3 Te3mca.

CtpykTrypa u o0beM auccepranuu. JucceprannonHas paboTa COCTOUT
W3 BBEACHUS, TpeX TJaB, OJWHHAALATH pa3/eiioB, 3aKJIIOYEHHS, CIHCKa
HCIIOJIb30BaHHBIX UCTOYHUKOB, copepkamiero 105 nanmeHnoBanus, 8 tabdmwi, 7
pUCyHKOB M mnpuioxkeHus. OOummii o0beM pabotsl copepxkur 106 crTpanuiy
MAIIMHOITUCHOTO TEKCTA.

KpaTkoe conep:xanue padotsl. B niepBoii r1aBe npuBEACHBl MPUMEPHI
KPaeBBIX 3ajad, OIMCHIBAEMBIMH UHTETPO-TU(PepeHIHATEHBIMU
YpaBHEHHMSMH, 3aJad ONTHMHU3aIUM C TPAaHWYHBIMH YNPABICHUSIMH IS
TETIOBBIX MPOLIECCOB, C/IEIaH KPaTKuii 0030p MCClIeA0BaHN, TPUMBIKAIOMINX K
TeMe JMCCePTallH, U N3TI0KEHO KPAaTKOe COJepiKaHNue TUCCEPTaLiH.

Bo BTOpOii 1aBe McciaenoBaHbl BOIPOCH! OHO3HAYHOHN pa3pemiMOCTH
33724y HENMHEHHOW ONTHUMHU3AIMH, KOTJa TEIUIOBOM IIPOIECC OITMCHIBACTCS
BOJIbTEPPOBO HMHTErpo-nuddepeHnanbHPIMU - YPaBHEHHSAMH U yIpaBJICHUE
HEJIMHEHHO BXOJHUT B IPAHUYHOE YCIIOBHE.

B §2.1 paccmaTtpuBaercs ympaBiseMblil TENIOBOM Mpoluecc V(t.X),

(t, x) eQ= {O <x<l O0<t< T} , OITUCHIBAEMBbIi KpaeBoii 3a1aueii

t

v =V, +A[K(t7)v(z,x)dr+g(t,x), 0<x<l 0<t<T, (1)
v(0,x)=w(x), 0<x<1, (2)
v, (t,0)=0, v, (t1)+av(t1)=p[tu(t)], 0<t<T, ®3)



roe ¢ (t, X) eH (Q) !,//(X) eH (0,1) - 3ajaHHble (QYHKIMH, a (QYHKIHS
p[t, u (t)J eH(0,T) HENMHEHHO 3aBUCHT OT (YHKUMH YyIOpaBIeHHUS

u(t)eH(0,T) u mo dynkumonansHo# mnepemennoii U (t)ymoBnersopser

YCIIOBHUIO
op[tu(t)]
———==0, Vvte|0,T]|; 4
ou ” E[ ] )
ampo K (t, T) — M3BECTHAsl OrpaHMYCHHAs (YHKIMS, T.C.
Ko = sup [K(t,7)[; ()
(t.r)eD

A—mapamerp, moctosHHas >0, T -GUKCHPOBaHHBII MOMEHT BPEMEHH,

H(Y) - TWILOEPTOBO MPOCTPAHCTBO (PYHKLMH, OMpENENCHHBIX Ha MHOMECTBE

Y
Onpenenenne 2.1. Crnabo 000O0IICHHBIM pEIICHHEM KpPacBOW 3aayu

(1)-(3) nasbiBaercst mrodast PyHKIHsS V(t, X) eH (Q) , KOTOpas yIOBJIETBOPSET

HUHTETPaJIbHOMY TOXKJIECTBY
1 61

J.(V¢);2 dx = J.([ {(¢l +d, ) (1, X)+[AjK (t.7)v(r,x)dr+g(t, X)J4 dxdt +

+tjz[p[t,U(t)]¢(t.1)—(¢x (t1)+ap(t))v(t1)+4, (LO)v(L0)]dt, ()

mpu mobex 4 wm 1 (0<'[1 <t<t, ST), u i 1000l GyHKIwmit

¢(t, X) eC"? (Q) , @ HAaYaJIbHOMY U TPAaHWUYHOMY YCJIOBHUSM B CJIaOOM CMBICIIE,

T.C.
1 1

lim |v (t, x) ¢, (x)dx =J'y/(x)¢0 (x)dx,

t—+0
0

T

lim 0 (v, (t.X)—av(t.x))4 (t)dt = ip[t,u (t)]e (t)dt,

x—1-0

st mo6bix Gynximit ¢ (X) e H(0,1) u ¢ (t)eH(0,T).
IMoctpoeHo cnabo o6obIIeHHOE peneHne kpaeBoii 3a1ayu (1)-(3) B Buze

v(t,x) :[an (t)+/1;[Rn (t,s,2)a, (s) ds} z,(x), ©)



rIe

R, (t,s,4)= iAHKM (t,s), n=123...
i=1

pesonbeenta spa K, (t,5) = J.ef;“z(H) K(z,s)dz,

a, (t)=e"y, + J:e*"z(”) (gn (r)+z,(1)p[r.u (r)}) dr,

{Zn (X)} — MONHAs OPTOHOPMHPOBAHHASI CHCTEMa COOCTBEHHBIX (GYHKIMI
KpaeBoi 3a1auu
2"(X)+ 4 z(x)=0, z'(0)=0, z'(1)+az(1)=0,
2 (lnz +a? )

e (X): P +a’+a
n

cosA,x, n=123,...,

a {/1”} — COOCTBCHHBIE 3HAUCHHs, KOTOpBIE ONpEACISIOTCA KakK pelleHHe

TPAaHCLICHICHTHOIO ypaBHeHHs AMgA=a W o00NajarT CIeayIOLHMH

CBOMCTBAMH:

ln < /In+1’
N—o0

vn=123,.., limi =o wu (n—l);r</1n<%(2n—1).

B 8§22 paccMOTpeHa 3ajaya MHUHUMM3AIHUK KBaJIPaTHYHOTO
MHTETPAIBHOTO (HYHKIIMOHATIA

J [u]zi[v(T, x)-&(x)] dx+ﬂ];u2 (t)dt, B>0,

Ha MHOXKECTBE peleHni vV ('[, X) kpaesoii 3amaun (1)-(3), e & (X) eH (0, 1) -

3aJjaHHAs PYHKIUS.
IIpumensiss mpuHLMIA MaKCUMyMa Il CUCTEM C paclpeleleHHbIMU
napaMmeTpamu, IOJIy4eHbl YCIOBHS ONTUMAIbHOCTH

I, (-;u)=p, [tu(t)]e(t1)-28u(t)=0,
I, (;u)=p, [tu(t)]e(t1)-28<0,

e a)(t, X) HaXOAHUTCA 10 popMmyJie



I\J
s
n 8
/ﬁ\
,-.l_.—q

(s, 2)[v, (T)=¢, Je " “ds+[v, (T)-¢&, Je # Y Jzn (x)
KoTopas sBnsercs, conpsukennoit (1)-(3), rne L, (S,t,1) - pesonssenta spa,
B, (s.t)= J‘efj“z(ﬂ) K(s,7)dz.
t
B §23 YCTAaHOBJICHO 4YTO, B CJIy4a€ MUHUMU3ALNU KBAAPATUIHOI'O

(GyHKIMOHANA, ONTUMAJIbHOE YIPaBICHUE YJOBJIETBOPSET HEIUHEHHOMY
HMHTETPaJIbHOMY YPaBHEHHUIO

t)p[tu(t)]=
:—ZG: (t) z, (l)|:—hn -i-J‘Gn (r) Z, (]_) p[T,U(T)]dr} 8)

0
1 JOMNOJHUTCIIBHOMY yCJIOBHUIO

J [t,u(t)][mj >0, ©)

T T
h, =&, ~w, [e‘ﬁ +A[ R, (T,f,/z)e*ds]—jon (r)g, (r)dz
0 0

Trae

;
G, ()z, (1)=1z, (1)(eﬂf TV A[R (T, 2)e ™ (“)dsj =G, (t,1);
t
.

G, (t)z, (1) =12, (l)(e‘“z(T Y AfL(st 4, )e r(7-5) dsj_ - (t.1),

t
T.e. ONITUMAIIBHOE YIIPaBICHHE HAXOAUTCS Kak penterne 3aaaqn (8) - (9).
Hanee cormacHo MeToamke, paspaboranHod npod. KepmmOexoBrm A.
paccMarpuBaeTCs  BONPOC OJHO3HAYHOW  Pa3speliMMOCTH  HHTErPAILHOrO
ypaBHeHust (8) IPUBEICHHOTO K BHIY

pu(t)pt[tu(t)]=0(t). (10)
Jlemma 2.3.1. ®yHkuus (9('[) SIBJIAETCS 3JIEMEHTOM IIPOCTPAHCTBA

H (O,T )
OTcrona, COTJIacHO BTOPOMY YCIOBHIO ONTUMAIBHOCTH (9), GyHKIUSA

u (t) HaXOIUTCS



u(t)=e[t.0(t), 8]. (11)
Toraa yuutsiBas cootHoureHusi (9)-(10) HenuHeHHOe HHTErpanbHOE
ypaBHeHwue (8) NpUBOAUTCS K BUILY

0(1)+X.6, (L3]G, (n1)p[rp[r0(r). ]Jdr =36, DA, . (2
n=1 0 n=1
Jarnee 3T0 ypaBHEHHE HCCIEAYETCS B OIIEPATOPHOH opme
o(t)=G[o(1)], (13)

rae oneparop G [«9] JEHCTBYET 110 hopmyIie

G[o(1)] :ZG: (t,l){hn —len (r,1) p[r,w[r,ﬁ(r),ﬂﬂdr} :

Jlemma 2.3.2. Omeparop G[H] oToOpaXkaeT mpoctpaHcTeo H (O,T) B

ceOst.
Jlemma 2.3.3. [TycTh BBIIOJIHEHB! YCIOBHS

lpltu®]-p[tu()] C<p Ju®-u(),. po>0.

Mt 0(t). 8]-[t0(t). 8] e (B)o®-0(V), . @ (B)>0.

Torna IIPpH BBITIOJIHEHHUH YCIIOBUS

=2 1 1+|/1|L (L) <1
- /11 6 2/11 p0¢0 '

rae |/1| —HCKOTOPOC IMOJOXUTCIBbHOC MMOCTOSAHHOC, OCpaToOp G[@] SABIIACTCA

COKUMAFOLIHM.

Teopema 2.3.1. [Ipu BBITTOJTHEHUH yCIIOBHH
op|tu(t
—[6 ( )} =0, Vte[O,T];

u

D |pltu®]-p[tu®]] <pofu®-u),. po>0.
2) |e[to(t). B]-e[t0(t). 8], <o (B)o®-0@), . @ (B)>0.

n
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=2| — 1 1+|/1IL (p)<1
= ﬂ'i 6 2/11 Po®o ,

oneparoproe ypasuenue (13) B mpoctpanctee H (0,T) umeer enuncraennoe

pelieHue 0('[) eH (O,T) .

Pemenne omeparopHoro ypaBHemms (12) HaiimeHO  MeTOOOM
HOCIIEJOBATENILHBIX IPHOIIKSHHH 110 CXeMe

a0=6[6.(1)] 1=123.. 0(t)=limq(t),

rae 6, (t) NPOU3BOJBHBIA  3MeMeHT  mpocTpanctBa  H (O,T) ,

IpU4EeM UMECT MECTO OLICHKE
_ |
o (t)-6 (1), < 1{7”@ [6,(1)]+h(0)-6, (1), - (14)

HaiinenHoe pemenue é(t), nozctaisst B Gopmyny (11) Haxomum
HCKOMOE ONTUMAJIbHOE YIPABJICHHE
u () =p[t,0(t),B].
OnTuManbHBIN TIpoIEce Vo (t, X) , T.€. peiieHue kpaesoii 3amaun (1)-(3),
COOTBETCTBYIOIIECE ONTHMANBHOMY yrpaBieHuio U’ (t) , HaxOAUTCS TIO

bopmyie

VO (t,x) = Z[Aj' R, (t,;s,2)a (s)ds+a2 (t)J z,(x),

n=1

rae @° (t)=e 'y, +je (g, (v)+2, (1) p[r.0° (7)])dr,

a MHHUMaJIbHOE 3HaueHHe ()yHKIIMOHAIA BRIUMCIIAETCS M0 (hopmyiie
2

J[u ] 'f[ (T.x)- ej(x dx+ﬂj;[u°(t) dt

B §2.4 mocrpoeHo npubnmxeHHOE pelIeHHe U J0Ka3aHO CXOJUMOCTh K
TOYHOMY PELICHUIO.

Ha mpaxtuke He Bcerja yaaeTcs HalTH TOYHOE PELICHHE YpaBHEHUS
(13). TosToMy B OONBLIMHCTBO CIy4acB OrPAHHYUBAIOTCS HAXOXKICHHEM

TPUOIMKEHHOTO pemenus 6, (t) ypaBuenus (14), rae uncno k ompenenseTcs

U3 HEPaBEHCTBA IIPH YCIOBUH, uTo N (t) =0, (t)

11



_ k
-0, =75 lela 0], (1)
[IpubnmxeHrne oNTHMANbHOE yIIPaBIICHUE OIpenenseTcs GopMyIon

u (t) = ¢lt. 6, (t), 5]

U yJIOBJIETBOPSIIOT OLIEHKE
Ju* () -u @), <@ (A= ||G (6, ()], - (15)

[TpubmKkeHns: ONTUMAIBHOTO npouecca ornpezaensorcs GopMysiaMu

v, (t,x)= 2 1(/1'[R (t,s,2)as (s)ds+a} (t)] z,(x);
v (t,x)= nl[ﬂij (t,s,2)a) (s)ds+ay (t)Jzn(x),
R™(t,s, 4) = ii"le (t,s);

i=1

v (6 x) = [ﬂij t,s,A)a" (s)ds+a (t)]zn(x);

n=1

re & (t)=ey, +!e*“‘*’> (9, (7)+2, (@) P, (7)])dr,

1 YAOBJICTBOPSIOT OLICHKE
[v® (tx) =i @ X)) <0 (6 x) v (6 X) +v (8X) -

v (X)) (6 x) - (L)) <V (LX) v (LX) +

i (6 )= (X + v € x) =P (4 %)}, O (16)

k,m,r—o0

IpubnmxeHHble 3Ha4eHNs QYHKIMOHATA OHpe}IeHHIOTCH bopmynamu
Iu (t)]= I[vk (T,x) } dx+ﬂj[uk ]dt
1
3, [u (t)]= j dx+ﬂj[uk ] dt ;
0
Infu (t)]= I dx+ﬂj[u )] dt:

1 YAOBJICTBOPSIOT OLICHKE

12



9[u°1- 35 [u, ] < [90u°1- I, 1+ I[u, 1- 3, [u I+ 3, [u - 35 [u, ] <

<|I[u°1- 30w |+ 30w I = In [u ]+ 9, [u 1= 351U ] —7— 0., (17)
B §2.5 paccuntan MOHENBHBIA TpHUMeED, MIOATBEP K IAIOLIUI

TEOPETHUYECKHE PE3YIIBTATHI.

B Tpetseil riaBe uccieq0BaHBl BOIPOCH OJAHO3HAYHOM pa3pelIMMOCTH
3aJaud HEIMHEHHOM ONTHUMHU3aIMM TEIJIOBOTO MPOILECCa, OMUCHIBAEMBIMU
BOJILTEPPOBO  MHTErpo-muddepeHnnanbHbIME  ypaBHEHUsIMU B Cllydae
BEKTOPHOTO YIPABIEHUSA MPOLECCOM PACHPOCTPAHEHMS Telja, U MpHU 3TOM
(YHKIMY yrIpaBiIeHHs HEJIMHEWHO BXOANUT B TPAHUYHBIE YCIOBUSL.

B §3.1 paccmaTpuBaeTcs YIpaBisIEeMbId TEIJIOBOM npouecc,
ONHMCHIBAEMON KpaeBOW 3amadell, B Clydae ABYXCTOPOHHETO HEIMHEHHOTO
TPaHUYHOTO YIPaBJICHHS

12 =vxx+AjK(t,r)v(r,X)d‘[+g(t,x), (t,X)eQ, (18)

v(O,x):z//O(x), 0<x<1, (19)

v, (t0)=p, [ty (t)], 0O<t<T,

v, (tD)+av(t1)=p,[tu, (t)], 0<t<T, (20)
e p[tu (t)]eH(0.T), p[tu,(t)|eH(0.T) — dynxuun BHemmHux
HUCTOYHUKOB, HEJMHEeItHO  3aBucsAmMe  OT  (GYHKUMHM  YIpaBIICHHs

u, (t) eH (O,T) u U, (t) eH (O,T) , 1 TI0 (YHKIIHOHAIBHBIM TMEPEMEHHBIM

u, (t), u, (t) YIOBIJIETBOPSIOT YCIOBUIO

8p[t,ul (t)] 20 Gp[t,uz (t)] #0, Vte[0,T];
ou, ’ ou, ’ S

a OCTAJIbHBIC MAPAMETPhI UMCIOT TC K€ XapPAKTCPUCTHUKHU KAaK B KpaGBOﬁ 3aga4e
(D)-E).

Haiineno cnabo o6o61eHHoe pelenue kpaeBoii 3agaun (18)-(20)

v(t,x) = zlmR (t.s.2)a, (s)ds+a, (t) 2, (x).

rae

a, (t)=e"y, +_:[e‘ﬂ"2(“’) (gn (2)+p, [, (7) ]2, ()= P [7.0, () ]2, (0))dz.

B 83.2 paccmorpeHa 3ajaua MHUHUMH3ALUH  KBQJPATHYHOTO
HMHTETPaIbHOTO (PYHKI[HOHAIA

13



t)]=j;[v(T,x)—§(xﬂ2 dx+ﬁj}.(uf (t)+u; (t))dt, B>0,

I[u, (t),u
£(x)eH(0,1)-

Ha MHOXECTBE pelieHnit kpacpoii 3amaunm (18)-(20), rme

3aaHHast GYHKIHS.
B 83.3 nokazaHo, 4T0 BEKTOPHOE YIPABIEHUE (ulo (t),u; (t)) HaXOJIUTCS

KakK peHleHI/Ie CHUCTCMBI HeHHHeﬁHBIX I/IHTCrpaHBHBIX ypaBHeHI/II/I
u, (t)
(p.[tu (1)]).
1

kol o3

(21)

T T
h, =&, v, (e‘fTMjRn (T,s,,i)e*ds] [s.(t.2)g,(z)dz;
0
S, (m)—[e A=) MIR (T,s,2)e

Gn(t,i):( (T t>+sz (s,t,2)e " d j
1 YAOBJICTBOPACT AJOMOJTHUTCIBHBIM YCIIOBUAM

(pl [ty (t)])u1 {ﬁ} >0,

t,u t ¢ .
(P [t (1)]), [(pz[t Gl J >0 22)

Cucremy (21) mpencTaBuM B ONEpaTOpHOIL Q)opMe
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0(t)=E[6,(1).6, (t)]+Aa), (23)

- u (t)
o, (1) (P [t (0)]),

6(‘):(62 <t>]: 5 (1)
(pz [t’ U, (t)])uz

E[6,(1).6, (1)]= 27 (0.1)G, (1, 2)

xj!Sn (r,l) Z; (0,1) p[r, o) (1,6’1 (T)'ﬂ):(l’z (T’ 0, (T)’ﬂ):ldr J

m(t)=3 2, (0.1)G, (t A)h,

P
a BexTopoe ynpasnene Uy (t),uf (t)) onpenensercs

u® =0 (t.6,(t).8), u,®)=p,(.6,(t).8). (24)

Jemma 3.3.1. Bexkrop ¢ymkums 6(t)= (‘91 (t), 6, (t)) ABJISETCS
snementom poctpanctea H? (0,T)=H (0,T)xH (0,T).

Jlemma 3.3.2. ®DyHkuus h(t) sensercs smementom MPOCTpaHCTBA
H?(0,T).

Jlemma 3.3.3. Onepatop E[6(t),6,(t)] oro6pakaer mpocTpaHCcTBO
H? (O,T) B ce0sl.

Jlemma 3.3.4. [1yctb BbIOSAHEHB! ycaoBUs Jlnnmuia

[os [ty (6)]- b [6G ()], < Py Ju (-5 (1)],,

(25)
P >0, i=12,
”@ |:t"9i (t)'ﬂ]_ﬂ |:t'0_i (t)vﬂ]”H <oy (ﬁ)”@l (t)_g_i (t)"H ' 26)
Dy (ﬂ)>0, i=12
Toraa npu BEIMOJHEHUH YCIOBHS
1 1 A K, TM,
7/:4[E+6J(1+| |2112 JB(poppoz’¢1o(ﬁ)v¢zo(ﬁ))<ln (27)
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oreparop E[@] SIBJIAETCS CKUMAFOLIHM.

Teopema 3.3.1. Ilpu BIIOIHEHNH YCIOBHIA

L op[tu(t)]eH(OT), p,[tu,(t)]eH(O,T), u (t).u,(t)eH(OT);

Pt ®] ) @01 o
oy, l ou, ’ ’

u (25)-(27) omepatopHoe ypaBHeHHe (23) HMeeT eIMHCTBEHHOE DEILCHHE
0('[) eH?(0,T).

B §3.4 noctpoensl pelieHue 3a1a4d HENMHEWMHON ONTHUMHU3ALMK B BUIE
TPOHKH ((u{J (t),u (t)) Vo (t,x), J [ulo (t),u (t)]), €ro NMpHOIMKEHHUS

(@ @), v (@0, 3p[u O (©)]) w0 yeranosmems
CJICAYIOIINE OLICHKN

L o= (). < 1{ ky |E[6, (1)]
2 [ - )], <o (A1 [EL0 (0]

3 v ()= (LX) <0 (6 x) -y (X)) +

He'

i=12,

Hz '

v (6 3) w7 (8, x)||2H + (tx) v (t, x)||2H ———0

A4 [oru?, ugl- 351 ul ] < [arud, g1 I Ul 1+

+‘J L, u1-3, [u®,u ]‘ +

k,m,r—o0

3a[ul,uf1- 95 U, uf |0

U3 KOTOpOro cjeayer cCXxoAuMoCTb HpI/I6J’II/I)K6HHOFO pemieHusa  3agaqyun
HEJIMHCHHON ONTUMHU3AINU K TOYHOMY PCHICHUIO IIPpU k, m, r —->oo.

B nmpunoxeHuum mnpuBEeNeH BAapHAHT MCHOJHEHUS MPOTrPAMMHOTO
komruiekca B cpene MATLAB, cOOTBETCTBYIOIIETO MOJENEHOMY NPUMEPY U
pe3ynbTaTaM YHCIEHHBIX PacyeToB, MOITBEP)KIAIOIINM TEOPETHUECKIE BEIBOIBI.

BbIBO/bI
B mmccepTaim mccieoBaHbl BOIPOCH! Pa3speliMMOCTH M YCTAHOBJICHBI
JIOCTAaTOYHBIC YCIIOBHS CYIIECTBOBAHMS WM €JUHCTBEHHOCTH peIIeHUI 3amay
HEIMHEMHOM  ONTHMU3alMM  TEIUIOBBIX  IPOLECCOB,  OMUCBIBAEMBIX
BOJIbTEPPOBBIMU HHTETPO-Au(PepeHINATEHBIMA YPAaBHEHUSAME C HEJIWHEHHBIM
TPAaHWYHBIM YIPaBJICHHEM.
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Pa3paboTaH aJropuT™M MOCTPOEHHS NPHONMKEHHOTO PEIICHUS 33add
HEJIMHEHOM ~ ONTMMHM3alUM  TEIUIOBBIX  IIPOLECCOB, OIHCBIBAEMBIE
BOJIBTEPPOBBIM HHTETPO-Au((hepeHnnanbHbIM ypaBHEHHEM, IPH HAIMIUH
HEJIMHEIHBIX TPAaHUYHBIX CKAIISIPHBIX U BEKTOPHBIX YNPABICHUH, H JOKA3aH €ro
CXOAUMOCTb.

[NomydeHHBIE TEOPETHYECKUE PE3YNIBTATHI MOTYT OBITH MOJIE3HBIMHU TPH
HCCIIEIOBAaHUM 3aa4d TEOPUU ONTUMAJIBHOIO YIPABJICHUS CHCTEMaMU C
pacnpeeeHHBIMU napaMeTpaMHu, OIMCBIBAEMBIMU HUHTErpo-
i depeHInanbHbIMA  YPaBHEHUSIMA B YacTHBIX IPOU3BOJHBIX, W IpH
pa3paboTKe KOHCTPYKTHUBHBIX METOJOB DEIICHHS HEIMHEHHBIX NPUKIATHBIX
3a7a4 ONTUMHU3ALMM, & TaKKE B pa3sBUTUM TEOPUM KpaeBbIX 3ajad MU
HEJIMHEWHBIX UHTETPAJIbHBIX YPaBHEHUN.
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Ceiipakmatr kbB3bl  Jpkeaummaud  01.01.02 -  «IuddepeHuuangbix
TeHIeMesep, TUHAMHMKAJIBIK CHCTEMAJap KaHa ONTHMAILYY Oamkapyy»
agucTurn  0ooHYa  (U3MKA-MaTeMaTHMKAa WINMIEPHMHMH  KaHIUAAThI
OKYMYIITYYJYK AQpaskacblH M3AEHUN aJyy Y4YYH :Ka3puiran «BoabTepp
TUOMHAErHM UHTerpo-aupdepeHIUANIBIK TeHlAeMelep MeHeH KbLIYYJIyK
MPOLECCTEPHH CBHI3BIKTYY 3MeC ONTHMANIABIK YeKTHK OalKkapyy» artyy
AMCCePTAMSIIBIK UITHHIH
PE3IOMECH

YPYHTTYYy c€0310p: KbUIYYJIyK IIPOLECCTEPH, COJNIYH IKallbUIaHTaH
YBIrapbUIBIIL, KBAJPATTHIK (PYHKIMOHAT, ONTUMAIAYYJIYKTYH IIAapThI, CHI3BIKTYY
9MEC MHTErpaJIAbIK TeHIeMe, ONITUMAJJIBIK YeKTHK Oallkapyy.

N3n1100HYH 00bEKTHCH: KbUTYYIyK MPOLIECCTEPUH ONTUMAJIBIK YEKTHK
Oamrkapyy.

H3nnneeHyH nmpeaMeTH: YEKTHK OamIkapyy apKbUIyy YeKTYY yOakbITTa
JKBUTYYJTyK IIPOLIECCTEPHH OAIITaNKbI adaaH KaanaraHaai adbanra e3repryy.

H3unneenyH MaKcaThbl: BonsTtepp THOMHZAETH HHTETPO-
¢ depeHInanIbIK TeHAEMETEP MCHEH MYHO3]16JITeH KBUTYyTyK
MPOIIECCTEPUHAETN CBI3BIKTYY 35MEC ONTHMAJAAIITHIPYY MAaCElIeCHHUH Oup
MAaaHWUIIYY YbITapBUIBIIIKA 33 OOMYIIy YYYH JKETHUINTYY MIAPTTaphlH OUp dKak
YETHHEH YKaHa 9KH JKaK YeTUHEH Oalkapyy y4yH Taoyy.

N3uageeHyH BbIKMAJapbl: UW3WII00 MaTeMaTHKANbIK  (QU3UKaHBIH
TEHIEMEIIEPUH YbITapyyHYH bIKMallapblH, WHTETPAIABIK TEHAEMEJIEPIUH,
onTUMaNayy Oamikapyy TEOPHUSCHIHBIH, (YHKIHMOHAIIBIK TAJIJOOHYH IKaHa
CBI3BIKTYYy 3MEC WHTETpalIbIK TEHAEMENICPANH TEOPUSICHIHBIH BIKMalapblH
KOJIJIOHYY MEHEH JKYPTY3YJIaY.

H3u1100HYH HIMMMI ’KAHBLIBITHI KAHA TEOPHSIJIBIK MAAHWITYYJIYTY:
CBI3BIKTYYy 3MEC UYEeKTHK CKaJSIpABIK >aHa BEKTOPAYK Oalikapyy apKbuIlyy
Bomprepp  THOMHZErHm — MHTErpo-An(QEpeHIHATIBIK  TCHIEMENep MEHEH
MYHO3/I6JIT6H JKbUTYYJIyK TPOLECCTEPHH CHI3BIKTYY 9MEC ONTHMAIIAIITHIPYYHYH
MaceJIEJICPUHUH YKaKbIHIAIUTLIPBUITaH YbITapbUIBIIBIH TYPIY3YyYHYH aJITrOPUTMHU
HIOTCINIT YbIKKaH, aJJapAbIH aHbIK YbIrapalibIIIKa )KLIﬁHanyycy JAaJTUIIACHI'CH.

AnpIHran )I(BIﬁBIHTBIKTapl]BIH TCOPUAJIBIK MAaaHUCHU 4YOH JKaHa XCEKEUEC
TyYHAYAArbl HWHTErpo-An(epeHnnanablK TEeHAeMeIep MEHEH MYHO31eJreH
KaMbUITBUINAH IIApaMeTPIlyY CUCTEMAJIAPBIH ChI3bIKTYY 3MEC ONTUMAJJAIITHIPYY
MacelneJIepruH U3IIee/1e NaljataHbUIarT.

H3nnneeHyH MpakTHKAJIBIK MAaHWJIYYJIYTY: CBI3BIKTYY 3MEC UYEKTHK
OGamkapyy MeHeH Bosmprepp — THOMHAErn — MHTErpo-audQepeHnnanIbK
TeHAEMEJIEep MEHEH MYHO3/OJIoH JKbUIYYJIYyK HpOLECCTEPHH CHI3BIKTYY 3Mec
ONTHMAIIALITEIPYY MaceseJeprH 4Yblrapyy OOIOHYA HMINTEIMIT YbIKKaH BIKMa
KOHCTPYKTHB/YY JKaHa  JKBUIYYJIYK OTKOpPI'YYTYK HpoleccTepre Keayydy
KOJIJIOHMO MaceJIeJIep/1 Yblrapyy/ia KoJIIoHyyra 00JIoT.
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PE3IOME

auccepranuoHHoi  padorel  CeiilakMar KbI3BI JpKeauM Ha TeMy
«HequHeliHOe ONTHMAJIbHOE TIPAHHYHOEe YNpaBJeHHe TeIUIOBbIMHU
npoueccamu, ONMChIBaeMbIMH BOJIbTEPPOBO HHTerpo-
auddepeHINANBHBIMM  YPABHEHUSIMU» HA COUCKAHUE YYEHOM CTeleHu
KaHIUAaTa (U3NKO-MaTeMaTHYeCKUX Hayk mo cnenuansHoctu 01.01.02 —
«Inddepennmnaibaple  ypaBHEeHHsl, JHHAMHYECKHe  CHCTeMbl W
ONTHMAJIBHOE YIIPABJICHHE»

KiroueBble caoBa: TemioBoil mpoiiecc, ¢aabo 0000IIEeHHOE pelleHHe,
KBaZpaTW4HBIH  (QyHKIMOHAN, YyCJIOBHE  ONTHMAJIBHOCTH,  HEJMHEHHOE
HUHTETPAJIbHOC YPAaBHCHUC, ONITUMAJIBHOC I'PAaHUYHOC YIIPABJICHUC.

OO0beKkT HMCCIEIOBAHMA: ONTHMAaJbHOE TIpAaHHYHOE YIpaBJICHUE
TETUIOBBIMH ITPOLIECCAMH.

IIpeamer ucciie0BaHusA: IEPEBO TEMIIOBOTO MPOIIECCa U3 HAYaIbHOTO
COCTOSHHSL B JKEIAeMOE€ COCTOSHHME 3a KOHEYHOE BpEeMs IIOCPEICTBOM
TPaHWYHBIX yIIPaBICHHUH.

Heabr wuccaegoBaHMsI: YCTAaHOBUTH HEOOXOJMMBIE M JOCTAaTOYHBIC
YCIIOBUSI OJHO3HAYHOH pa3peIIMMOCTH 3aJadll HEJIMHEHHOW ONTHMHU3aINU
TEIUIOBOTO mpoiiecca, OIHCHIBaEMbIE BOJIETEPPOBO HHTErpo-
i depeHInanbHbBIM YPaBHEHHEM Kak JUIsl yIPaBJICHUs C OJJHOTO KOHILIA, TaK 1
JUIS yIIPaBJICHUSA C ABYX KOHIIOB.

Mertoabl HCCAeIOBaAaHMA: B paboTe OBUIM HCIOJIB30BAHBI METOJIBI
pelleHuil ypaBHEHHI MaTreMaTH4ecKod (M3MKH, METOIbl HHTErpajbHOrO
YpaBHEHUsI, TEOPUN ONTUMAIBHOTO YNpaBJeHHUs, QYHKIIMOHAILHOTO aHAHN3a
TEOPHUHU HEJIMHEHHBIX MHTETPAIBHBIX YPAaBHEHUI.

Hayunasi HOBH3HA U TeopeTHYeCKasi 3HAYMMOCTH HCCJIeA0BAHUS:
Pa3zpaboTan anropuTM TOCTPOEHHS IPHOJVDKEHHOTO PpEIICHUS 3aaadn
HEITMHEHHON ONTHMH3ALUK TEIUIOBOTO IPOIIECCa, ONMCHIBAEMBIE BOJBTEPPOBO
uHTerpo-auddepeHnaNIbHBIM - ypaBHEHHEM MPU  HAIWYUAM  HEJIMHEHHBIX
TPAaHUYHBIX CKAJIAPHBIX U BEKTOPHBIX praBJ’IeHHﬁ, JOKa3aHbl X CXOAUMOCTDH K
TOYHOMY PEIICHHIO.

[lomyyenHple  pe3ynbTaThl  UMEIOT  OONBINYI0  TEOPETUYECKYIO
3HAYMMOCTh W MPEJICTABIIAIOT MHTEpPEC JJIs MCCIeAOBaHUM 3a7a4 HEJTUMHEHHOMN
ONTUMU3AINU CHUCTEM C pPaCIHpPCACICHHBIMU IapaMeTpaMu, ONHCHIBACMbIMHU
HHTETpO-Tu(depeHIraTbHEIMA YPABHEHUSIMH B YACTHBIX TIPOU3BOJHBIX.

IIpakTHyeckoe 3HaYeHHe WccjaeAoBaHus. PaspaGoraHHBI MeTOx
pelieHuss 3aJayd  TEIUIOBBIX MPOILECCOB, OMHMCHIBAEMBIMHU  BOJIBTEPPOBO
uHTerpo-muddepeHManbHBIME - YPaBHEHUSIMH € HEJIMHEHHBIM T'PaHUYHBIM
yIpaBJIeHUEM SIBIISIETCS. KOHCTPYKTUBHBIM M MOXET OBITH HCIIOJB30BaH IPH
PeLIeHNH NPUKIIAIHBIX 33/1a4, CBSI3aHHBIX C IPOLIECCOM TEILIONPOBOIHOCTH.
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SUMMARY
Dissertation «The nonlinear optimal boundary control of the thermal
processes described by Volterra integro-differential equations» of
Seidakmat kyzy Erkeaim is submitted for the scientific degree of candidate
of physical-mathematical sciences, speciality 01.01.02 — differential equa-
tions, dynamical systems and optimal control

Key words: thermal processes, weak generalized solution, quadratics
functional, optimality condition, nonlinear integral equation, the optimal
boundary control.

Obiject of research is the optimal boundary control of the thermal pro-
Cesses.

Subject of research is the transformation of the thermal processes from
the initial state to the desired state for the finite time by the boundary controls.

Purpose of the work is to establish the sufficient conditions of the
unique solvability of nonlinear optimization problems for the thermal processes
described by Volterra integro-differential equations in case of the nonlinear
boundary of scalar and vector control.

Research methodology. The methods of solving of equations of math-
ematical physics, methods of integral equations, methods of the optimal control
theory of the distributed parameters systems, methods of nonlinear integral
equations and functional analysis are used in this research work.

Scientific novelty and theoretical significance of research

The algorithm for constructing the approximate solution of nonlinear
optimization of thermal processes described by Volterra integro-differential
equation with nonlinear boundary of scalar and vector control was developed
and the convergence of approximate solutions was proved.

The obtained results have the great theoretical significance and are inter-
esting for research problems of nonlinear optimization of distributed parameters
systems, described by integro-differential equations.

The practical significance of research. The developed method of solv-
ing the nonlinear optimization problems for the thermal processes, described by
Volterra integro-differential equations with nonlinear boundary control is con-
structive and can be used for solving applied problems associated with the pro-
cesses of thermal conductivity.
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