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N3NJIJOOHYH KAJIIIBI MYHO3/IOMOCY

JluccepTauMsiHBIH TEMACBIHBIH AKTYAJYYJAYTy. benymTypynren cucremanapast
ONTUMAJIIBIK OAIKapyyHYH JKaJIbl TCOPHACHI KOII KbUIIAp 000 M3WIICHUIT KEJIeT JKaHa
(U3HKaHBIH, MEXaHWKAHBIH, SKOHOMUKAHBIH TYPAYY TapMaKTapbIHBIH MPOIECCTEPUH
CYPOTTOIoH OOIYUITYPYJIroH CHCTEMAaJapAblH ap TYPAYYJIYTYHOH ylaM aKTyalayyJlIyryH
YKOTOTITON KEJIET.

Tupkemenepae OeNYIITYPYJArOH CHUCTEManap YYYH ONTUMAIBIK —Oarmkapyy
TCOPUSACHIHBIH METOJJIOPY MEHEH H3WIA06re MYMKYH OOJTOH, JKeKe TYyyHayJapnaa
UHTETpO-Tu(QPEepeHIInaIbIK TeHIEMENep MEHEH MYHO3I6JreH KOJIJIOHMO Macelnernep
Ke3JIeIIeT. YIIIyJI SMI'€KTe THIIIKBI TaacHp 3TYY QYHKIHACH Oamkapyydy mapaMmeTpiepre
KapaTa CbI3BIKTYY OdMeC OONToH ydypaa PpenronbM HWHTETPAIIBIK ONEPaTOPyHYH
UHTETPO-TU (D PEpEHIMATIBIK TEHIEMEIEPH MEHEH MYHO3/I0JITOH TEPMEITYY MPOILECCTePUH
Oamkapyy  Macenmenepd  Kapamar. ~ MpIHmald ~ Macenenep  Cbi3bIKmyy — omec
onmumanoauimulpyy maceieiepu Nen aranar. M3ungeenep Oamkapyydy mapameTprepre
YEeKTeoNIop OOJTOH yuypaa KYpPry3yiay.

benymrypynren — mapameTpiepre 33  CHCTEMaiap MEHEH  MYHO3eJTeH
OalkappUTYydy MPOIECCTePANH KON U3WIJCHICHUHE KapabacTaH, MBIHIAW Macelenep a3
W3WIJCHTCH JKaHa ajapJibl YbITapYyHYH KOHCTPYKTHUBIYY METOAJIOPY HINTCIIMIT YbIKKAH
smec. OIOHAYKTaH  ONTHMAIJAIITHIPYYHYH  CBI3BIKTYY 3MEC  MaceseIepUHUH
YBITAPBUIBIIIBIH U3WIA06 JKaHa allapAbl YbITADYYHYH KOHCTPYKTHBAYY METOIJIOPYH
UIITETI YbITYY OOJYIITYPYJITeH mapaMeTpiiepre 33 cucTeManapibl ONTUMANJIBIK Oamkapyy
TEOPHUSCHIHBIH aKTYyaJlyy MaceJeJIepuHuH Oupu 00Ty caHaar.

Bbyn OarpiTTa Gamkapbulyydy mapameTpiepre 4eKkTeo KOrJidaraH ChI3BIKTYY SMeC
ONTUMANIAIITHIPYYHYH — Macenenepud  usuigeenep .  CeiigakMaT  KbI3bIHBIH
nuccepranusiceinaa (2016) sxyprysynreH. Auna BonsTepauH HHTETPaJIbIK ONEPATOPYHYH
UHTErpO-TudPEepeHITUANIBIK TEHACMEIEPH JKEKe TyYHIylapaa OepHIreH >KbUIYYIYK
nporeccTepu u3mineHren. A. KepumoekosnyH sxana O.®. AoapuiaaeBansin (2015), V.0.
HNytimenanueBanbin  (2016) wiuMuii MakamajgapbiHaa @OpearoabMAyH HHTETPAIBIK
ONEepaTOPyHYH HUHTErpo-AuddepeHmaniblk TEHIEMEJICPUHUH KEKe TyyHAyJapaa
OepUIUIII MEHEH MYHO3I0JITOH TePMEIYY MPOILECCTepr U3WICHTEH XK.0.

JluccepTauMsiHbIH ~ TeMACBIHBIH  JMIeKTHH  HMPH  HJIMMHH-U3WI100
nporpaMMasiapbl (101000paopy) KaHAa HErwM3rd WINMMMHIi-W3WII00 HINTEPH MEHeH
Oadmanbimbl. [uccepramus O0otondya msmigeesniep Ne KP-05 (MaMiekeTTHK KaTTOOHYH
Homepu Ne 0006988) «DnekTp eTkepryd JIUHUSAIAPBIHAA KaHA OHAYPYIITYK TOIypaK
KaHa OCYMJAYK CHCTeMallapblHIa OOJym KaTKaH »JHEPrUs-MacCAIbIK aJIMallyyHy
Oamkapyy TIpOIECCTEpUH MaTeMaTuKaiblk Kamchizgoo» KP  BUM, Ne KP-03
(MamiiekeTTHK  KatTooHyH Homepu No 0007436) «OnTtuManbHOE — YyIpaBJICHHE
HEXKeNaTeIbHBIMU KOJIEOATeIbHBIMU TMPOIECCAMHU, BO3HUKAIOUIMMU B JIMHUSAX IEpeaau»
WIMMHUHN T0JI000pIOPYHYH aJIKarbiHAa KYPTY3YITeH.

N3uigeenyH Makcarrapbl kaHa MuJaerrepu. M3ungeeHyH makcaTel TYPAYY
Ty3yMJiery Oaikapyyra 33 TepMellyy IPOLIECCTEPUH CHI3BIKTYY 3MEC ONTUMAJIAIITBIPYY
MACEJIEJIEPUHHUH YbITaPbUIBIIIBIH U3WJIA06 XKaHa TOMOHKY ydypiapAa ONTUMAIAMITHIPYY
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MaceJIeTICPUHNH YBITAPBUIBIIIBIHBIH  O0ap OONYIIYHYH JKETHINTYY IHApTTaphlH >KaHa
OUPIUKTYYJIYTYH Oenruiaee 00Ty caHajaT:

TBHIIIKBl OYyJaKThIH Oalmikapyy OoOlOHYa (YHKUMSCHI CBI3BIKTYY 3MecC XaHa Oup
Typae. b.a. Gamkapyy MEMKUHIUTH {u(t, X)} aHa OalIkappuTyy4yy IpoLecCTepArH

aGaJIbIHBIH MeHKMHAUTHHAH {V (t,X)} AIIEMEHTTEPHUHUH OPTOCYHJIa 63 apa Oup

MaaHWIYY MIaKemTHK 60JIco;
TBHILIKBl OYJaKThIH Oalikapyy OoloHYa (YHKLUMSCHI CBI3BIKTYY 3MecC KaHa Oup

Typayy oSmec. b.a. Oamkapyy MeEHKHHIUTH {u(t,x)} aHa OalIKapeUTyydy

MPOLIECCTEPANH a0AJIBIHBIH MEHKUHIUTUHUH {V (t, X)} AJEMEHTTEPUHUH OPTOCYHJIA

03 apa Oup MaaHWIyy IIaWKEmITUK MapThl Oy3ynrad. byn yuypna Oamkapyy
MEUKUHIUTH (THIMIKbI OYJIaKThIH (YHKIMSCHIHBIH OCNTUiIepUHE KapaTa) YeKTelll
kinaccrapra OenyHeT. b.a. €3 apa KecwiaumimereH KOmNTYK (akTtopy Ty3yiaeT

{ui (t,X)} , 1=1,2,3,.... Ap 6up kentyk ¢akrtopy OalKappulyydy MpoleccTUH OUp
abaJIbIH TaHa aHBIKTaW TypranbiH Oenruieit kerenu V (t,x), 6.a. Oyn yuypna e3 apa
Oup MaaHWUJTYY MIAMKEITUK abanaap/iblH MEHKUHIUTU {V(t, X)} MEHEH Oalkapyy
MEUKUHIUTUHUH (DaKTOPYHYH {l](t, X)} AJIEMEHTTEPUHUH OPTOCYH/Ia TY3YJIOT.

CBI3BIKTYY 5MEC ONTUMAJJIAITBIPYYHYH TOMOHKY MaceJeICPH YbITapbLIIbI :
TepMenryy Tnponeccu DpearoibMIyH HHTETPAIIBIK ONEPaTOPYHYH HWHTETPO-
muddepeHInanabIK TEHIESMEJIEPH MEHEH OCPHWITeH SKWHYM TApTHIITETH KEKe
TYYHAyJap MEHEH MYHO3/6JIeH ydypiapaa OallkapbLIyydy MpPOIECCTHH YCKTHK
MaceJIeICpUHUH JKaIMbIJIaHTaH YbITapbUIBIIITAPBIH KaHbl AHBIKTAMAHbBIH HETH3UH/IC
TY3YY:

ONTUMAJIIBIK OAITKapyYHYH CBI3BIKTYY 3MEC WHTETPAIBIK TECHIACMECHH YbIrapyy
’KaHa M3JCITeH “ONTHUMaNJIbIK OallKapyyHyH Oap SKCHJWIY JKaHa >KaJTbI3IbITBI
0OIOHYa MaceJIEHH U3UIII00;

CBI3BIKTYY 3MEC ONTUMAJIAAIITHIPYY MacCeJICCHHUH TOJIYK YbITapbUIBIIIBIH TY3YY.

NimMui sKaHBLIBITHI.

bamkapyyna dekteesep OONroH y4dypAa ONTUMAJAAIITHIPYYHYH CBHI3BIKTYY 3MEC
MaceJeCHH/Ie H3JCITeH ONTUMAJABIK Oamkapyy OupuHum Typaery Dpearoibsm
CBI3BIKTYY 3MEC MHTETPAIAbIK TEHIEMEIIEPUHUH YEKCU3 OJIUOMYY CUCTEMACHIHBIH
YBITAPBUIBIIIBI KATaphl aHBIKTAITAHBI OCTTHIICH IN;

bupunun typaery ®@pearoinbMAyH ChI3BIKTYY 3MEC MHTETPANAbIK TEHAEMEICPUHUH
CHUCTEMACBIHBIH YbITAPbUIBIIITAPBIHBIH 0ap 3KEHIUTMHUH JKETUILITYY IIapTTaphl
TaOBUIIBI )KaHA aHBIH YBITAPYYHYH AJITOPUTMHU UIITEIUIT YBIKTHI,

BynakTeiH CBIBBIKTYY 5Mec (YHKIUACH (QYHKIIMOHAIIYY anMailyydy OoroHda Oup
Typae ©Ooiyn caHalnraH ydypAa ONTHMAIJAIITHIPYYHYH CBI3BIKTYY 9MecC
MaceJieJIepUH TOJYK YbITAPYYHYH QJITOPUTMU UIITEIUI YbIKTHI;

BynakTeiH CBIBBIKTYY 5Mec (YHKIUACH (QYHKIHOHAIAYY amMailyydy OoroHda Oup
TYpa® 5Mec Oonynm caHanraH ydypnaa (KemTyk ¢akropy maiina OOJNTOoH y4yp)
ONTUMAJIAIITHIPYYHYH CBI3BIKTYY SMEC MACEJCJIEpUH TOJYK YbIFapyyHYH
AJATOPUTMU UIITEIUIT YbIKTHI;



AJIBIHT aH KbIHBIHTBIKTAPABIH TEOPUSVIBIK KaHA NMPAKTHKAJIBIK 0aaJIyyJIyry.
VYurys1 SMrex ajanbIChIHAH TEOPHUSIIBIK MYHO3T'e 33. AHBIH JKBIMBIHTBIKTAPHI ONTUMAJIJIBIK
Oankapyy TeOpHsChl, HHTETpo-audPpepeHInanIblKk TeHIEMEIep, MaTeMaTUKAIBbIK (hU3UKa
TeHaemenep OOHYa MbIHAAH KuiimHku usungeenepae xkaHa KPP XKOXnopy:
XK.banacarsin at. KYVY, Poccus @enepaunsiceinbia Oupunun npesuaeHtu b.H. Enbiun at.
KPCYVY, N.Pa33akoB ar. KI'TY maremaTuka aguCTUKTEpAUHUH CTYJECHTTEPU YUYYH aTalblH
KypCTapAbl UILITEI YbITYyAa KOJJOHYJIYILY MYMKYH.

JluccepranMsiHBIH KOProoro CyHymTaJIraH Heru3ru :xo00opy.

— ONTUMAJJAIITHIPYYHYH CBI3BIKTYY 3MEC MacelleCHHJIe Oamkapyyra 4yekTee Oap
00NroH ydypja ONTUMANIBIK Oamkapyy Oupunam Typaery OpearoabmayH
CBI3BIKTYY AMEC MHTETPAIIABIK TCHICMEICPUHIH YEKCU3 OTYOMAYY CHCTEMACHIHBIH
YBITAPBUTBIIIBI KATAPHI AHBIKTAJTAHBIHBIH JTATHIIH,

— OupuHUH TYpAery OpearonbMIyH ChI3BIKTYY dMEC WHTETPAIIBIK TeHIECMEICPUHIH
CHUCTEMACHIHBIH YbITaPBUIBIIIBIHBIH 0ap ASKEHIUTHHUH JKETUIITYY IIapTTaphl jKaHa
aHbl YBITAPYYHYH AITOPUTMHU UIITEIHIT YbIKKAH;

— OyJaKThIH CBI3BIKTYY 5Mec (PYHKIMACH (QYHKIMOHAIAYY alMallyydy OoroHYa Oup
Typae Ooilynm caHaJraH y4yypJa ONTUMAJJAIITHIPYYHYH CBI3BIKTYY 9Mec
MacCeJIeCHHUH TOJIYK YbITapBUIBIIIBIHBIH O0ap SKEHAUTUHUH JTaTUIIH,

— OyJakKThIH CBI3BIKTYY 5Mec (PYHKIMACH (QYHKIMOHAIAYY alManlyydy OoroH4Ya Oup
Typae sMmec (kenTyk ¢akTopy maina OonroH ydyp) Ooiynm caHairal ywypja
ONTUMAJIAIITBIPYYHYH CBI3BIKTYY 3MEC MACEIEeCHHHH TOJYK YbITapBUIBIIIBIHBIH
0ap SKeHIUTUH JAINI06;

N3nenyy4yHYH 031YK cajibIMbI. J(MccepTalusIbik SMIeKTe MaceleH! KOy jKaHa
QJIBIHTaH KBIUBIHTHIKTAP/IbI TATKYYJI00 WIMMHUHI KETEKYMHUH TY3A6H-TY3 KaThIIIYyCyH/a

KYPry3yiay.

N3u11660HYH KbIABIHTHBIKTAPBIHBIH CBIHOOJAOH OTKOpyJaymy. M3uineenyH
KbIMBIHTBIKTapel KP Yiyrryk mnumuaep akanemusceiHbIH Martematuka MHCTUTYTyHYH
CeMHUHapJapeiHaa (KeTekun — akajaeMuk A.A. bepy0OaeB) kaHa TOMOHKY  WJIMMUU
KoH(pepeHusIapaa OassHaaNIbl )KaHa TaaKyyJIaH/Ibl:

— KPCVYHyH Ty3yaymyHyH 15 xbpuiIbIrblHa apHairad ‘“‘bamkapyy, TOHOJIOTHUs
’KaHa OMepaTopAyK TEHJEMEJEep TCOPUSICHIHBIH aKTyalllyy Macejelepu’ Jen aTajiraH 3
apaJibIk MaapakeIuK WinMui koHpepeHius - bumkek, 2008-x.

— «JI[MHaMHUKaJIBIK CUCTEMaiap, ONTHMANBIK Oallkapyy *KaHa MaTeMaTHUKaJIbIK
MOJICIIZIOO» 3J1 apallbIk CUMIIO3uyMy, 7-11-okTa6ps1, 2019-x., UpkyTtck 1., Poccus.

— OHep Xail TupKeMeNeprH OalKapyy *,aHa ONTUMAAAIMTEIPpYy OoroHYa 1-Om1
apansik koH(pepenmus, baky 2020. (COIA 2020), 26-28-asryct, 2020-xk., baky .,
Azepbaitkan PecniyOnukacs! (OHIANH).

“UnuM kxaHa TEXHUKAJArbl WHHOBAUUSAJIApP~ 31 apaliblk KOH(EpPEHLHUSICHI,
KPCYVY, 25-0056pb, 2020-x., brumkek .
Omonpoit  sme KPCVYHyH KonoHMO  MaTeMaTvka KaHa  HMHPOpMaTHKa
KadeIpachblHbIH WIMMHUN CEMHHApPJIAPJbIH Y3TYJITYKCY3 TajKyyra ajblHTaH (WIMMUN
xetekud npod. A. Kepum6ekoB).



JuccepTanusiHbIH KbIA BIHTBIKTAP bIHBIH dacplIMaiapaa TOJTYK
YArbUIBIPbUIBIBL.  J[MCCEpTAlMSIBIK  M3HIAOOHYH HETH3TH JKBIMBIHTBHIKTaphl 12
winMuid Makanana [1]-[12] xapeisitanrad. Amap skapblslaHraH SMIEKTEPIUH THU3METHH/IC
oepwiren. [11],[12] makana Web of Science maaneimatrap 0asaceina kuper, [3]-[6], [8]-
[10] maxamamap PHUIIM wmaansiMatTap Oa3acbiHa KUpeT. buprenemikeH wuirepae
MaceJeaepIu KOy WIMMHK )KeTeKUYNTe TaaHIbIK, aJbIHMaH HETU3TH JKbIMBIHTHIKTAP YKaHa
0aasiooJiop TajanTaHyy4yra TaaH/AbIK.

JldccepTanMsiHBIH TY3YJAYHIY *KaHa Keaemy. JluccepTarus KbICKapTyyJIapabiH
KaHa OeNTHIeeNepyH TH3METHHEH, KUPHUIIYYAOH, Y4 OanTaH, KOpYTYHIyJapjaH,
KOJJIOHYJITaH afaOusATTapJbIH 72 aTalbllITarkl TA3MECHHEH TypaT. beaymuep y4 caH
MEHEH OCNTWJICHTeH: OMPUHYM caH — OamnThlH HOMEPHWH, SKHHYH CaH — OeIyMIyH
HOMEPHH, YUYYHYY caH — naparpadrarsl katap HoMepau kepceteT. Mimtua kememy 94
OapakTaH Typart.

JAUCCEPTAIMSHBIH HETU3I'U MABMYHY

“AHABUATTAPABIH CEPEBUW” nen aranran OupuHuyu OanTa HHTETPO-
muddepeHManIplKk  TEHJIEMENIep MEHEH MYHO3/I0JIT6H MacelelIepIuH MUcajaaphbl
OepwireH j>kaHa Ma3MyHY OOIOHYA JIUCCEPTAIMSIIBIK HWIITHH TeMacblHA OailIaHBIIITYY
OOJITOH SMTEKTEPANH KbICKa4a TYITYHIYPMOJIepy kKacajraH.

“MBNITIOOHYH MATEPUAIJIBI )KXAHA METOAJOPY” nen artanraH SKHHYHU
O0anTta W3WIAOOHYH OOBEKTH >KaHAa WPEAMETH, KOIOJTaH Maceyelepan Ybrapyyaa
KOJIIOHYJITAH METOJIJIOP CYPOTTOJTOH.

“UHTEI'PO-IUODEPEHIIMAJIIBIK TEHJAEMEJIEP XKAHA XEKE
TYYHAYJIAPIJAI'I TEHAEMEJIEP MEHEH MYHO3IOJII'OH TEPMEJYY
[MPOLIECCTEPUH CBI3BIKTYY OMEC ONITUMAJIJAIUTBIPYYHYH
MACEJIEJIEPUH YbII'APYY” ngen artanran y4yHuy OanTa THIMIKBI OylIaKThIH
byHKIMACH  Oalkapyydy mapaMmeTpliepre Kapara ChI3BIKTYYy dMec OOJIOH JKaHa
Oamkapyyra 4ekree Oap OonroH yuypaa ®pearogbMIyH HWHTETPAJIBIK ONEpaTOpPyHYH
UHTETPpO-TudPepeHIHATIBIK TEHIEMEIePH MEHEH MYHO3/I0JITOH TEPMEIYY MPOILIECCTEPUH
CBI3BIKTYY 3MEC ONTUMAJAAIITHIPYYHYH MacelleIepy U3UIIJICHTEH.

3.1-6enymae OamkapblIyydy NpPOLECCTHH YEKTUK MACEJIEeCHHHMH >KaJIlblIaHTaH
YBITAPBUIBIIIBIH TY3YY JKOJI-)K000CY KeHUPU OCpUIITEH.

V (t,X) dpyHKIMACH TEpMETYy NPOLECCUHUH abalblH CYPOTTOUT KaHa

Q=(0,1)x(0,T) anmarsiHaa YEKTUK MAaCEJICHN KaHAaTTaHbIPCHIH

V, =VXX+1]K(t,T)V(f,x)dT+f[t,x,u(t,x)], 0<x<10<t<T, (1)
OV(O:X):';Vl(X)’ Vi(0,x) =y,(x), 0<x<l, (2)
V. (t,00=0, V,(tD)+aV(t1)=0, 0<t<T. (3)

Mempa K(t,7) - Gepunaren ¢ysukmus, an D=(O,T)><(O,T) aiiMarelHAa aHbIKTaJIBIII,

TOMOHKY 1NapTThl KAaHAATTaHAbIPAT.

K, :]]Kz(t,r)drdt<w; 4
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w,(x)eH,(02),y,(x)eH(0,1) 6Gepuiren Qynkumsap, (yHKUMOHALABIK AIMALIyydy
ooromua  ceeikTyy  oMec U (L, X)eH(Q)  dymxmmsacer  f [t, x,u(t, X)] e H(Q),
Q=(0,1)x(0,T) 6Genrmnyy, 7 - mapamerpu H,(0,1) - Gupurun Tapruntern CoGornes

MEUKUHANUTH, T — yOaKbITTbIH OCNTUIICHTeH YUypYy.
N3unneenep 4EKTUK MacElIEHUH KAJIbUIAHTaH YbITAPBUIBIIIBIH KOJJOHYY MEHEH

KYPTY3YJIay.
Anbiktama. (1)-(3) yekTuk MaceneHuH Kajnbiianrad ubirapsuibiibt gen V (t,X) € H, (Q)

(GyHKIMACHL aTajar. Al CONTyH MaaHuJe OallTanKbl [IapTTapibl KaHaaTTaHabipar, 0.a.
Dy(x) e H(Q),@(x) e H(Q) xaanaran dpyHKUMACH YIYH TOMOHKY GapaGapabIKTap 6ap:

lim V(t X) Dy x)dx = _[',”1 o(x)dx,

t—>+0

1

lim [V, (t,x)@y(x)dx = .[WZ Dy X)X,

t—>+0

xaHa Oypre kK0dpHUIMEHTTEpH SIKUHYHU TYpaery OpearoabMIayH ChI3bIKTYY UHTETPAIIbIK
TEHJIEMECUH KaHaaTTaHAbIpaT

V, ( in (t,5)V,(s)ds+q,(t), (10)

MBbIH/IA

K. (t, s)_—jsmz (t—7)K(z,5)dr, K, (0,5)=0 (11)
n 0
GYHKIHACH ©30K OOJIYII CaHalaT, ajl dMU

t
q,(t) =, CosAt+ %sin A+ %Isin At —7)f [z,u]dr (12)
n n 0

(byHKIMACH 3pKUH MY4e OOJIyIT caHaar.
AHnan kuiinH V, (t) dypoe kodpdurmentrepu (10) TeHAEMEHHH YBITAPBLUIBIIIEI

KaTapbl TOMOHKY (hopmysia OOIOHYA aHBIKTAJaT:
T
V, (t)z/IJRn (t,s,4)q,(s)ds+q,(t). (13)
0

Meaga R, (t, S,/%) WUHTETPAIIBIK TEHIEMECUHUH PE30JIbBEHTACH ap OMp OeNTUIeHTeH

n=12,3,... ne toMonky popmysa GOIOHYA aHBIKTAJIAT:
R (,5,4)=Y 27K, (LS), n=123,... (14)
MbIHza Kaiftananyyay K, ;(t,s) ege;qep TOMOHKY (GOpMyna 6OIOHYA AaHBIKTANAT:
Koii(t:s)= ] K,(t7)K,;(7,5)dn, K, (t,5)=K,,(t;s) i=L23... (15)
0

Ty3neH-Ty3 HaThIiKaNap e TOMOHKY 0aanooiop OeNruaeH Iu:
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Ki—l 2i-1 T

|Kn,i(t’3)|232/1—z)i K*(n,s)dn, 1=123.. Vte[0,T] (16)
0

K—l 21 TT KiTZi—l
j|K (t,s)P ds<—o_—— 0 ”K n,s)dnds = (;f)i ,

amap (14) xarapIblH OKIIOIITYI'YH HaJIWIAO6/16 KOJJIOHYyJaT. Ap Oup OeNruieHreH
n=12,3,... cansinma, (16) 6aanoonopyna sitaiibik, N=1,2,3,... Gonron

ﬁ”n
TJK, '
0aaJooCyH  KaHaaTTaHgbipran A napaMeTpUHUH  OCNTWICPUHIE  TOMOHKY
Oapabapch3aAbIKTap 0ap SKCHAUTH NATUIICHTCH:

% - T % . i-1
s;w Knvi(t’s)‘sg(J.Kz(y,s)dsj ;£|/1|T\//1K_0] _

2] < (17)

e o) ey
_/’L_n('([K (y,S)de W_\/_('([K Y, S dSJ —|ﬂ,|T\/K70
h (18)
RZ(t,s,2)d “(y.s)ds e
e T (i)

Mbmgan ynam (14) xarapblHbIH OKIIOIITYIYHYH uHTepBaiabl N=12,3,... ungekcuHun

lﬂ
TJK,

OeJITUCUHUH KOOOUYITy MEHEH YOHOET, T.€. W <

Omonoii aite (14) xatap

A<—B (19)
s

IIAPTBIH KaHAaTTaHIBIpraH A mapaMeTplepUHUH O€IrWiepd Y4yH TaHa aOCONIOTTYK
TYP/O KBIHHATYYUyIyTy OCITUICHIN .

Omrenrun, (1)-(3) yekTuk mMacenecuHUH (HOPMAIAYY YBITAPBUIBIIIEIH TOMOHKY (hopMyIia

OoroH4a Ta0a0bI3:
0 1 T
V()= | v, (t4)+ ﬂ—je t,n,A) f, [m.uldn [z,(x), (20)
n=1 n 0

MBIHIA



.
sinA (t—n)+ /1'[ R, (t,5,4)sinA, (s—n)ds, 0<p<t,
0

]
& (tn.4)=14[R,(t;s,A)sin2,(s—n)ds, t<p<T.

0

mput=n, ¢, (t,t,/l) — HEMpepbIBHA.

.
v, (t,A) =y, {cosﬂnt + /”tj R, (t,s,i)cosinsds} +
0

.
%{sin A+ A[R, (t,s,2)sin znsds}
n 0

1

f [t,u]:J f[t,x,u(t,x)]z, (x)dx.
0
V(t,X) aGanbiabiH QyHKIMACH KaHa KaubiH xanmnbsuianran V, (t,X) tyyaaycy H(Q)

(GYHKIUSATAPBIHBIH KBaJIPaTTBIK CyMMaJlaHTaH THILOCPT MEUKUHIUTHHHUH DJICMEHTTCPH
OKCHJIUTH JTAJTJIICH IH.

Omentun, 3.1-0eiymMae JKalNbUIaHTAH YbITAPBUIBIIITBIH JKaHBI aHBIKTAMAChI
KOJIOHYJIZTY SKaHa >SKaJTbI3 IKAIMbUIAHTAH YbITApbUIBIIBL Oap A mapaMeTpuHUH
OCNTHIICPUHUH ©3TepYY HHTEPBAIIBI OCITUICH/IH.

3.2-0eyMa© THIMIKBI OylIaKThIH (DYHKIUSICHI OOJYHIoH jkaHa Oupaeit OenyHToH
Oamkapyynapra KapaTa ChI3BIKTYy SMeC OONroH ydypla OamkapyycyHIa YeKTeeyep
0onroH wHTErpo-mupPepeHIaNIbIK TEeHIEMEeIep MEHEH MYHO3IeJTeH TepMenyy
NPOIECCTEPUHUH  CBI3BIKTYY OMEC  ONTUMAJIAIITBHIPBUIYYCYHYH — MaceJeIepHHIH
YSUMJTHIITY U3WIICHTCH.

1. ChbIBBIKTYYy 3MeC ONTUMAJJAIUITBHIPYYHYH 3KAaHA W3JeJIreH ONTHMAJAbIK
0alIKapyyHYH TeHJAeMeJePUHIH MaceJieJIePHH KoY.

T1
J[u(t,x)}=”p[t,x,u(t,x)}dxdt, (21)
00
(G YHKIIMOHAJTHI MUHUMAJIJIAIITHIPrad OamkapyyHy
V (T, x)=¢&(x), (22)

HIapTHIHAA Ta0yy Tajal KBUIBIHTAH CHI3BIKTYY 3MEC ONTUMAIIAIITEIPYYHY Kapal Kepeoys.
Mseapa V(t,x)=V [t, X, u(t, X)] (1-3) YeKTHK MAaCEJIEHHWH >KANIMbUIAHTaH YbITapbLIBIIIEI

0oy caHanat, OepuireH GyHKIHS §(X) eH(,D).

byn wmacenene wm3menaren Oamkapyyny |V (t,X) OamkapeLiyydy —IIpOIECCH
V (0, %) =y, (x) Oamrranrsy abanpiHaH T aKbIPKbI YOAKbITKa YeiinH (22) akbIpKbl abaibiHa
oTe Typranmaii abamna TaGyy kepek. Momga W, (X)eH, (0,1),y, (X) eH(0,D),
p[t, x,u(t, x)] e H(Q) xama f [t, x,u(t, x)] ceH(Q) O¢yskuMsnapsl OepWIreH jKaHa



f [t, x,u(t, x)] )KaHa p[t, x,u(t, x)] (GyHKIMsIaps! OamKapyy GyHKIUSACHIHAH CHI3BIKTYY

AMec K03 KapaHibl OO0JIOT.
Anjian kuiinH (22) mapTThl TOMOHKYIOU TYPAO Ka3a0bl3:

V(F,x)=i l]Rn(T,s,i)qn(s)ds+qn(T) z(X) =
) n=1 0 1 (23)
=262,00=5(0), & =[5z, ()dx

ZKaHa  MbIHJIaH { Zn (X)} KEKE q)YHKI_[I/ISIJ'IapI[BIH CUCTCMACBIHBIH CBI3BIKTYY KO3

KapaHABICBI3IBITBIH 3CKC AJIBIIl, TOMOHKY TCHACMCIICPD CUCTECMACBIHA 33 6OJ'IO6y3:
T
A[R,(T,5,2)0,(5)ds +0,(T) =&, n=123,... 24)
0

byn tennemenepan (12) scke anranga, TaTaan dMec ICENTOOJIOPAOH KUHHH TOMOHKYIOH
TYPI® Ka3a0bI3:

]

0

G, (t,x,A) f[t,x,u(t,x)]dxdt =h, (1), n=1,2,3,... (25)

n

O'—.H

MBIHJA

G, (7,x,4) = (){smi(l' r)+/1jR(Tsﬂ)—sm/1(s r)ds}n 123..., (26)

n n

h,(A)=¢&, -, {cosinT + /Ij R (T,s,/i)cosinsds} —~
0
(27)

)
—@{sinm +A[R, (T,s,/l)sin;tnsds}, N=123,...
ﬂ“n 0

Omentur, 1-myHKTTa W3AEATeH ONTHUMAABIK OamkapyyHy OWpUHYM TYypAery
OpearoabMIyH CBIBBIKTYY 53MEC HWHTETPAIBIK TEHACMEICPUHUH YEKCU3 OITYOMIYY
cUCTeMaJapbIHBIH YbITapBUIBIIIBI KaTapbl TaOyy Kepek (25).

2. OnepaTopayk TeHJAeMeHHH YbIrapbLIbIIIbIH H3HI1100 (25).

XKoropyna OenruneHreHaeld W3NENTEH ONTUMAABIK Oamkapyy OWPUHYHM TYpAery
cheI[rOJ'IBMI[YH CBI3BIKTYY OMCC HMHTCIpaJIAbIK TCHACMCICPUHHUH YCKCH3 OJIYOMIAYY
CUCTEMACBIHBIH YbIT'apbLIbIIIBI KaTapsbl AHBbIKTAJIAaT. MBIH,Z[aﬁ CucCTCMaiapAbIH
YBITAPBUIBIIIBIH U3WII06 YIYH ONEPaTOPIyK METOANY KOMIoH0OyY3. Yiryn makcatTa (25)

CHUCTEMAaChIH OMEPaTOpPAYyK popMasia *Ka3bIl YbIradbI3
H'G(t, x, ) f[t,x,u(t,x)]dxdt =h(1), n=1,2,3,..., (28)
MBIHAa w
G(t,X, 2) = {G, (t, X, A),....G, (t, X, A),...} (29)
h(2)={h(2),..h, (1)} (30)
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benrunu kupruzeous

f [t xu(t,x)]=v(t,x) (31)
kaHa (28) onepaTtopyK TCHIEMEHU TOMOHKYIOH TYp/1e *a3a0bi3
T1
G[v]= j j G(t,x, )v(t, x)dxdt =h(1). (32)
00

AHaH KMHUH TOMOHKYJIOp TaTIICH/IH:
Jlemma 1. h(1) Bextopy

¢, :{a:(ai,az,..,an,..) / iakz <oo}
k=1

MENKUHIUTMHUH 3JIEMEHTH OOJIyIl CaHaJaT.
Jlemma 2. G[V]: HQ)—7,., Te. G[v] oneparopy Oapuabik v(t,x) e H(Q) na
¢, MEUKMHIUTU OOJyIl cCaHalaT.

OmureHTHN, TaTWIICHTCH JeMMaapabiH Heru3unae (32) omepaTopayk TEHISMECHH
¢, MEUKUHAUTUHJIE Kapanobl3.

AHBIH YbITapBUIBIIIBIH TOMOHKYIOH TYPae U31eioun3:
v(’[,X)=ZGn (t,x,A)a, +y=G"(t,x, ) +y, (33)
n=1
MBIHJIa O = {al,...,an,...} MEHKMHIUKTUH OCJITUCU3 BEKTOPY (,, 7 - 3PKHH TYpYKTYy. (33)
ay (32) re xoron TOMOHKY/10M KaThIIIKa 33 60100Y3

ﬁG(t,x,/i)[G*(t,x)a+7dedt=h(}t), (34)

XKC
T

1 T1
[[ot.x )Gt x, A)dxdt - & = h(2) - 7 [ [ G(t, x, A)dxdt. (35)
00 00

benrunu kupruzedus

M (4) :le(t,x,i)G*(t,x,/i)dxdt . h(4,7)=h(1)- yﬁG(t,x,i)dxdt (36)

*ana (35) TeHIeMECHH TOMOHKYIOH TYpA® omnepaTopayk Gpopmaa xa3blil YbIradbI3
M[a]:M(/l)-a:h(/l,)/), (37)
MbiHIa M (A) dYekcH3 emueMayy CHUMMETPUSIYY TypyKTyy matpuna, h(A,y) yekcus

eJTYOMIYY TYPYKTYY BEKTOP.
TeMeHKY JieMManap JaTHIICH N :

Jlemma 3. h(A,y) Bektopy Oapaplk OenrwiieHreH p.ne (¢, MEHKUHIUTUHUH
AJ€MEHTH OOJIyIl caHaar.

Jemma 4. Ma] omeparopy esyHne ¢, MEHKMHIMIMH 4Yarsuiasipat, 0.a.
VaefzzM[a]efz.
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Jlemma 5. M [a] olepaTopy OH MAaHHUJE aHBIKTAIraH JAeN JdcenTener, 0.a. T

a=6=(0,..,0,..) Oonrongo, 0.a. « HOIAYK BEKTOp OOITOHIO <a, M a)i > 0xana
2
<a, M a> ,. =006apabapchI3bIre! 60710T.
2

3 xaHa 4-nemMmaliapra bUIaibIK olepaTopayK TeHaeMe (anreOpanslk) ¢, MEHKUHIUTUHIE
Kapajar. S-JjeMMara bUIablK OH MAaaHUJI€ AaHBIKTAJITaH OINEepPaTOpPAyH KacCUETTEepPUH
KOJIZIOHYY MeHeH M [a]onepaTopy N Teckepyu 4YEKTEeNreH OlepaTopyHa 33 SKEHIUTHH

TaCTHIKTANObBI3
T1
a =Nh(4,7) = N(h(/l)—y [ G(t,x,/l)dxdt) (38)
00

KaHa HNh(ﬂu,;/)Hé2 < NOHh(/l,y)HZ , const N, >0.

Owmu tabbutraH (38) ublrapbuibiiThl (33)K6 KOOI TOMOHKY (YHKIUSHBI a1a0bi3:
T1
V(%) = G* (t, X, )N [h(z) - ;/”G(t,x,ﬂ)dxdtj +y (39)
00

An Oupunumn Typaery ®@penroibMIyH UHTETPAAbIK TEHIEMEIECPUHUH YEKCU3 OT4OMIYY
CHCTEMAChIHBIH YBITAPBUIBIIIBI  Oosyn caHanat (32). y mapaMeTpUHHH TYPAYY

oenrunepunae (32) TEHIEMECHHUH TYPAYY YbITapbUIBIIITAPBIHA 33 00JIO TYpTaHBIOBI3IbI
Kepyyre 6os0T, 0.a. (32) TeHIAEMeCH YeKCU3 KOIl YbIrapbUIbIIIITapTa 39.
Anpnan apsel arep (39)ty (31)re koe Typran 00JICOK, TOMOHKY (yHKIHTA 33 007100Y3:

f[t,x,u(t,x)]=G"(t,x, A)N [h(/l) - yﬁG(t, x,/’t)dxdtj +7, (40)

byn (28) oneparopayk TeHIEMEHUH YbITAPBUIBIIIBI OOTYIl cCaHalaT.
OmeHTun, y4YYHUY TIYHKTTa H3ICITeH ONTHUMANJBIK  Oamkapyy  IIapTTapiabl
KaHaaTTaHABIPraH YEKCU3 KON YbIrapbuUIbIITapra 33 (28) CHI3BIKTYY dMEC OIepaTopayK
TCHJIEMCHHH YbITapbUIBIIITAPBIHBIH apachiHa SKeHIuru oenrunenan (40).

3. f[t,x,u(t,x)]. ¢pyHkuusaAcbl OUp TYpae O00aroH yuypaa (yHKUHOHAJIbI
MHUHHUMAJJIAIITHIPYY.

OmeHTHmn, U3IEATeH ONTUMANIBIK OamkapyyHy (40) KaThIIbIHA BUTAMBIK TaOyyra
oonor. f [t, x,u(t, x)] e H(Q) obynkuusacs u(t,x) QyHKIMOHAIIEIK anMaiIyydy 6oloHdYa

Ooup Typae OONroHayryHa OalIaHbIITyy
f,[t.xu(t,x)]=0, V(t,x)eQ (41)

mapThl aTkapbuIaT.OMOoHI0 Tak 3Mec (YHKIUsIIAp JKOHYHIe TeopeMara butaibik (40)
Kateimbl U(t,X) anMarnryydyra kapata Oup MaaHuje yeuusieT, 0.a. ap Oup OenruneHreH J

OenrucuHae q)() byHKIHSACH 6ap

u(t,x) = @[G*(t, X, )N (h(/l) —~ yﬁG(t, x,/l)dxdtj + 7/] =u(t, X, 7). (42)

Omu taowuiran U(t,x,y) ¢yakousceiH (18) ¢dyHKIMOHAIBIHA KUPrU3eOH3 JKaHa

CKAJIAPJBIK PyHKIUSTA 33 0605100Y3
12



Ju(t,xy)]= .T[_l[p[t, x,u(t,x,y) |dxdt=a(), (43)

MbIHAA ¥ € R. AHJaH KuliuH CD( 7/) (YHKIUSACHIH SKCTpEMyMra KapaTa u3niaeions. byn

MAaCCJICHUH YbII'apbUIbIIIBIH TOMOHKY KaTbhIIITAaH Ta0aObI3:

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

D"(y)=p (puu [t,x,u(t,x,y)](uy (t,x,y/))z + (44)

+p, [txu(t,x,7)Ju, (t,x,)dxdt > 0.
(44) macerne O6up xe OUp HEYe YbITAPBUIBIIIKA 33 OOIYIITY MYMKYH.
1-yayp: (44) macene xanrbl3 j =j°dYbITapbUIBIIIBIHA 33 Jen dcenteitmn. Annma (42)

O e, —
O ey

bUTAMBIK H3aenren U° (t, X) OamkapyyHny ToMeoHKy popmyia 6oroH4a Tab6aObI3
u°(t,x)=u(t,x,y°) (45)

AN QyHKIIMOHAI MUHUMAJIJBIK O€JIrure 33 OOJTOH Kajirbl3 Oamkapyy O00Jym caHamar,

0.a.
J [uo (t,x)] =J [u(t, x,yo)] <J[u(t.x7)], VyeR (46)

Byn yuypma msgenren U°(t,X)6Gamkapyy Oump >KON MEHEH TaHa AaHBIKTAJAT >KaHA
ONTUMAJITYy OOJYII CaHaJIaT.

2-yuayp: (44) macene 6Gup HEde ¥, ,...,7., UBITAPBUIBIIITAPTa 33 A dcenTeimm, MpiHa M
HATypaJIJbIK caH. byn yaypna 6up Hede Oamkapyyra 33 60100y3

ul(t,x) = u(t,x,yf),...,ur?](t,x) = u(t,x,yg). 47)
u (t, X, ;/If) OamkapyycyHa 1maiikem kenreH (21) (QyHKIMOHanNbIHBIH — OENTHUCHH
aHBIKTAObI3
J[uf(t,x)]zJ[u(t,x,yf)], k=1...,m. (48)
AHIaH KUWUH
J [uo (t, x)] =min{J [uf (t, x)] J [u,?1 (t, x)]} (49)
MacCeJICCUHUH YbITapbUIBIIIBIHAH U’ (t,x) Ta0abb13. bym ydypma u®(t,x) ONTHUMAaIIBIK
Oamkapyy Ooxyn canamat. Orep J [u (t, %, 7, )] TYPZAYY MaaHuiiepre 33 00JICO all Kajrbi3
Oomyury MyMKYH. AJ MU J [u (t, %, 7 )] byHKIIMOHAIBI OMp dJIe MaaHure 33 00Jco Oup
Hede Oamkapyy onTUMaiayy OoJynry MyMKYH, 0.a.
I (tx)|=3[u’(t,x)], i=12..,r<m (50)
XKoropyna Oenrunenrenre kapar, osrep f [t, x,u(t, X):I byHKImsicel  (44) MaceneHUH

YbIrapbUIbIIIEL OMpee 00Jico, aHJa M3AEITeH ONTUMANIBIK Oamkapyy (45) dopmyna
OotoH4ya aHbIKTanaT. Orep (44) MaceneHHMH YbITApbUIBIIIBI OMpee 00100roH ydypaa
W3JIETITeH ONTUMAJIBIK Oamkapyy (49) KaThIlKa bUTAWBIK aHBIKTAJIAT.
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Omentun f [t, x,u(t, x)] byHKUMACH Oup Typlie OOITOH yuypjla U3JleNreH Oamkapyy oup

’KOJI MEHEH I'aHa aHBIKTAJIaT, AHTKEHU DKM y49yp TeH OMpu OMPUH YETKE Karar.

5 f [t, x,u(t, X)].(l)yHKHI/IHCLI oup Typae 6060roH yuypaa (GpyHKIHOHAJIIbIH
MHHMMAJIIAIIYYCY.
f[t,x,u(t,x)] eH(Q) dymxmmace u(t,x) QyHKIHOHATIBIK amMamyydy OoroHYa OGup

Typre OonboronyHa OaitmaHbiTyy, (43) mapThl aTKapbUIOAWT >KaHA TOMOHKY KAaTBIII
KOJIJIOHYJIAT:

f, [t,x,u(t,x)jzo. (51)
byn yuypna (42) Tenaeme Oup Hede YbIrapbUIBIIIKa 33 OOIyIy MyMKYH
u (t,x)=u,(txy) k=123..r,yeR, (52)

MBIHJA r KaaJlaraH HaTypaJJbIK CaH.
Omu tabeutran U, (t,X,7) @yakumscein (21) ¢yHKuMoHanra KoeOy3 kaHa

CKaIApbIK PyHKIMsIapra 33 60100y3

I[u (t.x7)] =_[ p[t,%,u, (t,x,7) |dxdt=a, (), (53)

00
meiaga K=12,.m.. AHgaH KuiiuH d?k(}/) GYHKIMSACHIH  AKCTpEeMyMra Kapata

M3MIIeHON3. DKTpeMyMra Oup YeKHUTTE Ke OMp Hede YEKHTTE KETKeH ydypiap Oomymry
MYMKYH. f [t, x,u(t, x)] GyHKIUSACH OUp TYpA® O0NTroH ydypaa OEpUiTreH «ONMTHUMAIIIBIK»

OalkapyyHy aHBIKTOO METOJHMKAchl OOHOHYA uf(t,x,y/lf ) «ONTHMaJIBIK» OalIKapyyHy
Taba0BbI3.
AHIAaH KUWWH W3IEIreH Uo(t,X)OHTI/IMaJII[BIK OamkapyyHy TOMOHKY IIapTTaH

TabaobI3:

J [uo (t, x)] = min{J [uf (t, x)] J [uf (t, x)]}. (54)
OmeHTurl, arep f[t,x,u(t,x)] GyHkuusACH Oup Typae 6oa0oco, aHga (42) TeHaeMecH
Oup Heue YbITapBUIBIIIKA 33 OONYyITy MYMKYH. Ap Oup d4blrapbuIblTa OUp TYpHeryneiu
5€e  M3JIeNreH u®(t,x) ONTHMAJBIK  OamkapyyHy  Tab6aObIs3. Orep

{J [ulo (t, x)] J [u? (t, x)]} CaHIApBIHBIH Gapabapiapsl )KOK 00JICO, aj Kaarbl3 0OIyIIy

MYMKYH. byn Oenymme OHIOHIONW »5i€ THIMIKBI OylTakThIH (QYHKIUSACH Oupiaei
OenmymTypyireH Oaimkapyyra KapaTa CbI3BIKTYY 53Mec OOJroH y4dyp Y4YYH Jarbl
M3WI00JI0PAYH KBIMBIHTHIKTAPHI OCPHUIITCH.

3.3-0eayMe THIMIKE OynakThlH (YHKIUIACH OOMYIITYPYIreH Oalrkapyyra jkaHa
Oupneit OenymTypy/ireH Oamrkapyyra Kapara ChI3BIKTYY 3MeC OOyl caHairaH KaHa
Oamkapyyra KOIOJNTaH YeKTee adanJblH (PYHKIMSACHIH TaHa KaMTBhITAH ydypjap YYYyH
ONTUMANIJAIITEIPYYHYH  JKOHOKOW  CBHI3BIKTYy OMEC  MaceleliepuH  U3WIA0OHYH
KBIMBIHTBIKTAPHI OCPUIITCH.

3.4-0enyMIe THIIKE OyNakThIH (YHKIMSICHI OONYIITYPYIreH Oamrkapyyra jkaHa
Oupneit OenymTypy/ireH Oamikapyyra Kapara ChI3BIKTYY 3MeEC OOyl caHaJraH jKaHa
Oamkapyyra KOIOJITaH YeKTe® a0ablH JKaIMbUIAMITHIPRUITAH TYYHAY (YHKITUSCHIH TaHa
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KaMTBITaH y4ypiap Y9YH ONTUMAIJAITEIPYYHYH JKOHOKOU CBHI3BIKTYY 3MEC MacCeJelepUuH
M3WIJ0OHYH JKbIABIHTBIKTAPbl OCPUITEH.

KOPYTYHAY
OMreKTe THIIIKBl OylIakThiH (YHKIUACH Oalikapyydy IapaMmeTpiiepre Kaparta
CBI3BIKTYY B5Mec OOJroH jkaHa Oamikapyyra 4ektee OoNroH yuypaa PpearoibMayH
UHTETPAIIBIK  ONEPaTOPYHYH  WHTErpo-mupdepeHnuanaplk  TEHIEMECH  MEHEH
MYHO3JIOJITOH TEePMEINTYY MPOIECCTEPUHHUH CHI3BIKTYY 3MEC ONTUMAIIAIITHIPBITYYCYHYH
Macesenepy U3WIAEHIN:

— ONTUMAJAAIITHIPYYHYH CBI3BIKTYY IMEC MacejecuHe Oallkapyyra 4ekree OOJITrOH
yupyla U3JENTeH ONTUMAJABIK Oamkapyy OwpuHuYHM Typaery OpenroabmayH
CBI3BIKTYY OMEC UHTETPAIBIK TCHICIMEICPHHUH YEKCU3 OTYOMIYY CUCTEMAChIHBIH
YBITAPBUIBIIIBI KATAPBI aHBIKTAJITAHBI OCNTHIICHM;

— OupunHuM TYpaery ®peArosbMIyH ChI3BIKTYY MeC WHTETPAIIBIK TeHIEeMeJIepUHUH
CHUCTEMACHIHBIH  YBITAPBUIBINIBI ~ 0ap AKEHIUTWHUH OJKETHINTYY IIapTTapbl
OCNTHIICHIH YKaHa aHBIH YbITaPBUTBIIIBIH TY3YYHYH QJITOPUTMH HINTEINT YBIKTHI;

— TBHIIKBI OyJaKTHIH CBI3BIKTYY dMec (PYHKIMSACH anMamryydy (GyHKIHOHaN OoroHYa
Oup Typae OoNynm caHaldraH ydypla ONTHMAaJIAIITBIPYYHYH CBHI3BIKTYy 35Mec
MaceJieJIeprUH TOJTYK YbITapBUIBIIIBI 0ap SKEHIUTH TaTWIICH/IH,

— TBHIIKBI OyJaKTHIH CBI3BIKTYY 5Mec (PYHKIMSACH anMamryydy (GyHKIHOHaN OOroHYa
Ooup Typme Oosiyn caHaimbaraH ydypAa ONTUMAJJAIMITHIPYYHYH CBI3BIKTYY 3MeEC
MaceJIeJIepUH TOIYK YbIrapbUIbIIIBI Oap SKEHAUTH NadWIIeHIN;

AJIBIHTaH JKBIMBIHTBIKTAp JKaHBUIBIK OOJYI caHajaT >KaHa ONTUMAJIJBIK Oalikapyy

TEOPHSCBHIHBIH CBI3BIKTYY 3MEC MacelIeJIEpUH YbIFapyyHYH >KaHbl METOIJOPYH MILITEN
YpIryyia naiaanyy 00myIry MyMKYH.

MNPAKTUKAJIBIK CYHYHITAMAJIAP
JlvccepTalMsiHBIH WUIMMHAHN KBIMBIHTHIKTAPBI TEOPHSIIBIK MYHO3TO 33 JKaHa ONTHKAJIBIK
Oamkapyy TEOpHSCHIH, HHTErpo-audPepeHuanaplk TeHIASMeIepad, MaTeMaTHuKa
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HoyaodexoBa Caaranar baiibiz0ekoBHanbin  01.01.02 - agudgepeHumnangbix
TeHAeMeJIep, AUHAMHUKAJIBIK CHCTEMAJIAP KAHA ONTHMAIABIK OalIKapyy aauCTHUIH
0010HYa (PHU3MKA-MATEMATHKA WJIMMIACPUHMH KAHAMIATHI WJIMMHI OKYMYUITYYJYK
AapamachbiH ajJyy Y4yH “dPDakropu3anusi METOAY MEHEH CepIuIrd4 TepMeJyyJdepay
CBI3BIKTYY 3MeC ONTHUMAJAALITHIPYY MAacCeJeCHH 4YbIrapyy” TeMachbIHAA Ka3bLITaH
AUCCEPTANMAIBIK HITHHUH

PE3IOMECH

Herusru ce3nep: TepMmenyy npoueccu, *KaalbUIaHTaH YbITapbUIbII, (PYHKIIMOHAT,
ONTUMAJIBIK OAIIKaAPYY, CHI3BIKTYY AMEC UHTETPAJIABIK TEHIEME, ONepaTOPIyK TCHIEME,
XKBIMHATYYYYIIYK.

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

N3uanee npeameru: M3mineenyH npeaMmeTu Oamkapyy (yHKIHUSChIHA YEKTOOJIOP
KoroJIraH yuypiaa OpearodbMIyH HHTETPAIILIK ONEpaTopy MEHEH KEKe TYyYHIyjnapia
UHTErpO-AudPepeHITUATIBIK TEHAEMEIEP MEHEH MYHO30JITOH TePMENYy MpOIeCCTePUH
CBI3BIKTYYy 53MEC ONTHUMAJAAIITHIPYY MACEJICICPUHUH 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
ONTUMAJIIAIITHIPYY MACEJIECUHUH KAJIThI3 UbITapbUIBII 0ap IKEHIUTHH Oenruiee 00myI
caHaJjar.

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

NuruH uiaMMui sKaHbLIBITbI .

— bamkapyyna dekteenep O0JNToH ydypja ONTUMAIAAIITEIPYYHYH CHI3BIKTYY dMeC
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 SMEC HUHTETPAAbIK TEHIAEMEIEPUHUH
CUCTEMACBIHBIH YBITAPBUIBIIIBI Oap SKCHAUTUHUH KETUIITYY MapTTaphl TAObLIIbI
’KaHa aHbl YbITAPYYHYH aJTOPUTMHU UILTEIIUIT YbIKTHI;

— DBynakThiH CBI3BIKTYY 3Mec (QYHKIUACH anMmainryydy (GyHKIHOHaa OOroHdYa Oup
TYpZ® KaHa OUp TYp[e 3Mec OONTOH ydypja ONTUMAJIAMTHIPYYHYH CBHI3BIKTYY
AMEC MACeJEeCUH TOJIYK YbITApYYHYH JITOPUTMU UIITEIUI YbIKTHI;

N3unneeHyH mNpakTHKAJbIK MaaHucH. bamkapyycyHna dekreesiepy Oap
TEpMENYY TMPOUECCTEPUH CBI3BIKTYY 53MEC ONTUMAIJAlITBIPYyHYH MaceleaepuH
YpITAPYYHYH MILITENIUN YbIKKAH aJITOPUTMHU THUPKEMENEpAe TEepMellyy 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 M ONITHMAJIbHOE YIIPABJICHHE.

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 MPUIIOKEHUSX MIPU 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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