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M3WIAOOHYH XAJNbl MYHO3IOMOCY

Huccepraunsubin  TeMackiNbiH  aKTyanayyayry. CuipTKbl Taacupiep
Me3ruaayy GonroH KenTeroH NpOUECCTEpPAHH MATEMATHKAIBIK MOACTACPHHAC
KOMMOHEHTTEPH Kanaaiiabip OGP AKETHWIIPNHK 4OH WHTepBanga Gearunepuu
o3ropTken, Oawkaua aiiTkanpa Tepmenyydy ¢ynkumuanap kesgewer. Yuyn
CHIAKTYY TepMenyynep kentereH GaiukapbulyyHy npoueccTepae Aa naiina 6onaor.

Asbipksl yuypna OonywtypynreH napaMeTpnyy ontimanayy Gawkapyy
TEOPHACHLIHBIH METOALOPY MAHM MCHCH TEXHHWKaHBIH ap KaHAaii TapMaKTapblHAa
ynam cyuryn kupyyne. VYumyn cebentyy ®Ppearossm xana Bonbteppa
MHTErpanablk OMEpaTopy MEHEH JKeKedwe Tyymaynapaars! andipepeHumanabix
TeHaeMmenep ke nuTerpo-guddepeHuManabIK TeHAEMENEP MEHEH MYHO3J0JATOH
MaTeMaTHKANBIK Mofenaepan mu3wigeo aktyanayy. bBupok ®pearonsmays
HHTErpo-AH(QepeHLMANIbIK TCHACMENEPH MEHEH MYHO3IOATOH TEpMenyyuy
npoueccrepre GaiinansiuTyy Macenencp a3 mswngexres, A.Kosanesckuiianu
(2011), AXK. Xypuyaauasit (2014) %.6. a3 cannarst amrexrepu 6ap.

Huccepraunsna @pearonsM uuTerpo-asidpepeHuuanasik  TeHACMenepH
MEHEH CYPOTTONIrOH CEPIHITHYTYY TepMENYYNOpAYH ChI3BIKTYY IMEC MacenenepH
Gup 4eKHTTHH KblfiMbIIAYY GyNnarsiHbIHLIH TaacCHpH acTiiAa naiina Gonrox xama
THILUKLI apakeT GUp Heue TYPYKTYY MEKHTTepAe TONTONTOH Yuypiapaa H3H/ACHET.
H3nnpee yuypyHaa MbIHAQI CBI3BLIKTYY OMeEC MacenenepanH OMp kaHWa Ken

. YEKMTTYY THIWIKBI Taacupaep Gonrou yuypaa Gup Maamwtyy “CHHAMWA YHYH

KETHIITYY WAPTTap aHBIKTANraH.

JuccepTauusinbll - TEMAChIHBIH  HpH  HAHMNIE  mporpammanap
(nonGoopnop) xana uanmuii Mexkemenaep TapabbiHan aTKApLLIYYyuy Hermsru
minngoe mwrepn Mmemen OGaiinambuuni  Jluccepraums  Bunmsm  Gepyy
munnctpanriini NeKP 05 (mam.katroo Homepin Ne 0007207) «XKekeue
TyyHaynapaarsi uuterpo-andpepeHuHanablk TeHAEMENE) MEHCH CYPOTTONToH
TCXHONOTMANBIK  MPOLECCTEPAM  ONTHMANAYY  YeKMTTHK  OawkapyyHwyw
MaTeMaTHKaNLIK bIKkManapsm (2016 — 2017 xk.) uanmuii 401600pyHYH ANKarsiHaa
aTKapbInram.

M3nngeonyn MakcaTTapsl Kana MHAACTTepH. JIHCCEPTALMANLIK HIUTHH
MAaKCaTbl (Dpenrohm unTerpo-andpepenuManIbIK  TEHAEMENEPH  MEHEH
MYHO310/ITOH MEKMTTHK KbifiMbUILyy GynakTapblHbiH TaacMpH acThiHAa mafina
Gonron CepNMATHYTYY TEPMENYYNOPAY ChI3bIKTYY IMeC onTHmanayy Gawikapyy
MacenenepHH H3W100 AaHa ajl MACENCHHH YbIrapbUIBILITAPLINBIH KaWALIb! KaHa
KANCHI3ABIrLL YUYH AKETHIITYY WapTTapas! anyy 6onyn cananar.

Hannneenys Munaerrepu:



—  Gawxapsinyyny Tepmenyy npoueccn  Dpearonsm  HHTErpo-
AndQepeHLHANIBIK TCHAEMECH MeHeH MYHO30/IFeH yuypAa YeKTHK MaceNeHHH
KUINBINAHMAH YbIFAPLUIBILLIH TYPry3yy;

— TyliyHOL YeKTHK MaceNneHHH XaNbUIaHraH YbIrapbUILILLIH TYPry3yy;

— KbliiMBLIAYY 4EeKHTTHK Oatukapyy ydyH ONTHManAyy WapTTapibl skana
GawKapsulyyy NpOLECCTHH HEH3TH JKaHa TYHiyHaow YeKTHK Macesienepitns Gup
MaaHIIYY HeHiuTHILE YHYH WapTTapas! anyy;

— YEKHTTHK GalKapyyHyH CBI3LIKTYY 3MEC ONTHMANAAILTLIPYY MaceleCHHIH
UbIFAPbUIILLLIH TYPry3yy ’aHa anapiblH ONTHMANALIK Gawkapyy, ONTHMAIALIK
nipouecc kaHa ¢yHKuMoHan Goionua Anxunnamyynapunun AbliHANYYuynyrys
Danninee; :

— aNbIHIaH TEOPHANBIK HaThlibKaNapabl upacrarau CaHBLIK MHCANT KEATHPYY.

Hsunnoonyn nanmuii xkanblabirsl. Bupnnun xony ®pearonsm HuTerpo-
anddepeHUHANILIK  TCHAEMENEPH  MEHEH  MYHO3NONroH  CepRHArHYTYY
TCPMENYYHYH HEKMTTHK OalkapyycyHyH MHCAIbIHAA ONTHMAIAALTHIPYYHYH
ChI3bIKTYY 3Imec MaceNecHHHH = MbIrapbUlbIlIbIHbIH AKaHa aHbIH
KaKbIHAALYYNAPLINLIH ANTOPHTMH MIUTEIMN vbIKKaH. JKuiifbIHTEIKTAp GupHun
KONy anbiNra KaHa anap OGenywTypynreH napaMeTpiayy CHCTeManapibl
ontmanayy 6atKkapyy TCOPHACHIHBIH METOANOPYH aHAAH apbl OHYKTYPYY KaTapbl
mynosnoenoet. Yexkuttk Oawkapyyna dpearonsm munterpo-anddepeHunanabik
TeHaeMenepH ’rh'paﬁuuau MYHO310/Ir0H TCPME/YY NMPOLUECCTEPHH ChI3bIKTYY IMeC
ONTHMANAAWITLIPYY MaceNeCHHHH ONp MaaHWnyy deymwnInwM Y4YH KeTHIWTYY
mapTTap TabbiNraH skaHa CbI3bIKTYY 3MEC ONTHMANAAITHIPYY MAaceNecHHHH
KaKbIHAATBUINAH YBIFAPbUIBILGIH TYPry3yYHYH anTOPHTMI HIUTEHN YBIKTH KaHa
anapablH onTHManALIK Oawkapyy, onTHManayy npouecc kaHa (yHKUMOHan
6olonua AbliiHanyyuyynyry AannajieHan.

Teopusanbik kana npakTukansix Gaanyynyry. Juccepraunsna ansinran
YEeKHTTHK 6amxapyyna CHI3HIKTYY OMEC ONTHMANAAWTLIPYY —MacenecHHun
KaKbIHAATBUIMAH - YBIFApBUILIUTAPBIN  TYPrysyy Y4yH  anropHTMACPAMH
NPaKTHKAIBIK  MAaHNCH, QIapabl TepMenyydy cucTeManapaa  Koliimslagyy
‘GawkapbuUtyydy apakeTTepAH KOAAOHIOH TApMAKTAPAA aHa ap Kanaail 3amanban
TeXHONOTHANBIK TnpoueccTepae  KONAOHCO GonoT. ANBIHraH AKblifbIHTBHIKTap
KbliiMbinayy Oawkapyy JneMeHTTCpPH MeHeH OGenywTypyiren napameTpayy
CHCTEMANap/bl ChI3LIKTYY IMEC ONTHMANAALITHIPYY MaceaeNepHH YeHYYHYH KaHbl
CanaTTLIK KaHa KOHCTPYKTHBAYY bIKMaJIapblH MIITEN 4bIIYY YUYH A3 TEOPHAIBIK
MaaHure 3.

JuccepTaunsHbIH KOProoro Koloayy«y Hernsru xoboaopy.

A — ThiWwKbl GynaKTap KuliiMBUIAYY HYEKHTTHK AaHa KON MEKMTTYY TYPYKTYY
Gonrougory ®pearonbM  WHTETpanibIK ~ ONEpaToOpyH KapmaraH HHTErpo-
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auddepeHunanibik  TeHAEMENEPH MEHEH MYHO3ZAOArOH  CHI3LIKTYY 3MeC
ONTHMANAAWTHIPYY Macenecunae n3nenyydvy onTuManasik Oawikapyy THewenyy
TYPA® CEUHPHKANLIK TYPAOTY ChI3BIKTYY IMEC HHTETPANbIK TCHAEMECHHNH KaHa
aNIApABIH CHCTEMACBIHBIH YBIFAPLUILILILI TYPYHIO aHBIKTANAAPb! AAIHAACHIH; -

~ IKHH4M Typaory DpearonbM Chi3bIKTYY IMEC HHTErPAIABIK TEHACMECHHHH
A2HA ANAPAbLIH CHCTEMACHLINBIH MBITAPBLUILILLIHBIH JKaWAWL! YHYH KETHIITYY
WAPTTapbl TabbUIABY;

— TeIlIKB  Oynak  QyHkumscsl  (yHKUMOHANALIK o3repme  Goonua
MOHOTOHAYY 60/roH yuypaarsi ChI3bIKTYY 3MeC ONTHMALAALTHIPYY MaceNeCHHMH
TOJIYK 4bIrapbibItIbIHBIH /KALIAMIbLL AANHAACHAN;

~ KBAZIpaTTLIK CyMMananyy4y ¢ynkumsnapabii insbepr MeliKHHANTHHHK
HOpPMAachiHAa ONTHMANABIK GaWKAPYyHYH XKaKBIHAAUIYYNAPbIHbIH, ONTHMANABIK
NPOLECCTHH KaHa (YHKUHOHANALIH MHHHMANZYY MAaHMCHHMH Y4 Typaery
JKaKbIHAALIYYIapbIHBIH /KbIiTHANYY Y AYTy AaNIIACHAN,

— Kapaniblf JKaTKaH ONTHMaNJAITLIPYYHYH ChI3BIKTYY 3MEC MaceneCHHHH
YbIFapLUIBILUTAPbIH  TYpry3yyra HHTCTPaNAbIK  KOWYAYyuyHyH THiirmHsrex
TAaCHPHHNH ceUH(HKANBIK 63rONONYKTOPY aHBIKTANRI;

— anblHraH TEOPHANBIK KOPYTYHRIYNAapAbl bIPacTaraH CaHIbiK 3CENToo
AYprysynay.

H3nenyyqynyn e3ayK canbiMbl. Bupreneiumn skapeiananran sMrexvepae
MAaceNIeHHH KOIOY LIy, KbliibIHTBIKTAPbIH TAAKYYJ/I00 HIHMHIT JKETEKUHTe TAAHADIK,
Q1 3MH HErH3rH KbliibIHTHIKTAP: JKANMLUIAHFAH MBITAPLUILILUTHL  TYPry3yy,
ONTHMAIAYY WIAPTTHI ATYY, ChI3BIKTYY 3MEC WHTETPAIABIK TCHAEMEHHH YCHHMHHIH
Aawawsl  y4yH KETHIUTYY WAPTTapAbIH  @IbIHBILL,  CBISLIKTYY 3MecC
ONTHMANAALITHIPYY MACENCCHHHH TaK KaHa KAKbIHAATLUIMAH UbIrapbUIbILITAPBIH
TYpry3yy QIropuTMH, OWIOHAOI 31€ KAKbLIHAATBUINAH “bIFAPbUILILTAPBIHBIH
KaKbIHJAUIYYNapbIHBIH  KbIiHATYYUYYryH JQIHIN00 CHIAKTYY Hatblibxanap
n3eHyy4y Tapabbinal anbiHIbL.

JinccepTauHanbIl AbliibINTHIKTAPBIH anpoﬁaummoo. JucceprauisHbIi
Hatslitkanapsl Keipreis-Opyc Cnasa yHHBEPCHTCTHHIH KONJOHMO MaTeMaTHKa
aHa uHdopmaTHKa KadeapackIHbIH WINMHIT CeMHHAPNAPbIHAA (KETEKUHCH NPOd.
Kepumbexos A.) sxana Kwipreis PecryGnukachinein  YAyTTyk  minMaep
aKaJIeMMACBIHBIH MaTeMaTHKa HHCTHTYTYHYH CEMHHApBIHAA (WINMHIT KETEKMHCH
akanemuk A.A. BopyGaes) aHa TOMOHKY 31 apanbik KoH(epeHunsanapaa
TaNKyynaHra:

~ “Balikapyy  TCOPHACBHIHBIH, TOMONOrHAHLIH  KaHA  ONEPATOPAYK
TenaeMenepanH aktyanayy macenenepn” 111 On apansik xonpepenunscel, Hebik-
Ken, Yonnon-ATa, 19-22 uioHs, 2017;



— Typx TuaRYY onxenopayH MaTeMaTHKaILIK KooMyHyH VI konrpecch,
Acrana, Kazaxcran, 2 ~ 5 okta6ps, 2017;

— “MaremaTikansik  ananus, aupdepeHUHANALIK  TEHAEMEnep kKaHa
anapablH KONJoHynywy” 8- apansik xombepeummcu, MADEA-8, Yonnou-Ara,
Kuipreiscran, 17 — 23 mons, 2018;

~ “Ontumanayy OGawmkapyyHyH, AMHAMMKQIBIK CHCTCMANapablH Kana
onepaTopiayk TEHAEMENCPANH TeopHAnapblHAarsl akTyanayy macenencp” 1V an
apansik HANMRIT KoHdepeHumAcH, Builkek, 23 — 25-monb, 2022-X.
Juccepraunsiunin KbliibIHTBIKTAPBIHBIH bacbiiManapaa TONYK
HArbUIABLIPLUIBLILILL.  JIHCCEPTAUMAHBIH HErH3rH KblibIHTBIKTAPbI JKAPbIANARTAH
IMrEKTEPANH TH3MECHHAE KEATHPIATeH 7 WwinMuii Makanana [1 — 7] apbiKk KOProH.
[7] makana. Web of Science, [6] makana Scopus maansimMar GazackiHa, [2 — 5]
makananap PUHL] maansimaT 6a3acbiHa KHPru3miIreH.

Juccepraunsnubin TY3yayuy Kana xKesemy. Juccepraunanbix Ml KupHu
co3aeH, Tepr OanraH, KopyTyHaynaH, 85 kongowynraH apabHATTapAbIH
TH3MecHHeH, 12 Tabnnuanan Typat. JuccepTaunansik HIUTHH Kainb! kenomy 106
Gapax TEKCTTH KaMTRIiT.

AUCCEPTALUSIHBIH HET'M3IrH MASMYHY

Mnumuii usungeenepayH HaThlikanapbl TOMOHKY bIpaaTTyynyKTa OepiireH:

Kupnuyyne TemaHblH aKTyanayyayryHyH HErw3aeMecH, HIITHH JKaunbl
MYH@316MOCY, M3WINGOHYH MAaKCaThl JKaHa MIUIACTTEpH, WIMMMHIl KaHbIIbIrDI,
TCOPHANLIK KaHA NPAKTHKAIbIK MAAHHCH /KAHA KOProoro KoIonyywy Herusru
xobonop Gepinres.

«AJDABUATTAPIFA OB30OP» arryy | OGanra ®pearonsm HHTErpo-
auddepeHunanabik TCHACMENEPH MEHEH CYPOTTOINOH KOJMAOHMO MacefenepanH
MHCAIAAPb! KeATHPIANN, AMCCCPTAUMAHBIH TEMachiHa GailnaHbllUTYy MypyHKY
n3unnoesnopre Keickaya OGasHaama skacanasl. Owonpoii 2ne  Kareropmuanap
TEOPHACHIHAH  MaanbIMAT .Gepuium,  IMreKTe  KONIOWYAraH  Temaeme

' KaTEropHAChIHbIH KaMTBIIraH xareropmmgpt;u yuyH Genrunoenop KHprusuireH.

«HU3WJIIOOHYH MATEPHAJIbI JCAHA METOJIOPY» attyy 1l 6anta
H3HIAEOHYH OOLEKTH kaHa MpeaMeTH, M3NIACHHN JKaTKaH Macenenepan ueuyy
YuyH KojmoHynraw bikmanap Oasupanar. JlucceprauMansik HWTe N300
obbekTicn Gonyn (PpearonbM uHTErpo-andQepeHUnanabIK TeHAeMeNepH MCHEH
MYHO3A0TOH CEepPIMArHITYY TEPMENYYIep cenTeNHHET.

Haunpoeonyn npeamern Gonyn ®pearonsm uuTErpo-anddepenusanasik
TEHIEMENICPH MEHCH MYHO3NONTOH CEpPIIIFHMTYY TepMenyyiopay Gawxapyy
YCKHTTHH KbliiMbUIYyy OyfarsiHbIH TaaCHPH acTbiHAA KaHa THILWKLI TAACHPNCPAHH

" MKCHpNEHIeH YeKHTTEpAE, an IMH ThHILIKbLI TaacHpAHH (yHKUMACH GalukapyynaH

e B

CHI3LIKTYYy IMec Ko3 kapanasl Oonrom yuypnapaa ontumanayy OGawkapyy
MaceecHH YeUYYHYH aNropHTMHH HINTEN Ybiryy caHanar,

«DPENATOJIBM HHTErPO-IUPOEPEHLMAJIABIK TEHIEMEJIEPH
MEHEH MYHO3JOJI'6H KbIAMbIIAYY YEKUTTHK BALUKAPYYHYH
CbI3BIKTYY OMEC MACEJIECUH YEYYY» arryy Il Ganra uekntTiK
KbliiMbinayy OynarbinbiH  apakeT acrthiHaa nafiga Gonron  cepnuArmyTYY
TEpMENyynepay ontHMalayy OGalkapyyHyH CBI3LIKTYY 3MeC  MacenecH
H3WJIACHTEH. :

3.1-6enymae ThuUKbLI apaker (yHKUMACH onTHManayy OGawxapyynau
CHI3LIKTYY IMEC KO3 KapaH/ibl GONroH aHa HHTErpanabliK KBaApaTTiK (hyHKLOHAN
MHHHMYMra KeATHPIWIreH yuyprapaa TepMenyy NPOLECCTCPHH ChI3bIKTYY IMeC
ONTHMANAAWTHIPYY MACENECHHHH HEYILUTHILIH H3IUIACHTEH.

HuTterpanblk  KannblNaHraH KBafPaTTHIK d)ynmumuu MHHHMaRRYY
MaaHHCHH Tafyy cuzumyy 3MeC MacesecH xapanar :

l[u] = I[V(T.X) - §(t)] dx + ﬂI pz [I,u(l)] dr, p>0. )
TOMOHKY YEKTHK MACEICHHH YbIrapbUILIUTAPBIHBIH KONTYYHIO
Vv, =V, + AIK(I, r)v(r.x)dr+8(x-x @) f[Lu()]. (Lx)e@ @

v(0,x)=y,(x), v (0x)=y,(x), 0<x<], 3)
v,(1,0)=0, v, (11)+av(s,1)=0, 0<t<T. @

mbiaa K (l,r) - D={0<1<1,0< 7S 1} obnacteinaars Gepunared GyHKuns Kana an
TOMOHKY LIAPTTH! KAHAATTAHABIPAT:

ﬁK (t,r)drdt = K, <, : )

6.a. K@,r)eH(D),E(x)eH(0,1), w(x)eH(0,1)-6epunren  ¢yHxumanap;
SIt,u()}e H(0,T)- u(r)e H(0,T)Gawkapyy hyHKUHACHIHAH CBI3BIKTYY IMEC KO3
Kkapaubl Gonron ThiKbl Gynak GyHKUHACH], TOMOHKY WAPTTb KAHAATTAHABIPAT
LltLu()) =0, Vee(0,T); 6)
X,(1)-0 nen 1 ueiinukn Maannepan kabbist anyy'iy KaHa THIUKBI KY' TaaCHp ITKEH
YEKHTTHH KbIfIMBUIBIHBIH 3aKOHYH MyHe3e04y Oepiuiren (yHKUNS,
A - napamerp, T - pukcupnenrex y6aksit, @ >0 TypaxTyy “OHAYK.
MUannneone (2)-(5) uextnk macenecuunn v(f.x)€ H(Q) xamnbinauran

YBLIrapbUTLILIBI TYLIYHYTYH KO/10HO0Y3.
Anvtkmama, (2)~(5) HEKTHK MacEACCHHHH JKANMBUTAHMAH HbIFapbUILILIL! ACN

Vt, %ana t; (054 <1, ST) *xaua Vg(1,x)eC*(Q) QYHKUMACH YUYH O3YHYH
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v,(,x) ®annbuTaHraH TYyHIyCy MEHEH TOMOHAOry MHTErPIILIK TCHACWITHKTH
KaHaarTanabipran v(2,x) € H(Q) pyHKuMACHH TymyHoOys:

j‘(,”_m v = H [(¢" - v(1,%) +(A)'K (ro)v(r,x)dr+8(x-x,) f [!,u(l)]]#(r,x)]d\'dﬂ
0 - 40 s o

+}[—v(t. D (ag(t.1)+8,(.0)+v(1.0)¢, (1.0)]dr
h

An >Mu GawTanksl KaHa MEKTHK WapTTapra xaanaraupaii ¢,(x)e H(0,1)
wana @(1)e H(0,7) dynkumanapsl yuyH anchis (MHTErpanablk)  Maanmme
KaHaaTTaHAabIpar, 0.a.

e ) ()= o () ). S o 2) s o o) (),

u(f) e H(0,T)6awkapyy (GyHKUMACHIHA TYypa KEAreH YeKTHK MacesleHHH

QIrbI3 Yblrapbinsilsl 6ap nen ﬁomconnoo menen (1) pyHKuMOHANBINBIH CYHAYCY
3CENTENHHTEH.

Al(u)= -{ { ! S (x = xy(0) @ (t.x)ax[ f (t.u+Au)~ f (t.u) e +

+‘[,6[pz (ru+au)-p? (I.u)]dl -9-'|'Avz (T.x)dx = -jAﬂ(-,u)de'A? (T.x)dx ™)
MBbIHAA Ho;arbanm THOHHACTH (YHKLNA TOMOHKY TYPro 33:
j §(x-x,0)o(r,x)dx- f (l u(1))-pp* [t u(l)] (hx0)f [l u(t ] pr [I u(l)]

®
o(t,x) € H(Q)- u(t) € H(0,T) Gawxapyycyna Tyypa Kenyyuy TOMOHKY Tyiiynaow
YEKTHK MaCEICCHHIMH Ka/Irbl3 KAINbUIAHIAN YbIrapbUILILLIbE

T
0, -0, = A[K(r,)o(r,x)dr, 0<x<], 0<¢<T, )
o
o(T,x)=0, &[T, x]=2[v(T,x)-¢(x)], O<x<l; (10)
0,(1,0)=0, o, (1,1)+aw(,x)=0, 0s1<T. an

MakcumyM npHHUNGH AaningeHan: kapanyyyy (1)-(6) macenecnuae
u'(t) € H(0,T) 6awkapyycy ontumanayy Gonyury yuyn

n(t, 0°(t, x),v°(t, x),u°()) (=) izégn (¢, 0°(t, x),v°(t, x),u),
kaTbiwbl [0,7] KecHHANCHHIKE NDIPANHK GAPABIK HEKHTTEPHHAE ATKAPUILILILI 3aPbU
KaHa AKeTHWTYY, MbiHaa Z — 1 €[0,7] xecunaucunnu ap 6up uexurnnge u(f)
d:yukwmcunun on Gepinren MaaHWICPHHUH KONTYry. ;
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Makcumym  npHHUMOMHMH  TAK  3MEC  AAMWIJEHHMIIH  TOMOHKY
6apabapchbi3ibIKTaH KeHN ublraapsii Genruen kerem:
ANt w(t, x), v(t, x),u(t)) = At ut) + du(t)) - 0t u(t)) <0.
(8) re mnaiiblk MakcHMYM NPHHUMGHHMH HaThlibkacsl KaTapsl TOMOHKYAeii
KaTbILITAp aNbIHAT:

I, (u)=w(,x0) 1, [l, u(l)] - 2,Bp[l,u(t)]- P, [t,u(t)] = 0;_ ; (12)
I, (~u)=a(t,x,M) /., [l, u(l)] -2p ( P [l,u(t)] +p[tu (l)] P [I,u(t)]) <0. (13)

*aHa Oynap annbiCbiHaH ONTHMANAYYAYK WAPTTAphi A€M aTanar.
OnTumanabik GalKapyy TOMOHKY KaTHILUTAH aHBIKTANAT:

p[l u(l)] p_[t u(l)] P8
74 00) R S

.MbIHAA

o(t,x,)= "z‘:l:m, )z (x0)=- 2.2"; G, (T,l,).)l:-h_ + J:E_ (T 2)f [:),u(r))]dn]. (15)

Macenenn H3IULI06HYH AYPYLWYHIO TOMOHKY TeopeMa

dopmynupoBkananal:
Teopema. Meiinu (2)-(5) wextnk Macenecunge K(t,r)e H(D), £(x) e H(0,1),

g(x)e H(0,1), w,(x)e H(0,1) Gepunren  ¢dynkumanapet  nbGepr
MeifkHHAUrHHNE, an oMH v, (x)e H,(0,1) Oupunun Taptuntern Colones
MeifkHHANIUHUE  oneMmenTTepH Goncyn. DJrepae  fr,u(f)] Thiukn Oynak
¢ynkuuact ap Omp ukcupnenren w(f)e H(0.T) yuyH KBagpaTThIK -
cymMMananyy4y Oyuxkuuanapasii Fiuns6epr MeiikuHaNrHHIE 2neMeHTH 60N1Co KkaHa
u() (QyHKUHOHANALIK O3rGPMOCYHO KapaTa MOHOTOHAYYNYK  WIApThiH

KaHaaTTaHasIpca, 6.a. (6) wapTs! aTkapsuica, anza (2) —(5) uektik macenecu H(Q)
KBAJPATTHIK CyMMataHyydy (yHKuManap mefikusaurunae v,(f,x)Kainbiianran
Tyynayra 33 Goayyuy v(7,x) Kanrsi3 KannbiNaHraH YbIrapbUlbitbita 33 60n0t.

(14), (15) 6apabapasikTapbita binaiieik Fint-Equa-Func xateropuicbiHan
TOMOHKY TYPAOrY ChI3bIKTYY IMeEC nmerpannux TEHAEME ANbIHAbL

pltu(e)|p,| tu ; ga el
‘ﬂALf[-’]“—(EH—I—ZG(TIA)[h js(r ,).)f[, ]d] (16)

MbiHAA

T : T '
h=¢ -y, lcos AT+ AIR, (T,s,l)cos,l,,sdr] -%’i[sin AT+ _[ R (T,s,A)sin l.Sd‘],
0 n 0



G,(T.1,1) =2 (2(')) i (r-:)+Af/;(r,s,z)sinz,(r—s)ds],

E(T, ;;,2.)- &,(T.n,4)z, (x,(m),

,,(t,s,/l), B,(t,s,A) —nern3rn KaHa TYiHiyHAOW WEKTHK Macenenepau
ubirapyyaa ~anblHraH  pelonbBeHTanap, anap ToMoHKY  Gaanoonopmy
KaHaaTTaHAbIPaT:

T |

gl @n[oa)]

T
[R(t,s5,A)ds s———— J'P (s,1,2)ds S ———2
0

T S
()

L[ tu(r)
u(r)=g[1,4(1).8]. ' an
KaTbiWTapbiH 3CKe anyy MeHeH (16) Tenaemecn '
q(r)= 26, (T,t,/l)l:h,, -I E,(T, r,/l)f[r,;a(r,q(r),ﬁ)]dr]. (18)

TYpAOTry TEHACMECHHE KENTHPHICT e aHbl TeMOHAeryaoii oneparopayk dpopmana
&asyyra Gonor:

a=G[q(1)]=h-G,[q). 19 -

MblHaa

h=h(t)=¥ G, (T.t, A, 20)

G,lq)= i:G,(r,r,A)j E,(T.1,2) f[f.qo(r.q(r). p)] dr. @21)

Hf [”"(’)] o [”ﬁ(’)]ﬂ(o.r) </ I“ (1) —-ﬁ(')ln(o.r) v ;. 529
I(o[f.q(l).ﬂ]‘- (/’[T.'(i(l),ﬂ]”(on 0, (p)l[q(’)-a(’)]u(o.r} + P (ﬁ) "8

2 , 2

r= 4\/— T|4— 2K,
(A-1AK, r’)
WAPTTapbiHbIH  aTKapbiibiubiiga  Fint-Equa-Func  xateropuscwinan  (18)

TenaemecH H (Q) MeliKMHANTHKAC &KanTbl3 YBIraphiIsIiKa 33 60N0T xaHa an yuyH
TOMOHKY 6aanoo opyH anaapsl JANHNACHICH:

[ )fo%(ﬂ) 1.

]

R,

—

uqo (’) =49 (l)“n(o - “G[(’o (’)] A G[q" (’)]u;f(o ) o
=|r-G.[¢°®]-h+Gi[a, Gola. 0]

(0, r)

< _| - lelae]- 20, 0, = —1 e =G [9]~ 4] 0.
mutuga (1) = ‘l'u.rl q,(t) — (18) TerACMECHHNH TaK 4BIFAPLUTLILLIBL.

q°(r) usirapsinsiiubin KongoHyy Menen (16) Gup TeKTYy IMeC TeHAEMEeCHHIH
4BIrapbULILL KaTaphbl ONTHMANALIK OalKapyyHy aHbIKTaiiobI3,

u'(t)= q)[l,q"(l),ﬂl
#°(r) onTumanzsix GawkapyycyHa Tyypa Kenyy4y (9) 4eKTHK MacenecHHHH
YbLITAPLLALILLLI TOMOHKY AT TYpre 33:

v(1,x)= i(lj R, (1,3, A)ay(s)ds+ af(t)]z,, (), (22)
MbIHAA ‘ ;
8(0) =i cos 1+, sin A+ fsin, (1=, (xs) [t ()

Ontumanasik Gamwkapyy KaHa ONTHMANABIK mpoueccTn Gunyy menen (1)
$YHKUHOHANTBIHBIH MIHHMANAYY MaaHHCH TOMOHKY GopMy”na apkbiiyy Tabbinar:

I [u° (l)] = j:[v° (T.x)-¢& (x)]2 + ﬁI P [t. u° (l)] dr.

Tabsuiran (u°(r),v°(t,x),l(u°)) yuryry.  (1)<(6) chisbKTYyy oMmec

ONTHMANJAWTHIPYY MACENCCHHNH TONYK HbIrapbUIbILULIH AHLIKTAIIT.
Onmuannyy GawkapyynyH k-kakbiHaawmyycy
u(=9lt,q,().0,  k=123..

q,(¢) xaua ¢°(¢) TeMeHKy 6aaoOHY KaHAATTAHALIPHILIAT:
k
0 - -
I‘I 0-q, (')Imo_r) < -I-:—rGo, 7 <1, Go —const ;
Iu"(,) -H (’)Imo,n s “ﬂ”qo(’)-‘ Bl1-9lt.q, (’)’pﬂ”wn < ("o(p)lqo(’) —q (’)I”(O.T) s
< %(ﬂ)lt‘—r-G_OT,;—)O,

KaThlLUbl anuLiHaT  Kawa MBIHAAH ONTHMANAbIK GawxapyynyH
AKaKbIHAAWYYNAPLIHbIH /KbIIiHANYYUYNYTY KEJIHM YbIrarT.
TeMOHKY KaTsllUTapaaH
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<IV°(t x)-V"(, x)umm
4 AR

HV°(r,x)—V,"’(l.x)|
lren-vras),,

V',  mkr—  XakblHAQWYyCyHyH Vo(t,x) ontumanayy mnpouecciie
AbliiHATYYUyyTy KeNHM Ybirar.

Muiaa  V™(t,x) —onTuManayy npouEcCTHH pe3onbBeHTa GoloHua
KakpiHpawyynapel, an ami Vi'(t,X) — onTuManayy npoUECCTHH pPe3osibBEHTa
#ala onTHManayy Gawkapyy GoloHYa KaKbiHAAWYYAapbl.

ToMOHKY KaTbllITapAaH

1w @)- L@ @)|s[rec @)= 1w o)+
IR OEIRNG) B ACN O RIMONG) ervmsd

17 (ue(£)) mkr— wakempawyycynyn [(u°(t)) QynxkumoHanzbin MHHHMANLYY
MaaHHCHHE KbIiiHANYYUYNYry KEAHR YbiraT.

Owonzoii ane MOASNAMK MHCANAA ANbIHIAH TCOPHANBIK KbliibIHTHIKTAPALI
BIPACTaraH CaH/bIK 3CENTOONOPAYH HaThiiKANAPh! KEATHPHATEH,

«KOIT YEKUTTYY BAUIKAPYY BYJIAKTAPbLI MEHEH CEPITHJITMY
TEPMENYYJIOPAY CbI3bIKTYY SMEC OIITUMAJIJALLUTBIPYY» attyy IV
GanTa THIWKB! KYMTOPAYH KON HEKHTTYY TaacHpH acThinaa Ppearonsm HHTErpo-
andipepeHunanabik TeHAEMECH MEHEH MYHO3A0/ITOH CEPIIITHYTYY TepMesyyep
Macenecy w3nnaexren. Kapanwin ’kaTkan macene yuyH MakCHMYM RpHHUuGH
dopMmynupoBkananein,  onNTHMaNAyyAyK — waptrapst  andipepeHunanibik
6apabapavikTap #aHa Gapabapcui3abIKTap TYPYHAO anbIHALL,

4.1 GenymMyHIe TOMOHKY HEKTHK MAceNe MEHCH MYHO3OIreH TONKYH
NpOoLECCH H3HAAEHIeH:

; T m
Vee = Vex +4 J; K(t, 1)V (r,x)dr + Z k()8 (x = xi ) fie[t, uk ()],
k=1 :

V(0,x) = P1(x), Ve(0,%) = §,(x).0<x < 1,

Ve(t,0) =0,V (t, 1) +aV(t,1)=00<t<T, (23)
MbIHAA V(1,x) dyHkumacsl ysyunyry 6upre Gapadap cepnuarnutyy xuntiu (0,1)
WHTEPBANBIHBIH  THEWENYY  X),X,,X;,...,X, HYKH _MCKHTTEPHHE  TONTOJrOH

)
0,

_—
H) mArsox

G filt, ug(£)), k = 1,2,3,...,m, THIWKL TOAKYHAOOWY KYMTOPAYH TaacHpH
acTbiHaa TEpMENyy abanbin CYpoTToiiT,
w,(x)e H,(0,1), y,(x)e H(O,1), g, (x)e H(0,1),
Silt.u, (0] € H(O,T)— Gepunren dynkunsnap xaua f,[+,u,(1)] ~ coi3bIKTYY 3MeC
KaHa  u,(f) OyskumoHanablk  esrepmecy Goionmua momoronuyy O.a.

S

af;E: ‘(‘()')],go vt e[0,T); K(1, r);u]pocy D={0<t<T,0<7<T} obnacTbiina
&

-
aHbIKTANraH kana H (D) MelKMHAUMHKHKH JneMenTH, §.a. ” K*(1,7)drdt = K, <o,
00

&:.(x) oynxkumanapsi Gapasik k =1,2,3,..,m YyuyH y3rynTykcys xaHa g;(x)
Y3ryaTyKCy3 TyyHaynapra 22 xaua g, (1) = 0; x, e(O l) dmxcnpnenreu ybaxbiT
MOMEHTH, @ - OH MAaHMJCTH TYPaKTyy, A - napameTp.

Omlonnoii ane, xoropyaarst cxema Gotonua (3.1- myHxTy) Gawkapsutyyuy
MPOLECCTHH YEKTHK MaceNeCHHNH JKaNNbUIAHTaH YblrapbUlblLibl TOMOHKY (opMmyna
MeHeH TabbinaT:

V(t,x)= Z(AIR (t,5,A)a,(s)ds +a, (r)] (X)=

@49

n=l

-Z{w (64)+— If (f,mi)Zg.(x.) (x.)ﬂ[n.u‘(n)]dn} )

MblHOA

: T
v, (1.2)=y,,| cosA 1+ ).I R (1,5,2)cos i.,sds] + Z}h[sin A+ ).I R (1,5,2)sin /lnsds}; (25)
0 0

n

¢
sind, (1-n)+ /lI R,(t.5,2)sin A, (s—n)ds, 0<p<t;
&, (t.mA)=4 -

T
/Ij' R, (t,5,A)sin A, (s - n)ds, t<nsT:
0

4.2-Gonymae ken uekuTTYy Oawkapyynapbl MeHeH CePNUATHYTYY
TEPMENYYNOpAY CHI3BIKTYY MCC ONTHMAIAAWTHIPYY Macenec wimnaeHer. (23)
YEKTHK MACEJICCHHHH YbIFapbUIbIILTAPLIHBIH KONTYTYH0

IO )= [{{1 (7.0) =0T 4, (r,x)-g,(x)]’}m | ; pi [t 0]di B>0,  (26)

AUMBIAHTAH KBAAPATTHIK (YHKLMAHL MHHHMAAAWTLIPYY Tajlan KbUIbIHAT.

MotioTonyynyk wapteina sunaiibik ap 6up u(f)={u, (1)1t ()} vexrop-
Gawxapyy (yHKUMACH Kanrei3 TYpae V (l,x) (QyHKUMACHIH aHbIKTAlT. Byn
Aarjaiifbl acke anyy MeHeH (pyHKUHOHANALIH OCYHAYCY ICENTENNHICH:

‘ T
A [u() =--]'Aﬂ(t,V(t.x),(u(l,.\-)’u(l))dl + [{AV3(T.x) + AV3(T )} v,
0 0
MbIHAA
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ATI(t,,u(r)) =T1(1,,u(r) + Au(0)) - T1(5,-, (1)),
N,V (1, x),0(1,x),u()) = ‘i & (x)e(Lx )/ [l,uk (t)] - ﬂ‘z.": pi [l,u,, (l)]

27
an 3MH @(,x) OQYHKUMACH TOMOHKY TYilyHAOW YEKTHK MacenecHHHH

AQINLUIAHIAH YbIrapbiNibIilbl

T
0, =0, +A[K(r,Na(r,x)dr,0<x<1,051<T,
0

o(T,x)==2{V,(T,x)~&,(x)],
o,(T.x)=2AV(T,x) ~&(x)],
@, (1,0)=0, o, (,1)+aw(,])=0.

Kapanbin xaTkaH ChI3bIKTYY 3MEC ONTHMANJAWITHIPYy MacesecH Y4yH
MaKCHMYM NpHHUNHOH TOMOHKYAOIT HOPMYIHPOBKANAHALL:

(23), (26) chI3BIKTYY 3MEC ONTHMAIAAWTHIPYY Macenechiae GawxkapyyHyH
onTHMmanayy Gonyuy yuyH

M(t. V(e x), 0(t, x),u°(t)) = ﬁ’eﬂ(t, V(t,x), w(t, x),u).

KaThlUbIHBIH F on Gepuiren Maanunepunn obnactuinbin [0, T] kecunamucnuze
AIPAMK aTKapbUbILGL 3apbUI JKaHA KeTHWITYY. F 06nacTsl ayblk KenTyk
Gonrounyxtan, u,(t),....u,(t) onTHMananik Gawkapyynapsl Y4YH MaKCHMYM
NPHHLMGHHIHE HATBILKACH! KAaTaphbl TOMOHKY ONTHMANABIK IWAPTTAPb ANbIHAbL

P [1, u} h(l?::'l ,::‘(E;]u‘ 0] _ =g (x)o(r.x,), (28)

ﬁ(_l)t f;.. [,'ut (’)][ P [l.ll, (I)] P, [f,ll; (’)])> 0, k=1l,...m, (29)

j;"c [" % (’)]
Meinaa

o [1:14 (r)]:%[;:l], P [0 (1)] = P, | ;.Z‘ 0] | ;

(28) wapteina pinafisik «°(r)onTiManALIK GauKkapyycyHa Kapata TOMONKY

CBI3LIKTYY 3MEC HHTErPAI/IbIK TEHACMENEPAHH CHCTEMACh! anbiHaT:

PA [’ ¥, (’)]ph'n [’ Uy (’)] e X, X, ¥
Ju, [l u,(l)] ng( 2 (% )G (T, '{)IE (o) (30)

kznl & (%)z () A [ (D)]dr = ; & (%)z (%)G (T AR, k=1,..m.

ToMOHKY KaThiluTapaan
p‘ [1.5, (!)] Pus, [ 10 (t)]
S [l u, (l)]
w()=0.[t.0,(1).8], k=1...m (32)

(30) cucremacel TOMOHKY TYpro kemuplmer

a(t)+ZK [%5ees, JGo (T, J)J'E (7, r,).)ZK TERRY lf[r ¢(r.o(r).B) ]
= ZK- [x,,...,x_ p,, (T.0,2)h,, k=1,.,m,

)=o)

K, [%0x]={8 (%) 2, (%) 1B (%) 20 (%)}
o[t.o(0).B]={a[t0,(1). 8- 0.[1,0. (). 8]}
feo(to(0).8)]={A[10(60,(1).8)] s S [ 10u (1.0.(1). 8) ]}

ToMOHKY WapTTapablH aTKAPbUIbILIBIHAA
|4 [6 (0] A6 ()] < fiou () -7 (), A0 >0,
l‘”k ["ai (’)’ﬂ]_% [”&1 (’)9ﬂ]|5¢m (ﬂ)lol (t)-6, (’)l- ®0(B)>0.

o, (1), k-123, wi. £ (€3))

sullt. s~ P
r= 8TZg.o( J 1:@(B) <1,
4 6 ( ~JaNK, r’)
MbiHga fj =max(fye-s foo)s %o (B)= max(qu (B8P0 (ﬁ)),
g=K [o] +h oncpatopayk TemaemecH H™(0,T)MEliKHHANTHHAE KANrbI3

UbIrapbUILILKA 33,
H™(0.T) wmeiiknuaurunae o =K[o]+/h onepatopayk TeHaeMecHHUH

MBIFAPBUILIMG!  yAaanalWl JKaKbIHAAWTHLIDyYNap MeToay MeHeH Tabsutam
o, K[ ,]+h, n=L23..,

MbIHAA 0, - H"(0,T) MCilKHHIMIHHHH IPKTYY INEMEHTH
o,(1)=lim 1
(1) =lima, (1
JKaksiHnauyynap MCHEH TaK UbIFapbUILIUTEIH OPTOCYHAA TOMOHKY KaThllll
OpYH anar:
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I )=, ()0, s-]’:—'r K[0a(0)]+ )=o)y

Tabsuiran  o° (1) = (0'," (1),0, (1)) ubIrapbUBILBIH (32) re Kooy MeHeH
ONTHMANABIK ubirapsubitl 4 (1) = @, [t,af (1), ,B], k=1,2,3,..,m Typynze,

anaaH KuliHe ONTHMANABIK TpoLece
@ T m
vo(1x)= z{w. (62)+ e, (tr.A)3 8 () () % [r.u:(r)]dr}z. (<)
n=l 0 A=l
AaHa cbynxuuona:muu MHHHMaNAbIK MaaHHCH TOMOHIIOFYIIOfI ICENTCJIHHET

J[w(1)]= j'[[;ﬂ' (Ta)-&] +[1°(T.x)-& (x)}’}dn pj'g pi[r@]a. p>o0.

(u°(r), Ve(r,x), J[u°(l)]) TaGbNraH  UBIAPLUILILTAPALIH  YMTYFY
CHLI3LIKTYY 3MeC ONMTHMaNJAWTLIPYY MAceNeCHHHH TONYK “birapbinbiisl Gonyn
caHasar, :

Kapanein xatkan (23) uektnk Maceneae @pearonbM HHTErpasibik
onmepatopyHyH Tewaemeae OGap  Oonywyy — ONTHMANABIK  NPOLECCTHH
AKaKbIHAAILYYIAPbIHbIH KaHa ara balibIK QYHKUHAHBIH MHHHMANAYY MAaaHHCHHHH
xcakunmmyynapuuuu Y4 TYPYH QHBIKTOOro ansin KejeT, 6.a. ONTHManAbIK
NPOLECCTHH KaKbIHAAWYYNAPbIHBIH TOMOHKYOI ‘-ryp.nopyn axblpaTabbis:

1) «pesonsBenTan Gotonua N- KaKuiHAAUIYYCY

V°-"(:,x)=2{w." (n3)+fel (t,n,l)‘i‘,g.(xk)a(x.)ﬁ[n,u°.(n)kln}2.(x);

2) Gawkapyy 6otonua N, i- KakbiHaawyycy
AGE i{w.” (n4) +,%I & (r.n,i)ﬁjg. *)z, (xk)f,[n,u"’,(n)m}z.(x);
nzl " Q al

3) N,i,r- uexTHK ONuOMIYY KaKbIHAALIYYCY

r r m
VY a,x)= Z{V’: (n,2) +,ll I &) (6.mA)Y g(x)z, (%) filnu®, (r))]dr]}z,(x);

KaHa ONTHMAIALIK NPOLECCTHH KaKLIHAAUIYYNapbiHa bUTANbIK THEWENYY TYpAO
GyHKUHOHANABIH MHHHMANAYY MAQHINICPHHMH KAKbIHAAWYYNAPLIHBIH TOMOHKY

TYPAOpYH Kapaiibbi3:
1)  «pesonbentan Golonua N-kakbiHAaWYyCy

J¥ [uo (,)] & j {{,,o,v (T.x)-£, (X)]! +[ VP (T, x)=&( x)]‘}dw p]i P [I. u{‘(l)] de, p>0
0 0 el
2)  Gawkapyy Goionua N,i- KaKkplHaawwyycy

16

5 [u" ()= j (v ra)-geoT +[n* (r.2) -6 Jar+ 815 i1 @]e, >0

k=)

3)  Ni,r- 4eKTHK 0n4eM/IYY KaKblHAAWYYCY
L)

1
J¥[u(6)]=] [[V,-"’ (T)=&@] +[%, " (1.) -;’,(x)]'}m B[Y. i[>y, p>o0.

KOPYTYHAY

Huccepraunansik mre 6up KuliiMbinayy HeKHTTHH &e GHP Heue TypyKTyy
Gynaktapasin Taacupi Gawkapyy QyHKUMACHIHAH CBI3BIKTYY IMeC (yHKumMsnap
MEHEH MyHe3nenreH yuypaarst @pearonsM  uuTerpo-guddepeHuUNANIbIK
TCHICMENEPH MEHCH MYHO3ONTeH CEpMIITHYTYY TepPMEeNyYNepayH ChI3bIKTYY
IMEC ONTHMANAWTBIPYY MacenenepiH 0Hp MaaHITYY YeHHNHIUINHIH MacenenepH
H3MJIICHTEH.

Hnrerpanasik  KBaaparThik  (YHKUMOHANAB! MHHHMHMAIZALWTHIPYYAA
YEKHTTHK ONTHMANALIK OaluKapyy ChI3bIKTYY 3MEC HHTEIPANAbIK TEHAEMENep KaHa
anapabiH - cuctemachid, auddepeHunanapik  Gapabapchi3obik KaHa  anapabiH
CHCTEMAChl TYPYHIOrY KOWIYMYA LIAPTTH! KAHAATTAHABIPaapb! GeruieHren.

ChI3bIKTYY IMEC ONTHMANAWITHIPYY MAceNeCHHINH GHP MaaHAYY HeHHILA
YUYH OKETHWTYY waptrap Tabbinabl. ChI3bIKTYy I3MEC ONTHMANAAWTHLIPYY
MacefeCHHHH XaKbIHAATLUINAH YBIFAPbUILILTAPLIH TYPry3yyHyH aaropuiMu
HIUTENINN MbIrbiM, anapabii Galkapyy, ONTHMALLYY Npolece skaHa (yHKuUHOHAN
Golonya KelitHanyyuynyry AaTHnACHIH. ;

KbiiiMblnyy HeKMTTMK kaHa (HKCHDJICHMEH KON UCKHTTHK THILUKB!
OynaxktapablH  KaTbllyyCyHAa TepMenyyuy npPOUECCTEPAH ChI3BIKTYY 3MeC
ONTHMANAAWITEIPYY MACENCCHH  Heuyy YHMYH MIWTENHN YBIKKAH  bIKMa
KOMCTPYKTHBAYY kana dpearonsm ke Bonbteppa THOHHmern napaGonansix e
riuneponansik  THNTErn  MHTErpo-AH(pQdepeHUHANABIK  TCHACMENEP MEHEH
MYHO3/10/Ir0H NpoLECCTEPA ONTHMANAAIITLIPYYHYH ChI3LIKTYY 3MEC MacesiesiepiH
YCUYYA0 KONAOHYNYLIY MYMKYH.

Anpiran  HaTuliKanap TeOpHANBIK Maauure 33 xava OGenywTypynrow
NapaMeTpilyy CHCTEMANapAbl ChI3BIKTYY dMEC ONTHMANAAWTLIPYY MaceseNepiH
H3WI/I00 YHYH KbI3BITYYHY KapaTar.
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Gawkapyy» aTTyy AHCCEPTALMSA/ILIK HILHHHH :

PE3IOMECH

Hernsru cosgep: TepMmenyy npoueccH, KuliiMbUIAYY ONTHManNAbIK Gawkapyy,
KannbUlaHrad Ysirapbineiiy, pesonbenta, Heiimanapii kartapel, (GyHKuHOHanAs
MUHHMANZAWTHIPYY,  MakCUMyM  npuHumGHM,  onepaTtopayK  TeHaeMe,
KbliiHanyyuynyk.

Hanageenyn obwextnen: ®pearonsM  iuTerpo-auddepeHuHanabik
TEHAEMENEp MEHEH MYHO3ONTOH GalKapbiTyy'y CEpIIITHYTYY TepMEnyyaop

Haunpeonyn npeamern: Yeknrryy Oawkapyy apkbutyy @pearonsm
nuTerpo- AupdepeHUNANALIK TeHAEMENep MEHEH MYHO3JONIoH CepmUIrHMTYY
TEPMENYY/IOPAY  CHI3BIKTYY  3MeC ONTHMANAAWTLIPYY — MaceaeNepHHiH
YBIrapbUILILIBIHBIH ANTOPHTMHH HIUTEN YbITYY.

Mannpeonyn  maxcavsi:  @pearonsm  nnterpo-anddepenumnanasix
TeHAEMENEpH MEHEHR MYHO3/IOINOH CEPNITHITYY TEPMENYYNOPAY ChI3LIKTYY IMeC
onTuManayy Gawkapyy MacenenepHH M3WIIO0 JKaHA  ChI3BIKTYY OMeC
ONTHMANAALTLIPYY MaceNeCHHHH YbiMaPbUIbILILIHbIH JKALWALIb JKAHA KaTbI3AbITb]
YHYH KETHIUTYY WAPTTapAsl anyy.

Hannpoonyn wikmanapui: Marematnkansik  ¢usuka, Genywrypyaron
napaMeTpiyy cHCTEeManapabl ONTHMANALIK GalKkapyy TCOPHACHIHbIH, ONEpPaTOPAYK
TCHAEMENEP TEOPMACHIHBIH KaHa KNACCHMKANLIK BapHALMANBIK ICENTOONOpAYH
METOLIOPY KONIOHYJIAY. ‘

Hannnoonyn manmuii :kansuibirsi: Magenren ontimanabik Gawkapyy
THIWKD! TAACHP ITYY XKAHA CANAT KPHTEPHil PyHKUNACBIHA KapaTa 6apaGapcuizabix
TYPYHAOTY KOWYM4a LWAPTTHl KAHAATTAHAbIpraH crneundukansix ¢opmanarsi
CHI3BIKTYY IMEC HHTCrpIAbIK TEHACMEHMH “bIrapbilbillibl KATaphl aHLIKTANBILIbI
MYMKYH 3KCHAHTH KOPCOTYNAY; ChI3bIKTYY 3MEC ONTHMANIAIUTLIPYY MAceNeCHHHH
YBITApbUILILG! GHP MaaHMAYY YEHMAHLWIHHKH XKETHIUTYY WapTTaphl aHbLIKTANAL!
AaHa a1 UBITAPLINLILTLIH KaKbIHAAUYYNapeIHLIH  ONTHMANALIK  Gawkapyy,
ONTHMANABIK Npolecc xkaHa (yHKuHOHaN GoloHYa KbliiRaNyyuynyry AanwigcHan,

H3ungeenyH NPaKTHKANBIK MAAHHCH: TEPMENYY NPOUCCCTEPHH YEKHTTHK
Gawkapyyaa ChI3LIKTYY 3MEC ONTHMAMAAWTLIPYY MACENECHH HenYY YuYH HIUTENNHN
YBIKKAH QITFOPHTM THPKEMENepAe TepMenyy npouecctepiH Gawkapyyra
6aiinanbiliKaH KONAOHMO Macesieslepal Ybirapyyna KoaJIoHy Ay iy MyMKYH.
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auccepraunn  Jyiimenanuesoit Ypymxan IpPMEKOBHLI HA Temy

«Toyeynoe ynpapienne KoiefaTelbHLIMH  NPOUECCAMH, ONHCHIBACMBIMK
¢pearonbmoBo nuterpo-  AnddepenunanbHbIMH YpaBHEHUSIMID,
npeacTaBieHHON HA COMCKAHME Y4EHOH CTENMEeHH KaHAHAATA $pu3nko-
maTeMaTH4ecKHX HayK no cneunanbhocTH 01.01.02- anddepenunansuuie
YPaBHEHNS, AHHAMHYECKNHE CHCTEMBI H ONITHMA/ILHOC yTIpaBAeHie.

KnioueBble c10Ba: KonedatenbHblii mpouiecc, MOABHAHOE ONTHMANbHOE
ynpasnetse, 06o6ueHHOe pelenne, PE30NbBEHTa, MUHIHMU3AUMA QyHKUNOHANa,
NPHHLNM MAKCHMYMa, ONEPATOPHOE ypaBHEHHE, CXONHMOCTD.

OGLEKT HCCACA0BAHNA: YNPABNAEMbIC YNIpyrie KoneGaHus, OnucHIBacMble
¢pearonbMoBo HHTErpo- AHdhepeHUHAILHBIMI YPRBHCHHAMK.

Mpeamer nccieaoBanun: pa3paboTka anropHT™Ma MOCTPOCHHA PeELICHHSA
3a7aui HEAHHENHON ONMTHMM3ALMK YNPYrHMH KONCOAHMAMH, OMHCHIBACMbIMH
(pearonLMoBo  MHTErpo-AN(hEPEHUMANLHBIMI  YPABHEHUAMH TIPH  TOUEUHBIX
ynpaBneHHAX. :

Llens nceneaoBaHnA: HCCASAOBAHNE OAHO3HAYHOI Pa3peINMOCTH 3a1a'H
HenuHeiiHOM  ONTHMM3AUMM  ynpyriMM  KoneGaHMAMM,  OMHCHLIBAEMBIMH
¢pearonsmoBo nHTErpo-AndepeHUHANbHBIMI YPABHEHHAMM B Cly4ae, KOria
KoneGaHnA NPOHCXOAAT NOA AeHCTBHEM TOYEUHBIX HCTOYHHKOB.

MeToabl HCCNEQOBAHMA: METOAB MaTeMaTHueckoii (u3MKH, TeopHH
ONTHMANBLHOrO YNPaBNEHHA CHCTEMaMH C pacnpeaeneHHbIMH NapaMeTpaMi,
TEOpHH ONEPaTOPHLIX YPABHEHMNIT H KNACCHYECKOro BapHALHOKHOrO HCHHCNEHHA.

IMony4ennsie pesyALTATLI # HOBH3HA: YCTAHOBNCHO, YTO ONTHMAIbLHOE
ynpaeneHue MoxeT ObiThb onpeaencko, KaK pelweHHe  HenuHeiiHoro
HHTETPAILHOTO YpaBHEHNA crieundiIeckoro B1aa (ABYXKpaTHas HENHHEHOCTS),
YAOBNETBOPAIOLICE  AOMOMHHTENABHOMY YCNOBHIO B  BHAE  HEPaBCHCTBA
OTHOCHTE/ILHO (YHKUMH BHEWHEr0 MCTOYHHKA M (hyHKLMH KPHTEpHA KauecTsa;
HailaeHb! OCTATOMHBIE YCIOBHA OAHO3HAYHOI Pa3pelIHMOCTH 3a/1a4H HeTHHENHOIT
ONTHMM3ALKH YNPYriMH KoneOaHHAMH M J0KA3aHA CXOAMMOCTb MpHONHAKEHMI
pelleHss NO ONTHMANbLHOMY YNpPaBNCHHIO, NO ONTHMATLHOMY npoueccy M Mo
(yHxuHoHaTY. ;

IpakTyeckoe 3mavenne uccieaoBannn: paspaboTanHblii anropHT™
NOCTPOCHMA peleHns 3amaun  HenuHeiiHoll onTuMm3auun  KonebaTenbHbIX
MPOLIECCOB MPH TOUCHHOM YNPaBNeHHH MOKET ObITh HCNONL30BAaH B NPHIOKEHHAX
npH pelieHHH NPHKNAaAHBIX 3ajla4, CBA3AHHBIX C ynpaBJicHHeM KoneGarenbHbIX
npoLeccoB.
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SUMMARY
Dissertation of Duishenaliyeva Urumkan Ermekovna on the topic "Point
control of oscillatory processes described by Fredholm integro-differential
equations”, submitted for the degree of candidate of physical and mathematical
sciences in the specialty 01.01.02 - differential equations, dynamical systems

~ and optimal control.

Keywords: oscillatory process, moving optimal control, generalized solution,
integro-differential equation, resolvent, Neumann series, functional minimization,
maximum principle, optimality conditions, operator equation, convergence.

Object of research: controlled elastic oscillations described by Fredholm
integro-differential equations. ,

Subject of research: development of an algorithm for constructing a solution
to the problem of nonlinear optimization by elastic oscillations described by
Fredholm integro-differential equations with point controls. ]

The purpose of the research: to study the unique solvability of the problem
of nonlinear optimization by elastic oscillations described by Fredholm integro-
differential equations in the case when oscillations occur under the action of point
sources, and to obtain sufficient conditions for the existence and uniqueness of the
solution of the nonlinear optimization problem.

Research methods: the methods of the theory of differential equations,
mathematical physics, the theory of integral equations, functional analysis, the
theory of optimal control of systems with distributed parameters, the theory of
operator equations and the calculus of variations were used in the study.

The obtained results and novelty: it is established that the optimal control
can be defined as a solution to a nonlinear integral equation of a specific type (two-
fold nonlinearity) that satisfies an additional condition in the form of an inequality
with respect to the external source function and the quality criterion function;
sufficient ‘conditions for the unique solvability of the problem of nonlinear
optimization by elastic vibrations are found; an algorithm for constructing an
approximate solution to a nonlinear optimization problem was developed and their
convergence in terms of optimal control, optimal process, and functional was
proved. ;

Practical significance of the research: the developed algorithm for
constructing a solution to the problem of nonlinear optimization of oscillatory
processes with point control can be used in applications for solving applied problems
related to the control of oscillatory processes.



EVJI MLITE KOJAOHYJIFAH WAPTTYY BEJITHJIOOJIOP XKAHA
TYWYHYKTOP : ¥

1. u(.,2,..)— = e3repmocy Goionua u (YHKUHACHIHBIH KeKeue
TyyHAynapel,

2. 0=(0,1)x (0, T)— Ox TerH3AUTHHIN 06NACTHI;

4. H(Y) - Y KonTyrysne aHLIKTaNral KBaApaTTbik CyMMananyy1y IinsGepr
MCHKUHANIH,

5. Hy(Y) - Y KonTyrynae aHbIKTanrad QyHKUNANapAbIH OupnHuK TapTHATErH
CoGoner MefiKHHANIH,

6. <-->—H Tunbbepr MelikHHANrHHIETH CKAIAPALIK KoGoiiTyHY;

7. 1l = H Tunsbepr MeiikHHANTHHACTH NEMEHTTHH HOPMACHL

8. C'*(Q) — Q ofnacTbIHAa AHLIKTAINAH JKaHa f 63r0PMOCYHO KapaTa GupnHun
TApTHNTErH TYYHAYra KaHa X 63ropMOCYHO Kapara SKHH'H TapTHNTErH TyyHAyra
33 6onron V(,x) y3ryaTykcy3 GyHKUMANApALIH MEHKHHINIY,

9. 8(x) - JlupaKTsiK AenbTa-GyHKUNACH,

10. Equa-Func - GyHKUHANAP YHYH TEHACMENEP KATEropHACH!;

11. Equa-Par - napameTpiyy TCHAEMeNEepANH KATEropHACH!, aHbIH HUHHAC
arepae napametp Gawkapyy katapsi kapanca Equa-Contr xaHa Jrepae TEHACMCHIH
auLIKTAMachiNa Gawkapyy Golonya ONTHMANZATLIPYY Kepek GOnroH aHuik
Maaunnyy QyHKumsce KamThinica Equa-Opt,

12. Ord-Equa-Func — Gup ckanspablk esrepmenyy (yHkuuanap yuyH
Tewaemenep Kareropuacsl  (aHBIH HUMHAC — KaAUMKH AupQepeHumanasik
TeHaemenep);

13. Part-Equa-Func — BEKTOPAyK e3repMenyy xe Oup Heue CKanapabik
e3repMenyy QyHKUMANAp YUYH TCHACMENEP KaTeropHACk! (aHLIN HYHHAE XKekeHe
TyyHaynapaars! auddepenunanasik renaemenep);

14. Diff-Equa-Func - Genrncus QyHKuMsazan TyyHaynap KaTblluKaH
TeHAeMeNep KaTeropHachl;

15. Int-Equa-Func - Genrncus ¢yHKUMANAH HWHTErpanjap KaTbillKaH
TeHaeMenep KaTeropuachl; ;

- 16. Fin-Equa-Func— Genrucus dynxumausin dpearonsm  Tnéunaeru
HHTerpanaapsit (GenrwicHred apabiKTa) KAMThINAH TCHACMENEPANH KaTeropHaChl;

17. Vint-Equa-Func — apryMeHTTHH MypYHKY MAaHIACPHHEH (aHbIH H1HHAC

unTerpanasik Genrncy acTeinaa) Genarncus GyHKUMAHLIH MaaHWICPHHCH Typrau

TEHACMENCPAHH KATCrOpHACHL.
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