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HNIITHUH XKAJIIBI MYHO316MOCY

JuccepTanMsiHBIH TeMACBIHBIH aKTyanaayyayry. Teckepu Macesenep
TEOpusIChl 3aMaHOanm MaTeMaTHKalblK (u3MKana jkaHa aHblH KOJJIOHMO
afiMakTapbIHJIa IYPKYPOI OHYTYII Keje KaTkaH 0arbiT. KBaHTThIK MeXaHHKaHbIH
HeruzeeuyilepyHyH Oupu B.I'eiizenOepr "®dusuka xana duiocodus” arryy
KuTeOMHAE OapAbIK MaTEpPHUSHBIH MaTEMAaTHKAIBIK MOJEIH KaTapbl 3CENTENTeH
MaTepUSHBIH HETH3TH TEHAEMECH WHTErPaliblk TEHACMENEPAUH TaTaal
cHcTeMachl 0OJIOT JIETeH MMKUPAYN alTKaH.

Wnterpannapik, nHTErpo-nuddepeHnnanapK TeHAeMeNnep WINMINH 0apIbIK
TapMaKTapblHAA KE3/CIIeT, MHUCalbl, 3aMaHOan (u3ukaza 4OH pOJLy OHHOTOH
HEWTPOHAOPAY AaKBIPBIHJATYYy MpOLECCTEpUHE TNaiaa Oonyydy TallyyHYH
TeHaeMecu (ypaBHeHHME TmiepeHoca). MUke KBIIABIH TepMEIYyCy OJKHHYH
TapTHIITEH JKeKede TYyYHIyIdyy AndQepeHiuaIIplk TeHAeMelep MeHeH
TYIOHTYJIaapsl Ousre Oenrmiyy. Orepje KbUIOBIH OpJayHa OH3 H4ke OekeM
ycTyHIy (TOHKas Oajika) Kapacak aHAa aHbIH TepMeNyYy INPOLECCH TOPTYHUY
TapTHITETH JKeKede TyYHIyIdyy AudQepeHuaIIplk TeHAeMelep MeHeH
TYIOHTYJIAT. MBIHAAH Macesenep 00p TeXHUKaJapAbl KOHCTPYKIISIIOOI0 Maiiia
6ou10T.

Teckepn Macenenep TaOHATTarsl KyOyIyIITapAbl TaaHyy IPOLECCHHIE
MaaHWIYYy pOJIb OWHOMT, aJl 3MHM HMHTETPAIABIK TECHAEMENCPAMH ammapaThl
¢u3uKaga, MexaHHWKaJga, OamIkapyy TEOpPHSCHIHIAA JkaHa  KOJJOHMO
MaTeMaTHKaZa KeHUpU KoJnoHynaT. “Teckepu macese” TEPMHUHUH KOPYHYKTYY
opyc marematukrepu M.M. JlaBpenTseB xaHa B.I'. PomaHOBIOp Kuiiuprex.

JuccepTalMsiibIH ~ TeMAcChbIHBIH HMPH  WINMHH  NporpamMmaJiap
(monGoopaop) KaHA HErM3rH WJIUM U3WIA60 KYMYLITap MEHeH
baiinanpimbl. XKymym KP YUAHBIH MaremaTnka wHCTUTYTYHAA «Teckepu
MaceJieNiepu JKaHa HWHTETPANIBIK TEHJEMENEepAN YBITapYyHYH METOII0PY»
aTTyy WIMMHI MPOEKTTHH ankarsiaga atkapeiirad, (2011-2013) Ne mam. kaToo
0006226.

H3nnneeHyH MakcaThl JKaHa KOIOJITraH Maceienep. M3unneenyn
MakKcaThl — TOPTYHUY »J>KaHa OCIIMHYM TapTHITETH KeKede TYyHAYIyy
muddepeHInanabIK kaHa HMHTErpo-AuddepeHInanablK TeHIEMENepInH Oup
KJIacChl YUYH TECKepH MacesesepIuH YSHIINIINH Jaluiiee.

H3unoeenyn Xoropynarbl MakcaThIHA JKETYY YYYH TOMEHKY Maceleiep
KOIOJITY:

- TOPTYHUY TApTUNTETH >XeKede TYYHAYIyy And¢epeHInanabK XaHa
UHTETPO-TU(GGEPEHINATIBIK TeHAEMENEPANH OUp KIACChl YYYH TeCKepHu
MaceJeNepIuH YSUWINIINHIH KeTHINTYY MapTTapbiH Tabyy;

- OCmMHYM TApTHNTETH >XeKede TYYHAYIyy IuddepeHInaiIsK KaHa
uHTETrpo-auddepeHInaNaAbIK TeHAEeMeIepAuH Oup KJIacChl YYYH TECKepH
MaceeNepIrH YeUWINIINHAH KETUIITYY IAapTTapblH Talyy.
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WNmTiH naaMui KaHBLTBITBI

- TOPTYHUY TapTHIITErH d>XeKeue TYyHIyldyy AuddepeHInanapK sxaHa
uHTerpo-quddepeHInaNABIK  TeHAeMenIep YYYH TECKepu  MacelesiepaAnH
YEYMJIMIIMHIH J)KETHIITYY LIapTTapbl TAObUIABI;

- OCIIMHYM TapTUITETH >KEKe4e TYYHAYNyy AudQepeHIua bk KaHa
uHTerpo-auddepeHInaNABIK  TeHAeMedep YYYH TECKepH MacelsesepuH
YBITapBUIBIITAPEIHBIH KAIIAIIBIH KaHa JKaJITBI3IBITBIH KaMCBI3J00Yy MIapTTap
AHBIKTAJIIBL.

AJBIHTaH  KBIABIHTBIKTAPABIH  NPAKTHKAJBIK  MaaHWIYYJIYTY.
JuccepranustHBIH  OapIBpIK KBIABIHTHIKTAPEl TEOPHSUIBIK MYHO3re 33. bupok
mupepeHInaNIBIK,  WHTETPAIOBIK  JKaHa  WHTETPO-TU(QepeHIHATIBIK
TEHJEMeNep Y4yH TecKepu Macenenep (U3MKaHBIH, TEXHUKAHBIH KOHKPETYY
MaceJeJIepUH 4YeuyyAe KEHUPH KOJIOHYJIYN KEeIdIPUH ICKEe ajicak, aHaa Oyl
UIITUH HaTBIHXKAJapelH adpbiM OHp KOJZOHMO Macejelepad 4edyyae
KOJJIOHyyra 00JI0 Typraujabi'bl KeJuIl ubraT. Jluccepranusia aybIHTaH
HaThIi)KaNap JKOTOPKY TapTHOTErH AU(GQepeHIHaIIblKk JKaHa HHTErpo-
muddepeHInaNABIK TeHIeMeIep TEOPUSCHIHBIH OHYTYIIYHO CAJIBIMBIH KOIIOT
JIeTeH 0iino0ys3.

JuccepTalusiHbIH KOProoro KOKJIyy4y Heru3ru ;o000so0py

- TOPTYHUY TapTHNTETH JKeKede TYyHOAyIyy anddepeHInanabK
TEHJIeMeJep YIYH TeHIEMEHHUH OH XarblH aHBIKTOO MACEICCHHIH YCUMITHITHHIH
JKETHINTYY MIapTTaphl;

- TOPTYHYY TAPTUOTETH CBI3BIKTYY TUPQPEepeHIHAIIBIK TCHIEMeNIep YIYH
KECHHIMHUH MYUH/IE KOIIyMUa [IapTTapbl MEHEH OepHireH TeCKepH MaceleHUH
YBITapBUIBIIIBIHBIH JKAIIAIIBIH jKaHa KaJITbI3AbIIbIH KAMCBI3 KBUTYYdy IIapTTap;

- TOPTYHUY TapTHIITETH >KeKede TYYHIYJyy WHTerpo-audQepeHiualibk
TEHJIeMeJNIep YUYH TeHAEMEHHH APOCYH aHBIKTOO MAacCEJIECHHHMH YEUITUIINHIH
JKETHIITYY IIapTTapsl;

- TOPTYHUY TapTHIITETH >KeKeue TYYHIYJyy WHTerpo-audQepeHiualibk
TEHJIEMCHHH OH KarblH aHBIKTOO MAaCEJICHUH YCUMITHIII;

- OCUIMHYHM TApTHUITETH JXKeKede TYYHAYIyy HHTErpo-muddQepeHmnansk
TEHJIEMEHHH SAPOCYH aHBIKTOO JKOHYH]I® TECKEpH MaceleIepArH YCHHIIHIIN;

- OCIIMHYM TAPTUNTETH XXEKede TYYHIYJIyy HHTErpo-nudQepeHuaibK
TEHJEMEHHH OH >KarblH aHBIKTOO XOHYHE TECKEPH MacEeIeHUH YCUHIIHIIN;

- OCIMIMHYM TapTHUINTETH XeKede TYYHAYIyy HHTeTrpo-IuddepeHImanibk
TEHJIEMEHHH SPOCYH KaHa OH JKarblH KalbIObIHA KEITHPYY JKOHYHII® TEeCKEpH
MAaceJICHWH YeYHIINIIH JKaHa YeIYYHYH aJTOPUTMH.

WN3nenyy4yHYH xkeke cajbIMbl. J(uccepranusia yarbUbIpbUIrad WINMHN
KBIMBIHTHIKTAp ABTOPTO TaHA TAaHABIK. AJl 3MH Macelesiep WINMHN JKeTEeKIH
TapabbiHaH Koroarad. Asropsom Gonron [3]-[5] xama [10] makanamapjaa
WIMMHUI KBIABIHTBIKTApAbl Tankyynoo K.b. Maranosara, JI.A. TypcyHoBro
xana K.I'. KoxxoOeKoBro, alr MU MITUMHUA )KBIHBIHTBIKTAp aBTOPTO TAaaHIBIK.
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H3uingeenyn HATBIIKaJIapbIH anpo6anuaIIoo. Kymymrryn
JKBIMBIHTBIKTApBl  OJ  apanblk KOHQepeHUusIapia jkaHa CceMUHapiiapaa
OasiHaJITaH J)KaHa TaJKyyJIaHTaH:

- Axazmemuk A. bepybaeBauH 70 kpUIIBIK  IoOWieiiHEe —apHaiTraH
“MaTeMaTrKa-HBIH 3amaHOanm Macejenepu’” arTyy odJ1 apaliblk  WIMMHN
koH(pepenuus. — bumkek: KP YV AHbIH Marematuka MHCTHTYTY, 16-18 nioHs,
2021-x.;

- OmMVYnuyH 80-KbUIIBITEIHA apHANTaH «AHWMakTapAbl ©HYKTYPYY JKaHa
OIIKOHY CAaHAPHUITCIITHPYY IIApTTAPbIHAArBl OMINM OEpYYHYH KaHa WIMMANH
aKTyaJlIyy Macelenepu» aTTyy 1 apaliblK WINMHK-TIPAKTUKAIBIK KOH(EpeHIHs.
— Om: OmMY, 28.05.2020-x.;

- KP YU AHBIH MaTeMaTUKa HHCTUTYTYHYH TYNTOIYLUIYHYH 35 JKbIIABITBIHA
apHanraH «I1I bepy6aeBnuk okyy». — bumkek: KP YA MU, 2019-x.;

- Byrkyn ayitHemyk Typk TWIIYY MaMIIEKeTTEpAMH MaTeMaTHUKAJbIK
koomyHyH VI konrpeccunpe (Kasaxcran, Acrana m., 2017-x.);

- Axagemuk M. HmanamueBauH 80  OKBUIIBITBIHA — apHaJTaH
«MaTeMaTUKaHBIH aCHUMIITOTHUKAJBIK, TOIMOJOTHSUIBIK JKaHAa KOMIBIOTEPAUK
ycynaapel» artyy V 31 apanblk WwinMHH KoH(pepeHumsachiHaa (bumkexk mor.,
ceHTs0ph, 2016-x.);

Om MVYuyH acteiHmarel mpod. K.  ANBIMKYIOBAYH IKETEKUIIUTH
acTelHAArbl  “MaTeMaTUKaHBIH aKTyalqyy Macelleslepd JKaHa  ajapAblH
KOJIIOHYIYIITAphl” aTTyy PerHoHANIBIK cemuHapiapaa (2019-2021-xx.).

JuccepTanMsiHBIH  HATBIKAJIAPBIHBIH  0ACBLIBIN  YbITAPbLIBIIIBI.
WsunmeenepayH HaThliDKAachIHAa u3AeHyy4y Tapabbman 10 makama [1]-[10]
’kaHa O6up nokmaansiH Tesucu [11] xapeikka werapsuirad. [1], [2] makanamap
RSCI Ga3achiHIa WHICKCHPJICHICH JKypHalja JKapblkka ublkkan. [1]-[4]
Makananap >kapblk Kopros xypHanaapasiH PUHIITern ummnakr ¢akropy 0,1 nen
KOTOPY. DKM MaKaia KeIprbI3 THIIHH/IE JKapbIKka ubikkaH [5], [6].

JuccepTalusiHbIH - TY3YJylly :kaHa keaemy. JKymym Ma3MmyHzaH,
MapTTYy OenrumieesilopAyH THU3MECHHEH, KHpHIIYY >kaHa |2 maparpadra
OestyHreH TepT OamTaH, >KBIUBIHTHIKTapAaH, 60 KOJJOHYNraH amgaOHuATTapbIH
TU3MECHUHEH Typar. Ap Oup Oam asrsiHIa KOPYTYHAY MEHEH asKTajar.
JluccepTanysiHbIH JKaJIIIbl KeJleMy MallliHa skazmachkinaa repuires 100 Oer.



JUCCEPTAIMSIHBIH HEI'M3I' MA3BMYHY

Kupuiyyze TeMaHbIH aKkTyaqnyynayry, >KyMyLIKa Kallbl MYHe316eMe,
M3WII0OHYH MaKCaThbl, WIMMHHI )KaHBUIBITHI, TPAKTUKAIBIK 0aJlyyIyry, KOProoro
KOFOJIyy4y HEr'M3r'H %000JI0p OastHaaraH.

1- Gan «AJJABUSATTAPT A KAHA JUCCEPTALIMSHBIH
HATBIVDKAJIAPBIHA TAJIJIOOJIOP» »ku maparpadran  typaT. «§ 1.1.
AnabusTrapra Tanmoonop» Oem aTaiuraH maparpadTta IuccepTalUsSHBIH
TeMachlHa KaKblH OONTOH Oallka aBTOPIOPIYH WIMMHHA KbIHBIHTBHIKTAPHIHA
aHaJIM3 XKYPIy3YJIreH.

«§ 1.2. IumccepTalWIHBIH SKBIMBIHTHIKTAPBIHBIH TONITOMY» [EIl aTajiraH
SKMHYHM Tmaparpadra IUCCEPTALMSIHBIH WINMHK JKBIMBIHTBIKTAPBIHBIH KEHUPH
TaJIZI00CY KENTHPHIITEH.

2- 6an «M3UJIJOOHYH METOJOJIOTUACH]I XKAHA METOAJIOPY »
aKkH naparpadTas Typat. «§ 2.1. V3unneeHyH o0beKTHIIEPH jKaHa IPEIMETTEPH
JIeTI aTaJIbIN U3WIIO0HYH 00bEKTHIIEPH, IIPEIMETH KeITUPUIITCH:

JuccepTanusiHbIH ~ M3WI1100 OOBEKTUCH TOPTYHYY JKaHa OCIIUHYH
TapTUNTETH  JKeKeue TyyHayldyy JuddepeHnHaniplk KaHa  HHTErpo-
muddepeHnInanabIK TEHAEMENIepIH OUp KI1acchl YUYH TECKEpH Maceenep.

HN3nnneeHYH MpeaMeTH — TOPTYHUY XKaHa OCIIMHYM TAPTHITETH KEKede
TYYHAYIYY G hepeHIIaIIbIK JKaHa HHTETPO-Tu(epeHITHATIBIK
TEHJEMENepIUH Oup KIIacchl YU9YH TECKEpH MacelelIepIuH YCUMINIINH KaMChI3
KBITYYydy JKeTUIITYY MIapTTapbl Ta0yy.

§ 2.2 ne nuccepranyAga KapajiraH TECKepH MacelelIepAnH YeHMINIINH
M3WIII06 METOIIOPY HErM3JeNreH, ajap: KbICHII YarbUITYy IPHUHIMOH,
BosbTeppaHblH 3KMHYM TYPIOTY WHTErPajJbIK TEHJIEMECHHUH OUp MaaHWIYy
YEYMJIMIIN, HWHTErPAJJIBIK ONEpPaTOpAyH HOPMACHI, SIPOHYH pPE30JbBEHTACHI,
I'punanH QyHKUIUSICH.

BAIl 3 «TOPTYHUY TAPTUIITEITM JXEKEYE TYVYHAVYJIVYY
JUODEPEHLIUAJIIBIK ~ )KAHA ~ UHTEI'PO-AUODEPEHIMAJI/IBIK
TEHAEMEJIEPANH BUP KJIACCBl YUYYH TECKEPU MACEJIEJIEP»
aTaNbIITarbl YYYHYY Oanra TOPTYHUY TapTHIITETH JKEKede TYyHIYIyy
T pepeHIHANIBIK JKaHa HHTETPO-TupGEepeHINAIABIK TEeHICMENepanH Oup
KJIAacChl YUYH TECKepH Maceleliep M3wiaeHau. 3-0an TepT maparpadraH Typar,
OupuHYM naparpadTa TepTYHUY TapTunrern aud¢depeHnnaniblK TeHIEMEHUH
OH JKarblH aHBIKTOO JKOHYHJIOTY TECKEPH MAaCEJICHWH YeUHJIMIIM 0.2. TOMOHKY
TECKepH Macelie M3MWIJCHI'eH

U, (t,X) = ayuy,, (t, x) +au,, (t, ) +a, (t, x)u, (t, X) +a,(t, x)u(t, x) +

+o) f(t,X)+ F(t,x), (t,x) eQ, @)
u(0, x) =y, (x), u,(0,x) =wy,(x), 0<x<1, 2
u(t,0)=u(t,)=0, 0<t<T, (3)



ut.x,)=9(), te[0,T] x (01, (4)

merma 0<T, 0<ay, 8 <0, xo— Genrunyy Typakryy canmap, a,(t,x),
a,(t,x), ft,x), Ftx), yix), wa(x), g(t) — Genrmnyy pyskmpsuap,
2, a, f,FeC(Q), w;,w, €C°[0,1], g €C*[0,T],y,(0)=w,(1) =0,9(0) = y,(x,),
9'(0) =w,(%); o(t) xana U(t,x) — dyHKuMsIIApEL GEarucHs.

Macenenun  xoronywy: (1)- Tenmemenu xaHa (2)-(4) wapTTapasi
kaHaaTTaHabipran U € C2%(Q), ¢ € C[0, T] bynxuusiapsix 1adyy.

Macenenun uvleapvirbuusl. benrunee kuitupun ana6ss V(t, X) =u, (t, X),

»kaHa Oyn 6apabapabiktad U(t,X) (YHKIMACHIH TOMOHKYIOH aHBIKTAIl aJla0bI3:

u(t,x) = j(t —s)V(S, x)ds +wy, (X)t + v, (X) ,

t
MBbIHAaH U, (t,X) = I(t —S)V, (s, x)ds+wy",(X)t +y",(X) Kemum ybIrart.
0

v(t,x) =u,(t,x) Oemrmmeeny xama u(t,x), u,(t,X) yYydIyH ambsHTaH

TYyIOHTManapjel 3cke anbil (1)- TeHIEeMEHH TOMOHKY KOPYHYIITe >Ka3bIl
anadbI3:

V(t, X) = agv,, (t,x) +a, U(t =SV, (8, X)ds +y ", (X)t + Wul(X)j +
+a,(t, X)U(t =SV, (s, x)ds+y', (X)t+y '1(X)j +

t
+a,(t, x)[j(t —3S)V(s, x)ds +y, (X)t + Wl(X)J +o(t) f(t,x)+ F(t, x).
0
AKBIpKBI OapadapIbIKTHI Vxx K€ Kapara a3blil analbi3:

v, (t,x) = —3j[(t —3S)V,, (s, Xx)ds —Mj[(t —s)v, (s, x)ds —
%% 8 9 )

_(tx) j'(t —S)V(s, x)ds—M'FiV(t: X)+ F(t, x).
% %

a a,(t,x)

metaga F(t,X) = ——(\y"2 ()t +\|/"1(X))—
2

(W (9t +y' (X)) -

(LX)

BEX) (4 0ty () - X,
a,



K(t,s)=y(t—s), y >0 sanponyn pesonsentacsl R(t,s)= \/;sh(\/; (t—9)),
SKEH/ITUH 3CKE anbitl, (5)TH TOMOHKY KOPYHYILTO XKAa3bIll ANalbI3:

v, (t, x) —iv(t, X) = —ij' R(t, r)[a2 (7, X)j(’t —3s)v, (s, x)ds +
8 8 9 0

+a,(t, x)j(r —s)v(s, x)ds + ¢(t) f (1, X) —v(r, x))dr -

_a(tx) j(t —s)v, (s, X)ds _Mj(t —s)v(s, x)ds _e®T ) F,(t,x), (6)
a 5 B 9 %

mbiaaa R(t,s) = —ish( {—ﬁ(t—s)} (t,s) e,
2 8

F(t, x):j R(t,7)F.(t, x)d + F (t, X).

v(t, X) = u, (t, X) 6enruneeneH xaHa (3)- 4ek apanslK IIapTTapiaH TOMOHKY
KEJTHIT YbITaT:
v(t,0)=v(t,)=0, 0<t<T. @
y'0)-kKy(x)=f(x), y(0)=y(1)=0 uexTux Mmacene y4yH I'punauH
GYHKUMSICBIHBIH Kapaambiaaa, (6)-(7) MaceneHH TOMOHKY KOPYHYIITO Ka3bill
anabbI3:

v(t, X) = —% j G(x, g)[ j R(t,r)[az (r, g)j(r— SV (s, E)ds + &, (x, ;)j(r— S)V(s, &)ds +

+o(0) f (. ) —v(t, X)) dT+a,(t, a)_t[(t —S)V, (s,E)ds +

+a,(t, é)j(t —s)v(s,&)ds+o(t) f (t, ) +a,F,(t, &)Jdé 8)
sh(ke—k)sh(E) o\ op
ksh(k)

wetia GO6E) =1 syshke — k)

ksh(k)

(8)- yuyn dupuxnenun GpopMyaacsiH KOJIIOHYI, TOMOHKYHY a1a0bi3:

v(t, x) = —ij‘G(x, é)Uj R(t, 1), (t,&)(r—s)dv,(s,E)ds +

, 0<x<&<1 0<k.



H R(t,t)a,(t,&)(t—s)dtv(s,&)ds — .tf R(t, tv(t,&)dt+a,(t, i)j(t —S)V,(s,E)ds +

+3,(1,8) [ (t—v(z. )dt+o(t) f (t,8)+ aF, (¢, é)Jdé- )
Temenkyzeit Oenruneenepay Kuinupeons:

Kyt X,ES) = —%G(x@)ag(t,a)(t—sw [REt 9, (x &) s)dr,
Kot X 58) = —iem a)(ag(t,a)(t -9)-[RtDay( a)(r—s)er ,

m(t,x>=—é [ fteds, Ftx)=[G(xeFEdE,

anna (9):
v(t, %) = [ (K, (%8 SV, (5,) +K, (&, %, &, S)V(s, €))dEds +m(t, x)p(t) +
00 l (10)
+j R(t,s)m(s, x)o(s)ds + K, (t, x),
KOPYHYILK® KeneT. byn ncgp,ue X=Xo e, (10)- TeMeHKY 10 Ka3bLIAT:
M(t, % )o(t) + [ R(t, S)M(s, %,)o(s)ds =
O ° (11)
= 970 — [ [ (K, (t, %, & SV, (5.€) +K, (t, Xy, & S)V(s, E))dEds — F (£, %,).
(11) x e3repynmecy GoroHua quddhepeHnnpIeHons:
vt =][ (—aKl(té:’ 59, 5.9) +—6K2(téx' 59,5, )deds +
00 X (12)

om, (60000 + [R5, (5, 0o()ds + TEX,
0 oX

Haterixana, yu 6enrucusayy o(t),v(t, x), v, (t,x) , yu (10), (11) xana (12)
BosibTeppaHbIH ChI3BIKTYY HHTETPAJJIBIK TEHIEMEICPUHUH CUCTEMACHIH aJIbIHAT.

L. m(t, x,) :_%TG(X"’@ f(t,£)dE =0, vt e[0,T].

TGMGHKY TeOpEMa JAJIUIIACHI CH:



1- Teopema. Orepme 1 maprter arkapeuica, anma (1)-(4) Tteckepu
macenennn  U(t, X), @(t) ubrapeimbimer - C*?(Q)xC[0,T]  Meiikunaurunme

JKaIIalT XKaHa KaJrbl3 OOJIOT.
YuyHuy GanTblH SKUHYM NaparpadblHia TOMOHKY 101 Macele N3NIAeHTeH

U, (t, X) = aguy, (t, x) +au, (t, x) +a, (t, x)u, (t, x) +a,(t, xu(t, x) +

+i(pi ®f.Ex)+F(tx), (tx)eQ, (13)

U0, =¥, (¥, U,(0,%) =,(x), 0<X<1 (14)
ut,0)=u(t,)=0, 0<t<T, (15)
ut,x)=g;t), te[0,T], O<x <X, <..<X <1, (16)

meiga 0<T,0<ay, a <0, xj— Genrnayy Typakryy canzap, a,(t,x),
a,(t,x), f(t,x), F(t,X), wi(x), y2(x), g(t) — Genrunyy pysxumsiap,
&, a, f,Fe C(Q), v, v, €C°[0,1], g, eC*[0,T],w,(0) =y, () =0,9,(0) = w, (%),
9,0 =y, (%); o), 0, (),...,p, ) xana u(t,x) — GyHKUMSLIAPEI OeATHCH3.
I, det(A(t)) =0, Vte[0,T], MbiHma

m(tx) m(tx) .. m(tx)

Al) = m(t,%,) m,(t,x) .. m(tx,) ,mi(t,xj):—i.l[G(xj,g)fi(t,?;)d&,
ml(.tl,.xn) mz(.t.,.xn) mn(.tl,.xn) e
shikx—K)sh(ke) o oy
ST k=—>0.

sh(kx)sh(k& —k)

ksh(k)
2- teopema. Orepae Lz maprer arkapsuica, anma (13)-(16) teckepu
maceneHuH  U(t,X), ¢, (t) i=12,...,n gprapeuennel - C*%(Q)xC [0,T]

MEHKHHIUTUH/IC )KAIIANT JKaHa JKaJTBI3 O0JIOT.
§ 3.3Te TOMOHKY TeCKepU Macele U3HIACHTeH

L 0<x<E<], &

u, (t, X)=awu,, (t,x)+pu, (t, x)+.t|.K(t —3s)u, (s, x)ds+ f (t,%), (t,x) eQ, (17)

u(0,x) =y, (x), u/(0,x) =wy,(x), 0<x<1, (18)
u(t,0)=u(t,)=0, 0<t<T, (19)
u(t, %) =g, te[0,T] x () (20)

mbiHAa B<0,0<a, 0<T,X, — Oenruiayy Typakryy canuap,
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f(t,x), w,(X), W,(X), g(t) — Genrunyy pyaxumsnap, f e C(Q),g e C*[0,T],

v, €C*[01], v, (0) =, (D) =0,(k=12), w;(%) = 9(0), v, (%) =9'(0);
K(t) sxana u(t,x) — Genrucus pyHxuusnap.

L. [G(x,,&)F(0,£)dE#0,
shikx=K)sh(k) o -y g
ksh() T

1
G L = k “a 0’
vemga G(X,$) shlkqshtke =) o x<p<1 "
ksh(k) ’ =A=6 =4

F10 =09 i@t -2 1.0

+£G(x,a)£(w;'(a)sww;'(a)—éf(s,a)jsh(ﬁ(t—s))dsda.

3-teopema. Orepae Iz maptel opyH anca, anga (17)-(20) teckepu
macenennt {U(t, X), K(t,s)} usirappubimsr C*%(Q)xC[0,T] meiiknaaurnnae
JKaIIaiT kaHa Kairei3 00JIOT.

§ 3.4t0  TepTyHUy  TApTUNTETH  JKEKeYe  TYYHAYJIYy  HHTETPO-
muddepeHInaNIBIK TeHICMEHHH OH JKarbklH aHBIKTOO JKOHYHIOry Oup Teckeph
MAaCeJICHHH YSUWIHIIN U3WIACHTeH, 0.a. Oylak (MCTOYHHK) KOHYHIOTY TeCKEepH
Macere:

Uy, (t, X) =a,, (t, X)—Bu,, (t,x)+ j[ K(t—s)ug (s, x)ds+

(21)
0, OREX)+ FEX), (6X)eQ,

u(0, x) =y, (x), u,(0,x)=wy,(x), 0<x<1, (22)
ut,0)=ut) =0, 0<t<T, 23)
ut,x)=0;(t),te[0,T], 0<x <X,...<x, <1, i=12..n, (24)

MBIH/IA K(), f(t.x), y,(x), w,(x), h(t,x),i=12,..,n - Genrunyy

dynxmuanap, f eC(Q), wy,,y,eC’ [0,1], g, eC? [O,T], ¢(0)=0, o(1) =0,
9,0 =y, (%), 950)=w,(x) (i=12,..,n), T, a, B— OepuireH Typakryy oH
canaap, ansmu U(t, X), @ (t),...,p, (t) dysxumszapsr Genrucus.
LL. det At) =0 vt <[0,T], AQ) ={a, O} i,j =12,....n,
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MBIHZA & (t)=éjG(xj,E_,)hi(t,§)d§, i,j=12...n,

shike—K)shke) oo
kshky = T

G(x,&) = k:i>0.
Sh(kx)sh(ké—k), 0<x<é<t a,
ksh(k)
4-teopema. Orepme Iz mapter opyn ainca, amma (21)-(24) teckepu
MaceJIeHHH {u (t.X), ¢,(1),.... 0, (t)} yprapeuibimel - C*? (f_z)an [0,T]

MEUKUHIUTUHIC JKalauT J)KaHa JKaJIrbi3 0o010T, MBIHIA
C, [O,T] =C([0,T]xC[0,T]x...xC[0,T1].
n orcony

3- 0an 0ooHYA KOPYTYHAY. YuyHUYy Oanrta TOPTYHYY TapTUITETH KEeKede
TYYHAYIYY muddepentmanpk *KaHa uHTerpo-muddepeHmanIpK
TEHJEMENepIUH OMp KiacChl YYYH TECKepW Maceleiep W3WIICHIU. YUyHUY
OanTbiH OMpHMHYM maparpadblHIa TOPTYHYY TapTunterd auddepeHnnanabK
TCHJEMEHUH OH JXarblH aHBIKTOO >KOHYHIOIY TECKEPH MAaCeJICHWH YCUMIHIIN
T ACHTH.

§3.2ne  TepTYHUY  TAapTHOTErW  CBIBBIKTYY A (depeHIranabk
TEHJEMeNep YIYH MUKH KeCHHIMIEPIETH KOIIyMyYa MapTTapbl MEHeH OepuireH
TECKEePH MaCeJICHHH YSUMITUIINHNH XKETHUIITYY IapTTaphl TaObUIraH.

§ 3.31e KecuHamme OeNTHIYY MaaHHCH MEHEH OallTanKbl-4eK apajbIK
TECKEePH MaCeJICHUH YSUMITUIIH JaTHIIIeH M.

§ 3.4t0  TepTyHUy  TApTUOTETH  JKEKede  TYYHAYIYy  HHTErpo-
nuddepeHMaNAbIK TEHISMEHHH OH JKarblH aHBIKTOO YKOHYHIOry Oup Teckepu
MaceJIeHHH YSUMIUIITNHNH KETUIITYY MapTTapbl aHBIKTAJJIBI.

«BEHIMHYM TAPTUIITETM XEKEYE TYYHAYJYY HWHTEIPO-
JUODEPEHLIMAJIABIK TEHAEMEJIEPAMH BUP KIIACCBI YUYH
TECKEPU MACEJIEJIEP» aTamslmrarsl TOPTYHIY Oam OCHIMHYM TapTHOTETH
JKEeKede TYYHIYITyy HHTerpo-andQepeHInanIblKk TeHAeMeIepauH Oup Kiacchl
YUYYH TECKEepH MaceJesepre apHajraH.

Teprynuy G6anTbiH OupuHYM naparpadblHia OSIIMHYN TAPTHIITETH >KeKede
TYYyHIYIIyy UHTErpo-audepeHnnanabK TeHIeMe YUYH Oup TecKepH MaceleHHH
YEUMJIMIIM M3WIJCHIeH, TaKTall aWTKaHJIa TOMOHKY TECKepH MacesIeHHH
{K(t), u(t,X)} YBITapLUILINILIHEI JKAIAIBl KAaHA aHBIH S KaJITBI3JIBITEI

HU3UJIACHI'CH:

U (£,X)—U, (t,X) —u

XXX

(t,x)+jK(t—s)uss(s, x)ds+ f (t,x) =0, (t,x) eQ, (25)

u(0,x) =y, (x), u,(0,x)=y,(x), 0<x<1, (26)
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ut,0)=u(t,)=u,(t,0)=0 0<t<T, 27
ut,x,)=9g(t), te[0,T], x (0,1 (28)
mbiaga 0 <T , xp — Genrunyy typakryy cauaap, f(t,X), yi(x), ya(x), g(t) —
Genrnnyy dpymxumsnap, f e C(Q),geC’[0,T], v, (%) =9(0), w,(%)=9'(0),
v, €C’[0,1], v, (0)=y,()=0,k=12; K(t) sxana u(t,x) — byrkumsuIaps!
6enrucus.
ToeMeHKy J1eMMa JaInuIAEHI el

1- aemma. Aiitansl, f e C[0,1] 6oncyn, anna
2"()-z(x)=1(x), xe(0,2), z(0)=z(1)=z'(0)=0
MaceJeHHH YBITapbUIBIIIBIH ['pUHANH (QYHKUUSCHIH KOJJOHYH TOMOHKY
KOPYHYIITO a3zyyra 00JoT:

200 =TG(X,§>f(§>d§ g G(x,a)={GR(X’§)’ preExsd

G (x&), 0=sx<g<],

G(XZ;) e(x €) \/2_5"1([()( é) je(x £)2

x_ XIZSI ( 3 J
2 i}
2 gl B3|
e——e“zsin NS, T
3 2 3
ex—iex’zsin ﬁx+£
3 2 3

- 2 . xﬁ o
gl®) - —_elo)2 sm[—(l—g)+—ﬂ.
e—ze“zsin[ﬁ+nj { V8 ? °
NE) 2 3

benrunee  xumitmpebus v(t,x) =u,(t,X). Anma u(t,X) y4yH TOMeHKY

GL(Xlg)z_

TYIOHTMAHbI anaobI3:

u(t, x) =j(t—s)v(s,x)ds+w2(x)t+\yl(x). (29)

t
I K (t —s)v(s,x)ds uHTErpaIIBl TOMOHKYIOM ©3rOPTYII )Ka3yyra 6oJIoT:
0

j K(t—s)v(s,x)ds = j K(s)v(t —s, x)ds. (30)

(29)-6apabapabIKTBI X ©3rOpYIMOCY 0OIOHYA YU KOy TU(depeHIrpIeons;
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Uy (8, X) = Jt.(t =)V, (8, X)dS +y ™, Ot + ™, (X) . (31)

Bbyn scenreenepayH HaThliikachiHAa (25)- HWHTErpo-au(dEpEHITHATIBIK
TEHAEMEHH TOMOHKY KOPYHYIITO KeJeT:

Vi (8, X) = V(t, X) =j(t =SV, (8, X)ds + 9™, ()t +y ™, (X) —
B (32)
—jK(s)v(t—s,x)ds— f(t,x), (t,x)eQ.

K(t—s) =t—s sanponyn pesoassentacsl R(t,s) =sh(t—s), (t,s)eQ
OKEHIUTHH 3CKe allbll, (32)H1 TOMOHKY KOPYHYIITO JKa3bIll aaadbi3:
t
Vo (6, X) —v(t, X) =y " ()t + 9" (X) —I K(s)v(t—s,x)ds— f(t,x) +
; o (33)
+ j sh(t- s)(v(s, X) +w "(X)s + @"(X) _j K(t)v(s—t,x)dt— f (s, x)]ds.
0 0

(27)- uex apanbik maprrapaas xasa V(t,X) =u, (t,x) Gearnneemen V(t,X)
(GYHKUMACH YUYH TOMOHKY IIAPTTAP KEJIMUII YbIrarT:
v(t,0)=v(,)=v,(,0)=0, O0<t<T. (34)
(33)-(34)- macenere 1- nemmansl koamonyi, V(t,X) QyHKIMACHIHA KapaTa
BoJsbTeppaHbli SKUHYH TYPAOIY MHTErPAIIBIK TEHAEMECUH alabbI3:

V(t,x) =I IG(X, g)sh(t —s)v(s,E_,)déds—J jG(X,é)K(S)V(t—s,é)dgds—
_Hj.G(X, g)sh(t—s)K (t)v(s—t,&)dtdeds + F(t,x).  (35)

meiaga F (t, X) :j.G(x, é)(‘l’(t, £) +_t[ sh(t—s)¥(s,&) ds}i 3
Y(t,8)=y"@Et+e"(E)- f(t,5).

(35)1u t Goronua qudhepeHnUpaeHON3:
v, (t,x) = j jG(x, g)ch(t—s)(s,&)d&ds — K () j G(x,E)v(0,8)dE —
00 0 (36)

t 1

[ [e oK S k-5, eds -

-14 -



—j j I G(x,&)ch(t—s)K (t)v(s—1,&)dtd&ds + F (t, X)

(35)ten v(0,x) =F(0,X) GapaGapabiKThl anadbis.
(36)ma X=X, mem >xaHa (28)-mIapTHl 3CKE aJbIl TOMOHKY TYIOHTMAaHBI
ayaOsbI3:

aK(t):j G(%,, &)ch(t—s (s, E)dEds — ”G(x E)K ()Y, (t—s, £)dEds —

—HjG(xo g)ch(t —s)K (t)v(s —1,&)dwd&ds + F, (t, x,) —g "(t)  (37)

MBIHIA O = jG(XO,i)F(O, g)deg .

K(t), v(t,x), v,(t,x) ©Oenrucuz byHKIMAIApra KapaTa KeIHI 4YbIKKaH

Bonbreppansin  skuHun - Typmery (35), (36) kama (37)MHTErpanbIK
TCHIEMEJICPUHUH CHCTEMACHIHBIH YBITAPBUTBIIIBI JKAITANUT KaHa JKaITbI3.

Ws. [G(x,,&)F(0,£)dE#0,

meiaga  F (t, x) =jG(X, Z;)( Y(t,&) +j sh(t —S)‘P(S,F,) dSJdZ;,
P(t.8) =y",©Ot+y",(8)- f(t.5).

TeMeHKY TeopeMa JaUIIIeHTeH
5-reopema. Orepae s maptel opyH ainca, anaa (25)-(28) teckepu macese

c2? (Q)XC[O,T] KIAacCHIHIA  KANTBI3 {u(t,x), K(t,S)} YBITAPBUIBINIKA 33
60I10T.
§4.2ne temenky teckepu Mmacenenun {K(t), u(t,X)} ubrapbuibIIBIHBIH

JKamambl JKaHa aHbIH KaJITbI3AbITbI H3UJIACHI'CH

Uy (, X) — Uy (8, X) — U, (L, X) +_t[ K(t—s)uy (s, x)ds+ f(t,x) =0, (t,x) e, (38)

u(0,x) =y (%), U (0,X) =y, (X), Uy (0,X) =y5(x), 0<x<1L  (39)

u(t,0)=u(t,))=0, 0<t<T, (40)

ut,x,)=9(), te[0,T], x, (01, (41)

meaga 0 <T | xo — 6enrunyy typakryy caugap, f(t,X), yi(X), w2(X), ws(X), g(t)
— 6enrmyy bysxumsutap, f e C(Q),g € C°[0,T], w,(x) e C3[0,1],
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vi(0) =wi@ =0, v,(%)=9(0), w,(%) =9'(0), ws(%) = g"(0); K(t) xana
u(t,x) — pysxiumsapsr Genrucus.
Gy(x,£),0<E<x<],

W, _([G(Xolé)':(oli)déqéo'MHHH& G(X’é):{GL(X,é), 0<x<g<],

et 2 ﬁ _ Tl ax-2)2 _
Gy(x,&)=¢ ﬁ5|n[ 5 (x E_,)+3je

e*—ze*’zsin(ﬁX+n]
~ 3 2 3 |:e(1é)_ie(lé)/zsin(£(1—§)+zj:|
(B = B 27 T3
e—ie“zsm —+=
Bl 5 )
X 2 X/2 o3 \ﬁ T
e ———=e" “SIn| — X+ —
Ne {2 3}{ 2 . («E TEH
G (x&)=- s - e sin| = (1-¢)+— ||,
e_ielm S'n ﬁ_f_ﬁ \/g 2 3
NE) 2 3

F (t,x) =J1‘G(x, &)( W(t,€) +j sh(t—s)¥(s,€) dsjdé,
P8 =y",(Ot+v" (€)- f(t,5).

6-reopema. Orepae s maprraper opyn ainca, anma (38)-(41) teckepu
macene C*?(Q)xC[0,T] knaccsiuna sxkanrs3 {u(t, x), K(t)} usrapsiisimka
60u10T.

§43me  OemmMHYM ~ TAapTUOTETH  JKeKede  TYyHAYIyy  HMHTErpo-
b depeHInanIplk TCHIEMEHIHH OH JKarblH AaHBIKTOO JKOHYHI® TOMOHKY
TECKepU MACEICHUH YEUYIIMIIMH KaMCBI3 KBUIYydy JKETHINTYY IIapTrap
TaOBLUITaH:

U (£ X) = U (8, X) = U (6, %) + j K (t—3)ug, (s, X)ds + p(t)h(t, X) + F(t, X), (42)

u(0, ) = w(X), U, (0, X) =y, (X), Uy (0,X) = y,(x), 0<x<1, (43)
ut,0)=u(,)=0, 0<t<T, (44)

u(t,x,)=9(), t<[0,T], x, €(0,2). (45)

MBIH/IA K(t), F(t,x), w;(x), h(t,x), - Genrunyy QyHKUmsIap,

FeC(Q), v; C*[01], geC’[0T], ¢(0)=0, () =0, g(0) =, (%),
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9'(0) =w,(X,), 9"(0) =w,(X,). T, X,— Oepunirer oH TypakTyynap, ai 3MH
u(t, X), o(t) dyHKIMANapE! Genrucus.

7. .l[G(Xo,é)h(Lé)d& #0,vte[0,T],

sh(x—1)sh(&)

0<E<x<,

mbrHga G(X, &) = shi
sh(x)sh(&-1) 0<x<é<l
shl oo

TeMeHKY TeopeMa NaTHIIeHIeH
7-reopema. Orepme II7 mapr opys anca, auga C**(Q)xC[0,T]

MmelkuHaukTe (42)-(45) Teckepu MACEJICHHUH YbITapBUIBIIIBI JKAIIAWT jKaHa
JKaNTHI3 00JIOT.

§ 4410  OCHMIMHYM  TAPTUNTETH  JKEKede  TYYHAYIyy  HHTErpo-
nuddepeHnanabIK TeHASMEHHUH SAPOCYH JKaHa OH JKarblH KaIbIObIHA KEITUPYY
KOHYHJI© TOMOHKY MacelleHH KaHaarTanipipran UeC?3(Q), KeC[0,T] xana
@< C[0,T] ¢pynxumsnapbin Tabyy Maceaecu Kapajar:

Uy, (t, X) = Uy, — Uy, +DB(t, X)U +j K(t—s)u(s,x)ds+eo(t) f (t,x) + F(t,x), (46)

uO0.x)=w,(x), u0x)=y,(x), xe[01],  (47)
u(t, 0)=u,(t,0)=u,(t,)=0,t[0,T], (48)
ut,x)=g,®), ult.x,)=9,(t), tel0T], x,x, €(0.1),x =x,,  (49)
meiaga b, x), f(,X) F(tX), wo(X), w,(X), 9,(t), 9,(t), — sxeTnumapmuk
Japaxana KBUIMa OonroH oenrmiyy ¢dbyHKIUsITAp,
Vo (0) =w'5(0)=y', (D=0, 9;(0)=w,(X%), 95(0)=w,(%),i=12.
m(x,) dtaq

MWls. det(d(0) %0, te[0.T]. womza d() :(m(x ) cltx,)

m(x) = [G(x,&)w,(&)dE, c(t.X) = [G(x, &) f (t,&)dE,
1,. 2% [J‘ n

oe 2% inl Y3y
G(x8) = 3e 3e sin 5 (x E“)+6

—G,(x,E), 0<x<&<l

]—de@, 0<E<x<L
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B3

X
- . T
e*—2e 2sin 7x+—

L

3l e+2e 2sin| X241
2 6

5 S

. 3 T -
e +2sin| — (1-&)-= e
2 - 5

Gl (X, E_)) =

TeMeHKY TeopeMa TauiIeHTeH
8-reopema. Orepae Ils miapter opyn anca, auma (46)-(49) teckepu
macesieHuH gbrapeuibiimbl UeC23(QQ), KeC[0,T] xana ¢ €C[0,T] »xamaiir

JKaHa OKalnrel3 00s10T. UbIrappUIbIIITHl  yJaajanl KaKbIHIATYy METOAYHYH
JKapAaMbIHIa Typry3yyra 0oJor.

4- 6am OowH4a KopyTyHAy. TepTyHuy Oamnra OCIIMHYM TapTHUITETH
JKEKede TYYHIYITyy HHTErpo-An(QepeHINaNIbIK TeHAEMEIepIuH Oup Kiacchl
YUYH TECKEepH Macenesep N3MIACHIN.

§4.1me xana § 4.2n¢ OCIIMHYM TapTUNTETH ap TYPAYY KOPYHYLITOTY
uHTerpo-auddepeHInanabIK TeHIeMe Y4YYH SAPOHY KajblObIHA KENTHTYY
JKOHYH/IOTY TECKEpH MACeJIeHHH YCYWJIHMIIMHUH OKCTUINTYY LIapTTapsbl
AHBIKTAJIJIBI.

§ 4.31e Uitt(t,X)=F KOpPYHYIITOrY UHTErPO-Tu(PepeHIUATIBIK
TEHJEMEHHH OH JKarblH aHBIKTOO JXOHYH/I® TECKEPU MAacCENCHUH YEUMJIMIIN
JATHIICH]H.

§ 4.41e Ussat(t,X)=F KOpYHYIITOTY UHTErPO-TudPepeHIINATTBIK
TEHJIEMEHHH SIIPOCYH ’aHa OH XarblH KalbIObIHA KEATUPYY )KOHYHIOTY TECKEepH
MacelIeHHH YEUWIMIIMHUH JKCTHUINTYY IIapTTapbl aHBIKTAIIBI JKaHa TECKepH
MaceJIeHHH YBbITapbUIBIIIBIH TYPry3yyHYH METOY (QITOPUTMHU) TaOBLIIBL.

KOPYTYHAY

JluccepTaisuiblK U3UI106 — TOPTYHUY jKaHa OCIIMHYM TaPTUIITETH JKEeKede
TYYHIYJLYY nuddepeHunan bk JKaHa HHTETpO-TuddepeHIHaNIBIK
TEHJEMeNepJUH OHUp KJacchl Y4yH TECKEpH MacelelepAnH Oup MaaHWIYY
YEUMJIMIIM >KOHYH/Iery Macelere apHajraH >kaHa TeMeHKY HaTblibKanap
QJIBIH/IBL:

- TOpPTYHYY TapTHOTErH IKeKede TYyHAylyy anddepeHIraIIbK
TEHJAEMeNep YYYH TEHAEMEHHH OH JKarblH aHBIKTOO TECKEPHU MAaceIeCHHUH
YEUWIHIINHUH )KETUIITYY MapTTaphl aHbIKTAJJIbL;

- TOPTYHYY TApTUOTETH CBI3BIKTYY MU(QepeHIHaNIIbIK TeHIeMenep YIYH
WYKH KeCHHIMWIEp/e KOITyMYa MIapTTapbl MEHEH OepIIITeH TeCKepH MacelleHHH
YBITaPBUIBIIIBIHBIH XKAIIAIBl KaHA JKaITBI3IbITH JAIIIACHIH,

- TOPTYHUY TapTUIITETH XXeKede TYyHAYIyy HHTerpo-audQepeHnnanask
TEHJeMeNep YIYH TEHAEMEHHH SAPOCYH aHBIKTOO MACEJICCHHUH YeUMIIHIINH
KETUIITYY MapTTapsl TaOBIIIEI,
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- TOPTYHUY TapTHIITETH >KeKede TYYHIYJIyy HMHTErpo-audQepeHualbK
TEHJIEMEHHMH OH >KarblH aHBIKTOO TECKEPU MAaCEJICHUH YCHWIMIIUHHUH IapTTapbl
AHBIKTAJIJIBI;

- OCIIMHYM TAPTUNTETW XXEKede TYYHIYJIyy HHTErpo-an¢epeHraIibK
TEHJEMEHHH SIIPOCYH aHBIKTOO KOHYHJI® TECKEPU MacelIeJIepIMH YeUMITNITUHIH
JKETUILITYY IIapTTapbl TaOBLIIBI;

- OCUIMHYM TApTHITETH >KEKe4e TYYHAYIYy HHTETpO-AuddepeHnnanIpk
TEHAEMEHHH OH JKAarblH aHBIKTOO JKOHYHI® TECKePH MACEICHUH YCUMIIHIIN
JaJTHAIICHIH;

- OCIIMHYM TApTUITETH KEKede TYYHIYIYy WHTErpo-nudepeHIra-IsK
TEHAEMEHHH SIPOCYH JKaHa OH JKarblH KaJbIObIHA KEITUPYY KOHYHAO TECKEpH
MaceJeHHH YEUWIMIINHUH JKETHIITYY INapTTapbl TaObUIABI JKaHa TECKepH
MaceJICHHH YBITaPBUIBIIIBIH TYPry3yyHYH aJITOPUTMH KEITHPUIIIH.

ITPAKTHUKAJIBIK CYHYILITAP

JuccepTanusiHBIH  OapAbIK OKBIHBIHTBIKTAPhl JKaHBl JKaHA TEOPHSUIBIK
MYHO3re 33, OHpOK (HM3WKAHBIH, TEXHHKAHBIH KOHKPETYY MacelelIeprHe
KOJIJOHYIYIly MYMKYH.

Juccepranusana anblHraH WIMMHHA HaThIMKamapAsl KOTOPKY TapTUNTETH
muddepeHIMaNABIK  JKaHAa HMHTErpo-AnGQEpeHINANIBIK TEHAEMENep Y4YH
TECKEpH MaceleJepAuH YCUWINIINH HU3UINe6eJe >KaHa TECKEpU MaceleHHH
YBITAPBUIBIIBIH TYPry3yyia KOJAOHYyyTa CyHYIITailObI3.
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MambiToB  AliTéali OmonHoBHYTHH «TepTyHuy skaHa OemIMHYH
TAPTUNTErH JKeKede TYYHAYJdyy Au(depeHOHaNIbIK KaHA HHTETPo-
aupdepeHnIHANABIK  TeHAeMedepAuH OMpP KiIacchl YYYH TeCKepH
MmaceJsieep» jaered Temagarsl 01.01.02 - anddepenunanabixk TeHaeMeep,
ANHAMHUKAJIBIK CHCTEMAJap »KaHa ONTHMAJIbIK OalmKapyy aJHCTHIH
0oroHYa (pu3nKa-MaTeMaTHKAJIBIK WIMMIEPANH KaHIuAAThI
OKYMYWITYYJYK  JapaskacblH  H3leHMII  aldyy Y4YYH  sKa3blLIraH
JAUcCePTALUSCHIHBIH

PE3IOMECHU
Herusru ce3nep: teckepu Maceie, aAuddepeHnanibik TeHaeMe, HHTErpo-
IuddepeHITHaTIBIK TEHJIEME, IMpusaIH (YHKIHACHL, pe30JbBEHTA,

BonbTeppaHbIH SKHHYN TYPAOTY HHTEIPAIIBIK TCHICMEICPHHIH CHCTEMACHI.

H3nnpnee o0beKTHCH: TOPTYHYY >KaHAa OCIIMHYM TAPTHUIITETH JKEKeue
TYYHAYIYY muddepenmanapk XKaHa uHTerpo-muddepeHmanIpK
TEHJEMeJIepJHH OUp KIIACcChl YUYH TECKEpH Maceeep.

M3nnnee npeaMerH: TOPTYHUY »aHa OCIIMHYM TApTHITETH JKEKede
TYYHAYIYY muddepenmanapk XKaHa UHTETpO-Iu( hepeHInATIBIK
TEHJEMENIEpJUH OUp KIAcChl YUYH TECKEpH MaceJelepInuH YSUHIUIIMH KaMChI3
KbUTYYy4y JKETUIITYY MIApTTapibl TA0YYy.

Hwrun  makcarsl. TepTyHuy ikaHa OCIIMHYM TAPTUITETH OJKEKeue
TYYHAYIYY mudQepeHITHaIIBIK KaHa HHTETpO-Tu(epeHIIHATIBIK
TeHAEMEJIepANH OMp KJIAcChl YYYH TECKepH MaceJelepauH YCeUYHMIUIINH
JaJHIIee.

H3nngeeHyH MeTOAAOPY :KaHAa ammapatbl: ©3repTyNl TY3YY MeETOny,
pezonbBeHTa MeToAy, ['pMHIMH (YHKIHMACHL, KBICBII YarbUITYy HPHHIHOH,
BouibTeppaHblH HHTETPAIIBIK TEHIEMECUHUH METOY.

AJBIHTaH HATBIKAJap KaHa aJapAblH SKaHBUIBITBL. TepTyHuy
TapTHIITErH  JKeKeue TYyHIyldyy JauddepeHnuangplk KaHa  HHTErpo-
muddepeHInaNABIK TEHIEMENEp YYYH TECKepU MaceselepAnH Ye4HMIHIIHHUH
JKETUIITYY WIapTTapbl TaObULABL. bBelmuH4M TapTHOTErH >ekede TYYHIYILyy
UHTETpO-Tu(GEepeHINAIABIK  TeHIEMeNep YYYH TeCKepu MaceselepanH
YBIrapbUIBIITAPBIHBIH JKAIIAlIbIH JKaHa JKAITBI3AbITBIH KaMCBI3ZI004y IIapTTap
AHBIKTAJIIBI.

Kougonyy npapakacel ke KOJIOHYYy OoroH4a cyHymrTap. Wnumuiil
HaTbIKaNapapl TECKEpU MacelieNIiepANH UYCHWIMIINH HW3WINee/e >KaHa aHbl
TYpry3yyZAa KOJJIOHyyTra CyHyIITaiObI3.

Koanonyy :kaarbl. l3uineHreH Teckepu Macenenep reousnkana,
aCTPOHOMMSIZIA, MeIUIIMHAIIBIK BU3yaIJIAIITHIPYY /I, KOMITBIOTEPINK
ToMorpadusaa, CHEKTPAIbJBIK aHalu3/le >K.0. TapMmakrapJa KOJJOHYIYIIY
MYMKYH.
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PE3IOME

HMuccepranmu MambiToBa AiiT0as OMoHOBH4YAa Ha Temy: «O0paTHbIe
3aja4d A OAHOro KJjaacca Ju@epeHIHMAILHBIX MW HMHTErpo-
AuddepeHIHATBHBIX YPABHEHUH B YACTHBIX NPON3BOJHBLIX YeTBEPTOro M
NATOr0 MOPSIAKOB» HA COMCKAHWE YYEHOH CTeleHH KAHAWAATA (PU3UKO-
MaTeMaTH4YecKuX Hayk mo cnenuajsHocTu 01.01.02 — nuddepenuuaabHbie
YPaBHeHMs1, JUHAMUYeCKHe CHCTeMbl U ONTHMAJIbHOE YIPaBJeHHe

KawueBble ciaoBa: oOparHas 3amada, nuddepeHIHaIbHOe ypaBHEHHE,
HHTETpanbHO-TH(PepeHInanbHOe ypaBHeHHe, (yHKuusa ['puHA, pe30JbBEHTA,
cHUCTEeMa MHTETpalbHBIX ypaBHEeHUI BoabTeppa BTOporo poja.

O0beKkT mMcciaenqoBaHusA. o0OpaTHble 33JayM Ul OJHOTO  Kiacca
muddepeHInaNBHBIX U MHTErpo-Au(GGEepeHIUATIbHbIX ypaBHEHHH B YaCTHBIX
MPOU3BOJHBIX YETBEPTOTO U IISITOTO MOPSIIKOB.

Ilpenmer  mccienoBaHUs:  HAXOXKJAEHHE  JIOCTaTOYHBIX  YCIIOBH,
oOecreunBaoIUX pa3pelIMMOoCTh OO0paTHBIX 3afad Ui OJHOTO KJjacca
muddepeHINaNBHBIX W HHTETpo-ANGPEPEHIINATBHBIX yYPaBHEHUH B YACTHBIX
MPOU3BOIHBIX YETBEPTOTO H MATOTO MOPSIKOB.

Heapr padorbl. J[0Ka3aTenbCTBO pa3peIIMMOCTH OOpaTHBIX 3amad Il
OJIHOTO Kiacca qudhepeHnnanbHbIX 1 HHTErpo-1uddepeHIanbHbIX ypaBHSHHN
B YACTHBIX IIPON3BOIHBIX YETBEPTOTO U IISITOTO HOPSIKOB.

MeToapl MCCIeIOBAHUA M anmapaTypa: MeToJ IpeoOpa3oBaHus, METOA
pe3onbBeHThl, (QYHKUUs [puHA, NPUHLIMO CKAaTUS NPU OTPAXKEHHH, METOJ
UHTETPAJIbHBIX ypaBHEeHUN Bonbreppa.

MMosnyyennbie pe3yJbTaThl W HMX HOBHM3Ha. Haiinenbl nocrarouyHble
YCIIOBUSI JUIsl pellieHus] oOpaTHBIX 3anad s AuddepeHIrnanbHbIX U HHTErpo-
JuddepeHInaNbHBIX YPABHEHUH B YaCTHBIX ITPOM3BOIHBIX YETBEPTOTO MOPSIKA.
Just uarerpo-auddepeHnnanbHpIX ypaBHEHHH B YaCTHBIX IPOU3BOJIHBIX ISITOTO
MOpsJKa OMNpEJEICHBl YCIOBHUS CYIISCTBOBAHUS W €IMHCTBEHHOCTH PELICHUS
00OpaTHBIX 3a7a4.

CreneHp HCNOJB30BAHUS WM PEKOMEHAANMH IO HCIOJIb30BAHMIO.
[IpennmaraemM  ucnonb30BaTh Hay4yHble PE3YJbTaThl NPH  HCCIEIOBAHUU
Pa3peIMOCTH 1 IIOCTPOCHUH pelIeHust 00paTHBIX 3a1ad.

Oo6Jgacte npumeHeHusi. lcciemoBaHHble o0OpaTHBIE 3aJaddl  MOTYT
NpUMEHSTCS B reodusnke, acTPOHOMHH, MEIUIMHCKOW BH3yaH3alluH,
KOMITBIOTEPHOW TOMOTpaduH, CIIEKTPAILHOM aHAJIM3€ U B APYTHX OTPACIISX.
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SUMMARY

Mamytova Aitbaya Omonovich Dissertation «Inverse problems for one
class of differential and integro-differential equations in partial derivatives
of the fourth and fifth orders» for the scientific degree of candidate of
physical-mathematical sciences (specialty 01.01.02 — differential equations,
dynamical systems and optimal control)

Key words: inverse problem, differential equation, integro-differential
equation, Green's function, resolvent, system of integral equations of Volterra’s
of the second kind.

Object of research: inverse problems for one class of differential and
integro-differential equations in partial derivatives of the fourth and fifth orders.

Subject of study: finding sufficient conditions to ensure the solvability of
inverse problems for one class of differential and integro-differential equations in
partial derivatives of the fourth and fifth orders.

Purpose of work. It is proof of the solvability of inverse problems for one
class of differential and integro-differential equations in partial derivatives of the
fourth and fifth orders.

Research methods and equipment: transformation method, resolvent
method, Green's function, compression principle in reflection, method of the
Volterra’s integral equations.

The results obtained and their novelty. Sufficient conditions for solving
inverse problems for differential and integro-differential equations in partial
derivatives of the fourth order are found. Conditions of existence and uniformity
of solution of the inverse problem for integro-differential equations in partial
derivatives for the fifth order are determined.

Degree of use or recommendations for use. We propose to use scientific
results in the study of solvability and construction of solutions to inverse
problems.

Application area. Researched inverse problems can be applied in
geophysics, astronomy, medical imaging, computed tomography, spectral

analysis, and in other branches of science.
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HIAPTYY BEJI'WJIEP, CUMBOJIAOP, BUPIUKTEP,
TEPMUHJEP 5)KAHA KbICKAPTYYJIAPJABIH TU3MECH

e N={1,2,3,...} — HaTypaiIbIK CAaHAAPbIH KONITYTY;
R — 9BIHBITHI CaHJAP/BIH KONTYTY;
Q={(t,x)|0<x<1, 0<t<T}, 0<TeR;

V — KaJMbLUI00 KBAHTOPY;
3 — ’ka1oo KBaHTOD;
€ — «THEIIeNYY» Ke «TaaHIbIK»;
= — KEJIHII YbITaTy;
C (D) — D aiimarbiaza y3rynTykey3 GyHKIHSIAPAbIH KONTYTY;
e CX(D) — k- taptunxke ueitnnku (K- KoIIo0) y3ry/aTyKCcy3 TyyHIyJdapra 33
6onroH GyHKIMUIAPABIH MEHKUHIHTY;

. C: (D) - osnemenrrepu C*(D) melikunpurune Taaumbk GOITOH N
YEHEMYY BEKTOp (YHKIHSIAPIAbIH MEHKHHIIUTH;

o CF (D) —onementrrepu C (D) MeliKHHIUIHHE TaaHIBIK GOITOH NXN
YeHEM/TYY MaTPUIATBIK QYHKIMSIAPABIH MEHKAHTATH;

o A %) =a; (. x)| = max {Z

1<i<m

sup |aij (t,x)|} - ysryarykeys  A(t,x)
(t,x)eQ

=
MaTpHUAIBIK QYHKIMSIHBIH () aliMarbHarsl HOpMachl.

Bacmara ko xoromay: 04.01.2022-x.
®opmarsr 60x90 1/16. Ilaprryy 1,5 6.71.
Byiipyrma Ne 60. Hycxkacer 100 naana.

“B0o0K-u3aiiH” KOMITBIOTEPIMK KbI3MATTap
Ou 1., M. CynaiiMaHoB K., 3.
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