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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTb TeMbl auccepranuu. [locTpoeHre MareMaTuueckux Mopesen
JUIS pa3HOOOpa3HbIX KOJIE€0ATENBHBIX MPOIECCOB M MX BCECTOPOHHEE MCCIIEAOBAHUE
NPE/ICTABISIIOT cOOOM BaKHYIO 3a/ladyy TNPUKIAAHOW MaTeMatukd. U BakHbIM
HAaIpaBJIeHUEM MCCIIEJIOBAHUS B 3TOM 00JIACTH SIBIISIETCS IIOCTPOCHUE ACUMITTOTHYECKOM
TEOpHH BO3MYIIIEHHH, KOTOpbIe ObLH pa3zpabotansl B Tpynax A.A. AnaponoBa, H.H.
boronrobosa, B. Bazora, H.M. Kpsiosa, JI.C. [lontpsiruna, A.H. Tuxonosa u mp.

Jlist aToM 1enu Mbl OyJIeM paccMaTpuBarh CUHTYJSIpHO-BO3MyIieHHbIE (CB)
maddepertmanbapie  ypaBHeHust (1Y) wu  umHTErpo-muddepeHmaibHbie  ypaBHEHHUS
(M1Y), rme Masble MOJIOKHTEIbHBIC MapaMeTpbl (OyeM 0003Ha4aTh UX & &1, &)
SIBJISIFOTCS. COMHOMKUTEISIMU TIPH CTApIIMX IMPOU3BOIHBIX, 1 COOTBETCTBEHHO 33/1a4u ISl
Takux ypaBHenuit (CB3). 3amauu, nomyyarommecst py MPUPABHUBAHUHY &, &1, & HYIIIO,
Ha3bIBAIOTCS BBIPOXKACHHBIMU 3anadyaMu (B3). BaxxHbIM Ipy MOCTpOEHMH TEOPUH
CHHTYJISIDHO-BO3MYIIIEHHBIX 33/1ad SBJSETCS BbIOOp HAMOOJIee ONTUMAIBHOIO IS
UCCIIeTyeMOM 3a1audl MPOCTPAHCTBA, B KOTOPOM (DM3UYECKUI MPOLIECC ONMCHIBACTCS
HarOosee mpocto. Hmke MbI HCHONB3yeM THIBOSPTOBBI MpOCTpaHcTBa L% (R)-—

KBaIpaTUYHO UHTETPUPYEMBIX (yHKIMM B o0nactu R u L2 (D) - Takxke B 00yiacTu

D c mHeotpunarenpHol GpyHKIMei - BecoMm h(7).

PazBuBas umen padotsl A.H. TuxoHoBa B TEOpUM CHHTYIISIPHO-BO3MYIIIEHHBIX
3aa4, B u3BeCTHhIX padotax K. Anbivkynosa, B.M. babuya, B.C. bynaeipeBa, B.IL
byty3oBa, A.b. BacunneBoid, M. Ban [laiika, A.A. lopoaauiina, A.I'. Emmceesa, A.M.
Nnbuna, K. Kakumesa, K.A. Kacemmosa, C. Kapumosa, C.A. Jlomosa, E.®. MuieHko,
H.X. PozoBa, JI.C. Ilontpsruna, A.C. OwmypammeBa, T.JI. OmypoBa u 1apyrux
uccieioparenel, ObUIM pa3pabdOTaHbl Ppa3IMYHbIE CIIOCOOBI TIOCTPOCHUSI acHM-
NTOTUYECKUX paznoxeHuii pu & — 0. PaccMaTpuBamich morpancioiHble (QyHKIHHN, HE
MaJible B OKPECTHOCTH OIpeJeNeHHbIX Touek. B paborax M.M.Mmanammesa, I1.C.
[TankoBa, I'.M.KenenOaeBoii momydeHbl Oosee 0OOmMe (B TOM YHCIE IOJBIKHBIC)
norpancoiHbie PyHKImu 15t 00bIKHOBEHHBIX CBTY .

Cy1iecTBeHHbIC TPYIHOCTH BO3HUKAIOT MPH HUCCaeA0BaHMM HenrHelHbx CB3
B 00JaCTU JIOTIOJIHUTENIBHBIX TOTPAHWYHBIX CJIOEB M B 3a7adaX C pa3pbIBHBIMU
COCPENOTOUYEHHBIMUA UCTOYHUKAMH. AHAJIOTUYHBIE TPYIHOCTH BO3HUKAOT M CB3 Trma
benmpxamuna-bona-Maxonu (BbM) B 001acTH CrielMaIbHBIX TOTPAHUYHBIX CJIOEB.

[TosTOoMy, B IUCCEpTaIMOHHOM padoTe MPEIIOKEH METOI, JAFOIIUM Pa3lIoKEHHUS
acumritornaeckoro xapakrepa st CBAY u CBUY B 4acTHBIX NPOU3BOAHBIX, TJIE
coziepyKarcs pelieHue BIPOXKICHHOM 3a1auu, (PYHKIIMS THTIA TIOTPAHCIIOS B OKPECTHOCTSIX
HEKOTOPBIX OTPE3KOB M JIMHEHHBIA MHTETPATIHHBIA OMEpaTop C OCTATOYHOM (PYHKIIHEH.
Pazpaborannbie METO/IBI TIO3BOJITIOT A((EKTUBHO OLICHUTH Oym3ocTH perennii CB3 u
BBIPOKIICHHBIX 331a4 BL: (D), Korja 3amaeTcsl anpropHas WH(OpPMAIUs O BXOIHBIX

2
JIAHHBIX U3 L'(R) , B UEM M 3aKJTFOYACTCS aKTyaTbHOCTh JIAHHOW PaOOTHI.

OtmeruMm, uto CB3 ¢ nBymMs u 6ojee ManbMU MapaMeTpaMy BCTPEUYAIOTCA
BO MHOTUX oOOjacTsX Hayku. Hampumep, B 3amadax THUIPOJWHAMUKH OBLIH
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uccienoBansl CBY ¢ aByms mapamerpamu, Korga p ‘A =& - KHHEMaTHUYECKHUN

KOO PUIIMEHT «KaKyHIEHCs» BSI3KOCTH TypOYJIEHTHOTO TEYEHHs, COOTBETCTBYIO-
Ui KOAPPUIMEHTY KHHEMATHUECKOW BSI3KOCTU: = p 'v JIAMUHAPHOTO TCUCHHUS

(A - xodddurmment typOynentHoro oOmena). I[loaTomy B paboTe TaKxke

uccinenoBanbl CBY ¢ 1ByMst ManbIMHU IapamMeTpaMu.
Heabio padoThl SBISETCS HaXOXeHUE ycinoBUid O0mu3octu pemenuii CB3 u
BBIPOXKJICHHBIX 3a7a4d B L2 (D) nnst HenuHeHHBIX MJ[Y B yacTHBIX MPOW3BOMHBIX B

HEOrpaHW4YeHHOU obJiactu ¢ ycimoBueM Komm.
Metomuka ucciaenoBanus. OCHOBHBIMM METOJIaMH MCCJIEIOBAHUS SIBIISIOTCS:
JUISL TEOPUH BBIPOXKICHHBIX 33Ja4 — TEOPUsl NHTETPAIIbHBIX YPaBHEHUI BTOPOIO poja
(NY-Il), npuaiun banaxa u meron Ilukapa; st teopuu CB3 — mpencraBieHus
ACUIMITOTMYECKOIO  Xapakrepa s pElICHWH,  METOABl  MHTETrPAIBbHBIX
npeoOpa3oBaHui, 3JIEMEHTHI (PYHKIIMOHATIBHOTO M MATEMAaTHYECKOTO aHaIN3a.
Hayuynast HoBU3HA:
1) Ha ocHOBe pa3pabOTaHHOTO METO/Ia, I/Ie BBOASATCS (DYHKIIHS TUIIA MOTPAHCIION B
OKPECTHOCTH OTpE€3Ka W JIMHEMHBIM HWHTETPANbHBIM ONEPATOP € OCTATOYHOM
¢dyuknueit, moryueno pemenne CB3 tuma (BbM) B L2 (D);

2) nomydeHsl ycioBus Onu3octu peweHuil stol CB3 u BhIpoKIeHHOHN 3a1auu B
L5(D);

3) paspaborannas Tteopus CB3 tuna (BBM) wmomudunuposana k CBUY
runepooandeckoro Tumna ¢ ycnosueM Kommu B L2 (D);

4) mosryueHHbIe pe3ynbTathl 00001meHs! it CBUAY ¢ nByMs ManbiMu napamer-
pamu.

Teopernyeckass U MpaKTHYeCKas HEHHOCTh. Jluccepranyst HOCUT Teope-
TUYECKHUI XapakTep, U €€ pe3yslbTaTbl MOTYT OBbITh MCIOJIb30BaHbl aCUPaHTaAMHU,
JOKTOpaHTaMH M CIeIMajaucTaMu B 3Tod obmactu. Ilenmpro aro0oro merona B
TEOPUH CHHTYJIIPHO-BO3MYIICHHBIX 33]a4 SIBJSETCSA MOCTPOECHUE aCUMIITOTHYEC-
KOM anmpoKCUMaluu, KOTOPOE IMO3BOJMIO Obl JOKa3aTh Pa3pelIMMOCTh H3yda-
€MBIX 3a/1a4 U OLIEHUTh OJIN30CTU PELICHUN CUHTYJISIPHO-BO3MYLIEHHBIX U BBIPOK-
JEHHBIX 3aJad, Korja Majblid MapaMeTp CTPEMHUTCS K HYJII0 B OMNpEIeTIEeHHBIX
npoctpaHcTBax. [1oaToMy, pe3ynbTarhl JaHHOW AMCCEpTAalMU HE TOJIBKO OTBEYAIOT
ITOCTABJICHHBIM BOITPOCaM, HO W IONOJIHSIOT TEOpUI0 HenuHenHbIX CB3 u Moryr
OBITh KCIOJB30BaHbI JJI PEUICHUS] KOHKPETHBIX 3aJa4 THJIPOJIMHAMUKHU, MaTeMa-
TUYECKOUN (DU3HUKH U JIP.

OcHOBHBIE 110JI05KeHUS1, BBIHOCMMBbIE HA 3aLIUTY:

— BBIOOp Hanbosee ONTUMAILHOTO MPOCTpaHCTBa [ uccneayembpix CB3;
— pa3paboTka anroputma peuieHust ucciaenyemsix CB3 B BbIOpaHHOM IpOCTpaH-
ctBe L2(D);

— JIOKa3aTeJIbCTBO paspemmmocty pemiennst CB3 B L2 (D);

— JIOCTaTOYHBIC YCJIOBHS OJIM30CTH pemieHuid u3ydeHHbIXx CB3 U BBIPOKICHHBIX
3a1a4 B L2 (D);



— 0000menue npemioxenHoro meroaa pemenuss CB3 na CB3 ¢ aByms maibimu
napamerpamu B L2 (D) ;
— MonauduKaImsa MoiydyeHHbIX pe3ynbTaroB st CB3 tuma (BBM) mis CBULY
BTOPOT'0 MOPSAJIKA TUIEPOOTNIYECKOTO THUIIA B HEOTPAHUYEHHOM 00J1aCcTH ¢ anpUOPHON
uHpopmarmei B L (R).

AnpobGanus padoThl. Pe3ynbrarhl paboThl JOKIAIBIBATIUCH HA CEMUHApPAX:

- Uncturyra Teopetnyeckoi u nmpukiagHoi marematuku HAH KP (2015 r., mon
pyKoBoJicTBOM akajgemuka Mimananuesa M.1.),

- kadenpsl auddepeHMaIbHbIX YpaBHEHU U MaTeMaTudeckoro ananmza KHY
uM. K. banacareina (2017 r., mox pykoBojcTBoM npod. baiizakosa A.B.),

- HUI] HaBbe-Ctokca KHY (2017 r., mox pykoBoactBom mipod. Omyposa T.J1.),

u Ha Hccrik-Kynbckom maTematudeckoMm dopyme, c. boszrepu (urous 2015).

Hyoinkanuu. Ilo Teme auccepTallMOHHONM padoOTHl omnyoarkoBaHo 11
Hay4YHBIX cTaTei, B ToM umcie 3 ctathu [8, 10, 11] - B 3apyOe)KHBIX U3MaHUIX H 4
paboTsl [1-4] HammcaHbl enuHOINYHO. B coBMecTHBIX paboTax [5-11] mocTaHOBKa
3a/1ad U OCHOBHAs Haes MOAU(PHUIIMPOBAHHOTO METOAA MOTPAHCIOWHON (PYHKITUH
MPEeJIOKEHa HAYYHBIM PYKOBOAMUTENIEM, OOCYXICHHE BBIBOJIOB IMPUHAIJICKAT
JPYTUM COaBTOpaM, a J0Ka3aTeIbCTBA OCHOBHBIX JIEMM M TE€OPEM U BCE HAy4YHbBIC
BBIBOJIbI TPUHAJICKUT aBTOPY JAUCCEPTALIUU.

CTpykrypa U 00beM auccepranmu. [luccepTaiusi COCTOMT M3 CIIHCKa
UCITIOJIb3yEeMbIX 0003HAYEHUN U OTpE/ICTICHUM, BBEJACHUS, TPEX IJIaB, pa30MTHIX Ha
naparpadbl, 3aKJIFOUEHUN K HUM, BBIBOJIOB M CIIMCKa MCITOJIb30BAHHBIX HCTOYHUKOB
u3 64 Hazpanuii. O0beM TekcTa 84 CTpaHUIIb.

Kparkoe cogepxxanue padoTbl

B nepBoii rnaBe npuBeneH obmmit o030p mo CB3 u yka3zanbl mpoOJieMHbIC

Bonpockl B oOnactu CB3. B 3akntoueHun mnepBoid riaBbl CHOPMYIMPOBAHBI
3a/1auu, KOTOpbIe TpeOyeTcs peluTh B AUCCEPTAIMOHHOMN paboTe.

B rnase 2 uccnenopansl HenmuHeHbie CB3 ¢ /1Y B yacTHBIX MPOM3BOIHBIX
tuna (bbM) ¢ ycnouem Koru.

B naparpade 2.1 paccmorpeno CBULY tuma (BbM) ¢ ycinouem Koru

gleu, + B(uu, +uu ;) +eu . ]- (U, +u,) = f (t,x) + AKu, (2.1.2)
u(0,x) =H0,x) +b,(x,¢€), VXeR,

T 2 (2.1.2)
KquK(t,x,r)u (t,7)d7, (t,x,7)eD,=DxR; D={(t,x):0<t<T,xeR},

rae 0< B,A=const<1, b (x,¢), f,K— u3BeCTHbIC (PYHKIIMU, KPOME TOTO

C*(R)>b,(x,), C*¥(D)> f(t,x), 0<K(t x )eC"(D),

0 1
(sup [ |K(t,x,7)"dr)? <C, =const, (K(t,x,7) <K,,V(t,x,7) € D), (2.1.3)
D —0

sup J. |K(t,x,7)|dz <C, =const,(C, =max(C,,C,).
D —00
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3anmaercs anpuopHas uHpopmarusi(2.6):
C}*(R)NL*(R) 3 b,(x, &), (|b0| <m., V(t,x) e D);b,(x, £) 40, xorma ¢ —0,VxeR,

1 *
[0y (%, ) e ey = ([ B (z£)[ d2)? <mye”,(0< y <1 0 <., m, = const). )
R
BripoxaenHas 3aqaua IMEET BU]L
9 +8 =—(f(t,x)+ 1K), (2.1.4)
9|, =90,x) =, (x) eC*(R), ¥x eR. (2.1.5)

Ona skBuBanienTHa UY-1l Tuna Bonbteppa

9(t, X) :S(O,X—t)—j[f (s,x—(t—s))+/lT K(s,x—(t—s),7)% (s, r)dz]ds = (BH)(t, x). (2.1.6)

Jlemma 2.1.1. Eciim st u3BectHbIX (pyHkuuil f,K umeer mecto (2.1.3) u
orepaTop B momyckaeT yciioBus IpHHLHKINA baHaxa:

d =2Ar,C,T < AC,[2r,T +2r,T2 +2Tm ] s%, (2.1.7)

B:S, (%) —S, (%),
{|||3,90 — 9|l <@-d)r; S.(%)={9:[9-9|<r,v(t,x)eD}, (|9 <r)
u 9(0,x) e C}(R), To 3amava (2.1.4), (2.1.5) paspemmma B 9eC*(D).
B ycnoBusix nemmsi 2.1.1 pemenue 3agauun (2.1.1), (2.1.2) uiem B Buae
u, =3, x)+I1(t, x, ) + 3<&,,
It x)|_, =90, x) =¢,(x), VxeR,
I(t, x, &)|_, =by(x,€), VxeR, (2.1.10)

(2.1.8)

1 t x—t+v

S=s]e

0 - S
DyHKIMS TUTIA TTOTPaHCIION T1(t, X, £) ONpenensieTcs U3 YpaBHEHHUS
I, (t,x,&) +T1,(t, X, &) =0, (2.1.14)

1 o 1
—=(x-t+v-s) =(s-1)
: j ec  &(v,r)drdsdy.

T.C.:
I1(t, X, &) =by (x—t, &), V(t, X) € D,

0, xt, (2.1.15)

T1(t, X, &) W’{ m,, x=t,(b (o,g)ﬁmozconst)

C OLIEHKOH

t 1
[11),s ) = (up [ [ h(@)[by (r =5, &) dzdls)? < \[Thy xmye” = m,e” — -0,
e (2.1.16)

m, = [Th, xm; 0<y <L 0<h<h <o [h(z)dr <h.
R

Jlemma 2.1.2. Ipu ycnoBusix (*),(2.1.16) dyHKIMS MOTpaHCIIOs ONpPEAeIsSeTCs
eIMHCTBEHHBIM 00pa30M U CXOJUTCS K HYJIIO B cMbIcie L2 (D), koraa & — 0.

Jlemma 2.1.3. B ycnoBusx nemm 2.1.1, 2.1.2 dynkuus & € C(D),
OTpeesIieTCs] eAIMHCTBEHHBIM 00pa3oM, MPUYEM
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gg C S (1_dP) Yg C S (1_dP)Al(g) :AZ(‘C")TO! (2 1 22)
de <L [Y(&,t,X)| < AL2Cime” + KomZe 1+ 2f; (2 + fe(r, +m.)) = A, (¢). o
Teopema 2.1.1. [Ipu BeimonHeHuu ycnoBuit jemm 2.1.1-2.1.3 ucxognas CB3
(2.1.1),(2.1.2) umeeT eAMHCTBEHHOE pEIlIeHUE, peacTaBisseMoe B Buae (2.1.10) u
1
Juct, x) = 8 )]z o, < V2T, x (Me7)? + (T A, (£))*hT T2 = Ny(&) —=5—0. (2.1.23)

B pabote npuBeseH npumep, r1e BBHITIOIHSIOTCS Bee yelIoBus Teopemsl 2.1.1.
B naparpade 2.2 paccmorpena CB3 B o6nactu D, ={(t,x):0<t<T,xeR},

_(xt)?
g[u, +u(t, X)(Ku)(t,x) +u]-a’(u, +u)+u=f(t,x)+e * ,

(2.2.1)

XZ

u(0,x) = $(0,x)+e ¢, VxeR,
(2.2.2)

Ku= T K(t,x,7)u_(t,7)dz, ((t,x,7) e DxR),D={(t,x):0<t<T,xeR},

rie  O<a=const<oo, C**(D)> f(t,x), C(D,)>K-HU3BECTHBIE H  OTPaHUYCHHBIC
byHKIHH, KpoMe Toro 0< K(t,x,7) U HHTerpupyemMas (GyHKIHS 110 7 B R, mpuuem

<2 1
(Slép J. |K(t,x,r)|2dr)2 <C, =const; (t,x,7) € D,

sup j |K(t,x,7)|dr <C, =const, (C, = max(C,,C,).
D —0

3I[€CI) 3a4aCTCA alIlpuOpHasn I/IH(i)OpMaI_[I/IH CICAYIOIICTO B A

XZ

C*(R)NL*(R)aby(x,e)=e ¢, ¥xeR, (by|<L VxeR),

XZ

box(x,g)z—zlxe’?; h(x)=e ™ <h, =1 VxeR, (je-*m:ﬁ),
& R

PL e T 1
LZ(R):(,F[Q df)zég‘,?:mlgh (mlza{/; 722),

= 2%&‘_

[Ios (x, £)

(2.2.3)

N
ENEE

1pe2 20 1 1 1 : -
[0 (%, )]s ey = (4= [ €7 dr)? < (4;e’1)2(\/2.[e’p dp) =mme”,
R

ey &

t

,21(1-,»()2 1 & L & 2 1 1
,..=(@up||h(x)e ¢ " dr)? :(4’—Sup h(,[=p+t)e” dp)? <m,e*,
(D) [o,T]'(['F[ 2 [o,T]'(['!; 2 2

3 1 ) 2
m, = 24/r; ﬂ:Z; sup e “ (y:%); m2=4%x\ﬁ.
y724

Iy (x—t, &)

Anpuopnas uadopmarms (2.2.3) otmmuaercs ot mHGopMarmu (*), Tak Kak
3nech ypaBHeHue (2.2.1) comepkut uHTErpo-auddepeHnmnanbabiii oneparop. Ilo-
ATOMY, BBEJICHO JIOTIOJIHUTEILHOE YCIOBUE

X2

by (X,6)=—2=xe ¢,
&
1 7,-2 —Zi E 1 1 2 l ,1
[0, (%, &)]s = (4= [—€ " #dr)2 < (4=e)? (Ve [e " dp)? = 24ms *=mis .
CR T el g & :
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Bripoxaennas 3amada st (2.2.1)

9 +8 =a’[Ht,x) - f(t,X)], (2.2.4)

19|t:0 =9(0,x) eC*(R),Vx eR. (2.2.5)
skBuBajeHTHa Y- tuna Bosbreppa

9(t, x) = 9(0, x —t) +a‘zj[3(s, X—(t—s))— f(s,x—(t—s))]ds = (BI)(t, x). (2.2.6)
0
[ToaTomy, oHa pa3peninma B kiaacce Gpyukuuii C**(D) HpH yCIOBHUIX

1
d=a?T<=<1 B:S. (9 S (9),
a <2< (&) = S,.(%) (2.2.7)

IB% - <@-d)r; S.(%)={9:]9-9|<r,V(tx) e D},
u 90,x) e C*(R), f eC*(D).
Jlemma 2.2.1. Ilpm ycaoBusax (2.2.5), (2.2.7) 3amaua (2.2.4), (2.2.5)
paspemuma B C(D).
Pemenue 3anaun Komm (2.2.1), (2.2.2) uiieM B Buje

u, =3(t, x)+II(t, x, &) + I<&,,

XZ

9(t,X)|_, =H0,x); T(t,x )| =b(xe)=e ¢, VxeR, (2.2.8)

t x—t+v

stziz [ [e (XHVS)Tej(ST)f(v,r)drdsdv.
0 -

S

[TosrydeHbl COOTBETCTBYIOIIME YPABHEHUS OTHOCUTENBbHO QYHKUUNA 4,11
9 +8 =a’[9(t, x)— f(t,X)], (cm.(2.2.4))
I, (t,x, &)+ 11 (t,x,&) =0. (2.2.12)

Otkyna, onpenensercs GyHkius I1:
(xt)?
II(t, x, &) =b,(x-t,e)=e ¢ ,V(t,x)eD, (2.2.13)

U TIpu 3a7aHHOM nHpopmaruu (2.2. 3) MoJTydeHa OIleHKa B L7 (D) B BUJE

,(T9)°
1], o, = (sup j j h(z)|1(s, 7, &) drds)? = (sup j j h(e)e * drds)’ <

_ 2 H e ~ 1
s(\fsup”h(\fpme 7" d pds)? S‘\‘/;xﬁzng“ﬁ)o, (2.2.14)

[0.TI% R

m2:4%xﬁ; O<h(x)=e™ <h, =1 vxeR [e"dr=1r.
R

A OTHOCUTENIBHO ¢ MOJIyYEHO YPaBHEHUE

(x-1)? t X—t+v

£t =0t e © +—[ [ e e Ve, r)drdsdv)x
€ 0 - S

XT K(t,X,’[) izj;rzvei(f —t+v—') (V Z_)dz_,dv_%;rjfv

- 7(1 —t+v— S)




R A tx-t+v  a Xttv—s
«[ e )§(v,r’)dr’dsdv]dr+§'([ [ e )j (v, 7)drdsdv x
) X

(z-

XTK(tX )Y, (t,7) - 2( —t)le ¢ ld7]+ ijj Sl S>Je*<s N
- S ' € ' 20 —o

4 (2.2.14)
xE(v,7)dzdsdv — Y (t, X, &) = (PE)(t, X),
Y=-2"[9,, +9.]-£($+T1(t. X, £))x [ K(t,x, 7). (t,7) +11,(t, 7, £)]dr.
T.€. BBIIIOJIHSIOTCS BCE YCIOBUS JIeMMBI 2.1.3, mpuyem
= AZ (E)TO
3 (2.2.20)
d, <L |Y(t X, &) < 2% + &(r, +1)C,fy + (1, +1)Cye* = A, (&).
3Ha4uT, ¢ yueToM (2.2.8) U3 MOJyUYEeHHBIX PE3YIbTATOB CIETYET
Juct x) = 99 o, < V2 fTx/;Jr (T A ()2 TN712 = N, (&),
(2.2.21)

N, () =2 T\/_+(FA (6))T\/_]2—>0

TeOpeMa 2.2.1. Ilpwm ycnoBusx (2.2.7),(2.2.14) u (2.2.20) CB3 (2.2.1),(2.2.2)
UMeeT SIUHCTBCHHOE pelieHue 1o npaBmiry (2.2.8), mpudeM OJIM30CTh pEIICHHN
CBY (2.2.1) u BY (2.2.4) B L3(D) ycranaBnuBaetcs B Buje (2.2.21).

B naparpade 2.3 paccmorpena CB3 ¢ 1ByMs MaJIbIMU TapaMeTpaMH BUJIA:
&lu. . +u,, =&, (U +U o)+ &, (Uy +Uy,) =U; +U, + F (5 X, Y) +AKU, (2.3.1)
u(0,x,y) = 4(0,x,y) +b,(X,y,£,,&,), V(X y) € R?,

U (0,%,Y) = 8.(0,%y) = b, (X, V,6,6,), V(x,y) € R,
Ku = I K(t, x,Y,7,7,)u%(t,7,7,)dr,dr,, V(t, X, Y,7,,7,) € D, (2.3.2)
e

D=[0,T]xR?* D,=DxR?

rae 0<A=const, by(xY,&, &) eC*(R?, f(txy), K(,XVY,z,7,) — 3amaHHbIe QYHKIMH,
nopu  dtoM  C**(D)> f(t,x,y)— orpannuyeHHas (QyHKups B obmactk D
0<K(t,x,Y,1,7,) € C****°(D,)) u uaTerpupyemMas QyHkmms 1o (z,,7,) B R*, mpuiem

1
(supJ. K (t,x, y,rl,rz)|2drldrz)2 <C,; K(t,x,V¥,7,7,) <K, =const,v(t,x,Y,z,7,) € D,
D R2
supj |K(t,x,y,7,,7,)|dr,d7, <C,; C; =max(C,,C,),C; =const, (i=12).
D RZ

[Tpu 3TOM TpeOyeTcst anpropHas uHdopmalus Buaa
by (X, Y, &, £,)40, korma &,&, —0,Y(X,y)e

(2.3.3)

1
||b0||L2(R2) = (I |b0(1'1,2'2,81,82)|2 dr,dr,)? <me/,(0<y <1 0<m =const;i=0,1).
R2

Bripoxxnennas 3agaua st (2.3.1)
S, +8, = f(t,x,y) + AKY], (2.3.4)



{‘%’x,y)Lo = 9(0,% Y) = 95X, ), ¥(x, ) < R?, (2.3.5)

XY, =%0.% V) =4, (% y), V(% Y) eR* (C*(R*) > ¢, i =0,1),
9KBUBAJICHTHO IIPUBOAUTCA K BUAY
9(t,%) = oy (x—t, ) + [{w (x=(t=5), y) = [[f (v, x—(t=3), y) +
> > (2.3.6)
+/1J. K(v,x=(t=s),y,7,,5,)9*(v,7,,7,)dzr,dz,]Jdv}ds = (BI)(E, X, y), (¥ = ¢, + ¢, )-

Jlemma 2.3.1. [Ipu ycnoBusix
1

d=ArC,T? <5 (2.3.8)
B:S. (%) > S, (%), (S,(%)={9:|9-%|<r,V(t,x,y) e D};|I|. <r,), (2.3.9)
3amada (2.3.4), (2.3.5) paspemrma B kiaacce pyHkuud C>*'(D).
Pemenue (2.3.1) Oynem uckatb B BUAC
u, =9(t X, Y)+II(t, X, ¥, &, £,) + (S, X, y),
t x-t+v —i(X—Hv—T)

1 G
sgz—zj j e jegl E(v, 7', y)dr'drdy.

&1 %

(2.3.10)

—00

Torna, ¢ yuetom (2.3.1) u (2.3.10) dbynkus II(t, X, Y, &, &,) €TUHCTBEHHBIM 00pa3oM

OHpeIIeJUIeTCH 13 3aa4n
I (t, %Y, &,8)+I1 (XY, &,&)=0, (2.3.12)

TI(t, X, ¥, 6, 6,)|_, =b(X ¥, £, 6,), V(X y) € R?, (2.3.13)
C OICHKOH B L2(D):

t l —
||n||Lﬁ(D)=(?0uqu [ (@, 2)|M(s, 717,61, 6,)] drydr,ds)? < (R Tmel ———0,
i 0 RZ

It X, ¥, &, &) =b,(x-t,Y,&,&,), V(t,X, y) € D, (2.3.16)

0<h(x y) <h,=const<eo, V(x,y) e R*: [ h(z;,7,)dz,dz, <h, =const.

R2

Js £(t,x,y) moiryueno UY-1l tuna Bonsteppa

t 1 s sty —gi(rl—SJrv—r)
£ Y) =[] KX y+6,0-3).5, )29 7.7,) [ [ e x
0 R2 81 0 oo
< i(r—r’) s, sty —%(11—s+v—r)
><J‘eg1 §(v,r',rz)dr’drdv+2b0(rl—S,rl,rz,gl,ez)—zj I g4 X
T gl 0 -w
fen e eyeydrdrgva (S [ e s Ter s, )dededvy]
x|e? T, +(— e et T, X
‘! E(v, 7' 1,)dr'drdy 812‘(['[0 _[ E(v, 7' 1,)dr'drdy (2.3.20)
xdz,dz, + Y (S, X, Y+ &,(t—9), &, &,) s = (PE)(t, X, y).
JlemMma 2.3.2. Ecan
2
d, =AT*C,(m +=Tr)+Ar,C T?<1 P:S —S,
P 0( 1 3 l) 0~o n n (2.3.21)

S, (0)={&:]&(t, x, y)| <1, ¥(t,x,y) € D},
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T0 ypaBHeHHe (2.3.20) nMeeT ennHCTBEHHOE pelreHre B C(D), mpuaeM

”f”c < (l_dp)ilT ”Y(t’ X, Y, &, gz)”C < (1_dp)7lTA1(51’ £,)=27,(&, SZ)WO, (2 3 22)
Y| <20 (62 + 6,67 +&,) + A26,Cme] +Ko(Mel)2) = A, (s,,6,), V(L X, y) D. '
Teopema 2.3.1. Eciiu umeror mecto ycioBus jiemm 2.3.1, 2.3.2 u (2.3.16),
TO, ¢ yueTroM (2.3.10) cnenyet

t
U, (6% Y) = 9(t % V)] o, gﬁ[fo“ﬁ [ [ o) (s77506,6,)| drdr,ds +
o (2.3.23)

+(TA, (51’52))2Th0]% < \/E[HOT (mlgly)z +(TA, (51’52))2Th0]% =Ny(&, &) —=57=—0-

&—0,6,—0

B riaBe 3 Ha ocHOBe MOAM(UKALIMK METOA TJIaBbl 2 HM3Yy4YarOTCs BOIPOCHI
Pa3pEeUIMMOCTH CUHTYJISIPHO-BO3MYIIIEHHBIX UHTErPO-Tu(epeHIIMaTbHbIX YpaBHEHUI
runepOonuueckoro Tuma ¢ yciaoBueM Komm. OueHeHbl OJIM30CTH  pEeLIeHH
CHUHTYJIIPHO-BO3MYILICHHBIX M BBIPOXKICHHBIX 337124 B L2 (D).

B nmaparpade 3.1 uzyuaercs CBUJ/LY BTOoporo mopsaka B HEOrpaHUYEHHOM
obsactu ¢ yciaosuem Korm:
&%, (t, X) + ea (U, (t, X) +Uu, (t, X)) + a’u(t, x) = f (t,x) + AKu,

Ku Ej T K(t, x,s,7)(u(s,7))’dzds, (t,x,s,7)eD,=DxD, (3.1.1)

—00

D={(t,x):t<[0,T], xR},
u(0,x) = K0, x) +b,(x, &), vx € R. (3.1.2)
[Ipu 3TOM TpebdyeTcs anpuopHas nH(popManus BUAA:
C'(R)NL*(R)>b,(x,&); b,(x,&)50, xorma &—0,VXxeR,
(*)

1
[0y (%, )y = ([ Bz 2)[ d7)? <mye”,(0 <y <1 0 <m, = const).
R

[Tycte paccmatpuBaercs 3amada (3.1.1), (3.2.2), (*) c¢ yciaoBusmu
O<a,A=const, f,K,b,(x,&) eC'(R)—  W3BeCTHBbIC JaHHBIE, KpPOME  TOTO

C*(D) > f(t,x)— orpanuveHHas QyHKIHSI B odmacti D; 0<K(t,x,s,7)eC**°(D) n
uHTerpupyemas GpyHkuus rno (s,7) B D, mpuuem

t o 1
(supj j K(t, x,s,r)|2 drds)2 <C, =const, (K(t,x,s,7) <K,,V(t,x,s,7) € D),
D 0 -w

o (3.1.3)
supj I |K(t,x,s,7)|dzds < C, = const,(C, = max(C,,C,).
D 0 -
Bripoxxnennoe ypaBaenue st (3.1.1) - UY-II
9=(a®)'[f(t,X)+AKI] =B V(t,x) D, (3.1.4)
Kt X)| o = 9(0, ),
Jlemma 3.1.1. [Ipu ycnoBusx:
d =2(a®)"AC,r, <1, (3.1.5)
IBS -, <@-d)r, (S,(%)=£9:[9-|<r,v(t,\)eD¥; |9, <r) (3.1.6)

ypaBHenue (3.1.4) paspemmmo B CH(D).
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Pemenwue 3amaun (3.1.1), (3.1.2), (*), korma BBITOJIHSAETCS YCIOBHUS JICMMBI
3.1.1, uiemM B BUIE
u(t,x) = 3(t, x) +II(t, x, &) + (IE)(t, x), V(t, x) € D,
t x a
@ae0 = fe " do e (119
0 —o
9(t, X) — pelieHre BeIpoKAeHHOTO ypaBHeHus (3.1.4), - QyHKIMS THIIA TIOTPAHCIION,
3 — JMHEWHBIM MHTETPAJIbHBIA ONEPATOP, COAECPKAIIMK HEU3BECTHYIO OCTATOYHYIO
byHkmio £(t,x) . [Tomydgaem criemyromnue ypaBHCHHS:
el +all=0, (3.1.12)
l_I(t,X,<9)|t=0 =b,(x,&), VX eR, (3.1.13)
W3 3anaun (3.1.12),(3.1.13) onpenenum GpyHKIuio TI(t,X, ) :

at

TI(t,x, &) =€ by(x,&),V(t,x) € D. (3.1.15)
Jlemma 3.1.2. B ycmoBusax (*), (3.1.13) pemenue (3.1.15) ypaBHEeHHS
(3.1.12) enMHCTBEHHO M CXOAMTCS K HYJIIO B cMbIciie L2 (D), koraa & —0.

Jlanee, mOJIy4eHO YpaBHEHUE

t o S T a g’ _as
£=4] [KtxsnRIE)] e 'L e, eydrds 28 o by (r, ) x
0 - 0 —0 &
L —g[s—s'ﬂ'—r'] 1 . f 1y s —g[s—s’ﬂ'—r'] 1 . P2
x”ee - &(s,7)d7ds +(Hes - &(5,7)d7'ds’)?]dzds + Y = HE,
0 -0 2 0 —oo 2

Y(e,t,X) = Aj T K(t, x,s,,r)[zlsz(s.,r)e’afbo(f,g)+(e’a7‘5|oO (z,€))*]dzds — €[ 9, (t, X) - (3.1.17)

—%e_ojb()x(x, &)]-ea[ 9 (t, x) +e'a?tb0X(r, )] = zj T K (t, X, s, 7)[29(s, r)e'a?sb0 (r,€)+

as

+(e °hy(r,£))*1dzds — 29, (t,X) —sad (t,X), V(t,X)eD.

Jlemma 3.1.3. Eciiu s onepatopa [ BBINOJHAIOTCA YCJIOBHS NMPUHLIMINA
banaxa:

1
22a7°C [, + (2 ate)2me” +ra’] =L, <1,

H:S, (0) =S, (0); A<(aCylr,+ (2_105_1)% m +ra?]) " (0<e<l), (3.1.18)
”‘9”(; <r;, GC,=max(C,C,); & =0; Sr1 0)={¢: |§| <r,V(t,x) e D},

to HeynmHeiHoe Y (3.1.17) pa3pemimo B C(D), mpuyem

sup|Y(e,t,x)| < A, () ——0,V(t, x) € D,
D (3.1.19)
6@ 0], =@=Ly) A () = Ay(e) —=—0.

Teopema 3.1.1. Ecnu Bemomuastorest ycnoBus jgemm 3.1.1-3.1.3, to CB3
(3.1.1), (3.1.2) umeet equHcTBEeHHOE perieHue, B Buae (3.1.10) u

Juct, )-8t %), <v2[2ashy(mye")? +a4(A2(g))2hOT]% = N,(5)———0.  (3.1.20)
12



B maparpade 3.2 uzyueno CBY

&%, (t, %) + gafu, (t, X) +u (t,X) + AUKU] + au(t, x) = f (t,x), (3.2.1)

u(0,x) = 9(0,x) +b,(x,¢), VxeR, (3.2.2)
IJIe COJICPIKUTCS UHTETPO-au(depeHINATBHBIN oIepaTop BUIa

t «©
Ku=[ [ K(t,xs,7)u,(s,7)dzds,((t,x,5,7) € D, = DxD),
0 —©

D={(t,x):te[0,T],.xeR};, 0<K(t,x,5,7)<K,,V(t,x,5,7) €D,

t o 1 t o
(sup[ [ |K(t.xs,7)[ drds)? <Cisup [ [ [K(t,x,s,7)|drds <C,, (C, =max(C,,G,)),
b 0 —o b 0 —oo

npryeM TpeOyeTcsi anpruopHasi *HPOpMaLus:

C'(R)>b,(x,£) 50, xorza &—0,VxeR,(|b,(x,&)|<m,VxeR),
0 0 0

[0y (%, &)y = (| [bo(z, )| d7)? <mie”, (0 <y <), (3.2.3)

1
By, (z',(s')|2dz')2 < ng’ﬂ,(O < f <1 0<m, =const,i=0,1,2).

”bOx (X’ 8)||L2 (R) = (_[

371ech, OTHOCUTEIIBHO U3BECTHBIX (PyHKIMM TpeOyrores: 0<«, (0,1) > A =const;

f (t,x) - 3aaHHasA, OrpaHUYCHHAs U raaakas GyHKIUSA B 001acTH D 10 TpeOyemMoro
nopsinka; K(t,x,s,7) e C*%°(D,) — u3BecTHas, OrpaHWYCHHAs (PYHKIHSA B 00JIacTH
D,, mpu4yeM HHTErpupyemMas o (s,z) B D.

B mnaparpade 3.3 uccnegoBana CB3 ¢ nByMsa MajblMH HapamMeTpaMH C
ycinoBueMm Komm Buaa:
&&U, (t,X)+&,0u,(t, X) + &,au,(t, X) +apu(t,x) = f(t,x)+ AKu,

Ku Ej T K(t,x,s,7)(u(s,7))*dzds, (3.3.1)

D={(t,x):te[0,T],xeR}; (t,x,s,7)e D, =DxD,
u(0,x) =9(0,x) +b,(x, &, &,), VX € R, (3.3.2)
rZie B IpocTpaHcTBe L: (D), TpedyeTcs anpruopHas nHpopMalus Buia
by(X,,,€,) 40, xorna &,&, —0,VxeR, (by(X, &, 6,)| <My <0, VxeR),

1
By (%20, gy = (|| [0(7.60,5,)| d7)2 <My, (0 <y <L O < m; = const;i = 0,1),
R

O<a,p,A=const, f,K,b(xe,¢&)eC(R)— 3amanHblie, nmpu 3toM C"(D)> f(t,x)—
orpannyeHHas QyHKIUS B ooyactd D; 0<K(t,x,s,7) e C***°(D,) u uHTETpUpyeMas
bynkuus o (s,7) B D, mpudem

t o 1
(supj I |K(t,x,s,r)|2drds)5§C1, (K(t,x,s,7) <K, =const,V(t, x,s,7) € D,),
D 0 -
t o
supj j |K(t,x,s,7)|dzds <C,, (C, =max(C,,C,),C, =const, i=1,2).
D 0 -
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OTHOCUTEIBHO 9TUX  3a4a49 IHOJYYCHBbI PC3YJIbTAThI, AHAJIOI'M4YHBIC

pesyabTaram naparpada 3.1.
BbIBO/IbI

Jlokazana pazpemmmoctsb psina CB3 u BBIpOXKIIEHHBIX 3a/lay, YCTaHOBJICHA
OMU30CTh MEXIy pEHICHHSIMH 3TUX 3amdad B L’(D), Korja Majiblidi mapamerp

CTpeMHUTCS K Hymro. [l Joka3aTrenbCTBa YKa3aHHBIX BOIPOCOB paszpaboTaH
anroput™, koraa pemenne CBUIY c¢ ycmoBuem Komm umeer mpeacraBieHue
ACUMIITOTUYECKOTO XapakTepa, II€ CONEPIKATCS pElICHUE BBIPOXKICHHOU 3aJayy,
(GYHKIMS TUIA MOTPAHCIOA U JIMHEHHBIM MHTErpajibHbIA ONEpaToOp ¢ OCTATOYHOM
¢ysnknueil. OTHOCUTENBHO OCTATOYHOM (PYHKIMHM TOJIYYEHO HHTErpaibHOE
YpPaBHEHHUE BTOpPOIO poJa C JOKAa3aTeJIbCTBOM Pa3pEIIMMOCTH B IIPOCTPAHCTBE
HENPEPBIBHBIX (PYHKLIUI.

Pesynbratel padotsl npumenensl kK CBUY ¢ ycnosuem Ko, [Toctpoensr
IpUMEPBl W IPOBENCHHBIM aHaIM3 OLEHKU pasHulpl peuieHuidi CB3 n
BBIPOXKJIEHHBIX 3a7ad B L:(D), B TOJHOM CMBICIE OTPAKAIOT TEOPETHUECKUE

BBIBO/IbI, [TOJIyYE€HHBIE B padoTe.

Kpome Toro, pazpaboTaHHbIN METOJ Ha OCHOBE (PYHKIIMM THUIIA MOTPAHCIONA
U JIMHEHHOTO WHTETPaJIbHOTO OIleparopa ¢ OCTATOYHOW (yHKLHEH, MO3BOJIMII
IIOCTPOUTh PEIICHHE ACUMITOTHYECKOro Xapakrepa Ui HenuHedHbix CB3 ¢
JBYMsI MaJIBIMH [TapaMeTpamu ¢ ycioBueM Koy B HeorpaHuueHHOM 00J1acTH.

OTH  pe3ysbTaTbl Pa3BUBAKOT  AHAIWTUKO-aCHMIITOTUYECKYIO  TEOPHUIO
HenuHeHbIX CB3 u Moryt ObITh HMCNONB30BaHbl JAJIsl peUIeHUs 3adad Oosee
CJIO)KHOU CTPYKTYPBI.
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AnueBa Aiinyp PaGaroBHaHblH «KOIMIMHMH IIAPTTAPbl MEHEH JKeKeue
TYYHAYJYY CUHIYJSIPABIK KO3IOJIOH HHTErPaAJIbIK Ju(depeHualIbIK TeH-
nemesiepw» artyy 01.01.02 - nudpdepennuanabik TeHaeMeep, TMHAMHKAIBIK
CHCTEMAJIAP KaHA ONTUMAJNABIK Oalkapyy aaucTuru OowHYa ¢u3uKa-
MATEMATHKAJIBIK WJIMMAEPAUH KAHAWAATHI OKYMYIITYYJYK JapamachbIH
U3JIEHUI aJ1yy YUYH KAa3bLITaH JUCCEePTANUSICHIHBIH

Pe3romecu

YpyHTTYy €O316p: CHUHTYJSPABIK KO3TOJTOH TEHAEME, KyOyJraH Macelie,
Komm wmacenecu, uekrtenOereH aimak, udek KaTmap (YHKIUACHI, CaIMakTyy
MEUKUHIUK, )KEKEUE TYYHIY.

M3nii66HYH 00BEKTHCH: KHPYY MaajbIMarTapbl >XOHYHI® aJJIbIH aja
OWJIIPYYCY MEHEH YeKTeNOereH aiMarbiiia Oup >kaHa SKd KU4M NapaMeTpyd MEHEH
CUHTYJISIPABIK KO3TOJITOH MaceJie.

Nmrun makcarbl: YekrenOeren aviMarbiHna KommmHuH mapTrapbl MEHEH
KEKeue TYYHJIyJIyy CHUHTYJISIPJABIK KO3TOJTOH UHTErpo-audpepeHunanabik TeHae-
Menepau u3nigee. CaaMak MEHEH KBajparya MHTETpalianyydy GyHKIUSIIApAbIH
MEUKUHAUTUH]IE CUHTYJISIPJBIK KO3TOJITOH aHa KyOyJraH MaceJeHHH YbIrapbl-
JIBIIITAPBIHBIH KAKBIHABITHIH TAIUIIION.

M3unneenyn ycyiay: M3ungeeHyH HeErusru ycyiy KyOyJiraH macelnesnep
TEOPHUSICHIHAA — SKUHYM TaApPTUIITETH UHTErPAIABIK TEHJEMENEP Teopusichl, banax-
THIH TpUHIMUOU »kaHa [IuKapabiH yCyily;, CHUHTYJSPIBIK KO3TOJIOH Macesesep
TEOPUSICBIHAA — CHHTYJSIPJBIK KO3TOJITOH MACEIECH Y4YYH aCHUMIITOTHKAJIBIK
MYHO3JIeTy OepyYy, MHTETpalIblK Kaipa e3repTyy Yycyiy, PyHKIMOHAJJIIK »KaHa
MaTeMaTHUKaJIBIK aHAJU3/IMH dJIeMEHTTepU OOJTyT caHaar.

Niumui kaHbLIBIK: MnTenun YblkKaH yCyJlAyH HETM3UHIE, Y€K KaTMap
GyHKIMST MEHEH KalAbIK (PYHKITUSICHI MEHEH CBHI3BIKTYY MHTETPAJIBIK OTIEpaTOpay
Koonyn, bemkamuH-bona-MaxoHu THOUHIIETH CHHTYJISIPJIBIK KO3TOJITOH Mace-
JICHUH YbITapbUIBILIBI JIbIHAbI )KaHA aUThUINaH MEUKUHIUKTE aJl MACEJICHHUH JKaHa
»KaHa KyOyJiIraH MaceJIEHUH YbITapbUIBIIITAPBIHBIH KaKbIHABITH JadwiieHau. ben-
»kaMuH-boHa-MaxoHU THOWHAETH CHUHTYJSPIBIK KO3TOJTOH MaceleeplIuH Teo-
pusicbl KommHUH mapTTapbl MEHEH CUHTYJISIPJIBIK KO3TOJTOH UHTETpO-audepeH-
MUANIBIK, TUMEPOONANBIK TUNTETH OUpP KaHa DKM KUYM TapaMeTpd MEHEH
TeHJeMenepre MoauuKausIaH/Ibl.

Koagonyy ueiipecy: /[lucceprauusi TEOPUJIBIK MYHO3TO© 33 KaHa aHbIH
KbIMBIHTRIKTApEl JK. bamacarbin ateiHgarel KYY Martemaruka, uHpopMaTHKa
»KaHa kuOepHeTHKa (paKkyJIbTeTUHUH OKYTYY MPOIECCHUH/IC KOIJIOHYIAT, aCIUPaHT-
Tap, JOKTOPAHTTAP kKaHA YIIyJl aiMaKTarsl aAUCTEP Jarbl KOJJOHYIIY MYMKYH.
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PE3IOME

AUCCEPTAIIMOHHOM padoThl  AumeBoil  AlWHyp PaGatoBHbl Ha Temy
«CHUHrYyJIIpHO-BO3MYIIIEHHbIe HMHTerpo-audepennuaibHbie ypaBHeHHS B
YACTHBIX MPOU3BOIHBIX ¢ yciaoBusiMu Kommy, npeacraBjieHHoil HA coMCKaHue
YYECHOM  CTeNeHH  KaHauaara  (PU3HKO-MATEMATHYECKHMX  HAYK 10
cnennaabHocTu 01.01.02 - nuddepennuanbHble ypaBHeHUs, JTHHAMHYECKHE
CHCTEMbI M ONITUMAJIbHOE YIIPaBJIeHHE

KuroueBble cj10Ba: CUHIYJISIPHO-BO3MYILECHHBIE YPABHEHUS, BBIPOKICHHAS
3amava, 3amada Komm, HeorpaHuyeHHass o01acTh, MOTpaHCIOWHAs (QyHKIHS,
BECOBOE MPOCTPAHCTBO, YACTHHIE ITIPOU3BOIHBIC.

OO0beKT mcc/Ie0BaHUA: CUHTYIISIPHO-BO3MYIIEHHBIE 337a4l B HEOTPAHU-
YeHHOM OOJaCTM C OJHMM M C JBYMsI MajblMH TapamMeTpaMH C alpUOpPHOM
uH(pOopMaIHei 0 BXOTHBIX TaHHBIX.

Heap padoTbl: UCCIECIOBAHUE HEIMHEHHBIX CUHTYJSPHO-BO3MYIIEHHBIX
UHTErpo-au(dhepeHIMaTbHBIX YPAaBHEHUNW B YAaCTHBIX MPOU3BOAHBIX B HEOTPAHU-
yeHHON obOmactu c ycnoBueM Komm. Jloka3aTenbcTBO OJIM30CTH pElIEHUM
CUHTYJIIPHO-BO3MYIIICHHBIX U BBIPOXKIAEHHBIX 3a/1a4 B MIPOCTPAHCTBE KBAAPATHYHO
UHTETPUPYEMBIX (DYHKIIUN C BECOM.

Meroauka wucciaegoBanusi. OCHOBHBIMM  METOJAMHM  MCCIEAOBaHUSA
ABJISIIOTCS: B O0OJIACTU TEOPUHU BBIPOKICHHBIX 3aJlad — TEOPHUS HHTETPaIbHBIX
ypaBHEHHI BTOpOro poja, npuHuun banaxa u meton Ilukapa; B obnactu Teopuu
CUHTYJIIDHO-BO3MYILEHHBIX  3aJad —  NPEACTaBICHUE  aCUMIITOTHUYECKOTO
XapakTepa sl pElIeHMs,, METOAbl HHTErpajbHBIX MPEOOpa3OBaHUl, AIEMEHTHI
(GYHKIIMOHATBLHOTO M MATEMATHUYECKOTO aHAJN3a.

Hayuynasi HOBU3HA: Ha OCHOBE Pa3pabOTaHHOTO METOJIa, TJI€ COJACPIKUTCS
(GyHKIIMS THIA TIOTPAHCIION Y JIMHEHHBIN MHTErpajJbHBIM OMEepaTop C OCTATOYHOU
byHKIUEH, MOJydeHO PEIIeHUEe CHHTYIISIPHO-BO3MYIIICHHOM 3a1aun Tuma benmka-
muHa-bona-MaxoHu, W JoKa3aHa OJM30CTh pEIICHUN STONH U BBIPOKICHHOM
3a/lauyd B YKa3aHHOM TpocTpaHCTBe. PaspaboTaHHas TEOpHUs CHHTYJISIPHO-BO3MY-
HMIEHHBIX 3ama4 Tuna benmkamuHa-bona-Maxonun monuduipoBaHa K CHHTY-
JSIPHO-BO3MYILIEHHBIM HHTETrpo-Iu(pPepeHInaIbHBIM  YPABHEHHUSIM TUIIEPOOIIH-
YeCKOro tuna ¢ yciaoBueM Koim ¢ oqHUM 1 ¢ ABYMsI MallbIMHA IapaMETPaMHU.

CreneHb UCNOJIB30BAHMSA: UCCEPTALMS HOCUT TEOPETUUECKUNA XapaAKTED,
U €€ pe3ysbTaThbl UCIOJIB3YIOTCS B yueOHOM mpoliecce (akyapTeTa MaTreMaTukH,
unpopmaruku u kubepHetukn KHY um. XK. banacareiHa, Takke MOTyT OBIThH
UCII0JIb30BaHbl aCIUPAHTAMH, JOKTOPAHTAMU U CHEIUATNCTaAMH B 3TOM 00J1acTH.
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SUMMARY
Alieva Ainur Rabatovna

Dissertation “Singularly perturbed partial integro-differential equations with
Cauchy conditions” submitted for the scientific degree of candidate of physical-
mathematical sciences on specialty 01.01.02 - differential equations, dynamical

systems and optimal control

Key words: singularly perturbed equation, degenerate task, Cauchy problem,
unbounded domain, boundary layer function, weighted space, partial derivative

Object of research: Singularly perturbed problems in an unbounded domain
with one and two small parameters with a priori information on input data.

Aim of research: Investigation of partial integro-differential equations in an
unbounded domain with Cauchy condition. Proof of proximity of solutions of
singularly perturbed problems and degenerate ones in the space of quadratic
integrable functions with weight.

Methods of research: The main methods of research are the theory of
integral equations of the second kind, Banach principle and Picard method in the
theory of generate equations; asymptotical presentations of solutions, methods of
integral transforms, elements of functional and mathematical analysis in the theory
of singularly perturbed problems.

Scientific novelty: On the base of developed method containing a function of
boundary layer type and a linear integral operator with residual function, a solution
of a singularly perturbed problem of Benjamin-Bona-Mahony type is obtained and
proximity of solutions of this one and degenerate one in the mentioned space is
proven. The developed theory of singularly perturbed problems of Benjamin-Bona-
Mahony types is modified for singularly perturbed integro-differential equations of
hyperbolic type with Cauchy condition with one and two small parameters.

Rate of using: the dissertation is of theoretical meaning, its results are used
in educational process at the faculty of Mathematics, informatics and cybernetics
of the Kyrgyz National University named after J.Balasagyn and can be used by
graduate students, post graduate students and specialists in this area.
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