OLICKHUM T'OCYJIAPCTBEHHBIA YHUBEPCUTET

NHCTUTYT IIPUPO/JHBIX PECYPCOB
FOKHOI'O OTAEJIEHUS HAIIMOHAJIBHOM AKAJIEMUM HAYK
KBIPT'bI3CKOM PECITYBJIUKH

KAJAJ-ABAICKHNA TOCYJIAPCTBEHHbIA YHUBEPCUTET

JIMCCEPTALIMOHHBIN COBET K.01.19.599

Ha npaBax pykonucu
YK 517.968

Kamb0aposa Aiicankbin JlamnHoBHA

PEI'YJIAPU3ALIMA U EAMHCTBEHHOCTD PEIIEHUIA
UHTEI'PAJIbHBIX YPABHEHUH BOJIbTEPPA
ITIEPBOI'O POJA HA OCH

01.01.02 — nuddepeniuanbHbie ypaBHEHUS, TMHAMHUYECKUE CUCTEMBI
U ONITUMAJIbHOE yTIPaBIICHUE

ABTOPE®EPAT

AUCCCpTalMi Ha COUCKAHNEC yquoﬁ CTCIICHU
KaHauaaTta (1)I/I3I/IKO-MaTCMaTI/IIICCKI/IX HayK

Om - 2021



Pabora BhimonHeHa Ha kadeape maTemMarnyeckoro asanamza OIICKOTO
rOCyJapCTBEHHOTO YHUBEPCUTETA

HayuHblii pyKOBOIUTEIb:  ACaHOB ABBIT, JOKTOP (pU3HKO-
MaTeMaTHUYECKUX HayK, podeccop,
npodeccop OTaeICHUS MaTEMaTHKH
Keipreizcko-Typenkoro ynusepcurera

“Manac”
Oduunanbhbre Ammup0aeBa AiikapkbiH JKopoOexkoBHa,
ONIOHEHTHI: JOKTOp (PU3UKO-MATEMAaTUYECKUX HAYK,

npodeccop, 3aBeayrolias kadeapoit
npukiaagHon MateMatuku OmTY

Tamnarapos Kymrapéexk bexkmyparoBuy,
JIOKTOp  (U3MKO-MAaTEMaTHYECKUX  HayK,
JOIeHT, Tpodeccop Kadeapsl €CTECTBEHHO-

I'yMaHUTapHBIX JMCIMILIAH Hayuno-
HCCIIENIOBATENILCKOIO  MEIUKO-COIMAILHOTO
HHCTHTYTA

Bejymas opranusanusi: Kapenpa muddepeHmanbublx —ypaBHEHHUI

KbIpre3ckoro HalMoHaJIBLHOTO YHUBEPCUTETA
umenun  Kycyna  bamacareina, 720033

Ksipreizcran, r. buikek, yi. A6apIMOMyHOBa
238.

3amura gucceptanuu cocroutcs «12» saBaps 2022 1. B 13:00 vacoB Ha
3acegaHuun auccepranumoHHoro cosera K 01.19.599 no 3amure auccepranuii Ha
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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbLHOCTh TeMbl JUCCepTanuu. B mocienHue rojapl pa3BUBAETCA
TEOpUsl MHTETPAIbHBIX YpPaBHEHUU TMEpPBOrO pojila Kak o0JacTh TEOpUU
HEKOpPPEKTHBIX 3a1a4d. Cpeln MaTeMaTHYECKHUX 3a/1a4 BBIIEISAETCA KiIacc 3a1ad,
pelIeHrne KOTOPbIX HEYCTOMYHUBO K MaJIbIM U3MEHEHHSIM UCXOJIHBIX JaHHbIX. OHU
XapaKTEPU3YIOTCS TEM, YTO CKOJIb YTOJTHO MAJIbIE U3MEHECHUS UCXOHBIX JAHHBIX
MOTYT MNPUBOJUTH K MPOU3BOJIBHO OOJBIIMM H3MEHEHMSIM pelIeHuM. 3agauu
MoJ00HOr0 TUMNA MPHUHAANEKAT K KJIACCY HEKOPPEKTHO MOCTABJICHHBIX 3aJad.
OmHUM W3 KJIacCOB TAaKUX HEKOPPEKTHBIX 3a7ad SIBJSIOTCS HHTErPAJIbHbBIC
YPaBHEHHUS TIEPBOTO POJIOB.

Muorue oOpaTHble 3aJaud OTHOCSTCA K UHCIYy TaK Ha3bIBA€MbIX
HEKOPPEKTHO MOCTABJICHHBIX TaHHBIX. HampuMep, ManbiM U3MEHEHHSIM BXOIHBIX
JAHHBIX MOTYT COOTBETCTBOBaTh OOJbIIME W3MEHEHUS B  PELICHUSX.
CoBpeMeHHas Teopusl pEeICHU HEKOPPEKTHO MOCTABICHHBIX 337]a4, OCHOBAHHAS
Ha pabotax poccuiickux MarematukoB — A.H. Tuxonoa, M.M. JlaBpeHTbeBa,
B.K. lBaHOBa M MX Hay4HBIX IIKOJ, MO3BOJISIOT INPEOJOJIETh BO3ZHUKAIOIIME
TPYAHOCTU. B pa3zBuTHe TEOpUU M NPUI0KEHUN HEKOPPEKTHBIX 33724 BECOMBIN
BKiaa BHeciu ydeHble M.M. JlaBpentheB, A.H. Tuxonos, B.fl. Apcenun,
B.K HMBanos, B.B. Bacun, M.1. UmananueB, B.Il. Tanana, B.I'. Pomanos,
A.l'. fdrona, 10.E. Aaukonos, C.I1, [Iumarckuit, B.A. Mopo3os, A.JI. byxreiim,
A.M.J] enucos, H.C. I'a66acos, C.1. Kabanuxun, A.C. Amapuns, A. AcaHoB,
A. Caana6aes, T.J[. Omypos, T.T. Kapakees, b.C. A61a6ekoB, A.J[>x.CaTbiOacs,
A. Cpaxnunus, 3.A. Kagenona, T.O. bekemos, I'.C. O6onoeBa, A. Toiron6aesa
v JIp.

CBsi3b TeMBblI [UCCEPTALMM €  HAYYHO-HCCJIEI0BATEJIbCKUMU
nporpaMMaMu M npoexkramu. Pabota BeimogHeHa B pamkax mpoektoB HUP
Nuctutyra matematuku HAH KP: «Pa3Butre u npuiokeHus: KOMIbIOTEPHOTO
MOJICIMPOBAHUS, ACUMIOTOTUYECKUX, W AHAJIUTUYECKHX METOJOB B TEOPHUH
YCTOMYMBOCTH JUHAMUYECKUX CHUCTEM, pa3peliMMOCTH OOpaTHBIX 3ajad,
PKOHOMHUYECKHUX U Treodusnueckux mpoieccoB» (2016-2018 rr.), HOMmEp
rocynapctBeHHo peructpan Ne 0007125 v BKIIOUEHBI B OTYETHI MO 3TUM
ITPOEKTaM.

Heab wuccienoBaHusi COCTOMT B TOCTPOCHUM PETYJISIPUZUPYIOLIETO
omepatopa M JOKa3aTeJIbCTBE E€IMHCTBEHHOCTH PEIICHUA HWHTErPalbHBIX
ypaBHeHUM BonbTeppa nepBoro poja U MX CUCTEM Ha OCH.

JInst  MOCTVDKEHHsSI  TOCTaBJIEHHOW 1enu  ObUTM  CcPOPMYIUPOBAHBI
CIEAYIOLINE 3aAa4UM:

-MIOJIy4Y€HUE JIOCTATOYHBIX YCJIOBUW €AWHCTBEHHOCTH PEIICHUN JId
MHTETpalbHbIX YpaBHEHUI BoapTeppa nepBoro poaa Ha ocy;



-IIOCTPOEHHUE PETYJIIPUUPYIOLIUX ONEPATOPOB UHTETPAIBHBIX YPABHEHUN
BoseTeppa nepBoro poaa 1 uX CUCTEM Ha OCH;

-I0Ka3aTeIbCTBO TEOPEM EIWHCTBEHHOCTH PELICHUH ISl  CUCTEM
JIMHEWHBIX UHTETPAIbHBIX YpaBHEHUI BoapTeppa nepBoro poaa Ha OCH.

Metoabl ucciaegoBanus. OCHOBHBIMM METOJAMH  HMCCIEIOBAHUSA
ABJISIIOTCSI: METOJIbI (DYHKIIMOHAJILHOTO aHaln3a, METoJA peryisipusanuu M.M.
JlaBpeHTbeBa, METO/IbI MHTETPAIBHBIX TPEOOPAZOBAHUIA.

HayuHnasi HoBU3HA pa0doOThbI:

JI1s1 MHTErpaibHBIX ypaBHEHH BoapTeppa mepBOro pojia Ha Ocu;

-IIOCTPOEHBI perylisipusupyromue oneparopsl no M.M. JlaBpeHTbEBY U
JIOKa3aHbl TEOPEMBbl E€AUHCTBEHHOCTH PEUICHUN JIMHEMHBIX WHTErPAIBHBIX
YPaBHEHHU;

-IIOCTPOEHBI peryisipusupyromue oneparopsl no M.M. JlaBpeHTbeBy U
JIOKa3aHbl TEOPEMBbl E€IMHCTBEHHOCTH PELICHUM HEIMHEHWHBIX WHTErPAIBbHBIX
YPaBHEHHU;

-BriOpan napameTp perysisipusanuu A pelieHruil HHTErpalbHbIX
ypaBHeHUU BonbTeppa nepBoro poja Ha OcH;

-IIOCTPOEHBI peryisipusupyromue oneparopsl no M.M. JlaBpeHTbeBy U
JIOKa3aHbl ~ TE€OPEMBbl  €JUHCTBEHHOCTH  PELIEHUH  CUCTEM  JIMHEWHBIX
WHTETPaIbHBIX YpaBHEHUN BoapTeppa nepBoro poaa Ha ocH;

-Pa3paboran anroput™M BeIOOpa mapameTpa peryssspu3aluu s perieHuil
CHUCTEM JBYX JIMHEMHBIX UHTETPaAJIbHBIX YpaBHEHNN BoabTeppa nepBoro poaa Ha
OCH.

IIpakTuyeckass 1HeHHOCTb. PaboTa HOCHUT TEOpPETHUECKUIN XapakTep.
[lonydeHHbIE pe3yJbTaThl HCCICAOBAHWM BONPOCOB  PETYyJIPU3ALUA U
€IUHCTBEHHOCTH PEIIECHUI NHTETPAJIbHBIX YpaBHEHNN BonbsTeppa nepsoro poaa
Ha OCU MOTYT OBITh IPUMEHEHBI B PA3JIMYHBIX 00JIACTIX HAYKU U TEXHUKHU.

OCHOBHBIE N10JIOKEHUSI JUCCEPTANMH, BBIHOCUMbIC HA 3ALIUTY:

J{ns mHTErpansHBIX ypaBHEHH BoapTeppa mepBOro pojia Ha OCu;

-IIOCTPOEHBI peryJisipusupyromme oneparopsl nmo M.M. JlaBpeHTheBY M
YCTAHOBJICHBI 1IOCTATOYHBIE YCIOBUS €IUHCTBEHHOCTH PEIIEHUS JJISI IMHEUHBIX
MHTETPAIBHBIX YpaBHEHUN BosibTeppa nepBoro poaa Ha ocu;

-IIOCTPOEHBI peryisipusupyromue oneparopel no M.M. JlaBpeHThEBY U
YCTAHOBJICHBl ~ JOCTAaTOYHBIE  YCJIOBUA €AUHCTBEHHOCTH  pEIICHUS IS
HEJIMHEWHBIX MHTETPAJIbHBIX YpaBHEHUN BosibTeppa nepBoro pojaa Ha ocu;

-IIOCTPOEHBI peryisipusupyromue oneparopel no M.M. JlaBpeHThEBY U
YCTAHOBJICHBI JOCTAaTOYHBIE YCJIOBUS E€IUHCTBEHHOCTH DPELICHUS I CUCTEM
JIMHEMHBIX MHTETPAIIbHBIX YpaBHEHNM BobTeppa nepBoro poja Ha ocu;

JIn4HbIi BKJIAJ COMCKATEJISA COCTOUT B IOCTPOECHUH PETYIAPUZUPYIOIINX
ONEPATOPOB ISl PEIICHUSI UHTETPaIbHbIX YPAaBHEHUIN



Bonbpreppa mepBoro poma M HX CHUCTEM, JOKa3aTENbCTBE TEOPEMbI HX
enuHCTBeHHOCTH. B padote [5] coarTops! Toiironbaesa A.K., O6omoesa I'.C.,
OwmopoB A.O. u B pabore [8] Toiironbaesa A.K., benenosa H.C., Myp3abaeBa
A.b. nmpuHsIM B yyacTME B OOCYXJAEHHH U O(OPMIECHUH IOJYyYEHHBIX
PE3yJIbTAaTOB.

Amnpodanusi pe3yJbTaTOB HCC/AeA0BaHMA. Marepuaibl auccepTaluu
JOKJIABIBAIMCh ~ HA  MEXKIYHAPOJIHBIX M  PECHyOJMKAaHCKUX  HAy4YHO-
NPAKTUYECKUX
KOH(EPEHITUAX:

- Ha KOH(pepeHuuu «VIHTErpauus HAyKu B COBPEMEHHOM MHpE», T.
Mocksa, 29-30 uronsg 2021 r.;

-«Mathematical Analysis, Differential Equation & Applications - MADEA
8» koH(pepeHuus, mocesuieHHas §0-ietur0 co JgHA poxaeHHs A.M.
Cawmoiinenko, r. Yonmon-Ara, 2018 r.;.

-Ha MEXPETUOHAIFHBIX CEMHHApPAX MAaTeMaTUKOB I0KHOTO KwIpreizcrana
«AKTyalbHBIEC TIPOOJIEMBI MATEMATHKU M UX MPUIIOKEHUS, TIOJT PYKOBOJICTBOM
uynena-koppecnonnenta HAH KP, a.¢.-m.H., npodeccopa K. Anpimkyiosa r. O,
2018-2021 rr.

Iyonukanuu. OCHOBHOE COJIEp)KaHUE JIUCCEPTALUOHHOW PpaboThI
ormyOiMKoBaHO B 11 Hay4yHBIX CTaThsiX couckaTens. M3 Hux 8 B peeH3upyeMbIx
3apyOEKHBIX MEPUOIUYECKHUX U3/IaHUAX U cOOpHHKax uHaekcupyembix PUHIL, B
MATA OJKypHaJlax C HE HYJIEeBbIM HMMakT-hakTtopoMm. OOIiee KOJIUYECTBO
HaKOIJIEHHBIX OayutoB — 198.

CrpykTrypa u 00beM auccepTanum. Juccepranus COCTOUT U3 BBEJICHUS,
Tpex IIaB, pa3OUTHIX Ha maparpadbl, 3aKIIOYEHUS U CIIHCKA UCTOIb30BaHHBIX
autepatyp. PabGora wm3noxkena Ha 91 cTpaHHWIIax MAIIMHOMHUCHOTO TEKCTA.
[lepeuenn nurepaTypsl cofepkuT 91 HauMeHOBaHMI.

OCHOBHOE COAEPKXAHUE PABOTbI

B nepmoii rnaBe [O030p JuTepaTyp Mo TeMe AMCCEPTALMM] CaeiaH
0030p OCHOBHBIX PE3yJIbTAaTOB HAyUYHBIX UCCIIEJOBAHUN B TEOPUH HEKOPPEKTHBIX
3a/1a4 ¥ 3a/a4, MPUBOJIAIINE K HEKOPPEKTHBIM 3a]ja4aM.

B riase 2 [UnTerpajbHbie ypaBHeHusi BoiibTeppa mepBoro poaa Ha
OCH|, TPOU3BEICHBI JOKA3aTEIbCTBA TEOPEM EIMHCTBECHHOCTH PCIICHHH U
IOCTPOEHBI  peryisipusyromme onepatopel 1mo M.M. JlaBpeHTtheBy s
WMHTETpalbHbIX ypaBHEeHUI BonbTeppa mepBoro poma Ha OCH B HNPOCTPAHCTBAX

Co'(R) u C§(R) u BbIOpan mapamerp peryJsipusaruH.

Tpersbs ri1aBa nocesiieHa 11 10Ka3aTelIbCTBA TEOPEMY €AUHCTBEHHOCTH
pEIIEHN CUCTEM JIMHEWHBIX HMHTETPAIIbHBIX ypaBHEHUU BosbTeppa mepBoro



pola Ha OCH M I IOCTPOCHHUS PETyIAPU3UPYIOIMIUX OIEPaTopoB IO
M.M. JlaBpeHTheBY, a TaK)Ke Ha BEIOOp MapamMeTpa peryJisspr3aliyH.
B § 2.1 nns pemenuii ypaBHenus (1) gokazaHa TeopeMa €IMHCTBEHHOCTH
pEIEHNI ¥ IIOCTPOEHA PEryIpU3HupyIoImii oneparop B npocrpancte Col(R).
PaccmoTpeHo creayroriee TMHEHHOE HHTETpaJibHOE YpaBHeHUEe BosbTeppa
HIEPBOTO pojia
t
IK(t,s)u(s)ds: f(t), te (~o0,+00), (1)
rae K(t,5) u f(t) — 3agannbie pyukiyn, U(t) — HensBecTHas QyHKIIHS.
M 0THOBpEMEHHO paccMaTpHBacTCs HHTETpadbHOE ypaBHeHHE Bonbreppa
BTOPOTO Pojia
t
ev(te)+ j K(t,s)V(s,e)ds = f(t)+eug, (2)

rae £ > 0- manbrit mapametp, Uy = lim u(t), u(t) — pemenue ypasuenus (1).
t——

——0
[Ipeamnoa0KuM BBIIIOJIHEHHE CIIEYIONUX YCAOBHIA
a) K (t, t)>0 mpu Bcex teR
t

j |K(t,s)|dseC(—o0, +0), K(t,t)€Lq joc(—00; +0).

b) Jliist 1r00BIX tq, t,€(—00; +00),
ts
K(t0,) = K ()1 <16 | | KGs,5)ds),
ty

rae 0< [(t)npu Bcex t € (—o0, 4+00), [(t)€eL,(—00; 4+00).

JlokazaHa clieyroIias Teopema:

Teopema 1. IlycTh BBINOIHSAIOTCS yclIOBHS a), 0) m U(t)e C(l)(R), rae
u(t) — pemenue ypasaenus (1). Torna pemenue v(t, €) ypaBHeHus (2) nmpu € —
0 ctpemutest Kk pemenuro u(t) ypasuenus (1), rme Ug= lim u(t) npu sTom

t—>—o0
CrpaBe/sIMBa OIICHKA
”V(t,S)—U(t)”C <M,

rae M; = Moexp[j I(s)ds], \u’(t)\s MoK(t,t) , teR.

3nech U(t)e C(l)(R) TOTJIa ¥ TOJBKO TOTJa KOIa
limu(t)=u, R, [u'(t) <MK (tt), vteR.
t—>—0
CaeacrBue 1. Ilycth BBINONHAIOTCS yCioBHUS a), 0) u cymectByeT 0€R
takoe, uto K(t,t)>0 moutu mpu Bcex te(—oo,5). Torna perienne ypaBaenus (1)

enuHcTBeHHO B poctpancTse Col(R) .
IIpumep. Paccmotpum ypaBHenus (1) u (2) mpu
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I i
K(t,s)—(l+32)2 1+82+£(1+12)3dr  (t5)eG

B stom ClIy4ac yCJIOBUA TCOPCMbI BBIITOJIHAKOTCA IIPHU

K(s,s)=——"—=, I(s)=————,s€R
() (1+52)3 (°) (1+52)2 S

VvV t,t, € R umeem

_ I
K(t,,5) +<(t2,s)_(1+82)2tj2(1+T2 )3dt

Orcroa nosryyum

)
|K(t1,s)—K(t2,s)|§I(s)IK(r,r)dr.
Y
B §2.2 nokazana teopema €IWHCTBEHHOCTH pemieHuil ypaBHeHus (1) u
TOCTPOEH PETyJIApU3HpYIoNHMii onepatop B mpoctpanctee C!(R),0<y <1.
OMHOBpPEMEHHO paccMOTpeHbl ypaBHeHHe (1) 1 (2).
JlokazaHa cie/yrolias Teopema.
Teopema 2. Ilycth BhONHsIOTCA ycnoBusa a), 6) u u(t)eC!(R),

0<y <1 Torma penieane v(t,e) ypaBuenus (2) npu & — 0 crpemurcst K
pemiennio u(t) ypaBuenus (1), mpu 3TOM cripaBeIMBa OLEHKA

Hv(t,s)—u(t)HC <M.,¢g?
e

M, = MOMleXp{ I I(S)dsj, TS TIOOBIX 1y, 1 eR

—00

Y

ty 0
u(ty)—u(ty)| <M, _[K(s,s)ds , Mlzsup(e‘vvy)+je‘vvydv,

tl v=>0 0

o(t) = j K(s,s)ds, teR.

CaencrBue 2. ITycTh BBITONHSIOTCS YCIOBUSI TEOPEMbI 2 U CYLIECTBYET
5eR  ynosnersopstomux  ycmouro  K(t,t) >0, moutu mpum  Beex

te(—o0,8).Torna pemeane ypaBHeHuss (1) €AMHCTBEHHO B TMPOCTPAHCTBE
u(t)eC(Vp(R), 0<y<1l

B §2.3 paspaboran anroput™m BbIOOpa Mapamerpa peryyisipu3aidd s
UHTETpaIbHOTO ypaBHeHHS (3).



[1yCTh BBINOJIHAOTCA
|f(t)= £, (1) <6, |up —up,| <o

r7ie O ¥ ¢1 — MOJOKUTEIBHBIC IIOCTOSTHHBIC.
PaccmoTtpum crenytoiee ypaBHEHHUE

ev,(t,e)+ Jt. K(t,s)vs(s,e)ds = f,(t)+euy;, teR. (3)

Teopema 3. IlycTp BBINOJNHSIOTCS yCnoBus Teopemsl 2. Toraa pemienue
1

vs(t,e) ypasrenus (3) mpu € =57 cxomures no Hopme C(R) k peruenno u(t)
ypaBHeHus (1) ¥ 1ipu ATOM CIipaBeIJiBa OLICHKA

Hu(t)—vé(t,«/g)Hc <(M, +3|\/|3)5/+l +CM S
rac
M3=exp{jil(s)ds}

B §2.4 nokazaHa TeopeMa €IMHCTBEHHOCTH PEIICHUM HEIMHEHHOIO
MHTETPaJIbHOTO ypaBHEHUs Boibreppa mnepBoro poga ©  IMOCTPOEH

PETYISPUBUPYIONIUIA ONIEPaTOP B MMPOCTPAHCTBE C(IY) (R) 0<y<1.
HccnenoBaHo HEIMHEWHOE UHTETPAIILHOE ypaBHEHUE BoJibTeppa nepBoro

pona
t

jK(t,s,u(s))ds:f(t),teR. (4)

rne K(t,s,u) u f(t) — 3amannbie ¢ynkiuu, U(t) — HewsBecTHas (GYHKIHS |
OJTHOBPEMEHHO PACCMOTPEHO HEJIMHEHHOE HMHTETrpabHOE YpaBHEHHE BTOPOIO
pona

t
ev(t,e)+ I K(t,s.v(se))ds=f(t)+eu,, u, =limu(t)<R (5)
rac _
K(t,s,u)=K(t,s)u+K,(t,s,u),(t,s,u)eGxR. (6)
[IpeanoaoKuM BEITIOJHEHHE CIIEAYIOIIEE YCIOBHE!

c) mpu t>t; mas moowix (11,5), (t2,5)eG u (ty,5,u1), (t1,5,U2), (t2,5,u1),
(t2,5,U2)eGxR cnpaBeanBa ciieayroliee HepaBEHCTBO

t
K. (t,5,u,) — K, (t,,5,U,) = K (t,,5,u;) + K (t,,5,U,)| < 1, (5) jK(s,s)ds lu, —u,|
Y

u Ky(t,t,u)=0 s Bcex (t,u)eR?, Ki(t,s,0)=0 npu Bcex (t,5)eG.
Teopema 4. ITycts BhmonHAIOTCS ycinosus a), 6) ¢) u u(t)eC!(R),rae

u(t) — pemenue ypasuenus (4). Torma peurenue v(t, €) ypaBuenus (5) npu € —
0 ctpemuTcs k peniennto U(t) ypaBHeHus (4) U Ipu ATOM CIPABEIIMBA OLICHKA
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Iv(t.e)—u(t )HC <M,g"

rae o(t) = _t[ K(s,s)ds,t eR,

—00

M, = MOMleXp(IjO(I(S)+ Il(s))ds), Vi t, eR,
t Y

wm)—MQNSMOIKwsmS,
i}

0
M, =sup(e”"V')+ [e""VVdv .
v=0 0

CaencrBue 3. [IycTh BBIIOTHSIOTCS YCIOBHS a), 0), C) M CyIIeCTBYeT oLeR
takoe, uyTo K(t,t)>0 moutu npu Bcex te(-o,a). Torma pemienue ypaBHeHus (4)
enuHCTBEHHO B poctpancTe C! (R),0<y<1.

IMpumep. Paccmotpum ypasuenus (4) u (5) npu ycrioBuu

K (t = - t R
(ts.w) 1+4s? [1+432+J(1+4r2)2dr 4T os? j(1+412)2dr 1+u2’(’s’u)EGX

S S

B aTtom ClIy4ac yCJIOBUA TCOPCMbI BBIIIOJIHAIOTCA IIPHU

Kits)——L |18 +j 2P PR
V14487 | 1+48% L @a+47%) |

S

6 | | u
K, (t,s,u)=— d ,(t,s,u)eGxR
1(ts4) 1+952D(1+4r2)2 T}1+u2( )

S

| 1 12

— () =——, L(t)= , teR.
(1+4t2)2 (1) 1+4t° () 1ot ©

K(tt)=

Ha camowm nene, ms mo0ObIxX {1, toeR

1 ¢ |
K(t,,s)-K(t,,s)= dr.
(2:5) K {ts) 1+452£(1+4rz)2 '

OTCr04a

K(t,.5)—K(t,.s)|<I(s) :
B §2.5 BeIOpaH mapaMeTp peryiaspu3alud HEJIWHEWHBIX HHTErPajbHBIX
ypaBHeHuii BojbTeppa mepBoro poja Ha OCH OIHOBPEMEHHO PACCMOTPEHEI

ypaBHEHHUE (4) U CleAyIOIIUE UHTETPAIbHbIE YPABHEHUS
t

evs(t,e)+ I K (t,s.V;(s,€))ds = f;(t)+euy;, (7)

—00

t
_[K(r,r)d T
b




rne K (t, S, u) onpenensiercs no Gopmyie (6)

| £(t)= £,(1)], <O |up —ug,| <c /6.
I[OKa?)aHBI cJIcayromue TeOpeMLIZ

Teopema 5. ITycTs BeIONHAIOTCA yenosus a), 6), ¢) u u(t) e C! (R).Torna

pemenue V(t,e) ypaBuenus (5), npu €0 crpemures k pemeHuro U(t) ypaBHeHUs
(4) 1 cripaBeJIMBa CIEAYIOIIAs OILICHKA

||v(t,5) —u(t)||C <M.,e”,

- M, =M0Mlexp(_[_w(I(s)+|1(s))ds),th,t2 R
t2 ! [e's]
u(ty)—u(ty)| <My jK(S,S)dS , Mlzsup(e_vvy)+je_vvydv.
t v>0 0

Teopema 6. ITycTb BEIIONHAIOTCA yCI0BHS a), 6), ¢) 1 U(t) € C. (R) Torna
1

pewenne Vs(t,e) ypasuenns (7) npu £ =0"" cxomures no mopme C(R) x
pemrenuto U(t) ypaBHeHus (4) ¥ PU 3TOM CIIpaBeIMBa OIICHKA

Hu(t)—VS(t,\/g)HC <(M, +3M3)8YY+1 +C,M,o

re

M, = MM, exp [ [I()-+1,(s His}, M, =exp{ [ [I(s)+L(s)]is ,

< u(t)—u
Mlzsup(e“’vy)+je“’vydv, M, = sup | (t) (T)| , O<y<1.
v>0 0 t,teR t Y
jK(r,r)dr

B Ttperbenl rmaBe wuccienoBaHa CUCTEMBI JMHEWHBIX WHTErPATBHBIX
ypaBHeHU BonbTeppa nepBoro poja Ha OCH.

B § 3.1 paccMmoTpeHo perynspusaliius peueHruil CuCTeM OJIHOTO Kiacca
JBYX JIMHEMHBIX UHTETPAIIBHBIX YpaBHEHUN BosibTeppa nepBoro poaa Ha ocu.
OJHOBPEMEHHO pacCCMaTPUBAIOTCS CICAYIOIIUE CUCTEMBbl IBYX JIMHEHWHBIX
WHTETPaJIbHbIX YPAaBHEHUN

jK(t,s)u(s)ds — f(t),t e R = (~o0,00), (8)

av(t,e) + jK(t, S)v(s, £)ds = f (t) + euy,t € R = (—o0,0), (9)

rne 0<g— wmameii mapamerp, K(t,S)—u3BecTHass 2 x 2 —MepHas MaTpUYHAS
(ynKIua onpenenenHas HaG ={(t,s);—co< s <t <oo}, f (t) —M3BeCcTHAS ABYX MepHas

10



BeKTOp-pyHKIMA, U (1)U vy(t,e)— HCKOMBIE OBYX MEpHBIE BEKTOP-()YHKLHH,
u, = limu(t), u, e R,
t—>—0

[Tpeanoa0KuM BBITIOTHEHUE CICIYIOIINUX YCIOBHIA:

a) K(t,s)={Ki(t,s)}, 1,j)=1,2; Kij(t,s) e C(G), nns pukcupoBaHHOTO
teR,|K(t9)],|K(s,s)| €L (-0 t) u K;(t,t) eC(R), rae
G={(t,s):—o0<s<t<c0},
b) Kia(t,t)+Ka(t,1)>0 u

Kll(t,t)Kzz(t,t)z%(Kn(t,tH Knu(t,t))", VteR

c) mipu t > 7 st moObIX (t,9),(7,S) € G cipaBeyMBa OICHKA
t
|K(t,s)—K(z,9)| < I(s)ji(s)ds, I(t) e C(R) L, (R).

JlokazaHbl CIEIyIOIMNE JEMMBI U TEOpeMa
Jlemma 1. [TycThb BBIMONHSAIOTCS YCIOBUSA a), 0) ¥ pyHKImsa X(t,S,€)

MaTpuuHas pynkuus Komm T.e.

aX(t52) _ Ly inx(ts e),
dt 3

X(s,s8,¢)=1,
rae |, — eauHUYHAsA MaTpuila BTOPOro MOpsiIKa.
Torma cpaBevBa OlIEHKA

||X(t,s,s)||£exp( j:x(r)drj,(t,s)ee.

Jlemma 2. ITycTs BBIMONHAIOTCA ycnoBus a), b) n u(t) eC; ,(R)

F(t,2) = X (t,~0,£) [u(—o0) —u(t)]+ j R(t,7,&)[u(t) —u(n)]dz, & >0,

—00

1
€

rae

R(t, s, 2) =— = X (t,5, £)K (5, 5), (t,5) € G,
&

. 1
SIBIIICTCS PE30JbBEHTOM MAaTPHYHOTO sijipa [—— K(s,s)
€

o(t) = _t[l(s)ds,t eR,A(t) >0

TIpU HOYTH BeeX te R u |K(t,t)| < NyA(t) mpu Beex t e R, N, > 0. Torna
CIIpaBeIMBa Ol[EHKA
Feo)l, <ce”
rie

¢, =Msup(e™v’)+ MNOJ.e_Vv’dv, M = sup Ju® ~uts)]
0

v20 tserites [o(t) —(S)[

11



Jlemma 3. [Tyctb BeImomHst0TCS yeimoBus a), b), ¢, ||[K(t,t)||<NoA(t), V
teRu

H(t,s, &) :—EX(t,s,g)[K(t,s)— K(s,s)]+1j[R(t,r, e)[K(t,s)—K(z,9)]ds, (t,5) G
& &'S

Torma cipaBeivBa OLIEHKA
[H(t.s.&)|<(e™+N, )I(s), (t.5) G, >0.

Teopema 7. ITycTs BRIIONHSIOTCSA ycnoBHsA a), D), ¢), [K(t,t) < NyA(t)| mpu
BceX te R,cuctema (8) mmeer perreHue u(t)qul)vz( R).Torma pemenue v(t,s)

cuctembl (9) mpu & —0 CXOAUTCS TO HOPME CZO(R)K u(t). ¥ Opu ATOM
CIIpaBe/IJIMBa OLICHKA
v(t, &) —u()|. <c,e

rae

o0

C, =C,exp {(e‘l +N,) j I(s)ds},

Yucno ¢, onpeneneHa B iemMme 2.

Caeacrsue 4. Ecnu BRIIONHAIOTCA YCIOBHA a), b) ¢), [[K(tb)|< NyA(t),teR
U cymecTByeT T € R Takoe, 4To A(t) >0 IPU IOYTH BCEX t € (—oo;T), TO pEIICHUE
cuctemsl (1) B mpocTpaHcTBe Ci),z( R) emuHCTBEHHO.

B §3.2. pa3pabortan anropuT™m BbIOOpa MmapaMeTpa peryispHu3alidd s
pEelIEHNd CHUCTEM JIBYX JIMHEHMHBIX MHTETPAIBHBIX YpaBHEHUU Bombpreppa
NEPBOrO poJa Ha OCH.

OAHOBPEMEHHO PAaCCMOTPUM CHCTEMY JABYX JIMHEWHBIX WHTErPabHbBIX
ypaBHeHu# BonbTeppa nepsoro poxaa (8) u (9).

pennonoxum uto B (9) Bmecto T (t) 3amano eé npubnmxennoe

sHauenue (1)
evy(te)+ [ K(ts)v,(s,e)ds = fy(t)+euy;, teR (10)

rae Vs(t,e) — uckomast BEKTOP-(yHKIIHSL.
JlokazaHa clieAyroIias Teopema:
Teopema 8. [Tycts BeomHs0TCS yeinoBus a), b), ©), ||K(t,1)||<NoA(t). Toraa

pemenue Vy(t,e) cucremsl (10) npu £=8 —0 cxomures Mo Hopme C,(R) k
pemennto U(t) cucremsr (8) u npu 3TOM cripaBeiMBa OIEHKA

Hu(t)_vs(t’\/g)Hc SC4\/g

rne Cs=Cot+Cy(C3+Cs.
B §3.3 paccMmoTtpena peryisipu3aiusi 1 €IMHCTBEHHOCTh PEIICHUN CUCTEM
JIMHEWHBIX MHTErpajibHbIX ypaBHEHUW BousbTeppa IepBOro pojga Ha OCH B

npoctpanctee C; (R), 0 <y <1.

[Ipennonoxum BBITOJIHEHUS CIEAYIOMIUX YCIOBUN:

12



a) K(t,s)=(K;(t,9)).i,]=12,...,nK;(t,s) eC(G), m1sa GUKCUPOBAHHOIO
teR,|K(t,s).[K(s, )| €L (—ot) u K;(t,t) eC(R), rae C(G)-mpocTpaHcTBO
BCEX HEMpephIBHBIX (yHKIUM Ha G;

b) A(t)>0 mpu teR u A(t) eC(R), VT e R, A(t) e L(—o0,T), re
Mt)=minA(t),teR;

c) mpu t >z 1 00bIX (t,S),(7,S) € G cmpaBeIsIMBO OIlEHKA
t
|K(t,s)-K(z,s)| < |(s){ j A(s)ds}

rae I(t) e C(R)nL(R).

JlemMma 4. [TycTh BBINOTHSIOTCS YCIOBHS &), D) 1 X (t,s,¢) -
MatpudHas Qynkuus Koy,

TO €CThb

aXS) _ LX) X te) =1
dt g

rae |, —nxn—MepHas equHUYHas MaTpuila. Toraa copaBejiiBa OllEHKa
t

X (s, &)< exp[—_[lxl(r)dr} (t,s)eG
5

Jlemma 5. [Iycts BeIonusroTcs ycnosus a), b) u u(t) eC/ (R),0<y <1,

F(t.e)=X(t,—o0,e)[u(—o)-u(t)]+ j R(t,t,e)[u(—o0)—u(t)]dr, >0,

—00

rne

R, s, ) =— = X (t,5, £)K (5, 5), (1, 5) € G,
&

o 1
SIBJIIETCS PE30JIbBEHTOU MaTpUYHOTO siiapa [-— K(t,t)],
&

o(t) = jl(s)ds,t eR,A(t) >0

nmpu moutH Bcex teR m |K(tt)|<NA()mpu Bcex teR,N,>0. Torma
IpaBe/IIMBa OLEHKA

IF(t,2)]. <ce,
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rac

¢, =Msup(e™v")+MN, Ie "v'dv,M = sup M
v>0 t,5eR t=s |¢(t) ¢(3)|

Jlemma 6. [TycTh BBITIOTHSIOTCS yCJIOBHS a), b), ¢) 1
H(t,s s)———X(t s,&)[K(t,s)—K(s,s)]+ IR(t t,e)[K(t,s)—K(1,5)]ds,

rae (1,8) € G. Toraa cpaBeinBa oleHKa
[H(t.s,&)|<(e™+N, )I(s),(t.s) G, >0.

Teopema 9. [TycTs BeImONHAIOTCS yenoBus a), b), ¢) u [K(t,t)| < NyA(t) mpu
Bcex t€R u cucrema (8) mmeer pemenue u(t)e C/.(R),0<y<1 Torma
pewmenue v(t, &) cucteMsl (9) npu ¢ — 0 cxoputces o HopMe C, ,(R) k u(t). [Ipu

3TOM CIpPaBEJIJIMBa OLIEHKA
Iv(t, &) —u(t)], <c,e”,0<y <1,
e

C,=¢ exp{(el +N,) T I(s)ds},

—00

¢, =Msup(e™v”)+MN, Ie "v'dv,M = sup M
v>0 t,5eR t#s |(D(t) (D(S)|

CaeactBue 5. Eciii BBITOTHAIOTCS YCJIOBHS a), b) c) U
[K(t.H)[ < NyA(t),t e Rm cymecTByeT T € R Takoe, 4To A(t) >0 IpH IOYTH BCEX

t e (—0;T) To pemenue cucteMsl (8) B mpoctpanctee C ;,n (R) enunctenno.

Ipumep. Paccmotpum cucremsi (8) u (9) npu

14



K(t,s):(

kll(t! S)k12 (t1 5)
Ky (t, S)Kyy (t,S) /

kyy(t,8) =, (s) + |1(S)ﬁﬂ1(f)d T}

ko (t,8) =a,(s) +1,(s) jﬂz (T)df}

alt5) =2, (5) +1,(5)| [ (r)dr}
Koa(t,S) =2, (5) + uwﬁm (r)dr} (t,s)€G,

rae Uil QUKCUPOBAaHHOIO teR, &,(s),a,(s),a,(s), A(s)=min,_;a,(s)

Bi(8), B, (5), B5(s) € L (—oo, 1), 1, (DI, (1), 15 (t), I, (t) € L, (R),

a(t)=0 u a,(t) >0 mpu Bcex te R,|ai(t)| < M A(t) mpu Beex t € R,
i=123,|8, (1)) <M, A H |I;(t) <Ml (t) mpu Beex teR,

1=1234,1;(t) e L,(R),M,,M,, M, —IOJOKXUTEIbHBIE H3BECTHBLIE IOCTOSHHBIE
YHCIA.

B sTOM citydae, yciioBHsI TEOPEMBI BBIIOJIHSAIOTCS MTPU

A(t) = min,_ ,a(t),1(t) = 2M,M,l(t),t € R, N, = 2M,.
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3AKJIIOYEHUE

B pesynbrare NpoBEIEHHOIO MCCIECA0BAaHUS B JAHHOU IUCCEPTALMOHHON
paboTe NOIyUYEHBI CIIETYIOIINE BHIBOIBIL:

JUIst MHTETpaJIbHBIX YpaBHEHUH BoiibTeppa 1mepBoro pojia Ha OCH:

—  IOCTPOEHBI PETyIApU3upyromue onepatopsl no M.M. JlaBpeHTbEBY 1
JIOKa3aHbl TEOPEMBI €IMHCTBEHHOCTH PEIICHUN ISl JIMHEHMHBIX HHTETPAJIbHBIX
YPaBHCHUI;

—  TIOCTPOEHBI peryisipuzupyromue oneparopsl 1o M.M. JIaBpeHTbEBY U
JTIOKa3aHbl TEOPEMBI €IMHCTBEHHOCTH PELIEHUN ISl HEIMHEWHBIX HHTETPAJIbHBIX
YPaBHEHMU;

—  pa3paboTaH alropuT™M BbIOOpA MapamMeTpa perysipu3aliy;

—  TOCTPOEHBI peryisipusupyromue onepatopsl 1o M.M. JIaBpeHTbEBY U
JIOKa3aHbl  TEOPEMBbl  E€IMHCTBEHHOCTH  pEUICHUM  CUCTEM  JIMHEWHBIX
WHTETPaIbHBIX YPaBHEHUN BoibpTeppa nepBoro pojia Ha OCu;

—  pa3paloTaH aaropyuT™M BeIOOpa mapamerpa peryisipu3aluu Jjisi CUCTEM
JBYX JIMHEWHBIX NHTErPAJIBHBIX YpaBHEHUI BonpTeppa rnepBoro poja Ha ocH;

B nuccepranmonHoil paboTe uccieqoBaHbl BOIPOCH PETYISIpU3alUM U
€MHCTBEHHOCTH PELICHUI MHTErPAJIbHBIX YpaBHEHUI BoisbTeppa nepsoro poaa
Ha ocH. Mcnonb3yst MeTobl (yHKIIMOHATIBHOTO aHAJIN3a U HEPABEHCTB J1I0Ka3aHbI
TEOPEMBI E€IMHCTBEHHOCTH PELIEHUN HWHTErpAJIbHBIX YypaBHEHUU Boibreppa
NEPBOTO poja Ha OCU U TOCTPOEHBI PETYISPUIUPYIOIINE ONEPATOPHI.

[Tonmy4yeHHbIe pe3yabTaThl IUCCEPTAMOHHOTO MCCIIETOBAHUS BBIBOJBI 110
BOIIPOCHl  €UHCTBEHHOCTH W PEryjsipu3allMM PELICHUH HHTETPaIbHBIX
ypaBHeHull Bonbreppa mepBoro poja Ha OCHM MOTYT OBbIThb HCIIOJIB30BaHbI B
pa3IMyYHBIX 007aCTAX HAYKU U TEXHUKH.
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Kam0aposa Aiicanksin JlamnHnoBHanbIH «CaH orynaa Bosbreppanbin
OMPHHYM TYPAOIY HHTErPAJIBIK TeHAEMeJIePUH PeryJisipu3anusaioo ;KaHa
YbITAPbUIBIITAPBIHBIH KAJITBI3ABITBD ereH Temaaa 01.01.02 —
Au(pPepeHIHANIABIK TEHIeMeJep, JMHAMHKAJIBIK CHCTEMAJIap KaHA
ONTUMAJABIK 0AIIKAPYY AAUCTUIH 00I0OHYA (PU3UKA-MATEMATHKA
WINMACPUHUH KAHAUAATHI OKYMYIITYYJIYK JapaKaChlH U3ICHUII 1Yy YYYH
KA3BLITAH QM CCePTANUSICHIHbIH

PE3IOMECH

YpyurTyy ce3nep: OupuHud Typaery BoibTeppaHblH HMHTETpasIbIK
TEHJIEMECH, PETYISPU3alUs, YbITAPbUIBIIIBIHBIH KaITbI3AbITbl, TYPYKTYYJIYT'yYH
0aanoo

N3unneenyH o0beKTHCH KaTapbl caH OoryHaa BosbreppaHblH OMpUHYM
TYPAOTY UHTErPAJABIK TEHJIEMEIEPU Kapaabl.

N3uaneenyH Makcatbl: BoiabTeppaHblH OMPUHYHN TYPJOTY MHTETPATIBIK
TEHJEMEIIEPUH CAaH OryHJa YbIrapyy Y4YYH pEryJsipu3auysiioo OIepaTOpyH
Typry3yy J’kaHa YEYMMJCPUHWH JKAITBI3ABITBIH JaMWIAee, MXaHa aiapbl
YBITaPYYHYH HATBIKAIYY BIKMAJIAPbIH TEOPHSUIBIK JKAKTAH HETU3[06 MEHEH
WILTEMN YbITYY.

N3unneenyn meroanopy. M3unneeHyH XypylyHIe (QYyHKIHOHAIABIK
aHamu3, M.M. JlaBpeHTBbEBAMH pETYISPU3ALMUAIOO0 BIKMACHI, HHTEIPAJIIBIK
©3repTYYJIep bIKMalaphl K.0. KOJIOHYIY.

M3nianeenyH wiumuid KaHbUIBIKTaApbl. CaH oryHna BoabreppaHbiH
OMpUHYU TYPAOTY MHTETPAIABIK TEHAEMENIEPU YUYH CBI3BIKTYY HHTETPaJIbIK
TEHJIEMEJIEPU Y4YH YEeUUMIECPUH M.M.JIaBpeHThEB OoroHYa
pEryJsIpU3alysuIoOuy — OIeparopy  Typry3yJay  JKaHa  4YeYMMJIECPUHUH
KANTBI3ABITE HanuineHiu. ChI3bIKTYy dMEC MHTETPANIbIK TEHAEMENIepH YUYH
yeunmaepud M.M. JlaBpeHTheB OOIOHYA PETYIAPU3ALMIOOUY OIEepaTopy
TYpry3yany KaHa YEUYNMIEPUHUH YKaJTBI3]IBITBI JNaTAIICH N,
Perynspuzanusanoo mnapaMeTpUHHUH aJTOPUTMU MINTENUI 4blrapbuiabl. CaH
oryHaa BonbTeppaHblH  OUPUHYM  TYPAOTY  CBI3BIKTYY  MHTErPaJIJIbIK
TEHJIEMEJIEPUHUH CHCTeMachl YUyH udeunmaepud M.M. JlaBpeHTheB OoroHYa
pEeryJIIpU3alMsuIOOqy  ONEpaTropy  Typry3yJay  JKaHa  YEUUMIAEPUHUH
KanreBAbITel qanwiaeHau. Can orynnaa BosbTeppanblH OUpUHYN TYPAOTY KU
CBI3BIKTYY MHTErPAJIJIBIK TEHAEMEJIEPUHUH CHUCTEMAChl YUYH PETYISPU3ALUAIO0
MapaMETPUHUH AJTOPUTMU UILTEIUI YbITAPBUIIBI.

N3u11660HYH NPAKTHKAJIBIK MAaaHWJIYYJayry. Y teopusuiblk MyHe3re
33. M3Wi1e6HYH HATBIMKACBIHAA AJIBIHTAH TEOPHUSUIBIK KBIUBIHTBIKTAP WIMM/IUH
’KaHa TEXHUKaHbIH ap KaHJ1all aiMaKTAPbIH/Ia KOJIAOHYJIYIY MYMKYH.

Koapnonyy kaatsl. IaTerpanapik TeHuemenep Gu3NKaiblK SKCIEPUMEHT-
T€pJl€, OSKOHOMHUKAJIBIK CHCTEMAIAPIBI MOJCIACIITUPYYA® KOJAOHYIIYIIY
MYMKYH. WM3unneeHyH HaTblKalapblH JKOTOPKY  OKYYy  JKaWJIapbIHAA
nuddepeHunanapik TeHIeMenep KypcyH OKyTyyJa KOIlyMya MaTepHuall KaTaphl
naiiiaganyyra 0oJjoT.
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PE3IOME

aucceprannu KaméapoBoii AlicajkbiH /[aMMHOBHBI HA TeMy
«Peryasipu3anms ¥ eAMHCTBEHHOCTDH PelIeHUI HHTErPAJbHbIX YPABHEHHI
BoJibTeppa nmepBoro poaa Ha 0CW», NPeACTABJIECHHON HA COMCKAHNE YYCHOH
CTeNeHN KAaHAMAAaTa GU3NKO-MaTEeMATHYECKUX HAYK M0 CHEeNHATbHOCTH
01.01.02 -nuddepeHnuaibHbIie YpAaBHEHNS], JUHAMUYECKHE CUCTEMBbI H
ONTHMAJIbHOE YIIPABJICHHUE

KiroueBble cii0Ba: HHTETpajgbHOE ypaBHEeHHE BosbTeppa mepBoro pona,
€IUHCTBEHHOCTD PEIICHUS, PETYIApU3aLus, TapaMeTp PEryapru3aluu.

O0beKTOM HCCICHOBAHMS  SIBISIIOTCS  HWHTETPAJbHBIE  YPaBHEHUSA
Boibreppa nepBoro posaa Ha OCH.

Heap ucciaenoBaHHUsA 3aKIIOYACTCS B IOCTPOCHHUM PETYISAPU3ALUU U
JI0OKa3aTEIbCTBE  €JUHCTBEHHOCTH  PEUICHUM  MHTEIPAJIBHBIX  YPaBHEHUH
Bonbreppa mepBoro poga Ha ocu U pa3paboTke 3()(PEKTHUBHBIX METOAOB HX
pELICHUs C TEOPETUUECKUM 0OOCHOBAHUEM.

Mertoabl wuccienoBaHusi. B Xoxe NOpOBENEHHOTO MCCIENOBaHUA
UCIIOJIb30BaHbl (DYHKUIMOHAJIBHBIA aHaIu3, MeTonx peryispusauuu  M.M.
JlaBpeHTBhEBA, METO/IbI MHTETPAJILHBIX TPEOOpPa30BaHU.

Hay4Hasi HOBU3HA:

JInst MHTErpaJIbHBIX ypaBHEHUM BonbTeppa nepBoro pojia Ha OCH:

— YCTaHOBIEHBI JOCTATOYHBIE YCIOBUS E€IWHCTBEHHOCTHM pPELICHHS U
MOCTPOEHBI peryJsipu3upyromme omnepatopsl mo M.M. JlaBpeHTbeBY st
JIMHEVHBIX UHTETPAJIbHBIX YPABHEHUI;

— YCTaHOBJIEHBI JIOCTATOYHBIE YCIOBUS E€IMHCTBEHHOCTU pPELICHUS U
MOCTPOEHBI pEryJsipu3upyromue omneparopsl 1Mo M.M. JlaBpeHTbeBY it
HEJIMHEWHBIX UHTETPAJIbHBIX YPaBHECHUM;

— BriOpan mapametp peryssipu3aluu s pelieHuid HHTErpaIbHbIX YpaBHEHUN
Bossreppa nepsoro poaa Ha ocu;

— YCTaHOBJIEHBI JIOCTATOYHBIE YCIOBUS E€IWHCTBEHHOCTHM pPELICHHS U
MOCTPOEHBI pEryJsipu3upyromme omnepatopsl mo M.M. JlaBpeHTbeBY s
JMHEWHBIX CHCTEM MHTETPAJIbHBIX YPaBHEHUN BoiibTeppa nepBoro poja Ha OcH;

— Pa3paboTan anropuT™ BbIOOpa mapameTpa peryaspu3aluud s pelieHH
CHUCTEM JBYX JIMHEUHBIX UHTETPaAJIbHbIX ypaBHEHUN BoibpTeppa rnepBoro poaa Ha
OCH.

IIpakTHyeckasi 3HAYUMOCTH MOJY4YeHHBIX pe3yabTaToB. PaboTa HOCUT
TeOpeTHYeCKu xapakrep. llosydeHHble 10 pe3ynbrataM HCCIIEIOBaHMS
TEOPETUYECKHE PEe3yNbTaThl MOTYT OBbITh MPUMEHEHBI B PA3NUYHBIX 00JACTIX
HayKH U TEXHUKHU.

O6aactb mnpumeHenusi. VIHTerpanbHbIE ypaBHEHUS MOTYT OBITh
OPUMEHEHbl B (DU3MUECKUX HKCIEPUMEHTaX, MOJICIMPOBAHUNA SKOHOMHUYECKUX
cucteM. Pe3ynbpTaThl HccienoOBaHUS MOTYT OBITh HCIHOJB30BaHbI B KaueCTBE
JOTIOJTHUTENBHOTO MaTepuana Npu NPOUYTEHUU Kypca auddepeHIuaibHbIX

ypaBHEHUH B BBICHIMX y4€OHBIX 3aBEIACHUSX.
SUMMARY
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dissertation ""Regularization and uniqueness of solutions of Volterra
integral equations of the first kind on the axis™of Kambarova Aisalkyn
Daminovna is submitted for the scientific degree of candidate of physical-
mathematical sciences by the specialty 01.01.02 — differential equations,
dynamical systems and optimal control

Key words: Volterra integral equation of the first kind, uniqueness of a
solution, regularization, stability estimate.

The object of research is the Volterra integral equations of the first kind
on the axis.

The aim of the work is to construct a regularization and prove the
unigueness of solutions of Volterra integral equations of the first kind on the axis
and to develop effective methods for their solution with theoretical justification.
Research methodology. In the course of the study, we used functional analysis,
the method of nonnegative quadratic forms, the method of regularization by M.M.
Lavrent'ev, methods of integral transformations.

Scientific novelty:

For Volterra integral equations of the first kind on the axis:

- Sufficient conditions for the uniqueness of the solution were established and
regularizing operators were constructed according to M.M. Lavrent'ev for linear
integral \Volterra equations of the first kind on the axis;

- Sufficient conditions for the uniqueness of the solution were established and
regularizing operators were constructed according to M.M. Lavrent'ev for
nonlinear Volterra integral equations of the first kind on the axis;

-Selected a regularization parameter for integral equations of Volterra of the first
kind on the axis;

- Sufficient conditions for the uniqueness of the solution have been established
and regularizing operators have been constructed according to M.M. Lavrent'ev
for linear systems of Volterra integral equations of the first kind on the axis;
-Developed a regularization parameter for systems of two linear integral VVolterra
equations of the first kind on the axis.

Theoretical and practical significance. The work is theoretical. The
theoretical
results obtained from the research can be applied in various fields of science and
technology.

Application area. The solution of integral equations is of great applied
importance, in particular, it can be applied in mathematical processing
(interpretation) of measurement results in physical experiments, modeling of
economic systems, geophysics, astrophysics, image processing.
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