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OBHIAA XAPAKTEPUCTHUKA PABOTBI

AKTYaJbHOCTh TeMbl AuccepTanuu. B Hacrosiee BpeMsi MHOTHE Pa3zeiibl
MaTEMaTUKU YCIEIIHO H3YYaloTCsl B paMKaxX TEOpUU KAaTEeropuil, MOCKOJIbKY OHa
paccMaTpuBaeT CBOMCTBAa OTHOUIEHHM MEXIy MaTEMAaTUYECKUMU OOBEKTaMM, HE
3aBHUCSILME OT BHYTPEHHEN CTPYKTYpbl 00bekTOB. B KbIpreisctane nepsble pe3yib-
TaThl 10 KaTeropHoil anredpe nomyuwsn M.S.Mensenes, psa pe3yapTaToB IO Kare-
TOPHOW TOMOJOTHH ObLI MoJyueH akageMukoM A.A.bopyOaeBbimM, A.A.YekeeBbIM U
X y4eHUKamMu. Bmecte ¢ TeM, ¢ KaTeropHOM TOYKHM 3PEHHS HE M3Yy4aloCh TaKOE
BaXHOE TOHATHE, KaK ypaBHeHue. [loaTomy 1enpio HacTosmeil paboThl SBISETCA
(bopMyIIMpPOBKa OCHOBHBIX MOHATHI, OOBEKTOB U MOP(HU3MOB KaTErOpHH ypaBHEHUH
U €€ INOJKATeropuil, yCTAHOBIIEHHE €€ CBS3ed C JPYIrMMHU KaTEropusiMU H
MIPUMEHEHUE ATUX PE3YyJbTAaTOB K PACIIUPEHUIO Kiacca KOPPEKTHBIX MHTErPAIbHBIX
ypaBHeHUI nepBoro poza. Ilpu 3TomM mcnosb3yercst BbISBICHHBIM B KbIpreizcrane
sp¢dekt aHanmuTUYHOCTH. IlocKOonbKy MHOrMe oOpaTHBIE 3aJayd OMNMCHIBAIOTCS
MHTETPAJIbHBIMU  YPAaBHEHUSMU [EPBOrO pojia, JaHHAas TEMaTHKa SIBISIETCS
AKTyaJIbHOM.

CBsi3b_TeMbI JIHCCEPTAIMH ¢ OCHOBHBIMH HAYVYHO-HCCJIEI0BATEIbCKHMH
padoramu. Jlucceprainus BBITIONHEHA B paMKax mpoekra mo MHCTHTyTy Marema-
tukn HAH KP: «Pa3BuTHe u MpuIokeHHuss KOMITBIOTEPHOTO MOJICITUPOBAHUS, aCHM-
NTOTUYCCKUX, TOMOJIOTHICCKUX U aHATMTUYCCKUX METOJIOB B TCOPHH JUHAMUYCCKUX
CUCTEeM, OOpPaTHBIX U ONTHMH3AIMOHHBIX YKOHOMHUYCCKUX 3aJlad U B aHAJM3E Ieo-
(GU3HYECKUX JAaHHBIX JUIsI ONEPATHBHOIO IMpOrHo3a 3emieTpscenui» (2015-2017)
Ne rocpeructpaniun 0007125. Pesynbrarsl pabOThI BKIIOUEHBI B 3aKITFOYUTEIIBHBINA U
IIPOMEXKYTOYHBIC OTYETHI IT0 3TOMY ITPOCKTY.

Ileanb 1 3a1a4M HCCJAETOBAHNA:

[TocTpouTh KaTEropuio ypaBHEHHH, C €€ OOBbeKTaMH W MopdHu3MaMu U ee
MOJKATETOPUH, BKJIIOYAIOIINE B ceOS KaK M3BECTHBIC THUIIBI 3a/1adu JJIs Pa3IMUHBIX
YpaBHEHHH, TaK ¥ HOBBIC TUITBI MaTEMaTHYSCKHUX 3aJ1ad, C UCIOJIb30BaHUEM 3 deKTa
AHAJTUTUYHOCTH HAUTH MOP(HU3MBI, PACIIUPSIONINE KJIACC KOPPEKTHBIX HHTETPajb-
HBIX YpaBHEHUH MEPBOIO poja.

MeToab! HCC/IEI0BAHNS.

[TpuMeHsIoTCST METOABbl TEOPUU KaTeropwid, Hcmoiyib3yeTcss 3(P¢eKT aHaiu-
TUYHOCTH, BbIsiBJIeHHBIN B MHcTUTyTe Matematrku HAH Keipreizckoii Pecriyonuku,
NPUMEHSIOTCS  METOJ MpeoOpa3oBaHMsl YpaBHEHHMU, METOJ MpeoOpa3zoBaHuUs
pelieHuii, Meroa nmpeoOpa3oBaHUs apryMEHTa, METOJbl AHATUTHUYECKUX (DYHKIIHA,
TEOPUM UHTETPAIBbHBIX YPAaBHEHUM, TEOPUU JIMHEHHBIX OIEPATOPOB, BBIUYMUCIUTEID-
HBIE€ METO/bI, [IOHATHUE SHTPOIIUHU.

Havuynast HOBH3HA pa0OTHI.

BBeneHo HoBoe oO0miee TOHSATHE YpaBHEHUS W TOCTPOSHA KaTETOPHs
ypaBHEHUH, C €¢ 00beKTaMu M Mop(hU3MaMU U €€ MOJKATeTOPWH, BKIFOYAIOIINE B
ce0s KaK M3BECTHBIC THUIBI 337a4 JJIS Pa3IMYHBIX YPaBHEHWW, TaK M HOBBIC THIIBI
MaTeMaTUYeCKNX 3a7ad. BeIIBUHYTa W TOATBEpXKAEHA THMOTE3a 00 IHTPONUU B
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82

MaTeMaTUYECKUX MOJENSIX MPOLECCOB, CBSI3aHHBIX C nepenadei s3nepruu. Ha ocHoBe
UCIOJIb30BaHus 3¢ (deKTa aHATUTUYHOCTH TOCTPOEHBI HOBBIE KJIACChl KOPPEKTHBIX
JMHENHBIX U HETMHEHHBIX MHTErPajJbHBIX YPABHEHUI NIEPBOTO POJia C OAHOU, ABYMSI
U MHOTMMH TIE€PEeMEHHBIMH, HEJIIMHEWHBIX YpaBHEHMM ['aMmMmepliinTeiiHa, sSBISIOMIMXCS
KOPPEKTHBIMH B  COOTBETCTBYIOIIMX IPOCTPAHCTBAX (DYHKIMI, MOCTPOCHBI
NpUOTMKEHHBIE METOIBI 11l KX YCTOMYMBOTO penieHus. [locTpoeHbl KOMITbIOTEPHBIE
IpPOrpaMMbl JUIsl YCTOMYMBOTO MOCTPOCHUSI MPUOIMIKEHHBIX PENICHUH HEKOTOPBIX
TUIOB TakWX ypaBHEHUWA. OOHapyKEHO SIBIICHHE OTPAaHUYEHHOW BBIYMCIIUTEIBHOM
YCTOMYMBOCTH MO IMAPAMETPY - IIary CETKH.

Teopernyeckas 3HAYMMOCTDb M IPAKTHYECKAS LHEHHOCTD.

Hacrosimas paboTa HOCUT TEOPETHUECKHI XapakTep M €€ Pe3yJbTaThbl
MOTYT  CIOCOOCTBOBAaTh KaTE€ropu3ald TEOPUU JTUHAMUYECKHX CHUCTEM, HaWTU
IpUMEHEHUE B OOIIe Teopuu OOpaTHBIX M HEKOPPEKTHBIX 3aJady, B TEOpUU
UHTETPAIbHBIX ~ YPaBHEHHUH, CHOCOOCTBOBAaThH  pa3pabOTKE HOBBIX  METOJOB
MOCTPOEHHUS MPUOIMKEHHBIX PEIIEHUN KOPPEKTHBIX 3a7a4. [TomyueHnHble pe3ynbTaThl
MO>KHO HCIIOJIb30BaTh ISl OCTPOCHUS MPUOIMKEHHOTO peleHusl 0OpaTHBIX 3ajad
matemaTnuuecko  ¢usuku. I[locTpoeHHOoe  mporpaMMHOe — OoOecrieyeHue ¢
COOTBETCTBYIOIIMMU MOAU(PUKALIUAMU MOXHO HCIIOJIB30BATh JJIsi NMPUOIUKEHHOTO
pELICHNs.  Pa3iIMYHBIX HWHTEIPAJIbHBIX YpPAaBHEHUU IEPBOTO poja, IpUYEM
OOHapyXEHHOE SIBJICHUE OrPAaHWYCHHOM BBIYUCIUTEIBHON YCTOWYMBOCTH OyneT
KOCBEHHO ITOATBEPKAATh KOPPEKTHOCTh TAKUX YPABHEHUM.

OCHOBHBIE 110JI0:KEHHU S AUCCEPTALIMH, BLIHOCUMbIC HA 3aILUTY:

HoBoe o0uiee noHaTHe ypaBHEHUS U YPABHEHUS C TAPAMETPOM;

[locTpoeHue »>IeMEHTOB KaTeropud ypaBHEHHH, C €€ OO0BbeKTaMHu W
MOP(PU3MAMH U €€ MOJKATErOprid, BKIIOUAIOIINUX B ce0s KaK MU3BECTHBIE TUIIBI 3aa4
IUISl Pa3JIMYHBIX YPAaBHEHUH, TaK U HOBBIE TUIIBI MATEMAaTUYECKHUX 3a7a4;

['unoTe3a o ToM, 4TO OOpaTHBIEC 3a/1a4yd K MaTEMaTHUYECKUM 3a/1ayaM, OIHUCHI-
BAIOIUM YBEJIIMYEHHE MATEMAaTUYECKOTO aHajora 3HTPONHUU B OFPAHUYEHHOM (KOM-
NAaKTHOM) O0BEKTE, SIBISIOTCS HEKOPPEKTHBIMU;

[Toctpoenue 3kcnoHeHT auddepeHIaTbHbIX ONEPaTOpPOB B YACTHBIX MPOU3-
BOJHBIX, JAIOMIMX PEHICHUs MHOTOMEPHOTO YpaBHEHHS TEIIONPOBOIHOCTH C 00-
PaTHBIM BPEMEHEM;

[TocTpoeHne KIIACCOB MHTErPAIBHBIX JIMHEWHBIX YPABHEHUM U HEJIMHEUHBIX
ypaBHEHHUI [ amMmMepITeiiHa NePBOro poaa, sIBISIOIINUXCS KOPPEKTHBIMU B HEKOTOPBIX
KJIacCax aHAIUTUYECKUX (DYHKIIMIA;

ITocTpoeHne KJIaCCOB JMHEMHBIX M HEJIMHEMHBIX WHTETPaJIbHBIX YPaBHEHUMU
MEpPBOTO poja Mg (PyHKIMI HECKONbKUX MEPEMEHHBIX, SIBISIOUIUXCS KOPPEKTHBIMU
B HEKOTOPBIX KJIacCaxX aHAMTUYECKUX QYHKUUMI;

[locTtpoenue mporpaMMHOTO oOecreueHus [JIsi YCTOWYUBOIO PEHICHUS
JIMHEMHBIX WHTETPAIBHBIX YPaBHEHUM IMEPBOTO pojga C OJHOW U ABYMsS
HE3aBHUCUMBIMU IIEPEMEHHBIMH.

JIMUHBIN BKJIAA COUCKATEJIA.
[enm u 3a1a9m UCCIeOBaHUS AUCCEPTAMMOHHON pabOTHI OMpe/IeIeHBI Ha-
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yuHbIM pykoBoautenem [.M. KenenbaeBoil. B nuccepranuio BKIIOYEHBI MaTe-
puaisl, KOTOpBIEC IPUHAJIEKAT aBTOPY.

AnpoOauus padoThbl
Pe3ynbTaThl HcciieoBaHus JOKIAAbIBAIMCH HA CIEAYIOIUX KOH(MEPEHIUAX:
- MexnayHnaponHas KoHpepeHIUsT «AKTyaJdbHblE MPOOJEMbl BBIYMCIUTEILHON U
npukiIagHod MaremMaTtuku-2015», mnocsameHHas 90-71eTHi0 co JHS  POXKACHUA
akagemuka ['. 1. Mapuyka, HoBocubupck, okTs16ps 2015.
- MexnaynaponHasi HaydHass KOHGEpeHIHs «ACHUMITOTHYECKHE, TOMOJOTHYECKUE U
KOMITBIOTEPHBIE METOJBl B MAaTeMaTHKE», MOCBslIeHHas 80-1eTuro akagemuka M.
NmananueBa, bumkek (cenTsiops 2016);
- III MexnaynaponaHasi Hay4dHas KoH(epeHIHs "AKTyallbHblE MHpOOJIEMBbl TEOPUU
YIPABJICHUS, TOMOJOTMU U ONEPATOPHBIX YpaBHEHWI'", MNPUYpOUYECHHAs K HOOMIIEI0
npodeccopa A. KepumbekoBa, bumikek (ntonp 2017).

Iy0JauKauuy 1o TeMe JUCCePTAIMH.

OCHOBHBIC PpE3yJIbTAaThl JHCCEPTAlMM OMYOJMKOBaHBI B CTaThix [1-8],
MIPUBEJICHHBIX B KOHIIE aBTOopedepara. B coBMecTHBIX cTaThax [1-2] mocTraHOBKa
3a/1a49M M 0OCYKJICHUE PE3yIbTAaTOB MPHUHAJJICKAT HAYYHOMY PYKOBOJIUTEIIO, B COB-
MECTHOM cTaThe [5] mocTaHOBKA 3a7add MPUHAMICKHT HAYYHOMY PYKOBOIUTEIIO,
00CyXIeHHe pe3yJabTaTOB - COaBTOPY, BO BCEX CTAaThSAX - JIOKA3aTEIIbCTBO TEOPEM,
CJIEJICTBUI U MOCTPOCHUE TPUMEPOB - aABTOPY.

CTpyKTYypa H 00b€M JUCCEPTAIIMM.

Juccepranusi COCTOMT W3 TE€pEYHs YCJIOBHBIX O00O3HAYEHUM, BBEICHUS,
YeThIpEX TJIaB, BBIBOJOB, CIIHMCKAa MCIOJB30BaHHBIX HCTOYHWMKOB U3 130
HAaMMEHOBAHMUM, U TPUJIOKEHHUHA - MPOrpaMM U Pe3ylbTaTOB pacyeToB, Bcero 97
cTpaHull Tekcta. Hymepanus pasnenoB — TpoiiHas: mepBas nudpa ykasblBaeT Ha
HOMED IJ1aBbl, BTOpas — Ha HOMEP pas3jeia B TJIaBe, TPEThI — HA MOPSIAKOBBIN HOMED
B paziee.

ABTOp BBIpaxaeT TriIyOOKyH MPHU3HATEIBLHOCTh M OJIATOJAAPHOCTH HAYYHOMY
PYKOBOJIUTENIO JIOKTOPY (pu3mko-maremarnueckux Hayk KenenOaeBoit ['ymait
MekuioBHe 3a MOCTAHOBKY 3a/1a4M, MOCTOSTHHOE BHUMAaHUE K paboTe B 00CYKICHHE
pPE3yJIbTATOB.

Kpartkoe coaep:kaHue JMCCePTALINMN.
Hcnonwsyrores obo3nadenus: Ob(K) - o0bexthl kaTteropun K; Mor(K) - mop-
¢usmbl kateropuu K;

A, (st v>0) — mpoCTpaHCTBO LEJBIX AaHATUTHYECKUX (PYHKIUH IKCIIOHCHIIUAITb-

HOro THIla C TIOKa3areieM V, TO eCTh yHIoBieTBopstommx ycioBuio: (Vf(z) €A))
(Fe>0) (vzeC)(|f(z)| < ¢ ™), ¢ mopmoit ||f ||, := sup{|f(z)| e " z&C}.
AL, — TIPOCTPAHCTBO HEbIX aHaTUTHYeCKUX (QyHKImi f(z) Takux, 4T0 B HEKOTOPOIi
TOYKE (MOXHO MPHUHATH — B Haudajie KOOPAMHAT) MOCIENOBATENbHOCTh UX MPOU3-
BOJHBIX HMMEET CKOpOCTh pocta He Bbimie creneHHoro: (Vf(z)eAsw) (F>0)
(VkeNo:={0,1,2,3...)([f¥(0)| =cv¥),c Hopmoit ||f ||+ 1= sup{|f®(0)] v *: keNy}.
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B nepBoii riaBe npuBeaeHbl 0030p padoT, MPUMBIKAIONIUX K JaHHOU padoTe, U
JIOTIOJTHUTENIbHBIE PEe3yJbTaThl, UCIOJb3yeMble B paboTe. OmnucaHo oOHapy>KeHUE
sddekTa aHaTUTHYHOCTH, HAa OCHOBE KOTOPOTO IMOJYYEHBI PE3yJabTaThl JaHHOU
pabotsl. [IpoBenen 0030p pe3yabTaTOB MO MOHITHUIO SHTPOIHUH, U3 KOTOPOTO CleaH
BBIBOJI, YTO paHee HE OBUIM BBIIBHHYTHl OOIIME TMPEANONOKEHHS O CBS3U
MaTE€MaTUYECKUX aHAJIOrOB SHTPOIMU CO CBOMCTBAMH YPaBHEHUH.

Bo BTOpOIi TI1aBe BBOAMTCS Kateropus ypaBHenuit Equa: Ob(Equa) - HaGopsr
{ X, Y & Ob(Set), mpenukar P(X) mHa X, mpeoOpaszoBanue B:X—>Y}. Pemenue
ypaBuenus {X, Y, P, B} - takoe y &Y, uro (K eX)(P(X)A(y=B(x)). Mor(Equa) - sto
takue mpeodOpasoBanus HaOopoB {X, Y, P, B}, uro pemeHus coxpaHsroTcs.
[Ipennaratorcs cneayrooue nNoaKaTeropuu kareropuu Equa:

- KaTeropus ypaBHeHuil Equa-TOp ¢ HempephIBHBIMH OOOOIIEHHBIMH TMPEIH-
karamu Ob(Equa-Top) - Haboper { X, Y & Ob(Top), dyukuus P(X) Ha X, npunu-
Maromas KOHEYHBIA HAO0Op 3HAYCHWH, M3 HHX OJHO BBUICICHHOC «HCTHHAY,
npeoOpa3oBanne B:X—Y}, npu ycinoBuu, 4To Mpu HEMPEPHIBHOM Mepexojie B X IO
¢byukuus P(X) MEHseT 3HaUEHUS TOJIKO Ha COCETHHE};

- Kareropusi ypaBHeHu# C mapamerpamu Equa-Par. Ob(Equa-Par) - naGopsr
{nenyctoie MHOXecTBa X, F, Y, npeaukar P(x,f) Ha XxF, npeodpazoBanue B: X —>Y}.

Pemennem ypasaenus {X, F, Y, P, B} nns nmro6oro feF Oynem HasbiBaTh Takoe
y(f) €Y, uaro (K eX)(P(x,H)A(y=B(X)).

- Kareropusi KOpPPEKTHhIX ypaBHeHWl C mnapamerpamu Equa-Par-Top:
Ob(Equa-Par-Top) - nadopsl {X, F, Y € Ob(Top), npenukar P(x,f) na XxF, Hempe-
peiBHOe mpeoOpasoBanue B:X—>Y} Ilpu stom 1) (VeF)(AyeY)(HKeX)
(P(x,)A(y=B(x));

2) 3HaUCHHE Y HEMPEPHIBHO 3aBUCHUT OT 3Ha4YCHMS .

BriaBunyTa

I'umore3a. Ecim 3amaua it moricka 00beKkTa B OECKOHEYHOM MHOKECTBE
SBIIICTCS MAaTEMAaTHYECKOM MOJENBI0 TIpollecca C YBEIWYCHHEM BEIUYHHEI,
COOTBETCTBYIOIIEH SHTPONHH, ¥ OTPAHUYCHHBIM O0BEMOM CBOOOIHOM SHEPTHH, TO
oOparHas 3a/1a4a sSBISICTCS HEKOPPEKTHOM.

[TockoNbKy HHTErpajbHBIA OINEPAaTOp C HENPEPBIBHBIM SIPOM Ha oOrpa-
HUYCHHOM OTpE3KE SIBJIACTCS BIOJHE HEMPEPBIBHBIM, HWHTEIPAJIbHOC YPaBHCHHE
MIEPBOTO PO/Ia C TAKUM SIIPOM HE MOXKET ObITh KOPPEKTHBIM. CIieI0BATEILHO, HYKHO
BECTH IIOMCK KOPPEKTHBIX HWHTErPaibHBIX YpaBHCHHMH IEpBOr0 poja Ha
HEOTPaHUYCHHBIX 00aCcTAX. DTO MOATBEPKICHO B TUCCEPTALINU.

Jlanee, ucxoas U3 U3BECTHOU (OPMYITBI

u(t, x) = exp(atd)p(x) = i fyn exp (= 5) Qs 0.1)

AJI pEIICHUS YPpaBHCHUA TCILJIOIMIPOBOJHOCTH BHUAA
u(t,x)

ek —adu(t, x),(t,x)eR,., xR™, a >0 (0.2)
C HaYaJIbHLIM YCIIOBHEM
u(0,x) = ¢(x), xeR", (0.3)



rne ¢(Z) €An+y ¥ MPUHAMAET BEIECTBCHHBIC 3HAYCHUS NMPU BEIICCTBEHHBIX 3HAUe-
HHSIX apTyMEHTa,
J0Ka3aHa
Teopema 0.1 Ecim dpynxmus f(X):R"—>R - nenas anamuruaeckas skcmo-
HEHIIMAJIBHOTO THIIA TI0 CBOUM TEPEMEHHBIM C BEIECTBEHHBIMH KOA(PPHUIIMCHTAMH,
TO CYIIECTBYET TaKOE K€ IIeJI0€ aHAIUTHYECKOE PEIICHHUE
n

w(x) = Jn 7 G £(5):9) = (2)F exp (-2 4) £ ()

HHTCIPAJIBHOI'O YPAaBHCHUA IICPBOTO POJAa

Jn (G W(s):8): = [ exp(=blx — EDW(HdE = f(x). (0.4)

Omno ycroiumBo 1o f(X) B mpocTpancTBe Ap+y -

B TpeTheii riiaBe paccMOTPEHO YPaBHEHUE
JGw(s):s):= [ exp(—=b(x — HHw(§dé = f(x), (0.5)
C pelIieHneM
b 1 d?
W) = [Pep (- 55) o), (0.6)
a TaKk)Ke ypaBHEHUS, MMOJTYYEHHBIE IPE0OPA30BAHUSIMU U3 HEr0. DTH peoOpa3oBaHus
MOHO paccMaTpHBaTh, Kak MOp(hu3MBbI B kKaTeropuu Equa-Par-Top.
Teopema 0.2. Eciu (VXe R)(f(X) eR.s); (vkeN)([f®(x)|< 2bk [f*2x)]),
TO peweHue ypaBHeHus (0.4) MOI0KUTEIBHO.
Teopewma 03 Eom f(x)=a+X bjcos(gjx+h;),a>0,n
}"=1|bj |exp (ﬁ g jz) < a, 1o peuienue ypaBHenus (0.5) MOJI0KUTETBHO.
C ucnonb3oBanueM HopMyIibl
(. 2MHq. o\ — [Pym (—D*@2m+q)! 2m-2k+q
] (x;s :S) \/:z2k=0 by em—zkra JI0OKa3aHa
Teopewma 0.4. Ecnu npaBas yacts ypaBHeHud (0.5) npencraBuma B BUAE
CYMMBI 3KCIOHEHT, THIEepOOIMUecKux (GYHKIHUH Sh m Ch, TpUrOHOMETPHUYECKHX
byHKIMHA SIN ¥ COS ¥ MHOTOWIEHOB, TO 3TO YpPaBHEHHE HMEET PEIICHHE M OHO

MPEJACTABUMO B TAKOM K€ BHJIE.
Taxoke ¢ ucnonb3oBanuem dopmyssi (0.6) B kauecTBe mpuMepa HaICHO:

J ' (x;es:s) = \[gex exp (—ﬁ) (x —%).

[IpeoOpazoBaHue pelieHus: B ypaBHEHUH
J_ K@, gw(&)dé = f(x) (0.7)
nenaercs moacranoka W(X)= W(X, u(x)), u BBogurcs obo3nauenue K; (x, &u) =
K(x, EW(E u)), NIOJTy4aeTCsl MHTETPAIbHOE YpaBHEHUE
7, K su(9)dé = f(x), 08)
KOTOpOE SBJIETCS KOPPeKTHBIM, eciii (0.7) - KoppeKTHOE.
[IpeoOpazoBanue aprymenta. B ypaBuennn (0.7) cmemaeM mojacTaHOBKY & =
H(7), rne dyuxuus H(7) - aHanuThuyeckas, BEIIECTBEHHAs M BO3pacTaroInas s




xeR, H(R)=R, Beenem HoByr0 HeusBectHyro (ynkiuo u(n) = w(H(n)) n dyHk-
o K5 (x, n,u) = K(x, H(n),u)H' (7). Torma mony4aem ypaBHEHHE
J_ KsCe, mu(m)dn = f (), (0.9)

KOTOpOE SIBIISIETCA KOPPEKTHBIM, eciii (0.7) - KOppeKTHOE.

Komno3znnms naTerpanbuseix saep. Eciam uHTerpaibHble ypaBHEHUS

[ K &w(@)de = f(x), [T M(x, Ew()ds = f(x)
SIBIITIOTCS. KOPPEKTHBIMH B HEKOTOPOM KJIACCE aHATMTHYSCKUX (QYHKIUH, TO ypaBHE-
HUE f_wwK (x, g f_oowM (& nw(n)d 77)d§ = f(x) TakKe SBIAETCS KOPPEKTHBIM B
ATOM KJIacCe aHAMMTUYECKUX QYyHKIHUNA. TakuM crmtocoOoM JoKa3aHa

Teopema 05. Ecmu B2—4ay <0, To IHHEIHOE HHTErPaNbHOE yPABHCHIE
Buja (0.5), HO ¢ sApOM BUIa

H(x, & = exp(—b(x — O?)(a+p (ux + vé) + fux + vé)?)
SIBJIICTCS KOPPEKTHBIM B KJIACCE TIOJIOKUTEIIBHBIX aHATMTHYCCKUX (PYHKIIHH.

KoppekTHOCTh ypaBHEHH ¢ MHTETPAJILHBIMH SIPAMH, TPEICTABUMBIMU B BU-
ne cymm. Ecim |A| moctaTouno Mano, To ypaBHEHHE

[ (exp(=by(x — &) + Aexp(~by(x — H)W(HdE= f(x).  (0.10)
SBIIICTCS KOPPEKTHBIM, Hapsiay ¢ (0.4).

[ToctpoeH anroput™M Ui NPUOJMIKCHHOTO pEIICHUS TaKWX YpaBHEHHM.
OOHapy)KeHO SBJICHHE OrPAaHWYCHHOW BBIUYUCIMTEIBHOW YCTOMYMBOCTH  TI0
napameTpy - mary CeTKH.

Teopema 0.6. Ecmu a;,a,, — a;,a,,#0, f;(x), fo(x) - anHanuTHyeCcKme
(GyHKLIMH, TO YpaBHEHUE

foo <K11(x — &) Kip(x— ég)) <W1(§)) A = <f1(x)) (0.11)

—\Kz1(x — &) Kz(x — 8/ \w(8) f2(x))’ '
TIe Kjk(x) = aji exp(—bsz) ,J,k =1,2, b; > 0, ABng€TCS KOPPEKTHBIM ¥ HUMEET
pelIeHue.

Il p u M e p. BeKTOpHO-MaTpUYHOE YpPaBHEHUE

o (2ep(~(x = 9P Sexp(=20x = D (Wi (D . _ (x?
- ampote— 0% sexpi-2ce— 59) @)= (1)

uMeeT pemenue wy (x) = \/%(sz —6.5); wy(x) = \/%(1.5 — x2).

a;; Qi - Qim
Teopema 0.7. Ecm %21 Q22 a_z_f" #0, fr(x),k=1..m-
An1  Am2 v Qmm
1eJible aHATUTUYeCKUe YHKIIMU YKCIIOHEHIIMATBLHOTO THIIA, TO YPaBHEHHE
Kii(x =8 Kp(x—9 .. Kiplx—9)
f_oow K21(?f_— 9, Kzz(?f__— < KZm(_x__ -8 | x
Kml(x - f) sz(x - é:) Kmm(x - f)



xcolon(wl(cf), . Wm(é))df = colon(f1 (x), ... ,fm(x)),
rae K, (x) = aj, exp(=bygx?),j,k = 1.. m, by > 0, sBIsieTCsi KOPPEKTHBIM H
MMEET PEILCHHE.

B geTBepToOii rimaBe pacCMOTPEHO YPaBHEHUE
J2 (x1, xzoéw(ofl' SZ): S1, SZ): =
2 2
= j j exp (—b ((x1 —&) + (2 —&) )) w(¢,, &)déde, =

= f(x1,x2), (0.12)
a Takke CBA3aHHbIE ¢ HUM. [Ipu momomm npeobdpa3oBaHmii, aHATTOTUYHBIX Mpeodpa-
30BaHUAM [ 71aBbI 3, OJTy4eHBI HOBBIE KIACCHl KOPPEKTHBIX YPAaBHEHUM.
PaccmoTpeno ypaBHeHue ¢ oOmied kBaapatuueckoil ¢yHKiuen (¢ 3ameHoMn
o6o3nauennii (0.12)):

JZ 17 exp(—K(x,y,p,@)w(p, q)dpdq = f(x, ), (0.13)
K(x,y,0,9) = a11x* + 2a5,xy + 2a13xp + 2a14Xq + az,y* + 2a,3yp +
+2a,,Yq + a33p* + 2a3,0q + a449>. (0.14)

Jlns mpuBenenuss 3toro ypaBHeHus K Buay (0.12) npumeHuM JHHEHHBIE
npeoOpazoBanus: X=AX+BY, y=CX+DY, p=KP+LQ; qgq=MP+NQ. Ilonyuena
cucrema

a,1A% + 2a,,AC + a,,C* = 1,a,,B? + 2a,,BD + a,,D* =1,
a,,AB + a,,(AD + BC) + a,,CD =0, a33K? + 2a3,KM + a,,M? =1,
as3l? + 2a3,LN + auN? = 1, ag3KL + as, (KN + LM) + a,,MN = 0,
A(a3K + a4 M) + C(ay3K + auM) = -1,
B(a3K + a;,M) + D(a,3K + a,uM) =0,
B(aysL + a;4N) + D(a,3L + a,,N) = —1,
A(ay3L + a4N) + C(ay3L + a,uN) = 0.
JlokazaHa
Teopewma 0.8 [lo 3a0aHHBIM 43, Aoy, 14, Az3, YAOBIECTBOPSIONIUM
YCIOBHIO (13054 — (1405370, MOKHO HalTH COOTBETCTBYIOIIUM aJITOPUTMOM TaKHe

aq1,Q12, A3, HE BCE PABHBIC HYNIO, U (33, A34, 044, HE BCE PABHBIE HYJIIO, YTO
ypaBHenue Buja (0.13)-(0.14) mpuBoautcs k Bugy (0.12).

Takum o0pa3om, CylIecTBYIOT HeTpuBHalbHbie siapa Buaa (0.14), narorue
KOPPEKTHBIC YPaBHECHUS.

Teopewma 09. Eciu ay1a,, — a1,0,,#0, dynkiuu fi(X,y), f2(Xy) - nensie
AHAJTATHYCCKUE OSKCIIOHEHIIHAIBHOTO THIA [0 KakKIOW U3 MEPEMEHHBIX, TO
CYIIECTBYET IIEJI0O€ AHATUTUYECKOE PEIICHHE HWHTETPAIbHOTO YPaBHEHHS IEPBOTO
pona



o oo (Kjn(x—=8y—1n) Kpx—E&y—n)\(wi(&n) _
) (f—wg—w@gl(x —Ey—n) Kp—Ey- 77)) (Wz@, n>)d§d” =
_ 15y
= (fz (x, y>>' ©19

rae Kj, (x,y) = aj, exp(=bpx® — c,y?),j, k = 1,2, by, c; > 0, oHo sBisieTcs
KOPPEKTHBIM.
Takxe paccMoTpeHo obmiee ypaBHenue (0.4) B pa3BepHYTOM BHJIE
Jn (X1, X0, oo, X s W(S1, S2, vy Sp )i 81, S2, ey Sp )i =
= [T e (b X (i = &) ) w(E &y £)dE S, . dE, =
= f(xqy, Xy, ) Xp) - (0.16)

Teopema 0.10. Ecmu nxn-matpuust U={uy: k,j =1..n}, V={uy: k,j =1..n} -
HEBBIPOXKJICHHBIE, TO ypaBHeHUe Bua (0.16) C smpom

2
exp (—b Z’,;‘zl( T Uk — X vkjéz-) )

J
ABIACTCS KOPPCKTHBIM.

B koHIlE muccepTalMy NPUBEICHBI BBIBOJIBI, OTPAXAIOIINE HOBHU3HY IOJIY-
YEHHBIX PE3YJbTATOB M BO3MOYKHOCTHM HMX TEOPETHUYECKHX W NPAKTUYECKUX IPHU-
MEHEHHM.

B npuitoskeHUsX TIpUBeIeHBI TPOrPaMMBI ¢ TTOANPOrpaMMaMHt Ha si3bike pascal
Y pe3yJIbTaThl PACUETOB.
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Ackap kbi3bl JIupansia 01.01.02 - nuddepenuuangbik TeHaEeMeep,
ANHAMMKAJIBIK CHCTEMAJIAP KAHA ONTHMAJIBIK OaLIKAPYY aAUCTUTU 00I0HYA
(pU3UKA-MATEeMATHKAJIBIK WIMMAEPIAUH KAHIUAATHI OKYMYIUTYYJIYK AapaKachliH
aJIyy Y4YH “BuUpHHYHN TYpery HHTerpajblK TeHaeMeaep Y4YH KOPPEKTTYY
MaceJiejiep” JereH TeMaaa JUccepTanusaCbIHbIH

PE3IOMECH

YPYHTTYY €0316p: KaTeropusi Teopuschl, MOpPu3M, OUPpUHYU TYPAOTY
MHTETPANIBIK TCHIEME, AHATTUTHUKAIBIK (DYHKIINSA, KOPPEKTTYY, TCHIEMEIepIH
©3repTYI TY3YY, YbIrapbUIBIIITAP/IbI ©3T6PTYII TY3YY, pTYMEHTTH ©3repTYIl TY3YY

N3unieenyH o0beKTHCH: OMPUHYN TYPAOT'Y HHTETPATIIbIK TEHIEMEIEP.

N3unneenyH MakcaTbl: TEHIEMENEP KATETOPUSCHIHBIH, aHBIH OOBEKTHIIEPU
KaHa MOpPQU3MIEPU MEHEH aHa aHblH ap KaHJal TeHAeMeNep Y4YYH Oelrmiyy
TUNTETH MAacelelepad, OLIOHAOM 3y JKaHbl TUNTENTETH MaTeMaTHKAaJIbIK
Macesenepayd KapMaraH KaMThUITAH KaTETOPHSCBIHBIH 3JIEMEHTTEPUH TYpPry3yy,
AHAIUTHUKAJIBIK KyOYyJIyIUTYy KOJIJIOHYY MEHEH OWpUHYM TYPAOrY KOPPEKTTYY
MHTETPaJIbIK TEHAEMENEP KJIACChlH KEHEUTYY4y MophusmMaepaun tadyy.

N3unneenyHn ycyagapbl. Kateropusi T€OpHUSCHIHBIH bIKMalapbl KOJJIOHYJIAT,
Koiprei3 PecnyOnukaceiiblH YU ACKHBIH MatemaTka WHCTUTYTyHZIA — allbIHTaH
AHAIUTHKAJIBIK ~ KyOyJylly MaijajaHbliaT, TEHIAEMEIepan e3repTyln  TY3YY
BIKMACHI,YbITapbUIBIIITAPIbl ©3T6PTYI TY3YY BIKMAChl, pTYMEHTTH ©3repTyl TY3YY
BIKMAacChl, AHAJUTUKAJIBIK (YHKIUSIAPABIH BIKMAChl, MHTETPAJIIBIK TEHAEMEIEp
TEOPHSCHI, CBI3BIKTYY OIEPAaTOPJIOp TEOPHSCHI, 3CENTOO BbIKMANAPbl, 3HTPOIMS
TYLIYHYTY KOJIJIOHYJIAT.

M3uia1e6HYyH MJIMMHMH KAHBUIBITBI. JKaHBl Kbl TEHIEME TYIIYHYTY
KUPIU3WITEH KaHa TeHAEMeJep KaTerOpHsChIHBIH JIEMEHTTEPU, aHbIH 00bEKTUIIEPU
KaHa MOpQU3MIEpU MEHEH KaHa aHblH ap KaHJal TeHAeMeNep Y4YYH Oenrmiyy
TUIITETH MaceJeNnepau, OMIOHAO0N 3J1€ KaHbl TUITETH MAaTEMaTUKAJbIK Maceselepau
KapMaraH KaMTbUITaH KaTerOpHsIChl Typry3yJiraH.

AHanuTukanyyuyinyry 3G@exkTHCHH mNaiijalaHyyHyH HETu3uHAe Oup, 3Ku
KaHa Kell e3repMenyy (QyHKOusuiap Y4YYH OWUPUHYM TYpPAOry KOPPEKTTYY
MHTETPANABIK TEHAEMENepANH KaHbl KJIACChI, TYypa Keayydy (QpyHKIusiIap MEHMKuUH-
IUTHHIIE KOPPEKTTYY Oomym scentenred ['aMMepIITeMHANH ChI3BIKTYY dMEC TeH/Ie-
MECU TYpry3yJraH. AjapJiblH TYPYKTYY YbITapbUIbIIIBI YUYH AKbIHIAIITHIPBLITaH
BIKMaNapel Typry3yiraH. MbIHOail TeHAeMeNnepAuH K33 OWp TUNTEPUHHUH
KAKBIHAAIITHIPBUITAH YbITAPBUIBIIUTAPBIHBIH TYPYKTYYJIYTy YYYH KOMIIBIOTEPJIUK
Iporpammasiap Ty3YJIreH.

Topuogory kamam - mnapameTpu OOIOHYA YEKTEITeH ICENTee TYPYKTYYIYyry
KyOyiyury TaObUIraH.

Koanonyy aiimarsl. MaremaTukanblk (U3UKaHBIH TECKEPU MacCeJEeIePUHUH,
OMpUHYM  TYpAOrY  HUHTETPANJbIK  TEHIAEMENEPAUH  >KaKbIHAAIITHIPBUITaH
YBIFaPbUIBIILITAPBIH TYPry3yy.
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PE3IOME

aucceprauuu Ackap Kbi3bl JIupbl Ha Temy: « KoppeKkTHbIE 3a1a4u AJ151
HHTErPAJbHBIX YPABHEHHUII MEPBOT0 PO1a» HA COMCKAHME YY€HOI cTelneHU
KaHauaaTa GU3nKo-MaTeMaTHYeCKUX HAYK 1o cnenuaiabHocTu 01.01.02 -
nudepeHnATbHbIE YPABHEHHS, ITMHAMHYECKHE CUCTEMbI U ONITUMAJIbHOE
ylpaBJieHUe

KuroueBble cjioBa: Teopus KaTeropui, MopdusM, UHTErpaIbHOE YpaBHEHUE
IEPBOrO  poJa, AaHAJIMTHYEeCKas (QPYHKUMS, KOPPEKTHOCTb, IpeoOpa3oBaHUE
ypaBHEHUH, peoOpa3zoBaHUe pELIeHU, TpeoOpa3oBaHue apryMEHTa.

OO0beKT nccjie0BaHUA: HHTETPAJIBHBIC YPABHEHUS IIEPBOTO poAa.

Heap padorsi: [locTpoUTh 371EMEHTHI KATETOPUU YpaBHEHUH, C €€ 00bEeKTaMU
U MOppHU3MaMu U €€ MOJKATEropui, BKIIOUAIOIIUMX B Cce0s KaK U3BECTHBIE THUIIbI
3a1a4 I Pa3iIMYHbIX YPAaBHEHHM, TaK W HOBBIE THUIIBI MATEMAaTUYECKUX 3a1ad, C
UCIOJIb30BaHuEM d(eKTa aHATUTUYHOCTU HaWTH MOP(QU3MBI, PACIIUPSIONINE KIacc
KOPPEKTHBIX MHTETPAIIBHBIX YPAaBHEHHUM MIEPBOTO POJIA.

Meroauka wucciaegoBanus. I[IpumeHAOTCI METOABI TEOPUM KATETOPUH,
ucrnonb3yercss 3P(EeKT aHATUTHUYHOCTH, BBISBICHHBIM B HWMHCTUTYyTE MaTeMaTUKH
HAH Kbeipreizckoit Peciy0nuku, NpUMeHSIIOTCS METOI TpeoOpa3oBaHusl YpaBHEHUH,
METOJ TMpeoOpa3oBaHUs PEIICHU, METOJ NpeoOpa3oBaHUsA apryMEHTa, METO[bI
AHATUTUYECKUX (PYHKIUH, TEOPUU HHTErPATbHBIX YPaBHEHUM, TEOPUU JMHEHHBIX
OIIEPATOPOB, BBIYUCIUTEIBHBIE METOBI, IIOHATUE SHTPOIIHH.

Hayunas HoBH3Ha: BBeneHO HOBOe o0liee MOHATHE YPABHEHUS U MIOCTPOECHBI
AJIIEMEHTHl KaTeropuu ypaBHEHUH, C ee oO0bekTaMHu U MopdusmMamMum Hu ee
MOJIKAaTerOpui, BKJIIOYAIONIMe B ceOs KaKk M3BECTHBIE TUIIbI 3a7ad Ul pa3IUuHbIX
YPaBHEHMH, TaK U HOBBIE TUIIBI MAaTEMaTHYECKUX 3anad. Ha ocHOBe UCIOb30BaHUsA
sp¢deKkTa aHATUTUYHOCTH TOCTPOEHBI HOBBIE KIJIACCHI KOPPEKTHBIX JIMHEWHBIX U
HEJIMHEWHBIX MHTETPAJIBHBIX YPAaBHEHUU MEPBOTO poAa C OJHOW, IBYMs U MHOTHMH
IIEPEMEHHBIMHM,  HEJIIMHEMHBIX  ypaBHEHHMU  ['aMmepiureiiHa,  SABJISIOIIAXCSA
KOPPEKTHBIMM B COOTBETCTBYIOIIMX MPOCTPAHCTBAX (PYHKIUH, MOCTPOECHBI
MPUOJIMKEHHBIE METOJIbI AJI UX YCTOWUYMBOTO petieHus. [TocTpoeHbl KOMIbIOTEpHBIE
MPOrpamMMBbl Il YCTOMYUBOTO MOCTPOEHUSI MPUOJIMKEHHBIX PELIEHUH HEKOTOPbIX
TUIOB TakuxX ypaBHEeHUU. OOHapyKEHO SBJIICHUE OTPAHUYCHHOW BBIYMCIUTEIBHOU
YCTOMYMBOCTH I10 TapaMETPy - LIAry CETKH.

Ob6sacth npumeneHusi: [loctpoeHne NPUOIMIKEHHBIX PEIICHUNW OOpaTHBIX
3aJ1a4 MaTeMaTH4eCKON (PM3UKH, UHTErpajbHbIX YPaBHEHU MIEPBOTO POJA.
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SUMMARY
on the dissertation ""Correct tasks for integral equations of the first kind** by
Askar kyzy Lira submitted for the degree of candidate of physical and
mathematical sciences, specialty 01.01.02 - differential equations, dynamical
systems and optimal control

Keywords: theory of categories, morphism, integral equation of the first kind,
analytical function, correctness, transformation of equations, transformation of
solutions, transformation of argument.

Object of research: integral equations of the first kind.

Aim of research: Construct elements of the category of equations with its
objects and morphisms and its subcategories including known types of tasks for
various equations as well as new types of mathematical tasks, with assistance of the
effect of analyticity find morphisms extending the class of correct integral equations
of the first kind.

Methods of research: there are applied methods of the theory of categories, is
used the effect of analyticity revealed at the Institute of mathematics of NAS of
Kyrgyz Republic, are applied methods of transformation of equations, of
transformation of solutions, of transformation of argument, of analytical functions, of
the theory of integral equations, of the theory of linear operators, computational
methods, notion of entropy.

Scientific novelty: A new general notion of equation is introduced and
elements of the category of equations with its objects and morphisms and its
subcategories including known types of tasks for various equations as well as new
types of mathematical tasks are constructed. On the base of the effect of analyticity
new classes of correct linear and non-linear integral equations of the first kind with
one, two and many variables, of Hammerstein non-linear equations being correct in
corresponding spaces are constructed, approximate methods for their stable solving
are developed. A phenomena of bounded computational stability by the step of
network as a parameter is revealed.

Field of application: Constructing of approximate solutions of equations of
mathematical physics, of integral equations of the first kind.
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