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O0mas xapakTepucTuKa padoThbl

Juccepraius OTHOCUTCS K cHelManbHOCTU JuddepeHuanbHble ypaBHEHUS U
MaTemMaTudeckas (PU3uKa u SIBISIETCS, B IEPBYIO OYEPEb, UCCIEAOBAHUEM B 00J1aCTH
ACUMITOTUYECKON TEOPUU CUCTEM HENMHEHHBIX AU depeHIINaNIbHbIX YPaBHEHUH, a
TaK)X€ 3aTparuBaeT TEMAaTUKYy KaueCTBEHHOUN Teopuu cucteM nuddepeHnanbHbIX
ypaBHEHMI BMECTE C TEOpUEl HauaJbHBIX U KPaeBBIX 3ajau i cucteM AuddepeH-
MAJIbHBIX YPABHEHUM.

OcHoBHas NpobiieMaTrKa AUCCEPTALMOHHONW pabOThl — 3TO CYILIECTBOBAHUE, J10-
KaJbHasl €AMHCTBEHHOCTh U YCTOMYMBOCTH PE3KO U3MEHSIOIINXCS B MAJIbIX 00IaCTsIX
BOJIM3U TPAHULIBI U BHYTPH 00JIaCTE pacCMOTPEHUS PEIICHUI CUCTEM HEJIMHEIHBIX
(mapaboaMYeCcKuX, SJUIMITUYECKUX, OOBIKHOBEHHBIX ) YPABHEHUH C MaJIbIM ITapaMeT-
POM IIpH CTapIlIeH MPOU3BOIHOM.

AKTYaJIbHOCTb PadoThI

B 3ajayax MaTeMaTHYecKoro MOJEeIMpoBaHMs B Ouodpusuke 2, sxomorun >4,

acTpodusuke >-°, xumuueckoit kuHeTHKe 8 ¥ APYTUX HAyYHBIX 001ACTAX €CTECTBEH-
HBIM 00pa30M BO3HUKAIOT CUHTYJISIPHO BO3MYIIIEHHbBIE U] PepeHIInanbHble ypaBHe-
HUSl U CUCTEMBI, B YaCTHOCTH, BO3HUKACT MPEAMET UCCIICIOBAaHUS TUCCEPTAINH —
CUCTeMBI peakuus-audys3usi ¢ pa3TUuYHbIMU CTENEHSIMU MAJIOro MapaMmerpa mpu
CTapIINX MPOU3BOIHBIX, T/IC PA3IMUUE CTETICHEH MaJIOTO ITapaMeTpa MOJAEIUpyeT 00-
Jiee 3HaYUTETbHBIN, Ha TIOPSA0K, BKJIAJ] OTHOM U3 KOMIIOHEHT CHCTEMBbI, YTO XapaK-
TEPHO, HapuMep, s Onopr3nUecKuX MOeNel 3BOIIOLUN YPOOIKOCUCTEM.
CUHTYISIpHO BO3MYIIEHHBIC YPABHEHHUS U CUCTEMBI JAIOT BO3MOXXHOCTH OTHCATh
¢duznueckue BICHUS, 1)1 KOTOPBIX XapaKTePHbI PE3KO U3MEHSIOIIUECS] COCTOSHUS

1,
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paccMaTpuBaeMoi (PU3MYECKON CUCTEMBI, B TOM YHCIJI€ 00YCIIOBICHHbBIE Pa3pbIBHBIM
MOBEJIEHUEM ITapaMETPOB CPEJIbL; CPEIU UX PEIICHUN HauOOBIINI HHTEPEC B HACTO-
AIIEE BPEMS IIPEACTABIISIIOT PELIEHUS ¢ BHYTPEHHUM MEPEXOAHBIM CIIOEM, Ha3bIBae-
MbI€ KOHTPACTHBIMH CTPYKTYpPaMH THUIIA CTYNIEHbKH, a TAK)KE PEUIEHUs C OrpaHny-
HBIMH CJIOSIMHU.

LleHTpanbHbIM OOBEKTOM M3YUYEHHUS B AUCCEPTALMOHHOUN paboTe SIBISETCS JBY-
MEpHasl 3aJ1a4a JUIsl CUCTEMBI JIByX MMapaboIMuecKuX YpaBHEHUM, paccMaTpuBaeMas
B OJIHOCBSI3HOM oOnactu [ ¢ mocTarodHo maakoi rpanuiei [ (cm. puc. 1) u pas-
PBIBOM IMPaBbIX YacTel Ha (GPUKCUPOBAHHOM JOCTATOYHO IIIAJIKOM MPOCTOM KPUBOH 7,
Jgexane B D,

'Au— vy = f(u,v,x,¢€), 2Av —v; = g(u,v,x,¢), X € D\, t >0,
(2D)  du ov
8—np = a, 8—np =, u’t:() = UO(X)7 U|t:0 - UO(X)v

(1)

U €€ OAHOMEPHBIM BAapHMAHT C Pa3pbIBOM IIPABBIX YACTEHM B HEKOTOPOU TOUKE
To € (—1, 1)

My, — up = fu,v,z,€), 20y — Uy = g(u,v,z,¢), x € (—1,1)\xzg, t>0,

(1D)
w(F1) = a®, u,(F1) = b3, ul_ = (), ol = ().

(2)

OCHOBY HCCIIEIOBaHUS ATUX 3a7a4 COCTABISIOT 3a/1a4M JJIsl CTAI[MOHAPHBIX pellie-
HUAU:

Au= f(u,v,x,¢), 2Av=g(u,v,x,¢), x € D\v;

@) o o, ®
onp  Onp ’

54“;&% — f(U,U,ZE,E), EQULECL' — g(U,U,ZE,E), S (_17 1)\5[70,

1D
(1D) Uy (F1) = o, v, (F1) = b,

(4)

OtaenbHO paccmarpuBaercs cucrema OJ1Y, B kotopoit f(u,v, x, ) umeer pas-
pBIB 110 HCKOMO# niepemennon v pu u = 0, a g(u, v, z, £) TIagKas Mo BCeM rmepe-
MEHHBIM:

4 2
Uy = f(u,v,x,¢), mamB. z € (—1,1), &v = g(u,v,x,¢), € (—1,1),
u(F1) = a'P, v(F1) = b5, (5)

Bo Bcex cnmyuasx (2)—(5) paccmarpuBaroTcs mpaBble YacTH, YAOBIECTBOPSIONINE
OJTHOMY M3 YETHIPEX YCIOBUI KBa3UMOHOTOHHOCTH — YCJIOBHSIM Ha 3HAKW YaCTHBIX

poOu3BONHBIX f, U g,. Hampumep, ecou f, > 0 u g, > 0, To B HOMEHKJIAType JHC-
CepTaIMOHHON pabOThI TOBOPUTCS, UTO f M ¢ YIOBIETBOPSIOT PP-THIYy KBa3uMoHO-

4



D:D(+) ] y |_|D(_)a ]:_):(D(+)|_| Y)|_|(D(_) | ] F)

D(+)

ITepexomHerii cioit /

\_/HorpaHHqulﬁ cioi \—/

Pucynok 1: Mnmoctpanus xapakTepHoil 00J1aCTH pacCCMOTPEHHUS U XapaKTEPHOTO
MOBEACHUSI KOMIIOHEHT peleHui (3) B IByMEpHOM cllydae

TOHHOCTH, ecii f, < 0u g, < 0 — NN-tumry, f, > O0mg, < 0O—PN, f, < Omn
gu > 0 — NP (monpobnee — cM. TmaBsl 2-5).

PaHee ¢ MCIONB30BAaHUEM METOJIOB ACHMIITOTHYECKOTO aHAJM3a MOJO00HBIE CH-
CTEMBI CHHTYIISIPHO BO3MYIIEHHBIX YPaBHEHUH THUTIA peakIus-1uddy3us, HMEIOIIHX
pelleHus BUIa KOHTPACTHBIX CTPYKTYP, B CIIydae KOTJIa peaKTHBHbIE ClIaraeMble OIIH-
CHIBAJINCH TIAAKUMH (YyHKIUSAMH, HCCIIE0BAINCH, B YaCTHOCTH, BacunbeBoit A.b.,
Byty3oBsiM B.®. ¢ coasropamu *'%!!. Kpome Toro, Gonee aByx necsaTkoB pabor,
KAcaloINXcs CKATAPHBIX 337124 C Pa3phIBHBIME KOA(h(HUIIMEHTaMH1, OMyOIMKOBAHO
aBTOpaMH, BXOAALIMMYU B HCCIIEN0BATENILCKYIO TPYIITY, 3aHUMAIOIIYIOCS ACUMIITO-
THUECKO Teopueil Ha kadenpe MaTeMaTHKH pu3ndeckoro dakynsrera MI'Y, — uc-
T0JIB30BANNCh KaK AKTUBHO Pa3BUBAIOLINICS aCUMITOTHYECKHI MeTon tuddepeH-

’Bacunvesa A. b. O KOHTPaCTHBIX CTPYKTYpax B CUCTEMaX CHUHTYISIPHO BO3MYIICHHBIX YpaBHE-
uuit // XK. evryuca. mamem. u mamem. ¢uz. — 1994, — T. 34, Ne 8-9. — C. 1168-1178.

Yhymyso06 B. @., Jlesawosa H. T., Menvnukoea A. A. KoHTpacTHast CTPYKTypa THUIIA CTYNIEHbKH B
CUHTYJISIPHO BO3MYIIIEHHOW CUCTEME YPAaBHEHHH C pa3IMYHBIMK CTETICHSIMU Mayioro napamertpa // K.
sviyuci. mamem. u mamem. ¢puz. — 2012. — T. 52, Ne 11. — C. 1983-2003.

"hymysoe B. @., Jlesawosa H. T., Menvnuxosa A. A. KOHTpacTHasi CTpyKTypa THIA CTyNECHbKH
B CUHTYJISIPHO BO3MYIIIEHHOH CHUCTeME JUTMNTHYECKUX ypaBHeHul // JK. evluucn. mamem. u mamem.

@uz. — 2013. — T. 53, Ne 9. — C. 1427-1447.



12,13,14,15

IMUAJIbHBIX HCPABCHCTB , TAK U 0oiee CTapBIﬁ MCTOJ CIIMBaHUA aCUMIITOTH-

K 16:17.18

B nuccepramuy npoBoauTcs 00001IeHHe aCHMITTOTUYECKOTo MeToa nuddhepeH-
IMAJIbHBIX HEPABEHCTB U PE3YyJIbTaTOB, KACAIOIIMXCS CYILIECTBOBAHUS, €IMHCTBEHHO-
CTH U YCTOMYMBOCTHU PEIICHUN C BHYTPEHHUM TEPEXOHBIM U TIOTPAHUYHBIMH CJIO-
SIMHM Ha CJIy4ail CUCTEM C pa3pbIBHBIMH MPABBIMU YaCTIMU ypaBHeHUi. Mcnomns3o-
BaHUE ACUMMTOTHUYECKOTO aHaJIh3a MOATOTABIMBAETCS MOYBY JJI CO3AaHUSI HOBBIX
3¢ (HEKTUBHBIX YMCICHHBIX METOIOB U MX 000CHOBAHUS, MOCKOJIbKY aCUMIITOTHYE-
CKH€ MPUOIMKEHUS PEIICHUH JJa)kKe HU3KOTO MOpsiKa (HYJIeBOTO UM MEPBOIo) Mo3-
BOJISIFOT JIOKAJIU30BaTh 00JIAaCTh MEPEXOAHOTO CII0S U MPEACTABISAIOT COO0M Xopoliiee
HadyaJIbHOE MPUONIKEHNE, HAIIPUMED, 17151 CYETA HA YCTAHOBIICHHE, HAXOIAILIEECs B
00J1aCTH YCTOMYUBOCTU CTAIIMOHAPHOTO PEIICHHUS.

Hesn 1 3aga4u padoThI

[enbto quccepTalMOHHOM pabOoTHI SBISETCS UCCIEI0BaHNE KOHTPACTHBIX CTPYK-

TYp B HETUHEHHBIX IByXKOMIIOHEHTHBIX CUCTEMaX peakius-1uQy3us ¢ pa3indHbI-
MU CTEMEHSMU MaJIOTO MapaMeTpa MpHU CTAPIIUX MPOU3BOIHBIX B CIETYIONINX CITY-
qasnx:

* C MOTPAHUYHBIMH CJIOSMHU U IMIAAKUMU PEaKTUBHBIMU WIEHAMU (YACTHBIN CITy-
yaii 3a7a4 (1)—(5));

* C pa3pbIBHBIMU MPABBIMU YACTIMU (PEAKTUBHBIMH YJICHAMHU ), UMEIOIITUMU pa3-
PBIB IEPBOTO pO/ia B U3BECTHOM BHYTPEHHEHN Touke HHTepBaia (2), (4) u ¢ pas-
PBIBOM Ha M3BECTHOM BHYTpPEHHEH Iiajakon kpuBoit oomactu (1), (3) B, coot-
BETCTBEHHO, OJJHOMEPHOM U JIByMEPHOM IIPOCTPAHCTBAX, a TAKKE MPU pa3Iny-
HBIX YCIIOBUSX KBA3UMOHOTOHHOCTH;

* C pPa3pbIBHOM IO MEPBOU M3 UCKOMBIX IIEPEMEHHBIX IIPABOM YaCThIO MEPBOTO
ypaBHEHUS U TJIaJIKOH 110 BCEM NEPEMEHHBIM MPAaBON YaCThIO0 BTOPOTO ypaBHE-

2Hegpéoos H. H. Meton nuddhepeHnanbHbIX HEpaBEHCTB IS HEKOTOPBIX KJIaCCOB HEIMHEMHBIX
CHHTYJISIDHO BO3MYIIICHHBIX 3a/1a4 ¢ BHYTPEHHUMH ciiosiMu // [ugpgpepeny. ypasuenus. — 1995. — T.
31, Ne 4. — C. 719-722.

BJlesawosa H. T., Hegpéoos H. H., Opnog A. O. AcumntoTndeckasi ycTOMUMBOCTh CTAIIMOHAPHOTO
pelIeHrss MHOTOMEPHOTO YpaBHEHHS peakuus-Tuddy3ust ¢ pa3pbIBHBIM HCTOYHUKOM // JK. biuuci.
mamem. u mamem. guz. — 2019. — T. 59, Ne 4. — C. 611-620.

YJlesawosa H. T, Heghéoos H. H., Huxonaesa O. A. Pelienne ¢ BHyTPEHHUM ITEPEXOTHBIM CJI0EM
JIByMEpHOM KpaeBoH 3a/1auu peakius-auddys3us-aaBeKkus ¢ pa3pbIBHBIMH PEAKTUBHBIM U a/IBEKTHB-
HBIM ciaraeMeimu // TM®. — 2021. — T. 207, Ne 2. — C. 293-309.

SHeghéoos H. H. llepuoanyeckue KOHTPACTHBIE CTPYKTYPHI B 33/1aue peakius-auddysus ¢ ObICcT-
poii peakiueit u Manon quddysueii // Mamem. samemxu. — 2022. — T. 112, Ne 4. — C. 601-612.

16 ACUMIITOTHUECKHE METO/Ibl B TEOPUU CUHTYJSPHBIX BO3MyIleHuit — M.: Beicur. mk., 1990. —
208 c.

YHu M. K., Heghéoos H. H., Jlesawosa H. T. ACHMIITOTHKA PEIICHHSI CHHTYJISIPHO BO3MYIIIEHHOTO
muddepeHIInanTbpHOTO YpaBHEHHUS BTOPOTO MOPSIIKA € 3aIa3IbIBAIOIUM apryMeHToM // JJugheperyu-
anvusle ypasnenus. — 2020. — T. 56, Ne 3. — C. 303-316.

BHu M. K., Yu K., Jlesawiosea H.T. O BHYTpEHHEM CJI0€ I CHHTYJIIPHO BO3MYIIEHHOTO YpaBHe-
HUS C pa3pbIBHON NpaBoii yacteio // Jugpghepeny. ypasnenus. — 2020. — T. 56, Ne 10. — C. 1310-
1317.



HUS B OTHOMEpPHOM ciy4dae (5).

JU1st TOCTUKEHHUSI MOCTABIEHHOM LENIM PEelIaInCh CIEAYIOIINE 3a0a4u:

* Monu(pUKaIM U aAANTALNS U3BECTHBIX AJITOPUTMOB TOCTPOEHUS ACUMIITOTH-
YEeCKUX MPUOIIKEHUH, a TAK)KE BEPXHUX M HIDKHUX PEIICHUN MO/ HY kKIbI pac-
cMarpuBaemMbIx 3a1a4 (1)—(5);

* ONpE/ENICHUE YCIOBUHM, 00€CHEeUnBAOIIMX CYLIECTBOBAHUE PEIICHHUM 3a]a4
(1)-(5), a Takke, ecmu BOBMOKHO, UX JIOKAITHHYIO €IMHCTBEHHOCTh M aCHMII-
TOTUYECKYH YCTOMYUBOCTb;

* YCTaHOBJIEHUE KOPPEKTHOCTH NPUMEHEHUS METO/1a MOHOTOHHBIX UTEPALUIA;

* pa3paboTKa WILTIOCTPATUBHBIX TPUMEPOB.

HayuyHnast HoBu3Ha padoThI

[lo cpaBHEHMIO ¢ MCCIEAOBAHUIMM, COACPKAIIMMUCS B JUTEparype (cM. c. 6,

CChUIKU 9 — 18) st ypaBHEHUN ¢ HEMPEPHIBHBIMU MPAaBbIMU YACTSIMU U 3a4a4 s
OJTHOTO YPAaBHEHUS C PA3PBIBOM:

+ JlokazaHO CyIIECTBOBAHME TIIAJIKOTO PEIICHHS] C BHYTPEHHUM MEPEXOIHBIM
CJIOEM JJISl CUCTEM YPaBHEHUH C pa3pbIBHBIMU IpaBbIMU yacTsAMU (1)—(5); mo-
Ka3aHO, YTO BHYTPEHHHUM NEPEXOAHBIN CIIOM JIOKAJIN30BAH B OKPECTHOCTH pas3-
phIBa.

 Jloxa3aHbl JIOKQJIbHAsI €IUHCTBEHHOCTb W ACUMIITOTHYECKAs YCTOMYMBOCTH
IJ1aJIKOTO PEIICHHs] ¢ BHYTPEHHUM NEPEXOJHBIM U MOTPAHUYHBIM CIIOSIMU 3a-
Ja4ax ¢ HCTOYHUKAMU, Pa3pbIBHBIMU B (PMKCUPOBAHHOW TOUYKE M Ha (PUKCUPO-
BaHHOM KpuBoi (1)—(4), npu pa3IuUHBIX YCIOBUSIX KBA3UMOHOTOHHOCTH.

* B 3aymaye ¢ pa3pbIBOM 10 UICKOMOU MEpEeMEHHOM (5) MOIyUYEHbl JOCTATOYHbIE
YCJIOBHS CYIIECTBOBAHUSI TJIaJKOTO PELICHUS C BHYTPEHHUM IEPEXOJHBIM U
MOTPAHUYHBIMU CJIOSIMH, IPOBEACHO JJOKA3aTEIbCTBO €r0 CYIIECTBOBAHUS ME-
TOJIOM MOHOTOHHBIX UTEpALUN.

IHos105keHus1, BBIHOCHMbIE HA 3ALIUTY

» Pa3paborannas aBropoM Moau(uUKalMs acCUMITOTUYECKOro MeToaa Audde-
PEHLUAIBHBIX HEPABEHCTB MO3BOJISIET MOMYUYHUTh OCTATOUYHbBIE YCIOBUS U JI0-
Ka3aThb TEOPEMBI CYILIECTBOBAHUS MIAJIKUX PELICHUI C BHYTPEHHHUM IEPEXO/I-
HBIM Y MIOTPAaHUYHBIMU CIOSAMH JIBYXKOMIIOHEHTHBIX CUCTEM THUIIA «PEaKIUsi-
b dy3us» ¢ pa3IMYHBIME CTEMIEHSIMU MAJIOTO MapaMeTpa Mpu CTapiInX Ipo-
W3BOJHBIX U C Pa3pbIBHBIMU UCTOYHHUKAMMU:

— C M3BECTHOM MPOCTPAHCTBEHHOM JIOKaM3aIuel pa3pbhIBOB (CKAuKOB);

— C pa3pbIBOM (CKayKOM) UCTOYHMKA BJIOJIb HYJIEBOTO YPOBHS MEPBOM KOM-
MIOHEHTHI U [JIaJIKUM UCTOYHUKOM BTOPOW KOMIIOHEHTHI;

— JUIS 33]1a4 C U3BECTHOM MPOCTPAHCTBEHHOM JIOKAJIA3AIMEN pa3pbIBOB aJl-
TOPUTM MMO3BOJIAET JOKA3aTh ACUMITOTUYECKYIO YCTOMUYUBOCTD U JTOKAJIb-
HYIO €IMHCTBEHHOCTb IIIAJIKUX CTAIMOHAPHBIX PEIICHUM KaK PEIICHUMN
Ha4YaJbHO-KPAEBbIX 33/1a4.

* Pa3paboraHHblii HA OCHOBE aCUMIITOTHYECKOTO MeToaa audepeHinanbHbIX
HEPaBEHCTB KOHCTPYKTUBHBIN AJITOPUTM MOCTPOCHHS BEPXHUX U HIDKHUX pe-
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IIICHUM JIJI BCEX MCCIIEAOBAaHHBIX B pa0bOTE 3aj1a4 MO3BOJISET yKa3aTh 00J1acTH
JIOKaJIM3allUM DIAJKUX PENICHUN C BHYTPEHHUM MEPEXOAHBIM U MOTPaHUYHBI-
MU CJIOSIMH.

TeopeaneCKaﬂ ! MPaAKTHYIECCKad 3HAYUMOCTDb

Teoperrnueckasi 3HaUMMOCTb PaOOTHI COCTOUT B PACIIMPEHUH KJlacca 3ajiad, JUis
KOTOPBIX MPUMEHHUMbI METO/] TIOIPAHUYHBIX (DYHKIIMI, METOJl PYHKIIUN TEPEXOAHOTO
CJIOSl M aCUMITTOTUYECKUM MeTo tuPepeHIInanbHbIX HEPABEHCTB, C(hopMyIupoBa-
HBI YCJIOBHSI UX PUMEHUMOCTH U TIPEIJIOKEHBI Ha UX OCHOBE JI0Ka3aTeNIbCTBA CYIIle-
CTBOBAHUS, EAMHCTBEHHOCTH U ACUMIITOTUYECKOW YCTOMYMBOCTH perieHuu. [lomy-
YEHHBIE PE3YJIBTaThl MOKHO MCIIOJIB30BaTh JUJISl MPOJOLKEHUS HCCIIE0BAaHUS 3a/1a4
C IEPEXOHBIMU CIIOSMH.

[IpakTuueckas 3HAYMMOCTb PaOOThI 3aKIIOYAETCS B CIAEAYIOLIEM:

pe3yabTaThl pabOThl MOTYT OBITH TPUMEHEHBI B MAaTEMaTHYECKOM MOJCIHPO-
BaHUH B 3a7ja4ax OMO(DU3NKHN, XUMUYIECKON KHHETHUKH, YKOJIOTHH, HETMHEHHOM
TEOPHUH YIIPYTOCTH U IPYTUX 00J1aCTeH HAYK, B KOTOPHIX BOSHUKAIOT CKAYKO00-
pa3HbIe U3MEHEHUSI PacCMaTPUBAEMBIX BEJIUYWH, O0YCIOBICHHBIX HATMYUEM
pa3pbIBOB;

JIOKAQ3aTeJIbCTBO CYIIECTBOBAHUSI YCTOMYHMBOIO CTAllMOHAPHOIO PEIICHUS C
OOJBIINM TPaJMEHTOM BOJIM3W JIMHHUM Pa3pbiBa JIeJIaeT YUCICHHOE PEIICHUE
ATHUX 3aJ1a4 ONPaBIaHHBIM HE3aBUCUMO OT MPUMEHSIEMBIX CXEM PEIICHHUS.

MeTom0J10rusl 1 METOAbI HCCJIEIOBAHUSA

B I[HCC@pTaHHOHHOﬁ pa60Te ABTOPOM HCIIOJIB30BAHBI CICAYIOIIUC MCTOObI:

ACHUMIITOTHUYECKUN METOM BacuibeBOM — MOCTPOEHUE ACUMITTOTUYECKUX ITPH-
ONMUKEHUHN pelIeHU;

ACUMIITOTHYECKUA MeToa TuddepeHInaibHbIX HEPAaBEHCTB — TOCTPOCHHE
BEPXHUX M HIDKHUX PEIICHUN HA OCHOBE aCUMITTOTHYECKUX MPUOTNKEHUH pe-
ILICHUI;

METOJ MOHOTOHHBIX UTEPALIUN — JTOKA3aTENbCTBO CYIIECTBOBAHUS PELICHUM;
METO/Ibl TCOPUH MOTEHIINANa — JOKA3aTeJIbCTBO MIAJKOCTH PEIICHUM;
MeTOoJIbI Teopuu npocTpancTB CoboeBa — CXOAMMOCTH MOHOTOHHBIX HTEpa-
UM, TIIAJKOCTh PELICHUN HA IIPOMEXKYTOUHBIX 3TAIlaX J0KA3aTeJIbCTB.

JlocToBepHOCTH U 000CHOBAHHOCTD Pe3y/bTAaTOB

JIOCTOBEPHOCTH U3JIOKEHHBIX B IUCCEPTALIMOHHON paboTe pe3yabTaToB obecre-
YUBAETCS CTPOTOCThIO MAaTEMATUYECKUX JI0KA3aTeNIbCTB U UCTIOIb30BAHUEM ANPOOU-
POBaHHBIX HAYYHBIX METOJOB B MAaTEMAaTHKE.

Anpodanusi padoTsl

Jloxnaapl HAa KOHGEPEHITUSAX:
1.

IX Bcepoccuiickast koHpepeHIUs « AKTyallbHbIE MPOOIEMBI TPUKIIATHON Ma-
TEMAaTUKHA U MEXaHUKW» C MEKTYHAPOAHBIM YUYaCTUEM, ITOCBSILICHHAS TaMATH
akanemuka A.®. Cunoposa, (oc. Hropco, Poccust, 3—9 centsaops 2018);

. «2nd International Conference on Mathematical Modelling in Applied

Sciences, ICMMAS’19», (benaropon, Poccusi, 20-24 aprycra 2019);

. «Jlunamuka. 2019. Spocnaiaby, (SApocnasib, Poccus, 1012 oxtsaops 2019);
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4. «Tuxonosckue urenus 2020», (Mocksa, Poccusi, 2631 oktsa0ps 2020);
5. «Maremaruueckue uneu 1. JI. YeObiméBa n X MpUIIOKEHUS K COBPEMEHHBIM
npobsemMam ectectBo3Hanus», (O0HUHCK, Poccust, 14—16 mas 2021);
6. «AKTyanbHbIe MPOOIEMBI MAaTEMATUYECKON (U3UKWY, MOCBAIEHHAS MTaMATH
Banentuna ®enoposuda byty3zoBa», (Mocksa, Poccus, 2 utons 2022).
Taxxe pe3ynbrarhbl HOKIJIAIbIBAJIUCh B paMKaX HAyYHO-HCCIIEOBATEIbCKOIO Ce-
MUHapa Hay4yHOU rpynmnbl «HenrnHelHble ypaBHEHUSI MaTeMaTu4eCcKoil (PU3UKN» Ka-
dbeapsl MareMatuku ¢puzndeckoro ¢akynsrera MI'Y (1-3 pasa B mecs, 2019-2023).
Hyoankanuu
OCHOBHBIE TOJIOKEHUS, PE3YJIBTAThI U BBIBOJIBI JUCCEPTALUNA OTPAXKEHBI B 5 Ha-
YUHBIX CTaThbsX, OyOJIMKOBAaHHBIX B PELEH3UPYEMBIX HAYUHBIX U3IAHUIX, PEKOMEH-
JIOBAaHHBIX ISl 3alUTHI B JUCCEPTALIMOHHOM coBeTe MI'Y Mo cnenualbHOCTH
1.1.2 Iuddepenuumanpuble ypaBHEHUSI 1 MaTeMaTH4eCKasi (PU3HKa.
CrpykTypa H 00bEM
Pabota coctouT u3 BBeAeHUS, 0030pa JUTEPATYpPHI, MATH TJIAB, 3aKIIOUCHUS U
cnucka gureparypbl. O6béM padoTsl coctasnsget 120 ctpanui. CiMcok AUTEpaTyphbl
coaepkut 115 HauMeHOBaHU.

OcHoBHOE coaepxxanne padoThbl

BBenenne npeactapisieT co0oii 00IIYI0 XapaKTEpUCTUKY padOThl, B YaCTHOCTH,
000CHOBBIBAETCS €€ aKTyalbHOCTh, IPUBOASTCS €)M, HOBU3HA, 3HAUUMOCTh, OCHOB-
HBIE PE3YbTATHI PAOOTHI.

O030p JuTepaTypbl TOCBANIEH KPAaTKOW HMCTOPUU MCCIENOBaHUN B 00IacTH
ACUMITOTUYECKONM TEOPUHU, a TAKKE HEKOTOPHIM COBPEMEHHBIM pe3yabTaraMm B 00-
JacTH 3a/1a4 C pa3pbIBHBIMU YJICHAMHU.

IlepBas riiaBa sBISETCS BCIOMOTATEIBHON B CTPYKTYpE JUCCEPTALIUUA — BO H3-
OekaHue B JanbHEHIIEM U3IUIIHUX TIOBTOPEHUH B HEMl MPUBOJSATCS YHUBEPCATIbHBIC
0003HaYCHHUS, 3aMEUaHUs, OTIPEICIICHUS U YTBEPKIACHHUSI.

Ha npoTspkenun paboThl UCMIONB3YIOTCA CASAYIONUE 0003HAUCHUS:

« Rt =(0,400), R~ = (—00,0), Rj =[0,+00), Ry = (—00,0];

« 2" — HekoTopas pukcHpoBaHHAs TOYKA M3 nHTepBana (—1,1);

¢ X = (x 1, 5172);

* ¢ — maned napamerp, 0 < ¢ < gy <K 1, rne €9 — HEKOTOPOE MPENCITBHO

JOTYCTUMOE 3HAUCHUE €;
« D — oanocBszHas obnacts u3 R?, orpaHudeHHas IPOCTON 3aMKHYTOM Iiaj-
KOl KkpuBoil I';

* v — MmpocTas 3aMKHyTas Iajkas KpuBas, Jiexamas B [, To ectb 7 C D,

yN T =(;

« DM, D) — nopobnactu D, Takue 4TO D\

D7D =4, D\(DO UD) =1

(+)

uD®H =D uD" = D,



* [,, [, — HEKOTOpPBIC JOMYCTUMBIE OTPE3KU U3MEHEHH S, COOTBETCTBEHHO, U U VU;

T orneparop AuddepeHIIMPOBaHUs 0 BHYTPEHHEH HOPMAJIU N K KpHU-
nr —

Boii ['.

[Monaraercs, uto pyHkiuu u’, v° YIOBIETBOPAIOT CIEAYIOMIEMY YCIOBUIO.

(CD) Hauansusle Gpynxiuy u” 1 v° HelpepbIBHBI B 3aMbIKAHUH 00IACTH ONpesele-
uust ([—1,1] B 1D, D B 2D), HenpepbiBHO auddepeHInpyeMbl B HEKOTOPO

OKPCCTHOCTHU I'PAHUIBI U YAOBJICTBOPAIOT YCJIOBUAM COITIACOBAHHA

o
_— a) _—
T 8np

0
(D) W)(F1) =™ oY1) =00, @D) T
8np

r

Jlasiee IPUBOSATCSI OCHOBHBIE ONPEIENICHUST; ISl KPATKOCTH, OHH IIPUBEICHEI B
OTHOMEPHOM CIIy4ae — B JABYMEPHOM Ciiydae uX (OPMYIHPOBKH aHAIOTUYHBI U HE
MMEFOT MPUHIUITHATBHBIX OTIIHYHH.

AcHMMNTOTHYECKOE NPUOIHIKEHHE PEelICHHS.

Bynem roeoputh, uto napa ¢pynkumii (U, (z,¢e),V,(x,€)) sBasercs Ha oTpe3ke
[—1, 1] paBaoMepHbIM ¢ TousOCTBEO O (¢"1!) acuMIToOTHYeCKIM IPUGIIKEHIEM pe-
mwenust (us(x),v.(x)) craunoHapHoit 3axa4un (4), eciu

Un(z,€) — ue(2)| + [Viu(z,6) —v(2)| < Cp - ", 2 e [—1,1],

eoe C, — He 3a8uUcauyas om € U T NOTONCUMENbHAS KOHCIAHMA.

BHyTpeHHUi1 nepexoaHblil CJI10M.

Hycts dynxmn o7 1 p(F) onpenencHs! 1 HenpepbIBHBI HA [—1,1].

Bynem roBoputh, 4TO pelIeHUE CTAIMOHAPHOM 3a1a4u (4), UMEeT BHYTPCHHUMN
TIEPEXOIHBIH CITOM, €CITU B HEKOTOPOH, JIexKalel cTporo BHyTpu uHTepBana (—1, 1),
MaJioif OKPECTHOCTH TOYKHU X PEIICHUE PE3KO M3MEHSETCS OT 3HAYCHUH ONU3KUX K
(¢ (2),¢ ) (2)) no snauennit Gmuskux x (¢ (z),¢ P (z)), a BHe 910i OKpECT-
HOCTH IIpu € — -0 perenne paBHOMEPHO MO T CTPEMHTCS K (g0(+) (), ) (z)) mpu
r > UK (gp(_)(a:),z/}(_)(x)) npu r < z*.

ITorpaHuYHBIN CJIOH

ByneM roBopHTh, 4TO PENICHUE CTAIHOHAPHOU 3a1a4u (4), UMEET MOrPaHuYHbBIH
CIIOH, €CITH B HEKOTOPBIX COOTBETCTBYIOIIMX MAJIbIX OJJHOCTOPOHHUX OKPECTHOCTSX
TOUYCK - = F1 perieHue pe3Ko U3MEHSIETCS OT HEKOTOPBIX 3HAYCHUSI B TUX TOYKAX JI0
3HaueHu# Onm3KuX K (p(x),1(x)), a BHE 9THX OKpecTHOCTE# npu € — +0 perieHue
PaBHOMEPHO 10 = cTpeMuTes K (p(x), ¥ (x)).

N301MpoBaHHBIN KOPEHb.

Bynem roBoputs, uto w(u, v, x), onpenenéunas Ha I, x I, X [a, b], umeer u3o-
JIMPOBaHHBINA KOpeHb u = ¢ (v, ) Ha MHOXKecTBe [, X [a,b], ecnu ¢(v, x) — 31O
onHO3Ha4YHas QYHKIHMS, TAKas 9TO I HEKOTOPoro 6 > () CyIecTByeT MHOKECTBO

{(u,v,2) : (v, 7) — 6 < u < d(v,2) + 6% v € I, € [a,b]},
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Takoe 4to w(u,v,z) = 0 < u = ¢(v,z),V(v,z) € I, X [a, b].

AcMMITOTHYECKAS YCTOMYMBOCTD € 00JIACTHIO IPUTSKECHUS.

Bynem roBopuTth, 4to pemieHue (u-(x), v-(x)) cTannonapHo# 3ama4n (4) acuMii-
TOTUYECKH YCTOMYMBO KakK pelleHue 3aaadud (2) ¢ 00JacThlo MNPUTIKEHUS
[U(z),U(x)] x [V(z),V(z)], ecnn ans mobbix HavambHbIX Gyrkumii u’(z), v (x),
yaosierBopstomux (CD), Takux 4to

Ulz) < u'(z) <U(z), V(z) <o(2) < V(e), Yo € [-1,1],
peienue (u.(x,t), v-(x,t)) 3anaun (2) yIOBIECTBOPSET YCIOBUSIM
U(z) <u'(x) = u(z,0) < U(x), V(z) <0°x) = ve(x,0) < V(x), Vo € [-1,1];

lue(,1) = ue(@)logora + llo=(2,1) = ve(@) o1y .72, 0

JlokajbHasi eIMHCTBEHHOCTH PelIeHuUs.

Bynem roBopuTh, uTo pemenue (u (), v-()) craunoHapHoi 3a1auu (4) JToKasb-
HO emHCTBeHHO Ha Muoxectse [U(z),U(z)] x [V(z),V(x)], ecnm u3 Toro, uro
(u2(2), 0% (2)) — pemerme (4), 1 U(z) < ui(x) < U(x), V{z) < o2(x) < V(a),
Vo € [—1, 1], Beitekaer, uro (ul(z),vi(x)) = (us(x), v.(x)).

BTopas riiaBa MocCBsIICHA UCCIIEIOBAHUIO OJHOMEPHOM 3a/1a4r C TIIAKHMH pe-
AKTHBHBIMH YJICHAMH, PEIICHHE KOTOPOM MMEET TOJIBKO MOTPAHUYHBIE CIIOH.

N3yuarorcs ogqHoMepHas napadoiauyeckas 3agada (2)

ety — up = fu,v,z,€), 20y — U = g(u,v,2,¢), =€ (—=1,1)\zo, t € RT,
U (F1) = a@), Ve (F1) = b(;)7 ul,_g = Uo(x)a O]y = Uo(f)v (2)

Y COOTBETCTBYIOIIAA €M cTallMOHapHas 3a1a4a (4)

54uxx - f(’U,,U,.T,cS), 527}5633 = g(u,v,x,&“), VS (_17 1)\%0,

Uy (F1) = o), ve(F1) = (), )
¢ IPaBBIMHK YacTsIMH f(u, v, 7, €), g(u, v, x, € ), npuHamIeKamumu knaccy C"+2) (I, x
I, x [—1,1] x [0, &), £ae n — nopsAoK TPeOyeMOro aCHMITOTHYECKOTO MPUOITHIKE-
HUS.

[TycTh BBIIIOITHEHBI CIICAYIOLIHE YCIOBHSI.

Ycaosue 2.1. Ha muoxectse I, x [—1, 1] ypaBuenune f(u,v,x,0) = 0 umeer
M30JIMPOBAHHBIN KOPEHb U = (v, =) U BBIIOIHSIETCS HEPABEHCTBO
fulp(v,z),v,2,0) > 0.

Yeaoue 2.2. O6031auum h(v, x) = g(¢(v, x), v, z,0). Ha orpeske [—1, 1] ypas-
Henue h(v,x) = (0 UMeeT M30JIMPOBAHHBIH KOpeHb v = (x), U BCIOAY HA ITOM
OTpE3Ke BBIMOIHACTCS HEpaBeHCTBO h, (1(x), ) > 0.
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Iycts npu Beex (u,v) € I, X I,,, € € [0,&0] Ha orpe3ke [—1, 1| nmpaBbie yacTu
ypaBHEHUM 3a1auu (2), (4) yaIOBIETBOPSAIOT OJHOMY M3 YETHIPEX TUIIOB KBa3UMOHO-
ToHHOCTH (KM), TO €CTh BBIMIOJHSIIOTCS HEPABEHCTBA:

YcaoBue 2.3(a).

folu,v,2,6) <0, gy(u,v,z,e) <0 (NN THI);
folu,v,2,6) >0, gu(u,v,z,e) >0 (PP Tun).

Ycaosue 2.3(0).

folu,v,2,6) <0, gu(u,v,x,e) >0 (NP THD);
folu,v,2,6) >0, gu(u,v,x,e) <0 (PN THI).

Beeném Ha muoxectse (v, x) = I, X [—1, 1] dyHkmun

fole(v,z),v,2,0)
fu((lp(v7 x)7v7 x70)
o(z) == v(¢(x),z) uxoncrantsr ') := p(F1).

V(U7x) = gv(QO(U,I),”U,.’,U,O) + 'gU((p(vwx):Uax:O)u

Yeiaosue 2.4. () > 0 Ha otpeske [—1, 1].

Metonom BacunbeBoil HOCTpOEHO aCUMIITOTHYECKOE TPUOIMIKEHUE PEILICHUS CTa-
rronaproii 3anaun (U, (z,¢€), V,(x,¢)). [Ipu moMomy acUMITOTHYECKOTO METO/a
nuddepeHIraTbHbIX HEPABeHCTB MOCTPOCHBI BEPXHEE U HU)KHEE PCLICHUS 3a/1a4un
(4) xax Monudukauun acumnrornyeckoro npubmmwkenns: (U, (z, ), Vy(z,e)) —
Bepxuee peutenne, (U, (z,¢), Vu(x,€)) — HIKHee pelieHne, MOCTPOCHHBIE Ha OC-
HOBE aCHUMIITOTHYECKOTO PHOIIKSHUSI 12-0T0 MOPSIKA;

M crons3ys Kaccu4ecKylo TEOPHUEO METOIAa MOHOTOHHBIX UTEPaLUi 17, JoKa3aHbI
OCHOBHBIC PE3yJIbTaThI [TIABHI.

Teopema 2.1. Ilycmo svinonnsromes Ycnosus 2.1-2.3(a) unu 2.1-2.3(6), 2.4.
Toeoa npu Oocmamouno manvix € > 0 cywecmsyem Kiaccuueckoe peuienue
(ue(z),ve(x)) 3a0auu (4), ona komopoeo napa ¢yukyuu (U, (x, <), V,(z,€)) asrsa-
emcsi pagnomepHbim Ha ompeske |—1, 1] acumnmomuueckum npubnudsicenuem ¢ moy-
nocmoio O ("),

Teopema 2.2. Ilycmo svinonnsaromes Ycnosus 2.1-2.3(a) unu 2.1-2.3(6), 2.4.
Toeoa npu docmamouno manvix € > 0 pewenue (u.(x), v:(x)) 3a0auu (4) roxkanrvho
eourncmeenno na muoscecmse (U (x,€), Uy (z,€)] x [Vi(x,€), V1(z,€)] u, kak pewe-
Hue 3a0ayu (2), acumnmomuyecku yCmouduso ¢ 001acmsio RPUMANCEHUs. He MeHbULe
[Ui(z,€),Ur(z, )] x [Vi(z,e), Vi(z,e)).

YPao C. V. Nonlinear Parabolic and Elliptic Equations — Plenum Press, New York, 1992. — p. XV, 777.
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Tperbsi NIaBa — NPOBOJIUTCS HCCIENOBAHUE OJHOMEPHOM 3aJaud, UMEIOLIEN
PEaKTUBHBIE WICHBI C U3BECTHON (PMKCHPOBAHHOM JIOKAIHU3AIUEHN pa3pbiBa; pelieHue
3TOMW 33/1a4¥ UMEET KaK MOTPAHUYHBIA TaK U BHYTPEHHUN NTEPEXOAHBINA CIIOM.

PaccmarpuBaroTcst oqHOMEpHbIE TTapadonndeckas 3aaaya (2)

ey, — up = f(u,v,z,€), 20y — Uy = g(u,v,2,¢), =€ (—=1,1)\zo, t € RT,
WD) = P, w(F1) =, dl g = (@), ol =) )

Y COOTBETCTBYIOIIAs € CTallMoHapHas 3ana4a (4)

54uxx - f(U,,’U,.T,cS), 52Uxx = g(u,v,x,e), S (_17 1)\%0,

4
uz(F1) = a(ﬂ? v.(F1) = H(F) 4)

[IpaBbie yacTu cuctem (2) u (4) UMEIOT BU/;

f(u,v,2,6), wel,vel, —1<z<ux,

UV, T,6) =
I ) fHu,v,2,8), wel,vel, zg<z<1;
g (u,v,z,¢), uel,vel, —1<x<um,
g(u,v,x,s) —
g u,v,2,e), uel,vel, zg<z<1,

mpraéM £ (u, v, zo,€) # fE(u,v,x0,¢), ¢ (u, v, 20,8) # ¢ (u, v, 20, €) W
BCEX JOMYCTHMBIX (U, V) H €.

Imagkocts dynkmuit fF) (u, v, 2, ) n g (u, v, x, ) cBI3aHA ¢ HOPSAIKOM ACHMII-
TOTHYECKOTO MPUOIIKEHUS, KOTOPOE TPeOyeTcst HOCTPOMTD. [1JIs MOCTPOCHHS IIpH-
ONMMKEHUS N-TO MOPsAKa HEOOX0AUMO, YTOOBI QYHKIIUU f (F) u g(@ MIPUHAJICKAIN
xiaccy C'"*2) o cOBOKYITHOCTH epeMeHHbIX B 3aMBIKAHHSX CBOMX 00IacTel ompe-
JICIICHUS.

Pemenus 3anad (2) u (4) onpeaensitoTcs CASAYIONAM 00pa3oM.

Onpenenenue 3.1. [Tapa byukuuit (u(x,t), v(x,t)) u3 kacca

C(-L 1 xRHNCY([-1,1] x RT) nC*' (((—1,1)\zo) x RY)

Ha3bIBACTCS PEIICHUEM 3a7adr (2), €Clid OHa YIOBIETBOPSET YpaBHEHUIM (2) mpu
(x,t) € ((—1,1)\zo) x R, a Takke rpaHUYHBIM U HAYAIBHBIM YCIOBHSIM.
Onpenenenne 3.2. [Tapa pyukumit (u.(z), v.(x)) u3 Ki1acca

CH([=1,1]) N C*((=1,1)\=o)

Ha3bIBAETCS PEIICHUEM 3a7auu (4), eciii OHa YAOBIETBOPSET ypaBHEHUsIM (4) npu
x € (—1,1)\xo ¥ TpaHUYHBIM YCIIOBHUSIM.

Uccnenyercst ycroiunBoe cranunoHapHoe peruenue (u-(x),v.(x)) 3agaun (2),
UMEIOLIEEe BHYTPEHHNUN MIEPEXOIHBIN CJION B OKPECTHOCTH TOYKH L.
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Veaosue 3.1. Kaxoe u3 ypasrenuit f(7) (u, v, z,0) = 0 mMeeT H301MpOBAHHBIH
xopes u = ¢! (v, z) coorBeTcTBeHHO B 06mMacTaAX I, X [—1, z¢] u I, X [0, 1], 1 mas
BCEX v € [, BBINIOIHSIOTCS HEPABEHCTBA

@(_)(Ua :EO) < SO(—’_)(U? ZEO)J
FNGI (w0, 2),0,2,0) >0, ze [-1, 0], F (D (v,2),0,2,0) >0, z€ [2,1].

u

O603naunm h(F) (v, x) = ¢ () (v, 2), v, 2, 0).

Veaosue 3.2, Kaxnoe u3 ypasnennii h(F) (v, 1) = 0 HMeeT H30THPOBAHHEIH KO-
pens v = ¥(F)(z) coorBeTcTBeHHO Ha OTpe3kax [—1, xo] U [zg, 1], ¥ BeITONHMIOTCS
HEpaBEHCTBA

Y (o) < P (),
hq(,_)(w(_>(x),x) >0, x€ [_17330]7 h1(1+)(¢(+)($),$) >0, z € [xo, 1]
Yeaosue 3.3. [Tycts npu Beex (u, v) € I, X I, € € (0, 0] Ha COOTBETCTBYIOIIMX

otpe3kax [—1, xg| u [z(, 1] npaBsie yacTu ypaBHenuii (2), (4) yIOBIECTBOPSIOT OJHOI
U3 YETBIPEX CUCTEM HEPABEHCTB, Ha3bIBAEMBIX «YCIOBHSIMHU KBa3UMOHOTOHHOCTH:

£ (u,v,2,6) <0, g (u,v,2,6) <0 (NN THI);
fﬁ)(u,v,x,s) >0, gfﬁ(u,v,x,s) > 0 (PP tun);
fngt)(U,U,iU,&) <0, gf)(u,v,x,e) > (0 (NP tun);
ff)(u,v,x,s) >0, gff)(u,v,x,s) < 0 (PN Tum).

Ycaosue 3.4. [TycTp BBINOTHAIOTCA HEPABEHCTBA

v

/h()(s,xo)ds >0, v € (Y (o), ™ (20)],
) (o)

v

/Mﬂ@@@@>oﬂmﬂw”@m¢“@m%
¢(+)(3;0)

u

/f(_)(s,v,xo,())ds >0, u€ (w(_)(v,xo), gp(+)(v,ajo)], v E [w(_)(xo),@/)(ﬂ(:vo)],

(}9(_) (’l},l‘o)

/f(+)(s,v,x0,0)ds >0, u e [P (v, x0), o (v, x0)), v e [P (z), v (x0)].

90(+)(va0)
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Yeaosue 3.5. [ycts cymectsyer Benmmauna v = g € (¢ (x0), ™ (z0)) —
CIMHCTBEHHOE PEIICHUE YPABHEHHUS

/h(_)(s,xo)ds = /h(+)(s,xo)ds
() (20) () (o)

U BETUUHHA U = Py € (90(_) (g0, z0) » ) (qo, Z()) — CAMHCTBEHHOE PELICHHE yPaB-

HCHUA
/f S qO?'rO? /f S, 40, X0, )

QOal”o +) (q0,70)
[TycTh KpOME TOTO BBITIOJIHSIOTCS HEPaBEHCTBA
* (o, g0, %0,0) > FH) (po, qo, 0, 0);
* W (qo, z0) > h'F)(qo, z0) (NN, PP); h(T(qo, o) # hH) (o, 7o) (NP, PN).
Breném dynkimum

Vv F (v, x) ==
fﬁ) F (v, z),v,z,0
= g\ (e (v, 2),0,2,0) + (qc)(go v, 2) )-gf)(go(ﬂ(v,:c),v,x,O)
fu (90(¥ (v,x),v,x,()

COOTBETCTBEHHO Ha MHOXecTBax (v,x) = I, X [—1,z¢] ans GyHKUMH ¢ BepXHUM
uHAEKCOM «(—)» u (v, x) = I, X [z, 1] wig dyHKIMH ¢ nHIEKCOM «(+)», @ TaKKe
BBenéM obosHauerus v\ F)(x) := v () (z), z).

Veaosue 3.6 (Toabko aisi KM tunos PN u NP). ITycts 7(F)(2) > 0 coor-
BETCTBEHHO Ha oTpe3kax [—1, x| u [z, 1], a mua pynkmmii v (v, ) cnpaseniusel
COOTHOIIICHUSI

v )
/ I/(_)(S’ xo)dS > 0’ v E [w(_)(xo), q0)7 / l/(_)(S, l’o)ds > 07
P (zo) () (o)
D) (20) ) (20)
/ Z/(+)(Sa CU())dS > 07 v E (q07¢(+)($0)], / V(+)(S,$0)d8 > (.
v q0

Metonom BacuiabeBoil mOCTPOEHO aCUMITOTUYECKOE MPUOIUKEHHE PEIICHUS
craioHapHoit 3anaun (U, (z,¢), V,(x,€)): OHO CTPOUTCS OTACIBHO ClIeBa U CIpa-
Ba OT TOUKH T.
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A —1<z< V) 1<
Un(x,e) _ (+>($75)7 ST Xy, Vn(x,g) _ (+)(:U,€), <,
Un ($’8)7 'TOSZ'S 1’ Vn ('Tag)? xOSxS 1.

Kaxnas u3 ¢pyHkumit USF), Vn(qt) MPECTABIISIETCS B BUJIE CyMMBbI (DYHKITUMN, OTIH-
CHIBAIOIIMX PEIICHUE BAATH OT MEPEXOTHOTO CIIOS M IPAHHMI[ OTpe3Ka (peryispHast
9acTh), PYHKIMI HEPEXOTHOTO CIIOS, 3aBUCSIIUX OT PACTIHYTHIX IIEPEMEHHBIX Pa3-
JIMYHBIX MacTaboB 7 = (z — xg) /e u 0 = (v — o) /€%, ¥ norpaHnUHBIX QyHKIHHA,
KOTOPBIC TAKIKE 3aBUCAT OT Pa3IMYHbBIX PACTSIHYTHIX IIEPEeMEeHHbIX (+ = (x + 1)/c u
ne = (x4 1)/&* B oKpecTHOCTAX TOUEK T = F1:

UF =@l (2, ) + QP u(r, ) + MFu(o,€) + P u(Ce, e) + REhu(nz, €),
VE =50 (2,8) + QWu(r,e) + M Thv(o,€) + PHo(Ce,e) + R hu(ns, €).
HpI/I IIoMOII1M AaCUMIITOTHUYCCKOI'O METOda I[I/I(b(l)epeHL[I/IaJ'IBHLIX HepaBeHCTB Ha

OCHOBE ACHMITOTHYECKOTO MPUOIMKEHHS N-0TO TOPsIKA TMOCTPOEHBI BEpXHEe
(Un(z,€),Vu(z,e)) mumknee (Uy(z, ), Va(x,€)) perenns 3anaun (4):

) -
— U, (z,e), —1<x<uz, — |79 (x,s), 1 <z < x,
Up(z,e)= — Violz,e)= —h
U, (z,e), 2o <z <1, V, (x,e), g <ax <1
U, (x,e), —1 <z <z, v, (z,e), —1 <z <z,
U, (:c,g), 0 <z <1, Vi (x,g), 0 <z <1,
e
_f) = UP(z,e) + " (a(q:)(x) + ¢Fu(r) + mmu(a)) + ™20, e Fuln=l

U, = Uf)(:z:, £) —e" (a(:F)(x) + q(:F)u(T) + m(qE)u(a)) — 20, e FulnEl
7 - V) (z,e) 4 " (B(ZF)(SU) + q(:F)U(T)> + "M e Rl et 2 Fly (o) —
_ 5”+1M(?111(0) _ 2 <M(?2v(0) + mmv(O)) :

n

VP =V (g ) — " (5@)(3;) I q(ﬂF)U(T)) _ O e Rl oty By () —

et (F) n+2 () (F)
MFu(0) — ¢ (Mﬁﬂmywn 0(0)) .
HpOBepeHa KOPPCKTHOCTL IMPUMCHCHHA MCTOAa MOHOTOHHBIX I/ITepaL[I/Iﬁ C HUC-
T0JIb30BAHUEM JIEMM O MOJOKUTEIBHOCTH T QPyHKIMH u3 nmpoctpancts Coboe-
Ba, 1 Ha €TI0 OCHOBC B COBOKYIIHOCTH C MCTOJaMHU TeOpHeﬁ IIOTCHIMAJIa JOKAa3aHO
OCHOBHEIC pe3yJII>TaTI>I TJIaBBI.
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Teopema 3.1. Ilycmo svinonnsaromes Yenosusn 3.1-3.5 u 3.6 (nocieonee ons kea-
sumornomonnocmeti NP u PN munos). Tocoa npu docmamouno manvix € > 0 cywe-
cmeyem peutenue (u:(x), v-(x)) 3ad0auu (4) 6 cmvicie Onpedenenus 3.2, 015 Komopo-
2o napa ¢yuxyutt (Uy(x,¢€),V,(x,€)) sensemcs paenomepnviv Ha ompeske
x € [—1, 1] acumnmomuueckum npubnudsxicenuem ¢ mounocmuio O (5”“)

Teopema 3.2. Ilycmo evinonnsromes Yenosusn 3.1-3.5 u 3.6 (nocieonee ons kea-
sumonomonnocmeu NP u PN munos). Toeoa npu oocmamouno manvix € > 0 peue-
nue (us(z),v-(x)) 3a0auu (4) J1OKAILHO EOUHCMBEHHO HA  MHOICECBE
[Ui(z,e),Ui(z,e)] x [Vi(z,e),Vi(x,e)] u, kax pewenue 3adauu (2), acumnmomu-
yecKu YCmouuueo c obracmuio NPUMAHCEHUS He MeHbule
[ﬂ(l‘, 5)7 U1<ﬂ?, 6)] X [E(x? 5)7 Vl(x> 5) ]

YeTBépTas miaBa npeacTapiseT co0oi 00001eHre B TaHAEME PE3yIbTaTOB IT1aB
2 1 3 Ha cioyyail AByMepHOI 00JacTH, MOCKOIBbKY TOCTATOYHO PACCMOTPETH 3a/1auy

(1)

e'Au— v = fu,v,x,€), 2Av —v; = g(u,v,x,¢), X D\, t >0,
ou ov (1)

one " onp bty = u'(x), v]p = v"(x),

¥ COOTBETCTBYIOIIYIO €i1 SJUTMNTHYECKYIO 3a1a4y (3).

fAu= f(u,v,x,¢), 2Av=g(u,v,x,¢), x € D\v;
ou ov 3)
—=a, — =0, xeTj
8np (‘3np
Kpussie v u I monaratorcst mpuHaanexamumu kinaccy C°.
AmnanornyHo rase 3 npasbie yacTH (1), (3) mpeTeprneBaroT pa3pbiB IEPBOTO POJIA,
HO YK€ Ha KpUBOU — IIPHU X € 7:

u,v,X,€), u€Il,vel, xeD),

FN
f(u,v,x,¢) = {f(+)(

u, v, X, €), UGIM,UEL,,XEE(—H;

g (u,v,x,¢), wel,vel, xe D),

g(u7U7X7 8) - (_,_) _(+)
g N u,v,x,¢), vwel,vel,xeD .

Inanxocts dyskmuit fF) (u, v, X, £) u g7 (u, v, X, €) cBA3aHa ¢ HOPSIKOM ACUMII-
TOTHYECKOTO MPHOIMKEHHUS, KOTOPOE TPEOYETCS IMOCTPOUTD. JIJIsl TIOCTPOCHHMS TIPH-

GIMIKEHMs N-TO TIOpAKa Heobxoaumo, utobrr f(F) € O (1, x I, x D) x 0, e0])

g™ € ORI, x I, x D) x [0, 20]).
Pemenue 3agaun (1) HOHUMAETCS B CMBICTIE CIIEAYIOLIETO ONPEAEIICHHS.
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Onpenenenne 4.1. [Napa ¢ynxunit (u.(X, 1), v-(X,t)) u3 kacca
C(DxR{)NCY (D xRY)nC>! ((D\v) x R")

Ha3bIBaeTCs peueHueM 3anadu (1), ecnu oHa yaoBieTBopsieT ypaBHeHUsM (1) npu
(x,t) € (D\7y) x R", a Takke rpaHUYHBIM 1 HAYaJbHBIM YCIOBHUSIM 3TOM 3a/1a4H.

Pemenune cranmonapHoit 3anaun (3) MOHUMAETCs CIASAYIOIHUM 00pa3oMm.

Onpenenenne 4.2. Tapa Gynxmmii (u.(X), v.(X)) u3 knacca C1(D) N C?*(D\7)
Ha3bIBAETCS pEILICHUEM 3a1auu (3), eciii oOHa YAOBIETBOPSET ypaBHEHUsIM (3) mpu
X € D\ ¥ TpaHUYHBIM YCIIOBHSIM.

Metononorusi, ucnonszyemasi B miaBe 4, a TakKe HAKJIAJIbIBAEMBbIC YCJIOBUS,
NPUHIIUIHAIEHO HE OTIIMYAIOTCS OT I71aB 2 U 3, OTHAKO MPH IOCTPOCHUN aCUMIITOTH-
YECKOTO MPHUOIMKEHHMSI JOMOIHUTEILHO UCTIONB30BaH MeTol Bumnka-JIrocTepHuka,
YTO MPUBOJUT K TOSBICHUIO BO BCEX BBIPAKEHUSIX MAapaMeTPOB, 33aJAIONIMX MO0~
’KCHHE Ha KPUBOH pa3pbiBa W/WIIM HA TPAHMIIE, TOTA KaK (hopMa CaMUX BBIPAKEHUI
TIOYTH TTOJTHOCTHIO COXPAHSETCSI.

Teopema 4.1. Ilycmo svinonnstomes Yenosusn 4.1—4.4 u 4.5 (nocieonee ons xkea-
sumornomonnocmeti NP u PN munos). Tocoa npu oocmamouno manvix € > 0 cywe-
cmayem pewenue (u.(X),v-(X)) 3aoauu (3) 6 cmvicne Onpedenenus 4.2, s komo-
pozo napa gynxyuii (U, (x,¢), V, (X, €)) aersemcs pasnomepnoim 6 D acumnmomu-
yeckum npuonudicernuem ¢ mounocmoio O (5”*1).

Teopema 4.2. [lycmo svinonnsromes Yenosusn 4.1—4.4 u 4.5 (nocieonee ons xkea-
sumornomonnocmeti NP u PN munos). Tocoa npu oocmamouno manvix € > 0 peuwe-
nue (us(Xx),v-(x)) 3adauu (3) JOKATLHO EOUHCMBEHHO HA  MHOICECBE
[Ui(x,),Ur(x,e)] x [Vi(x,¢), Vi(x,€) ] u, kak pewenue 3adauu (1), acumnmomu-
yecKu YCmouyugo c obnacmwio NPUMSANCEHUS He MeHbule
[ﬂ(‘“ 8)7 Ul(X7 5) ] X [E(Xv 6)7 VI(X7 5) ]

B koHIIe T71aBbI MPUBENEH MPUMED, PACCMATPUBACTCS 3a/ladya B SIUHUIHOM OT-
KkpbiToM aucke D ¢ nentpom B (0, 0), orpaHH4eHHOM OKPYKHOCTBIO [':

' Au—u = uu — a(x))(u—1) +uv, 2Av—v, =v—b(x)u, x€ D, t € R*;
ou ov

—(xp,t) = ——(xr,t) =0 ', t e RY; 158
onr (XF7 ) anF(XF7 ) , Xrel, 1€ ) ( )

u(x,0) = u’(x), v(x)=v"x), x€ D.

[1pu monoXxuTeNnbHBIX ¢ (X) 1 b(X) MpaBble 4YaCTH ITUX ypaBHEHHH oTBevyaoT PN Tu-
My KBa3UMOHOTOHHOCTH — B TakoM ciyuae 3ajaa4a (158) npeacrasmnsier co0oit Mmo-
nenb paszBuTHsa Meranonucos u3 pabot > c. 3.
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IlycTh y — DIUINIIC, 3aJaHHbIA ypaBHeHHeM 423 + 973 = 1, Torna
D) = {(21, 1) : 423 + 923 < 1} m D) = D\ﬁH); TIOJIOKUM

1, xeDO), ) 0.5, xe D),

alXx) .= . X) .= .
(x) 02, xeD": (x) 02, xeD".

Pucynox 2: Acumnrorudeckoe mpuOIMKeHHE HYJIEBOTOo mopsiaka pemeHus (158)
(HauanpHbIe naHHbBIC): () — U-KoMIOHeHTa, (b) — V' -KOMIIOHEHTA.
Crabunu3upoBaHHOE MpU OOJBIIIOM BPEMEHU YUCICHHOE PEIICHHE:

(c) — U-xommnonenTa, (d)— V' -kommoHeHTa.
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IIsitas riaBa nocesiieHa uccinenoBannio cucteMbl OY (5), mepBoe ypaBHe-
HUE KOTOPOW UMEET pa3pbIB IIPABOM YaCTH MO NEPBOM UCKOMOM IEPEMEHHOM, a Mpa-
Basl 4acTh BTOPOT'0 YpaBHEHUS IPEICTABISET COOOM ITIaJAKYIO 110 BCEM NEPEMEHHBIM

(YHKIHIO.
PaccmarpuBaeTcs oqHOMepHas 3a1a4a (5)

ey = f(u,v,2,€), amans. z € (—1,1),

52'09633 =g(u,v,z,¢), € (=1,1), (5)
u(F1) = o, W(F1) = bF),

[ycts 0 € Int(1,). O6o3naunm S;F := I, N {u >0}, S, :=I,N{u<0}.
®Oyukuuo f(u, v, z, ) B (5) cuuTaeM TaKOBOIA, YTO

fOu,v,2,6), weS;,vel, zec(—1,1),
flu,v,z,6) = @) v
f'Nu,v,x,e), weSHvel, e (-1,1)

Inanxocts ynkmuit £ (u, v, x,€) u g(u, v, T, €) cBA3aHA C HOPAIKOM ACUMIITO-
THYECKOTO IIPHOIMKEHHS, KOTOPOE TpeOyeTcs MocTpouTh. Jljist HocTpoeH s Npuou-
JKEHHs N-TO TOpsAAKa HeoOoxoaumo, utobsl f(F) € O +3)(SF x [ x [—1,1] x [0, &)
mge CH)(I, x I, x [—1,1] x [0, &)).

[Tomaraercst BBITIOIHEHUE MIECTH yCJIOBHM (5.1-5.6), MOUTH UACHTUYHBIX YCIIO-
BusAM u3 ', kK KoTOpBIM 106aBIEHO HOBOE YcitoBue 5.7.

Yenosue 5.7. s Beex (v, x) € I, x [—1, 1] cipaBeninBbl HEpaBEeHCTBA
FEN0,0,2,0) > 0> f)(0,0,2,0).

Paccmarpusaercs Toibko NN-citydail KBa3UMOHOTOHHOCTH IIPABbIX YaCTEN.

HasoBém Touky x*, B koTOpo# u(x*) = 0, Toukoi mepexona.

HccrenyeTcs cyiiecTBoBaHue perieHus (5), MMEIOIIEro enHCTBEHHOE TIepece-
YEHHE HYJIS U-KOMIIOHEHTOMU, MPUYEM, aHATIOTUYHO MPEABIIYIINUM JBYM TJIaBaM, 3TO
petienue (u.(x),v.(r)) UMeeT BHYTPCHHHI MEPEXOIHBIA CIIOH B OKPECTHOCTHU Te-
Mephb yKe 3apaHee HeU3BECTHON TOUKHU ™.

Omnpenenenue 5.1. [Tycts 2 — HekoTopas Touka u3 unrepsana (—1,1). Hazo-
BEM mapy GyHKmi (u.(x), v.(x)) Takux, 4To

u(z) € CH—1,1]NC*((—1,1)\z"), wv.(x) € C~1,1]NC*(~1,1),

petirerreM 3aaa4u (5), eciiu v (1) MOTOYEYHO YAOBIETBOPSIET BTOPOMY YPABHEHHIO
(5) ¥ TPAaHUYHBIM YCIIOBHSIM, & U, () YAOBICTBOPSIET TPAHUYHBIM YCIOBUSIM U TU]-
(bepenumansaomy ypasenuto c'u” = f(u.,v.,z,c) npuBeex x € (—1,1)\z*.

IToutn NICHTUYHO 1 CTPOHUTCA ACUMIITOTHUYCCKOC HpI/I6J'II/DKCHI/I€ PCUICHUA 3aaa-

gi (5), a Takke BepxHee U HIkHee perieHus. [Ipu moMomu MeTona MOHOTOHHBIX

20



I/ITepaI_II/Iﬁ C UCIIOJb30BAHUCM MCTOJA0B TCOPHUHU IMOTCHIHNAJIA NOKA3aHO CYIICCTBOBA-
HHUC INIaJKOI0 pCIICHUA.

Teopema 5.1. Ilycmo gvinonnsaromes Ycnosus 5.1-5.7. Toeoa npu 0ocmamouno
manvix € > 0 cywpecmeyem pewenue (us(x),v.(x)) 3a0auu (5), ons komopoeo napa
Gyuryuii (Uy(x,€),Vy(x,€)) nenaemes pasnomepuvim na ompesxe [—1, 1] acumn-
momuueckum npubaudiceruem ¢ mournocmoio O ("),

3ameuanme 5.2. /[na nr06020 pewenus 3adauu (5), 3axkm0uéHHO20 MexHcOy
(Un(z,€), Vi(,€)) u (Up(z,e), Vilz,€)), napa ¢ynxyuii (Uy(z,€), V,(z,€)) a6-
JIeMCsi PAGHOMEPHBIM ACUMNIMOMUYECKUM RPUOTUICEHUEM OOUHAKOBOU MOYHOCTIU.

3aKJII0UYCHHUEe

[IpoBenén noapoOHbIN aHaIU3 AJ1 OMHOMEpPHOM (2) u nBymMepHo# (1) mapaboiu-
YECKHUX 33/1a4 B OTHOIIEHUH TTIaJKUX PEIICHUH C TOTPAaHUYHBIMU CIIOSIMA U BHY TPEH-
HUM TIEPEXOJIHBIM CIIOEM, MOPOKIAEMbIM Pa3pbIBOM IIEPBOI0 POJia MPABBIX YaCTEH
(pEaKTUBHBIX YJIEHOB) IO IPOCTPAHCTBEHHOM IepeMeHHOU. CrienuaabHOro pa3Bep-
HYTOTO HUCCJICIOBAHUS 3THX 3a/a4 B MPOCTPAHCTBAX C PA3MEPHOCTHIO 3 U BBIIIEC HE
TpeOyeTcs 1Mo MpUINHE YHUBEPCATbHOCTH MeToAa Bumuka-JIrocTepanka — mocra-
TOYHO 0003HAUYUTh TEXHUYECKHUE OTIANYMS OT 2D citydasi v ykaszarhb IaJKoCTh IPaHU-
1161 00JIACTU U MHOTOOOpa3usl pa3phiBa.

B 3amade ¢ pa3ppiBOM 10 TIEpPBOIl M3 MCKOMBIX MEPEMEHHBIX (5) I0Ka3aHO Cy-
[IECTBOBAHUE IJIAJKOTO PEIICHUS, MEPECEKAIOIIETO €MHOXK bl YPOBEHb pa3pbiBa U
MMEIOLIEr0 BHYTPEHHUM NEPEXOIHBIN U MOTPAHUYHBIE CIIOU.

JlokazaHHbBIC B 000UX CIy4asix CyIIECTBOBAHUE U MIAJIKOCTh PEIICHHH, a TaKKe
KOPPEKTHOCTh ACUMITTOTUYECKOTO TPUOJIMIKEHUS MOTYT CITY>KUTh XOPOITUM MOCIIO-
pbeM i pa3pabOTKH YUCICHHBIX METOJOB PEIICHUS UCCIIEIOBAHHbBIX 3a/1a4, KOTO-
pBhIE SIBJISIOTCS )KECTKUMU.

Jns1 3a1a4m ¢ M3BECTHOM JIOKAIM3AalUEN pa3pbiBa BO3MOXKEH CUET HA YCTAaHOBIIE-
HUE, MTOCKOJIbKY JIOKa3aHbl JOKaJbHAs €IMHCTBEHHOCTh U aCUMIITOTUYECKAs yYCTOM-
YUBOCTh PEIICHUS.

[lepcrieKTUBHBIM HAMpPABJICHUEM, TJI€ MOTYT ObITh PUMEHEHBI PE3YJIbTaThl IUC-
CepTaIMOHHON PabOTHI, ABIISICTCS HCCIICIOBAHNE N3YUCHHBIX 3a/1a4 B KOHTEKCTE CTa-
IIMOHUPOBAHMS OETyIKX (POHTOB, YTO B HACTOSIIEE BPEMS HAXOIUT OOIITUPHOE MPHU-
MEHEHHE B OMOPHU3UKE 1 IPYTUX TUCIUILUIMHAX, UCTIONB3YIOIINX HETMHEHHBIC MOJIe-
JM pacrpoCTpaHEHHUs BOJIH, — OHO UMEET CBOM, MHBIE 0COOCHHOCTH, O0YCIIOBJICH-
HBIE pa3pbIBaMM IIPaBbIX YaCTEH.
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biaarogapHocTu

ABTOp MccepTaly BbIpakaeT OrpOMHYIO O1aroJapHOCTh O€3BPEMEHHO TTOYHB-
[IEMY Hay4YHOMY PYKOBOAMUTEINIO, BHECIIEMY HEOLICHUMBIN BKJIaJ B CTAHOBIICHHUE aB-
TOpa KaK y4€HOTro, JOKTOpY (hHU3UKO-MAaTeMaTHYECKUX HayK, npodeccopy Hukomnaro
Huxonaesnuy HedénoBy 3a Hempekpamarouyocs noaaepKKy, IOCTaHOBKY 3a/1ad,
o0Cy>KJIeHUE pe3yJIbTaTOB PabOThl M TOMOIIb B CTPYKTYPUPOBAHUU JUCCEPTALIUH.

ABTOp Tak)Xe BbIpakaeT 0JIaroJapHOCTh HAyYHOMY PYKOBOAMTEINIO KaHAUAATY
($u3nKo-MaTeMaTHUeCKuX Hayk, aoueHTy JleBamosoit Haranuu TumypoBHe 3a 00-
CY)KJEHUE PE3YJIBTATOB, MOAJEPKKY U OPraHU3aLMOHHBIE COBETBHI.

OtaenbHO aBTOp OnMarofgapuT Kadeapy MareMaThkd (U3UYECKOTO (aKyabTeTa
MI'Y umenu M.B. JloMoHOCOBa 3a MOJIy4eHHbIE 3HAHUSI U BBICOKOKJIACCHOE 00Opa-
30BaHUE.

22



IyOomkanuu aBTopa 1no reMe AMccepTanuu

Cmamou 8 peyeH3upyemvix Hay4HblX U30AHUSX, PEKOMEHOO0BAHHBIX OJis 3auUMbl 8
ouccepmayuorntom coseme MI'Y.011.8 no cneyuanvnocmu
1.1.2. Jugpghepenyuanvrovie ypasuenus u mamemamuieckas huzuka

1. Tuwenko b. B. CyniecTBoBaHUE, JIOKAJIbHAS €IMHCTBEHHOCTh U ACUMIITOTUYECKAs
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