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KHUPHUII (TOKTOPJIHK THCCEPTAIUSICH AHHOTAIIASICH)

JAuccepranmss MaB3yCMHMHI J0J3apOiauru Ba 3apypusatu. KaxoH
Mukécua oaub OopunaétraH Kymiad WIMUNM-amManuil TaAKUKOTIAp AaKCapusT
XoJulapjia THAPOJAMHAMHMKA Ba (PuubTpiam kapa€HiIapyu MOJACIUIAPUHM TaJKUK
KWIKII KaOW Macananapra KedaTupuiaau. [uaponuHaMUKaHUHT (QyHJIaMeHTal
KOHYHUSITJIAPUHA MaTeMaTUK (PU3MKAHUHT KJIACCUK Ba HOKJIACCHK TEHIJIamalapu
yUyH KYWMITaH TYFpU Ba TECKApW MacallaJJapHUHT e4uMIiapu EpAamMuaa TOMHII
MyXHM axaMusTra sra. Uu3ukim Ba HOUM3UKIN AuddepeHian TeHriamManap yayH
TeCKapu Ba HOJIOKAJl YerapaBUid MacajajlapHd €4MIll  aCTPOHOMMS, KBaHT
Ha3apusCH, reoPpU3nKa, UCCUKINK YTKA3UII, MATEMAaTUK OHUOJIOTHUS Ba OOIIKApHII
HazapusacH OWIaH OOFJIMK MyaMMOJApHU Xall 3TUIIIA MyXUM Basudanapiad oupu
O0ynnub KoIMOK/IA.

XO03Upru KyHAa JKaxOHJAa MHTErpajyii Iiaptiap OwujaH Oepuirad
mudepeHnran Ba uHTErpo-auQdepeHuan TeHraMalapHy TaAKUK 3TULIT MyXUM
axamMHusAT KacO STMOKIA. bepwiran napaMeTrpiapHUHT KUHMaTiapuIaH Kenuo
YUKKaH XOJIJa €YUMJIApHM KypHIl, OWUp >KUHCIM Ba OWp JKUHCIM OYyiMmaraH
TEHIJIaMaJIADHUHT €YMMIIAPUHH OILIKOp KYpUHUIUIApAa TOIMWII, TEHIJIaManap
KBa3WUM3UKIN €KW HOUM3HMKIM OYIraH Xoiiapjaa 3ca yJlapHH 3KBUBAJICHT Tap3la
HOYM3UKJIM HHTErpajl TEHIJIaMara KEJITHPHUILI Ba TYpJIU HUTEPALUOH CXEMAJIApHU
KyJUIalll; amMaJuii MaTeMaTuKaaa KYJUlaHWJIa€TraH MaTeMaTUK MOJEJUIapHUHT
Ha3apHil acoCIapyHM ApaTHUIL MAKCaUIH WIMHH TaIKUKOTIapAaH XUCOOIaHa M.

Mamnakatumusaa y3rapyBuniap/ian oOutrracu Oyinya UKKUHYU €KU YIUHYH
TapTUOJIM XyCyCHUH XOCWJIajii Ba Oomika y3rapyBumiap Oyitmua xy(dt TapTuOIn
XyCyCU XOCWJIAJIApHU Y3 MUMra OJraH TeHrJaMajapHHU TaJKWK JITHILNra aJoXuia
bTUOOp KydalTupuwiau. UyHku OyHAall Macanajap TaAKUKOTUMJAH aloxXuja
E¢HAOIIYBHM Ba SHrMYa MyJioXasajgap IOpUTUIIHM Tanad »sTtagu. byHpaii
TEHIVIAMAJIApHU CTaHAApT ycyJuap OujaH TaAKWK OJTHUINAA HadakaT TEXHHK
XapakTepJard KUUMHYWIMKIApra ayd KenauHaau. JKymiianaH, oXUpru Wusuiapaa
napamMeTp HMHTErpajuid Imaptiap Owian Oepwiran auddepeHiran Ba HHTETPO-
muddepeHnnan  TEHTJIaMaJlapHUHT  CTPYKTypacuJa  MINTHPOK  ITraHna,
MapaMeTPHUHT TYypJiu KUWMaTiapura MOC KelraH e4YuMIIapHU Kypuil, Oy
CUMMIIADHUHT MaBXyJa €KH MaBXyJ OMACIWTUHU, STOHAa Oynumu EKu
OYAMacIUrMHM TEKIIUMpHUII Oopacuaa CajJMOKJIM HaTWXKajapra SpUILUIIH.
«Iuddepennman TeHrnmamamap Ba MaTeMaTUK (U3HMKA, JUHAMHK CHCTEMalap
Ha3apusaCH Ba ONTHUMaN OOIIKApui» GaHJIAPUHUHT YCTUBOP HYHAIUIIApUIA
XaJKapo CTaHAapTiap Japa)xacuaa WIMHN TaIKUKOTIap ojJub Oopuill MaTeMaThKa
(anuHuHr acocuil Basupamapu Ba (HAONMAT WyHamMOuIapu >THO Oenrumanan’.
KapopHUHI WXpOCMHM TabMUHIAIILA WIMHA HaTWXalaplaH WiIM-(haHHUHT
Typaol coxaitapuaa GouganaHuill MakKcaauaa auHuraH sapoian DOpearoasm
muddepenunan Ba UHTErpo-gud@PepeHnran TEeHIVIaMallapd y4uyH KyHWiIran

1 Vsgekncron PecnyGmukacu Basupnap Maxkamacunmar 2017 dimn 18 wmaiinaru  «Y36exucTon

Pecniyonukacu dannap akaJIeMUSICHHUHT SHTHJAH TAIIKWI STHIraH WIMHI-TaIKUKOT Myaccacanapu (HaoausiTUHU
TaIIKWJI 3TUIT Yopa-TaI0upiaapu TYFprcUIanTu 292-coH KapopH.



HOJIOKAJI TYFpU Ba TE€CKapu MacallaJJapHUHT OUp KUWMATIU €YMJIMIIMHU TaIKUK
JTUII Ba €UMMJIIAPHU KOHCTPYKTHUB KypHUIL MyXHUM axaMUsTra 3ra.

V36exucton Pecry6nmkacu Ipesunentunuar 2017 inn 7 dpepanmary  11D-
4947-con  «V36eknucToH Pecny6IMKAacHHH sfHAja PUBOXKIAHTHPUII Oyiiuua
xapakamiap crparerusicn tyrpucuga»tu ®apmonu, 2019 uun 9 uronparm IIK-
4387-con «MaremaTtuka TabIMMH Ba (aHIAPUHMU SHAJA PUBOMXJIAHTUPHUILIHU
JaBIAT TOMOHHAAH KyJUIaO-KyBBAaT/all, IIyHUHTEK, Y30eKHCToH PecryGmukacy
®annap AkagemusiciHuHT B.. PomaHoBCckuil HoMuaaru MateMaTtuka HHCTUTYTH
daonmusaTHHE TYyOJaH TaKOMWUIAIITHUPUII YOpa-TaaAOupiiapu TYFPUCHAA»TH Ba
2020 iun 7 marinaru T1K-4708-con «MaTtemMaTuka coxacujiard TabJiuM cu(aTHHU
OLIMPHUII Ba  WIMHH-TAAKUKOTIAPHA  PUBOXIAHTUPUII  4YOpa-Ta0upliapu
TYFpUCHIIA»TU  KapopJapu Xxamaa Ma3Kyp (GaojausTra Teruiuuiy 0omka HopMaTHB—
XYKYKUH XyxXoKaTiapja OelruiaHraH BaszudaliapHu amalra OLIupHIaa yiioy
JAUCCEepTalns TAAKUKOTH MyaisiH Japaxaja Xu3MaT KUjIaau.

TagKuKOTHUHI pecny0uka (aH Ba TEXHOJIOTHSVIAPDH PUBOKIAHMILIU-
HHMHI YCTYBOpP HMyHaJIUILIApura OOFJIMKJIUIU. Maskyp TagkKUKOT pecryOiuka
daH Ba TexHojorusuiap puBoxIaHUIIMHUHT V. «MaTtemaTuka, MeXaHUKa Ba
uH(pOpMaTHKa» YCTYBOP MYHAIUIIN JOMpacHia OaxapuiraH.

Jluccepranus MaB3ycu 0ViiM4ya XOpMKHI MIMHI TAAKHKOT/IAP MIAPXHZ,

Onouit Ba xycycuit xocwianu auddepeHipan Ba UHTErpo-auddepeHman
TEHIVIAMAJIap YYyH KYHWITaH HOJIOKAJ TYFpPU Ba TECKapu 4YerapaBui Macajajiap
Oyiinya NyHEHUHI €TaKud WJIMHUI MapKasjapyd Ba OJIMM TabJIUM Myaccacalapi,
xymiaagad, University of New Haven (AKIL), Ghent University (benbrus),
University of Tokyo (SInonus), M.B. JlomonocoB HOomMiM MockBa jJaBiiaT
yHUBepcUTeTH, MockBa (U3MKa-TEXHUKA WHCTUTYTH (MIJUIMH — TaaKUKOT
yHUBEpcUTETH), MOCKBa HMHXEHEp-(PHU3MKA WHCTUTYTH (MHUIMHA TaIKUKOT SIPO
YHHBEpPCUTETH), MoOCKBa  OJHEpreTMKa HMHCTUTYTH  (MWUIMH  TagKUKOT
yauBepcutetd), H.D. bayman HoMim MockBa JaBiaT TEXHUKa YHHBEPCHTETH,
Poccuss Xankimap mayctivru yHUBEpPCUTETH, benropoa naBinaT MHIUIMM TaJKUKOT
YHUBEPCUTETH, bBOMIKUPAMCTOH AaBiar YHUBEPCUTETH, BOpOHEX) maBiar
YHUBEPCUTETH, bemopych naBnar yHuBepcutetn, Camapa AaBiaT yHUBEPCHUTETH,
VYpan denepan ynusepcutetu, Kabapaun-bankop naenar ynuBepcutetu, KozoH
(Boara oyiin) ¢enepan yuuBepcuteTH, HOBOCHMOMPCK daBiaT YHUBEPCHTETH,
WpkyTtck naBnat yuuBepcuteTd, Kanyowit denepan yuuBepcutetd, Camapa
JlaBjaT TEXHUKA yHuUBepcuteTd, KueB wmwumi yHuBepcuteTd, KO30FHCTOH
Mummuit - yauBepcuret, Institute of Mathematics of Chinese Academy of
Sciences, Poccus @A B.A. CrekinoB Homiin MaremaTtnka HHCTUTYTH, Poccus DA
Cubupp OYynuMuHUHT Marematuka HHCTUTYTH, YkpanHa M®PA MaremaTnka
unctutytd, Kozoructon M®A Marematuka Ba MaTeMaTHK MOJEIUIAIITHPHIIL
WHCTUTYTH Ba OOILIKAa XOPWXKUN WIMHMIA Myaccacaiapja KEHI KaMpOBIIM WIMHMA
TaJIKUKOTJIap 0JIM0 OOpUIIMOKIA.

2 Jluccepranmus MaB3ycH OyiMda XOpIKHH HIMHH-TaAKMKOTIAp mapxu: WWWw.inderscience.com.jhome;
www.springer.com.journal; www.link.springer.com/journal/10625 Ba 6oruka myHra yxmam ManOanap acocuua
HI1a0 YUKUITaH.
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Opmuit  uHTEerpo-nud@epeHnran  TEHIVIaMallapHu  TaAKUK dtuamra A,
Lorenzi, A.l. Prilepko, H. Oka, N.1. benos, M.B. Bynatos, M.M. Baiia6epr, B.B.
Bacunwses, M.1. Umananues, C. Uckannapos, H.J[. Konauesckuii, H.A. Cunopos,
B.I'. Tpyoun, M.B. ®anamaeB, I''A. IllumkuH Ba OOLIKAJAPHUHT HILIAPU
oarnnutanrad. A.M. Camoiinenko, A.A. boiiuyk, C.A. Kpusomes, A.Il. Ctpax Ba
N.C. IhxymabaeBHUHT MIUIapuAa OMPUHYM TapTUOIM alfHUTaH SIPOJIH UHTETPO-
muddepeHran TeHrIamManap Taakuk Tuiarad. A.A. Camapckuit 6upunyn 6o
HOJIOKAJI YerapaBuil MacajajJapHi TAAKUK STUIIHU Oomiad Oep/iy Ba KEHUHYAIUK
J.I'. Topnesuann, I'.A. ABamumBuin, A.JI. CkybaueBckuii, A.U. Koxanos, S.T.
MerpanueB, A.M. Haxymes, JI.C. Ilynpkuna, K.b. CabutoB, A.T. AcanoBa
TOMOHMJIaH CaJIMOKJIM WJIMHMI HaTHWXKajap OJIMH]IU.

O.A. Jlappixenckasi, B.A. CononnukoB, H.H. Ypansuena, B.A. Unbun, B.I1.
Muxatino, E.M1. Moucee, B.A. Uepusarun, L.D. Akulenko, S.V. Nesterov Ba
OOLIKAJTApHUHT HIUIApUAa NapaOolMK Ba THUNEPOOIMK TEHIVIaMallap Y4yH XOC
KHiIMaTiiapra JOUp Macajiajap YpraHwigud Ba OyHJail TEHIVIAMaJlapHU €4MINIa
@ypbe KaTopiapu YCYJWHUHT KYJUIAaHWUIUIIM acociad Oepunan. Houmsuxnm
napaboiauK Ba TUNepOOIMK TEHrjamaigap Ba yJapHUHI yMymitammanapu A.H.
boromo6oB, M./[. Maneix, A.1. Barabos, B.C. Bimagumupon, M.O. Kopmycos,
C.H. Kpyxxkos, H.A. Kyapsmos, M.b. Cyxapes, 3. Mutuauepu, C.U. [loxoxaes,
O.A. Onennuxk Ba .M. YanaupoB TomMoHuaaH Taakuk >tuinaud. A.H. TuxoHos,
B.A. Apcenun, M.M. JlaBpenbes, JI.A. CaBennes, B.I'. Pomanos, A.W. ITpunernko,
H.C. Txauenko, A.JI. byxreiim, H.M. Kamunwmna, A.M. Jenucon, C.H.
KaGaHnuxuHiaapHUHT UIUIApUAa 3Ca TECKapu MacalajlapHU €duin OVinda MyXum
TaJKUKOTIIAP OO OOpUIIIH.

MyaMMOHMHI YPraHWwIraHjauk aapaxacu. B.A. MIbHMHHUHT HIUIapuIaH
KeWMHMH mapaboiMK Ba TUMEPOOJNMK TUMAArd 4u3ukiIu  auddepennman
TEHIJIAMAJIApHU YpraHuilra OarvluiaHraH Kymiad WM uuuiap naigo Oynau.
Xycycan, K. Boiiky3ueB Oy3wiagurad runepOoJMK Ba MapaOoiMK TEHriamanap
YUyH acoCui apajaml macajainapHu ypranau. B.A. UepHatun Y3 unuiapuna
runepOoiMK Ba mapabOWK TUMAArd Oup >KUHCIU Oynmaran auddepeHuman
TEHIJIamMajgap Yy4yH KyWWITaH 4derapaBui MacajajnapHu eunmga Dypse
KATOPJIAPUHUHT KYJaHWIUIIMHN acocnad Oepau. FO.A. JlyOuHckuil uxtuépuit
TapTUOJIM KBA3UYM3UKJIM DJIUIMOTHK Ba MapaboJIMK TeHMWIamanap Oyiinua
tagkukoraap o6 Oopau. H.M. VOHKMH WMCCHKIMK YTKAa3WIl Ha3apusICcHaa
HOKJIACCHK YerapaBHil IIapT/IM MacalaHu YPraHIu.

['"'M. YanaupoBHHUHT HWNUIApWIA HOYM3UKINW TUNEPOOIMK Ba MapabOoHK
TEHIJIaMajap y4YyH KyWWiIraH apajnam macaianu euniura @ypwse Karopiapu
yCYJIWHUHT Kysmanwmuimm acocinad Oepunau. K. X. IlaGaamkoB 3ca apanamr
XOCHWJIaJIapu OJ/IWJla KUYMK TapameTp KaTHAIlaJuraH T[ICeBIOTHIEPOOIMK Ba
nceBaonapadovK TypAard HOYM3UKIM AuddepeHnuan TeHraManap y4uyH
apanam mMacananu Oypbe KaTopiaapH yCcynuia TaaKUK dT/IH.

Xo3upru KyHjaa Oy3wiaaurad, apajiail, CHHIYJISp Ba  HOKJIACCHUK
TEHIVIAMAIIAPHUHT TYPJAM KYpPUHMILIAPU YYyH TYFpU Ba TECKapu MacajajlapHu
euuin Hazapusinapu I.A. Anmumos, FO.I1. Anakos, P.P. Amypos, A.C. bepauiies,
C.K. XKamonos, T.)K. XKypaes, b.1. Ucnomos, O.C. 3ukupos, 3.T. Kapumos, b.B.
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JlorunoB, M. MamaxonoB, M. Mupcadypor, M.X. Py3ueB, M.C. CanoXuaauHoOB,
A. Conyes, XK.O. Toxupos, P.H. Typaes, A. Xacanos, C. Ymapos, I1. ®enr, A.K.
Ypunos, 5. K. Konupkynos Ba GOIIKaIapHUHT HILIAPHIA SPATHITaH.

JAuccepranus TAAKMKOTUHUHT JUCCePTANNS 0aKapUJITraH OJIMi TAbJIUM
MyacCaCAaCHHMHI WIMHI-TAAKUKOT UILIAPU pexxajapu OMJIaH OOFIMKJIUIH.
JluccepTars TAAKUKOTH Y30eKHCTOH MMIUIMH — YHHBEPCHTETH KOLIMIArU
V36ekncron-Mcporn KymmMa (aKyIbTeTH WIMHI-TAIKHKOT HILIAPH PeXacu
Jnoupacujia bakapuira.

TagkuKoTHUHT Makcaau AuddepeHman TeHraaManap Ba alHUTaH siipou
O®penronbM uHTErpo-AuddepeHan TeHIIaMallapd YYyH KYWHIraH HOJOKal
TYFpU Ba TeCKapu MacajlaJapHUHT OUp KUHUMATIM €4Ydll Ba EYUMIIApHU
KOHCTPYKTHUB KypHIIJIaH n0opar.

TaakukoTHUHT Bazudagapu Kyiugarmiapaad noopar:

TYPTUHYM TapTUONM XYCYCHMH XOocCWiald Oup >KUHCIM AuddepeHuan
TEHrJaMajiap Y4yyH KYWWJITaH HOJIOKaJ 4erapaBuil MacajlaJlapHU TMapaMETPHUHT
peryJiap KuimaTtiapuaa Oup KUAMaTiyd €YUIITHUHT €Tapiiu apTiIapyuHu TOIMII Ba
MapaMeTPHUHT HOPETYJIAp KUHMaTiIapuaa 3ca e4uMIIap MaB XKy IJTIMTUHUHT 3apypuit
HIapTIApUHK aHUKJIAI;

YYUHYHU Ba TYPTUHYM TapTUOIM Xamja allHUTaH SIAPOIN XyCYCUN XOCHUIIaln
uHTerpo-nuddepeHai  TEHrlamaaap Y4YyH HOJOKal TYFpU Ba TeCKapu
Macajanap Oup KUMMaTIi CUWIMIIUHUHAT €Tapiiv MapTIapUHA TOMUII, CYHUMHUHT
KaiiTa aHukiIam (GyHKIUACH Ba YerapaBHWil IIapTiapra HUcOaTaH TYpPFYHJIUTUHU
UCcOOTIAIT XaM/la TapaMEeTPHUHT HOPETYJISIp KUiMaTIapua derapaBuil Macaiaiap
CUMMIIAPUHUHT MaBXKYIJTUTH €KW MaBXKYl SMACITUTUHA UCOOTIIAIT;

UXTUEPUN Japakalid MapaboJuK OINEepaTOpHU Y3 MUWra OJIraH HOUMU3ZHKIIU
uHTerpo-nuddepeHIman TeHriaManap yuyH apajiail Macajiajgap yMyMJyalirad Oup
KUUMATIN UUIUIITMHUHT €TapJiM MApTIAAPUHU TOTHUIII;

UKKUHYM ~ TapTuOmu  DpearoabM  onauid  uHTErpo-auddepennnan
TEHrJaMajiap Y4yH MNapaMeTpPHUHT peryyisip KuiMatiapuja HOJOKaJl TYFpuU Ba
TeCKapu Macajiajiap Oup KUWMATIM CUWIMIIUHUHT €Tapyiv IIapTJIApUHU TOTIMIIL,
CUMMHUHI KahTa aHukjIam (QYHKIUSCH Ba dYerapaBuil mapmiap OVyiinua
TYPFYHJIUTUHUA UCOOTIAIl XamjJa CIHIEKTpald NapaMeTpJapHUHT HOPETYJIsIp
KUiMaTiapya 4derapaBuii macajajap €YMMIIAPUHUHT MaBXYJIUTH €KU MaBXKY/l
OMACIUTUHA UCOOTIIAII.

TagKMKOTHUHI 00beKTH. AWHUTAH SAPOJIM Ba XAKUKUM TapameTpiu
UKKUHYN TapTuoau @dpearonsm uHTErpo-mudPepeHnmnan TeHriamManapyu Xamja
XaKUKUH TMapaMeTpiiapHu ¥3 WUHUTa OJiraH XyCcycui xocwianu nuddepeHmnuran Ba
uHTerpo-nuddepeHIman TeHriamManap.

TagkukoTHUuHr mnpeameru. Dypbe Karopaapw, XyCyCUH XOCHWJIAIIN
nuddepennran Ba uHTErpo-auddepeHian TeHriiamManap Ha3apuscH, alHUuiIuran
sanponu Openrosibm uHTErpo-auddepeHiuan TeHriaManap Ha3apuscu.

TagkukoTHUHT ycyuaapu. Jlucceprauusiga QyHKUMsIap Ha3apuUsCH,
GbyHKUIMOHAT aHaIWU3 Hazapusicu, oaaui auddepeHnuman TeHraaMmaiap Ha3apuscH,
WHTErpajl TEHTJIaMaap Ba TEHICU3IUKIIAp Hazapusilapyu XxaMJa MaTeMaTuK pu3nKa

HA3apUACH yCyJUIapy KYJUTaHWITaH.
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TagKMKOTHUHT WIMMIA SIHTWJINTH KyHugaruiapaad uoopar:

MapaMEeTPHUHI pPEryysip KhWMarTiapuaa TYPTHHYMA TapTHOIM XyCYCH
xocunand Ooup kuHCIu auddepeHnman TEHrIamManzap YYyH KYWWIraH HOJOKall
yerapaBuil Macajanap eUMMUHUHT MaBXXyAJUTH Ba TOHAJIMTY UCOOTIIaHTaH;

MapaMEeTPHUHI PEryjsp KuWMariapuja y4YMHYA Ba TYPTUHYM TapTUOJIA
apajlall  TypJaru XamJla adHWraH sJIpojid XyCYCH XOCWJIAJd HHTErpo-
muddepeHnan TEHIJIaMajgap Y4YyH HOJOKal TYFpU Ba TecKapu Macaajiap
CUMMHUHUHT MaBXYyJIMTH Ba STOHAJIWTH HUCOOTJIAHTaH XamJla €YUMMHHUHI KaiTa
aHUKJa (PYHKIUSACH Ba YerapaBuil mapmiap Oyinya TypryHIUTH UCOOTIaHTaH;

UXTUEPUN Japakalld MapabOJMK OMEpPaTOPHU Y3 MUMra OJIraH HOYM3UKIIU
uHTerpo-nuddepeHIman TeHIlaManap ydyH apajail Macajajlap yMyMilalliraH
€UMMUHUHT MaBXYAJIUTH Ba ATOHAJIUTY NCOOTIIAHTaH;

UKKMHYM ~ Taptubium  onmuit  ®pearonsM  mHTErpo-nuddepeHnman
TEHIJIAMaJIapu YUyH MapaMeTPIapHUHT PEryJisip KMiiMaTiapua HOJOKal TYFpHU Ba
TEeCKapyu Macajajap €YMMJIAPUHUHT MAaBXKyMJUTH Ba STOHAJIUTH HMCOOTJIAHTaH,
CUMMHHUHI KalTa aHuKiIam (YyHKUMSICH Ba 4YerapaBWil IIapTiiapra HucOaTaH
TypFyHJIUTM MCOOTJIAHTaH Xamja CIEKTpaJl NapaMeTpiIapHUHT HOPETYJIAp
KUiiMaTiapua 3ca 4yerapaBuii Macajagap eUMMIapUHUHT OMp KUUMATIA SMACIIUTH
€KM e4uM MaBxKyJ OYJIMAcIIUTy UCOOTIaHTaH.

TaagKMKOTHUHI amMaJuid HaTHKacu JudQepeHnranl TEHIIaMaliap Ba
allHUraH SAposd uHTErpo-nuddepeHnran TeHrIaMaJlapHUHT Oup KUMMAaTiIu
CUMMIIAPUHU KYypHIIJIa XAaKUKUN TmapameTpiu (QyHKIMsUIapHUHT Ba Dpearoyibm
JETEPMUHAHTUHHUHT XOccajlapujaH (oiJallaHul yCyJau Takiu( STUITAHIIUTU Ba
napameTpJIapHUHT HOPEryJsip KuiMatiapujga sca Oup Kuiimatiu OyiMaraH
eUMMJIApPHU KypHILJJa OPTOTOHAJUIMK XyCYCHUATHHU XHCOOTa OJIyBUM YCIyO Takiaud
STWITaHJIUTHIaH nOopar.

TaagKMKOT HATHKAJAPUMHMHI WINOHWIWJIMIHM MacajlaJapHUHT KOPPEKT
KYWWJITAHJIUTH, KaTbUM MAaTeMaTUK YCYJUIAPHUHT KYJUJIAaHWJITAHJIWTH, MAaTEMaTUK
UCOOTIAPHUHT TYJa OaKapWJIraHJIMIY Ba rpaduK TacBUpiap OWIaH acoCIaHaaH.

TagKMKOT HATWKAJTAPUHUHI WIMHHA Ba aMajJMid axXaMHUSATH WA
OJIMHTaH HaTWXajlapAaH IOKOpU TapTuOauM auddepeHuuan Ba HHTErPO-
muddepeHnran TeHriaManapHUHT cudaT Hazapuscuaa (HoiganaHuil MyMKUHIUTHA
OMJIaH U30XJIaHAIH.

TagKMKOT HaTWKAJAPUHUHT aMaluil axaMUsSITH yJIapHH aBTOMATHUK
OomkapyB, HOYM3UKIM MEXaHMKa Ba MaTeMaTUK (PU3UKAHUHT  aMajuii
MacajaJapyuHy €4HIia TATOMK dTUII MyMKUHJIUTY OWJIaH OeNruIaHaIn.

TagKuKOT HATHXKAJAPUMHMHI JKopuii KuiaumHumu. Jluddepennuan Ba
uHTErpo-auddepeHIman TeHrIaManap yayH TYFpHU Ba TECKapu Macananap Oyinda
OJIMHTaH HAaTHKaJIap acoCuia:

allHUTaH sOpoiM Xycycud xocunanu benHu-JIrok Typuparu HMHTErpo-
muddepeHnan TeHramManap y4YyH 4erapaBui MacallaJlapHH €4MII YCYJIHMJaH
XOPIKHUHT eTakuu wimuil xypHamiapuaa (Lobachevskii J. of Math.: 2020, Vol.
41, P. 1031-1042; 2021, Vol. 42, P. 526-535, P. 587-597, 632-640, 479-4809;
Russian Math.: 2020, Vol. 64, P. 1-11; International J. of Math. and Phys., 2020,
Vol. 11, Ne 1, P. 28-35) xycycuii xocwiaau 4W3UKJIM, FOKJIAHTAaH Ba HOUYM3HUKIIU
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TEHIJIaMallap y4yH lemepcTreqT Macainacu, MKKM Ba KYN HYKTalIM 4YerapaBuid
MacajaJapHUHT CEUYUMHHHM Tomuiaa (Qoigananwirad. Wnmuii  HaTwKaHWHT
KYJUIAHUIIM XYCYCHMH XOCWJIAJM YHM3UKJIM Ba IOKJIAHTaH TEHIJaManap y4yH
['ennepcrent Macanacu, MKKM Ba KYIl HyKTajJu 4YerapaBuil MacajaJlapHUHI €4UMHU
MaB:)KyIJIMTUHU UCOOTIAlll UMKOHUHU OepraH;

MCceBIONapabOINK-TICEBIOTUIIEPOOSIUK ~ TypJard HWHTErpo-auddepeHiman
TEHIJIaMaJIap yY4yH HOJIOKAJ YerapaBuil MacajanapJa €4MMHHU KypHII yCYyJIMJIaH
erakun uiamuil sxkypHamiapuga (Lobachevskii J. of Math.: 2021, Vol. 41, P. 560-
571, P. 572-578, P. 632-640; Axioms 2020, Vol. 9, Ne 4(135); Chaos, Solitons &
Fractals, 2021, Vol. 146, ID 110835) apamam Ttypaaru auddepeHnnal
TEHIUIaMaJlap Ba alHuraH auddepeHuan TeHrjamazap y4yH Typld Xl
yerapaBuii  MacajaJlapHUHT  OuMp  KUUMATIM  €YUMJIAPUHUA  KypHIIJa
doitnananunrad.  WMamMult  HaTWKaHMHT  KYJUIAHWIIM — apajaml  TypJard
muddepeHnran TeHriaamanap, yuyTa CHHIYJSp KOI(P(ULIHUEHTIN SIUTUITHK
TEHIJIamMayiap, aHuran guddepeHunan TeHrgamaigap y4yH 4YerapaBui
MacallaJlapHUHT Oup KUHUMATIM EUUMJIAPUHUHT MAaBXYJIMTUHU  MCOOTIIAII
MMKOHUHHU O€epras;

XyCYCHM XOCHJIalId allHUTaH SAPOJU UHTErpo-AudpepeHIuan TeHriamanap
Y4yH HOJIOKQJI 4YerapaBuil MacamamapHuHr euum ycymuaan NeAP05131220
pakamin «lOxopu TapTHOMM Xycycuil xocunanu auddepeHuran TeHriamMaiap
yuyH OOlUIaHFUY-uyerapaBuil MacallalapHH €YUl YyCyJ/Ulapu Ba YJApHUHT
TaOUKIIApW» MaB3yCUJAry XOPUKUN TPaHT JOUMXACUA YUK U] epeHiman
TEHIJIaMaJiap, alHWTaH HOYM3UKIW nuddepeHian TeHraaMaiap yudyH HOJIOKal
yerapaBuil MacaJlalapHUHT OUp KUMUMATIIM eYMMIIapUHU KypuIaa GoiiaaaHuirad
(Kozoructon PecrnyOnmukacu TabiiM Ba (paH Ba3UPJIMIH Kapaluld MaTeMaTHKa Ba
MaTeMaTUK MOJEIATHPUI HMHCTUTYTHHUHT 2021 #un 25 wmabimaru Ne 0O1-
06/082-connu mabiaymoTHOMacH, Ko3oructoH). MnMuii HATHKAHUHT KYJUTAHUTIINA
TYPTUHYU TApTUOIM XYCYCHM XOCHJIAJM YMU3UKJIM Ba HOUM3HMKIM IU(epeHiman
TEHIJIaMaJIap y4yH OOIIaHFUY-4YerapaBuil Ba HOJIOKaJ 4YerapaBuil Macajajap
CUMMUHUHT MaBXYJINTU Ba SATOHAJIUTH XAaKWJAard TEeOpeMaHh HCcOOTIall
UMKOHHUHH O€praH;

TapkuOuga napameTpu OYJAraH XyCyCHil XOCHJIAIM YM3UKJIM Ba HOYM3HKIH
muddepeHnran TeHraaMajgap Y4YyH HOJIOKAJl 4YerapaBuil MacajaJlapHUHT Oup
KuiiMaTiin eduMuHM Kypuil ycyiunaH NeAPO05S131268 pakamium  «Xycycuid
XOCHJIau HoJoKa auddepeHiman TeHriaManap yayH YerapaBuil Ba OOIUIaHFUY-
yerapaBuyd MacajajapHd €YHWID» MaB3yCUJard XOpPW)KMW TpPaHT JIoMUXacuaa
YU3HUKJIM Ba HOYM3WKJIM MapaloJIuK Ba rumnepoonuk nuddepeHmnuan TeHriamanap
y4yH OOIUIaHFUY-YeTapaBuii MacajaJapHUHT €YUMHUHH Kypulliga ¢oinanaHuiIran
(Xyxa Axman SccaBuit Homuaaru Ko3ok-Typk xankapo yHuBepcuteTHHHHT 2021
mun 25 wmaiigaru Ne 05/1159-connu mabiymotHoMacu, Kozorucrton). Wnmuid
HATHMKAHUHT KYJJIAHUIIM NapaOosvK Ba runepOoiuk Typiaapaaru auddepenunan
TEHIJIaMaJIap y4yH OOLUTaHFUY-YerapaBuil Macasajgap €YHMMUHUHT MaBXyIJIUTH Ba
ATOHAJIUTY XAKUJaru TeopeMaHu ucOOTIall MMKOHMHH OepraH.
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https://www.sciencedirect.com/science/journal/09600779
https://www.sciencedirect.com/science/journal/09600779
https://www.sciencedirect.com/science/journal/09600779/146/supp/C

TagkukKoT  HATWKAJAPUMHHMHI  anpodamusick. Maskyp  TagKUKOT
HaTmkanapu 20 Ta xalkapo Ba 2 Ta peciyOiiMKa WIMH-aMaluil aHKyMaHIapua
MYXOKaMaJIaH YTKa3WJITaH.

TaagkuKOT HATHKAJAPUHUHT JbJOH KWIMHIaHauru. J[luccepramnus
MaB3ycu Gyitmua sxamm 60 Ta MIMHIl MII 4O STHITAH, IIyJapiaH, Y30eKHCTOH
PecnyOnukacu Onuil aTTecTanuss KOMUCCHUSICUHUHT JTOKTOPJIMK JUCCEPTALMSIIAPU
acocuil WIMHMIA HATHO)KaJIapUHU YOIl STHII TaBCUS ATUITAH WIMHM Hampiapaa 37 Ta
WIMHNA Makojia yon 3Twiarad. by 37 Ta wiMuii Makona XOpHXKUU >KypHasuapa
BJIOH KUJIMHTaH.

JuccepTauMSHUHT TY3WIHIIH Ba Xa)kMH. [[uccepranusi KUpUII KUCMH,
TypTTa 0600, Xysnoca Ba doHganaHuiarad anadouériap pyuxarugaH uoopar.
JuccepranustHUHT XakMu 216 OETHU TaIlIKHIT STraH.

MyasinpHUMHI MHHHATAOPYWJIMIHM. JluccepranusHu E3MII KapaCHHUIA
dolimanmm  Macnmaxariap — OepraHjukiapd,  XamJa  MabHaBUW  KYJiad
KyBBarjaraannukiapu yuyH ycrosnapu C.U. Cenamos Ba H.A. Cunmoposnapra
Myauiud Y3UHUHT CaMUMHA MHUHHATIOPUYMIIMTHUHU OWIIUpagud. Y30K BakT
JaBoMua yumly AHCCEpTalrOH TaAKUKOTHU KYJIad KyBBaTJIaraHJIMKIApU YUyH
b.B. JlornnoB Ba K.X. [llabagukoBIapHUHI HOMJApPUHHU €1 STUIIHU Myamud
Y3UHUHT OypuH J1e0 Outaau.

JIUCCEPTALIMSIHUHT ACOCUM MASMYHHA

Kupum kucmuma nuccepraius MaB3yCHHUHT J0J3apOJIMTH Ba 3apypHUsTH
acoCllaHTaH, TaJKUKOTHHUHT peciyOsivka (paH Ba TEXHOJIOTHIIAPU PUBOMKIIAHUIIIN-
HUHT YCTYBOp WYHaJMILIApUTa MOCIUTH KypcaTWiTaH, MaB3y OyinYa XOPKHIMA
WIMHN-TAAKUKOTIIAD IIapXW Ba MYaMMOHHUHI YpPraHWITAHJIMK Japa)xacu
KeNTUPWITaH, TaJKUKOT Makcaau, Basudamapy, OOBEKTH Ba MPEIMETH
TaBcu(JIaHraH, TAJAKUKOTHUHT WIMHUN SIHTWINTA Ba aMaiuil HaTwkajlapu OaéH
KWIMHTAH, OJIMHTaH HaTWKaJApHUHI Ha3apuid Ba amaiuid axamusitTh o4u0
OepwiiraH, TaAKUKOT HATHXKAJAPUHUHT KOPUM KWIMHUIIM, HAIP STUJTaH UIJIap
Ba JUCCEPTALMSHUHT TY3WINIIN OYiinYa MabJIyMOTJIap OepUiIraH.

Huccepranuss Ma3MyHMHMHT acOCHMM KUCMUHM OaéH KWIMIIIA KyWujaarud
oenrunanuiapaad goiganaHaMus.

a). C"(Q) — mynmait U (t,X,y) ¢ynkmusnap cunpu 6ymm6, Q coxama
o'u o'U o'U
ot" T ox" oy’

0). C/.>*(Q)— mynmait U (t,X,y) dyuxumsmap curdu 0ymud, Q coxana

t,X,y
o'U o°uU o°uU
ot" T ox® ' oy°®

y3IyKCH3 XOCHJIaJIapra 3ra;

y3IyKCH3 XOCHJIaJIapra 3ra;
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B). C/*°(Q) — mynmait U (t,X,y) ¢yskuusanap cundpu 6yamb6, Q coxana

X,y
8 HSU C r+0+s Q 9 U t
YIERE y3aykeu3 xocunara ara, C; .- () — mynmait U (t,X,y) dysxuusiap

r+s

ot'oy?

cuapu O0ymmob, (2 coxama y3IyKCU3 Xocwiara dra, I, S— Oepuiran
HaTypajl COHJIap.

Hucceprauustnunar  «bup kuHcnu  nuddepeHnuan TeHriaamanap y4yH
HOJIOKAJI YerapaBuil MacajlaJJapHUHI KJIACCUK €UMJTyBYAHJIUTK» J1e0 HOMJIaHTaH
OupuHYM O00M TYPTUHUM TapTHUOIM XYCyCHH XOCHJIAIM OUp >KUHCIM OViraH
muddepeHnran TeHrnamManap yuyH KyHuiran HOKJIACCUK YerapaBuil MacaajiapHu
TaIKUK JTHINTA OaFvIUIaHTaH OYIWO, YHIA Y3rapyBUWIAPHU aXXPAaTHIN yCYJIUHU
KyJ1a0 crieKTpasl mapameTp KuilMaTiaapu XUcoOJIaHTraH, TOMWITaH KHHMAaTIIapHUHT
alloXuaa XyCyCUSTIapuAaH KennOd UYMKKaH XOJa 3ca KapanaéTraH MacaJlaHWHT
eUMMIIApH KypWJITaH XaMmja Macajla €YMMHUHUHT MaBXYUIMK KPUTCPUUIIAPH
TOTIMJITaH.

Maszkyp 600HUHT OMpuHuM naparpadu €paamun xapakrepaa 0ynuo, Oy epaa
Kenrycu —maparpaduiap  Ba  000mapna  doHpanaHWIamUraH  MabJIyMOTIIAp
KEJITUPUIITaH.

Wxkxunum naparpadaa yu ymaomu Q={(t,Xx,y)|0<t<pB,0<x,y<I} coxana
KyWujaru

Utt_Uttxx_Uttyy+V2Uxx +V2Uyy:07 (1)
Oy epma V— MycOaT mapameTp, MCEeBAOIUIMNTUK auddepeHian TeHrIaMaHu

TAQIKUK JTUII MeToAaukacu Takiud stuiarad. (1) TeHrmama KyWujaard ImapTiap
Oaxkapuiranja ypraHuiaan:

U (t,x,y) eC(Q)NC*(Q)NCZ°(Q) NCA* (), (2)
U@O,x,y)=U(@,x,y), 0<x,y<lI, (3)

p
Jut.x,y)dt=op(x,y), 0<x,y<lI, (4)
U(t,O,y)O:U(t,I,y):U(t,x,O):U(t,x,l):O, 0<t<p, (5)

oy epma @(X,y)— Oepwiaran erapiawya cwumuk ¢yakuus, @(0,y)=o(l,y)=
=p(x,00=0(x,)=0, Q={(t,x,y)]0<t<p, 0<x,y<I}

1-macana. Vu ynuoeru Q coxaoa (1) menenamanu ea 6epuncan (2)-(5)
wapmaapnu Kanoamaanmupysuu womavaym U (t,X,Y) ¢dyuxyus monuncun.

1-mapriaap. (p(x,y)eCZ([O;I]x[O;I]) byuknus [0;1] xecmanma yuuHum
TapTUOIM OYIaKIN-Y3JIyKCU3 XOCuianapra sra OYJICHH Ba
¢(0,y)=0(.y) =0(x,0) =o(x,]) =0,
(Pxx(oiy):(Pxx(l1y):(Pxx(X10):(Pxx(X’|):O’
(Pyy(01y):(Pyy(|,y):(Pyy(X,O):(Pyy(X,I)ZO-
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1-teopema. l-wapmnap 6axcapunean o6yncun. Y xonoa l-macana yu ynuoenu
Q coxaoa ve(0,0) napamempnune 6apua Kuimamiapuoa Oup KulmMamiu

euumea sea. Euum @ypve kamopu KypuHuwuoa monunaou.

YupHun maparpadgaa TYPTHHYM TapTHOIM y4 VYiadoBiu bByccuHeck
muddepeHnran TeHrimaMacu yuyH KYHWIraH HOJIOKaj yerapaBHil Macaja TaJKHK
stunarad. Yu ymuoBmu Q={(t,x,y)|0<t<p,0<x,y<l} coxama Kyhumaru

3

muddepeHIan TeHriiaMa Kapaiaiu:
Utt _Uttxx_Uttyy _VZUxx _VZUyy =0, (6)
Oy epna B Ba | — Oepuiran MycOaT XaKHUKWW COHJIAp, V — MycOart mapameTp.
(6) TeHrmaMa Ky#iuaary yerapaBuil mapTiapaa ypraHuiazim:

Uu@,x,y)=U(@B,x,y), 0<x,y<lI, (7)
p
fU @, x,ytdt=g(x,y), 0<x,y<l, (8)
0

U(t,0,y)=U(,l,y)=U(,x,00=U(t,x,1)=0, 0<t<p, (9)

Oy epma o(X,y)— Oepwiran erapiuua cwuidk Qyskmusa, ¢(0,y)=o(,y)=
=¢(x,0)=0p(x,1)=0.
2-macana. Yu ynuoenu Q coxaoa (6) menenamanu KanoamiaHmupyeuu,
oepunean (7)-(9) wapmaapnu xamoa
U(t,xYy)eC@QNC*(Q)NCTE(Q)NCH" Q)

X,y X,y
wapmaapru xanoamaaumupyeuu U (U, X,Y) @yukyusanu monuicun, 6y epoa
Q={(t,x,y)] 0<t<pB, 0<x,y<I}

bapua M, N HaTypan CcoOHJapAa Vv  [apaMETPHUHT ‘ A . ‘ =
=|1-cos 4, ,v B|>0, |B,,()|=[2-2cos 4, ,v B-24,,v Bsin 4, ,v B|>0

TEHICU3JIMKJIap OakapuiiaJural xap KaHjaaid MycOaT KMMMaTUHM peryJisip KuhmMar
ned araiiMu3 Ba IIyHJIAl KMMMaTiap TyrjaaMuHu A Ounad Oenrmnaiimus. Konran
MycOaT KHiMaTIapHu HOPEryssip Kuimarnap aed ataiimus Ba ynapHuHr (0; o)\ A

TYIUIAMUHN 3 OWJIaH OenruianmMus.
bapua m,n napma veJ TymnamHu €3amus. A, (v)=1-coshr,,vp=0
wapT cos A, v #=1 TPUTOHOMETPUK TEHIJAMara TEHI KywWIH oynub, Oy
TEHTJIAMAaHUHT MycOaT eunMIIapH TYTIIIaMu
,  2rk
A

n,m

, keN (10)

KypuHUIIIaH ubopar, 0y epaa N — HaTypain connap Tymiamu, Oy epaa

2
Aym = lVln—rzn ' “n,m:E n?+m?.
|1+ 10 m |

3 Wang S., Chen G. Small amplitude solutions of the generalized IMBq equation // Mathematical Analysis
and Application. 2002. Vol. 274. P. 846-866.
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E3yBHHM copmanamTupui yayH Z = A n.m V B Oenrunam kupuramus. Y xosaa
B,m(V)=2-2cos A, v B-A,,v BsinA, v =0

: . . Z )
TeHrmamMa 2C0SZ+ZSINzZ—2=0 xypunuman onaau. by Tenrmama Sin 5= 0 ékm

z . Z
ZCOSE - ZSInE =0 TeHrmamaiapra TEHr Kywid. bUpMHYM TEHrJIaMaHUHT MycOat
eunmiapu (10) popmynagaru eunmiaap OuilaH yCcTMa-yCT TYLIMIIN OYMK-paBIIaH.
Z 17
WNkxnHum TeHrnama tg > = > TPAHCLIEHJICHT TEHIJIamMara TeHr Ky4iau. [{emak, arap

tg$=9 TeHrnamaHuHT YycuUIl TapTHOWIA OJIMHTAaH MycOaT edynMmiapu KeTMa-
0

KETIIUTH {Sk} Oynca, y XojiJla MKKMHYM TEHTJIAMAHUHT MycOaT ednmiiapu
k=1

TYILIaMHA

Vi=—"% keN (11)

KYpUHUIIIA Ty3WIraH OyJiaau.

Mlynnait knmmo6, B, , (v) =0 TenrnamanuHr mycoat eunmitapu (10) Ba (11)
dopmynanap ownan oeprnaay. (10) eqnMHMHT MyMKUH OYiran Oapua k,n,me N
JapJard KuiMatiapu TyriaMuHu 3, Owiad, (11) eduMHHUHT 3ca MyMKUH OViraxn

Oapua k,n,me N napgaru KuiiMaTiapu TYIIJIaMUHU I, OWaH OenrmiaimMus.

2-mapraap. ¢(x,y) e C2([0:1]1x[0;1]) dymkmust [0;]] xecmaza yunHum
TapTUOIM OYIaKIIN-Y3JIyKCU3 XOoCuianapra sra OYJICHH Ba
9(0,y) =o(l.y) =¢(x,0) =¢(x,I) =0,
P xx (O’y) :(Pxx(l ) Y) = P xx (X’O) = (Pxx(X’I) =0,
0,yO0,¥)=0,,0,Y)=0,,(X0=0,,(1)=0.
2-Teopema. 2-wapmuap oadxcapuicun. Y xonoa bapua M, N ea bapua veA
peaynap xuimamiaapoa 2-macara Q coxaoa s20oHA eyumed 3ed. VE I, EKu

v eT, Hopecyap Kuumamiap myniamuoda 2-macana 4eKcuz Kyn evumiapea 32d
oynaou, azap @, n =0 wapm 6ascapunca.

JluccepTalUsiTHUHT ~ MKKMHYK 000U «AWHHUTAH  AIpOJM  HHTErpo-
muddepeHnran TeHraamanap yuyH HOJIOKaJ 4derapaBuil MacalajJapHUHT KJIACCHK
CUMITyBUAHJIMTUY 10 HOMIJIaHTaH OYiuO, y XyCcycuil XOCWIanu allHUTaH SIpOJu
uHTerpo-nuddepeHIman TeHrjJaManap y4yH KYWWITaH HOJOKal YerapaBuil
Macanajgap KJIacCHK €YMMJIAPUHMHI MaBXYAJIUTH Macajajapura OaruIlIaHTaH.
Varapysumnapau  axpaTHmmHAET  Dyphe  KATOPIApH  YCYNIHM  KyJUIAHHIIAJIM.
Kapanaérran macananap edumiiapy MaB)XyJ] Ba STOHAJUTUHUH €Tapiiy MapTiapu
TOMWITaH. bepwiaran mapaMeTpiIapHHHT KUHMaTiapuw XHcoOlaHaaW  Ba
YypraHuiaéTraH MacaJlaHUHI MOC €UUMJIIApU KypHJIaIU.
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bupunun mnaparpapmna @ Q={(t,X)|-T <t<T,0<x<I1} coxama ailHUran

SAIPOJM apajiail MCceBAonapadboa0-TICeBAOTUIEPOOTUK HHTETPO-AuddepeHnan
TEHIJIaMa KapaJiaju:

.
U —U o —U i +Vv [Ki(t,s)U(s,x)ds=0, t>0,
’ (12)

0
Ui —U 07U +v [K, (t,5)U(s,x)ds=0, t<0,

T
Oy epaa T Ba |— Oepunran mycOar XakKUKUW COHIap, ® — MycOaT mapamerp, v —

HOJIaH (apknu Xakukuii napamerp, 0=K;(t,s)=a;(t)b;(s), a;(t), b;(s)
eC[-T;T], j=1,2.
3-macaja. Q coxaoa (12) meneramanu 6a

}U (t,x)dt=9(x), U(,00=U(,DH=0
0

uapmuapiu KaHoamIaHmupysuu
U(t,x)eC(Q)NC Q) NC*(Q,)NC>*(Q)NCEH Q)N Cff(Q_)

@dyukyusanu monuw manab smunaou, 6y epoa @(X) — bepunrean emapauya CULIUK
dynxyus, e(0)=p(1)=0, Q_={(t,x)| -T <t<0, 0<x<l},
Q ={t,x)] 0<t<T, 0<x<I}, Q={t,x)| -T<t<T, 0<x<I}.

(12) rtenrnamanunr Q coxamaru eyumMu Dypbe KATOpH KYpUHUIINIA
V3JIaHAIU:

U (t,x) = %Zun(t) sinp, X,
n=1

2 . nm .
oy epra 9,(X)= \/Iismun X, by = T MOC XOC KHMMaTiap.

®ypbe katopunu (12) TeHrnmamara KyiuO, omauii MHTErpo-audhepeHIran
TeHIJIaMaJIAPHUHT CAHOKJIM CUCTEMacura ara 0ymamus:

u () +A2u, (t)=vaa1(t) by (s)u, (5)ds, t>0,
0

u';,(t)m%,oazun(t):vfaz(t)bz(s)un(s)ds, t<0,

-T
Un T n
6y epma Ao =—1"  po=—o
Yy €p n 1+ % Un |
T 0
Benrnnamnap kuputamns: o, = [ by (S)u,(s)ds, B, = [ by(s)u,(s)ds.
0 -T

Y xonga Oy SHMM HOMablyM KaTTAIMKJIAPHU aHUKJIAIl YYyH aireOpauk
TEHIJIaMaJlap CUCTEMACUHU Ty3aMM3:
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OLn(:]-_VPZn):(Pn Pln!
anVv Qo (@) +B,A-vQzy) =0,Q4, (0),

Oy epna
T T 0

P :j by ()M, (s)d's, Py =[ by ()M 5, (s)d's, Qi (@) = [ by (S)Ny, (5, 0)d s,
0 0

-T

0 0
Q20 (@) = | by (N5 (s,0)ds, Qqu= [ b,(5)5,(s)ds,
-T

T

Moo (0 = By ()M, () ]hy (T, 5, (0 = ——[sin & ot —9)a,(s)ds,
0 A,

n

A Ao T
Ny, (t,@) =—"| cosh,ot——=sind ot |, N,, (t,0) =Ny, (t,0)[h, (t)dt,
0

(o ®
t pl Tn
h, () = [exp{-25 (t—s)}a (s)ds, O0<hr,= o<1, g, =
0 1+ Hn I
By anre6paunk TeHrnamanap cucremMacuaaH
1
V=V, #—, V=V, # : (13)
I:)Zn QSn
Q2n (0))7&0- (14)
KYpUHUIILIApAary maptiapra sra 0yiamus.
1
OHIM Vi, =—— Ba V,, =—— TEHNIMKIApHU Kapaiimu3. CyHrpa,
2n 3n

T
J.eXp {— ALt }dt =;:—2¢ O osxanmurupan P, #0 Oymumm xenmu® uukamu. Qg
0 n

KaTTAIMK ® TapaMeTpra OOFIMK. ® MapaMeTPHUHT Kaiicu Kuimatiapuaa
Q,, (@) #0 OYynumuHM aHUKIalMK3. XaKUKaTaH xaM, arap Q, () =0 neb oncak,
Oy epmaH sSin2y, —2siny, =Yy, TpaHCLEHACHT TEHIVIaMara sra 0ynamwus, Oy epna
Yn =A,ol. Ma3skyp TeHrnmama wycOaT euummra osra dmac. WkkuHuM v

1

MMAPAMETPHUHT Vi, = —— Ba V5, = —— KUWMAaTJIapUHU HOPETYJSAp KUUMATIAP
2n 3n

ne6 araimMu3 Ba Oynpmait commap TymmamuHn 3 ={v,,,V,,} Ounan
OenrmmaiiMu3. By Tymaamuau Xakpkuii  commapHMHT  yiioy  (—oo;0) U (0;00)
TYyImIamMugaH axpatud omammu3. Aq = [(—oo;O) w (0; oo)] \'3,  TyamHE Vv
NapaMeTpHUHI DEryjisip KuMMaTiapu TymuiamMu Jed araiimu3. bapua ve Ay
kuiimatiap yuyH (13) mapt 6axapunaau. Dunu (14) mapt OaxapuiMarad XOJIHH
Kapaitvus. By xomma A, C0SA @T —@sin A, oT =1 @° TeHrnaMaHn edamus.

Maskyp TeHTJIaMaHu
16



AT?cosA z-Tzsindz=A41% 0<z, 0<A, <1

KYpuHHIIAa €3ull MyMKUH. By TpaHcueHaeHT TeHriama Oymub, yHH rpadux
yCyJija €4uIll MyMKHH Ba y OurTra MycOar eummra sra. by eunMHH Tymuiam
cudatuna I, Ounan OenrunaiimMus. ®e I, kuiimatiaa (14) maprt Oy3wiranauru

cabasii yHH HOperyusap Kuiimat ae6 araiimus. (14) mapTt OaxapwiiaauraHx
A, =(0;0)\T, TymuamHM 3ca ® MapaMETPHHUHT PEryJsip KUMaTIapH TYTUIaMH

ne6 ataiiMu3. benrunanuiap KUpUTaMus:

D, (t,v) = Mln(t)"‘VMZn(t)ﬁ
2n

P
Y, (t,v,0)=N;,(t,0)—v N, (t, 0))—+
_VPZH

Q@)  Qan(®) Py
1_VQ3n 1 vQs, 1- VPZn
Conmapuuar  (n,v,0) eN; ={(n,v,0):neN,veA;, oeA,} ywmru

+v Sn(t)l:

Y4yH 3 MacCaJIaHUHT €4UMU Kyﬁm[am KaTopJiap KypUHHUIINAA E3UITA/IN:

U(t,x,v)= Z(pncb (t, v)sme t>0,
nl

U(t,x,v)= Z(pn‘P (t,v, Q))SIHI—X t<0.
)

by €YUM Q coxajza ATOHAUD. CoHnapHUHT
(n,v,m) eXy, ={(n,v,0):neN,veT,;, eI, } ywmru yuyH 3ca 3 MacaraHUHT

() coxazarv e4nuMH KyMuJard KaTopiiap KypuHUIIKAA E3WIaau

U (t,x,v)=\/|§v > CoM,, (1) sinnTnx, t>0,
n=1

U (t,x,v) = Igv ZCn[—NZn(t,o))+Sn(t)]sinnl—nx, t <0,
n=1

oy epma C, — wuxtuépmii y3rapmac. @(X)=0 mapt comnapauar (N,v,m)e
eN, ={(n,v,0):neN,veJ;, ®e3I,} ywmrn yuyH 3 macana EYUMUHHHT
MaBKy1 OYJIHIIN YIYH €TapIuanp.

3-treopema. ¢(x) e C?[0;1] pyuryusn [0;1] opamukda yuumuu mapmubnu
oynaknu-ysnykcusz xocunaiapea sea oyauo, ¢0)=o¢()=0, ¢, (0)=¢, ()=0
oyacun. Y xonoa connapuune (N,v,®) €N, yurueu yuyn 3-macana Q coxaoa 6up
Kutimamau edumea sea. Counapuune (N,v,®) € N, yuiueu yuyn sca 3-macana €
coxaoa wexcus Kyn euumaapea sea, azapoa @(X) =0 wapm dbasxcapuica.

Nkxkuaun maparpadpna Q={(t,x)|-T <t<T,0<x<I} coxaga TYpTUHUHU
TapTUOJIM apaiail TypJard siApoJiapu alHUTaH HHTEerpo-audpepeniman TeHriama
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.
Uy =U o +U v [Ki (£,5)U(5,0)ds =0, t>0,
o (15)
Uy U —0°U,, +v [ K, (£,5)U(s,x)d s =0, t <0
-T
KapairaH, Oy epga T Ba |- Oepwiaran mycbar Xakukui coHjap, ® — mycoOar

nmapamerp, v— HoljaH Qapkmu Xakukuii mapamerp, 0=K;(t,s)=a;(t)b;(s),
aj(t),bj(s)eC[-T;T], j=12.

4-macana. Q coxaoa (15) menenamanu 6a
T 0
Ut )dt=e(x), [U(t,x)dt=y(x), U(t,0)=U(t1)=0
0 T

wapmiapHu KaHoamiaHmupysiu
U(t,x)eC(Q)NC'(Q)NC*(Q, uQ)NCI(Q, uQ),
@dynryuanu monuw manab smunaou, 6y epoa ¢ (X), y(X) — bepurean emapauya
CcUNIUK QhyHKkyusap,
e0) =)=y O)=y(@)=0, Q_={(t,x)] -T <t<0, 0<x<I},
Q,={t,x)] 0<t<T, O<x<I}, Q={(t,x)|-T<t<T,0<x<I}
by naparpa¢ OyHnan aBBasiru naparpad kadu ypraHuiau.
Yuunun naparpadnaa yu ymuomn Q={(t,x,y)|0<t<p,0<x,y <1} coxana

TYpPTUHYM TapTUONM aifHuran saponu byccuneck wuHTErpo-nuddepeHman
TEHTJIaMacH

Utt (tlxly)_Uttxx(t7X’y)_Uttyy (t,X,y)—U XX (t,x,y)—Uyy(t,x,y)z
B
:ij(t,s)U(s,x,y)ds (16)

y4yH HOJIOKaJ YerapaBuil Macaja €YMMUHUHT MaBXyJ Ba SroHa EKH STOHA
OMACIIUTU Macaiajapy TaAKWUK JTwianu, Oy epna [ Ba |- Oepunran mycoOar

XaKUKU! COHJIap, V- HOJIIaH bapxiiu XaKUKUH rnapamerp,
k . N

0=K(t,s)=>a;(t)b;(s), a,(t),b,(s)eC[0;8]. Ilynunrmex, a;(t),i=1Kk,
i=1

ynkuusiap cucremacu Ba b, (S), izl,_k ,  QYHKIMSIIAp CHCTEMAaCH YW3UKJIH

apkiH 1e6 dapas KHUIMHAH.
(16) TeHrnamMaHu Ky#uaard HOJOKa

p
U(0,x,y)+[U(t,x,y)dt=0(x,y), 0<x,y<I, (17)
0

p
U (0,%,y)+ [U (t,x,y)dt=wy(x,y), 0<x,y<I (18)
0

Ba YerapaBui

U(t,0,y)=U(,Il,y)=U(,x,00=U(t,x,1)=0, 0t<p (19)
18



mapmiapaa ypranamus, 0y epaa o(X,Y), w(X,y)— Oepwiran erapivdya CHUJLIUK
byHKIMSAIAD,
¢(0,y)=0(.y) =0(x,0) = o(x,1) =0,
v(0,y)=w(l,y)=y(x,0)=y(x,1)=0.
5-macana. Yu ynuosiu Q coxaoa (16) menenamanu ea (17)-(19) bepuncan
yeeapasull WApmMiIapHu Xamod

U (t,X,y) eC(Q) NC2(Q) NCZ*(Q) NCF2(Q)

t,X,y X,y
wapmaapuu Kanoamaanwmupysuu U (t,X,Y) @yukyus monuicun, 6y epoa
Q={(t,x,y)] 0<t<pB, 0<x,y<I}

Macamanuar HoTpuBHan euumiapu @Pypbe Karopiapu KypUHHUIIKIA
U3JIaHaIU:

UEX9) =2 3 Uy (05,0,

n,m=1

Oy epma &, ,(X,y)= sin(nl—” xjsin (¥ y).

YerapaBuidi  MmapTIapHU  XUcoOJjaml  4YOFHa C Ba d

n,m n,m
KO3 (PUIIMEHTIIAapHU aHUKJIAIl YYyH CAaHOKJIM COHJAru ainreOpauk TeHIJIamaliap
cucrtemacu (CCATC) ra sra 6ynamus:

A in(A4 d, . (1- A =1 — :
Cn,m( n,m+S|n( n,mﬂ))_'_ n,m( COS( n,m:B)) n,m(wn,m 7/n,m) (20)
cn,m(cos(/ln,mﬁ)—l)mn,m (zn,m +sin(ln’mﬂ))=l,ﬁm(qxn’m ~Nom(B))-
(20) xypunumgaru CCATC 6up KuMaTIi e4uMra sra OyJIUIly y9yH
Av =(Ann +5i0 (2,0 8)) +{L-cO8(2,., 8)) =
= A2 +2(1+ 4, psin(4, , B)—€05(4, 4 8)) %0

HIAPTHUHT OQXKapUIIMILK Tajnad 3Tunaau, Oy epaa

2
2 My m 2 T [ 2
Aom= o :T\/n +m-.

1+,u§,m’

5-mapraap. bepurang (X, y) € C* ([0;1]1x[0;11), w (x,y) € C*([0;11x[0;1])
dyukmusmap  [0;1]x[0;1] coxama yumHYM TapTHOMM  OVIAKIU-y3IyKCH3
Xocuiianapra sra OyJICHH:
9(0,y)=0(l,y)=0(x,0) = p(x,1) =
=0, (0,Y) =0, (1Y) =9, (x,0) =9, (x,1) =
=0,0,¥)=90,0,y)=0,0) =9, (X,1)=
=y (0,y)=y(l,y)=w(X,0)=w(x1)=
=¥ 0, )= (1Y) =, (X,0) =y, (X,]) =
=y, 0,y)=yw,(,y)=vy, (X0 =y, (x1)=0.
DpeAroiapM ISTEPMUHAHTHHY KapaiMu3:
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1+VHlln,m VHlZn,m o VHlkn,m
A o VHZln,m 1+VH22n,m o VHan,m O
wm (V)= #0,
VHkln,m VHan,m et 1+VHkkn,m

Oy epna
H -

ijnm bi (S)E (S)ds,

jn,m

O e

B
Ein,m(t) = Bln,m(t)J.é:in,m(t)d t+ BZn,m(t) éin,m(ﬂ) - fin,m(t)’

By (t) = Al”—‘E”T)[cos/lnymt(/lnym +sin4, , B)+sind,  t(1-cosd, ﬂ)]
B (1) :AL"(“_I_)[cosﬁn,mt(cosﬁn,m B-1)+sinA, (4, ,+sin4, . ,B)]

éi,n,m(t) =

ﬂ“n,m(l-i_/u2 )‘([Sin(ln'm(t _S))ai (S)d S

n,m
A, (V) nerepmunanT v ra HucOaraH Kynxax OyamO, Oy KynmxaaHuHr
napaxacu K jan karta sMac. A (v)=0 Tenrnama K Tangan xym OyiMaras Typiu

XaKUKUM winu3iapra sra. by unauznap unrerpo-auddepeniman TeHriamMa sapocu
Vv TapaMeTPUHUHT HOPETYJSIp KUHUMaTIApUaup. V TapaMeTpHUHT OyHmai
HOPETyJIsip KuWMatiapu TYmiamMuHu 3 Owian Oenrwinaiimus. [lapamerpHuHr
veA= ((—oo; 0)u (O;oo))\S KUMMaTIapu TYIUIAMUHU  peryjisip  KuiiMaTiap
TVyrIaMu 1e0 atTaiMus3. v € A mapaMeTpHUHT PEryJssip KuitMatiapugaa Opearoasm
maptu Oaxapwianu. lllynumHr yuyn OyHmaih v € A KuiiMaTiapjaa KYWHIIraH
HOJIOKAJT Macasa Oup KUUMATIN eI Iu.

4-teopema. S-wapmaap Oaoccapuncun. Ilapamempnune v e AN peeyisap
Kuimamiaapuoa yu yawoenu €2 coxada macana Oup KutimMamiu equiaou.
Ilapamemphnune v € 3 uppeeynap kuumamaapuoa macana € coxaoa 4eKcus Kyn
euumea 3ea. Bynoa 5-macana evumunumHe Maexcyo OVIUWU VYVH Heeapasull
wapmaaprune @(X,¥)=0, w(X,y) =0 oup srcuncau 6yrumu emapruoup.

Typrunun maparpadpma Q={(t,x,y)|0<t<T,0<x,y<I|} coxaga TYpTUHUU

TaptOnu  aiiuran sgponu bemnu-JTiok (Benney-Luke*) Typuparm umTErpo-
nuddepeHnman TeHraaMa yayH

Ut = Ui U yy) = 0% U Uy ) 40 U g U yyyy) =

4 Benney D. J., Luke J. C. Interactions of permanent waves of finite amplitude // Journal of
Mathematical Physics. 1964. Vol. 43. P. 309-313.
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=V

K(t,s)U (s,x,y)ds+a(t) 5(X,y) (25)

O ey —

TECKapy HOJIOKAJ MacajJaHUHT OMp KUHUMATIIM SUUIUIINA Macalajapy YpraHuiras,
Oy epna T Ba |- Gepuiran mycOaT XakUKui COHap, ® — mMycOaT mapameTp, V —

HoiyaH (apkim  xakukmii  mapamerp, O0=za(t)eC[0;T], L(X,y)— xaiiTta
k

anukiaanumn  Qyukiusicn, K(t,s)=> a;(t)b;(s), 0=a;(t),b;(s)eC[0;T]. by
i=1

epma a;(t), i=1,k ¢yskmuamap cucremacu Ba b (s), i=1,k dyrkmmsIap

CUCTEMAaCH YH3UKJIIHU 3PKIIU cUCTeMasapIup.
6-macana. I[llynoaii

U (t,X,Y) eC(Q) NC2 Q) NCHZ2(Q) N CZ*2(Q), (26)

t, X,y t,x,y t,x,y

L(x,y)eC{0<x,y<I}

Qyuryusnap scypmunu monuw kepaxku, 6y ynxkyusnap sxcypmu Q coxaoa (25)
MEeH2IAMAHU 84

U (0,x,y)=U(T,x,y), }U(t,x,y)dt=<p(x,y), 0<x,y<l, (27)
0
U(t,0,y)=U(,l,y)=U(t,x,00=U(t,x,l)=

=U,(t,0,y) =U,, (t,1,y) =U,, (t,x,0) =U,, (t,x,]) =
~U,,(t,0,y)=U,, (t.1,y)=U,, (t.x,00=U,, (t,x,))=0, 0<t<T,  (28)

j@(t)u (t,x,y)dt=w(x,y), 0<X,y<I (29)

wapmaapuu xKanoamaaumupcutn, 6y epoa 0=0O() eC[0;T], w(X,y), o(X,y)—
{0 <X,y <1} coxaoa bepuncan emapauua cunnux ¢pynxyusnap,
9(0,y)=0(l.y) =p(x,.0)=p(x,1) =
=0, (0,Y) =0, (1Y) =9, (x,0) =9, (x,1) =
=0,0,y)=9,1,y)=9,(X,0) =9, (X,]) =
= Pk (0, ) = P (1Y) = P (X, 0) = 0,0, (X, 1) =
=0,,0,V)=0,.01,Y)=0,,(X0) =9, (X1)=0,
Q={(t,x,y)] 0<t<T, 0<x,y<I}

6-MacamaHuHT OUp KUMUMATIN SUIIAIIN Y9yH OMPUHYY TIapT
o, m(@)=1-cos u, oT #0

KYpUHHUILIA OYIaau.
bupop @ ga o, (w)=1-cosu, ol =0 oyncun. by mmapr

T [ 2 2
COS ft, ,@T =1 TeHrnukka Tenr kyumu, 6y epaa W, , = n n?+m? . by Tenrnama

271k
P«n,mT

MycOar euyumiap TYIUIAMHUIa d3ra: ©, = , keN, 06y epna N - Harypan
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comnap Tymiamu. by dopmyna épnammpa anmkmanran 0< @, KuiMaTiapHUHT
TYIUIAaMUHA ~ HOPETYJsp TYruiam ae6 ataitmMu3 Ba J; OujaH OelnrwiaiMus. o

HUHT OOIlKa KUMMaTiIapW TYIJIAaMUHM peryjsip TymiaM Ae0 araiiMu3 Ba
A, =(0, ©)\3J, Ounan OenrunanmMmus.

Yoy
1_VH11n,m _Vlen,m _VHlkn,m
—vH 1-vH ... —VvH
An’m (V,C()): 21n,m 22n,m 2k n,m ?50
_VHkln,m _VHk2n,m S l_VHkkn,m

JETEPMMHAHT V Ta HucOaraH mapakac K maH karra OyiMaraH kymoxagaup, Oy
epaa

Hijn,m (C‘)) :} bi (S)Djn,m(s1@)d S,
0
Din,m(t’(’)): hi n,m(TaCO)SZn,m(t’(D)"'hi n,m(t’(’))_ Bn,m (taw)}hin,m(tc‘))dt’
0

t R
L fsinp, pot-)a()ds, =1k,
UWnm (1+“n,m)03 0

Hnm®
2

hin,m(ti(’)):

T
Bonmt®), f,,=—vn’+m?,

Bn,m (t,(D)z

sinp, poT
Gn,m(@)

Sonm(t,0)

Son.m (t,@)=sinp, ot+ -COSpL , 1 Ot

52n’m(t,a)):#{cos,un’ma)t— Sin,un’ma)T}.

Onml@
Ayn(v,0)=0 rterrmama K Taman kyn Oynamaran Typiaum XaKUKHi

WJIIM3Iapra sra OYnuiyM MyMKUH. byHaal coHlap TYTUIAaMHHHN HOPETYJIAp TYIUIam
neb ataitmMus Ba I, Ouiad OenruiaiiMu3. v HUHT OOIIKa KUWMATIAPUHU PETYIISP

KuiiMaTiiap ne0 ataiiMu3 Ba yJIapHUHT TYIUIAMHUHH A, = [(—oo, 0)u (O, oo)] \3,
Owian Oenrunaitmus. benrunam kupuramus: N = {((o, V)imeA;,VEA, }
6.1-mapt. o(X,Y),S(X,y)eC>([0;1]1x[0;1]) dynxuusanap [0;l] opamuxna

OJITUHYM TapTUOraya OyIakiIn-y3JIyKCU3 XOocujanapra sra OYJICHH:

£Q.y)=p(.y)=B(x,0)=B(x1)=
=B (0,Y) =B, (1Y) = B, (X,0) = B, (X,1) =
=p,0.y)=5,(.y)=5,(x,0)=p,(x.])=
= Lo (0:Y) = Booo (1Y) = Lo (X,0) = B (X, 1) =
=By (0.¥)=5,,,(1.y) = B,,,(x,0) = 5,,,(x,1) =0.
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5-teopema. 6.1-wapmuap daxcapuncun. ¥ xonoa (25)-(28) macana Q coxaoa
MymKun Oynean 6apua N, M ea (v,w) €N, napoa 6up xuiimamau eyumea 32a. by

euum Dypve Kamopu KypuHumuoa aHUKIAHaou:

2 o0
Uty V)= 3 [onm Fon (€0 )+Byn Mo n(to,v)]x
n,m=1

xsin”l—nx-sinﬁ—my, (30)

K Alin,m (V7(D)

oy epoa F, o, (t,0, v) =B, m(t,®)+VZ Dinm(t o)),
’ ’ i=1 An,m(\/’@) ’
Ajinm(v,0) =
1_VH11n,m _VHl(i—l)n,m LI"jln,m _VHl(i+1)n,m _VHlkn,m
_ _VH21n,m _VHZ(i—l)n,m leZn,m _VHZ(i+1)n,m _VH2kn,m
-VvHypnm _VHk(i—l)n,m ‘ijn,m _VHk(i+1)n,m v I=vHynm
j=12,

K A V,®
Mpm (o, v)=E, ,({t,0)+v 2in,m (V. )
i=1 An,m (v,m)

(29) maptnan ¢oinananu0, Kaita aHuKIam QyHKIUsAcuHN Pypbe Katopu
KYPUHHILNAIA TOITAMM3!

Din,m(ta“))-

B(X,y):g i Yom = Pnm Xln,m((ﬂ,v)

I n,m=1 XZn,m((’)’V)

(31) na xyiumaru Oenrunanuiapaad GoigaraHIukK:

X1n,m (@, V) :-lj—.@(t) Fom (o, v)dt,  xonm(®, V) :-l.'—.@(t)M am (o, v)dt.
0 0

sinnTnx sin? y. (31)

DHau Zonm (@,v) #0 mapTauEr Gaxkapunummued TeKmupamus. Papas
KWK,
.
Lo (@V)[OMOM, , (t,o,v)dt =0 (32)
0
OYJICHH.

S"pTa KUAMAT XaKUJard TEOpPEMAaHU Kysulahmui3. MacallaHMHT KYWWIIUILI
maptura kypa, O()=0,t<[0,T]. YV xomma (32) TeHIIMKIAH TOMAMM3:

T
I Mt o v)dt=0. Min(t o, v)  QyHKUMSHMHT — TaxXaumM — IOyHH
0

KypcaTaJWK{, OXUPIU TEHIVIMK OaXapwiuIM YYyH KyWHJard TEHTJUKIIap
Oa)KapUJIMIIH JIO3UM:
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}sinpn,mco(l' ~t)a; ()dt=0), }sinun'mm(T “Do(t)dt=0.  (33)
0 0

(33) TeHINIMKKA ypTa KHUMAT XaKuJard TEOpeMaHu KyJuiaiimu3. MacaianHuHr
maptura kypa, a; (t)=0, a(t)=0,t<[0,T]. VY xomma (33) man Tomamms:
T
j sinp, no(T —t)dt=0. By wunrterpannu xucobnam 4Yorua ¢ NapameTpra
0

HucbaraH COSU, ,OT = TPUTOHOMETPUK TEHIJIamMara Keiamus, Oy epja

Hnm

T |
Hnm =T nZ+m? . by Tenrnama | > J2r mapT OakapuiraHjia edumra sra.

by TeHrnamMaHuHr ®, MycOarT ednMmiapu TYIUIAaMHHM I, OwiaH OenruiaaiMus.
=27 Oynranga 3, =3, MyHocabar ypurmm. | > V2 Oyiranma sca I, C A,
Oymagu. UlyHuHr yu4yH o €Az =A;\JI3. bapua o eA; yuyH
Zon.m (@,v) # 0 mapT Gaxapunamm.
benrunam kuputamms: N, = {(oa,v): welAj,ve Az}.
6.2-mapraap.  y(X,y)eC’([0;1]1x[0;1]) dynkumsnap [0;l] xecmama
OJITUHYM TapTUOIUrada Oyaakiin-y3JIyKCU3 Xocuianapra sra OYJICHH:
w(0,y)=w(,y)=w(x.0) =y (xl)=
=¥ (0,Y) =, (1Y) =y, (X,0) =y, (X,1) =
=y, 0,y)=y, (,y)=w,(X0) =y, (x])=
= W0 (00 Y) =W oo (1Y) = Wiooa (X, 0) =900 (X, 1) =
=¥, O.Y) =y, (1Y) =y, (x.00 =y, (X1)=0.
6-Teopema. @apasz xunatitux, 6.1- ea 6.2-wapmaap daxcapuicun. Mymxun
Oynean 6bapua N, M ga (®, v) €N, napoa kaiima anuxniaw yurxyuscu (30) kamop
époamuoa, acocuti HOMavaym QyHKYuUs dca
mn_ . mm { Mt o,v)
N—Y I WVnn +

U(,x,y,o, v):Z D> sin—Xsi
I XZn,m((’J’V)

n,m=1

+QPnm {Fn m(to,v)-M, (t o,V) Xin,m (©, V)) .
, , 7 XZn,m(C‘)rV)

Kamop époamuoa oup KutmMamiu aHuKIaHaou.
bynoa (25) unmeepo-ouppepenyuan menenamanune U (t,X,m,Vv) euumu

B(X,Y) katima anuxiaw ¢gynxyuscu eéa 6epunean @(X,Y) @ynkyusea nucbaman
MypayH 0V1aou.

Hoperymsip xomnap xam mry kabu ypranwnanu. by epna 4 ta xon 6ymumm
MyMKHH. Xap Oup Xxon yuyH Dypse KaTopjapy KYpUHHUIIUIATH YEKCH3 KyI
euuMJIap KypuiIaiu.
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Yunnum 000 Xycycuil XOCUIany aiHWTraH AIpoiau UHTerpo-nuddepenman
TEHIJIaMaJlap y4YyH MapaMeTpPHUHI PEryJsip KUMMAaTIapuia KyWWITaH apajianml
MacaiajmapHd Oup KuiimMatnum euyumra Oarumpianrad  Oymub, y  ydra
naparpaduapaan ubopaT. Apanam macajanap y3rapyBUHJIapra axpaTUIIHHHT
®dypre ycynu 6unan eunnrad. Kyiinnran macananap Oup KUMMAaTIN SUUIUIIAHUHT
eTapJiv IapTiapyu TONWITaH. YUYHUHYU TApTUOIM XyCYyCHI XOCHJIaau Oy3uiiagurat
napaMeTpiid HOYM3UKIN UHTErpo-auddepeHian TeHriaMa yuyH TecKapyu macasa
KapaJras.

bupunun maparpadnaa Tyrpu TYpTOypuakiaum (2 coxaaa alHUTaH SAPOJU
YU3UKIU UHTErpo-nudpepeHan TeHriama

Q-i_ a4m+1 N 84m
ot otox™™  ax'"

y4yH OepuiraH [ mapaMeTpHUHT peryJisip KuhMatiapuaa

3
J U(t,x):u}K(t,s)U(s,x) ds+a (DU (t,x) (34)
0

-1
U 00)=0100, 25U 00,070, 00, 1=2.3 (35)
OoLLTaHFUY Ba
62(6m—1)
U(t,X)\x:o:Uxx(t,x)\x:o=---:WU(I,X)\X=OZ
8 2(6m-1)
=U (%), =U (£, %) = :WU(t 1 X) [ =0 (36)

yerapaBuii  Imapriaap OwiaH OepwiraH apanaml MacaJlaHWHT yMyMIIallraH
SUMJIMIITY Macaiallapu ypraHwiaau, Oy epaa

9 ;(0eC2™), 90, =0 (X))o = =0 "D (X) =0 (), =

K
=0’ (X)\x:| :...=(pj(12m_2)(x)\x:| =0, J=1n, K(t,s)=2a;(t)b;(s),

i=1
a;(t),b;(s)eC(Qr), a(t)eC(QQ1), n— HommaH Qapkau XaKUKUM HapaMmerp,
Q=0:xQ,, Q;=[0,T], Q,=[0,1], 0<l<w,0<T <o, M- Tajiun HaTypan
coH. Illynuuraek, a;(t), i =1k, dyHKuMsIIAp CHCTEMacu Ba bi(s), i =1, k,
GyHKIUsIAp CUCTEMACH YM3UKIIH 3pKIH 1e0 papa3 KHinHaau.

Wz?fi%)z(m(Q) opkamu myamaid U (t,X) dyskumsimap cuHdu OelruiaHaInuKH,

2 12m

0 0 0
U(tx),..., ——=U(t,x), —U (t,x),
SUE0 —mUE0, U (nY)

oyama U (t,X), %U (t,x),

2 3
STU (t,x), 8’[ U (t,x) dpyuxmmsnap L, (Q) dasora rerumum 6yamm’.

S JlJampoxenckast O. A. Kpaesbie 3amaun matematudeckoit ¢puszuku. M.: Hayka, 1973.
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1-Tawvpud. (34)-(36) aparaw macananune ymymiawean evumu 0ed oespiu
xamma epoa (34) menenamanu (35) sa (36) wapmnap dunan Kanoamianmupysuu

U(t,x)e Wz‘q’il,)z(m (Q) pynxyusea avmunraou.

WkxuHun naparpadaa uxTuépuil HaTypa Japakaid MmapaboIuK omepaTopiu
Ba aifHUTaH SAPOJIM HOUYM3HUKIN HHTETpo-auddepeHIran TeHriama

0 a4m n T
(EJrax“mj U(t,x)—pgK(t,s)U (s,x)ds=f(t,x,U(t,x))

yuyH Q coxaza | IMapaMEeTPHMHT PEeryJisip KuMMaTiapuia

j-1 -
U)o =01(0), —57 U 0X);0=0;(X), j=2.n

OOIIJTAaHFUY Ba

82(2nm—1)
U (6, =0 =U xx(6:X) =0 :“':WU (6, %) x=0 =
82(2nm—1)
=U (t,X) g =U (6. %), = ':WU (t, %)), =0

yerapaBui mapTiap OusiaH Oepuirad apanail MacaJlaHMHT yMyMJIallraH e4uIHIIH
Macaliajiapu yprasuirat, 0y epaa

f(t.x.U) eCOQxR), ¢;(x)C™Q,), 0,(X), 0 =¢(X), =
- :(pj(4nm—2)(x)‘x:O =9, (x)‘X=I — (D'; (X)‘le =.. ,:(pj(4nm—2)(x)‘le =0, | :ﬁ’

K(t,s)=iai(t)bi(s), a;(t),b;(s)eC(Qy), a(t)eC(Q), 1 — xakukui

i=1
napamerp, Q=Q;xQ,, Q; =[0,T], Q,=[0,1], 0<l<w,0<T <00, N,Mm-

TaiiuH HaTypan connap. IIlyrunTaek, a; (t), i =1, k, ¢yHKIMsIap cucTeMac Ba
b: (s), i=1, k, GyHKIMSIIAp CHCTEMACH YM3MKIIN 3pKIM 16 dapa3 KNInHAIH.

Yyunun naparpadaa yauHud TapTHOIU XyCYCHIM XOCHJIATU allHUTaH SIpOJU
HOUM3UKIN HHTErpo-aud@epeHnnan TeHrjiama y4YyH TecKapu Macajla TaJIKUK
STUITAH.

Typrunum 600 wukkuHYM 000 MaTepuaUIapMHU MUCOJIIap/ia TacBUpJIALITra
OarunutaHrad. by epja macananapHu e4uiia napaMeTpiIiapHUHT axaMUsATH sSHaja
aHukpokK kypcarwirad. Illynnaii xkunu0O, TYpTUHUM 000Aa HMKKUHYM TapTUOIH
alfHUTaH Aapoau oaauil @penroabM UHTErpo-auddepeHIuan TeHriaManapyu yayH
WHTErpajl wmapTiap OujaH OepuwiiraH HOJOKal 4YerapaBuid macanajiap TaIKHK
STUIAIN.

bupvHun maparpadgaa UKKUHYK TapTUONM aHWTaH saponu Dpearonsbm
UHTETrpo-AuQepeHLnal TeHIJIaMa yuyH CIIeKTpall Macajia ypraHuiraH.

7-macaga. (0;1) unmepsanoa

u”(t)+k2u(t):vTK(t,s)u(s)ds (37)
0
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MeHoIaMAaAHU 64
u(n)zfu(s)d s, u'(x)=0 (38)
0

oup drcuncau Yeeapasuii wiapmiaapru Kanoamaanmupysdu U(t) @yuxkyuanu monuw
manab smunaou, 6y epoa r— mycoam napamemp, V-—HOLOAH PaApKIU XAKUKULL

napamemp, K(t,S):iai(t)bi(S);tO, a;(t),b;(s)eC[0;n]. Ilynuneoex,
i=1

a,(t), i=1,k, cyukyuanap cucmemacu ea b (s),i=1,k, @yuxyusrap
cucmemacu YU3UKIU 3priu 0ed papas KUIUHaou.

(38) uerapaBuii maptiaap Oup XKuUHCIW Oynranauru ydyH, (37) UHTErpo-
muddepeHnran TeHriaMa €KM HOTPUBHAJ €4uMIIapra ara 3Mmac, KM YeKCH3 KT
ednMiapra odragup. Maskyp maparpadaa A,v TapaMeTpIapHUHT KaHal
kuiimaTinapuzaa (37), (38) macana HOTpUBHANI €UUMIIapra sra OyIMaciurd Ba A,V
MapaMeTpJapHUHI KaHJal KuWMaTiapuja CIEeKTpal Macajla 4YeKCH3 KYII
edrmIiapra ra OYJIHIT Xajl STUITaH XaM/a MaBXyJ eduMiIap KypuiraH.

WxxuHun naparpada aifHUTaH SIpoJd, aKCJIaHyBYM apTyMEHTIIM Ba MKKUATA
xakukui napametrpiin Opearonsm oanuii HHTErpo-au@pepeHian TeHraiaMma yayH
HOJIOKAJl 4erapaBUid Macaja TaJKUK OJTWIraH. XaKuKui mapaMeTpiIapHUHT
Kapana€Tran Macajia Oup KUiMaT/Ii eqniaiurad KuiMatiapy XucoOIaHraH.

8-macana. (—T;T) unmepsanoa

.
u" () +2°u(t)=v [K(t,s)u(@-s)ds
-T
meHejlamMaHUu 6a

0= JuOdt  WM=e, UO=p®, te[TT +a]
T

wapmiapHu  KaHOAmiaHmupyeyu ut)eC[-T;TINC'(-T;T]nC?*(-T;T)

@ynryuanu monuwt manad smunaou, 6y epoa 0<w<T<oo— Oepunean XaKuxui

connap, h— napamemp, ¢=const =0, V — HonOaH (apkiu XaKuxui napamemp,
k

K(t,s)=>a;(t)b;(s)=0, a;(t)eC[-T;T+w], bj(s)eC[-T;T], y(t)eC[-T;T],
i-1

v(T)=u(). buuneoex, a;(t),i=1k, @yukyuarap cucmemacu 6a

b: (s), i =1, k, pyuxyusnap cucmemacu wusuxu spknu 0e6 gapas KumuHaou.

VYuuHun mnaparpadaa UKKUHYM TapTHONIM aWHWTaH SApOJIM Ba CHEKTpall
napametrpiau  OpearonbM oqauM  UHTErpo-auddepeHian TeHIIaMacu y4yH
KYWWJITaH HOJOKaJd TEeCKapu MacajlaHUHT Oup KUUMATIM EUYWIIUIIN TaJKUK
srunaau. Yeknu [0;T] kecmana

T
u"(t)+2%u ) =v jK (t,s)u(s)ds+pa(t)
0
TEHIJIamMa Kyuujaru
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u(T)=}u(t)tdt, uM=¢, u@=r
0

maptiapaa Kapainaay, Oy epma 0 <T — OepwiraH XakukKwi coH, 0 < A— mycOar
napamerTp, 0-a(t)eC[0;T], ¢,r=const, V- HommaH GapKIu XaAKUKHA

k
napaMmerp, f-— Kaita aHukigam kospduuumenta, 0= K(t,s)=>a;(t)b;(s),
i=1

a;(t)eC[0;T], b;(s)eC[O;T]. Ilyruaraex, a;(t), i=1,k, dyskousamap
cuctemach Ba b, (s), i=1, k, QyHKIHATAp cHCTeMAacH YM3MKIN 3pKiIn 1e6 dapas

KWINHAIU.
TypTuHun mnaparpadgaa HMKKAHYM TapTUOIU Dpearoiabm OJAWA HHTErpo-
mugdepeHnran TeHrIaMaly YuIira Oui Ma3MyHIM MUCOJUIAP KEITUPUIITaH.

XYJ0CA

Maskyp aumcceprauuss MIIM OJAUN Ba Xycycuil xocwianu nuddepeHunan Ba
uHTerpo-audepeHan TeHramaMajJapHUHT Oupop cuHpU ydyH KYWWITaH apasaii,
HOJIOKAJI 4YerapaBHil Ba TeCKapH MacajlaJJapHUHT OUp KUWMATIM CUYMJIUIIMHHU TaIKHK
ATUIITA OaFUIIIaHTaH.

WxkuHuM TapTHONIM alfHUTaH SAPOJIM Ba XaKUKUN HapaMeTpiad OAJUN HHTErpo-
muddepeHan TeHraamanap Kapanaau. byHnaH Tamkapu, XakMKUi mapameTpiapHU Ba
MaTeMaTHK (PU3MKAHUHT XyCycWil xocwianu auddepeHnuan omnepaTopiaapuaaH
OMPOPTACHHU ¥3 WYKMTra OJraH TeHIJIaMajap TaJKUK STHIITaH.

TagKMKOTHUHT acOCUI HaTW KaJlapu KyhuaaruiapaaH noopar:

1. Xakukuil mapaMeTpHUHT peryysip KuihMatiapujia TYPTUHUM TapTUOIM XyCycui
Xocujanu Oup KUHCIU AuddepeHiran TeHriaManap y4yH KYHWIraH HOJIOKal
yerapaBuid Macajanap OHp KUHMATIM EUWIMIIMHUHT eTapid LapTiapH
TONWJITAH; MapaMETPHUHT HOPETYJSIp KuiiMatiapuia yerapaBuii macanaisap Oup
KUiiMaTiIu OYmMarad ednumiiapy KypuiraH.

2. XaKUKUW MapaMeTPHUHT PEeTyJisip KUiMaTliapuia YYUHYM Ba TYPTUHYH TapTUOIN
XyCyCcHil Xocuiaiud HHTerpo-guddepeHman TeHrIaManap Yy4YyH KyHuwiran
HOJIOKJI TYFPU Ba TECKapHW YerapaBuil Macaiaiap Oup KUUMATIN €YMWIHIIIMHUHT
eTapiau IIapTiapy TOMWIraH; KakWTa aHuKIam QyHKOUsSIapu Ba derapaBuil
mapTiapu Oyiinya €YMMHHUHT TYpFyH Oymumu ucOOTIaHTaH; MapaMeTPHUHT
HOpEryJisip KuiiMariapujga uerapaBuil macajanap Oup KuiiMaTiu OyiamaraH
eunMIIaapyu KypHUIIraH.

3. Uxtuépmii napaxanu napabOIMK ONEPATOPHU Y3 HMUYUTa OJTraH HOYM3UKIIU
uHTerpo-nuddepeHnnan ydyH KyWWwiIraH apajanl MacajaH Oup KuilMatiu
yMyMJIAIIraH YWIMITMHUHT €Tapiiv mapTiapyu TOMHIITaH.

4. Xakukuii MapaMeTpIapHUHT Peryjsap KHAMaTiapuaa WKKAHYA —TapTHOIH
®pearonsm onauii MHTErpo-nupdepeHnran TeHrIaMagapyu KyHmirad HOJOKal
TYFpU Ba TECKapH YerapaBWil Macajanap OuUp KUHMATIW CUWIMIIMHUHT €Tapiu
HIapTiapy TOMWJTaH; KalTa aHUKIam (QyHKUMsJIApU Ba 4erapaBuil IIapTiIapu
OyiiMua €YUMHHMHI TYpFyH OYiMIIM MCOOTJIAHraH; MapaMETPHUHI HOPETYJIp
KAAMaTIIapuaa dYerapaBuil Macajamap OuWp KuiiMaTim OyiMaran edumiiapu
KypWIraH.
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BBE/IEHUE (anHOTAUMS JOKTOPCKO JUCCEPTAIMHI)

AKTYaJIbHOCTb M  BOCTPe0OBAHHOCTH TeMbI Juccepranuu. B
COBPEMEHHOM MAaTEMATHYECKOM HMCCIIEIOBAHUU KPAEBbIE 3aJ]a4l BCTPEUAIOTCS MPU
pelIEHHH 3a1ad THAPOAMHAMUKU. MaTeMaThndeckoe MOJEIUPOBAHUE MHOTHMX
MPOIIECCOB, MPOUCXOAIIMX B PEATBHOM MHPE, YacTO MPUBOJIUT K H3YUYECHUIO
OpsAMBIX M OOpaTHBIX 3aJad JUisl ypaBHEHUH, HE MMEIOIIMX aHajJoroB B
KJIaCCMUeCKOM Marematudeckoil ¢usuke. Teopus oOpaTHBIX 3aqad4 BO3HHUKIIA
IPEXJIe BCEro NMPH PEIICHUH 33/1a4 aCTPOHOMHH, KBAHTOBOW TEOPHUH pacCesiHus,
reopmsukn w T.0. HenokampHble KpaeBble 3ajaud  BO3HUKAIOT TIpU
MaTE€MaTUYeCKOM MOJEIMPOBAHUM  BJAronepeHoca, MNpU HU3YYEHHH 3a]a4y
MaTeMaTH4eCKO OMOJIOTHY, 3a]1a4 YIPABICHUS U JPYTHX.

Celiuac B MUPOBOM MacmTabe CTajlo0 aKTyaJbHbIM HCCIIEIOBAaHUE
T depeHINATBHBIX U UHTETPO-AU(PPEepeHInaNbHbIX YPAaBHEHUH C 3aJlaHHBIMU
VUHTErPAJIBHBIMU  YCIOBUSAMU. B0 MHOrMX BeaylIIMX Hay4HBIX LIEHTpax MHpa
IPOBOJASTCS HCCIIEOBAaHMSI HEJIOKAJbHBIX KpAeBbIX M OOpaTHBIX 3ajad Jjis
JUHEWHBIX U HEJTUHEHHBIX AU(PepeHInanbHbIX U UHTErpo-audpepeHnanbHbIX
YPAaBHEHUH; WU3Yy4arOoTCs CYLIECTBOBAHWE M E€AMHCTBEHHOCTh pelIEHUi. Bombiion
UHTEPEC MPEACTABILSIIOT: MOCTPOCHUE PEIICHUM MCXOIS U3 3HAYCHUH 3aJaHHBIX
apamMeTpoB, B CIIy4yae OJHOPOAHBIX M HEOAHOPOJHBIX YPaBHEHUN IOCTPOECHHE
SBHOTO BHJA PEIICHUH, a B CIly4ac KBAa3WIMHEHHBIX U HEIUHEHMHBIX YPaBHEHUU
IIPUBEJEHUE TAKOTO YPABHEHMS K SKBUBAJICHTHOMY HEJIMHEHHOMY HUHTETPaIbHOMY
YPABHEHUIO U TPUMEHEHUE PA3NTMYHBIX UTEPAIUOHHBIX CXEM.

B V30ekucrane ocoboe 3HaueHHE UMEET UccieoBaHre AU(depeHIuanbHbIX
U uHTerpo-guddepeHunanbHblX  YpaBHEHUA B YacTHBIX  MPOU3BOJHBIX,
CoJlepKallluX IPOU3BOJHYK0 BTOPOTO WM TPETHEro NOpsAAKa IO OJHOM U3
NIEPEMEHHBIX U MPOU3BOJIHBIE YETHOTO NOPAJIKA IO APYTUM nepeMeHHbIM. [loTomy
YTO HUCCIIEJOBAaHMS TAaKMX ypaBHEHUH TpeOYIOT OT YYEHOro 0coboro moaxonaa u
OPUBJICYCHUS] psila HOBBIX cooOpaxeHuil. Ilpu wncnonb30BaHMM CTaHAAPTHBIX
METOJIOB HCCIIEJOBAaHUS TAaKUX YPABHEHUN BO3HHMKAIOT TPYJAHOCTH HE TOJIBKO
TEXHUYECKOTO xapakrepa. OcoOeHHO, eclii MapaMeTp y4acTBYeT B CTPYKType
nudepeHnnanbHbIX u UHTErpo-aud depeHImarTbHbIX ypaBHEHUI C
WHTETPAIbHBIMU ~ YCJIOBHUSIMH, TIOCTPOCHHME PEHIEHHWH B COOTBETCTBUU C
pa3IMYHBIMM 3HAYEHUSIMU TIApaMEeTPOB W TPOBEpPKA CYLIECTBOBAHUS WM HE
CYILIECTBOBAHMSI, €IMHCTBEHHOCTH WJIM HE €IMHCTBEHHOCTH J3THX pPEUICHUM
MPEACTABIISIIOT COBEPIIEHHO HOBBIE PACCYKICHHUS.

[IpoBenenre wHccieqOBaHUM HA YpPOBHE MHUPOBBIX CTAaHIAPTOB IO
MPUOPUTETHBIM HAIpaBleHUsIM MaTteMaTuku «/uddepeHunansupie ypaBHEHUS U
MaTemMaTuueckas (u3uKa, Teopusl JAUHAMUYECKMX CHCTEM U ONTHUMAalIbHOE
yIpaBlieHHue» 0003HAaueHbl KaK OCHOBHBIE II€JIM W HANpPaBJICHUS JEATENIbHOCTU
uccnenosareneii’. Mecneqosanus, MpoBOMMEIE B pAMKaxX JaHHOW AUCCEPTALUM, B

! Mocranosnenne Ka6unera Munctpos Pecny6nukn Y36exuctan ot 18 mas 2017 roma Ne292 «O mepax mo
OpPTraHW3aIlMK JCATEIBPHOCTH BHOBb CO3JIAHHBIX HAYYHO-UCCICIOBATEIBCKUX YUPSKICHHNA AKaJICeMHH HAYK
PecniyOnuku V30ekuctan»



ONpEJEICHHOW CTEMEHU CIyXKaT peIIeHUI0 3a7ad, OOO3HAUEHHBIX B YKaze
[Tpesunenta PecnyOmuku Y36ekucran NeVII-4947 ot 7 despans 2017 roma «O
CTpaTernu ACWCTBUS MO JalbHEWIeMy pa3BuUTHIO PecmyOnuku Y30ekucran», B
noctaHoBiieHUsIX Nelll1-4387 ot 9 utons 2019 roga «O Mepax rocyaapCTBEHHOU
MOJIICPKKU JAIIbHEHIIIET0 Pa3BUTHSI MAaTeMaTHYECKOTro OOpa3oBaHUs W HAyKH, a
TaK)K€ KOPEHHOT'O COBEPILEHCTBOBAaHMS JesTelbHOCTH MHcTuTyra MartemaTuku
umenu B.M. PomanoBckoro Akanemun Hayk Pecriyonuku Y36ekuctan» u Nellll-
4708 ot 7 mas 2020 roga «O Mepax MO MOBBIIMICHUIO KayecTBa 0Opa30BaHUS U
Pa3BUTHIO HAy4YHBIX HCCIEAOBaHUN B 00JacTM MAaTeMAaTHKW», U B JPYTUX
HOPMATHUBHO-TIPABOBBIX aKTaX, Kacarommxcsa PyHIaMeHTaIbHON HAYKH.

CooTBeTcTBHE HCCIETOBAHUA NPUOPUTETHBIM HANPABJICHUAM Pa3BUTHA
HAYKH W TEeXHOJIOrMu pecmyOauku. JlaHHOE uCCIenOBaHWE BBIIIOJHEHO B
COOTBETCTBUM C IMPHUOPUTETHBIM HAINPABICHUEM Pa3BUTHS HAYKU U TEXHOJOTHUH B
PecnyOonuke Y36ekucran V. «MartemaTnka, MexaHuka U UH(HOPMATHKA».

0030p 3apy0esKHBIX HAYYHBIX HCCJAEJ0BAHMIL 110 TeMe AUCCepTaluu’,

Hayunble nccneoBaHusl 1O HEJIOKAJIBHBIM IMPSMBIM U OOpaTHBIM KpPaeBbIM
3amayaM i AuddepeHuranbHbIX U HHTErpo-aIudpepeHnalbHbIX YpaBHEHUN B
OOBIKHOBEHHOM MNPOM3BOJHON M B YaCTHBIX MPOM3BOJHBIX BEIYTCS B KPYITHBIX
HAay4YHBIX IIEHTPax, BBICIIUX Y4YEOHBIX 3aBEJEHUSAX MHUpa, B YACTHOCTU: B
University of New Haven (CIHA), Ghent University (bemsrus), University of
Tokyo (SInonust), MOCKOBCKOM TOCYAapCTBEHHOM YyHHBepcuTeTe uMeHH M.B.
JloMmoHOCOBa, MOCKOBCKOM (DU3HKO-TEXHUUYECKOM HWHCTUTYTE (HAlMOHAJIBHBIN
UCCIIEIOBATENIbCKUIA ~ YHUBEPCUTET), MOCKOBCKOM  HHXEHEPHO-(PU3NYECKOM
WHCTUTYTe (HAMOHAIBHBIA  HWCCIEAOBATENbCKUN  SIICPHBIM  YHUBEPCUTET),
MOCKOBCKOM HHEPreTHYeCKOM HHCTUTYTE (HAIIMOHAJBHBIN HCCIE0BATEIbCKUI
YHUBEPCUTET),  MOCKOBCKOM TOCYJapCTBEHHOM TEXHUYECKOM YHUBEPCHUTETE
umenn H.D. baymana, PoccuiickoM yHUBepcUTeTe JpY>KObI  HapOJIOB,
benropoackom roCyJapCTBEHHOM HAallMOHAJIBHOM HCCIIEI0OBATEIIBCKOM
yHUBEpCUTETE, balllKUpCKOM TrOCyJIapCTBEHHOM YyHUBEpCUTETe, BopoHexckoM
roCyJJapCTBEHHOM YHHUBEPCUTETE, beIOpyCCKOM roCcyJapCTBEHHOM YHHUBEPCHUTETE,
CamapckoM yHHBeEpcuTeTe, YpalibckoM (eaepaibHoM yHUBepcurtete, Kabapanno-
bankapckoMm rocygapcTtBeHHOM YyHHBepcutere, Kazanckom (IIpuBomkckom)
benepaibHoM yHUBepcuTeTe, HOBOCHOMPCKOM TOCYyAapCTBEHHOM YHUBEPCHUTETE,
HUpkyTckoM  rocynapcTBeHHOM  yHuBepcuteTe, HOxxkHoM  (enepanbHOM
yHuBepcutere,  KueBCKOM  HauMOHaIBHOM  yHUBepcuTere,  Kazaxckom
HalMOHaLHOM yHUBepcutere, Institute of Mathematics of Chinese Academy of
Sciences, MarematuyeckoM wuHcTHUTYTe HMeHH B.A. CrexioBa Poccuiickoii
akazgemMuu Hayk, WHctuTyTe Matematuku Cubupckoro otnenenust Poccuiickoit
akagemMuu Hayk, HMHctutyre wmarematuku HannoHanbHOW akageMuu Hayk

2 O630p 3apybeHBIX HAYUHBIX HCCIENOBaHHUI 1o Teme aucceprauuu: International Journal of Dynamical
Systems and  Differential  Equations, = www.inderscience.com.jhome;  Boundary  value  problems,
www.link.springer.com.journal; Journal of Ellipric and Parabolic Equations, www.springer.com.journal; Journal of
Partial Differential Equations, www.global-sci.org.jpde; Juddepenunanbubie ypaBHEHHUS,
www.link.springer.com/journal/10625, Takske ObUTH MCIOJIL30BAHBI M APYTHE UCTOUHUKH .
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VYkpaunbl, HWHcTUTYyTE MaT€eMAaTMKA M MaTeMaTUYECKOrO0 MOAECIUPOBAHUS
Hammonanenoit akanemun Hayk Kasaxcrana u T.1.

HccnenoBanuio OOBIKHOBEHHBIX MHTETPO-IH(PPEpEHIINANIbHBIX YPABHEHHM
MOCBSIIIEHO OOJIBIIIOE KOJEYECTBO MyOJMKANUi. 31€Ch MOKHO OTMETUTH PabOThI
aBTopoB: A. Lorenzi, A.l. Prilepko, H. Oka, .. bemo, M.B. bymaros, M.M.
Baitnbepr, B.B. BacumpseB, M.W. Wmanammen, C. MHWckanmmapos, H. [
Komnauesckuii, H.A. Cunopos, B.I'. Tpyoun, M.B. ®dananaes, I'.A. [lumkus u
MHorue gnpyrue. MHcecnegoBanuto uHTErpo-auddepeHrnaibHblX —ypaBHEHUN
MEPBOTO MOPSAKA C BBIPOXKIACHHBIM SIAPOM MOCBSIIEHB paboThl aBTOpoB: A.M.
Camoriinenko, A.A. boiuyk, C.A. Kpusomies, A.Il. Crpax, J.C. JIxxymabaeB u
npyrue. HccimenoBaHWe HEJIOKAIbHBIX  KpPAaeBBIX 3alad  HA4yajaoCch MOCIE
nyonukamuii pabotr A.A. Camapckoro. 3/1ech 3aMETHbIE PE3YJIbTaThl MOJYYECHbI
marematukamu: JI.I'. l'opnesnanu, I'.A. ABamumBmim, A.JI. Cky6aueBckuii, A.H.
Koxanos, S1.T. Merpanues, A.M. Haxymes, JI.C. [lynskuna, K.b. Cabutos, A.T.
AcaHOBa 1 MHOTHE JIpyTHE.

3amaun Ha cCOOCTBEHHBIE 3HAYEHUS JUIsl NapabOIUUYECKUX U TUIEPOOIMYECKUX
ypaBHEHUI U 000CHOBaHUE MeToAa psA/loB Dyphe NSl PEIICHUS] TAKUX YPaBHEHUN
OBUTM MCCIIEIOBaHbl TaKUMHU BUAHBIMM MaTtemaTukamu kak O.A. JlagbpkeHckas,
B.A. CononnukoB, H.H. VYpamsuesa, B.A. Wnpun, B.Il. Muxainos, E.U.
MouceeB, B.A. Uepnsarun, L.D. Akulenko, S.V. Nesterov u MmHOrmMu apyramu
MateMatukamu. HenvHelinbie mapaboinueckue U rurnepooInvyeckue ypaBHEHHS U
ux O0O0O0OIIEeHHUs] UCCIIEeNOBaHbl MHOTMMH aBTOpaMH, B YAaCTHOCTH OTMETUM
maremaTukoB: A.H. boromo60B, M./[. Mansix, A.W. Bara6os, B.C. Bnagumupos,
M. O. Kopniycos, C.H. Kpyxkos, H.A. Kyapsmos, M.b. Cyxapes, 2. Mutuauepu,
C.WU. IToxoxaes, O.A. Oneiinuk u .M. Yangupos. UTo kacaeTcsi UCCIEA0BAHUIO
oOpaTHBIX 3aJa4 B 3apyOCKHBIX CTpaHAX, MOXHO BBIJCIUTh PaOOTHI TaKUX
BUJHBIX MAaTe€MaTUKOB U UX yuyeHHUKOB Kak: A.H. Tuxonos, B.Sl. Apcenun, M.M.
JlaBpentoeB, JI.A. CasenveB, B.I'. PomanoB, A.U. Ilpunenko, /[.C. TkaueHko,
AJL byxreitm, H.U. Kamuauna, A.M. [enucos, C.1. KabGanuxuH u MHOTHE
Jpyrue.

Crenenb n3yyeHHocTu npodJemsl. [locie uzBectHbix padbotr B.A. Mibuna
MOSIBWJIMCH OOJIBIIOE KOJIMYECTBO PAOOT, MOCBSIICHHBIE M3YYCHUIO JMHEUHBIX
mudepeHIrnanbHbIX YpaBHEHUH NapaOoIMuecKoro 1 rurnepooanyeckoro Tunos. B
YaCTHOCTH, 34eChb MOXHO oTMetuTh K. baliky3ueBa, KOTOpBIM HCCIIEI0BAI
OCHOBHBIC CMEIIIAHHBIC 3a/lauyd JUIsl BBIPOXKIAIONIUXCS THUIEPOOIMUECKUX H
napabonumdeckux ypaBHeHuil. B.A. UYepHaruH B cBomx paboTax MPOBOAMII
o0ocHOBaHUE MpUMEHEHUs psiioB Dypre K MCCIEAOBAHUIO CMEIIAHHBIX 3a/1a4 JIsI
HEOJHOPOMHBIX  auddepeHInanbHbIX  ypaBHEHUH  TUMEPOOTUYECKOTO |
napabonuyeckoro TunoB. FO.A. JlyOuHCckuii wHccleAyeT KBa3UJIMHEHHbIE
AIUIUNITUYECKUE U Tapaboinyeckue ypaBHeHUs Jirooboro nopsaka. H.M. Monkun
M3ydaeT KPaeByIo 3a/1auy TEOPUHU TEIUIONPOBOAHOCTH C HEKJIACCUUYECKUM KPaeBbIM
YCIIOBHEM.

[''. YanaupoB B CBOEHM JOKTOPCKOM AMCCEPTAIUU OOOCHOBAJ MPUMEHEHUS
Merona psanoB @Dypbe K pELIICHHI0 CMEMIAaHHOM 3adaud ISl HEJIUHEHMHBIX
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runepoosuueckux u mapabonudeckux ypaBHenuil. K.X. IllabaaukoB B cBoeit
KaHAUAATCKOW JHCCEPTAlUU METOAOM psifioB Dyphe H3ydall CMELIAHHYIO 3a/1a4y
JUTST HEJIMHEWHBIX TU(PEpeHINMATBHBIX YPaBHEHUN TICEBIOTUIIEPOOTUIECKOTO U
MCEBAONMAPA00IMYECKOT0 THUIOB € MaJlbIM MapamMeTpoM TMPU CMEIIaHHBIX
MIPOU3BO/IHBIX.

Ceroguss BO BceM MHpE BCTpeudaeTcss OONblIoe KOJUYECTBO pPadoT
MaTeMaTUKOB, TJE€ HCCIEIYIOTCS pa3Hble HEJIOKAJIbHBIE KpaeBblE 3ajayl s
mudepeHnanbHbIX ypaBHEHU B YACTHBIX MPOU3ZBOAHBIX.  371eChb MOXKHO
orMmeTuth paboTsl: P.P. Amyposa, C. Ymapona, O.C. 3ukupona, T.Jl. Ixypaesa,
b.B. Jlorunoga, XK.O. TaxupoBa u P.H. TypaeBa. BaxxHbie pe3ynbTaThl MOJTy4EHBI
npu  uccienoBaHuu  AuddepeHIuaIbHbIX YPaBHEHUN  AJUIMOTHYECKOTO U
CMEIIaHHOTO THUIOB. B 3TOM HampaBiieHuu ciexyeT OTMeTHuTh pabotsl: [II.A.
Amumosa, FO.I1. Anakosa, P.P. AmypoBa, A.C. bepasimesa, b.)K. Kagupkynosa,
T . JbxypaeBa, M. MamaxanoBa, b.M. Hcnomona, O.X. AOnymiaeBa, A.
ConyeBa, M. Mupcabyposa, M.X. Py3ueBa, M.C. CanaxutaunoBa, A.K. YpuHosa,
A. XacanoBa u A.B. IOnnamesoii. CnenyeT OTMETUTh, YTO TEOpHUsi OOpATHBIX
3a/lad  Kak pazgen Teopuu auddepeHIHaTbHBIX YpaBHEHUH B YAaCTHBIX
MPOU3BOJIHBIX PA3BUBACTCS OYECHb OBICTpPHIMH TeMIlamu. [Io oOpaTHbIM 3a7auam
noguepkHeM pabothl ciaenyromux aBropo: III.A. Amumona, P.P. Amyposa, P.
Feng, E.T. Karimov, M.C. CanaxutauroBa, A.C. bepapimena, C.3. [)xamaiona,
b.1. UcnomoBa u apyrux.

CBs3b TeMBbI JHCCEPTALUM C HAYYHO-HUCCIAEA0BATEIbCKHMH padoTaMu
BbICIIET0 00Pa30BATEJILHOI0 YUYpPeKJACHHsl, I/e BBINOJHEHA JUCCePTALMS.
HuccepranmonHas paboTa BBHITIOJHEHA B COOTBETCTBHM C TUIAHOBOM TEMOM
HAy4HO-UCCIIEIOBATEIbCKUX  paboT  Y30ekcko-M3pamibckoro  COBMECTHOTO
dakynpTeTa HarmonanbHOTO yHUBEpCUTETA Y30EKHUCTaHA.

Heabo wucciaeq0BaHUsA SBISETCS HCCICIOBAHUS  Pa3pelIMMOCTH U
KOHCTPYKTUBHOE MTOCTPOCHUE PEIICHUN HEJIOKAIbHBIX MPAMBIX U 00OpaTHBIX 3a1a4
st au@depeHMaNbHbIX M MHTErpo-Iud@epeHnranbHblX  YpaBHEHUN
®pearonabMa ¢ BHIPOXKICHHBIM SAPOM.

3amavu ucclieI0BaHNs, pPElIaeMble B JAaHHOU padoTe:

YCTAHOBUTH JJI PETrYJIIPHBIX 3HAYEHUM MapaMeTpa JOCTATOYHBIC YCIOBUS
OJIHO3HAYHOM Pa3pelIMMOCTH HEJOKAJIBbHBIX KPAaeBBIX 3aJad IS OJHOPOJHBIX
nudpepeHnanbHbIX YpaBHEHUN B YACTHBIX MPOU3BOJHBIX YETBEPTOTO TMOPSIKA;
MOCTPOUTH OECKOHEYHOE MHOXKECTBO PEIICHUIN KpaeBbIX 3aj1ay JJIsl UPPETYJIIPHBIX
3HAYEHHM NTapaMeTpa;

YCTAHOBHUTH JJI PETYJISPHBIX 3HAYEHUN MMapaMeTpOB JOCTATOYHbBIC YCIOBUS
OJIHO3HAYHOM Pa3pelIMMOCTH HEIOKAIBHBIX MPSIMBIX U OOpAaTHBIX KPaeBBIX 3ajad
JUTsT HHTETPO-Tu(dPEepeHINATIBHBIX YPABHEHUN B YaCTHBIX MPOU3BOIHBIX TPETHETO
W 4YETBEPTOTO TOPSIAKOB C BBIPOXKACHHBIM SAPOM; JI0Ka3aThb YCTOWYUBOCTH
peuieHusi 0 (YHKIUSAM TIEPEONpe/IeSIeHUs] U TPaHUYHBIM JaHHBIM; TMOCTPOUTH
OECKOHEUHOE MHOKECTBO PElICHUN KPaeBbIX 3ajiau sl UPPETYJSIPHBIX 3HAUCHUN
MapaMeTpPOB WJIM JOKa3aTh HECYLIECTBOBAHUE PELICHUS;
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YCTaHOBUTH ISl PETYJISIPHBIX 3HAYEHWH NapaMmerpa JOCTaTOYHBIE YCIIOBUS
OJTHO3HAYHOUM 00O0OIIEHHON Pa3pemMMOCTH CMEITAaHHOW 3a/1auu ISl HETMHEWHBIX
UHTETpO-Au(depeHInaIbHbIX YPaBHEHHM, COIEPKalINX MPOU3BOJIBHYIO CTENECHb
napaboIMYECKOro ONepaTopa;

YCTAHOBUTH IS PETYJISIPHBIX 3HAYEHHM MMapaMeTpoB JOCTATOYHBIE YCIOBUS
OJIHO3HAYHOU pa3pelIMMOCTH HEIOKAJIbHBIX MPSIMBIX U OOpaTHBIX KPaeBbIX 3a]ad
Ui OOBIKHOBEHHBIX HMHTErpo-AuddepeHInanbHbIX ypaBHeHH @pearonbpma
BTOPOTO  MOpsZIKa; JOKa3aTh  YCTOMYMBOCTb  pEIICHU 1O  (QYHKIUSAM
NEPEONPECICHNU U TPAaHUYHBIM JAHHBIM; IOCTPOUTh OECKOHEYHOE MHOXKECTBO
pelIeHN KpaeBbIX 3a/1a4 I UPPETYJIIPHBIX 3HAUEHUN MapaMeTPOB WM J10Ka3aTh
OTCYTCTBHE PEIICHU.

O0bexkT wucciaenoBanusi. OOBIKHOBEHHbBIE HMHTETPO-AUPPEpEeHLInaTbHbIE
YPAaBHEHUS BTOPOrO IMOPSAKA C BBIPOXKIACHHBIM SIIPOM M JI€WCTBUTEIBHBIMU
napameTpamu; audQepeHanbable 1 UHTErpo-au@depeHIuanbHble YpaBHEHUS B
YaCTHBIX IPOU3BOIHBIX, COACPKALIUE NEUCTBUTEIbHBIEC TAPAMETPHI.

IIpeamer ucciaenoBanms. Psaaslt @ypee, Teopus auddepeHuuanbHbIX U
UHTErpo-IuPdepeHInaNbHbIX YpPaBHEHU B YacCTHBIX IPOU3BOAHBIX, TEOPUS
UHTErpo-1uQdepeHuanbHbIX ypaBHEHUN DpeAronbma ¢ BRIPOXKICHHBIM SAPOM.

Metoabl wucciaenoBanms. [lpu BbIBOJE pe3yJabTaTOB  JIUCCEPTALUU
UCIIOJIB3YIOTCS UAEHM U METOAbl T€OpUH (YHKIMM, (PYHKIIMOHAIBHOIO aHAIMU3a,
OOBIKHOBEHHBIX U (PepeHIINaIbHBIX U UHTErPaIbHbIX YPaBHEHHUM, HHTErPaJIbHbIX
HEPAaBEHCTB U YPAaBHEHUN MaTeMaTUYECKON (PU3UKU.

Hay4yHasi HOBH3HA HCCJIEIOBAHMS 3AKIIOYAECTCS B CIEIYIOLIEM:

JUIsL  peryjisipHbIX  3HAYEHUH  mapaMmeTpa  JOKa3aHa  OJHO3HA4Has
pa3penmmocThb HEJOKaJIbHBIX KpPaeBbIX 3a/1a4 TUISL OJIHOPOJHBIX
g depeHINaTbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX YETBEPTOTO MOPSIJIKA,

JUISL  PEeryJsipHBIX  3HAYEHW  MapaMeTpoB  JOKa3aHa OJHO3HAYHAs
pa3pelIMMOCTh HEJIOKAJBbHBIX MPAMbBIX U OOpaTHBIX KPaeBbIX 3aJay JJii UHTETPO-
mudpepeHInanbHbIX YPABHEHUI B YACTHBIX MPOU3BOAHBIX TPETHETO U YETBEPTOTO
MOPSIIKOB C BBIPOKIEHHBIM SIAPOM; JIOKa3aHAa YCTOWYMBOCTh pELIEHUS IO
(GyHKLIMSIM IEpeonpeieNICHUs U TPAaHUYHBIM TaHHbBIM;

JUTSL PETYJISIPHBIX 3HAYEHUN MapaMeTpa JIoKa3aHa OJHO3HauyHas 0000IIeHHAs
pa3pemmuMocTb CMEIIaHHOU 3a1a4U TS HEJIMHENHBIX WHTErpo-
mupdepeHIManbHbIX ~ ypAaBHEHUHM,  COJEpKallMX  MPOU3BOJBHYIO  CTENEHb
napaboJIMYeCcKOro Oneparopa,;

JUISL  PEeryjsipHBIX 3HA4YEHWM  IapaMeTpoB  JOKa3aHa OJHO3HAYHAs
pa3peluMoCTh HEJIOKaJbHBIX TMPSAMBIX U OOpaTHBIX KpaeBbIX 3axad JJis
OOBIKHOBEHHBIX WHTETrpo-auddepeHImanbHbix ypaBHeHuit dpearoisma BTOPOTO
NOpsAJKa; TOKa3aHa yCTOMYMBOCTh PEIICHUs MO (YHKIUSAM IEpeorpeneaeHus U
IPaHUYHBIM JAHHBIM; MOCTPOCHbI OECKOHEYHOE MHOMXECTBO PEIICHUN KpPaeBBbIX
3alady i UPPETryJSPHBIX 3HAYECHUW NapamMeTpoB WM JI0Ka3aHa OTCYTCTBHE
pELICHUN.

IIpakTHyeckne pe3yabTAaThl HCCJIEI0BAHUS COCTOAT B TOM, 4YTO MJIs
madpddepeHnanbHbIX M UHTErpo-Iu(depeHlIHaNTbHBIX  YpaBHEHUH ¢
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BBIPDOKJICHHBIM  SIIPOM  NPEUVIOKEHA  METOAMKA  TOCTPOEHHUSI  PEIICHUH,
YUUTHIBAIOIIasi CBOMCTBA (QYHKIINI C AEHCTBUTEIHHBIMU ITapaMEeTPaMU U CBOMCTBA
onpenenutens OpearonbMa, U MpeIoKeHa METOIUKA MOCTPOSHUSI OECKOHEUHOTO
MHO’KECTBA PEIICHHI, YUYUTHIBAIONIAs CBOWCTBO OPTOTOHAIBHOCTH (DYHKUMN MpU
UPPETYJIPHBIX 3HAYEHUSX TapaAMETPOB.

JloCTOBEpHOCTh  pe3yJIbTATOB  McCCaeAoBaHusl. J[OCTOBEpHOCTH U
00OCHOBAaHHOCTb IOJIYYEHHBIX pE3YyJIbTaTOB HCCIEIOBAaHHUS O0OECIeYBaACTCS
KOPPEKTHOM TITOCTAHOBKOW 3aJad, NPUMEHEHHEM CTPOTMX MaTeMaTHYECKHX
METO/IOB, TMOJIHBIMA MAaTE€MAaTUYECKHUMH JI0KAa3aTeIbCTBAMU U TpauuecKuMu
WJUTFOCTPALASMHU.

Hay4ynasi m npakTu4ecKasi 3HAa4YUMOCTb Pe3yJibTATOB HCCICAOBAHMS.

Hay4Hoe 3HaueHHE pe3ylbTaTOB HMCCIENOBAHMS 3AKIKOYACTCS B TOM, 4YTO
NOJlyuYeHHblE B paboTe HayyHble pE3yJbTaTbl MOTLYT OBITh HCIIOJIb30BAHBI B
KAUEeCTBEHHOM Teopu Au(PQPepeHIUaNbHbIX W HHTErpo-AuddepeHInaIbHbIX
YPaBHEHUH B YAaCTHBIX MPOU3BOJIHBIX BBICOKOIO MOPSAKA.

[IpakTyeckoe 3HA4YE€HHE pE3yJbTAaTOB, MOJYYEHHBIX B JUCCEPTALMOHHON
pabotre, omnpeaensercs TEM, YTO I[OJIYYEHHbIE pe3yibTaTbl MOTYT HaWTH
IPUMEHEHUE TMPU PEUICHUU psla MPUKIATHBIX 3a7a4 TEOPHUH aBTOMATUYECKOTO
peryJiMpoBaHusl, HETMHEHHON MEXaHUKU U MaTeMaTUYeCKON (PU3UKHU.

BHenpenune pe3yJbTaTOB HCCJOeI0BAHMA. Pe3ynbTaThl, NOJyYEHHBIE B
JUCCEPTALMH T10:

UCCIIEIOBAaHUIO  KpaeBOM 3ajaud il MHTErpo-auddepeHInanbHbIX
YPAaBHEHHUM B YACTHBIX NMPOU3BOJAHBIX TUIA beHHU-JIIOK ¢ BBIpOXKIAECHHEM Spa,
UCIIOJIb30BaHbl B BEAYIIMX MEKIYHAPOIAHBIX HayuHBIX kypHaiax (Lobachevskii J.
of Math.: 2020, Vol. 41, P. 1031-1042; 2021, Vol. 42, P. 526-535, P. 587-597, P.
632-640, P. 479-489; Russian Math.: 2020, Vol. 64, P. 1-11; International J. of
Math. and Phys., 2020, Vol. 11, Ne 1, P. 28-35) npu uccrnenoBaHi BOIPOCOB
OJIHO3HAYHON  paszpemMocTH  3amaud  [emnepcrentra, JABYXTOUEYHBIX H
MHOTOTOYEYHBIX KPaeBbIX 3aJay ISl JIMHEWHBIX, HArpy>KCHHbIX U HEIMHEHHBIX
YpaBHEHUN B YACTHBIX MNPOU3BOAHBIX. VICMOIB30BAHME HAYYHOI'O pE3yJIbTATa
NO3BOJIWIIO  JOKa3aTb TeopeM o0 OJHO3HAYHOM pPa3peliuMOCTH  3a/layu
['ennepcrenra, AByXTOUYEUHBIX U MHOTOTOYEUHBIX KPAEBBIX 33]a4 JJIs JTUHEHHBIX,
Harpy>kKeHHbBIX U HEJIMHEUHBIX YPAaBHEHUM B YaCTHBIX MTPOU3BO/IHBIX;

WCCIICOBAHUID  HEJIOKAJIBbHOM  KpAaeBOM  3aJaud U1 HHTETPO-
mudpepeHnnanbHbIX YpaBHEHM B YaCTHBIX MPOM3BOJHBIX IceBaonapadoio-
NCEBAOTUNEPOOTUYECKOTO THUIMA, HCIOJIb30BaHbl B BEAYLIMX MEXIyHAPOIHBIX
Hay4HbIX KypHanax (Lobachevskii J. of Math.: 2021, Vol. 41, P. 560-571, P. 572-
578, P. 632-640; Axioms 2020, Vol. 9, Ne 4(135); Chaos, Solitons & Fractals,
2021, Vol. 146, ID 110835) npu ucciaeaoBaHUK Pa3IMYHBIX KPAEBBIX 3aay st
cMeniaHHbIX JudpepeHunanbHbIX YypaBHeHUN, TudPepeHnalbHbIX YPAaBHEHHH C
BbIpOXKAeHUEM. M cronap30BaHUEe HAYYHOTO pe3yjbTaTa IO3BOJWIIO JI0KAa3aTh
TeopeM 00 OJIHO3HAYHOM pa3peluMOCTd KpaeBbIX 3aJady JJs CMELIaHHBIX
nuddepeHuanbHBIX  YpaBHEHUH, umMnTHYeCKUX  AudpepeHImanbHbIX
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YpaBHEHHH ¢ TpeMsi CHUHTYJApHbIMU Kod(ddunueHntamu, nuddepeHnnaibHbIX
YPaBHEHHU C BBIPOKICHUEM.

Pe3ynbpratel, MOIy4YEeHHBbIE B IUCCEPTALMU MO PA3PEIIMMOCTH HEIOKAIbHBIX
KpaeBbIX 3amad Il WHTErpo-AuddepeHnaabHbIX YpPaBHCHHA B YaCTHBIX
MPOU3BOJIHBIX C BBIPOKIACHHBIM SIIPOM OBUIM HUCIOJIB30BaHbl MPHU MOCTPOEHUU
pCIICHUH HEJOKAIBHBIX KPacBbIX M CMEIIAHHBIX (HaYaJIbHO-KPACBBIX) 3aJad JUIS
JUHEHHBIX W HEIWHEWHBIX Au(depeHIMaTbHbIX ypaBHEHUH B  YaCTHBIX
MPOU3BOIHBIX YETBEPTOIrO MOPSAIKA B UHCTUTYTE MaTEMATUKU U MAaTEMaTHYECKOTO
MOJICIMPOBAaHUS MHUHHMCTEPCTBAa oOpa3oBaHus W Hayku PecrnyOmuku Kazaxcran
nipu BbInoHeHNU npoekTa NeAP05131220 «Metoasl penieHns: HauyaabHO-KPAeBbIX
3amay i qudPepeHIMaibHbIX YPaBHEHUN B YaCTHBIX MPOU3BOJHBIX BBICOKOTO
nopsinka ©  ux nOpuioxkenus» (CrpaBka HHCTUTYTa  MaTeMaTUKU U
MaTEMaTUYECKOTO0 MOJICIMPOBAHUS MHUHHUCTEpCTBA OOpa3oBaHUA U  HAYKH
Pecniy0mku Kazaxcran 3a Homepom Ne 01-06/082 ot 25 mas 2021 r., Kazaxcran).
Hcnonb3oBaHWE HAYYHOTO pe3yjbTaTa MO3BOJIMIO WM J0Ka3aTh OJHO3HAYHYIO
pa3pemMMoCTh  HEJIOKAJbHO KpaeBbIX W  HayalbHO-KPAEBBIX 3a1ay i
nuddepeHInanbHbIX YPAaBHEHUM B YACTHBIX MPOU3BOIHBIX YETBEPTOTO MOPSIKA;

Meronrka McciaeI0BaHMs HENOKAIbHBIX KpPAeBbIX 3aJay I JIMHEWHBIX U
HEJTMHEUHBIX AUdPEepeHIuaIbHbIX YpPaBHEHUW B YaCTHBIX TPOU3BOJHBIX C
JNEUCTBUTENBHBIM  MApaMEeTpOM ObUIM  HCIIOJIB30BAaHbl IPU  HMCCIEIOBAHUU
OJIHO3HAYHOM pa3pelIMMOCTH HEJIOKAJIbHBIX KpPAa€BbIX 3alad [Jisl JUHEHWHBIX H
HEJIMHEHHBIX audepeHITMaNbHBIX YpaBHEHUA B YaCTHBIX  MPOU3BOIHBIX
napaboIM4YecKOro M THUIEPOOTUYECKOTO THUIOB TIPU BBIOJIHEHUH HAy4YHO-
HCCIIEIOBATENHCKUX PaboT MexmyHapoaHoro Kaszaxcko-Typenkoro yHuBepcurera
uMeHn Xomka Axmena SfcaBu mno mnpoekty Ne AP05131268 «Bompockl
pa3pelIUMOCTH  KPaeBbIX M HA4YallbHO-KPAEBBIX 3adad Uil HEJIOKaJIbHBIX
nuddepeHUaNbHbBIX ~ YpPaBHEHWM B YACTHBIX  MPOU3BOJHBIX»,  HOMEP
rocpeructpauun 0120PK00547 (CnpaBka mexayHapoaHoro Kazaxcko-Typerkoro
yHUBepcuTeTa uMeHn Xomka Axmena ScaBu 3a Homepom Ne 05/1159 ot 25 mas
2021 r., Kazaxcran). HMcnosib30BaHHE HAy4HOTO pe3yJibTara MO3BOJUIO UM
JI0OKa3aThb  OJHO3HAYHYIO  Pa3peliMMOCTh  HAYaJlbHO-KPAaeBbIX  3adad s
i epeHInanbHbIX YpPaBHEHUH B YaCTHBIX MPOM3BOAHBIX MapabOIMYECKOro U
rUnepO0IMYECKOro TUIIOB.

AnpoGauust pe3yabTaToB ucciaenoBanusa. O6cyxngamcy Ha 20
MEXIYHAPOIHBIX U 2 PECITyOIMKAHCKUX HAyYHO-TTPAKTUYECKUX KOH(DEpEHIIHIX.

IyOonukanust pe3yJbTaTOB MCCJIEI0BAHUS.

[To Teme nuccepTalMOHHOTO HCCIENOBaHUS OMyOJMKOBaHO 60 Hay4HBIX
paboTt, u3 HUX 37 BXOJAT B IEPEUCHb HAYYHBIX U3IaHHM, MPEI0KEHHBIX Briciien
aTTECTAIMOHHON KoMuccuel PecryOmmku Y30ekucTan 1S 3alIUuThl JUCCEPTAIIHMA
JTOKTOpa HayK. OTH 37 CTaThU OMyOJIMKOBAaHBI B 3apyOCKHBIX KypHaIax.

O0bemM n cTpyKTypa auccepramum. J{uccepranysi COCTOMT U3 BBEACHUS,
YeThIpeX TIJaB, 3aKJIIOYEHUSI U CIHMCKA HCIOJb30BaHHON mauteparypbl. O0bem
auccepTaiuu cocrapisier 216 ctpanuil.
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BaaronapHocTs aBTOpa. ABTOp BbIpa)kaeT INIyOOKYI OJarofapHoCThb
ceouM HactaBHukaMm C.M. CenamoBy u H.A. CugopoBy 3a MoJI€3HBIE COBETHI IIPH
MOJITOTOBKE JAHHOW NHUCCEPTALMOHHOW pabOThl M 32 MOPAJIBHYIO MOAIEPKKY.
ABTOp cuuTaer CBOMM JoJrom BcnomuHaTh uMmeHa b.B. JlormnoBa n K.X.
[ITabagukoBa, KOTOPBIE B T€UEHUE OOJBIIOr0 MHTEPBAja BPEMEHH IOICPKUBAIU
JAHHOE UCCEPTAMOHHOE UCCIEIOBAHUE.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeneHum 0OOCHOBaHBI aKTyaJbHOCTh M BOCTPEOOBAHHOCTH TEMBI
JMCCep-Tallui, OMNPEIEICHO COOTBETCTBHE  HUCCJIEAOBAHUS  IPUOPUTETHBIM
HaIpaBJICHUSIM PA3BUTHS HAYKM M TEXHOJOTUM PECryOJIMKH, MPUBEIAEHBI 0030p
3apyOeXHBIX HAy4YHBIX HCCIEIOBAaHUM 10 TeMe JAuccepTallid U CTElNeHb
M3YUYECHHOCTH MPOOJIeMbl, CHOPMYITUPOBAHBI IIEJIU U 3a/1a4M, BBISIBIICHBI O0OBEKTHI U
NpeaMET HCCIECIOBAHUS, W3JI0KEHbl HAay4yHas HOBHM3HA M MPAKTHYECKHUE
pe3yabTaThl  UCCIIEIOBAHUS, PACKPBI-TA TEOpPETHYECKass ¢  IpaKTU4YecKas
3HAYMMOCTb MTOJTYUYEHHBIX PE3YJIbTATOB, JaHbI CBEICHUS O BHEIPEHUH PE3yJIbTAaTOB
UCCJIeI0BaHUs, 00 OIMyOJIMKOBAaHHBIX pab0OTax U O CTPYKTYpPE AUCCEPTAIUH.

[Ipy W3IOKEHHH OCHOBHOTO COJEpKaHUS JUCCEPTAlUH HCIOJIb3yEM
cieayroIme 0003HaYCHUS.

a). C"(Q) - xmacc ¢ymxkumii U (t,X,y), uUMeOIMX HENpephIBHBIE
o'U o'U o'U _
MIPOU3BO/IHBIC , , B oOsactu QQ;
ot"  ox" oy’
6). C/[ (@) - xmacc dynkumii U (t,X,Yy), uMerommx HempephIBHbIE
o'U o°U o°U _
MIPOU3BO/IHBIC , , B oOimactu QQ;
ot"  ox* oy°®

B). Ctr‘;s;o(Q) — kmace ¢ynkmmii U (t,X,Y), HMEOMMX HEMPEPHIBHYIO

r+s

IPOM3BOIHYIO o B oOmactu Q, CtrQO;S () — xmace dynxmmii U (t,X,Y),
» X,

r+s

HMEIOIIUX HEMPEPHIBHYIO IIPOU3BOJIHYIO B oOnactu Q, I, S — 3agaHHBIC
S

r

ay
HaTypaJIbHbIE YHCIIA.

[lepass rnaBa auccepTanuu HasbiBaeTcs ‘‘Kiaccuueckass pa3pemmMoCThb
HEJIOKAJIBHBIX KPAeBbIX 3a71a4 I OJHOPOAHBIX AU depeHITnaTbHBIX ypaBHEHUHN .
OHa moOCBsIIEHA HMCCIEIOBAHUIO BOIPOCOB O KJIACCUYECKOW pa3perrMoCTH
HEJIOKAIBHBIX KPAEBbIX 3a7a4 JJIsi OJHOPOIHBIX MU PepeHITNATbHBIX YPABHEHHH B
YaCTHBIX IMPOU3BOJHBIX YETBEPTOro mopsaka. IIpumensiercs meron pasneneHusd
MIEPEMEHHBIX. BBIUUCISAIOTCSA 3HAYCHUS TOJI0KUTEIBHOTO MapaMeTpa U UCXOs U3
cnenupUuyeckux OCOOEHHOCTEH 3HAYEHUW TMapamMeTpa CTPOSTCS  PElICHUS
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ucciaeayeMon 3aaun. Y CTaHaBIMBAETCA KpUTEpHil paspemmmocty. JlanHas riasa
cocrout wu3 Tpéx maparpados. B mepBom maparpade mnpuBeneHb
BCIIOMOTaTeNIbHbIE MaTepuaibl, KOTOphle OyAyT MCHOJIB30BAHUN B MOCIEAYIOLINX
naparpadax u riaBax.

Bo BTOPOM naparpade B TpEXMEpPHOI obJsactu
Q={(t,x,y)|0<t<B,0<x,y<l} nOpenmaraeTca METOAUKA  HCCICIOBAHUSI

CICAYyOmeCro rnncCBA0IJIIINIITHYICCKOTO I[I/I(l)(bepCHHI/IaJILHOFO YPaBHCHUA

Uit =Utixx Uttty +V2Uxx +V2Uyy =0, (1)
r7ie V— TO0JIOKUTENbHBIN napameTp. Y paBHeHue (1) uzydaercs B kiacce QyHKIMMA
U(tx, ) eC(QNCHQ)NCHA(QNCELHQ), 2)
U IIpU KPaCeBBIX YCIOBHUIX

U@O,x,y)=U(@,x,y), 0<x,y<lI, (3)

B
fut.x,y)dt=0p(x,y), 0<x,y<lI, (4)

0
U(t,0,y)=U(t,l,y)=U(t,x,0)=U(t,x,)=0, 0<t<p, (5)

rne @(X,Y)— 3amanHas nocratouno riankas ¢yskuusa, @(0,y)=¢(l,y)=
=p(x,0)=p(x,1)=0, Q={(t,x,y)] 0<t<B, 0<x,y<I}.

3amaua 1. Haumu e mpexmepuou obracmu ) Heuzgecmuyro QyHKYuO
U (t, X, Y) us knacca (2), yooseremsopsiowyio ypasuenuio (1) u 3a0annvim kpaesvim

yenosusim (3)-(5).
Yeaosust 1. Ilycts dyukmus ¢(X,y)eC 2 ([0;11x[0;1]) na cermente [0;l]
UMEET KyCOYHO-HEIPEPHIBHBIC MPON3BOIHBIC TPETHETO MOPSIIKA U
¢(0,y)=0(l,y) =0(x,0) =¢(x,1) =0,
Pyx (0,Y) =0« (1Y) =04« (X,0) =0, (X,1) =0,
(Pyy(ovy) :(pyy(liy) =(Pyy(X,O) :(Pyy(xil) =0.
Teopema 1. Ilycms evinonnsiomes ycaosus 1. Toeoa 3ad0aua 1 oonosnauno
paspeuwuma npu écex snauenusix napamempa v € (0, ) 6 mpexmeprnou obracmu

Q). Pewenue onpedensemcs 8 suoe psoa Pypve.

B Ttperbem maparpade ucciaemayroTcs BOIPOCH pa3perimMOCTH HETOKAIbHON
KpaeBOM 3a1auM Ul TPEXMepHOro mupepeHnuans-Horo ypasaenus byccunecka’
yeTBepTOro mopsaka. B Tpexmepnoit obmactu Q={(t,x,y)|0<t<B,0<x,y<I}

paccmatpuBaetcs nuddepeHianbHoe ypaBHEHHE BUIA
2 2 _
Utt _Uttxx_Uttyy -V Uxx -V Uyy =0, (6)
rnie B u |- 3amaHHBIC TIOJIOKHUTCIBbHBIC JCHCTBUTEIBHBIC YHCIA, V —

MTOJIOKUTEIIBHBIN ITapaMeTp.
VYpaBuenue (6) paccmaTpuBaeTCs IpU CAEAYIOIIMUX KPAEBbIX YCIOBHIX

3 Wang S., Chen G. Small amplitude solutions of the generalized IMBq equation // Mathematical Analysis
and Application. 2002. Vol. 274. P. 846-866.
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U(@,x,y)=U(B,x,y), 0<x,y<lI, (7)

p
Ju t.x, tdt=g(x,y), 0<x,y<lI, (8)
0

U(t,0,y)=U(,l,y)=U({t,x,00=U(t,x,I)=0, 0<t<p, 9)
rie  o(X,y) — 3aganHHas goctaroyHo riankas ¢ynkuus, ¢(0,y)=o(,y)=
=0(x,0)=0p(x,1)=0.

Bagaua 2. Tpebyemcs naiumu 6 obnacmu Q ¢ynxyuio U (t,X,y) us kracca
U (t, X, y) eC(Q) NC2(Q) nCEX(Q) N C2%2(Q),

X,y t, X,y
yoosremesopsitouyio ypasrenuio (6) u 3aoannvim kpaesvim yeaosusim (7)-(9)
20e Q={(t,x,y)|0<t<B, 0<x,y<I}
JIt000€e TMOJIOKUTETBHOE YHUCIO V, JUIS KOTOPOrO MPH BCEX HATYPATbHBIX
M, N BBHIONHSIOTCA  YCIOBHS ‘ A L) ‘ =‘1—COS AgmV ﬁ‘ >0, ‘ B,m () ‘ =

=‘ 2-2cos A, v B—-A, v Bsin A, v ﬂ‘ >0, Ha3oBEM  perymspHBIM U

2
Hnm
MHOXKECTBO ~TaKMX 4dcel 0003HauuM uepes A, 1€ App = [—H%—,
1+Hmm
T N
Hom= I—\/ n?+m?. OcranbHble MIOJIOKUTEIIbHbBIC yucna Ha30BEM
UpperyIapHbIMU U uX MHOKECTBO (0; c0)\ A 0003HauuM yepe3 J.
Onuimem MHOKECTBO ved pu BCEX m, n. YcnoBue

Apm(v)=1-cos A, ,vB=0 DOKBUBAJEHTHO TPUIOHOMETPHYCCKOMY YPaBHEHUIO
COS A, mV P =1, MHOXECTBO IOJOXMTEILHBIX PELIEHUHA KOTOPOIrO COCTOUT U3

Yyucen
, 27k

Vi = ,
Ao mB

rae N — MHOXKECTBO HATyPaJIbHBIX YUCET.

keN, (10)

Jns  ynpomenus 3amucu o0o3HaumMm  z=A, ., vp. Torma ypaBHeHue
Bom((V)=2-2cos h, nvB-A, ,vBsin i, ,vB=0 IIPUMET BU]I

2€0Sz+2zSinz—2=0. DT0 ypaBHEHUE PABHOCUIBLHO COBOKYITHOCTH YPaBHEHUI:
. Z z . Z
sin 5= 0 wm z COSE —2sin e 0. OueBHAHO, YTO MOJIOKUTEIBHBIE PELICHUS

NepBOro ypaBHEHHs] coBmaaatoT ¢ pemeHusmu (10). Btopoe ypaBHeHue

7 2
PaBHOCWJIBHO TPAHCIEHIEHTHOMY YPaBHEHUIO th:E. CnenoBaTenbHO, €CiH

{8 K }f: = yHOpSI0OYECHHAS o BO3PAaCTAHUIO HIOCJIEI0BATEIBHOCTD

MOJIOKUTEIIbHBIX PEIICHUM ypaBHEHUs tg3 =3, TO MHOKECTBO IOJIOKUTEIbHBIX
pEIIEHUI BTOPOTO YPABHEHUSI COCTOUT U3 YUCEI
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29,
2

Wrak, mOnOXKUTENbHbIE pelIeHHMs ypaBHeHUs B, . (v)=0  3amarorcs

Vi = ,kGN. (11)

n,m

dbopmynamu (10) u (11). Yepes T, 0003HauuM MHOkecTBO 3HadeHWil (10) mpu

~

BCEBO3MOXKHBIX k,n,meN, a wuyepe3 I, wMHOoxectBO umcen (11) mnpu
BCEBO3MOXKHBIX k,n,me N.
Yeaosue 2. Iycrs dyrxmms o(X,y) € C2([0;1]1x[0;1]) Ha cermente [0;]
UMeeT KyCOUYHO-HENPEPhIBHbIE MPOU3BOIHBIE TPETHETO MOPSIIKA U
9(0,y) =0(l,y) =0(x,0) =0(x,1) =0,
Oxx (0.Y) =@, (1Y) =0, (X,0) = ¢, (x,1) =0,
oy, 0, ¥)=0,,0,Y)=0,,(x,00=0,,(x,1)=0.

Teopema 2. I[lycTb BhINOJHSIOTCS YcloBUsl 2. Tozc0a 0nsi 8cex pe2yispHbuIX
3HaueHuti VEA mpu Bcex M, N 3adaua 2 umeem eOduHCmBeHHOe peuieHue 8

oonacmu Q. Ilpu uppeeynapnvix 3HaveHusx ve 3, um ve I, 3a0aya 2 umeem
beckoneunoe MHOICECME0 peuleHUl, ecli 6bINOHACMCS paseHcmeo @ o =0.

Bropas runaBa HaseBaercs «Kmaccwdeckas pa3peniiMOCTh HEJTOKATbHBIX
KpaeBbIX 3a1ad Il HHTETPOo-TudPepeHIMATBHBIX YPaBHEHUN C BBIPOKICHHBIM
SIPOM» TIOCBSIIIICHA HCCCIEAOBAHUIO BOMPOCOB KJIACCHYECKOW Pa3perImMOCTH
HEJIOKANBHBIX KPAEBBIX 3a7a4 IS WHTErpo-AuddepeHnalbHbIX YpaBHCHUNH B
YACTHBIX TPOU3BOJHBIX C BBIPOXKJICHHBIM siApoM. [IpumMeHsieTcss MeToj psaa
®dypbe, Ipu KOTOPOM PA3ALISIOTCS IEPEMEHHBIE. Y CTAaHABINBAIOTCS JTI0CTATOUYHbIE
YCJIOBHSI Pa3pelIuMOCTH pacCMaTpPUBAEMbIX 3a7ad. BbIUMCISAIOTCS 3HAYEHUS
3aJIaHHBIX TIAPAMETPOB M CTPOSITCS COOTBETCTBYIOIIME PEIICHHUS H3y4aeMOi
3a/ladyd. 37eCh BaXKHYIO POJIb B BOIPOCE Pa3pEUIUMOCTH WrpaloOT 3aJlaHHbIE
napameTpsbl. J[aHHas r1aBa COCTOUT U3 YEThIpeX maparpados.

B MEPBOM naparpade BTOPOM TJIaBBI B obnactu
Q={(t,X)|-T <t<T,0<x<I|} paccmarpuBaeTcsi CMEIIAHHOE IICEBIONapPad0JIO-

MICEBIOTUIIEPOOTINYECKOE uHTerpo-auddepeHImaIbLHoe ypaBHEHHE c
BBIPOXKICHHBIMH SIIPaMU

.
U —U i —U+v [Ky(t,s)U(s,x)ds=0, t>0,
0

0 (12)
2
U —U iy —0°U +v [Ky(t,s)U(s,x)ds=0, t<0,
T
rne T wu |- 3amaHHbIe TOJOXUTEIbHBIE JEHCTBUTENBHBIE 4YHCTA, © —
MOJIOKUTENIbHBIM ~ TTApaMeTp, Vv — JCUCTBUTEIBHBIA HEHYJIEBOM Mapamerp,

0=K;(t,s)=a;(t)b;(s), ajt),b;(s)eC[-T;T], j=1,2.
3anaua 3. Tpebyemcs natimu 6 oonacmu €2 @ynkyuio
U(t,x)eC(Q)NC(Q)NC"*(Q,)NC>*(QL)NCH(Q,)NCIHQ),

yoosaremsopsitouyio ypasuenuio (12) u creoyrowum yciosusm
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}u t,x)dt=0¢(x), U(t,0)=U(t,1)=0,
0

2oe @(X) — 3aoamnas Oocmamouno enaokas @yuxyusa, @(0)=oe(l)=0,
Q_={(t,x)] -T<t<0, 0<x<l}, Q, ={(t,x)] 0<t<T, 0<x<lI},

Q={(t,x)] -T<t<T, 0<x<I}L
OrMernm, uto u3 yemosus U (t,X) eC(Q)NC* ( Q) cnegyer, uro
ynkmmit U (t,X) u U, (t,X) BbIIONHIETCS HEMPEPHIBHOE YCIOBUE CKICUBAHHS B

touke t=0. Pemenue ypaBaenus (12) B o6iactu Q pa3bICKMBAEeTCS B BUIE Psijia
Dypbe

U (t,x) = %Zun(t)sinpnx,
n=1

2 . n
rie Sn(x):\/;smunx, Ln =

[Toacrasnsist psim @ypse B ypaBHeHue (12), momyyaeM CYETHYIO CHUCTEMY
OOBIKHOBEHHBIX UHTETPO-TudhepeHIInanbHbIX YpaBHEHUN

u' () +23u, (t)=v}al(t) b,(s)u, (s)ds, t>0,
0

u” (t)+x2nco2un(t)=vTaz(t)bz(s)un(s)ds, t<0,

T
2 T
m mn .
rIe 7»2n = _n2 , Mp=——. [lpumem oOo03HauUECHUI O, =j b, (S)u,(s)ds,
1+ps | 0
0
Bn= I b,(s)u,(s)ds. Torma mis onpemeneHdss 3TUX HOBBIX HEM3BECTHBIX
T

BEIMYMH [OJTyYMM CUCTEMY AIreOpandueckKuXx ypaBHEHHN
o (1=vPy) =0, P,
anV Qon (@) +B,(1-vQ3z,)=¢,0Q, (»),

rac

T T 0
P :,[ b, ()M, (s)ds, Py, :I by ()M 5, (s)ds, Qq, () = I b, (S)N, (s,m)ds,
0 0 T

0
Qzn (@)= | by ()N, (5,0)ds, Qy, = [ b,(5)5,(s)ds,
-T e

T
My, (1) =h, () -M, (t)jhn (tHdt, Sn(t):%
0

t
[sin & o(t-s)a,(s)ds,
™y

n
2

A A T
N, (t,oa):—”{cosknmt——”sinxnwt} Ny, (t,®) =Ny, (t,0) [h, (t)dt,
© 0

Gn
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t
o () = [op{-23 (-9} a;(9)ds, 0<n,= |7 <1, =E0
0 U, I
W3 310l cucTemMbl anredpandeckux ypaBHEHUH MOJTYy4aeM yCIOBHS
1 1
V=V, #—, V=V #*_—, (13)
2n 3n
Q2n (03)7&0- (14)
1
Paccmorpum paBenctBa Vi, =—— U V,, =——. M3 TOro, d4ro
I:)2n 3n

T
J.eXp {— A2t }dt =;—£‘¢ 0 cnenmyer uto P,,#0. Bemuumna Qj, 3aBucuT OT
0 n

mapaMerpa . BBISICHUM, IpM KaKMX 3HAUYEHHSX Ilapamerpa o Oyuer
Qs3,=Q3,(®@)#0. Ecmm mnomoxum Qg,(w)=0, TO oOTCIOHa TONYYNUM

TpaHCIEHJACHTHOE ypaBHeHHE SIN2Yy, —2siny, =Y, , rae Y, =A,oT. lanHoe

1
YPaBHCHUC HC HMMCCT IIOJOXHUTCIBHOC PCIICHUC. 3Ha‘leHI/IH Vln =— "

I:)Zn
Vo, = mHnapameTpa VvV Ha30BEM HPPETYIAPHBIMHU U 0003HAaYNM MHOKECTBO

3n
Takux gncen yepes I; ={vy,,V,n}. OTO MHOKECTBO OTHUMEM M3 CIICIYIOIIETO

MHOXECTBA  JI€MCTBUTEIIbHBIX qrce (—o0;0) U (0; ). MHoXecTBO
A= [(—oo;O) v (0; oo)] \'3, Ha3zoBeM MHOXECTBOM pETYJSPHBIX 3HAUYCHHUN

napaMmerpa v . g Bcex 3HaueHud v e A, BwimonHgerca ycinosue (13). Teneps

paccMoTpuM citydald, kornma Hapymaercs ycnosue (14): Q,,(w)#0. B stom

clydae paccMaTpuBaeM ypasHenme A COSA wT —wsinAd, oT =1 w°. Jlannoe
ypaBHEHHUE 3aIUIIEM B BUJIC:
AT?cosA z-TzsinAz=112% 0<z, 0<A <l

OHO sBNSETCS TPAHCICHACHTHBIM ypaBHEHHEM M €ro MOXXHO PEUIUTh
rpadpuyeckuM MeToAoM. JlaHHOe ypaBHEHHE HUMEET OIHO TOJOKUTEIbHOE
pelenre. JTO pelleHne Kak MHOKECTBO 0003HAa4uM depe3 J,. Uuciao me I,

HA30BEM MppEryJsipHbIM, TaK KakK /g Hero Hapymaercs yciosue (14).
MuoxectBo A, =(0;0)\JI, Ha30BeM MHOXXECTBOM pETYJSPHBIX 3HAYCHUH

napaMeTpa o, JJisi KOTOPbIX BbINoJIHsIeTCs ycnoBue (14). [TpumeM o603HaueHuUs

Pl
cDn(t’\’): Mln(t)+V M2n(t)—n’
1—VP2n
. Pln
Y, (t,v,0)=N;,(t,0)—v N, ,(t,0) ——+
1—VP2n
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an (CO) Q2n ((0) P1n
1—VQ3n 1 VQ3n 1- VPZH
Hast  tpoiiku  wmcen  (N,v,0) eN; ={(n,v,0):neN,veA;, oeA,}

+v Bn(t){

PCHIICHUC 3aJa41 3 HpGI[CTaBHHeTCH B BUJC PAOOB

Ul(t,x,v)= Z(pnCD (t, v)sme t>0,
nl

U(t,x,v)= Z(pn‘{’ (t,v, oo)sme t<0.
n=1

DrTo pelieHWEe EOWHCTBEHHO B oOmacth Q. A JUId TPOHKH YHCEI
(n,v,o) eXy, ={(n,v,o):neN,veJI;, ®eTI,} peleHne 3aa4M 3

MMpcaACTaBJICTCA B obnactu () B BHUAC CIICAYIOIIUX PAIOB

U(t,x,v)= |2 Z CnMZn(t)sinnTnx, t>0,

U (t,x,v) = \f ZC NG, o)+ 5, (t)]sm—x t <0,

CCJIIN @, =0, rme Cn — IIPOU3BOJILHOC ITIOCTOAHHOC.

Teopema 3. Ilyemo @yuxyus @(X) e C2[0;1] na ceemenme [0;1] umeem
KYCOUYHO-HenpepuvleHvle npou3soouvle mpemveco nopsoka u  ¢©0)=o(l)=0,
04y (0) =0, (1)=0. Tocoa ona mpotiku uucen (N,v,®) €N, 3a0aua 3 0OHO3HAUHO

paspewuma 6 obnacmu €. A ons mpoiiku uucen (N,v,0)€N, 3aoaua 3 6

oonacmu € umeem OeCKOHEUHOE MHOMCECMBO DpeUuleHUU, eclu BblNOJHAEMCs
yenosue @, =0.

B  mnaparpade 2.2 B  obnactu Q={(t,x)|-T<t<T,0<x<I}

paccMaTpuBaeTcss ~ CMeNIaHHoe  UHTerpo-auddepeHnrnansHoe  ypaBHEHHE

YETBCPTOI'O MOpAAKa C BEIPOXKACHHBIMU SpaMn

.
U —Uex +U xx + Vv [ K (£,5)U(s,x)ds =0, t>0,
0

0 (15)
2
T
rnie T u |- 3agaHHbIe TIOJIOXKUTEIbHBIE JCHCTBUTEIBHBIE 4YHCIA, O —
MOJIOKUTENIbHBIM  [MapaMeTp, V— JCHUCTBUTEIBbHBIM HEHYJIEBOW IapaMmeTp,

0=K,(t,s)=a;(t)b;(s), a;(t),b;(s)eC[-T;T], j=1,2.
3anaua 4. Tpebyemcs naiimu 6 obnacmu € ¢hynxkyuio
U(t,x)eC(Q)NC'(Q)NC*(Q, uQ )NCIHQ, uQ),
yoosaiemsopsowyio ypasuenuto (15) u credyrowum kpaeoim yciosusim
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}U (t,x)dt=0(x), T'U (t,x)dt=wy(x), U(t,0)=U(t,1)=0,
0 -T
20e @(X), y(X) — 3a0anHble docmamouHo enaoxue GyHKyuu,
PQ) =)=y O)=y()=0, Q_={(t,x)| -T <t<0, 0<x<I},
Q,={(t,x)| 0<t<T, 0<x<I}, Q={(t,x)|-T<t<T,0<x<I}
Otot naparpad 2.2 nu3ydaercs aHaJIOTHYHO NMpeAbIAyleMy naparpady 2.1.
B maparpade 2.3 B Tpexmepnoit obmactu Q={(t,x,y)|0<t<B,0<x,y<I}

U3Yy4aloTCsd BONPOCHI Pa3pelIMMOCTA HEJIOKAJTIbHOM KpaeBOW 3amayu IS
TPEXMEPHOTO HMHTErpo-IudPepeHnaibHOr0  ypaBHeHHUsI Tumna byccuHecka
YETBEPTOIO MOPSIIKA C BRIPOXKICHHBIM SIPOM

Utt (tlxvy)_Uttxx(t’X’y)_Uttyy(tlx7y)_U XX (t’le)_U yy (t,x,y):

p
=v [K(t,s5)U(s,x,y)ds, (16)
0
rac B u |- 3aIaHHBIC TIOJIOKUTCJIBHBIC HeﬁCTBHTeHBHBIC quciia, A%

Kk
JNECHCTBUTENBHBIM IMapaMeTp OTIWYHBIA OT Hywd, 0= K(t,s)=>a;(t)b;(s),
i=1

ai(t),bi(s)eCz[O;B]. 31ech mpeamnoiaraercs, 4ro cucrema (QpyHkuuid a;(t) u
cucteMa QyHKIM b; (s), i=1, k, SBIAIOTCA IMHEHHO HE3aBHCHMBIMH.

VYpaBuenue (16) Oyaem paccMaTpuBaTh MPU CIEAYIOIIUX HEJIOKAIbHBIX
YCIIOBUSIX

p
U(0,x,y)+[U(t,x,y)dt=0(x,y), 0<x,y<l, (17)
0

p
U (0%, y)+ [U, (t,x,y)dt =y (x,y), 0<x,y<I (18)
0

Y TPAHUYHBIX YCIOBHIX
U(t,0,y)=U({,l,y)=U(t,x,00=U(,x,1)=0, 0<t<p, (19)
rae ¢(x,y), v(X,y)— 3agaHHble JOCTATOYHO TJIaJIKue (QYHKIIUH,
9(0,y)=0(l.y) =p(x,.0)=p(x,1) =
=0, (0,Y) =0, (1Y) =9, (x,0) =9, (x,1) =
=0,0,¥)=0,0,y)=0,(x,0)=¢, (X,1) =
=y 0.y)=y(,y)=w(x0)=w(xl)=
=1, (0,Y) =, (1Y) = (X,0) =y, (X,1) =
=y, 0,y)=y,(,y)=vy,(X,0) =y, (x,1)=0.
Bamaua 5. Havuimu 6 oonacmu Q gyuxyuio U (t,X,Y) uz kracca
U (t,X,Y) €C(Q) NC2(Q) NCZ*°(Q) NCH%((Q),

t,x,y t,X,y
yoosremsopsitouyio ypasrenuio (16) u sadannvim kpaesvim ycrosusm (17)-(19),
20e Q={(t,x,y)| 0<t<p, 0<x,y<I}
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HerpuBuanbHbie perieHus 3aauu pa3bICKUBaIOTCs B BUe psajga Oypbe

UEx )= 3 U8, ()

n,m=1
rae 3, (X, y)=sin (nl—” x)sin (¥ y}.

[Tpu BhIUMCIEHUM TPAHUYHBIX YCIOBHH MOJy4YaeM CJIEIYIOIIYI0 CHCTEMY U3
CUETHBIX cucTeM anreOpandeckux ypaBHeHuil (CCCAY) mns onpeneieHus
ko3¢ dunuento ¢, u d

m

Cn,m(ﬂ’n,m +Sin(ﬂ’n,m IB))-I_dn,m(l_COS(/In,m ﬂ)):/’in,m(wn,m _7/n,m)’ ( )
20
Cn,m (COS(Zn,m ,B)—l)-l— dn,m (Zn,m +Sin(ﬂ“n,m ﬁ)) :ﬂ“nz,m(l//n,m _nn,m(ﬂ))!

rac

2
2 Hum T [ 2
ﬂ“n,m: ) lun,mzl_ n-+m-.

1+ ul,

Jns  omgno3nauyHoit paspemmmoctu  CCCAY  (20) TpeOyercss BBINOJHEHUE
CJIEYIOILErO yCIOBUS

Av =(Ann +5i0(2,0 ) +(L-cO8(2,., 8)) =
= A2 +2(1+ 4, psin(4, , B) - c0s(4, . B)) %0,
Yeaosus 5. Tlycts ¢(x,y) € C* ([0;11x[0;1]), w(x,y)eC?([0;11x[0;1]) n
B obmactu [0;l]x[0;1] wumeror Taxke Kyco4HO-HEMpPEpLIBHLIE IPOU3BOJHEIE

TPETHETO MOPSAJKA IO X, Y .
PaccmarpuBaercs onpenenurens Opearonbma

1+VH11n,m VHlZn,m e VHlkn,m
vH 1+vH ... VvH
An'm(V): 21n,m 22n,m 2kn,m __/__0’
VHkln,m VHan,m e 1+VHkkn,m
rac
B
Hijom = B (S)E 0 (s)ds,

0

B
Ein,m(t) = Bln,m(t)jgin,m(t)d t+ BZn,m(t) é:in,m(ﬂ) - éin,m(t)'
ﬂ“n,m

By, . (0)= 5 [cosin,mt(in,m +sin4, , B)+sind,  t(1-cosd, ﬁ)}

n,m
2

B, ()= A/In‘(mT) [cosinvmt(cosin’m,8—1)+sin A t(A I /lnymﬂ)],

n,m
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Enm(®) = tsin(/ln'm(t -5))a; (s)ds.

2
ﬂ’n,m (l+ /un,m)
Omnpenenurens A (V) €CTb MHOTOUWIEH OTHOCUTENBHO V CTENEHU HE BBIILE
k. YpaBuenue A _(v)=0 umeer He Oonee K pasmuuHbIX KOpHEH. DTH KOpHU

SBJIIOTCS. UPPETYJSIPHBIMU ~ 3HAQUYEHMSIMM ~ TIapamMeTpa Vv sapa HUHTErpo-
mudepeHnanbHOT0  YpaBHEHHUS. MHOXECTBO HPPETYISIPHBIX  3HAYCHUM
napameTpa v o0o03HauyuM uepe3 J. A MHOXKECTBO 3HAUYCHUW MapaMmerpa
veA=((—0;0)U(0;00))\I HazoBéM peryspHbiM. JUIs peryIspHbIX 3HAYCHHMIA
napametpa v €A ycinoBue @penronbma BbimodHseTca. [loatomy st Takux
3HaUEHUU V € A YyCTaHABJIMBAETCS OJHO3HAYHASA Pa3pEUIUMOCTh MOCTaBICHHON
HEJIOKaJIbHOU 3aJ1auHu.

Teopema 4. [lycmv gvinoansomcs ycnogus 5. [ pecyisapHulX 3HAYEHUL
napamempa v €A\ 3adaua o00HO3HauHO pazpewuma 8 obaacmu €. 4
uppezyniapHulX 3HaAYeHull napamempa V€I  3a0aua umeem OecKOHeuHoe
MHodHcecmBo pewtenuti 6 Q, eciu @, . =y, . =0.

B maparpade 2.4 B obmactn Q={(t,x,y)|0<t<T,0<x,y<I|} usywarorcs

BOIIPOCHl  Pa3peIIMMOCTH  HEJIOKAJIbHOM oOpaTHOM 3ajaud JUisl HMHTETPO-
nuddepenumansaoro ypasenus tuna bennu-JIoxk (Benney-Luke?*) werseproro
MOPSIJIKA C BBIPOXKICHHBIM SIIPOM

Ut = U texx "'Uttyy)_(DZ Uy +U yy)"'w2 U xxxx TU yyyy) =

=v}K(t,s)U(s,x,y)ds+a(t)[3(x,y), (25)
0

rne T u |- 3agaHHBIE TOJOXUTEIbHBIE JCHCTBUTENIBHBIC YHUCHA, © —
MTOJIOKUATENIBHBIA MapaMETP, V — OTIWYHBIA OT HYJS NEUCTBUTEIBHBIN MapaMeTp,
k
0=a(t)eC[0;T], B(X,Y)—dyukuus nepeonpenenenus, K(t,s)=>a;(t)b;(s),
i=1
O0=#a;(t),b;(s)eC[0;T]. 3nmecy mpeamonaraercs, 4YTo cucTeMa (QyHKIIHI

a;(t), i =1,k u cucrema QyHKIHii b; (s), i =1,k SBIAIOTCA JHHEIHO
HE3aBUCUMBIMH.
3anaua 6. Havimu 6 oonacmu Q napy gyHxyutl
U (t.x,) eCQNCIy(QNCET@Q NCI(Q), (26)

B(x,y)eC{0<x,y<I},
yoosnemeopsitowyto ypastenuto (25) u credyrowum ycnosusam

U(0,x,y)=U(T,x,y), }U (t,x,y)dt=o¢(x,y), 0<x,y<I, (27)
0
U(t,0,y)=U(,Il,y)=U(,x,00=U(t,x,Il)=

4 Benney D. J., Luke J. C. Interactions of permanent waves of finite amplitude // Journal of
Mathematical Physics. 1964. Vol. 43. P. 309-313.
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=U,, (t,0,y)=U, (t,l,y)=U, (t,x,00=U,, (t,x,1)=
=U,, (t,0,y)=U,, (t,1,y)=U,, (t,x,00=U,,(t,x,])=0, 0<t<T, (28)

}@(t)U(t,x,y)dtzw(x,y), 0o<x,y<lI, (29)
0

20e 0=0@1)eC[0;T], w(X,¥),0(X,y)— 3a0aunvie Oocmamoyno 2iaoKue
dynxyuu 6 obnacmu {0<x,y<1}, Q={(t,x,y)| 0<t<T, 0<x,y<I},
90,y)=¢(,y)=p(x,0)=p(x,)=
=0,(0,Y) =9, (1Y) =9, (X,0) =@, (X,1) =
=9,0,¥)=90,1,y)=0,(x0) =9, (X1)=
= Do (0,Y) = Poe (1, Y) = 95 (X,0) = 9,0 (X, ) =
=0,,0,V)=0,,01,¥)=90,,(,0) =9, (X,1)=0.
Ecnu w3 3amaun 6 UCKIIOUMM YyCIOBHUIO (6), TO TaKylO 3aJadyy Ha30BEM
npsaMon 3anaded. llepBoe ycmoBue 1uisi OQHO3HAYHOW pPA3pENIMMOCTH 3amadu 6

UMEET BUJI
O (@=1-cos u, oT =0,

T [ 2 2
rae Hn’m:T n?+m? Myere 6 (@) =1-cos p, T =0 MIPH HEKOTOPBIX

®. DTO yCIOBHE SKBUBAJICHTHO PABCHCTBY COS 4, @1 =1. JlanHOE ypaBHCHIE
2k

Hnm T
MHOKECTBO HaTypaJIBHBIX qUCCJI. MHO)KCCTBO 3HaquI/II>'I O <m K s OHpeJ_‘[eJIeHHBIX

MMEET COBOKYITHOCTh MOJIOKUTEIBHBIX PEIICHUN: O = , keN, rne N -

3TOM (POpMYIIOH, HA30BEM UPPETYIIIPHBIM B 0003HAYNM Yepe3 J,. MHOKECTBO

JIPYTUX 3HAYCHUN ©, HA30BEM PETYISPHBIM U 0003HaunUM 4epe3 A, = (0, ©)\ 3.

Onpenenurenb
1_VH11n,m _VH12n,m Lo _VHlkn,m
A _ _VH21n,m 1_VH22n,m e _VHan,m 0
am(V,0)= #*
_VHkln,m _VHk2n,m oo l_VHkkn,m

€CTb MHOT'O4JICH OTHOCHUTCJIIBHO V CTCIICHH HC BBIIIC k, rac

Hijn,m(w):-_ll: bi (S)Djn,m(siw)d S,
0

Din,m(taw) = hi n,m(r’@)SZn,m(tiw)+hi n,m(tam)_ B n,m (t,()))}hin’m(t,(ﬂ)dt,
0

t I
L [sinp, yot-s)a;(s)ds,i=1k,

hi, m(t,®) =
e Hn,m(l"'uﬁ,m)w 0
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Hnm®

Vid
Bnm(to)= 5 Bonm (t, ), Hom =7 n?+m?,
sin oT
80nlm(t,0)):Sinun,mcot—i——“n’m -Cosp, oot
Gn,m((D)
o t,w) .
52n,m(t,a))= {COSyn’ma)t—Msmyn’ma)T}.
T nm (@)

YpaBHeHue A, , (v,0) =0 umeeT He Oojee K pasIUyHBIX JEHCTBUTEIBHBIX

KOpHEH. MHOXECTBO TaKWX YHCENl HA30BEM HPPETYJSIPHBIM M 0003HAYUM 4Yepes
3,. Jlpyrue 3HaueHus v HA30BEM DPETYJSPHBIMM M MX MHOXECTBO 0003HAYUM

yepes A, =[(~0, 0)U(0, ©)]\T,. ITpumem 0003HaUYeHNE
N, = {((o,v): weA,, Vv eAz}.

Yeaosust 6.1. Ilycts dynxman  o(X,Y), B(X,y) €C°([0;1]x[0;1]) ma
cermeute [0;l] wuMeroT KycouHO-HENpEphIBHBIE MPOU3BOAHBIC JIO IIECTOTO
TIOPSIIKA |

pQ,y)=p(.y)=p(x,0)=p£(x1)=
=B (0,Y) =B, (1Y) = B, (X,0) = B, (x,1) =
=p,0.y) =5, (.y)=B,(x,0) =, (x,1)=
= B (0:Y) = Lo (1Y) = Lo (X,0) = B (X, 1) =
=By (0.Y) =B, (1Y) = B, (X,0) = B,,,, (X,1) =0.

Teopema 5. ITycmo evinonnsiomes ycnosus 6.1. Toeoa npsimas 3adaua (25)-
(28) oomosnauno paspewuma 6 obracmu Q npu 6ce6ozMONCHbLIX N, M U

(o, v) eNy. Omo pewenue onpedensemcs 6 euoe psoa Pypve

U(t,x,y,(o,v):lg i [(Pn,m Fn,m(tiwr V)"‘Bn,m Mn,m(t’(’)’v)]><

n,m=1
xsinﬂl—nx-sinﬁl—my, (30)
K Aq: V,®
rae Fn,m(t,(o,v)an,m(t,co)Jrvz tin,m( )Dimm(t,oo),
i=1 An,m(V’CO)
Ajinm(v,0) =
1_VH11n,m _VHl(i—l)n,m \len,m _VHl(i+1)n,m _VHlkn,m
_ _VH21n,m _VHZ(i—l)n,m \PjZn,m _VHZ(i+1)n,m _VH2kn,m
-VHypnm - _VHk(i—l)n,m Yiknm _VHk(i+1)n,m v I=vHynm
=12,
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B K A2in,m(v’®)
Mo (10, = By L) v 35200

[Tonp3ysice ycnoBuem (29), HaxoauMm (YHKIHUIO MEPEONpPENCICHUS B BHJIEC
psana Oypee:

B(x,y)=

Din,m(t’(’))-

sin—x sinﬂy. (31)
n,m=1 XZn,m((D:V) I I

B (31) ucnosip3oBanu 0003HaYEHUS

X1in,m (o, V) :-_I.:®(t) I:n,m (t,0, v)dt, X2n,m (o, V) :-Jr‘®(t)M n,m (t,0, v)dt.
0 0

2 & VYam _(Pn,mX1n,m((D’V) Tn
2

IIpoBepsieM BBITIONHEHUS YCIOBUA X o, m (©, V) # 0. IIpeanonoxum, uTo
T
Yanm (@ V)=[OOM, (0, v)dt=0. (32)
0
[IpumensieMm Teopemy O cpemHeM. II0  yCIOBHIO TIOCTAaHOBKH  3a/a4d
T
Ot)=0,t<[0, T]. Torma u3 (32) mony4um, 4To J. Mmoo v)dt=0. Anamus
0

Gynkmmii M, o (t,0, v) TOKa3pIBaeT, 4TO 3TO BO3MOXHO, €CIH CIPaBEJIUBBI

CJEYIOIINE PAaBEHCTBA
T T
[sinp, moT —t)a; ©)dt=0, [sing, o -a)dt=0.  (33)
0 0

[IpumensieMm Teopemy o cpeaHeM K paBeHCTBY (33). Ilo ycioBHIO MOCTaHOBKH
3aJ1auM a; (t)=0, a(t)=0, te[0,T]. Torma w3 (33) mnomydyaem, dYTO
T

I sinp, no(T —t)dt=0. Beraucmsis 9TOT HHTErpaig, MPUXOAUM OTHOCHTEIBHO
0

1
mapaMeTpa @ K TPHUTOHOMETPHUYECKOMY ypaBHEHHIO COSH, ol =——/

Hnm

T [o2 2
Hnm =T N"+mM~. Dro ypaBHEHHE UMEET pEUICHUE, €CIH 1>/2 7.

MHOKECTBO MOJIOKUTEIBHBIX PELIEHUH (0} 3TOr0 ypaBHEHMsI 0003HAYUUM uepe3

J;. Opu |=+27umeer mecto 3,=3,, A mpu | >\27 umeer mecto
BKIOUeHHe I, < A;. Ilostomy paccmorpum o, € A3 =A;\J;. [na Bcex
®y € A3 BBINOIHAETCA YCIOBUE X o m (@) # 0. Uepes N, 0003Ha9MM MHOKECTBO
N, = {(co,v): weN;,V eAz}.

Yeaosus 6.2. Ipeanonoxum, uto gpynkmus iy (X,y) e C°([0;1]1x[0;1]) nHa
cermente [0;l] uMeeT KycouHO-HEMPEPHIBHBIE MPOU3BOIHBIE 10 MIECTOTO MOPSIKA
u
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yO,y)=y(.y)=y(x.0)=y(xl)=
=¥ (0,Y) =, (1Y) =y, (X,0) =y, (X,1) =
=y, (0,y) =y, (I,y) =y, (x,0) =y, (x,]) =
= W0 (0, Y) = Wooe (1Y) = W00 (X, 0) =000 (X, 1) =
=¥y (0.Y)=vw (1Y) =y, (X,0) =y, (X,1)=0.
Teopema 6. [Ipeononoswcum, umo ewvinoansromes yciosus 6.1 u 6.2. Ilpu
gcegosmodcHeix N, M u (o, v)eN, @yuxyua nepeonpederenuss 0OHO3HAUHO

onpeoensiemces uz psoa (30), a ochosnas neuzssecmuas Yynkyus — uz cieoyouiezo
psoa

0 M t, ,
U(t,X,y,(D,V):E z Sinn_nxsinmy Viom n,m( Q) V)+
n,m=1 I I ’ XZn,m((D,V)
o,V
+(Pn,m Fn’m(t,(}\),V)—Mn'm(t’(D’v) Xln,m( )
X2n,m(03,V)

IIpu smom pewenue U (t,X,®,V) unmeepo-ougghepenyuanvrozo ypagueHus
(25) yemotiuuso no gynxyuu nepeonpedenenus B(X,Y) u no sadannoil Gynxkyuu

o(X,y).

Janee, n3yyaroTcsi UppETYJSIpHbIE CiIy4yau. 31€Ch BO3MOXKHO 4 ciydaeB. Jlis
KKJOTO cllydasl CTPOUTCS OECKOHEYHOE MHOMKECTBO PEIICHUN B BHUJEC PSJIOB
dDypse.

Tperps TraBa TMOCBAIIEHA W3YYECHHIO OJHO3HAYHOW  Pa3PEIIMMOCTH
CMEIIAHHBIX 3aJa4y g UHTErpo-audepeHInaibHbIX ypPaBHEHU B YaCTHBIX
MIPOU3BOJIHBIX C BBIPOXKJIECHHBIM SJIPOM TIPHU PETYJSIPHBIX 3HAUEHUSAX TMapamMeTpa.
JaHHas TyaBa cocTouMT M3 Tpex mnaparpadoB. M3ydarorcs cMelIaHHbIE 3ajauu
MeTonoM psia Dypre pasaeneHus MepeMeHHbIX. Y CTaHABIMBAIOTCS JOCTATOUYHbIC
YCJIOBUSI OAHO3HAYHOM Pa3pelIMMOCTH PacCMaTPUBAEMbIX 33J1ay ISl PErysipHBIX
3HauUGHUU 3aJaHHOro mapamerpa. PaccmarpuBaercst oOpaTHas 3amada ISt
HEJIMHEHHOT0 MHTErpo-AuddepeHIInaTIbHOT0 YpaBHEHUSI B YACTHBIX MPOU3BOIHBIX
TPETHETO MOPSIKA C BEIPOKICHHBIM SIIPOM.

B mepBom maparpade TpeThelt TiIaBbl B NMPSIMOYTOJIbHON obmactu €2 jyis
pEeryJIApHBIX 3HA4Y€HUM 3aJaHHOrO0 TapaMeTrpa |[I  HUCCIEAYIOTCS  BOIPOCHI
0000IIIEHHON Pa3pEeIIMMOCTH CMEIIIAHHOW 3aJadd JJis CIEAYIOIIEro JUHEWHOTrO
UHTETpO-Tu(hepeHIINATPHOTO YPaBHEHHUS C BBIPOKICHHBIM SIPOM

(a a4m+1 a4m

—+ +
ot otox*™  oxi™m

C Ha4aJIbHBIMU

3
J U(t,x)=u}K(t,s)U(s,x) ds+a (U (t,x) (34)
0

j-1
U (630 =01 (0, <57V ()0 =0; (0, §=2.3 (35)

N I'paHWUYHBIMHU YCJIIOBUSAMU

o1



a 2(6 m—l)

U (%) 20 = U xx (6 %) 50 EERRRPWEI = (t,X) o0 =
aZ(Gm—l)

=U X))t =Vt s == gm0 X)) =0, (36)

rae ¢ j (X) €C12m+1(Q|)’ (pj(x)‘)(zo :(P”j (X)‘X:o =

= =0 "0 =0 () =0 () = =0 PP, =0,  j=1n,
k

K(t,s)=2.a; (t)b; (5), 2; (1),b; () eC (1), a(t)eC(Qr), -
i=1

JEUCTBUTEIBHBIA OTIMYHBIA OT HyJs mapamerp, Q=Q;xQ,, Q.= [O,T ] ,
Q,=[0,1], 0<l<w,0<T<w, M- (QUKCUPOBAHHOE HATYpAILHOE YHCIIO.
3nmeck mpexamonaraercs, 4To chcTeMa QyHKmMI a,(t), i=1,k, u cucrema
dyHKImit b; (s), i =1, k, ABIAIOTCS IMHEHHO HE3aBUCHMBIMH.
Uepes W;*tlyzxm (Q)) obosnauaerca kmacc ¢ynkumuit U (t,X), uTo ¢yHKIMM
0 0° o 0 0°

U (t, x), &U(t,x), aXZU(t,x),..., WU(t,x), aU(t,x), WU(t,x),

83
ot?

U (t,x) npunamnexar L, (Q)°.

Onpenenenne 1. O606wénnvim peuwtenuem cmeuwannou 3aoauu (34)-(36)

0yoem Hazvieamv Gyuxkyuro U (t,X) eWzsjillim(Q), VO0BIEMBOPAIOUYIO YPABHEHUIO

(34) ¢ ycnosusmu (35), (36) noumu ecrooy.

B maparpade 3.2 B npsamoyronabHOi o0iacTu 7S peryJsipHBIX 3HAYEHUN
mapamMeTpa [ HM3y4aroTCs BOIMPOCHI OOOOIIEHHON pPa3pelmmrMOCTH CMEIIaHHON
3aaud  JJI  HEJIMHEWHOro  MHTErpo-AudepeHImaibHoro  ypaBHEHUSI €
napaboJIMYeCKUM  OMEpaToOpoM MPOM3BOJIBLHON HATypaJIbHOM CTENEHU U C
BBIPOKJICHHBIM SIIPOM

0 a4m n T
{aer] U(t,x)—ugK(t,s)U(s,x) ds=f(t,x,U(t,x))

C Ha4aJIbHBIMU
j-1

ot

U (t,%) -0 = 91 (X), U (t.)0=0;(X), j=2,n

W I'PaHUYHBIMU YCJIOBUAMHA

82(2nm—1)
U (tix)‘x:O =U XX(t1X)‘x:0 ==

s z@m Y X))o =

S Jlanpoxenckast O. A. KpaeBble 3a1aun MmaremMatiueckoi ¢pusuku. M.: Hayka, 1973.
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P 2(2nm-1)

=U (,X) o =U (6, %) oy == U (t,%) =1 =0,

8X2(2nm—1)
e fExU)eC@xR),  0;(0)eC™U), 9,0, =0](),,=
- __:(pj(4nm—2)(x)‘x:O :(pj(x)\x:| =(p';(X)‘X:| =, _:([)J.(4nm—2)(x)‘x:I —0, j =1,_n,

k

K(t,s)=>a;({t)b;(s), a;(t),bj(s)eC(Q+), a(t)eC(Qr), 1 — INCHCTBUTEIHHBIN
i=1

mapamerp, Q=Q;xQ,, Q;=[0,T], Q,=[0,1], 0<l<w,0<T <00, n,m-

(bUKCUpPOBaHHBIE HAaTypalbHBIC YHCIIA. 31ech MPEIIONAracTCs, YTO CUCTEMBbI

bynkumii a; (t), i=1, k, u cucrems! dynkuuii b; (s), i =1, k, ABIAIOTCS TUHEHHO

HE3aBHCHUMBIMH.

B maparpade 3.3 uccinenyercs oOpaTHas 3ajava Uil HEJIMHEMHOTO MHTETPO-
mudpepeHIanbHOr0 YpaBHEHN B YACTHBIX MPOU3BOJIHBIX TPETHETO MOPSAIKA C
BBIPOXKJIEHHBIM SJIPOM.

YerBepras Ii1aBa HOCUT XapakTep NMPUMEPOB I WILIIOCTPALMM MAaTEPHAJIOB
BTOpPOIl IJaBbl. 37eCh 0OJee YETKO BBIPAXKAaETCs POJIb MapaMEeTpOB B HM3yUYEHUU
BOIPOCOB PA3PEUIMMOCTH U TMOCTpOeHUs pemieHud. MTak, B 4eTBepTOW TIjaBe
UCCIIEYIOTCSI HEJIOKaJbHbIE KpaeBble 3aJaud JJii OOBIKHOBEHHBIX HWHTETPO-
muddepeHIMATBHBIX YpaBHEHUH Ppearonbma BTOPOTo MOpsiiKa ¢ BBIPOKIECHHBIM
AOpOM, NapaMeTpamMM M HHTETPaJbHBIMU YCIOBUSMHU. BBIUMCIAIOTCA 3HAUYEHUS
apameTpoB, MPU KOTOPHIX UCCIEIYETCS Pa3pelIiMMOCTh pacCMaTpUBaeMOM 3a/1auu
U CTPOSATCA COOTBETCTBYIOIINE PELIECHUS B CIy4Yae UX CYLIECTBOBAHUS.

B nepBom naparpade ueTBepToi riaaBbl U3ydaeTcs CIEKTpaibHas 3aaada Jjis
UHTETpO-Au(depeHnnaIbHoro ypaBHeHus: @penroabma BTOPOTO TMOPSIKA C
BBIPOXKJICHHBIM SITIPOM.

Bagaua 7. Tpeoyemcs navumu Gyukyuio U(t), yooeremeopsiowyio Ha

uumepsane (0;m) ypaenenuro

u"(t)+x2u(t):vfK(t,s)u(s)ds (37)
U CedyuuUM 00HOPOOHBIM KPAEBbIM yCJl006‘u}ZM

u(n):Tu(S)d s, u'(m)=0, (38)
20e A—  NON0ANCUMETbHDIL noapamemp, V= OelicmeumenvHulll HeHy1e80ll
napamvemp, K(t,s)=iai(t)bi(s)¢0, a;(t),b;(s)eC[O;=]. 30ecw
npeonoaasaemcs, 4mo I;<laofc0a}z uz  cucmem Qynkyuii  a,(t), i=1,k, u
b; (s), i =1, k, auneiino Hezasucuma.

[Tockosbky KpaeBbie ycioBus (38) oMHOPOAHBI, HHTETPO-TuddepeHInanbHoe
ypaBHeHue (37) naubOO0 HE UMEET HETPUBHAIBHBIX peEIIeHuH, JHMO0 uMeeT
OecKOHEYHOEe MHOXKECTBO pellieHud. B manHoM maparpade ompezgensieTcst poib
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napaMeTpa A, 4TO MpU KaKUX 3HAUYCHMIX mapamerpa 3amada (37), (38) He umeer
HETPUBUAIBHBIX PEIICHUHN, a TIPU KAKUX 3HAUYCHUSX TMapaMeTpa A CIEKTpalbHas
3a/1aya UMeeT OECKOHEUHOE MHOYKECTBO PEIICHUI M IIOCTPOSTCS OTH PEIICHMUS.
B naparpade 4.2 uccnemyercst pa3pemnMOCTh HEJIOKAJIbHOM KpaeBoil 3a1aun
JUIs OOBIKHOBEHHOTO HHTETpo-audpepeHnnansuoro ypaBHenus ®pearonbpma ¢
BBIPOXKICHHBIM SIJIPOM, OTPAXKAIOIIAM OTKJIOHCHHWEM W JBYMsI JE€HCTBHUTEIHLHBIMHU
napamMeTpaMu. BBRIYUCISIIOTCS 3HAYEHUS MapamMeTpoB, TPU KOTOPBIX HCCICTYyeTCs
pa3pemmuMoCTh paccCMaTpUBaEMOU KpaeBoi 3a1auu.
3anaua 8. Tpebyemcs Hatimu @yHKYuUIO ui)eC[-T;T]nm
ACH(=T:T]NC?(~-T;T), yoosremeopsowyro Ha uHmepsaie (-T;T)
YPasHeHUIo
T
u" () +2u(t)=v [K(t,s)u(@-s)ds
-7
U CeOVIOWUM YCLOBUAM

T
uM = Ju®dt, u@=9, u®)=vy(), te[l;T+ol,
T

20e 0<w<T<oo— 3a0dannvie OelUcmBUMENbHbIE YUCLA, A— NOJOHCUMETbHbIU
napavemp, e=const z0, V — OelcmeumenvHblii HEHY1e80U napamemp,

K(t,8)=§ai(t)bi(3)¢0, a;(t)eC[-T;T+w], bi(s)eC[-T;T],
i1

y(t)eC[-T;T], w(T)=u(T). 30ecy npeononracaemcsi, umo Kaxcoas u3 cucmem
@ynxyuti a; (t), i =1,k, u b; (s), i =1, k, auneiino nezasucuma.

B Tperhem maparpade rimaBel 4 uccieayercs OJHO3HAYHAS Pa3pelIMMOCThb
HEJIOKAJIbHOU oOpaTHoi 3a/1a4u U1t OOBIKHOBEHHOTO UHTETPO-
muddepennranbHoro ypaBuenus Opearoabma BTOPOTO MOPSIIKA ¢ BRIPOXKICHHBIM
AIpOM W JIEUCTBUTENBbHBIMU TlapameTpamu. Ha xoneuHom oTpe3ke [0;T]

paccMaTpHuBacTCsA ypaBHCHHE BUIA
u%0+k%a):v}KaﬁﬁM$ds+Baa)
IpH CICAYIOIHNX YCIOBUIX :
u(T) :}u(t)tdt, uM)=¢p, u(@)-=r,
0

rae 0 <T — 3aJaHHOE IEMCTBUTEIBHOE YUCIO, 0 < A — MOJIOKUTENIBHBINA ITapameTp,
0#a(t)eC[0;T], @,r=const, v— AclCTBUTEILHBI HEHYJICBOK TapameTp, f—

k
kodpdumuent nepeonpenencnus, 0= K (t,s)=>a,(t)b;(s), a;(t)eC[0;T],
i=1

b;(s)eC[0;T]. 3mech mpeamoyiaraeTcsi, 4To Kaxaas U3 CHUCTEM (PyHKIMMA

a;(t), i =1,k, u b;(s), i =1, k, IMHeHHO He3aBHCHMA.
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B nocnennem maparpade 4.4 nucceprauuu IOPUBOIUTCS COJIEpIKATENIbHbIE
OpuMepsl I OOBIKHOBEHHOTO  HHTErpo-auddepeHnuanbHOro  ypaBHEHUS
®penaroapMa NepBOro ¥ BTOPOro MOPsIKa.

3AK/IIOYEHUE

JlanHast aucceprandoHHas paboTa MOCBSAIIEHA HMCCIEIOBAaHUIO BOIIPOCOB
pa3pelIMMOCTH CMEIIAHHBIX, HEJIOKAJIBHBIX KpPAeBbIX M OOpaTHBIX 3adad Ul
HEKOTOPBIX KJAcCOB AU(PQEpeHLHaIbHbIX W HUHTErpo-auddepeHnuanbHbIX
YPaBHECHUU.

PaccMaTpeHbl OOBIKHOBEHHBIE MHTErpo-nudpepeHnanbHble  ypaBHEHUS
BTOPOIr'O IOPsIIKA C BBIPOKIAEHHBIM SIPOM M JEHCTBUTEIBHBIMM I1IApaMETPaMHu.
Hccnenosansl quddepeHnanbHble U UHTErpo-auddepeHaibable ypaBHEHUS B
YaCTHBIX MPOU3BOJHBIX, COJEpKAIUE JACUCTBUTENbHBIE MAPAMETPHI U OJTHOTO W3
i pepeHInanbHbIX ONIEPATOPOB MATEMATUUYECKON (PU3UKH.

B 3akitroueHue MOXKHO caenaTh CIEAYIOIIME BBIBOABI IO PE3yJibTaTaMm
HUCCIECIOBAHNUH:

1. Ins peryjaspHbIX 3HAYEHUW JEHUCTBUTEIBHOTO TapaMeTpa JdoKa3aHa
OJIHO3HAYHAs PAa3pelIMMOCTh HEJOKAJIbHBIX KpaeBbIX 3adad i
OJTHOPOJHBIX NU(PPEpEeHIINATBHBIX YPABHEHUN B YACTHBIX MPOU3BOIHBIX
YEeTBEPTOro MOPAIKA; IOCTPOEHO OECKOHEYHOE MHOXKECTBO pPEIICHUN
KpaeBbIX 3aJa4 [IPU UPPETYJSIPHBIX 3HAYEHUSAX NIapaMeTpa.

2. Jlns perynsipHbIX 3HAUYCHWN JEUCTBUTENBHBIX TApaMeTPOB JOKa3aHa
OJIHO3HAYHasl Pa3pelIMMOCTh HEJOKAJIbHBIX MPSAMbBIX U 0OpaTHBIX KPaeBbIX
3aja4  JUIl  MHTErpo-Au(@epeHUuanbHbIX  YpaBHEHMH B YacCTHBIX
IIPOU3BOJIHBIX TPETHErO0 U YETBEPTOrO MOPSAKOB; JOKA3aHA YCTOMYHUBOCTD
peuieHus MO (QYHKIUSAM MEPEeOnpeieNieHuss M TPaHUYHBIM JaHHBIM;
NOCTPOEHO OECKOHEYHOE MHOXKECTBO PEIICHUM KpaeBbIX 3ajad IpH
UPPETYJIAPHBIX 3HAYCHUSX TapaMETPOB.

3. Joxa3ana ofgHO3HaYHAsi 00OOIICHHAs Pa3pelIMMOCTh CMEIIAHHOW 3ajadu
JUTsl HEIMHEWHBIX UHTErpo-au(pepeHunanbHbIX YpaBHEHUH, COAepKalUuX
MPOU3BOJIBHYIO CTENEHb MAPA00INYECKOT0 ONIEPaATOpA.

4. JIng peryJspHbIX 3HAYEHUH JACHCTBUTENBHBIX IMapaMETPOB JOKa3aHA
OJTHO3HAUHAsl Pa3pelIMMOCTh HEJIOKAIbHBIX MPSAMBIX U OOPATHBIX KPAEBbIX
3aady I OOBIKHOBEHHBIX WHTErpO-au(depeHITMaTbHBIX YPAaBHCHHUM
@penroapMa BTOPOTO MOPSJKA; JOKa3aHAa YCTOMYHMBOCTh PEIIEHUS 110
GyHKIUSAM — mepeonpefesieHuss M TPaHUYHBIM  JaHHBIM; IOCTPOEHO
OECKOHEYHOE MHOKECTBO PEIIEHUH KpaeBbIX 3aJau MpU HPPETyISIPHBIX
3HAYEHHUAX apaAMETPOB.
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INTRODUCTION (abstract of DSc thesis)

The aim of the research work is to study the solvability of direct and inverse
boundary value problems and construct their solutions for differential and integro-
differential equations.

The object of the research work are mixed, boundary and inverse problems
for differential and integro-differential equations.

Scientific novelty of the research work is as follows:

For regular values of the parameter the unique solvability of nonlocal
boundary value problems for homogeneous partial differential equations of the
fourth order has been proved.

The unique solvability of nonlocal direct and inverse boundary value
problems for partial integro-differential equations of the third and fourth orders
with a degenerate kernel has been proved; the stability of the solution with respect
to redefinition functions and boundary data has been proved.

For regular values of the parameter, sufficient conditions are established for
the unique generalized solvability of the mixed problem for nonlinear integro-
differential equations containing an arbitrary power of the parabolic operator.

The unique solvability of nonlocal direct and inverse boundary value
problems for ordinary Fredholm integro-differential equations of the second order
has been proved for regular values of the parameters; the stability of the solution
with respect to redefinition functions and boundary data has been proved,;
necessary conditions for the solvability of boundary value problems for irregular
values of spectral parameters are found or has been proved the absence of
solutions.

Implementation of the research results. The results obtained in the
dissertation on:

Study of the boundary value problem for partial integro-differential
equations of Benny-Luke type with degeneration of the kernel, used in leading
international scientific journals (Lobachevskii J. of Math.: 2020, Vol. 41, P. 1031-
1042; 2021, Vol. 42, P. 526-535, P. 587-597, P. 632-640, P. 479-489; Russian
Math.: 2020, Vol. 64, P. 1-11; International J. of Math. And Phys., 2020, Vol. 11,
No. 1, P. 28-35) in the study of questions of the unique solvability of the
Gellerstedt problem, two-point and multi-point boundary value problems for
linear, loaded and nonlinear partial differential equations. The use of the scientific
result made it possible to prove theorems on the unique solvability of the
Gellerstedt problem, two-point and multi-point boundary value problems for
linear, loaded and nonlinear partial differential equations;

study of a nonlocal boundary value problem for partial integro-differential
equations of pseudoparabolic-pseudohyperbolic type, used in leading international
scientific journals (Lobachevskii J. of Math.: 2021, Vol. 41, P. 560-571, P. 572-
578, P . 632-640; Axioms 2020, Vol. 9, No. 4 (135); Chaos, Solitons & Fractals,
2021, Vol. 146, ID 110835) in the study of various boundary value problems for
mixed differential equations, differential equations with degeneration. The use of
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the scientific result made it possible to prove theorems on the unique solvability of
boundary value problems for mixed differential equations, elliptic differential
equations with three singular coefficients, differential equations with degeneration.

The results obtained in the thesis on the solvability of integro-differential
equations were used in the implementation of research work of the Institute of
Mathematics and Mathematical Modeling of the Ministry of Education and
Science of the Republic of Kazakhstan under the project No. AP05131220
"Methods for solving initial-boundary value problems for high-order partial
differential equations and their applications” (Reference from the Institute of
Mathematics and Mathematical Modeling of the Ministry of Education and
Science of the Republic of Kazakhstan No. 01-06/082 dated May 25, 2021,
Kazakhstan). The application of the methodology for constructing solutions for
integro-differential equations made it possible to prove the unique solvability of
initial-boundary value and nonlocal boundary value problems for partial
differential equations of the fourth order;

The research methodology of nonlocal boundary value problems for linear
and nonlinear differential equations with a real parameter was used in the
implementation of research work of the International Kazakh-Turkish University
named after Khoja Ahmed Yasawi under the project No. AP05131268 "Questions
of the solvability of boundary value and initial boundary value problems for
nonlocal partial differential equations”, State registration number 0120RK00547
(Certificate of the International Kazakh-Turkish University named after Khoja
Ahmed Yasavi, number 05/1159 dated May 25, 2021, Kazakhstan). The use of the
methodology for studying nonlocal boundary value problems made it possible to
prove the unique solvability of initial boundary value problems for partial
differential equations of parabolic and hyperbolic types.

The structure and volume of the thesis. The thesis consists of an
introduction, four chapters, conclusion and titles of used literature. The full volume
of the thesis is 216 pages.
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