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HUMEHXENCOBBIE OIIEPATOPHBIE I10JIsI: BOIIPOCHI
KIIACCNOPUKAIINN U I'EOJAESNYECKUN 9KBUBAJIEHTHBIE METPUKUA

Juavyxammen 2Kyaaeizoaitysisr AKITAH

MT'Y umenn M.B.Jlomorocosa, Mocksa, Poccust
E-mail: akpandz@my.msu.ru

B noxitajie 6yer pacckasaHno mpo KiaccudUuKaInio n-MepHbIX oneparopos Huitenxeiica, Ko-
Ia XapaKTepHCTHIeCKOoe OTOOpazkeHre UHBAPUAHTOB (KO3(hMUIHEHTOB XapaKTepUCTHIECKOTO
MHOPOUJIEHA) UMeeT PAHT MeHbIne n. OCHOBHBIM METOJOM JOKA3ATEIBCTB SBISETCS UCIOIb30-
Banus Mero0B Teopun Ocobennocreit, a uMeHHO ocobennocTeit Tuna Ayg.

Onpenenenne. ITycte M"™ — rmaakoe muoroobpasue m L = (L;) — IVIaAKOe TEeH30PHOe
nose tina (1,1). Kpyuennem Huiferxeiica nin Tenzopom Huiienxeiica HazpiBaeTcss TeH30p THIA
(1,2), KOTODBIiT 33/1a6TCST HHBAPHAHTHO:

Np(u,v) = L*[u,v] + [Lu, Lv] — L[Lu,v] — L[u, L],

e u,v — BEKTOPHBIE IOJIS.

Ouneparopaoe nose L Ha3biBaeTcs omneparopom Huitenxeiica, ecau Ny = 0.

[ycers x(t) = det(tE — L) = t" + oqt" ' + ... 4+ 0,.

Teopema. Ilycte L — omeparop Huiienxeiica, npuiem trl = 01 = T1,...,0,1 = Tp_1
u detl = 0, = f(x1,...,20_1,y) (B empicie Mopca). Ilycrs f(xy,..., T, 1,y) HMEET HEBBI-
POKIEHHYIO 0COOEHHOCTD 110 mepeMeHHoiH y B Hy/e. Torma Bce omepaTopbl Huiterxeiica mveror
BHJI:

_—Il 1 0 0 0 7
—X2 0 1 0 0
L=l , 0 0 .. 1 0
—z,1 0 0 ... 0 =2y
L —g 0O 0 ... 0 0 |

[lycts panee (M™, g) 6yaer puMaHOBBIM MHOTOOOPA3UEM, JIB€ METPHUKHU ¢ ~ § OyaeM Ha3b-
BAaTh I'eOJe3UYECKN IKBUBAJTCHTHBIMU, €CJIU OHU 3a/IaI0T OJHY U TY Ke TeO/Ie3UIeCKYI0 MOCIe
nepenapamerpusanuu. lcHo, 4TO 3TO HEKOTOpas CUCTeMa YyPaBHEHUU B YACTHBIX [POU3BOJI-
HbIX. O‘leHb y,ZLO6H0171 3aIlIUCBIO CHCTEMBI ypaBHeHI/Iﬁ B 9aCTHBIX IIPOU3BOAHLIX OTHOCHUTEJILHO
ABYX METPHUK ABJIAECTCA:

ViLij = Nigjx + Ajgir,
vie L= () migg g, A = § 20,

Omueparop, KoTopblii oayyaerca R = Lg~! asigerca oneparopom Huitenxeiica. IToydaem
muneiinyro cucremy YpHll orHocuTesibHO MeTpuku g;;. B Jokiaje OyIyT HOKa3aHbl HPUMePDI
reofe3nvecKn SKBUBATEHTHBIX MEeTPHUK I MaJIbIX Pa3MepPHOCTEI .

TMonaep>xka: ABrop siBsercsa crureaauarom ¢ouaa Basuc.

KuroueBsle ciroBa: oneparopsl Huitenxeiica, kpydenne Huiterxeiica, reomerpusa Huitenxeiica, HHTerpupyeMble CUCTEMBI,
SKBUBAJIECHTHBIE METPUKMH.
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JIBYX®A3HAA COPEPUYECKAY 3AJAYA CTE®PAHA C UCTOYHUKOM
TEILJIA JI2KOVJd 1 HEJIMHENHBIMU TEILJIOBBIMU KO9®PPUIIMEHTAMMA

C.H. XAPUH'"?* T.A. HAYPBI3Y2Y A, BPO330%¢, 1. BOJIATI?

! Kasaxcko-Bpuranckuit Texuunueckuii Yuusepcurer, Amvarer, Kazaxcran
2 Uucruryr Maremaruxu n Maremaruaeckoro Monemupopanns, Amvarsr, Kazaxcran
3 Universidad Austral, Pocapno, Aprexruna
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Hpe,ZLCTaBJIeHa MaTeMaTU4YeCKad MOAEJIb, OIIUCBIBaOIlad AUHAMUKY 3aMKHYTOI'O KOHTaKT-
HOT'O HarpeBa C UCIIapeHueM MeTaJlJla ITPpUu MI'HOBEHHOM B3PDbIBE MUKPOBBICTYIIa W ITPOIECCOM
3ayKUTAaHUA JIyTH, B KOTOPOH TeMIlepaTypHOe IHoJie s 30HBI MCIAPEHHs] MeTaJlla BBEJIEHO B
BHJIe JTUHEHHOrO ypaBHEHHsI TEIIOCTONKOCTH U yObiBaHMA. HeoOX0omuMO ONnpene/inTh TeMiepa-
TYPHBIE TIOJIs JIJIsT YKUJIKOR U TBepIo# ¢a3 MeTasia, ONMUChIBaeMble chepuIecKUM ypaBHEHTEM
TEIJIOIPOBOIHOCTH ¢ HEJMHERHBIMI TEILTOBBIMU KOA(MMUIHEHTAMI U IKOYJIEBBIM HCTOUYHUKOM
remia. Meros perenust 3a/ia4dn, OCHOBaHHBIN Ha 11peo0pa30BaHUK EPEMEHHbIX 1101001s1, 1103~
BOJISIET CBECTH 33/1a4y K OOBIKHOBEHHOMY A pepeHnuaibHOMy yPaBHEHUIO U HHTETPAIHLHOMY
ypaBHeHnio Thia Bosabreppa. CylecTBoBaHNe W €IMHCTBEHHOCTh HWHTEIPAJILHBIX ypPaBHEHMI
JIOKA3aHbBI C MOMOIIBIO TEOPEMbI O HEIIOIBUKHON TOUKe B 6AHAXOBOM IIPOCTPAHCTBE.

CortacHO 3TO# MOe/N, KaCaroIuiics MEKPOBBICTYII KOHTAKTa MITHOBEHHO B3DBIBAETCS 34
CYeT 3ayKUraHus JYTH C MOIIHOCTBIO P, MpHIOXkKEHHOH K TOUYKe KacaHusa r = (, ITO MOKeT
OBITH OMUCAHO 0-(pYHKIMEH ,
o (- ) "

2ar/Tt ’
rjie a — K03 UIUEHT TeMIIepaTypoupoBoaHocTH. g MomeiupoBanus TeI1000MeHa HeoOXo-
quMo BBecTH Tpu obsactu Dy, D u Dy. Obnacte Dy (0 < 7 < at)) — 30HA mapoB MeTaJlia,
Dy (a(t) <r < p(t)) u Dy (B(t) < r < co) — Kujakas 1 TBep/ast 30HbI COOTBETCTBEHHO.

MogennpoBaHue TeMIEpPATyPHOIO OJIS B TApOBOil 30He Dj IPeIIIoaaraet, 9To TeMIIepaTypa
B 9TOIl 30HE CHHZKAETCS OT TEeMIEPATYPbI ¢;, HEOOXOMMMON [IIsi MOHU3AIMH [1aPOB META/LIOB
B TOUYKe B3pbiBa 1 = (, 10 TeMmepaTypbl KuleHus @, HA TpaHUIE TapOBOil W KUIKOCTHOMN
30HBI T = «(t). YaureBasg, 9TO TOMIMMHA TAPOBOH 30HBI JOCTATOYHO MaJia [0 CPABHEHUIO C
JKUJTKOCTHOM, 3Ty 30HY Dy MOXKHO PacCMaTPUBAThH KAaK TEILJIOBOE CONMPOTUBJICHUE MEXKIY JIyToi
U JKUJKOCTHOH 30HOM, T.e. TeMIlepaTypa YMEHbIIACTCA JUHEHHO

P(r,t) =P

Ou(r1) = = (0 = 00) 5. 2)

Cpoboanas rpanuia r = a(t) MoxKeT ObITh olpe/ie/ieHa U3 GaJlaHCca TEIIOBbIX OTOKOB Ha ITOl

rpaHUIEe

+ Lo (1), (3)

r=o(t)

rjae Ay, Y U Lp — TEIIOIPOBOAHOCTD, INIOTHOCTh MAaTEPUAJIa M CKPbITAas TEILIOTA IPH KUIICHHH.
g TeMmepaTypbl XKUJAKON W TBEP0it 30H HMeeM YpaBHEHHUS

00 10 00 .
01(81)71(91)8—; = T_QE [A1(61>T28—;:| + ,01(61)]%, re Dy, t>0, (4)
00 10 00 .
02(92)72(92)8—; =32y {)\2(92)7“28—;} + p2(02)j3, v € Dy, >0, (5)
00, Pexp —([—22) Pe—28
M0 (a(t),t)—= =~ da%/ =—— t>0, 6
1( 1(()(() )) ot ot 2&\/% o) 2@\/% ( )
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01(6@)70 = Om, t>0, (7)

92(6@)70 = Om, t>0, (8)

NOGONG| = OEONG b0, 20O
02(00, t) =0, t >0, (].0)

O5(r,0) =0, «(0) = p£(0) =0, (11)

e c;(0;), 7i(0:), Ni(0;) m p;i(0;)52, i = 1,2 — yjesbHAs TEIIOEMKOCTH, IJIOTHOCTD, Tell-
JIOIPOBOIHOCTEL U JIZKOYJIEB HArPeB COOTBETCTBEHHO, BCE OHU 3aBUCAT OT TeMmIeparypsl, 0, —
TeMIIepaTypa IIABICHHS, [, — CKPBITas TEILIOTA IIABJICHH, Y, — ITAJOHHAL ILIOTHOCTD IIPH
wIaBjieHu , (t) — 310 ¢BOOOIHASI TPAHUIIA, K KOTOPOH MPUKJIAIBIBACTCS MOIIHOCTD JIEKTPUIe-
cTBa, a B(t) — 9TO MOJIOKEHNE TPAHUIBI PA3JIENA KHUJIKOCTh-TBEPJIOE TEI0, KOTOPOe HEOOXOJAUMO
HaHTH.

Funding: Asropsl 0bltu momepxkansl rpanTom AP09258948 MOH PK u mpoektst 80020210100002 u 80020210200003
u3 Universidad Austral, Pocapuo, Aprenruna.

KinroueBbre cioBa: 3amada Credana, 3aMKHyTbIe JI€KTPUTIECKNe KOHTAKTHI, HeJIMHEHHbIe TeIIoBble K03(hMUIEeHTHI,
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TEOPUSI ®YHKIIMOHAJIbHBIX [IPOCTPAHCTB U EE IIPUJIOXKEHUS.
JIOKJIAI B CBA3U CO CTOJIETUEM T.MI. AMAHOBA

JI.B. BASAPXAHOB

HucTturyr maremMaTnky u MaTeMaTHIECKOT0 MofeaupoBanust, Aamarer, Kazaxcran
E-mail: dauren.mirza@gmail.com

B noknazne Gymer mana (o HEOOXOAMMOCTH KpaTKasi) PETPOCIEKTHBA Teopuu (byHKIHO-
HAJbHBIX MTPOCTPAHCTB U POJACTBEHHBIX Pa3/e/0B (DYHKITMOHAJIHLHOTO aHAJIN3a B TECHOM CBA3H C
nay4anoit ouorpadueit Tyneybas Uapucosnua Amanosa.

B wactHOCTH, OyAYT HOCTATOYHO MOAPOOHO OOCYZKIEHBI TJIABHBIE HAYTHBIE Pe3yIbTaThl 1y-
neybas VapucoBuda, ocBeIenbl OCHOBHBIE (DAKTBI €ro MPEenoJaBaTeIbCKON U HAYIHO-OPTaHU-
3alMOHHON JesdrejibHocTH. Kpome Toro, Oyier Jan KparTkuil 0030p HAy4HbIX UCC/e0BaHUil B
Otnene Teopun ByHKIU u HYHKIUOHAIBHOTO aHaan3a VHCTHTYyTa MaTeMaTHKH U MaTeMa-
THUYECKOro MojiesimpoBanusd n B Pecriybnmke Kazaxcran B 1e/1oM, mpoOBOIUMBIX IO HACTOSIIEE
BpEMs 10 OCHOBHBIM HAIPABICHUAM HAyIHOTO TBOpUecTBa Tyneybas U npucosuya niu 01M3KOi
podIeMaTUKe.

Funding: AsTop 6bu1 ToaAepkan rpantom AP14869246 MHBO PK.

KuroueBrble ciioBa: GyHKIMOHAIHHOE ITPOCTPAHCTBO, IIOJIUTAPMOHIUYIECKHUI OIIEPATOD, KpaeBas 33134, BAPUAIMOHHBIHN
METOJI, BIOYKEHWE, MHTEPIIOIAINSA, TOMUHUPYIONIAs CMEIIaHHAs TJIaIKOCTh.
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JIN®PEPEHIIMAJIBHBIE YPABHEHUA 1 ®YHKIIMOHAJIHBHEIE
ITPOCTPAHCTBA HA CTPATUNO®UIINMPOBAHHBIX MHO2KECTBAX

H.C. JAUIPBEKOB

Hucruryr MmareMaTnkyn u MaTeMaTHIecKOro MojeaupoBanns, Aavarol, Kazaxcran
E-mail: Nurlan.Dairbekov@gmail.com

Cmpamugduryuposartoe muoscecmeso ), B IepBOM TPUOINKEHNN, €CTh CBI3HOE IIOIAMHOMKE-
CTBO 3BKJIMJIOBa MpocTpaHcTBa R™, cocTOsIIEe N3 KOHEYHOTO YHUC/Ia MOTAPHO HEIIEPECeKAOIIX-
Csl CBSI3HBIX TOAMHOr00Gpas3uii (6e3 Kpast), Ha3bIBAEMbBIX CTPATAMHU:

0= U Okj-

o’kjEE

[TepBoIit MHIEKC MOKA3bIBaeT PA3MEPHOCTH CTPATHI, & BTOPOI dBJsIeTCS HOMEPOM CTPATHl JIaH-
HO# pa3MepHOCTH; k MOXKET MeHSThCA OT HyJsd 10 n. [Ipeanosaraiorcs BBIIOJHEHHBIMU CJIETY-
fole TpeOOBAHMS Ha B3aUMHBIE TPUMBIKAHUS CTPAT:

® 3aMBLIKAHUE O); KaXKJI0fl CTpaThl KOMIAKTHO, a e¢ rpanuna 00y; = Okj \ Ok; SABJIACTCH
06beIMHEHNEM HEKOTOPHIX CTPAT U3 2J;

® J1JIs JIIOOBIX ABYX CTPAT Ofj, Oy € 2 HepecedeHne 3aMbIKaHuil 0y; M 0,y,; 1100 mycTo, 11ub0
COCTOMT U3 HEKOTOPbIX cTpaT HAbopa 2.

MuoxkectBo () TpesmnoaraeTcss MpeCTaBIeHHBIM B BUE OObEINHEHUS JIBYX HEIEPECEeKa-
formuxes gacreii, “Bayrpennocrun” Q° u “rpanuns’ 0Q° = Q\ 2°. B kagectse 2° gomyctumo
B35Th JII000€ OTKPBITOE CBSI3HOE IMOAMHOXKECTBO {2, COCTOMAIee M3 HEKOTOPBIX CTPAT U TAKOe,
qT0 3aMbIKaHne 1° copmanaet ¢ ).

CrparudunupoBannoe MHOXKeCTBO {2 cHabyKaeTcd Tak Ha3bIBAEMOR cmpamu@uuuposarmot
mepoti, 1719 KOTOpoit MHOKecTBO w C ) H3MepHMO, ec/Ii KazKJoe IepecedeHue o, w U3MEePHMO
B cMbIcsIe k-Mepmoii Mepsr Jlebera ma oy;. Cmpamuguyuposarnan mepa jo 1a € (Tounee na M)

omnpesesgercd GopMyJIOit:
> ilwrs),

o’kjEE

B KOTODOIT [, (wy;) 0603HaMaeT k-MepHYIO Mepy Jlebera MHOKeCTBA wyj = w M 0.

OcHoBHbBIE (DYHKIIMOHAJIbHBIE MPOCTPAHCTBaA, IpocTpancTBa Jlebera u npocrpancrsa Cobo-
JIeBa, OIPeIe/IAI0TCS 0 CTPATH(MUITTPOBAHHON MepHI.

B nokmazge Oymer maH 0630p TeOpeM BJIOMKEHHS, B YaCTHOCTH BBIIOJHUMOCTH HEPABEHCTBA

[Tyankape
/\u— |qd,u<C'/|Vu|pd,u

u HepasenctBa CobosieBa — L'anbapio

1/q 1/p
/ Widp | <c / VulPdy
Q Qo

Byner omnmcano npuMeneHnme 3TUX HEPABEHCTB K PA3PEITUMOCTU I/INIMTHIECKUX yPaABHE-
HUil HA CTPATHOUIINPOBAHHBIX MHOXKECTBAX ¢ TpaHndHbIMEU ycaoBusvu Jlupuxie, Heiimana u
Benmemns.

Takyke Oyaer nan 0630p CBOWCTB rapMOHUYECKUX (PYHKIUH HA CTPATHMOUIITPOBAHHOM MHO-
JKecTBe: TeopeMa O Cpe/lHeM, HEPAaBeHCTBO XapHaKa, YCTPAaHUMbIe OCOOEHHOCTH.
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OCHOBHBIE TIOHATHUST ¥ HEKOTOPBIE PE3YJIbTATH MOXKHO HaiiTu B paborax [1-3]
Funding: AsTop 6bu1 ToAepkan rpantom AP14871251 MOH PK.
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METO/JbI OTITUMUBAIIUNU B OBPATHBIX 3AJAYAX
C.I. KABAHUXNVH

Huacroryr maremarukn um. C. JI. Cobomresa CO PAH, HoBocubupck, Poccus
E-mail: kabanikhin@sscc.ru

B nmokjajze OyayT paccMOTpeHbl METOJIbl ONMTUMHU3AINHN, KOTOPbIE UCTIOJIL3YIOTCS TIPU pelre-
HUU 0OpaTHHIX 331a4. OCHOBOI TAKUX METO/IOB ABJISeTCd IOCTPOeHe MUHIMHI3UPYIOMIEN moce-
JIOBaTeJTbHOCTH, B KOTOPOI HOMEeD UTepallny fABJIeTCs TapaMeTPOM PeryJIspu3allii U JI0JZKeH
OBITH COIVIACOBAH € YPOBHEM ITOTPENTHOCTH B JAHHBIX. B cHTy HEKOPPEKTHOCTH OOPATHBIX 33724
AHATU3 CXOIUMOCTHU MPOBOIUTCS MPU TIPEANOTIOKEHUN, UTO pellleHre 0OpaTHOM 3aJaun CyIIe-
CTBYET W TIPUHAICKUT HEKOTOPOMY 3aJTAHHOMY KJIACCY — MHOYXKECTBY KOPPEKTHOCTH ( Kak
IPABUJIO, KOMITAKTY ).

BynyT paccMoTpeHBI TaKyke MeTO/Ibl ONTHMHU3AIMN HA OCHOBE 9BOJIIOIHOHHBIX aJITOPUTMOB,
UCTIOJIL3YIONIUX MU U3 IBOTIONUOHHON OMOJIOTHH s HAXOXK/IEHUS] ONMTUMATBHBIX 3HAYCHU
napamerpoB. OHu MoryT ObITh 3(MIEKTUBHBIME B 33Ja9aX ONTHUMHU3AMUH ¢ OOJIBIIIM KOJHYe-
CTBOM IapaMeTpOB UJn KOTia (DYyHKIU MOTeph He gBJsercd 1Uiajkoit. Beibop MeTosa onTumu-
3alliU 3aBUCHT OT KOHKPETHOMH 3a/a4yu u ocobennocteil mojesn. Kak mpaBuio, rpaueHTHBI
CIIyCK SABJISI€TCH HAubOoJIee PACIPOCTPAHEHHBIM METOOM ONTUMU3AINA B MOJCIAX MAITHHHOTO
o0y JeHus.

HEKOTOPBIE CBOMCTBA HBIOTOHOBOTO IIOTEHIINAJIA
T.11. KAJIbMEHOB

Hucruryr maremaTtnkn v MaTeMaTuIecKkoro Moaeauposanust, Aamarer, Kasaxcran
E-mail: kalmenov.t@Qmail.ru

B pabore Kanpmenosa T.III., Cyparana [I. [1| mokazano, yro HeoToHOBBIH (06BeMHBIIT)
IOTEeHIHAT

u(z) = / @~y fy)dy, EQC R 1)

Q

riae £(z — y) — dyugaMenTaabHOe pellenne ypaBHeHns]
—Ape(z —y) = 0(z —y), (2)
YIOBJIETBOpsACT ypasHenuio Jlamnaca

—Au = f(z) (3)

Institute of Mathemitics and Mathematical Modeling. Almaty, 2023



16 TpagunuoHaass anpejabCcKas MaTeMaTuieckas KoHpeperius — 2023

U OJHOPOJHOMY IIOTEeHIHUAJIbHOMY I'DAHHUYHOMY YCJIOBHIO

Vil beon= =57+ [ (G=te = w)uts) ~ (e =)

o0

ou

— ds, =0, co. (4
) dS, =0, (@)
O6parho, eciin u € W2(Q2) ynosaersopser ypasuenuio Jlamiaca (3) u 0HOPOHOMY I'DaHIY-

HoMY ycsoBuio (4), To pemenue 9T0i 3aga4m u(x), T.e. 3agaun (3)—(4) HezaBucumo oT GHOPMBI
obJiacTeil, BHITUCHIBACTCS B ABHOM Bujie Yepe3 HbIoTOHOBBII NOTEHIMA, T.e. B BUJIE HHTErPAJIA

(1).
EcrecTBeHHO, MOXKHO OXKHUJIATH, 4YTO ypaBHenue Jlamnaca npu HEOTHOPOIHOM MOTEHIIHA b
HOM TPAHUYIHOM YCJIOBUH, T.€. PellleHne 3aJIa4uu

—Au = f(x), (5)

N ] focon= — 42 ¢ / (ﬁ@ ~yuly) — (o yﬂ(y)) iS, = o), =€d  (6)

2 on, on,
o0

TaK:Ke BBIMUCHLIBACTCS B IBHOM BHJIE.
B pabore, ncnosb3ys coiicTBa cienoB GyHIAMEHTAIBLHOTO perenns £(xr — y) Ha IDAHUIE
0 nokazano, 4o perenne 3agaqu (5)—(6) B IBHOM BHe MOXKeT ObITh HANJIEHO TOJBKO JJIs
CIeNUaJbLHBIX obstacTei ().
B pa6ore TakzKe IpUBOJAATCA HEKOTOPBIE CIIEKTpajbHble ¢BOicTBa HhI0TOHOBOrO moTeHIInA-
JIa.

Funding: Asrop 6611 mogzep:xan rpantom AP14871460 u AP09260126 MHBO PK.
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Convolution equations on the Lie group G = (—1,1) and their
applications

Roranp DUDUCHAVA
The University of Georgia & A.Razmadze Mathematical Institute, Thilisi, Georgia

For each Lie group G equiped with a manifold and the group operation (multiplication or
sum z oy, inverse element, neutral element) there exists the unique left or right invariant Haar

measure dgx, homeomorphism c(z) : G — G to an unitary group é, called the representation
of the Lie group G and, finally, perhaps the most important, the Fourier transformation Fg,
which is an isomorphism of the Lebesgue-Hilbert spaces

Fo : Lo(G) = Lao(G), (1)

with the inverse transformation Fg L
Most interesting in applications are convolution equations on different Lie groups

Wep(o) i= Fo'aFop(w) = co(@) + [ Haoy ooy = fla),  a€G. (2

where the Fourier transform of the kernel a(¢) = ¢ + (Fgk)(€), € € G is called the symbol.
Under certain conditions equation (2) has a unique solution ¢(z) = (W2, f)(z);

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 17

To such equations belong celebrated classical convolution equations of Wiener-Hopf on the
axes R = (—00,00), of Mellin equations on the half axes Rt = (0,00) and Toplitz equations
on the grid of integers Z = {0,£1,+£2,---}. These equations have ample of applications in
problems of Mathematical Physics, Probability theory, Elasticity theory etc.

I will speak about a Lie algebra-interval G = (—1,1), which is equiped with the group
operation roy := (z+y)(1+xy)~!, z,y € G. The invariant Haar measure is dgz := (1—22)"'dx
and the Fourier transformation

- [ () [ () i cor

These tools allow to solve exactly convolution integro-equations on this group

n

3 {aki)ku(t) — by /_1 (1 _72)% Qk“(”ﬂ = f(t), anbporeC, ted, (4

d
where Du(z) := —(1 — 2%)—u(z) is the natural derivative of functions on the group G (the

generator of the Lie algebra) and (Fg®) = —2i&, £ € R.
It turned out that to the class of convolution equations (4) belong the following celebrated
airfoil (Prandtl) equation with important applications

Pu(x)—wﬂ/ YWY _ py,  aeg (5)

1—22 7w ), y—=x

Also singular Tricomi and Lavrentjev-Bitsadze equation, which emerge in solving partial dif-
ferential equations of mixed type. Moreover, Laplace-Beltrami equation on the unit sphere in
S? C R? is also a G-convolution operator with a parameter.

In conclusion we touch recent results obtained in collaboration with Duvan Cardona, Arne
Hendrickx & Michael Ruzhansky (Ghent University, Belgium) concerning Global pseudo-differen-
tial operators on the Lie group (cube) G = (—1,1)".

Inverse scattering method via Gelfand—Levitan—Marchenko

equation for nonlinear Klein—Gordon equation coupled with a scalar
field

Mansur I. ISMAILOV!?
! Department of Mathematics, Gebze Technical University, Kocaeli, Turkey
2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
mismailov@gtu.edu.tr

A class of negative order Ablowitz—Kaup—Newell-Segur nonlinear evolution equations are
obtained by applying the Lax hierarchy of the Manakov system [1]. The inverse scattering
problem on the whole axis is examined in the case where Manakov system becomes the classical
Zakharov—-Shabat system consists of two equations and admits a real symmetric potential.
Referring to these results, the N—soliton solutions for the the nonlinear Klein—Gordon equation
coupled with a scalar field [2] are obtained by using the inverse scattering method via the
Gelfand-Levitan-Marchenko equation [3,4]. (This is joint work with C. Sabaz).

Funding: The author is funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (Grant No. AP(09260126).

Keywords: Manakov system, negative order AKNS hierarchy, Inverse scattering method, Gelfand—Leitan—Marchenko

equation, Klein—Gordon equation coupled with a scalar field.
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Algebraic and elementary properties of Rogers Semilattices
Manat MUSTAFA

Department of Mathematics, Nazarbayev University, Astana, Kazakhstan
E-mail:manat.mustafa@nu.edu.kz

Studying computability phenomena leads to intriguing directions in mathematics and appli-
cations (as seen in [1-3]). Recursive mathematics and computability theory involve situations
that naturally necessitate the study of constructive objects. When examining the algorithmic
properties of such objects, the best approach is to use the techniques and notions from the
theory of computable numberings.

Arbitrary numbering of a countable class is a mapping which assigns natural indices to all
elements of this class. Goncharov and Sorbi proposed a general method for studying classes
of objects that can be constructively described in formal languages with a Goédel numbering
for formulas [4]. According to their approach, a numbering is computable if there exists a
function that is computable and, for every object and its index in the numbering, produces a
Godel index of its constructive description. Thus, an object’s index relative to any computable
numbering can be considered its constructive description.

If there exists a computable function which translates indices of the sets in the first number-
ing into the indices of the same sets in the second numbering, then the first numbering is said to
be reducible to second one. Numberings which are reducible to each other are called equivalent.
Rogers semilattice of a family is a quotient structure of all computable numberings of the given
family modulo equivalence of the numberings ordered by the relation induced by reducibility of
numberings. The Rogers semilattice represents the algorithmic complexity of computations of
the set as a whole, and problems in the theory of computable numberings concern mainly the
algebraic and elementary properties of Rogers semilattices. The Rogers semilattice are used
also as a tool to classify properties of computable numberings for different families.

In this presentation, I will discuss the latest results regarding the computable numberings of
arange of sets in different hierarchies[5-7], as well as the algebraic and elementary characteristics
of the Rogers semilattices.

Funding: The author were supported by Nazarbayev University Faculty Development Competitive Research Grants
021220FD3851.
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Finite-Time Stability of Fractional-Order Discontinuous Nonlinear
Systems with State-Dependent Saturation Impulse and Asymmetric
Saturation Impulse

Rajan RAKKIYAPPAN

Department of Mathematics, Bharathiar University, Coimbatore, India
E-mail:rakkigru@gmail.com

The concepts of finite-time stability (FTS) and finite-time contractive stability (FTCS) for
fractional-order discontinuous nonlinear systems (FODNs) with state-dependent saturation im-
pulses (SDSI) and state-dependent asymmetric saturation impulses (SDASI) will be discussed
here. We will initially discuss the necessary and sufficient conditions for discontinuous function
and both saturation impulses. Furthermore, a dead zone function exists for the state-dependent
impulses when they are considered as asymmetric characteristics. By the method of mathe-
matical induction, the theory of convex analysis and Filippov mapping, we are discussing those
stability criteria for FODNs with saturation and asymmetric saturation impulses. The pro-
posed theoretical conclusions will be validated by two numerical simulations with saturation
and asymmetric saturation impulses.

Navier-Stokes Equations of Non-Newtonian fluids and Applications
in Polymer Processing

Dongming WEI

Department of Mathematics, Nazarbayev University, Astana, Kazakhstan
E-mail:dongming.wei@nu.edu.kz

In this talk, an introduction to the theory of rheology and non-Newtonian fluids is provided
as the background on mathematical modeling of such fluid flows. Applications and motivation
of the study of the Navier-Stokes (NS) problems arising from chemical engineering are demon-
strated. Some mathematical analysis of the NS equations including existence and uniqueness
is reviewed from the earlier studies. Numerical analysis of approximation of the NS equations
by iterative and penalty method is reported. Recent results will be presented from the research
projects funded by Kazakhstan Ministry of Education (AP05134166) and Nazarbayev Univer-
sity (021220FD4651) on the topic. Future research plans on particle filled fluids, coating die
free boundary flows, solid fluid interactions, flow manifold design and body optimization are
discussed.
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Higher-dimensional partitions
Damir YELIUSSIZOV

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: yeldamir@gmail.com

Higher-dimensional partitions were introduced by P. A. MacMahon [1] as a natural general-
ization of the usual (one-dimensional) integer partitions and (two-dimensional) plane partitions.
While these objects arise in various fields including algebra, geometry, combinatorics, proba-
bility and statistical physics, not much is known about d-dimensional partitions for d > 3, cf.
2].

The story about higher-dimensional partitions involves some wrong conjectures starting
famously from MacMahon [1] on their enumeration and generating function, and later on their
asymptotics [3] suggested by physicists based on experiments from Monte Carlo simulations.

In the talk, I will summarize the history of higher-dimensional partitions (starting from
important results on the usual integer and plane partitions), show several open problems and
discuss some recent progress on this topic.

Funding: The authors were supported by the grant no. AP14871710 of the Ministry of Science and Higher Education
of the Republic of Kazakhstan.
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1 Auarebpa, maremMaTudecKad JOTUKA U TeOMeTpUs
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B pabore |1| ma MHOXKeCTBe IOJIHBIX TEOPHIl S3bIKA HEPBOIO MOPSJIKA PACCMATPUBAJIOCH
npousBejieHne @ u npsivmoe npoussejenune P;T;, 1€1, vae T mojiHbIe TEOPUH.

ONPEAEJIEHUE 1. Kiace Mmozmeneit K HaspiBaeM (pOPMYJILHO-OIPEACTUMBIM, €CJIU CYIIe-
cryet mosesib A€ K takast, uto { X|Th(X)eTh(A)=Th(A)}=K, tne Th(X) — snemenTapHas
reopust mojiesn X . Teopust Th(A) B 9TOM ciydae Ha3bIBaeM onpejenTesem Kiacca K.

OIIPEJOE/IEHUE 2. Monenbublit KomnanboHn 1" teopun T’ Ha3bIBaeTcsa (POPMYJIbHO-OIPEIe-
JIAMBIM, €CJIH KJIaCC MOJeeil MOIeIbHOr0 KoMuanboua 1" hbopMyIbHO-OIPeIe/IuM.

Uccnenyercs cymiecTBoBaHue MOJEILHONO KOMIIAHBOHA JJIsi AKCHOMATH3UPYEMOI'0 HHIYK-
THUBHOT'O KJIacCa MOIeEJIEi.

Teopema 1. Ecim st akcuoMaTu3upyeMoro HHJIYKTHBHOTO Kjacca Mojesieii K kiracc ero
9K3UCTEHITHOHAJIbHO-3aMKHY THIX MoOJe/Ieli (hopMyJIbHO-OIIPEICJIUM, TO Teopust Kjaacca K umeer
MOJIEJIBHBIE KOMITAHBOH.

[TPUMEP. lyig Teopun Oy/eBbIX ajaredp (popMyabHO-ONPEIeTUMbIM MOJIECTBHBIM KOMIAHBO-
HOM SIBJISIETCS TeOpHusi 6e3aTOMHBIX OYJIEBBIX aJredp.

Funding: Pabora rperbro u3 aBropos BblioJHEHA 11py I'panToBoM (unancupoBanuu Ne AP09259295 Komurera nayku
MunucrepcTBa HayKu U BhIcurero obpasosanns PK

KiroueBrble cjioBa: 10JIHBIE TEOPUU, IPOU3BEAeHNE, (DOPMYJIHHO-OPEAETUMbIE TEOPUH, MOAEIbHBIM KOMIAHBOH.
2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20
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OB AJITEBPAX BUHAPHBLIX ®OPMVYJI IJIsI CJIABO LIUKJIMYECKU
MUWHUMAJIbHBIX TEOPUN C TPUBUAJILHBIM OIIPEJIEJINMBIM
SAMBIKAHUEM

Beitoyr [laiipikosrna KYJIITEITTIOB
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JIaHHBII JTOK/IA/] KACAETCA HOHATUS CAAO0T YUKAUYECKOT MUHUMAABHOCTIU, TIEPBOHAYAIBLHO
uzydenroro B [1|. Tlycts A C M, rie M — HUKJINYECKU YIOPSAIOUECHHAsT CTPYKTYpa. MHOKe-
cTBO A Ha3BIBACTCS GUINYKALILM, €CJIU JIJIsT JTIOOBIX a,b € A BBIOJHAETCS CJAEYIONIEe CBOHCTBO:
Jist jioboro ¢ € M ¢ yenosuem K (a, ¢, b) umeer mecro ¢ € A uiau jyisi jioboro ¢ € M ¢ yejaosuem
K (b, c,a) cipaBegnuso ¢ € A. Caabo YukAUYECKY, MURHUMAGADHAA CMPYKMYPA €CTH THKINIeCKH
yropsiiodernast crpykrypa M = (M, K, ...) Takas, 9o j060e onpeeanmoe (¢ napaMerpamMu )
MOJMHOZKECTBO CTPYKTYPBI M ABJIdETCA O6'be,Z[I/IHeHI/IeM KOHEYTHOT'O YUCJIa BBINTYKJIBIX MHOXKECTB
B M.

[lycte M — cuerHo kareropumdHas cjab0o MUKINIECKN MUHUMAJbHas CTpykrypa, G =
Aut(M). Cuenyst craHzapTHO#l TEOPETHKO-TPYIINOBON TePMUHOJIOTHH, TpyIma (G HA3bIBAETCS
k-mpan3umuerotl, eciu Jijis JIIOOBIX TOMapHO PA3InIHbIX (1, g, . . ., Ar € M v nomapHo pa3ind-
HBIX by, bo, ..., b € M cymectByer g € G, nias koroporo g(ai) = by, glaz) = be, ..., glag) = by.
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Konepysnuyuetd na M HazbiBaeTcs JT1000e G-WHBAPUAHTHOE OTHOIIEHWE SKBWBAJIEHTHOCTH HA
M. I'pynna G masbiBaeTcs npumumusnot, ecaun G aBiasgeTca 1-TpaH3UTHBHON U He CYIECTBYET
HETPUBHAJIbHBIX COOCTBEHHBIX KOHIPYIHIIHH HA M.

[lycrs [ — yuapuas ¢yuxius B M ¢ Dom(f) = I C M, rue I — OTKpPBITOE BBIIYKJIOE
MHOZKeCTBO. MBI TOBOPUM 9TO f SIBISIETCS MOHOMOHHOT 6npaso (6ae60) na I, ecm OHA cOXpa-
user (obparmaer) orHomenwe K, T.e. qs a06bx a,b, ¢ € I Takux, aro K(a,b,c), Mbl nmeem
K(f(a), f(b), f(c)) (K(f(c), f(b), f(a))).

Bynem roBoputb, 4TO €1a00 MUKINYECKN MUHUMAJIbHAS TEOPUS HUMEET PaH2 6binyKAOCIU
1, ecm He cyIIeCTBYeT OMPeJeTUMOrO OTHOINIEHUS SKBWBAJIEHTHOCTH € OECKOHEYHBIM YHUCJIOM
DeCKOHEYHBIX BBIMYKJIBIX KJIACCOB.

B pabote |2] GbLH OMECAHBI CYETHO KATETOPUYHBIE 1-TPAH3UTUBHBIE HETPUMHUTUBHBIE C1a60
HUKJIUICCKH MUHUMAJIbHBIE CTPYKTYPbI PAHIa BBIILYKJIOCTH 1 C TPUBUAJIBHBIM OHPEIETUMbBIM
3aMBIKAHHEM ¢ TOTHOCTHIO JI0 OMHAPHOCTH.

Are6pbr OMHAPHBIX (DOPMYJT SIBISIIOTCS WHCTPYMEHTOM JIJIS UCCJIEIOBAHUS CBsI3eil MK Ty
97eMEHTaMI MHOYKECTB Pean3aluii THIIOB Ha OMHAPHOM yPOBHE OTHOCHTEIHHO CYIEePIO3UIUN
OMHAPHBIX OMPEJAETUMBIX MHOXKeCTB. MBI Oy/IeM paccMaTpuBaTh ajareOpbl OMHAPHBIX U30JUPY-
forux (hbopMyJI, IepBOHAYATBHO U3yIeHHbIe B paborax |3, 4], rue mo GuHapHO H30UpYOIIeit
dbopmynoii monumaercst opmysia Buga ¢(x,y), He UMEINas MapaMeTpoB W Takas, 4TO JIJIs
HeKOTOporo mapamerpa a dopmyna ¢(a,y) u3oaupyer HeKoTopbiit moaubii tum w3 Si({a}).
[MousiTrst 1 O6O3HAUEHHUST, OTHOCAIIMECS K ITUM aJarebpaM, MOKHO TakzKe HaiiTu B paborax |3,
4]. B nocaennue rojpl aarebpbl OHHAPHBIX (DOPMYJ U3yHAIOTCS WHTEHCUBHO U MOJIYYHJIH CBOE
npojoszKenne B paborax [5]-(8].

B wacrosimem jiokstazie Mbl 06CyzKgaeM ajreOpbl OMHAPHBIX H30JUPYIONUX (DOPMYJ JIIs
CYETHO KATErOPHYHBIX CAa00 NMUKJIWNYEeCKH MUHWMAJIbHBIX Teopuit panra Boimykjaoctu 1 ¢ 1-
TPAH3UTUBHON HEMPUMHUTUBHON T'PYNIONH aBTOMOPMU3IMOB U TPUBHAIBHBIM OMPEIETUMBIM 32~
MbIKaHHeM. Takyke MBI peicTaBIsgAeM KPUTEPUil KOMMYTaTHBHOCTH TaKux ajaredop. Hamm moxa-
3aHa CJeyIoNIas TeopeMa:

Teopema. Ilycte M — cueTHO KaTeropumiHasi 1-TpaH3UTHBHAS HEIPUMATHBHAS CJ1a00 ITHK-
JIHIeCKH MHHUMAJIBHAS CTPYKTYpa panra oimykaocta 1 ¢ del(a) = {a} mis wekoroporoa € M.
Torma anrebpa By, OGHHAPHBIX H30JHPYIONIAX (POPMYJI KOMMYTATHBHA <> JIIs JTI0OOH BBITTYK-
J108 Bupaso opmysibl R(x,y), He sSBJSAONEHcs SKBUBAJIEHTHOCTb-reHepupyooniei, (OyHKius
r(y) := rend R(M,y) siBasiercst MOHOTOHHO# Bipaso Ha M.

Funding: Jannoe uccienoBanue nogaepxkano Komurerom nayku Munucrepcrsa Hayku u Bbiciiero obpasosanus Pec-
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KuroueBrble ciioBa: cirabas MUKIMIeCKas MUHUMAJIBHOCTD, ajredpa OMHAPHBIX M30JUPYIOMUX (POPMYJI, KOMMYTATHB-
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O 110YTU BIIOJIHE OPTOI'OHAJIBHOCTU 1-TUIIOB B CJIABO
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HacTosmuii 10KIa1 KacaeTcs NOHATHS cAaboll 0-MUHUMAABHOCTAL, TTEPBOHAYATLHO HCCTIe-
nosaunoro 1. Makdepconowm, /1. Mapkepom u Y. Creitnxopaom B |1]. Crabo o-munumarvrot
cmpykmypol Ha3plBaeTCsl JTMHEHHO yropsimodenHas crpykrypa M = (M, =, <, ...) Takas, 910
ar060e onpeesmMoe (¢ napaMeTpaMu) O IMHOKECTBO CTPYKTYPbl M saBJsercst 06be nHeHreM
KOHEYHOI'O YUCJIA BHITYKJIBIX MHOXKECTB B M.

[Iycte T — coabo o-muauMasbHast teopust, M =T, A C M, p,q € S1(A) — HeanreGpau-
deckre TUMBL. Mbl TOBOPUM, UTO THI P SABISAETCA HE CAGOO opmozonasvhuim tany q (p L™ q),
ecau cyrectByoT La-popmyna H(z,y), a € p(M) u Sy, fs € (M) Takme, uro B € H(M, «)
n 62 € H(M, Oé).

Jpyrumu cJioBaMu, THIT P SIBISIETCS CAG00 opmozonasvrulm Ty ¢ (p LY q), ecam p(x)Uq(y)
UMEeT ¢IMHCTBeHHOE PACHIMPEHHE JI0 HOIHOro 2-Tuna Haja A.

B macrosmemM J0K1a1e MBI HCCIeLyeM HOBBI BADHAHT OPTOTOHAJBLHOCTH HEANreOpamIecKUX
1-TunoB B €j1a00 O-MUHMMAJIBHBIX TEOPUAX: HOYTH BIIOJIHE OPTOIOHAJIBHOCTD.

Hawm monanoburest nousitue (p, q)-cekaropa, seegentoe B [2]. [lycrb A C M, p,q € S1(A) —
Heasnrebpandeckue Tumnel, p L* q. Byaem rosopurh, uro La-dbopmyna ¢(z,y) asagercs (p,q)-
cexamopom, eciiu cymecryer a € p(M) raxoit, uro ¢(a, M)Nqg(M) # 0, ~p(a, M) Ng(M) # 0,
o(a, M) 1 g(M) menyxcro, u [6(a, M) 1 g(M)]~ = [g(M)]

[Iycrs T — cnabo o-munumasbhas teopusi, M =T, A C M, p,q € S1(A) — neanrebpande-
CKHe TUIbL. ByeM roBOpuTh, 9T0 TUIL P He noumu énosne opmozonaaer tumy q (p L% q), ecau
cymectByioT (p,q)-cekarop U(z,y) m A-ompenesnmMoe OTHOIICHHE SKBHBaIeHTHOCTH E (X, Y),
pazbusaroriee (M) Ha GeCKOHETHOE YHCIIO BHIMYKJBIX KJIACCOB, TaK, 94TO st JI000ro a € p(M)
cymectsyet b € ¢(M) takoit, aro sup U(a, M) = sup E,(b, M).

Bynem roBoputh, uTo 1’ SBILETCI NOYMU 6NOAHE 0-MUHUMAALHOT, eCIH ITOHATH c1ab0i n
LOYTHU BIIOJIHE OPTOrOHAJBHOCTH 1-TUIIOB COBHNAJIAIOT.

Mpumep. [Iycts M = (M;<, P!, Py, E? R?) — numueiino ynopsjodeHnas CTPYKTypa Ta-
Kas, uTo M ecTb Hemepecekalomeecs 00beInHeHne HHTepIpeTanyii yHAPHLIX IpeJIuKaTos P u
Py, mipu arom P (M) < Py(M). Mbl OTOXKIECTBIIsIEM HHTEPIPETAIHI0 Py ¢ MHOXKECTBOM Palld-
oHAJBHBIX dnces Q, ynopsaodeHHOM KakK 00b4HO, a P; ¢ Q X QQ, yrnopsiio9eHHOM JIEKCUKOT'Pa-
dudecku. CuMBOJI OMHAPHOI'O OTHOIIEHUs F ompeesgercd caeayionmuM 00pa3oM: s JI00BIX
(ay,b1), (az, be) € P(M) umeer mecto E((a1,b1), (az,b2)) < a1 = ay. CumBos GUHAPHOTO OTHO-
mieHusi R MHTEpUpETUpYeTCst CASy MMM 00pa3om: st J00bX (ai,as) € Pi(M),b € Py(M)
mveer mecto R((ay,az),b) < b < ay + /2.

Mozet 6pITB yeTanoBieno, 410 Th(M) — crabo o-muanmasbaas Teopus. Ornontenne F(z, y)
SIBJIsIETCsI OTHOIIEHUEM SKBUBAJIEHTHOCTH, pasouBatornM Pj (M) Ha GecKoHEUHOe YHCITI0 GecKo-
HEYHBIX BBIMYKJBIX KiaaccoB. [lyers p(z) := {P1}, q(z) := {P:}. OueBunno, aro p,q € S1(0),
p LY q, 50 p 1% q, T.e. Th(M) He gBIsIeTCS TOYTH BIIOJHE O-MHHUMAIBHOI.

Panr Bermykocru dopmyiasl Beeser B [3]. B wactHOCTH, c1aG0 O-MHUHUMAJBHAS TEOPHsI
MMEET PAHT BHIIYKJIOCTH 1, €CJu He CyIIecTBYeT MapaMeTPUICCKH ONPEIeJUMOrO OTHOIIEHUS
SKBHMBAJEHTHOCTH ¢ OECKOHEYHBIM YHCIOM OECKOHEUHBIX BBITYKJIBIX KJIACCOB. [loHATHE KBA3M-
panuoHaJIbHOTO 1-THia BBEAeHO B [4]. Mbl ToBOpHM, 4T0 Heatrebpandeckuii p € S;(A) apiasgercs
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K6A3UPAYUOHAADHBM BNPAGO (6.4€60), €CIH CyIecTBYeT BhIyKIas Ly-dbopmyna U,(x) € p Ta-
Kas, 9TO Ajs J00oit mocrarounoit Haceimenuoit momenu M’ >~ M sup U,(M') = sup p(M’)
(inf U,(M') = inf p(M’)).

JlokazaHa cieayiomas TeopeMas

Teopema. Ilyctes T — cja60 o-MHHEMAJIbHAS TEOPHS KOHEYHOI'O PAHIa BBHIILYKJIOCTH, HME-
forast Mesee geM 2% caerabix mogeneit, I'y = {p1,pa, ..., pm}, 2 = {¢1, 42, .., q} — makcn-
MaJIbHbIE HOHAPHO CJIA00 OPTOINOHAJIBHBIE CeMEHCTBA KBABHPAIIMOHAJIDHBIX H HPPAIHOHAJIDHBIX
1-tunos max ) coorBercTBeHHO JuIs HeKoTOpbIX m,l < w. Torza T umeer B Tounoctu 36!
cYeTHBIX Mogeeii < teopus T — HOYTH BHOJIHE O-MHHHMATHHASL.
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O BUJAX IIPEATEOMETPUI AIIMKJINYECKUX TEOPUN
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[IpuBoauTCs ommcanue BUJIOB mpeareomerpuii [1| mas anukindeckux reopuit [2]|. Bogarcs
HOBBIC HOHATHA (-IPEJATeOMEeTPUH, a-MOLYISIPHOCTH U A-JOKAJIHHO KOHCYHOCTH.

ONIPEAEJEHUE 1. a-Ilpeareomerpueii Ha3pIBaeTCI MHOKECTBO S BMECTE ¢ OIPEICIEHHOMN
oneparueit 3ambikanus cl : P(S) — P(S), yIoBIeTBOPAIONIEH CJIeIyIONIM YCIOBUSIM:

1) nost moboro X C S seimosngerca X C cl(X);

2) gt moboro X C S semosusiercst cl(cl(X)) = cl(X);

3) st mroboro X C S ecan a € cl(X), To a € cl(Y) anst HekoToporo koneunoro Y C X.

ONPEAENEHUE 2. Jlisa anukandeckux teopuit 7' B KadecTBe a?pazmeproct dimg(A), rie
A C M = T, paccMarpuBaeTcst 3HAUEHUE [i4 + ZD, VAnD', TH€ fL4 7 9UCJIO KOHETHBIX JePEeBbEeB
D C M cycnosuem AND # (), a vgnpr 7 9UCI0 BepIIHH HAUMEHBIINX JepeBbeB K OeCKOHeUHBIX
nepesbeB D' C M ¢ yeaosuem AND' C K.

ONPEAENEHUE 3. a-Ilpenreomerpus (S, cl) Ha3bIBaeTCS A-MOOYAAPHOT, €CTH ISl THOOBIX
acl-saMKHYTBIX MHOXKecTB Xg, Yo C S, Xy HezaBucuMo ot Yy orHocuTeabHo X N Yy, T.e. 1id
JIIOOBIX KOHEeYHOMEpHBIX acl-3aMKHYTHIX MHOKecTB X C X, Y C Y, BepHo:

1) ecm cymecrByer Geckoneunoe gepeso D, ayst koroporo X NY N D =0, X N D # (),
Y N D # (), To BBIIOMHACTCS PABEHCTBO:

dim, (X N D) + dim,(Y N D)+

+p(XND,YND)=dim,((XUY)ND),

rae p(X N D,Y N D) — aucio BepiuH KpaTdaiinero myTn Mexay BeprmmHavua ¢ € X N D u
yeYnNnDb;

Institute of Mathemitics and Mathematical Modeling. Almaty, 2023



26 TpagunuoHaass anpejabCcKas MaTeMaTuieckas KoHpeperius — 2023

2) B OCTAJBHBIX CJIYYASIX JJTsi KOMIIOHEHT CBSI3HOCTH D BBITIOJIHSIETCST PABEHCTBO:
dim, (X N D) 4+ dim,(Y N D) — dim,(X NY N D) = dim,((X UY)N D).

ONPEAENEHUE 4. a-Ilpeareomerpus (S, acl) Ha3bIBaeTcst a-IOKAILHO KOHEUHOM, €C/IH IS
soboro koneurnoro moamuoxkectsa A C S, muoxecrso acl(A) kornedro.

MmetoT MecTo cJIeayIonue TeOpeMBbl:

Teopema 1. Ilycre T — ammkamdeckasi teopust. Torma a-npegreomerpus (S, acl) J060ii
HacobrmenHoi mojgen M = (S, R) teopun T' sBASIeTCST A-MOIYISAPHOI.

ONPENEJNEHUE 5. 1) ByaeMm HaseiBarh BepuiuHy a B rpade n-sepuunoli (00-eepuunori),
ecJIM OHA MHIUACHTHA n péOpam (becKoHeTHOMY Uucay pébep).

2) HazoBéM n-okpecmuocmvplo BEPUIMHBL G MHOXKECTBO BEDILUH, COEJUHEHHBIX ¢ HEll uepes
n pébep. DTo MHOKeCTBO 06o3HaYaercst depe3 N, (a).

3) IMocmenoBareIbHOCTH HATYDAJBHBIX THCEA W CHMBOJA 00 OyleM Ha3biBaTh K0JOM Bep-
IMUHBI @ OT BEPIIAHBI b, €C/IN -THIfl 3JIEMEHT MOC/e/JI0BATEILHOCTH SBASETCS CTEIMEHBIO -TOM
BEPIIUHBI HA IIYTH OT JIEMEHTa b K 3JIEMEHTY a.

4) BymeMm roBOpUTH, YTO BEDIIUHbI UMEIOT 00uH Mumn, ecod Ha KaxkKI0# X OKPECTHOCTH
IMEEeTCs OHO M TOXKe YHCJIO BEPIIMH OJMHAKOBOIO KOJA.

Teopema 2. IIycre T — anukmudeckass teopust. Torma gus arob6oii mogemn M = (S, R)
Teopuu T BHIIOJIHSAIOTCH CJACAYIOIIHE VCIOBHSL:

1) ectm B Mosesin uveercst GeCKOHETHOE IHCJI0 KOHEYHBIX KOMIIOHEHT, TO A-IIPEJATI€OMETDHSI
(S, acl) He SBIAETCA A-JIOKATHHO KOHETHOH <> MOXKHO BbIJIETHTH GECKOHEYHOE THCJIO KOHETHBIX
MHOKeCTB ¢ BepIIHHAMH OJHOI'O THIIA;

2) ecim B MojieTH HMeeTcst GeCKOHeYHas KOMIOHEHTa, To a-mpeareomerpust (S, acl) He siB-
JIFCTCA a-JTOKAJIBHO KOHCUHOH <> IPH 3aMbIKaHUH HCKOTOPOH BepHIMHBI MOXKHO BBLICJIHTH Oec-
KOHEYHYIO BO3PACTAIOLLYIO HOMIOCACL0BATe/JLHOCTh HATYPAJAbHBIX YHCEJ N TAKYIO, YTO Ha T-
OerCTHOCTH MOZ>KHO BbLACJINTH KOHEeYHOC MHOZ?KeCTBO BepIHI/IH OOHOI'O THIIA.

Funding: Hacrosmiee ucciienoBanue nomuepxano Poceniickum Hay4anbim donmom, npoext Ne 22-21-00044.
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I'EOMETPUYECKUE CBONCTBA I'MIIEPPACIIPEJIEJIEHUA B
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71.B. MYTUTOJITTAEBA ¢,
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B nacrosreii pabore paccMOTpeHbI HEKOTODbIe TeoMeTprdecKue cBoiictBa (n — 1)-pacmpe-
JIeJIEHWST B €BKJIMJIOBOM MPOCTpaHcTBE F,.

[Iycth n-mepHOe EBKINI0BO mpocTpaHcTBO F, oTHeceHO K MOJBUXKHOMY pernepy RY =
(x,€1, e, ..., €,) nHUHATE3UMATBHOE TIepeMelieHre KOTOporo onpejessiercs auddepeHimaib-
HBIMH YPABHEHHSIMU:

d¥ = Jgj,dgj ZW§€K (1)

(K, L,...=1,2, .. 1,J,K,..=1,2,...n—1)
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J

®opubl w’ u WK yIOBIETBOPAIOT CTPYKTYPHBIM ypABHEHUSM:

Dw’ =W AW, Duf = wh AWk (2)

[Tycts B HeKOTOPOIT obmactu G C E, 3amana pemectsennasa dbynkmusa f (2t 22, ..., ™). Yeao-
Bue [ = const. pacciausaer objnacth G na ool nosepxuocreit V,_1 (nosepxuocreil yposHst 31010
HHBApHAHTA), KacaTeJbHble IIPOCTPAHCTBA K ITUM IIOBEPXHOCTAM 3aJai0T B obsactu G(n — 1)-
pacupenenerne A, 1.

Teopema 1. /1 Toro, 4ro0bl BbIIOJIHSJIOCH COOTHOIIeHHE Y = tX , HEOOXOAMMO H JIOCTa-
TOYHO, 4TOOBI reoMeTpHYecKnii 00bexT A}, OBIT Hy/I€BBIM.

Teopema 2. Hurerpaibnsie Kpupbie pacrupeienerns A(U) sBASIOTCS JHHASMA KPHBU3HBI
orrocaresibHo A(X) Torga u TOJBKO TOIJA, KOLJIA

D (CUFHAG, = pra)det | AL, || = O(Li # K),
k

e p— Kopenb ypasuenns: det||Al — pvi|| = 0.

Teopema 3. Ecsm uarerpaapasie Kpusbie pacapeaeaenus A(W), ) € A(d) sSBIsoTCsT Teo-
gesmdecknmn, 1o det||A}; = 0| m TemzopkpuBH3HBI ruIIepIOBepXHOCTH V;, 1 VIOBIETBODSET
yeaosuio: Ry, = 0, ecym xorst 0br oqun u3 nugecos pasen equnnne (L # K; K # 1).

Anasornuno y6exKpaeMcst, 4TO CHpPaBeIIuBa.

Teopema 4. Yrobnr reogesmaeckast muans A(W),€; € A(d) 6bL1a MI0CKOIH, HEOOXOTUMO U
JIOCTATOYHO, 4TOOBI

VA = 0(i # 1)
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PACCTOAHUE I'POMOBA—XAYCAOP®A MEXKJIY MHO>KECTBAMMA
BEPIIIMH IIPABUJIbHBIX MHOTOYT'OJIbHUKOB, BIIMCAHHBIX B OJTHY
OKPYXKHOCTbH

Tanant Kambaposuy TAJIMIIOBL®

LK@ MTI'Y uwm. Jlomonocosa, Acrana, Kazaxcran
E-mail: “talipovtalant.live@gmail.com,

1. IIpeaBapurenbubie cBegeHus. [lycrs X — npousBojbHOE METPUUECKOE MTPOCTPAH-
crBo. Paccrosiaue Mexk 1y Toukamu x,y € X Oyaem obosHauars d(x,y) wiu |ry|. [lusa HemycTbix
A, B C X omnpemenum

dy (A, B) = maxysup inf d(a,b),sup inf d(a,b) ;.
(4, B) {aegbeB (a, )7b€£aeA (a, )}

ONPEAENEHUE. Bemnuuna dy(A, B) nasbiBaercs paccrogaueM Xaycaopda vexay A
u B. Ilycte X u Y — merpuueckue npocrpancrsa. Tpoiiky (X', Y, Z’), cocrosmiyo n3 Merpu-
4eCKOr0 NpocTpancTBa Z' m AByX ero noamuoxkects X' u Y/, u30MeTPUYHBIX COOTBETCTBEHHO
X u Y, nazoseMm peaausaruet napw (X,Y). [ogoxkum

dep(X,Y) =inf{r: (X", Y, Z),dy(X".Y") < r}.
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ONPEJEJIEHUE. Bennuuna dgy(X,Y') nassiBaercs paccrosaunem I'pomoBa—Xaycaopda
Mexay X mY.

ONPEAENEHUE. [lna muoxkects X, Y coorBercTBUeM Mmexxkiay X u Y HasbiBaerTcs R C
X XY rakoe, aro s qroboro x € X cymecrByer y € Y, nasg koropeix (z,y) € R u, obpartHo,
st moboro y € Y cymecrsyer @ € X, mia korophix (z,y) € R. Ecam XY — merpudeckue
MPOCTPAHCTRBA, TO ONpPEJIE/INM UCKA>KE€HUEe COOTBETCTBHUA R cieayoomum odbpazom: dis R =

sup{ |lz122] = |yl : (@1, 00), (e2.30) € B .

MHuozkecTBO Beex coorBercrBuii Mexkay X n Y Gymem oboznadarh R(X,Y).

Teopema 1 [1]. /li1s npom3BoJIBHBIX OMpAHHYEHHBIX METPHYECKHX MpocTpanctB X u'Y
BBIITOJTHSICTCS

1
dan(X,Y) = 3 inf{disR: R € R(X,Y)}.

2. OcHoBHBIE pe3yJabTaTHI. [ KaxKJI0TO HATYPAJbHOTO n > 2 obo3HaunM depe3 P,
MHOYKECTBO BEpIIMH NPAaBUILHOIO N-yroJbLHUKA, BIMCAHHOIO B €IMHUYHYI0 OKPYKHOCTL S,
OrmernM, uTo P, — mapa amaMeTpaabHO TPOTUBOMOIOKHBIX Touek. Hagennm muoxkectsa P,
MEeTPUKOil, HHIYIUPOBAHHOMN ¢ OKPYZKHOCTH. [jst m, n 2> 2 HOM0KUM Py, = dap (P, P).

Teopema 2. Ilyctp 2 < n < m um jgeaurcst Ha n 6e3 ocraTka, TOrja

™ ™
Pnom = — — —.
n m
Teopema 3. Ilycre m > 2, Toraa
s s .
5 — 5. eCJIH T — HeYeTHOe
— 2 2m?’ ’
Poom = § » T
S T eCJId 1 — 4YeTHOe.

Teopema 4. Ilycre m > 3, ar — OCTaTOK OT JeJICHHSI M HA 3, TOIJa
L ecanr =0
m

_rm
3m’

Pam = ecim v # 0.

wly wly

KuroueBrble ciioBa: meTpudeckas reomerpus, paccrosane ['pomoBa—Xaycmopda, MeTpudeckoe IpoCTPAHCTBO, YIbTPa-
METPHUTIEeCKOEe TPOCTPAHCTBO.
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AJITEBPBI BUHAPHBIX M30JIMPYIOIIIUX ®OPMVYJI IJId TPA®OB
MBIYEJIBCKOT'O

Iyvmrpuit EMEJIBAHOB,

Y Hosocubupckuit rocynapersentbiit texunyaeckuii yansepcentetr, Hopocubupcx, Poccns]
E-mail: “dima-pavlyk@mail.ru

Omnpenenenne 1. Muueavckuan uau epag Muvieavcrozo HeOPHEHTHPOBAHHOIO Tpada —
rpad, cospannbiit npumenennem Koucrpykinuu Mbrdesasekoro [1]. Konerpykuus coxpausier or-
CYTCTBHE TPEYIOJIbHUKOB, HO YBEJIMYNBaeT XPOMATUIECKOE YUCJIO.

Omnpenenenne 2. Koncmpykuus Moiveabcrozo cTpoeTcs Tak, IMyCTh N BEPIINH 33/ 1aHHOTO
rpada G — 310 19, v1 1 Tak gagee. 'pad Mbraenbckoro p(G) rpada G conepxur G B KadecTne
nogarpada u emé n + 1 BepImH — 10 BepIinHe u; JJI KaXKJA0# BepmuHbl v; Tpada G, n emé
OJIHa BepIIMHa w. Kakmas BepIImHa u; coeJumHeHa pebpoM € w TaK, YTO BEPIIHHBI 00pa3yIOT
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3Be3ay Ki,. Kpome Toro, nia xaxmaoro pebpa v;v; rpada G rpad MbIlueabcKoro BKIIOYaeT
ZBa pebpa —uw;v; U V;u;.

[IpuMmeHsist TOCTpOEHNE MBIYEJIhCKHAHA IIOBTOPHO, HaUnHAast ¢ rpada ¢ eIMHCTBEHHBIM ped-
POM, TOJTydUM OCIe10BaTeIbHOCTh rpados M; = pu(M;_1), 6yaem HazbiBarTh nx rpadamu Mbi-
qesibckoro. Heckobko nepsbix rpadoB B 9T0i mocjiegoBaTesbHOCTH — 310 Tpadbl My = Ky ¢
JIBYMST BEPIITUHAMHE, COeINnHEHHBIMU pedpom, Tuka Mz = Cs u My 1o rpad ¢ 11 BeprmmraMu u
20 pébpamu.

Omucanbl anreGpbl GUHAPHBIX H30MPYIONHUX dhopmy [2] mrst rpado Mbruenbekoro B 06-
meM Bue. 3aMeHO, YTO KaxKJI0e IIPUMEHEeHHe KOHCTPYKIIUU MBIUelbcKoro K rpady yBeJIndu-
BaeT auaMerp rpada Ha 1, MOJYUMIN 3aBUCUMOCTL d = ¢ — 2 nipu M; , rme ¢ > 3.

Ausrebpa M o rpada Meraeasckoro M;, ¢ puamerpom rpada n = i — 2, 3a0a61Tcsa caey-
IOIe TabJINIIeH:

. 0 1 2 3 4 n
0107 o) o7 63} @) )
1 11} 11,27 11,2,3) 70,1, 2, 3,47 70,1, 2,3, . 10,1,2,3,
4,5} ..,n}
3 127 11,2,3) 70,1, 2, 3,47 70,1,2,3, 710,1,2,3, 70,1,2, 3,
4,5} 4,5,6} .. n}
3 {3} {0,1,2,3,4} {0,1,2,3, {0,1,2,3, {0,1,2,3, {0,1,2,3,
4,5} 4,5,6} 4,5,6,7} ...n}
4 {4} {0,1,2,3, {0,1,2,3, {0,1,2,3, {0,1,2,3,4, {0,1,2,3,
4, 4,5,6} 4,5,6,7} 5,6,7,8} ..,n}
n | {n} 710,1,2,3, 10,1, 2,3, 70,1,2,3, 70,1,2,3, 70,1, 2,3,
..,n} ..,n} ...,n} ..,n} ..,n}

Teopema 1. Ajreba 6mHapHBIX H30THPYOMAX (hopMy.a 4is1 rpacha Meraeasckoro M; 6ymer
uzomopua arebpe M.
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Binary weakly ordered minimal theories and conservative
extensions
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Let M = (M; ) be an elementary submodel of a model 9t = (N;3) (9 < ). We say that
M is n-conservative extension of M (M <, . N), if for any & € N\ M (I(&) = n) its n-type
is definable. 91 is conservative extension of M (M <. N), if it is n-conservative extension for
any n < w. L. van den Dries [1] proved that any any elementary extension of real closed field
is conservative, or any n-type over all real numbers is definable. Marker-Steinhorn [2] proved
that any l-conservative pair of o-minimal models is conservative. B.Baizhanov [3]| constructed
1-conservative, non 2-conservative pair of models of weakly o-minimal theory.

Theorem Let T' be a binary weakly ordered minimal theory and 9 <1 . N. Suppose M £, N
and, consequently, there exists & € N \ M such that tp(a|M) is not definable, length of tuple
& 1s minimal. Then there exists irrational 1-type over M, r € Sy(M) such that tp(a|M) LY r,
tp(a|M) L% r.
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Corollary 1 (Analogy of Marker-Steinhorn Theorem) Let T' be a binary weakly ordered
mainimal theory. If T is quite o-minimal or almost o-minimal, then for any elementary pair of
models M < M the following holds: M <1 . N implies M <, M.

Corollary 2 (Analogy of L.van den Dries Theorem) Let 9t = (M; X)) be a model of a binary
weakly ordered minimal theory. Then there exists Mt = (M;XT) weakly ordered minimal
expansion of M, such that any type over M is definable.

Funding: The first author was supported by the grant no. AP09058169 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: definability type, conservative extension, orthogonality weakly and almost
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Classifying of subvarities of varities of bicommutative algebra with
identity (ab)c + (ba)c + (ca)b+ c(ba) + c(ab) 4+ b(ac) =0
Zhaniya AKHMETOVA

SDU, Almaty, Kazakhstan
E-mail: 211101005@stu.sdu.edu.kz

THE ABSTRACT TEXT
One of the important problem of the theory of polynomial identitites in algebra is describe
all varieties of algebras with given system of identities. Our aim is to classify all subvarieties
of the variety of bicommutative algebras. Classifying is usually done in the language of lat-
tices. [1] completely describes the subvarieties of variety of the associative algebra. This work
describes in detail the subvarieties of a variety of a bicommutative algebra with the identity
(ab)c+(ba)c+(ca)b+c(ba)+c(ab)+b(ac)=0.
Defenition 1. An algebra (A,-) is called bicommutative if any a,b,c € A are satisfied the
following identities
(@a-b)-c=(a-c)-b, (1)
a-(b-c)=b-(a-c). (2)

Theorem 1. Let f be generator of irreducible S,-submodule of P,,(9). Then the conse-
quence of higher degrees from the f are equivalent to the following identities:

(a) f(n+1)7f = fnan: 1,2
(b) g(n+1)7f - f’run =123
(©) Iy, f = Gnsn=2,3
(d) gty f = farn =2
(6) 92n+1)a f = fnvn =2

(f) gEn-H)af =0gn,N = 2

To illustrate this theorem we can use this form:
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On submajorisation of the Rotfeld’s inequality
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We denote the set of all nxn complex matrices by M, and the Schatten p-norm (0 < p < o0)
by || - ||l,- Rotfel’d [1] proved that if z, y € M, and f : [0,00) — [0,00) is a concave function,
then

1 (e +yDlle < 1) + F(AyD - (1)

Uchiyama [2] extended (1) that for any unitarily invariant norm || - || and concave function
f+10,00) = [0,00)

1z +yDIE < W QeDI + 1L uDIL 2y € My, (2)

In [3], the author interpolated (2) by proving that for all unitarily invariant norms || - || and

concave functions f : [0,00) — [0, 00),

1 * *
ool < 07 (TE I 2 DS Iebl + 1ol € 1

We denote by Lo(0, ) the space of Lebesque measurable real-valued functions f on (0, «)
and define the decreasing rearrangement function f*: (0, ) — (0, «) for f € Ly(0, @) by

FO =inf{s>0: p({we (0,a): |[fw)]>s}) <t} t>0.

If f,g € Lo(0, ) satisfy that fot fr(s)ds < fot g*(s)ds for all t > 0, we say that f is submagorized
by g, denote by f < g.

Let (M, 7) be a semi-finite von Neumann algebra. We denote by Lo(M) the set of all
T-measurable operators and by p,(x) the generalized singular number of z € Lo(M).
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Theorem 1. Let z,y € Lo(M). If g : [0,00) — [0,00) Is an increasing continuous
function, then

1

miotte + o) < miotg (30 ST )0 0sm )

Theorem 2. Let x,y € Lo(M). If f:[0,00) — [0,00) is a concave function, then

e+ o) <G (TR0 ) < ) + ()

Funding: The authors were supported by the Science Committee of the Ministry of Science and High Education of the
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On countable categoricity of semantic Jonsson quasivarieties of
unars and graphs
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The abstract is dedicated to the study of the model-theoretic properties of well-known and
sufficiently prime classes in the sense of signatures of algebras, particularly unars and graphs.
The abstract is a continuation of the work [1]. Let us recall the main definitions which will be
needed.

DEFINITION 1. [2,80] A theory T is said to be Jonsson, if it satisfies the following conditions:

1) T has an infinite model;

2) T is inductive;

3) T has JEP property;

4) T has AP property.

A theory is called Robinson if it is universal and has JEP and AP properties.

DEFINITION 2. [2,80] Let £ > w. Jonsson theory T is called k-categorical, if any two
models of power x of theory T are isomorphic to each other.

DEFINITION 3. Model A of theory T is called existentially closed model of theory T, if for
any model B of theory T such that A C B, for any 3 - formula 3xp(z,7), for any @ from A
(I(@)) = (I(y)) from B = Jxp(x,a) follows that A = Jxp(z,a)

We will denote a class of existentially closed models of theory 7" as E(T'). We will need the
following theorem proved by Ye.A. Palyutin for construction of main results of the thesis.

Theorem 1. [3] In order for the algebraic system A to be some w-categorical universal, it
is necessary and sufficient that the following conditions will be satisfied:

1) A is locally finite;

2) there is a function g : w — w such that for every a € A and for every finite subset X C A
the type tp(a, X, A) is realized in every subsystem B C A that contains X and has a power
> g(|1X]).
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Let us consider the notions of Jonsson spectrum of class K and connected with it semantic
Jonsson quasivariety.

DEFINITION 4. A set J(Th(K)) = {A | A is Jonsson theory, A = Th(K) U {¢'}} where
@' € VA(Ly) and ' ¢ Th(K), i € {0,1}, Th(K) is elementary theory of quasivariety class K,
V3(Lo) is a set of all V3 sentences of language L

DEFINITION 5. A set JC = {Cx | A € J(Th(K)),Cais a semantic model of A} is said to
be Jonsson semantic quasivariety of class K.

DEFINITION 6. [4] A set JSp(K) of Jonsson theories of signature o, where JSp(K) =
{T | T is Jonsson theory and VA |= K, A |= T}, is said to be Jonsson spectrum of K.

As class K we will use all existing universal unars or undirected graphs denoted as Ky and
K¢ respectively.

DEFINITION 7. A set RSp(JC') of Robinson theories of signature o, where RSp(JC) =
{A ]A is Robinson theory and VCa € JC,Ca = A}, is said to be Robinson spectrum of class
JC', where JC' is Jonsson semantic quasivariety.

Let us consider factor-set RSp(JCy) /s« of Robinson spectrum of JCy that is Jonsson seman-
tic quasivariety of Robinson unars parted by means of cosemanticness relations and consider
the properties of [Ay] € RSp(JCy)jma. We will denote a class of existentially closed models of
class [Ay] as E([Ay]).

Theorem 2. Let [Ay] be a class of w-categorical Robinson theory of unars. Then the
following conditions are equivalent:

1) A € E([Ay]), where A is a model of class [Ay];
2) A is disjoint union of components with cycles of the same length.

Corollary 1. Classes [Ay] of countable-categorical Robinson theories of unars are total-
categorical

Let us consider factor-set RSp(JCg) /s of Robinson spectrum of JC¢ that is Jonsson seman-
tic quasivariety of Robinson graphs parted by means of cosemanticness relations and consider
the properties of [Ag| € RSp(JCq) /. We will denote a class of existentially closed models of
class [A¢g] as E([Ag]).

Theorem 3. Let [Ag| be a class of w-categorical Robinson theory of undirected graphs.
Then the following conditions are equivalent:

1) B € E([Ag]), where B is a model of class [Ag];
2) B is infinite quite disconnected graph.

Corollary 2. Classes [Ag] of countable-categorical Robinson theories of graphs are total-
categorical

All definitions that were not given in the abstract can be found in [2].
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The study of model-theoretic relations of classical algebras and their syntactic properties
from the Jonsson theories consideration, which are, generally speaking, incomplete, allows one
to describe quite broad classes of theories. The abstract is a continuation of the work [1]. Let
us recall the main definitions that are needed.

DEFINITION 1. [2,80] A theory T is said to be Jonsson, if:

1) T has at least one infinite model;

2) Tis V3-axiomatizing;

3) T has JEP;

4) T has AP.

V-axiomatizing Jonsson theory is called the Robinson theory.

We can consider the Jonsson spectrum for K, which can be defined as follows.

DEFINITION 2. [3] A set JSp(K) of Jonsson theories of language L, where JSp(K) =
{T |T is Jonsson theory and K C Mod(T)}, is said to be Jonsson spectrum of K.

DEFINITION 4. A set J(Th(K)) = {A | A is Jonsson theory, A = Th(K) U {¢'}} where
@' € VA(Ly) and ' ¢ Th(K), i € {0,1}, Th(K) is elementary theory of quasivariety class K,
V3(Lo) is a set of all V3 sentences of language L

DEFINITION 5. A set JC = {Cx | A € J(Th(K)),Cais a semantic model of A} is said to
be semantic Jonsson quasivariety of class K.

As class K we will use all existing universal unars and construct the next notion.

DEFINITION 6. A set RSp(JCy) of Robinson theories of language L, where RSp(JCy) =
{A | A is Robinson theory of unars and VCx € JCy,Ca = A}, is said to be Robinson spec-
trum of class JCy, where JCp is semantic Jonsson quasivariety of Robinson unars.

We consider the cosemanticness relation on Robinson spectrum RSp(JCpy) and get the
partition onto equivalence classes [A] € RSp(JCy) o , where RSp(JCy) g will be a factor-set.

DEFINITION 7. [1] A fourset (€2, v, i, €) is called characteristic C' and is denoted by char(C),
if

Q={x(a):aeC}, v w\{0}— wU{oco} such that Vm > 0,

v(m) = { .
o0, otherwise;
w2 — wU{oo} such that if & € Q and o € x(a), then p(a) = k(a), if k(a) < w and
pla) = oo, if k(a) = [C];
_J0,if {aeC:x(a) =w}| =0,

o0, otherwise.

k,if the quantity m — loops in C' is equal to k£ < w,

C' is a semantic model of Robinson unars theory.

DEFINITION 8. [1] Let us call arbitrary fourset (2**,v**, u** ") a characteristic if the
following conditions are satisfied:

1)@ # Q" C{wlU(wxw); 2)v*:w\{0} — wU{oco};

3) QO — wU{oo};

4) e** € {0, 00};

Slwe Q* & e = o0

6) (n,m) € N (wx w)&0 <k <n= (k,m) e Q*;
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7) v (m) >0 & (0,m) € Qskx;
) | =w = w e O

9) (n,m) € QN (wxw)= (u(n,m) =0« (n+1,m) # Q);

10) w ¢ Q&0 <w = 3Im <w(v(m) =0c0)VIn <w,m <w ((n,m) € Q*&u(n,m) =
o0);

0]

1) 10| = w = p(w) > k,if 3k, 1 < w(k = max{pu(n,m): (n,m) € A*n+m >1})
p(w) = oo, otherwise;
12) p**(w) > 0.
DEFINITION 9. As a characteristic Char([A]) we will understand Char(€a)).
Theorem 1. 1) Every class [A] has a characteristic.
2) For any characteristic w there is a class [A], that has characteristic 7.
3) Two classes [A1], [As] are equivalent iff their characteristics are equal.
Here 7 is some arbitrary fourset (Q**, v, **,e**), [A] € RSp(JCy) jsa
All definitions that were not given in the abstract can be found in [2].
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Cayley’s first hyperdeterminant is a unique (up scale) SL(n)*9-invariant polynomial of degree
n on the tensor space (C")® for even d, given by

n

det(X) = Y sgn(o2)---sgn(0q) [ [ Xiowt).outi):

02,...,04€Sn 1=1

where S,, is the symmetric group and X = (X, ;,) € (C")®? is written as a multidimensional
matrix in a fixed basis. The function det(X) was studied by Cayley in 1845 [2]. Even though
this function has many nice properties generalizing the properties of the matrix determinant,
some of its basic properties are still unknown. For instance, it is not known how to describe
when det(X) = 0 and this problem is in general NP-hard to decide [1].

By a d-multiplanar network we call an acyclic directed graph G that lies in a union of d
half-planes as, . .., ag with a common pivot line L (in R3). For simplicity we assume that L is
perpendicular to zy-plane. For instance, 2-multiplanar network is a planar graph. A multipath
of G is a union of paths P, : A — By, ..., P;: A — By, where for each i = 1,...,d the path P,
starts at a source A € L and ends at a sink B; € ;. When multipaths have no common vertices
we call them non-intersecting. For i = 1,... n, select n points Bi, ..., B! € «; in increasing
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order of z-coordinate. Let X; _; be the number of multipaths with sinks Bil17 e Bg‘i. Note
that X = (X;,._,,) can be viewed as an element in (C")®.

Theorem 1. det(X) counts the number of tuples (M, ..., M,) of non-intersecting multi-
paths, where M; is a multipath with the sinks B}, e ,B}j forj=1,...n.

This theorem is an analog of the celebrated Lindstrém—Gessel-Viennot lemma [3] about
non-intersecting paths in planar graphs. We also have a weighted and more general version of
Theorem 1 which works for some generalized d-dimensional networks.
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A finite algebra A with discrete topology T generates a topological quasivariety Q. (.A)
consisting of all topologically closed subalgebras of non-zero direct powers of A endowed with
the product topology. Profinite algebras are exactly those that are isomorphic to inverse limits
of finite algebras. Such algebras are naturally equipped with Boolean topologies. A topology
7 is Boolean if it is compact, Hausdorff, and totally disconnected. A topological quasivariety
Q-(A) is standard if every Boolean topological algebra with the algebraic reduct in Q(.A) is
profinite. In this case, we say that algebra A generates a standard topological quasivariety.

The questions of the standardness of quasivarieties have been investigated by many authors.
The problem ”Which finite lattices generate a standard topological prevariety?” was suggested
by D.M. Clark, B.A. Davey, M.G. Jackson and J.G. Pitkethly in the paper [1]. The paper [2]
found sufficient conditions under which a quasivariety contains a continuum of non-standard
subquasivarieties.

We investigate the topological quasivariety generated by the specific finite modular lattice
A and prove that it is not standard. We would like to note that there is an infinite number of
lattices similar to the lattice A. The main result of this work is as follows.

Theorem. The topological quasivariety generated by the lattice A is not standard.
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Let M = (M;Y) be a model of theory T. We say that (M;X) is an expansion of model
M, where ¥ C XT and there is a formula ¢(Z) of signature X% such that the set p(M") is
non-definable with parameters from the model (M;¥).

There are different ways to expand given model with aim to understand what properties
of theory preserves this expansion and expanded by differen non-definable subset: elementary
submodel, indiscernible set, the graph of unary function, arbitrary set. Macperson-Marker-
Steinhorn [1] for special case proved in o-minimal theory weak o-minimality expanded by convex
subset by consideration the relation of formulas expanded language in expanded model with the
formulas in initial language in elementary extension of initial model. This approach is called
after time the name externally definable expansion. So, let 9 < 9t and O(x, @), @ € N\ M. Let
A={ae NM = O(a,a)}, then ANM is called to be externally definable subset in 9. Notice
that this set in stable theory is definable in 9. Thus expansion model by externally definable
set has sense just in non-stable theory. B.S. Baizhanov [2] proved, that expansion of models
of weakly o-minimal theories by externally definable subsets admits quantifier elimination and
preserves weakly o-minimality. Shelah [3] proved, that expansion of model of NIP theory by
externally definable subsets preserves NIP. V. Verbovskiy [4], F.Wagner and A. Pillay [5] gave
simplified proof of Shelah. Baizhanov-Verbovskiy [6] introduced notions ordered omega-stable,
ordered superstable, ordered stable and proved that these theories are dependent. Following
theorem of Shelah externally definable expansion of ordered stable theory is ordered stable.

In report we consider the questions of externally definable expansion of models of ordered
superstable theory.
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DEFINITION. Let M = (M; ¥) be a model of theory T'. We say that (M;31) is an expansion
of model M, where ¥ C ¥ and there is a formula ¢(Z) of signature X such that the set p(M™)
is non-definable with parameters from the model (M;X).

Main problem: to find conditions on new relations, under which the desired properties of
the initial model are preserved.

Among such properties are the following: decidability of an elementary theory of an ex-
panded model (for example, decidability of the theory of the field of real numbers, expanded
with a unary exponential function), model completeness, stability, superstability, omega-stability,
strong minimality, weak and strong o-minimality, finite cover property, absence of a formula
with the independence property, and so on. As a new predicate, non-definable in the orig-
inal model, elementary submodels, selected automorphisms, indiscernible subsets, externally
definable set and just a subsets without any restrictions (the general case).

Expansion of a model by elementary submodel (pair of models) considered by B. Poizat
(stable case) [1] and E. Bouscaren studied the pairs of superstable theories with dimensional
order property [2]; J. Baldwin and M. Benedict [3] proved stability of an expansion of model of
a stable theory by a predicate, which distinguishes a non-definable set, over which the model
is saturated. A. Wilkie [4] proved that an expansion by a unary exponential function the
field of real numbers, whose elementary theory admits quantifiers elimination is decidable and
o-minimal, has a model complete and o-minimal theory, Macpherson, Marker, Steinhorn [5]
proved that expansion by externally definable set in o-minimal theory for special case preserves
weakly o-minimality, B.S. Baizhanov [6] proved, that expansion of models of weakly o-minimal
theories by externally definable subsets admits quantifier elimination and preserves weakly o-
minimality. Shelah [7] proved, that expansion of model of NIP theory by externally definable
subsets preserves NIP. V. Verbovkiy [8] and A. Pilay [9] gave simplified proofs of Shelah’s
theorem.

A natural question about on expansion by type-definable relation arises. We will discuss
the conditions for theories preserving the properties by expansion by a unary type-definable
relation. There is an expansion of a omega-stable that does not preserve stability by 1-type
definable set.
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We assume that M is a saturated model of a complete theory T', A is a set such that M is
|A|T-saturated, p, ¢ are non-isolated one-types.
Neighborhood of the element « in type p € S1(A) (« = p) denoted and defined by

Vy(a) = {8 € p(M)] there exists A-formula 6(z,y), 8 € 6(M,a) C p(M), 6(8, M) C p(M)}.

It follows from the definition that (non-definable) binary relation x € V,(y) is an equivalence
relation.

Assume that p,q € S;(A) and there exists a 2 — A-formula H(z,y) such that for any
o € p(M) and any 8 € q(M), H(a, M) C (M), H(M, B) C p(M).

Lemma 1. Suppose H(M, ) C V,(«) for some o € p(M) and some 3 € q(M). Then
UWEVq(B)H<M7 7) = %(O&)

We say that one-type p is not almost orthogonal to one-type ¢ (p L% q), there is a 2 — A-
formula H(x,y) such that for any o € p(M), H(co, M) C q(M).

A type q is less or equal to type p with respect to Rudin-Keisler order (¢ <grg p), if in any
model containing A, the realization of p implies the realization of ¢. It follows from definitions
that p £ ¢ implies ¢ <gg p.

We will assume that the theory T has the property:

(*) For any any two one-types the following holds. If p £ ¢, then ¢ L% p.

This assumption means that on the set S;(A) the binary relation [/® is an equivalence
relation. We say that p f° ¢, if p £ ¢ and there exists 2 — A—formula H(x,y) such that for
any a € p(M) there exists 5 € (M), H(a, M) C V,(8). We will assume that the theory 7" has
the property:

(**) For any two one-types the following holds: If p £ ¢, then ¢ f* p and p f° q.

Weakly o-minimal theory has the property (**).

It follows from (**) and Lemma 1 that for such theories it is possible to introduce the notion
of a neighborhood of element « in another one-type.

Let o € p(M), p L% q, B € q(M), H(M,a) C V,(B). The neighborhood of element « in
one-type ¢ is the set V,(a) := {0| = H(J,7), v € V,(a)}. By Lemma 1 we have V,(a) = V,(8)
and V(o) = V().

Thus, for theories satisfying (**) there is a partition of model M over set A and consequently,
we have an equivalence relation over A.

Let AC M, o, € M, p:=tp(a|A), q:=tp(B|A). We say, that o and [ are V-equivalent
over A and denote o =4 3, if either tp(a|A) = tp(B|A) is isolated or p L* ¢ and V,(a) = V,,(B)
(equivalently, V,(a) = V,(/)). Notice, that in general case, this relation of equivalence is not
definable.

Definition 1. Let I be countable sequence < aq, s, ..., 0, ... >new,- Form < i < w
denote by pm; = tp(ay|Adu,), pi := tp(a;|A). We say that I is V-independent sequence over
set A, if for any m < i # j < w we have a; #aas,, a; or equivalently, V,, (a;) NV, (o) = 0.

Pm,i
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We say, that I, a V-independent sequence over A, is V-indiscernible sequence over A, if
tp(i|Ady,) = tp(aj|Ady,), tp(ai]A) = tp(oj|A) = p for any m < i # j < w.

We will discuss the possibility of giving a characterization of an arbitrary model of theory
with (**) by the family of independent sequences (V,-indiscernible sequences) and if such a
family can serve as an invariant for a model like in Baldwin-Lachlan result for R;-categorical
theories.

Keywords: V-independent sequences, Vp-indiscernible sequences, geometric structures, neighborhoods
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Notes on countable theories: linear orders and n-arity
Bektur BAIZHANOVY®, Tatyana ZAMBARNAYA!?

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
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The talk includes some observations regarding complete countable theories of countable
signatures and their countable models.

Given a countable, not necessarily linearly ordered, theory of a countable signature, we
construct a corresponding countable linearly ordered theory of a countable signature while
preserving the number of countable non-isomorphic models. This is done by introducing a new
equivalence relation with dense co-dense equivalence classes for distinct elements of models of
the initial theory, which “respects” the initial signature. We show one-to-one correspondence
between classes of models of these theories, hence proving the following theorem.

Theorem 1. Let 9 = (M;X) be a countable structure of a countable signature ¥. Then
there exists a countable linearly ordered structure M* such that I(Th(M),Ro) = I(Th(M*),R).

Corollary 1. If there exists a theory T of a countable signature such that I(T,2%) = ¥,
then there exists a linearly ordered theory T* of a countable signature such that I(T*,2%) = X;.

Corollary 1 shows that, in attempts to solve Vaught’s conjecture, we can safely exclude
non-linearly-ordered theories from our consideration, but, at the same time, this restriction is
not of a substantial matter.

A theory T is said to be n-ary if every its formula is equivalent to a boolean combination
of formulas with at most n free variables.

Theorem 2. Let T be a complete countable theory. Suppose that T is n-ary for some
n < w, and let p € S,,(T), where m > n. Then the type p is a unique extension of the set

U p to a complete m-type over an empty set.
pIGSn (T)1
P'Cp
That is, the m-type p is uniquely determined by a union of a suitable family of n-types over
an empty set.

Funding: The second author was supported by the grant no. AP09058169 of the Ministry of Education and Science of
Republic of Kazakhstan.
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On multilinear part of the Kleinfeld algebras
TULENBAEV, K.M.1'*, KUNANBAYEV A.K.22* S.A. BOLAT??
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E-mail: “kaysart]l@mail.ru, *kunanbayev@math.kz
“bbsaniya.1411@gmail.com

The Kleinfeld algebras are given by identity:
zo(yoz)=yo(zox)

. The Kleinfeld algebras were introduced by E. Kleinfield in [2]. B. A. Kupershmidt studied
Kleinfeld algebras in [1]. We use program, written on Haskell, to compute multilinear part
of small dimensions. We obtain tha P(3) = 7, P(4) = 27, P(5) = 130, P(6) = 759, P(7) =
5205, P(8) = 40990.

Theorem 1. Let A be a Kleinfeld algebra then
P(n) < nl+ 94*(7174)37467*(71724)2+801*(n74)7408

Funding: The first author is grateful to grant AP14869221 ” Applications of combinatorial K-theory” MES RK.
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Constant expansions of dense meet-trees and their countable
spectra

Aigerim DAULETIYAROVA,

1 Sobolev Institute of Mathematics, Novosibirsk, Russia
! Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: *d_aigera95@mail.ru

Our research is connected with constructions of Ehrenfeucht theories possessing various
additional properties, with findings and investigating structural properties of Ehrenfeucht the-
ories. M. G. Peretyat’kin [2] has constructed a complete decidable theory 7" having exactly 3
nonisomorphic countable models by expanding a dense meet-tree structure [1] with constants
c%o), n € w, such that Cglo) < cﬁfﬁl, n € w. Here a dense meet-tree means that M = (M; <,M) is
a lower semilattice without least and greatest elements such that: (a) for each pair of incom-
parable elements, their join does not exist; (b) for each pair of distinct comparable elements,
there is an element between them; (c) for each element a there exist infinitely many pairwise
incomparable elements greater than a, whose infimum is equal to a. Consequently, the theory
was used as a base to produce examples in the context of Ehrenfeucht theories.

The following theorem shows that additional expansions of Ty, by strictly decreasing se-
quences of constants preserve the Ehrenfeuchtness of the theory and extends possibilities for
characteristic representations of Ehrenfeucht theories.

Theorem 1. Let T be a countable constant expansions of the dense meet-tree theory

Tame With k number of increasing sequence of constants (cff ’0))new and for each i there is 7(i)

number of decreasing sequence of constants (cg’i))new, o (C%T(i)’i))new defining the function
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d(m) = {i| (i) = m}, so that S0 < S < TP e woand Y I A for each

1 <j#t<7(i). ThenT has exactly 340 .61 .33d2) .3 countable models, where the number
u depends on a theory and can be defined as []|_, 3505,
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Two-dimensional Choudhury algebras
K.M. TULENBAEV'* G.K. DUISENBAY?" 6! Institute of Mathematics and Mathematical
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A nonassociative algebra A over a field K is called a Choudhury algebra if it satisfies the

following identity:
zo(yoz)=(xoz)oy

Choudhury algebras were introduced by B. A. Kupershmidt in [1].

We prove the following theorems. Theorem 1. Any commutative Choudhury algebra is
associative.

Theorem 2. Let A to be non commutative Choudhury algebra and dimA? = 2, A = lin <
e1,69 >
€11 = aie; + e
e1ey = fre1 + [aer
€261 = Y161 + Y22
€9€E9 = 6161 + 9262
We have 1-parametric algebra A(aq)
v = aq and other coefficients are zero. and 1-parametric algebra A(f;)
0, = 1 and other coefficients are zero. and 2-parametric algebra A(aq, 51)
0y = 1, 72 = a1 and other coefficients are zero.

Funding:The first author is grateful to grant AP14869221 ” Applications of combinatorial K-theory” MES RK.
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Transposed n-Poisson algebras
Askar DZHUMADIL’DAEV ¢,

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: * dzhuma@hotmail.com

A notion of transposed Poisson algebras [1] can be easily generalized for n-ary case (see [2]).
It is an algebra (A, w,e) with n-ary operation w and binary operation e, such that (A,w) is
n-Lie, (A, e) is associative commutative and for any ag,ay,...,a, € A,

n

nagew(ay,...,a,) = Z(—l)i_lw(ao ® Gy ey Gy, ).
i=1
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Construction details of n-Lie algebras considered below see [3],[4].
Theorem 1. Let A be W-type (n + 1)-Lie algebras defined on A = Klz1,...,x,11] by

aq a2 ce Ant1
a1 O (CL2) T al(an—l—l)
wlay, ... ans) =det | a1 Ozfaz) -+ Oo(ani1)
anad an(aQ) e an<an+1)

Then (A, w, -) is transposed (n + 1)-Poisson.
Theorem 2. Let p =3 and A = K|x] with 4-wronskian

w(ay, az, as, ay) = det d(ar) O(az) 9(az) I(as)
1, 42, 43, g 62(611) a2(a2) aZ(as) 52(a4)
P(a1) P(az) (as) 0°(aa)

Then (A, w, ) is transposed 4-Poisson.
Let W,, be wronskian, defined on differentiable functions ¢; = ¢1(x), ..., g, = ga(z) by

g1 g2 9n
9 9 On
W91, .., 9n) = det : : :
n—1 n—1 n—1
B e g

Then for any functions f = f(x),91 = g1(2), ..., gn = gn(z) the following identity holds
ann<g1> .- 7gn) =

Wn(fgla.927"'7gn) +Wn(glyf927~~-7gn) ++Wn(gl,g277fgn)
Theorem 3. Let L = K|z| with n-Wronskian

ax 5] ce. Qan,

0 0 . Oan

w(ay, az,...,a,) = det (?1) (?2) (a )
an—l(al) an—1<a2) an—l(an>

Then (L,w) is homotopy n-Lie and (L,w,-) is homotopy transposed n-Poisson.
Theorem 4. Let 3-product in L = K|x] is given by

w(ay,az,a3) =det | 0(ay) O(ag) O(az) |+

2 det 82(;1) 82(22) 02(33) +
0*(ar) 0*az) 0*(a3)
d(ar) 0(az) O(as)

det | 0*(a1) 0%(az) 0°(as)
(a1) 0(ag) 0(a3)

Then (L,w) is homotopy 3-Lie. If p =3, then (L,w,-) is homotopy transposed 3-Poisson.
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Weak Leibniz algebras and transposed Poisson algebras
Askar DZHUMADIL'DAEV !¢,

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: * dzhuma@hotmail.com

A weak Leibniz algebra is defined by the following polynomial identities
la,b]c = 2a(bc) — 2b(ac), alb, c] = 2(ab)c — 2(ac)b.

Example. Any two-sided Leibniz algebra is weak Leibniz. In particular, any Lie algebra is
weak Leibniz.

Example. Let ¢; € K, for ¢ € I, and A, is an algebra with base ¢;,7 € Z, and multiplcation

eie; = (i —j)eiy; + E €sCitjts-
sel

Then the algebra A, is non-Lie simple weak Leibniz algebra. Note that any simple Leibniz
algebra is Lie.

An algebra with two binary operations A = (A,o,e), is called transposed Poisson (see
[1]), if (A, o) is Lie, (A, e) is associative commutative and associative part acts on Lie part as
1/2-derivation,

2ae (boc)=(aeb)oc+be(aoc), Va,b,ce A

Theorem 1. (p # 2) If A is weak Leibniz, then the algebra (A, o, ) is transposed Poisson,
where a ob = ab — ba,a e b = ab + ba. Conversely, if (A,o,e) is transposed Poisson, then the
algebra A with multiplication ab = 1/2(a o b+ bo a) is weak Leibniz.

An algebra (A, -, ) is called Novikov-Poisson, if

I. (A,-) is (left) Novikov, for any a,b,c € A,
(a-b—b-a)-c=a-(b-¢c)—b-(a-¢c), (a-b)-c=(a-c)-b,
II. (A, e) is associative commutative, such that for any a,b,c € A,
ae(b-c)=(aeb)-c, a-(bec)=(a-b)ec+be(a-c),

Proposition. Let A = (A, -, o) be Novikov-Poisson algebra. Then for any u,v € A the
algebra A, , = (A, 0,,e,), where

ao,v=ue(a-b—b-a), ae,b=ve(aebd),
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is transposed Posson and the algebra A, under multiplication ab = 1/2(a o, b+ a e, b) is weak
Leibniz.

A weak Leibniz algebra A = (A, -) is called special, if there exists transposed Poisson algebra
B, constructed by Novikov-Poisson algebra B for some u,v € B, such that A is a subalgebra
of By.

Let us construct a non-associative non-commutative polynomial of degree 5 by
h(tlu t27 t37 t47 t5> =

(((tst1)t2)ta)ts — (((Est1)t3)t2)ts — (((Est2)tr)ts)tat
(((tst2)ts)tn)ta + (((Esta)tr)ta)ts — (((Ests)ta)ts)ta—
2(((tstq)ta)ta)ts + 2(((tst)ta)ts)ts + 2(((tsta)ts)ts )tz —
2(((tsta)ta)ts)ts — 2(((tst3)ta)ts)ta + 2(((tst3)ts)t2)ts.

The polynomial h(ty, s, t3,14,t5) is skew-symmetric under variables ¢y, to, t3.

Theorem 2. The identity h = 0 is a special weak Leibniz identity, i.e., it holds for special
weak Letbniz algebras, but not for all weak Leibniz algebras.

In particular h = 0 is identity for the algebra A.. Any simple Lie algebra except sly and
Witt algebra W, is exceptional. It will be interesting to construct non-Lie simple exceptional
weak Leibniz algebra (if exists).

Funding: The authors were supported by the Science Committee of the Ministry of Science and Higher Education of
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Ternary Tortkara algebras under Jacobian

Askar DZHUMADIL’'DAEV:?, Saule ABDYKASSYMOVA 2?
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Zinbiel algebras are defined by the following identity
ao(boc)=(aob+boa)oc.

For example, an algebra A = K[z] with multiplication a o b =b [ adx is Zinbiel.

Let [a,b] = aob—boa and {a,b} = aob+ boa are Lie and Jordan commutators. In
[1] Loday has established that a plus-algebra A®) = (A,{,}) of any Zinbiel algebra A is
associative commutative. In [2] it was proved that a minus-algebra A7) = (A,[,]) of any
Zinbiel algebra A satisfies so called Tortkara identity

[[a, 6], [¢, d]] + [la, d], [¢, b]] = [J]a, b, c],d] + [J]a, d, c], 0],

where Ja, b, c] = [[a,b], c] +[[b, ], a] + [[c, al, b] is Jacobian.

In [3] Bremner has found identity for Tortkara algebra endowed by ternary product [[a, b], ¢].
Now we endow Tortkara algebra A by ternary product J|a, b, c]. Let us introduce the following
commutator polynomials of degree 7,

Fl(avbacvdaeafug) =
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Jla,d, Je, f,J[b,c,g]]] — J]a,d, e, g, J[b,c, fl]] + Ja,d, J[f, g, b, c,e]]]—

Jla,e, JId, f, b, c,g]]] + J|a, e, J[d, g, J[b, ¢, f]]] — J[a, e, J[f, g, J[b, ¢, d]]]+

Jla, f,J[d, e, Jb,c,g]]] — Ja, f, J[d, g, J[b,c, e]]] + Jla, f, I]e, g, J[b, ¢, d]]]—

Jla, g, J|d, e, J[b,c, fl]] + Jla, g, J[d, f, J[b,c,el]] — Jla, g, J[e, f, J[b, c, d]]]+
Jld, e, J[a,b,J[c, f,q]]] — J|d, e, J[a,c, J[b, f,g]]] — J[d, e, J]a, f, J[b, ¢, g]]] + J|d, e, J[a, g, b, c, f]]]—
Jd, f, J[a,b, J[c,e,g]] + J[d, f, J[a,c, J[b,e, g]]] + J[d, f, J[a,e, J[b,c,g]]] — Jd, f, J]a, g, J[b, c, €]]]+
J[d, g, J[a,b, J[c,e, fl]] — J[d, g, |a,c, J[b,e, fl]] — J|d, g, J[a, e, J[b,c, f]]] + J[d, g, J[a, f, J[b, c, €]]]+
Jle, f, J]a, b, J[c,d, g]]) — Jle, f, J|a, ¢, J[b,d, g]]] — Jle, f, J|a,d, J[b,c,gl]] + Jle, f, Ja, g, J[b, c,d]]]—
Jle,g,J[a,b, J[c,d, fl]] + J[e, g, J|a,c, J[b,d, f]]] + Jle, g, J|a,d, J[b,c, f]]] — Jle, g, J[a, f, J[b, c,d]]]+
JIf,9,J]a,b,Jc,de]]] — JIf, g, J[a,c, b, d,e]]] — J[f, g, I[a,d, J[b,c,€]]] + J[f, g, J[a, e, J[b, c,d]]]—

Jla, J[b,d, €], Jle, f, gl] + Jla, JIb, d, f], Jc, e, g]] = Jla, J[b,d, g], T c, e, f]]—

Jla, J[b,e, f1, J[c,d, g]] + J[a, J[b, e, 9], J[e, d, f]] — J[a, J[b, f, g, J[c,d, €]],

Fy(a,b,e,de, f,g) =
2J1d,e, T1f 9, Tlab.cl]) — J{d, £, Tlerg, Jla,b, ] + Tld, g, Tle, £, Tfa, b, ] +
Jle, f,Jld, g, J[a,b,c]] — Jle,g, J[d, f, I[a, b, ]| + J[f, g, J[d, e, J]a, b, c]]]),
Fs(a,b,c,d,e, f,g) =

3(Ja,b, J[c.d, Jle, f,gll] = Jla, b, J[c,e, J|d, f, g]l] + Jla, b, Jlc, f, J[d, e, gl]] — Jla,b, J[c, g, J|d, e, f]}]—

Jla,b, J(d,e, J[c, f, gl + J[a,b, J[d, f, J[c, e, g]]] — Ja,b, J[d, g, J[c,e, f]]]—

Jla,b, Jle, f. J[e, d, gll] + J[a, b, Ile, g, T[e, d, f]]] = T[a, b, J[f, g, I[c. d. e]]]
—Jla, ¢, Jb,d, Jle, f, ]]]+J[a e, Jb,e, J[d, f,q]]] — Jla,c, J[b, f,J[d, e, g]]] + J[a,c, J[b, g, J[d, e, f]]]+

Jla,c, J[d,e, Jb, f,g]]] — J|a,c, J|d, f, J[b, e, g]]] + Jla, ¢, J[d, g, J[b, e, f]]]+

Jla,c, Jle, f, JIb, d, g]]l = Jla, ¢, Je, g, J[b,d, fl]] + Jla, c, J[f, g, J[b, d, e]]]

+Jb,d, Ja,c, Je, f,9]]] = Jb,e, Ja,c, Jd, f,gl]] + Jb, f, J[a,c, J[d, e, g]]] — J[b, g, J[a,c, J[d,e, f]]
—Jle,d, J[a, b, Jle, f, g1l + Jle, e, T]a, b, J{d, f, g1l = e, f, J[a, b, J[d, e, g]]| + T[c, g, T]a, b, J[d, e, f]]]
—J[b, Jla, c,d], Jle, f, gl + JIb, J[a, ¢, e], J[d, f, g]] = Jb, J[acf] Jld, e, gll + JIb, Ja, c, g}, J[d e, f]]

+Jle, J(a, b, d], Jle, £, 91l = Jlc, J]a, b, €], Jd, f, g]] + Jle, Ja, b, f], J[d, e, g]] = Jle, J[a, b, g], J|d, e, f]]

+J1d, Jla, b, dl, Jle, f, gl = Jle, Jla, b, ], Jd, f, g]] + J[f, Ja, b, cl, Jd, e, g]| = Jlg, J[a, b, c], J[d; e, f])),

Fs(a,b,c,de, f,g) =
6(—Jla,d, Jb,c,J[e, f,g]]] + Jla, e, J[b,c, J[d, f,g]]] — J[a, f, J[b,c, J[d, e, g]]] + Ja, g, J[b,c, J[d, e, f]]]
+Jla, J[b, c.d], Jle, f,g]] = Jla, J[b,c,e], J[d, f, gl + Jla, J[b, c, f], J[d, e, g]| = Jla, J[b,c, g], J[d,e, f]]).
Let
F(a,b,c,d,e, f,g9) = Fi(a,b,c,d, e, f,g) + Fa(a,b,c,d,e, f,g) + Fs(a,b,c,d,e, f,g) + Fs(a,b,c,d,e, f,g).

Theorem. For any Tortkara algebra A its ternary algebra (A, J) has no non-trivial identity

in degree 5 and satisfies the identity of degree 7

F(a7b7c7d7 e?f?.g) = 0'
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Polynomial identities in Noviov algebras

Nurlan ISMAILOV

Astana IT University, Nur-Sultan, Kazakhstan
E-mail: nurlan.ismail@gmail.com

A vector space N over a field k equipped with a product (z,y) — z oy is called a Novikov
algebra if the following identities hold for all z,y, 2z € N:

(xoy)oz—xzo(yoz)=(yox)oz—yo(roz),

(roy)oz=(roz)oy.

Theorem 1.[1] Let N be a Novikov algebra over a field of zero characteristic satisfying a
nontrivial identity. Then N is right associator nilpotent.

We say that a differential polynomial algebra satisfies a weak Novikov identity if we can
substitute for its variables only Novikov polynomials.

Theorem 2.[1] Every Novikov Pl-algebra over a field of characteristic zero satisfies a dif-
ferential polynomial identity of the form

G/g?) PO a;2)ap+1 PR ap+q — 07
for some p,q > 1.
Theorem 3.[1] Every multilinear T-ideal of the free Novikov algebra is finitely generated.

Corollary 1.[1] Over a field of zero characteristic, every system of Novikov identities is
equivalent to a finite one.

This is joint work with Vladimir Dotsenko (University of Strasburg, France) and Ualbai
Umirbaev (Wayne State University, USA).
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Locally nilpotency of polynomial mappings and polynomial
automorphism

R.K. KERIMBAYEV,
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This article discusses polynomial mappings, which are some of the most mysterious objects.
One of the tricky problems with polynomial mappings is their reversibility. The main difficulty
is the absence of a ring structure in the set of polynomial mappings. The set of polynomial
mappings constitutes only a semigroup. Their superposition is considered an operation. The
polynomial mappings of A. V. Yagzhev, H. Bass, E. Connel, and D. Wright are considered.
In accordance with this mapping, the local nilpotency of the polynomial mapping formed by
homogeneous polynomials is shown. This result is related to the fact that the Jacobi matrix of
the polynomial map is nilpotent. In this case, the method of matrix multiplication is different
from the usual multiplication. Since matrices are variable, their multiplication depends on the
points. As the points change, the corresponding Jacobi matrix also changes.

Theorem. A polynomial mapping with homogeneous polynomials of the same degree has
a nilpotent Jacobi matrix, then it is locally nilpotent.

Keywords: polynomial maps, Jacobian, local nilpotency.
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A nonassociative algebra A over a field K is called a Almost Lie algebra if it satisfies the

following identities:
(xoy)oz+ (yoz)ox+ (zo0x)oy=0
vo(yoz) —(z0x)0y=0

Almost Lie algebras were introduced by B. A. Kupershmidt in [1]. Every Lie algebra is Al-
most Lie algebra. We classify all two-dimensional Almost Lie algebras over field of characteristic
# 3. We prove the following theorem

Theorem 1. Let A be an Almost Lie algebra and dimA = 2. If A is not Lie algebra then
A is commutative, associative and nilpotent of nilpotency length, equal to 3
Funding: The first author is grateful to grant AP14869221 ” Applications of combinatorial K-theory” MES RK
Keywords: Nonassociative algebras, Almost Lie algebras.
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On ranks and spectra for families of constant expansions of theories
Beibut KULPESHOVY, Sergey SUDOPLATOV?2?
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We describe possibilities of RS-ranks, ds-degrees, and e-spectra e-Sp [1] for families of
constant extensions of theories and establish rank links for families of theories with Cantor-
Bendixson ranks (CB-ranks) for given theories [2]. We show that the e-minimality [3] of a
family of constant expansions of the theory is equivalent to the existence and uniqueness of a
nonprincipal type with a given number of variables. In particular, for strongly minimal theo-
ries this means that the non-principal 1-type is unique over an appropriate tuple. We obtain
a model-theoretic characterization for the existence of the least generating set for a family
of theories. We also prove that any inessential finite expansion of an o-minimal Ehrenfeucht
theory preserves the Ehrenfeucht property, and this is true for constant expansions of dense
spherically ordered theories [4]. For the expansions under consideration, the dynamics of the
values of countable spectra is described.

Let T be a complete theory in a language L, @ be a tuple of new constant symbols, of length
(@) = n. We denote by Trz the set of all expansions 7'(a) of T by constants in a.

Proposition. For any theory T" and a tuple @ the following conditions are equivalent: (1)
Tra contains an approximating subfamily; (2) SY“@(T) is infinite.

Corollary 1. For any theory T the following conditions are equivalent: (1) for some tuple
@, Trg contains an approximating subfamily; (2) S(T') contains nonisolated types, i.e., T is not
w-categorical and does not have finite models.

Corollary 2. For any theory T and a tuple @ with finite S'@(T), RS(Trs) = 0 and
ds(Tr) = |SU@(T).

Theorem 1. (1) For any type p € S*(T) and a tuple a with [(a) = n, CB,(p) = RSz, (T'U
p(a)). (2) For any tuple @, CB)(T") = RS(Trg). (3) For any tuple @, if CByg) (1)) = RS(Tr3)
is an ordinal then ds(Tr5) equals CB-degree of S"@(T).

Corollary 3. For any theory T' and a tuple @ the following conditions are equivalent: (1)
Tra is e-minimal; (2) T has unique nonprincipal l(a)-type.

Corollary 4. For any strongly minimal theory T, a tuple @ and an element b the following
conditions are equivalent: (1) Tr()p Is e-minimal; (2) T has a nonprincipal 1-type over a@.

Theorem 2. (1) If Trz is finite then e-Sp(Trz) = 0. (2) If Tz is infinite and has finitely
many accumulation points then e-Sp(Trz) = ds(Trg). (3) If Trg is infinite and has infinitely
many accumulation points then e-Sp(Trz) < min{21, RS(T74)}, and e-Sp(Tra) = |[RS(Tra)|
if RS(Trg) is an ordinal. Moreover, if T' is countable, then e-Sp(Trz) = min{2¥, RS(7rz)}.

Theorem 3. For any countable theory T the following conditions are equivalent: (1) for
any tuple @, Trz has the least generating set; (2) T has a prime model.

Theorem 4. Let T' be an o-minimal theory. If T' is Ehrenfeucht then for any M |= T, for
any n < w and for any a = (ay,...,a,) € M the theory T\ = Th({M,a)) is also Ehrenfeucht.
Moreover, (1) if each a; is a realization of an isolated or a rational 1-type over ) then I(T},w) =
I(T,w); (2) if there exist 1 < s < mand 1 < i) < iy < ... < iy < n such that a;, is a
realization of an irrational type p;, over () for every 1 < t < s, where | = dim{p;,, Dip, .-, Di. }»
then I(Ty,w) = 6mr—!3kr+2,

Corollary 5. Let 7 be the family of all o-minimal Ehrenfeucht theories, 7; be the family
of all expansions T'(a) of T' by constants in a for each 7" € T, where a is a tuple of new constant
symbols. Then 7T; preserves o-minimality and Ehrenfeuchtness.

Theorem 5. Let T' be an Ehrenfeucht constant expansion of a dense n-spherical theory.
Then for any M = T, for any m < w and for any a = (ay,...,a,) € M the theory T} =
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Th({M,a)) is also Ehrenfeucht. Moreover, (1) if each a; is a realization of an isolated 1-type or a
rational 1-type over (), i.e., a 1-type responsible for 3 countable models, then I(Ty,w) = I[(T,w);
(2) if there exist 1 < s <m and 1 <1y < iy < ... <1is < m such that a;, is a realization of an
irrational type p;, over (), i.e., a 1-type, responsible for 2¥ + 2 countable models, with k > 2 for
every 1 <t < s, then each addition of the constant a;, replaces its multiplier 2% + 2 in I(T,w)
by (281 +2)* for I(Ty,w).

Corollary 6. Let 7 be the family of all Ehrenfeucht constant expansions of dense n-
spherical theories, T; be the family of all expansions T'(a) of T' by constants in a for each
T € T, where a is a tuple of new constant symbols. Then 7T; preserves Ehrenfeuchtness.
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On the quasivariety lattice of Lukasiewicz algebras
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We study Birkhoff-Maltsev problem for Lukasiewicz algebras. The main purpose of this
work is to identify some nontrivial properties of the quasivariety lattice Lq(L) of the variety L
generated by the set of all finite Lukasiewicz algebras.

Recall that a quasivariety is a class of algebras of the same type that is closed under subal-
gebras, direct products (including the direct product of an empty family) and ultraproducts. A
variety is a quasivariety which is closed under homomorphic images. A quasivariety K’ which
is contained in a quasivariety K is called a subquasivariety of K. The set Lq(K) of all subqua-
sivarieties of a given quasivariety K forms a complete lattice (under inclusion) which is called
a lattice of quasivarieties of K or a quasivariety lattice of K.

The Lukasiewicz algebra is called an algebra

1 —1
Ep = ({07_7"'7]9—71} 7_>7_‘> y P 2 17
p p

with the operations defined as follows: for all z,y + -y =min{l,1 —z +y} and -z =1 — x.
The main result of this work is the following theorem.

Theorem. Let L be the variety generated by the set of all finite Lukasiewizc algebras.
Then L is Q-universal and contains continuum many Q-universal quasivarieties, quasivarieties
having no covers in the quasivariety lattice Lq(L), subclasses K C L having the property (N),
subclasses K C L having the property (N) but which are not Q-universal, non-standard sub-
quasivarieties without an independent basis of quasi-identities,non-standard subquasivarieties
with the so-called finitely split basis of quasi-identities.

Note that in [1] it was proved that the considered quasivariety lattice Lq(L) does not satisfy
any non-trivial lattice’s identity.

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 51

The results obtained demonstrate the structural and algorithmic complexity of the quasi-
variety lattice of the variety generated by the set of all finite Lukasiewicz algebras.
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Number of non-isomorphic countable models of the complete countable theory is important
characteristic of the class complete theories. In our report we will consider examples of theories
having maximal (2%) non-isomorphic countable models from the class of stable theories and
from the class of unstable theories. For the class of stable theories we give the examples based
on the notion of dimension of formulas [1] and for the class of unstable theories we give the
examples of the theories with definable linear order, as well of weakly o-minimal theory [2] and
as well non-weakly o-minimal theory [3].
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Basis of the free noncommutative Novikov algebra
B. K. SARTAYEV
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It is well-known that every associative Lyndon-Shirshov word corresponds to a unique nonas-
sociative Lyndon-Shirshov word by the arrangement of parentheses and the set of such words
forms the basis of the free Lie algebra, see [3]. The analogue of that result for the group
appeared in [4].

In the same way, we consider an associative algebra in alphabet X with derivation d and
denote it by As(X)@. As an analogue for the associative Lyndon-Shirshov words, we consider
a subset of basis monomials of As(X)@ of a weight —1, where the weight function is defined
as follows:

wt(z) = -1, =z € X;

wt(d(u)) = wt(u) + 1;  wt(uv) = wt(u) + wt(v).

For every monomial of As{X)@ of the weight —1, we define the rule of the arrangements of
parentheses and the product operations -, <. In that way, we obtain the set of nonassociative
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monomials with operations > and <. Such a set is the basis of a free noncommutative Novikov
algebra, which is defined by the following identities:

r-(y<z)=(x>=y) <z (6)
(x<y)=-z—z>=y=2)=<(y=2)—(r<y) <z (7)

The identities (6), (7) first appeared in [2]. Also, that algebra is derived in [1].
The main motivation for this work is as follows: the defining identities of Novikov algebra
come from commutative algebra with derivation under the operation

aob=ab oraob=db.

It depends on the definition of the Novikov algebra(left or right). The variety of noncom-
mutative Novikov algebras is a generalization of the variety of Novikov algebras in the case
a > b =10 < alor =P=<). In that case, identity (6) comes to right-commutative (left-
commutative) and identity (7) comes to left-symmetric (right-symmetric). Therefore, we obtain

the following diagram: Nov —s Com@

=-P== £ £ 0P — .

N-Nov— As(®

where N-Nov and Com? stand for varieties of noncommutative Novikov algebras and commu-
tative algebras with derivation, respectively.
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We introduce variations of rigidity and describe possibilities of these variations.

Let T be a complete theory, M be a model of T, A be a set in M, b € M, n € w\ {0}.
Following [1] the element b € M is called n-algebraic over A if a € acl(A) and it is witnessed
by a formula ¢(z,a), for @ € A, with at most n solutions. If b is a 1-algebraic element over A
then b is definable over A, i.e., b € dcl(A).

Following [2] a structure M with unique automorphism is called rigid.

By the definition the 1-algebraicity of each element in M over the empty set, i.e., the
condition M = dcl(@) produces the rigid structure M.

We separate the forms of rigidity of a structure as follows: the semantic one is defined in
terms of trivial automorphism group, and the syntactic one is in terms of 1-algebraicity of the
universe over the empty set.
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Clearly, the syntactic rigidity implies the semantic one but not vice versa.

For a set A in a structure M, M is called semantically A-rigid or automorphically A-rigid if
any A-automorphism f € Aut(M) is identical. The structure M is called syntactically A-rigid
if M = dcl(A).

A structure M is called V-semantically /V-syntactically n-rigid (respectively, 3-semantically
/ J-syntactically n-rigid), for n € w, if M is semantically / syntactically A-rigid for any (some)
A C M with |A| = n.

Clearly, syntactical A-rigidity and n-rigidity imply semantical ones, and vice versa for finite
structures, but not vice versa for some infinite ones. Besides, if M is @-semantically / Q-
syntactically n-rigid, where @ € {V, 3}, then M is @-semantically / @-syntactically m-rigid
for any m > n.

The least n such that M is @Q-semantically / Q-syntactically n-rigid, where @ € {V, 3},
is called the Q-semantical / Q-syntactical degree of rigidity and it is denoted by degz *™ (M)

g
and degfi?;ynt(./\/l), respectively. If such n does not exists we put degri;em( M) = oo and
degﬁgsy“t(/\/l) = 00, respectively.

Notice that all these characteristics have the upper bound |M| — 1 if the structure M is
finite.
By the definition, for any structure M the following inequalities hold:

degl=*™(M) < degi (M), (8)
deg 7" (M) < deg ™™ (M), (9)
degi 2™ (M) < degli2™ (M), (10)
deg ™ (M) < degl Y™ (M). (11)

In view of inequalities (8) and (9) we have the following:
Proposition. 1. For any Q € {V,3} the pairs (deg;,~ " (M), degff:ynt(/\/l)) belong to the
set DEGZS™™ — £(1 1) | p,v € wU {oo}, u < v}

rig
A series of examples shows that the difference between deg; > (M) and degrai:;ynt(/\/l)
can be arbitrary large, i.e., DEGfgzem’sym contains pairs with arbitrary large differences. We
obtain the following theorem on distributions for these characteristics:

Theorem. For each pair (u,v) € DEG?;Zem’Sym there exists a structure M,,, such that

degi_,;em(/\/lmy) = p and deg?i_gsynt(/\/luw) =v.
The following examples illustrate the inequalities (8)—(11).
Examples. 1. If a structure M is defined by a group trigonometry [3] with at least two

elements then all deg5,*"" (M) and degff;ym(/\/l) equal 2. Tt admits generalizations for arbitrary

natural degrees n > 3.

2. If M is an infinite structure in a language of unary predicates then exactly one of the
following conditions hold: i) deg (M) = degra;;ym(./\/l) = deg[ > (M) = deg\;—gSy (M) =0,
if M = dcl(();

i) degi'gsem(/\/l) = degfi'gsem(/\/l) = 0 and degx_gsynt(/\/l) = 00, if M # dcl(()) and there are
no distinct elements a,b € M with tp(a) = tp(b); here deg,
I?i_gsynt(/\/l) = oo if there are infinitely many
realizations of nonisolated 1-types in M; iii) degfi_gsem(./\/l) = degﬁ;ynt(./\/l) = 00, otherwise, with
similar arbitrary possibilities for degi_;ym(./\/l) and degi_;ym(./\/l) depending on cardinalities of
sets of realizations of isolated and nonisolated 1-types.

TM(M) = n if there are exactly

n realizations of nonisolated 1-types in M and deg
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Distribution of periods of the continued fractions for quadratic
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Simple continued fractions for any irrational numbers « is represented in the following form

1
a = ag + 1 = [G07a1;a2;a3;a4;"']a (1)
a; +
1
az +
1
az + ———
a4 + e
where ag is an integer and aq, a9, as--- are positive integers. When « is quadratic irrational,

then according to the classical result due to Lagrange, the continued fraction must be eventually
periodic [1]. Moreover, Galois showed that the periodic part of the continued fractions for the
special quadratic irrational o = V/d, for d is square-free integer, is a palindrome and we can
denote the expansion shortly in this form

Vid = [ag, ar; as; ...az; a1, 2aq), 2

where the periodic part is over-lined. For a quadratic irrational « we let D(«) denote the

length of the periodic part of its continued fractions. Recently, Gawron and Kobos [3] studied
(D(nv/d))>2, and showed that the sequence has infinitely many limit points. They ask a
question whether it is true if for every non-square integer d > 1 and every k£ > 1 at least one
of the numbers k or k + 1 appears as a limit point of (D(nvd))22,.

Motivated by this research question we consider some special cases when continued fractions

of nv/d has a period 2 or 3. Our main results are as follows.

Theorem 1. Let a be a positive integer greater than or equal to 1, and let b be a divisor
of 2a, but 2a # b. Suppose that d is a positive integer such that d = a® + 27“ Then, nv/d has a
periodic part with length 2, that is, D(nvd) = 2.

Theorem 2. Let a be a positive integer greater than or equal to 1, and let b*> + 1 be a

2ab+1

divisor of 2ab + 1, but 2a # b. Suppose that d is a positive integer such that d = a® + R
Then, n\/d has a periodic part with length 3, that is, D(n\/d) = 3.

Moreover, we pose a new question whether it is true that for every d > 1 there exist infinitely
many n such that D(n\/a) = 2. Answering this question, we obtain the following result.

Theorem 3. Let d be a positive square-free integer. Then, we have D(n\/a) = 2 whenever
a positive integer n satisfies the Pell’s Diophantine equation n? — dx?* = 1.
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Here the last equation is the exact representation of Pell’s equation of the form 22— Dy? = 1.
It is well-known that Pell’s equation of this form has infinitely many solutions [2]. Consequently,
we can answer positively to the question above that for Vd there exist infinitely many n such
that D(nvd) = 2.
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The main idea of this work is to construct a link between the concept of quasivarieties
and Jonsson theories. It is well-known that when a class K of L-structures is expanded, it
is connected with the technique of Universal Algebra. And when Th(K') does, we deal with
Jonsson theories.

Let K be a variety (quasivariety) in the classical sense, as in [1]. Let us consider the following
set of theories:

JTh(K)={T|T is a Jonsson theory and

T = Th(K) U{¢' | ¢ € ¥3(L),i € {0; 1}, € LO\Th(K)}}.

In other words, JTh(K) is a set of Jonsson theories {77, T5, ...}, where each T; consists of
the sentences from Th(K) and universal-existential L-sentences, or their negations, that are
not contained in Th(K).

Since every theory T' € JTh(K) is Jonsson, T has a semantic model Cr. In this manner, we
have the class JC = {C, Cs...} of semantic models of the theories of JT'h(K'). The obtained
class of semantic models is called a semantic Jonsson variety (quasivariety).

We consider the Jonsson spectrum JSp(JC) of the semantic Jonsson variety (quasivariety)JC.
It is defined as follows:

JSp(JC) = {A | A is a Jonsson theory and VC; € JC C; = A}.

Let us introduce a cosemanticness relation on JSp(JC), and since it is an equivalence
relation, we obtain a factor-set JSp(JC)/m. Let [A] be a cosemanticness class, i.e. [A] €
JS p(J (C) /<

In this work, we study some stability properties of the obtained cosemanticness classes in
the Jonsson sense. In [2], the following definition of Jonsson A-stability was introduced. A
Jonsson theory T is J-A-stable if, for any T-existentially closed model A, and for any subset X
of A,

(X[ <A = [S7(X) <A

The following theorem is a test that connects A-stability in sense of S.Shelah and J-A-
stability for Jonsson theories.

Theorem 1. [2] Let T be a perfect Jonsson theory and let T be complete for existential
sentences. Let A > w. Then the following statements are equivalent:
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1) T is J-A-stable;
2) T* is A-stable, where T* = Th(C'), C is a semantic model of T'.

The following theorem generalizes Theorem 1 for the cosemanticness classes within the study
of Jonsson semantic varieties (quasivarieties).

Theorem 2. Let [A] € JSp(JC) s and let A be a perfect Jonsson theory complete for
J-sentences for any A € [A]. Then [A] is J-A-stable iff [A]* is A-stable, where [A]* is the center
of the cosemanticness class [A].
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On the omitting of a family of non-isolated types in some special
case

Olzhas UMBETBAYEV!e
1 Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: “umbetbayev@math.kz

Theorem 1. Let T be a countable theory of a signature ¥.. Let P := (p,(z,) : n € w) and
Q = (qn(yn) : n € w) be two sequences of non-isolated types over an empty set in the theory
T such that for every natural number n € w there is a model 9,, of T such that 9M,, realizes
p; and omits q; for each © < n. Then there exists a countable model 9, of T' that realizes each
type from P and omits each type from Q).

This theorem follows from the following proposition and the classical omitting type theorem
(Theorem 2). Theorem 1 has been proved in [1] under some additional hypotheses.

We say that T" locally omits X if and only if for every formula ¢(z1, ..., z,,) which is consistent
with 7', there exists o € X such that ¢ A =0 is consistent with 7', that is, every consistent with
T formula (x4, ..., z,) in £ be a non-isolated.

Proposition. Each type g, is non-isolated in the countable theory To = T'U {p,(d,) }new,
where d,, ¢ 3 for each n, and thus Ty locally omits ¢, for each n < w.

Theorem 2. [2] Let T be a consistent theory in a countable language £, and for each r < w
let ¥,(x1, ..., x,,) be a set of formulas in n, variables. If T locally omits each ¥.,., then T has a
countable model which omits each 3,.

Thus, the hypotheses of Theorem 1 and the conclusion of the Proposition imply that the
hypotheses of Theorem 2 hold. Then there exists a countable model 9, = Ty, which omits
each type from ). Note that since p,(d,) is a part of T for each n < w, each model of Tj
realizes each type from P. Since T'C Tp, so M, =T

Let T be a small and countable. In general T need not be small. The question is, can we
construct M, which realizes each type from P and omits each type from @, such that 91, is
prime over {dy,...,dp,...}?
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Republic of Kazakhstan.

Keywords: small theory, countable model, omitting types, expansion by constants.
2010 Mathematics Subject Classification: 03C15,03C65

References

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 57

[1] Baizhanov B.S., Umbetbayev O.A., Zambarnaya T.S. On a criterion for omissibility of a countable set of types
in an incomplete theory, Kazakh Mathematical Journal, 19:1 (2019), 22-30.

[2] Chang C.C., Keisler H.J. Model Theory, Studies in Logic and the Foundations of Mathematics, 73, Elsevier
(1990).

On elimination of imaginaries in Hrushovski’s strongly minimal sets
Viktor VERBOVSKIY?!?,
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E-mail: *viktor.verbovskiy@gmail.com,

By a Hrushovski sm-class we mean a class K of finite £-structures for a relational vocabulary
L along with a notion of strong substructure which yields a generic structure that is a strongly
minimal set D by a construction patterned by E. Hrushovski. In fact, there are a lot of
variants of this construction. Here we consider the original Hrushovski’s counterexample to
Zilber’s trichotomy conjecture and the example by G. Paolini, where he constructed examples
of strongly minimal k-Steiner systems.

Recall that a pair of two disoint sets A and B is called a good pairif B < AU B, §(B) =
d(A U B), for any proper non-empty subset C' of A it holds that 6(B) < §(C' U B) and each
element in B is in some relation with some element in A.

Theorem Assume that there exists n such that for each k > n and u(A/B) > 0(B) for each
good pair (A/B). Then the elementary theory of this Hrushovski’s example does not admit
elimination of imaginaries.

Theorem Assume that there exists n such that for each k > n and u(A/B) > §(B) for
each good pair (A/B). Then the elementary theory of the corresponding Steiner systems does
not admit elimination of imaginaries.

Funding: The authors were supported by the grant AP09259295 of SC of the MES of RK.
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On definable subsets of an o-stable expansion of (Z, <, +)
Aisha YERSHIGESHOVA!*

! Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: “aisha.yershigeshova@gmail.com

Recall that when the number of types is less than 2/l | for each set A of cardinality A, we
have a stability in \.

Definition 1. Linear ordered structure 91 is called o-stable in A, if for any any subset
A C M such that |A| < X and for any arbitrary cut s in 9% there exist the biggest A complete
types over A which are consistent with cut s.

Theory T is called o-stable in A, if every model of T is o-stable.

Theory T is called o-stable, if there is a A, such that T"is A stable.

Our question is the following: can we add a new relation P to (Z,<,+), which is not
definable in this structure, so that the elementary theory of the expanded structure (Z, <, +, P)
is o-stable.

Definition 2. We say that subsets B,C' C Z are eventually equal if there is such n € Z
such that BN (n,4+00) = C'N (n,+00).

Definition 3. A set is tangled if it eventually does not contain nZ + k for any n and k.
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We showed the following lemmata.
Lemma 4. For each definable subset there is an integer n such that is each interval of
length n contains an element of the set and an element of its complement.

Lemma 5. Fach definable subset is not tangled.
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O KPUTEPUSIX PA3PEIIMMOCTU HEJIOKAJIbHOM SAJAYN JIdA
I'NITEPBOJIMYECKOI'O YPABHEHUNA

Tlepmsar ABJIIMAHATIOBA

Kasaxckuii HanmmornaapHbll yEuBepcureT umenn ajib-Papabu, Amvarer, Kazaxcran
AnMmaTuHcKHH TeXHOJArHYeCKHi yHIBepcuTeT, Anvarel, Kazaxcran
E-mail: peryzat74@mail.ru

Ha muoxectse [0,w| X [0,7] paccMaTpuBaeTcs HeJWHeWHAas HeJOKAJIbHAs KpaeBas 3aJada
J7IST THIepOOIMIeCKOr0 YPaBHEHNs CO CMENIaHHOH MPOM3BOIHOM

Uz = fx,t,u,uy), u€R, (1)
u(0,t) =(t), tel0,T], (2)
g(x,up(2,0),u.(z, T)) =0, x€[0,w], (3)

rae f:[0,w] X [0,T] x RxR =R, g:[0,w] xR xR — R — HenpepsiBHEL.

Pemennem 3amaun (1)-(3) massiBaercsa dynkuns u*(z,t) € C([0,w] x [0, T],R), yaoBrerso-
pstiomas Ha Muokectse [0, w| x [0, 7] ypasuenuio (1) u ycaosusm (2), (3).

Bamaua (1)-(3) cBoauTCS K 9KBHBAJICHTHOMY CeMeHCTBY HEJIMHEHHBIX KPAEBBIX 33Jad JIs
uHTerpo-TuddepeHnuanbubX ypasuenuit OpegarosbMa, KOTOpas UCCAEIYETCS METOJOM Tapa-
METPU3AIMA: TPEJJIOKEH AJITOPUTM DENICHUsI, HOJYUYEHBl JTOCTATOYHbBIC YCJIOBHS €ro CXOJIU-
MOCTH, BMECTE ¢ Te€M TOJYYEHBI JOCTATOUHBIE YCIOBHS CYNIECTBOBAHUS W30JMPOBAHHOIO De-
menust, juist 6ojiee y3KOro KJacca PEHIeHUil yCTAHOBJICHO, YTO TH YCJIOBUS SBJISIOTCS HE0O-
XOJUMbIMU. B cujly 5KBHBAJEHTHOCTH CeMefCTBA HeJMHeHHBIX KDAeBbIX 33/ad Jijisi HHTerpo-
muddepennuanbuabix ypasaennii @pearosbma u 3agaun (1)-(3) ycraHOBIEHBI KDHTEPHU Das3-
PEIMMOCTH HeJIMHeiHasT HeJIoKaIbHas KpaeBasl 3aada JJisi THIIePOOJNIeCKOT0 yPABHEHH CO
cMernanuoil mpoussoanoii (1)-(3).

Funding: Asropsr 661mu nomaepxkanbl rpanTom AP09058457.
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TEOPEMBI BJIOXKEHUA OJId IIPOCTPAHCTB CO CMEIIIAHHBIMUA
JIOTAPUOMUNYECKUMU T'VIAAKOCTAMMN

[a6nonna AKNIITEB

Kasaxcrauckuit punmmnaa MI'Y, Acrana, Kazaxcran
E-mail: akishev_g@mail.ru

[Mycrb T = (1, .., Tpy) € R™ 1w I™ = [0,2m)", D = (p1, -+, Pm), T = (T1, ..., Ty) W 9UHCITA
75,pj € (1,+00), j =1,...;m. Hepes L3 _(I™) 06o3HAINM aHU30TPONHOE TTPOCTPAHCTBO JIopen-
1a, Bcex maMepumbix 10 Jlebery dbyukmuii f(T) onpenenennbix Ha R™, umerommx 27m- mepuos
[0 KazKJOi mepeMeHHONH 1 14 KOTOPBIX BEJIAYNHA

1
T2 Tm P

. 2w 2m . . T1 ;—1—1 sy Tm—1 m
/157 = / m | / (f bt (it tm)) ttodty| dtm
0 0
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KOHeuHa , Tje f* " (t1, ..., 1,,) - HeBo3pacTaIas mepecranoska dyuknuu | f (T)| mo kazxmoit
nepeMenHoii z; npu GUKCHPOBAHHBIX OCTAJBHBIX MepeMeHHBIX (cM. [1]).
B ciywae py = ... = p,, = 71 = ... = T, = p npocrpancTeo Jlopenna L:_(I™) cosmamaer c
npocrpancrsoM Jlebera L,(I™) ¢ mopmoit || f||, (cm. [ 2], rr. I, m. 1.1).
Lz -(I"™) — muoxkectBo Beex dynkunit f € L (1 ™), Il KOTOPBIX HHTErpaJbHbIe CPE/IHUe
0 KayKJI0# MepeMeHHO M0 MepHoLy paBHBI HYTO. az(f) — xKoddbdunnentor Pypbe dyHnkIum
m

f € L(I") no cucreme {e™) }ym. Honomnm (7,7) = 3 y,1;,
=1

05 (£, %) = Y an(f) '™,

nep(s)

rae p(5) = {k=(k1,....kpn) €Z™: 29571 < |kl < 2%, j=1,..,m}, s; = 1,2, ..., wp(f, 1),
—CMeHJaHHbm Moymh raajgkoctu dbyukmmn f € Ly (I™) (em. [2], [3]).
IIyctb 1 <p <o0,0<0<o00,b; €R, j=1,...,m. Yepes SOQB 0003HAYUM MPOCTPAHCTBO

Beex pyHkumii f € lolp(f ™), 1Jisl KOTOPBIX

S

—logt;
15,8 = £l + / / 450,11 T8 0 | < v,
7
rae b = (b1, s b)), k= (k. kn), k€N, j=1,...m
SS:ZB — IPOCTPAHCTBO, COCTOSIIUI U3 BeeX (DyHKIWA f € [O/p(] ™), JJist KOTOPBIX

1£lg035 =4 2 TLGss + 010Nl ¢ < o0,

sezm j=1

mpu 1 < p < +00,0< 60 < +00, b= (by,....0,), b; ER, j=1,....m

OTMeTHM, 9TO 9TH KJIACCHI SABJSIOTCS aHAJOTaMH IIPOCTPAHCTB Bg:g u BOQ, PacCMOTPEHHBIX
B [4]-]5] _ _

[Toy4uenbl 9KBUBaJIEHTbIe HOPMUPOBKHU ITPOCTPAHCTB Sg:gB u Sg:gB B TePMHUHAX HAWIYYIIErO
npubaumzKenusd “yraom* , “06a0koB” paga Pypbe (YHKIUH. YCTAHOBJICHBI YCIOBUS BJIOYKCHUS

Haii S*B u §°°B
STHX NPOCTPAHCTB JAPYT B Jpyra. HaiJenbl yCJIOBUA BIOKEHUA MPOCTPAHCTB O, w1 5 4L B

npocTpancTBo Jlopenma L;T(]m) ,mpu 1 < 7 < p < oco. B wacTHOCTH, TOKa3aHbI

Teopema 1. Ilycts 1 < p < 400, 0 < 0 < oo m quciaa b; > —%, arg g = 1,...,m.
Torza SE:gB C S]?:EB C ng’gB, rme T = (V1,...,0), &= (U1,...,Up), V; = bj + m,
u]:bj—l—m,gﬂﬂj:l,...,m.

Teopema 2. Ilycrp 1 <7 <min{2,p}, 1 <p<oo,0<O <ocownb=(by,...,b). Ecim
ancaa by > (% — %)Jr + % — 1—1), it j=1,...,m, To SS”EB C Ly (I™).

Teopema 3. HyCTbl<T<p<oo,0<9§00Hl_):(bl,...,bm).ECmej—l— >——l

p?
- 0,b x (Tm
st j=1,...,m, 0SB C Ly (I™).
KuroueBrblie cioBa: mpocrpanctso Jlopenma, knacc Hukosbckoro — BecoBa, cmemanmas sjorapudMmaeckas ri1aJKoCTb.
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KPUTEPUI OJTHO3HAYHOM PA3PEIINMOCTU CIIEKTPAJIBHBIX 3AJIAY
TPuUKoMU A9 MHOTOMEPHOTO YPABHEHUS
JIABPEHTBEBA-BUIIAI3E

Cepux AJIJIAIITEB

Huacruryr maremarnkn u maremarundeckoro mofennposarus KH MOH PK, Anvarer, Kazaxcran
E-mail: aldash51@mail.ru

MuoromepHubie THITEPOOIO-3/ITUIITHIECKHE YPABHEHUST OTMMCHIBAIOT BayKHbIE (DU3NIECKUE, ACT-
POHOMMYECKHE U reoMeTprdecKue mpoiecchl. Hampumep, kojebanus yupyrux MemMopaH B Hpo-
CTPAHCTBE MOXKHO MOJEJIUPOBATHL B KaUeCTBE MHOTOMEPHOI0 ypaBHeHus JlaBpentheBa-bunagse.

Teopus KpaeBbIX 33124 I THIIEPOOIO-3/IMITHICCKAX YPABHEHUI HA IIJIOCKOCTH XOPOIIO
uzydena. OmgHAKO, HACKOJIBKO H3BECTHO aBTOPY, UX MHOTOMEPHBIE aHAJOTH MAJIO UCCIETOBAHDI.

B jaunnoit pabore ycraHOB/eH KpUTepHUil OJHO3HAYHO Pa3PEIuMOCTU CHEKTPAJIHHBIX 3a-
gau Tpukomu jiist MEHOroMepHoro ypasHenus JlappenrneBa-buiianze. Haiijiersl cobcTBeHHbBIE
3HAYEHUsI U COOTBETCTBYIOIHE UM COOCTBEHHBIE (DYHKITUU ITHX 3a/1a4.

[Tycth Q.— KoHEUHast 00JIACTH €BKIMIOBA TPOCTPAHCTBA iy TOUEK (X1, ..., Ty, t), Orpa-
HuuenHad 1upu ¢t > 0 cdepuueckoit nmopepxuocreio I' @ |22 + 12 = 1, a npu ¢t < 0 KoHycamu
K.:|z|=—t+e, K|z =14+t 5 <t <0, rae |z| - qanna Bekropa & = (1, ..., Tpy), &
0<e<l.

O6o3naunm wepes QT u Q- uvactu obnactu ()., Jexkamme B TOAyIpocTpancTBax ¢ > 0 u
t < 0, gepe3 S°— ob6muryio yacth rpanui obaactu Q1 Q7 mpeacTaBAsIONX OG0 MHOKECTBO
{t =0, ¢ < |z| < 1} rouek u3 E,,. Hacrs konycos K., K;, orpannanBaionux obsacru €17,
obo3naunM uepes S;, S; COOTBETCTBEHHO.

B obaacTu {2, paccMoTpuM MHOrOMEpHOe ypaBHeHns JlaBpeHnTbeBa—bumnaise co cuekTpasib-
HBIM JIeHCTBUTEIHHBIM TaPaMeTPOM /i

Ayu+ (sgnt)uy = pu, (1)

e A, - oneparop Jlamiaca 1o nepeMeHHbIM L1, ..., Ty, M > 2.

PaccmorpuM coretytoniuie cneKTpajibible 3aa4n Tpukomu i ypasrenus (1).

Banaua T),. Haiitu pemenune ypasuenus (1) B obmactu Q. upu t # 0 us xiracca C(Q.)N
NC?(QF U )7) ya0BIETBOPSIONIEe KPACBBIM YCIOBHAM

=0 (2)

nJjin

~0. (3)

S1
B nmasbHeiinem HaM yI0OGHO TepeiT 0T JeKAPTOBBIX KOOPIUHAT X1, ..., Ty, t K CHEPUIECKHM
T, 91, ...,Qm_l,t, r>0,0< 0, < 2w, 0 < 0; < mot=2,..., m—1, 0= ((91, ...,Hm_l).
[IycTh {Y,ﬁm(ﬁ)}— cuUCTeMa JIMHEITHO He3aBUCUMBbIX cdepudecknx pyHKImi nopsiaka n, 1 <
k <k (m—2)nlk, = (n+m—3)!(2n+m—2), WL(5¢),1=0,1,...— upocrpancrsa Cobosesa.
CrupaBeIuBbI CIEYIONIAE TEOPEMBbI.
Teopema 1. IIpn e = 0, 3aga4a (1), (2) ara kaxmgoro p uMeer co6cTBeHHbIE DYHKIH.
Teopema 2. Eciu € > 0, To pemenne zanaqn (1), (2) u(r,0,t) =0 & u # —2.
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CnencrBue. 3anaua (1), (2) umeer co6CTBeHHBIC 3HAMEHHS [I = —72 H COOTBETCTBYIOIIHE
UM COOCTBEHHDBIE (DYHKITHH.

Teopema 3. s smo6oro € > 0, zaznada (1), (3) onnosnauno paspemmuma < i # —v2.

CnencrBue. 3agaua (1), (3) umeer cobCcTBeHHBIE 3HATEHHS [I = —72 H COOTBETCTBYIOIIHE
HM COOCTBEHHBIE (DVHKITHH.

Baech vs— moaoxuTeabHbIe Hyan yHKIMH Beccens nepsoro poma Jg(z) 1menoro nopsaka

m+1
s> -

Kiro4deBble ciioBa: Kprurepnii, ClieKTpaJjbHbIE 330241 T pukoMu, COOCTBEHHbIE 3HAMEHMsI, COOCTBeHHbIe (DyHKIMH, cde-
pudeckue QyHKIW.
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O PEILIEHUE KPAEBOW SAJAYN JId YPABHEHUSA TPETBEI'O
ITIOPAJKA C ITEPEMEHHBIMU KOS®OPUIIMEHTAMMN

IOcymxon ATIAKOB', Paxmarnnza YMAPOB??

U Hucruryr maremaruxu uvm. B.M. Pomanosckoro AH PY3, Tamxkent, Ysbexucran
1.2 Hamanranckmii mmsxenepHo-crpourensusli uacruryt, Havanran, Y36exucran
E-mail: “yusupjonapakov@gmail.com, °r.umarov1975@mail.ru

B paGorax [1-2], paccMoTpenbl KpaeBble 3aaun Jjisl yPaBHEHUH TPeThero mopsijika ¢ Kpar-
HBIMH XapaKTePHCTHKAMHU, NMPH MOMOIMH nocrpoerneM dyukiuu ['puna. B pabore [3] 6bu10
HaliJeHa pellleHns ypaBHEHUe ¢ MOCTOAHHBIME Kodddunuentamu B Buie Uyyy — Uy + AUy +
AU, + AsUy + AU = g1(2,y), ¢ APYTUMH KPAeBBIMHA YCJIOBHSMH.

B obmactu D = {(z,y): 0<x <p, 0 <y <q} paccMOTpuM CJIeJyIomiee ypaBHeHe Tpe-
THETo TOPSJIKa B BHIA

L(u) - Uxx:v - Uyy + Al (I) U:vac + AQ (ZL’) UCL’ + A3 (ZE) U + A4Uy - gl(xv y)7 (1)

e p, ¢, Ay € R, ,A; (z), g1(z,y),i = 1,3 3agannble, 70CTATOIHO TIaaKue QyHKIIHH.
3ameHoi

U(J],y) = €Xp -

r A
Jar©@ds+ Sy ) uta)
0

ypaBaenue (1) MOKHO MPUBECTH K BUIY
uxa:a:_uyy—"al (x)ux+a2 (I)U:g(l',y), (2)

3AJAYA By. Haitrn dynkumo u(z,y) us xacca C32 (D) N CEL (D) yaosnersopsoniyo
ypaBHeHuo (2) U CJIeYIOMUMU KPACBBIMA YCJIOBUSMHE:

u(z,0)=0, wu(z,q)=0, 0<z<np,

w(0,y) =1 (y), U (DY) =v2(y), Uex(py) =3(y), 0<y<ygq,

e ¥; (y), i =1,3,g(x,y) 3anaunbie GyHkuu.
Teopema 1. Fcun 3amaua By mmeer perienme, TO IpH BBITOJIHEHHH YCJOBHH aq(r) >

0, as(x)— 3a)'(z) >0, ono eanncrsenno.
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Teopema 2. FEcm BBITOJTHSIIOTCS CJIEAYIONIHE YCIOBH:

)i (y) € C°0,q], i=1.3;

g (x,y)

2) 0x0y?

€C0,ql,0<z<p; g(,0)=g(x,q) =0;
A .

Kp(l‘i‘)\l),

4)aq (p) = 0;

TO perrenne 3ajadn By cyimrecTByer.

Baecy C = max {|a (2)],]ai’ (x) — as ()], 2 € [0,p]}, M = { (%)2,

2\/§7T -
3

3)0<C <

1
K=—|1—-exp|—

Pemenne 3anaun By uMmeer BuI:
oo p p p
wea) = £ ([ G005 @ + [ Ral0. )N, [ 6 001, 6)decs
1050 + (tan — Ysp)  + Ur) sin (2y)

Snech

) = — (580 1) g — (220 1Y g
— <J3a1($)—pai\g&’f)—xaz($)zﬁ ool g g2 px) o+ 952,

n

Gy (z,€) dyuxmua ['puna 3amaqn

V"XV =N fo () — a1V — a5V,
V(0)=V'(p)=V"(p) =0

KirodeBble CJIOBa: ypAaBHEHHE TPETHErO [HOPAIKA, KPATHbIE XaDAKTEPUCTHKY, KPAeBad 3a/a4a, €AUHCTBEHHOCTD, lIepe-
MEeHHBII K03 dUInenT.
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BOCCTAHOBJIEHUE KO?®®UIMEHTOB >KECTKOCTHU B CJIYUYAE CTPYHBHI,
MUMEIOHUIEN BUJ I'PA®-/IEPEBA

Tayhap AVBEPXAH®, YKancas BEKTAJI?, Awmaxos BOJIATKBI3HI

Kasaxckuit manmonaapHbll yauBEpcHTeT nMenn aab-Papabu, Axmarer, Kazaxcran
E-mail: “auzerkhan@math.kz, *zhansayabektal@gmail.com, ayakozbolatkyzy@gmail.com

Paccmorpum Ha rpad>-jepeBe ¢ 4eThIpbMS MTOKOJEHUSIMEU 33,129y Ha cOOCTBEHHbIE 3HAYEHMSI.

=y (x5) + qi(;)y; (x5) = Myj(2;),0 < 25 < bj, j =0,1,2,...., 14, (1)
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Y;(b;) = ym(0) = ,(0),
Y;(b;) = ¥, (0) + v,(0) + kjym(0), j=0,1,2,3,4,5,6

31ech €,,, €, - 3TO IYyTH, IepeceKalomuecs B OJHON BepIIuHe j.

y7(b7) = ys(bs) = yo(by) = y10(b10)

Teneps Boccranonsienue Ko3pOUIUEHTOB KECTKOCTH MPOBOJAUM, KOIJIa CTPYHA MMEET BH/IL
rpad-aepesa. Yeaosust (1) u (4) nmpeacraBiasgioT rpaHUdHBIE YCJIOBUSA. B TO Ke BpeMsl yCIoBus
(3) upn j = 0,1,2,3,4,5,6 aBASIOTCA YCIOBHAME COTJIACOBAHUS BO BHYTPEHHUX BEPITHHAX
rpacda. Korga koaddurmenTsl KecTKOCTH

ko=Fki=ko=ks=ky=Fks =ks =0,

To ycaosus (3) coBnagaior ¢ yeaosusmu Kupxroda [1].

Takum 06pa30M, CTABUTCS 337298 0JHO3HAYHOI'O BOCCTAHOB/IEHUSA KOI(DDUIHEHTOB KECTKO-
cru ko, ki, ko, k3, ky, ks, ke 0 HEKOTOpOMY HAOODY cOOCTBEeHHBIX 3Ha4YeHuii 3amaun (1) - (4). Tlpu
srom byukimit ¢;(z;) mpu j = 0,1, ..., 14 canraroTcs 3a1aHHBIMI.

J1a pelrenus mMOCTAaBICHHON 33a4i HaM yI00HO BBeCTH 0003HAUEHUs S;(2;) IPH PelleHns
ypasaenusi (1), nmojgunnennsie ycaopusiM Korm

s;j(bj) =0, s5(b;) =1

Pemenne 3ana1u na cobcrenusie 3uadenns (1) - (4) oboznadnm depes

{yo(0), -y yra(z14) }

B noxutajie BuIsiBJ€HBI YCJIOBHsI BOCCTaHOBIEHUsT KOIMMUIIMEHTOB XKeCTKOCTH kg, k1, ko, k3, kq4,
ks, ke 0 HEKOTOpOMY HAOOPY COOCTBeHHBIX 3HaUeHUiT 3a1aqau (1) - (4).

KiroueBsre cioBa: I'pad-mepeso, kosddunment xectroctu, ycosust Kupxroda.
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MNHTEPIIONIAIINSA HEKOTOPHIX ®YHKIIMOHAJIBHBIX ITPOCTPAHCTB
TUIIA MOPPU HA TOPE

[MToanan BAJITUMBAEBA

Hucruryr maremaTukn u MaTeMaTHIeCKOro MoJenpoBanusi, Ajvarel, Kasaxcran
E-mail: sholpan.balgyn@gmail.com

[Mycts 0 < u < p < oo. IIpocrpancrso Moppu Mvﬁ = MP?P (T9)—coBokynnocrs Bcex
felL, (Td) TAKUX, 9TO

| 710

= sup [Q ([ (7)) < oc,
Q:QI<1 Q

[ycts ¢ € C°(R?) Takas,aro () = 1, ecrm |]o < 1,9(x) = 0, ecm |7|o > 3/2. (31ech
|T|oo = max{|z.] : k=1,...,d}, 2= (21,...,24) € RY)

Honoxum Yo = ¢7 90(1') = 900(%) - 900(3:)790]('%) = w(Ql_jx%gp—j = 0, ] = 1727 BRI
Torma 3372 ¢(r) =1 na R

[Tycrs ¢, := {,(Z) — TpOCTPAHCTBO YHCJIOBBIX MOCJIEIOBATENBHOCTEI (a;) = (a;)jez € KO-
HEeYHOH CTaHIAPTHON (KBa3U)HOPMOL.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2023



66 TpagunuoHaass anpejabCcKas MaTeMaTuieckas KoHpeperius — 2023

[Iycts 8’ := §'(R?) —npocrpancrso IllBapia yMepeHHBIX pacipeieenuii, a S = S'(T?) -
HOANPOCTPAHCTBO S’ pacupeiesaennii, 1-nepuoanuecKnx o Kax ol nepevennoi; f = F(f) n
FY(f) — upamoe u obparnoe npeobpazosanus Pypoe pacupejenenus f € S’

Iycth s e R,0< ¢ <00, 0 <u<p< oo

[IpocTpancrso Hukosbckoro-Becosa-Moppu /\/;f o = Ny gu(T?) cocront u3 Beex pacipe-
nemeHuit f € S TAKUX, 9TO

1 WGl = (2 D ws@) f@)e™e) | M

gezd

[lycts, kKpoMme Toro, u # oo. Ilpocrpancrso Jluzopkuna-Tpubens-Moppu 5; g =Epa (T

COCTOUT W3 BCex pachpesesnenuit f € S’ Takux, 4To

1 1 gl = |1 (27 Z% (€)™ ) | £, 1M

HyCTb 7 € R. IIpocrpancrBo Tuna Hukosibckoro-Becosa, csa3anmnoe ¢ npoctpanctsom Mop-
, By = B;Z(Td) COCTOUT U3 Beex pacupejesenuii f € 8’ Takux, 4ro

171 Bl = sup \@r{ i [ [ 272 enof@ens] ] ar} " <00

7(Q) ¢ezd

IIpu 0 < p < oco. IIpocrpancro Tuna Jlnzopkuna- TpI/I6eJIH CBS3aHHOE C IPOCTPAHCTBOM
Moppu, F” = F;J(Td) COCTOUT U3 Beex pacipejetenuii f € S’ Takux, 4To

If | F ol = sup \Q!T{/ []i 9isq Z o )e2miée q]p/qu}l/p - .

(@) ¢ezd

371ech £ — MHOKECTBO BeeX Hamiecknx Ky6op @ := Qj :={z € R | 27z =X € [0, 1)7}, j €
Z,\ € 7% §(Q) = —log, [(Q), Q — MHOKECTBO Beex amamaeckux Ky6os Q C [0, 1)%.

PaccMoTrpuwM erre mpocTpaHCTBO B;g = B;’g(']l‘d) COCTOSIIEee U3 BCeX pacupenenenui f € S
TAKUX, ITO

p14/p 1/q
} dx} < 0.

Hf | BSTH = {Zsup [/2]8[) Z('DJ f p2mite

fcno, aro g;:; — é;:g.
L. ﬂeﬁCTBHTeﬂbHaﬂ untepnosnusd. [Iycts 0 < 6 < 1,50, € R, 59 < 1,0 < p < 00,0 <
T < ,0 < q,q0, 1 < oo. Hosoxkum s := (1 — 0)sg + Osy.

TeopeMa 1. B;T — (BT, BsLT )9 ¢ B CMBICJIC 9KBHBAJICHTHBIX (KBA3H)HOPM.

p,q0° " Psq1

Caencrsue 1. Bf?’g = (E;O(I’()T,G;lél) 0., B CMBICJIe SKBHBAJIeHTHBIX (KBasm)HOopM (371€Ch
E,G € {B, F} moobie).

Caencreue 2. Byl = (E;O(I’()?G;qu)g,oo B CMBICJIC 9KBHBAJICHTHBIX (KBA3H)HOPM (31€ChH
caosa E,G € {B, F } .]HO6BI€)

HI/I}KG O0<u<p<oo

S, T S0, 81,

Teopema 2. /\/'pqu = (Epoqoju,Gplql, )o.q B CMBICJTE SKBHBAJIEHTHBIX (KBasm)HODM (371€Ch
E,Ge{&, N} up<oospcryae E =& mm G=¢&).

Caencreue 3. Ecin sy = 0, 10 ./\/;f = (Mo, E;lq’l w)0.q B CMBICJIC SKBHBAJICHTHBIX (KBa-

su)uopm (31ece E € {E,N} ).

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 67

1 1
17777

Caenctsue 4. Ecim sy = 0, 10 N;;u = (M, B,a?
3H ) HODM.
I1. Kommiekcnas MHTEPIONATIHA.
Teopema 3. Ilycth 0 <0 < 1,s € R, 1 < qo,q1 < 00.
1

i) Ilyerp 1 < up < pp < 00,1 < uy < pp < 00, MOJIOZKHM - ;zlu;of’+ui

“)o,y B CMBIC/IE SKBHBAJIEHTHBIX (KBa-

1.
‘p -’ Po p1°

p P AP
[./\/lug,./\/l Pllg = MP,
eCJIH M TOJIBKO €CJIH UgP1 = U1Do-

ii) Iycrs 1 < u < p < o0. ECJH/I%ZZlq;OG—l—L%, TO

EEQ» [E;(h u7E;q2u]97E S {ng}
S3AMEYAHUE. Teopewmsr 1, 2, 3 u ciaencrsus 1, 2, 3, 4 ABISIOTCH TEPUOIHICCKUMU aHAJIOTaAMHU
Tepem 2.1, 2.2, npemioxkenus 2.4 u caencreuit 2.1, 2.2, 2.3, 2.4 dynnamentaabroro ob63opa [1]
COOTBETCTBEHHO.

Funding: AsTop 6bu1a mommepskana rpanrom AP09258831 MOH PK.

KiroueBsle cioBa: mpoctpanctso Moppwu, mpocrpancTso trna Hukomnsckoro—Becosa, JInxopkuna—Tpubesist, narepro-
AU,

2010 Mathematics Subject Classification: 41A05, 46E30
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BHYTPEHHEKPAEBAS 3AZIAYA CO CMEIIIEHMEM JJIs
CMEIIAHHO-TUIIEPBOJINMYECKOI'O YPABHEHUNA BTOPOI'O IIOPAZTKA

Kupacnan BAJIKNI30B

HIIMA KBHII PAH, Haapuuk, Poccus
E-mail: Giraslan@yandex.ru

Ha eBK/IH/10BOM 1JIOCKOCTH TOYEK (T, ¥) PACCMOTPUM ypaBHEHHE

0= { (_y>mum“ uyy + )‘< )72“937 y < O? (1)
Ugy — Uyy + f, Yy >0,

rae m, A— sajanmbe yncaa, npuaem m > 0, [N < B f = f(x,y) — sanannas GyHkoms;
u = u(z,y) — nckomast GyHKIH.

Ypasuenue (1) pacemarpusaercs B obaactu 2 = Qp U Qy U 1, tae Q;— 910 06s1acTh, orpa-
HUYeHHas XapakTepuctukamu op = AC @ x — miJrz(—y)(m”)/2 =0wu

= OB : z+ 25(—y)™*”? = r ypapsenus (1) upu y < 0, BEIXOAAIMME U3 TOUYKH

2
C = (r/2,y¢), yo = — [W} m+2, npoxogsiuvu gepes toukn A = (0,0) u B = (r,0),
COOTBETCTBEHHO, 1 oTpe3koM [ = AB upsimoit y = 0; Qo— 0bsiacTh, OrpaHuYeHHAs XapaKTepu-
crukavu 03 = AD : . —y =0, 04 = BD : x +y = r ypasuenus (1) npu y > 0, BEIXOIAIIAME
u3 touek A u B, nepecekaomumucsa B Touke D = (2, g) u orpeskom [ = AB.

Pezyaaprovim 6 obaacmu Q pewenuem ypasuenusi (1) HazoBem dyHkimo v = u(z, y) u3
kiaacca u(z,y) € C(Q) N C'(Q) N C? (4 UQ,), upu noacranoske KoTopoil ypapaerue (1)
obparaercs B TOXKIECTBO.

Bapaua 1. Hatimu pezyaapnoe 6 obaacmu §) pewenue ypasruernus (1), ydosaemeoparouee

YCAOBUAM

u[for ()] = thr (), 0<z <, (2)
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oy (x)xt P2 D {77 u (000 ()]} + an(z ) Dy uy (1, 0) + as(z)u(z,0) = Po(z), 0<z<r, (3)

ede ay (), aa(x), as(z), ¥1(x), Ye(x)— 3adannwvie na ompesxe [0, 7] dynryuu, npuvem
Q2(w) + 3(2) + a3(z) 20V 2 € [0,7]

Brecs Ooo(z) = (£, —(2—26)"12'79), bu(z) = (£,%) — addukce Touek nepecedenus
XAPAKTEPUCTHK, BRIXOAAMHUX u3 Toukn (x,0) ¢ xapakrepucrukamu AC uw AD ypasuenns (1)

COOTBETCTBEHHO; (3] = QTm;_f’Q\), Po = ;(Lm;f;‘), B=p1+B2=

l\D

m_ .
m—+2’

sgn(a: c)
) < 0’
Dylt) = it .

] —
3971[ Hl(x - )dih]HDV bl go(t), v >0,

ornepatop Japobuoro (B cMmbicae Pumana-/IuyBuiis) uHTErpo-TuddepeHupoBaus MOPsIKa
||, te [y]— ectsb nenas wacts ancia v [1, c. 28], [2].

CdopmymupoBannast 1 HccaeryeMasi B paMKax JaHHOi paborsl 3amada (1)-(3) orHOCHTCS K
KJIACCYy KPaeBbIX 3aja4d co cMemenneM zKeranosa-Haxymresa [3], [4].

Jokazana cnpaBeIIuBOCTh CJIEAYIOIEH TeOpeMbl.

CupaBe/IuBa CJIe 1y Iomast

Teopema 1. Ilycmov sadannve dynruyuu oq(x), as(r), as(z), i(x), Yao(x), f(x,y) maxoss,
wmo

ap(x), as(x), as(z) € 01[0,7"] N CQ(O,T),
1 (x),s(z) € C[0,7] N C*(0,7),

f(z,y) € CH(Q),

U BLINOAHEHO 00HO U3 YeAoeul: Aubo
ap(x) — ypay(x) #0 V€ [0,r];

Aub0o oce

as(x) —yaq(x) =0, asz(x) +naa(x) #0 Vo € [0,7].

Tozda cywecmeyem eduncmeennoe pezyaaphoe 6 obaacmu ) pewenue zadawu (1)-(3).

B HEKOTOPBIX YACTHBIX Ciydasx pemrenue 3a1adu (1)-(3) mO/Ly4eHO U BBIHHCAHO B SIBHOM
BH/IC.

KurroueBble cjioBa: BOJTHOBOE yPAaBHEHNE, BEIPOZK TAIOIIEECs TUTIEPO0/IMIeCKOe ypaBHeHne, ypaBHeHue Boapreppa, meTosr
Tpukomu, MeTO MHTETPAIHHBIX YPABHEHNM, METOIBI TEOPHUH JIPOOHOT0 MCUUCIEHUS.
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PEIIEHUE JU®PEPEHIIMAJIBHOTO YPABHEHUSA BTOPOTI'O IIOPAJIKA C
MHBOJIIOIIUEN

Ax6ore BEICEBAEBA, 3eitnen JKAHIBEK

KOsxno-Kazaxcranckuii yvausepcurer um. M. Ayszosa, IHIemvkent, Kazaxcran
E-mail: akbope a@mail.ru, zhanibekzeinep@mail.ru

B nacrosmeit pabore Mbl H3y4aeM CIEKTPaJIbHYIO 33/1a4y /i 1uddepeHnajabHoro omnepa-
TOpa BTOPOTO MOPSJIKa C UHBOJIONUENH U ¢ KpaeBbiMu ycjaoBusmu tuiia Hefimana. [Tocrpoena
dyukiug ['puna nzy4daemoii KpaeBoit 3a/1a4u.

PaccvoTpnM cienyrontyio KpaeByro 3aady

—u" (—x)=Xu(x)+ f(z),-1l<x<lu(-1)=0,4'(1)=0 (1)

riae f(x)— mempepbiBHAsS DYHKIUS.
Teopema 1. Eciim \ He gB/iasercss cOGCTBEHHBIM 3HAYCHHEM OJHOPOIHON KDPaeBoil 3ajadd
(1), 10 st jir060F HeupepsiBHOi byHknuu f(T) ee pelleHue HpPesCTaBUMO B BHJIE

1

1 [ef—e? . ot
u(x)—%{m (epx_epx)/(eﬂ —e M) f(t)dt

1
PPt , 4 4
—i% (e + e="') / (e + e ") f () dt
21

—T

+/ [—Z (epiw + e—pix) (epz't _ e—pit) + (epx _ e—px) (ept + e—pt)] f (t) dt

xT

+/ [z (e"i”” — 6_"“‘) (epit + e_pit) — (ep:E + e_”””) (ept — e_pt)] f(t)dt

—x

1

b [l ey (e = ety — (e o) (e e )] £ (1)

T

N3 TeopeMbl BHITEKAET BAXKHOE
CanencrBue 1. Ecian A He sBasiercs coOCTBEHHBIM 3HAYEHNEM OHOPO/IHON KPaeBOil 33191
(1), To cymecrByer eauHcTBeHHas dynknus ['puna 3amaun (1)

1
1 el —e ™’ pT —px ot —pt
G(I‘,t,)\)Z% m (6 — € ) (6 — € )f(t)dt

1
el e

—i— (P +e) / (e +eP) f (1) dt + g (2,1, \)}

-1

—i (eP® + e7PiT) (Pt — e7PI) 4 (ePT — e PT) (ePt + e P) -1 <t < —x
gz, t, N) = Qi (eP™ — e Pi®) (ePt 4 e7P) — (eP® + e P7) (eP —e ), —z <t<ux

i (e 4 e7PiT) (Pt — e7P) — (eP* — e PT) (ePt +e ), <t <1
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B ciaydae KpaeBbIx yeaoBuii Tuna Jupuxie paspemmuMocTb 3aJa9d paccMOTpeHa B pabore
[1].
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PA3PEIIIMMOCTb HEJIOKAJIbBHOM SAJAYN 1JId YPABHEHUNUA
YETBEPTOI'O IIOPAJKA B IIPAMOYI'OJIBHOMN OBJIACTU

Amupmer BEKIEB
KapakaJsnaxckuii rocynapcrsennsiii yausepeuret, 1. Hykyc, Yzbexucran

E-mail: ashir1976@mail.ru

B obaactu Q = {(z,t) : 0 <z <1, 0<t< [} paccMorpnm ypaBHeHUE
Lo = vy (2,t) — v (2, 1) — Vgaaa (7, 1) — b0 (2,1) = f (2,1),

riae b = const n f(x,t) — 3agannas QyHKIHA.

Bagada 1. Haiitu B obnactu 0 dbynkumio v (z,t), yI0BIETBOPAIONLYIO YCIOBUIM

1),
v(z,t) e Cof () Cot (1)
Lv=f(x,t), (x,t)€ (2)
U(I,O)Z@(IL’), U(Ivﬁ):¢(x)7 0<z<1 ()
v(0,t) =v(1,t), v:(0,t) =0, vz (0,8) = Vpp (1,1), V4 (0,8) =0, 0<t< S (4)

riae ¢ (x), ¥ (z) - 3amanubie goctarodno rafakue dyukiun, npudem ¢ (0) = ¢ (1), ¥ (0) =
(1), ¢ (0) = ¢ (0) = 0, " (0) = ¢" (1), ¢"(0) = " (1),¢"(0) = ¢ (0) = 0. Cucrema
byHKIHII

Xo(z) =1, Xog—1(x) = cos \px, Xop () = xsin Mgz, N\ = 2km, k=1,2,... (5)
u

Yo(z) =2(1 —x), Yop_1 () =4 (1 —x)cos N, Yor () =4sin Mgz, A\ =2km, k=1,2,...

oropToroHANLHO U 00pasyoT 6asuc Pucca B Lo [0, 1] [1-3].

KoppeKTHOCTb KpaeBoii 3a/1a4H yCTaHABIUBACTCS TOKA3ATEIbCTBOM CYIIECTBOBAHUS U €JIHH-
CTBEHHOCTH pelenus. Pernenue 3a1a4u HailJIeHO BUJIE Ps/la COCTABJIEHHBIX U3 0a3UCHbBIX (DYHK-
uuit Pucca (5).

Teopema 1. Ecin ¢ (z),¢ (z) € C°[0,1], @) (0) = ¢ (1), @) (0) = @) (1),
90(2i+1) (0> = Y/J(QHI) (0) =0,1=0,1,2,n f(l’,t) € Ci’”? (Q)v f(()?t) = f(lvt) o (0 t) =
0, fox (0,t) = fur (1,%), TO cymectByer emmncrBennoe pemenue 3agaqn (1)-(4).

KuroueBrble ciioBa: HesIOKajbHAA 337a4a, OMOPTOroHAJbHAA cucTeMa, ba3uc Pucca, cymecrBoBanue, eIMHCTBEHHOCTH
pertneHusi.
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OBOBIIIEHUA AHAJIOTOB 3AJIAY I'VPCA U JIAPBY-I'YPCA-B0OJ10 B
KJIACCAX OBOBIIIEHHBIX ®YHKIIMN KOHEYHOT'O IMOPAJIKA

Awmanrensaun BEPJINMYPATOB

Ilepyvcruit HanmoHaaBHBIH HCCIEA0BATENBCKAE ToATEXHUIecKNlt yanBepcuteT Poccns, r. JIpicobBa
E-mail: aman2460Qmail.ru

Beenenne

[lycts 7 napasnnenenunes B R” |, n — rpaneil KOTOporo Jjexar B KOOPAUHATHBIX MOJIPO-
crparcrBax & = 0,7 = 0,1,2,...,n Obo3nauum uepes 7; ero (n — 1)-MEpPHYIO I'DaHb, JIEKAILYIO
B nojgnpocrpanctse & = 0,1 =0,1,2,...;n
Paccemorpum omHOpoiayio cucremy audepeHnuaaIbHbIX YPABHEHUH ¢ TOCTOSHHBIME KO3 du-
nuentamu B MaTpudaoit popme: P(D)u =0 (1) rae v = (uq, ..., U, )HeHU3BeCTHASA BEKTOD (DYHK-
mua abPy(D),i = 1,t,j = 1,s npoussosbHble JuHeiiHbIe auddepeHTIATbHBIE ONEPATOPHL €
HOCTOSHHBIMH KO3hduuenTaMu, a 9ucjaa t 1 s Tpou3BOIbHBI. AHAJIOIM KJIACCHIECKUX 33139
tuna ['ypca u lapOy-I'ypca-Bomo g1 06001eHHBIX pelieHuil 3aJa0TCs CIeIYIOMUM 0Opa30M:
BMECTO 3HAYEHUsI PEIIEHUs W er0 TPOU3BOIHBIX Ha IPAaHAX (KOTOpBIE, BOOOIIE TOBODS HE OMpPe-
JIEJIEHBl €CJIH Y THIEPIVIOCKOCTH 9THX IPaHeil XapaKTepUCTHYECKHe) DEleHne 3a/aeTcs Cpasy
B HEKOTOPOIi oKpecTHOCTH. /IByMepHbIil ciy4ail npu n = 2 3axada tunia ['ypca paccMorpena B
[2], a mpu n = 3 3agaua Tuna Tapby-T'ypca-Bomo paccmorpena B [1,4].

ITocTramoBka 3a/1a4n

PacemorpuMm cirenyrommuit aHajor BBIIEYKA3aHHBIX 334 , KOTOpas HMEET MeCTO YKa3aHHOe

CBOMCTBO POIOIXKAEMOCTH, €CJIA JJIsi CHCTEMbI BBIIOJIHEHO YCJIOBHSA, AaHAJIOTTIHOE TOMY, KOTO-

pble HaJIaraloTcs B KJIaCCHYeCKHX 3aJadax Tuma ['ypca u Hapoy-I'ypca-Bomgo: xapakrepucrude-

CKO€ MHOYKECTBO CHCTEMBI IIPUHAIIEIKUT OKPECTHOCTH O0beIMHEHHSI N THIIEPILIOCKOCTEl, COOT-

BETCTBYIONIUX YKA3AHHBIM IPAHAM. 33/[ad9a; IPU KAKUX YCJIOBHSAX BCSIKOE COOOIIEHUE PEIreHne
n

cucrembl (1) ompe/ieJieHHOe B OKPECTHOCTH OObeJIUHEHHsI N COCeHUX rpaneil | m; mapasiese-
i=1
HHUIeIa 7, MOXKeT ObITh HPOJIOJIZKEHO B HEKOTOPYIO OKPECTHOCTH 9TOr0 MapaJiiesenune/a.

n
Teopema. Ilycrs msa nekoroporo ¢ > 0, N C |J {z € C™;|z| < ¢o}. Torma s so60it

=1
n

oxpecraoctu L kommakrta |J 7; cymectsyer L' mapasuiesienmiesia 7 TaKagd, YTO JUIS IEJIOTO
i=1

gBesAKy10 0000mennyto Gyakmuio u € [W]]° apaswomyrocs 0600IEHHBIM DEIeHneM CHCTeMbI
(1) Ha L MOXKHO MPOAOIKUTE GYHKIHER v € [WL/“”CI] * apisiomeiics 060BIEHHBIM PeIIeHreM
cucremsr (1) ma L' npuaem [Jof|17" < ¢y [Jul|] rae ¢, we sasucnt or u a ¢; sasucnt aummb ot
oneparopa P (D).

SAKJ/JIFOYEHUE. [lony4eno ycioBus, B 3anadax tuna I'ypca u Hapby-I'ypca-Bomo: xapax-
TEPUCTHIECKOE MHOXKECTBO CHCTEMBI IPUHAIIEKUT OKPECTHOCTH O00be THHEHNS I THITePILIOCKO-
CTeil, COOTBETCTBYIOIINX YKA3AHHBIM TPAHSIM.

KuroueBrble ciioBa:mecoOCTBeHHAs TO4YKA, mpeodpasoBanme Pypbe, BBHIMYKIIBbII KOMIAKT, GUHUTHBIE DYHKIINN, IEIbIe
AHAJIMTUIECKUE (DYHKIINN, XapaKTePUCTHIECKAsT (DYHKITHs, aJIreOpandeckoe MHOKECTBO.
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OTrPAHNUYEHHOCTH HEKOTOPOI'O KJIACCA MATPUYHBIX OIIEPATOPOB
n3l,, Bl
pv qu

Aiiryne BECZKAHOBA®, Aiitnyp TEMUPXAHOBA?

EHY nwm. JLH. I'vmunesa, Acrana, Kasaxcran
E-mail: *beszhanova@mail.ru, Painura-t@yandex.kz

Ilycts 1 < p,q < oo BecoBble mocsenoBarenbHocTd. Ilycrs [, - mpocrpancTso mociemo-
BaTeﬂbHOCTeﬁ f = {[fi}2, nmeiicTBUTeNBHBIX THCeN, /I KOTOPBIX KOHedHA HOpMa || fl,, =

(Zz 1|szz|) 1<p<OO
PaCCMOTpI/IM BOIIPOC OI'paHUYECHHOCTH OIIEpaTOpPOB

A+f Zawfjaz > 1, (1)

o
= Zaijfi,j > 1 (2)
i=j
u3 lp, B lgy, e a;; > 0,41 > 7 > 1, T.e. BeINOIHEHHE C/IeYIONEro HepaBeHCTBa

1A fllgw < Cllf lpo, VF € lpo. (3)

Ilpw a;; = 1,4 > j > 1 omeparopsr (1), (2) coBmamamT ¢ AUCKPETHBIMU OIEPATOPAMHE
Xapmu.[1-3| B paborax [4,5] moaydeHsl KpUTepUH OTPAHUICHHOCTH U KOMIAKTHOCTH OMEPATO-
POB, I/Ie 3JIeMEHTbl MaTPUIbL (;;) YAOBIETBOPSIOT JUCKPETHOMY «ycjaoButo OffHaposay.

B 2012 roay pabore [6] 6b11 BBenen mupokuii kaace marpun, O, O n > 0 u ycraHos/eHbl
HEOOXOAUMBIE H JOCTATOYHDIC YCIOBHS OrPAHHICHHOCTH omepaTopos (1), (2) u3 l,, B 1y, npu 1 <
p < g < 00, IJle COOTBETCTBYIONIME MATPHUIILI IPUHAIEKAT STUM KaaccaMm. OIHAKO yCI0BUS
orpaHmaenHOCTH orrepatopos (1), (2), MaTpuip KOTOphIX puHAAIexKaT Kiaaccam O, O n > 1
s caydasg 1 < g < p < 00, Bce ellle OTKpbITad 3ajada. Lleab JaHHOH paboThl yCTAHOBUTH
HEOOXOIMMBIE U JIOCTATOYHBIE YCJIOBHS OTPAHHTIEeHHOCTH oreparopos (1), (2) u3 l,, B I, upu
1 < ¢ < p < 0O KOIJla MaTPHIILI STUX OIepaTopoB HpHHALIe:KAT Kiaaccy OF

B manpneiintem cumBoar M << K osnauaet, uto M < cK | rie kouctanTa ¢ > (0 3aBUCHT
TOJIBKO OT HEeCyHeCTBEeHHbIX napaMerpoB. Eciu M << K << M , 10 M =~ K.

Beenem onpesenenne xiacca Oy .

ONPEAENEHUE 1. ITycts (a;;) HEOTpHIATEIbHAS MATPHIA, L€ @;; He yOBIBACT MO MEPBOMY
MHAEKCY Aqis Beex ¢ > j > 1 Marpuna (a;;) npusagiexknt kiaaccy OF , eCu CyIIECTBYIOT
HEOTPHIATEbHBIE MATPHUIIHI (afj’-o), (afj’-l), (ag)), quCsIo o > 1 Takue, 9To (agj ) € Of

1
. —(az’ + afklal(gj) +agy) < aij < raplal + afkla,(w) + ak;)
2

npu Bcex ¢ > k > 7 > 1.
BAMEYAHNE 1. Kak nokasaro B pabore [6] marpuusr (a23), (a'), (a(l»)) MOZKHO CUHUTATh

1) %) v
Hey6bIBaIOHH/IMI/I II0 IIepBOMY HHJAEKCY U HE€ BO3PACTAOIIUMU 110 BTOPOMY HMHIECKCY.
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Teopema 1. IIycth 1 < g < p < 00 u (a;;) € O5 . Torma omeparop (1) orparm4aen u3 l,, B
lqu TOIA M TOJBKO TorAa, Korga M™ = max{M,, M5, M5,}, rae

b, pla=1) o
S8 oo P—q 1 P—q
+ 2,0Nq, q —p’ —p’
Mz,o = E § (ag; )"l v; v; )
i=1 \ s=i j=1
P ) pla=1) ) T
8] o P—q 7 ( p’ P—q 7 p’
+ 2,1\4 ¢ 1) —p' + 1) —p’
My, = Z Z (asi) u? a;; v; A a;; v; ,
i=1 \ s=i j=1 J=1
P . p(g—1) . %

P—q ? pP—q [

My, = i i ug Z (az‘j)p/ U;pl AT Z(az‘s)plvgp/ JAYg = gi— g1

i=1 \i=k j=1 s=1
Kpowme toro, || AT || = M .

KuroueBrnie cioBa: Hepsasencrso Xapau, MaTpU9HbBIi OII€PATODP, OTPAHUYEHHOCTH OILIEPATOPA.

JINTEPATYPA

[1] Hardy G.H., Littlewood J.E., Polya G, Inequalities, 2nd edition, Cambridge University Press, Cambridge, 1952.
-P. 160.

[2] Kufner A., Maligranda L. Persson L-E, The Hardy inequality-About its history and some related results,
Vydavatelsky Servis, Plzen, 1:2007, p. 162.

[3] Bennett G, Some elementary inequalities II, Quart. J. Math. Ozford Ser. (2) 89, 1:1988, p. 385-400

[4] Oinarov, R, Okpoti, CA, Persson, LE, Weighted inequalities of Hardy type for matrix operators: the case q < p,
Math Inequal Appl, 1:2007, p. 843-861

[5] Oitrapos P. O., Tamrun6aesa C.X., BecoBas agaurusHas ONEHKA OQHOIO KJIACCA MATPUHYHBIX OIEPAaTopos, H3-
eecmus HAH PK. // Cepua dusuko-mamemamuueckas. N 1, 1:2004, p. 39-49

[6] R. Oinarov, Zh. Taspaganbetova, BCriteria of boundedness and compactness of a class of matrix operators,
Journal of Inequalities and Applications , 1:2012, p. 1-18

HAYAJIBHO-KPAEBLIE 3AJTAYM J1JIsI IBYMEPHOI'O BOJIHOBOTO
YPABHEHNA C HEJIOKAJIbHBIMHM YCJIOBUAMMX 110
ITPOCTPAHCTBEHHBIM IIEPEMEHHBIM, ABJIAIOININECS
MHOTOMEPHBIMU OBOBIIIEHUAMUN 3ATAYN CAMAPCKOTO-MIOHKUMHA

Murpzaraan BUMEHOBY2¢, Maxmyn CAJIBIBEKOB!?

! Uucruryr MaTemaTHkn # MaTeMaTHdecKOro MojeaupopaHus, Amvarsl, Kazaxcran
2 QY "Msmvxenrckuii yausepcurer" | Iemvkent, Kazaxcran
E-mail: *bimenov@mail.ru, ®sadybekov@math.kz

B 1okaane paccMaTpuBaercs IIOCTAHOBKA HOBBIX HAaYaIbHO-KPAEBBIX 3aJa4 I JIBYMEPHOIO
BOJTHOBOI'O YPABHEHHS ¢ HEJIOKAJLHBIMUA YCIOBUAME MO IIPOCTPAHCTBEHHBIM HEPEMEHHBIM, sIBJIf-
IOIMIUMECSE MHOIOMepPHBIMU 00001menustMu 3aaa9u Camapcekoro-Monkuaa. O0/1aCThI0O paceMoT-
peHUs 3a/a4u SIBJISETCsl KPYyroBoil nuaiuaap ) ¢ ocbio BAOJb ocu t. CTaBaTcs K/IACCHIeCKUe
HAYA/JbHBIE YCJIOBUsSI HA OCHOBAHWH I[UJINH/IPA U HOBBIE HEJIOKAJbHBIE KPAEBbIe YCJIOBHS Ha TIPO-
cTpaHCTBeHHBIX (DOKOBBIX) rpanunax mummaapa. [lycrs Q = {(r,¢) : 0 <r < 1,0 < p < 27}
- eqmHIIHBI KpyT, @ = {(r,¢0,t) : 0 < r < 1,0 < ¢ < 27,0 < t < T} - npsamoit Kpyro-
BOi nmaMHApP. BygeMm paccMarpuBaTh HOBYIO HEJOKAJbHYIO KPAEBYIO 3a/a4y JJId JBYMEPHOIO
BOJIHOBOI'O YPABHEHHUSL:

u(r, o, t) — Au(r, p,t) = f(r,p,t), (r,e,t) € Q, (1)

rae A - oneparop Jlamraca B moispHbIX KoopauHaTax (1, ¢). Bymgem ncrnoiap30BaTh Kiaccude-
CKHe Ha4aJbHbIE YCJIOBUS

u|t:0 - T(T‘, 90)7 ut|t:0 - V(T, 90)7 <T7 90) € Qa (2)
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M HeJIOKaJIbHbI€ KPaeBble€ YCJIOBHUA Ha OOKOBOI1 I'paHune Kpyrosoro mujanHIpa

u(l,p,t) —ou(l,2r —p,t) =0, 0 < p <7, 0<t < T, (3)
ou ou

(ot — —(1.2r—@.t) =0, 0< o <m 0<t<T. 4
a7,(,%) ar(’ﬂ 0, 1)=0,0< <7, 0<t< (4)

3aech o # 1 - dukcupoBannoe jeficTBuTebHOe Ynucao. [IpaByio 9acTh ypaBHeHus U HaYAIb-
HBIe YCJOBHS MBI OepeM m3 ciejyiomero "crannapTHoro'kiracca riaajkoCcTn Jijis THIepOon-

wecknx samaq: f(r,,t) € C(Q); 7(r,¢) € C*(Q); v(r,p) € C'(Q). donoaaureapno
ot 7(r,¢) u v(r,p) norpedyem ymosaeTBoperne KpaesbiM yciousaMm (3), (4). s pemenns
HavyaIbHO-KpaeBoil 3amaun (1)-(4) Mbl mpHMeHsieM MeTOJMKY CBeJeHUsl K MOCJIeI0BATETbHO-
My PENICHUIO JIBYX HAYAILHO-KPAEBBIX 33184 ¢ CAMOCOMPSKEHHBIME KPAEBHIMH YCJIOBAAMH IO
IPOCTPAHCTBEHHON TIePEeMEHHOI, IIpe/IoXKeHHy 0 B [1] jis ciaydast ojHOMepHBIX Hapabosinde-
CKUX HAYaJbHO-KPAEBBIX 33/1a4 C HEYCUJICHHO PEryJIsIpDHBIME KPaeBbIMH YCI0BUsAMU. OCHOBHBIM
PE3YJIbTATOM PAbOTHI ABJIAETCS JOKA3ATEIBCTBO KOPPEKTHOCTH CHOPMYIHPOBAHHON 331249 B
KJIACCHYECKOM CMBICIE.
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Keywords: MHOroMepHOE BOJIHOBOE ypaBHEHME, HEJIOKAJIbHOE Kpaesoe yciosBue, yciosue Camapckoro-Monkuna, Kiac-
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HEKOTOPDBIE IIPUMEHEHWA OBOBIIIEHHBIX AHAJIMTUYECKNX
OYHKIINN B JIPOBHBIX ITPOCTPAHCTBAX

Hazap6ait BJINEB

Hucruryr MmaremMaTnkyn 0 MaTeMaTHIecKOro MojeaupoBanus, Aavarol, Kazaxcran

PaccMoTpuM HEKOTOPBIE BayKHBIE, HA HAIIT B3TJIS, TPUMEHEHUsT Pe3yIhTaTOB, N3I0KEHHBIX B
KHHUTe aBTopa [1] KoTopas u3nana u Ha anrHiickoM si3bike |2|(mepeBos mpodeccopos H.Begehr
n R.Radoc u3 I'epmanun).

I. Teopusi 0600IIEHHBIX AHATUTHYCCKUX (DYHKIMH OpoJoJKeHa B [1| Ha Kpaiinue ciydan,
He OXBadeHHBIe B m3BecTHHIX padorax I.H. Bekya u L. Bers, uTo pacimmupuio u Kpyr BaxKHBIX
upusiokenuit, ykazanubix 1.H. Bekya.

I1. Bregennnr npoctpancTBa becosa, BiioyKeHHBIE B KJacC HEIPEPHIBHLIX (DYHKINH, B KOTO-
PBIX CIIPaBe/JINBA HETEPOBAS TEOPUS /I KJIACCA JIMHEHHBIX CHHTY/ISIPHBIX YPABHEHUH C S1pOM
Kommu 3] w mast cucrem takux ypasaenuii [4]

II1. 3BecTHble MeTOBI perienns Kpaesbix (Puvana-T'uibbepra) 3a1a4 11 AaHATHTHICCKHX
GYHKIUN 1 SanunTudeckux auddepeHnuaIbHbIX YpaBHEHUN Ha IIOCKOCTH CYIIECTBEHHO HC-
MOJIB3YIOT CBOlicTBa MHTerpasios Tuna Ko, dhopmysr Coxornkoro. B [1] usydensr Heobxoanmpie
CBOMCTBA psila TAKUX HHTEIPAJbHBIX OllepaTopoB B B-mpocrtpancrBax bBecopa. OctanoBuMmcs
KpPaTKO Ha HEKOTOPBHIX U3 HHX.

[Iycrs G orpanmdensas 06JacTh (KOMIUIEKCHOMN) IJIOCKOCTH € JISIILYHOBCKOM rpanuneii I' €
C".0<v <1

_ L[l fG dGc f()dG* U
B /G ¢ — /G (—x (dGC dédn,( =€ +in,z = x + 1y).

CI/IHFy.HHprHL/'I HHTErpaJ Hf IIOHUMAaETCd B CMBbICJE IVIABHOTO 3HadyeHus 1o Komu.
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Teopema 1.1. Oneparop Ty nepeBoguT npocrpanctso Bry, 1 < 6 < 00,1 <6 < 00,0 <

1+a
a <1, B B,;" norpannien

Tsl gy < Mullfl s, @) (1)

Omeparop I nepesoput Bfy(G) B ceba u orpanuyen

|Hf|B;vye(G) < M |[f] |B§79(G)- (2)
u
oy _
0z I

Teopema 1.2. Ecmu f € By, (G), 1 <p<2,a= % — 1< v <1, 10 Ty 6yaer HenpepbIBHOII
dbynkmmeit z na Beeit miockoctn E : Ty € C(E).

Jlemma 1.2. Ilyers f(t) € Bj4(I'), rue 7, p, 0 yrosjiersopgior oqHoMy u3 ycjiosuit a) 7 =
%,1 <p<2,0=1,6) 1> %,1<p<2,92 1; B) T>1—%,p22,0> 1; 1 mycTh BBIIOJHEHO
HEPABEHCTBO T + % —-1l<v< L

Torga unrerpan tuna Komm ®(z) = - [, % npunagrexur 8 By (G),a = 7 + % -1,
IIPHTOM

() sy < Ms Iz 00 ¥

OrmeTnM OfMH WHTEPECHBII, Ha HAI B3TJIsIJ], PE3y/IbTaT BhiTekawomuil n3 Jlemmbl. B ciyuae
1
a) mmeem f(t) € By (I') C C(I'),1 < p< 2.

1
Bameruwm, uro B) | (T') me Broxeno 8 C(T') mu npn kaxom 0 < 3 < 1, a nurerpan runa Kouru
®(2) € C(G) mueer rpanmanbie snadenns ® + (t) (usayrpn G u nsene G) u ||® + (t)] |7, (') <

My1f] 15z ()
(r)dr

Cunrynapusiit uarerpan Spf = % fr fT_t ,t € I', monuMaeMblii B CMBICJIE TJIABHOT'O 3HAYe-
nus no Komwm, orpannden B BZG(F) u cupaeiuBbl popmysbl Coxomkoro-TLmemerts.

[TpuMeHeHHsT YKA3aHHBIX PE3YIbTATOB K KPaeBbIM 3aauam conpsizkerust (Pumana-T'uns6ep-
Ta) onyOJMKOBaHbI B Bu/ie st crareii B xkypHaste. "Complex Var. Elliptic Equations."3a 2020-
2023r.r. /lasmee MOXKHO pacCMaTpUBAThL IPUMEHEHHS 3TUX PE3YJIbTATOB K PEIIEHUI0 KPAEBbIX
33124 JJI JTUNTHYECKUX YPaBHEHUH Ha MJIOCKOCTH B JIPOOHBIX MTPOCTPAHCTBAX.
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3ATAYA TEIIJIOBOM JU®®Y3UU C OBOBIIIEHHBIM YCJIOBUEM
CAMAPCKOTO

Tyapnapa JNJITABEKY2¢, Mapuna UBAHOBA!3?

! Hucruryr MareMaTnkn u MaTeMaTHYecKOro MojgenpoBamnms, Anvarsl, Kazaxcram
? Kazaxckwmit manquonabHeI yausepcurer uM. aab-Dapabu, Amvarer, Kazaxcran
3 IOxn0-KasaxcraHckas MeJHIHHCKAS akanemus, IlIpiMrerT, KazaxcraH
E-mail: °dildabek@math.kz, Yivanova@math.kz

B noknaze paccmarpuBaeTcsd OfHA MaTeMaTHYeCKas 33/1a9a, MOIEJTUPYIONIAs MPOIECC TeILIo-
BOit 1updy3un B OZHOPOIHOM TOHKOM IMPOBOJIE, KOHIIBI KOTOPOIO COEIMHEHBI MeKIy CoDOii
(B KouIbIO). JlsimHA mpoBOJA paBHsieTcs | U HA HEro He JefCTBYIOT BHeIIHHe UCTOYHUKH. Mbl
paccMaTpuBaeM 33a9y AudPy3un TeIIa B 9TOM IIPOBOJE ¢ H3MEHeHHEeM BpeMeHH IIPU U3BeCT-
HOM HadYaJIbHOM PacIpee/IeHHH TeIlIa B IIPOBOe. 3a1a91 O TeIIOBOH M y3un MHOTOKPATHO
paccMTapUBAINCh paHee. B maHHOM HOK/Ia/€e MBI paCCMATPUBAEM 33134y ¢ HEJIOKAJIbHBIM HHTE-
rpajJbHBIM YCJIOBHEM, KOTOpoe 006001aeT Xopomio u3BectHoe yeaosue Camapcekoro. Ecian gepes
u(z,t) Mbl 0603HAYMM 3HAYCHHE TEMIIEPATYPbI B TOYKE T HPOBOJA B MOMEHT BpeMeHH t, TO (Kak
XOPOIIO W3BECTHO) HPOIECCC PACIPOCTPAHEHUST TEILTA OMUCHIBACTCS Y PABHEHUEM TeILIONPOBOJI-
HOCTH

u(z,t) — uge(z,t) = 0. (1)

Maremarndeckoe paccmorpenue ypasHenust (1) mbr mpoogum B obmactu 2 = {(z,t) : 0 < z <
[,0 < t < T}. HaganbHoe coctosinme (pacrpesiesieHne Teria) B MPOBOJE 3aJaH0 HAYATHHBIM
YCIIOBHEM

utO:go(x),OSxSl. (2)

Tak Kak IPOBOJ 3aMKHYT, TO TeMHepajTypa Ha ero 060MX KOHIAX COBIAJIALT:
u(0,t) —u(l,t) =0, 0 <t <T. (3)
K Touke CcMbIKaHHS KOHIOB MpPOBOJA T = [ TeMneparypHOe COeJMHEHHE He WJEAJbHO, TaK

YTO TETJIOBBIE TTOTOKW MOTYT He COBNaaTh. MBI paccMaTprBaeM MOJesb, B KOTOPO# CpeTHss
BeJIMYNHA TEMIEPATYPHI 10 0CO0O0 BBIJIEJEHHBIM yIacTKaM ITPOBOJA SBJIAETCS MOCTOTHHON. 3a
BBIIEJICHHE STHX y4acTKOB oTBedaerT gpyukuua q(r) € WE(0,1). U 310 ycaosme MOxKeT OBITH
IpeJICTABJICHO B BUJIE

I
/ q(z)u(x,t)de = Const, 0 <t <T. (4)
0

Yeaosue (4) obobmraer ussectnoe yeaosue A.A. Camapckoro, koropoe (mpu ¢(x) = 1) 6b110 UM
MCIIOJIb30BAHO TIPU MOJETHPOBAHUE MPOIECCOB B BHICOKOTEMIIEPATY PHOM ILIA3ME.

Teopema 1. IIycrs q(x) € W2(0,1) u ¢'(0) # ¢'(1). Toraa st j11060ii HavabHOI DyHK MM
o(z) € W2(0,1) cymecrByer eguncTBenHOe crabHOe pemenme u(z,t) € Wi (Q). dokasaTes-
CTBO T€OPEeMbI OCHOBAHO Ha IIPMMEHEHUH METOJIa Pa3/IeIeHs IEPEMEHHBIX U PE3YJIbTaTOB paboTr

[1-3].
Funding: Asropsr nogaep:xkaunbl rpantom NeAP09260752 MHBO PK.

Keywords: ypaBHeHne TermIonpoBogHocTH, ycaosue CaMapCKoro, CHIbLHOE pelieHne, HeJOKAJbHOE KPaeBoe yCJIOBHE,
MaTeMaThuIecKas MOJe/b, ba3uc Pucca.

2010 Mathematics Subject Classification: 35K05, 335K15

REFERENCES

[1] Imanbaev N.S., Sadybekov M.A. On spectral properties of a periodic problem with an integral perturbation of
the boundary condition, Eurasian Math. J., 4:3 (2013), 53-62.

[2] Sadybekov M.A., Imanbaev N.S. On the basis property of root functions of a periodic problem with an integral
perturbation of the boundary condition, Differential Equations, 48:6 (2012), 896-900.

[3] Nnmanbaer H.C., Cagsibexos M.A. O6 ycroiumBocTH CBOHCTBA GA3UCHOCTH OJHOTO TWITA, 33729 HA COOCTBEHHBIE

3HAYEHUS 1IPU HEJIOKAJIHHOM BO3MYILEHUU KPAEBOrO yciaoBud, Y@umck. mamem. orcypn, 3:2 (2011), 28-33.

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 7

OB OJ/IHOM CHEKTPAJIbHOW 3AJIAYE JIJisI BUTAPMOHUYECKOT'O
OIIEPATOPA B IIPSIMOYTOJIbHOM OBJIACTH

Mysamapxan J?KEHAJIMEBY®, Maxu EPTAJINEB2?

1 Huacruryr maremarnkn v MareMaTHdeckoro Mogeanposanusi, Ajavarer, Kazaxcrad
2 KasHY nwm. ans-@apabn, Amnvarsr, Kazaxcran
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B mpsimoyrosibaoit obmactu Q, = {z,y| —1 <z <1, —a<y <a, 0 <a=const <1} c
rpannneii 0€), MBI H3ydaeM CHEKTPAILHYIO 331a4Y:

APw = N (—Aw), (z,y) € Qa, (1)
w =0, aﬁw =0, ($7 y) € an (2>

e A = 92 + 85 — omepatrop Jlamraca, 7 — e TMHHYIHBIA BEeKTOP BHEIIHel HopMaan K 0€),,
HCKJTI0YasT BEPIIUHDBI MPSIMOYTOTBHUKA ).

Bo-1-x, MbI paccmarpuBaem cjiydaii kBajparaoit obsactu (), T.e. a = 1. B sTom ciyuae
3agada (1)—(2) 6buia upeamerom nsydenus pabor |1, 2|, a takzke monorpadumit [3, 4|. Ouna na-
3BaHa 3aja4eil nccaeoBannst Koaebannit u3ruboB 3a:kaToil KBaAPATHON MIACTUHBL, B OTJINYHE
OT 3aJIa9 JIJIsT 3aKPEIUIEHHOIT MIACTHHBI, T/Ie BTOPOe YCJIOBHe B (2) 3aMeHsieTcst Ha CJIe/Iyolee:

Aw =0, (z,y) € 08y, (3)

U MoCJeIHsisT Ha3BaHa 0a30Boil crekTpaabHORl 3amadeit. CrekTp 0a30BOI 3amauM J1aeT HHK-
HIOIO OICHKY COOCTBEHHBIX 3HAYCHWH MCXOMHON 331491, KOTOpast, BOOOINE TOBOPSI, MOYKET OBIThH
U J0CTATOYHO Ipyboil. s yuydiieHus 9TOM OINEHKH HCIOJIb3YeTCs CeMefiCTBO ClenuaaIbHbIX
IPOMEKYTOYHBIX 33/1a4, MOJIyYaeMbIX TocIegoBaTebHbIM "ycrnenneM" yeosuii (3) u mosyde-
HUEM YCJIOBHM, AlIPOKCUMUPYIONIUX BTOPOEe YCJIOoBUE U3 (2). DTOT MOAXO] HAZBIBAIOT METOJ0M
IPOMEKYTOYHBIX 3a/1a4 Aponraiina-Baitumreitna [3, 4]. Ormerum, uro B paborax |3, 4] rakxke
OTMEYAeTCsL BazKHOCTH 3389 (1)—(2) a1 crponTesIbHON MEXAHUKH, MEXAHUKU CYIOCTPOCHHUS
v T.JI.

Msr npunuin x 3azade (1)—(2) (B TouHOCTH, He IPOBOAA HHKAKHX HCKYCCTBEHHBIX IIpeobpa-
30BaHMii), U3y9as BOIPOCHI YUCJEHHOTO PEIeHUs! IPAMBIX U O0DATHBIX 3324 JIJIsl JTHHEAPU30-
BaHHOTO JByMepHOro ypasHerus Hasbe-Crokca. [Ipu 9TOM MBI HCIIOTB30BATN U3BECTHOE (J1JIs
JIBYMEPHOTO CJIy4asi) MoHATHe (DYHKIUU TOKA.

Panee, cnekrpaiabaas 3a1ada (1)—(2) 6pl1a namu u3ydena B pabore 5| mis ciaydasi, Koraa
ob1acThb §) TmpeacTaBiIsieT co00Oi KPyr ¢ € IMHUIHBIM PaJIIYCOM.

3AMEYAHUE. B ([3], rmasa VII, m. 2) ykaszano cieaytwormee: "Ecii 3azkaras IJIaCTHHA HMEET

dopmy kBagpara uiu JOOYIO APYTYI0 GOPMY, OTIIHIHYIO OT KpyTa, TO" ... COOCTBEHHBIE 3HAUE-
HUA ... ”HeJIbSH BbIPDA3UTHb TOYHO 4Yepe3 dJieMeHTapHble WJIHU HpOTa6yﬂI/IpOBaHHbIe ClienaJIbHbIC
dyuximn."

s popmynupoBkn 6a30Boit 3a1a49u Mbl OygeM 3aMeHSITh BTOpPbIe TPaHWUYHbBIE YCJIOBUS W3
(2) TosbKO YacTHUHO. A, IMEHHO, BMeCTO ycjoBuil (2) 6yaeM umerhb

{ w(=Ly) = dw(=Ly) =w(l,y) = duw(l,y) =0, ©)
w(z, —1) = Jjw(z, —1) = w(z, 1) = djw(z,1) = 0.

Bo-2-x, orsenbHo paccmarpusaercs ciaydail a # 1, T.e. Korjpa obsacts (), sBJgeTCs IPSMO-
yroapHaKoM. OTMeYaroTcsa OTJIHYNs HIKHUX OIEHOK COOCTBEHHBIX 3HadeHnil 3amaqn (1)-(2) ¢
IIOMOIIBIO TIPOMEKYTOIHBIX CIHEKTPAJbHBIX 3334 KaK B COOTBETCTBUE ¢ dbopMmymamu (3), Tak
u — ¢ dopmynamu (6).
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JJ1d TIPOCTPAHCTB TUIMA HUKOJHCKOTO-BECOBA

1N JINBOPKNUHA—TPUBEJIA HA MHOTOMEPHOM TOPE,
CBA3AHHBLIX C ITPOCTPAHCTBAMU MOPPU
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[ycts 1 € C°(R?) Takas,aro () = 1, ecrm |2]oo < 1,9(z) = 0, ecm |7|s > 3/2. (31ech
200 = max{|z,| : k=1,...,d},2 = (21,...,74) € RY)

Momoxmm ¢ =1, () = wo(5) — wol(2), pi(x) = p(2'77x), 05 =0, j = 1,2,
Torma 3222 wj(z) =1 ma R™.

I[Iycts S’ := S'(R?) — mpoctpancrso [llBapua yMepeHHBIX pacipeielennii, a S = S'(T%)
— nmognpocTpancTBo S’ pacupepenenuii, 1-epuoanIecKux Mo KaxKIaoi mepeMeHHOil; f = F(f)
— npeodpasosanue Pypwe pacupenesnenus [ € S'.

Mpu0<p,g<oo,secR 0<7<1/p

RS, T . Ns,T/md\ .__ Jr . S,
Byp = Byn(1) = {r € 5 ||1| B3y

<)

— TVIaJIKOCTHOe npocTpancTso Tuna Hukoibckoro-Becosa Ha Tope T¢, accoruupoBaHHOe ¢ HPO-
crpauncTBoM Moppu, rjie

b
Q=

|7|B53

_ sup |Q|T Z / ]sp’ Z <,0 2m£m|Pdm
J=Jj

=j(Q) ezl
[pu 0<p<o0,0<qg<o0,seR 0<7<1/p

[0S, T . 18,7 (dy .__ Jr . [1S,T
Froi= F(mh) = {f e |7 E

<)

— IVIQKOCTHOE LPOCTpaHcTBo Tula Jlnzopkuuna-Tpubess na rope T?, aconuupoBanHoe ¢ LHPO-
crpancTsom Moppu, rje

SIS

|Q’T / Z stp’ Z (Pj 27rz§x‘q dr
Q L=

7(Q) tezd
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(EcrecTBennast MoquduKaIMs TIPH p = 00 U/WIH ¢ = 00.) 31eCh £ — MHOXKECTBO BCeX JHa-
namaeckux Kyoos Q = Q= {x € R | 27z — X € [0, 1)}, j € Z,A € 2% 1(Q) = 277 —
jqimnaa pebpa kyba @ = Qjy, j(Q) = —log, [(Q); Q — MHOXKECTBO BCeX AUAJANYECKHX KyOOB
Q c o, 1)<

Teopema 1. Ilycre 0 < q,qp,q1 < 00, —00 < S < 81 < 00, T, 71 > 0,0 <0 < 1.

(i) Iycre 0 < po, p1 < 00. Iosoxknm

1 1—-6 6
p Po Y41

TOF,Z[& cynreCTtByeTr HOJIO2KHTE/IbHAsAd KOHCTAaHTa C TaKasd, YTO HepaBCHCTBO

5177'1
pP1,q1

F5077'0

4157 sl

<cl|s

BbinoiHsteTcst st Beex f € S’ (']Td).

(ii) Ilycrs 0 < py < oo. Iosroxknm

1::1_6, T = (1—9)T0+97'1, S = (1—9)30+931-
p Po

TOF,Z[& CynreCTByeT HOJIO2KHTE/IbHAsAA KOHCTAaHTa C TaKasd, YTO HepaBCHCTBO

o

|

<clpp]

Po,q0

BbITIOJIHSIETCsT Jjist Beex [ € S’ (']Td).

Teopema 2. Ilyctp 0 < q,qo,q1 < 00, —00 < Sg < §1 < 00, To, 7 >0, 0 <O <1, 0<
Po, p1 < 00. Ilycrp garee p, T u s Kak B Teopeme 1 n

1 1-6 0

b Po D1

TOF,H& cyimecrByer 1OJIO2KUTE/IbHAA KOHCTaHTa C TaKasd, 470 HepaBCHCTBO

<clslzz]”

Po,q0

f 31,7'1
p1,91

S, T
| #1B:

cupaseanBo g secex [ € S’ (Td).
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PaceMOTpuM IBYMEPHYIO JITHEHHYIO CHCTEMY
D°r = B + fO(7,t) (1)

¢ MaTpuuHBIM omnepaTtopoM mauddepentmposanus D0 = E% + AO% no (1,t) € Rx R, R =
(—00,+00), re E — epunuunad Marpuna sroporo mopsika, A u B® — nocrogunbie 2 X 2-
marpunsl, fO(7,t) = (f2(1,t), f2(,t)) — BekTOp-dyHKINA epeMeHHbIX (T,1) € RX R ri1aakocTu
crenenu (1,1) u mepuoga (0, w) no (7,1):

P+ 6,t+w) = fo(r,t) e C5V(R x R).

Bribpas marpuiy K, npusojganiyio Matpuiy AY x wopaanosoiit (popme J, BBOIUM B cHCTeMe
(1) 3ameny
r= Ky

1 TIOJIYIAM HOBYIO CUCTEMY
Dy = By + f(7,t) (2)

¢ MaTpUYHBIM oneparopoM auddepennupoanusg D = EC% + J% 7 C BXOTHBIMH JAHHBIMH
J=K'AK, B=K'B'K, f(r,t)=K 'fr1).
[peanosnoxkum, 9to cucrema (1) y3rorunepbonndeckas, e 0BaTeIbHO,
J =diag[M, Xe], A €R, j=1,2 X\ # . (3)

B cBsi3u ¢ ycsioueM (3) mepeMeHHO# ¢ cOOTBETCTBYIOT JBe XapakTepuctuku. CiieoBaTesibHo,
oreparop D mmMeeT ABYMEPHYIO XapaKTEPUCTHYECKYIO CUCTEMY YpaBHEHU

dt;
d_;:Aj’ j:1,2, t1:t2:t,

KazK/10€ W3 KOTOPBIX PACCMOTPHUM Ha OECKOHEUHON MUIMHIAPHIECKOH TOBEPXHOCTH, 00Pa30BaH-
HOIt TIpAMBIM mpomssefenneM [ x Sy, tne 7 € R, t = t; € Sy, j = 1,2. Ilpn stom nmeem
XapaKTePUCTUKH
_ 40 0\ — 0 40\ » _
tj —tj—i-)\jS(T—T ) = B; (T,T 7tj)7j =12,

re s(7) = 6{07'7}, {7} - osmauaer jpobuyio yactb T € R u ob/1a1aer cBoicTBAME

ds(T)
=1
dr ’

s(t+0)=s(r), (7,s(1)) € Rx Sy.

CrapuM 3a7a9y 00 YCTAHOBJICHUH YCIOBUI CYIIECTBOBAHUS MHOTOICPUOAMUCCKUX PEIleHnit
nepuoja (0, w) oAHOPOSHOI JUHEHHON CHCTeMBbI

Dy = By (4)

M HEOJHOPOIHOM cucTeMbl (2) MeTogom paboTsr [1].
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[Ipeanonoxum, aro B = B(T,t1,t2) u f(1,t) = (7, t1,t3) asastorcs (0, w, w)-nepuoauaec-
KUMU DVIAAKUMHE MaTPUYHO-BEKTOPHBIMI (PYyHKIugAMHA. [lajee, BBOIUM OIepaTop IPOCKTUPOBA-
Husg P 1j1g ynpaBiaeHHd IIePEeMeHHBIMHU tp U to, TAaK, 9TOOBI IIPH IPOU3BEJACHUN MATPUI, U HX
KOMIIO3UIMH C BeKTOP-QyHKIUeil B KaxKJI0i cHCTeMe CTOsAIa CBOS MepeMeHHasd. 3aTeM, CTPOUM
marpunant U (T, ty,ty) cucremsr (4):

J)(](’T7 tl,t?) = B(T, tl,tQ)U(T, tl,tg), U(O,tl,tg) =F.

Takum obpazoM, JIOKA3aHBI HUYKECJIEILYIONNE YTBEPKICHUS.
Teopema 1. /s Toro 4rober oaHOpOAHAs cucteMa jonyckana (0, w,w)-nepuogmaeckne 1o
(7,t1,t9) penienmnsi, HEOOXOAUMO H JOCTATOTHO, YTOOBI CHCTEMA

U0, 11, t2) — E]ults, t2) = 0 (5)

Jonyckaia (w,w)-mepuogmdeckne riaajgkne 1o (ty,ts) cobcrsennpie pyakmmm u(ty, ts).

Teopema 2. Eciu cucrema (5) umeer Toibko HyseBoe (0, w,w)-HepHOJHIECKOE DeIIeHHe,
TO HEOJHOPOJHAs cucreMa (2) jgomyckaer equacTserHoe (0, w,w)-mepuognaecKoe perenne.

B HekpuTnueckom ciaydae npu B = const aHasorm 3Tux TeopeM J0Ka3aHbl B [1].

Jlannas pabora mpejcrapisier 00OOIEHHe 3TUX pPe3yJIbTaToB Ha OOl caydaii, KOTOpbie
MOJIYY€HbI HOBBIM IIOAXOJA0M, OCHOBAHHOM Ha IIePUOANYICCKHUX XapPpaKTEePpUCTUKaX OllepaTopa D

KiroueBsre cioBa: oneparop muddepeHnupoBannst, y3KOrunepoboamieckoe ypaBHeHNe, [IePUOINIeCKast XapaKTePUCTH-
Ka, MHOT'OIIEpUOIUIHOCTD.

2010 Mathematics Subject Classification: 35B10, 35E15, 35F35, 35L.02, 32W99.
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S3AJJAYA CO CMEHIEHUEM JJIs1 MOJIEJIbHOT'O YPABHEHU S
CMEHIAHHOTO THUIIA B OBJIACTU DJIJIMIITUYECKASI YACTh KOTOPOM
TOPU30HTAJIBHAS TIOJIOCA

P. 3YHHYHOB", D. JUNG!??

I Hucruryr maremarnxu wy. B.J. Pomanosckoro Axagevun Hayk Pecrrybimkn Y36exucran,
Tamkent, Y3b6exkucrax
2 Tashkent International School, Tamkent, Y36exucran
E-mail: ®r.zunnunov@mathinst.uz, *dana26688@gmail.com

Paccmorpum ypasnenue

sigh y|y|" Uy + Uy, = 0, m = const > 0 (12)

B HEOIpAHMYEeHHOH cMemanHoil obmactu 2 = 0 U AB U Qs, 1€
Q) ={(z,y): —c0o < x < +00,0 <y <1}, ady - obaacts moaymiockocT y < 0, OrpaHnIeH-
Hasi oTpeskoM AB npsamoit y = 0 u XapakTepucTukaMu

AC: z—[2/(m+2)] (=y)"™ ™2 =0,BC: =+ [2/(m+2)] (—y)"™ P2 =1
ypasrenus (1), serxonsmmmu u3 Touex A(0,0), B (1,0). Beegem oboznauenus
B=m/(2m+4), ly={(z,y):0<z <1, y=0} ={(z,y): —co <2 <0, y=0}

lo ={(z,y) : 1 <x <400, y=0},13={(x,y): —00o < x < 400, y =0}
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00(1’) =

T m+2 x ==
[224). oo

1+2z m—+ 2 1—31:”1L+2
2 2 ’

2 2 2

3nech Op(x) u 01(r) ecTb TOUKH HepeceveHns XapaKTePUCTHK ypasHenust (1), BBIXOMANIAX U3
rouku (x,0) € [, ¢ xapakrepuctukamu AC' u BC' cOOTBETCTBEHHO.

Bagada TS. Haiitn dyskmuo u(x,y) co caeayonuM 1 CBORCTBAMN:

1) u(z,y) € C(QUIL UL, UACUBC)NCY QU Uly) NC2(Qy UQy,), npudem u,(z,0) upu
x=0mu =1 Mmoxer 0OpaIarbcs B 0ECKOHEIHOCTh TOPsiaKa MeHbIine 1 — 2[3;

2) ynosnerBopsier ypaBaenuto (1) B obsmactsax Q; u (o

3) YAOBIETBOPSIET YCIOBHSIM

Uy (2,0) = ¢i(x), Ve € l;, (i =1,2)

U(I7 1) = ¢3($),V$ S l3

lim u(x,y) =0, pasaomepno no y € [0, 1]

|z|—o0
a(@) { D5 [ulBo )]} + blw) { DI [(l) ()]} +

+c(z)uy(z,0) + g(z)u(z,0) = d(x), Vrel,

rae ;(x)hs(x), a(z), b(x), c(z), g(x), d(x) - 3anamnbie dbynkmun, npudem a’(z) + b*(r) +
A(x) + g*(x) #0, Vo € I; a(z),b(z), c(x), g(z),d(z) € C* (I); ¥;(z) € C(li) nupu z = 0, z = 1
MOZKET 00pAIIAThCst B GECKOHEYHOCTDH 10psiika Menbine 1 — 2 a jyis j10cTaroaHo 60JbInux ||
Y/IOBJIETBOPSIIOT HEPABEHCTBAM

li(z)| < My|z| "' 77, My, 0 = const,o > 0
Kpowme storo ¢3(z) € C(l3) u ayis 10cTaToqHO GOJMBIMNX || YIOBIETBOPSET HEPABEHCTBY
[3(x)| < Malx|™, My, e = const,e >0

a D§.[f(z)] u D}, [f(z)] — oneparopsl gpo6Horo B cMbicae Pumana-Jluysuiist uarerpo-aubde-
pernupoBanus [1].

B orpanuyenHoii 1 HeOrpaHHIEHHON 061aCTIX BOIPOCH OJHO3HATHON PA3PeNIUMMOCTH 33,1~
an TS npu Bemosnennu yeaosnit ¢(x) = g(x) = 0, nccnenosanucs B paborax [2,3]. B cayqae
Korga ¢(z) = g(x) # 0 s/umnTudeckast 4acTh ABASETCS BEPXHEH TOMYILIOCKOCTHIO U HCCIIeI0BA~
o B pabore [4]. B mamnoii cratbe , mecaeayeTcs BOIPOC OMHO3HATHON Pa3pEITUMOCTH 33 IaTH CO
CMEITEHNEeM B HeOTDAHHIEHHON 06IACTH HITHITHICCKAST TACTH KOTOPOIl ABISETCS TOPU30HTATb-
HO moJtocoil. Ilpn orpaHnueHnsX HEpaBEHCTBEHHOrO THIA HA M3BECTHBIE (DYHKIMH METOIOM
MHTErpPaJIoB YHEPrum j0Ka3aHa reopeMa ejuHcTBenHocTu. Merojgom dynknuit ['puna u nyrem
peayknun K ypapaerunto @perosbMa Broporo poja yCTaHABIMBAETCs CYIECTBOBAHHE Delle-
HUsI UCCIIeyeMoil 3ana4u, 6e3ycJoBHAS Pa3pernMOCTh KOTOPOTrO CJIeIyeT U3 €MHCTBeHHOCTH
pereHust 33, 1aH.

KirogeBble ciioBa:3a/a4da CO CMEIEHHEM, MO/E/IbHOE YPABHEHHE CMEIIAHHOIO THIA, POPU30HTAIbHA 1I0J10Ca, METOZ,
MHTErpaJioB dHepruu, Meros GyHKImi ['prHa, Teopust HHTErpaabHbIX yPABHEHUII.
2010 Mathematics Subject Classification: 35M10
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CBOMCTBA PEINIETKU TEOMETPUUYECKUNX TPUIIOTEHTOB B
HEUTPAJIbHOM SF S-TIPOCTPAHCTBE

Myxrtap UBPATUIMOBY, Capcen6ait TJIEYMYPATOB??

! Kapakarnaxckuit rocynapcrsennstii yuusepcurer, Hyxyc, Y36exucran
2 Hykycckumii ropusii nacruryt, Hykyce, Ys6exucran
E-mail: “mukhtar-i@bk.ru, "sarsenbay-2011@mail.ru

['pameBo cuMMeTpPUUHBIE MPOCTPAHCTBA BIEPBbIE BBEJIEHBI n ucciaenoBanbl .Ppuavanom
u B.Pycco B paborax [1-4] kak reomerpudeckast Mojiesib KBaHTOBOIT MexaHnku. OCHOBHOM T1e-
JIbIO MPOEKTa WMCCJIEIOBAHNUS TUX IIPOCTPAHCTB OBLIO IeOMeTPHYecKasd XapaKTepH3alysd Mpo-
CTPAHCTB COCTOAHHMM OIEPATOPHBIX ajrebp, TOUYHee IPeJCONpPAXKEeHHBIX NnpocTpancts JBW*-
TPOEK, JOMYCKAOIIUX aJIredpanvdeckyro cTpyKTypy. Mbl B 3Toif paboTe WCHOIb3yeM TOHATHS,
TEPMUHOJIOTUHN U 0003HAUeHUs U3 3TuxX pador. B |2, Ipemioxenue 4.5] 1okazano, 4to st Jwo-
60r0 (PUKCUPOBAHHOTO T€OMETPUIECKOTO TPUTIOTEHTA W B HEHTPAJIHHOM CHJIHLHO TPAHEBO CHM-
mMerpuaHOM npocrpancTse ([ SFS-upocrpancrse) Z MHoxecTBO Ly, i={v € GU : v <w} U {0}
SABJIAETCS MOJHON OPTOMOJIY/ISPHON pereTkoil ¢ HauMeHbITUM 3j1eMeHToM (), HaubOIbITUM 3,1e-
MEHTOM W ¥ OPTOJIOTOJIHeHEEM v — v = w — v. B pabore [5|, xoraa cymectsyer reomerpu-
YeCKUil TPUIOTEHT e Jist KOTOporo Zs(e) = Z u L, stBusiercst GymeBoii aarebpoii, HaMu J1aHO
OTMCaHVe CUJIBHO IPAHEBO CHMMETPHIHBIM IPOCTPAHCTBAM, KOTOPbIE H30MEeTPUIECKH N30MOpPdh-
HBI K IIPEJICONPIKEeHHOMY MPOCTPAHCTBY aTOMUYHON KOMMYTATHBHON aare6psl ¢hon Heitmana.
A B pabore [6] mas reomerpudeckoro Tpunorenta e s Koroporo Z; = co(F, | J F-.) n korma
L. asnserca OyneBoil anredpoii, TaHO ONMHMCAHUE CHJIBHO T'PAHEBO CHMMETPUYHBIM MTPOCTPAH-
CTBaM, KOTOpPbIe M30METPUUIECKU M30MOPQHBI Li-ipocTpancTBy. [Ipu mogydenun 3Tux omnmca-
HUM KJIIOYEBOE MECTO UTPaeT IpejroJioxkenune, 4ro L, siBiasiercd OyJeBoit aiaredpoii. [Toaromy
OYeHb BayKHO HAilTH yCJIOBHS, NMPH KOTOPLIX L, gBjsgercsa Oynaesoit anrebpoil. B aroit padbore
MBI TIPUBEJIH 3TU YCJIOBHUA B HefiTpaiabaoMm SF'S-npocTpancrse.

IIpenBapurenbHble CBeIeHUSA

Ilycrs Z neiicTBuTesibHOE NN KOMILIEKCHOE HODMHPOBAHHOE IIPOCTPAHCTBO. DJIeMeHTsl f, g €
Z ma3bIBaloTCs B3auMHO oproronansueivi, ecan ||f+g|| = || f—g|| = || f]|+|l¢||- B3aummo opro-
TOHAJTBHOCTH 3JIEMEHTOB f, g € Z obo3nadaercs B Buje f ¢ ¢g. [lo HOpMe BBICTABIEHHON IDAHBIO
eIMHUYHOTO Tapa Z; NPOCTPAHCTBA Z SBJSETCs HE IMyCTOe MHOMKECTBO (00si3aTesibHO # 7))

umeronuit Bug F, = {f € Z; : f(x) = 1}, me © € Z*||z|| = 1. g moboro moaMHoxKecTBa
S C Z nonoxum S® ={f € Z: fog,Vg € S} u nHazoBeM S° OPTOrOHATBHBIM JIONOJTHEHHEM K
S. DyeMent u € Z* Ha3pIBaeTCs MTPOEKTUBHON exunuteit, econ |lull =1 u (u, F2) = 0.

OrnpeeuM cUMMeTPUYHYIO TPaHb KaK BBICTABJIEHHYIO MO HOpMe T'paHb F' B 7] ¢ cienyro-
UM CBOHCTBOM: CYIIECTBYeT JUHEiHAs m3oMeTpua Sy u3 Z Ha Z, ¢ S = I (MBI Ha3BIBaeM
Takoe OTOOpaskKeHHe CUMMETpHeii), Takas, 4TO MHOXKECTBO HEMOIBHKHBIX TOUYEK Sp SIBIISIETCS
spFp Fe.

Onpenenenue 1. /leficmeumenrvHoe Uil KOMNAEKCHOE HOPMUPOBAHHOE NPOCMPLHCME0 L
HA3BIBAEMCA CAGO0 2paneso cummempuHsm npocmparcmeom (W FS-npoecmparncmeom), ecau
KaoHCcOas N0 HOPME BbICTNABACHHAA 2PaHD L1 ABAAEMCA CUMMEMPUYHOL.

FeomeTpuvecknM TPUITOTEHTOM HA3BIBAETCS MPOEKTUBHAS €IUHUIA U € Z* CO CBOHCTBOM,
yro [ := F), gBjsercs CUMMeTPUYHOIl TpaHblo U Sjpu = u JIsi HEKOTOPOW cUMMeTpuu Sp
coorBercrByIomei F'. Yepez SF u GU obo3HadaeM MHOXKECTBA BCEX CUMMETPHYHBIX I'DaHel £
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U TeOMeTPHIeCKNX TPHUIIOTEHTOB B 47, cooTBeTcTBeHHO. g u,v € GU bynem nucats u < v,
eciu I, C F,,.

Ha W FS — npocrpancTBe Z 110 KaxKa0i CHMMeTPUYIHOI rpanu F, onpeaeaarorca 06001eH-
uble [TupcoBckue poektopsl Py(u), k = {0, 1,2}, creayromum obpaszom:

Pi(u) = 2(I - Sg,), Pu(u)(Z) = {f € Z: Suf = — 1}

2
Py(u) n Py(u) mpoektupytor Z Ha F u SpF,, coorBercrBenno. /st ynobGcTBa BBEIEM CJIEIY10-
mue oboznavenus: Py (u)(Z) = Zy(u), Zf(u) = Ux(u), Sp, = Sy, tae k € {1,2,3}.

[eoMmeTpuyecKuil TPUIIOTEHT U HA3BIBAETCST MUHUMATIBHBIM, ecoid dimUs(u) = 1. Yepes M
0003HAYUM MHOXKECTBO BCeX MHHMMAJIBbHBIX N€OMETPHYECKHX TPHUIIOTEHTOB. l'eomeTprudyecKuit
TPUTIOTEHT % HA3BIBAETCS HEPA3IOKUMBIM, ecu g v € GU u3 v < u , BHITEKaeT v = u.
Yepes [ 0603HATNM MHOXKECTBO BCEX HEPA3IOKHUMBIX T€OMETPUUECKIX TPHUIIOTEHTOB. Tak Kak,
KazKJIblil MUHMMAJIbHBIH I'€OMETPUYECKUN TPUIIOTEHT dBJISeTCs HepasJjokuMbiM, TO M C 1.
Cexumatonuii npoekTop () HA HOPMUPOBAHHOM MPOCTPAHCTBE / HA3BIBAETCS HEHTPAJBHBIM,
ecam jist sioboro f € Z us ||Qf|| = || f|| Berrekaer Qf = f.

HopMmupoBanHnoe mpocTpaHCTBO Z Ha3bIBACTCS HEHTPAJIbHBIM, €CJIH JIIs KayKJI0i cuMMer-
puvHOil Tpanu F, coOTBeTCTBYMOIUII TPOEKTOP Ps(u) sBisieTcst HelTpanabHbIM. Eciu cummver-
puYHasg IpaHb F COCTOMT W3 OJHON TOYKH, TO ee OydeM Ha3bIBATh BBICTABJIEHHON IO HOpME
TOYKOH.

Onpenenenue 2. W FS-npocmpancmeo Z Ha3b8AEMCA CUALHO 2PAHECO CUMMEMPULHBLM
npocmpancmeom ( SFS- npocmpancmeom), ecau 0as kasncdol cummempuunol epanu F, us
7y u wascdoeo v € Z* ¢ ||v|| = 1 u F, C F, u umeem Siv = v, 2de S, — cummempuas,
coomeemcemeyrowas F,.

[lycte Z — cUIBHO I'paHEBO CHMMETPHUYHOE MPOCTpaHcTBO U u,w € GU. Ecim u < w
uu # w, 10 u3 [2, Jlemma 4.2] Berrekaer, uro (w —u) € GU u (w — u) o u. B s10M cayqae
reoMeTPpUIEeCKHH TPUITOTEHT W — U HA3BIBAETCSI OPTOrOHATBHBIM JOMOJTHEHHEM U U 0003HAYAETCS
ut.

OcHOBHOIT pe3yIbTaT

Hamomunm [5], aTo rpass F' BBITIYKJIOr0 MHOKeCTBa K Ha3BIBAeTCsI PACIIEIIEHHON IPaHbIO,
ecaH cymiecTByer rpanb (G, HasblBaeMasd JIONOJHHTEILHOH K F | Takad, uro F NG = () u
K npsvas seinykaas cymma F @, G, re. moboit snement f € K MoxKeT ObITb OJHO3HATHO
npejcrapien B uge f = tg+(1—t)h, rmet € [0;1], g € F, h € G. Tenepb npuBejieM HEKOTOPbIE
CBeJIeHNe M3 TeOPUN PENIeTOK, HEOOXOIUMBIX /I H3JI0KEHHS pe3yabTaToB. B oproMonyisapHoit
penierke L CKaxKeMm, 4ro 3JIeMEeHT a KOMMYTUpyer ¢ sementom b, ecam b = (a Ab) V (4 A D), rae
G sisasiercst oprogonoanenuem a. B L, := {v € GU : v < w} U {0} (cem. |2, [Tpeamnoxenne 4.5))
4 comajaer ¢ at .

Teopema (Poynau-Xomnaunga). FEcau 6 opmomodysaprols pewemke L odun us ssemen-
moe a,b usu ¢ Kommymupyem 06yma Ipy2umu, mo

(@Vy)ANz=(xNz)V(yA=z)

(xAy)Vz=(xVz)A(yVz)

rie {z,y,z} = {a,b,c}.

Teopema. [lycmv Z netdimpasvroe SFS — npocmpancmeo u w € GU. IIpednonroscum, 4mo
ors M106020 u € Ly, cummempuunas epans I, edurnuunozo wapa 21 AGAAEMCA PACULENAAEMOT]
omuocumenrvho F, 1, m.e. soinosnsemes pasencmeo

F,=F.PF.
C
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Torna L, sBasgetcs OysieBoit aarebpoii.

Jliist jokazaTebeTBa TEOpeMbl HAM IIOHAI00ATCS CAEIYIONIEe JIEMMBbI.

Jlemma 1. ITyemo Z netimpanvnoe SF'S — npocmparnemeo u w € GU. Feau oas u € Ly,
CUMMEMPUYIHAS 2patb F, edunuvnozo wapa 21 asasemcsa pacujenaiemoti ommuocumenvro F, i,
m.e. F, = F, @c F,., o ans sgroboro x € L, BBINOJHSAETCS TOJHKO OJWH W3 CJIEIYIOIMINX
CJIyTaeB:

(1) © < u;

(i) z < ut;

(iit) x Au#0n x Aut # 0.

Jlemma 2. Ilycmo Z netimpasvnoe SF'S — npocmpancmeo uw € GU. Ilpednoaoscum, wmo
oaa a0bo2o u € L, cummempuunas epans I, edunuunozo wapa 21 asasemcs pacuieninemot
omuocumenvno F, 1. Tozda aobve dea aremenmo, x vy pewemry L, 836UuMHO KOMMYMUPYyem,
M.€. BUINOAHAECMNCA CACOYIOWUE PABEHCNBA:

(@) y=(zAy)V (z* Vy);

) x=(yAz)V(y A).

KuroueBsblie cioBa: HeiirpaabHoe SFS — mpocTpaHCTBO, pacuieriseMast Tpadb, OyaeBa aaredpa.
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O KBAJIPATUYHON BJIN30CTU COBCTBEHHBIX ®YHKIIUN
«HEBO3MYIIIEHHOTO» 1 «BO3MYIIIEHHOT'O» OIIEPATOPOB
IN®PEPEHIIMPOBAHNS HA OTPE3KE

Hypaan UMAHBAEB!?

L FOsxno-Kazaxcranckuii rocyqapcrBeHHblit negarormyecknii yausepcurer, Ilnivxent, Kazaxcram
2 HucTuTyT MaTeMaTHKH U MaTeMaTHIeCKOro Mojeaupopanns, Amvarsl, Kazaxcran
E-mail: imanbaevnur@mail.ru

B dyukumonanasaom mpocrpancrse Wi (—1,1) paceMaTpuBaeTcs 3aJa4a Ha COOCTBEHHBIE
3HaveHust oneparopa AudPepeHIuPOBAHNS Ha OTPE3Ke

Lyy = y,(t) = Ay(t% -1<t<1, (1)
y(—1) —y(1) = A / B(t)y(1)dt, 2)

rie $(t) - byukuus orpanmdennoit Bapuanun u ¢(—1) = &(1) = 1, A - KOMIJIEKCHOE YHCIIO,
CLeKTPaJbHbIA LHapamerp.
Conps>keHnHad 3agadva.

—

Liv =0 (t) + X0(t)v(=1) = Xu(t), —1<t<1, (1x)

C KpaeBbIM yCJIOBUEM
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TO eCTh HArpysKeHHbII omepaTop auddepeHIupPOBaHMSI.
B cayuae, korma () = 0, umeeM «HEBO3MYIIEHHYIO» CIMIEKTPATBHYIO 337449y :

Loy =y/(t) = My(t), —1<t<1, y(-1)=y(l). (3)

Yuena ) = tkm, k = 1, £2, 43, ... aBIs10TCa COOCTBEHHBIMA 3HAYEHUAMU, TIpH ITOM VC' >
0, y,go = (-’ _ cobeTpennble GYHKIHN <HEBO3MYIIEHHOTO» ofepaTopa Lo, KOTOpble 06pa3yIoT
TOJTHYI0 OPTOHOPMUPOBAHHYIO cucTemy u 6a3uc Pucca B mpocrpanctse Lo(—1,1). Ilpu A = 0,
y(t) = C # 0 aBasiercst cOBCTBEHHBIM 3HAYEHHEM U cOOCTBEHHON yHKIueil oneparopa L.

B pa6ore [1] gokazana ciaeayomnias TeopeMa.

Teopema 1. Ilycrs O(t) - pyurnus orpanndennoii sapuanmn n ©(—1) = ®(1) = 1. Torza
BCe COOCTBEHHbIE 3HAYCHUS «BO3MYINEHHBIX» omeparopoB Ly u L} npuaarexar noaoce | Re)| =
x < k' npm mexoropom k', 06paszyior cuéTHOE MHOMKECTBO I HMEIOT ACHMOTOTHKY A,(:) = tkm +
O(1). Ilpm k — oo, coorBercTByIomIie cO6CTBEHHBIC DYHKITHA y,il)(t) ~ C-e*m.eft pu k — oo,
e~ 0(1), VC > 0.

B nacrosimei 3ameTke 10KasbiBaeTcs, 4o cucremsr {yp (¢) } u {y}(t)} — kBagparmano 6.1ms-
Kue B Lo(—1,1).

Jlemma. Cucrema {yi(t)}, crenoparensno u cucrema {vi(t)} obpasyror 6asuc Pucca B mpo-
crparctBe Ly(—1,1), HO He SBISIOTCS OPTOHOPMUDOBAHHBIMH.

Sameuanue. B kagecTBe mpuMepa B 41aCTHOM CJIydae MOKHO B3sTh P(t) = cos 27t cos 2m =
cos(—2m) = 1.

Funding: Asrop nognepxan rpaarom AP09260752.

KuroueBrle cioBa: oneparop muddepennupoBanus, cobcrBenuble (yHKIUN, COOCTBEHHBIE 3HAYEHUS, COIPSKEHHAS
3a/1a9a, KBaJ[paTUIHasi OJIM30CTh.
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OBPATHASI 3AJIAYA JIJIsI BOBMYIIIEHHOI'O YPABHEHMS YETBEPTOI'O
IIOPSIIKA C MHBOJIIOIIMEN

Acenpxan UMAHBETOBA®, Bosar CEIIJIBEKOB?

FOsxno-Kazaxcraackuii yausepcurer um.M. Aysszosa, IHIemvkent, Kazaxcran
E-mail: aselek _enu@mail.ru, *holat _3084@mail.ru

,HJIH OJHOMEPHOI'O BOSMYIICHHOI'O YpaBHCHUA I€TBEPTOTO IIOPAAKa C HHBOJIIOHHGﬁ
Uyt (IE, t) + Ugrrx (.I’, t) +a- Ugzrs (_xa t) = f (fﬂ) (1)

B IPAMOYTOJIbHOI obnactu (x,t) € Q ={—1 < x <1, 0 <t < T}, paccMOTpUM 33129y HAXOXK-
Jenns napbl byukuun u(z,t), f(x), ynosaerpopsionux ypashenuto (1). Ilpu srom dbyHKImst
u(x,t) JO0MKHA YIOBIECTBOPITD HAYATHHBIM YCIOBUSIM

u(:L’,O) = 90($):u($aT) :w<x)vut (3370) =0,¢ [_171]7
U KpaeBbIM yCJIOBI/IHM yCJIOBI/IHM THUIIA ,HI/IpeXﬂe
U (—1,t) =0, (1,t) =0, Uy, (—1,t) =0, Uy, (1,t) =0,t e [O,T] ,

rie —1 < a <1, p(x) n Y(r) 3amanabie J0CTATOYHO TaaAKHe BDYHKIAN.
C nmomombio Merona Dyphe J0Ka3aHO CYIIECTBOBAHNWE U €JMHCTBEHHOCThL pelleHus oOpaTHOi
3aJ1a4H.
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TeopeMa. HYCTI: ¥ (l’) ) ¢ (JZ) < c° [_17 1]7 QOVI (I’) ) ¢VI (:L‘) € ] Ly (_17 1)7
COS\/1+04(7T]<7—%)2T < 0y < 1, cos\/l—a(wk)QT <6 <1, ke Nmnu % = 0,
Forl) _ 0, 5 = 0,2,4. Torma cyImecTByeT eIWHCTBEHHOE pellleHne oOpaTHOM 3aJadu, KOTO-

dxd
pPo€ MO2KHO 3alliCaTb B BHUJE

1 &1 —cos T+ a(mk —I)% o8 — p© 1
u(z,t) = o(z) + e Z o ol 5)2 Pkl n M cos (k — —> e
T 1—cosvV1+a(rk—2)T (k—1)

1 o 1 —cosv1I—a(rk)’t go,(g) — @D,(CGQ)

+— sinwkx,

w0 L= 1 —cosy/1—a(rk)’T K

u
RS P — Vio l+a 1
f@)=o"V (@) +a-o"V(-2)+ = cos | k— = | 7x
7T2;1—Cos\/1+oz(7rk;—§)2T( —%)2 2
RS iy~ l-a
+— sin mkz,
w2 ; 1 —cosv1—a(rk)’T k2
e

1

1
1
901(661) = /QDVI (z) cos (]f - 5) mrdr, 4,052) = /g@w () sin mkxdz,

-1 -1

1 1
1
1/1;(3) = /ww (x) cos (k - 5) mxdz, w,gg) = /ww (x) sin Tkxdz.
-1 1

[Ipsivble 3agadu I BOMYIIEHHOTO YPABHEHUST YETBEPTOrO HOPSIKA ¢ WHBOIONKEH OBLIH
paccmoTpensl B padore [1].

PaGora BbmmosnHeHa npu ¢gpunancosoit nogaepxkke KH MHuBO PK (rpaanr AP13068539).
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B obmactn Q =Q, x Q,, O, ={z: 0<z <1}, Q,={y: 0 <y <1}, paccmorpum ypasHe-
HHE
0%k

(_1)k+1ngu <I7 y) - xsymw = 07 (1)

el <a<l 0<m<k 0<s, s ke R,Dj,— oueparop jgpobuoro juddepeHuupoBanus
Pumana-/IuyBusuisa nopsjika o

1 0 mu T,y)dr
Diu(.y) = [y

r(1—a)a_xo (z—1)""
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st ypaBaenus (1) paccMoTpuM 3a1ady.
Bapaua A. Haiitu permenune ypasaenus (1) u3 xiaacca

S u(r,y) € C(Q), ' *u(x,y) € C (Qz X Qy) ,

" tu(x,y)
8yk71
VJIOBJIETBOPSIONINE YCJIOBHAM

%Mu ()

€ C (2 xQ,), o

e C(Q, xQ,),

J J 1
Pu(@,0) 1) o0 et j=01,. k-1,
oy’ Oyl

. a—1 .
glcli%DOw U’(Ivy) - @(y)7

31ech GYHKIUA © (Y) — JOCTATOYHO IJIAKAs U YAOBIETBOPSIET €CTECTBEHHBIM YCJIOBUAM COTJIA-
COBaHUS.
CupaBe/IsinBa CJIeIyIONMAasad TeopeMa CyIeCTBOBAHUSI.

Teopema 1. TTycth dyHKINS @ (y) yAOBIETBOPSIET CJAELYIONUM YCIOBHSIM:

p(y) € C%0,1], ¢V (0) = (1) =0,

. () . %) . .
(¥ @ (1)) (0) = (¥ ()" (1) = 0, Y™™ (y) € C*[0,1], j=0,1,....k — 1.
Torpa pemrenue 3a1auu A CyIecTByeT B BUJIE CACAYIONICTO PsIa:
a—1

o = a—Ts
u(z,y) = T (a) Z%Ea,wg,w% (=Az"") Yi (y),
k=1

3rech Yy, (y) - coberBenHble (DYHKITUA 38,1891

YO (y) = (—1)" Ay Y (y),
YD0)=YW(1)=0,j=0,1,...k— 1,

o = / o (y)y ™Y (y) dy,

I'(a(jm+1)+1)

T (a@Gm+l+1)+1)

7CO:1

- dynknus Kunbaca-Caiiro [1].

EIMHCTBEHHOCTH HOCTABJICHHON 3aJa41 ITOKA3BIBAETCS CIICKTPAJBLHBIM METOIOM.

OTMeTnM, 9TO aHAJIOIMYHALA 330294 /IS YPABHEHUS BTOPOrO MOPIIKA ¢ OJHON JIMHUEH BbI-
POKJICHUST paccMaTpuBasiach B pabore |2|.

KuroueBrble ciioBa: ypaBHEHHE, YeTHBIH LOPSAIOK , APOOHAsS IPOM3BOJAHAS, KPAaeBad 33/a4ad, COOCTBEHHOE 3HAYECHUE,
cobcTBenHast (bYHKITUS, PsiJl, CXOIMMOCTh, CYIIeCTBOBAHNE, €IMHCTBEHHOCTb.
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OB OJIHOM OBPATHOW 3AJIAYE TUIIA BUNAI3E-CAMAPCKOTI'O J1JI5
JPOBHOT'O TTAPABOJINYECKOI'O YPABHEHUSI C BBIPOXK/JIEHUEM

Baxtuep KAJIMPKYJIOBY, Oxmmxon SPTAIIIEB??

L Tamkenrckuii rocyapcTBeHHbIH YHIBEPCHTET BOCTOKOBeqeHus, Tammkent, Y36exkucran
2 Hammonaspusiii uccaeqopareasckuii yausepcurer "THHNMCX Tamxent, Y36exucran
E-mail: “kadirkulovbj@gmail.com, ®okiljonergashev@gmail.com

B obsactu Q2 = {(z,t) : 0 <z < 1,0 <t < T} paccMOTpUM CJIEAYIONLYI0 0OPATHYIO 3329y
tuna bunangze-Camapckoro:
Baga4da BS. Tpebyerca naitn napy dyuknuii (u(x,t), g(z)) u3 knacca

u, ¢ DS, Uz € C(Q), g(x) € C[0,1],
VAOBAETBOPAIOMUX B 061acTn () ypaBHEHHIO
oDgu(x,t) = tPug,(2,t) + g(z)
W YCJIOBUSAM
u(z,0) = p(x),u(z, T) =(z), 0 <x <1,
u(0,t) = 0,u(1,t) = u(x,t), 0 <t <T.

Brech ¢ Dy, 0 < a < 1 - marerpo-muddepennuanbusiii oneparop Kamyro [1], ¢(x), ¥ (z) -
3ajgannbie dyakimu, > 0,0 < g < 1.

OCHOBHBIM PE3YJIBTATOM HACTOAIICH paOOTHl ABISCTCS CACAYIONAS TeOpeMa:

Teopema. ITycmov gynxyuu o(x), ¥(x) ydosaemeopaom ycaosuam

p(z) € C0,1], 9(0) = ¢"(0) = 0,0 (1) = ¢(x0),i = 0,2,
Y(x) € C°0,1], 9(0) = "(0) = 0,4 (1) = ¥'(x0),i = 0,2, 4.
Tozda 3adava BS umeem eduncmeennoe pewerue.

KuroueBsle ciioBa: obpaTHas 3a7a4a, oneparop Karmyro, mapabosmdeckoe ypaBHeHHe IpOoOHOTO TTOpsiaKa, ba3uc Pucca,
COTIPSTZKEHHAs 331294,
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CIHEKTPAJIbHBIE CBOMCTBA OJHOMEPHOTO HHLIOTOHOBOTO
IIOTEHIINAJIA
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Pacemorpum ognomepHblt HbI0TOHOBOR MOTEHIUA

1
u(z) = 5/ |z —t|f(t)dt, =€ (0,1). (1)
0
HenocpecTBeHHOM BBITHCIEHIEM MOYKHO YCTAHOBHTD 49TO () YAOBAETBOPSAET YPABHEHUIO

u'(z) = f(z)
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¥ PPAHUYHBIM YCIOBHAM
Ni(u) =u'(0) +4/(1) =0

No(u) = u'(1) — u(0) — u(1) = 0. (2)

HO3TOMy ClIeKTpaJibHad 3ada4a AJId Huioronosoro nmoreHuuaJia

1/t er(x)
5/0 |z — t|ex(t)dt = A\ (3)
CBOAUTCHA K CIIEKTPAJIbHON 3a/1a49e
u'(z) = (4)
Ni(u) =0, Na(u) =0, (5)

Ormernm 9o onepaTop (1)-caMoCONpPOKSAHHBIA U IMEET HOJIHYI0 OPTOHOPMHPOBAHHYIO CHCTEMY
cOOCTBEHHBIX BEKTOPOB. YMHOKUB B Lo(0, 1) ypasuenue (1) #a u(x) moayaum

(@) @) aon = (D) = Ou(0) - [ @W@)de =2 [ w@yar ©

YaurpiBasi rpaHudHble yejaoBus (2) paBeHcTBo (6) mepenuiiem B Buje

)\/0 (u(x))2d$ = —u/(0) (u(1) + u(0)) —/0 (u'(z))?dw. (7)

Tak Kak mpapasi 4aCTh HE3HAKOONPEIEIEHA, TO HEIb3s OXKUAATH ITO COOCTBEHHBIE 3HATCHUS
sanaun (4)-(5) GyayT 3HAKOOTDEIEJTEeHHBIMH.

Teopema. Ilo kpaiineii Mepe om0 coberBenHOE 3Hadenne 3aja4dn (4)-(5) apasercs moso-
JKHTETBHBIM.

Teneps nccseyeM caMOCONPSIZKEHHYIO 9acTh OJHOMepHO#T 3a1adu Kormn.

I13BecTHO 9TO perienne ogHOMepHoi 3agaun Ko (T.e omHomepHbiii oneparop Korn) st
ypaBHenusi (1) mpeacraBuM B BUje

L't = [ -0 ®)
0
a caMoCOIpsizKeHHbBIH onepaTop Komu K onepaTop L,;lf HMeeT BHUI
@t = [ @ nrwa ©)
1

Torna oneparop Kotu npejcraBum B BUE

L'+ (L)
2

L' — (L))
2

L't = 2

f+

f (10)

R (LD

71+(L;1)* . Lk
ABJIdeTCd CaMOCOIIPA2KEHHONU YaCTbhbIO OIlepaTopa I{OH_H/I7 a

L
omeparTop —& MHH-

MO# 4aCTBIO (HECAMOCOIDSIKEHHON 1acTbio) oneparopa Korm L,;l.
Jlemma. Camoconpsrennast 9acts oreparopa Ko coBmogaer ¢ 0J[HOMEDPHBIM ITOTEHI[H-

aiom Hprorona, 1.e
L*l _i_Lfl * 1 1
M]v: _/ |a:—t|f(t)dt
2 2 Jo

DTa JeMMa CBSA3BIBAET KJIACCHIECKHI OTHOMEPHBIH moTeHnuaal HbOTOHA ¢ KIACCHIECKHM OJI-
HOMEPHBIM ollepaTopoM Ko,

Funding: Asropst 6b11u nomuepkannl rpanrom AP14871460 u AP09260126 MHBO PK.
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KPUTEPUN EAVMHCTBEHHOCTU PEIIIEHUSA HEJIOKAJIbBHOM I10
BPEMEHU 3AJAYN OJIAd HEKOTOPBIX
ANPOPEPEHIINMAJIBHO-OITEPATOPHBIX YPABHEHUU
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[Iycth ) — KoHeuHass AByMepHas o0OJACTh, orpaHuveHHas npu y > 0 Kpuoit JIsmyHoBa

o, okanuuBaomeiics B okpecrnocru todex O(0,0) u B(1,0) MaiabiMu jgyramMu HOPpMaIbHOMN

2
l) + %yf’) — Lll, a npn y < 0 — XapaKTepUCTHKAMHI

KpUBOIii 0y : (w -3
OC:z—2(—y)*? =0, BC:a+2(—y)*? = 1.
B obnactn Q = Q x (0, T) paccMOTpEM ypaBHeHHE

n

O"u(zx,y;t) N Z A<t)a"—i’u(:c,y;t) _

otr — "7 otn=i
OPu(z,y;t)  O*ulx,y;t)
C KpaeBLIMHI YCJIOBUSMH 110 ¢
U/ (u(z,y;-)) =0, v=12,....n, (z,y)€Q (2)

¥ ¢ ycJaoBuamu 1o (,y)

1\ 2
u(x,y;t)‘oozo, 09 : (x—ﬁ) +

re

1—x)]*? 1
u(xﬂ:z:);t)-u(x,—[w] ;t), §§JJ§1, 0<t<T.

371ech rpaHUYHbBIE YCJIOBHUS 3aJIAI0TCS ¢ TIOMOIIBIO JPOOHBIX MPOU3BOAHLIX Pumana-J/IuyBuiisa

1]
1/6 a7 g(t) 1/6 d [t gl
.DOJr g(l’) = %/0 —(x_t)l/ﬁdt, _D17 g(l’) = —% i —(t—q}>1/6dt

[naBuoit ne/ibio JJAHHON CTaThbU ABJSETCH YCTAHOBJICHUE KPUTEPUHA €IUHCTBEHHOCTU PEITeHUS
zamaan (1)—(4).
OnepaTopHas 3anuch BHIIICIPUBEACHHOI 3a1a41u (1)—(4) nmeer Buj

Bu = Au(z,y;t) + f(z,y;t), (z,y;t) € Q. (5)
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3nech oneparop B meiicTByeT 10 mepeMeHHO# ¢, a omeparop A meficTByeT 1o mepeMeHHBIM
(,y) U WX CIeKTpaJbHbIe CBOWCTBA MPUBEIEHBI B JTAHHON CTAThE.

B pab6ore [3| Borauncensl conpsizkeHHBIE Kpaepbie ycaous. B pabore [4] nokaszana, ato ome-
parop A SABISETCS CAMOCOMPSIZKEHHBIM B MpocTpaHcTBe Lo((2).

TpeboBanue I. Cucrema IByXTOUEUHBIX TPAHUYHBIX YCJIOBHIA

Up(u(z,y;+) = 0,...,Uplu(z,y;-)) =0, (2,y) €

9KBHBAJICHTHA HEKOTOPHIM HOPMUPOBAHHBIM PETYJISPHBIM B CMbIC/Ie BupKroda KpaeBbIM yCJI0-
BUAM [2].
Teopema 1. Ilyctp Bbinosineno Tpebopanue 1. Torja o0qHOPOIHOE OLEPATOPHOE YPABHEHUE

Bu = Au (6)
aMeeT TOJbKO TpHBHaIbHOE perrenne u € D(B) N D(A) Toria u Toabko Torja, Korja
o(B)No(A) =2, (7)

e 0(B) u 0(A) — cuekrpsl oneparopos B u A coorBercrBeHHO.

Funding: Asropsr 66 ommepskansl Tpantom AP 08855402, AP 14869558 MOH PK.
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BOCCTAHOBJIEHUE T'PAHUYHBIX YCJIOBUN ANOPEPEHITNAJIBHBIX
OIIEPATOPOB HA T'PA®AX II0 HABOPY COBCTBEHHbBIX 3HAYEHUN

Barrabek KAHTYIKIHY2e, JKamrac KAMBIPBEK!2® Tayhap AY3EPXAH2¢
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[Iycte T' = {V, E} -rpad-3Be3aa, rae V' MHOXKeCTBO €ro BepINHH, 3aHYMEePOBAHHBIX OT 0
10 m + 1; a MHOX)KecTBO [ o3HadaeT MHOXKECTBO €0 JIyT €, €a, ..., 6,. Ha Kaxkaoit ayre e;
BbIIIOJIHAETCH JuddepeniinaibHOe ypaBHEeHUEe

—y" () + pj(x)y;(z;) = fi(w;), 0<x; <b; (1)

JIbHEHIIeM IpejoiaraeM, 9T HKnuit p;(x),r > 1 aBagiorcd B TBEHHBIMH HeEIIpe-
B nanbmeiiire eJIoJIaraeM, 4To i(z),z > 1 I0TCS BEIECTBE erpe
PBIBHBIME Ha e;. Bepmuna (m + 1) € V nasbiBaeTcs BHyTpeHHeil BepinnHoii rpada-3se3asl. Bo
BHyTpennei Bepmuue (m + 1 BeimoasioTes 3akonbl Kupxroda

ym+1(bm+1) =
y;nJrl(bm—l-l) = yi(O) + ot y;n(o)

(2)
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Bepmunsr 0,1, ..., m HA3BIBAIOTCA IPAHUYHBIME BepIHHAMU T'pada-3Be31bl. na naabHeimmx
nesteit ynobuo Beectu (byuxumit ¢;(x;),s;(x;),j = 1,2,....,m + 1. llpu xaxgom j ¢j(x;), s;(x;)
PYHKIUT ABJIAIOTCS PEIeHUIMU OJHOPOIHOIO JudPepeHInajbHOTO YPaBHEHU S

—y"(2;) + pj(x;)y;(w;) =0, 0 <z <y (3)

C Ha4YaJIbHBIMHU YCJIOBUAMHA

¢j(0) = s5(0) = 1,(0) = 5;(0) =0, j=1,2,..,m,
Cm+1(bm+1) = 8;n+1(bm+1) =1, C;n+1(bm+1) = 5m+1(bm+1) =0.

Teopema 1. Pemenne 3agaan Konm mis ypasrernii [ typmva-JTnysunrs (1),(2) ¢ yeroBusivn
Komm B Touke x4 = 0

0pn11(0) =0, 6'(0) =0 (4)
obozratnm depe3 O = (01(xy),02(x2), ..., Omi1(Tmi1)) # OHO HMEET BHT
Tm+1

9m+1(xm + 1) = /
0

Cnt1(Tmt1)  Smr1(Tmt1)

en®) sma(t) [Tt @dt Tmis € (em),

Ty

Jma1(t)dt + /

0

1 cj(w;)  Ajsj(x)
Cm-i-l(t) sm-i-l(t)

bm+

Omsr (T + 1) = / Cé(éj)) S;,(xj)
j j

0
e Aq, Ag, ..., A,,-TIpOU3BOIbHBIE YUCIA, TOAYHHEHHBIE TpeboBannio A1+ Ay +...+ A, = 1.113
TeopeMmbl 1 ciemyer, uro perrenne 3agadn Komm (1),(2) 3aBucur or m + 1 mpon3BOIBHBIX
noctogHHbIX. [locTosaubie Ay, As, ..., A, OUpPEIETSIOT B TOUKE Tyyy1 = byyyq JOJH IOTOKOB IO
JIyTaM €1, €, ..., €, OTHOCATEJHHO [MOTOKA HA JAyTe €,,,1. ducaa Ay, As, ..., A,, OyaeM Ha3bIBaTh
KOHCTAHTAMU CBA3H.
KuroueBsie cioBa: CobcTBennble 3uavenns, yciaosus Kupxroda, rpad-38e31a, BOIHOBOE ypaBHeHNE, hopmyiaa Jlaram-

Gepa.
2010 Mathematics Subject Classification: 35G05, 35G10, 35P05

KPAEBA4 3ATAYA C YCJIIOBUAMUN TUIIA ILITYPMA AJid YPABHEHUSA
JIPOBHOTO TOPSAJKA C 3AITA3IBIBAIOIIINM APTYMEHTOM
Maymaa MAZKI'IXOBA

HIIMA KBHII PAH, Haapuuk, Poccus
E-mail: mazhgihova.madina@yandex.ru

B pabore uccienyercs jimneiinoe obbikHOBeHHOE AudpepennuaibHoe ypaBHenue
Dgu(t) — Au(t) — pH(t —1)u(t —7) = f(t), 0<t<1, (1)

rae D§u(t) — npobmas npoussomuas Pumana — Jlnysuwsa [1], « € (n — 1,n], n € N, H(t) -
dbynkiust Xepucaiia, A, [ — IPOU3BOJIbHBIE OCTOSIHHBIE, T — (PUKCHPOBAHHOE MOJIOZKHUTEIHHOE
qUCITIO.

ONPEJE/EHUE. Perynspubim perrenneM ypasaenus (1) nazoBem dbyHKmmo u(t) u3 Kiacca
D¢ "u(t) € C™(0,1), u(t) € L(0,1), n y0BAETBOPSIONLYIO STOMY YPABHEHHIO.

Saga4a. Haiitu peryisiproe pemenne ypasaenus (1), yI0BJIETBODSIONIEE YCIOBHSIM

2 awlim DG u(t) =i, i=Tp,

3 by lim DG ult) = 6y =T
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npudeM p +q = n,n € N, a;, bji, ¢, Cp+j — 3a7aHHBIE IOCTOAHHBIC.
B pabore gokazama Teopema CyIeCTBOBAHES U €UHCTBEHHOCTH pertenus 3agadn (1), (2).

KuroueBrblie ciioBa: ypaBHeHNe APOOHOTO MOPAIKA, YPABHEHNE C 3aMIa3bIBAIOIINM apIyMEHTOM, KpaeBasd 3aaa4da, 0000-
meHHas 3a7a49a Tuna Llrypwma.

2010 Mathematics Subject Classification: 34B05, 34K10
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TEOPEMA XAPAU-JIUTTJBYIA
Acxar MYKAHOB?, Epgan HYPCYJITAHOB?

Kazaxcranckuii puaman MI'Y um. M.B. Jlomonocoa, Acrana, Kazaxcran

b

E-mail: *mukanov.askhat@gmail.com, er-nurs@yandex.ru

MpbI paccMaTpuBaeM KJIaccH4eckyto Teopemy Xapau-Jlurriasyaa (cm. |5, 12 Tiasal).
Teopema A. Ilycrs {ai}3,, {bx}i>, — HeBo3pacTaommne, HEOTPHI[ATEIBHBIE ITOCIET0BATETh-
octH, U mycth naTerpupyemast Ha |0, 1| ¢pyuakmmust f(x) nmeer tpuronomerpudeckuii psr Pypobe

F+ kzl(ak cos 2mkx + by, sin 27kx). Toraa mist Beex 1 < p < oo,

Qg - _
11z, 0. = = + > Rk +0h) ) (1)
k=1

Ananornunerit pesynbrar s bysxmun f(x) ¢ paiom Dypbe i crpe®™ ke e {cp 132,
k=—00
{ck } 20 — HEBO3pACTAOIIHE, HEOTPUIIATEIBHBIE TTOC/IEOBATEIBHOCTH BBIIVIAIUT CJI€IYIONIM 00-
Pa3oM:
o )
I Iz, 0.0 < Z (k| +1)P2|e|? ] , 1<p<oo. (2)

k=—00

Coornomenusi (1), (2) 6b1m 06001eHbI BO MEHOIEX paborax, (cM. [1-4] u 6ubaunorpaduro B Hux).
B ocnosuoM 060011eH1Me TeopeMbl Xapau-/[UTTABY A MOJIy4aiOT MyTeM ocjadjeHus yCJIOBUS
MOHOTOHHOCTH KO3 duruentos Pypbe, TeM caMbIM PACIIUPAA KJIACC JOMYCTUMBIX TTOC/IEI0Ba-
tespHOCTE. B Henasmeit pabore 1] 6b110 nostyaeno coornomtenue (1) s mocsegoBaTeabuocTeit
13, TaK HA3BIBAEMOI0, Kjacca 000DIIEHHO MOHOTOHHBIX TocaenoBarenabuocTeit GMy, comeprka-
IIero KJ1acC MOHOTOHHBIX IIOC/IeI0BATeIbHOCTEN.

Onpenenenne 1. ByneMm roBopuTh, 9TO MOCJIEIOBATEIBLHOCTD (BOOOIIE TOBODS, KOMILIEKC-
HbIX) unces {a,}>°; npuaagrexur kraccy GMy, ecmu cymecrsytor C' > 0 u A > 1, Takue, 9ro
Juist Becex n € N BbIOJIHAETCH yCJIOBHE!

2n

An
a
> lak = ag| gCZ%. (3)
k=3

k=n

CyIecTBeHHBIM JTOCTHKeHHEeM B pabore [1] 3akao09aercss B TOM, 9TO ABTOPHI He HAKJIAIBIBAIOT
Ha Kodpdunuentsl Pypbe ycjoBUE HEOTPUIATEILHOCTH U PACCMATPHUBAIOT TOCJIEI0BATEIbHO-
CTH BEIECTBEHHBIX YHCEJI, YIOBAETBOPAIONTHX YCIAOBHIO (3).

Mpu1 paccmaTpuBaeM JIpyrue KJaacchl 0000IEHHO MOHOTOHHBIX TIOC/IeI0BaTe IbHOCTEH. B uact-
HOCTH, OBLT PACCMOTPEH CJIeIYIONTHI KIacc.
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Onpe,u;eﬂeHne 2. By,ZLeM roBOpuThb, 4YTO TIIOCJEJOBATCJIBHOCTH KOMIIJIECKCHBIX YHUCEJI
{an,}22 . mpunagmexur Kaaccy GMs, ecnn cymectsyer C' > 0, Takoe, 9T0 ms Bcex n > 0
BBIIIOJIHAETCA YyCJIOBUE:

1 m
Z |am - am+1| <C sup W jzoaj :

[2n—1]<|m|<2n [2n—1]<|m|<2n

Jlig faHHOrO KJacca ObLaa MoJydeHa TeopeMa.
Teopema 1. Ilycrs {ax}3> . € GMs, n nycrs narerpupyemas ua [0,1] ¢ynkmnus f(x)

(e}
ameer Tpuronomerpmaecknit psg Pypre Y. cpe*™*. Torma g Beex 1 < p < 00,
k=—00

1
00 p
1y = | D (Kl +1P2lex” |, 1<p<oc.

k=—0oc0

Sameuanue 1. OcobeHHOCTHIO TeopeMbl 1 sgBisgercss To, 4To Koddduumentsr {cg}e
KOMILJIEKCHO3HAYHBIE. [ToMIMO 3TOTO B paboTe MBI CpaBHUBAEM PACCMATPHBAEMbIE HAMH KJIACCHI
0600IIEHHO MOHOTOHHBIX IIOCIEJ0BATENLHOCTE] ¢ KJIacCcaMH, PACCMOTPEHHBIX B IPEIBLIAYIIHX
paborax.

Funding: AsTops! 661 momep:kanbl rpantom AP14870361 MHBO PK.
KurroueBrbie cioBa: mpocrpancTtso Jlebera, rpuronomerpudeckne paapl Pypbe, 06001ueHHAST MOHOTOHHOCTb.
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O TIOJIHOTE KOPHEBBIX BEKTOPOB CUHTVYJ/ISIPHOTO OIIEPATOPA
IIOPOXK/IEHHOT'O JINMHEMHOMN YACTBHIO OIIEPATOPA KOPTEBETA-JIE
DPPU3A

Mycakan MYPATBEKOB

Tapa3sckmnit pernonaabablit yunpepcurer uMm. M.X. ynarn, Tapas, Kazaxcran
E-mail: “musahan_ m@mail.ru

Bompocam paszpemmmocTr KpaeBbiX 3a1a4 s auddepeHNInaabHbIX YpaBHEHNN HEIeTHOTO
HNOpsIKA U B YACTHOCTH, /i ypaBHeHus: Koprepera-ge @pusa mocBsIeHa 3HAYATeIbHA JIUTe-
parypa [1-5| u nuurTupyembie Tam paboThl. B oTIHURe OT 3TUX WHTEPECHBIX paboT, B 3T0i pabore
B 1pocrpancTBe Lo(§)) paccMarpuBaercsi oneparop HOPOXKIEHHOMN JMHEHHONH 4acTbio OlepaTo-
pa Kopreera-jge ®@puza. /ljs1 3roro oneparopa B HEOTPaHUYIEHHONH 00J1aCTH C HEOTPAHUIEHHBIM
KO3 pummenToM OYyAyT U3ydeHbl CJAeAYIONNe BOIPOCHL: - CYIIECTBOBAHNE PE30JIbBEHTHI; - pa3-
JCJINMOCTDB (MaKCI/IMaJIbHaH PEryjadpHOCTb pe]l[eHI/IfI), - KOMIIaKTHOCTH P€30JIbBEHTHhI; - OIIEHKHN
CUHTYISIpHBIX uncesi. [lomumo BhITIIe yKa3aHHBIX BOIPOCOB, B pabOTe MCCJELyeTCsl BOIPOC O
HOJTHOTE KOPHEBBIX BEKTOPOB.

Kurouessie cioBa: onmepatop Kopresera-ne @pusa, pe30bBeHTa, PA3AeUMOCTD, CHHIYJIADHbBIE TUCTIA.
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HAYAJIBLHO-KPAEBLIE 3AJTAYN 1JIsI ITPOBHOI'O ITAPABOJIMYECKOT O
YPABHEHNA C I/IHBOJHOI_[I/IEI;I

Xamutr MYPATOB®, Barupxan TYPMETOB?

Mesxnyraponmsiii kKazaxcko-Typenknii yausepeurer uM. X. A. fcasu, Typrecran, Kazaxcran
E-mail: *87078220202h@gmail.com, ®batirkhan.turmetov@ayu.edu.kz

B namnnoii pabore nccienyOTCs HavaabHO-KPaeBble 3a/1a4n JJ1si JPOOHOr0 mapaboindecKoro
ypaBHeHus ¢ nHBOJONKEH. PaccMaTrpuBaeMoe HaMu ypaBHEHWE sIBJISIETCST HEJTOKAJTHHBIM 0000-
IMeHneM YpaBHEHNE TeILTOMPOBOIHOCTH BKIFOYAOIIAI IPOOHbIE 3HAUEHUsI IIPOU3BOTHOM IO Bpe-
MeHH.

s moboro a € (0, 1] momoxnm

t

L ty~@ dr
D%y(t) = { T-a) af (In4) “oy(nE 0<a<l

rie 6 = t% ,D% - oneparop nuddepennuposanus nopsiika a B cmbicae Anamapa [1]. O6o3Ha-

anm Q = {(t,2) : 0 <t <T,0 < x < p}, vae p, T NOJOKHATETbHbBIE IEHCTBUTEIBHBIE YHCTIA.
[Iycrs « € (0,1], 5 > 0. Pacemorpum B () ciiejiyiomee ypaBHeHUe

O*u(t, x) OPu(t,p — )
0z? “ 0z?

7€ Gg, @] HEKOTODBIE JefiCTBUTENbLHBIE YHCITIA.

Perynspreiv pemennem ypasrenns (1) Ml masosem dynxmmio u(t, z) m3 knacca C (Q),
obstasatomee csoiictBoMm t P DYu(t, ), Uy, (t,z) € C(Q) u ynoBiaeTsopsiomee B () ypaBHEHHIO
(1) B KJIACCHYECKOM CMBICJIE.

B nanmoii paboTe HCCTENYIOTCS CIEIYIONINe 3a,1at0:

Samaga D. Haiitu peryasiproe pemienue ypastenue (1), yJI0BIeTBOPSIONIEe yCJIOBUSIM

tPDu(t, z) = ag ,(t,r) € Q, (1)

U(O,iL‘> :gp(x),()gm <P (2>
u(t,0) =u(t,p) =0,0<t < T, (3)

rie () - 3a1anHas HYHKIHS. )
Sapaua N. Haiitu peryisipaoe perenne ypaptenue (1), mis koropoit u,(t,x) € C (Q)7
VIOBJIETBOPSIONIEE HAYATLHOMY YCJIOBHIO (2) M KPAECBBIM YCJIOBHAM

Uz (t,0) = u,(t,p) = 0,0 <t <T. (4)

B cayuae oneparopa KamyTo anamorndnbre 3a1a9u nccaea0Baanch B pabore [2]. O6oznaunm

2 . [km ket [k 2
XD,k(l') = §SIH ?l' 7)\D,k = (&0 -+ a1<—1) ) ? y

2k kra\
Xni(z) = \/;cos%x, AN = <a0 + (—1)ka1> (%) ke N.
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OcHoBHBIC yTBePZKIeHHsT OTHOCUTETbHO 3aa9 D 1 N H37103KeHBl B CIeIYIONTIX TeopeMax.
Teopema 1. Ilyctp 0 < o < 1,8 > 0,a0+a; > 0, p(z) € C? (Q) H BBIITOJTHSIFOTCS YCJTOBHS
©(0) = o(p) = 0. Torma penrenme 3amaqnm D cymecTByert, eHHCTBEHHO H HPEJCTABIISIETCS B

BHJIE psiTa

p
- AD.k
u(t,z) =) / o(T)Xpi(T)dr | R, (—ﬁ—oltﬁ) Xp ().
k=1 \
Teopema 2. Ilycrs 0 < a < 1,8 > 0,a90+a; > 0, p(z) € C? (Q) n BrmoTHAIOTCS YCTOBHS
¢'(0) = ¢'(p) = 0. Torga penrenne 3agadn N CyHiecTByer, eHHCTBEHHO H MPEJCTABJISETCS B
BHIIE

u(t,x):g /p o(T) Xni(r)dr | R, (—)\ﬁ]\;ktﬁ)XMk(x).

Baech dyukiusa R, (z) onpeensercss paBeHCTBOM
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KpaeBad 3a7adva.

2010 Mathematics Subject Classification: 35K20, 34K29

JINTEPATYPA

[1] Kilbas A.A., Srivastava H.M, Trujillo J.J. Theory and applications of fractional differential equations, Elsevier,
Amsterdam (2006).

[2] Kirane M., Samet B., Torebek B. Determination of an unknown source term temperature distribution for the
sub-diffusion equation at the initial and final data, Electronic Journal of Differential Equations, 2017:257 (2017), 1-13.

HAYAJIbLHO-KPAEBBIE 3AJTAYN J1JISI BOJITHOBOTO YPABHEHUA C
HEYCJ/IMHEHHO PEI'VJIAPHBIMU KPAEBBIMU YCJIOBUAMN

Apaiimein OMAPBAEBAY2¢, Maxmyn CAJILIBEKOB!?

I Hucruryr MareMarnku  MaTeMaTHYeCKOro MojgenpoBanms, Anvarsl, Kazaxcramn
2 Kazaxckuil HALIHOHA/IbHBII vHuBepcurer uM. ajab-Papabu , Anmarer, Kazaxcran
E-mail: “arai-79@mail.ru, *sadybekov@math.kz

HaganbHo-KpaeBble 331249y I JUHEHHBIX YpPaBHEHWH TUIepOOJIMYeCKOro TUIA SBJISIOT-
Cd TOCTATOYHO XOPOHIO pa3pabOTAHHON YACTHIO TEOPHH YPABHEHWH B YACTHBIX HPOM3BOIHBIX
(emorpwm, Hampumep, [1-3]). 1 ogauM u3 Haunbosiee paspabOTAHHBIX METOOB UX DEIIeHUs sBJIs-
eTcd METO/ (I)ypbe, KOTOprU/I TaK2K€ Ha3blBalOT METO/A0M pa3AeJIcHUA IIepeEMEHHbIX WJIM METO/J10M
PA3JIOZKEHHUsI 0 COOCTBEHHBIM (DYHKIHMAM. DTOT METO[ OBbLI XOPOIIO pa3paboTaH sl CJIydast
CaAMOCOMPSIZKEHHBIX KPAEBBIX YCJAOBHIT IO TPOCTPAHCTBEHHON mepemenHoit. OHAKO /151 Ty dast
HECAMOCITPSIZKEHHBIX KPAEBBIX YCJIOBUI 3a/a4a €eIe OCTACTCS OTKPBITOH.

B paGore paccMaTpHBaIOTCS Ha9aIbHO-KPAEBLIC 3a0a9U s OJHOMEPHOIO BOJHOBOIO YPaB-
HEHUA

U (2, 1) — U (2, 1) + q()u(z, t) = f(2, 1), (x,t) € Q, (1)

B obiactu Q = (2,t): 0 <2 < 1,0 <t <T, c HEIOKAIBHBIMI KDAEBBIMH YCJIOBHSIMU OOITIETrO
BUJIA
U;(u) = ajug(0,t) + ajou,(1,t) + ajzu(0,t) + aju(l, t) =0, j=1,2. (2)
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JIOTOJTHATENILHO 33TAI0TCS CTAHJAPTHBIE HAYAIBHBIE YCIOBUS
u(z,0) = 7(x),u(z,0) = v(z), 0 <z <1, (3)

[Tpumenenue meroqa Pypbe (MeToa pas3jieieHus epeMeHHbIX) TPUBOJUT K CJIEAYIONIEH ClieK-
TpaJbHOU 3anade
—y"(2) + q(@)y(z) = y(x), 0 <z <1, (4)

Uj(y) = a;1y'(0) + ajoy'(1) + a;3y(0) + ajuy(1) =0, j=1,2. (5)

XopoITio U3BECTHO, ITO B CJIydae, ecyn yeaoBust (5) ABIAIOTCS YCHAEHHO PEryJsipHBIME, TO
crucremMa KOPHEBBIX BeKTOpoB 3aaaun (4)-(5) obpasyer Gasuc Pucca B Ly(0,1). I meroq Py-
pbe MOXKeT OBITh peaqu3oBaH s pemenns 3agaun (1)-(3). OmHako, Korja KpaeBble yCJIOBUS
(5) ABIAIOTCS HEYCHJIEHHO PETYJISIPHBIMHU, CHCTEMa KOPHEBBIX BEKTOpOB 3aja4n (4)-(5) Moker
He 00pa3oBBIBATH Oe3yca0BHOTO Oasuca. Il 3To He JaeT BO3MOKHOCTH HMCIIOJIB30BAHHUS METOIA
®ypre. B ciyuae, Korja Kpaesbie yeaoBus (5) SBISIOTCA HEPETYISPHBIMU, CHCTEMA KOPHEBBIX
BekTOpoB 3ajaqn (4)-(5) me obpasyer GesycioBroro Gasuca. Takum 00pazsoM, JJIsl IIPUMEHE-
Hust Meroga Pypee ocrascs HeOOOCHOBAHHBIM CJIydail, KOTJa KpaeBblie yeaoBus (D) sBIAOTCS
HEYCHJICHHO PEry/ISPHBIMU.

B nacrosieit pabore paccMaTpuBaeTcss UMEeHHO Takoii cirydait. [Toctpoen ajaropurMm jgokasza-
TeJIbCTBA KOPPEKTHOCTH (B KJIACCHYIECKOM M O0OOIEHHOM CMBIC/IaX ) HAYATHHO-KPAEBOIl 3a,1au
(1)-(3) ans caydas, Korma KpaeBble YCJIOBHs (D) SBISMIOTCS HEYCHUJIEHHO DPErYISPHBIMA. DTOT
MeTO/ MOKET ObITh HPUMEHUM HE3aBUCHMO OT TOIO, 00pa3yer JiM CUCTEMa KOPHEBBIX BEKTOPOB
samaan (4)-(5) 6esycrosusrit 6asuc B Ly(0, 1) win mer.

Meroauka 0OCHOBaHA HA METOJE PEINeHUs 3a/1a4 TeIJIOIPOBOJHOCTH ¢ HEYCUJICHHO DeryJisip-
HBIMH KPaeBbIMHU ycjoBusivu [4].

Funding: Asropsr nomuep:xkausl rpanTom NeAP14869063 MHBO PK.

Keywords: BoHOBOE ypaBHEHUE, HEJIOKAJIbHOE KPaeBoe ycaoBue, 0OOOIIEHHOe pellleHre, KIACCHIeCKoe perienne, 6e3-
ycnosubiil 6asuc, Basuc Pucca.
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OB OZJHOM PEIIEHUU HEJIOKAJILHO KPAEBOW SAJAYN JJJIA
ANPPEPEHIINMAJIBHOI'O YPABHEHUA B YACTHBIX ITPOM3BO/JHBIX
TPETBEI'O IIOPAJIKA

Hypryn OPYMBAEBA®, Tenrerm TOKMATAMBETOBA? Amnya MAHAT®
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Ha Q = [0, X| x [0,Y] paccmaTpuBaeTcs HeJlOKaIbHAs KpaeBas 3a7a4a

83u 82u 62u ou
— = — — Q 1
8x8y2 a(x’y>axay +b($,y) ayg +d($,y) ay +f(‘ruy)7 (.Cl?,y) S ) ( )
u(0,y) = ¢(y), yel0Y], (2)
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) 2480 1y 2D
:w($)+a3(x)%+a4(x)%, z € [0, X], (3)
B 2400 1 ) Tt
= 000) + ) 2 0 T pe e o) ()

re byukunn f(z,y), a(x,y),b(z,y), d(x,y) venpepsiBan ma Q, Gyaxmun o;(z), 5;(x), j = 1,4,
Y(x), 0(x) nenpepwiBHO-mHbbepernupyembr Ha [0, X|, ¢(y) HenpepbiBao-anddepennmpyemast
na [0, Y] dbyuknus.

B coobieHnn UCeIeayoTcs BOIPOCHl CYIIECTBOBAHUSA U €JIMHCTBEHHOCTH PelIeHUs HeJIo-
KaJbHOH KpaeBoii 3agaun 1is JuddepeHIuaJbHOro ypaBHEeHES TPeThero HopsaaKa. Ilpeaioxen
AJTOPUTM HAXOMKJICHHU NPUOJHKEeHHOro pemenns. CopaBeiInBo yTBEPK IeHNe

Teopema 1. IlycThb BBITIOJHSIIOTCS CJIETYIONHE YCIOBHS:

1) dyukmun a(z,y),b(z,y),d(z,y), f(z,y) senpepsiBHbI Ha €,
2) dynknusg ¢(y) menpepoiBao-guddepennupyema ua [0, Y],
3) dbyuknuu ¥ (z), 0(z) menpepwiBao-muddepennupyems Ha [0, X],
4) [|[A(z)|| <, rae v >0,

) q

2M (max{X,Y }+2) max{X,Y}

= —maX (pl,pg) g max{X,Y ] 12 (XY +X)(A+ DX) < 1,

(&)

rjie

max ||a(z, <A, max [|b(z, < B, max |d(z, < D,
max oyl <4, max b)) < B, max [ldzy)]|

Aw) = (1(0) = ) ) (Balo) = )Y = (o) ) -
~(aute) - asl)¥ = ) ) (B1lo) - 2a)) 0.

pr = ( max [182(w) = Ba(@)Y = fal@)| + max || — o )+a3(fv)Y+a4(x)!\)X

z€[0,X] €[0,X

><( max |las(z) + f3(z)[|Y + max ||Oé4($)+54($)|l),

€[0,X] z€[0,X]

po = ( ma (o) — as(e)] + max ||~ fu(z )+63(x>||>><

€[0,X] z€[0,X

" (xggg%] Jas(a) + BV + ma fla(a) + mm),

)

Torja HeJlokaabHag 3a1a49a (1)-(4) uMmeer e TMHCTBEHHOE pelIeHue.
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O CYMMUPYEMBIX PEINIEHUAX OJHOTO JU®PEPEHIIMAJILHOTO
YPABHEHUZA
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B pabore paccmarpuBaeTcsd cjeayioliee ypaBHEeHHe ¢ HeOrPAaHUIEHHBIME KO3 duuenTaMu

Loy = —s(x) (p(2)y) +r(2)y +q(x)y = f(z), (1)
e r € R=(—00,00),as>1,p>0,7r>1uq- rragkue dyukmuu ot z, f € L1(R). Yepes
L ob6oznaunm 3ambikanue B Ly muddepennnaisaoro oneparopa Loy = —s (py') +ry + qy c

D(Ly) = C(R).

Pemennem (1) nazosem snement y € D(L) Takoii, uro Ly = f.

MbI YCTaHaBJIUBaeM AOCTATOYHbIC YCJIOBUA CYHIECTBOBaHMUA WM € IMHCTBEHHOCTH pPEIIeHUd Y
ypasaenus (1), a TakyKe BHIMOJHEHUS CJIEIYIONEr0 HEPABEHCTBA MAKCUMAJIBHOI PerysIsipHOCTH

s Coy')" s+ 1y Il + llgyll < ClLA A,

rae || - || - Hopma B Li(R). Kpome Toro, Mbl IpuBOIuM YCJIOBHS KOMOAKTHOCTH PE30HBEHTEI
L~! u ouenky nouepeunukos 10 KojMoroposy ojiHoro MHOXKECTBa, CBA3AHHOIO C PEIICHUEM.
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O HEPABEHCTBE XAPHAKA JJId MATKOT'O JIATIJTACUAHA HA
CTPATNO®UNIINPOBAHHOM MHOX>KECTBE

Oner [IEHKVH

HrcruryT MaTeMaTuKu 0 MATEMATHIECKOTO Mogeaupopannusa. Aamarel. Kazaxcram.
Boponexckuii rocynapcrsenubiii yausepcurer. Boponex. Poccusi.
E-mail: o.m.penkin@gmail.com

B nokmame obcyxkaaercs pesyabrart, moaydeHubiii cobmectno ¢ H.C. Janp6ekossim u .B.
CaBacTeeBbIM B paMKaxX OOIIEro MCCAeI0BaHUA KJIACCHICCKON paspermuMoctu 3ajadu lupux-
Jie JIJIsi MATKOTO JIallIacuaHa Ha cTpaTuUIUupoBaHHOM MHOXKecTBe. OTCYTCTBUE MOJHOIEHHOM
TEOPEMBI O CpeJIHeM I Jallachana Ha crparudunupoBanioM MuOKecTBe (o U 0€)y menaer
3aJ1a49y JI0Ka3aTebCTBa HePABEHCTBA XapHaKa I TAPMOHUYECKUX B CMBICIE TAKOTO JIAILIACH-
ana YHKIWIT JIOBOJIBHO TPYI0EMKOiL. Tem He MeHee yJ1aJloCh MOJIyYUTh TOYHBIH aHAJIOI HEpa-
BEHCTBA XapHAKa /I HEOTPHUIATEIbHBIX FapMOHUYECKUX (DYHKIHI B KJIaCcCHYecKoii (popme
supu < C'inf u, BeImoHSAONErOCH HA JHOOOM KOMIAKTE B () ¢ HE3AaBUCAIIEH OT U KOHCTAHTOIA.
Tounble OnUCaHUSA OTHOCSIIUXCS K JaHHOH TeMaTHKe MOHATHIT MOKHO HaiiTh B paborax [1],[2].
Panee nepapercTBo XapHaka JOKa3bIBAIOCH JIMITH ISl CIIENHAJIBHBIX KOMIAKTOB, COCTABJIEH-
HBIX JIMIb U3 TOYEK CTPAT MAKCHUMAJIBHOW M Ha eJIMHHIYy MeHbIneii pazmepuoctu (Becennna
C.B.). Hamu cusiTbl Bee orpanmdenus. OKa3aaoch Jaze, 9YT0 HEPABEHCTBO XapHAKA BbITIOJIHSI-
eTcs Jazke I CTPATH(MUINPOBAHHBIX MHOZKECTB, He JOMYCKAIOMNX KIACCHIECKYIO Pa3pelir-
MOCTBb 3aJaun lupuxie.
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D®OPMYJIA JIAJTAMBEPA

JJId JU®®Y3NOHHO-BOJITHOBOTO YPABHEHUS
C IPOBHOW ITPOM3BOAHON JINYBUJLIA

Apcen TICXY

Huacroryr npukmagaoii maremaruku u apromarusanuu KBHI[ PAH, Hanpuuk, Poccrst
FE-mail: pskhu@list.ru

Pacemorpum ypaBHeHHe
o 0?
(a—yg - @) u(z,y) = 0. (1)

3/1ech depes g—ya oboznaveHa japobHas mpousBoaHas JInyBuiig nopsjka o, o € (0,2), no mepe-
MEHHOH ¥, ¢ HAYaJI0M B TOUKe y = —o0 [1]:

07 B 1 oY o1
a—you(a:,y) = T = o) dy" / u(z, t)(y —t) dt,

—00

rie o € (n— 1,n|, n € N (1.0. B paccmarpuBaemom ciaydae n € {1,2}).

Ypasuenue (1) copmanaer ¢ ypaBHenuem auddysuu npu 0 = 1 U 1pu 0 — 2 MEPEXOJUT B
BOJIHOBOE ypaBHenue. Pelrenue mocjieHero, Kak U3BeCTHO, MOXKET OBITH HPe/ICTaBIeHO (hopMy-
Joit Jamamebpa, a HMEHHO B BHJE CYMMBI pellleHu#l ypaBHeHUil epBoro nopsaika t, + u, = 0
u u, — u, = 0. Oxka3blBaeTcsd, aHAJOIHIHOEe HpPeJCTaBjeHne UMeeT MeCTO U [ ypaBHeHuil
suga (1). B ciyuae ypaBHeHust ¢ ApoOHOI TPOM3BOIHON ¢ HAYAIOM B KOHEYHOW TOUKE TaKOe
npejcTaBIeHne Haiineno B [2].

B nanHoii pabore mokazaHo, 4To J1060e peleHne ypapHeHus (1) MoxKeT ObITH 3allHCAHO B
BHJIe CYMMBI peIlleHnil ypaBHeHU! B YaCTHBIX MPOU3BOIHBIX IIEPBOIO HOPSIKA,

o 0"\ . B o 9\ - _
(%Jra—y(l)lé(%y)—o 1 (% 8y“>u<x’y)_0’ (2)

rie a = o/2. Takke, HaliIeHbI COOTHOIIEHNUST, CBA3BIBAIOIINE CJIe/Ibl perennii ypapuennii (1) u
(2) Ha GOKOBBIX yYaCTKaX TPAHUIIBI HPSIMOYTOIBHON 00JIaCTH.

KuroueBsie cioBa: mudy3noHHO-BOTHOBOE ypaBHEHMe, NpobHas mpon3BoaHast Jluysuuis, ¢opmyna Jamambepa.
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O KPUTEPUU PEI'YJIAPHOU PA3PEIIINMOCTHU HEPEOHPE,HE.HEHHOIZ
BAJAYN Kollu AJd YPABHEHUS I'EJIJIEPCTEITA

Anekcanap POIOBOIT, Toubicbex KAJIbBMEHOB?*?

L Vuugepcurer Mupac, Ilemvkent, Kazaxcran
2HcTuTyT MaTeMaTHKH H MaTeMaTH4ecKoro Mojemupopanusd, Amvarsl, Kazaxcran
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MunuMabHBIE OLEPATOPBI, HOPOZXKIEHHBIE MEPEONPeIeIeHHBIMI TPAHUIHBIMI YCJIOBUASIMA
it audbpepeHImaIbHBIX yPaBHEHN T, TPUMEHAIOTCA B OIMUCAHUN PErYJISPHBIX KPAEBBIX 33149
st pudpdepeHImaabHbIX YPABHEHNH U TECHO CBSI3aHBI ¢ TEOPHEil CYyKeHUit U paciiupenuii ome-
paropos. [locTpoenne MuHUMAIbHBIX JAU(depeHIInaIbHBIX OEPATOPOB BazKHO U C IMPaKTHYe-
CKOIl TOYKH 3peHusd JIid 0OpaTHBIX 33/1a9 MaTeMaTniecKoit uszuku. Hacrosmas padbora nocss-
IeHa U3y4YeHuIo nepeonpeaeaeHno 3agaun Ko s ypasuenus Lesiepcreara. Kak nspect-
HO, TUIyDOKOe M3yUeHWe YPaBHEHWUi cMemraHHoro Tuma 6el1o Havato ¢ paborsl . Tpukomu [1],
a m3ydeHHas UM 3aJada HMoJy4dniIa Ha3Banue 3amadn Tpukomu. C.[emnepcrenT perraer 3amady
Tpuxomu st 6oJiee 0bIero ypasuenust |2|, KOTopoe BIIOCIEACTBAN ObLIO HA3BAHO YDABHEHU-
em lestnepcrenra. Hamu yeranos/ien kpurepuil Kpurepuil perysigapHoil pazpemmumoctu judge-
PEHINAIBHOTO OMEePaTOpPa, MOPOXKIEHHOTO Mepeotnpeieennoi 3amaqdeit Komm i ypaBaenus
lennepcrenra. lokazaTeabcTBO OCHOBAHO Ha CBOWCTBAX MOTEHIMAJa [e/lreperera, ¢cBoiicTBAX
perienuit 3aga4yu ['ypca B XapaKTepUCTHIECKOM TPEYTOJbHUKE U CHENUATbHBIX (PYHKIUIX.

Iepeonpedeaennan 3adaua Kowu. B xomewnoit obnactu 2 C R?, orpaHIYeHHON OTPE3KOM

AB :y =0, 0 < z < 1, u xapakrepuctukamu AC : x — m—+2(—y) "2 —0u BC: x4+
mLJFQ(—y)T+2 = 1 ypaBHenus
Lu = _<_y>mu:m + Uyy = f(xvy)u (1>

TpebyeTcst HAWTH peryispHOe perenne ypasHerus (1) B obmactu 2, yIOBIETBOPSIOIIEe YCJI0-
BUAM

u’y=0 =0, — =0, (2)

mrz = 0. (3)

u
|AC x—m( y) 2 =0 |BC J:+m+2( y) 2 =1

JlokazaHa cienyinas OCHOBHAA TeOpeMa.
Teopema 1. [lepeonpenenennas 3amaqda Kommm (3agaqa (1)-(3)) peryasipro paspermamva To-
IJ1a U TOJIBKO TOIJA, KOIJA BBIMOJIHCHBI YCIOBHS

3
)5
d&; - Ji(§&,m) dn =0, 4
/51/££1 g h G (4)

3

13
—&
dé n A (&) iy = 0. (5)
0/ 1/ (€)' o

(m—¢)

e ¢yukmus fi oupexensierca no 3agannoii ¢Gyukmun f(x,y) w3 ypasaenns (1). ITpu srom
pemenne 3aja4au (1)-(3) npeiacraBumo o ¢popmy.re

n

£
u (57 T]) - dél R (57777517 771) ' fl (5177]1) d7717 (6)
o)

1
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e R (&,n,&1,m) - ¢pyakmnus Puvana 3agaqn I'ypea:

(m — &)
(n— 51)5 (m—9¢)

R(éﬂnaghTh):k ﬂF(B,ﬁ,l,U) (7)
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HAYAJIbHO-KPAEBAS 3AJIAYA J1JIsI YPABHEHUS

TEIIJIOIIPOBOJ/ITHOCTU IIPU IEPUOJMYECKUX KPAEBBIX YCJIOBUSIX B

CJIYYAE OTCYTCTBUSI COIJIACOBAHUNS HAYAJIbHBIX M TPAHUYHbBIX
JAHHBIX

Maxmyn CAJIBIBEKOBY, Anrsmait MBIP3AXMETOBAL2?

! Uncruryr MatemaTukn 1 MaTeMaTHdecKoro Mojeaupopanusd, Amvarel, Kazaxcran
? Kasaxckmii namronanbabri yausepcnrer umM. axb-Papabu (noxropant, 2xypc), Amvarsr, Kasaxcran
E-mail: “sadybekov@math.kz, * myrzakhmetova@math.kz

B foknaze paccMaTpuBaeTcs HaYaJbHO-KpaeBas 33/Jada I YPABHEHUS TEILIONPOBOIHO-
CTH IPH MEPUOTHIECKAX KPAEBBIX YCJIOBHIAX B CJIydae OTCYTCTBHsI COIJIACOBAHUS HAYAIBHBIX H
IPAHAYHBIX JTAHHBIX.

Bagada P. Haiitu B o6mactu Q = {(z,t) : 0 < x < 1,0 <t < T} pemenne u(z,t) ypaBHeHH
TENJIOIPOBOHOCTH

uy — k*ugx = f(x,t), (1)

VJIOBJIETBOPAOIIEe HAYAJILHOMY YCJIOBHIO
u(z,0) = p(x),0 <z <, (2)
1 IepUOJINICCKUM KPACBBIM YCJIOBUSAM

uz(0,t) —ug(l,t) =0, 5
1) =0, ()
XopoIo u3BecTHO, YTO I CYHIECTBOBAHUS KJIACCHIECKOIO PeNIeHus HEOOXOMMO BBIIOJI-

HEHUe YCJIOBUil corjiacoBanus. Hanpumep, ycJoBUAMHU COIJIaCOBAHUS HYJIEBOI'O U MEPBOTO IO-
PAAKOB ABJISTIOTCA

Ag = 9(0) = (1) =0, A =¢'(0) —¢'(I) = 0. (4)
YcaoBue corsiacoBaHUs BTOPOTO MOPSIKa BO3HUKAIOT, KOTJIa MBI pacCMaTpUBaeM pelTeHus 3a-

21,4 . ..
maun m3 Knacca u € C); (). daa dyHKnmil 13 Takoro Kjiacca Mbl MOXKeM MePeiTH K Ipejery
B ypasuennu (1) npu ¢t — 0 npu x = 0 u x = [. Torpa noayyaem

Ay = —k*[¢"(0) — " ()] = [£(0,0) — f(1,0)] = 0. (4)

Jlng 3ama4qn ¢ KpaeBbIMH yCJa0BUAMU JIWpux/ie BOMPOC O PelieHnsix MpHu PacCoriacoBaHUN
IPAHWYHBIX W HaYaJIbHBIX JaHHBIX ncciaegoran B [1]. Hamu pacecmarpuBaercs 3a1ada ¢ HEKOIb-
HBbIMU KPAEBBIMH YCJIOBUSIMMU.
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Teopema 1. Jlna mobeix ¢ € C*[0,1], f € C aa/ ?(€), He YIOBIETBOPSIONUX YCIOBHIM
COTJIACOBAHUSI HYJEBOTO U MEPBOrO MOPSIIKOB, 3a;Laqa ( )-(3) uMeer eMHCTBEHHOE pelleHre

u(x,t) = Vo(z,t) + Vi(x,t) + v(z, t), (5)

riae byukun Vo(x,t) u Vi(x,t) - HeperyaspHble 9acTH PeIleHus, onpe/easembie (bopMyTaMu

1 [ —
Vol(z,t) = —§A0 (erfc T erfe— o (5)

2kt 2kt )

Vi(z,t) = Alk\/_(zerfc —l—zerf (6)

k/t Qk\/ )

2+, 1+a/2 /& B}
al+a/ (Q) u s HeE cpaBeMBA OIEHKA

a v(z,t) npuraaaexnt kaaccy C,
24a,14+a/2 o a,a/2)
lollg e < e {lelid + 1715 } (7)

Teopema 2. g mobuix ¢ € C*(0,1], f € C;f‘/?(f_l), HE YJIOBJIETBOPAIOIINX YCJIOBUSAM
COLJIACOBAHHS IIEPBOrO M BTOPOTO IMOPAAKOB, 3a1a4a (1)-(3) mMeeT eIHHCTBEHHOE peIIeHHe

u(z,t) = Vo(z, t) + Vi(z, t) + Va(z,t) + v(x, t),

rae byuxmun Vo(x,t), Vi(x,t) u Vo(x,t)- HeperyasipHble 9acTu perieHusi, oupeaessieMbie Ghop-

myaamu (5), (6) u
t x -2
Va(x,t) = Ag——— | i%erfc——r — i 8
5(z,t) ey (z er C2k\/f i“erfc 2]{:\/_) (8)

24a, 1+a/2<Q)

a v(z,t) npunagaexur kaaccy C, U J1isI Hee crpaBe/yiuBa onenka (7).

Funding: Asropsr nognep:xkanbl rpantom NeAP14869063 MHBO PK.

Keywords: ypasaenue remonpoBojauoctu, ycaosue CaMapCKoro, CUJIbHOE DENIeHHEe, HEJIOKAJbHOE KPAaeBoe yCJIOBHE,
MaTeMaTHJIecKas MOJIesb, ba3uc Pucca.
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3AAATIA OIIPEJNEJIEHNA AJIPA YPABHEHUNA BA3SKOVIIPYTI'OCTHU C
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TamkenTCKuH YHABEPCHTET WH(POPMAIIHOHHBIX TEXHOJIOrHH umMenn aja- Xopaszmuii, Taikent,
V3bexucran
E-mail: j.safarov65@Qmail.ru

PacecMaTpuBaeTcs HauaIbHO-KpaeBas 3a/a4a Jisl yPaBHEHUs KOJIeOAHUS CTPYHBI € HAMSTHIO
B obsacru Q) = {(z,t) : x> 0,t € R} :

. — /m(T)um(a:,t —T1)dr =0, (x,t) € Q, (1)
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C Ha4aJIbHBIM U I'PaHUYIHBIMHA YCJIOBUAMHU

u |t<OE O, (2)

u |x:0: 5(t)7 le R7 (3)

rae O(t)— menvra-byuknus dupaka. [Ing ompenenenus memssectHoit dbyukmuun m(t),t > 0
JIOTIOJIHUTEIHHOE YCJIOBUE 3a1a€TCsl B CJEYIONIEM CIeIUaJIbHOM BH/IE:

u.(0,1) + /m(T)uz(O,t —T1)dr = f(t), (4)

f(t)— sanaunas nipu t > 0 byHKIWMS.

BaaHue JTOMOTHUTEIHLHON WH(OpPMAIUT B TAKOM CITEIMaJIHbHOM BUE HCIOIb30BAJINCH B pa-
Gorax [1],[2] ast ompenesienns: (byHKIMU MAMATH CPeJIbl, BXOJAIIEH B THIEPOOINIECKOE U Ha-
pabosimyeckoe ypaBHEHHUS.

Cuavasia mccsenyercs mpsiMast 3a1ada ypasuenus (1) - (3), Opu 9TOM MBI MOJIyYaeM WH-
TerpajbHOe YpaBHEHHE OTHOCHTEIBHO MCKOMOiT dbyHKImN u(z,t) u HeOOXOIUMbIEe YCIOBUS HA
Jannbie 33aun. Jlasee uccaenyercs obpaTHas 3a/a4a 10 ONPEJIEICHUIO siiPpa HHTErPAIbHOIO
wiena 10 umeronuecs nadopmanun (4), o pemenun npsmoii 3agaun. ObparHas 3agada 3a-
MEHSETCH IKBUBAJEHTHOI CHUCTEMON WHTErpaJbHLIX yPaBHEHUN I HEM3BECTHBIX (DYHKIUIA.
K mocsiesneii B mpocTpaHCcTBe HeNpephiBHBIX (DYHKIMI ¢ BECOBBIME HOpMaMHu (Kak B paborax
[3]-]5]) mpumensieTcst IpUHIM CKATHIX OTOOPAaZKEHHI.

[peamonoxkum,aro dyuknus f(t) umeer Buj

70y = ') "oy + o0 100, )

rie fo(t)— perynsipHas yHKus.
OCHOBHBIM PE3YJIBTATOM JAHHON PADOTHI SBJISETCS CIAEAYIONAs TeopeMa TI0OATbHON| OTHO-
3HAYHO Pa3pPENMMOCTH 0OPATHON 3a/1a4u.

Teopema. [Tycmo pynryus f(t) umeem eud (5) u fo(t) € C0,T|, T > 0. Tozda 6 ob6aacmu,
Dy cywecmeyem eduncmeennoe pewenue obpammoti sadauu m(t) € C?[0,T] das awbozo T > 0.

KuroueBrle ciioBa: marerpo- auddepennuanbHoe ypaBHeHne,00paTHas 33ma4a,nenbra-Gyakmus upaka, ypaBHeHHe
BAKOYIIPYTOCTH.
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COBCTBEHHBIE ®YHKIIM AHTUIEPUOJNYECKON 3AJAYN JIJIsI
IN®PEPEHIIMAJIBHOTO YPABHEHIS C MHBOJIIOIIUEN

A6mucanam CAPCEHBI®, Smvmpa MYCHUPEIIOBA?

KOxno-Kazaxcraackuii yausepcurer um.M. Ayszosa, Hemvkent, Kazaxcran
E-mail: “abdisalam.sarsenbi@auezov.edu.kz, "musrepova_ elmira@mail.ru

Paccemorpum auddepenimaibuoe ypaBHeHHe BTOPOTo IMOPSIKa ¢ HHBOJIONKEH

1"

—y (2) + ay’(a) +q(2)y(z) = My(x), —1<z<1 (1)

C aHTHUIEPUOJNICCKUMHU KPaeBbIMH yCJIOBHUAMU

e —1 < a < 1. 91a 3amada gBIIETCS HECAMOCONPSI:KEeHHON CIeKTpaJabHON 3ajadeil, Tax
Kak kodpdunuenr q(xr) = q(x) + ige(x) aBiasiercs KoMiiekCHO3HAUHOM dyHkueil, q(r) €
Li(—1,1).

ConpsizkeHHasI CIeKTpaabHas 3a/1a9a UMeeT CJIeIYIOIMWi BUI:

1

—2'(z) + a2

’

(—2) +q(z)z(x) = Xz(x)

¢ KpaebiMu yciioBusivu (2). B cayuae ypasaenust ¢ octosiHEbIME KoM DUIHeHTAMI

1

—y'(z) +ay (—z) = My(z), —-l<z<l, y(-1)=—y(1), y(-1)=-y (1) (3)

coOCTBeHHBIE (DYHKITMU 337a49u 00PA3yIOT MOJHYI0O OPTOHOPMUPOBAHHYIO CHUCTEMY B KJacce

LQ(—l,l) .
1 . 1
{cos (k+ 5) mx, sin (k—l— 5) T } k=0,1,2,...

[IyTeM cpaBHEHHUsI ¢ ITOH cUCTEMOI cucTeMbl coBCTBeHHBIX GyHKIMi 3anaun (1), (2) mouy-
9eH CJICJIYIONHUI Pe3yIbTaT.

Teopema. Ecii Bce cobcTBeHHbIC 3HATCHUS CIIEKTPAIbHLIX 3a4a4 (1), (2) u (3) apasorcs
IPOCTHIMH, TO crHcTeMa cobcTBeHHbIX (hyrkmmii 3aaan (1), (2) obpasyer 6aznc mpocTpaHCTBA
Ly(—1,1).

CrpaBeyIHBOCTD TEOPEMBI B ciIydae 3aja4n HefiMama, meprogndeckoil 3a1a41 yeTaHOBJICHA,
B paborax [1], [2].

Funding: Pa6ora soimonnena npu dbunancosoii nogaep:xke KH MHuBO PK (rpanr AP13068539).

JINTEPATYPA

[1] Sarsenbi, A.A.; Sarsenbi, A.M., On Eigenfunctions of the Boundary Value Problems for Second Order Differential
Equations with Involution, Symmetry 2021., 1: (2021). https://doi.org/ 10.3390/sym13101972

[2] Sarsenbi, A.A., Sarsenbi, A.A. The Expansion Theorems for Sturm-Liouville Operators with an Involution
Perturbation, Preprints 2021, 1: (2021). 2021090247 doi: http://dx.doi.org/ 10.20944/ preprints202109.0247.v1

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 107

PA3PEIIIMMOCTH CMEIIIAHHBLIX 3ATAY J1JIsI BOSMVYIIIEHHOT'O
BOJIHOBOT'O YPABHEHUA C I/IHBOJHO]_[I/IEﬁ

A6nmxaxan CAPCEHBUY, Davupa MYCUPEIIOBA®?

KOxno-Kazaxcranckuii yvausepcurer um. M. Ayszosa, Hpmvkent, Kazaxcran
E-mail: “abdizhahan.sarsenbi@auezov.edu.kz, "musrepova_ elmira@mail.ru

JI1s 0JIHOMEPHOIO BO3MYIIEHHOI'O BOJHOBOI'O yPABHEHMS ¢ HHBOJIIOIUER
Ut (2, 1) = U (T, 1) — QUze(—2, 1) — q()u(z, t), (,1) € Q (1)
¢ HAYAJBHBIMA YCJIOBUSAMUI
u(z,0) = ¢(x), uy(2,0) = Y(x), -1 < a < (2)
1 KpaeBbIME YCJOBUAME THUIIa Jlupux.ie

u(—1,t) = 0,u(l,t) =0 (3)

YCTAHOBJIEHO CYIIECTBOBaHME W €JIMHCTBeHHOCTH permenust, tae 2 = { —1 < = < 1,t >
0} ,—1 < a < 1. OrMeTuM,q9T0 paccMOTpeH caydaii Korjaa ¢(x) sBiserTcss KOMILIEKCHO3HATHOT
dyukimei.

Pemmenne 3amaun uniem B Bue psajaa Pypbe

u(z,t) = Z <ak cos /At + by sin \/)\_kt> X (), (4)

rae { Xx(z)} cucrema cobeTBeHHBIX (DYHKIHIA HECAMOCONPSIZKEHHON CIEKTPATBHON 3a1a49K
LoX(z) = =X (2) + oX (—2) + q(2) X (z) = AX (z), (5)

obpasyiomast 6a3uc Pucca B kiaacce Lo(—1,1).
Eme omHuM U3 BayKHBIX YCTAHOBJIEHHBIX HAMH De3YJIbTATOB SIBISETCS GA3UCHOCTH Pucca cob-
CTBEHHBIX (DYHKIMA CHIEKTPaIbHON 3a1a49u (5) ¢ KOMILUIEKCHO3HAYHBIM KO duimenTom ¢(x).
[MonyTHO Mostyvens! ycaosusa Ha kKoabdunuentsr ¢(x), obecnednpatoriye TpebyeMoe paciosio-
JKeHIe KOMILIEKCHBIX COOCTBEHHBIX 3HAYEHNUIT HA KOMILIEKCHON A - TIOCKOCTH, KOTOPbIe TaKKe
MMEIOT BasKHbIE 3HAYEHHSI B HACTOSIIIEM HCCJIeT0BAHIN. DTH (DaKThl HTPAIOT BAXKHYIO POJIh TIPH
JIOKA3aTeILCTBE CJIE/YIONIErO Pe3yIbTaTa.

Teopema. [IycTh BBITIOJTHEHBI CIEIYIONINE YCIOBUL:

1) Bce cobCTBEHHBIE 3HAYEHHSI CIEKTPAIBHON 3aa4qu (D) SBJSIIOTCS HTPOCTBIMHE,

2) dyukuus ¢(x) € C*[—1,1],

3) dynkuua ¢(x) € C4—1,1] u bynxkunn @), Lop yroBaeTBOpgIoT yeaosuam (3),

4) dbynxuns ¢(x) € C*[—1,1] u yaosrersopger ycaopusam (3).

Torpma cmemannas 3aga4a (1), (2), (3) uMeeT eAUHCTBEHHOE PEIICHIE, KOTOPOE IPEICTABIMO
B BUje psaja (4).

Anajornynbie pe3yabTaThl B CIydae MepUOINIeCKUX U aHTHIEPHOIHYECKIX KPAEBBIX YCJI0-
BUii ycranoBiena B pabore [1].
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N CCIEAJOBAHUE MHOTOIIEPMOJMYECKNX PEIIIEHUN METOJ0M
INEPUOANYECKUX XAPAKTEPUCTUK OIIEPATOPA
ANPOPEPEHIINPOBAHNA CUNCTEM

Katimeineik CAPTABAHOB

Axrrobunckuii peruoraapHbll yausepcurer umenn K. 2Kybanosa, Axkrobe, kazaxcran
E-mail: sartabanov42@mail.ru

[IpobGaeMbl MHOTOTIIEpUOANYIECKUX pertenuit © = (T, t) mepuona (6,w) cucrem

Dz = f(r,t,x), f(rt,z)eC%(Syx ™ x R") (1)

T,t,x
¢ omeparopoMm auddepennupopanud D = % + (e,%) nmo 7 € Sg, t = (t1,..,tm) € Su, X
e X Sy, = S uceaenoBanch 1| METoIOM IHArOHATBHBIX XapakTepucTuk §(o, 7,t) =t — 7 +
o, KOTOPHIil IPHBOIII HAYAIBHYIO 3aJady C yedosueM |0 = u(t) € C'¥ (S™) k cucreme
MHTErPAJIbHBIX YPABHEHUH

x(1,t) =u (5 (7’0, T, t)) + / f(o,6(o,1,t),2 (0,0 (0,7,1)))do, (2)

rae Komnosunan dbynknuit u(t), f(7,t, ) n xapakrepuctuk 6(7°,7,t), (0, 7,t) napymaior 6-
IePUOIMYHOCTD CHCTEMBI 110 T U CTAJI0 HEBO3MOMKHBIM HPHMEHEHHE PA3JINIHBIX METOIO0B MpH-
OKeHnit 1 Tpeodpa30oBaHuil 1Tt yCTAHOBIEHHUS CYECTBOBAHUS W TIOCTPOEHUST HCKOMBIX (6, w)-
HEPHOANYCCKHUX PEIIeHHil, 33 UCKIIYCHHEM HEKPUTHUECKOTO CAy4nsd KBA3MIMHEIHBIX CHCTEM,
IJIe € U € — BeKTOPLI 711 ¥ N-MEPHLIC ¢ ¢AUHUIHBIME KOMIOHEHTAMH, S, — OKPYZKHOCTH JJINHEI
a.

Takaa npobseMa 00 OTPHIATEJBHOM BJIMAHUU JUATOHAJBHBIX XAPAKTEPUCTUK B HCJIET0-
BAHMM TAaKMX 3a7a9 CTOSJA B TEUCHUU JOJITHX JIeT CO BPEMeH MOABJCHUS METO/a W3y9IeHUsd
3104 KBA3UIEPHOINICCKIX PEeIleHH CUCTeM OOBIKHOBEHHBIX AuddepeHalbibiX YpaBHeHii
Ha OCHOBE IIepexoja K 3a1a9aM MHOTONEPHOINIECKAX PENICHUI chucTeM ¢ ormeparopoM audde-
pernupoBanus D.

g pernreHust 3Toil Ipo6IeMbl IPUILIOCH AHAJU3HPOBATHL MBICIH O PACCMOTPEHHH YPAaB-
HEHUs XapaKTepHCTUK { = e omeparopa D Ha pasIMm4HBIX MHOTOOODPA3UAX eBKJIHIOBOIO IPO-
crpancrsa. Hanpumep, B ciiydae pacCMOTPEHH €0 Ha INIOCKOM MHOTOOOPA3UU Mbl IPUXOANM K
JMINATOHAILHBIM XaPAKTEPUCTUKAM, O KOTOPBIX YIOMHHAJIOCH BBIIIE. Ko MOXKHO paccMaTpUBaTh
TaKzKe Ha KOHEYHOM TOPOUIAILHOM H IUJIXHAPIICCKOM MHOroOpas3uax. B pemenun mocrap/ien-
HOT TpobJieMbl HanboJIee YI0OHBIM 0Ka3aJI0Ch PACCMOTPEHNE ero Ha OECKOHETHOM IUJINHIPUYe-
CKOM MHOTOOpa3Huu, KOTOpOe IHOPOZKIAJ0 HOHATHE BUHTOBON CIIMpAJEBUIHON XapaKTHPUCTHKI
B(o,7,t) = t—s(T—0) oneparopa muddepennuposanus D, rae s(7) = 0{0~'7}, {7} — npobuaga
qacth 7 € R. [Tpu 9T0M Hapsay ¢ cucremoii (1) HHTerpaibHas CHCTeMa [0 PENIeHUI0 HAYaIbHOM
347491 BAIA

ﬂnw=wm#nw»+/f@5wawwwﬂwmw»w (3)

CTPOUTCS MHOTOLEPUOJAUIECKMMU BXOJHBIME JaHHbIME nepuoga (6, w). B panuom ciyuae 6-
neproAMYecKas Xxapakrepuctuka (o, 7,1) M0 ¢ U T He UMeeT OTPUIATETHLHOTO BIUSHUS B sIB-
HOM BH/JIe KaK JHaroHagbHas Xxapaktupucruka o (o, 7,t). Xapakrepucruka (o, 7,t) — BAHTOBasI,
CJIeJIOBATE/ILHO, OHA TIEPUOUIecKast nepuosa .

Ha ocHOBe OMMCAHHOTO METOJA MOYKHO JOKa3aTh HUYKECJELYIONLYI0 TeopeMy 00 yCJIOBUU
MHOTOIIEPHOJMIHOCTH pernenuii cucrembr (1).
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Teopema. /List roro urobwr pemerne © = @(7,t, (0, 7,t),u((0,7,t))) cucrempr (1) 6bi-
ga (0, w)-meprogmaeckinM, HeOOXOIUMO H JJOCTATOYHO, ITOOBI HadaabHast pyHKIus u(t) Oblia

peleHHeM KJacca Ct(e)(SZjL) GbyHKIMOHAIPHOH W-IepHOTTIECKOH CACTEMBI

u(t) = o(0,t,t,u(t)). (4)

B cirydae MeTosia AuaroHaJbHbIX XapaKTePHCTHK aHAIOr yCaoBus (4) npejcraBies yHKIHO-
HAJIBHO-PA3HOCTHOl cucTemoit [2, 3.

KiroueBbre cisioBa: omeparop anddepeHnrpoBaHus, MHOTOIEPUOJNTIECKAsT NHTEIPAJIbHAS CHCTEMA, IJIOCKWE MHOTO-
o0pa3us, MUINHIPUIEeCKre MHOTOOOpa3us, MUArOHAJIbHAS XaPAKTEPUCTHKA, MEPUOINTIECKAs XaPAKTEPUCTUKA, YCIOBUE
MHOI'OHePAOJAUIHOCTH.
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Hacrosmas paboTta mocBsiieHa uccieI0BaHu0 CYIeCTBOBAHUS U € TMHCTBEHHOCTU PENTeHN
CMEIIAHHbIX 33/1a49 AJId JIBYyMEPHOr0o BO3MYIIIEHHOIO YPaBHEHUA Y€TBEPTOrO MOPAJIKA C HHBOJIIO-
nuen

4 4 4
U (Jf7y,t) + %U (I‘,y7t) + Q@U (—l',y,t) + a_yglu (I‘,y7t) - f (x,y) (1)
B IpsAMOyrosibHOil obaactu (z,y,t) € F = —1 <z,y<1,0 < t < T, paccMmoTpuMm 3aja4y

HaxoxkaeHus napbl Gysxmmit u(x,y,t), f(z,y), yaosrersopsiomux ypabaenuio (1). Tpu srom
dbyukmus u(x,y,t) 0MKHA YIOBAETBOPATD HAYAJIBHBIM YCJIOBUSM

u(z,y,0) = ¢ (z,y),u(z,y,T)=v(xy), 2,y € [-1,1]
148 KpaeBbIM yCﬂOBI/IHM HepI/IO,ILI/I‘{eCKOFO BH 1A
Uu (_]-7 Y, t) =Uu (17 Y, t) y Ug (_]-7 Y, t) = Uy (17 Y, t)
Uy (_17:% t) = Ugy (Ly;t) y Uz (_L y,t) = Ugzx (17ya t) e [O, T]

rae |a] <1, ¢(x,y) u ¢ (x,y) nu3BecTHBIE JOCTATOYHO DIaAKHe (DYHKIUHL.
C moMOIIBI0O MeTO/a Pa3/eeHns TePEMEeHHBIX JO0KA3aHO CYINeCTBOBAHWE W €JINHCTBEHHOCTH
peleHnst 0OpaTHON 3a1a491.
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Teopema 1. Ilycrs goéjy (1) = @/J;Jy (£1) = 0,47 = 0,1,2,3,4,5, 7 = 0,2,4 m ¢ (z,y),
¢ (ZL’, y) S CG [_]-7 1] X [_17 1]7 SOVI (.I, y) ) wVI (JI, y) S L2 (_17 ]-) X (_]-7 1) TOF,Z[& cymecrByer
€/IHHCTBCHHOEC peIlIcHHe O5paTHOﬁ 3a/ladd KOTOpO€ MO?KHO 3alnucaTb B BHJIC

_ (5" 6 _
U(w,y,t)Zw(%y)Jrl SRR COS(EZ/)

T\ 1\ 6
1-e (&7 (5) 2
>~ 1 _ [(H—a)(wk) ( k+§)4] 90 ¢ 1
—I—Z - kl ML cosmhkrcos | k+ = | my
— 1 _ 1+a ) (k) +(nk+3) ]T (7rk; 2
4
1— e (2—a)(mk)™t gOl(g) _ wl(g)

+ sin mkx sin ky,
Z 1 — e—(2—a)(xk)*T (wk)ﬁ y

o
o) = 1 -
) = e (@) +a-g (—2.y) +o," (@) + S cos <—y>
1—¢ ()7 (%) 5
2
o0 6) . (6) L4 o) () (k) 1
—G-Z Pr1 . k1 yev! ( )(W ) 6(7T 2) cosTkx cos <k‘ + 5) Ty
e PR Ty P T
N 90@ ka 2 -«
+Z 1 — e—(2- o) (mk) T (71']{)2 sin mkx Sln'/rk'y’
k=1
e
1 1
1
90(()6)25//%0;/ v y)cos< )dxdy, U’ = //1/,\/1 T,y COS( )d:)sd%
—1 -1 JJ

1
9053) / / (x,y) cos Tk cos (k+ 2) mydxdy, sokQ / / (x,y) sin mka sin mkydxdy,

-1 -1 -1 -1

11
1
1/),(2) = //@D;/I (x,y) cos mkx cos (k + 5) mydxdy, (6) //T/JVI x,y) sin mkx sin rkydzdy.
S5

B cayudae kpaeBbix yciaoBuil Tuna Jupuxie paspemmMocTh OPsSMOR 3aadd PACCMOTDEHA B
pabore [1].
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CIIEKTP IIPEOBPA30OBAHUUN ['MJIBEPTA B IMTPOCTPAHCTBE OPJINYA
HAD R

Pamazan TACTAHKYJI

Hucruryr maremMaTnke u MaTeMaTHIECKOTr0 MopeaupoBanus, Aamarer, Kazaxcran
Kasaxckuit HanmouaapHbIl yHHBEpCHTET UM. ajb-Papabn, Anmars, Kazaxcran
E-mail: ramazan.tastankul@mail.ru

[lycts f xoMmIeKCcHO3HAYHAS JOKAJBHO nHTerpupyemas pyukmusa Ha R. Torma [Tpeobpaszo-
Banune ['manbepra Hf yakmun f onpemensiercs: CIeayONIM THTETPAJTIOM

(HF) () = %P.V. /_Z ;@tdt:g&% (/_oo+/:o> xf(_t)tdt (1)

HOYTH BCIOJIY KOIJIA CYHIECTBYET IIPEJIeI.

[Tycreb Tenepn Lg(R) mpocrpancrso Opimya wax R. V3secrro gro, (em. [1]), npeoGpazoBa-
uue ['mipbepra orpannded u3 Lg(R) B camo cebst ecam mpocrpanctso Opanda Lg(R) pediex-
CHUBHaA.

[Mpeamonoxxum uro mpocrparcto Opanda Lg(R) pedrekcuBha. A 3HaUnT npeobpazoBaHme
I'misbepra orpannden B Lg(R) : H : Lo(R) — Lo (R). Torna u3 cnekrpaibHoii Teopun JinHe-
HBIX OIIEPAaTOPOB M3BECTHO YTO CHEKTP mpeobpasoBanuu ['minbepra me myct. U mamra pabora
3aKJI0YaeTCs B M3Y4YeHUH CIIeKTpa JaHHOro olepaTopa. Takxke m3pectno uto H2 = I, rae [
TOXKIeCTBeHHbI onepatop Ha Le(R)([1]).

st Toro urobel onucarh cuekTp upeobpasosanuu ['uwibdbepra B Lg(R) Mbl Bo3nO/IB30BA~
JMCH Teopueit abcTpakTHRIX Banaxosbix anre6p [2]. Tlycrs B aberpakraas Banaxosa aarebpa.
Daement F € B Ha3bBaeTCs aaredpandecKuM eCai HalaeTcs MOJTUHOM

p(A) = Z a;\!
i=0

¢ koapdunuentamu o; € C u o, # 0 Takue 91O

p(F) = zn:oziEi = 0.
i=0

YrBepxkaenue 1. Ilycte B abcrpakTHas Banaxosa anrebpa m E € B anrebpamdeckuii
saement takoii aro p(E) = 0. Torza,
(1) PesosbBenra siementa F mpejicraBuMa B BHJIE

rje

n
Bj= > opEF
k=i+1

2. Cnuektp snementa E, o(E), comepKuTcss BO MHOXKeCTBe HyJIei MOJTHHOMA P.

3. ECJIH CTelICHb LHOJIMHOMAa N MUHUMaAJIbHasd, TO CHCKTD DaABCH MHO2KECTBY Hy.Heﬁ HHOJIMHOMa
.

N3 yrBepxkaenusd 1, u npuBeJeHHBIX BbIIEe (DAKTOB MPUXOIUM K CJEIYIONeH OCHOBHOI Teo-
peme

Teopema 1. ITycrs mpocrpancrso Opaaa Le(R) pedprexcira n H mpeobpazopanme I 'nib-
6epra Ha Lo(R). Torma
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(i) o(H) = op(H) = {£1}.
(i1) p = C\ {£1} u pesonbBenTa HMeeT CAEAVIOMYIO POPMY

R\(H) = %(A +1)7H I —H) + %(A —1)"HI +H).

KuroueBsie caoBa: IlpeobpasoBanme ['manbepTa, CIeKTp omepaTopa, pe30bBeHTa, MpOoCTpaHcTBO Opmya.
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O MIPEJACTABUMOCTU YPABHEHUA VMTO B BUJE CTOXACTUYECKUX
VYPABHEHUMN JIATPAHYKA C HEIIOTEHIINAJIbHBIMW CUJIAMMN
OHPE,ZLE.HEHHOfI CTPYKTVYPHI

Mapar TJIEVBEPTEHOB2¢, Tyivupa BACUJTUHAL3Y Achurait AB/TPAXMAHOBAL2¢

U Mucruryr maremarukn m MateMarndeckoro Mogemupopanus, Amvarsr, Kasaxcran
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B kiacce o6bikHOBeHHBIX nuddepennuaibubix ypasHenuii (O/LY) 3amada enbmroabia [1]
HCCJIEIOBAHA JIOCTATOYHO MOJHO [cM., HampuMmep, 2|, a B paborax [3-5] 3amaua [eapmrosbia
UCCJIeIYeTCS IPU AOMOJTHUTEIBHOM IIPEIOI0KEHIH O HAJTUIAN CJIYIANHBIX BO3MYIIEHHUIA.

B pabore [6] B kiacce OJLY uccienoBanach HeKOTOpas MOINDUKAIIS 331a9u [ eJTbMIOJIbIIA.
B nacrosmeit pabore 3Ta Moaudukaius 3aaa4u ['eIbMIoIba pemaercs B KJIacce CTOXacTude-
ckux jguddepentuanbabix ypasuenuit FTo.

ITocranoBka 3amaum. IlycTh 3a7aHO0 CTOXaCTHYECKOE YPaBHEHHE BTOPOTO MOPSIKA

d.jll, = Fl,(a:,x,t)dt + O'Z,j(.T,jf,t)dofj, V= 1,_77,, j = 1,m. (1)

CraBurcs 3aada MOCTPOEHHsI 10 33 aHHOMY ypaBHeHUIO (1) SKBHBAJEHTHBIX ypaBHEHUIT
BUJIA
d (STL) — STLdt = Qi(z,z,t)dt + a,;j(x, T, t)do&’, k=1,n (2)
k k
C 33JAHHOM CTPYKTYpOoil cut Q.

[TpeamonaraeM, uTo (DYHKINA, BXOAAIIME B IPUBEJICHHDIE BBIIIE YPaBHEHUA, 00Ia1a10T He00-
XOAUMOHR JJid JaJbHEANINX PACCYyZKACHUN IJIaJAKOCTBIO U YJA0BJETBOPAIOT TeOpeMe CyIIeCTBOBa-
HHs ¥ eJUHCTBEHHOCTH Pellenns 3a1a49n Komm B Kiaacce croxacrndeckux auddepennnanbHbx
ypasuenuit Uro [7]. Tlycrs (2, U, P) — BepositHocTHOE TipocTpaHcTBo ¢ motokom {U;}. 3mech
{E4(t), €2(t), ...,E™(1)} — cucTeMa BUHEPOBCKUX MPOIECCOB € eJUHUYHON MaTpuieil JOKa bHbIX
JUCTIePCHii, a SKBHBAJEHTHOCTD pelnenuii ypasuernuii (1) u (2) moHnmaercss B CMbICJE TMOYTH
HaBEPHOE.

Bajaua mocTpoeHus ypaBHeHus (2) 10 3aJaHHOMY ypaBHEHUIO (1) Tpu OTCYyTCTBUM CITyvaii-
HBIX BO3MYIEHUH 0,; = a;j = (0 paccmorpena B [6], a mpu HaITYMK CTyIARHBIX BO3MYIIEHUH
u Qr = 0 nccseoBana B 3| METOAOM JIOLOJHUTELHBIX EPEMEHHBIX. 3J1€Ch U JAJEEe 10 MOBTO-
PSIIOIIAMCS MHICKCAM COMHOXKUTEICH MPeINOIaraeTcs CyMMUPOBAHEE.

ITiade roBopst, CTaBUTCS 3a1a4a OUPEE/ICHHs 0 3aJaHibIM F),, 0, ycroBuil Ha dyHKImm
Ln a;j, IpH KOTOPHIX ypaBHeHue (2) OblI0 Obl SKBUBATEHTHO ypaBHeHuto (1) ¢ 3aTaHHOI
CTPYKTYpOit cut Q.

B ciayuyae, xorja Qx — IpPOU3BOJIbHBIE HEIIOTEHIHAJbHbBIE CUJIBI, JJOKA3aHA TEOPEMa.
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Teopema 1. HeoO6X0uMbIME H JOCTATOYHBIME YCJIOBHSIMH IIPEICTABUMOCTH ypaBHEHHUST (1)
B BHJI€ YPABHEHHS (2) ¢ IPOU3BOJIBHBIMHI HEITOTEHITHATBHBIMU CHIAMH SIBJISTIOTCS YCJIOBHS

O*L 5 Y Lv=k

Dindn, Ok TAC Ok = { O,v+k (3)

a;j($, T, t) = o,(x, &,1). (4)

A B cayuae, korma @y momyckator 0606menHy0 Gynknuo Peres R(x, &), T.e. nMeeT MecTo
R

npencrapienne Qy(x, ) = ~ 5, TOLAA ypasHemme (2) sanumercs B BUje
Ty
oL oL OR / ,
d(=—)— =—dt = ——— (x,z,t)dy&’ 5
(8ﬂfk) a.ﬁl?k axk—’_akj(x?xa ) 05 ) ( )

¥ CIPAaBE/JTHBA CJIEYIONAsd TeOPeMa.
Teopema 2. HeoOXx0auMbIMH H JJOCTATOTHBIMH YCJIOBHSMH HpejgcrapaMoctTi (1) B BHe
(5) ¢ HemoreHMUAIBHBIMA CHIAMH, JOIMyCcKaomuMi ¢Gyukmnmuio Payges, spisiores ycaosns (3),
y OR OL O*L O*L
Sl R AT T T
Funding: Asropst 6611 nomuepxkanst rpanrom AP09258966 MHBO PK.

i, — Fi(x, i, t).

KuroueBsie ciioBa: ypasuenue VlTo, ypaBHenue Jlarpanxka, HEITOTEHIINAILHBIE CUJIBI, CIyYIalHBIE BO3MYIIAIOIINE CUJIH.
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PacemorpuM nnHeHYIO KpaeByio 3a1a49y

‘fl—f AWz + f(1),  te(0.T), xR (1)
Bx(0)+ Ca(T) =d,  deR" @)
x(02+0)—]}(91—0) :pi,z'zl,_m, (3)

rae n X n marpuna A(t) w n - Bekrop f(t) Kycouno- uenpepbiBabie Ha [0, 7] ¢ BO3ZMOKHBIME
pa3phIBAME B TOYKAX MMIYJIbCHBIX BO3aeciicTBuil ¢ = 0;.
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Bosbmem A, 1:tg =0< 6 <0y < ... <0, <0, =T. Obo3naumm gepes
C([0,T), Api1, RM™ D) mpocrpanctso cuereM zft] = (21(t), 22(t), ..., 2pmi1(t)), Tae bynk-
umu T, : [t,_1,t,) — R" HeupepbiBHbI H t_l)itmoa:r(t), r = 1,m+1, ¢ wopmoit ||z[-]||ls =

max_ sup ||z, (¢)]].
r=lLm+1teft,_1,t,)

[Tycre x(t) - pemenue ypasuenusi (1) u x,.(t) - ero cyxenme ua warepsat [t,_1,t.), T. e.
z.(t) = x(t), t € [tr—1,t,), 7 =1, m+ 1. Torma z[t] = (z1(t), x2(t), ..., xm11(t)) €
C([0,T], Aps1, RPN 1 ero smements x,(t), r = 1,m + 1, yI0BICTBOPAIOT CJIeIyIONIEH CH-
cTeMe JIMHEHHBIX OOBIKHOBEHHBIX JIH(PpepeHIIuaIbHbIX YPaBHEeHU M

dzx,
dt

= A(t)z, + f(t), t€ltr1,t;), r=1,m+1. (4)

Beemem mapamverpbr A\, = z,(t,_1), r = 1,m+ 1. Jleaaem nogacraHoBry u,(t) = x.(t) — A,
Ha KayKJOM 7-OM HHTepBaje [t,_1,t,), TOJYIUM CHCTeMY OOBIKHOBEHHBIX AuddepeHIumaabHpx
YPaBHEHUH ¢ TTapaMeTpaMu

du,
dt

C Ha4aJIbHBIM YCJIOBHEM

= A(t)(u, + N) + f(2), t € [tr_1,t), r=1,m+1, (5)

ur(t,—1) =0, r=1m+ 1. (6)

st mo6oro dukcupopanuoro A, € R" r = 1.m + 1 3agavya Komu (5), (6) umeer e uHCTBEHHOE
pemenne u,(t, \,) u cucrema byuxmmit uft, A] = (ug(t, A1), ua(t, \2)

. Um+1(t, /\m+1>) S C([O, T], Am—i—l; Rn(erl))

Ananornunro |1, 1008 c.|, BBemem HOBOE 06IIee perieHue Jisi 00bIKHOBEHHOTO T depeHiii-
aJbHOIO ypaBHEHHE C UMITYJIbCHBIM Bo3meiicTerem (1).

Omnpenenenne 1. [1] ITycmo u[t, \] = (uqg(t, A1), uz(t, A2), . .., Upmy1 (t, Amr1)) Oydem pewse-
nuem zadavu Kowwu (5), (6) dns napamempa X = (A1, Ay, o.o; Amy1) € RPD. Tozda dymxyusa
r(Api1, t, N), 3a0annas pasercmeamu

T(Apt,N) = A Fup(t,A) daat € t,_q,t.), r=1m+1, u

T(Api1, T, N) = A+ Hme g1 (£, Aga),

t—T—-0
nasveaemcs Ny, 1 06wum pewenuem 0aa ypasuenud (1).

Kak caemyer u3 onpenenenus 1, obmtee permenne A, 1 3aBUCAT OT M + 1 NPOU3BOJBHBIX
BEKTOPOB A, € R" u yaosiersopsier ypasaeruio (1) ajst Bcex
te (0, T)\{0,,r =1,m+1}.

Bozbmem X,.(t), dynaaMeHTaTbHYIO MATPUIYY OOBIKHOBEHHOTO Tu(bhepeHIHaIbHOTO YPaB-

HeHue d
(;—m) teltit], r=Lm+l,

U 3anumieM perrenns i 3agaan Kommm ¢ napamerpamvu (5), (6) B Bue:

w(t ) ‘/X PdrA, + X, (1 ‘/X D@ tE [frty),

tr1

r=1m+1.

Teopema 1. Ilycrs kycouno-menpeppisaas Ha [0, T| ¢pyukmist T(t) ¢ BO3SMOKHBIMH TOTKAMI
paspeiBat =t,, r=1,m, n (A1, t, A) - obmee pemmenne A,, 1 juist ypapaenus (1). IIpeio-
JlaraeM 9to GyHKIus T(t) HMeeT HelpepsIBHYO IIPOH3BOIHYIO H YIOBJIETBOPSIET ypaBHeHHIO (1)
s Beex t € (0,T)\{t,,r = T,m}. Torma cymecrsyer equacrsenras A = (A, Ao, ...; Ams1) €
R+ rakoii qro, papeHCTBO (A, t, \) = &(t) Bommonsiercs st seex t € [0,T).
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IIPAMBIE I OBPATHBIE 3AJAYUN AJId ITAPABOJIMYECKOTIO
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B nannoit pabore BBOAUTCA NMOHATUS HEJOKAJIBLHOI'O aHaJora oneparopa Jlamiaca u ais co-
OTBETCTBYIOIIETO HEJIOKAJIHLHOTO MapaboJIMIecKOro YpaBHEHST B IHIHHIPUIECKO# 001acTH U3y-
JaIOTCs psIMble 1 0OpaTHBIe 33a4un. JJoKa3aHbl TeOPEMBI O CYIECTBOBAHUS U € INHCTBEHHOCTH
peIieHns] PACCMATPUBAEMBIX 3a/1a4.

[Iyctb Q = Q2 x (0,T), rne Q— exuaugnbiii map u3 R™,n > 2, 00— exunnunas chepa. s
M060r0 T = (21, ..., T,,) U3 () pACCMOTPUM OTOOPAKEHUS ;T = (T1, .., Tj 1, —Tj, Tjt1, - Tp), 1 <
J < 1,1 < n. Ecau paccMOTpUM BCeBO3MOKHbBIe IPOU3Be/leHnd oToOpazKeHuil Buga S;x, To 00-
mee KOJMYeCTBO TaKUX OTOOPasKeHHi, ¢ yd4eToM oTobpaxkenns Syr = x OyaeT pasHATLCa 2.
Ecau Becru 3anuch uHeKca CyMMUPOBAHUS ¢ B JIBOMYHON cUCTeMe CYMC/ICHMsI (In...11)2 = 1,
rae i, = 0,1 npu k = 1,...,[, TO MBI MOXKEM PACCMOTDPETH 0TOOpakeHus Buaa S, - ... - Sty

[lycThb ag, a1, as, as, ..., g1 — HEKOTOPBIH HAOOP JeficTBUTENBHBIX Yuces1. BBegem omneparop

2l—1
Liv(x) = Z a;Av (S]'...S] x)

=0

OTMeTHM, YTO CHEKTPAJIbHBIE BOIPOCH! onepaTopa L; u3ydensl B pabore [1].
Paccvorpum 3a1aay

ou(t,z)
5 = Liu(t,x) + F(t,x),(t,z) € Q, (1)
u(0,7) = p(z),z € Q, (2)
u(t,x) =0,0 <t <T z e (3)

Penrennen 3aaqm (1)-(3) nasosem dynkuuio u(t, ) € C(Q), nis koropoit u(t, x) n Lyu(t, x)
npunaaexar kiaccy C(Q), u yaoBaerBopsior yeaoBusMm (1)-(3) B KAacCHIECKOM CMBICITE.
2t—1 A
Brenem obo3nauenue O = > (—1)k®zai, rnek =0,1,....2' -1,k ®i = (k..ky)o®(iy...11)2 =

i=0
ki-i1+ ...+ k; -1y
Teopema 1. Ilycrb B 3agade (1)-(3) koacppunuentsr a;,i = 0, 1,...,2" — 1 Takme, uro js
peex k = 0,1, ..., 2" — 1 Bemnoansiores yenosus 0y, > 0, ¢yuxmn o(x) u F(t,x) yaoprersopsior
VCIOBHSIM:

- 0T p(2) n
q __ AN — — |
1) p(x) € C (9)7856(111“_&6%” CLy(Q),qu+...+q=q+1,q [2] +1,
o()|on = Dp(@)]go = - = AlElp@)| =0,
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_ 01T E(t,x) n
) F(t,x) € C (Q)’ax‘{l...ax%" ELy(), 1+ ...+ =q+1,q [2]+ :
F(t,2)] 0 = AF(t2)] g = ... = A[LZQ]F(t,x)‘ — 0.

)
Torna pemenne 3agaqn (1)-(3) cymectByer u e qUHCTBEHHO.

B paGore Takike m3yueHbl 0OpaTHbIe 3aJa4d 10 OTHICKAHHUIO MHOXKHTeJell IpaBoil yacTu
F(t,z) = f(x)g(t), 3aBucAmUX OT TPOCTPAHCTBEHHBIX MEPEMEHHBIX 1 BPeMeHH. AHAJOIHIHbIE
3a/1a4H It KJIACCHIECKOro MapabondecKoro ypaBHeHns B ciydae n = 2 u {— OpsgMOYTOJbHIK
u3ydeHsl B pabore [2].
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BBIUNCJAUTEJABHBIN AJITOPUTM PEIIEHNSA BTOPOU
HAYAJIbHO-KPAEBOW 3AJIAYM 1J1s1 YPABHEHUS JUOOY3UU C
JTPOBHOW IIPOU3BOJIHOM I10 BPEMEHU

Mapar YMUPBEKOB!®, Maxumyr CAJIBIBEKOBM

! Uncruryr marematukn u MaTeMaTHdeckoro MojeupoBanus, Amvarel, Kazaxcran
E-mail: “umyrbekov.marat@gmail.com, *sadybekov@math.kz

B noxkiazie paccmarpuBaeTcs BTopasi HadaIbHO-KpaeBas 3aJa49a, I/ ypaBHenud cyoanddy3um.
To ecThb A7 ypaBHEHHUS TEILIOIPOBOIHOCTH ¢ APOOHON TPOM3BOAHON 1O BPEeMEHH:

Diu(x,t) = a(z)uge(z,t) + b(x)u,(x,t) + c(z)u(z, t) + f(x,t), (1)

rie u(x,t) - uckomas dyuknus, a a(x),b(zr),c(x), f(x,t) - ussectubie Gynkunu. [Tokazaresnnb
0 < a <1 -3T0 MOpPSI0K JAPOOHON MPOU3BOIHON 110 BpEMEHH.
B pabore ucnonab3yercs apobHast Mpous3BoaHas KamyTo:

Dou(t) = F(ll—oz) /0 dZiS)(t—s)_ads.

3ajiada paccMaTpUBaeTCs B IPOCTPpaHCTBeHHOM HHTepBasie 0 < x < | ¥ BpeMEeHHOM HHTepBaJie
0 <t < T. PaccmaTpuBaioTcd rpaHndHbIe yeaoBusd Tuma Heiimana

uw(()? t) = gl(t)v ux(la t) = gQ(t) (2)

M HaYdaJIbHOE YCJIOBHE

u(z,0) = ¢(x),0 < x <1, (3)

rae g1(t), g2(t) u ¢(z) - 3amanubie GyHKIUN.
B ciyuae, korma BMeCTO Kpaesoro yciaosus (2) ucnoabsyercs ycaosue Jupuxire

u(0,1) = gu(t), u(l, 1) = g(t) (4)

sTa 3aja4a OblIa HOAPOGHO uccaenoBana B [1]. OCHOBHBIM pe3yJbTATOM SIBJIsIETCsT Pa3paboT-
Ka HapaiieJbHbIX AJrOPHTMOB DelleHUsl HAYaJIbHO-KpaeBoil 3aaaun (2)-(3) ayust ypaBHeHUs
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mudbdysun ¢ apobubiM Bpemerem (1). Tlocsie MpuMeHeHUs] KOHEYHO-PAZHOCTHOR CXeMbI sl
AIMIPOKCUMAINK OA3UCHOTO YpaBHEHHUS 3aJa49a CBOJUTCHA K PEIICHHIO CHCTEMBbl JIMHEHHBIX aJl-
rebpanyeckux ypaBHEHUH /I KaxKJIOr0 MOCJIEeLYIONIero BpeMeHHOro ypoBHs. Pazpaboranubie
napaJuie/ibHble aJrOpUTMbl OCHOBaHbI Ha ajropurme Tomaca, ajaropurMe napajijie/ibHOM 1mpo-
TOHKHM U METO/le YCKOPEeHHOU CBepXpeaKCalluh JJid PeIleHus 3TOW CUCTEMBI.
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Keywords: ypasuenne nuddysun, ycrosue Heiimana, 1pobHas Mpon3BogHAS, BEIYUCIATEIbHBIN AJTOPUTM, TAPATLIIe b
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OB OJIHOM IMOJIXOJE K PEIIEHNIO MHOTI'OTOYEYHOI KPAEBOM
3AJIAYM JIJIsI UHTETPO- JTU®PEPEHIIMAJIBHBIX YPABHEHUN TUIIA
IIAHTOTPA®A

Kaitpar YCMAHOBY, Kymsuna HASAPOBA?** JKamnyp TYPTAHBAEBA?¢
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Ypaprenus mantorpada (B ToM dncie u B ciaydae a > 1) uzygarorcs nasHo. B 1940 r. K.Mahler
[1] BBesT B Teopuio qucen dbyunkimonanbHo-quddepernnanibabe ypaBHeHust Takoro Trma. B 1971
rogay L.Fox u ap. 2] u J.Ockendon u xp. [3| mpeayoxmin Takoro poja ypaBHEHHsI B KA4eCTBE
MOJIeJIeli JIjisl u3ydeHus] HeKOTOPBIX MPOMBINIIEHHBIX 3a7ad. B pabore [4] A.lserles u Y.Liu
u3ydajan mHTerpo-auddepennuaabHoe ypaBHeHne manTorpada.

MHororoueunbie KpaeBble 3a1a9 /Il pa3JIHIHbIX AuddepeHnnaJIbHbIX 0 HHTerpo-audde-
pPEHIHAJIbHBIX YPABHEHHH U UX TPUMEHEHHST pACCMOTPEHBI BO MHOTHX paboTax. MHOroToYeYHbBIe
KPAaeBble YCJOBUS SIB/ISIIOTCS BayKHBIMU B IIPUKJIAIHOM ILJIAHE, TAK KAK UMEIOT IMPSIMOe OTHOIIe-
HUE K TeOPUHU CILTAHA U UHTEPIIOJNPOBAHUS, a TAKYKe UCIO/Ib3YIOTCs B UCCAEI0OBAHUT 33129 C
MHOPOOIOpHbIME Oaskamu. Hampumep, B pabore |5 MHOroTOUedHBIe KDAEBBIE YCIOBUE TPHME-
HEHBI TIPU TPOEKTUPOBAHUHE MOCTOB.

[TosTomy, B HacTOsIIEH paboTe MBI PENTIIN UCCJIEI0BATH MHOTOTOYETHYI0 KPACBYIO 33129y
Jig uHTerpo-auddepeHnualbHbIX YPaBHEHUN, UMEIONUe Ipeodpa3oBaHus THIIA ITaHTorpada.
st opeieieHust OJIHO3HAYHON Pa3PEelIMMOCTH UCCIeyeMoit 3a1auu, OyaeT IpuMeHeH MeTO/T
napamerpusaiuu mpodeccopa /1. Jxymabaesa [6].

Ha otpeske [0, 1] paccmaTpuBaeTcss MHOTOTOUETHAST KpaeBasl 3a/a4a /I HHTerpo-andde-
PEHIMAJILHOTO yPABHEHHS TUIIA MaHTOTpada

dfz(tt) = A(t)x(t) + /K(ty s)z(es)ds + f(t), te€[0,1], e<1, z€R", 1)
Zm: Biz(0;) = d,d € R", (2)

0=t <...<O0,=c<...<bl,_1<0,=1,
rae marpuna K (t, s) nenpepsisaa Ha [0, 1], maTpuna K (¢, s) HenpepbiBHA COOTBETCTBEHHO Ha
[0,1] x [0, 1], a n- meprag BekTOp-byHkus f(t) HenpepwiBHa Ha [0, 1]. B;, i = 0, m- nocrosiuubIe
MATPHILBL.
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K kpaesoit 3agaue (1), (2) nmpuMeHsieM MeTOJ MAapaMeTPU3AIUY, Jisi ITOIO MPOHUIBOIUM
m

pasbuenue: [0,1) = J[t,—1,t.), tme t; = 0;, i = 0,m. O6o3uauum h = max{hy,hi,..., hpn},
r=1

hi=0;—0;,_1, 1=1,m,a=max ||A(t)||, 8 = max |K(t,s)].

te[0,1] t,s€[0,1]
Beenst oboznadenus \, = x, (t,—1), 7= 1,m, A\py1 = lirln T (1) ¥ HA KayKIOM HHTepBaJje
t—1—

t € [t,_1,t,) nupoussegeM 3aMeny z,(t) = u,(t)+\,, r = 1, m. Toraa ncxonHyo KpaeBylo 3a1a9y
dopManbHO pa3duBaeM Ha JIBe YacTH, T.e. Ha 3aaady Ko a1g uHTerpo-1uddepeHnnaabHOro
YpaBHEHUd TUIIA HaHTOFpaCba " cucremy aﬂFe6pqueCKI/IX ypaBHeHI/Iﬁ OTHOCHTECJIbHO BBEACHHDBIX
napaMerpos. Tpebys 0JHOZHAYHYIO PA3PEIINMOCThL MOJIY4YeHHO 3anaun Komm, OgHO3HAMHY O
Pa3pemmMoCTh HCCASAYeMO KPaeBoil 3a1a9l CBeJeM K OOPATHMOCTH IIOJIYYeHHOH MATPHIILI
cucreM ajarebpandecknx ypapHennii. Ha ocHoBe MeTona mapaMeTrpusaniuu yeTaHOBAM:

Teopema. Kpaepas 3amaua (1), (2) ogrozsaqHO paspeninma Torja U TOJbBKO TOLJA, KOLJIA
marpuia Q.(h) 6p1a o6paruma pu h € (0, hy|, rae e Bhy < 1.
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O HEKOTOPBIX CBOMCTBAX OJIHOM CIIEIIMAJIbHON ®YHKIINU
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E-mail: khushtova@yandex.ru

[Myctb 0 < p< 2, p,onv €C, (6 +v)/2 ¢ Z. Pacemorpum QyHKIUIO OT KOMILIEKCHOTO
[IEPEMEHHOTO 2

geve) = nts | (3)

1—0/2,1), —po/2,
E”/Q’l/% (1)—(5/2,5)),/(—[)1)//2,1) } ) (1)

e Hg;[] — H-gynxyua Poxca [1], [2]. Pynknus (1) BOHUKAET OPU UCCIIETOBAHIE KPAeBbIX
3a7a4 i g GepeHuaibHOro ypaBHeHusl ¢ oneparopoM Becceis, JAefCTBYONMM 110 IPO-
CTPAHCTBEHHOH IepeMeHHOH, ¥ MPOU3BOIHON APOOHOTO MOPSIKa II0 BPEeMEHHOU IepeMeHHOM
[3], [4]. Yacrubimu coryuasvu dbyuknuu (1) apisiores: GyHKIMR

Tt (2) = (%) Ty (V; %2) ;TN (2) = (g)yexp <—ZZ2> :
2

75 = (5) Bu (—%)  VERTEE) = Vo (—pon = 1),
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Ty (z) = % (g)ycb <(a +v)/2,1+v; —ZZQ) :

3mech v (v; z) — menonnas ramma-dynkmud |5, c. 254|, E, , (¢) — bynkmua tuna Murrar-Jled-
denepa [6, c. 117|, ¢ (p, u; 2) — dynkuua Paiira [7], @ (a, ¢; z) — BRIPOKAECHHAS THITEPIEOMETPH-
deckad dyukmusg |5, c. 237].
Hust dyukuuu (1) cupaBeiuBbl cBoficTBA
CsoiicTBo 1. INmeer mecto popmyiia

n—1

—o—2k
Jere () = (g + 3 (5) T =12

2
k=0

e
(DT (v +0)/2+k)
D(p+pk)T (14 (v—0)/2—k)

dy, =
CsoiicTBo 2. CupasegiuBa opmyia

Zl—ai [Zajﬁ,u—&-l,a(z)] —

- [T () = Tome ()] (13)

I

CsoiicTBo 3. IHmeer mecto popmynia audpgpepenupoBaHmst

d" —po/2— o - —n—po/2— —n,o -
T [z“ po /2 1j£,u, (Az p/Q)] — pH—n—po/2 1j£,u T(\z p/2)’ (14)
rme A = const,n =1,2, ...

Hekoropsim apyrum csoiictam dyukunun (1) nocssmenst padorst |8]-[10].
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SAITAYA TPUKOMU OJ1d YPABHEHUSA CMEIIIAHHOI'O TUIIA BTOPOTO
POIJA B OBJIACTU SJIJINIITUYECKAA YACTD KOTOPOM
I'OPNU30HTAJIBHAZ IIOJIOCA

A.AQPTAIIEBY, ®.3.JOJIIAIIEBAL2Y

! Kokamnckuii rocyqapcTBeHnbLi megarorndeckmii nacruryT, Kokamn, Y36exkucram
2 Axagemuueckuii stureii Mesxgyrapogaoro Becrummcrepckoro Yuusepcurera B Tammkenre,
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PaccMOTpUM ypaBHEHHe CMENIaHHOIO THIIA BTOPOIO POJa
Uy + signyly|™u, =0,0 <m <1 (1)

B HeOTpaHHYeHHON cMemanHoi obsactu D = Dy U J U Do,

rae Dy ={(z,y) : —co <z < 400,0<y <1}, J={(z,y) :y=0,0 <z <1} a Dy - KoHeuHas
obsacth nosymiockoctu y < 0, orpanmdennast orpe3kom AB npsmoit y = 0 1 xapakTepucru-
KaMH1

AC: 2 —12/2=m)] (=) * ™2 =0,BC: z+2/(2—m)] (—y)* ™ =1

ypasuenus (1), serxogstmumu 13 Touek A(0,0), B(1,0) u nepeceKalomuMucs B TOUKe
C(1/2,=((2 = m)/4)/ ™).

Beenem obosnadenus f=m/ (2m+4), J; = {(z,y) :y =0, —oo < x < 0},
Jo={(z,y):y=0,1 <z <4o00},J5 ={(z,y) :y=1, —00 <z < o0}

Bamaua T. Haiitu dbyuknuio u(x,y) co caeayomumM u cBORCTBAMHE:

1) u(x,y) € C(DUJ, U J, U AC U BO);

2) mepBble ee IpOU3BOJAHBIE HempepblBHBI B Dy u Dy mpudem uy(x,+0) = —u,(x, —0),
0 <z <1, u B rouxax A(0,0), B(1,0) npoussonHas u, MOXKeT 0OpAIIATHCS B GECKOHETHOCTD
HHTEIPUPYEMOTO TTOPSIJIKA;

3) u(z,y) € C*(D;) ynosnersopsier ypasaenuio (1);

4) u(z,y) B Dy ectb 0606mennoe perrenne ypapuenust (1) u3 kiacca R , Beegennoro W.JI.
Kapouem [1];

5) u(x,y) yIOBICTBOPSET YCIOBHSIM

uy(x,0) = ¢i(x), Vo € J;, (1 = 1,2)
u(z, 1) = 3(x), Vo € Js

lim u(x,y) = 0, (paBromepno no)Vy € [0, 1]

|z|—o00

u |AC = 1/}<I>,Vl’ - [0,1/2]

rae ¥;(x), ¥s(x), ¥(x) - 3aganusie dyuxnuun, npuaeM ¥;(x) B Toukax A(0,0), B(1,0) mo-
KeT o0paInaThes B GECKOHEUHOCTh WHTErPUPYEMOro nopsaka a takxke ¢;(x) € C(J;), a aua
JIOCTATOYHO GOJIBIINX |X| YIOBIETBOPSIIOT HEPABEHCTBAM

()] < My|z|™' 77, My, 0 = const,o > 0.

Oynkuus P3(x) € C(J3), nMeeT BTOPYIO TPOU3BOJHYI0 OIPAHNYEHHYIO U HHTETPHPYEMYTO B
[0,1/2] a m1s1 mOCTATOUHO GONBINUX |X| YIOBIETBOPSET HEPABEHCTBY

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 121

|3(x)| < Malz|™¢, My, e = const,e > 0.

B nannoit pabore , uccieayercs BOIIPOC OJHO3HAYHON pa3pelrmMOCTH BHIOU3MEHEHHOH 3a-
Jadn TpuKoME B HEOTPAHUYEHHON 00JIACTH JLIMITHYECKAs 9acTh KOTOPO SBJISETCS TOPH30H-
TaJBHON TOJI0COM. EMHCTBEHHOCTH pelleHus JOKA3bIBAETCs MeTOJA0M HHTETPAJIOB SHEPIuud .
Metonom ¢dpyukmuit ['puna u myreMm peayknuu K ypaBHeHuio PpearoabMa BTOPOro pPoja yeTa-
HABJIMBAETCH CYLIECTBOBAHUE PEIIEHUs UCC/IeyeMoil 3a/a4u, 0e3yc/ioBHAsS PAa3peInMoCTb KO-
TOPOro CJAeAyeT U3 eJUHCTBEHHOCTHU PEIIeHUs 3a/a4u.

KuroueBrbie cioBa: 3amaga Tpukomu, ypaBHEHHE CMEIIAHHOTO THIIA BTOPOrO POAA, TOPU3OHTAJIbHAS II0JI0CA, METOZ,
WHTErpaJioB dHeprun, Meros Gyukmil I'prma.
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A nonlocal problem for integro-partial differential equations of
mixed type
Aziza ABILDAYEVA'¢  Anar ASSANOVA!®  Aigul SABALAKHOVA?%¢
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On the domain © = [0,7] x [0,w] we consider a nonlocal problem for a system of integro-
partial differential equations of mixed type

d%u ou ou
5hr A(t,a:)% + B(t,a:)a +C(t,x)u+ f(t,x)+
ton(t z) / wl(s,x)%ds + oolt, ) / %@@W@, (1)
Py(z) a“g; ?) 4 Pl(x)% _ +Po(@)u(0.2)+
—l—&(x)% + Pﬂx)% t:T—l—Po(x)u(T, x) =d(x), x € [0,w], (2)
u(t,0)=6(t),  telo,T], (3)

where u(t,z) = (ui(t, x), ..., u,(t, x)) is unknown function, the n x n matrices A(t, z), B(t,x),
C(t,x), p1(t,x), ea(t,x), U1(t, x), e(t,x) are continuous on 2, the n vector function f(¢,x)
is continuous on €, n x n matrices Py(z), Pi(z), Po(x), Sa(z), Si(z), So(x) are continuous
on [0,w], n vector function d(z) is continuous on [0,w], the n vector function is continuously
differentiable on [0, T].

Continuous function v : €2 — R™ that has a continuous partial derivatives g—;‘, %, %
on {2 is called a solution to the nonlocal problem for the system of integro-partial differential
equations of mixed type (1)—(3) if it satisfies system (1) and conditions (2), (3) for all (t,z) € Q
and z € [0,w], t € [0,T], respectively.

We study the solvability of the nonlocal problem for the system of integro-partial differential
equations of mixed type with degenerate kernels.

Using a new functions [1] the original problem is reduced to a family of boundary value prob-
lems for the system Volterra-Fredholm integro-differential equations with an unknown functions

12].
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Further, we are transfered this problem to the family of boundary value problems for the
2n system Fredholm integro-differential equations with an unknown functions.

For solving this problem we use Dzhumabaev’s parametrization method [3-6].

Then, by introducing an additional functional parameter as the value of the solution on the
boundary of the domain, the problem is reduced to an equivalent problem containing a family
of Cauchy problems for a system of Fredholm integro-differential equations with unknown
functions. We apply results in [7-10] for establishing the solvability conditions of the family
of boundary value problems for the 2n system Fredholm integro-differential equations with an
unknown functions.

Conditions for the unique solvability of the original problem are obtained in terms of the
solvability of families of Cauchy problems for the system of Fredholm integro-differential equa-
tions.

Funding: This research is funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP09258829).
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On the best constant for hypoelliptic Sobolev inequality
Yermurat ADILBEKOV

Institute of Mathematics and Mathematical Modeling, Kazakhstan
E-mail: adilbekov.yermurat@gmail.com

In this talk, we investigate the best constant in hypoelliptic homogeneous Sobolev and
Gagliardo-Nirenberg inequality. We refer to the recent works [1] and [2] for the best constants
in the Sobolev inequality with inhomogeneous norm and critical Gagliardo-Nirenberg inequality,
where the best constants were expressed in the variational form as well as in terms of the ground
state solutions of the nonlinear Schrodinger equation.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).

Funding: This research is funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP09058474).
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Inverse source problems for heat convection system governing
Kelvin-Voigt flows
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2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
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In this work, we consider some inverse source problems for the following heat convection
system governing motion of incompressible viscoelastic Kelvin-Voigt fluids

vi+ (v V) v —xAv, —vAvV + V7 = g(x,1)0(x,t) + f(t)h(x, 1), (z,t) € Qr
divv(x,t) =0, (z,t) € Qr,
O+ (v-V)0 —AAO = j(t)o(x,1), (z,t) € Qr,
which is supplemented with the initial conditions
v(x,0) = Vo (%) , 0(x,0) = fo(x), x €O,

the dirichlet boundary condition for 6(x, t)

0(x,t) =0, (x,t) € I'p,
and for v the sticking-boundary condition

v(x,t) =0, (x,t)elr
or the sliding-boundary condition

va(x,t) =v-n=0, (D(v)-n)xn=0, (x,t)elr

and with the integral overdetermination conditions

/ vo(x)dx = e(t), / On(x)dx = 6(t), t > 0,

Q Q

where Qr = Q x (0,7T), and Q is a bounded domain in R¢, d = 2,3, with a smooth boundary
0.

The inverse problems consist of finding velocity v(x, t), pressure m(x, t), temperature 6(x, t),
and intensities of external forces f(t) and heat source j(t). The talk deals to establish the
existence and uniqueness of weak and strong solutions of these posed inverse problems.

Funding: This work has been funded by Grant number AP19674862 the Ministry of Education and Science of the
Republic of Kazakhstan (MES RK), Kazakhstan.
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Radial and logarithmic refinements of the weighted Hardy
inequality

Kuralay APSEIT

Suleyman Demirel University, Almaty, Kazakhstan
E-mail: kuralay.apseit@sdu.edu.kz

In this talk, we discuss weighted versions of radial and logarithmic refinements of the fol-
lowing Hardy’s inequality using the factorization method of differential operators from [1]-[3]:

L@@ [ - iswp "2

[T Mo (v/ [ = o))  d"a,

1 k=1

3

' : (1)
T

J

valid for f € C§°(Q2), assuming that Q@ C R",n € N;n > 2, is open and bounded with
zo € Q,m € N, and the logarithmic terms Ing (v/ |z — z¢]) , k € N.

Moreover, we discuss generalizations of these results on homogeneous Lie groups.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).
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Asymptotic behavior of the solution of a boundary value problem
with an initial jump for a singularly perturbed integro-differential
equation

Zhanar ARTYKBAYEVA®, Aziza MIRZAKULOVA?

Al-Farabi Kazakh National University

b

E-mail: *artykbaeva.zhanar@gmail.com, *mirzakulovaaziza@gmail.com

We consider third-order linear differential equation with a small parameter at the two highest
derivatives

1 2
Loy =y +eAo(t)y” + A1)y + As(t)y = F(t) + / Z H;(t,2)yY (x,e)dx (1)
0 =

for 0 < t < 1 with the initial conditions

hly = y(07€> = Q, h2?/ = y/((],g) = ﬁa h3y = y(]-a 8) =7 (2)
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where ¢ > 0 is a small parameter, A;(t) (i = 0,2), F(t), Ho(t,z), Hi(t,x) and Hs(t,z) are
given functions and «, 3, v are known constants. Let us assume that:

I. A, € C*0,1],i=0,2, F € C[0,1], and Hy, H;, Hy € C(D), where D ={0 <t <1,0<
r <1}

II. Aj(t) #0, 0 <t < 1.

ITI. The roots of the “additional characteristic equation”

1?4 Ag(t)p + Ay(t) = 0

satisfy the conditions Rep(t) < —y1 < 0, Reps(t) < —y2 < 0.

IV. Assume that 1 is not an eigenvalue of the kernel H(t, s, €).

Under the assumptions I-IV, we obtain the analytical formula of the solution for the bound-
ary value problem with initial jump (1)-(2). Theorem about the existence and uniqueness of the
solution is proved. Using the asymptotic properties of the Cauchy and boundary functions, the
asymptotic estimate of the solution was obtained. From this asymptotic estimate, we showed
that the solution of problem (1)-(2) at the point ¢ = 0 has an initial jump of order zero of the
second degree. Other type of boundary value problems for the equation (1) are considered in
[1-3].

Keywords: singularly perturbed equation, asymptotic estimate, Cauchy function, boundary function, small parameter,
fundamental solution.
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Direct and inverse problems for the Barenblatt-Zheltov-Kochina
type fractional equations with the Hilfer fractional derivative

Ravshan ASHUROV'*, Yusuf FAYZIEV?®, Nozima TUKHTAEVA!*

Unstitute of Mathematics, Uzbekistan Academy of Science, Student Town str.,100174, Tashkent,
Uzbekistan
2National University of Uzbekistan, Student Town str.,100174, Tashkent, Uzbekistan
E-mail: *ashurov@gmail.com, *fayziev.yusuf@mail.ru, “nozimatoxtayeva3715@Qgmail.com

Let H be a separable Hilbert space and the operator A : H — H be a self-adjoint, positive,
unbounded arbitrary operator with the domain of definition D(A). Suppose that operator A
has a complete orthonormal system of eigenfunctions {v } in the space H and the corresponding
set of positive eigenvalues {\r}. We can renumber eigenvalues non-descendingly, that is, write
0< A <)Ay:r+o — +o00.

Let the vector-function (or simply function) g(¢) be defined in the interval [0, +00) with
values in H. The Hilfer fractional derivative of order 0 < @ < 1 and 0 < 8 < 1 are defined as
(see e.g.[1])

d

D*Pg(t) = IB(I_Q)EI(I_B)(I_Q)g(t). (1)

Let 0 <a<land 0 <f <1 are given numbers. Consider the following Cauchy problem:

DXPu(t) + AL+ 4D yu(t) = f, 0<t<T, (2)
TO=A0=)y () efo =@, 0<t<T.
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Definition 1. We call a function u(t) € C((0,7]; H) the solution of the problem (2), if
D&Pu(t), A(DXPu(t)), Au(t) € C((0,T); H) and it satisfies conditions (2).

Theorem 1. Let f € H.

i) If v > 0 and ¢ € D(A), then there is a unique solution to the direct problem (2) and it
has the form

Jr
14y

= Z {@ktéEaJa(—/kaQ) + t* B aq1 (—pt®) | vk, (3)

k=1
Ak
14+

where fr, ¢ are the Fourier coefficients of the functions f and ¢ respectively, px =

and 0 = (1 — a)(1 — f).
ii) If v = 0 and ¢ € H, then there is a unique solution to the forward problem and it has
the form

= [0t Baj—s(—Aet®) + fut® o1 (—\et®)] vk
K1

Here E, ,(z) is the two parametric Mittag-Leffler function.

The main goal of this work is to study the inverse problem of determining the right-hand
side of equation in problem (2). Now assume that in problem (2), along with the function wu(t),
the function f is also unknown. To study the inverse problem, we need an additional condition.
As an additional condition, we use the following:

/T w(t)dr = 1. (4)

We call the problem (2) with an additional condition (4) the inverse problem of finding
the pair {u(t), f}. The solution of the inverse problem is defined in exactly the same way as
Definition 1.

The following theorem holds for the inverse problem.

Theorem 2. Let ) € D(A) and p € D(A) if v > 0, and ¢ € H if v = 0. Then the inverse
problem (2), (4) has a unique solution {u(t), f} and this solution has the form

u(t) = t0 B, s (—put®) + t*Ey o1 (—pit®) | v 5
= 32 [ Bt + Lt Bt o)
and
F=Y" fuvr, (6)
k=1
where 5
(s T By os(—puT®)
_ —_ ’ 1 A
fk <Ta+1Ea,a+2(_MkTa) Ta+1Ea,oz+2(_:ukTa)SOk ( e k)

and ¥y, ¢k are the Fourier coefficients of the functions ¢ and ¢ respectively.
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Inverse problem for the subdiffusion equation with fractional
Caputo derivative

Ravshan ASHUROV'*, Marjona SHAKAROVA?2?

Institute of Mathematics, Uzbekistan Academy of Science, Student Town str.,100174, Tashkent,
Uzbekistan
E-mail: *ashurovr@gmail.com, ®shakarova2104@gmail.com

Let p € (0,1] be a fixed number. Consider the following initial-boundary value problem

Dlu(x,t) — Au(z, t) = f(x)g(t), z€Q, te(0,T],
u(&:,t>|ag = O? (1)
u(z,0) = p(x), x €.

Here f(z), g(t) and ¢(z) are continuous functions in the domain Q@ C RY and D} stands for
the Caputo fractional derivative.

The main purpose of this study is the inverse problem of determining the right-hand side
of the equation, namely function f(z). To solve the inverse problem, we consider an additional
condition of the following form:

u(z,tg) = Y(x), z€Q, (2)

where £ is a given fixed point of the segment (0, 7.
In order to prove the existence of solutions of forward and inverse problems, it is necessary
to study the convergence of the following series:

> N
D AP > 2 (3)
k=1

where hy, are the Fourier coefficients of function h(z). In the case of integers 7, by V.A. II'in,
conditions are obtained for the convergence of such series in terms of the membership of function
h(x) in the classical Sobolev spaces W5 (€2). To formulate these conditions, we introduce the
class W3 (Q) as the closure in the W, (€2) norm of the set of all functions that are continuously
differentiable in €2 and vanish near the boundary of €.

The theorem of V.A. I'in [1] states that, if function h(x) satisfies the conditions

hw) e Wi Q) and hw), Ab(). .. ARG € (@), (@)

then the number series (3) converges. Similarly, if in (3) we replace 7 by 7 + 2, then the
convergence conditions will have the form:

Sk

]+3 %

ne) e WP Q) and hie), Ab). ... AL R@) € V(). (5)

Lemma 1. Let p = 1, g(t) € C'[0,T] and g(to) # 0. Then there exists a number kq such
that, starting from the number k > kg, the following estimates hold:

C(] C'1
— < |br1(ty)| < —
)\k — ‘ k’71( U)’ — )\k’

where
to

br1(to) = /e_’\ksg(to — s)ds

0
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and constants Cy and C; > 0 depend on ky and t,.
Lemma 2. Let p € (0,1), g(t) € C'[0,T] and g(0) # 0. Then there exist numbers mg > 0
and kg such that, for all t5 < mgy and k > kg, the following estimates hold:
Co C1

— < |bg (T < —
)\k —|kap(0)|—)\k’

where
to

bi.p(to) = /g(to — s)sp_lEp7p(—)\ks")ds
0

and constants Cy and C; > 0 depend on mg and k.

Let N = K, U K;,, where N is the set of all natural numbers. K, and K, are sets such
that: if by ,(to) # 0, k € K, otherwise, if by ,(tg) = 0, then k € K.

Theorem 1. Let p € (0,1], g(t) € C[0,T] and g(t) # 0, t € [0,T]. Moreover let function
@(x) satisfy condition (4) and (x) satisfy condition (5). Then there exists a unique solution
of the inverse problem (1)-(2).

Theorem 2. Let function p(x) satisfy condition (4) and ¢(x) satisfy condition (5). Further,
we will assume that for p = 1 the conditions of Lemma 1 are satisfied, and for p € (0,1), the
conditions of Lemma 2 are satisfied and t, is sufficiently small. If set K, , is empty, i.e.
bi,p(to) # 0, for all k, then there exists a unique solution of the inverse problem (1)-(2). If set
Ky, is not empty, then for the existence of a solution to the inverse problem, it is necessary
and sufficient that the following conditions

Ur = o (—Mito), k€ Kop,

be satisfied. In this case, the solution to the problem (1)-(2) exists, but is not unique.

Keywords: forward and inverse problems, the Caputo derivatives, Fourier method.
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A numerical method for solving boundary value problem for
Volterra-Fredholm integro-differential equations

Elmira BAKIROVAY%¢, Zhazira KADIRBAYEVAL3?

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 Kazakh National Women’s Teacher Training University, Almaty, Kazakhstan
3 International Information Technology University, Almaty, Kazakhstan
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We consider the system of Volterra-Fredholm integro-differential equations with degenerate
kernels

T t

Z—f = Atz + ) pu(t) /W(S)x(s)ds + ) di(t) /Xk(s)x(s)ds + /@), te€(0,T), (1)
k=1 0 k=1 0
with boundary condition
Bzx(0)+ Cx(T)=d, deR", (2)

where the matrices A(t), r(t), or(t), ¥i(s), xx(s), kK = 1, m and vector f(t) are continuous on
0, 7.
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A solution to problem (1), (2) is a vector function z(t), continuous on [0, 7’| and continuously
differentiable on (0, 7). It satisfies the integro-differential equation (1) and boundary condition
(2).

Many questions of physics and technology lead to the study of integro-differential equations.
Integro-differential equations of mixed type contain integral terms of Volterra and Fredholm,
also called Volterra-Fredholm integro-differential equations. Many problems in biology, chem-
istry and mechanics lead to the Volterra-Fredholm integro-differential equations [1], [2].

In the present paper, the results of article [3] are extended to the two-point boundary value
problem for the system of Volterra-Fredholm integro-differential equations with degenerate ker-
nels (1), (2). Using the algorithms of the Dzhumabaev parametrization method [4], a numerical
approach for solving problem (1), (2) is proposed.
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Szego type factorization of Haagerup noncommutative Hardy spaces
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We studied the Szego type factorization for the non-tracial case and extended the Szego type
factorization in [2].

Let M be a o-finite von Neumann algebra equipped with a normal faithful state ¢, and let
A be a maximal subdiagonal algebra of M.

Lemma 1. Let h € H'(A) and [DE(h)], = LY(D). If z,y € L*(M) satisfy xy = h, then
there is an isometry u € M such that u*y, xu € H*(A), &(zuu*y) = E(h).

Lemma 2. Let1<r <o0, 2<p, q<oo and i = 11) é. Suppose that h € H"(A) and
[DE(h)], = L"(D). If v € LP(M), y € LY(M) satisfy xy = h, then there is an isometry u € M
such that u*y € H1(A), zu € H?(A), E(zuu*y) = E(h).

Theorem 1. Letlgrgoo,Qgp,qgooand —]l)
[DE(h)], = L"(D), then there are hy € H1(A), hy € H(A) such tha
12l = 1A [l P2l -

Theorem 2. Let M be finite. Suppose 0 < r,p, q¢ < oo satisfy % = §+% and let
h € H"(A) satisty [DE(h)], = L" (D). If x € L*(M), y € LY (M) satisty xy = h, then there is
an unitary u € M such that u*y € H(A), xu € HP(A).

If h € H"(A) and

rl
té:( ) = g(hq)(c:(hg) and
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The weighted Holder spaces generated

by the problems for the parabolic equations
with incompatible initial and boundary data
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When we study the boundary value problems for the parabolic equations in the Holder
spaces we require the fulfillment of the compatibility of the initial and boundary data. This
guarantee the continuity of the solution and all its admissible derivatives in the closure of
domain. Let the problem is the mathematical model of physical process. If the process is
continuous, then the compatibility of the initial and boundary data is fulfilled. If the given
functions and coefficients of the problem have jumps, then the initial and boundary data are
not compatible, but the process can pass.

The incompatibility of the data leads th the appearance of the singular solutions. In [1]
— [4] there were found these singular solutions in the explicit form of the problems for the
heat equations with constant coefficients. If we consider the problems for the parabolic equa-
tions with variable coefficients, we should study the solutions in the weighted spaces. The

weighted Holder space with the weight t!/2 66()%, dp > 0, was determined to solve the first
one—dimensional boundary value problem [5], here x > 0 is the distance from the point = to the
boundary x = 0. G. Liberman studied the problems in [6] in the weighted Holder space with
the parabolic weight (22 +¢)'/2. The relation between these two weighted spaces is established.
It is proved that the solution of the problem is represented in the sum of the Holder function
and the singular functions belonging to the Holder weighted space, the number of them equals
the number of the incompatibility of the initial and boundary data.
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uniqueness, estimates of the solution.
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On the embedding of the space of generalized fractional-maximal
functions in rearrangement-invariant spaces
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The space of generalized fractional-maximal functions is determined. The question of em-
bedding such a space in permutation-invariant spaces is considered.

DEFINITION 1. Let R € (0;00]. A function @ : (0; R) — R, belongs to the class B,(R) if
the following conditions hold: ® decreases and is continuous on (0; R); there exists a constant
C € R, such that

r

/Cb(p)pnldp < CO(r)r", r € (0, R).

Let & : Ry — R. The generalized fractional-maximal function Mg f is defined for the
function f € E(R™) N LP*(R") by the equality

(Mo f)(@) =sup @) [ 17(w)ldy
B(z,r)

where B(z,r) is a ball with the center at the point x € R and radius r.

In the case ®(r) = r* ", o € (0;n) we obtain the classical fractional-maximal function
M,f.

Let E is rearrangement-invariant space (briefly: RIS [1]). We introduce the space of gen-
eralized fractional maximal functions My = MZ(R™) as the set of the functions u, for which
there is a function f € E(R") such that

u(z) = (Mo f)(2),
[ullag = inf{llflle: f e ER"), Mof =uj.

Let f* be a decreasing rearrangement of f ([1]). We consider the following cone of decreasing
rearrangements of generalized fractional maximal functions equipped with functional:

Ki=KMpg:={he L"(Ry): h(t) =u*(t), t eER,, u € Mp},
prcy(h) = inf{|Jullpre + u € ME; u™(t) = R(t), t € Ry},

Let E’ is the associated RIS, E and E' are their Luxemburg representations, i.e. RIS such

that || flle = [1/*l|z lller = llg"llz (1] -
In the following Theorem 1 we give the criterion for embedding the space of generalized

fractional maximal functions in rearrangement invariant spaces X (R™).
Theorem 1. Let ® € B, (c0). The embedding

Mg(R") < X(R")
is equivalence to the embedding
Ky ME(R,) > X (Ry)).
Theorem 2. Let ® € B,,(c0). The optimal RIS Xy = X,(R") for embedding
My (R") = X (R")
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is defined by following norm:

o0

11, 0.00) = 51D { [rog@arge oo, s | [ o6k, < 1}.
g
0

h(s)dsgoftg* (s)ds t

Ot — o

Note that in the works [2, 3, 4] the generalized Riesz potential was considered using the
convolution operator:

Af(x) = (G * f)() = 20/ / Gz — 1) f(y)dy.

R™
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Local and blowing up solutions to a nonlinear time-space fractional
diffusion equation

Meiirkhan BORIKHANOV

Khoja Akhmet Yassawi International Kazakh—Turkish University,
Turkistan, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: meiirkhan.borikhanov@ayu.edu.kz, borikhanov@math.kz

In the present paper, we study the Cauchy-Dirichlet problem to a nonlocal nonlinear diffu-
sion equation with polynomial nonlinearities

Djju+ (—A)ju = ylu[™ u+ plul"?u, y,p € R, m > 0,q > 1,
involving time-fractional Caputo derivative Dfj, of order o € (0,1) given by (see [1])

Dgu(t) = Iélta%u(t) = ﬁ / (t —s)" " (s)ds, Vte (0,T]

0
and space-fractional p-Laplacian operator (—A)s>, for s € (0,1),p > 1 defined by

[u(2) = uly)P* () — uly)) |
|z — y|N+sp ’

(—~A)su(x) = Cy.sp PV. /

RN

22572 F(M)
where C' = P 2
Mo = N DRI (1)

”in the principal value sense” (see [2]).

is a normalization constant and ”P.V.” is an abbreviation for
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We give a simple proof of the comparison principle for the considered problem using purely
algebraic relations, for different sets of 7, u, m and q.

The Galerkin approximation method is used to prove the existence of a local weak solution.
The blow-up phenomena, existence of global weak solutions and asymptotic behavior of global
solutions are classified using the comparison principle.
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Tricomi problem for mixed parabolic-hyperbolic equation with
non-classical boundary condition

Bauyrzhan DERBISSALY
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We consider the mixed parabolic-hyperbolic type equation

x T 9 >07 .
Lu:{u ot — fr) Q. 1)
Uy — Uyy, Y <0,

where (2 is a simple connected domain, located in the plane of independent variables x and v,
bounded by y > 0 with segments AAq,, BBy, AgBoy, where A(0,0), B(1,0), Ay(0,1), By(1,1)
and by y < 0 with characteristics AC' : z +y =0, BC : x —y = 1 of the equation (1).

We use the following notations: € = QN (y > 0), Qs = QN (y <0).

Problem T. Find a function u(z,y) with the following properties:

L u(z,y) € CH(Q) N Cry() N C*(Qe);
2. u(x,y) satisfies equation (1) in ; and €;
3. u(z,y) satisfies the following boundary conditions:

u(xay)lAAo = ¢(y)a 0 S Yy S 17 (2)
(1a,9) + a4y (2, 5)) 1, = O 3)
u(z, y)jac =0, (4)

where a is a positive number, f, 1 are given functions with the necessary smoothness.

In the case a = 0, the condition (3) will be equivalent to the condition w(x,y) 4,8, = ¥(1).
In this case, the problem T coincides with the well-known Tricomi problem. Thus, we call the
problem T an analogue of the Tricomi problem.

The boundary condition (3) are observed during the cooling process of a thin solid rod, one
end of which is in contact with a liquid [1]. Another possible application of such boundary
condition is mentioned in [2] as modeling a boundary reaction during chemical diffusion, where
the term du,(1,t) represents the diffusion transfer of materials to the boundary.

In this paper the conditions for the correctness of the formulated Tricomi (1)-(4) problem
are found.
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Spectrum of the perturbed Laplace-Beltrami operator
Karlygash DOSMAGULOVA“, Mukhamadi KHASSEN, Yernur CHAKENOV

Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: “karlygash.dosmagulova@gmail.com

Let S? be the two-dimensional sphere of the Euclidean space R3. Choose [1] a fixed reversible
self-adjoint Laplace-Beltrami operator By = By = I — Ag2 acting in the Hilbert space Ly(S?).
The domain of definition of this operator is denoted as W3(S?) C Ly(S?). We formulate
new correlatively solvable problems for the operator (I — Agz) on the punctured sphere S3 =
S*\{zo}. Here z; is a fixed point in S? [2,3]. For zy € S? there is a finite set of elements
{to(x), 11 (x),e(x)} defined as follows:

(2,0), thala) = e, t),

dolw) = e(a,), a(a) = o

—e
oty
where z € S3.

Let h(t) be an arbitrary element of the class W3 ;(Sg). Then the function h(z) is represented
as the following:

h(z) = g(x) — appo(x) — a1 (z) — anthe(z), (1)

where g() is some smooth function of the space W3(S?), ag, a1, iy are some complex numbers.
Moreover, representation (1) is unique.

Theorem 1. Let vg,71,72 be an arbitrary set of linear functionals on the space Ly(S?).
Then for any f € Lo(S?) the following problem

BoJh(z) = f(x), x€ 83 Up(h)=7(BoJh), k=0,1,2 (2)

has a unique solution of the class WZ%U(SS). The operator corresponding to problem (2) will be
denoted by B,.
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Global existence and blow-up of solutions to porous medium
equation and pseudo-parabolic equation for Baouendi-Grushin
operator

Aishabibi DUKENBAYEVA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: a.dukenbayeva@sdu.edu.kz

In this talk, we discuss a global existence and blow-up of the positive solutions to the initial-
boundary value problem of the nonlinear porous medium equation and the nonlinear pseudo-
parabolic equation for the Baouendi-Grushin operator. Our proof is based on the Poincaré
inequality from the paper [1] for the Baouendi-Grushin operator and the concavity argument.

This talk is based on the joint research with Michael Ruzhansky (Ghent University, Bel-
gium).
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”Isolated” solution of a boundary value problem for a nonlinear
loaded hyperbolic equation
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E-mail: symbat2909.sks@gmail.com

We consider the following boundary value problem for loaded hyperbolic equations with
mixed derivatives:

0%u

0 0 0
S A(x,t)a—z + Ap(z, t) a—z . + f(:r,xo,t,u, 8_7;:>’ (1)
u(z,0) = u(x,T), x € [0,w], (2)
u(0,t) = (), tel0,7], (3)

Here f : Q x R?> — R, -continuous on 2, ¥(t)— and satisfies the condition (0) = (7).
Functions A(z,t), Ag(x,t) are continuous on 2, g is the load point.

_ — , .. Ou(z,t) Ou(z,t) O*u(w,t) —

A function u(z,t) € C(Q), that has partial derivatives or ot owor e C(),
is called a solution of problem (1)-(3), if it satisfies equation (1) for all (x,t) € €, take the
value ¢(t), t € [0,T] on the characteristic x = 0 and has equal values on the characteristics
t=0,t="T for all z,xy € [0,w].

Nonlinear hyperbolic equations with loading arise in various fields such as hydromechanics,
acoustics and geophysics. The study of these equations is important for understanding the
behavior of physical systems and developing numerical methods for solving them. One of the
important classes of solutions to these boundary value problems are isolated solutions. The
existence of isolated solutions is not always guaranteed, and determining the conditions for
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their existence is a difficult task. Over the years, many researchers have studied the topic of
sufficient conditions for the existence of an isolated solution of the boundary value problem for
a nonlinear loaded hyperbolic equation. These conditions depend on several factors such as
the equation’s properties, the boundary conditions, and the loading, and may involve various
functional spaces and analytical techniques. The study of these conditions has led to significant
progress in the theory of nonlinear hyperbolic equations and has motivated the development of
new numerical methods.

Several authors have contributed to this research area, and their work has provided impor-
tant insights into the topic. Some of the notable works include papers by L. V. Kantorovich,
G. M. Fikhtengol’'ts, V. A. Solonnikov, S. D. Eidelman, S. A. Lomov, A. V. Bitsadze, O. A. La-
dyzhenskaya [1], Nakhushev A.M.[2], among others. Also, boundary value problems for loaded
differential equations have been studied by many authors [3-5].

In this paper, researched sufficient conditions for the existence of an ”isolated” solution of
a boundary value problem for a nonlinear loaded hyperbolic equation are studied.
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A multipoint problem for impulsive systems of essentially loaded
differential equations

Zhazira KADIRBAYEVA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
International Information Technology University, Almaty, Kazakhstan
E-mail: zhkadirbayeva@gmail.com

We consider the following linear multi-point boundary value problem for systems of essen-
tially loaded differential equations with impulse effect:

dx = . .
= = Aotz + ; M;(t) tilﬁﬂiow(t) + f(t), te(0,1), (1)
m+1
> Djz(6;)=d, deR", zeR" (2)
j=0
B lim a(t) —C; lim a(t)=g¢;, ¢ €R, i=1m. (3)

Here (n x n) -matrices Aq(t), M;(t) (i = 1,m), and n-vector-function f(¢) are piecewise con-
tinuous on [0, 7] with possible discontinuities of the first kind at the points ¢t = 6;, (i = 1,m);
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D;, (=0,m+1), B; and C;, (i = 1,m) are constant (n x n)-matrices, and ¢;, (i = 1,m) and
d are constant n vectors, 0 =0y < 0; <0y < ... <01 <0, <Opi1=T.

A solution to problem (1)—(3) is a piecewise continuously differentiable vector function x(t)
on [0, T'] which satisfies the system of essentially loaded differential equations (1) on [0, T'] except
the points ¢t = 6;, (i = 1,m), the condition (2), and conditions of impulse effects at the fixed
time points (3).

Many important problems of mathematical physics and mathematical biology lead to boun-
dary-value problems for loaded equations [1]. Problems for essentially loaded differential equa-
tions with impulse effects and methods for finding their solutions considered in [2, 3]. These
problems arise when modeling various processes of natural science.

In the present paper, a linear multi-point boundary value problem for systems of essentially
loaded differential equations with impulse effect is investigated. The Dzhumabaev parameteri-
zation method [4] is used for solving this problem. A numerical algorithm is offered for solving
the considering problem.
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Caffarelli-Kohn-Nirenberg type inequalities with remainder terms

Madina KALAMAN

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: 211101011@stu.sdu.edu.kz

Inspired by the recent work [1], in this talk we discuss Caffarelli-Kohn-Nirenberg type in-
equalities with remainder terms. For this, we first obtain a weighted Hardy identity that implies
an improved Hardy inequality. In particular case, we get an improvement version of the classical
Calffarelli-Kohn-Nirenberg inequality. Moreover, the constants are obtained in explicit forms.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).
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Hardy-type inequalities for a class of iterated operators
Aigerim KALYBAY'¢, Ryskul OINAROV??

I KIMEP University, Almaty, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: “kalybay@kimep.kz, Yo_ryskul@mail.ru

Let I = (0,00),1 < p,q < coand 0 < 0 < co. Suppose that u, v and w are weight functions,
1

oo P
i.e., positive functions measurable on I. Moreover, || f|,., = |[vfll, = (f v(t)]f(t)]pdt) is the
0

norm of the Lebesgue space L, ,(I) = L,(v, I).
For f > 0 we consider the following Hardy-type inequality:

1K fllgo < CllFllp.o: (1)

) futo( [ reoas) a)"

In 2013, in the paper [1], it was proved that the boundedness of the multidimensional Hardy
operator from a Lebesgue space to a Morrey-type space is equivalent to the validity of inequality
(1). Motivated by this connection with Morrey-type spaces, in the last decade inequality (1)
have been studied in many works.

The main result reads:

Theorem 1. Let 1 < ¢ < min{p,0} < co. Then inequality (1) holds if and only if

where

p(g—1) P—q

B (7 (7u(x)< / w(t)dt)gdxy)z < / o7 (s) ds> vlp/(z)dz)pq < .

z z

Moreover, C' = B, where C is the best constant in (1).
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Inverse problem for Kelvin-Voigt equations with memory
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Let Q be a bounded domain in R?, d > 2, with a smooth boundary Q. Qr = Qx(0,7), T <
oo is a bounded cylinder with I'r = 9 x [0, T]. This work deals with the recovering of a time-
dependent source function f(t), velocity field u and a pressure p from the following system of
integro-differential Kelvin-Voigt equations governing flows of incompressible viscoelastic fluids

u; — »#Au; — vAu+ (u-V)u — /K(t — s)Au(x, s)ds + Vp = f(t)g(x,t) in Qr,
0
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divu(x,t) =0 in Qr,
supplemented with the initial condition
u(x,0) = uy(x) in Q,
the boundary condition
u(x,t) =0 on Ir,

and the integral overdetermination condition

/uwdx =e(t), t €10,T],

where, g(x,t), K(t),ug(x),w(x), e(t) are given functions, v and s > 0 are coefficients of the
kinematic viscosity and relaxation of the fluids. In this work, we establish the issues of local
and global in time existence and uniqueness of weak and also strong generalized solutions.
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An Inverse problem for pseudoparabolic equation with memory
Khonatbek KHOMPYSH®, Moldir SHAZYNDAYEVA®
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In this work, we consider the following inverse problem for the pseudoparabolic equation
with memory

Yt ({L‘,t) — QY (I,t) - Bymxt (ZE,t) - /K(t - T)ymx(va)dT = f(x)g(m,t) + h(x7t)7 (1)

(2,) € Qr := (0,1) x [0, T],

which supplemented with the initial condition

y(ZE,O) =Y (l‘), S [07”7 (2)

the boundary conditions

y(0,t)=y(l,t)=0, te]l0,T], (3)

and with the final overdetermination condition
y(z,T)=a(z), ze€l0,l]. (4)

The studying of inverse problem consists of finding of the functions y(z,t) and a coefficient
of right-hand side f(x) from the system (1)-(4) under the given constants «, 5 and the given
functions yo(x), a(z), g(x,t), h(x,t), and K(t). In this talk, we study the questions of existence,
uniqueness and the stability of a strong generalized solution.

Funding: This work was partially supported by the Grant AP19676624.
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A maximum principle for time-fractional diffusion equation with
memory

Samat MAMBETOV

Al-Farabi Kazakh National University, Almaty, Kazakhstan
Khoja Akhmet Yassawi International Kazakh—Turkish University,
Turkistan, Kazakhstan
E-mail: samat.mambetov@ayu.edu.kz

In the present paper, we consider the following time-fractional diffusion equation with mem-
ory

N 0? .
Dpulz,t) = @Igﬁtu(x,t) + F(x,t) in (0,a) x (0,77, (1)
supplemented with the initial and boundary conditions
u(z,0) = ¢(z) on [0,a], (2)
u(0,t) = 1(t),ula,t) = 1a(t) for 0 <t < T, (3)

since a and T are real numbers that are positive, the functions F', ¢, ¥, and 1), are continuous in
a way that ¢(0) = ¢,(0) and ¢(a) = ¥5(0). Here, I” is the Riemann-Liouville fractional integral

»Loje
of order § > 0, defined as (see [1])

t

Ioﬁltu(a;,t) = ﬁ / (t —s)""u(z,s)ds, te(0,T),
T [1—048

and 0g, = Iy, z;u(z, t) is the left Caputo fractional derivative with o € (0,1).
The purpose of this paper is to study the maximum principle of linear fractional diffusion
equation (1)-(3).

Funding: This research has been funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP09259578).

Keywords: time-fractional diffusion equation, fractional derivative, maximum principle, initial-boundary-value prob-
lem.
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Compactness of commutators for Riesz potential on Local
Morrey-type spaces

Dauren MATIN® Talgat AKHAZHANOV® Aidos ADILKHANOV®

L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: *d.matin@mail.ru, ®talgat-a2008@mail.ru
€adilkhanov-kz@mail.ru

The paper considers Morrey-type local spaces from LM, The main work is the proof of the
commutator compactness theorem for the Riesz potential [b, I,] in local Morrey-type spaces
from LMJ' to LM, ?. In this paper we consider the Riesz Potential in the following form

Lf(z) = [ z ,f;iyn)_a dy, The Riesz Potential I, plays an important role in the harmonic anal-
R”

ysis and theory of operators. For a function b € Lj,.(R™) by M, denote multiplier opera-
tor Myf = bf, where f- measurable function. Then the commutator between I, and M,
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is defined by [b,1,] = Myl, — [,LM, = [ %dy The commutators for Riesz Po-
Rn

tential were investigated. It is said that the function b(z) € L. (R™) belongs to the space
BMO(R"), if ||b]|, = supgcgn ﬁ J1b(z) = bg| dx = supgegpn M(b, Q) < oo, where @ - cube R"
Q

and by = ﬁ [ f(y)dy. By VMO(R™) we denote the BMO-closure C5°(R™), where C§°(R™)
Rn

the set of all functions from C'*(R™) with compact support. Through the x(A) denotes the
characteristic function of the set B C R", and °A denotes the complement of A.

Theorem 1. Let 1 <p<g<oo,0<a<nandbe VMOR"). 1<p<§%:%—%,
wy, we € y satisfy the conditions ng T (HLT)% ( ) < wi (M)l (1,00
Lg 0,oo ’
Af = supiso ft f (1+InT)drw(r ft 7,
1
Ar = supt>0W 67 ( U:(:) )d7)7’ < 00. Then the commutator [b, I,] is a compact

operator from LMy to LM“’2

Funding: This work is funded by the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan (grant no. AP14969523).

Keywords: Compactness, Commutators, Riesz Potential, Local Morrey-type spaces.
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Multidimensional Hardy inequality and applications
Kairat MYNBAEV

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: k_mynbayev@Qise.ac

We report a series of results on the Hardy inequality and its applications. They hold for
a Hardy type operator generated by a family of subsets {Q(¢):¢ > 0} of an open set Q in
a Hausdorff topological space X. The condition on this family will be stated in full. The
conditions on the subsets are based on the following observation. In the classical case one can
notice that the subdomain €2 (¢) = (0,¢) of Q = (0,00) has w () = t as the boundary in the
relative topology and that Q () = {s € Q:w(s) <w(t)}.

Sinnamon [1] considered the Hardy inequality under similar conditions. His method consists
in reducing the multidimensional problem to a one-dimensional and requires one additional step
to write out the conditions in terms of original weights and measures. Our method is direct.
We develop two approaches. One derives from Prokhorov (2] and the other is elementary, based
on binary partitions. For the lack of space, we formulate just one of the main statements. For
the applications, we only mention their one-dimensional predecessors.

We write A < B to mean that c;A < B < ¢y A with constants ¢, ¢y that do not depend
on weights and measures. Let {2 be an open subset of a Hausdorff topological space X with
o-additive measures u, v. The measures are defined on a o-algebra 91 that contains the Borel-
measurable sets.

Assumption. a) {Q(t):t >0} is a one-parametric family of open subsets of  which
satisfy monotonicity: for ¢, < ¢y, Q(t;) is a proper subset of Q(ts).

b) Q(t) start at the empty set and eventually cover almost all : Q(0) = NM=oQ2(t) =
&, 1(9\ Vo Q1)) = 0.

¢) Further, denote w(t) = Q(t) N (Q\Q(¢)) the boundary of () in the relative topology.
We require the boundaries to be disjoint and cover almost all : w(t;) Nw(te) = &, t; #
tg, V(Q\ Ut>0 w(t)) =0.

d) Passing to a different parametrization, if necessary, we can assume that
v (Q\ Uiy w(t)) > 0 for any N < oo.
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It follows that for v-almost each y € 2 there exists a unique 7(y) > 0 such that y € w(7(y)),
which allows us to define

Tf(y) = / fdv, y e Q,
Q(7(y))

for any non-negative 9t-measurable f. (A more general definition of a Hardy-type operator is
given in [3].) We denote by C' the least constant in the inequality

1/q 1/p
(/ (Tf)? ud,u> <C (/ fpvdl/) :
Q Q
1/q 1/p'
W(t) = d “¥irg ) .
©) (/Q\Q(t)u ,u) </Q(t)v Y

Incase 0 <g<p, 1 <p<ooputl/r=1/q—1/pand

1/p . 1/p’
O(y) = (/ ud,u) (/ v P “’du) .
A\Q(7(y)) Q7 (y)

Theorem. 1) If 1 < p < ¢ < oo, then A < C < 4A where A = sup,., V().

2)If1<p<ooand0<q<p,then C < B, where B = (fgérudu)lﬁ.

In both cases we also have compactness statements.

Application 1. Heinig and Sinnamon (1998) obtained a criterion for the boundedness of
ff(f)) fdv where the functions a,b are non-negative, increasing, continuous and satisfy a (0) =
b(0), a(x) <b(z) for x € (0,00), a(oc0)=b(c0) = 0.

Application 2. Sawyer (1990) and Stepanov (1993) considered [ fdv on the cones of
non-increasing functions and non-decreasing functions, resp.

Application 3. Sawyer (1990) found a condition for the boundedness of % fox fdv.

For 1 <p <qg<oolet

Keywords: Hardy inequality, boundedness, compactness, Hardy-Steklov operator, averaging operator.
2010 Mathematics Subject Classification: Primary 26D15 Secondary 47G10, 26D10
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An algorithm for solving a periodic boundary value problem for
impulsive Fredholm integro-differential equations
Sandugash MYNBAYEVAY2¢  Aigerim TANKEYEVA?2?

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
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The periodic boundary value problem for impulsive Fredholm integro-differential equations
is considered

k T
Z_f = A(t)z + Z/ eut)hi(s)z(s)ds + f(t), t € (0, T)\{0;}, j =1,m,z € R", (1)
1=1 70
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(0p=0<0;<...<0p, <0p1=T),

2(0) = 2(T), (2)
Az(0;) = ]idijx(@' +0), j=1Im, (3)

where Axz(0;) = x(6; +0) — x(0; — 0), the square matrices A(t), ¢i(t), ¥i(t) of order n are
continuous on [0,77], f(¢) is piecewise continuous on [0, 7], with the possible exception of the
points ¢ = 6;, j = 1, m, the square matrices d;; of order n are constant.

Denote by PC([0,T], R", {0;}72,) the space of piecewise continuous functions z : [0, 7] — R"
continuous on [0,_1,0,), p =1, m + 1, with the norm ||z||; = sup [|z(t)|].

t€[0,T]

A solution to problem (1)-(3) is defined as a piecewise continuously differentiable function
x(t) € PC([0,T], R",{0;}jL,) on (0,T) satisfying the integro-differential equation (1), the
periodic condition (2), and the impulsive input conditions (3).

In [1], the Dzhumabaev parametrization method [2] was applied to a linear boundary value
problem for the impulsive Fredholm integro-differential equation to establish necessary and
sufficient conditions for the solvability. These conditions were derived in the terms of a matrix
which was constructed via the fundamental matrix of the differential part of equation and the
resolvent of an auxiliary Fredholm integral equation.

In the communication, problem (1)-(3) is investigated and an algorithm for solving this
problem is proposed.

Funding: The authors were supported by the grant no. AP09258829 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: periodic boundary value problem, impulsive integro-differential equations, parametrization method, solv-
ability conditions, algorithm.
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On the best constants for integral Hardy inequalities on
homogeneous Lie groups

Imangali ORYNGALIYEV

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: imangali.oryngaliyev@Qgmail.com

The well-known fact that for L” spaces with 0 < p < 1, the Hardy inequality is not satisfied
for arbitrary non-negative functions but is satisfied for non-negative monotone functions. The
sharp constant was found in the Hardy-type inequality for non-negative monotone functions,
and this statement was proved in work by Burenkov [1].

In [2], the study of Hardy inequalities was conducted on metric measure spaces that pos-
sess polar decompositions. Additionally, new weighted Hardy inequalities were presented on
homogeneous Lie groups with p=1and 1 < ¢ < o0.

In this work, we discuss some Hardy-type integral inequalities for 0 < p < 1 via a sec-
ond parameter ¢ > 0 with sharp constant. These inequalities are new generalizations to the
inequalities founded in [1].

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).
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On 2 x 2 positive matrices of 7-measurable operators
Myrzagali OSPANOV®, Saule BURGUMBAYEVA?

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: *Ospanov_mn@enu.kz, *burgumbayeva_sk@enu.kz

We denote the set of all n x n complex matrices by M,, and by My(M,,) the set of all 2 x 2
block matrices, i.e.,

M, (M,,) = {( T T2 ) , Tij €M, 4,j = 1,2}.

T21 T22

We use the direct sum notation z & y for the block-diagonal matrix ( :8 2 )
Let z,y € M, be Hermitian matrices such that £y < z. In general,

SJ(:U)SS](I)? j:1727 ,

not holds (see [p. 121, 1]). But, Burqan and Kittaneh [1] proved that the following relation

holds.
k k

HSj(?J)SHSj(l’), k=12 ,n (1>

J=1 J=1

Let (M, 7) be a semi-finite von Neumann algebra. We denote by Ly(M) the set of all
T-measurable operators and by p(x) the generalized singular number of z € Ly(M). We
generalize (1) for operators in Liog, (M).

Theorem 1. The following statements are equivalent:

(i) Ifx,y € L10g+ (M) are self-adjoint operators such that +y < z, then y <o .

(i) If a,b € M, ,y € Liog, (M) and ( zm* ; ) > 0, then

a*zb+b"z"a <iog a*xa + b yb.

(iii) If 2,y, 2 € Liog, (M) and < :* Z ) >0, then z* + 2 Siog T + V.
(iv) If 2,y € Liog, (M) are positive operators, then x — y <o © + ¥.

(v) Ifx,y,z € Llog+(./\/l) and ( ; ; ) >0, then 2* @ 2z <1og T B Y.

Corollary The following statements are equivalent:
(i) If x,y € M, are Hermitian matrices and +y < x, then
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z

(ii) If z,y,z,a,b € M, and ( ji y > > 0, then

=

sj(a*zb+b*z%a) < | | sj(a*za + b yb), k=1,2,---,n.

—.

1

<.
Il

Jj=1

(iii) If z,y, € M, and ( 5* ; ) > 0, then

Ew
=

si(z+2") < || sj(z+y), k=1,2,---,n.

1

<.
I

Jj=1

(iv) If x,y € M, are positive semi-definite matrices, then
k k
HSj(SC—y)SHSj<$+y), k=12 ,n
j=1 j=1

(v) If z,y, € M, and <; Z) > 0, then

k
Hs]z@z §H (x ®y), k=12 --- n.
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Spectrum of the Hilbert transform in Lorentz spaces over R,
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Let f be a complex-valued locally integrable function on R,. The Hilbert transform Sf of
the function f is defined by the following singular integral

[z

(SF)(t) :—PV/ (1)

where P.V. denotes the Cauchy principal value of the integral.

DEFINITION.[1. Definition 4.1] Let 0 < p < 00, 0 < ¢ < oo. Then the Lorentz L, ,(R})
space is the set of all Lebesgue measurable functions f such that the functional || f|z,, < oo,
where
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0

sup tr f*(t) if0<p<oo, g=00
>0

(f(tif*(t))q %)q ifl<p<oo, 1<q< oo,

1]z, = (2)

The Lorentz space L, 4 is the generalization of the Lebesgue space L,. If we take p = ¢, L, ,
coincides with L, and

12y, = 1fllz,,  (f € Ly)- (3)
REMARK. The Hilbert transform is bounded from L, ,(R) to L, ,(R;) [2].
Theorem 1. Let 1 < p < oo and 1 < g < oo. The Hilbert transform S maps L, ,(R})
space to itself. Then the spectrum of the operator S is equal to the set

>\+1 1}

A — p

Moreover, for A, which belong to the resolvent set p(S), we can define the resolvent operator
R(A,S) in the following way

o(S) = {/\ A= :I:loriarg

_ 17 w(A) )
ROLS) (@) = 02 =17 1@+ = [ (D) =)y (4
0
1 A+1
where w(\) = 5 log /\ j 7 is holomorphic and w(cco) = 0.
Keywords: Spectrum, Hilbert transform, Lorentz space.
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On some inequalities for positive matrix of 7 measurable operators
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Astana IT University, Astana, Kazakhstan
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Let (M, T) be a semi-finite von Neumann algebra, Lo(M) be the set of all 7-measurable
operators. We studied generalized singular numbers of 2 x 2 positive matrices with entries in
Lo(M). We proved the equivalence of several inequalities associated with these generalized
singular numbers and gave symmetric norm’s version of this results, i.e., we extend the related
inequalities of 2 x 2 positive semi-definite block matrices in [1-5] to the 2 X 2 positive matrices
of T-measurable operators case. We prove that if y € Ly(M) is a self-adjoint operator, then

e(y) < pe(ys y-), t>0,

where y,, y_ are the positive and negative parts of y, respectively. We also prove the equiva-
lence of the corresponding inequalities and some symmetric norm inequalities.
Theorem 1. Let z,y € Ly(M) be self-adjoint operators such that +y < x. Then

2m(y) < (@ +y) @ (@ —y) < 2wz @), >0
Theorem 2. The following statements are equivalent:
(i) If x,y € Lo(M) are positive operators, then

m(r—y) <m(zdy), t>0.
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(ii) If z,y € Ly(M), then

2u(2y*) < ez +y'y), >0,

(iii) If z,y,z € Lo(M) and ( zx* ; ) > 0, then

O (A N

2y
(iv) If z,y € Lo(M) are self-adjoint operators such that +y < x, then

2im(y) < (@ +y)®(x—y)), t>0.

(v) If v,y € Lo(M) are self-adjoint operators, then
e +y) < pl(ee +ys) @ (- +y-)), >0
Corollary 1. Let z,y € Ly(M) be self-adjoint operators. Then

p(+y) < pl(ee +ys) @ (- +y-)), >0
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Improved Rellich inequality with remainder terms
Meruert SEITKAN

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: 211101013@stu.sdu.edu.kz

In this work we obtain Hardy and Rellich identities with remainder terms on stratified Lie
groups. By dropping non-negative terms, these identities imply Hardy and Rellich inequal-
ities. In the Euclidean case we obtain improved Hardy and Rellich inequalities. Moreover,
the constants are obtained in explicit forms. In the paper [1] similar results were obtained for
particular cases.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).
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Critical Hardy-Sobolev identities and inequalities
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Let us recall the Badiale-Tarantello conjecture [1]:
Let z = (2/,2") e RN x R"™ M 2 < N <nand 1 <p < N. Then the constant Cy, = L_p in
the inequality
| < oy 19 e )
LP(R™)

is optimal for all f € C§°(R™\{z' = 0}), where |z’| is the Euclidean norm on RY and V is the
standard gradient. When p < N this conjecture was proved first in [2], then recently in [3] by
a different method.

In this talk, we show the critical case p = N of the inequality (1) involving the logarithmic
weight with an optimal constant. Moreover, we discuss stability type results, critical Sobolev
type identities and higher-order versions. Interestingly, in the higher-order case, we obtain with
a constant involving the Stirling numbers of second kind.

f

']
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Strong generalised solution of the heat equation on a metric star
graph
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Uzbekistan
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We investigate the heat conduction equation on the simple star graph. A star metric graph
" with n bond consists of a finite set of vertices V' = {v;}7_, and a finite set of edges E = {ex}],
where the edge e, connects the vertices vy and xy, k = overlinel,n (see in [2]). By assigning the
intervalss (0,1;) to the bond ey, k = 1, n, of the graph we define the coordinates on each of the
edges. Where the vertex of the graph has a coordinate 0 in each bond. We put G =T" x (0, T].
W3H(@) is the Hilbert space consisting of all elements of Ly(G) having generalized deriva-
tives ug, Uy, and Uy, from Ly(G). Wy °(G) is a subspace of W, °(G) which dense set is smooth
functions equal to zero on boundary vertices of graph (see [3]).
On each bounds we consider the heat conduction equation

Lu=u® —Au® = f® 2 €T, te(0,T], k=1,2,..,n, (1)

where Au®) = %Qf"‘. We need to find strong solutions u = (uy,ua, ..., u,) of equation (1) in

P
WQQOI(G) = W' (G) N Wy (G), satisfying the initial conditions

ub (z,0) = o¥(x), z e, k=1,2,...,n, (2)
the vertex conditions
u®(0,t) = u(0,t), i # 4, k,j=1,2,...n, t € (0,7], (3)
" ou®(0,4)
Z(Ska—zo, k=1,2,...,n, te (0,7, (4)
x
k=1

and the boundary conditions
uk(lk,t):O, k:1,2,...,n, te (O,T] (5)

We notice, that in [3] it was obtained weak solution of diffusion equation with fractional
time derivative with f € Lo (0,T; L2(I")). In our case we obtained strong solutions of problem
(1)-(5) when right hand side of the equation in Ly(G).

Theorem. Let f € Ly(G) and ¢ € WE(I), then the problem (1)-(5) is uniquely solvable
in W22 (@) and the following estimates hold

1 2 2 2 1 2
i <t =
1055 ol el < 011, + 5ol

”%@ﬁﬁm+/‘W?HAW%Mﬁ:WM%mMI+/)@WMMt

T T

Keywords: heat conduction equation, metric graph, generalized solution.
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Recent progress on Hardy type inequalities
Durvudkhan SURAGAN
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Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: durvudkhan.suragan@nu.edu.kz

In this talk, we will discuss a new improvement of the classical LP-Hardy inequality on the
multidimensional Euclidean space. Recently, in [1], there has been a new kind of development
of the one-dimensional Hardy inequality. Using some radialisation techniques of functions and
then exploiting symmetric decreasing rearrangement argu- ments on the real line, the new
multidimensional version of the Hardy inequality will be presented. Some consequences and
generalizations will be also discussed. This talk is mainly based on [2]-[3].
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Critical exponents for the evolution equations with combined
nonlinearities

Berikbol T. TOREBEK

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
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This work studies the large-time behavior of solutions to the quasilinear inhomogeneous
parabolic equation with combined nonlinearities. This equation is a natural extension of the
heat equations with combined nonlinearities considered by Jleli-Samet-Souplet in [1]. Firstly,
we focus on an interesting phenomenon of discontinuity of the critical exponents. In particular,
we will fill the gap in the results of [1] for the critical case. We are also interested in the influence
of the forcing term on the critical behavior of the considered problem, so we will define another
critical exponent depending on the forcing term.
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On optimal domain for the hilbert transform in symmetric spaces
Kanat TULENOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
PDE and Analysis centre, Ghent University, Ghent, Belgium
E-mail: tulenov@math.kz

Over the last decades optimal domain and optimal range for some classical operators in
harmonic analysis have been studied by many authors. In this work, we will discuss optimal
domain for the Hilbert transform among symmetric spaces of measurable functions with trivial
Boyd indices. We will show two examples of optimal domain spaces in a special case, when
these optimal domains are symmetric spaces with trivial boyd indices. Similar problems were
studied for finite Hilbert transform and Hardy type operators [1]-[4].
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On weighted integrability of the sum of series with monotone
coefficients with respect to multiplicative systems

Mendybai TURGUMBAEV!®, Zauresh SULEIMENOVA?2®, Dariga TUNGUSHBAEVA3*
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In this work we consider the series with monotone coefficients on multiplicative systems.
We investigate the problem: under what conditions imposed on the weight function and the
coefficients of the series, the sum of this series will belong to the space Lp with the weight.

Let {¢x}32, is the multiplicative system with generating sequence {pi}72,, pp > 2, k € N;
mo =1, my, = pip2---pp, n €N, [1], [2].

DEFINITION. Let ¢(x) - be a non-negative measurable function on [0, 00). Let us say that
¢(x) satisfies condition By, if for all z > 1 the inequality

/oo 2 gy < £

12 T

where C- is a positive number independent of x.

Theorem 1. Let 1 < p < oo, ]l?+1% =1, flz)=> oate(x), ap,l0atk — oo
and

let ¢ (x) be a non-negative measurable function on [1, o). Then

1° If o (1) € L,(0,1) and

oo mp—1 p 1/mn
1
E E Ak + A, Myt / g <;) dr < oo,
1

n=1 k=0 / Mp+1
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then ¢ (1) f (z) € L, (0, 1).
20, If the function ¢ 7 (z) satisfies the condition By and ¢ (1) f(z) € L,(0, 1),

supp, = K < oo, then > >0 ( 21:"8’1_ ) fl/m" P (L) dz < cc.

n=1 /mn+1

+ 5 =1, flz)=>0owm¥r(z), arl0atk — oo

Theorem 2. Let 1 < p < o0, pl
and
let ¢ (x) be a non-negative measurable function on [1, o). Then

19, If function P (z) satisfies condition By and

1/mn 1
zap il [ (3] o<

1/mn+l

1
P

then o (1) f (z) € L, (0, 1).
20, If 7P () satisfies condition By and ¢ (1) f (z) € L, (0, 1), then

1/my 1
Zm wi [ (3 ) do <o

l/mn+1

Theorem 3. Let 1 < p < o0, + = =1,

1
g

D=

x):Zakwk(:v), ay 4 0 at k — oo and

let ¢ (x) be a non-negative measurable function on [1, co), supp, = N < co. Then

19, If the function ©P (x) satisfies condition By and

T

0 n+l  p 1
Zaﬁ.np/ Ld (QI)dx<oo,theng0<5)f(x)ELP(O, 1).

n=1

20, If 77 (x) it satisfies the condition By and ¢ (%) f(z) € L,(0, 1), then the converse
assertion takes place.
For the case of series in the Walsh system, similar results were obtained in [3].
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On a limit solution of a singular boundary value problem
Roza UTESHOVAY,  Yelena KOKOTOVA?2?

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
E-mail: “ruteshoval @gmail.com, *kokotovae@mail.ru

We consider the differential equation

Z_f:f(t,x), teR", te(0,T), (1)

where f(t,x) : (0,7) x R™ — R" is a continuous function. Let x((t) be a function continuously
differentiable on (0, 7"). We suppose that the function a(t) = || . (¢, zo(t))|| satisfies the following
relations:

T/2 -5

lim a(t)dt = oo, lim a(t)dt = oco.
5—0+0 §—0+0
5 T/2

Various problems for equations with singularities at the endpoints of the domain intervals
have been studied by numerous authors (see [1-3] and references therein). In order to study the
behavior of solutions of equation (1) at singular points, one can use so-called “limit solutions”.
In [4], for a nonlinear differential equation considered on the whole real axis, the concept of
a “limit solution as t — o0” was introduced. Some conditions were derived, under which all
solutions of the differential equation from a functional ball coincide with a limit solution when
t — 00. By means of Lyapunov transformations and limit solutions, regular two-point boundary
value problems were constructed to approximate the restrictions of solutions bounded on the
whole real line to a finite interval. To this end, iterative processes for unbounded operator
equations [5] and the results obtained in [6] were used where analogous problems were studied
for a linear ordinary differential equation.

It was proved that, under certain assumptions on the right-hand part of the equation, the
limit solution z((f) possesses an attracting property; i.e. there exists a functional ball centered
at xo(t) where the differential equation has at least one solution, and all solutions from this
ball coincide with z((¢). This property made it possible to solve the problem of approximation
of a solution bounded on the whole real axis.

The attracting property of the limit solution was established under assumption that the
differential equation linearized along the limit solution

dy

i [t zo(t))y

admits an exponential dichotomy on R. However, if the differential equation has certain singu-
larities in the domain, this assumption may be violated.

The concept of a limit solution was extended in [7] to the case of a nonlinear differential
equation with a singularity at the left endpoint of the domain interval. In this case the limit
solution was introduced with a weight which is chosen taking into account the singularities. It
was proved that the weighted limit solution also has the attracting property.

In the present paper, we consider a singular boundary value problem for equation (1) on
a finite interval. We define the concept of a limit solution at singular points and establish
conditions under which this solution possess an attracting property. We then construct approx-
imating regular two-point boundary value problems that allow us find approximate solutions
of the singular boundary value problem with any specified accuracy.

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grants No. AP08855726, BR20281002).
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Nonlinear Dynamical Analysis of Some Microelectromechanical
Systems Resonators with Internal Damping
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2 School of Engineering, Nazarbayev University, Astana, Kazakhstan
3 Astana International University, Astana, Kazakhstan
E-mail: “dongming.wei@nu.edu.kz, ®dauletkaznu@gmail.com, ¢christos.spitas@nu.edu.kz,

daniyarov.a@gmail.com, ¢dichuan.zhang@nu.edu.kz

Microelectromechanical system (MEMS) is one of the active research areas in engineering.
The growing demand for better microelectronic devices requires the creation of new technolo-
gies. Reviews of some of these devices can be found in Refs. [1],[2]. An important component
in modeling of MEMS devices is the physical properties of the material. There are many ma-
terials which are good candidates for MEMS applications, but they have nonlinear mechanical
properties. The most commonly used materials for MEMS applications are polysilicon, alu-
minum, and Titanium alloys etc. [1], [3]. We propose to study a natural generalization of the
Kelvin-Voigt damping for the power-law materials in the following form:

o= Kleg[" e + cglg|™ e,

where o, ¢, K, cq, n € (0,1) and m denote the stress, the strain, the strength and the strain-rate
damping coefficient, the strain-hardening and the strain-rate sensitivity exponent, respectively
[4]. Main results of our talk were published in [5].
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Spectrum of the Cesaro-Hardy operator in rearrangement invariant
spaces
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The operators C; and Cy, are defined on spaces L1(0,1) and (L; 4+ Ls) (0, 00), respectively,
by

Cif) =7 [ s, e, 0

Coof(t) = %/0 f(s)ds, te(0,00). (2)

The linear maps C : f+— C1f and Cy : f — Cf are called the Cesaro-Hardy operator.

DEFINITION. [1, Definition IT 4.1] Let (£2, %, 1) be a totally o-finite measure space and let
M () denote the class of non-negative measurable functions on €.

Let p : MT(Q) — [0; 00| satisfy the following five conditions for all f, g, f, € MT(Q), all
measurable sets F € ¥ with u(E) < oo and all constants a > 0

L p(f) =0« f=0ae,
p(f+9) < p(f) + p(9), plaf) = ap(f)

2. 0< g < fae = p(g) <p(f)

3.0< fu 1 fae= p(fn) 1 p(f)
4. p(E) < oo = p(xp) < o0

5. w(E) < o0 = [, fdu < Cep(f)

for some constant Cg, 0 < Cr < 0o, depending on F and p, but independent of f.

Then p is said to be rearrangement invariant if p(f) = p(g) for every equimeasurable func-
tions f and g in MT(Q) and the Banach function space X () with given norm p is called
rearrangement invariant (r.i.) space.

REMARK. We consider the cases when 2 = (0,1) and © = (0, 00).

The dilation operator E, : X(Q2) — X(Q2) for 0 < s < oo is defined by

(Esf)(t) = [ (st) . (3)

The upper and lower Boyd indices of r.i. space X (Q2) are respectively defined by [1, Definition
I11.5.12]

_ .. —log|lEl|xox . —log || E, || x - x
a := inf ,  Q:=sup )

0<s<1 log s s>1 log s

REMARK. The Ceséro-Hardy operator is bounded from r.i. space X (£2) to X (Q2) if and only
if @ < 1 [3, Theorem 1].

The following theorems are the main results of this paper.

Theorem 1. Let C : X(0,1) — X (0,1) be the Cesaro-Hardy operator mapping r.i. space
X(0,1) into itself. And let upper (@) and lower (o) Boyd indices of X(0,1) be 0 < a <@ < 1.
Then the spectrum of the operator C in r.i. space X (0,1) is the set
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a(cl):{AeC;ReG)z1_a}.

Theorem 2. Let Cy : X(0,00) — X(0,00) be the Cesdro-Hardy operator defined as in
(2). And let X(0,00) be a rearrangement invariant space with upper and lower Boyd indices
such that 0 < o <@ < 1. Then the spectrum of C, in r.i. space X (0,00) becomes the set

U(COO):{AGC:l—ESRe(%)§1—g}.

Note that the spectrum of C is the circle {)\ € C: Re (%) =1- a} when @ and « coincide.
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Weighted estimates of a class of matrix operator with three
parameters

Nazerke ZHANGABERGENOVA

L.N. Gumilyov Eurasian National University, Satpayev str. 2, Nur-Sultan, Kazakhstan
E-mail: zhanabergenova.ns@gmail.com

Let 0 < q,p,r < o0, %—1—1% =1l and f = {f;}3°, arbitrary sequence of real numbers. Suppose
that v = {u;}2,, v = {v;}2; and w = {w;}3°; be positive sequences of real numbers, which
will be called weight sequences. We denote by [,, the space of sequences f of real numbers
such that )

0 P
Wl = ([ Sl < oo.
i=1
For any f € l,, we consider the following discrete Hardy-type inequalities

N I\ ¢ 1
0 n oo r oo P
ZUZ Z wkzai,kfi <C Z|Uz‘f¢|p , (1)
=1 =1 i—h =1

where C'is a positive constant independent of f and (a; ), ¢ > k is a matrix, whose non-negative
entries satisfy the discrete Oinarov condition: there exists a constant d > 1, entries a;j are
almost non-decreasing in ¢ and almost non-increasing in k, such that the inequalities

1
Slaig + ajr) < aip < d(aij+ajr),i >3 >k >1 (2)
B8 B "\ T
< ; Wk 2 aik fi )
We also need the following quantities: J_,(a, 3) = sup Prel =F . f el
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The purpose of the work is to obtain weighted estimates of inequalities (1) and its dual
version for the cases: 1 <p<g<owandl<r<oo;p<g<oo,0<p<landl<r<oo.
Similiar integral inequalities were considered in works [1]-[4].

Theorem 1. Let 0 < p <1, p<g<ooand1l < r < oco. Let the entries of the matrix
(a;x) satisfy condition (2). Then inequality (1) holds if and only if Bt = max{Bi", BJ } < oo,
where

%

Bf =su wl | J7(1,9),
1 jzll) HZ:] n T,p( j)

SR
Q|

7 n
+ q T r -1
By =sup E ul E aj Wy, v;
n=1 k=1

j>1

Moreover, C' ~ BT, where C' is the best constant in (1).

Theorem 2. Let1 < p < g <ooandl <r < oo. Let the entries of the matrix (a; )
satisfy condition (2). Then inequality (1) holds if and only if M = max{M,", M}, M, '} < oo,
where

1

My =sup (3wt ) T (L),
n=j

j=1

RIS
Q=
X

i n
+ _ q r r
My = sup E u E a; Wy,
n=1 k=1

j>1

o
/
-p
2wt
i=j

S
Q=
|

J n
M = sup E ul g wy,
n=1 k=1

j>1

o0

/ /
E p =P
=7

Moreover, C' =~ M™, where C' is the best constant in (1).

REMARK. The statements of the main results are also given for dual version of the inequality

(1).
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Factorizations and Hardy inequalities for the Baouendi-Grushin
operator

Amir ZHANGIRBAYEV

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: amir.zhangirbayev@gmail.com

First, let us recall the Hardy inequality for Baouendi-Grushin vector fields by Garofalo [1],

2 v 2 Q-2 ’ |z|*
[ vatt o a = (952) [ (i e )

where 2 = (21, ..., Ty, Y1, ., Yi) = (2,9) ER® x RE withn =m +k, mk >1, v>0, Q =
m+ (14 7)k and f € C5° (R™ x RF\{(0,0)}). Here, V,f and V,f are the gradients of f in
the variables x and y, respectively.

In this talk, we discuss some improved versions of the Hardy inequality for the Baouendi-
Grushin operator by factorizing differential expressions, inspired by the work of Gesztesy and
Littlejohn [2]. Similarly to [3], we also discuss the Hardy inequality with general weights
¢(z) and 9(z). However, in this work, the inequality is generalised for the Baouendi-Grushin
operator. In the special cases, the inequality recovers classical, critical and weighted Hardy
inequalities in the Euclidean settings.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel
University, Kazakhstan).

Funding: This research is funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP14871691 and Grant No. AP09058474).

Keywords: Hardy inequalities, Baouendi-Grushin operator, factorization method.
2020 Mathematics Subject Classification: 26D10, 35J70
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Program manifold’s stability of hydraulic actuator control systems
Sailaubay ZHUMATOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakstan
E-mail: sailau.math@mail.ru

Consider the problem of construction of the control systems with speed feedback, taking
into account the compressibility of the fluid given (n— s)-dimensional program manifold 2 (t) =
w(t,z) = 0, in the following form [1-3]:

t=f(t,x) =0, tel=]|0, 00),

. A 1

=2 2= —A—zzm—f(o)w(v), (1)
o =pTw— g€ — NE,

where x € R" is a state vector of the object, f € R™ is a vector-function, satisfying to conditions
of existence of a solution z(t) = 0, and b; € R", p € R® are constant vectors,q, N are constant
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coefficients of position and speed feedbacks, ¢ is the total control impulse-signal, and ¢(0o) is
function differentiable with respect to o, satisfies the following conditions

Oy

©(0) =0A¢(o)o >0 VU#O/\aaa i

<x >0, (2)
and the function ¢ (v) takes into account the actions of the external load.
Here A1, Ao, A3 are expressed in terms of the coefficients of the equation of the hydraulic

actuator, taking into account the compressibility of the fluid contained in the hydraulic cylin-
der[4]:

m h Khe m h ko
M= = =g the g Ty o O
Yk T ke kni poF poF poF
the equation (1) will be written in the following form
A€+ e 4 M€ = p(o)u(v), (3)

where the function (o) = k,o is continuous in ¢ and v is determined by the formula
v =1— (af + b€ + c€)signo. (4)

This problem reduce to investigation of quality properties of the following system with
respect to vector-function w |2, 3|:

w=—-Aw -0, tel=]|0, c0),

A3 1
fma ek Lolob), )
o =p'w—q¢ — N,
Here nonlinearity satisfies also to generalized conditions (2), and F(t,z,w) = —Aw, A €

Rs><s7 H = g(;] b_Hbl

Using a non-singular transformation [5], the system (5) can be reduced to an equivalent

form
W——W+M¢(W(%

Wera = 350(0)Y(v), (6)
o=glw,
where
Wst1 = €7w8+2 =z, = 07 ceey M1 = 07
Mst2 = 17p8+1 = —(q,Ps+2 = _Na

and p = diag(py, ..., ps) are roots of equation
D(p) =l A+ pE || = 0. ™)

Theorem 1. If the Erugin function is linear with respect to w , the nonlinearity (o)
satisfies condition (2), the function v (v) is determined by formula (4), the coefficients of rigid

and speed feedback are positive , the roots of equation (7) are different positive numbers and

En +k . . . o
Ps+1 = u, then in order for the program manifold of the automatic system of indirect
m

control, taking into account the compressibility of the fluid was abso]ute]y stable with respect
to the vector function w, it suffices to satisty equalities gx + 2l Zfﬂl P J:pk =0 k=1,...,s+1,
and inequality gs4o < 0, where [y, ...,ls11 are real numbers.

Funding: This results are supported by grant of the Ministry education and science of Republic Kazakhstan No. AP
09258966 for 2021-2023 years.
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Keywords: program manifold, indirect control system, external load, position and speed feedbacks.
2010 Mathematics Subject Classification: 34K20, 93C15, 34K29

References
[1] Maygarin B.G. Stability and quality of process of nonlinear automatic control system., Nauka, Alma-Ata (1981).

[2] Erugin N.P. Construction of the entire set of systems of differential equations that have a given integral curve,
Prikl. mat. Mech, 10:5 (1952), 659-670.

[3] Galiullin A.S., Mukhametzyanov I.A., Mukharlyamov R.G.,and other Conztruction program motion’s system.,
Nauka, Moskow (1971).

[4] Khokhlov I.A. Electrohydraulic servo drive. M., Nauka. Moskow (1966).

[5] Letov A.M. Stability of nonlinear controlled systems. Nauka. Moskow (1962).

Hucruryr maremarukyu u MareMaru4eckoro mozeauposanus. Asmarer, 2023



Annual International April Mathematical Conference — 2023 161

3 MaremaTndeckoe MOJEJNPOBaHNE W yPaBHEHUS MATEMaTHUIeCKOI
dbuzukn

Pykosomurenn: mpodeccop Anekceena JI.A.
a.¢d.-m.H. lanpbexko H.C.
akagemuk HAH PK Xapun C.H.

Cexkperapb: Bakuposa 9.A.
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OB O/IHOM T'PYIIIE IPEOBPA3BOBAHUI ITPOCTPAHCTBA, AIIPMOPU
COXPAHSIOIIUX ®OPMUHBAPUAHTHOCTb 3AKOHOB ®U3UKU

M.M. ABEHOB KazHY nmenu Amb —@apabn, Anvarer, Kazaxcran

E-mail: abenov60@gmail.com

Kak u3BecTHO, 3aKOHBI MEXaHMKH H JIPYIUX Pa3/IeJ0B TEOPETUIEeCKOi (DU3UKU OJUHAKOBO
GOpMYIUPYIOTCA B PA3JMIHLIX HHEPIHAJIBHBIX CHCTeMax oTdeTa. Ha s3blke MaTeMaTUKH 3TO
O3HAYaeT TO, YTO JIOJZKHO CYIIECTBOBATHL HEBBIPOXKICHHOE OPTOrOHAJIBHOE Ipeobpa3oBaHue Je-
TBIPEXMEPHOTO IMPOCTPAHCTBA — BPEMEHH, TaKoe, IYTo (popMa JII0O60T0 ypaBHEHUsS IBUKEHHUS He
JIOJIZKHO u3MeHsIThes (obecreuenue (hOPMUHBAPUAHTHOCTH YDABHEHHUS) 1IPH TAKOM JIMHEHHOM,
HEBBIPOXKJIEHHOM 1Pe0OpPa30BaHUK Y€ThIPEXMEPHOIO KOHTHHYYMa B ceOsl.

B cB43u ¢ 3TUM OTMETHUM, YTO B COBPEMEHHOH TeopeTn4decKoil (hu3nKe MpU3HAHBI JIBA BUJA
OpTOTOHAJILHBIX NpeoOpa3oBanumii. [lepBbie, Tak HazbIBaeMble TTpeodpa3zoBanus [ammies coxpa-
HSIOT BUJI HEKOTOPBIX ypaBHeHuit Mexannkn HpioTona, HO He obecriednBaioT (DOPMUHBAPUAHT-
HOCTDb ypaBHeHuii MakcBesiia B 9/IeKTpoiuHAMEUKe. B cBoio o4epe/ib, 3HAMEHUTBIE IIPEOOPA30-
Banug JlopeHia, octaB/idgsd Hem3MeHHBIMEA (bOpMbI ypaBHeHHE MakcBesia, He 00eCIedruBaioOT
dOpMHUHBAPUAHTHOCTH YpaBHeHHI MexaHuku HbloToHa M psjga Apyrux, Jazke JUHEHHBIX ypaB-
HeHni Teoperwdeckoit pusuku. IIpudem o coxpaneHn BU1a HeTUHEHHBIX YpaBHEHUN TBUKEHHUST
(upu 3TUX TPeodPA30BAHKAX) W FOBOPHTH HE HPUXOJAUTCS.

B nmanmoii pabore aBrop jgaer onmcanue (0DOCHOBaHWE) OJHON TPYIIbI HEBBIPOZKICHHBIX
OPTOTOHAJIBHBIX MTPEOOPAZOBAHUI YETHIPEXMEPHOTO TTPOCTPAHCTBA — BPEMEHH B cebs, alpuopu
obecreanBaOIuX (HOPMUHBAPHAHTHOCTH JIIOO0T0 (JIMHEHHOrO WM HEJUHEHOro) ypaBHeHUS
JIBUzKeHUs Teoperndeckoit pusuku. Ilokazano, yro npeodbpasoBanusd [anmuies gaBagioTcd dact-
HBIM CJIyYaeM PaccMaTPUBaeMbIX UM IPeoOpa30OBaHMIA.

KuroueBsle ciioBa: qud dpepeHnmaabHble YpaBHEHNS IBUKeHN s, ()OpMUHBAPHUAHTHOCTD, Tpyma [lyankape, perysspHbie
4 — BEKTOPBI TEOPETUYECKON (DU3UKU.

2010 Mathematics Subject Classification: 15A04, 37C80, 37J05
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OB OJIHOI KPAEBOI 3AJAYE JJisI CUCTEMBI
MHTETPO-/IN®®EPEHIIUAJIbHBIX YPABHEHUI TEIJIO- U
MACCOOBMEHA C HOPMAJIbHBIMU MPOU3BOIHBIMI BHICOKOTO
TTOPSIJTKA

E.M. XAUPYJIJIMHY, A.C. AZKUBEKOBA®

1 Satbayev University, Amvarsr, Kazaxcran
E-mail: “khairullin_ 42 42@mail.ru, *aliya_azhibek@mail.ru

PaCCManI/IBaeTCH KpaeBad 3aJa4a

Li[Up(x,t)] = g /OtAUk(ZE,T)dT + fe(z,t), k=1,2, (1)

B 00JIaCTH
Qr={(x,xn,t): 2’ € R}, w, € Ry, t€]0,T[},

VA0BJIETBOpAOad Hada/JIbHBIM YCJIOBUAM:

U(z,0) =0 (2)
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U I'PaHUYHBIM YCJIOBHUAM:

Sali@t)| =, (@0 =Qr\ (3)
k=1 =
2 myg
O Uy(x,t
Sy WDl s, mez, )
k=1 kn—=0 Ln =0
rie L, = (% — MA), A - oneparop Jlamnaca mo mepemenuoit x = (1,Ta,...,T,); Mg -

k
MOJIOKUTEIbHBIE MOCTOAHHBIE, TipuueM 0 < A < Ao ,uk,ak,b,(c)

[, > 0,b%) £ 0.

Pemtenne kpaesoit 3anaun (1)-(4) urmercs B Bije CyMMBI TEILIOBOTO IOTEHIUAIA ABOHHOTO
cJ104 ¢ Heu3BecTHBIME 1toTHOCTAME Wy (27, ) u bynknun Komu TV (1). Ilpusoaures Jlemmva o
HAXOZKICHUH TIPE/IEJI0B HOPMAJIBHBIX IPOU3BOMHBIX M-r0 mopsiaka dbynknun Ug(x,t) B OKpecT-
HOCTH THIEPIIOCKOCTH X, = 0. Vcmonn3ys Jlemmy u rpammansie ycaosus (3) u (4), mouy-
dena cucreMa uHTErpo-auddepennuanbubix ypasuerniit (CULY) oTHOCHTETHHO HEH3BECTHBIX
mnoraocteit Wy (x',t) ¢ omeparopom Fj, = % — MAy, k=1,2. Ucnoas3ys MeTom peryiagapusa-
uu, BeIe/ s Xapakrepuctrudeckyio yactb CUJLY u npuMmensis mHTErpa/ibHbIE TPEOOPABOBAHNU S
Oypne-Jlamiaca, naiiaeno pemenue NIV npu BeIIOJIHEHUN YCA0BUS PA3PENTIUMOCTH.

22—
Teopema. Ecan o (2, t) € Ci,’,lt ( (T”), fe(z,t) € OF (Qr) n qr = N5 5 0 (2 - KopHHE

22—1

k
XapaKTepHCTHIeCKOro ypaBHerH:), 1o cymectsyer ¢ynkmus Uy(x,t) € C' (Qr), apisoniast-
cst pemenneM Kpaepoii 3agaun (1)-(4), re wemspecruple ¢pyukmun Vi (2 t) onpeneasorcs u3
cHCTeMbl HHTEerpabHBIX ypapHenuit Boabreppa-Ppearoabma.

- 3a/JlaHHbIE€ ITOCTOAJHHBIE,

n

Funding: Pa6ora nomnep:xkana rpanrom AP09259848 KH MOH PK.

KuroueBrbie ciioBa: Temio- m MaccoodMmeH, mHTErpo-anddepennuaabHble YypaBHEHNsI, KPaeBasd 33/a49a, HOPMAaJIbHbIE
IPOM3BOJHBIE BHICOKOTO TIOPSIAKA, YCIOBUSI PA3PENTUMOCTH, PEryJIIPU3AITHS.
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METO/ OBOBIIIEHHBIX q)yHKI_[I/IfI B KPAEBBIX 3AJAYAX JIMHAMUKN
TEPMOVIIPYTUX CTEPYKHEM

A H. JAJJTAEBA', H.JK. AIHAKEEBA??

| Kaszaxckuii HanmoHaIbHBIT HCCIe0BATEIECKHI TeXHITECKTI YHHBEpCHTET
nm. K.M.Carnaesa, Kazaxcran, AaMaTsr
2 Kazaxcknit narmonaasHeri yausepcurer uM. aab-Papabu, Kazaxcran, Anvars
aBTOpa

E-mail: “*dady1262@mail.ru,

bnursaule math@mail.ru

Uccstenyrorest 1pocTpaHCTBEHHO-0JIHOMEPHbBIE KPaeBble 33/1a4i HECBA3aHHON TepMOYIPYIO-
cru |1,2], KOTOpbIe MOXKHO HCHOJIB30BAThH JIJisl UCCJIEI0BAHNUS TEPMOHAIDSIZKEHHOTO COCTOSTHUS
Pa3J/IMYHbIX CTEPXKHEBBIX KOHCTPYKLIUMU B YCJAOBAAX TEIJIOBOI'O HArpeBa W JUHAMUYECKOIO Ha-
rpyxkenus. PaccMarpuBaloTcs 3a1a49u onpeieeHus nepeMernennii, jedpopmariuil, HanpsizKeHuit,
TEMIIEPATYPhI U TEIJIOBLIX IMOTOKOB IIPU PA3JIMYHLIX KPAEBbIX YCJIOBUAX HA €ro KOHIAX U Aei-
CTBYIOIIMUX CHUJIOBBIX M TEIJIOBBIX UCTOYHUKOB IO BCeH JJIMHE CTepZKH.
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Ha ochose MeTosa 0600meHHbIX (hyHKIuii [3,4] mocTpoeHsl 06001IEHHbIE DEIeHUsT HECTAIH-
OHAPHBIX M MEPUOAUYECKUX IO BPEMEHH KPAaeBbIX 3aJad NMPH JeHCTBUH CHUJIOBBIX M TEIJIOBBIX
HCTOYHUKOB PA3JHIHOro Tuma. JleficTByonme HCTOYHUKA MOTI'YT ObITh 33 aHbl M CHHIYJISIPHBI-
MU 00ODIEHHBIME (DY HKITHSIMHU.

PaccMoTpeHbl yaapHbIe YIPYTHe BOJIHBI, KOTOPble BO3HUKAIOT B TAKUX KOHCTPYKIHUAX IIPU
JIeiCTBUHN YIAPHBIX HAIPY30K. Ilo/ydeHsl peryaspHble HHTerpabHbIe IIPeICTaBIeHns 0000ITeH-
HBIX peIlleHuil, KOTOPhIe JAI0T aHAJIUTHIECKOe pellleHre IOCTaBIeHHBIX KPaeBbIX 3a1a4. OcobeH-
HOCTH IOCTPOEHHBIX PeITeHuil 1eIaeT UX YI0OHBIME 115 HCCIEIOBAHAS CETEBBIX TEPMOYIPYTHX
CHCTEeM, KOTOPBIe MOKHO MOJEJIHPOBATH TEPMOYIPYTUME IpadaMu.

KinroueBblie cJI10Ba:IIPOCTPAHCTBEHHO-OJHOMEDHBIE YPABHEHNSI TEPMOYIIPYTOCTH, KPAaeBble 331491, MeTO, 0000IeHHbIX
dyHuKIWil, TEpMOHALIPAXKEHHOE COCTOSHHE

2020 Mathematics Subject Classification: 30E25,68M99

JINTEPATYPA

[1] HoBankuit B. Junamuueckue 3adawu mepmoynpyzocmu. , M.: Mup, 1970. 256 c.

[2] Bnagumupos B.C. O6obwennne gynryuu 6 mamemamuseckot gusure. , M.: Hayka, 1978. 512 c.

[3] Anekceesa JI.A. Meron 0606meHHbIX GDyHKIMY B HECTAITMOHAPHBIX KPAEBBIX 33/1a9aX JIJIsl BOJTHOBOTO yDABHEHU,
Mamemamuneckud srcypran, 6:1 (2006). 16-32.

[4] Amexceesa JI.A., Apenosa I'. O606uieHHbIE penTeHrs KPAEBbIX 33134 i ypaBHeHns Jamambepa ¢ JIOKaIbHBIME
U CBSI3AHHBIMU IPAHUYHBbIMU ycsoBusiMu, Bulletin of L.N. Gumilyov ENU. Mathematics. Computer science. Mechanics
series, 138:1 (2022). 23-35.

KPAEBHIE SAJAYN BOJIHOBOT'O YPABHEHUSA HA 3BE3/ITHOM TI'PA®E
JI.A. AJIEKCEEBAY®, T.J1. APETIOBA2?
1 Huacruryr maremarnkn v MareMaTHdeckoro Mogeanposanu, Aamarer, Kazaxcran

2 Vuupepcurer umenn Cyreiivana lemupers, Kackenen, Kazaxcran
E-mail: “alexeeva@math.kz, *arepovag@mail.ru

Pacemarpusaercs 3se3nubiit rpad u3 N orpeskos (Ag, A;) gmuaet L; (j = 1, N) ¢ obmeit
BepruHoil Ag. Ha KayK10M 0Tpe3Ke BBOAUTCS CBOSI CHCTEMA KOOPIHHAT (27, 1) ¢ HAYAIOM B y3J1€
Ap: xj = 0 u pyHKUMi cocTostHUA (7, t) KOTOPBIE YIOBIETBOPSIIOT BOJTHOBOMY yPaBHEHHIO

82uj
Z 0 (e ) — —
81'? (z5,1) 2 Ot?

HavaJIbHBIM YCJIOBUAM

'(l’j,t):Gj(ZEj,t),O<l’j<Lj7t>0, (1)

9
ot

B,ZLGCB pPaCcCMOTPpHUM TPpU KpaeBhbI€ 3aJa41 C KPpa€BbIMU YCJIOBUAMHU IMEPBOTO U BTOPOTI'O Ha KOHITaX

UJ(I'],O):O, OSIJ <Lj, U]($],O):O, OSJ]J SLJ (2)

uj(Lj’t) = wj(t)7 t>0, (3)
0
a_xjuj(l/j,t) =p;(t), t>0, (4)
0
(L, t) + Aj—u(Ly t) = dj(t), £ =0, (5)
x;
B y31e Ay paccMoTpuM JIMHEHHbBIE YCAOBHS TPAHCMUCCHE OOIIETO BUIA:
N N
> i (0,8) + Buijui (L, t) + Y 02ipi (0,) + Baggpi(Ly,t) = bi(t), i=T,N.  (6)
j=1 j=1
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Jlnst perennst KpaeBbIX 3aJa4 Ha rpade, clepBa UCHOIL3YETCS METO, 0000IIEeHHBIX (hYHKITUN
Ha orpeske [1,2] u mocse ncnonb3yem npeobpaszosanne Pypbe mo Bpemenn. Toryma rpaHnYHBIE
U KOHTAKTHbBIE YCJOBUS Ha rpade NpuMyT BU/I

N N
D i) + BrigBn; (W) + D Py (@) + Paigpy(w) = bi(w), i=T,N. (7)
i=1 j=1

Teopema. Paspemarmomias cucreMa ypaBHeHHH TJIsT TpaHC(OPMAHT KPaeBhIX 3a/0a9 Ha I'pa-
¢he umeer BuI:

{ 0.5, 0 } wy; () n

—0.5cos k‘ij, —051{5]—1 sin k?ij Elj (CO)
+{ 0.5cosk;L;, 0.5k sink;L; } Wy (W) _{ Fyj(x,w) } ®
0.5, 0 Py (w) FQj(.?Z,(U) ’

Cucrembr 4N nuneiinbx anrebpandeckux ypapuenuil (6), (7) ¢ rpaHUYHBIME YCJOBUSIMU
(N) B cOOTBETCTBHH € DeIaeMoil KpaeBoil 3a/1adeii JaroT pa3peniamlyo CUCTeMY ypaBHeHH
st onpenesenns 4N IpaHUuYHBIX W y3J0BBIX (DYHKIMIA, 0 4 Ha KaykKaoMm 3jaemente rpada.
Onpefenurenb 3TOH CHCTEMBI HO3BOJISIET ONPEIEIUTh CIeKTPAJbHbIE XapaKTePUCTUKHA TOrO
3Be3HOrO rpada. Moxkno onpenenuts Tpancdopmanty Pypoe U;(r;, w) Ha KazKI0M dJIeMeHTe

rpada, a 3aTeM HOCTPOUTH UX OPUTHHAJILI.
Pa6ora BeimosHeHa nipn ¢uHAHCOBOH noepkke Komurera Haykw MUHUCTEPCTBA HAYKW W BBICIIETO 00PA30BAHMU
Pecny6siuku Kasaxcran (rpanr AP09261033).
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BUOJJIOTUYECKAA MHBA3USA B MOJIEJIN XUIITHUK->KEPTBA CO
CBOBOJHOM I'PAHUIIEN

Amumvapnon Hypuganaosua 9JIMYPO/I0B

Hucruryr maremarnkn Akagemus Hayk ¥Y3P, Tamkent, Ys6ekucrana
E-mail: elmurodov@mathinst.uz,

B mMaremarnveckoil 3KOJOrnM UMMUIDALMs HOBBIX BUJIOB $BJISETCH OJIHONU M3 CAMbIX BarK-
HeiX TeM. C TOUKH 3peHnsi MATeMATHIeCKON IKOJOINH PA3IMYHbIE MO/IEIN HHBA3HH B IIOC/IEHEe
BPEMS$ BbIJIBUTATNCH M HCCIEJOBAINCH MHOTHME MarTeMaTukamu-skogoramu. Hanpumep, [1-2]
NPE/IJIOYKUIIN TTOMYJIAIMOHHBIE MOJIe/ N peaknuu-1uddy3un co cBOOOIHOM rpaHuIieit, 4Todb 1mo-
HAThH [IPOTECC HOBOU WJIM WHBA3UBHON OIMYJIAIINN.

PazyMHO peAnooKuTh, 9T0 XUNTHAK BTOPTAEeTCs B HOBYIO Cpely OOMTAHHS CO CKOPOCTHIO,
IPOMOPITMOHATBHON TPaJNeHTaM XHUITHUKOB B Heil. Takoro poma cBoOOHBIE TDAHUYHBIE YCJIO-
BUs y7Ke BBOIWINCH B [3-5]. [jist Gosree 9KOJIOTHYECKUX MPEITOCHIIOK CBOOOIHBIX TPAHIMYHBIX
YCJIOBHI MOZKHO TaKzKe 00paTuThed K [6)].

B mporecce paccesieHns: XUITHIKOB HEKOTOPBIE U3 HUX IOrHOAIOT OT ToJ0Aa, X0a0a 1 60-
qe3Heil. MBI XOTUM MOHATH, KAaK YPOBEHh CMEPTHOCTH BJANSAET Ha pacumpocTpanernue. [lopenenne
XUTIHIIECTBA BCETJIa MEHSIETCS B 3aBUCHMOCTHT OT Pa3Mepa *KePTBBI, I MHOTHE IKOJOTH OTMeda-
0T, YTO (DYHKITMOHATbHAS PEAKIHd, 3aBUCIIAsI OT COOTHOIIEHUs, OoJTee Pa3yMHa /I ONUCAHUS
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IPOIECCa XUIMHUIECTBA, 11 HEKOTOPBIX XUITHUKOB. OCHOBBIBadAChH Ha 9TUX (aKTax, MBI pac-
CMATPUBAEM CJIEIYIONIYIO PEAKITMOHHO-TU(MDYINOHHYIO CUCTEMY XUIITHUK-YKePTBa CO CBOOOTHO
rpaHuleil, BKIIOYAIONLYIO Y/JeH CMEPTH:

(

ut—um—mlum:u(l—u)— uar Q={(t,x):0<x<l,t>0}

v — dvyy — Moty = kv (1 — J)r, D= {(t,z): 0 <z <s(t),t >0},

u(0,2) = ug(x), 0<x

v(0,2) =vo(z), 0Lz

uy(£,0) = v,(t,0) = u(t,
t

\S(t) - _/“}x(tv S(t>)7

rae x = s(t) mpeaCcTaBISeT ONPEIeIAeMyIo IBHKYIIYIOCA rpauily; u(t, ) BBIPAZKAET IIOT-
HOCTB HOIIY/ISIIHHA BUJIOB-XUITHUKOB, a v(t, ) 0603HAYAET IJIOTHOCTD MOMYJISIIIUE BHIOB-7KEPTB.
a, b, dm, k, p u m; (i = 1,2) ~ moaoxKuTenbHbIe KOHCTAHTHL. [loapobHoe 3HAavYeHHE ITHX
ko3 dumenToB MoxKHO y3HaTh u3 |7]. Hauanbubie dyukmun uy(z) u vo(x) coOOTBETCTBEHHO
Y/IOBJIETBODSIIOT

{uo(x)ec2<[o,Z]), Wh(0) =ug() =0 u uplz) =0 B [0,;

WV

vo(x) € C?0,s0], wo(s0) =0,05(0)=0 u wo(z) =0 B [0,s0]-

Xurauk v(t, ) — 9T0 3aXBATYNK, KOTOPBIH M3HAYATIBHO CYIIECTBYeT B mojuaTepsade [0, s
u3 [0,!] u mmeer ycaosus Jlecom-Iayspa, KOTOpble H3MEPSIOT TOTEPIO HOMYJISIIAE XUITHAKOB
m3-3a peakocTH mo6prau. 2KeprBa u (aGOpUTeHHDbIH BHJ) M3HAYAILHO DACIPEIENeHa MO Beeil
obactu [0, L]. Hamra ocHoBHAS TeTh — MOHATH, KAK UCXOTHDIE JAHHBIE Vo) BAUIIOT HA YCIIEX
WJIM HEyAa1y BTOPXKEHUA XHUIIMHUKA. Mur BbIBOJUM JUXOTOMHUIO DaCIlUpeHUd U NCUC3HOBCHUA U
AdaeM YeTKHe KPpUTepruu paClInpeHnud U MCYEe3HOBCHHUA B 3TOM MOJECJIN.

Teopema 1. Ilycrs u(t,z), v(t,z), s(t) — pemenne (1) gt € [0,T],T > 0. Torxa

0 < u(t,z) < max{l,||upll} = My, Q, (15)
0 <o(t,z) < max{M, + a,||vll} = My, D, (16)
0<s$(t) <K Ms=puN, 0<t<T, (17)

so—x’ mao

e N = max{
Jasee it KayKJI0r0 ypaBHEHHSI CUCTEMBI OTIEJHhHO COPMYJIUPYEM COOTBETCTBYIOILYIO
3a71a4y:
U= U, + Fi(t,y,U,V,U,), Q,
U0,y) =Us(y), 0<y<lI, (2)
U,(t,0)=0, Ut1)=0 t>0,
e Fi(t,y,U,V.U) =mU, = U1 =U) +V (55).
Teopema 2. IlycTh BBIIOJHEHBI YCJIOBHS TeOpeMbl 1, H HelpepbiBHas B () (pYyHKIHS U

yaosiaersopster yeaopusM (2). Ecmm U(t,y) nmeer obobmennste npoussognsie Uy, Uy, HHTe-
rpupyemble ¢ KBajapaToM B (), Toraa

|Uy(t7y)| S M4(M27b()au0)7 (tay) € Qa
U|%,, < M5(M,),
U35 < Ms(Ms).

B cayuae (1) ¢ momorpio npeobpasoBanus T = t, y = () BPIIPAMIIACM IDAHHILY. Torma D
Oymer orobpazkarnes B 2 = {(1,y) : 0 < 7,0 < y < 1}, a g dyuknun w(r,y) = u(T,ys(T))
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HOJIyYaeM YpaBHEHHE ¢ OTPAHHIeHHBIME KO3 DUIIenTaMI 1 IpaBoil 9acThio. enonb3yda yera-
HABJIHBAEM ONEHKHU s |w,|, [w]i+, B Q.
B 310it cTaThe MBI IOKazZKeM, 9T0 cucTeMa (1) I0MmycKaeT e THHCTBEHHOE PEIlleHue 1 JJIsl 9TOi
CUCTEMBI BBITIOJIHSIETCST PACTEKAIOIIASICS TUXOTOMUS UCUE3HOBEHUsI, 8 MMEHHO, pu t — 00 00
(1) xuurHEK v(x, t) YCIENTHO PACTPOCTPAHIETCS B HOBYIO CDEJLY B TOM CMBICJIE, 9TO S(t) — 00,
WIn

(77) xuauK v(x,t) He MOXKeT yCTAHOBHTBLCSI M B KOHI[E KOHIIOB HCUe3aer, T. e. lim s(t) =
t—o0

Soe < 00, [[v(2,t)||cpose) = 0 1 u(x,t) = 1.

KiroueBnle cioBa: ypasHenme peakimn-muddy3nn, co cBOOOTHON TpAHWIEH, MONEIN XUIIHWK-YKEPTBA, JOKAJIHLHAS
HEOJHOPOTHOCTD, IIPO3PadHble KpaeBble YCIOBUA.
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KPAEBAA 3ATAYA OJId TEPMOVYIIPYI'OM ITOJIVIIJIOCKOCTHU C
ITIOJIOCTBRO

B.H. AJIUTIOBA
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UcenenoBanne TepMOTMHAMUYECKUX TIPOIECCOB B CPE/IaX U KOHCTPYKIUAX OTHOCUTCS K TUC-
JIy AKTYAJBHBIX HAYYHO-TEXHUYIECKUX MPOOIeM, JJIs PelleHnsl KOTOPBIX PA3BUBAIOTCS PA3IHI-
HbIE AHAJTUTUICCKHE M YUCIeHHBIe MeTO/bl. MaremMaTudeckne MOIE/N TEPMOYIPYTHX CPEJI HAM-
6onee mosHo paspaboransl Hosamkum B.[1]. B paGorax [2-5] u ap. Ha ocHOBe Teopum MOTEH-
nuaJia u MpPsSMBIX MeTOJIOB IMOCTPOEHUS JWHAMUYEeCKUX aHaJoroB ¢gropmys ['pwHa pazpaboran
METOJ TPAHUYIHBIX WHTErPAJTbHBIX yPaBHEHWIT JJIsi PEIeHrsT KPAeBbIX 33129 TePMOYIPYTOCTH
B IIPOCTPAaHCTBe Ipeobpa3osanuil Jlamnaca. Omxaako 4mucygo paboT B JAHHOM HAIPaBJIEHUS IO
OpeyKHEMY OCTAeTCS BeChbMa OTDAHMYEHHBIM.

3uech passuBaercs MUY gy ucciegoBanus JIMHAMAKEA TEPMOYIIPYTOTO MOJIYIIPOCTPAH-
CTBa C IUJINHIPUYECKON TOJOCTHIO B YCJOBUIX ILIOCKOH JiechopMaliiu.

PaccmarpuBaercs mepBast KpaeBast 3372493 JHHAMUKYI OJTHOPOIHOM TePMOYTIPYTO# MOy TLIOC-
KOCTH, 0CJIa0J€HHOM MOJIOCTHIO, IPYU 33JaHHBIX HAT'PY3KaX W TENJIOBOM MOTOKEe Ha BHYTpeHHei
IPaHUIle TOJOCTH, TpeOyeTcsd HAUTH MmepeMeleHrs U TeMIIepaTypy CPelbl. 3aJaHbl JeHCTBYO-
e MPOU3BOJIbHBIE MACCOBBIE CHJIBI W TEIJIOBble UCTOTHUKH.

Jlast perteHnsi TaKOi 33291 METO/IOM IPAHMIHBIX HHTETPATHHBIX YPABHEHUI TOCTPOEH TEH-
3op 'puna ayst Tepmoynpyroro moaynpoctpancTsa [6] co cBoboauoi rpanuneir. Mcnonb3ys
CBOMCTBO (byHIAMEHTAIBHBIX PeIleHnil, OCTPOEHO perienne (IIepeMeIeHnst 1 TeMIiepaTypa) Bo
Bceii obJtacTu onpejiesienus. B mpocTpancTBe 00001eHHBIX (DYHKINI MOTyYeH aHaIor (hopmy-
a1 COMWIBSHBIL JJId JBYCBA3HOTO MOJYIPOCTpaHCTBa. [locTpoeHbl rpaHNYHBIE MHTETPAJIbHBIE
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ypaBHeHNU, MO3BOJIAIONINE PENIaTh KpaeBble 3aJladl pa3HOro THUIA, BKII0YAs JAHHYIO KPAaeBYIO
3a7a4y.

[Tonydyennnbie OpMYJIbI MO3BOJIMIOT PellaTh He TOJbKO IIEPBYIO KPaeByIo 3ajiady, HO H 3
Jpyrue KpaeBble 3ajiadd. Bce mocTpoeHHBle YpaBHEHUS MOJIAIOTCSI YUCJICHHOMY peIleHu0 Ha
OCHOBE MHTEPIOJISIINA TPAHUIIBI U UCKOMBIX (DYHKIUI CILIaliiHAMK, MOPSI0K KOTOPBHIX BHIOHpa-
eTcsl B 3aBUCUMOCTH OT TpeOyeMoil TOUHOCTH PeIIeHus 3a,1a9H.

KuroueBnie cioBa: Kpaesas 3a7a4a, TepMOymIpyrasi MOJIYIZIOCKOCTD, MOJIOCTh, TeH30p ['puna, ob6obmiennas byHKITHS,
IPAHUYHBIE UHTEIDAJIbHBIE YPABHEHUS.
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®OPCUPOBAHHHBIE ABUN>KEHNA C IIEPEMEHHBIM YCKOPEHUEM
K.H. AHAXAEB'® | M.X. MUCIPOB'*
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@opcupoBaHHbIE JIBUKEHUS BO3HUKAIOT [IPU JIUHAMUYECKUX (MMITYJILCHBIX, TPABUTAIIMOHHBIX U JIP.) TIEPEMEIEHUSX
KaK IPUPOIHBIX reodu3nvecKux 00bEKTOB, TaK B UCKyCCTBEHHBIX Tesl [1-3]. OcoGeHHOCThIO TAKMX JBMKEHUIl sBJISLET-
CSl HAJIMMWE TIEPEMEHHOTO YCKOPEHUs (IIOJIOKATEHHOTO, OTPUIATETHLHOTO), sl OTUCAHUA KOTOPBIX BBEIEH TTAPAMETD
«dopcaxs> O (m/cex®) [4], xapaKTepu3yOMIil PEKIM H3MEHEHIS YCKOPEHHS BO BPEMEHH

b=ad t)=V"(t)=9"(1), (18)

rme a(t), V (t) m S(t) - yckopenme, cKOpPOCTh M TpOiineHHBIH myTh. Ilpn 3TOM, 3HadeHMEe (GOPCUPOBAHHON CKOPOCTH
nBuzkeHnst Ve B 00meM ciydae OyaeT paBHO

Vo =Vo+as -tjae =ao+ P -t =ao+ P4, (19)

rne &, = O -t - yckopaomasca (3amemgomasca) 9acrb HOPCUPOBAHHOIO IIEPEMEHHOIO YCKODeHus ap; Vo 4 Go -
HAYaJIbHbIE 3HAYEHUST CKOPOCTH M YCKOPEHUS.

B 3aBucumocTu ot BesmmunH ao 1 ¢ mosmyvaoTcs pa3iandHble ciydan (hOPCHPOBAHHOTO IBHUKEHUS C MEPEMEHHBIMU
yckopenusivu [4], mpu sTtoM dopcax «P» MOKET UMETh KaK OCTOSIHHOE, TaK U [IEPEMEHHOe 3HAUEHUS B BUJIE PA3/IHIHBIX
dbyskpu. B wactrocTn, ays cayvaa nocTosHuOlM Besmaunbl dbopcaxa = const (COOTBETCTBYIOMEMY DBIBKY ), 3HATEHUE
CKOpPOCTH V¢ TIOJIy9rM, WHTETPUpys IepeMeHHoe yekopenue (29)

Ve=Vo+ao-t+05-®- ¢ (20)

Ipumep asuxkerus no (20) (upu Vo =0, ag = 2, P=2) nan Punsuakoseim IL.D. B [5, c. 302].

st BRIpasKeHUs e [MepeMeHHbIX 3HadeHuil dhopcaxka P mcmosnp3yem npubIMKEeHHBIX METOJ, IMUPOKO PACIPOCTPa-
HEHHBI B IIPUKJIQJHBIX MCCIEJIOBAHUAX, 10 KOTOPOMY IMOACYEThI (HhOPCaxkKa MPOBOAATCA TOJBKO M0 3HAYEHHIO MOJLYJIS
BpeMeHH B (cex), yCTaHABIMBAS ITPH ITOM 00IIYI0 pasmepHocTs B (Mm/cex’). B KauecTBe MpuMepa pacCMaTPUBAETCA CBO-
60/THOE TAJIEHNE B COMPOTHUBIAIONENCH cpee mapamoructa (pocrom 1.7 m, maccoit 80 kr) B MmomeHTHl Bpemenn t= 0; 2;
4; 6; 8; 10; 12; 16; 20; 22 (cex) co cxkopoctamu V= 0; 17.0; 27.3; 32.5; 35.1; 36.4; 37.1; 37.6; 37.7 B (m/cex) — ayist JaHHOTO
ciaywas dopcax ® (m/cex’) (ma ocHoBe o6paTHOTO pacdera) u CKOpOCTh Vo (M/Cek) ONPENEIAIOTCS 3aBUCHMOCTSIMU:

R Yy Y p— L — (21)
t V14 0.065 - t2 v1+0.065 - t2
Buauenms ckopoctu Vo= 0; 17.5; 27.5; 32.2; 34.5; 35.8; 36.6; 37.4; 37.8, mogcumranuse mo (21) mocTaTouno Gau3Ko
(<< 2-3 % ) corsacyiorcs ¢ 3alaHHBIMU UCXOAHBIMY BEIMIMHAMU.
TTapamerp «®» MoxkeT OGBITH KCHOIBL30BAH 11l OMUCAHUS IUHAMUYIECKUX XaPAKTEPUCTUK (HPOPCUPOBAHHBIX JIBUKEHUN
(magrHuKa [6, 7], Ge3BUXpPEBBIX LOTOKOB [8] 1 Ap.).
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O CUCTEME KOHKYPEHIIUA-IN®®Y3USA-ANBEKIINA C
HEJIOKAJIbHBIMU I'PAHNUYHbBIMUN YCJIOBUAMN

M.I1. BOBAPXIIMOBAY* B.B. AHBAPKOHOB?*?
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B nocneanne HECKOMBKO JIECATUIETHI TUHAMUYECKOE MOBE/IeHNEe KOHKYPEeHTHO-1u(dY3UOHHBIX CUCTEM B OJHOPOJI-
HbIX WJIM TE€TEPOreHHBbIX CPeAaX WHMPOKO u3y4dasoch. B [1, 2| aBropsl m3yvanu ApHAMHMKY ABYX OPraHM3MOB, U3MEH:s
nx ko3 durments! ciyvaiinoi quddy3un, pecypcoeMKOCTh U KOHKYPEHTOCIOCOOHOCTh, & TaK’Ke OIMCHIBAJIN II00asIb-
HYIO JIMHAMWKY JBYX Opranm3MoB. VX mccaenoBaHus BHECJIM BBIIAIONIMIACH BKJIAJ B CUCTEMbl KOHKYPEHIIUA W PaCIpo-
crpanenus. s MOzeum KOHKYPEHIUN ABYX OPraHm3MoB JjmbO0 00a OpraHum3Ma BbIKHBAIOT, 00 HOOEXKJAI0T 33 CUeT
BBIMUDAHUs APYrux opranu3Mmos [3,4]). B [5,6] usy4ann koHkypenTHyIo cucreMy JloTku-Bosbreppsl ¢ mepuognaeckoi
anpeknueil cpeapl oburanusa. C GUOIOrMIECKON TOYKU 3PEHUsl STOT IIyIbCUPYIOmuii hPOHT Iy TeNIECTBUN IPEIOCTABUIL
BO3MOYKHOCTh JBYM KOHKYDHUDPYIOUIMM BHIaM B3aMMOIEHCTBOBAThH B TeTEPOTEHHBIX cpemax obmranmsi. OCHOBBIBASICH HA
IIPETIOJIOKEHNH, YTO pecypcHasi GyHKIUS B IPOCTPAHCTBEHHBIX IEPEMEHHBIX yMeHblIaeTcst, Lou et al. [6] ommcan koHKy-
PEHIUIO MEK /Ty ABYyMsl BOJAHBIMUA OPraHU3MaMU C PA3HbIMU cTparerusMu quddy3un 3a OUH U TOT Ke PECYyPC B CUCTEME
peaxms-nuddysus-aasexius Jlorkn-Boabsrepps. B [8] aBrop m3yuasn Bamsiaue crpareruit quddys3un Ha MCxoz KOH-
KYPEHIMH MeXK/Iy ABYMs MOIyISNUsIMU, B TO BpeMsl KaK BHIBL PACIIPEIEJCHBl B COOTBETCTBUU C UX COOTBETCTBYIOLIE
€MKOCTHIO B KOHKYpeHTHO-1ud dy3uonubix cucremax. OQHako B cucreMax KOHKYpeHrmu-1ud dy3un-aaBeKkimu n3y9eHue
Pa3HBIX BUJOB C PA3HBIMU (DYHKIMSIMA pacrpezesernst Oymer 6osee ciaoxkubiM. Tan u Yen [9] usyuann nomyssipoHHy 0
JVHAMUKY KOHKYDEHIINN MEXKIy ABYMs OPTaHU3MaMH C TOYUKN 3PEHUs] PEIHOM SKOJIOIUH.

Msr1 uccnegyem npobsemy rir00a/IbHOTO HAIIPABIEHHOIO JUHAMUYIECKOIO [I0OBEIEHAA CUCTEMbI aaBeKnun JIoTku-Bosib-
Teppsl MEXKIy ABYyMsI OpraHH3MaMM B TeTePOTEHHBIX CPeJax, [/ie [1Ba OPraHm3Ma KOHKYPHPYIOT 33 pa3Hble (yHIaMeH-
TaJbHbIE PECYPCHI.

Msr 06CysK1aeM CIeyIONIyio TI00AIBHYI0 JUHAMUKY aJBEKTUBHON CHCTEMBI :

Ut = dy(U)Uze — Q1Ugz + (01 — — —biu — — —c1v), —l<z<l, 0<t<T, (1)
v = do2(V)Vzz — a2Up + V(a2 — — —bou — — —c2v), —-l<z<l, 0<t<T, (2)
u(x70):u0('r) >0, ’U(J,’,O):’Uo(x) >0 ,—l<z<l (3)

u(t, =) = miu(ts, — — —lo), u(t,l) =mou(tly), 0<t<T, (4)

o(t, =) = niv(ti, — — =lo), v(t,1) =nov(t,lo), 0<t<T, (5)

rae u(z,t) u v(x,t) — WIOTHOCTH NOIyJIAnUY OMOJIOTMIECKUX OPraHU3MOB, d; , D; , Ci, M, Ni, (; IOJIOKUTEIbHbIE KOH-
cranThl u Ko3ddunnents HesmHeinol muddysmm d;(£),i = 1,2 u nosoxkuTesbHBIE HavagbHbIE GyHKIUM Uo(T), Vo (T)
V/IOBJIETBOPSIIOT CJIEAYIONIUM YCJIOBUSM

1)di(&) > di(0) >0, i=1,2, di(€) € C'"T™(Q) st Beex &, MPUHAIEIKAIINX 3AMKHYTOMY MHOYKECTBY;

Quo(z) € C?[=1,1], wo(x) € CA([-1,1]), O0<lo<I,|ms| <1, |ni|<1 i=1,2

VI3BeCTHO, YTO JOKA3aTe/JIbCTBO KJIACCHIECKON PA3PENIMMOCTH KPAEBbIX 3aad TECHO CBS3aHO C AllPHOPHBIMU OIEeH-
KaM¥ 1May/IePOBCKOro Tura. VI3BecTHbIE METO/Ibl TIOJIyYeHUsT STUX OIEHOK BILIOTH 0 I'PAHUIIbI ONUPAIOTCH HA HyJIEBbIE
rpanu4Hble yCa0Bud (mm Ke riaaxue rpanugsble ganpabie). CiiemoBaTesbHO, 11 HEJIOKAIbHBIX 33421 9TH METOAbl HE
paborator. [Ijisi KayK0ro THIIA HEJIOKAJIbHBIX YCJIOBHUIl HAI0 Oyaer pa3pabarbiBaTh CBOCOOPA3HBIN MOIAX0 YCTAHOBJICHUS
anpuopHbix onenok [10]. 3xech, B caydae 3a7a49u ¢ BHY TPEHHETDAHUTHBIMY HEJIOKAIbHBIME yCJIOBUAMHE 71 Tapabom-
9eCKOM CHCTEeMbI MBI IIOIPOOOBAJIM PEUIUT 3Ty LIPodseMy.

HestokanbHble yea0BUs ABJISIOTCS €CTECTBEHHBIM 0000eHrneM 06bI9YHBIX KPAEBBIX YCJIOBUH, & 33/1a9M C HEJIOKAJIHHbBI-
MM IPDAHUYHBIMU YCJIOBUSMU MMEIOT KOHKPETHBIE [IPUJIOKEHUSI .
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BOCCTAHOBJIEHUE JIBYX KO3®®UIIMEHTOB B CMEIIIAHHOM SAJAYE

AJIAd YPABHEHN A KOJIEBAHUM C HEKJIACCUYECKUM KPAEBBIM
YCJIOBUEM

A.IO. HIETJIOB™®, O.A. AHJIPESIHOBA??®

L Vuusepcurer MT'Y-IIIH, IIsunuxans, Kurait
2 MI'Y nmenn M. B. Jlomonocoa, Mocksa, Poccns
E-mail: “shcheg@cs.msu.ru, Yoksashka@gmail.com

IIycTs mpu mostoxuTe bHBIX 3HaUYeHUSX a, 3, T, | < aT', umeercs npsmas 3a1ad9a

wut(2,1) = a’use (@, 1) + f(2)g(t),  (,1) € Qr, (1)

— Bug(z, )| _, = p(t) —ue(z,t)| _,, 0<t<T, (2)
ug(z,t)|,_, =0, 0<t<T, (3)

u(ac,t)|t:0 = ¢(x), ut(:c,t)|t:O =Y(z), 0<z<l, (4)

rae Qr = {(z,t) : 0<z<l, 0<t<T}. Vpasuenus (1), (2), (3) onucsiBalor usmenenue aMmuryasl u(z,t) MaJbIX Lome-
PEYHBIX KOJIe0aHuil CTPYHBI, JIEBBIA KOHEI KOTOPO# <UCIBITHIBAET COMPOTHBJICHNE BHEITHEH CPEJIbl, TPOTIOPITHOHATBHOE
ckopoctu eé mprmkerms» (cu. [1, DIl §1, m.7]) m MoxkeT HAXOUTHCS, HAPUMED, B TIOTOKE JKUAKOCTH, & IPABBIA KOHEI]
crpynsl He 3akperieH. IIpoussenenne f(x)g(t) oupemenser WIOTHOCTL CHIIbI, HeficTByIOmEN HA GOKOBYIO IIOBEPXHOCTD
CTpyHBI, K03)UIMEHT @ — CKOPOCTh PaCITpOCTPAHEHUs KOJeOaHuil BIOIb CTPYHBI, K03 dumuent [ — HaTskenue (cu-
JIa HATSXKEHWsI) CTPYHBI TIO HAIPaBIeHUIO eé ocw, dyHKmua (4(t) — CKOPOCTh BHENIHEH CPEIbl B IIOCKOCTH MOMEPETHBIX
kosieGanuit crpyust upu & = 0. YcuoBus (4) — HadanbHbLE.

Bamaua (1)-(4) MoxkeT pacCMaTPUBATLCS KaK MOJE/Th JIBUKEHUs Oypa B TIyOOKMX HeDTAHBIX CKBAXKUHAX, ITO OIMpPE-
Jle/isieT MHTEpeC K cxoxuM 3atadam [2], [3].

IIycTe B pamMkax 00paTHON 3aa49u IPU [IOJIOKUTEIBHBIX 3HaMeHuAX a, 3, T, | <aT', u3sectunr bynkuum (), ¥(x),
g(t) mpu x€0,1] u t€[0,T], n nononuurensuo 3anana byuxnus h(t), t€[0,7T], takas, aro

h(t) =u(l,t), te]0,T], (5)

e u(x, t) — pemenne 3agaun (1)-(4). Tpebyercs occranosurs Gynximan f(s) u u(t) npu s 0,1],te[0,7), T=T—(/a), u
3aTeM MOJIyuuTh penrenve u(x, t) 3amauan (1)-(4) va muoxkecrse A = {(z,t) : 0<t<T— (I—x)/a, 0<2 < I}, Tak, 4To6B
Haiinenusie byrkumn f(s), u(t) u u(z,t) yrosaersopsinu ypasuenuio (1) va MuoxkectBe Ay 7, yeiosuio (2) upu t € [0, f],
yemosusm (3), (5) mpu t€[0,T] u ycmoBusm (4).

YcranaBnuBalOTC CIeLyIomue yTBEPK JCHU.

Teopema 1. Ecsm 3amanst yaknum o(x), (), f(z), g(t), u(t) Takme, aro s3nagenne p'(0) cymecTByer, m BBIIOT-
HAIOTCA YCTOBHS

plx) € C?[0,1, ¥(x) €C0,0, ¢(t) €C0,T], ¢()=v'(1)=0, (6)
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f(@)€C[0,1], u(t) €Cl0,T], p(0)=(0)— B¢’ (0), 1’ (0)=a%" (0)— B’ (0)+ f(0)g(0), (7)
10 3a7a4a (1)-(4) mmeer eauncrpennoe pemenne u(x,t) € C*(Qr).
Teopema 2. Ecin 3azansr pynxnmn o(x), ¥(z), g(t), h(t), yaosnersopsiromue ycaosusim (6), ycaoBuio

9(0) #0, (8)
a 'y ¢yaxmum h(t) cymecrsyer 3uaqerme h'(0), m ara h(t) BRITOAHTIOTCS YCI0BUST
h(t) € C[0,T), h(0) =¢(), R (0)=1(),

T0 obparnasz 3amaqa (1)-(5) He MoxkeT mMeTh 60J1€€ OHOTO PENICHUS.
Teopema 3. Ilycrs 3azansr pyukuun ¢(x), P¥(x), g(t), h(t), yaosrersopsiomue ycnosusm (6), (8) u yciaopusm

h(t) € C?[0,T],  h(0) = p(1), h'(0) =v(0).

Torza cymwecrsyer pemenue obparnoii 3agaqu (1)-(5).

Teopema 2 u Teopema 3 mokassiBaiorcs auis 3Haudenwuit T € ((I/a), (3l/a)], 9T0 BIOJHE NEMOHCTPUPYET CXEMBI JIO-
Ka3aTeIbCTB, ¢ BO3MOKHOCTBIO NEPEHECEHHsT aHAJIOTHTHOTO aHamm3a Ha 66apmme T > (31/a). Ha ocroe mccnemnobanns
pelreHusi 0OpaTHON 33124 IIPEJIaraeTCs NTEPAIMOHHbBIM a/IrOPUTM €€ IIPUOJIMKEHHOI'0 PEIIeHNs .

Funding: Pa6ora Bemmosmena npu sactuanoii moanepxkke National Natural Science Foundation of China (No. 12171036)
n Beijing Natural Science Foundation (Key Project No. Z210001).
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O TOYHBIX PEIIIEHUAX YPABHEHUY HEPA3PHLIBHOCTU
Haseim BOJIAT

Kazaxckuit manmonaapHblil yEuBepcuTeT umenu aab-Papabu, Anvarsr, Kazaxcran
E-mail: bolat.nazym.armankyzy@gmail.com

PaccMOTpUM TLIOCKOTIApA/LIEIbHOE, CTAIIMOHAPHOE TeUeHNe HeCKIMAEMOil KUIKOCTH B HeKOTopoit obmactu G C R2.
Kax m3BecTHO, B 3TOM CjIydJae MMeeT MeCTO ypaBHEHUE HEPa3PBIBHOCTH BHIA

oVy  0Vy
ox Jdy

rae Vi(z,y), Vo(z,y) — NCKOMBbIE KOMIIOHEHTBI CKOPOCTH IaCTHI] KU IKOCTH.
UsBecrno, yro To4yHOe pewenue ypasHenus (1) mumercs B caepyowei dopme:

Vi =u(z,y)
Ve = 71}('%7 y)
rae f(z) = u(x,y) + iv(x,y) — nponsBosbHAdA, aHAIMTHIECKAA (DYHKIIUT KOMILIEKCHOTO MIEPEMEHHOTO z = T + iy B 00J1a-

cru G C R2.
Ianuas ¢GopMy/a ONMUCHIBAET KOHTUHYYM TOYHBIX PEIIEHU yPaBHEHUs HEPA3PBIBHOCTH, TE BCE PEIICHUs COOTBET-

=0

CTBYIOT TOJIbKO 0E€3BUXPEBBIM TEUEHUSM KUIKOCTH, Koraa 1otV = 0
Kak uzBectHO, TedeHme KUAKOCTH, IPOUCXOIAIINE B IIPUPOIE, OCYIIECTBIIAIOTCSI BUXPEBBIM ABuzKenneM. 113 gero cire-

AyeT HeOOXOQUMOCTD OIMCAHUS METOIa, KOTOPOe JACT TAaKKe BUXPEBBIE DEIIeHUs yPABHEHUS HEPA3PbIBHOCTH, 1"0757 #0
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Omnpenesienne Yerbipe ckanapa (neficTBuTeIbHBIE THO0 KOMILJIEKCHBIE 9UCAA) (1, (2, B1, 32— HA3BIBAIOTCS Pa3PeIaio-
mmMu napamerpamu ypasaenus (1), ecim Bplosgercs ycaosue: oy g + B1 82 = 0. I3 51010 onpenesienus Ciaemyer, aro
ypasrerme (1) mmeer GecUmCIeHHOE MHOKECTBO HAGOPOB pa3penraiommx mapamerpos. OmnpeneneHusii HAGOp MbI Oymem
0003HAYATDH TAK:

SP = (az,asz, B1,B2)

Teopewma Ilycrs f(z) = u(x,y) + w(z, y) — upoussonbHas GyHKINA KOMILUIEKCHOrO nepemenuoro, SP = (ay, az, B1, B2)
— MPOM3BOJILHBIN HAOOP Pa3penralonux mapaMeTpos. Toraa ypasHenue Hepa3pbiBHOCTH (1) mMeeT ToIHOE pemenne Buaa;

Vi = Bru(aaz, azy)
Ve = Bzv(a1, any)
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OB YCTPAHUMOM OCOBEHHOCTHU 'APMOHUYECKOW OYHKIINN HA
CTPATNO®UIINPOBAHHOM MHOX>KECTBE

H. C. JAUPBEKOB

Hucruryr MmareMaTnkyn 0 MaTeMaTHIeCKOro MojeaupoBanns, Aamarol, Kazaxcran
E-mail: Nurlan.Dairbekov@gmail.com

Ornucanue ycTpaHUMbIX OCOeHHOCTEl perrenuil nuddepeHnuaabHbIX YPAaBHEHUHN ¢ YaCTHBIMY TPOU3BOJHBIMU B 33,/1aH-
HOM (DYHKIMOHAJIBHOM KJ/IACCEe TPAJAULIMOHHO LIPUBJIEKAET BHUMaHHUE OOJIBIIOrO 4ucia ucciaenosaresneit. Kiaccuueckum
pe3y/IbTaTOM B 3TOM HAIPABJIEHUM SBJISETCS TEOpeMa, 00 yCTPAHUMOCTH MHOYKECTBA, HYJIEBOM €MKOCTH, B YaCTHOCTH,
MHOXKECTBa KOHEeIHOM (n — 2)-mepbr Xaycmopda, /s orpaHm<IeHHol rapMOHUIecKoil hyHKIuy HA 00/1aCTH IBKIUIOBA
npocrpancrea R™.

B mokname OymyT mpeacTaBIeHbl pe3yIbTaThl, MOJIYIYeHHbIE B COBMECTHOM pabore aBTopa ¢ O. M. Ilenkunrsim u /1. B.
CaBacreeBbiM, 06 aHaIOTe TEOPEMBI 00 YCTPAHUMON OCOOEHHOCTH 1151 OTPAHUYEHHOM TapMOHUYECKON (DYHKIMU B CMBICIE
“MSATKOTO JIAIUTACHaHa’ HA CTPATU(UIIMPOBAHHOM MHOXKECTBE C IVIOCKMMU BHYTPEHHUMH CTPATAMU.

Oupegernenns: cTpaTndUIMPOBAHHOTO MHOXKECTBA M OTHOCSIIUXCS K HEMy TIOHATHI MOKHO Haiitu B [1]-[3].

OCHOBHO pe3y/IbTAT YTBEPXKIAET, IPU OIIPEIEJIEHHBIX YCIOBUALX, FITO JJIs TAKOW (DYHKIMK Ha N-MEPHOM CTPATH(dU-
[OUPOBAHHOM MHOXKECTBE YCTPAHUMBIM SIBJISETCH 00beJUHEeHrne CTPAT, PA3MEePHOCTh KOTOPBIX HE IIPEBOCXOIUT 1 — 2.

Funding: Asropst 6b11u nomuepxkansl rpanrom AP14871251 MOH PK.
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O PEIIEHUSX B BUJE OPTOI'OHAJIbHBIX MHOTOYJIEHOB JIBVX
ITEPEMEHHDBIX O,ZLHOfI CHEL[PIA.HbHOfI CUCTEMBI

JK.K. YVBAEBAM®, M.2K. TAJIUIIOBAZ?Y P.V. JKAXNHA®?

AxTrobuncknit pernonaabusiit yausepcurer um. K. 2Kybanosa, Axrobe, Kazaxcran
E-mail: *zhanar-ubaeva@mail.ru, *mira-talipova@mail.ru

ITocranoBka 3ama4du. PaccmarprBaeTcs BO3MOXKHOCTY HMOCTPOEHUS PENIEHUIM HEOTHOPOHOM CUCTEMBI COCTOSIIEH
u3 1ByX auddepeHImaabHbIX YPAaBHEHUN B YACTHBIX ITPOU3BOIHBIX BTOPOTO IMOPS/IKA BUIA

jtk=w+1

> (i — g2y pik = fi(z,y),
j+k=0

jtk=w+1

> ik — By )2y ik = folx,y), (1)
j+k=0

rze poo(z,y) = Z(z,y)(j = 0,k = 0)- o6was nen3BecTHAN;D;, ;- PA3IUIHBIE IOPAIKU IACTHBIX IPOU3BOIHON HEM3BECTHOMN
byukun Z(z,y); fi(z,y)(i = 1,2)- anammrudeckas GyHKIus IBYX TEepeMeHHBIX [1].

CooTBeTcTBYIONLYI0 OMHOPOMHYIO cuctemy nosxyuamm npu f;(x,y) = 0. Oum mamGosree nsy4uenst. Vccnenosanme mpo-
BOJMTCS IIPH PA3/IMIHBbIX 3HAYEHUAX MOCTOAHHON h u w. Hampumep:

1. mpm fi(x,y) = 0, h = l-nonyumm cucremy tuma Kamme me Depnbe;

2. Ecmm fi(x,y) # 0,h > 2 um w = 1, TO 331294 CBOAUTCA K MOCTPOEHUIO PEIIEHUs CHCTEMBL

$2(T2,0 — 042,017h)p2,o —zy(ri,1 — 061,1$h)p1,1 +x(ri,o — a1,o$h)p1,o +y(ro,1 — ao,lmh)po,lJr

+(ro,o — Oto,oﬂih)po,o = fi(z,y),
y2(t0,2 - 50,2yh)p0,2 —xy(ti1 — 51,1yh)p1,1 +x(ti,0 — ﬂl,oyh)pLo +y(ton — 50,1yh)p0,1+
+(to,0 = Bo,oy")po.o = f2(x,y). (2)
CoriacHO 06mieil TeOpUHM TAKUX CHCTEM CIIPABEIJINBO yTBEpPKICHHE.

Teopema 1. CoorBercrByroniast OJHOPOJHAT CUCTEMA, COCTOSAIIA U3 ABYX AU DepEeHnaIbHbIX YPABHEHUIT B 4aCT-
HBIX IIPOU3BOJHBIX BTOPOTO MOPSIIKA

382(7’2,0 — a2,0x)p2,0 + zy(r1,1 — a112)p1,1 + x(rio — a1,02)p1,0 + Y(ro,1 — @o,12)po1+

“+(r0,0 — @0,02)po,0 = 0,
y*(to,2 — Bo2y)po2 + xy(ti, — Bray)pi + y(to — Broy)pio + y(to,r — Bo,1y)po,1+
+(to,0 — Bo,0y)po,0 = 0. (3)
npmn BBIIIOJTHEHU YCHOBHI/I COBMECTHUMOCTH U yCJIOBI/IH I/IHTerpreMOCTH

ay(rin — onpz™)wy(tiy — Biray”)

1—
— h
22(ra,0 — az,0zh)y?(t0.2=Fo2u")

40 (4)

HMEET 710 9eThIPEX JIMHEHHO-He3aBUCHMBIX JacTHbIx pemrennii Z;(x,y)(j = 1, 2).
Teopema 2. IIpeobpa3oBanne
h h

T =,y = v (5)

0HOPOHYIO cucTeMY (3) IPUBOIUTH K CHCTEME THIEPreOMETPHIECKOTO THITA OTHOCHTEIBHO HOBBIX IEPEMEHHBIX U H U BH-
! ’
J1a (3), m3 KoTopoii mpu h = 2 BRIBOAATCA BCe GHOPTOrOHAIBHBIE MHOTOUICHBI Ametst: Jom n (¥, Y 52, Y)s Fmn (7,7 52, 9))
’

u Emn(v,7 52,y)) Opmura.

Ilosyuenras CUCTEMa, THIIEPreOMETPUYIECKOTO THUMA C TIOMONIHIO SJIEMEHTAPHBIX Mpeodpa3oBanuu (2) MPUBOIUTCS
omaomy m3 cucrem Lopra (F1)— (Fy), mosromy penreHust nx BoIpaxkaiorcs gepes dynkium Annena Fi — Fy B 3aBucuvoctn
or Bu/a 1IpeodbpaszoBanus cucrembl [opHa.

Bun perrenwnst HeomHOPOIHOM cuctembr (1) 3aBucutr ot dhopmbr npasoit wactu f;(x,y) (¢ = 1,2). Kak u B 00bIKHOBEH-
HOM CJIy9ae CIPaBe/JIMBO yTBEPKIeHwue [2].

KiroueBble ciioBa: anaguTrteckass GyHKINs, HEOTHOPOJHAS CHCTEMa, OJHODOIHAS CUCTEMA, IaCTHBIX IIPDOM3BOIHBIX,
BTOPOr'O HOPAJKa.
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O BJIN30CTU HU3KOYACTOTHBIX YACTEN CIIEKTPOB KOJIEBAHUI
MEMBPAH 1N CETOK N3 CTPVYH.

P.H. BUMIH

Satbayev university, Anmarer, Kazaxcran
E-mail: r.zimin@satbayev.university

JloKJ1a 1 IOCBSAIEH HOBOMY IOJAXOAY K MCCJIEJOBAHUIO HU3KOYACTOTHBIX YacTell CHEeKTPOB HENDPEPhIBHBIX MeXaHUYe-
ckmx cpen (MeMOpaH) W aHAJIOTHYIHON 9aCTH CTEKTPa MOJIYHETPEPBIBHBIX Cpel (CETOK W3 CTPYH).

ITycTs ceTka U3 CTPYH 3aOJIHSIET HEKOTOPYIO KYCOYHO - IVIAJAKYI0 00JacTs 2.

Sazada 0 crleKTpe COOCTBEHHBIX KOJIeOAHMII CeTKU M3 CTPYH MMEEeT B

T 4+ Apru =0, (1)

Z Tkuﬁe + Admpur = 0, (2)
YER(A)

ulor, =0, (3)

rze kKo3bdunuent T} - HATAKEHUE CTPYHBI, P) - IVIOTHOCTH CTPYHBI, M, - HAIAYIE COCPEIOTOUEHHON MacChl B BEPIIUHAX.
Bce 31u BesimuuHbI mpeosiaraioTcs noctodsuabiMu. Haeke k - o3nagaer nopaaok crynienus ' ceTok.

OrmeruM, 94TO Mbl OIPAHUYHMMC PACCMOTPEHMEM HM3KO4YacTHON 4dactu cuekrpa. Kak 6bw1o nokazano M.I'. 3asro-
pomauM (cM. [1]), BBICOKO9ACTOTHAST ACUMOTOTHUKA CrekTpa 3a1aqau (1) - (3) Takas e KaK U y CTPYHBIL.

B roit xe obsractu ) pacCMOTPUM 33731y O COOCTBEHHBIX KOJIeOaHUIX MEeMOpPAHBI

ocAu + Apu =0,

u|aﬂ = 07

r7le o - HaIpsiZKeHre B MeMOpaHe, a p - €€ MIOTHOCTh.

Cuwuras, 9ro pa3mep sueifiku ceTku paseH hy, Bbibepem (dusndeckue mapaMerpbl CETKH U3 CTPYH Tak, YTOOBI Macca
U HATAKEHUs BBLIEJIEHHOIO y4acTKa Ha ceru u MemOpane Oblim pasabl (cM. Hanpumep [2]).

Cosmectro ¢ 2K. Typap mosy4ena OIeHKa TepBOro COGCTBEHHOTO 3HadaeHus 3amaqun (1) - (3) mas meperymapHOit
CeTKU W3 CTPYH, IIPU yCJIOBUH OJIM30CTH, B TOM CMBIC/IE KaK OMMCAHO BBIIIE, MACCHI W HATIKEHUIA.

Taxk ke OBLIN TTPOBEIEHBI YNCIEHHBIE SKCIEPUMEHTHI [7IsI TIOCYeTa COOCTBEHHBIX 3HAUEHNN 1 COOCTBEHHBIX (OyHKIHIA
JUIA TaKOH HeperyadapHO# ceTu.

Funding: Asrop 6611 mogmepkan rpanrom AP14871251 MOH PK.

KinroueBble cioBa: cTpaTudUIMPOBAHHOE MHOXKECTBO, COOCTBEHHBIE 3HAUEHNS MeMOpPAHBI M CETOK M3 CTPYH, HEpery-
JIAPHbIE CEeTKU.
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SATAYA I'EJIJIEPCTEATA JJIsI YPABHEHUSA CMEIIIAHHOT O
ITAPABOJIO-TUIIEPBOJIMYECKOI'O TUIIA B TPEXMEPHOM
ITPOHCTPHCTBE

X. K. UBPOXNMOB

HawmaHraHnckuii mH>KeHEpHO-CTPOUTE/IbHBIH nHCTHTYT, Hamanran, Y36ekucran
E-mail: xusniddin571@mail.ru

Teopusi ypaBHEHMIT CMEITaHHOTO THIIA, OCHOBOIOJIOXKHUKOM KOTOPOU siByisieTrcss @. Tpuromu, B HACTOSIIIEE BPEMS
MMPEBPATU/IACh B OJINH W3 WHTEHCUBHO PAa3BUBAIOIINXCS PA3]EI0B COBPEMEHHON Teopuu auddepeHIinaabHbIX ypaBHEHTH
C YaCTHBIMU IIPOU3BOHBIMHU.

Yucsio paboT, MOCBAIEHHBIX KUCCAEAOBAHUAM DA3/IMYHBbIX KPAEBbIX 3a/a4 [l yPABHEHUN CMEIIaHHOI'O THILA J0-
CTaTOYHO BEJIMKO, ONVH W3 TAaKWX 337a4 SBJIAETCS 33Ja49a 1TPUKOMU JJIsi SJIIANTUKO-TUIIEPOONIECKOTO YPABHEHUS B
TPEXMEPHOM MPOCTPAHCTBE, KOTOPOE € MOMOINIHI0 METOJa MHTEerpaJIbHOro npeobpazoBanus Pypbe BIEpBbIE UCCIEI0BA-
ma A.B.Bunanse [1]. 3arem noasunmucs psag pa6or A.M.Haxymesa, A.M.Exosa, C.IL.IIynpkuna, C.M.Ilonomapesa, rae
paccMaTpUBaJIACh KPaeBble 334 /Il YPABHEHUIA SJITUITUKO-TUIIEPOOIMIECKOTO THUTA B OECKOHEUHON ITUIMHIPUIECKON
obsractu. KpaeBbie 3a/1a9u 151 CMENTAHHBIX yPAaBHEHUHN TapaboIo - TUepOOIMIeCKOTO THIIA B TPEXMEPHOM IPOCTPAHCTBE,
UCI0JIb3Ys MHTErPaIbHbIe NIpeobpa3oBanus paccmarpusanuch B paborax T./0. Ixypaesa, A.Comyesa [2].
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B Geckoneunoit npuamaobpasuoii obmactu {2 TPEXMEPHOrO €BKJIMIOBOTO MPOCTPAHCTBE NMEPEMEHHBIX (Z,Y, Z), Orpa-

7
HUYEHHOW TMOBEPXHOCTRIO S = Y. Sy, rue
n=1

S1:2=0,0<y<h,zeR, Se:zx=1,0<y<h,ze€R, Ss:x+y=0,z€R,

Si:x+y=6,0<e1<1,z€e€R, Ss:x—y=c¢1,2€R,
Se:x—y=1,2€R, Sr:y=h,h>0,0<z<1,2z€R,

PacCMOTPUM yPaBHEHUS

. _ 2
0= { Uy = Use = Uz + iU, y >0, ,u% =const, i=1,2. (22)

Uyy = Use = Use + 53U, y <0,
Ilycts
L=0"Ny>0, B=0"N{(z,y,2), 0<z<e, y<0, z€R},
Qé:Qlﬂ{(x,y,z), e1<z<l,y<0, z€R}, D'=0'n(z=0),
Di=0inN(z=0), DL=0N(z=0),n=23, 0,=8.N(z=0),n=1,7,
To=nN0y, HA=0n0 jn=JuN(z=0),n=0,1,jn=7JoNj.
3AmAYA G,. Haiiti peryasproe B o6mactu Q'\ (y = 0) pemerme ypasmenus (1) 06/1a1a1011ee e,y IONIME CBORCTBAMH:
y Ulw2) € C(UDmUTL)NCH (U JU AU (U J) U (Q3UJ)]N
NC? (21 UQ3UN);

2) U (z,y, z) yIOBIETBOPAET KPAEBBIM yCIOBUIM

U‘Sl =d (y72)7 U|52 =d (y72)7 U|55 =, (m,z), S Ra (23)
lim_Ue,,2) = _lim_U. (2,5,2) = 0. (20)

3) bynkmmu U (x,y,2) u Uy (z,y, 2) yIOBIETBOPAIOT yCAOBUAM CKIICHMBAHUS
U (LL', _07 Z) =aU ('Tv +O7 Z) )

Uy (m, _Oa Z) = Bk (33) Uy ('Tv +0, Z) + Vi (x) U ('T, +07 Z) + Pk (.T, Z) ’
o = const > 0, lirf Py (z,2) =0, (z,2) € Jg, k=0,1.
z—r o0

Pemenne 3anaau G, caenys ugen A.B.Bunasnse [1], Oymem uckars B kiacce naTerpaios Oypoe.

EnuncrsennocTs pemnenns 3amacu (G JOKA3BIBAETCS, UCIIOJIb3Ysl PUHIIAI MAKCUMyMa IS HapabOINIeCcKuX U -
11epOOINYEeCKUX yPABHEHUH IIOJLyYeHUEM AIIPHOPHBIX OIEHOK MCKOMbIX pemrenwii. CymiecrBoBanue pemenus 3a1a49u Go
SKBUBAJEHTHBIM 00pa30M CBOAWUTCS K MHTErpaJbHOMY ypaBHeHmO0 Ppearosbma BTOPOro poa, pa3penrnMocTb KOTOPOTO
creyeT U3 eJUHCTBEHHOCTH peineHus 3ama9u Go.

KuroueBsie ciioBa: Cvemnianfas mapabosio-runepboInieckasi ypaBHEHNs, KpaeBas 33/1a4a, € TUHCTBEHHOCTh, CYIEeCTBO-
BaHMe, IPUHIUII MAaKCUMyMa, allpHOPHAad OIeHKA, YCJAOBHUSA CKJICUBAHUIL.
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MHOTOMEPHBI OPTOTOHAJIBHBIMI MHOTOYJIEH JIATEPPA KAK
PEIMEHNA BBIPOX2K/IEHHBIX I'MIIEPTEOMETPUYECKUX CUCTEM

JK.HTACMAMBETOB"%, A.A. ICEHOBA?>®

U Axrro6uncknii pernonasipusi yausepcurer um. K. 2Kybanosa, Axrobe, Kazaxcran
2 Axrrobuuckmit pernonapubli yausepcurer um. K. 2Ky6anosa, Axrobe, Kazaxcran
E-mail: “tasmam45@gmail.com, Yakkenje_ia@mail.ru

IIpu nccremoBammn MmuOrowieHos Jlareppa AByX I€pEeMEHHBIX CJI€yeT PACCMATPUBATH UX CBA3b € 20-ThIO BBIPOK-
JIEHHBIMY TUNEPreOMeTPUIeCKIMH PsJaMU ABYX mepeMeHHBIX, [1]. [Ioka He yCTaHOBJIEHBI, CKOJIBKO CYLIECTBYET CHCTEM
Trma Jlareppa m oam kakum u3 20-TH BBIPOKIEHHBIX cHCTeM CBa3anbl. B paze pabor 2K.H.Tacmamberosa [2] B kagecTse
cBAbIBaIOIIEl cucrembl Op1a nomobpana cucrema opua (VU2 ) m m3ydeHa CBA3b MEXK/AY BbIPOXKIEHHON runepreomerpude-
ckoit pyukmumeit 'ymbepra u Mmuorowienom Jlareppa aByx mepeMmeHHbIX . OIHAKO, HEM3YIE€HHBIMI OCTAIOTCS CBA3b ITUX
MHOTOYJIEHOB C HOPMAJIbHO-PETrYISAPHBIMU PEIIEeHUIMU.

Hawbosiee uzygennoit cucremoit ['opra siBisierca cucrema

Institute of Mathemitics and Mathematical Modeling. Almaty, 2023



176 TpagunuoHaass anpejabCcKas MaTeMaTuieckas KoHpeperius — 2023

mIZzlzcl + (’71 - wl)Za;l - zZZ(mg) - )\Z

25
1’2212552 + (’YQ — l‘2)Z7;2 — $1Z(Il) X =0 ( )

|
[en}
——

rze i, (i = 1,2) HeKOTOpBIe OCTOSIHHBIE, & Z (X1, T2) 00IIast HEM3BECTHAS.
Teopema 1. Cucrema I'opra (1) numeer 4eThIpe JIMHEHHO-HE3aBUHCHMBIE YACTHBIE DEIIEHHS,0/JHUM H3 KOTODOI SIBJIsi-
ercst pynkmus I'ymbepra

o) my

Z ()‘)m1+m2 ! x;@ (2)

(’Vl)m1 : ('72)7712 m1! mgl ’

\PéQ) ()‘7 Y1,72; 1, :CQ) =

m1,mo=0

Omnpenenenne 1. Penrenne Buza
oo
W (21, 22) = exp(anom1 + a0az2)al @5 > Amyma@i 252, (Ao #0), (3)
mi,mo=0

rre p; (7 =1,2), Amymg(mi,me =0,1,...), a1,0, 20,1 -HEM3BECTHBIE TIOCTOSHHBIE, & PsIJI B TIPABOIl YaCTH CXOJUTCS BOIMA3M
ocobernroctu (x1 = 0,22 = 0) HA3BIBAETCS HOPMAJIBHO-PETY/IAPHBIM PEIIEHUEM ABYX nepemenHbrx. Ciemyronias Teopema
YCTaHABIMBAET HOPMAJbHO-PEryIspHble pemenus cucrembl [opua (1).
Teopema 2. BcmomorareabHas CHCTEMa
2
21Uz 01 + (200,001 + 71 — 21)Usy — 22U(gy) + [(04,0 — 1,0)@1 + V11,0 — 01022 — AJU =0
2
22Usoas + (200,171 + y2 — 22) Uy — 21Uy + [(CMOJ — a0,1)T2 + Y2001 — @121 — AU =0
nostyuennas u3 cucremol Lopna (1) ¢ nomompio npeobpasoBanus

W (z1,x2) = exp(arort + aoi22)U (21, T2) (4)

roe «i,0, ®o,1 ~HEU3BECTHDbIE IIOCTOAHHBIEC, IIPU BBIIIOJTHEHUN OBYX HeO6XO,I[I/IMbIX yCJ'IOBI/Iﬁ

aio—ai0=0,a51 —a01 =0,
(g,jg(PhP%):pJ(pJ_1_|_,y]):0 (5)

UMEIOT [Ba PEIIEHUdA B BUAEC HOPMAJIbHO-PETYIAPHBIX DAIOB:

A - A AA+1-
Wg(ﬂm,mg):exp(;m)(l—i——xl—’72 T2 + (A+ 72)

T1T2+
" 2 Y1Y2
AA+D)  al | (=N (p+l1-N) 3
+ —_ . — 4 [ 6
Yi(y+1) 2! v2(v2 + 1) 2! ) (6)
- A A AMA+1—
Wa(z1,22) = exp(x2)(1 — n 1+ —x0 + Mmlmz
a! Y2 Y1772
—A)- 1-X) 2 AA+1 2
L= -t ) 21, AMA+D) T2, (7)
yi(m +1) 2L ya(ye+1) 2!

JTokazaTebCTBO TeopeMbl TpoBoauTcsa MeTooM Ppobenmyca-/laToimesoii. BecmomorarenpHas cucTeMa oIy 9eHHAs
u3 cucremsl Fopua (1) ¢ nomoupio npeobpasosanus (4) umetor pewenus (6) u (7) B Buze:

Ws(z1, 22) = exp(z1)Us(z1, 22), Wa(z1, 32) = exp(z2)Uz (21, 22).

KuroueBnle ciioBa: mMHOrOwIeHH! Jlareppa, cucrema ['opHa, rumepreomerpudeckas CHUCTEMa, HOPMAJILHO-PETYJIAPHOE
pelleHue, BCIOMoOraTe/JbHad CUCTEMA.
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TPAHCIIOPTHBIE PEIIIEHUA YPABHEHUN MAKCBEJLJIA [IPU
JOCBETOBbBIX CKOPOCTAX

.A. KAHBIMT'ABIEBA

EBpasuiickmit Harmona babIl yausepcuter uM. JI.I'ymuresa, Acrana, Kazaxcran, E-mail: ilmira
69@mail.ru

Vpasuenus: MakcBesuia siBJAMIOTCA OCHOBOIIO/IAIAIOIIMMY B COBPEMEHHOM 3JIEK TPOJIMHAMUKE U ABJIAIOTCS OLPEEIIsAIO-
LUMU DU U3YUEeHNN SJIeKTPOMATHUTHBIX IT0JIeH, TOPOXK TaeMbIX pa3Ho0OpasHbiMu n3aydareasymu 9M sBosw. [locTpoemnn-
€M U UCCJIEJI0OBAaHUEM DENIeHUH 3TUX yPaBHEHUN M KPAeBbIX 334 Jjid HUX B 0OJIACTAX PA3HON reoMeTpuu 3aHUMAIOTCS
MHOI'H€ y4eHble, HaYuHAA cO BTOpoU mnosioBuabl XIX Beka. Bubsmorpadus B 3170M Hampas/ieHHH BeCbMa OOIIMPHAL,
HA4YMHAS C MHOTOOOPA3HOMN y<IeOHOM JIUTEePATYPHI 0 3JIEKTPOMArHETH3MY.

3nech HaC OyAyT MHTEPECOBATH MPEKIE BCero 0600IIeHHbIE PellleHns ITOM CUCTEMbI ypaBHEHUH, KOraa, JeficTBre u3-
JlydgareJieil OLUCHIBACTCH CUHIYIAPHbIMU 00001meHHbIMU DYHKIUAMU, COCPELOTOYECHHBIMYU UMILYJIbCHBIMU, OLIUCHIBAEMbLE
nenbTa-QYHKIUIMA U WX TPOU3BOIHBIMU, JTHOO CHHTY/ISPHBIMU ITPOCTHIMU U JIBOMHBIMU CJIOSIMU HA, JIMHUSX U MOBEPXHO-
CTAX Pa3JIUIHON (HOPMBI.

Temnzop I'prua m 0606UIEHHBIE peNTeHNsT HECTAMOHAPHBIX ypaBHeHUiT MakcBessia M MX raMHILTOHOBOI (hOpPMBI B
M30TPOIHBIX U AaHU30TPOIHBIX CPeJax IMOCTPoeH B paborax [1-3]. Ha ero ocuose, ¢ ucnosnszosanuem Meroma O6061meHHBIX
Oyuknwmit, pazpadboran Meron I'panuumbix laTerpanbusix Y paBHeHUN [/ PeNIeHNs HECTAITMOHAPHDBIX W CTAIMOHAPHBIX
KDPAEeBBIX 33/1a4 JIEKTPOANHAMUKN B O0JIACTSIX € TIPOM3BOJILHON reoMerpHeii Tpanull B [4,5].

Cpenn nefiCTBYONNX UCTOYMHUKOB n3iydenust DM BosH Hanbo/iee pacIpoCTPAHEHHBIMY SIBJISIOTCS ITOIBUKHbBIE, PAC-
[I0JIOXKEHHbIE HA IIaT(OpPMaxX Pa3JIMIHbIX TPAHCIOPTHBIX cpeacTB. OYeBUIHO, YTO CKOPOCTH [IBUXKEHUs CyIIEeCTBEHHO
BJIMISIET HA TIPOIECCHI pacrnpocTpaneHns DM BoJIH B cpefax ¢ Pa3INTHON SJIEKTPUIECKON MTPOBOAVMOCTHIO M MATHUTHOM
NIPOHMIIAEMOCTHI0, KaK ¥ (hopMa CaMOro HCTOYHMKA M XapakTep ero paborsl. lcciiemoBamus B 9TOM HAIIPABICHUN He
CTOJIb MHOT'OYUCJICHHBI Y CBSI3aHBI C OIPEJICJIEHHBIM BUJIOM UCTOYHUKA U3JIyUEeHUS .

31ech pacCMaTPUBAIOTCS TPAHCIIOPTHBIE PEITEHNsI CHCTEMBI ypaBHeHN MaKcBes1a mpy JefHCTBUN TOABUKHBIX UCTO-
HUKOB DM BOJIH, ABMKYIIUXCS C IOCTOSHHON CKOPOCTHIO B (DMKCHPOBAHHOM HampasseHun. [locTpoensr dyHIaMeHTa b
Hble 1 0600IIEHHbIE PEelleHns] IPU CKOPOCTAX JIBUKEHUs, MEHbIIE CKOPOCTH CBETA, JAaHbl UX PEryJisPHbIE IIPECTaBICHU
B aHauTH4IecKoil (popme. IIprBeeHsbl TpUMEpPHI 71T TTOABUIKHBIX M3JIydaTe el pa3HOro BUIA, TOJE3HBIE IJIsT PAINOTeX-
HUYECKUX TPUJIOKEHMUIA.

KuroueBrblie ciioBa: Tpancnoprabie ypaBuenus Makcsesia, CKOPOCTb CBeTa, CKOPOCTh JIBMKeHHs, dncio Maxa, TeHzop
I'pura, 0600IIeHHBIE PEIIIEHMST.
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KOMIIbIOTEPHOE PEIIIEHUE JIBYX®A3HON 3A/JJAYM CO CBOBOJIHON

FPAHI/IL[EP’I B 9JIEKTPUNYECKOM KOHTAKTE I_[I/I.HI/IH,Z[PI/ILIECKOI‘/’I
®OPMBI

A.A. KABOKUH"?? A.T. KYJIAXMETOBA??
L Cyneiiman Jemupens Yansepcurer(CIAY), Kackenen, PK

2HHcTuTYT MaTEeMATHKH U MaTeMAaTHIECKOro MojeaupoBanns, Amvarsr, PK
E-mail: “kavokin_alex@yahoo.com, Ykulakhmetova@mail.ru

PaccmoTpen MeTos 9MCIeHHOrO PeleHns 0CECUMMETPUYIHOM 3a/1a4u 00 ONpeIe/IeHuU TEeMIIePATyPhl B KOHTAKTE IIH-
smHIpuaeckoil popmbr ¢ yaerom ¢azosbix nupespamenuii (Solid= Liquid). MaremaTuteckas mocTaHOBKA 33131 BO3HUK-
JIa, TIPY MOJEINPOBAHIH TEILIOBBIX IIPOIECCOB, MPOUCXO/ISANINX B KOHTAKTAX MTPU 3aKUTAHUN MEXKYy HUMU DJTEKTPUIECKON
nayrm, [2]. MaremaTuaeckas MOJEIh COCTOUT U3 HEOTHOPOTHOTO yPABHEHHs TEILIONPOBOJIHOCTH C TIEPEMEHHBIMU KO du-

IHeHTaMHU:
c aiT — li T.)\ai + é Aal + — L ﬁ
rP ot ror or 0z 0z L S B
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C COOTBETCTBYIOMIMMHI HAYATbHBIME U TPAHUYHBIMU YCJI0BUAMU U 1uddepPeHITIaIbHOr0 ypaBHeHUs KHHETUKY U3MEeHeHU st
KuJIKON (a3bl MeTasiia:

dX . v

>y =K -sign(X — Xeg) - | X — Xeg”; (>0,0<7 <1,0 <2< 20),
rme T = T(t,r, z) — Temmeparypa, °C; X = X(t,r, z) — OTHOCHTEIbHOE KOJIMIECTBO KUJAKON (dha3bl B enuamie obbema,
A = MT,X) — xosbdumuent remmonposoguoctu |W/m - K|, Ls 1 — ckpbitag remiora miasnenus, |J/m?®], g —
IJIOTHOCTH JI3KOY/IeBa UCTOYHUKa, Tera, [J/m?], K — xosddurment xunetuxu dazosoro nepexona, [1/sed|.

Xeq — paBHOBecHOE cojepkanue Gasbl, B COOTBETCTBUU C AUAIPAMMON COCTOSHUSL:

XOna =0 Xq={ b T2 )

Oa T< Tmelting

Taxoit moaxom mo3BosIseT U30eKaTh IPOOJIEM, OSIBIIIONINXCS IIPY MCIIOIH30BAHUN KJiaccuieckoil 3amaan Credana
B MOJIEJIAX TAKWUX IIPOIECCOB, [1], B wacTHOCTH:

— BBIUUC/ICHNE HOPMAJIbHBIX MPOM3BOHBIX M/ HEU3BECTHOM (2-X, 3-X MepHOi) rpanumpl (ha30BOr0 MEPEXOa;

— LIOZIBJIEHHE HOBOM MJIM MCYE3HOBEHUE CyuiecTByioweil obsactu dasbl, ... u T..1.

st onpenenenns kK03(ddurmenta KuHeTHKH (Ha30BBIX MIPEBPAIIEHUI UCIOIb3YeTCsl CPABHEHUE PEIeHUs aBTOMO-
nesibHOM 3aga4uu Credana ¢ penienueM JaHHON 332491 1IPY COOTBETCTBYOUIMX MPAHUYHbBIX yC/a0BuUAX. [Ipu 9roM rpanuna
paszmena da3 B 9TOH MOIENN ONpeesseTcs KaK JIMHIS N30TepMBI COOTBETCTBYIONE Temieparype (a3oBoro mepexosa,
HO TaKXKe CYMIECTBYeT U IePexoTHas 00J1aCTh, COoZep KaIas CMeCh KUIKOM u TBepaoii a3 (~ 3% pasmepa obactu Ku-
KOi1 (ba3pl), 9TO BIOJIHE COOTBETCTBYET PeasbHbIM poueccam, [1]. Ha pucynke 1 npusenen upumep pacuera mexbasHoi
TPAHUIIBL:
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Pucynox 1. Paccunrannbie koopauHaThl CBOGOAHON rpammsr «(t, 1, z) Ay 3Hagennii Bpemenn: 1 ~ 5s, 2 ~ 10s, 3 ~ 25s
u ko3ddurmenta K = 0.3[1/s]

Iomo6HbIil MeTO T GBLT HCIIOIB30BAH paHee, [3], AT penteHns OJHOMEPHON 3397 U TIOIY9€HO YJI0BIETBOPHATETHHOE
COBIIaJIeHUE C penieHueM coorsercrByomeil 3amaqu Credana.
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0O0630p COBPEMEHHOTO COCTOSIHUST TEOPUU T'PO30BOTO JIEKTPUTIECTBA, MOKA3BIBAELT, YTO PAbOTa II0 €e yCOBEPIIEHCTBO-
BaHUIO BCe Oomee ycmmmpaerca [1, 2]. C om0 CTOPOHBI TIABHON COCTABIAIONEH rI00aIBHON S/EKTPAYECKOl Tens, 06b-
eauusiomeil armocdepy u 3eMii0 ABJILETCd I'PO3a, a € APYroil 3JIeKTPOCTATHUYECKUE CHJIbL CyIIECTBEHHO BJIUSAIOT HA
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SBOJIIOIAIO TUHAMUYECKUX U MUKPOMDU3NIECKNX XaPAKTEPUCTUK OOJIAKOB M OCAIKOB, M, KaK CJIEJICTBUE, HA TIEPEHOC Tell-
Ja u Biaru B armocdepe. Ilosromy mccimemoBanus rpo3, HAIPABJIEHHBIE HA PACKPBITUE IIOJIHOM KAPTUHBI [IEJIOTO PsIa
MIPOIIECCOB, IIPOTEKAONNX B aTMocdepe, sIBISeTCS aKTyaIbHOMN.

B mocnenmmne pgecstuieTrsi 3HAYUTETHHO PACIIUPUINCH UCC/IETIOBAHUS SBJIEHUIA W TPOIECCOB, MPOTEKAIOIMNX B KOH-
BEKTUBHBIX 00J1aKaX, B KOTOPBIX 00aKO paccMarpuBaeTcd Kak (dpakTajbHblil 00bekT. Cunras rpo3oBoe obsiako dhpak-
TAJIbHBIM 00bEKTOM C (DPAKTAIHHOM CTPYKTY POl uau IpocTo GPaKTAIbHON CPeoil, B padoTe PAaCCMaTPUBAETCH IPO30Basd
MOJIEJTb KYYeBO-/I0K JEBBIX 00/IAKOB CMEINIAHHON CTPYKTYPhI, B KOTOPOI YYINUTHIBAETCS BJIUSHUE MapamMeTpa (ppaKkTaIbHO-
CTH Cpe/ibl HA MEXAHU3M TeHEPAIUU 3aPsi/I0B.

Ecmu cpena dpakrambHasi, TO 3TO 03HAYAET, YTO OHA C HEIEJION MACCOBOM pa3dMepHOCTHIO D, KOTOpas saBiasercs
KOJIMYIECTBEHHOU XaPAaKTEPUCTUKOU OJHOU m3 OCOOEHHOCTEl caMOoopraHmsyioieiicsa rpo3oBoit cucremsr. IIponeccsr, mpo-
TEKAION[e B TaKOW Cpe/ie, XOPOIIO OMHCHIBAIOTCA ardPepeHnnaIbHBIMI YPABHEHUSIMUA, COIEPIKANIUMU TPOU3BOIHBIE
zapobroro nopsiaka [3].

B paccmarpuBaemoit Mmomesn 60JIbIIHE CKOPOCTH OOPA30BaHMs 3apPsAI0B Ha T'HIPOMETEOPAX OObICHAIOTCS C IO3U-
OUH CyIEeCTBOBAHUS MEXAHU3MOB «MIHOBEHHOI'O» MeMCTBUA, K KOTOPBIM MOXKHO OTHECTH MEXAHU3M JIEKTPU3ALMH IIPU
COYZIApPEHVH ¥ PA3PYIIEHUH KPYITHBIX THIPOMETEOPOB B JJIEKTPUIECKOM ITOJIE.

Vuer dbpakTagbHBIX CBONCTB B MOJEIN IPO30BOr0 O0JIAKA OCYIIECTBJISIETCS C IIOMOUIHIO NPUMEHEHUs IOHATHAS -
bexTHUBHOI CKOPOCTH M3MEHEHNA HEKOTOPOi HU3NIECKON BenmIuHbL f, ONpemensieMoro B cieayioneM Buge [4]

daf ¢ NA@X) 0 1 aadf 1,
at/ ~ - =Dy == 1
<dt> /Og(t ) =g dt = Do o = ~0uf, 0<a<l,

rae g(t)— dynkuusa namaru, t— 6e3pa3mMepHOe BpPeMsI, OTHECEHHOE K XapPaKTEPHOMY BpeMeHH mpouecca 7, Jo; f— apobuas
mpom3BogHas B cMbiciie ['epacumoBa-KamyTo mopsinka n — 1 < a < n or ¢pyHKIWHU f ¢ HAYAJIOM M KOHIIOM B TOYKax () u
i on

t [5], Ogif = sign™ (a —t) Dy, "?)7{, n—1<a<n,neN, Dgf- onepatop apo6HOro maTEerpo—auddepeHImpoBaHus
Pumvana-JInysuss.

IIpu sTOM HOIIyCKasi, 9TO OCHOBHBIM MEXaHU3MOM I€HEPaluu 3apsjoB BO (pakTaibHOM I'DO30BOI Cpeje dBgercs
SJIEKTPU3ALHNS IPYU COYJIAPEHUN TPAIUH C KAIUISIMU B 3JIEKTPUIECKOM IIOJIE TIOJIYYEHO BBIDAYKEHUE sl 3apsaa T'DaIUHEL
B CIIEJYIONIEM BUJIE

90q- (1) = (ArvaZ — faqe (t)) T 0<a<l, (26)

rae q. (t)- 3apam Tpagmmb;; A = Wfrm,ax n(rg) a(rg,r2) (1 — ”—i) dri, = const; a (T, 7.)-pa3Mep TPaJUHBI IIOCTIE CO-

v
yaapeHus ¢ Kameil; qe (t) - 3apam yHOCHMOE KAIIfMU; Up W U, - KOHEYHAad CKOPOCTh TAJEHWs IDAAWHBI U Karm; F-
HaIIPAXKEHHOCTDb 3JIEKTPUYIECKOI0 IOJId.

Hust (28) cupaseyinBo HaYa/IbHOE JIOKAJILHOE yCIIOBUE
q(0) = qo- (27)

VYpasruenne (28) m magaabHOE ycaosue (29) obpasyror 3amaty Komwm mia 1pobHOTO ypaBHEHWs TeHEPAITUH 3apsiIoB
rpaJiiH B PAacCMATPHUBAEMON MOJEJIN, & €€ DPEelIeHUEe OIMCHIBAET IIPOIECC IJIEKTPU3ALUU I'DAJUH B KyUI€BO-I02K/IEBBIX
00JIaKaX YMEPEHHBIX IUPOT, B KOTOPOM YUINUTHIBAETCH (PPAKTAIHHOCTH OOJIATHON CPe/Ibl.

Ha ocmoBe mpemyiaraeMoit Moe i MOYKHO CKa3aTh, UTO IIEKTPOMDU3NTECKHE MTPOIECCH, IPOTEKAIOIINE B IPO30BBIX
00JIaKaxX TeCHO CBS3aHBI C (PPAKTAIHHOCTHIO CAMON CPEbl M, UYTO IIPEIJIOXKEHHAs IIOJIySMIMpPUIecKas MOJIeJb BIIOJIHE
YAOBJIETBOPUTEIbHO OIMCHIBAET OCHOBHBIE Y€PTHI PACCMATPUBAEMOr0 IIPOLECCa 3aPAKeHNd I'DAINH.

KinroueBsre ciioBa: I'posa, Mmaremaruteckast Moaesb, ppakTaabHast cpena, muddepeHnuaabHoe ypaBHeHNe ¢ JPOOHBIMY
IIPOU3BOAHBIMHU.
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AJITOPUTM IIOJIVUEHUA U30BPAXKEHUA CAMOIIOJOBHOT O
OBBbEKTA HA KOMILJIEKCHOM IIJIOCKOCTHU

E.2K. KYPHIIIIBAEB!®

! Kazaxckmit HanmnoHa IbHEI Hegarormdecknii yauBepcnter uM. Abas, r. Amvaror, Kazaxcran
E-mail: yerke1984@Qgmail.com

B pamnoit pabore mOCTPOEH AIrOpUTM IIOJIy9eHHs M300PAXKEHHsI CaMOIIOA00HOr0 00bEKTa, KOTODPBIM HABJISLETCH pe-
3yJIBTATOM BBIUHCJICHUSI OTHOCUTEIHHOM IMOTPEIIHO- CTH PA3JIMIHBIX KOHEYTHO-DA3HOCTHBIX CXeM pelneHus 3agadu Komm
BTOPOTO TIOPSA/KA HA KOMILIEKCHON 1ockocTu. C MOMOIIBIO ITPOrpaMMbl MOXKHO HABGJIIONATh IPU KAKUX YCJIOBUAX U HA
KaKMX TOYKAX 3HAUEHWE TIOrPENTHOCTH MOYKET CTPEMUTHCS K OECKOHEY- HOCTH WJIM OCTABATHCS B 00JIACTH OMPEIEIeHHBIX
suactenuil. [IpuBomuTcs KoMIbIOTED- HBI rpadraecKuil aHaIM3 YKA3aHHLIX saBieHuil. KoMIbioTep MOXKHO IPeBPaTUTH B
CBOEOOPA3HBIA MUKPOCKOIT ¥ HAOJIIOJAATh C €ro MOMOIILIO 3a MOBEIeHneM I'PaHull 0b/1a- ctu. MogesimpoBatye IoKa3blBaeT,
9TO MapaMeTphl, TaKWe KaK MIar IUCKPETU3AINN, TOYHOCTh OIEHKH, 00JACTH Ha KOMIUIEKCHON IUIOCKOCTY BJIMSIIOT HA
YCTOMYUBOCTbD.

Ecnn paccmarpuBaTh MHOXKECTBO, MOy IeHHOE U3 (POPMYIBI OTHOCUTEIHHON T0- TPENIHOCTH Ha KOMILJIEKCHOH II10C-
KOCTH, TO, TIOC/Ie WTEPAIMOHHOTO MPOIECCA, 3HAYUe- HUs, JIeYKAIINe BHE ITUX MHOXKECTB, CTPEMSITCS K OECKOHETIHOCTH.
BryTpennme rpa- HHIBI MHOXKECTB MMEIOT BOJIHOOOpa3Hyio ¢opmy. OOIacTh, IAe IOSBIISeTCS HEeyCTOM- 9UBOCTDb, CMe-
MAeTCs K TPAHUIE MHOMKECTBA, M €r0 TPAEKTOPHS BBIPUCOBBIBAETCH 0CO- OBIM 00Pa30M, M MMEHHO 3IeChH IOABISIOTCS
yaAUBHUTEIRHO KpacuBbie dopmel. IIpn- gem dpaxkramasr m camonomobusie 06beKTH 13 auddepeHnnaabHbIX YPaBHEHH
AMEIOT MeXKIy COOOI M CXOXKHe CBOMCTBA, U PA3JIMYIUS.

Ilosy4uennoe MHOZKECTBO UMeET KOJIbIIeOOPA3HBII BUI, BHYTPHU KOJIBIA U 33 €r0 IpeaeIaMu HAXOIsATCs CPABHUTEILHO
6osbimme obsiacti HeycroiamBocTh. ITo m300pa- JKEHMIO MHOXKECTBa 3aMETHO, YUTO IEHTD KOJIBI[A CMEIIeH HAJEBO IO
JelCTBUTEIbHON ocH. B maHHOM MHOXeCTBe HAaXOIATCS HECKOIbKO YCTONYIHBBIX 30H, W MOXKHO IOCTDPO- UTHh rpaduk,
HCIIONb3yd KOOPAMHATHL IEHTPOB 3TuX 30H. KpmBasg rpaduka mpoxoauT depe3 MEHTPHI YCTONYIUBBIX 30H U 00pal3yeT
JIMHUIO, KOTOPAsT IIPOXOIUT Hepe3 aTTPaK- TOPhl. KCTaTu, monck TaHHOM (YHKIMN MOXKHO PACCMOTDPETH, KAK OTIEIHHYIO
3a/ady.

IIpu yBenumvuennn TOYHOCTH OLEHKH, MOYKHO 3aMETHUTH, YTO MHOYKECTBO KOHIIEH- TPUPYETCH OKOJIO YCTONYUMBBIX 30H.
A npu mo3TanmHOM YMEHBIIEHUM TOYHOCTH OIEHKH YCTONYMBBIE 30HBI MPHUOIMIKAIOTCA K APYT APYTY, W B PE3ybTaTe
00pa3yioT eIMHYI0 00JaCTh B BHUIE KOJIbIA. Bapbupysi KOJIMYECTBOM JeJIeHHiI B MHTEPBaJie, TO €CTh 3HAa- UE€HWEeM Imara
JMCKPETU3ALNN, TAKXKE MOXKHO II0JIy9UTh Pa3HOOOpa3Hble N300PAKEHUsI MHOXKECTBA. 3/ECh ABHO IIPOCJIEKUBAETCS OLIPe-
JIeJIEHHAS 3aKOHOMEPHOCTH — KOJIMYUe- CTBO YCTONYMBLIX 30H 3aBUCUT OT KOJIMYECTBA IeJIeHMil. Tak»Ke IpHu yBeJndeHnn
KO- JIN9eCTBA JIeJIEHWI PAMyC MHOXKECTBa yBeamamBaeTcs. J|aHHBIM MPOIecC OYeHb HAIO- MUHAET [e/IeHHe KJIETOK B
OumoJioruu, TO €CTh Y MHOXKECTBA MMEeTCsl CBOMCTBO CaMOIO- A00us, U JAHHOE CBOMCTBO IIPHUO/IMKAET PACCMATPUBAEMOE
MHOXeCTBO K ¢pakTtasaMm. Ho, kak moka3as dKCIEPUMEHT, HeJib3sl OECKOHEYHO YMEHBIIATH IIar JUCKPETU3AINN, IPU
OTIpeIe/IEHHBIX MIaraX, B MEHTPe MHOYKECTBA, T/e 3HAYeHre OTHOCUTEIHLHON 10~ TPEITHOCTH PAHBIINE CTPEMUIOCh K 6eCKO-
HEYHOCTH, HaYMHAET 00Pa30BbIBATHLCH HOBas yCTONYMBAs 30HA. A IIPU OYE€Hb MAJIbIX 3HAYEHUSAX LIArd MHOXKECTBO sIBHO
JIeMOH- CTPUPYET CTOXACTUIECKOEe IIOBEIEHNE, HO IIPY 3TOM MHOXKECTBO He TepsieT CBOMCTBA CaMOIIOI00Ms.

Amanornanbie m3o06paxkenus 6plm noxygenst B paborax [1, 2, 3] u apyrux aBTOpOB.

KuroueBnle ciioBa: camornonobue, nud dbepeHuaabHble yPaBHEHUsI, OTHOCHTE/IbHAS IOMPENTHOCTH, MATEMATHIECKOE MO-
JIeJINPOBAHNE.
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B pmaunoit pabore B obuactu Q = {(z,y) : 0 <z <p, 0 <y < ¢} paccMaTpuBaeTcsi ypaBHEHHUE Y€TBEPTOrO MOPSIKA
B BHJIE
L[u] = tzzes + a1 (2)Uze + a2(0)ue + a3(2)u — uyy = f(2,y), (1)

rae p,q € R, a;(x), i = 1,3, f(z,y) 3ananubie qocTarouno riajkne byHKITAN.
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VYpasuenue (1), 06bI4HO HA3BIBAETCS Yy PABHEHUEM Y€TBEPTOrO [OPsiIKa C KPATHBIMY XaPaKTePUCTUKAMU, COJeprKalee
BTOPYIO IPOU3BOJHYIO II0 BPEMEHH.

g ypasraenus (1) B obsactu §) u3yuum cieayiomyio 3aaatdy.

Bagaua A. Haitru bynxuuio u(z,y) us xiuacca Cp'o(Q) N Cay(Q), yuosnersopsiomyio ypasuenuio (1) B o6iacru Q
U CJIeYIOIUM KPAEBbIM YCIOBUSIM:

uy($70) :’LL(QZ',q) = 07 0 S x §p7

u(07 y) = wl(y), u(p, y) = 7/)2(?})7
Uoa(0,y) = ¥3(y),  usa(p,y) =a(y), 0<y<gq,

rae ¥;(y), ¢ = 1,4 3a7arAble TOCTATOIHO TIaJKue DyHKIHH.

OrmeruM, uro B crarbe [1] paccMorpen cayuail a; = a2 = 0, ag # 0, a B paborax [2-3] uccienoBaHbl KpaeBble
3a/124U [J11 MOJIEJIbHBIX yPABHEHUI 1€TBEPTOro MOPAAKA CIEKTPaIbHOM MeToaoM. B paborax [4-5], nccnenosansr Kpaesbie
3amaun auist ypasHenue (1) xorma Bce koaddunuenTsr nocrosiHEble. B craThe [6] nccaenosano mepsasi Kpaesast 337a4a
nnst ypasuenue (1).

Teopema 1. Ecin 3ana4a A umeer pemenne, To 1pu Bbimognenun yeiaosuii 2as(z) + af (z) — ay(z) > 0, ai(z) <0,
OHO €JHHCTBEHHO.

Teopema 2. Ec/in BBITOTHSIOTCS CA€AYIOIHE YCIOBHSI:

1) wi(q) = ¥i(0) =i (g) = 0, %u(t) € C°[0,g], i = 1. 5; ,
2) f($7 q) = fy(1'70) = 07 fzyy(m7y) € C[OaQL b/"fyy(may)ldy < 00, g‘lfzyy(m7y)|dy < 00, 0 S z S p;
3) 0 < 13 (1 — exp(—2pup))°

p (267 + 31 (1 + exp(—4pp)) +3)
10 pemienue 3ana4u A cymecrByer. 31ech,

ol @ Jai (@], i=T3, j=01}, wm=,/F.

EnumcTBeHHOCTH perieHns MOCTaB/IeHHON 3a/1a9n I0Ka3aHa METOI0M WHTETPAJIOB dHEprun. Pernrerne BHITTICAHO Yepes3
noctpoeruyio dyuknuio ['puma.

C = max {

£€[0,p]

KuroueBbie ciioBa: ypaBHEHHE 9YeTBEPTOTO MOPSIKA, KPATHBIE XapaKTEPUCTUKW, MJIQJIIINAE UJIEHbI, KpaeBas 3ajada,
€/IMHCTBEHHOCTD, CyliecTBoBanne, pyukmus ['puma.
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venabiMu KO3 dummentavu. Jokaadv Axademuu nayx Pecnybauryu Ysbexucman (JAH), Ned, 2022 .

OBPATHAS KOY®PUIIMEHTHAA 3AJAYA JOJId MOAEJIN JTUHAMUKN
IIOITVJIAIINN C BO3PACTHBIM CTPYKTYPUPOBAHUEM "
MUTPAIIMOHHBIMUA ITIOTOKAMU

A.IO. LIETJIOB>*, C.B. HETECOB??

v Vuusepcurer MI'Y-ITIH, IIsupusxsus, Kurait
2 MI'Y mmenu M. B. Jlomonocosa, Mocksa, Poccus
E-mail: “shcheg@cs.msu.ru, *sv954@yandex.ru

PaccmarpuBaerca obparHas 3amada BocCTaHOBIeHU: Kodbdunuenta m(z) B Moaesm passuTus nomyssamun (CTp. 73
B [1]) ¢ BO3pacTHBIM CTPYKTYpPUPOBAHMEM UHIUBAILYYMOB (0COGEi) 1 yIETOM MUTDAIMOHHBIX MOTOKOB. IIpn 3TOM mpsimast
3371298 UMeeT BUI:

ug(z,t) + uz(z,t) + p(@)u(z, t) = m(z) — e(z)u(z,t), x€][0,1], tel0,T], (1)

1
u(0,1) = / BEuE 1 de,  te0T), @)
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u(z,0) = p(x), z € [0,1]. (3)
Oynkmusa u(x,t) onpenenser YUCI0 MHAWBHIYYMOB (MX ILIOTHOCTBH) BO3PACTa T B IOMYJIANWA B MOMEHT BPEMEHHU i;
dynkuym p(z) u m(z), e(z) XapaKTepU3yIOT ECTECTBEHHYIO CMEPTHOCTh 0CO0€il 1 MUTDAIMOHHbIE TTOTOKK (BXOJHON MM-
MUTDAITMOHHBIN ¥ BBIXOIHON MU PAIMOHHBIN) 0C06ei BO3pacTa &, COOTBETCTBEHHO; 3(Z) — INIOTHOCTH PENPOIYKTHBHOCTH
(poxmaemocrn) ocobeit Bospacra x, dbynknusa ¢(x) 3amaér pacupenenenune ocobeii mo Bo3pacram B GUKCHPOBAHHBLH (HA-
9AJTHHBIN) MOMEHT BPEMEHH.
B pamkax 00paTHOI 3amaam Tpebyerca BOCCTAaHOBUTH K0 dumment m(x) u 3arem dyrkmmio u(z,t) mo 3aIaHHBIM
sunavennaM byukmmii 5(z), ¢(x), p(x), e(z), n no nonosuuTeLHO M3BecTHBIM 3HaueHno 1 € (0,!], n dynkmmnm g(t), rae

g(t) = u(x1,t), te[o,T]. (4)

B pabore chopMymMpoBaHbL yCI0BHs OHO3HAMHON paspemumocTa npamoii 3agaqn (1)—(3). [Ipeacrasaens: mocraTod-
HbI€ YCJIOBUS €IMHCTBEHHOCTH pentenus o6parHoii 3amaqu (1)—(4). IIpenioxen aJropuTM 9uC/I€EHHOrO pemenns 06paTHOi
371490,

B cxoxkux mocraHOBKax 6e3 y4éra MUIDAIMOHHBIX [OTOKOB 3ajada UCCJIeI0Balach B paborax [2]-[6].

Funding: Pa6ora Bemmosmena mpu wactTuanoii mogaep:xkke National Natural Science Foundation of China (No. 12171036)
u Beijing Natural Science Foundation (Key Project No. Z210001).

KuroueBble cJioBa: MOMy/ISANMOHHAS JUHAMHUKA, BO3PACTHOE CTPYKTYPHUPOBAHWE, MUTPAIMOHHOE CTPYKTYPHUPOBAHUE,
MUTPAIUOHHBIE IOTOKU, 00PATHAS 33/a9a.

2010 Mathematics Subject Classification: 35F15, 35Q80, 45Q05
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O 3AJJAYE JJId BBIPOXKJIAIOIIIETOCSI YPABHEHUS CMEIIIAHHOTO
TUIIA C JU®PEPEHIIMAJILHBIM OIMEPATOPOM KAIIYTO

Haprmsa OUMJIOBA'®

U Tamxkenrckuii mexnynaponueni yaupsepcurer Kumé, Tanxent, Yabexucran
E-mail: nargiz.ochilova@gmail.com.

PaccmorpuMm ypaBuenue

Uge — c Doy uy >0, y>0, 0<a<l,
0=1 Use — (—2)"uyy z<0, y>0, m>0, (28)
(=) Uze — Uyy x>0, y<0, n>0,

B obmactu D orpanunuenuoii mpu © > 0, y > 0 orpeskavmu AB, BBy, BoAop, ApAupambix y =0,z =1, y=1;2=0mu
upu z > 0, y < 0(z < 0, y > 0) orpanuuennoit orpeskom npamoit ACs = {(z,y) : x =0, -1 <y <0},
(AC) = {(z,y) : =1 <z <0, y=0}) u xapakrepucrukoit BCs : = + %(—y)q =1, (ACi: y+ %(—x)p = 1) ypaBHeHuUs
(28), rme 2p = m + 2, 2¢ = n + 2, a aDg, [-] —omeparop Kamyo[1].

Beenem obo3nauyeHus:

Do=Dn{zx>0,y>0},D1=DnN{x<0,y>0},D=Dn{x >0, y <0},
L={(z,y): 2=0,0<y<1} L={(z,y): O<zxz<1l, y=0},

1 1
A1 = Doy U D11 UI1, Di1=D1nN {y* 5(*17)17 > 0}, Di>o=D1N {yf 5(*1’)1) < 0}

1 1
Ag = Do U Doy UIQ, Ds1 = Do N {SL'* 5(*y)q > O} ,DQQ =DsN {ZE* 6(*2/)(1 < 0},

1 1/q _ 1p 1 __n S
Cor (27 (¢/2) ),Cu( (p/2) 5 ’2a17n+2’2/817m+27
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puyeM
1
O<ﬁ1<a1<§ (29)

3anaua A. Tpebyerca onpenennts GyHKImO U (X, y)u3 Kaacca GyHKnmit
W = {u(x,y) ou € C(Do) n C(Dl) N C(Dg), u € 02(D11 U D12 U Doy U Dgg) ,

Uge € C(Dy), DGy u € C(Do)}

oburazaonyio ciaegyomumu csoiicreamu: 1) u(z,y) yaosiaersopsier ypasaeruio (28) B obnacrsax Do, Diju Daj (7 =1,2);
2) y' "%y (x,y) € C(Do U I2), wuy(z,y) € C(D2 U I>) u ma mumum [ BHITIOIHSETCS YCIOBHE CKICHBAHIS:

u(z, +0) = 01(z)u(x, —0) + d2(x),
Jim 'y (@, y) = lim oy (@,y), (,0) € Iz
3) ug(z,y) € C(DoUI1) NC(DyUI) n na muanu [ BBIMONHSIETCS YCIOBUE CKIIEHBAHUSI:
u(+0,y) = d3(y)u(=0,y) + da(y),
Jm ue(@,y) = lUm us(z,y), (z,0) € In;

4) u(z,y) yAOBIETBOPSET KPAEBBIM YCJIOBHIM:

u(xvy)lBBo = @O(y)v O S y S 17 u(x7y)‘AC’2 = SDQ(y)v 71 S y S 07

u@ ) ae, = v2(y), —1 <7 <0, 0@, y)ly 0, =¥1(0), 3 <y <1,
u@)lpey =1(@), 5 <<,
rae po(y), @i(x), Yi(y), 0i(x),dira(y) (i = 1,2)-3ananmbie GynKmn, mpraem
©0(0) = ¢1(28),¢2(0) = 2(0),
vo(y) € C'0,1]NC(0,1), (30)
o1(x) e C? B 1] . ti(y) eC® B, 1} , (31)
Po(z) € C'[=1,0]N C?*(—1,0),p2(y) € C[~1,0] N C*(-1,0). (32)

Bamerum, uro 3amaga A nug ypassenus (28) ¢ xapakTepuCTHKOH nuHuell n3MeneHus Tuia udydena B padore [1]
JdokazaHna ciaenyomas Teopema.
Teopema. Ecau ewnoanens. ycaosusa (29), (5)-(7), mo 6 obaacmu D cywecmeyem eduncmeennoe pezyiipHoe
pewenue 3adauu A.
KurroueBble cJIOBa: BRIDOXKAIONIETOCST yPABHEHME CMEIIAHHOTO THIA, PETyJsipHOe pemieHue, omeparop KaryTo,
IPUHIAI SKCTPEMYMA, JIOKAJILHOE YCIIOBHE.
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[1] Ycnomor B.U., Ouunosa H.K. 06 0dnoti 3adaye daa dpobHot npouseoonoti 6uposrtciarouse20ca YpasHenus cme-
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SAJIAYA TUIIA 3AJIAYN BULAA3BE-CAMAPCKOI'O J1J1 YPABHEHUS
CMEILIAHHOI'O TUIIA C JIPOBHOMN ITPOMU3BOJJHOM

M.X. PYBUEB"?,
H.T. FOJIJAILIEBA™®

! Uncruryr maremaruxn uvenu B..Pomanosckoro AH PY3, Tamkent, Y36exucran
E-mail: *mruziev@mail.ru,
nyuldasheva87@gmail.com.

Paccmorpum ypasuenue

Ugx — Dg,yu - 07 v E (07 1)7 Yy > 07

1
—(=y) " oo + uyy + aofm Uz + %UV =0, y<0, e
2

(—y)!

rae Dj , — 9acTHag apobras npomssoanas Puvana—JTuysmnta or byrkman u(z,y) mopaaxa v (0 <y < 1)
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t)dt
Dy i 1
( O,yu)( ) (8y1—‘17 / ,Y70<’7< 7y>01

0

B KOHeYHOH obsactu D, orpammuennoit orpesxkamu OO, BBy, OgBg npsameix © = 0, z = 1, y = 1 cooTrBeTcTBeHHO,
JIEXKAIUX B MOJIYIVIOCKOCTH Y > 0 M XapaKTePUCTUKAaMU

2 m,+2 2 m+42
- = B - 2 =1
oC:x +2( y) 2 =0, BC:z+ +2( y)

ypaBHeHI/IH (1) B moymmockoctn iy < 0. Ilyets DT = DN (y >0), D™ = DN (y <0), I - mreppan 0 < z < 1 mpsmoit
B (1) m, ao, Bo - HEKOTOpBIE [efiCTBUTENIbHbIE UHC/IA, yIOBIeTBOpsomye ycaosusam m > 0, |ao| < 252

—3<ﬁ0<1.

Bagaua. Haiitn pemenne u(z,y) ypasaernus (1) B obmactn D, yIOBIETBOPSIONEE KPACBBIM YCIOBHIM

u(0,y) = ¢1(y), u(l,y) =¢2(y), 0<y <1, (2)
A (I 0P g (b)) () + Azu(x, 0) = g(), 3)
a TaKiXKe YCJIOBUAM COTIPAXKEHUA
. 7 _
yl_l)r(l)l+y u(z,y) = Ugrg_ u(z,y), Ve €I, (4)
Jim gy u(w,y))y = lim (—y)Puy(@,y), Ve el (5)

rme A1, As — meiicTBUTEIbHBIE KOHCTAHTHI TAKWE, 9YTO

['(B)A2

~ B _LB)A:
I‘(a+ﬂ)<A1<0 <0<A1< ), (6)

I'(a+p)

v1(y), p2(y), g(z)— 3amannmbie GyHKIMYN Takwe, ITO
g(z) € CHI)NC* (1), #1(0) = 2(0) =0, y' "p1(y), y' "2(y) € C([0,1]). (7)

0o(z) — Touka mepecevenus xapaxrepuctuk ypasHenus (1), Beixomsamux m3 touku (z,0) € I, ¢ xapakTepuCTHKON
ocC;
m + 2(Bo + o)

= T Smyy P

m + 2(80 — ao)
2(m+2)

([g‘f "1 £)(x) — onmeparop 0606menHOr0 1po6GHOrO HHTErpo-Tud dhepeHImpoBanust ¢ runepreomerpuaeckoil pyukimeit [ayc-
ca F(a,b,c; z), BBenennoit M.Caiiro [1].

OTmeTnM, 9TO HeJIOKAIbHBIE KpaeBble 3aJa4uu /g ypaBHeHus (1) B HEOTDAHWYEHHBIX W OTPAHUYICHHBIX 00IACTIX
usydensl B paborax [2], [3]. Kpaesas 3amaua mus ypasuenus (1) B ciaydae, korma ag = 0, So = 0 usyqena B paGore [4].

Jloka3zaHa OJHO3HAYHAA PA3PENINMOCTD U3yIaeMOU 33TaH.

KuroueBble ciioBa: KpaeBas 3aj1a49a, auddepeHuaibHoe YpaBHeHre JPOOHOTO TOPsIKa, TUITepreoMeTpudeckas QpyHkK-
must [aycca, mpuHImn sKkCcTpeMyMa, eIMHCTBEHHOCTD PEIleHsi, CyIIeCTBOBAHNE PEIleHns, CHHTYIAPHBIN K03 duipent.
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IIPUB/IN>XXKEHHOE IMOJIOXKEHVE PABHOBECHSA B 3ATAYE
PACIIPOCTPAHEHUNAA SIINJEMAN C O'PAHNUYEHHBIM CPOKOM

,Z[EflCTBPIH BAKIIMHAIIMN 11 BOSMO2KHOCTBIO IIOBTOPHOI'O
SAPA2KEHNA

C.4. CEPOBAMICKUIT ¢,

! Kazaxcknit narmonaisueri yausepcurer uM. aab-Papadu, Amvarer, Kazaxcran
E-mail: *serovajskys@Qmail.ru

O1HO# U3 BaXKHEMIIUX XapPAKTEPUCTUK JUHAMUYECKON CUCTEMBbI SIBJISIETCs [IOJI0XKEHUE DPABHOBECHs, HA KOTODPOE CU-
CTeMa MOYKET BBIXOIWTbH, XOTS U He 00s3aTeIbHO BhIxoanT. OJHAKO BO3MOYKHAS CUTYAIlWs, KOT/IA PENIeHNe 3a1a9u It
CHCTEMBI, JIOMYCKAIOIIEH IMOJI0KEHNEe PABHOBECHsI, CO BDEMEHEM CTPEMUTCI K HEKOTOPOMY COCTOSTHUIO, KOTOPOE HUKAK He
MOKeT OBITh IT0JI0KeHneM paBHOBecHus. VIHTepecHo, 4T0 110100HAS HOBEEHNE CHCTEMBI ObLII0 OOHAPYKEHO IIPU AHAJIN3E
MaTeMaTHUYIECKON MOJEIN PEAJHHOT0 IPOIEeCCa.

PaccmarpuBaercs pa3BuTue snumgeMun B yCIOBUSX BaKIIMHAINN HACETEHNs, KOT1A BpeMs JefiCTBIs BaKIMHBI, a TaK-
2Ke 1IePHUOJI, B TeYeHue KOTOPOI'0 COXPaHAeTCd NMMYHUTET y 11epeboIeBInx JI0Aeil cCauTaloTcs orpanndeHubiMu. Jlanubril
MIPOTIECC OMUCHIBAETCS HEJMHENHONW CUCTEMOM, COCTOSINEH M3 AeBATH OOBIKHOBEHHBIX InddepeHInaJIbHbIX YPABHEHI.
OHU XapaKTepu3yIOT U3MEHEHVE CO BPEMEHEeM YHC/IEHHOCTH C/IeAYIONMX IPYIINI HACe/eHHs: 30POBbIX, BAKIIMHUPOBAH-
HbIX, OBIBIIMX B KOHTAKTE C GOIBHBIME, T.€. KOHTAKTHBIX, BAKIIMHUPOBAHHBIX KOHTAKTHBIX, TPEX Pyl GOIbHBIX (HEBbI-
SIBJIEHHBIX, W30/ IMPOBAHHBIX W TOCITUTAIA3UPOBAHHBIX ), IMMYHU3APOBAHHBIX W YMEPIIHX.

Jlerko y6emuThes, 9To cucTeMa 06J141aeT IEPBBIM HHTETPAIOM, ABJIAIONUMCS IUCTEHHOCTHIO BCEH MOy samn (CyMme
YUCJIEHHOCTEN BCEX PACCMATPUBAEMBIX IDYIII HACEJICHHUS ), ¥ IIOJI0?KEHIEM PABHOBECHUS, [JIs KOTOPOrO YUCJIEHHOCTH BCEX
DY KOHTAKTHBIX U OOJIBHBIX PABHBI HyJI0. IlepBoe CBOMCTBO FOBOPHUT O TOM, UTO OOINasi JHCJIEHHOCTH MOILYJISIIIUN CO
BpeMeHeM He MeHdeTCsd, a BTOPOe COOTBETCTBYET 3aBePIICHUIO SIINIEeMUN.

Pacuersr cucrembl, IPOBOAMMBLE IIPU Pa3yMHOM HA0ODE €€ mapaMeTpoB (OHU BBIOMPAIOTCH YACTHIHO HA OCHOBE JKC-
TIEPTHBIX OMEHOK, YACTHIHO C MOMOIIBIO PENeHusi COOTBETCTBYIOMMUX OOPATHBIX 3a/a9), TIOKA3BIBAIOT, 9TO TOCTE 3HA-
YUTE/bHBIX M3MEHEeHWH (DYHKIUNA COCTOSHMS CHUCTEMbI, COOTBETCTBYIOUUX CHAYaIa OYPHOMY POCTY SIHIEMUU, 3aTEM
MEJJIEHHOMY POCTY, JOCTIZKEHHIO €€ [IMKA M IOCTEIEHHOMY 3aTyXaHHIO, BOCEMb U3 JAEBATH PelleHuii o BpemeneM (mpwu-
MEPHO ¥€pe3 TPU roja TOC/Ie HAIasIa SMUIEMIAN) CTabUIM3UpYIOTCS W BBIXOAAT Ha HEKOTOpoe cocrosume. Ha rpadukax
MBI BUJIUM 3aTyXaloniue KoebaHus, ¢ ONPeIeJIeHHOr0 MOMEHTA BPEMEHU BBITJIAIAIINE KAaK [IPAMbIE, TapaJLIeTbHbIE KOOD-
aunaTHoM ocu. OHAKO 9TO HUKAK HE MOXKEeT ObIThb [10JIO2KEHUEM PaBHOBECHUs, IIOCKOJIbKY BCe paccMarpuBaembie OyHKIUU
3/1eCh IPUHUMAIOT TIOJIOKUTE/IbHBIE 3HAUYEHUST, XOTs, KaK ObLIIO YCTAHOBJIEHO PaHee, MATh W3 HUX B PABHOBECHUM JIOJIFKHBI
pPaBHATHCA HYMO. J[OMOJHATENBHYIO CTPAHHOCTD BHOCUT TIOBEJICHUE JEBATOTO PEmieHus (YMCI0 yMepInuX), KOTOPOEe MO-
HOTOHHO PACTeT, YTO, Ka3aJ0Ch Obl, BCTYIIAET B IIPOTUBOPEYME CO CBOMCTBAMU LIEPBOI0 MHTErPAja: CyMMa BCEX PelleHuil
JIOJIAKHA, OBITH IIOCTOSHHOM.

Tlonydennbie pe3yabTaThl UMEIOT, TEM He MeHee, ecTecTBeHHoe obbgacuenue. leBaras dyHKIus AeHCTBUTETHHO BO3-
pacraer, OCKOJIbKY B IIPABOI 9aCcTU COOTBETCTBYIOUIEr0 YPABHEHMs HAXOAUTCH HOJIOKUTe bHad Beirunna. OqHako Be-
JmarHa 9Ta (CKOPOCTh POCTa PACCMATPUBAEMOi (DYHKIINH) ABJIACTCH JOCTATOYMHO MAJIOH, 13 W HAYAJIBHOE 3HAYEHUE ITOH
dyukimn Takxke. Takum 06pa3om, HA TOCTATOYHO DOILIIOM WHTEPBAJIE BDEMEHHU OHA MPAKTUYIECKH HE OKA3bIBAET BIIUTHUIE
HA IOBEJEHUE CUCTEMBI B IIEJIOM (9IHMCJI0 yMEPIIUX B PE3YJIHTATE SIUEMUU MHOIO MEHbIIE IUCAEHHOCTH BCEH MOy Isanmn).
Eciu e10 Boob1e ipeHebpets, TO MOy YeHHAsl CUCTeMa U3 BOCHMH yPaBHEHUI 00/1a[aeT CBOMM IT0JIOXKEHNEM PABHOBECHSI,
CYIIECTBEHHO OTIMYAIONIENCA OT IOJI0XKEHUs PABHOBECHs MOJTHON cucTeMbl. VIMEHHO B €ro MaJ/iyl0 OKPECTHOCTb BBIXO-
JUT PElleHue MCXO/HOM CUCTEMBL elle J0 TOr0, KaK HAaYHeT CKa3blBaTbCsd BiusgHue jeBaToil dynkiuu. Oanako aeBsras
dbyHKIMS, XOTh W MEIJIEHHO, HO TPOJO/KAET pacTu. Torma, WCXoas W3 OMpeeJIeHns TIEPBOTO MHTErpasa (CyMMa BCeX
pemenuii moCTOAHHA), COBOKYITHOCTh BCEX OCTAIbHBIX (QyHKIWMIA B cymMme Gymer yOnBaTh. A MOCKOIBKY yObIBaHWE 3TO
MEJIJIEHHOE M PACILPEeseTcs Ha BCe BOCeMb (DYHKIMIAL, TO BU3yaJbHO TO OYEHb [0JINO OCTAETCd He3aMeTHbIM. Ecre-
CTBEHHO, TP HEOTPAHWYEHHOM BO3DACTAHWHM BPEMEHM TATh (DYHKIWI OYyIyT CTPEMHUTCS K HY/IIO, 8 CHCTEMa BBINIET Ha
CBOE CODCTBEHHOE TI0JI0XKEHUE PABHOBECHS.

Murepecno, uro maiineHHoe «IpuOIMKEHHOE IIOJIOXKEHNE PABHOBECU» MMeeT IyOoKmil mpakTudeckuit cmbici. Ilo-
JIY9EHHBIE PE3yJIHTATHI TOBOPAT O TOM, 9TO TOCJIE OYPHOTO TeYeHUs SMuAeMUn (B HANIEM CJIy9ae — MPAMEPHO 9€pe3 TPU
rofla TOCIe ee HAavIasa), CATYaus CTAOMIN3UPYeTCs Ha OTHOCHTEIHHO HEBBICOKOM YPOBHE TIO CDABHEHHIO C TIMKOM STIH-
JeMud. DTO 03HAYAET, ITO KTO-TO BCE paBHO Oymer 3a060seBarh (BO3MOXKHO AarKe HEOAHOKPATHO), & KTO-TO — JaXKe U
yMmuparh. TeM caMbIM STHIEMUsST OCTAHETCS JOCTATOYHO JO0JINO, HO y¥Ke He OYyJeT MPEeICTaB/ISATh CEPhe3HOM OMaCHOCTH
JIJ1s TIOITYJISIIAA B 11€7I0M. VIMEHHO TaKuM CBOMCTBOM U 06GJIAJAIOT OOBIYHBIE SIIUIEMUMN.

Funding: Asrop 661 oepkan rpanrom AP09260317 MOH PK.
KuroueBrble cioBa: muddepennmaibabe ypaBHEHNs, TIOI0KEHNE PABHOBECHS, SITH/IEMHUOJIOT S
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AHAJINTUYECKUE BBIPAXKEHUA B TEOPUU OBPATHBIX 3AJTAY

YPABHEHUN MVYJIbTU-®U3UYECKNX ITPOIIECCOB B MHOT'OCJIOMHBIX
CPEJIAX

A. B. CHHHIIIA

Kasaxcraucko-Bpuranckuit Texandaecknit Yuupepcurert, r. Aiamarnl, Kazaxcran
E-mail: a.sinitsa@kbtu.kz

B nokiaze npejgiaraerca K pacCMOTPEHUIO penienre O6paTHON 3a/1a49i KOHBEKTUBHOIO IIEPEHOCA IOTOKOB TeIa U
MAacCChl TIOCPEICTBOM BBIBOJA AHAJIUTUUIECKUX ypaBHeHmil. CTaBUTCS mpsiMasi 33/1a9a MOCPEICTBOM 3AIMCH HECTAITMOHAD-
HOTO ypaBHeHusi audPy3un i MHOTOCJIONHOM obsacTu u rpanmvHbix ycaoswit 111 poma. Ilpsmvas 3amada pemraercs
AHAJINTUIECKHU [TOCPEICTBOM IOMOTEHH3AINNA I'PAHUIHBIX YCIOBUU M JOKA3aTeIhCTBOM IOCTPoeHHbIX JlemMm um Teopembt
0 TOJOOPAHHBIX OIEHKAX, MO3BOJISIONINX PENIaTh TPAHCIIEHIEHTHBIE YPABHEHUs I COOCTBEHHBIX 3HAYEHWI aHAJIMTH-
9eCKUX BBIPAXKEHWII TOMOT€HU3NPOBAHHOM 3a1a4un. PaccMaTpuBaioTcss MUHUMA3UPYIOMHE (yHKITMOHAJIBL, TIO3BOJISIONTIE
ompenendaTh 9 mapaMeTrpoB 00JIACTH OIIPEeIesIeHHsT OTHOBPEMEHHO, BKJ/IIOYAs T€OMETPUIECKUN ITapaMeTp CUCTEMBI.

IIpeuiaraercs K pacCMOTPEHUIO TAKKE METOAMKA aHAJUTUYECKOIO PelleHus 06paTHON 3a/1a49u JJisd MOJE/IM TePMaJlb-
HOTO pACIIWpPEHUs TJIOCKOMApAJIebHON T1acTuHbl. [l MaHHON 3aJaduW MpejiaraeTcs pacCMOTPETh AHATUTHYIECKUN
MeTOJI, PeyIUPOBAHUS PA3ZMEPHOCTH.

Pa6ora BhimosiHeHA B paMKax HAy9HO-HCCJIEIOBATEIHCKON PaboThl mokTopanTa Ha 0a3e Illkossr mpukaamaHoit MmaTe-
matuku AO «KBTVY».

KinoueBble ciioBa: ypasaenne qudQysun, Kpaesas 3a1a49a, MHOTOC/IONHAS CPea, TIACTUHA, TETLIOBONH TIOTOK .
2020 Mathematics Subject Classification: 8J35
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N3YYEHUE OCOBEHHOCTH IIOCTPOEHUS PEIIIEHUN BbIPO)K,ZLEHHOfI
CUCTEMBI B BUJE ®YHKIIN BECCEJIA MHOTUX ITEPEMEHHBIX

K.H. TACMAMBETOB

Banagro—Kazaxcranckuii yausepcuter umenu M. Yremrucosa , ¥Ypanaock, Kazaxcran
E-mail:tasmam45@gmail.com

I3y4densr 0COGEHHOCTH TOCTPOEHMS PENIEeHU HEOIHOPOIHON BHIPOKIEHHON CHCTEMBI

= 8W ,
Zzﬂaz 97 Tz, W = fi&n 2= 1n) (1)
MMOJTy Y€HHOM 13 cucTeMbl Jlaypadesaa
Zi(l - Z2 +ZZJ a7, aZ
+(y = (i + i + 1) Z; )8Z — W =03 =1,n)

myTéM ABOWHOTO IPEJEIbHOTO Iepexofa mo mapaverpam o; u i, roe f;(Z1, Z2) —ananurmaeckue GyHKIUE OT JBYX
TMepeMeHHbIX Z1 U 3.

Ecau f;j(Z1,Z2) = 0, TO NOIyYnM BBIPOKIEHHYIO OJHOPOJHYIO CHCTEMY, U3y9E€HUEM KOTOPOH 3aHUMAIICS XyI0XKHU-
xoB B.IL[1]

- ow J—
ZZJaZBZ RFY =0.(i=1,n)

B obuiem ciyuae, nsygennas B.J.XymoKHUKOBBIM CHCTEMa COCTOUT U3 3-X CHCTeM, IIOJIydeHHbIe U3 CHCTeMbI Jlay-

pudesia Fp myrem npenenpHOro nepexoaa. llocrpoennoe perrenne Xy/1oKHHKOBA, B 00meM CiIydae, IIPEACTABIISIETCS B

BHIE
@%l <(ak) ) (a;) s (Br) |(Zn)) —
" ()
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- 3 M e T @)

VY in in!

Tae UCIIOJIb30BaHbl COKPpANIEHUA 1 O603Ha‘IeHI/ISIZ

(an) = (a1, 02, ..., an), [ [(an)in = [ ] (@),

lim (61)" =1, lim (i)n =1.

Bi—o0 fBl a;—>00 af

Boimeyka3sannsie Tpu cucreMmsl B.JL.XymoxKHUKOBa MOXKHO M3y4aTh BMeCTe Kak B pabore [1] mim ornensbHO, Kak B
pabore [2], BoigBIAA OTAEIBHBIE CBOMCTBA pemenns Buaa (2).

B mammoit pa6oTe MbI Gosbie Gymem o6pamaTh BHUMAHUE HA paHee He M3y9YeHHbIe HEOTHOPOAHbIe cucTeMbl Buaa (1)
" uX CBsi3b C GyHKImIME Beccess MHOTHX IepeMeHHBIX.

B pabore paccmarpuBaeTcs pa3ndHbIE YACTHBIE CIIY9IaM.

1. ycrs j = 1,i = 1w f1(Z1, Z2) = Z{*. Torga nus mogydentoro n3 (1) BRIPOXKJEHHOrO HEOTHOPOIHOTO YDABHEHUE

ZiWaz, 2y + YWz, — W = kzZ0 ! (3)

(k u p1 -IOCTOsIHHBIE) CLIPABEIJIMBO yTBEPXK ICHUE.
Teopema 1. BsIpox/eHHOE HEOTHOPOAHOE ypaBHeHHE (3) mMeeT penreHue B Buze (pyHkmun Jlommes:

W = kzplflz Z)2m+21—‘(2p1_7’y+ ) (2p1+%’7+%) _
201 ’Y+m+§) (§p1+§’y+m+%)

=kS,, .(Z1).

JoxazaresbcTBo mpuBoautcs 3amenoit W = Z77J(x), ¢ moMoumbio KOTOpoit ypasHeHue (3) MPUBOANTCS K HEOTHO-
poxnHOMy ypasHeHuio Beccess [3].

KiroueBble ciioBa: BBIPOXKIEHHASI CHCTEMA, HEOTHODPOIHAs cucTema, (yHkimm Beccens, amamntndaeckas dbyHKIuS
cucremsl Jlaypugesta.

2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20
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KPAEBAMA 3AJTAYA JJId YPABHEHUA TPETHLETO MOPAIKA C
KPATHBIMUAU XAPAKTEPUCTUKAMUW B TPEXMEPHOM IIPOCTPAHCTBE B
IIOJIVOITPAHNYEHHOUN OBJIACTHA

A A. XAMUTOB

Hawmanramckuit na>xenepHo-crpouteabHblii uanctutyt, Hamanran, Ys3bexucran
E-mail: azizbek.khamitov.93@mail.ru

B obnactu D™ = {(z,y,2) : —co <z <0, 0<y<gq, 0<z<r} paccMOTpUM ypaBHEHUS

BPu  Pu  Ou
ox oy 0z
rae ¢ >0, 7 > 0 - MOCTOSHHBIE BENECTBEHHBIC YUCIA, U M/ HETO UCCIIEIYeM CJIEIyIONIyIo 3a1ady.
3a4A4A B. Haiitn pemenue ypasuenns (1) B obnacru D~ us knacca Cop2 (D7) N Chyl (D™ UT), umeromue
OrpaHUueHUe LepBble NPOUSBOHBIE 10 &, § U Z, BTOPOIl IPOU3BOJAHON 1O T LPU T — —00, M Uy, Uz € Lo (D7), n
YVAOBJIETBOPAIOIIE KPAa€BbIMU YCJIOBUAMMN

u(z,0,2) =u(z,q,2) =0, u(z,y,0) =u(z,y,r) =0,—0c0 <z <0, (2)
u(07y7z) :¢2 (y,z), Uz (07?/72) :¢3 (y,Z),
lim w(z,y,2)=0,0<y<gq, 0<z<r, (3)
T——00

rae I' = 0D~ - rparmma obmactu D™, ¥; (y,2), @ = 1,2 - 3amanabe 70CTaTOUHO raagkue HyHKIUH, TIPUIEM

2,/ 2.
Yi(0,2) = ¢i(g,2) =0, 0 wf;(ZO 2 = - wf;gJ(Qq’Z) =0,

831/]73 (yao) — 831/]7« (y,"") — O 851/’2 (y> ) — 851/]7« (yar) — O
oy Oy T QY3022 Oy3022 ’

i=1,2. (4)
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OTmernM, 9TO aHAIOrMYHASA 331293 B IJIOCKOCTH MOJTyOTPAHUYEHHBIX 061acTax, B paborax [1-3] uccienoBanbl, HEKO-
TOpPbIE KOPPEKTHBIE KPAEBble 33/a4M, & Takxke B paborax [4-5] B xkoneunbre 061acTH M3y4€HBI KPAEBbIE 333U B TPEX-
MEpPHOM MIPOCTPAHCTBE.

Teopema 1. Ecju 3azada B umeer pemiexue, T0 OHO €JHHCTBEHHO.

B’Hrj ’(/)1 (y7 z )
0ytdzI

copanu: (4), To pemenne 3anadun B CymecTByeT H IPEACTABISACTCA B BUIEL

Teopema 2. Ecam ¢yskimm €L[0<y<q,0<z<r], i,7 =0,3 1 BBIIOJHAIOTCS yCTOBHS COL/IA-

+oo
U (l’, Y, Z) e%knmlz I:wln,ml COSs (ﬁkn’mlt + E) —+

2
B \Y4 qr n,m=1 \/3 2 6
2 \/g nm mm
n,m- = i 7kn m i - i - )
+2n, N sin ( 5 kn. x)] X sin ( . y) sm( . z)

e Yin,m 1 Yon,m - K03bduimentsr Pypre, npuaem

2 47 . [ nm . /mm

wln,m = \/? ofofwl (y, Z) sm (7@1) sin (TZ) dydz7
2 47 . [ nm . [/mm

Yon,m = \/? Ofofwz (y,2) sin (Yy) sin (TZ) dydz.

KiroueBsie caoBa: /Tuddepennnansioe ypaBHEHNE ¢ TaCTHBIMA IPON3BOIHBIMI, yPABHEHNE TPETHErO MOPSIKA, KPAT-
HbI€ XapaKTePUCTUKY, KpaeBas 3a7aa, e JUHCTBEHHOCTD, CyIIeCTBOBAHUE, DS, IIOIyOrPAHUIeHHAs 00/1aCTh, aOCOTIOTHAS
A paBHOMEDHAHA CXOOUMOCTD.
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CO®EPUYECKAA MOJIE/Ib TEIIJIOMACCOIIEPEHOCA B
JIEKTPUYECKNX KOHTAKTAX IIPU KOPOTKOM AVYTE

C.H. XAPUH"?,

! Kazaxcrancko-Bpuranckuii texamyecknii yausepcurer, Amvarsr, Kazaxcran
E-mail: ®staskharin@yahoo.com

Pazpaborana MaremMaTuyecKas MOJIE/Ib, OMUCHIBAIONIAS JUHAMUKY TEMIIEPATYPHOrO TOJIS B 9JIEKTPUIECKIX KOHTAK-
TaxX MPHU WX HATPeBE€ TEILJIOBBIM ITOTOKOM KOPOTKOH Myru, KOTOPBIA CIYATAETCH MHOTOKOMIIOHEHTHBIM W 3aBUCIIIAM OT
TeMIepaTypbl Jyrd U I[sdTHA KOHTaKTa. JlJjisi Karoja 3TU COCTABJILIONIME YYUTHIBAIOT MOHHYIO GOMOApAMPOBKY KaTo-
Ja, JIYYUCTHIN HArpeB CTOJIO0M JyT'W, HATPEB 32 CUET IMUCCUU OOPATHBIX JIEKTPOHOB, TEPMOIMUCCHOHHOE OXJIAKICHUE,
[IOTEPU MOIIHOCTH 3a cueT (ha30BbIX Mepexo0B. MomHOCTh, TOABOIUMAs K aHOY, BKIIOYAET HAIPEB BCIEICTBUE KUHE-
TUYECKON sHeprun 60MOapAUPYIOMUX IEKTPOHOB U JIy9UCTOrO HAIPEBA CTOJOOM Iy, & TAKXKe OXJIAXKJEHUE 3a CUeT
G a30BBIX TIPEBPAIIIEHUI.

Mopnens Gazupyercs Ha chepuueckoii 3amade Credana ¢ HEMHERHBIMA MPAHUYHBIMU YCJIOBUIMU U CIIEIAATHHBIM
K03 GUIIEHTOM, yINTHIBAIOIINM BHIOPOC 9aCTH KUTKOTO pacmiasa. [isd ee pemenns: pa3paboTaH UTEPAMOHHBIN MEeTO.
MayKOPAHTHBIX (DYHKITHI, TIO3BOJISIONINN TTOJyYaTh MOCTEI0BATETHLHOCTY 3aBBIMEHHBIX W 3aHUKEHHBIX TEMIIEPATyp B
JKUJKOU U TBEP/IOH 30HAX KOHTAKTHOHN IIOIAIKM, & TaK¥Ke COOTBETCTBYIOIINE 3HAYEHUS BEJIMYUH SPO3UHU.

Pesynbrarsl YUC/IEHHBIX PACYETOB CPABHUBAIOTCH C YKCIIEPUMEHTAJIbHBIMU JAHHBIMU.

Funding: Asrop 6bu1 nogzep:xkaun rpanTom npoekra AP09258948 KH MHBO PK.

KurogyeBsble cjioBa: TeMHepaTypHbIe U 3JIeKTPOMATHUTHBIE TIOJIS, KOPOTKAs JJIEKTPUYECKKAS JIyTa, HEJIMHEHHOe HEeOIHO-
PO/IHOE ypaBHEHUE TerIonpoBoaHocTH, 3amada Credana, MeTos MaXKOpaHTHBIX (DYHKITUN.
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KBA3BUCTAIIMOHAPHAA MOJEJIbL ITUHAMUKN HATPEBA
PASMBIKAIOIIINXCHA SJIEKTPUYECKUX KOHTAKTOB

10.P. AT

Huacruryr maremMaTnku u MaTeMaTHIeCKOro Mojgenupopannst, Aavarol, Kazaxcran
E-mail: yu-shpadi@yandex.ru

IIpu pa3mbikaHuy 37I€KTPUYECKON menm MeK/1y KOHTAKTAMH BBIK/IIOYUATE IS BCIBIXUBAET JIEKTPUTIECKAs IYyTra, BbI-
3BIBAIOIIAS TIIABJICHUE KOHTaKTa (aHoza). 3yuenme mporecca TyiaBIeHus KOHTaKTa mpuBoauT K 3amade Credana mis
YPaBHEHUST TEIJIOMPOBOIHOCTH, B KOTOPOM HEOOXOIMMO YUUTHIBATH 3aBUCHMOCTH PACIIPE/IEIEHNs TEMIIEPATYPhl B 30HE
paciiaBa OT IJIOTHOCTY TEILJIOBOI'O IIOTOKA M3 JyT'M B KOHTAKT U OT IIJIOTHOCTH TEIJIOBBIX UCTOYHUKOB, BO3HUKAIOIINX 3a
CYeT TIPOXOXKIEHM JIEKTPUIECKOTO TOKA depe3 30HYy paclylaBa KOHTAKTA.

B anasmmse 3T0it 331251 [IaBIEHAST KOHTAKTA 9aCTO BHICOKMM OKa3biBaeTcs wucyao Credana, koropoe B bU3NIECKOM
CMBICTIe OTPakaeT OTHOIIEHWe INIOTHOCTH TeI/IOBOIl SHeprum, epegaBaeMoil B pe3yIbTaTe TeIIOIIPOBOAHOCTH MaTepHuaa
TEIIOHOCUTEJIA, K INIOTHOCTH TEIUIOBOM SHEPIUH, 3aTPAYEHHOM Ha yBeJINIeHNe ero BHy TpeHHell sneprun. Hammaue Takoro
(baKTopa TIPpUBOIUT K 3a/a4e I/Id KBa3UCTAaIlUOHAPHOT'O HarpeéBa 30HBI pacCIll/laBa KOHTAKTa.

CoOTBETCTBYIONAsT MaTeMaTUIECKas MOIe/Ib (popMyIupyeTcs ciaeayomum oopazom. Heobxommmo HalTh 3aK0H 1 =
a(t) m3amenenus obnacru pacmwiasa Q = {(7,¢)|0 < b < r < a(t) < 00,0 <t < to} u Temueparypy 6(r,t) B 310it 0bacTy,
ecsn remueparypa 0(r,t) ynosaersopaer auddepeHnuanbaoMy ypaBHEHHIO

i ﬁ 2 % q(?", t7 6) _
o (P gl) + 4ol o )
KpaeBbIM yCHOBI/IﬂM

al0)=b, - (w, : e)?) — (1), Oalt).t) = (1) 2)

T r=b
u ycaosuio Credana Ha MOABUKHON rpaHuile
a0 _ ~ L daft)
(meog)  =neaw e 0

Bajaya uMmeer OJlHy KPUTUIECKYIO TOUKY. DTO MOMeHT ¢ = () Hadaja PacXOXkKJIEHUs KOHTAKTOB U BCIBIIIKHU JIEKTPU-
YeCKOH JyTru B 3TOT MOMEHT, IIPUBOAAIIEl K 3apOKAeHUIO0 30HbI PacIljiaBa.

HWccmenoBanme 3a1a9n TPOBOANTCS MPH CJIEAYIONINX TPEOOBAHMUSX K TapaMeTpaM IpOIecca.

1) @yuxmmu A(r,t,0), g(r,t,0) HempephIBHBL MO BCEM CBOMM IepeMeHHBIM B obmactu r > b, 0 < t < tq, 60 > 0,
byakmma A(r, t, 0) mOMOHATEIHHO UMEET HEMTPEPBIBHBIE TIPOU3BOIHBIE TI0 IEPEMEHHBIM 7', § 1 IMEIOT MECTO OTPAHMIEHUS
3Hadenuil 3rux GyHKIMit

A(Ta ta 6) > Amin > 07 q(r7t70) Z 07 (4)

2) ©yuxuuu P(t), 0(t), L(t,0(t)) renpepsiBasr Ha orpeske 0 < ¢ < ¢, U yZOBIETBOPSIOT Ha HEM YCJIOBUSM

P(t)>0, P@t)#0, 6(t)>0, L(t0) > Lmin > 0. (5)

IIpu BBIIOSIHEHWT YCJIOBWI, yKA3aHHBIX B MyHKTax 1) m 2), 3amaqa (1)—(3) cBoguTCa K 9KBUBAJIEHTHON CHCTEME JBYX
ypaBHEHHI, BKIIOYaIONei:

a) obpikHOBeHHOE MEd depeHmaIbHOe ypaBHEeHne i rparumpt «(t),

6) HenmHeHHOe MATErPAIbHOE yPABHEHNE OTHOCHTEIBHO TeMIeparypst 6(r, t).

PaccmarpuBatorcst cBoiicTBa cructeMbl mHTErpo-muddepeHnuaabHbIX ypaBHeHnil. Jloka3siBaercs, 9To eciau (ByHK-
s q(r,t,0) me 3aBuCHT OT TemmEpaTypshl §, TO cucTeMa MATErpo-aud GepeHnnaIbHbIX yPABHEHUI PA3PENINMa U UMEET
€JMHCTBEHHOE pelleHue.

Funding: Asrop 661 TIofep:xkan rpanToM HaygHoro npoekta AP09258948 KH MHBO PK

KiroueBnre cioBa: 3amata Credana, obsikHOBeHHBIE anddepeHnnalbHble YPABHEHNs, HEJNHENHbIe WHTerpaIbHbIe
yPaBHeHHUsI, MHTerPaIbHble ypaBHEHUs THUIla BosbTeppa 2-ro poaa.
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Inverse problem for third-order equation of parabolic-hyperbolic
type with the Caputo operator

Obidjon ABDULLAYEV"®, Aygul MATCHANOVA?®

! Kimyo International University In Tashkent, Uzbekistan
2 V. I. Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
E-mail: ®obidjon.mth@gmail.com, *oygul87-87@mail.ru

Let Q be one connected domain, restricted by segments BBy, BoAg, AoA (accordingly on the hnes r=1y=h,z=
0) and by the characteristics AC : z+y =0, BC: x—y = 1 of the wave equation, with A(0,0), B ) and C (% -1.
Introduce designations: Q1 = QN {y >0}, Q2 = QN {y < 0}.

In the formulated domain €2, we consider the equation

(a% + b) Lu= f(x)g(y) (33)
where

{Llu = Uea — cDoyu; (2,y) €
Lu=

Lou = use — uyy; (2,y) € Q2

o(y) = {gl(y); y>0
| g2(y); y<oO

and Dy, is the partial Caputo fractional derivative of order 0 < o < 1 of a function u(z,y) with respect to the second
variable[1]:

D) = gy ], (=07l

a, b are given real constants and a # 0.
In the domain Q for the Eq.(33) we will formulate and investigate this:
Problem A .To find para of functions {u(z,y), f(x)} with the following properties:

1) f(z) € C(0,1) N L1 (0, 1);
Nu(z,y) € () NC(Q);u € CH(\BO),
Uaw € C(Q1 U AAg); oDy € C(Q U AB);

eDoytz € C(), Usea € C(1); Uzaa, Uyye € C(Q2);
3) u(z, y) satisfies boundary conditions:

u(0,y) = ¢1(y), 0<y<h
u(l,y)ztpz(y), Ogyghv
uzx(0,y) = p3(y), 0<y<h;

1
u|pe = Y2(x), §<x<1,
ou 1
= -5 < 0;
n lac =¢s(y), —5<y<

“ (% _5) = di(x)u(z, =0) +62(z), 0<z <
4) on the line of change AB, for the u(z,y) takes place integral gluing conditions:

u(z, +0) = v (z)u(z, —0) + y2(z), 0<z<1;

lim_ ¢ Dyu(e.y) = M (@)1, (z,0) + ha() /0 " (Bult, 0)dt + As(2), @ € (0,1),

y—+
where n is an internal normal and ¢;(y), ¥;(z), ¥3(y), g9;(v), Xi(z), §;(z), v(z) (i = 1,3,5 = 1,2) are given func-
2
tions, moreover > A # 0, §1(0) # 1, y1(z) # 0 for all 2 € [0,1].

=1

Under certain conditions on given functions, unique solvability of the formulated problem is proved.
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Solving a Boundary Value Problem for a Fractionally Loaded Heat
Equation in a quarter-space
M.T. KOSMAKOVA'¢ D.M. AKHMANOVA?® A.N. KHAMZEYEVA®*©
1,23 Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: *svetlanamir578@gmail.com, *danna.67@mail.ru ¢aiymkhamzeyeva@gmail.com

In a domain Q = {(z,y;1)|0 < z < +00; —00 < y < +00;t > 0} we consider a BVP for an equation

ug = a2Au+/\{RLD€tu(x,y; t)} e tt>0+<I>(:r,y;t) (1)
z—1=t,y—1=t,
with an initial condition:
=0 2
ul, (2)
and with a boundary condition:
ul =0, 3)
=0
where . )
1 d f(r
DEft)= ———— ————d
D (1) F(I*ﬁ)dtfo t-m8""
is the Riemann-Liouville derivative of an order 8;0 < 8 < 1.
Here the load moves along a straight line:
z—1 y-—1 *E~t>0

1 1 1

It will also require a boundedness condition for solving problem (1)-(3) in a domain Q. We will assume that the
function

®(z,y;t) € Loo(A) N C(B), (4)
where
A={(z,y;)|x > 0;y € R;t € [0, T},
B ={(z,y;t)|]zr > 0;y € R;t > 0},T = const >0
Then the solution of problem (1)-(3) has the form [Polyanin, page 176, problem 2.2 1-2]:

t 400 —+oo
u(z,y;t) = A/O /0 /_ (1) Gz, y;€,m;t — T)dndédr + F(z,y;t), (5)
where oo oo
F(z,y;t) :/O /O /_ (&, n;7) Gz, y;€,m;t — T)dndédr, (6)
2 N2 2 N2
Gz, y:&,m1) = 4;2t{exp (7(33 5)4;? 1) ) —exp <f 18 4;L2t(y 1) ) }
Denote

w(r) = {RLDgtu(x7y§t)}

Applying to (5) the operator of fractional differentiation in the sense of the Riemann-Liouville an order 8,0 < 8 < 1
and substituting x — 1 = ¢,y — 1 = ¢ we obtain the Volterra integral equation of the second kind with respect to the
function u(t):

rz—1=t,y—1=t,t>0

n0) - s | i = 1), ™)
where

£1®) = { re Dol yi 1) }| (8)

rz—1=t,y—1=t,t>0
Theorem 1. Equation (7) is uniquely solvable in the class p(t) € C([0;T7), for any right side fi(¢t) € AC([0;T]),
and the solution to equation (7) is determined by the formula

u(t) = Fi(&) + Mu(®) ™ Bropamp (A7), ©)

where E, (z) is the two-parameter Mittag-Leffler function and * is the convolution.

Theorem 2. Let conditions (4) and F(z,y;t) € Li(t € [0;T]) be satisfied, the function F(z,y;t) is determined
by formula (6), the function p(t) is defined by formula (9). Then in the class Li(t € [0;7]) BVP (1)-(3) has a unique
solution defined by formula

u(z,y;t) = MNf1(t) * E1_p ()\tlfﬁ) + F(z,y;t),

where the function fi(t) is determined by relation (8).
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Biquaternionic representation of photons and light emitters

L.A. ALEXEYEVA
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In [1-7] the author developed a biquaternionic model of electro-gravimagnetic field (EGM field), EGM charges and
EGM currents, and EGM interactions based on biquaternionic generalizations of Maxwell and Dirac equations. The
biquaternionic wave ( biwave ) equation expresses EGM charges and currents through the bigradient of EGM field
intensity like.

Here we present the ether equation as biquaternionic generalization of 8 Maxwell equations by use Hamilton form of
quaternions [8]. Monochromatic solutions of this equation are constructed based on which the biquaternionic represen-
tations of photons are obtained. Free waves in the ether are considered. It is shown that they and photon biquaternions
contain a gravitational component, which determines the light pressure.

Biquaternions of various light emitters (ball, spherical, ring, circular pulsars) are presented.
Funding: This work was supported by the Science Committee of Republic Kazakhstan (grant AP05132272)
Keywords: biquaternion, biquaternionic wave equation, Maxwell equations, photon, light emitter.
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Application of stochastic global optimization methods for solving
inverse problems

Sergey KABANIKHIN'®, Maktagali BEKTEMESOV?®, Zholaman BEKTEMESOV?®*

L Sobolev Institute of Mathematics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russian Federation
2 Kazakh National Agrarian Research University, Almaty, Kazakhstan
3 Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: “ksi52@mail.ru, *maktagali@mail.ru, ¢jolaman252@gmail.com

The paper presents epidemiological calculations of mathematical modeling of cases of COVID-19 infection in Kaza-
khstan from December 12, 2021, to January 20, 2022 [1]. Using the developed model, based on the Covasim software
package, and using incomplete statistical data on the incidence of the population, the inverse problem of restoring the
model’s parameters was solved. To solve the inverse problem, stochastic global optimization methods were used - the
Parzen tree-like estimation method, the differential evolution algorithm, and the firefly algorithm. The analysis of incom-
plete data was carried out by regression analysis and machine learning methods. And also the epidemiological parameters
of the model were refined, such as the rate of transmission of infection, testing, and the initial number of infected people
in the country, and an algorithm was developed for the identifiability of unknown parameters.

As a result of the developed algorithm, it was shown that with an increase in the mobility of citizens during the
New Year holidays in public places (shopping malls, markets, etc.), the number of detected cases of COVID-19 infection
increased by 3.5 times. Comparison of simulation results with real data showed an error in tens of people (0.2%). Thus,
mathematical modeling gave a qualitative coincidence of forecasts with reality.

The impact of the COVID-19 pandemic on the economy of Kazakhstan was studied in [2], based on the mathematical
apparatus of the nonlinear input-output balance, which allows you to find the equilibrium point in the set of industry
resources and prices. An analysis was also made of the macroeconomic response of the Kazakh economy to the pandemic.
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Time-optimal problem for parabolic equation
F.N. DEKHKONOV"*,
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Consider the following mathematical model of the heat conduction process along the domain Q = {(z,t) : 0 < z <
l, t>0}

Ou(z,t) _ 0%u(x,t)

ot ox2 ) HAS (07l)7 t> Oa (1)
with boundary conditions
uz(0,t) = —p(t), wu(l,t) =0, t>0, (2)
and initial condition
u(z,0) = 0, 0<z<lI. (3)

Let M > 0 be some given constant. We say that the function w(t) is an admissible control if this function is
differentiable on the half-line ¢ > 0 and satisfies the following constraints

p(0) =0, |u(t) < M.

We consider the weight function p(z) € W$[0,1] satisfying the conditions

=
®
~
N
L
=
—~
8
~
Y
=
~| =
o
=
8
~
&
3
Il
—_

Set
> kmx
p(z) = k§:1pk cos —=, @€ (0,1),
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where

l
Pk = /p(m) cos IWTJE de, k=1,2,..
0
In the present work we consider the following problem.
Problem A. For a given constant 0 > 0 problem A consists in looking for the minimal value of T > 0 so that for
t > 0 the solution u(x,t) of the initial-boundary value problem (1)-(3) with some admissible control u(t) exists and for
t > T satisfies the equality
l
/p(az) u(z,t)de = 0, t>T.
0
More recent results concerned with this problem were established in [1], [2], [3]. Detailed information on the problems
of optimal control for distributed parameter systems is given in the monograph [4].

Theorem 1. Let
pEM

2

12 0
T() = _pln<1 — o1 l2M>.

Then a solution Tpm:n of the Problem A exists and the estimate Trin < To is valid.

0<0<
Set

Keywords: Heat conduction equation, admissible control, initial-boundary value problem, integral equation.
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Inverse multiple particles problem and blurring
Vladimir MITYUSHEVY2¢, Zhanat ZHUNUSSOVA?3®  Karlygash DOSMAGULOVAZ2:3:¢

U Faculty of Computer Science and Telecommunications, Cracow University of Technology, Krakéw,
Poland
2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
3 Al-Farabi Kazakh National University, Almaty, Kazakhstan E-mail:
@wladimir.mitiuszew@pk.edu.pl, zhzhkh@mail.ru “karlygash.dosmagulova@gmail.com

The Prony method of scattering data analysis is extended to an inverse problem for a fiber-reinforced composite.
Unidirectional fibers of shear moduli ux(k = 1,2,...,n) are embedded in the host of shear modulus p. We consider
antiplane strain of the fibrous composite when a section perpendicular to the axis of fibers is the unit disk which contains
n non-overlapping inclusions. The contact between the components is supposed to be perfect. The main attention is
paid to rigid inclusions when p > p. Let the longitudinal displacement u be given on the unit circle. Other components
of displacement vanish in the unit disk in the antiplane statement.

The considered problem is written in terms of complex potentials and solved by a method of functional equations.
In particular, the out-of-plane traction proportional to the normal derivative % is found on the unit circle. This yields
a constructive method to symbolic
approximation of the Dirichlet-to-Neumann operator for an arbitrary multiply
connected circular domain. The method is applied to the inverse problem for non-overlapping equal disks whose centers
ar(k =1,2,...,n) have to be determined [1,2].

Let the displacement u and the traction ,u% be given on the outer unit circle. We construct explicitly a polynomial
P,(z) whose complex roots coincide with the centers of inclusions aj. This result can be considered as solution to the
special Prony problem. The considered examples demonstrate the effect of blurring for large n when a part of disks
adjoin the boundary is properly determined. The location of the deeper disks is blurry and can be determined by the
same equation P, (z) = 0, but solved with higher accuracy.

Funding: The authors were supported by the grant no. AP08856381 of the Ministry of Education and Science of
Republic of Kazakhstan.
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On Fisher-KPP equation with the fractional p-Laplacian
K. JABBARKHANOV
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In this conference, we show that if the initial date is between zero and one, then the global solution of a Dirichlet
Fisher-KPP equation with the fractional p-Laplacian is also between zero and one. Moreover, a large time behavior of
the global solution is provided. In addition, some blow-up results are given.

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
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Keywords: fractional Fisher-KPP equation, fractional Poincaré inequality, fractional p-Laplacian, blow-up solution.

2010 Mathematics Subject Classification: Primary 35Q99; Secondary 35B44, 35A01, 35R11.

Diffraction problems on a triangular lattice
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Motivated by applications of recent interest related to analog circuits, crystalline materials, and metamaterials,
we investigate thin-slit diffraction problems on the semi-infinite triangular lattice, cf. [1]. Analyzing regular processes
when waves at the level of the microstructural scales are neglected, it is possible to consider the continuum limit of
corresponding equations. However, industrial and scientific interest is growing in the study of nano- and microstructure
of modern materials and composites. One of the effective ways to investigate microstructural processes in the materials is
to consider their discrete structures. Thus, for the triangular lattice, we study Dirichlet problems for the two-dimensional
discrete Helmholtz equation in a half-plane. Using the notion of the radiating solution, we prove the existence and
uniqueness of a solution for the real wave number k € (0,3)\{2v/2} without passing to the complex wave number.
Besides, an exact representation formula for the solution is derived. We also developed a numerical calculation method
and demonstrate by example the effectiveness of our approach related to the propagation of wavefronts in metamaterials
through two small openings.

Funding: This work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG) [FR-21-301].

Keywords: discrete Helmholtz equation, Dirichlet boundary value problem, half-plane diffraction, metamaterials, tri-
angular lattice model.
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Traveling wave speed and profile of a “go or growing” glioblastoma
multiform model
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Glioblastoma multiforme (GBM) is a fast-growing and deadly brain tumor due to its ability to aggressively invade
the nearby brain tissue. A host of mathematical models in the form of reaction-diffusion equations have been formulated
and studied in order to assist clinical assessment of GBM growth and its treatment prediction. To better understand
the speed of GBM growth and form, we propose a two population reaction-diffusion GBM model based on the ‘go or
grow’ hypothesis. Our model is validated by in vitro data and assumes that tumor cells are more likely to leave and
search for better locations when resources are more limited at their current positions. Our findings indicate that the
tumor progresses slower than the simpler Fisher model, which is known to overestimate GBM progression. Moreover, we
obtain accurate estimations of the traveling wave solution profiles under several plausible GBM cell switching scenarios
by applying the approximation method introduced by Canosa.

Funding: This research is partially supported by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan Grant No AP08052345 and Nazarbayev University under Collaborative Research Program
Grant No 11022021CRP1509.

Keywords: reaction-diffusion equation, glioblastoma multiforme (GBM), traveling wave solutions, traveling wave speed.
2010 Mathematics Subject Classification: 35C07, 35K57, 35Q92, 92B05

References
[1] Tursynkozha, A., Kashkynbayev, A., Shupeyeva, B., Rutter, E.M., Kuang, Y, Traveling wave speed and profile of

a “go or grow” glioblastoma multiforme model, Communications in Nonlinear Science and Numerical Simulation, 118
(2023), 107008

Collocation heat polynomials method for solving inverse Stefan
type problems
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The heat polynomials method (HPM) or polynomial Trefftz method [1] was first described in 1892 by Appell in the
paper [2]. Later an idea was developed by Rosenbloom and Widder in the following works [3-5]. Further development
of their idea has been continued in papers Futakiewicz [6], Grysa [7] and Kassabek [8]. The essence of this method is to
construct an approximate solution to the problem in a form of linear combinations or series of heat polynomials that a
priori satisfy a differential equation.

Let us consider the one-dimensional heat conduction problem with a free-moving boundary

ou_ 0%

=a .
ot Ox?

The approximate solution which satisfies exactly this equation is assumed in the form of a linear combination of heat
polynomials in the form

M
u(a:, t) = Z Cn’Un(ZC, t)7
n=0

where
[%] a2mxn—2mtm

v (z,t) = n=12,....

ml(n — 2m)!’
m=0
The unknown coefficients c¢,, are determined by simultaneous minimization of the residuals which can be applied by

different methods, e.g. the collocation method, the least squares method, or other methods.
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Time dependent inverse source problem for an integro-differential
pseudoparabolic equation
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ABSTRACT
In this work we study the following time dependent inverse source problem for the following one dimensional pseu-
doparabolic equation:

t
Ut — QUgy — PlUgat — /K(t — Tuga(z, 7)dT = f(t)9(z,t) + h(z,t),in (0,1) x (0,T), (1)
0
supplemented by the initial condition
u(z,0) = uo(x), = € (0,1) (2)
and boundary conditions
u(0,t) = u(l,t) =0, t € [0,T] (3)
and the integral overdetermination condition
1
[ (wlastiota) + Bus (o tor (@) do = ¢, € 0.7), (4)
0

where 0 < [,T < oo. The inverse problem consists of finding the the functions u(z,t) and f(¢) from (1)-(4) by the given
positive constants «, 8, and the given functions g(z,t), h(x,t), K(t),uo(z), w(z), p(t).
In this work, we investigate the global in time existence and uniqueness of strong solution of the inverse problem

(1-(4).
Funding: This work was supported by the Grant no.AP19676624.
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Travelling breaking waves
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Abstract. We study a mathematical model (34) of coastal waves in the shallow water approximation. The model
consists of the following equation which is considered in [3]:

oh  OhU _

gltz aaé /o h? h2h d d

OhU 0 (412 9" 43 =9 (A 50U

ot +8x(hU+ 2 e 3 >_8m< ehﬁ8x>’ (34)
dhy | OhUyp _ 8hy/ (OU\? 3

ot + dr Re oz Crhep®.
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The model contains two empirical parameters. The first one controls turbulent dissipation. The second one is responsible
for the eddy viscosity and is determined by the turbulent Reynolds number. We study here travelling waves solutions
to this model. The existence of an analytical and numerical solution of the problem in the form of a traveling wave is
shown. The singular points of the system are described. It is shown that there exists a critical value of the Reylnols
number corresponding to the transition from a monotonic profile to an oscillatory one. The paper is organized as follows:
Firstly, we present the governing system of ordinary differential equations (ODE) for travelling waves. Secondly, the
Lyapunov function for the corresponding ODE system is derived, and finally, the behavior of the solution of the ODE
system is discussed.
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A diffusive Leslie-Gower prey-predator system with a free
boundary
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A variety of models are used to describe the predator-prey interactions. The dynamical relationship between a
predator and a prey has long been among the dominant topics in mathematical ecology due to its universal existence
and importance ([1]-[3]).

In this article, we study the following a Leslie-Gower prey-predator model via a free boundary:

k1(uw)ur — uge — miugy = u(l —u) —auv, (t,x) € D, (1)
k2 (0)vr — dvgw — Mave = b (1 - i C) . (t,z) €D, (2)
w(0,2) =uo (), 0<x<s(0)=s0, (3)
v(0,z) =wvo (z), 0<z<s0, (4)

up (£,0) =0, 0<t<T, (5)
u(t,s(t)=0, 0<t<T, (6)

va (£,0) =0, 0<t<T, (7)

v(t,s(t) =0, 0<t<T, (8)

S (1) = —p e (b5 (D) + poa (5 (1), O<E<T, 9)

where D = {(t,z) : 0 <t <T,0 <z < s(t)}; u (¢, ), v (¢ ) are population densities at time ¢ at point z; s (t) is a free
boundary, which represent propagation fronts.
Assume that the data of the problem satisfy the following conditions:

(1) kio, d, m4, a, b, ¢, u, p are positive constants, ¢ = 1, 2;

(ii) uo € C? ([0, 80]), uh = uo(s0) = 0, uo > 0 in [0, s0) and Jim ZU—(””) =0,

sp S0~®

vo € C? ([0, s0]), vh = vo(s0) =0, vo > 0 in [0, s0) and lim &) —

z—s0 50T
(iii) ki (§) > kio for any € > 0,
(iv) ac+a <1,
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Problem (1)-(9) was studied in [3] in the case m; =0 and k; =1, i =1,2.

In this article, first we establish two-sided bounds for u(t, z), v(t,z) and s'(t), and then a Hélder norm bounds for
u(t, ), v(t,z). On the basic of a priori estimates, the existence and uniqueness of the solution is proved. And we study
the asymptotic behavior of two species evolving in a domain with a free boundary.

Theorem 1. Let (u, v, s(t)) be a solution of (1)-(9). Then there hold estimates:

0<u(t,z) <M, (t,x)€D,

0<wv(tz) <M, (tz)€D,
0<s'(t) < Ms, 0<t<T.
The following theorem shows that tlim 5(t) = seo = 400 is sufficient for a successful spreading:
— 00

Theorem 2. Suppose that (u, v, s(t)) is the solution of (1)-(9). If soc = +00, then we have
Jim flu(t @)lleo.swn =M, Jim[lo(t @)lloqo,sw) = Me.

The following theorem shows that the finiteness of s leads both species, u and v, to vanish.
Theorem 3. Suppose that (u, v, s(t)) is the solution of (1)-(9). If soc < +00, then we have

JimJlu(t, @)lleqo.swn =0, lim flo(t, 2)lleqo,sw) = 0-

Keywords: prey-predator system, reaction-diffusion equation, parabolic equation, aprior bounds, existence and unique-
ness, asymptotic behavior.
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