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OB OJ/IHOM 3AJJAYE JIJId HATPYXKEHHOT'O
IIAPABOJIO-TUTIEPBOJINYECKOTO YPABHEHUSI C JIBYMS JIMHUSIMU
N3MEHEHUS TUMA U JIPOBHOTO JU®PEPEHIIMPOBAHNS

0.X. ABIVJ/IJIAEBY®, H.A. BAXPUJIMHOBA2

U Uncruryr Maremaruxu um.B.U. Pomanosckoro, Tamkent, Y36exucran
2 Hanmonaspupiii Yaupepcurer Ys6exucrana, Tamkent, Ys6ekucran
E-mail: “obidjon.mth@gmail.com, Ynigorabaxriddinova31@gmail.com

B mannoii paGore paccMaTpuBaeTcsa HATPYZKEHHOE ypaBHEHHEe TapaboIo-runepOoInIecKoro TH-
na
—c Dgu+ fi(z,y)uP (z,y), upux>0,y>0
0 =< Uy uyy—l—fQ(:c y)uP2(x +y,0), npu x>0,y <0 (1)
Ugy — Uyy + f3(r,y)ul? (0,2 +y), mpu x <0,y >0

¢ oneparopom KaiyTo
« 1 —a pf
CDOyf<y) = m (y—Z) f(Z)dZ, I<a< 1,
0

riae fi(x,y;u(z,0)), (i = 1,2,3)— 3amgannse byukmun, p;, (i = 1,2,3), a— geiicTBuTe bHBIE
HOCTOSIHHEILE,

OcHOBHAZ IETb JAHHON PAGOTH - HCCIEI0BATL OTHOZHAYHYIO Pa3peIIMMOCTh KPaeBoil 3a1a-
9H ¢ HHTEIPATBHBIM YCJIOBHEM CKJeHBaHus Jjisi ypaBHeHus (1).

Paccmorpum ypasuenue (1) B koneunoii obsiactu 2 C R?, orpannuennoii cermentamu Aj Ay,
AgBs va mpambix y = h, x = 1l opu x > 0, y > 0; u B(s, A;Cy Ha XapaKTePUCTUKAX
r+y=0,x—y=1[ypasuenus (1) upu z > 0, y < 0, a rakxke cermenramu B1C, ByC; Ha
xapakrepuctukax y — x = h, x +y = 0 ypasuenus (1) npu = < 0, y > 0. [Tapaboudeckyro
JacTh cMemtaHHoit obnactu ) obo3HauuM depes (), a rumepOoJIHIecKre YacTu depe3 (2 mpu
x>0wu Qy npu x < 0.

Bapaua 1. Tpebyercst HaiiTu perierue u(x,y) ypaBuenus (1) u3 kiacca dyuknmii: u(z,y) €
C(Q) N C*HQy N N); gy, e DSu € C () ; yAOBICTBOPSIONIE KPACBBIM YC/I0BUSIM:

u(l,t) = p1(y), 0 <y <h;

%u (%, —g) = a1(z)uy(z,0) + az(x)uy(x,0) + az(z)u(z,0) + as(z)0 < x < I
d%u (=5:3) = bu(w)ual0. ) + ba(y)u, (0.9) + by (m)u(0. ) + bi(y)0 < y < b

U MHTETI'PpaJIbHOMY YCJIOBHIO CKJICMBAHUA:

Jim o Df e, ) = (), (. ~0) + Aa(@)us(w,~0)+

+A3(x)u(z,0) + M(2), 0 < 2 < 1
ue(=0,y) = p (y)ua(+0,y) + p2(y)u(0,y) + ps(y), 0 <y < h
rae a;(z), bi(y ), Ai(z), (i= 1 2,3,4) u;i(y), (j =1,2,3) ¢1(y) - 3anannasie GyHKIUN, TPATEM
52 N(@) 20, 3 ah(a) £ 0. 0 (0) £ 0w si(e) + () 0.

Ormernwm, qTo aHaﬂoquaﬂ 3a/1a9a € JOKAJbHBIME KPACBBIME W PA3PBIBHBIME YCJIOBUAMU
ckJenBaHus 175 ypasHenust (1), Ho 6e3 HarpykenHoii vacru (1.e. ipn fi(z,y) =0 = 1,2, 3)),
ObL1a nccstenopana B. Kaapipkyrosbiv [1].
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[Ipu ompeie/IeHHBIX YCIOBUAX HA 3aJaHHbIe (DYHKIIUN JOKA3BIBACTCS CYIIECTBOBAHKE U €TIH-
CTBEHHOCTDH TTOCTaBJIEHHON 3amaun. VccaemoBanme CyInecTBOBAHUS PeIIeHns 3a/aUl CBEeIeTCs
K Pa3penuMOCTH HeJIWHEHHBIX NHTETPAJIbHBIX yPABHEHUIA.

Funding: ABTops! 66l TomIep:kaubl TpantoM F'Z — 20200929375 MUP PVs.

KuroueBrle ciioBa: mHarpy:keHHoe ypasHeHue, oneparop KamyTo, HeJOKa/bHbIE YC/IOBUM, HEJIUHEUNHOE HHTErDAIBHOE
YPaBHEHHE, CMENTaHHBINA THII.

2010 Mathematics Subject Classification: 34B45, 35R11

JINTEPATYPA
[1] Kadirkulov Bakhtiyor J. Boundary problems for mixed parabolic-hyperbolic equations with two lines of changing
type and fractional derivative, Electronic Journal of Differential Equations, 2014:57 (2014), 7 p.

OB OJ/IHOM HEJIOKAJIbHOM 3AJIAYE JIJIsI HATPY>KEHHOI'O
VPABHEHUS CMEIIIAHHOTO TUIIA C OIIEPATOPOM KAIIYTO

O6umzxon ABIIVJILIAEBY, Aiiryan MATYAHOBA??

U Mncruryr maremaruxn mwa. B.J. Pomanosckoro, Tamkent, Y36exnucran
2 MHCTUTYT HOHHO-IIIA3MEHHBIX H JIA3€PHBIX TexHosoruii uM.Y.A. Apugosa, Tamkent, Y3b6exucran
E-mail: “obidjon.mth@gmail.com, ®oygul87-87@mail.ru

B nannoit paGoTe paccMaTpUBaeTCsl HATPY:KEHHOE YpaBHEHHE TapabosI0-THIepOOIIeCKOro
TUIIA
Upe —c Dou+ pdu+ fi(z, t;u(z,0)), upnt >0
0= 2 (1)
Uzy — U — 53U + fo(z,t;u(z,0)), mpm ¢t <0
t
¢ oneparopom Kanyro ¢Dg, f(t) = ﬁ [t —=2)"f(2)dz, 0<a<]l, e fi(z,t;u(x,0)) -
0

sajannbie GyHKIWH, (; # 0, a— neficTBUTeIbHbIE TIOCTOSIHHBIE.

3BecTHO, 9TO JIOKATBHBIE U HEJOKAIbHBIE 3312490 YPABHEHHU{T Tapabo10-TUIePOOTHIECKOTrO
Tuna ¢ oneparopom KaryTo cieq pemiennsi KOTOPBIX ObLI BKJIIOYEH B DA3JIUIHBIE MHTEIPO-
nuddepeHIuaibHbIe OMePaTOpPbl APOOHOTO MOPsiIKa, Takne Kak Puman-JluyBusis, Dpaeitin-
Kobep u ap. uccrenosamst B padorax [1],[2] u [3]. XoTeaocs Gb OTMETHTD, ITO yPABHEHHS IPU-
BEJIEHHOM BHIIIIE MOUEPKHYTHIX PabOT UMEIOT TOIBKO JIMHEHbIE HAIPYKEHHBIE WIEHbI, IIPHYEM
6e3 caaraemoe ¢ piu(w,t).

OcHoBHAg 1e/b TaHHONH PabOTHI, UCCAEIOBATH OJHO3HAYHYIO PA3PEIIMMOCTh HEJOKAIbHOMN
KpaeBoii 33/[aui ¢ HHTerPAJbHBIM YCIOBHEM CKJIenBaHUs it ypasHerus (1).

[Iycts 2— obmactb, orpannmdennas orpeskamu: AjA, = {(z,t) : = =1, 0 < t < h},
BBy ={(z,t): 2=0,0<t<h}, ByAy={(z,t): t=h, 0<z <l}uput >0, n xapakre-
pucrukamu: A\C: x—t =1, BiC: x+t =0 ypasuenus (1) npu t <0, rae A; (;0), Ay (I;h),
B, (0;0), By(0;h), n C(£35). 2 =QNn(t>0),0=0n0t<0),={z:0<z<i},
]gz{x: é<:z:<l}.

Bamaua 1. Tpebyercs Haiitu pemienue u(x,t) ypasuenusi (1) u3 wiacca dynkuumii: W, =
{u(x,t) : u(z,t) € C(Q) NC*HQy); Uy, cD4u € C(y);
Ay € CHQ \ AyBy)} yI0BIETBOPAIONTHE KPACBHIM YCIOBHAM:

aru(l,t) + asuz (I, t) = @1(t), Bru(0,t) + Soug(0,t) = pa(t), 0 <t < h; (2)
d [z = d r+1l x—1
1,p2 . - = 1,2 _ < < ]
N [dxu<2’ 2” +2da Lm;“( 2 2 )] @), 0z <
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U MHTerpaJibHOe YCJIOBHUE CKJIICHUBAaHUA:
tl—i>I—I|—10 cDgtu(xv t) = Al(‘r)ut(‘ra _O) + )\2(.%')1,%(1’, _O>+
+As3(x)u(z,0) + M(x), 0 <z <1

cxe A@)] = F(@) — ] F0 (22)" B [/ =)= 0] . (o), i) (i = 1.2),
Me(2) (k = 1,4) - sanannbie GyHKIME, U oy, 33,7 = const, npudeM o2 + a3 # 0, 37 + 33 # 0,

3
Vit s £0, Y N(x) #0, a Jo(z)— dbyukmua Beccens nepsoro poga.
k=1

Bagaua I, uccaenyercs B caydaax: i) as =0, Sy #0, 71 #0; 1) ag #0, =0, 72 #0;
1) g, P2 #0, v =0 wm vy, = 0.

[Ipu onpejie/IeHHBIX YCIOBUAAX Ha 3a/laHHble (DYHKIMU 1 HA KOIMPPUITNEHTHI KPAEBBIX YCJI0-
BUIi, TOKAa3bIBAETCA OTHO3HAYHAS PA3PEIMMOCTh MOCTABIEHHON 33 a9H.

Funding: ABrops! 6blm momep:kaubl TpantoM F'Z — 20200929375 MUP PVs.

KiroueBble ciioBa: /Ipobuoe nuddepeHnmpoBanme, HarpyKeHHOE ypaBHEHHE, HeJOKaJbHAs 33atIa, HHTErPaIbHOe
yCIOBHE CKJIeUBaHHUd, OJHO3HaYHAd Pa3PeNIuMOCThb.

2010 Mathematics Subject Classification: 35M10, 34B45, 35R11
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O KJIACCUPUKAIINUU OCOBBLIX TOYEK O,Z[HOfI rZ[I/IHAMI/I‘IECKOI?I
CUCTEMBI

Hypaan ABIIEB!@

! Tapasckmii pernonansaslii yuusepcurer, Tapas, Kazaxcran
E-mail: “abievn@mail.ru

B [1,2] usyuanach nuHaMuveckas CHCTEMA

: — -1 -1 -1 -1 -1 —1\—1
1z, =F, = —2x; (ri — (rlal +raa, +rsa; ) (al +ay +ag ) ), (1)
BOBHHUKAIOIIAS OTHOCHTEJIBHO mapamerpoB x; = x;(t) > 0, ¢ = 1,2,3, UHBApHAHTHOI pU-
MAHOBOH MeTPHKH Ha OBOOIIEHHBIX MpocTpaHcTBax Yosuraxa, riae a; € (0,1/2], ry = % +
1

ai Ti o Tk . Coa _
5 (:cj:ck s —xzxk) DJIaBHBIe 3HAaYeHHs] KpuBU3HbI Puaun merpukn, {i,j,k} = {1,2,3}.
1/a1 _1/az 1/a3 "
Ucnonb3ys yenosue x,' " xy’ Pay’ ™ = 1, cucremy (1) MOKHO S5KBUBAJIEHTHO 3aMEHUTDH CHCTEMOIH
:ti:fi(xlamZ)a 1= ]-727 (2)

_ _ —a3/a1_—a3z/a2

rae fi(zy,xe) = Fi(xy, 22, 0(21,22)), @(x1,22) = ] T, . Bupoxiennas ocobast Touka
cucTeMbl (2) MOXKeT UMeTh THIIBL: noay- eunepbosuseckud (A = 0, Ao # 0); Husvnomerwmmvii
(A = X = 0, J # 0); aunedno nyaesoti (J = 0), tae \; — cobcrBennbie 3navenus J u
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|A1] < [A2|. B paborax [1,2] 6bL1a momydena xiaaccudukanus ocoOBIX TOYEK CHCTEeMbI (2) TpH
a; € (0,1/2]. 31ech MBI yTBEP:KIaEM, UTO PE3yIbTaT TeopeMbl 1 u3 [1] u pe3ysbrarsl mepBhIx
JIBYX IIYHKTOB TeopeMbl b u3 [2| coxpansitor cBoto cuity u B 6oJiee obriem ciydae.

Teopema. IIycth a1, as,a3 € R w A := ajas + asas + aza; # 0. Toraa cucrema (2) ve mveer
0COBBIX TOYeK HHIBIOTCHTHOIO THIIA H JOIYCKACT 0COOYIO TOYKY JHHEHHO HyJI€BOr0 THIA B TOM
U TOJIBKO B TOM CJIydae, eCii ay = ag = ag = 1/4.

B kauectBe ciencrBus momydaeM, uto upu a; € R, A # 0 u (a1, a9,a3) # (1/4,1/4,1/4),
BCEe BBIPOK/ICHHBIE 0COObIe TOUKH CUCTEMBI (2) UMEIOT MOJIy-ruiepOoTnIecKuil TUIL.

SBAMEYAHUE. JI10000bITHO TO, 9TO B 00meM ciaydae a; € R, A # 0, yTBepKIeHHe TPEThero
IIyHKTa TeopeMbl b u3 |2|, rapanrupyiomiee orcyrcTBre y cucteMbl (2) GhoKycoB u MeHTPOB (Kak
BBIDOZKIEHHBIX, TAK M HEBBIDOXKIEHHBIX ), HE HMEET MECTa.

Kiro4deBble cioBa: HOpMAJIN30BAHHBI TOTOK Pradmn, 0606IIeHHbIe TTPOCTPAHCTBA Y0J1/IaXa, HBAPUAHTHBIE PUMAHOBHBI
MeTDUKH, JUHAMUYIECKAsl CUCTeMa, 0c00ast TOUKa

2010 Mathematics Subject Classification: 53C30, 53C44, 37C10, 34C05
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OB OIIEHKAX MMOPAJIKA TPUBJUXXEHUA CI)B’HKL[I/Iﬁ MHOT'UX
IMEPEMEHHBIX B OBOBIIIEHHOM ITPOCTPAHCTBE JIOPEHIIA

. AKUIITEB 2

! Kasaxcrancknit pumuan MI'Y mvernn M.B. Jlomonocosa, Hyp-Cyrran, Kasaxcran
2 Huacroryr maremarnkn v MareMaTudeckoro Mogenposanusi, Ajavarer, Kazaxcran
E-mail: “akishev_g@mail.ru

PacemorpuMm X (@) aHH30TpOINIHOE CHMMETPHIHOE TIPOCTPAHCTBO 27— MEPHOINICCKUX DYHK-
I M NEePEMEHHBIX, ¢ HOPMOK

HfH}(@ = X or) - - - I x(om)s A€ T m (8 L ty,) — HEBOBpaACTaTOIIAS IepecTa-
HoBKa dyukmuu |f(277)| mo kaxoit nepemennoit x; € [0, 1] npu GUKCHPOBAHHBIX OCTAJBHBIX
nepemennbix (eM. [1]) u X (¢;) — cEMMeTpHTIHOE IPOCTPAHCTBO IO HEPeMeHHOH z;, ¢ dhyHnIa-
MeHTaabHOM pynknueit ;. B gacrnocru, yepes Lj/l? 0003HAYUM IIPOCTPAHCTBO BCeX (DYHKIUA
M TMepeMeHHBIX [ 1T KOTOPBIX BEJTHIHHA

11157 =

[/ Vi (tm /w (form (b, e b)) CZI] }T;’”lﬁn]

KOHeuHa, rae QyHKnun ¢; zHe yosBator, BorayTsl Ha [0, 1], 1;(0) =0,
I<m<oo,j=1,....,m.
Bpegem o6o3Hauenns : ax(f) kosddumments Pypoe bynxunn f € Ly no cucteme {0}
05 (f,7) = X an(f) '™, ne (3,7) = 3 yjay,
nep(s) Jj=1

p(8) ={k=(ki,...kn) €Z™: 29571 < |kj| <2%,j=1,..,m}.
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Paccemorpum dyukimonaabubiit Kiaace Hukonbckoro—becosa

SewaB={/€X@): Iflx wH{stmu& (D@ g ll, <1H

riae 0 = (01,....,00), T = (11, s Tm), 1 <0; < 400,00 <71 < 400, j=1,...m

Ilycts gan BekTop 4 = (Y1, ..., Ym), 7 >0, j=1,...,m.
Tosommy Q) = U, p(3), T(Q1) = {t@) = X be'™}, BV (f)x(p — mamnyumee

keQn

npubmmkenne bynknun f € X (@) nommnomamu n3 Muoxkectsa T(Q7).

Tounble IO MOPSIKY ONEHKH HAMJIYYIIero npubinzkenns GyHKINHA PA3IHIHBIX KIACCOB B
npoctpanctie JleGera L,(T™) xopomo m3sectrsl [2]. 9Tr Bonmpockl B mpoctpanctse L _(T™)
uccaeoBanel B 3], [4].

j . o(2t o(2t
P Qyp = h_mHO ), /Bcp = hmt—>0 (( ))
Teopema. Ilycts 1 < 0; < 400, 1 < Tj < 400, 15 > 0,7 = % 0 GyHKIHO ©;, V),

yaopaersopsaior ycaopuam 1 < ay, < By <, < B, <2,7=1,..mnu

HosoxxuMm p1;(s) =

1

[i <Mj(8j)2*SjTj>€j} 9 < oo,

55=0

e g5 = 7,35, B; = 71, j=1,...,m, ecm 3; = f—j >1,e5=+o0,ecmm 0; < 75,5 =1,...,m.
Ecmm 1 < TJ < ; < —|—c>o7 j=1,...,m, 10

ET(L’Y)( )F((@),H_B)Jff = sup ET(;Y)(f)W < C’H{H 2_5]'7"ij<8]')}

T€8% (508 j=1

rae € = (1,...,6m) . EBemn 0; <71, < 400, j =1,....,m, 10

EO Sy oBlir < Cop{ [ 270 m(sy) - 5 €20, (5.9) = n}.
j=1

Baecn Y (5,n) = {5 € 27, (5,7) > n}.

Funding:Pa6ora Bemosmena B pamkax rpanrosoro ¢hunancuposanns MOH PK (IIpoext AP08855579 ).

KuroueBsle cioBa: npocrpamctse Jlopenrna, kiracc Hukosnbckoro-Becosa, Hamtydmniee npubskenne, rurepooImIeCKuil
KPECT.
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KPUTEPUI EAUHCTBEHHOCTM PEHIEHUS 3AJAYU TPUKOMMU JIJIsI
MHOTOMEPHOI'O YPABHEHUS JIABPEHTbEBA-BUIIAI3E

C.A. AJITTATIIEB!®

U Hucruryr maremarnkn u MaTeMarnaecKoro mogeuposanns, Amvars:, Kazaxcram
E-mail: *aldash51@mail.ru

Beeaenue. I3BecTHO, 9TO KOJeOaHUs YIPYIUX MeMOpDAH B MPOCTPAHCTBE MOJIETUPYIOTCSI
YPABHEHUsIMU B YACTHBIX MPOU3BOJAHBIX. Eciau mporu membGpanbl caurarh dbyHkumei u(z,t),
r = (T1,...,Tp), M > 2, TO MO NPUHIMIY [AMUJIBTOHA TPUXOJUM K MHOTOMEPHOMY BOJI-
HoBoMy ypasuenuio. Ilosrarasi, aro B 1mojo:KeHuu n3ruba mMeMOpaHa HAXOJAUTHCS B PaBHOBE-
cun, w3 npuHIHna [aMHIBTOHA TaKKe MOJIydaeM MHOromMepHoe ypasuenme Jlamnaca. Coe-
JIOBaTEJIbHO, KOJeOaHWs yHpyrux MeMOpaH B IPOCTPAHCTBE MOYKHO MOJE/JINPOBATH B Kade-
CTBe MHOroMepHOro ypasuenus JlaspentneBa-Bumnamze ([1,2]). Teopust xpaeBeix 3amad s
runepOoIO-3/THITHIECKUX YPABHEHUH Ha IJIOCKOCTH XOPOIIO H3ydeHa (CM. HAPUMEpP, MOHO-
rpacduto [2,3] u npusenennbie B HUX Gubauorpaduio). ITpobiemMa KOPPEKTHOCTH CMeITaHHbIX
3189 U1 TUIePOOIO-3/UTMITHIECKUX YPABHEHUH B MHOIOMEPHBIX OTDAHUYEHHBIX OOJIACTSIX
BCe ere ocraercss OTKpuIThIM ([4]). MuOTOMepHSBI anamor 3agadu TpukoMU JJIsT ypaBHEHUS
JlaBpenrneBa-Bunaaze 611 mocrasien B [4,5] (em. Takxe [6]). B paborax [7,8] mokasamo, srta
3a/1a9a MMEET HE eIMHCTBEHHOE PeImeHne. KCTeCTBeHHO, BOSHUKAET BAZKHBII BONPOC: B KaKOii
CMeTTaHHOl 00/1acTu pernteHne 3aa4u | PpUKOMHE sIBJIS€TCsS eTMHCTBEeHHOI! B Hacrosmeir pa-
O60oTe NMPHUBOJMUTCSA CMelllaHHasg 00JacTh, B KOTOPBIA perienue 3aja4u TpUKOMEH TPUBHAJIBHOE.
[Moryuen Tak»ke KPUTEPWil €IMHCTBEHHOCTH KJACCUYECKOTO DPEIEHUsT. 3/eCh TAKKE CJIELyeT
orMmetuTh pabory [9] , rae usygaercs 3amgaau TpukoMu B TpeXMepHOi 061acTH.

ITocranoBka 3ama4um u pe3yabTar. [lycts (). - KOHeUHAasT 00J1ACTh €BKIMI0BA TPOCTPAH-
crBa E,,.1 Touek (xy,...,Ty,1), orpanndennas npu t > 0 cepudeckoit moBepxHocThio [ :
[z +t* =1, anpn t < 0 xonycamn K, : |z| = —t +¢e, Ky : |z| =1+1¢, S <¢ <0, one
|z| - mamba BekTopa T = (X1,..., ), a 0 < & < 1. O60o3nadum yepes Q7 u Q7 yacru obiacru
Q., nexarue B mogaympoctpancTBax t > 0 u t < 0, wepe3 S°— obmryto gacTb rpanur 00.a-
cru QF, €. - npeacrapagiomux coboit muoxkecrso {t = 0, 0 < |z| < 1} Touek u3 E,,. Hacrs
kouycoB K., K, orpanmunBatonux objactu 2-, obo3HauuM uepe3 S., S; coorBercTBeHHO. B
obiactu ). paccMOTPUM MHOIOMepHOe ypaBHeHHue JlaBpeHTheBa—buraize

Az + (sgnt)uy = 0, (1)

rae A, - omeparop Jlammaca Mo mepeMeHHBIM I, ..., Ty, M > 2. B gaabHeiintem HaM y100HO
HepeiiTu OT JAEKAPTOBBIX KOODJAUHAT 1, ..., Ty, K cepudeckuM 1,0y, ....0, 1, t,r > 0,0 <
0 <2m,0<6, <mi=2..,m—1 0=(0..,0, 1). B kadecrBe MHOrOMepHO# 3aja49u
Tpuromu paccmarpuBaercs cienyomias 3agada 1. Haiitu pernenue ypasuenus (1) B obiactu
Q. mpu t # 0 m3 xracca C(Q.)N NC?(QF U Q) yroBeTBopsomee KpaeBbiM yCIOBHAM

u|FUS€ =0.

Torna cupapenauBa
Teopema 1. Pemenne 3amaun 1 u(r,0,t) =0 < ¢ > 0.

KiroueBsle ciroBa: kpurepnii, 3a7a49a TprKoMy, MHOTOMEpPHOE ypaBHEHEe, KJIaCCHIeCKoe pertenne, chepuaeckue GpyHK-
UH.
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KPAEBAMA 3AJJAYA JJId YPABHEHUA YETBEPTOTO IMOPAJIKA
COLAEP2XKAIITAA BBICOKVYIO ITPON3BOJHYIO B HAYAJIBHON U
®UHAJIBHON YCJIOBUSX

1. AMAHOBYe, O.IIL. KIIJITUOB2®

L @epramckuii rocygapcrseHHbLi yHIBEPCUTET, Y306KHCTAH
2 Hucruryr Maremaruxkn AH PY3, Tamxkent, Y36exkucran
E-mail: *damanov@yandex.ru, ® oybek2402@mail.ru

B obnactu Q = {(z,t): 0 <x <p, 0 <t < T} paccmorpum ypaBHeHHE

Ut — Uggzer = f($7t> (1)

rae f(z,t)— 3amanHHast w3BecTHAs DYHKIHS.
Bapaua. B obiactu () maiitu perenune u(x,t) ypasaenust (1), yI0BIeTBOPSIONIEe YCIOBHIM

u(0,8) = 0, u(p,t) =0, 0<t < T, (2)
Uz (0,8) =0, uge(p,t) =0, 0<t < T, (3)
oAt
w(z,O)—gp(w), 0<z<p, (4)
OFu

rjae k > 2— bukcupoBaHHOE HATYPAJIBHOE YUCTIO.

EnuncrBenHocTs pemiennst 3agaun (1)-(5) 10Ka3bIBAETCS CIEKTPATBHBIM METOJOM HCIIO b-
3yst nosHOTHL byHkuu X, (x) [1], as1st goKa3are bcTBa CyIEecTBOBAHHS PEIEHUS IPUMEHACTCS
Metos Pypbe.

KuroueBrble cjioBa: kpaeBas 3371a4a, MeTox Oypbe, CylneCTBOBAHNE PENIEHNs], € JUHCTBEHHOCTD PEIIeH .
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Yci10oBUsl U3JAYUYEHUS OJHOMEPHON 3AJJAYN 30MMEP®EJbIA
Humap AMUPYJIBL

Huacruryr maremarnkn n Mmaremarmdeckoro mogeauposanne, Amavaror, Kasaxcram
KasHY nm. Amn-@apabu, Anvarsr, Kazaxcran
E-mail: didar.matai@Qmail.ru

B pabote [1] mpu HEKOTOPBIX OrpaAHUIEHHBIX HA KOMIIJIEKCHBIX ITapaMeTpax A\ HaiieH sBHBII
BUJI 9TUX I'PAHUYHBIX YCJIOBUI Yepe3 rpaHuYHOe YCJ0BUE MOTEHInaa [ eIbMIoJibIla, 3a/[aBaeMoe
HHTErPAJIOM B KOHEYHast 00/1acTh () mHTErpaioM

u(x,M:/ Ca— €N p(EN) de 1)

1

riae e(x — &, \) - dyHmaMenTaIbHbIe perlieHnst ypaBHeHus [eapMrombia,
—Aze(z) — e =0 (2)

p(&, A)— WIOTHOCTH HOTEHIUAA, A— KOMILJIEKCHOE YUCI0, a 0— jeibra-pynkius Tupaka.

DTH IpaHUIBl YCJIOBHS 00aJaI0T TeM CBOHCTBOM, YTO CTAllMOHAPHBIE BOJIHBI, HIYIIHE W3
obnactu ) B OS2, mpoxonar depes 0f) 6e3 0TpazKeHusl, T.e. sIBJITIOTCS TPO3PATHBIMA TPAHUIHBIMI
YCJIOBHSIMH.

B pa6ore [2| B obmiem caydae B R™, n > 3 pemeHa npobJeMa CBeJEHUs 3a/1a9i 30MMep-
dbenpaa K rpaHnYIHO 33/1aUe B KOHeYHOH obaacTu. [Ipu BeITOTHEHHH HEOOXOAMMBIX YCIOBUSIX
JUtst moTeHIraaa Leabmroabia (1) Takzke HaifeHa ero wiorHocTh p(&, \).

MeToIpl HCcIeI0BaHe MHOTOMEPHBIM 331a1ueM 30MMepdeTbia He 0JHOMEPHBIM CJIydae Tpe-
Oyer cuenuajbHble HCCIeH0Banne. [Ipu 91oM yeaoBus u3jrydenusi 3oMMepdesibia B OHOPOIHOM
CJIydae TaKzKe OTJMYaeTCs OT MHOTOMEPHOI caydail. Bee sTu otyimuust ¢Bsi3aHbl ¢ 0COOEHHOCTS-
MU (DYHIAMEHTAJIBHBIX PEIeHUH.

Jlemma. Oyukius

sin A|z — |
cla— 6 = T2

ABJIAEeTCA (byH,ZLaMeHTaHI)HbIM penienueM ypaBHCHUU

d2

wa(x — &)+ Ne(z — &) =d(x —€).

Teopema 1. OxnomMmepHblil morennuas [e1bMrobia

1
ule) = [ (.6 NFE)E
0
npu J000M f yIOBJIETBOPSIET TPAHHUIHYIO YCIOBUIO
u'(0) + o' (1) + u(1)Asin A = 0,

sin A
2\

Teopema 2. Ilycrs f(£) = 0 BHe koneunom matepsase (a,b) € R', Torma cymecTsyer eamH-
CTBEHHOE pellleHre ypaBHeHUH [ eTbMToTbIa 33/ 1aBaeMblil (hOPMYITBI

00 eik|x—£|
ulz) = / T ey

oo Ik

u' (1) + u(1) cos A+ u(0) = 0.
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VIOBJIETBOPSIOINIEe YCIOBUS H3JIyUeHUs 3oMMepdeabia

lim (—u'(b) + iku(b)) = 0, Jim u(b) = 0,

b—o0

lim (—u'(a) + iku(a)) =0, lim u(a) = 0.

a—r 00 a—0o0

KiroueBble ciioBa: yHIaMeHTAJIbHBIE PelleHre, ypaBHeHus [ eIbMroJibiia, yeaoBus 3ommepdenbia.
2010 Mathematics Subject Classification: 34B09
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TEOPEMA O MVYJIbTUIIJIMKATOPAX JIBOMHBIX PA10B ®YPBHE-XAAPA

A.H. BAOIMPOBA®

U ERY uwm. JL.H.I'ymunesa, Hyp-Cynran, Kazaxcran
E-mail: “anar bashirova@mail.ru

X, Y - upocrpancrBa dynkuuii, onpejgesennpix Ha orpeske [0, 1], takux, aro X — L.
[Tycrb {¢} - moanast opronopmupoBanuas cucrema. [lycrs dyukuuu f € X coorBercrsyer ee
psin @ypre o manHoii cucreme {@y }

FY o arr,
g

rie ay - Kodpdurmenrer Pypbe byuknuu f 1o cucreme {@y}. Bymem roBoputh, 4To mMOCITE-
JIOBATEJLHOCTh KOMILIEKCHBIX dncess A = {\;} sBisercs Myabrumiakaropom Oypee u3 mpo-
oo

crpanctBa X B mpocTpaucTBo Y, ecim s dyakmun f € X ¢ psagom Dypbe D appy Hali-
k=1

o0
nerca dyakuus fy € Y, psag Pypbe KOTOpOii COBIAMAET € PSIOM Y ApQp@r W OMEPATOp

Af = f\ aBagercs orpanmdennsiM omepaTropoM u3 X B Y. Muoxkecrso m(X — Y') Bcex ompe-
MEJICHHBIX TaAKAM 00pa30M MYJbLTHILIIKATOPOB SBJIAETCH JHHEHHBLIM IPOCTPAHCTBOM ¢ HOPMOIL
[Allmx—v) = [[Al x—y-

[Iycts x = {ng (%) }(ky j)eq - cucrema Xaapa. Pan @ypre-Xaapa jna byukmun f(z1, 22) €
L1[0,1]? umeer Buj

co  2F1 2k2

E E E E J17J2 J1 J2
I17'r2 k:l,k‘g Xkl <$1)Xk2 (x2)7
k1=0 k2=0 j1=1j2=1

rie afl’]é( f) — koabdpunnenror Pypne-Xaapa dynkuun f.

[esbio ganHoi paboThl ABILETCS OJYIeHIE TEOPEMbI O MYJIbTUILIMKATOPAX JBORHBIX PsII0B
Dypbe-Xaapa B aHH30TPOIHBIX TPOCTPAHCTBax JIopeHra.

[ycrb f(x1,x2) - m3mepumas wva [0, 1]" dynkuus, depes f*1*2(tq,ts) 0603HaUNM DYHKIHIO,
MOJIyYeHHY IO TIPHMEeHeHneM HeBo3pacTarolieil mepectaHoBKr K dbyHKmn f(xq, x2) mocaeaoBa-
TeJBHO 10 HEPEMEHHBIM T1, To.
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[Iycts p = (p1,p2), T = (11, T2) Takue, uro ecnu 0 < p; < 00, 0 0 < 7; < 00, ecan p; = 00,
TOU T, =00, 1=1,2.

Aumszorponnbiv npocrpancrsom Jloperna Ly 7([0,1]?) [2] masosem muOxecTBO byHKIMIL,
JIUISE KOTOPBIX KOHEYHA, BEJMIHHA

1
Lol o T\ T dty |
Izso 0 = | [ (/ (tgztflfw(thtz)) —) dia) ™
0 0 t1 to

T

1
37eck U najee, KOrJa 7T = 00, HHTETPAJ (f (p(t)" %) MOHUMAaeTCst Kak sup o(t).
0 >0

Tora BepHa cieyolias TeopemMa:

L — 1 (1 1 _
Teopema. Ilyctp 1l <p<g<oo, 0<7,5 <00, = (s_i_r_i>+_
= max {si — %, 0}, 1 = 1, 2. Torma mocae10BaTeIbHOCTh KOMILIEKCHBIX THCET
1 1
A= {)\ﬁj,jz (ki j)eq SBisgercs myaprammkaropom u3 Ly z[0,1] B Lg5[0,1]* rorza n toabko
Tor/a, Korjaa
1
T1 % T2
oo [o¢]
(L—L>k1+(i—i)k2 J1j2
E g 2\r1 @ P2 a2 sup })\kl,@‘ < 00
ka=0 \ k1=0 ;ziljf;? g
W BEPHO
[Mllnzgri0.12 L st0.112) =
1
00 oo . % ”
5 (57 (ol-H)a ) "
= 2\r1 P2 a2 sup |)\k1,€2‘
_ _ 1<j,<2ki

ko=0 \ k1=0 i:l,ZZ

3necy w gajtee B caydae, KOIja T; = —+00, COOTBETCTBYIONIAS CYMMa B BBIPa’KeHHH CIIPaBa

3aMeHSIeTCS] HA CYIPEMYM.
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KuroueBrbie cioBa: psagsr Pypoe, cucrema Xaapa, MyIbTUILIHKATOPEI paaoB Pypre-Xaapa, aHH30TPOIIHOE IPOCTPAH-
ctBO JlopeHta.
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TEOPEMEI BJIOXKEHUA OJIsd IIPOCTPAHCTB
HUKOJIbCKOTO—BECOBA CO CMEIIIAHHOM METPUKOMN

Kyanpimm BEKMATAHBETOB!, Kab6burasst KEPBEHEB?,
Epxan TOJIEYTA3BIL®

! Kaszaxcrancknit ¢pmmuan MI'Y mvernu M.B. Jlomonocosa, Hyp-Cyrran, Kasaxcran
2 Kaparanmuuckuii yausepcurer uvmenu axaj. E.A. Bykerosa, Kaparanga, Kazaxcran
E-mail: “toleugazy.yerzhan@gmail.com

[Iycte a = (ag,...,a,) ER" 1 <q=(q1,-..,q) < 0.
Hepes [§(A) Gymem 0603HATATH MHOZKECTBO KPATHBIX TOCTETOBATETLHOCTEH {a) fiern €O 3HA-
deHusgAME B A, JIJIsi KOTOPBIX KOHEYHA CJIEYIONAast BeTHInHa

1/q
||a||lg(A) = (Z (Q(G,k)||ak||A>C1> 7

kezZm

ek (a, k) =370 ajk;.

[Iycrs mynasrunmgeke 1 < p = (py,...,pn) < 00.
IIpocrpancrBoM JleGera L,(T™) co cMemranHO# MeTPHKON Ha3bIBaeTCs MHOXKECTBO (DYHKIUiL
(eMm. [1]), ay1st KOTOPBIX KOHEUHA CIEYIONAs BETUINHA

Pn/Pn—l 1/pn

27 27 pz/m
||f||Lp(w):/0 ((/0 \f(xl,...,xn)|P1dx1> dz,

1/p
Bripazkenne (fo% ]f(t)|pdt) npu p=00 moHmMaercs Kak sup |f(t)].
0<t<2m

JlIst TPUTOHOMETPHIECKOTro pafa f ~ ) o are ¥ %) ofo3HaMuM wepes
i(k,x
As(f>x) = § CLk€( )7
kep(s)

n . s;i—1 Si 4
rae p(s) = {k = (ki,...,k,) € Z": [257"] <|ki| <2%,i=1,...,n}.
[IpocTrpancrBom Hukonbckoro-bBecopa ng(T”) €O CMeIaHHOM MeTPHUKOM, IO aHAJOTHUH C
[2], HAZOBEM MHOXKECTBO PsIOB f, /sl KOTOPBIX KOHEYHA HOPMAa

1 lsgaceny = {860 }oczn

18 (Lp(T™))

Hamu mosrydeHbl TeopeMbl BJIOXKeHUsI /I npocTparcTs Hukonbckoro-becoBa co eMmemaHHOM
METPHKOI M aHU30TPOMHBIX IPOCTPAHCTB JIopeHma.

Teopema 1. Ilycth —00 < ap = (a?,...,a%) < a; = (af,...,a}) < 00,1 < q =
(g1, qn) <00oml <pog=(pl,....00),p1 = (pl,....pp) < oo. Torma npu ag — 1/po =
a1 — 1/py crpaBenBo BIOKeHHE

Bor(T") — Bpod(T").

Teopema 2. [Iyctb 1 <p = (p1,-.-,pn) <aA=(q1,---,qn) <00, 1 <7 =(70,...,7) < 00.
Torna nupu o = 1/p — 1/q umeer mecto Broxkenue

BOT(T") < Lo (T7).
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Teopema 3. [Iyctb 1 <q = (q1,---,qn) <P = P1,--,pn) <00, 1 <7 =(70,...,7H) < 00.
Torna nupn o = 1/p — 1/q umeer mecto Broxkenue

Lgr (T") = By7(T").
3AMEYAHUE. MoxKHO TTOKa3aTh, 4To ycaoBus Teopem 1, 2 u 3 HeyIydIIaeMbl.

Funding: Aerops! 661 omep:kanbl rpantom AP08855579 KH MOH PK.

KuarogeBsbie ciioBa: mpoctpancTBa Hukoabckoro-BecoBa co cMenanHoil METPUKOM, aHM30TPOITHBIE TTPOCTPAHCTBA J10-
PeHIIa, TeOPEMBI BJIOYKEHUSI.

2010 Mathematics Subject Classification: 46E35, 26B35
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TEOPUA PA3PEIIINMOCTHU 3AJAYN KOIIIN-ITIAJIAMOJOBA B
IIPOCTPAHCTBAX OBOBIIIEHHBIX ®YHKIIUN

Awmanrensin M. BEPIMMYPATOB! ¢

L JIsicuBenckuit ¢pummasr kKIlepMcKoro HaIHOHATLHOTO HCCIIE0OBATEIHCKOIO MOJHTEXHIIECKOTO
yHHBepcHuTeTam, JIpicbBa, Poccus
E-mail: “aman2460@mail.ru

YK 51:517.9

Annortamus. B sToM Te3uce uzydaercd mpodsemMa IpoosizKeHus 0O0OIMEHHBIX pelIeHu i
JIJIST YPaBHEHHS B YACTHBIX ITPOU3BOJIHBIX C MOCTOAHHBIMEU Koddpdunuentamu. [Ipodiaemoit mpo-
JIOJIZKEHUS PeIIeHuil TAKHX CUCTeM 3aHuMaJIuCh J1. Dpennpaiic u B. Maabrpanx B 3TuX paborax
OBLIIa YCTAHOBJIEHA BO3MOXKHOCTD ITPOJIOIKEHIS PEIIeHU N3 OKPECTHOCTH I'PAHUIIBI OOJIACTH BO
BHYTPb 00JIACTHU /I MEPEONPEICTCHHBIX CUCTEM.

B.II. ITaramo/0B ycranoBu, 60/1€€ TOYHBIE TEOPEMbl O BO3MOYKHOCTHU IIPOJOJIKEHIsT 0000-
IMEeHHDbIX pe]l[eHI/IIU/I 3aJJaHHbIX B OKPECTHOCTH I'PaHHUIbI O6JIaCTI/I B HaI/I6OJI€€ BazKHbBIX CUTYalluAX.

Brenenne

PaccMmoTpuM mmpou3BOJIBHY IO OJTHOPOTHYIO CUCTEMY JUHEHHBIX JTuddepeHnnabHbIX ypaBHe-
HH C OCTOSHHBIMU KO3 pUIlmeHTaMu B MaTpuIHO#i hbopme:

P(D)u =0, (1)

rae u = (uy, ..., us) - HeM3BecTHAs BekTOp dynkuus, P;(D), i = 1,t, j = 1, s - 1pou3BoOIBHbIE
JHelHbie auddepennuaabibie omepaTophbl ¢ MOCTOTHHBIMI KoM duImenramu, a aucia t u s
IPOM3BOJIBHBI.

IlocTanoBka 3aga4n

[Ipu KaKuX yCJIOBHSIX BCAKOe 0DOOIIEHHOE perieHue cucTeMbl (1), omnpeesieHHoe B OKpecT-
HocTu jucka G(r), MoKeT OBITH MPOJOIZKEHO B OKPecTHOCTL Teda A°(r). DTy 3a7auy MOZKHO
paccMarpuBaTh Kak HEKOTOPBINA aHajor KJaccudeckoil 3ajadu Komu-ITasamonosa st 0606-
IIEHHBIX PEIeHUil: BMECTO 3HAYEHU PEITeHHs W ero MPOU3BOIHBIX PEIeHNe 3a/aeTCs Cpa3y B
Hekotopoit okpecrnocru [1] (r1. V1,84, Teop. 1, ca.1).

Teopema. Ilycts P(D) oamopommbiit ramepbomieckuit onepatop nopsaka m, v # Ry n
Yo € RZ\V, a r — mpou3BoJibHOe ducjio. Torma cymecrsyer anciao 0 > 0 takoe, aro ¥V OKpecrt-
nocts L jucka G(r), sexkamero B runepiiockocr H,,. 3 okpecrrocrs T resa A°(r) rakas,

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



22 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

9TO BCSIKYIO 0000HIEHHYIO0 (DYHKIHIO u 03 KJaacca [D]® apasioniyrocst 0000IEeHHBIM PelTeHHeM
cucremsr (1) Ha L, MOKHO MIPOJIOIKHTE 00001eHHOI (yHKIHE!H v n3 Kiaacca [DY]® spisiomeiicst
obobmennbiv penrenneM cucremsl (1) na T

3akJoueHue

[Tosry4ueno, ycjioBHe Ha XapaKTEPUCTHICCKOE MHOXKECTBO JuddepeHnuaibHoro oneparopa ¢
MOCTOSTHHBIMU KO3d buimenTamu obecriednBaoinee paspemumMocts 3a1aqu Komu-Ilazamomosa
B KJ1acce 0O0DOIEHHBIX (DYHKIUN KOHEYHOI'O MOPSJIKA.

KinroueBble ciioBa: runepOoInecKuil 0IIepaTop, KOHYC BBIILYKJIBIH, JUCK BBIILYKJIbIil, THIEPILIOCKOCTD, ajaredpantieckoe
MHOroo0pa3ue, XapaK TePUCTUIECKOe MHOKECTBO, KOMIIAKT.
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KPAEBBIE 3AZIAYY JJIS [ICEBJOTUIIEPBOJIMYECKUX YPABHEHUI
I'B. TEMW/JIEHKOLM

U Uncruryr maremaruxn mva. C.J1. Coboresa CO PAH, Hosocubupck, Poccus
E-mail: “demidenk@math.nsc.ru

B monorpadun [1] uccieoBaaucs Kpaesble 3aJ1a4u sl KIACCOB YPABHEHUIl, HE paspelleH-
HBIX OTHOCUTEJIBHO CcTapiieil Iponu3BOIHOM’,

-1
Lo(Du)Dju+ Y " Lip(Ds)Dfu= f(t,z), t>0, z €R", (1)
k=0

rae Lo(D,) — KBa3swaLuIunTHUYeCKuii omeparop. B muTeparype Takme ypaBHEHHsI TacTO HA3BI-
BalOT ypaBHEHUsAMU CO00JIEBCKOrO Tuiia. DoJibIioil uHTEpec K TaKUM ypaBHEHUSM Obljl MHU-
muuposan ucciaenopanusiv C. JI. CoboseBa [2| mpobiembl 0 MabIX KOJeOAHUAX Bpalaromieiics
KuakocTH. B HacTosIIee BpeMst CYIECTBYET MHOTO TEOPETHIECKUX W MPUKJIATHBIX UCCJIeI0BA~-
HUI 33,184 JIJ/Isl ypaBHEHUI, He Pa3PeIIeHHbIX OTHOCUTEIBHO CTAPIINeil ITPOU3BOIHON. Y paBHEHUS
B (1) BOBHUKAIOT MIPH MOJIETUPOBAHUU PA3JIUYHBIX Iporiecco [1]. B koHIe mpomuioro Beka
C POCTOM KOJIMYECTBa CTaTeil 10 STUM ypaBHEHUAM “‘CTajia OYeBUIHON HEKOTOpad KJaccudu-
Kanuu ypasHenuii Buja (1). IlpoananusupoBas Gosibliioe YHCIO paboT, aBTOpH 1] BBLIE TN
TPH KJIACCa YpaBHEHHIl: ypaBHeHHS COOOJIEBCKOTO THIIA, ICEBAONAPA0OINIeCKHe YPABHEHNAS 1
ICEeBIOTUIEPOOINYECKIE Y PABHEHNUS.

[Ipu usyuennu 3amauan Komu st ncesgorunepbonaeckunx ypapaenuii (1) ¢ mocrosiHHbI-
mu Kodbdurmentamu B paborax |1, 3| Buepsble GbLIN MOJTYYeHBI SHEPrETHUYECKHE ONEHKH W
JIOKA3aHA TEOpPeMa O Pa3PeninMOCTH B BECOBBIX CODOJ/IEBCKHUX TpocTpaHcTBax. OTMerum, 9TO
ypasaenus Buja (1), paccmorpentbie B |1, 3|, He copepKagn MAATIMHX 4I€HOB (B 0000IIEHHOM
cMmbicie). OBobIIeHne 3TUX PE3yIBTATOB J1Jisl KJIAcca yPaBHEHUI, COMePZKAITIX MIAJIIINE YIeHbI,
nosiydeno B pabore [4] Hekoropsiit Kiace mceBaorunepbonIecKuxX ypaBHeHUH, YI0BIETBOPSIO-
MAX YCJOBUIO W30TPOMHOCTH, OBl paccMorper B [5]. Asropsl [5] yeranoswin sHeprerudeckue
OLIEHKH U JOKA3AJH TEOPEMbI O PA3PEIINMOCTH B HEKOTOPHIX BECOBBIX CODOJIEBCKUX IIPOCTPAH-
CTBax.

B sroit pabore mMbl m3ydaeMm KpaeBble 3a7a4u JJIsl MCEBAOTHIEPOOINIECKUX ypaBHEHUIT C
HOCTOSHHBIME KO3 dumnmertamn u muaamumu waeHaMu. OTMeTuM, 970 B OTJINYNE OT THIep-
OOTMUIeCKUX U MAPabOIUIECKUX YPABHEHU, HAJUYNE MJIA/IIINX 9ICHOB B YPABHEHUSIX, HE Pa3-
PEITeHHBIX OTHOCUTEIBHO CTapIeil MPON3BOIHON MOXKET CYIIEeCTBEHHO TOBJIUSTH HA Pa3Peri-
MocTh 3a1a4 (em. [1]).
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KuroueBrble ciioBa: mceBmorumnepboImyecKne ypaBHeHNs, KPaeBble 33a4n, YPAaBHEHHs COO0JIEBCKOTO THUIIA, SHEPTeTH-
9eCKue OLECHKU.
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OB OJITHOM IMOJIYHEJIOKAJIbHON KPAEBOW 3AJIAYE
IIEPUOANYECKOI'O TUIIA JIsI TPEXMEPHOI'O YPABHEHUSI TPUKOMU
B HEOTPAHUYEHHOW ITPU3MATUYECKON OBJIACTU

C.3. IXKAMAJIOBY®, P.P. AIYPOBY, X.II. TYPAKVJIOB!®

U Mncruryr Maremaruxkn AH PYs, Tamkent, Y36exucran
E-mail: *siroj63@mail.ru, Yashurovr@gmail.com,
“hamidullo20181987@gmail.com

Kaxk u3BectHo, B pabore A.B. Bumnanse mokaszano, 4to 3amada /upuxie Ias ypaBHEHHS CMe-
HIaHHOrO TUa HeKoppekTHA |1|. EcTecTBenHO BO3HHKAET BOIPOC: HEJIb3sT JI 3aMEHHTD YCJIOBUS
3aga4n Jupuxje ApyruMu ycJIOBHSIMHU, OXBATBIBAIOIIUMY BCIO I'DAHUILY, KOTOPblE obecriednBa-
10T KOPPEKTHOCTD 33a4u! Briepsele Takue KpaeBble 33,1249 JIJIs YPABHEHHS CMEIIaHHOrO THIIA
Obln mpe/yoxKkensl u u3ydensl B pabore @M. .Ppankia [2]. Kak 6am3kue 1m0 moctaHoBke K
U3ydaeMbIM, 3aJ1a490 JJIA yPAaBHEHUs CMEIIAHHOI'0 TUIA IepBOTO POJa UCCIeJI0BAaHa B OTDAHU-
deHHBIX 00sacTax B paborax [3]-[5].

B namnoit paboTe ¢ HCIOIB30BAHEEM PE3yIbTaToB pabor [4]-[5] uzyuaiorcs omuosnavnas pas-
PeIIIMOCTh U IVIAJKOCTh OOOOIIEHHOTO DeIIeHUs] OJHON NMOJIyHeJOKAIbHON KpaeBoil 3a1adu B
HeoTpaHMYeHHON oOnacTu. B obmactu

Q=(-1,1)x(0,T) xR =

=Q1 xR={(z,t,2);x € (-1,1),0<t < T < +00, 2z € R},

paccMoTpuM ypaBHeHHe TpuKOMH:
Lu=zuy — Au+a(z,t)u +c(x,t)u= f(x,1,2), (1)

rjae Au = Uy, +u,,- oueparop Jlamraca . Ilycrs Bee koadbdunmentsr ypasenus (1) gocraroqso
rraakue PyHKInn B obsactu Q.
TTonyHenokanbHasdg KpaeBad 3ajiadya mepmoamdeckoro tuma. Haiitu obobiennoe perire-
uue u(z,t,z) ypasuenus (1) uz npocrpancrsa W2, (Q), yaoBaeTBOpsIONIee CJeAYIONEM Kpae-
BbIM YCJIOBUSIM

DY ul|,_, = D ul (2)

Ty Ul—g t Yl=r>
u|ac:—1 = u|x:1 = O’ (3)
P

npu p = 0,1, tne DVu = %, D%u = u, y—HexoTopoe MoCTOSHHOE YHUC/I0, OTIMIHOE OT
HYJIs, BEJIMYNHA KOTOPOro OyaeT YyTOYHeHa HUKE.
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Omnpenenenne 1. O600meHnbIM pentenuem 3agaun (1)-(3) Gyuaem Ha3bIBaTh (DYHKIHO
u(x,t,z) € W3,(Q), yrosaeTBopsioliee ouTH Beioay ypapuermio (1) ¢ yeosmavm (2)-(3) .

Teopema 1. [Iycrb BbIIOJHEHBI CIeAyIONHe YCaA0BHs /st Ko3huimentos ypapraernns (1);
2a(z,t) + px > 6 >0, pc(x,t) — ez, t) > 6 >0, gz seex (z,t) € Q, rae p= 2In|y[ >0
mpu [v|>1, a(x,0)=a(z,T), c¢(x,0)=c(z,T). Torza ars moboii pynxmun f € Wy, (Q),
rakoi, 4ro v - f(x,0,2) = f(z,T, z), cymecrByer eqnHCTBEHHOE 0OOOUIEHHOE DENIeHHe 3a a91
(1)-(3) m3 npocrpancrea W3 (Q), 1 1/is Hee CHpaBeIHBEL CIEAYIONIHE ONEHKH:

2 2
). HUHWQ{I(Q) <a ||f\|w§1(c2)
2 2
) Nullwg, @) < 2 lfllwg @
B JaJIbHEHIIeM 1epe3 ¢; — 0003HaTIHM MOJ0XKUTe/TbHBIE BOOOII[e TOBOPSI, Pa3HbIe MOCTOSTHHBIE

qucjia, OTJIHIHBIC OT HYJIS.
Bnecw wepes W, (Q) obozmawreno rmmnbepToBo mpocTpancTBO ¢ HOPMOit

—+o00
lullfyy g = (2m)72 - / (14 (AP - e, £ ) gy AN (4)

—0o0

riae Wi(Q1) npocrpancrsa Cobosesa, s,l—.100bie KOHEUHbIE TOJOMKHTEIBHBIE EJIbIC THCIA, A
qepes

+oo
a(x,t, \) = (2m)~1/? / u(z,t, 2) e dz

—00
obosnadeno npeobpasopanne DPypoe, pyarmun u(x,t, ).

KiroueBble ciioBa: ypaBHenue Tpukomu, mosyHeIOKadbHAas KpaeBas 3ajada, npeobposoBanue Dypbe, meromast "¢ -
peryngpusanyu " U anpUOPHBIX OLEHOK.
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O PABPEIINMOCTU I'PAHUYHON 3AJIAUM JJis IBYMEPHON
CUCTEMBI YPABHEHUI HABBE-CTOKCA B KOHYCE

Mysamapxan J2KEHAJIMEBY, Mamun EPTAJIMEB2?

! UncrnTyr MaTeMaTHKH H MaTeMaTHIeCKOro Mogenpobanms, Amvarsl, Kazaxcran
2 KazHY um. ans-Dapabu, Amvarer, Kazaxcran
E-mail: “muvasharkhan@gmail.com, Yergaliev.madi.g@gmail.com

B paborax [1]-[2]| Gl necaeaoBanbl BOMPOCHI pa3penTuMOCTH MPAHHYHBIX 331 JIJIsT yPaB-
HeHust Broprepca (J11s1 OHOMEPHOTro aHaIora cucteMbl ypapHennii Hapbe-CToKca) B BBIDOXKIa-
IOIIUXCS 00JIACTAIX.

B manHOM €O0OIIEHNH B COOOJIEBCKUX KJIACCAX Mbl M3y9aeM BOIIPOCHI Pa3PEIIMMOCTH JBY-
MepHOIi cucremsl ypapaenuit Hapbe-CTokca ¢ OIHOPOJIHBIMU TPAHUYHBIMU YCIOBUAMEI Jupuxiie
B HEIMJIMHJIPUIECKON BbIPOXK 1atoleiicss 001acTu, npejcTaBjieHHOil KOHYCOM C BEPIIUHONW B Ha-
qaJjie KOOPAMHAT.

[ycrb x = {x1, 22}, 1 Qu = {z,t : |z] <t, 0 <t <T < 0o} — mepeBepHYTHIl KOHYC C
BEPIMHON B HavaJse KoOpaAnHat, {); — cedenne KoHyca npu Kaxaom dukcnposannom ¢ € (0,77,
Yzt — OOKOBas IMOBEPXHOCTH KOoHyca. OTMernM, 910 B TouKe t = 0 00/1acTh ()¢ BHIPOKIAETCA B
TOYKY.

B obustactu (Q,; paccMaTpuBaeTcs FpaHHYHad 3a1a4a JJist cucreMbl ypasrenuiit Hasre-Crokca
OTHOCHTEJIBHO JIBYyMEPHOIl BEKTOP-(DYHKITMU CKOPOCTH JBUzKeHust Kuakocta u(z, t) = {uy(x,t),
ug(z,t)} n byuknuu-nasaenus xugkoctu p(x,t):

ou ou ou

E+U1a—ml+u2a—x2—VAUZf—Vpa {z,t} € Qut, (1)
. 8u1 8u2

et AT 2

divu 9, + o, 0, {z,t} € Qu, (2)

u=0, {z,t} € 3. (3)

[Iycrs ayis nourn Beex ¢ € (0,77, Vi = {p| ¢ € (D(4))?, divep = 0},
H, = sampikanne V; B (Ly(Q))?, Vi = sampikanme V; B (W; (€))%

s rpannanoit 3amaun (1) — (3) ycranoBiaeHa ciejyromias Teopema.

Teopema. Ilycrs f € Loo(0,T;Hy) N Ly(0,T; Hy), 0,f € Lo(0,T;V)). Torna B Koryce
rpanmdHass 3aja4a i cucrembl ypaprennii Hasoe-Crokca (1)—(3) momyckaer enmrcrBenHOe
pemenue {u(x,t),p(x,t)} B mpocrpancTse

w e Ly(0,T; Vi) M HY0,T; V) N (W (Qae))?, p € L0, T; W)/ Xy),

e Wy () /Xy w [(2)lwpn)x, = kig)gt [(x) + kllw; o) fBAsOTCS cooTBeTCTRENHHO hakTOp-

MIPOCTPAHCTBOM W (baKTOP-HOPMOH 110 HOJIIPOCTPAHCTBY X;, COCTOSIIIIAM W3 BCEBO3MOXKHBIX TT0-
CTOSIHHBIX k = const, olpeJjie/isieMblX Ha MHOXecTBe ;.

OrMernm, ITO TOKA3ATEILCTBO TEOPEMbI OCHOBAHO Ha ANPHOPHBIX ONEHKAX, IIPH YCTAHOB-
JIEHHH KOTOPBIX UCIOJIB30BAaHbl pe3yasTaTsl pabor [3]-[6].

®unHaHcupoBaHue: ABTopbl Obm mogaepxkanbl rpanrom AP09258892 (2021-2023) Kommrera mayku MwuHHCTEpCTBA
obpasoBanusd u Hayku PK.
KiroueBsie cioBa: Cucrema ypasuennit Hasbe-Crokca, xonyc, ycsosue [upuxiie, anpuopHas OIEHKA.
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O 3AJAYE J/IMPUXJIE OJ4d IBYMEPHOI'O YPABHEHUSI BIOPTEPCA B
KOHYCE

Mysamapxan JJZKEHAJIMEBY®, Kamxapbexk UMAHBEPINEB2?,
Apmnait KACBIMBEKOBA!2:¢

U Hucruryr maremarnku u MaTeMarmaecKoro Mogeuposanns, Amvars:, Kazaxcramn
2 KaszHY nwm. amp-@apabu, Amvarsr, Kazaxcran
E-mail: “*muvasharkhan@gmail.com, *kanzharbek75ikb@gmail.com
¢kasar1337@gmail.com

Onuomepnas 3amada [upuxie B BoIpozxgaomeiics obnacru Oolia uccaegosana B [1[-[4].

B saHHOM €OOGIIEHUI B COGOJEBCKHX KJIACCAX M3YYAIOTCsl BOIPOCHI OJHO3HATHOI paspenu-
MOCTH TpaHH9HON 3a1a4uu lupuxie st 1ByMepHOro ypasHenust Broprepca B obaacTu, mpej-
CTaBJICHHONH KOHYCOM.

TTocTraHoBKa 3ama4m U OCHOBHOi pesyabrart. [lycts Q. = {x,t: |z| = /2 + 23 <
kt, 0 <t < T < 00, 0 < k < o0} ecrb obsacTh, KOTOpas BhipoxKgaerca upu t = 0, u
Q= {|z| < kt} aBnsgercs cedenuem 061aCTH (g 1718 GUKCHPOBAHHOIO 3HAYCHHS IE€PEMEHHO
t € (0, 7). Xy =0 x (0,T), vae 02 ectb rpanuia Kpyra ;.

MbI uceeyeM paspenuMoCTh TPAHUIHOM 34189 JIJIs IBYMEpHOro ypasHeHns Bioprepca:

atu+u[vug]_VAu:f7 {mat}eQwh (1)
u=0, {z,t} € Ty, (2)

rie € = {1,1} — aByMepHBIil BEKTOD € eIMHUIHBIMA KOMIOHEHTaMH, [V - €] = Oy, u + O, u.
f € La(Qu), v = const > 0. (3)

Teopema (OcuHoBHOit pesyabrar.) Ilycrs f € Lo(Qu) (3). Toraa rpanmanas 3ajada
(1)—(2) mmeer equncrBennoe perreHne

w € Hy'(Qur) = {La2(0,T5 H* () N HY(Q)) N H(0,T; La()) } -

OTMeTuM, 4TO JIOKA3aTEJIbCTBO TEOPEMbl OCHOBAHO HA AIPHOPHBIX ONEHKAX, IPU YCTAHOB-
JIEHHH KOTOPBIX UCMOJIB30BAHBI Pe3yIbTaThl padbotT [5]-[7].
Funding: Asropsr 6b1m nomaepxans rpantom AP08855372 (2020-2022) MOH PK.
KuroueBrnlie cioBa: Ypasuernne Bioprepca, BrIpoxkIaiomasics 00,1acTb, ycaopus upuxite, anpruopHbIE OIEHKH.
2010 Mathematics Subject Classification: 35K55, 35K05, 35R37
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OBPATHAS 3AIAYA JIJISI HEJIOKAJIBHOTO YPABHEHUA
TEIIJIOIIPOBOJHOCTHA

2Kasupa EPKUIIEBAY, Barupxan TYPMETOBM
I Mesx qynaponuerii Kazaxcko-Typenkuii yauusepcurer nvernu A.SIcasu, Typxecran, Kazaxcran
E-mail:%jazira78@mail.ru, *turmetovbh@mail.ru
[Mycrb Q, = {x = (v1,22) : =1 < 21,29 < 1}, Q= (0,T) X Q,. [lyst ypaBHeHust
ou(t, )
ot

B obs1acTH ) pacCMOTPHUM CJIEIVIONLYIO 3aa9y:
Bapaua ID. Haiitu pemtenve ypasuenus (1) B obaactu €2, yI0BIETBOPSIONIEe YCIOBUSIM

= Ayu(t, z) + alAyu(t, —x) + f(x) (1)

u(0>$) = (p(l')’ U(Tv I) = ’;Z)($),ZE € Qy, (2)

u(t,z) =0, (t,x) € [0,T] x 0. (3)

Baech p(z), ¥(x) - 3ananube Ha Q, GYHKIME, TPUIIM BBITOTHSIIOTCS YCIOBHS COTIACOBaA~
HUA

©loa, =0, ¥lon, =0.

[Tox perynspubiM pemerneM 3aiaun D Gygem norumars mapy dbyukmwi (u(x,t), f(z)),
rakue, 4To u(t, x) € C’tl,;f (Q),f(z) € C(,), ynosrersopsiontyto ypastenuto (1) B o6macta Q u
yeaosusim (2) - (3).

B 0lHOMEPHOM C/Iyuae aHAJOIUYHBIE 33491 UCC/Ie10Banbl B paborax [1,2].

[IycTh

Ve = (kjﬁ)Qa Vko = ((k - 075)7T)27 k= L2, ..,

Yy, (x1) = sinkway, Yy, (z1) = cos(k — 0,5)mxy, k=1,2, ..,
Ony = (nﬂ-)Q’ Ony = ((n — 0,5)71’)2, n=12 .,
I,y (x9) = sinnnwy, Zp,(x9) = cos(n — 0,5)7x, n=1,2, ...

Ob6o3nayum
{ i, = s + ny b o {Whim, (@1, 22) = Vi (21) - Zp, (22) }, 0,5 = 1,2,

{)\k’i,n]‘ = (1 + (_1)i+ja)ﬂki,nj} ) {wk’i,nj (1'1, x2) = Vk;n; ($1,$2)} ) Za] = 17 2.
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IMeeT MecTo cIeyomas TeopeMa. )
Teopema. Ilycts | a |< 1,¢(x),¢(z) € C3 () NCL3,, (Q) 1 yrosrersopsior cienyommm
VCJIOBHSIM:

¢ loa, =0, ¥ |aq,
@(_17$2) =0, SO(LxQ) =0, Qp(xlv _1)7 @(Ila 1) =0, (t,l‘g) € Qt,xza
¢<_1,$2) = Oa ¢<1,£U2) = O) ¢($1> _1) = O,¢<$1, 1) = O? (t,lL‘g) € Qt,a)Q‘

Tora cyniecTByeT e IHHCTBEHHOE PerysSpHOe pellieHne 3aaqu ID u oHO onpeeisaeTcs psaaMi

00 2
U(t, IL') = QD(.Z') + Z Z (e_)%i’njt - 1)Cki7njwki7nj ('T)a

kn=11j5=1
00 2
f : : z : kl7n] ¢k17nj Okiynj)wkiynj (x)’
kn=11,j
rjge
Ck- =l T 7 =1.2
15705 1— efkkiv"jT 2w ) &y

himy Uk, KOSDbIEnTE Dypre bymkuuti p(z) 1 v(z)

Funding: Asropst 6b1mu nomuepxkansl rpanrom MOH PK e AP08855810.
KurogeBble cJI0Ba: HEJIOKAJIBHBIN OIEPATOD, YPABHEHUE TEIIONPOBOIHOCTH, OOpATHAS 33/1a49a, PErYJISPHOE DEIleHVe.
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CBOWCTBA PEI'VJISIPHOCTHU OJHOI'O KJIACCA NUPPEPEHIINAJIBHBIX
YPABHEHU BTOPOT'O IIOPAIKA

Amuner ECBAEBY, Kopman OCITAHOB!

! Espazniickuii Hanmonassusit yausepcurer uv. JI. H. Dymungsa, Hyp-Cynran, Kazaxcran
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Paccmorpum ciefyionnee ypaBHeHHE

—p(x) (p(x)y) + r(x)y + s(z)y = f(2), (1)

e r € R = (—00,+00), p — aBaxabl HenpepsiBaO Auddepentupyemast, 1 # 0 — HenpepbIB-
HO nudpbepennupyemasi, a § — HenpepbiBHag byHkuu, f € Ly = Ly(R). K ypaBuenuto (1)
¢ TepeMeHHBIME KoM dUIMeHTaM TTPUBOIAT HEKOTOPbBIe 331a9l CTOXAaCTHYECKOTO aHAJIN3a U
dbunancosoit maremaruku |1, 2|.

[Iycrs ouneparop loy = —p(py’) + ry’ oupeienyn Ha MHOXKeCTBE C’(()Q) (R) jBakipl Hempe-
peiBHO nuddepennupyembix dyukuit #Ha R ¢ kommakTabiM HOCcuTesiem. O6o3HauuM depes [
3aMblKaHue [y B HOpMe mpoctpaHcTBa Lo. @yukiuioo y € D(l) Ha30BYM pellileHneM ypaBHe-
uust (1), ecnin ona ynosserBopsieT paBeHcTBY ly = f. JIs 33 JaHHBIX HEMpepBIBHBIX QyHKIH
g n h # 0 onpenennm

g (®) = 190l a0 Iz o0, (¢ > 0),
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Bon(T) = 19l o) | Lo (o0, (T < 0),

Vg,h = IMAX (sup agn(t),sup 6gyh(7')) )
t>0 7<0

Teopema 1. Ilycts p(z) > 0, v, sl /] < +00, H BBIIOJHEHO OJHO U3 CJACJAYIOUIHX YCIOBUI
1) u2):

1) r(z) > 1 u cymecrsyer a € R, 4r0 sup {p(x) exp (— i T(g) dt) } < +00,

2
r<a P

2) r(z) < —1 u cymecrByer b € R, gro sup {p(x) exp (— i Lfg(ft))' dt> } < +o0.
z>b b

Torna st Jiroboii npapoii yactu f € Ly cyniecTByer eHHCTBEHHOE pelnieHue y ypaprerns (1),
" JUIA Y BBIIOJIHACTCS OIICHKA

H\/Wy’

< C .
) + |yl < Collfll o)

Teopema 2. Ilycrs BoimosHeHBI yea0Bust Teopemsr 1 u cymectsytor takme Cp > 0 u Cy > 0,

470
k
Cl_1<@<01, C§1<@<C’2, mpu |x —n| < (77),
p(n) r(n) r(n)
rae k(n) > 4 HenmpepsiBHA 1 | lim k(n) = +oo. Torma mist perennst y ypasaenus (1) Bepra

n|—+o00
CJIEVIONIAs OIleHKA MaKCHMAJIBHOH DeryaspHOCTH:

=0 (oy') || ey + 17 ey + 12+ 5Dyl o) < CllFllace)-

Teopema 3. IlycTh BBIIOJHEHBI YCIOBUS TeOpEMbI 2, a HenpepbiBHasT pyHKIms 0(x) Takas,
9TO0

max( lim ag,(t), lim ﬂg}r(T)) = 0.
T——00

t——+o0

Torna oneparop 01~ apisercs roJiHe HenpepbIBHBIM B Lo, rie |71 — obparHblii K oneparopy

[.
Funding: Bropoii aBrop 6bu1 nogzepxkan rpantom €AP08856281 «Hesmmeiinbie s/umunrudeckue ypaBHEHUs C HEOTPa-
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O CVYIIECTBOBAHUM PEHIEHUS 3AJAYU I'YPCA J1JisI CUCTEMBI
HATPY>KEHHBIX T'MIIEPBOJIMYECKUX YPABHEHUMN

Aiinyp JKOTTAMAHKBI3HIL2¢

U Uacruryr maremarukn i MareMaradeckoro Mojeauposanus, Amvarsr, Kasaxcran
2 Kazaxckwuit Harmona bHbH yansepcurer uM. aab-DPapabu, Amvarsr, Kazaxcran
E-mail: “aynur.zho@gmail.com

B obsactu 2 = [0,7T] x [0,w] paccmarpuBaercs 3amada ['ypea Jjist CHCTEMbI HATDY KEHHBIX
nupdepeHmaabHbIX ypaBHEHUN THIIEPOOJIMYIECKOTO THIIA BTOPOTO MOPSIIKA

0?u Ou ou

5y = Al t) 5+ B(a,1) 5 + O, hu+ Cole, Dyu(ro, ) + f(x.1), (1)
u(0,t) = ¥(t), te0,T] (2)
u(z,0) = p(x), z € [0,w] (3)

riae u(x,t) = (ui(x,t), us(x,t), ..., u,(z,t)) - uckomag byukuus, (n X n) - marpursl A(z,t),
B(z,t), C(x,t), Co(x,t), n - Bekrop - yukuus f(x,t) HenpepbiBHbI B obgactu ) | n -
BeKTOp - byHKIHs ©(x) HempepwiBHO quddepentupyema Ha [0, w], n - BekTOp - DyHKIH (1)
HenpepbiBao Tuddepennupyema va [0, 7], u yI0BACTBOPSIIOT yCI0BUIO coracoBanust ¢(0) =
¥(0), 0 <xy < w. Dynkuus u*(z,t) geageTca KiaccuaeckuM perrenneM 3amadn (1)—(3),
ecom: 1) dyuknus u*(x,t) wenpepbiBHa B obsactu €; 2) a“;f’t), 8u*,d(f’t), 82;;;” SIBJISIOTCSE
HENpepbIBHBIMU B 001acTH (; 3) yA0BJAETBOPsieT cucTeMe HarpyzKeHHbX nuddepeHnuanbHbIx
yDaBHEHUH rUepOoInaecKoro THia BToporo nopsaka (1) mis seex (x,t) € Q; 4) yaosiersopsier
ycsoBuio Ha xapakrepucruke x—0 (2) agst Beex ¢ € [0,7], n Ha XapakTepucTuke t—0 yca0BHIO
(3) mna Beex x € [0,w] .

Pasimamble 381291 /151 HAIPY2KEHHBIX FUIEPOOJINIeCKIX YPABHEHHI ObLIN 0OHEKTOM HCCIe-
noBanust B [1-3], e Tak:ke MoKHO HailTh 0630p 1 GubaHorpaduio mo uccaeyeMoit remaTuke. B
CBSI3M ¢ MHOTOYHUC/JIEHHBIME NPUIOKEHUAME, BOIPOCH PA3PEIIAMOCTH ¥ MOCTPOCHUS PelleHnit
KPAeBBIX 3a/1a4 /IS HAPYZKEHHBIX THIepOOJMYeCKUX YPABHEHUI BCE €I OCTAOTCS aKTyaJlb-
HeIMH. B Hacrosmeii pabore npeiaraeTcs HOBBIA IOAXO0/ K HCCJAEI0BAHNIO U PEIICHHIO 331891
(1)-(3), xoropsiii B nanbHeiinem GyaeT NIPHMEHeH K DEIeHnI0 HeJTOKATbHBIX 3313 JJis CHCTe-
MBI HAIPYZKEeHHBIX IHIePOOJINYeCKUX ypaBHEHMI BTOPOro mopsaaka. JIaHHBIH MOAX0L OCHOBAH
Ha MeToje napaMerpusanun [4] u ero momudukanuax |5, 6].

O6o3naunm gepe3 p(t) smadenune yuxmun u(z,t) B Touke © = xo : u(t) = u(zo,t) . B
samade (1)-(3) cmemaem caenyiomyio 3ameny dyukmum: — u(z,t) = u(z,t) + p(t), toe u(z,t)
- HOBasi Hem3BecTHas dyukuus. Torma 3amada (1)—(3) mepexouT K KBUBAJIECHTHON 3a1ade ¢
mapaMeTpoM

angt = Alz, t)% +B(z, t)% + C(x, )i+ Bz, t)iu(t) + C(z, t)u(t)
+Co(x, t)u(t) + f(x, 1), ()
u(0,t) = p(t) —pu(t), tel0,T] (5)
u(r,0) = p(x) — p(0), = €0,0], (6)
U(zo, t) =0,  te[0,T]. 7
)

Pemennem 3amaqn ¢ napamerpom (4)—(7) apaserca mapa ( u(x,t), u(t) ), rne dynkmua u(x,t

ou(z,t) Ou(xt) O%u(x,t
HerpepbiBHa B 001acTu {) U UMeeT HelPepbiBHbIC YaCTHbIE IIPOUBBOJHBIE —f =, 22, =0
Ha Q, dyukus pu(t) menpepwsiBHo nuddepennnpyema Ha [0,7], yaoBieTBopsier cucreme TH-

nepOoIMIecKuX ypaBHeHuit ¢ napamerpoM (4) agst Beex (x,t) € €); yaoBIeTBOPSIET KPaeBOMY

N
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yeaosuio (5) mias Beex t € [0,T], kpaeBomy yeaosuio (6) mas Beex © € [0,w]| U AOMOTHATEb-
HOMY yesioButo (7).
I3 ycaoBus cortacoBanusi JaHHBIX uMeeM: U(xg, 0) = ¢(xg) — p(0) = 0. Orcroga nomydnm

p(0) = (o). (8)

Ilpu dukcuposannom u(t) 3amada (4)-(6) asaserca 3amadeii ['ypca st cucteMbl rumep6o-
JMYIECKUX ypaBHeHuit Broporo nopsaka. Coornorrenue (7) BMecTe ¢ yeaoueM (8) MO3BOJIAET
OIPEJIeUTh HEM3BECTHBIN mapamerp fi(t).

Beejem obosnavenus: v(x,t) = %, w(z,t) = %
Hcnonb3yst SKBUBAJEHTHYIO CHCTEMY WHTerpaJbHBIX ypaBHeHuil 3agaan ['ypca (4)-(6) u co-

orrorrenue (7), TOJLyIHM

[I _ /OIO B(o, t)dQ} o(t) = /OwO(C(Q, t) + Colo,t))dop(t) —I—T/.)(t)

T / " Hot)do + / " [A0.5(0. 1) + Blo. (o, 1) + Clo, 1) (0,1)] do, (9)

rae I - e uHIYIHAS MaTPUIA PA3MEPHOCTH M.
Cucrema (9) ¢ yeaosuem (8) asisiercs 3anadeit Ko ornocurensuo Gynkiun f(t) ma [0, T

[TocTpoen aaropuT™ HAXOXK/IeHUs pertieHnst 3a1aan ¢ mapamerpom (4)-(7). Ha kaxkmom rma-
re asropurma: 1) Pemaerca 3amada I'ypea s cucreMbl TumepOOInIecKUX yPAaBHEHA OTHOCH-
tesapHo bynknun u(z,t); 2) Pemaercs 3amada Komu mis cucremsl auddepennuaababX ypas-
HEHHH [IepBOIo MOPsI/IKA OTHOCUTEIbHO (MYHKINH fi(1). YCTAHOBJIEHB! YCJIOBHSA CXOTUMOCTH aJIr0-
PUTMa, KOTOPBIE OJHOBPEMEHHO JAI0T YCJIOBHsI CYIIECTBOBAHUSI € TMHCTBEHHOTO KJIACCHIECKOTO
pemenns 3ana4u (1)—(3).
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[IpumeneHne MeTOma Pa3/le/IeHus MEePEMEHHBIX K PelleHui0 3aa9ld TeIJIONPOBOTHOCTH C
KYCOYHO-TIOCTOSTHHBIM KO3(DMUIUEHTOM TEILJIOMPOBOJIHOCTH TIPUBOJIUT K CHEKTPAJTLHON 3a/1aue
JIJIsT OOBIKHOBEHHOTO (P PepeHITHATBLHOIO OIIEPATOPa BTOPOr0 MOPSIIKA ¢ KYCOYHO-IIOCTOTHHBIM
K03(bpUIIMEeHTOM IpHU cTapiieil MPON3BOIHOII:

_ Ry (@) +a()y(r), 0 <@ <ml _
[,l(y> - {—k%y”(x) +q(x)y(x), To < T < l} = )\y($>, 0<x<l. (1)

Ui(y) = any'(0) + a2y (1) + a13y(0) + ansy(l) = 0,
Ug(y) = a/21y/(0) + a22y/(l) + azgy(O) + a24y(l) =0.

y(wo — 0) = y(xo + 0), k1 (g — 0) = koy' (20 + 0). (3)

PaccmaTpuBaloTcst OCHOBHbBIE CHIEKTPAILHBIE CBORCTBA 38144 /115l TAKOTO OEPaTOpa ¢ 00T~
MU KPAeBBbIMH YCJIOBUSAME. BbIeIeHbl HEBBIPOXKIEHHbBIE, HEPETY/ISIDHBIE, YCUJICHHO PEeryJIspHbIE,
HEYCUJIEHHO PeryJigpHble KpaeBbie yeaoBusa. KOHKpeTHbIe Ompene/ieHnst TUX KJIACCOB 3/1eCh He
OyaeM NMPHUBOANTH W3-33 OTPAHUYEHWH Ha 00Nl 00beM Te3UCOB.

Teopema 1. /st 1r06bIX HEBBIDOZKI€HHBIX yCI0BHH ciieKTp 3a1a4qu (1), (2) cocrout u3 bec-
KOHEIHOI'O CYETHOI'O MHOXKECTBA { A, } COOCTBEHHBIX 3HAYEHHI ¢ OJIHOI HPEeTeTbHON TOUKOH 00,
a pasMepHOCTH COOTBETCTBYIOIIHX KOPHEBHIX IOAIPOCTPAHCTB OrPAHHIEHBI OJHOH KOHCTAHTOH.

Ha ocnoBanuM mOJIyYeHHOR aCHMIOTOTHKN COOCTBEHHBIX 3HATEHNI BBHIBOIATCA ACHMITOTHKA
cobcTBeHHBIX GyHKIUHA. OTCIoAa AeIaI0TCS BBIBOABI O MOJHOTE CUCTEMBI COOCTBEHHBIX (DYHK-
LMIA.

Teopema 2. Cucrema {y,(x)} cobcrBennbix n npucoemaeHHbIX (DYHKIHH TOJTHA H MHHH-
magbHa B Lo(0,1); cieqoBarenbro, ona umeer 6moproronaabayto cucremy {v,(z)}.

Teopema 3. FEcj kpaeBbie ycaoBus (2) SABISIOTCS YCHIEHHO DEryJIspHBIMH, TO BCe COO-
CTBEHHBI€ 3HAYEHHS \,, KPOME€ KOHETHOI'O THCJIA, SBJSIOTCS IPOCTHIMH. JIpYTHMH CJIOBaMH,
OHH SIBJISIIOTCS ACHMIITOTHYIECKH HIpOCThIMH. IIpm 9TOM o0bIiee KOJIHYIECTBO IPHCOEIHHEHHBIX
¢yurmuit I1 komedno. Kpome Toro, cobcTBeHHBIC 3HAYCHHS \,, SBJISIOTCS OTJEJeHHBIMHA B TOM
CMBICJIe, 9TO cyilecTByer Takas mocrosaaas Cy > 0, 910 11 Bcex COOCTBEHHBIX 3HATEHHIH A,
H A\, € AOCTATOYHO OOJIBIIMMH HOMEDAMH HMEEM

V=Vl = G, (4)

(2)

Teopema 4. FEcsin Kpaepble ycjaoBust (2) sSBJSIIOTCs PEryasiDHbIMH, HO HE YCHJICHHO DEry-
JISIDHBIMH, TO BCE COOCTBEHHbIE 3HAYCHHUS 3a/1a91 00Pa3yroT JIBE CePUH \p1 , Apgy CO CJIEIYIOIIEH
aCHUMHOTOTUKOI:

Ao Anj = 2nmr +0(1))?,  npu 6 = 0;

Anj = ((2n — D)wr +0(1))?, npu 6 =1;

rae 7 = 1,2, a ugekc 0 — U3 onpeaejeHHs HEYCHICHHO DEryJISPHBIX KPAEBBIX YCJIOBHI, H

_ k1ka
T —_—
HCIIOJIB30BAHO ODO3HAUCHHE T kilt (ka—k1)zo "
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Teopema 5. Ecim KpaeBbie yCIoBHsI (2) SBJISIOTCS HEPETVISPHBIMH, TO BCe COOCTBEHHbIE
3HAYCHHS \,, KpOMe KOHETHOTO UHCJIA, SIBIASIOTCS MPOCTHIMH H BBIIOJHEHO YCJIOBHE ( 4) oTJe-
JICHHOCTH COOCTBEHHBIX 3HAYCHHUIA.

Funding: Asrops! 6blm omep:kansl rpantom No AP08855352 MOH PK.

Kuro4deBble cjoBa: ypaBHEHNE TEIJIOMIPOBOIHOCTH, HEJIOKAJIbHBIE KPAEBble 3aa4M, aCUMIITOTHKA COOCTBEHHBIX (DYHK-
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SAJIAYA TUMA 3AJAYN BUIAA3E-CAMAPCKOTO /1711 YPABHEHUSI
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Paccmorpum ypaBnenue
signy|y|™ s + tyy — Nly|"u = 0, (1)

B HEOIPAHUIEeHHOI cMermanHoit obmactn 2 = Q Ul UQy, tie Q) = {(x, y) : = >0, y > 0},
Lh={(z,y): >0, y=0}) lLb={(z,y): y>0, x=0}ady — obacrb HUKHE} MOJIYILIOC-
KOCTH OrpaHmIennas noaynpsmoit [, u 1 x — [2/(m + 2)] (—y)™+?/2 = 0 xapakTepucrukoit
ypasaenusi (1), Berxomsieii u3 rouku O(0, 0).

3J1ech MPeaoIoKuM, 9T0 m, A € R, npudem m = const > 0, a A= A npu y > 0, A = Ay
npu y < 0.

Sagaua BS™. Haiitu dbyskmmo u(z, y) co CIeayOMUMi CBORCTBAMY:

1) u(z, y) € C(QUQULUTN)NCH(Q)NC?(Q,U€Qy), mpudem u, (z,0) mpu x — 0 MOKeT HMeTD
0COOEHHOCTD IOPAIKA MeHbIIe 1 — 203, a 11 T0CTATOYHO GOILIINX T CIPABEIINBO HEPABEHCTBO
g, O)] < Mol

2) u(z, y) ynosaerBopsier ypasaennio (1) B obmactax g u (o;

3) u(z, y) ya0BIETBOPSIET CJIEIYIONUM KPAEBBIM YCJIOBHAM

u(0, y) = ¢(y), 0 <y < +o0; (2)
A u(z, y) =0 opu y > 0; (3)
AR { Db Pulbo(@)) | + ey (w,0) = d(@), (,0) € by (4)

rae ¢(y), c¢(z), d(x) — 3ananubie dbyuknuu, npudem @(y) € C[0, +00) U npHU ITOCTATOYHO
GOTBITIX Y yIOBAETBOpseT HepaBeHCTRY |p(y)| < Moy 1=™/27¢ ¢(x) € C'[0, +00)NC?(0, +-00),
d(z) € C?(0,+00) u d(z) aas JocTaTOuHO GOJIBINIX T YIOBJAETEOPAET HepaBeHCTRY, a |d(z)| <
M;z26=1=¢ Kpome toro R? = x2 + [2/m + 2]*y™+2, My, M,, Ms = const > 0, &€ — J0CTATOIHO

MaJIoe TIOJOKUTENbHOE Tuca0, 5 = m/ (2m + 4). 3uecs Oy(xg) ABIgETCS TOUYKON MepecedeHnst
2 m—+2

—(=y) * =, e 29 € (0, +00).

XapakTepucTuku [' ypaBHeHUd ¢ JuHIEH T +
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B cuy obpatumoctu oneparopos AL [1] u DJ, [2] us samaun BS™ B uwactHoM ciyuae,
npu c(x) = 0 caemyer 3amava Tpuxomu 1ist ypaHenusi (1) B obmactu ), KOTOpasi umeer
CaMOCTOATE/IbHBIII nHTEpeC.

EMHCTBEHHOCTD DellleHnsl STOH 3a/a4ui JOKA3bIBAETCsl C MOMOIILI0 METOJa HHTErpajioB
sueprun. CyImecTBOBAHME PeNTeHust 3TOH 3a/1a49u, J0Ka3aHO MeTonoM ¢yukmui ['puHa m me-
TOJIOM WHTErPAJbHBIX yPABHEHUN.

KimroueBble cioBa: 3ajada tuna 3agauu Bunaaze-CaMapckoro, ypaBHEHHE CMEIIAHHOIO THUIIA, HEOIDAHUYEHHas 00-
JIACTh, METOJT MHTETPAJIOB SHEpTHH, MeTo GyHKIWil ['prHa, MeTO ] MHTErpAJIbHBIX YPABHEHMUIA.
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O HEJIOKAJIbHOM BO3MVYIIIEHUUN 3AJJAYM HA COBCTBEHHLIE
SHAYEHUNS OIIEPATOPA JUO®OPEPEHIIMPOBAHNSA HA OTPE3KE

H.C. UMAHBAEB!2
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B npocrpancree Wy (—1,1) paccMoTpuM 3a1ady Ha cOGCTBEHHBIC 3HAYEHHS OTIEPATOPA, T (-
depennupoBanue
Liy=y'(t) = My(t), —1<t<1, (1)

¢ "Bo3MymeHHBIM" WHTErpaJIbHBIM KPAEBbIM YCIOBUEM

1
IO 0RO 2
rne O(t)—dynkmua orpannvennoit Bapuamun u ¢(—1) = ¢(1) = 1, A—KOMIUIEKCHOE YHCIIO,
CIIEKTPAJIbHBIH HapaMerTp.

Teopema 1. Ilycrs O(t)—dyuknus orpanndennoii Bapuamun n ¢(—1) = &(1) = 1. Torga
Bce cobcrBeHHbIe 3HaYeHni "Bosmymennoro" omeparopa gaundgepenmupoBanme Ly npuHaTe-
2kar nosoce |Re\| = |x| < k, mpu HekoTopom k, riae A = x+1iy, u 06pa3yroT ca9THOE MHOMKECTBO
¢ acavmrornkoit A2 = imn + O(1) mpm n — oo.

CornpsizKeHHBII omepaTop OyJeT HarpyKeHHbIM JuddepeHnuaibHbIM OIIepaTOPOM:

Liv=1'(t) + (=1)®(t) = Mv(t),
v(—1) =v(1).
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O CYHIECTBOBAHUUN PEIIEHUA KPAEBOM SAJAYN JIA JIMHENHBIX
HATPY>KEHHBIX TUIEPBOJINMYECKNX YPABHEHUI

C.C. KABJIPAXOBA!2¢
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B ob6nacru 2 = [0, 7] x [0,w] paccmarpuBaercsa moynepuoanveckas Kpaepasl 3a1ada sl
JIMHEHHOI0 HArPYKEHHOTO TUIEepBOJIMYeCKOr0 YPABHEHUS C JIBYMsI HE3ABUCUMBIME [€PEMEeHHbI-

" Pu ou ou ou(t, &)
u(t,0) = ¢(t), tel0,T], (2)
u(0,2) =u(T,z), z€[0,w], (3)

rne dbynaxmun A(x,t), B(x,t), C(x,t), f(z,t) nenpepuBab Ha 2, GyHKIHA 1)(t) HeIPepHIBHO
nuddepentiupyema Ha [0, 7] u yaosaersopsier yeaosuio 1(0) = (T, & — TOUKH HATPY3KH IO
IIPOCTPAHCTBEHHON IepEeMEHHON .

Harpyzkenabie runepOoandecKne ypaBHEHHSI B 9aCTHBIX TPOU3BOIHBIX ¢ HEJIOKAJTBHBIME IPa-
HUYIHBIMHU YCJIOBHSIMH BO3HUKAIOT BO MHOIMX O0JlacTaX HayKu u TexHuku. Hawmbosiee obriee
OlpeJieIeHne HArpyKeHHOro ypaBHeHus Oblao nano Haxymeswim B [1]. Harpyzxenubre aud-
depeHIIAIbHBIE YPABHEHUS UMEIOT PsJ 0COOEHHOCTEH, KOTOpPBIE JOJKHBI OBITH YUTEHBI MPH
IOCTAHOBKE 33124 JI/Isd 9THX YPABHEHHUH U CO3/IaHUM MeTOI0B HX pemtennii. OaHuM u3 0cobeHHO-
cTeil HarpyKeHHbIX TuddepeHnnaaIbHbIX YPpaBHEHUH SBJIACTCS TO, 9TO TAKHE YPABHEHHS MOTYT
OBITH Hepa3peruMbIME 63 JTONOTHATEbHBIX yeaoBuii. B [2, 3| mpuBeieHbl npuMeps! TUHERHBIX
HATPY2KEHHBIX OOBIKHOBEHHBIX Ju(depeHInaJIbHbIX YPABHEHNH 1 HATPYKEHHBIX THIIepOOTHUe-
CKUX YPaBHEHHIT CO CMEIIaHHBIMHU IIPOU3BOIHBIME, KOTOPBIE HE UMEIOT pernerus. /s uccremno-
BaHWsI HAIDYZKEHHBIX ypPaBHEHHUH MOCBSIIEHO MHOkKecTBO pabor [4-8|. B pabore [9] mosmyuensr
KPUTEPUA KOPPEKTHON pa3peiuMOCTH HOJIYHEPUOAUYECKON KpaeBoil 3ajJa4uu JJjd JIMHEHHOro
runepboInIecKoro ypaBpaenus. B 1aHHOM COOOITEHWH Oy YeHbl HeOOXOANMbIe U JOCTATOYHbBIE
YCJIOBUSI KOPPEKTHOI pa3permnMocT Kpaesoii 3a1a4du (1)-(3) mo ueXoIHbIM JTaHHBIM Ha OCHOBE
MeTo1a MOAUMUKAIINY JTOMAHBIX Ddiliepa.
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BECOBOE JIU®®EPEHIIMAJIbHOE HEPABEHCTBO BTOPOT'O IIOPAIKA
Aiirepum KAJIBIBAIT!®

U Vausepcurer KUMBII, Amvare, Kasaxcran
E-mail: “kalybay@kimep.kz

[Iycte I = (0,00), 1 < p,g < oo m %—i—}% = 1. Ilyctp u — HeoTpumareabHas, a v —
/
nojioxkureabnasd gpyuknun wa I rakue, yro vP, u? n v JIoOKaJbLHO CyMMUpyeMmbie Ha [.
OGozuaunm 3a W2, = W72 (I) npocrparcrso yskmumit f : I — R, a1s KoTophix

1

N f" lpw < 00, tae ||gllpn = (f lv(t) |pdt) — HopMa npoctpancrsa Jlebera L,, = L,,(I).

W3 ycioBuii, HAJTOKEHHBIX Ha U CJIEJAYeT, 4TO Jjd Jiioboi dyuknun f € Wp%v CYIIEeCTBYIOT

KOHEYHBIE [1DEJIeJIbI 111111 f&)=f(1)n Pn} f'(t) = f'(1). Hosromy upocrpancrso Wy, — momoe
— — ’

HOPMUPOBaHHOE TTPOCTPAHCTBO C HOPMOIA

I llwz, = 1/l + 1F W+ [ F(D)]- (1)

[Iycte C§°(I) — mpoctpancrBo Geckonedno auddepeniupyeMpx GUHATHBIX GYHKIHA Ha
urrrepsaie [. 13 yenopuii na dbynkuuio v umeem, uro Cg°(1) C W7, (I).

V2 — Ji/2 0o
O6osnaumm sa W7, = W72 (I) sambikamne npoctpanctsa C5°(1) mo mopme (1).
PaccmoTpuM HepaBeHCTBO

/|u Hledt | < ¢ /|v e, few?,

B pabore naiifieHbl ycaI0BUS BBIIOJHEHUS] JAHHOTO HEPABEHCTBA B 3aBUCUMOCTHU OT TOBEICHUS
dYHKIIMYN ¥ B OKPECTHOCTSIX HyJid U OeckoHeuHocTu. boJjiee Toro, HalijieHbl JIByCTOPOHHUE OLEHKH
Hamtyqineit koucranTol C.

Funding: Asrop 6611 ogmepkan rpanrom AP08856100 MOH PK.

KuroueBrnlie cioBa: BecoBoe mud depeHInaIbHoe HEPABEHCTBO, BecoBast MYHKIs, DyHKIIMOHAIHHOE ITPOCTPAHCTBO.

2010 Mathematics Subject Classification: 26D10, 46E35

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 37

IIPUMEHEHUE METOJA IOABUXKHBIX KOOPIMHAT IJIsI 3AJTAYUN
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Hajitu penrenue cucrembl

Lu;(z,t) = —5 vz, t) + ;u] (, t)a—xj_
P —
_9Pt) _ = fi(z,t), e R",0<t<T,i=1mn (1)
aﬂfi
Ou;(z,t)
divu(z,t) Z ua;i =0, u=(uy,....uy) (2)
ul-(x, t)|t:0 =0. (3)
[Tepexo/1 K IEpeMEHHBIM
dy;(&,t o
% - uz(y7t)a yi(gat)|t:0 = Sia 1= 17n

e KOODPAMHATHI 3aBHCAT OT MCKOMOTO perleHus mo3posger 3amady (1)-(3) csectn K Jiunnei-
HOI1 crcTeMe HHTerpo-IuddpepeHIuaIbHBIX YPABHCHH, ¢ HOMOIIBIO KOTOPBI MOXKHO HOJIYIHTh
HEOOXOMMYIO allPHOPHYIO OIEHKY s pernenus u(x,t) 3amada (1)-(3).

[ToBuzKHBIE KOOPAMHATHI - HOPOXKAEHHbBIE pelteHnsM 3a,1a49u Koru jij1s1 cucrem 0ObIKHOBEH-
HBIX g epeHnuaabHbIX YPaBHEHU I H3y4aeTCsd B CBA3M JIMHeapu3aIneii MHOrOMepHbLI 3a,/1a9u
Hasbe-Croxkca.

Omnpegennm cucremy koopamuat y(&,t) = (y1(&,t),....,yn(&,1)),€ € R*,0 < t < T kak
penreHne ciaeayomeil cucreMbl JudpepeHIualbHbIX yPaBHCHHI

0 ANS))
WD oy (@)
yi(gat)’tzo - Sia 6 = (6175% "'7571) € Rn (5)

Bamauy (4)-(5) cBemeM K 9KBUBAJEHTHOM €ii CHCTeMe HHTErPATbHBIX YPAaBHEHHIA

yi(§,1) = /Ot wi(y, n)dn +&;. (6)

Nmeet mecTo

Teopema 1. Ilycrs u(z,t) € C*(Ry;) N Ly(Ryy) pemenne cucremsr (1)-(3). Toraa npu
mobom ¢pukcupoarrom t € [0,T) u & € R” cyuiecTByer ejguHcTBenHoe perrenne y(&,t) omepa-
TopHOro ypapHenus (6).

B moBbix nmepemennsix y = y(€,t), t =t 3agaua Hasbe-Crokca (1)-(3) npumer Bux

S A~ o =
dt Vo Gyz f

divu = 0,

Uilt:o = 07

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



38 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

rie

u; , A = Uy
— ]8yj ot J

du;(y,t) auz Z@y] ou; (3uz~ i ou; 0Oy,

dt ot dy;  dt

Tem cambIM 3alavda Hasre-CroKkca 3KBUBAJICHTHO HHTEeI'paJIbHBIM YpaBHEHUEM

wlnt) =v [ Aputuenndn = [ SEenin= [ A n)in

[Ipu 2m > [%} + 1 mosryaum

Hwi”W22m"O(R&T) <d Z Hf”W;WvO(Rg’T)HfHW;m*QW’O(Rg’T) + ”f“WQQm’O(Rg’T) )

|a|<m
rme

0
-1
wi= |5 —VvA = Quy, u; =7 wy,
ot
{— omepaTop TEIIONPOBOAHOCTH, a {1 — o0paTHbIH K HeMmy.
OTHOCUTEIBHO W; MOJIYIUM CHCTEMY WHTEIPATbHBIN yPABHEHMUIA.

(B Q)30 g 0 = (B - Q) g

Qg = gradA~'divg, Q* = Q— onepaTop MPOEKTHPOBAHMS.
C y4eToM allpMOPHBIX ONEHOK /I w;, CHCTeMa MHTerpajbHbIX ypasHenuil (7) permaercs
METOIOM TPOIOJIZKEHIS O HapaMeTpy.

KiroueBble ciioBa: mecras rpobiema Toicaueserus, ypasaenne Hasbe-CTokca, METO MOABUKHBIX KOODIUHAT.

CMEIIIAHHAA KPAEBASA 3AZTAYA KOIIINM C IIOTEHIIMAJIBHBIM
BOKOBBIM I'PAHUYHBIM YCJIOBUEM /1JId HEXAPAKTEPUCTUYECKUA
BBIPO2KTAIOIIIETOC4d TUITEPBOJIMYECKOI'O YPABHEHU A

T.II. KAJIbBMEHOB'¢, M.FO. HEMYEHKO', V.A. UICKAKOBA!*¢

! Uncruryr mMarematukn m MaTeMaTHdecKoro MojeupoBanus, Amvarsl, Kazaxcran

E-mail: “kalmenov.t@mail.ru, °

nemchenko.imim@mail.ru, ‘“ulzada.i@mail.ru

N3ydennio cMmenranHoil 3amaan Koy /1 HeXapaKTepUCTHIECKH BBIPOXK IAFOIIINXCS THIIEP-
0OIMYECKUX yPaBHEHHH BTOPOrO MOPSIKA IMOCBAIIEHBI MHOTOYHCJAEHHBIE PAbOThI HAYMHAS C
paborst M.JI. Kpacuosa [1|. Tasee 31u paborhi 06001EHb! 11T OGIINX BBIPOK IATONIHXCS Y DaB-
HeHuil BeicoKOro nopsiaka B paborax M.C. Canaxuraunosa, 1. /Ixypaesa, B.H. Bparosa, A.M.
Koxanosa, C.I'. Ilarkosa, M.E. Eroposa, C.B. Ilonosa. /loctarouno nosmbie 6ubdauorpadpun
npuseensl B MoHorpadusx M. M. Cvuprosa [2|, I.E. Eroposa, C. Ilsarkosa, C.B. [Tonosa [3].
M3yueHnst KpaeBBIX 3a]1a4 JIJI ypaBHEHHUs cMeltanHoro tuna Hadarbie . Tpukomu [4] npusesu
K M3Yy4YEHUIO HOBBIX KPAaEBBIX 3aJ1a4 JJ/Is THHEPOOJINIEeCKHX YPABHEHUH B XapaKTePUCTUICCKOM
KOHyCe, BIepBbIe nccsegoBannne B paborax Lestepcreara [5], A.B. Bunagse [6], A.M. Haxy-
mesa [7].

[Tpu uccaenoBanum cMerranuoi 3agaun Komm B nuanHapudeckoit obsractu 60KoBbIE T'pa-
HUYHBIE YCJIOBUS KaK MPABUIO ObLIN JIOKAJHHBIMA TPAHUIHBIMU yCJIOBUAMA THNa Jnpuxiie,
JIU0O MEePUOTUICCKUMHE I'PAHUYHBIMHU YCJIOBUAMH.
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B pabore T.III. Kanbmenosa, /1. Cyparau |8 Buepsble Haiiieno rpanudsoe yciaosue Hbio-
TOHOBOTO (00HLEMHOI0) MOTEHIHAA, KOTOPOe SIBJISIETCST HOBBIM HHTErpo-IuddepeHnnanbHbM
CaMOCOTIPSI?KEHHBIM I'PAHUYHBIM YCJIOBHEM /i ypaBHenud Jlamraca. B qannoit pabore mo/ib3y-
dChb 3TUM OOKOBBIM T'PAHUYHBIM YCJIOBHEM HUCCJeyeTcsd cMelannas 3aj1ada Ko Jiis ogHoro
KJIACCA HEXapaKTePUCTUYECKH BbIPOXKIAIONINXCA IUNEepOOJIMIecKuX ypasHenuit. B oriuuane or
JIPYTUX padoT MOCBSAIIEHHBIX JTAHHON TeMaTuKe, TJie PelleHrsd PacCMaTPUBAEMBbIX 33149 TOJIY-
YeHbl B BECOBBLIX IIPOCTPAHCTBAX, B JIAHHON paboTe pelieHue MOJAYYeHO B KJIACCHYECKHX IPO-
crpanctBax CoboJiesa.

Funding: AsTops! 661 omep:kanbl rpantom AP09260126 MOH PK.
Kuaro4deBble ciioBa: cMeniaHHas 3a7a4a Ko, BRIPOXK TAIONINECs THITEPOOINIeCKIe YPABHEHUSI.
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SAJAYA JIUPUXJIE J1Jisl YPABHEHUS TEILJIOIIPOBOJHOCTU C
JPOBHOM HATPY3KOU

Munsuaa T. KOCMAKOBAY,  Jlaitra K. KACBIMOBA®

! KapV um. E.A. Bykerosa, Kaparanna, Kasaxcran
E-mail: “svetlanamir578@gmail.com, °l.kasymova2017@mail.ru

B mannoit pabote ucciieayercss KpaeBasd 3a7a4a /s IPOOHO-HATPY2KEHHOTO YPABHEHUS TeTl-
JIOTTPOBOTHOCTH: HATPY2KEHHOEe CJaraeMoe YpaBHEHHUs MPEeJCTABICHO B BUIE JAPOOHON MPOU3-
BOHOM KaliryTo 110 BpeMeHHO#N 11pOU3BO/IHON, HpUYeM HOPIJI0K JIPOOHONH POU3BOIHON 00JIbIIIe
HOPSJIKA 110 BPpEeMEHHOI 1nepeMenHoi B juddepenHnuaabHoil 4acTu ypaBHEHUS.

B obnactu: Q = {(z, t)| x > 0, t > 0} paccmarpuBaercsa 3a1a9a

Ut — Ugy + A{CDg,tu(xv t)}|96=’Y(t) = f(l’, t)v (1)
u|t:0 - 07 U’xzo - 07 (2)
r7e A — KOMILJIEKCHBII IapaMerp, CDg’tu(x,t) — mpousBogHas Kamyro mopsiaka 3, 1 < 8 < 2;
~(t) — HenpepbiBHas Bo3pacratomias dbyukius, ¥(0) = 0.
Basa4da uccaeayercs B Kjaacce (DyHKIHHA 110 epeMeHHoit

u(z,t) € AC?(0,+00) N C* (t € [0,T)).

Kaccor Oonpeaead0Tcda 3 eCTECTBEHHOT'O Tpe6OBaHI/IH CyHnieCTBOBaHUA U CXOIUMOCTHU Hecoo-
CTBEHHBIX MHTEI'PAJ0B, BOSHUKAIONINX B XO/J€ HCCJIeJOBaHuAg.
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O6pamas nuddepennuanabayo dacTsb 3a1adn (1)—(2)

u(z,t) = —)\//G(:m&,t —7) p(7) dédt + f1 (x,t),

rme

”@:Vﬁwmghwz-mim/fm”ﬁf |

t— T)’B_l
r=y(t)

fi(z,t) = /t]OG(x,g,t—T)f(g,T) dr.

HOJIy4YUM MHTerpaJibHoe ypaBHenue Bojibreppa BTOPOro pojia

Mﬂ—A/K@ﬁMﬁMTZh@, (3)

¢ SAAPOM

Kt = 20w (155 0 oo (<70 -

2/t — 7)o 24t — 1) t—1)
-1
RNk “
7 IIPaBOR 4aCTHIO
1 e
ﬁ“”‘rm—ﬁp/@—TflQOm' o

Bneck W(a, b, z) — BHIpOKIeHHAS TUIepreoMerpudeckas Gyukius Tpukomu. JTokazaHbr
Jlemma. /List rpapmanoii 3agaau (1)—(2) umeer Mecto HenpepbIBHOCTH sijpa (4) peiaynupo-
BAHHOIO HHTErPAJIBHOIO YPABHEHHS (3) 110 MOPsiAKY [ HPOM3BOAHOIN B HATDYKEHHOM CJIAraeMOM
ypasrenmst (1).
Teopema. urerpaiproe ypasaerne (3) ¢ sapoM H HPaBOii 4aCTHIO, ONPEJETTeMbIMA (DOP-
mymamu (4) u (5) coorsercrBenno, s 7y (t) ~ 1%, w > 0 npu t — 04¢ 0JHO3HATHO PA3PEITHMO

B KJlacce HeIIPePBIBHBIX (hyHKIHI 1pH JiI000i HellpepbhIBHOH 1npaBoii dactu, ecan () < w < 1

npu 1 < B < 2. ’

3AMEYAHUE. B ycioBusx TeopeMsl siipo (4) unrerpagbHoro ypasuenus (3) obaamaer cia-
6ot ocobennocTbI0. TOTma COOTBETCTBYIONINE KpPaeBble 33aJaYd KOPPEKTHHI B €CTECTBEHHBIX
KJjlaccax (pyHKIMiA, T.e. HAIPDYZKEHHOE CJjlaraeMoe IIOCTaB/JICHHOW I'DAHUYHON 3a/a9u SIBJISIETCS
cJabbIM BO3MYyIIeHnEM IO DEePEHITHATBLHOTO Y PABHEHUS.

Funding: Asropsr 661 nommepxkanbt tpaaTom No AP08955795 (2020-2021) MOH PK.

KinroueBble ciioBa: Harpy»kKeHHOe ypaBHeHue, JpoOHasl IPOM3BOAHAS, yPABHEHNE TeIIONpPOBOgHOCTH, dyHKIus Tpuko-
MH.

2010 Mathematics Subject Classification: 35Q79, 35K05, 45D05
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O CIEKTPE OJHOTO HECAMOCOIIPAXXEHHOTO OIIEPATOPA HA OCHU

Baxprrter KOIIIKAPOBAY®,  Jleitmn KYCANHOBA?,
Aiiryns MOHAIIIOBA?

VEHY wum. JLH. 'ymunesa, Hyp-Cynran, Kazaxcran
2 KasATY num. C. Cetipynnna, Hyp-Cymrran, Kasaxcran
E-mail: “b-koshkarova@yandex.kz, bleili2006@mail.ru

B pabore uccieayercs HecaMOCONPAZKEHHBIH 3aMKHYTBIA OIepaTop
Ly = —y" + a1(2)y + ap(z)y, x €1=]0,00)

¢ KOMILIEKCHO3HAYHBIMEU HenpepbiBHbIMA B | Koaddunmentamu a;(-) (i = 0, 1).

Bynem npeamonarars, uro D(L) C Lo(I), a oneparop L mopozpaercs KpaeBbIM yCJIOBHEM
y(0) = 0. Tasnee GymeM Tpe/onararh BBIIOJTHEHHBIME CJIEYIONINe YCIOBHs Ha a;(-):

L. ¢(x) = Reap(z) > 081, lim ¢(x) = occ.

T—00
r—o0 \/q(x) w00 \alz)
[Tpusesem oauH U3 PE3yabLTATOB UCCJIEI0BAHUIA.
[pomomkum g(x) Ha ock (—oo, 0], monaras ¢(x) = ¢(—x) ars x < 0, u MycTh

I lim 20l — j, 4@

xz+h/2

* — : —2 : >

q* () }LI;E h==:1>h / q(t)dt
x—h/2

— onua u3 "6erymux cpeannx"Orenbaena [1]. Dynknus ¢*(x) KoHeyna, mojoxuTeapHa B R =
(00, 00) ¥ CHMMETpPHYHA.

ONPEAENEHUE. [Tycrs f > 0 u3amepumast u jtokaibHO orpanndennas B R ¢dpyuknus. B srom
caydae KOPPEKTHO OlpejiesieHa HeyObIBaoIast mepecTanoBKa oT f:

Fi(t) = inf sup f(€), t >0,

{e} éee

rie inf Gepercst Mo COBOKYIHOCTH MHOXKeCTB {e}; ¢ Mepoit mese < t. ®yHKIHsA f* MoHOTOHHO
He yOBIBaeT, paBHOW3MEpPUMa, C f, & UMEHHO:

mes{x € R: f(x) <A} =mes{z € R: fi(x) <A}

O6o3HaunM 4epes ¢f — HeyOBIBAIOIIYIO TIePeCTaHOBKY (DYHKIHM .

[Iycts 0 < 6 < 7/2, N(A,0; L) — KomruecTBO COOCTBEHHBIX YHCET OMepaTopa L, Tomamaio-
mux B cektop {2 =71 0 <r < A, |p| < 0}

Teopema 1. Ilycrs 0 < 0 < 7/2 u npn Hekoropom « > 0

#
0 < 1im L&)

r—oo U

=b < 0.

CrpaBeaiuBbl OI€HKH:

b7V < lim ATVETYON (A, 6;L) < Tim ATV2TVON(X, 6, L) < G,

A—o00 A—ro0
rae § € (0,1), C5 = 16C5/Cy — 15C4/Ch, Cy = 8(b(1 + §)~Y, Cy = 8(b(1 — &)/, C3 =

l/a 1/a
16C. — C
(b(1—(25)> , Ca = (100b(i+5)> :

Funding: Asropst 6b11u noguepxkannt rpanrom AP08856104 MOH PK.
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KuroueBble cjioBa: HECAMOCOIPSAXKEHHBIN 1rd depeHmaabHbIi orepaTop, CIIeKTP.
2010 Mathematics Subject Classification: 47A10
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OLIEHKU PEIIIEHU HEKOTOPHKIX KJIACCOB HEJIMHENHBIX CUCTEM
HENTPAJIBHOT'O TUIIA C IEPEMEHHBIM SAITA3/IbIBAHVNEM

N.11. MATBEEBA!“

" Uncruryr maremaruxn mv. C.J1. Co6oresa CO PAH, Hosocubupck, Poccust
E-mail: “matveeva@math.nsc.ru

PaccMmaTpuBaloTcs HEKOTOPBIE KJIACCHI HEJMHEHHBIX cucteM JuddepeHiinajibHbiX ypaBHe-
HUI ¢ IEPEeMEHHBIM 3ala3/IbIBAHAEM

d d

U0 e = 7(2) =0, )

F(ta0te = o), 50, 5

IPHYEM 3ana3/bIBAHKE MOKET ObITh HEOIPDAHMYEHHBIM. Y DABHEHHS TAKOI'O THUIIA BO3HHUKAIOT
BO MHOI'MX TPUKJIAIHBIX 337a49aX HPU H3YYEHHH IPOIECCOB, CKOPOCTH IIPOTEKAHUSA KOTOPHIX
ONPeJIEIAETCA He TOAHLKO HACTOSAIIMM, HO M MPEANIECTBYIOINM COCTOSHUAME. B 9acTHOCTH, K
YPaBHEHUAM C 3ama3abiBaHueM TPUBOAAT 3aJa49HM YIPABJICHUA, ONOJIOTUN, MEJINIUHBI, SKOHO-
MuKE ¥ T. J. OJHO# W3 BayKHBIX SIBASIETCS TPOOJIeMa UCCIeTOBAHUS YCTONIHMBOCTH PEIleHnit
TaKUX ypaBHeHMi. B orTamdme oT aBTOHOMHBIX YypaBHEHHI 3Ta mpobJeMa st HeaBTOHOMHBIX
YPaBHEHUN dABJIdeTCd MEeHee U3YYCHHOM.

PaboTa mpoaoazKaeT HAIIH UCCAeIOBAHUSA YCTOWUMBOCTH PEIICHHI ypaBHEHMH C 3amas3iibl-
BauueM (cm., Haupumep, |1-8]). Ucnonbsys dbyukumonanst Jlsnynosa — Kpacosckoro crenn-
AJIbHOIO BHJA, YCTAHOBJEHBI ONEHKH pereHuil cucreM Buja (1) wa moaynpsivoit {t > 0} [9].
[Tosyuenuble OIEHKH MO3BOJISIOT CACAATH BHIBOJ 00 yCTONYMBOCTH pemenuii. B ciaydae sKcio-
HEHIMAILHON W aCUMIITOTHYECKOH yCTOWUNBOCTH yKa3aHbl ONEHKN Ha OOJIACTH MPUTSAMKEHUS 1
OIEHKH, XapaKTePU3YIIHe CKOPOCTh CTabUIM3aIMU PelleHuil Ha GeCKOHEYHOCTH.

Funding: PaGora Beimosmena mpu noazepxkke Pocemiickoro donma dynmamenTampabix uccaenosanmii (mpoekt € 18-29-
10086).

KuroueBnlie cioBa: auddepennuaabable ypaBHEHUS HEUTPAJIHHOTO THUIIA, TePeMeHHbIe KOI(DDUIIMEHTHI, OTIEHKU Derie-
HUIi, yCcTOINYNBOCTD, dyHKImoHa JIsamynosa — Kpacosckoro.

2010 Mathematics Subject Classification: 34K20
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OB YCJIOBUAX KOMIIAKTHOCTU KOMMYTATOPA JJ1d BUJINHENHOT' O
IIOTEHIIMAJIA PUCCA B OBOBIIIEHHEIX ITPOCTPAHCTBAX MOPPU

Jaypen MATHUHY®, Kanar 2KYJIJJACOB'®

U Espasniickuii Hanmonassusiii yausepcurer nvenn JI.H. Dymunesa, Hyp-Cynran, Kazaxcran
E-mail: *d. matin@mail.ru, Yzhanzhanzhan23@gmail.com

B pamnoit pabore npuBOAATCSA JIOCTATOYHBIE YCJAOBUS KOMIIAKTHOCTH KOMMYTAaTOpa JIijisd Ou-
mumeitHoro motennuana Pucca [b, I,] B 0606mernbx mpoctpancteax Moppn M) [1].

[IpuBenem HeoOXOMUMBIE OLpeIeIeHnsd 1 0D03HAUEHN.

[Iycts 1 < p < 00, w u3mepumas neorpunareabuas dyuknusg xa (0, 00). ObobiienHoe mpo-
crparcTBo Moppu M = MY (R™) ompemessieTcst KAK MHOXKECTBO BceX pyHKIHR f € Lﬁfc(R")
€ KOHEYHOI KBa3MHOPMOI

171y = 590, [0 17 men],
riae B(x,r) map ¢ menTpoM B TOUKe T U ¢ paanycoMm . [IpocTpamceTso M’ coBniajaer ¢ u3Bect-
HBIM IIpocTpaHcTBOM Moppnu M];\ upu w(r) = r, e 0 < X < %, KOTOPOE, B CBOIO OYEPE/ib,
as A = 0 coBnagaer ¢ npocrpancTsoM L, (R™).

[Ipejii10/102kuM, 4TO HEHPEPbIBHBIE BO3pacTaIoniue (PyHKIUKT Wy, Wy HA
[0; 00) yAOBIETBOPSIOT CJIe YoM yeaoBusm j = 1,2 [2].

a) w;(0) = 0;

b) lim, ow;(r) < 00;

¢) CymecrByer koncranTa D, ynosirersopsamoomas ycaosuo 1 < D < 2", takas 410 w;(2r) <
Dw;(r) mast oboro > 0; 1

d) w(r)r = wi(r)7 wy(r)?

[Morennman Pucca I, nopsinka o(0 < o < n) urpaer BaxHYyIO poJib B FaDMOHUIECKOM aHAH-

3¢ ¥ B TEOPHH MOTEHINAJIOB, H OIpeeseTcs caeayomum obpasom I, f(z) = C,, 4 f %d(y,
R

Bununeiinpiit morennuan Pucca J, mopsaka (0 < « < 2n) onpeensercs CJeryrorum
o6pasom Jo(f,9)(#) = Cro | [ G m—rdydz.
R™ R™

Hng dyuxmun b € Lj,.(R™) gepes M, obo3naduM MyJIbTHIIAKATHOHHBIH omepaTop M, f =
bf, rme f- m3amepumas pyuknusa. Torma koMmmyTaTop JJs moTeHinuaga Pucca I, n omeparopa
M, onpenensieTcst paBeHCTBOM

(M, 1)) = Myl — I,M, = C,,, f @) =b)lf (w)

lz—y|™

dy.

Kommyraropam [My, 1,] HOCBHH_LGHBI patdorst [2]-[3].
ToBopsiT, uro dbyukiwmst b(x) € Lo, (R™) npuHAIIEKAT TPOCTPAHCTBY
BMO(R"), ecu
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6]l = supgcgn ﬁg |b(2) = bg| dz = supgegp. M (b, Q) < oo,

rie @ - ky6 u3 R" n by = @1' [ f(y)dy.
R

Hepez VMO(R™) obosnaanm BM O-3ambikanue npocrpanctsa C§°(R™), roe CH°(R™) mmoxe-
cTBO Beex dynkiuit 3 C°(R™) ¢ koMIaKTHEIM HOcHTeeM. Yepe3 (45 0OO3HAYMM XapakTe-
pucTuyeckyto byHKIMO oTpeska (a,b), uepes °B — HomnojHeHHe MHOKecTBa B.

OrMeTnM, 9TO B caydae mpocrpancTsa Moppu Takoii Bompoc ucciaenoBan B pabore [2], a
a/1st norentuana Pucca B mpocrpanctse Moppu M [3].

[Tpuseiem TeopeMy KOMIAKTHOCTH KOMMyTaTopa OuanHeiHoro onepatopa (b, Jo]; n3 M x
M™2 s M™.

P2 q

Teopema 1. IIyctp 0 < a < 2n, 10 < A\ < n, % <p< %, 1 <p,pe < OO,ZIJIH% = pil+pi2.

Jlajiee npemnonokum 1 < q < 00 I % =+ — 2 Eciu (pyHKIOUH Wi, Wy YAOBJIETBOPIIOT

yeaosusm a-d, n b € VMO(R™), rorya kommyrtatop [b, J, |, rae i = 1,2 saBistercs KOMIIAKTHBIM
OMITHHEHHBIM OIIePATOPOM H3 Mg x My2 B M.

KiroueBble ciioBa: KOMMYTATOp JJIsT TOTeHIMa a Prcca, KoMmakTHOCTE, 06061menHoe mpocTpancTBo Moppu, mpocTpaH-
ctBO Moppmn.
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PA3BUTUE HEKOTOPbLIX (I)YHKL[I/Iﬁ C ycJioBusgdMmn MOHOTOHHOCTHI
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[Mycrs T € [0;00), UT) = {gp 0<pd; /tgodT < oo, t € (O;T)},
0
fe(t,7) = p(max{t, 7}).

T
K = ht) = hg:?) : { [ satmiatryir: g e E%o,fr)}
0
KOHYC, OCHAIEHHBIN (byHKIIMOHAIOM

prc(h) = inf {I|gllmor) : g € EX0,T)h(g;t) = h(t),t € (0;T)} .

Takue KOHYCbI UI'DAIOT BaXKHYIO POJib B T€OpUHU 000011IeHHbIX oTeHna 108 beccesst u Pucca
(em. [1], [2]). Bor mpocrpamcrBo, nuBapuanTHoe A1 nepecranoBku (cokpartento RIS),

EY0,T) = {g € B(0,T):0<g ¢}.
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Ipennonoxum, aro f,(t,7) € £'(0,T) rne £'(0,T) - coorsercrBytomuit RIS nas E(0,7T),
I PACCMATPUBAEM AOKAALHYIO U UHMEZPANDHYIO 02UbaI0ULUE POCTNG, COOTBETCTBEHHO,

M) =1 pry Ml = |1 [ Ao

E’(O,T).

Teopema 1. B caenaHHBIX HPEANOJIOKEHUSIX CIPABEATHBBI CJCJYIONIHE (DOPMYJIBI JIIs
te(0,7)
Ak (t) = sup{h(t) : h € K;px(h) <1},

() = sup{% /Oth(f)df he K:pr(h) < 1}.

KuroueBsbie cioBa: 06006menubiit morentmaa beccens, 0606menubiit moreruaa Pucca.
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[Iycts 0 < o < 1 u Lip a — knacc JIlummmumna, T.e.,
Lip oo = {f € C([0,27]) : w(f,0) = O(6)},

rae w(f,d) = sup ||f(x + h) — f(z)||c — Mogynb HenpepeiBHOCTH (DYyHKIUE f.
|h|<d

B 1948 roay k. Jlopewnr [1| mokazan cienyoniyio Teopemy.

Teopema A. Ilycre unrerpupyemast va |0, 27 ¢pyuknus [ umeer psg Oypee

[e.@]

L+ > (apcosnx + b, sinnw), upuuem {a,}5lg, {bn}pe ABAAIOTCH HEBO3PACTAIOLWIUMH HEOT-
n=1

pHITATEIbHBIMH ITOCae0BaTeAbHOCTSIMHA. Torma s jaoboro 0 < a < 1 ycaosue f € Lip «

BBIIOJIHSIETCS TOIA H TOJIBKO TOLAA, KOLIA4 Gy, b, = O ( #) opa n — 00.

Teopema Jlopeniia Obl1a HeogHOKpaTHO 000OIIeHa. B Hemapueit pabore M.IU. /Irsdenko n
C.1O. Tuxonosa [2| Teopema Jloperna Oblia gokazaHa i pagoB @ypbe ¢ 0600IEHHO MOHO-
TOHHBIME Kodbdunuentamu. B ykazannoit pabore B oTjimdue OT JPYTIUX 0OOOIIEHUI TEOPEMBI
JlopeHIia aBTOPHI HE HAKJIAIBIBAIOT YCJIOBHS HEOTPUIIATEIbHOCTH Ha KoddduiuenTsl Oypobe.

OTrMeTnM, 9TO OpUTHHAIbHASA TeopeMa JIOpeHIa SBIgeTcs JACTHBIM CIy9aeM CJIeIyIOIero
pesyabrarta P. Boaca [3].

Teopema B. Ilycrs narerpupyemast Ha [0, 27| dyukmust f uveer psg Pyppe

oo
QL+ > (an cosnx + by sinnx), npuaem {ay o, {bn}oe, ABIAIOTCS HEOTPANATEIBHBIMI TOC.TE-
n=1
JgoBareapHOCTSIMH. Torga st soboro 0 < o < 1 ycaosme [ € Lip « BermosHsieTcst Torga n
TOIBKO TOrAa, Koraa ¥ pe, ax = O (=), Yope, by = O (=) mpu n — co.

nOt
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B 2008 romy @. Mopuriem [4] 6611 qoKazan aHajor teopeMbl Boaca B HEIEPUOIUIECKOM
caydae, T.e., Ias npeobpasoBanus Pypwe. [lozamee pesyabrarsl Mopuma Oblin 0000ITEHB B
paborax B. @yson, B paborax B.J. Tonxy6osa u C.C. Bosocusua u B apyrux paborax (cwm.,
Harnpumep, [5]).

B nmamnoit paGore MBI J0Ka3biBaeM AHAJIOT TeopeMbl JIOpeHIa, mosayveHHbiii B pabore [2]
B HEMEPUOANIECKOM ciaydae. Mbl paccMaTpuBaeM CJIeayOInii Kaace 0000IIeHHO MOHOTOHHBIX
dyuKImii.

Onpenenenne 1. Oyraknuga [ : R, — R nokaqbHO OrpaHWYeHHON BapUAINH HA3BIBAETCS
0000IIeHHO MOHOTOHHOMU, ecau cymectByior C' > 0, A\ > 1, Takue 4To 14 Jiodoro x > 0

BLIIIOJIHAETCA HEPaBEHCTBO
2x Ax f
| wwise [ 5
T

OCHOBHBIM PE3yJILTATOM HACTOLAIIEH pabOTHI SABJISIETCS CAEAYIONAs TeopeMa.

Teopema 1. IIycrs f € L1(Ry) NCo(Ry), u f - crmye- (nm KocuHYC-) Ipeobpa3oBaHme
@ypoe ¢pyaxnun f. Ilycrs Taxxke fﬂBﬂﬂeTCﬂ 0000111€HHO MOHOTOHHOH pyHKIimei. Toryga jist
moboro 0 < a < 1 ycrnoBue f € Lip « BBITIOTHSETCS TOrga W TOJBKO TOIJa, KOTJAA f(y) =

O <y1+a> y > 0.

Funding: AsTop 661 Togmepxkan rpantom AP08053326 KH MOH PK.
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B sannoit pabore ucciejiyercs Kpaepas 3aja4a i (PyHKIHOHAJIBLHO-1udepeHuaibHbIX
YPaBHEHU ¢ UHBOJIIOTUBHBIM 1Pe0OpPa30BaAHUEM.
Ha orpe3ske [0, 7] paccMoTpuM KpaeByio 3aaady

dx(t)
dt

T T
d t
+ diag(ay, ag, ..., an)w :/K (t,s)x ds—l—/K2 (s)ds+
0 0

+£(1), te 0,17, (1)
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Bx(0) + Cx(T) =d, deR" 2)

rae marpuna Ki(t,s) wenpepbiBaa Ha [0, 7] x [0,T], n- meprasi BekTop-byukius f(t) Hempe-
poiBHa Ha [0, 7]. Marpuna Ks(t, s) nMeer 4acTHYIO MPOM3BOIHYIO MO S W HEMPEPHIBHA TI0 ¢ Ha
[0, T]. a(t)— romeomopdusm « : [0, 7] — [0, 7], ayst KOTOPOrO BHIMOJHIAETCS CIAEAYIONIEe YCII0-
sue o’(t) = a(a(t)) = t. Takoe npeobpazosanue Ha3bIBAT UHBOMIOTHBHLIM. CBOHCTBA TaKUX
HWHBOJIIOTHBHBIX peobpazosannii nzyuensl B paborax [.C. JTursunuyka [1], H.K. Kapaneranna,
C.I. Cawmxo 2] u ap [3-5].

[Ipu npenosoxenun, 4ro a; # +1, i = 1,n, kpaesylo 3ajady (1), (2) MoxHO 3amucaTh B
BUIE

\ﬂ

%:/fﬁ(t,s) s)ds + i(s)ds + f(t), te€l0,T], (3)

Bz(0) + CJJ(T) =d, deR" (4)
Ucnonp3ys auddepennmpyemocts siapa Ko(t, s) 10 s, WHTErpupyst

[ Ky(t, s)i(s)ds o uactam, kpaesyio sajgady (3), (4) MOXKHO 3amucarTh B BUIE

rae Ko(t) = —Kg(t,0> , K1<t) =0 , Kg(t) = Q(t,T) s 0= 60 < 91 < 92 = T,

]W@m@wzimmmmm—i@%?%m@.

0

Kpaesyto 3agaqy (5), (6) peraem MeTo0M HapaMeTPU3aIiy, Pe/JI0KeHHbIH podeccopom
J.C. HxymabaesbiM [6]. MeTon napamerpusanuu ObLT IPUMEHEH K UCCIIOBAHUIO PA3THIHBIX
Kpaesbix 3a1a4 [7-10].

[Monb3ysck Meroaukoii u3 [10], nokazana ciaeayonas TeopeMa:

Teopema. Ilycrs Beimosneno yciaosue a; # +1, i = 1,n Torga s ogHO3HAYHON pas-
pemmmmMocTi Kpaepoii 3agaqn (1), (2) meobxommmo u gocrarodno cymecrBopanms lg € N, npn
koropom marpura Q(ly) Gr1a obparnmMa.

Baech [ = max ||K*(t,s)|| , a lo > [ BeiGupaercs u3 ycaosus 5T% <1

(t,)€[0,Tx[0,T]
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O CUMMETPUYECKON PABHOCUJIbHOCTU KPAEBBIX SAJAY IOJIdA
BAJIOK C OCEBbIMHU HAT'PY3KAMUA
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Caniyarov@math.kz,
PaccmorpuM crieKTpaabHYIO 33249y ¢ KPAaeBbIMHU YCJIOBUIMH O IOIEPEYHBIX KOJIEOAHHUSIX
OaJIKNA eIMHUTHONR JITUHBI:

gg(EM@d3$M)_ dﬁg@

rie Y (x) - coberBentbie (DYyHKIUM IOIEPEYHOIO CTATUYECKOr0 OTKJIOHEHUsI Oaiku; F - MOJLyJib
yIpyroctu Marepuana; J(x) - MOMEHT HHEPITHH TOIePedHOro cedennst 0aakn; 1 - Harpy3ka oce-
BOTO pacTmKenusd; A = p Aw? - cobcTBeHROE 3HAUEHNE; W - YACTOTHLIH TapaMeTp; p - IJIOTHOCTD
MaTepuaa; A - IIOMa b HOMEePEeYHOTro cedenns; k(x) - nepeMeHHbIii KO3 OUIHEHT OCHOBAHUSL.

CrekTpaJibHbIe 33a49d C PA3JAIHBIMA KPaeBbIMU YCJIOBUAMHE C OCEBBIMH HArPY3KaMU I
ypaBaeHus (1) MCCIEIOBATNCH B CBSA3K ¢ NPAKTHYECKUME TpHMeHeHusMu B pabote [1-3| mpu
k(x) = 0 u B pabore [4] upu k(x) = const. B pabore [3] Gbuta mosydena 3aMknyTas Gopma
CODCTBEHHBIX YACTOT PA3JIMIHBIX KPaeBbIX 3aja4 jijis ypauenus (1) mpu k(z) = 0 u Mo-
JubUIUPOBAHBI U3BECTHBIE pe3yibTaThl u3 |1, 2|. Takzke OblIa HCCIEI0BAHA CHMMETPUIHASI
PABHOCHJILHOCTH KPAEBBIX 3a/ad. Y TOUHSs MOHATHE CUMMETDPHUYIHON PABHOCHIBHOCTH U3 |3,
KaK BO3MOKHOCTH (hakTOpH3alus COOCTBEHHBIX 3HAUCHUIT creKTpaibHoil 3amaqdn (1) ¢ cummver-
PUYHBIMU KO(DDUIMEHTAME HA MOJTHOM OTPe3Ke B BHJE COOCTBEHHBIX 3HAYECHUN HA yCEUEHHOM
OTpe3Ke C Pa3HbIMU BHJaMU 3aKPCIIJICHUHW Ha KOHIIaX. BJH/IFIHI/IG ITOCTOAHHOTO KOSCb(bI/H_[I/IeHTa
OCHOBaHMs Ha COOCTBEHHBIE YACTOTHI ObLIO HCCae0BaHO B pabore [4]. [Ipu mepemeHHOM KO-
adunmenTe ocHoBanuA Oe3 0CeBOH HATPY3KU CUMMETPHIHAsT PABHOCHJIBHOCTH KPAEBBIX 33131
JUIsT paBHOMEPHO# Gaku Oblia uccaeaoBana B pabore [5].

B nmamHoil paboTe M3yd4aeTcss CHMMETPHYHAS PABHOCHIBHOCTH KPAEBBIX 33J1a4 NI ypaBHe-
aust (1).

Funding: AsTopsr 661 ommepskausl Tpantom AP08052239 MOH PK.

+k(2)Y(2) = \Y (2) (1)

KimroueBble ciioBa: ypasHenue Diinepa-Bepuysnmu, neomgnopoanas 6anka, KpaeBble YCJI0BUsl, CAMMETPUYIHAS PABHOCHUIIb-
HOCTbH, COOCTBEHHbBIE JACTOTHI.
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OB YCTOMYUBOCTU SBHOM PA3HOCTHOM CXEMBI J1JI51
HEJIOKAJIbHON KPAEBOW 3AJTIAYM JIJIsI YPABHEHU YA
TEIIJIOIIPOBOIHOCTU

Npuna [TAHKPATOBAY, Maxmyn CAJIBIBEKOB!?

! UncrnTyr MaTeMaTHKH H MaTeMaTHIecKOro Mogenpobanns, Amvarsl, Kazaxcran
E-mail: “inpankratova@gmail.com, Ysadybekov@math.kz

PaccmarpuBaeTcs Haua IbHO-KPaeBas 3a1a4a Jjis yPaBHEHHsI TeJIONPOBOIHOCTH
ur(z,t) — Uge(x,t) = f(2,1),0 <z <[,0<t <T, (1)
w(,0) = ¢(z), 0<z <1, (2)

U1 (U) = CLH'LLI(O, t) + bnuw(l, t) + CLlQU<O, t) + blolL(l, t) = 0,
Us(u) = aug(0,t) 4 boyu,(l,t) + agou(0,t 0

Y

e a;;, b;j — BemecTBennsle uncia, ¢ = 1,2, j =0,1; ¢(z), f(z,t) - 3anannse GyHrINM.

Bamaua (1)-(3) orHOCHTCS K KJIacCy TaK HAa3bIBAGMBIX HEJOKATIBHBIX KpPaeBbIX 3amad [1].
OcobeHHOCTh 9TUX 33739 COCTOMT B TOM, UTO UX HCCJIEJOBAHHE CBSI3aHO ¢ HEOOXOIUMOCTHIO
M3YUIEHUsT CIEKTPATBHBIX CBOWCTB HECAMOCOMPSIZKEHHBIX (D bDEPEHITHATBHBIX U PA3HOCTHBIX
OIIEPATOPOB (€C/IM PelleHre OUPEIEIeTCs IPUOINKEHHO) U, KAK CJIeICTBUe, BOSHUKAIOT IIPUH-
HUIInaJIbHBIE TPYAHOCTH B O6OCHOBaHI/II/I INIPpUMEHUMOCTH ME€TOA0B UX PEHICHUNA.

g npubnnzkennoro perrennst 3aga4an (1)-(3) ¢ HeyCHIEHHO PEryasipHBIME KPAeBBIMHU YCII0-
BUAMH [2] METOIOM KOHETHBIX PA3HOCTE OblIa MOCTPOEHA JBYXCIOHHAS IBHASI DA3HOCTHAS CXe-
Ma [3], anmpoxcuMupyiomas HexoAuyio muddepeHnuanbuyio 3a/1ady Ha PaBHOMEPHOil ceTKe ¢
nopgaakom annpoxkcumamun O(7 + h?).

Kak 6b110 mOKa3ano B paborax |2, 4|, perrenne 3amaun (1)-(3) MoxkeT ObITH IKBHBAICHT-
HO CBEJICHO K MOCJIEJ0BATENLHOMY DEIIEHHIO MBYX JOKATbHBIX KPAECBBIX 3a/1a9 C TPAHHIHBIME
yenosusivu Tuma 1IITypMa mo mpocrpancTBeHHOI mepeMenHoi. [109TOMY OCHOBHO# pe3yabrar
O CyHieCTBOBaHUN U € JUMHCTBEHHOCTH DCHICHUA ,ZLI/I(beepeHLLHa,HbHOﬁ 3aJa491 B KJIACCUYICCKOM 1
0BOBIIEHHOM CMBICIAX CJIEJYyeT M3 XOPOIIO M3BECTHBIX TEOPEM O COOTBETCTBYIONIEH paspentu-
MOCTH KPaeBbIX 33J1a4 ¢ ycaopusamu tuna [Hlrypma s ypasuenus rertonposoguoctu. [Tpu-
MeHeHHe aHAJIOTUYHON’ METOJUKHN K HOCTpOQHHOﬁ paSHOCTHOﬁ CXeMe MPpUuBOJUT K KJIaCCUIECKUM
YCJIOBHAM YCTORYIHBOCTH DPA3HOCTHBIX CXeM JIs YDABHEHHS TEIUIOMPOBOJHOCTH ¢ KPAEGBBIMHE
VCJIOBHSIMH TIEPBOTO U TPETHETO PosIoB. IIpu 9THX Ke yCIOBUAX YCTOWIMBA U IBYXCJIONHAS pas3-
HOCTHAsI CXeMa, allpOKCUMuUpyoras 3amaqy (1)-(3).

Funding: Asropst 6b11u nomuepxkannt rpanrom AP08855352 KH MOH PK.
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CUHI'VJIIPHOE UHTETPAJIbHOE YPABHEHUE BOJIBTEPPA KPAEBOU
SAJAYN TEIIJIOIIPOBOJHOCTHN B BbIPO)K,Z[AIOH.[EfICH OBJIACTHA

Mypar 1. PAMA3AHOBY, Hypraii K. TYJIbBMAHOBL

! Kapy¥ um. E.A. Bykerosa, Kaparanma, Kazaxcran
E-mail: “ramamur@mail.ru, *gulmanov.nurtay@gmail.com

[Tpu penrenun mepBoil KpaeBoit 3a7a9u /I TBYMEPHOT'O YPaBHEHNS TEILJIONPOBOJIHOCTH B KOHY-

ce BO3BHUKAET HEOOXOIUMOCTh PEIIeHns CJIeAYIONero 0coboro HHTerpaJbHOro ypaBuenust Boib-
Teppa BTOPOro poja:

so(t)—//cu,r)so(ﬂm:f(t), (1)

cur-en b))

HOKHB&HO, 9TO COOTBETCTBYIOIIEE OAHOPOIHOE MHTEIPDAJIbHOE YpaBHEHHUE HMeEET HEHYJIeBOE
penienne BU1a

rie

C a?x2
o (t) = —- e*TO, C = const.

[TocTpoena pe3osbBeHTa U HafiJeHO 00Iee pererne HHTerpajbHoOro ypasuenus (1).

Funding: Pa6ora Brimosinena mo rpantam MOH PK: No. AP08956033, 2020-2021 u No. AP0885372, 2020-2022.

KiroueBble ciioBa: mHTerpajibHOE ypaBHEHUE, CHHIYISPHOe HHTerpaJbHOe ypaBHeHue tuiia Bosmbreppa BTroporo poaa,
MeTo1 perynapu3anun Kapaemana—Bekya.
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OB OBIIIEM PEIIIEHUUN OJIHOM KPAEBOM 3AJIAYU
Anekcanap POIOBOIIM, Teabicoex 111. KAJIbBMEHOB??

L Vuusepcurer "Mupac" , IIsivkent, Kazaxcran
2 Hucruryr MaTeMaTHKH 0 MaTeMaTHIeCKOro MoJjeaupopanns, Amvarsl, Kazaxcran
E-mail: *rog2005@list.ru, ‘kalmenov.t@mail.ru

B obnact; 2 = —1 < x < 1,—1 < t < 1 paccmarpuBaercs CJIeAyIONasg 3a1ada: HadTH
pellieHne ypaBHEHUSI
Pu  0*u
Lu= —— —t— = f(z,1), 1
oy = f(@,1) 1)
VJ0OBJETBOPAIOIIEe YIIPOIIEHHBIM I'PAHUYHBIM YCJIOBUSAM
u|m:—1 = u’x:l = 07 (2)
1 HaYaJIbHBIM YCJIOBHUAM KO]lH/I
ou
u _ _ — pr—y O 3
= 5| (3

Ucnosp3yst MeToT pasesienust mepeMenbiX |1, c. 4-11], paccmaTpuBast OMHOPOIHOE YpaBHe-
uue (1) (f(z,t) =0), a TakKe TpuHUMAas BO BHUMaHHUe obIee pellieHne ypasuenus y”’ = cxy
[2, c. 408-410, 449-454], momyuum caenyoiiee obiiee pemterue 3aaaun (1)-(3) a1st 0IHOPOIHOTO
ypasuenus (1)

& 21k
u(z,t) = ch sinwha - Zy (z . 73T t§> , (4)
k=1
riae Z,(x) - nnanaapudeckast GyHKINsT
Z,(x) = and, + anY,. (5)

31ech oy, Qi - HPOU3BOJbHBIE KOHCTaHTHI, J, u Y, - dyHkuun Beccesnst 1 u 2 poga coorser-
CTBEHHO.

Takum obpazom, JoKa3aHa Cjeyolnias Teopema.

Teopema 1. Ob6miee pemenne 3amaqn (1)-(3) B ciayqae ogropogroro (f(x,t) = 0) ypas-
menns (1) 3amuceiBaercst B Buge (4), rge dynxnus Z,(v) onpenensercs coorHomenueM (5),
a KOHCTaHTBI (1, (to HAXOJSTCs u3 yeaosmii (3). Pemenne 3amaqn (1)-(3) s meognopoanoro
ypasmenrst (15) mosydaercs myTeM BapHAImH MPOU3BOJBHBIX HOCTOSHHBIX perenns (4).

KuroueBrble ciioBa: kpaeBas 33/a9a, YIPOIIEHHOE I'PAHUYHOE yCJIOBHE, HadabHOe ycsoBue Komm, MeTo pasieseHus
nepemeHHBIX, dyurmmn Beccesst.
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BA3MCHOCTh COBCTBEHHBIX ®YHKIIUI [MTEPUOJUYECKON 3AIAYN
JJIs AN®OEPEHIMAJIBHOTO OIIEPATOPA BTOPOTO IOPAOKA C
MHBOJIFOITUEN

Apmmkahan CAPCEHBUY?®  Agnucanam CAPCEHBI?3?

U Mesx qynaponnsiii yansepcurer Silkway, IHInivxent, Kazaxcran
2 JOKY um. M. Ays3oBa, Illemkent, Kazaxcran
3 Vuusepcurer apysx6er Haposos uvmenu axajemuxa A. Kyarbexosa, ITIsimukenT
E-mail: “abzhahan@mail.ru, Yabdisalam@mail.ru

B runsbeproBoM mpoctpancTBe Lo(—1,1) paceMoTpuM omepaTop

Loy = —y (z) + oy (—x), (1)

¢ obacteio onpeenenus D(L) C Ly(—1,1), e o # 0, —1 < a < 1. Muozxkectso D(L) cocTout
w3 Beex dymkumit y(z) € C'[—1,1], Takumx, uro ¥y (r) abcomoTHo HempephiBHa Ha [—1,1] n
y"(z) € Li(—1,1), yIOBIETBOPSIONMINX YCIOBHSIM

y(=1) =y(1),y (1) =y (1). (2)

Bwmecre ¢ oneparopom Ly Mbl paccmaTpuBaeM ornepatrop L, TOpoxKieHHbIH 1uddepeHnnalib-
HBIM BbIpasKeHHEM

Ly =~y (2) + ay (—z) + q(2)y(@), (3)

¢ Toii ke obaacrbio onpegenenuss D(L) C La(—1,1), a« #0,—1 < a < 1, rjie KOMILIEKCHO3HAY-
ubtit kKosbdbunuent q(z) € Li[—1,1].

[IycTh Bee cobcTBeHHBIE 3HAUeHHsT omnepatopa (3) omHokparhbl. OGo3HaYUM 4Yepe3 oy, (f),
Sm(f) gacTuansie cymmbl paszsoxkenns dbyukmun f(z) € L1(—1,1) B psag Pypbe mo cobeTBEH-
HbiM byHKIMAM onepatopos (1) u (2) coorBercrBenno. LoBopsar [1], uTo 3Tu mOCIEI0BATEIBHO-
cru paBHOCxosTCs Ha uaTepBase —1 <z < 1, eciim 0, (f) — S (f) — 0 paBHOMEpPHO HA 3TOM
MHTepBaJe Mpu m — 0o.

Teopema 1. Econ o # j:% JUIST JTIOGOTO TIEJIOro 9uca p, To st ool ¢pyaknun f(x) €
Ly(—1,1) nocrenopareapnocti oy, (f), Sm(f) paBrocxomsres na [-1,1].

Teopema 2. [Ipu BBIIOJTHEHUH YCJI0OBHE TeopeMbl 1 cobcTBeHHbIe hyHKIHE omepaTopa (3)
obpa3sytor be3ycoBHbiii bazuc B upocrpancrse Ly(—1,1).

Funding: Asrops! 66 momaep:kansl rpanrom MOH PK AP08855792.
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PA3BPENIMMOCTH KPAEBOU 3AJAYM JJIsI HEJIMHEMHOTO YPABHEHUSI
C MHBOJIIOIIMEN —y" (z) + oy (—2) = f(z, )

A6uucanam CAPCEHBUY®, Dabmupa MYCUPEITOBA?2?

L Vuusepcurer npyx6nr Hapogos umenu axajgemura A. Kyar6exosa, Illsivkent, Kazaxcram
2 JOKY um. M. Ays3osa, Ilemvkent, Kazaxcran

E-mail: “abdisalam@mail.ru, musrepovaelmira@mail.ru

Paccmorpum ypasHenue
—y (x) + oy (—x) = f(z,y), a#=+],
¢ kpaesbiMu yeaosusavu y(—1) = y(1) = 0, rue 3anannas Gyaknus f(z,y) HEnpepblBHA TpU
—1<x<1,—00<y < oo0.

Teopema. Eciin ¢pyukims fz;(x, Y) HOJIOXKUTEJIbHA H OMPAHUYEHA, TO CYI[ECTBYET 110 Kpafi-
Hel Mepe OIHO PereHne H3y4aeMoii KpPaeBoii 3a aqm.

[Mockosibky Ham m3BecTHa 1| dyHKIma [puHa cooTBeTCTBYOIIEH OTHOPOIHON KpaeBoii 3a-
Jladu

_t_ _x t< —
Gla. 1) ! AN S ﬁw ci<
xr,t) = — — = 4 -
’ 21—a) 2(1ta) 2 BRI “
———|—1+a,t>$,

TO pelleHud U3y4vaeMoil HeJanHeHOl KpaeBol 3aa4u ABA4I0TCH PEelICHuAMHU HeJIMHEeHHOTro UH-
TEerPaJbHOI0 YPaBHEHUA

y(z) = / G, 1) (1, y (1)) dt

1
3amMernM, 9TO METO0M UTEDAIHUH CYIIECTBOBAHNE PENIeHUs] ITOT0 HWHTErPAJIHLHOTO YPABHEHUSI
ObL10 moKazano B pabore Ilukap [2].

Bamernm,aro dbyuknuio ['puna mias dbukcuposanuoro t € [—1, 1] MoxKHO 3anucarh B Buje

JE < t
G(x,t) ! L l_at Ji+a7x t<az<t
€T —_ — —_ —_ v AL .
’ 21—a) 2(1+a) 2 rsh
N

Funding: Asropsr 661mu nogaepxkanbl rpanrom MOH PK AP(08855792.

KiroueBsble cioBa: menmueiHoe aud depeHimaanpaoe ypaBHeHe ¢ wHBoJonmel, dyukims ['prra, HeanHeinoe mHTe-
rpaJibHOE ypaBHEHUe

2010 Mathematics Subject Classification: 34K08, 34110, 46B15

JINTEPATYPA

[1] Sarsenbi A.A. Unconditional basicity of eigenfunctionsY system of Sturm-Liouville operator with an involutional
perturbation, Bulletin of the Karaganda University - Mathematics series. Special issue, 91:3 (2018), 117-127.

[2] Picard E. Lecons sur quelques problemes auz limites de la Theorie des equations differentielles, Paris (1930).

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



o4 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

HPI/IBO,Z[I/IMOCTB MHOTOIIEPNO/INYECKNX MATPUYHBIX YPABHEHUM
AKaiimbrieik CAPTABAHOBL®

U Akrro6uncknit permonanpuenii yuusepcurer umenu K. 2Ky6anosa, Axrobe, Kazaxcran
E-mail: “sartabanov42@mail.ru

3aMeTKa MOCBSIIEHA K MCCJIEM0BAHUIO 33/[a9K [IPUBOIUMOCTH MHOIOYACTOTHO HEPHOIIIE-
CKUX MATPUYHBIX yPaBHEHUI, BA2KHOCTH KOTOPO JIOCTATOYHO Y€TKO aKIEHTHPOBaHA B padbore
[1]. B nacrosiineit pabote uccaeoBaHie 3O 3aa9i MPOBOANTCS HA OCHOBE METO/Ia ePexoia K
YPABHEHUSAM B YACTHBIX ITPOU3BOJIHBIX, KOTOPBI TIO3BOJISIET PACCMATPUBATD €€ Tupe U IIyoxKe

2].
ox ox
De=go+ < 7>

Beenem oneparop
muddepentiupoBanust byukinun x = (7,t) nepemernbix T € R, ¢ = (¢, ...t,,) € Rx... xR =R™
10 HAIIPABJICHHAM BEKTOPHOTO IOJISI

dt
- = e’
dr
rae e = (1,...,1) — m-BexToOp, % = (g—tf, s ;t—x),<e, %> — CKaJIAPHOE TIPON3BEIEHNUE.
PaccMoTpnM MaTpUIHOE ypaBHEHWE
Dz = P(1,t)X (1)

¢ oreparopomM D u n X n-marpuiei
P(r+6,t +w) = P(r,1) € C%9 (R x R™)

M3 KJIacca Cg;e) (R x R™) dynknuii, muoronepuojudeckux 1o (7,t) € R x R™ nepuogos 0 = wy
uw = (wi,...,Wn) C PAITMOHATHHO HECOM3MEPUMBIMU KOOPAMHATAMHA w; > 0, j = 0, m u rmagkux
o uum crenenn (0,e) = (0,1,...,1).

Hapsany ¢ ypasaernem (1) paccMOTpEM MaTpHYHOE yDaBHEHHE

DY = Q(r,t)Y (2)

C MaTpunei
QT +0,t +w) = Q(1,1) € CYV (R x R™).

Ecau cymecryer nnneiinoe ob6paTumoe riaajkoe (6, w)-neproauaeckoe npeobpasoBaHie
X =T(r,t)Y (3)
¢ marpuneit T'(7,t):
detT(7,t) # 0, T(r +6,t +w) = T(r,1) € CLy (R x R™)

Takoe, 9T0 ypapHenue (1) TpuBOAMTCS K ypaBHEHUIO (2), TO 9TH ypABHEHHs HA3BIBAIOTCH B3a-
MMHO HPUBOIMMBIMHE.

B zameTke

1) YeranoBiaeHo HEOOXOJAUMOE U JIOCTATOMHOE yCJI0BUE B3aAUMHON NPUBOJAMMOCTH yDABHEHUIT
(1) u (2);

2) Ha ocHOBe yC/i0BEs B3aMMHOIT TIPUBOJAMMOCTH JIOKA3aHO CYIIECTBOBAHIE IJIAJIKOM W - Iepu-
oamgeckoit marpuiipl K (t) Takoit, uro ypasaenue (1) mpuBoAUMO K aBTOHOMHOMY OTHOCHTETHHO
T YPaBHEHHUIO

DZ = K(t)Z; (4)
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3) JokazaHa IPUBOJAUMOCTH MATPHYHOTO ypaBHeHus (1) K ypaBHEHHIO

DyE = K(1)Z, (5)
¢ oueparopoMm auddepennupopanus Dy = <e, %> u HaiigeHuoi B (4) marpureit K (t).

STI/I €3yJIbTaThbl, OTHOCUTEJIBHO 1) n 5 CAVKaT OCHOBOH MeToJa Pe€ KInun CIIeH A
) ?
HpO6ﬂeMbI IMIpUBOANMOCTHN MHOTIOmEepuoanvIeCKnux CUCTeM.
B 3zaksriouennu 3aMeTM, 9TO pacCMaTpUBas MOJTYyUEHHBIE PE3YIHTATH Ha XapaKTePUCTUKAX
nuddepeHnnalIbHBIX OIIEPATOPOB IIPUXOANM K PEIIeHHIO 3aa9u /i OOBIKHOBEHHBIX jud de-
PEeHIHAJIbHBIX YPaBHEHUH.

Kuaro4geBbie cioBa: oneparop aud depeHnnpoBanysi, MATPUIHOE YPABHEHNE, B3aUMHAasl IIPUBOAUMOCTb, MHOTOIIEPHO I~
qeckas GYyHKIHS.
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MHOTOIIEPMOANYECKOE PEIIIEHUE JINHEMHOTO
NMHTEI'PO-IJNPPEPEHIINAJIBHOI'O YPABHEHUNS ITAPABOJINMYECKOI'O
TUITA

Kaijimprasik CAPTABAHOB', yiacesum AUTEHOBA??
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B 3amerke uccnenyercs JuHeiiHOe ypaBHeHNe

2
t
Dou(x,t,7) — % =a(t, T)u(x,t,7)+
+/ b(t,7,t —cT + cs, s)u(x,t — e + ¢s, s)ds + f(x,t,T) (1)

OTHOCHTEIBHO HCKOMOHN byHKImN u = u(z,t, T) nepeMeHHbx T € (—00; +00), t = (t1,..., ;) €
R™ z € [0,1] = I ¢ oneparopom auddepennmponanns D, = 8%—1—2?:1 Cké%? rae e = const > 0,
¢ = (c1,...,Cp) - TIOCTOSIHHBIN BEKTOP € HEHYJEBBIMU Koopaumnatamu, a = a(t,7), b = b(t,7) u
f = f(x,t,7) - byakuuu, oupenenennsie upu (t,7) € R X Rux € 1.

s ypasuenus (1) paccMaTpuBaeTcst HAYAJIbHO-KPaeBasi 33,1493 ¢ yCJOBUAMU

W, b, Ty = a1, 1) = w (2, + w) € C57 (I x R™), (2)
uw(0,t,7) = u(l,t,7) =0, (3)
e 0 = wo, w = (Wi, .oy Win); Wo, W1, -, W - PAIMOHATBHO HECOM3MEDHMBIE TEPUOJbI, € =

(1,...,1) - BeKTOD.
Oyukmun a,b u f 0071a7a10T CBOWCTBAMHE

a(t +w,m+0) = a(t,7) € CL:" (R™ x R),
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bt +w, 7+0,0+w,s+60)=0b(t,T,0,5) € C’t(e’o’e’o)(Rm x R x R™ x R), (4)

flat+w,m+6) = fz,t,7) € CL(I x R™ x R). (5)

[leabro HacTosIeli PAbOTHI ABJISIETCS] YCTAHOBAEHHE YCIOBHI CYIECTBOBAHWS U €JINHCTBEH-
HOCTH MHOTOTIEPHOMYIECKOTO PellleHnst HadaabHO-KpaeBoil 3agaqan (1)-(3).

s moCTHKeHus STOR Ien, Ha OCHOBe PAaboT [1-2|, ¢ mOMOIIBIO 3aMeHBl JaHHASA 33/a9a
IOCJIETOBATEJHHO PEIIAIach JJisi OMHOPOJHOTO YPABHEHHUS, HEOMHOPOAHOTO YDABHEHUS U JJIs
HHTErpo-TuddepeHInATLHOTO YPABHEHNUS, 3aTeM, It KaxKI0H 3a/1a4i OBIIIH YCTAHOBJIEHBI CY-
MECTBOBAHUE U €JINHCTBEHHOCTH MHOTOIIEPUOINIECKOTO perreHust [3].

Takum o6paszom, (#,w)-meproudaeckoe perrenne ypapuenus (1) mpeactaBumMo B BUje

T l
u*(z,t, ) = /_ /o Wiz, t,7,{,0 —ct +cs,8)f(&,t — e + ¢s, s)dEds, (6)

rae Wiz, t,7,&,0 — cT + ¢s,s) dyHmaMeHTATBHOE pelieHre COOTBETCTBYIONIEr0 OJHOPOITHOTO
HHTErpo-auddepeHIaIbHOr0 YPaBHEHNs, KOTOPOEe YAOBJIETBOPAET OIEHKE

|W(.ZTJ, t77—7§7 o+ 07—077—0)‘ S ’76_6(7—_7—0)7 T Z T0 (7)

¢ HEKOTOPBIME TOCTOSHHBIMA ¥ > 0 1 ¢ > 0.

Pesynbrar nocrasiaennoit 3a/ia4u cOpMyIIPOBAH B BUJIE TEOPEMBI.

Teopema 1. ITycrs sermosmenst yeiaosus (4), (5) u (7). Torxa unrerpo-gudgepennnanbnoe
ypasuenne (1) nmeer eqmacTBerHHOE (0, W)-TMIepHOTHYIecKOe pemenne Bia (6).

KuroueBnle ciioBa: naTerpo-auddepenimaibHoe ypaBHeHHe, ypaBHEHHE TapaboIndecKOro THIA, MHOTOIIEPUOTUIECKOE
pelienue, MeTo/| XapakKTepucTuk, Aud depeHimaibablii OepaTop, Ha4aIbHO-KPaeBas 3a/1a4a.

2010 Mathematics Subject Classification: 47G20, 35B10, 35K20 35G16

JINTEPATYPA
[1] Tuxomos A.H. Camapcknit A.A. Ypashenua mamemamuueckoti usuru, Hayka, Mocksa (1977).
[2] Evans G.C. Sull equazione integro-differenziale di tipo parabolico, Rendiconti, 21:2 (1912).

[3] Kulzhumiyeva A.A.; Sartabanov Z.A. Periodic solutions of system of differential equations with multivariate time,
PPC WKSU, Uralsk (2020).

MHOTOIIEPMOJMYECKHUE PEIIEHUA Y3KOTUIIEPBOJIMYECKNX
KBA3UJIMHENHBIX CUCTEM YPABHEHUM C BEKTOPHO-MATPUYHBIM
OIIEPATOPOM /[IN®PEPEHIINPOBAHUNAA

ZKaitmsisik CAPTABAHOBY,  Amupe 2KYMATA3UEB!®

L Axrro6uncknii pernonasbubiii yansepcurer uvenn K. 2Kybanosa, Axrobe, Kazaxcran
E-mail: ®sartabanov42@mail.ru, Ycharmeda@mail.ru

PaccmarpuBaercs KBa3u/nmHeiiHas cucTeMa ypaBHEHHUI
Dz = Bx + f(r,t,2), (1)

OTHOCUTEILHO & = (X1, ...,T9) € BEKTOPHO-MATPUUYHBIM oteparopoM Juddepenuuposanus D
BHJIA
0r Ox
Dr=—+ g Ap—,
87 atk
k=1
riae Ay, k = 1,m u B Il nocrosuubie n-marputst; f(7,t, x) I1 n-BekTop-dyHKIHs HE3aBUCHMBIX

nepeMeHHbIX T € R, t = (1, ...t,,) € R x ... x R = R™ u uckomoro Bekropa x € R = {x € R :
2| = max |z;] < A}, A = const > 0.

j=1n
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[Ipeamonaraercs, 4To KaxKaas u3 MaTpui Ay, k = 1, m, uMeeT pa3JndHble JeicTBATEILHBIC
HeHyJIeBble cOOCTBeHHbIe 3HaYeHns. Torna ypapHenne (1) OTHOCHTCS K Y3KOTUIEPOOTHIECKOMY
Tuiy [1].

Bekrop-byuknus f(7,t,x) obaagaer cBoiicTBaMu

T+0,t+qu,x)= f(r,t,x c C2%) (R x R™ x R”. , 2
T,t,x A

1f(r,t,0)] < A, |f(r,t,x)] < A4+ LA, 2 € RR.

CraBuTcs 3a7a1a 00 YCTAHOBJIEHUN YCJIOBUM CYIIECTBOBAHUS PellleHns] HAadaIbHOM 3aa91 U
3819 O MHOIOIIEPUOMIECKUX PellleHusaX ypaBHeHus (1) COOTBETCTBEHHO ¢ YCJIOBUSME

(7, ) —ry = 2°(t + w) = 2(t) € C9(R™),

2(1 40,1+ qw) = z(7,t) € CLI(R x R™), [2] < A. (3)

g nocrukenns neau, cHadasia ypasnernue (1) IpUBOANTCS K KAHOHHYECKOMY BUJY HEOCO-
Oennoii 3amenoit xr = Ky, 3aTeM BBOJIATCSA ONEPATOPDI:

1) IT = diag 114, ...I1,,], KoTOpHIii meficTBYeT Ha HCKOMYIO BEKTOP-(DYHKITHIO
y(r,t) = [y;(7, t1, ..tm)] B Buze Ly(7,t1,...t,,) = y(7,t), rme t = (tq1,..., t,),
tj = (t1j7'°'7tmj); L

2) P, = diag[pi1, ..., Din)s ¢ = 1,n, 11 Hepexoa OT MEPEMEHHBIX j-Oif KOODJAMHATHI t; K
IIePEMEHHBIM -0if KOOpAMHATH t; B Bue Piy(T,t) = [y;(7, t;)].

C noMOIIBbIO BBEJICHHBIX OLIEPATOPOB, OIPEJIE/ISeTCs HHTEIPAJIbHOE IIPEJICTABIEHUE MHOIOLIe-
PHOJMYIECKOTO PEIleHust THHEHHOrO ypaBHEHUsT cOOTBeTCTBYOMEro (1), KOTopoe HCrosb3yeTcs
JUISE yCTAHOBJICHHS €IUHCTBEHHOTO PENICHUsT PACCMATPUBACMOTO yPaBHEHUS.

Takum 06pazom, u3 uaen paboTsl [2] GBI Pa3BUT METO OMEPATOPOB MPOEKTHPOBAHMUST, Da3-
paboranubIii B [3].

Pesysibrar 0CHOBHOI 3a1a4u ¢(pOPMYJUPOBAH B BHJIE CJIEAYIONIEH TEOPEMBI.

Teopema. Ilpu yciopusax (2), det [X(0) — E] # 0 m (A + (A) < A gBasmiuHeiinoe
ypasHernne (1) uMeer eJHHCTBEHHOE MHOTOHEPHOJIHYECKOE DEHIEHHE B MPOCTPAHCTBE N-BEKTOP-
GhyHKIHIL, yI0BIeTBOPSIONIAX VCI0BUIO (3).

KuroueBrle ciioBa: y3korumepooIndeckasi KBa3u/InHeHHas CHCTEMa, MHOTOIIEPHOIMIECKOE PelTeHne, BEKTOPHO-MATPU -
HBI oneparop auddepeHnnpoBanns, METO], XaPAKTEPUCTHUK, OIIE€PATOP MPOEKTUPOBAHMU.
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PEIIIEHUE OJHOTI'O KJIACCA HEJIMHEMHBIX CUCTEM YPABHEHUM
QIIJINIITUYECKOI'O TUIIA HA IIJIOCKOCTU C IIOCTOAHHBIMUA
OTKJIOHEHNAMNMN API'VMEHTA

J1.C. CA®APOBY, C.K. MUPATOB!

I Boxrapckmnii rocyiapcreenssnii yausepcurer um. H. Xycpasa, Boxrap, Tajxkuxucran
E-mail: “safarov-5252@mail.ru, °safarkhonop@mail.ru

Ha xommaekcuoii miaockoctn C pacecMOTpUM SIHNTHYECKYIO CHCTEMY ypPaBHEHUH, B KOM-
MJIEKCHOM hopme

3
ws, + awsw, + bw? + ew(2) + dw?(2) = aw(z + hy) + B Hw(z + h;), (1)

J=1

rae 2 = x+iy, Bce K03(HUNHEHTD! 1 OTKIOHEHHS aPIyMEHTOB /i, — HOCTOSHHBI, W(2)— HCKOMASL.
B paGore [1] Ha MI0CKOCTH KBa3UIEPHOAMIECKOTO ToMeoMopdu3Ma ypaBHeHUsT BeabrpaMu
[2] ¢ mocrostHEBIME KOdbbuUTIEHRTAMY | ¢ |# 1, HalileHbl pellleHne ypaBHEHNUs

Pz + arp(2) + bi’(2) =0, (2)

C IIOMOIIBIO 3/LTHITHYecKOl dynkun dkobu o(2) = snfu(z), k*|— smmnruueckuii cunyc, k?—
Moryab dyukmmn, k2 # 0, k? # 1, a;, bj— mocTosHHLIE.

Hpyrue dbynkmun SIxkobu cnfu(z), k2], u dnfu(z), k?], Takzke maior pemenns ypapaenus (2)
HA TIOCKOCTH ToMeoMopdu3Ma ypaBHEHUsT BeJTpaMu Mpu ONpeieIeHHBIX YCJIOBUSIX HA af, by.
Oyukmun JAxkodbu snu, cnu, dnu— SBISIOTCS ABOSKOIEPUOTTICCKAME MEPOMOPMHBIME (DYHKIIH-
SIMH, COOTBETCTBEHHO ¢ OCHOBHBIMU MEPUOIAMU:
4K, 2iK'; AK,2K + 2iK'; 2K, 4iK’, tne K = K(k), K' = K'(k')— monuble sjmnnrudeckne
HHTErPaIbl, COOTBETCTBYIOT MOAYMIO k W momoiHuTenbHOMYy Moaymio k', k? + k2 = 1 mpm
k' — 0,k — +1.

K(k) = /02 (1 — Kk*sinp) " tdp, K'(K')= /02 (1 — K?sin*p) 'de.

D1 GYHKIUY yIOBIETBOPAIOT (DyHKIMOHAILHBIME YPABHEHUSMI
ksnu-sn(u+ K') =1, kenu-en(u+ K + K') = —ik', dnu-dn(u+ K) =k

D1 cBoiicTBa GYHKIUKM MO3BOJSIOT MOJYYUTh perieHus: ypasHeHust (1) ¢ mOMOIIBIO perreHue
ypaBHeHnus (2), Koraa Bce oTKJIOHeHUs h;— kparael K miam K', nin He Bce h;— KpaTHBL

IIpeamosoxum, 4ro B ypasHenuu (1) e Bce h;— kparasl K win K, u npu yeaosuu hy = hy,
ho— He cBazan ¢ K nnn K', HaxoauM pelieHue B BUJE

w(z) = Asnlz + ¢z, k%), (3)

IOKa CYUTasd, 9TO k?>— HU3BECTHO.
Jlerko BuzeThb, uto dyHKIEs (3) yAOBICTBOPAET yPABHEHHIO BHIA

2q
ws, + (1 + k*)qw(z) — Ekzuﬁ(z) =0.
Ecmwa,b#0, |a|#|b|nug= —2, To dyHKIWs w(z), Kak perieHue ypaBaerus Beabrpamu,

VIOBJIETBOPSET YPAHEHHIO
awzw, + bwg =0.

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 59

Teopema. Ilycrb B ypapaenun (1) Bce kKoxppumumentsr abedo # 0,

|a|#]b|,| aad |#2 | b8 | 1 k = —aad/2b3 u sermonmeno yeaosme b(1 + k*) = —ea.
Torma npu hy = hg, hg— He niepuo,

_ 4a(aK + bK) 4a(ai K’ — biK')

a0 T JaP—ToP

ha

ypasrenne (1) jgomyckaer penreHne BHaa

wy(z) = Asnlz — 2z, k%],  A? = —aa®d/2bp%.
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O CTOXACTUYECKOW SAJAYE ITOCTPOEHUMS IT1OJIA CHMJI IIO
SAJAHHBIM TPAEKTOPUAM

Mapar TJIEYBEPI'EHOB"?¢, T'yavmpa BACUJINMHAD®
Taiinmxaman TYSEJIBAEBAL2¢

! Uacruryr MaTemaTuHkn I MaTeMaTHdecKOro Mojeaupopanus, Amvarsl, Kazaxcran
2 KazHY um. ans-Dapabu, Amvarer, Kazaxcran
3 Anvarunckmii yruBepcurer snepreruxy u cBasu uM. I. Jlaykeepa, Amvarsl, Kazaxcran
E-mail: *marat207@mail.ru, °v_ gulmira@mail.ru, “tuzelbayeva.gainizhamal@mail.ru

PaccmarpuBaemMbie 3a7a9u OTHOCATCS K OOpATHBIM 3a/ladaM JUHAMUKH. Teopusi obpaTHBIX
3aga49 auddepeHnuaabHbIX CUCTEeM J0CTATOYHO IOJHO pa3paboTaHa B Kjacce OObIKHOBEHHBIX
muddepennuanbubix ypasaenunii (OIY) u Bocxogaut kK paboram H.IT. Epyruna [1] u A.C. Ta-
mayiaaa [2,3]. Metonsl penenusi o6paTHbiX 3a1a4 B Kiaacce OJLY pacnpocTpassaoTes B pabo-
Tax [4-6 u jgp.| Ha KiIacce croxactudeckux auddepeHnuaTbHbIX ypapaenuit to. B Hactosimeii
paboTe CTPOUTCI CHUIOBOE TIOJIE MO 3aJaHHOMY HHTErpPAJTbHOMY MHOTOOODA3UI0 NMPHU HATUYUH
CAYyYafiHBIX BO3MYMIAIONUX CI. [Ipu 3TOM OTAeIbHO PACCMATPUBAIOTCS JIBA BHU/IA HHTEIPAJIb-
HBIX MHOrooGpasuii: 1) TpaekTopuu, 3aBHCHIIHE OT 000OIIEHHBIX KOODJANHAT W He 3aBHCAIINE
oT 006001IeHHBIX CKOpoCTeil (3anaua 1) i 2) TPACKTOPHH, 3aBHCSIIIE KAK OT OO0OIIEHHEIX KOOD-
JIMHAT, TaK W OT 0000IIEeHHBIX cKopocTeil (3amada 2). VI mojydeHHbIe YTBEPKIEHNsT 0000IIAI0T
Ha KJIACC cToXacTudecKuX quddepeHnuatbHbX ypaBaenuii ITo pesyibrarsl pabor |7,8], momy-
yennble B Kjaacce QY.

3agmadua 1. Ilo 3ajganHO0# TpaeKTOpUU

AN,y t) =0, tae N = N, y,t) € C?2 A€ R, 2 € R', y € R, (1)

xyt

Tpebyercs IOCTPOUThH CUJIOBOE I0JIe IIPU HAJUYUN CIYYafiHbIX BO3MYINAIOIIUX CUJI TAK, YTOObI
IIOCTPOEHHOE CHJIOBOE TI0JIe 00JIa/Iao 3aIaHHON TpaekTopueil (1) B KadecTBe MHTErPAIbLHOTO
MHOroo0Opa3ust _
{ j:X1<xayvt)+al(xayvt)§’ (2)
y = )/1(%’, Y, t) + 51($, Y, t)£7
riae £ = {(t,w) — caydaiiHbIii TPOIECC ¢ HE3aBUCHMBIME IPUPAIIEHUSIME, KOTOPbIii, ciaemys 9],
MOZKHO NIPEJICTABUTD B Bie cyMMbl poneccos: & = &+ [ c(p) PO(t, du), & — BuHepoBckmii npo-
necc; PP — myacconosekuii nporecc; PO(t, dy) — 1ncsio ckaukos nporecca P° B unrepsase [0, ],

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



60 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

NOMAJAIONIMX HAa MHOMKECTBO dy; c(p) - cKangpHag (pyHKIHSA, 0TOOpazKalomas IpOCTPAHCTEO
R? B mpocTpancTBO 3Havenuit R! nponecca () mpu mo6owm .
3amaua 2. [lo 3ajann0ii TpaekTOpHH
. LN _ Lo 12121 1
ANz, 2, y,9,t) =0, tae A = Nz, 3,y,9,t) € Crippes A € R, (3)
TpebyeTcs IIOCTPOUTDL CHIIOBOE H0JIe IIPU HATUYUH CTOXACTHYCCKIX BO3MYIIAIONIUX CIJI, TaK YTO-
OBl HOCTPOEHHOE CUIIOBOE TIOJIE 00JI1TA10 3aJaHHON TpaeKTopHeil (3) B KauecTBe MHTErPAILHOTO
MHOroo0Opa3ust
j:X2(xay7t)+82(l'ay7t)ﬁa (4)
Y= }/2(-%'7 Y, t) + 0—2(377 Y, t)77>

rie n = n(t,w) — cKaIApHBI BUHEPOBCKHil mporecc. Byaem roBoputh, uto dbyukius f(z, 1)
npuHaiekut knaccy K, f € K, ecau f nenpepbiBra 10 t, t € [0, 00], 1 BO BCceM TPOCTPAHCTBE
z=(z,y)T € R? ||f(2,t) — f(Z,1)|| < B||z — Z|| tunmuuesa no x u y u yI0BICTBOPACT YCJIOBHIO
|f(z,0)]| < B(1+ ||z||) smaneiinoro pocra no z ¢ nekoropoit nocrosiuuoit B. Ipenosaraercs,
aro Xq(z,y,t), Yi(z,y,t), 01(x,y,t) u 6(z,y,t) npunamaexkar kiaaccy K, aro obecrnednpaer
B 1pocrpancTBe R cylecTBOBaHME M @IMHCTBEHHOCTDH JI0 CTOXACTHYECKOH 3KBUBAJEHTHOCTH
pemenust (z(t),y(t), #(t),y(t))T cucremn ypasuenuit kak (1), Tak u (4) ¢ HAYATBHBIM YCJIOBHEM
(z(to), y(to), 2(to), y(to))T = (x0,vo, To, Yo)T, ABAAIOMUXCH HEIPEPLIBHLIME C BEPOSTHOCTLIO 1
CTPOr0 MapKOBCKHM MpotieccoM [9].

VIMeroT MecTo CIeyIonue IBe TeOPEMBbI.

Teopema 1. [Ijist Toro, 9r006bI MHOKECTBO CHJIOBBIX MOJIEH (2) MpH HATHYIHA CJIYIaRHBIX
BOSMYIIEHUH U3 KJIACCA MPOIECCOB ¢ HE3ABUCHMBIMU MPUPANICHUSIME UMEJIO 3aTaHHYI0 TPACK-
ropuio (1) HEOOXOAUMO | JIOCTATOYHO, YTOOBI BBIIIOJHAIOCH OMHO U3 ycaoBuit: (a) uiam (b)

X1 = A (AL — Auwd? — 20y — Ay — A1), ”
31 = )\;1<B1 — /\ya:1) a

IpU IPOU3BOJIBHBIX Y7, 01 U3 Kiaacca K

Vi = A (AL = A — 2000 — Ayyd® — A X)), 0
51= A, (B — A1)

PH TPOM3BOJIBHBIX X1, 01 U3 Kiaacca K.

Teopema 2. [ljist TOro, 9T00bI MHOKECTBO CHJIOBBIX HOJeH (4) IpH HATHYIHU CJIyIafHBIX
BO3MYIIEHHI U3 KJIACCa BUHEPOBCKUX ITPONECCOB HMEJIO 3aJaHHYI0 TPACKTOPHIO (3) HEOOXOINMO
M JIOCTATOYHO, YTOOBI BBIOJHSIOCH OHO U3 yeaosuii: (¢) win (d)

. ) 1 ~ ~
X2 = /\;I(AQ — )\ml' - )\yy + )\yYVQ — 5(/\353[;0'3 + )\yya'%)) (C)
G = \; ' (Ba — \j02)
LPHU IIPOU3BOJILHBIX Ya, 09 U3 Kiacca K;
1 - ~
Y, = )\;1(142 — AT — N Xo + )\yy — 5()\33300'% + )\yy(]g))
52 = )\;1(32 — /\$82)

DU TPOUBBOJILHBIX X, 0, 13 Kaacca K. '
Bﬂer Al = Al ()\7 )\7 z,Yy, jj? yv t)? Bl = Bl(/\a >\7 z,Y, Z"a ya t)? AZ = A2(>\7 z,Yy, i? y)a
By = By(A;x,y, &, y) — npon3BoJbHO 3agannbe Gynknun Epyruna [1], obnamatomnue coiictBoMm

A1(070;xay7l"ayvt) = Bl(ovo;x7yvi'7yvt> = AQ(Oaxvwavy) = BQ(O,(L’,y,CE,y) = 0.

Funding: Asropst 6b1mu nomuepxkanst rpanrom AP09258966 KH MOH PK.
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KuroueBrle ciioBa: o6paTHbIE 33/1a9U JUHAMUKHN, CTOXacTH4IecKue qud depeHmaibHble yPaBHeHUs , HHTET PAJIFHOE MHO-
roobpa3sue.
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O PABPEIIMMOCTU HEKOTOPHIX KPAEBBIX 3AJTIAY JIJI
HEJIOKAJIBHOT'O IIOJIMTAPMOHNYECKOI'O YPABHEHUNZ

Barupxan TYPMETOB!¢

U Mexx iynaponusiit Kazaxcko-Typeuxuii yuusepcurer umenu A.SIcasu, Typrecran, Kazaxcran
E-mail: “turmetovbh@mail.ru

B nacrosieit pabore uccseyercss BOIPOChl Pa3peniuMOCTH HEKOTOPBHIX KPAEBbIX 3a1ad T
HEJIOKAJILHOTO ITOJTUTaPMOHHYECKOT0 YPABHEHHS.
IIycts Q = {z € R™: || < 1} - equnuunsiit map n > 2, a ) - exuandnas cdepa, S - Jeil-
CTBUTeIbHAsA OpTOroHadbHad maTpuna S - ST = E. [Ipeamono:KnM TakzKe, 9TO CYHICCTBYeT
takoe Harypaapaoe [ € N uro S' = E. Ilyete m > 1,a4, asg, ..., a;— IeHCTBATEIBHDBIC UHCA.
Paccvorpum B () cieyioniyio 3amaqdy:

l

Zak(—A)mu (S¥'z) = f(x), 2 € Q, (1)
%:gk(a:),k:(),l,...7m—1,1’689. (2)

Bamaua (1)-(2) B caygae m = 1 usyuena B pabore [1]. OTMernM TakKe, 9TO HEJOKATHHBIE
KpaeBble 3aa49H [JIsl SJUIHITHYECKAX YPABHEHHH BTOPOrO M BBICIIETO MOPSIKOB ¢ OTOOpazKe-
HUSME BHJA S MCCIeJ0BaHBl B paborax [2-4].

CupaBeyiuBo CJIe/lyolee yTBepK IeHHeE.

Teopema 1. Ilycts fig, fi1, . - ., fl—1 - PA3IAIHbIe KOPHH CTemeHn | u3 equHnnsl i oy, (A) =

-1 _ .
Saipi £ 0, f(x) € CMNQ), gij(x) € C™HA1(0Q),j = 0,1,...,m — 1. Torga penrenune 3amaqu
i=0

JTupuxre (1), (2) cyniecrByer u €JIHHCTBEHHO.

TeopeMa 2. HyCTb Mo, W1y« ..y Hj—1 - PASJIHYIHBIC KODHH CTEIICHH ™ U3 €¢IHHHUIIBI 1 Oy, (A) =
m—1

Sooapt £ 0, f(z) € CMNQ) u gj(z) = 0,5 =0,1,...,1 — 1. Torma pemenne 3azaun (1), (2)
i=0
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npejacraBdeTcda B BHIeE

u(z) = / Gs(z, ) f(y)dy.

Q
rae

-1
GS('T7 y) = Z CCIG(Sq:C7 y)7
q=0

a G(x,y) - dynkumst I'puna zagaan Tupuxie [5].
B pabore Tak:ke mccienayoTcs Kpaesblie 3aa4un Tunia Helimana u Pobena.

Funding: Astopsr 661 ommepskansl Tpantom MOH PK AP08855810.
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naga Pobena, dyukusa ['puna.
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O COBCTBEHHBIX ®YHKIINAX M COBCTBEHHBLIX 3HAYEHUAX
HEKOTOPBLIX KPAEBBIX 3AJIAY JIJIA HEJIOKAJIBHOTO OIIEPATOPA
JIATIJIACA

Barupxan TYPMETOBY®, Aitnyp IITAJIXAPM®

Y Mesxnyraponnsiit Kazsaxcko-Typenxwuii yrusepcurer umenn A SIcasn, Typrecran, Kazaxcram
E-mail:*turmetovbh@mail.ru, *ainurl.00@bk.ru

Hacrogmas paboTa OCBAIIECHA NCCISI0BAHUIO CIIEKTPAIBLHBIX BOIIPOCOB Kpaerbix 3a1a4 Jn-
puxJsie u Helimana /yid HeT0KaJIbHOTO omeparopa Jlamiaca.
[ycrs Q = {x = (z1,79) : 23 + 23 < 1},09 - okpyxknocts. B ) BBesem cieyionue oTob-
ParKeHUS:
Sox = x,S1x = (—x1,x2) , Sex = (21, —x2) , S3x = (—x1, —22) .

Iycts a;,j = 0,1,2,3 - neficrButenbusle unciaa, A - oneparop Jlamraca, r = |z|. Paccmor-
puM B obstacTu §) CaeayIonme 3a1a9u
Bamauga 1. Hajitn ¢ynkmmio u(x) # 0 u gnciao X € C, y10BIeTBOPSIOINLYIO YCIOBUSM

apAu (Spz) + a1 Au (S12) + asAu (Sez) + azAu (Szx) = —du (), (1)
u(x) =0, € 0. (2)

Bapmauga 2. Haiitu ¢ysknuio u(x) # 0 m ancao A € C, yropiaersopsionyto ypasaennto (1)
H yCJIOBHIO
ou ()
or

=0,z € 09. (3)
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OrmMernm, 9TO B OTHOMEPHOM CJIyUae AHAJOTUIHBIE 3aIa9H UCCJAeI0BAINCH B paborax [1-4].
Beenem uncia

51:a0+a1+a2+a3,52:a0+a1—ag—ag,sgzao—a1+a2—a3,

E4 = Qg — a1 — Q9 + as.

CrpaBeyinBo cJejyioniee yTBePZK 1eHue.
Teopema 1. Ilycrs sermonansiorcs yeaosns €; 7 0, = 1,4. Torma cobcTsennbie QyHKIAN
n CO6CTBeHHHe 3HAYCHUS 3aja9u 1 UMEIOT BHJI:

1) uk m( ) sz(:ul k ’mr) COS 2m90, - 07 17 () >\17k7m = M1,k,mE1,
2) uk m( ) = JQm—l(MQ k mr) Sln(2m - 1)907 m = ]-7 27 sy )\Q,k‘,m = H2,k,mE2,
) uk m( ) = m (/‘L?) kmr) COS(Qm - ]-)QD; - 17 27 sy A3,1€,7n = M3,k,m537
4) u4km( 7, @) = 4o (famr) sin 2me, m = 0,1, ..., Ay g = fakmEa, LAE THCAA [Ljfom, ] =

1,2,3,4 B ciydae j = 1,4 SABISIOTCST HOJTOXKATETBHBIMA HYJISIMA (DYyHKITHT

o

L\ 26+m)
Tam (1 Z —0—2m'y'<2) ’

Jj=

a B caydae j = 2,3 ABISIOTCS MOJOXKUTETbHBIMHA HYJIIMHA (DYHKITHA

> ' [ 206+m)—1
o ( ) .
zm-1( Z ‘I'Qm—l)j' 2

J=0

Teopema 2. Ilycrb soimonsiorcs yeaosus €; # 0, j = 1,4. Toraa cucrema ul(j Zn(r, ©),] =
1,4 apisercs mosnoii B mpoctpancTse Ly(§)).
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C KazKJIbIM I'OA0M HMHTEepeC TCOPETHUKOB U IIPAKTUKOB K 3a/Ja9aM OIITUMU3alluu PaCTET. DKC-
TpeMaJibHbIE 3aJda4Y1 BCTPEYIAIOTCA BO BCEX OTPaC/JAAX HayKH. Baﬂaqn JOKAJIbHOM’ OIITUMHU3 AT
XOpOoHio nuccjaeaoBaHbl U JJid NX pelneHnd CYIIEeCTBYIOT KOHCTPYKTUBHBIE METO/IHI. O,ZI;H&KO 3a/a-
YH IIOUCKA II00aJIBLHOM OIITUMHU3aII11 HE OTBEYalOT BCEM HOTpe6HOCTHM Ha IIpaKTHKE. HOSTOMY
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HOKUCK IT0OATBHOIO MUHUMYMa, OCTAeTCsI OJHONU M3 TJIABHBIX MPpoOJieM BBIYUCIUTETLHON U IIPH-
KJIQJHOU MaTeMaTHKH.

B coBpemenHoit MaTeMaTHKe HPEIJIOKEHBI PA3INYHbIE METOIbI MOMCKa II00AJIHEHOIO MUHU-
MyMma. MHOrme Meroabl He TapaHTHPYIOT TOYHOCTH II00AJTBLHOTO MHHHMYMA, €CJH (DYHKIHS
MHOTOIKCTpeMaibHa. I Takux 3a7ad XOPOII MPsAMoii MeTo 1 mepebopa, HO OH IIPU POCTe Tie-
PEMEHHBIX TPEOYIOT OOJIBITINX BBHIUYHCIUTEILHBIX 3aTpaT.

B nacrosmeM JoK1a/ie Mbl c(DOPMYJIMPYEM HOBBI KOHCTPYKTHUBHBIN MeTOJI IV100aJIbHOI OII-
TUMHU3AIUHA MHOTOIKCTPEeMaJIbHOH (DYHKIMH HECKOJIbKHUX IE€PEMEHHBIX.

[IpepaoKeHHBI METO HAXOAUT PEIIeHHE ¢ BBICOKOH TOYHOCTBIO 32 MEHbIIee KOJIUIeCTBO UTe-
pamuu. [IpoBeseM BBIYHCIUTEIbHBIH IKCIEPUMEHT HAJ TECTOBBIMEU (DYHKIHUAMHU ONTUMUA3AIUH.

Meroji paboraer ¢ MMOMOIIBIO OuLpejiesionieil MyHKIuu, KOTopas KakK MH/JIUKATOp Oy/er
OIIPeIesISITh MePBOE KacaHue IMesieBoil (DYHKIUN C IMJIOCKOCTHIO HA TOYKe rI00ATbHOIO MHUHHMY-
Ma. [Ipenao:keHHbIH aaropuT™ COCTONT U3 JABYX ITAIOB: MOMCK 3HAYEHHUS II00AJIHHOTO MHHU-
MyMa U TOMCK KOOPAWHAT TJI006aIbHON0 MUHUMYMa. [IJ1s1 BRIUHCIEHHS ONpeaeIsaoleii (pyHKImnn
MBI IPUMEHUIN KybaTypHbIe (DOPMYJIbI.

Hanucana nporpamma Ha s3bike C+- M BBIIIOJHEHBl BRIYUCIUTEIbHBIE SKCIEPUMEHTHI HaI
CHEIUAJIBHBIMA TeCTOBBIMH (pyHKIHMIMU. OHU ITOKA3BIBAIOT, YTO aJITOPUTM paboTaeT ¢ BHICOKOM
TOYHOCTBIO.

KuroueBblie cjioBa: T/I006aIbHBI MUHAMYM, MHOTOIKCTpeMaJibHas (PyHKIWMs, KybaTypHble (POPMYIIBI, TI00ATHHBIN 9KC-
TepeMyM, TJI00aTbHAS OMTHMUBAIINS.
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BUION3MEHEHHAS 3AJAYA KOIIM I HEOJTHOPOJHOTO
BBIPO>K TAIOIIIETOCSI TUTIEPBOJIMYECKOTO YPABHEHUSI BTOPOTO
POJIA

AK. YPUHOBY, A.B. OKBOEB%?
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PaccmorpuM ypaBHeHTe
Lo (1) = gy + Yy, +au, — N u= f(z,9), y<0 (1)

B KOHEYHOI OffHOCBsA3HON obsactu D, orpannvennoit xapakrepuctukamu AC : x — 2\/—y = 0,
BC :x+2/—y =1u AB : y = 0 ypasuenust (1) npn y < 0, nae - geficTBuTepHOE WIN
YHCTO MHUMOE 9UCI0, o € R, mpuuem o = —n+ag, n € N, ap € (1/2,1), a f (z,y)- 3agannag
dyHKIH.

Bumousmenennas 3agada Komm. Haitrn dynxmuio u(z, y) € C(D) N C?*(D), yaose-
TBOPAIONIYIO B 006nactu D ypasaeHuo (1) u cieayonumM HadaabHbIM YCJIOBHAM

ww,0) = (@) 2 € 0.1 lim (<) [u= AL V] =v@) sE D, (@
y——
rae 7(x) u v(z) - 3ananubie dbyskmn, a A (T, \) - oneparop Bujaa

A (1, \) =
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1

el .
N /‘I’k (1_2)]k+ e 1Jk+n+ﬁ 1(0)dz,

& (124 6),(n+ 5, )

ﬁ =a—1/2, (a )n =T (a+n) /T (a) - campoa [oxrammepa; CF - Gunomuanbubrii kosdduuuent,
=T(28) /T%*(B), T (s) - ramma-byaxuus Diinepa;

Ui (7(C), N) = (A2 = 82/0¢%) "7 (0), L C=r2y/y(2e -0,
o=d0/y(1=2),  Ju(z) =2 [(=1)/51(1+a))(2/2)%.

7=0
Teopema 1. Ecmm 7 (x) € C*"+V[0,1], v (x) € C?[0,1],
flz,y) = (—y)lfo‘fl (,v), fi(z,y) € C?[0,1], To pynrnnsa u (x,y), onpegenaemas popMymoi
1
u(z,y) = A, (1,A) — 72(—y)1a/’/(€) 2(1—2)] 7T g (o) dz+

0

2=y 2=y
f <

J&/d&/

E+n (=9 )R(&n;x_g\/_—@jum/—_y)dn,

2 16
z—2/—y 13
siBJIsIeTCsT eiuHcTBeHHbIM pernenneM 3agaqn {(1), (2)}, rge
-9 <
R(&,m;&,m0) = sF (8,6 +k,1+E0
(&7 €0:10) (n—&)° (o — € 5;:0 (8,8 )
'z - A2 — —
(2 2/6) (7]0 . 77) (5 . fO) 7 H = (770 77) (5 50)

72:<1_a)r2(1_5)’ p:Z (77_50)(770_5)'

Ormernm, uro 3amada (1), (2) upu f(x,y) = 0 usydena B padore [1].
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Ha I' = {a < x < b} paccMoTpuM ypaBHEHHE BHJIA

(5)+ A5 te) = G + Yo 0

C HHTEI'paJIbHbBIMHU YCJIOBUAMHA

L/@ﬁmwﬁ:hhi:fﬁ. @)
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Bnecw p(x), q(x), Oc(x), pi(z) € C(a,b)— 3ananusie Gyukun, h;, i = (1, m)— 3amaHHbBIE TOCTO-
sIHHBIE, (g, k = (1, m)— Hem3BecTHBIE TTApAMETDHI.

[Ipobsieme uccaeoBanms HarpyzKeHHBIM OOBIKHOBEHHBIM JiHbdepeHIna bHbIM YpaBHEHUSIM
¢ MHTErpasbHBIMU YCJIOBUSME MOCBAIICHBI paborst [3]-[4].

B Hacrosiieit pabore, Ha 0CcHOBe crioco6oB paspaboranubix B 1], [2], [3] mia auddepenu-
AJIBHOrO ypaBHeHHsl (1) ¢ MHTErpajbHBIMA YCIOBHAME (2), TOJYYeHbl MPeICTABIEHUST MHOTO-
00pa3ust perienuii 4epe3 OJHy NPOU3BOJIBHYIO IOCTOSIHHYIO M U3Y4YeHbl CBONCTBA 110J1YY€HHBIX
perennii.

Takum obpazoMm, jloKa3aHa

Teopema 1. ITycrb B gupdpepennnaaprom ypasaennn (1) ¢ WHTErpaabHBIME YCI0BAAMH (2)
dyumun p(x), 0, (), p;(x) yaoBIETBOPAIOT CAEAYIOMEM YCIOBAAM: - DyHKIH p(T) B OKpecT-
HoctH TO9KH * = b yjopiaersopsier ycaosuio Legepa

[p(b) = p(x)| < Ho(b—2)", m > B —1, Hy = const npn x — b;

Ipu p(b) > 0, p;(x) € C(T), ¢;(z) =0 ¢ acCAMOTOTHICCKHMH TOBETCHHSIME

o1(2) = oleapl—pBE @) —2) M <1, 1<j<n (@)
Ipm p(b) < 0, pyaxman Oy(z) € C(T), Ox(b) = 0 ¢ acAMOTOTHIECKIMI TOBEICHASIMA

O (x) = ofeap[—p(b)wy ()](b —2) ], < 1, 1< j k< (5)
IIpn p(b) < 0, q(z) € C(T), q(b) =0 ¢ acEMOTOTHICCKIM ITOBEICHHEM

q(z) = o[exp[—p(b)wf(x)](b — )%, % <1 mpu x —b. (6)
Torna 3ana4a o HaxoXKjaeHHH pernenus guggepermuaipHoro ypaspaenns (1) ¢ maTErpaib-
HBIMH YCJIOBHSME (2) CBOIATCS K PEIeHAH JIMHETHOH aaredpamdecKkoii CHCTeMbl ypaBHEHHIT

> b =pi, i=Tm, (7)
k=1

1jie Gik, Pi— H3BECTHDBIE IOCTOSIHHBIC YUCJIA.

Teopema 2. Ilycrp B juddepennmanipaom ypapaennn (1) ¢ HHTErpajbHBIMH YCIOBHIMA
(2) BoimosHsIOTCsT yeaoBust reopembl 1 man yukmmn p(x), q(x), 0k(z), pi(x) yaosaersopsior
yeaosusam (3),(4),(5),(6). Torna npu m = n, det||(;|| # 0 cucrema mureiinbIX aarebpandecknx
ypasrenwii (7) Bceria paspeninma, obriee pernrerne qihhepeHnnnasbHOro ypaBHeHHs CONEePKAT
OJTHY NIIPOU3BOJIBHYIO IIOCTOSTHHYTO U BBIPa’KaeTcsl PAaBEHCTBOM

y(z) = K1 (Ch, qi(2), 0k (x)), (8)

e K1(Ch, qp(x), 0k (x)) — m3Bectsrit maTerpaapusiii oneparop, C1— MPOH3BOJIbHAS TOCTOSH-
Hasl.

II3y4ennl cBOCTBA IIOIYYeHHBIX PEIIeHNTil, a TAKZKe MOCTABICHA U PeIleHa 3a1a49a ¢ Hadalb-
HbIMH JaHHBIMM THIIA KOH_H/I.
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MNHTETPAJIBHBIE MPEJCTABJIEHU A PEIIIEHUN HJIA O,Z[HOfI CUCTEMBDI
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[Tycts D nipssMOyTOJIBHUK
D={(z,y): 0<x<0,0 <y <}

Hanee obosHaunm
Ii={y=0, 0<z<d}, To={z=0, 0<y<d}
B obaactu D paccMoTpuM CHCTEMY CJIEIYIONIEr0 BUJIA

( QPu +al(x7y)%+bl('xay)@_i_Cl(xay) _f1<l’,y)
00y re Oz b Oy ratf T patB

ou ax(z,y)  falz,y)
oo T =T (1)

du bQ(x7y) _f3(x7y)
oy P T p

\

rne 12 = 22+ 42, aj(z,y), bj(z,y), ci(z,y), fi(r,y),j =1,3 — sananubie GyHKImm B 061aCTH
D, a>2,0=2v=0§=1(a HarypajbHble YUCIA).

[Ipobseme uccienoBanus audepeHnuanbHbIX ypaBHEHUNR U MEePEeONPeJeIeHHbIX CUCTEM C
PeryJisipHbIMHU, CUHTYJISIPHBIME U CBEPXCUHTYJIAPHBIMEA KOI(POUITMEHTAME MOCBATIEHB PA0OTHI
11131

Hrak, noka3aHa

Teopema 1. Ilycts B cucreme ypapreruii (1) o > 2,5 = 2,7 = 0 = 1 koscpputipentsr u
[IPABbIC YACTH VIOBJICTBOPIIOT CJCAVIOIIHM VCIOBHIM:

1) al(xay) € C;(ﬁ)7a2(:)j,y) < C;(ﬁ),
bl(mﬁy)>b2<x>y) € C(ﬁ)afZ(xvy) S Oy1<ﬁ)7f1(xvy)af3<x>y> € C(E)a

at2 0 (‘“(‘T’y)) + ay(z, y)bi(z,y);

2) Cl(dl,y):T or ro

3) |ai(z,y) — a1(0,0)| < Hyr*', Hy = const, a3 > a — 1,
b1 (2, y) — b1(0,0)| < Hor', Hy = const, f; > B — 1,
las(z,0) — ax(0,0)| < Hsz™, Hs = const,0 < \; < 1,

4) a1(0,0) < 0,b1(0,0) > 0, as(0,0) > 0;

5) a) %(CLl(qu)) _a%(aa(ﬂ;,y)) 6 D.

b) f1<$,y) u fZ(xvy)7f1<xay) u fg(l’,y)
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CBSI3aHDBI IIPH HOMOIMH KO3(h(DHITHEHTOB CHCTEMBI B SIBHOM BH/JIE;

b1(0,0)

6) fi(,) = ofexp [ :

x
arctg—} ),y > a+ 1
Y

Torxa smoboe penrenne cucremsl ypasaenuii (1) u3z xnacca Co(D) mpegcraBumo B BHje
U(ZE,y) ET1(901<1'),¢1($),f1(l‘7y)), (2)

e1(r) = Ni(eq, folw,0)), (3)

in(y) = 202, ()
Y
e Ty (p1(z), ¥1(z), fi(z,y)), Ni(c1, fa(x, 0))— m3BecTHBIC HHTErPATBHDBIEC OMIEPATODEL, €1 — IPO-
H3BOJIBHASI [IOCTOSTHHASL.
I3yuensl cBOMCTBA IOy YEHHBIX PENeHNUH, a TAKKe TIOCTABJIEHA U PellleHa 3a/a4a ¢ HAualb-
HBIMU JaHHBIMHA THIA Kormy.
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LINEAR SYSTEM WITH UNPREDICTABLE IMPULSES
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Let 6;, i € Z, be a sequence of real numbers such that § < 6,,, — 6; < @ for some positive
numbers 0, 0, and |0;| — oo as |i| — oo.

Denote by [a1,az], ai1,a; € R, the interval [a;,as], if a; < ay and the interval [ag,ay],
if as < aq.

Definition [1]. A piecewise continuous and bounded function () : R — RP with the set of
discontinuity points 6;, i € Z, satisfying ¢(0;,—) = (6;) for each i € Z is called discontinuous
unpredictable function, if there exist positive numbers €y, o, sequences t,, s, of real numbers
and sequences [,,, m,, of integers all of which diverge to infinity such that

(a) 0;11,, — tn — ;] — 0 as n — oo on each bounded interval of integers and
|Om,,+1,, — tn — Om,,| > € for each natural number n;

(b) for every positive number ¢, there exists a positive number ¢ such that ||p(t1) — p(t2)]] <
e whenever the points ¢; and ¢, belong to the same interval of continuity and [t; — 3] < §;

(c) o(t +t,) — ¢(t) as n — oo in B-topology on each bounded interval;

(d) for each natural number n there exists an interval [s,, — 7, $,, + 0] C [0m,., (O, s1, — tn)]
which does not contain any point of discontinuity of ¢(¢) and ¢(t + t,,), and
lp(t +t,) — @(t)]| > € for each t € [s,, — 0, s, + 7.

Definition [1]. Suppose that w(t) : R — RP is a piecewise continuous and bounded function
with the set of discontinuity points 6;, i € Z, satisfying w(#;—) = w(6;) and I';, i € Z, is a
bounded sequence in RP. The couple (w(t),I;) is called unpredictable, if there exist positive
numbers €y, o, sequences t,, s, of real numbers and sequences [,,, m,, of integers all of which
diverge to infinity such that

(a) |0it1, — tn — 6;] = 0 as n — oo on each bounded interval of integers and
|0, 11, — tn — Om, | > € for each natural number n;

(b) for every positive number e there exists a positive number ¢ such that ||w(t1) — w(t2)]| < €
whenever the points ¢; and ¢, belong to the same interval of continuity and [t; — t5| < 6;

(¢) w(t+t,) = w(t) as n — oo in B-topology on each bounded interval;

(d)for each natural number n there exists an interval [s,, — o, s, + 0] C [0, s (@11, — tn)]
which does not contain any point of discontinuity of w(t) and w(t + t,,), and
|lw(t +t,) —w(t)|| > € for each t € [s,, — 0, 5, + 0);

(e) |4y, — Is| = 0 as n — oo for each i in bounded intervals of integers and
Ty, 11, — L', | > € for each natural number n.

We specify the discontinuity moments of the impulsive system as follows

where v;, © € Z, is a sequence of real numbers which is unpredictable in the sense of Definition

3.1 [2] and T' > 4 is a number such that sup |vy;| < T'/h for some number h > 3.
i€z
Consider the following linear impulsive system,

2'(t) = Ax(t) + f(t), t £ 0i, Ax|_g, = Ba(6;) + I, 2)

where ¢t € R, the matrices A € RP*P and B € RP*P commute, the sequence 6;, i € Z, of
discontinuity moments is defined by Equation (1), and (f(t), ;) is an unpredictable couple.
Additionally, det(I + B) # 0, where I is the p X p identity matrix.
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1
Denote by A;, j =1,2,...,p, the eigenvalues of the matrix A + ?Ln(l + B).
(C) max ReA; = A < 0, where Re)\; is the real part of \;, j =1,2,...,p.
j

Theorem. Suppose that the condition (C') is valid. If the couple (f(t), I;) is unpredictable,
then system (2) possesses a unique asymptotically stable discontinuous unpredictable solution.
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LOCAL INTEGRAL RELATIONS OF THE COEFFICIENTS OF A
DISCONJUGATE DIFFERENTIAL EQUATION
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The theory of oscillations as an important component of the modern qualitative theory of
differential equations originates from the work of Sturm, who introduced the concept of an
oscillatory equation as an equation, any solution of which has infinitely many zeros, and proved
his well-known comparison and separation theorems.

For the linear case A. Kneser, W. Leigton, M. Morse, A. Winter, P. Hartman and others
obtained oscillation criteria, which found generalizations for nonlinear second order differential
equations, in particular, second order half-linear differential equations [1, 2]

(P P2y") + v(t)ylP~2y(t) = 0 (1)

l<p<oo,p:I— R,v:I— R continuous functions, and p(¢) > 0 on L.

Many results are given in terms of an equation disconjugate points, that is, an equation for
which any nonzero solution has at most one zero on a given interval. In the well-known works
[3], the obtained conditions for the oscillation and non-oscillation of the equation are expressed
in terms of the global integral characteristics of the coefficients p and wv.

In this work, based on the work of R. Oinarov [4], R. Oinarov, K.R. Myrzatayeva [5] criteria
for equations of disconjugate points of both half-linear and linear second order differential
equations are obtained in terms of the ratio of the negative and positive parts of the function
and its local integral behavior.

We introduce the following notation

1 1
v(t) =0(t) —6(t),6(t) > 0,0(t) > 0,Vt € [’§+ iy 1
( t+d q t+d D )
dH(t)=sup{d>0: /pl_q(s)ds / O(s)ds | <1p,[t,t+d CI,
0 ¢ ¢ J
( ¢ i/t » )
d (t) =supsd>0: /plq(s)ds /9(3)d$ <lp,t—dtjcI
\ —d —d Y,
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Let,
AT()=[t.t+d ()], A1) = [t —d (¢).1],

p—1
B, = (p" g+ 1) x sup / p'(s)ds / d(s)ds.
AT (t)

a<t<b
A~ (t)

Further, suppose that I = [a,b), —00 < a < b < +o0 and for anyone t € (a,b).

b b

/ p=9(s)ds = 00,0 < / 0(s)ds < o 2)

t t

Theorem [6]. Let 1 < p < oo and conditions (2). If the 2B, < 1, the equation (1) is an
equation disconjugate points on the interval (a,b).
Theorem 1. Let 1 < p < oo and conditions (2). If the

-1

1 1\
sup /H(S)ds /5(s)ds < —min (—)
a<t<b 2 p

A (1) AT (D)

() ()

the equation (1) is the equation with disconjugate points on the interval (a,b).
Corollary. Let conditions (2) be held when p = 2. If the condition

aiﬁbfbK/ 9<5)d$)1(/ 5(8)ds)]§<i
A At

hold, then when the equation (1) is the equation disconjugate points on (a,b).

Keywords: The theory of oscillations, oscillatory equation, oscillatory and non-oscillatory conditions, equations without
conjugate points, half linear differential equation.
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STABILITY OF HYPERBOLIC-PARABOLIC DIFFERENTIAL AND
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Differential equations with involution appear in mathematical models of ecology, biology,
and population dynamics (see, [1]-[2]). Partial differential equations with involution have been
investigated by many scientists (see, [3]-[4]). However, mixed type of differential equations with
involution have not been investigated. In the present paper, the stability of hyperbolic-parabolic
equations with involution is studied. The stability of the differential equation with involution
is established. Absolute stable difference scheme for the numerical solution of hyperbolic-
parabolic differential equation with involution is presented. The stability of this difference
scheme is proved. Numerical results are given.
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A MULTIPOINT PROBLEM FOR FREDHOLM INTEGRO-DIFFERENTIAL
EQUATIONS

Anar ASSANOVA!¢  Ayazhan ERMEK!2?
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2 al-Farabi Kazakh National university, Almaty, Kazakhstan
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Consider the multipoint problem for the system of Fredholm integro-differential equations
with degenerate kernels

fl_f = ABr+° / i (1) (T)x(r)dr + f(t), t€(0,T), xeR", (1)
Xm:Bia:(ti) —d, deR" 2)

Here z(t) = col(x1(t), x2(t), ..., x,(t)) is an unknown function, (n x n) matrix A(t) and n-vector

f(t) are continuous on [0,77], (n x n) matrices ¢;(t), ¥;(7), 7 = 1, k, are continuous on [0, 77,
B, are constant (n X n) matrices, 0 =ty < t; <ty < ... <ty <ty,=T.
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The solution to multipoint problem (1), (2) is a function z*(¢) : [0, 7] — R™ that is contin-
uous on [0, 7], continuously differentiable on (0,7) and satisfies integro-differential equations
(1) and multipoint condition (2).

The aim of the present communication is to obtain criteria for the unique solvability of
problem (1), (2) and develop algorithms for finding its approximate solutions. To this end,
the Dzhumabaev’s parametrization method [1-3] is used. The interval [0, 7] is partitioned and
additional parameters are introduced as the values of the desired solution at the left endpoints of
the partition subintervals. When applying the method of parametrization to problem (1), (2),
some intermediate problems occur, so called special Cauchy problems for integro-differential
equations with parameters [2-5].

We divide [0,7] into m parts and introduce additional parameters as the values of the
desired solution at the left endpoints t = t;, i« = 0,m — 1, of the subintervals. The unique
solvability of a special Cauchy problem for the A,, partition is equivalent to the invertibility of
a matrix I — G(A,,) constructed through a fundamental matrix of the differential part and the
matrices of the integral kernel. The A,, partition is called regular if the matrix I — G(4A,,) is
invertible (see [5-7]). For the regular A,, partition, a system of linear algebraic equations in the
parameters introduced is constructed using [I — G(A,,)]™!, the multipoint condition (2), and
the continuity conditions at the interior partition points ¢t = ¢;, : = 1,m — 1. It is shown that
the invertibility of the matrix of the system constructed is equivalent to the unique solvability
of the multipoint problem under consideration.

So, we develop the algorithms for finding a solution to a multipoint boundary value problem
for the integro-differential equation with degenerate kernel. For the chosen A,, partition, the
matrix G(4A,,) is calculated. If there is an inverse of I — G(4,,), then we construct a system
of linear algebraic equations. The elements of G(A,,), the coefficients and right-hand side of
the system are determined by the solutions of the Cauchy problems for ordinary differential
equations and the values of the definite integrals of some functions over the partition subin-
tervals. By solving the system of algebraic equations, we determine the values of the solution
at the left endpoints of the subintervals. Next, using the values obtained and the data of the
integro-differential equation we compose a function F*(t) that is continuous on [0, 7]. Solving
the Cauchy problems for ordinary differential equations with the right-hand side F*(t), we get
the values of the desired solution at the remaining points of the interval [0, 7). If a fundamental
matrix of the differential part is found explicitly and the integrals are evaluated exactly, then
the algorithm allows us to find a closed-form solution as well. As is known, it is usually impos-
sible to explicitly find the fundamental matrix for a system of ordinary differential equations
with variable coefficients, and, in general, only approximate values of definite integrals can be
obtained [5-8].
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ON THE SOLVABILITY OF A FAMILY OF PROBLEMS FOR
INTEGRO-DIFFERENTIAL EQUATIONS OF MIXED TYPE
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On the domain © = [0, 7] x [0, w] we consider a family of two-point boundary value problems
for a system of integro-differential equations of mixed type

% = A(t,x)v+ f(t,z)+
T t
—l—gol(t,x)/wl(s,x)v(s,x)ds+gOQ(t,x)/wg(s,x)v(s,x)ds, (1)
0 0
B(z)v(0,z) + C(z)v(T, z) = d(x), z € [0,w], (2)
where v(t,z) = (vi(t,x),v2(t, x),...,v,(t, x)) is unknown function, n x n matrices A(t,x),

©1(t, ), po(t, x) are continuous on €2, n X n matrices ¥4 (s, x), ¥s(s, ) are continuous on €2, n
vector function f(¢,x) is continuous on €, n x n matrices B(x), C(z) are continuous on [0, w],
n vector function d(z) is continuous on [0, w].

Continuous function v : 2 — R™ that has a continuous derivative with respect to ¢ on €2 is
called a solution to the family boundary value problems for the system of integro-differential
equations of mixed type (1), (2) if it satisfies system (1) and condition (2) for all (¢,z) € 2 and
x € [0,w], respectively.

For fixed = € [0,w] problem (1), (2) is a linear two-point boundary value problem for the
system of integro-differential equations of mixed type [1-3]. Suppose a variable x is changed
on [0,w], then we obtain a family of two-point boundary value problems for integro-differential
equations of mixed type.

We investigate questions for the solvability of the family of boundary value problems for
the system of integro-differential equations of mixed type with degenerate kernels. The original
problem is first reduced to a family of boundary value problems for the Fredholm integro-
differential equation with an unknown function associated with the desired function by an
integral relation. For solving this problem we use Dzhumabaev’s parametrization method [4-7].
This family of problems can also be interpreted as a family of inverse problems for a system
of Fredholm integro-differential equations with a degenerate kernel [8-10]. On the other hand,
this problem is a problem with a parameter for the system of Fredholm integro-differential
equations [11-13].

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, a hybrid system of functional and integral equations for a function parameter and
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an unknown function. Conditions for the unique solvability of the problem under consideration
are obtained in terms of the solvability of families of Cauchy problems and a hybrid system.
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A PROBLEM WITH PARAMETER FOR DIFFERENTIAL EQUATION OF
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In the present communication we consider the boundary value problem with parameter for
the ordinary differential equation of second order

C;Tf :al(t)cé—f+a2(t):c+b(t)u—|—f(t)’ te(0,7), (1)
0 R dx(t) o
o= I =2, it ler (2)

where z(t) is an unknown function, the functions a(t), as(t), b(t) and f(t) are continuous on
[0,7], 2°, 2* and 2% are constants.
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The solution to boundary value problem with parameter (1), (2) is a pair (u*, z*(¢)), where
the parameter p* € R, the function z*(¢) : [0,7] — R that is continuous on [0,7], twice
continuously differentiable on (0,7"), and satisfies differential equation of second order (1) and
initial and boundary conditions (2).

The aim of the communication is to obtain criteria for the unique solvability of problem
with parameter (1), (2) and propose algorithms for finding its approximate solutions.

At first, we introduce a new functions z1(t) = x(t), xo(t) = dflsf) for all ¢t € [0, T7.

Problem with parameter (1), (2) reduce to an equivalent problem with parameter for system

of two differential equations in the following form

dzy _

=x
o . e (0,7, (3)
TF = ai(t)xe + ax(t)ry +b(t)p + f(2)
subject to the boundary conditions
71(0) = 2°, x(T) = 2! zo(T) = 2°. (4)

By a solution to problem (3), (4) we mean a triple (u*, z3(t), x3(t)), where p* € R and x73(t),
x3(t) are continuous on [0, T] and continuously differentiable on (0,7") functions, satisfying
conditions (4) and system (3) with p = p*.

Further, for solve problem (3), (4) we use the Dzhumabaev’s parametrization method [1-
3]. We reduce the problem (3), (4) to a problem with an additional parameter A\ that is
chosen as the value of the function z5(t) at the point t = 0: A = 25(0). Then, by substituting
up(t) = 21 (t) —2°, us(t) = w2(t) — A, problem (3), (4) is transformed into the following problem:

% =us+ A o 5
%:al(t)[u2+)‘]+a2(t)[ul+xo]+b(t)u+f(t) ’ € (0,7), (5)
U1 (O) =0, uQ(O) =0, (6)

u(T) = 2t — 27, us(T) = a2 — A, @

A solution to problem (5)-(7) is a quadruple (p*, A*, ui(t), us(t)), where p*, A\* € R and functions
ui(t), ub(t) satisfy the system of differential equations (5) and conditions (6), (7) with p = u*
and A = A*. Obviously, if this quadruple is a solution to problem (5)-(7), then the triple
(p*, 25 (t), 25(¢)) with 2% (t) = ui(t) — 2% and x5(t) = uj(t) — \* is a solution to problem (3), (4).
Then, the pair (u*, z*(t)) with x*(t) = x7(t) is a solution to original problem (1), (2).
The Cauchy problem (5), (6) has a unique solution w(t, A, u) = (u1(t, A, p),

ug(t, A\, ) for all A € R and p € R. By substituting the value u(T, A, ) into the boundary
condition (7), we get the following system of linear algebraic equations in parameters A and pu:

u1<T7/\7:u) = ! —af (8)
us(Ty N ) + A =a?

Problem (5)-(7) is solvable if the system of algebraic equations (8) has a solution (A\*, u*) €
R2.

Therefore, problem with parameter (1), (20 is solvable if the system of algebraic equations
(8) is solvable [4].
Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP08855761).

Keywords: problem with parameter, differential equation of second order, Dzhumabaev’s parametrization method,
solvability, Cauchy problem.

2010 Mathematics Subject Classification: 34A34, 34B08, 34B30, 34C25

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 77

References

[1] Dzhumabayev D.S. Criteria for the unique solvability of a linear boundary-value problem for an ordinary differ-
ential equation, U.S.S.R. Comput. Maths. Math. Phys., 29:1 (1989), 34-46.

[2] Dzhumabaev D.S. A method for solving the linear boundary value problem for an integro-differential equation,
Comput. Math. Math. Phys., 50:7 (2010), 1150-1161.

[3] Dzhumabaev D.S. New general solutions to linear Fredholm integro-differential equations and their applications
on solving the boundary value problems, J. Comput. Appl. Math., 327:1 (2018), 79-108.

[4] Dzhumabaev D.S. New general solutions of ordinary differential equations and the methods for the solution of
boundary-value problems, Ukrainian Math. J., 71:7 (2019), 1006-1031.

RESTORING TWO-POINT BOUNDARY CONDITIONS FOR A FINAL SET
OF OWN THE VALUES OF THE BOUNDARY PROBLEMS FOR
DIFFERENTIAL EQUATIONS HIGHER ORDERS

Gauhar AUZERKHAN"*, Baltabek KANGUZHIN 2
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Reconstruction of boundary conditions for differential equations higher orders in a certain set
of spectra is hampered by two circumstances: mi. First, in contrast to second-order differential
equations in the case differential equations of higher orders there are no triangular operators
transformation. Secondly, non-decaying boundary conditions introduce additional significant
analytical difficulties in their reconstruction from a set of spectra. Note that in this paper,
we propose a new method for normalizing the boundary conditions, which is adapted for their
subsequent restoration according to a certain set of spec- tons of boundary value problems.In
other words, before asking the question of what data should restore a set of boundary conditions,
they must be reduced to canonical form. Then, proceeding from the proposed canonical form,
a system of boundary value problems is selected, from the set of spectra of which the boundary
conditions are restored.

In functional space Ls(0, 1) consider the eigenvalue problem. Consider a mixed problem for
the system of wave equations

d() = v () + 3 pel@)y® (2) = My(a) )
Vily) =D (™ 70(0) + By V(1) =0,  j=1,..n, 2)

s=1
where py(z) -sufficiently smooth coefficients of the differential equation, s, 5;5 -numerical
coefficients of the boundary conditions. We assume that A\ = 0 is not value of problem (1)
and (2). According to the assumption, the resolvent set of problem (1) - (2) is not empty and,
as a consequence, it follows that the spectrum of the original problem consists of a countable
number of eigenvalues. When solving the direct problem, it is first necessary to normalize the
set of boundary conditions (1) - (2).

We introduce a fundamental system of solutions y;(0) homogeneous equation d(y) = 0 with
(s—1)

standard Cauchy conditions at zero y;~ ’(0) = d;5. Function ug(x), determined by the formula

xT

uo(z) = / oo ) F(t)dt.

0
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is a solution to the inhomogeneous Cauchy problem with zero conditions at zero

d(u) = f(z),  uy™"(0)=0.

Note also that the relations are valid for s =1,...,n

. [ o
uS ™ (2) = / 5w DS (.
0

Now we can formulate a statement.
For anyone f of L5(0, 1) inhomogeneous equation d(u) = f(x) has a single a natural solution
that satisfies the conditions (2).Moreover, for such a solution fair representation

u(w) = ug(x) = Y pu(2)Vi(uo). (3)

Here ¢4(x)-system decisions homogeneous equations d(y) = 0 with conditions

Vilps) =8 J=1,m.
The statement is proved by direct verification.The uniqueness follows from the pre- provisions:

A = 0 is not an eigenvalue of problem (1) and (2). Let’s calculate boundary shape values V;(us).

Funding: The authors were supported by the grant No. AP08855402. of the Ministry of Education and Science of
Republic of Kazakhstan.
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The paper is devoted to study analogues of the van der Corput lemmas [1] involving Bessel
functions. The generalization is that we replace the exponential function with the Bessel
functions, to study oscillatory integrals appearing in the analysis [1] of wave equation with
singular damping. More specifically, we study integral of the form

) = / T (A(2))()de,

The Bessel function is [2]

Aot = > D ()

= ml(m+ 1)!

In harmonic analysis, one of the most important estimates is the van der Corput lemma, which
is an estimate of the oscillatory integrals.

Keywords: van der Corput lemma, Bessel function, asymptotic estimate.
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SIMILAR TRANSFORMATION OF ONE CLASS OF CORRECT
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The description of all correct restrictions of the maximal operator are considered in a Hilbert
space. A class of correct restrictions are obtained for which a similar transformation has the
domain of the fixed correct restriction. The resulting theorem is applied to the study of n-order
differentiation operator with singular coefficients. Let a closed linear operator L be given in a
Hilbert space H. It is known that if one of the correct restriction L of a maximal operator L
is known, then the inverses of all correct restrictions of L have in the form

L' f=L""f+ K[, (1)

where K is an arbitrary bounded linear operator in H such that R(K) C Ker L.

Let Ly be some minimal operator, and let M, be another minimal operator related to Ly
by the equation (Lou,v) = (u, Mov) for all u € D(Lo) and v € D(My). Then L = M and
M = L{ are maximal operators such that Ly C L and M, C M. A correct restriction L of a

maximal operator L such that L is simultaneously a correct extension of the minimal operator
Ly is called a boundary correct extension.

The inverse operators to all possible correct restrictions Lx of the maximal operator L have
the form (1), then

D(Lg)={ue D(L): (I - KL)u e D(L)}

is dense in H if and only if Ker (I + K*L*) = {0}. All possible correct extensions Mg of My
have inverses of the form

Mgl f= (L) ' f= (L) f+ K f,
where K is an arbitrary bounded linear operator in H with R(K) C Ker L such that
Ker (I + K*L*) = {0}.

The main result of this work is the following
Theorem 1. Let L be boundary correct extension of Lg, that is, Lo C L C L. If Ly is
densely defined in H and
R(K*) C D(L*)n D(LY),

where K and L are the operators in representation (1), then KLy is bounded in H and a
correct restriction Ly of the maximal operator L is similar to the correct operator

AK =L —EKL on D(AK) = D(L)

Corollary 1. Suppose the hypothesis of Theorem 1 is satisfied. Then a correct extension
L7, of a minimal operator M, is similar to the correct operator

x= LI = LK),
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on

D(Ay)={veH: (I-LiK)weD(L"}.

Keywords: maximal (minimal) operator, correct restriction, correct extension, similar operators, singular coeflicients,
Riesz basis with brackets.
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INVESTIGATION OF THE CAUCHY PROBLEMS FOR PARABOLIC
EQUATIONS IN THE WEIGHTED HOLDER SPACES
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We study two Cauchy problems in R} := R"™ x (0,7)), n > 2: problem 1 for a parabolic
equation with singular in t coefficients at the first derivatives with respect to spatial variables [1]
and problem 2 for a parabolic equation with the continuous coefficients at the first derivatives
with respect to spatial variables, but the smoothness of which is less, than it is required to
obtain solution belonging to the classical Holder space [2].

The problems for parabolic equations in non-cylindrical domains with moving or free (un-
known) boundaries, when the required smoothness of the solutions is higher than the smooth-
ness of the boundary of the domain are reduced to such problems 1 and 2.

With the help of Laplace on ¢ and Fourier on «’ = (x1,...,2,_1) we construct the solutions
of the problems in the explicit form. This permit us to determine the weighted Hélder spaces
for the solutions with the weights of positive power of t.

By direct evaluations of the solutions we derive the estimates of them in this weighted spaces
and obtain an existence and uniqueness of the solutions.

Funding: The author was supported by the grant No. AP05133898/GF4 of the Ministry of Education and Science of
Republic of Kazakhstan.
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MULTIDIMENSIONAL SINGULAR INTEGRALS AND INTEGRAL
EQUATIONS IN FRACTIONAL SPACES
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In this work, we study boundedness, noetherity and smoothness properties of multidimen-
sional singular integral operators and solvability of the corresponding singular integral equations
in Besov spaces. The present work is a direct continuation of the paper [1], where singular inte-
grals with characteristics independent of poles and the corresponding singular integral equations
in Besov spaces were studied.

Let E be an extended Euclidean space E™ (with the Lebesgue measure) added point oo at
infinity, i.e. F is a bicompact (or quasi-compact) Hausdorff space. Open sets in E are open
sets in E" as well as complements (in £) of closed subsets of E™. Such form open sets serve
as neighborhoods of the point at infinity in £ and any displacement of the point oo at infinity
belongs to £™. In what follows, singular integrals will be considered in Besov spaces B = B(F),
the parameters of which will be refined below.

Consider a singular integral

o(2) = (Suf) (&) = /E

Q(x, 0)
|y_x|nf(y)dy, (1)

which is understood in the sense of Cauchy principal value, where the characteristic {2 depends
only on poles z. If the following conditions [2]

(a) / Q(z,0)dd = 0, where S; is a unit sphere;
S1

/ 1 1
(b) / e, 0P dh < 00, 4L =11<p<oo
S1 p P
hold, then S, is a bounded operator on L,(£) and we have

1Safllp < Apllfllp VF € Ly(E),

where A, is a constant depending on p. Here and further || - ||, means L,(E) - norm.
Throughout this paper we assume that the characteristic 2(x,#), as a function, satisfies
conditions (a) and (b) for any z € F and 6 € Sy, it satisfies
(c) Q(x,0) € B§171(E”), l<pi<oo, li-pr=n ({1 >0)
as a function of x. As seen the Besov space By = Bﬁil(E) is embedded into the space C'(E) of
continuous bounded functions when £ € S; and the following inequality
HQ(7 Q)HC(E) < MHQ(7 ‘9)”}7’,31

holds. Again, here and further the norm with two indexes means a mixed norm in the order
of the indexes, i.e || - || 5, is a Bi(£)—norm of z and L, (E)—norm of 6, and M (with and
without indexes) is an absolute constant independent of all important parameters.

Theorem 1. Let the conditions (a),(b), and (c) hold. Then the singular integral operator
S, defined in (1) is bounded on B = B£71(E), l<p<oo,0<l<ty=1<p <p,and we
have

15 flls < M| flls, Vf e B(E).

The symbol of the singular operator S, in (1) is defined locally for any fixed z (see [3,

p.110]), i.e. its symbol ®(x, ) equals to A,(€) for any fixed x and any & € S;.
The bounded singular operator S, to be Noether in
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n
By = BS,(E), l<p<oo, 0<(<li=—, 1<p <p,
’ DP1
it is necessary and sufficient that A,(§) does not vanish on S; for any fixed x € E.
Let us consider a singular integral equation in
n
BlzBﬁl(E), l<p<oo, 0<tl<tli=—, 1<p<p:
) pl
1 Q(x,0)
@2m)"2 Jg ly — =

(Ch)(x) = af(x) + f)dy + (T f)(x) = g(x), (2)
where a is independed of x, T' is a completely continuous operator and g € By (FE).

The equation (2) is noetherian solvability in B;(FE) if and only if its symbol ®(x,8) = A, (&)
is different from zero for any £ € S; and x € E.

Keywords: Multidimensional singular integrals; singular integral equations; Besov spaces.
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POTENTIAL TYPE OPERATOR IN GLOBAL MORREY-TYPE SPACES
WITH VARIABLE EXPONENT ON UNBOUNDED SETS

Nurzhan BOKAYEV™®, Zhomart ONERBEK"?, Aidos ADILKHANOV¢

! L.N.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
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We consider global Morrey-type spaces with variable exponent in unbounded domains. Con-
ditions for the boundedness of the Riesz potential and the fractional maximal function in these
spaces were obtained.

The Riesz potential 1*(*) with the variable exponent «(z) is defined by the following equality:

[01(35) f(m) = /%diy, 0< O./(l') <n.
R™

In case a(x) = «a this operator coincides with the classical Riesz potential I¢.
Let p(x) be a measurable function on open set 2 C R™ with the values in [1, 00). We suppose
1 <p_ <pz) <ps < oo, where P_ = essinf,cq p(x), Py = esssup,cqp (). We denote by

Ly(.)(€) the space of all measurable functions f(x) on Q such that J,)(f) = [, [f ()" da <
0o, where the norm is defined as follows | f[|, ) = inf {n >0, Jp) (%) < 1} . Let P(Q) is the

set of bounded measurable functions p : Q — [1,00], P'°8(€2) is the set of exponents p € P(Q)
satisfying the local log -condition

A 1
. |{L‘—y|§— {L‘,yGQ, (1)

Ip(z) — p(y)| < 5

~ —Infz—y|’

where A, is independent of x and y, A'“8(Q2) is the set of bounded exponents « : Q — R
satisfying the condition (1), and P'8(Q) is the set of exponents p € P? with 1 < p_ < p, < oo.
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For Q which can be unbounded we denote by Ps (), P%8(Q2), P5(Q), A%(Q) the subsets
of the above sets of exponents satisfying the decay condition (when € is bounded): [p(z) —
p(oo)| < Ao In(2 + |z|), © € R™. Let

n

n
, &if r < 1; r,r)=—— &if r > 1.

Mp(w,7) = p(00)

Let p € P9(Q), w(x,r) is a positive function on Q x [0, 0c], where Q € R™, 0(r) : (0,00) —
[1, oo] be measureable functions. The Global Morrey type spaces GM (. 0(.),w(.)(€2) with variable
exponent is defined as the set of functions f € Lifz‘f)(Q) with finite norm

— -n (:E,’r‘)
1634y, 0 = SR IR0 L, el

Theorem 1. Let p(.) € P%(Q), the constant number « satisfies the condition o > 0,
(ap())), = supeqap(x) <n, 1 < 6,7 < 601(t) < 0,7 < o0, 1 <by” < by(t) < 6,7 < o0, the

functions p(x) and q(x) satisfy TII) = % — =, the functions wy and ws satisfy the condition
A = sup |[wy (x,r) ||t @00 wy(z,t) -
xeQ) t L, (roo)
91(-) LGQ()(O,OO)

Then the operator I is bounded from GM (g, ()u () 10 GM g(),02()ws(.)-
Theorem 2. Let p(.) € P°¢(Q), the function «f.) satisfies the condition o > 0, (a(.)p(.)), =

)+
SUp,eq ap(x) < n. Let 6,(t) and 04(t) measurable functions such that 1 < 0; < 6,(x) <
Os(z) < ©y < oo, and there exists a positive number a such that 0;(t) = 6, = const,
05(t) = 6, = const for x > a and the functions p(z) and q(x) satisfy ﬁ = zﬁ - %, the
functions wy and wy satisfy the condition
B , 92(?“)/
/ T gmo(@s)—ng(z.s)—1, 1(7)] [01(]
G = sup /(wz(x,r))%(r) (/( ) ds> dr < co.
zEQE>0 J wy (z, 5)
t

Then the operator 1*V) is bounded from GMyy.60),u1() 10 GM()00)mwa()-
The case of § = co was considered in [1].
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The concept of manifolds defines a topological space similar to Euclidean space. Manifolds
are the foundation of the field of geometry and allow to describe complex structures in terms
of the concept of simple topological properties. Cartesian coordinate structures are considered
to have these topological properties. The notion of a flat manifold has been considered in some
data as a special space, proving that it is not a real space. In addition, topological manifolds
are perceived as flat manifolds that form a finite linear space. In other words, the surface of
an ellipsoid can be represented in terms of a smooth manifold. Each specific structure has its
own expression in the Euclidean space, and the Riemannian manifold can be considered as the
Fuclidean space.

According to their mathematical meaning several theorems can be introduced. We can also
consider the Laplace operator for the Riemannian manifolds. The role of the Laplace operator
in the field of mathematical physics and the theory of functions is important. Obviously, the
following theorems are valid.

Theorem 1. The Laplace operator infinitely differentiates the infinite differential of each
individual function in the Riemannian manifold.

The theorem holds only when real analytic is used.

Theorem 2. If for Af > 0 the function f of class C* is a compact connection in the (M, g)
Riemannian manifold, then f is the constant. As the result for any constant (M, g) harmonic
function is true: spec(M, g) C (—o0,0].

The true application of differential operator studies, defined by manifold, has been investi-
gated in medicine. Currently, there is a great necessity for important research in the field of
biotechnology, i.e the development of gene interactions using polymers.

This study aims to determine the type of mathematical model of polymers. Therefore, the
ability to use Riemannian surfaces allows you to build a model.

The most important concept is symmetrical spaces. These spaces are defined as pseudo-
spaces. It is enough that the tensor of its curve is invariant for the connected Riemannian
manifold to be symmetrical. For a general Riemannian manifold to be symmetric, each point
must exist in the form of isometry. Although Riemannian spaces were used in physics, mathe-
matics and chemistry, their most important role was identified in the theory of homology.
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Let x = (x1, 2, ...,2,) € R" be an arbitrary point of the unit ball
Q={r=(v1,29,...,2,) ER": x| <1} CR™ Let ay € {—1,1}. Then (a3)* = 1.

Denote z* = (—x1, aaa, ..., anTy,), and 02, (0€_) is a part of the sphere 02, for which
x1 > 0(x1 < 0). We also denote a part of the sphere 02, for which z; = 0, by 9.

In this talk we consider the following nonlocal boundary value problem for the Laplace
operator in the ball, which is a multidimensional generalisation of the Samarskii-lonkin problem.

The problem S,;. Find a function u(x) € C*(Q) N CHQ\IQ) satisfying the Poisson’s
equation

~ Aulz) = f(z), zeQ, 1)
and the following boundary conditions
w(z) —au(z*) =7(x), =€ I, (2)
u(z) pO0u(z’)

where f(z) € C5(Q), 7(x) € C*E[0Q,], u(z) € C[0,], 0 < e < 1, and « is a fized real
number. Here, % s a derivative with respect to the direction of the outer normal to Of).

In the case when a = —(—1)¥, we obtain periodic and antiperiodic boundary problems,
which were studied earlier in the works [1]-[2]. Recently, in [3] we considered the problem Sy,
when k = 0, and the general case in [4].

As another alternative to the Samarskii-lonkin problem for the Laplace operator in a unit
ball, we also consider the following problem:

The problem Si5. Find a function u(z) € C*(Q) N CHQ\IN) satisfying the Poisson’s
equation (1) and the following boundary conditions

w@) + (=DFu (z*) = 7(z), = €90, (4)
825%) + 5(9“@(5*) = plx), ey, ©)

where f(z) € C5(Q), 7(x) € CYE[0Q,], u(z) € C5[0,], 0 < e < 1, and B is a fized real
number. Here, % is a derwative with respect to the direction of the outer normal to O0f).

The well-posedness of the problems are investigated, and Fredholm property of the problems
are studied. Moreover, we obtain integral representations of their solutions in explicit forms.
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COMPACTNESS RESULTS FOR VARIABLE EXPONENT SPACES
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Let €2 be an open subset of R and let p, ¢ : © — [1, 0o] be measurable functions. We give a
necessary and sufficient condition for the embedding of the variable exponent space LP() (Q) in
Lat) (Q2) to be almost compact. This leads to a condition on 2, p and ¢ sufficient to ensure that
the Sobolev space W1P() () based on LP0) () is compactly embedded in L) (Q); compact
embedding results of this type already in the literature are included as special cases.
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Due to applications in physics, biology, epidemiology, and so on, much of the literature on
lagged differential equations has focused on the existence of a periodic solution, oscillation, and
SO on.

The importance and variety of applications served to increase interest in the theory of
boundary value problems for differential equations with a delay argument, and the development
of computer technology and its comprehensive application in applied problems presented new
requirements for the developed methods, paying special attention to their constructibility and
feasibility.
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One of the constructive methods widely used for the study of boundary value problems for
differential equations is the parametrization method of D.S.Dzhumabaev [1]. In [2], on the
basis of one modification of the parametrization method algorithms, sufficient conditions were
obtain for the existence of an isolated solution of a boundary value problem for a system of
linear differential equations with a delay argument that satisfies essentially nonlinear boundary
conditions.

We consider a nonlinear boundary value problem for a system of differential equations with
delay argument

d:v_

- = At)z(t) + B(t)x(t — ) + f(t), xze€R", te(0,T), T>0, (1)
(t) = diag[z(0)] - ¢(t), ¢ €[-7,0], (2)
9((0),2(T)) = 0, (3)

where (nxn)-matrices A(t), B(t) and the function f(t) are continuous on [0, T, ¢ : [-7,0] — R"
is a continuously differentiable functions such that ¢;(0) = 1, i =1 : n, 7 is a constant delay
such that T'= N7 (N =1,2,...), |[A(®)|| < a, ||B(t)|| < B, where a, 3 are constant.

The solution of the boundary value problem (1)-(3) is a continuous on [—7, N7|, continuously
differentiable on [—7, 0] [ J[0, N7] vector function x(t) that satisfies the differential equation (1)
and has values z(0), z(7"), for which equalities (2), (3) are valid.

In [3], in terms of input data, necessary and sufficient conditions for the existence of an iso-
lated solution to a periodic boundary value problem for a system of nonlinear delay differential
equations were established. In [2], on the basis of modified algorithms of the parametrization
method, sufficient conditions were obtained for the existence of an isolated in some ball solu-
tion to problem (1) - (3) for a system of linear delay differential equations subject to essentially
nonlinear boundary conditions. Following the standard scheme of the parametrization method,
problem (1) - (3) was reduced to a multipoint boundary value problem with parameters. In the
course of proving the conditions for the existence of a solution to the problem with parameters,
a procedure for the sequential construction of its solution is shown, which includes the solution
of a system of nonlinear algebraic equations of a special structure and the solution of Cauchy
problems on the partition subintervals. Estimates were established for the difference between
the exact solution and the solution found at a certain step.

The algorithms of the parametrization method are quite suitable for developing a numerical
method for solving the problem under study. To construct the equations of the system in
unknown parameters (the values of the desired solution at the partition subintervals [—7, N7]),
methods of numerical solution of the Cauchy problem are used. To solve the constructed
system of nonlinear algebraic equations, a sharper version of the local Hadamard theorem [4] is
applied. Using the found parameters, we find the numerical solutions of the Cauchy problems
associated with equation (1), thereby determining the numerical values of the desired solution
at the points of the partition subintervals.

Thus, the numerical method proposed in the present paper is a balanced combination of
known numerical methods. It should be noted that the results numerical experiments carried
out on test problems are fairly good at the first steps of the algorithms of the parameterization
method.
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We consider the following linear boundary value problem for essentially loaded differential
equations with multi-point conditions:

m m+1
2—:;‘ = A(t)l)? + Z M](t>l’(6)]) + Z Kz(t)x(ez) + f(t>’ le (OaT)v (1)
mf: Ciz(0;)=d, de R, z¢€R", (2)

where the (n x n) -matrices A(t), M;(t) (j =1,m), K;(t) (¢ =0, m + 1), and n-vector-function
f(t) are continuous on [0,7], C; (i = 0,m + 1) are constant (n x n) - matrices, and 0 = 6y <
91<02<-~<9m—1<6m<‘9m+1:T; ||ZL’||:H1%|$Z|

A solution to problem (1), (2) is a continuous on [0, 7] and continuously differentiable on
(0,7) function z(t) satisfying the essentially loaded differential equations (1) and the multi-
point condition (2).

In recent years the theory of differential-boundary equations or loaded differential equations
has been advanced. These equations describe problems in optimal control, regulation of the
layer of soil water and ground moisture, underground fluid and gas dynamics [1]. A numerical
method of solving systems of loaded linear non-autonomous ordinary differential equations with
non-separated multi-point and integral conditions is proposed in work [2].

In the present paper, a linear multi-point boundary value problem for essentially loaded
differential equations is investigated. The significance is that the loaded members of the equa-
tion appear in the form of derivatives of solutions at load points of the interval. The presence
of derivatives of solutions at load points has a strong influence on the properties of equations.
Using the properties of essentially loaded differential equation and assuming the invertibility
of the matrix compiled through the coefficients at the values of the derivative of the desired
function at load points, we reduce the considered problem to a multi-point boundary value
problem for loaded differential equations. The parameterization method [3] is used for solving
this problem. The problem under consideration is reduced to solving a system of linear alge-
braic equations. The coefficients and right-hand side of the system are calculated by solving
the Cauchy problems for ordinary differential equations. A numerical algorithm is offered for
solving the considering problem. Numerical experiments are performed to test the proposed
approach on examples.
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Numerous papers are devoted to spectral properties of differential equations in view of their
fundamental and applied significance. But at the same time, so far no example has been found
of a regular boundary value problem for differential equations whose spectrum (except for an
empty set) is a finite set. Therefore, the problem of the existence and absence of the finite set
in the regular boundary value problems for the differential equations is an actual one.

This problem and the problem of completeness and basicity of root vectors for operators

. d2 a4 . o . .
generated by the action —7=, 7= with general boundary conditions are studied relatively
recently in the monograph of John Locker [1]. In work [2], using anti-a priori estimates for test
functions, for arbitrary regular boundary value problems and a wide class of linear differential
equations, established that their spectral set is either empty or infinite.

The present paper is a development of the paper [2], where the above-mentioned problem
has been studied for an equation with everywhere continuous coefficients and in it, we have
improved the method of proofs of the paper [2].
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INTERPOLATION PROPERTIES OF NET SPACES
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Let in R™ is given n-dimensional Lebesgue measure u, M is the set of all cubes in R%. Further
M will be called as a "net”. For function f(z), defined and integrable on each e from M, we
define the function
o [

where the supremum is taken over all e € M, whose measure is |e| o pe > t. In the case when
sup{le| : e € M} = a < o0 and t > « assuming that f(t, M) = 0.

Let p, ¢ parameters satisfy the conditions 0 < p < 00, 0 < ¢ < oo and for p = 00, ¢ = 0
Let’s define the net spaces N, ,(M), as a set of all functions f, such that for ¢ < co

[e%s) I qd %
flaon = ([ (B70an) §)" <o

1 -
11| 3y (ary = sup t? f(t, M) < oo.
t>0

f(t, M) = sup —

t >0,
eEM 6|

and for ¢ = oo

These spaces were introduced in the work [1].

Net spaces have found important applications in various problems of harmonic analysis,
operator theory and the theory of stochastic processes.

In this paper, we study the interpolation properties of these spaces. It should be noted here
that net spaces are in a sense close to the Morrey space:

1
M;‘:{f: sup t (/ \f(x)\pd:v)p <oo}.
yeR™, >0 |oty|<t

In the case when f(x) > 0, for % =1-2

1y oeary = 1 W ar

The question of interpolation of Morrey spaces was considered in the works [2,3]. It follows
from the results of [4] that
(M°, M) )g o0 < M,
where A = (1 — 0) Ao + 0A;. In the works [2,3] it was established that this inclusion is strict.
For net spaces N, (M), where M is an arbitrary system of measurable sets from R?, we
also have an embedding (see [1, Theorem 1))

(Npo.go (M), Npy g, (M), = Npo(M), (1)

Whereézlp;f—l-p%,0<0<1,0<q§oo.
From (1) it follows that if the linear operator 7' bounded from A; to N, (M), i = 0,1,
then the operator 7" bounded from Ay, to N, (M), where % =104 6

Po p1
The question arises whether the following equality will take place

(Npo,qo(M)aNmm(M))e,q - Np,q(*M)- (2)
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Here, in contrast to the Morrey spaces in the one-dimensional case, when M is the set of all
segments, the answer is positive.

In this paper we show that, if M is the set of dyadic cubes in R?, then the relation (2) holds.
In case, if M is the set of all cubes, an analogue of the Marcinkiewicz-Calderon theorem on the
cones of non-negative functions is obtained.

Theorem 1. Let 0 < py < p1 < o0 and 0 < qg,q1,q < 00. Let M be the family of dyadic
cubes. Then

(Npo,qo<M)u NPl:‘Il (M>)9q = Np,q(M)a

where ;- = 110;09 + p%, g€ (0,1).
The following statement is an attempt to answer the question about the interpolation of net
spaces, when M — is the family of all cubes with parallel faces to the coordinate axes in R?.
Theorem 2. Let 2 < py < p; < 00, 0 < g <00, M be the family of all cubes with parallel
faces to the coordinate axes in R%. Let G = {f : f(x) > 0}, then for any f € G\ N,,(M) it
is true

HfH(Npo,qo(M),Nm,ql(M))e,q = ||fHNp,q(M)’ (3)
where the corresponding constants depend only on p;, q;,0,q,7 =0, 1.
The following corollary holds from Theorem 2.

Corollary. Let 2 < py <p; < 00, 1 < qo,q1 < 00, qo # q1, 0 < 7,0 < 0o. M and G — sets
from Theorem 2. If the following inequalities hold for a quasilinear operator

1T fllNgy o2y < Foll flINpy oar)s | € Npgo (M), (4)
1T f Ny ey < F1llf Iy, oar), [ € Npyo (M), (5)

then for any f € G N N, , we have
1T Fllngr ) < By~ FY | fll vy on)s (6)

where 110 = lp;(f) + pil, 0 € (0,1) and the corresponding constant depends only on p;, g;,0,i = 0, 1.
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ONE NON-LOCAL PROBLEM FOR A TIME FRACTIONAL EQUATIONS
WITH THE HILFER OPERATOR ON METRIC GRAPH
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Consider a simple star graph (metric graph), which is obtained by connecting three finite
segments By = {z}, : 0 <z, < Ly}, (k=1,2,3), at one point O(0,0), called the vertex of the
graph. Line segments are called bonds of the graph. On the each edges of the over defined
graph, we consider fractional differential equations

DY u® (1) — ul (@, t) = [P (a,t), w € By, (1)

on the metric graphs, where [ — 1 <a <[, , 1€ N,0<pu <1, k=1,2,3 f®(z,t) are

) is Hilfer operator:

known functions and D%
(Do) (t) = ISLJ(F"*“)D(") <[O(f:”)("7°‘)u> (t)yn—1<a<n,0<p<l.
We will study the following problem for the equation (1) in I

Problem To find functions u®)(z,t) in the domain By x (0, T), satisfying equation (1) at
l—1<a<l, 1l=1,2 and non-local conditions:

IO, = MIET B 1) 2)
=0 t=T
d (1-pm—a) (k) (k)
[od 5 To+ uB (@, t)|  =¢®(2), k=1,2,3 € By (3)
t=0

vertex conditions
uth(0,1) = u®(0,1) = u™(0,1),¢ € [0, 7],

u(0,¢) +ul?(0,1) + ulP(0,¢) = 0, t €[0,T7,

and boundary conditions
u® (L, t) =0, te[0,T], k=1,2,3.

where M € R, ¢® () are sufficiently smooth given functions.

Notice, that non-local initial problem with the same conditions as (2) and (3), for the time-
fractional and space-singular equation in simply-connected domain (not on the metric graphs)
was investigated by E. Karimov, M. Mamchuev and M. Ruzhansky [2].

Using the method of separations of variables for the homogeneous equation we will get ODE
of integer order

d2
@XW(@ + X8 (2) =0, A€ R\{0}, k=1,2,3 (4)

and ODE of fractional order
DYMT () + NT(t) =0, I —1<a<l, 0<pu<1,
moreover, the general solution

X(k)(x) = ap COS AT + by sin \x; x € By,
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of equation (4), was found eigenfunctions and eigenvalues in [1].
Using properties of the Mittag-Leffler function, we prove the uniform convergence of the
obtained Fourier series. The uniqueness of the solution of the problem is also proved.
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Statement of the problem. Let 2 be a bounded domain in R? with smooth boundary
0, and Qr = {(z,t) : € Q, t >0} is a cylinder with lateral I'7.

We consider the following inverse problem of finding the pair of the functions (u(z,t), f(t)),
which satisfy the pseudoparabolic equation with p—Laplacian

up — Auy — div (|Vu\p72 Vu) =~ "2 w4 f(t) - g(z,t), in Qr, (1)
the initial condition
u(z,0) = ug(x) in Q, (2)
the Dirihlet boundary condition
u(z,t) =0 on I'p, (3)

and the integral overdetermination condition
/(u-w+Vu~Vw)d:c—e(t), t > 0. (4)
Q

Here the coefficient v might be positive v > 0 either negative v < 0. The functions g(z,t),
up(z), w(z), and e(t) are given. The exponents p is given positive number and o is given
function, such that

1 < p, o < 0. (5)

The damping term ~|u|®~2y in the momentum equation realizes an absorbtion (sink) if v < 0,
and a source if v > 0. In this work, we show how the exponents p, o the coefficient 7, the
dimension of the space d, and data of the problem should interact each other for the existence
of weak solutions to the problem. We also establish the conditions for uniqueness of the solutions
to this problem.
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ON FREDHOLM PROPERTY AND ON THE INDEX OF THE
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In simply connected region D in the plane bounded by the simple smooth contour I'; we
consider the elliptic equation

2l 82lu aku
;“*ax%—rayr + ) ark(xvy)m = f(z,y),(z,y) € D (1)

0<r<k<2l-1

with real coefficients a, € R and a,, € C*(D), T =9D € C*#* 0 < pu < 1.
Problem S. The generalized Neumann problem consists in finding the solution u(z,y) of
equation (1) in the domain D by boundary conditions

ok~

Wrzgj, jzl,...,l7 (2)

where 1 < k; < ko < ... < k; <2l and n = n; + ine— the unit external normal.

For a polyharmonic equation, this problem was studied by A.V. Bitsadze [1]. Another
version of the Neumann problem, based on the variational principle, was previously proposed
by A.A. Desin [2]. In [3], problem (1), (2) was investigated for ay, # 0 and f # 0 in the space
of functions C#~1#(D).

The report established: a sufficient condition for the Fredholm property of problem (1), (2);
equivalence of the Fredholm condition of the problem to the complementarity condition (or
Shapiro— Lopatinsky) [4]. A formula for the index of the problem ind S is calculated.

The condition of Fredholm property of various problems for equations of the fourth and
sixth orders is established in detail, and formulas for the indices of the corresponding problems
are described in explicit form.
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UNIQUE SOLVABILITY OF PROBLEM FOR INTEGRO-DIFFERENTIAL
EQUATION WITH WEAKLY SINGULAR KERNELS

Shattyk NURMUKANBET!%¢

Unstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: *shattyk.95@list.ru

We consider a linear two-point boundary value problem for the system of Fredholm integro-
differential equation with a weakly singularity on [0, 7]

le_j = A(t)z —|—/0 K(t,s)x(s)ds+ f(t), =€ R", (1)

Bz(0) + Cx(T) =d, (2)

where © = (x1, T3, ..., ,,) is unknown function; the (n x n)—matrix A(t) and n—vector function
f(t) are continuous on [0,7], B and C are (n x n) constant matrices, d € R", K(t,s) is (n x
n)—matrix and has the form | K (¢, s)|| = ﬁH(t, s), and H(t,s) is continuous on [0, 7] x [0, T7,
0<a<l

Let C([0,T7], R™) be a space of continuous functions z : [0,7] — R" with the norm ||z||; =
maxye(o,r] [|2(0) |, [[#(t)]| = max;_g7 [2:(1)].

Solution (1),(2) is a function z(t) € C([0,T], R™), continuously differentiable on (0,7,
which satisfies the integro-differential equation (1) for all ¢ € [0,7] and condition (2). The
parametrization method [1 — 3] is used to study the two-point boundary value problem (1), (2).
We divide the interval [0,7] parts N and denote by Ay this partition: Axy= {top =0 < t; <
.. <ty =T}, where t, = 5£. By z,(t) we denote the restriction of the function z(t) to the r'
interval [t,_i,t,), i.e. z.(t) = 2(t),r = 1, N and entering the parameters \,=x,((r — 1)h), and
on each r' interval, changing the function u,(t) = z,.(t) — \,, we obtain the boundary problem
with parameters

du, Al
;t = A(t)u, + Z/ K (t,7)(ui(t) + A\j)dr + f(t), t€[(r—1)h,rh), (3)
= Ji-on
u[(r—1)h] =0, r=T1,N, (4)
BA1+OAN+Ot117{I10UN(t) :d, (5)
Ap+ dim oy (t) = Apyy, p=1LN—1. (6)

A pair of (A uft]) with elements A\ = (A, Ay, ..., \n) € R™, w[t] = (ur,ug,...,uy) €
C([0,T], An,R™) is a solution to problem (3)-(6). For fixed values of the parameters A €
R™ the system of functions u[t] allows us to determine from special Cauchy problems for
systems of integro-differential equations (3), (4). Using the fundamental matrix X (¢) of the

differential equation Cfi_f = A(t)x the combined problem (3), (4) to the equivalent system of
integral equations
t
ur(t) = X(T>/ X_I(Tl)A(Tl)dTl)\r—f—
(r—1)h
t N ih
+X(T)/ X Yn) Z/ K(71,s)(uj(s) + \j)dsdr+
(r—1)h = JG-on
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+X(t)/(t X)) f(n)dn, te[(r—1)h,rh), r=1,N. (7)

r—1)h

For this problem (3), (4) is uniquely solvable, we can choose the step of splitting A > 0 :
Nh=T.
Consider hy > 0 satisfying the inequality

1
o(hy) = 5T—1 hg~@2%e0ho < 1,

where g = maxico || AL)||, B = max s)cp,m<o,n || H (L, s)||-
Let us show that, for any h € (0, ho] : Nh =T system (7), we obtain the estimates

X(t ! K (71, s)uj(s)dsdr
H()/(H Z/( Juiy(s)dsdm |
— o(ho) - [ullll2s ¢ € [(r— Dhorh), r=T.N. (®)

Using (8) and the inequality o(hg) < 1 and applying the contraction mapping principle, we
prove the unique sovability of systems (8) for any h € (0, ho] : Nh =T.

Given from [4] we express u,(t) in terms of A, and f(t), Substituting them into conditions
(5) and (6), we obtain a linear sistem of equations for \.,r = 1, N, and this sistem can be
written as

Qur(W)\ = —Fx,x(h), A€ R"™.
Theorem 1. If the matrix Q,.(h) : R™ — R"™ is invertible for some h € (0, ho) : Nh =T,
then problem (1), (2) has unique solution x*(t) satisfying the estimate
2"l <
eaohh aoh eaoh

< S [ s (1 Ol ] ()

where 7, . (h) = [|[Q+.(h)]"1|| and o(h) = Be*"20T L hy~.
The proof of Theorem 1 is shown in [4].
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NONLOCAL BOUNDARY VALUE PROBLEM FOR THE DEGENERATING
MIXED TYPE EQUATION WITH FRACTIONAL DERIVATIVE

N.K. OCHILOVA!

I Tashkent financial institute, Tashkent, Uzbekistan
E-mail: “nargiz.ochilova@gmail.com

In works [1], [2] (and others) the authors considered local boundary value problems for
mixed type degenerating differential equations involving Caputo fractional derivatives of order
0 < a < 1. In this work we consider equation:

0_ ] U —mCDoyu, § x>0, y>0, (1)
(—Y) ™ Uy — Uy, >0, y<O0

with operator: ¢Dg u = )f ““uy(x, t)dt, where 0 < a <1,

m = const > 0.

Let’s €2 be domain, bounded with segments:

A1 Ay ={(z,y) 12 =0,0 <y < ha},

BBy ={(x,y) : 2 = h1,0 <y < ha},

AyBy = {(z,y) : y = he0 < & < hy} at the y > 0 and by the characteristics: A;C :
%xq - %(—y)p =0, B.C : éxq + ]lj(—y)p = 1; of equation (1) at y < 0 where A; (0;0),

Ay (0:h2) By (ha30), By (hazho) and € ((4)"%, = (8)7"). Here 2g = n+2,2p = m+2,

hy = ¢4, hy >0, and that m > n.
Introduce designations:

, 1/p . /g _pay\ /P
90(3’,‘) _ (%Q)l/Q_Z<§%q) ,81(1}) — (( q;l)) — 4 <§(12q)> ,

0o(z) and 6;(x) are points of intersection of characteristics of equation (1), outgoing from the
points (x,0) € Ay By, with characteristics A;C' and B;C, respectively.
We enter some designations:

200 =n/(n+2), 260 =m/(m+2), 0<oy <pi <3, Q"=0Qn(y>0),

Q" =0nN(y<0), [ ={z:0<z<h}, L={y:0<y<hs}.

Problem I. Find a solution of equation (1) from the following class of functions:

A = {u(z,y) : u(z,y) € C(NNC*HQ™) ugy € C(AT), ¢DLu € C(QT)} satisfies bound-
ary conditions:

W, y) |0y, = 1(9),0 <y < hy, u(z,y) pa(y), b <y < hy,

BB,
o (a) () (0 x
dxz?a
atpB—-1 a+tf )
<o | 30T oy | @0 w o] +

+b(x) (1= 2) 77 Dty (29 + 1) Dy [01(2)] +
+0(z) uy(x, 0) = g(z), (x,0) € I,
and gluing condition:

lim y uy(z, +0) = uy(x, —0), (,0) € A1 By;
y—=+0

where ©1(y), ©a(y), 6(z), g(x), a(z) = a(x'/2?), b(x) = b(x'/?9) are given function§ and that
a?(z) + b*(x )+(52(x) #0, (2,0) €11, p1(y), a(y) € C0,ha] N C?(0,hy) . a(x),b(z),d(z) €
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C'[0, 1] C?(0,hy), g(x) € C%(0,hy) . The uniqueness of solution is proved by the method of
integral energy using necessary properties of hypergeometric functions and integro-differential
operators fractional order. The existence is proved by the method of integral equations.

Keywords: Boundary value problem, degenerating equation, parabolic-hyperbolic type, Gauss hypergeometric function,
Cauchy problem, existence and uniqueness of solation, a principle an extremum, method of integral equations, Caputo
fractional derivative.
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SUBMAJORISATION INEQUALITIES FOR MATRICES OF MEASURABLE
OPERATORS

Madi RAIKHANY¢ | Azhar UATAYEVAZ2?

! Astana IT University, Nur-Sultan, Kazakhstan
2L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
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Let (M, 7) be a semi-finite von Neumann algebra, Lo(M) be the set of all T-measurable
operators and p;(z) be the generalized singular number of z € Ly(M). We proved that if g :
[0,00) — [0,00) is an increasing continuous function, then for normal operators xi, za, -+ , x,

in LU(M),
p(g(1> " al)) < (g lal)

holds. As application, we obtained that if z is a matrix of normal operators z;; in Lo(M) and
f:]0,00) = [0,00) is a concave function, then u(f(|z|)) is majorized by u(3_7_; f(|zi])).
Let M, be the set of all n x n complex matrices. Throughout this paper, M always denotes a
semi-finite von Neumann algebra with a faithful normal semi-finite trace 7. For x € Lq(M), the
distribution function A(z) of  is defined by A\(x) = T(e,0)(|2])) for t > 0, where e o0y (|2]) is
the spectral projection of |z| in the interval (¢,00), and the generalized singular numbers p(x)
of x by p(z) =1inf{s > 0: A\s(z) <t} fort > 0.
For n € N, we denote by M,,(M) the semi-finite von Neumann algebra

11 T1,2 0 Tin
Ta1 T2 -+ Ton ..

M, (M) = : A : , i €M, 1,7 =1,2,---n
Tn1 Tn2 *°° Tpn

on Hilbert space ©j_,H with trace Tr @ 7. Then Lo(M,,(M)) = M, (Lo(M)).
Theorem 1. Let zy,x9, - ,x, € Lo(M). Then

En ZZZI |$Z| 0 )
ﬂ i < n 5 t> 0
t(| —1 k|) - Iut(( 0 Zk:l |xk| )
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Theorem 2. Let 21,9, - ,x, be normal operators in Ly(M).
If g : [0,00) — [0, 00) is an increasing continuous function, then

pg(1> " xxl) < mlg> L))
k=1 k=1

Funding: The authors were supported by the grant No. AP09259802 of the Ministry of Education and Science of
Republic of Kazakhstan.
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D’ALEMBERT’S FORMULA FOR THE WAVE EQUATION ON A
GRAPH-STAR

Ghulam Hazrat Aimal RASAY?¢ Baltabek KANGUZHIN?3?,
Zhalgas KATYRBEK?3¢
! Shaheed Prof. Rabbani Education Universityl, Kabul, Afghanistan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “aimal.rasal4@gmail.com, "kanbalta@mail.ru,
¢kaiyrbek.zhalgas@gmail.com

The d’Alembert method or the method of incident and reflected waves allows solving not
only the Cauchy problem for the wave equation, but also finding solutions to mixed problems.
In the case of a semi-bounded string, the effect of wave reflection is observed, which depends on
the form of the boundary condition. In the case of bounded strings, waves are also reflected, but
this effect occurs in a more complex scenario.Similar results in the case of multipoint problems
can be found in the work of B.E. Kanguzhin and M.Zh. Kozhataeva, as well as in the work of
B.Bekbolat, B.E. Kanguzhin, N.E. Tokmaganbetov.

Let m be fixed natural number. Consider a mixed problem for the system of wave equations

32Um+1($m+17 t) . a2um+1(xm+la t)

=0, 0<xmi1 <bpy1, t >0,

e o,
P (T ) O* (T, t)
) _ m m — m bm t 1
92 o2 0, 0 <o <bp, t>0, (1)

82u1 (.I'l, t) _ 82’&1 (Ll'l, t)
ot? 0x?

=0, 0<x1 <by, t>0,
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with conditions of the form (a)

Um+1(bm+1,t) :ul(O,t) = ... :um(O,t), t > O,
aum+1 (bm+1, t) 8u1 (0, t) 8um (O, t)
= it ——/——=, t>0 2
OT i1 0x; et 0, =5 (2)

and conditions of the form (b)
Uma1(0,8) =0, uy(b,t) =0, ..., Up(byp,t) =0, >0, (3)
and also the initial conditions

U1 (Tm+1,0) = @1 (Tms1), 0 < Tig1 < by,

0

aum+1($m+lv 0) = Yms1(Tms1), 0 < Zpgr < by,

U (T, 0) = Om(Tm), 0 < Ty < b,

0
aum(fbm,O) = ¢m(xm)a 0<mp, < bma (4)
For m =1 problem (1), (2), (3), (4) coincides with the mixed problem for the wave equation
Pw  Ow
2 82_0 0<z<b +0by t>0, (5)
U)(O,t) =0, w(b1 + bg,t) =0,t>0, (6)
0 0
w(z, 0) = p(z), %:@b(x), 0<z<bi+ b (7)
In this case, the d’Alembert formula is valid
. " 1 T+t
t —t ~
wizt) = 28 )‘2“0(56 ) s /¢(§)d§, 0<z<b +by t>0, (8)
r—t

here @(z) and t(z) are the continuation of the function (z) and ¢ (z) from the segment
[0, b1 + bo] to the entire numerical axis.
The solution of the mixed problem on the graph (1), (2), (3), (4) is sought in the form

Zd Jwi(xj, An), 0<x; <b;, j=1,...,m+1.

Then it is easy to understand that

dy(t) = Dp(®P)cos /A, - t, n > 1.

Thus, the solution will take the form

uj(xj,t) ZD Jeos VAt - wi(xy, ), 0<x;<bj, t>0,5=1,...,m+1.  (9)

Then formula (9) imply the main statement of this thesis. Then the mixed problem (1), (2),
(3), and (4) on the graph has a unique solution, which can be represented in the form

zj+t
1 1 .
uj(wj,t) = 290](1']""75)"*‘2@] T+ t) + /¢ g, j=1,2,...,m+1,
xj—t
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where ¢; and 1; continue functions ¢; and 1; from arc e; to the entire numerical axis.

Funding: The authors were supported by the grant No. AP08855402. of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: Kirchhoff conditions, star-graph, wave equation, d’Alembert formula.

RECENT DEVELOPMENTS ON FRACTIONAL DIFFERENTIAL
EQUATIONS WITH VARIABLE COEFFICIENTS AND APPLICATIONS
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We present some recent advances and investigations on fractional differential equations with
continuous variable coefficients and its applications. In fact, we give explicit solutions of the
mentioned equations by means of different fractional operators [1, 4, 5, 6]. The representations
of solutions are given in terms of some convergent infinite series of fractional integro-differential
operators, which can be widely and efficiently used for analytic and computational purposes. In
the case of constant coefficients, the solution is given by the multivariate Mittag-Leffler functions
and the obtained result extends the Luchko-Gorenflo representation formula [2, Theorem 4.1].
Some applications of the obtained results are also given, see e.g. the papers focus in Dirac type
operators and Cauchy type problems [3, 7].
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ON FORCED MULTIPERIODIC OSCILLATIONS IN THE SYSTEM WITH
DIFFERENTIATION OPERATOR WITH RESPECT TO DIRECTIONS
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We consider a system of equations that describes a forced oscillation process

Dz = Az +°f(,1) (1

~—

with respect to real analytic n-vector-function z = z(7,t) with differentiation operator D =
0/0t + (e, 0/0t) with respect to time variables to = 7 € R and t = (t1,...,tn) € R X
. X R = R™, where (e,0/0t) is the scalar product of m-vectors e = (1,...,1) and 9/0t =
(0/0ty,...,0/0t,), A is a constant n-matrix, f(7,t) is an n-vector-function, €® > 0 is pa-
rameter. The class of functions that are (6,w)-periodic and real analytic with respect to
(r,t) € I, x II',  bounded on the norm by number r, is denoted by
AP (I, x 117), T, = {w; [Imt;] < 2mp} (p >0, j = 0,m) is a strip.
Assume that the following conditions are satisfied.
a) The constant matrix A has one pair of purely imaginary eigenvalues and the other eigen-
values have nonzero real parts:

ImA o =22m° #£0,Re Ao =0,Re); #0,j =3, m. (2)
b) The vector-function f = f(7,t) satisfies the following condition

0w m
f(7,t) € Aby, (HPXH/J)' (3)
c) The frequencies of free oscillations ©° with respect to 7 and forced
oscillations vy = 67! with respect to 7, v = (v1,..., V), v; = wj_l, 7 = 1,m on t are ra-
tionally incommensurable and satisfied the Diophantine condition:

V0 + Koro + kavn + . A k| > ¢ R7Y [R] £ 0, (4)

where k = (ko, k1, -y k), |/k?| = > |k;|, k; € Z is the set of integers, ¢ > 0, v > m + 2.
=0

We study the problem of clarifying additional conditions, except from
(2)—(4), under which system (1) allowed (6, w)-periodic motion.

The methods of the theory of multiperiodic solutions of a system with multiperiodic input
data, real analytically extendable in each variable to some complex neighborhood of the real
axis from works [1-4] are used.

Theorem. Under conditions (2), (3), and (4), the system (1) with differentiation operator
along the main diagonal of the space of time variables allows a unique solution z°(7,t) €
Ab&j (TT,—25 x 17" o5) of the form

s*(T+6—-0) +o0
(7, t) = & / Gi(r,s)f(s, h(s,7,t))ds + & / Ga(1,s)f(s,h(s,T,t))ds,
s*(7) —0oo

which obeying the estimate
}$O|pf2a < e'af|f], = Ao,
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where G1(7,s),Gs(7,s) are the Green’s matrix functions which bounded with a; > 0 and
ae™ ) (ay > 0) respectively, s*(1) = [r/0]0 is a step function, ¢ = 6 is an influ-

a
ence of small denominators, 0 < 0 < p < 1, a = 14+ m + v, a = 4apa; + —2, ag =
Q

m-+y
2ePmazx L ,2%me mty .
27 /Y e

Keywords: multiperiodic solution, differentiation operator, Green’s function, real analytic function, small denominators,
influence parameter.
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MEAN VALUE FORMULAS AND DEGENERATE STURM-LIOUVILLE
BOUNDARY VALUE PROBLEMS ON A STAR GRAPH
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This article presents the derivation of the mean value formulas for solutions of differential
operators on graphs. Similar formulas for differential operators on an interval can be found
in the works of V.A. Sadovnichy and B.E. Kanguzhin. A systematic application of mean
value formulas in the study of the basic properties of systems of eigenfunctions and associated
functions of differential operators can be found in the works of V.A. Ilyin and his students. The
paper seeks the answer to the question: under what boundary conditions does a second-order
differential operator on a graph have adjustable (predetermined) flows? Using the mean value
formulas given in the paper we can construct various examples of boundary value problems for
second-order differential operators with adjustable flows on arcs.

In this paper, we study second-order differential operators on graphs representing an m
-vertex star. The boundary vertices are numbered from 1 to m. The number of the inner
vertex is m + 1. The arcs, joining the boundary vertices with the interior vertex, are denoted
by e1,,em. It is assumed that the arc length e; is equal to b; > 0. On the arcs of the graph the
following differential equations

—by; (x;) + q(z)y;(x;) — Ays(x5) = fix;), 0 <a;<by, j=1,,m. (1)
are considered with the Kirchhoff conditions
yl(b1> = yQ(O) = ... = ym(0)7 (2)

b1yy (b1) = b2ys(0) + . .. + by, (0). (3)

at the inner vertex.
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Statement 1. Suppose that for some 57 > 1 the equality

b
() = @ (bl - b—l%) ;@ €(0,0), (4)
J
holds, then the mean value formulas are given by
(bly/l(bl) + bjy;‘(o»cl(bl) = blyi(o) + bjy;(bj); (5)

(bayy (1) + byy;(0))51(b1) = bu(y;(b;) — 2(0))-

Statement 2. Assume that equalities

Qji(r25) =@ (bl - %xgj) . T2 € (0,by5), j=1,..,k, (6)
hold. Then the solution of boundary value problem (1)—(3),
b1y (0) + bajya; (bag) = 0, (b)) — y1(0) =0, j=1,.. k. (7)
for f1(xz1) =0, ..., f(x) = 0 satisfies the following relations at the inner vertex:
b1y (b1) + bajyp;(0) =0, j=1,...k. . (8)

Statement 3. Let equalities (6) hold. Then, for any complex value of A, there exists a
nonzero solution of boundary value problem (1)—(3), (7) for fi(z1) =0, ..., fim(zm) = 0.
Funding: The author was supported by the grant No. AP08855402 of the Ministry of Education and Science of Republic
of Kazakhstan.

Keywords: star graph, mean value formulas, degenerate Sturm-Liouville boundary value problems.
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DIRECT AND INVERSE PROBLEMS FOR TIME-FRACTIONAL
PSEUDO-PARABOLIC EQUATIONS

Daurenbek SERIKBAEV!2¢  Niyaz TOKMAGAMBETOV!2?

L Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Ghent University, Belgium
E-mail: ®daurenbek.serikbaev@ugent.be, *tokmagambetov@math.kz

We consider direct and inverse problems for the Caputo time-fractional pseudo-parabolic
equation

D u(t) + Lu(t)] + Mu(t) = f(t) in H,

for 0 <t < T < oo, with different abstract operators £ and M. We seek generalized solutions
to these problems in a form of series expansions using the elements of non-harmonic analysis
(see [1], [2]) and we also examine the convergence of the obtained series solutions. The main
results on well-posedness of direct and inverse problems are formulated in three theorems.

Funding: The authors were supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP09259394).

Keywords: fractional differential equation, inverse problem, pseudo-parabolic equation.
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ON THE SOLVABILITY OF A PERIODIC INITIAL PROBLEM FOR
FOURTH-ORDER PARTIAL DIFFERENTIAL EQUATIONS

Zhanibek TOKMURZIN!@
1 K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

E-mail: *tokmurzinzh@gmail.com

In the present communication, on the domain Q = [0,7] x [0, w] we consider the following
periodic initial boundary value problem for a fourth order system of partial differential equations

*u 3u Pu 0%u 9%u
aror bt gy Al w) G+ Asllw) G+ Al w)
ou ou
+A5(t,$)a—i—AG(t,x)%+A7(t,a?)u+f(t,:v), (1)
’LL(O,:B) = Qpl(x)a LS [Oaw]a (2)
ou(t,
D= al), el ®
O?u(t, ) O*u(t, z)
T‘tzo = T’t:Ty z € [0,w], (4)
u(t,0) = (1), t €[0,7], (5)

where u(t,z) = col(uy(t, ), ..., un(t, z)) is unknown function, the n x n matrices A;(t,z), (i =
1,7), and n vector—function f(¢, ) are continuous on §2; n vector—function ¢ (t) are continuously
three times differentiable on [0, T]; the n vector—functions ¢;(x) and ps(z) are continuously
differentiable on [0, w].

Mathematical modeling of various processes in physics, ecology, chemistry, biology and oth-
ers are leaded to initial - boundary value problems for a higher-order partial differential equati-
ons with variable coefficients and boundary functions [1-3]. Despite the presence of numerous
works, general statements of initial-boundary value problems for the higher-order system of
partial differential equations remain poorly studied up to now. Therefore, the problems of
solvability of initial-boundary value problems for the fourth-order system of partial differential
equations are important in applied problems [4-5].

Aim of the communication is to study questions for an existence and uniqueness of classical
solutions to the periodic initial boundary value problem for the fourth-order system of partial
differential equations (1)-(5). We will establish coefficient criteria for its unique solvability and
construct algorithms for finding its approximate solutions. For reaching this goal, we are used
method of functional parameterization [6] for solve of problem (1)-(5).

The following statement gives conditions for the convergence of the algorithm and the unique
solvability of problem (1)-(5) in terms of the initial data.

Theorem. Suppose that for some m,m = 1,2, 3, ..., the n x n -matrix D,, (T, x) is invertible
for all x € [0,w] and the following inequalities are fulfilled:

a) ||[Dm(T, )] 7| < ym(T, ), and v,,(T, x) is a positive continuous function for all x € [0, w];

b)  gu(T,x) = ym(T,x) - {e@T —1 = a(@)T — ... = Hla(@)T]"} < x <1,
where Dy, (t,z) = D3 (t,z) + D (t, ) + D (¢, z),
t t T1

Dg)(t,x) = /Al(ﬁ,x)dﬁ+/Al(ﬁ,x)/Al(Tg,x)dngTl—i—

0 0 0
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t Tm—1
—|—...—|—/A1(7'1,l’>... / Ay (T, @)dTpy,...d Ty,
0 0
t t T
D@ (t, x) = /A4(7'1,x)-7'1d7'1 +/A4(7'1,x)//A4(73,x)-ngngngﬁ—l—...—i—
0 0 00
T T2 T2m—3 T2m—2
/A4 T,T //A4 T3, / / A4 7'2m 1, )TQm 1dTom—1dTom—o...dT1,
-2
3 /Aﬁ T1, X —dT1+
0
T T t
+/ (11, ///A6 Ty, T) - Edudngngﬁ + .. —I—/A (11, )...
0 0 0
T3m 8 T3m—7 Tam—6 T3m_5 T3m—4 T3m_3

2
T3m—

/ / /A6(7'3m—5,1')/ / /A6(7—3m—27x)%dTiim—Q“-dTla

0 0 0 0 0 0

afz) = max ([|4: (¢ @) 1 As(E 2l 1l As (& 2)11), X is constant.

Then there is a unique classical solution u*(t, x) to problem (1)—(5), defining from the following
integral representation

u(t,x) =p1(z) +t-p // (11, x) drydr, (t,x) € Q.

For an additional information it can be seen [7]. In this article the periodic initial boundary-
value problem for a fourth-order system of partial differential equations was considered. Using
the method of functional parametrization, an additional parameter is carried out and the stud-
ied problem was reduced to the equivalent periodic problem for a system of integro-differential
equations of hyperbolic type second order with functional parameters and integral relations.
An interrelation between the periodic problem for the system of integro-differential equati-
ons of hyperbolic type and a family of Cauchy problems for a system of ordinary differential
equations was established. Algorithms for finding of solutions to an equivalent problem are
constructed and their convergence was proved. Sufficient conditions of a unique solvability to
the semi-periodic initial boundary value problem for the fourth-order system of partial differ-
ential equations were obtained.

Funding: This research was funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP08955461)

Keywords: periodic initial boundary-value problem, fourth-order system of partial differential equations, the method
of functional parametrization, periodic problem, system of integro-differential equations of hyperbolic type second order,
family of Cauchy problems, algorithm, unique solvability.
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BOUNDEDNESS OF THE MULTIDIMENSIONAL HILBERT OPERATOR
K.S. TULENOV!®

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “tulenov@math.kz

This work is jointly written with Prof. F. Sukochev and Dr. D. Zanin (UNSW, Sydney,
Australia). In this work, we obtain a weak type (1,1) estimate for a higher dimensional version
of the Hilbert operator answering a recent problem by A. Osegkowski [1]. In fact, we estab-
lish complete boundedness of this operator. Moreover, we study its boundedness in general
symmetric quasi-Banach function spaces.

Funding: The author was supported by the grants No. AP09258335 and AP08052004 of the Ministry of Education and
Science of Republic of Kazakhstan.

Keywords: Hilbert operator, a weak-type estimate, symmetric quasi-Banach space.
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A NUMERICAL SOLUTION OF A BOUNDARY VALUE PROBLEM WITH
PARAMETER

Roza UTESHOVA'?¢  Dauren MURSALIYEV®

U International Information Technology University, Almaty, Kazakhstan
2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “r.uteshova@iitu.edu.kz, *mu.dauren@gmail.com

We consider the following linear boundary value problem with a parameter pu:

d
d—‘: — At)z+ B(t)u+ f(t), t€(0,T), z€R", peR™, (1)
Cop + C1x(0) + Cox(T) =d, de R™™. (2)
Here A(t), B(t) and f(t) are continuous on [0,77]; the matrices Cy, C and Cy are constant;
[z]] = max |z;].
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By a solution of problem (1), (2) we mean a pair (u*, *(t)), where p* € R™ and z*(¢) is a
function that is continuous on [0,7] and continuously differentiable on (0,7") and satisfies (1)
and (2) with p = p*.

We take a new approach to the concept of general solution to Eq. (1) proposed by D.S.
Dzhumabaev (see [1,2]). This approach allows us to develop an algorithm for solving problem
(1),(2) without the involvement of a fundamental matrix of Eq.(1). We present a numerical
example illustrating the performance of the algorithm.

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP08855726).

Keywords: boundary value problem with parameter, parametrization method, numerical algorithm, new general solu-
tion.
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HYPOELLIPTIC FUNCTIONAL INEQUALITIES
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Belgium
E-mail: *nurgissa.yessirkegenov@ugent.be

In this talk we will give a review of our recent research on hypoelliptic functional inequalities.
We managed to link the integral versions of Hardy inequalities on homogeneous groups to
their hypoelliptic versions through the Riesz and Bessel kernels of the Rockland operators
(hypoelliptic left-invariant homogeneous differential operators, following the Helffer-Nourrigats
resolution of the Rockland conjecture in the 80s). Consequently, this leads togeneral hypoelliptic
versions of Hardy-Sobolev, Hardy - Littlewood - Sobolev, Trudinger - Moser, Caffarelli - Kohn-
Nirenberg, Gagliardi - Nirenberg and other inequalities [1]. We will then concentrate also on
discussing their best constants, ground states for higher order hypoelliptic Schrodinger type
equations, and the solutions to the corresponding variational problems [2].

Funding: The author was supported by the MES RK grant AP09058474.
Keywords: Rockland operator, hypoelliptic inequalities, nonlinear Schrédinger equation.
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FIRST KIND FREDHOLM FUNCTIONAL-INTEGRAL EQUATIONS
Tursun K. YULDASHEV !¢

! National University of Uzbekistan, Tashkent, Uzbekistan
E-mail: “tursun.k.yuldashev@gmail.com

Using the regularization method in combination it with the method of degenerate kernel, we
obtain an implicit functional equation with nonlinear deviation. Fredholm functional-integral
equation of first kind is ill-posed. So, we use boundary conditions to ensure the uniqueness of the
solution. In order to use the method of a successive approximations, we transform the implicit
functional equation to the nonlinear Volterra type functional-integral equation of second kind.
In our case, this Volterra type functional-integral equation of second kind is ill-posed, too. The
one value solvability of this problem we have proved by the given boundary conditions.

On the segment [0; 7| the nonlinear Fredholm integral equation of first kind is considered

/'Kts (5, u(s), 8 (s, u(s)) ds = f (2) 1)
under the following conditions

u (0) = o = const,

u(t) = 901(t)7 te [_h1§ 0]’ (2)
u(t) =pat), t €[T; T+ hol,

where 0 < T'is given real number, X is nonzero compatibility parameter, F' (¢, u, v) € C ([0; T]x
X x X), 0(t,u) € C([0; T] x X), —hy < 0(t, u) < T+ hy, 0 < h; = const, i = 1,2,

pi(t) € Cl=hy; 0], @oft) € CT; T+ho], K(t, 5) = Za() i(s), 07 ai(t), bi(s) € C[0; T1,

X is closed set on real number set. Here it is assumed that each of the systems of functions

a;(t), i =1, k, and b;(s), i = 1, k, linearly independent, 1(0) = @q, ©o(T) = u(T).
Applying regularization method in combination it with the method of degenerate kernel, in-

stead of the Fredholm first kind integral equation (1) we obtain the following implicit functional

equation
0=G(t u(t), uld(t, ut))]}) (3)

with given conditions (2).
On the segment [0; T'] we take arbitrary positive defined and continuous function Ky(t).
We introduce the notation

ww@z/iwmw,wnmzmmtemTy

Then the implicit functional equation (3) we replace with the following Volterra type integral

equation
/Hts §)ds+
() + Gt w(t), w3t w @) - exp{—t (1)} +
+Aﬂawwmwewws»{ww—uw»+ewuuxuwwuann—
G (s, u(s), uld (s, u(s)])} ds, te0; T (4)
where

H (t, s) = Ko(s) exp {—9(t, s)} —/ Ko(0) exp {—9(t, 0)} Ko(0, s)db.
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The nonlinear functional-integral equation (4) we conditionally called as a Volterra type
nonlinear functional-integral equation of second kind. Because this integral equation (4) is
ill-posed, too. So, we studied it by the given conditions (2). In addition, in the conditions (2)
we suppose that u (t — 0) = u (t + 0) at the points t = 0 and ¢ = T'. Instead of the Fredholm
functional-integral equation of first kind (1) we will study the Volterra type functional-integral
equation of second kind (4) with conditions (2). The theorem of one value solvability of the
problem (1), (2) was proved.

Keywords: Integral equation of first kind, nonlinear functional equation, degenerate kernel, nonlinear deviation, bound-
ary conditions, regularization, one value solvability.
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INVERSE BOUNDARY VALUE PROBLEM FOR BENNEY-LUKE TYPE
DIFFERENTIAL EQUATION OF EVEN ORDER
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We study the regular solvability of a nonlocal inverse boundary value problem of identi-
fication of sources for a Benney—Luke type differential equation with spectral parameter and
small positive parameters. In constructing solutions, the presence of spectral parameter plays
an important role.

In three-dimensional domain Q = {(t, z, y)| 0 <t < T, 0 < x, y < I} a partial differential
equation of the following form is considered

DU = a(t) 5 (z, y) (1)

with nonlocal conditions on the integral form

T
U(T,x,y)+/ Ul(t, z, y)dt = pi(z,y), 0< 2,y <], (2)
0

T
U (T, =, y)+/ Up(t, z, y)tdt = s (x,y), 0<z,y <], (3)
0

where T and [ are given positive real numbers,
82 82 82k a4k a2k
D [U] = [ﬁ — w(@(t, 81)—8x2k — b(t, 52) —8[E4k + (l(t,gl)—aka—
a4k ) aZlc a4k aZk a4k
)Y G m o m T g )
oy ox ox dy dy
w is positive spectral parameter, €1, €5 are positive small parameters, k is given positive integer,
a(t) € C(Qr), Qr = [0;T), Q, = [0;1], B(z,y) € C (QF) is known function, p;(z, y)

(1 =1, 2) are redefinition functions (sources),
Q2 = O x Q. We assume that for given functions are true the following boundary conditions

B, y) =801 y)=pB(z,0)=p(z1)=0.

—.b(t,€2) Ult, x,vy),
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Problem Statement. We find the triple of functions {U(t, z, y); ¢1(z,y), ¢2(x,y)}, first of
which satisfies differential equation (1), nonlocal integral conditions (2) and (3), zero boundary
value conditions for 0 <¢t < T

U, 0,y)=U(t, 1Ly =U(t z,0)=U(t zl) =

02 02 0? 02
=—U(t =—U(t I =—U(t =—=U(t l) =
81’2U(’07 y) al’ZU(, ’y) 8332(](71‘7 O) 81,2U(axa )
82 82 82 32
=—U(t,0 =—U(t 1 =—U(t 0)==—=U(t l)=
8y2 ( » y) ayg ( » y) ayg ( » Ly ) ayz ( y Ly )
841@—2 4k—2 4k—2
=...= WU@,O,?/) = WU(H,?J) = WUU,%O) =
8416—2 4k—2 4k—2
= WU(@%Z) = WU(t,O,y) = WU(U,?/) =
84]672 4k—2
= WU(E%O) = WU(RJIJ) =0,

class of functions
Utz y) € C(Q)NCLy, Q)N CATH@ NGRS (@)
and additional conditions
Ulty, z,y) =vi(z,y), i=1,2, 0<ty<te<T, 0<uz,y<I,
where ;(z, y) are given smooth functions and
¥i(0, y) = ¥il, y) = Yi(z, 0) = Pi(z, 1) = 0.
Keywords: Benney Luke type differential equation, Fourier method, absolute and uniform convergence, regular solv-

ability.
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STABILITY OF A PROGRAM MANIFOLD OF CONTROL SYSTEMS
TAKING INTO ACCOUNT EXTERNAL LOAD

Sailaubay ZHUMATOV @
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E-mail: *sailau.math@mail.ru

Consider the problem of construction of the control systems taking into account external
load by given (n — s)-dimensional program manifold Q (¢) = w(¢,x) = 0, in the following form
[1]:

T = f (t,l’) - blga 5 = 90(0-)1#(”)’ 0 = pTW - 7’5, tel= [Oa OO) ) (1)

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(¢) =0, and b; € R®, p € R® are constant vectors, w € R*(s < n) is
a vector, £ € R" is a differentiable function, satisfying to conditions

©(0)=0 A p(o)o >0, Vo#0, (2)
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and factor ¥ (v) deforms the function ¢(o) when the coordinates of £, o change. In this case,
v is a complex discontinuous function of the state of the automatic control system. In the
simplest case, it has the form v = 1 — ¢£signo.

This problem reduce to investigation of quality properties of the following system with
respect to vector-function w [2, 3|:

w=—Aw — b§7 5 = 90(0-)#)(7/)7 0= pTW - TS) tel= [07 OO) : (3)
Here nonlinearity satisfies also to conditions (2), and

F(t,z,w) = —Aw, A€ R, Hza—w, b= Hb,.
Ox

The reviews of the works devoted to the construction of autonomous and non-autonomous
automatic control systems on the given program manifold possessing of quality properties and
to solving of various inverse problems of dynamics were shown (see [3]-[6]).

Statement of the Problem. To get the condition of stability of a program manifold
Q(t) of the indirect control systems taking into account external load in relation to the given
vector-function w.

System (3) is reduced to the canonical form [1] and we are constructed for it a Lyapunov
function of the form:

g
n

VeSS Lk [ ot

i=1 k=1 0

where [y, ..., Lj, are any real numbers, L, ..., L are positive real numbers.

Theorem 1. Suppose that there exist any real numbers l; and positive real numbers L;
i = 1,...,n non-linear function (o) satisfies the conditions (2) and v = 1 — c€signo.
Then in order that, the program manyfold ) (t) will be stable with respect to the vector function
w it is sufficient performing of the following conditions

Lk+2\/_lk+2lkzz +9% =0 Vk=1,. ,n (4)

i=1 k=1 1+pk

Funding: This results are supported by grant of the Ministry education and science of Republic Kazakhstan No. AP
09258966 for 2021-2023 years.

Keywords: stability, program manifold, control systems, Lyapunov function, nonlinearity, external loads.
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ITIOYTN OMETA-KATETOPNUYHOCTBb CJIABO O-MUVUHUNMAJIBbHBIX
TEOPUUN C MAJIBIM CHETHBIM CIIEKTPOM

Aikan AJITAEBAY, Beitoyr KYJITTEITIOB2?

! Kazaxcknit nanmonaibueri yausepcurer umenn ajab-Papabu, Anvarsr, Kazaxcran
U Uncruryr maremarukn u MaTeMaTndeckoro Mojeupopanus, Amnvarel, Kazaxcran
2 Kazaxcrancko-Bpuranckuii Texuamaeckuii yausepcuretr, Amvars:, Kazaxcran
E-mail: ®vip.altayeva@mail.ru, °b.kulpeshov@kbtu.kz

Jlauublil JOKIa] Kacaercs MOHATHS CAGO0U 0-MUHUMAALHOCTU, TIEPBOHAYAIBHO HCCJIEI0-
sarnoro /1. Makdepconom, JI. Mapkepom u Y. Creiinxoprom B [1]|. TTogmuo)kecTBO A CTPYK-
Typbl M gBASIeTCS 6binykAbiM, €CaU g 00X a,b € A u ¢ € M Beakmii pa3 Korjma a < ¢ < b
MBI uMeeM ¢ € A. Caabo 0-MUHUMAALHOT cMpPyKkmypot, Ha3bIBATCS JUHEHHO YIOPAIOUYeH-
Has crpykrypa M = (M,=,<,...) Takas, 910 Jitoboe ompejgesnmoe (¢ TMapaMeTpamu) IO/I-
MHOKECTBO CTPYKTYphl M sBIsgercsd oObeIMHeHHEM KOHEYHOI'O YHCJIa BBIIYKJIBIX MHOXKECTB
B M. BenomMuuMm 49To Takas CTpykrypa M Ha3BIBACTCA 0-MUHUMAAbHOU, €CIN JI000e OIpe-
JeJuMoe (€ napaMeTpaMu) MOJAMHOKECTBO CTPYKTYpbl M siBiisiercst 00be JHHEHHeM KOHEIHOT'O
qucsia nHTEpBaaoB u Touek B M. Takum obpaszom, ciabast 0O-MHHUMAJIBHOCTH 0000IIAET MTOH -
THE O-MHHMMAJILHOCTH. BellecTBeHHO 3aMKHYTBIC MOJIS ¢ COOCTBEHHBIM BBIIIYKJIBIM KOJIBIIOM
HOPMHPOBaHUs 00ECIIeINBAIOT BayKHBII TPHMeD €J1ab0 O-MUHUMAIBHBIX (HE O-MHHUMAJbHBIX)
CTPYKTYP.

Huzke MBI paciiupsieM OmpejieJieHrne paHra BBITYKJIOCTH (GOpMYJIbl [2] HA TPOU3BOJIbHBIE
MHOXKeCTBa (Heo0s13aTeIbHO OTpe/IeJINMbIe ):

[Iycth T — cnabo o-MuHUMAJIbHAA Teopus, M — I0CTaTOYHO HACBHIIIEHHASA MOJETb TEOPUN
T, A C M. Pane sunykarocmu muoscecmea A (RC(A)) oupeuesisiercst ceayomnum 06pa3om:

1) RC(A) > 1, ecoiu A GeckoHEUHO.

2) RC(A) > a+1, ecoiu cymecTByeT mapaMeTpUIecKH OIPe/IeIMMOe OTHOIEHHe SKBIHBAJICHT-
Hoctu E(x,y) Takoe, 9ro cymecTByIoT b; € A,i € w, KOTOPBIE YIOBJIETBOPSIOT CJIEAYIOMEMY:

o Jlms mr06BIX 4, j € w, BeaAKUit pa3 Korga i # j Mel umeeM M = —E(b;, b;)

o Jlna xaxmoro i € w RC(E(M,b;)) > au E(M,b;) — BBIIYKJIOE HOIMHOKECTBO MHOZKe-
cTBa A

3) RC(A) >0, ecim RC(A) > a izt Beex o < § (O mpeiesibHbiii ).

Ecmu RC(A) = a s mekoToporo «, To Mbl roBopum uro RC(A) onpenensercs. B nporus-
ioM caydae (r.e. ecin RC(A)) > a mast Beex ), Mbl nosaraeM RC'(A) = oo.

Pane evnyraocmu gopmyan, ¢(z,a), rae a € M, ompemessieTcst KAK PAHT BBITYKJIOCTH MHO-
xkectBa ¢(M, a), T.e. RC(p(x,a)) := RC(4(M,a)). Pane swnyksocmu I-muna p onpeaesseTcs
Kak paHr soinykjaocru muoxkecrsa p(M), r.e. RC(p) := RC(p(M)).

Caepyromiee onpesesenne BeejieHo B |3, 4]. Ilycrs T' — nosnast reopust, py (1), - . ., pn(Tn) €
S1(0). Byzem rosoputh, uro tun q(ri, ..., x,) € S,(0) asagerca (p1,...,pn)-munom, ecan

q(z1,...,2,) 2 U pi(z;). MuOXKecTBO BCex (p1,...,pn)-THIOB Teopun T Gyaem o6o3HAUATH
i=1

qepe3 Sy, p,.(T). Cuernas teopust T Ha3BIBAETCHA NOYMU W-KAMe20puwHoll, eCau s JTI00bIX
TUIOB P1(Z1), - .. Pu(zn) € S1(0) cymecTByer Juib KOHEUHOE YHCJAO THIOB ¢(X1,...,T,) €
Spreopn (T)-

[TouTn wW-KaTErOPUIHOCTH TECHO CBA3aHa C MOHsATHEM dpeHdoiixToBocTu Teopuun. Tak, B pa-
oore 3] mokazano, 4ro ecam T — nourum w-Kareropuunas teopusi ¢ ycaosuem [(T,w) = 3,
TOo B Teopun 1 MHTEPIPETHPYETCs IJIOTHBIA JuHEHHBIH nopsinok. B pabore [5| ycranomrena
HOYTH W-KATETOPUIHOCTD IPEH(ONXTOBBIX BIIOJIHE O-MUHUMAJBHBIX TEOPHUil, a TaKXKe T0Ka3a-
HO 9TO B MOYTH W-KATETOPHUIHBIX BIOJHE O-MHHUMAJBHBIX TEOPUSIX UMeeT Mmecto [IpuHimmn
BameHbl JTsi aaredpandeckoro 3ambikanus. /lanee B pabore [6] mokasana GHHAPHOCTH HOYTH
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W-KATerOPUYHBIX BIOJIHE O-MUHUMAJIbHBIX Teopuil. HakoHen, HejaBHO B pabore [7| yeranosiiena
OMHAPHOCTH MOYTH W-KATETOPUUIHBIX CJ1a00 O-MUHUMAJIBHBIX TEOPHUIl pAHTa BBIMYKIOCTH 1.

Havm nokazana ciaemytomntas TeopeMa:
Teopema. Jliobas cj1abo o-MHHHMAJIbHAS TEOPHS KOHETIHOIO PAHTa BBIIIYKJJIOCTH, HMEIOIast
MeHee deM 2% cHeTHBIX MoJejiell, SIBJIsSIeTcs HOYTH W-KaTerOpHIHOMH.

Funding: Asropsr 66 nommepxkanbl rpaatom MOH PK (AP08855544).
KuroueBbie cioBa: c1abas O-MAHUMAJIBHOCTD, IOYTH OMEra-KaTerOPUIHOCTD, CIETHBIN CIEKTD, PAHT BBILYKJIOCTH
2010 Mathematics Subject Classification: 03C64, 03C07, 03C15
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AJITEBPbI BUHAPHBIX N30J/INPYIOIMIUX ®OPMVYJI JIJI5 TEOPUI
TEH3OPHDBIX ITPOU3BEJIEHNN I'PA®OB

yurpuit EMEJIBSTHOB,

! Hosocubupckuii rocyzapcrsennsti rexaunaeckuii yuausepcurer, Hopocubupck, Poccust
E-mail: *dima-pavlyk@mail.ru

[IpomozkaeTcst u3ydeHue aare6p GHHAPHBIX u30upyonwx dhopmyn [1-3] maa mpoussee-
Huii rpacos.

ONnPEAEJEHUE. Tenszopuoe npoussegenne G X H rpados G u H 310 rpad, MHOKECTBO
BEPIIIH KOTOPOTO ecThb jeKapToBo npoussejperne V(G) X V(H ), npudeM pasjindHble BePITHHB!
(u,u') u (v,v") ecmexkubix B G X H TOTAa, KOrJa U CMeXKHA ¢ U U U CMexKHa ¢ v'.

OIPEAEJIEHUE. Anrebpy /st TeH30pHOro mpousseaenus rpados G X H obo3HaunM depe3

Tp., ¢ merkamu {1,2,3,...,n}, e n — YeTHOe YHUCIO, PABHOE JHAMETDY IOJYYEHHOTO TPH
yMHOXKeHun rpada. Aredpa 3amaerca caeayomeil Tabanmeii:

* 0 1 2 3 4 n

o [ {0 e =7 & o o

1 1 0,2 {1,3} {0,2} {1,3,5} {1,3,5, n-1}
3 3 1,3 10,2,47 11,3,57 10,2,4,67 10,2,4,.., nJ
3 3 0,2 {1,3,5} {0,2,4,6} {1,3,5, ..., n-1} {1,3,5, ..., n-1}
4 4 {1,3,5} {0,2,4,6} {1,3,5, ..., n-1} {0,2,4,..., n} {0,2,4,..., n}
n {n} {1,3,5, ..., n-1} {0,2,4,..., n} {1,3,5, ..., n-1} {0,2,4,..., n} {0,2,4,..., n}

OIPEAEJIEHUE. Anrebpy /st TeH30pHOro mpousBeaenus rpados G X H obo3HaunM depe3
Tpo, ¢ merkamu {1,2,3,...,n}, rue n — HeYETHOE YHUCJIO0, PABHOE JAHAMETDY IIOJYYEHHOTO TPH
yMHOKeHIH rpada. Asredpa 3agaercd caeayomeil Tabanmeii:

* 0 1 2 3 4 n

o [ 10 e =7 & o o

T T 0,2 11,37 10,27 {1,3,5} {0,2,4,..., n}
2 2 1,3 10,2,4} {1,3,5} 10,2,4,6F {1.3,5, ..., n-1}
3 3 0,2 {1,3,5} {0,2,4,6} {1,3,5, ..., n-1} {0,2,4,..., n}
4 4 {1,3,5} {0,2,4,6} {1,3,5, ..., n-1} {0,2,4,..., n} {1,3,5, ..., n-1}
n {n} {0,2,4,..., n} {1,3,5, ..., n-1} {0,2,4,..., n} {1,3,5, ..., n-1} {0,2,4,..., n}
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Teopema 1. Ecau T — Teopuss TeH30pHOIO MpOH3BeAeHHS I'paca Ha pebpo, B — aj-
rebpa OGHHAPHDBIX H30JHUPYIOIHX (GopMya Teopun 1', To aaredbpa B 3agaeTcs pOBHO OTHOIH U3
caeayomumx aareop: Tp,, Tp,.

Sameuanue. Anrebpa st rerzoproro npousseaenus suga (((GxH)xH)xH)...)x H)
nzomopcua anrebpe Tp, uwian Tp,.

Funding: Asrop 6t nomgepxkan I'panrom PODPI No 20-31-90004/20 u rpanrom Komurera maykm Mwuaucrepcrsa
obpaszosanus u Hayku Pecnyonmku Kasaxcran, No. AP08855544.

KuroueBnle ciioBa: anrebpa OmHapHBIX (GOPMYJI, TEH30PHOE MTPOU3BEIEHNE, TEOPUs MOeeil, MOJe b TEOPUH, IPOU3Be-
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h-ITOJOBUE ®PATMEHTOB TEOPETNUYECKUNX MHOXKECTB
Afibar EINKEEB?, Upuna FAJIMHCKAA, Aiisim XAM3EEBA

Kaparanguackuit yauusepcurer nmernn akagemuka E.A. Bykerosa, Kaparanga, Kazaxcran
E-mail: “aibat.kz@Qgmail.com

B paforax [1, 2| mepBbIM aBTOPOM JAHHOIO TE3WCA OBLIU OMpPe/IeJeHbl MOHATUST TEOPETHIe-
CKOTO MHOXKECTBa U (T )-peocTaTta.

Ounpenenenne 1. [Iycts T — HekoTOpas fioHcoHOBCKAst Teopust, C' — ceMaHTHUIECKAsT MOJIEb
teopun 1, X C C.

MuoxkectBo X Ha3bIBAETCS TEOPETUYECKUM, €CJIH

1) X — iioHCOHOBCKOE MHOKECTBO, U ¢(T) — dopmysia, KOTopast Opeessier MHOKEeCTBO X ;

2) ¢(T) = JyY(Z,y) u nycrs 0 — yHUBepcaTbHOE 3aMbikaHue HopMyabl ¢(T), TP STOM
npeiozkenne 6 3aj1aeT HEKOTOPYI0 KOHEYHO aKCHOMATH3NPYEMYI0 HOHCOHOBCKYIO TEOPHIO.

Onpeaenenne 2. Ilycty 17 u T, — npou3Bo/ibHbIe HOHCOHOBCKHE Teopuu. MBI TOBOPHM,
gro 11 u Ty aBAAOTCA h-CHHTAKCHYIECKH MOJOOHBIME, €CJIU CYIIECTBYET TaKoe OTODparKeHHe
h: E(Ty) — E(T,), u upu 9TOM BBIIOJHEHBI YCJIOBHUST:

1) orpanudenue h no E,(T) saaserca romomopdusmom pemetok F, (1)) u E,(T2), n < w;

2) h(Fvnt1) = Fvnh(p), ¢ € Enpi(T), n < w;

3) h(vy = va) = (v1 = va).

Ecau sapo Ker(h) s10oro romomopdusma TPHBHAIBHO, TO MbI [OJIy9aeM ONpe/eJeHne CIHH-
TAKCUYECKOT'0 MOI00US JIBYX HOHCOHOBCKUX TEOPWUil.

Ecin yauBepcaabHoe 3amMbiKaHue ¢(x) 6yaer HOHCOHOBCKOIT TeopHeil, To MbI Oy 1eM NOBOPHM,
910 3a7aH p(T)-PEOCcTar, ecau CYyIecTByeT h-cHHTakcudIeckoe mogobue Mexkay Teopusamu 1 u
Thys(M), tne M € Er, M = cl(p(C)). B kadecrBe ¢l monuMaercst omepaTop 3aMBIKAHHS,
3ajaomuii Ha Oyneane C mpeareoMeTpuio, B KOTOpoit BepHo, 4To ¢l = acl = dcl.

[Iycth T' — HekoTOpas ioHCOHOBCKasI Teopus, C' — cemanTrdecKas Moaesb Teopun 1, X1, Xo
— reoperuyeckue noamuoxkecrsa C.

Cute Iy o1uii Moy YeHHBIH Pe3yAbTAT MOKA3bIBAET CBsI3b MEXKJLY CHHTAKCHIECKUM I0[001eM
fiOHCOHOBCKUX Teopuil u ¢()-peocTaToM.

Teopema. [Tycry Fr(X;) — dparments Teoperndecknx muoxkects X;. Torma, ecim cyrie-
crByeT @;(x)-peocTar ¢ TPUBHATHHBIM gapoM Mmexay Fr(X;) m teopueii T, T0 KOMIAHBOHBI
Fr(X;)* MOIeJIbHO COBMECTHBI ¢ KOMIaHboHOM T, tie i = 1, 2.
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Bee meompeie/ieHHbIE B TAHHOM Te3HCE ONPEJIe/IeHNs MOHATHH MOKHO HAWTH B CJIETYIONINAX
ncrounnKax |1, 2, 3|.

KuiroueBble cJioBa: fOHCOHOBCKAsl Teopus, (DPArMeHT, TEOPEeTHIECKOe MHOXKECTBO, ¢()-peoctaT, h-cumHTakcHUecKoe
nozobue.

2010 Mathematics Subject Classification: 03C07, 03C45, 03C50
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O KOTOMOJIOTUAX ITPOCTHIX MOAVJIEN KJIACCUYECKINX
MOAYVJ/IAPHBIX AJITEBP JIN

lepasu UBPAEBY®, Jlapuca KAUHBAEBAM®

U Keizernopmuncknit yausepcurer uvernn Kopxsir Ara, Keizeriopaa, Kaxaxcran
E-mail: “ibrayevsh@mail.ru, *larissa_kain@mail.ru

Cpean KOroMoJIOTHIecKuX Ipob/IeM MOAYJAApPHBIX ajareOp JIu omHO U3 Beay-IMuX MecT 3a-
HUMAIOT TPOOIEMbI BEIYUCIEHIS KOTOMOJIOTHH TPOCTHIX Mosyseit. Kak B anredopax Jlu kapra-
HOBCKOTO THIA, TaK W B ajredpax JIu KJIacCMIecKOoro THIA OHU M3YUEHBI TOJHKO JJIsi HEKO-
TOpBIX aJredp JIn Majbrx paHroB WK JJI OTIEJBHBIX MPOCTHIX MOyJei. Biaromaps pa3su-
TBIM METOJ/IaM TEOPHH IPeJICTABICHUIN IOJYIPOCTHIX aarebpandeckKux IPYIIl B IOJTOXKUTEIHHOM
Xa-PAKTEPUCTUKE U METOJaM I'OMOJIOTMYECKOH aJreOphl MOABISIETCS BO3MOXKHOCTH H3YUCHHS
CBOMCTB OOBIYHBIX U OTPAHHYEHHBIX KONOMOJIOIHU HEKOTOPBIX Ce-MEHCTB OIPAHHYEHHBIX HPO-
CTBIX MOJYyJIeHl I MOAYJIAPHBIX aaredp JIu Kiaaccu-ueckoro THUNA, W CBA3M MexXKIy HuMHU. B
HAYAJIBHBIX YTANAX HCC/AEOBAHUS €CTECTBEHHO PACCMATPUBATH CEMEHCTBA MPOCTHIX MOJLYJIEH,
UMEIOIIIe HEeCI0K-Hble (hOPMATbHBIE XapaKTepbl. HaMu paccMOTpPEHBI POCTHIE MOLY/IN KIACCH-
yeckux ajredp JIn waj agredbpamvyecku 3aMKHYTBIM TOJAEM II0/I0KUTEIHHON XapaKTepUCTUKH
CTapIIne Beca KOTOPBIX MPUHAIEKAT aJbKOBAM, PACIIOJIO-KEeHHBIE BIOJIh U OJIM3U CTEHKH J10-
MHUHAHTHBIX KaMep Beitnsg. V3ydenus cBOMCTB OOBIYHBIX M OIPAHUYEHHBIX KOIOMOJIOIUU KJIac-
cu4ecKux aaredp JIu s pac-cMaTpuBaeMbIX MPOCTBIX MOJYJIEH, ¥ CBSI3H MEXK/IYy HUMH MOXKHO
pPeaJIM30BaTh ¢ IMOMOIIBIO PeIleHHs CJICAYIOMNX MOCTe0BATEILHBIX 3a/1a4:

1) M3y4nuTH CBOMCTBA MPOCTBHIX MOJYJIEHl KJIACCHIECKUX MOJYJIAPHBIX ajrebp Jlu crapirme
BeCa KOTOPBIX MOTYT OBITH OMUCAHBI HEKOTOPBIM XOPOIIO ONU-CHIBAEMBIM CeMeifiCTBOM OrpaHu-
YEHHBIX JIOMUHAHTHBIX 3;ieMeHTOB adduuubix rpynn Beiyisi coorBercTByomux aJjredbpamnde-
CKUX TPYMI paccMarpwBaeMbix aaredp Jlu, mpemmoaraercss paccMOTPETb CTAPIIHX BECOB U3
AJTbKOBOB, PaCIo-/T0KEHHbIe BJIOJIb U OJIN3W CTEHKW JTOMHHAHTHBIX KaMmep Beiis;

ii) BBIYMCIATH OrpAHUIeHHbIE KOTOMOJIOTHH KJIACCHIeCKIX MOJYJIAPHBIX areOp JIu ¢ koad-
dburnmeHTaMi B MPOCTHIX MOJYJIAX, U3y YeHHbIe B 3a/a4e 1);

iii) BBIYHCAUTH OOBIYHBIE KOTOMOJIOTHH KJIACCHYECKHX MOJYIAPHBIX ajnre6p Jlu ¢ koaddu-
IIUEHTAMH B IPOCTBIX MOJYJISIX, H3yUYEHHbIE B 3aja4e 1);

1V)U3yYUTH CBSI3U MEXK/Y OFPAHUYEHHBIME U OOBITHBIMU KOTOMOJIOTHSIMU KJIACCHIECKUX MO-
JyssipHbIX asrebp Jlu ¢ koaddunmenTaMu B IpOCTHIX MOLY-JIsX, H3YYCHHbIE B 33/1a4€e 1);

V) M3YYHUTDH CBS3U MEXKJLy KOTOMOJIOIHSIMU KJIACCHYECKHUX MOJYJISPHBIX aj-re0p JIn ¢ koad-
dburnmerTaMI B IPOCTHIX MOJYJISIX, H3yYeHHBIE B 33/1a9€ 1), i COOTBETCTBYIOIMUME KOIOMOJIOTH-
SIMH aJIT€OPANIECKUX TPYII PACCMATPUBAS-MBIX KJIACCHIECKUX ayaredp Jlu.

[lenabto JaHHON PabOTHI SBASETCS 00CYIKIAEHUE Pe3yabraToB 3aaaun i). [lo-rydeno mosHoe
ormucanue (pOpPMAJIbHBIX XapaKTepoB HPOCTHIX MOIYJIE cTapline Beca KOTOPBIX ITPUHAJIIEKAT
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AJIbKOBaM, PacIOJIOKeHHbIe BIOIb U OJIM3K CTEHKU JTOMUHAHTHBIX KaMep Beitns. CornacHo mo-
JYIEHHBIM Pe3yabTaTaM, MOAY/IU Beiisid, cOOTBETCTBYIOMNE U3YYECHHBIM MTPOCTBIM MOYJISIM,
umMeroT puibrpanuun JAunena, riaybunnbt 1 wiam 2.

Qubrpanuio Aunena riyounsl 1 umeior Mmoay/u Beiiig ¢ crapiuimMu BecaMu g, A1, cdots, Ag, ji1,
V/IOBJIETBOPSIIOIIIE YCJIOBUSIM

DA €C, 1<i<s, \i=5g,, Ai-1,H1 = Sy1 Ag;

3 (\i + p,a) < p* aus Beex 1 u g Beex o € R

4 it KazkJofl mapel ¢ U j, rae i < j, CYIIeCTBYeT IOJIOKUTEJNbHBIT KOpeHb (7, j) Takoi,

9TO AJI BCEX 1,
i—1 i-1
Z SBikii) © SBikey = Z 59(i1) © SBjnii) -
j=1 j=1

Quibrpanuio Aduena riryouHbl 2 uMeroT Moy u Beiiis ¢ crapimmMu BecaMu fio, (i3, cdots, [is_1,
VAOBJIETBOPSAIONIAE YCIOBUAM

5) ,U/iIS'yO,l')\i+172§i§3_1;

6) >\1+1TM1,1§Z§8—1,

N Tt T md(p) =i+2,1<i<s—1;

8 (1; + p, ) < p* nnd Beex i U i BeeX o € R

9) nas j € {1,2} cymecTByeT MOJOKATETBHBINA KOpeHb 7 (j) Takoil, 9To

2 2

E :Sﬁj,k(j) O Syg,1 = E :Sv(j) © 58 ki)’

j=1 j=1

10) (70,8) =0,3<i<s—1.

Teopema 1. Ilycrp g — kiaccuyeckasi ajirebpa Jlu naj anrebpandecKku 3aMKHYTHIM OJIEM
K xapaxrepcuruku p > h, rge h — uncao Kokcerepa. Ilyers {f;, 70 }i_, — mociaegoparenbHOCTD
nmoosKATETBHBIX KopHert, {\; Y5, {1:}3-1 ,— nocaenoparesROCTI JOMAHAHTHBIX BECOB, Y 0B.Te-
reopsirontae yeaosusm 1)——10) coorsercrerro. Toraa HMeOT MECTO CIEYIONIHE (DHIBTPAIIHH
Hunena qas momysreit Betis:

(@) V(N) D L(Ni—1) D0, 1 <i<s—1;

(b) V(p1) D L(A2) D 0;

(c) V(p2) D L(p1) + L(A3) + L(A2) + L(A1) O L(A2) O 0

(d) V(pi) D L{pi-1) + L(Ai1) + L(A;) D L(A:) D 0.
Funding: Asropsr 6bn nomgepxxansr rpaarom AP08855935 Komurera mayku Munucrepcrsa o6pa3oBanus 1 HAyKH
Pecrry6smku Kazaxcran.

KuroueBnlie cioBa: anarebpa Jlu, mpocToit MOmy/ib, KOTOMOJIOTHS
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AJEPHAS MOJEJIb BEIIIYKJIOI'O NOHCOHOBCKOI'O CIIEKTPA

Aiiryns MCAEBA?, Hazexma IIOITOBA b, Jdungam XKYMAI'YJI, Apaiiasiv
HYPMAKOBA

Kaparanguackuii yausepcurer nMmernn akagemuka E.A. Bykerosa, Kaparamma, Kazaxcran
E-mail: “isa_ aiga@mail.ru, *dandn@mail.ru

[loHsITHE BBIMYKJIOCTH SIBJIAETCS KJIACCHIECKHM IIOHATHEM, BBegeHHBIM A. PoburcoHoM mpu
U3YYEeHNN HHIAYKTUBHBIX TeopHuil. Kiacc BBIMYKJIBIX TEOPHil SBISETCS JOCTATOYHO BasKHBIM B
MaTeMaTHKe ¢ TOYKH 3peHHs CBOUX IIPUMepoB. Hanpumep, Teopus IpyII, Teopus KOJIeIl, TeOPHs
noJieii, Teopuss OyJIeBBIX aarebp sBJISIOTCS TpHMepaMHU BBIMYKJIBIX Teopuil. B mamnom Tesmce
Mbl PACCMOTPHUM HOHSATHUE BBIIYKJOCTU B PAMKaX U3y4deHUs (DUKCUPOBAHHOI'O CHEKTPA KJIACCA
MOJeJs1eil IpOu3BOJIbHOA CUIHATYPHIL.

Omnpenenenne 1. Monconosckum crexrpom JSp(K) xmacca mozeneii K Hpou3BOILHOI
CUTHATYPbHI HA3BIBAETCSI MHOYKECTBO BCEX HWOHCOHOBCKHUX TEOPWHl /T JIAHHOTO KJIACCA MOJIEJIEH.

Omnpenenenne 2. Teopus T Ha3BIBAETCs BHIYKJION, €CIH JId J000MH ee Momemn A u s
aroboro cemeiictBa {B; | @ € 1} moACTPYKTYp A, SIBASIFOIIUXCST MOJIessiMu Teopun 1, niepecede-
HHE ﬂie ; B;i aBitaeTca moznenpio 1', IpH yCJIOBHH, 9TO OHO He mycTo. Eciam, Kpome Toro, Takoe
nepecedeHne HUKOTIa He ObIBaeT IMyCTHIM, TO 1 HA3BIBAETCS CUIBHO BBHIILYKJIBIM.

Onpenenenne 3. VlnnyktuBHas Teopus 1 HA3BIBAETCS SK3UCTEHIMAIBHO ITPOCTON, €C/IH:
1) ona mmeer asrebpamdecku IPOCTYIO MOJeNb, Kiaace ee AP (aarebpamdecku mpocrbie MoO-
neqn) oboszHaunm 4depe3 APpr; 2) kiace Er HeTpUBHAJIBHO Hepecekaercst ¢ Kaaccom APr, t.e.
APrN Er # 0.

[Tycrh K — KJ1ace 9K3UCTEHIHATBHO 3aMKHY THIX MOJIeJell Tpou3BoIbHOM curHarTyphbl 1 J SP(K) /g
— AOHCOHOBCKMI CHEKTP 3TOr0 KJacCa OTHOCUTEJHLHO .

Kuace [T] € JSp(K) /s Ha3bIBaETCS SK3UCTEHIHAIBLHO MPOCTHIM KJIACCOM, €CTH JJIs KazK-
jgoro A € [T], A aBageTcst SK3UCTEHIUATBHO TPOCTOH TeopHeii.

Caenytomuii moayvIeHHblil pe3yabrar obobmaer pesyibrar (Teopema 4) u3 [2] B pamkax
U3YUEHUs] CBOWCTB MOHATHS SIJICPHON MOJIETN TP MepexXojie OT TEOPUU K CHEKTPY.

Teopema. [lycts C' — cuernas siiepHast MO /sl HEKOTOPOTO 9K3UCTEHIIUATBEHO TPOCTOTO
kinacca [T] € JSp(K)/w. Torga crenyrorine yeaoBusi SKBUBATEHTHbL:

1) C mozxer GbITH BJIOXKEHA B KayKIyI0 9K3UCTEHIMATHHO 3aMKHYTYIO MOJeab neHtpa [17*
knacca [T7;

2) C aBasercs anrebpandecku npocToit Mojesbio Teopun A, tiae A € [T1.

Bce HeonpeeeHHble B JaHHOM Te3HCE ONpeIeIeHnsT MOHATHIR MOKHO HAMTHU B CJIEIYIONIHX
ucroIHuKax |1, 2|.

KuarogeBbie ciioBa: HIOHCOHOBCKAST TEOPHSI, CEMAHTUYIECKAs MOJIe/b, SIepHasd MOIETh, HOHCOHOBCKUH CTIEKTpP, S9K3UCTEH-
AJIBHO IIPOCTasd TEOPUA

2010 Mathematics Subject Classification: 03C07, 03C45, 03C50
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KOHEYHOCTB KEJIJIEPOBBIX MHOI'OOBPA3UI OT ABYXr
INEPEMEHHDBIX

Pamny Konsipbaesua KEPMBAEB!

! Kazaxcknit narmonaisHerii yausepcnrer umenn ajab-Papabn, Anvarsr, Kazaxcran
E-mail: “ker _im@mail.ru

st 06paTUMOCTH KeJLIEPOBLIX MOJUHOMHATHHBIX OTOOPayKeHWH JOCTATOYHO YKA3aTh €ro
UHbHEKTHBHOCTD.

,ZLHH NHBEKTUBHOCTU KeJIJIEPOBbLIX ITOJMHOMUAJIbHbBIX OTO6pa)KeHI/II71 A0CTaTOYHO IIOKa3aTb,
410 asrebpandeckoe MHOr0OOpa3ne JTAHHBIX MHOTOYJICHOB COCTOUT M3 OAHON Touku. B pabore
JIOKA3bIBAETCS CJEYIONasi TeopeMa.

Teopema 1. Ajsrebpanmdeckoe MHOroobpaszne KeJLJIEPOBBIX MHOTOYJIEHOB OT JIBYX II€peMeH-
HBIX KOHETHO.

OBb OPTOI'OHAJIBHOCTHU B ITOYTN OMETA-KATEI'OPUYHbBIX
CJIABO O-MUVHUMAJIBHBIX TEOPUAX

Beitoyr KYJ/IIIEIIOB

Kasaxcrancko-Bpuranckuii rexamaeckuii yausepcurer, Ajpvarer, Kazaxcrad
E-mail: b.kulpeshov@kbtu.kz

JlauHblii J0KIa] Kacaercs MOHATHS CAGO0U 0-MUHUMAALHOCTU, TIEPBOHAYAIBHO HCCJIEI0-
sarnoro /1. Makdepconom, JI. Mapkepom u Y. Creiinxoprom B [1]|. TTogmuo)kecTBO A CTPYK-
Typbl M gBIASETCS 6uinykAbiM, €CTIU J1Jid 00X a,b € A u ¢ € M Beakmii pa3 Korjma a < ¢ < b
Mbl uMeeM ¢ € A. Caabo 0-MUHUMAADHOT cmpykmypoti HA3BIBAETCsI JIUHEHHO YIOPSIOYeHHAs
crpykrypa M = (M,=,<,...) Takasi, 4To J1060e ompeJeaumMoe (¢ TmapaMeTpaMu) MOJAMHOMKE-
CTBO CTPYKTYpbl M saBaserca o0beIUHEHHEeM KOHEYHOIO YHCJa BBIIYKJLIX MHOXKeCTB B M.
BerecTBeHHO 3aMKHYTBIE 110JIs1 ¢ COOCTBEHHDIM BbIIIYKJIbIM KOJIBIIOM HOPMUPOBAHUsI 00€CIIeYn-
BAIOT BaXKHBIHA IpUMeEp €1abo O-MUHUMAIBHBIX CTPYKTYP.

Huzke MBI pacimupsieM onpejieJieHrne paHra BBITYKJIOCTH (GOpPMYJIbl [2] HA TPOU3BOIbHBIE
MHOKeCTBa (Heo0s13aTeIbHO OTIpe/IeJINMbIe):

[ycre T — cnabo o-muHUMAaAbHAS Teopusi, M — JIOCTATOYHO HACHIIIEHHAS MOJEJ]b TEOPUN
T, A C M. Pane svnyraocmu muosicecmea A (RC(A)) onpeaensiercs ceyiomuM 06pa3oM:

1) RC(A) > 1, ecsim A GecKOHETHO.

2) RC(A) > a+1, ecaiu cyIecTByeT apaMeTpUIecKy OTPeIeIMMOe OTHOIIEHHE IKBUBAJIEHT-
Hoctu F(x,y) Takoe, 9To CymecTBYIOT b; € A, i € w, KOTOPbBIE YIOBIETBOPSIOT CJIEMYIOMIEMY:

o Jlst m100BIX 4, j € w, Beakuit pas3 korga i # j Mmer umeeM M = —E(b;, b;)

e Jlna kaxkmoro i € w RC(E(M,b;)) > au E(M,b;) — BHIIYKIO€ TOAMHOKECTBO MHOMKE-
cTBa A

3) RC(A) > 9, eciu RC(A) > a st Beex v < § (0 mpeiesbubii).

Ecau RC(A) = « ayist HEKOTOPOTO (v, TO MBI roBopuM uto RC(A) onpenensiercs. B nporus-
HoM ciaydae (r.e. ecim RC(A)) > a just Beex a), Ml nostaraem RC(A) = oc.

Panz svinyraocmu gopmyav, ¢(x,a), rae a € M, oupejie/isiercs KaK PaHl BbILYKJIOCTH MHO-
xectBa ¢(M, a), r.e. RC(p(x,a)) := RC(4(M,a)). Pane sunyksocmu 1-muna p onpeaesseTcs
Kak paHr Bbimykjaoctn MuoxkecrBa p(M), .e. RC(p) := RC(p(M)).

Caenyrotee onpeesenne BeejieHo B |3, 4]. Tlycrs T' — nosnast reopust, p1 (1), - . ., po(Tn) €
S1(0). Byzem rosoputh, uro tun q(z1, ..., x,) € S,(0) asngerca (pi,...,pn)-munom, ecan
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n
q(z1,. .. 2,) 2 U pi(z;). MuOKecTBO BCex (pi, ..., pn)-THIOB Teopuu T GyaeM o6O3HAYATDH
i=1
aepe3 Sy, . (T). Cuernas teopust T HA3BIBACTCS NOYWMU W-KAME2OPUYHOT, €CIH J1JIst JIOOBIX
unoB pi(x1), ..., po(x,) € S1(0) cymecrByer gumb KoHeYHOE UUCAO TUNOB ¢(T1,...,T,) €
S (D).

B pa6ore 3] nokazano, uro ecau T — nourn w-KareropudHas teopust ¢ yeaosuem [ (T, w) =
3, To B Teopun T WHTEPIPETUPYETCsT MIOTHBIN JUHEHHBIT Topsanok. B pabore [5] ycranopiena
HOYTH W-KATETOPHIHOCTH 3PeH(ORXTOBBIX BIIOJHE O-MAHUMAJIBHBIX TEOPHIi, & TaKyKe J0Ka3a-
HO YTO B MOYTH W-KATErOPUIHBIX BIIOJIHE O-MHUHUMAJBHBIX TEOpUSX uMeeT MecTo [IpmHimm
BameHbl [T aarebpanveckoro 3ambikanus. /lasee B pabore [6] jpokazaHa GHHAPHOCTH HOYTH
W-KATETOPUYHBIX BIOJIHE O-MIHUMAJIBHBIX Teopuil. HakowHer, HeaBHO B pabore [7| yeranosiena
OMHAPHOCTH OYTHU W-KATEIOPUYHBIX CJ1A00 O-MUHUMAJIBHBIX TEOPUIl paHra BbILYKJIOCTH 1.

[Tycts A C M, A koHeuHO, p1, o, .. .,Ps € S1(A) — neanrebpanyeckue. Mbl roBopuM, 4TO
cemeiictBo 1-THIIOB {p1,...,Ds} ABIAETCS 0pMO2OHGALHUM Had A, eciu mas J0OOH TOCTeT0-
BaTENbHOCTH (N1, ...,N) € wW®, I JIOOBIX BO3PACTAIINX KopTexeil ar,a; € [p1(M)]™, ...,
as,al, € [ps(M)]|™ rakux, aro tp(a;/A) = tp(a}/A), ..., tpas/A) = tp(a,/A) Mbr umeem 9TO
tp((ay,...,as)/A) =tp({a),...,a.)/A).

Hamu mokazana Caegyrorniast TeopemMa:

Teopema. Ilycrp T — mourn w-kareropmwdHasi ciabo o-muaEMaIbHas teopus, M = T,
P12, -+, Ps € S1(0) — HEanrebpanueckne nomapro caabo oproroHajpHbie 1—rTuubl. ITpemno-
JIOZKHM 9TO KazK bl Heaareopandeckuii 1-tuir Ha 1 () umeer koHeuHbIiH paHr BoiIykaocTa. Tora
{p1,p2, ..., ps} oproronaabno Has ().

Funding: Asrop 6611 nommepxan rpaarom MOH PK (AP08855544).
KuroueBbie cioBa: c1abas O-MUHUMAIBHOCTD, IOYTH OMETa~-KATETOPUIHOCTL, OPTOTOHAIBHOCTD, PAHT BBIILYyKJIOCTH
2010 Mathematics Subject Classification: 03C64, 03C07, 03C15
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OIIEHKA CYMMBI CUMBOJIOB 4dKOBU B
ITOCJIEJOBATEJIBHOCTU CABNHYTBHIX ITPOCTBIX YMNCEJI

[MTepaan MUUP30OPAXTIMOB

Boxrapckwuii rocynapersennntii yausepcuter uMm. H. Xycpaa, r.Boxrap, Tagxukucran
E-mail: smirzorakhimov @ mail.ru

B 1937r. 'I.M. BunorpaioB co3/1aj MeTo 1, OIEHOK TPUTOHOMETPUUECKHUX CYMM € TTPOCTBIMHU
YUC/IAMHU, YTO MO3BOJIUI €My PENuTh psiji apuPMeTHuIecKux Mpod/eM ¢ TMPOCTHIMUA YUCTAMU.
OaHuM W3 HUX ABJdeTCS paclpejieleHns 3HAYeHHI HerJIaBHOTO XapaKTepa X M0 MOV ¢

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



122 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

Ha IIOCJAeJ0BATEJbHOCTAX CABUHYTLIX IIPDOCTBIX YHCEJ, TO €CTb BBIBOJ HOBOI1 HeTpHBHaﬂbHOﬁ
OIICHKH CYMMBI BHJIA

T(x) =Y xtp—-1), (Lg=L1

p<z

B 1938 r. oH BHEpBbHIC MOTYYMI HETPUBHAIBHYIO OICHKY MOAyasa cymmbl T(x) mpu z > ¢>T¢,
q — mpocroe HevderHoe|l|. VI.M. Bunorpasos B 1943 1. fgokazan cienywoliue yTBepzx eHusi|1]:

ecm ¢ — mpocroe HedetHoe, (1, q) = 1, x(a) — HermaBHBIH XapakTep MO MOJYJIIO ¢, TOLJa

ol <t (2 Laat). )

Ilpu x > ¢'*° ara ornenxa HeTpuBHAIbHA, W U3 Hee cielyeT acHMITOTHYeCKas hopMyia i
qHCIa KBAJIPATHIHBIX BEIYeToB (HeBbiveToB) mod ¢ Buia p—I, p < x. 3arem V.M. Bunorpaios
TOJIy Y1 HeTpuBHaIbHyIo onenky T'(x) mpu x > ¢%"¢ rne ¢ — npocroe uncao. A.A. Kapanmy6a
B 1970 romy mokasan ciaemyiomue yreepxiuenue [2|: ecau ¢ — npocmoe, x(a) — nezaashvil

£

rapaxmep no Mmooy q, T > q%+ , mozda

T(x) < zq~ w5

3.X. PaxmonoB 0606t onenky (1) Ha caydwaii coCTaBHOIO MOJAY/IS U JOKA3aJ CJIeIyIOIHe
yrBep:enne [3|: mycre D — gocrarodno GoJibimoe HATYpaabHOE YHCIO, X — HELJIABHBI Xa-
pakTep 1o Moiyio D, q MOLy/Ib IDUMHTHUBHOI'O XapaKTepa X, Xq — IPHMHTHBHBIN XapakTep,
MOPOXKTYHHDBIH XapaKTepoM X, TOIJ1a

T(x) <z’ (\/ % + %72@1) + xéT(Q1)> . a=]]»

p\D
pXq

[IpumMensist 3Ty OIEHKY OH JIOKa3aJl paclpejesieHne 3Ha4YeHni CUMBOJIOB fIK0oOM B 1ocJeioBa-
TeJIbHOCTSIX CABUHYTBHIX IPOCTHIX drces. B pabore [4] mokazana reopema: ITycrs ¢ — gocraroano
boJIbIIoe HATYpATIbHOE THCI0 CBODOAHOE OT Ky0OOB, X, — IPUMHTHBHBIH XapaKTep M0 MOIYJIO ¢,

1
(I,q) = 1, &€ — MOJIOKUTEIBHOE CKOJIb YTOJHO MaJIoe IOCTOssHHOe Jucio, Ing, x > q27¢. Torga

nMeeMm T(Xq) _ qu(p _ l) <KL xexp (—\/E) .

p<z

B s10it pabore BOCIOIB30BABIIICH OCHOBHBIM Pe3y/IbTaToM paboTh |6] qoKkazana Teopemy o pac-
InpeaejgaeHue 3HAQYEHUII CUMBOJIOB HKO6I/I B KOPOTKHX ITOCJIEe 10BATEJIbHOCTAX CABUHYTBIX IIPDOCTBIX
qHCel.

Teopema. ITycre D — gocrarouno 6oJbinoe HaTypadabHoe dnciao, T = +1, K(x) — unciao
MPOCTBIX THCEJT P HE HPEeBOCXOASIHX & H TAKHX, 9TO

—1
(pT) =7, (I,D)=1, D — cBobogHoro or Ky06oB.

Torna opu x > Dite CIIPpABELTHBA aCHMIITOTHYCCKast (bopMyJIa
1 x x
K = 11— — ) 2y —=——1).
) H( p—1>1nx+ (ln2x)
p\D
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MUUHVUMAJIBHBIE AJITEBPANYECKU ITPOCTHBIE MOJ/IEJIN
YHUBEPCAJIbBHOI'O 'NBPNJA ®PATMEHTOB MOHCOHOBCKUX
MHO2KECTB

Hazepke MYCHHA®, Cynrar AMAHBEKOB, Apaiiieiv HYPMAKOBA

Kaparanpuackuii yausepcurer nmernn axajemuka E.A. Bykerosa, Kaparanga, Kazaxcran
E-mail: “nazerkel70493@imail.ru

[Iycte T — coBepieHHas HOHCOHOBCKAsI TEOPHUs, TOJHAA JJIsd IK3UCTEHIIMOHAJIBHBIX ITPeI-
noxkenuit, C' — cemanTudeckas monaenb Teopun 1, Xi, Xo — #fioHcoHOBCKHE moaMuoxKecTBa C
[puuem cl(X;) = M; € Er, Fr(X;) = Thy(M;) asuasercst ¢;(x)-BbIyKJIbIM (DparMeHToM
MHOXKecTBa X;, rie ¢ = 1,2. B KadecTBe ¢l nmoHnmaercs: oneparop 3aMblKaHUs, 38 Iaf0IUil Ha
oyneane C' mpeareoMerpuio, B KOTOPoii BepHO, uTo cl = acl = dcl.

HamomuauM HEKOTODBIE OTpeie/IeH nsI.

Onpegenenune 1. Mojenb Teopun T Ha3bIBaeTcd aaredpandecKu IPOCTOM, eCJIM OHA U30-
MOpPhHO BKJIaJIbIBATCA B JIIOOYIO MOge b Teopun 1.

Onpegenenune 2. Mojenb Ha3bIBaeTCsd MUHUMAJILHON MOJeIbI0 Teopun 1, ecin y Hee HET
HOJICTPYKTYPBI, KOTOPO# sIBJIIeTCs MOJeIbio Teopuu 1.

Onpegenenune 3. Ecian T — itoHcOHOBCKas Teopusi, TO 1 — MEeHTP 9TOH TEOPUU.

Omnpenenenne 4. byjiem roBOpuTh, 4TO IKIUCTEHIIUAIBHO 3aMKHYTast MOJeIb M siBJisieTcs
BBIIIYKJION (CHJIBHO BBHINYKJIOiT), ecin ee obonouka Kaiizepa (Thys(M)) aBasiercst BBITYKJIOf
(CHJIBHO BBIIYKJION) Teopuei.

Omnpenenenne 5. Msr OyaemM roBOpUTh, 9TO SKIUCTEHITUAJBHO 3aMKHYTast Moaeab M sB-
nsieTcs ¢(x)-BbIMYKJIOM, ecin

1) ¢(x) 3amaeT HOHCOHOBCKOE MHOXKeCTBO B Mojean M;

2) ecu st Beex moacTpyktyp A; mogesnu M, (2 comepxkut @(M) mpu TOM, 9TO 3TO
nepecevdeHne He IMycTo.

Pacemorpum rubpuy H(Fr(Xy), Fr(Xsy)) = H, rorga, eciu T Mmouesnbao copmecrra ¢ Fr(X;),
BEPEH CJEAYIOMUNA pe3yabTar.

Teopema. Ilycrer Hy mosHa i1 3K3UCTEHIMOHAIBHBIX TIpeioxKenuii. Torma cieayrorime
YCJIOBHST SKBUBAJIEHTHBI:

1) H} mmeer anrebpamvecKu MPOCTYIO MOJIEIb U OHA MUHUMAJIBHA,

2) Hy uMeeT TOYHO OJIHY ajarebpamdecKu MpoOCTY MOJeTb i oHa (X, ¥)-aroMHas.

Bce neonpenenennble B JAHHOM Te3HCE ONpPeJeIeHASA NOHATHH MOXKHO HANUTH B CJIEIYIOIIMX
ucrogHuKax |1, 2.

KuroueBble cJIOBa: HOHCOHOBCKAA TEOPHsl, CEMAHTUIECKAA MOZETb, TUOPHI, ¢ (Z)-BBIIyK/Ias MOZEIh, MUHAMAIbHAL
MOZeJIb
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[Tycts L — a3biK 1IepBOTO TOPsifKa, 1 — Mpou3BO/IbHAST HACIEICTBEHHAS HOHCOHOBCKAsT TEO-
pus B s3bike L curaarypsl o, C' — cemanTndeckass mojenab teopun 1, A C C, opr = o UT, te
I ={P}U{R}U{c}.

[Iycts T=Thy3(C, ¢o)aec U Thys(Er) U {Pi(c)} U {FyP(y,c)} U{P} U{"P,C "}, rme
{"P,,C 7} aBisiercss 6ECKOHETHBIM MHOYKECTBOM MPEIOKEHHI, BEIPAYKAIOMIHX TOT (haKT, ITO
UHTEpHIpeTranud CUMBOJIA Pl ABJIACTCA DK3UCTCHIMAJIBLHO 3aMKHyTOﬁ IHOAMOIEJ/IBIO Ha A3bIKE
CUT'HATYyPbI OT, P2 €CTh OTHOIIIEHUE DIKBUBAJICHTHOCTIH. TO €CTb HMHTEepIIpeTalnud CUMBOJIA Pl
SIBJIsIeTCsl pertieHneM cieaytoriero ypashenus Py(C) = M € Er B g3bIKe CHIHATYDBI OT.

PaccMoTpuM BCe Moo IHeHNst Teopun 1 B s3bIKe CHrHATYDHI op. Tak kak T — Hac/e/ICTBeH-
Hasl TeOPUs, TO T Gyjer fIOHCOHOBCKOH TeOpHeil, II0STOMY Y Hee eCThb IeHTD, 1 MbI 0003HaAYHM
ero uepes 1, W STOT HEHTP PABEH OJHOMY W3 BBIIICIEPEUHCICHHBIX HOIOIHeHHHA Teopui 1.
[Tpu OFpaHI/I‘{eHI/II/I curHATYpHl or Ha 0 U Py U Py, cortacHO 3aKOHAM JIOTHKE IIEPBOTO TTOPSIIKA,
KOHCTAHTA € y2Ke He IPHHALIEXKUT IOl CUPHATYPE, I Mbl MOXKEM 3aMEHHTH 3Ty KOHCTAHTY
mepeMennoii, Hampumep . M Tormga Teopus 1 CTAHOBHTCS MOJHBIM 1-THIOM IS IepeMel-
HOH Z. STOT THUIT MbI 6yﬂeM Ha3blBaTh HEHTPAJIbHbBIM THIIOM TE€OpUU T B IIpUBEJCHHOM BbLIIIE
000TAIICHH.

[Tycrs T' — npoussosbHasg ifonconosckas reopus, Torga L(T)=J, ., En(T), tne E,(T) —
ecTh pereTka 3-popMys1 ¢ n CBOOOJHBIME MTepeMeHHbIMU, T — 1meHTp HOoHCOHOBCKON Teopun 1,
re. T* = Th(C), rme C' — cemanTHIecKas MOJEIb HOHCOHOBCKOIT Teopun 1.

Onpenenenne 1. [lycts T} u T, — iionconopckue Teopuu. Mbl OyjaeM roBopuTh, 4to 17 u
T, — HOHCOHOBCKHM CHHTAKCHUIECKH TMOM00HBI, ecom cymiectByeT oueknus f : E(Ty) — E(Ty),
Takas 4To

1) orpanuuenue f no E,(T) ects mzomopdusm pemterok E, (1)) u E,(T3), n < w;

2) f(EIUn-HSO) = ElUn+1f((,0), Y e Fn+1(T)7 n < w;

3) f(’U1 = ’UQ) = (”Ul = 1}2).

Cureyrotuii MOy YeHHBIH PE3yJIbTaT M0 CBOEMY CoJlep:KaHuio obobimaer pesyabrar u3 [3].

Teopema. Ecyu T, Ty — nacaeacrsennbie, V3-1moJinbe, #OHCOHOBCKUE TEOPUH, TOTIa B 000-
ramennn [’ CHrHaTyphl o CJIeYIONIAe YCJIOBHUST SKBUBAJTCHTHBI:

1) T} cunrakcuuecku nojobua Ty B cMmbice [1];

2) Tf cunrakcudecku mogobHa Ty B cMbIce [2].

Bce Heonpeie/ileHHbIE B JIAHHOM TE3HCE OMpeIeeHUsT HOHATHI MOYKHO HANTH B CJIEIYIONIHX
ucrounnkax |1, 2|.

KinoueBble cjioBa: HOHCOHOBCKas TE€OpUsd, CEMaHTHYECKas MOJE/b, 000ralleHle, HeHTPaIbHbIA THIl, HOHCOHOBCKHU CUH-
TaKCUIeCKoe 1ogobue
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CBONCTBA MOHCOHOBCKOTI'O CIIEKTPA OTHOCUTEJIBHO
KATETOPUYHOCTU
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Kaparanguackuii yauepcurer nMmernn akagemuka E.A. Bykerosa, Kaparanma, Kazaxcran
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[Iycth K — HEKOTOPBIH KJ1acce Mojiesieil IPOU3BOILHON CUTHATYPBI 0 S3bIKa IIEPBOIO MOPSIKA
L n Ly — MHOXKeCTBO BCeX IpeIJIOsKeHUH 3TOro s3blKa, T.e. Lo C L uI' C L. Eciu pacemorpers
Thr(K) reopuio kinacca K, tne Thr(K)={¢ € ' : VA € K caenyet, uto A |= ¢} u paccmor-
peth Kaace mozeneir stoit reopun M = Mod(ThrK), To B3aumoorHomenune kiaaccoB M n K
Hnpe/icTaBiisier co0oi KJIACCUYeCKYyI0 MOCTAHOBKY BOIIPOCA aKcuoMarusupyemoctu kjacca K. B
cJydae, KOIJIa TeopHsl He MOJIHA (a HOHCOHOBCKHE TeOpHH, BOOOINE TOBODs, TaKue), NaHHbII
KJIACC 3aJa4 CTAHOBUTCH JOCTATOYHO TPY/HBIM JIJI MOJTHOTO OIMCAHUS.

JIng n3ydennsi HOHCOHOBCKHUX TeOpHil (PUKCUPOBAHHOTO KJIacCa OBLIO OMPEIEIeHO TTOHATHE
HOHCOHOBCKOTO CIIEKTPa CJIeIYIONIM 00Pa30oM:

Omupenesnenne 1. MOHCOHOBCKHM CIIEKTPOM JSp(K) knacca mozeneit K mpom3BoJbHOI
CUTHATYPbl HA3BIBAETCS MHOXKECTBO BCeX HOHCOHOBCKHMX TEOPHUil s JAHHOI'O KJIACCA MOJIEJICH.

Onpegenenune 2. Mbl roBopuM, UTO HOHCOHOBCKast Teopus 1] KoceMaHTUYHA HOHCOHOBCKOM
reopun Ty (T} 1 Ty), eciu Cp, = Cr,,, tne Cr, — ceMaHTHUYeCKas Mojienb Teopun 1, 1 = 1, 2.

Pacmupenune T} O T nosnoit Teopun 1’ Ha3bIBAETCS HECYHIECTBEHHBIM, €CJIM CUTHATYpa
Teopuu 1] COAEPAKUT, KPOME CHMBOJIOB CUTHATYPHI Teopun 1, JINIIb CHMBOJIBI KOHCTAHT.

[Iycrs [T] € JSp(A) /s, TOrAA Bepen caeayomuil pe3yabTar:

Teopema. [Tycts T — HaciaeacTBeHHAs fioHCOHOBCKast Teopus. Toraa, ecan [T]* — w-kaTeropudanas
YHUBEPCAJbHAS TEOPUA, TO CJACAYIONUEe YCIOBASA SKBUBAJICHTHBI:

1) [T]* — wi-kaTeropuuna;

2) B HEKOTOPOM HecyIecTBeHHOM pactmupenuu [T']; D [T] naitgercs P[%I—CI/IJH)HO MHHUMAJTb-
HBI THIT, T/e P[%l — neHTpasbHblil Tun [T1;.

Bce neomnpenenennbie B JAHHOM Te3HCE ONpeJeIeHAs TOHATHN MOKHO HAUTH B CJIEIYVIOIINX
ucrounukax |1, 2|.

KiroueBble ciioBa: HOHCOHOBCKas TeOpus, CEMAHTHYECKas MOJEJb, CHJIBHO MUHUMAJIBHBIN THII, KOCEMAaHTHUIHOCTD,
MOHCOHOBCKMII CIIEKTD
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CRITERION OF DEFINABILITY OF A CONVEX CLOSURE OF 1-TYPE
OVER A SET

Zhanar ADILY® Bektur BAIZHANOV!?

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “baizhanov@math.kz, z.adil@math.kz

Definability of 1-types in o-minimal theories were studied by D.Marker and C.Steinhorn
in [1]. Later B.Baizhanov investigated problem of definability of 1-types in weakly o-minimal
theories [2].

In general, the question of definability of 1-types can be considered as two distinct questions
that can be studied separately: definability of convex closure of a type and set of formulas with
infinite number of alternations.

Suppose that 9 = (M, Y) is a model of a complete theory T. Let p € S;(A) with A C M.
We consider convex closure of type p: p¢ = {B;(y)|B;(y) € p,i € I'}. Denote G;(y) = B;(y)~
and D;(y) = B;(y)". Obviously, G;(N) <y < D;(N) € p°.

DEFINITION. Let 6(Z) and H(y, z) be an A-definable formulas such that for any a € M,
H(y,a) is a convex formula and H(M,a)" ="H(M,a), X := (M) N A. We say that the
condition of left convergence of a formula H(y, z) on a set X or of §(2) to the type p° is
satisfied and denote by

LC’(H(y, z), X, pc) or LC’(H(y, zZ), 9(2),pc)
if for any G;(y) and D,(y) there exists a € X such that
(i) G;(M) Cc H(M,a);
(i) H(M,a) <y < D; € p“.
We say that the condition of right convergence of a formula H(y,z) on a set X or of
0(Z) to the type p° is satisfied and denote by
RC’(H(y7 z), X, pc) or RC’(H(y, zZ), 6’(2),]90)
if for any G;(y) and D,(y) there exists a € X such that
(i) D;(M) N H(M,a) = 0;
(i) Gy <y < H(M,a)* € p°.
We also say that the condition of two-side convergence of a formula H(y, Z) on a set
X or of A(Z) to the type p° is satisfied and denote by
C(H(y,i),X,pC) or C’(H(y, Z),H(Z),pc)
if LC(H,X,p°) and RC(H, X, p°) hold simultaneously.

Theorem 1. Let A C M and p € S1(A) be an irrational type. Then the following are
equivalent:

(i) p© is non-definable;
(ii) exists A-definable formula H (y, zZ) such that for any A-definable formula 6(Z) holds:
C(H(y,2),0(2),p°) V C(H(y, 2),0(2),p°).
Funding: The authors were supported by the grant No. AP09058169 of the Ministry of Education and Science of
Republic of Kazakhstan.
Keywords: definability, convex closure, condition of convergence.
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ORTHOGONALITY OF PARTIAL 1-TYPES IN ORDERED THEORIES
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We deal with the class of linearly ordered theories with a binary (-definable relation of
linear order. We generalize notions introduced for weakly o-minimal theories, such as as weakly
orthogonal and quasirational types, and consider their properties.

DEFINITION. A convex closure of a formula ¢(z,a) is the following formula:

¢z, a) == Iy ya(p(y1, @) A @(yo,a) A (11 < 2z < y)).

A convex closure of a type p(z) € S;(A) is the type

pe(x) = {¢*(x,a) | (z,a) € p}.

DEFINITION. Let A C N, p,q € Si(A4), and N be an |A|T-saturated model of a linearly
ordered theory. We say that the type p© is not weakly orthogonal to the type ¢¢, p¢ L" ¢¢,
if there exists a convex formula ¢(x,y,a), a € A, such that for every a € p°(N) o(N,a,a) N
q“(N) # 0 and —p(N, «,a) N q¢(N) # 0.

Claim. Let A C N, be an |A|*-saturated model of a linearly ordered theory, p,q € S1(A)
be non-algebraic types. Then p 1" ¢q implies p® 1" ¢°.

DEFINITION. Let p € S1(A), A C N, and M be an |A|"-saturated model of a linearly
ordered theory. The type p° is quasirational to the right (left) if there exists a formula

U(z,a), a € A, such that for every o € p°(NN)

for every f € U(N,a) such that a < g, tp°(5/A) = p°
(for every 5 € U(N,a) such that a > 3, tp°(5/A) = p°).

The type p© is quasirational if it is either quasirational to the left, or quasirational to the
right.

DEFINITION. Let p € S1(A), A C N, and M be an |A|"-saturated model of a linearly
ordered theory. The type p (p°) is said to be definable, if for every formula (convex formula)
¢(z,y) there exists an A-definable formula 6,(y) such that for every b € A

o(x,b) € p (p°) & N O,(b).

Theorem 1. Let A C N, M be an |A|T-saturated model of a linearly ordered theory,
p,q € S1(A) be non-algebraic types such that p¢ Y* ¢°.

(i) If the type p° is quasirational, then the type ¢° is quasirational.

(ii) If the type p is definable, then the type ¢¢ is definable.

Theorem 2. Let A C N, M be an |A|*-saturated model of an o-stable theory, p,q € S1(A)
be non-algebraic types. Then p¢ Y™ q° if and only if ¢¢ /" p°.

Corollary. Let A C N, M be an |A|"-saturated model of an o-stable theory, p,q € S1(A)
be non-algebraic types such that p¢ /" q¢. Then the type p°¢ is quasirational if and only if the
type q° is quasirational.

Funding: The authors were supported by the grant AP09058169 of the Ministry of Education and Science of Republic
of Kazakhstan.
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We study the question of existence of special extensions of a set A, which are characterized
that the type over A of any tuple in the extension satisfies a condition C, where C' is some
property of types; C can be either that any type under consideration is definable, or that any
type is locally isolated, or that any type is non-definable, etc. In particular, we study the
question of existence of a conservative extension of a model.

Theorem 1.(Tarski-Vaught): Let A be a subset of a model M of a complete theory T
For a set A to be an elementary submodel of a model M, it is necessary and sufficient that for
any formula of the form Jz¢(z,a), where a € A, the following condition holds: M = Jz¢(x,a)
implies that there exists b € A such that M = ¢(b, a).

Definition 1. We say that a condition C' satisfies the transitivity property if the following
holds for any three sets:

ACeBANBCecD=ACcD

In any case, the following four conditions are necessary for constructing a model which is a
C-extension of a set A:

UO¢ For any sets A C B and any C-type p € S1(A) there exists a C-type ¢ € S;(B) which
extends p (the extension property).

Ule For any tuple @ € N\ A whose type satisfies the condition C, for any formula ¢(z, @, a),
where a € A and N |= Jz(¢(x, @, a)), there exists a type p(z) € S1(Aa) such that ¢(z, a,a) € p
and for any § € N with § = p(z), we obtain that tp(fa/A) satisfies the condition C'.

U2¢ For a theory T, the condition C' has the transitivity property.

U3¢ A theory T has the restriction property for C-types, that is if tp(a/A) is a C-type,
then tp(3/A) is a C-type for any 3 C a.

Definition 2. We say a complete theory 7" has the joint extension property for C-1-types if
for any set A C N, where N = T is sufficiently saturated, for any &, 3,7 € N\ A the following
is true: if the types ¢ := tp(B/AU @), p :=tp(y/AU &), tp(a/A) are C-types over A, then the
type tp(v8/Aa) is a C-type.

U4 A theory T has the joint extension property for C-1-types.

Let the D-property of a type over a set A be that this type is definable over the set A, that
is, p € S(A) is definable, in this case we will say and write that p is a D-type.

Definition 3. For sets A C B, we say that B is a D-extension (conservative) of A (A Cp B)
if tp(a/A) is a D-type for any a € B\ A.

Theorem 2. There is an o-minimal theory T such that for A C N = T and p,q € S1(A)
the following hold:

1. g is weakly orthogonal to p;

2. both g and p are locally isolated types and hence are D-types;

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 129

3. the unique 2-type p(z) U ¢(y) € S2(A) is not definable.

Theorem 3. Let T be a complete theory, then the following is true:

1) For any set A, there is a model M with (A € M =< N) which is constructed using
Tarski-Vaught test.

2) If a theory T satisfies the conditions UO¢, Ulg, U2¢, and U3, then for any set A there
exists a model M < N such that A Co M.

3) If a theory T satisfies the conditions UO¢, Ule, U2¢, U3¢, and U4, then for any set A
there exists a model M < N such that A Co M and M is a C-w-saturated extension of A.

Funding: The authors were supported by the grant No. AP09259295. of the Ministry of Education and Science of
Republic of Kazakhstan.
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INFINITE NUMBER OF CONVEX TO RIGHT EQUIVALENCE
GENERATING FORMULAS AND MAXIMAL NUMBER OF COUNTABLE
MODELS

Bektur BAIZHANOVY®, Olzhas UMBETBAYEV?? Tatyana ZAMBARNAYA?¢
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Describing conditions, when a complete theory has the maximal number of countable mod-
els, plays an important role in counting the number of countable pairwise non-isomorphic
models of ordered theories. In particular, this question was investigated by Alibek-Baizhanov-
Zambarnaya in [1], Baizhanov-Baldwin-Zambarnaya in [2|, and Baizhanov-Umbetbayev-
Zambarnaya in [3].

DEFINITION. A set A is said to be convex in a set B, A C B, if for all z,y € A and all
2 € B r < z <y implies that z € A.

Let ©(x) be an 1-A-formula, then

Eo(z,y) == O(z) A O(y)A
/\(I:y\/((m<y—>Vz(x§zSy—)@(z)))/\(y<:U—>Vz(y§z§x—>@(z))))>

defines an equivalence relation with convex classes on ©(N). We call © a zebra-formula or
a formula with infinite number of alternations (INA), if the number of convex Eg-classes is an
infinite. On the set of convex Fg-classes there is a linear ordering; if this order contains an
infinite discrete chain, then I(T,R,) = 2% [1]. So, we assume that there is a natural number
ne such that any discrete chain of Fg-classes contains at most ng-classes and the order on the
set of all Fg-classes is dense up to finite discrete chain bounded by ng.

DEFINITION. [4] 1) The convex closure of a formula ¢(x,a) is the following formula:
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(@) == Iy 32 (0(y1,) A @(yz, @) A (1 < & < o).

2) The convex closure of a type p(z) € S1(A) is the following set of formulas

pe(x) = {¢(x,a) | (z,a) € p}.

DEFINITION. [5,6] Let 9 be a linearly ordered structure, A C M, M be |A|t-saturated,
and p € S1(A) be non-algebraic.

1) An A-definable formula (z,y) is said to be p—preserving (p-stable) if there exist a,
Y15 72 € p(M) such that p(M) N (@(M7 a)\ {05}) # 0 and 11 < (M, @) < 7.

2) A p-preserving formula ¢(x,y) is said to be convex to the right (left) if there exists «
€ p(M) such that p(M) N (M, ) is convex, « is the left (right) endpoint of the set ¢(M, «),
and a € p(M,a).

3) A p-preserving convex to the right (left) formula ¢(z,y) is equivalence-generating if
for any o € p(M) and any 8 € o(M,a) N p(M) the following holds:

M = V(e = 6 = (p(r, ) < oz, 5)))
(M = Va(z < B = (p(z, @) & oz, 8)))).

By CRF(p) (CLF(p)) we denote the family of all p-preserving convex to the right (left)
A-formulas.

Restriction. Let A and B be subsets of a model of a linearly ordered theory T, A be finite,
B be A-definable. We consider 1-types p € S1(A) such that

(i) for every A-formula E(x,y,Z) there is no infinite sequence bi,ba, ..., b;, ... € B such that
for every i < w, E(x,y,b;) is an equivalence relation on p with classes partitioned into infinitely
many of infinite E(z,y, b;y1)-classes;

(i) the set {q € S1(A) | p° = ¢°} is finite;

(#4i) all p-preserving convex to the right formulas are equivalence generating.

Theorem 1. Let T be a countable complete linearly ordered theory, A be a finite subset of

a model of T, and let p(z) € S1(A) be a non-algebraic 1-type satisfying the Restriction. Then
T has 2% countable non-isomorphic models

(i) [3] if CRF (p) is infinite and has no greatest formula;
(ii) if CRF (p) is infinite and has no least formula;
(iii) if CRF (p) is infinite.
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If M is a structure M =< M;3 > | consider M =< M; X+ > where X+ = X U {P"}.
This expansion will be essential , if P*(9MT) # (M, a), for any formula of signature (M)
©(Z,a),a € M. We say that expansion is an externally definable in elementary extension 9t of
M (M < N ), if for any formula HT(T) of signature Xt there exists the formula Ky+(Z, @, a)
of signature X(N) , where @ € N/M, such that Ky (N,a@,a) N M' = H*(ONH).

N has strict ordered property SOP: There exists formula ¢ and exists sequense b; € M such
that (7, b;) is @(OM, b;) € ©(N, bi;1), where i € N.

A theory has the independent property if and only if there exists a formula ¢(z,7) with one
free variable z that has the independence property for any n < w there is sequence by, ...b, such
that for any bit string 7 = (71,79, ...,7,) such that = 3z(A]_, Tigi(,b;)) where T (2, b;) =
Sai(va_i)’ if 7 =1; Ti‘;pi(x>b_i) = ﬁ902'(1‘76_1')7 if 7 = 0.

In our talk we consider the expansion of divisible abelian group (in particular case, the group
of all rational numbers) by unary predicate such that expended structure has Independent
Property. We detect conditions for the set that expansion by this set has NIP theory.
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We consider some possibilities of simple complete expansions T of a theory Tiy, of a dense
partial order with finitely many maximal chains and of the theory Ty, of a dense meet-tree
(M, <) [1]. Some expansions of these theories produce classical examples of Ehrenfeucht theories
[2, 3], see also [4, Examples 1.1.1.3, 1.1.1.4].

Theorem 1. Let T' be an expansion of Ty, or Tyy: by countably many disjoint convex
nonempty unary predicates P,, n € w. The following conditions are equivalent:

(1) T is Ehrenfeucht;

(2) T has finitely many nonisolated 1-types.

Theorem 2. Let T be an expansion of Tiq, or Taws by countably many disjoint convex
nonempty unary predicates P,, n € w. The following conditions are equivalent:
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(1) I(T,w) = 2¢;

(2) T has infinitely many nonisolated 1-types.

Replacing predicates P, by constants ¢, we obtain the following theorems.

Theorem 3. Let T be an expansion of Ty, or Tyanm: by countably many distinct constants
cn, N € w. The following conditions are equivalent:

(1) T is Ehrenfeucht;

(2) the set C' = {c, | n € w} has finitely many accumulation points in a saturated model of
T;

(3) T has finitely many nonisolated 1-types.

Theorem 4. Let T be an expansion of Ty, or Ty, by countably many distinct constants
Cn, N € w. The following conditions are equivalent:

(1) I(T,w) = 2%

(2) the set C' = {c, | n € w} has infinitely many accumulation points in a saturated model
of T';

(3) T has infinitely many nonisolated 1-types.

Theorems 1-4 confirm the Vaught conjecture for special expansions of Ty, and Typys.

Corollary. Let T be an expansion of Tiq, or Tay: by countably many disjoint convex unary
predicates or by countably many constants. Then either T' is Ehrenfeucht or I(T,w) = 2.

For expansions of dense linear orders and their finite disjoint unions the results above hold
by [5, 6, 7, 8. Using [5, 6] they can be spread for partial ordering analogues of quite o-minimal
and weakly o-minimal theories admitting the description of distributions of countable models
similar to [4, 7, §].
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An algebra with identities
a(be) = blac) (1)

(ab)e = (ac)b (2)

is called bicommutative. The identity (1) is called left-commutative and the identity (2) is called
right-commutative.

Let Bicom be the variety of bicommutative algebras. In [1] and [2], it was proved that if
A € Bicom, then the commutator algebra A=) = (A,[,]) is a metabelian Lie algebra, where
[a,b] = ab — ba is the commutator product on A for all a,b € A. In other words, A satisfies the
Jacobi and the metabelian identities under commutator product:

Haa b]v C] + [[ba C], a] + [[C, CL], b] =0,
[[a, 8], [e, d]] = 0.

In [3], it was proved that every identity satisfied by the commutator in every bicommutative
algebra is a consequence of anti-commutativity, the Jacobi and the metabelian identities.

It was noted in [2] that a bicommutative algebra A satisfies the Tortken-minus identity
under anti-commutator {a,b} = ab + ba:

{{a’vb}7 {Cv d}} - {{a’d}v {07 b}} = _{(avbv C)vd} + {(CL, d7 C)7b} (3)

where (a,b,c) = {a,{b,c}} — {{a, b}, c} is the associator of a,b,c € A,
In addition to the Tortken-minus identity, a bicommutative algebra satisfies the weak right-

commutativity identity
{{{a, b}, ¢}, d} = {{{a, b}, d}, c} (4)

and every identity satisfied by the anti-commutator in every bicommutative algebra is a conse-
quence of commutativity, the minus-Tortken and weak right-commutativity identities [3].

Theorem 1. Pair of varieties of bicommutative and metabelian Lie algebras is not a PBW-
pair.

Theorem 2. The class Bicom'?) does not form a variety.

Proposition 3. The variety Bicom is not Schreier.

Proposition 4. Varieties of metabelian Lie algebras and bicommutative algebras does not
satisfy the Freiheitssatz.
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A countable torsion-free abelian group A is called completely decomposable if the equality
A = a{Aili € w}, (1)

is true for some subgroups A; of the rationals (Q, +, 0) under addition.

DEFINITION 1. Let there exists a computable numbering v of the group A of the form
(1) such that the pair (A, r) contains a computably enumerable maximal linearly independent
system of elements (a; | a; € A;). In this case, the pair (A, v) is called a computably completely
decomposed group, and A itself is called an effectively completely decomposed group.

In what follows, we assume that the base set of the group A is the set w ={0,1,2,...}. P
is the set of all prime numbers. By p we denote a prime number.

We introduce the following predicates:

R(z,p,n,y) = (x = p"y), D(z,p) = YnIzR(z,p,n, x).
DEFINITION 2. If on the group A of the form (1), the formula
H(p,n,a) = 3xR(a,p,n,x) ANVy R(a,p,n+ 1,y),

is true then we say that the p-height of the element a € A is equal to n and denote this fact as
h,(a) = n; if A = D(a,p) then we say that the p-height of a is equal to w and denote h,(a) = w.
For any nonzero element a of the group A of the form (1), we introduce the following sets:

H_,(a) = {p|0 < hy(a) < w, p e P},
Hu(a) = {p | hp(a) =w, p € P}.

DEFINITION 3. The p-heigh sequence x(a) = (hy,(a), ..., hy,(a),...) is called characteristic
of the element a € A\ {0}, where p; is the i-th prime and h,(a) is introduced by definition
2. Characteristics (ko, ..., kn,...) and (lo,...,l,,...) are equivalent if k, # [,, holds only for a
finite set of numbers n and only if k, and [, are finite.

DEFINITION 4. Let A be a group defined by (1). Then A is called (p,w)-decomposable if
each A; contains an element a; for which the set H_,(a;) is finite.

DEFINITION 5. Let A be a (p,w)-decomposable abelian group of the form (1), and (a; |
a; € A;) be a maximal linearly independent system of elements in A. Then the sequence of sets
X(A) = (H,(a;) | i € w), is called characteristic of A.

DEFINITION 6. If predicate R(i,p,n,x) for p € P, i,n,x € w satisfies the conditions

R(Z’p7077’)’ R(i,p,n,x) A R(Zap7n7y) — T =1,

(R(i,p,n,2) NO <m <n) = (Jy(R(i,p,m,y) A R(y,p,n —m,x))),
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then it is called F'-predicate. For a F-predicate R(i,p,n,x) we introduce the following set:
1() = {p | ¥n3z R(i,p,n,2)}.

Theorem. Let the abelian group A defined by (1) be (p,w)-decomposable. Then it is
effectively (p,w)-decomposable if and only if there exist a computable function f(i) and a
computable F-finite predicate R(i,p,n,x) such that the following equality holds:

X(A) = (I(f(0) | i € w).
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Recall that a quasivariety is a class of structures of the same signature which is closed
under substructures, 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 subquasivarieties 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.

After M.V. Sapir [1], a quasivariety K is Q-universal if, for any quasivariety K’ of a finite
signature, a quasivariety lattice Lq(K’) is a homomorphic image of some sublattice of the
quasivariety lattice Lq(K), that is Lq(K’) € HS (Lq(K)) In this case the quasivariety lattice
Lq(K) of a quasivariety K is called @-universal. Note that Q-universality indicates maximum
complexity in the lattice-theoretic sense.

Sufficient conditions for Q)-universality of quasivarieties are found in the paper of M. Adams
and W. Dziobiak [2]. These conditions have received some generalization in the paper of M. V.
Schwidefsky [3]. The first example of a Q-universal quasivariety was found by M. V. Sapir [1].
In [4] A. M. Nurakunov proved Q-universality of the quasivariety of pointed Abelian groups. To
date a lot of Q-universal classes of algebraic systems are known and their number is constantly

growing.
1 -1
An:({oa_a“'7n 71}7_)7_')7n21a
n n

Let
be an algebra with the operations defined as follows: for all z,y + — y = min{1,1 —z + y}
and —z = 1 —z. This algebra is due to Jan Lukasiewicz. Let M be a variety of all Lukasiewicz
algebras and let Lq(IM) denote the subquasivariety lattice (quasivariety lattice) of the variety
M.
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The main purpose of this work is to study the complexity of the structure of the quasivariety
lattice Lq(M) and to prove the following theorem.

Theorem. The lattice Lq(M) is Q-universal.
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We continue to study approximations of the theories [1] and describe the ranks introduced
in [2], for natural classes of structures.

Definition [3, 4]. A n-dimensional cube, or a n-cube (where n € w) is a graph isomorphic
to the graph Q,, with the universe {0; 1}" and such that any two vertices (dy;...; d,) and
(07 ... o) are adjacent if and only if these vertices differ exactly in one coordinate. The
described graph Q,, is called the canonical representative for the class of n-cubes.

Any graph I' = (X; R), where any connected component is a cube, is called a cubic
structure. A theory T of graph language {R®} is cubic if T = Th(M) for some cubic
structure M. In this case, the structure M is called a cubic model of T.

Definition [5, 6]. An infinite structure M is pseudofinite if every sentence true in M has
a finite model.

Theorem 1. Any cubic theory T with an infinite model is pseudofinite.

Let a language ¥ consist of R®®). Denote by Tx. family of all cubic theories of language X.

Theorem 2. For any countable ordinal o and natural n > 1 there exists a family T C T,
such that RS(T) = a and ds(T") = n.
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An algebra with identity a(bc) = (ab)c+ (ba)c is called (right)-Zinbiel algebra [1]. An algebra
is said to be a mono Zinbiel algebra if every one-generated subalgebra is a Zinbiel algebra. An
algebra is said to be a binary Zinbiel algebra if every two-generated subalgebra is a Zinbiel
algebra. We give an independent system of defining identities of varieties of mono and binary
Zinbiel algebras.

Theorem 1. Let K be a field of characteristic zero. An algebra A over K is mono Zinbiel
if and only if it satisfies the following identities:

a(aa) = 2(aa)a,

(aa)(aa) = 3((aa)a)a.

Theorem 2. Let K be a field of characteristic different from two. An algebra A over K is
binary Zinbiel if and only if it satisfies the following identities:

a(ba) = (ab + ba)a,
a(ab) = 2(aa)b.
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ON FORMULAS AND PROPERTIES FOR FAMILIES OF THEORIES
OF ABELIAN GROUPS
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We study links between formulas and properties for families of theories of abelian groups,
using E-closures [1] and the rank RS [2].

Let ¥ be a language. If ¥ is relational we denote by 7Ty the family of all theories of
the language . If ¥ contains functional symbols f then Ty is the family of all theories of
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the language >, which is obtained by replacements of all n-ary symbols f with (n + 1)-ary
predicate symbols Ry interpreted by Ry = {(a,b) | f(a) = b}.

We denote by T A the relativization above for the set of all theories of abelian groups.

In [2], the rank RS(-) and the degree ds(-) is defined for properties P C T, similar to Morley
rank for a fixed theory.

By F(X) we denote the set of all formulas in the language 3 and by Sent(X) the set of all
sentences in F(X).

For a sentence ¢ € Sent(X) we denote by P, the set of all theories T' € P with ¢ € T'.

DEFINITION. For a sentence ¢ € Sent(X) and a property P = P, C Tx, we put RSp(¢) =
RS(P,), and dsp(p) = ds(F,) if ds(P,) is defined.

If P = Tx then we omit P and write RS(¢), ds(¢) instead of RSp(¢) and dsp(p), respec-
tively.

DEFINITION. (cf. [3, 4, 5]) For a property P C Ty, a sentence ¢ € Sent(X) is called
P-generic if RSp(p) = RS(P), and dsp(p) = ds(P) if ds(P) is defined.

Theorem 1. For any sentence ¢ € Sent(Xy) and P = T.A the following possibilities hold:

(1) RSp(p) = —1, if ¢ is T.A-inconsistent;

(2) RSp(p) = 0, if ¢ is T.A-consistent and belongs to (finitely many) theories in T.A with
finite models only;

(3) RSp(p) = oo, if ¢ belongs to a theory T € T.A with an infinite model.

Theorem 2. For any sentence ¢ € Sent(X) and P = T A either P, is E-closed and finite
or P, is E-closed with |P,| = 2*.

Corollary. For any sentence ¢ € Sent(X) and P = T A either ¢ is represented by finitely
many sentences ; isolating theories T; € T A with finite models, or ¢ is P-generic.

Theorem 3. For any at most countable set X of finite or countable ordinals, a set Y =
{(a,n4) | @ € X,nq € w\ {0}}, and a property P C T.A with RS(P) = oo there exist P’ C P
and a set ® C Sent(X) such that P, are pairwise disjoint for ¢ € ® and {(RS(F}),ds(F})) |
p € ®} =Y (respectively, the set of pairs (RS(P)),ds(P,)) with totally transcendental P,
and values RS(P)) = oo with non-totally transcendental P, for ¢ € ®, equals Y U {o0}).
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Republic of Kazakhstan (Grant No. AP08855544), and the program of fundamental scientific researches of the SB RAS
No. I.1.1, project No. 0314-2019-0002.

Keywords: formula, property, family of theories, abelian group
2010 Mathematics Subject Classification: 03C30, 03C15, 03C50, 20K45

References

[1] Sudoplatov S.V. Closures and generating sets related to combinations of structures, Bulletin of Irkutsk State
University. Series “Mathematics”, 16 (2016), 131-144.

[2] Sudoplatov S.V. Ranks for families of theories and their spectra, arXiv:1901.08464v1 [math.LO], 2019.

[3] Poizat B. Groupes Stables, Nur Al-Mantiq Wal-Marifah, Villeurbanne (1987).

[4] Truss J.K. Generic Automorphisms of Homogeneous Structures, Proceedings of the London Mathematical Society,
65:3 (1992), 121-141.

[5] Tent K., Ziegler M. A Course in Model Theory, (Lecture Notes in Logic. No. 40, Cambridge University Press,
Cambridge (2012).

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 139

ON AXIOMATIZABILITY OF THE CLASS OF SUBDIRECTLY
IRREDUCIBLE ACTS OVER A COMMUTATIVE MONOID
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In this work we consider the questions of axiomatizability for the classes of subdirectly
irreducible acts over a commutative monoid. The same questions for the classes of regular,
free, projective and (strongly, weakly) flat acts are considered in [1-4]. In [5] a description of
Abelian groups, a class of subdirectly irreducible acts over which is axiomatizable, is obtained.

A class of L-structures K for a first order language L is aziomatisable if there is a set of
sentences I in L such that an L-structure A lies in K if and only if every sentence in II is true
in A.

Let S be a monoid with identity 1, Lg = {s) | s € S}. An L-structure gA = (A; Lg) is
called a (left) act over S whenever si(sqa) = ($182)a and la = a for all a € A, s1,s5 € S.
An act gA is called subdirectly irreducible if ({p; | pi # A,i € I} # A for every family
of congruences p; on gA where A is zero congruence on gA. Denote by SIr(S) the class of
subdirectly irreducible acts over a monoid S.

REMARK. [6] Every subdirectly irreducible act gA has the smallest nontrivial subact of gA
with respect to inclusion. Denote this subact by ker g A.

Theorem. Let S be a commutative monoid. If SIr(S) is axiomatizable class then there
exists n € w such that | ker sA| < n for all A € SIr(S).
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We study links between formulas and arbitrary properties for families of structures, families
of theories and their E-closures [1].

DEFINITION. Let ¥ be a language, ¢ = ¢(T) be a formula in F'(X), Ps; be a subclass of
the class K (X) of all structures A in the language ¥. We say that o(Z) partially (respectively,
totally) satisfies Py, denoted by ¢ >, Py or ¢ >3 P, (¢ >4 Py or o >0 P,), if there are A € P,
and @ € A (for any A € P there is @ € A) such that A = ¢(a). If Py is a subclass of the class
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ITK(Y) of isomorphism types for the class K (X) then we say that ¢(Z) partially (respectively,
totally) S(Zt'éSﬁGS PitS7 denOted by 2 [>pits Pits or ¢ [>i3ts Pits (SO D> tits Pits or ¢ DX;S Pits) if @ Dps Ps
(ip >¢s Ps, where P consists of all structures whose isomorphism types belong to Pys. If P, is a
subset of the set Tx of all complete theories in the language ¥ then we say that ¢(Z) partially
(respectively, totally) satisfies Py, denoted by ¢ >p P or ¢ 7 Py (o> Py or o >] P,), if there
are T € P, M =T, and a € M (for any T" € P, there are M =T and @ € M) such that
M |= ¢(a).

For a property P, we denote by ITK(P;) the class of isomorphism types for structures in
Py, and by Th(P;) the set {T' € Ty | A = T for some A € P,}. For a property Py, we denote
by K (Pys) the class of all structures whose isomorphism types are represented in Py, and by
Th(Pys) the set Th(K (Pys)). For a property P, we denote by K(P;) the class of all models of
theories in P, and by ITK(F;) the class ITK(K(F;)).

Proposition. For any formula ¢ € F(3) and properties Ps, Pys, P; the following conditions
hold: (1) ¢ D>ps Py iff ¢ Dpis ITK(Ps), and iff ¢ o Th(Ps); (2) ¢ Dis Py f @ Dyies [TK(Ps),
and 1330 D>t Th(Ps)7 (3) 2 Dpits Pits 1ﬁ 2 l>ps K(Rts)y and lﬁ 2 l>pt Th(Pits); (4) 2 D tits Pits lﬁ
@ D> ts K(-Pits)y and iff 2 D>t Th(Rts); (5> '4 [>pt -Pt iff @ [>ps K(Pt)y and iff 2 [>pits ITK(R); (6)
© Dt Pt lﬁ‘gﬁ Dig K(_Pt), and IEQO D> tits ITK(_Pt)

In the items (3) and (4) the class K(Pys) can be replaced by a subclass K' such that
ITK(K') = Pys. Similarly, in the items (5) and (6) the class K(P;) can be replaced by a
subclass K' such that Th(K') = P,, and independently ITK(P;) can be replaced by a subclass
K" such that Th(K") = P,.

By Proposition semantic properties P; and Py can be naturally transformed into syntactic
ones P;, and vice versa. It means that natural model-theoretic properties such as w-categoricity,
stability, simplicity etc. can be formulated both for theories, for structures and for their isomor-
phism types. The links between >-relations which pointed out in Proposition allow to reduce
our consideration to the relations >, and >. Besides, for the simplicity we will principally
consider sentences ¢ instead of formulas in general. Reductions of formulas ¢ () to sentences
use the operators ¢ () — VT ¢(T) and (T) — ITY(T).

Theorem 1. For any sentence ¢ € Sent(X) and a property P, C Ty, the following conditions
are equivalent: (1) ¢ >pt Pi, (2) ¢ Dyt Clg(Py), (3) ¢ by P} for any/some P) with Clg(P/) =
Cly(P).

Theorem 2. For any sentence ¢ € Sent(X) and a property P, C Ty, the following conditions
are equivalent: (1) ¢ >y Py, (2) ¢ Dy Clg(F;), (3) ¢ >y P} for any/some P} with Clg(P}) =
Cly(P,).

Corollary 1. (1) For any properties P, P, C Ty, the following conditions hold: (1) there
exists p € Sent(X) such that >, P1 and ~@> Py iff Py and Py are nonempty and |PyUP,| > 2;
in particular, there exists ¢ € Sent(X) such that ¢ >, Py and = >y Py iff |[Py| > 2; (2) there
exists ¢ € Sent(X) such that ¢ >y Py and —@ >y Py iff Clg(Py) N Clg(Py) = 0.

Corollary 2. For any nonempty property P, C Ty the following conditions hold: (1) the
set (| P, forms a filter (| P;/= on {=(¢) | ¢ € Sent(X)} with respect to -; (2) the filter (| P;/=
is principal iff (| P, is forced by some its sentence, i.e., (| P, is a finitely axiomatizable theory,
which is incomplete for |P;| > 2; (3) the filter (| P;/= is an ultrafilter iff P, is a singleton.
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ON SPECIAL RELATIONS FOR FORMULAS
AND FAMILIES OF THEORIES

Sergey SUDOPLATOV!

1 Sobolev Institute of Mathematics, Novosibirsk State Technical University, Novosibirsk State
University, Novosibirsk, Russia
E-mail: *sudoplat@math.nsc.ru

We study special relations for formulas and families of theories producing links with re-
spect to equivalence relations and possibilities to connect definable sets and theories in various
languages.

Definition. Let F(X) be the set of all formulas in a language 3, V' be an infinite set of
variables, V* be the set of all tuples T € V", n € w. A ternary relation £ C F(3) x F(X) x V*
is called special (for F(X)) if for each T € V*, Ez = {(¢, ) | (p,9,T) € E} is an equivalence
relation on the set X C F(X) consisting of all formulas ¢ whose each free variable belongs to
T.

We denote by SR(X) the family of all special relations for F'(¥).

The special relation £ € SR(X) is called coordinated if the relation E* = {(¢, ) | (¢, ¥, T) €
E for some T} is an equivalence relation.

A special relation £ € SR(X) is called upward directed if Ez U E C Egz~5 for any T,y € V*.

A special relation £ € SR(X) is called elementary if there exists a consistent theory 7 of
given language ¥ such that F = {(p,,7) | T = VZ(o(T) > ¥(T))}.

Here the relation E (respectively, £E*) is called the special (equivalence) relation for T

The set of all elementary special relations E € SR(X) is denoted by ESR(X).

By the definition any elementary special relation £ € ESR(X) for T' is upward directed, so
it is coordinated, and the relation E* is the equivalence relation =7 modulo 7', where for any
T € V*, Ez is the restriction of =7 to the set of formulas ¢(7).

Any relation E' € ESR(X) uniquely defines a theory T'(E) = T, and conversely any consistent
theory T uniquely defines an elementary special relation E with E* = =p. Moreover, both
T(F) and =7 are uniquely defined by the E*-class £*(1) containing identically true formulas.
Therefore there are one-to-one correspondences between the class EE of elementary equivalence
relations E*, the class T of consistent theories T' = T'(E), and the class EE(1) consisting of the
E*-classes E*(1). These correspondences are denoted by EE — T, EE — EE(1). Additionally
we obtain correspondences 7 — EE, EE(1) — EE, T — EE(1), EE(1) — T.

Any elementary special relation E, for a theory T = T(F), produces an appropriate
Lindenbaum—Tarski algebra defined by the partial order < in the following way: for equiv-
alence classes =7(p) and =7(v), where p, 9 € F(X),

=r(p) < =r(¥) & (p AP, p) € £

We denote this algebra by LT(E) and by LT(T"), and the class of these algebras by L7 .

The algebras in L7 are connected with theories in 7 by the one-to-one correspondences
LT — T and T — LT with the rules LT(T") — T and T — LT(T).

Homomorphisms between algebras in £7 induce by these correspondences homomorphisms
between elements in 7, in EE, and in EE(1). Therefore we obtain four categories LT, T, £E,
EE(1), whose morphisms are homomorphisms.

Theorem. The categories LT, T, EE, EE(1) are connected by functors o — 3, where
a,Be{LT, T, EE EE(L)}.

The considerations above produce both transformations of the rank RS [1] for a general case
using appropriate equivalence relations on sets of formulas as well as a general approach for a
hierarchy of links between definable relations [2].
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TWO-DIMENSIONAL LEFT-WEAK LEIBNIZ ALGEBRAS
K.M. TULENBAEV!® A K. KUNANBAYEV??®

1 Suleyman Demirel University, Almaty, Kazakhstan
2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “kaysart]l@mail.ru, ’kunanbayev@math.kz

A nonassociative algebra A over a field K is called a Left-weak Leibniz algebras if it satisfies
the fOHOWng 1dent1ty (tltg — tgtl)tg = 2t1 (t2t3) — 2t2 <t1t3>
Left-weak Leibniz algebras were introduced by A. S. Dzhumadil’daev in [1].
Theorem 1. dimA? =1, A =lin < e, ez >
€161 — e
e1es = Va - e
ese1 = Vo - ey

Co€o = 061

REMARK. Algebra A(a, ) must be commutative and associative.
Theorem 2. dimA? =2, A =1lin < e, e >
€161 = e + agey
eres = Prer + Paes
€2€1 = Y161 + Y262
egey = Bieg + bhey
We have 3-parametric algebra A(ag, f2,01) 1 = 72 = 0 and 73 = —260;. and 4-parametric
algebra A(fy, 71,01, 02)

= —B2v1+7271 426281 —2B8171—2B201

5 51Eg1—291

__ —B2y2+7272—20172

a2 B1—y1—201

6 _ 7201 +20101+28102—B1*%B1—Bim1
2= 360,

Yo = 3(501 — 301 — 1 + 02) T (Braa + (71 — 02 — Br) * (20104 + 205581 — 15y — Biva) (1))
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CLASSIFICATION OF FINITE-DIMENSIONAL REVERSE ASSOCIATIVE
ALGEBRAS
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A nonassociative algebra A over a field K is called a Reverse-associative algebras if it satisfies
the following identity: (t3te)ty = t1(tat3).

Reverse-associative algebras were introduced by A. S. Dzhumadil’daev in [1].

Theorem 1. A? = AT + A~. Intersection AT (A~ C Z(A)

REMARK. Any two-dimensional algebra must be commutative and associative or a Lie
algebra.

Theorem 2. dim A? = m, dim AT (A~ =t, AT and A~ are invariants of n-dimensional
Reverse-associative algebra A

Funding: The first author is supported by the MES RK grant AP08855944.
Keywords: Nonassociative algebras, Reverse-associative algebras.
2010 Mathematics Subject Classification: 16R10, 17A50, 17A30, 17D25, 17C50

References
[1] A. S. Dzhumadil’daev Associative-admissible algebras, Annual International April Mathematical Conference The-
sts, (2020), 13-14

ON TRIVIALITY OF DEFINABLE CLOSURE IN HRUSHOVSKTI’S
STRONGLY MINIMAL SETS
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E. Hrushovksi constructed new strongly minimal sets refuting B/ Zilber’s trichotomy con-
jecture. In order to make this construction he introduced a class K of finite L-structures for
a relational vocabulary £ along with a notion of strong substructure which yields a generic
structure that is a strongly minimal set D. Since that time a series of modifications by various
model theorists were investigated.

Recall that a pair of two disjoint 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. Here the predimension d(A) is defined
as |A| —r(A), where r(A) is the number of tuples (up to permutations) of elements of A which
satisfies an atomic relation from £ (excluding equality). As usual, the dimension d(A, M) is
defined as inf{§(C) : A C C C M}. When M is the generic model, we omit M and simply
write d(A).

Then E. Hrushovski defined a function p from the set of all good pairs to the set of naturals
numbers which satisfies the condition u(A, B) > 6(B) for any good pair A and B.

The following results are joint with John Baldwin. Below let I = {a4,...,a,} be indepen-
dent, that is d(I) = n and n > 2. We define x € dcl x (1) as « € dcl({) but x & dcl(U) for any
proper subset U of I.
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Theorem For any Hrushoski’s strongly minimal example if u(B, A) > 3 for any good pair
(B, A) with 6(B) = 2, then dcl*(I) = 0. As a corollary we obtain that dcl(I) = |J;_, dcl(a;).
Funding: The authors were supported by the grant AP09259295 of SC of the MES of RK.
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DISTRIBUTIVITY OF LATTICES OF SUBVARIETIES OF VARIETIES OF
NOVIKOV ALGEBRAS
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An algebra with identities

(a,b,c) = (a,c,b), a(bc) = b(ac)

where (x,y, z) = (zy)z — z(yz) is associator, is called Novikov. For more details see [1], [2].

In [3] Bokut formed the following question: Describe (in terms of identities) varieties of
rings (respectively algebras) with a distributive lattice of subvarieties.

In [4] Ananin and Kemer described in terms of identities varieties of associative algebras
over a field K of characteristic 0.

In this work, we are investigated Bokut’s question for varieties of Novikov algebras.

Theorem. Let N be a variety of Novikov algebras over a field K of characteristic zero.
The lattice of subvarieties of variety N is distributive if and only if for some «, 3,7, € K,
((a, B) # (0,0), (7,9) # (0,0)) all algebras in N satisfy the following identities

a(aa)a + palaa) =0,

vla, bla + dala, b] = 0,

where [x,y] = xy — yx is commutator.
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3 MaremaTndeckoe MOJEJNPOBaHNE W yPaBHEHUS MATEMaTHUIeCKOI
dbuzukn

PykoBomurenn: mupodeccop, m.¢d.-.m.H., akagemuk MAHE Anekceesa Jlogmuna AsekceeBHa,
upodeccop, 1.¢.-.M.H., akagemuk HAH PK Xapun Cranuncnas HukomaeBuda

Cexkperapb: Kypmanos Epramm bepxkurntosnd.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



146 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

AHAJIN3 MATEMATHUYECKUX MOJEJIEIL PASBUTUI
SQIINIAEMNN

Anenn ABJIMBEKOBA !¢

! Kazaxcknit narmonaisuenii yausepcurer uM. aab-Dapabu, Amvarer, Kazaxcran
E-mail: “derivativeofr@gmail.com

B cBa3u ¢ pasputuem nangemun COVID-19 mpencrasisier ocoOblii HHTEpeC HCCIeI0BAHUAE
MaTeMaTHIECKUX Mojesieil pa3purus sungemuii. OCHOBHAS 1eJib HACTOSIIEH paboThl 3aK/I049a-
eTCd B KQ4eCTBEHHOM U KoJimdecTBeHHOM aHaJmse mogesneil SIR u SEIRD ¢ nenbio BoisiBiieHus
CTEIIEHN UX COOTBETCTBHSA (PAKTUUICCKOMY XOAY PA3BUTHS SN IEMIH.

Mogens SIR npeacrasasier coboit cucremy Tpex nudpepeHuajibHbIX yPaBHeHN:

ds drI dR
2 — _BSI, = = BST —~I, — =~T
" BS,dt BSI — I, 7 =

C COOTBETCTBYIONHUMI HAYAJIbHBIME YCIOBHSIMH, Ty1e S(t) — KOJIMIeCTBO BOCIPUUMIHUBHIX, I (1)
— KOTM4IecTBO HH(MUIUPOBAHHBIX, R(t) — KOJMIecTBO BBI3I0POBEBIINUX,

B — BepOATHOCTH MOJIyUeHUs OOJEe3HW B CIydae KOHTAKTa BOCHPUUMYHBOIO HHAWBUIYYMA C
UHOUIEPOBAHHBIM, 7y — CKOPOCTH BBI3JOPOBIeHUS, [N — 00IIast YACIeHHOCTh HACETeHUS.

13 kavecTBEHHOTO aHAIM3a CUCTEMBI CJIE/IYEeT, YTO O0IIas YUCIEHHOCTb HACEJEHUsS CO Bpe-
MEHEM HEe MEHSIeTCsI, KOJUIECTBO BOCIHPUUMUYUBBIX UHIUBUIOB MOHOTOHHO yOBIBAET, BBI3I0PO-
Bepiux [ Bo3pacraer, a 3abosesniux [I Mensiercs ne MOHOTOHHO. TakzKe OTMETUM, YTO YUCJIO
NH(MUIUPOBAHHBIX CTPEMUTCS K HYJIIO, OTKY/Ia CJAEIYeT, 9TO SMUAEMUS 3aBePIIaeTCs.

Yucnaenubrit aHan3 nMokasaJsi, 9To Hanbosee 3PeKTuBHBIH c1ocod 60phOBI ¢ pacipocTpaHe-
HUEM SMHJIEMUN, IBJIAeTCd CHUZKEHUe MapaMeTpa MHTEPHPETUPYIOMETO BEPOITHOCTh KOHTAKTA
NHGUIUPOBAHHBIX W BOCHPUUMYUBBIX WHAUBUAOB. Cile/lyeT MOAYEPKHYThH,9TO JTaHHBIE MOJTY-
YeHHbIe B XOJe YUCJIeHHOTO aHAJIN3a, COTVIACYIOTCH € MPe/ICKa3aHusIMHI Ka4eCTBEHHOTO aHAIN3a.

MunycoMm MOie/TH SIBJISIETCS TO, 9YTO U3-3a CBOEHl MPOCTOTHI, He YIUTBIBAECT TAKUE ITapaMeTPhI,
KaK MHKYOAIMOHHBIN MEePUO U CMEPTHOCTD, BCIAEJACTBUE UEro MBI IEPEXOIUM K 0oJee TOUHOM
mozesin SEIRD, koropast Beipazkena ciemayoomum nabopom audpepeHnuaibHbIX yPaBHEeHUI:

dS dE dr

— =—pSl, — =BSI —aF — pE, — =alF —~I —ul
dR dD
— =], — = ul E

C COOTBETCTBYOIIUMYU HAYAIbHBIME YCJI0BUSIMU, Tie F(f) — KOJMYecTBO roCHuTaiu3uPOBAHHBIX
HHIMBUAYYMOB, D(t) — netanpHble ciydan 3a00JeBaHUs CPeIn HACRICHNUS, (L — YPOBEHb CMepT-
HOCTH, (v — BeJITYMHA, OOpaTHAasd cpegHeMy MHKYyOAIMOHHOMY MepHojy 3ab0/ieBaHus.

3 KadecTBEHHOrO aHaU3a CUCTEMBbI CJIEYeT, YTO OO0INasi YUCJIEHHOCTh HACEJEHUS CO Bpe-
MeHeM He MeHsieTCsl, HabJTI0/1aeTcsl MHTeHCUBHBIH pocT (pocT HHGUIUPOBAHHBIX U TOCTUTAIA3U-
POBAHHBIX), CHUZKEHHE POCTa MUAEMUH (POCT MOCHUTATU3NPOBAHHBIX, HO COKpaIleHne nH(bu-
IIUPOBAHHBIX ), 3aTyXaHUe MUJeMUN (MOHOTOHHOE YOBIBAHWME ITUX XAPAKTEPHCTHK). [IaBHBIM
BBIBOJIOM IBJISIETCS TO, YTO B PABHOBECHH UHCJI0 WHMHUIIUPOBAHHBIX PABHO HYJII0, OTKY/Ia CJe-
JIyeT, 4ro suujeMus 3asepiiaercs. cnosb3ys oneHku napaMerpos, 10JIy4eHHble B XO/I€ KOJIU-
YeCTBEHHOTO aHAJIN3A MOJIEN Ha PA3HBIX dTANaX MUIEMHIIECKOTO MPOIECca, CTOUT OTMETHUTD,
YTO TIPU OTNPE/IEIEHHOM COUYeTAHUN TapaMeTpPOB MPUCYTCTBYIOT HE BCE TAIbI, IPeICTABIEHHbIE
B KOJIMYECTBEHHOM aHaJIN3e.

[TpoanannsmpoBaB pe3yabTaT, IPUXOINM K BBIBOY, 9TO paccMaTpuBaeMasi MOJeIb He yIu-
ThIBaeT (PaKTOPBI, IMPUCYIITHE SMUIEMUT OOJIbIIOro MaciiTaba. B majbHeRIux uccie10BaHusIx
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CTOUT yYeCThb, BO - IEPBBIX, UYTO JIsI IPAKTUIECKOIO HIPUMEHEHUs Pe3yIbTaToB TpebyeTcs Ha-
CTpaMBaTh MapaMeTPhl MOJEIH Ha OCHOBe mMeroredicst mHdopmanuu (perrenne o6paTHOii 3a-
Jladn), BO - BTOPBIX, B CHJLY OOJIBIIIOTO POCTA SMUAEMUAN, HEOOXOAUM yUer CJIydaiiHbIX BeJInInH
(mepexo/| K CTOXaCTHYECKOH MOJIENHN ), TaKzKe HEOOXO MO PACCMOTPEHHEe OrPAaHHIeHHOCTH Bpe-
MEHN HAXOXKIEHUs B TPYIIIax OOJbHBIX U KOHTAKTHBIX, UTO OYAET SIBAATHCS TJIABHBIM (DAKTOPOM
B Oyyiieit Moesn.

BNKBATEPHNOHHAA MOJ/JAEJIb JIEKTPO-'PABUIMATHUTHBIX
ITOJIEN 1 BSANUMOJEVNCTBNN. BUKBATEPHNOHDBI
DPOTOHOB 11 ATOMOB

JLLA. AJIEKCEEBA

Huocruryr maremMaTuku 0 MaTeMaTHIECKOIO MoJdeJHpopanus , Aamarel, Kazaxcran
E-mail: alexeeva@math.kz

CoBpeMenHas HbIOTOHOBCKasi MeXaHUKa Oa3upyeTcs Ha TpexX 3aKOHAX, ChOpMyTHPOBAHHBIX
Hpioronom it Mmarepua/ibHOR TOUKH. VCX0[st U3 HUX MOCTPOEHBI YPAaBHEHUS JIBUXKEHUS a0-
COJIIOTHO TBEPIOTO Teja, MEXaHWKH CILUIONIHBIX cpef. OMHAKO peajibHbIe Tejia He SIBJISIOTCS
MAaTEPHUATHHBIMU TOTKAME, & COCTOAT U3 PACIIPEIEJTeHHBIX MACC, XaPaKTePU3Y IOIIIXCS TPABUTA-
IIMOHHOMN MJIOTHOCTHIO, SJIEKTPHYECKIM 3apsI0M, KOTOPbIe IBUKYTCS (COCTOSTHIE MOKOST BCeria
oTHOCHTEIhHOE). MOKHO JIM TIOCTPOUTH YPABHEHUsT JIBUKEHUST CIIONTHON CDPENbl, He TT0JIb3Y-
dICh U3HAYAJBHO MOJIEIbI0 MaTePUAIbLHON TOYKHU, KOTOpas TpedyeT JTUCKPETU3AIUN CPEIbl JIIs
nocTpoeHus ypapuenuii apuzkenusi? IlokazareabHbIM 37ech gBasercs ypasuenue [lyaccona, pe-
IIEeHUS KOTOPOrO OIMCHIBAIOT MOTEHIIHAJIBI TPABUTAIIMOHHOIO WU SJIEKTPUICCKOTO IOJISA, €CJIH
B IIPaBOif YACTU YPaBHEHHS CTOST IIOTHOCTH MACC WK JEKTPHIECKHUX 3aPsII0B COOTBETCTBEH-
HO. A ecsin oHE ABHKYTCA! JIJIst IBUZKYIIUXCA SJIEKTPHIECKUX 3aPSAI0B U TOKOB BO3HUKAIOIIHE
9JEKTPOMATHUTHBIE TOJIA ONMUCHIBAIOT ypapHeHnst Makcsesnia. A KakuMmu OyIyT IpaBATAIMOH-
HbIE TIOJIA y ABHAKYIHUXCA Macc?.. Bompoc OTKphIT 1Mo ceii JeHb.

O/1HaKO ¥ 9TUX BOMPOCOB €CTh MOJTOKUTETHLHBIN OTBET, €CJTH BOCIOIH30BATHCS I/TsT OMNCAHWS
JIBUZKEHUs 0oJjiee CJ0KHBIM MaTeMaTHIeCKUM allllapaToM, KOUM fABjgeTcsd jiuddepeHnuaabHas
anrebpa GHKBaTepHHOHOB [1-3]. ABTOPOM Ha OCHOBe 3TOH aJreGpBI MPEJIOKEHBI YPABHEHUS
JIBUZKEHUS PACIPEIeJIeHHBIX MAaCC U JEKTPHIECKUX 3aPAJ/IOB U IIOPOXKIAeMble UMH I'DABUTAIU-
OHHBIE U 3JEKTPOMArHUTHBIE T0JIdA. 1locTpoensl ypaBHeHNsT B3aUMOIEHCTBUS 3aPsa/I0B H TOKOB H
IHEPreTUIECKHE COOTHOIIEHUS, XapAKTEPU3YIONHe IHepruio B3anMmoeiicrpus [4-6]. Tpu sTom
B OCHOBE MOJIEJIN JIEXKAT T€ YK€ HHIOTOHOBCKME 3aKOHBI MHEPIIUHU, IIPOHOPIUOHAJIBHOCTH CHJIbI U
YCKOpeHHUs, AefiCTBUS 1 TPOTHBOACHCTBI, TOJIHBKO CPOPMYIUPOBAHHBIE B TEPMUHAX OUKBAaTED-
HHUOHHBIX IPAINEHTOB, 00OOIIAIINX MOHITHE IPAJUEHTa Ha CKAJSIPHO-BEKTOPHBIE OJIS.

[TocTpoennbie ypaBHeHUs SABAAIOTCS OMKBATEPHUOHHBIM 0D0OIIeHneM ypasuenuii Makcses-
naa (OYM) u ypasuenwnii lupaka [7,8]. Crarudeckue perernnss OYM ONUCHIBAIOT CTaTHYeCKUE
IPABUTAIUOHHBIE U SJIEKTPUUECKUE IOJs, CKAJIAPHbIE MOTEHIIUATIB KOTOPBIX YIOBJIETBOPSIOT
ypasuenuio Ilyaccona. T.e. npemioxkeHHass MOIeIb BKIIOYAET B ceOs H3BECTHBIE KJIACCHYECKHE
ypaBHEHUSI MaTeMaTU4deckKoil (DPU3UKM U TEOPHH II0JIsd, KOTOpas OObeIuHsIeT I'PaBUTAIMOHHOE
OJI€ M JIEKTPOMATHUTHOE I10JI€ B €JIMHOE 3JIeKTPO-rpaBuMarautnoe nosie. Ilpu srom Ouksa-
TEePHUOHHBII TI0JIEBOH aHAJIOr BTOPOro 3akoHa HBIOTOHA TOMUMO M3BECTHBIX (DU3UUECKUX CHII,
COZIEPZKUT HOBBIE CHJIBI, KOTOPBIE MPEIATAI0TCS ayInTOPUN JJIs 0OCY 2K TeHMSI.

Ha ocnoBe 310it 6ukBaTrepanonnoit mogean DI'M moasg u DI'M B3aumMomeiicTBuil oIy YeHO
OMKBAaTEepPHUOHHOE mpejcTaBienre (hboToHOB [9] W MOCTpoeHA MepHoIMYecKasi CHCTeMa JIeMeH-
TAPHBIX ATOMOB HA OCHOBE FapMOHHYECKOH MY3bIKaIbHOi Tammbl [10,11].
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PEIIIEHUE IIEPBOV KPAEBOW 3AJAYUN JJISI ITEITHOI
YEPBIPEXMACCOBOM SJIJIMIITUYECKOII CUCTEMBI C
IIAPAMETPOM

E.T. BO2KAHOBY, 2K.A. TOKUBETOB?** C.H. BYTAHOBA®

L Car6aes Yuusepcurer, Amvarer, Kazaxcran
2 Kasaxckmii Harmonasbusiii yaueepcurer uM. aab-DPapabu, Anvarer, Kazaxcran
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HpI/I HU3y4YCHUU TOMOTOIITYECKON KﬂaCCI/I®I/IKaHI/II/I QJIIMIITUIECKUX CUCTEM ITPEACTABJIAIOT UH-
Tepec CHCTeMBbI, 3aBHCAIIIE 0T HEKOTOPOro JeHCTBHTEAbHOr0 mapamerpa A [1], [2]:

O*u Pu 0%u ou 0%u
ao(l‘)@ﬂwh (@@Jraz(x)@+a3(l’)%+a4($)u—w = p(z;t)
0? 0%u ou ou
922 {5 () 52 + (@) 5 + K (2) U} = an() 5,
_Auj+Aa—%;axi_o, i=1,2,...,n (1)

Ota cucrema pu A < 1 CUIBHO /UIMNITHYHA, TpH A = 1 OHa BHIPOXKIaeTcsa W npu A > 1
OHA /TUITHYHA, HO He SIBJIAETCS CUIBHO 3/utunTudeckoil. [Ipy n = 2 u A = 2 u3 310t cucreMbl
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noJiyuaeTcs u3secTHas cucrema Bunanse [3]. Ipu A # 1 u A\ # 2 B ciayvyae n = 2 Haiigem
npeJCTaB/IeHNEe PEIeHnil Yepe3 JBe aHaJuTudIeckue (PYHKIUYN © U ) B BUJIE:

A1 —22)¢

—
¥
+(A=2)p— A= +9(z)
Z z
Cumras, 9ro 9T0 00IIee ypaBHeHme 3 Kiacca Cl @ (E) , 0 < a < 1, B orpanndeHHO’
obactu D. CHadaja mocTpoeHo pellieHne caeayiomeil KpaeBoit 3a1a4un, Korma obactb D mpe-
craB/seT Kpyr |z| < 1: TpeGyerca HaiiTu perienne cucreMbl (1), yIOBIETBOPSIONIEi HA TPAHUIIE

I' ycsioBusim
up = fi(t), up=fo(t), tel

Bnmecw f(t) = f, (t) +if2(t), 3amannag na [ dynkmums.
Pemenne maercst hpopmytoit

A 1-]f 1 / TG N (O S (O]
r

Uy + Uy = —— : S - —
! ? (1+7zt)? 2miJpt—2z 2mi Jpt—zt

A—2 zZ  2m

3areMm 3a/1a4a paccMaTPUBACTCS s JI000M ogHOCBsA3HOM obactu D ¢ JIgnyHoBcKoii rpanunei
L. Inst onpenenenus ¢ (z), 1(z) uMeeM KpaeBble YCJIOBUsT HA OKPYKHOCTH |T| = 1:

Re[~Xw(r)!FOmHAHO] - gy (7), (2)

Rei [_)\w (7) SOI(TH(/\_QMT)_MT) = fo(7)

e 2" (Nw(r) =z2(7), w(r), fi(r), fo(r)e C"?, upnaem ¢ (0) = (A —2)p(0)
[Tpumenus oneparop [Isapua S [3] k paBencTBam (2) npu ycaoBum, 9To w(z) aHAJIATHIECKAS]

dbyukmus, ¥ (0) = (A — 2)p(0) 1 Tpu TPHHATHIX OTHOCHTEJIHHO IJIATKOCTH JAHHBIX DeIleHne

3aja4n (2) equHCTBEHHO |5, Beerma cymiecTByer ipu A # 1 u A # 2 u naercst hopmysioi

Aw(3) + 2)
2(\— 2)

Uy +tug = S (?) — S (7),
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HYNCJIEHHOE MOJEJ/INPOBAHNE BJINAHNA HAYAJIBHOT'O
JABJIEHUA 1 COCTABA TPEXKOMITOHEHTHOUN T'A30BOU
CMECHU HA KOHIEHTPAIIMOHHYIO KOHBEKIINIO

Aitryp ZKYMAJIN, Oxcana KAPYHA

! Kasaxcknit Hanmonaswuerii Yuausepcurer umenn ajib- Papabu, Anvarst, Kazaxcran
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Vcenenopanne KOHIEHTPAIMOHHON KOHBEKITUA B MHOTOKOMITOHEHTHO#M Ta30BOil CMeCH sIBJIs-
eTcd aKTyaJbHOH 3a/1avuell Ha ceromHANIHAN neHb. MceneqoBanne KOHBEKTUBHONW HEYCTOWINBO-
CTH C TIOMOIIBIO IKCTIEPUMEHTAIBHBIX METOIOB TTOKA3aJ0 CYIECTBEHHOE BINIHNE Ha HHTEHCUB-
HOCTb KOHBEKTUBHOI'O CMCIIHCHUA INeOMETPHYICCKUX XapPaKTEPUCTHUK ,ZLI/I(b(bySI/IOHHOI‘O KaHaJla 1
TAaKUX MTapaMeTpoB KaK JaBjieHNe, UCXOIHBII cOCTaB Ta30Boil cMecH.

[Ipu onpejieIeHHBIX CUTYalUdX, CBA3aHHBIX C YBEJUYEHHEM YHC/Ia KOMIIOHEHTOB T'a30BOM
CMeCH, USMEHEHNHN T'eOMETPUICCKUX XaPaKTEePUCTUK KaHaJla, IIPOBEACHHUE SKCIIEPpUMEHTOB CTa-
HOBUTCA 3aTPYJIHUTEILHBIM U JIOPOTOCTOAIIMM. MHOXKECTBO CYIIECTBYIOMKUX pabOT IO UCCe-
JIOBAHUIO IIPOIECCA € MOMOIIBIO PA3JMYHBIX YHUCACHHBIX METOJIOB HUMEIOT OOIIuii XapakTep -
OIMCHIBAIOTCA JIUIIL 3(PPEKTH Oe3pa3MepHBIX BeJIHYUH, TaKUX Kak 4duciao [lpanmris, duciio
Pasea, aucio ['pacroda, aucio JIpionca #a ucciaemyemblit nporecc. OnHako BAUSHAE HaYa b-
HOT'O JIABJEHWS W COCTaBa Ta30BOM CMeCH Ha KOHIEHTPAITMOHHYIO KOHBEKITUIO MAaJI0 N3Y9eHO.

Hesibio JlanHO# pabOThl ABJIAETCA YUCICHHOE MOJEINPOBAHUE BJIMSAHUS HAYAJILHOIO JIaBJie-
HHS W COCTaBa TPEXKOMIIOHEHTHOW ra30BOi ¢MeCH Ha, KOHIEHTPAIMOHHYI0 KOHBEKITUIO Ha OCHO-
Be perenns cucreMbl ypasaeruit Hapbe-CTokca, ypaBHeHNS HEPA3PHIBHOCTH U YPABHEHUIT /15T
KOHIIEHTPAIMA KOMIIOHEHTOB TPEXKOMIIOHEHTHOH Ta30Boit cMecu. Vccieayercs nporece, KOria
TAKEJIBIA a3 U JeTKHAN ra3 HaXOAdTCd B BEPXHEA 4aCTH OTPAaHUYCHHON ITOJOCTH, & ra3 CO Cpel-
Heil Maccoil HaxoauTcd B HUXKHeHl dacTu. YucieHnble pacdeTnsl ObLIN MPOBEJACHBI JIJIA CHCTEM
0.55Ar+0.45He-N5, 0.66Ar+0.34He-N5, 0.55C05+0.45 He- Ny Ha paBHOMEPHOR HPSIMOYIOJIb-
HO# ceTKe. YucieHHOe MOJEIUPOBAHUE OCYIIECTBIIAeTCS Ha 6ase cxeMbl D3Q19 pemreTodHoro
Meroaa BboabrMana.

HpOBe,ZLeHHbIe pacYdeThbl MOKa3bIBAIOT, YTO B TPEXKOMIIOHCHTHBIX I'a30BbIX CMECAX IIPU OIIpe-
JCJICHHBIX Ha4YaJIbHBIX JaBJICHHUAX N COCTaBaX BO3MOXKHO BO3HHKHOBCHHEC CJIOZKHOI'O MaCCOIIe-
peHocCa, CBA3aHHOTI'O ¢ BOSHHUKHOBEHUEM KOHBEKTHUBHBIX BOSMyH_[eHI/HU/I. HOJ’IyLIeHHbIe B ,ZLaHHOfI
paboTe YHCJIEHHBIE PE3YJIbTAThl ObLIN CPABHEHBI C Pe3yIbTaTaMU IKCIEPUMEHTAIbHBIX UCCTIe-
JIOBaHW, U TTOKA3aJIM XOPOIIlee COTJIaCOBaHNE.

Funding: AsTopsr 661 ommepskansl Tpantom AP08053154 MOH PK.
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0.C.BUKNPOB, M.M.CAT'ITVJIJIAEBA

Harnmnonanpueiii yauuepcurer Y3bexkucrana nmenn Mupszo Yiayréeka,
r. Tamkent, Y3bekucrara
rikirov@yandex.ru, sagdullayevam@mail.ru

B obmactu D = (z,t) : 0 <2z <[,0 <t < T paccMOTpUM HArpyKeHHOE yDaBHEHHE TEILIO-
IIPpOBOAHOCTH BHUIAAQ
ou(x,t Ou(x,t 0%u(0,t
8) _Telad) _ p, - 2200 )
ot ox ox
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riae f(x,t) — 3amannas GHyHKIHS.

Pasnnumble KJIacchl HATPYKEHHBIX ypaBHeHNUii paccMoTpensl B paborax [1]-[3]. Kak 6inskue
K Hacrosmeil pabore, orMerum paboThl [3], KOTOpBIE HOCBSIIEHBI MCCJIEIOBAHIIO HEKOTOPHIX
KJIACCOB HArPY KEHHBIX YpaBHEHHI apabOIndecKoro THUIa.

OcoBEHHOCTBIO PACCMATPHBACMOTO YPABHEHUS SABJIACTCA TO, YTO MOPSIOK HPOM3BOIHON B
HATPY?KEHHOM ¢JlaraeMOM paBeH nopsiky auddepenimaabuoit vactu oneparopa. /lokasano,
4TO paccMarpuBaeMas B pabore HeJIOKaJbHas TPAHUYHAS 331243 AB/ISIEeTCI KOPPEKTHOI.

st ypasaenust (1) paccMarpuBaeTcs caeIyonias HeJloKaabHas 3afa4da: Tpebyemcea Hatimu
6 obnacmu D pewenue u(x,t) ypasnenus (1), ydosaemsoparouee HaMaAbHOMY

u(z,t) =p(z), 0<x<l, (7)
2DAHUNHBLM
us(l,t) = (t), 0<t<T, (8)
U UHMEZPANDHBLM YCAOBUEM
t
u(0,t) = a(t)u(l, t) + /h(t,T)u(l, T)dT +o(t), 0<t<T, (9)

0

v f(z,1) € C(D); ¢(x) € C°[0, 1 4(t), (i = 1,2), a(t), h(t,7) — by, nempeprmsie
Ha t € [0,7], 0 < 7 < ¢, yIOBIETBOPAIONTHE YCIOBHSIM CONJIOCOBAHUSI:

¢'(1) = ¥1(0), »(0) = a(0)e(l) + 2(0).

Omnpenenenne. Pezyasproim 6 obaaecmu D pewenuem ypasrenua (1) nazweaemcs Oeti-
cmeumenvran dyrryua u(z,t), us xaacca C*H(D), ydosaemsopatowas emy 6 06bIUHOM CMbIC-
Je.

OCHOBHBIM pe3y/IbTaTOM JAHHON pabOThI SIBASETCS CJAeAYIOMAas TeopeMa O Pa3peIrnMOCTH
HeJIoKaTbHOU 3a1aqu (1)—(4).

Teopema. I[lycmov svinoanenv, yeaosua |ot)] < ag < 1, das ecex t € [0,T]. Tozda 3adava
(1)-(4) umeem eduncmeenrnoe pezyrapHoe pewerue.
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NCCJIEJOBAHUE ABN>KEHN S BO3YXA B HOCOBOM IMOJIOCTU
YEJ/JIOBEKA HA OCHOBE METOJOB MATEMATNYECKOI'O 1
KOMIIBIOTEPHOI'O MOJAEJINMPOBAHUNA

Ambex UICAXOBY,  Aitnyp MAHAIIOBA?2?

! Kazaxckmii narnponapueni yausepcurer umenn Amnb-@Papabu, Anvars, Kasaxcran
2 Kasaxcrancko-Bpuranckmii rexamaeckuii yausepcnrer, Asmvarsr, Kazaxcran
E-mail: “alibek.issakhov@gmail.com, Ymanapova.a.k.math@gmail.com

CTpyKTypa HOCOBOI MOJIOCTH UeJOBEKa MPAKTHIECKH HCKII0YaeT UCCJIeJT0BaHUE BO3IYII-
HOT'O TIOTOKa B Hell 3KCHepUMeHTaJbHBIMH MEeTO/JaAMU BU3YAJU3AIUNA U JUATHOCTUKH TTOTOKOB,

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



152 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

MO3TOMY B HACTOIIee BpeMs JiJid 3TOH IeJn aKTUBHO HCIOJIB3YeTCd MAaTeMaTHYecKoe U KOM-
MBIOTEPHOE MOJEJUPOBAHUS, KOTOPOE TMO3BOJAET AETAJBHO U3YUUTh CTPYKTYPY BO3IAYITHOTO
IOTOKa B IIOJIOCTH HOCA. DbIja IpoBejieHa TeCTOBas 3a/a4a, IJie PacCMaTPUBAeTCs JBUIKEHNE
BO3/yXa B HOCOBOII IMMOJIOCTU Y€JI0BEKA B TPEXMEPHOM MpocTpancTBe. Tedenns BO3/yXa OIUCHIBa-
eTca cucreMoit ypasuernit Hapre-CTokca, Tak:ke B MATEMAaTHIeCKUI MOJIETh BXOJST YPABHEHNU T
TeMIepaTyphbl U KOHIEHTPAIINH:

VU =0
&+ (UV)U = -iVP +vVU X
L+ (UV)T = £V2T (10
ot PCp

%+ (UV)C = -DV*C

rjae U - BekTOp cKopocTH, 1 - TeMneparypa, C - KOHIIeHTpalud, t - BpeMs, T, ¥y, 2 - IPpOCTpaH-
CTBeHHBIE KOODJIUHATHI, p - IVIOTHOCTD, k - TeMIepaTypPOIPOBOJHOCTD, ¢, - YeIbHad TelIoeM-
KOCTB, IV - KHHeMaTHuecKasd BA3KOCTh, D - MoseKyaapHo-1nddy3nonnniii koaddunent, V2 -
JlallJIACHaH.

Hauasibuble yeaoBus: ty—g = V=g = Wi = 0 m/c, Ti—g = 37°C, Ci—o = 0.041 k2 H,0/m?.

['paHn9HbIE YCIOBHS HA BXOJE JJIsl CKODOCTH: U = ¥ = W = 2 M/ - ]IS HOPMAJIBHOTO BJIOXA.

['panmaHbIe yCIOBUS Ha BXOJE JJid TeMiepaTypsl n xormenrpamum: 1 = 25° C, C' = 0.004
e HyO / m?.

['panugnbIe YCI0BUA JJI CKOPOCTH Ha CTEHKAX HOCOBOH IOJIOCTH W HOCOBOI PAKOBHHBI 3a-
JIAIOTCA BBHJE YCJIOBHM IIPUIHNAHUA. ['paHUUYHBIE YCJIOBUS Ha CTEHKAX I TEMIIEPATYPBHI U
kounearpanun: Ty = 37° C, Cyan = 0.041 x2HoO /M2

BrLn mocrpoen nepcnekTuBHbil 3D Mogenb Hoca [1] B rpaduueckom nakere AutoCAD. Cu-
crema ypaBuenuii Hasbe - CTokca 3aMbIKaeTcs JAMUHAPHON MOJIEIBIO, /IS CBA3U KOMIIOHEHTOB
ckopocTH 1 pabiaenus npumener Meroq SIMPLE [2-4]. TTonyudenbr KOHTYpBI CKOpPOCTEii, TeMITe-
PATYDPBI U KOHIEHTPAIINH.

Brijin BBISIBIEHBI, YTO TOSIB/ISIIOTCS BUXPHU B OJIU3W U CAMOIl HOCOBOIT PAKOBUHBI, TEMITEPATY-
pa yBequuuBaercd Ha 370C u3-3a HarpeBa BO3/lyXa, TaKKe B OJIU3U PAKOBUHBI, U3-33 CYKCHUS
HOCOBO# TIOJIOCTH YBEJTMYUBAETCS BJIara.

Jaybueiiinme uccsae1oBanust OYIyT HAIIPABICHBI Ha JIy 9Iliee MOJIEIUPOBAHNE CXEMBbI IIePeHoca
Yepe3 HOCOBBbIE CTEHKU, UX CIOCOOHOCTH 00eCIevdnBaTh HEOOXOAUMOE TEILI0 M BOJISHON Imap BO
BpPEMsl TOBBITIIEHHBIX JIBIXATE/IbHBIX YCUJIUN U MATOJOIHIECKIX COCTOSHMUIA.

KimroueBsle cioBa: nocrpoenue 3D Mmozesu HocoBoit nmosioctu, cucrema ypasaenuit Hasbe-Crokca, jaMuHapHas MO€JIb,
CTPYKTypa TeUeHHsd BO3IyXa.
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HOPMAJIBHO-PET'VJISIPHBIE PEIIIEHU S BBIPOXKJIEHHBIX
CHUCTEM CBA3AHHBIE C ®YVHKIINAMU I'VMBEPTA 1 X
CBOINCTBA

Akxkemxke UICEHOBA®

L Akrro6unckuii pernonasuerii yausepcurer, Axrobe, Kazaxcran
E-mail: “akkenje_ia@mail.ru

B namnoii pabore naioTcs KpaTKue CBEJCHUS O I'MIEPreOMeTPHYECKHUX Psiax JABYX Iepe-
MeHHBIX Amnmens Fi-F; w moka3aHbl 0COOEHHOCTH MPEIEIBHOIO Mepexoa B HUX. IJTH (DYHK-
AW ABJISIOTCA UCTOYHUKAMU MOJYYEHUA BCEX JIBANATH BHIPOXKICHHBIX TUIIEPreOMEeTPUICCKIX
byHKIMIA IBYX IepeMeHHBIX.

HeiictBurensno, uz dynkmuit Annenst Fi(«; 5, 5';x,y) ¢ TOMONIBIO MPEIEJBHOTO TTEPEXO/IA
onpejensiercs psan ['ymbepra @4 [1]:

)_ i (a,m+n)(B,m) ™  y" )

(v, m +n) (IL,m) (1,n)

1
lim F} (a; B, =7, ey
e—0 £
m,n=0
Teopema 1. Boiposkqernast runiepreoMerpudeckast pyHkims apyx nepemenasix Pq(a, ;v x,y)
SABJISAETCS 9ACTHBIM DelIeHHeM CHCTEeMbI

:E(l—:L‘)-Zm—i—y(l—x)~Z$y+[v—(a—i—ﬁ—i—l)m Z, — ByZ, —aBZ =0,

Y- Lyy+ - Lo+ (y—y)Zy —xZ, —aZ = 0. (2)

I13BecTHO, 9TO BCe BBIPOXKJEHHBIE cucTeMbl Bujia (2) umetor panru p = 1. [losromy, co-
racuo Merony Ppobenuyca-JlarpimeBoil jiis MOCTPOEHUS HOPMAJJILHO-PETYISPHOTIO PEIleHs
pUMEHSETCs Tpeodbpa3oBaHue

Z = exp(aior + any)U(x,y), (3)

Ile (g U () HeolpejeieHnbie moctosiaube, U(x, y)- 0600 b ¢TeleHHON Psif ABYX Tepe-
MEHHBIX.

C momornpio mpeobpazoBanus (3) mMoJIydaeM BCIOMOTATEIBHYIO CHCTEMY, U3 KOTOPOi ompe/ie-
JIIOTCS TPU 1apbl HeotpejesieHubix Koddpdunuenron: 1. (ayg = 0,01 = 0), II. (a0 = 1, g1 =
O), I1I. (CYlO = 0,&01 = 1)

[pu (a9 = 0,01 = 0) npucoesuHeHHAsT CHCTEMa TOJYIUTCA B BUge (2) ¢ M3BECTHBIM
pemernem (1).

Bropas npucoennuennasi cucrema, noaydentas npu 11, (ag = 1, ag; = 0) nmeer pererne
BH/IA:

Zy(z,y) = €'P, (7 —a— 3,0 —w,y — x)
Teopema 2. Ilmeer mecTo paBeHCTBO

<I>1(a,5;v;x,y> :ey®1<7—a—ﬁ,ﬂ;7;—x,y—x)-

[Teprast Teopema Kymmepa cupaseguso (2] u qst dyrknumit ['ymGepra 1ByX mepeMeHHBIX.
Teopema 3. Ilmeer mecTo paBeHCTBO

e‘y<1>1(a,6;7;x7y> =®1(7—a—ﬁ,ﬁ;v;—x,y—x)-

Anasiorngneie cBoiicTBa umeroT u pyHKmuE ['ymbepra o u Ps.
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Teopema 4. Hmeer mecto paserctso Kymmvepa mis pyuxmua Oo(S8, 85 v;x,y) -

e 0B, By, y) = Po(y — B =B85y —ay — x).

Teopema 5. Ilmeer mecTo paBeHCTBO

e_y(I)Q(ﬂ’B/;'y;.f?y) = (I)Q(B/'Y - ﬁ - 5/,"}/71' - Y, _y)

Teopema 6. HmeeT MecTo paBeHCTBO

o "~ ala+1—7 ala+1) 22
@2(a;7,7’;x,y)=6y(1+—$—7 Y ( / V)CC?J* : )_v+"'>‘
¥ v vy Y(y+1) 2!
Jlokazansbl erte psan cBoiicTB byHKIn Vo, D1a PYHKIUA HAXOAUT OOJIBIIOE TPUMEHEHHE B
TEOPUH THIIEPreOMeTPHYECKUX (DYHKIINIH MHOIHX IePEeMEHHBIX.
Teopema 7. CnipaBesinBo paBeHCTBO

o0

- (a,m)(B,m) (e, n) a™ y"
eym;() (y,m+n) “mlonl

I+ —=+
v 1! v 1 y(y+1) 1
Takum obpazom, Mbl yoexkjjaemcsd, 4To npumenenue merojga Opobennyca-Jlarbiiesoit K mo-
CTPOEHUIO HOPMAJILHO-PErYJISAPHBIX PElleHnil BHIPOKICHHBIX CUCTEM, CIIOCOOCTBYET BHIABICHUIO
PsJ, Pa3/IMIHBIX CBOHCTB pyukiuil ['ymbepra AByX HepeMeHHbBIX.

:< afr o =7y  afld—1-—7)zy >
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OB OJJHON KPAEBOI 3AJAYE C KOHOPMAJIbBHBIM YCJIOBUEM
AJId YPABHEHU S JIJIMIITUYECKOI'O TUITA BTOPOTI'O POJIA

Bozop NCJIOMOBM, Axmaskon ABJIYJIJIAEB2?

U Harmonansusiii yuusepcurer Yzbexucrana, Tamxent, Y36exucran
2 TamkeHTCKHI HHCTUTYT HHXKEHEPOB HPPUTAIN 1 MEXaHU3AI[NN CEJIbCKOr0 Xo3siicTpa, TammkenT,
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B macrosiiem pabore uccieyercs Kpaepas 3a/a4a ¢ KOHOPMAJIbHBIM YCJIOBUEM JIJIsl YPaB-
HEHUsI SJUTUITHYECKOTO TUIIA BTOPOTo pojall]

sgnY|y| ™ Upe + Uy, =0,  —1<m <0 (1)

[Tycts D - KoHeYHast OJHO3HAUYHAS 00JIACTH B ILIOCKOCTU (I,Y), OPpaHUYEHA KPUBON O Ipu
x>0,y > 0 ¢ koumamu B Toukax A(0,0), B(1,0) u orpeskom AB (y = 0) ocu Oz oB.
Beemgum obo3nauenns

J={(z,y): 0<x<1, y=0}, 0D=GUAB, 28=——

HpUIIM
1

—§<ﬂ<0. (2)
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B obnactu D jpis ypasaenus (1) uccienyem cJIeayolryo 3a1ady.

Banaua E. Tpebyerca maiitu dbyuknnio u(zx,y), 06JaTAI0NYI0 CIeIYIOMUME CBOHCTBAMM:

1) u(z,y) € C (D) UCY(DUo UJ) - npuuem u, u u, MOIyT 00paIaThCs GECKOHEUHOCTD
nopsi/ika Mesbie yeM —23 B Toukax A (0,0) u B (1,0);

2) u(x,y)— mBaxkael HempepbiBHO Tuddepeniupyemoe perenne ypasaenus (1) B obractu

D;
3) u(x,y)— yIOBIETBOPSAET KPAECBLIM YCJIOBUAM
{0(s) Aslu] + p(s)ubl, = ¢(s),  0<s <, (3)
a(z)u(z,0) + b(z)uy(z,0) = c(z), 0<z<1, (4)

rie 6(s), p(s), p(s), a(z), b(x), c(x) - 3anannble QYHKINH, TPHIIM
c(0) =0, ()
a(z), b(z) #0, VxeJ (6)
§2(s) + p*(s) #0, Vs <€[0,1], (7)
8(s), p(s), p(s) € C[0,1], a(z),b(z) € C (J)NC*(J) n

& — —cos(n,y) , ‘;—Z = cos(n,x), n BHEIIHSsI HOPMAJb K KPUBOH o, [ IuHa Beell KpUBOii

0, § JUIMHA JyTH KPUBOH 0, oTcuuThiBaeMast ot Touku B (1,0).

Bynmem mpejmonarars, 94To KpuBas 0 yIOBIETBOPIET CJIELYIONIUM YCJIOBUSIM:

1) dyuaknuu x(s), y(s), mawolme mapaMeTpruueckoe ypaBHEHHE KPUBOH O, UMEIOT Hempe-
phIBHBIe Tpou3BoHbIe 2’ (s), y/'(s), Heobpamaommecs 0JHOBPEMEHHO B HYJIb U UMEIOT BTOPbIE
IPOU3BOHBIE, YAOBIETBOpsomue yciaosuo 'qibaepa mopsiaka k(0 < kK < 1) B mpoMexKyTKe
0<s<l

2) B OKPECTHOCTH KOHEYHBIX TOYKAX KPHUBAsi 0 Y/OBJIETBODSET HEPABEHCTBA:

dx

it <C m—+1
p Y™ (s),

npuaam x(l) = y(0) =0, x(0) =1, y(I) = 0.
Teopema. Eciu soiosmensr yciaosust (2), (5), (6), (7) u

a(x
d(s)p(s) >0, 0<s<I, a(z) <0,
b(z)
T0 3aza4a E B obsactu D He MoxkeT uMeTh 60Jiee OJHOI'O PEIIEeHHS.
EnHCTBeHHOCTD pelleHus 337349 E  1OKa3bIBaeTcs METOI0M HHTErpPaJIOB YHEPIHH, a Cy-

IIECTBOBAHIE METOJOM HHTErpaJbHBIX ypaBHenue|2,3].
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O PA3PEHNIMMOCTHU HEJIOKAJIBHOM HAYAJIbHO-KPAEBOU SAJAYM OJId
BOJIHOBOI'O YPABHEHUA

A. KAJTBAEBALe

! Kazaxcknit narmonaisuenii yausepcurer uM. aab-Dapabu, Amvarer, Kazaxcran
E-mail: “kalbaev aaydana7@gmail.com

Henoxkabuble KpaeBbie 3a1a49u /i TapabOInIecKuX U THIePOOnIeCKIX yPABHEHWI ¢ WH-
TerpajbHBIM YCJIOBUEM Ha OOKOBOI IPAHWIE BECHhMA aKTHBHO H3yUIAOTCA. TaKKe OTMEeTHM, 9TO
JUTST HEeJTUHEHHBIX ypPaBHEHWI THIEePOOINIeCKOr0 THIIA, BOTPOCAM CYIIECTBOBAHWS WJH OTCYT-
CTBUsL TJIODATBHBIX DelleHUH PA3IUIHBIX 33724 (HAYaJbHbIe, CMENIaHHbe, PA3IHYHOTO BHJIA
HeJIOKAJIbHBIE 331449, B TOM YHCJIE [ePUOIHIECKHe) TOCBSIIEHO MHOTO paboT. A B HacTosIIedH
paboTe pacMOTpeHa HeJOKAJbHOe TUIEePOOTUYecKOe YPABHEHHS C WHTErDAJIBHBIM YCJIOBHEM U
JIOKA3aHbI CYIIECTBOBAHNE U €IMHCTBEHHOCTH ODOOIIEHHBIX PEIeHl MOCTABICHHBIX 3a7a4.

[TocTanoBka 3ama4m.

Paccmorpum B npsmoyrosbauke Qr = (z,t) : 0 < < [,0 < t < T HauaJbHO KpaeBylo
3a/a4y JIjId KBa3UJIMHEHHOTO THIIEPOOINYEeCKOTO YpaBHEHU S, TPeOYyeTcs OnpeieiuTh (DyHKITHUIO
u(z,t) KoTOpas yIOBAETBODSET:

Uy — XUzt — QUgg + bluP?u = f(2,1), (z,t) € Qr, (1)

Ha4aJIbHBIM YCJIOBHAM

u(z,t) = 0,u,(z,0) =0,z € [0,1], (2)

U HEJIMHEHHBIM Kpa€BbIM YCJIOBUAM

U (0,1) = /O K(0,y, t)u(y, t)" u(y, t) dy,t € [0,T], (3)

l
ug(1,1) :/0 K1y, tu(y, )T u(y, t) dy,t € [0,T). (4)

Bnecy f(x,t), K(x,y,t) — 3amannbie GyHKINM, X, a,b, p, ¢ — MOJTOKUTETbHBIE KOHCTAHTHI.
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B nacrositiee BpeMst B ¢BsI3u C npoOseMaMu 1eou3nKu, OKeaHOJOTHH, (pu3nukn armocde-
PBI, HCIIOJIb30BAHNEM KPUOTEHHBIX YKUJIKOCTEH B TEXHUKE W PsIIa APYTUX MPOoOJIeM 3HATUTETHHO
BO3POC HHTEPeC K U3YUCHHUIO TUHAMUKH HEOIHOPOJHBIX, U B YaCTHOCTH, CTPATH(MUITTPOBAHHBIX
JKHJIKOCTEH, KOTOPbIe NMPHBOIAT K HAYaJbHO-KPAEBBIM M KPAaeBBIM 3aja4daM JjIsd HeKJacchude-
CKHUX YpaBHeHHII MaTeMaTndeckoit ¢pu3uku. K TakuM HEKJIACCHIECKHUM YPaBHEHUSIM OTHOCHTCS
ypaBHenne byccunecka-/IsgBa 4eTBepTOro mopsiaka BUIA

Ayug(x,t) — uy(x,t) + Agu(z, t) = 0, (1)

KOTOPOE OMUCHIBAET MPOIECC HECTAIMOHAPHOTO JIBWKEHUS BSI3KOH CTpaTHOUIIMPOBAHHON K-
KoCTH, Ijie A, — MHOIOMEpHBI omepaTop Jlamaca.
Vcenenopanuio 3amauan Komm, cMemaabiX 1 0OpaTHBIX 33124 /g ypaBHeHuil ByccuHecka-
JIsiBa TOCBSIIEH 09eHb MHOTO paboT 0630p KOTOPHIX MOXKHO Hafitu B MoHOrpaduu [1].
Jlannast paboTa MOCBAIIEHa U3YYEHHIO BOIPOCOB PA3PEIIMMOCTH B KJIACCHYECKOM CMBICTIE
aHaJiora Kpaepoit 3aja4un ['ypca st ypaBHeHUsI
82 (82u 2a0 Ou ) 82u 2a0 Ou

= = = 2

Lyt (u) =
e a, A, 4 € R, a f(x,t) 3anannas QyHkims.

[Tapamerp «, BXozsIee B ypaBHeHue (2), onpeae/seT MopsiJ0K CHHIYISIPHOCTH YDaBHEHHUS 1
3a/1a9 ¢ HUM cBsi3aHubIX. [Ipn oo = 0, p = 0 ypaBrenue (2) mepexomuT B OJHOMEPHOE ypaBHEHUE
Byccunecka-JIssa (1), a mpu o = (n — 1)/2, p = 0 mMbl moayaum cheprudeckn CHMMeTPHIHBIi
caydail ypasaenus (1), mpudeM B HOCTTHEM CIydae EePEMeHHAs T BbINOJHIET POJIb IIepeMeH-

Hoit r = /2% + 22 + ... + 22 B cdepueckoil cucTeme KoopMHaT.

Ypasuenne (2) no kiaaccudukanuu paboThl [2|, mpuHALTEKAT HIEPOOTUIECKOMY THUILY.
[Ipsimbie @ = const, t = const SBAAIOTCS JIeHCTBUTEIBHBIMU JBYKPATHBIMU XapaKT€PUCTH-
KaMU.

Bamaua G. B obmactu Q = {(x,t): 0 <z <[, 0<t<h} Tpebyercss HaiiTu GYHKIHIO
u(z,t) € CY(R), ynosnersopsiontyio ypasennio (2) mpu 0 < o < 1/2 u KpaeBbIM YCJIOBH-
M

u(x,()) =¢1($)7 ut(I70) ¢2( )7 0 x < l?
u(0,t) = (1), ilir(l] 22 uy (2, t) = po(t), 0 <t < h,

rae Yi(z), wi(t), (k = 1,2) — 3amaunsie rnankue dyuxmuu, mpuaeMm ¢1(0) = 11(0), 12(0) =
¢'1(0), 2(0) = 0.

UcenenoBanneM pa3IuIHBIX 3324 I OTHOMEPHOTO OOTIEro JUHEHHOT0 YPaBHEHHS CO CTap-
el  HPOUBBOJHON Uyyyy W € DiaajkuMu  Kodddunumentamu 3anumasuch T./1./kypaes,
AIl.Connaros, A.Nl.Koxanos, B.U.2Keranos, A.K.¥Vpunos, A.Comnyes, M.X.IlIxanykos,
A H.Muponos, E.A.¥Yrkuna u apyrue.

Hcnosnb3oBas oneparop npeobpazoBanus Jpaeiin-Kobepa [3] u meron Pumana, nHamu mosy-
4yeHa siBHasg (popMyJia pereHus nocTapjaeHHoi 3a1a4un. B pabore nocrpoena ¢ynkmus Puvana
omepaTopa L\ (u), KoTopas BbIpaskaeTcd €depe3 THIepreoMerpudeckyio dbynkmuio Kamme ze
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@epoe. Ilpn a = 0, p = 0 u3 3710it byHKIME MOTyIUM QyHKINIO PUMana ogHOMepHOTO ypas-
nenus byccunecka-JIsBa.

[Tosb3ysich noJsiydenubiM perienueM 3aaun ['ypca u dyukuueit Pumana, MoxkHO uccjieno-
BATh U JIpyIrue HadasbHbIe, KDAeBble U HeJOKaIbHbIe 334l JJisl ypaBHeHus (2).

KinroueBble cioBa: 3ama4a ['ypca, ypasuenne Byccunecka-JIsBa, oneparop mpeobpa3osamusi, Meros Pumarna
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3ATAYA TYPCA JISI OJJHOI'O IICEBIOIIAPABOJINYECKOT O
VPABHEHUSA TPETHETO IMMOPAIKA C CUHTI'YJIIPHBIMU
KOD®PUIINEHTAMUI
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B nacrosmiee BpeMs B CBS3U C IpoOJeMaMH IepeJadd Tellla B TeTePOTeHHOi cpeje, Bia-
romnepeHocCa B IOYBCHHBIX I'DYHTaX, HECTAIITMOHAPHOI'O IIpoHecca CbI/Iﬂpra]_[I/II/I B TpEIIUHOBATO-
HOPHUCTOIL cpejie U psjia APYIEX Hpob/aeM 3HAUYUTeILHO BO3POC HHTEPeC K U3y YeHUI0 HAYAIbHO-
KpaeBbIX U KPa€BbIX 3ada4 JJId HEKJIACCHIEeCKUX ypaBHeHI/Iﬁ C YaCTHBIMH ITPDOU3BOJHBIMH. K Ta-
KM HEKJIACCUYIE€CKUM YPaBHEHHNAM OTHOCHUTCA YPaBHCHHA HCGBAOHapa60ﬂI/I“IeCKOFO TUIIA. HOZL
IICeBI0NAapabOINIeCKIMH Y PABHCHHAMH II0PA3yMeBACTCA yPABHCHHA BEICOKOIO HOPAIKA C IIPO-
M3BOJHBIME 110 BPEMEHH IIePBOrO MOPAIKA.

B pabore I"'I.Bapentiarra, FO.IT.2Kearosa, I.H.Kouuroii [1] monyueno auHeiHOe TICEB10-
napaboInyecKoe ypaBHeHue BHjIa

0
a(AxU(% t) + cu(z,t)) + Ayu(z,t) =0, (1)
ONUCHIBAIOIEE HECTAIMOHAPHBII TPOIece (PUABTPAINN B TPENTUHOBATO-TIOPUCTON cpese, Tie A,
- MHOTOMepHBIH oneparop Jlamraca, ¢ = const € R.

HcciaenoBannio ypaBHEHUH 1ICeBIOMaPaAdOJIMIECKOTO THIIA MOCBSIIEHO DOJIBITOE KOJIHIECTBO
pabot, 0630p KOTOPBIX MOXKHO HaiiTu B pabore [2].

Jannas pabora IOCBAIIEHA U3YYEHUIO BOIPOCOB PA3PEIIMMOCTH B KJIACCHIECKOM CMBICTIE
aHaJjora KpaeBoil 3amgauu I'ypca 17s ypaBHEHHS
d (*u  2a0u O*u  2adu

Au | +

Lot (u) =

JE— [R— — — — — 2 f—
= \az o T + + pu = f(x,t), (2)

0x? x Ox
e a, A\, i € R, f(z,t)-3anannas GyHKIuA.

[Tapamerp «, BXomsiee B ypaBHeHue (2), onpe/e/aser mopsijiok CHHTYISIPHOCTH YPABHEHUST U
3a/1a4 ¢ HUM cBsi3aHHbIX. [Ipn oo = 0, p = 0 ypaBrenue (2) mepexoauT B OJHOMEDHOE YpaBHEHUE
Bapen6aiarra, 2Kenrosa, Kounnoii (1), a npu a = (n — 1)/2, p = 0 Mbl mosyunm cepuaecku
CHUMMETPUYHBIH caydail ypaBHenus (1), mpudeM B MOCJIeIHEM CIydae TIe€peMeHHAs T BBITOJTHSIET

POJIb IIEPEMEHHON T = \/ :U% + x% + ... + 22 B cdepuueckoii cucTeme KOOPIHHAT.
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Bagaua G. B obnactu Q = {(z,t): 0 <z <l,0<t<h} TpeGyercs HaiiTh (HYyHKIMIO

u(z,t) € C(£2) yA0BIETBOPSIOINIYIO YPABHEHUIO (2) W KPAEBBIM YCIOBHSIM
u(z,0) =¢(z), 0<x <, (3)
u(0,t) = p1(t), lir% 22 uy (2, t) = po(t), 0<t <h, (4)
z—

rae Y(x), er(t), (k=1,2) - 3amaunsie rragkue bynknun, npuaeM ¢1(0) = 1(0), ¢2(0) = 0.

Ucnosb3ys onepatop npeobpazosanust Jlayumeca [3] u meron Pumana, HaMu TOJIydeHa sB-
Hast bopMyJia pelleHus IOCTaBJIeHHON 3ada4uu. B pabore mocrpoena ¢yHkius Pumana omepa-
topa LM (u), KoTopas BhIpaskaeTcs uepes runepreomerpuieckyto dynkunio Kamvue ne @epoe.
ITpu a = 0, g = 0 w3 3roit byukun noxyuanm dyuxiuo Puvana ognomeproro ypasuenust (1).

[Tonb3ysach noydeHHbIM pertiernem 3a1a4qn ['ypeca n dpynknueit Pumana MozxKHO nccie10BaThb
W JpyTHe HadaJbHbIe, KDAeBble I HeJIOKAJIbHBIE 3a1a41 1Jist ypaBHenus (2). JlanHBIT MeTO/T Tak-
JKe MOYKHO MIPUMEHHUTD K PeIeHII0 KPaeBbIX 3a/1a4 /)Tl MHOIOMEDHOTO YPaBHEHU U yPaBHEHU
BBICOKOI'O TOPSAIKA THIA (2) ¢ MHOTUME CHHTYJISIPDHBIME KObDhUIHEHTAMY.

KuroueBble ciioBa: 3ama4a ['ypca, nceBmonapabosimaeckoe ypaBHEHHE, OriepaTop npeobpa3oBanus, MeTo Pumana.
2010 Mathematics Subject Classification: 35G15
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PazBuTne BBICOKONPOU3BOIUTETBHBIX BBIYHCJICHUN TO3BOJISIET YEJIOBEYECTBY PENIaTh BazK-
Hellllme Hay4YHble U IIPUKJIQJHbIE 33149 B pa3/IMuHbiX o0jacTdax. Pacuer rakux 3a/a4 Ha cet-
Kax ¢ OOJIbIIUM KOJUYECTBOM g4eeK Tpedyer Ooablux pecypcos. Hampumep, cynepKOMIIbIO-
Tepbl MOTYT ObITh 3arpyzKeHbl 3aa4aMi MOJICTMPOBAHKS TIOTO/bl U KJIMMATa, IKOHOMIUIECKUX
MPOIECCOB, aKyCTUYECKUX 3aJia4, THAPOJIMHAMUKYI, TTPOU3BOJICTBA, MEIUIIMHCKUX ITPENapaToB,
oronornueckKux mcciaenoBanuii. TexHOTOrMYIecKil mporpecc B 3TUX O0JACTIX CBI3aH C TeM,
HACKOJIBKO TMPABHJIBHO W YCIEITHO UCIOIb3YIOTCS KOMITBIOTePHBIE BBIUUCTEHHS.

Ucnonp3oBanue cynepKOMIBIOTEPOB O3BOJSIET 3HAYUTEIHHO YCKOPUTH PellleHre 3a7a4 Mph
UCIIOJIH30BAHUY YUCJIEHHBIX MeTO0B. OIHA U3 TAKUX 33/71a4 - TPOTHO3UPOBAHME JTOOBIYH HeDTH
U 1a3a Ha KOHKPETHbIX MeCTOPOK/ieHusAx. Mojie/impoBanue TedeHnss MHOIOKOMIIOHEH THBIX MHO-
rodasubix Kugkocreil (HedTH u raza) B MOPUCTHIX cpefax (B HeTSHBIX MJIACTAX) SBISETCS
AKTYaJbHOU W B TO K€ BPEeMd CJIOKHOHN 3ajia49eil ruipOInHaAMUIECKOTO MOJICINPOBAHN.

B nannoit pabore paccMaTpuBaeTCs YMCJACHHOE MOJICJIUPOBAHIE MHOTOKOMIIOHEHTHOT'O MHO-
rodazHoro TevdeHusi B nopucthix cpeaax|l|. Paccmarpusaemast Mojesb MHOTOMA3HOTO, MHOTO-
KOMIIOHEHTHOTO Te4YeHWs B MOPHUCTHIX CPeJaX MO3BOJSIET MOJEJUPOBATh TaKhue COBPEMeHHBIe
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METOJIBI JOOBIYH YTJIEBOIOPOJIOB, KaK 3aKadKa TEIJIOHOCUTEIsT B HeDTAHO TIaCT, TOpeHne, 3a-
KauKa XUMIUeCKuX peareHTon (mosmmep, ITAB) u apyrue.

Cucrema He/IMHEHHBIX YPABHEHUN, OMUCHIBAIONAS MOJE/b JIBUZKEHUS] MHOTOKOMIIOHEHTHOMH
MHOrO(da3HOI KUIKOCTH, JuHeapu3oBana Merogom Heoorona-Padceona [2| u pemena ¢ momo-
MBI UTEPAIMOHHOTO aJTOPUTMa MeTo/1a 00001eHHbIX MUHHMAaIbHBIX HeBsa30k (GMRES)(3,4].
Jlast moctmkenust srydiieif ¢XoaquMocTn ObLI HCToJIb30BaH npegodycaasusareas ILU(0)[5]. B
pe3yiabTaTe, A PellleHusd JaHHOM 3a/1a49n, OblIa UCIOJIH30BaHA MTOTHOCTHIO HeBHAS CXeMa, Ha-
spiBaemast aaroputmoM Newton-ILU(0)-GMRES. Ha ocroBe mOJIy9IeHHOTO MOC/IEI0BATEIBHOTO
AJITOPUTMa PeAJTH30BAaH MapasIe bHBII aIrOPUTM ¢ UCTIOJIb30BAHUEM TEXHOJIOIMHU HHTepdeiica
nepegaun coobmenuii (MPI) u dparmentupoBanusiit anropur™ B cucreme LuNA|6].

Tector nposegenst na cynepromibiorepe MBC-1011 mekBe10MCTBEHHOIO CyHEPKOMITBIOTED-
HOTO TIeHTpa Poccuiickoil akajgeMun HayK U ObljIM POAHATU3UPOBAHBDI.

Funding: Asropst 661mu nomuepxkansl rpanrom AP09260564 MOH PK.

KimroueBsle cioBa: merorn Heiorona, meroast Kpsitosckoro tuma, GMRES, npenobyciiaBiuBaTesb, MHOTOKOMITOHEHT-
HOe Tedyerne, cucrema LuNA.
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Nmerorcst MHOTO Hay4YHBIX pabOT CBA3AHHBIX C YJIYYIIeHHEM J100bIYu HedTH ¢ UCIOIb30-
BaHWEM METOJ0B MalTMHHOTO 0OydeHus. B omHoM n3 Takux pabor [1| aBTOpHI BBISICHSIIHN, 9TO
IpuUMeHeHNe aJTrOPUTMOB MAIIMHHOTO OOYYeHHs MOTYT OKa3aTbcsd 6ojee MPOU3BOIUTETbHBIMI
[0 CPABHEHUIO € TPAIUIUOHHBIMU BBIUYUCICHUSIMU HA PEryISpHOil ceTke. A Tak Ke B JaHHON
paboTe OMUCBIBACTCS TMOJXOJ K CO3JAHUI0 MPOKCH-MOJENH [2] Ha OCHOBE METOIOB MAIITHHHOTO
oOy4eHus, B YACTHOCTH ObLIa MCIIOJB30BaHA METOJ cJydailHoro Jjeca. B pabore [3| pacemar-
pUBaETCHd AJIIOPUTMbl MAIIMHHOI'O O0y4eHus Jijisd OlleHKU KOddpdunuenta Jjo0biuu HedTu ¢ Uc-
O/Ib30BaHUEM KOMOMHAIMYM WHKEHEPHbIX napaMeTpos. /[nsg nabopa JanubiX, COCTOSABITUACS U3
30 mapameTpoB ObLIM MPUMEHEHBI MOJIEIN JUHEHHO perpeccuu U MeTO/I OIIOPHBIX BEKTOPOB. B
pe3yJbTare, MOJIyYeHHbIE JIaHHbIe OBLIH OYeHb OJIU3KUMHU K Pe3y/IbTaTaM MepeKpecTHO TpoBep-
ku. Takum 00pa3oM, aBTOPHI JIAHHON pabOTHI TPENOIATAIOT, YTO PACCMOTPEHHBIE TMU METOJIHI
MOTYT HCIOJIB30BAThCs JJI MPOTHO3UPOBAHUS JTOOBIUN B JaJIbHEHTIIeM.
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JlanHast cTaTbs ObLIa MOCBSINEHA K IPUMEHEHHIO METOI0B MAIIUHHOIO OOYUEHUs JJIs IIPO-
THO3UPOBaHUs M0ObIYN HeTU. BB MOSyUeH CHHTeTUIECKHT HAOOP JAHHBIX C MOMOIIBIO Ma-
TemMaruydeckoro Mojeas bakies-J/leBeperrta, KoTopas MUCHOJIb3YeTCs I pacuera pacipe/ieie-
HUS HACBIIIEHHOCTH B 3a/a4dax Hedreno0biqn. B KadyecTBe MeToa ManinHHOrO oOy4deHus: ObLI
peann30BaH aJrOpuTM MHOTOMEPHOW JHUHEHHON perpeccuu C NOJMHOMUAJBHBIMHA CBONCTBAMU.
Bribpanbl pasjimdnbie KOMOMHAIINN MTapaMeTpoB 3aja4un J100bau HedTH, T/ie B Ka4ecTBe BXOJI-
HBIX [IaPaMeTPOB JIJId MAIIKHHOTO 00yYeHus ObLIN B3ATHI IOPUCTOCTD, BA3KOCTH HeTIHOH da-
36l M aOCOIIOTHAS MPOHUIIAEMOCTD MOPOABl. A B Ka4eCcTBe BBIXOIHOTO IIapaMeTpa ObLI BHIOpaH
3nadenue Koadpdunrenta nedreoraadn. 3agada OblIa peajH30BaHa ¢ HCIOJb30BAHUEM SI3BIKA
Python, koropas nmogmep:kKuBaeT MHOIHE METOIbI MAIIMHHOTO 00y4eHus. Brln mporecTupona-
Hbl Pa3Hble CTEIEHU OJMHOMUAJILHON perpeccuu, a TakzKe ObLJIO BbISBJIEHO, YTO JIJI HAIIMX
CUHTETUYECKUX JIAHHBIX KBaJ[PATUYHAS OJIMHOMUAJIbHAS MOJIE/Ib JJOBOJIBHO XOPOIIO 00yYaeTcs
U TPOTrHO3UpYyeT 3Havenue kodddumnuenta nedpreornaun. /Iag onTuMU3AIIN TOJTTHOMIAILHO
perpeccun Obljia npuMeHeHa peryiagpusanusg Bujaa L1, n3sectnas kak meron Jlacco. Jlna ksaj-
PATUYHON MOJIEIN MOJUHOMUAAIBHON perpeccun KoxpunuenT jrerepMmunanuu cocrasisger 0.96,
YTO SBJIAETCS JIOBOJBHO XOPOIIUM Pe3yIbTaTOM JIJid TeCTOBBIX JIAHHBIX.

Brl1a mocTpoena McKyccTBeHHAsi HeHpOHHAs CeTh ¢ OJHUM CKPBITBIM CJI0O€M € OITHMAJIb-
HO OJ00paHHBIME THIIepHapaMerpamMu. B kadecTBe (pYHKIIMH aKTUBAIMK s CKPBITOIO CJIOS
ObLTa mpuMeHeHa relu. s mpegorBpalenust mpobJeMbl mepeodydeHus ObLIa HCIOJIb30BaHA
dyuknus EarlyStopping, ryje o0ydenne oCcTaHABJIMBAETCS IIPH KOJUYECTBE IMOX 0€3 yJrydIie-
uuii. Koacduipment aerepMunaimi nocTpoeHHol Heiiponnoit cetu cocrasmi 0.97, KoTopas sB-
JIZETCH HEMHOT'O JIy4Ille 4YeM MOJIeJIb TTOJIMHOMHAJIHLHON perpeccuu.

Funding: AsTopsr 661 omep:kanbl rpantom AP09260564 MOH PK.
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OIIEHKU CUHI'VJ/IAPHBIX (s-UUCEJI) I COBCTBEHHBIX YUNCEJI
PE3OJIBBEHTBI JINHEAPN30OBAHHOI'O CUHI'VJIAPHOI'O
OITEPATOPA KOPTEBETA-JIE ®PU3A

Mycaxazr MYPATBEKOBY*, Ajtnam CYJIENMBEKOBA 2*

! Tapasckmit Permonasbupiii yausepcrurer uvenn M. X, dynaru, Tapas, Kazaxcram
2 Espasmiicknii Hanmonanpabiii yansepcuter umenn JLH.I'yyunesa, Hyp-Cynran, Kazaxcran
E-mail: “musahan_m@mail.ru, Ysuleimbekovaa@mail.ru

B nacrosineit pabore paccMmarpuBaercs JuHeiHbIN oneparop Tuna Kopresera-jie @pusa

ou 3u ou
Lu = 8_y + RQ(ZU)@ + R1(y>% + Ro(y)u

nepponatasbao onpeaeaennsti na Cg2 (), tne Q = {(z,y) : —7 <z < m,—00 < y < 00}
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0 -~ MHOZKECTBO, coCTOdAMIEe U3 GeCKOHETHO MubdepeRnupyeMbx pUANTHBIX (hyHKIHUI 10
HepEeMEHHOI YV U yIOBJIETBOPSIONINX YCIOBUSIM:

ug)(—ﬂ,y) = ug)(ﬂ,y), 1=0,1,2.

Ornocurenbro kK03 dunmenTos oneparopa L Mbi npeanoiozkum, uro Gyuximn Ry(y), Ry (y), Ra(y)
HempepbiBHbIE (DYHKIMH B R = (—00,00) # MOTYT GbITh HEOIDAHUYEHHBIMEI (DYHKIIUSIMEI HA Gec-
KOHEIHOCTH.

B pabore mpH HEKOTOPHIX OIPAHHYEHHSAX Ha KOI(MDMUIHMEHTHI, IIOMAMO BHIIIE YKA3AHHBIX
YCJIOBHI, HAMU JIOKA3aHBI B TPOCTPAHCTBe Lo({)) orpanudennast o6paTuMoCThb oneparopa L u
HAJIMYHe OLEHKH

au a3u au
o du _ .
5], |rewgs] | meg], + 1ron, < ooz, « ),
rae C' > 0 - nocTostHHOE YucIo, || - ||2 HopMa B Lo (£2).

[ToMuMO BBIIE YKA3AHHBIX CBOHCTB omeparopa L B paboTe M3ydeHbl CJeAYIOIIHe BOIPOCHL:
a) OIEHKU CHHTYJISIPHBIX YUCET (S-4uces) Pe30JbBeHTH onepaTopa L;
6) OleHKH COOCTBEHHBIX YHCEI.

Funding: Asrops! 66 ommep:kausl Tpantom No. AP08855802 MOH PK.

KiroueBble ciioBa: MaKCHMasbHAs TIQKOCTh pemeHuii, ypasHerne Kopresera-ge @pwsa, ONEHKH CHHTYISADPHBIX (S-
9UCesT) 1mcedl.

2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20
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IMTPUMEHEHUWE NCKYCCTBEHHOI'O MHTEJIJIEKTA B
IMIPOTHO3MPOBAHUU YPOXKAMHOCTU
CEJIbCKOXO34MCTBEHHBIX KVJ/IBTYP

B.1. MdHb®

! Kazaxcknit HAIMOHAJBHBIN HccaeRoBaTe/ibckuii Texanaeckuii yaupepcnrer umern K. WM. Carnaesa,
Asmarer, Kasaxcran

E-mail: *beromyan@gmail.com,

[Ipumenenne NCKyCCTBEHHOT'O MHTE/IJIEKTA B TPOTHO3MPOBAHUY YPOKAWHOCTH CE/THCKOX03sTii-
CTBEHHBIX KYJIBTYD CIIOCOOCTBYeT YJIYYIIEHUIO KadecTBa IpejcKazanusd Oymayiero ypoxas. C
TOYKH 3PEeHHs HAYYHOW aKTyaJbHOCTH JAHHOE HMCCIeJOBAHIE MOYKET OBITh MHTEPECHBIM, TaK
KaK IIpejaraeMas ONTUMAIbHAST MOJIE]b IPOTHO3UPOBAHUST COCTOUT U3 COUETAHUS IMITHPIIE-
CKO¥ M IMPOTHO3HOM JacTeil, 9To JeaaeT MoAeab Ooee TuOKoi n 3(hPeKTUBHOM.

OcHoBHast ujiest JJAHHOTO UCC/IC0BAHUS 3aK/II0YAETCH B OIIPEJICJICHUN OIITUMAJIHLHOTO METO/I
IIPOrHO3UPOBAHUA ypO)KafIHOCTH CEJIbCKOXO3SMCTBEHHDBIX KYJbBTYpP C IIpUME€HCHUEM HCKYCCTBEH-
HOI'O MHTEJJIEKTA.

B pabote ncnonbp3yercs aBa Moaxoa K PerneHnto 3a1a49n. [1epBaiil TOIX01 COCTOUT B MPUMe-
HEHUU TOJIHKO MCKYCCTBEHHOTO MHTEJLIEKTa. BTOpoil m0ax0/ c(hOKYCHPOBAH HA MCIIO/IH30BAHUH
KOMOMHAIIAN SMITPAIECKUX (POPMY/T U aJTOPUTMOB MAIIHHHOIO 00YYeHHUS.
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B gaHHOM HCCIeIOBaHUU HCKYCCTBEHHBI WHTEIEKT OTHOCHUTCS K OJIOKY HPOTrHO3HPOBA-
HUsI, B KOTOPOM JIJT YUCTOTHI IKCIEPUMEHTa OBLIO MPUMEHEHO TPU METOa MAITUHHOTO 00y ve-
uust: Asropur™m corydaitroro Jjeca (Random Forest algorithm), I'pebueBasi perpeccust (Ridge-
Regression method) u Jlacco-perpeccust (Lasso-Regression method).

B kagectse Gsioka ¢ amnupudeckuMu QopMmyaamMu OblIa MCIOJb30BaHA CHUCTEMa UMHTAIU-
OHHOTO MOJIEJIMPOBAHUST TTPOIYKIIMOHHOTO MPOIECCA CeThCKOXO3sIiCTBeHHOTO moceBa Agrotool.
[Iporpammuoe obecredenune Agrotool crnenunaabHO pa3spabOTaHO JJId pacdera MapaMeTpoB pas-
BUTHSI PACTEHHUH, Te BXOTHBIMHU JTAHHBIMHU SBJISIOTCS MPUPOIHBbIE (PAKTOPHI TaKHE, KAK TeM-
neparypa, KOJHIeCTBO OCAIKOB, OaJlaHC JIUHHOBOJIHOBOW PaIdMallii, BJIAro3amnac IOYBEHHOIO
cios u apyrue. Caeayer OTMETUTh, UTO MapaMeTphl cucTeMbl Agrotool m3MeHsaI0TCs ¢ ImaroM B
1 genb |1], 94T0 MO3BOJISIET OTC/IEKUBATD PA3BUTHE PACTEHUS B JUHAMUKE, YJIyUIlas KadeCTBO
IIPOIrHO3a dazKe B CJy4dae Pa3/IMYHBbIX IIPHUPOJIHBIX KaTaKJIMN3MOB.

Bcero B uccnenoBannu Ob1710 MPOBeIeHO 9 SKCIEPUMEHTOB, B PE3y/bTaTe KOTOPBIX OBLIO
BBISIBJIEHO, UTO MPOTHO3UPOBAHNE, OCHOBAHHOE HA KOMOWHAIINY SMIUPUIECKOTO OJI0KA U METOA
KRidge II Regressionis siBjigeTcs caMbIM ONTHUMAJIBHBIM U3 PACCMOTPEHHBIX METO/OB.

[Io mToramM IpoOBeIEHHBIX YKCIIEPEMEHTOB MOXKHO CJIeJIaTh BBIBOJ, 9TO IPHUMEHEHHe HCKYC-
CTBEHHOT'O MHTEJIJIEKTA YIPOIIAET 33,129y IPOrHO3UPOBAHMS, HO B TO YK€ BpPeMs, HCIIOJIb30BAHNE
TOJBKO HCKYCCTBEHHOTO MHTE/LIEKTA He YIYUIIaeT KauecTBO MPoruao3a. OIHaKo, MOJEb, BKIIO-
YJAOIas IMINPHIECKYIO 0a3y, MO3BOJSIET AJICOPUTMAM MAITHHHOIO OOyYeHHs CTPOUTH OoJiee
TOYHbIC ITPDE/JICKa3aHud.

KiroueBble cjioBa: IPOrHO3UPOBAHUE YPOXKAWHOCTH, UCKyccTBeHHBIM uHTenekT, Agrotool, Random Forest, Ridge-
Regression, LASSO.
JINTEPATYPA

[1] R-A. Poluektov, S.M. Fintushal , I.V. Oparina , D.V. Shatskikh , V.V. Terleev & E.T. Zakharova Agrotool 4 A
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MOIEJINPOBAHUE ECTECTBEHHOI KOHBEKIINU
B HATPV>KEHHOI TBEPJOM YACTUIIEN IIOJIOCTU
METO/JOM IIOTPVXKEHHBIX 'PAHUIL I ITNCKPETHO
VHUPUIIMIPOBAHHONM 'ABOBOKNHETNYECKON CXEMOMN

Bekszar CATEHOBA', Ackap XUKMETOB!* Taypen ZJKAKEBAEB!¢

! Kaszaxckmit Harmonanpuenii Yuusepcurer uvenu aub- Qapabu, Anvare, Kazaxcran
E-mail: “satenova.bekzat89Qgmail.com, ® Askar.Khikmetov@kaznu.kz, ©zhakebayev@gmail.com

B nocneanne roapl ecrecTBeHHass KOHBEKTHUBHAS TEILIONEPEada B MPAMOYTOJIbHBIX IMPO-
CTPAHCTBAX MPUB/IEK/Ia MHOTO BHUMAHUS N3-33 €€ MIMPOKOr0 MPUMEHEHUs, HAIPUMep, B MPO-
1eccax OXJIAKIEHUs JEKTPOHHOTO 0OOPYIOBAHNUsI, TPOMBIILIEHHBIX U 9KOJOTHIECKUAX MPUJIO-
JKEHUSX, TAKUX KaK TEIJI0O0OMEHHUKH, SITEPHBIE U XUMUIECKHE PEAKTOPHI.

B nacrogineit pabote uzydaercs mpoIece TeIJIOBOr0 B3auMOJACHCTBUS MEKJTY KUJIKOCTHIO U
TBEPJOH YACTHIEH, T/Ie UCCIEYETCs MPOIECC eCTeCTBEHHON KOHBEKIMH OT T'OPSYero IMUJIHH-
Jipa, PACIOJOKEHHOTO B KBaJIpATHON objactu. Yuciennoe pelieHue BIAMAHUS [JIOTHOCTH H
TEMIIEPATYPBI CPeJibl Ha JBHZKEHWE TBEPJON JacTHIBI B KUJIKOH cpejle OCHOBAH Ha PENleHUH
cucrembl ypasuennit Hasbe-CTokca, ypaBHeHUsI HEPpa3PBIBHOCTH W ypaBHeHnui suepruu. Me-
tox, IB-DUGKS upencrasisier coboit addexTuBHbIil cr1ocod MOme/MpoBaHus KOHBEKTHBHBIX
TeYeHUH CO CJAOKHBIMEU Tpanunamu norpyzkennoil yacturpl. Cxema DUGKS ocnoBana mHa me-
TO/e KOHEIHBIX 00beMOB, KOTOPBIi 3h(heKTUBHO CIIPABIAETCS C KPUBOJIUHEITHBIMEU TDAHUIIAMA
TEMJIOBOTO TMOTOKA, a MeTOJ| TOrPY’KeHHOH TpaHunbl 1B, OCHOBAHHBIN Ha CXeMe CHUJIbI MPSIMO-
ro BO3JIeHCTBH, 00eCeIUBACT TOYHOCTH YCJAOBHA HENPUJIUIIAHKS HA TBEPJIOH MOBEPXHOCTU U
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SIBJIETCS YHUCI€HHO CTAOMIBHBIM M3-33 €r0 HPOCTOTHI ¢ UTEPAIMOHHON mponeaypoi. B meTo-
ne IB ypaBHeHHST UMIY/JIbCa W YHEPTHH I JABUKEHUsT KUJIKOCTU OIMUCHIBAETCA B SHI€POBOit
CeTKe, a ABU2KCHUA TBEPAbIX YaCTUIl B JIanaH)KeBOﬁ CETKeE. B3aI/IMO,ZLeIU/ICTBI/Ie MEZKAY Jlar'paH-
JKEBBIMH H 31JIEDOBBIME TIePEMEHHBIMH PeaIu3yeTcsi JUCKpeTHoH aenbra-Gyuknueii /lupaka,
KOTOPagd PacupoCTpaHAeT CUJIY UCKaKEeHHON YIPYTOH IPAHAIBI HA COCETHUE Y3JIbl JKUJIKOCTH U
UHTEPIOJIUPYET €€ C JIOKAJTHHON CKOPOCTHIO KUJIKOCTH JIjist OOHOBJICHUS TIOJIOYKEHUST TPAHUIIHI.
Tounocts 1 3PPEKTUBHOCTD CYNIECTBYIONIET0 METO/a AIlPOOMPOBAHBI Ha OCHOBE TECTOBOM
3a/1a9M eCTECTBEHHOH KOHBEKIIMK MEXKIY TOPSIMM CTAIMOHAPHBIM IUIXHIPOM U XOJIOIHBIM
BHEIITHUM KBaJIpaToM. s MpoBepKH pe3yabTaTOB TaKxKe ObLIH PACCIMTAHBI BIUSHHE YHCE]
I'packoda u Panes ma ckopocTh Temtonepenadn. lloaydeHHbIe pe3yaIbTaThl UMEIOT XOPOIIee
COIVIaCOBaHUuE C 9KCHEPUMEHTAJIbHBIMU U YMCJICHHBIMU pe3yJibTaTaMiu JPYyI'uX aBTOPOB.

Funding: Asropst 661mu nomuepxkansl rpanrom MOH PK AP09260528.

KuroueBrble cjioBa: ecTeCTBEHHAsS KOHBEKITNS, YACTUIA, METO/T MOTPYKEHHBIX T'DAHUIL, TEILJI000MEH.

ANPPEPEHIINAJIBHAA KOPPEKTHOCTD 3AJAYN JUPUXJIE
AJIA TTOJIVJIMHENMHOTI'O JIJINMIITUNYECKOI'O YPABHEHUN A

C. CEPOBANCKNN

Kasaxckuii Hanmonaapabpril yauBepcuTer uM. aib-Papabu, Anvarer, Kazaxcran
serovajskys@mail.ru

Bagaua MaTeMaTHIecKoi (bU3UKH KOppeKTHA Mo Ajgamapy, eciau OHa HMeeT eJIMHCTBEHHOe
peleHne, HEeIpPepBIBHO 3aBHCdAINee OT HapaMeTpoB 3ajadu. WHorna Tpedyercs auddepeHiiu-
PYEMOCTD 3TO# 3aBHCUMOCTH, T.e. duddepenuuarvnas Koppexmmuocms. TO UCIOJIb3YETCs, B
YACTHOCTH, B TEOPUU ONTHMAJBLHOIO YIPABJIEHHsS U TEOpUH OOpaTHBIX 3ajad. B Teopuum on-
THMAJbHOI'O VIIPaBJIEHHS HapaMeTp UMeeT CMBICA YIpaBIeHHd, W I IPUMEHEHHS MEeTOI0B
onTuMu3anuu Tpedyercsa auddepeHnupyeMocTh KPUTEPHUsl ONTUMAJIbHOCTH, /I 0OOCHOBAHUS
KOTOpOii HeoOxomuMa auddepeHnpyeMOCTb PENTeHnsT YPaBHEHNST COCTOSHUS 10 YIIPABICHUO.
B Teopun obpaTHBIX 3amad mapaMerp CUCTEMbBI SABJISETCS HEW3BECTHONW BEJIWYHHON, KOTOPYIO
HeOOXOINMO HAWTH HCXO/s U3 MHMOPMAIMU O COCTOSHUU cucTeMbl. OOpaTHasd 3aa4a CBOIUT-
¢ K MUHUMH3AIUH HEBA3KH, BbIpazKalolieil OTKJIOHEHUE COCTOSHUS CUCTEMBbI OT Pe3y/JIbTaToOB
uzMepenus. st perrenus noayderHoi 3aaaaun Tpedyercs auddepeHnupyeMocTsb HYHKIUNA CO-
CTOSTHUSI CUCTEMBI OTHOCHTEILHO UCKOMOT'O TTapaMeTpa. B HacTosieit paboTe nccieayercs mpo-
osiema auddepeHnraj bHOR KOPPEKTHOCTH JIJIsi TOJYJIMHEHHOTO SJIJIUIITHIECKOTrO YPaBHEHUSI.

B orkpwiToit orpanmdennoit n-mepuoit obsactu () paccMaTpUBAeTCs OMHOPOIHAS 337a4a
Jlupuxjie ajs ypaBHEeHUS

—Au+a(x,u) = f,

rae a — pyukius Kapareogopu, ya0BJIeTBOPSAIOINIASA CTAHIAPTHBIM OIPAHUYEHUSIM HA MOHOTOH-
HOCTD, KOPIUTUBHOCTH U CTEHEHb POCTa ¢ mokasareneM g > 2. [loib3ysch Teopueit MOHOTOH-
HBIX OIEPATOPOB YCTAHOBUM, UTO 3ajada UMeeT eJHHCTBeHHOe perrenue u = L f w3 mpocTpan-
cra X = Hy N L, nast moboro f € H™' + Ly, npudem onepatop L HenpepbiBeH.

[Ipeamnooxum, 910 HYHKINSA ¢ ABIASETCS HEMPEPHIBHO A hepeHnupyeMoii Mo ¢BoeMy BTO-
POMY apryMEHTY, IPUYEM COOTBETCTBYIONIAA YACTHAA IPOU3BOAHA G, YA0BJIETBOPAET HEPABEH-
crBy |ay(x, ¢)| < b(x) + c|p|?9™? ans 106bx ¢ n mourn aas Beex x € Q rae b € Lyjg_o, ¢ > 0.
N3 Teopembl 006 06paTHONl DYHKIUE CIeyeT

Teopema 1. [Ipu BimomHennn HepepbIBHOTO Biaoxkenns HY C L, omeparop L menpepbrsao
Jchpeperiiupyem Ha BceM mpocTpaHcTie Y .

OHaKO MMeeT MeCTO CJIEYIOINIee YTBEPKICHAEe
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Teopema 2. B orcyrcrsun iaoxenus Hy C L, cymectByer Takas Touka f € Y B KOTOpOii
onepatop L me mugcpepenrupyem mo I'ato.

Nrak, quddepeninpaibias KOPPEKTHOCTD 3a1a491 00YCJI0BIeHA BJIOXKEHUEM YKA3aHHBIX (DyHK-
UOHAJBHBIX MPOCTPAHCTB. B cooTBercTBHE ¢ Teopemoil Biaokenus CobosieBa KeaaeMblit pe-
3yJIbTAT FapAHTHPOBAH MPU padMepHOCTH N = 2 win ¢ < 2n/(n — 2) npu n > 3, T.e. npu
JIOCTATOYHO MAJIBIX 3HAYEHUN PA3MEPHOCTH N JAHHOMW 00JaCTH U MapaMeTpa ¢, XapaKTepu3yio-
IEro CKOPOCTh POCTa HEJTMHEHHOTO YjeHa YpaBHEHUs.

OcJrabienne nmoustus audepeHnuaIbHOil KOPPEKTHOCTH MOZKET OBITH peaIn30BaHO 33 CUET
ocJiabJIeHus TOHATHS POU3BOAHOM omeparopa. Ouepatop M : Y — X B Touke f € Y Ha3biBa-
ercs (Yo, Ys; Xo, Xi)-pacwupenno dugdeperyupyemorm no Iamo, ecau cymecTBYIOT TAKHe JIH-
HeifHble TONoJIornYeckue npocrpancrsa Xo, Xy, Yo, Ys, YJAOBJIETBOPLIOINIME HEIPEPBIBHBIM BJIO-
xenuam X C Xy C X, Y, C Yy C Y u rakoii yimaeitnwiit HenpepoiBubiit onepatop D : Yy — X,
aro nipu 0 — 0 mmeer mecto cxomumocthb [M(f + oh) — M f]/o — Dh B Y, nas Beex h € X,.

Ompepenum oneparop A(u) B mpocrpamctse L, ¢ momompbio pasernctsa A(u)v(x) =

au(z,u(r))v(z) u npocrpancrso X (u) = H} N {v| Alu)v € Ly}

Teopema 3. Oneparop L umeer (X (Lf), X(Lf); H™', H},)-paciupennyio 1pou3BoIHyIo
D B 0600t Touke f € Y, xapakTepu3yeMyro paBeHCTBOM

/,LLthx = /p(u)hd:c,

Q Q

rae H}, ectb mpocrpancrso H}, nagerennoe ciaboii Tomosorneii, a p(p) penenne oqnoposHOi
sagaqn Jlupuxie pis ypasaenns —Ap(p) + a,(x, u)p(p) = p.

Wrak, ais paccMaTpUBaeMOii 33/1a491 BCETIa pean3yeTcs pacimpentas auddepeniuaib-
Hasi KOPPEKTHOCTH, 9TO MOYKET OBITH HCIIOJIB30BAHO MPU PENIEHUH COOTBETCTBYIONINX OINTHMU-
BAIMOHHBIX U OOPATHBIX 33/1ad.

OCOBEHHOCTHU PEIIIEHN Y CUCTEM TUIIA KJIAY3EHA
Kakcoioik TACMAMBETOB

L Akrrobunckuii peruonaisueri yausepcurer, Axrobe, Kazaxcran
E-mail: “tasmam@rambler.ru

ITocranoBka 3amaun. lccieyercs ocoOOEHHOCTH TOCTPOEHUs pelieHuit BOJIM31 0COOEHHO-
cru (0,0) perysipHOl OMHOPOJHON CHCTEMBI, COCTOsAIIEH n3 ABYX nAnuddepeHInaTbHbIX yPaB-
HEHUIl B YaCTHBIX MPOU3BO/IHBIX TPETHErO MOPSIKA BUIA

Jjtk=w+1

hy gk
E (1 — 2™ ) 2’y pjg = 0,
=0

Jtk=w+1

Z (tix — Biwy™)a'y"pjs = 0, (1)

j+k=0

rae poo(x,y) = Z(x,y)(j = 0,k = 0) obmas memsBecTHass JJIs ABYX YPABHEHHUH CHCTEMBL
(1); wepe3 p;x 0003HAYEHBI PA3IUUHBIC MOPSAKH YACTHBIX IPOU3BOAHBIX HEU3BECTHONH (yHK-
wun Z(z,y). [opsaok 3asucur ot 3uadenns w. Ecan w = 1, TO TOJyYUM CHCTEMBI BTOPOTO
MOPSIJIKA, YACTHBIMU CJIyYasMU WX ABJISIOTCS 34 cucrteMbl [OpHA € PEIIEHUSIMU B BUJE TH-
nepreoMeTpruieckux (OYHKIHIA IBYX MepeMeHHbIX. Korma w = 2 mMoaydYmM CcHCTeMBl TPEeThEero
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nopg/iKa, HauboJIee HHTEPECHBIMU U3 HUX SABJIMIOTCS cucTeMbl Tula Kitaysena. McciaegoBanus
TaKUX CHCTEM He TOJIYYHIN JOCTATOYHOTO PA3BUTHSI.

B nannoit pabore nsydennl jBa Buja cucreMmbl THia KiayseHa.

Teopema 1. Cucrema runa Knay3ena

(1 — 2)pso + [L+ B1 + B2 — 3+ a1 + o + az)z]apag + [BiB2 — (1 + iy + g
+az + a1y + ayaz + axas)Tpio — arazaspe = 0,
(L= y)pos + [+ 51+ B, — B+ oy + s+ ag)ylypoe + (815, — (1+ 0 + 0
g + o)y + ayag + o )y]por — o anapey = 0 (2)
HMeeT JEBSITh JHHEHHO-He3aBUCHMbIX YACTHBIX DEIHIeHHI B BHJE IPOWU3BEICHUS PAa3/THIHBIX
¢yukmnmit Kiaysena, ojfHa u3 KOTOPHIX siBjasieTcst pynkius Kiaysena

Zl(w,y) =3 FQ(@l,Oéz,CY3,51,52,$)3F2(0417@/2,04;,75175;,y) =

al,all, az,O/Q, ag,a;,

= F ,x,y | =
BBy Ba, By

o0

(01)n(@)n(02)m(@))a(00) (030 2™ 4"
N AN M AN TR ®

m,n=0

Janee uzyuens pudpdepeHimaabHble CBOWCTBA MOJYYEHHBIX BCEX YaCTHBIX PeIeHni.
Teopema 2. Cucrema runepreomerpudeckoro tuna Kiay3zena

$2(1 — X)pso + xYpar + [y + 0+ 1 — (3+ Sy + B2 + B3)x]xpag + 0ypi1+

+[y0 — (1 + By + B2 + B3 + B1B2 + B1Bs + B2fB3)x]p1o — B1 8283100 = 0,

(1 — y)pos + zypra + [y + 0 + 1 — (34 5, + By + B5)ylypos + 6 apii+

+[76 = (1+ B, + By + By + 5155 + 5155 + BaB3)ylpor — 81858300 = 0 (4)
BOt3H peryaspHoii ocobernoctu (0,0) uMeer JeBATh THHEHHO-HE3aBUCHMBIX YACTHBIX DEHICHHI

B BHJIe OOOOIIIEHHBIX CTEIICHHBIX PsIOB JIBYX II€PEMEHHDIX,[IPH BBIIIOJTHEHHH VCJIOBHI COBMECT-
HOCTH JUIsT KO9hurmentos Ay, ,(m,n = 0,1,2,...) u ycjaoBuii HHTErpupPyeMOCTH

Ay =1—apby =1#0,
Ny = AT — (a1 + a12b12) (b1z + barag:) # 0.

[Tpu 3TOM, OJHUM M3 YACTHBLIX PEIICHUI ABJIAETCS 00OOIIEHHBINA TUIIEPreOMeTPUICCKUIT PsiL
JIBYX TlepeMeHHbIX Bra (3).

Mesxay cBoiictBamu aByx cucrem Tuna Kiaysenma npoBefeH CpaBHUTEIbHbIH AHAJN3 U BbI-
JIeJIEHBI HX OCHOBHBIE CBOMCTBA.

JINTEPATYPA
[1] Appell P., Kampe de Feriet M.J. Fonctions hypergeometriques et hypersperiques, Gauthier Villars, Paris (1926).
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3AJAYA CO CBOBOAHO! 'PAHUIIEN TUIIA ®JIOPUHA C
HEJVHENHBIM 'PAHUYHBIM VCJIOBUEM

P.H. TYPAEB!, K.H. TYPAEB?

L2 Tepmesckuii rocynanapcrsennsiit yausepcurer, Tepmus, Ysbexucran
E-mail: 'rasul.turaev@.ru, 2k.turaev@.ru

3a1auu co ¢cBOOOIHOM IpaHUIell BOSHUKAIOT IIPU MaTeMATHIECKOM OIUCAHUH TEILIOBBIX MPO-
IIECCOB, CBSI3aHHBIX C U3MEHEHHEM arperarHOro COCTOSHHA BEIIECTBA, JBUKEHUS KHIKOCTH B
nopucToii cpege. CBSA3M ¢ 9TUM OHU HAXOMSAT IIUPOKOE IPUMEHEHHe B MEeTAJLIYPTHH, IPU U3Y-
YeHUH TTPOIECCOB CBAPKH, 3JIEKTPOHHON 1 IIa3MeHHONH 00pabOTKU MaTepHaJioB, B TEOPHH IJIEK-
TPUYICCKUX KOHTAKTOB, B TEOTEPMUH, MEP3JI0TOBEIEHIH, TeOpUn (DUABTPALNH, MATEMATHI€CKOIT
Guosiorun, SKOJIOTUH, OHOMeTUIUHBL 1 T.1.[1,2].

B macrosmieii pabore u3ydaerca 3amada co cBobomHoil rpanuneii Tuna @aopuna (yciaosue
J171s1 cBOOOIHO rpaHUIIBI 3a1a€TCs B HESIBHOW JIJIST 9TOW T'DAHUILBI cbopMe) JIJIsT KBAa3WJIMHEHHOTO
napaboJIMIECKOro ypaBHEHUA ¢ HEJTUHEHHBIM I'PAHUYHBIM YCJIOBUEM.

ITocramoBka 3ama4uu. Tpebdyerca Haiitu na nekoropom orpeske 0 < ¢ < T' HenpepbIBHO
nuddepentupyemyio byakimio s(t), takyio, 1ato s(0) = sg > 0, 0 < §(¢t) < N, s(t) yaosaerso-
psiet yeaosuio Lenbnepa, a dynknus u(t, z) B obmactu D = {(t,z) : 0 <t <T,0 <z < s(t)}
YJIOBJIETBOPSIET yPABHEHUIO

w(t, ) = alt, z, u)ug(t, x) + buy(t,z), (t,z)€ D, (1)

" CJIeJYIONUM HadaJibHbIM U I'DaHUYHBIM YCJIOBUAM

u(0,z) = ¢(z), 0<z< s, (2)
u.(t,0) = f(t,u(t,0)), 0<t<T, (3)
u(t,s(t)) =0, 0<t<T, (4)
ug(t,s(t)) = ¢(t), 0<t<T, 5)

e s(t)-coboHas (HeM3BECTHAS) TPAHUIIA, KOTOPAs OlpeieisieTcst BMecTe ¢ (pyHKImsam u(t, x).
a(t, z,u) - koapdunuenr Guibrpauu.

Bazaua (1)-(5) ob6obiaer paHee pacCMOTPEHHBIE 33,1291 BO3HUKAIOIHE [IPU U3y IeHuH (Db
Tpaluuu C y4eTOM BJIUAHMA CBdA3aHHOI BOJDbI. I/IMeHHO BOIIPOCHI CyINEeCTBOBaHUA U € ITUHCTBECHHO-
CTH KJIACCUYECKOTO pelneHns oHoda3Hoi ogHoMepHoi 3aga4un ProprHa n3ydaainch B paboTax
[3,4,5,6], korma a(t,z,u) = 1, b = 0 w ycaoBus (3) 3a7aHO JUHEHHBIMHA. ACHUMITOTHYECKOE
NOBe/IeHIe DellleHust Ipu ¢ — 00 paccmarpuBaeTcs B pabore [7].

Bceiony B pabore mpeamonaraeM, 9To IJid 3aJaHHBIX (PYHKIUH BBIIOJHEHBI CJEIYIOIMINe OC-
HOBHBIE YCJIOBHS:

1.f(t,&) onpenenena u wempepbiBHa Tipu ¢ > 0, |£| < 0o, oHA OrpaHHYEHA BMECTE C MPOU3-
BOJHBIMU B 3aMKHYTOM MHO2KCCTBE€ CBOUX apr'yMEHTOB.

2.@yuknuu a(t, v, u), a,(t, v, ), ay,(t, v, u), a; (t,2,u)wnal,(t,r, ) oupesenens jis J060-
o 3HaveHud apryMeHTa U OI'paHUY€eHbl Ha ﬂIO6OM 3aMKHYTOM MHOXKECTBE apryMeHTa, IIpuieM
a(t,z,u) > ag > 0.

3. ¢(x) Tpmxkael, ¥ (t) oqun pa3 HempepsiBHO Juddepeniupyembre dyukiun, ¢ (), (t)
VIOBJIETBOPSIOT yCI0BHIO 'enbaepa.

4. BBINOTHEHBI YCJIOBHs CONVIACOBAHUSI B YIJIOBBIX TOYKAX (B T.4. PACCMATPUBAEMBIX B BCIIO-
MOTATEJIbHBIX 337a9aX ), B YACTHOCTH

90/(0) = f(Ov 90(0))7 90(30) = 07 90/(30) = ¢<O) = Tﬁo;
£00,0(0)) = a(0,0,¢(0))¢"(0) + a,(0,0,(0))¢'(0) - ¢"(0) + a;,(0,0, (0))"(0)—
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—f2(0,(0)) - a(0,0,¢(0)) - ¢"(0); ¥(0) = a(0, so, ¢(s0))¢" (50)+
+a,(0, 50, (50))¢ (50) - " (50) + a2 (0, S0, ©(50)) - ¢’ (s0)-

Mcenenosanue MpoOBOANTCA 10 caeayiomeil cxeme. CHaYANA YCTAHABIMBAIOTCA AIPUOPHBIC
OTEHKN [Tt perennit u(t, x).
JIemma 1. ITyemv p(z) < 0 u daa awbozo u(t,z) cnpasedauso nepasencmeo f(t,u) >

Y(t) > oy > 0, M > fo = const > 0. Toeda daa pewenus sadawu (1)-(5) 6 obaacmu D
CNPaBedAUBE OUEHKA

ede My = rnax{ [max |f(t,0)], Jmax lo(x)]]}-

Jlasiee, yCTaHABIMBAIOTCS HEKOTOPHIE AIPHOPHBIE OUEHKH [Ts PEIICHHTi U WX TPOM3BOIHBIE
B HOpM [enbiepa. UToObl OneHNTh U, (t, ), 8 TaKKe HCCIe0BATh XapaKTep M IJIAKOCTh CBO-
GomHOl rpanulbl $(t), Mbl nepeiizem K 3aa4e Tuna Credana. [[jist 5TOro mocTaBJIeHHY IO 33129y
(1)-(5) cenem Kk sxBuBasienTHOI 3agade (Tunma Credana) miaa byuxmmit s(t),u,(t, ).

O6o3naunM u,(t, z) = v(t, z). Torma u3 3amaqu (1)-(5) moayIUM CJIEIYIONMYIO 3aa Ty

v(t, x) = alt, z, u) v, (t, x) + al (t, x,w)v(t, x) - v (t, )+

+al (t, x,u)v.(t, x) + bu,(t,z), (t,z) € D, (7)
v(0,2) = ¢'(x), 0<z< s, (8)

v(t,0) = f(t,u(t,0)), 0<t<T, (9)

v(t,s(t) =v(), 0<t<T, (10)

B(E) - $(8) = —alt, 5(2), 0)uat, 5(8)) + b(t), 0<t<T. (1)

JIemma 2. ITyemov @' (x) > (t) > g > 0 u daa oepanuuennus u(t, r) cnpasediuso wepa-
sencmeo f(t,u) > (t) > ¥(0), a maxoce svnoanenv yeaosuu aemmos 1. Tozda cnpasedausa
CALOYOUAA OUEHEKG

0< % < @/J(t) < U(t,ﬂf) = Ux(t,.ff) < M2> (t,ﬂf) € D> (12)
ede My = max{max |¢'(x)|, max [(t)], max |f(t,u(t,0))|}.

Tenepb n3ydaercs MoBeJeHue CBOOOIHON TPAHHUILI B PACCMATPUBACMOM IPOMEKYTKE Bpe-
MEHU.

Teopema 1. ITycmo ¢'(t) > 0,a,(t,x,u) > 0,al (t,z,u) > 0,0 < 0 u sunosHeHv, YCAOBUU
aemmnvs 2. Tozda cywecmeyem makas nocmoannas N, saeucawas om 3a0annmx Gyrxyud, wmo
CNPAsEedAUBH, HEPAGEHCMEE,

0<S<t)§N, 0<t<T, (13)
2de N = max{ max l¢'(z)=fol fo\ max (t)—f(t)\}'
0<z<so S0~% ’Q<<T S0

Jlanee Ha OCHOBe YCTAHOBJEHHBIX OIEHOK JOKA3BIBAETCS €JIMHCTBEHHOCTH PEIIeHUud MepPBO-
HavaJTbHOU 3a7adn. Il B uTore mokKas3bIBaeTcs CYMIECTBOBAHUE PEIIEHUs TOJYICHHBIX W TEePBO-
HAaYaJbHBIX 3a/1a9 MEeTOI0M Herno/BuzKHoi Touku [laymepa.

Kuro4geBble ciioBa: 3aja4ya Puiopuna, anipuopHble OIEHKH, HEllOIBUKHA IDAHMIIA.
2010 Mathematics Subject Classification: 35K60
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OB OCOBEHHOCTHAX ITIOCTPOEHUN A
HOPMAJIbBHO-PETVJIIPHOT'O PEIIEHN A HEOJHOPOJIHOM
CUCTEMBI JNN®PEPEHIINAJIBHBIX YPABHEHUI B YACTHBIX
ITPON3BO/JHBIX TPETBHEI'O ITOPA/JIKA

ZKanap YBAEBA!

L Akrrobunckuii peruonaabueni yausepcurer, Axrobe, Kazaxcran
E-mail: “zhanar_ubaeva@mail.ru

Bompocy noctpoenuns 4acTHBIX peIleHuil HeoHOPOIHBIX ypaBHeHuil JuHefnbix nuddepen-
IUATBHBIX YPABHEHUI MOCBSIIEHBl MHOTO Pabot, B yacTHOCTH paboThl [1,2]. Mounorpadus [1]
OTJIMYAETCS TeM, YTO M3YYAIOTCHd HEOIHOPOJHDLIE CIIENUAJIBHBIE YPABHEHHUSI, JeMEHTAPHBIMU
byHKIMAME B IPABLIX YACTSX, T/I€ PEIIEHUSIMA SBISIOTCS PA3JIAIHbIe ClennaabHbie (DYHKINN
OJIHOH 11epeMEeHHOH.

B obmiem ciryuasd, 3ajiaua craBuTcs cieayoimum obpaszom. Tpedbyercs nmocTpouThb pernienue
HEO/IHOPOIHOTO JInPdepeHITnATLHOIO yPaBHEHU A

() d _ P(x) A el
;Pl(a:)dz”l =e Wy ;alx (1)

nesoro panra p = k + 1 > 0, B kotopom P;(z)- psij, a P(x)- moIMHOM CTeneHu p.

DyHIaMeHTaIbHAS CUCTEMA PENIeHuil COOTBETCTBYIONEr0 OMHOPOAHOTO ypasHenud (1), Oy-
neM uckarhb Metogom Ppobennyca-Jlarpimresoii. HopMaabHO-pe-ryIsipHOe pelenne onpeIe/Imm
B BH/JIC

y; = €@ gpi Z a;rl (i =1,2,...,n), (2)
i=0

rae Q;(x) - momuHoMu cremenu p. Q;(x) # Q;(x), ecam i # j. HacTHBIE peleHne HEOMHO-
POJIHOTO yPaABHEHUST ONPEIEJsIeTCA MCIOJIb3YsT METOJ HeolpeaeeHHbIX KodhduimenTos, amna-
JIOTUYIHO HOCTPOEHUI0 HOPMAJIBHOTO pererust |2]. [IpogeMoHcTpupyeM npuMeHeHne YKA3aHHBIX
METO/IOB.

Teopema 1. HeommoponHoe ypaBHeHTEe TPETHETO MOPSIAKA

x3ym +(2— V)x2y” + [2* —v(v + 1)x]y, + [2%(1 — v)+

v+ D]y = 221 —v) + 12 (v + 1)]ke™®

uMeer obIIee pelieHHe BHIA
y=7(x) +Y () = J,(2)C1 + J_,(2)Ca + C3H, (z) + ek, (3)

e Ji,(x)- pymknuii Beccesst, a H,(x)- ¢pyukmus Ctpyse, k- mnocrosiHHOE.
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Jasiee mokazaHo 00OOIIEHHE 3TON TeOpHUH Ha cHcTeMbl AudpepeHnualbHbIX YpaBHEHHI B
YACTHBIX ITPOU3BOIHBIX TPETHETO TMOPSIKA.

Teopema 2. IlocTpouTh YacTHOE pEHIEHHE HEOJHOPOJHOH CHCTEMbI COCTOSIIEH H3 ABYX
ypaBHeHuii quch¢depeHnna bHbIX YPaBHEHIH B 4ACTHBIX IPOH3BOJHBIX TPETHETO MOPSIKA

T Zpe + (2 = )02 Zpy + [2° —v(v + D) Z, + [22(1 —v) + 2 (v + 1)) Z =

ke Poyp2(1 —v) + 12 (v + 1)),
ygzyyy + (2 - V)y2Zyy + [?/3 —v(v+1)ylZ, + [92(1 —v)+ V2(V +1)|Z
= ke [2(1 — v) + 12 (v + 1)]. (4)
[IpeobpazoBanue
Z(x,y) = explaz + By)U(z,y) (5)

onpeaeigeT BCIOMOTATE/IbHYIO CHCTEMY, OTKYa OpeesseTcs 3HaUYeHnsT HEM3BECTHRIX (v =
u 3 = fBy . [ocue cokpamienus Ha exp(apr+Foy) 06e croporsl. VI3 mosrydenHoit TpocToii HeOTHO-
POJIHOI CHCTEMBI METOJIOM HeOIpeJIe/IeHHBIX KO(D(MUIUEHTOB, opeaeuM TpedyeMoe JacTHOe
peleHne

Y(z,y) = k1keexp(aox + Boy).

Ucnonp3yst (3) He CJI0KHO OMPENENUTh OBIIee pelenne COOTBETCTBYIONIEH OTHOPOTHON CUCTe-
MBI, KOTOPOE€ COCTOUT M3 JeBATH npousBeaennii pyukiuii Beccess u Crpyse.
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MHOTOMEPHAA KPAEBAA 3A/TAYA TEILJIO- I MACCOOBMEHA
C HOPMAJIBHBIMHN TITPOMN3BOJHBIMU TPETBHEI'O IIOPA/IKA B
I'PAHUYHOM YCJIOBUU

Epmex XANPYJIJIMHY, Anua AZKIIBEKOBA®M

1Satbayev University, Amvarsr, Kazaxcran
E-mail: “khairullin_42 42@mail.ru, Yaliya_ azhibek@mail.ru

PaccmarpuBaercs kpaeBas 3aja4a Jijisd ypaBHEHHIT

0Uk(:):, t)

ot = )\kAUk(ZE,t)7 k= 1,3 (1)

B obJsacTu
Qr = {(¢/, 20, t) : 2’ € R"Y, @, € Ry, 1 €]0,T[},

YAOBJIETBOPAIOIIad HavYaJIbHBIM YCJIOBUAM!
Ur(x,0) = (2)
" I'PAaHUYHBIM YCJIOBUAM:

(Un(z,t) + apUs(z,1))|, _o = @2’ t), k=1,2, (3)
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() € @Y, QY = Qr\ za,
3 3 8k"U
Z Z ag) —~ gf 2 = p3(a',1), (4)

ZE
=0

rae A - omepatop Jlamiaca o mepemennoit © = (1, Ta, ..., T,); Ak - 33JAHHBIE TOCTOSHHBIE,

npuaeM 0 < A\; < A < Ag; al,az,a,ii)

5 ().

Pemenne kpaepoii 3aiaun (1)-(4) uimercst B BUJIe TEIIOBBIX MOTEHIUATOB. Mcmob3yst rpa-
uuvnble yeaosus (3)-(4), noaydena cucrema unrerpo - auddepennuanbubix ypasnenuii (CH-
JIY). Xapakrepucrnueckas gactb CUJIY perrena MeTogoM HHTErpaJbHBIX TPe0Opa3oBaHMil
Oypne-Jlamiaca. Haiigennl ycjaoBus KOPpEeKTHOCTH U HEKOPPEKTHOCTH 3aJ@4M, BbIPAKEHHbBIE
gepes3 3a[aHHbIe TOCTOSTHHBIE.

Meromom peryaspusaruun CUJLY cBejpena K cucremMe HHTerpaJbHbIX ypaBHeHuit Boyibreppa-
®pearoapma.

k
- 3aJIaHHbIe IIOCTOAHHBIC, IPHYEM ag ) £ 0; (2, t) €

42 1 .
Teopema. Ecin ¢ (2, 1) € Co ( (T)> H KOPHH XapaKTepHCTHIECKOTO YPABHEHHS HIECTOMH

CTelleHH yI0BJIeTBOPAIOT yeaosuio Re g, > 0, to cymecrsyer pemterme Uy(z,t) € C2 (Qr).

KuroueBrbie ciioBa: Terio- u MaccooOMeH, KpaeBas 33a4a, HOPMAaJIbHbIE IPOU3BOMHBIE TPETHErO MOPIIKA, YCIOBUS
Pa3pEMUMOCTHU U PEryIapU3aIind.

2010 Mathematics Subject Classification: 35K45, 58J35
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3AJAYA CTE®AHA C HEJIMHENHBIMU TEILJIO®U3NYECKUMU
XAPAKTEPNICTUKAMMUN

Cranucras XAPVHY, Tapremm HAYPLI3h®

' Uncruryr maremaTukn u MaremaTmdeckoro Mofenuposanns, Amvarer, Kazaxcran
E-mail: “staskharin@yahoo.com, *n_targyn@Qise.ac

Meron nogobus g pemenus 3anad CredaHa ¢ TEIIOBLIMEH XapaKTEPUCTUKAMM, 3aBHCS-
HMIAMH OT HCKOMOH TeMIepaTypbl, Obll 0DOCHOBAH M HOJIydns pa3zsuTue B paborax [1] — [3].

B macrogmeit pabore sror Meroa oboOmaercs Ha caydait 3agaun Credana s cdepude-
CKOTO YPABHCHHS TEILIONPOBOAHOCTH, KOTOPAsA ONHCLIBACT JMHAMHKY TEMIEPATYPHOrO MOJIA
JIEKTPUUYECKON YT MPH Pa3MBIKAHIN KOHTAKTOB [4].

TpebGyercsa HalTH pelleHne ypaBHeHH

(TN = 75 [P
a(t) <r < pt), «a0)=p0)=0, t>0,
C TeMIlepaTypoil KUIeHUs U IUIABJICHUS HA TpaHUIAX pasjena ¢das
T(a(t),t) =Ty,  T(B(t),t) =Tn
u ycaopusamu Credana
OT (a(t),t)
or

IO _ oy, 2SO0 g
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OTa 3a1a4a peAyIupyeTcs K peleHnuio HeJnHeRHOro mHTerpaabHoro ypapuenus. Jlokasbi-
BAETCH, UTO €CJIU 3aJaHHble (DYHKIUU YIOBJIETBOPSIOT yCJOBUIO JIUOIIuma, To WHTerpaabHbIi
OTIEPATOP ABJSETCS ONEPATOPOM CZKATHS.

Ha ocHoBe 1O/Iy4eHHBIX Pe3y/IbTaTOB PACCMOTPEHA W PeIleHa 3a/ada O TeILJIOBOM B3aHMO-
JIECTBUY IJIEKTPUYECKON JIYTH C 3JIEKTPOJIOM IIPH CAMOIIPOU3BOILHOM 0TOPOCE IEKTPUICCKUX
KOHTAKTOR.

Funding: Asropsr 6b1m nomnepxkansl rpaatom 0824/T'®4 MOH PK.

KinroueBble caoBa: 3ama4a Credana, chepuueckoe ypaBHEHNE TEIJIONPOBOIHOCTH, MOJEIMPOBAHIE IIPOIIECCOB B JJIEK-
TPOKOHTaKTHOU gyTe.
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B obsactu 2 = {0 < z < 00, 0 < t < 00} paccMarpuBaeTcs KpaeBasl 3aj1a9a JJisi OJHOPOI-

HOTO yPABHEHHUS
ou(z,t 2
u(z,t)  a® 0 <xy8u(x,t)) ’ Y
Ox

ot  avox

IIpU HaYaJIbHOM YCJIOBHH

u(z,0) =0, 0<z< oo, (2)
M IPAHUYHBIX YCJIOBUSIX
. ,0u
—}jll)l[l)x %—go(t), 0<t< oo, (3)
u(oo,t) =0, 0<t<oo. (4)

Teopema 1. Ecin ¢pynknus o(t) menpepsiBaa Ha matepate 0 < t < 0o H yJAOBIeTBOPSET
VCJIOBHIO

-1
e < Mt°, M 20, 27— 0<i<oo, (5)
To pemienne 3ajadn (1)—-(4) cymecrByer, eqHHCTBEHHO H MOXeT ObITH IPEJCTABICHO B BHJE
HHTErpaJa
f (da?)*p(r) v’
) = —— | dr, 6
w(z,t) /0 2I'(1 — &) (t — 7)1 —= P ( 4@2(15—7)) ! (6)
e e =Y —oo < ae < 1.

2
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HokazarenbctBo Teopembl 1 cocTouT B HaXOXkKeHuH pererust 3a1aun (1)—(4) B uHTErpasb-
Hoit bopme (6) ¢ momorbio mpeobpazoBanus Jlamiaca u MOCTEAYIONEro 000CHOBAHUS Oy YeH-
HOTO pellieHusi ¢ yueToM yeaosus (5).

SAKTIOYEHUE. Kpaesast 3amaua (1)—(4) omuChIBAeT TEIIONEPEHOC B OCECHMMETDHYHOM
CTepyKHe, OTPAHIYeHHOM TeILTON30INPYIoNeil TOBEPXHOCTHIO BPAIeHus ¢ paguycoM 1 = /2,
HOJIaFaeTCH, 9TO TEMJ0BOI MOTOK B 3TOM CTep2KHE MPOUCXOJUT B OCEBOM HallpaBJIEHUU W PacC-
Ipe/IeISeTCsl PABHOMEDHO M0 IO KazKJI0r0 0CeBOro cedenns. Kpaesoe yciosue (2) orpa-
2KaeT CyMMapHBIN TeIJIOBO#l TIOTOK, IMOCTyIIaeMblil B TeJ10 Ha JieBOi rpanuile ¥ = 0 1 UMeIuii
KOHEYHYIO MOMmHOCTh. Eciau v > 0, To cedenue crepkus npu = 0 BBIPOKIAECTCS B TOUKY,
ecam ke —1 < v < 0, TO paauyc cedenus: Heorpanmien. B caydae v > 0 3amada (1)—(4) moxer
6BITb IIpuMEHEeHa, B 4aCTHOCTHU, B MaTCEMaTUYCCKUX MO/C/IAX TeIJIOIEePEeHOCa B KOHTPAaIupo-
BaHHOW 3JIEKTPUYECKON JIyTre, BO3HUKAOINIEH B I1a3MOTPOHAX W BBIKJIOYATESAX [IPU OOJIHINTHAX
IIJIOTHOCTAX TOKa.
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SINGULAR BOUNDARY INTEGRAL EQUATIONS OF PLANE
BOUNDARY VALUE PROBLEMS OF THERMOELASTODYNAMICS
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The development of thermoelasticity research is associated with the need to develop new
mechanical structures, the elements of which operate under conditions of uneven and unsteady
heating. This leads to the appearance of temperature gradients in the medium and deterioration
of the strength properties of materials. Thermal shock causes some materials to become brittle
and degrade.

In 1956, the work of M. Biot [1] was published, in which a complete substantiation of basic
relations and equations of coupled thermoelasticity, based on the laws of thermodynamics of
irreversible processes, was given for the first time. This author also formulated the basic varia-
tional principles and developed some methods for solving the thermoelasticity equations. In the
ensuing publications of V. Novatskiy [2,3], various methods of solving the differential equations
of thermoelasticity are proposed, and the models of coupled and uncoupled thermoelasticity are
substantiated. According to methods of complete and incomplete separation of variables, he
constructed and investigated a number of solutions of these equations and considered a whole
class of quasi-static and dynamic problems of thermoelasticity. In works devoted to dynamic
problems of thermoelasticity, the thermal shock problems stand out separately. In formulating
such a problem, it is assumed that at the initial moment the object is at rest, and in the sub-
sequent moment there is a sharp change in the thermoelastic state due to the action of heat
and power sources, both external and in the medium itself.

In [4-6], the method boundary integral equations (BIE) was developed to solve boundary
value problems of coupled and uncoupled thermoelastic elastodynamics. When solving these
problems, BIE were constructed in the space of Laplace transforms in time. One of the main
problems of the method BIE in the Laplace transform space, which is well known, is the
instability of the numerical procedures for inverting transformants of solutions with increasing
time, which does not allow constructing solutions in calculations at even small times.

In order to avoid these problems, the method BIE in the initial space-time is being devel-
oped here to solve boundary value problems (BVP) of thermoelasticity under plane deforma-
tion. Nonstationary boundary value problems of uncoupled thermoelasticity are considered. A
method of boundary integral equations in the initial space-time has been developed for solv-
ing boundary value problems of thermoelasticity by plane deformation. Using the methods of
theory of generalized functions [7] the generalized solutions of boundary value problems are con-
structed and their regular integral representations are obtained. These solutions allow, using
known boundary values and initial conditions (displacements, temperature, stresses and heat
flux), to determine the thermally stressed state of the medium under the influence of various
forces and thermal loads. Resolving singular boundary integral equations are constructed to
determine the unknown boundary functions.

The constructed boundary integral equations are no classical type. They are very different
from BIEs of BVPs problems for elliptic and parabolic equations for which various mathematical
methods are well developed. In particular, the use of the method of successive approximations
is difficult here due to the presence of an unknown velocity of displacements (for the 1st and
2nd BVP). However, the use of numerical methods based on the boundary element method
makes it possible to effectively solve this type of equations.

The resulting formulas have an important engineering application. They make it possible
to determine the thermally stressed state of the medium by the boundary values of stresses,
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displacements, temperature and heat flux, without solving singular BIEs. Because for real engi-
neering problems these process characteristics can be experimentally measured at the boundary.
Moreover, the obtained formulas allow to calculate the influence of each of these characteristics
of the process on its stress-strain state. The last one is very important in designing structures
made of thermoelastic materials.

Funding: The authors were supported by the grant No. AP05132272 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: uncoupled thermoelasticity, fundamental solutions, displacements, temperature, stresses, heat flux.
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GUI MATLAB GRAPHICAL VISUALIZATION OF DISPERSION
PROPERTIES OF THE THERMOELASTIC ISOTROPIC MEDIA FOR
DIFFERENT MATERIALS

Bakhyt ALIPOVA

International IT University, Almaty, Kazakhstan
E-mail: b.alipova@iitu.edu.kz

The main objective of the paper is to improve and simplify the work of the design engineer
to simulate thermoelastic wave propagation in thermoelastic isotropic media under the influ-
ence of non-stationary power and thermal loads of various types. It was implemented on the
basis of mathematical models of the dynamics of the thermally stressed state of the dynamics
of deformable solid thermoelastic media and structural materials(different rocks, alloyed and
non-alloyed steels of various grades, cast irons, etc.), through the creation of a software and
technology complex with a GUI MatLab user-friendly interface.

Mathematical modeling of thermal stress state of thermoelastic isotropic media was already
constructed in [1,2]. Using the model of coupled thermoelasticity [3,4], a mathematical model of
the thermally stressed state was developed for stationary and shock dynamic and thermal effects
on the basis of solving direct and inverse stationary and nonstationary boundary value problems.
The apparatus of generalized functions, convolution of fundamental solutions (Green’s tensor)
with various types of loads on the boundary of the region was used for construction of integral
equation.

The isotropic thermoelastic medium is characterized by a finite number of positive thermo-
dynamic parameters: the mass density p, the Lame elastic constants A = %, = ﬁ,
and thermoelastic constants 7, n and k, E Young modulus, and v - Poissons ratio [5]. All con-
stants are positive: p ¢ 0, i 0, 3 X +2 u ;0, v/n {0, K 0.

It is known [6] that a such medium is described by the system of following equations in a

Cartesian: _
aim—i—Fi:pui N v
X . 1,7=1N 1

{ Un1gj — L — i+ 2Q =017 1)
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Here u;,0(i,j = 1, N) are the components of the displacement vector and stress tensor, uy
is the temperature, F; are the components of the mass power, () = W/\ is the power of the
thermal source, W is the quantity of heat per unit volume per unit time. Here and henceforth
the repeated indices imply summation from 1 to N. For N = 2 we consider the 2D case, for N
=3 3D case.

oij = Mk — Yun41) 055 + 11 (w5 + uj;) (2)

where 0;; is Kronecker symbol.
In view of (2) the system (1) becomes as

A+ p)ujgi + pug g — 0+ Fy=piy .. ——
{é”_lg']_] 410 =0 i.j=1N (3)
Ji Tk 77UJ,J+kQ—

We consider charachteristic equation of given system of equation (3) and observe wave
propagation behaviour in thermoelastic media for different materials. Investiga tions of physical
processes in such media associated with the origin, propagation and diffraction of waves arising
under the action of stationary and nonstationary external influences, the action of concentrated
sources (power and heat) of natural or artificial origin, is one of the complex scientific and
technical problems and is closely related to the solution of a variety of engineering tasks [7-9].

The computer model in form of interactive user-friendly interface allows you to organize
a private cloud with multi-tenancy support, providing services for creating, distributing and
managing applications that provide high-quality 3D-visualization of needed data. Directly be-
hind the visualization of data on the client device is a special application - the design engineer,
which is collected under the management of the platform individually for each user [10]. The
platform will include modules that provide overall management of cloud services, create new
visualization scenarios, manage users, confi gure access rights and security policies, store re-
sources, distribute applications and updates. The result of the completed tasks is the definite
GUI Matlab computer model in the form of an independent, alienable author’s work, which is
a flexible and intuitive user interface interface (with the publication of the text of programs in
the programming language / in the form of executable code (GUI Matlab) and related docu-
mentation). MATLAB apps let us see how the algorithms work with our data. The process
would be iterated until the needed results obtained, then automatically generate a MATLAB
program to reproduce or automate the work of engineer.

Keywords: coupled thermoelasticity, computer GUI MatLab model, dispersion properties, wave propagation.
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This study investigates the traffic flow in the territory of Almaty with real data collection.
The novelty of this work is that we study specifically the territory of Almaty. The transport
network is modeled using SUMO DLR, while data were collected using the program 2gis and
by human observers. Also, we present further usage of the data from 2gis.

To make simulations we use the SUMO DLR [4]. It consists of roads and intersections. The
target area is the square from Tole bi Avenue to Abay Avenue and from Seifullin Avenue to
Dostyk Avenue. It contains 100 nodes of which 49 are regulated and 51 are unregulated. The
test network consists of 202 edges.

Data collection from 2gis. The online versions of the 2gis include the
opportunity to obtain information about the traffic congestion and average speeds on spe-
cific parts of the roads. Data collection was started on March 17 at 3 a.m. and finished on
April 1 at 3 a.m. As a result, 1098 data files on average speeds were collected in 2 weeks.
Subsequently, these data can serve as input data for counting the number of vehicles at the
intersections.

Various usage of average speed.

Estimating average travel time. Another way to report the road’s traffic congestion is to
measure the Annual Average Travel Time. We know the length and average speed on the road,
and they will be used to find the average travel time.

Counting the number of vehicles. As we said before the average speed in each direction
can serve as input data for counting the number of vehicles at the intersections. Consequently,
with the number of vehicles at hand, we can control the traffic lights of the area that was
considered in the work of Kurmankhojayev et al. [1], which considered the problem of adaptive
light control at a single isolated intersection.

In this research we also present methods for evaluating the number of vehicles from average
speeds. To do that we run some simulations with different parameters. We do not need
to annotate the data for the task because the demand models are defined by us and their
parameters are known to us. The models (NN, the BPR function) are trained on this data.

To estimate the number of vehicles on the collected data we used a fully connected feedfor-
ward NN. The output of the model is the one-dimensional vector that contains the estimates
of the number of vehicles in each direction. The results of the experiments show that a simple
neural network can solve the problem with loss of 67 percent. For comparison, we used the
standard BPR function (Bureau of Public Roads [3]), which has been widely used in trans-
portation planning practice. This method showed the 97 percent accuracy for predicting the
number of vehicles.

To sum up, in this study we propose a simulation model and data which were collected for
the given network. We built a transport network which includes traffic lights, lane separation,
vehicle appearance probability. Also, we have collected real data on a certain area of the city
Almaty and presented models for estimating the number of vehicles from average speeds. In
future, we want to control the traffic lights of the network by using these real data. Tolebi et.al
[2] has solved this kind of problem for an Isolated Intersection.

References

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



178 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

[1] D. Kurmankhojayev, N. Suleymenov, and G. Tolebi. Online model-free adaptive traffic signal controller on an
isolated intersection. In 2017 International Multi-Conference on Engineering, Computer and Information Sciences, In
2017 International Multi-Conference on Engineering, Computer and Information Sciences (SIBIRCON), (2017)

[2] G. Tolebi, N. Dairbekov, and D. Kurmankhojayev. Link Flow Estimation on an Isolated Intersection Based on
Deep Learning Models, In 2020 International Review of Automatic Control (I.RE.A.CO.), (2020).

[3] R. Kucharski, A. Drabicki. Estimating Macroscopic Volume Delay Functions with the Traffic Density Derived
from Measured Speeds and Flows, Journal of Advanced Transportation, (2017).

[4] D. Krajzewicz, J. Erdmann, M. Behrisch, L. Bieker. Recent Development and Applications of SUMO - Simulation
of Urban MObility, International Journal On Advances in Systems and Measurements, 3:4 (2012), 128138.

OIL BLENDS CYCLIC PUMPING SIMULATION IN THE MAIN OIL
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In the cyclic mode, the batch volumes of high-pour-point Mangyshlak and high-viscosity
Buzachi oil blends are pumped sequentially [1]. For Mangyshlak and Buzachi oil blends, the
values of pour point are equal to 7}, = 27°C' and T, = —12°C, respectively. The difference
in pour point of Mangyshlak and Buzachi oil blends requires the determination of rational
technological modes, taking into account the safety of cyclic pumping.

The thermal-hydraulic calculation on the linear part of the pipeline section is carried out
by solving the system of equations:

8,0 8pu = i (tw, x;)0(x — ;) (1)
87 Ox p— 7 ’
ou ou 0Op pu? .
Py T pug- + o =—E(Ree); D pgsin3(z)
LM
+§ ZZI Gi(tw, m;) - (uicosy; — u)d(x — x;) (2)
ot ot 4k ugi
EjL o _pchl(t_tw)—i_E
| M
+pcpS ,Z:;GZ( ws @) + (Cpiti — cpr)0 (T — ;) (3)

In equations (1)-(3), G;(tw, ;) is the weight flow rate of the i-th intermediate oil pumping
station, S is the cross-sectional area of the pipe, p is the oil blend pressure, ¢, is the oil blend
heat capacity, u is the oil blend velocity, ¢ is the oil blend temperature, £ is the hydraulic
resistance coefficient, Re is the Reynolds number, u; is the pumped oil speed, t; is the pumped
oil temperature, ¢,; is the pumped oil heat capacity, k is the heat transfer coefficient, §(x — ;)

ugi 1 op

is the Dirac’s delta function, =% is the dissipation of kinetic energy into heat, i = 5 5o is the
P

hydraulic gradient, ¢ = Dil is the pipeline roughness , D; is the pipeline inner diameter.
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The system of equations (1) - (3) is solved at the initial and boundary conditions:

7=0:u(0,2) = uo,p(0,2) = po, 1(0, x) = tu, (4)

=071 <7 <7 u(r,0)= uf,pi(T, 0) :pg,ti(T, 0) = tf,i =1,2,...,n
r=0,7 <7 <71 :u1(7,0)

= uﬁ—lapi-‘rl(T? 0) = pz—lv ti-i—l(Tv 0) = ;7—11—1

x=L7=T:p(L,T) = pout (5)

where u?, p?, t? are the operating parameters of the batch of Buzachi oil blend, w1, ity ti
are the operating parameters of the batch of Mangyshlak oil blend.

The close relations of system (1) - (3) are physicochemical and rheological properties of
Buzachi and Mangyshlak oil blends, which were determined by empirical formulas depending
on temperature [1,2].

The system of equations (1) - (3) with boundary conditions (4), (5) and close relations is
solved numerically.

The results of Mangyshlak and Buzachi oil blends cyclic pumping simulation in the Uzen-
Atyrau main oil pipeline are presented in this report.
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Previously in [1], using the methods of the distributions theory, were constructed the gener-
alized solution of the non-stationary problem for an elastic-plastic medium occupying the region
D in the space R%. This solution have singularities on the wave fronts and at the boundary
points. In this paper for this solution, are proposed the regular representations of the displace-
ment vector and stress tensor components which are suitable as for inner points of region D as
for boundary points:

(1= Hp)uxt) = [ [{Ustxy .t = 1) = Ty ) [yt = 7)-
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—ujxt dS+//kaxy, jk(y,t—T)dy, xeDUS, (1)

054 (X t) 1 — HD( + CK/27T // ’L]k Xy, T pk’(y7 t— 7_) VVijk<X7 Yy, 7—) [u]<yat - 7_)
0

_u] X, t dS+ // zglk Xy, T )O-lk(yu )dY7 X &€ Du S (2)
D 0

where Usj;, Tij, Giji, Wijk, Vijk are kernels of single layered, double layered and volume retarded
wave potential consequently, o;; is an additional stresses, which are the difference between real
and fictitious elastic stresses [1} Hp(x) is the characterlstlc function of domain D and its value
is determined in [2] by next formula

1 xeD
) (DN O(x)) ’

Hp(x) :hmM—: a2t x €S, (3)
B u(0.(x) S

here O(x)— is a sphere in R" (ring for n=2) with radius € and center in point x, p(-)— is volume
(square) of region, « is a value of solid angle, formed by all kinds of tangent planes in boundary
point x. The definition of Hp(x) given by (3) makes possible to determine its value not only
for interior and exterior points, but also for boundary points. For points in smooth part of
boundary in R" we always have Hp(x) = 0.5, for point in the corners of rectangular hole in R?
Hp(x) = 0.25, for point in the corner of a cube Hp(x) = 1/8 and so on.

In performing the regular presentations (1,2) the Gauss formula for double-layered retarded
potential is used. In this objection were implemented the convolution of characteristic function
Hp(x)H(t) (3) of finite domain D with equation of motion with concentrated impulse body
force Fj(x,t) = 0;30(x)0(t). As the result we got:

//Ej(X,y,T)deSy = —0;sH (t)Hp(x). (4)

Gauss formula (4) is important in applications because it gives simply and obvious geometric
representation to get the values of double layered wave potential (fundamen- tal traction tensor)
and to verify its numerical implementation.

The proposed regular presentations of components of displacement vector (2), and stress
tensor (3) is subsequent development of the dynamics boundary integral equation method
(BIEM). They make it possible to correctly calculate the coefficient in the left-hand side of (2)
for boundaries with corner points, which was an intractable problem in the practice of using
BIEM. The similar regular representations of Somigli- ana’s formulas and formulas for statical
BIEM for bodies with arbitrary anisotropy where proposed and implemented in [3] and they
demonstrated high efficiency and accuracy in calculating boundary values of displacements and
stresses.

Funding: The authors were supported by the grant No. AP09562064 of the Ministry of Education and Science of
Republic of Kazakhstan.
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POROELASTIC FORMATION
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There are quite a few methods of soil treatment: acid treatment, hydrosand-jet perforation,
vibration treatment, heat treatment, hydraulic fracturing to improve the filtration character-
istics of the bottomhole formation zone in order to increase the productivity of production
and injectivity of injection wells. The first method of rock dissolution with mixtures based on
hydrochloric acid is most often used. This process is accompanied by a thermal reaction that
accelerates the change in the geometry of the porous medium.

The known mathematical models of solid materials leaching describe the process only at
the macroscopic level (Darcy-scale). Each point of the solid skeleton and fluid in the pores
is represented as a continuous medium [1]. We will use the approach described in the papers
[2] and [3], where it is proposed to derive the poroelasticity equations based on the laws of
continuum mechanics and homogenization methods.

This work is devoted to the mathematical description of the leaching process in an elastic
porous medium. It is proposed, first of all, to formulate the problem at the microscopic level,
relying on the generally accepted laws of continuum mechanics [4] and the well-known chemical
laws [5]. Then, using homogenization methods, derive macroscopic analogs of the original
equations.

According to [6], various problems in the mechanics of highly inhomogeneous media and
composite materials lead to the need to build averaged models for these media. It is required
to construct a model of a medium, the local properties of which change sharply, and therefore it
is more convenient to pass from its microscopic description to a macroscopic one, i.e. consider
the averaged characteristics of such an environment. In many cases, the considered physical
processes in strongly inhomogeneous media are described by partial differential equations, and
the strong inhomogeneity of these media leads to differential equations with sharply varying
coefficients. Direct numerical solution of such problems, as a rule, is difficult even on modern
computers. Therefore, the question arises of constructing models for strongly inhomogeneous
media, leading to simpler differential equations, which are called homogenized. Often such
differential equations have constant coefficients. The homogenized equations make it possible to
determine with high accuracy the effective characteristics of the initial medium. This condition
is ensured by the main requirement that the homogenized equations must satisfy the proximity
of the solutions of the corresponding boundary value problems for the original and homogenized
equations.

To simulate the dynamics of acid impurities in pores, the Stokes equation for an incompress-
ible viscous fluid is used. This approximation is quite acceptable, since the movement in the
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pores is very slow and we can neglect the convection terms in the Navier-Stokes equations. The
Lame equation is used to model the displacements of the elastic soil skeleton. Acid propagation
is described by the diffusion-convection equation with the corresponding boundary condition
on the free surface “acid-soil”.

Earlier in the work [7] mathematical models of leaching in an absolutely solid soil skeleton
were obtained. Continuing the research of the authors, we obtained systems of equations for
the poroelastic case.

Funding: This research was supported by the Russian Science Foundation (project No. 19-71-00105)
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NONLOCAL BOUNDARY VALUE PROBLEM FOR A MIXED EQUATION
INVOLVING THE HILFER’S DOUBLE-ORDER FRACTIONAL OPERATOR

E.T. KARIMOV "¢, B.H. TOSHTEMIROV %?

1.2 V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
E-mail: ¢ erkinjon.karimov@mathinst.uz, ® b.toshtemirov@mathinst.uz

In the present work we investigate a boundary-value problem (BVP) with nonlocal initial
condition for a mixed equation with the Hilfer’'s double-order fractional integral-differential
operator. Using the method of separation of variables, we prove a unique solvability of the
formulated problem. We have found solvability condition in terms of two parameter Mittag-
Leffler functions.

Consider the following mixed equation

_ LluEDgf’ﬁl)“lu(x,t)—um(a:,t)—f(x,t), t>0

0= Lu= . (a2,B2) 2 (11>
Lou = Dy w(x,t) — uge(x,t) — fx,t), t <0

in a mixed domain Q = Q; UQy UAB. Herei — 1 < a;, 3 <i, 0<pu; <1,i=1,2

D ={(z,t): 0<z<,0<t<T}H Q={(z,t): 0<z<l,-T<t<0},T>0,

AB ={(z,t): 0 <z <, t=0},

Y

dt
is the double-order Hilfer FDO of orders «;, 5; and of type pu; [2], where

N 1 / f(z)dz N 1 r f(2)dz
0= iy | e B0 =iy |

B o [ AN ()b,
O‘zaﬁz (2 (1~ Qg 1- 7 1_61
D) = 1 (47 ) 180 10

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 183

are the left-sided and right-sided Riemann-Liouville fractional integral of order a (R(a) > 0)

[1]-
Nonlocal BVP for Eq.(11) in Q can be formulated as follows:
Problem. To find a solution of the Eq. (11) in Q\AB, which satisfies the following

regularity conditions
w(z,t) € C(O\AB), ugy(z,t) € C(NAB), D"Piy(x,t) € C(Q),

boundary
uw(0,t) =0, u(l,t)=0,0<t<T

and nonlocal
w(x,=T) =u(x,T)+Y(x), 0 <z <]

conditions together with conjugation conditions on AB

: 1-m _ 1 2—2
t1—1>I£010+ u(z,t) = tl_l)IIlofof u(z,t), 0 <z <lI,

N N i O T
tlirfot (&I M u(,t)) = tLlIPO 51" Pu(z,t) 0 <o <L
Here v; = Bi + pui(i — Bi)  0s = Bi + palei — Bi), (i =1,2), (x), f(x,t) are given functions.
Keywords: Mixed type equation; a boundary value problem; double-order Hilfer operator; non-local condition
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THE HEAT POLYNOMIALS METHOD FOR INVERSE CYLINDRICAL
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Samat KASSABEK!?, S. N. KHARIN?® Durvudkhan SURAGAN?¢

L Astana IT University, Nur-Sultan, Kazakhstan
2 Kazakh British Technical University, Almaty, Kazakhstan
3 Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: “samat.kassabek@astanait.edu.kz, ®staskharin@yahoo.com, ¢durvudkhan.suragan@nu.edu.kz

Heat transfer problems in domains with moving boundaries involving change of phase, is
a Stefan type problems [1]. The inverse Stefan problem [2] consists in the reconstruction of
the heat flux P(r,t) and identify the temperature u(r, z,t) in the domain D. Since the Fourier
criterion Fo = j—? is greater than one, the heating process is quasi-stationary and all isothermal

surfaces includin(;g; the melting isotherm are ellipsoids

7.2 22

SR 12
r§+ct+ct ’ (12)

The quasi-stationary mathematical model describing heat contact at the stage of melting tem-
perature is:

ou 0*u 10u 0O%*u
E = w + ;E + w, 0<z< h(?”,t), O<r< Oé(t),t S [O,tm«c], (13)
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subjected to following conditions:
u(r9,0,0) = e, (14)
(3u(7“ 0,t)

0z

where A is the thermal conductivity, rq is the radius of the contact spot, 6. is the arcing
temperature. At the interface surface z = h(r,t), the boundary temperature

= P(r,t), (15)

emelt = 'U,(T’, h(T, t)u t) (16>
and Stefan conditions are
B Aé’u(r,z t) _ L’yah(r? t)’ (17)
an z=h(rt) at

Here L is the latent heat of melting of the contact material, 7 is its density, and 6,,.; is the
melting temperature.

The approximate solution of the problem can be represented in the form of linear combina-
tion of heat polynomials [3],[4]

N
un(r, z,t) chanzt (18)
n=0

where ¢, (r, z,t) are heat polynomials and ¢, are unknown coefficients in time intervals ¢ €
[0, tare]. To reconstruct the heat flux P(r,t) as a analytical function, we will consider it as a
series

i pm,nrzmt", (19)

m,n=0

where p,, ,, are coefficients of the series which has to be found along with temperature function
u(r, z,t).
Funding: The authors were supported by the Nazarbayev University Program 091019CRP2120 ”Centre for Interdis-
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boundary problems in mathematical models of electrical contact phenomena”.

Keywords: Inverse Stefan problems, approximate solution, heat polynomials, heat flux function.
2010 Mathematics Subject Classification: 80A22, 80A23, 80M30, 35C11

References

[1] S. C. Gupta, The classical Stefan problem, Basic Concepts, Modeling and Analysis, Elsevier, Amsterdam, (2003).

[2] N. L. Goldman, Inverse Stefan problem, Kluwer, Dordrecht, (1997).

[3] S. Futakiewicz L. Hozejowski, Heat polynomials method in solving the direct and inverse heat conduction problems
in a cylindrical system of coordinates, Transactions on Engineering Sciences vol. 20, WIT Press, www.witpress.com, ISSN
1743-3533, ( 1998 )

[4] K. Grysa, Heat polynomials and their applications, A Archives of Thermodynamics, vol. 24 No. 2, pp. 107-124,

(2003).

Hucruryr maremaruky u MareMarudeckoro mojesaupoBanusi. Aamarsr, 2021



Annual International April Mathematical Conference — 2021 185

ON APPROXIMATION OF THE CAUCHY PROBLEM FOR LAPLACE
EQUATION

Allambergen KHUDAYBERGENOV

National university of Uzbekistan , Tashkent, Uzbekistan
E-mail: khudaybergenovallambergen@mail.ru

The process of heating the following cylindrical surface (thin-walled pipe)
S = {(z,y,2)€eR® : 2* +9°=1,0<2<h}

is considered (see [1]).

At the lower base of the cylinder, the given temperature is maintained and there is no heat
flow. We need to find the temperature at the top base of the cylinder.

We introduce the cylindrical coordinates

r=+z%+y>? Hzarctgy, z=z.
x
Then
S ={(r0,z) : r=1, — 1< <m 0<z<h}.

We are looking for a stationary solution. Hence, we assume that the temperature u(6, z) is
a 2m-periodic function with respect to # which satisfies equation

0%u 0%u
002 + 02 0, (0,2)¢€s5, (1)
and boundary conditions
w(6,0) = 6(0), a“éf? 0 _ o _r<o<n 2)
z

We need to find the temperature u(6,h) on the top base z = h.

Let us denote by the symbol D(S) the class of functions infinitely differentiable on the
cylindrical surface S and vanishing near the upper base z = h.

Definition. Let ¢ € Lo[—m,w|. We say that the function u(0, z) from Ls(S) is a solution
to the problem (1)-(2) if for any function v € D(S) the following equation

/u(e,z) <% + %) dodz = ]¢(e)%(9,0) (3)
S -7

1s valid.

Proposition 1. If the problem (1)-(2) has a solution, then this solution is unique.

Suppose that the function ¢(f) that determines the temperature on the lower base belongs
to a certain Hilbert space H;. Further, suppose that the function ¥(6) that determines the
temperature on the upper base belongs to a some Hilbert space H.

Consider operator A : H; — H, that acts as follows:

Ap = .

It is well known that the problem (1)-(2) is ill-posed (see [2]). This means that the operator
A acting in classical spaces like Sobolev space is unbounded. Moreover, the domain of the
operator A, being part of Sobolev-type spaces, cannot coincide with any of them.

Just as it is done in most papers on ill-posed problems (see [3]), we introduce a one-parameter
family of continuous operators A, approximating the operator A.
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For any a > 0 consider the auxiliary equation

Pu  Ou O'u
@—l—%%—aw: 0, —7<0<wm, 0<z<h, (4)
with the same boundary conditions (2).
Proposition 2. Assume that ¢ € Lo(T). Then the solutions u(0,z) and u,(0,z) of the

equations (1) and (4), respectively, with boundary conditions (2) satisfy the relation

lim |lua (8, 2) — w0, 2)||Lymy = O
a—0t
uniformly with respect to z € [0, h.

Note that the Proposition 2 only asserts the convergence of the auxiliary solution to ex-
act one. In order to estimate the approximation error, it is necessary to require additional
smoothness from the solution.

Denote by L2(T) the Sobolev space with the norm

IF12 = 2m) S AP+ KPR,

k=—o00

where f; are the Fourier coefficients.

Theorem 1. Assume that ¢ € LJ(T), where 0 < 8 < 3. Then the solutions u(f,z)
and u,(0, z) of the equations (1) and (4), respectively, with boundary conditions (2) for every
a,0 < o < 278/8p? satisfy the estimate

(8, 2) = (8, 2)l|rary < V21 PRy

uniformly with respect to z € [0, h.
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ITERATIVE METHOD FOR SOLVING NONLINEAR BOUNDARY VALUE
PROBLEMS OF HEAT CONDUCTION

Bolatbek RYSBAIULY!®, Sultan ALPAR?®

U International Information Technology University, Almaty, Kazakhstan
2 International Information Technology University, Almaty, Kazakhstan
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The thermophysical properties of the soil play an essential role in the structure of the
thermal field of the earth’s crust. In turn, the Earth’s thermal field largely determines the
processes associated with prospecting, exploration, development of oil and gas deposits, the
operation of main oil and gas pipelines and underground storage facilities. Thermophysical
soil parameters play an important role in solving problems of prospecting and exploration
of gas, oil and thermal water deposits using geothermal methods. In addition, studies of
the thermophysical parameters of soil and soil are of great importance in the gas industry
for solving thermodynamic problems associated with predicting temperatures when drilling
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deep and superdeep wells, calculating gas reserves, predicting the temperature of fluids at
the wellhead of production wells, evaluating the filtration parameters of the reservoir, heat
treatment of productive horizons, transport and underground storage of gas.

Temperature is one of the main factors affecting the thermal conductivity of the soil. It was
found that the nature of the effect of temperature on the thermophysical parameters of the soil-
ground is not linear [1]. In this regard, there is an urgent need to solve the nonlinear equation
of heat conduction. To do this, consider a nonlinear heat equation with Robin’s boundary
conditions

) o) G = 57 (K 52) )
iy = 0 ) 2)

) G| = B (= s () ®)
0 Go| = ot 0=t ). )

where the dependence of the coefficients is expressed by the following equations
c(u) =cy+ au,

p(u) = po+ pru,
k(u) = ko + ku+ kou® + kgu®

Approximating (1) - (4) by a nonlinear difference scheme, we obtain a system of equations.
Applying Newton’s method for the resulting nonlinear system and taking the linearized solution
of system (1) - (4) as an initial approximation, one can obtain a solution for each iteration step
using the Thomas method. Note that to solve the problem of soil freezing, the boundary value
problem of heat conduction was solved in [2].
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Republic of Kazakhstan.

Keywords: nonlinear heat equation, Newton’s method, Thomas’ method, iterative methods, thermophysical properties

References
[1] Spevak L.F., Nefedova O.A. Solution of the Nonlinear Heat Equation by The Boundary Element Method Using
the Dual Reciprocity Method, International Journal of Applied and Fundamental Research, 1:12 (2015), 50-55.

[2] Rysbaiuly B., Rysbaeva N. The method of solving nonlinear heat transfer model in freezing soil, Eurasian Journal
of Mathematical and Computer Applications (EJMCA), 4:8 (2020), 83-96.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2021



188 TpanunuoHHas anpeabCcKas MaTeMaTuieckas KoHeperius — 2021

INVERSE PROBLEM FOR DETERMINING THE THERMAL
CONDUCTIVITY COEFFICIENT OF TWO-LAYER STRUCTURE
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Methods based on solving inverse problems continue to be a rapidly growing area of research
in the field of science and technology. In some cases, they are the most effective tool for obtaining
the required results in the production of materials and products. These methods play a special
role in those branches of technology where materials and structures are working to the limit
of their capabilities. In these cases, the reliability and accuracy of the study are especially
important.

Currently, the construction market often receives a variety of new building materials. Often
the thermophysical parameters of these materials are unknown or after a long operation of
artificial structures under the influence of wind, moisture and the sun, the physical and chem-
ical properties of the materials of the constituent structures change. As a result of which, all
thermophysical parameters of composite materials become different. Under these conditions,
long-term reliable prediction of the processes occurring in multilayer structures becomes im-
possible. Produced modern devices, in most cases, are designed to measure the thermophysical
parameters of solids and are focused on the study of thermal properties on samples of certain
sizes and shapes [1, 2]. Therefore, the development of methods for calculating all the thermo-
physical parameters of a multilayer medium and the automation of finding these parameters
becomes an urgent task.

The object of study is a two-layer rectangular structure which is affected by two different
ambient temperatures on both sides. The material is thermally insulated along the other edges.
The equation of thermal conductivity was taken as the main equation mathematical model

c(z)p(x) % = (% (k (z) %) (1)
o) Go| = e (0= i )] ®)
b G| = o o ()] ®)

iy = 0 ) )

where the dependence of the coefficients is expressed by the following equations
c(u) = ¢y + au,

p(u) = po + pru,
k(u) = ko + kiu+ kou® + kgu®
On the basis of the functional minimization method, methods for finding the thermal con-

ductivity coefficients of a multilayer medium have been developed [3]. The developed methods
will be implemented numerically using optimization methods.

Funding: The authors were supported by the grant No. AP08855955 of the Ministry of Education and Science of
Republic of Kazakhstan.
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CONTROLLABILITY PROBLEM IN DYNAMICAL MODELS OF COMPLEX
NETWORKS
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We consider systems of the form

1

/
ry = — N
1 1 + e—m(w11x1+w12x2+w13x3—91) 11,

/
Ty = — UL 1
2 14+ e—H2 (w2121 +w2o 2 +wasr3—02) 242, ( )

- 1 + e—Hs(waiz1+wsaza+wszzz—63) — Us®s,
which model evolution of a network, consisting of elements z;. The above system is for the case
n = 3, generally the dimension can be arbitrary. The regulatory matrix

w1 Wiz W13
W = W21 Wa22 Wa3 (2)
W31 W32 W33

describes interrelations between the elements of a network. Future states of a network are
associated with attractors of the system (1). These attractors can be stable equilibria, stable
periodic trajectories and of more complicated structure. The controllability problem arises in a
natural way, is relevant and means the ability to redirect a given trajectory from one attractor
to the required one.

Keywords: genetic networks, dynamical systems, attractors, control over a network
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ON THE EXISTENCE AND UNIQUENESS OF SOLUTION TO ONE
INVERSE PROBLEM OF GRAVIMETRIC MONITORING
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DEFINITION. Here, under nverse gravimetric problem of mathematical geophysics, we men-
tion the problem of data restoration for rock density distribution by the data of gravitational
field distribution database over the studied region.

PROBLEM STATEMENT OVERVIEW. Problems 1 and 2. To get gravitational setting over
the deposit, we build mathematical model based on Poisson equation

Au(z;y) = —4nGy(x;y), (2;y) € Q (1)

(where Q is whole search area), and establish special boundary conditions on the part of bound-
ary which are specified physically (see [1]). In the left-hand side of Poisson equation (1), scalar
function u of gravitational potential is involved; and in the right-hand side there is function 1 of
density distribution over the region. Finally, we have two some different problems of restoring
the pair of parameters: 1) (a;b) , where numbers are center coordinates of rectangular target
area - Problem 1; 2) (¢;d), where ¢ is depth and d is thickness of observed productive layer -
Problem 2. In both cases, we finally arrive to minimization problem of a kind:

(k1) = /0 ’ {%f’;m _ ﬁ(x)] P @)

where (k;1) represents some of parameter pairs 1), 2) (according to a problem), u holds as
mentioned above and ( is known distribution of gravitational potential vertical derivative as
measured on-Earth surface, and all associated boundary conditions are met (see [1]). However,
in both cases we are able to proof that, if the solution exists, then it is unique. This fact
does not depend on what numeric method we choose to solve inverse problem (earlier, three
numerical methods for this problem were studied in comparison; see full problem statement
and according theorems in [1], [2]).

Theorem: If there exists Solution to Problem 1 (or Problem 2), then it is UNIQUE.

ProoOF OUTLINE: 1. Let’s conduct our proof by contradiction. Let global minimum min /
exist. We state that the solution I,,,;,, = I(vg) is unique; so, in contra, let’s assume that we have
at least two minima: L%)n = I(v;) and Iﬁf}n = I(vg). Also note that if I(vy) = I(vy) = min [,
then

1 I 1 1
min g = JO)F ) Ly L 3)
2 2 2
2. In (1), denoting Laplacian by A(-) and right-hand side by v+ f with respect to boundary

conditions; and letting be B = % and f(z) = z in (2), from (1) and (2) we obtain operator
equations

Au=v+f (41); I(v)=|Bu—z|* (42) (4)

in virtue of integral of square in (2) is known form of scalar product [3].

3. Let’s take for v some linear combination of minima: v = av; + (1 — a)vy, 0 < o < 1.
Then from (4.2) we have

I(v) = I(vy + vy) = || Bu(v) — 2||* = |[aBu(v1) + (1 — a)Bu(vs) — z||?
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4. So, due to proven convexity of squares and from norm properties, we obtain:
I(v) = aBu(vy) + (1 — @) Bu(vz) — 2[|* < [|aBu(v1) + (1 — @) Bu(ve)[|* < (5)
< (leBu(vy)[l + [I(1 — a) Bu(v2)|)*

5. From (5), going to scalar product form and estimating, we finally obtain:
I(v) = ||aBu(vy) + (1 — a)Bu(vy) — 2||* < |[aBu(v1) + (1 — a)Bu(v,)||* = (6)

= (aBu(v1) + (1 — @) Bu(ve), aBu(vq) + (1 — a) Bu(vs)) < al(v1) + (1 — a)I(vy) <

< %[(111) -+ %I(vg) = min /.
So, assuming two minima vy,vy existence, we got contradiction (for somewhat v, value I(v)

is less than global minimum of I, which is impossible). The contradiction proves the theorem,
Q.E.D.
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The steady states and traveling wave solutions of the Heisenberg and M-I spin systems
were recently studied in [1], where the steady states and traveling wave solutions of the 141
Heisenberg spin system were obtained using spherical coordinates on the unit sphere. Analogous
solutions for the M-I 2+1 spin system were also discovered in [1]. We then studied the extension
of the Heisenberg system to the corresponding 2+1 Landau-Lifshitz-Gilbert (LLG) equation,
which includes a dissipation term with a small parameter A [2,4]

S, =8 % Sy + AMSpe — (S 5,0)5), S=(u,v,w),u®>+0v>+w?=1 (1)

Equation (1) is the isotropic case of LLG equation, for which it is known that it can be mapped
to a damped, non-local nonlinear Schrédinger equation [2]. Proceeding in a manner analogous
to [1] we have also obtained steady states and traveling waves for the the LLG equation. As
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in [1], the graphs of these solutions can constructed by plotting u, v, w variables as functions
of x, or n = x — vt, respectively. Thus, including the damping parameter the graphs of these
solutions can be similarly obtained and graphically illustrated.
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