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ABYXBECOBAZ# OHEHKA NHTEI'PAJIBHOI'O OIIEPATOPA
C JIOTAPNOMNYECKON OCOBEHHOCTBIO

A.M. AbbLiaeBa

Espasutickuti nayuonarvroit yrusepcumem um J1. H. lymunesa, Acmana, Kazaxcman
E-mail: abylayeva_ b@mail.ru

HyCTbO<p,q<oo,p>1,O<04<11/1]%+]%:1. Becosbie dynknum v, w [ — [

HeOTPHIATEe/IbHBIE JIOKAJIBHO MHTErpUpyeMble U u - He Bo3pactarorias dyakius wa I = (0;00)

takue, ato v € LY(I), w € L,(0,t), Vt > 0.
[osoxkum, gTo %gj) = w(z) mouru Beogy Ha T € 1.

Paccmorpum Bompoc 06 orpanndennoctu u3 Ly, = Ly .,(I) B L,, = L,,(I) uarerpaabaoro
orepaTop BH/A

W (x) u(s)W~(s) f(s)w(s)ds

Kol 0= | G =W~ - W

rel,

rae L, ,— IPOCTPAaHCTBO BceX M3MepuMbIX dyHKIuil f Ha [ 11 KOTOPBIX KOHEYEH CJleTyIOITHil
dyHKITMOHAT

| fllpw = /|f($)|p%U(s)ds , 0<p<oo.
0

IIpu In = 1 KpuTepun OrpaHNIEHHOCTH W KOMIAKTHOCTH U3 Ly, = Ly (1) B Ly, = Lgo(1)
omeparopa K,, nomydensr B padore [1]. A B ciayuae xorma W (z) = z nByxBecoBas OIEHKa I
KOMITAKTHOCTb BBITEKAET U3 PE3YJIbTATOB paboTHI [2].

Hapsny ¢ oneparopom K., pacCMOTPUM OIIEpATOP

x

1

Hoof (@) = Grares / ()W (s) f(s)w(s)ds, z € 1.

Teopema 1 [lycms 0 < a < 1,% < p < q < 00. Toeda caedyrousue ymeeparcoenus IK6UBANCHM -

HOL:
i) onepamop Ko, oeparuven u3 Ly, 6 Lg,;
it) onepamop H,, ozparuyen u3 Ly, 6 Lg,;
oo Z / / / i
i11) Ay = sup | [u? ()WODP ()P (t)dt

zel \0
npu omom || Koy || = |[Hay || = Aay-

1

(ZOWq(a2)(x)v(x)dx) "< oo,

Crmncok aurepaTrypbl

[1] A.M. Abylayeva, R.Oinarov and L.-E.Persson. Boundedness and compactness of a class of
Hardy type operators. Journal of inequal. and Appl. (JIA), Ne 324, 2016.

[2] A.M. Abylayeva, L.-E. Persson. Hardy type inequalities and compactness of a class of integral
operators with logarithmic singularities. Math. Inequal. Appl. (MIA), V.21, Ne 1, 2018, P.201-
215.
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O JOCTATOYHBIX YCJIOBNAX O'PAHUNYEHHOCTU
IIOTEHIINAJIA PNCCA B I'VIOBAJIBHBIX IITIPOCTPAHCTBAX
TUITA MOPPI C ITEPEMEHHBIM ITOKA3SATEJIEM

A.H. AngunxanoB, 2K.M. Onepbek

EHY um. JI.H. lymunesa, Hyp - Cyaman, Kazaxcman
E-mails: adilkhanov@mail.ru, onerbek.93@mail.ru

B nmamnoit pabore omnpejiensiercs 1100a/1bHOE IPOCTPAHCTBO TUIIA Moppu ¢ mepeMeHHbIM ToKa-
3aTeJIeM U IPUBOJATCA YCJIOBUA OI'PDAaHUYECHHOCTU ITOTEHIIUAJIA PI/ICC& B 9TUX IMPOCTPpaHCTBaX.

Onpeaenenne 1 I[lomenyuan Pucca onpedessemes xax

e fy)
I()f(ﬂf):/mmdy,

2de 0 < afz) < n. IIpu o = const amom onepamop cosnadaem ¢ KAACCUMECKUM NOMEHYUAAOM
Pucca 1.

IIyemo p(x)-usmepuman GyHKGUA Ha OMEPLIMOM 02panudentom mrodtcecmese 8 C R"™ co 3na-
wenuamu 6 (1,00). Ipednoaoorcum

1 <p- <plz) <py < oo,

p_=p_(Q) =infeqp(x), Py = P4 (Q) = sup,cqp (z). P%(Q)-2mo mmoocecmeo dynryud p(x),
OAA KOMOPDLT

C 1

p(z) —p(y)| < —yl <5 lp(x) = poo)] < Aseln (2 + )

ons ecex x,y € ). Obosnaqum vepes Ly (£2) npocmpancmeso écex usmepumvis dynryud f(x) na
Q, maxux, wmo

oo () = /Q F@P de < oo,

2de Hopma onpedeasemca credyuum oopasom
= inf ! <1
1fIl = inf{n > 0, Jy) n ).

ITyemv w(zx, r)-neompuyamenvras usmepumasn dynruua na 2 x (0,1, Q C R™, | = diam, 1 <
) < oo. I'nobarvrvie npocmparcmea muna Moppu ¢ nepemenrivim noxasamenem GMp(y (g - 2mo
MHOHCECMB0 PYHKUUT ¢ KOHEUHOUT K8A3UHOPMOTL:

- —0 x,r
||f||GMp(A),w(A),9 = xselllgzl Hw ! ('r7r> r P, )HfHLP(>(B(‘L’r))||LG(O,oo) < OO’

2de B(x,r)-wap 6 n-mepHoM NpocmpaHcmee ¢ uewmpom 6 mouke xr u paduycom r > 0.1Tyemo

0]’(1‘,7’) = pL:L‘)’ npur < ]_7' 9]’(1‘,7“) = Iﬁ}npu r> 1

Teopema 1 IHycmov 1 < p(z) < 00, 2 < 0 < 00 uw(z,r) YdosaemMEOPAIOM CACOYOULUM YCAOBUAM

1
l ’ o
B 0 0 _ a(@p()
</ (ro@ =Yy (z, 7)) dr) < r-a@—p@)
t

October 16-19, 2019 14 Nur-Sultan, Kazakhstan
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Tozda I*V) asasemcsa oeparusentvim ONepamoposm u3 GMp() 1,06 6 GMp()ws()6-

B cnenyrorieit Teopeme v = const.

Teopema 2 [Ipednoaosicum, wmo p(x) € P9(Q) u dynryus wi(z,t) ydosaemeopaom yciocuim:

: dt
[ w0 < cuar)

1

l ! o a(z)p(@)
(/ (To‘(x)’lwl (x, r))9 d?“) < qu@)*pp“”);
t

%

o0 rﬁ_ﬂnx) 6-¢'
/ o) dr < C,
0 \(wi(w,r)) e
2()
ede C ne sasucum om = € Q ur € (0,1].ITycmo we(z,t) = (wl(a:,t))f;@ .Tozda onepamop I¢

ozparumer us GM p ) w8 6 GM () wa().6-

JLnist 06001IIEeHHBIX TTPOCTPAHCTB TUIa MOppH € IepeMeHHBIM IToKa3aTeseM IT0J00HbIe Pe3Y/IbTaThl
nosrydensl B [1], [2].

Cricok aurepaTypbl

[1] V.S.Guliyev,J.J.Hasanov,S.G.Samko Boundedness of the Mazximal,Potential and Singular
operators in the generalized variable expontnt Morrey spaces. MATH.SCAND,107(2010),pp285-
304.

[2] V.S.Guliyev,S.G.Samko

Maximal, Potential,and Singular operators in the generalized variable exponent Morrey spaces
on unbonded sets. Journal of Mathematical Sciences, Vol.193,No.2, August,2013, pp. 228 - 246.

Ob OJHOM IIEPEOIIPEJIEJIEHHOM BECOBOM HEPABEHCTBE
TUITA XAPJIN B INOPEPEHIIMTAJIbBHOUN ®OPME

A.2K. AnueBa, A.O. BaitapbicTaHOB

Eepasutickuti nayuonaroruil yrusepcumem umenu JI. [ymuiesa,
Hyp-Cyaman, Kasaxcman
E-mails: a.aina70@mail.ru, oskar-62@mail.ru

[Iycrs I = (0,00), u - HempepbiBHAs U HeOTpUIaTebHAsA (DYHKIHsI, & MOJOKUTETbHbIe (DYHK-
UK U, T JIOCTATOYHO pa3 HelpepbIBHO guddepennupyeMble Ha wHTEepBasie [ u s jgwodoro a > 0
— / —
dbynku v r~! unrerpupyembie na unrepsaie (0,a), rae 1 < p’ < oo,
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yers DYy(t) = gr(t) %2 w Dly(t) = r(t) 5.
Hyere 1 <'p < oom Wp%v(r) = Wz?,v(TJ ) mpoctpancteo byrkmmn f @ I — R J0KaJIbHO

abCoJIIOTHO HelpepbIBHLIX Ha [ BMecte ¢ dyuKimed D! f u st KOTOPbIX KoHeYHa HOpMa

1£llwz ) = 1D fllp0 + | D2 fO)] + [ £(O)], (1)

=

viie ||gllpo = (f v(t)|g(t)|pdt> " HOpMa BecOBOro npocrpatctsa Ly, (I) = Ly,.
0
[Tosrozkmm

LRW,,(r) = {f € W;,(r) : f(0) =0,D,f(0) = D, f(c0) = 0}.

PacemorpuMm HepaBeHCTBO

/ u(t)| f(DPdt < C / o(t)|Df(1)Pdt, | e LRW?, (1), 2)

HepagenctBo nipu r = 1 umeer BuI

o0 oo

/U(t)lf(t)lpdt < C/v(t)lf”(t)lpdt, f € LRW;,(1). (3)

0 0

Hepasencrso Buya (3) mMeeT caMOCTOATEIbHOE 3HAYCHNE U PACCMATPHBAIOCH BO MHOTHUX Da-
6orax ( cM., manpumep [1],[2],[3] u npuBesentble TaM CCBHLIKH).

B pa6ore [2] nepaseHcTBO (3) MCCIE0BAHO IPU PA3JINYHBIX COOTHOIIEHUSIX IPAHUYHBIX 3HAYe-
mnit yukmun f: f(0), f/(0), f(o0), f'(c0). Kak BumHO U3 LR’W;U(T), MBI OyJIeM HCCIE0BATh Hepa-
BEHCTBO (2) TOJNBKO MpH cyieyomux rpanunanbix snadenuax f(0) = DIf(0) = 0, D}!f(oco) = 0

byskmun f € W2 (r). Ilycrs z)fvl_l”'(t)alt = [P (t)dt.

Bsenem obosnadenud

Ava(po) = sup / u(z)dz( /y vlp’(t)< /y rl(:v)dx>p/dt>pl,

Aoa(p, ) = 225714(2)612«( / o7 (1) ( j r_l(x)dx> p/dt) pl,

Yy o o
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Az (p, 0) = sup /y u(z)( / r—l(x)da;>pdz<7v1—p’<t)dt>p_l,

o o Y

A(p7 J) = Inax {Al,l(p7 0)7A1,2<p7 0)7A2,1(p7 0')7142,2(]77 0)7A2,3<p7 0)}
A\(pa 0) = maX{A\l,Q(p) 0-)7142,1(]77 0-)7A2,2(pa 0-))142,3(]97 U)}

Teopema 1 ITycmv 1 < p < oo . Toeda nepasencmeso (2) svinosneno mozda u moavko moeaoa,
Koeda A(p, o) < 00 U NPU IMOM UMEEM MECTMO OUEHKU

A(p,o) <C <2-8p@)P~"- Ap, o), (4)

C<2-37"p(pyt- Ap, o), (5)

ede C - nauaywwas nocmosunan 6 (2).

Pabotra BbInosiHeHa pu (huHaHCOBOI 10/1Iep:KKe MuHucTepCeTBa HayKn 1 oOpa3oBannsa Kazax-

crana, ['paat Ne AP05130975.

Criucok aurepaTypbl

[1] A. Kufner, L.-E. Persson, Weighted inequalities of Hardy type. World Scientific., New Jersey-
London-Singapore-Hong Kong, 2003.

[2] M. Nasyrova, V.D. Stepanov, On weighted Hardy on semiaxis for functions vanishing at the
endpoints, J. Ineq. Appl., 1997, Vol. 1,no. 3, 223-238.

[3] M. Nasyrova, Weighted inequalities involving Hardy-type and limiting Geometric
Mean  Operators, Doctorol thesis,Depatment of Mathematics, Lulea University of
Technology,Sweeden, 2002.

BECOBOE HEPABEHCTBO 1 JIUCKPETHOCTDB CIIEKTPA
ITOJIAPHOTI'O OIIEPATOPA BBICOKOTI'O ITOPAJKA

A.2K. Aguesal, P. Oitnapos?, 591.T. Cynranaes®

12 Bepasutickuti nayuonarvnuiti ynusepcumem umenu JI. H. lymunesa,
Hyp-Cyaman, Kasaxcman
3 Bawkupcruti 20cydapemeenmviti nedazozuveckuti unemumym umeny M. Axmyanol,
Ypa, Bawrupus
E-mails: 'a.aina70@mail.ru, o ryskul@mail.ru, 3 sultanaevyt@gmail.com

[Iycts u, v - mosokuTeabHble QyHKIMN HA wHTEpBase (0, 00).

Iycrs v ' =1 u
v

/OOO vl (t)dt < o0, /OOO v () dt = oo. (1)
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[Tpu ycnoun (1) mosydeH Kpurepuii BHIIOJIHEHUST HEPABEHCTBA

/0 " u(@)|f (@) Pdr < C / TP @R, 0> 1 @)

st dyraknuun f € Wi(0,00) ¢ kommakTHbIME HOcuTe My, Hamnyqmas koncranta C' B (2) Haii-
JIeHA TOYHAs 110 TOPSIJIKY.

[Ipu Beinosinennu (1) Ha OCHOBE PE3Y/IBTATOB 110 HEPABEHCTBY (2) 110JIy YeHbl KPUTEPHUHU CHIIBHOI
OCIIJIIITOPHOCTH ¥ HEOCIUILIATOPHOCTH b DepeHInaIbHOTO ypaBHEHUsT

(=) (w(@)y™)™ = du(t)y =0, t>0, A>0. (3)

Ha ocHoBe 3TMX pe3yabTaToB MOJIYYEHBI KPUTEPUU OTPAHUICHHOCTU CHU3Y U JUCKPETHOCTH
CIIEKTPa CaMOCOIPS?KEHHOr0 oniepaTopa L, MopoxKieHHoro guddepeHImaabHbIM BhIpaXKeHHeM

Iy = ﬁ(v(tmn)@

OILIEHKU HAWJIYUIINX IPUBJINKEHUN ®YHKIINI KJIACCA
HUNKOJIBCKOI'O-BECOBA B ITPOCTPAHCTBE JIOPEHIIA

I'. Akuines

EHY umenu JI.H. lymunesa, Hyp-Cysman, Kazaxcman
E-mail: akishev_gQmail.ru

B nokmnane paccmarpusatorced L, -(T™) — npoctpancTso Jlopena nepuoanuecknx (HpyHKIIAIA m
p7
= T
nepeMeHHbIX 1 pyHKImonaIbHbIH Kiace Hukosbekoro - Becosa By . B nokmane GyyT npencras-
. ) ,
JIeHbI ONEHKN HamIydmux npubmuzkenuit pynknuit us xknacca By | g B Pa3IMIHBIX COOTHONIEHUAX
MEXKTy TapaMeTpamu T, 6.

ESSENTIAL SELF-ADJOINTNESS OF THE
MAGNETIC HELMHOLTZ OPERATOR

A.R. Aliev'?, Sh.Sh. Rajabov?

L Azerbaijan State Oil and Industry University, Baku, Azerbaijan
2 Institute of Mathematics and Mechanics
of Azerbaijan National Academy of Sciences, Baku, Azerbaijan
E-mails: alievaraz@yahoo.com, shahin.racabov.88@mail.ru

Let’s consider a multi-dimensional Helmholtz equation

Viu(z) + () == Z <i + zAk(x)) u(z) + Mu(z) = f(x), v € R",

a
k=1 Oy,

where A = (A, A, ..., A,,) is the magnetic potential, V = ( o0 < ) the gradient, V4 :=

Ox1’ Oxa? """ Oxp

V +iA the magnetic gradient, f(x) the known function, A > 0, and i the imaginary unit.
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We note that Helmholtz magnetic operators play an important role in quantum mechanics and
quantum chemistry.

Let Aj(z) € Lajoe(R"), j =1,2,...,n. Consider in Ly(R"™) symmetric differential operator HY,
generated by an elliptic differential expression Hy = (V + iA)?, with the domain C§°(R"). In
studying the solvability of the magnetic Helmholtz equation, the essential self-adjointness of the
operator HY is extremely important.

The following theorem is true.

Theorem 1 A;(z) € Lo (R™), j = 1,2,...,n, the operator HY is essentially self-adjoint on
Ce(R™).

The authors, in their opinion, have managed to prove this theorem in a simple way.
This study was supported by the Azerbaijan State Oil and Industry University, project no.
ADNSU-2018-1-01.

OIITUMAJIBHOE BOCCTAHOBJIEHUE
IICEBAOJNP®PEPEHIINAJIBHBIX OITEPATOPOB
HA KJIACCAX TIVIAJKUX IHEPUOJANYECKNX ®YHKIIUN
MHOTI'X IIEPEMEHHBIX

.B. bazapxanoB

Hnemumym mamemamury U MGmMemamuieckozo modesuposanus, Aamamu, Kazaxcman
E-mail: dauren.mirza@gmail.com

B nokmnaje dopmynmupyercs u 0d6CcyKaaeTcs 3ajada ONTUMAaIbLHOIO BOCCTAHOBJIEHUS 3HAYEHUI
niceB10/ind G epeHIaIbHbIX OIEPATOPOB

o~

T.f(x) = a(z,&)f(€)e™

gezm

na m—wyepuoM Tope T™ ¢ cuMBotaMu a w3 Knaccos W[v; K, L], Ha pacrpeenenusx f u3 Kiac-
cos Bo%(T™) tuna Hukombekoro — Becosa u L% (T™) tuna JIusopkuna — Tpubess 1m0 KoHewHOI
CIIEKTPaJIbHON HHMOPMAIINK O CHMBOJIE OIlEpaTOpa 1 O pacipeieteHnu (KoHedHble HaGophl KOIdh-
dbunmenror Oypbe cuMBOJIA OllEpaTOPa U PACIPEIEICHNUS ).

OB OIIEHKE HAWJIYVYIIINX IPUBJINKEHU CMEINTAHHBIX
JAPOBHBIX ITPONU3BO/JIHBIX B AHU30TPOITHOU METPUKE

K.A. Bekmaraub6eroB, E. Toseyrasbi

MI'Y umenu M.B. Jlomonocosa, Kazaxcmancrxut duruan, Hyp-Cysman, Kazaxcman
E-mail: bekmaganbetov-ka@yandez.ru

IMycrs d = (dy,...,d,) € N, T9 = {x = (x1,...,%,) : x; = (2f,....2%) € [0,1)%,i =
1,...,n}.

[Iycrs f(x) = f(X1,...,X,)-u3Mepumas Gyuxnus na T, f*(t) = f*1-* (¢, ..., t,)-noBTOpHas
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HeBO3pacTaIas nepectanoBka Gyuknnu f(x) = f(x1,...,X,).

[TycTb MyIBTUHHIEKCHL P = (P1, .-, Pn), A = (q1, - - -, @) YAOBIETBOPSIIOT CJIEJYIONMM yCIOBU-
aMm, ecim 1 < p; < 0o, Torjga 1 < ¢ < 00, ecmm 2Ke pj = 00, Torjga u ¢; = oo jiugd j = 1,....n,
ux = {Jj1,...,Jn-HEKOTOpas (pUKCUPOBaHHAs T€pecTaHOBKa MHOKecTBa {1, ..., n}. Byaem roso-
puTh, uT0 dyHKIMs f(X) NPUHAJIEKUT AaHU30TPOIHOMY TpocTpancTBy Jlopenna Lpq(T9) (M.
[2]) ecin komeuna ciremyromast BeIUInHA

1|2z =

1 1 . sz /qjl an/an,1
1/pjn iy pir i a5 dt; dt;
/ (tjnpj (/ <t]1 Jlf e (tly,tn)> tjl t]
0 0 n Jn

[ycrs dbynxius f € Ly (T9) npejcrasuma psjiom Oypobe

) 3 o)

keczd

l/an

rie {ay}yeza — Ko3bunuenror Pypoe GyHKIMU f 110 KPaTHON TPUTOHOMETPUYECKOI crcTeMe,
n dj
(k,x) = E E k!x! — ckangproe npousseeHue.
j=1 i=1
Iycrs, nanee o = (aq, ..., o) >0, 1 = (i1,...,0,), vae i; € {1,...,d;} g Beex j =1,...,n.
Psn (B caydae ecoim OH CXOUTCA)

3 Ales Dare™ 0,

kezd
n
rae Ag(o 1) = Hmax (1, ]kfj\aﬂ'), Ha30BeM Npon3BoHON Beiing mopsiiaka a = (aq,...,q,) 10
j=1
1 n 6 (as1)
NePEMEeHHBIM ; , . .., 1 obosHaumm [l (x).

[Iyctrb N € N, d = (dy,...,d,) € N, v = (71,...,7) > 0. MuoxectBo

I'(N,vd) = {k ezd: Hl%j.jdf < N} ,

=1

e k;j = max{1,|k]|,..., |kfij |}, Ha3BIBaeTCA TUIIEPOOIMIECKIM KPECTOM mopsiika [N, COOTBETCTBY-
formM y 1 d. Obo3nadum gepes
E dy = inf - T
Nod(f) L. (1a) retsy If | Ly (T4)

HauIy diiiee npubsmzKenne byHKIMU f TPUTOHOMETPUIECKUME TTOJMHOMaMK co criekrpoM u3 I'(IV, vd)
B MeTpHKe aHM30TPOIHOro npocrpanctsa Jlopenna Loy (T9).

Hamy 1oJTydensl ONEHKH HAMIYYIINX Hpubamzennii npoussoxubix Beitna () (x) mocpen-
CTBOM HAWJIYUIIUX PUOJIMKEHUN UCXOHON dyHKImu f(X) B Apyroii MeTpuke (aHAJOIH TeOpeM
Konromkosa-Creukuna [1] B crute Teopemsr Temtsaxosa [3]).

Teopema 1 Ilycmo danwe d = (dy,...,d,) € N", v = (y,...,7) > 0, a = (ay,...,a,,) > 0,
I = (i1,...,0,) ux={Jj1,...,Jn} — HEKOMOPAA nepecmanosra muoocecmsa {1,...,n}. ITycmo,
danee 1 <p=(p1,...,pn) <00, 1 <r=(r,...,r,) <00,

¢ =max{(a;/dj +1/p;) [vj:j=1,...,n}
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B = {ve{Ln}anfds, +1/ps) [, = Ch v = min{u 5 v € B, dyweuus f(x) w
Lpe(T9) u

Z QCllZueB\{Vo} l/q;V EQZ;yd(f)L
=1

(Td) < OQ.

pr*

Tozda gynruyua f(X) umeem nenpepvienyro npoussodnyro (41 (x) u cnpasedausa ouerka

E2N,'yd(f(a;1)>Loo(’]I‘d) <O Z o2 veB\ (v} 1/ 4, EQZ,wd(f)Lpr* (T4).-
I=N

Teopema 2 ITycmo danve d = (dy,...,d,) € N, v = (y1,...,7) >0, a = (aq,...,0,) > 0,
I = (i1, i) ux={j1,...,Jn} — HEKOMOpPaA nepecmanosra mnoscecmsa {1,... n}. ITycmo,
dasee 1 <p = (p1,---,pn) <ad=1(q1,---,qn) <00, L <t =(r,....,7,),h = (hy,..., h,) < o0,
¢ =max {(o;/d; +1/p; = 1/q;) /v :j=1,....n},

B={ve{l,...,n}: (o, /dj, +1/pj, = 1/a;,) /v, = C}
, vo =min{v : v € B}, dynryua f(x) us Lpp(T9) u

Z 2@[2“63\{“0} 1/6;, EW,’yd(f)Lpr* (T4) < 00,
=1

3decv 1/0; = (1/h; — 1/rj);4 Oas scex j = 1,...,n u (a)y = max{a,0}. Tozda ¢ynryus f(x)
umeem npoussodnyro f41(x), npunadaesicauyyo Laqn-(TY) u cnpasedausa ouenka
EzNﬁd(f(a;I))th* (ray < C Z 2¢ [ 2ven\voy /v EQZ,'yd(f)Lpr* (Td)-
I=N

Crcok aurepaTypbl

[1] A.A. KontomkoB, Hauayuwue npubiudcenus mpuzoHOMEMPUIECKUMU NOAUHOMAMU U KOIp-
Puyuernmo. Pypve. Marem. 6., 44 (1958), Ne 1, 53-84.

[2] E.[d. Hypcynranos, O xoagpuyuenmax xpamnvix pados Pypve us L, - npocmpancms. N3se-
crust PAH. Cep. marem., 64 (2000), Ne 1, 95-122.

[3] B.H. Temusikos, [Tpubausicerue dynryuu ¢ o2panuiernoli cmewarnot npouseodnot. Tpyapt
MU AH CCCP, 178 (1986), 1-112.
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OI'PAHNYEHHOCTDb N1 KOMITAKTHOCTBb OJHOI'O
KJIACCA MATPUYHBIX OITEPATOPOB
C IIEPEMEHHBIMUA ITPEJAEJIAMUI CYMMNNPOBAHUNA

A.T. BecxxkanoBa, A.M. TemupxaHosa

EHY um. JI.H. lymunesa, Hyp-Cyasman, Kazaxcman
E-mails: beszhanova@mail.ru, ainura_t@Qyandex.kz

[Iyets 1 < p,q < o0, %—l—ﬁ = 1w {u;}2, , {v;}2, -BecoBble TOCTEIOBATEIBLHOCTH, TOY-
Hee, HeOTPHIATEIbHBIE TTOC/IEI0BATEILHOCTH JAeHCTBUTEABHBIX duce. IIyerh I, - IpocTpancTBO
nocJIeIoBaTesIbHOCTEl JeficTBuTebHbIX uncen f = {f;}5°, , 11 KOTOPBIX KOHEYHa HOpMa

1
i »
[fllpo = (Z |fiUz'|p> <oo, l<p<oo
i=1

Paccmorpum MaTpuvnHblii oriepaTop

B(n)

k=a(n)

u3 lyy B lgy, T11e (ay,x)- MaTpuia oneparopa A ¢ HEOTPHIATEIBHBIME SJIEMEHTAMHA Ay, i = 0, yio-
BJIETBOPSIIONINE JTUCKPeTHOMY 0000mmenHoMy yeaoBuio OitHaposa: cymiectByer d > 0 , HeoTpuia-
TeJIbHAs MATPUIA C 9JIeMEHTaMN by, j, 1 HeOTpUIATeIbHAS [T0CJIEI0BATEIBHOCTD {w; 52, 9TO0

(bn,kwm + ak,m) < a'n,m < (bn,kwm + ak,m) (2)

Q|

mpu 1 < k < n,a(n) < m < B(k); tue a(n), f(n) - nmocienoBaTeIbHOCTH HATYPATBHBIX THCE,
YJIOBJIETBOPSIOIIHE CJICYIOITIM YCIOBUSM:

(i) a(n) u B(n) crporo BO3pacTaioT;

(i) (1) = (1) =1u a(n) < f(n),n =2

IIpu a,, ; = 1 omeparop (1) saBsiercst omepaTopoM Xapan ¢ MEPEeMEHHBIME TTPECTaMI CIeyT0-

II[er0 BUJIA
B(n)
= Z fk;) n = 1a
k=a(n)

OrPaHMIEHHOCTE KOTOPOT'O U3 Iy, B Iy, ucciaegoBana B paborax |1, 2] mpu pasindubx 3nadeHnsx
IapaMeTpPOB IPOCTPANCTBA.

B nmamnoit pabore ycTaHABIUBAIOTCA KPUTEPUU OTPAHUYEHHOCTH U KOMIAKTHOCTA MaTPUIHOTO
oreparopa (1) u3 Iy, B Iy, mpu 1 < p < ¢ < 0.

[Tomozkmm

B Ha(s))sm<s \ .=,

1
a [ Blm)
(F1)s = sup (Z udp? m) Z wzlz/,;pl ,
k=a(s)

1
L/ Bm)
F)= s (z) S |
<8 k=a(s)

B~ (als)
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Fy = sup(F)s, Fy = sup(F3).
seEN seEN

Teopema 1 IIycmv 1 < p < g < 00 u anemermo, mampuipt (an i) yodosaemsoparom yciosuio (2).
Tozda onepamop (1) oeparuyer us ly, 6 ly, mozda u moavko mozda, koeda F' = max (Fy, Fy) < oo,
npu amom || Alli, ,—1,. = F.

Teopema 2 [Iycmv 1 < p < g < 00 u anemermo, mampuist (Gn, ;) yodosaemsoparom yciosuio (2).
Tozda onepamop (1) xomnaxmen us ly, 6 ly,, mozda u moavko mozda, koeda

lim (Fl)m = 0,
m—00
lim (Fg)m = 07
m—00

20e

1
s q B(m) P
(F)m = sup (Zuzbzm> ool |,
k=a(s)

m<s<a~1(B(m)) \

1
Y

1
s q [ B(m)
(Fo)m = sup (Z U%) Z AoV,
k=a(s)

m<s<a™1(B(m)) n=m

Ommemum, wmo Fy = sup (F1)m, Fo = sup (F2)n,.
meN meN

Crmncok aurepaTrypbl

[1] A. Anpxamur. JJuckpemnovie nepasencmea muna Xapou ¢ nepementvimu npedesam CYMmupo-
eanus I. Becrauk PY/IH. Cepusa "Maremaruka. ndopmarnka. @usnka'.-2010.-Ned.-¢.56-69.

[2] A. Anbxamun. Jluckpemnuvie nepasencmea muna Xapou ¢ nepemerHuLmu npedesam CYMMupo-
sarus 1. Bectuuk PYJIH. Cepusa "Maremaruka. Undopmarnka. @usznka'.-2011.-Nel.-¢.5-13.

Ob OIIEHKE HOPMBI B /INMCKPETHBIX
ITPOCTPAHCTBE OPJINYA - MOPPI

H.A. BokaeB, A.A. XaiipkysoBa

EHY um. JI.H. I'ymunesa, Hyp - Cyaman, Kazaxcman
E-mail: bokayev2011@yandex.ru, aitbekovna3@mail.ru

B nmammoit pabore ompenesnsiercss muckpernoe mpoctparcTBo Opsumda-Moppu u mpuBomuTcst
OII€HKa HOPMBI 9JIEMEHTOB U3 3TOI'O IIPOCTPaHCTBa.

Ob6oznaanM yepes A kiracc GpyHKIMIA, 001aIa0MKX e ayonumn ceoiictBamu: ¢ € A o3nadgaer,
aro ¢ € [0,00), ®(0) = 0; ¢ crporo Bozpacraer. Yepes M = M(R) o6o3HAUNM MHOXKECTBO
u3MepuMbIx 1o Jlebery dyukuuit va Ry, M™={f € M : f > 0}.
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Hnsa f € M onpenemum QyHKITHOHAT:

L) = / T F) o)t

Bcerony B JanbHedinmenM Mbl IpejioaraeM, 94To Becobad gpyHKIus v € M1 ynosieTsopsier yciio-
BuaAM: 0 < v < 0O IIOYTH BCIOJY,

t
0< V() := / v(T)dT < 00,t € Ry.
0

Teneps mysa f € M oupenenum dyHkinoHaa JlrookcemOypra:

I fllo0 == inf{X > 0 Jy(f) < 11.

Paccmorpum BecoBoe npocrpancTso Opimda Lg o

Loy ={f€M:[|fllo, < oo}

Ceesienus o npocrpanctse Oprmda MoxKHO Hafitu B [1].
Oyukmusa @ : [0, +oo] — [0, 0o] mHassBaercs dyukimeii FOura [1], eciin ¢ Boimykias OyHKIWS,
HelpepbIBHA CJIEBA U TaKas 4TO
lim ®(r) =®(0) = lim ®(r) = oc.
r—l>r—ri-10 (7") (0) 0’ r—1>£-noo (7”) o0

Onpepnenenne 1 Ilycrs @ dynkius FOnrau 0 < A < n. [Ipocrpancrso Opinaa-Moppu Mg \(R") =
Mq>7 A OIpeJIesIsIeTcsT KaK MHOXKECTBO BeeX YHKIWm f € qu C KOHEYHON KBA3UHOPMOM

H f HM<1>,A,UZ ngp>0 cI)il(r7>\> H f HL<1>,U(B(90’T))< o0,

rie B = B(z,r)-mmap B n -MEpPHOM IPOCTPAHCTBE C MEHTPOM B TOYKE X U PaJILyCOM T

15 o emy=int (> 0: [ o yoyary,

B KOTOprX
Iosl$)= [ <1><%

Temneps onpesesinm JMCKpeTHOE BecoBoe pocTpancTBo Opsmyaa-Moppu.
IIycTp 3a/1aHa BecoBas IOCIEI0BATEIBHOCTD

Ju(t)dt

N

1.

B={Bn}Bm € Ry =[0,00),m € Z=1{0,41,+2,..},

g @ = {ap }, a € R 1onoxkum
Zcb )|l o I, = inf{u > 0: ju(a) < 1},

Hna dyaknusa ® € A u g moboro ¢ € R, BBeieM BeTUYINHY:
d(c) :=inf{d > 0: ®(dt) > cP(t),t € Ry} < 0.

Cremyrorast TeopeMa [OKa3bIBAET, UTO OIEHKA 3HAUEHHIA J,,((¢) BiledeT COOTBETCTBYIOILYIO OIeH-

oy At || o ||
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Teopema 1 IHycmv ® € A, c € Ry ua={an}t, v = {Vm} Eciu das aobviz 1 > 0
Ju(@) < cju(v),

Il

Curesryroriast TeopeMa MoJie3Ha TPU BBIMUCIEHIE HOPMBI OllepaTopa Ha JUCKPETHOM MTPOCTPAH-
crBe Opsmmaa - Moppn

<d©) |17 s,

MfI’,)\,v

Teopema 2 ITycmv @ € [0,00), ®(0) = 0; & sospacmaem. Tozda das o = {an}, B = {Bm}-
Bm € B(x,r), umeem mecmo IK6UBAACHMHOCTL

| allzg, <1 dile) =3 ®(lam)fn < 1.

OTmeTnM, 9TO I IMCKPETHBIX pocTpaHcTB Opimda 1Mo00HbIe PE3yIbTAThI TIOJIYYeHBI B [2].

Crmcok aurepaTryphbl

[1] M.A.Kpacuoceanbckuit, f.B.Pyrungnit  Bonykavie dynryuu u npocmparncmesa Opauua. Co-
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MHOT'OMEPHBIE CUHTI'VJIAPHBIE NHTEI'PAJIBI 1
NMHTEI'PAJIbBHBIE YPABHEHUNS B /IPOBHBIX ITPOCTPAHCTBAX

H.K. Baues

Hruemumym Mamemamurxu u Mamemamuiecrozo
Modeauposarus, Aamamu, Kazaxcman
E-mail: bliev.nazarbay@mail.ru

B pabore paccmarpuBaloTcs MHONOMEPHDBIE CHHIYJISIPHBIE OIEpaTOPbl C XapaKTePUCTUKAMU, He
3aBUCAIIUMHI OT TIOJIIOCA U COOTBETCTBYIOIINE HHTErpabHbIe YpaBHEHUs B IIpocTpaHcTBax becosa.
[Tosryuennl ycaoBusi OrpaHHYeHHOCTH, MM EGEPEeHIPYEMOCTH U OOPATUMOCTH PACCMATPUBACMbIX
CUHI'YJIAPHBIX OIIEPATOPOB U Pa3pelIuMOCTH HEKOTOPBIX COOTBETCTBYIOIINX WHTEIPAJILHBIX YPaB-
HEHUIA.

HOﬂyquHble PeE3YJIbTaThl IIO3BOJIAIOT, IIPU OIIPE/AC/JICHHBIX YCJIOBUAX, OIINCATDH JIOKAJIbHBIC CBOIi-
CTBa CUHTYJIAPHBIX MHTEI'PAJIbHBIX OIIEPATOPOB € XaPaKTEPUCTUKAMUI 3aBUCAIIINMU OT ITOJIIOCA U IT0-
JIYIUTD YCJIOBUA HeTepOBOfI pPa3pemimMOCTH COOTBETCTBYIOIUX CUHI'YJIAPHBIX MHTEI'DAJIBHBIX YPaB-
HEHUM.

D10 pabora ObLIa dacTudHO nojep:kana rpanrom Ne AP05133283 Komurera maykn MOH PK.
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EMBEDDING THEOREMS FOR BESOV TYPE GENERELIZED
SPACES WITH RESPECT TO MUTIPLICATIVE SYSTEMS

N.A. Bokayev!, E.S. Smailov?, A.T. Syzdykova?

LL.N.Gumilyov Eurasian National University, Astana, Kazakhstan
2 Institute of Applied Mathematics, Karaganda, Kazakhstan
3 Pavlodar State University named after Toraigyrov, Paviodar, Kazakhstan
E-mails: bokayev2011@yandex.ru, esmailov@mail.ru, aizhan-syzdykova@yandex.ru

Let {pr}32, be a sequence of natural numbers p; > 2, k € N. By definition, set
mo =1, my, =pipz--pn, n €N.

Let x,(x) is the Price multiplicative system with generative sequence {py}(see|2]).

We say that ¢ satisfies the condition S; (and write ¢ € S;), if ¢ € U and there exists a
number « : 0 < a < 1 such that the function ¢(¢)t~* is almost increasing.

And a function ¢ satisfies the condition Sy (and write p € Sy), if ¢ € U and there exists a
number § : 0 < § < 1 such that the function (¢)t=% is almost decreasing.

By E,.(f), we denote the best approximation of a function f € LP(G), 1 < p < oo, by
polynomials with respect to multiplicative system of degree < n — 1.
Definition 1. Let 1 < p,6 < oo and ¢ € S;. We say that a function f : G — R belongs to the
Besov type space B/ ,(G), if f € LP(G) and the quantity

00 1/60
115, = ILFllp + {Z [90_1<1/mk+1)Emk(f>p]9} , 1<0 < oo,
k=0
Ifllse, = [Ifllp + sup {7 (1 /mi1) Emy ()}, 0 =

is finite.

In the following theorem necessary and sufficient conditions of embedding of considered classes
for given parameters p, q, 8, A and functions ¢, 1 are entered.For the case of a trigonometric system
(see [1]).

Theorem 1. Let 1 <p<qg<oo, 1<A<O<Lo00, and @, € S;. Assume that o =
Then
I If 1 < A< 60 < o0 then

1_1
P q’
By ,(G) C By,\(G)

if and only if

A= { [w(l/mk)@b_l(l/mk)mir} < 0o,
k=1
whereT—ﬁ if 0 <oo,andT=M\if =00
II. If 6 < X\ < oo then
By,4(G) C By,(G)
if and only if
Ay = sup {gp(l/mk) Y1 /mp)m pq} < 0.

kEZy
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Theorem2 Let 1<p<qg<+oo, 1<0< 0. Then
L if p<qg< < oo then
Bﬁe(G) C LI(G)

1
oo 11 T T

Ap,qﬁ:{ [ (1/my)my q] } < 00,
k=0

wher67—0 if q<6<+o0, and T =q if 0 = 4o00.
II. If 1 <6 < q then

iof and only iof

if and only if

Theorem 3. Let 1 < p < 400, 1 <6< 00 and & i ta L= 1. Then
L. If 1 <0< 00, Then
BKQ(G) C L=(G)

{i [ (1/m) m;rl} < .

k=0

if and only if

-

I1. If 0 =1 then
Bf(G) C L™(G)

if and only if
A, = sup {gp(l/mk)m,’;} < 00.

keZy

Other results for Besov type spaces with respect to multiplicative bases (see [3]).
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[3] E. S.Smailov,Z. R. Suleimenova Embedding theorems for Besov type spaces with respect to the
Price multiplicative basis. Trudy Mat. Inst. Steklov.(in Russian) 2003. V.243. P. 313-319.

October 16-19, 2019 27 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

GENERALISED CAMPANATO SPACES AND HARDY SPACES
P.D. Lamberti', V. Vespri?

L University of Padua, Padua, Italy
2 University of Florence, Florence, Italy
E-mails: lamberti@math.unipd.it, vincenzo.vespriQunifi.it

In this talk we speak about the connection between Campanato spaces and Hardy Spaces. As
proved by Walsh, in RY, generalised Campanato spaces are the dual of the Hardy spaces. As lot is
known about Campanato spaces, we are starting an investigation which aims to transfer some of
the known properties of Campanato spaces to Hardy spaces. Here the difficulty is that regularity
people have worked only on Campanato spaces and not with generalised ones. So, first, one has to
extend the techniques to generalised spaces and, only after that, one can prove regularity results
for Hardy spaces. This talk is about this necessary, even if still preliminary, work.

REMARKS ON SOBOLEV-MORREY-CAMPANATO
SPACES DEFINED ON C% DOMAINS

P.D. Lamberti', V. Vespri?,

YUniversity of Padova, Padova, Italy
2 University of Florence, Florence, Italy
E-mails: lamberti@math.unipd.it, vincenzo.vespriQunifi.it

We discuss a few old results concerning embedding theorems for Campanato and Sobolev-
Morrey spaces adapting the formulations to the case of domains of class C%7, and we present
more recent results concerning the extension of functions from Sobolev-Morrey spaces defined
on those domains. As a corollary of the extension theorem we obtain an embedding theorem for
Sobolev-Morrey spaces on arbitrary C%7 domains.
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O PA3IEJINMOCTU OJTHOTO KJIACCA
BBIPOYKIAIOIIINXCSI INOPEPEHIIVAJIBHBIX OIIEPATOPOB

M.TI. I'agoes!, ®.C. Ncxokos?

"MIOTH () CBOY um. M.K. Ammocosa, 2. Muprwii, Poccua,
2 Mnemumym mamemamuru um. A.Jocypaesa, 2. Jywanbe, Pecnybauxa Tadocurucman
E-mails: Gadoev@rambler.ru,  sulaimon@mail.Tu

B noksajie paccmaTpuBaeTcst BOIIPOC O PA3JIe/IMMOCTU OJHOTO Kitacca qud depeHnnaabHbIX Ole-
paTOpOB C YaCTHBIMHU IIPOU3BOJHBIMHU BBICIIETO IIOPAIAKa B HpOI/ISBO.HbHOI';I (OFpaHI/I“IeHHOfI njm
HEOrPAHMYIEeHHOiT) 001acT, K03(hMUIMEeHTH KOTOPBIX MOTYT UMETh HECTEIeHHOE BBIPOXKICHIE Ha,
rpaHuiie.

B ornmane ot mpebl Iy X NCCIeIOBAHN B 9TOM HAIIPABIEHUH, B JJAHHON paboTe obsracTh )
GYHKIUN, KOTOPBIE XapaKTePU3yIOT BBIPOXKIeHNA KO3DduimenTon auddepeHuaj bLHoro onepa-
TOpa, 3aJal0TCA B Iape JpyT ¢ ApyroM u yaosierBopsiior "yemoBuio norpyzxkenns"I1.11. JInsopku-
ua. [Ipu stom muddepennupyemMoctsb GYHKIUIA, ¢ TOMOIIHIO KOTOPBIX OIPEIE/IAETCS BHIPOXK ICHUS
HCCJIELyeMOTO OllepaTopa, He TpedyeTcs.

CONSTRUCTIVE METHOD FOR SOLVING AN IMPEDANCE
BOUNDARY VALUE PROBLEM FOR HELMHOLTZ EQUATION

R. J. Heydarov
Azerbaijan State Oil and Industry University, Baku, Azerbaijan
Ganja State University, Ganja, Azerbaijan

E-mail: heyderov.rahib@gmail.com

Let D C R? be bounded region with twice continuously differentiable boundary S,

v (z, ) = /Scpk(x,y)sO(y) dSy, w (z,¢) = /S%

v (&, 9) = v (2, 9) o = / Do (2.) ¢ (y) dS,,

¢ (y) dSy,
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where @, (z,y) = e'*l*=¥/ (47 |z — y|) is the fundamental solution to the Helmholtz equation,
7 (z) the unit external normal at the point € S, and k the wave number with Im k > 0.
In [1], it is shown that the function

u(x)=v (z,9)+inw (x,vy),x € R3\D,

(where nis a real number, moreover, if Imk > 0, then n = 0; and if Imk = 0, then n # 0) is a
solution to the boundary-value problem for the Helmholtz equation with the impedance condition,
if the density ¢ € C (S) is the solution of the uniquely solvable integral equation

o+ Ap =1, (1)

where
A=-22+in)"" 2K+2in (T+G)+f (2L+2in F+1in L))

=—4(2+in) " g,(Ly) (x) = /S% (z,9) » (y) dSy,

(L(O)QO) (x) = (L) () |k=0, (Kp) (z) = s Of (x)

SO <y> dSy;

o)) = [ PG ([ ante o) as.) as,

_ 0P (xa y) 0% (y7 t)
o= [Ty (f arey e as:) a5

(T) () = /S 8ﬁ8(x) <8 (@ C’“"’(% (_y)% (x’y))> < /S By (1, 1) o (1) dSt> d5,,x € 8.

Here f and g are given continuous functions on S with I'm (/% f (m)) > 0, x € S. Here we give
a justification for the collocation method for integral equation (1) and construct a sequence that
converges to the exact solution of the external boundary-value problem for the Helmholtz equation
with impedance conditions.

Note that the results of joint paper [2] with A.R.Aliev will be used in the talk.
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OBOBIIEHHOE HEPABEHCTBO COBOJIEBA HA
CTPATNONIINPOBAHHOM MHO2KECTBE

H.C. aupb6ekon, O.M. Ileakun, JI.O. CappibekoBa

KasHUTY um. K.1.Camnaesa, Aamamu, Kaszaxcman
E-mail: nurlan.dairbekov@gmail.com

CrpatudunupoBaHHOE MHOZKECTBO OIPEIEIAETCa KAK CBI3HOE MOJIMHOXKECTBO eBKJIMJI0BA, IIPO-
crpancTBa R?, sgBisionieecs: 06’beIMHEHIEM KOHEYHOTO ceMeificTBa S HelepeceKaronXcsl CBA3HBIX
noaMuOroobpasmii o (6e3 kpast), HasbiBaeMbIX jgasee ctpatamu: 2 = |J o;.

o, €S
Ka)K,ZLaH CTpaTa 0; UMee€T KOMIIaKTHOEC 3aMbIKaHHE B Rd7 NHICEKC B O603HaquI/II/I CTpaThbl YKa3bl-
BaeT Ha HOMep CTPATHI P aBTOHOMHOI HyMepanuu cTpaT. COOTHOIIEHNE 0 > 0y, MEXKITY JTBYMs
cTpaTaMu O3HAYAEeT, U9TO 0,, C 00; B 9TOM CJIydae Mbl FTOBOPHUM, UTO JAHHDLIC CTPATHI IPUMBIKAIOT
YT K JPYTY.

[ToMuMO TIPEIIOIOKEHNH O B3aMHOM PACIIOJOKEHUH CTPAT, HAKIAABIBAIOTCS CHelnUIecKue,
UMEHHO JJI1 CTPaTH(PUIUPOBAHHLIX MHOXKECTB, TPEOOBAHUS OTHOCUTEILHO IJIAJIKOCTH IIPUMbIKA-
nuit. Tpajunuonnsle TpeOOBAHUS, HA3LIBAEMbIE YCJIOBHAMU PErYJIAPHOCTH Y UTHU, MOXKHO HANTH
B KHHTE [2].

(o]
Mur onpesiesisiem ipoctpanctBo CobosieBa W}jp(Q) KaK IOIOTHEHUE ITPOCTPAHCTBA, HEIIPEPbIB-
HbIx pyuknuit f : g — R, obpamaomuxcst B Hy/ib BOJIN3U rpaHuiibl 0S), IMEIOIX HEIIPEPhIBHO
muddepeHnupyemMble CyKeHnd Ha KaXKJIylo CTpaTy, 110 HOpMe

il gyogy = 30| ([ ane) ([ 1vupedn) .
Ok Ok

oLES

311eCh P = {Pk }oycs 0003HATAET CTPATHMDUIMPOBAHHYIO KOHCTAHTY KOTOpAasl paBHa IIOCTOSTHHON Ha
KazKJOl cTpare, Ije Py ABJIAETCS Cy’KEHHEeM P Ha CTpary Oj.

Hammra et — obo6menne nepapercTa CoboJieBa Ha cTpaTUMUIMPOBAHHOM MHOYKECTBE B CJIy-
Jyae, KOrja IoKa3aTe/b CyMMUPYEMOCTH SABJISETCs CTpaTuUIMPOBaHHO KoHcTanToi. Hanpumep,
HepaBencTBO Co00J1€Ba BBITVISIINT KaK

1

S fmdn) <X f1vapda (1)

;€S o; om€EST O

TIJIS BCEX U € V?/LP(Q) ¢ Hesapucseit or u Koucranroit C'. 3aech S - cemeiicTBo cTpar us {2y Ajst
KOTOPBIX CYIIECTBYeT cBsi3Has 1enouka crpar C' = {0y, 09, ...,0,} K 0, 111e 09 < 071.

Amnasor HepasercTsa CobosieBa it CTPATHMOUITUPOBAHHBIX MHOXKECTB C ITOCTOSHHBIM TOKa3a-
TeJIeM CyMMEPYEMOCTH Ha KaKJIoi cTpare mosaydeHo B pabore [1].

Pabora nomyiepxkana rpantom MunucrepcrBa obpazoBanus u Hayku Pecriyonmkn Kazaxcran
AP05130222.
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1970. - 184 c.

October 16-19, 2019 31 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

EXTREME POINTS OF THE SET OF ELEMENTS MAJORISED
BY AN INTEGRABLE FUNCTION

D. Dauitbek!, J. Huang? and F. Sukochev?

L Al-Farabi Kazakh National University, 050040 Almaty, Kazakhstan
2 Institute of Mathematics and Mathematical Modeling, 050010 Almaty, Kazakhstan
3 University of New South Wales, Sydney, Australia
E-mail: dostilek. dauitbek@gmazil. com

Let f be an arbitrary integrable function on a finite measure space (X, X, ). We characterise the
extreme points of the set Q(f) of all measurable functions on (X, 3, v) majorised by f, providing

a complete answer to a problem raised by W.A.J. Luxemburg in 1967. Moreover, we obtain a
noncommutative version of this result.

Theorem 1 below is the main result of the present paper, which unifies Ryff’s theorem |2, 3]
and the classic result for vectors [1] with significant extension. The following theorem yields the
complete resolution of Luxemburg’s problem in the general setting.

Theorem 1 Assume that M is a von Neumann algebra equipped with a faithful normal tracial
state 7. Let y € Li(M,T), and let Q(y) be defined as the set of all self-adjoint operators x €
Li(M, 1) satisfying Nx) < Ny). Then, x is an extreme point if and only if for each t € (0,1),
one of the following options holds:

(1). Xt;x) = Mt;y);

(2). Mt; ) # Mty y) with the spectral projection E*{\(t;x)} being an atom in M and
/ As:9)ds = At )7 (B (At ).
{s:A(s2)=A(t;2)}
Acknowledgements This work is financially supported by MES RK target Grant BR05236656.
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HEPABEHCTBO HAMJIVHUHIIEI'O ITPUBJIN2KEHUE
CO CTVIIEHYATBIM KPECTOM

A.A. JIxxymabaeBa, A.E. 2Kernmucbaena

EHY um./I.H. I'ymunesa, Hyp-cysman, Kazaxcman
E-mail: akniet-1978@mail.ru

[ycrs L,(T?), 1 < p < 00, IPOCTPAHCTBO U3MEPUMBIX (DYHKIMI JIBYX MEPEMEHHBIX KOTODBIE
ABJIAIOTCA 27T TMEPUOJIMICCKUMU 10 KAXKJIOM ITepeMeHHOl U TaKue, 4YTO

o 27w 1/p
wmz(/ / U@m@?wwm) <o
0 0

. 2 2
L)) - muoxecrso dynkuuit f € L, takoe, uto [;" f(21,22)dry = 0u [J7 f(x1, 22)dxy = 0.

T o __ I ‘s
Omnpenenenne 1 Iycmo Q) = U, o<, P(s),7 = 7. Mnoowcecmeo k maxuz, wmo | k |€ Q,
HA3BLIBACM CINYNEHUAMBLM 2UNEePOOAUMECKUM KDPECTNOM, 20€

p(s) =k = (ki ko) : 291 <k < 2% 5 =1,2.
ITycts v = (71, 92),Ys-AeificTBETEIBHEBIE YnCIa. 1 < p < 00, 4epe3 S) (f, x) Gyaem obo3HadtaTh dact-
uyto cymmy Dypoe bynkimn f(x) suga S) (f) = Z(%S) <141 95 (f),KOTOPYIO HA3BIBAIOT CTYEHYATOH
runepbonuteckoii cymmoit Dypoe. rae ds(f, ) = 325 s F()e ™) | k= (| k1, ks |), s = (51, 82),
flkey = (2m)= [ f(z)e*)dy.

Onpenenenue 2 Ilycrs

Eoy(f)y = _inf || f =t i <p < o0,

-HauJTydIIee npuomKenne GyHknnu f(X) TpUroHOMeTpUYecKUME MoTHHOMAaMH ¢ "HOMepaMn " TapMOHUK
U3 CTYIIEHYaTOr'o IUIepboImIecKoro Kkpecral), , rje

TQr) =t:t(x) = Z e’ )
k|eQr,

Ecim 1 < p < 0o, 10 umeeM Eqr (), =(f-57_,(f)],» TO €CTb B 9TOM CJIydac YacTHbIE CyMMbI psi-

1t Dypee garor mopsaIoK Hamaydmmx npubamkernii. Yepes o( f) Gymem obosnadars psig Pypbe
byuxmun f € L,(T?) | Te.

o o
o(f):= E E (Gpyny COS ML COSNTo + by, COS T T SIN N To
n1=0n2=0
oo oo
+ Cnyn, SIN N T COSN2To + dyyp, SIN M T] COSNTy) = g g Apyn, (T172),
n1=0n9=0

_1

rjie 11 KparkocTu obosnadens cos(0 - 1) = 3.

[Tpeo6paszosanusbtii psji Pypre or o( f) naéres BoIpaXKeHHeM:

U(f? /\7 517 62) = Z Z )\n1n2 (anlnz COS(nl.CL’l + Blﬂ-/z) COS(”’Q‘T? + 6271—/2>+

n1=0n2=0
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+byny cOS(nyzy + f17/28in(noxe + Bom/2) + Coyny sin(nyzy + F17/2) cos(naxs + Pom/2)+
+dpyn, sin(nyzy + f17/2) cos(nexe + Por/2)),
rie f1, B2 € R, A = {\n ny bninsen TOCIIEIOBATEIBHOCTD JIEHCTBUTEIHHBIX TUCEIT .

[Iycrs @(x129) ~ o(f, A, b1, B2), HA30BeM (A, 1, f2) cMentanHoil iponsBoHoi dyuknnn { (wimn
nponssonas JInysuis-Beiins) u oboznadmm eé uepes fM152) (112,). Hanpumep, ecn Ay, pn, =
ntn2 ey >0, Biri(i = 1,2,..), = fOPuf2) = fur2) ppe f(nr2) | cyenmannas nmponssonas ot f B
cmbicie Beits. OTMeTI/IM, qTO TS OOBIX (1, B2, || fOA02) || x| fA00 ]| 1 < p < o0

Onpenenenne 3 [locrenoBarenprocts A := {\, }22, HazbIBaeTCss 0OOOIEHHO MOHOTOHHOIA, 3a~
mmcanHoit Kak A € G M?, ecim cooTHomenme:

2n1 2n2
Z | )‘k17n2 - >‘k+1,n2 |< ¢ | /\nhnz |7 Z | /\n1J€2 - )‘n1k2+17 |< ¢ | )‘nhm |7
ki=n1 ko=nga
2n1 277/2

§ E | )‘khkz - /\k+1,k2 - )‘k1,k2+1 + >‘/€1+1J€2+1 |< C | )‘n17n2 |

ki=n1 ka=n2

CIPAaBEJINBO JIJIA BCEX IEJIBIX YUCET N1,M9, Tae KoHncranTta C He 3aBUCUT OT My U 7.

Hamm ocrnoBHO#l pe3ybraT I1acuT Tak:

Teopema 1 ITyemv 1 < p < oo, 1 < 0 < min(p,2), A := {\,}>2, nocaedosameavrocmv noso-
orcumenvruir wucen, maxue wmo X € GM?, o, € Ry, r; € Ry \JO u B; € R. Ecau ona f € Lg(TQ)
PAO:

Z | Aowi 1 — )‘gn*m | Eggl T Z | AYr A? o2t | EQ,Q (P
v1=1 vo=1
+ Z Z ’ )\31/1721/2 - )\gul—lQuQ ’ _)\gulzuz—l + )\21/171721/271 | Eg£1+y2_2<f)p
vi=1rv2=1
crodumces, mo CYwecmsyem p € LO(TQ) ¢ padom Dypve a(f, A, 51, fa) u
lell, <N +Z [ Ao g = A | By (o
vi=1
Y N = N | B, (1),
V2—1
1
+ Z Z | A2u1 2v2 T 2u1 1 9va | Agul ov2—1 + )\qu 1ova—1 | EQV1+V272 (f)P)97
vi=1v9=1
0 6
E ;( ) ) <>‘2m1 1 oma— 1EQ:n1+m2 + Zl | )‘2V1 2m2—1 )‘2V1 2me—1 | Eg);1+m27l(f)p)
V1
+ Z | A2m1 1 ,2v2 Agml—lzuz—l ‘ E%;2+m171(f)P)
vo=my
1
+ Z Z | A2u1 21/2 21/1 1 21/2 )\gy172u2—1 + Ag’/l_172”2_1 | Eg;1+u272(f>p)8.

vi=miy V2=mz2
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O IIOTOYEYHOI SKBUBAJIEHTHOCTU KOHYCOB ®VYHKIINN
C yCJI10BUAMUN MOHOTOHHOCTHN

I'.2K. Kapmipirnuaa

Kapl'V umenu E.A.Byxemosa, Kapazanda, Kazaxcman
FE-mail: Karshygina84@mail.ru

[Ipn m3yvyennn mopsi/IKOBLIX HAaKPBIBAHUIM BBEEHHBIX KOHYCOB MBI CYIECTBEHHO OMTMpaeMcs Ha
pesyibrarsl pabor [2,3]. Hepes Lo = Lo(S, X, 1) 0603HAIMM MHOXKECTBO [i -U3MEPUMbBIX Belle-
CTBEHHO3HAYHBIX (DYHKITHI

f:S—=R, Li={f€eLy: >0}

Onpepenenne 1 /19 GyHKIIMOHATBLHON HOPMBI p BBEJIEM aCCOIUMUPOBAHHYIO HOPMY

p'(g) = sup /fgdurfGLJ, p(f) <1y, g€ Ly.
S

Hna f € Ly, obosnaaum wepe3 A\f(y) = puf{x € S : |f(x)] > y}, y € [0,00)- Jleberoy dynk-
nuo pacupesesenns. Uepes Ly o6o3uaunm MHOKeCTBO (byHKImil f € Lo U KOTOPBIX A 7(y) me
TOXKIeCTBeHHa OeckonednoctH, T.e. Jyo € [0,00) 1 Af(yo) < oo. Hma f € Lo BBeeM yObIBAIOLLYIO
IIepeCTaHoBKY f* Kak IpaByio obparmyio GyHKIuo K yobBaomeit dynkmun Ay [1] Te.

f7(t) =inf{y € [0,, 00) : Af(y) < t}, t € Ry = (0, 00).

Ussecrno, uto 0 < f* |; f*(t+0) = f*(t), t € Ry; ; f* paBHomsmepuma c | f| r.e. ui{t € R, :

f5(t) > y} = A(y), vy € [0,00) kpome Toro, msa f € Ly mmeem: A\f(y) — 0 (y = +00) <

|f(x)| < oo, (p-m.B.) Ha S. Onpenesaum oTHOMEHUs TOpAIKa i DyHKIMI U3 -Lg
f=ge () < g"(t); 1€ (0,1u(59)) (1)

f=g9e Off*(T)dT < Ofg*(T)dT; te(0,u(s). (2

Ornomenue nopszka (2) mogaumeno oraomrennio (1); oba OHM HOJINHEHDI TOTOYETHO OIEHKe
(p-11.B.). DKBUBAJIEHTHOCTH (DYHKIHNI B CMBIC/Ie OTHOIIEHH (1) O3HAYAET NX PABHOM3MEPHMOCTD.

Omnpenenenne 2 Ilycrs p ecth dyukimonaibuas HopMma. Ckaykem, 9TO p COTIacoBaHa C OTHO-
nenueM mopsijika < ecom i f, g € Ly, f < g umeem p(f) < p(g).

Omnpepestenne 3 OyHKIMOHAIbHAST HOPMa 0 HA3BIBAETCsI [IEPECTAHOBOYHO MHBAPUAHTHOI, €C/Ii
OHa COrJIacOBaHa ¢ oTHoIeHHeM mopsiyka (2) T.e. f* < g* = p(f) < p(g).

Banaxopo dyHKnnonaabHoe mpoctpanctBo X = X (p), MOpOXKIEHHOE [EPECTAaHOBOYHO MHBA-
pUaHTHON (DYyHKIMOHAJIBLHON HOPMOW p OyjJeM Ha3bIBaTh IEPECTAHOBOYHO MHBAPUAHTHBIM ITPO-
crpancteoM (kpatko: IINTT). Iyers K, M C L{ - xomycnbl dbyHKIHil, cCHAGKEHHBIE TOJOKHTETHHO
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OJITHOPOJIHBIMH HEBBIPOXKIEHHBIMU (DYHKIMOHAJIAMU P U Ppr T.€.
pr: K —[0,00); he K= ahe K,a>0; pg(ah) = apk(h);
pr(h) =0= h =0, p— - n.B. u anasgoruyano jya py(h), h € M.

Onpenenenune 4 Konyc M 1mopsiikoBo HAKpbIBaeT KOHYC K ¢ KOHCTaHTAMU HaKPbIBaHUA ¢y € Ry
u ¢1[0,00), ecau st moboit hy € K wHaiigercsa hy € M Takast 910

pr(h2) < pr(h1), b < ho + cipg(ha).
Ob6o3nauenne MoOpsIKOBOrO HAKphIBaHusg Konyco: K < M.

Onpenenenune 5 Konycer K, M Ha3biBaeM MOPsIKOBO SKBUBAJEHTHBIMU, €CJIM OHU B3aUMHO I10-
PSIKOBO HAKPBIBAIOT JpyT sipyra. Obo3HateHne mopsakoBoil sxkpuBajienTHocTn: K ~ M < K <
M< K.

Eciu ornorenue mopsijka < COBIJIAET C MOTOYEYHON ONMEHKON (DYHKIHI - 11.B., OyJeM ro-
BOPUTH O TIOTOYEYHOM HAKpbIBaHUHM KOHycoB n mucarb K < M. Urak, npu K < M npumer Bu;

pr(h2) < copr(ha), k1 < he + c1pi(hy), (p— 1m.B.).

ITorouyeunas 3KBUBAJICHTHOCTD KOHYCOB O3Ha4aeT UX B3anUMHOE IIOTOYCYHOC HaKPbIBaHUe U 000-

saavaercss: K = M. Utak, K 2 M < K < M < K.
Myers E ects AT B4(0,T) = {g € BAR,): g(t) =0, t€ [T,00)}.

BresieM KOHYCHI HEOTPHUIIATETHHBIX (byHKLH/Iﬁ na Ry :

K(T):K%E(T):{h()_hg, fch t,7)g(T)dr : gEEi(O,T)}, (3)

K(T) = f(%E(T) = {h( ) = h(g;t ff¢ (t,7)g(r)dr: ge€ Ei(O,T)}, (4) Cnemyio-
Uil pe3ysIbTaT JaeT yCIoBus, FapaHTprIonme MOTOYETHYTO SKBUBAJIeHTHOCTD Konycos K, 7(T)
u K o 2(T).

Teopema 1 1. B obosnauenuax u ycrosuax (1) - (4) umeem mecmo nomouewnoe naxpueanue

K, 5(T) < K, p5(T)

€ KOHCMAHMAMU HAKPLIBAHUA ¢y < 2, ¢1 = 0.
t
J pdr
P 0
2. Ilycmo evinoanenv, ycaosus wacmu 1 u ewe A, = Supye(o 1) Ty < 0o
Toz0a, .
Ko p(T) < Ky p(T)

¢ KONCMANMAMU NaKPuearus c¢p < 2A,, ¢p = 0.
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9KBUBAJIEHTHBIE HOPMBbI ITIPOCTPAHCTBA
C MVYJIbBTUBECOBBIMU ITPOMN3BOJHBIMUN

K. A. KeynmumxkaeBa

EHY um. JI.H. I'ymunesa, ya. Camnaesa, 2, Acmana 010008, Kazaxcman
E-mail: zh.keulimzhayeva@mail.ru

[Iycrs I = (0,1), n — marypajabHoe ducio, p; : I — R, i =1,2,...,n, — nojoxurejbHee Ha |
dyukiun Takue, 9o t : 0 <t < 1

1
pil=—€eli(t,l), i=1,2...n—1, pte€Lyt1), 1<p <. (1)
Pi
Ob6osnaunMm 4gepes AC’;{’C([ ) coBokymHOCTH yHKnuit f : [ — R JI0KaJIbHO abCOJIOTHO HEIPEPhIB-
upix Ha I BMecre ¢ dynkuusvu DY f(t) = pe() LD f(t)upuk = 1,2, ...,n—1, rae DOf(t) = f(t).
n £ loc n
[Tycrs W},(I), 1 < p < oo,-npoctpanctso dynximmit f € ACPY(I), nisa xoropuix ||D2 f|lyr <

00, rze || - ||p; — obbrunas HOopMma npocrpancrsa L,(I) mpu 1 < p < oco. Ilycrs Boime u jasee
st =1
I[Ipocrpancreo W}',(I), korma p; = t%, a; € R, i = 1,2,...,n, uccuenosano B paborax [1], [2] u
3]
13 ycnosns (1) criefyer, 910 CymecTBYIOT KOHewHbIe Besmamubl lim Dif(t) = DLf(1), i =
t—1-
0,1,....n—1, g Beex f € W;fﬁ(l). [TosTomy dyHKITMOHAT
n—1
| £lw, o) = 105 £ s + D 1D (V)
i=0
ABJIAIETC HOpMOit B ipoctpanctse W) (1).
Hua 1,7 =0,1,...,n — 1 onpenennm by K, n I_(j,iﬂz
T tj tiyo
Kj,i+1(x75) = (—1)]1/p]1(tj) /p]_ll(tjl) / p;_’_ll(ti+1)dti+1dti+2...dtj
1 x x x

Kjii(a,5) = /pj1<tj)/pj—11(tj—l>“‘ / piir(tivr)dtivadtips...dt;

s t; tito

uput j > i, Kiip1(2,8) = Kij(z,8) =1n Kji1(2,8) = K i41(z,s) = 0 mpu j < .

n—1

Pacemorpum muorounen P,(t) = 3 a;K;1(1,t) mo cucreme dbymxumit {K;1(1,t)}12), rae a;,
i=0
1=20,1,...,n — 1, — meiicTBUTEIbHBIEC YHUCJTIA.
B pabore [4] noxazano, uro gna xaxzoit bynxmun f € W)(I) cymecrsytor wucna a; = a;(f),
i =0,1,...,n — 1, Takue, 910 linr}r ij[f(t) — P,(t,f)] =0, ¢ =0,1,...,n — 1, Torma u TOJLKO
TOIJIA, KOIJIa 0
t
[ o7 ORI ltyds < oc, ek (2),

0
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ansg Beex ¢ = 0,1,...,n — 1, Ipu 3TOM UMEIOT MECTO MPeJICTaBIEHNA

t

Za] Kji(1,) ‘|'/P;l(s)[_(n—l,i+1(t>S)Dgf(s)ds

0

ang Beex 1 =0,1,...,n — 1.
[Iycts N ={0,1,....,n—1}. IIycts Ny C N u Ny C N rakue, uro Ny Ny =0 u Ny UNy = N.
Eciu Ny # 0 u Ny # 0, To nonoxum Ny = {iq, 2, ..., i}, No = {Jj1,J2, -y jm} u k + m = n.

Teopema 1 ITycmv 1 < p < 00 u swinoaneno (2). Ecau Ny =0 u Ng = N, mo ¢ynxyuoran
n—1
1l oy = 10250+ 3 las ()
j=0
a ecau Ny # 0 u Ny # 0, mo dpynxyuonan

1F v oy = 1Dl + Z Dy f(1) !+Z Jaj, (f

oxeucanenmmv. nopme || fllwr  npocmpancmea W' 5(1o).

Pabora Boimosinena npu hunancoBoii mojiep:kke Munucrepersa nayku u ooOpaszoBannsa Kazax-
crana, ['paar Ne AP05130975.
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SOME NEW INEQUALITIES FOR THE FOURIER TRANSFORM
A.N. Kopezhanova

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: Kopezhanova@yandez.ru

Let

f(t) = \/%/_ f(x)e "™ dx, t € R,

be the Fourier transform of a function f € L;(R).
Let 1<p<2,p = p and 0 < ¢ < co. Then we have the following inequalities

||f||Lp/(R) < allfll,m, (1)

1z, @) < c2llfllL,. @) (2)

where L, ,(R) is the classical Lorentz space. These inequalities are called the Hausdorff-Young
inequality and the Hardy-Littlewood-Stein inequality, respectively, (see e.g. [1]).

Note that these inequalities (1) and (2) hold with equality for p = ¢ = 2 (Plancherel’s theorem)
but do not hold in general for 2 < p < oco.

Let 0 < p,q < 00, M be the set of the segments [a,b] in R and |e| = b — a.

The net space N ¢(M) is defined as the set of all measurable functions f such that the

quasinorm
1
i adt\«
bgon = ([ (@#70.00)" %) <o
0

£l ary = sup s
>0

for ¢ < oo, and

for ¢ = oo, where f(t; M) := sup| ‘
le|>t
ee M

These spaces were introduced in [2] (see also [3]).
__ The main aims of this work are to derive the sufficient condition so that the Fourier transform
f belongs to L,-space (1 < p < 00) and to obtain conditions so that the norm of the Fourier

transform f in L,-space (1 < p < o0) has both upper and lower estimates.
The total variation of the function f, defined on an interval [a,b] C R is the quantity

[(f) = s%pz |f(@iv1) = [(@i)],
i=0

where the supremum is taken over all partitions of [a, b]:
VB:a=ro<r<..<x,=b, neZ,.

We say that the measurable function f(z) € V([a,b]) if V2(f) < oo.
The main results read as follows.
Theorem 1. Let 1 < p < oo and f € L1(R). If f satisfies the condition

(Z (2é“fv2k<f>)”) "o,

keZ
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then fe L,(R) and the inequality

||ﬂ|Lp <ec (Z (25‘/%(”),9) b

keZ

holds. Here the constant ¢ does not depend on f.
Theorem 2. Let 1 < p < oo. Assume that the function f satisfy that there exists ¢ > 0 such that

<o 5 [ o

|>2k
ee M

Then Hf||L ) < oo if and only if || fl[n, < oo and, moreover,

1N ey = 1l a0

The author was supported by the grant no. AP05132071 of the Ministry of Education and
Science of Republic of Kazakhstan.
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KOSPIIUTBHBIE OHEHKN J1J1d OJHOI'O
JANPOOEPEHITVAJIBHOT'O OITEPATOPA
HA OCH B IIPOCTPAHCTBAX MVJIBTUIIJINKATOPOB

A.C. Kacoivm, JI.LK. KycaunoBa

FEHY um. JI.H. l'ymunesa, 2. Hyp-Cyaiman, Pecnybauxa Kasaxcman
FE-mails: kassym.aizhan@gmail.com, kussainova.leili@gmail.com

PaccmarpuBaercs onepatop

Lof = —as(x)f" + ay(x) f' + ao(z) f,

sajansblii B kiaacce C§O(1), 1 = (0, oo) ko3bdunuentst ag € Lojo(l), ai, as € Lyo(I), az > 0,

dpj

Mepbl [t; B I ¢ IJIOTHOCTBIO = a , 7 = 0,2 abcoyroTHO HENpepPbIBHBI B | OTHOCUTEILHO MEpbI
J dx

Jlebera. ITycts W = I/V2

[e.°]
(an.a0) ~ Honoumsenne Cg°(I) mo Hopme
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fllw = llazf"]l2 + [laof] 2,
-1l =11+ lz,m)- (1< p < 00)

Teopema 1 Ilycmo
A = sup(/ ay > (t)dt - /a%(t)dzf)l/2 < 00
>0

0 T

o0

1
Ay = sup(x/v_(t)dt)1/2 <=,
>0 2

20e
v_(z) = max{0, —v(z)}, v(x) = (2a0(x)as(x) — ai(x))/a3(x).

Tozda: a) onepamop Loy donyckaem samxnymoe pacwuperue 6 I/V2 ; b) samwvkanue L onepa-

(a2,a0)

mopa Lg 6 W umeem obpammvLl onepamop.

(a2,a0)

IIycts R4 - coBoKymHOCTD Beex byukumii R(t) = ¢y + ¢1t, 1y KOTOPBIX ffrd |R(t)[2dt =1,
x4d

S(z,d;ag) mf / lao(t) R(t)|dt.

[Tycts v - mosoxkuTeIbHAST HenpepbiBHast ByHKIUA B 1. 3anuck (as, ag) € 11, 6yjaer o3Ha4aTh, 9TO

ztv(z) 1/4

v(x) [ S(z,v(z);ao) / ay *(t)dt >1, 2>0.

T

Hamnee yers (f € Lipe(1))

Mf@) = s W (/) Fldt, Ay) = [y.y + v(w),

2

Ko(f) =suw | [ (Mor(e) 2
>0
A(z)
[Iycrs (X,Y) - yuopsijioueHHasi mapa OPOCTPAHCTB € HOPMOM, 9JIEMEHTAMU KOTOPBIX SIBJISIOTCS
byuxmm f: I — R. M(X — Y) - npoctpancTBo MynbTuiLinkaTopos Ha mape (X,Y). [1]
Teopema 2 IIycmo (az, ag) € 11, K,(a;?) < 0o, u nycmo cywecmsyem makoe n € (0,1), umo

x4v(x)

mo(z)™ / lao(D)|2dt < S(, v(x); ao).

xT

Toeda W, 00y © M (W3

,(a2,a0)

) = Wf([)) Hopwma

(a2,a0)

1y + M(W3(0y.a0) = WEIDI < € ([lag |2 + Ko(az®) + Ku(ag?)) [yllw-
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2
CaencrBue 1 /lonycmum, wmo W27(a27ao
cmeyem maxoe K > 0, wmo

) GAOJICEHO 6 HOPMUPOGANHOE NPOCTNPAHCIMGO X u cyue-

llazf"|l2 + llaofllz < K (ILAll2 + [1f11x) s f € W5 (ay.00)-

Iyecmv £ momy orce svinoarenv. ycaosus meopemvs 2. Tozda

1f = MW 0y 00) = WP < K ([lag ]2 + Ko(ay?) + Ko(ag?) (LIl + [1F[]x) -

3ameuvanue 1 [lonrooscum
z+h
h(z) =inf { h™*: h™* > S(x, h;ap) / ay 2 (t)dt

h>0
xX

Ecau
0 < h(z) < oo, x>0,
mo (ag, ag) € IT, omnocumenvro v(x) = (h(x))~V4,

Pa6ora BermosiHena npu momgep:kke rpaata AP 05133397 MOH PK
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ANALYSIS OF P-Q-SUB-LAPLACIANS ON STRATIFIED LIE GROUPS
A.S. Kabdulova
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In this talk, we discuss the uniqueness of the positive solution to a nonlinear differential equation
for the p-g-sub-Laplacian on the stratified Lie groups.

Let G = (R¥,0) be a Lie group on RY by the composition law o. We say that G is a stratified
Lie group if it satisfies the following conditions:

1. There exists an r-tuple of natural numbers Ny + Ny + --- + N, = N, such that the dilation
Oy : RN — RY given by

on(my, .. an) = Az, A™zy)
is an automorphism of the group G for every A > 0. Here 2/ € RYi fori =1,...,r.

2. If Ny is as (a), let Wy, ..., Wh, be the left invariant vector fields on G such that W;(0) = a%j]o
for j=1,...,N;. Then
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rank(Lie{Wy,..., Wn,}) =N
holds for every x € RY.

If two conditions shown above are satisfied, then we say that the triple G = (R, o0,4)) is a
stratified Lie group (or a homogeneous Carnot group).

Here r will be called step of G and the vector fields Wy, ..., Wy, are called the (Jacobian)
generators of G. Any basis of span{WVy,... , Wy, } is called a system of generators of G. The
number @ is called the homogeneous dimension of stratified group G. Here we have

k=1

For the horizontal gradient we use the following notation
VH = (Wl, ceey WNl)'

The Lebesgue measure dr on RY will be the Haar measure for G = (RY o,6,). The notation
u € CY(2) means Vyu € C(Q), where Q@ C G an open set. We refer to a recent book [1] for
further discussions in this direction.

We also use the functional spaces gl’p(Q) ={u:Q — Rju,|Vyu| € LP(Q2)}. Let consider the

functional )
Jp(u) = (/ |VHu|pdx)p7
Q

then we define the functional class S™?(£2) to be the completion C}(Q) in the norm generated by
Jp. The operator

Emu =Vyg- (]VHu]p_QVHu) + Vg - (‘VH’LL‘q_2VHU), l<p<oo, 1<qg< oo,

is called p-g-sub-Laplacian.
Let 2 C G be a bounded open set with smooth boundary 0€2. Let us consider the Dirichlet
boundary value problem

—L,u=F(z,u), u>0 in§Q,
{ P,q ( ) (1)

u=20, on JL.

Here 1 < ¢ < p, F(z,u) = Fi(z)Fy(u) where F| is a non-negative bounded function, and F :
(0,00) — (0, 00) satisfies the conditions:

1. Fy(u) is a non-decreasing function,

2. Fy(u)u'~® non-increasing for some « such that 1 < a < g.
Theorem. The Dirichlet boundary value problem for the p-q-sub-Laplacian (1) has at most one
solution.

Reference

[1] M. Ruzhansky, D. Suragan, Hardy inequalities on homogeneous groups: 100 years of Hardy
inequalities. Progress in Mathematics, Vol. 327, Birkhauser, 2019. xvi+588pp.
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BOUNDEDNESS OF RIEMANN-LIOUVILLE
OPERATOR FROM WEIGHTED SOBOLEV SPACE
TO WEIGHTED LEBESGUE SPACE

A.A. Kalybay!, R. Oinarov?

U KIMEP University, Almaty, Kazakhstan
2L.N. Gumilyov Eurasian National University, Nursultan, Kazakhstan
E-mails: Ykalybay@kimep.kz, 20 ryskul@mail.ru

Let I = (0,00), 1 < p,qg < o0, %—l—ﬁ = 1 and %—l—& = 1. Let v, p and w be functions
non-negative on I such that v?, p?, w9, p~* and w7 are locally integrable on I. Denote by

VVp1 (p,v) = VVp1 (p,v,I) the space of all functions locally absolutely continuous on I having the
finite norm

1wy = oS llp + o fllp,

where || - ||, is the standard norm of the Lebesgue space L,(I). Let AC(I) be the set of all locally
absolutely continuous functions with compact supports on I.

Denote by Wl(p, v) = Wl(p, v, 1) the closure of the set AC' (1) N W, (p,v) with respect to the
norm of the space W} (p,v).

Let L,, = Ly(v, I ) be the space of all measurable functions / with the finite norm || f||,., =

[0 flp-
We consider the problem of boundedness from the weighted Sobolev space I/i/pl (p,v) into the
weighted Sobolev space T/Vp1 (u,w) the Riemann-Liouville fractional integration operator I,, a > 0

xT

I.f(x) = /(m —5)* f(s)ds, w€l, (1)

0

i.e. the fulfillment of the inequality:

lwlaflly < Clpf Nl + 0f 1), | € Wy(p,0). (2)

In the case p = 0, the validity of the inequality (2) means the boundedness of the Riemann-
Liouville operator I, from Ly, to L.

There are many recent works devoted to this problem. However, problem (2) has not been
previously investigated.
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HARDY-LITTLEWOOD-SOBOLEV AND STEIN-WEISS
INEQUALITIES ON HOMOGENEOUS LIE GROUPS

A. Kassymov

Department of Mathematics Ghent University, Belgium
Al-Farabi Kazakh National University, Almaty, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan.
E-mail: kassymov@math.kz

In this talk we prove the Stein-Weiss inequality on general homogeneous Lie groups. The
obtained results extend previously known inequalities. Special properties of homogeneous norms
play a key role in our proofs. Also, we give a simple proof of the Hardy-Littlewood-Sobolev
inequality on general homogeneous Lie groups. Let us give HLS inequality on homogenous Lie
groups.

Theorem 1 Let G be a homogeneous group of homogeneous dimension Q) and let |-| be an arbitrary
homogeneous quasi-norm on G. Let 1 <p < qg<oo, 0 < A <@, %1 = ]13 + % —1, and u € LP(G).
Then we have

s ullza@) < Cllullzr), (1)

where C s a positive constant independent of u.
Next, let us give second main result,

Theorem 2 Let G be a homogeneous group of homogeneous dimension Q) and let |-| be an arbitrary
homogeneous quasi-norm on G. Let 0 < A < @, 1 < p < 00, o < 1%7 B < %, a+p =0,
1 _ 1 otB+r 1,1 1,1
T 0 1, wherep—i—p,—l andq+q,—1. Then for 1 < p < q < oo, we have

27 Iyl o) < Clllalullzoe)- (2)

where C' 1s positive constant and independent by wu.
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The author was supported by the MES RK grant AP05130981.
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O MVJIBTUIIJINKATOPAX B BECOBBIX
ITPOCTPAHCTBAX ITIOTEHIINAJIOB. ITPNJIO2KEHN A

JI.LK. Kycaunosa', A.A. Illkamukos?, I. Mypar®

YWBEHRY um. JI.H.Iymunesa, Hyp-Cysman, Kaszaxcman
2MI'Y um. M.B. Jlomonocosa, Mockea, Poccus
E-mail: muratgulnar1 988@Qqgmail.com

B pabore paccMaTpuBarOTC BECOBbIE TPOCTPAHCTBA ITOTEHIUATOB H ) (p,vs), s >0,1 < p< o0,
vs(z) = p(z)h*(x), tae p u h(-) — nmonoxkurenabhuble GyHKINM, 3aanHble B obtactu 2 C R" u
yaosersopsronme yeaopuam: 1) 0 < h(z) < 1, 2) Q(x) = Qpey(x) C £, 3) cymecrsyer Taxoe

» > 1, 9To
- h(y) 5 3
< rly) y) < = - .
B,ILGCB HpI/IHHTbI 0603HaquHs{: st d > 0 xky6 Q = Qu(x) = {y € R" @ |yp — x| < d/2, k =

HyCTb {Q(xj) Q(a:] )}j=1 — ABoitHOE KOHEYHOKPATHOE 1 KOHe‘{HOpa:BILeJH/IMOG NOKPBITHE THIIA
Besukosnua-I'yemana, Bbiesennoe u3 cemeiicrs {Q(z), = € Q} (Q(z) = ( Nu{Q(x), z € Q);

{1;}j>1 - pasOuenne eIUHUIBI, COOTHECEHHOE JAHHOMY IIOKDBLITHIO () @/Jj = 1, supp(¢);) C éj ,
0<v¢; <1,¢; =1mna@). Cum. 3], [4] Hanee uycrs F - oneparop ®@ypse, J,f(x) = F~1(1 +
EVPFf(x), (€ =Y1_,&, £ € R"). O6osnaunm uepes Hy(p,v,) nonommenue knacca C5°(Q) mo
HOPMeE

. , 1/p
15 Hy (. 03) | = | 3 (0 @I DIl + i)l 1) | (2)
i>1
|-l = I - lz,(2)- Bce nopmer Buza (2) nomapmuo sksusasenTHBI B Kiaacce Cg°(€2).

[Tycrs v > 1 —Bec B R™, yioBierBopsitonuii ciabomy yeioBuio (As), m > 0 - mesoe, mp > n.
B srom ciryuas dyukius ("6eryias cpennssi Orenbaesa)

v* =sup{d > 0: dmp"/ vdy < 1}
a(@)

HOJIOZKUTENIbHA 1 HenpepbiBHa B R™, a h(x) = v*(x) ynosrerBopsier yeiosusm 1), 2) u 3) ¢ » = 4.
3ameTnM TakzKe, ITO UMEIOT MECTO BJIOZKEHHS

HY (p,vy) = H)' (p,vm) = W) (p,v) = Hy'(p,vg), 0<s1<m < sp.

Hepes W (p,v) obosnaueno secosoe mpoctpanctso Cobonesa. Ilo onpenenenmio Wy (p,v) ecth
nonosiHerne kiacca CH°(€2) mo Hopme

1/p
I W (p.0)ll = / (07(@) [V f17 + 0(2) f17 ) da
Q
B HEKOTOPBIX ciydasX BO3MOYKHO COBIIAJIEHUE Hg ( 0s vs) C BECOBBIM IIPOCTPAHCTBOM H ;(0"“, 0“*”),

BBejlenHoM B |7]. Hanpumep B ciiydae orpanuuennoit obnactu ais h(z) ~ dist(z, Q) ~ o7 (z),
p(z) ~ o"?(x).

[Iycrs (X, Y)- ynopsinouennas mapa 6anaxoBbix npoctpancts dyukiwit f :  — R(C), M (X —
Y')-mpocrpanctso Beex 7 : 2 — R(C), s xkoropsix oneparop ymuoxennst 1, f = v f neiicryer
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u3 X B Y n orpammden. v € M(X — Y) naspBaior mysaprumimkatopoMm Ha mape (X,Y). Ilo
ompezgenenuio ||y : M(X — Y)|| = || T,|lx=y- B [1], [2] u B [5],[6] 6butrr mosydenst onmcamnms
MYJTBTHILTEKATOPOB Ha Hape npocTpancTs (H0, Hs1) Gecce/leBbIX TOTeRIMAIOB W ObLITH PAaCKPBI-
ThI BasKHBIe 3HaveHust npocrpancts M(H® — HJ') (—oo < s1 < sp < 00) B HCC/IEIOBAHUAX
s depeHnnanbHbIX OIEePATOPOB ¢ CUHIYIIIpHbIMU Koddbduiuenramu. B ganHoit pabore mpoiosi-
JKeHbl UCCIIEIOBAHUA B YKA3aHHOM HAIIDABJICHUN B BECOBBIX mpocTpanctsax Hj(p,vs) (s > 0)
00001IIeHHbIX (PYHKIINI B IPOU3BOJIBHOI N-MEpPHOIi 00JI1acTH.
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INVERSION THEOREMS FOR FOURIER TRANSFORMS
K.T. Mynbaev!, C.B. Martins Filho?

! Kazakh-British Technical University, Almaty, Kazakhstan
2 University of Colorado, Boulder, CO, USA

E-mail: kairat_ mynbayev@yahoo.com

Let F denote the Fourier transform and F~! its inverse:

(FF)(s) = / FHAR(t), (FF) () = & / AP (s).
R 21 Jr
Here F'is a distribution function on the real axis. Inversion theorems deal with recovering F' from
its Fourier transform ¢ = FF.
Fourier inversion theorem: if f,¢) € Li(R), then F~ !¢ = f a.e.
Problems arise when 1 is not integrable. In this area, there are three types of results:
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1. recovering F'(x) when z is a continuity point of F,
2. recovering F(z,y) = F(y) — F(z) for z < y continuity points and

3. recovering jumps of F.

We prove new results in all cases. For case 1), the format of the inversion theorem is new. For
cases 2) and 3), the format is not new but the bounds on convergence rates are. Our approach
establishes a unified framework for theorems by Lévy, Borovkov, Lukacs and Mynbaev and links
them to nonparametric estimation of distribution functions.

This project has been partially supported by the grant AP05130154 from the Ministry of
Education and Science of the Republic of Kazakhstan.
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ITPEOBPASOBAHUE ®YPHE U KJIACCHI JIUIIITIUITA
A.B. MykaHoB
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FE-mail: mukanov.askhat@gmail.com

[Iycts 0 < a < 1 m Lip a — xmacce Jlunmuna, T.e.,
Lip a = {f € C([0,27]) : w(f,d) = O(6")},

rie w(f,d) = sup || f(z + h) — f(z)|c — Momyns menpepbiBHOCTH byHKIMHT f.
|h|<d

B 1948 roay Ixx. Jlopenr [4] mokaszan ciemyornyo Teopemy.

Teopema A. ITycmo unmeepupyemas na [0, 271 gynwyus [ umeem pad Oypve G+ z_:l(an cosnr+
by, sinnz), npuuem {an}>2 o, {bn}2 | AcAAIOMCA HEBO3PACMANOUUMY HEOMPUUATMENDHBLMU NOCAE-

dosamenvrocmamu. Toeda daa mobozo 0 < o < 1 yecaosue f € Lip a swnoansemea mozda u

moavko mozda, k0206 a,,b, = O (nalﬂ) npu n — 0o.

Teopema Jlopenriia 6118 HeogHOKpaTHO 0600meHa. B Hegapueit pabore M. M. Hpsuenko n C.1O.
Tuxonosa [3] reopema Jlopenna Gbuia gokazana s psagoB Pypbe ¢ 0606IIEHHO MOHOTOHHBIME
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kodddurmentamu. B ykazannoit paboTe B OTIMYME OT JIpyrux obodOiieHuii Teopembr Jlopenia
ABTOPBI HE HAKJIAIBIBAIOT YCJIOBUAS HEOTPHUIATEIbHOCTH Ha KodddurmeHTsl Oyphe.

OTMmeruM, 9TO OpuUrnHajbHas Teopema JlopeHIa gB/sgeTcss YaCTHBIM CJIydaeM CJIEIYIONIEero pe-
syabrara Boaca [1].

Teopema B. ITycmv unmezpupyemas na [0, 27] dynxyus f umeem psad Qypve L+ (a, cosnx+
n=1

by sinnx), npuuem {a, 22, {bn}o, AsAAIOMCA HEOMPUUAMEALHUMU NOCAEIOEAMENHOCTIAMU.
Tozda das arwbo20 0 < a < 1 ycaosue f € Lip a swnoansemes mozda u moavko moeada, ko2da

S = O (), T by = O (3%) npu n— oo,

B 2008 romy ®@. Mopurtiem [5] 6b11 10Ka3al aHaaor TeopeMbl boaca B HEIIEPUOJAUIECKOM CIIyvae,
T.e., s npeodbpazosanus Pypwe. [loznnee pesyabrarer Mopuiia 6bun 06001IeHB B padboTax B.
®yrrom, B paborax B.U. 'omy6osa u C.C. Bosocusna u B apyrux paborax (cm., Hanpumep, [2]).

B nanuoii paboTe MBI I0OKa3bIBAEM aHAJIOr TeopeMbl JIopeHia, moJrydeHHblil B pabote [3] B Here-
PUOINIECKOM ciiydae. Mbl paccMaTpuBaeM CJIeIyroIuii Kjaacc 00001eHHO MOHOTOHHBIX (OYHKITHIA.

Onpenenenune 1 Oynknua [ : R, — R jiokaabHO orpaHMYeHHON Bapualii HA3bIBAETCH 0000-
IIEHHO MOHOTOHHOM, eciin cyiecTByioT C' > 0, A > 1, Takue 410 Jijisd J11000r0 & > () BBIIOJTHSETCS

HepaBeHCTBO
Az f
/ df (1)

OCHOBHBIM PE3yJIbTATOM HACTOAIIEH PAOOTHI SIBJISIETCS CJIEIYIONIAas TEOPEMA.

Teopema 1 [lycmo f € Li(Ry) N Cy(Ry), u f — cunyc- (uau Kocunyc-) npeobpazosanue Pypve
dynryuu f. Hycmo maxorce f asasemesn 06006uernno monomornnot gymryuet. Tozda dis 06020

0 < a <1 ycnosue f € Lip a svnoanaemes mozda u mosvko mozda, xo20a f(y) =0 (ﬁ),
y > 0.

Asrop 6bu1 Iojepkan rpantom AP05132071 KH MOH PK.
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ON THE INTERPOLATION PROPERTIES
OF THE INTEGRAL OPERATOR IN ANISOTROPIC SPACES

Zh. Mukeyeva, E.D. Nursultanov

L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan
E-mail: zhazira.mukeyeva@bk.ru

In [1], [2] the criterion for the quasi weak boundedness of the integral operator was obtained in
the Lorentz space. In this work we have investigated the boundedness of integral operators in the
anisotropic Lorentz spaces. We have received the criterion for weak boundedness of the integral
operator in these spaces and have proved the Marcinkiewicz-type theorem for integral operators
in these spaces. Let p = (p1,p2) and q = (q1,q2) 0 < p,q < co. We denote by L, o(R?) the
anisotropic Lorentz space [3| with the norm

1
00 é > % %1 % “ dtl i ” dt2 ‘12
1fllLp.q®2) = ty t Rt t) ) — — | ,g¢< o0
' 0 0 131 to

1
Here, for ¢ = oo the integral (fOOO(F(t))q%> " is understood as sup;., F'(t)
Let G C R be a measurable set. We denote by e2(G) and e (G, x3):

62(G> = {.1'2 € R, T : R x {.1'2} NG 7é @}
We define for all x5 € e3(G)
e1(G,12) = {z1 € R, w1 : (21,22) € G}

Let t; > 0,13 > 0.
We define the family of measurable sets M, = {G : |e2(G)| = ta, |e1(G, x2)| = 1, V2o €

62(G>}

Teopema 1 Let 1 < p = (p1,p2), 4 = (d1,q2) < 0o. The integral operator

Mﬂmwﬂj/RmemmMﬂ%mMMm

was bounded from Ly 1(R?) to Lqoo(R?) if and only if

1
sup sup ﬁ‘//K(5E17$27y1,yz)d%d@dyldyz < 00.
GJF

t;>0,8,>0 GEMy, 1, FEM q) ,a p1 by
g T 1t2 5152 tll t22 sfl 852

Teopema 2 Let 1 < po = (p?,p3) < p = (pP1,p2) < p1 = (P1,p3) < o0,

Tf(y) = /]RE /K(9€1>$2,yhyz)f(xl,mz)dxldlé-
If

1
M; = sup sup

S —
i gee 0/ s MM U (L4 [ 2))

X
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X // // K (x4, 29, y1, y2)dy1dysdx das| < 00,i =0, 1.
G F
Then , )
1 1 1 1
1T |z, < max M; (‘——— +‘——— ) /1L, f € Ly
= P Di P D

This work was supported by a grant AP05132071 from the Ministry of Education and Science
of the Republic of Kazakhstan.

Reference

[1] Nursultanov E.D., Kostyuchenko A.G. On integral oparetors in L,- spaces Fundam. Prikl.
Mat., Volume.5, No 2 (1999), 475-491.

[2] Nursultanov E.D., Tikhonov S. Net spaces and boundedness of integral operators J. Geom.
Anal., Vol. 21, No. 3 (2011), 950-981.

[3] Nursultanov E.D. On the coefficients of multiple Fourier series in L,-space 1zv. Math, Vol. 64,
No. 1 (2000), 93-120.

HARDY-LITTLEWOOD THEOREM FOR
ANISOTROPIC LORENTZ SPACES

G.K. Mussabayeva, N.T. Tleukhanova, K. Sadykova

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
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The problems of the summability of Fourier coefficients with respect to the regular systems of
functions from the anisotropic Lorentz space are investigated. We obtain the lower estimates of
the norm of the function from the Lorentz space in terms of Fourier coefficients, which refine the
known ones. The results are new in the case of trigonometric series.

The research of the authors was supported by the MES RK grants AP05132590.

October 16-19, 2019 51 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

THE MARCINKIEWICZ-CALDERON TYPE
INTERPOLATION THEOREM

Y.D. Nursultanov

Lomonosov Moscow state university, Kazakhstan branch, Nur-Sultan, Kazakhstan
E-mail: er-nurs@yandex.ru

The interpolation theorem of Marcinkiewicz-Calderon is well known.
Let po < p1, 0 € (0,1), + =504 8.
Then for the quasilinear operator T" the estimate is true

1-0 0
”THLP_)LP < Cp[)yphpﬂ— (”THLpo,T_)Lpo,OO) (||THLp1,T_>Lp1,oo)

where 0 < 7 < 0.

In this work presents new interpolation theorems for integral operators, where the conditions
for the boundedness of operators are given in terms of the kernel of the operator. This approach
allows us to extend the class of integral operators for which theorems of the Marcinkiewicz —
Calderon type hold. The extrapolation type theorems for integral operators are also given.

The research of the authors was supported by the MES RK grants AP05132071.

TEOPEMA XAPIN-JINTTJIBYIA IJIA
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YMIY umernu M.B.JIomonocosa, Kazaxcmanckuti dusvan
2EHY umenu JI.H.Dymunesa, Hyp-Cyasman, Kasaxcman
E-mail: anar_bashirova@mail.ru

Annoranusi. B repmunrax koaddunmentor Oyphe-Xaapa MoTydeH KpUTEPUil MPUHAIEKHOCTH

dbyukiun f(z1,22) cereBomy npocrpanctsy N z(M), rae p = (p1,p2), 1 < p1,p2 < 00, ¢ = (¢1, ¢2),
1 < qi,q2 < 00, M - MHOXkKECTBO BCexX IPSMOYTOJILHUKOB B R?.

[Tycth M - MHOXKECTBO BCeX IIPAMOYTOJbHUKOB @ = Q1 X Qo uz R?, f(zy,x,) — unTerpupye-
Mas dyHKIUs Ha MHOXKecTBe () € M. Oupenesium

f(ti,ta, M) = sup
( b ) IQ1\>t1 |Q1||Q2

2|2t

/ f l‘l,ZEQ)d.Tld(L’g tl > O,tz > O,
1JQ2

rie |Q;| - mmHa orpeska Q.

Iycts 0 < p = (p1,p2) < 00, 0 < § = (q1,q2) < 00. Npg(M) - muOXKeCTBO Beex byHKImit f,
JIIT KOTOPBIX
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0 0 pipii q1 dtl % é
ion = ([~ ([ (& rnan) £)" ) <o

Hanubie npocrpancrsa 6buin BBesenbl Hypeynranoseivm E.JI. [1] u ucnosnbsyiorest B rapMOHU-
YEeCKOM aHAJIM3€e, B TEOPUN MPUOIMKEHNUN U B TEOPUU OIIEPATOPOB.

Toria BepHa ciieryronias TeopemMa:

Teopema 1 Ilyemv p = (p1,p2), 1 < p1,p2 <0, ¢ = (q1,42), 1 < q1,q2 < 00, M - mmooicecmeo
scex napaaresenunedos 6 R?. Tozda, das mozo, wmobw, f € Njz(M) neobxodumo u docrmamouno,
wmobvi das nocaedosamenrvrocmu ee kKoapduyuenmos Oypve-Xaapa {Cpp ey UMEIO MECTNO
ycaosue:

q 1
2 a2

i (i (2’”(5—,31)%(;_?12)0%)@) N

m=0 \k=0

=0 \k=0

P q
b 1 1 1 a a1
HfHNM(M) ~ Z <Z (2m<2”1>+k<2”12>0mk) ) :

Cricok auTepaTypbl

[1] Hypcyaranos E. /1., Cemesvie npocmparcmea u nepasencmsa muna Xapou—/lummasyda. Ma-
Tem. ¢6. , 189 (1998), no. 3, 83-102.

[2] Hypcynaranos E./., Ay6akupos T.VY., Teopema Xapdu—/Tummasyda dan pados Pypve—Xaapa.
Marem. 3amerku. 73 (2003), no. 3., 340-347.

WEIGHTED ESTIMATE OF A CLASS OF QUASILINEAR
DISCRETE OPERATORS

B.K. Omarbayeva

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: gaziza.omarbaeva@mail.ru

Let 1 < p,q,0 < oo, I%—I—I% = 1 and v = {u;}3°, and w = {w;}2, be positive sequences of
real numbers, which will be referred to as weight sequences. Let ¢ = {1}, be a non-negative
sequence of real numbers.

Let 1 < p < oo. We denote by [, the space of sequences f = {f;}52, of real numbers such
that

o0 1

Hpr,u = (Z |ujfj‘p>; < 0.

j=1
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Let p> 1 and 0 < ¢,6 < co. We consider the following weighted inequalities:

(i“‘fﬁ(i’%iﬁ q)g)é<0<i|ujfj!p>;, Vfel, (1)
n=1 k=n i=k j=1

for quasilinear operator Hy, , defines as follow for Vf € [;:

50 q f (Z ‘Spk Z f i
where k € N and C is a positive constant of (1).

In 2008, [2| in the work, considered the three-weigted Hardy-type inequalities. After this work,
V.I. Burenkov and R. Oinarov (see [1]) gained the boundedness of the quasi-linear integral operator
from the Morrey space to the Lebesgue space. In recent years, weighted estimates for various
classes of quasilinear operators are intensively studied in connection with various applications (see
for example [3] and [4]).

Theorem 1 Let 0 < g < p < 0 < oo, p > 1. Then the inequality (1) holds for some C < oo if
and only if max{Fy, Fy} < oo, where

1
7

Fi ::sup(gk:w?(f:cpg>z>é<zu ,) )
j=1 n=j
and

k>1

B (S (S0) 5 (S )7 (54

Moreover, C' =~ max{Fy, F»} with the equivalency constants depending only on k,p,q and 6, where
C' is the best constant in (1).

Reference

[1] V.I. Burenkov, R. Oinarov, Necessary and Sufficient conditions for boundedness of the Hardy-

type operator from a weighted Lebesque space to a Morrey-type space. Math. Inequal. Appl. 16
(2013), no. 1, 1-19.

[2] R. Oinarov, A. Kalybay, Three-parameter weighted Hardy type inequalities. Banach Journal
Math. Appl. (2008), no. 2, 85-93.

[3] R. Oinarov, A. Kalybay, Weighted estimates of a class of integral operators with three
parameters. J. Funct. Spaces. Appl. 44 (2016), 11 pages.

[4] V.D. Stepanov, G.E. Shambilova, On weighted iterated Hardy-type operators. Analysis Math.
44 (2018), no. 2, 273-283.
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STEIN-WEISS TYPE INTERPOLATION
THEOREM OF HAAGERUP NONCOMMUTATIVE HARDY
SPACES ASSOCIATED WITH SUBDIAGONAL ALGEBRA

M. Raikhan, A.E. Uatayeva

L.N.Gumilyov Furasian National University, Nur-Sultan, Kazakhstan
E-mail: mady1029Qyandex.kz

Let M be a o-finite von Neumann algebra on a complex Hilbert space H, equipped with a
distinguished normal faithful state ¢. Let {0} };cr be the one parameter modular automorphism
group of M associated with ¢, and let N denote the crossed productM X,¢ R of M by {07 }ier.
L°(N, 7) denotes the topological x-algebra of all operators on L*(R, H) measurable with respect
to (N, 7). Then the Haagerup noncommutative LP-spaces, 0 < p < oo, are defined by

LP(M, ) = {x € LN, 7): 6,(x) = e v, Vt € R}.

Let 0 < p < 00, K C LP(M). We denote by [K], the closed linear span of K in L’(M)
(relative to the w*-topology for p = 00) and set

J(K)={«": z € K}.
For 0 < p < oo, 0 <n <1, we have that
Let D be a von Neumann subalgebra of M. Let £ be the (unique) normal faithful conditional
expectation of M with respect to D which leaves ¢ invariant.

Definition 1 A w*-closed subalgebra A of M is called a subdiagonal algebra of M with respect
to E(or to D) if

1. A+ J(A) is w*-dense in M,

2. E(xy) = E(x)E(y), Y,y € A,

3. AnJ(A) =D,
The algebra D is called the diagonal of A.

The A always denotes a maximal subdiagonal algebra in M with respect to .
Definition 2 For 0 < p < oo, we define the Haagerup noncommutative HP-space that

H?(A) = [AD?],,  HE(A) = [Ay D],

We obtained the following interpolation theorem.

Theorem 1 Let 1 < p < oco. Then
Chl AT, H'(A)) = iJ(HP(A))

with equivalent norms, where 0 = i.

We have the following Stein-Weiss type interpolation theorem.
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Theorem 2 Let 1 < p < o0, }%—i—ézl,ogngl. Then

-n

C,(HP(A)Ds, DiHP(A)) = Di HP(A)D .

Consequently,

Cy(H"(A)r, HP(A)R) = Co(A”, H' (A)) |51

P

Authors supported by project AP05131557 of the Science Committee of Ministry of Education
and Science of the Republic of Kazakhstan.

Reference

[1] W.B. Arveson, Analyticity in operator algebras. Amer.J.Math 89 (1967), 578-642.

[2] T. N. Bekjan, Szego type factorization of Haagerup noncommutative Hardy spaces. Acta. Math.
Sci. 37B(5) (2017), 1-9.

[3] H. Kosaki, Applications of the complex interpolation method to a von Neumann algebra:
Noncommutative Lp -spaces. J.Funct.Anal. 56 (1984), 29-78.
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ACTUAL PROBLEMS RELATED
TO SOME MINIMIZERS OF FUNCTIONALS

M.A. Ragusa
University of Catania, Italy

I show the advances on the regularity problem and present recent results related to minimizers
u(z): Q — R"
of quadratic and non quadratic growth functionals of the following type
/ A(z,u, Du)dz,
Q
where 2 C R™ is a bounded domain. About the dependence on the variable x is supposed that

A(-,u,p) is in the vanishing mean oscillation class, as a function of x. Then, is pointed out that
the continuity of A(x,u,p), with respect to z, is not assumed.
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GEOMETRIC HARDY INEQUALITIES ON STARSHAPED SETS
B. Sabitbek!, D. Suragan?

L Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: b.sabitbek@math.kz, durvudkhan.suragan@nu.edu.kz

In 1998, Danielli and Garofalo [4] firstly introduced the concept of starshapedness on the
Carnot groups. Their paper provides the geometrical properties of starshaped and convex sets. The
convexity in the Heisenberg groups was studied by many authors such as Monti and Rickly [6] who
proved the geodesic convexity, or by Danielli, Garofalo, and Nhieu [3] (see also [5]) who introduced
the concept of horizontal convexity (H-convexity). Bardi and Dragoni [1], [2] generalised the
concept of convexity to general vector fields and introduced the notion of X'-convexity which is
a generalisation of H-convexity. This analysis allows introducing the distance to the boundary
notation for starshaped sets, so by using the distance formula one can obtain geometric Hardy
type inequalities.

Reference

[1] M. Baldi, F. Dragoni, Converity and semiconvexity along vector fields. Calc. Var. PDE, 42
(2011), no. 3-4, 405-427.
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[3] D. Danielli, N. Garofalo and D.M. Nhieu, Notions of convezity in Carnot groups. Comm.
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Math., 194, Dekker, New York, (1998)

[5] N. Garofalo,  Geometric second derivative estimates in Carnot groups and converity.
Manuscripta Math. 126 (2008), 353-373.
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KOMITAKTHOCTD OIIEPATOPA JPOBHOI'O NUHTEI'PUMPOBAHUA
C IIEPEMEHHBIM BEPXHUM IIPE/IEJIOM

B.H. Ceiinbekos

FEepasuitickuti nayuonarvruid yrusepcumem um./l. H. lymunesa, Hyp-Cyasman, Kasaxcman
E-mail: SeilbekovBolat@gmail.ru

[Iycts 0 < p,g < 00,1 = (0;00),0 < o < 1m %—l—i = 1. Becosple dynkuun v, : [ — 1
HeOTpHIaTe/IbHbIe JIOKAIbHO HHTErPpUPYEMble U u— He Bo3pacTratorias (GyHkius Ha [ .

[onoxxumMm, aToO dl/g—f) = w(x) nourn Bcioy Ha T € [ .

Paccmorpum Bompoc 06 orpanndennoctu u3 Ly, = Ly, ,(I) B L,, = L,,(I) uarerpaabaoro
onepaTop B BUJIA

o(z)
T, — / u(s)Wﬁ(s)f(s)w(s_)ds’ vel
(W)~ W(s)) e

rae Ly, — IPOCTPAHCTBO BCEX M3MepUMBIX Gynkimit f : [ — R, 1j1g KOTOPBIX KOHEUCH CJICIYIO-
it pyHKITMOHAT

1l = l/u VPuw(s)ds | . 0<p<oo

IIpu ¢(x) = x nosyveHsl KpUTEPUN OrPAHNYEHHOCTH U KOMIAKTHOCTH oneparopa 1, u3 L, ., B
L,, B pabore [1|. A B ciryuae, KOrjja KOMIAKTHOCTH JBYXBECOBAasI OIEHKA BBITEKAET U3 PE3y/ILTATOB
pabotsl [2].

Teopema 1 Ilycms 0 < a < 1, é <p<q<ooufB=0. Toeda onepamop T, womnaxmen us
Ly 6 L, mo2da u moavko moada, xo20a 6binosnens Ycao6us:

a)A, =sup Ay(s) < oo b)lim A,(s) = lim A,(s) =0

$>0 s—0 5—00

! 1

©(s) v o a
ede Ay( (f uP (H)WPB(t)w (t)dt) (fW‘Y(a_l)(ac)l/(m)dx)

Crickm uTeparypbl

[1] A.V. Abylayeva, R.Oinarov and L.-E. Persson, Boundedness and compactness of a class of
Hardy type operators. Journal of Inequal. and Appl. (JIA), Ne 324, 2016.

[2] A.M.A6butaeBa, Kpumeputi Komnaxmmocmu onepamopa muna 0pobrozo uHmezpuposaHus no-
padka 0 < a < 1.
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HARDY TYPE INEQUALITY WITH SHARP CONSTANT FOR 0< P <1
A. Senouci

Ibn-Khaldoun university, Tiaret, Algeria
E-mail: kamer295@yahoo.fr

A power-weighted integral inequality with sharp constant for 0 < p < 1 was established in [1]
L : : : :
for the Hardy operator (H f) (z) = = J, f(t) dt for non-negative non-increasing functions f. In
T

this work we consider a more general class of functions f and prove a new Hardy-type inequality
with sharp constant for functions of this class. The integral inequality

/OOO (i /:f(t) dt)pa;a dr < C /OOO (@) 2° d, (1)

where C] = (p_f_a)p, known as Hardy’s inequality, is satisfied for all functions f non-negative
and measurable on (0,00) with p > 1 and a < p — 1. The constant C; is sharp i.e. the smallest
possible (for more details see [2]).

If 0 < p < 1, inequality (1) with any C; > 0 is not satisfied for arbitrary non-negative
measurable functions ( see [1]).

In [1] for 0 < p < 1, inequality of type (1) with a sharp constant was proved for non-negative

non-increasing functions. Namely the following statement was proved there.

Theorem 1 Let 0 < p <1 and —1 < a < p— 1, then for all function f > 0 non-increasing on

(0, 00),
/OOO (é /Omf(t) at)'a dr < C /OOO £(z) 2° de, 2)

where Cy = p_f_a. Moreover, the constant Cy is sharp.

The aim of this work is to change the monotonicity condition by a more general one and obtain
an inequality of type (1) with a sharp constant which coincides with the constant Cy in Theorem
1 for the class of all functions non-negative and f is non-increasing on (0, +00).

In the following theorem we establish and prove an inequality of type (2) with sharp constant
under assumptions weaker than monotonicity.

Theorem 2 Letk >0,0<p<1and —1 <a <p—1. If a function f > 0 measurable on (0, c0)
satisfies for almost all = > 0 the inequality

fl) <+ /0 Py (3)

then - N -
/ (1/ () dt)pxa dr < Cy / f2(z) 2 da, (4)
o “Jo 0
where C3 = pi;’ff__lp). Moreover the constant C3 is sharp.
Reference

[1] V.I. Burenkov, On the ezact constant in the Hardy inequality with 0 < p < 1 for monotone
functions. Proc. Steklov Inst. Mat., 194 (1993), no. 4, 59-63.

[2] G.H. Hardy, Notes on somme points in the integral calculus. LXIV. Further inequalities between
integrals. Messenger of Math. 57 (1927), 12-16.
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RECENT PROGRESS IN THE THEORY
OF SUBELLIPTIC HARDY TYPE INEQUALITIES

D. Suragan

Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: durvudkhan.suragan@nu.edu. kz

The Hardy inequality has many applications in the analysis of linear and nonlinear PDEs, for
example, in existence and nonexistence results for second order partial differential equations of
different types.

Since L. Hérmander’s fundamental work [1] the operators of the type sum of squares of vector
fields have been studied intensively. and today’s literature on the subject is quite large. Much of the
development in the field has been connected to the development of analysis on the homogeneous
(Lie) groups, following the ideas of E. Stein’s talk at ICM 1970 [2].

Nowadays, a lot of work concerning Hardy inequalities have been developed in the context of
the subelliptic operators, and these inequalities are called the subelliptic Hardy type inequalities.

I will survey the history of the inequalities, their significance, and all the contributions made
throughout the last 100 years. The talk is based on our recent open access book [3].

Reference

[1] L. Hormander, Hypoelliptic second order differential equations. Acta Math., 119 (1967), 147—
171.

[2] E. M. Stein, Some problems in harmonic analysis suggested by symmetric spaces and semi-
simple groups. Actes, Congres Intern. Math., Nice, 1 (1970), 179-189.

[3] M. Ruzhansky and D. Suragan, Hardy inequalities on homogeneous groups. Birkhauser, 2019.

THE BOUNDEDNESS OF THE HILBERT TRANSFORM IN LORENTZ
SPACES AND ITS APPLICATIONS

F. Sukochev!, K. Tulenov?, and D. Zanin?

L3 School of Mathematics and Statistics, University of New South Wales, Sydney, Australia
2 Al-Farabi Kazakh National University;
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan.
E-mail: tulenov@math.kz

Let S(0,00) be a space of all Lebesgue measurable functions such that m({|z| > s}), for some
s > 0.

If = is a locally integrable function on R = (—o00, 4+00), then the classical Hilbert transform H
is defined by the principal-value integral

T x(s
(Hx)(t) = p.v%/ Lds.

oo T8
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Let E and F' be symmetric Banach function spaces on (0, 00). We recall that if H : E — F'is
bounded, the optimal range is the smallest symmetric Banach function space G is embedded into
F on (0,00) such that H : E — G is bounded.

Let © denote the set of increasing concave functions ¢ : [0,00) — [0, 00) for which limy_,o1 ¢(t) =
0 (or simply ¢(0+) = 0). For a function ¢ in €2, the Lorentz space A, (0, 00) is defined by setting

A,(0,00) = {:1: € Ly(0,00) : / p(s, z)dp(s) < oo}
0
equipped with the norm
lellssom = [ ns.)dols)

In particular, if ¢(t) = log(1 +t), t > 0, then we denote A,(0,00) by Ajg(0, 00).

In this talk, we describe the optimal range for the Hilbert transform in the special case when
E = A4, an arbitrary Lorentz space. In fact, we identify the optimal range for H on E as another
Lorentz space Ay. Thus, H acts boundedly from E' = A, into symmetric Banach function space
F if and only if A, C F, where v is given by the following formula

¢(uw)

Ylu) = i 1 + log(w)”

Of course, if the function v is equivalent to ¢, then our result simply recovers that of Boyd [1] by
ensuring that £/ = Ay has non-trivial Boyd indices.

Reference

[1] D. Boyd, The Hilbert transform on rearrangement-invariant spaces. Can. J. Math. 19 (1967),
599-616.

UNCERTAINTY TYPE PRINCIPLES
B. Shilibekova

Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: dina.shilibekova@nu.edu.kz

In this paper, the functional version of generalized Uncertainty principle will be obtained. We
will discuss many interesting consequences of the obtained inequality. Our main theorem is

Theorem 1 For any integrable radial function ¢, and for any f € C3(Q) we have the following
generalized uncertainty principle:

42 15(alrl " b\
/|f WP o(|x|)d / A — dx @ T)L’ dx , 1 <p<+4o0
[P o |zl

Here, ¢(|2|) = [J ¢(|z|) |x|* ' dz, Q@ C R is an open bounded set.
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ON A CLASS OF NON-CONVOLUTION OPERATORS
M.U. Yakhshiboev

National University of Uzbekistan, Tashkent, Uzbekistan
E-mail: m.yakhshiboev@qgmail.com

In the spaces Ly (R™) is investigated the convergence of a class of non-convolution operators
to the identity operator. Identity approximations of this class have origin in fractional calculus
related to the so-called Chen fractional integro-differentiation [1].

In this paper we specially consider a general class of identity approximation operators of such a
nature in the multi-dimensional case, namely the following class of operators with vector stepe =

(517 €2y .uny gn) )

(Aep) (z) == /0” /05” By (41) oo () 0 (2 — 2 0 g 0 (2 — ©)) dyr...dyn, (1)

where ¢ € R", ¢ € R", oy = (2141, Za¥2, ..., TnYn) and 0 < &; < 1, [ k; (yi)dy; = 1, (i =1,n)
and investigate their convergence in the spaces L (R") (‘orLl (R")) with the mixed norm. In the
lemma below, we use the following rectangles

K:{x:xER";aiéxigbi, a;, b; € R, izl,n}

and K' ={z:2€R" a; < x; <

Lt (2
< by, i = 1,n } where a, = min (a;, ¢;), b, = max (b, ;) .

Lemma. Let 0 <¢; <1, i=1,n, c € R" and

6 ( 1/eil()l——ﬁ——
€)= ki (t < oo, 1=1,n.
) /0 (1—eit)™

Then the operator A, is continuous in the spaces L%OC (R™) and Ly (R") 1 < p; < o0, i=1,n,and

[ Acpll i) < O (1) -0 (82) 0 (en) - Il acry -

The operators A, are uniformly bounded from L; (K’) into Lz (K) , if supd (&;) < oo, i =1,n.
;>0
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In the following theorem we use the notation

Vei dt
=[Ol <0< <1 =T
g wi/e (1 —Eit)l/pl

Theorem. Let the kernels k; (t) , i = 1,n, satisfy the conditions:

L/ei dt > —
su ki (t)| —————— < o0, ki(t)dt=1,1=1,n. 2
0<a£1/o () (1—et)'/™ /0 ) 2
Then,
lim (4-¢) (2) = ¢ (2) 3)

for p € Lle“(R"), 1 < P < oo, where the limit in the left-hand side may be treated both as a
multiple limit or repeated one, with respect to the natural topology in the space L%"C (R").

When ¢ € L (R"), 1 <D < oo, then relation (3) is also valid in the sense of convergence in
L; (R™), 1 <D< oo, if besides (2) the following condition holds

limd,, (e:) =0

for any 0 < pu; < 1,i=1,n.

(1) is non-convolution operator and the kernels k; (t), i = 1,n are not obliged to have a
monotonous dominated so the known results about convergence almost everywhere convolution
averagings (|2], p. 77-78) are not applicable here. We will give the simple conditions providing
convergence of (1) to ¢ (z) almost everywhere, having received them as the investigation from a
statement about convergence almost everywhere of the non-convolution operator in rather general
form

(K.p) (7) ::/ / k1 (21, 91) ook (T, Yn) @ (1 — Y1y ooy Ty — Yn) dY1...dY,,.
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ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

OB ACUMIITOTUYECKOI YCTOI;’I‘II{'IBOCUTI/I
HVYJIEBOI'O PEIHIEHN A HEJIMHENMHOU .
CUCTEMbBI JINPOPEPEHIINAJIBHBIX YPABHEHNN

T.M. Anau6ekos', M.M. Anna>kaposa’
LKasHY umenu arv-Papabu, Aimamu, Pecnybaiura Kasaxcman
YHNN KasHY umenu arv-Papabu, Aimamm, Pecnybaura Kasaxcman

E-mail:tamash59@mail. ru

PaccmarpuBaercsa nHenuneiinas cucreMa, uddepeHnuaabHbIX ypaBHEHU

dZ )
y Zplk yk—i_gl‘r ylv"'7yn)7 ZIl?"'an7 (1)

riae z € (0,400), pi(z) € C(0,4+00), y=(y1,..-,9n), |yl = 1/2%’}1 > 0,

D= ((a,y):w € (0,40), [yl <h), fla,y) = (Froeeos fo), Flay) e e Cey(D),
f(z,0) =0, 29 € (0,+00), I =[x, +00).

Teopema 1 Ecau neaunetinas cucmema duggeperyuaronnx ypashwenut (1) ydosaemeopsem ycao-
BUAM:

]) pk—l,kz—l(x) _pk,k(x) = a’ylﬁilv LS Iv k= 77 o > 07 v > 07

2) lim el — o L E k=Tn

t—+oo 1T7
3)tg+m _fpkk Yds = B <0, k=1;n
4 f(z, y)|| K|y|I™, 2de m > 1, K > 0, mo nyaesoe pewerue nesunetinot cucmemv, dugpe-

PEHUUANLHOLT YpasHenut (1) acumnmomuuecky ycmotiuuso.
Pabotra BoInosinena npu huHaHcoBoi 10/iep:kKe MunucTepersa Hayku u oOpaszoBannsa Kazax-

crana, ['paat Ne AP05132615.

Criucok aurepaTypbl

[1] | T.M. Aldibekov and M.M. Aldazharova, On the Stability by the First Approximation of
Lyapunov Characteristic Exponents in Critical Cases. Differential Equations, 2014, Vol. 50,
No. 10, pp. 1-5.

October 16-19, 2019 65 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

YCJIOBUE OCHUIJIATOPHOCTU 1 HEOCHUJIJIATOPHOCTN
ITIOJIVJIMHENHOTI'O JN®PEPEHIIMAJIBHOT'O YPABHEHUA
BTOPOTI'O ITIOPAOKA
M. Anpaii, K.P. Mbeip3araeBa, /1.C. KaparaeBa

EHY um. JI.H. l'ymunesa, Hyp-Cyasman, Kazaxcman
E-mails: saiajan@yandex.kz, kalbibi@mail.ru, danagul83@inbox.ru

[Iycts p,v € R, a0 > 0,

(1 OF 2 @)Y + oy OF2y(t) = 0, > 0, 1)
l/WW%W—aﬂmwﬁﬁ>0weﬁh&w) @)

0

HepasencrBo (2) siBiisieTcst HEOOXOIUMBIM U JIOCTATOYHBIM YCJIOBHEM GE3CONPSIKEHHOCTH yPaB-

nerns (1) na nnrepsade (0,00). Ilyers u < p—1, Torma Ve > 0, [Pt < oo, [+3-P)rdt = oo,
0 0

noThA{Hl%;m¢m):ﬁilmﬁm):{felﬁﬂﬁaﬂ:f@)zO}
Torya n3 (2)

/ﬁwwWﬁ>a/ﬂMMW@wmza 3)

[omoxum ¢ (t) = f(t),y(0) =0 = y(t) = Off(s)ds. [oacrasmiss B (3), mosmydnm

1 p 0o

/ﬂ/}@@ ﬁgé/wmmwt (@)
0 0 0
Tenepb paccMOTPUM HEPABEHCTBO Xapn
0o t p )
/ﬂ/}@m ﬁgc/wmmma
0 0 0

IyCTb Y = [t — P.

o] t

Torma [ |1 [ f(s)ds
0ol 0

p

o0
thdt < C [t*|f(t)|Pdt, no reopeme Xapau |2] HamMeHbIIAs KOHCTAHTA
0

P
C = (pfz 71> Mpu p < 1 —p,v = p — p, HEpaBeHCTBO (4) BBIMOIHSIETCS TOTJIA ¥ TOJBKO TOTJIA,

1 p

p p
KoTja — > , TO €CTb, €CJIU BBITIOJHSIETC @ < <’%1> . Ecmm a > <’%1> , TO He

p
p—p—1
BeInosTHsIeTCs (4)=—=>(3)=(2).

[Tostomy o < (”—‘%) U npu Y = g — p, it < 1 — p, BBIIOJHSAETCS HEPABEHCTBO (2), OTCIO/A
ypasHenue (1) 6e3conpsizkenno Ha unTepsase (0,00) , u Torma ypasHerue (1) Gyer HeoCHHILIs-
TOPHBIM.
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p
Ecmm npn o > <p—_£1> v =p—p, b <1—p, 10 ypaBuenue (1) 6ymer ocummisgropasim. [Ipn

L f(syds| omar < (o) sy

P
) . Ilpu Bomosnenun yenosus (6) ypasruenue (1)

o
Jobom o > 0 110 HepaBeHCTBY Xap/id HEPaBEHCTBO f

a
P
p—p—1
It Jiioboro a > 0, Ha uHTEpBaJe (a, 00) CONPSIKEHHO, a 9TO 3HAYUT ITO ypasHenue (1) ocrmis-
topro. OTCI0/]a BBITEKAET, YTO IIPU BbINOJHeHHN ycsioBust (6) ypasHenue (1) oCIuIIsITOPHO.

BBIIIOJIHSIETCSI C HAUMEHbIIell KOHCTaHTOI (

Crmicok amrepaTypbl

[1] A.Kalybay, D. Karatayeva, An extended discrete weighted Hardy inequality in the
difference form // AIP Conference Proceedings. - 2017. - V. 1880, 030012. - doi:
http://dx.doi.org/110.1063/1.5000611

IIOBEJEHUE PEIITEHUUN OBPATHOM 3AJAYN JJ1d
IICEBAOITAPABOJINMYECKOI'O YPABHEHNA C P-JIAIIJTACTAHOM

C.E. Aiitxkanos, I.P. AurypoBa

Kasazcxutll Hayuonaivholl yrusepcumem umeny asv-Dapabu, Asmamol
E-mail: Aitzhanov.Serik81@gmail.com, ashurova.guzel@gmai.com

B nannoit pabote ucciemyerca obpaTHast 3a/iada Jijisl ICeBI0IMapadoImIecKoro ypaBHeHUsI ¢ P-
Jlamracuarnom. PacemaTpuBaroTcst BOIPOCHI aCUMITOTHIECKOTO TIOBEJIEHUsT PeleHuii npu ¢ — 0o,
JIOKaJTM3aIINN PEIeHns, a TaKyKe paspyllenne 3a KonedHoe Bpems. [loydensr jocTaTodHbIe yCI0-
Brs "paspylinenns ' pemreHnst 3a KOHETHOe BPeMsi, a TaKyKe IOJIydeHa OleHKa CHU3Y pa3pyIIeHust
peIenus.

VccnenoBanne HagaIbHO-KPAEBLIX 3a0a9 JIJIs IICEBI0IapadoInIecKoro ypaBHEHNsT HAYaJI0Ch B
1970-x rogax. K mHacrosiiieMy BpeMeHH J0CTaTOYHO XOPOIIO M3YUYeHbl M B UCCJIEIOBAHHUE paspe-
IIIMOCTH TaKUX 3aJad cyllecTBeHHbIN BKIa 1 BHecan CsemuukoB A, Anemun A.B., Kopycos
M.O., ILnernep FO. /., Koxxanos A. 1., Ockonkos A.Il., Auronnes C.H. u ap. yaennsie. B pabo-
tax Koxanos A.U., Abnabekos B.C., Yaman M. u3ydaymch HEKOTOpbIe OOpaTHBIE 3aJIa9H JIJIsT
[ICEBI0NApPabOINIECKUX YPABHEHU, HO 9TU 3aa9l CyIIeCTBEHHO OTIMYAIOTCA 0 MMOCTAHOBKE OT
paccMaTpuBaeMoil B HacTosIeil pabore.

Pacemorpum B mwmusape Qr = {(z,t) : = € Q, t € (0,T)} obparnyto 3ajady Jisi CEBIONA~
paboJIMIeCcKOro ypaBHeHust: onpenents napy dyukmumit (u(z,t), f(t)) yIoBaeTBOpsIONuX ypas-
HEHUIO

u — xAu, — div (|Vul"?Vu) = ul’u+ f(t)h(z), (1)
u(z,0) = up(x), (2)
ulg =0, (3)

/Qu(x,t) h(@)dz = 1. (4)
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Bnech ) C R", n > 1 orpannvenHast 06/1acTh, rpannta 0f) TOCTATOYHO TJIaJKasl, 0 U [3 TOJIOXKN-
TeJIbHbIe KOHCTAHTHI, KoTopble X > 0, 0 > 2, [ > 2.

Criucok auTepaTypbl

[1] Ceemnukos A.T., Anpuun A.B., Kopuycos M.O., Tliernep FO.JI. Jlunetdnwe u neaunetinoie
ypasHerus cobonrescrozo muna. M.: @uzmariaut, 2007.

[2] Kopmycos M. O. O paspywernuu pewenus Hauasvro-kpaesoti 3a0ayt, 0Ai HEOOHOPOOH020 YpaG-
nenus ncesdonapaboruveckozo muna. duddepennanbase ypasaenus, 41 (2005), 6. 832-835.

[3] Meyvaci M. Blow-up of solutions of pseudo-parabolic equations. J. Math. Anal. Appl. 352
(2009). 629-633.

PASPEHIMMOCTD IICEBJIOIIAPABOJIMYECKOI'O YPABHEHIA C
HEJIMHEVHBIMUI KPAEBBIMU YCJIOBUAMM

C.E. Aiirxxanos!, I.O. 2Kymaryur?

! Kasazcxuti nayuonasvnviti ynusepcumem umenu anv-Papabu, Aamamo
2 Kasaxcxuti nayuonarvrod nedazozuveckuti ynusepcumem umenu Abas, Aamamo
E-mails: Aitzhanov.Serik81@gmail.com, zhumagul. gaziza@bk.ru

B sanHoit pabore paccMOTpeHa HadalbHO-KpaeBas 3a/1a4a B IPAMOYTOIBLHO 06/1aCTH JJIsl TICeB-
JonapaboTMIecKoro ypaBHeHUs ¢ HEJIMHEHHBIMU KPAeBbIMU yCIoBuaME. JlokazaHa ojHa3HAIHAS
Pa3penmMocTh 9TOM 3a1a41, a TaKyKe MOy YeHbl JOCTATOYHbIE YCIOBUA Pa3pyIIeHus ero perenus
3a KOHEYHOE BPEMHI.

Paccmorpum B npsmoyrosbauke Qr = {(z,t) : 0 <z < 1, 0 < t < T} Ha9a/IbHO-KPAEBYIO
3aj1a4y Jisl [ICeBI0NapaboIMIecKoro ypaBHeHNUsI

Ut — Ugpt + UUy = b<x’t>u3 + f(l’,t), (1)
u(z,0) = ug(x), (2)
u(0,t) =0, un(1,t) + éu2(1, t) = 0. (3)

B pabore Bybnosa B.A. Obuia joka3ana OJHO3HAYHAsS PA3PEIIUMOCTH B IEJIOM HAYaIbHO-
KpaeBoii 3ajaan Jist ajbrepHaTuBHOro ypasHenusi Kopresera jne ®@pusa [1].0 paspymenun pe-
meHud J1Jid ypaBHEHUA HCeBﬂOHapa6OIH/I“IeCKOFO TUIIA 6bIJH/I uccJjieJJ0Baibl MHOI'UMH aBTOpaMU,
CcJIeIyeT OTMETUTH paboThl [2-5).

Crcok aureparypbl

[1] By6ros B.A. Paspewumocmv 6 UeaoM HEAUHEUHBIT 2DAHUMHOLE 30044 OAA YPAGHEHUA
Kopmeseza-de @pusa 6 oepanuvernnots obaacmu. duddepennnansasie ypasuerusi, 16 (1980),
no. 1. 34-41.
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[2] Ceemnukos AT, Anpumun A.B., Kopmycos M.O., Ilnernep 0./, Jlunetnwe u neaunetinoie
ypasnenus coborescrozo muna. M.: @usmataut, 2007.

[3] FOmkos E.B. O paspywenuu pewenus ypasuenus, podcmeennozo ypasuenus Kopmeseza-de
@pusa. Teoperndeckasi u Mmaremarndeckas pusuka, 172(2012), no. 1. 64-72.

[4] Kopmycos M. O. O paspyweruu pewenus Hauasvro-kpaesoti 3a0a4t 0ai HEOOHOPOOH020 YpaG-
nerus ncesdonapaboruveckozo muna. duddepennanbusie ypasuenus, 41 (2005), 6. 832-835.

[5] Meyvaci M. Blow-up of solutions of pseudo-parabolic equations. J. Math. Anal. Appl. 352
(2009). 629-633.

PA3PVIIIEHUE PEIIEHU OBPATHON 3AJJIAYU JIJI14
ITAPABOJINMYECKOI'O YVPABHEHUS
CO CTEIIEHHOM HEJIMHEMHOCTBHIO

C.E. Aiirkanos, .T. 2Kany3akoBa

Kaszaxcrxuti nayuonaivholtl yrusepcumem umeny asv-DPapabu, Aamamol
E-mail: Aitzhanov.Serik81@gmail.com, Dinara.Zhan07@gmail.com

B nanHoit craThe paccMoTpeHa obpaTHad 3aJada ¢ HHTerpaJbHBIM YCJIOBHEM IIepPeolpe e ICHH-
eM JIJIs ypaBHEeHHUsl 11apaboJImdecKoro Thla. B orpaHumdeHHOi 06J1aCTH ¢ OJHOPOJHBLIM YCIOBUEM
JIppuxiie mOoJIydeHbl JOCTATOYHbBIE YCIOBUS PA3PYyIICHUA €ro PeIleHrd 38 KOHEIHOE BPEeMs, & TaK-
K€ yCTOMYNBOCTD PEIIeHUs I/ OOPATHOI 3aa491 ¢ IPOTUBOIIOJJIOKHEIM 3HAKOM Ha HEJIMHEHHOCTD
CTEIeHHOI'O THIIA.

Pacemorpum B mmmuaape Qr = {(z,t) : x € Q, t € (0,7)} obparHyio 3a1ady /i ypaBHe-
HUsI TEIJIONPOBOJHOCTH CO CTEIEHHON HEJMHEHHOCThIO: onpeenThb napy oyuknuii (u(x,t), f(t))
YJOBJIETBOPSIONIUX yPABHEHHIO

% (u+ aolulP~*u) — Au+ a(z,t,u, Vu) = [uPPu+ f(w(z), 2€Q, 0<t<T, (1)
HaYaJIbHOMY YCJIOBUIO
u(z,0) = up(x), x € Q, (2)
IDAHUYHOMY YCJIOBHIO
“|an(o,T) =0, (3)
1 HEJIOKAJILHOMY yCJIOBUIO
/Q (u+ aglulP*u) wdz = @(t), 0<t<T. (4)

Bnech 2 C R, n > 1 orpannyenHas 00J1aCcTh, IpaHuiia 0§2 J10CTATOYHO IJIaJKasi, P U ¢ TMOJIOXKH-
TeJIbHbIE KOHCTAHTBI, KOTOpBIE ¢ > p — 2, p > 2.

B pabore [1] uccnenyercs obparhas 3agada jijid napaboJMIeckoro ypaBHEeHUs CO CTEIeHHOI
HEJIMHEAHOCTHIO BUIA

ur — Au — |ulPu + b(z, t,u, Vu) = F(t)w(z), € Q, t>0,
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u(z,0) = ug(x),

U|an(o,oo) =0,

/u-wdle, t> 0.
Q

B nanHoii paboTe MoJyueHbl yCIOBUS HA U3BECTHBIE JaHHbBIE, FADAHTUPYIOIIUE IJI00aIbHOe OT-
CyTCTBHE PellleHuii 06paTHoii 3a1a11. A TakKe yCTaHABIMBAETCS YCTONYIUBOCTDL PEIIEHUS B OIPa-
HUYEHHON 06/1acTH JijIs 0OPATHOl 381891 ¢ IPOTHBOIOJIOKHBIM 3HAKOM € HEJIMHEHHOCTBIO CTEleH-
HOT'O BHUJIA

u — Au+ |ulPu = F(t)w(z), € Q, t>0.

B pabore [2] paccmoTpena obpaTHas 3a/a4a J/Is KBA3WIMHETHOTO 1apaboInIecKOro ypaBHEeHNST
CO CTENEHHOW HEJUHETHOCTHIO BUIA

up — div (k1 + k2| Vu|" ) V) + h(u, Vu) — [uf'u = f(tw(z), € Q, t >0,

C HAYAJIBHO-KPAEBBIM yCa0BHEM (2), (3) M JOMOIHUTEILHBIM HHTEIPAILHBIM yestoBueM (4) (Korma
dbynkius p(t) = 1 upu t > 0). [lomyenst ycoBust paspyIneHust €ro perrenns 3a KOHETHOe BPEML.

Crcok aureparypbl

[1] Eden A., Kalantarov V.K. On global nonexistence of solutions to an inverse problem for
semilinear parabolic equations. J. Math. Anal. Appl., 307 (2005). 120-133.

[2] Gur S., Yaman M. Finite time blow up of solutions to an inverse problem for a quasilinear
parabolic equation with power nonlinearity. J. Nonlinear Sci. Appl., 9 (2016), 1902-1910.

OB 9BOJIIOIIU MATHUTHOTI'O IIOJIA
B MAPKOBCKOII MOJEJIN XABBJIA

H. Axkanb6aii, 3.11. CyneiimenoBa, C.K. TaneesBa

KasHY um. Aav-@apabu, Aamamu, Kasaxcman
E-mails: nourekel953@Qgmail.com; suleymenova247/Q@Qgmail.com;
tapeevasamal77@gmail.com

Bajiatua 06 IBOJIIONNN MArHUTHOTO TOJIsI B CJIyYaifHOM TYpOY/JIN30BAHHOM MOTOKE ITPOBOJISINEH
JKUJTKOCTH SIBJIIETCH OJTHOM M3 CAMBIX BaXKHBIX BO MHOTUX (DU3UYECKUX MPUIOKEHUAX.

B To Bpem4d, Kak Ipu 3a/JaHHOM TE€YEHUU KUJIKOCTH IIPOTIECC TIEPEHOCa MAarHUTHOTO TIOJISA TTPUH-
IUITHAJIBHO SICEH, TO caMa ITPodJIeMa OITUCAHUS TYPOYJIEHTHOrO TeYeHUs YKUJIKOCTH, KaK U3BECTHO,
Ype3BbIYaiiHa cjioxkHa. [[o3ToMy 0OBIYHO MpUOEraloT K TeM WJIM HHBIM CIIOCOOaM MOIETUPOBAHUSI
JBYZKEHUsT XKUJIKOCTH. B [3-4] 9Bomorysi MAarHUTHONO MOJIst ObLIa U3y4YeHa B TaK HA3bIBAEMON JIvi-
HeTHOI MO/Iesn ¢ OOHOBJIEHHEM, B KOTOPBIX paccMaTpuBaeMas 3ajada B KOHEYHOM UTOT'O CBeJIach
K MU3YYEeHHUIO ITPOU3BEJIEHNST HE3aBUCUMBbIX CJIyYalHBIX MATPUIL IIPU BO3PACTAHUU YUCJIAa COMHOYKU-
TeJIeit.
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[enbro Harei paboOThI siBJIsieTcst 0O06IIEeHNe OCHOBHBIX Pe3y/IbraToB pabor [3-4| Ha caydaii Tak
Ha3bIBAEMOIl MapKOBCKOM JinHeitHON Mogesn. (OTMeruM, 9To JIMHEHHBIE MOJIEJIN UCTIOIL3YIOTCS B
KOCMOJIoruu 1ot uMeneM "tedenus Xaboa").

OCHOBHaH 4acTb. XOPOIIO U3BECTHO, UTO 3aja4da 00 IBOJIONUE HAYAILHOI'O PACIIPE/Ie/IeHIS

HO( ) = (Ho1(x), Hoa(x), Hoz()) MarauTHOTO 10JIst
Ht,2) = (Hi(t,2), (Ha(t, 2), Hy(t, 7))

B 3aJIAHHOM HECZKIMAEMOM CJIyIaifHOM TI0JIe CKOPOCTH V(t,x) = (Vi(t,x), (Va(t,x), Vs(t,z)) c
HOCTOSTHHOM MarauTHOi nuddysueit v, (v, > 0) cBoguTcs K perrennto 3amadn Korm

OH —vnT -V, H+ @ 9V, HO 0= ) 1)

riet >0, x¢€R3, di07 = 0.
B nannoit pabore Mbl Oyiem u3ydarh 3ajady (1) B ciemyommeii mMapkosckot aunetinot modeau
ckopocmeti (uau modesu Xabbaa)

V(t,z) = (b)), 2)

rjie by - onpesie/IeHHbIN Ha HEKOTOPOM KOMIIAKTHOM MHOrooopasuu K oiHopo/iHbIil uddy3uoHHbII
POIECC ¢ MHMOUHUTEINMATBHBIM OIIEPATOPOM %A (craxkem, by~ 6GpoyHoBCcKOe nBuzkenue), C(-) :
K — SL(3, R) - rmagkas kiaacca C(K) marpuna ¢ Hy’aeBbiM ciaegoM (trC = 0) u 3HaYeHUsIME
B rpymie Jlu SL(3, R) yHUMOIYISPHBIX MATPHIL 3-TO TTOPSIKA.

Mozkuo mokaszats [3], uto pemenue 3amaun (1) B Momesnn (2) 3anmcbBaeTcs B BUJIE HHTErpasa

t

Ht,z) = W/Gﬁé(?)ew fz((G:)*?,x) —um/((G:)*?fds dE,  (3)

0

a Jist TIOJIHON MarHuTHOM sHeprun £ (1) uMeeT MecTo Ipe/CTaBIeHIe

:/ﬁz(t,x)dx:/(Gtﬁ (?)>Qexp —2Vm](< }
R R ?

0

B dopmyiax (3), (4) - 3Be3m0uKa (%) 0O3HAYAET ONEPAIIUIO TPAHCIIOHUPOBAHUSI, Ho( ) - @ypoe -

obpa3 HaYaJIbHOrO (C/Iydaiinoro) marautHoro nouas Hy (),

/mc
0

MyJIBTUILIMKATHBHBLA uHTerpas (pemenne MaTpuianoro ypasuenns 4 X (t) = C(b) X (t), X(0) =
E- eamaHas MaTpHIA)

ITocranoBka 3amaun. C nomorpsio dbopmyst-peacrasienuii (3)-(4) IpoBeCTH aCHMITOTHYE-
CKUit aHaIM3 MarHuTHOro moisd H (¢, x) u maraurHoit sueprun &(t) npu ¢ — 0.

Pemenne 3aga4um Gb1I0 TIPOBEJIEHO CJIELYIOITIM OOPa30M:

1. Onupasicy na Teopemy Tuina Pepcrendepra u3 [1|, Ha HEKOTOPbIE N3BECTHBIE PE3YJILTATHI U3
TEOPUH MATPUI] U TEOPUH CJTyYaifHbIX MPOIECCOB U HAa OCHOBHYTO TeopeMy u3 [2|, mokazaHa Teopema
o mpocrore (T.e. 0 PA3IMIHOCTH) XapaKTePUCTHIECKUX TToKazareseil marpurpl Gy npu t — 00.
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2. TlocTpoen crienuasibHbIil (Tak HasbiBaeMblil JIsSmyHOBCKHT) Ga3uc, Ipu UCHOJIb30BAHUN KO-
Toporo Marpuity GG; npu t — 0O MOYXKHO IPEJICTABUTh KaK CTEIEeHb HEKOTOPOW (hbUKCHPOBAHHOI
MAaTPUILI, TPUYEM HaieH SIBHBIA BUJ HOC/IEIHIA MaTPHUIILL.

3. I[losyueHbl psiJi BCIOMOTATEIbHBIX PE3YIbTaTOB OTHOCUTEIBHO MOCTPOEHHBIX JIATyHOBCKIX
0a31CoB.

4. C OMOIIIBIO OJIYIEHHBIX B IIII. 1-3 pEe3yJIbTATOB IOy YeHbl OCHOBHBIE PE3Y/ILTATHI - TEOPEMbI

06 acuMrToTHaeckux noseaenuax H (t, x) n E(t).

Chnucok jmreparyphbl

[1] N.Akanbay, Nurkhanova M.S. Suleimenova Z.1. Linear model of the hydromagnetic dynamo and
multiplicative products of Markov random matrices. TWMS 2017. VI congress of the Turkic
world mathematical society. Octobor, 2-5, 2017. Astana, Kazakhstan. The Abstract Book, p.
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INPEJICTABJIEHUE JIAKCA BE3/IMCITEPCUOHHOI'O
(24+1)-MEPHOI'O YPABHEHIN A ®OKACA-JIEH3JIJICA

A. Aiixxan, M.B. 2KaceibaeBa, K.P. EcmaxanoBa

EHY um. JI.H. l'ymunesa, Hyp-Cyaman, Kazaxcman
E-mail: mzhassybaeva@yahoo.com

B gannoii pabore paccMOTPEHO COJUTOHHOE ypaBHEHHUe, SIBJIAIONIEecs OJHUM u3 000OIIeHMi
HemMHelHoro ypaHenus [Ipeaunrepa, Tak Ha3biBaeMoe uHTErpuyemoe (2+41)-MepHoe ypaBHeHue
®okaca-Jlenvica (PJI). Tak kak, ypasuenne @JI unrerpyemo, ono jomyckaer JlakcoBy mapy.
Hacrosimast pabora mocesinena Haxoxenuio npejcrasienns Jlakca (ILJ1) 6esmucnepcnornoro
(2+41)-meproro ypasuerust Poxaca-Jlemsica (DJI) [1]-[3].

Hawmu 661710 octpoero (2+1)-meproe (J1Be IpocTpaHCTBEHHbIE TIePEMEHHbIE 1 OJTHA BPEeMEeHHAs )
ypasHaenne ®JI, koropoe umeer Bu [4]

ith - iqu'r:y + qu - \C]F q: + Zq = 07 (1)

rie q(x,y,t) - KOMIUIEKCHas 000JI0UKa [0JIst, HHJIEKCHL X, Y, t 0003Ha"aoT MruddepeHmpoBanme mo
apryMeHTaMm T, ¥, t U i - MHUMAasl eJIMHNIIA.
Takzke, HaMu HaiijeHHOE Oe3uciepcuontoe (2-+1)-meproe ypasuenne ®JI, BbirsguT Kax |5]

Uy
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up + (20w + yuy — 2(uv), — 2u, + un, — ugk + uv)vt =0, (3)
snech v = 9, oy, k= 0, v,
s nocrpoenus LI 6e3mucnepenonnoro ypasaennst (2) u (3) paccMOTPUM 1O KOMIIOHEHTHO
JlakcoBy napy ypasuenus (1)

(I)lcc - _7:)\2(1)1 + )\qu)Qa (4)
Dy, = AGu®; + NPy (5)
n
By = By +i I By + g, (6)
v 2 4N Toe®
By — by tif 1yl By — g 7
2t = Pyt — +7+4—)\2 27 5 1% (7)

Tenepb, 33JaUM HOJICTAHOBKY B CJIELyIOIIeM BH/Ie:
[3 I3 -1 7 0—1
d) = fleg[FH%] oy = 5262[F+)\2$_8” U], q = \ue" ", (8)

e F,u,v, &, Eo- BelecTBeHHbIE (DYHKIIUH.

Y

IIpuMeHnM MacmTabHOE IpeobpasoBatiue o — €4, 2 — e a% — ea%, oCsIe KOTOPOro
ypasHenus (4)-(6) mpumyT Bu
€Dy, = —iN Dy + eNg, Do, (9)
ECI)QZ = GAq_cI)l + 7:)\2(1)2. (10)
u
Oy, = by, +i 1), o (11)
€P1r = €Yy ? 2 A)\2 2)\(] 2
| ja* | 1
6(132,5 = Eq)gy—i—l -1+ — 9 + — A2 (I)Q - ﬁqq)l (12)
[Toncraisas ypasuenune (8) B ypasuenus (9) u (10), moaywaem mepsyio mapy I1JT
)\2 2
JoNRATC R § ) (13)
= U
VLITH
)\2 2
p+ 2 ox2 (14)
p—v
e p = F.

Teneps nepeiinem K HaxoxIeruto ropoit mapst ILJ1. [lias sroro ypasaenue (8) momcrasiisem B
ypasHenue (11) u mosydennoe ypaBHenue npoanddepeHnupyem mo x

uy, 1 uv
F, — F, —4+—-|—| =0 15
AN .
UV Uy
— — — =0. 16
ygs py+2(p_v)x+2 ( )

Urak, ypasuenus (14) u (16) apisitores [1J1 6esnucnepcuonnoro @JI. Ha ocnose HaiiieHHbIX pe-
3y/IbTATOB IJIAHUPYETCS HAXOXKJCHUE «YJIAPHOIO» BOJHOBOI'O PEIICHUs PAacCMaTPUBAEMOIO ypaB-
HCHUA.
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AHAJINMTNYECKUE ®YHKIINN KOMIIJIEKCHOTI'O
API'VMEHTA C ITAPAMETPOM

K.C. Anbibaes!, T.K. Hapbim6eTos?

L 2Kanan-Abadckuti 2ocydapemeernwti ynusepcumem, 2. XKanan-Abad, Kvipevscman
2 Hayuno-uccaed. meduro-couuarvioidi uncmumym, 2. 2Kanan-A6ad, Kvipeviscman
E-mail: alybaevkurmanbek@rambler.ru

[Iycrs a(t) € Q(D) — npocrpancTBa anaauTudeckux GyHkiwn B obsactu D C C' — MHOXKECTBO
KOMIUIEKCHBIX ucest; Z(t,e) € Q-(D) — upocTpancTBO aHAIMTHICCKUX GyHKIMU B obactu D ¢
apaMeTpPoOM E.

[Tycrs omeparop I.a(t) orobpazxaer npocrpanctso Q(D) B npocrpancrBo Q. (D). OcHoBHast
3aJ1a9a 3aK/II049AeTCA B UCCJIECIOBAHUY IIPEIEILHOIO IePexoia }:I_I)I[l) La(t).

B wacTHOCTH K TAKUM 33/[a9aM CBOJIATCS UCCIIEI0BAHNE aCUMITOTHICCKOTO OBE/ICHUS PEIeHUiT
CHHTYJIIDHO BO3MYIIEHHBIX YPABHEHUI ¢ AHAJNTHICCKIMHI (DYHKIMAMA U 33/AHHBIMA JIOTIOJIHI-
TeJbHBIME yeaoBuamu [1]-[2].

IIpumep 1 La(t) = e

[IycTh BBIOJIHAIOTCS YCJIOBUS:
Up. a(t) € Q(D) A (Vt € D(d'(t) #0))

Us. tg € D u eé BuyTpennsis Touka u a(ty) = 0.

Onpenenenne 1 . Muoowcecmso (Py) = {t € D, Re a(t) = Py — const} nazoeém aunuet yposs
Pynryuu Re a(t).
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Teopema 1 ITycmo swnoanaromea yeaosus Uy — Us. Tozda:
1. Obaacmv D aunuet (Py) pasdeasemes wa dse omrpoimoie 06AGCMU NPU IMOM HA 00HOM U3
obaacmer lir% L.a(t) =0, a na dpyzom lin% La(t) = oco.
e e—

2.Vt € () hH(l] L.a(t) ne cywecmsyem.
E—
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HOBBIN I10XO0/ K IIOCTPOEHNIO ACUMIITOTUKN
PEINMTEHNA YPABHEHUNA BECCEJIA JJIAd BOJIBIIINX
3HAUYEHUN KOMIIJIEKCHOI'O APTYMEHTA

K. AgsimvkysioB, K.I'. Koxxobekon
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PaccmarpuBaercs ypasaenune Becces
2 2
d¥(e) | 1d¥(E) (1 - U—)Y(z) —0, (1)
dz? z dz 22
rie z € D = {z : |Argz| < n/(2—-6),0 > 0},v € — nopsanok byuknun Beccens, Y (z) —
Hen3pecTHas (BYHKIMA KOMIUICKCHON HEepeMeHHON 2, 2 = x + iy, 1 = /—1.

B [1] acummrrornaeckoe perenue ypaBaenust (1) /st G0JIBIINX J1efiCTBUTEIBHBIX 3HAYEHII OBLIO
IOJIy9€HO IIyTeM CBEJIeHUsI ero K ypasHeHnio Pukkaru. A B pabore 2] acuMmirrornaeckoe perienne
ypaBHenusi (1) jyist 6G0JIBIINX TEfCTBUTEHHBIX 3HAYEHUT apTyMEeHTa IIO0JIYIeHO HEII0CPEICTBEHHO
13 Hero. 371eCh JaHHas aCUMIITOTHKA PellleHnsl ypaBHeHus: beccesis mpooiKeHa Ha KOMILIEKCHY O
0071aCTh.

OrmeTnM, 9T0 OOBIYHO ACHMIITOTHKA pelieHust ypaBuenus (1) st GoabIMX 3HAUYEHUIT apry-
MEeHTa T [OJIyYaeTCsl U3 UHTErPAILHOTO [IPeJICTaBIeHusl ero pemntenus [3-6].

C 1OMOIIBIO TOCTAHOBKH

ypasuenue (1) npuBojurcs K BUILY
u"(2) + (1 + g>u(z) =0, (2)

rae a = (1 — 4v?).
CrpaBemmBa
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Teopema 1 Pewenue ypasnenus Becceas (2) 6 xomnaexcnot obaacmu D npedcmasasemca 6
sude

uw(z) = cosz + Ji(2)sinz + Jo(2)cosz, (3)
20e
- 1 = 1
Ji(z) = ZBMHW’ Ja(z) = ZA%ﬁ?
k=0 k=1

ppr (407 — D(d0? = 3%) . (0 — (2 +3)%)
(2k + 1)I82k+1 ’
WD =) (W7 (k4
(2k n 1)!82k+1 3 y Ly Ly e e

sz+1 = <_1)

Aggz = (141

[Ipu jeficTBUTEIBHBIX 3HAYEHUST apryMeHTa Psifl (3) ¢ TOYHOCTBIO JI0 TIOCTOSTHHOTO MHOXKUTEJIsT
COBIIQJIACT C paHee IOJYyIYCHHBIMU PE3yJIbTaTaMU.
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Ob OJHOM ITPUBJIN2>KEHHOM PEINIEHNUN
INTEPTOMNYECKON KPAEBOUM 3AJAYN OJIA
JANOPOEPEHIIMAJIBHOTI'O YPABHEHUYA TPETBHBEI'O IIOPAIKA

A.T. Acanosa', H.T. Opymbaena?, A.B. Kenbaubekosa®

L Hnemumym mamemamuru u mamemamuieckozo
Mmodeauposarus, Aamamor, Kasaxcman
2 3 Kapazandunckuti 2ocydapemeernviti yrueepcumen,
umenu axademura E.A.Byxemosa, Kapaeanda, Kasaxcman
FE-mails: anarasanova@list.ru, OrumbayevaN@mail.ru, keldibekova a_ b@mail.Tu

Ha Q = [0,w] x [0, T] paccmarpuBaercs moJiyleproueckasi Kpaesast 3a/ada

Pu 0%u

ou
Eyern = A(x, t)&zcz +B(x,t)% + C(x, )8t + D(x,t)u+ f(x,t), (z,t) € Q, (1)
u(z,0) =u(x,T), x€0,w, (2)
u(0,8) = (t), t€l0,T], (3)
WD — i), teloT) ()

riae (n x n) - marpunst A(z,t), B(z,t), C(z,t), D(z,t) n-Bekrop-byakiun f(z,t) HeIpepbIBHbI
Ha 2, n-BekTop-OyHKIWU (1), z/;(t) HenpepbiBHO-uddepentupyemer Ha [0, T, 31ech ||u(x,t)|| =

max |u;(z, 1), [|A(z, )] = maXZ |a;(,1)].

i=1,n =1n j=1

st HaxoxKieHns perienus seegeM dbynknun 2(x, t) = auégi’t), v(z,t) = Bz(:r D u sanauy (1)-(4)

cBeJeM K CeMeﬁCTBy IIEepUOINICCKUX KPaeBhIX 3aJa4 JIJId CUCTEMbI O6I>IKHOBeHHbIX ,ILHCl)(bepeHHH—
aJIbHbIX ypaBHeHI/Iﬁ C q)YHKHHOHaHbeIMH COOTHOIIECHUAMM ,Haﬂee, IIPUMEHHUM METO/ IIapaMeTpH-
N

sanuu [1]. ITo mary A > 0 : Nh = T upoussenem pasouenue [0,7) = |J[(r—1)h,rh), N =1,2,....
r=1

[Tpu srom obutacts €) pasbuBaercst na N gacreit. Yepes v,.(z,t), z.(x, 1), u,(x,t) obosnaunm, coor-

BETCTBEHHO, cyxKenue Gyukiwn v(z,t), z(x,t), u(z,t) na Q, = [0,w] x [(r — 1)h,rh), r=1,N.

Yepes \,.(x) obosnaunm 3nadenue Gyukunu v, (x,t) npu t = (r—1)h, re. \.(x) = v.(z,(r—1)h) n

ciaenaeM 3ameny v, (z,t) = v.(z,t) — A\ (x),r = 1, N. IlosryaumM 9KBHBAJIEHTHYIO KPAEeBYIO 3 ATy
C HEM3BECTHBIMH (DYHKIMAMA A, (T):

aair = Az, ), + A(z, )\ (x) + B(x, t)z.(z,t) + C(z, t)u,(x, t) + f(z,1), (5)
Op(z,(r —1)h) =0, x€[0,w], r=1,N, (6)

AM(z) — Ay (z) — tiijgloﬂN(x,t) =0, z€l0,uw], (7)

As(x) + tlir}?_oﬁs(a:,t) —As+1(x) =0, z€0,w], s=1,N-—-1. (8)
2o, t) = () + /vr &) d&+/ (&)de, ()€, r=TN, 9)

0
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T

un(z,1) = (1) + / L(E)dE, (1) €Q, 1=

0

I,N, (10)

Y

re (8)- ycioBue ckiaenBaHus (DYHKIWIA BO BHYTPEHHUX JIMHUAX DPa3OUeHMs.

Ha ocnose MeToja mapaMeTpU3aluu IPEIIOKEH aJrOPUTM HAXOXKJIEHUS NPUOIUKEHHOTO Pe-
menns. B repmunax marpuibt @, (x, h) seMeHTb KOTOPOii onpeenstorcst depes A(z,t), aucia
[OJICTAHOBOK V, OBLIM YCTAHOBJIEHBI JOCTATOUHBIE YCJIOBUS CXOAMMOCTH U OJHO3HAYHON pasperu-
moctu 3aga4n (5)-(10). CrpaBeyinBo yTBEpIK IeHIE

Teopema 1 ITycmov npu nexomopwix h > 0 : Nh = TN = 1,2,..., uv, v € N, (nN x nN)
mampuya Q,(x, h) obpamuma npu ecex x € [0,w] U 6NOAHAIOMCA HEPABEHCMBA

D [Qu(z, )M < o (z, R); ) |
2) qu(z, h) SO < < 1, 2de g (x,h) = 1+ 7,(z, h) Z :

Tozda cyuecmsyem edurncmeennoe peuwenue 3a0a4u ( )-(1 0) U CNPAsedAUEHL OUEHK,

a) max |[\5(z) = AP (2)|| + max  sup  [[o5(z, 1) — 0 (z, )| <
r=1,N r= 1Nt€[(r 1)h,rh)

1/ f iy
([ tenide) [ ate masmad max (o). max 101 1710
0 0

telo,T

b)max sup |z (z,) — 2 (2. )] <
r=L,N te[(r—1)h,rh)

< [ max [|AN(€) - AB(©)|de + [ max  sup [[5(&, ) — D (€, )|,

r=1,N r=1,N t€[(r—1)h,rh
) J ((r—1)h,rh)

cmax sup ui(z,t) —u(z, )| < [ max  sup lz(& 1) — 2 1)|de,
r=1,N te[(r—1)h,rh) ; r=1,N te[(r—1)h,rh)

ede k=1,2,...,a(r) = max ||A(z,t)|], B(z) = Inax | B(z,t)]],0(z) = Inax |C(z, t)|l,

te[0,7) t€[0,T) t€[0,T]
0,(z, h)[5(z) + zo(x)] < (a(z)h)!
pu(, h) = 1— gz, h) (a(;lp/)!h)y ;O h) = [l h) + gz, h)]hj; Ta
0,(x,N)B(x) | 6,(x, h)o(x)
o) = 186+ o)+ 166, R+ - WPARICED:

0

v

z &
x / 15660+ o(6) + Uoster e + SO g, (o, 0)(5(0) + o) + 100, (0.1)

Pa6ora nomaepxkana MOH PK (rpant AP05132262, rpant "JIyummii npenogasaresis BY3a'").
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PERTURBED LI-YORKE HOMOCLINIC CHAOS
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It is rigorously proved that a Li-Yorke chaotic perturbation of a system with a homoclinic
orbit creates chaos along each periodic trajectory. The structure of the chaos is investigated, and
the existence of infinitely many almost periodic orbits out of the scrambled sets is revealed. Ott-
Grebogi-Yorke and Pyragas control methods are utilized to stabilize almost periodic motions. A
Duffing oscillator is considered to show the effectiveness of our technique, and simulations that
support the theoretical results are depicted.
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PARAMETER IDENTIFICATION IN AN INITIAL-BOUNDARY VALUE
PROBLEM FOR HYPERBOLIC EQUATION OF THE FOURTH ORDER

A.T. Assanova', Z.S. Tokmurzin?

Y Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mails: assanova@math.kz, anartasan@gmail.com, tokmurzinzh@gmail.com

In present communication, at the domain 2 = [0, 7] x [0,w] we consider the following initial-
boundary value problem for system of hyperbolic equations of the fourth order

3

o*u 0ty Oty
mS D'u(t, z)
ZZMl,j(‘r)a—]; ZQO(Q3>, LS [O,C«J], (2)
— £ x
7=0 =0
B u(t,z)| Pult,x)|
U(t, O) - ¢0(t)7 o ’sz_ wl(t)’ WL:O_ ¢2<t)7 le [07 T]7 (3)
where wu(t,z) = col(uy(t,z),...,u,(t,z)) is an unknown vector function, the (n X m) matrices
Ai(t,x), Bi(t,z),i=1,2,3, C(t,x), and n vector function f(¢,x) are continuous on €2, the (n x n)

matrices M; ;(z), and the n vector function ¢(x) are continuous on [0,w], i = 0,3, j = 0,m, the
n vector functions ¥y(t), 11 (t), ¥2(t) are continuously differentiable on [0, 7.

By introducing new unknown functions [2] we reduce the original problem (1)-(3) to an
equivalent nonlocal problem for system of hyperbolic equations of the second order with parameters.
We can interpret this equivalent problem as a problem identification of parameters for system of
hyperbolic equations of the second order [1, 3]. We establish sufficient conditions for the unique
solvability of initial-boundary value problem (1)-(3) in the terms of unique solvability of the
nonlocal problem for the system of hyperbolic equations of the second order with parameters. The
results can be used in the numerical solving of application problems.

These results are partially supported by Grant of Ministry Education and Science of the
Republic of Kazakhstan, No. AP 05131220.
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O HEIIYCTOTE CIIEKTPA 3AJAYN C YCJIOBUAMUA
BNLTAA3SE-CAMAPCKOI'O OJId CMEIIIAHHOI'O
ITAPABOJIO-TUITEPBOJINYECKOI'O YPABHEHM 1

A.C. Bepapruies, H. A qnin

KasHITY, Aamamw, Kazaxcman
E-mail: berdyshev@mail.ru

Paccemorpum ypasnenue

pu={ w28 = re )
Upg — Uyyy < 0 ’

B KOHEYHOI OJTHOCBA3HON 0OJiacTu [ IJIOCKOCTU HE3aBUCHUMBIX TEPEMEHHBIX X,y OrPAHUYEHHO
upu y > 0 orpeskamu AAy, AgBy, BBy mpsavbix © = 0, ¥y = 1, x = 1 cOOTBETCTBEHHO, & TpH
y < 0 xapakrepuctukamu AC : z+y = 0u BC : x —y = 1 ypaBuenus (1). Ilycts ruaakast
kpuBasgt BE :y=—o0(z), |<x<1l,rme0<1<0.5, 0(1)=0, l—0c(l)=0, o(z) >0, >0,
PACITIOJIOXKEeHa BHYTPHU XapaKTepUCTUIeckoro tpeyrojibinka 0 <z +y <z —y < 1.

Hannast pabora mocBsilieHa U3ydeHnto 3a1a4qn tuma bBuraaze-Camapcekoro st ypasaenus (1),
KOrJla B TUnepbo/imieckoil yactu odjactu D 3aai0Tcsd yeJa0BUd, MOTOYEYHO CBA3BIBAIOIINE 3HATE-
HIEe KacaTeJbHON MPON3BOIHOIM NCKOMOrO perieHns Ha xapakrepuctuke BC co 3HaveHnem mpomns-
BOJIHOTO 110 HarpasjeHnn xapakrtepuctuku AC permrenust Ha HeKoTopoil kKpuBoii BE, jexarneit B
obmactu D N {y < 0}, ¢ kornamu B Touke B, u Ha xapakrepucruke AC (B Touke E).

Bagada T By. Haiitu perenne ypapuenus (1), yI0BIeTBOPSIONIEe yCIOBUSIM

U AAgU AB, (2)

[tz + uy] [01 (8)] + o (£) [ua — uy] [07 ()] = O (3)
rae 61 (t) (07 (t))- abdukcs Toukn nepecevenns xapaxrepucrukamu BC' (xpusoit BE) ¢ xa-
paKTepucTUKaMu, Beixojdreit u3 rouku (t,0), 0 < ¢ < 1. B cayvae, Korja kpusas o () BbI-
XO/UT U3 TOYKU A , Jijisi ypaBHeHus (1) BOIPOCHI PA3PEIIUMOCTH U BOJIBTEPPOBOCTH JJIsl OJJHOIO
KJlacca 3a7a4 ¢ yeaobusiMu buraize-Camapcekoro usydena B pabore [1] . Veranosiensr aro, s
KOPPEKTHOCTH ¥ BOJITEPPOBOCTH aHajiora 3adadn T By (Korja KpuBasi o(x) BBIXOJUT U3 TOUKH
A) st ypasuenust (1), cylecTBeHHOe 3HAYEHHE UMEET COOTHOIEHHe MexKly KoddduimeHToM
"exxarnsa"o(0) B Havase KOOP/MHAT TPOM3BOJHOTO 10 HallpaBieHuio xapakrepuctuku BC u mo-
JIIPHBIM YIJIOM v, 0OpasyeMbiM KpuBOil o(x) u ocwio abenuce [1,2].

Ecin B yenosuu (3) p(t) = 0, 1o 3amaua TB coBnagaer ¢ anamorom 3ajaqdu Tpukomu jijist
ypasuenus (1). B 9ToM cirydae pa3penmMocTb U HEKOTOPBIE CIIEKTpaJIbHbIe CBOcTBa 3a1a4un 1" By
paccMaTpPUBAJNCh MHOITHME aBTOpaMu, 6ubamorpaduio KOTOPOro MOKHO HalTH B [2].

Ananorngno, Kak u B paborax [1,2]|, BBOAUTCSA TOHSITHs PEryJIsIPHOIO W CHUJIBHOIO pEIeHHst
zajgaun 1'B,. B pabore HaiijieHbl yCJIOBUS PEryasdpHOl M CUILHOI paspemumocTu 3aja4qu 1 Bs.
[Tokazano, 4aTo crekTp 3aja9u 1'By-He ycToe MHOXKECTBO.

Crcok aureparypbl
[1] A.C. Bepapiies Kpaesvie 3adanu u ux cnekmpansvhvie c60UCMEa OAL YPAGHEHUS CMEULAHHOZ0
napaboso-2unepoosUNECK020 U CMEWAHHO-cocmashozo munos. — A. 2015 1., — 224 c.

[2] A.C. Bepaprmes, O soavmepposocmu nekomopur 3adad ¢ ycaosuamu muna Buyadse-
Camapcrozo 0as cmewannozo napaboro-zunepbosuieckozo ypashenus. [/ CuOUpPCKU Mart.

xypH. T. 45 2005, Ne 3, C. 500-510.
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CONTROL PROBLEM FOR PARABOLIC INTEGRO-DIFFERENTIAL
EQUATION WITH PARAMETER

E.A. Bakirova', A.T. Assanova®
Lnstitute of Information and Computational Technologies, Almaty, Kazakhstan
2Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan

E-mails: bakiroval974@mail.ru, assanova@math.kz

In present report, we consider the following two-point boundary value problem with parameter
for parabolic integro-differential equation

gu _ a(x,t)a%u +c(t,z)u + / k(x,s)u(x,s)ds + bz, t)u(x) + f(z,1), (1)

(x,t) € Q= (0,w) x (0,7,

bo(z)p(z) + by (z)u(z, 0) + bao(x)u(z, T) = ¢1(z), z € [0,w], (2)
co(z)p(x) + cr(x)u(z, 0) + co(x)u(x, T) = @a(x), z € [0,w], (3)
u(0,t) = (1), u(w,t) = 1ha(t), t€10,77, (4)

where u(z,t) is a desired function, p(x) is unknown functional parameter, functions a(x,t) > ag >
0, c(x,t) = 0, k(z,t), b(x,t), and f(x,t) are continuous by ¢ and Holder continuous by x on €;
functions by (), cx(z), k = 0,1,2, and (), pa(x) are continuous on [0, w]; functions ¢ (t), 12 (t)
are continuous on [0, T]. Assume that the boundary functions are sufficiently smooth and satisfy
the compatibility conditions.

A solution of the problem (1)—(4) is a pair of functions (u*(x,t), u*(x)), where u*(z,t) is
continuous on €2, has continuous partial derivatives by ¢ the first order, by x the second order,
and satisfies the parabolic integro-differential equation (1) and boundary conditions (2)-(4) for
() = p*(z).

Control problems, also called as boundary value problems with parameters and as a problem
of identification of parameters for the systems of ordinary differential and integro-differential
equations with parameters, are actively investigated in the works of many authors. Models describing
the reaction-diffusion processes lead to control problems for the integro-differential equations of
the parabolic type. To solve these classes of control problems, there were used the optimization
methods, topological methods, the maximum principle, etc. In spite of this, the questions of finding
the effective signs of unique solvability and constructing the numerical algorithms for finding the
optimal solutions of control problems for integro-differential equations of the parabolic type still
remain open.

In [1], the boundary-value problem for the parabolic equation by discretization with respect to
the spatial variable was reduced to a boundary-value problem for the system of ordinary differential
equations. Effective estimates of the solution, its derivatives via the coefficients and the right-hand
side of the equation are obtained in [1, 2]. We use these results for solve considered problem (1)—(4).

We take VYh > 0 and make a partition by « in the following form: z; = ih, i = 0, P, Ph = w.

Introduce the notation

wi(t) = u(ih,t), p; = p(h), a;(t) =a(ih,t), () =c(ih,t), ki(t) = k(ih,t),

bz(t) = b(Zhat)a fl(t) = f(lha t)? bk,i = bk<2h>7 Ck,i = Ck(Zh)> k= ) 17 27

P = ©1(ih), P2 = @a(ih), i=0,P.
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We approximate of original problem (1)-(4) by the following two-point boundary value problem
for a system of ordinary integro-differential equations with parameter

T
du; i+1 — 2u; + U L
dz = () 2t 21;1 T+ /ki(s)ui(s)ds F o+ fit), i=LP—1, (5)
0
boitti + b1,ui(0) + bojui (T) = 14, i=0,P, (6)
co,ifti + c1,u;(0) + coui (1) = oy, i=0,P, (7)

uo(t) = (), up(t) = a(t), t € 0,77 (8)

For solve the approximating problem (5)—(8) we use one approach proposing in [3|, based on the
algorithms of the parametrization method and numerical methods for solving Cauchy problems.

The approximating problem (5)—(8) is reduced to an equivalent problem consisting of a special
Cauchy problem for the system of Fredholm integro-differential equations, boundary conditions,
and continuity conditions for the solution at the partition points. The conditions for the unique
solvability of the approximating problem are obtained in the terms of the solvability of a system of
algebraic equations with respect to parameters. Estimates of approximation of solution to original
problem by solution to the approximating linear two-point problem with parameter for the system
of ordinary integro-differential equations are established.

For k(x,t) = 0 we obtain two-point boundary value problem with parameter for parabolic

equation with conditions (2)—(4). A corresponding approximating problem for this case is considered
in [4].

These results are partially supported by Grants of Ministry Education and Science of the
Republic of Kazakhstan, No.No. AP 05132455, AP 05132486.
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CORRECT SINGULAR PERTURBATIONS
OF THE LAPLACE OPERATOR
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L. N. Gumilyov Furasian National University, Nur-Sultan, Kazakhstan
E-mails: bbiyarov@gmail.com, abakan_ach45@mail.ru, gulnara.abdrash@gmail.com

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(Lg) and v € D(My). Then L = M and M = Ly
are maximal operators such that Ly C L and My C M. The existence of at least one boundary
correct extension L was proved by Vishik in [3], that is, Ly C L C L. In this case, L* is a boundary
correct extension of the minimal operator M, that is, My C L* C M. The inverse operators to
all possible correct restrictions Lg of the maximal operator L have the form

L' f=L""f+KF, (1)

then D(Lk) is dense in H if and only if Ker (/ + K*L*) = {0}. Thus, it is obvious that any correct
extension My of M, is the adjoint of some correct restriction Lx with dense domain, and vice
versa [1]. Finally, all possible correct extensions My of M, have inverses of the form

Mg'f = (L) ' f = (L)' f+ K7, (2)

where K is an arbitrary bounded linear operator in H with R(K) C Ker L such that Ker (I +
K*L*) = {0}. It is also clear that R(M,) C Ker K*. In particular, My is a boundary correct

extension of My if and only if R(My) C Ker K* and R(K*) C Ker M.

Theorem 1 Let Li be a densely defined correct restriction of the maximal operator L in a Hilbert
space H. If R(K*) C D(L*) N D(L3;), where L and K are the operators from the representation
(1) then

1. The operator By = (I+K L)Ly is relatively bounded correct perturbations of correct restriction
Ly and the spectra of the operators By and L coincide, that is, 0(Bgk) = o(L);

2. The operator L is quasinilpotent (the Volterra) boundary correct extension of Lo, and By is
a quasinilpotent (the Volterra) correct operator simultaneously;

3. If L is an operator with discrete spectrum then the system of root vectors of the operator L
is complete (the basis) in H if and only if the system of root vectors of the operator By is
complete (the basis) in H;

4. In particular, when L is a normal operator with discrete spectrum, then the system of root
vectors of the operator Bi form a Riesz basis in H.

Consider a more visual case when m = 2, that is, 2 C R2 To do this, we set the operator K
using the functions g(x) in the following form: let 2y, z,..., 2, = a:ﬁ”) + ixén) points lying strictly
inside the domain 2. We take a holomorphic function F(z) € Ly(2) in the domain 2 such that
F(zx) =0, k =1,2,...,n, with multiplicities my. As functions g(z1,x2) we take the solution of

the following Dirichlet problem
—Ag=W[F(z)], gloo=0.
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Then, near the point where F'(z) # 0 there is an analytic branch ®(z) of the function In F’, hence
In|F| = Re ® is a harmonic function. In a neighborhood of z; we can write

F(z) = (2 = 2)™ ®(2),

In|F(2)] = mgln|z — zi| + In|P(2)],
where ®(2;) # 0, k = 1,n. Then by Theorem 3.3.2 (see [2]) and the harmonicity of the functions

In |®(z)| we get that
Aln |F| = 2rmgd(z — z)

in the neighborhood. If we denote by 7" the next bounded operator in Ly(£2)

ru=u(e) [ |2 wlr o] - u() 3 miF (] s
o0

we get the following
Bru = —Au + 21w(x) Z mku(l’(k)) —Tu= f(x),

where ¥ = ({2} € Q@ ¢ R2. The domain of the operator By has the form

D(Bg) = {u eEW3(Q) :

{u(w) +w(x)/u(§)aln(|9]; ds — w // )In |F(¢ |d§}

o

:o}_

We obtained a relatively bounded perturbation By of Lp which has the same eigenvalues as the
Dirichlet problem Lp. The system of root vectors of By forms a Riesz basis in Lo(Q2). If {vs} are
an orthonormal system of eigenfunctions of Lp, then the system of eigenvectors {u} of Bx have
the form

= (I + KL)vy, = vp(2) + w(x) //vk(g) In|F(()|d¢, k=1,2,....
0
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LOCAL EXISTENCE AND GLOBAL NON-EXISTENCE FOR
THE INTEGRO-DIFFERENTIAL DIFFUSION EQUATION
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The main goal of the present paper is to obtain results on local existence, global non-existence
and critical exponents of Fujita type [1] for the integro-differential diffusion equation

u(w,t) = As Do Gul@, t) + f(a,t,u), (2,t) €RY x (0,T), (1)

with the initial condition
u(z,0) =ug (x) >0, (2)

where D, ; is the Riemann-Liouville fractional derivative of order o € (0, 1) [2].
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In the theory of classical mechanics of conservative systems of interacting particles, one often
follows the Hamiltonian formalism to write down the differential equations describing the motion
of the particles.

Since these equations are, in general, nonlinear, they are very rarely analytically solvable. As we
will describe in this lecture, it is still possible to obtain useful information about the dynamics by
focusing on certain important special solutions of Hamilton’s equations. These are simple periodic
orbits, which, when stable under small perturbations, are at the center of wide regions of regular
quasiperiodic motion. However, when they destabilize, chaotic domains of non-periodic irregular
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motion appear around them. In this lecture, we will examine how these ideas help us analyze the
dynamics of one-dimensional lattices of interest to statistical mechanics as well as certain chains
of nonlinearly elastic materials that are of interest to applications.
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The proper boundary value problem for the polyanalytic differential operator 9*, m € N,
with the Cauchy-Riemann differential operator 0; given by 20; = 0, +i0,, z =z +1iy, z =
xr—1y; x,y € Ris the

Schwarz problem. Find a solution to the inhomogeneous polyanalytic equation

oZw=finD, f e L,(D;C),2 < p,
in a regular domain D of the complex plane C with 2z, € D satisfying

Redtw =y, on 0D,~, € C(OD;R),0 < p<m —1,
ImoZw(zp) = cp,c, € RO p<m — 1

This problem is classic for the Cauchy-Riemann equation dzw = f in the unit disc D = {|z| < 1}
and is generalized for the polyanalytic equation in [3|. But the Schwarz problem can be handled
for certain other (admissible) simply connected domains with harmonic Green function [1, 4| and
also for some multiply connected domains were however, solvability conditions appear, exemplarily
studied for the concentric ring R = {0 < r < |z| < 1} [5, 6, 4].

Dirichlet problem. The iterated Dirichlet boundary value problem for the polyanalytic
operator of degree m is to find a solution w and proper solvability conditions for the data f,~,
given, satisfying

0Zw(z) = f(z), =€ D 0?10({) =v(0), ¢€oD, 0<pu<m—1, (1)

for a domain D of the plane C with boundary 9dD.
As the Dirichlet problem is an over-determined problem the main task is to determine the
solvability conditions. The solution then is given via the plyanalytic Cauchy-Pompeiu formula [4].
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The parqueting-reflection principle is a method to find harmonic Green and Neumann functions
for certain domains the boundary of which are composed by arcs from circles and lines. Examples
are discs, disc sectors, plane sectors, strips, hyperbolic strips, polygons as rectangles, triangles,
hexagons etc. A recent example is a disc cap, Dy = {z +Z < 1, |z — 1| < 1}, [2]. Its Green and
Neumann functions are

1= (1930 -0 +p
(—z1l—z+4+201—(1—-2)I"’

= _ _ 2
Ni(z,Q) = =log|(¢ = 2)(1 = 20)(1 =2+ 20)(C = (1 =2)(1 = (1 = 2))((1 - ) + "
Acknowledgement. The last named author was supported by the Re-Invitation Programme

for Former Scholarship Holders, 2019 (57440919) of the German Academic Exchange Service
(DAAD) in the fall term 2019 at FU Berlin.

G1(z,¢) = log
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K PEIITEHUIO IICEB/10 — BOJIBTEPPOBOI'O MHTEI'PAJIbHOI'O
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WcciterytoTest BOIPOCHI PA3peninMOCTH TICEBJI0 —BoJIbTEPPOBOTO MHTETPAJILHOTO YpaBHEHUS:
t

+ [ Kt etmar = o), 0
0

rie snpo K, (t, T) mpeactaBuMo B BUJE CyMMBIL:
4
=Y KD,
i=1

R R T

1 W — v (1 — 7v)2
K@ — . S
T T2am (—ap { 4a2(t — 7) } |
1 14w-t! (1 + 7¢)?
- _ : expd T L.
@ a/T  (t—7)2 da2(t —71) "’
L pw—1 w _ w)2
K — 1 14w tl exp{—(t ) }
ay/T (t—7)2 4a?(t — 1)

Takoro pojia mHTerpajJbHble YpaBHEHUS BO3ZHUKAIOT 1P PEIIEHUU CJIEYIONENl IPaHUIHON 3a-

IIPA 3TOM:

Jaan [4]:
Ou 0% _ o
ou B dﬂ(t) ou B
oul= =0 g Tl =0

rae a(t) = u(t,t), w> 3.
Pemenne nnrerpanabaoro ypasuenus (1) Gymem nckarh B Kiacce dbyHKIHIA:

27 o(t) € Loo(0, 00), (2)

e, p(t) € Lo(0,00;t27%).
[Too6HBIe MHTErpasIbHBIE ypaBHeHHs Tuia Bobreppa paccMaTpuBaJIich B paborax [1-3].

Ormernm, aTo ocobeHHOCTD Aapa K, (t, T) 3aK/II09aeTCS B TOM, 9TO

t
lim [ K,(t,7)dr = 1.

[Tokazano, 9TO COOTBETCTBYIOIIEE OJIHOPO/IHOE MHTErPAJIbHOE YpaBHEHUE

+ /Ot K,(t,7)p(r)dr =0
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UMeeT HeHyJIeBOE PeIlleHne
3
Chom (t, w) € Lo (0, 00;t27%).

[TocTpoena pe3osbBeHTa JJisl HEOJIHOPOIHOTO ypaBHeHus (1), 1 HallJIeHO ero 9acTHOe pelleHne
Ppart(t,w) € Loo(0, oo;t%_“).
Takum obpazom, 1moKazaHO, YTO €CIIN W > %, TO MHTErpajbHoe ypasuenue (1) s jr060ii
127 () € Lo(0,0)
MMeeT B Kjacce (2) perneHne BHA:
o(t,w) = @part(t,w) + C - Yhom(t,w), C = const.

Pabora soinosnnena npu noguaep:kke MOH PK (mpoekr No AP05132262).
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NEW GENERAL SOLUTION TO A NONLINEAR
FREDHOLM INTEGRO-DIFFERENTIAL EQUATION

D.S. Dzhumabaev!'?, S.T. Mynbayeva's3
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On [0, T] we consider Fredholm integro-differential equation with nonlinear differential part

dx

i =0+ | wsar ten), er )

October 16-19, 2019 90 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

where f : [0,7] x R® — R™ is continuous and the n x n matrices @x(t), Yr(7), & = 1,m, are
continuous on [0, 77, ||z|| = max|z,|.
=1

,n

General solution play important role by investigating and solving problems for differential
and integro-differential equations. Integral term essentially impacts to the properties of Eq. (1).
Particularly Eq. (1) might be unsolvable and have no solutions without any additional conditions
(see |1, 3]). This fact implies that a classical general solution exists not for all Eq. (1). Therefore,
new concept of general solution has been introduced in [4].

Employing regular partition Ay of the interval [0,7] (see [2, 3|), there constructed the Ay
general solution x(Ay,t, A) to the linear Fredholm integro-differential equation. As distinct from
the classical general solution, z(Ay, ¢, ) exists to any linear Fredholm integro-differential equation
and depend on parameter A = (\,...,\y) € R™. New general solutions to the ordinary
differential equations have been introduced in [5].

In the communication, the new concept of general solution is introduced to Eq. (1). Let Ay
be a partition of [0, 7] into N parts with points tp =0 < t; < ... < ty = T. Denote by z,.(t) the
restriction of function z(t) to the interval [t,_;,t,.), 1, N. Introducing the parameters =z, (t,_1)
and functions u,.(t) = x,.(t) — A, we obtain the system of nonlinear integro-differential equations
with parameters on subintervals

m N .
du, L _
e fltu+ ) + k;gok(t) ;/t_ Uu(7) [ui(7) + N]dr, tet,a,t), r=1,N, (2
subject to initial conditions
up(t,—1) =0, r=1N. (3)

Problem (2), (3) is called the special Cauchy problem for the system of integro-differential
equations with parameters on subintervals. Criterion of unique solvability of the special Cauchy
problem for the system of linear integro-differential equations is obtained and algorithm of finding
its solution is proposed in [2, 3|. Sufficient conditions for the existence of solution to problem (2),
(3) is given [6].

In report employing the function system u[t, \] = (ul(t, A),ug(t, A), .. un(t, )\)), the solution
to the special Cauchy problem (2), (3), we introduce the Ay general solution to Eq. (1). Conditions
for the existence of Ay general solution z(Ay,t, \) to Eq. (1) is obtained and its properties are
established. Application of new general solution for solving the nonlinear boundary value problems
is discussed.

This research is supported by the Ministry of Education and Science of the Republic Kazakhstan
Grant AP 05132486.
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ON THE COEFFICIENT INVERSE PROBLEMS
OF HEAT CONDUCTION IN A DEGENERATING DOMAINS

M.T. Jenaliyev!, M.I. Ramazanov?, M.G. Yergaliyev?3

1 3 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2E.A.Buketov Karaganda State University, Karaganda, Kazakhstan
E-mail: muvasharkhan@gmail.com

In the report we consider a coefficient inverse problem for the heat equation in a degenerating
angular domain. It has been shown that the inverse problem for the homogeneous heat equation
with homogeneous boundary conditions has a nontrivial solution up to a constant factor consistent
with the integral condition. Moreover, the solution of the considered inverse problem is found in
explicit form. In conclusion statements of possible generalizations and the results of numerical
calculations are given.

Statement of the problem and main result. In the domain Gy = {(z,t)| 0 <z <t, 0<
t <T,}, T < 400, we consider an inverse problem of finding a coefficient A\(¢) and a function
u(z,t) for following heat equation:

(@, 1) = Uga(x, ) — A(t)u(a, 1), (1)
with homogeneous boundary conditions
w(z,t)]pm0 =0, wu(x,t)]s=e =0, 0<t<T, (2)

suspect to the overspecification
t
/ u(z, t)de = E(t), |E@)]>0>0, 0<t<T, (3)
0

where E(t) € Lo(0,T) is a given function.

The main result of the report is the following theorem [1], in which the criterion for the
solvability of the inverse problem (1)-(3) is formulated.

Theorem. The inverse problem (1)-(3) has a solution {u(z,t), A(t)} if and only if the following
condition s satisfied

sign{ E(t)} = sign{I[po(t),t]}, Vt € (0,T), (4)
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4

olt) = LeXp{—i} +§ {1+erf<g)] , te(0,7),

—exp {— (t—7) H vo(T)dr, t € (0,T),

where erf (a) = \/%? [ exp{—2} dz. Moreover, the solution {u(x,t), \(t)} belongs to classes
0

t2u(x,t) € Loo(Gr), ie. u € Loo(Gr;t'/?),
{ tA(t) € Loo((0,7)),  ie. A(t) € Lo((0,T);1).

Next, we consider the following possible generalizations.

First generalization. Replacing the law of variation of the boundary = = t with z = Vkt, 0 <
k < oo, we obtain in domain Gpj, = {(z,t)|0 < # < Vkt,0 < t < T} the inverse problem for
heat equation (1) with boundary conditions:

ule=0 = 0, ul,_ 5, =0, (5)
suspect to the overspecification (3).

Second generalization. Let u(t) is a continuous nondecreasing function on the interval (0, 7).
And let this function coincides with the linear function pu(t) = Vkt, 0 < k < oo, on a sufficiently
small subinterval (0,t) C (0,7, where ty << T, it means, that on the interval (0, ¢y) the function
pu(t) is differentiable, which derivative is equal to v/k.

Now in domain Gr, = {(z,t)]0 < x < p(t), 0 < t < T} we consider the following inverse
problem of finding a coefficient A\(¢) and a function u(z,t):

Ut = Ugy — A)u(z,t), {z,t} € Gy, (6)
t

Ujg=0 = 0, Ujg=p@) = 0, /u(x,t)dx =FE(t), 0<t<T. (7)
0

Next, we divide problem (6)—(7) into the following two subproblems.

Problem 1. Find the solution of the inverse problem (6)—(7) in the triangular degenerate
domain Gy, = {(z,t)|0 < 2 < Vkt, 0 <t < ty} C Gr,, where to << T.

Problem 2. Find the solution of the inverse problem (6)—(7) in a curvilinear (non-degenerate)
domain Giyr, = {(2,1)]0 < z < p(t), to <t < T} C Gpy, where tg << T with an additional
initial condition on the line ¢t = t;, which is determined by the solution of Problem 1 and given
by the function u(x, ). To solve this problem, we can use, for example, the methods of 2], [3].

Funding. Supported by the grant projects AP05130928 (2018-2020), AP05132262 (2018-2020)
and by the target program BR05236693 (2018-2020) from the Ministry of Science and Education
of the Republic of Kazakhstan.
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ly=—y" (x)+q(@ y, ¥)y +s@y y)y="h(2), (1)
re r € R = (—o0, +00), a q(z, u, w), s(z, u, w) (u, w € R) u h € Ly := Lo (R) sBISIOT-
¢ BEIeCTBEHHbIMU (pyHKIUAMU. MbI mpenosiaraeM, 9To ¢ U S, COOTBETCTBEHHO, HEIPEPBHIBHO
muddepeHnmpyeMbl 1 HEIPEPLIBHBL. VCIo/b3yst KOSPUUTUBHbIE ONEHKHU Ui PeIleHns JINHEHHOro
muddepenimanbroro ypasaenust —y” + qy’ + sy = f (x), ycranosiennbie B [1], Mbl j0Ka3bIBaEM
ojiHO3HAUHYIO paspenmMocth (1). Ormernm, uro ypasuerue (1) comepkuT usBectHoe mMoaudbu-
UpoBaHHOe cTanuoHapHoe ypasHenne Koprepera-me @pusa. C 1980 I. MHTEHCHBHO U3y4asioCch
cJIelyIoNIee KBa3WINHEHOe YPABHEHUE TPEThEro MOPsIKa

—y" + 9@, y, )y = [ (2), (2)
riex € R wg > 1 (em. [2], [3] u cecbuiku B HeM). Bblam mosrydenbl 10CTATOYHBIE YCIIOBHUST
Juts KosprruBHON paspernnmoctr (2) ¢ f € L,(R) (1 < p < +00) n 3bdeKTUBHbBIE OINEHKH
ANMPOKCUMATHBHBIX XapakTepucTrkK pernernst. CoiicTBa ypaBHenus (1) 3aMeTHO OTJIMYAIOTCS OT
(2). B wactHOCTH, $ MOXKET ObITH 3HAKOIEPEMEHHOM (hyHKIMeil, Gojiee TOro, OHA MOKET ObITh He
orpanuyentoii causy. Ecim s = 0 u r gBAAIOTCS OrpaHUYeHHbIMU, TO ypaBHenue (1) He MoxKeT
uUMeTh perterns B Lo(R).

[Tox pemenuem ypasuenus (1) nonumaercst pyuknus y € Lo, Jijig KOTOPOii CyIECTBYeT MO~
ciesoBaTe bHOCTD {y, too ;, € C®)(R) takag, aro sumosmenst coornomenus |6 (y, — y) ||, — 0

n=

and (|0 (Iy, — h)|l, = 0 (n — oo) aas moboit bynkrmn 6 uz C®)(R) ¢ KOMIAKTHBIM HOCHTETEM.
Teopema 1 Ilycmv q — nenpepwvisno duddepenyupyeman, a s — HENPEPLIGHAA DYHKUULU, ONA
KOMOPOIT BLINOAHEHDL YCAOBUSA

q (ta u, U)) > C (1 + t2) ) ’? =  Sup  Vs(t,u,w),q(t,u, w),0 < o0
(u, w)eR?
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U 0as 4106020 NOAOIHCUMEABHO20 “ucaa A

sup sup M<oo.
sneR:  |C| <A |c]<a, 1m0 G)
ponl<l |d—cr<4
P=1,2

Tozda das 06010 npasoti wacmu h € Ly cywecmeyem pewenue y ypasnernus (1), npuvem

Hy///H2 + ||q(.7 v, y/) y/||2 + ||S('7 Y, y,)yHQ < oo.

Apropsr nomuepKanbl rpaaToMm 05131649 MunncrepcrBa obpasoBanus U HayKu Pecriybsmkm
Kazaxcran.
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CORRECT SOLVABILITY OF SECOND-ORDER DIFFERENTIAL
EQUATIONS WITH UNBOUNDED COEFFICIENTS

A.N. Yesbayev

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: adilet.e@gmail.com

The following equation is considered in the paper

—p(py) + 1y + sy = f(x), (1)

for z € R = (—o0, +00), p positive and twice continiously differentiable, r continiously differentiable
and s continuous functions, f € L, = L,(R), 1 < p < 4o0.
Consider the differential expression loy = —p (py') + 1y’ + sy, defined on the twice continuously

differentiable functions set 6’52) (R) with compact support. Denote by [ the closure of the operator
lp in the L, space.

The equation (1) has a fairly general form, its coefficients are unlimited functions. The equation (1)
with p > 0 > 0 and its multidimensional generalizations have been studied intensively in connection
with applications to quantum mechanics, stochastic analysis and stochastic differential equations
(see [1, 2, 7, 10] and the links inside). However, in these works it is assumed that s is positive
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and separated from zero, and the growth at infinity of the absolute value of the intermediate
coefficient r is limited by some power of s. There are works [3, 4, 5, 6] where there is no such direct
subordination, but it is assumed that the coefficient r can grow no faster than |z|In|z| (x> 1).

In the case p = 1 and |r| has the fast growth and not depend on the coefficient s the equation (1)
was explored in [9], where unique solvability and an estimate of the maximum regularity for the
solution were established. The last estimate was then applied to the study of a single quasilinear
equation in R.

Note that the fast and independent growth of the absolute value of the intermediate coefficient
r greatly changes the case of well-posedness of (1). Firstly, in this case, the lowest coefficient s
can be unbounded from below, moreover, it can tend to —oo with a certain rate [8|. Here the
order of the tendency of s to —oo depends on the growth rate of |r|. Note that while exploring
the Sturm-Liouville equation (the case p = 1 and r = 0) usually it is assumed that s > —kz? for
some k [10]. This requirement is not necessary in the case of the equation (1).

Secondly, due to the growth of the absolute value of r in the equation (1), it turns out that
we can assume that the coefficient p tends to zero at infinity in the leading term, thereby we may
consider the case of degeneracy. The result obtained below shows that the order of the tendency
of p to zero also depends on the growth of |r|. In contrast to [9], in addition to generality, the
equation (1) can degenerate near the infinity.

Let g and h # 0 are given continuous functions. Suppose

agn(t) = HgHLp(O,t) HhilHLq(t;}oo) (t>0), Bgn(r)= HgHLP(T,U) HhilHLq(fooJ) (T <0),

Vg,h = MaX (sup agp(t), sup ﬁg’h(T)) .
t>0 <0

Theorem 1 Let 1 < p < 400, p is twice continuously differentiable funtion, r is continuously

differentiable positive funtion and the following conditions hold

o2

< 2K A
1< 2 <C p , 71’(“')1/1)’) < 400,

and let there exists a € R such that

r(t)]
20) dt < +00

r<a

sup ¢ p(x)exp | — /

Then the equation (1) has the only solution y for any right side f € L, and the following estimate

fory holds
1/p
r

The conditions of the theorem holds for the following equation

+lyll, <A, -
p

_m(x)l—i— a2 <m(x)1+ 2 y/)/ +(n(z) + 2%y = f,

where m(x) > 1 and n(xz) > 1 are smooth functions.
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ON A STABILITY OF A PROGRAM MANIFOLD
WITH VARIABLE COEFFICIENTS
WITH STATIONARY NONLINEARITY

S.S. Zhumatov

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: sailau.math@mail.ru

In a class of continuously-differentiable at times ¢ and bounded on a norm matrices = we
consider the program manifold € (t) = w(t, ) = 0, which is integral for the system

x:f(t7w> _B(t>£7 5230(0-)7 U:PT(t)w_Q<t)£a tel = [07 00)7 (1)
provided Q(t) >> 0, where x € R™ is a state vector of the object, f € R" is a vector-function,
satisfying to conditions of existence of a solution x(t) = 0, B(t) € Z"", P(t) € =% are
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continuous matrices, w € R*(s < n) is a vector, p(o) € R" is a vector-function of control on
deviation from given program manifold, satisfying to conditions of local quadratic connection

0(0)=0 A 0<c"p(0) <o'Ko;

K = diag ||ky,... k|, K=K">0, (2)
Due to the fact that Q(t) is the integral manifold for the system (1)-(2), we have
0
@ = o+ Hf (t,2) = F(t,2,w), (3)
where H = 2= is the Jacobi matrix and F (t,z,w) is a certain s-dimensional Erugin vector

function, satisf}ﬁng conditions F(t,z,0) =0 [1].

At solving inverse problems of the dynamics of automatic control systems,the basic and obligatory
requirement is the stability of program motion in the presence of unstable actuating elements and
system deviations from a given program at the initial time.

Taking into account that Q(t) is the integral manifold for the system (1), and by choosing the
Erugin function as following

F(t,z,w) = —Aw, (4)

where —A € R*** is Hurwitz matrix and differentiating the manifold €2(¢) with respect to time ¢
along the solutions of system (1), we get [2]:

0 =—Alw—HBB®)E, E=¢(0), =P (Hhw-Q(b), ()

Definition 1. A program manifold €2(¢) is called absolutely stable in relation to a vector-
function w, if it is asymptotically stable on the whole at all functions ¢(o) satisfying to the
conditions (2).

Statement of the problem.To get the condition of absolute stability of a program manifold
Q(t) of the indirect control systems with variable coefficients in relation to the given vector-function
w.

Some overview of variable coefficient control systems was given in [3].

First, we consider the following system with variable coefficients as a linear approximation of
the system (5),(2) with respect to the vector function w :

w=—-Alt)w, tel=1]0,00). (6)

We construct for it a Lyapunov function V (t,w) = w? L(t)w.

Theorem 1. Let the Erugin function F(¢,z,w) have the form (3). Then, if the matrix A(¢)
system (6) is non-degenerate and together with the matrix M(¢) satisfy equality AT (¢t)M(t) =
M7 (t)A(t), then whatever the given quadratic form with the matrix G(t) there exists a unique
quadratic form W (t) with the matrix L(t) and satisfies the equation

dV(t,w) T
- = Wit =w G(t)w.
| = Witw) =T Gl

Theorem 2. Let the Erugin function F'(¢,z,w) has the form (4). Then for asymptotic stability
in the whole of the program manifold €2(¢) of a linear system with variable coefficients relative to
the vector function w it is sufficient fulfillment of relations

Lt)= M)A (t) >>0AG({t) >>0 tel=]0,00).
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The basic theorem. If there is a real, continuous differentiable function of V'(¢,w) in the
given domain and positive-definite and allowing the highest limit in whole such that its derivative

av

= =Wt
dt (5) ( ,W)

would be definitely positive for any function (o) satisfying conditions (2), then the program
manifold €2(¢) is absolutely stable with respect to vector functions w(t, x).
Theorem 3. Suppose that there exist matrices

L(t) = LT(t) > 0, 8 = diag (B1,...,3:) >0

and non-linear function ¢(o) satisfies the conditions (2). Then, for the absolute stability of the
program manifold 2 (¢) with respect to the vector function w it is sufficient performing of the
following conditions

L(llwl® + 1117 < V < Da(llwll® + [1€]1%), (7)
gr(lwll* + [1E]1*) < W < ga(llwl® + 1€]1%), (8)

where [q, l5, g1, g2 are positive constants.
These results are supported by Grants of Ministry Education and Science of the Republic of
Kazakhstan, No. AP 05131369.
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MULTIPERIODIC SOLUTION OF ONE HYPERBOLIC SYSTEM
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K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
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Many physical processes are described by systems of the first order partial differential equations
[2]. For example, the well-known nonlinear Euler equations of fluid motion, relating pressure,
density and velocity along the axes, belong to such systems.

Along with this, we also note that, under fairly general conditions, it is possible to present
higher order partial differential equations in the form of systems of first order equations. Such, for
example, it is the telegraph equation.
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In fluid dynamics at constant speeds along the coordinate axes of the equation, the density
u = p(t,z,y) of fluid with known fluid flow f is particular case of vector-matrix equation

ou Ju ou
E —i—A% +Ba_y =Cu+ f(t,z,y).

Research of multiperiodic solutions with respect to ¢ and x and y with such vector-matrix
equations presents certain interest, when the fluid flow has the property of multiperiodicity in all
independent variables [1, 3, 6].

In [4, 5] this question was considered in terms of the Green’s function for such systems. The
development of method for researching this problem in this paper was developed on basis of the
method [3] for the system of equations

0 0

a—z—i—Aa—‘z = By + (7, 1) (1)
with respect to unknown function y = (1, ..., y,) of variables 7 € (—o0,+00) = R and t € R, the
constant n-matrices A and B, n-vector-function o(7,t) are input data of the system.

Based on [1] and [3]-[6], the problem about existence and integral representation of unique
(0, w)-periodic solution of system (1) is been studying in the following assumptions:

1%, The matrix A has various real eigenvalues \; = \;(A), j = 1,n; A\; # A\, on different j and
k = 1,n. The system (1) is hyperbolic in the narrow sense [2];

20, Matrix X (7) = Clexp[BT]C satisfies the relation det[X (§) — E] # 0, where E is identity
matrix; C' is transformation matrix, leading the matrix A to Jordan normal form;

3°. The vector-function o(7,t) has properties of (6,w)-periodicity and smoothness on (7, )
order (0, 1)

o(T+0,t) = (7t +w) = p(1,1) € CGV (R x R),

where 6 and w are rationally independent periods.
By virtue of condition 1° the characteristics h;(7,7°,t%) = t° + X\j(7 — 79),5 = 1,n, with
arbitrary initial point (79,¢°) are determined and we put

h(r,7°,1%) € {hy(7,7°,1%), ..., (7, 7°, %)}

The operator P = (P, ..., P,) is introduced which is acting on vector-function
x(7, h(r,7°,1°))
and forms the vector
Px(7,h(r,°,1°) = (Pyz(7, h(7,7°,t%)), ..., Py (7, h(1,7°,t")))

with vector components Pz (7, h(1,7°,¢°)) = z(7, h;(1,7°,¢%)), j = 1,n.
Under the product of matrix X = [z;;]} on vector Pz is understood vector X Pz = ((Xy, Piz), ..., (X, Py
where the vector X is composed of elements j-th row’s matrix X : X; = (21, ..., 2j,), (a,b) is
vector product of a and b.
In conclusion, based on the transformation y*(7,t) = Cz*(7,t), we obtain the solution of main
problem of the existence and uniqueness (0, w)-periodic solution y*(7,t) of system (1) in the form

v (r,t) =Y (r+0)-Y (r)]! / Y (s) Py (s, h(s, T, t))ds, (2)

T
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where Y (7) = CX(7), vector-function @y(s, h(s, 7,t)) is determined by the relation

(s, h(s,7,1)), 7 < s <77

3
(s, h(s,7+0,t)), 70 <s<7+0. 3)

wa(s, h(s,7,t)) = {

By virtue of condition 3°, there is not difficult to make sure, that y*(7,t) is unique (6, w)-periodic
solution of the system (1).

Theorem 1 Under the conditions 1°-3° system (1) admits unique (0,w)-periodic solution y*(t,t)
that is integrally represented by the formula (2)-(3).

The idea of this work is realized to the quasilinear case based on contraction mapping principle,
when the vector-function contains the unknown function. Here it was illuminated, confining itself
to linear case.

In conclusion, we also note that similar results can be obtained when the variable is multidimensional
and the matrix coefficients for partial differentials are commutative.
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K CIIEKTPAJIBHOMY BOIIPOCY OIIEPATOPA KOIIIN-PUMAHA
H.C. UmanbaesB
FOotcno-Kasaxemanckuti 2ocydapemeentviil nedazozuneckuti YHusepcumen,
Hlvmxenm, Kazaxcman

E-mail: imanbaevnur@mail. ru

B dyuknnonassaom npocrpanctse C(|z| < 1) paceMoTpuM CIieKTpaIbHYIO 3aady I ollepa-
topa Komu-Pumana, ¢ npeanosoxkernem, aro 0 € p(K') - pe30JbBEHTHOE MHOXKECTBO HEITYCTOe:

Kw(z):ag(;):mz), 2] < 1, (1)

Rew(z) = aRe % j{ ;\w_@dt .zl =1, (2)
lt=1

Imw(0) = alm % j{ )\wT@)dt : (3)

[t]=1

rae \ - CIeKTpasbHbIil napamerp, o = 0, 1.

VrBepkaenue. Ecin a = 0, Torma crekrpasibHas 3ajgada (1) - (3) sBisiercst BOIBTEPPOBBIM
[1]. Eciim o = 1, rorma 3amada (1) - (3) pemynupyercs K JHHEHHOMY HHTEIDATHLHOMY YDABHEHHIO
@pearobma BToporo poja. Ilpu srom oxapakrepusyercsa Te A, KOTOPBIX HEOJHOPO/IHAS KpaeBas
3aJ1a9a co cMelenneM Ji7is oneparopa Ko - Pumana (1) - (3) Beroy paspernma B Kacce Helpe-
PBIBHBIX B cMbICIe [énbiepa GyHKIN Ha €MHUIHOM Kpyre, TPUIEM MOKa3aHa sBHas KOHCTPYK-
IUsl, AIIPOKCUMUPYIOIIAst PellleHne HeoHOPOIHOl 3a1auu. [Tns sroro qocrarouno u(z) = Rew(z),
OlIpeJIesIIeMOe KaK pelleHne HeoJHOPOHOIO JIMHEHHOIO MHTErpaabHOro ypapuerus Ppearoibma
BTOPOTO POJIa, AllIPOKCUMHUPOBATH PEIEHUsIMU HEOHOPOJHOIO JIMHEHHOIO MHTErPAaIbHOIO ypaB-
HEHUsI ¢ BBIPOXKJICHHBIMU siJIDAMHU.
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II3BeCTHO, YTO HENPEPBIBHOE DACIPEIETeHNsT Mace, 3apsija B orpaHn4Hoil obmactu Q0 C R?
coznaet smuefineiii (Hboronossrit)norentmas [1] mo dopmyste

u@) = [ele-ep()de, g

Q

rie € (x — &) - dynmamenTaabHble perenns ypaBaenns Jlammaca
—Aze(x) =0(x), €(2) ]z = 0. (2)

[TockosbKy naTerpasbHblii oneparop (1)- unrerpasnbroil oneparop Ppenrossma I-pona, To na-
XOXKJIEHUST TIJIOTHOCTH p () 10 3aJJAHHOMY TIOTEHIHALY U (X) ABJIsSeTC HEKOPPEKTHOI 3a1adeii. B
nameii pabore [2| Kanbmenosa T.III., Cyparana /I. Brepsble HaiiJleHO IDaHUYHbIE YCIOBUS 00b-
emuoro (Hpioronosoro) morennunama (1).

B nacrosmeit pabore Meromamu paboThl (2| HalileHBI I'DAHUYHBIE YCJIOBHA SJUIMITHIECKOIO
HoTeHImaIa u (&), 3a1aBaeMble HHTEIPAJIOM

u@) = [ op©de, 3)

Q
rie € (z,€) - dyHIaMeHTaIbHble PENIeHIs SUIUITHICCKOrO YPaBHEHNST
"9 0
L(I,D)@(If,f):—z8—xaw($)a—5(l’,§):5(l'7£>, (4)

l‘ .
ij=1 J

> ati&; = dlgP,
i,j=1
€($,f)||x‘_>oo — 0.

[Tostb3ysiCh HAfiICHHBIM MPAHIYHBIM YCJIOBUEM HOTEHINAIA U () OJJHOBHATHO OIPE/IeJICHa [II0T-
HOCTB p (Z) 9TOro MOTEHIHnAaA.
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ACUMIITOTNYECKOE IIPE/ICTABJIEHIE PEINIEHIN A
ABYX®A3HOU 3AJAYN CTE@AHA C OBJIACTBIO,
BBIPO2KJAIOINENCA B HAYAJIBHBIT MOMEHT BPEMEHU

C.A. Kaccabek!, A.A. Kasokun?, IO.P. IlInagu®, 11.C. Kyaraxmerosa®

L nemumym IT, Hyp-Cyaman, Kasazeman
2SDU, Kackenen, Kasaxcman
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UcemeoBano acUMITOTHYIECKOE MTPEJICTABICHIE KOOPANHATHI CBOOOHON TpaHuIpl & = at) u
perennst T;(z,t) (i = 1,2) npu MaJIbIX 3HAYEHUAX BpeMeHH ¢ JJIst cJielytommeii AByxdas3Hoil 3a1a9u
Credana ¢ ycmopueM 3-T0 pojia Ha HEIOJBUKHOM MPaHUIe:

T, =aT!,; {i=1,2D:{r € (0,a(t)}; Dy:{x € (aft),0)};t > 0}

171X

C Ha4YaJIbHBIMU U I'PaHUYIHBIMU YCJIOBUAMMU:
a(0) = 0; T5(z,0) = f3(z);
)‘1T1/z(07t) = g(T(Ovt)>t))v TQ(OO,t) = fg(OO),

u ycaosueM Credana mna ¢BoboHoi rpannie © = a(t):

Ti(a(t),t) = Ta(a(t), t) = To,

AT (0(8), 1) ~ AaThy (), ) = 200,
rje \; — KO3 PUITMEHTH! TEIJIOITPOBOIHOCTH, Y — BEJIMYMHA CKPBITOM TEIJIOTHI (DA30BOT0 IIepexo/ia
(oTpunaTesibHAS B CJIydae IJIABJICHUS U MOJOXKHUTETbHAsT B CIydae KPUCTAJIM3AINN BEIeCTBa).
[Ipeamonaraercs, 9ro HavabHas TeMieparypa f3(x) u BXojsasi B r(paHUIHOE yCIO0BHe (DYHK-
st g(71(0,t),t) HEKOTOPOE KOMMUIeCTBO pa3 juddepeHIupyeMbl TI0 CBOMM apryMeHTaM, OJJHAKO
TOCJIe (SIS MOYKET UMeTh ocobenHocTh Tumna t~/2 mpu t — 0.
Yro0bl HANTH ACUMIITOTHYECKOE IMIPEJICTABICHIE PEIIeHUs TOCTABICHHON 3a/1a9u, MIPEJICTABUM
€ro B CJIEJLYIOIIEM BUJIE:

%

Ty(z,t) = Z

4 QCLi

— 7 Frvs(€) exp (—(9“" i <‘1)W5>2) a (i=1,2),

4a$t

[Ipenmonaraercs, aro dyuknuun fi(§), (I = 1,2,4), muddepeHnupyemMsbl T0CTATOTHOE KOTHAIE-
crBO pa3. [lpu sTux yenousix, ucnosb3ys pasioxenus fi(z), (I = 1,4), n a(t) B acumuroTndeckne
PAILI BUIA

Zflka: + o(x Zakﬂ +o(6™), 6=+,

HaYaJbHbIE W T'DAHUYHBIE YCJIOBUA IPUBOJAT K PEKYPPEHTHON cucTeMe HeJTMHEHHBIX (OYHKITNO-
HAJIbHBIX yPaBHEHUN JIJIsd olpejiesieHus Ko3pOUuImenTon fl,k> Q.

Ananm3 acHMIOTOTUYECKNX PELIeHU IOJIyYeHHBIX 9TUM METOHOM, II03BOJIMJI JOKA3aTh CJICILYy-
IOIE YTBEPXKJIEHUSA OTHOCUTEHLHO YCJIOBHIl COIJIAacCOBaHUs HAYAJbHON W TpaHUYIHON (QYHKIHIA,
HEOOXOTUMBbIE JIJIsT ACUMIITOTUIECKON Pa3permMOCTH 3a1an:
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— eCJIM He BBIIOJHEHb! yeiaoBus cornacoBanns f3(0) = f3 o = Tp, TO BbIIIeyKa3anHas 3a/1ada He
MMEET KJIaCCHIECKOIO (6'12)’11m D,) DETeHus;

— ecym ipu ¢ — 0 mmMeer MecTo acumnToTHaeckoe npejacrasienne: g(T,t) ~ go-t72, To a(t) ~
a1 - V1, tae a; > 0 ~KOpeHb W3BECTHOIO HEJMHEHHOTO VPABHEHWs, 3aBHUCSIIHAIl OT IapaMeTpoB
paccMaTrpuBaeMoil 3a/1a49u;

— €CJIU B HAYAJIBHBII MOMEHT BPEMEHH He COBIIA/IaioT 3HadeHus Bremntreit go = ¢(75(0,0),0) < oo
U BHyTpPeHHel — Ao f31 IpousBogubIx pertennst npu © = 0, o a(t) ~ ag - £, as = %(go — Xafs1)
IpU HEOOXOJAMMOM YCJIOBUH: (g > (;

- ecJIM HauabHas TeMieparypa obsactn Do cdopMUpOBATIACH MOJ JEHCTBHEM TOTO K€ CAMOTO
TEIJIOBOTO MOTOKA go ipu & = 0, T.e. @y = 0, TO UMEET MECTO aCUMITOTUIECKOE ITIPEJICTABJIEHIE
at) ~as-t32 az = 3;f/9\0/%, npu HEOOXOAMMOM yeaoBuu ag > 0, rjie tg BpeMst U3MEHEHHsI TeMIIe-
paTyphl mopepxHocTr = () OT HAYAILHOTO 3HAYEHHMs 0 TeMIepaTyphl (a3oBoro nepexona. Eemm
[IpU 9TOM HadvajibHas Temieparypa mnocrosguHas Vo > 0, To ty onpejessieTcs SBHO U3 pelleHus
COOTBETCTBYIONIEr0 yPABHEHHU TEILIONPOBOIHOCTH:

2a240

B IIOCJIEAHUX JABYX CJIyYasdAX TaKzKe uMeeT MECTO aCUMIITOTHUYIECKOE IIpe/CTaB/ICHUE:

ty = ((Tg — Tbeg))\Q ﬁ ) .
ﬂ@w~%+%@—mm.

OreHKy BpeMeHH, 710 KOTOPOI'O UMEIOT MECTO BBINIEyKa3aHHbIE ACUMIITOTUYECKIE TTPE/ICTaB/ICHUS

Y )
JIJ1S1 PA3JIMYHBIX MaTePUaioB MOYKHO TOJTYYUTD UCIOJB3YS CJIEAYIONNEe YIEHbl aCUMITOTHYECKOTO
Pa3JIOKEHNsT PEIeHns.

Pabora momgep:xana rpaarom AP05133919 or KH MOH PK
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Kapl'V um. E.A.Byxemosa, Kapaeanda, Kasaxcman
E-mails: svetik_mir69Qmail.ru, erasl-79@mail.ru, l.kasymova2017@mail.ru

UccreioBanue ConpsizKeHHON KpaeBoii 3a/1auu TeIJIONPOBOIHOCTH:
B obaacmu G ={(z; t): t>0, 0<az<t} nadmu pewenue ypasHeHUA

ou*  ,0%u*
_ = q°—
ot oz?’
YO0BAEMBOPAIOULE20 2PANULHVLM YCAOBUAM:
uw(z, t)],_, =0, u(z, t)],_, =v(t), u(z, t)],_, = w(t)
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pelyIupyeTcs K MCCJIEIOBAHUIO HMHTErPAIBLHOIO ypaBHeHnus Boyibreppa BTOporo pojia:

() / T Kt dr = f(1), (> 0), 1)

T+t ox _(T—I—t)2 1 ox Tt
(r—1)2 p{ 4a2(f—t)}+(7_t)% p{ 4a2}]' )

Jlemma 1 Jlas adpa (2) ypasnerus (1) cnpasedauso npedeavhoe coomuowenue

rje
1

2a\/7

K(r,t) =

lokazana jemMma

(e 9]

lim [ K(r,t)dr =1.
t——+o00
¢

BHauuT, XapaKTepUCTUIeCKasi YacTh ypaBHeHus (1) — 9ro BTOpoe ciaraemoe sifpa (2).
Uccnenosanne ypasaenus (1) cBOAUTCS K M3YUEHUIO HHTEIPAJILHOTO YPABHEHMUSI:

() - / Tk 7)) dr = g(0), 3)

rje

2T

k*(t,7) = 2a1/7_r{(7'—t)3/2 exp{ - a2(77-—t_ t)} - \/%O —eXp{ B #t—t)}>}’

t t

s =e {10, w0 =en{- Sloo.
JIlemma 2 Vpasuenue (2) axeusarernmmo c600umca x yYpasHeHut0 ¢ Pa3HOCTIHBIM AOPOM

bt = 2a1\/E0/1 (t —17—1)1/2 <1 N exp{ - m})yﬁl) dr—

4 2@1/? / = _271)3/2 exp{ — m}y(ﬁ) dr = g1 (1) (3)

st mokazaTesbeTBa BBOJAMM 3aMEHbBI [IEPDEeMEHHBIX 1 0003HaueHnsT (DYyHKIW [2]:

1 1 1 1 1 1
t17 T 7_17 y(l) tij/2¢ <t1)7 gl(l) t1/2g (tl)

K ypasuenuio (3) npumenus npeobpazosanue Jlammaca, mojyqaum orepaTtopHoe ypaBHEHHE

, 1 ch2 G (p)
)+ —F——5up) = — : 4
(p) 2ay/p sh o ) - (_M> (4)

Pertennem juddepenimaibaoro ypasaenusi (4) spisiercss (pyHKIUsL:

y(p) ¢ 1@ /poo G1(q) exp (ﬁ) dg. (5)

_sh%ﬁ_Qsh a
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K (5) mpumenus obpartHoe mpeobpasosanue Jlammaca [1], mosydnm perrenne WHTErpajgbHOTO
ypaBHenus (3).

Hanee, B cuily 3aMeH, IPUBEJIEHHBIX BBIIIE, PEIleHNe ypaBHeHUs (2) UMeeT BU/I:

b (t ag\FZszr exp< 2+nt>—g(t)—

e s e =) R
—ﬁ/t ﬁg(ﬂ dT—é/tooeXp (;;j) er fo (%“7) g (7) dr—
vt | 10 [ (= e () e (Fa 7))

x Z n exp ( Tt t)) dr dr. (6)

a?(m —

Teopema 1 Unmeepaavroe ypasnenue (1) 6 kaacce cymmupyemos gyrkyud umeem pewenue [3/

»(t) = exp {4%12}7,0*(15), 2de Ppynryusa *(t) onpedeasemes gopmynroti (6) u f(t) = exp {%@2} g(t).
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[Iycte Q@ = {x € R": |z] < 1}- e,[LI/IHI/I‘{Hbel map, n > 2,00 - equanunas cdepa, r = |z|,0 =

x/r,d = Tdi— onepatop /lupaka, rie 7“— Z Tjzn— a -. IIyctb 0 < a < 1, u = 0. Beniem onepaTophbr

dT

T

D [u] (z) = r P IV 674 u]] () = 1 — ) / (Tdi) [THu (16)] —

T

B nambheiimenm B caydae o = 0 6ygem cunrars JO[u)(z) = DOu)(z) = u(x).

[Iycts S - peiicTBurenbHast, oproronanbias mMarpuna S - ST = E. TIpeanooKuM TakKe, 9To
CylecTByeT Takoe HaTypasbHoe uucio [ > 2 uro S' = E.

Paccmorpum B obsiactu € clie/yonnyo 3a1ady

—Au (z) —alAu(Sz) = f(x), v € Qa € R, (1)
Diu(x) =g(z), z € 09Q. (2)

Pemennenm sagaan (1), (2) nasosém dynkumo u (z) € C2(Q) N C (), ana koropoit GyHKIMs
Diu(r) e C (Q) VJIOBJIETBOPSIONILY 10 YpaBHEHHUIO (1) ¥ IPAHIYHOMY yCIOBHIO (2) B KJIACCHIECKOM
CMBICIIE.

B cayuae a = 0 ypasuenme (1) coBmajmaer ¢ kiaccudeckuM ypashenueM llyaccona. Orme-
TUM,4TO B 3TOM ciydae 3ajada (1),(2) uzyuena B pabore [1].

Ecau B 3a1a4e (1),(2) a = 0, To mosyuaem 3a1aay Jupuxie, a B ciydae o = 1 3ajaay Heiimana
(1 =0) u 3amaay Pobena (1 > 0).

CHauajia npuBesieM yTBepzK/ienne s ciaydas o = (. PaceMoTpuM cieyronyo 3a1ady

—alAv (ST ,x € €,
Lo Sy o T @)

[Iycts Gp (z,y) - dyuknus ['puna 3amaan dupuxie mis ypasuenus [Tyaccona, a P (x,y) - spo
[Iyaccona.
CrpaBeyimBo cJiejyioniee yTBEPK IeHHUE.

Teopema 1 [Tycmv 0 < X < 1,F (z) € C* () ,g(x) € CM?(09). Toeda, ecau svinoanaemca

!
yeaosue (—a)” # 1, mo pewenue 3adavu (3) cywecmsyem, eOUHCMBEHHO, NPUHAONEHCUM KAACCY
CA 2 (Q) U NPedcmasAiemes 6 6ude

vmzjbﬂmwmw@+/&uwM@M%

Q o0

20de
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Teopema 2 [Tycmo > 0,0 < a < 1,0 <A <1, f(z) € CM(Q) u g(x) € C*2(9Q). Tozda,
ECAU BHINONHAECNCA YCAOBUE (—_a)l # 1, mo pewenue 3adavwu (1),(2) cywecmeyem, edurncmeeno,
npunadresrcum xaaccy CA2 (Q) U NPeICMaBAAEMCA 6 BUJE

u(x) = Jy vl (),

I
2de v () - pewenue 3adawu (3) ¢ dynryued F (v) = Dy, [f] (7).
Teopema 3 [Tycmo = 0,0 < < 1,0 <X < 1, f(z) € C*(Q),g(z) € CM?(09Q) u 6vmnon-

I
naemes yeaosue (—a)” # 1. Toeda das paspewumocmu zadawu (1),(2) neobxrodumo u docmamouro
BVINOAHEHUA YCAOBUA

Q/fl_a (x)dx+(1+a)/g(x)d5x,

o0

_ 7l
2de fi_q (x) = J, " [f] (x) .
Ecau pewerue sadavu cyuecmsyem, mo oo eQUHCMBEHHO € MOYHOCMBI0 J0 NOCTOAHHO020
CAQ2AEMO20 U NPEICABAAEMCA 6 6ude

u(z) = Jg [v] (),
2de v(x) pewenue 3adavwu (3) ¢ pynryuet F (x) = DS (f) u ydosaemsoparowee ycaosuro v (0) = 0.

Bameuanune 1 Ecau p =0 ua =1, mo fo(x) = J[f](x) = f(x). Credosameavro, 6 smom
cayuae yeaosue paspewumocmu 3adauu (1),(2) umeem eud

/f(x)dx—i—(l—i—a)/g(:c)de:O.

o0

B cayuae a = 0 amo ycaosue cosnadaem c yciosuem paspeutumocmu 3adavwu Hetimana dasa xaac-
cuveckozo ypasrernus Ilyaccona.

Pabora BbImo/iHeHA TIpU pUHAHCOBOHN Mo/ Iep:kKe MunncrepcTBo obpaszoBanus u Hayku Pec-
ny6smkn Kazaxcran (rpant Ne AP05131268).

Crmncok aurepaTrypbl
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problems for Poisson equation with Hadamard type boundary operator. Electronic Journal of
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O COBCTBEHHBIX UNCJIAX KPAEBOW 3AJAYN JJ1d
KBASUTUIIEPBOJIMYECKOI'O YPABHEHN A BBICOKOI'O IIOPATIKA

B.d. Komanos!, 2K.B. Cynranrazuesa’, A.H. Emup Kaapioran®

L nemumym mamemamuku v mamemamusieckozo Mo0esuposaHus
23 Kasaxckuti nayuonasviti nedazozuveckuti yrusepcumen
umenu Abas, Aamamol, Kasaxcman
E-mails: koshanov@list.ru, zhanat 87@mail.ru, aynur2603@mail.ru

[Tycts €2 — orpanmdennast ob/1acTh mpocTpaHcTBa R™ mepeMeHHbIX 1, Lg, ..., Ly C TIAJIKON KOM-
nakTHOI rpanuneii I' = 0. B numuapuyaeckoit obmactn @ = Q x (0,7), S =T x (0,7), 0 <
T < 400 paccmoTpuM Jud depeHInaaIbHbI OIepaTop

Lu= (—1"DPu+ Au—u= f(z,t), z€Q, te(0,T), (1)

rne D, = %, A — oneparop Jlamnaca, A — geficrBurenbubiii napamerp, f(x,t) — 3ajanHas
dYHKIIHS.

Kpaesas 3aga4a [, \: Tpebyerca naiitu pemmenue u(z,t) ypasuenus (1) B obractu () Taxoe,
q9T0

u(z,t)]s =0, (2)
DfU/(.T,t)h:O:O, k:07“'7p7 ‘rEQJ (3)
Diu(x, )ier =0, k=1,...p—1, z€Q. (4)

[TocraHOBKA KpaeBbIX 3aJ1a4 JIJIst TaKuX oreparopos (1) Brepseie npeyioxken B.H. Bparossium |1,
2|. lanbHeilne uccaeoBaHust Jjisl TIOJOOHBIX OMEPATOPOB CBs3aHbl ¢ paboramu [3-6]. Ogaum u3
OCHOBHBIX YCJIOBHII KOPPEKTHOCTHU B 3TUX PabOTax OBLIO yCJIOBHE HEOTPHUIATEILHOCTH ITapaMeTpa
A. UcceroBannst HEJTOKAJIBHBIX 3a/1a9 ¢ WHTEIPAJIbLHBIMU YCJAOBUSIMHA JIJIsi JTUHEHHDBIX 1apabosiu-
JeCKUX ypaBHEHUM, jjist quddepeHnnaabHbIX YpaBHEHII HEUETHOTO MOPSIKA, U JIJIs HEKOTOPBIX
KJIACCOB HECTAIIMOHAPHBIX yPABHEHWIT B IOCJIE/IHIE BPEMsl aKTUBHO MPOBOUTCS B paborax A.U.
Kozkamosa [4, 6].

B nannoit pabore Oy/1yT aHAJTM3UPOBAHBI CJIyYal HEOTPUIIATETLHOCTH U ITOJIOXKUTE/THHOCTH T1a-
paMeTpoOB A B 3aBHUCHUMOCTHU OT Y€THOCTU M HEYETHOCTHU P. ByJIyT BBIYUCIEHBI COOCTBEHHBIE YUC/IA
I COOTBETCTBEHHO, COOCTBEHHBIE (DYHKITNI CHEKTPaJIbHBIX 33124 I3 y, I3 \. Byzer Takxke nokaszana,
9T0 OJfHOpOIHAs 3a1a4a (1) — (4) umeer JinHeiHO HE3aBUCUMBIX perternii. OObITHO TAKOe He UMeeT
MEeCTO IIPU TUIEPOOJIMIECKOM OIlepaTope.

Pa6otra Boinosinena mpu nojepzkke rpaata AP 05135319 Munucrepersa obpa3oBanusi U HAYKQ
Pecny6mmkn Kazaxcras.
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na. MareM. aHajm3 u cMexkHbIe BOIpochl MareMaruku. Hosocubupcek: Hayka, (1978), 5-13.

[3] U.E. Eropos, B.E. ®esopos, Hekaaccuueckue ypasnenus Mamemamuieckoti Gusuku 6uicoko20
nopsadka. Hosocubupcek: Mzn. BIT CO PAH, (1995).

October 16-19, 2019 110 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

[4] A.N. Koxanos, E.®. [lTapun, 3adavwa conpastcerun 0ia HeKOMOPHT HEKAGCCUMECKUT Judge-
PEHUUAAOHLT YpasHeHUl 6bicoK020 nopadka. YKp. mat. BectHuk. (2014), T. 11, Ne 2. 181-202.
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O HEKOTOPBIX KAYHECTBEHHbBIX XAPAKTEPUCTUKAX
OJHOMEPHBIX OITEPATOPOB C KOMIIJIEKCHBIMU
ITEPEMEHHBIMU KO®PUITNEHTAMU

JI.K. KycannoBa, B.C. KomikapoBa

EHY um. JI.H. lymunesa, Hyp-Cyasman, Kazaxcman
FE-mail: b-koshkarova@yandex.kz

B pabore paccmoTpen 3aMKHYTHIN JinddepeHIuabHbIi orepaTop

n—1

Ly = (1" + 3" (1) (ou(2)y™)", D(L) € L(D),

k=0

C KOMILIEKCHO3HAYHBIMU TIepeMeHHbIME Koadbdunmentamu p, = u, + vy (0 < k < n—1, 1 =
Vv—1), tne byurnuu uy, vxy umeior B I = (0,00) HelpepbIBHBIE TPOU3BOJHBIE /10 k-TO TOpsiIKa
BKJIIOUNTEIBHO, U

n—1
lim ian(uk +vg)4(x) > 0. (1)
k=0
B (1) mpunstsr obosnavenus f, = max(f,0), f- = max(—f,0). Byaem npeanonarars, 94to s

Beex y € D(L)
y®0) =y®(c0) =0, k=1,...,n— 1.

Hac GymyT naTepecoBaTh BOIPOCHI TIOJHOTHI B Lo(]) KOPHEBBIX CHCTEM JIAHHOTO OIEPaTopa, a
TaKzKe YCJIOBHsI, IPU KOTOPBIX JAHHBIN OIIEpATOpP UMeEeT Pe30JIbBEHTY KOHEYHOro mopsiaka [1].

IIycts w = {w;}, 0 < j < n— 1 — KOpTe’K HEOTPUIATEIBHBIX JIOKAJIBLHO CYMMHPYEMBIX B [
dbyuxiuit. [Tomoxmm

n-1 z+h
S, hiw) = 3 B / wr(t)dt, B () = inf{h=>" : B2"S (s (u+ v).) < 1},
k=0

T

Oynknus h*(z) < oo (x > 0). Us yeaosus (1) 6yaer caemoBars, ato h*(x) > 08 I (eMm. [2]).
O6o3uauum 4gepe3 R, MHOXKECTBO BCeX HOIMHOMOB R(-) mopsinka < n — 1, Jyist KOTODBIX

z+h

| |R(t)|*dt = 1. Beeaem cieayromue ycioBus pery/isipaoctu Ha cucreMy (u—+v)y = {(ug +vy) 4 :
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cymecTtByeT 7, 0 < 1 < 1 Takoe, 9TO

n—1 z+h

nS(x, h; (u+v);) < inf h—2k1 / (ug + vg) 4 (t)dt. (2)

ReR,
x,h k=0 J

Cucremy kodbdurmenToB pr, = uy + ivg (0 < k < n — 1) Gynem Ha3bIBATH JOMYCTUMOI, ecim

inf h*(z) >0, lim h*(z) = +o0. (3)

x>0 r—00

K npumepy s oneparopa IItypma—/InyBusist ¢ KoMmiuiekcHbiM orernnaioM ¢(x) = p(z) +
ir(z) ycnosue (2) Boinosaeno npu ¢ = 1. Yesaosue (3) — ecin

z+h

lim [ (p+ 7). (t)dt = 0
T—00

(ca. [3]).

Teopema 1 Tycmov cucmema xosguyuenmos pp = uy + ivg (0 < k < n — 1) donyemuma u
pezyaspna. Tozda a) onepamop L umeem 6nosne HENPEPuIEHLIT 06pamHbLl onepamop;

b) Ecau

n—1 x+h*(x)
sglgz B ()2 k) / (ugp +vg)—(t)dt <en (0 <e< 1),
27 k=0 s
/h*(x)edx<oo 0=— —1—i
T TP o

0

mo L™! € 0.
c¢) Ecau

oo

iyl
/h*(:v) ondr < oo,
0
Mo CUCMeEMa KOPHEGHT Gekmopos onepamopa L noana.

Pa6ora sermosaena mo rpaaty MOH PK AP05133397.
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COITPAZKEHHBIE I BE3COIIPA2KEHHBIE CBOVCTBA
ITOJIVJIMHENHOI'O PASHOCTHOI'O YPABHEHUA
BTOPOI'O IIOPAOKA

A.A. Kanwi6aii!, /1.C. Kaparaesa®

L Viusepcumem KHMOII, Aamamo, Kazazeman
2EHY um. JI.H. Dymunesa, Hyp-Cysman, Kasaxcman
LE-mail: kalybay@kimep.kz
2E-mail: danagul83Q@inbox.ru

PaccMOTpPHM pa3sHOCTHOE ypaBHEHHE BTOPOTO IIOPSIKA,
A(pi| Ayl 2 Ayi) + wilyier P Y1 — rilyin [P 2y =0, i=0,1,2, ..., (1)

e 1 < p < oo, Ay; = yir1 — i, {pi} - TOCIEIOBATENILHOCTD MOJOKUTEIBHBIX JIEHCTBUTEIbHBIX
uncer, r = {r;} 1 w = {w;} - HOCI€I0BATEILHOCTH HEOTPUIATEIBHDIX AHICTBUTEIBLHBIX THCEIL.

T'oBopst, uto unrepsan (m, m+1], m € N, cogepkut 00001IeHHbI HyIb penterns ¥ = {yx 152,
ypasHenust (1), ecin z,, # 0 1 YpYmi1 < 0. Ypabuenue (1) HasbBaercsi ypaBHEHHEM 6e3 COMPsI-
JKEHHBIX TOYEK Ha JUCKPETHOM OTPE3KE [m, n], ec/im KazKji0e ero perienne umeer He 6oJ1ee 0J[HOro
06OBIIEHHOrO HyJisl HA JIMCKPETHOM HHTepBaJie (m,n + 1] u ero perierne y ¢ HAYAIbLHBIME YCJIO-
BUAME Yy, = 0, Ypmy1 7 0, He uMeeT 0600mIeHHOrO HYJIst Ha (m, n + 1].

o
O6oznaunm 4depes Y (m,n) COBOKYIHOCTH HETPUBUAJBHBIX IIOCTIEI0BATEIHLHOCTEH JeiHcTBU-
TeJbHBIX duces y = {y; 152, Takux, ato supp y C [m+1,n], n < oo, rme supp y :={i > 0:y; # 0}
PaccmorpuM suckpeTHoe pacimmpeHHoe HepaBeHCTBO Xap/in
n n o
Zwi—1|yz'|p < Z(pilAyi!p +ric1lyil”), y €Y (m,n). (2)
i=m i=m
Teopema 1 ITycms 0 < m < n < 0o. Vpasuenue (1) aaiemes 6e3CONPAHCEHHBM HA UHMEPEANLE
[m,n]([m,n] = [m,o0) npu n = 00) mozda u moavko moezda, K02da BHINONHAEMCA HEPAGEHCTNEO

(2)-
Taxum 00pa3oM, OCHOBHOH IEJIBIO JJAHHOTO TE3WCA SIBJISETCS M3yUeHUE COIPSZKEHHBIX U 0e3co-

IPSPKEHHBIX CBOMCTB ypaBHeHus (1), KOTOpbIe B CHJIY T€OPEMbI 1 3aBUCST OT BBIIOJHEHUS PACIIIH-
PEHHOI'0 HEepaBEeHCTBa Xap. i

Zwifﬂyi’p < CZ(PZ"A%V’ +ric1lyil”), y €Y (m,n), (3)
riae C' - HanMeHbIas MOCTOsTHHAA B (3).
[Tonoxkum
d I=r g4
— — . f 171)/ )
¢y (m.d) = if (Z_: pi ) + Zn :
c l=p 21
+ _ 1—p ‘
@l (dn) = inf <z;pi > +z;rz ,
s—1 s—1
B, = B,,(m,n) = sup (Z wl-) (gpr_(m, t)+ Zm + g&f(s,n)) .
m<t<s<n i—t i—t
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Teopema 2 ITyemv 0 < m < n < 0o ul < p < 0o. Hepasencmeo (3) svinoanaemes mozda u

moavko moeda, xozda B, ,(m,n) < co. Boaee mozo, das Haumenbweﬁ Koncmarmot 6 (3) 6vinon-
: AP(AP—1)

naemes B, ,(m,n) < C < 2v,B,,, 2de vy, = inf ="~ = 1.

r,w( 5 )\ X 2YpDrw; Yp 1<% O—1)p 7 p+

JlokazareibcTBO TeopeMbl 2 MOXKHO HaiiTu B pabore [1]. [losromy B manHoii pabore MbI Orpa-
HUYUMCA T€M, YTO IPEJCTABUM TOJIHKO €€ (DOPMYJIMPOBKY.

Teopema 3 [lyemb 0 < m<n< oo ul <p<oo. Toeda

(1) dan besconpasicénnocmu ypasrernus (1) na unmepsase [m,n] ewnosnenue ycaosus B, < 1
1neobxodumo, a 6vnosrerue Ycrosus 2y, By, < 1 docmamoyro;

(it) das conpascénnocmu ypasnenusa (1) na unmepsase [m,n| evinoanenue ycaosusa 27,8, , > 1
Heobrodumo, a svinoarenue ycaosua By, > 1 docmamouno.

CnencrBue 1 Ilyemvr 0 < m<n< oo ul <p<oo. Toeda
(i) ecau cywecmesyrom yeavie wucaa t,s:m < t < s < n maxue, WMo GuNOAHAECMCA

s—1 s—1
Zwi > (p;(m,t) + Zri + 90;_(5’”)7
i=t i=t

mozda ypasHenue (1) AGAAEMCA CONPANCENHBIM Ha unmepsane [m,n|;
(i1) ecau ypaswenue (1) asasemesa conpagrcénnum ma uwmepsase [m,n], mozda cywecmeyrom
ueavte yucaa t,s:m <t < s <N maxue, ¥mo 6bNONHAENCA

s—1 s—1

1
Zwi>g go;(m,t)—l—Zr,;—i—gO;r(s,n) ;
i=t b i=t

(111) ecau ypasnenue (1) asasemea besconpascénmvim na unmepsare [m,n|, moeda cyuecmeyrom
yeavie yucaa t, s 1 m <t < s < nomaxue, ¥mo 6vNOAHAENCA

sz<gormt Zmﬂtgoz (s,n).
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MULTIPERIODIC SOLUTIONS OF A SEMI-LINEAR D.-EQUATION
A.A. Kulzhumiyeva!, Zh.A. Sartabanov?
M. Utemisov West Kazakhstan State University, Uralsk, Kazakhstan
2K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

E-mails: aiman-80@mail.ru, sartabanovs2@mail.ru

Consider an n-th order linear equation

D'z +ay (o)D" 'x + ... + ay(0)x = b(T,t,0) (1)
with operators Dix = D.(Di7'z), j = 1,n, where a; = aj(o ) = 1,m, b(7,t,0) are given
functions, 0 =t —er is a characterlstlc of operator D,, 7 € (—00,400) = R, t = (t1,...,tm) €

Rx ..x R=R", x(r,t) is a sought-for function.
The operator D, = a% + <e, %> is called the differential operator in the direction of the main
diagonal or of vector field j—: = e, where (,) denotes the scalar product of m-dimensional vectors

e=(1,..,1) and £ = (i vy B

t oty ) Otm
Suppose the given functions have the properties of periodicity and smoothness:
a;(0 + qw) = a;(0) € CV(R™), j=T;m, qeZ™, (2)
b(T +60,t + qu, 0 + qw) = b(r,t,0) € CGLV(R x R™ x R™), qe 2™ (3)
with multiple vector-period qw = (qiw1, ..., @mwm), w = (Wi, ..., W), wo = 0, wi, ..., Wy, are

positive incommensurable constants, ¢; € Z, j = 1, m, where Z is the set of integers.
We aim to describe the conditions for existence of multiperiodic solutions in terms of eigenvalues.
To solve the problem, we first consider the homogeneous equation

D'z + ay (o)DM 'z + ... + ay(0)x = 0.

Suppose that the eigenvalues of the corresponding characteristic equation satisfy the properties
19-4° (see [1]).

Under condition (2), equation (4) has eigenvalues \;(0) = a;(0)+i8;(c), j = 1, p of multiplicities
kj, 7 = 1,p and Re\j(o) # 0, then the homogeneous equation does not have multiperiodic
solutions, except zero.

Then each solution x7(7 — s, ) of the fundamental system is decomposed into the sum of the
solutions ' '

2 (1 —s,0) =2 (1 —s,0) + 2 (T — 8,0), (4)

that satisfy inequalities

|2 (1 —5,0)| <Te "9 7>5 |2l (r—s0)|<T" 1<s. (5)

Consequently, solution X (7 — s,0) = Y uj(0)z(r — s,0) is decomposed into the sum of the
=1
solutions and by (4) and (5) satisfy the following estimates:

X(r—s,0)=X_(1—s,0)+ X, (17 —s,0), (6)

IX_(1—5,0)|<T_e?™  7>5 |X (1—s5,0)<T 1<5, (7)

where I'_ and I'; are positive constants.
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Next, we introduce the function
T +o0
z*(r,t,0) = / X (1 —s,0)b(s,0+ es,0)ds — / X (T —s,0)b(s,0 + es,0)ds. (8)

Obviously, improper integrals in relation (8), by conditions (3) and (7), converge uniformly,
integrand differentiation n-fold, and satisfy equation (1).

Thus, the following theorem is valid.

Theorem 1. Under conditions (2), (3), (4), (5) and 1° —4° ([1]), equation (1) has a unique
(0, w,w)-periodic in (T,t,0) solution of the form (8).

The idea of Theorem 1 is realized in the semi-linear case, when the right-hand side of equation
(1) depends on the unknown function z. Consequently, b = f(7,t, 0, z)

Fr+0,t+qu,o+pwx)=f(r,t,0,z) € CU%V(R x R™ x R™ x Ra), p,q€Z™,  (9)

T,t,0,x

where Ry = {x € R: |z| < A}, A = const > 0.
X (t—s,0), T=s,

—X,(r—s,0), T<s and with

We introduce a Green function of the type G(7 —s,0) = {
its help we define the operator T’

+oo
(T2)(r,t, ) = /G(T 5,0V f(s,0 +es,0,2(s,0 + €5, 0))ds

in the space S%“ of continuous (6,w,w)-periodic in (7,t,0) and bounded in the norm |z|| =

sup |x(7,t,0)| functions x = z(7,t,0) number A > 0.
RXR™MXR™
When the condition

T(5 +1A) < 7A (10)

the T operator takes SZW into itself and is compressed, where I' = max(I'_,T"y), § = || fol,
fo = fla=o, | = H(.%f“7 x € S%w. Obviously, the space Siw is full, therefore, the mapping 7" in
S%“ has a single fixed point (TX*)(7,t,0) = x*(7,t,0) € SX*.

It is not difficult to show that 2*(r,t,0) € C\%%(R x R™ x R™). From the equivalence of the

»t70'

problem of multiperiodic solutions of the equation
D' 4 ay(o)D" x4+ ... +a,(0)x = f(r,t,0,7) (11)

with solvability of the integral equation x = Tz in the space SZ“, the rationale for Theorem 2
below follows.

Theorem 2. Under conditions (2), 1° —4° ([1]) and (4), (5) with respect to the coefficients
aj, j = 1,n and (9) with respect to the right side of f by parameters related by the relation (10),
system (11) allows a unique multiperiodic solution x*(7,t,0) with periods (0,w,w).

Reference

[1] A.A. Kulzhumiyeva and Zh.A. Sartabanov, General bounded multiperiodic solutions of linear
equation with differential operator in the direction of the main diagonal. Bulletin of the
Karaganda University. Mathematics series, 92 (2018), no. 4, 44-53.
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OIIPEJAEJIEHUSA YACTOT COBCTBEHHBIX KOJIEBAHUN
METOA0M AJEKOMIIO3NIINN

M. Pamazanos', A. Ceiirmyparos?, H. Meney6aes®, I. Mykeesa®

L3Kapl'V um. E.A. Byxemosa, Kapazanda, Kasaxcman
2 4 Kwizviaopduncruti 2ocydapemeeniviti yrusepcumen
um. Kopxoum Ama, Kwsviropda, Kazaxcman
FE-mails: ramamur@mail.ru, medeubaev6s@mail.ru, angisin_ @mail.Tu

Teopusa konebaHust ¥ METOIMKA pacdeTa KOJeODaHHUil IIJIOCKOTO 3JeMeHTa CTPOUTCA Ha OCHOBE
PaAcCMOTPEHHUs ILJIOCKOT'O 3JIEMEHTa B TPEXMEPHON IMOCTAaHOBKE MEXaHUKH TBEPJIOTO J1eOPMHUPO-
BaHHOI'O TeJa, IIPU TeX Ke TPAHUIHBIX U HaYaJbHBIX YCI0BUAX. TpexmepHas 3ajiada Perraercs ¢
HCIIOJIb30BaHUEM METOJIOB HHTErpabHbIX peobpazopanuit Oypwe u Jlamraca. B mpeobpasoBanusix
CTPOSITCsI ODIIHE peIeHnsT TPEXMEPHOil JuHaMUIecKoil 3a1a4an [1].

PaCCMOTpI/IM paa 3aaa4 KO.He6aHI/IH IIJIOCKUX ITPAMOYT'OJIBHBIX 3JIEMEHTOB IIPpU IIPOU3BOJIbHBIX
IPAHUYIHBIX YCJIOBHUSIX 10 KpPasiM JIEMEHTa C IEIbI0 OIPeIeIeHnsT YaCTOT COOCTBEHHBIX KOJIeOaHMit
METO0M JEKOMIIO3UIINN.

Vzm0:kmM MOCTAHOBKY METO/Ia Ha, CJIydail II0CKOTr0 9JIeMeHTa, KOTIa MaTePUAJT SJIEMEHTa YIIPY-
ruit. B manbHeiimem metos OyjieM MPUMEHATD U JJIs 9JIEMEHTOB U3 BA3KOYIIPYTOro MaTepHaJia.

B caydae miockoro sjieMeHTa U3 yIIPYroro MatepuaJia mpud/ImKEHHOE YpaBHEHHUE TIOTIEPEeTHOrO
KoJIeOaHHST IeTBEPTOTO TOPsi/IKA 3aIUIIEM B BHIE

2 4 2
ot? ott ot?
rje Koaddbunmentor Dy, Dy, Dy onpenensiorcs reoMeTpueil 1 CBORCTBAMU MaTepuasa ILIOCKOTO
9JIEMEHTA.
Pertenne ypasuenust (2) 6yjeM UCKATb B BHJIE

W = cap(i] Wi, ), ©)

MeTo/1 JIEKOMIIO3UIMN B T€OPUU KojiebaHus B OOIIEi TOCTAHOBKE CBOJIMTC K CJIELYIOIIEMY.
QopMyIupyeTcs MOCTAaHOBKA BCIIOMOTaTEIbHBIX 3a1a.
1) Haiitu perrenne ypaBHeHust

v
aTi:f(l)(awB)a (3)
2) Haiitu permenune ypaBHeHUS
v
g = 7. 8), (4)

['panndnbie ycaoBus Ha Kpasx IJIACTHHKU 3aBUCAT OT YCJIOBHUIl €6 3aKpeIieHus] UIH Ha CBO-
OO0HOM Kpae OT HAIPSZKEHUN.
3) OcraBrmasicst 9acTh

ot b 0? 0? b b
”aaz—?ﬁz + ADo(;)%€( aa”j X3 B”j) + NI Do (72 [D1 ()% = Dalvat
+1D(a, B) + fP(a, 8) = 0. (5)
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Crtetyst METOTY JICKOMITO3UIIAU OyJIEM CIUTATh, 9TO

1
V3 = §[V1 + 1/2] (6)

¥ YCJIOBHE JIOJIZKHO BBIIOJIHATHC B 33/JAHHBIX TOYKAX IJIOCKOTO 3JIEMEHTA.
OO61mue perieHnst ypaBHEHHI BCioMoraTeIbHBIX 3a1a4 (3) u (4) uMeror B

3 2

n = file, ) + T 01(8) + 0a(B) + apa(8) + pa(B),

(7)

2

v1 = fi(a, B) + gwl(a) + 71#2(04) + BY3(a) + Ya(a).

Hcronb3yst 9acTHBIE pelleHus 3a/a4 P 33/IaHHbIX 'PAHUYHBIX YCJIOBUAX U UCHOJB3Yd ITPU-
OozkérnbIe pejcTaBieHns (6), st HAXOXK/ICHUsT HeN3BECTHBIX a% 2,1 [IOJIYYaeM OJIHOPOJIHYIO JIU-
HEHHYIO CUCTEMY aJIredpanvecKnX ypaBHEHU, HETPUBUAIBLHOE PEIeHne KOTOPBIX IPUBOJIUT K Ya-
CTOTHOMY yPaBHEHUIO.

Ecnu Bce geThIpe Kpast MPON3BOIBHO 3aKPEIIEHBI, TO MOJIYYATh TOYHbIE YaCTOTHBIE YPABHEHU
HE [IPEJICTABIAIOTCA BO3MOXKHBIM.

s Takux 3a71a MOXKHO YCHEITHO TPUMEHSATD MPUOINKEHHBI METOJ| TIOJIyYeHUs JaCTOTHBIX
ypaBHEHU{T Ha OCHOBE METO/Ia JIEKOMIIO3UINH, Pa3BUTOro B paborax npodeccopa [U. [Tmennvanoro
[2] nst 3ama4 craTukwy.

Takum obpazam, MpUOIUKEHHBIH METOJ, JEKOMIIO3UIINH ITO3BOJISIET HAXOJIUTH YaCTOTHI COO-
CTBEHHBIX KOJIEOAHUI TIJIOCKUX DJIEMEHTOB. 3a/1a9H JIJIsi BI3KOYIIPYTOro MaTepHuaJia IJIOCKOTO dJie-
MEHTa peIarTcs aHAJOTUIHO.

Cricok aurepaTypbl

[1] I.G. Filippov, S.I. Filippov, Dynamic stability theory of rods. Proceedings of the Russian-Polish
seminar. Theoretical Foundations of construction. Warsaw, 63—69.

[2] G.I. Pshenichnov, Decomposition method for solving the equation and boundary value problems.
M.: 182(1985), no 4, 792-794.
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KAJIMBPOBOYHAA 9KBUBAJIEHTHOCTDb MEZK/1Y
I-CMHOBOII CUCTEMOHI 11
HEJIMHEVHBIM YPABHEHUEM INPEJINMHI'EPA

2K.P. Mbip3akyJsioBa

EHY um. JI.H. lymunesa, Hyp-Cyasman, Kazaxcman
E-mail: zhrmyrzakulova@gmail.com

B nacrosiieit pabote paccMaTpuBaeTCst SKBUBaJIEHTHBIN aHAJIOT JIJI HEJTUHEHOTO (2+1)—MeprH“4
ypasaenust [lIpenuarepa (HYII), KoTopbIit nMeeT cieayronmn Bu:

11t + Quye — V11 —w1q2 = 0, (1)
12t + Gozy — V2@ — waq1 = 0, (2)
1T — Ty T V1q1 + WG 0, (3)
iy — rogy +vV2ga + w11 = 0, (4)
Vi — (2171 + q2ra)y 0, (5)

Vop — (i1 + 2¢qo12)y = 0, (6)
Wiz — (QIT2)y = 0, (7)

Wy — (11q2)y = 0. (8)

rJle ¢, r- KOMIIEKCHO3HaYHble pyHKINU, r; = 0;G;, 1 = 1,2 n §; = +1. Cucrema ypasuenust HYIII
(1)-(8) mnTerpupyemo ¢ IOMOII0 MeToga obparHoil 3ajauu paccesnus. ClieJ0BOTEIBHO, UMEeT
upescrasienne Jlakca (ILI):

d, = UD, (9)
®, = 220, + VO, (10)

e U un V-marpudnblie onepatopbl. KagnbOpoBoUHO SKBUBAJICHHAsI CIIMHOBas CHCTEMa, KOTOpast
Ha3bIBaeTcd ['-CIIMHOBOM cUCTEMOMl, BBITVISINT KaK:

1 1
i+ 5 [0, Ty + 5 [0, Ty + 20 (1), = 0, (11)
= f—ztr {C[C,,T,)} . (12)

Bnech I' = g7 139, T'? = I. Ypasnennus (11) u (12) TakzKe UHTErpUPYEMbI 1 JIOIYCKAIOT CJle/IyoIee
ITJI:

U, =U W =—\I'Y, (13)
U, =220, + V', (14)
re V' = 2iX2T + % [I',T')] 1 A-m30cHekTpabHbIl HapaMerp.

Omnpenenenne 1 Unrerpupyembie ypaBHEeHUST HA3BIBAIOTCA KAJTMOPOBOYIHO SKBUBAJICHTHBIMHE, €C-
! !

JM OHM cBA3aHbI npeobpaszopanueM ® = ¢ 10, U = gU g '+ g9, V = gV gt +g9! ¢

MaTPUYHON (DYHKIMEN g, He 3aBUCSINEN OT CUMBOJIOB I1ceB 10 M depennnaabHbIX [0 JIPYTUM He3a-

BUCHUMBIM II€EPEMEHHbBIM OIIEPATOPOB, BXOJANIINX B UnV.

Teopema 1 I'-cnunosas cucmema (11) - (13) xaaubposouno sxeusarenmno HYII (1) - (8).
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B nmanbreiimem HaM IPEICTOUT MOJIYINTh TOYHBIE COJIMTOHHBIE PeITeHust sl |'-CIImHOBOM cucTe-
MBI ¢ TIOMOIIBIO TpeobpasoBanue apoy.

Pabora Boimonena npu dbuHancoBoil nojiepKkke Munncrepcrsa obpazosanus n Hayku PKs
pamkax rpaaToB 0118RK00935 n 0118 RK00693.
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[4] Chen Hai, Zhou Zi-Xiang, Darboux Transformation with a Double Spectral Parameter for the
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[5] Zh. Myrzakulova, G. Nugmanovazand and R. Myrzakulov, Notes on integrable motion
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CYIIECTBOBAHUE 1 MAKCUMAJIBHA{A PETYVJIAPHOCTD
PEIIIEHUI B L,(R?) JU®PEPEHIINAJIBHOI'O
YPABHEHU{ TNTTEPBOJINMYECKOI'O TUITA
CUNJIBHO PACTYHIVMU KO®PUIITMEHTAMU

M.B. Mypat6ekos', E.H. Baguaues’

Y Tapascruii 20cydapemesenmwiti nedazozuneckuti ynusepcumem, Tapas, Kazaxcman
2EHY um. JI.H.Tymunesa, Hyp-Cyaman, Kasazcman
E-mail: musahan_m@mail.ru

B pabore paccmarpupaerca muddepennnaabHOoe YpaBHEHNE ¢ HEOTPaHUIEHHBIMU KOIMDUIU-

eHTaMU S
(L+M)u= 575~ a2 T b(y)ue + q(y)u+ du = f(z,y), (1)
e (z,y) € RH A > 0.

B pasbHeiinem mnpeanosiozkumM, 9ro koadbdurmentsr b(y), ¢(y) yIOBIETBOPAIOT YCJIOBUIO: 1)
|b(y)| = do > 0, q(y) = 6 > 0 menpepwiBHble dDyHKIME B R(—00,00) U OrpaHUYCHBI B KAXKJIOM
KOMIIaKTe.

Kak u3BecTHo, moapobHblii aHaaIu3 MOKa3bIBAECT, YTO JJIsI N3Y9YEeHUsI CIIEKTPAIbLHBIX XapaKTepu-
cTUK JuddepeHnuaabHbIX OllePaTOPOB 33JaHHBIX B HEOTPAHMYEHHON 00JIacTH BaykKHOM 3ajaqeii
SBJISIETCSI BOIIPOC O MOBeAeHnn KO3PhUImeHToB Ha 6€CKOHETHOCTH.
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Omnpenenenne 1 Oynxuyus u(z,y) € Lo(R?) nasvieaemes pewenuem ypasrenua (1), ecau cyuwe-
cmeyem nocaedosamenavnocms {u,(z,y)} C C°(R?) makas, wmo

[un — UHLQ(PL?) =0, [[(L+A)u, — fHLQ(R2) — 0
npu n — oo.

Onpenenenne 2 bydem 2060pums, wmo pewerue 2unepbosuseckozo ypasrenua (1) nasvieaemcs
MAKCUMANDHO DE2YAADPHDIM, ECAU UMEEM, MECTO OUEHKA

[t = wyyll2 + luylla + [10(y)tall2 + [lg(y)ulle < e - (|| Lulls), (2)
ede ¢ > 0 - ne sasucum om u € D(L), || - ||2 - nopma 6 npocmpancmee Lo(R?).

Jlst 5 mMnTHYecKuX OmepaTopoB, B ClIyvdae HEOIPAHWIEHHBIX 00J1acTell MaKCHMaJbHAS Pery-
JISIPHOCTH (pasieiuMocTh) uccienoBana B paborax M. Orenbaesa, K.X. Boitmarosa u ap.
[IpuBenem GOPMYJIMPOBKHA OCHOBHBIX PE3Y/ILTATOR.

Teopema 1 [Tycmv évinoareno ycaosue i). Tozda das mobozo f(x,y) € Ly(R?) npu X = 0 cyuwe-
cmeyem eduncmeennoe pewenue ypasHerus (1).

[Ipemonoxkum, aro koadumumentst b(y), ¢(y) TOMUMO yCIOBUsI 1) YIOBIETBOPSIIOT YCIOBHUSAM:

ii) p= sup %<oo; (L= sup W) o,

y—tl<1 —tl<1 1
iii) ¢(y) < co - b*(y), ipu y € R, ¢ > 0 - mocrosnnoe uucio, riae R = (—oo, 00).

Teopema 2 [Iycmov swinoanens, ycaosusa i)-iii). Toeda cywecmeyem eduncmeennoe pewenue ypas-
nernua (1), Komopoe ABAACCA MAKCUMANDHO PELYAAPHHLM.

IIpumep 1 /s ypasrerus
Lu = ugy — uyy + 00 gy, 0y = f e Ly(R), y € (— o0, 00),

HEMPYOIHO NPOGEPUMDB, UYMO GCE YcAosus meopem 1-2 svinoansemcs. Caedosamenvho, Oaf He20
cywecmeyem eIUHCMEENHOE PeweHUe, TAKoe, WMo 0AA He20 CPaBediusa ouenka (2).

Crmncok aurepaTypbl

[1] M. Muratbekov, M. Otelbaev, On the existence of a resolvent and separability for a
class of singular hyperbolic type differential operators on an unbounded domain. EURASIAN
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MAXIMAL REGULARITY AND TWO-SIDED ESTIMATES
FOR THE APPROXIMATION NUMBERS OF SOLUTIONS
OF THE NONLINEAR STURM-LIOUVILLE EQUATION WITH
RAPIDLY OSCILLATING COEFFICIENTS IN L, (R)

M.B. Muratbekov!, M.M. Muratbekov?

Y Taraz State Pedagogical Institute, Taraz, Kazakhstan
2Kazakh University of Economics Finance and International Trade,
Nur-Sultan, Kazakhstan

E-mail: mmuratbekov@kuef.kz

The set of functions integrable with respect to the square of the module in each strictly internal
subdomain ©Q C R is denoted by L o (R).

The set of functions from Lo, (R) having generalized first-order derivatives (from Lo . (R))
will be denoted by Wy,,.(R). By Wy (R) we denote the subset of W;,,. (R), which elements
together with the first generalized derivatives belong to Ly (R). By W3, (R) we denote the set of
all functions u € Lo 0. (R) which with their generalized derivatives up to and including the second
order belong to Ls jo. (R).

|- [l is the norm of an element in Ly (R), || - [|,; is the norm of an element in W5 (R), | - ||,
is the norm of an element in Lg . (R).

Consider the nonlinear Sturm-Liouville equation

Ly=—y"+q(z,y)y=f(z) € L2(R), R=(-00,00). (1)

Suppose that ¢ (z,y) satisfies the conditions::
i) q(x,y) is a continuous mapping R x C'in [d, o), § > 0, C'is a set of complex numbers:

it) sup  sup a(r,cr) (A) < oo,

|lz—n|<1 Jer—c2|<A q (777 62) h
where A is a finite value, p (A) is a continuous function from A.

Definition 1. The function y € Ls (R) is called a solution of the equation (1) if there exist a
sequence {y,}22, © W3 (R) such that {yn}22, € Wese (R), v —yll,,,. =0 IZya— fll,,,. —
0 as n — oo.

Definition 2. We say that the solution y (x) € Ly (R) of the equation (1) called the maximal
regular in Lo (R) if ¢ (z,y)y € Lo (R), y" € Ly (R).

Theorem 1. Let the conditions 7)-ii) be fulfilled. Then there is the most regular solution to
the equation (1).

The condition i) is imposed in Theorem 1 limits the potential oscillations. This condition is
removed in the following theorem. In order to formulate the theorem, we introduce the following
condition:

ip) sup sup 4w (z,c1)
ZER |c1—co| Q2 ({L’, 62)

Q (z, o) is a special averaging of the function ¢ (z,¢), i.e.

d

T+3
— 3 -1
Q(l',CQ) _lligg <d +L 4 Q<t702) dt) )

2

where A is a finite value.
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Theorem 2. Let the conditions i)-iy) be fulfilled. Then there exist the maximal regular solution
to the equation (1).

Example 1. Let ¢ (z,y) = el*l - sin? el*l + eI, Then it is not difficult to verify that all conditions
of Theorem 2 are satisfied for the equation

Ly=—y" + (el sin* el + ) y = f (2).

Therefore, there exists a solution y (z) for the equation such that y” (z) € Ly (R).

This shows that Theorem 2 holds for a very wide class of nonlinear equations, including
equations with potentials that are rapidly oscillating at infinity.

Now, consider the question B), i.e. finding such sequences of numbers that have approximative
properties of the type a)-b). To do this, we study the behavior of the Kolmogorov k-widths of the
set

M ={ue Wi (R): |~y +q(ey)yl3 < T}
By the definition of the Kolmogorov k-width of the set M is called the quantity

di (M, Ly) = dj, = inf sup inf [|u —v]|,,
g ( 2) k {Ek}uej\gjveek | 2
where ¢, is a subspace of dimension k.
Note that the Kolmogorov widths of a compact set have the following properties: 1) dy > dy >
By L3 (R,q(x,0)) we denote the space obtained by completing C§° (R) with respect to the
norm

ly - L3 (R, q (z,0))]|, = (/_Z (1" + q (z,0) [yf*) da:) -

Theorem 3. Let the conditions 7)-i7) be fulfilled. Then any bounded set is compact in L3 (R, q (x,0))
if and only if
lim ¢ (z,0) = 0. (%)
|z| =00
We introduce the following counting function N (A) = >, _, 1 of those widths dj greater than
A > 0.
Theorem 4. Let the conditions i)-i7) be fulfilled. Then the estimate

ANV 2 mes (r€R:q(z,0) <A KN < A" Y2mes (x € R:q(z,0) <A™t

holds, A > 0 is a constant depending, generally speaking, on 7.

Example 2. Let us take ¢ (z) = |z| + |y| + 1. Then, by virtue of Theorem 4, the estimate
cIAT32 < N (X)) < ™2 holds for the distribution function of the widths of the set M =
{ye W3 (R): |-y +q(z,y)yl: < 1}, where ¢ > 0 is a constant. Since N () is a monotone
function then we have dy ~ 7, k=1,2,3,....
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Ob 9KBUBAJIEHTHOCTHN CUCTEMbI MAHAKOBA 1
OBOBIIIEHHOI'O YPABHEHUNA JIAHJIAY-JIN®IIINITA

A.P. Mruip3akyi, I'H. HyrmanoBa

EHY um. JI.H.I'ymunesa, Hyp-Cyaman, Kaszaxcman
E-mail: akbota.myrzakul@mail.ru, nugmanovagn@gmail.com

Bekropromy nesumeitnomy ypasuenuio HIpeaunrepa, accoruupyeMoMy CHMMETPHIECKUM PO~
crpancTBoM su(n+1)/s(u(1)), mpu n = 2, cOOTBETCTBYeET JABYXKOMIIOHEHTHAs cucTeMa Manakosa
1]

iqu + Qrae + 2|01 + |@2/*)q = 0, (la)
iqar + Goze + 2(|01 I + |@2|*)q2 = 0, (1b)

rie ¢j(z,t)(j = 1,2) - kommekcaosHadnble GyHKIWY, |¢;]? = ¢;q;, 306ch (—) 03HAUAET KOMILTEKC-
HOE COIPSIzKCHHE.

[Ipencrasrenne Jlakca, 1M03BoJIsIONIEe TPUMEHEHHE METO/a OOPATHON 3a/1adil PACCEAHIs JJIs
cucrembl (1) umeer Buj

>, =Ud, & =V,
rie @ = (¢1, o, 93)T 1 U = —iAS + Uy, V = —2i\28 + 20Uy + Vi,

1 0 0 0 ¢1 @ |Q1|2+’(I2|2 Q1z oy
=10 -1 0 |, U= -@ 0 0|, V=i iz —|al? —qage
0 0 -1 —3% 0 0 Qo —pq1 —|g)?

[eomerpuyeckast cBsi3b ypasHerust (1) ¢ JByXCJIOHHON CIMHOBOI cucremoii [2]
A, +A XA, +uA, +2viHXx A =0, (2a)

B;+BxB,, +uB, +21sHx B =0 (20)

Oblta ycranossena B [3]. 3uech A(x,t) = (Ay, Ag, As) u B(z,t) = (By, By, B3) gBISIOTCA eIUHAY-
HBIMU CIHHOBBIME BeKTopamu, H - MarnuTHoe moiie, a u; U vj - HOTEHINAIIDL.

B nanHOM JIOK/Ia/1€ IEMOHCTPUPYETCs KaJINOPOBOUHAST SKBUBAJIEHTHOCTH MEXK /Iy cucremamn (1)
u (2), koropast Ipeobpasyer perenne ypaBaenus (1) K perenuto ypaBaerus (2), 1 Ha000pOT.

Pabora BbINO/IHEHA B paMKax IPOeKTa I'paHToBoro dpmuHancupoBanud 1o lorosopy nol32 ot
12.03.2018.
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DTN THYIECKAsT CUCTEMa, C TPOMEXKYTOIHBIMU KO3 durmenTamMn

n
—AU + E A; () Uy, + B(z)U = F(x), (1)

i=1
rae o= (1,22... T,) € R" u U= (u; us... u,), NHTCHCHBHO M3y4YaeTCs B CBS3H C IIPHIOKCHH-
SIMH B CTOXaCTHIECKOM aHAJN3€ W CTOXacTHIecKux nuddepennnaababix ypasaernsx [2]. Kormga

npoMeskyTodnble Koaddumuenter A; (z) (i = 1,n ) pactyT Ha GECKOHETHOCTH HE GbICTpee, deM
HekoTopast crenenb GyHknun B () > § > 0, BOIpochl KOPPEKTHON U KOIPIUTUBHON PA3PEITIMO-
cru (1) B mpocrpancrsax L, ( 1 < p < 00) 6butn uccaegoBansl B psje pador (em. [1, 12, 8, 13| u
CCBIJIKU B HUX).

Muoromephas cucrema (1), Tae Kakux-1ub0 MOJTIUHEHHOCTEH MeXK Iy KoadhduimenTamu Her,
M3y9asICs TOJIBKO Ipu ycsosud, 9to |A,| (i = 1,—?>”L ) MoryT pactu He GpicTpee, deM |z|ln |x| (|z| >
1), B [5], M., Takke, [4, 6, 7]. Ciyuaii, kormga n = 1, a TpoMeKyTOUHBIH KO(bDMUIMEHT ypaBHEHsT
(1) mmeer Gosiee GBICTPBIN PoCT, paccMoTped HejasHo B 9, 10|, rie yeTaHOB/IEHBI KO3PIUTUBHAS
PaspenmMoCTh 1 HEKOTOPbIE alllPOKCUMATHBHBIE CBOficTBa pemtenus. OqHako, MeTo bl pador |9,
10] stBasiioTCs cyry6o oJfHOMEpPHBIME. BO3HHMKaeT BONPOC, CYIIECTBYET Jiu perierue cucrembl (1)
C HE3aBUCHUMO PACTYIIUM MPOMEXKYTOUHbIM Koddduimenrom B ciydae n > 1 7 Bymer yin oHo
eJIMHCTBEHHBIM U BBINOJIHSETCS JIU JIJIS HEr0 KOIPIUTUBHAS OIEHKa?

B Hacrosieit paboTe yKazaHHBIE BOIIPOCHI MbI 06Cy K TaeM Jisi cucteMbl (1), B KoTopoMm 1 = 2.
Torna, kak usBecTHo (cM. [3]), cucremy (1) MOXKHO 3amucaTh B CJIeyroIIeil KOMILUIEKCHOM (opme:

Lw=w>, + aws + bw, + dw, + ez + kw + mw = f, (2)

e 2 =T+ 1y, w = Uy + Uy, we= 1/2(w,+iw,), w,= 1/2w,—iw,), a F' € Ly(C) (C - xommrexc-
Hasl TJIOCKOCTD). IIpu 9TOM mocTaB/IeHHBIE BBIIIE 331891 JOCTATOYHO PEIIUTD JJisi KOMILIEKCHOTO
ypaBuenus (2). Pe3ysbrarsl cBOUX MCC/I€IOBAHUN MBI TakKe OyieM chOpMyIHpOBaTh B T€PMUHAX
k03D duIeHToB ypapHeHus (2).

Ypaprenue (2), uMmeroliiee HeorpaHUIEHHBIE TPOMEKYTOUHbIE KO3(hdUIMeHTs a, b, d, u e,
omimyaercd ot ypasuenuii [llpeuarepa, sTuM onpeiensgercs CJI0KHOCTD UCCJIEyeMOro BOIIPOCa.
B pabore MbI JJOKa3bIBaeM OJHO3HAYHYIO Pa3pernMOCTb ypaBHeHUs (2), a JJis ero pelieHus w
yCTaHABINBaeM HEPABEHCTBO

lazzly + llaws]ly + [lbwsly + lldwzll, + llewzlly + [[kwlly + [[m@lly < Clifl,.

Taxkast orieHKa Ha3bIBAETCS OIMEHKON MaKCHMAJIbHON PEryIgapHOCTH, OHA UTPAET BaXKHYIO POJIb B
U3yYEHUN TJIAKOCTHBIX U AIlllIPOKCUMATUBHBIX CBOMCTB PEIeHus W, a TaK:Ke I OIEHKH CIIeKTpa,
coorBercrBytomiero (2) auddepenimaibaoro omneparopa L. Takxke, oHa MOXKeT ObIThH UCIOIH30Ba~
Ha JUIsl U3YYeHUs KBA3WIMHEHHBIX yPaBHEHUI, SIBIIOmuxcs obobmennsamu (2).

B jokazaresibcTBax yTBEPKIEHUIT MBI HCHOJIBb3YeM pe3yJibTarbl paborsl [11], a Takxke mpume-
HAEM HEKOTOPBLIC BECOBLIC HEpaBE€HCTBa Xapm/l

Pabora mommepxkana mpoektrom AP05131649 Komurera Haykm MuUHHCTEPCTBA 0Opa30BaHUS 1
nayku Pecniyommkn Kazaxcran
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O CBOMCTBAX PEIIIEHUYI IICEBAOITAPABOJINYECKOI'O
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[ycrs Q = [0,w] x (=00, +00). PacemoTpum ypasHenue

Ugte = ao(2, t)ug + ar(x, uy + as(x, hu, + as(x, hu, + ag(x,)u+ f(x, t), (1)

rie dbynknuu a;(z,t) (i = 0,4) u f(z,t) upeanosaraioTcst HempepbIBHBIMU 1, BOOOIIE TOBODH,
HEOrPAHMYCHHBIMI Ha §).

B nacrosiee BpeMs BeCbMa, aKTUBHO M3YYaIOTCsS U BBI3LIBAIOT OOJIBINON IPAKTUIECKUH U Teo-
PETUYECKUH HHTEPEC JIOKAIbHBIE U HEJIOKAJIbHBIE KPaeBble 3a1a4u Jijist ypasHerust (1), mOoCKOIbKY
K HEMY CBOJATCS DIl IPUKJIATHBIX 3a/a9 GU3nK, MexaHuku u 6uosornn [2|. Ypasuenne (1) B
ciydae, Korja a, = 0, ncciaenoBaocs B padore [1].

Yepes C, (€2, R) 0603HAYMM TPOCTPAHCTBO OrPAHMYEeHHBIX (DYHKIHTT, HEIPEPLIBHBIX 110 t € R
npu x € [0,w] 1 paBHOMEPHO OTHOCHTEIBHO ¢ € R HempepsBHLIX 110 = € [0, w] ¢ mopmoit ||V =

sup [V (z,t)] .
(z,t)eN
B [3] mst ypaBrenus (1) umcciemoBana 3aada

u(0, 1) = P(t), up(x, t), un(z, t) € C.(Q, R), (2)

rae ¢ (t) - aBaxpl HenpepblBHO auddepeHnupyeMas 1 orpaHudeHHas Ha R BMecTe cO CBOMME
npousBoEbIME 1) (t) u () dynkus. Beura nokazana

Teopema 1 [3]. ITycmo xospduvuenmon ag(x,t) u az(x,t) ypasnenus (1) nenpepvisrvs na
U YI0BALMEOPAIOM. CACOYIOULUM YCAOBUAM @) — €) :

a) ag(z,t) =~y >0;

b) |ag(x,t) | < Kiv/as(z,t);

c)% <cuput,t € R: |t—t < 1, ¢ const;

d) Oaa xascdoeo € > 0 natidemea wucao 6 > 0, maxoe, wmo das ecext € Ru ', 2" € [0, w| :

|z" — 2| < 0 swnoaneno nepasencmeo % < g
(e))PaO,QQ(x, t) < K, Py ap(x, t), P oy(z,t) € Ci(Q, R) (j = 1,3,4). 3decv P, g(z, t) =
a(x,t

VB, t)

Tozda cywecmesyem eduncmeennoe pewenue u(x, t) sadavu (1), (2) u cnpasedausa oyenka:

max {[|ull, ol el ol e} < C,

20¢ C' - NOCTNOANNAA, 3ABUCAUAH TNOADKO U3 UCTOONWT OUHHVLL.
e nacrosmeii paboThl - yCTAHOBICHHE MaKCUMAJILHON PEeryssipHOCTH pEIIeHus YpaBHEHHU
(1) mpu HEKOTOPBIX JIOTIOJIHUTEIBLHBIX OIPAHUICHUSAX HA KO duuenTol. /s 317010 HamMu oty de-
Ha OIEHKA JIJIsT HOPMbI IIPOU3BOJIHOI U,y TPETHETO mopsijika perterust 3ajaqu (1), (2). Obo3nadmm

1 t4d
) =5 [ aatairar
t
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rae d— HEKOTOPOE ITOJIOZKUTEJIHLHOE YUCJIO. CnpaBemmBa cieanyromad
TeopeMa 2. Hy_cmb 6N OAHEHDL YCAOBUA TNEOPEMDL 1u nycmo
g) f(fL', t) € C*(Qu }?)) . B . _
h) (0)6(x,1) € Cu(Q, R), $(1)8(,1) € C.(Q, R), $(t)0(x,t) € C.(Q, R).

Tozda dasn pewenus u 3adavwu (1), (2) cnpasedausa ouenka:

max {[|ull; fuall s [uell s [l Tl s [Jwenlly < COIAS

2de nocmosnnas Cy 3a6uUcum MOALKO 0M UCTOOHDIT OGHHDLL.
Pabora momuepxkana mpoektom AP05131649 Komurera Haykn MUHHCTEPCTBA OOpA30BAHUS 1
Hayku Pecriyonuku Kazaxcran
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S3AJAYN YIIPABJIEHUA TOYEYHBIM MCTOYHUNKOM TEIIJTA
M. Orenbaes!, B./I. Komanos?

L nemumym mamemamuky U mamemamudeckozo modesuposanus, Aamamu, Kasavcman
2 Kasaxcrutl nayuonasvnut nedazozuneckuti yHusepcumen
umenu Abas, Aamamor, Kazaxcman
E-mail otelbaevm@mail.ru, *koshanov@list.ru

§1. IloctanoBka 3aga4du B stom pasnesne OyayT paccmorpenbl dbuHaibHbIe 3agaqn [, 11 u
[II nnst ypaBHEHHS TEIIONPOBOAHOCTU. B KoHIle pazjena oHu OyIyT 3amucanbl KakK (pUHAILHBIC
3aja41 JJIsi aOCTPAKTHOTO SBOJIIOIIMOHHOTO YpaBHEHUS .
3amaua I. [lycts 2— Tpexmepnblit Kyd ¢ IIeHTPOM B HYyJIe, peOpaMu mapajeIbHbBIMUA KOOPIUHAT-
HBIM OCSIM € JITUHAME paBHbIMU 27, T.e. ) = {(z1, 29, 23) : —7 < z; < 7,0 = 1,2,3}.

PaccmoTrpum ypaBHEHME TEILIONPOBOIHOCTH

P Au=g(z,t), t€0,T], = (1,22,73) €, )
w(z,t)]i=o =0
110 IIPOCTPaHCTBEHHBIM ITEPEMEHHBIM 3a/1al0TCA yCJIOBUA

ou
Ti=T) P,

_ Ou
T;=—T T Ox;

Ulgy=—r = u

wi=my L= 1,2, (2)
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g_zug|m3:—7r - F_(l’l,.fg,t), g_;,)lxgzw - F+<I'1, Jfg,t). (3)

B sroit 3amave F(-) u F_(-) o3mauator "mojady Teria''c BepxHeil M ¢ HUXKHEN MOBEpXHOCTENl
Kyba €. B mammx 3amagax FL(-) 6yayT osHadaTh "mojaBaeMoe Terio' ypaBisieMbIM JTa3ePHBIM
HCTOYHUKOM TeILIA.

Bagaua II. B obmactu Q = € x (0,7) pacemorpum ypasuenue (1). Ilo mpocrpancTBeHHBIM
HIEPEMEHHBIM 33JIAI0TCsT YCa0BusA (2) u3 3aja4n | u ycaoBus
u(x’t)|$3:—7r =0, aaTuB|w3:7r = F+(I17x27t)' (4)

Bamava I ormmraaercs ot 3amaan 11 Tonbko yemaosusmu (4) (Bmecto ycmosun (3)).
Bagada III. B obmactn @@ = Q x (0,7T) pacemorpum ypasuerus (1). Tlo mpocrpancTBeHHBIM
[IepEMEHHBIM 3a/1al0TCs TIEPUOIUIECKUE YCIOBHS, T.€.

ou
T;=T 3$1

__ Ou
Ti=—T — Jx;

U|gj=—m = U ;=" 1= 17 27 3. (5)

Ora 3aja4da ormyaercs or 3ajgaqdn 1 u I1. Temro nepemaercss TOIbKO U3 BHYTPH, a He U3 TO-
BEPXHOCTH.
[Tyctsb 1 (+) 1 @o(-) TpuK bl HenpepbiBHO nuddepennupyembie Ha [—1, 1| dyHKIWmit Takue, 910

¢1(z3) =1 npu i <az3< 7, ¢i(r3) =0 upm —7T<173<—%7 (7)
@a(r3) =0 mpn 5 <a3 <, @olrs) =1 mpn  —7 <23 < —3.
[TosroxxuMm
w(xy, T2, 23, t) = @1(x3)(x3 — m)Fy (21, 22, t) + po(3) (23 + 7) F_ (21, X0, 1), (8)
V=U— W, U=V+Ww.

Torma st v numeem

v(x,t)|i=o =0

8_(1)” )lt 0: ) &| 0 (9)
Bz lT3=—T 5 axgaxg—ﬂ 5 5 »

Vgi=—7 = VUlz;=m> 3_;)1 Ti=—T — 8_:;)1 xi=my U= ]-7 2.

[Ipu BeiBOJIE (9) yuTeHO, ur0o FL (21, T9,1) yIOBIETBOPSAET IO TIEPEMEHHBIM T U Lo TIEPUOUAIE-
CKUM YCJIOBUSIM.
Takum obpasom, 3amada | ceemena x 3amade (9), B KOTopoit w(xy, o, T3,t) Ompesensercs pa-
BeHCTBaMH (8).
Terteps BozbMeM
{ w(wy, xe,t) = @1(x3) (23 — ™) Fy (21, 20, 1), (10)
V=Uu—Ww, U=10+w,

rje p1(r3) Ta ke camasi, 9To u B (8).
3 zagaqn 11 u w3 (10) moaygaem st v 3aady:

%—AU: (8—‘”—Aw>+g($,t), (:L‘,t) € Q:Q X (O’T)’

v(x,t)|i=0 = 0,

11
/U‘Ig—*ﬂ' =Y, 6871)’333:71' =0, ( )
V|g,=—m = Vlg;=m> g_;)l Ti=—T — g_;)l zi=my; U= ]-7 2

§2. OO1ee orepaTopHOEe ypaBHEHUE
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[Tycts H- cemapabesibHOE rIIb0EPTOBO TPOCTPaHCTBO. Bee Tpu 3amaam n3 §1 MOKHO 3amncaThb
B BHJI€ YPaBHEHUs

uy + Au = ,
{m;msz 2

Baech u(t), f(t)— Bekrop-dynknum co 3nadernsMu B H, A—camoconpsizkennsrit oreparop. Ore-

0
patop A, Bekrop- dynknus f(t) u BekTop u st Kazpoit u3 3ama4 LI u 111 6yyT cBon u pasmbre.
Hns yparenns (2.1) pacemorpuM (bUHAIBHYIO 3a/1a49Y:

0
[Iycts mpu ¢ = 0 3navenue u(t) paBHO BeKTOpY U . Bwibparh BekTOp- dyHKIWMO f(t)— Tak,
9T00BI B MOMeHT Bpemenu ¢t = T’ 3Hauenue u(t) GbLIO

u(®)ier = w(T) = . (2.2)

U3 ypasuenus (2.1) umeem

b= () = uOler = ot [ AT (23)

Ecim

%L: f: %Ln €n, /3: f: 371 €n, f(77) = f: fn(n)env (24)
n=1

n=1 n=1

rJie e;— I0JIHasl OPTOHOPMUPOBAHHAs CHCTEMa COOCTBEHHBIX BeKTOPOB oreparopa A. Takum obpa-
30M u3 (2.3) BBITEKAIOT PABEHCTBA

1 0 T
Uy —e M, = e / Fa(m)e"dn (2.5)
0

st no=1,2, ... 3neck A\j— cOOCTBEHHBIE YNC/Ia COOTBETCTBYIONINE K COOCTBEHHBIM BEKTODAM €.
Hao6opor u3 (2.5) BeITekaror (2.3).
Oyuknuio f,(t) npeacraBuM B Buje

falt) = { { /0 ' gn(n)ek””dn} % + gn(t)} +cpe (2.6)

Ecmu |f,,(t)|* narerpupyemas dbynkuus, To npeacrasienue (2.6) Bosmoxkno. s C), nveem

T T 2T
/ Fa(m)edn = c, / e = ¢ —.
0 0 2\,
Orcroga n u3 (2.5) nmeem
2\,
Cp = T [%Ln e~ T 73”} T ]

[osromy auist f,(t) mmeem

2\, 0 1 2\, T
fn(t) = gn(t) + m |:— U, +6>\nT un:| e)\nt . m (/ gn(,rI)e)\nﬂdn) 6>\nt —
0

2X.eMt To 1 T
gn<t) — 62/\nT—_1 |:Un —e)mT Uy, —l—/ gn(n)e)\nndn] .
0
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Unu B cuny (2.4) u (2.3) umeem

T
f(t) = g(t) — 24(*4T — 1)~ 1M {8 —eAT 4 —|—/ eA”g(n)dn] : (2.7)
0
Moxmno f,(t) upegcraButh B Buje
T
Falt) = 9n(0) = Mol =17 [ g an (28)
0
rie
N T
= e =1 [ e (29)
0
A 1

B sTom ciyuae (BbipazKast ¢, ¢ oMorbio (2.5)) uepes [u, —e T ELn] s f(t) momyaaem

ft)=g(t)+ Al — e_AT)_l {211 _e AT —/0 e_A(T_”)g(n)dn} ) (2.10)

[Ipescrasienue (2.10) coBuaaer ¢ npeJcraBieHneM UCHOJIb30BaHHbIM B paboTax [1-3]. TTomumo
npejcrasiennn (2.7) u (2.10) MOXKHO IPUIYMATH U JPYTUE TPEICTABICHUS.
Asropsr 6b11n osepxkanbl rpanTom AP05135319, AP05133239 KH MOH PK.
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TRACE FORMULA FOR THE POISSON POTENTIAL
FOR THE TIME-FRACTIONAL HEAT EQUATION

G. Oralsyn'?

L Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: g.oralsyn@list.ru

The aim of this paper is to obtain a trace formula of the Poisson potential for the time-fractional
heat equation to piecewise smooth lateral surfaces of cylindrical domains. As a byproduct, we
establish a nonlocal initial boundary value problem for the time-fractional heat equation and give
its solution. For a bounded function g with suppg C €2 we consider the inhomogeneous Cauchy
problem for the time-fractional heat equation

Qo =0 u —Au=01in Q x (0,7), (1)

u(0,2) = g(z), z € 9, (2)

where Q C R” is a simply-connected bounded open domain with the boundary 02 € O™, 0 <
y<1, A=3"" 02 is the Laplacian and

oult, x) = ﬁ /0 (t— )" (7, 2)dr

is the fractional Caputo time derivative of order 0 < a < 1. Here I' is the gamma function. We
shall note that for & = 1 the fractional derivative coincides with the standard time derivative.
Therefore, our results cover previusly known results for the (classical) heat equation (see, e.g. [1]).
The fundamental solution of the time-fractional heat equation (1) can be given by the formula

— o— — 1 —o |\ &,
B(x,t) = 0(t)n /2 o HE (Zm% |§_d}2,1>,(1,1)), (3)

where H is the Fox H-function and 6 is the Heaviside step function. For further discussions in
this direction, we refer our paper |2] and references therein.
Thus, we obtain a trace formula of the “time-fractional"Poisson potential

/Q E(x —y,t)g(y)dy (4)

to the surface 02 x (0,T"), where 0f2 is the boundary of the bounded domain 2 C R"™. Then we
use this to introduce a new nonlocal initial boundary value problem for the time-fractional heat
equation.

One of the main results is

Theorem 1 For each bounded g with supp g C ) the time-fractional Poisson potential u satisfies
the following nonlocal boundary condition:

t
(1) +/ dr [ 0,E(x —y,t — T)u(y,)dS,
2 0 a0

¢
— / dT/ E(x —y,t —1)0u(y, 7)dS, =0, (5)
0 o0
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for allz € O and t € (0,T). Here 0, is the outer normal derivative on the boundary OS2 of the
bounded domain 2.
Conversely, if u is a solution of the time-fractional heat equation

<>a,tu = 07 (6)

satisfying the initial condition
Um0 =g, on € (7)

and the boundary condition (5), then it is given as the time-fractional Poisson potential by formula
(4) and it is unique.
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MULTIPERIODIC SOLUTIONS OF QUASILINEAR SYSTEMS OF
INTEGRO-DIFFERENTIAL EQUATIONS
WITH D. OPERATOR AND «-HEREDITARY PERIOD

Zh.A. Sartabanov, G.M. Aitenova, G.A. Abdikalikova

K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mail: sartabanov42@mail.ru

We research the problem for the existence of (0, w)-periodic solutions u(7,t) by (7,t) = (7,t1, ..., t,) €
R x R™ of system

D.ou(r,t) = A(r, t)u(r,t) + / K(7,t,s,t —cT 4 cs)u(s,t — e + cs)ds+

T—E€

+f | 7t u(r,t), / K(1,t,s,t —ct + cs)u(s,t — e + cs)ds (1)

T—E€

with the differentiation operator D. = 9/01 + (¢,0/0t) acting along the characteristics ¢t =
¢t — ¢s + o with initial data (s,0) € R x R™, R = (—00,40); ¢ = (c1,...,Cp) IS constant
vector with non-zero coordinates ¢;, j = 1,m; 9/0t = (9/0ty,...,0/0t,,) is vector; (c,0/dt) is
scalar product of vectors; A(7,t) and K(7,t,s,0) are given n X n-matrices; f(7,t,u,v) is n-vector-
function; u and v € Rx, Ry is closure R} = {w € R": |w| < A = const}; (0,w) = (0,wy, ..., wn)
is vector-period with rationally incommensurable coordinates; € is positive constant.
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In the present work are investigated to obtain conditions for the unique solvability of initial
problem and of the existence multiperiodic solutions quasilinear systems of integro-differential
equations with a given differentiation operator D..

With problem of this kind involves the research of hereditary vibrations in mechanics and
electromagnetism [5]. Various processes of physics, mechanics and biology lead to the consideration
integro-differential equations of the form (1) with a finite period of heredity [2,5]. The research
of multi-frequency oscillations led to the concept of  multidimensional time. In this regard, the
theory of oscillations develops the theory of periodic by multidimensional time solutions of partial
differential equations with respect to time variables [1,3,4]. In this paper, the methods to extend
the research of problem.

Suppose the conditions are satisfied

AT +60,t + qu) = A(1,1) € CU) (R x R™),q € 2™, 2)

K(t4+0,t+ qw,s,0) = K(1,t,s+ 0,0 + qw) =
= K(r,t,5,0) € C29) (R x R™ x Rx R™),q € Z™, (3)
fr+6,t+quw,u,v) = f(r,t,u,v) € 07(_’1{7%67;)25725) (R x R™ x R\ x FZ) ,qEZ™. (4)

Where the vectors e and € have unit components and they differ from each other in their sizes m
and n; R% = {u € R": |u| < A}, Ry is closure R}.

Using the method of successive approximations, we can determine the resolving operator
U(s, T,t) with the initial condition U(s, s,t) = E, which has the properties

D.U(s,T,t) = A(T,t)U(s, 1,t) + / K(1,t, &, h(&, 1, t))U(s, & h(E, T, 1))dE, (5)

U(s+0,7+0,t+quw)=U(s,T,t),qg€ Z™. (6)

Where F is the identity n-matrix. In the case of splitting the resolving operator U (s, 7,t) into the
sum of two matrices U_(s,7,t) and U, (s, 7,t), possessing properties similar to (5) and (6) and
satisfying estimates

U_(s,7,t)| < ae™ ) 7 > 5 |[UL (s, 7,1)]| < ae®T™) 7 < s (7)

we call the corresponding linear homogeneous system of integro-differential equations the system
with property of exponential dichotomy, where a > 1 and o > 0.
We consider for the system (1) of initial problem with condition

ulrero = u(t) € S (1%)

in the space SY 5 of n-vector functions u(T,t) w-periodic by ¢ and continuously differentiable by
T€ERs={r€R:|T—7% <} and t € R™: u(r,t + qw) = u(7,t) € Ci}t’e)(Rg x R™).
Suppose the conditions are satisfied

(1+a)lo <1,(1+a)lp+ (r+I1A)] <A. (8)

Theorem 1 Under conditions (2)-(4) and (8) the initial problem (1)-(1°) is unique solvability
in the space SX 5 of n-vector-functions u(r,t) w-periodic by t and continuously differentiable by
(1,t) € Rsx R™ and bounded by the norm ||u|| = ||ul|,+||0u/07||,+]|0u/0t||, of the constant A > 0,
where ||ul|, = sup |u(7,t)| at (7,t) € Rs x R", Rs is closure Rs, ||0u/0t||, = > iy lou/ot -

October 16-19, 2019 134 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

Let the parameters «, a,l,r, A be related by inequality
a(r +1A) < aA. (9)

Theorem 2 Suppose that under conditions (2)-(3) and the corresponding linear homogeneous
system of integro-differential equations has the property of exponential dichotomy (5)-(7). Then
the quasilinear system of integro-differential equations (1), which has property (4) under condition
(8)-(9), admits a unique (0, w)-periodic solution limited by A > 0.
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RESEARCH OF MULTIPERIODIC SOLUTIONS OF PERTURBED
NONLINEAR AUTONOMOUS SYSTEMS WITH DIFFERENTIATION
OPERATOR ON THE VECTOR FIELD

Zh.A. Sartabanov, B.Zh. Omarova

K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mail: sartabanov42@mail.ru

We consider the of perturbed quasilinear system

D.T:Ax—i-f(T,t,C,iC), (1)

with differentiation operator

0 0 0
D=+ (o) + (1o zg).

where 7 € R7 l = (th“'?tm) S Rm) C = (Ch"'aCl) € R(%la Y (é}?ﬂ])?] = 77
0 0 0
R} ={(&.n;) € R*: |(;| = (& +nD)'/* <6}, 6 = const > 0; P (87{’%) and

oo ()
¢ \oG' oG
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0 g 0 _
— =5 ). J =1l t tors of differentiation; I = diag(ls,. .., I,) i
) acj (8{1" o '>, ] , L are vector operators o 1rrerentiation; Zag( 2, ) 2) is a

[-block matrix, I is a two-dimensional symplectic unit, v = (v4,...,1;) is a constant vector, vI =
diag(vi1s, ... vls), (g1(7), ..., qi(7)) = g(7), (a1(7,t), ..., an(71,t)) = a(7,t) are vector-functions,
(,) is the sign of the scalar product of vectors; A is a constant n x n matrix,f = f(7,t,(,z) is
a n-vector-function of the variables (7,¢,(,z) € R x R™ x R¥ x R}, RA = {x € R": |z| < A},
}_%?,EZ are closure of RZ, R respectively.

The main problem is to study the oscillatory process described by the given system, to determine
the structures of multiperiodic solutions and the solution of the initial problem for the system (1).
The problems about structures of the solutions of systems were not considered in the works [1,2,5].

The problem of multiperiodic solutions of the autonomous system of the form (1) was considered
in [3,4], that is when time variables 7,¢ were clearly not included in the system.

In this case, some input data of the system received the perturb dependent on time variables
7,t. Nevertheless, some subsystems connected by a common system are autonomous in nature
and they generate periodic components of motion with incommensurable periods. In the study
of multiperiodic motions of the general system, taking into account the effects of the natural
vibrations of subsystems depending on the commensurability or incommensurability of periods
(frequencies) is important. Hence, the relevance of the investigated problem follows. The essence
of the method for studying the structures of multiperiodic solutions of the system (1) is the
combination of known methods [1,2,5] with the approaches used in [3,4].

We suppose that conditions

a) A non-linear vector function f(7,¢,(,z) is (6, w)-periodic with respect to (7,t), continuous
with respect to 7 € R, twice continuously differentiable with respect to (¢, (,z) € R™x R¥(z) x R

and continuous on closure R x R™ X F?(z) x R, along with all derivatives. We represent these
properties of the vector-function f(7,t,(,z) in the form:

Fr+0,t+qwx)=f(r,t,(z) € Colea™ (Rx R™ x R} (2),R") .q € Z™, (2)

where C’S 2 y 242 (R x R™ x R%(2), R") is a class of functions with the specified areas of variation
of the variables and smoothness (0, 2¢, 2¢, 2¢), respectively, with them, é,é,e are constant vector
smoothness indices with unit components of dimension m, 2, n respectlvely, R% {C € R%: |§

z = (21, .. Zl) 2k = Zk(T)

T+ﬁk _
= [Zk_l(T‘i‘ﬁk)— } f Z 1 (8)gr(s) ds, Zy(t) = ( ),kzl,listhe

vector-function.
b) A linear system Dx = Az does not have (6, w)-periodic solutions except zero.

COS VLT — Siny,T
SinV,T  COSUET

Theorem 1 Under conditions a), b) and parameters related by relation

(X +cA) <Ajeo(x+cA) <1
system (1) with properties (2) has a unique (6, w)-periodic solution of definite structure, where e =
exp [2 H % O 9] , v = sup 70‘ (T +60) — X 1) X2(s)] ds,

0<r<0 ~
o = maa:{[v F8Iy(1 + 21A) + ve(1 + mA) + (1 + A|A| + W2 + $(20)P2A) + Alla]l.ex

x (1 + mA)]; [8l7 + \/ﬂ”y]; [75m + 7m5||a||0] }, ¢ = max {cy, o, 3,4}, C1,Ca,C3,C4 are positive

Afe Ofe
oC ot

constants,which —are also Lipschitz constants of wvector-matrix  functions fo, =
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] = 1,m,—9 with respect to x, x = max{x1, X2, X3, X4}, X1,X2, X3, X4 @re positive constants

o (05
ARERE

of the multiperiodic solution is related to the multiperiodicity of characteristics of the vector fields
of time and space variables, the matricant factor, and the perturbing force.

that bounded the functions | fa|, 7 =1,m,

0
—8f9‘ from above at x = 0.The structure
iy
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BA3NICHOCTDb CUCTEMbI COBCTBEHHBIX
OYHKINN TNPPEPEHIINAJIBHOTI'O OIIEPATOPA
BTOPOI'O IIOPAJKA C NHBOJIIOIINMEN

A.A. Capcenbu

TOKT'Y um. M. Ayasosa, [lvimrxenm, Kasaxcman
E-mail:abdisalam@mail.kz, abdisalam@mail.ru

PaceMoTpuM Bolpoc 06 yCTORYMBOCTH GA3UCHOCTH COOCTBEHHBIX (DYHKIMI CHEKTpaIbHOM 3a-
Jaun
" (—2)+q@)u(x) = u(r), -1<x<lu(-1)=0, u(l)=0 (1)

C HelpepbIBHBIM KOMILIEKCHO3HAYHBIM KO3 dutmerrom ¢ (x), To ecThb OyzeT jin 6a3ucoM B Ipo-
crpancTBe Lo(—1,1) cucrema cobcTBeHHBIX (DYHKIIHUIT 3TOM CIIEKTPAILHOI 3a/1a41.
B pab6orax [1],[2] ncciaemoBata ciekTpasibHas 3a/1a9a

—u" (—x) =du(x), -1 <z <1, (2)
u(—1)=0,u(l) =0. (3)
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Brer1o ycranosiieno, 9to cucreMa cOOCTBEHHBIX (DYHKIUN BUJIA

1
{sink‘mz,kzl, 2, ..., cos(l+§>7r:v, [=0,1, 2,..‘,}

obpasyeT OpTOHOPMUPOBaHHBI Gasuc npocrpancTsa Ly (—1, 1). [locrpoena dyukius ['puna Kpa-
esoit 3ajaan (2), (3).
O6oznaanm gepes G, (x,t, ) dyuxnumio ['puna 3agaqu (1), a gepes G (z, t, \)— dyunkumo I'pu-
Ha 3a71a4n (2), (3).
[Iyctn
1 1

21 )4

m

YACTUIHBIE CYMMBI PA3JIOKEHNUsT [0 COOCTBEHHBIM (DYHKITHAM CIEKTPaIbHON 3a1aun (2), (3), rue
Vf(x) € Li(—1,1). Hacruuanble cyMMbI Pa3/IOKeHHsI 110 COOCTBEHHBIM (DYHKIUSM CIIEKTPaJIbHOIT
sajiaqn (1) obosHaunMm depes

S (f) = ——— IU Gq(x,t,)\)dep}f(t)dt.

2m ),

m

Taxkoe 1pejicTaBieHne pa3jioyKeHus 110 COOCTBEHHBIM (DYHKIUSIM BO3MOXKHO TOJIBKO B CJIydae,
KOIJla ClieKTpaJibHast 3ajada (1) mmeer He Gojiee KOHEYHOTO UMC/Ia KPATHBIX COOCTBEHHBIX 3HA-
vennii. [losTomy B maJibHERIIIM MBI IIPeIIoaraeM, 9To COOCTBEHHbIE 3HAUEHUSA CIEKTPAJIbHOI
sajiaqn (1) ABIAIOTCS MPOCTHIMHU, HAUMHAsI ¢ HEKOTOporo Homepa. llociemoBarensnocts Sy, (f)
HA3BIBAIOT PABHOCXOJAIINMCS C OCJIEIOBATEIbHOCTBIO 0,y (f) Ha mpomexkyTke —1 < 2 < 1, ecin
Sm — 0 — 0 paBHOMEPHO Ha 3TOM MPOMEXKYTKE TP 1M — 00.

Teopema 1 Jlas w060t gynkyuu f (z) € Ly (—1,1) nocaedosamenrvrnocmsv Sy, (f) pasnoczodum-
CA € NOCAed0BAMENLHOCTDIO O, () .

N3 okazamHoil TEOPEMBI JIETKO CJIe/IyeT 6a3uCHOCTb COOCTBEHHDBIX (DYHKIIHI CIIEKTPaIbHO 3a,/1a91
(1).

Teopema 2 Cucmema kopresur dynryud cnekmpasvhoti 3adawu (1) ¢ HenpepusHvim Komn.ekc-
HO3HAUHBIM KoapPuyuernmom q (x) obpasyem 6azuc npocmparcmea Lo (—1,1).

Pabora BeimosiHeHa B pamMkax rpanToBoro mpoekta AP 05131225.
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PA3PEIIIIMOCTBH CMEIITAHHOW 3AJJAYN OJ14 BO3SMYIITIEHHOI'O
BOJIHOBOI'O YPABHEHUN A C NMHBOJIFOIIMEN

A.M. Capcen6bu'!, M. Yrenbaena>
VIOKTY um. M. Ayssosa, 2. Ivimxenm, Kasaxcman
2

E-mail:abzhahan@mail.ru

JL1s1 BOBMYIIIEHHOTO BOJTHOBOT'O YpaBHEHUS C MHBOJIIOIUEH CJICTYIONIETO BHIA

O*u(z,t)  O*u(w,t) B a82u (—x,t)

Y o2 —q(r)u(x,t), —1<z<l, t>0, (1)
paccMaTpHBaeTCs CJIelyIoas CMellaHHas 3a,1a9a
u(z,0) =1 (z), u(x,0) =ps(z),u(—-1,t) =0, wu(l,t)=0, (2)

re —1 < o < 1, ¢(x) - BemecrBenHast HerpepbiBHas dyHKIws. [Ipuvenerne merona Pypoe
IIPUBO/IUT CIIEKTPAJIbHON 3ajiade BUJIa

—X"(2)+aX"(—2)q(z) X () =AX (z), —1l<ax<1l X(-1)=X(1)=0. (3)

Jlj1s1 iokaszaTebeTBa paspenmMocTu cMermanHoii 3aga4n (1), (2) BaKHOe 3HAYEHUE UMeeT CJie-
Juytomuii usBecTHbIl dakt [1].
11—«

Teopema 1 Ecau “ucao \/ire HE ABAACMCA “EMHLLM, TO Cucmema cobcmsennor Gyrnryul

{Xk (z)} cnexmpanvrot 3adawu (3) obpasyem noanyio opmMOHOPMUPOSANHYIO CUCTEMY G NPO-
cmpancemee Ly (—1,1).

OcnoBHOIT pe3yabTaT chOPMYJIUPYEM B BUJIE CJIEIYIOIIEH TEOPEeMbI.

Teopema 2 [Tycmov dasn cmewarnnot 3adavwu (1), (2) evinoanens caedyrouyue Ycaosus:
1) sewecmeennasn dynrkyus q () neompuyamesvua;

2) wucao (/122 ne asanemea wemmom (—1 < o < 1);
+a

3) nanarvrvie dannve @1 (x), oo (x) € C?[—1,1] makosw, wmo @1 (—1) = 1 (1) =0, o (—1) =

Toryia cymmecTByeT eJJMHCTBEHHOE Pelllenre cMentantoil 3aaa4an (1), (2) 1 oHO IpejcTaBuMO B BHJIE
psisa Pypbe

u(z,t) = Z <Ak COS \/)\—kt + By, sin \/)\_kt> Xy (2)
k=1

110 [IOJTHON OPTOHOPMUPOBAHHOIT crcTeMe crcTeMe cobeTBeHHbIX byHKImit { Xy ()} crekTpasbHoit
zajaqn (3).
Pabora BeimosiHeHa B paMKax rpanToBoro mpoekta AP 05131225.
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RIESZ BASIS OF ROOT FUNCTIONS OF PERIODIC
STURM-LIOUVILLE PROBLEM WITH SYMMETRIC POTENTIAL
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In this talk, we consider spectral problems for the Sturm - Liouville differential operator
—u"(x) + q(z)u(z) = Mu(z), on (0,1) (1)
with periodic and antiperiodic boundary conditions
u'(0) = +u'(1),u(0) = £u(l). (2)

The Riesz basis property of the system of root functions of such problems is proved in the case
of a potential ¢(z) that is summable on an interval, when it satisfies the symmetry condition
a(z) = (1 — )

Theorem 1 If q(z) € L1(0,1) and q(x) = q(1 — ) for almost all x € (0,1), then the system of
eigen- and associated functions of the problem (1), (2) is Riesz basis in Ly(0,1).

For equation (1) consider the Dirichlet problem
u(0) =0,  u(l) =0, (3)

and the Neumann problem
u'(0) =0, u'(1) = 0. (4)

Lemma 1 If ¢(x) € L1(0,1) and q(z) = q(1 — ), then all eigen- and associated functions of the
Dirichlet problem (1), (3) and the Neumann problem (1), (4) possess one of the properties of
symmetry:

u(z) = u(l — x) or  u(zr)=—-u(l-—2x) forall  x€]0,1] (5)
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LAPLACE OPERATOR WITH NONLOCAL SAMARSKII-IONKIN
TYPE BOUNDARY CONDITIONS IN A DISK
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The Dirichlet and Neumann boundary value problems play an important role in the theory of
harmonic functions and have been widely studied in literatures. Another important problem, called
periodic boundary value problem, arises when one considers the problem in a one-dimensional
case or in a multidimensional parallelepiped. For the first time, in [1] and [2], a new class of the
boundary value problems for the Poisson equation in a multidimensional ball Q C R", (k = 1,2)
was introduced:

Problem P,. Find a solution of the Poisson equation

—Au = f(x), € Q
satisfying the following periodic boundary conditions
u() — (—1)fu(e) = 7(z), 7 € O,

u u
%(m) + (—1)’“%(:13*) =v(z), © € I8y,
Here as usual 0€2; is a part of the sphere 0, for which x; > 0; each point = = (21, s, ..., z,,) € Qs
matched by its "opposite"point 2* = (=1, ass, ..., ,x,) € Q, where the indices a; € {—1,1},j =
2,...,n. Clearly, if z € 9, then x* € 0Q2_.

These problems are analogous to the classical periodic boundary value problems. In [1], the
well-posedness of these problems are investigated. They also showed the existence and uniqueness
of the solution of the problem P;, while the solution of the problem P, is unique up to a constant
term and exists if the necessary condition of the well-posedness is held. The uniqueness and
existence are shown by using the extremum principle and Green’s function, respectively. In [2],
they considered the problem P in the two dimensional case and showed the possibility of using
the method of separation of variables. Moreover, in this case, the self-adjointness of these problems
and its spectral properties are studied.

If we turn to the non-classical problems, then one of the most popular problems is the Samarskii-
Ionkin problem, arisen in connection with the study of the processes occurring in the plasma in
the 70s of the last century by physicists (see e.g. [3] and [4]).

In this report we continue the research from [1] and [2]| devoted to the well-posedness and
spectral properties of the Samarskii-Ionkin type boundary value problem for the Poisson equation.
Namely, we consider a generalised form of the Samarskii-Ionkin type boundary value problem for
the Poisson equation in the disk and investigate its well-posedness.

Let Q = {z = (z,y) = x4+ iy € C : |z| < 1} be the unit disk, r = |z| and ¢ = arctan(y/x).
Consider the following problem S1,.

Problem S1,. Find a solution of the Poisson equation

~Au=f(z), |2 <1 1)
satisfying the following boundary conditions

u(l,p) —au(l,2r — ) =7(p), 0< <, (2)
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ou ou
U1,0) - T1,2m — ) =wlg), 0<p<n ®)
o 9 9
U U
5(1790)_{—5(172%_@):”(90)7 0<Q0<7T7 (4)

where a € R, f(2) € C(Q), 7(p) € C**[0, 7] and v(p) € C7[0,7], 0 < v < 1.
It is clear that a necessary condition for the existence of the solution of the problem (1)—(3) in
the class C''(Q) is given by the following condition:

v(0) =v(m) =0.

The antiperiodic boundary value problem (1), (2), (4) for &« = —1 and the periodic boundary
value problem (1)—(3), for @ = 1 were studied in [1] and [2].

In this report, we consider a Samarskii-Ionkin type boundary value problems (2), (4) and (2),
(3) for the Laplace operator (1) in the disk. We consider well-posedness and spectral properties of
the formulated problem. The possibility of separation of variables is justified. We obtain an explicit
form of the Green function for this problem and an integral representation of the solution. The
eigenfunctions and eigenvalues of these problems are constructed in the explicit form. Moreover,
we prove the completeness of these eigenfunctions. In addition, we note that unlike the one-
dimensional case the system of root functions of the problems consists only of eigenfunctions.
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It is supposed to discuss the spectral properties of differential operators (deficiency indices and
the nature of the spectrum) with oscillating coefficients, as well as a number of new methods and
approaches to the study of the asymptotic properties of solutions of singular differential equations.

Asymptotic formulas for the fundamental system of solutions of a differential equation contain
important information about the defect indices of the minimal operator L, generated by the
corresponding differential expression, as well as on the qualitative spectral properties of self-adjoint
extensions of this operator.

Moreover, to date, there are no wide classes of differential operators with coefficients other
than regular ones for which asymptotic formulas of the fundamental system of solutions would be
obtained.

In this connection, any sufficiently meaningful classes of coefficients of a linear differential
expression of arbitrary order are interesting, for which it is possible to construct the asymptotics
of solutions for large values of the argument or spectral parameter, and to investigate spectral
properties generated by these differential expressions of operators.

In [1], results for the Sturm-Liouville equation for the class of potentials containing oscillations
were obtained. A model example of such an equation is an equation of the form:

—y" +2*(1 +sina®)y =Ny, B>a/2+1. (1)

For the solutions of this equation, it is possible to write out the asymptotic formulas of the
solutions for x — 0o, and then apply the obtained asymptotics to study the spectral properties of
the corresponding minimal differential operator. The method of studying such equations is based
on the transition to the Riccati equation, but it is difficult to extend such an approach to equations
of higher degrees.

In [2], an attempt was made to apply an approach to the Sturm-Liouville equation with
an oscillating potential based on a modification of the Levinson method, which consists in the
transition to a system of differential equations, a number of matrix transformations of the resulting
system and a further transition to a system of integral equations. It was possible to obtain results
for equation (1) with the more stringent condition 8 > a+ 1, however, the method of investigation
itself can be applied to equations of any order.

In [3], a fundamentally new approach was proposed to the study of the asymptotic behavior as
x — oo of solutions of a singular two-term equation view:

mn

dan

with a potential of ¢(z) that is irregularly growing for x > 0 on a model example of a 4th order
equation with an oscillating potential:

Y+ Aq(z)y =0

4

Ly + N () + () =0,
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where h(z) is a function containing oscillation, for example, h(z) = (1+z)% sin(2?), ¢(z) = (1+x)%,
f > 3a/8 + 3/2. The idea of the method consists in a series of matrix transformations of the
corresponding system of differential equations, the transition to which is carried out by introducing
quasi-derivatives using the Hausdorff matrix identity.

In a number of papers by the authors of the report, this method was developed. For example,
in [4], asymptotic formulas were constructed for x — oo for the fundamental system for solving an
equation with an intermediate oscillating coefficient h(z) and a coefficient ¢(z) from the standard
class of functions that are regular in Titchmarsh-Levitan:

ly =y(4) — Mh(2)y) — q(z))y = Ay.

The deficiency indices of the minimal differential operator Ly generated by ly are also investigated.
In [5], the developed method of matrix transformations was implemented to obtain the asymptotics
of the fundamental system of solutions for the following class of differential equations:

y(2n) — (q(v) + h(x))y = 0,

where ¢(z) is a regular potential, and h(z) is a rapidly oscillating perturbation of the form:

h(z) = Z ax(z)Sk(9()),

Sk(t) -oscillating functions, ¢(z), ax(x) - sufficiently smooth monotone functions.

In the future, it is planned to continue the study of similar classes of differential operators and
their spectral properties.

This work was supported by RFBR N18-51-06002 Az-a
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IIOTPAHCJIOMHBIE JINHUN B TEOPUN CUHI'VJIAPHO
BOSMVYIIEHHBIX YPABHEHVN BTOPOI'O ITIOPAJKA C
AHAJINMTNYECKMN ®YHKIINAMN

K.B. Tammarapos
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B manHOM cOOOIIEHNN, PACITUPUM U YTOIHUM HEKOTOPBIE U3 BBEJIEHHBIX paHee [1| onpenesrennit
JJId CUCTEM YPaBHCHUN BTOPOI'O HOPAIKA CIICAYIOMIEIO BAJA

ez (t,e) = A(t)z(t,e) + f(t), (1)
C Ha4YaJIbHBIM yCJIOBI/IeM
2(tg,€) = 2°, (2)
rie tg € Q C O, A(t) = (ami(t), m.k =1,2; 2(t.2) = (z1(t,2), 2(t,e), f(t) = (fi(t), folt)).

BBeﬂeM IIOJIO2KHUTEJIbHYIO BCIMECTBECHHO3HAYHYIO (byHKHI/IIO OT penieHug
U(t,e) = z1(t,€)z1(t, ) + 22(t, €) 25 (t, €),

(st Tex 3HAaYeHuit ¢, IS KOTOPBIX OHA CYIIECTBYET M OJHO3HAYHO ONpPEJIeJICHA) - O3HATAET KOM-
ILJIEKCHYIO COIPSI?KEHHOCTD.
OrmpetesieHnsT 1 TPUMEPHI.

Onpenenenne 1 Ecau U(ty,e) ne oepanuvero npu € — 0, mo mouxa t1 € Q0 wasweaemcsa cum-
2yaapnot das 3adavu (1)-(2).

Onpenenenne 2 Ecau U(ty,e) ozpanuueno, no ne cmpemumes  nymo npu € — 0, mo mouka
t1 € Q nasweaemes <npomescymounotis das 3adauu (1)-(2).

Onpenenenne 3 Ecau U(ty,e) npu € — 0, mo mouka t; € Q nasweaemca pezyrapnoti 0
3adayu (1)-(2).

Onpenenenue 4 Touka, 6 4100017 okpecmHocmy KOmMopPotl CYWecmeyom Kok pe2ysapHvle, MaxK
U HEPERYAAPHBIE MOYKY, HA3BLBAECNCA NO2PAHCAOUHOT MOUKOT.

HpI/IMe‘{aHI/Ie. ﬂaHHbIe onpenesieiud BBeJAEHbI, IIOTOMY 4YTO B ABYMEPHOM CJIy4dae, B OTJINYHE
OT OJHOMEPHOI'O [1], €CTb PaA3/INInA MEXKJILY «IIPOME2KYTOYHBIMU» U HOFp&HCJIOfIHbIMH TOYKaMMH.

Onpenenenune 5 Joboe MHOHCECTIBO NPOMEAHCYMOUHBIT TOYEK, 6 A1000T OKPECTVHOCNY KOMO-
POLT CYWECTNEYIOM MOADKO HEPELYAAPHDIE (CUHRYAAPHVIE) MOYKU HAZWEAIMNCA NPOMENCYMOUHDI-
MU MHOHCECTNEAMU.

Omnpenenenue 6 J1060e MHOMHCECNBO NPOMENHCYMOUHBIT MOYUEK 8 A000T OKPECTNHOCTU KOMOPBIL
CYULECMBYIOM, PE2YAAPHIE MAK U CUHZYAAPHBLE MOUKU HA3BIBAIOMCA NO2PAHCAOTHBLMU MHOIHICE-
CMeamu.

Omnpenesterne 7 Ipomescymouroe (nozpancaotinoe) MHOMCECTNBO, ABAAIOUELECA HENDEPLIGHDIM,
AOKANBHO B3AUMHO-00HO3HAUHBLM 00PA30M OMPESKA, HAZBIBAEMCA NPOMENCYMOYUHOT (No2parcaot-
noti) Aunued.
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Onpenenenne 8 Jlaa npomescymounoll (nozparcaotinot) mouku t; € C wucao v € Cy Ha-
3DLBAEMCA NPOMEHCYMOYHBM (NOZPAHCAOTHBM) HANPABACHUEM, €CAU OAf 1106020 Ma.A020 0 > ()
cyuwecmeyem maxoe manoe 6 > 0, wmo mMHoxicecmeo

{t € C||Arg(t — t1) — Argv| < o, |t — t;| = 0}
COOEPIHCUM. NPOMEINCYMOUHBILE (NOZPAHCAOTIHBIE) TNOUKU.

Onpenenenne 9 Ecau 6 npomesncymownoti (no2pancaolinot) mouke umeromes 08a npomestcy-
MOYHHLT (NO2PANCAOTNDIT) HANPAGAEHUA, cocmasaaouue yzoa, omaunmod om 180°, mo ona na-
a3vleaemesa moukot eemenenus. Koauvecmeo maxux nanpasaenudi, kaocdoe u3 KOMOPvLr cOCmMas-
asem yaon, omauvrodi om 180°, ¢ xaxum-Aub0 Opyeum nanpasaienuem, 6yoem Hazvieamy Koauve-
CMBEHHBIM NOKA3AMENEM SEMEAECHUA.

[Ipumepnt

IIpumep 1 (naauwue npomestcymounots, HO He NOZPAHCAOTHOT AUHUL).

ezy(t,e) = 21(t,e), ezp(t,e) = —23(t,€), 210 =1, 290 = 1. (3)
Uu+ivie)=e = e = +e ¢ e = =ec +e =.

IIpu v = 0 noayuaem npomestcymounyro sunwro: U = 2. Bmecme ¢ mem, npu u # 0 nosyya-
em, wmo U(u + iv,e) — 0o npu € — 0. Taxum obpazom, pe2yisaprulr Moyuex He CYULECMEyem.
Caedosamennvio, ne Cyu,eCmsyem noepancAoiHbT MoYer U No2PaHCAOTUHBIT AUHUTL.

Ommemum, 4mo 6 0OHOMEPHOM CAYUGE NOZPAHCAOTHBIE AUHUL (KAK YACTIHBLE CAYHAU AUHUTL
Cmoxca), a makoice Mowky 6emeAeHUA U Op. NMOAYHAIOMEA u3 ycaosull euda Re fot a1 (r)dr =
0. B deymeprom cayvwae marxotl C8A3U YHCE HEM: NOZPAHCAOTUHDBLE U NPOMEAHCYMOYHBLE AUHUY HE
onpedessOmes KaKuM-AUO0 00HUM PABEHCTNEOM.

IIpumep 2 (2-semsaenue no2paHciotUHbET SUHUL).

523(75,6) = Zl(t,ﬁ), 52;(t,€) = iZz(t,&), 210 = ]_, Zo0 = 1. (4)
U(u + iv’g) — @utiveu_eiw + ei%me—iu_?w — @2?u + e_vz_iue_vs_iu = 62?u + 6_5%

Hmax, noayuaromes dsa ayua: w < 0;v =0 uu = 0;v > 0, cocmasaaougue yzon 90°.

IIpumep 3 (4-semeacrue nozpancaotinuix surud).

/ / .
e2y(t,e) = 2tz (t,€), ez5(t, ) = 2itza(t,e), 210 =1, 290 = 1. (5)
. (u+iv)2 (ufiv)2 ~(u+iv)2 -(u+iv)2
Ulu+iv,e)=e = e = +e = € = =
w2024 2iun  u2—v2—2iuv 72uv+i(u27v2) 72uv7i(u27v2) 2u27v2 —duv
=€ B e e + e e e e =€ B + e

3decv noayuaromes wemuvipe ayva: u=0; v >0, u=0; v <0, u=v>0; u=v<0.
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Paccemorpum 3agaay ZLHpI/IXJIe JUIT KpyTa

eAuc(p, ) — /1= phlp, p)uc(p, o) = fe(p,¢), (p,p) € D, (1)

us(1, ) = (), ¢ € [0,2m), (2)

#? 19 1 )

rie 0 < ¢ — maJbli mapamerp, A = — + —— + —2—2 — ormeparop Jlamraca B moJisspHOIt
0p?>  pdp dp

cucreme koopaunat, h(p,¢) > 0, (p,¢) € D,  fo(p,p) = Z e fr(p, @), fr, h € C*(D), D =

k=0
{(p,p)0 < p <1, 0 < ¢ <21}, (p) = i Ur(p), v € C[0,27], wu(p,p) HEM3BECTHAS
k=0

dyuKIm, a Bce ocrajbHble GYHKIUU BXOAAIMe B 3aady Jlupuxie usBecTable.
Bagaua (1), (2) aeagercs 6ucnarynspHoii o repmuHosornn akagemuka A.M. Mibuna [3]. [Ipe-
JIeJIbHOE YpaBHEHNUE, T.e. COOTBETCTBYIOIIEe HeBO3MYIeHHOe ypaBHeHue (¢ = 0):

V1= phip,©)uoe(p, @) = —folp, ),

UO(P SD) _ fO(pa ()0)
’ VI —=ph(p,¢)

B paccMaTpUBaeMOil 06JIaCTH, & TaK¥Ke 9TO PENIeHHe He YI0BJIETBOPSACT MPAHITHOMY YCJIOBHIO (2).

Pemenne 3anaun (1), (2) cymecrsyer u eauncreento [4]. Tpebyercs mocTpout mosiHoe acumil-
TOTHYECKOE pasJioxkenne pentenns 3a1aau Jupuxie (1), (2) npu e — 0.

DopmMasbHOE ACUMIITOTHYECKOE pas3jioxkenue pertenns 3agaqu (1), (2) crpoum 0606IIEHHBIM
MeTozioM norpandyskuii [1, 2, 5|, a npun obocHoOBaHUE TTOCTPOEHHOTO (GOPMATIBHOIO ACHMITOTH-
YECKOTO PA3JI0yKEHUsT UCIOIb3YeM MIPUHINI MakcuMyMa [4].

st HadaJsia paccCMOTPHUM CTPYKTYPY BHEIIHEro perneHnd 3ajaqu JIupuxie, Koropoe uiieM B
BUJIE

umMeeT He IVIaJKOE pelIeHUre:

u:(p; p) = uo(p; p) +eur(p, o) + ...+ un(pyp) + ... (3)

[Toxcrasiss coorrorenne (3) B ypaBuernue (1) u npupaBHuBasi KO3(MMOUIMEHTHI IPU OJUHAKO-
BDBIX CTEICHAX € ITOJIYIHM:

V1= ph(p,@)ur(p, p) = Aug_1(p, 0) — fu(p, ), k=0,1,...5 u_1(p,) = 0.
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Orciona nMeem
Aug—1(p, ) = filp, ¥)
= k

B obrmem ciryuaae Bee 9T DYHKIHN U (p, ) UMEIOT HapacTaoline OCOOEHHOCTH BU/IA:

un(p ) = O((1 = p) O40/2) k= 0,1,

=0,1,...;

T.€. C yBeJImdeHueM HoMepa k B OKPECTHOCTH OKPYKHOCTU p = 1 0COOEHHOCTH pacTer.

[Tosromy psiyt (3) siBJIsIETCS ACUMITOTUIECKUM TOJBKO TIPH e2/5 < 1 — p u TepsieT ACHMIITOTH-
yeckuit xapaktep npu 0 <1 —p < e2/5,

YT06bI IPUMEHUTD HAIIl METOJI, MbI CHavYaja ypaBHeHue (1) 3amuriem B Buje

eAuc(p, ) — /1= ph(p,p)uc(p,0) = f-(p, ) — he(p,0) + he(p, ), (p,¢) € D,

T.¢. BBOJMM BCIOMOTATeNIbHYIO (BbYyHKIUIO (acuMIToTHaecKuii ps) ho(p, ¢).

C momorpio dbysrimn h.(p, @) youpaem 0COGEHHOCTH W3 BHEITHENO PEIeHUs U BhIOPAChIBAEM
WX B BHyTpeHHee perienue [5].

DopmasbHOE ACUMITOTHYIECKOE Pa3/IOZKEHNe pelenns 3aj1a4n upuxiie uimem B Bujie

us(p, ) = Velp, ) + x(0)Wyu(7, ), (4)
e 9] oo
Vap,p) =D eholp, ), Wilr, ) = Y ihwn(r, ),
k=0 k=-1

T=(1—=p)/p? =/ x(p) — bymkmms crnaxusanns, x(p) € [0,1], x € C*[0,1], x(p) = 1
upu |1 —p| < 6/3, x(p) =0 upu 26/3 < |1 — p|, 0 < & — Masoe UnCyI0, HE3ABUCSIIEE OT MAJIOTO
apamMerpa €.

JlokasbiBaeTcst

Teopema 1 Jlaa pewenus 3adavu Jupuzae (1), (2) cnpasedauso acumnmomumeckoe pasiogice-
nue (5), npu € — 0, 2de vi(p, p) € C®(D), wi(T, ) € C(Dy).
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DESIGN OF HETEROGENEOUS SYSTEMS SOLUTION
OF DIFFERENTIAL EQUATION IN PARTIAL DERIVATIVE
OF THIRD ORDER HYPERGEOMETRIC TYPE

Zh.N. Tasmambetov, Zh.K. Ubayeva

L2 Aqtobe Regional Zhubanov State University, Aqtobe, RK
E-mail:tasmam@rambler.ru, Zhanar_ubaeva@mail.ru

In the theory of ordinary differential equations, all special functions and classical orthogonal
polynomials are particular cases of the Gauss hypergeometric function and each of them are
solutions of the corresponding homogeneous hypergeometric type equation. This facilitated the
study of their various properties. The use of various technical problems have stimulated the study
of the corresponding non-homogeneous equations. The monograph Babister A.W. is devoted to
the study of the design of solutions of such inhomogeneous equations [2].

This work considers an inhomogeneous, near-singularity (0,0) regular system consisting of two
partial differential equations

Jtk=w+1
S (i —age- )2ty opi = g(x,y),
j+k=0
jtk=w+1
> (i = Biw-y") -2l yF - pi = qlay), (1)

k=0

where ppo = Z(z,y) - common unknown, for two equations of the system; g(z,y) and ¢(z,y) -
polynomials of two variables.

It is required to establish a general method for constructing solutions of a given inhomogeneous
system of hypergeometric type (1).

System (1) has a number of interesting properties.

1. If g(z,y) = 0 and ¢(z,y) = 0 we get the corresponding homogeneous system

2. If h = 0 a homogeneous system is represented in the form of a system of Euler type, where
expressions in brackets turn into constants: rj, — a;r = a;k, tjr — Bjx = bjx- The study of this
case allows to establish the number of solutions of systems of the form (1) and the presentation
form of the general solution.

Theorem 1. A system of Euler type has up to nine linearly independent partial solutions of
the form Z;(x,y)(l = 1,9) and the general decision is presented as a sum

ZC’;Z; z,y) ch "y (1 =1,9). (2)

Theorem 2. Conversion
' =u,y" =v (3)

homogeneous system derived from (1) if g(z,y) = 0 and ¢(z,y) = 0, lead to a hypergeometric
system such as Campe de Feriet [1].

Jtk=w+1

Z h Pk
(T’]yk —_— Oé‘%k . u ) . u] . U . pj,k: p— 07
j+k=0
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Jt+k=w+1

> (s —Biw- V") w0 =0, (4)
j+k=0
relatively new unknown u and v.

Solutions of systems of the type (4) are generalized hypergeometric functions of two variables.
They are defined by double rows.

F(ZL’, y) = Zm,nam,n sz ynu
the coefficients of which satisfy the relations:

am—i—l,n _ P<m>n) CLm,n—‘,—l _ Q(man)
A R(m,n)" amn S(m,n)’

Here P, @, R and S - are polynomials from m and n.

Coefficients which are polynomials by u and v in (4), can be calculated if polynomials are
known P,Q, R, S.

Best studied hypergeometric function of the form

7 aq, - .l., a/;l,
v 617 617 S ﬁV? 6

viz,y | . 5
T ’71; : ./', 77 y ( )
3 517 51a ) 5t7 6t

Theorem 3. If h = 2, then transformation (3), a homogeneous system, can be reduced to a
Campe de Feriet - type hypergeometric system whose solutions are orthogonal polynomials of two
variables. They are expressed in terms of the hypergeometric functions of two variables.

Theorem 4. The general solution of the inhomogeneous system (1) is represented as the sum
of the general solution Z(z,y) corresponding homogeneous system and particular solution Zy(z, y)
of heterogeneous system (1):

9

Z(I>y) = 7($ay) + Zo(l‘,y) = ZOI ’ Zl(l‘,y) + Z()(l’,y).

=1

For the proof of the theorem applied methods Frobenius-Latysheva and uncertain factors. More
number of theorems are proved on the existence of solutions of the inhomogeneous system (1) and
constructed examples of solutions of the inhomogeneous system.

Reference

[1] P. Appell, M.J. Kampe de Feriet, Fonctions hypergeometriques et hypesperiques. Paris:
Gauthier Villars, (1926), 434.

[2] A.W. Babister, ransendental functions satisfying nonhomogeneous linear differential equations.
New York - London. (1967), 44.
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PROPERTIES OF RELATED SYSTEMS
SOLUTIONS WITH WHITTAKER TYPE SYSTEM

Zh.N. Tasmambetov, A.A. Issenova

Aqtobe Regional Zhubanov State University, Aqtobe, RK
E-mail:tasmam@rambler.ru, akkenje 1a@mail.ru

M. Lauricella compiled four hypergeometric functions of P. Appel F} — F; two variables and
introduced for the consideration of the four hypergeometric functions of the n variables Fy, Fiz, F, Fp
[2].Further, their various properties and degenerate hypergeometric functions of n variables obtained
from them by the limit transition were studied [1, pp. 114-120].

In this paper we consider the properties of related systems solutions with the Whittaker type
system. Zh. Tasmagambetov and A.A .Issenova have established for a particular case n = 2 systems
of Horn type, Whittaker, of Laguerre and Bessel. M. P. Humbert studied the relationship between
the system of Horn type and Whittaker of different orders with the solution \Ifén) ,that is, through
the function of Humbert.

We highlight the main properties of Humbert functions \Ifg"):

1. The degenerate hypergeometric function of M. P. Humbert \Ifé") (n = 2,3,...) n variables
z;(j = 1,n) is determined by a series of

o

A) Iml xmn
\Il(n)(A7717fyn7x1, ,.Tn) = ( mit.+mn R S L. (1)
i m1,.;n=0 (’Yl)m1<'}/n>mn ml! mn'

The series converges absolutely and uniformly at |z1] <e, ...,|z,| < e.

2. Theorem 1. The Humbert function (1) is a particular solution of a system consisting of n
equations of the form

0’F oF oF _
o R L G =11 2
" Ox? 0= 2 O 0. =1n) @

where F' = F(z1, %9, ...,%,) - general unknown for all equations of the system (2).

3. The following property is relative to the number of system solutions (2).

Theorem 2. The system (2) near the singularity (0,0, ...,0) has 2" regular solutions in the form
of generalized power series of two variables

o
Fi(zy, .., x,) = it abr Z Crngromn - 21 2™ Co 0 # 0 (3)

mi,...,mp=0

where p;(j = 1,n),Chym, (m = 0,1,2...) - unknown coefficients that are expressed through the
Humbert function \1/5").
The Frobenius-Latysheva method is used to construct the solution of the form (3) [3]. 4. The

properties associated with the conversion of

F(xy,...,x,) = expQ(x1, ..., ) - U1, ooy ) (4)

where Q(z1, ..., z,) - polynomial of degree n with indefinite coefficients; U(xy, ...,x,) - a series of
the form (3), is used to derive related systems of the type of Whittaker, Laguerre, and Bessel, and
to represent their solution near an irregular singularity at infinity.
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5. The degree of a polynomial Q(x1,...,x,) is defined by the notion of rank.

Definition. The value of the rank p is determined by the highest degrees of coefficients of the
system by equality

Ts — T

p=1+kk=max ® (s=T1,n) (5)

is called the order of the series (3) and can be integer and fractional (positive or negative).

The solution of the form (4) is called normal-regular and exists only when the singularity at
infinity is irregular and the finite singularity (0, ...,0) is regular.
Theorem 3. The system

O*F oF T3 1 —
2 j j 2| L
xjw—ijxra—xr—I— —Z—g—Zxr%—lquLZ—,uj F=0, (7=1,n) (6)
J (r#5) (r#7)
obtained from system (2) by transformation
F(zy,...,x,) = exp(%, o %)x; > an ? Uy, ..., Tp) (7)

is a Whittaker-type system [1, p. 135] and has a normally regular solution of the form

o0

W)\,Ml,.._,un(xh...,.’ljn) = Z 1-\

M1yt =0

L(—2wypq)...I(—2wp i)
(1 =5 —wiphy — .. — Wntn —

’ Mk,wmm---,wwn
k)

because true performance proven [1] by M. P. Humbert

Tit ot Ty ntd gt
_—)-x l’ .

Moy (21, -y T) = exp( 5 A

n
oy + oo + o — k+ BL 21 + 1,0, 20, + 1,2y, o ).

The most researched case is n = 2. For this case, the properties of solutions of systems such as
Whittaker, Laguerre and Bessel type are investigated [3]. Similar properties can be set for both
cases n = 2 and general cases.

Reference
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t.VII, 1897, p.111-158.
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ON THE SOLVALITY OF A NONLINEAR PERIODIC BOUNDARY
VALUE PROBLEM FOR AN ODE SYSTEM WITH IMPULSE ACTIONS

A.B. Tleulessova

Furasian National University named after L.N. Gumilyov
E-mail:agila_ 72@mail.ru

We consider the following periodic boundary value problem for a system of nonlinear ordinary
differential equations with impulse effects on [0, T7):

dx

E:f(t,x), te[0,T)\{b1,0s,...,0}, =€R" (1)
0= (90 < 01 < gm < 9m+1 = T,

z(0) = x(7T), (2)

z(0; +0) —x(6; — 0) = J; (t—1>iem—0$(t)) , i=1,m, (3)

where f :[0,7] x R — R", is a piecewise-continuous vector valued function with points of
discontinuity of the first kind at ¢ = 0, (i = 1,m) and J;(x) (i = 1,m) are continuous vector
valued functions of z.
C([0,T), R™) denotes the space of all continuous functions x : [0, 7] — R™ with norm
= ma t)|.
Izl = max ll=(@)]
Many authors discuss solvability of problem (1) - (3) and construction of approximate methods
for its solution [1-4].

Definition 1 The solution of the problem (1)-(3) is called isolated if there exists a number oy > 0
such that, functions f(t,x) and J;(x) have uniformly continuous partial derivatives ft/@(t,x) and

Ji(x) on 25, ={(t,x): t €[0,T), ||z —2*|| < oo} and Z;, = {z :xz € R", ||z — ) liemox;fH <
kl ’ ? — i —
oo}, © = 1,m, and linear periodic homogeneous boundary value problem with impulse effects
d / I
d—?z = fi(t, 2" (t)), te[0,T)], 0,€[0,T)i=T,m, yeR" (4)
y(0) —y(T') = 0. (5)
y(0; +0) = y(0; = 0) = Ji . lim ")y (0; —0). (6)
™ t—0;—0
has only the trivial solution y(t) = 0.
Choose o) >0, 0, > 0, 0, > 0, and set
SO, 03) = {A = (At Ags o Amany) € BV A = A0 = max[A, = AO < ).
r=1,(m+1)l

SO, o) = {ult] € C(10, 7). R - flul] = w2 < 0}

2, (o) = {(t;) -t €0, 7], o = A” = u? (1) < oy,
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Y 0 0
tEltastr) r=T1(m+ DL [lo = A0y, =y (Ol < oyt € [t}
Zi(oy) = {x ER": ||z — )\E?) -, litmoug))(t)ﬂ <onr=1,m+1)l i= 1,m}.
—tp—

Condition 1. Functions f, J; have uniformly continuous partial derivatives f,, J (i,x) respectively
in 77 ,(0y), Zi(o)(a,\,ax) and the following inequalities hold: I fo(t, )| < L(t), J.(i,2) <
L;, i = 1,m, where L(t) is a continuous function on [0,T] and L; are constants. To find the
solutions of the problem (1)-(3), we use Theorem A in [4, p.41] to establish the sufficient conditions
of feasibility, the convergence of the algorithm and the existence of isolated solutions of multi-point
boundary value problem with parameters.

Theorem 1 Let | € N, t, = 0,t, = t,. + %,T = 1,1,t, = t,_4 +%,r =1+12.. t =

t_1+ h"}“ ;r=ml+1,(m+1)l, 00 >0, 0, >0, 0, > 0 satisfy the conditions A, B. If the Jacobi

(n(m~+1)1) x (n(m+1)l) matriz 8ng)(\)\’u) is invertible for any (A, u[t]) € SN, 0y) x S(uV[t], )

and the following inequalities hold:

9Q, 4\, u)7-1 i
=51 ([ <mo, ")
i i forwa v o1, | i

0(0) = 1 (0) max(1, max | ) n(lx){ Y [rma) <

) r=1,(m i—0 e

1 _
——— 1 (0)Q, ;N9 uO)|| < oy, 9
1_q1(0>%( QgAY )| < ox (9)
1 B ft L(t)dt
@10 ) max [ 1) <o, (10)
1 —q1(0) ’ r=1,(m+1)l

ox+ 0y, < 0oy (11)

Then the problem (1)-(3) in S(z9(t),0,) has an isolated solution.
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Ob OJJHOM OBOBIIIEHNN 3AJAYM POBEHA
AJId YPABHEHNS JIAIIJTACA

B.X. Typmeros, K.11. YcmaHoB

Mesicdynapodnvitl Kazaxcko-mypeykuti YHUGEPCUMEM,
umenyu A.fcasu, Typxecman, Kazaxcman
E-mail:turmetovbh@mail.ru,y _kairat@masil.ru

B macrosmeil paboTe MCCIEIYIOTCS BOIPOCHI PA3PENIIMOCTA HOBOTO KJacca KPAaeBbIX 3a/1ad

aa ypaBuenus Jlamnaca. PaccmarpuBaemasi 3ajiada 0600maeT Kjaaccudeckyio 3ajady PobeHa.
Haiinensr TouHbIe yC/I0BUS PA3pPENIMMOCTH U3y9aeMoii 3a/1a91 U MOCTPOEHBI MHTErPAJIbHBIE TIPET-
CTaBJIEHUS PEIIeHNs I Pa3IUIHbIX CIyYaeB JaHHbIX.
[Iycte Q = {x € R" : |z| < 1} - exqunuusbiii map n > 2,02 - exunnunas cdepa. Tina moboro
r = (21,29, ...,2,) € § conocraBuM TOUKY z* = (1%, Qala, ..., Aply) € , ThHe a1 = —1,a5,j =
2,...,n npunuMaer oxuH u3 3Hadenuit +1. [Iycre v— Bexrop HOpMmamm xk 00,0 < a;,j = 1,4—
JieficTBuTe/IbHBIE Yncsa. PaceMoTpum B obsiactu {2 ciie/iyIoniyio 3a/ady

Au(z) =0,z € Q, (1)

Ou(x) Ou(x*)
"o T v

Ormernm, [aro 3amada (1),(2) B ciydae ay = a3 = 0 usyduena B pabore [1]. B manbreiinem
Oy/ieM CInUTaTh, UTO A1 F# .
[Iycrs P(z,y) - suapo Ilyaccona, |5 = 51 + o + ... + B,

o8l g1 . af

a + azu(x) + aqu(z*) = g(z),z € 0. (2)

P — T T p(B) _ B
o= o o T Bl (0,9) = DIP(x,9)],_,
A, =80, 05T
ai + as a; — Qo

s moboro ¢ € R BBesieM obo3HAUEHNE

1 1
[ P(ra,y)dr, e > 0, [ 771 [P(Ta,y) — 1]dr, ¢ = 0,
0 0

PC(’Q:? y) = 1 m |
[t Plra,y) — X (r2)P B (0,y)) | dr, e < 0,m = —[d].
0 181=0

B nanbreiimem Takxke OyJ/ieM UCIIOJIb30BATH CJIEIYIONIHE 0003HAYTEHUS

Pa, (xa 3/) + Pa, (:E, y*)
2

CupaBeIJIUBBI CJIEAYIONIIE YTBEPKICHUA.

5 .

leti(xvy) = ’quﬁ)f(o’y):

Teopema 1 ITycmo 6 3adave (1),(2) xoappuyuenmu aj, j = 1,...,4 maxue, wmo A_, Ay > 0 u
g(x) € C(09). Tozda

1) ecau A_; A, > 0, mo pewenue 3adavu (1),(2) cywecmeyem, eduncmeento u npedcmasis-
emca 6 sude

u(m):i/[ : Py (z,y) + ! Py (z,y)] 9(y)dSy;
oN

Wn, a; + as a; — ag
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2) ecau A_, Ay = 0(ag = a4 = 0), mo daa paspewumocmu 3adavu (1),(2) neobxrodumo u
JdoCamouno 6bINOAHEHUA YCAOBUSA
/ g(x)dS, = 0.
G

Ecau pewenue sadavu cyuecmseyem, mo oo €QUHCMBEHHO € MOYHOCMBIO J0 MOCTMOAHHO20
CAQ2AEMO20 U NPEICMaAsAAEMCA 6 sude

1

") = E R,

/89 la1 Py(z,y) — asPo(z,y")] g(y)dS,.

Teopema 2 [Tycms 6 3adave (1),(2) wosfpuyuenmos aj,j = 1,...,4 marue, wmo Ay >0,A_ <0
u g(x) € C(0Q). Tozda

1) ecau A_ - neuenoe, mo pewenue 3adauu (1),(2) cywecmeyem, edurncmeernno u npedcmas-
AAEMCA 6 6ude

1 1 1
= — P Py ds, = —|A_ 3
) =m0+ = [P () + Py )] st = —A, )
2de pynruua uy, () umeem eud
m ag 41
um(@) = "
A
oo 181+
Y KOMOopo20
1
=—— [ P®(o, ds,, || < m;
U6 = Ty = az)wn/ e (0,4)9(y)dSy, 8] <m
o0
2) ecau A_ - yeaoe u wemnoe, mo pewenue 3adavwu (1),(2) cywecmeyem, eduncmeenno u
npedcmasasemces 6 ude (3), 2de 6 npedcmasaenuu GyHKGUYU Uy, (T) KoIPPuyUermoL a,, = 0;
3) ecau A_ - uyenoe u das nexomopozo m = 0,1,...., A_ = —(2m+1) , mo das paspewumocmu

3adavu (1),(2) neobxodumo u docmamouno GuNOAHEHUA YCAOBUA
/H2m+1(x)g(y)d5’y = 0.
o0

Ecau pewenue 3adavu cywecmseyem, mo ono eQuHCcmEeHHo ¢ MouHoCms10 0o 00HOPOOHVIT 2a]D-
MOHUMECKUT NOAUHOMOE cmeneny 2m + 1 u npedemasasemes 6 sude (3), 2de 6 npedcmasaenuu

PYNKUUY Ugp 1 (T) KOIPPUYUENMBL Aoy i1 = 0.

Pabora BbInosHena npu GuHaHCOBOI mojyepkke MumnucrepcrBo obpaszoBanus n Hayku Pec-
nybsmkn Kazaxcran (rpant Ne AP05131268).
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ACUMIITOTUKA PEHIEHNA O/THOI CUHTYJIIPHO
BO3SMVYIIIEHHOU 3ATAYM C BHYTPEHHVM CJIOEM

I.A. Typcynos', 3.M. Cynaiimanos?

b unuan Poccutickozo 2ocydapcmeennozo couuanvhozo
ynusepcumema 6 2. Ow, Ow, Kvipevizcman
2 Quiektiu 2ocydapemeennviti yrusepcumem, Ow, Kvipzwvizcman
E-mail:tdaosh@gmail.com, szavurl983@mail.ru

PaccMOTpIM JIByXTOUEIHYTO KPAEBYIO 38184y C MAJIBIM IIAPAMETPOM IPH CTapIIe TPON3BOIHOI
eyl (z) + xyl(z) — xy.(x) =0, -1 <z < 1, (1)

Y=(—1) = a, y.(1) =, (2)
rie 0 < e — mastblit mapamerp, a, b — mocrosguuble, Y. (x) HensBecTHAS DYHKIHS.

JByxroueunasi Kpaesas 3aja4a (1), (2), MeTOIOM CpaliuBaHus, UCCIEI0BAHA B MOHOrpadun
A. Haiid» [1], mosyden ToJIbKO MEpBbIil WieH aCHMITOTUKE PEIieHusi. A MbI TIOCTPOUM IIOJTHOE
pPaBHOMEPHOE aCUMIITOTUYIECKOE PA3JIOKEHUE DPEIIeHrsT TOi 3aJ1adu 0OOOIIEHHBIM METOJIOM I10-
rpandyHKIwit [2]-[4], KOTOPBIT Ha HAII B3I BJISETCS Oostee YI00HbIM U COKPAIIACT KOJIUIECTBO
BbIYUCJICHAN.

Kpaesas 3amada (1), (2) ovmmdaaercs oT paHee HCCIEOBAHHBIX 33784 T€M, UTO 3/1eCh MOSIBJISIeT-
Csl TaK Ha3bIBaeMbIil "BHY TPEeHHUIT " TOrpaHUIHbI cJion, 1 T09TOMY B [1]| HE Moy YrI0ch TOCTPOUTH
eMHOE aCUMIITOTHIECKOE PA3JIOXKEeHNe PEIleHsI, KOTOPOe OKa3aa0Ch Obl PABHOMEPHO IPHUIOIHBIM
Ha BCEM OTPE3Ke PelleHus 3aa4u.

BrernHee pernienne, KOTOpoe IPUTOJHO BHE MaJIoil OKpecTHOCTH Touku & = (), pejicTaBuMo B
BUJIE:

= n+1
€ ae”t 4 eay (v)Ine + Sag(x) 4+ ... + ZTZ%H(?J) +..., —1<2<0.

rae by(z), ax(z) € C*|0,1].

BamMeTnM, 9TO B BHENTHEM PA3JIOXKEHUU OCOOEHHOCTH B 0Cc00OI Touke x = () pacTer ¢ yBeantde-
HueM HoMepa n. TakzKe, 9TO PA3/IOKEHUe SABJISIeTCsl ACUMIITOTHIECKUM TOJIBKO TIpH /€ < |z| < 1
1 TepgeT aCUMIITOTHIECKHi xapakrep Korja |z| < /2. CregoBarebHo, paccMaTpuBaeMast JBYX-
TOYeUYHAs KpaeBas 3aJ1ada SBJISeTCs OMCUHTYIAPHOM 110 TepMuHOIornn akagemuka A.M. Nipuna

[5].
Mg cnauada, 3agady (1)-(2) ¢ nomormipio peobpasoBanus y.(r) = €*z.(z), rue z.(r) — HoBad
HensBecTHast (DYHKIWs, IPUBOIUM K BHJLY
ezl (x) +e(22L(x) + 2:(2)) + 22l(x) =0, =1 <z < 1, (3)
z(—1) =, z(1) =8, (4)

rae o = ae, 3 = be L.
Pemtenne 3amaqau (3)-(4) umem B Buje [6]:

z(r) = 20(t) + pza(t) + ..+ p"za(t) + .. (5)

et =x/p, =/

October 16-19, 2019 157 Nur-Sultan, Kazakhstan



ACTUAL PROBLEMS OF ANALYSIS, DIFFERENTIAL EQUATIONS AND ALGEBRA

[Toncrasiss coorrorenne (5) B ypaBHenue (3) u npupaBHUBasi KO3MMOUIMEHTHI IPU OJUHAKO-
BBIX CTEIEHAX € TOJIyYUM PEeKyPpPEeHTHBIe YpaBHeHust Jist z,(t), n =0,1,.. .

lzg = 20 (t) +tzp(t) =0, —p ' <t <pul, (6)
2o(—pt) = a, z(u™') = B. (7)

Iz, = _22':1—1(t) - Zn—Q(t)v _“_1 <t < :u_la (8)
2a(—n7) =0, 2(n7") = 0. (9)

Pemenus 3ama4a (6)-(7) u (8)-(9) cymecrBytor u exuncTBenabl. Hampumep, perenue 3ajadu
(6)-(7) mpencraBuMO B BH/IE:

t) = T4 d
2o(t) > Oe T+ 5

-1
e y = fou e /2.
Jokazana

Teopema 1 /Jlaa pewenus 3adavu (1), (2) cnpasediuso acumnmomuueckoe padroncenue

Ye(z) = €” (Zo(t) + pzo(t) + .o pFa(t) + . .), e — 0.

Sameuanue 1 /J[aa npocmomor Mbl PacCMOMPEIU UMEHHO MY 36044y KOMOPaA ObiAG UCCAEIOBANE
6 monozpagpuu A. Hatighe [1]. Paccmompennyio zadany mootcno 0606uums, m.e. MOwHO MaKHce
uccaedyemcs nepeas, 8Mopas u MPemvsa Kpaesovie 3adaut OAf YPaSHEeHU

eye (z) + zp(w)y(z) — wq()ye(x) = fe(x), —1 <z <1,

o0

2de p(x) > 0,q(x) > 0,z € [-1,1], fo(x) = kzoskfk(m), frs py, g € C[—1,1].
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ON THE CLOSURE OF STOCHASTIC DIFFERENTIAL
EQUATIONS OF MOTION

M.I. Tleubergenov', G.I. Ibraeva?

L Institute of Mathematics and Mathematical Modeling, Almaty, Kazakstan
2 Aktobe Military Institute of Air Defense Forces, Aktobe, Kazakhstan
E-mail: marat207@mail.ru; gulmira_ibraeva@mail.ru

The set of ordinary differential equations (ODE) with given integral curve was constructed in
[2]. The cited paper is fundamental in the formation and development of the theory of inverse
problems in the dynamics of systems described by ODE. The various statements of the inverse
problems for differential equations and their solving in the class of ODE are discussed in [1,3,5,6].

In the papers [4,8-10| inverse problems of dynamics are considered in the presence of random
perturbations.

Let us consider following inverse stochastic problem of dynamics. Assume that the set

At): My,v,t) =0, ANER™ X=\y,v,t)e€C?2} (1)

yvut

and the system of the first-order 1t0 stochastic differential equations of the form

y = gl(y7Z7U7w7t)7
. : 2
Z292(%27anat)‘f‘Ul(y,ZaU,W,t)fa ( )

are given. It is necessary to construct the system of closing equations of the form

v = g3y, z,v,w,1),
{ 93(y ) | )

w = g4<y7 Z,0,w, t) + 02(y7 Z,0,w, t)g

such that set (1) be been an integral manifold of the system of equations (2), (3).
Comment. In the previous work of the authors [10], the given properties A’(t) depended on
all variables
Nt): My, z,v,w,t) =0, A=y, z,v,w,t) € Cr212} (1)

yzvwt

Herey € R,z € R2, v e RP',w € RP?, Iy +1y+p; +p2 = n, o1 is a (I x k) matrix, o, is a (pg X k)
matrix. The system of random processes with independent increments {&;(t,w),...,&(t,w)}, as
in [7], can be represented as the sum of the processes: £ = &+ + [ ¢(x)P°(t, dx), where § =
(&, ..., &0)T is vector process with independent increments, & = (&4, . .., &) is vector Wiener
process; P° is Poisson process; P°(t, dx) is the number of jumps of the process P° in the interval
[0,¢] into the set dx; ¢(x) is vector function mapping the space of R™ 3 x into the space of values
of R* of the process &(t) for any t.

The following statement is proved using the notations of work [10].

Theorem. The system of Ito-type first-order stochastic differential equations (2), (3) will have
given integral manifold (1) if and only if the coefficients of closing stochastic differential equations
g4 have the appearance of

C [(0Ndg  ONdy Mg NP\
94_81{(ayaw+3vaw>c] <6y8w+8v(’3w (A-G)
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for an arbitrary vector-function gs = (y,z,v,w,t) of class C} 12", and the columns oy of
diffusion matriz oo satisfy condition

IXNOg1  OX Oy ONOgi  ONOp\ T
L= AL T LT B.
o Kay ow * ov 8w) C} + (8y ow * Ov Ow v

where B; - i-th column of the matriz B,i =1, k.

The quasi-inversion method [6] is used to obtain necessary and sufficient conditions for the
solvability of the problem of closure of the equations of motion in the class of Ito first-order
stochastic differential equations with random perturbations from the class of processes with
independent increments, with degenerate diffusion with respect to a part of variables and with the
given properties depending only on the part of variables.

This publication is financially supported by a grant from Ministry of Education and Science of
the Republic of Kazakhstan (grant number AP 05131369).
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A MULTIDIMENSIONAL BOUNDARY VALUE PROBLEM OF
HEAT AND MASS TRANSFER, WHEN THE BOUNDARY CONDITIONS
CONTAIN HIGHER-ORDER DERIVATIVES

Ye.M. Khairullin, G.A. Tulesheva, A.S. Azhibekova

Satbayev University, Almaty, Kazakhstan
E-mail: khairullin_42 42@mail.ru, tulesheva.gulnara@mail .ru,
aliya.azhibek@gmail.com

The following boundary value problem

(9Uk(l’, t)

=\ A ), k=1, 2 1
Y kAU (7,1), : (1)

is considered in the domain
Qr = {(x,t) = (ml,xn,t) 2 e RV z, e Rt E ]O,T[},

with the initial conditions:

and the boundary conditions:
2
> @U@ Dl,mo = o1 (1), (21) € QF = Qr\a, (3)
k=1
8 U T t) ’ ’
k) k( 1
Z Z ( al' kn ‘xn:o = P2 (.1' 7t> ) (33’ 7t> ( ) = QT\wm Z 17 (4)
k=1 k=0
where A is the Laplace operator With respect to the variable x = (z1,x9,...,2,), \x are positive

constants, and 0 < Ay < Ag; ag, ak (k; = 1, 2) are given constants, ¢y (q: t) are given bounded
continuous functions.

The method of heat potentials [1] is used to study and solve the boundary value problem
(1)-(4).

The solution of the boundary value problem (1)-(4) is sought as double layer potentials. The
boundary conditions are set on the bounding hyperplane x,, = 0 as the sum of the derivatives of
the functions Uy(x,t) with respect to the variable z,. A Lemma for a jump in the double layer
potentials in a neighborhood of the hyperplane z, = 0 is presented.

Using the boundary conditions (3) and (4), a system of integro-differential equations (SIDE)
with thermal conductivity operator relative to the densities of heat potentials is obtained.

The characteristic part of SIDE is solved by the method of integral Fourier-Laplace transforms.
The conditions of the correctness and incorrectness of the problem are found, expressed in terms
of given system constants and boundary conditions.

By using the regularization method, SIDE is reduced to a system of Volterra-Fredholm integral
equations (SIE). The obtained estimates of the SIE kernels make it possible to apply the method

’\12’“ 2> 0 (2 are the

roots of the characteristic equation of degree m) is fulfilled, there is a solutlon to the boundary
value problem.

of successive approximations. It is proved that if the solvability condition
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Theorem. If ¢, (x’,t) c % (Q(Tl)> and %__1’\2 > 0, then there is a solution Uy(z,t) €
xX Zk
2, [z
Ca:/, [;n] (QT)

The obtained solutions of the boundary value problem in a closed form make it possible to apply
them in the study of specific mathematical models of thermophysical processes in the theory of
heat and mass transfer.

Funding: Authors are partially supported by a grant AP0513919 from the MES RK.
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MATHEMATICAL MODELS OF VARIUOS FORMS OF EROSION IN OPENING
ELECTRICAL CONTACTS

S.N. Kharin

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: staskharin@yahoo.com

1.Bridge erosion.

Mathematical models describing erosion in electrical contacts in the process of consecutive
stages of their opening are presented. The initial stage of the contact opening is accompanied by
the appearance of a liquid metallic bridge which explosion leads to the erosion and the transfer
of the contact material from one contact piece to the other. The mathematical model describing
this process is based on the equations for the distribution of the temperature 6;(r, z,t) and the
electrical potential p;(r, z)

00, ) 1 i 1 J—
Ciligy = div(\;VO;) + 07 VOV ; + ;(V%’)Q =0, div <;V90i) =0, =14, (1)

in the bridge bounded by two free isotherms of phase transformation z = o;(r,t), i = 1,2 and
unknown lateral surface r = y(z,t) (Fig. 1).
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Figure 1: Geometry of a bridge and adjoining regions.

Here ¢;, i, \i, o, pi are coefficients of thermal capacity, density, thermal conductivity, Thomson
effect and electrical resistivity correspondingly.

The boundary conditions are described by the Stefan condition on the surfaces of phase
transformation and the Young’s formulas for the boundary wetting angles v; and the coefficients
of surface tension. The unknown shape of the quasi-stationary bridge is determined from the
condition of minimum of the functional describing the total energy of the bridge using the Ritz
method. Then the isotherm of the boiling temperature and the contact erosion can be calculated
by the method of majorant functions [1]

2.Arc erosion in vapor and liquid phases.
The model for this form of erosion is based on the equations of motion, continuity and energy

o VvV = Lvps vAV + F, (2)
8t "}/1
VvV =0, (3)
or,  —
C1N <a_tl + VVTl) = )\1AT1 + qar + le (4)

for the melted area occupying the domain D; : h,(r,t) < 2 < hy, 0 <7 < aft) (Fig.2). For the
solid domain Dy : [(z = 0,7 > 0) — D] the similar equation like (4) should be written with V' = 0.
Here V(V,., V.), P, T; are velocity, pressure and temperature correspondingly, F' = (j10/71)j1 X Hs

is the electromagnetic force, qr; = —o7:5; V1, qji = Pz’ﬁQ, i = 1,2 are densities of Thomson and

Joule volume heat sources.

Figure 2: Model of arc erosion with melting and vaporization.
The boundary conditions on the melting and vaporizing surfaces of phase transformations are
described by the Stefan conditions. The rate of vaporization can be described by the Langmuir
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law

ohy T B
715 = \/_T_leXp (A —) : (5)

The solution of this problem is obtained using the law of energy conservation with estimation of
all acting forces and characteristic times of thermal and hydrodynamic processes.

3. Thermocapillary mechanism of erosion
Sometimes erosion phenomena can be explained by the influence of thermo-capillary Marangoni
effect which provokes an intensive convective flow in a narrow surface layer of melting zone owing
to temperature dependence of surface tension of liquid metal. To take into account this effect it
is necessary to consider the special boundary condition for thermo-capillary forces causing radial
stresses on the melted surface:
oV, do 0T

2 O = _d_irlﬁa = hu<r7 t)v (6)

where p is the dynamic viscosity and o is the surface tension. It was shown in 2] that for tungsten
with current density j = 6.45- 107 A/m? and heat flux Qg = 3.2 103WW/m? the Marangoni number
is Ma = 1.13 - 102, while the rate of thermo-capillary convection V, at the molten surface reaches
13m/sec , thus causing the ejection of metal from the molten pool by the thermo-capillary forces.
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THE BESSEL EQUATION IN H-DISCRETE CALCULUS
S. Shaimardan, N.S. Tokmagambetov

L.N.Gumilyov Furasian National University, Nur-Sultan, Kazakhstan
E-mail: shaimardan.serik@gmail.com

Let h > 0 and T, = {a,a + h,a + 2h,-- -} with Va € R.
Definition 1 (see [1]) Let f : T, — R. Then the h-derivative of the function f(x) is defined by

f(0n(t) — f(1)
h, Y

th(t) = t e Ta,

where §;(t) =t + h.
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Definition 2 (see [1]). For arbitrary t,a € R the h-fractional function is defined by

t(a) = h& F(% + 1)
h L(f+1-a)
where I' is Fuler gamma function, and
lim t,(1 ) = ¢,

h—0

Hance, by Definition 1 we find that
D, (tﬁf“)) = at!"™™,

The classical Bessel functions are heavily studied special functions (see [2], [3]) that are defined
via Bessel’s differential equation

ty"(t) + /(1) + (t* — n*)y(t) =0, (1)

for some (possibly complex) parameter n called the order of the equation. In this paper, we propose
the following discrete analogue of (1): the second-order delay difference equation

tO D2y (t — 2h) + 'V Dy (t — h) + t2y(t — 2h) — ny(t) = 0, (2)

The solutions of Bessel’s differential equation, .J,,, are called Bessel functions (of the first kind)
and have series representation

( 1)kt2k+n

Theorem 1 The function
( 1)kt(2k+n)
k'F k +mn + 1)22k+n’

solves (2).
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PEIITEHUE 3AJAYN
AJIAd YPABHEHNS JIAIIJTACA OJId TPAHCAKCHUMAJIBHBIX
n OCECUMMETPUYHBIX CUCTEM

T.2K. IllyraeBa, 1.®. CouBak-JlaBpos, T.C. KasiumaToB

Axmiobuncruti pe2uoHasvrvill 20cydapcmeentvil YHUBEPCUMEM,
um. K. 2Kybarosa, Kazaxcman
E-mail: tlektes21@mail.ru

L1 HaXoXKIeHNsT SJIEKTPOCTATUIECKIX TTOTEHITNAJIOB B CIydae OCECUMMETPUIHBIX U TPaHCAK-
CUAJIbHBIX KOPITYCKYJISIPHO-ONITUYECKNX CUCTEM MCIOIb3YIOT IUJINH/IpUYeCKIe KOOpJAnHaTh p, WV, 2.
[Torenmuas 3JIeKTPOCTATUYECKOTO TOJIA JIJIS TAKUX CUCTEM 3aBUCUT TOJIBKO OT IEPEMEHHBIX p , Z
U YJIOBJIETBOPSET ypaBHeHUIO Jlarraca:

D¢ 109 0@
ST ) 1
8p2+p8p+8z2 0 (1)

Haubo:tee obmmm MeTo0M pelrteHust TpanndHoit 3a1a41u Jupuxiie st ypasuenus (1) sBisiercst
MeTOJ, pa3/iesleHus epeMeHHbIX. [Ipn 9ToM noTeHnuasibl IpeJcTaBIAoTCsd B BUJIe PAJIOB QyHKIMi
Beccensa [1]. Oxmako stn perenust HEYI00HO UCIOIBL30BATH JJIA IHCJICHHBIX pacdeToB. B pabo-
Te HaiieHbl IPUOJINKEHHBIe BbIPaXKEeHHUA /I IIOTCHIINAJIOB IMJINHAPUYIECKOIl 0ceCHMMeTPUIHOI
JITH3BI ¥ TPEX3JIEKTPOIHON TPAaHCAKCHAJIBHON JIMH3BI, KOTOPBIE C XOPOIIeil TOYHOCTBIO OIHICHIBAIOT
1o/1s1 5TuX cucreM. lnmmaapuaeckas ocecuMMeTpudaHast 3 (prc.l) npecrasiser coboit Kpy-
roBOIl IIPOBOJAIINI IMIMHJP, Pa3Pe3aHHbII IIIOCKOCTAMM, HePIeHIUKYJIAPHBIMI OCH IHJINHJIPA
(0Cb z ) B TOUKAX Zzj. DTU IUIOCKOCTH JIEJAT IHIAHJIP HA SJIEKTPOJbI ¢ HOoTeHnmansamu V. 371ech
k=1,2,3...N-1, 3a30pbl MeKIy 3JEKTPOJaMH CUNTAIHCh OecKoHedHno yskumu. IloTenmmast Takoit
N-3/1eKTPOIHO CHCTEMBI € XOPOIIEil CTENEHbIO TOTHOCTU MOKET OBITH IIPE/ICTaBJICH B BUJE!

N-1

8(p.2) = 5 (Vvaa + V) + 3 6ulp.2). @)

31ech ¢(p, z2) onpeesseTcst BEIpaKEeHUEM:

sh 5z (2 — 2k)

0
cos 75

or(p, z) = %(Vk — Vj—1) arctan , (3)
rie R — BuyTpennuit pajinyc MuInHIpuyIecKoil TOBEPXHOCTH.

TpexaieKTpo/iHast TpaHCaKChaibHasl JinH3a (pUc.2) npejcTaBiger coboil JiBe mapaJliebHbIe
IJIACTUHBI, pa3pe3aHHble MPAMBIME KPYTOBBIME IHJIUHIApaMu pajuyca R; m Ry, 0oCh KOTOPBIX
HepIeHIUKYIgpHa IJIOCKOCTH IJIACTUH. PaccTognme MexKry IactuHamu d . B rapMoHmYecKoM
IpUOINZKEHIY HOJIyYeHbl aHATUTHYECKHe BBhIPArKeHHs /IS IOTEeHIMaIa H0JId TPaHCAKCUAIbHOM
JINH3BIL:

P P
=V Vo —WV)P(—=—+ (V) — Vo P (———= 4
o(p,2) =Vat (Vo — V1) 1(R1+( 1= V2 Q(Rg,z,R)’ (4)
rie Vo, Vi, Vo — nmorennmasint 3,1eKTpojioB, R = /R Ro
p 1 2co8 %z
Pi(=, 2z, R) = — arctan — —.
R P e ()
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ON ALMOST OMEGA-CATEGORICITY
FOR QUITE O-MINIMAL THEORIES
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LAl-Farabi Kazakh National University, Almaty, Kazakhstan
2Kazakh-British Technical University, Almaty, Kazakhstan
E-mails: vip.altayeva@mail.ru, kulpesh@mail.ru

Quite o-minimal theories are a subclass of the class of weakly o-minimal theories inheriting
many properties of o-minimal theories. In [3] quite o-minimal theories having less than 2* countable
models were studied: the Exchange Principle for algebraic closure, orthogonality of any finite family
of pairwise weakly orthogonal non-algebraic 1-types over the empty set, binarity and simplicity of
every non-algebraic 1-type over the empty set, and binarity of these theories were proved. By using
these results Vaught’s problem for quite o-minimal theories was solved: it has been proved that any
countable quite o-minimal theory T is either w-categorical, or Ehrenfeucht (ie. 1 < I(T,w) < w),
or has continuum many countable models. This result generalizes L. Mayer’s theorem [6] which is
a solution of Vaught’s problem for o-minimal theories.

Almost w-categoricity is closely connected with the notion of Ehrenfeuchtness of a theory. So in
[1] it was proved that if 7" is an almost w-categorical theory with I(7,w) = 3 then a dense linear
order is interpreted in 7'. In [4] the authors established almost w-categoricity of Ehrenfeucht quite
o-minimal theories and that Exchange Principle for algebraic closure holds in almost w-categorical
quite o-minimal theories. Here we present theorem on orthogonality of a family of pairwise weakly
orthogonal non-algebraic 1-types in almost w-categorical quite o-minimal theories.

A subset A of a linearly ordered structure M is convez if for all a,b € A and ¢ € M whenever
a < ¢ < b we have ¢ € A. This paper concerns the notion of weak o-minimality which was initially
studied in [5]. A weakly o-minimal structure is a linearly ordered structure M = (M,=,<,...)
such that any definable (with parameters) subset of M is a union of finitely many convex sets in
M.

In the following definitions M is a weakly o-minimal structure, A, B C M, M is | A|T—saturated,
p,q € S1(A) are non-algebraic.

We say that p is not weakly orthogonal to q (p L* q) if there exist an A-definable formula
H(z,y), a € p(M) and By, 5> € q(M) such that 51 € H(M,«) and By & H(M, ).

We say that p is not quite orthogonal to q (p L? q), if there exists an A-definable bijection
f:p(M) — q(M). We say that a weakly o-minimal theory is quite o-minimal if the notions of
weak and quite orthogonality coincide ([2]).

Let T be a complete theory, and pi(z1),...,pa(xn) € S1(0). A type ¢(x1,...,2,) € S,(0) is

said to be a (p1,...,pn)-type if q(x1,...,2,) 2 U pi(x;). The set of all (py,...,p,)-types of the
i=1

theory T' is denoted by S,,,. ,.(T). A countable Eheory T is said to be almost w-categorical if for
any types p1(z1),...,pn(z,) € S1(0) there are only finitely many types ¢(x1, ..., %,) € Sy, p. (T)
([1, 71).

The disjunct union | | M,, of pairwise disjoint structures M,, with pairwise disjoint predicate
necw

signatures ¥, n € w, is said to be the structure of the signature |J %, U {P,gl) | n € w} with the
new
universe | | M, P, = M, and interpretations of predicate symbols from 3,,, coinciding with their

new
interpretations in the structures M,,, n € w. The disjunct union of theories T,, of pairwise disjoint
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predicate signatures X, respectively, n € w, is said to be the theory || 7, = Th < L] /\/ln),

new new
where M,, =T, n € w ([8]).

Observe that almost w-categorical quite o-minimal theories are not Ehrenfeucht in general.
As an example of such a theory we can take a disjunct union of countably many copies of the
Ehrenfeucht example with three countable models, ordered by type w. This theory has countably
many weakly orthogonal non-isolated 1-types over ), and therefore has the maximal number of
countable models.

Observe also that almost w-categorical quite o-minimal theories are not small in general. As an
example of such a theory we can consider the structure M = (Q, <, ¢)4eq. Obviously, Th(M) has
2% 1-types over (), i.e. it is not small.

Let A C M, A be finite, p1,p2, ..., ps € S1(A) be non-algebraic. We say that a family of 1-types
{p1,...,ps} is orthogonal over A if for any sequence (ni,...,ns) € w®, for any increasing tuples
ai, @y € [pi(M)]™, ..., a5, a; € [ps(M)]™ such that tp(a:/A) = tp(ai/A), ..., tp(as/A) = tp(a,/A)
we have tp({ay, ...,as)/A) = tp({a}, ..., a,)/A).

Theorem 1 Let T' be an almost w-categorical quite o-minimal theory, and py, ..., pm € S1(0) be
non-algebraic pairwise weakly orthogonal types. Then {p1,...,pm} is orthogonal over ().

This research was partially supported by Committee of Science in Education and Science
Ministry of the Republic of Kazakhstan (Grant No. AP05132546).
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@) HHHEﬁHQ MNMHUNUMAJIBHBIX
KBAJPATNYHBIX NMOPOJAHOBBIX AJITEBPAX

E.P. Baiicasos, ¥. /laybia

EHY um. JI.H. lymunesa, Hyp-Cyaman, Kazaxcman
FE-mail: baisalov_yer@mail.enu.kz

Cy1mecTByeT mMpocToii Crrocod MOJIydIeHnsT KBaIPATHIHBIX HOPIAHOBBIX aaredp U3 acCcomuaTuB-
HbIX anarebp. Ecmn nana accormaruBHas anrebpa 24 = (A;+, ) HaJ HEKOTOPBIM MOJIEM, TO OIpe-
JIeSTUB

Uy =x-y-x

2=z,
OJIYYNM KBaJIPATHUHYIO ifopianoBy ajnre6py AT mas Tem ke mosem. Ksajparmunas iiopiano-
Ba ajrebpa, m3oMopdHas mogaarebpe HeKoTOpoit anrebpe! Buga AT | masbBaeTcs cneyuavho;
KBaJpaTHiHasg fopaHoBa aarebpa, He aB/ISIONAAcd CIeNUaJIbHON, HA3BIBETCS UCKAIOUUMENbHOT.
C ToYKu 3peHnst yHUBEPCaIbHOM aIredphl U TEOPUN MOJIEIeHl NCKITIOUNTE/IbHBIE AJINeOPhI ITPEICTaB-
JIAIOT OOJIBINNI UHTEPEC, TTOCKOIbKY UX M3YUEeHHE He CBOJUTCA K IIPOCTOMY U3YYEHUIO HEKOTOPOIt
(/ekarreil B OCHOBE) acCONMATHBHON CTPYKTYPHL.

Teopema 1 ITycmo Q — AunetliHO0 MUHUMAADHAA, YHUMAAOHGA KEAOPAMUYHAA TOPIaH06a an2eh-
pa xapaxmepucmuky 2, 6 komopot udeas A mpusuasvroir ssemenmos beckoneven. Eeau daxmop-
anzebpa Q /A Konewna, mo arzebpa Q CnEYyUALLHA.

Dra TeopemMa YaCTUYHO OTBEYAET Ha BOHPOC u3 |1, rjae GbLIM ONUCAHBI JIMHEHHO MUHUMAJIb-
HbIE KBaIPATHIHbIE HOPAAHOBBI aJIre€OPHI ¢ Je/IeHneM U MIHUMAJIbHbIE KBaIpATUIHbIE HOPIaHOBBI
aJreOpbl XapakTepucTuku 2. KJIodeBbIM IIaroM IpH JI0Ka3aTeIbCTBE TEOPEMbBI ABJISIETCS TO, ITO
Ipu ycsioBuu KoHedHOCTH (bakTop-anrebpa /A okasbiBaeTcst n30MOPQHOI A 1 HeKOTOPOTO
KOHEYHOTO 110J1d 2.

UccenenoBanne mepBOTO aBTOPa BBIMOIHSIIOCH pu nojaepxkke Komurera Haykm MOH PK,
rpaat Ne AP05132349.
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O JIMHEVMHBIX TPEXSTAIIHBIX ITIPOTOKOJIAX
E.P. Baiicanos, V. laybLi
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Kpunrorpadunyueckne npoTokoJibl, OCHOBAHHBIE Ha JIMHEWHBIX (DYHKIUAX, HE 00/ IAI0T J0CTa-
TOYHOMN CTORKOCTHIO K arakaM. B [1| mpuBesieH oOIMMpPHBII CIIICOK TAKUX TPOTOKOJIOB, B3JIOM KOTO-
PBIX BO3MOXKEH METOJOM JIMHEHHOTO Pa3JIoKEeHU, MOIPpOoOHO onucanHoro Biepsbie B.A. Pomann-
KOBBIM.

B cBoem f1oK71a/1€e MBI XOTUM PaccKa3aTh 00 aHAJOTMYHOM CJ1a00CTH TPEXITAITHBIX TPOTOKOJIOB
[2], ocHoBaHHBIX Ha JMHEHHBIX TpeobpasoBanusix. CHAYAIA HAITOMHUAM YIIPOIIEHHOE OIIPEe/Ie/IeHIe
TPEX’ITAIHOTO NpoToKoa. [liardopmoit i TaKOro MpoTOKOJIa MOYKET MOCJIYKUTh HEKOTOPOe
MHOXKecTBO M, B rpyiie nepectaHoBOK Sj; KOTOPOTO BBIOMPAIOTCs JIBa KOMMYTUDPYIOINIUX MHO-
xxectBa A u B. Bo3moxkubie coobieHns, KoTopbie Ajinca Xo4ueT oTupaBuTh boOy, 3aK0IMpPOBaHbI
C TIOMOIIBIO 3JIeMeHTOB M| 103TOMY, JIjIs IPOCTOTHI U3JI0KeHus, M MOKHO paccMaTpUBATh Kak
MHOKECTBO BO3MOXKHBIX coobmennii. Jomycrum, Asmica xoder otripaBuTh Bboby coobmenne x € M.
Tora /1151 9TOTO MOOYEPEIHO OCYIIECTBIIIOTCS TPU CJIEIYIOIINX MIara IIPOTOKOJIA:

1. Anmca BbiOupaer ciy4vaiino a € A, Berancisger a(x) = y u ornpasiser y Boby.

2. Bo6 Beibupaer ciyuaitno b € B, Berancisger b(y) = z u Bo3spaiaer z AJuce.

3. Asmca Beramcisger a” '(z) = w u Bosspamaer w Boby.

[Tockoabky A 1 B KOMMYTUDYIOT, HETPYJHO BHJAETh, 9To w = a ‘ba(z) = a 'ab(z) = b(x).
[TosToMy, IpUMEHUB K w HepecTanoBKy b1, Bo6 momy4uT kejiamnoe coobIIeHue .

Bajiava KpUITOAHAINTHKA COCTOUT B BOCCTAHOBJICHHN = 10 JaHHbIM a(x), ba(z) n b(z). Ona
MOKET CTaTh BIIOJIHE pa3permumMoil, ecan M — MOJIMHOXKECTBO KOHEYHOMEPHOI'O BEKTOPHOT'O IIPO-
crpancTBa, a A 1 B — MHOXKecTBa 0OpATUMBIX JIMHEHHBIX peobpasoBanuii. /locraTtouno Haiitu

(mo6oe) permenne ypasaenus f(y) = 2z B B : JeficTBUTe/IbHO, ec/ii f — peleHne 3TOro ypaBHeHus,
To f71(w) = x.

ITpumep 1 Ilycrs M — MHOXKeCTBO BCEX N X N-MaTPHI] HAJ| HEKOTOPHIM BBIYHCIMMBIM T0JIeM, A
(B) cocrouT 3 JMHEHHBIX TPeobpa3oBaHuii IpocTpancTBa M, MOIyIeHHBIX € MOMOIIBIO YMHOYKE-
HIsI cJleBa (ClpaBa) Ha HEBBIPOXKICHHYIO 1 X N-MaTpHUIly. VI3BECTHO, YTO B 9TOM CJIydae HEBBIPOK-
JIeHHOe pellienne ypaBHeHus f(y) = z HAXOIUTCs 3a MOJTMHOMHUAIBLHOE BPEMSI C IOMOIIBIO METOIA
laycca.
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ON RECURRENT FORMULAS
FOR THIRD-ORDER HORADAM NUMBERS

T.P. Goy

Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine
E-mail: tarasgoy@yahoo.com

The generalized Fibonacci sequence h, = h,(a,b;p, q) is defined as follows

ho = a, hl = b, hn = phn—l + qhn_g, n 2 2, (1)

where a, b, p and g are arbitrary complex numbers with ¢ # 0. Since the numbers h,, were first
studied by Alwyn Horadam (see [4, 5]), they are called Horadam numbers.

In |6] the Horadam recurrence relation (1) is extended to higher order recurrence relations. In
fact, third-order Horadam numbers H,, = H,(a,b,c;p,q,r) are defined by

Hn = panl + an72 + THn737 n =z 37 (2)

with initial values Hy = a, H; = b and Hy = c.
In equation (2), for special choices of a, b, ¢, p, ¢ and r, the following recurrence relations can
be obtained:

e fora=0bb=c=p=gq=r=1,itis obtained tribonacci numbers (sequence A000073 from

17]);

efora=3,b=1¢c=3,p=q=r=1,it is obtained tribonacci-Lucas numbers (sequence
A001644);

efora=1,b=c=0,p=0,q¢=r=1,it is obtained Padovan numbers (sequence A000931);
efora=3,0=0,c=2,p=0,qg=r=1,it is obtained Perrin numbers (sequence A001608);

efora=0,b=1,c=1,p=1q¢g=0,r =
(sequence A000930).

1, it is obtained Fibonacci-Narayana numbers

Applying the apparatus of triangular matrices (see, for example, [8] and the bibliography given
there), we proved new recurrent formulas expressing third-order Horadam numbers H,, with even
and odd subscripts via recurrent determinants of four-diagonal matrix of order n.

Our approach is similar to spirit in [1, 2, 3].

Let P, and @,, denote the n x n four-diagonal matrices

H, H; 0
0 H; H; 0
0 0 Hs H;
0 pHe¢ —rHy qHs Hy
P, = )
pHon_¢ —rHo g qHopn—7  Hops 0
0 pHoy_y —THoy ¢ qHoyos Hopg
0 pHop—o —1Hop g qHop 3
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and
Hy H, 0
0 Hs H,
0 0 H, H, 0

0 pHs —rHsz qHy Hg

pHop_7 —rHoy g qHypg  Hopg 0
0 pHop_5 —rHop 7 qHop—g Hopy
0 pHop—s —1Hoyy 5 qHop s

Theorem. For all n > 1, the following formulas hold:

det P, det )
H2n—1 = o1 = ) H2n—2 = n_l—n7
HQi*l H H2’i72
=1 i=1

By choosing other suitable values on a, b, ¢, p, ¢ and r, we can also obtain the tribonacci,
tribonacci-Lucas, Padovan, Perrin and Fibonacci-Narayana numbers in term of recurrent determinants
of four-diagonal matrix.
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IO0BUY ITEHTPAJIBHBIX TUIIOB HACJIEACTBEHHBIX TEOPUN
A.P. EmnkeeB, M.T. OmapoBa, I''A. Ypken

Kapl'V umenu E.A. Byxemosa, Kapaeanda, Kasaxcman
E-mails: aibat.kz@gmail.com, omarovamt_963@mail.ru, guli  1008@mail.ru

Omnpenenenne 1 Honconosckas meopus HA3BLEALMCA HACACOCMEEHHOT, eCAU 6 A0boMm ee dony-
CcmuUMoM 0bo2aweruy, ona 6ydem oHCOHOBCKOU.

[Iycts L - s13bIK 1iepBoro nopsijika, 1’ - Mpou3BoJIibHas HAC/IeJICTBEHHAsI HOHCOHOBCKAs TE€OPHsi
B L curnarypst o, C - cemanrnaeckas mojesb reopunt I, A C C, op = o I, ne I' = { P} J {c}.

Iycts T=Thys (C,¢a) 0 U Thya(Br) U{P (o)} U{"P C "}, tne {"P C "} apnzercss Gecko-
HEYHBIM MHOXKECTBOM MPEJJIOXKEHUH, BbIPAsKAOMUX TOT (DAKT, YTO MHTEPIPeTalus CUMBOJa P
SIBJISIETCS] 9K3UCTEHIMAIBLHO 3aMKHYTON MOJMOJIEIbI0 HA A3BbIKE CUTHATYPBI op. 10 ecTh UHTEp-
nperanus cuMBoJia P sBjsercsd pemienuem cieiyiomero ypasuenus P(C) = M € Er B a3bike
CUTHATYDBI O .

Paccemorpum Bee nonomennst reopuu I B s3bike curnarypst or. Tax kak T’ - Hac/IeACTBeH A
TEOpHs, TO T Gyner {iOHCOHOBCKOI TeOpHeil, I09TOMY y Hee eCTh IIEHTD, U Mbl OGO3HAUMM €ro
qepes T, W 9TOT IEHTP PABEH OJHOMY U3 BBIIICIEPETHCICHHBIX HOMOMHeHni Teopun 1. Ipn
orpaHI/IquI/H/I CUTHATYDBI o Ha 0 U P, COrJIacHO 3aKOHAM JIOTUKU [EePBOro MOpsijKa, KOHCTAHTA
C yKe He NPHHAIICKAT STOf CHIHATYPE, I Mbl MOXKEM 3aMEHHTH STY KOHCTAHTY IEPEMeHHOI,
nanpumep 2. U Toraa reopust T CTAHOBHTCS TOJHBIM 1-THIIOM JUIst IEPEMEHHOM &. DTOT THIT MBI
6Gy/ieM Ha3LIBATH IEHTPAIBHBIM THIIOM TOPHH 1 B IPUBEICHHOM BBIIIE 0OOTAIICHIN.

I[Iycrs T' - npomssosbnas ffonconosckag Teopus, Toraa E(T)=, ., En(T), rae E,(T) — ecrn
pereTka 3-copmyst ¢ n CBOOOJHBIMU TIE€peMeHHBbIMU, 1™ — TIeHTp MOHCOHOBCKON Teopuu 17, T.e.
T* = Th(C), tae C' — cemaHTHYeCKasT MOJIENIb IOHCOHOBCKOIT Teopuu 1.

Onpenenenune 2 Ilycrs 1) u Ty - itoHcoHOBCKME Teopun. Mbl Oyaem roBoputb, ato 17 um Ty —
HOHCOHOBCKM CHHTAKCUYIECKH TI0JI00HBI, ecyu cymiectByet obueknus f : F(1y) — E(T,) Ttakasi, 4To
1) orpanuvenue f no F, (1) ects uzomopdusm pererok E,(T7) u E,(Ty), n < w;
2) f(ElanrlSO) = ElUnJrlf(SO)? Y e EnJrl(T)a n < w;
3) fvr =1w2) = (v1 = v2).

Teopema 1 Ecau 11, T, - nacaedcmsennvie, VY3 noanvie, tionconosckue meopuu. Tozda caedyro-
wue YCA0BUA IKBUBANEHITVHDL:

1) T} cunmarcuuecku nodobna T 6 cmoicae [1];

2) TY cunmakcuyecku nodoona Ty 6 cmoicae [2f;

3) (T7) cunmarcuvecku nodobna (Ty)7 .

Bce Heorpe/iesieHHbBIE TTOHSATHS B 9TOM TE3HCE MOXKHO TT0Ka3aTh B [1,2].
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CBOVICTBA KATETOPUYHOCTU " CTABNJIbHOCTHU I'MBPN/10B
AJId HACJIEACTBEHHBIX TEOPUN
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B sannom Te3mce MbI pacCMATpPUBAEM HEKOTOPBIE CBOWCTBA IMOHATHII KATEMOPUYHOCTU U CTa-
OMILHOCTH THOPUJIOB OJTHOM CUTHATYPHBI /I HAC/IEICTBEHHBIX Teopuil. /laimnm Heobxommble orpe-
JleJIEHNsI TIOHSITHI, KacaIoIuecss OCHOBHOTO PE3yJIbTaTa.

[Tycrs T itonconosckast Teopus. C' cemantudeckas mojesab teopun 1. A C C. Ilyers op =
oI, tne I' = {P}U{c}. Hycrs T = Thys (C,¢o)pec UThva(Er) J{P ()} U{"P C 7}, rue
{”P C "7} ecrb GECKOHEUHOE MHOYKECTBO HPEJJIOKEHUH, BhIPAXKAIONUX TOT (DAKT, YTO MHTEPIPE-
Tamys cCuMBOJIa P eCcTh 9K3UCTEHITNAIBLHO-3aMKHY Tasl TI0JIMOJIE/Ib B SI3bIKE CUTHATYPBI or. T.e. UH-
Tepuperanueil cuMposia P ABIIsleTcs penenue CIelyIomero ypaBHeHns P(C)= M € Er B s3bIKe
or. B ey maciencrsensocTn Teopun 1, Teopus T siBiIsieTCsl HOHCOHOBCKOIT Teopueii. Pacemorpum
BCE MONOJIHEHHUs Teopun 1 B s3bIKE CHIHATYPBI or. TaK KaK 1 sIBJISIeTCs fIOHCOHOBCKOM Teopueii,
OHA IMeeT CBOM LEHTP U MBI 0003HAMHM €r0 1epe3 1 1 9TOT IEHTp SIBJISeTCS OJHIM U3 BbIIIeyKa-
3aHHBIX HOHO/HeHui Teopun 1. IIpu obeaHenun curnaTypsl op 10 o U P, B CHLy 3aKOHOB JIO'HKH
MEPBOTO MOP#A/IKA TAK KAK KOHCTAHTA € y2Ke He NPHHA/ICKIT 9Ol CHIHATYDE, 9TY KOHCTAHTY MBI
MOZKEM 3aMEHHTD Ha CHMBOJI IIEPEMEHHOM, Hampumep . M Torma teopusi T CTAHOBHTCS OIHBIM
1-THIIOM OT HepeMEHHOII . DTOT TUII MBI ¥ HA30BEM IICHTPAILHLIM THIIOM TeOpH: 1 B JAHHOM
oborarmenun 3.

Ounpepnesnienne 1 'ubpugom H (T, T5) itonconoBekux teopuit T u Ty OyjieM HA3BIBATH TEOPUIO
Thys(Cy E Cy), ecin ona itonconoBckasi. [Ipu srom asnrebpamnueckas koucrpykiust (C B Cy) Ha-
3bIBaETCs ceMaHTHIecKuM rubpuaom teopuit 17 u Ty, tae C1, Cs - cemanTudeckue momenn 17, Th
COOTBETCTBEHHO.

BameTum creayomuit hakT:
®Daxkr. /It Toro urobsl reopust H (T}, Ty) 6bl1a ioHCOHOBCKOIT gocTaTouno, utober (C1EHCY) € Erp.

Onpegnenenune 2 Ilycts A — npousBosbHbI KapauHas. VorconoBckast Teopusi T HasbiBaeTcs J-
P-\-crabunbnoit, ecim |S4| < A\ s moboro MuoxkecTBa A MormuocTH < .

Omnpenenenune 3 lVlonconosckast Teopus 1" HaswiBaercs J-P-crabuibHoii, ecyin Teopust T siBJisi-
ercs J-P-\-cTabuIbHOM JIJIT HEKOTOPOTO .

Onpenenenue 4 Oboramenne T HOHCOHOBCKOI Teopuit T’ HA3BIBACTCS JIOIIYCTUMBIM, €CJIN JII00OM
V-run (T.e. mobas popmya 3Toro Tua NpuHaIeKuT V, rae V — MOJMHOKECTBO s3bika L) B
9TOM ODOTAIEHNN OIPEIESINM B PaMKaX paccMaTpuBaemoii T'r-cTabuIbHOCTH.

Omnpenenenune 5 VoncoHOBCKasi Teopusi HA3BIBACTCS HACJIE/ICTBEHHON, €C/in B JIIOOOM €€ JI0Iy-
CTUMOM ODOTallleHnN €€ pacIIupeHre B TOM OOOTallleHU! sIBJIsIeTCA MOHCOHOBCKOI Teopueii.

Onpenenenne 6 Byjem rooputh, uro iionconosckue teopun 17 u Ty kocemantuanst (1) <1 Th),
€CJIM OHM MMEIOT OOIIYIO0 CeMaHTHYeCKyIo Mojienb, T.e. O = Crp,.

[Iycrs T, Ty — HacsieiCTBEHHBIE IOHCOHOBCKHE T€OPHU OJHOMN curHaTypbl . o' = o U P U {c}.
C1 — cemanTHueckast Mojiesb Teopun 11, Co — cemanTHdecKas Mojieb Teopun Ty. C1(P) = My €
Er, Co(P) = My € Ep,. Ilycrs Ty 1 Ty (kocemantuunbl) u Ty = Thys(M; x Ms). B cBasu ¢
BBLIIICYKA3AHHBIMU O003HAUCHIAMI NUMEEM CJICAYIONINE PE3YJILTATEL.
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Teopema 1 Ecau Ty — J-P-cmabusvhas meopus, To — J-P-A-cmabunvras meopus, moezda Ty —
J-P-\-cmabunsvras meopus.

Teopema 2 Ecau T, Ty — w-kamezopuntv, I-nosrvie meopuu, moz0a CACOYOUUE YCAOBUA IKEU-
BANEHMMHDL:
—
1) Ty — w-kamezopuuna;
—%
2) T, — w-kamezopuyna;
—
3) Ty — w-kamezopuyna.

Bee HeoIIpe/ieJIEHHbIE B TAaHHOM TE3UCE ITOHATUA MOXKHO U3BJIEYDL U3 [1,2,3]

Crmcok aurepaTypbl
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I'V, (2016), - 370 c.

[2] A.R. Yeshkeyev, N.M. Mussina, Properties of hybrids of Jonsson theories. Bulletin of the
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CBOIICTBA ATOMHOCTU MOJEJIN /1J1SI TUBPUIA
3AMBIKAHUN ATOMHBIX MHOYKECTB

A.P. EmikeeB, A.K. UcaeBa, H.M. Mycuna

Kapl'V um. E.A. Byxemosa, Kapaeanda, Kazaxcman
FE-mails: aibat.kz@gmail.com, isa_ aiga@mail.ru, nazerkel70493@mail.ru

JlaHHBI Te3UC OTparkaeT HEKOTOpPbIe CBOWCTBA HOBOI'O IOHATHSA, KaK T'MOPHUJ] HOHCOHOBCKHUX
Teopuii. MbI onpejiesiseM OCHOBHBIE TIOHATHSA aTOMHOCTH M ITPOCTOTHI B paMKax U3y4deHus HOHCO-
HOBCKUX Teopuii. /[j1g 9Toit 1esim onpejiesigercs cuenuaibHble TI0JIMHOXKECTBA, & TaKKe OIpeIesIn-
MO€e 3aMbIKAHNE TAKUX MHOXKECTB 00pa3yIOT 3aMKHYTYIO MOJIEb.

Omnpenenenne 1 Vonconosckast Teopust 1 Ha3bIBAETCsSI COBEPIIEHHON, €C/IN KaxKIash CeMaHTHIe-
cKas Mojiesib Teopun 1’ gBJIS€TCS HACHIEHHONW MOJIe/Ibio 1.

Onpenenenne 2 ['ubpugom H (T, Ts) itorconoBckux teopuii 17, Ty Oymer Ha3bIBATHCS TEOPUS
Thy3(C1 B Cy), ecu ona iorcoroBckasi. [Tpu arom asrebpanueckast koncrpykius (Cp [ Cy) nHa-
3pIBaeTCA ceManTHdeckKuM rudpmiaom teopuit Th, Ts, toe C1, Cy - cemantuueckne mouenan 17, Ts
COOTBETCTBEHHO.

Bamerum cieayromnmii gpaxT:
®Daxkr. /lyist Toro urobsl reopust H (T, Ty) 6bL1a HOHCOHOBCKOIT ocTaTodno, urober (C1ECY) € Erp.
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Omnpenenenune 3 Ilyctre X C C. Mbr OymeM roBopuThb, 9TO MHOXKeCTBO X saBjserca V — cl-
ftoncoHoBCKUM mtoaMHOKecTBOM C') eciin X yJIOBIETBOPSIIOT CJIEAYIONINE YCIOBUST:
1) X - V-omnpejiesimmoe MHOKECTBO (9TO O3HAYAET, 4TO cylecTByeT dopmysia u3 V, perienne
koropoit B C' siByisiercst MmuoykecTBO X, r7ie V. C L, Takoit uro V - dopmyna Buga 3,V, V3 u T.11.);
2) cl(X) =M, M € Er, rze ¢l HEKOTODBIiT OriepaTop 3aMbIKaHUsT OIPEIE/ISIONUI TpereoMer-
puto vay C' (manpumep cl = acl wiu cl = dcl).

Ounpenesienne 4 Muoxecrso A 6yaem nasweBarh (Vi, Vy) — ¢l atomubiv B Teopun T, ecm:

1) Va € A, Jp € V; Takoit uro jyis j11060it popmyiibl ¢ € Vo citefyer, 9ro ¢ SBJISeTCs MOJTHOI
dbopmymoit st Y u C' = p(a);

2) cl(A) = M, M € Ep, u nonyaennas mojeab M nazsiaercs (Vy, Vi) — ¢l aTOMHON MOJIEIIBIO
Teopun 1.

Teopema 1 ITycmov T - noanas das I-npedarosicenutdi cusvio 6vinykAaa TOHCOHOECKAA COGEPULEH-
nasa meopus u nycmov Ay, As - (V1, Vi) — cl- amommwie mmnooicecmea 6 T

Ecau cl(Ay) = My € Er, cl(As) = My € Er mozda ecau My, My € APr u eubpud Thys(M; X
M,) = Ty umeem modeav N, womopas (V1,Vsa) — cl- amomnas ¢ T, moeda N € APr u N-
(33, %) — cl-amomnasn modeav 6 Tj.

Bce meonpeesienipe B JAHHOM TE3HCE HOHATHA, KACAIOMINECd IOHCOHOBCKUX TEOPUil, MOXKHO
u3BJIeYb u3 [1], a oTHOCHTEIHPHO THOPHIOB HOHCOHOBCKUX Teopuii u3 [2].

Crmcok aurepaTyphbl
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THE REMARK ABOUT MODIFIED CHI-SQUARE
ESTIMATION FOR POLYNOMIAL DISTRIBUTION

A.S. Iskakova

Gumilyov Furasian Uniwversity, Nur-Sultan, Kazakhstan
E-mail: ayman.astana@qgmail.com

It’s known that polynomial distribution has form

TOé'uu

P(U=u)=n ]2~ (1)

it Ty -

where vector p = (p1,...,pq) is vector of parameters, which is not known. Consequently,
formula (1) does not find actual application [1]-[2]. In this connection, it becomes necessary to
determine the probability estimate (1).
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Assume that there are photos in the number of k particular locality with the distortions

X = (X1,...,X;) In other words, the set x can be interpreted as a realization of a sample
X = {Xy, ..., X;} with volume k, whose elements have distribution (1). We denote vector r,, =
(rlvﬁ, . 7rdv5)7 which defines vg - th solution of equation

d

> Larauﬂ = X3,

agl (2)

Tay, =M,

a=1 “
where vg = 1,...,Vp, V3 - the number of partitions of the matrix x3 on the matrices Ly, Lo, ...,
L,. Using the system of equations (2), the matrices Ly, Lo, ...,, Ly, and the actual data x, we
define for each 8 =1, ..., k the number of partitions Vs matrix xz at L, Lo, ...,, Ly, and vectors
rlB’ Cey rVB'

Suppose that for each 7 =1,..., u, where
k
= H V,B?
p=1

there is a vector z; = (21,,. .., 24,), defined as
J J

k
zZ; = erﬁ’ (3)
B=1

and the indices on the right and left side are linked one-to-one correspondence, which is not unique.
To fully describe the studies of the presented model, adopted in statistics, it is necessary to test
the hypothesis of the model’s adequacy to observations [1]-[3]. The family used test criterion for
the hypothesis is K. Pearson’s Chi-square. When certain conditions are met, statistics

(g}ﬁ — kY, P(U= u))

ueQB

_ k
Xt (00) = kY P(U=u)

UEQﬁ

has a limiting distribution x? with k —d — 1 degrees of freedom, where 5k it is an estimate for the
parameter vector p = (p1,...,pq), the obtained modified method min x? , 3 > 2 is a number of
splits set 2 on disjoint subsets €y, ..., Qg,

Thus, if we use this statistics, then for the parameter vector p = (p1,...,ps) the required
estimation 6, obtained by the modified min x? method.

Theorem 1 Estimates for the parameters p = (p1,...,pq) of the polynomial distribution (1)
determined by the method min x? do not exist.
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TOTALLY CATEGORICAL UNIVERSAL
CLASSES OF THE ROBINSON SPECTRUM

M.T. Kassymetova

Buketov Karaganda State University, Karaganda, Kazakhstan
E-mail: mairushaasd@mazil.ru

Let A € Modo. Let us call the Jonsson spectrum of the model A a set:
JSp(A) ={T | T is Jonsson theory in o and A € ModT}.

We say that a Jonsson theory T} is cosemantic to Jonsson theory Ty (T} > T3) if Cr, = Cr,, where
Cr, is semantic model of T}, + = 1,2. The relation of cosemanticness on a set of theories is an
equivalence relation. Then JSp(A)/, is the factor set of a Jonsson spectrum of the model A with
respect .

We call the Robinson spectrum of model A the set:
RSp(A) = {T'| T is the Robinson theory in language ¢ and A € ModT}.

Any Robinson theory is Jonsson theory. We can consider factor set RSp(A)/. of Robinson

spectrum of model A by relation >a. Let [T] € RSp(A)/w, then B = |J Ea.
A€[T)

E.A. Palyutin’s question (*): Is there w-categorical universal K that is not w;-categorical?
Definition 1 We say that a class [T is s»-categorical if any theory A € [T is s-categorical.
Theorem 1 Let [T] € RSp(A)/w and [T satisfies the conditions of Palyutin’s question, and (*)

is not true, then [T]* is not finite axiomatizable.
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[1] J. Barwise, editor Handbook of mathematical logic. North-Holland Publishing Company,
Amsterdam, (1977), 392 pp.
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COMPUTABLE NUMBERINGS IN THE ERSHOV HIERARCHY

M. Manat

Nazarbayev University, Nur-Sultan, Kazakhstan

In recursive mathematics and computability theory, we encounter various situations which
naturally lead one to the study of classes of constructive objects. An examination of the algorithmic
properties of classes of constructive objects fares best with the techniques and notions of the theory
of computable numberings.

In the theory of algorithms all objects are treated with respect to some modulo of computable
equivalence and the notion of equivalent numberings is just the suitable modulo. Any index n of
the set a(n) with respect to numbering o may be thought as a description of that set in some
formal language.

Therefore equivalent numberings are not distinguishable from the algorithmic point of view.
This approach allows to formulate the most part of the problems on numberings in terms of Rogers
semilattices. And in general setting these problems could be formulated as follows.

e Find global algebraic properties of Rogers semilattices (cardinality, type of the algebraic
structure, ideals, segments, covers and etc.)

e Describe invariants and among them a number of extremal elements to distinguish different
Rogers semilattices.

e Classify numberings which generate special elements in Rogers semilattices (extremal elements,
limit points, splitted elements and so on).
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OK3UNCTEHIINAJIBHO BAMKHYTBIE ABEJIEBBI I'PVYIIITHI
A.T. Hyprazun

HUBT, Aamamuw, Kasaxcman
abyznurtazin@mail.ru

Mo/1e/1IbHO TIOJIHBIE TEOPHUH U SK3UCTEHIUAIBLHO 3aMKHYThIE CTPYKTYPbI, OTKPBITHIE AOpaxamMom
PobunconoM B ISTHIECSITHIX T'0J/IaX HPOILIONO CTOJIeTUsl 00Pa3yoT OJUH U3 BayKHBIX U Hambojee
Pa3BUTHIX Pa3/IeJIOB TEOPUH MOIeJIel.

Onpenenenne 1 [osopam, wmo cmpykmypa A4 = (M ; ¥) oK3uCmMenyuaibio 3aMEHYMA 6 KAGC-
ce .S, eCAU OHA UMEET PACUWUPEHUA U3 IMO20 KAACCA U 6 A1000M makom pacuupenuy A = (N; X)
daa @ uz M, b us N u woneunoti nodcuenamypo, o cuenamypv. ¥ 6 nodcmpyxmype M natioémcs
xopmeotc b maxoti wmo (|alt|; o) =~ (|ab|; o).

Mpb1 ke HA30BEM MPOCTO IKIUCTEHITUAIHLHO 3aMKHYTON KaK/IyI0 CTPYKTYPY, SK3UCTEHITUATHLHO
3aMKHYTYIO XOTs ObI B OJTHOM aKCHOMaTH3UPyeMoM KJjacce. HeTpy/iHo BuIeTh, 4TO Npe/IJIOKEHHOE
YHOPOIIEHNE, JeIad CaAaMOCTOATEBHBIM ITOHATHAE SK3UCTEHIINAJIBHO 3aMKHYTON CTPYKTYPBI, TPUBO-
JINT K BO3HUKHBEHWIO IIEJIOTO PsiJia HOBBIX BOIPOCOB B 9TOi obyractu. OJHUM U3 MEPBBIX TaKUX
BOIIPOCOB MOYKHO CUUTATH CJICJIYIOIINA:

— Buwidesumsv 6 darrom axcuomamudupyemom xiacce modenets nookAGCC 8CEX IK3UCTNEHUUAND-
HO 3AMKEHYMDBIT.

3 pesynabraroB Auryca MakunTtaiipa cieayer, 9To cpOpMYTHPOBAHHBII BOIIPOC OKA3BIBACTCS
YPE3BBIYANHO CJIOKHBIM JIJIsI KJjlacca BceX rpymil. V3 mpeabiaynmx padoT aBTopa ClIeIyeT, 9To
9K3UCTEHITUAIHLHO 3aMKHYThIE CTPYKTYPbI YJI00HO N3y4aTh B PaMKax KOMIIAHBOH-KJIACCOB, B KOTO-
PBIX JIIOOBIE CTPYKTYPBI TOPOXKIAIOT OJHU U Te Ke IMOIKIACCHI KOHEUHBIX BJIOYKUMBIX B HUX CTPYK-
TYpP, & CaM# 3THU KJIACCHI aKCUOMATU3UPYIOTCH MPEIOKEHUAMA KBAHTOPHOMN CJIOXKHOCTHA OJIMH U
00s13aTeIbHO COJIEPYKAT SK3UCTEHITUAJILHO 3aMKHYyThIe. [lojIK/Tace 9K3UCTEHITNAIBLHO 3aMKHYTHIX
CTPYKTYP JIFOOOTO KOMIIAHBOH-KJIACCA Mbl HA3BIBAEM SK3UCTEHITNAIHLHO 3aMKHYTHIM KOMITAHBOHOM,
a CeMelCTBO BCEX CUETHBIX U3 HUX — CUETHBIM SK3UCTEHINAIBHO 3aMKHYTHIM KOMITAHBOHOM.

Teopema 1 10607 cuemmviti 9K3UCMEHUUGADHO 3AMEHYMBLT KOMNAHOOH ADeAe8biT 2pynn. codep-
otcum Aub0 00HY, AUOO CUEMHOE YUCAO IK3UCTNEHUUAALHO 3AMKEHYMBLT.

TeopeMa 2 Umeemcs KOHMUHYYM NONAPHO HE SINEMEHMAPHO IKEUBAAECTNHBIT IK3UCTNEHUUANOHO
3aKHYMDBLT abenesvis epynn.

Teopema 3 Iaemenmapras meopus A1006020 IK3UCNEHUUAANDHO 3AMEHYMO20 KOMNAHOOHG GOese-
BHLT 2PYNN NOAHG, MOOEALHO NOAHG U MOMANLHO MPAHCUEHIEHMHA.

Teopema 4 Kaacc scex 9K3UCMEHUUANDHO 3AMEHYMBLT GOEACBHLT 2DYNN GKCUOMAMUSUPYEM, G
€20 INEMENMAPHAA MEOPUA PA3PEULUMA.

Uccrenosanne mojyiep:kusaioch rpantom Komurera Hayku MOH PK (Ne rocperucrpamun
0118PK 00111).
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MOHCOHOBCKAS{ COBEPIIIEHHOCTH
J-KATEI'OPTYHOI'O MOAVYJIA

O.N. Yasbpuxr

Kapl'V umenu E.A. Byxemosa, Kapaeanda, Kazaxcman
E-mail: ulbrikht@mail.ru

TeOpeTI/IKO-l\lO,ZLeJ'IbeIe BOHpOCbI I\/IO,[Ly.Heﬁ ABJIAIOTCA aKTyaﬂbeIl\/II/I 3ajavdaMU COBpel\/IeHHOﬁ aJl-
rebpbl. Mojysib gBJIsieTcsd OJIHUM U3 OCHOBHBIM IOHATHIT 0OIeil ayreOpbl. B jannoMm Te3nce Mbl
Oy/leM UMeTh JIeJI0 ¢ HOHCOHOBCKMMU TEOPHUSIMU MOJLYJIeil, KOTOpbIe, BOOOIIE TOBOPS, He SIBJIAIOTCS
IIOJIHBIMU.

Onpenenenne 1 [1] Teopus T' HasbBaeTCsT HOHCOHOBCKOIA, €CJIH

(1) T umeer GECKOHEYHYIO MOJIEJb;

(2) T unpykrusHa, T.e. T 5KBUBAJIEHTHA MHOXKECTBY VI-IIPeJIOKEHNIL;
(3) T obmaiaer cBoiicTBOM coBMecTHOrO Bioxkenus (JEP);

(4) T obaagaer cBoiicTBoM amasbramupyemoctu (AP).

Onpegenenne 2 [2] Cemantuueckoit mogenso Cp HoHcOHOBCKOM Teopun T HasbiBaeTcsa wt-
OJHOPOHAA-YHUBEPCAIbHAsS MOJACIL Teopun 1.

Onpenenenne 3 |1 CemantuaecknM HOIoMHEHNEM (IIEHTPOM ) HOHCOHOBCKOIT Teopun 1 Ha3bIBa-
ercs seMeHTapHas Teopus 1 cemanTudeckoil Mojgesn Cp teopun T, T.e. T* = Th(Cr).

Onpenenenne 4 [1| Nonconosckas Teopus T Ha3bIBAETCsI COBEPIIEHHON, €C/IN KazK/as CeMAHTU-
qecKas MOAE/Ib 1’ BJISeTCA HACBIIEHHON Moaeanio 1.

R-momynu — 910 Lz-cTPyKTYpBI, TJie d3bIK L copep:Kut 0, +, — 1 YHAPHBIA PYHKITMOHATIbHBIHI
CUMBOJI Jitd Kaxkaoro r € R. Obosnauum 1epe3 Tr Lr-Teoputo R-mojtysieii.

Jlemma 1 Teopus Tr — tionconosckas meopus.

BamerumM, 9T0 Teopus 1 g, BoOOIIE rOBOPs, HE sIBJSIETCS COBEPIIEHHOI, a COBEPIIEHHO sIBJIsSIeT-
cd B cJIydae, KOrjia KOJIbI0 R KOTepeHTHO.

[Iycte Ep — Kj1acc BceX 9K3UCTEHIIMOHAIbHO 3aMKHYTBIX Mojiesieit Teopun 1.

Onpenenenue 5 Bynem roBoputh, 4To iftoHCOHOBCKas Teopusi 1 J--Kareropudna, ecjau Jiist
J00bIX JBYX Mogeneit A, B € Er takux, uro |A| = |B| = s, crenyer A = B. VoncoHoBckast
Teopus 1" HazbIBaeTcsd J-Kareropuynoit, eciau 1 J-s-kKareropudna, jjisd HEKOTOPOTO .

[Toy4en ciemyrommuii pe3y/IbTaT, OMUCHIBAIONINI J-KaTeropuiIHble HOHCOHOBCKUE COBEPIIEHHbIE
R-momynu:
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Teopema 1 ITycmv Tr — V3-noanas tionconosckas meopus. Tozda, ecau Tr — J--xwamezopurna,
2de »x > w, mo Tr — cosepuierna.

Bce neonpeieénubie MOHSATUS U CBI3aHHDbIE ¢ HUMU PE3YJIbTaThl B JJAHHOM TE3UCE OTHOCUTE b
HO HIOHCOHOBCKUX TeOpHii MOKHO HaiiTu B [1].
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