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Two-sided estimates of the fractional
integration operator

A.M. Abylayeva

L.N.Gumilyov Furasian National University, Astana, Kazakhstan
abylayeva_ b@mail.Tu

Let I = (a,b),0 <a <b<oo. Let vand u be almost everywhere
positive functions, which are locally integrable on the interval I.

Let 0 < p < oo and %—Fé = 1. Denote by L,, = L,(v, ) the set
of all functions f measurable on I such that

1
p

b
1 fllpw = / Fo)Po(a)de | < oo

Let W be a non-negative, strictly increasing and locally absolutely
continuous function on /. Suppose that %ﬂffc) =w(z), a.e. ¢ € I.

We consider the Hardy type operator 1j, g defined by

T, 5f(x) ;:/“(S)W (S)f(s)w(f_)as, rel
(W(z) - W(s))
When v = 1 and 8 = 0 the operator Ty, g is called the fractional
integral operator of a function f with respect to a function W (]3],

p.248). When v = 1 and W (x) = x the operator T,, 3 becomes the
Riemann-Liouville operator I, defined by

[ P f(s)ds
I.f(x) ::/ fls)d .

(x — s)l-@

a

When v = 1 and W(z) = InZ, a > 0, this operator is the
Hadamard operator H,, defined by

X

5}/ s)ds
Hofa) = [ () J(s)d

s (lnf)l_a

a

12
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Moreover, when v = 1 and W (z) = 27, o > 0, we get the operator
E, p of Erdelyi-Kober type ([3], p.246) defined by

f aﬁ+a 1d8
E, =0 .
ﬁf / x“

_SO-

The operator T, 3 was stud1ed in |[1| and 2| when u =1, § =0
andu=1, 8> —1%, respectively.

Theorem 1. Let 0 < a< 1,1 <p<qg<ooand B > 0. Let u be
a non-increasing function on I. Then the operator I, 5 is bounded
from Ly, to Ly, if and only if

A, p=sup /up/(s)Wplﬁ(s)w(s)ds
zel

=

b
/ Wb (gy(z)dz | < oo,

moreover, ||T,, || = Aq 5.

Theorem2.LetO<a<1,0<q<p<oo,p>éandﬁZO.
Let u be a non-increasing function on I. Then the operator T, 5 is

bounded from Ly, to Ly, if and only if

/b /b W (2o (z)de 5

X /up/(s)Wp/ﬁ(s)w(s)ds W ()WY (2)w(z)dz < 0.

a

3

Moreover, || T, g|| = Ba. g

13
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O1ieHKN HAWJIyYMIuX OPuOJInKeHmi
dbyukuii JorapmpmMmIecKoi riIaJgKocTu

I'. Akumesn

Kapazanduncruti 2ocydapemeenmnoili ynusepcumem , Kapaeanodwo, Kazaxcman
akishev@ksu.kz

[ycrs T = (x1,...,2p) € T" = [0,27]", I = [0,1]" u
7,p € [1,+00). Hepes L, (T™) obosuatmum mpocrpancTso Jlopemna
BCeX m3MepuMbIX 110 Jlebery dyukmmit f(27x), KOTOpble UMET 27-
MIePUO/JI TI0 KayKI0i epeMeHHON 1 /1T KOTOPBIX BEJININHA

_ Z : t * 7—7'(%—1)—1 }%
Hpr,T—{p / ( | f(y)dy>t "

KoHeuHa, rye f*(y) — HeBo3pacraiolasi IepecTaHOBKa (DYHKINHU
|f2mx)|, z € I™ (em. [1], cc. 83, 197).

Jl1 3a1aHHOrO HATYPAJIbHOTO YKC/IA 7 PACCMOTPUM MHOMKECTBO
O, = {k = (ki,....kn) € Z™ :|k;| <n, j=1,...,m}. Paccmorpum

14
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kpatHoe sanapo Hupuxme Do (Z) = ) eih21T) 7 ¢ T y cpepTKy
keOyy
byuakuun f € L, (T™)
08,8 = [ f(5)Doy(—9) - Do,z ~ p)dy.s €N
Im

[lyctb 1 < 8 < 00 u unciao a > 0. Pacemorpum mmpocTpaHCcTBO
Beex dyukuuit f € L, (T™), 11 KoTopbIx

00 ol P
S 3 o] <
=0 s=[21=1]+1 b

DTO HPOCTPAHCTBO 0003HAUAETCSI CUMBOJIOM Bg:f_ie 1 COBIIAIAET
¢ mpocrpancTBoM Hukombckoro - bBecoBa ¢ Jorapudpmudeckoit
raagKkocThio (eM. [2]).

B sTOM mpocTpaHcTBe pacCMOTPUBAECTCS €IMHUIHBIN [1ap

0, 0a
By = {F € By 111, <11,

rjie HopMa
00 9! 0 1
;
e = D+ {3229 S o)}
o 1=0 s=[21-1]41 nr
En, (f)pr = TiE%f | f —T||p-  Hawtydmee npubimzkenne QyHKIAN
Un

f € L, (T™) muoxkecTBOM §p, TPUTOHOMETPUUECKUX IOJHHOMOB
TIOPsIJIKa, He BBIIIE 1 — 1 MO KaxKIoi mepeMeHHoi. JIig 3amaHHOTO
Kinacca F' C Ly (T™) nonoxum Ep, (F),, = sup En, (f)p.r-

fer

OCHOBHBIMU ~ pe3yJibTaTaMK  JOKJaJia  SBJSIOTCI  CJISAYIONINe
YTBEp>K IeHS.
Teopema 1. [Iycmv 1 <0 < o0, 1 <p<o0,1<m<T100. Ecau

15
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fel, (T") u
21

SIEAR| S e

72
< 00,

D1

m
mo f € L, (T™) u umeem mecmo nepasencmeo

9l

> o))

s=[2l=1]+1

1
™ }6
p,71

Teopema 2. IIyemv 1 <0 <00, 1 <p<oo, 1 <m<T1 <00,

Ecau o > m(% — %), mo

 im(L—L)r
[l < €3 27
=0

L1

Eo, (B2 ))pm = (log(n + 1)) "m0,

OTMeTuM, 9TO OLEHKU HAWIYYIINX IPUOIUKEHU IPYTUX aHAJIOIOB
KJ1accoB becopa ¢ sorapndMudeckoil TaIKOCThIO B IMPOCTPAHCTBE
L,(T™) ycranosun C.A. Craciok [3]|, a B mpocrpanctse Jlopenna
TaHbl B [4].

Pabora BbImosiHeHa npu  (PUHAHCOBOI  IOAJEPXKKE I'paHTa
5129/T'®4 Munucrepcrsa obpaszoBanus n Hayku PK.

Crmcok aurepaTrypbl

|1] C.I. Kpeita , FO.U. Ilerynun , E.M. Cemenos, Unmepnosavyua sunetinouw
onepamopos. Mocksa, Hayka, 1978.

12| M.JL. Tompaman, Memod noxpoimuti o onucanud 00UWUT NpoCmpaHcme

muna Becosa. Tpynsr M1 AH CCCP. 156 (1980), 47-81.

[3] C.A. Craciok, Annpokcumamuenvie Tapaxmepucmurl aHaL0206 KAACCOS

Becosa ¢ aozapupmuneckot eaadkocmoio. Ykp. Mar. k. 66 (2014), no 4,
493-499.

16



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

[4] I Axwumes  Ouewku  nauayvwuxr — npubiuscenutd  Gynkyud — Kaacca
nozapupmuveckot esadkocmu 6 npocmparncmee Jlopenuya. MaTepuaJibl
MexxryHap. Koud. "Boponexckasi suMmHsisi Maremarnueckast mikosa" (26

suBaps - 1 despass) - Bopornex. - 2017, 12-14.

AMS Mathematics Subject Classification: 41A10, 41A25, 42A10.

Maximal operator in the local
"complementary" generalized variable exponent
Morrey spaces on unbounded sets

X.A. Badalov !, J.J. Hasanov ?

U Institute of Mathematics and Mechanics, Baku, Azerbaijan
zayyambadalov@gmail.com
2 Azerbaijan State Oil and Industry University, Baku, Azerbaijan.
hasanovjavanshir@yahoo.com.tr

Let p(-) be a measurable function on {2 with values in [1,00). An
open set () is assumed to be bounded throughout the whole paper.
We mainly suppose that

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

where p_ := ess ianp(a;) > 1, py =esssupp(x) < oo.
re re
We use the following notation: R" is the n-dimensional Euclidean

space, 2 C R" is an open set, xg(z) is the characteristic function

~

of aset E C R" B(z,r) ={y € R": |x —y| <r}), Blx,r) =

B(x,r) N €, by ¢,C,c1,co ete, we denote various absolute positive

constants, which may have different values even in the same line.
P(2) is the set of bounded measurable functions p : 2 — [1, 00);
Pl9(Q) is the set of exponents p € P(Q) satisfying the local log-

17
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condition

A 1
‘x_y’§§ x,yEQ,

pla) = (o) <

where A = A(p) > 0 does not depend on z, y;

P29((2) is the set of exponents p € PY9(Q) with 1 < p_ < p(z) <
D+ < 0Q;

P29(Q) is the set of exponents p € P9(Q) with 1 < p_ < p(z) <
Dy < 095

for  which may be unbounded, by P,(€2), P9(Q), P%9(Q) we de-
note the subsets of the above sets of exponents satisfying the decay
condition (when € is unbounded)

A
Ip(z) — p(oo)| < @ 2]

r € R".
where po, = lim p(x) > 1.
T—00

('>7w
In the spaces l:/\/l];xo} (€2) over unbounded sets {2 C R" we consider
the Hardy-Littlewood maximal operator

Mf(z) = sup | Bla, )| /

r>0 Ba.r)

Definition 1. Let xp € 2, 1 < p_ < p(x) < py < oo. The local

|f(y)|dy.

"complementary" generalized Morrey space CM]E:U'OE,W(Q) is defined by

the norm
I A
Vo = SU YO\NB :
s =5y Mloesenn

Theorem 1. Let Q C R™ be an open unbounded set, p € P%9(Q) and
the functions wi(t) and wy(t) satisfy the condition

0 1(zo,m)

oo ess inf wy (r)r’
J

$<r<00
Sl—i-@p/(xo,s) ds < CwQ(t)'

18
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where C' does not depend on t. Then the maximal operator M is
(')’w (')>w
bounded from the space E./\/l];xo} 1(Q) to the space C/\/lz{)xo} 2(Q)

AMJ Mathematics Subject Classification: 42B20, 42B25, 42B35.

Characterization of the spaces &; , (T)
by using differences of partial

sums of the Fourier series

Zh.Zh. Baituyakova, M.T. Ilyasova

LV L.N. Gumilyov Furasian National University, Astana, Kazakhstan
E-mail:baituyakova. zhzh@yandex.ru

This work is dedicated to the investigation of characterization of
the spaces &, (T') by using differences of the partial sums of the
Fourier series.

First we give the definition of the generalized periodic Morrey space.
Generalized Morrey spaces have been introduced independently by
Mizuhara [1] and Nakai [2|. As usual, B(x,r) denotes the open in-
terval (z — r,x + r). T denotes the one-dimensional torus, usually

identified with [—7, 7].

Definition 1. Let 0 < p < oo and a function ¢ : (0,00) —
(0,00),0 € G,. We say that a function f : R — C, 2m-periodic,
belongs to the generalized periodic Morrey space MZf(T) if f €
L,(B(x,r)) for all z € R and all » > 0 and the following expres-
sion is finite:

P ()| fll (B (1)

[l azg(ry == sup sup

zeR 0<r<2m ‘B(gj, 7“) ‘119
Remark 1. Clearly, if o(r) = |B(0,r)|*Y? r > 0, then we
have coincidence M¢(T) = M)T), in particular, if o(r) :=
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|B(0,7)|"?,r > 0, then M#(T) = L,(T)

In the definition of M?(T), we assume that ¢ is in G,, that is,
there exist some constants C)| C" > 0 such that the inequalities

d

_d _d
p(t1) < Cop(ty) and Ct"o(t) > t, "p(ta)

hold for 0 < t; < t9 < 0.
Definition and basic properties

Let ¢ € C°(R) be a function such that

1 if |z <1
) = B 2
via) {O f 13 )
Then, with ¢ := 1,

0(x) = do(z/2) — go(x)  and  gj(z) =027 x),  JEN,
(3)

This implies
Z@(az) =1 forall zeR.
=0

We shall call (¢;)32, a smooth dyadic decomposition of unity.
We define

N
Snflz)=S_ynflx)= Y calf)e™ z€R, NeN
k=—N

Here c(f) is the Fourier coefficient of f given by

el f) = % /_ F(t)e*ar

Definition 2. Let (¢;); be a smooth dyadic decomposition of unity
as defined (1), (3). Let s e Rand 0 < ¢ < oco. Let 0 < p < o0

20
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and a function ¢ € G, Then & (T) is defined to be the set of all
f € MZ(T) such that
1/q
) M (T)H < 0.
(4)

I71€5,,(T = | (ZW
Remark 2. Taking ¢(r) := | B(0, fr)\?l?, r > 0, we are back in the case
of classical periodic Lizorkin-Triebeland Nikol’skij-Besov spaces, i.e.,

Z qu Ck; ’le

k=—00

we have

EopalT) = £ (T)

v.0.q

We shall call the spaces &, (T) generalized periodic Lizorkin-
Triebel-Morrey spaces. They represent the Lizorkin-Triebel scale
built on the generalized Morrey space My (T). The nonperiodic ver-
sion of this scale of spaces has been introduced by Tang and Xu in
the year 2005 (for Morrey spaces). Lizorkin-Triebel-Morrey spaces,
related to generalized Morrey spaces, have been considered recently

by Nakamura, Noi and Sawano.

Theorem 1. Let 1 < p,q < 00,5 > 0 and ¢ € G,. A function
f € MZ(T) belongs to &, (T) if and only if

¥sp,q

IF1€2, (D" = [1SfME(T)|
H <22j3q‘521’+1f - Szjf\q)l/q\Mf(T)H < 0.
j=0

Furthermore the quantities || - |E5, |I* and || - 1€, || are equivalent
on M;O(T), i.e., there exist two positive constants A,B such that for
all f € MZ(T),

AFIES poll” < NFIES ol < BIFIES oIl

In case (1) :== |B(0,7)|"?,r > 0 this goes back to Lizorkin (Besov
spaces) and in case (1) == |B(0,7)|"**? r > 0 this theorem was
proved in [3].
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Integral inequalities for decreasing functions in Orlicz space

E.G. Bakhtigareeva!, M.L. Goldman?

Y RUDN university, Moscow, Russia
E-mail:salykai@Qyandex.ru

2 RUDN university, Moscow, Russia
E-mail:seulydia@yandex.ru

Let R, = (0,00), M = M(R,) be the set of Lebesgue measurable
almost everywhere finite functions,
M,={feMR,): f>0},u,veM,.

Let @ : [0, 00) — [0, 0] be the Young function, i.e.

®®—A¢MW, 1)

where function ¢ : [0, 00) — [0, o0] is increasing and left-continuous,
moreover ¢(0) = 0, ¢ is neither identical to zero nor identical to
infinity on (0, 00). Denote

to = to(P) =sup{t € [0,00): D(t) =0}; (2)
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too =too(P) =inf{t € Ry : ®(t) =00} (3)
(if d(t) < 00, t € Ry, we assume to(P) = 0o ). Then,
to € [0,00); too € (0,00]; ty < too, (4)
O(t) =0, tel0,ty], P(t)=o00,t>1y (5)
(the last when t,, < 00). We require that
totl =0 (6)

(i.e., at least one of the conditions is fulfilled: t) = 0; t, = 0).
Let W be the complementary Young function for ®, that is

= /Otw(T)dT, t € [0, o0];
Y(r)=inf{o:p(oc) >71}, 7€][0,00]. (7)

Function 1 is left-inverse for the left-continuous increasing function
©. It has the same properties as ¢, so that ¥ is the Young function.

Definition 1. Recall that Orlicz space Lg , is determined as the set
of functions f € M : || f||s, < 00, where

1fllp, = inf {)\ >0 /Ooocb (AN f(@)]) v(z)de < 1} .

Consider
t
0<V(t) = / pdr < 0o, W€ R, V(+o0)—oo.  (8)
0

and
Ra(git) = V() [§ 497
0a(t) =V H(aV(t )), t€R+-
Its conjugate operator is following
1t
“(f:1)= ——dt : 10
wifir = [T S re R, (10)
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Theorem 1. Let T', T be positively homogeneous operators mapping
M, in M, and be conjugate, i.e.,

/ gT fdr = | fT"gdr, f,g€ M,. (11)
R, R,

Let &1, Py - be Young functions satisfying (6); let Wy, Wy be their
complementary functions; let u,v,w € My, and the condition (8) be
fulfilled. We fix a € (0,1), and define operator R, by formula (9).

Then the following three inequalities are equivalent:

S € Rt 0Ty, < i flay,. fEQ (12

Jey € Ry ||%aT*(w9)Hq/1,v < ng_lu\pw g€ My (13)

Jcs € Ry H"UT%Z(WC)H%,U S ¢ Hf”(bl,v feM.. (14)
Remark 1. Constants ¢y, c3 in (13), (14) depend on a € (0,1), be-

sides
0<ela) <cey' < Ela) < oo
O<d§03c§1§D<oo,
where d, D do not depend on a.

Theorem 2. In the conditions of Theorem 1 we assume that
to(P1) = to(Pa) =0,  Too(P1) = too(P2) =l € (0, ]
(see (2),(3)). Then the following inequalities are equivalent:

dcp € Ry - (I>2_1 {/ Oy (wT'f) udt}
Ry
N {/ q)l(clf>vdt}a f e
Ry

Jes € Ry 5t {/ D, (wT%Z(vf))udt}
Ry

o' { [ wrtctyua}. fen
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Moreover, c3 is connected with c¢i as i Theorem 1; in particular
the estimate holds

0<ela) <ciey’ < Ea) < oo.

This work is supported by The Russian Foundation for Basic Re-
search (pr. no 15-01-02732).
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O6 omenke cBepToK (bYyHKIIAT B MHOTOMEPHBIX
mpocTpaHcTBax tuna Moppn

b.E. barsiposn

Hasapbaes unmennexmyasvras Wkoiad TUMUKO-OUON02UMECKO20 HANPABAEHUS,
Ilemponasaosck, Kazaxcman
E-mail: b batyrov@mail.ru

Hacrosimas paboTa mocBsIeHa MCCIeI0BaHIIO CBOMCTB (DYHKIINIA
B CBA3M C OIIEHKaMI CBEPTOK B MHOTI'OMEPHBIX IIpocTpancTBax Moppu.

sBectHO, uYTOo B Teopum guddepeHInalbHbIX YPaBHEHUN C
YACTHBIMU ITPOU3BOIHBIMU U B TEOPUH BapHaIlNM BMECTE C BECOBBIMU
pocrpancrsaMu Ly, BazKHYyIO POJib UIpaloT IpocTpancrsa Moppu
M, . Onu onpeiendoTesa ceiyonuM 0dpasoM.
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Omnpenenenue 1. llyctb 0 < A < n, 1 < p < oco. Torma roBop4r,
aro f € My, ecrn f € LI (R") n

1711y, = 5P sup 2 £l ey <
zeR" r>0 ol

3neck B (x,7) — OTKPBLITHI map paauayca 7 > 0 ¢ IEHTPOM B TOUKe
reR".

Beesem nongarue cBépTKu (HbyHKIHIL.
Oupenenenne 2. Cpéprkoit bynxmuit fi, fo» € L (R
HasbiBaeTCsd (pyHKIUs f1 * fo, onpenensgemas st J00bix © € R"
PaBEHCTBOM

(f15 fo) (@ /f1 v —y) foly) dy,

ecJI HallMCAHHBIN MHTErpaJ CyIeCTBYET U KOHEYEH.,

Bompoc o0 cyIecTBOBaHUM CBEPTKU B MpocTpaHcTBax Moppnu
CBSI3aH C BOIPOCOM O CYIIECTBOBAHUU CBEPTKU B N-MEPHOM Iape
B (0, |z]).

[TycTn

(f1*fz)(w)/3(0 )fl(x—y)fz(y)dy/Oxfl(x—y)fz(y)d

CdhopmynmupyeMm aHagor HepaBeHcTBa FOHra st OIEHKH HOPM
CBEPTOK B npocTpancTsax Moppu M), ).

TeopeMa Hyemo 0 < A, Ao, A3 <n, 1 < pypr < p3 < o0 u 23—

p3
% + 52 Toeda dnn mobvx fi € My, f2 € My, n, noumu dax ecex

x € R" cywecmeyem ceépmua (fi* fo) (x), (fi* fo) () € My, »y ©
o follag, o < il el

B pabore [1] aBropom ObLT paccmoTpeH ciaydaii, xkorga n = 1.
Anajor nHepaencrBa FOura maga GyHKINE U3 00mMMUX TJI00AJIBHBIX
pocTpaHcTB Tra Moppu obcTosiTebHO nccienoBan B |2|.
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HexkoTopbie ppakTajbl Ha IJIOCKOCTHI
JlobavueBckoro

2K.A. bBaxpamos

Hucmumym mamemamuru, Tawkenm, Yabexucman
bahramouvjasurbek@gmail.com

Hama menb — mocTpoenme  (paKTaJoB B ITPOCTPAHCTBE
JlobaueBckoro. Jljist 9TOro M3 M3BECTHBIX MOJIeJIell POCTPAHCTBA,
JlobaueBcKoro MBI BBIOpaJM MOJeab benbrpamu-KieitHa Ha,
OTKPBITOM Kpyre emmunmaHoro pammyca B(0,1) C R2.  Cpemn
BCEBOSMOXKHBIX CIIOCOOOB IOCTPOEHUST (PPAKTAJIOB MBI PENININ
MCI0/Ib30BaTh CUCTeMbl uTepupoBanubix Gyukimii(CUDP) u L-
cucrembr ([1]).

[Tockonbky st moctpoenus arrpakTopoB CH® mbl paboTaem
C KOMIIAKTHBIMU MHOYKECTBAMU, MbI OTPAHUYNMCS PACCMOTPEHUEM
saMkHyTHoro mapa B(O,R) C B(O,1), R € (0,1).
Torma mo wsBectnoit Teopeme Xarumucona ([1|) mma CUD
({fY.iY, B(O,R)} (N € N), rie f; : B(O,R) — B(O,R)

— CXKMMAIOIIE 0TOOPaXKeH!d, CYIECTBYeT U eIMHCTBEHHO HEITYCTOe
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KoMiakTHoe MHOX)KecTBO A = Uf;(A), HasblBaeMOe aTTpakKTOPOM
stoit CU®. 3adactyto A siBisercss ppaKkTaabHBIM MHOXKECTBOM.

B caygae CU® nma R? mambosee 4acTo MCHONB3YIOT adpDUHHBIE
peobpazoBanud f;. DTy 1IpeodpasoBaHud IIPEJACTABUMbI B BHJIE
KOMITO3HUIINN CXKATUI 110 JABYM OCsIM, IIOBOPOTa, OTPaXKeHusi u
mapaJiebHOTO TlepeHoca. Mbl 1aeM aHaJIoru 3TUX MMpeobpas3oBaHmit
st mozenn  Benbrpamu-Kieitna u crpoum CUDP wa B(O, 1),
ATTPAKTOPhI KOTOPBIX SIBJISIIOTC HEKOTOPBIMU I'€OMETPUIECKUMU
anasoramu arTpakTopos CU® na R?.

Puc 1. Ilpumep anasiora Kospa Ceprnunckoro B npocrpancrse JlobaueBcKOro

(cnesa arrpaktop B B(O, 1), cipasa — B R? ).
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160.
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06 L, — L,~ orpanm4eHHOCTN HEKOTOPBIX KJIACCOB
nceBaoan(p pepeHnuaaIbHbIX OIepPaTOPOB
Ha n—MEPHOM TOpe€

J1.b. bazapxanoB

L Hnemumym mamemamuru v mamemamuneckozo modeauposarus, Aamamo, Kasaxcman
E-mail:dauren.mirza@gmail. com

B coobumenun OymyT mnpeicTabiieHbl pesysabTaTbl 00 L, — L,—
OTPAHUIEHHOCTH HEKOTOPBIX KJIACCOB TCeBI0 (b MEPEHITNATBHBIX
OTIEPATOPOB Ha 1—MEPHOM TOpPE C
(a) Tax Ha3BIBAEMBIMU I'PYOBIMU CHMBOJIAMIU;

(b) cuMBoIaMU U3 EPUOAMIECKIX KJIACCOB XEpMaHAepa st PAa
COOTHOIEHU MEXKJy P, U MapaMeTpaMu KJIacCoB

AMS Mathematics Subject Classification: 58J40, 35505, 42B05

Characterizations of semifinite subdiagonal algebras

T.N. Bekjan !, M. Zhaxylykova?

U Xinjiang University, Xinjiang, China
E-mail: bekjant@yahoo.com
2 L. N. Gumilyov Eurasian national University, Astana, Kazakhstan
E-mail: makpal. zhaksylykova@mail.ru

In 1967, Arveson [1] introduced the notion of finite, maximal,
subdiagonal algebras A of M, as non-commutative analogues of
weak™ Dirichlet algebras. In [5], among other things, Blecher and
Labuschagne studied tracial subalgebras of M and transfered a large
part of the circle of theorems characterizing weak™ Dirichlet alge-
bras, to Arveson’s noncommutative setting of subalgebras of finite
von Neumann algebras. The first author and Oshanova |3| defined
tracial subalgebras of semifinite von Neumann algebras and proved
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that if a tracial subalgebra A has the unique normal state extension
property and 7-maximal or satisfies Lo-density, then A is a subdiag-
onal algebra. This is the extensions of corresponding results in [5] to
the semifinite case.

In this talk we extend some results in [5] to the semifinite case.

We denote by M a semifinite von Neumann algebra on the Hilbert
space H with a normal faithful semifinite trace 7. The set of all
T-measurable operators will be denoted by Lo(M). For 0 < p <
00, L,(M) is defined as the set of all 7-measurable operators x such
that 1

[l = 7(lz|")r < oo

In addition, we put L (M) = M and denote by || - ||s (= - ||), the

usual operator norm.

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

(i) A+ J(A) is w*-dense in M, where J(A) = {z*: = € A},
(i) E(zy) = E(@)E(Y), YV a,y € A,

(iii) AN J(A) =D.

D is then called the diagonal of A.

Since D is semifinite, we can choose an increasing family of {e;};e;
of 7-finite projections in D such that e; — 1 strongly, where 1 is
identity of M. Throughout, the {e;};c; will be used to indicate this
net.

Definition 2. A weak*-closed subalgebra A of M is called a tracial
subalgebra of M with respect to E(or D = AN J(A)) if

(i) D is semifinite,
(ii) £ : A — D is a normal homomorphism,
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(iii) 7(z) = T(E(x)), V= € A

By Lemma 2.3 of 3|, £ is precisely the restriction to A of the
unique faithful normal conditional expectation ® from M onto D
such that 7 = 7 o ®. Hence we may continue to write ® as &£, and we
call this extension the conditional expectation onto D.

Let A be a tracial subalgebra of M with respect to D and let e
be a projection in D. We define

M,=eMe, A,=ceAe, D.=eDe,

and &, be the restriction of £ to M,. By Lemma 2.5 in 3|, we have
that A, is a tracial subalgebra of M, with respect to &, (or D,).
We obtain the following characterizations of subdiagonal algebra.

Theorem 1. Let A be a tracial subalgebra of M with respect to D.
Then the following conditions are equivalent:

(i) A is a subdiagonal algebra of M.
(ii) For any i € I, A, is a subdiagonal algebra of M...

)
(iii) For any i € I, A., has factorization.
(iv) For any i € I, A, is logmodular,

)

(v) For any i € I, A., satisfies Szego’s theorem.
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O mopgaKe TPUTOHOMETPUUIECKOTO MOIIePedYHNKA
aHU30TpoNnHoro kjacca Hukoabckoro—becoBa

K.A. Bekmaran6eros!, E. Toneyrazn?
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[Tycte V' C  Ly(T") — mopmupoBanoe mpoctpanctBo u I C
V' — HekoTOpBIIl PYHKIIMOHAJBHBIN KJjacc. TpUroHoMeTrpuyecKuii
ToTIepevHIK Kjaacca F' B mpocTpancTBe V' onpeensgeTcd CaeayIonuM
obpazom (cm. [3])

dy(F,V)=infsup inf [[f(-) = t(Qs;-)lly
Qar fer t(Qyrx)

M

rie t(Sy;X) = chei(kj’x), Oy = {ky, ..., ky} — HabOp BeKTOPOB
. =1

k;, = (k{,...,k)) us nenouncnennoit pemerku Z", ¢; — HEKOTODbIE

aucna (j=1,..., M),

JI/is M30TPOTHBIX MPOCTPAHCTB ¥ KJIACCOB, a WMEHHO, KOTJIa
V=L,(T"), a F=W] (T") wm F = H}(T") nopsiixn Tpurono-
METPUIECKIX TTOTIEPETHIKOB VICCITETOBAHDI B pabore
9.C. Besmnckoro [2], a B caywae F' = B (T") - B pabore
A.C. Pomamntoka [4].
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Hanmu HCCJIe /Iy eTCst 3aja4a 06 OLIEHKE O IKA
TPUTOHOMETPUUECKOr0  IIOIEPEYHMKA  AHU30TPOIHOIO  KJIACCA,
Huxombekoro-Becopa  Bpi(T") B MeTpuke — aHM30TPOIHBIX
npocrpancts Jlopenta Lqg(T").

[lycte  f(x) = f(z1,...,2,) — wu3MepuMasi OYHKIWS,
samannag Ha T". Yepes f*(t) = f*"n(ty, ... t,) obozHAUUM
(DYHKIMIO, [I0JIy9eHHYIO IIPUMEHEHUEM K IIePBOl HeBospacTaroleil
[IePECTAHOBKY, IIOCJIEJ0BATEILHO 110 MEPEMEHHBIM X1, ... ,L,, LIPH
(PUKCUPOBAHHBIX OCTAJILHBIX TEPEMEHHBIX.

[Iycrs mynbrumbgekcsl p = (p1,...,pn), T = (ri,...,7)
YAOBJIETBOPAIOT yenoBusaM, ecan 0 < p; < oo, o 0 < 1; < 00,
ecIn JKe pj = 00, TO U r; = 00 Ajd j = 1,...,n. AHU30TPOIHBIM
npocrpancTsoM Jlopenta Lpy(T") HasbiBaeTcs MHOKeCTBO BDYHKIIHIA,
JIJISE KOTOPBIX KOHEYHA, CJIeIyIOIas BeJIUInHa,

2 o2 1/
1 len = ( / ( / (1.
0 0

rndt " dt,
- T

1/rp
tL/on prietn ,tn))

- 1/r
3/1eCh BbIpazKeHe ( f02 (G(s))r%) MpU 7 = OO NMOHUMAETCA Kak
SUPs=o G (8)-
Hng dynkiwit f € Lpy(T") obosnaunm depes

As(fix) = ) a(f)e'™,

kep(s)

rie {ax(f)}kezn — xoapPunuenter Pypre byakmu f 1Mo KpaTHOI

tpuronomerpudeckoii cucreme, p(s) = {k = (ki,...,k,) € Z" :
[252'_1} < VGZ‘ < 28i,i = 1, ce ,n}, (k, X) = Z?:l kja:j.

[Tycte mamee 0 < a = (ag,...,q,) < oo, 0 < 7 =
(T1, ..., Th) < 00. AnmzoTponHbBIM Kaaccom Hwukosbekoro-Becosa
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Bor(T") (em. [1]) naseisaercs muoxkectBo Gynkmmit f us Lpy ju1s
KOTOPBIX CIIPABEJJINBO HEPABEHCTBO

at(mn) — 2(&,8) A y " n } < 1,
Whigen = {201 Mo} | <
rne || - ||, — mopma mumckpernoro mpoctpancTtsa Jlebera [ co

CMEINIaHHON MEeTPUKOIA.
OCHOBHBIM PE3YJILTATOM JAHHOU PabOTHI SBJIAETCH CJeIYIONad

TeopeMa.

Teopema 1. I[Tycmo 1 < p = (p1,---,pn) <2< q=(q1,---,Gn),
1 <7 = (1,...,7),0 = (01,...,0,),r = (r,...,m,) < o0
u o = (o,...,0n) maxoso, wmo o; > 1/p; daa j = 1,...,n.

IIyecmo danee ( = min{a; —1/p;j+1/q;:j=1,...,n}, D
{j=1,....;n:a;—1/p;j+1/q;=C(}, j1 =min{j : j € D}, ¢; =
qj, Ons 6cex j € D wqj > qj, daa scex j & D. Tozda cnpasedauso
dir(Bpr(T"), Lgg(T")) < M~ =1pit /2
(log M)(|Dy—1)(04j1—1/pj1+1/2)+ZJ-GD\U1}(1/2—1/73-)+ Q)

ede |D| — woaunecmeo snemenmos mnoocecmea D, ay = min(a;0).

Sameudanue 1. Ormerum, 4910 pu p = r = (p,...,p), T =
(1,...,7) m q = 6 = (q,...,q) yTBepXK/eHHUe JJTOKA3AHHO
TEOPEMbI COBIALAaeT ¢ COOTBETCTBYIOIIUM PE3YJIbTATOM U3 PabOThI
A.C. Pomanioka [4].

Pabora BbIIOJIHEHa, B paMKaxX IpoekTa, QUHAHCUPYEMOIO
Komurerom wHaykm  MwunHmucTepcTBa  00pasoBaHMs W HAyKH

Pecy6simkn Kazaxcran (I'pant Ne 0816/T'd4).
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O gocTaTOYHBIX YCJAOBUAX KOMOAKTHOCTA KOMMYTATOPa
nJid noreHnuaJjga Pucca B 06001IeHHBIX
npoctpaHcTBax Moppu

H.A. bokaesn, /1.T. Marunu

FEepasutickuti nayuonaronud ynusepcumem umenu JI. H. I'ymunesa, 2. Acmara, Kasaxcman
E-mail: bokayev2011@yandex.ru, d.matin@mail.ru

B pmamso#l  pabore  HOPUBOAATCS  JOCTATOYHBIE  YCIOBHUSI
KOMITAKTHOCTH KOMMYyTaTopa [y morTenruarna Pucca [b,1,] B
0600MIeHHbIX MpocTpancTBax Moppu M.

[Tyctb 1 < p < 00, w m3MepuMasi HeOTPHUIATEIbHAA (DYyHKIIIA
Ha (0,00). O6obmennoe npocrpanctso Moppn M)" = M (R")
OTpejleNIAeTCsl KaK MHOMKeCTBO Beex bymkmuit f € LYR") ¢
KOHEYHOU KBA3UHOPMO

[ £llygy = sup
reR™

riae B(x,r) map ¢ meHTpoM B TOUKE T U ¢ PAJIyCOM T

w(r) ||f||Lp<B<x»r>>HL (0.00)

[Ipocrpancreo M) coBiajaer ¢ HU3BECTHBIM [POCTPAHCTBOM
n

Moppu ]\4pA mpr w(r) = r*, e 0 < A < », KOTOpOE, B CBOIO
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ouepe/ipb, A A = 0 coBuasaer ¢ upocrpancrsoM L,(R") [1].

B coorBercrBum ¢ obosnadenuam (3], (4], obosuaunm wepes ),
MHOXKECTBO BceX (DYHKINiT, KOTOpbIe ABIAIOTCA HEOTPUIIATETHHBIMH,
m3mepuMbiMu Ha (0, 00) , He SKBuBaJeHTHbe () U Takue, 9TO JIjIs
tekotoporo ¢t > 0, [|w(r)rr ||, oy < 00,  [w(r)|| o (e < 00-

[Torentman Pucca I, mopsizka a(0 < v < m) urpaer BayKHYIO POJIb
B TAPMOHMNYECKOM aHAJIN3€e U B T€OPUU IIOTEHIINAJIOB, U OlIPe/IeIseTCs
CJIEIVIOIIIM 00pa3oM

3 fy)
Iaf(x) R[ ‘Qf . y’n—ady’

I byskmun b € L (R")  dwepes M, obosnadum
MYJIBTUILIKAIUOHHLIN omnepatop M,f = bf, tne f- usmepumasi
dyHKITHIA. Torma kKomMmyTaTop mjd ToTeHImWaJga Pucca [, #n
orteparopa M, omnpejensiercss paBeHCTBOM

z) —b(y)| f(y)

n—o
|z — y|

A A .
R
Kommyraropawm [b, I, mocamenst pabots [5], [6].
['oBopar, 970 byHKIIA b(x) € Lo (R™)
nmpuHayIe:kuT — mpoctparctey  BMO(R™),  ecom  ||b]], =
suchRn@@f b(x) — bgldz = supgepn M (b,Q) < oo, THE Q -

Ky6 u3 R" u by = ﬁ [ fly)dy.
Rn

Yepes VMO(R") obosnaunm BM O-3aMbIKaHIe TPOCTPAHCTBA
CR™), rme CFP(R") muoxectBo Beex dyukimit w3 C(R")
C  KOMIIAKTHBIM  HOCHTEJIEM. Yepes  X(qp)  OOO3HATHM
XapaKTEePUCTHIECKYI0 (QYHKIUIO oTpeska (a,b), depes ‘B —
JIOTIOJIHEHNE MHOXKecTBa B.

Teopema A. (cm. [1], [2]) [peamonoxkum, aro 1 < p < ocon w €
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Qpoo. [peanonozxum, uro mogmuozkectso S us M ynoBaeTsopser
CJIEIYIOIIIM YCIOBUAM:

?up 1Ty < o0, (1)

lim sup [ (- +u) = f()llagy =0, (2)

=0 (3)

lim sup H f Xen(on

r—00 fES

Torya S stBgerca npeKOMIAKTHBIM MHOXKecTBOM B MY (IR).
Crenyiolnee yTBEpPXKIEHNE HABJISIETCS CJIEICTBUEM TeopeMbl 3.8
paboThl [4].

Teopema B (cum. [5]) [Iycte 0 <p < g < o0, 0 <A <2, —<——%,
be BMO(R"™) n (wy,ws) YAOBIETBOPAIOT CJIEAYIOMEMY YCIOBUIO
i 1\ €ss inf wi(s)dt
/ In <e + —) t<3<°; < Cwy(7). (4)
r

.
Torna |b, I,] orpannden us M R™ & M ?R".
Hameil menbio gBjseTrcd AOKa3aTeIbCTBO CAEIYIONIEll TeopeMbl
O JIOCTATOYHOM YCJOBUU KOMIIAKTHOCTU KOMMYTATOPa [b, Ia] B
obobmennom mpocrpancTee Mopuu MY (R™).

TeopeMal HycmbO<a<n(1——) 1<p< 00, 1<q< o0,
% = 5 — % be VMOR"), dynruuu wi,wy € €, o ydosaemsopsrom
yeaosuro (4). Tozda xommymamop [b, 1,] asasemes womnarxmmvim
onepamopom us M 6 M.

/lannag paboTa BbIIOJHEHA IIpU IIOAAEPXKKe ['ocymapcTBeHHOIO

nmpoekta 0085/PTSF-14, rpanta MunncrepcrBa obpasoBaHusi u
rayku (mpoext 2709/'D4).
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O MHO>XKecTBaX €JIMHCTBEHHOCTH AJIs PHAJIOB
1mo oboreHHoit cucreme Padepa-lllayaepa

H.A. BokaeB, A.T. CpI3abIKOBa
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B pabore npuBomuTcd HeOOXOAMMOE U JOCTATOYHOE YCJIOBUE
JJIT  TOTO YTOOBI  3aaHHOe MHOXKECTBO OBLIO  MHOXKECTBOM
eJIMHCTBEeHHOCTH  JJIsT  NPOU3BOJBHOIO  psijia 10 0DODINEHHOM
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cucreme Pabdepa-lllaynepa. g psioB €O CXOUAMIMMUCT K HYJIIO
KodppummeHTaMyu  JI0Ka3aHo, YTO CYETHOE MHOYKECTBO SIBJISIETCS
MHOYKECTBOM €JINHCTBEHHOCTH.

[TycTh 3amana MOCIEI0BATENBHOCTL {P,} HATYpPATbHBIX UHCE,
Takux, 4To pg =1, ap, > 2, n=1,2, ...

[Tonoxxum m,, = pop1---pn, n = 0,1,2,.... Torma nmma mwobdoii
Toukn = € [0, 1]\Q, e

My

CYIIIECTBYET €JIMHCTBEHHOE PA3JI0yKEHUE

k=1

0 < ag(x) <pr— 1, ag(z)-emsie.
JIroboe T1enoe wumcao k> 2 eIMHCTBEHHBIM 00pa3oM
TPeICTaB/ISIETCA B BUJIE

k=mu,+r(p,+1—1)+s, n=0,1,2..;
r=0,1,...m,—1, s=1,2,...p,+1—1.

(1)

Omnpenesnm cucremy dynkimit {p,} = {¢(x)}72,, = € [0, 1], B
KoTopoit wo(x) =1, p1(x) =z, x € [0,1],

( ) 1—ex 2misay, ()
2misoy, 41 (T B Pn+1 r r+l
(77”5714—13j = Pn+1T — Qnyt1 (.’L’)) exp pnj-l + 1—exp 727;”5 , TE My’ My \Q
Pn+1
c | r+l
0, re [mn, mn}

e k> 2, n,r, sus (1).
[Tosib3ysick Tem, dro wmuoxkectBo [0, 1]\ Bcrogy II0THO Ha

[0, 1], mpomokuM (DYyHKITHIO gpﬁfl(az) 110 HEMPEPBIBHOCTU HA OTPE30K

r  r+l1

mp’ mp |
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Takum obpaszom, cucrema P{p,} mosHOCTBIO OlpeEIeHA U
COCTOUT U3 HEIPEPLIBHBLIX, KYCOUHO-TUHEeNHbIX byukiuit. [lpu p, =
2, n = 1,2,... cucrema dyukmuit {p,} copmamaer ¢ cucremoit
Pabepa - [llayznepa.

flx) = > an(f)en(@). (3)
Omnpenenenne. Muoxkecrso E C |0, 1] nasbiBaercs U-MHOKeCTBOM
TN MHOYKECTBOM €TMHCTBEHHOCTH JJ1st PAJIa (3), €CIU U3 CXOIMMOCTH
pana (3) x mysio va [0, 1]\ E crenyer, aro ai =0, k=0,1, ...
Teopema 1. Jlasa mozo, wmobve MHodCcecmeo ObiA0 MHOINCECTGOM
eduncmeennocmu oaa pados no cucmeme P{p,} neobrodumo wu
docmamouno, umobw, E C [0, 1]\Q.
Teopema 2. Ecau padw no cucmeme P{p,} ydosaemsoparom

YCA06UI0,
kh_>ngo an,(z) =0, z€Q (4)

2de ni(x) -603pacmarouyas nOCACIOBAMEALHOCNG HOMEPOS GCET MEX
Pynrkuut On(T) noCument, Komopouls codepaicam T, mo MHOHCECTNGO
E C [0,1] , daa womopozo E —~ Q xoneuno, 6ydem mmoocecmseom
eOUHCMBEHHOCTU OAA MAKUL PAJ0E.
Teopema 3.  Cuemmnoe MHootcecmeo AGAACMCA MHOICECNEOM
eduncmeennocmu das pados no cucmeme P{p,} ¢ yerosuem (4).

B ciaygae p, = 2 n = 1,2, ... mogobHble Pe3yabTaThl JOKA3aHbI B
4.

anHasg paboTa BBLINTOJIHEHA TPU TOJIEp:KKe [0cyIapcTBEeHHOTO
nmpoekta 0085/PTSF-14, rpanta MunncrepcrBa obpasoBaHusi u
nayku (mpoext 2709/'P4).
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[4] H.H.Xommesuukosa, O mmnooicecmear eduncmeennocmu oas pados no

pasauuroim cucmemam Pynruyui, Ussectus PAH, cepust maremaTnueckast,
57 (1993), no. 1, 167-182.
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Necessary and sufficient conditions for boundedness
of the Hardy-type operator from a weighted Lebesgue
space to a Morrey-type space

V.I. Burenkov

RUDN wuniversity, Moscow, Russia
E-mail: burenkov@cardiff.ac.uk

Abstract of the talk for a wide range of the numerical parameters
necessary and sufficient conditions will be presented on the weight
function of the weighted Lebesgue space and on the functional param-
eter of the general local Morrey-type space, ensuring the boundedness
of the general multi-dimensional Hardy operator from the weighted
Lebesgue space to the general local Morrey-type space.
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Weighted norm inequalities for
generalized Fourier-type transforms

A. Debernardi

Centre de Recerca Matematica, Barcelona, Spain
E-mail: adebernardi@crm.cat

We study weighted norm inequalities

IEfllgu S NS

(focusing especially on those with power weights u, v) for the integral

pv

transform
Fiy) = / () f (2) K (x, ) do.

where K is a continuous kernel and s is a nonnegative nonde-
creasing function such that s(z) < s(2z) for x > 0. Further-
more, we assume there exists a nonnegative nondecreasing function
w satisfying s(z)w(1/x) < 1 for x > 0, such that |K(z,y)| <
min {1, (s(z)w(y)) "2} for z,y > 0. The considered transforms
are similar to the Fourier-type transforms, those satisfying Bessel’s
inequality (see [2, 4, 5]), i.e.,

IEfllzw S 11 s

However, we do not assume the latter. This leads into results that
are not optimal when applied to Fourier-type transforms (such as the
Fourier transform, or the classical Hankel transform, cf. [1]), but on
the other hand they can be applied to a wider amount of transforms,
and in the latter case they are best possible in general.

Among the applications, we can derive weighted norm inequal-
ities for several transforms. We mention the so-called H, and
Y,-transforms, where the kernels are the Bessel function of the
second kind Y,, and the Struve function H,, respectively. We can
also prove that for transforms with kernel represented by a power
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series, its corresponding weighted norm inequalities hold under less
restrictive conditions for functions with certain vanishing moments
(see, for instance, [3]).

This research was partially supported by Centre de Recerca
Matematica in Barcelona and the grant MTM2014-59174-P. The
author also acknowledges Fundacié Ferran Sunyer i Balaguer from
Institut d’Estudis Catalans.
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HepaBeHncTBa Tnna YJibgHOBA JIJd MOYyJeit
TJIAAKOCTH JPOOHOTO MOPLAIKA

A.A. /I>xymabaeBa

Espasutickuti nayuonasonut yrusepcumem umenu J1.H. lymunesa, Acmana, Kazaxcman;
ainurjumabay@gmail. com

[lyctre L, = Ly0,2nr] (1 < p < 00) HIPOCTPAHCTBO
2T —MEepUOINIeCKUX MU3MEPUMBIX  QyHKIM, g KoTopbix | f|P
narerpupyema, u Lo, = C0, 27| -pocTpancTBO 2T —MEPUOANIECKIX
HeTpepbIBHbIX QyHKIW ¢ || f||l0 = max{|f(z)],0 < x < 27}

[TycThb

walf,0)p = ﬁfg A} f()]],

MOYJ/Ib TVIQIKOCTH ApobHOro mopsiika dyukiun f(x) € L, e

0

“fa) =Y (~1)"CYf(z + (a —v)h),a > 0.

v=0

[Iycre dyukuus f € Ly umeer pan Pypbe

ao

flz) = o(f) =

éf) + Z(ay(f) cosve + b,(f)sinve) (1)

mpeobpa3oBaHHbIM PsiioB Pyphe (1), Mbl 0003HATUM PSIJT

o(f,\B) = Z A, [ay cos(vx + ?) + b, sin(vx + %) :

=1
rae 5 € R, A = {\,} nanHas mocsiesnoBaTebHOCTD MOTOKUTETHHBIX
qUCEI.
Mer nazeiBaem dyuknumeit o(x) ~ o(f, A, B) (A, §)— npousBoHas
byuximn f(z) u ero obosmaunm fA(z).  Hdna N, = n',r >
0,8 =71, " mpobuble mpomssBomHbBIE B CMBICTE Beiins u A, =
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n",r > 0,5 =r+1 apobHOI TPON3BOLHOMN f (") rre f -COTPsIzKeHHAS
dyuxmua f.

NsBectuor  cienyromue  (p, ¢)-HEPABEHCTBA  MEXKIY MOJYJISIMU
[JIAJKOCTH, KOTOPBbIE B HAINM JHU HA3BIBAIOTCS HEPABEHCTBA THIIA
YIbAHOBA:

5 /¢

g dt
wk(f(p)a 5)q 5 / (t ’ pwk+P(f’ t)P>Q1 ? )
0

1 1 , <OO’
peNU{0}, 0<p<g<oo, O=——— ¢g=43" "1
P q 1, q=o0.

Omnpenenenne 1. Ilociedosamenvrocmo X = { A, }22 | nazweaemcs
ooweti monomornnot, sanucarnnott X € GM, ecau svinoansemcs
caedyrouue Yeaosus

2n

D 1Ak = el < CIA
k=n

0AA 6Cex ueavlxr n, 2de xonemanma C ne zasucum om n.

Teopema 1. ITyemov f € L,y 1 <p < g<oo, 8 =1/p—1/q u
A={ M}, € GM. Tozda dns mobozo o > 0,

00 1/q
1 1 q
Wa (gp, %)q < ( E (2m(9+P)A2mwa+p—l—9 <f> —2m>p) > ;

m=n

Aok ]
2de N\, == max —7-,
1<k<n 2

Teopema 2. [lycmo f € L), 1l =p < qg<oo, 8 =1—-1/q u
A=A{N\}>2, € GM. Tozda das mobozo a > 0, 2p > e > 0,

00 1/(]
1 1 q
Wa (QO, 2—n> ] 5 ( E (Qm(9+p)/\2mwa+p+9—€ <f7 2m) 1) > )

p > 0.

m=n
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_né Aok
ede A2n = 272 max ﬁ
1<k<n 2°\P72

Teopema 3. [Iycmov f € L,y 1 <p < qg=o00, § =1/p, u ) =
{A )22, € GM. Tozda das mobozo o> 0, 2p >¢e >0,

1 - 1
Wy (go, 2_n> N ,S Z 2m(9+p)/\2mwa+p+9—8 (f: 2_m>p7

.__ 9—ng/2 Aok
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Anisotropic estimates for integral norms of
differentiable functions on irregular domains

A.Yu. Golovko

Steklov Mathematical Institute RAS, Moscow, Russia
E-mail: andrewgolovko@yandex.ru

In 1938, for bounded domains G C R" satisfying the cone condi-
tion, Sobolev (see, for example, [4]) established an embedding theo-

46



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

rem W7 (G) C Ly(G) characterized by the inequality

1/, < Cllifllwse =C Z 1D fll L) + 1 fll ) | 5

lal=s
where 1 < p < g < oo and s € N, provided that
n n
s——+—2=>0.
P q
Later, this theorem was extended to more general classes of do-
mains. In 2001, Besov |2] proved this theorem for domains satisfy-
ing the flexible o-cone condition provided that the following relation

holds:
S_a(n—1)+1+220'
p q
A more detailed history of this problem can be found, for example,
in [2].
In 2010, Besov [1] extended this embedding theorem to the case
of norms of a more general form (which include the sum of norms of

only part of the generalized partial derivatives of order s).
Definition (see [2]). For 0 > 1, a domain G C R" is called a domain
with the flexible o-cone condition if, for some 17" > 0, s > 0 and any
r € (G, there exists a piecewise smooth path ~ : [0,7] = G,~(0) =
z, |v'| <1 almost everywhere, such that p(y(t)) > »t? for 0 <t <T
(where p(z) = dist(z, R" \ G)).
LetneN,n>21<m<n,pn=0,1<i1 <9< ...<0lp=n
— be a positive integers, n; =¢; —4;-1, x; : {1,2,...,n} — {0,1},

() 1 for ij_l—l—l S ) S ’Zj,

Xj\t) = o . o

/ 0 for 1 <i<14 and for i +1<e<14, =n.
For a € Z" set o/ := yja = (O,...,O[Z'j71_|_17...,Oél'jjo,...,()), S0

m .
that a = > o/.
j=1
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Theorem 1. (see [3]) Let G be a domain with the flexible o-cone
condition, 0 > 1; s;,me N, l € Z,,0<0<1,1<m<n,l<sj,
1<qgr<oo,p <q¢gr<gqgl<p <ooforj=1m,p ez,
|B] = 1. Then the estimate

ID°fll L) £ C Z Z 1D fllz,, ) + [1fl L)

7=l a=ad |a|=s;

is valid for functions f with finite right-hand side provided that the
following relations hold for all 7 =1, m :

m

—1)+1
la—ggsj—(a—l)Z(si—l)—am )+ :
q i=1,ij Pj

Theorem 1 is a generalization of the embedding theorem from [1]
to the anisotropic case.

This theorem is sharp in the class of domains with the flexible o-
cone condition for [ = 0. Necessary conditions for the satisfaction of
this estimate also were obtained in other cases.

Also the multiplicative estimate (Gagliardo-Nirenberg type multi-

plicative inequality) is established.
Theorem 2. (see [3]) Let G be a domain with o-cone condition,
oc>1s,meNIleZ, 0<0<1 1< m<n l<sj
1<qr<oo,p <q¢gr<gqgl<p <ooforj=1m, 0 €7,
1Bl = 1. Let r < qif | =0, 0 = 1. Then the Gagliardo-Nirenberg
type multiplicative inequality

1D Fll ) <
0

CLIAL G (Do D 1Dl | +1flne

7=l a=ad |a|=s;
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is valid for all functions f with finite right-hand side provided that
the relation

—1)+1
lo— <0 s;— (0 —1) E (si—l)—a(n )+ -
¢ i—Li] bi
no _

-6 -2 (51 -
-0 (o0 (Xam

holds for all j =1, m.

If m = 1 and the boundary of the domain is smooth (¢ = 1), then
theorem 2 coincides with the Gagliardo-Nirenberg result for ¢ > p
and g > r, which was established them in 1959.

[ am grateful to O.V. Besov for discussion of the results and a
number of useful remarks.

This work is supported by the Russian Science Foundation under
grant 14-50-00005.

References

[1] O.V. Besov, Integral estimates for differentiable functions on irreqular do-

mains, Sb. Math. 201 (2010), no. 12, 1777-1790.

[2] O.V. Besov, Sobolev’s embedding theorem for a domain with irreqular bound-
ary. Sb. Math. 192 (2001), no. 3, 323-346.

[3] A.Yu. Golovko Additive and multiplicative anisotropic estimates for integral

norms of differentiable functions on irregular domains, Proc. Steklov Inst.
Math. 290 (2015), 293-303.

[4] S.L. Sobolev, Some applications of functional analysis in mathematical
physics, R.I. Amer. Math. Soc. 1991. Fizmatlit, Moscow, 2008 (in Russian).

AMS Mathematics Subject Classification: 46E35.

49



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

OnTtumanbHbIE BJIOXKEHHNS NOTeHInaa0B tuna Pucca
¢ 6a30BBIM IIpocTpaHCTBOM JIopeHIia

M.JI. Tonpaman!, I'.2K. Kapmibiruna?

L Poccuckuti ynusepcumem dpyocbo. napodos, Mockea, Poccus
E-mail: seulydia@yandex.ru

2 Eepasutickuti Hayuonasonwti yrusepcumem um. JI.H. lymuaesa, Acmana, Kasazcman
E-mail: karshygina84@mail.ru

B pabore mnpupesena Teopema 00 OITUMAJIbHOM BJIOXKEHMUSI
IPOCTPAHCTB  TOTEHIMAJIOB THUIa Pucca B  IMIepecTaHOBOTHO
MHBapUaHTHOE MpocTpancTBo (Kpatko [TUIT). B katecTBe 6azoBoro
[TUII Bei6pano npocrpancTso tuma Jloperna AP(u), 1 < p < oo.

Paccmorpum ipoctpancTso notenimaios HE(R™) = {U = G x f -
f € E(R")}, tne E - mepecTaHOBOYHO MHBAPWAHTHOE MTPOCTPAHCTBO,
G-stpo  ciermagbioro suga [1]2], G(z) = ®(V, |x]"), 0 < @ |.
31eck B KadecTBe 6azoporo [IHII BoicTymaer mpocTpancTso Jlopeniia
AP(u) ¢ Becom u:

11l = / POt | 1< p < oo
0

rae f*-yowmBaromaga mnepecraHoBka dynkumm f.  IIpocTpancTBOM
Jlopenta ['P(u) ¢ BecoM U HA3BIBAETCS U MTPOCTPAHCTBO

£l = | [ 70t | 1< p< oo,
0
t
roe [ = %ff*(s)ds,t > (0. Onpenemum byukuio fo(t,7) =
0

min {¢(t), ¢(1)} , pacemorpum omeparop Reo : F(Ry) — X(R,),
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OIIPEJIJIEHHBIN B CJIEYIOIIEM BH/IE:
R 00l9] /fcpt’f T)dr, g € E(R..

[lycte E = E(R") ects NI, E' = E'(R") - acconuupoBasHoe
[TUII, T.e. Takoe ITUII, aTo

9]z = sup /!fgl dp: feE | flle<1

Mg TIAII E(R”) u FE'(R") paccMoTpuMm [pocTpaHcTBa E =
E(R,), E' = E'(R,)-ux npexacrasnenns JliokcemGypra, T.e. NI
71T KOTODPBIX BBITIOJHEHBI  CIefytomne cooTHomenus: || f||lp =
If*lz Nglle = llgll - Mssecrno, wuro mna  obobmennbix
MOTeHNUAaI0B Pucca BiiozkeHne

HE(R") C X(R") (1)

9KBUBAJIEHTHO OrpaHUYeHHOCTH oreparopa e [1], [2]. Kpome
toro, ontumasibioe I[INIT Xo(R") ana Bnoxenns (1) wumeer
SKBUBAJIEHTHYIO HOPMY:

111, (Ry) = sup / frgdt s g € Lo(R): [Ronclg]ll o, < 1

3neck Lo(R.) - MHOXKECTBO U3MEPUMBIX U TIOUTU BCIOIY KOHEUHBIX
Ha R, QyHKINI.
Teopema 1. Ilycts 1 < p < o0, }94—? = 1, u - m3MepuMasi PyHKIHSI,
0 < u < oo noutu Berogy Ha Ry, m qnat € Ry,

t

_ O/tu(f)d(f), u(t) = tp“tt /v

0

ol
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[TycTb BecoBble (DyHKIINK YAOBAETBOPAIOT YCJIOBHUSIM:

00 . o
A= t)dt
o || [ (75) v

0

p/

[(5) ) | <

o

I-p
B = sup V(t)ﬁ /M < 00.

t>0 TP

=

t

Torna onruMasibHOE H_I/IH J1J1 BJIOXKEHUS
H[(\;p(u)(Rn) C X(R")

nmeer sxsusatentyo Hopmy: || fll ¢ zey = | fllrea), tae

(0. ¢]

=1y () [P
w(t) = !

00 p+1
(V(t) + 7 pr/U(T)dT)
t
Onrumasbroe Bioxkenue (1) paccmorpeno u B pabore (3|, mis

HEKOTOPBIX JaCTHLIX caydaeB - B [1], [2]. B ommtume or paborsr [3]
HAMU HaKJIaIbIBAIOTCSA YCJIOBHS Ha BECa, KOTOPBIE MO3BOJIAIOT CHATH

/

v(T)dT

HEKOTOpoe TpeboBaHMe Ha sSIApO MOTEHIMaJIa, HaJoXKeHHOe B padoTe

3]
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Some new inequalities for the Fourier transform

A.N. Kopezhanova

L.N. Gumilyov Furasian National University, Astana, Kazakhstan
E-mail: Kopezhanova@mail.ru

Let

Fit) = \/% / f@)eda, € R,

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

Il ® < el fllz,m). (1)

1flle, @) < cllfllL, @) (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 = q = 2 (Plancherel’s theorem) but do not hold in general for
2 < p<oo.
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Let 0 < p,q < oo, M be the set of the segments [a,b] in R
and |e| = b — a. The net space Ny,(M) is defined as the set of all
measurable functions f such that the quasinorm

g = ([ (#Fn) ' F)" <o

for ¢ < oo, and

1_
1 £l o) = sup 7 F(t, M) < o0
t>0

for ¢ = oo, where f(t; M) := sup |—i|
le|>t
eeM

These spaces were introduced in [2| (see also [3]). In particular,

[ f(e)da].

the following result was proved:
Theorem A. Let 2 <p < o0, 0< g < oo. Then

[l ) < esll fll g m)- (3)

The inequality (3) complements the Hardy-Littlewood-Stein in-
equality. Similar results for the Fourier transform in the periodic
case were obtained in [3] and [4].

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
]/”\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

Vab(f) = S%PZ | f(xiv1) — f(xi)l,

where the supremum is taken over all partitions of [a, b]:
V:.a=xy<m<..<x,=b nez,.
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We say that the measurable function f(z) € V([a,b]) if V’(f) <
Q.
The main results read as follows.

Theorem 1. Let 1 < p < oo and f € Li(R). If f satisfies the

condition )
k P\P
(Z (2F%k<f>) ) < o0,
keZ

then ]?E L,(R) and the inequality

17z, < (Z (25%k(f>)p>;

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

Vor(f) < ¢ sup — /f €.
le|>2k 6‘
ecM

Then ||f||Lp < oo if and only if || fl|n, < oo and, moreover,

11z, = 1l cr

The author was supported by the grant no. 5540/GF-4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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On the L Hardy inequality
P.D. Lamberti

University of Padova, Padova, Italy
E-mail: lamberti@math.unipd.it

Given a domain €2 in R" and p €]1, oco|, we say that the LP Hardy
inequality is satisfied if there exists a constant ¢ > 0 such that
|ul” 1
VulPdr > d for all u € W,?(Q).
/Q| ul x_C/Qdistp(x,ﬁQ)x’ or all u 0 ()
The best constant c is called LP Hardy constant and is denoted by
Hy,(€2).

In this talk we present a few stability results, jointly obtained

with Gerassimos Barbatis, concerning the dependence of H,(€2) upon
variation of p and (), with special attention to non-convex domains
(in which case the value of H,(2) is in general not explicitly known).
We shall also present some results obtained with Yehuda Pinchover
devoted to the generalization to the case of C''® domains of a few
classical existence and non-existence results for the minimizers.
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CJI0KHOCTH perneToK KBa3mMHOT000Opa3uii
JJis MHOrooopa3uii KAHTOPOBBIX aJIreop

C.M. Jlynak

Eepasutickuti Hauuonasvrul yHuSepcumem
um. JI.H. lymunesa, Acmana, Kazaxcman
E-mail: sveta_ lutsak@mail.ru

B macrosimee BpeMs CI0XKHOCTb PELIETOK KBA3UMHOI00Opasuil
XapaKTePU3yeTCsd ¢ Pa3IMYHBIX TOYEK 3PEHHUsI. XOPOIIO H3BECTHBI
JIBE Mepbl CJIOXKHOCTH CTPOEHHUSI PEIIeTOK KBa3MMHOTOOOpa3Uii:
Q)-yuusepcasbiocts (o M.B. Cammpy [4]) u HeBbHHCIIMOCTB
MHOKECTBA BCEX MX KOHEUHBIX IMOjpernteTok (cBoiicTBo HypakyHoBa
|3| w mpparmonansHocTs o K. Xeppmanny). Hanmtawe B perrerkax
KBAa3UMHOI0OOpa3uil  KOHTHHYYMa  3JIEMEHTOB,  He  HMEIOIINX
OKPBLITH, TaKXKe TOBOPUT O CJIOXKHOCTU CTPOEHUS STUX PEIIeTOK;
B 9TOM CJIydae CyIIeCTBYeT KOHTUHYYM IOJKBA3UMHOI00Opas3uil
JIAaHHOI'O KBasuMHOrooobpasud K, He HMeIuX He3aBUCUMOIO
0asuca KBasUTOXKIECTB oTHOCHTEIbHO K.

HamomunMm, uto ki1acc K anrebpandeckux cucreM (pUKCHPOBAHHOI
CUTHATYDPLL O, aKCUOMATU3UPYEMbIi ¢ I[OMOIIBIO HEKOTOPOI'O
MHOXKECTBA TOXKJECTB |[KBA3UTOXKIECTB, COOTBETCTBEHHO| TOM Ke
CUTHATYPBI, HA3BIBACTCA  MH02000pa3UEM  [K6a3UMH02000pa3UEM)
|1, c. 15]. KBasumuoroobpasme, 3aMKHYTOE OTHOCUTEILHO
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roMOMOPQHBIX 00paz30B, dBjgeTcd MHOrooodpasueM. MHOXKeCTBO
KBA3UTOXK/IECTB, UCTUHHBIX BO BCEX CHUCTEMax U3 JIAHHOTO KJIAcca
K, naswiBaerca xeazusreayuonasvrot meopueti K n obosnadaercs
T,(K).

[Iyerb K — kBasumuoroobpasue n K’ — mHekoropoe ero
pacmmpernne.  Mser roopum, uro mnomMHoxkectBo - C T (K)
ectb Oasuc T,(K) omnocumenvno K' nimm basuc weasumoorcdecms
K omuocumeavrno K'; ecru K = K' N Mod(¥). Basuc
> ana K ornocmrensno K’ masoiBaerca  komeurnvim, ecam X
KOHEYHO, U He3a6UCUMbLM, €CIH g Jodoro ¢ € X Hajijercd
cucrema A € K’ makag, ato A E X\ {¢} u A E -
|1, c. 90]. Kgsasumnoroobpasue K wnmeer mnesasucumvits basuc
K6a3UMOCIecms, eC/ii CyIIeCTBYeT MHOXKECTBO Y KBA3UTOXKJIECTB,
takoe uro K = Mod(X) u K # Mod(X \ ) mis moboro ¢ € X
|1, definition 5|. MHOKeCTBO KBa3WTOXKIECTB Y HA3BIBAETCA W-
nezasucumsLmM oTHOCHTETBHO Kitacca K, ecsn cymecTByer paszbuenue
Y = U,e,Xn Taxoe, uro 3, # @ u KN Mod(X) # Kn
Mod(X\ X,,) st Becex n. JI1oboit GeckoHeTHBIN HE3aBUCHMBbIT HA3HC
KBAa3UTOXK/IECTB SABJISETCS W-HE3aBUCUMBIM; 0OpATHOE yYTBEPKICHUE
re Bepuo |1, ¢. 320].

[lepBele  mpuMepbl  KBa3UMHOrOOOpasuif,  He  UMEIOIINX
He3aBUCUMOro 0a3mca KBa3sWTOXKJECTB, & TakyKe 0oJiee CIIOXKHBIE
IPUMEPBl  MHOrooOpasuif ¢ aHaJOTHYHBIM CBOHCTBOM ITOCTPOEHBI
C TmoMombio  ciaedyomero  yreepxkiaenus B.A.  TopbyHosa.
[Iyctb K — kBasumHorooOpasme; [jisi 0003HAUEHUST PEIIeTKN
kBasuMHoroobpasuit K ncnosbsyercs samucs Lg(K).

Teopema 1. [1,  npedaooicenue  6.5.1]  Iyem» K — —
npou3sosvHoe  Keasummnozo0bpasue u Ko — ez2o0 cobcmeenroe
noodK6a3UMHO2000PA3UE. Feau Ko umeem  beckoneurvid
nezasucumoulll  basuc keazumosicdecms ommocumervio K,  mo
dad mobozo xeasummnozootpasus Ki € Lq(K), codeporcawsezo Ky u
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KOHEUHO AKCUOMAMUIUPYEMO20 omHuocumervio K, wucio nokpvmud
Ky s Lq(Kl) beckoneurno. Anano2uvnoe Ymeepicoenue 6epHo s
mootcdecms.

B pab6ore |1, theorems 5, 6, 7| ObL10 M0Ka3aHO, UTO ONpeEIETEHHBIE
()-yHuBepcaJibHble  KBa3UMHOI0O0Opasus  COJepKaT  KOHTUHYYM
IIOJKBAa3UMHOT000pasnil, He UMEIOIUX He3aBUCUMOI0 0a3uca
KBa3UTOXKIECTB. A WMEHHO, JTAaHHBII pe3yJabTaT ObLI yCTAHOBJIEH
IUId  MHOroobpasms Bcex auddepeHnuaibHbIX — I'PYIIIONJIOB,
KBa3UMHOI'000Pa3usi BCeX OPUEHTUPOBAHHBIX I'padoB, MHOr00Opasus
BCEX TOUEYHBIX ADOeIeBBIX T'PYIII.

Ilyctb n,m € ZT un > m > 1. Pacemorpum muoroobpasue C,,,
CUT'HATYPBI, COCTOAIIEN U3 M-apHbIX (DYHKIIMOHAJIBHBIX CHMBOJIOB
Q1,...,0p, W N-apHBIX (QYHKIMOHAJBHBIX CHMBOJIOB Af, ..., Ap,
oInpeeaeHHOe TOXKIeCTBaAMU:

Loaj(M(1, ), oo ATy, o)) =2, 0= 1, ... m;
2. Nj(on(xy, .y xm), o2, Tg)) =, =1, 000, m.
Cnemya [6], wmbr  HasbBaem C,,,-aaredpsl  KaHMOPOGHIMU

anzebpamu. M. C. Ilepemer mokaszaj, 4dro MuHoroobpasud C,,,,
n > m > 1, KaHTOpPOBBIX anrebp (Q-yHuBepcaybHbl |5, theorem
3.2]. B pabore M.B. Illsugedckn |7, c¢. 395| ycranosyen dakr
TOI'O, 4YTO B 3TUX MHOI000pasugx CYIIECTBYET IIOJKJIACC CUCTEM,
obamatonuii  omnpenesieHHbiMu  cBofictBamu  (Fy)—(Py); T.e.  9Tnm
muOTO0Opasus apisitorcd A D-kipaccamu. B pabore |3, Teopema
3] 6bL10 MokazaHo, [uto MmuHOrooOpasug C,,, KaHTOPOBBIX ajredp
coJiepaKaT KOHTHUHYYM COOCTBEHHBIX IIOJKJ/IACCOB,  00JIaIafOIINX
CBOMCTBOM HeBBIUMCAMMOCTH HypakyHoBa, HO, TeM He MeHee, He
SIBJISIOIIUXCsT (Q-yHUBEPCAIbHBIMU. ABTOPOM JIOKA3aHO, UTO KarKJI0€
takoe MHOrooopasme C,,,, n > m > 1, comep:KUT KOHTHHYYM
MOJIKBA3UMHOT000pa3nit, He WMEIONX He3aBUCUMOro 0Oasuca
KBa3WTOXKIECTB, HO UMEIOIINX W-HEe3aBUCUMBII 6a31MC KBa3UTOXK IECTB
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orHocurebHo C,,,, M. Teopemy 2. Ilpu jgokasaresberse HaHHOTO
dbaxTa uCoB3yTCa uaen u3 paborsr [1].

Teopema 2. Mnozoobpasue C,,,, 1 = m = 1, xaumoposvx
anzebp  codeporcum — KOWMUHYYM  nodKea3uMmo2000pasut, e
UMEIOWUT He3aBUCUMO20 0a3UCAL KBA3UMONCIECME, HO UMENULUL
w-He3asucuMbLl baszuc xeasumosicdecmes omuocumenrvio C,,,.

[Tony4dennble pe3yabTaThl HMMEIOT TEOPETHYECKN XapaKTep
M MOIyT OBbITb WCIIOJB30BAHLI B JAaJbHEMIINX UCCIEI0BAHUIX.
[IpencraBiager wmHTEpec BOIMPOC O TOM, [JId KakKux eme (-
YHUBEPCAJIbHBIX KJIACCOB ajirebpaniecKux cucTeM OyIeT cIpaBejl/iiB
pe3yJIibTaT TeopeMbl 2.
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O MyJIbTHUILIMKATOPAX B BECOBBIX
mpoctpancTBax CoboJieBa

JI.LK. Kycannosa', A.X. Mbip3arasuesa', 9I.T. Cynranaes?

Y Eepasutickuti nayuonarvrud yrusepcumem um. JILH. Dymunesa, Acmana, Kasaxcman
E-mail: leili2006@mail.ru,
E-mail: mir_ arqul@mail.ru

3 Bawsupckuti 20cydapemeennonti nedazozuneckull yrusepcumen
um. M. Axmyano, Ypa, Poccus
E-mail: sultanaevyt@gmail.com

[Tycty E, F' — banaxoBbl nmpoctpancTBa yukKimii f: R" — R.
Oyuknuio v: R” — R HasbBaooT (TOYETHBIM) MYJIBTUILIUKATOPOM,
neticteytomum B mape (E,F), ecm ~vf € F nana scex [ €
E. Yepes M(E — F) Oyaem o0o3HauaTh MPOCTPAHCTBO BCEX
MYJIBTHILTAKATOPOB 7y B mape (K, F'), yIoBIeTBOPSIOMNX YCIOBHIO:
cymecTByeT mocrostaHad ¢ > 0 takadg, arto ||vf|r < c|fllg maa

Bcex f € E. Ecm v € M(E — F), To onepaTtop yMHOXKEHUs

def
Ha 7y orpaHmieH Kak oreparop u3 E B F. Ionoxmu ||v; E — F|| =

T3 E—=F|, Ty="y, ye E.
B paboTe mosy4enbl ONUCaHUS MYJILTHILIIKATOPOB 7Y B BECOBOI
ape (W]ﬁm, Wi, tie 1 <p < oo, 0 <m <[ -memple, w=v"""7,

v* — opna u3 "Gerymux cpenuux” Orenbaena (cm. [1]),

v () dﬁfsup{h>0: hlp_"/ vgl},
Qp ()

U TIOYTH BCIOJy TOJIOKUTENbHASA JIOKAJIbHO Ccymmupyemas B R”
dynkuus (sec).  Hepes W) (W) obosnauaercs LOLO/IHEHHE
MHOKecTBa pyHKIMit C§° 110 HOpMe

1 1
o , /p , /p
|w; W, || = (VulP dt + lu|Po(t) dt
1/2

(o mopme [|u; WTL|)), e |[Viu| = | 32 |D%ul? . Hepes W

Joc
la|=l
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obosHauaerca mpocrpancteo {u: nu € W' ana scex n € Cg°}
(em. [2]). Hamee I"™ — coBokymHOCTD Beex KyOoB Bua () = Qp(x) =
{y e R": |y; — x| < %,i =1,...,n}.

B pabore ObLim BCIOIB30BaHbI OMUCAHUA IPocTpancTs M (W]ﬁ —
W) ma mape npocrpancts Cobonesa (cm. [2]) m oama Teopema o
JTBOWHOM MOKDBITUE TI0 TUIY TOKpBITHI Besnkosmua-I'y3mama (cum.
13]). B |2] 6p110 moKazamo, aro mopma

lys MW, — W) ~ C,

Vony;Lp(e sLp(e :
e upu 1 < p <nfl C, = sup (lap(ng)(ljﬂ + Cap|(|z;m/jl)(—7”)fj|)l/p> )

{d(e)<1}
C, = sup |y, W(By)| ecmm Ip > n. {Bi} — MHOXeCTBO
{B1}
pcex mapoB By = B(x;1) B R", {d(e) < 1} wmHOXKecTBO Beex

komnakrop € C R" juamerpa d(e) < 1. Emkocts cap(e, W)) =
inf {[lu; W)|IP, v e Cf°, u>1mnae}.
Ecmn 0 < v*(z) < co m. B. B R", T0o v* MOPOKIaET MOKPHIBAIOIIEE
cemeiicto Kybos B = {Q*(x)}, rne Q" (x) = Qn(x) ¢ h = v*(z).
Kak usBectro, Bec p B R" ynosierBopster ycaoBuio (As), ecin
HaiayTed Takne 0 < 0,7 < 1, uro myidg Beex () € "

ple) < 7p(Q) kax Tombko e C Q, el < §|Q)|. (1)

Bamuck p € A% Oyer 03HAUATH, YTO BEC p YIOBJIETBOPSET YCIOBUIO
(1) ma kybax Q C Q*(x) (ecsim 0 < v*(x) < o0, z € R").

[Tycrs v € W, Kaxaomy Q*(x) cootecem 1mciio

n/ 1/p
Ki(2) = '(z) ( /Q \vmwdy)

l 1/p 1
e 0@ ([ ara) o= e
[Tycrs K7 = esssup K7 ().
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Teopema 1. Ilycmv 1 < p < 00, 0 < m < [ — ueawe, Ilp > n.
[Tyemo eec v € A%, Tozda M(W), — W) = M(Wl

W) = {7 €
W)l ~

[Tycrs v € W, Hyers 0(-) € C'(Q1), @1 = Q1(0), 0 <0 < 1,
6 =1 Ha %Ql Kyby () coorHeceMm BeJTMIUHY

*lp

pioc: K5 < 00} My omos |17 (Wé,v

Tl = 2 (/ [Vin(0:)|" dy /cap(e; Wzﬁ)) s

eC%@

1/p
; ( JRee W)) |

e 0.(y) = 0(h(z) " (y — x)). Tycrs RE ;= esssup R, o(Q* ().

Teopema 2. [lyemv 1 < p < 00, 0 < m < | — yeawte, Ip < n.
I[Tycmv v < oo n.e. 6 R" u, x momy owce, v € A% . Tozda
{v € Wie: Ry < oo} C MW, — W ). Hpu omom
Hf% (W]ﬁ,v — Wzﬁ)*—m]?)H < R%H

. l
B pabore Taxcke moydens omenku Hopwmbl ||y M(W,,  —
W )| CHU3Y B aHAJIOrMMHBIX TepMUHAX.

3ameuanne 1. [lna mapor (W! W), Toe v € AL,

pr—lp? T pu*Tmp
M3BECTHBI OIMUCAHUS MHTEPIOJSINOHHBIX HPOCTPAaHCTB IleTpe (CM.

13]).
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O tpuronomerpmieckux pgaaax @ypbe pyHKImi
13 NPOCTPAHCTB JInnmmuina

A.b. MykanoB
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E-mail: mukanov.askhat@gmail.com

B pabore paccmarpuBaerTcs TpuroHoMeTpudeckuit pag Oypoe
oo
Z(an cosnx + by sinnz), x € [0,27] (1)

n=1

nHTerpupyeMoit yuknuu f(x).

Hnsa pana @ypoe (1) ¢ monoTonHBIME KO3 dunuentamu [
Jlopenr; B cratbe [3] (cm.  Taxeke [1, I'n. 2, §3]) ycramosun
CJIEJIYIOIIYIO TEOPEMY.

Teopema 1. IlTycmo {a,}5%, {b,}°2, — wnesospacmarouue
nocaedosamenvrocmu. Tozda dasa awbozo 0 < a < 1 caedyrousue
YCAOBUSA IKEUBANCHIMHDL:

f € Lip (2)
1
ap, by = O (naH) npu  n — o0o. (3)

Yepes Lip a 0603HaUEHO MPOCTPAHCTBO JInmmmiia, T.e.
Lip o = {f € C[0,27] : w(f,d)cp0,2m < 050‘} , O0<a<l,

riie W(f,-)cp,2x — MOIYb HEIPEPEIBHOCTH (YHKIH f.
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Herpysano nokasars, aro yciosue (3) g MOHOTOHHBIX {ay, oo,
{b,,}5° | 9KBUBAJIEHTHO yCJIOBUIO:

1
If = Sullcioem = O (—a) npn- n — 00,

n

re depes Sy, () obosHaueHa n-as dyacTudHas cymma psiga (1).

B memasmeit pabore [2] M. pguenko n C. Tuxonos BmecTo
MOHOTOHHBIX ITOCJIEIOBATEILHOCTEN PacCMOTpen 0OoJjiee IMHPOKHit
KJIacC 000DOIIEHHO MOHOTOHHBIX II0CjenoBaTesbaocTeit GM.

Ompenesieane 1. Bymem roBopuTb, dYTO IOCIEI0BATENILHOCTD
{c,}5°, obobimenno MoHOTOHHA (Wau mpuHaIEXRUT Kiaaccy GM),
eC/IM CYHIeCTBYIOT KOHCTaHTH C' > 0 A > 1 Takne, 9T0 A1 JHOOOTO
n > 1 BBIIOJIHSIETCA HEPABEHCTBO

2n C An
D e —anl < EZ [kl
k=n k:%

B BrIpakeHuun cipaBa CyMMHPOBAHNE BeIeTCsd 10 BCEM IeJIbIM k U3
OTpe3Ka [%, )\n].

B pabore [2] Obu1 0606mmen pesyabrar I. Jlopenia Ha Kiacc
0000IIIEHHO MOHOTOHHBIX II0CJIEL0BATEILHOCTEN.

Teopema 2. [Tycmv {a,}22, {bn}22y € GM. Tozda das 06020
0 < <1 caedyrowue Yyeaosus IKGUSAAECHIMHY:

1. f e Lip «;
2. |ay], |bn| = O (#) npu n — oo.
B mannoit paboTe ycTaHOBIEHA CJICIYIOIMIAsT TEOPEMA.

Teopema 3. [Tycmv {a,}22,, {bn}22y € GM. Tozda das 106020
0 < a <1 credyrowue Yyero6us IKGUGAACHINIHDL:

1\ f = Sullcioen = O (n%) npu N — 00;
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2. an), by = O (571)  mpu 1 — oo.
3 Teopem 2 n 3 moyvuaeM CIeICTBUE.

CaenctBue 1. ITycmo {a,}52, {0,152, € GM. Tozda das a0bo20
0 < a <1 caedyrougue yerosus IKEUCLAEHNHDL:

1. f € Lip «;

2. 1f = Sullcpan =0 (55) npu n — oo

3. |an|, |bu| = O (=571)  mpu 1 — oo.

Pabora seimorena mpu mnogaaep:kke MOH PK (rpant no 3311
['D4).
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Least squares estimator asymptotics for vector
autoregressions with deterministic regressors

K.T. Mynbaev

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: kairat_mynbayev@yahoo.com

We consider a mixed vector autoregressive model with determinis-
tic exogenous regressors and an autoregressive matrix that has char-
acteristic roots inside the unit circle. The errors are (2+¢)-integrable
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martingale differences with heterogeneous second-order conditional
moments. The behavior of the ordinary least squares (OLS) estima-
tor depends on the rate of growth of the exogenous regressors. For
bounded or slowly growing regressors we prove asymptotic normal-
ity. In case of quickly growing regressors (e.g., polynomial trends)
the result is negative: the OLS asymptotics cannot be derived using
the conventional scheme and any diagonal normalizer.

We consider the asymptotic distribution of the OLS estimator of
matrix parameters A and B in the vector autoregression

yy=Ax; + By + e, t=1,...,n,

where y; and e; are random and x; are deterministic vectors. The y;
are observed and the unobserved errors e; are martingale differences.
The purpose is to develop an asymptotic theory of vector autore-
gressions with assumptions on the deterministic regressors general
enough to include various special cases (e.g., polynomial and loga-
rithmic trends), with possible discontinuities arising in the theory of
structural breaks.

The framework is based on the L,-approximability theory |6] pre-
viously applied to a scalar autoregressive model [5] y; = ax;+Sy:—1+
e;, t=1,....,n, (o and § are real parameters). The results presented
here are partially new even in this special case and show that vector
autoregressions require quite different techniques than spatial models
8], [9] and static models with slowly varying regressors |7|. Because
of space limitations, in this paper we consider only the stable case
(when the characteristic roots of B lie inside the unit circle |A| < 1).
[13] and [10] give an idea of the state of affairs in the unstable case.

A detailed comparison of our results with [1]|, along with some
methodological remarks, is provided. To investigate a model with
polynomial trends, [12] have suggested a linear transformation. How-
ever, that transformation uses unknown coefficients and therefore is
not feasible. Our asymptotic result in case of polynomial trends is
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negative in the sense that the Anderson normalization does not work.
We also show that the derivation of the asymptotic distribution of
the OLS estimator for an autoregression with a linear trend given in
|4, Section 16.3] contains an error.

There have been other suggestions to model deterministic regres-
sors. Omne approach is appropriate for studying consistency of the
OLS estimator; see [10] for the details and history. Another has
been proposed in [2] in the context of nonlinear models. Finally,
Phillips [11] has employed properties of slowly varying functions |[3]
to model asymptotically collinear regressors. Mynbaev [7] has shown
that all sequences of weights arising in the Phillips approach are Lo-
approximable.

The author has been partially supported by the grant 4084-GF4
from the Ministry of Education and Science of Kazakhstan.
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Wayvelet bases and entropy numbers of Hardy operator
M.G. Nasyrova', E.P. Ushakova??

L2Computing Center of the Far Eastern Branch of the Russian Academy of Sciences,
Khabarovsk, Russia
3Peoples’ Friendship University of Russia, Moscow, Russia
E-mail: 'nassm@mail.ru, 2elenau@inboz.ru

We obtain upper estimates on entropy numbers of a compact
Hardy integral operator in weighted spaces of Besov type with small
smoothness parameters.

Let 0 < p,q < 00, —00 < § < +00 be parameters and w = w(x)
be an admissible weight function. Following [1,2|, we consider the

(unweighted) Besov spaces B; (R) and its weighted generalizations
B (R,w) on R.
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For f € LL (R) we propose the Hardy integral operator

loc
H(w) = Xooo@) [ F)d, (1)
0
acting from BSl, (R) to B:2, (R, w,?), where wo(z) = (1 + |z]?)*/2,
o > 0, is a polynomial weight. When the mapping H : B!, (R) <

B2, (R, w_ ') is compact, we study behaviour of its entropy numbers
er(H). Remind that for k¥ € N and a continuous operator T' between
quasi—-Banach spaces A; and A, the k-th (dyadic) entropy number
er(T) of T: Ay — As is the infimum of all numbers € > 0 such that
there exist 271 balls in Ay of radius € which cover TU;, where Uj is
the unit ball in Aj;.

For obtaining our results we follow the well-developed concept of
wavelet bases in B, (R, w) spaces [3] and reduce the initial problem
for the Hardy operator in function spaces to the corresponding trans-
formation in sequence spaces. The crucial point of this investigation
is a choice of the two particular wavelet bases specially related to
each other and the Hardy operator.

The main result is the following

Theorem 1. Let 0 < ¢4 <00, 0 < @ <00, 1 < py <00, a >
L+ 1/py and 1/ps — 1 < s9 < 1/py. Suppose that 1/2 < p; < oo and
1/py < sy <14+min{l,1/p1}. Put

1 1
5::31———<32—1——).
b1 P2

Then the operator H : Bt (R) — B2 (R, w_. ') of the form (1) is

P1g1 P22
compact. In addition,

(i) if 0 + 1 < « then
er(H) < k-7t keN;
(i) if 6 +1 > « then
en(H) < ke Hm=L/pm) e N,
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(ii1) 4n the case a—1 =6 and with T := 81—82—|—1—|—é—é we have

the following estimates:
er(H) < k=51- 82+1>(1+1ogk) >0, 1<keN,
er(H) < k=G0 Lloglogk)n, 7=0, 1<keN,
en(H) <k =) 720 1<keN.

The research of the second author was supported by the Russian
Science Foundation (project RSF-DST: 16-41-02004).
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06 omxaoM BecoBoM mpocTpaHcTBe CoboJjieBa Ha IIPAMOIi

J1.B. IIpoxopoB
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E-mail: prohorov@as.khb.ru

[lycre I == (a,b) C R, 1 < p < o0, LP(I) 0bo3HAYAET

npocrpancrso Jlebera ¢ mopmoit || flly = (J; \f\p) Li (1) —
MPOCTPAHCTBO BCEX JIOKAIBHO CyMMmpyeMbix Ha | dymrkmmit. ITycTth
Vo(l) = {v € Ly () : v > 0,||vllpy # 0} Obosuauum
qepes W1110c(] ) TIPOCTPAHCTBO BCEX d)yHKLLMM u € L (I), umetommux
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obobmennyto npoussoanyio Du € Li (I). B pab6orax [1, 2, 3]

loc
N3yJaJICh CBOMCTBA BecoBoro mpocrpancTa Cobosena

Wy (1) = {u € Wiy () : ullwyry < o0},

p

rje

HuHWZ}(I) = |lvul||ocr) + [l pDul| o(ry,

%peWU)%eHXA<D

loc

n €ro mnoAIpoCTpaHCTB

e]e)

Wpl(]) = {f € AC(I) : supp f xommakt B I, |[vf| 1n(1)
+ Nof ey < oo}

Wy (1)

u Wi(I) = WHI) — sampkarmne W) (1) 8 W (I). [oxnaz
MOCBSIIEH HEKOTOPBIM DEe3yJIbTaTaM, [OTOHSIONMM DPE3YIbTaThI
pabot |1, 2, 3.
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Hardy and Rellich type inequalities
on the complex affine groups

B. Sabitbek! 2

Lnstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Kazakh National University named Al-Farabi, Almaty, Kazakhstan
E-mail: b.sabitbek@math.kz

Abstract. In this paper, by using properties of the fundamental
solution of a canonical right-invariant Laplacian, versions of Hardy
and Rellich type inequalities are proved on the complex affine group.
et G = C x C* be the complex affine group. Here and after C*
is the multiplicative group of nonzero complex numbers. The group
composition law of the complex affine group G is given by

(z,y) o (2',y) = (z + ya', yy')

for all .2’ € C and y,y" € C* and the notations x := ¢ + is and
y = 7 4 i will be also useful in our analysis. The complex affine
group is a Lie group and let us denote its Lie algebra by g.

We now fix a basis { X7, Xo, X3, X4} of g such that

0 0 0 0 0
Xl—a, Xg—ta+8%+75+§a—g
0 0 0 0 0

Xy= =, Xj= s+l — o T

s’ ot 9s Oor O
These right invariant vector fields correspond to the canonical basis
elements of g. Therefore, the (sub-)Laplacian

4
Ax=-> X},
j=1

is called a right invariant canonical Laplacian of the complex affine
group G. The fundamental solution of the Laplacian Ax was com-
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puted explicitly by Gaudry and Sjogren [5] in the following form

1 ly|?
Am? |2+ |1 —y|>

E =

This explicit formula plays a key role in our proofs. We will also use
the notation of the right invariant (canonical) gradient in the form

Vx = (X1, Xy, X3, Xy).

The right-invariant and the left-invariant Haar measures on G are

defined by

dy dy
duy = de—%, dpy = do—2-
[yl [yl

with the modular function m(z,y) = |y|* , respectively. In addition,
one has the integration rules with respect to the modular function

/ F10)dpu(n / F(m)dpu(n
/ FrYym ™ ()dgu(n / F(m)dpu(

Theorem 1. Let « € R, a > 2 — 3, B > 2. Then the following
version of the Hardy inequality s Ualzd.

/ Sﬁ’VXuyz d,LLl >
G

—2\? [ a2 1
<5++) /52§\VX5215\2\U\2M, (1)
G

for any u € C°(G), where Vx = (X1, Xo, X3, X4).
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Henuneiinviii 1ndpdepentmanbubiii oriepaTop
B recCMaHaXx 1 ero IpuMeHEHud B U3y4YeHnn
m~-cyorapMoHnYecKnX (pyHKITHii

A. Caaynnaes ', B.M. A6ayiiaes 2

U Hayuonaavnwti Ynusepcumem Ysbexucmana, Tawxenm, Yabexucman
sadullaev@moail.ru
2 Vpeenuckuti 2ocynusepcumem, Ypeenu, Yabexucman
abakhrom1968@mail.ru

B Teopun moreHrmaios oueHb BayKHbI U3YUEHNE CJICLYIOINX JBYX
KJjaccoB (pyHKIuUil: Kiaacc m — sh pyHKumit u xKjaacc m — wsh
byuxiwmit, (1 < m < n). [Jdnga gsaxkaer riagknx QyHKOO u €
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C? (D) B obactu D C C" oHu onpeestioTcst YCIOBUAMU:

(ddw)" AB"F >0V k=12 ..m (1)

ddu N "™ >0, (2)

rie B = dd°|z|*.

Hesmneitunit - guddepentmanbupiit  omneparop (ddu)™ A [
Ha3bIBAETCS 2eCCUaHOM nopadka m Gyukuun u. Haspanue oneparopa
ompaBmano TeMm, 4To ecaum A (u) = (A (u),..., A\, (u)) — BekTOD
COOCTBEHHBIX 3HAUEHUI SPMUTOBOI MaTPUITHI (uj’,;;) (KB&ILp&TM‘IHOfI
dbopmbr ddu = %Z}; u;pdz; Nd Zk), TO

i

(ddu)" N "™ = m!(n—m) H,, (u) ", (3)

rie H,,(u) = Zl§j1<...<jm§n Ajj---Aj,,— TecCuaH LOPsKa 1M BEKTOPa
AMu) € R"  Ormermm, uro mpu m = 1 omeparop dd‘u A
"1 mpespamaerca B omepaTop Jlammaca W MBI B KadecTBe 1 —
sh dysKIMKM 10ay4aeM OOBIYHYIO CyOrapMOHUYECKYIO (PYHKIINIO,
Hl(u) = )\1 + ...+ >\n .

Kimacc m — sh dysximit nuzydensl B paborax A. CaaymiaeBa u bB.
Abaymmaesa [1,2], Z.Blocki [3], S.Dinev, S.Kolodziej [4], H.Ch.Lu [5]
u Jp. m — wsh OYHKIUNT PaCCMOTPEHbI 1 IPUMEHEHBI B BBIIIYKJIOM
reomerpun B cepun pabor F.R.Harvey and H.B.Jr.Lawson (cm. 0630p
6]), M. Verbitsky [7] u ap.

Tak:ke KakK B KJIACCHYECKON Teopuu IOTEHIMaJa,  J1Jis
MHTEIPUPYEMbIX,  IOJIYHEIPEPBIBHBIX  CBepxy  (DYHKIUN  3Tn
OIIePATOPHI OUPEJIENIAIOTCA B 0000meHHOM cMbicyie. OIHUMU U3
OCHOBHBIX IIOHATHUM B Teopun m — sh u m — wsh GyHKINI SBIAIOTCS
MIOHATHE eMKOCTH KOHJEHCaTopa U IOHATHE MAaKCHMAaJbHBIX
hyHKINNA, FBISIONErOCS aHAJONOM TapMOHMYEeKnX QQYHKIUH B
KJIACCUYIECKON TeOPHUH IIOTEHIIAIA.
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Teopema 1. Qyuxyus u(z) € m—sh(D) asasemes makcumansorot
moz2da 1 MmoAvko mozda, koz2da Hesurelnvil Juddepenyuanvrvii
onepamop 6 zeccuanax (ddu)™ A B = 0.

Takum obpasom, omeparop B reccuanax (dd“u)” A "™ urpaer
OCHOBHYIO POJIb B U3ydeHnn Kjaacca m — sh ¢pynkmuii. Ha 6aze sToro
OIlepaTopa BBOAUTCI €MKOCTH KOHIEHCATOPa: MyCTh /X — KOMIIAKT B
obstactu D C C". Torma Bejiranna

Cn(K,D) = /(ddcw*(z, K,D))" Ap"™ (4)
D

HasblBaeTcd — m-  emxocmuvio  kondenwcamopa (K, D). 3nech
w*(z, K, D) asngerca m — sh wmepoit kommakTa K OTHOCHTETHHO
ooactu D. Ilpu momorum emxoctu Cp,(K, D) u ee cBoiicTBa majiee
JTOKA3bIBAIOTCA BCE OCHOBHBIE TeOpeMbI Kitacca m — sh( D) Takue, Kak
KBa3MHEIIPEPBIBHOCTL M — Sh DyHKIINIL, TIepBas 1 Bropas IpobIeMbl
Jlesmona u T.1I.

Kmace m — wsh &yaKIMit nMmeer 0OoJiee  HaTIATHIOI
PeOMETHYIECKYI0 WHTepIperanuto: ecan u € m — wsh(D), To
Cy’KeHUe U1 sIBJIAeTCs CyOrapMOHNIeCKOi (QyHKINEH B TTepecevdeHrn
[T D nnsa moboit miaockocetn I, dimll = n—m+ 1. Makcumanbmbie
m — wsh GyHKIUN CBA3aHBI C OIIEPATOPOM B reccraHax

M, = H ()\jl + ...+ )‘jn—mH)' (5)

1<ji<..<Jp—m+1=n
B ornuume or mpeammymiero ciaydasg m — Sh QYHKIUNA, 3TOT
oIepaTop He siBjsieTcd JuddepeHuaIbHbIM OllepaTopoM. B cBssn
C 9TUM HUMEeTCd PsiJi TPyAHOCTeHl B M3ydeHUM Kjacca m — wsh
dyukuuit. B gacrHoCTH, clepyroniag mpobdiaemMa, ABIIAIOIIEHc II0Ka
OTKPBITBIM, PEIIeHne KOTOPOH MMEET BaKHYIO0 pPOJIb B IIOCTPOCHHU
TEOpUN MOTEHIMAJIa B Kjacce m — wsh QyHKINIL.
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[Ipobaema. fpiserca qm yciaosue M, (u) = 0 kpurepuem
MaKCUMAJIbHOCTH PYHKINNL U € m — wsh?

Tem He MeHee, Jj1sT Mmw— BBIMYKJIBIX (PETyIdHbIX) obsacteit D C
C" umeer mecTo
Teopema 2. Ecau D C C"— cmpozo mw—ewvnykiad obaacmsb, mo
6 nel paspewuma sadaywa Jupuzae ¢ 110000 eparnuimnots dannot © €

C(0D) m.e. 3 marcumanvnas dynxyus u € m —wsh(D) () C(D) :
ulop = .
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Hardy-type inequalities in discrete fractional calculus

S. Shaimardan

L.N. Gumilyov Furasian National University, Astana, Kazakhstan
E-mail:serikbol-87@yandex.kz

Let h > 0and 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

f0n(t)) — f(t)
2 , teT, (1)

Dyf(t) ==
where 0;(t) =t + h.

Definition 2. (see [1]) Let f : T, — R. Then the h-integral (h-
difference sum) is given

b b/h—1 bra_
/f@ﬂw:=§:f%Mh= fla+ kh)h,
u k=a/h k=0

fora,b e T, :b> a.

Let DyF(z) = f(x). Then F(x) is called an h-antiderivative of
f(z) and is denoted by [ f(z)dpz [2]. If F(z) is an h-antiderivative
of f(z), for a,b € T, : b > a we have that

b
/ﬂ@@m:F@—FM) 2)

Definition 3. (see [1|) Let t,a € R. Then the h-fractional function
is defined by

@) _ pa LG+

hooT f )
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where I' is Euler gamma function, + ¢ {—1,—2,—3,---} and we use
the convention that division at a pole yields zero. Note that

lim t( o = o,

h—0

Our main result reads:
Theorem 1. Let o < =L and 1 < p < oo. Then the inequality

:L, p
o t)dt
/ QZ( 1) / <()a)h dhl' S
th
0

[p P ] ]O P, 20, (3

—ap—1
0

P
holds. Moreover, the constant [p_fp_l] is best possible in (3).

Theorem 2. Let o < =2 and 0 < p < 1. Then the inequality

o () P

—1 P _
[N P U0 PR
p / ty

P
holds. Moreover, the constant [71 — oz} is best possible in (4).
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Characterization of associate function spaces

V.D. Stepanov
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We analyse the problem of characterization of function spaces as-
sociated to a given function spaces. The situation is rather different
for an ideal and non-ideal function spaces. We provide several exam-
ples of such a characterization including the weighted Sobolev space
of the first order on the real line. As an important corollary this char-
acterization provides the principle of duality allowing to reduce, for
instance, the weighted inequalities to a more menageable inequalities.
AMS Mathematics Subject Classification: 26D10, 46E30, 46E35
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Horizontal functional inequalities
on stratified lie groups

D. Suragan

Lnstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail:suragan@math.kz

[ will talk about our recent results with Michael Ruzhansky which
establish versions of horizontal weighted Hardy-Rellich type and
Caffarelli-Kohn-Nirenberg type inequalities on stratified Lie groups
and study some of their consequences. Our results reflect on
many results previously known in special cases. Moreover, a non-
commutative version of the Badiale-Tarantello conjecture (on the
best constant of a Hardy type inequality) is provided. If time permits,
I will also discuss boundary as well as remainder term improvements
of the obtained inequalities. This talk is mainly based on the follow-
ing series of papers:
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Recovery operator of periodic functions from
the spaces SH,, SW}

N.T. Tleukhanova!, E.D. Nursultanov?

LL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: tleukhanova@rambler.ru

2M.V. Lomonosov State University, Astana, Kazakhstan

Let (X,Y) be pair of functional spaces of 1-periodic functions.
Assume that X embedded in C[0,1]". Our aim is to find the nodes
{t; 1L, and functions {¢y(x)}2,, such that the error

Su(X,Y) = sup [Ifr— Zf (1) dn ()
I fllx=1
will be minimal when order M increase.

The problem of recovering of the function from the classes with
dominant mixed derivative is considered in many works. In [1] and
|2] the order of the error of recovery operators in the power scale is
achieved by orthodiameter:

M
dy(X,Y)= inf sup |f Z f-9)9ill,
{oi L Ifllx =1 j=1

where the exact lower bound is taken over all orthogonal systems
{g;};L from Lo [0,1]™
The aim of this talk is to construct a recovery operator for which
the error coincides with the order of the corresponding orthodiameter.
For a function f € C|0, 1]” we define the transform

Z Z f 2/<; )Pk (T )> (1)

keNn O<r<2k
¢k77”<$) = Z (_1)23 1(7“j+1)89n(/€ ~vj) Z GQMM:C. (2)
0<v<k nep(v)

83



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

Here  px = Y0 pjwy,  |k| == ki + ...+ kK, plv) = {p =
(B, ooy ptn) € N™ 2 [2072) < |py] < 271}, [2] s integer part of z,
and v < p means that v; < p;, 7 =1,n.

Theorem. Let m > (1), F,,(f) is defined by the relations (1), (2).
And let M be the number of nodes in the definition of Fy,(f) . If
l1<p<2<qg<oo, ozo>%, then

sup  ||f = Eul(f)llz, ~ dy(SWy', Ly),

£l swg=1
sup || f = Fn(f)lz, ~ das(SHy', Ly).
£l s rg=1

The authors were supported by the grants no. 4080/GF, 5540 /GF-
4, 3311/GF-4 of the Ministry of Education and Science of Republic
of Kazakhstan.
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Scale of basic boundedness characteristics
in terms of fairways for the Hardy—Steklov
operator in Lebesgue spaces

E.P. Ushakoval?

L Computing Center, Far Eastern Branch of Russian Academy of Sciences,
Khabarovsk, Russia

2 Steklov Mathematical Institute, Russian Academy of Sciences, Moscow, Russia

E-mail: elenau@inbor.ru

For 0 < p < oo and [ := (a,b) C R let LP(I) = L”(a,b) denote
the space of all Lebesgue measurable functions f on I such that

1/
[ fllpr = (f[ | f(x)]? d:l?) P < .
Define the Hardy—Steklov operator

Y(x)
Hf(x) = w(z) /¢ e el

with non—negative weights v and w and boundary functions ¢ and
Y on I such that —oo < ¢ < ¢(z) < YP(x) < d < oo satisfying the
following conditions:

(i) o¢(z), ¥(x) differentiable and strictly increasing on I;

(ii) @la) =(a) =c, ¢p(x) < P(x) for x € I, p(b) = Y(b) = d.
Definition. Given boundaries ¢, satisfying the above conditions,
parameters p’ = z%’ q and weights v, w such that 0 < v(y) < oo for

a.a. y € (¢,d) and 0 < w(z) < 0o a.e. on I, and v”, w? are locally
integrable on (¢, d) and I respectively, we define the fairway functions

o and p such that ¢(x) < o(x) < ¥(x), v y) < ply) < ¢ 1(y) and

ox) | ()
/ v = / P, el
() ()

p(y) ¢ 1(y)
/ w? :/ wl,  y € (e d).
v=1(y) p(y)
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Here ¢! and 9~ denote the inverses to ¢ and 1, respectively.

We establish boundedness criteria for J# between LP(c,d) and
L%(a,b) in terms of fairways ¢ and p for all 1 < p < oo and 0 <
g < oo under assumption that non-—negative weights w and v in the

definition of . belong to L{ (a,b) and L (c,d).
Theorem [1, 2|. Let o' and p~! denote the inverses to o and p,

respectively. By ¢ we denote either o or p. Put 1/r = 1/q — 1/p,
/ —1
V(t) = ff(g) o, W(t) = ff_l(%) w? and

Ay = sup Ay(t), Ay = sup Ay(07(t)),

o
tel te(e,d)

where o, (t) = [W(U(t))ﬁ[V(t)]#;
oy =sup (i), 7= s F(p(t)),

tel te(e,d)

Q=
<
N
[
N—
| I— |
@\lH

where <7,(t) = [W(p~'(t))]
A, =sup A (1), Af= sup A, (o7} (1))

tel te(e,d)
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N
I
?
/\
b|

—_
—~
S
~—
~—
| I

Sk
<
—~
S
~—
| I
%\
S
Q
—~
S
~—
S
S+

where

and

B =

p

— % + %
{]BQ>1 By 7> 1 . where

By +B +B S +B S, g<1

d t / /r/q/ / Iy
(By1)" = / / wrw | W] () dt,
! Ly 1(1)
p o), /e ld
sy = [ W] ey wa
c t
d t / /r/q/ / -
By =[ | [ w | el o e

¢(p(t))
¢ /

dr o) qrie td
(B2) = / [ / W%p] (W()]" " or(t)dt.
c t
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If1 < p < q < oo then ||| oicaysraapyy = o = A =
A, =~ Al In the case, when 0 < ¢ < p < oo and p > 1, we have
[H | ety 1900y = B = BE = B ~ B

The research was supported by the Russian Science Foundation
(project RSF: 14-11-00443).
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OrpaHn4eHHOCTh CHUHTYJIAPHOIO OIIepaTopa
B ITpocTpaHcTBax Tuna Moppu
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[Tycts 0 < A < % n 0 < p < o0o. MHOXKECTBO BCEX U3MEPUMBIX 10

Jlebery dbyukmmit f € Lﬁfc(R”) HA3LIBAETCS IPOCTpaHCTBOM MoppH,
ec/Ii KOHEUHa CJIeYIoNn[asl BeJIMYnHa

11133 = 1 gy ceny = sup iggt_AHfHLp(Bt(m)) < oo.

31ech By(x) — map ¢ eHTpoM B Touke & u paguycom t > (. Samernm,
ectn A = 0, 10 M)(R") = L,(R"), ecmu X = S0 <p < oo, To

MP(R") = Loo(R), a ecim A < 0 wm A > 5, TO MpA =0, re O —
MHOYKECTBO BCEX 9KBUBAJEHTHHIX HY/0 dbyHKimit Ha R”. Cum. [4].
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[Tpocrpancrea Moppu Obin BBegensr Moppu [4] B 1938 1. m
M3YYAJINCH B CJIEICTBUE BOIIPOCOB PEryJISIPHBIX PEIeHN HeJIMHEHHBIX
SJUINIITUYECKIX YPaBHEHNIE U CUCTeM. B rmociieiHue 1Ba JecaTU/IeTHs]
ObLI IPOsBJIEH OOJBIION MHTEpPEC K M3YUYEeHHUIO0 ODIIMX IPOCTPAHCTB
tuna  Moppu U KJIACCHYECKUX OIEPATOPOB Teopun (DYHKIINI,
JTEeNCTBYIOMUX B 9TUX mpocTtpancreax. Cm. [1].

[Tycth 0 < p < 00, 0 < g < o0, O<>\§ Onpegenum

n
.
obobIennble npocrpancrsa Tuna Moppu M ( ) KaK MHOYKECTBO
BCEX M3MEPUMBIX 110 Jlebery dynknmit f &€ LZOC(R ) IIJISI KOTOPBIX

KOHeYHa cJIeAyIolnas HopMa Iph ¢ < 00

o q 1

dt\ ¢

_ A at
Ihaggon = ([ (£ s0p U8 imen ) )"

0
U IIpA q = OO

1) ) = Supsup £ M 2B

3aMeTrM, 9YTO B Cly4ae p = OO IIPOCTPAHCTBO MpA,q(Q) =
©. Takxke ormernM, YTO BBeJEHHBIE IIPOCTPAHCTBA COBIAIAIOT C
KJIACCHYeCKUME rpocTpancreamu Moppu B ciiyudae ¢ = oo u 2 = R”)
T.€.
M (R") = M.
Ecm Q = {z} — onHoToUeHOE MHOXKECTBO, TO

A A
M) ,(Q) = LM

b,q,x?

e LMpAq’ — JIOKaJIbHBIE TIpocTpancTBa Tua Moppu [2].

B nmamnoit paboTe MBI HCClIemLyeM OTPaHUYEeHHOCTH OIepaTopa
Kaibuepona-3urmysga B npocrpancreax tuma Moppu. Pesyiabrar
OrPaHUYEHHOCTH Pa3JIMYHbIX KJIACCOB JIAaHHOI'O oIleparopa U3
npocrpancTBa Jlebera L, B L, tpu 1 < p < 00 OblI yCTaHOBJIEH

B pabore Creitna [6] u ap.  YrTo KacaeTcst OTpaHUIEHHOCTH
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CUHI'YJIIPHOIO oleparopa B HpocTpancrBax Moppu, ToO 31ech
ormerum paboTsl [letpe [5]. Hampreiimume pesyabraTsl 06001IeHMI
OrPaHUYEHHOCTH CHHTYJISIPHONO MHTErPaJbHOrO  Oleparopa  JIIs
JIOKAJIbHBIX IIPOCTpaHcTB Tuia Moppu 6buim mosydeHsl B pabore
Bypenkosa, Tapapoikosa, ['yimuesa u Cepbertiu 3| u mip.

Omnpegenenne 1. [lycts 1 < a < b < oo. Jluneiinbiit oneparop 1'
Ha30BeM (@, b) - CUHTYJISIPHBIM, €C/IH
1) oueparop T orpanuuen u3 L,(R") B L,(R") s Bcex a < p < b;
2) cymectByer mamepumas yskius K B R”, Tmakag aro s

moobIX x,y € R"

C
ERE v

1 J1JI TIPOM3BOJILHOM (DPUHUTHO, JJOKAJIBHO MHTErPUPYEMOit (DYHKITIH

K (z,y)| <

f C KOMIIaKTHbBIM HOCHUTEJIEM HMMEET MECTO IIpEACTaBJIEHUE

Tf(zx)= /K(m,y)f(y)dy moutn Berogy Ha R™\suppf. (2)
Rn

Teopema 1. ITycmv €2 C R", 1 < a < b < oo u onepamop T —
(a, b)-cuneyrapnod. Tozda dna p € (a,b), 0 < v < %, 0<7<o0
onepamop T ozpanumen us M) (2) ¢ My ().
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On nonlocal boundary value problem
with integral condition for
partial differential equations

G.A. Abdikalikova

K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mail:a_a_ galiya@mail.ru

The nonlocal boundary value problem for the system of partial
differential equations

D [a%u} _ Az, t)% L S@ st fet), we R, (1)
B) 2,0 o™ Clw) e, ) .

" /T Kz, 5) 9 (z, 5)ds = d(x), )

w(tt) = WO, e [0.7] (3)

is considered in Q = {(z,t): t<ov<t+w, 0<t<T} T > 0,
w > 0.

Here D = % + %; (n x m) are matrices A(x,t), S(z,t), K(x,t),
n is vector-function f(xz,t), (n X n) are matrices B(z), C(z), n is
vector-function d(x) and is function W(¢) continuous on €, [0,w],
0, T'] accordingly.

In the present work are investigated a questions of well-posed solv-
ability to wide extent of the nonlocal boundary value problem (1)-(3).

Used the work’s idea [1| introduce new unknown functions [2]
v(z,t) = %%(x,t) and investigation problem is reduced to the
equivalent problem for the system of hyperbolic first-order equa-
tions. Using method of the characteristic receive in the H =
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{(&7): 0<E<w, 0<T<THT >0,w>0
o~

oo = Alg, 7)o+ S(E (e, 7) + fI€7), (4)
B(&)F(€,0) + C(&)B(&, T)+

+ / K (& 7)o, m)dr = d(€), €€ [0,u], (5)

ul&,7)=V(r) + 77’5((,7)@, T € 1[0,7]. (6)

For the finding solution of boundary value problem (4)—(6), an
algorithm is offered.

Step 0: in (4) accepting u(&, 7) = ¥(7), and solved boundary value
problem (4)-(5) we shall define initial approach 2(¥(¢, 7). Using the
v(&,7) =00, 1) from correlation (6) finding © (¢, 7).

Step 1: we shall take in right part (4) (&, 7) = al9(€,7), and
solving boundary value problem (4)-(5) we shall define initial approx-
imation oM(&, 7). Substituting in (6) the function 7V(¢, 1) found,
finding u'V (¢, 7).

And so on.

On step k: continuing this process we shall get
(0", 1), aM (g, 7)).

On each step of the offered algorithm using the parameterization
method |[3].

By fixed u(&,7), £ € [0,w] the problem (4)-(5) will be problem
for equations

o  ~ ~
E:A(f,T)v—l—G(ﬁ,T), T € 0,7 (7)
with condition (5).
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Theorem 1. Let be boundary value problem (7), (5) for the differ-
ential equations of the well-posed solvability. Then following approx-
imate (W&, 1), 0% (€, 7)) converges to the unique solution of the
problem (4)-(6) and nonlocal boundary value problem (1)-(3) there
15 well-posed solvability to the wide extent.

If solution busilt to the wide extent, continuously differentiable with
respect to x and t, that function u(x,t) has continuous partial deriva-

tives %, %, D [E%u} and satisfies equation (1) for all (z,t) € Q and

conditions (2)-(3) is and classical solution nonlocal boundary value

problem (1)-(3).
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Spectral characteristic of one class of
degenerate differential operators

7. T. Abdikalikova

International IT University, Almaty, Kazakhstan
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Let R be a set of real numbers, & = (ag, a1, ,ayp), a; € R,
i =0,1,...,n, n be a natural number, [a| = > _,a;, I = (0,1).

Let f: (0, 1) — R. By the set of @ we define the differential
operations D% and D, of the order 7, 7 = 0,1, ...n, in the following

form:
: d d
DYf(t) = t*0f(t), DLf(t) = t%at“i—la = aOf( ), i 2.,
: d d d
DY f(t) =t f(t), DL.f(t) = A T if(t),i=1,2,..,n,

where all derivatives are weak derivatives [1].
Using the differential operations DZ and DZ., we determine the
following differential expression:

ly = (—1)"DZ.DZy.
Moreover, in Lo(I) we determine differential operators A,,, gener-
ated by differential expressions [y, by the following form:

A, f = (=1)"Dg.DLf,
where

D(A,) = {fIfeC™(1), lm fW(t) = lm fO(t) = 0, k =

t—0

0,1,...,n—1} when |a| > n—3,

D(A,) = {flfeC™(1), }ig}f(k’)( ) = 0, k =

0,1,...,n—1; %ii%f(i)(t) = 0, i = 0,1,...,n—1} when|a|<n—3,
where [ = [|@|] + 1 ([a]-whole part of the number ).

We consider questions, when the closures of operators are self-

adjoint, positively defined, and with a discrete spectrum.
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O maremaTmdeckoii Mo/eJin IIPOIecca TeIrIooOMeHa
Bpalllaloierocss pereHepaTuBHOTO BO3YyXOIIod0oTpeBaTe id
1 3a7a4e nAeHTHPUKAINN

A.A. Azamos', M.A. Bekumos’

L Muemumym mamemamuru um. B.H.Pomanosckozo AH PY3, Tawxenm, Yabexucman
E-mail:abdulla. azamov@qgmail.com
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PaccmaTpuBaeTcss MareMaTrndecKas MO/ b TEPMOTUHAMIIECKOTO
IIporecca,  TeIiooOMeHa  BO — Bpalmarolieiicd  pereHepaTHBHOM
Bozyxonomorpesarese (BPBII), ocnoBannas Ha nuckperusaryn Kak
IIapaMeTPOB, OIMCBHIBAIONINX CaM IIPOIECC, TaK U T'eOMEeTPUIECKYIO
cTpykTypy ©Oapabama BPBIT [1]. B ormmume or apyrux
MOIeJieil TOTO Ke IIpollecca, 9TOT MOJIeJIb OIMChIBAeTCA JIMHEMHON
JAUCKPETHON CUCTEMON ¢ MOHOMUAJIBHOU MATPUIEH, 9TO TO3BOJIAET
3pdeKTUBHO pemarh 3aJadil KadeCTBEHHOT'O IIOBEJIeHNs U 3aiadu
NJIeHTU(DUKAIINAN.

Ecmn temmepatypy B MOMeHT Bpemenu t B Touke (x,Y,z),
npuHaJIeXkaleit  obsiacru, 3ammMmaeMoii  BPBII, oboznauntb
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O(t, x,y, z), To Bemuauna O(t, T, ¥y, 2), MOJHOCTHIO OXapAKTEPU3YIOT
npoiecc TemioobMmeHa B Oapabane BPBII, nwo, BhInmucarb
IUHAMWYECKNEe YpaBHEHUS ¥ HadaJbHO-TPAHUYHYIO 3aJady JIJIs
O(t,z,y, z), aBisieTcs HepocToil 3aadeit [2]-[5].

Mcnonb3yss MeTon ycpedHeHHs Ha, OCHOBe 3akoHa HrproToHa,
BBIBOJINTCA CHCTEMA

a:l(n + 1) = (1 — C_Ylh)SL’Qm n) + Blhql(n),
zp(n+1) = (1 — agh)zr_1(n) + Brhqr(n), k= 2,3, ..., 2m, "
1
ur(n) = qp(n) +yh(zr(n) —qe(n)), k=1,2, ..., 2m—1, 2m, (2)

T7o€ Tk, Qk, Uy — BEJUYHHBI,  COOTBETCTBYIOIIUM  YCPEIHEHBIM
BeJIMYINHAM TeMmepaTypbl TBepmaoit wactu BPBII, Bxoggmwnx n
BBIXOJIAIINX Ia3a M BO3yXa COOTBETCTBEHHO.

Cucrema (1)-(2) mosydena B pe3yJbTaTe JOBOJBHO CHJIBHBIX
VIIPOINAIOIINX MIPEAI0JI0XKeHNil 0 mpoiiecce Tertoobmena B BPBIILL
Tem He MeHee, OJarojaps TAKOMY YIPOIIEHUIO, OHA JOITYCKAET
JOCTATOTHO TOJTHBIA AHAJN3 U MOYKET CJIYYKUTb 6a30BOI MOJETHIO
i onmcanng padborer BPBIT.

Beens B pacemoTpenme BeKTOpbl z(n) = (a1, o, ..., Tom),
r(n) = h(Biq(n), Bagz(n), ..., Bom@em(n))! (tme T — smHax
TPAHCIIOPTUPOBAHNUSA, TIPEBPAINAIONINIT BEKTOP-CTPOKY B BEKTOP-
crosibert), cucremy (1) — (2) MOXKHO 3aIucaTh B CTAaHIAPTHOM BH/IE

z(n+1)=Az(n)+r(n), n=0,1,2, ... . (3)

Ilycts = Z/oia -« - oy, - llpenmonoraerca 0 < p < 1. Torma
qucsia MaTpuiibl A JjieskaT BHYTPH eJUHITHOTO KPYTa, U BCe PeleHus
cucrembl (1) — (2) acummrorndecku ycroitunsel 1. wmeer mecto
TaKIKe

Teopema 1. a) ecau nocaedosamesvrnocmo T(n)  ozpanuvend
(cmpemumes ¥ npedeay T mpu Mo — 00), MO 6Ce peuLEHUA
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MAKIACE 02PAHUENYL (COOMBEMEMEBENNO, cmpemamca k npedeay (F—
A)7lry);

b) ecau nocaedosamenviocms  r(n)  nepuoduveckan, — m.e.
rn +T) = r(n) das mexomopozo uenczo T, T > 2, mo
cyuecmeyem — eduncmeennoe  nepuoduneckoe  peutenue  (nepuod
xomopozo cosnadaem ¢ T );

¢c) ecau cpedwue no Yesapo R, = L[r(0) + r(1) + - + r(n —
)] umerom npeden R, mo daa xaocdozo pewenus z(n) cpednue no
Qesapo Z, = L[z(1) + z(2) + -+ + z(n)] maxoce umerom npeden
(pacnwiii (E — A)7R,).

[lycts r, = r = const. Samena y, = z, — zg upusezer (3) K
cucreme

Yn+1 = Ayn +t, yo=0,
rnet=r—(E — A)z.
[TycTh
Y = [yl, Yo, ..., y2m]; B = [t — Y9, t — Y3, ..., t— y2m~|—1}-

— (2m x 2m)-matpurpl.  Torga IMemovYKa paBeHCTB ¥y = ¢, Yy =
Ay +t, ..., Yo = Ayop—1 + t 3anumerca B suge AY = B

Teopema 2. [Tycmo sexmop t = (L, to, ..., toy) 6wbpar mak, 4mo
tr=10dmak=1uk=m+1ut, =0 dana ocmarvnuz 3navernut k.
Tozda ecaus A =y, ... o) — Qo - . . Qi 9Qmi1 # 0, Mo mampuya
Y obpamuma.

Takum  obpasom,  Teopema 1  Jgaér  pemieHune — 3aJa4n
nnentudukamum: A =Y B.
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2 AGait aTbIHJarbl Ka3ak bLITTHIK IeJarornkaibik, yausepceureri, Anvarno, Kasaszcran
SerikAitzhanov81@gmail.com

sKaHy TeopuschbiHaH Kejeci CBI3BIKTHI e€MeC TapadoIaJIbiK
TeHJeyre KOUbLIFaH Kepl ecellTl KapacThlpalibIk

9 ) — Al ) + ale, t,u, Vi) =

ot
lulfu + f(t)w(x), z€Q, t>0, (1)

u(z,0) =ugp(x), = €, (2)
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u’@Qx(O,oo) =0, (3)

/ ulP?u-wdr =1, t>0. (4)
Q

Myngare: €2 C R", n > 1 menenren obbic, Of) meKapach! >KaThIK,
Teric, p JKoHE ¢ OH TypakKTbLIap, ¢ > p — 2, p > 2. An w(x)
OYHKIMSACH KeTecl mapTTap/ bl KaHATaTTaHIbIPAIBL:

Jow(@)de = 1w € H* QM HY(Q) N Lorg(Q), p>2, ¢>p—
2. (A1) ’

(1) remmeymi, (2) GacTamkpl mapTThl, (3) MEKAPAJTK MMAPTTHI
YKOHE WHTETPAJIIBIK, KOCHIMITA (4) MmapTThl KaHAFATTAHBIPATHIH
{u(z,t), f(t)} byukmATapbH KagmbiHa KeaTipy ecebi, Oy ecenTin
OepinareHiepi Keaeci KegiciM MIapThiH KaHAaFaTTaHIbIPYbl THIC

/ lwoP*up - wdr =1,
Q

Uy € H&(Q) ﬂLp(Q) ﬂLp+q(Q) /Q \Uofp_zuo wdr =1,

up € HY(D) () o) [ Lyeal®
»xore My > 0, My > 0 TypakThLIaphl YIITiH
la(x,t,u, Vu)| < M|V (JulP~u)| + Mu[P~L. (A3)
Teopema 1. (A1)-(A3) maprTapbl OPBIHIAJICHIH  KOHE
|luog|| > 0, combimen 6Gipre wy 6GacTanksl (YHKIUICH Oenrii
Oip mapTThl KaHararTaHgbipramga, (1)-(4) kepi ecenTid memnrimi
t1 = t1(p, ¢, @, up, w) < 0O YAKBITBIHIA KUPaii/Ibl

1 t
w(t) = m/ / |U|2(p_1)d$d7_ + 03 — 00, t— tl.
o 0 JQ
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IIapaboJsaJjibIK TeHaey YIIiH KONbLIFaH
Kepi eCcemnTiH MIeImiMiHIH CTa0mIn3annsachbl

C.E. Aiitxanos!, A.B. Beum6erosa', I'.2K. EcraeBa?,
J1.E. Cepik6aesn!

L On-Dapabu amwndazo, Kaszax ¥Yammuws yrusepcumemsi, Aamamm, Kasaxcman
E-mail: SerikAitzhanov81@gmail.com
2 A6ati amwumdaen, Kasax Yammuwk nedazozukanvs yrusepcumemi, Aamamo, Kasaxeman

By »KyMbICcTa CHIBBLIKTHI eMec mapabosIaIblK, TeHJIeyTe KONbIIFaH
Kepl ecenTiH Iemniml ¢ — OO OHbIH, HOPpMacChl HOJII'€ YMTbLIATbIHbI
3epPTTE/II.

CBIBBIKTHI eMec IapabosaiblK TeHJeyTre KOMBIIFaH Kepl ecemTi
KapacCTbIpalbIK;

(%) = Al 2) = ulu + f(Ble), 2 €9, ¢>0, (1

u(z,0) = ug(x), = €, (2)
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u’@Qx(O,oo) =0, (3)

/ ulP?u - wdr = @(t), t>0. (4)
0

Myngarer 2 C R", n > 1 menenren o0Jibic, Of) IeKapachl

YKATBIK TEric, p »KoHe ¢ oH TypakTbliap. Ay w(x) QyHKIUACH KeJiec
mapTTapAbl KaHaFaTTaHIbIPAJIbL:

/QwQ(a:)dx =1,

we HAQ)NHy ()N Lpry(Q), p=2, g>p—2.  (5)
=

(1) remmeymi, (2) GacTamkpl MAPTTHI, (3) ITEKAPATBIK MAPTTHI
YKOHE MHTETrPAJJIbIK, KOChIMINA (4) MmapTThl KaHATATTAHBIPATHIH
{u(z,t), f(t)} dyumsnapbia KagmbHa KeaTipy ecebi, 6y ecenTiy
Oepiirenaepi Kejeci KeJIiciM MapThiH KaHAFATTAHIBIPYBI THIC

/ uo|P*ug - wdz = ¢(0), ug € Hy() N Ly() N Lyiy().  (6)
Q
Teopema 1. (5)-(6) wapmmapw opwndascon owcone @, @

dynryuarapo, [0, 400) apasvievinda y3iaiccis opi t — 00 neaze
ymmuLazanda, onda

lim [/ |V(|u|p_2u)|2dx—i—/ |u|p+qd:c] = 0.
t—o00 0 0
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On solvability of a second-order nonlinear
differential equation

R.D. Akhmetkaliyeva

L.N. Gumilyov Furasian National University, Astana, Kazakhstan
E-mail:akhmetkaliyeva_ rd@enu.kz

Existence and smoothness of solutions for nonlinear differential
equations have been investigated for the Sturm-Liouville equation in
unbounded domain in [2,3]. The nonlinear Sturm-Liuville operator

Ly =—y" +q(z,y)y

in space Li(R) was considered in [1].
We consider the following nonlinear differential equation

Ly = _y” + [’I”(JZ, y)]y/ = f(x)7 (1)

where x € R, r is real-valued function and f € Ly(R).

Definition 1. A function y € Ly(R) is called a solution of (1),
if there is a sequence of twice continuously differentiable functions
{2, such that 8(yn — y)ll, — 0, 18(Lyn — f)ll, — 0 as 0 — o
for any 8 € C§°(R). Here || - |5 is a norm in Lo(R).
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Theorem 1. Let the function r be continuously differentiable with
respect to both arqguments and for any A > 0 satisfy the following
conditions
r > 5()(1 + $2) (50 > O),
r(xz,Ch)
sup sup — <0
[e—n[<1|C1|<ACol<A O~ Col<a 771 C2)

Then there is a solution y of the equation (1) and

"1l + 1 (-, )]yl < oo
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Solution of the homogeneous thermal problem
with the boundary moving by law of ¢t = z2

D.M. Akhmanova!, M.I. Ramazanov', M.T. Dzhenaliyev’

U Karaganda State University, Karaganda, Kazakhstan
E-mail: danna.67@mail.ru, ramamur@mail.ru
2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: muvasharkhan@gmail.com

We consider the first boundary value problem of heat conduction
in the degenerating domain (domain with a moving boundary; the
boundary of the domain is moving with variable speed): In the do-
main G = {(z; t): ¢>0, 0<z <t} tofind asolution to the
heat equation

ou  ,0%u
S e 1
ot~ " 92 (1)
satisfying the boundary conditions:
U(QZ’, t)‘a::() = 07 U(ZC, t)‘x:\/z_f — O <2>

Such problems in the domain @ = {(z; ¢): t>0, 0<x <t}
are investigated in work [1].

We denote by C,(R.) Banach space of functions ¢(t) € C(R;),
with finite norm

|¢lly = max |t7p(t)|, - = const.

The following theorem holds.

Theorem 1. For all A € A there is a number s such that the
functions p(t) = Ct°, where C = const in the space C_4(R,) are

t
eigenfunctions of equation o(t) — X [ K(t,7)p(T) = 0. In the space
0

t
C_s(Ry) all eigenvalues of equation ¢(t) — X\ [ K(t,7)p(T) =0, are
0
simple.
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From the theorem and remark it follows that for A = 1 equation

t
o(t) — N [ K(t,7)p(T) = 0, has eigenfunction ¢(t) = C' = const,
0

t
and initial equation ¢(t) — [ k(t, 7) ¢ (7) dr = 0, has eigenfunction

0
C
t) = —.
Vi) Vit
References
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On degenerate boundary conditions for operator D?

A.M. Akhtyamov

R.R. Mavlutov institute of mechanics, Ufa, Russia
E-mail: AkhtyamovA M@mail.ru

Consider the following problem for operator D*:

y"(z) = Ay(z) =s’y(z), =z €[0,1] (1)
3 3
Uiy) =Y apy® 0)+ ) ajem y* V(1) =0, (2)
k=0 k=0
jk=1,2,3.

It is known [1, P. 26| that if the coefficients of an ordinary linear
differential equation are continuous on |0,1], then for the spectrum
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of the problem (1), (2) the following two possibilities occur: 1) there
exist at most a countable number of eigenvalues such that do not
have limit points in C; 2) every A € C is an eigenvalue.

The problems with nonseparated boundary conditions for case 1)
have been fairly well studied. The degenerate case 2) has been studied
little (The boundary conditions are called degenerate if the charac-
teristic determinant of corresponding eigenvalue problem is constant
12, p. 29]). It is well known, perhaps, only an example for differen-
tial operator of any even order for which the spectrum fills the entire
complex plane [3| (see also [4]). Recently in [5] it is shown that there
exist similar differential operators of any odd order. However, in con-
nection with this, another question arises: are there other examples
of such operators? For operator D? we prove that other examples
don’t exist.

The common form for degenerate boundary conditions for the op-
erator D? is found. It is shown that the matrix for coefficients of
degenerate boundary conditions has a two diagonal form. The el-
ements of the first diagonal are units. The elements of the second
diagonal are square roots of a number. It is proved that the character-
istic determinant is identically equal to zero if and only if the matrix
of coefficients of boundary conditions has a two diagonal form. The
elements of the first diagonal are units. The elements of the second
diagonal are square roots of minus one.

This work was supported by the program «Leading Scientific
Schools» (project No. 7461.2016.1) and by the Russian Foundation
for Basic Research (project No. 15-01-01095_a).
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On a difference scheme for regular heat
transfer boundary-value problem

M.E. Akhymbek!?

nstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: 'akhymbek@math.kz

We study a new method of solving non-local problems for the heat
equation with finite difference method.

In Q={(z,t), 0<xz<1l, 0<t<T} weconsider a problem
of finding a solution u(x,t) of the heat equation

Ut(il?,t) _uxx(xat) — f(il?,t), (1)
satisfying the initial condition
u(z,0) =o¢(z), 0<z<1, (2)
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and the boundary conditions of the general form

ar1uz (0, 1) + brug (1, t) + agu(0,t) + bou(1,t) = 0, (3)
c1uz(0,t) + dyug(1,t) + cou(0,t) + dou(1,t) = 0.

The coefficients ay, bg, cx, dr,, (k= 1,2) of the boundary conditions
are real numbers, and ¢(x), f(x,t) are given functions.

The main important feature of these problems is their non-self-
adjointness. This non-self-adjointness causes major difficulties in
their analytical and numerical solving. The problems, which bound-
ary conditions do not possess strong regularity, are less studied. One
of the first problems of this type known as a problem of Samarskiy-
Ionkin was investigated by N.I. Ionkin, A.V. Gulin, A.Yu. Mokin, A.
Ashyralyev, M. Ismailov, M. Sadybekov and others.

The scope of study of the report justifies possibility of building
a stable difference scheme with weights for abovementioned type of
problems. The corresponding difference schemes do not have the
property of self-adjoint.

Some Problems of these types was considered in our work [1].

The authors were supported by the grant no. 0824/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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JIoKaJIbHbIe MHTETrPaJbHBIE COOTHOINEHNS
K03 punmeaToB 6e3conpa>KeHHOTO
anddepeHImaaIbHOTO0 YpaBHEHNS

M. Anpaii, /1.C. KaparaeBa, K.P. Mbip3aTraeBa

EHY um.JI. H . I'ymunesa, Acmana, Kasaxcman
E-mail: kalbibi@mail.ru

Teopust ocIIAIIM Kak BaXKHas COCTaBHAs 9acTh COBPEMEHHOM
KauecTBeHHO# Teopun gud depeHnnaabHbIX YpaBHeHH OepeT HadaJIo
¢ pabor Illrypma, KOTOPBII BBeI IOHATHE OCLULIATOPHOIO
ypaBHEHNsI KaK ypaBHEHHsI, JIl0DO0oe peleHre KOTOPOro HMeeT
OECKOHEYHO MHOTO HYyJIel, W [I0Ka3aJ CBOU U3BECTHBIE TEOPEMBI
CpaBHEHUsI U Pa3JIeIeHUsT HyJIei.

s JIMHEHHOTo carydas A Kuesep(A.Kneser),
Y. Jletitor(W.Leighton), M.Mopc(M.Morse), A. Vunrtaep(A.Wintner),
@ . Xaprmau(P.Hartman) [1| u apyrue wucciaemoBaTesn mosryduin
KPUTEPUU  OCILISAIMKA , KOTOPbIe HAILIM  O0ODIIEHUA ISt
HeJMHEHHBIX JuddepeHanibibIX ypaBHeH!! BTOPOro MOPSIKa, B
JaCTHOCTH IOJIYIMHERHBIX JuddepeHiualbHbX YpaBHeH! BTOPOTo
ropszKa |2,3]

/

(P OF 5 @) + o) [P yt) = 0 (1)

l<p<oo, p:I— R, v:[I— R wnenpepblBHble PYHKINN,
npudemp(t) > 0 ua I.

Muorue pesyabTarhl  JaHBl B TepMUHAX ~ypaBHeHus 0e3
COIIPSI?>KEHHBIX TOYEK, TO €CTb YPaBHEHUsI, J1I000€e HEHY/IEBOE PellleHe
KOTOPOI'O MMeeT Ha 3aJaHHOM HHTepBaJje He Oojiee OIHOI0 HYJIsI.

B usBectHbix paborax 4] mosydeHHbIe YCIOBUA OCIIMIIATOPHOCTH
1 HEOCIUJLISSTOPHOCTU YPaBHEHMA BBbIPAXKAIOTCA depe3 I100ajIbHbIe
MHTerpaJibHble XapaKTePUCTUKN KOI(MDPUITUEHTOB p U V.

B mammoit crarbe, ommpasgch Ha paborel Oitnaposa P[5,
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Oitnaposa P, Mbipzataesoit K.P. |6], mosrydensl npusnaku ypaBHeHuit
6e3 CONPSIKEHHBIX TOYeK KaK MOJYJIMHEHOr0 Tak ¥ JIMHEHHOro
b pepenImaIbLHOr0  YpaBHeHnsT BTOPOrO IOPA/IKa B TEPMUHAX
COOTHOIIEHK OTPULATEIBHON U IIOJIOKUTEIbHON YacTh PyHKIUU U
1 €€ JIOKAJbLHOI'O NHTErPAJILHOIO MOBEJCHNSI.

Beenem ciemyromie 0bo3HaueHNs]

o(t) = 5(t) — 0(), S(t)>0, Ot)>0, Veel ~4+1_1

p q
t+d ; t+d :
d (t) =sup<d>0: (/ plq(s)ds) (/ @(s)ds> <1y,
t t
t,t+d CI,
t W »
d (t) =supg d>0: </ plq(s)ds) (/ H(S)ds) <1y,
t—d t—d
t—d,t] C I
[Tosoxkum

ATt =[t,t+d"(t)], A()=[t—d (t)1],

p—1
B, = (p"'q+ 1)p_1 X sup </ plq(s)ds> / d(s)ds.
a<t<b \JA=(t) AT(t)

Hasee mpemosioxkum, aro I = |a,b), —oo < a < b < +00, n
nist itoboro t € (a, b)

/tbplq(S)dS =00, 0< /tbQ(S)dS < o0 (2)

Teopema [6]. Iycmov 1 < p < 00 u swnosnensv, yciosus (2).
Ecawu 2B, < 1, mo ypasuenue (1) asasemca ypasuenuem Oes
CONPAdCENNBT movek 1a unmepsane (a,b).
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Teopema 1. Ilyems 1 < p < 00, gwnoanens, yeaosus (2). Ecau

s, (/Mﬁ(s)“)1'(/A+@5<3>d5)p o
2 () () G)

mo ypasnenue (1) asaiemcea ypasnenuem 6e3 CONPANCEHNHHLT MOUEK
na(a, b).

CaencrBue.  [lycmo svinoaneno, yeaosus (2) npu p = 2. Ecau

=

GHNONHEHO YCAOBUE.

a (o) (o)

mo ypasuenue (1) npu p = 2 asaaemca ypasuenuem 0es

3
<1
47

conpancennur movex na (a, b).
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TpaHcnopTHbIe KpaeBble 3a1a41 TEOPUU YyHPYTrOCTU
PN CBEPX3BYKOBBIX HArpy3KaxX M WX pelneHusd

JI.A. AjnekceeBa

Hremumym mamemamury u mamemamuneckozo modeauposarus MOH PK,
Aamamo, Kasaxcman
e-mail: alexeeva@math.kz

B craTthe aBTopa |1| 66111 perenbl TpaHCTIOPTHBIE KPAEBbIE 33141
JJId U30TPOITHON YTIIPYTroil Cpelibl, OrPaHNYEHHON ITUJIUHIPUIECKON
IIOBEPXHOCTBIO, 10 KOTOPOW C MOCTOAHHON O3BYKOBOII CKOPOCTDLIO
JBUXKETCA HArPY3Ka, BUJ KOTOPOU HE MEHAETCA C TeYeHUeM BpeMeHNn
(mpancnopmuan naepyska). JaHHBI KIace 3aa4 SBISIETCS MOJIETh-
HBIM JIJId JUHAMUKU IIOJA3EMHBIX COOPY2KEHUH, TUIla TPAHCIIOPTHBIX
TOHHEJIEI, & TaKKe Ha3eMHOI'0 JOPOXKHOI'0 TPaHCIOpTa, U CBOAUTCHA
K PeIIeHnI0 JIINITUIECKNX KPAeBbIX 3a/1a4 JIJId CUCTEMbl YpaBHEHN
JlaMe B MOABMKHOI cuCTeMe KOOPJIMHAT, CBA3aHHON ¢ TPAHCIIOPTHOMN
Harpy3KOii.

3ech  paccMaTpWBaeTCd — aHAJOTWYHAsS — 3ajada, HO B
CBEPX3BYKOBOM CJIydae, KOTJia CKOPOCTb HArPy3KU OOJIbIIEe CKOPOCTe
pacupocTpaHeHund IIPOJ0JIbHBIX U IOIIEPEYHBIX BOJIH B YIIPYTOI CpeIe.
[TocraByiena cooTBeTCTBYyIOIMAsA THIepOOIMUIecKasd KpaeBad 3ajada,
JIOKa3aHa €JIMHCTBEHHOCTDh PeIleHns C Y9eTOM VJIapHbIX BOJH. Ha
OCHOBe MeTojia 0000IIEeHHBIX (DYHKIMIT IOJIydeHO ee 0000IIeHHOE
pelrenye, MpoBeJeHa €ro peryadpusalid 1 JaHo ee peryadpHoe
NHTeTrpaJbHOe IIpejcTaB/ierne. [locTpoersl CUATY/IAPHBIE TPAHIIHbBIE
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MHTerpajibHble YPpaBHEHU, pa3pelaroliye 10CTaBJIeHHYIO 3a1ady.

1.ITocTaHoBKa TpPaHCIHOPTHOI KpaeBOil 3aaadu. Ilyctb
yIpyrasg W30TpONHAd Cpela 3aHWMaeT obgactb D~ C  R3
OrpaHUYEHHYIO IJIaJKON HUJIMHAPUIECKOHN HoBepxHOCTbIO JIsiiyHoBa
D, obpasyromue KOTopoil mapasieabHsl oc Z. MuoxkectBo S~ C R?
MeprneHInKyaspHoe cedenne D, S - ero rpanuma: D~ = S X
Z, D =S8 xZ, n(r)- euHnIAbII BEKTOP BHEIIHEH HOopMmand K D,
D,=SxZ, Z,={z2€R':z>0}

[Iycts Ha D 3ajaHbl TPAHCIOPTHBIE HAIPY3KH, IBUXKYIINECS CO
CKOPOCTBIO C :

P(x1,z9,23+ ct) = Pz, z) = o;inie; = pj(z, 2)e; 0(z), (1)

g x €S, 7 =1,23 0(z) - dynxnusa Xesucaitna, o;;- TEH30D
HanpsKeHnit, p;(z, z) € L1(D4) .

B moaBmkmHOil cucTeMe KOOpAMHAT JJId IEpeMeIleHuit u =
u;(z, z)e; umeem
Tpancnopmmuvie ypasrenus Jlame

0? 0?
M{? = My?) ———+ [ My A — 0ij | u;j+9i=0. (2
( 1 2 >al‘/ia/$]’ 2 8x’§ v jT Y ( )
Bnecb M; = c¢/c¢; - wucaa Maza, c- CKOPOCTb TPAHCIOPTHOM
HaTrpy3KW, Ci,Co - CKOPOCTU PACHPOCTPAHEHWS VIPYTUX BOJIH

JTATATAIIIA W CIBUTA COOTBETCTBEHHO, ¢; > Co ( 10 OJHOUMEHHBIM
MHJIEKCAM B [TPOM3BEICHUAX BCIOJLY TEH30PHBIE CBEPTKN).

PaccmarpuBaercst cBepx3BYKOBOI ciyuaii: ¢ > ¢p. Ilpm Takmx
CKOPOCTSIX JIBIKeHUs cucteMa (1) rumepbo/imdeckoro THma, JIOMyc-
KAaeT paspbiBHBIE 10 MPOW3BOAHBIM pemiennd [2].  Ha ¢ponTax
VIAPHBIX BOJIH, PACIPOCTPAHAIONIUXCA CO 3BYKOBBIMU CKOPOCTSIMU
C1, Co, HAIIPSIPKEHNUsT U CKOPOCTHU TIEPEeMeIeHrs Cpebl Pa3phbIBHLL. B
IOJIBYKHOM CHCTEME KOOPAUHAT YCAOBUS Ha CKAYKU HAIIPSXKEHUI 1
epMelleHniit UMIOT BUJT :

hj[ O-ij]Fk = —pCC [uuz]Fk (3)

115



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

0 - TIOTHOCTD CPEIbl, h = h?(x, Z)e; - BOJIHOBOI BeKTOD Ha Fj.

[lpu 2 < 0,z € S+ 57 wu(x,0) =0, u,, (x,—0) = 0. Ilpnm
(x,2) € D™+ D,

(@, 2)|| = o0t u; =0, 3e>0: [9ull < O((x,2)|"), j=
1,2, 2.

[TocTpoen 3aK0H coXpaHeHNUs SHEPIUN M1 9TOI KpaeBoil 3aJa9u 1
Ha €70 OCHOBe JI0Ka3aHa eIMHCTBEHHOCTD PEIeHN ¢ YIeTOM YIAPHBIX
BoJtH |3,4].

2. Penienne TpaHcmopTHOii KpaeBoii 3agaum.  Jlaa
pereHnst 3aJa4did  UCIOJIb3YeTCsT MeTOoJN O00DIIEeHHBIX (DYHKITHI
(MO®), ocHOBHBIE MJEH KOTOPOTO TOIPOOHO H3JI0KEHBI ABTOPOM
B [5| Ha mpuMepe TPaHCIOPTHBIX KPaeBBIX 3aJad JJig BOJHOBOTO
ypasuenus Jlamambepa. MO® mosposger 3amucatsh ypaBuerus (1)
B npocrpancrBe OP c cHHIYJIIpHOI MaccoBOil CHJIOHN, cojepKa-
el MpoCThble U JIBOWHBIE CJIOM, ILIOTHOCTH KOTOPBIX OIIPEIessi-
IOTCS TPAHUYHBIMU 3HAUEHUSIMU HaIpPXKEeHNI U IIepeMenleHni.
Wcnonb3ys cBoiicTBa yHIaMeHTa bHOrO periernsi (1) - Ter3opa
["pumna Uij (cm.[2,4]), crpomTcs permieHume KpaeBoid 3ajadn B
ITpOCTpaHCTBE 0000IeHHbIX QYyHKIM. [lepexon K mHTErpajbHOMY
[IPEeJICTABICHUIO pelleHust TpeOyeT OIpee/eHHON pPeryidpu3alin
II0JIYYEHHOI0 O00OOIIEHHOIO DEIeHNus C BBEAEHUEM IIePBOOOPA3HOMN
tersopa ['puna W/(x,z) mo nepeMeHHO# z U MOPOXKJIAEMBIX UMU
TEH30pOB (PYHJIAMEHTAJLHBIX HaIPAKEHUN Tl-j : Hf . Ha ocnose
peryasgpu3oBaHHoit gpopmybl B mnpoctpancrBe OP mocTpoeHo ee
peryJspHoe MHTerpaJibHOe Ipe/CTaB/IeHre, KOTOpoe HTaeT pPellleHne
KPaeBoil 3a/1a4u, OlIpeesdiolee IepeMelleHe CPeibl 110 IPAaHUIHbIM
3HAUEHUSIM CKOPOCTHU II€peMeIeHuil U I'PAHUYHBIM TPAHCIOPTHBIM
rHarpyskam (cM.|4]). B gacrtHocTn, mokazama ciemyiomasi Teopema.

Teopema 1. Ilpu ¢ > c¢; pewenue mparcnopmnoti xpaesoti 3adau
UMeEm pe2YysapHoe unmepasvroe npedcmasienue 6 sude:  npu
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(x,2) € D~

pctui(x, z) = Z/Q(z—mkr)dS(y) X
k=1 %

2—myr

: /(Uij}f(af—yaz—ﬂpj(yﬁ)—

0
— H)(x —y,z—1,n(y)0u,(y, T)) dr

Bdecv U} = U, + Uy, - cocmasamoujue, onucusaioujue o0semmbie

U cdeuzosuie dehopmavun ynpyeot cpedw;, r = ||z — y||, mp =
2 _
VM1,
Ucenenys — acuMmmroTmdeckume — CBOMCTBa — gaep,  IOCTPOEHA,

pasperaias CUCTeMa CUHIYJISIPHBIX I'PAHUYHBIX HHTErPAJIbHBIX
ypaBHEHUT [T OMpENeNeHNs HEM3BECTHBIX TPAHMIHLIX [epeMe-
meHuit cpesis [4].
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Let R" be n-dimensional euclidean space of the points x =
(x1, 9, ...,x,), B(a,r): = {x € R™ |z —a| <r} be a closed ball
in R"” of radius r > 0 centered at the point a € R", N be a set of
all natural numbers, v = (v, 1, ..., 1), where vy, vy, ..., v, are non-
negative integers. Denote by L, . (R") the totality of all functions
local summable in R" .

For f € L,,.(R") we assume
()= swp [ Py =)|f ()= Pf (0] dt 50,
0<€7]“R§n(5 R”™

where P, (z) = r"P (%) (r>0), Bf(z) = (Bxf)(z) =
Jan P (x —t) f(t) dt.

Hy (9) is said to be a harmonic oscillation modulus (see. [3], [11]). In
the paper [11] it is shown that H; (6) ~ H}' (8) (6 > 0), where the

f
constants with respect to «=» are independent of f and 9.

Let f € Line(R"), a > 0, k € N, ¢ € V. We will use the
following denotation
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00 k.o 0
AZ”(; (f) = / (H:; (t()t)> % for 1 <60 < 0.
0

Let o € U, k€ N, 1 <0 < o0, a >0 k< a+1 De-
note by H Oka the totality of all functions f € L, (R") for which

Are s < 00 We can verify that HOM s 1sa linear space. As for any
polynomlal m € P._1 and for arbltrary ball B from R" the equality
Q.o (m,B) = 0 is fulfilled, then we identify f € HO™ g With the
function f+m, where m € P_;. Therefore, we can CODSlder the class

HO"® g 8 a subset in the factor-space Lj.(R") /Pr_1. We introduce
the norm in this class by the equality

Il oma = AL
We introduce also the following denotation
HOup :={f € Li,c(R"): A p(f) < +oo},
1£lio,, = Aeo (£)
HO, = {f € L (R") : A, (f) < +o0},
1 lz0, = A (f) -

If we take into account Hy (0) ~ H}’l (0) (6 > 0), then from defi-
nitions we get the following relations

1) H O}O’le = HO, and their norms are equivalent;

2) HO,, ., = HO,, and their norms are equivalent.

Consider a singular integral operator:

Acf () = lim / (K.(z— )

— Z %D”K(—y) X1y () ¢ f(y)dy
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where
K (z)=w(x) x|, /Snl w(x)ds =0,K.(z) = K () Xg=e1 (@) ,

w(x) is a homogeneous function of power 0, Xy~ is a characteristic
function of the set {t € R" : |t| > e}, S ! is a unit sphere in the
euclidean space R"; we assume that for k& = 1 the function K (x) is
differentiable and has bounded partial derivatives of first order, and
for £ > 1 the function K (x) is k£ times continuously differentiable
on the sphere S" ! v = (vy,v9,...,v, ) , V1, Vg, ..., v, are entire non-
negative numbers, [v| = vy + v+ ... + v, , v! = vl v, k€ N,

|
va = U1 81}2f U
Ox,'0xy’...01"
Theorem 1. Let o > 0, k € N, k< a+1,1 <60 < oo, p=

min {o, k}, ¢ € Z,. Then the operator Ay boundedly acts in the
space H OZZ’;.
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boundary value problem for the
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We consider a linear multi-point boundary value problem for the
Volterra integro-differential equations of second order

d? d
‘ A
/Klt S

ﬁ = Ailt)— (1)z
dx(t ) o
Z{Bw + Cyalt )} d, =12 d,deR, (2

/ths Sds+ (1), te(0.T), (1)
2Py

where the functions A;(t), As(t) and f(¢) are continuous on [0, T7;
the functions Ki(t, s) and Ks(t,s) are continuous on [0,7] x [0,T7;
Bi; and Cj; are constants, ¢ = Oom, j=12t=0<t <..<
t—1 <ty =T.

A solution to problem (1), (2) is a function z(t), continuous on
0, T], having the continuous derivatives of first and second order
on [0, T, satisfies the Volterra integro-differential equation of second
order (1) and multi-point boundary conditions (2).

Multi-point boundary value problems for differential equations of
high orders with variable coefficients arise in the mathematical mod-
eling of various processes in physics, chemistry, biology, engineering,
ecology, economics, etc. Different types of problems for the ordi-
nary differential equations of high order are considered in the works
of many authors, the bibliography and review of investigated meth-
ods can be found in [10, 14, 16]. The greatest interest represent
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the multi-point boundary value problems for second order differen-
tial equations with variable coefficients in connection with numerous
applications, for example, in the theory of beam bends, in the trans-
port of goods. Theory of Volterra and Fredholm integro-differential
equations belongs to the actively developing field of the qualitative
theory integral and differential equations. The questions of existence,
uniqueness and continuous dependence on the right-hand side, the ap-
proximate methods for constructing the solution of boundary value
problems for the Volterra and Fredholm integro-differential equations
are investigated by many authors, the review and bibliography can
be seen in [1-9, 12, 13, 15].

In present communication we investigate of a questions existence
and uniqueness solution to problem (1), (2). To reach the goal we
use the parameterization method [11]. Method is based on dividing
the interval [0, 7] into m parts and introducing the additional pa-
rameters. Linear two-point boundary value problem for Fredholm
integro-differential equations is investigated by the parameterization
method and its variants in [4-9].

This research is partially supported by the grant from the Ministry
of Science and Education of the Republic of Kazakhstan (Grant No.
3362/T'P4).
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O pazpemmumoctn nuddpepeHnnaJIbHOr0 ypaBHEHU
C HeorpaHMYIeHHBIM KO3} PuImeHToM CHOCA

J1.P. beiicenoBa

FEespasutickuti nayuonaronol yrusepcumem um. JI.H. Tymunsesa, Acmana, Kasaxcman
dana_ 68 11Q@mail.ru

B pabore uccienyercs ypaBaeHue
ly=—y" +r(@)y + q@)y + s(z)y + plx)y = f, (1)

e f € Lo(R), y = y1 + 1wz, § = y1 — 2.
[Tycts ||glly (4 5 - HOPMa B Lo(a, b). [lns sanaHHBIX HENPEPBIBHBIX
dbyukimit g u h # 0 obosHaunMm

ag.n(t) = |lgl 2,(0,) Hh‘ng,u,m (t>0),

Byn(T) = ||9||2,(r,0) Hh_lnzj(_m’ﬂ (1 <0),

Yg.h = Max ((Sup ag (), sup ﬁg,h(T))) .

t>0 7<0

Oyukiuio y € Lo HasoBeMm perenneMm ypasHenusi (1), ecim

CYIIECTBYET MOCJEI0BATEIbHOCTD {y,} 27 C C’éz)(R) TIBaK 1B

124



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

HeIpepbIBHO AuddepeHnnpyeMbiX PUHUTHBIX (QYHKIUN TaKasi, dTO
|y — yll2 = 0, ||lyn — fl]2 = 0 mpu n — +-o00.
IloxazaHa ciemyrommasd

Teopema 1. [lycmov r u q - nenpepusro duddepenyupyemoie, a S U
P Henpepuienvle PYHKUUL, YOOBAECMBOPAIOULUE YCAOCUAM.:

a) \/|Rer| —w([Imr|+q]) >1 (1 <w < 2),

O Vil ] < O

Tozda ypasuenue (1) das waocdozo f € Lo(R) umeem, npumom
eduncmeennoe peuenue.

Ypasuenne (1) B caygae s = p = 0 paccmorpen B [1], a Korma
q=p=0mur, s neficrBuTebHO3HAYHBIE - B [2].
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The two basic boundary value problems for the Poisson equation
are the Dirichlet and the Neumann problems. Their related fun-
damental solutions are the harmonic Green Gy(z,() and Neumann
Ni(z, ¢) functions. A linear combination of these two boundary value
problems is the Robin problem. The related fundamental solution,
the Robin function Ri.,3(C, 2), can be chosen as an interpolation
between the Green and the Neumann functions. For plane domains
this was done in [1| with complex notation. While the Dirichlet prob-
lem is unconditionally solvable this is in general not the case for the
other ones. In explicit form, however, this was shown only for the
unit disc. In [2] the solvability condition is given for any admissible
plane domain D.

Robin Problem Find a solution to the Poisson equation w.- =
f in D, f e L,(D;C), 2 < p satistying aw + fo,w
v on 0D, a,BER, 0<a?+ 3% ~veC(OD;C).

Theorem 1. For 5 # 0, the Robin problem is solvable if and only if
for z € 0D

15 |, MORaslC )dsc = 1 [ o(QuiQ)dsg
oD
1
b [ ARG 2) + 0,61 s = 2 [ (e

o a certain density function on 0D, the solution being then
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w(z) 47Tﬁ/ C)Ri.ap(2 ds¢——/ (Q)ds¢c—

[ HORuslz, e

Theorem 2. If o # 0 the Robin problem is solvable if and only if on

oD

1

3 [ VOO0 [ Rias(z,¢) = Gilz, Q)] + éﬁvﬂl;aﬁ(% C)}dsc+
T oD (@8
_op
v [ ot0pds =7 [ p(¢)dsan
Then the solution 1s
1

v [ a0paCds = [ FQ Rl e

Remark. In case of 8 = 0 there is no solvability condition, as then
Ri.00 = Gy!
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IToctpoenne (ppakTaabHOro n3006parkeHus
Ha ocHOBe AndpepeHInaIbHbIX YPaBHEeHNIT

M.A. BekremecosB
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Pusnueckue 00ObEKThl 1 MaTEMATUIECKUE CTPYKTYPbL MOI'YT OBITH
IIpeJACTaB/JIeHbl B BUJE YNCEJT W CUMBOJIOB B KOMIIbIOTEpE, a JJIid
MAaHUMIYJINPOBAHNA C HUMU B COOTBETCTBUU C aJTOPUTMOM MOZKHO
HAIIKCATH HIPOrpPaMMYy.

Tax wmccmemyd cBoiicTBa KOPPEKTHOCTH SBOJIIOIMOHHBIX 3aJad,
aBTOp  OOHApYXKUJI  QdpaKTaJbHble CBOHCTBA  OTHOCHUTEJIbLHO
MMOT'PEITHOCTA  PA3JIMUYHBIX KOHEYHO-PA3HOCTHBLIX CXeM pelreHund
saga4un Korm

du
— =\, 0.7
dt ’ €07

w0) =1, A=z+iy,

[Ipu paccmorpenun cpsszeil ppakTajoB ¢ KOPPEKTHOCTHIO 3a/1a4
MaTeMaTUIeCKON (pU3MKN OBLIO BBISIBJIEHO, YTO IHIPU OIPEIeIeHHOM
1TPOBOM KOJIMPOBAHUHM KAaPTHUHA PACIpeIesIeHIsS OTHOCUTEILHO
[IOIPEIIHOCTH YJUBUTEIbHO TOYHO COBIIQJAET C LBETOBOI pPaJlyroi,
ropoxkgaemoit mosepxuoctbio CD kommaxT-aucka. B mannoit pabore
MBI TIPUBOJIMM PE3YJIbTAThI MATEMaTHYECKOIO0 U KOMIILIOTEPHOT'O
AHAJIM3a YKA3aHHbIX ABJICHUI.

[lo rTpamumum Bce HaydHble 3aKOHBI  OIMCHLIBAIOTCS B
TepMUHAX OIPEJIEJIEHHOIO MHOXKECTBA MaTeMaTHIeCKuX (QyHKITH
M KOHCTPYKIMH, ¥ CBOMM Dpas3BUTHEM OHU 00s3aHBbI  Kak
MaTEeMAaTUIeCKON IIpocTaTe, TaK U CIIOCOOHOCTH CJIY:KUTh MOIEIbIO
JJIT  OCHOBHBIX XapaKTEPUCTUK M3YUYAEMOI'0 sBJIEHUST TPUPOIHI.
HayuHblit 3aK0H, OnpemeeHHBbI TPU TOMOIIN aJIrOPUTMa, MOIKET,
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OJIHaKO, IIPUHUMATDH JII0OYI0 HempoTuBopeduByio (opmy. IlosTomy
n3ydeHne MHOTUX CJIOYKHBIX CHCTEM, KOTOpble He II0JIIaBaJIICh
NCCACOBAHUIO  TPAJUINOHHBIME  MAaTEeMAaTUUYEeCKUIMU  METOLaMM,
CTaJI0 BO3MOKHBIM C HCIIOJIb30BAHUEM BBIYUCIUTEIbHBIX MOJIEJIel U
TI0sIBJIEHUEM MOIITHBIX KOMITBIOTEPOB.

MaremaTuyueckoe toHATHe (paKTaga  BBIIEISAET 00bEKTHI,
obJiajlaroniye CTPYKTypaMy Pa3/IMYHBbIX MacIITaboB, KakK OOJIBIINX,
TaK M MaJblX, M, TaKuM 00pa3oM, OTpakad HNepapXuIecKuil
IMPUHIWI OpraHu3alnuu. B 0oCHOBE 3TOro IMOHATHS COMEPXKHUTCS
OJIHa BaxKHasd WAeaJU3alndd JeHCTBUTEbHOCTH:  (ppaKTa/IbHbIE
00BbEKTHI CaMOIIOIOOHBI, T.€. UX BUJI HE IIPETEPIIEBAET CYIIECTBEHHBIX
M3MEHEHNI TIPU PasTIdAblBAaHUN UX Yepe3 MUKPOCKONI C JIFOOBIM
yBesmaenuem |1,2].

Bo  MHoOrmx  ciydagx ~— MaTeMaTHdecKue — SKCIEPUMEHTHI,
BBITTOJIHSIEMbIE Ha KOMIIBIOTEpPE, MOTYT I0ACKa3aTh HOBBLIE WJIEH,
KOTOpbIE 3aTeM JIOKa3bIBAIOTCS TPAJUIIMOHHBIME MaTeMaTUIeCKUMU
METOJIAMHU.

Tak ¢ TIOMOINIBIO CPaBHUTEJBHO HECJIOXKHOI IIPOrpaMMbl ObLIN
TIOJIYYeHbl IIBETHBIE KapPTUHKU O00JIACTH YCTOMYMBOCTH Pa3HOCTHOI
z3ajaun Komm B TepMuMHaX oleparopa Iepexoja B KOMILIEKCHO
I0CKOCTH |3-6].

KommnbioTep MOXKHO TIPEBPATUTh B CBOEOOPA3HBI MUKPOCKON 1
HaOJIIOAATh C €ro IIOMOIIBIO 3a IIOBEJIEHHEM I'PAaHUILI 00JacTell.
TeopeTnyecknn MOXKHO <«pas3TJIdAbBaThy JIIOOYI0 YacTb MHOXKECTBA,
mpu JI000M yBenudeHuu. lVzydeHne TMoOJIyUeHHON KOH(PUTYPAITIH
IIPUBOJINT K IIPEIIIOI0KEHNIO, YTO OHA SBJIZeTCS (PpaKTajbio.

Pabota BeIIOJIHEHA ITpK (PUHAHCOBOI T01IepKKe KoMmuTeTa HayKn
MOH PK Nel1746/T'®4 «Teopust m ducjieHHbIE METOBI pENIeHUs
0OpaTHLIX U HEKOPPEKTHLIX 3a/1a9 €CTECTBO3HAHUS».
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One nonlocal boundary problem for
the Laplace operator

G.A. Besbaev!'?, 1. Orazov!?

nstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: ‘besbaev@math.kz
2 Auezov South Kazakhstan State University, Shymkent, Kazakhstan
E-mail: 2orazov@math.kz

We investigate a nonlocal boundary problem for the Laplace equa-
tion in a half-disk, with opposite flows at the part of the boundary.
Our goal is to find a function u(r,8) € C°(D) N C?(D) satisfying in
D the equation

Au =0 (1)
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with the boundary conditions

u(l,0)=f(0), 0<0<m, (2)
u(r,0) =0,r € [0,1], (3)

ou ou
50 —(r,0) = —%(r )+ au(r,m), r € (0,1) (4)

where D = {(r,0): 0<r<1,0<6<7}t a<0;f(0) e C?0,n],
f(0) =0, f1(0) = =f'(m) + af(m).

The difference of this problem is the impossibility of direct ap-
plying the Fourier method (separation of variables). Because the
corresponding spectral problem for the ordinary differential equation
has the system of eigenfunctions not forming a basis. A special sys-
tem of functions based on these eigenfunctions is constructed. This
system has already formed the basis. This fact is used for solving
the nonlocal boundary problem. The goal of the work is to prove
the well-posedness of the formulated problem. The existence and the
uniqueness of classical solution of the problem are proved.

Here we state our main result.

Theorem 1. If f(0) € C*[0,7], f(0) =0, f'(0) = —f'(m) + af (m),
then there exists a unique classical solution u(r,8) € C°(D)NC*(D)

of problem (1)-(4)

Some Problems of these types was considered in our works |1, 2].
The authors were supported by the grant no. 0824/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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Bioxxenne nmpocrpancTB (hyHKITIH MOJOKUTETHHOI
IJIaIKOCTH HA HEPEryJsapPHBIX 00/1acTax

O.B. Becos

Mamemamuneckuti uncmumym um. B.A. Cmexaosa
Poccutickoti axademuu nayx, Mockea, Poccus.
E-mail: besov@mi.ras.ru

ByayTr mpuBenenbl TeopeMmbl BioxKeHud mpoctpaHcTB (CobosieBa
WS((R") m mpocrpancts  yHKIHE MOMOKUTETBHOMR  IIaKOCTH
B IPOCTPAHCTBO JIOKAJIHLHO CYMMUPYEMBIX (QYHKIHUIl HYyIeBoil
TJIAJIKOCTH THUIIA IIPOCTPAHCTB JIM30pKMHA M aHAJIOIMYHOE CBOWCTBO
ITPOCTPAHCTBA MTOTEHIINAJIOB. TeopeMa BIIOXKEeHNA PacIpOCTPaHIeTCs
Ha CJyJail BJIOXKEHWS TPOCTPAHCTB (DYHKIWI, OIpeIe/IéHHBIX Ha,
HEPETYJISAPHBIX 00JaCTAX N-MEPHOIO €eBKJNI0Ba IIPOCTPAHCTBA.
Onpenenerns MTPOCTPAHCTB (PYHKIUI ITOJIOXKUTEJHLHON 1 HYJIEBOI
TJIQJIKOCTH U (POPMYJIUPOBKU TEOPEM 3aBUCAT OT TeOMETPUUYECKUX
r1apaMeTpoB 00JIacTH olpeaeaeHnd (DYyHKITUI.
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O6 omHOM HepaBEHCTBE THIIA XapJau C TpeMd MepaMu

I11. Bugaa !, C. ITTaarua6aesa’

L Hnemumym mamemamuru u mamemamuneckozo modeauposarus, Aimamol, Kasaxcman
2 Kasazcruti Ynusepcumem mencoynapoonbis omnowenud U MUupoevis A3uKo0s,
Aamamuo, Kasaxcman
E-mail:bilalf]@mail.Tu

B nanHoit pabore paccMaTpuBaeTCs HHTErPpaJbHbINA OllepaTop THUIIA,
Xapan ¢ Tpemda Mepamu, aeficrByromuit us L, B L,. Isydaerca
Becopoe L, — L, HepaBeHCTBO C 3TUM onepaTropoM. lIposogurcsa
JleTaJbHOEe M3YyYeHMe BecOBOI'0 HepaBeHcTBa Tuia Xapan mnpu 0 <
p,q < +00 B mpocTpaHcTBe Jlebera ¢ NMPOM3BOJILHBIME MeEpaMHU.
[Tosryuenbl HEOOXOJMMBIE ¥ JIOCTATOYHBIE YCJIOBUSA Ha BECOBBLIE
pyHKIUN JJ18 BBIIOJIHEHUA U3Yy4aeMOI'o0 HEPaBEHCTBA.,

[TocranoBka zamaqdu. Obosnaunm depes B := B(X) o- amredpy
bopeseBcKux moamMHOXKecTB MHOXKecTBa X. CuvBos M = M(X)
0003HAUNM O - ajredpy IOJMHOXKECTB MHOXKeCTBa X, COJIepKAllyIo
B. Yepes {M}* obosnaunm kiacc Becex M - usmepumbix yHKIHi
f:X —[0,400) |J{+o0}.

HeobxoanMo mTpoBecTn J0Ka3aTeIbCTBO KPUTEPUA BBHITIOTHEHNS
HepaBeHCTBa Xapau BUIA:

( / v(z)( / fuczgc)qcm(a:))é gc( / fpwdv)%, Ve {My),

[a,b] la,x] [a,b]

rae 1 < p < 400,00 < g < +400; i, A, v -0 - KOHETIHAsT Mepa Ha [a, b],
A, U - onpejiesienbl Ha 00— ajrebpe My, u, w € {M)}.

Jlannas 3ajada pacCMATPUBAETCA B Pa3IMYHBIX Bapualuax. B
obmieit mocranoBke, T.e. 1npu 0 < p, ¢ < —+00. 3Ta 3aja4a
paccmorpera B paborax Cremanosa B.JI. [1]. B mamem ciayuae
p < 400, g = +00.
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llTak, HaMH pacCMaTpPUBAETCSI HEPABEHCTBO:

/fudazgc(/fpd/\)%, Vfe {M (1)

[a,x] [a,b]

=

sup v(x)
x€la,b]

Heobxoaumo 1oryunTh HEOOXOMMMOE M JIOCTATOYHOE YCJIOBUE €ro
BBITIOJTHEHN .

Teopema 1. [lycmov 1 < p, g = +00, |4 U A cymdb T - KOHEUHAA MEPG
ma [a,b0); w € {M}y, v € {M}}. Hepasencmeso

||v/fuda;||q,[a,b]SCHpr,[a,b]»

[a,7]

uau mo oice camoe (1) ewinoaneno mozda u moavko mozda, xo2da

1
7

A < 400, 2de A:= sup A(t) = sup v(t)é( / up/dt>p.
t€la,b] t€la,b] o

Boaee mozo, das naumenvwed woncmanmoe ¢ nepacencmee (1)
cnpasedauso C =~ A.

Crmcok anrepaTyphl

I.B. Ilpoxopos, B.JI. Cremanos, E.I1. Ymakosadumeezpaarvrvie onepamopo.
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Hunddepennupyembie roMeoMOpPU3Mbl YPABHEHUA
besnbTpaMn 1 aHaauTU4YeckKue CBOMCTBA peHIeHUI

H.K. buinen

Hruemumym Mamemamuru u Mamemamuueckozo Modeauposanus
Kasaxcman, Aamamo:
E-mail: bliyev.nazarbay@mail.ru

OJIITUIITHYECKAs] CHCTEMa, BEIIECTBEHHBIX auddepeHnnaabHbIX
ypaBHeHnI BesbTpaMu Ha IIJIOCKOCTH B KOMILJIEKCHOM 3aIlCH NMeEeT
BII:

0:W — q(2)0,W = 0. (1)

13 YyCJI0BUA SJUIMIITUIHOCTHU CUCTEMBI CJICAYET, 9TO

[q(z) <@ <1, (g = const). (2)
Ucnonbsyem tepmunosoruto [1].  Jlng ypasuenng (1) — (2)
npu q(z) mnpuHaaTexKameil npocrpanctBy Becopa B) 1,2 <
p < oo,r = 2/p, 1oKasaHbl CyIECTBOBAHUE HEMPEPHIBHO
nuddepeHIpyeMbl  JTOKAJIbHBIX, TJIO0AJBHBIX U TIOJIHBIX
roMeoMOP@PU3MOB, IIPUHAIIEIKAIIIX B;jr B JII000f1 OrpaHUYeHHOI
JacT KOMILIEKCHOM TIJIOCKOCTH . 3ameruMm, dYro £ umeer
vecro Bioxkenue By (E) % C(E)),B{"(E) % C(E)) npn
Il < p < oo,r = 2/p. DTu pe3yabTaThl CBA3aHbI C Teopueii
KBa3MKOH(MOPMHBIX OTOOParKeHMil. Crenytomniue pe3yabTaThl
TIO3BOJISIIOT U3YYNTh aHAJIUTUIECKIE CBOMCTBA 0000IIEHHBIX PelTeHn
ypasaenusi (1) — (2).
Teopema 1. Ilycmv q(2) € By (E)(Go), 2 < p < oo, 7 =2/p, 6
nexomopoti oxpecmmnocmu Go(0Gy € CL, 2/p < v < 1) npouseorvio
durcuposannot mouxu zg € E. Wy(z) — aokasvront 2omeomopdpusm
ypasnenua (1) — (2) coomeememsyrouudi okpecmmocmu Gy 3 Gy,
Tozda moboe obobusennoe pevenue W(z) ypasnenus Beavmpamu 6
é() umeem euo:

W(z) = F(Wo(z)),
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ede F(W) — npouscosvias 2040mopdhHas GYHKUUA KOMNAEKCH020
apeymernma W obaacmu Wo(Gy).

Teopema 2. (Ilpunyun apeymenma). Ilycmo q(z) € B (E)2 <
p < oo,r = 2/p, u W(z) — pewenue ypasnenus (1) 6 obaacmu,
xomopoe ydosaemeopaem ycaosuam: 1) W(z) € C((G)), 2) W(z) #

0 1a eparuye ? obaacmu G. Toeda W (z) moocem umems enympu G
AU KOHEYHOE YUCAO HYALT, KOMOPOE 0Npedesiaemcs no Gopmyie

1
N = —ArargW(z),
2T
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Meton Puuapacona B MeToze (pUKTHUBHBIX O0JacTeil
NI BA3KOyIIpyroii cpeansl KeanBuHa

M.M. Bykenos !, JI.H. Azumosa !
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PaccmorpuMm  guHamMuuecKylo 3ajady Jjd cpeabl Kejbpuna —
Doiirra B munHape Q = {Dx[0 <t < ]}, D C R?, ¢ rpanneii .
Kak mokazano B pabote [1], ToOCTAaHOBKY 9TOM 331491 B HAIIPSIKEHUSIX
MOXKHO COPMUPOBATH CJIEAYIOMIAM 0OPA3OM:

2_ _
%+ORR*2—+BR*— _ Bf+CRgf (1)
5(x,0) = p(z), 2 (x,0) = qlx) 2)
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3
Z(m(fﬁ, thng =0, x €y (3)
k=1

Bce Tepmunbr B3s1THL 13 [1]

B pabore |5| mokazano cranmonupoBanue pernienud 3agadu (1)-
(3), mpu t — 00, T.e. pelleHre 3a7a9N BeeT cedsd , KaK pereHue
11aPad0INIECKOI0 YPpaBHEHNUA.

B coorsercrun |[3],|4] npumenum merTos GUKTUBHBIX 00JACTel,
crenys |2| k 3amate (1)-(3), mocTaHOBKA BCIOMOTATEIHHON 334N,
caemyer u3 [2].

Bsenem obo3nauennsa

DOT = DO X [0, tl], DT =D X [O, tl]

Teopema 1. Ilycmv f* € Ly(0,t1; Lo(Dy)), p € WHDy), q €
Lo(Dy), 0 € Wy (Dor), mozda cywecmsyem eduncmsennoe
obobugennoe pewenue sadawu (4)-(6).

Teopema 2. [Tycmn 0 € Wy (Dyr), f* € Ly(0,t1; Ly(D))
mo20a cnpasediusa oueHKa

HO’OC—JH‘%WJ < COKQ (4)
2(D7)

lajee mpuUMeHMM SKCTpaloaduuio PudapjcoHa 1[mo MaJioMy
mapaMeTpy « JJis BCIIOMOTaTeTbHON 3a,1a9H.
Bepno BcmmomorareabHOe yTBEPXKIAEHNE

Jlemma 1. Jlaa pewenua ecnomozamenvnot zadavwu [2] ¢ npacot
wacmuio f* € Ly(0,ty; Lao(Dy)) cnpasedauso pasnoscenue

N
o =0+ Z ofop + NI (5)
k=1
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ede N- 14eaoe NOAONCUMEALHOE YUCAO, O —PEUEHUE UCTOOHOT
sadavu (1)-(3), a dynryuu o, W marosvl, wmo

ol <e<os )

Dot

)+ HWQHW;

1
(Do)

Ilasee BepHAa

Teopema 3. [lycmv svnoanenv, ycrosus semmo, 1. Toeda das
pewenus 3adavu o, (1)-(3) u das gynryuu V- marxod, wmo

V= Z ﬁkaakv
k=1

ede
6 B (_1)]\/—/{:—1—1 . kN—l—l
TRV — k4 1)
o™ —pewenue (4)-(6), coomsememsyowee napamempy oy = ¢
CNPABEIAUBH OUEHKA
lo — V||W21(’1DOT)<C.QN+1 -

C nocrogunoit C', He 3aBucsineit or «. IlojiydeHHble pe3y/ibraThbl
CIIPaBEJJINBLI U JJId HECXKUMAEMOU BAZKOYIIPYTOUl CPeJIibl, IIOCKOJILKY
[MOJIYYE€HHBIE OIIEHKU UMEI0T MeCTO.

Crmcok anrepaTyphl

[1] M.M. Bukenov, Dynamic Problem formulation of linear viscoelasticity in
tension speed. Siberian journal of computational mathematics, Siberian de-
partment, Novosibirsk, 2005, no 4., 289-295 (in Russian)

[2] M.M. Bukenov, Fictitious domain method for Kelvin medium. Mathemati-
cal problems of geophysics: Modeling, researches and interpretation, Novosi-
birsk,1985, 94-102 (in Russian)

138



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

13] A.N. Konovalov, Fictitious domain method in problems torsion probems.
Numerical methods of mechanics continuum mechanics, Novosibirsk, 1972,
Volume 4, no.2., 109-116 (in Russian)

[4] A.N. Konovalov, On one option of fictitious domain method. From book

“Some problems of calculus and applied mathematics”, Novosibirsk, 1975,
191-199 (in Russian)

[5] LV. Pacuk, Stacization of dynamic processes in viscoelastic enviroments.
Dissertation of the candidate of physical and mathematical science, Novosi-
birsk, 1982 (in Russian)

AMS Mathematics Subject Classification: 65F10

O6 oamHOIT MHOrOomapaMeTpuIecKoii
0o0paTHOIT CIeKTpaJIbHOII
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U Mnemumym mamemamuru YHI] PAH ¢ BII, Ya, Poccus
E-mail:valeevnf@mail.ru
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[Iyct @ C R?*- onmHocBasHad 00JacTh € KYCOTHO-TIIAIKOf
rpanruteit I' = 00, My = My(xg, yr) € Q k = 1,..m- npousBoJIbHbIE
TOYKH.

Ha D = {u € WZ(Q)|%|r = u|r = 0} ompesennm 3aMKHyTYO
KBaJIPATUIHYIO POPMY:

// CATNCAD R e i P\ N o
Qlu, ] (%2 “\ 922 Oy? 0x0y Ty

+ij|u(xj7yj)‘27 (1)
j=1

139



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

rie pr € R, k=1, m.

Kpaaparuunas gpopma Q[u, u] oupezenser B upocrpancTse Wi ()
CaMOCOIPSIZKEHHBIN  OIIEPATOP L(?), rie P = (p1, P25 -, Pm) €
obJ1acThio onpeenenHus Dy .

[Ipu sToM ormeparop L(ﬁ) JIOIIYCKAET CJIeAYIOIIee IpeCcTaB/IeHHe:

L(P) = ANu+ > prd(M — M)u. (2)

3neck (M — M) —omepaTopbl, MOPOXKJEHHBIE KBAPATHIHBIMU
dopmamn

1
Qrlu, u] = éfu(Mk)fz, kE=1m.

Monoskum L = Lo+ Ly, Lou= A%*u, Liu=>,_, prd(M — M )u,
Go(z,y, 2"y, \) = Go(M, M, \)— sinpo pesosbBentsl Ry(A) = (Lo—
)L

Torna

Ro()\)Llu(M) = in:kao(M, Mk;, A)u(Mk)
k=1

—KoHedHOMepHbIi onepaTop. ITockoabky R(A) = (Lo+ Li— )71 =
Ro(I+RLy)™!, o oneparop R(\) — KOMIAKTHBII CAMOCOIIPSIzKEHHbII
npu P € R™ oneparop, 4To Bieder 3a coB0H AUCKPETHOCTD CLIEKTPa
M TI0JIyOIPAHUYIEHHOCTh OIlepaTopa L(?) Tenepb paccMoTpuM
CJIEJIYIOTIY IO OOPATHYIO CIIEKTPAJIbHYIO 3a1ady:

3amada. Tpebyemcsa nodobpamsv makxue 3HAYEHUL GEKMOPG ?,
4MobbL POGHO M. CODCMBENNLT 3HAYENUT, ONePamMOopa L(?) ObLA
pasuv, naneped 3a0aHHBM YUCAGM: N[, N5 .oy A
Teopema. Obpammnas cnekmpasvnas 360046  UMEEM
usonuposanmvie pewernus oaa YA = (A1, ..A\,) € C"/{S}, ede
{S} - mmnoorcecmeo mepv noav ¢ C™.
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Pabora Beimosinena mnpu noepkke rpanta POPU Ne 15-01-01095
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Y Mockosexuii 2ocydapemeennmiti ynusepcumem um. M.B. Jlomonocosa, Mocksa, Poccus
2 Bawwupckuti 20cydapemeennviti nedazozuneckuti yrusepcumen
um. M. Axmyano,, Ya, Poccus
E-mail: dilaravn@mail.ru, irnazarl 3Q@mail.ru

PaccmarpuBaercs kBaaparudHad opMa
l m
k .
Q= [ ()P + @y + 3 L) (1)
j=1

samannast B ipoctpanctee Wi (0,1) ¢ obmacreio onpenenennst D =
{y(z) € W3(0,1)]y(0) =0,
y(l) = 0,y"(0) = y"(l) = 0}

Hannass kpajgpaTudHas (HopMa IIOPOXKIAET CAMOCOIPIAXKEHHBII
muddepeHImaabHbil onepaTop L, KOTOpwIl OyaeM 3aluchbiBaTb B
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Buge (cm. [1]-[3]):

Ly =y + qlz)y + > kid(x — z;)y (2)
=1

—

Mgl 1okasbiBaeM, dYTO CIEKTp omeparopa L mnpu Bcex k =
(k1, ko, ..., ki) € C™ AUMCKpETHBII.

OCHOBHOII 11€J1bI0 PabOTHI SIBJISIETCA BBIBOJ, 1 000CHOBaHUE HOBOI
CXeMbl IPUMEHEHUs MeTO/a KOHEYHBIX 3JEeMEHTOB ¢ 0a3ucoM u3
KYCOUHO-JIMHEHHbIX byHKIui. T paauimoHHbIl HOAX01 IPUMEHEHNS
MKDS mnpeamnonaraer MCHONB30BAHUA KYCOTHO-TIOJTMHOMUATIBHBIX
dyHKIIMIL.

B pabore mpepnaraerca mpeodOpaszoBanue ypaBHeHus Ly = Ay
K CHCTeMe YpaBHEHUI OTHOCUTE/JbHO BEKTOPHOW (YHKIUN U =
(y(z),y"(x)), a 3aTem mocTpoeHwust Jijist MOJYIEHHOH CHCTEMbI HOBOT
KBaJpaTuaHoit hopMbl Q1 (V, V) or UV n V. Jlanee cobCTBEHHbIE
3HAYEHUA U COOCTBeHHBIE (DOPMBI Omeparopa (2) HaxXOAATCA Kak
MUHUMYM (PYHKIMOHAJIA KBaIpaTuaHOit dhopmbl Q1 (V, V).

Ha ocHoBe ommcaHHOro 10X0j1a HaM#U Pas3padoTaH IPOrpaMMHBII
KOMILJIEKC, TIO3BOJIAIONINI MCCJIEOBATH C BBICOKON TOYHOCTBHIO U
HaJIe’KHOCTLIO TIOBEJeHNEe COOCTBEHHBLIX 3HAUEHNUI U COOCTBEHHBIX
dbynkuuit B 3apucumoct or x; u k;. lIporpammnoe obecnedenue
MOXKeT OBbITh MHCIIOJb30BAHO IIPU  HCCJIEIOBAHUM PE30HAHCHBIX

JBJICHWH, a TakyKe I MCCIEIOBAHUsT OOPATHBIX CIEKTPATbHBIX
samad (em. [2],[4]).
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AHaJjor TeopeMbl KeJIJABIIA A9
HEeCaMOCOIIPSA2KEHHOT'0 olepaTopa
IMITtypma-J/InyBuijsga ¢ HeperyJasapHO
dbyHKImIeit pacupeaejJeHns CIeKTPa

JI.I'. Basmyniauua

Bbawxupexuti 2ocydapemeennnds ynusepcumeme, Yda, Poccus
E-mail: l.matem2012Q@Qyandex.ru

N3  Tteopembr Kenmbrma  [4]  coemyer, «ro ecom Ty —
TOJIOYKUTEIbHBI — oTlepaTop, JeiCTBYIOIMUiIT B cernapabebHOM
IruIb0epPTOBOM IpocTpaHcTBe H TO_1 € G, 1pu HeKOTOpoM p < 00,
TO J1000€e T(-KOMIIAKTHOE BO3MYIIEeHHe V' CcOXpaHseT JIOKAJIU3AIIIIO
CIIEKTPa, TO ecThb mpu JwdoMm € > 0 cuexTp omeparopa ' =Ty + V
pae yriaa {|argA\| < e} woneuen. Eciu dyHknms pacmpeseneHus
criektpa N (Tj, r) yaoBaeTBopsieT TayOepoBy yCIOBHUIO

%<(;)7,3>r2}%, (1)
pu HEKOTOPHIX v > 0 m R > 0, To cipaBemmBa dpopMmyta

N(T,r) ~ N(Ty,r), r — +o0. (2)
[Ipennmonoskum  Temepb, uto I°  He  dBjdeTcd  OJUBKUM

CaAMOCOIIPS2KEHHOMY, TO eCTb He IpejcraBisgercd B Buge 1'= Ty + V),
rie Ty = 1§ n VTO_1 € S4. Kak mokasbiBaioT MHOIOYUCJIEHHBIE
nmpuMmepbl  |3|, Takme omepaTopbl, KakK IPABUJIO, CIEKTPATHLHO
HEYCTONYNBRI:  CIEKTP MOXKET CHUJIBHO MEHSTHCS 0N JIefiCTBHEM
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MaJIbIX BO3MYIIEHM#. SICHO, 4TO JJjIsi TaKUX OIEePaTOPOB TeopeMa,
Kenpgpia He padboraer.
PaccMorpum onepatop

D(Ty) = {y € L*(0,4+o0) : y € AC|0, +00), (3)
—y" + e’q(x)y € L*(0,+00), y(0) =0}, (4)
Toy = —y" + €"q(z)y, (5)

rae 0 < 0 < 7, byHKIWs ¢ TOKaJIbHO cymMmmupyeMa Ha [0, +00) 1

lim g(z) = +o0.

T—r+00

B pabore [3| mpu ¢(x) = z% «a > 0, noxkasamno, aro {A,}° —
cOOCTBEHHBIE 4ncya omneparopa Tj, MPOHYMEPOBAHHBIE B IMOPAIKE
BO3paCTaHUs MOJLyJIel, jiexkaT Ha Jjiyde arg z = 20 /(2 + a)) u umeror

ACUMIITOTUKY
\, = rnezei/<2+o‘), (6)
20/ (2+a)
Ty ~ AN PRV (7)

T

[ /1 —todt |
Tam ke HaiijleH KJjacc BoaMylleHuit V', IIpu KOTOPBIX COXpPaHAETCs
ACUMIITOTHKA CIIeKTpa. MeToauka 310l paboThl B CyIIECTBEHHOM
MCIIOJIb3YET TOT (PAKT, UTO PE30JILBEHTA oreparopa 1 IPUHAIJIEIKAT
kiaaccy S,, p > (2 + «a)/2a. B npennaraemoit pabore mokasaHo,
qITO PE3YJIbTATHI PabOTHI [3] OCTAIOTCS CIIPABEJINBBIMU U B CJIydae
MeJIJIEHHO PACTYIINX ITOTEHIINAJIOB, MOIYCKAIONINX AHAJIUTHIECKOE
npogoskenne B yron U = {z : —0/2 < argz < 0} (reopema 2).
Vcrob3ys Teopemy 2, MOJIyYeH KJIACC BO3MYIINEHUI, COXPAHSIONIX
ACHMITTOTHKY CIIEKTpa omeparopa 1j ¢ moreHnmaaom ¢(z) = Inx.

Teopema 1. [Tycmos cyuecmeyem Gynkus ¢, anasumusnas 6 jyaie
U = {z : =0/2 < argz < 0}, obaradarowas ciedyrouumu
COUCMBAMU:
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1) 6 xasicdot koneunot mouke ¢ epanuyv, obaacmu U cywecmeyem
xoneunoiii npeden q(C), npuyvem §(x) = q(x) npu x > 0;

2) cyu,ecmeyom. noAoHCUMELHbE A1, G, O, MAKUE, YMO NPU
waorcdom o € [—0/2;0] ur >0

(a) arq(r) < [ (re)| < azq(r),
(6) |arg (cj (?“6_%)> +4+ 204‘ <m/2—o0;

3) q(fre_%) ~ p(r), r — +oo, 2de dynryua p € L _[0,+00)

— sewecmeenna u p(r) — +oo. Tozda cnexmp onepamopa Ty

AOKAAUSYEMCA 0KONO NYUG arg \ = 6.

Jlerko nposeputb, uro dyukiud ¢(z) = ln...In (x +c), rue ¢ > 1,

n
VIIOBJIETBOPSAET BCEM YCJIOBHUSIM TeopeMbl. B wactHoCcTH, Tipn () =

lpx criektp T snexur Ha Jjyde {\ = (t — %) et > 0fu\, ~
elnn, n — oco.

Teopema 2. [lycmv swnosnenv, ycrosus 1) — 3) meopemor 2 u
nycmo V- — onepamop ymmoscenus na dynryuro V(z), xomopas

1) anarumuuna 6 yeae U = {z : —0/2 < argz < 0} u umeem
nenpepuieroe npodoadicenue 6 A10001 KOHEwHol Mouke 2panuyvl

U;
2)V (rem) =0 (Q(reia)) , T — +00, pasromepno no o € [—6/2, 0.

Tozda onepamop T = Ty + V umeem duckpemuuti cnexmp,
AOKAAUS0GAHHYIT  0KoA0 Ayuwa arga = 0. Ilpu sewnosnenuu
dONONHUMENDHO020 MPELOOBAHU.

N(L+W,r)~ N(L,r),r — 400,

ede W — onepamop ymnooicenua na  dynkyuro Wi(r) =
eV (re‘i9/2> , umeem mecmo popmyaa (1).
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Nurerpoand depentimanpbuoe ypaBHeHNE KOJeOaHUS
TIJIOCKOT'O 3JIeMeHTa, HaXOJASAMIerocd Io/i MOBEPXHOCTHIO
necdpopMupyemMoii cpeabl,C Yy9eTOM BIANSHUS TeMIIepaTyphl

Bb./1. JIxxanmoamaeB, K.T. AsrenoB

KTI'Y um. Kopxom ama, Kwavnopda, Kaszaxcman)
E-mail: alen80k@mail.ru

PaccMorpuM  Oe3rpaHudHyi0 B ILIaHE IJIACTUHKY —TOJIIIIHOM
2h, Haxondieiicsd 110/, OBEPXHOCTBIO IOJyOeCKOHEYHO cpeibl Ha
rybute (hg— hy). Tlnockocts (XY) momectunm B cpesHeil MI0CKOCTH
mnactuakn z = (0. Ock OZ HampaBuM B CTOpPOHY BHEITHE
[IOBEPXHOCTU BEPXHEI'O CJIOH.

[t 0OITHOCTH MaTepHuasbl BEPXHEI'o CJIOs U OCHOBaHUs Oynem
CUNTATh Pa3IUIHBIMHA. Obo3HauMM MmapaMeTphbl  ILJIACTUHKU
MHJIEKCOM «1», BEPXHEro CJI0si MHIEKCOM <«2», OCHOBAHUS MHJIEKCOM
«3». [4]

PaccmaTpuBasg 3amady B TpexXMepHOH JNHEITHo# ITOCTaHOBKeE,
yVpaBHEHUS JBUXKEHUsT CJI0s1 IIJIACTUHKU M OCHOBAHUS C YUETOM
BSIBKOCTH ¥ TEMIIEPATypPbl B IIOTEHIHAIAX U 1; IIPOJIOJIBHBIX 1
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ITOIIEPEYHbIX BOJIH 3allMIIEM B BHJIE:

0D §
N;j(A®;) = p; atgj + ap;n;(" )
. o),
Mj(AY;) = pi—g s (1)
1 0T 1 0T 0
AT — S ] — P(—)K: - (AD T =1.3
j C%j It C%j It j(at) j ( j — Qo J)J 3

rae oneparopel Nj; K pasubl N; = Ly +2M;;,  K; = L; + %Mj a
A-TpexmMepHbIil oneparop Jlamiaca
0? 0? 0?
+—+
OE?  0C? 022

L ;, M ;- BA3KOYTIpyTHe OIepaToOPhI

A:

Li(Q) = A [<<t> - it - 5)5(5)8&] ; 2)

M) = [<<t> - T e - €)§(€)d€] ;

flg)— aapa oneparopos (1=1,2), \j, p;, apj- HOCTOAHHBIE MATEPUATIOB.

0 0 0?
Pi| =) =m5 +mzg 3
J (E%) T, T Mo 3)
['ne ng, n1 - K03pdunmenTs CBAZHOCTH.
[Ipennonoraa  maTepuasbl €104, IUIACTUHKA M OCHOBAHMA

(7)

BASKOYNIPYTUMHI U U30TPOIHBIMU, 3aBUCUMOCTH HAIPAXKEHHE 05 0T

):Led)opMauMM s@wc YYE€TOM BJIMAHUA TeMIEepPaTyPhbl Tj 3alluIleM B

BIUJIE OMEPATOPHBIX COOTHOIIIEHUH OOJIBIIMAHOBCKOT'O THUIIA

ol = Li(eD) + 20, (eY)) — g, K (T)) (4)
— Lj\eg AN 0743 5\4Lg

1 X
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() _ UN. (2 S A
o = Mj(e;;); (0 # K)(i, k = 2,9, 2)

Bynem cumraTh, 4TO KOJIeOaHUHA ILJTACTHHKHU II0J IIOBEPXHOCTLIO
MOTYT  OBITb  BBI3BAHBl KaK  BHENIHUMN  yCUJIMAMM — Ha

BHEIITHEl TOBEPXHOCTH 2z =  hg, TakK ¥ BO3MYIIEHUAMHU
PaCIPOCTPAHUSIIOIIMMUCA CO  CTOPOHBI  OCHOBAHMSI. Kpowme
Toro, OydeM cumTaTb, YTO II0 TPAHUIAM KOHTaKTa 2 = hy u

2z = hIJIacTUHKHM C BEPXHUM CJIOEM W OCHOBAHUEM, 3TU KOHTAKTHI
njeaJlibHble, T.e. OTCYTCTBYET TPEHHE. Torma Oymem uMeTb
CcJIeTyToIe IPAHUIHbIE YCJIOBUS: Ha BHeIHed cTopone (z = hy)

o = FPa,y. 0.0 = F @y )i=2y) ()
1 omamM 13 Tpex YCJIOBUiL Iy
oT:
TQZFo(ZE',y,t);@—;:Fl(IB,y,t) <6>
oT:
hé2)a—z2 — [TQ - FQ('CUa Y, t)]
Ha rpanuniie KoHTaKTa BEpXHUIL C/I0H — IJIACTUHKA 2 = fy
1) _ _(2). (1 _ (2) _ 1 — .2 (5
0.7 = 02 sz o O? sz o 07 w = w (] _ 7) (7)
1 Ul TeMIIepaTyphl ;, (7 = 1.2)
ory, 0T,
Ty =1T5; =
! 9z 0z
(9T2 9 (9T2
pVZ22 = P2
R P
Ha rpanunne macTuaKa — ocHOBaHue z = —hy
o) =0 4 FS)(E, C,t), 0]1-2 = 0;

oD L F Oy )= 0w = + B0 =,)
U JIJIsT TEMIIEPATYPHI | (j:1.3)

oly 013

92 9z
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ot 3 OTy
=L -1 =n =2 -
' 0z ! "0z ’
(

rae (PyHKIUU st) (x,y,1); Fj(j)(a;, Y, b); FO(?’) (x,y,t) ommchBAIOT
HAITPSAXKEHNA ¥ CMEIEHNs] B TIaJal0Iell BOJIHE CHUZY, T.€. CO CTOPOHHI
OCHOBaHHMs, YTO MOYKET ObITh BBI3BAHO, B YaCTHOCTH, 3€MJIETPACEHUEM
W B3PBIBOM, h(()j ) KO PUITHMEHTH! TEILIOIPOBOIHOCTH.

Kpome TOr0, HOKHBI BBIMOJIHATHCA YCJIOBUS 3aTyXaHUd Ha

OECKOHEUHOCTH, T.€. IIPU 2 — —OQ

W =04 =) =4 =0 )
Hauajbable yciioBus HyJe€BbIe
oD gyle) oT: _
U) — — — =T =L —=0j=1.3: t=20 10
at at ¢ ] 8t j )y~ HpM ( )

Taxkum obpas3oMm, KpaeBagd 3ajada  KojebaHUd  IIJIACTUHKHU,
HAXOIAIIEHCs TT0J, MOBEPXHOCTBIO C YUETOM BJIUSHUST TEMIIEPATYPHI,
CBOJIUTCA K PelleHnto uHrerpoguddepen-nnaibHblX ypaBHEHUN
(1.1.) mpu rpaHUYHBIX U HAYAJILHBIX ycaoBusx (1.5-1.10).

B panbreitmeM paccMOTpuUM  ciydail  KoyieOaHWS ILJIACTUHKU
HaXOJIsIIeiicsi 110/ IIOBEPXHOCTbIO 0e3 ydera TeMilepaTypbl u
KoJieOaHUsI IILJIOCKOIO SJIEMEHTa JexKalllero Ha  JgedopMupyeMoM
OCHOBAHUU C YYETOM TEMIIEPATYPHI.
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O cymecTBOBaHNM HETPUBUAJIHHOTO PeIleHUd
OJTHOM OJTHOPOJIHON HEJIMHENHON I'PaHUMYIHON 33124’

M.T. Jxkenanues!, M.J1. Pama3zanos”
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E-mail: muvasharkhan@gmail.com
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B pabore B 6eckoneunoii yriaopoit obmactu G = {z,t|0 < = <
t, t > 0} 0bCyKIAITCS BOTPOCHI CYTIECTBOBAHNST HETPUBUATHLHOTO
perieHus JIJjd CJAeAyIoeil TpaHNYHON 3a/1a4uu

wi(z,t) = wee(z, ) + wi(z, t), {z,t} € G, )
w(x,t)|—0 = w(x,t)|,=¢ = 0.
C moMoIpo nmpeodpas3oBaHms

w(z,t) =Inu(x,t) (2)

rpaHnYHad 3a/ia4a (1) CBOJAUTCH K JIMHEMHON 'PaHUYHON 3a/1a49e J1Jid
ypaBHEHUA TEILJIONPOBOHOCTH:

up(, t) = Uy (2, 1), {z,t} € G,
u(z, )| om0 = u(x, t)]s=r = 1.

(3)
Pemenue 3ayaqu (3) uiem B BUjie CyMMBbI TEILIOBBIX TIOTEHIINATIOB

150



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

aBoftHoro ciios [1]:

u(z,t) = 4[/ 3eXp{ 4(;”’_27)} v () dr +

1 T —T _(x—7)2 N
+4ﬁ0/(t7)%exp{ —4(]5_7)}90()61. (4)

Nzeectro [1], aro dynknms (4) ymoBierBopseT ypaBHeHHO (3)

ipu JiI0ObIX v (t) u @(t). Vcmonpsys rpanndmbie yceaoBusd u3 (3) u
CBOFICTBA TEIIOBBIX TTOTEHINAJIOB, UMEEM CJIE/IYIOIee NHTErPAJIHLHOE
ypaBHEHIe OTHOCUTENLHO HeM3BeCTHON QyHKINM (t):

o(t) — / Kt r)p(rdT = f(t), t >0, (5)

rJe

K(t,7)= 2\1/7 {(t 15_—1—7)73/2 exXp { Z(L )) }
1 b—7
LTI (t — 1)1/2 eXp{ }

f(t)-—2<3rf( 5 ) (7)
Teopema 1. [2| Obwee pewenue ypasnuenua (5) umeem cud

(p(t) =C- @O(t) + 901(75), C= const, <8>

T I UL

2de
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p1(t) = f(t)+/tR(t,T)f(T) dr, (10)
0
1= e (57) A e (5]

x /erfc (%) exp (—7127) dr, (11)

@wo(t) ui(t) — coomsememsenno pewenue 0dnopodnozo (npu f(t) =
0) u wacmnoe pewenue HeodHopodno2o UHMEZPAALHOZ0 YPUEHEHUA

(5).

Teopema 2. ['panuunas  3adava (1)  umeem  cemeticmeo

HEMPUBUAALHHLL PEULLHUTE, KOMOPOE HATOOUMCA ¢ NOMOUBIO POPMYA

(4), (6)—(11) u obpawenus popmyave (2).
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Pabora Beimosmena 1o rpantam 0085 /IT11D-14, 0823/I'D4
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On two-point boundary value problem for
the Fredholm integro-differential equations
with weakly singular kernels

D.S. Dzhumabaev 2, A.T. Assanova'
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2 International information technology university, Almaty, Kazakhstan
E-mail: dzhumabaev@list.ru; assanova@math.kz

We consider the linear two-point boundary value problem for sys-
tem of Fredholm integro-differential equations with weakly singular
kernels

dx

W A+ /O K(t,s)z(s)ds + f(£), t € (0,T), dz € R", (1)

Bz(0) + Cx(T)

d, de R", (2)
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where the (n x n) matrix A(f) is continuous on [0,7T], the (n x n)
matrix K (t,s) has the form K(t,s) = - ) ——<=H(t,s), and the (n X n)
matrix H (¢, s) is continuous on [0, 7] x [0, 7], 0 < § < 1, the n vector
f(t) is continuous on [0, T7.

A solution to problem (1), (2) is a continuous on [0, 7] and con-
tinuously differentiable on (0,7T") vector function x(t) satisfying the
Fredholm integro-differential equation (1) and boundary condition
(2).

Integro-differential equations and different problems for them are
used as mathematical models of various physical processes |1]. Lin-
ear boundary value problems for the Fredholm integro-differential
equations are investigated in [2-7| for the cases of smooth kernels.
Two-point boundary value problems for linear Fredholm integro-
differential equations with weakly singular or other non-smooth ker-
nels are studied by the Galerkin and collocation methods in [9-12].

In present report, based on the parameterization method [8] we
investigate the existence and uniqueness of solution to problem (1),
(2). Dividing the interval [0,7] into N parts, we introduce addi-
tional parameters. While applying the method to problem (1), (2),
an intermediate problem, special Cauchy problem for the system of
integro-differential equations with parameters, arises. Note, the prob-
lem is always uniquely solvable for sufficiently small partition step.
This property of intermediate problem in [2| allowed us to estab-
lish the necessary and sufficient conditions for solvability and unique
solvability of problem (1), (2) in the case of smooth kernels. In [3-6],
the smallness of interval’s partition step is also required for solving
the linear boundary value problems for Fredholm integro-differential
equations. In [7], the arbitrary partitions of interval are considered.

Hereby we expand the results of paper [2] to the linear two-
point boundary value problem for the system of Fredholm integro-
differential equations with weakly singular kernels. Algorithms of
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parameterization method are based on the smallness of interval’s par-
tition and solving the system of algebraic equations with respect to
the additional parameters introduced. If a fundamental matrix of dif-
ferential part of Eq.(1) is known and the erasing definite integrals can
be evaluated, then the algorithm gives a solution to the linear two-
point boundary value problem for the Fredholm integro-differential
equations in the explicit form.

Let a number Ay > 0 exist and satisfy the inequality BThé_‘seo‘hO <
1, where

- Hit = A()|l. Then f
o (S o= s JAW]]L Then for any

h € (0,ho] : Nh =T, the special Cauchy problem is uniquely solv-
able. The solvability conditions for linear two-point boundary value
problem (1), (2) are established in the term of solvability of the sys-
tem of algebraic equations mentioned above.

This research is financially supported by the grants from the Min-
istry of Science and Education of the Republic of Kazakhstan (Grant
No. 0822/T'®4 and Grant No. 3362/T'®4).
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OO0 oaHOIT € AMHCTBEHHOCTH peNieHns O0CeCuMMEeTPUIHOI
3a/iaan PpaHKJIS AJIs MOJIYIIPOCTPAHCTBA

A.A. Eaeyos!, P. Eneyosa!, H.H. Tynratapos!'

U Kasaxckuti nayuonasvrod yrusepcumem umeny arb-Papabu, Aimamu, Kazaxcman
E-mail: elevov@mail.ru

PaccmorpuM ypaBHeHHe CMENIaHHOI'O THIIA
5 I .
Uy + Eux + sgn y uy, = 0, (1)

KOTOPOE SBJIAETCA MPOCTPAHCTBEHHLIM ypabBHeHueM JlaBpeHTheBa-
Bunanze B caydae oceBoit cumMeTpum.

[Ilycrb D - mpaBad NHOyIJIOCKOCTL 2z = & + 4y, DT —
repBasd 4eTBepTh IUIOCKOCTH, D™ — deTBepTasd 4eTBepTh IJIOCKOCTH.
Tpebyerca nafitu B obsactu D pernenne U(x,y) ypasaerus (1),
HeIIpepeIBHOE B 1), oTpaskaiomleecs B HY/JIb Ha OECKOHEYHOCTH,
3a ucKI0YeHneM ObiTh MoryT Touku (0,0), U yIOBIETBOPSIOIIEE
IPAHUYHBIM yCIOBUIM

(0, y)—a(0, —y)=5f(y) (-o<y<oo) (2

t, (0, y) =0 (—o0 <y < o0), (3)

rie f(y) — sazannag nedernas dyHkiua us C*(—o00; 00), HpudeM
pu Yy — 00
fy)=0(y—) (e>0)

Jliist perienns paccMaTpuBaeMoii 3a1a4u MIPUMEHSIETCS METO KA,
OCHOBAaHHAS Ha MHTETPAJbHBIX TTPEICTABICHUSTX DEIIeHNS YPABHEHNS
(1) B ob7acTax €ro SJIUITUIHOCTH U TUTEPOOTUTHOCTH.
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On a Green’s function of a heat problem
with a periodic boundary condition

N.E. Erzhanov!?

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Regional Social and Innovative University, Shymkent, Kazakhstan
E-mail: ‘erzhanov@math.kz

We investigate a non-local initial-boundary value problem for a
non-homogeneous one-dimensional heat equation.
The domain under consideration is a rectangle:

N={0<x<1,0<t<T}

. A non-local periodic boundary condition with respect to a spatial
variable x is put.
We consider a heat equation

Up — Uyy = f(2,1)
with initial condition
u(z,0) =7(z), 0 <z <1,
and homogeneous periodic boundary conditions (k =1 or k = 2)
u(0,1) = (=1)"u,(1,¢), w(0,t) = (=D*u(1,t), 0<t<T.

These problems are well-researched, their solution (in classical and
generalized sense) exists, is unique and can be constructed by the
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method of separation of variables. It is well-known that a solution of
problem can be constructed in the form of convergent orthonormal
series according to eigenfunctions of a spectral problem for an op-
erator of multiple differentiation with periodic boundary conditions.
Therefore Green’s function can be also written in the form of an in-
finite series with respect to trigonometric functions (Fourier series).

The solution can be represented with the help of the Green’s func-
tion in the form

u(x,t)/o ds/o G(:L',f,t—s)f(f,s)dﬁ—l—/o Gz, & t)T(€)dE.

For classical first and second initial-boundary value problems there
also exists a second representation of the Green’s function by Jacobi
function. In this report we find the representation of the Green’s
function of the non-local initial-boundary value problem with peri-
odic boundary conditions in the form of series according to exponents.

Some Problems of these types was considered in our work [1].

The authors were supported by the grant no. 0824/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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Y1miuimi perTi chI3bIKTHI JuddepeHnnalIablK
onepaTopabIH OOJIIKTEeHY HIapPTTapPhbI

2K.B. EckaobL1oBa

JIL.H. I'ymunes amovindazo, Eypasus yammuok ynusepcumemi, Acmana, Kazaxceman
E-mail: juli e92@mail.ru

Cé?’)(R) Y per ysimiccis guddepernpaigaHaThiH XKoHe GUHATTI

byHKIIMAIAD KUBIHBIHIA aHBIKTAJIFaH Kejecl

Loy = —y +r(x)y (1)
CBI3BIKTHI b epeHnInaaIblK OpHEriH KapacThIpaibiK. MyHIaFb
r € (—00,+00), r - HakThl MoHAl dyHKIWA. Ocbr Ly - a1 Lo(R)
KeHICTiriHer! TyibikTaxy b L ger 6enrineitik. Erep opbip y € D(L)
VIIIH

"1l + lrylly < e (ILylly + lyllo)

TEHCI3ZIr  opblHIATATBIH Oosica, oHma L omepatopsl  Lo(R)
KeHicTiriHme GesikTeHeni gen arananbl. Byi xepae || - ||, - Lo R)-
JI1 HOPMACHI.

Ymiann perti guddepeHInaibK, = olepaTopaapibl 3epTTeyre
aKIapaTThl CcaKTal KaJjyFra KadiJeTTi opTaja eTeTiH MIPOIecTepi
3epTTey €ecelTepi, COJ CUSIKTbl 2KUEKTIK KabdarT TeOPUsiChIHbIH
MOJIEJIBIIK ecenTepl asbin Keiemi 1], Ymmismi perTi ChI3BIKTHI
nubdepeHInaIIbK  OIepaToOPAaAPAbIH, IITHIEr TepeH 3epTTe/lreH
TYPI -

"
ly = -y +qlz)y.

(2] wmakamacein KoHe OHIAFBI ClaTeMesiepii Kapa). By
xepae q(x) > 1 nmem ecemrenemi. (1) TeHgiriMeH aHBIKTAJFAH
L omneparopblHBbIH, KacueTTepi [ omepaTopblHAH MYJJIeM OeJlek.
Meicame, D(L) ambiktamy ob6sbickl  Lo(R)-re emyl yuria 7
Koo pUImeHTiHe KOCBIMINA IapTTap KOI Kepek. Mrraagait
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Oesrineysiep eHrizefik:

Vpp = MaX {ililg (HpHLg(O,x) Htv_l(t)HLg(x,—l—oo)) ’

s1p (Wl 60 Oy )
tho =i {5 (1Bl 016 = ) 07Oy )

sup (HpHLQ(T,m |(t =) v_l(t)HLQ(_OO,TQ } -

Myngarsl p  JKeHe U - Y4, Y, ITAMagapbl  MarblHabl
bosaTeiHgai y3iaiccis dyHkmusiap. bagagamana Kejecl Ty>KbIPbIM
TaJIKbLIAHA L.

Teopema 1. Admanvix r exi pem y3ainiccis dupdepenyuandarnamoim
bynruuAs 604N, KeAech

r 2> 198 < 00,7 p < 00,

NHCOHE

e <™ o <o
r(n)

wapmmapvir Kanazammandvipcoit. Onda y € Lo yusin

™l + Iry"ll, + llylly < CrllLyll,

bazansayv. opvindanradu, Oackawa atimusanda, L onepamopovr Lo(R)
Kericmizinde berikmeneol.
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[1] By6bros B.A. Xapakrepuctuieckue 3a1a4u JJist OJJHOTO YPABHEHHS TPETHETO

nopska. KoppekTnble KpaeBble 3aJaun JIJisd HEKJACCUIECKUX ypaBHEHUi
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AcuMIITOTKA CeKTPa HeIoJIyOrPaHnIeHHOTO
anddepeHImaIbHOrO onepaTopa 4eTBePTOro
mopdaaKka ¢ KoJebaoimumcea Ko3duiimeHTom

A. Eckepmecyant', 4.T. Cyaranaes®

U Bepasutickuti nayuonasvrod yrusepcumem um. JILH. Tymuiesa
E-mail: alekel}10@gmail.com
2 Bawxupckut 20cydapemeennniti nedazozuneckud ynueepcumem um. M. Axmyaiv,
E-mail: sultanaevyt@gmail.com

[annasg pabora MOCBsANIEHA M3YYEHUIO  ACHMITOTUYIECKOTO
[IOBEeJIeHIS CIIEKTPa HEeIOJIyoI'PaHudIeHHOro juddepeHnnaabHOro
omepaTopa Lo, mopoxkaeHHOr0 B Lo(—00, +00) muddepeHimanibHbIM
BbIparkKeHIEeM

ly =y +q(2)y, z € (—00,+00). (1)

B monorpadun [1] Obuiu mosiyueHbl acUMITOTHYECKHE (DOPMYIIbI
st dyaxin N(A) — GYHKIUKT  pacipeeeHnst coOCTBEHHBIX
3HAUEHNN  CaMOCOIPSXKEHHBIX  pacIIUpeHuii  MUHUMAJIbHOIO
i depeHnuaibHOro orneparopa L, TOpoKIeHHOT0 B Lo(—00, +00)
g depeHImaibHbIM BeipakenneM Buja (1) B caydae, Korga ¢;(r)
— "perynapaasa”" B cmbicae Turumapiia-/leputana ¢yuknns. [lox
PEryJIIpHOCTBIO (DYHKIMU §1 () MOHUMAETCS CJIEYIOTIEe;

e QYHKIUSI q1(x) SIBJIAETCA TIBAK B HEIIPpePbIBHO-
nndepeHImpyemMoit;
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e ¢\ (), ¢/ (x) He MeHSIIOT 3HAK JIJIA JIOCTATOYHO OOJIBININX X, || >

R, R>0;
® ¢1(x) = 400 mpu || = +00;
* qi(v) = o(q](2)), |z| = 400, 0<y <.

[lenbto Hammell pabOThI SIBJIAETCS IIOJydeHHE aCHMIITOTHYECKIX
dbopmyn maa dyuknun N (A) B caydae, Korma GyHKIUS qp(x)
HE VIOBJIETBOPSIET VCJAOBUSIM PEryasapHOCTH TUma TuTaMmapiia-
JleBurana u spisercs xosedsomeiica dpynkmueit. [Ipumepom Taxkmx
HEPETYIAPHBIX PYHKIINN SIBIAIOTCS, HATpuMep, (OYHKIINKT BUIA

q(r) = q(z) + h(z),

rie q(x) — "perynapuas” , a h(x) comepKUT OCIIIIAIIIIO

hix) =) ap(z) - Sk (pr(@))

riae Sk(t) — mepuogmueckue dyHKIMN, a ag(x), wr(xr) — mocTaTodHo
TJ1aJIK1e MOHOTOHHbBIE (PYHKIIAN.

Acummroruieckre (Kak MO x, TaKk U 10 A) (DOPMYJIBl JIJIst
dbyHrmamenTaabHOl cucrembl pererns (qanee PCP) ypaBHeHuit Buia

—y" + (q(z) + h(z))y = Ny

¢ MOZOOHBIMU TOTEeHIMaJaMy u3ydasiuch B paborax [4], [3]. B
pabore |[1| ObLT TpemIoYKeH HOBBI METOI TIOCTPOEHUS TaKUX
ACUMIITOTHYECKUX 1IpH = — +00 QopMys, i ypaBHEHHd
qeTBepTOro mopgnaka. (OKazagoch, YTO JaHHBI MeTOJ| TO3BOJIAET
TaKyKe MONyInTh acummrorndeckie Gopmysbl st PCP ypasaenns
(1) mpu I' 3 A — oo, e

F={A:0+4+i1,0>0,({<7<0", >0, 0 <y <1},

paBHOMepHBIE TT0 & € (—00,+00). [Ipu sTOoM Ha GyHKIHIO ¢1(T)
HAJIAraloTCsa 60J1ee JKeCTKIE YCJIOBUSI.
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Dynamic analysis of queueing models

G. Gupur

College of Mathematics and Systems Science, Xingiang Unwersity, Urumqi 830046, P.R.China
E-mail: genigupur@uip.165.com

On the basis of our research work, we introduce the dynamics for
queueing models that are described by infinitely many partial differ-
ential equations with integral boundary conditions. Firstly, we state
our motivation, next we provide the main tools in functional anal-
ysis, then we state the idea to obtain the well-posedness of queue-
ing models. After that, we introduce the asymptotic behavior of
time-dependent solutions of queueing models. In addition, we dis-
cuss structure of time-dependent solutions of queueing models. We
conclude this talk with some open problems.

Why a Fredholm integral equation of the first
kind is an ill-posed problem?

Alemdar Hasanoglu Hasanov

Izmir University, Izmir, Turkey
E-mail: alemdar.hasanoglu@gmail.com

Abstract. We study a relationship between two mathematical models of the
simplest physical phenomenon, governed by differential and integral operators.
Comparing these two problems, we will try to answer the question: which problem
is the direct (i.e. original) problem, and which problem is the inverse problem?
This will answer to the question why a Fredholm integral equation of the first
kind is an ill-posed problem?

1. Consider the problem of solving the Fredholm integral equation
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of the first kind [1]

(Au) = /o K(z,y)u(y)dy = F(x), where

1—2)y, 0<y<ux,
K(z,y) = {x(l—y%, :CSZSL D)

It is easy to verify that

/0 K(z,y)sin(nmy) dy =

which means that the numbers {(nm)~2}°°, are eigenvalues of
the integral operator A : C[0,1] — C]0,1] defined by (1), and
{V2sin(nmz)}> | are the orthonormal eigenfunctions. Using this

1

(n7)

ssin(nmz), n=12,..., (2

we can define the Fourier Sine series representation for the kernel
K(z,y):

(o) =2y ST )

n=1
To solve now the Fredholm integral equation (1) we use the
Fourier Sine series F(x) = 2.0 F,sin(nmz), u(z) =
V2 3% uy, sin(nmrz) for the functions F(z) and u(x), where F,, and
u,, are the Fourier coefficients. Substituting these in (1) and using
(2) we deduce that

o

; (7;;) sin(nmr) Z F,, sin(nmx)
This implies that u, = (n7)?F,, n = 1,2,.... This relationship

can be treated as an input-output relationship for problem (1). Thus,
the Fourier series solution of the Fredholm integral equation with the
kernel given by (1) is the function

=2 Z(mr)2Fn sin(nmx), x € [0,1], (4)
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if the series converges in the considered solution set C'[0, 1]. However,
there are very simple cases where this fails to happen, even in L?[0, 1].
Indeed, let F(z) =1, z € [0, 1]. Calculating the Fourier coefficients
F, we get: F, = 2[1 — (=1)"]/(n7n), n = 1,2,3,... . This means
the series (4) fails to converge.

This analysis shows problem (1) may not have a solution for each
function F € C|0,1].

2. To understand the reason of this phenomenon, we interchange
roles of u(x) and F'(z) in problem (1), assuming now that F(x) is
the unknown function and u(x) is the given one. Differentiating the
left hand side of (1) and taking into account the form of the kernel
we get the formal differential problem with respect to the unknown
function F(z):

{ —F"(x) =u(x), z € (0,1), (5)

F(0)=F(1)=0.

Evidently, K(x,y) is the Green’s function for the operator —d?/dz?
under the boundary conditions (5).

Let us compare now problems (1) and (5), taking into account the
swapping of the functions u(z) and F(x). It follows from the above
considerations that, these problems can be defined as inverse to each
other, as stated in [2]. Then, it is natural to ask the question: which
problem is the direct (i.e. original) problem, and which problem is
the inverse problem? To answer this question, we need to go back to
the physical model of the problem. The boundary value problem (5)
is the simplest mathematical model of deflection of a string, occupy-
ing the interval [0, 1]. The Dirichlet conditions in (5) mean that the
string is clamped at its end points. In this model, the function u(x),
as a given right hand side of the differential equation (5), represents
a given pressure, and the function F(z), as a solution of the bound-
ary value problem (5), represents the corresponding deflection. The
unique (classical) solution of the two-point boundary value problem
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(5) is the function

Fla) = / K (e y)uly)dy, @ < [0,1] (6)

where the kernel K (x,y) is the Green’s function defined in (1). Hence
each pressure uw € C[0,1], defines uniquely the deflection function
F € C?0,1], F(0) = F(1) = 0. In other words, the boundary
value problem (5) is a well-posed problem, with the unique solution
(6). On the other hand, as we have seen above, the integral equa-
tion (1) may not have a solution for each continuous function f(z)
(deflection). The physical interpretation is clear: each (admissible)
pressure generates a unique deflection, but an arbitrary function can-
not be regarded as a deflection. Applied to the integral equation (1)
this means that to be a possible defection F'(x) needs, at least, to
satisfy the boundary conditions F(0) = F(1) = 0 and to have con-
tinuous second derivative. This is a reason, in the language of the
physical model, why a Fredholm integral equation of the first kind is
an ill-posed problem.

3. The lemma below explains the above conclusion, in terms of com-
pact operators. It simply asserts that any neighborhood of an arbi-
trary element ' € R(A) from the range of a linear compact operator
A might not have a preimage in H.

Lemma 1. Let A : D(A) C H — H be a compact operator between
two infinite-dimensional Hilbert spaces H and H, with bounded do-
main D(A). Assume that f € R(A) is an arbitrary element from
the range R(A) C H of the operator A. Then for any e > 0 there
eists an element fo € Vo(f) :={g€ H :|lg— fllz < e} such that

fo & R(A).
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Imki cymepno3nmusa onepaTopbl KATHICATHIH
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b
o(t) = [ K(t 5, x(n(s), - X(ha(s) ds = (To)(t), ¢ € [a,8] )

2(§) = p(£), erep& ¢ |a, b]

MHTETPAJIJIBIK TeH/eyi KOIITEreH [1-4] aBTOPJIAP/IbIH
FBIJILIMA ~ €HOEKTEpIHAe 3epPTTEJINeH. AprymeHnTi Kemiireri
nudepeHInaIIbK TeHIeyaep TeOPUICHIHBIH KONTereH Mocesesepi
OCBHI CUSIKTHI TeHgieyJiepre Kesripisesi [5].

Kepcerifren aBTOPJapAblH 3epTTeYJIepiH YKaJFaCThbipa OTBIPHITI,
0i3 (1) TeHmeymi Keseci mapTTap:

a) dyskmug K : |a,b] X [a,b] x R" +— R Kapareomopu
MAPTHIH KAHAFATTAHIBIPA/IBI, SFHI OAPJIbIK JepJik ¢, § € |a, b] yimin
KaJIFaH apryMeHTTep YKUBIHTHIFBI OOMBIHIIE Y31JIiCCi3 »KoHe OipiHIi,
eKIHIII apryMeHTTeD »KUbIHThIFbI OOMBIHIIA OJIIIEeMIl DAPJIbIK, MYMKIH
00JIaTBIH KaJIFaH apryMeHTTep MOHJEpl VIIIH;
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b) h; : |a,b] — R, i = 1,....,m |a,b] kecingicinge esmemii
dbyskusaap kone mese = 0 6osranga mes{s € [a,b] : hi(s) €
e} = 0 mapro opuiHgagatein Ve C  [a,b] KUBIHBI yITiH

mesh; ([a,b]) > 0 opblHIaNATEIH JKargailIapia KapacThIPaMbI3.
Lrepifge 6i3 ¢(§) = 0 men yitrapambi3, Oys yiiFapbiM — Tajgay
neHOepin TapbLITIANAL |5).

T onepatopbin  HOpmacel |[ul[, = f lu(s \pds APKBLITBI

aHbIKTaTaThH L, 1 < p < o0 KeHiCTmH;[e KapacCThIPaMBbI3.

L} nen nopmacer ||ul pp = ax Jwil|, xeme apbip KommOHEHT
L, «xenicririnyie sxatarbin u(s) = {ui(s),...,un(s)} BexTOp-

dyHKIIMAIAD KEHICTINH Oesriieiimis.

L,, keHicririne »KaTaTblH 2KoHe [a, b] KeciHiciniy OapJiblk kepje
nepaik (1) Tenmeymi KaHaraTTaHIBIpATHIH x QyHKIUICHH (1)
MHTeIPaJiblK TeHJEY/IH IIeliMl Jell aTaliMbl3.

la,b] Kecimgiciniy o-anrebpa KypaiTbiH 1IMKi KUBIHIAPbIHAH
KYPaJaTblH »KUbIHJIbI

pie) o mes{s € [a,b] : hi(s) € e}

JKOHE
dpsi, | def . pi(e)
(s) = lim
dm mese—0 Mese
GYyHKIULIAPHIH aHbIKTaiiMbI3. MyHIarel € - § HYKTeCIH KaMTUTHIH

la,b] KeciHmiciHme >KaTaThIH KeCIHml, aa i i = 1

el s ey M

KOCBhIHAbLTaHaThH dyHukmsaap (|6], 234 6.).
u(h(s)), erep h(s) € [a,b]
0, erep h(s) ¢ |a, b

JIeTl aJIbIII, DcepJiepl CcollKeciHIle ]
(Hiu)(s) = a5
(Hu)(s) < {(Hyu)(s), ... (Hpu)(s)}

up(s) =
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b
(Ku)(t) @ [K(t,s,u(s))ds

aApKBIJIbl aHBIKTAJATBIH 1MKI cyneprno3unud H;, H omnepaTopiaapbiH
JKOHE CBIBBIKTHI eMeC [ MHTerpasIblK OIepaTOPhIH aHBIKTAlMBI3.
Afita kererin xaitt, H;, ¢ = 1,...,m xKoHe H omneparop/aphl
CBI3BIKTBI, OH 2koHe L, Kenicririn L, Kenicririne OelineseiiTin
OeitneneyJrep.

Engi (1) uaTerpasibk TeHIeyin

r=KHx=Tz, x € L,
OTIEPATOPJIbIK TEHJIEY TYPiHJE Ka3yFa 60J1aIbl.
S={x €L, : |z(t) < z2(t) € L,} nen L, KeHicTiriniy TYHBIK,

JIOHEC, IIEHeJII'eH 1IIKI »KUbIHBIH Oerijeiik.

Jlemma 1. Ezep H @ L, — L' Oednenedmin colzvikmo, onepamop
orcone

(K (t, s, U1, ooy )| S wl(t, s, |uil, .., |uml)
b
2(t) > [wl(t, s, zn(8), .., 21, (8))ds

mencizdixmepin  Kanazammandvpamonr, t,s € lab], lu| <
00 00ABICHIHGN  Q  apeyMenmmept  00TUbHULG  KEMIMETMIH
w(t, s, a1, ..., ) otcone mepic emec z € L, dynxyuasapo
mabv.aamoi boaca, onda T onepamopovr S orcuvinviin S HCUBIHBINA
Oetinenetiol.

Teopema 1. Ezep

. HK('%S’U)HLg
1) sup vraisup—rs L <00 (1< p1 <p<o0) opvindasamoin
sup [l (o)
Ly xenicmizinde ocamamuir or; a(8) Pynkuyusco, mabvaamolt 60ACA;
2) lim  wrai sup ||K(-,s,u) — K(-,$,0)|n =
[u—vl|gm— 0 s€[a,b] 1

0 mendier R™  wewicmizinde oicamrkan  Ke3  Keazen U YUl
opviHdasamuit boaca;
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HK<'+5757U)_K('787U)HLZ@1 _ 0
)

3) lim sup vrai sup

P
o—0 ueRm Se[a,b] ||u||Lp+a(s>

du; .

4) e L p i =1,....,m oacamamoi 6oaca, onda T : L, —
p—p1

L, moavievimen ysinicciz onepamop 604adv.

Teopema 2. FEzep asemma  men  1-meopemanviyy,  wapmmapol
opvindanca, onda (1) mendeydiny L, wxewicmizinde orcamamorn
lz(t)] < z(t) mencizdiein Kanazammandvipamoin kem dezende
O1p wewimi oap 60AadvL.
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XapaKTepuCTUIECKUil onpeaeanTesib CIeKTPaJabHO
3aJaun g oneparopa lLlItypma-JInyBuias
C UHTErpaJibHbIM BO3MYIIIEHNEM KpPAaeBOT'O yCJIOBUHA
AHTUNEPUOINIECKOTO TUIIA

H.C. Umaunbaen

Hrnemumym mamemamury u Mamemamuyeckozo ModeiuposaHus, Aimamol,
IOocno-Kasaxcmancexuti 20cydapemeentniti nedazozuseckudi uHcmumym,
[MTbivkenT, Kazaxcran
E-mail:imanbaevnur@mail.ru

B macrogdmeil 3aMeTKe pPacCMOTPUM CIEKTPAJbHYIO 3aJlady C
NHTErPaJbHBIM BO3MYIIIEHHEM OJHOTO M3 KpaeBBIX yCaoBuil Tnma I

11]:
Li(u) = —u' ()= u(z), 0<z<l, (1)

Up(u) =u(0)+u(l) =0, (2)

Uy (u) = o (0) + o (1) = / p @ () de, p(@) € Li(0.1). (3)

HecamMocornpszkeHHbIM BO3MYIIIEHIEM CaMOCOIIPAXKEHHON
AHTUIIEPUOJUIECKON 3aJ1a91 OymeT Harpy>KeHHbII
nuddepeHnna bHbIl  ypaBHEHUS BTOPOTO TOPAIKA CJEIYIOIIEro
BHa [2]:

Li" (v) = =" (z) +p(z)v' (1) = M (), n
Vi(v) =v(0)+v(1) =0, Vo(v)=2'(0)+2'(1) =0

Oyuknuio  p(x) mpencraBum B Buge paga  Dypee 10
TPUTOHOMETPUUIECKOI CUCTEME:
(0. ¢]
p(x) = lagcos(2(k —1)m)x+brsin(2(k—1)m)x] (D)
k=1
Teopema 1.  Xapaxmepucmuueckud onpedesuments
anmunepuodudeckoli  Cnekmpaisvrots  3a0aMu ¢ GOZMYULEHHBLMU
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kpaesvimu yeaosuamu (1) - (3) npedecmasum 6 sude

Ay (X)) =2 (1+cosﬁ) —ZSin\/Xibk)\ 2k —1)m
k=1

—((2k=1)m)*
ede Ay (N) = 2<1+Cos \/X) —  Tapaxmepucmureckul
ONPedestument  HeBOSMYWEHHOT  anmunepuoduveckol — 3adavu,
br—  woappuyuenmor  pasnooicenus  (5)  Pynkyuu  p(xr) 6

mpuzornomempuseckuts pad Oypoe.

Apropbr ObLH IO IepKanbl TparToM 0825 /I'd4 MOH PK.
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A periodic problem with nonlocal perturbation
of boundary conditions

N.S. Imanbaev!?, M.A. Sadybekov!
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2South Kazakhstan State Pedagogical Institute, Shymkent, Kazakhstan

E-mail: 'sadybekov@math.kz, 2imanbaev@math.kz

[t is well-known that a system of eigenfunctions of the operator,
given by a formally self-adjoint differential expression with arbitrary
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self-adjoint boundary conditions providing a discrete spectrum, forms
an orthonormal basis of the space Ls. The problem of preserving the
basis properties with a (weak, in a sense) perturbation of the initial
operator was investigated in many works.

The present work is the continuation of authors’ researchers on sta-
bility (instability) of basis property of root vectors of a differential
operator with nonlocal perturbation of one of boundary conditions.
In this paper a spectral problem for a multiple differentiation op-
erator with an integral perturbation of boundary conditions of one
type, which are regular, but not strongly regular, is considered. The
present paper is devoted to the spectral problem

l(u) = —u"(z) = du(z), 0 <z <1,

1
Uy(u) = 0/(0) — /(1) + au(0) = / p@)ulx)dz,
0
Us(u) = u(0) —u(1) =0,
which p(z) € Ly(0,1), and « # 0 is an arbitrary complex number.

For this type of the boundary conditions it is known that the un-
perturbed problem has an asymptotically simple spectrum, and its
system of normalized eigenfunctions creates the Riesz basis.

We construct the characteristic determinant of the spectral prob-
lem with an integral perturbation of the boundary conditions. It is
shown that the Riesz basis property of a system of eigen- and ad-
joint functions is stable with respect to integral perturbations of the

boundary condition.
The main result of the work is the following theorem.

Theorem 1. For any function p(x) € L9(0,1), the system of

cigen- and adjoint functions of problem (1)-(3) forms the Riesz basis
Lo(0,1).

The results of the present paper, unlike [1|, demonstrate the sta-
bility of basis properties of the root functions under integral pertur-
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bation of the boundary conditions of one type of problems that are
regular, but not strongly regular.

Some Problems of these types was considered in our works |1, 2]
and was published in extended abstracts of the Third International
Conference on Analysis and Applied Mathematics, Almaty, Kaza-
khstan (September 07-10, 2016) [3].

The authors were supported by the grant no. 0825/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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ITI-posed model of oscillations of a flat plate

U.A. Iskakoval
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We consider a model case of stationary vibrations of a thin flat
plate, one side of which is embedded, the opposite side is free, and
the sides are freely leaned. In mathematical modeling, there is a local
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boundary value problem for the biharmonic equation in a rectangu-
lar domain. Boundary conditions are given on all boundary of the
domain.

Problem C. Find in D = {(z,y) : 0 <z < m,0 <y <} a
solution to the biharmonic equation

AQU = u:m:xx(gja y) + 2“xmyy<x7 y) + Uyyyy(x, y) — 07 (SIZ’, y) €D (1)
satisfying boundary conditions in the first spatial variable x:
U= =0, Dt|peo=0; Ulper =0, Aulpr =0; 0<y <1, (2)

and boundary conditions in the second spatial variable y:

ou
I3 JAN
By = (@), 5=l =), 0o <a ()

We show that the considered problem is self-adjoint. Herewith, the
problem is ill-posed. We show that the stability of solution to the
problem is disturbed. Necessary and sufficient conditions of existence
of the problem solution are found. Spaces of the ill-posedness of the
considered problem are constructed.

Some Problems of these types was considered in our works [1-3].

The authors were supported by the grant no. 0820/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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O BAMSHUN MHTETPAJIbHBIX BO3MYIIEHNIT HA OTPAHNMYIEHHOCTD
perieHuii anHeitHOTO AU dhepeHnnaJIbHOTO YPaBHEHN
TPEThEro MmopdaKa Ha IMOJYyOCH

C. UckargapoB

Hnemumym meopemuneckot u npukasadnot mamemamuru HAH
Kupewvizckoti Pecnybauku, Buwxer, Kupewacman
E-mail: mrmacintosh@list.ru

Bce durypupyiorme GyHKIUE U UX TPOU3BOJIHBIE SIBJISTIOTCS
HETIPEPBbIBHBIMU U COOTHOIIEHUA UMEIOT MecTO npu t > to, t > 7 >
to; J = [to, 00); ULV - unrerpo-muddepentmanbaoe ypasaerne; J1V
- mudpdepeHnnaaIbHOEe ypaBHEHNE.

Jlemma Yemarosumov docmamounvie ycao6us 02panuuentocmu 1a

noayunmepsane J ecex pewenuts caedyrowezo aunetinozo MY
mpemuvez20 nopadka euda:

I”’(t) 4 ag(t)x”(t) + al(t)xl(t) + ao(t)l'(t) ‘|‘j [QO(t, ’7')$(7')

+Q1(t, 7)x' (1) + Qo(t, 7)x" (7)]dr = f(t), t >t (1)
6 cayuae, Koz2da coomeememesiytowee [V mpemuveao nopadka
2"(t) + as(t)2"(t) + ar ()2 (t) + ag(t)x(t) = f(t), t >t (1)

MOJACEM UMEMB HEO2PANUMEHHLE Ha J Delweni.
Jlng  pemreHus — BBLIMICNIPUBEICHHON — 3aJa4d  pa3BUBAETCA
HeCTaHAPTHBI MeTOos cBemeHus K cucreme apropa (2006), meros
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cpespiBatonux  gynaknuit aBropa (2002), MeToj; HHTErpabHbBIX
repaercTs FO.A.Benp, 3.11axeiposa (1973) u mpumMensieTcs JjieMMma,
3.3 aBTopa (2002) 06 uHTErpaJbHOM HEPABEHCTBE TIEPBOTO POJIA.

Himxe mpuBemeM KpaTkoe cojep:KaHue pPadOTHI. CrauaJia
anasorndano aBropy (2006) B Y (1) caesnaem 3ameny:

2'(t) + Na(t) = W(ty(), «'(t) = =Na(t) + W(ty(t),  (2)
rie 0 % A\ - HEKOTOpHBIH BeromoraTe/bHbIN mapaMerp, 0 < W(t) -
HEKOTOpas BecoBas (byHKINS; y(t) - HOBas Hem3BeCTHasA QyHKITHS.
Torma WJIY tperbero mnopsizka (1) cBomuTcs K - Caeayromieit
9KBUBAJEHTHOH cucreme wu3 JIY mepBoro mopgagka (2) g
HensBecTHO x(t)  u3 V1Y BTOpOTO MOpsAIKa 11 HeM3BeCTHO Y(1)
[ 2/(8) + Nx(t) = W(t)y(t),

y"( )+ 0a(8)y'(t) + Dr(8)y(t) + bo(t)(t)+

7\

+ f Py(t, T)x(7) + Pult, 7)y(7) + K (t, 7)y/ (7)) dr =
= F( ), t > to,

Fﬂ;e

ba(t) = aa(t) +2W' (1) (W (1) " = A2, bi(t) = ax(t) — Mag(t) + A* +

(t) — )\2CL1( ) -+ >\4CL2( ) )\6] .
t,r) = (W) [Qolt,T) — N2Qu(t, 7) + NQa(t, 7)]
t (Q1(t, )W (T) + Qa(t, 7) (W (72

W i2W( )]
W)™ Qat, W (r), F(t)=(W(t))

f(t).

Beejiem mpe/nosioxKenuss 1 0003HAUEHUs AHAJIOTUYIHO ABTOPY
(2002):

n n

K () :ZKZ' (t,7), F (1) :ZFi(t)? (K), (F)

1=0 1=0
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Y; (t) (1 =1...n) - HEKOTOPBIE Cpe3bIBatolye QyHKIUH,
Ri(t,7) = Ki(t, 7)(wi(t)u(r) " By(t) = Fy(t) (vu(t))

R;i(t,ty) = Ai(t) + Bi(t) (i =1...n), (R)
¢; (t) (1 =1...n) - nexkoTopsbie dbyHKIWN. B gacTHOCTH, TOKA3aHA

Teopema 1. Ilycmo 1) A # 0, W(t) > 0; swnoansomes yciosus
(K), (F), (R);
CYULECTNBYIOM, gﬁy%%uuu A*() > 0, R*() > 0 maxue,

wmo  Alt) < (B9 ) BY 1))
Rl (t,7) < RI(t )R’( ) (z = l.n; k = O 1). Tozda Onsn
t

06020 pewenus  (x(t), y(t)) cucmemw (3)  svnmosnaemca
t

omepeemuneckas ouenwa:  (z(t))” + 202 [ (2(s))’ds + (¥'(1))° +

to
n

5= [0 (it 00+ [ R 0,7) (Xt 7)) 7] < (ot

i / Fu(s) exp(— % / V (n)d)ds}2 exp( / V(s)ds) = M(t.c.), (4)

1)) lo to

2de Fi(t) = [Fo(t)|+W (L) [y(to) |+ b1 (£)y(to) |+ |y (o) j |Pr(t, 7)| d,

<t>zz::1[ (1) + R O] +2{W (1) |t — to| +ba0)] +[a(8)] £ — to] +
\bo(t)’+

+f!Po )|+ Pt 7)| |7 —to| + | Ko(t, 7)|] dr}.

Hycmb ewe 3) Aj(t) > 0, ¥;(t) > 0, ¥i(t) > 0 (1 < j <
n), q(t,c) 20, ¢t c) 20, 1
¢'(t,c)(¥;(t))™ € LIJ, Ry), 2de q(t,c.) = (A;(t)7 2(M(t,c.)) 2.
Tozda y(t) = O(1).

l\')l)—l
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CaencrBue 1. Ecau svnoansomes ece ycaosus meopemvs 1 u
W(t) = O(1) (coomeememeenno W(t) — 0, t — o), mo aoboe
pewenue MY (1) x(t) = O(1) (coomsemcemesenno x(t) — 0, t —

CrpaBeyInBOCTL ~ 9TOTO  CJIGJICTBUS  BBITEKAET HA  OCHOBE
MHTErPAIBHOTO TpejcTaBienns x(t) u3 3aMennl (2) st J1000T0
le(to)

[TprBOAATCS MILTIOCTPATUBHBIE TIPUMEPHI.

O kJjgaccax BO3MYIIEHMT, COXPAHAIOMINX aCUMIOTOTUKY
CIIEKTpa ONepaTopoB, He DJAM3KNX K HOPMAJbHBIM

X.K. Nmkuu

Bawrupcexuti 2ocydapemeennndl ynusepcumeme, Yda, Poccus
E-mail: Ishkin62mail.ru

[Tyctb H — cemapabenbHOe rIbLOEPTOBO MPOCTPAHCTB, 1 — IJI0THO
ompeJie/ieHHbI B ‘H omepaTop ¢ AUCKPETHBIM creKTpoM. Obo3HaImM
qepe3 {\; }72, cobcrBennble yncia 1), IPOHYMEPOBAHHBIE B IOPSIIKE
HeyObIBaHUSI MOJYJel ¢ yd4eToM HuX ajredpandecKux KpPaTHOCTEN.
Bes orpanmuenns obmuocTu Oyaem cumTaTb, 4To (0 HE SIBJIAETCA
COOCTBEHHBIM 3HauUeHneM 1j, TO €CTh OIepaTop TO_1 KOMTIQKTEH.
Torma B mosmsipnom pasnoxkenun Ty = UlTy|, |To| = /13T,
omepatop U yHHTapeH, s-9mcia omepatopa Ty ' WMEOT BT
si(Tyh) = sj_l|T0|), rae {s;(|To])}52, — mponymepoBanHbIe B MOpsIKE
HeyObIBaHUS COOCTBEHHBIE dncyia omeparopa |Tyl.

N3 teopembr M.B. Kemgpima [4] (em. Takeke |2, rr. V, §§ 10,11])
CJeIyeT, UTO eCJIN TO_1 € G, npu HEKOTOpOM p < 00, TO Jioboe 1j-
KOMIIAKTHOE BO3MYIIeHre V coXpaHsieT JIOKAJIU3AIMI0 CIEeKTpa, TO
ecTb pu Jwbdom € > 0 cuextp omeparopa 1 = Ty + V' BHe yria
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{larg A\| < e} xomeuen. Eciu byHKIW pacipeieseHns CIeKTpa

N(Tp, ) ynoBreTBopsieT TayOepOBBIM YCIOBUSIM %gﬁig < (5)7, s >

r > R, nmpu HekoTopwiXx v > 0 m R > 0, To cupapemnBa dpopmMyia
N(T,r) ~ N(Ty,r), r — +o0.

Brociencreun  teopema  Kesupima obobmajack B - pas/iMIHBIX
Harpasaenusx (M. |1, 2, 6] u umeronmecs TaM CCBLIKN).

OZHO U3 TaKUX HAIpaBJIECHWI — paCHIMPEHne KJIacCOB OIIepaTOPOB
Th, Ui KOTOPBIX COXpaHsercsd yTBeprKjieHue reopembl Kejyibllia.
Tak, B pabore [5| ObLTIO TMOKazaHO, 4TO ecym Ty — HOPMAJbHBII
OTIEPATOP C JUCKPETHBIM CIIEKTPOM, JIEYKAIIUM Ha JIydax Yy = {\ €

C . arg)A = ppHk = 1,m) ¢ coorBeTcTBYONIIMU (DYHKITHAME
pacrpegesnerust No(vg, 7), YAOBIETBOPSIOMIUMA YCIOBHSIM

lim N0(7k7T(1+5)) _
A T N

r—+00

To npu JroboMm Ty-kommaxkTHoM Vo ocrekTp omeparopa I = Ty +
V' nokammsyerca okono ayueir v, (B = 1,m) mw N(y,7) ~
No(ve,7), k = 1,m, rme N(v,7) — 4uCI0 COOCTBEHHBIX HHUCEJ]
omeparopa T' B cektope {\ : |A| < r, |argA — x| < e}, € > 0 -
JIOCTATOTHO MaJl.

Eciu oneparop 1y He OJM30K K CAMOCOIPAKEHHOMY WJIH
HOpMAJILHOMY (TO eCTh He mpejcrasiserca B sume Ty = H 4+ V, rue
H camocomnpsiyker uin HopMmaJjeH, V — H-KOMIAKTeH), TO CHEKTP
Ty MOXKET CHMJIbHO MEHATbCS II0J JeHCTBHEM MaJibIX BO3MYIIEHUN
(em. [7] m wumetonmecsa Tam ccbuiki).  Hamwm mosyuden kiacce
BO3MYIIEHNI, COXPAHSIONINX ACUMIITOTHKY CIIEKTPa MPOU3BOJILHOTO
oliepaTopa ILJIOTHO OIIPEJIE/IEHHOI'O OllepaTopa C Pe30JIbBEHTON u3
kinacca Hefimana-IllarTena.

Bynem ropopuTh, uTo crnexTp 1{ JOKAJM30BAH OKOJIO Jyda
arg A = qq ToIjla W TOJIbKO Torga, Korga Ve > 0 N(Ty,r) ~
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N(Ty, o0 — e, a0 + &,7), 1T — +00, tae N(T,n,(,r) u N(T,r) -
qUCI0 COOCTBEHHBIX 3HadeHuil omneparopa T COOTBETCTBEHHO B
cektope {n < arg A < (, |A| < r} uxpyre {|A\| < r}.

Teopema 1. IIycmv onepamop Ty ydosaemseopsem caedyrousum
YCAOBUAM.:

1) TO_1 € G,(p > 0) u cnexmp onepamopa Ty 10KaAU306GH 0KOAO
Ay arg A = 0,

27) cnekmp Ty na ayue (—o0,0) xonewen u ||(Ty + r)7Y| =

O (7”_1) , T — +00;
3r) N(Ty, r) ydosaemeopsem yeaosuro im N(Ty, r)/N(|Ty|, ) >

r—00
0.

Tozda cnpasedaiusnv, caedyrouue ymeeparcoenus.
1. Ecau

ly) onepamop V' oeparuuen ommocumenvro Ty u ezo Ty-zpane
pasra 0,

2v) enexmp onepamopa T = Ty + V' aokaiuzosan okonso
HEKOMOP020 AYUa arg A = 3,

mo 3 =0;
2. Ecau svinoaneno donoanumenvnoe x 1p) — 3p) ycaosue
N(Tp,r(1
lim Zo,r1 +¢)) =1,
e—+0, N(Tg, 7”)

r—-+00

mo
N(T,r) ~ N(Ty,r), r — +o0.
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O6 omHOM aJArOopmTMeE HAXOXK/IEHUd pelleHnd JIMHEHOI
KpaeBoii 3aJa49m Jid HATPYyKEeHHBIX anddepeHnnaIbHbIX
YPaBHEHUI C UMIYJIbCHBIM BO3/I€ICTBUEM

2K.M. KagupbaeBa

Hnemumym mamemamury u Mamemamuyeckozo mMoleiuposanus, Aimamu, Kaszaxcman
E-mail: apelman86pm@mail.ru

PaccmarpuBaercs — KpaeBas — 3ajada  JJIsd  HArpPyKeHHBIX
mudbdepeHImaIbHbIX YPaBHEHMI

dx &
—=A(t)z + ; A4;(), lim () + f(0),
B, tilgp_ox(t) — C@tilﬂom(t) =pi, @R di=1m, (2

rie (n x n)-marpunsl A;(t), j = 0,m, u n-Bexrop-byukims f(1)
Kyco4aHO-HerpepbiBHBL Ha [0, T'], ¢ BO3MOXKHBIME Pa3pbIBAMU IIEPBOIO

pofa B Toukax t = 0;, 1 = 1,m. B;, C;, i = 1,m - nocrogHHble
MaTpuIlbl pazmeproctd (n X n), 0 = 0y < 01 < 6 < ... < 0, <
Qm—l—l =T.

Pemenwem samaun (1), (2) dBisercss KyCOYHO-HEIPEPHIBHO
middepentupyemast Ha [0,T] Bexrop-dyHKIMs x(t), KoTOpas
VIOBJIETBOPsieT HarpyzkeHHoMY JuddepeHnnajbHOMy YpPaBHEHUIO
(1) ma [0, T), kpome Touex ¢ = 6;, 1 = 1,m, U yCIOBUAM UMITY/IHCHBIX
BO3/IEfiCTBU B (DUKCUPOBAHHBIE MOMEHTHI BpeMeHH (2).

B mocienane ronbl Harpy»keHubie gud depeHImaibHble YpaBHeHNs
HAXOJIST MHOIOYMC/IEHHBbIE IpPUMEHEeHHs B 3aJadax IIPaKTUKU.
Harpy:»kennble oObIKHOBeHHBIE mudhepeHnnaabHble YPaBHEHUSA U
KpaeBble 3a/1a1n JJIsi TAKUX YpaBHEHU paccMOTpeHsl B |1, 2, 4, 5, 6]
U II0JIyYEHbl YCJIOBUA KX Pa3PeIrnMOCTH Pa3/JIUYHBbIMU METO/AMHU.
B paborax |2, 4| sumHeiinag nByxToduedHas KpaeBas 3ajada JId
Harpy>KeHHBIX TuddepeHInalbHbIX YPaBHEHUI pelajgach METOI0M
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mapamerpusaun - |3). Ha ero ocHoBe ObLIM yCTAHOBJIEHBI
HeOOXOIUMbIE U JOCTATOYHBIE YCIOBUS OJHO3ZHAYHON paspermMOoCT
YKa3aHHOU 3a/1avul.

MaremaTnyueckoe MOICTMPOBAHKE SBOJIIOINN PeaIbHbIX [IPOLIECCOB
C KPaTKOBPEMEHHBIMU BO3MYIIEHUSIME, JJINTEJIbHOCTHIO KOTOPBIX
MOKHO IpeHeOpedb, MPUBOAUT K HEOOXOANMOCTH MCCJIEOBAHNUSI
muddepeHnraabHbBIX  YPaBHEHUN ¢ UMITYJILCHBIM BO3JeHCTBIEM.
Pasnmunbie 3amaun 1y TaKUX ypaBHEHUI, METOJbI UX PEIleHUs U
IpyTHE BOIIPOCHI TEOPUH UMITY/ILCHBIX CUCTEM PACCMOTPEHBI MHOTUMNI
aBTOpamu, 0630p u 6ubHOrpaduio paboT MOXKHO TTOCMOTPETH B | 7).
I13BecTHO, YTO HAIMYKE UMITYJILCA CYIIeCTBEHHO BJIMAET Ha CBOMCTBA
pereHnit 0OLIKHOBEHHBIX M depeHInaabHbIX YPaBHEHMI.

B nacTosmemM coobmeHnn NCCIeayTest BOTPOCH Pa3peImMOCTH
JIMHEMHON  KpaeBoul  3ajiaum  JJid  CUCTEeMbl  HarpPyzKEeHHDLIX
nuddepeHnraabHbBIX  YPABHEHWI € HMITYJILCHBIM — BO3JefCTBIEM
(1), (2). Jnst HAXOXKIEHWS YCAOBUI PA3pPENTIMOCTH U MOCTPOEHUS
AJITOPUTMOB HAXOXKJICHWsT TPUOJIMYKEHHBIX perennit 3agaan (1),
(2) wucmosb3yercss Mmeron mnapamerpuszarnuu |3|.  Ilpemmaratorca
AJITOPUTMBI HAXOXKIEHWS PeIIeHns] U YCTAHABIUBAIOTCS YCJIOBUSI
OJHO3HAYHON pasperirMOCTH B TEPMUHAX MCXOIHBIX JAHHBIX.

PesynbraTtel  mopgeprKaHbl  TPAHTOBBIM — (DHHAHCHPOBAHUEM

MuwunucrepcTBa obpaszoBanmsd u Hayku Pecnyoamkn KaszaxcraH,
rpanT 0822 /I'®4.
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Paccmorpum cucremy

dy; & :
d_a}j = wj@)y; + Y ciy@)yr g = 1,2..n. (1)
j=1
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WzBectHo [1], 9ro cripaBeyimBa e yionas TeopeMa.
Teopema 1. [lycmo

1. Qynkyuy wi(x) CYMMUpyemvi 6 KaAcIdom KOHEUHOM UNMEPEALe
0,a], @ > 0.

2. Qynwyuu cjp(x) cymmupyemv 6 urmepsane |0, 00|
3. wj(x) = 0 npu nexomopom i.

4. Hpu x, docmamouno boavwom (x > xg), dywryuu Rw;(x), j # 1,
He MEHAIOM 3HAK.

Toeda cucmema (1) umeem pewenue, ydosaemeopalousee Yea06UAM

. L, =,
lim y;(z) = o
0, jF#1.
Hameil 1mebio nccaeoBannd dABJIAETCA JOKA3aTeJIbCTBO aHaJIora
TeopeMbl 1 jyst pyHKIWM cjp(x) = ¢jsine’, rme ¢; = const.

(0. ¢]
Bamerum, urto [ |sine’|dx = 0o, T0 ecTb ycjoBHe 2 He BBIIOJIHIETCH.
o
OCHOBHBIM PE3YJILTATOM SBJIAETCA CJEAYIOIas TeopeMa.

Teopema 2. Pewenus cucmemot

7= Az+ Csine'z, (2)

2de A — npoussosvras mampuua, C — nocmoannas Mampuya, npu
T — 00 6edym cebsa mak dce, Kax U peuternus cucmemuv, 2 = Az.
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Bapmuarnumonnblii MeTo nccijieioBaHnus TePMO-(PpU3nIeCKOro
COCTOSHUSA TEMJION30JINPOBAHHOTO CTEPXKHS
IMEePEMEHHOI0O CeYeHnd

M.H. KanumoanaeB, A. KynaiikymoB, A.A. TaieB
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DopmMyInpPOBKa NPoOIEMbI
PaccmoTpuM  TOPMBOHTAIBHBIN — CTEpXKeHb  [IEPEMEHHOT0

noriepedroro cedetusi.  Ocb (O HalpaBuM CJieBa B IIPABO 110
ocu crepKHA. [IpesrnooskuM, 9To MOMepevyHoe CeueHre CTePXKHS
ABJIAETCA KpYr. Pajnyc MmonepeyHoro cedeHust CTep:KHsI MEHSeTCs
ouHelHo 1o ero gyumue, Te. r(r) = ar +b 0 < x < |
riae [ [em/ — mowHA crepKHA.  a,b = const. Pamuyc mmomas
TOTIEPETHOTO CEeYeHMsI JIEBOTO KOHIA 0bo3HaumMm depe3 bfcm/, T.e.
r(z = 0) = a-0+b = blem/. Torma pagmyc MOTEPETHOTO
ceveHms IpaBoro Kouma oymer pasuo r(r = 1) = a - + b[A <?.
[Tomma b momepeaHOro ceueHnst CTePKHs M0 ee JJINHEe MEeHAETCS TI0
KBaJpaTHIHOMY 3aKoHy, T.e. F(x) = mr? = w(az +b)*, 0 <z < [.
Jlasiee, TpPeOIOKUM, 9TO OGOKOBas MOBEPXHOCTb KCCJIEYEMOro
CTEpPIKHSI SIBJISIETCsT TETLION30/IMPOBaHHOl. Ha mioma e momepeTHoro

B

c<
MHTEHCUBHOCTBIO, B TO BPeMs KakK dYepe3 ILIOMaJjb IOIEePeTHOro

CeUeHMsT JIEBOTO KOHIA MO/IBEIEH TETLIOBO# TIOTOK ¢|-=3| C TTOCTOSHHOT

CedeHUs MPaBOro KOHIIA ITPOUCXOAUT KOHBEKTUBHBIN TEII000MEH C
oKpy»Katoreit cpemoit. [Ipm sToM TemmepaTypa OKpy>KaroIeit cpeabl
MIOCTOAHHO, T.e. 1y [OC} = const. Koaddbunmenr rernoodbmena
MEXKJIy MATEPUAJIOM CTEpP:KHS U OKPYrKaloIlel CpeJibl h[%].
Temmnodusmdaeckoe CBONCTBA MaTeprasa CTEP:KHSA XapaKTepu3yeTcs
o
A< 01l
BO3/EHCTBUAX  TpeOyeTcs  OIpeJe/UTb 3aKOH  PacIpejie/IeHns

KO3(hDDUIMEHTOM  TEIIOMPOBOTHOCTH Ky | [Ipy Takumx

TEMIIEPATYPHLI 110 JJIMHE MCCIEAYEMOT'O CTEPZKHA JTIEPEMEHHOI'O
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cedeHnd. PacdeTHass cxemMa paccMaTpUBaeMOll 3aJa9ll ITPUBOIUTCA
Ha pUCYHKe 1.

NLLL L g
—df/;‘—‘é‘ e ST

(U%fﬂﬁi;“
re W

Pucynok — 1. Pacuernasa cxema 3amatmn.
3aKOH paclpeje/leHnd TeMIIepaTypbl IO JJIMHE WCCIeIyeMOro
CTEPXKHS OTIpeJIeIAeTCd CAeTYIONUM 00Pa3oM:

222 — 3la + [ AMax — 422
T,

T (.T, l, h, kxa;; TOC7 q,a, b) -

20% — lx
[?
rie ay = (3al + 14b); ay = (al + 4b); as = (al + 2b); a4 = 3al + 4b;

6l(al+b)h.b B 6lbq.b _6l(al +b)h-Tp

Tk,0<aj<l (1)

a; = (11al 4 14b) +

ke ke ke

Clb4 - bgCg 02 b3 4@2 bl
T — T = — 22T+ 2T = —2T, — B75, 4+ 2L (2
GG —G T o ey ot )

Cl _ 4 (a1a3 — Clg) ; 02 _ asQaz — a1a4; 03 _ 4 (CLQCLg — CL10J4>;

ap ay ay
Oy = M =05, b, aby — b
aq aq aq

Crmcok aurepaTrypbl

[1] Harr M.E. GraundWater and Seepage, McGraw-Hill, N.Y., 1962

190



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

2] Fung Y.C. Foundations of Solid Mechanics, Prentice-Hall, Englewood Cliffs,
N.J., 19654

13| Krieth F. Principles of Heat Transfer, 3-rd ed. Index Educational Publishers,
N.Y., 1977

|4] Huebner K.H. The Finite Element Method for Engineers, Wiley, N.Y., 1975
|5] Harry J. Segerlind Applied Finite Element Analysis, N.Y., 1976

[6] Visser W. Finite Element Method for Determination of Non-Stationary
Temperature Distribution and Thermal Deformations, Proc. Conf. on Ma-
trix Methods in Structural Mechanics, Air Force Inst. of Technology Wrights
Patterson Air Force base, Dayton, Ohio, 1965

[7] Conte S.D. Elementary Numerical Analysis McGray-Hill, N.Y. 1965

AMS Mathematics Subject Classification: 35Q70, 35Q74, 35Q79.

I'parnuHbIE ycJoBusd JJid ABYMEPHBIX
runepooIndIecKnx ypaBHEHMT
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B nosoce Q={0<x <1, 29 >0, z1, 75 € R*}
OIpe e IUM oTeHa a Komu 1mo gpopmyiie

u=Lf= /Qs(:m, 2, &1 — &) (&1, €2)dEs (1)

rie (1, To, &1 — &) —dyHIaMeHTaIbHOE PEIleHne YPaBHEHNUST

D’c 0% Oe Oe

= — + ay(x1, T9)=— + ao(x1, To) =—=¢
652 O (1, 22) o1 2)8332

85!31

ta(ry, x2) = 011 — &1, 19 — &)
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[Tpu sTom u = Ll_(1 VIOBJETBOPAET HadaJIbHOMY ycCIoBHIO Kommnm

ou oL f
b Kf‘ZO (95172‘20 (9.’13‘2:0
n ypaBHeHI/IIO
Lu=f (24)

B nacrogmieit pabore monb3ysch ¢yukimeit Pumana ypasuenng (2

N——"

HaiileHbl OOKOBBIE TPAHUYHLIE YCJIOBUA T.e. yeaoBus Ha o1 = 0, 1y
0. morernuasbl Komn 3amgaBaembrit hopmysnoit (1).

Teopema 1. Jlas aoboti f € CYQ) nomenyuanr Kowu u = L' f
ypasuenue (1) ydosaemsopaem odHoOpoOOHOMY HAUAADHOMY YCAOBUIO

o 0
Ule=y = 0, ((9_5 - a_n)ulnzé“ =0

u 50%06?)6./\4 epa,’H,u%H?)LM yC/LOSUGJ\/L
N~ [u]] 404 = N(u)|y=—¢
¢ OR  Ou
= | Jusz—+ =R+ bRu+ aRuld& |y——¢ py——e,=0
/() [ua§1 _|_ 8771 + ’LL—|—CL U] 51 ‘77— 57771— 51

N ullpyp = N(u)|y=1-¢

1
2 Ou OR
= R—+ R+bRu — aRuldn; |p—1—cm—1—e=0 (12

ede unmezpuposarus pynruun R(E,n, E1,m), w(&1,m) nposodumcs
6doav npamvim AgA :m = =&, BpB :n =1 —&;.

192



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

Crmcok aurepaTrypbl

[1] T. Sh. Kal'menov and D. Suragan, Determination of the structure of the
spectrum of reqular boundary value problems for differential equations by
V.A. Ilin’s method of anti-a priori estimates, Dok. Math., 80 (2008), pp.
913-915.

[2] T. Sh. Kalmenov and D. Suragan, Initial-boundary value problems for the
wave equation, EJDE, 2014.

Representation of the resolvent of the
differential operator on the graph

B.E. Kanguzhin, M. Konyrkulzhayeva,
L.K. Zhapsarbayeva

al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail:kanguzhinb53@Qgmail.com

This work is devoted to study the resolvents of linear differential
operators on graphs. A resolvent formula generated by the boundary
value problem for a second-order differential equation on a graph is
derived.

For the treatment of the differential operators on the manifolds of
the network type, we refer to the works |6, 7, 4]. Among the last
studies on inverse problems on the graphs, we emphasize the papers
|1, 2, 3, 5] and the references therein.

In this work we give the statement of a boundary value problem
for second order ordinary differential equations on the graph. The
well-posedness of the given problem is established. We present the
formula of the resolvent of operator corresponding to the boundary
value problem for a second-order differential equation on the graph.
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The solution of problems with free boundaries by
the method of special functions

S.N. Kharin

Kazakh-British Technical University Almaty, Kazakhstan
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1. Introduction

Free boundary problems for the heat equation have many appli-
cations in diverse areas. The standard analytical method for their
solution based on the reduction of a problem to integral equations
is very complicated for applications. Numerical methods are not ef-
fective for the problems with many numbers of parameters which
have to be analyzed to estimate their interaction. Thus the devel-
opment of relatively simple and effective for applications methods
of solution of free boundary problems is very important. The main
idea of the method presented in this paper is based on the construc-
tion of linear combinations of special functions with undetermined
coefficients which satisfy the heat equation a priori, and coefficients
should be chosen to satisfy the boundary conditions. The two-face
Stefan problem with boundary flux condition has been considered
and solved using the integral error functions in [1|. Similar solution
for the spherical heat equation is presented in [2].

2. The Stefan problem for the generalized heat equation
The heat transfer in a domain with variable cross section occurring
mainly in one certain direction can be described by the equation

ou; 5 0*u;, v Ou;
ot ox? xO0r
with the boundary and initial conditions:

(9161(0, t)
Yo

), v>0, i=1,2 (1)

—A = f(t) (2> u2(33, O) - QO(ZC), (3)
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the conditions of conjugations of temperature and heat flux on a free

boundary
ui(a(t), t) = ug(a(t), t) = Un (4)
_>‘18U1(§f)7t) _ 8u2(ai 1) pL dt (5)
a(0) =0

and zero conditions at infinity
us(00,t) = 0. (6)

The solution of this problem can be found in the form

ZC (204\/,)2714—1

22\ 2 —v—2n 3—v 22
X || —— o : — —
4a3t 2 2 4a3t

_®<_2n+171/+1;_ 22 )]+

2 > 4t
00 2\ 2 3 2
—UV —1nN — UV A
2 ) o -
£ A (2mvE [(4a1> ( SR 4a%t)+
n=0
v+1 22
o[ — . _ 7
ro(on i) 7
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us(z,t) = Uy + i D, (Qag\/i)n X
n=1

1—v

22\ 2 —v—n 3—v P
() o AL

4ast 2 2 4ast

v—+1 22

—1)"P [ — C—

+(—=1) (n 5 4@5)]*

> n v—+1 22

Bn<2 t) Y 8
mfavi)'e (o Thog) ®

alt) =) apt"? (9)

Here ®(a, (v + 1)/2;z) is the degenerate hyper geometric function.

At v=0 it transforms into the integral error function ®(«, 8;x) =

> erfcx, at v=1 (cylindrical case) it is the Laguerre polynomial
O(—n,1;—2%) = (2”—71!)!1)”(—:172).

Unknown coefficients are determined by the similar way like in [1].

3. The Verigin problem for piezoconductivity equation

If a gallery has a variable cross section S(z) = Az"/2 then the
system of equations describing the pressure field at the injection of
the hydraulic solution can be written in the form [1]:

2
5p1_2<8p1+y%)7 0<z<alt) (10)

ot~ 1\ 8.2 " 22
Ops P O°pa v Opy
— = —— 4+ —— ) <z< 11
ot a2<822+zaz ’ alf) <z <00 (1)
For each liquid we should write the Darcy Law
Opi :
T _ki_a — 17 2
u P i

where w1, ug are the rates of filtration of water and oil correspond-
ingly, ki, ko are filtration coefficients. The boundary condition on
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z=01s
p1(0,t) = P (12)

On the boundary = «(t) the condition of continuity of the pressure
and the fluxes should be fulfilled:

0 0
z=qaft): P1 = Pa, k1£ = kz% (13)

If the residual oil saturation is equal to 0, then the condition of the
material balance should be fulfilled on this boundary:

do Op;
= t): —_— = _ki 14
z = oft) m P (14)
Finally at the initial time
p2(2,0) = Fy,  «a(0)=0 (15)

The solution of this problem can be found in the form

1—v 2

z l—v 3—v z
t) =P, +B ) T — 16
Pz ?) it (2a1\/5> ( 2 7 2 46@) (16

po(2,t) = Py + By [r (3 _ ”)

2
1-v 2
z l-v 3—-v =z
— O ;— 17
(mﬁ) ( 2 7 2 4a%t)] 0
alt) = an/t, o = const. (18)
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YHucaeHnHoe pellleHne 3aJa9i IPOJOJXKEHN IS
ypaBaeHnda l'eabmroaniia meromom C.K. I'ogyHoBa

C.E. Kacenos', /I.B. HypceuTos?,
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2 Hayuonaavnas nayumnan Aabopamopus, KoALEKMUGH020 NOAL30GAHUA
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1

B pabore paccmarpuBaeTcd HadasJbHO-KpaeBas 3ajada st
ypasrenua [eqbmrosbia B obmactu € = (0,1) x (0, 7):

Uy + Uy + K*u = 0, (x,y) € €, (1)

u(0,y) =0, y € (0,7, (2)

u(0,y) = f(y), y € [0, (3)

Uy (2,0) = uy(x,m) =0, x € (0,1], (4

riae k — 3ajanHas KOHCTaHTa. 1pebyercst Hafitu QyHKIWO u(T,y) B
obactu €2 mo manubM f(y)[1].

s YUCJICHHOTO peIeHns] 3aja4un TIPOJIOJIZKEHUS

paccmarpuBaercd merol peryiaspusannu C. K. ['ogynosa. Mcexopnas
3aja4a 3alllChIBAETCA B JUCKPETHON IIOCTAHOBKE U CBOIUTCA K
PEIIeHNIO0 CUCTEMBI JINHEMHBIX ajredpandecKnX ypaBHEHHI MeTOI0M
perynapuzannn C.K. T'omyHona.
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Jlmckperu3aling NCXOOHON 3aJda9n

[Tocrponm B obsactu €2 ceTky wy, ¢ marom hy = U/ Ny, hy, = 7/ N,
rae N, N, — IOJI0KUTeNIbHbIe LeIble YUCIa, TOTAA TOLyINM W), =
{2 = ihe,y = jhyi =0, Ny, j =0, N, }

Torma ncxomHyI0 3a1a9y 3aldIleM B KOHEYHO-PA3HOCTHOM BH/IE:

al;—1 5 + bum'_l + CU; j + buiJH + QU1 = 0, (5)
u; = Jj, (6)
uo; = Jj; (7)
Uil — Ui = U;N, — UiN,—1 = 0. (8)
1 1 5
3pecb @ = -5, b = -, ¢ = k% —2a — 20. Ceesem cucremy
hZ hs,

pasHOCTHBIX ypaBHeHuit 3amaun (5)—(8) K cucreme JMHEHHBIX
asrebpandecKx ypaBHeHuit [2].

AX = B, (9)

rie A — marpuna (N, + 1) (N, + 1), B — BEKTOp JaHHBIX HCXOTHOI
3a/1a41, I'PAaHUYIHBIX U JOIOJHATEILHOrO yeaoBuil, X — Hem3BeCTHBDII
BEKTOD, BUJA;

X = (0,0, 0,1, W02 - - -, U0, N,» U105 UL,1, UL 2, - - - 5 UL N,
.. ,UN%(), uNx,l, UN%Q, .. ,uijNy>.

[Ipr BO3HMKHOBEHWM MaJIbIX CHHTYJIAPHBIX YHCeT, BO M30eKaHWUN
HAKOILJIEHUA IIOTPEIIHOCTH, HEeOOXOIUMO IPeJyCMOTPeThb Ollepaliio
«3aHYJICHUA» MaJIbIX CHHIYJISIPHBIX 9HCE, KOTOPYIO MOXKHO
MHTEPIPETUPOBATh KaK CIENUAJIbHYIO TIPOIEYPY PeryIdpu3aliiin.

IIpearosnozKuM, 4To o peutenuy X CyLIeCTBYeT JIOIOJIHUTEeIbHas
nHpOpMaIyd, KOTopasd MOXKeT ObITh IIpeJICTaBlIeHa TaKKe B BHJE
JMHeNHO (He 00a3aTesIbHO KBAAPATHO) CHCTEMBI:

DX =C,

200



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

npudeM BekTop C' MOXKeT ObITb Jlake He m3BecTeH. Heobxommmo
TOJILKO, YTOOBI ero HOpMa OblLia orpaHmdeHa. Bribepem 4nciio a
TakuM obpasom, arober Benmunabl «||C|| u [|Af|| 6bumn cpaBHIMBL

ol [Cl| = [[Af]]
PaccMmorpruM cocTaBHYIO CUCTEMY:
aD | aC ’
rje a—IapaMerp peryisgpusanuu. U Terepb BoSMyTHM y Hee paByIo
JaCTh:
(1-a)A] ¢ _[(1—a)(f+Af)
aD 0

3armuiieM B 00IIeM BUJIE:
RX =G.

[IpoanammsmpoBaB 9TH CHCTEMBI, MOYKHO CIETaTh CJIEITYIOIIHe
BBIBOJIDI:

Bo-11epBbix, 00yC/IOBIEHHOCTH COCTABHOM MATPUIBI HE MEHDIIE
00YCIOBIEHHOCTH UCXOMHOM MaTpuilbl A (B ciydae HEBBIPOKICHHOT
maTputipt D):

u(A) > p(R).

Bo-BTOpBIX, MHOIPEMIHOCTb IIPaBOil YacTW COCTaBHOII CHCTEMBI
UMeeT TOT 2Ke MOPAJIOK, YTO U IMOTPENIHOCTD IIPaBOil YaCTU UCXOIHOM
cucrembl. (Cjie1oBaTe/IbHO, PACIIMPUB CHCTEMY, Mbl HE BHOCUM B
Hee JIOIOJTHUTE/IbHBIX HorpernHocTeit. Takum obpazom, mpuBjiedeHne
JIOTIOJTHUTETbHON MHMOPMAaIUN I03BOJIAET YIYUIINTh YCTONINBOCTH
CUCTEMBI.

Kak y»xe 6bu1o ckazano, meron C.K. ['ogyHoBa He ucrosib3yer
rnepexojia K HOPMaJbLHOW cucreMe ypaBHEHUN, YTO IMO3BOJIAECT
n30aBUTHCS OT HEJOCTATKOB, CBS3aHHBIX C STHUM. OHako
mpobJieMa BBIOOpa ONMTUMAJJILHOTO TapaMeTpa Peryadapu3alii, MIpu
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3a/IaHHOM YPOBHE IIOI'PEIIHOCTH, ocTaeTcs. Kpome Toro, 6o0Jibiioe
3HAUEHNE MMEeT CTEeIeHb JOCTOBEPHOCTH MCIIOJIb3YEeMOM allpUOPHOi
MHQMOPMAITIH,

Pabora BbllosiHeHa 1Ipu PUHAHCOBOM 1oAepKKe KoMuTeTa HayKn
MOH PK Ne1746/T'®4 «Teopusi m duCIEHHBIE METOIBI PEIIEHMUST
0OpaTHBIX M HEKOPPEKTHBIX 33/1a9 €CTECTBOSHAHUS».
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On the dimension of the kernel of the Laplace
and the bi-Laplac operators in an
unbounded domain

B.D. Koshanov!, M.D. Koshanova?
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As is known, many stationary physical processes, such as the po-
tential distribution of the electrostatic field are described by the Pois-
son equation. In studies of thin plates oscillation occurs biharmonic
equation.

Are interesting from the point of view of applications, the study of
the behavior of solutions of the Poisson equation and the biharmonic
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equation in an unbounded domain. Here there is a need to introduce
additional conditions at infinity, uniquely determine the solution of
the equations. Such requirements conditions Sommerfeld radiation
type [6], they can be physically interpreted. Correct boundary value
problems for the Laplace equation in unbounded domains have long
been known. In [4] and [5] studied the issue for some classes of par-
tial differential equations. A broad review of the literature available
on the study of boundary value problems for the Poisson equation
and the biharmonic equation in bounded domains. In [1,3| has been
constructed explicitly a new representation of the Green’s function of
the Dirichlet problem for polyharmonic equations in a multidimen-
sional ball. Availability of conditions of solvability of boundary value
problems for polyharmonic equation in a ball is studied in [2].

This work is devoted to the study of solutions of the equation of
Poisson and inhomogeneous biharmonic equation in an unbounded
domain. The results of this work associated with the introduction of
the weight space, which can be perceived as a certain integral con-
dition at infinity. Calculated the dimension of the weight spaces of
solutions of the Dirichlet problem for the Poisson equation and the
biharmonic equation.

This research is financially supported by a grant from the Ministry
of Science and Education of the Republic of Kazakhstan (Grant No.
3492 /GF4).
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006 ocHMAJISTOPHOCTI OJHOTO HEOTHOPOIHOIO
ypaBHeHud llltypma-JInyBuang

Bb.C. Komkaposa, JI.K. KycaunmnoBa
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B pabore paccmaTpuBaeTca ypaBHEHHE

(p()y) +at)y = ft), x> a, (1)

rep>0,peCYl),qg=v—u,v>0,u>0unu v, feC),
I = la,0).

Yepes C™(I) (m = 0,1,...) obosnagaerca kjacc OYyHKIH,
onpese/ieHHbX B I v umeromux B I NpOM3BOJHbLIE JIO HOPsJKa 1M
BKJIIOUUTE/ILHO.

[lesibio paboThl SBJISETCA OJIYUeHHe YCJIOBUI Ha IPaByi0 YacThb
f B (1), mpu KOTOPBIX KaxKjoe pertenne ypapHeHust (1) aBisiercs
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OCIIUJLIATOPHBIM Ha 400, T.e. HMEIOImUM B I II0C/IeI0BATEIbHOCTD
HYyJIell T — 00 npu k — 00.

[Tycts 7(-) > 1 nenpepbiBHag B I QyHKIMS.

Beenem dyHKImo

s(x) =sup{h >o0: P(z,h) < 1},

r7Ie
z+h

t
d
b= swp [ (O u@)dc- [
vst<at+h J p(C)

Bamernm, aro O(x,h) xak dyskiwmsa or A > 0 MOHOTOHHO He
yoniBaeT. [lockosbKy

lim ®(x,h) =0,
h—0+

t0 s(z) > 0B I. C mpyroit CTOPOHBI, U3 MPEEJTLHOTO PABEHCTBA

r+h r+h dC
lim A dC - — =
h—oc L/T«)§./pK) o
x+h/2 x

caemyet, 9o s(x) < oo, x € I. Tlomoxnwm

~

A(z) = [z, z + 872s()], plz) = thIAa(};) p(t).

Teopema 1. Ecau cyuecmeyem nociedosamervnocms 0mpesrkos
2
Ap = Alzxy), T — 00, Tpi1 > xp + 8w7s(xy),

HA wOTNOPHLT

v(t) > s (x) —r(t), (t€ Ay, (2)

mo prLS'H;BHUQ
(p(t)y) + q(t)y =0 (3)
OCuUJL/LﬂmOP'H/O.
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Teopema 2. [lycmb cywecmsyem nocaedosamesvbnocms ompesrkos
{Ak}is1, 1na wasicdom uz xomopwx ewnoaneno ycaosue (2). Ecau
A codeporcum makue nodnocaedosamenvrocmu {AF, k € K} u

{A7, j € J}, umo
f(t) >0 dun scex t € A (k€ K),
f(t) <0 daa secex t € A (k€ J)

mo ypasnenue (1) ocuyuaramopro.
[Ipumep. YpaBHeHUE

1/ 1
y + 4—t2y =3
HEOCITI/IISITOPHO 1o Tpu3Haky Kresepa.
Bosemewm 7(t) = 1, u(t) =0 (¢t € I). Torma ma mape (x, h), © > T,
h > 0,
®(z,h) = 4 max t(h —t) = h?,

0<t<h
oTkyza ciemyer: s(x) =1, A(z) = [z, z + 877.

[Tycrh f HenpepbiBHas B I (DYyHKIWMSE, YI0BIETBOPAIONIAs YCIOBUIO:
CYIIIECTBYET TaKas IOCJIeJ0BATEIbHOCT TOYEK Tj — 00, 4T0 Af =
[z, 71 + 87?] nonmapro He nepecekatorcs, a f(t) > 0, e t € Agj_1,
f(t) <0, ecmut € Agi, k> 1. Torma ypaBuenue

1
vt ey =f)
OCITUJIISITOPHO.
OrmernM, 9TO B pabore [l| B omamume oT maHHONW pabOTHI
OBLIN TI0JTy I€HbI AIPUOPHBIE JTAKYHAPHBIE YCIOBHS OCIIUIIIATOPHOCTH

HEOIHOPOIHOTO ypaBHeHus (1).
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Kpurepuii 6a3ucHOCTH cCCTEM KOPHEBBIX
bynknuii guddepeHnuaabHLIX OMEepPaTOPOB
BTOPOIO MOPHAIKA C MHBOJIIOIE
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PaccmarpuBaerca omepaTtop L, mopoXkmaeMmblil orepanueil Bua

Lu = —u"(2) + o (—2) + ¢(@)u () + ¢ (@) u(v(z)), —1<
r <1, (1)

Ha HEKOTOPOIt m0THOM B Lo (—1, 1) obmactu onpeaenenus D (L).
Omepanug (1) cogepKuT B CBoOeil TJIaBHOW 4YacTu mpeodpas3oBaHUe
aprymenTa vy (r) = —x , gBJstioleecss HHBOTOIMEl oTpeska [—1, 1],
a TakXKe HEKOTOPYI0 WHBOJIONUIO V (T) B MJIAJIIIEM CIATaeMOM.
[Tapamerp a B omeparope (1) mpuHasmeRuT TpoMekyTKy (—1,1)
Koddutnentor ¢ (x) u g, (r) -TPOU3BONBbHBIE CyMMUpyeMble Ha
orpeske [—1,1] dynknuu. MuBomonug v (z) canrtaercd abComioTHO
HEIIpepbIBHOM  (DYHKIINEH, MTPOM3BOAHAS KOTOPOIl CYIIECTBEHHO
orpaHmdena Ha oTpe3ke |[—1,1].  Bygem jummb mpesmonaraTh,
aro obmacte D (L) comepKuT TOJMBKO (DYHKIW, abCOTIOTHO
HEIIPEPLIBHBIE  BMECTE€ CO  CBOMMH  IIEPBBLIME  IIPOU3BOJHBIMU
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Ha 1mpomexyTke (—1,1), a kKopHeBble (yHKIU omeparopa L
paccMaTpUBaTh KaK PEryadpHBIe  PelmIeHuss COOTBETCTBYIOIINX
ypaBHEHWi o crekTpajbHbiM mapamerpom [1|.  Taxum obpasom,
JIA KasKJ0I0 COOCTBEHHOIO 3HAYEHUS

re

OIPEJIEIACTCS EeNoIKa KOpHeBbIX ¢ yHKnuit ug (x;A),k > 0,
VIOBJIETBOPSIOIIUX COOTHOUIEHUAM

Luy, (x, A) = Aug (2, ) + (sgnk) ugp—1 (2, A),

mpuaem ug (z;A) = 0 wa (—1,1). Jlroboe caeTHOEe MHOXKECTBO A =
{\} C C ompegenser cucremy KOpHEBBIX (DYHKITHT

U=Au,(z,\), k=0,...m(\), N €A}

3/1eCh TIeJI0€ HEeOTpUIaTeIbHoe UUCI0 m (A) Ha30BEM paHTOM
COOTBETCTBYIOMIEl cobcTBeHHOM dyHKIMU ug (; A) . Ilycts cucrema
U ynosnerBopser ciaemytonmmM yeaoBuam A: Ajp) cucrema U mosna
1 MuHUMAJIbHA B Lo (—1,1); Ay) OMOPTOrOHATLHO COMpSIKEHHAS K
U cucrema V' cocTouT U3 IOHUMAEMbIX B YKA3AHHOM BBIIIE CMbBICIIE
KOpHeBbIX (yHKIMH vy (23 M%), 1 = 0,m( ), Ax € A, m(\x) =
m (), dopmanbho conpsiykerHol K (1) omeparum

L' = —" () + a0 (=2) + G (2) v (2) — v/ (2) @ (v (2) 0 (v (2))
)

A3) paHr CcOOCTBEHHBIX (QYHKINI pPaBHOMEPHO OTpaHUYIEHBI:
supm (A\) < o0
AeEA

¥ BBINIOJIHEHO YCJIOBME IPUHAJJIEXKHOCTH COOCTBEHHBLIX 3HAYEHUMN
KapJIeMaHOBCKO#1 mmapabo.ie:

Sup’Im\/X< oo‘;
Ae A

Ay) mMeeT MecTo paBHOMEpHas OreHKa "cyMMbl enuHuUI

sup Y. 1< oo
B>1  AeA
|Rev/A-p|<1
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Teopema 1. I[lycmv swnoanens yeaosus Ai)-Ay) v uneosonus
v(x) 6 (1)- npoussosvnas abcosoOmHo HeNPEPLIBHAA  PYHKUUA,
nPou3codHas KoOmopoll CYWECMEEHHO 02PAHUNERG MG  OMPESKE
[—1,1]. Toeda waocdas uz cucmem U u V' wopueswx dynryud
onepamopos, (1) u (3) coomeememsenno obpazyem 6e3ycro6mvil
oasuc 6 Lo(—1,1) 6 mom u moavko 6 mom cayuae, Ko2da
CNPaABedNUBH PAGHOMEPHAAL OUECHKN NPOUSEEIECHUA HOPM

e () o (5 M), < A

ons ecex k=0,m(A\) u X € A.

OrmernM, 910 yeoBue As) 3aBeOMO BBITIOJHEHO, €CJIH OMEPATOP
L mopoxmaerca omepanueit (1) ¢ KpaeBbIME YCIOBHAME OOIIETO
Bujia. IlpoBepka yciouit A3) m A4) CTAaHOBUTCA TPUBHAJBHOI,
eC/IM U3BECTHA aCUMIITOTHKA cleKTpa. IloHoTa cucTeMbl KOPHEBBIX
dbyukImit  (a  cremoBaTebHO, MHUHUMAJIBHOCTH OHOPTOTOHAIBHO
COIIPSIZKEHHO? CHCTEMbI) MOYKET ObITh YCTAHOBJEHA C IIOMOIIIBIO
OTIEHOK PEe30JIbBEHTHI 1 M3BECTHBIX TEOPEM O TIOJHOTE [2].

Uccnenosanus nogaepxkanbl Tpantom 0971 /I'®4 KH MOH PK
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D yHKINA IPUHA MHOTONEPUOANIECKOI 3a1a9m
JJid JIAHETHOM CUCTEMBI C OIIepaTOpOM
anddeperHmmpoBaEng MO TJIABHOM AMaroHaJan

A.A. Kynbxymuena', 2K.A. Caprabanos?

L Banadno-Kasazemanckuti 2ocydapemeennod yrusepcumem um. M. Ymemucosa,
Ypasrvcr, Kasaxcman
E-mail: aiman-80@mail.ru
2 Axmrobuncrut pecuonasvonuti 2ocydapemeennuil yrnusepcumem um. K. XKybanosa,
Axmobe, Kazaxcman

Omneparop D, muddepennupoparus yaxiun  x(7,t) 110

HE3aBUCHUMBIM II€peMeHHBIM ) = T € R = (—o00,+00), t; € R™,

7 = 1,m 1o HampaBJeHUIO BEKTOPHOTO TIOJIA j—t = e Cc m-
T

pekropom e = (1,...,1), 1o Jpyromy, Ha3bIBAIOT OIEPATOPOM
nuddepeHIUpoBaHud 1[I0  IJIABHOM  AWArOHaJM  IIPOCTPAHCTBA
HE3aBUCUMBIX TIEPEMEHHBIX, Te t = (t1,...,t,) € R™.

Ha ocHoBe BEKTOPHOIO II0JIsi UMEEM COOTHOIleHue t = o + eT ¢
IPOU3BOJILHBIM MTOCTOSTHHBIM BEKTOPOM 0 = (071, ..., 0p) € R X ... X
R=R"

Paccmorpum 3agady Ajs JTUHERHON cucTeMbl YpaBHEHUM
D.x = P(1,t)x + f(7,1) (1)
C yCJIOBUEM

r(t+0,t+qw)==x(r,t), q€Z™, (1,t)€ Rx R", (1,)

rie © = (%1,...,T,) — UCKOMOE peIIeHrne, w = (Wi, ...,Wny) —
BEKTOP-TIEPUOJL, Wy = 0, w1, ..., Wy, — PAIMOHAILHO HECOU3MEPUMBbIE
TOJIOXKUTEJIbHBIE TIOCTOsHHBIe, P(7,t) — Mmarpuunad, a f(7,t) —

BEKTOPHas PYHKINN, 00J1aaI0IIIe CBOCTBOM:
P(r+6,t+qu) = P(r,t) e CYV(Rx R™), qeZ™ (2)
flr+0,t+qw) = f(rt) e CYYRXR™), qez™ (3)
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Pemtenwe x(7,t, 0, ¢) cucremsl (1) ¢ IPOU3BOIBHBIMUI OCTOSTHHBIME
BEKTOPAME 0 = (071, ..., Op) U € = (C1, ..., C;,) HABBIBAETCA €€ TIOJTHBIM
nHTerpasoM [1].

Obrriee perenne cucrembl (1) ompeiesigeTcs U3 MOJTHOIO HHTerpaJia
METOJIOM BapHAalli IPOU3BOILHBIX OCTOSHHBIX.

PaccmaTpuBaeMyto 3a/1a97y Ha30BEM MHOTOTIEPUOINIECKOT 3a1ateit
Juist JmHeitHoi cucteMbl (1) ¢ yCJIOBEEM MHOTONEPUOJUIHOCTH
mHTerpata (1,).

OCHOBHOI BOIpOC 3ak/io4aercs B mocTpoennu byHKuun ['puma,
JIJIsT THTETPATTbHOTO TpeJicTaBaenust pererns 3agaqn (1)-(1,).

B cBssu ¢ stum mpm yeiaoBum (2) paccCMOTPUM  JTHHEHHYO
OJIHOPOJIHYIO CHCTEMY

D.x = P(1,t)x. (4)

Nzeectro [2], uro marpumnant X(7,t,0) cucremsr (4) obiamaer
CBOCTBOM W-TIEPUOJUIHOCTH 1O £, 0 U CIPABEJJINBO COOTHOIIECHUE

X(t+60,t,0) = X(1,t,0)X(0,0,0). (5)

Ha ocnmoBe (5), Jsierko mmokasarb, €UTO YCJOBUEM OTCYTCTBUA
HETPUBUAJIBLHOTO (), w)-TIepUOIMTecKoro UHTerpaja CucTeMbl (4)
SBJISIETCSl BBIIIOJIHEHUE YCJIOBUS

det|E — X(0,0,0)] 0, o€ R™ (6)

[TyTh mepeMeHHOit S OT T 10 HEKOTOPOI TTOCTOAHHOM TOUKN @ € R
110 9NCI0BOf ocn obosnaunm depes I, a ot « 1o 7 + 0 — wepe3 [
npuaeM S # «. B gacTHOCTH, (v MOXKET IPUHATH 3HadeHne o = (.

Marpuny G, (s, 7, t, o) nazosem dyuximeit ['puna 3amatm (1)-(1,),
ecJI OHA YIOBJIETBOPSIET YCJIOBUSIM:

)D.Gu(s,7,t,0) = P(1,t)Gu(s,7,t,0), s# a;

2Q)Go(T+ 0,71, t,0) — Gu(T,7,t,0) = E;

3)Ga(s+0,7+0,t+pw,0)=Gu(s,7,t,0), pezm
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g Beex (1,t) E RX R™ o e R™, se I, Ul =1,.
O6ocuoBano, uro wmarpuiia ['puna G, (s, 7,t,0) mnocTaBaeHHOl
3a/a4U UMeeT BUJL

Gol(s, 7 t,0) = X(1,t,0)X
xX(0,0,0)[F—X(0,0,0)] ' X Ys,t —er +es,0), (7)

rne X 1(s,t — er + es,0) — MaTpuIa o0pa3oBaHHAs U3 MATPHIbI
X Ys,t —er +es,0) npu s € I, 6e3 usmenenns, a mpu s € I ¢
M3MEHEHUAMUI T Ha 0.

Ha ocnogse (7) Herpymnmo ybeuThesd, UTo

Gals, 7,t,0)] < A7 (8)
riae 0 = HPH, A = HGZH; GZ - GO&(T 7é 0777t70-)7 H*H n

MaKCHMAJIHHOE 3HAUEHNE eBKINI0BON MATPUIHON HOPMBI | * |.
WcciieioBanne 3aBeiiaercs HHTEIPAJIbHBIM IIPEJICTABIEHIEM
740

x(7,t,0) = / Go(s,7,t,0) fo(s, 7 —eT + es)ds (9)

;
nHTerpaia x(7,t, o) uepes dyuknuio ['puna(7) mpu yemoBusx (2),
(3) u (6) ¢ ouenxoit |z(r,t,0)] < 2 (e —1)||f|l, rue dynkiusa
fol(s, T—eT+es) monyuena uz Gyuknuu f(s, 7—eT+es) 1o MeToInuKe
OCTpOeHusT MaTpuIlel X, (S, 7 — eT + es) mpu s € I,.

B sakiodenue, obpalaeM BHUMAaHUE HA ODOIIHOCTb IIOCTAaHOBKH
samaqan (1)-(1,) ¢ ycaoBuem (6) u HAa CBOEOOPA3HOCTD OTPEIEIECHS
1 noctpoerusi dpyukimn ['pura B Buge (7) co cpoiictBamu 1)-3) u

OTIEHKO (8).
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O cymecTBOBaHNM PE30JbBEHTHI I CHEKTPAJIbHBIX
CBOIiCTBax ollepaTopa HIpEAMHTEPA
C OTpUIIATEJbHBIM IIapaMeTPOM

M.B. Mypar6ekos ', M.M. Mypar6ekos >
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2 Kazazexudi ynusepcumem sKoHOMUKL,
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B nacrosimeit pabote B poctpancTse Lo(R™) usyuaercs omepatop
[IIpémmarepa ¢ OTpPUIIATEILHBIM ITapaMeTPOM

— A+ (=t + ita(z) + c(z)) , (1)
rae —oo < t < 00, ¢ = —1.
Kak m3Bectro, mpu t = (0 cHeKkTpaJbHBIE CBOWCTBa OIepaTopa

HIpémuurepa A + ¢(x) cwibHO 3aBUCAT OT TOBejeHus ¢(r) Ha
OeckoHedHOCTU. B 3TOM cilydae cleKTpajibHble XapaKTePUCTUIeCKN
orneparopa llpénuarepa J0CTaTOYHO XOPOIIO M3YyUYeHBI B paboTax
A.M.Mosganosa, T.Karo, M.Puna u B.Caiimona, M.IL.Bupmana,
b.C.ITasmosa, B.I'"Masbu, M.Orenbaepa, K.X.boitmaTosa n np.
Bompocer 0 guckperHocTm — crmekTpa u 00 OIlEHKax
ATIIIPOKCUMAIIMOHHBIX 1duces1 (s-unces) oneparopa pémunrepa

=N+ qi(x) +iga(x), (1(z) > 0,q2(z) > 0)

n3ydeHbl B paborax B.b./Ingckoro, M.Orenbaesa, T.KaTo u ap.
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B nannoit pabore jig omeparopa (1) OyayT mccieoBaHbl TaKue
BOIIPOCHI, KaK:

(1) cymiecTBOBaHIE PE30ILBEHTHI; 2) TUCKPETHOCTD CIEKTPA.

O630p JTepaTyphl IOKA3LIBAET, YTO 3TH BOILPOCH JJI OLIEPATOPa,
[péaunrepa ¢  OTpPULATEJLHBIM — [APAMETPOM  HEJOCTATOYHO
M3y UEHbI.

B nanpHeiimem mpeoiokuM, 9to Koadbdurmentsl a(x) u c(x)
VIOBJIETBOPSIIOT YCJIOBUIO:

i) la(x)| > 09 > 0,c(x) > 0 > 0 — HenpepbiBHbIE yHKIMN B R".
Teopema 1. ITycmu evwnoanero yeaosue i). Toeda onepamop Li+AE
npu A > 0 nenpepuero obpamum.

Kax m3BecTHO, BOIPOC O AMCKPETHOCTH CIEKTpa B ciydae 2 <
N TECHO CBgA3aH C TOHATHEM eMKocTh.  V3berast ycaoyKHEHMsI
hOPMYIUPOBOK U OILPEIEIEHU, Mbl HE PACCMATPUBAEM 3TOT CJIydaii.

Paccmorpum onepatop

Lu=(—A) u+ (=" + ita(x) + c(z)) u (2)

B Lo(R™),1 > 0- nesoe, u € D(I).
Teopema 2. [lycmwv vinoaneno ycaosue i) u nycmo 20 > n. Tozda
cnexmp onepamopa (2) Juckpemen, ecat u moavko ecau 0aa A10b02o

kyoa Qq seauvuna [ c(t)dt empemumen k+00, Kozda ky6 Qg4 yrodum

oF
6 OECKOHEWHOCMD COTPAHAA OAUNY PEOpa.

3amedanme. Takas Teopema BepHa mnpu 20 > n, HO 3JeChb
HEeO0OXOIUMO HUCIIOIb30BAThH ITIOHATUE eMKOCTH.
B wactHOCTH, B OmHOMEpHOM Ccirydae onieparop (1) mpumer Bu

Liu=—u + (—* + ita(z) + c(z)) u,u € D(1).

Teopema 3. ITycmo sunoaneno ycarosue t). Tozda onepamop Li+\E
npu A > 0 nenpepwviero obpamum.
Teopema 4. I[lycmwv ewnoaneno ycaosue ). Tozda pesosveenma
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onepamopa L; xomnaxmma mozda u mosvko moada, koz2da das 1106020
w >0

y+w

lim / c(t)dt = oo.

|y|—o0
y

[TycTh, moMumo <y§3JIOBI/IH i), BbIHOJIHeH(O) cJIeLyIoIee yCJIOBHe:
(y aly

i) po = sup o < 00, p1 = sup Zo5 < 00,
ly—t|<1 ly—t|<1
Torma crpaBenInBa
Teopema 5. I[Tycmv  swnoanens,  yeaosus i) — ii). Toeda

pesoaveenma onepamopa Ly womnaxmmua mozda u moavko mozda,
Koeda

lim ¢(y) = 0.
[y|—o0

[Iycts A-nuHeRHBIN BIOJIHE HEIPEPBIBHBIN OIepaTop U IIyCTh
|A| = VA*A.

CobcrBennbie  umcaa omeparopa |A| HazbBaoT S-ducaaMun
omepatopa A (cobcrBennbivu unciamu o [Imunry omeparopa A).

Henynepble s-umcia OyjaeM HyMepoBaTh B TIOPSIKe UX YOBIBAHUS C
Y9IeTOM UX KPATHOCTHU, TaK UTO

55(4) = \(|AD), j = 1,2, .

Henysesble s-unciia oneparopa L, L 6ymem HymepoBaTh B Hopsiike
X YObIBaHUS C YIETOM MX KPATHOCTHU, TaK UTO

sl =Xl ') k=12, ...

Teopema 6. [Tycmo evnoanens yeaosus i) —ii). Tozda cnpasedausa
OUEHKA

I\ Zmes (yeR:Qy) <
AT SN <ed'mes(y e R: K2 (y) < ed™),

o=
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2de Qi(y) = [t + ita(y) + c(y)|, Ki(y) = [taly) + c(y)], nocmosnmnoe
c > 0 ne sasucum om Q(y), Ki(y) u A.

I[Ipumep. Ilycrs a(y) = |y| + Lely) = |yl + 1. Hepes
st (k = 1,2...) obosHAIMM CHHTYIApHBIE 4mcTa omepatopa L .
Herpynno y6eauThbes, UTO BBLIIOJHSAIOTCA BCE YCJIOBUS TEOpEMbI 6.
Cue10BaTeIbHO, COIACHO TeopeMe 6, nMeeM

1 1
-l < spo <c—,k=1,2..,

k3 k3
4 1 < 1
T Sske S ¢ R

(|t] +1)3 k3 (|t] 4+ 1)3 k3

PesynbTaThl, 10JIyUeHHbIE B JaHHON paboTe, MOXKHO HCIIOIB30BAThH
IIPpU  UCCJIEOBAHUM  BOIPOCOB  CYIIECTBOBAHUsI  PE30JIbBEHTHI,
JIMCKPETHOCTH  CIIEKTpa, & TakxKe  KOIPLUUTUBHBIX  OLEHOK
nuddepeHInaIbHBIX OIePATOPOB IUIIEPOOJMIECKOTO TUIIA B CIydae
HAJIMYUs BHIPOXKJIEHNS WK B CJIydae HeOrpaHUUEeHHBIX 00JIacTel.

C

k=1,2..

C

OneHka ycJIOBHOIT yCTOMYNBOCTI PEIeHnd I
ABYMEPHOI'O TUIIepO0JInvIecKoro ypaBHEeHIS

A.T. HypceuroBa

KasHY um. anv-@apabu, Aamamos, Kazaxcman
E-mail:altynna@mail.ru

Jlng wekoroporo €2 x (0,7), tme T > 0, Q = {(z,y) €
R" 2z € (0,h),y € D C R"} paccmarpupaercs 3ajada s
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IUIepOOIMIECKOro ypaBHEeHNA

Ut = Ugy + L(Y)u, (z,y) €Q, te(0,T), (1)
u(z,y,0) = u(z,y,T) =0, (z,9) €Q,  (2)
ulgp = 0, zel0,h], te0,T], (3)
u(0,y,t) = f(y,1), yeD, tel0,T], (4
ur(0,y,t) = gy, 1), yeD, tel0,T]. (5

Bynem nosararb, uro D — cBsa3Hasg orpaHudeHHas 00JIACTb C
JIMTIIAIEBOT Tpanuteil, a omeparop L(y) obiagaer cieayonumMn
CBOIICTBaMN:

n n
C Z l/j2 < Z a;;(y)viv; s mobsix v € R,

J=1 i,j=1

Bamaay (1)-(5) paccmarpumBaeM KaK OOpaTHYIO K CJeIyIOIIed
npamot sadaye

Uy = Au, (z,y) €, te€(0,T), (6)
u(z,y,0) =u(x,y,T) =0, (z,y) € Q, (7)
ulop = 0, z e l0,h], tel0,T], (8)
us(0,9,t) = g(y, 1), yeD, te,T], (9)
u(h,y,t) = q(y,t), yeD, tel0,T]. (10)

B npamot sadave (6)—(10) tpebyercs onpeneants GyHKIUIO U €
Lo(Q2 x (0,T)) no 3amarnbiv pyuKIwmsam ¢, g € Lo(D x (0,7)).

B obpammnot sadaue (1)—(5) Tpebyercs ompeaesnTsb (HyHKITHIO
q € Lo(D x (0,7)) m3 (6)-(10) o momosHUTEIBHON HHGOPMAIIHT
O pelleHun IpaMoil 3aJ1a49n

w(0,y,t) = f(y,t), yeD, tel0,T).

217



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

[Toyuena olleHKa yCJIOBHOI YCTOMYMBOCTH OOOOIIEHHOIO peIIeHUs]
paccMaTpuBaeMoil 3a/Iiavuu.

Pabora Bomosnena mpu momaepKke rpanta 1746 /D4 «Teopus
1 YMCJIEHHBIE METOJIbl pelleHrnsd OOpaTHBIX U HEKOPPEKTHBLIX 3aJiad
€CTeCTBO3HAHUAY .
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Nonlocal inverse problem of mathematical modeling

I. Orazov'?, A.Kh. Makhatova?

Lnstitute of Mathematics and Mathematical Modeling,
Almaty, Kazakhstan
E-mail: orazov@math.kz
2 Auezov South Kazakhstan State University, Shymkent, Kazakhstan
E-mail: 2maz_ {0@mail.ru

We consider problems simulating the determination of target com-
ponents and density of sources from given values of the initial and
final states. The mathematical statement of these problems leads to
the inverse problem for the diffusion equation, where it is required
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to find not only a solution of the problem, but also its unknown
time-dependent diffusivity.

The processes of the extraction from the solid polydisperse porous
materials are widely distributed in the food, chemical, pharmaceuti-
cal and medical industries. Herewith the increased requirements are
presented to the quality of the extract. To effectively carry out the
process of extraction from solid polydisperse porous materials it is
necessary to use machines and processes which allow providing the
optimal values of the hydrodynamic and physical and chemical pa-
rameters, in particular, the contact surfaces between the phases, the
difference in the concentration of the target component in the raw
material and the extractant, duration of extraction.

A specific feature of the considered problems is that the system
of eigenfunctions of the multiple differentiation operator subject to
boundary conditions of the initial problem does not have the basis
property. We prove the unique existence of a generalized solution to
the mentioned problem.

Some Problems of these types was considered in our works |1, 2|.

The authors were supported by the grant no. 0820/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.
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CrekTpaJjibHbIE CBOCTBa PA3HOCTHOT'O
omepaTopa IepPBOro MOPAIKa

K.H. Ocmanos

FEepasutickuti nayuonarvonut ynusepcumem um. JIL.H. lymunesa, Acmana, Kazaxcman
kordan.ospanov@gmail. com

B 1okmaze paccMaTpuBaeTCd  CAEAYIOMNIT — MUHUMAJIbHBIHN
3aMKHYTHIN B TTPOCTPAHCTBE [y OTIepaTop

Ly = —Ay + Qy,

+ + +
rae y = {y}, o Ay = {8y = {yin -k a @ =
(qz"j);_;?i_oo — JleficTBUTeIbHAS MATPUIA.

OOcy2Kaal0Tcsd yCJA0BUS JAUCKPETHOCTH CIIEKTpa oreparopa L, a

TAKKe OIEHKM CUHTY/ISIPHBIX IUCEIT Sj (L_l) (k=1, 2, ...).

Yepes (-, -) m || - ||2 obo3HAYMM, COOTBETCTBEHHO, CKAJAPHOE
IIPOM3BE/IeHIe U HOPMY B [o.

Teopema. [Iycte marpuma () takas, uto (Quw,w) >
w3, VYw € D(Q)={w € ly: Qu € I}, n
a) JUId KaxKJoro (bUKCUpOBAaHHOIO j € Z psj @j = Jio qzj
CXOIUTCH; e

b) mMeeT MecTO HEPABEHCTBO
1/2

+00
> Q| <GlQulls Yu={v;}[ € DQ).
Jj=—00

Torma obpartubit kK L omeparop L' Brosme HempepsiBeH B [ Torma
1 TOJBKO TOTJIa, KOTIa

lim Q; = +oo, (1)

|7]—+o0

a JIst S - qucest (pu BeIojHeHun yeioBus (1)) UMeoT MecTo OreHKn
\/gB%n < sy (L_1> < 4\/§B[n/4] (n=0,1, 2, ...).
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+00
31ech {Bn}, o — HEBO3PACTAIOIAS TIepeCTaHOBKA
TTOCJIeI0BATEILHOCTHI (Qj)
j=—o00

lccnenoBanme omeparopa L MOTHUBHPYyeTCs, B YaCTHOCTH,
IPUMEHEHUSIMI B CTOXaCTUYECKMX IIPOIECCaX U CTOXACTHYECKUX
muddepeHnuaIbHbIX YpaBHeHngx 1.

Pabora mommepkana mpoektom 5132/GF4 Komwurera nayku
Munucrepcra obpasopanms u Hayku Pecnyonukm Kazaxcran u
Hay4IHbIM (bOHIOM EBpasniickoro HaIIMOHAJIBLHOTO YHUBEPCUTETA KM,
JI.LH. I'ymuiesa.
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OgHo3HaYHAS pa3penImMOCTh OJHOI 3aJa9n
JJIsI TICEeB0NAapadOoJImIecKOro
ypaBHEHHNS TPEThEro mopsjakKa

M.N. Ospanov

L.N. Gumilyov Furasian National University, Astana, Kazakhstan
E-mail: myrzan66@mail.ru

Ha Q = [0, w] X [0, T'] paccMoTpuM HEJTOKATBHYIO KPAeBYIO 3a/1ady

Uzt = o, T)ugr + ar(x, t)u, +
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as(x, thuy + as(x, t)uy + ag(x, t)u+ f(x, t), (1)

u(0,t) = (t), t €[0,T], (2)

u(z, 0) =u(z,T),z € [0, wl, (3)

u(x, 0) = wlx, T),x € [0, w]. (4)

Bynem cumrars, uro a;(x,t)(i = 0,4), f(x,t) HenpepblBHBIE Ha

() dbyuknun, o(t)— ABAXKIBI HENPEpbIBHO AuddepeHnupyeMas Ha
0, T'] dyukius, yaosiaerBopsiomnias yeaosusam p(0) = o(T'), $(0) =
A(T), $(0) = $(T)

Ypasuennue (1) aBnisierca nceBgomnapabonndeckum. K oKaIbHBIM
1 HEJIOKAJIbHBIM ~KpaeBbIM 3ajadaMm id (1)  cBomuTed  ps
IPUKIAIHBIX 33ad (DU3NKK, MexaHuku u Ouosioruu. Hampuwmep,
B 1| ykasaHbl mpuMepbl MPAKTHIECKOTO TPUMEHEHUS Pe3YJIbTAaTOB
WCCIeIOBAHUIT  KpPaeBbIX — 3aJad  Jid  HCeBAonapaboIniecKux
ypaBHEHUI IIpU U3YYEHUU IIPOIECCOB BJIAIOIEPEHOCA B IMOPUCTHIX
cpeJiax U B 3aJa9aX MaTeMaTHIecKOi OMOJIOTHIH.

[Tycts C(€), R™)— mpocTpaHCTBO HEMPEPBIBHBIX Ha () (yHKIUN

¢ Hopmoit ||u(z,-)|| = tgg};}\u(aj,t)]. Pemenuem samaun (1)-(4)

rHaszoBeM GyHkuio u(x,t) € C(, R"), uMeIly HelpepbiBHbIE
Ha () JacTHBIE MPOU3BOMHBIE Uy (X, 1), Ug(T, 1), uz(x, 1), un(x,t),
ui(z,t), m ynosyaerBopsiomei ypasaennio (1) n yciaousm (2)-(4).
Ananornanas 3ajada st ypaBHenud (1) B ciaygae as(x,t) = 0
ObLTa HccieoBana B |2].
B HacTosmeit paboTe METOIOM TTapaMeTpU3aIin | 3| 10Ka3biBaeTCst
Teopema. [lycrs ai(z, t) > a > 0, Torna 3agaga (1)-(4) umeer
e/IMHCTBEHHOE perierne u(xr, ) 1 CIpaBejinBa CIeyrolast OleHKa:

max {[|u(z, )|, fuelz, I Nue(z, Ol Nusez, Ol [z, )l < e

IJIe ¢ 3aBUCUT TOJBKO OT MCXOTHBIX TAHHBIX.
Pabora wactuuno mojmep:kana mpoektom 5234 /I'®4 Komurera
Haykn MuHncrepcrBa obpasoBanus n Haykn Pecrrybamkn KazaxcraH.
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Decomposition of integro-differential operators

I.N. Parasidis', E. Providas®

YV TEI of Thessaly, Larissa, Greece
E-mail: paras@teilar.gr
2 TEI of Thessaly, Larissa, Greece

Integro-differential operator equations are used to model many
problems in science, enginering and economics. These equations are
usually complicated and finding the exact solution of the correspond-
ing boundary value problems is a difficult task. In some cases the
initial problem can be transformed to a simpler one involving work-
able operators and the solution can be found exactly. Altrnatively,
numerical methods can be used to obtain an approximate solution.

In the present paper we deal with the exact solution of a boundary
value problem Bz = f where the operator By can be decomposed
in a product of two quadratic operators, i.e. By = BéBéO with Bg
and Bg, being two linear operators of a special form. This work is a
generalization of [1], [2].
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We prove a main theorem which provides the exact solution of an
integro-differential equation by decomposing the operator involved.

Finally, an example is solved to demostrate the ability of the
method proposed.

Theorem 1. Let H be a Hilbert space and A\O, A H — H be correct
operators and the operator By : H — H be defined by

Bl.CU :A\szl\gﬂf
—V{Agz, D gm — Y (A2, &) ypm — S(AAZz, F') pym
_G<A\2A\%$v Ft>Hm =f, D(By) = D(A\Q"Zl\(%>7 <1>

where the vectors V.Y, S, O, F € H™, G € D(ﬁ)m. The following

are true:

(i) If
det L = det [, — (F',G) gm] #0, (2)
Go= A + pi(FLY) o + po(FtLAZY) (3)
S = AG — G(Ft, AG) gm, (4)
A7V + pi(FL V) g+ po(FL ATV ) g
— AyGo — Go(Dt, AyGo) pym, (5)

where p; = A\_lpg + pa(F p2) gymy, P2 = (A\_lG) ~1 then the oper-
ator By has the unique decomposition By = BGBG where
X :2{01' — G0<2{0£U, (I)t>Hm = f, D(BGO) = D(Ao),
Bex =Az — G{Az, F'\ym = f,  D(Bg) = D(A)

(ii) If in addition the components of the vector ® = (A;V®, ) are
linearly independent on H then the decomposition By = B%Béo 15
unique if and only if (2)-(5) hold true.

224



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

(111) If By has a unique decomposition, then By is correct if and only

if

det Ly = det [1,, — (D', Go) yym| # 0.

() If By has a unique decomposition and By is correct then the
problem (1) has a unique solution

v =Bylf = (A2 A7) fB2py (f. 'y + BGipa( A7V, FY) g
(A2, ) i + pY (A AL, DY) gy,

where

B2 f =Ag>f + PO, f) g + UL A )y Vf € H,

P} =Ag"'ps + PP, PY) iy D5 = (Ay'Go) Ly

Example 1: Let the operator By : Ly(0,1) — Ly(0,1) be defined
by

Biu =u¥ — (5 — 2t)/

0

1

r? i/ (x)dx — (6t — 3) /0 ? " (z)dx

—12 /1 vu" (z)dx — (2t + 1) /1 zu®(z)dr = 2 — 3,
D(B)) = {u € W5(0,1) : u(0) = /(0) = v (1) = v""(1) = 0}.

Then:
(i) B can be decomposed as a product of two operators and is correct.
(i) The unique solution is given by
(0 t2(12271¢3 — 46530t + 63410t — 33760)
u = — .
531448
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Inverse problem for diffusion operator

V.A. Sadovnichy!, Ya.T. Sultanaev?,

A.M. Akhtyamov?

YMSU, Moscow, Russia
E-mail: rector@msu.ru
2R.R. Mavlutov institute of mechanics, Ufa, Russia
E-mail: AkhtyamovA M@mail.ru

This work is developing the ideas of papers [1, 2].
Let L denote the Sturm-Liouville problem

ly = —y" +2Xp(x) + q(z)y = Ny, (1)

Ul(y) = Q;1 y(O)—I—CLiQ y’(0)+a¢3 y(ﬂ)+a¢4 y,(ﬂ') = 0, 1= 1, 2, (2)
where p(z) € W30, 7), plz) = p(r — x); q(x) € Ly(0,7) is a real
function such that ¢(x) = ¢(m — =) and the a;; with ¢+ = 1, 2 and
7 =1, 2,3, 4 are complex constants.

For the inverse problem of reconstructing L in which all coefficients
a;;j with ¢ = 1,2 and 7 = 1, 2, 3, 4 are unknown, no uniqueness
theorems have been proved.

The uniqueness theorems for an inverse nonselfadjoint Sturm-
Liouville problem L with symmetric potential and general boundary
conditions are proved. The spectral data used for unique reconstruc-
tion of Sturm-Liouville problems are a spectrum and six eigenvalues.
The uniqueness theorems for an inverse selfadjoint Sturm-Liouville
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problem with symmetric potential and nonseparated boundary con-
ditions are also proved. These theorems use a spectrum and two (or
three) eigenvalues for unique reconstruction of Sturm-Liouville prob-
lems. The theorems generalise G. Borg and N. Levinson’s classical
results to the case of Sturm-Liouville problem with general bound-
ary conditions. Schemes for unique reconstruction of Sturm-Liouville
problems with symmetric potential and general boundary conditions
are given.

This work was supported by the program «Leading Scientific
Schools» (project No. 7461.2016.1) and by the Russian Foundation
for Basic Research (project No. 15-01-01095_a).
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On a generalised Samarskii—Ionkin
type problem for the Poisson equation
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Lnstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: sadybekov@math.kz
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We consider a generalised form of the Samarskii-lonkin type
boundary value problem for the Poisson equation in the disk and
show its well-posedness.

Let Q ={z = (z,y) = x+iy € C : |z| < 1} be a unit disk, r = |z|
and ¢ = arctan(y/x). Consider the following problem (S — I),.
Problem (S — I),. Find a solution of the Poisson equation

“Au=f(2), |2 <1 )
satisfying the following boundary conditions

U(l, (/0) o OZU(L 21 — (/0) - T(@)? 0< ¥ < T, (2)

ou ou

_ — — — < p <

5. (Le) =5 (L2 —p)=v(p), Osp=m (3)
o ou ou

_- - — — < p <

5, (Le)+o(1,2m —p) =v(p), 0<p<m, (4)

where a € R, f(2) € C7(Q), 7(p) € C*™0, 7] and v(p) € C7[0, 7],
0<vy <l

[t is obvious that necessary conditions for the solution existence of
the problem (1)-(3) from the class C1(Q) is fulfilled by the following
conditions:

v(0) = v(m) = 0.

The antiperiodic boundary value problem (1)-(3) for & = —1 and
the periodic boundary value problem (1),(2),(4) for a = 1 were stud-
ied in [1] and |2|. When « = 0, these problems were investigated in

|3] and [4].
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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.

Some Problems of these types was considered in our work and
was published in extended abstracts of the Third International Con-
ference on Analysis and Applied Mathematics, Almaty, Kazakhstan
(September 07-10, 2016) [4].

The authors were supported by the grant no. 0824/GF4 of the
Ministry of Education and Science of Republic of Kazakhstan.

References

[1] M.A. Sadybekov, B.Kh. Turmetov, On analogues of periodic boundary value
problems for the Laplace operator in a ball. Eurasian Mathematical Journal.
3 (2012), no. 1., 143-146.

[2] M.A. Sadybekov, B.Kh. Turmetov, On an analog of periodic boundary value
problems for the Poisson equation in the disk. Differential Equations. 50
(2014), no. 2., 268-273.

|3] M.A. Sadybekov, B.T. Torebek, N.A. Yessirkegenov, On an analog of
Samarskii-Tonkin type boundary value problem for the Poisson equation in
the disk. AIP Conference Proceedings. 1676 (2015), 020035.

[4] M.A. Sadybekov, N.A. Yessirkegenov, Spectral properties of a Laplace op-
erator with Samarskii-Ionkin type boundary conditions in a disk. AIP Con-
ference Proceedings. 1759 (2016), 020139.

AMS Mathematics Subject Classification: 35C15, 35J05, 35J08

229



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

ITonroTa M 6Ga3ucHOCTH COOCTBEHHBIX (DYHKIMIiA
anddepeHnmaapbHOr0 onepaTopa BTOPOTo
MOPAAKa C MHBOJIIOIEN

A.A. Capcenbu

FOotcro- Kazaxemanckutl 2ocydapemeennutl yrusepcumem um M. Ayaszosa, Illvimxenm,
Hnemumym Mamemamuru v mamemamuveckozo modeauposanus, Aimamot
E-mail: abdisalam@meail.ru

CrekrpajbHasd 3a1a1a

—u"(—x) = Mu(z), -1 <z <1, u(-1) =0, «(=1) =4 (1),
1)

SIBJISIETCSL  HECAMOCOIPSXKEHHO#,  00J1ajjaeT HeoPTOroHAJJIbHOM
cucremoil cobcrBeHHBIX (yHKIU.  Bce cobcrBeHHble 3HAUYEHUA
opHokpaTHbl. CobcTBeHHBIE (DYHKIINN BBITUCHIBAIOTCA B IBHOM BHJIE

w () =x+1, up(xr)=snkrz,
krx _ _—k7x
L€ €

6k7r _ e—lmr

upe () = (—1) +coskmx, k=1, 2,..

Ormernm, 9TO cheKTpasibHasg 3amada (1) He YKIAIBIBAETCS B
Teopuio, paspaboranuyio B paborax |1, 2|. CpoiicTBa cOOCTBEHHDBIX
byHKIWI crieKTpasbHOl 3a1a9n (1) XapaKTepu3yoTest CIe Iy OIIMI
YTBEPK IeHIAMHA.
Teopema 1. Cucrema cobcTBeHHBIX (PYHKIUI CIIEKTPaJILHOM 331891
(1) obpasyer mOJHYIO U MUHUMATHHYIO CHCTEMY B IPOCTPAHCTBE
Ly (_17 1)
Teopema 2. Cucrema cobcTBeHHBIX PYHKIUI CIIEKTPaJILHOM 331891
(1) obpasyer 6asuc Pucca B mpoctpanctse Lo (—1,1)

ccnenosanus nogaepkanbl Tpantom 5414 /I'd4 KH MOH PK
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MHoronepuoanvieckue pelneHns JMHENHbIX CUCTEM
ypaBHeHmii ¢ onepaTtopoMm auddepeHnnpoBaHnis B
CIJIy TAMUJIbTOHOBBIX CHUCTEM

2K.A. Caprabanos, K.K.Kenxxebaen

Axmiobuncruli pezuonasvhoil 20cy0apcmeentvill YHUGEPCUME
um. K. Kybarosa, 2. Axkmobe, Kasarcman
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PaccmoTpum cuctemy ypaBHEHM

Dyx = P(1,§,m)x + f(1,£,n) (1)
(7

OTHOCHUTEJILHO M-BEKTOp (PYHKINU T = ,€,m,€) TepeMeHHbIX
T € (—00,+0) = R,{ € R,n € (a,b) = I u mapamerpa ¢ us3
0-okpectHoctt Oy Toukn € = 0, rae a,b,d > O-mocrosuuble, D -
orepaTop AuddepeHInpPoBaHNs BUIA

0 +6H8 oH 0
or 0Ond&¢  0& On

Dy =
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B CHJIy CUCTEMbI
=21 - 21 2)
U 3
¢ rammwibrornanom H = H(7,&,n,e), P = P(1,{,n) — n —
matpuiaasg dbyuknud, f = f(7,&, 1) — n —BekTOpHAaA DYHKIIUA.
[Ipe1110/102KuM BBITIOJTHEHHBIMU YCJIOBUS:

H(t+2m,{+2km,n,e) = H(1,&,n,¢) € BA(IL,xI1,xIxnxOs), (3

)
P(1+2m, &+ 2km,n) = P(1,&,n) € BA(Il, x II, x In x Oy), (4)
f(r+2m, &+ 2km,n) = f(1,€,n) € BA(ll, x II, x In x Os), (5)

rne kK € Z —mHoxecrBo nenbix uucen, I, = {z : |[ImZ] <
p}, p = const >0, [n —OKPeCTHOCTHL TPOMEKYTKA | B KOMILIEKCHOI
ILJIOCKOCTH ¢ ImmpuHoit A = const > (0, BA —Kjacc BelecTBeHHO-
AHATUTUIECKIX (DYHKIIHIL.

Venorust (3)-(5) rapaHTHPYIOT Pa3peruMoCTb HAYATBHON 3a/1aun
nuist cucteMbl (1) ¢ ycsioBueM Buja

ey = ul€,n) = w(€ +2m,m) € CLV (R x I), (1)

rne Ty € R,C’ggl)(}% X [) —HempepbiBHO MuddepeHITnpyeMbIX
byHKIWHI 0 apryMeHTaM B YKa3aHHBIX 00JIaCTIX, COOTBETCTBYIOIINX
OPSAIKOB TJIAJKOCTH

MBI OrpaHHYNMCS pPaCCMOTPEHHEM MHOXKECTBa PeIleHnit 3a1ad
sra (1)-(1p).

OcHOBHasl 3ajada 3aK/II049aeTcsd B YCTAHOBJIEHUU YCJIOBUIA
CYTIeCTBOBAHUS (27, 27 ) MEPUOANIECKUX M0 (T, §) pereHnsi CHCTEeMBI
(1) m moCTpoeHWN €ro WHTErpajbHOTO MPEICTABICHUS, & TaK¥Ke
B UCCJIEIOBAHUN KBA3UIIEPUOIUYIHOCTH €r0 BIOJb XapaKTePUCTUKU
oneparopa Dpy.

J1s1 perernst 9ToO# 3aMa9K OIPEIEINM PeIleHne

= N(1,5,p,q,€),n=9(T,5,p,q,¢) (6)
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PaMIJIBTOHOBOM CHCTEMBI (2) ¢ HAYaJIbHBIME JIAHHBIMUA (D, q) € R X [
npu 7 = s € R.

[Tpenmonoxum, aro marpunant X = X(7,&, 17, €), onpeneieHHbIi
MHTErPaJbHbIM yPaBHEHUEM

X(T7€’777€)_E+/0 P(07h(0-77_7£7777€)7g(0-77-7577778))

X(o,h(o,7,&,m,e)9(0,7,&,1m,€),¢)do (7)

C eJIMHNYHON MaTpunueil £, yI0BIeTBOPAET YCI0BHUIO
det[X(Qﬂ-v 57 1, 5) o E] 7é O,V(f, 77) S H,O X Ip € € Oy (8)
B wactHoCTH, yenoBue (8)uMeeT MeCTO, eCJii BHITIOJTHEHO YCJIOBUE

\X(T,S,W,E)X_l(s,h(S,T,&7775>79(377'a€77775>75>‘
<Te %) 7> 5 (9)

¢ nmocTogHHbIMUI ¥ > 0 u [ > 1.
[Ipu ucceoBannm meprouiecKnx permennuii cucteMsr (1) BazKHbIE
MECTO 3aHUMAET CHCTEMa FOMOJIOTUIECKUX YpaBHEHN [4]

U€,n) —UE—e&ne),n—v(Enc)

0
X_1(07 h(O', 07 57 7, 6)

—2m
9(0-7 07 67 777 8)7 €)f<0-7 h(0-7 07 57 777 8)7 9(0-7 07 57 777 g>d0-7 (10)
rie @& ne) = & — M=2m0,&ne)v(&ne) = n —
g(_2ﬂ-7 0757777 6)'
[Tpenmonoxkum, aro cucrema (10) mmeer 27-nepuoudeckoe 1o &

BEIIleCTBEHHO - aHasmTudeckoe 1o (£, 1) € 11, x I pemenne u*(€,n, €)
P JIOCTATOTHO MAaJIbIX 3HaUeHUsX || > 0.

uw (€ +2m,m,e) =u(€,n,e) € BAIl, x I, x In x Os)  (11)
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Torma B cmiy ycnosuit (8), (10) m (11) umeem (27, 27)-
neprouaeckoe o (7, &) pemienne cucrembr (1) Busa

LU*(T, 57 7, 8) = X(Ta g) , €[X_1(27T, h(07 T, ga n, 5)7 g(on 7—757 g) n,1, 5)7 8) _ E]_l

T+27
[/ X_l(av h(O', T, 57 77)7 g<0_7 T, 57 1, 5)7 S)f(O', h(07 T, 57 , 5)7 g(U, T, 57 7, 8))d0_
—U*(h(—QTF, T, 57 1, 8)7 g(_27T7 T, 57 7, 8))+U*<h(07 T, €7 1, 8)7 g(o7 T, 57 1, 8))] (12)

B cnywae Beimonnenus yesiosusi (9) (27, 27)-niepuogutieckoe mo
(T, &) perrerne cucteMbl (1) MOKHO TIPEJICTABUTD B BUJIE

6, e) / X (7 6,m,)X N0, h(0, 7. 6.0, €), g(0, 7, £, ), )
f(o-a h(07 T, 53 n, 5)7 g(aa T, 57 n, 8))d0— (13)

Teopema 1.  Ilpu ewnoanenuu ycaosut (3)-(5), (8), (10)
u (11) cucmema (1) daa marwx suauenud |e| > 0 umeem
eduncmeennoe (2, 21)-nepuoduueckoe  pewenue (T, &,1,€),
Komopoe unmezpasbio npedemasumo 6 sude (12).

Teopema 2. [lpu swnosnenuu yerosut (3)-(5) u (9) cucmema (1)
ona nobwx snavenut € € Oy umeem (2, 2m)-nepuoduseckoe no
(7,&) pewenue x(7,&,m,€), KOMoOpoe UHMELPANLHO NPEICTNACUMO G
sude (13).

WzBectHo |1-3|, uTo mpu ycaoBusx

d2H0
H(T7€7 777 O) - ( )

(14)

JUIsl JIOCTATOYHO MaJibIX 3HadeHuil |¢| > 0 xapakTepucrudeckas
cucrema (6) JOMyCKaeT KBa3UIIEPUOAUTECKOE 110 7T  PpelleHHe
(&,n) = (£*(7),n" (7)) c wacTubIM Oasucom (1,r), rme wacrora v
VJIOBJIETBOPSIET YCJIOBUIO CUJIbHOM paIuoOHAJbHON HECOU3MEPUMOCTH
BI1JIA
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vk —1| > colk| ™, ¢ = const > 0, u = const > 2;k,l € N (1)

PaccmarpuBas cuctemy (1) Brosms (€,71) = (£°(7),n*(7)) nmeem
KBa3UIIEPUOINIECKYIO0 CHCTEMY OOBIKHOBEHHBIX AUQdepeHImaIbHbIX
ypaBHEHU

d
% = P*(r,vr)y + f*(7,v7) (1%)

JIST KOTOPBIET CIIPAB/TNBBI:

CaencrBue 1. [lpu ycaosusax meopemvr 1 ¢ donoanumenvivmu
mpebosanuamy (14) u (15) cucmema (1°) dasa docmamourno manvi
suavenud |e| > 0 donyckaem eduncmeennoe reazunepuoduyeckoe
pewenue y* (1) = x*(1, (1), n*(7), ) ¢ wacmomuvim basucom (1,v).
CaencrBue 2. [lpu ycrosuaxr meopemvr 2 ¢ dONOAHUMEALHbLMU
mpebosaruamu (14) u (15) cucmema (1) das docmamouno manoix
suavenuu |e| > 0 donyckaem eduncmeennoe reazunepuoduyeckoe
pewenue Yy (7) = 2. (7, (7)), n*(7), ) ¢ wacmommvim basucom (1,v).

Crmcok aurepaTyphl

[1] Apuonbn B.M. Masnsie snamenarenu. II. TokazarenncrBo Teopembr A.H.

Koamoroposa o coxpaneHun yCcJOBHO-TIEPUOINIECKNX JIBUKEHUN TTPA MaJIOM
namenenne Gynkipn amuabrona. YMH. 18(1963) Ne6, 21-86.

|2] Komvoropos A.H. O coxpatennu yCcJIOBHO-NEPUOJUICCKUX JBUKEHUIT TIPH
masioM usmenennn Qyukiun Famuiasrona. JTAH, 98(1954), Ned, 527-530.

|3] Moszep O. Jleknuu o rammibToroBBIX cucTemax. M.: Mup, 1973. - 168 c.

[4] Caprabanos 2K.A. O6 ojHoM criocobe u3ydeHus MEPUOJUIECKUX PelleHuit

cucrem ypaBHeHI/Iﬁ B 9aCTHbIX IIPOU3BOAHDLIX CIICIINAJbHOT'O BHUIA. N3Bectus

AH Kaz CCP, cepust dpus.-mat. Nel, 1989. 42-49.
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Onenkn pemneHuii OHONM 3aa9M BO3HHUKAIOMIE
3JIEKTPOAMHAMUKN B MAarHUTHON T'MJIPOJAMHAMUKE

III.C. CaxaesB

KasHY um. anrv-Dapadbu, Aamamor, Kazaxcman
E-mail: sakhaev sh@mail.ru

PaccmoTpuM  ciieyionyo  IepeonpesesieHHy0  HeoHOPOIHY 0
HAIAIbHO-KPAEBYTO 3a71a49y (9JEKTPOIMHAMUKN): CUCTEMA

OH L
ba — AH(z,t) = rotj(z,t), divH =0 (1)
C YCJIOBUAMMU
il —o tT]:[‘ =7 ,t| Nz ,t‘ _ Ay(z), (2
=Orotdl| = Fa 0| Awn| = H), @

a TaK»ke BCIIOMOTATeJIbHYIO 3314y JIJId OJIHOPOJIHOM CUCTEeMBbI

b%—}t] — AH(z,t) =0, divH =0 (3)

YCJIOBUAMM

~ 0. (4)

HT - _)T ,]—7 7t
S w S (.CL’ )t—O

B pabore [1] mokazano,aro npu Ji0O60M BEKTOPE J(x, t)cp|lg=0

yII0BJIETBOPAIOHit yesioBuio ['esibiepa o 0bonM apryMenTaM 3aatia,
(3)-(4) mMeer eTMHCTBEHHOE KJIACCUIECKOE PEIIEHUe, TPEeICTABUMOe
B BUJIE MOTEHIAJIA

Hz, )_rmﬁmt)
A, (5)

fO deS _77775—7>)\(77>T)d57
b b!xlz}
— exp ¢ — , >0
rae ['(x,t) = (4mt)°R p{ it — (byH1TaMeHTaIbHOE

0, £<0
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—

pelieHmne ypaBHEHIs TEeILIOIPOBOIHOCTH, A A(n), t)-BeKTOP
OIpeJieIdeMblli M3 CUCTeMBI  WHTErpajbHBIX  ypaBHEHHH  —
BosibreppoBeko-PpeiroibMCKoro Tuiia (Takoro e Kak [P PerieHn
Ha4aJIbHO-KPAEBbIX 3314 JIJIS OJJHOIO yPaBHEHUS TEILIOIPOBOIHOCTH

C TIPaBOii YacThio W = [¢ X ﬁ} .) Coornomenus (1) mpeacTaBagiOTCS

13 cebst JIMHeapu30BaHHbIe ypaBHeHns Makcsesuia (¢ HCKII0UeHHbIME
TOKAMW CMEIeHnst) U CTaHJapTHBIE YCJIOBUA Ha TpaHUIE s
MarHUTHOIO 10JId. g pemienus JIMHeapu30BaHHBIX 33189 ObLIK
nosydensr B [2] onerxn B W H(Q7) mpu p > 1 ¢ mHopmoit Coboitesa.
B macrogmeit pabore OHa PACIPOCTPAHSIETCA Ha IIPOCTPAHCTBA

C?H+2(Qr)-Tenbuepa.

Teopema 1. Ecau S € CBF 0 < a < 1. To npu mobuiz § =
— — — 0 — H_Oé

rotj(w,t) € J*(Qr), Ho(z) € C**(Q) N J*(Q),j- € O 2 (Sr),

ydoeﬂemsopﬂmugux YCA06UN COAACO6AHUA

—

€S

rot, Hy(x)

-
t=0,z€eS

—

sadavwa  (1)~(2) umeem eduncmeennoe pewenue H(x,t) €

02+a’1+a/2(QT) u

o [(24a)
H,
Q

()
_l_
Qr

—

H + |rotj Jr (6)

< (C
Qr

(24«)
[ St

(1+a)]
Crmcok anrepaTyphl

[1] Caxaes. I, Ouenxa pewenus oduoti nepeonpedesernvili napabosuveckol

navaavro-kpaesot zadava, Tpynst MUAHCCCP, 1. 127(1975)

2] Cosonnukos B.A. L, Ouenxu pewenus sunetnol 3adava, sosnukarowed 6

mazurummnot eudpodunamure, xypuasa "Amrebpa u amamus", T. 23(2011),

Ne 1.
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3ajada 0 Bo3AeiicTBUN MOABMXKHBIX HAIPY30K HA
IMMOBEPXHOCTH CJIOUCTON IJIACTUHKN

A.2K.CeiitmyparoB, A.H.Caruunbaen

Kuvisviaopdunckutl zocydapemsennot yrusepcumem um. Kopkom Ama
E-mail:angisin_ @mail.ru

Cpenu pas/IMIHbIX TEPUOINIECKIX 1 HEIIEPUOINIECKIX JIBUKEHMI
neOpMUPYEMBIX Cpel BayKHOe 3HAaUYeHHe MMEIOT IIOCKHE BOJIHBI
ITPOCTOTO  TapMOHMYECKOTO  THIA,  PACTPOCTPAHAIONINECT  TIO0
IIOBEPXHOCTU  Tejla WJAW  IOJIYILJIOCKOCTH,  BJHUAHHE KOTOPBIX
OTPAHNYINBAETCA OKPECTHOCTBHIO 9TOM TOBEPXHOCTH. [TosTomy
pacCMOTPHUM 3aJady O PACIpPOCTpaHeHny BOJHLI Pesed.

[Ipenmonoxkum, d9TO B Ccpejie  paclpoCTpaHseTCs — ILJI0CKad
rapMOHWYECKasd BOJIHA, T.e.  IMOTEHINAJBI (p U 1) MPeIOCTaBUM
B BUJIE

(,O(SC,Z,t) = by (Z) CXp [Z (pt — qx)] : <1>
(0 ($7 2 t) =V (Z) eXp [Z (pt - qx)} 3
a Py u Vy yIoBaeTBOpsieT YpaBHEHUAM

2 2
/" 2 A 1" 9 P B

Cop— (=5 | 2=0 Y- (g —5|V=0 (2
PaccmarpuBas kosebaHus, 3aTyXarolue ¢ IIyOMHOI 2 — —OQ,

JIOJIZKHO BBITIOJIHSITBCSI YCIOBLE

2 2
9 D .2 D .

Ho Tak kax ckopocTtu a u b yIOBJIETBOPSIOT HEPABEHCTBY a > b,

TO JIOCTATOYHO BBIIOJTHEHUSA BMECTO yCJI0BuUil (3) OIHOTO yCI0Bus
p
- <b (4)
q

CrefoBaTesibHO, peIleHns ypaBHeHHit (2), 3aTyxaronme Ha
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OECKOHEUHOCTHU Z — —O0, IMEIOT BHJI
00(s) = Aesp (/e 5 2]
2 (5)
Uy (2) :Bexp< 2—15—202“),

a JIJIs TIOTEHIINAJIOB 0 1 1) MOJIydaeM BblparKeHus

p = Aexp |i(pt —qr) +1/¢* — 52| ;
i - (6)

W = Bexp |i(pt —qr) +1/¢* — Bz,

rie A u B mponsBoJIbHBIE TTIOCTOSTHHBIE HHTEI'PUPOBAHNS.
[Togcrapgas permenns (5) B rpaHUTHbBIE YCTOBHS , TOJTY UM

A [2 _ (%)2] 42iBy 1 — (%)2 —0: .
—2iAy/1 - (qﬂa)z +B [2 _ (%)2] — 0.

g Toro, YTOORI perieHne 3a1aun ObLIO He HyJIeBOe, He0OXOIIMMO,
ITO0OBI OMTPEIETUTENb CUCTeMbI (7) ObLIT OTJIMYEH OT HYJISA, T.€. UTOObI
BBITIOJIHS/IOCH COOTHOIIIEHNE

ROIR RO EOR

Ornomenne (p/q) Ha3bIBAETCsT CKOPOCTBIO — PACIPOCTPAHEHUST

TOBepXHOCTHOW BoJHBI Peneda. Oboznaunp & = (%) 1 BBeJId

kosbdurment [lyaccona v, u3 cooTHOMEHNsI (8) TOJTYydNM YpABHEHHE
11 6e3pasMepHoil CKOPOCTH IOBEPXHOCTHOI BoJIHEI Petes 1/&:

2—v 1
—8

3 2
—8 8
§ §+§1—1/ 1 —v

~ 0. (9)
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VpaBuenne  (9) wWMeeT  eJAMHCTBEHHDLIH  JIEHCTBUTEJHHDIH
TOJIOZKUTETbHBIN Kopenb |1, 190-193].

Ecmu wepes 21 m 29 0003HAUNTH TIyOWHY TNTPOHUKHOBEHUSI,
Ha KOTOPOM aMILUINTYy/ia HAIIPAXKEHUU I1ajlaeT B € pa3 3a C4eT
[IPOJOJIBHON M IOIIEPEYHOIl BOJIHBI, COOTBETCTBEHHO, TO JJId HUX
[IOJIyYUM BBLIPAXKEHUST

[ [
21 — — o = —

or/1— a2 - 2m/1—¢€

IpU 3TOM [ = é - anuHa BosiHBL. Hampummep, mpu v = 0, 5 mMeeMm

I V10
D

[Tycts mo moBepxHocTn z = ( pacmpocTpaHSeTCs ¢ MOCTOAHHOM

CKOPOCTBIO D HOpMaJibHasd U KacaTe/bHast Harpy3Ka WHTEHCHBHOCTH
—Fi(x+Dt) u —Fy(x+ Dt), Te. mpu z = 0 uMeeM TPaHUIHBIE
yCJIOBUSA

0,,=—Fy(x+ Dt);0,, = —Fy(x + Dt) . (10)

HawanbHbre yeoBust Ha Takoil 3ajade oTcyTCTBYOT. |2, 47-50].
BeeieM moBIyKHBIE KOOPINHATHI

v’ =z+ Dty =y,

[IpyUyieM MTPUXU B JaJbHENIIeM Jjid IIPOCTOTHI OyJIeM OIIyCKaTh.
Torma mj1d MOTEHINAIOB © U 1) MOJIydaeM YPaBHEHUsI

Nia P 0% 282¢ 0% .
o’ or? 022 =0 5 022 =0
= (D/a)* - 1;52 = (D/b)2 — 1L (11)

Ob6rmmue pemenns ypasaenuii (11) Haxomsites MetogoM [lamambepa
1 UMEIOT B/

w(x,2) =1 (x+az)+p (T —az); (12)
V(x, 2) =1 (x+ Bz) + Yo (x — B2).

240



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

[TofgcraBigd pelieHnd ypaBHeEHHIT JijId IIOTEHITUAJIOB B CJIOE
U TMOJIYIIJIOCKOCTU B TpaHUYHbIe VCIOBUA , MOJIYYUM CUCTEMY
QYHKIIMOHAIBHBIX YPAaBHEHU, KOTOPYIO, UCIOJIb3Ys B BBIPArKEHUSIX
JUTd TIepeMelennii U, w; W HalpsKeHW o0;; IOJyYInM pelieHne
3a/1a4M.

Crmcok anrepaTyphl

[1] U.T. ®wiunnos, B.I. Yeban, Mamemamuueckas meopus worebanud

YNPy2uT U 8A3KOYNPY2UT naacmur u cmepocnet. — Kumunes: [ltunnna,
1988,-190-193

[2] A.Zh. Seitmuratov, U.D. Umbetov, Aitimova, Boundary Value Problems in
the Theory Of Oscillations of Rectangular Plates Interacting with a De-
formable Medium, World Applied Sciences Journal 31(5):705-710,2014, ISSN
1818-4952. EISSV:1991-6424. ISI & SCOPUS IF—0,234 ,Pakistan 2014

O cymecTBOBaHUM yCTOWYIMBOTO
MMEepUOANIECKOTO pelleHnd HeJIMHENHOMN
anddepeHImaabHON CICTEMBbI

7K. CyneiimeHOB

Kasazcxut nayuonarvrol yrusepcumem umeny aav-Papabu, Aamamol, Kasarcmar
E-mail: zh_ suleimenov@mail.ru

PaccmaTpuBaeTcs HenmHelinas cucrema

dx
X Aty + F(t,) )
rae © = colon(xy,...,xz,), A(t) € C(R), f(t,x) € Ct(gjl)(D), D C
RV At +w) = A(t), f(t+w,x) = f(t,z).

~—
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Wimercst mepuoaeckoe pererne x(t) cucremsr (1)
z(0) — z(w) = 0. (2)
PaccmarpuBaem (1), (2) Kak KpaeByio 3a7ady C MePUOANTECKUM

KPaeBbIM ycsioBueM (2).
[Tycte ®(t) - dyHmaMeHTATBHAST MATPHUIA PEITEHUH CHCTEMbI

C momormpio Marpunbl Komu K(t,s) = Y(6)Y(s), t,s € [0;w]
n rpaHudHoil Marpuibl O(t), ymosiaerBopsomieit yeiaosmio P(0) —
d(w) = E, crpourcsa marpuna ['puna

G(t,s) = =Y ()(Y(0) = Y(w))"'K(w, s), Yt € [0;5)
| ~Y(£)(Y(0) = Y(w)) K(w, s) + K(t,s), Vt € [s;w].

Pemenne zamaqu (1), (2) 3anucbiBaercs B BUe
olt) =  Glt,5) (5, 0(s)) ds.
0

Ono w-mepnomnano. Eciu B cucreme (1) cmenath 3ameny x =
©(t) + y, TO OHa TIEPEXOUT B CUCTEMY, UMEIOIIYIO HYJI€BOE peIeHne

%g:B@y+muw,mum=o, (3)
)

rie g(t,y) € CUV(Dy): Dy = {(t,y) € Rt € R, |ly|| < h}.

ty
[Tomaraem, 4YTO MYJIBTUILIUKATOPHI JIMHEMHON IIePUOAUIECKON
dy _
CUCTEeMbl & = B(t)y mexat cTporo BHYTPH eINHUTHOTO KPyTa, a

HeJIMHelHasT BEKTOP-(PYHKIINS YIOBIETBOPSIET YCIOBUIO

gt )l <Ayl - lyll, vUlyll) = 0, mpu [[y[| = 0.

Torma HysieBoe perterne cucTeMbl (3), a, CIe0BaTENBHO, PEIeHIe
xr = @(t) cucremsr (1) Gyaer yeToianBo.
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Crmcok aurepaTrypbl

[1] 2K.  Cymneiimenos,  Pewenue %paecot  3adavu 04 00bKHOGEHHIT
dugipepenyuarvnoxr  cucmem. Becrnuk HAH PK. Asnmarsr  (2011),
Ne 2.

Pemenue cucremMm aiiHca ¢ KOHEUYHOI
NpperyJaapHoOil 0cob0it TOUKOIi

2K.H TacmambeToB

Axmiobuncruli pezuonaasvhoil 20cydapcmeentvill YyHusepcumen
um. K. 2Kybarosa, Axkmobe, Kazaxrcman
E-mail: tasmam@rambler.ru

IToctanoBka 3agaun. Hccnenyerca cucrema AftHca ¢
UPPEryJsipHOil 0COOEHHOCTHIO:

p(O)me _|_ p(l)q<4)ny _|_ p(z)Zx _|_ q<5)Zy _|_ p(B)Z — O’
q(())Zyy _|_ q(1>p(4)Z$y _|_ p(5)Zx _|_ q(2)Zy _|_ q(3)Z — O7

(1)

rae kosppunmentr p) = pi(x) u ¢ = ¢PD(y) (i = 0,5)
MHOTOYJICHBI BHJIA

pO@) =) pi-o/s 4Ny =) a7, (2)
J=m J=Si
(73, 04,5, (1 = 0,5)— HeKoTOpBIE YKCIA).
JlomycTiM, 9TO CHCTEMa COBMECTHA U BBITIOJHSIETCS YCJIOBHE
THTETPUPYEMOCTH
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obecredrBaloliee CyIeCTBOBaHUe YeThbIpeX JIMHEeHHO-He3aBUCHMbBIX
HOPMAJILHBIX U HOPMAJILHO-PErYISPHBIX PEeIIeHNi.

O.AftHCc  ycTaHoBWJI, UTO o0coOble KpuBble —cucTeMbl (1)
C  MHOIOYWIEHHBIMU KO PUIMEHTAMU  BHUIAA  OIPEIEIAI0TCS
KO3 UIMEeHTAME  [IPU BTOPBIX YACTHBIX TTPOM3BOAHBIX |1, .
230]. Opnako, OH He MPUBOJIUT KJIACCHU(UKAINIO OCOOBIX KPUBBIX.
PeryasgpHocTs 1 MpPperyasgpHOCTb OCOOBIX KPHUBBIX CHCTEM BHJIA
(1) ycraHoBeHa HaMU C MOMOINBIO TOHATHA Tompanra |2, c¢.74| u
aHTunoApanra. Ecium noxpanr k; < —1 (5 = 1,2) To ocobeHHOCTD
(00,00) — peryidpHas, a ecan kj > —1 1o ocobenHOCTH (00, 00) —
uppery/apHaz. AHaJIOTHYHO, eCJIl aHTUIoApaHr y; > —1 (j = 1,2),
10 ocobernocts (0,0) — perynapHas, a mpu x; < —1 0coOEHHOCTB
(0,0) saByisieTcss HPPeryJIsipHOI.

Cucrembl Buma (1)-(2) MokHO pa3dbuTh Ha TaKnme KJIACCHI, JIJIs
KOTOPBIX:

[. p>0,m #0; II. p £ 0,m > 0; III. p # 0,m # 0;
IV.p>0,m>0.

Jlo cux 1mop, MBI 3aHUMAJINCH U3YYEHNEM CHCTEM JIBYX KJIaccoB I n
I1I, moCKOMIbKY, OHI JaCTO BCTPEYIAIOTCA TIPU M3YUEHNN CTIENINAIbHBIX
byHKINHE ¥ OPTOrOHAJIBHBIX MHOTOYIEHOB JIBYX II€PEMEHHBIX.

[lenbio maHHOII pabOTHI  SBIAETCI U3yUeHHe 0COOEHHOCTEI
TIOCTPOEHNST HOPMAJILHBIX

11 >
AR el N A,z Py
(z,y) =exp@ )Y > Aty
p,v=0
Apo # 0, (4)
1 HOPMaJIbHO-PETYJIAPHBIX pelieHnit
Z(xy):exp@ ll .xp.yo—.f:By.x/l.yy
) CL’7 y u, )
w,r=0
Byo #0, (5)
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rje

0 L1y _ 6m—1,0_|_60,m—1 P B N Po (6)
Ty x Y m-x™  m-ym

- MHOTOWIEH JBYyX IIE€PEMEHHBLIX CTEIeHU 1M C HeOIpee/IeHHBIMU
nmapamerpamn 1o, Bo1, Bii, - Bom—1, PBm-10 cucremsr (1) c
kosbdurmentamu Bua (2), Koryma panr p # 0, a antupanr m > 0,
TO €CTh KOTla Mm3ydaeMas CUCTeMa OTHOCUTCA K Kjaccy II.

Korga p > 0, m # 0, BO3MOXKHO 1 IpUMeHeHne Mpeodpa3oBaHus
BUJIA

Z(I,y):U(l’,y)Q PRI A (7)
LY

Heonpenenennbie mapamerpsl B MHOTOUIEHE (6) OMPEIEIAOTCS
113 BCIIOMOTATEJIbHOM CHCTEMBbI, TOJIyUIeHHON TpeobpasoBanmem (7),
IPUpABHUBASA K HYJII0 KO3IMDDUINEHTHI IPU 11 HAMHUSIINX CTEIeHAX
HE3aBUCUMbBIX IIepeMEeHHbIX x U Y. Jlajee JOJIPKHBI OLPEIesIAThCs
HenspecTHele Kodbduimenter A, ,, B,, (u,v = 0,1,2,...) B
000DIIEHHBIX CTEMeHHbIX pagax (4) u (5).

Jlng ux  oupejpeneHust JIOJKHBL  BbIIOJHATHCS  HEOOXOIUMbIE
YCIOBUSL CYINECTBOBAHMA HOPMAJILHLIX U HOPMAJIbHO-PEryJIdPHBIX
peIeHn.

Teopema 1. Jlasa mozo, 4mobv. 6cnomozamenvhas Cucmemd,
NOAYUEHHAA ¢ NoMOULbIo npeobpasosanus (7) us cucmemwvr Atinca
(1)-(2), umena zomsa oo, 0dno pewenue suda (4) u (5), neobzodumo,
YMOObL UMENU MECTNO PAGEHCMEA

byl o =0, b7, =0,...07) =0,

(7) _ () _ -
bl,O - 07 b0,0 - 07 (] - 17 2) (8)
OTHW CHUCTEMbl HA3bIBAIOTCH, XapPaKTEPUCTUIECKUMHU U  o0IIee
KOJIMYECTBO MX 3aBUCUT OT 3HAUEHHS paHra p = k + 1.

Bropoe mHeobxomMoe — yCaOBHE ~CBSA3aHO € ONpEJECHHEM
HEM3BECTHBIX MMOCTOSHHBIX p U 0 B perntenuax (4) u (5).
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Teopema 2.  Jlaa mozo, wmobbi GCNOMO2AMENLHAA CUCTIEMA
umena  pewenus euda (5),  meobrodumo, wmobw napa (p, o)
OBLAG  KOPHEM  CUCTEMbL  ONPEOCAAIOUUL  YPAGHEHUT fég) = 0
ommocumenvio ocobennocmu (0,0), e2de fé‘é)(p, o) (j = 1,2)

ecmy  KoapPuuuenms,  NPpU  HOUMEHLUWUL — CMENEHAT  CUCTNEMDBL
TAPAKMEPUCNUNECKUT QYHKUUT, NOAYUEHHBLT U3 GCTOMO2AMEALHOT]
cucmemvs nymem nodemanosku emecmo Uz, y) = x” - y°.
Teopema 3.  Jlaa scnomozamensvioll cucmemst, nosyuenod
u3 cucmemv,  Atnca (1)-(2) ¢ nomowwvio npeobpazosanus (7)
HEOOTOUMBIM U JOCMAMOYHBM — YCAOBUEM  CYULECTNBOBAHUA
uppe2yAapno20  pewenus 6 eude (5) asaaemca  ewnoanenue
yeaosus: 60ausu ocobernocmu (0,0) anwmupane x < —1 no obeum
NEPEMEHHBIM T U Y 0THOBDEMEHHO.

11

Ecm k; < —1 (j = 1,2) to B pemennit (4) Q| —,—) = 0
LY
. 11

aHAJIOTMYHO, ecm X; > —1 (j = 1,2) To B permenuit () by = 0.

B usyuennoit mamu cucreme (00, 00) — peryaspHasi 0COOEHHOCTD,
a (0,0) — upperyssipHast ocobeHHOCTh. Takum 00paszoM, MOHSITHS
OJpaHra k ¥ aHTUIOAPAHTa ) I[TO3BOJIAIO HAM KIACCHMDUINPOBATE
ocobernocTn cucrembl Aftnca (1)-(2).  [asg Heé crnpaBemuBhI
TeopeMmbl 1-3. [IpenmyIiecTBOM 3TOr0 MeToda ABJIAETCS  TO,
YTO 1O BUAY KOI(MDPUIIMEHTOB MCXOIHON CHCTEMBI MOXKHO 3apaHee
YCTaHOBUTDH BUJI U TIOCTPOUTH pernienus Buma (4) u (5).

Crmcok aurepaTypbl

|1] . Beiitmen, A. Dpueitn, Buwcwue Tpancyendenwmuvie dynruuu. . I
Tunepzeomempuneckan dynxuus. dynxuyusa Jeocandpa. Hayka, Mocksa,
1965.

[2] ZK.H. Tacmamberos, IHocmponue HOPMAALHOT U HOPMAAIHO-PELYAAPHDIT

pewenuti  CNeYUGALHLLT — cucmem  JudPepenuuarvholr 6  UaCMmoulT
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npouseoduoir  emopozo nopadka. 1P Zhanadilova S.T., Aktobe,2015(in
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ITocTpoenue penieHuii cnenuaJjibHOrO
aJaredpamvdeckoro ypaBHeHHS MaThe

2K.H. Tacmam6eros!, M.2K. Tanunosa?,
P.V. XKaxuna’®

Axmiwobuncrut pezuonasvhoill 20cYdapcmeerHbll YHUBEPCUMEN
um. K.2Kybarosa, Axkmobe, Kazaxcman
E-mail: tasmam@rambler.ru, mira_talipova@mail.ru, riscul_75@mail.ru

ITocranoBka 3amadn. PaccmarpuBaercs — crenuaibHOE
asrebpamdeckoe ypasaenue |1,285] Matbe

Py d
(fz—kQ)d€Z+€dz+(§2—M2)u=O (1)
1

roe M? =a+ 5/{:2, IIOJTy9eHHas ¢ IOMOIIbIO 3aMeHbl k - sin 2z = & u3

ypaBHerne Matbe

d? 1
d—;—i-(a—i—i-kQ-cosZz)u—O. (2)

[lenbio paboThl ABJISETCSI M3YUNTh BO3MOXKHOCTH ITOCTPOEHUA
PEryJIAPHBbIX U UPPEryJAdPHbIX PElIeHUl B OKPECTHOCTU Pa3JIMYHBIX

ocobbix Touek Metomom Ppobenmyca-JlaTeimesoit [2].
Vcmob3yst TIOHATHEM paHTa

68 - BO
— 1 — _
D +k, k Inax —— (3)
sBeenHoro A.Ilyankape n anTHpaHTra
m=—1— A A= min A (4)

1<a<n o
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seesennoe JI.Tome ycranasmusaem [2|, aro panr p = 1 > 0 u
anTupanr m < 0.
Corsnacuo Teopun K.JIaThimmeBoit 5TO MOKa3bIBAET, ¢YTO JIJId

ypaBaenus (1) & = oo — ocobas upperyigphas, Todku & = —k
n & = k ocobwle perynsapnble, a & = 0 gBisgeTcs OOBIKHOBEHHOI
TOYKOI.

CrpaBeJJInBO TeopeMa.
Teopema 1. Vpasuenue (1) umeem pezysapuvie pewenus 6 6ude

PAJ06
u=2¢-> a;-& (ag#0) (5)
i=0
(p,ai(i =0,1,2,...)) — neussecmmuvie NOCMOANNYE CTOOAUUTCA 6

OKPECMHOCTU KOHEUHOT 0CcobOT, MoKy 6 MOM U MOALKO 6 MOM
caynae, Kozda anmupane ypasuenua (1) pasen nyao.

OOBIYHO IIOHATHE aHTHUpPAHIra CBA3BIBAET € KOHEYHOI 0co00ii
Toukoné = 0.

B mamHOM ciaydae, mpeobpaszoBaHme {2 = T IPUBOINUT ypaBHEHIE

(1) x Buy

2 2
5(?(33‘—]62)'%4—(33—%)‘;l—z—l—%(u—Mz)U:O. (6)

Vpasnenne (5) umeer ocobele Toukn x = 0, v = k> u x = oo.
[TosTomy, B okpecTHOCTH 0c000# TOUKH & = () PEIIeHUs TTOCTPOUM B
Brzie psiia (5). Omupenenstoiiee ypaBHeHUe

folp) =2k p- (=2p+1) =0

1
nMeeT KopHeil p; = 0, py = 5 aB (4) amTunompanr A > —1.

Torna, perennsa cOOTBETCTBYIONTNE TToKazaTe o p; = (:
M? M?*(4 — M?) +2k*

2!.]{2-:6—% = i+ ... (7)

u(zr)=1-—
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1
a IIOKa3aTEeJII0 P9 = 5 :
1 12 — M?
(12 — M?)(5* — M?) + 6K*
+ 2 SR S (8)
ABJIAIOTCA CXOAAIIIMMUNCA B OKPECTHOCTH ocoboit Touku xr = ( Ha

OCHOBAHUU CJIEJICTBUA T€OPEMbI 1.
CnencrBue.  Jlaa mozo, wmobwv, ypaswenue (6) umenro dea
pezyaaprvie pewenud 6
oxpecmuocmu x = 0, weobrodumo u docmamouno, Mmoo
anmunodpare ypaeuenus A > —1.

VunreiBag npeobpazopanue £2 = x pemenus (7) u (8) momydnm B

BUJIE
M? M?(4 — M?) + 2k?
ul(f)zl—m,,#-f% <4!_k2> e (9)
12 — M?
us(§) =€ - 1+W'§2
(12 — M?)(5* — M?) + 6k?
— (5!.]{2 ) S (10)

1
20e M? == .k*+a.

I/IT&K7 MBbI IIOJIYIIJIN JIBE JINHEITHO He3aBUCHMbIE YaCTHbIE pelenmngd

(N}

ypasaenusi (1) BOin3n 06bIKHOBEHHO TOUKET £ = (). DTO MOKA3BIBAET,
9ITO OCHOBHOE ypaBHeHume Matbe (2) uMmeer JUHEHHO HE3aBUCHMBIE
YaCTHBIE PeIIeHUs]

M? o M*4— M?) 4 2K?
2!.k2(k-smz) + e

u(z) =1-— (k-sinz)' +...,
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12 — M*
ug(z) =k-sinz- |1+ TR (k - sin 2)?
12 — M?)(5° — M?) 4+ 6k*
+( >E,)'.k2 ) (k-sinz)' +...
1
M? = 7 k* + a. AHAJOIMYHO MOXKHO TOCTPOHTH DEIIEHNS B

OKPECTHOCTHU JIPYTUX OCOOBIX TOYEK.
JleficTBUTENIbHO, TTOCKOJIBKY, paHr ypashenud (1) p = 1, To apyroe
1Ipeobpa30BaHIe
u=-explag-§&) -y
IO3BOJIAET HaM  IIOJYYUTh  ACUMITOTHYECKOE  IIPEJICTABJICHUE
pelenuii ypapuennsa MaTbe B BUJie HOPMAJIbHBIX PAIOB

ul(g):eif-g%-(1+%+%+...), (11)
u2(§)=e@f-g%.<1+%+%+...>, (12)
rie
01:—%¢ G—MH/&)
sz—éz' G—MQHCQ) : <§—M2+k2>+i-k2,...

DT peleHns B TOYHOCTH COBIIAIAET C PEIIeHUAMU [0/Ty YeHHHBIMI
B KHUTe Yurrekepa |1,285] npyrum myTem.

Takum obpazom, npumenenue meroga Ppobenmyca-JlarbimeBoit
O3BOJIMJIA  HAM  JOCKOHAJILHO  HUCCJIEIOBATL  CYIECTBOBAHUSI
Pa3/JNYHLIX PEIIeHN B OKPECTHOCTAX O0COObIX TOYeK. Pemenns
(11) u (12) aBastorcst popMaJbHBIME pelieHuAMEu ypaBHeHust (1).

Crmcok aurepaTyphl

1] 9.T. VYwurrekep, J[x.H. Barcon. Kypc cospemennozo anarusa.
Tparcuendenmmuve dynxyuu. M.: TUHMJI, 19636 . II, 515.
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2] K.4d. Jlarenmesa, H.U. Tepemenko, I.C. Open Hopmanrvro-penyaraproie

peuwtenu.a u ux npusodcenus. -Kuen: Bum. mkona, 1974, 136.

JImckpeTn3aiusg JBYyMEPHOTO YPaBHEHUS
rejqbganga- JeBUTaAHA

JI.H. Temup6ekosa ?, M.A. BekTeMecos !

V' KasHY um.anv-Papabu, 20pod Aamamo, Kazaxcman
E-mail: Laura-Nurlan@mail.ru
2 KasHITY um.Abaa, 20pod Aamamu, Kazaxeman

C  moxmpobuoit  Ombymorpadueit  pabor 1O JBYMEPHBIM
Kod(bpunreHTHEIM ~ oOpaTHBIM  3ajadaM  JJId  YpaBHEHU:A
TUIepOOIMIECKOTO THIA MOYXKHO O3HAKOMUTBHCA B MOHOIPadUIX
B.T". Pomanona [5| u C.1. Kabanuxuna |2,3]. A.C. Biaarosemencknit
B cBoeit pabore [1| gaer oKazaTENbCTBO (DYHIAMEHTATHHBIX
pesysnbTaToB M.I. KpeitHa 1o Teopuu KpaeBbIX OOPATHBIX 3334
IJIg  ypaBHEHUs CTPYHBI. Crarba A.C. DBiaropermenckoro wu
M.U. Benumesa [1| mocBsimera HEKOTOPBIM ACIEKTAM TEOPUH
MHOIOMEPHBIX  OOpaTHBIX  3ajad  jiasd  JuddepeHnraIbHbIX
ypaBHEHUIl,  ONUCHLIBAIONINX, IJIABHBIM  00pa30M,  BOJHOBBIE
nporeccbl. B janHOI pabore m3jaraloTcd HEKOTOPbIe Pe3YJIbTaThl,
CBsI3aHHBIE C IIPUMEHEHHEeM MHOTOMEPHBIX aHAJOIrOB YpaBHEHMUs
lenbdanma-Jleurana (unTerpanbhbrx, coxkparmerno MAYIJIN)
n M.I. KpeitHa kK o00paTHbIM Ha4daJbHO-KPAeBLIM 3ajadaM
TEOpUN PaCIpPOCTPAHEHUsST BOJIH. Crarba C.M. Kabanuxuna
|2,3| mocBsameHa TUHEHHON PEryIsIpU3aii MHOTOMEPHBIX 00PATHBIX
z3agad i runepbosamdeckux ypapHennit.  C.UM. KabanuxumHbiM
n ['B. BakanoBeim [4] ObuT wmWccienoBaH IUCKPETHBIH aHAJOT
metona [enbdanma-/IeButana B JAByMepHON oOpaTHOI 3ajade s
TUTIEPOOIMIECKOTO YpaBHEHNA.
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PaCCMOTpI/IM I[IOCJIEAOBATEJIBHOCTD 1IPAMBIX 3aa4

uy) = w4 — gz, gy,
xr>0,y€(—mmn),te R keZ, (1)
a2 =0, uf”|imy = h(y)d(x), (2)
u = u®, . (3)

B obOparnoit 3amade TpedyeTcss BOCCTAaHOBUTH  HENPEPHIBHYIO
byHKIWMO  ¢(T) MO ONOTHUTENBbHOH WHQOPMAIUE O pEleHnn
mpsmotit 3agaqan (1)-(3)

uM(0,y,t) = fPy,t),y € (—m,7),t >0,k € Z, (4)

riae R - MHOXKECTBO BEIECTBEHHbBIX YUCE, Z - MHOXKECTBO BCEX LEJIbIX
qucie, 0 - genbra-gyHknng Jdupaka, k - HeKoTopoe pUKCUPOBAHHOE
nesnoe umcio, h(y) = e*. Heobxomumoe ycloBHe CYIeCTBOBAHNSA
pemenus fF)(y,0) = 0. Jlua pemenus obparnoil 3amauu (1)-(4)
HCIIOJIb3YETC CJIEYIONee NHTErPaIbHOe yPaBHEHNe

Ot a) + Ot )

+/Zf7§f)(t — )W\ (z,y,s)ds =0, x> [t|, (5)
o m=1

nmpu KaxkJoM (ukcupoBanaom x > (0 coorHomenue (5) sBIAETCS
CHCTEMOIl MHTErpaJIbHBIX YpaBHEHWI MEePBOTO POJa OTHOCUTEJHLHO
w(z,y,t), t € (—x,x). Ypasuenne (5) gBIgETCI MHOTOMEDHBIM
aHajioroM ypaBHeHus [enbdanma-J/IleBurana. Haiinsg permenne
ypaBHeHus (5) MbI MOXKEM OTIPeenTh ¢(x, y)

N eiky y
0
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B ypasuenuit lenbdanga-Jlepurana (5) unrerpas 3aMeHuM CyMMOit
nupnt =t;,5 = —N,—N+1,...,0,...N — 1, N nony4um cucremy,
cocrosmyio u3 (2N + 1) ypasuennit ¢ M x (2N + 1) HensBecTHbIMN
w(x,y,s;),m=1,2,..M;i=—N,—-N+1,.N —1,N;

M N
D> Bt — s,y si)T

m=1i=—N
1

= 1.t +2) + f9(y, 1~ 2)] (6)

Ypasuenue (6) B MaTputHON (boOpMe MOXKHO 3aIUCATEH B CJIETYIOIIEM
BUJIE

f: F,gm = f®
m=1

rie F,, = ﬁ()f)(tj — 8i);_ N ¥.j— NN MaTpula PasMepHOCTH (2N +
1) X (2N + 1). Vckombie BEKTOPHI

W) = {50z, y, si)tie—wawom=12,..., M.
[TpaBag qacTh

7(1:;) = {—0.5(f® Ny, t; + ) + fly, t; — )} v

Pabora BeimosHeHa 1o mpoekty 1746/T'®4  «Teopug u
YUCJIEHHbIE METOJ/bI PelleHus OOpaTHBIX M HEKOPPEKTHBHIX 3aJad
€CTeCTBO3HAHUIAY

Crmcok anrepaTyphl

[1] A.S. Blagovestchenskii, The local method of solution of the non-
stationary inverse problem for an inhomogeneous. Trudy Mat.
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Gelfand-Levitan method in a two-dimensional inverse problem
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006 obOpaTHOIT cTOXacTHYECKOIl 3aJa9e
IIOCTPOEHNS CUJIOBOM (DYyHKIINN

M.N. Tney6eprenos', /I.T. AxkbpiMbaeB?

L nemumym mamemamury u mamemamuseckozo modesuposarua, Aamamo, Kasazcman
E-mail: marat207@mail.ru
2 Axmrobuncruti pezuonasvrud 2ocydapemeennuiti yrusepcumem, Axmobe, Kasazcman

[To 3agagHOMY MHOXKECTBY

At): Ma,t) =0, NER™ x€R", \cC% (1)
Tpebyercsd  IHOCTPOUTH  OOOOIIEHHYIO  CHJIOBYIO  (DYHKIIUIO
U = Ulx,&,t) tak, 9100b 33maHHOe MHOXKECTBO A (t) OBLTO

MHTErPAJbHBIM ~ MHOTOOOpa3meM  CTOXaCTHYECKOI'0  yYpaBHEHUS
JarpaHzKeBOil CTPYKTYPhI

d (OL oL / N :
% <8xu> B aﬂ?y - O-Vj(xaxat)&? (V - 17n7 J = 1’T> ? <2>
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Bnecy {&1(t,w), ..., & (t,w)} - cucrembl CiydafiHBIX TPOIECCOB C
He3aBucuMbIME Tpupatnienuamu [1,4]. Panee B [6] paccmaTpuasucs
314N IOCTPOeHNnd ypaBHenuit Jlarpan:xa, 'ammibrona u bupkroda,
10 3aJ[AHHBIM CBoOMcTBaM jBuKeHus (1) B Kiacce OOBIKHOBEHHBIX
i depeHImanIbHbIX  YpaBHeHn, KoTopbie B [5]| obobmarTcs Ha
KJIACC CTOXacTU4decKnx auddepeHnnaabibiX ypapHeHnit lto B
IPEJIIIOJIOKEHNH, 9T0 1) ciydaifiHble BO3MYIIEHUS U3 KJIACCA,
BIHEPOBCKUX IMPOTIECCOB; 2) 3aJaHHOE MHTErPaJbHOE MHOr00Opasme
3aBUCUT KaK OT OO0OOIIEHHBIX KOOPAMHAT, TaK U O0OOIIEHHBIX
CKOPOCTE.

B nanHoit pabore cTpouTcs cuaoBasi (GYHKIIUS B IIPEIIIOI0KEHNN,
YTO, BO-IIEPBBLIX, CJIydailHble BO3MYINEeHHS u3 0Oojiee 00IIero
KJacca 4YeM KJacC BHHEPOBCKUX IIPOIECCOB, a MMEHHO M3 KJIacca
CAyYaflHbIX IIPOLECCOB C HE3aBUCHUMBIMHU IIPUPAIIEHUSIME, U, BO-
BTOPBIX, 3aJaHHOE MHTErpajibHOe MHOT000pa3ne 3aBUCHUT JIMIIH OT
0000IIIEHHBIX KOOPJAUHAT U He 3aBUCUT OT 00ODIIEHHBIX CKOPOCTEIA.

[list  pereHust  IIOCTaBJIEHHOM  3ajadyd  Ha  IIEPBOM  Talle
M0 3aJaHHOMY MHOXKECTBY METOIOM KBasuobparmenus [3| B
coueTaHnu ¢ MeTozoM Epyrmua [2] mw B CHIy CTOXaCTHIECKOTO
i depeHImpoBanus cI0KHON (yHKInM [4] cTponTcsa ypaBHeHUe
Nro & = flx,4,t) + o(x,d,t)¢ Tak, 9ro6er MHOKecTBO A(t) (1)
SIBJISJIOCH MHTErPAJIbLHBIM MHOI000OPa31eM MOCTPOEHHOTO YpaBHEHMSI.

[lajee, Ha BTOPOM »dTalle II0 IIOCTPOEHHOMY ypaBHeHuo ITo
CTPOATCS SKBUBAJIEHTHBIE MY YPaBHEHUs JarPaHKeBOH CTPYKTYPHI.
1 wa TperbeM STame B HOPEAINOJI0XKEHUH, YTO 00O0OIIEHHEI
JIArPpaHXKNAH UMeeT BUJL

L=T(z,2,t)+U(z,2,t), tme T =ayiiz;, (i,j=1n), (3)

MCKOMYIO CUIoByl0 GyHKImMIO onpenenMm B Buge U (z,2,t) =
L (iU,iC,t) — aijj:z'sbj-
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Beezem wmarpuiy hY  m paccMoTpMM  3aady  HEHPSIMOTO

IIPEJICTABJICHNUS] ypaBHEHNA JIarpaHKeBoil CTPYKTYPbI
y d [ OL oL ;L

hk(;}j_ —U'j)E— — — 0 &,

v \ Tk = Je = orgd dt \ox,) oOx, s

C wucnonbp3oBanmeM obosHadennit pabor [3-5] mokaswiBaeTCs
CIIeJIyIOMIAas TeOPeMa.

Teopema 1. Jlaa  menpamozo — nocmpoenus — MHOICECMBA
CMOTACTMUNECKUT  YPasHenut aazpancesot cmpykmypo, (2) no
zadarmomy muooicecmsy (1) ¢ obobwennvim aaeparorcuarom 6uda (3)
mak, wmobv, mrooicecmso (1) 0b.a0 UHMELPANLHBIM MH02000PaA3UEM
NOCMPOENHHIT  Ypasrerud neodbrodumo u docmamouno, wmobbvi
obobwennas cunrosas pynkyus U = U (x,2,t) ydosiemsopana
yenosuam (4)

92U
. . — hl; a’V]C;
83:,,81:;{
ouU U 92U
— + S+ Soy + Sy +BEF, (4
0z, 0ROt T Bm,am, Tk T o T o2 s fir (4)
a eexkmop - dynkyus fu mampuua - COOMBEMCMBEHHO

yenosuam (5), (6)

ON ON\ " L) Ns 20 WG )
/= k[m;]+(aﬁ (A_xaﬂnx_%nm_rw>’<®

ON ON\ "
o,=8|=—C|+ | =— Bi,i=1r, 6
[83: ] (8x> (6)
T * &/
ede 0; = (015,02, .,00) - -0 CMOAOEY, MAMPUULL T =
(ayj),(u =1,n, j= 1,_7’) . B, = (By;, Boi, . . ., Bmi)T- i-vili cmonbey,
mampuyne B = (B,;), (,u =1,m, jzl,—fr), S;, k— mpouseosvrwie
CKANAPHDBIE GENUMUNDL,
g 1 oU
v = S A- . 0ii0Lkj,
! 201,0%;0%; " &
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g, — /{8U(x,ziﬁa—;yac(y),t) 8Ugvx:;' t)}dy,
S, — /[8U(:c,jzazyac(y),t) 8U(§x50 t)]PO( ¢ dy)

Taxnm obpaszoM, B 0OpaTHOI CTOXACTHYECKON 3ajave MOCTPOEHA
cuioBasi (PYHKIMS 110 3aJaHHBIM CBOMCTBAM JIBH2KEHUSA, KOTOPbIE
3aBUCAT JIMIIL OT ODOOIIEHHBIX KOOPAWMHAT U HE 3aBUCAT OT
00ODIIEHHBIX CKOPOCTEIA.

Ota pabora Obu1a momuepKana ['pantom Ne 3357 /T'®D4 Pecrybnku
KazaxcTas.
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O pa3zpenmmMocTn JuUHEHON KpaeBoil 3aj1a4uu
C UMILYJIbCHBIM BO31eliCTBUEM

A.B. TneynecoBa

Eepasutickut nayuonarvrot yrusepcumem, Acmana, Kasazcman
agila72@mail.ru

Ha orpeske [0, 7] paccmarpuBaercst JuHeliHast KpaeBas 3aada ¢
UMITYJIbCHBIM BO3JIeiCTBHEM

d

d—“;f — Az + f(t), te[0,T)/ {01, O, ....00)
0; € (0, 7), i=1,m, x€R" (
Boz(0) + Cox(T) =d, d € R", (2)

Bixz(0; —0)+ Ciz(0; +0) =p;, p;, € R", i=1m, (

rae marpuna A(t), Bekrop-dyukiwms f(t) wempepbiBabl Ha [0, T,
B;, C; (1,m) — moctostarble MaTputipl. 1lyers ||z(t)|| = max z(1)],

A1) = max > |a;(t)] < a. Yepes C([0,T],R") obosnaunm
J o g=1
MPOCTPAHCTBO  KyCOUYHO-HempepbiBHbIX — Ha  [0,7]  dyHKIMWMI

z : [0,T] — R"c mopmoit ||z||, = im%t [zuep )Ha:(t)”, e
— oI tell0ig

90 - Oa 9m+1 =1T.

Kpaesble 3amaun wncciefoBasmch MuOrmMU aropamu |1]-[3).
PaccmarpuBaemyto 3azady uccienyeM MeTOIOM  TapaMeTpU3alin

1].

O6osnaunMm uepe3 A, 3HadeHue QGyHKIW z,.(t) B Touke t =

t,—1,r = 1, N, 1 Ha Ka)KJIoM UHTEpBAJIE [t,_1, ;) IPOU3BEIEM 3aMEHY
u, = x.(t) — A\.. Torma samaqa (1)-(3) cBemeTcd K SKBUBAJIEHTHOM

258



International Scientific Conference WEDIOA, Astana, May 4-6, 2017

KpaeBoil 3aj1a4e ¢ 1mapamMmeTrpom

du,
;:aqmw@+w4+ﬂm telt,i,t], r=LN, (4)
ur(tr—l) =0, r= L—Na (5)
BoA + Cy lim UN<t> + CAy =d, (6)
t—T—-0

Bi lim uki_l(t) + Bz)\k:i—l — Cz)\kl = DPi, 1= 1, m, (7)

t—0;—0

Ao+ Tim wg(t) = Agr1, s=1LN — 13\ {k1, Koy ook} . (8)

t—ts—0

Bamada (4)-(8) or samaum (1)-(3) ommvaercd Tem, €WTO 3IECH

MTOSTBIJINCH HavasibHble ycaoBust (5) B Toukax t = t,_1, r = 1, N,
KOTOpBIE TO3BOJISIIOT OMeAe nTs u,(t), t € [t,_1,t.), 7 = 1, N, u3
MHTErPaJIbHOr0 ypaBHeHus Bosbreppa BTOporo poja

up(t) = A(T)[up () + A Jdr + / f(r)dr,

t
tr—1 ty

telftr,t,), r=1,N. (9)

BwmecTo u,(7) mocTaBUB COOOTBETCTBYIOIIYIO TTPaBYO0 9acTh (9)
IIOBTOPUB TOT mporecc v (v = 1,2, ...) pa3 HoJyIuM IIPeJICTaB/IeHNe

byuxIwn u,(t) BUma
ur(t) — Dy,r(t>)\r =+ Fy,r(t) + Gyﬂ"(ur) t)v t e [tr—la tr)7
r=1, N. (10)

N3 (10) waxoaum mpejed 7flit:rnou,n(t), 1 COOTBETCTBYIOIINE
% —_

r

mpaBble dacTu monacTaBiasg (6)-(8) mosyunm cucteMy ypaBHEHHUit
OTHOCHTEJILHO HEM3BECTHBIX MapaMeTpos \ € R™MY

QueA=—F,, — Gy, (11)
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Takum obpaszom, Jisi HaxXOXKJieHust mapbl (A, u[t])—pemmerns 3agadu
(4)-(8) mmeem szamkmyTyio cucremy ypasuenuii (9), (11). Ecum
3BeCTeH mapaMerp A = (A1, Ao, ..., Ay)/, To u3 (9) Haiigem cucremy
pemennit 3agaun Komn—u[t]. Tak Kak HeM3BECTHBIMHU SIBJISIOTCA U
A ¥ ult], To qTs HaxXOXKIeHud perntenns 3ama4an (4)-(8) mpumersiercs
METOJI, TTOC/IeIoBaTeIbHbIX TpubmKenuit. [lapa (A, ult]) pemrerue
sagaan (4)-(8), HaxomuTcd Kak IpeJes M0CJIe[0BATEbHOCTH IIap
AR u®E)), k= 0,1,2,... onpeienseMmblii 10 CleiyIOmeMy
AJITOPUTMY.

O-mar. a) Ilpeamosaras, uTo mpm BeIOpaHHBIX hy > 0, hy >
0, ---;hm—i—l >0: Nih; = 91, Nohy = 05 — 81, ceey Nm+1hm+1 =T —
O, v € N, matpunia Q,(hi,ha, ..., hpi1) : R™ — R™ obparuma,
HavaabHOe npubmzkenne 1o mapamerpy A0 = ()\g()),)\éo), s )\58))’ <
R™ ompenensem u3 ypaBHeHns

Qu(h1,ha, .., A1) = —F,(hy,hoy ooy hupa),
IPILS A0 = [Qu(h17h2a e hm+1)]_1Fy(h17h27 e hm+1)-

6) Vcrmosb3ysi KOMITOHEHTBI BEKTOPA M0 e RNy pemrag 3amaun

Komm (4), (5) mpu A\, = A Ha unrepsasax t,—1,t) HAXOMUM

bynxmm w0 (t),r =1, N.

1-mar. a) B mpasoit wactu (9) Bmecto u moacrapnas ul’)(t) =
(u§0> (1), ugo) (1), ..., ug\?) (t)) meproe mpubsmKenue 1o mapamerpy Al
OIIpeiesigeM U3 ypaBHeHUs

Qv (h1,hoy ooy b)) = —F,(hy,hoy ooy Bupna)
— Gy(u(o), hl,hg, cens hm_|_1).

Beuny obparumoctu marpuiisl Qy(hy,ho, ... hyy1) TOTy UM

)\<1) — [QV(hlah% ) hm—f-l)]_l
[Fl/<h17h27 ) hm—i—l) + GV(U(O)a h17h27 ) hm—i—l)]-
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6) Ucmonbsya A = ()\(11),)\51),...,)\5\1[))’ € R™ u pemas 3amauy

Kommu (4), (5) mpu A, = AW Ha nmreppamax t;—1,t,), HAXOAUM

bynxmum u)(t),r =1, N u m.

[Tpomomkasa mporecc Ha k-OoM IMare TOJAyYaeM CHCTEMY TIap
OBy, r =T N, k=12, ...

Cuterytoniee TeopeMa yCTaHaABINBAET OJTHO3ZHAUHYIO PA3PEITIMOCTh
paccMaTpuBaeMoi 3ajiaun

Teopema 1. Ilycmo ewnoanenv, ycaosus meopemo, 1 [3, ¢.97].
Tozda xpaesas 3adava ¢ umnysvcrom cosdeticmeuem (1)-(3) umeem
eduncmeennoe pewenue x*(t) u das ne2o cnpasedsusa OuenKU

27| < Ly (PR, ooy o) maz([d]], max {lpal LfI). - (12)

1=1m
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Lyapunov and Hartman-Wintner type
inequalities for a nonlinear fractional differential
equation with dirichlet conditions

B.T. Torebek

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail:torebek@math.kz

In this paper we succeeded to generalize Lyapunov [1| and
Hartman-Wintner |2] inequalities for the nonlinear fractional bound-
ary value problem

D&Fu(t) +q(t) f(u) =0, a <t <D,

(1)
u(a) = u(b) =0,

where f € C'(R,,R,) is a concave and nondecreasing function and
D71 < a <y < 2is a generalized Hilfer fractional derivative

D u(t) =1 ——1""Tu(t).
Sult) = [T ()

t

Here I f (t) = ﬁ [ (t —s)""" f(s)ds is a Riemann Liouville frac-

tional integral of or(cier 0<upelR

We firstly derive the corresponding Green’s function; consequently
problem (1) is reduced to a equivalent Fredholm integral equation of
the second kind. Using the Krasnoselskii fixed point theorem, the
existence and multiplicity of positive solutions of problem (1) are ob-
tained. Assuming that f : R, — R, is continuous, concave and non-
decreasing, we generalize Lyapunov’s and Hartman-Wintner’s type
inequalities (see. |3]).
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Pemtenne 3agaun Pumana-1'uapbepra ajis
rojiomop¢gHOro BekTopa Meroaom byamrana-2Kupo

2K.A. ToknbGeron, P.A. boarupekona

U Kasaxemancwuti dunvan MI'Y
umeny, M.B. Jlomonocosa, Acmana, Kasaxcman

E-mail: mukanov.askhat@gmail.com

PaccmarpuBaeTrcs 3ajada 0 HaXO0XKIEHUU PEryJaspHOTO B 00JI1acTh
D c rnagkoit rpanntieit [ pemennda s, u, v, W CACTEMBI

Uy + 0w, =0, 5, —v. 4w, =0, s,+w,—w, =0, s,—u,+v, =0 (1)
YIIOBJIETBOPsIIONIee Ha rpanuile I’ ycaoBusam

aj5+bju+cjv+djw:hj,j = 1,2, (2)

re aj, by, ¢y, d;, hy — sanannbie HenpepeiBHbe 10 lenbjaepy Ha I

dyHKIIH.
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DTy 3a/iady cBeJieM K MHTerpajbHOMy ypaBHeHuto Ppenrosbma
Ipyu IoMoImy MeToja bynurana — 2Kupo. g sToro moacTaBsis
MpeJIcTaB/IeHne perenuit cucrembl (1) dWepe3 MpPOM3BOJHBIE JIBYX
rapMOHUYEeCKNX PYHKIUN 0 1 W:

U= (A, Vo)— (B,Vw),s = (B, Vo) + (C,Vw), (3)
V =(D, Vo)+ (E,Vw),w = (F, VU) + (G, Vw)

(A = (041, B, —52), (042 Ba, 51) = (—&1,51, —52),
D = (=By,a1,a9), B = (52, g, —ay), F' = (62,—042,041), G =
(81, a1, —a0), @ = aq i, B = (1412 TPOU3BOJIbHBIE KOMILIEKCHDIE
qucsia).  Ha rpanmdnoe ycioBue (2), 3ajada CBOJUTCA K 3ajade
0 HAKJIOHHOHM IIPOMBBOJMHON JJIsi Iapbl T'apMOHHYECKUX QYHKINN
(R; Vo) + (S, Vw) =Ry, j =1,2 (4)

?)ﬂ;er Rj = CL]'B + b]A + CjD + de, Sj = CI,jC — bjB + CjD + d]G

Tenepnb MbI paccmoTpuM 3a1a4y (4) ma cucremsl (1) TOTBKO B TOM
caydae Korma obactb D camas mpoctas {z> 0} | a KosdurmenTsr
noctogaHbie. Jlanbire mo Meroay Bynurana — 2Kupo perrenne Oymem
ICKATb B BUJIE

o(@) = [ 10 (o, 9 () + Moo, ) ()] 4T

U@ZLMH%MM®+M@WMN%M (4)

rie X = (x,y,2) — mouxa noaynpocmpancmea D, P = (&£,n,()
moura naockocmu I' = {z = 0}
M., Ni, k= 1,2, onpedeasromes ud coommouwerul

o (1) .

Orcroga ipu k = 2, j = 1 caeayer B3satb My = (1S9, V 2), Ny =
—( Ry, V 2),ampuk=1,j=2umeem My =(S5,V §2), N;=
—( R,V 2), u jans ompejeneHnsi rapMOHUYecKoil (yHKInm {2
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moyauM ypapHenune LKz (2., = % (%), ectn WKy = L1 Ky +

KLy = L1 Ks— KLy = LyKs+KoLs — Ly K — 0 u LyKs # 0, 20¢
Ky = —ajas—anba+faco+ anfly Ko = —[1as— Baby— Paco— anca+
aidy, K3 = —Baas—Biba—aco— qady, L1 = asar+arby—Bici+Pady
Ly = a182 + b1 81 + crap — diag, Ly = a181 — b1z + crog — dia

AN

Clarkson inequalities on L,(G)
space associated with compact Lie group

K.S. Tulenov', M.E. Akhymbek?, A.A. Kassymov®

1,23 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail:tulenov@math.kz', akhymbek@math.kz2*, kassymov@math.kz

AN

In this present paper we prove Clarkson inequalities for L,(G)
space which was introduced in [1, 2] by Ruzhansky and Turunen, i.e.
we obtain following results:

Theorem 1. (Clarkson inequality) Let 2 < p < oo. Then for any

AN

H,, Hy € L,(G), we have

(Ht 0=y, p
Ly(@)

p ~
2 HLp(G) | 2
1 p p 1/p
< |=(||H ~ H _
< |l gy + I )

Theorem 2. (Clarkson type inequality) Let 1 < p,p’ < oo with 1/p+
1/p'=1. Then for any Hy, Hy € L,(G) we get following inequalties:
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(i) If 1 < p <2, then

[HH1+H2HP/ MHP, r/p'
)

@“2
1 » » 1/p
< |=(||H ~ H . :
— [2(” 1HLP(G) + H QHLp(G)>] )
(i) If 2 < p < o0, then

m+mp H —Hy, 1"
=11} —— 7 @

@ T
1 p’ p/ 1/29/
< |- N ~ .
< [0 6, + 1l )

We also present another proof of reflexivity of this space for 1 <
p < 0.

Theorem 3. (Reflezivity) Let 1 < p < co. Then Lp(@) is reflexive
Banach space.

Acknowledgements The work was supported by the target pro-
gram 0085/PTSF-14 from the Ministry of Science and Education of
the Republic of Kazakhstan.
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O06 ogaOM MeTOOEe pelrneHns
nHTerpo-and depeHnmaabHbIX ypaBHEHMIT

b.X. Typmeros

Hrnemumym mamemamuky u Mamemamuyeckozo MooesuposaHus, Aamamot,
Yuusepcumem Azxmeda Hcasu, Typrecman, Kasaxcman
E-mail:turmetovbh@mail.ru

B macrodmeil 3amMeTke paccMaTpPUBAETCAd METOH, IIOCTPOEHMUs
pereHnss MHTerpo - auddepeHnraJbHbIX YPaBHEHUN IPOOHOTO
HOPSIJIKA.

st mro6oro 0 > 0 obozHAYUM

t

o d[6]+1 -
Pyt) = g5 [ (=17 nan D) = SO,

0

[lyctrb « > 0, A #£ 0,1 > 0, + 14 + ... + 1. # 0. Pacemorpum
CJIeIyIOIee ypaBHEHIe

Do‘y(t):i)\jl”jy(t)—i—f(t),0<t§d<oo. (1)

B pabore [2] aBHbIil BU pertierust ypaBHerus (1) OBLIO MOCTPOEHO
s cnydas o = 0, a B pabore |1| paccMoTpen ciydait, Korga a >
0,7 = 1,11 > 0. B nanbueiimem ypaBhenus tuna (1) u3ydeHbl B
paboTax pas/IMYHLIX aBTOPOB. Pe3yiabraThl 3TUX pabdoT MOIPOOHO
ormcanbl B MoHOTpadun (3.

B nacrodieii pabore Mbl IIpejjiaraeM HOBBII MeTOJ| IIOCTPOEHUd
perenns ypaBHeHus tuma (1).9TOT MeToJ OCHOBAH Ha ITOCTPOCHWN
HOPMHUPOBAHHBIX ~ CHUCTEM  OTHOCHUTEJbHO  MHTErpPaJIbHBIX 1
M depeHIIaIbHBIX 0MIepaTopoB APOOHOTO MOpsiaKa [4].

Pabora Bbinosinena npu dpunancoBoit moggep:kke rpanta MOH PK

(Ne0819/GF4).
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Instability of a program manifold
of controllable systems

S.S. Zhumatov

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: sailou.math@mail.ru

Consider a material system that has an (n—s)-dimensional integral
manifold € (t) = w(t,x) = 0, whose motion is described by the
ordinary differential equations [1]:

i=f(tx)— B¢ €=¢(0), o=Plw tel=]|0,00), (1)

where x € R" is a state vector of the object,f € R" is a vector-
function, satisfying to conditions of existence and uniqueness of a
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solution z(t) = 0, B € R™", P € R**" are constant matrices,
w € R°(s <n)is a vector, £ € R" is a vector-function of control on
deviation from the given program manifold, satisfying to conditions
of local quadratic relations

p(0)=0 A ¢'0(c =K 'p) >0, Va#0, (2)
0 = diag ||61,...,6,]|, K=K">0.

Taking into account that €2(¢) is the integral manifold for the sys-
tem (1)-(2), we have

_dw
Ot

where H = g—;’ is the Jacobi matrix and F(t,x,0) = 0 is a certain

W

+Hf (t,x) = F(t, x,w),

s-dimensional Erugin vector function [2].

Assuming that the Erugin function F(t,z,w) = —Aw, —A € R***
is Hurwitz matrix and differentiating the manifold €2(¢) with respect
to time ¢ along the solutions of system (1)- (2), we get

w:_Aw_HB€7 5290(0-)7 O-ZPTwa (3)

p(0)=0 A ¢'0(c — K 'p) >0, Va#0, (4)
0 = diag ||0y,...,6,]|, K=K">0.

We solve general inverse problem of dynamics: the corresponding
system of differential equations is but as well as the instability is
investigated. This inverse problem is very important for a variety of
mathematical models mechanics.

A great number of works is devoted to the construction of the sys-
tems of equations on the given program manifold, possessing prop-
erties of stability, optimality and establishment of estimations of in-
dexes’ quality of transient in the neighborhood of a program manifold
and to solving of various inverse problems of dynamics (see [1], [3]-
[6]). The detailed reviews of these works were shown in [3], [5], [6].
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Statment of the problem: to get the condition of instability of
a program manifold €(¢) of the basic control systems in relation to
the given vector-function w.

Definition 1. A program manifold €(¢) is called instable on the
whole in relation to vector-function w, if in phase space there is an
unlimited open domain = , including a neighborhood of the given
program manifold and possessing the property, that all solutions in
relation to a vector-function w beginning in this domain, unlimited
as t — 00.

Definition 2. A program manifold €(#) is called absolutely instable
in relation to a vector-function w, if it is instable on the whole at all
functions ¢(o) satisfying to the conditions (4).

The frequency conditions of instability are received in [7] for non-
linear control systems with respect to zero position of equilibrium.
In this paper the conditions of instability of the basic control systems
are investigated in the neighborhood of a program manifold.

The following theorem is valid (see |1, p. 84].

Theorem 1. If for the system (3) it is found a positive function
V(t,w) admitting a positive upper limit in the domain = derivative
which is

V(it,w)>y>0 YVwezZAtel

then the program manifold €)(t) is instable as a whole with respect to
vector-function w.

Theorem 2. Suppose that there exist matrices
L=L">0, g=diag(p,...,53)>0
and non-linear function p(o) satisfies the conditions (4).

Then, for the absolute instability of the program manifold 2 (¢)
with respect to the vector function w it is sufficient performing of the
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following conditions
h(llwl* <V < b(|lwl, (5)
gilllwl* <V < go(l|w]l?, (6)

where [1, [, g1, go are positive constants.
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A nonlocal nonlinear Schrédinger equation of the type

iq(z,t) + qua(x, t) + 2q(x, t)q" (—2x, t)q(x,t) = 0 (1)

was studied by Ablowitz and Musslimani in [1|. This equation comes
from symmetry reduction of AKNS system [1-4].

In the work, we consider a generalization of nonlocal nonlinear
Schrodinger equation (1), namely the (14-1)-dimensional nonlocal
nonlinear Schrédinger and Maxwell-Bloch equation, which reads as

1Gi(x,t) + quo(,8) + 2q(2, 0)q" (=2, V)q(x,¢) — 2p(z,¢) =0, (2)

pal,t) = 2lq(z, t)n(z, t) — iwp(z, T)], (3)

77x<x7t) — q(:z:,t)p*(—az,t) —p(m,t)q*(—x,t), (4)

where ¢, ¢*, p, p* are complex functions, 7 is real function and w is

complex constant. Functions of the real variables  and ¢. Subscripts

x, t denote partial derivatives with respect to the variables. This
equation (1) is integrable by the Inverse Scattering Method [1-4].

This system (2)-(4) is derived from the integrability condition (Lax
representation) of the following linear problem

U, = AU, U, = BV, (5)
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where U(z,t,\) = (Y1(x,t, \), ¥o(z,t,\))" and A, B are matrices
2 x 2 have the form

1
A= —idos+ Ay, B= )\QBQ + AB1+ By + )\—B_l. (6)
—w
The determinant representation of the one-fold Darboux transfor-

mation of the system (2)-(4) assumes the form

NT n_ (M) (T
Tl()\, A1, )\2) = AN — M =M+ o A, <(T1)21 (T1)22) , (7)

where

(Va0 MUt [Tin 0]
Wyo AWy Ui AaWio

Uy AWag B Ui Moy
\[ W2 AaWan| — [W1a Aoy )

1 0 A 0 1 0
(T =Yg Vo1 MVial, (Thiz={Vi1 Vo1 MVia], (9)
Uio Voo AWyo Uio Voo AWyo
1 0 0 0 1 A
(T1)o1 = [W11 Woy MV, (Th)ao = Y11 Wo1 AMWas|. (10)
Uio Woo AWgo Uio Woo AoWgo

Moreover, T} satisfies the following equations
T, +TA =AY, T, +1B=BYT. (11)

A = A+ Joutl] B = (l + @Bl + 47 (12

Then the different solutions of the system (2)-(4) are constructed
from (11)-(12).
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CUHTYJIIPHBIX MHETPAJbHBIX ypPaBHEHMI
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[Tycts D C R3—orpanndennas o6/1acTh ¢ IBayKIbl HEIPEPHIBHO -
nnddepennupyemoii rpanutieit S. PaccmoTpuM KpaeByro 3ajady Jijisd
ypaBHeHus ['eIbMIoIblia ¢ UMIIeIaHCHBIM YCJIOBUEM: HANTU JABAXK b
HenpepbiBHO - muddepennupyemyto Ha R?\D u HempepbiBHYIO
Ha S QyHKIMIO wu, 00JIaJIalolnyl0 HOPMaJbHON IIPOM3BOAHON B
CMbICJIE PABHOMEPHO# CXOIMMOCTH, YIOBJIETBOPAIOILYIO0 YPABHEHUIO
Tenbmronbina Au + kK = 0 B R3\D, ycinosuio wusiydeHns
3oMmMepdeibia Ha 6ECKOHEYHOCTH U I'PAHUIHOMY YCJIOBUIO

gg—gg—l—)\(m) u(x)=f (z) ma S,
rie k— BoJiHOBoe uncio, npuwaem Imk > 0, 7i(x) —eauHUIHAS
BHEIIIHsISI HOpMaJib B TOUKe T € S, a A 1 f— 3aJlaHHble HEIIPEPLIBHBIE
dbyukiuu na S, npudem Im (l_c)\(a:)) > 0, x € S. B pabore [1]
TTOKa3aHO, YTO KOMOMHAIINS TOTEHIINAIOB IPOCTOr0 1 JIBOMHOTO CJIOEB

B 0% (z,y) 3\ T
u(z) = /S{Cbk(x’y)ijaﬁ—(y)} p(y) dSy, x € R\D,

rie 1 # 0—Iponu3BOJIbHOE BEIeCTBEHHOE InCo, npudeM 1 Rek > 0,
SIBJIIETCS PelleHneM KPaeBOoil 3ajadm JJid ypaBHeHHs | elbMIoJibia
C WMIEeJAHCHBIM VCJIOBHEM, €CJU IJIOTHOCTH (9 €CTh PelleHne
OJIHO3HATYHO pa3pelImMOoro CUHTYJISPHOTO MHTErPaJIbHOIO YpaBHEHUs

(1—inA) p— (K+inT+in\K+AF) o=-2f, (1)
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rie O (v,y) = e*e v/ (U jz—y) , xy € R z #
Yy, —dyHJaMeHTaIbHOE PellleHne YpaBHeHus [ eIbMroIblia,

o)) =2 [ Do) as,

0 0Dy (x,y)
on(x) Js O (y)

(Ky) (z) =2 S%’g)‘y)w (y) dSy,

(Fe) (@)=2 [ 0uay) ¢ly) dS,, v €S

B TTAHHOM paboTe TTOBEPXHOCTH S

(T'p) (x) =2 p (y) dSy,

pa3buBaeTcs Ha vJIeMEHTapHbIE JacTH
N

S = ZU SN w B onopueix Toukax z; € S (I = 1,N)
=1
ypaBHeHre (1) anmpoOKCHMUPYETCd EeIMHCTBEHHO —Ppas3perTuMoit

CUCTEMOI JIMHEHHBIX aJiredparndecKux YypaBHEHUN OTHOCUTEIHLHO
MpUOIIDKeHHBIX  3Hadennit o (x7), | = 1, N.  JloxkasbiBaeTcd,
94TO pelleHre CHCTeMbl ajredpamdecKux ypaBHEHHI CXOIUTCA K
TOYHOMY pemleHmio ypasHemna (1) B Toukax w7, | = 1, N, m
OIIEHMBAETCS CKOPOCTh CXOAMMOCTH.  Kpome Toro, mocTpoeHa
IOCJIeI0BATE/IbHOCTD, CXOMMIINNCA K TOYHOMY PEIIeHUI0 KpaeBoil
34y JJIsI ypaBHEHUs [e/IbMIo/IbIa ¢ UMIIEIAHCHBIM YC/IOBHEM, U
JIAHa OIEHKA TIOTPEITHOCTH.
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