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1 Aurebpa, MmaTemarndecKas JOIMKa U I€OMETPHUsi

ON COUNTABLE MODELS OF ORDERED THEORIES

Bektur Baizhanov!'®, Tatyana Zambarnaya!2??

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: “baizhanov@math.kz , °t.zambar@gmail.com

Let T" be a small complete theory, p(z) be a non-principal type over a finite subset A of
some model of T. We say that the type p is extremely trivial, if for every natural number
n > 1, and every realizations B3y, Ba, ...3, of p, p(M (B4, Ba, ..., Bn, @) = {B1, B2...Bn}, where a is
some enumeration of the set A, and p(M (B4, B, ..., Bn, @)) is the set of realizations of the type p
in a prime model of T over3;, B, ..., Bn, and a. The type p is almost extremely trivial, if for
every n > 1 and every realizations 31, B, ...3, of p, the set p(M (B4, Ba, ..., Bm, @)) is finite. The
type p is eventually extremely trivial, if for every n > 1 there exist m > n and realizations
B, By -..m of p such that p(M(By, Ba, ..., Bm, @) = {B1, Ba--Bum}-

We will give examples of such types, show the connection with type-preserving formulas,
and prove the following theorems:

Theorem 1. Let T be a small complete theory. If there exists a finite subset A of some model
of T and an eventually extremely trivial non-isolated type p(z) € S(A), then I(TUtp(a/0),w) >
w, where a is a tuple enumerating the set A.

Theorem 2. Let T be a small complete theory with a dense linear order without endpoints.
If there exists a finite subset A of a model M |= T and a non-principal extremely trivial type
p(z) € S1(A), then T has 2¥ countable non-isomorphic models.

Funding: The authors were supported by the grant no. AP05134992 of the Ministry of Education and Science
of Republic of Kazakhstan.

Keywords: small theory, linear order, number of countable models
2010 Mathematics Subject Classification: 03C15, 03C64
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Definition 1. [1]

1. An ordered structure M is o-stable in A if for any A C M with |A| < X and for any cut
(C, D) in M there are at most A 1-types over A which are consistent with the cut (C, D),
ie. ‘Sgc,m(A)’ <A\

2. A theory T is o-stable in X if every model of T' is o-stable. Sometimes I write T' is o-A-
stable.

3. A theory T is o-stable if there exists an infinite cardinal A\ in which T is o-stable.
4. A theory T is o-superstable if there exists a cardinal A such that T is o-stable in all > A.
Definition 2. 2]

1. We say that Morley o-rank of a formula ¢(z) inside a cut (C, D) in M is equal to or
greater than 1 and write RM ¢ py m(¢)>1 for this, if {¢(z)} U (C, D) is consistent.

2. RMc.pym(¢) > a + 1 if there are infinitely many pairwise inconsistent formulae ;(z)
such that RM<07D>7/\/1 (Cb(x) A @DZ(ZL‘)) > a.

3. If a is a limit ordinal, then RM ¢ py m(¢) > a if RMc py m(¢) > B for all § < a.
4. RM(C,D),M(¢) =« if RM(C,D),M(¢) >« and RM(C,D),M((b) z a—+ 1.

Let T be a theory of a language £, and M < N two models of T such that N is |M|*-
saturated. For any formula ¢(Z,&) with parameters @ in N I add a new relational symbol
Py(z,a)(Z) interpreted by Pyz.a) (M) = ¢(N, &) N M* in order to form language £*. The set
Pyz,a)(M) is called externally definable.

The author proved in [2]| the following theorem.

Theorem 3. [2] Let T' be an o-stable theory of a language £, and M < N two models of
T such that N is |M|"-saturated. Then the elementary theory T* of the expansion M* of M

is o-stable.

Here we give a stronger version of Theorem 3.

Theorem 4. Let T be an o-A-stable theory of a language £, and M < N two models of T
such that A is |M|*-saturated. Then the elementary theory T* of the expansion M* of M is
o-A-stable. In particular, if T is o-w-stable, then so is T, and if T" is o-superstable, then so is
T*.

Theorem 5. There exists an example of a o-w-stable theory of a language £, such that in
any model of T" there exists a cut such that Morley o-rank of the formula x = z inside this

cut in the language L is less than Morley o-rank of the formula x = x inside this cut in the

language L£*.
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CONTINUED FRACTION EXPANSION AND FRACTAL GEOMETRY

Sh.KADYROV

Suleyman Demirel University, Kaskelen, Kazakhstan

E-mail: shirali.kadyrov@sdu.edu.kz

Continued fraction expansion theory is a subbranch of Number Theory. For every real
number z there exists a sequence ag,as,as, ... (called partial quotients) such that = can be

written in the continued fraction expansion form

1
T =ag+ 1 ; CLOGZ,al,GQ,"'EN_
aq + ot — L —
2
For convenience we write © = [ag;aq,as, ...|. Continued fraction expansion gives a coding
between real numbers = and sequences of natural numbers [ag; ai, as, . ..|. It is an interesting

question to investigate common properties of the coding sequences for ‘most’ of the real
numbers. Some of the well-known properties are obtained in Corollary 3.8 of [1]. In particular,
it is well-known that for almost every real number x the partial quotients satisfy

o1
lim —(a; +as+ -+ a,) = oc.
n—oo M

In words, for almost every real number the partial quotients diverges to infinity on average. On
the other hand, the set S of all real numbers with divergent partial quotients, that is a,, — oo
as n — oo, has Lebesgue measure zero. Whenever a set is a null set, it is interesting to study
its size in the sense of fractal geometry. Fractal dimension is a way to measure complexity of
sets. The larger the fractal dimension the more complex the set is. There are various fractal
dimension notions and our interest in this study is Hausdorff dimension.

Going back to the null set S above Good in [2] showed that

Theorem 1. The set S of reals whose partial quotients diverges has Hausdorff dimension
equal to 1/2.

In this talk, we briefly define the notion of fractal dimension and consider various exceptional

sets related to the behavior of partial quotients and their fractal dimensions.
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RELATIVE SEPARABILITY

IN HYPERGRAPHS OF MODELS OF THEORIES:
GENERAL AND ORDERED CASES
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2 Sobolev Institute of Mathematics, NSTU, NSU, Russia
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We transform the studying of separability of elements and sets in hypergraphs of models of
a theory [1] to the relative one applying it for ordered theories [2], too.

Let (X,Y) be a hypergraph, x1, 25 be distinct elements of X, Z C X, xy ¢ Z. We say that
the element x; is Z-separated or Z-separable from the element zy, or (7o, Z)-separable if there
is y € Y such that ;7 € y U Z and 25 ¢ y. In this case the set y is called Z-separating x4
from xy. At the additional condition xz; ¢ Z the elements x; and x, are called Z-separable,
(T, Z)-separable, or Hausdorff Z-separable if there are yi,y, € Y such that (y1 Nys) \ Z = &,
x1 € Y1 and z9 € yo.

Let X1, X5 be nonempty subsets of the set X, (X;NXy)\ Z =0, Xy € Z. We say that the
set X is Z-separated or Z-separable from the set X, or (Tp, Z)-separable if there is y € Y such
that X; CyUZ and (XyNy)\ Z = @. At the additional condition X; € Z the sets X; and X,
are called Z-separable, (Ty, Z)-separable, or Hausdorff Z-separable if there are y;,ys € Y such
that (y1 Ny2)\ Z2 =9, X3 Cyy UZ and Xy Cyp U Z.

Let M be some model of a complete theory T. Following [1]|, we denote by H(M) a family
of all subsets N of the universe M of M that are universes of elementary submodels A of the
model M: H(M) = {N | N' 5 M}. The pair (M, H(M)) is called the hypergraph of elementary
submodels of the model M and denoted by H(M). For a cardinality A by Hy(M) and H(M)
are denoted restrictions for H (M) and H (M) respectively on the class of elementary submodels
N of models M such that |[N| < .

Theorem 1. Let M be an w-saturated model of a countable complete theory T, Z be the
algebraic closure of some finite set in M, a and b be elements of M, b ¢ Z. The following are

equivalent:
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(1) the element a is Z-separable from the element b in H(M) by some set y from H(M)
containing Z;

(2) the element a is Z-separable from the element b in H,, (M) by some set y from H,, (M)
containing Z;

(3) b ¢ acl(aZ).

Theorem 2. Let M be an w-saturated model of a countable complete theory T', Z be the
algebraic closure of some finite set in M, a and b be elements of M, a,b ¢ Z. The following
are equivalent:

(1) the elements a and b are Z-separable in H(M) by some sets y; and y, from H(M)
containing Z;

(2) the elements a and b are Z-separable in H,, (M) by some sets y, and y, from H,, (M)
containing Z;

(3) (acl(aZ) Nacl(b2)) \ Z = @.

Theorem 3. Let T be an almost w-categorical quite o-minimal theory, M be an w-saturated
model of the theory T', Z be the algebraic closure of some finite set in M, a,b € M \ Z. Then
the following conditions are equivalent:

(1) a is Z-separable from b in H(M) by some set y from H(M) containing Z;

(2) b is Z-separable from a in H(M) by some set y from H(M) containing Z;

(3) the elements a and b are Z-separable in H(M) by some sets y; and y, from H(M)
containing Z;

(1) a ¢ del({b2});

(5) b ¢ dcl({aZ}).

(6) (dcl(aZ) Ndcel(b2)) \ Z = @.

Funding: This research was partially supported by Committee of Science in Education and Science Ministry
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In this paper we establish the connection between dp-rank and different families of relations
of equivalences.

Definition. A theory T has dp-rank > n, if there are formulas ¢y (z,v), pa(z,9), ..., on(z, y)
and mutually indescernible sequences (a})i<w, (a?)icw, .-, (a?)i<w, such that for any function

o:{1,..,n} = w the type
{gpk(x,aﬁ(k)) ik < Tl} U {_\gﬁk(l‘,(l?) D 7£ U(k)7 k < TL}

is consistent.
Definition. A theory T has dp-rank w, if for any n < w T has dp-rank > n.
Proposition. There exists an w-stable theory with dp-rank w.
Definition. A theory T has dp-rank infinity, if there is countable set of formulas
o1(z,y), p2(x,y), ... and mutually indescernible sequences (a) )iy, (a?)i<w, ... such that for any

function o : w — w the type
{on(r,a54y) 1k <whU{on(e,af) 1i # o(k) k < w}

is consistent.

Theorem. If theory has dp-rank infinity then it is non-superstable.

Definition. We say, that a model 9 has a family of relations of equivalences F' = {E? |
i € I} of depth > n, if the following holds:

1. There exists definable set such that for any i € I, E?(x,y) is relation of equivalence that

determines a partition of the definable set into infinite number of classes of equivalence.
2. Any two classess of different equivalence reltaions have non-empty intersection.

3. Conjunction of any number of different relations of equivalences less than n does not

generate trivial relations of equivalences.

We say that a model 9t has a family of relations of equivalences of depth w if (3) holds for any
n.

Proposition.

1. If complete theory T has a model with family of relations of equivalences of depth > n,
then T has dp-rank > n.

2. If complete theory T has a model with the family of relations of equivalences of depth w,

then T is non-superstable.
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Definition. We say that family of equivalence relations F' of depth w is uniformly if there
is a formula F(z,y, z) such that for any ¢ € I there is @; and E;(z,y) = E(z,y, ;).
Theorem.

Any of theory with uniform family of equivalences of depth w has Independence property.

Funding: The author was supported by the grant no. AP05134992 of the Ministry of Education and Science
of Republic of Kazakhstan.

Keywords: trees of formulas, dp-rank, independence property, superstable theory, relation of equivalence
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DKBUBAJIEHTHOCTb-TEHEPUPYEMBIE ®OPMVYJIbl B CJIABO
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B nacrosmem mgokmazge Mbl 06CYZKIaeM BOIIPOC COXPAHEHUST CBORCTB MPH 000TaIeHnsaX MO-
Jeqieil CIeTHO KaTeropuyHbIX €¢J1a00 O-MUHUMAJIBHBIX TeOpHil OMHAPHBIMY IpeauKaTaMu. PaHee
B pabore [1] HamMu GBLT HCCTETOBAH BOMPOC COXPAHEHUs CBOUCTB TPH OGOTAIECHUSIX MOojieieii
CYETHO KATEIOPUYHBIX CJab0 O-MUHUMAIBHBIX TEOPHil YHADHBIME MpeIuKaTaMu, a B pabore [4]
— OTHOIIIEHUAMMU IKBUBAJIEHTHOCTH.

[Ilyctb M — cnabo o-muHuManbHas cTpykrypa, A C M, p € S;(A) — neanrebpanye-
ckuit, R(z,y) — A-onpenennmas dbopMmysa, SBJISIONASCT p-cTabuabHON. B cuiy ciaboit o-
muHEMaabHOCTH M MHOXKecTBO R(M, a) sBisiercst obbennuenneM Konednoro uduciaa A U {a}-
OIIpe JeJIMMbIX BBIITYKJIBIX MHOXZKECTB. CyH_[eCTByeT KOHEYHOE YUCJIO TAaKUX MHOXKECTB, HaXOA4-
muxcd Jesee nemMenTa a. Oboznaunm ux depes Rl (z,y),. .., R.(x,y), mpu 3ToM Gyaem cauTaTh
uro RL(M,a) > R, (M,a) > ... > R{(M,a) > a. AHATOTHYHO CYIMIECTBYeT KOHEUHOE THCJIO
OTIPE/IEJIUMBIX BBIMTYKJIBIX MHOYKECTB, HAXOSIIUXCS paBee vaementa a. Obo3nadnM ux depe3
Ri(z,y), ..., Rl (z,y), npu stom 6ymem cunmtarh uro a < Rj(M,a) < Ry(M,a) < ... <
R (M, a).

Bo3MOXKHO CyIIecTByeT ompememMoe BBIIYKJIOe MHOXKECTBO, BHYTPEHHOCTH KOTOPOI'O CO-
aepzkur sjiement a. O6osnaunm ero uepes R(x,y). Taxum obpasom, ecau R°(M,a) # 0,
TO cymecTByoT by, by € R(M,a) Takue, ato by < a < by. Onpenesum caenyiorine Hhopmy-
ae: Fe(x,y) ==y < x A R(x,y), F/(x,y) ==y < x AVHR[(t,y) — = < t], F/*(z,y) =
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y < z AJR(t,by) AN < t], tne 1 < ¢ < m. AHAJIOIHYHO ONIPEJEsIOTcst (HDOPMYJIbI
G(x,y), Gi(z,y), G5 (2, y). Ouesunno uro bopmyast F(x,y), F] (x,y), F/*(z,y),1 < i < m,
SIBJISIFOTCSL P-CTAOMIBHBIME BBITYKJIBIME BIpaBo, a dhopmyasr G(z,y), Gé.(a:,y), Gé-*(m, Y),
1 < j < s, aBIg10TCa P-CTAOMILHBIMEA BBILYKJIBIME BJICBO.

Bynem roBoputh, uro dopmyaa R(xz,y) sSBASETCI 9KEUBAAEHMHOCTID-2eHEPUPYEMOT, eCITH
Kazkjiasi HeTpuBnaibHas dopmyaa uz muoxecrsa A = {F°(z,y), F] (x,y), F*(x,y), G(x,y),
Gé (x,y), Gé-* (x,y) |1 <i<m,1<j < s} saBisiercss SKBUBATEHTHOCTh-TeHEPUPYOIEii.

IIpumep. Ilycre M := (Q x Q, <) — nuHeitHo ynopsigovuernast crpykrypa. O4UeBHIHO Y4TO
M — c4erHO KaTeropwduHas O-MUHHMAJbHAs CTPYKTypa. Beemem ciemyromme ase OMHADHBIC
dopmynbr E(z,y) u Ri(x,y) na muoxkecrse Q X Q: s mobbix a = (my,n1),b = (ma,ng) €
Q x Q E(a,b) < my = ma, Ri(a,b) & my =my Any < ny < ny + /2.

Ilycrs R(z,y) =y < xAE(z,y) A\=Ry(x,y) un M := (Q xQ, <, R?) — oboramienue Mojeu
M Guunapubim npeaukatom R(x,y). OgueBugno uro M’ — l-HepasiuduMasi He CIETHO KaTero-
pudHas caabo o-MuUHUMaJsbHas crpykrypa. llyers Fi(x,y) == y < x AVHR(t,y) — = < 1],
Fyz,y) =y < x A Ft[R(t,y) Nz < t]. Dopmyna Fy(x,y) ABASETCS SKBUBAICHTHOCTD-
reepupyiotieit, a Fj(z, y) He ABIgeTCd IKBUBAJEHTHOCTb-TeHepupyiomieit. CienoBaTebHO,
npeaukar R(x,y) He ABIsSETCS IKBHBAJIEHTHOCTh-T€HEPUPYEMBIM.

Teopema 1. Ilycts M — 1-Hepazamdumasl CI€THO KATErOPHUIHAS CJAa00 O-MHUHHMAJIHHAST
cTpyKTypa panra Beiykjaoctu 1, M' — l-mepazmmauamoe ¢1abo o-MHHEMAIBLHOE O0DOTAIeHHe
crpykTypel M GuaapabIM npegukatom R(z,y).

Torna Th(M') — c4erHo KareropudHa TOTJa H TOJBKO TOLJA, KOTJIA
(1) R(z,y) u L(x,y) := R(y, ) — 5KBHBAJCHTHOCTH-T€HEPHPYEMBIE;
(2) s kazkmoro ()-onpenesnmoro orHomenus sxpuBagsenTuoctn E(x,y), mopoxgennoro

npeankaroMm R(x,y), MEHO)KeCTBO E-KIaCCOB SBJSETCS MJIOTHO YIIOPSI0OT€HHBIM.
Funding: Uccnenosanus nonnepxanst KH MOH PK (rpant AP05132546).
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O CTPYKTVYPE AJITEBP BUHAPHBLIX ®OPMVIJI

IIOJIMTOHOMETPUYECKUNX TEOPUMN
C YCJIIOBUEM CHUMMETPUN
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B pabore paccmarpuBatoTcst anrebpbl 6uHapHbIX (opmyst [1, 2, 3] moauroHoMeTpuIecKux
Teopuiil ¢ YCJIOBHEM CUMMETPHH |4, OMUCBIBAETCS CTPYKTYPA ITHX aaredp.

Ormerum, uTo anredbpsbl 2 GuHAPHBIX (HOPMYJT TOJTUTOHOMETPUIECKUX TEOPUil JIETKO CBOIST-
ca K uX rnoganaredpam 2. 1 KOMIIOHEHT CBSI3HOCTH.

Aurebpa 2. n1s KoMIoHeHTH ¢Bsi3HocTH C' $-mosmuroroMerpun spm mapst rpynmn (Gq, Gs)
BKJIIOYAeT MEeTKHU U JUId IPeuKaToB () , g € Pos(G1), a TakxKe MeTKH v i HAOOPOB IapaMeT-
POB JioMaHbIX, coeauusionux aemeHTs u3 C. Ilpu sTom MmHO)KecTBO Uy METOK % €CTECTBEHHO
CYMATATH MMOIAMHOXKECTBOM MHOXKecTBa V' MeTok v. Merku n3 Uy OyaeM Ha3bIiBaTh pebEPHBIMU, &

metku u3 V' \ Uy — nepebeproimu.

IIpennoxkeunme 1. Aurebpa 2. cocrour m3 pebepHbix MeTOK u3 u € Uy TOrma H TOJIBKO

rorga, korga (|Gyl,|Ge|)-uceBaommockocrs st C' 0bpasyer miocKocTb.

SAMEYAHUE. B obmem ciayuae anrebpa 2. 3amaercs mapamMerpamMu MHOTOYTOJ/IbHU-
KOB TpocToii Momesn teopun T'(spm): Jjst MeToK v ¥ v/, 3aJaBaeMbIX TlapaMeTpamu
(91,01, ., ap_1,9k), (91,04, .., 1, gl ) IBYX JIOMAHBIX, MHOKECTBO U - U COCTOUT H3 METOK

w, 33/1aBaeMBIX MTapaMeTpaMu

/ / / /
(glaalv . . "ak—17gk’?ﬁﬂglﬂal7 e aam—hgm)v

B € Go. Ilpu aTOM MeTKH w MOTYT OBITH Kak pebepubiMu, eciu B spm umeercsa (G, Ga)’-

MHOT'OYT'OJIbHUK BHAAQ

/

G - Gk—1 Gk G - o1 G D

/ /
ap ... oo B L« v o6

m—1

TakK W HepebGepHbIMHU, B ciaydae orcyrcTBus (G1,(G2)°-MHOTOYTOJBHHKOB YKA3aHHOTO BHIA C

HEKOTOPBIMU (3.

IIpennoxkenne 2. /st T0OBIX TOUEK P # Py s-moauronomerpru spm = spm(Gy, Gy, P),
HEe HUMEIOIUX HPensTCTBUl Jiis 1nposejenns junuii [(py, pe), a Takxke st JIHOOOro IHOJ0XKH-
TeJIbHOTO dJeMenTa h m3 ymopsyrodennoro abenesa pacmupennst G rpynmer Gy cymecTByer
S-TTIOJTHTOHOMETDHST

spm’ = spm(GY, G2 * (8,7), P'),

pacimupsonas S-IoJJMrOHOMETPHIO SPI H Takasl, 9YTO MEeTKa HU30JupyIoniel popMyJibl, CBI3bI-

Batonieii py 1 po, npuHamIeRknT MaoKecTBy Uj) pebeprsix MeTokx opmyr Qqu(x,y), g € G.

Ha ocHoBanum mpeioxkennit 1 u 2 cupaBenBa caeayonas

Institute of Mathemitics and Mathematical Modeling, Almaty, April 10, 2018



18  Tpamunmonnast MeKIyHAPOIHAS aNpeIbCKast HayIHasT KOH(epeHIHs, TOCBsIIeHHass J[Hio
PabOTHHKOB HAYKH

Teopema. /List cBsiznoii s-nosmronomerpun spm = spm(Gy, Go, P) ciaeiymomue yeaoBust
SKBHUBAJICHTHBI:

(].) CyHieCTByeT paCliIupeHne S-II0JIHM'OHOMETPHH SpMm /10 HeKOTOpOﬁ S-IIOJIHI'OHOMETpHH Spm’
Ha HJIOCKOCTH,

(2) cyiecrsyer pacHiupeHue S-1HOJIUI'OHOMETPpHH SpIn o HeKOTOpOﬁ S-HOJIMI'OHOMETPDHHU
spm’, He mMeroreii HepeGepHbIX METOK;

(3) Spm He uMeeT TOYEK P §£ P2, AJid KOTOPBIX HMEIOTCA IIPEIATCTBHA K IIPOBE/ICHUIO JINHHAH
[(p1,p2)-
Funding: Pabora Beimosinena npu dbuHanCcoBO# moaaepkke Komurera naykn Munucrepcrsa 0Opa3oBanus u Ha-
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IIycth L — cueTHBIH 93BIK MTePBOTO Mopsiaka. Mbl paccmaTpuBaeM L-CTPYKTYPBI U MPeIIo-
jlaraeM 4To L cOJIepzKUT CUMBOJI OMHAPHOIO OTHONIEHUS <, KOTOPBI MHTEPIPETUPYETCH KaK
JIMHEHHBIN TTOPSATOK B 3THX CTPYKTypax. [lonMHOKecTBO A JIMHEIWHO yIOPSIOUEHHON CTPYKTY-
pol M Ha3BIBAETCH 6bNYKAbLM, €CJIU [T JIOOBIX a,b € A u ¢ € M Beakuit pas kKorga a < ¢ < b
MBI uMeeM ¢ € A. Caabo 0-MuHuMasvHot cmpykmypoti Ha3bIBAETCA JIHHERHO YIIOPSIOYeHHAs
crpykrypa M = (M,=,<,...) Takas, 4To J1060e onpejegnuMoe (¢ mapaMerpamMi) HOJAMHOZKe-
CTBO CTPYKTYPhbI M ABJIACTCA O6’be,ZLI/IHeHI/IeM KOHEYHOI'0 YUCJIa BBIIIYKJIBIX MHOZKECTB B M

B caenywomux onpenenennax M — ciaabo o-MuHEMAaJbHas crpykrypa, A, B C M, M —
|A|T-nacpimena, p, g € S1(A) — neanrebpandeckue.

Bysem roBopuTh 4TO THII P HE SBJSIETCS CAG0O0 0pmozonasvhuim Tuiy g (p LY q), ecam
cymectByior A-onpenenmmmas dbopmyna H(z,y), a € p(M) u (1, s € q(M) Takue uro 51 €
H(M,«a) u 5y & H(M, «).
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Bysem roBoputh 4TO THII P HE SIBISETCS 6NOAHE 0pmoz2onasvhuim Ty ¢ (p L7 q), eciu
cymecrByer A-onpenenumas 6ueknug f : p(M) — q(M). Byaem roBoputh 9t0 c1ab0 0-MHHHU-
MaJIbHasd TEOPHS SIBJISACTCA 6NOAHE O-MUHUMAALHOT, €CJIA MOHATUA CJA0OH W BIIOJIHE OPTOTO-
HAJIBHOCTH 1-THUIIOB COBIAJIAIOT.

Buosne o-munuMaJjibHble TEOpHH SBJISIIOTCS ITOAK/JIACCOM KJIacca Cjaabd0 O-MUHUMAJbHBIX
Teopuii, HACJIeYIOIUM MHOIHEe CBOHCTBA O-MHHUMAaJbHBIX Teopuil. B pabore [1] Gbura perre-
Ha npobsiema BooTa i BIOJIHE O-MUHMMAJIBHBIX TEOpPHil: OBLIO JIOKA3aHO, YTO JiIobas cueT-
Hasl BIOJIHE O-MHUHUMAJIbHAA TEOPUs SABJIAETCA JTUOO CYETHO KATErOPUUIHOM, JTud0 3peHdoinxTo-
BOi1, JinOO UMEET MAKCUMAJIBLHOE YUC/I0 CYETHBIX MOJIe/iel. DTOT pe3yJibrar 0000ImaeT Teopemy
JI. Maitep [2]|, sBastontytocs perieHuem pobsiembl Boora njist o-MuHEMAABHBIX Teopuii. [Touru
W-KaTerOpUIHOCTh TECHO CBfA3aHA ¢ MOHsATHEM speHdoiixToBoctu Teopuu. Tak, B padore [3] mo-
Ka3aHo, 9To ecm 1 — mouTn w-kareropudnas teopusi ¢ ycaosueM [ (T, w) = 3, o B Teopun T
HHTEPIPETUPYETCs IOTHBIH JIMHEAHBIH 110psiIoK. B pabore 4] Obliim yCTaAHOBIECHBI HOYTH W-
KATErOPUIHOCTH 3PEHMONXTOBBIX BIIOJIHE O-MUHUMAIBHBIX TEOPUIl U BBITIOJTHUMOCTD TPUHITHIIA
3aMeHBI JI/Id aIreOpandeckoro 3aMbIKaHUs B IMOYTH W-KATETOPUYHBIX BIIOJIHE O-MUHUMAJIHLHBIX
Teopudax. B HacTodIeM JOKIage MbI IPeJCTaBIgeM TeOPeMYy OPTONOHAJIBLHOCTU ceMeiicTBa I10-
HApHO €200 OPTOTrOHAJIBHBIX Hearedpandeckux 1-THIOB B HMOYTH W-KATETOPUYHBIX BIIOJIHE
O-MHHUMAJIbHBIX TEOPUIX.

IIycts pi(x1),...,pu(xn) € Si(T). Tun q(xq,...,z,) € S(T) maswiBaercsa (pi,...,pn)-

n
munom, eciu q(xq, ..., 2,) 2 | pi(x;). MuOXKeCTBO Beex (p1, .. ., p,)-THIOB Teopun T 0603HA-
i=1

qaercs depes Sy, p, (7). Cuernas Teopus T HA3BIBACTCS NOYMU W-KAME2OPUHHOT, €CITH IS
JEOOBIX THHOB P1(Z1), - . ., Pu(Ty) € S(T') cymecTByeT Ui KOHEIHOE TUCIIO TUIOB (L1, . . ., Ty)
€ Spl,...,pn (T)
Ilycte A C B C M, B KOHe4HO, p1, D2, ...,ps € S1(A) — Heanrebpaudeckue. Mbl TOBOPUM
y ) » P1, D2, P P puM,
9TO CeMeHCTBO 1-TUTOB {p1, ..., ps} ABAAETCS CAAO0 OPMOLOHAALHBIM Ha0 B, ecin KasK bl s—
Koprex (ag,...,as) € pr(M) X ... X ps(M) ynoBjierBopsieT OJHOMY U TOMY K€ THILy HaJj B.
MBI TOBOPHM, 9TO ceMeficTBO 1-TUTOB {p1, . .., ps} ABIACTCA 0pMo2oHasbHbLM Had B, ecam nis
) 9 ? )
JE060H TTOCTIe0BATELHOCTH (N1, ..., Ng) € w®, s JTIOOBIX BO3PACTAIONIMX KOPTEXKeh a1, a) €
~ = s ~ _ ~/ ~ _ ~/
[p1(M)|™, ..., as,a), € [ps(M)]™ rakux, uro tp(a;/B) = tp(a}/B), ..., tp(as/B) = tp(a.,/B)
= = _ ~/ —/
Mol umeeM tp({(as, ..., as)/B) =tp({a}, ..., a.)/B).
Teopema 1. Ilycrs T — modTn w-KaTeropuwyHAas BIOJHE O-MHAHHAMAIBHAS TCOPHS, P, . . .,
pm € S1(0) — mHeamrebpamveckme monapHo ciabo oproroHajabHble THIBL. Torga {pi,...,pm}
opToroHaJjabHO HaJ ().
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2 Jluddepennuasibibie ypaBHenus u Teopusi oleparopos. Teopust dpyHKIUi
1 (DYHKIMOHAJbLHbBINA aHAJIN3.

ON A GREEN’S FUNCTION OF A HEAT PROBLEM WITH A PERIODIC
AND ANTIPERIODIC BOUNDARY CONDITIONS

B. AIBEK"?, A. AIMAKHANQVA2?

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

E-mail: *jpartskzQgmail.com, aizat.68@mail.ru

We investigate a non-local initial-boundary value problem for a non-homogeneous one-
dimensional heat equation. The domain under consideration is a rectangle: = {0 < x <
¢, 0 <t < T}. A non-local periodic boundary condition with respect to a spatial variable x is
put.

We consider a heat equation

Up — AP Upy = f(z,t)

with initial condition

u(z,0) =71(x), 0 <z </,

and homogeneous periodic boundary conditions (k =1 or k = 2)
up(0,8) = (=1 uy(1,8),  u(0,t) = (- u(l,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 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 operator of multiple differentiation
with periodic boundary conditions. Therefore Green’s function can be also written in the form
of an infinite series with respect to trigonometric functions (Fourier series).

The solution can be represented with the help of the Green’s function in the form

u(:c,t):/otds/o G(x,g,t—s)f(g,s)d§+/0 G, £, )7(€)dE. (%)

DEFINITION. The Green’s function of the heat conduction problem is a function G(x, &, t—s)
such that any solution to the problem can be represented by a formula (*).

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

periodic boundary conditions in the form of series according to exponents.
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ON THE MULTI-POINT PROBLEM FOR LOADED PARTIAL DIFFERENTIAL
EQUATION OF THE THIRD ORDER
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We consider the following multipoint problem for loaded partial differential equations at the
domain Q = [0,7] x [0, w]

Pu 0%u 0*u(fy, x) 0?u (s, )
ZMMW ), aelul )
u(t, O) = %(t% te [O7T]7 (3)
ou(t, x)
O m:OZ ¢2<t>7 le [O’ T]v (4)

where u(t,z) is unknown function, the functions A(t,z), B(t,x), C(t,z) and f(t,z) are
continuous on €2, 0 < #; < 6, < T, the functions M;(x), i = 0,m, and ¢(z) are continuously
differentiable on [0,w], 0 =ty < t; < ... <ty < t,,, = T, the functions ¢, (t) and 19(t) are
continuously differentiable on [0, 7).

The function u(t,z) € C(, R) that has partial derivatives 2422 ¢ C(Q, R), au” €

oz

e C(,R), & “(m € C(,R), ad“ gf e C(R), daugtaf) € C(Q, R) is called a classical solutzon
to problem (1)f( ) if it satisfies equation (1) for all (¢,z) € Q, multipoint condition (2) for all
z € [0,w], and boundary conditions (3), (4) for all ¢ € [0, 7).

Multipoint and nonlocal problems for loaded partial differential equations of the third order

arise in the study of various phenomena of biology, medicine and other natural sciences [1-6].
In the present report, we study the existence of classical solutions to multipoint problem

for the loaded partial differential equations of the third-order (1)-(4) and offer the methods for

constructing their approximate solutions. Sufficient conditions for the existence and uniqueness

of classical solution to multipoint problem for the loaded partial differential equations of the
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third order are established. By introduction of new unknown functions |7-8|, we have reduced
the considered problem to an equivalent problem consisting of a family of multipoint problems
for loaded ordinary differential equations first order with functional parameters and an integral
relations. We have offered the algorithm to find approximate solution to investigated problem
and have proved its convergence. We use of results in |6, 9] for establishing of solvability to the
family of multipoint problems for loaded ordinary differential equations.

Funding: The results of this report were partially supported by the grant no. AP05131220 of the Ministry of
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Keywords: loaded partial differential equation of the third order, multipoint problem, loaded ordinary
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At the domain 2 = [0, 7] x [0,w] we consider the following initial-boundary value problem

for the system of partial differential equations

3u

o = Alt,a)u+ f(t,2), (1)

S {2 ) PU) | 2D
ve 0,

w0 =), 1] ®)

M| —u), el )

where u(t, x) = col(uy(t, x), us(t, x), ..., u,(t, )) is unknown function, the n x n matrix A(¢, x)
and n vector function f(t,z) are continuous on €2, the n x n matrices K;(x), L;(z), M;(x),
i = 0,2, and n vector function op(x) are continuous on [0, w], 0 <ty < t; <ty < T, the n vector
functions v (t) and ,(t) are continuously differentiable on [0, 7).

The function u(t,z) € C(€2, R") that has partial derivatives 242 ¢ C(Q, Rr), 2ub2) ¢

ox ot

e C(Q,R"), 8;—;2’93) e C(Q,R"), 68“553 e C(Q,R"), 68“2%?; € C(Q,R"™) is called a classical

solution to problem (1)—(4) if it satisfies system (1) for all (¢,z) € Q and boundary conditions
(2), (3) and (4).

Initial-boundary value problems for systems of partial differential equations of the third order

arise in the study of various phenomena of natural science and technology [1-6].

In the present communication, we study the existence of classical solutions to nonlocal
problem for the system of partial differential equations third-order (1)-(4) and offer the
methods for constructing their approximate solutions. Sufficient conditions for the existence
and uniqueness of classical solution to nonlocal problem for the system of partial differential
equations third order are established. By introduction of new unknown function [7-8|, we have
reduced the considered problem to an equivalent problem consisting of a nonlocal problem for
the system of hyperbolic equations of second order with functional parameter and an integral
relation. We have offered the algorithm to find approximate solution to investigated problem
and have proved its convergence.
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On the interval [0,T], consider the nonlinear two-point boundary value problem for the

loaded ordinary differential equation

‘fl_f = Az + 3K (0)a(0;) + folt.x(00), 2(61), ..., 2(0n)), x € R, (1)

Bz(0) + Cx(T) =d, (2)

where A(t) : [0,T] — R", K;(t) : [0,7] — R, j = T,m, fo : [0,T] x R™mI" — R" are
continuous functions, gy =0< 6, < ... <0, =T, > 0.

Divide the interval [0,7") into m parts by the load points: [0,7) = |J[0r-1,0,). Let z,.(¢)
r=1
be the restriction of the function z(¢) to the subinterval [0,_;,6,), r = 1,m. Introduce the

parameters A\, = z,(t,_1), r = 1,m, and X\, ;1 = x(0,,). Making the substitution w,(t) =

z.(t) — A\, on every subinterval [0,_1,60,), r = 1, m, we obtain the boundary value problem with

parameters
du m+1
= AWMU+ A + ; K (A + e folt A Az o M),

Institute of Mathemitics and Mathematical Modeling, Almaty, April 10, 2018



26 TpamumuoHHas MEXKJTYHAPOJIHAS alpeIbCKasl HaydIHas KOH(pepeHIHs, mocBsIennast J/[aio
PabOTHHKOB HAYKH

ur(er—l) = 07 t e [er—l,gr), r = 1,m
B\ + CApi1 = d,
A+ Hm o, (t) = Ay, p=1m.
t—0,—0

To solve boundary value problem (1), (2), we propose a numerical method based on solving

the constructed multipoint boundary value problem with parameters.

NONLOCAL INVERSE PROBLEM OF MATHEMATICAL MODELING OF
EXTRACTION PROCESSES

[. ORAZOVY?e G. BESBAEV!2?

! Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan

E-mail: %i orazov@mail.ru, *besbaev@math.kz

We consider issues of constructing mathematical models of extraction processes from solid
polydisperse porous materials considering the porosity of structure of particles, taking into
account the connection of the residence time of fractions with particle size in the extractant,
based on inverse problems of recovery of coefficients of diffusion processes under various variants
of boundary conditions by a spatial variable.

We consider a mathematical model which models the extraction process of a target
component from the polydispersed porous material. The suggested model is demonstrated by
the example of a at solid material with bidispersed pores of different size in the form of a
system of channels of macropores with micropores facing their walls. The macropores and the
micropores in the material have homogeneous size. We model a case when micropores of the
solid material (dispersed medium) are initially filled with an oil (dispersion phase), which is
our target component. And the macropores are filled in with a pure solvent. In the process of
extraction the oil diffuses from the micropore to the macropore, and then from the micropores
to the external solvent volume, wherein the ratio of concentrations in the macropore and the
micropore is taken in accordance with the linear law of adsorption. The well-posedness of the
formulated mathematical model has been justified.

The theoretical mathematical science has deep enough advanced in solving inverse problems
for diffusion processes. And besides, as a rule, the problems are researched under simplest
selfadjoint boundary conditions by a spatial variable. Unlike the mentioned works we propose
to consider the problems with more general boundary conditions by a spatial variable. The
selfadjointness of the boundary conditions is not assumed, only requirement of their regularity
by Birkhoff is sufficient. The inverse problems researched by us are directly obtained from

mathematical models of technological processes.
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There is studied nonlinear two-phase boundary value problem for the parabolic equations
in the unknown domains. Such problem is a mathematical model of the physical process with
phase transition. The unknown functions satisfying parabolic equations may be temperature,
concentration of the admixture in the substances, pressure of liquid and gas in porous medium
and so on.

The problem in the unknown domains is reduced to the nonlinear problem in the given
domains with the help of the non degenerate Hanzawa coordinate mapping.

The solution of the model problem corresponding to this nonlinear one is derived in the
explicit form. By direct estimation of the solution the existence, estimates of the solution in

the Holder space are established.

Keywords: parabolic equation, free boundary problem, Holder space, existence, estimate of

the solution
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In this report we study the nonlinear time-fractional diffusion equation

du 0 . .
E(Iﬂf) = @D*t U<I,t—|—F([B,t,U), m (07(1) X (07T] = Q, (1)

with the following nonhomogeneous Cauchy-Dirichlet conditions
u(z,0) = ¢(x),z € [0, a, (2)

u(0,t) = A(t),u(a,t) = p(t),0 <t <T, (3)

where the functions F'(z,t,u), p(z), A (t), u(t) are continuous and A(t), u(t) are nondecreasing
functions, D,; is the Caputo-Fabrizio type fractional derivative [2].

We estimate the fractional derivative of a function at its extreme points. These results are
analogous to the ones obtained in [1] for the Caputo fractional derivative. Then we use these
results to establish new maximum principles for linear fractional equations with Caputo-Fabrizio
type fractional derivative of non-singular kernel.
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ON AN INVERSE PROBLEM OF RECONSTRUCTING A HEAT
CONDUCTION PROCESS FROM NONLOCAL DATA
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The problems that imply the determination of coefficients or the right-hand side of a
differential equation (together with its solution) are commonly referred to inverse problems
of mathematical physics. In this paper we consider one family of problems implying the
determination of the density distribution and of heat sources from given values of initial and

final distributions. This problem simulates the process of heat propagation in a thin closed wire
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wrapped around a weakly permeable insulation. The mathematical statement of such problems
leads to a inverse problem for the heat equation, where it is required to find not only a solution
of the problem, but also its right-hand side that depends only on a spatial variable.

We consider an inverse problem for a one-dimensional heat equation with involution and
with periodic boundary conditions with respect to a space variable. This problem simulates
the process of heat propagation in a thin closed wire wrapped around a weakly permeable
insulation. The inverse problem consists in the restoration (simultaneously with the solution)
of the unknown right-hand side of the equation, which depends only on the spatial variable.
The conditions for redefinition are initial and final states. Existence and uniqueness results for
the given problem are obtained via the method of separation of variables.

In this talk, we will consider an inverse problem close to that investigated in [1], [2]|. Together
with the solution it is necessary to find the unknown right-hand side of the equation. The
equation contains the usual time derivative and an involution with respect to the spatial
variable. In contrast to [1], we investigate the problem under nonlocal boundary conditions
with respect to the spatial variable. The conditions for redefinition are initial and final states.

The second of the main differences in the investigated inverse problem being studied is that
the unknown function enters, both in the right-hand side of the equation, and in the conditions
of the initial and final overdetermination.

Let us consider a problem of modeling the thermal diffusion process which is close to that
described in the report of Cabada and Tojo [2], where the example that describes a concrete
situation in physics is given. Consider a closed metal wire (length 27) wrapped around a thin
sheet of insulation material.

Assuming that the position x = 0 is the lowest of the wire, and the insulation goes up to
the left at —7 and to the right up to m. Since the wire is closed, points —7 and 7 coincide.

The layer of insulation is assumed to be slightly permeable. Therefore, the temperature
value from one side affects the diffusion process on the other side. For this reason, the standard
heat equation is modified and to its right-hand side %(m,t) a third term 5%(—% t) (where
le] < 1) is added. Here ®(x,t) is the temperature at point = of the wire at time ¢.

We will consider the process which is so slow that it is described by an heat equation. Thus,

this process is described by the equation
Oy (2,t) — Dyy (2, 1) + Py (—x, ) = f () (1)

in the domain Q = {(z,t) : —7 <x <m, 0<t<T}. Here f(x) is the influence of an external
source that does not change with time; t = 0 is an initial time point and ¢ = T is a final one.
As the additional information we take values of the initial and final conditions of the

temperature

¢ (z,0)=0¢(x), P,T)=19(x), x€l|-mmn. (2)
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Since the wire is closed, it is natural to assume that the temperature at the ends of the wire

is the same at all times:

O (—m,t) =P (mt), t €[0,T]. (3)

Consider the process in which the temperature at one end at every time point ¢ is
proportional to the rate of change speed of the average value of the temperature throughout

the wire. Then,

s

P (—m,t) :7%/ O (&, t)de, t€]0,T). (4)

Here ~ is a proportionality coefficient.

Thus the investigated process is reduced to the following mathematical inverse problem:
Find the right-hand side f(x) of the heat equation (1), and its solution ®(x,t) subject to the
initial and final conditions (2), the boundary condition (3), and condition (4).

Existence and uniqueness results for the given problem are obtained via the method of

separation of variables.
Funding: The authors were supported in parts by the MES RK target grant BR05236656.
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ON THE NONHOMOGENEOUS BOUNDARY VALUE PROBLEM FOR THE
BURGERS EQUATION IN THE ANGULAR DOMAIN

M. JENALIYEV!¢ M. RAMAZANOVZ

! Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 Buketov Karaganda Stated University, Karaganda, Kazakhstan
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Research of Burgers equation has a long history, some of which is given in works [1-2] and
in the books [3| and [4]. In work [1-2] in the Sobolev classes it is established the existence,

uniqueness and regularity of the solution to the Burgers equation in non-cylindrical (non-

degenerating and degenerated) domains.

HMucruryr maremaruku u Maremarudeckoro mogesmposanusi, 10 Anpess, 2018



Traditional International April scientific conference in honor of the Science Day 31

In this paper we consider the questions of solvability of the nonhomogeneous boundary value

problem for the Burgers equation in infinite angular domain G = {z,t: 0 <z <t,t > 0}

Wi + WWw, — a*Wey = 0, {z,t} € G, o
w‘x:O - wo(t), w‘x:t = wl(t)7
where wy(t), wi(t) are some given on (0, 00) functions.

The boundary value problem (1) is reduced to the study of the solvability of a system

consisting of two homogeneous integral equations

wo(t) / v(t)dt

2a/7 ) (t—T1)/2
0

v(t) - = (Nuy(t)e1) (2), (2)

) 1—w1(t)/t or(r)d T

i)~ 500 [ 2O @00 ), )
where .
Non®0) ) = 52 [ = + i | B nhar(rha (@)
@) 0 = 5= [ | + o] B, 5)

B =ew{- T a = { 5]

Thus, the nonhomogeneous boundary problem (1) is reduced to the problem on the
solvability for the system of integral equations (2)—(3).

We prove some lemmas which establish properties of integral operators (4)—(5) in weighted
space of essentially bounded functions and prove the existence of non-trivial solutions to the
homogeneous integral equations (2)—(3). On the basis of Lemmas the solvability theorems of the
nonhomogeneous boundary value problem for the Burgers equation in infinite angular domain
are established.

Partially the results of our report are published in the paper [5-6].

Funding: The authors were supported by the grant no. AP05130928 of the Ministry of Education and Science
of Republic of Kazakhstan.
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ON THE S-NUMBER INEQUALITIES OF TRIANGULAR
CYLINDERS FOR THE HEAT OPERATOR

A. KASSYMOV
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E-mail: kassymov@math.kz,

This talk is devoted to study s-number inequalities of triangular cylinders for the heat
operator. G. Polya [1] considered the same problem in the class of polygons with a given number
of sides. He obtained easily expected result for triangles. He proves that the first eigenvalue
of the Dirichlet Laplacian is minimized in the equilateral triangle among all traingles of given
area. For Neumann Laplacian operator, R.S. Laugersen and B. Siudeja 2] proved that the first
nonzero Neumann Laplacian eigenvalue is shown to be maximal for the equilateral triangle
among all triangles of given area. In this talk, we extend these inequalities for the s-numbers
of the heat operator.

Funding: The author was supported by the grant no. AP05130981 of the Ministry of Education and Science
of Republic of Kazakhstan.
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NONHARMONIC ANALYSIS AND ITS APPLICATIONS
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We consider the development of pseudo—differential operators generated by boundary value
problems. In particular, we derive an explicit formula for the quantization of pseudo—differential
operators induced by the derivative operator on a segment. Starts an interesting direction of
discrete analysis based on elliptic boundary value problems, continuing, in a sense, the analysis
on the torus started by M. Ruzhansky and V. Turunen, in which case one may think of a
problem having periodic boundary conditions.

Joint work with Professor Michael Ruzhansky.

Funding: The author was supported by the grant no. AP05130994 of the Ministry of Education and Science
of Republic of Kazakhstan.
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GLOBAL UNSOLVABILITY OF SOME TIME-FRACTIONAL NONLINEAR
PROBLEMS

Berikbol T. TOREBEK,

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

This paper is devoted to singular solutions of the time-fractional Burgers and Korteweg-de
Vries equations, more precisely, to solutions that blow up in a finite time. The problem of the
non-existence of global (with respect to ¢ > 0) solutions of Cauchy problem is considered in
this paper.

The approach to the problem is based on the method of nonlinear capacity. This concept
for analyzing blow-up of solutions of nonlinear equations was suggested by Pokhozhaev in [1]
and further developed in joint papers with Mitidieri [2, 3]. Here, we give a simplest case of the
analysis of a "rough"crash i.e., the case where the solution tends to infinity as ¢ — T on some

set 2 of values z, more exactly, when the corresponding integral of the form [ u(t,z)¢(x)dx
Q
tends to infinity as ¢t — 7.

Funding: The authors were supported by the grant No.AP05131756 of the Ministry of Education and Science
of Republic of Kazakhstan.
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Stability of a program manifolg of

nonautomous basic control systems

S.S. ZHUMATOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan.
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We will introduce for consideration a class of continuously-differentiable at times ¢ and
bounded on a norm matrices =.
Consider the problem of construction of a material system by given (n — s)-dimensional

program manifold Q (¢) = w(t,z) = 0, in the following form [1]:
x:f(t>$)_B(t)§> 5:90(0—)7 U:PT(t)wa tel= [07 00)7 (21)

where © € R" is a state vector of the object, f € R" is a vector-function, satisfying to conditions
of existence of a solution x(t) = 0, B € Z"*", P € =" are matrices, w € R*(s < n) is a

vector, £ € R" is a vector-function, satisfying to conditions of local quadratic connection
0(0)=0 A ¢"0(c —K'p) >0, Yo#0, (2.2)

0 = diag||6:,...,0,||, K=K">0.

Taking into account that () is the integral manifold for the system (1), and assuming that
the Erugin function F(t,r,w) = —Aw,—A € R*** is Hurwitz matrix and differentiating the
manifold €2(¢) with respect to time ¢ along the solutions of system (1), we get [2]:

Ww=—-Aw—HBE¢, E=¢(0), o=Pluw, (2.3)

The given program () (¢) is exactly realized only if the initial values of the state vector
satisfy the condition w(tg, o) = 0. However, this condition cannot always be exactly satisfied.
Therefore, in the construction of systems of program motion, the requirement of the stability
of the program manifold €2 (¢) with respect to the vector function w should also be taken into
account (see[3-5]).

Statment of the problem. To get the condition of stability of a program manifold Q(t)
of the basic control systems in relation to the given vector-function w.

Theorem 1. Suppose that there exist matrices

L=L">0, =diag(Bi,...,5,) >0
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and non-linear function ¢(o) satisfies the conditions (4). Then, for the absolute stability of the
program manifold ) (t) with respect to the vector function w it is sufficient performing of the

following conditions
h(llwll* <V < b(|lw]l?, (2.4)

ai(llwl® < =V < ga(llwlf?, (2.5)

where 11, s, g1, g2 are positive constants.
Sketch of the proof. In this paper we use Lyapunov function in the form of "quadratic

form plus an integral from nonlinearity"and estimates of positive defined quadratic form.
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OB OQHOM 3AJIAYE C KOHOPMAJIBHOM IIPOU3BOIHOMN [JIsd
YPABHEHUSA SJIJIMIITUYECKOI'O TUIIA BTOPOT'O POJIA.

A. ABJIVJIJIAEB

TanrkeHTCKHi HHCTHTYT WHXKEHEPOB HPPUTAIIMA U MEXAHH3AIMUN CEJIbCKOI0 XO3sIHCTBA,
Tanikent, Y36eknucran
E-mail:akmal09.07.85@mail.ru

VIIK 517.956.6

Kpaesbie 3aga4un ¢ KOHOPMAJIBHON TPOW3BOIHON JJIsI YPABHEHUS JIMITHIECKOTO TUTIA C
OJIHO¥ JTMHHUEH BBIPOXKIEHU, B CIydae, KOTJIa Ha JIMHUM BBHIPOXKICHUS 33 1aeTCs, CJIeI WIH Po-
HU3BOIHYIO OT MCKOMOH (DYHKIINH, & TaKKe UX JUHeHHble KOMOMHAIMY U3y9YeHbI CPABHUTEILHO
masio. Ormernm pabory M.A.Veanaramsuin [1], X.Mcromos [2].

B wnacrosimeit pabore mcciaeayercss KpaeBasi 3a71a9a ¢ KOHOPMAJIbHBIM TPOU3BOIHBIM LI

YpaBHEHHUA I3JIJIMIITUYIECKOTO THIla BTOPOI'O poda

Y " Uy + Uy =0, —1<m<O. (1)

[Tycrb D - koHewHAs! OJHO3HATHAS 00JACTh B MIOCKOCTH (,y), OrpaHnYeHa KPUBOH ¢ mpH

x>0, y> 0 c kounamu B Toukax A(0,0), B(1,0) u orpeskom AB ocu Oz 0B.
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Brejem obosnauenns J = {(z,y): 0 <z <1,y=0}, 0D=GUAB, 28= o, IpHUeM

1
—3 < B <0 (2)
Bamaga CK. Tpebyercs naiitn GyHKImo u(x, y), 0618121010y 10 CAeAYIOMEIMI CBOHCTBAMM:
1) w(z,y) € C(D)UC* (DU UJ), npuuem u, U u, MOIyT 0OpAIIaThCs GECKOHETHOCTD
nopsiyika Menbie vem —25 B Toukax A (0,0) u B (1,0);
2) u(x,y)— mBaxkael HenpepbiBaO Auddepenmpyemoe pernienne ypashernus (1) B obaactu
D;

3) u(x,y) ynoBaeTBOpsieT KPACBBIM yCJIOBUSIM
{0(s)Aslu] + p(s)ub|, = @(s), 0<s <,
ag (x) uy (2,0) +Zaj YDolu (2,0) + apy1 () u(z,0) =b(z), 0<xz<l,

rie 6(s), p(s), ¢(s), aj(x), b(x) 3amanubie bYHKIMH, TPAIEM

b(0) =0, ao(1) #0, (3)
aj(x) = 2*a;(z), (j =1,n), ao(x) = 2°2a(z),
Ani1(2) = 28u41(2), @;(2),b(z) € C(J)NC*(J), j=0,n+1. (4)

a1 >ay>a3>0, ay+az>1
3(s), p(s), ¢(s) € C[0, 1]
0*(s) + p*(s) £0, Vs €0, (5)
| - nvna Beeit KpuBOiM o , § - JJIMHA JyTH KPUBO# o , oTcuuThiBaeMast or Touku B (1,0),
a Dy?[*] — onmeparop (B cmbicie Pumana - JIMyBU/IA) WHTEPHPOBAHUS — JPOOHOTO TIOPSIKA
aj € (—1,0) [3].
JlokazaHa cieayionas Teopema.

Teopema 1. Ecsin Boimosaenst yesiopus (2) — (5) u

(@) (“j@));zo, W o (=T,

ao(z) ao(z)
TO B obstactu D cyriecTByeT enHCTBeHHOE pernenus 3agaun CK.
EAMHCTBEHHOCTD peleHnst 33/1a4u JOKA3bIBAETCS METOJ0OM HHTEIDAJOB dHeprun|4|, a cyre-

CTBOBAHWE METOJIOM WHTErPaJbHBIX YPaBHEHUI.

JINTEPATYPA
[1] Yeamaramsuniu M.A. Coobwenue AH I'CCP., (1978r), T90. -No 34. C. 10 - 16.

HMucruryr maremaruku u Maremarudeckoro mogesmposanusi, 10 Anpess, 2018



Traditional International April scientific conference in honor of the Science Day 37

[2] Ucaomos X. Bajada ¢ KOHOPMAJIBHON IIPOU3BOAHON IS yPABHEHHS SJUIMITHYCCKOIO
THIIA ¢ OHOI JuHuel Boipokaenust, ¥3.Mam.2Kyp., -No 1 (2012)

[3] CyuproB M.M. Vpasuenusa cmewannozo muna, M. (19851). 304 c.

[4] Abdullayev A.A. O eamHCTBeHHOCTH pereHust aHajgora 3agadn [lyankape - Tpukomu

JIUIsl yPABHEHHUs CMEIIaHHOTO THIIa BTOPOro poia, ¥a.Mam.XKyp., -No 4 (2010) C. 3-12.

O IIOCTPOEHUU CUJIOBOM ®YHKIINN B BEPOSATHOCTHOM
ITIOCTAHOBKE

M. TJIEVBEPIEHOBY¢, . AZJKbIMBAEB??
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[To 3agarHOMY MHOZKECTBY
A(t) : M(z,t) =0, AXER™ z€R", \cC% (1)

TpebyeTcst MoCTpouTh 0600MeHHy 0 cuaoByo dyuknuwo U = U (x,%,t) Tak, 41006l 3aJaHHOE
MHOKeCTBO A (t) 6BLIO HHTErPaTbHBIM MHOTOOGPA3HEM CTOXACTHIECKOTO YPABHEHUSI JIATDAHIKe-

BOI CTPYKTYPBbI

d (0L oL A -
Buecwh {&1(t,w), ..., & (t,w)} - cucTembl caydaiiHBIX MPONECCOB ¢ HE3ABUCUMbBIMU IIPHPAIIEHHsI-

MU, KOTOPBIE, cateays [1], MoxkHO mpeacTaBuTh B Buge cymmbl npoueccos:é = o+ [ e(y) PO(t, dy),
rie £ = (&(tw),...,&(tw))T, &—BexkTopHblii BuHepoBcKuil npotecc. P°— myaccoHOBCKHiA
IIPOIIECC.

B pamuoii pabore B oriamuue or [2| crpourTces cunoBast GYHKIUS B MPEIIOJOKEHUH, UTO
3aJlaHHOE MHTErPAJIbHOE MHOro00pasme 3aBUCUT JHUIIDb OT OOOOINEHHBIX KOODJAMHAT W HE 3a-
BUCUT OT ODOOIIEHHBIX cKopocTeil. [Ijist perennst mocTaBIeHHONR 3a1a9W HA TIEPBOM 3Tale T10
3aJIAaHHOMY MHOYKECTBY MeTOJIOM KBasuoOpamienusi [3| B coderanun ¢ MeromoM EpyruHa u B
cuIy croxacTudeckoro aud epenuposanust croxkuoil dyukuuu (1] crpoutest ypasuenue 1o
i = flz,4,t) + oz, &, )€ Tax, ar06sr MHOZKecTBO A(t) (1) ABISLIOCH HHTEIPATBHBIM MHOTO00-
pasueM MOoCTPOEHHOTO YPABHEHUS. 3aTeM, Ha BTOPOM 3Talle Mo MOCTPOCHHOMY ypaBHenuo o
CTPOATCS SKBUBAJECHTHBIE €My YPABHEHN JIATPAHKEBOI CTPYKTYpLL. V HA TpeTheM 3Tale HCKO-
My10 cu10By10 byHKIUIO onpenenuM B Buge U (z, 4,t) = L (v, &,t) — a;;4;4; B IpeIOI0KEHIH,

4TO ODOOIIEHHBIH JarpaHzkKuaH UMeeT BT

L=T(x,i,t)+U(z,d,t), tae T =ayiij;, (i,j=1n). (3)
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Iaunee, sBoauTca Marpuna h® un pacemarpubaercsa 3agaua HEIPAMOro MpeaCTaB/ICHHS IO-

cTpoennoro ypasnenusi o h* (xk — fr — ak]@“]) = 7 (8%) o a,;&.

C ucnop3oBanneM 0603Hadenuii pabor [1-3| dopmyaupyercsa u moKa3bIBAeTCS CJIEYIONIAsd

TeopeMa.

Teopema. /laa Henpamozo nocmpoenus MHONCECTNEA CIMOLACMUYECKUT YPASHEHUT Aa2PaH-

orcesoll cmpykmypol (2) no dadarmnomy mmoscecmsy (1) ¢ 0606UEHHBIM AGZDAHICUGHOM UG

(8) mak, wmobo, mrooscecmeo (1) 6biio UHMEZPANLHBM MHO2000PA3UEM NOCTIPOCHHBLL YPAGHe-

nutll Heobrodumo u docmamoywno, wmobv, obobwennan cunosas dynruus U = U (z,%,t) ydo-
BAEMBOPANG YCAOBUAM ()

U B . oU U 0*U
05,05, " T Bz, T 04,0t | 0i,0m

:tk+glu+'§2u+5~(3u+hﬁfk> (4)

a 8eKmop-Ppyrnkuus f u MAmMpuya o - COOMEEMEMEEHHO CACOYIOUUM YCAOBUAM

O\ ON\ " o PN PN 9P
f=k [G_xc} * (%) <A_"“" 920 “ozot 8752)’

+
S [”c%(m) B, ij-Tr.w—Tn
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KoppekTHoCTb KpPaeBbIX 3a/1a49 Ha IJIOCKOCTH JIJIA SJLTHITHYCCKUX YPABHEHUI METOIOM T€O-
puu aHaJuTUYeCKuX (QYHKIMI KOMILJIEKCHOIO HEPEeMEHHOr0 XOpomo ulydenbi. [Ipu uccsiemno-
BAHUU AHAJOTHYIHBIX BOMPOCOB, KOIJIa YHC/I0 HE3aBUCHMBIX EePEMEHHBIX OOJIBIe IBYX, BO3HU-
KaloT TPY/JHOCTH IPUHIHIIKAJIHHOTO XapakTepa. BecbMma mpuB/iekaTe/ IbHbIR U YI0OHBINH METO
CHUHTYJIAPHBIX HHTEIPAJIbHBIX YPAaBHEHHUI TEPAIOT CBOIO CHJIY M3-3a OTCYTCTBUS CKOJIBLKO-HUOYID
HOJIHON T€OpUU MHOIOMEPHBIX CHHIY/ISPHBIX HHTEIPAJIbHBIX ypaBHenuit. Kpaesbie 3aiauu Jijist
SJTUITHIECKAX YPABHEHUI BTOPOTO MOPSIIKA B 00JaCTIX ¢ pedpaMu moapOOHO W3y UIeHbI.

n.1l. ITocranoBka 3agaym u pe3yJabrat. /g 00X SJTHITHKO - TapabOInIeCKUX ypaB-
HEHWil BTOPOTO MOPsIIKA MOCTAHOBKY MepBoil Kpaepoii 3aja4un (uiun 3a1ada Jlupuxiie) Brepsbie
ocymecrsui I. @ukepa [1]. Janbueiinee nzydenue sroii 3amaun npuseneno B [2|. B namnoit pa-
6oTe ISl OJHOTO KJIACCa BBIPOZKIAIOIIIXCA MHOTOMEPHBIX JJLTUITUKO -NapabOTHIECKUX yPaB-
HEHU JI0Ka3aHa OJIHO3HAYHAA PA3PEIIMMOCTD M IOJYYeH SIBHBIH BUJI KJIACCUIECKOTO PEIleHHs
zagaun Jdupuxie B MUJIHHIPUUIECKOH obiacTH. B cTaTbe HCIOIb3yeTcss MeTO, TPeI/IOKEeHHBIH
B paborax [3-6].

[Tycts Q,5— MIIHHADIYECKAS 00IACTD eBKINA0BA IPOCTPAHCTBA F,), 1 TOUEK (T1, ..., Ty, 1),
orpanndentas nuinaapom I' = {(z,t) : : |z| = 1}, maockoctsavn t = a > 0u t = § < 0, e
|x|— mmHa BekTOpA T = (X1, ..., Tppy)-

Oboznaunm 4depe3 (2, u (g gactu obmactu (lyg, a depes I'y, I's— gacTu nmosepxmoctu I,
JeKalie B IOJynpocTpancTBax t > Ou t < 0; 0,-BepxHee, a 0 - HUXKHee OCHOBaHUE 00JIACTH
Qo

Ilycrs mamee S - obrmast 9acTh rpanut obaactei (2, (g mpeacTaBisioniee MHOXKECTBO {t =
0,0 < |z| <1} B Epp.

B obnactu (1,3 paccMOTPHM BBIPOKJAIOMNXCA MHOTOMEDHBIE 3JIIUITHKO-IapaboImdecKne

YPaBHEHU

tIAu —up + Y di(x, )u,, + e(x, t)u, t >0,
0= m = (1)
[tPAY 4+ uy + ) ai(x, t)uy, + bz, t)u, + c(z, t)u, t <0,

i=1
rie p,q = const, ¢ > 0, p > 0, A,— oneparop Jlamrmaca Mo mepeMeHHbIM T, ..., Ty, M > 2.

B nanbmeitieM HaM y1o06HO HEepeidTH OT AeKAPTOBBIX KOOPAUHAT T1, ..., Ty, t K chepuaecKum
761,01, t, 7 >0,0<6, <2m,0<0;, <7, i=23,...m—1, 0=(01,...,0,1).

Banaua 1(Jupuxse). Haittu pemmenne ypasuernust (1) B obsactn Q.5 npu ¢ # 0 u3 k1acca

C(Qap) N C%(Qy U Q3), yI0BICTBOPSIONIEE KPAEBHIM YCIOBIAM

u

= ¢1 (ta 9))

@

= (pg(t, 9)

98

=1(r,0), u

Oo

= wQ(ta 9)7 u

Lg

u
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upu srom ¢1(1,0) = 1, 0), p2(1,6) = ¢a(5,0), ¥1(0,0) = 12(0,6)

Mycrs di(r,0,t), e(r,0,t) € Wi Qo) C C(Qa), ai(r,0,t), b(r,0,t), c(r,0,t) € Wi(Qs),
i=1,...,ml>m+1, e(r,0,t) <0, Y(r,0,t) € Qq, c(r,0,t) <0, Y(r,0,t) € Qp.

Torna cupapenauBa

Teopema. Ecim 1(r,0), 2(r,0) € W(S), ¥1(t,0) € W3 (La), ¥2(t,0) € Wy (I'g),
D> P’Tm, TO 337a49a | OJTHO3HATHO Pa3PeImmMa.

OrmeruM, 9To B ciaydae, korga a;(z,t) = b(x,t) = c(x,t) = di(z,t) = e(x,t) = 0 gna
3amaun 1 TeopeMa mosydena B [7].

Paboma noddeporcara epanmom AP05134615 Komumema nayxu Munucmepemea 06pasosa-

HuA u Haykyu Pecnybauku Kazaxcman.
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Ha orpeske 0 < t < T paccmorpum 3ajiady Kormu st cucrembl 0ObIKHOBeHHBIX Judde-
pPEeHIMAJIBLHBIX YpaBHEHNH|

dy;

dt

+ui(y,t) =0, (1)

yz’|t=0 =& (2)

Buech y(t) = (y1(t),y2(t), ..., yn(t)) € R™ — nensBectHas Bekrop dyukmus, a § = (&1,&2, ..., &) €
R"™ — 3ajanublil TOCTOAHHBIH BeKTOp. PyHKIMU u; (Y, 1) SABJIAIOTCS U3BECTHBIMU M JIOCTATOYHO
T KM

B J0K/1a/1e NCCIIEYeTCst BOIPOC: ECJIM MHOXKECTBO BEKTOPOB & 3aII0/IHSIET BCE IPOCTPAHCTBO
R", 10 B Kakux ciydagx perrenng 3agaqu Komu (1)-(2) 6yayT 3a0HATD BCe MPOCTPAHCTBO
R™?

Nmeer mecTo

Teopema 1. Ilycrb u;(y,t) € CY(R™ x [0,T]) u ygosaersopsior yciaopusam Jlnnnmma
[wiy t) —wil@ 1) < Mly =7, vy, 5€R", (3)

u;| < M,

e M — mocrostHHAsT He 3aBHCSIAst oT u = (Uq, ..., uy,). Torga, ecin & = R", 3amosnsier Bce
mpocrparctBo R", To pemenne {y(¢,t)} = R" mrs pukcupoBanmbix t € [0, 7).

[TPuUMEP. Ilycts n = 1 u u(y) = u = const. Torga pemenue cucremsr (1)-(2) npeacrasumo B
Bugie y = e~ "¢ u geficturennHo y(t) = e~ Hapsy ¢ £ sBAseTCS OABUKHOI (110 t) cucTeMoii

koopautar B R

Funding: Asropst 6butr nojzepxanbt rpaarom AP05133239 u BR05236656 MOH PK.
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2010 Mathematics Subject Classification: 34B15

JINTEPATYPA

[1] Herposckuit U.T. Cucmemovr ypasreruti ¢ 4acmmomu Npou3eooHsMu: aA2e0PAUNECKAA 2EOMEMPUA: U3~

bpannoie mpyde, Axagemus nayk CCCP, Mocksa, (1986).

O CYHIECTBOBAHUU CYMMUPYEMBIX MHOTOOBPA3UI AJIA
PASHOCTHO-AUHAMUWYECKNX CUCTEM

K. BAITAEBY?, C. CJIAMZKAHOBA?2?

1 I/IHCTI/ITyT MaTreMaTuKn U MaTeMaTHIYeCKOI'O MOICJIHPDOBAaHNA, A.]IM&TBI, KaSaXCTaH
2 JKerpicycknit I'ocynapersennblit yansepceurer nM. M. 2Kancyryposa, Taagsikopram,
Kazaxcram

E-mail: “v_gulmira@mail.ru, *beksultan.82@mail.ru

Institute of Mathemitics and Mathematical Modeling, Almaty, April 10, 2018



42 TpaaunuoHHAS MEXKTyHAPOIHAS ANPEJIbCKAs HAYTIHAS KOH(EPEHIHs, MOCBseHHass J{Hio
PabOTHHKOB HAYKH

PaCCManI/IBaTCH ciaeayromad pa3dHOCTHO-AUHaAMHUYIECKad CuCTeMa

Tonr1 = Axy + X (0, 20, Yns 20)
(1)

Zn+1 = A(n)zn + Zn + Z(n’ Ty Yn, Zn)7

o _
rae A = (0,;,€"%7), — quaroHaabHas MATPUIA, T, = ¥, — M — MEPHBIC BEKTOPHLI (4epTa 03HAYACT
J 1 J

KOMILITEKCHYO CONPSIZKeHHOCTR), A(n) — k X k-maTpura, cobCTBeHHBIE YUCIa KOTOPOi OTjiesre-
HBI (IO MOJIYJTIO) OT eJIUHHUIIBI, CPeH KOTOPBIX €CTh 10 MOJYJIO OOJIbIIE ¥ MEHBIIe € THHUIIBL.
XN, Tny Yy 2n), Z (N, Ty Yny Zn) ABAIIOTCST (DYHKIUSIMU, VAOBICTBOPSIONIUME YCJIOBAAM JIum-
NI, ¢ MaJIOT KOHCTAHTOI.

C IOMOMIBIO JUCKPETHBIX HEPABEHCTB JOKA3BIBACTCSA CYIICCTBOBAHUE 21M-IIapaMeTPUIECKUX

CYMMHUPYEMBIX MHOT000pa3uii /j1si pa3sHOCTHO-IMHAMHUYECKON CUCTEMbI (1)
Funding: Asropsr 6bum oaepxkanbt rpaaroM No. AP05131369 MOH PK.
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y /J b 2
2 VamBepcnTer MesKIVHAPOIHBIX OTHONIEHHH W MIPOBHIX sI3bIKOB, Anvatsr, Kazaxcran
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[Tyctb p, v, r — 3aganHble BecoBbie (DYHKIINH, ONpeieieHHble Ha naTepase J = (a,b), —oo <

a < b < 00, yI0BIETBOPSIOT HA STOM HHTEPBaJE CJIEIYIONIM TPeOOBAHUSIM:

0 < p(z) € Lle(J), p~x) € LYe(J),
0 <wv(z) € Cl(J), 0<r(x)e Cle(]).
BBejieM B paccMOTpeHHe CIIeayIolue BeJIHIHHBI, XapaKTepU3YIONIe JOKAJIbHOe HOBEeIeHHe

BECOBBIX (DYHKITHI:

Tty

w(z,y) = sup {d >0: /x p N r)dr < / p H7)dr, (x —d,x+y] C J},
“d

T x

z+d
d*(x) = sup {d >0: sup v(t) / p Hr)dr <1, [z, 2 +d) C J},
rz—w(z,d)<t<z+d oled)

d=(z) = w(z,d"(x)).
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O6o3na9UM
A@) = [¢ - d™(2),2+d"(2)] = [, 0], A(2) = [o — d"(x),a],

At(z) = [,z +d"(z)].
[Tyctn AC™H! R+> , Ry =0, 00) — coBokynmHOCTb QyHKIIHiT, NMEIONTIX abCOJIOTHO Helpe-

pbiBHBIE 1IpOU3BOHbIE (1 + 1)-10 HOPsijiKa 1 OOPAIIAIOIIUXCsI B HYJIb HEKOTOPOH OKPECTHOCTH

OECKOHEYHO yIaJeHHON TOYKHU, CBOEH g KayKJ10i (DyHKIIUH.

o
OGoznaunm vepes H™ nonojuenue npocrpancrsa AC™ ! (R+> 0 HOPMeE

1Lz, = oSl + of ™
Baecy v, p € C'[0,N], YN > 0. Ilpomozkum HyHKIMA U, p 9eTHBIM 06pa30M Ha BCIO OCb U

NyCTh

-1

At (z)

Jlemma. Hmeem mecmo wepasencmeo

o8l < K fllye 5 € dC™ (),

2de nocmosannan K > 0 we 3asucum om v, p u f. Tlogoxkum

Teopema. Baoosicenue npocmparcme HY — Lo, umeem mecmo mozda u moavko mozda,

xo2da

B, =supB, (z) < oc.
x>0

N dns nopmwvr onepamopa enoscernua E 2 H, C Lo, umeem mecmo oyenxa

C™'B, <||E| < CB,,

2de nocmosnraa C > 0 we 3asucum om r, p, v.

Funding: Astopni 66u1n iogaeprkanst rpanToM AP05130928 Munncrepcrra oOpasosanus u Hayku Pecrybauku

Kazaxcran.
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HOCTB, aDCOJIIOTHAST HEMTPEPBIBHOCTD
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JIOCTATOYHLIE YCJIOBUSA MMPEJKOMIIAKTHOCTU MHOXKECTB B
TJIOBAJIBHBIX TTPOCTPAHCTBAX THUIIA MOPPH.

H. BOKAEBY, JI. MATUHY

! Eppasmiicknii nanmonaabuerii yausepenter umenn JI.H.I'ymunesa r.Acrana, Kazaxcran
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B nannoii pabore mpuBOAATCS JOCTATOYHBIE YCIOBUS MPEJIKOMIAKTHOCTH MHOYKECTB B TJI00a/b-
HBIX [IpOCTpaHcTBax Tuna Moppu GM;Z(')(]R”). W3 npuBeieHHoi TeopeMbl B caydae = 00 BbI-
TeKaeT Pe3y/IbTaT i 0000IIEeHHOTO MPOCTPAHCTBA M;,U('), ampu w(r) =712 0 =000<\< %
BBITEKAET U3BECTHBIH pesy/ibrar s upocrpancrsa Moppu M) (R"), a B ciayuae A = 0 — 310
xoporio u3BectHasi Teopema Dpere-Kosmmoroposa.

[Tycrs 1 < p < 0o, w — n3Mepnmas HeoTpurareabras dbyukius Ha (0, 00) He SKBUBATEHT-
Has Hy/10. [106asibHOe mpocTpancTBo TUna Moppu GM;Z(') = GM}%(')(R”) ompeJiesisseTcss Kak

MHO2KeCTBO Beex bynkmumii f € L(R™) ¢ koHedHO# KBA3HHOPMOIL

7 agzo = 52 [ 17, 0|

L9(07OO) ’
riae B(z,r) - OTKpBITHI map ¢ meHTpom B Touke x € R™ paamyca r > 0.

ITpocTpancrso GM;E(') coBmaaer ¢ 060bIeHHbIM TpocTpancTBoM Moppu npu 6 = oo [3],
[4]. O6o6mennbM npocTpancTBom Moppu M, ) COBIIAIAET C KJIACCHIECKHM IIPOCTPAHCTBOM
Moppu MpA mpu w(r) =r=*, rae 0 < \ < %, KOTOPOE, B CBOIO ouepeb, mpu A = 0 coBmagaer ¢
npocrpancteom Ly(R™), a npn A = 2 ¢ npocrpancreom Log(R™).

B coorsercrun [1], 2], obo3matnm uepes §,p MHOXKeCTBO BCeX (DYHKIUiT, KOTOPBIE SBJIS-

I0TCAd HEOTPpUIATECJIbHBIMA, USMEPHUMBIMU Ha (0, OO), He 3KBUBaJeHTHLIMA O U TaKUMH, 9TO IJId

Hekoroporo ¢t > 0 (a, 3HauuT, U st JTHOObIX ¢ > 0)
[w(r)re|lzy0y <00, [[w(r)llzywe) < oo

[IpocTpancTBo GM;‘Q(') HETPUBHAJIBHO, TO €CTh COCTOMT He TOJbKO M3 (PYHKINIA, SKBHUBA-
aerrueix 0 Ha R”, Torma u Tosbko rTorga, korga w € (L, (em. 3], [4]). lycrs x(A) — xapaxre-
puctudeckas pynkmusa MmaokectBa A C R™ u A — nonosraerune A.

Teopema. Ilycts 1 < p < 0 < oo nw w € Q. Ilpegmonokum, aro MHOKECTBOS C

G Mpp.,(R™) yAOBIETBOPSIET CIIELYIONMUM YCIOBHAM:

Sup HfHGMng < o0,
fes ’

timsup - 1) = £V, =0
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=0
GMypp 1

lim sup HfXCBm,T-)

T—00 fcg
Torga S stBiIseTCST MPEAKOMIAKTHBIM MHOKECTBOM B G My ., (R™).
3AMEYAHUE. B ciydae npocrpancTtsa Moppu MI;\(O <A< %) aHAJIOTMYHAST TeopeMa ObLia
JoKazaHa B padore [5], a B ciiyuae A = 0 — 10CTATOUHOE YCIOBUS XOPOIIO U3BECTHOI TEOPEMBbI
®permre-Koamoroposa (em. [6]).

KurroueBbie ciioBa: npocTpancTBa Moppu, TpegKOMIAKTHOCTh MHOXKECTB, TJI00AJIbHBIE TTPOCTPAHCTBA THIIA,

Moppmu.
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I'PAHMYHBLIE YCJIOBUSA OJHOMEPHOI'O BOJIHOBOI'O OBBbEMHOTIO
ITIOTEHIINAJIA

B. JIEPBUCAJIBIY, M. CAIBIBEKOB2

! Kazaxckmit manmonaabHEI yausepcuareT nM. aab-Dapabu,
Asmarer, Kazaxcran
2 UucTnTyT MaTeMaTHKH H MaTeMaTHIeCKOIO MOJeTHPOBaHHS,
Aumarer, Kazaxcran

E-mail: ®b.derbissaly@gmail.com, ®sadybekov@math.kz

[ycrs ©Q € R? — obsiacrb, orpanuvennas kpusbimu © = at) u © = [(t) u orpeskamu
npsambix t =0 wu t =7 > 0. 3uecs at) < 5(t), a(0) =0, 5(0) =1, [(t)] < 1, |5 (t)] < 1.

B Q paccmorpum 06beMHBIR BOJTHOBON IOTEHITHAT
o) = [ eto =&t = r)(e mydgr (1)
Q

rie e(x,t) = %Q(t— |z|) — dynmamentanbHoe pernrenne 3amadn Korru 171 BOJTHOBOTO yPaBHEHUsT
B R? = {(z,t) e R,t > 0}:
O*u(x,t)  O*u(w,t)
ot? ox?

:f($7t>' (2)
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Pacemorpum ypasnenue (2) B obsractu 2. Xoporno ussecrno, 4yro upu 1T° > 1/2 perenne

ypaBaeHus (2) B {) He OJHO3HAYHO BOCCTAHABIMBACTCS 110 HAYATIBHBIM YCIOBHSIM
u(z,0) = uy(x,0) =0, 0 <z <1. (3)

JIist 0JTHO3HAYHOCTH HEOOXOUMO HCIIO/Ib30BAHUE KPAEBbIX YCJIOBHII.

CraBurcst 3aj1a9eil MOCTPOEHUE KPAEBBIX YCJIOBHA, 0 KOTOPBIM pellleHue ypaBHeHus (2) B
Q) Gyzer oIHO3HAYHO ONMpeaensaThes B Bue (1).

B nok1aie 060CHOBBIBACTCS, YTO O0bEMHBIIH BOJIHOBOM moTeHnuas (1) #Ha GOKOBBIX CTOpOHAX

Q) yioBJIeTBOPsIET KPAEBBIM YCIOBUAM
uz(a(t),t) —u(a(t),t) =0, 0<t<T, (4)

wp(B(), 1) + un(B(1),8) =0, 0 <t <T. (5)

O6patHo, pereHne ypaBHeHus (2) ¢ HAYAJIbHBIME YCJIOBUSIME (3) KpaeBbIME ycaoBusiMu (4),
(5) cymecTByer, e AMHCTBEHHO U onpejesgerca B Buje (1).
B cayuae a(t) =0, 4(t) = 1 paunbiii pesyabrar noayded B [1].
Funding: Astopsr 661mn mogaep:xanst rpanTom AP05133271 KH MOH PK.
KaroueBbie cijioBa: BOJHOBOE ypaBHEHWE, OObEMHBIN BOJHOBOI MOTEHIINAJ, KPAEBBIE YCIOBUS
2010 Mathematics Subject Classification: 35L05, 35L15, 35120
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O IVIAJKOCTU OJIHOM HEJIOKAJIbHOM KPAEBOWM 3AJIAYU C
IIOCTOSIHHBIM KOX®®UIIMEHTOM 1JId YPABHEHUSI CMEIIIAHHOI'O
TUIIA BTOPOI'O POJIA BTOPOT'O IIOPSIJIKA B IIPOCTPAHCTBE

C.3. JZKAMAJIOB

Wucturyt Maremarukn AH PVY3. Tamkent, Y36ekuctan E-mail:siroj63@Qmail.ru

BBenenune n mocraHOBKHU 3a4a4
[Iycrs Q-orpanmdenHast OgHOCBsA3HAsA 001acTh B mpocrpancrBe R™ ¢ rmazkoit rpanumeir 0f2.
O6o3naunm: @ = Q% (0,7)x(0,0) = Q1 x(0,0) = {(z,t,y);2 € Q0 <y < l,0<t<T < +o0}
uS =00x(0,T).

B obmactu () pacemorpuM auddepeHnuaibHoe ypaBHeHne BTOPOro MOPSIKa

"0
Lu = K(z,t)uy — Z %(alj(m)u%) —a(z, t)uy, + a(z, t)u+

+e(z, u = f(x,t,y). (1)
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NPEeANoJIOKIM, 9T0 KoaddununenTs ypaaenus (1) gocrarouno raaaxue dynknuu. [Tpesmoso-
n
o 2
xuM: ;5(x) = aji(z), © € Q, £ € R, |7 =Y &2
i=1
Kpowme Toro, mycTh BHIIIOTHEHO OJTHO U3 YCJIOBHE
n

a). Y ay(x)&E > aolé); Tae ag — const > 0,
ig=1
n

b). 3 ai(x)&& < arlél’; tae ay — const < 0,
ig=1

Kpowme toro, myets K (2,0) < 0 < K(x,T), npu x € ) u #a 3naK dyukmun K (v,t) 00 nepeMen-
Hoft ¢ BHyTpH obaacTu () He HAKJIAABIBAEM HMKAKHX OrpaHudenuii, To ecrb gynknusa K(z,t)
BHYTDH OOJIACTH MOXKET MEHATh 3HAK. YpasHeHue (1)- s/mmnrudeckoe, mapabogndeckoe wim
rumnepOoIrIecKoe BHYTPH ecau coorsercTBento K (z,t) > 0, K(z,t) = 0 u K(x,t) < 0. Takue
YyDaBHEHUsI HA3BIBAIOTCS YPABHEHUSIME CMENIAHHOTO THa [2|.

HenokanpHasa KpaeBad 3aaadva.

Haiitn obo6utennoe pemenne u(x,t,y) ypasuenns (1) m3 mpocrpancrsa Cobonesa Wi 2(Q),

(m =0,1,2,...), yIOBJIETBOPAIOIIEe HEJOKAIBHBIM KPAEBBIM YCJIOBUSIM

V'U(x>0>y) :u($7T>y)a (2)
ulg =0, (3)
u(z,t,0) = u(x,t,f) =0, (4)

OrmeruM, ato B paborax [2],[3] B cayuae, korma K(z,0) < 0 < K(z,T), a(z,t) = 0 n npn
0CIa0MeHHBIX YCIOBUAX Ha KOIMDMUIUEHTH YPABHEHNs CMENIAHHOTO THIIA BTOPOTO MOPSIKA
(1), u3yYeHBl OJHO3HAYHOE DPA3PENTUMOCTH ¥ TAAJKOCTHHE DeIleHns] HeJIOKAJBLHOH KpaeBoil
sagaun (1)-(3) B mpocrpancrax Cobosesa. B maunoit paGore, B caydae a(z,t) # 0 u npu
soinosinenne ycaosne (1)-(4) ma pemenme ypasuenust (1) m3ydaeTcss OJHO3HAYHOE pa3pe-

MIIMOCTH U TJIAJKOCTH perrenne 3amadn (1)-(4) B MuOroMepnsix mpoctpancrsax Cobosena

Wy 2(Q), m = 0,1,2....

KuaroueBrbie cjioBa: ypaBHEeHHS CMEIIAHHOIO TUIA BTOPOI'O POJA, OJHO3HAYHOE PA3pPEHIuMOCTH

" TJIaAKOCTU pellleHud.
2010 Mathematics Subject Classification: 35M10, 35M20
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PEIIEHUE KBA3UJIMHENHON KPAEBOW 3AJIAYM JIJId
VUHTEIPO-IN®PEPEHIIMAJIBHBIX YPABHEHU ®PE/IIOJIbMA

Hynar JXKYMABAEB", Camxyramr MBIHBAEBA2?

1 HHCTI/ITyT MaTEMATHUKN U MaTEMATHYECKOI'O MO,He.]H/IpOBaHHH, AﬂMaTbI, KaSaXCTaH
2 AKTIOOHHCKHIT pernoHaIbHBLI rocyzapcrBeHHblit yauBepeuTer nm. K. 2Kybanosa, AKTobe,
Kazaxcran

E-mail: *dzhumabaev@list.ru, *mynbaevast@mail.ru

Ha [0, T] paccmaTpuBaeTcst KpaeBast 3a/1a9a

dz

azsf(t,x)%—go(t)/o G(r)e(r)dr, t e (0,T), = eR", (1)

glz(0), z(T)] = 0, (2)

rae € > 0, (n x n) marpunst ¢(t), ¥ (7) venpepsisust wa [0,7], f : [0,7] x R* — R", u
g : R? — R" menpepuiBrbe (DYHKHN.

B [1] 61 mpenioyker HOBBIH MOAXOJ K ONPeEJEHUI0 OBINEro pPemieHus JIJIs WHTerpo-
nuddepenuanbHoro ypasuenuss Ppearonbpma. Beemeno Ay obimee perrenue s JTHHEHHO-
ro uarerpo-auddepennuaabuoro ypapaeuausd PpejroibmMa u MpeIOZKEeHbl METO/bl PEIleHus
JIMHEHON KpaeBoil 3aja4m Juid 3TOro ypaBHenus. [lokazaHo, 4TO Jjs1 JIFOOOTO PeryssipHOTO
pemrenns Ay CyIIeCTBYeT €IMHCTBEHHOE HOBOE O0IIee pellleHre W JAHbI aJrOPHTMbI HAXOXKIe-
HHUs eT0 KO PUIMEeHTOB U IpaBbIX dacTeit. OCHOBHAS ues TpeaaraeMbiX METOIOB SIBJISETCS
HOCTPOEHUS CUCTEMbI JUHEHHBIX ajireOpanvdecKux ypaBHEHUN OTHOCUTE/ILHO TPOU3BOJIbHBIX Ia-
pameTpoB Ay ODIIEro perreHus.

B macrosmum coobmennn Ay 00Imee pelreHHe TOCTPOEHO IS HeJIUHEHHOro HHTerpo-
muddepennuanbioro ypasaenus Ppenrosbma (1). Tlogerapisist ero coorBeTcTByONne Bhipa-
JKeHUST B KPAaeBoe ycJioBue, (2) U yCJIOBHIM HEMPepPBIBHOCTH DEIeHns BO BHYTPEHHHX TOYKAX
pa3dmenng Ay HOJYIUM CHCTEMY HEJHHEHHBbIX ajiredpandecKuxX ypaBHEHHI OTHOCHTEIbHO ero
HPOU3BOJIBHBIX ITAPAMETPOB

Q.(An;A) =0, AeR™, (3)

[Ipexaraerca MeTon pemrenust Kpaesoit 3agaau (1), (2) ocnoBanmoil Ha pelIeHUil CHCTEMb
(3). Buagenne Q7 (An; A) 115 BLIOPAHHOTO A HAXOMSITCS PellleHneM crienuanbHoil 3agaqun Korn

JUIsT HeJIMHeHHBIX HHTerpo-TuddepeHnaibHbX ypaBHeHuit [2].

9Q«(AN;A) . N N
N R™ — R"

peraTcsd MaTPpUIHbIE Celua bibie 3a1a4n Komm g nnrerpo-anddepennuaibHbiX ypaBHe-

Jist HaXOZKIeHUs 3JIEMEHTOB MaTpuilbl fIkoou

uuii ®pearoybma.
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Kirouessbie caoBa: Ay obuiee pemienue, clemnua/ibias 3aua4a Ko, perysspaoe pasduenue,
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KPAEBAA 3AJAYA J1JId BOJIHOBOTO YPABHEHUA B
[MIPAMOYI'OJIBHUKE C JAHHBIMUA HA BCEMN I'PAHUIIE OBJIACTHN

A. IVKEHBAEBA'¢, M. CAJIBIBEKOB®

1 HHCTHTYT MaTeMaTHKH U MaTeMaTu4YeCKOro MoJeJupOBaHnusd,
Asmarer, Kazaxcran

E-mail: *dukenbayeva@math.kz, *sadybekov@math.kz

IIycrs Q C R? - nupaMoyro/bHad 06/1acTh, orpaindennad npambivu: AB : 0 < x < a, y = 0;
BC:2=a,0<y<b;CD:0<z<a,y=buAD:z=0,0<y<bh.

B Q paccmorpum HEOTHOPOAHOE BOJTHOBOE ypaBHEHHE:

Uggy — Uyy = f(x,y) (1)

Xoporo n3BecTHO, 9TO 331a4a Jlupuxsie maJis BOJHOBOTO ypaBHeHus (1) B MpsiMOYTOJbHOI
obsacTr, BOOOIe rOBOpsI, He fABJsSeTCA KOppekTHo#. Hampumep, B ciaydae Hameit obsactu €2,

JIEPKO BUJETh, 9TO OJHOpOHOe ypasHerue (1) ¢ yeaopusivu Tupuxiie

ulapuscuap =0, (2)

ulep =0 (3)
nMeeT CHeTHOe YHUCJIO HeHyﬂeBBIX peH_IeHI/IfI BI/LZLa

mnrx . nmy
sin——, m,n=12,...

b

Upn(T,y) = sin

NpPU BBITIOJIHEHUH YCJA0BUN na = mb.

Banada upuxiie i BOJHOBOIO ypaBHEHHA sBJSETCS OJHON M3 Haubojee CJIOKHBIX MO-
Jeneit MaTemarudeckoit pusuku. BosiHOBOe ypaBHEHHE ONMCHIBAET IMOYTH BCE PASHOBHIHOCTH
MaJibIX KoJjieOaHuil B pacupesie/IeHHbIX MeXaHUYeCKUX CUCTeMaX, TaKUX KakK ITPOJOJIbHbIE 3BY-
KOBBIE KOJIeDaHus B Ta3e, B KHJIKOCTH, B TBEDJOM TeJie; Molepednbie KojebaHus B CTpyHAX

u T.11. KoMIIOHEeHThI AJIEKTPOMAarouTHBIX BEKTOPOB U IIOTEHIMAJIOB, U, CJIE€J0BaTECJIbHO, MHOT'HE
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JIEKTPOMATHUTHBIE sIBJICHUsI (OT KBA3UCTATUKY JI0 OIITHKK) B TO MJIM HHOW Mepe 00bICHIIOTCS
CBOMCTBaAMHU pelleHuil BOJAHOBOI'O yPABHCHUL.

Buepsble HeeIMHCTBEHHOCTD pelieHus 3aiadu upuxie jijig BOJHOBOTO ypaBHeHUs ObLIa
ormeuena B paborax 2K. Anamapa, A. I'ybepa. B cBoeit pabore . Bopxkun u P. Jladbdun pac-
cMoTpesu 3aj1a4y Jupuxiie 1uist OMHOPOAHOrO ypasHeHus (1) B upsmoyroabauke (). Vcnonb3ys
npeoGpasoBanue Jlammaca, oHE MOKA3AJU, ITO €CIU IHCIO a/b — UPPAIMOHATHHOE, TO MMEET
MECTO €JIMHCTBEHHOCTDb PEIIeHUd 3aJa4i B KJIacCce HeIPepPbIBHO quddepeHnupyeMbix Py KT
¢ cymmmupyembiMu 110 Jlebery Bropeimu mpousBogabiMu. A B paborax K.B. Caburoma, korma
a/b aBasercs aareGpamdecKuM YHCJIOM CTEIEHH N > 2, MOJIYYeHO YCJIOBHE CYIIECTBOBAHUS W
eJMHCTBEHHOCTH peleHus 3amadn Jupuxie.

B nmokname HaMu mpejiaraloTcs HOBBIE ITOCTAHOBKH JIOKAJIHHBIX KPAeBBIX 3aJ1ad I BOJI-
HOBOT'O YpaBHEHUS B IPAMOYIOJbHON 00/1aCTH, B KOTOPO# KpaeBble YCJIOBUS 3aJIAI0TCSA HA BCeil
rpanuiie obyactu. /[oKkazpiBaeTCss KOPPEKTHOCTD CPOPMYIUPOBAHHBIX 33/a49 B KJIACCUIECKOM U
00ODBIIIEHHOM CMBICJIaX.

st obocHOBaHNS X KOPPEKTHOCTH HEOOXOAUMO UMeTh 3 deKTUBHOE IpejicTaBaeHne 00-
IIero pereHus 3aJa49u. B 9ToM HanpaB/ieHHH HAMU TI0JIyYeHa YA00Has (popMyJIa HpeICTaBIeHHS
o01Iero pelieHns BOJIHOBOIO YPABHEHUS B HPAMOYIOJIbHOM 00J1acTh, OCHOBAHHAs HA KJlacCuve-
ckoit (popmysie /laambepa. Ilpu 3ToM mocrpoennoe obiiee perrenue yyke 3aBe0MO YI0BJIeTBO-
pseT KpaeBbIM YCJOBHSAM II0 MPOCTPAHCTBEHHO IMepeMeHHOil.

Hasiee, 3aaBasi pa3/MdHble KPAeBble YCJIOBUs MO BPEMEHHON TepeMeHHON, Mbl MOJIyYaeM
HEKOTOpble (DYHKIHOHAIbHBIE WX (DYyHKIHOHATBHO-TH] epeHnnanbibie ypaBaeHus. Takum
00pa3oM, J0Ka3aTeIbCTBO KOPPEKTHOCTH ChOPMYIUPOBAHHBIX 33124 CBEJIEHO K BOIIPOCY CYIIe-

CTBOBAHUS M €JIMHCTBEHHOCTH PEIeHHUsI COOTBETCTBYIONEro (DyHKIIMOHAJIHLHOIO YPAaBHEHHSI.
Funding: Asropsr 6eumr noaepxkanbr rpaarom AP05133271 KH MOH PK.

KiroueBbie cioBa: BosiHoBoe ypaBHeHue, KOPPEKTHOCTH 3324, KJIACCHYECKOE DEeIleHue, CHJIbHOE DelleHue,

dopmyna Jamambepa
2010 Mathematics Subject Classification: 35L05, 351.20

MAKCUMAJIbBHAA PETYJISPHOCTH OJHOTO KJIACCA
ANOPEPEHITNAJIBHBIX VPABHEHUMN TPETBHETO IIOPAKA

K.H. OCITAHOBY, 7K.B. ECKABBIJIOBAY?

! Espasmiickmit narmonansnsiii yausepenter uM. JIH. T'yvmmesa, Acrana, Kazaxcran

E-mail: “ospanov__kn@enu.kz, Yjuli e92Q@mail.ru

Paccmorpum ypaBHeHmE

Ly=—y" +p(x)y +q@)y = f(), (1)
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e f € Ly(R), R = (—00, +00). st 0 < v(z) € Cloe( R) n0s102kuM
v'(z) =sup {d: d' > ||vllL,e-as2.atd/2 } & € R.
Teopema 1. Ilycrs p > 1 - HenpepblBHO Jubgepenupyemas, q - HellpepblBHAS (DY HKIHH,
YJIOBJICTBODSIIONIHE CJIIVION[HM VCJIOBHIM:
a) madgyress - > 0 u d; > 0 Takue, 910
max ( sup "2, s 400) » sup (=7) [lp ||L2<_oo,7+5>) < +003
6) 1 HeKoTopbIx gmces a > 1, b > 0 BHIIOJHEHb HepaBeHCTBA
a”t <p (x)(p'() T <a Vn € (x—b/2p*(2), 2 +b/2p*(7)), T ER,
opmdeM Haiigercs g Taxoe, uro a’b~t < g;

* 3/2
B) Sup [IlpHLz(z—o.%p*(z), er0.25p (@) (0 (@)Y } < 00;

) SUp Nallza0,0) [0) N agrey, 1oey + 59 Moo 107l oo ey < 0

rre ) = max (14,0~ 8 5wp () (0))

z>0
n(s) = min <x/4, s+ 8 sup (p*) " (x))
<0
Torna g kaxnoii npapoii qacti f € Lo(R) ypasmenme (1) mmeer, HIpHTOM €JHHCTBEHHOE

perterne y. Kpome Toro, st y cupaBeInBa ONeHKa

1™ lls + [lpy'lls + llayll, < C U, (2)

VeyioBus TeopeMbl OJIM3KHA K HEOOXOJIMMBIM, & UMEHHO:

- ecJIM YCJIOBHE a) He BBIMOJHSETCs, TO pu ¢ = 0 Juist mupokoro kiaacca yHkuuii p(r)
pemennii ypasaenust (1), npunaaiexamux Lo(R) HeT, T.e. HAIIA 33/1a9a TepsieT CMbICT;

- ecin ¢ (x) =0, a Jy1a y UMeeT MeCTo OLeHKa (2), TO BLIMOIHEHO B);

-eCJIM UMeeT MeCTO OleHKa (2) u 1jig HeKoToporo & > 0

1 —1
max {sg}o) ||q||L2(07x) ||q||L2($,(1+5)x) aStliIO) ||Q||L2(t,0) ||Q||L2((1—5)t,t) < 400,

TO BBIIIOJTHAETCA yCJIOBUE I‘).

IIpumep. YCJI0BHSA T€OPEMBI BBIIOJHEHBI /I yPABHECHU
—y" + (1 + 206V sin? ¢ ) Y + 2*" cos® by = f(x), f € Ly(R) (3)

CraenosaresbHo, (3) nMeeT, IPUTOM eIMHCTBEHHOE CHIIbHOE perenne y u3 Lo(R) u g y cupa-

BEJIJIBa OIEHKA

||y///||2 + H <1 + 206\/1+m2 SiHQ exZ > y/

) + HIQ" cos? 5 yH2 <C ||f||2

Ouenka (2) mo3BosisieT MpU MHHUMAJBHBIX OMPAHHYEHUAX HA KOI(DMHUIUEHTH MOJTYYUTH
OLTHMAJIBHYIO IIAJKOCTh U TOBe/eHIe periennst ypapaenus (1), a Takzke 3bdeKTuBHO npume-
HETCH JIIA U3YyYeHUs KBa3WIMHETHbIX udpepeHnuajibHblX ypaBHEHUH TTYTEeM UCIOIH30BAHMS

METOJIOB JIMHEAPU3AIMH, OCHOBAHHBIX HA T€OPEMaX O HEMOJIBUXKHOU TOUYKE OTOOPArKEeHHIA.
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Pemmaembie B pabore 3aa4u B ciaydae, Korjga p = 0, a ¢ 3HaKoOnpe/iesieH, st ypapaenusi (1)
n3ydannch Mypar6exoseim M.B., Amanosoit T.T., Orenbaessim M., Buprebaessim A., AfiTkoxka
2K 2K u ip. VX pe3ysibTaThl MOYKHO PACIIPOCTPAHUTD Ha ypaBHeHue (1), T71e pocT p B HEKOTOPOM
cMbIcye moaunHsieTcs ¢. OCHOBHOe OTJIMYHe Halllell paboThl COCTOUT B TOM, YTO POCT p B TeOpeMe
1 ne 3aBucur or q.

Funding: Asropsr 6butr nogaepxkanbt rpaarom AP05131649 MOH PK.

KirtoueBbie cJioBa: ypaBHEHHE TPETHErO TOPSIKA, HEOTPDAHUYEHHBIH KOIMDMUIMEHT, 0000IIEHHOE pelleHue,

KOPPEKTHasA Pa3pPEIInMOCTb, KO3PIUTHUBHAaA OIICHKA,

2010 Mathematics Subject Classification: 34A30, 34B40, 34C11

XAPAKTEPUCTUYECKUM OIIPEJIEJINTEJIb CIHIEKTPAJIBHOM SAJAYN
IJ1d OTIEPATOPA ITITYPMA-JINYBUILJISA C MHTETPAJIBHBIM
BOSMYILIEHVNEM KPAEBOI'O YCJIOBUA AHTUIIEPNOJUYECKOI'O TUIIA

H.C. UMAHBAEB

IOkn0-Kazaxcranckuii rocyapcTBeHHBIH egaroruieckuii yaupepcuret, IITpiMKeHT,
Kazaxcran

E-mail: imanbaevnur@mail.ru

B nacrosieii pabore paccmarpusaercs |1 cekrpaibHas 3aj1ada:
Ly(u)=—u"(z) = u(z), 0<z<l, (1)
Up () =u(0)+u(l) =0, (2)

Us (u) = ' (0) + fp x)dz, p(z) € L1 (0,1). (3)

Dyukuuio p (r) npeiactaBuM B Buje psaga Oypbe M0 TPUTOHOMETPUIECKON cucTeMe:

8

p(x)= > lapcos(2(k—1)m)x + brsin (2 (k — 1) m) x] (4)

k=1

Teopema 1. XapakrepucTuiecKnii onpeneanTe/b aHTHIEPHOTHIECKOH CHEeKTpaIbHOI

3a/[a90 ¢ BO3MYIEHHBIMH KpaeBbiMu yejaoBusmu (1) - (3) npeacrasum B BHE

AL (N) = ( +COS\/_)—281n\/_Zbk/\ (2k—1)m

(2k— 17r)2’

by— Ko3unmenTol paszioxenns (4) ¢yoaknum p(r) B TpH-roHOMeTpHYecKHil psi Dy-
phbe.

Funding: Asropst Gbutr o/ AepKaHbl TPy (GPUHAHCOBOM MOJEPKKe TocymapcrBeHHoro rpanrta "Jlygmuit npe-
nopasarenb BY3a - 2017"MOH PK.
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KurroueBsbie cioBa: cOOCTBEHHBIE 3HAYEHME, cOOCTBeHHBIE (hyHKIWHiT,oneparop rypma-JInysumis, Xapakre-

PUCTHYECKUIl OIPEIEeTUTETb.
2010 Mathematics Subject Classification: 34B10, 34L.10
JINTEPATYPA

[1] manbaes H.C. Xapakrepucruueckuii onpejesuTelib CIEKTPAJILHOM 3aja4du aus oneparopa lrypma-
JInyBUIA C MHTETPATHHBIM BO3MYIIEHUEM KPAEBOTO YCJIOBHUSA aHTHNEpUOAWYecKoro tuna, Becmuuk Kapl'y.-
Cepus Mamemamura, 2:82 (2016), 68-73.

OBPATHAS 3ATAYA OJTHOMEPHOTO IMTOTEHIIVAJIA

Thinicex KATTBMEHOB!,  Vasana HCKAKOBA'?,
Hypoexk KAXAPMAH!2¢

U UrcrnryT MaTeMaTHKn 0 MaTeMaTHIECKOTO MOJEINPOBAHHS,
Aumarer, Kazaxcran
2 Kazaxcknit HaIHOHAJIBHBIH YHEBepCHTET HM. aah-Dapabu,
Aamarer, Kazaxcran

B-mail: “kalmenov@math.kz, iskakova@math.kz, °n.kakharman@math.kz

[Mycrs e(x, &) — dynpamenranbroe pemienune ypasaenus rypma-JluyBuiuist
02
—@g(x,f)—i—q(:ﬁ)c?(x,f) :6(1'75)’ 0<z< 17 (1)
e q(z) € C0,1].
Paccmorpum obparHyo 3a/a9y TOTEHIIAAIA:

Hatmu naomuocmo p(x) 00nomeprozo nomenyuars 3a0a8aemo20 Gopmyrot

1
[ et pt6de = uto), )
0
ede u(z) € C?[0,1] — sadannoe snauenue odnomeprozo nomenuyuara Horomona,
Bamaua (1)-(2) aBagercss HEKOPPEKTHOM, MOCKOJIBKY (2) 9T0 ecTh ypasHenne PpearoabMa
IEPBOTO POJIA.
OCHOBHBIM PE3yIbTATOM JIOKJIAJIa STBISETCSA OPeaeeHne KPUTEePHst CYIeCTBOBAHNS Perie-
HUS 3TO# 0OpaTHOM 3a1a9u:
Teopema 1. 3Bajgaua (2) umeer permmenne p(x) TOrga U TOJBKO TOIJA, KOrAa u(x) yIoBJIe-

TBOPAET NOTCHUAJIBLHOMY I'DAHUIHOMY VCJIOBHIO, T.€.

—u'(1)e(x, 1) + ' (0)e(z,0) + u(l )8_55(36 1) —u(0 )((%e(x 0) =0, (3)
—u'(1)e(z, 1) + ' (0)e(x,0) + u(l )8—55(35 1) —u(0 )6%_5(9: 0) » = 0. (4)
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B kauecrse upumepa pacemorpum ciaydait ¢(x) = 0. Torpa e(x, §) 3agaerca dbopmyJioit

a,8) = 5w €], o)
a ycuopus (3)-(4) 3amunryTes B Bue
u'(1) 4+ 4 (0) =0, «(0)=u(l)+ u(0). (6)

Tem cambiM, obpaTHas 3ajada pa3pelruMa TOrga U TOoAbKO Torja, korja u(z) € C?[0,1] u
yaosaerBopsieT yeaosusam (5)-(6), mpu stom p(z) = u”(x).

Funding: Asropsr 6bumn ogaepxkausr rpanToMm AP05133239 MOH PK.

KitoueBnie ciaoBa: ypasuenue lrypma-Jluysuiis, dynmamentanpioe pemenue, HpioroHoBbIi noTenmad.
2010 Mathematics Subject Classification: 34B05, 34B24, 45B05

JINTEPATYPA

[1] Kanbmenos T.II., Cyparan . K cuekrpasbibiv Bomnpocam o6beMHOro morexuuana, Joxaade, PAH,
428:(1) (2008), 16-19.

[2] Kanbmenos T.III., ckakosa ¥Y.A. Kpurepuii cuibHOil paspemmmocru cMmenianHoit 3agaun Ko s

ypasuenus Jlawiaca, Joxaadw PAH, 414:(2) (2007), 168-171.

BOCCO3JIAHUE KYCOYHO-O/IHOPO/IHOI'O CTEP>KHSI I10
COBCTBEHHBIM YACTOTAM

7K. KAILIPBEK!', A. HYPMETOBA?®

! Kaszaxckuit Hanmona ibHbIH yHEBepcuTeT uMmenn Ajib-Papabn, Anvarel, Kazaxcran
2 Kaszaxcknit HanmoHa bHBIH yaHBepcuTeT uMenn Anb-@Papabu , Anvarsl, Kasaxcran

E-mail: “kayyrbek.zhalgas@mail.ru, serjan.t.90@mail.ru

B nacrosmeit paboTe MbI MOKazKeM KaK IOCTPOUTH KYyCOUHO-OTHOPOJHBINA CTEpKEHb, UMe-
IONIUN# B TOYHOCTH JBa KOHEUHBIX clekTpa. MBI paccMaTpuBaeM KoJeOTIOMMICA cTepKeHb, TO

eCcTh YpPaBHEHHE

(A(2)v'(2)) + w*A(z)v(z) = 0 (1)

C KpaeBbIMH YCJIOBHUAMN

iN'(0) =0=1"(L); dt)o(0) =0=1'(L); (2)
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Bamernm, 4yro wp(r) = A(z)v'(z) , orkyna v(z) n p(r) HenpepbiBEbL B TOUYKe paspbiBa A(z).

Bosbmem p(x) = \/A(x) u oupenennm HUZKHIOI W BEPXHIOK BEJTHYNHbI

D= (pv — p'p) (3)

N | —

(ww+np"'p), U=

N | —

OHU yIOBIETBOPSAIOT yPABHEHHIM
D' =iwD+ W tU, U = —iwUp'pn D
ecan A(x) nocrosiara, 1o 4 = 0 u
D' =iwD, U = —iwU.
[Tocsieiaue ypaBHEHMs HMEIOT DellleHue
D = Dyexp(iwz), U = Uyexp(—iwz) (4)
ITycts A(x) umeer BuI
Alx)=4,, (J-DA<z<jA, j=12..,n

Onpeie/iuM BeJTHIAHBL

D; = D(GA+), Uy =U(A4), D;=D(A-), U = U(A-) )

e + WM — ABJISIOTCS 3HAYEHUSIMH CLPABA WM cjaeBa or jA coorsercrsenno. 13 ypaBhuenuns
(4) crenyer
D} = exp(iwA)D;_1, Uj = exp(—iwA)U;_,

BosbMeMm z = @A | Tak kak z = eZwh

ABJIeTCS Teproandeckoil pyHKIUeH oT w ¢ MepH-
osoM /A, TO KaxKji0e 3HAYEHHE Z LO3BOJISIET HOCTPOUTH OECKOHEUHYIO 1I0C/IEI0BATE/IbHOCTD
CODCTBEHHBIX 3HAYCHUH ¢ DABHBIMHU IPOMEKYTKamMu /A, U KaxKj0e 271 jaer JApyryio Takyio
oCJIe/I0BaTeIbHOCTD. CJle0BaTeIbHO, 9TO CHCTEMa He TOJbLKO MMeeT COOCTBEHHbBbIE 3HATCHUS
()R, o

Winntj = & +wj,  J=0,1,...,n, ecium m ABJIsIeTCS Y€THBIM,

Winnyj = "~ +wj,  J=0,1,...,n, ectm m ABIAETCA HEICTHBIM.

U tak MbI 0 3aJ]aHHBIM [OCTOSIHHO# (DYHKIWMHA A(z) HALLIN 9acTOTY CTepIKHS.
KaroueBbie ciioBa:CTepKeHb,9aCTOTA,KYyCOUHO-OTHOPOIHBIN CTepKeHb
JINTEPATYPA

[1] Tospsena UL Obpamuvie 3adavu meopuu koaebarnud, Mocksa, Mxkesck (2008).

OB O/THOM 3AJTAYE BUITAI3E-CAMAPCKOI'O 1J1s1 YPABHEHUSI
IHITYPMA-JINYBUJIJIA
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Hypbex KAXAPMAH 2,

L Uncruryr maremarnkm u Maremarmieckoro mMogeauposanns, Amvarst, Kazaxcran
2 Kazaxckmit HammoHaIbHBIH yHABepcaTeT nM. aab-DPapabm,
Aumarer, Kazaxcran

E-mail: °n.kakharman@math.kz

B 1969 rony Bbinura pabora A.B. Bunagze u A.A. Camapckoro [1] mocBsimeHHAsT TIOCTAHOBKE
U PELICHUIO HOBOI'O TUIIA HEJOKAJILHON 33818491,

OCHOBHoe OTJINYHE 33a/Ja9 TaKOIr'O THUIIa OT O6bILIHbIX I'PaHUYHBIX 3aJa4 B TOM, YTO Ha MHO-
roo0pasum, yJacTBYyIomeM B ycaoBud, nuddepeHuaibHoe ypaBHeHe BhIIOIHIeTCS.

Pacemorpum 3amaay Bunanze-Camapekoro wa natepsaie x € (—1,1)
Lu=—u"(z)+q(x)u(z) = f(x), -1<z <1, (1)

C BHYTPEHHE-KPACBLIM YCJIOBHEM
u'(0) + /(1) =0, (2)
v’ (0) = u(0) + u(1). (3)
Teopema 1. Ilycrs g(x) > 0, npu 0 < x < 1. Torga juist mo6oit f € La(—1,1) cymecrByer

eauaCTBeHHOE 06006mIerHOE pemenne u € Wi(—1,1) sazaun Bunagse-Camapckoro (1)-(3), n

5TO pelleHune y/I0BJIeTBOPseT HePaBEHCTBY

ullwo,1) < Cllf L, 0,0):

rie nocrostaras C' He 3aBuCHT OT u(T).

Takzke B JoK/1a4e Oy1er JaHa KOHCTPYKIUS Pery/IspHOro peleHus U 0600UeHHOro penieHuil
sajaun Bunaase-Camapckoro (1)-(3). Tlocrpoena 3aiada, coupsizKeHHas K 3ajade Buraze-
Camapckoro (1)-(3) u ycranosiaeH KpuTepuii TJIaIKOCTH €€ PEIeHus.

Funding: Asrop Obu1 mommepxkanbt rpanTom AP05133239 MOH PK.
Karouessie cioBa: 3amada Bunanze-Camapckoro, moTeHIHATBHBIE YCIOBUSI.
2010 Mathematics Subject Classification: 34B05, 34B24
JINTEPATYPA

[1] Bunanze A.B., Camapckuit A.A. O HekOTOpbIX HpocTeiimux 0600IEHUAX JIUHEHHBIX JUIMITUYECKUX

KpaeBbIx 3a1a4, Joxaadw AH CCCP, 185:(4) (1969), 739-774.

CVYIIECTBOBAHUE PE30JIbBEHTHI Y KOSPIIUTUBHBIE OIEHKU JIJId
OMEPATOPA IIIPEAVUHTEPA C OTPUIIATEJIbHBIM TAPAMETPOM B
IIPOCTPAHCTBE Ly(R")
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M. MYPATBEKOB¢, M. MYPATBEKOB??®

! Tapascknit rocyapcTseHnblil megarorndecknit yansepentet, Tapas, Kazaxcran
2 Kazaxckuit yHHBepCHTeT SKOHOMHKH, (PHHAHCOB H MeXKJIyHapo/Hoi Toprop.u, AcraHa,
Kazaxcran

E-mail: “musahan_m@mail.ru, *mmuratbekov@kuef.kz

B pabore B mpoctpancTBe Lo(R") usydaercs oneparop IllpegumHrepa ¢ oTpUIiaTeIbHBIM
apaMeTpOM.
Ly = —A+ (—t* + ith(z) + ¢q(2)) .

3aech —00 < t < 00, 12 =

—1, A — omeparop Jlamnaca, r = (z1,...,x,) € R™.

Oueparop L;, HeTpyaHO YOEIMTHCS, €CTECTBEHHBIM 00pa30M BO3HHKAET IIPU H3y4eHHH
CUHTYIAPHBIX A depeHuaibHbIX  ONepaTopoB THIepOOJNISCKOr0 THIA B IIPOCTPAHCTBE
Ly(R™).

Kaxk m3Becrro upu ¢t = 0 cymecrBoBanne pe3osbBeHTH onepatopa IIpeaunrepa A + g(z)
JOCTATOYHO XOPOITO M3ydeHbl, HanmpuMep, B paborax T. Karo [1], M. Puga u B. Caiimona [2],
M. Orenbaena [3] u gp.

[IpuBeiem OpMYTUPOBKH OCHOBHBIX PE3YILTaTOB.

Paccmorpum oneparop
(Ly + pl)u = —Au+ (—t* + itb(z) + q(z)) u

IePBOHAYAJIBHO OINpe/ie/eHHbIi Ha MHOKecTBe CS°(R™), e p > 0.

B nmambeitiiem mpeamonokuM, 9to Kodbdunuentsr b(x), ¢(x) ya0BIETBOPSIOT YCIOBHIO: 1)
|b(x)| > 09 > 0, g(x) > > 0 — neupepsiBubie byHKIUU B R".

Omneparop L; + pl pomyckaer 3aMbIKaHue B TPOCTPAHCTBE Lo(R™), KOTOpoe 0603HATNM TaK-
xe yepe3 Ly + pl.

Teopema 1. Ilycrs Bermosreno yeiaosne i). Torga omeparop Ly+pl mpm > 0 orparmdenHo
obparum B npoctpancTse Lo(R™).

Teopema 2. Ilycre Bhimosaero yeaosue i). Torga npm > 0 grs Beex u € D(Ly) cnpa-

BeIJIUBEI OIICHKH:

@) 3 |||, + || va@ul], < el uul;
) 3 |8l + | Ve, + VBT, < e+ nipul

¢ > 0 — nocrosiunoe duco, ||t > > 0.

Funding: Astopni Obutn nogaepxkansl rpanroMm MOH PK ma 2018-2020 rr. (MPH:AP05131080).
Kuarouessie cioBa: oneparop lllpeannrepa, pe3oibBeHTa, KOIPIUTHBHBIE OIEHKH, Omeparop Jlammaca
2010 Mathematics Subject Classification: 35J10, 47A10

JINTEPATYPA
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[1] Kato T. Schrodinger operators with singular potentials, Israel Journal of Mathematics, 13:1-2 (1972),
135-140.

[2] Pun M., Caiimon B. Memodw cospementoti mamemamuueckot gusuku: Iapmonuneckut anaius, camo-
conpavcennocms, Mup, Mocksa (1978), Tom 2.

[3] Orenbaes M. O6 ycmoBusix camocomnpsizkeHHOCTH oreparopos HIpeanHrepa ¢ oneparopHbIM MOTEHIIHA~

oM, Yepaunckul mamemamuueckud srcypran, 28:6 (1976), 763-771.

O CYIIIECTBOBAHUNM PE30JIbBEHTHI U PA3JEJIMMOCTHU OJITHOTO
KJIACCA CUHIVJIAPHBIX JINHEAPU30BAHHBIX OIIEPATOPOB
KOPTBETA - IE ®PPU3A

M. MYPATBEKOB', A. CYJIEMMBEKOBA?®

Y Tapasckmit rocynapcrsennstit megarormdecknit yansepcnret, Tapas, Kazaxcran
2 Tapasckmii rocynapcTBeRHbIH Hegaroradecknii yausepentet, Tapas, Kasaxcram

E-mail: “musahan_ m@mail.ru, *suleimbekovaa@mail.ru

B pabote mzydaercd CHHTYJISIPHBIN JuHeapu3oBaHHBIN omeparop Koptsera - me @pusa c
HeorpaHudeHHbIME KO3ddurmentamu. g sroro oneparopa Oyjer u3ydeH BOIPOC O CYyIie-
CTBOBAHWH De30JIbBEHTHI B TpocTpaHcTBe Lo (R) m Oyaer nokazano, Kak auddepeniuaanHpie
CBOMCTBA 3JIEMEHTOB U3 00JIaCTH OIpEJIeIeHNAs OllepaTopa 3aBUCUT OT K03(MPUINEHTOB ollepa-
TOpa.

Pacemorpum jiucddepennuanbubiii onepaTop

ou B ou
Lu—l—/\u:a—y—l—RQ(y)@—l—Rl(y)%—i—Rg(y)u+)\u (1.1)
nepBoHavaNbHO onpeenennbiii Ha CGo (5)7 rme Q = {(z,y): —7<z <7, —00o<y< ook,

A > 0, ne C§°, — MHOXKeCTBO, cocrosginee u3 OeckoHeuHO muddepeHnnpyeMblx (QYHKIHH 1
YJOBJIETBOPAIONINX YCAOBUAM:

u? (—m,y) =ul) (r,y) =0, 1,2 (1.2)

x

1 (UHUTHBIX 1O EPEMEHHOI .

B sasibheiimem npeanosioxum, 94ro koaddunuentol Ry (y), Ri (y), Ra (y) yaosierBopsor
YCJIOBHSIM:
i) Ro(y) > 6o > 0, Ri(y) > 6 >0, —Ra(y) > 02 > 0 — menpepsiBable hyHKIUE B R =

(—OO, OO);

i1) My = sup —g‘;(g; < 00; My = sup ?1((?)) < 00; My = sup
ly—t|<1 ly—t|<1 ly—t|<1

Omneparop L + Al gomyckaer 3aMblKanue B pocTpancTBe Lo (£2), KoTopoe 0603HATNM TaK

Ra(y
Ro (t

=

< Q.

=

xe gepe3 L+ M.
Teopema 1. [lycrs Boinosreno ycaosue i). Torga oneparop L+ A npu X\ > 0 HenmpepbBHO

obpaTuM.
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OMNPEJEJEHUE. Byjem rosopurh oneparop L pasuesum, eciau jjst byuxiuii v € D (L)

+ ‘
2

rae C' — me 3aBucut ot u (T,y).

HMEET MECTO OLCHKA
ou A
dy

da’

ou

Ry (y) o=

Ry (y) o

+ ‘
2 2

< C ([ Lully + ull;)

Teopema 2. Ilycrp Bermosnensr yeaosus i) — ii). Torga oneparop L pasgesnnm.

IIpuMEP. Ilyets Ry (y) = |y| +1, Ry (y) = eV, Ry (y) = —10- el —00 < y < 0o. Herpymro

du
dy

yOeIuThCs, 9TO BHIIOJIHAIOTCA BCe yeaoBud TeopeMbl 2. CaenoBaTebHO onepaTop L pasmean,
3
] | [ C
3
o3|, Oz

< C([[Lully + [lull,)
C — TOCTOIHHOE YHCJIO.

+H10-e

H Ayl +1) ull, <
2 2

Funding: Asropnl 6buiu nogaepxanbl rpaaroM MOH PK na 2018-2020 rr. (MPH:AP05131080).

KiroueBbie cioBa: oneparop Koprsera - ne @pusa, pe30osbBeHTa, Pa3/1€/uMOCTb, CUHIYJISPHBIN JIMHEAPU30-

BAHHBII OTIepaTop
2010 Mathematics Subject Classification: 47A10, 47A50, 54D65
JINTEPATYPA

[1] Temam R. Sur un problem non lineaire, J. Math. Pures Apple, 48:2 (1969), 159-172.

[2] Tuonc ZK.JI. Hexomopuie memoodo, pewenus weaunelinos kpaeswns 3aday, Mup, Mocksa (1972), 586 c.

O JIPOBHBIX AHAJIOTAX 3AJAY JIMPUXJIE U HEMMAHA JJId
YPABHEHUS JIAIIJIACA

K. HABAPOBAY B. TYPMETOB??

L2 Mezxmyrapoamsrii kazaxcko-Typenkmnii yaupepcnter uM.A. Slcasu, Typkecran, Kazaxcran

E-mail: “gjnazarova@mail.ru, *turmetovbh@mail.ru

B nacrodmem JoKJjaie U3JaraloTcs BOIPOCH PA3PEIIMMOCTH JIPOOHBIX AHAJOIOB KPAaeBBIX
3ajgad Inpwxie m Heiimana nia ypaBaenua Jlamraca. B KadecTBe IpaHWYIHBIX ONEpPaTOpPOB
paccMaTpuBalOTCA ONepaTopbl JApodHoro JuddepenimpoBanusd B cMbicjie Pumvana-/Inysuiis
n KaHyTO. PaCCManI/IBaeMbIe 3aJa49U pelraroTcd CBeaeHneM UX K MHTErpaJibHbIM YPaBHEHHUAM
Opearorbma. JloKazaHbl TEOPEMbBI O CYIIECTBOBAHUY U €IUHCTBEHHOCTH PEIIeHUH UCCIeyeMbIX
3a/1a4.

[Tycts () - enuamaHbl map, 0S) - equanYdHas cdepa,

d d
Du(z) = —J' " “u(z), Du(z) = J'™¢ {_u

<1
dr dr} (#),0<a<
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COOTBETCTBEHHO IIPOU3BOJIHBIE HOPsijiKa @ B cMbiciae Pumvana-Jluysuiis u Kamyro [1].

IMyctb 0 <y < ... <y <a<1l,a; >0,5=1,2,...,m,m > 1. Beejiem obo3Ha"deHUsA
P, (D) =D+ a;- D%, P;(D)=D¢+Y a; DY
j=1 j=1

Pacemorpum B obstactu € caemayromnime 3a,1aqm
agaga D. Ilycts 0 < o, < ... < a1 < a < 1. Haiitu rapmorudeckyio B 0o0JacTu
Q dynknmo u(z) € C*(Q) N C(Q), ana xoropoit r*Du(z) € C () u yroBreTBOpsIOMIYIO

IPAaHUTYIHOMY YCJIOBHIO

P, (D)u(x) = f(z),z € 0.

3amaga N. [lyctp 0 < ), < ... < ¢y < «a < 1. Hafitu rapmMoHndeckyio B 0bjacTu
Q dyuknmo u(z) € C*Q) N C(Q), s koropoit r*Diu(z) € C (Q) u yaosrersopsontyio

IPAHUYHOMY YCJIOBHIO

P (D)u(z) = f(x),z € 0.

Ormernm, uto 3aga4u D u N B cayqae a; = 0,j = 1,2, ..., m Obliu u3ydens! B paborax [2,3].

OcHOBHBIE yTBEPKIEHNS OTHOCHTEIBHO 3aa4d D u N.

Teopema 1. Ilyctb 0 <, < ... <oy << 1,a; >0,7=1,2,...,m. Torga misa joboro
f(z) € C(00Q) pemenune 3aza4uu D cyujecrByer u euHCTBEHHO.

Teopema 2. Teopema 4. Ilyctb 0 < o, < ... <y <a<1,a; >0,7=1,2,...m, f(z) €

C (09) . Torxa mrst paspemumoctn 3a0a9u N HeOOXOIUMO H JJOCTATOTHO BBIIOJTHEHHS YCIOBHSI

/ f(z)dx = 0. (1)
Q

Ecan pelieHue 3aa4dd cyinecrByer, TO OHO €IHHCTBEHHO C TOYHOCTBIO /IO IIOCTOAHHOI'O 3Hade-

HUA.

Sameuanmne. 13 stux yreepxaenuii cieayer, 4ro 3aja4a D Ge3yciioBHa paspemnmMa u ciie-
JoBaTebHO 0000maeT 3aia4dy upuxie Ha TpaHUYHBIE OMEpAaTOPLI JApOoOHOrO mopsiaka. s
paspemumocTd 3a1a9u N HeoOXOJUMO BBITIOJHeHHsT YeaoBus (1). DTo ycaoBue coBHAJaeT ¢
ycaoBueM pazperumMoctu 3ajaun Heiimana. Ilosromy, nannas 3aada 0600maeT M3BECTHYIO
3ajauy Heiimana jiis ypaBuenus Jlamiaca.

Funding: Asropsi 6buiu nopaepxkanst rpanrom AP05131268/I'® MOH PK.

KurroueBsbie ciioBa: : ypasuenue Jlamnaca, 3agaqda Jlupuxie, 3agaga Helimana, npobnas mpom3BoHas, Omepa-

top Pumana-Jluysusis, oneparop Kamyro.
2010 Mathematics Subject Classification: 35J05; 35J25; 26A33
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OB OJIHOM HAYAJIbHOWM 3AJIAYE JIJIsI BBIPOXKJIAIOIIIETOCSI
YPABHEHUSA TUIEPBOJIMYECKOI'O TUIIA BTOPOI'O POJIA
A.B. OKBOEB"*

Y ®epranckuii rocygapersennniit ynnsepenrer, @eprana, Ysbekncran

E-mail: *aogboyev@mail.ru

Paccmorpum ypaBHeHEE
Lo (U) = gy + Yy, + auy, — Nu=0 (1)

B KOHEYHOH onHoCBA3HON obmactn D minockoctu Oy, orpanwuennoii npu y < 0 XapakTepuc-
tukamu AC :x —2\/—y =0, BC :x+2\/—y=1u AB : y =0 ypasuenus (1), e A € R uiu
iNE€ R, a«a€ R, upuuem o € (—1/2, 0).
Bunousmenennasa 3anadya Komm. Tpebyerca nafitn dbynkmmo u(x,y) € C2(D)NC(D),
YAOBJIETBOPSIIONIY IO B 006aacTu D yparernto (1) n HAYATBHBIM YCJIOBHIM
0
u(z,0) = 7(x), z € [0,1]; hH(l)( y)"‘a—[u — A (1,N)] =v(z), x €(0,1), (2)
- Y
rie 7(x) u v(z) - 3amannbe Gyukiun, 20 = 2o — 1, 0 = 4\\/—yz(1 — z),

1

- 81y s
Aa ()= (1+5) (1+28) / ( dt2> 7(0) [2(1 = )] Tip (0)det
/ e 2k
+%/T(t) [2(1 — 2)]? Tg (0)dz, y = FZ(?;F 25) Z . Hf/j) _

0
CupaseainBa Caeayomast

Teopema. Eciu 7(x) € C3[0, 1] u v(z) € C10, 1], To ¢yuknus u(x,y), onpeienennas

copmy.oit
1

o) = 437, 0) = el =)' [0l = 27 Ts(o)d ®)
0
SABJIseTCs eJHHCTBeHHBIM pererneM 3aga4n {(1), (2)}, rae v, = %
B xapakrepucrudeckux KoopjuHatax { = = — 2y/—y u n = x + 2\/—y ypasuenue (1)

epexoInT B ypaBHeHHe THIIa Jitrepa-Ilyaccona-lapOy

Pi B (0 T\ 1.,
dEon - £<__5£)_ZA2“‘O’ @)

Institute of Mathemitics and Mathematical Modeling, Almaty, April 10, 2018



62 TpamgunuoHHAS MEXKJIYHAPOJHAS allpeJabCKas HaYJHAas KOH(DepeHIHs, MoCBsIeHHas /Hio
PabOTHHKOB HAYKH

obsractb D npeobpasyercst B obsacts A = {(£,n) : 0 <& <n<1},a(2)-8

169 -7, I (2o D) [- D] = v, 5)

i
n—§
B nanwnreiiem st mpoCcTOTHI U3JI0KEHUS ONMYCKaeM 3HaK ~.

Cormacuo dbopmyie (3), pemenue 3amaan {(4), (5)} onpenensercsa dbopmytoit
77
uw(é, n) = A (T, A) — 42’5172/ (n—1)7P(t— &P T _s(o)v(t)dt. (6)
3

Onpenenenne. Pynkuns u(€, ) Ha3biBaeTCst 060OIMIEHHBIM PeTleHIeM

ypagrenns (1) B obnactn D u3 knacca Ry, eCIM ee MOKHO IIPEJICTABATE B Buje (6) n

xT

@) = 7() + sign(a = 3) [ | = ¢ Ts e = QI T(C) de )
rae v(x), T(z) € C(0,1) N L[0,1], I,(2) = J,(iz), a s =0, 1.
IMoacrasmsist (7) B (6) u BBIIOMHSAST HEKOTOPBIE MTPEOOPA3OBAHIS, MOTYINM HPE/CTABICHUE

obobuennoro permenns ypasenus (1) u3 knacca Ry,

(1—s)E+s n
wlé,m) = / TP s WA T(Q)dC + / 1777 s RN (O,
sn 13

e r1 = (1= ¢) (€ =¢), r2= (1= ¢) (C &), N(Q) = 5oz (€) — 4% 20(Q).

KiroueBsie caoBa: ['unepbosimyeckoe ypaBHeHHE, BEIPOXKIAIONIEECs YPABHEHHUS BTOPOTO POa,

BH/IeM3MEeHeHHas 3a/a4da Koru, obiiee perieHune, peryjsipHoe peiieHne, o600IeHHoe pelleHue.

2010 Mathematics Subject Classification: 35115, 35180

O KAHTOPOBOM KOMIIOHEHTE CIIEKTPA OIIEPATOPA
TEIIJIOIIPOBOJHOCTN C OTKJIOHAKINIMNMCA API'YMEHTOM

A. TITATITAHBAEBY®, M. IITOMAHBAEBA®, 1. OPABOB!¢

U FOxno-Kazaxcranckuii rocygapersennblii yausepcurer um. M. Ayesopa, IIIbIMKeHT,
Kazaxcran
E-mail: “shaldanbaev51@mail.ru, *mtshomanbaeva@mail.ru,

i orazov@mail.ru

CamoconpszkeHHbI onepatop A B rmyibbepToBoM mpocTpancTBe H passaraercsa B BHje

A= /_m AE(N), (1)

[e.e]
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rie dE(\) - oneparopHast Mepa, COCTOsIIAsi U TPEX KOMIOHEHTOB:
E(N) = dE,(\) + dE,(\) + dEg(\),

riae E.(\) - ckaukoobpasuas dynkmus, F,(\) - abcomorno nenpepeisaa. Qyuknus £, (\) pasra
unrerpasy Jlebera or cBoeil Hpou3BOAHOI, a npou3BoaHas Fy(A) paBHa HyJI0 jijisl HOYTH BCEX
A. (Oyuxunus Kanropa asnsterca dynkuneit tuma £y ())). Cxadkn IpoRCXoaaT B cOOCTBEHHBIX
snadenusx omeparopa A. Crnektp A HaspiBaeTcs abCOTIOTHO HEIIPEPBIBHBIM B HHTEpBaJe I, eciiu
(v, E\v) abcomoTHO HemrpepbiBHAs (DYHKINS B | JIJIsT KAZKIOTO U B THJIBOEPTOBOM TIPOCTPAHCTBE
H; B uporuBHOM cjiyudae CleKTp OyjeT KyCOYHbIM.

Kazkercst pa3yMHBIM IPEINOIOKEHIE, UYTO CIIEKTPhI TAMATPTOHHAHA ATOMOB U MOJIEKYJT, HC-
KJII09ast COOCTBEHHbBIE 3HAYEHHS, BCEra abCOMIOTHO HEIPEPBIBHDI, NHAYE TOBODS, JEKOMIIO3HUIIHS
npousBejienust (v, F\v) Bcerjga cocTouT u3 mepBbixX ABYX wieHos (1). OgHako 9T0 He JOKA3aHO,
KPOMe HEKOTOPBIX CJIy9aeB, MOJOOHBIX aTOMY BOJIOPO/IA, /I KOTOPBIX H3BECTHO SIBHOE BbIPa-
xenne g E(X) [1].

B cBa3u ¢ 9TUM IPECTABILAIOT HHTEPEC OIepAaTOPhI, 0baaonue KanTopoBbIM coCTaBIs-
IOIIMM CIIEKTPA, KAKOBBIM SIBJISIETCS W3yYeHHBIH HAMU CHEKTP OMEepPaTOpa TEILIONPOBOTHOCTH C
OTKJIOHSATOIUMCST API'y MEHTOM.

ITocTanoska 3agaun. Ilycts ) C R? - 4eTHIPeXyroJbHHK, OIPAHHYICHHBII OTPE3KAMMI:
{AB : 0 <t <Tx=0BC:0<z<t=T,CD:0<t<Tx=1DA:0<
r < [,t = 0}. Yepez C%1(N) oboznaunm mMuOKecTBO DyHKIMHA u(T,t) ABaKIBI HEMPEPBIBHO
nuddepeHnupyeMbIx M0 T 1 e uHOXK b 110 ¢ B oOstactu ). [log rpanuneit obaactu {2 monnmaem
cOBOKYTHOCTEL 0Tpe3koB I' = AB U AD U CD. llesbio paboThl sIB/IsI€TCS U3YTHHE CBOWCTB

CIIEKTPa ONepaTopa, MOPOKIeHHOro B obsractu §) aud dbepeHmaabHbiM BhpazKeHHeM
Lu = uy(x, T —t) + upe(x,t) + au,, a— const (2)

n Kpa€BbIMU YCJIOBUAMHA

u|t:0 =0, u|m:0 =0, u’x:l =u (3)

HO,ZL o1epaTopoM MMOHUMACTCA 3aMbIKaHHUE ITOI'O IIOKa HE3aMKHYTOI'O ollepaTopa.

Tx
212

COBIAJIAET ¢ THCI0BOMH 0ChIO (—00, +00). CHeKTp cOCTONT U3 GECKOHEYHOTO 9HCJIa COOCTBEH-

Teopema (a) Ecin 55 - uppalmoHaIbHOE 9HCIO0, TO CIIEKTp omeparopa (2)-(3) npm a = 0

HBIX 3HAYCHHII H H3 IPEJCIbHBIX TOTEK COOCTBeHHbIX 3Haqennii. Omeparop L obparum, no (L)~
meorpanuyden. (b) Eciun ;—g - PAIHOHAJIBHOE YHCJIO U % ¢ (mZng), m = 1,2, ..., To oueparop L

orpannaeHHo ooparum. Crextp omeparopa L cocTonT m3 GeCKOHETHOI'O MHOYKECTBA COOCTBEH-

HBIX 3HAYEHHH W HX Ipene/IbHbIX TOYC€K, KOTOPBIEC TaKzKe OCCKOHEYHBI H HE HMEIOT npeaeib-

HOIT TOYKH, TOYHee, Ha KazJIOM OIrpaHHYeHHOM CerMeHTe COJEepP2KHTC:A JINIIb KOHEYHO€ YHCJIO

HpEeJeIbHBIX TOYCK MHOXKECTBA COOCTBeHHBIX 3HadeHuii { A\, ,},m =1,2,..;n=0,1,2,.... (¢
Ecin 5772’ - pamHoOHaJbHOE YHCJIO, TO CHEKTD oleparopa H i € (mz%),m = 1,2,..., T0 00-

parubiii oneparop (L)™' me cymecrsyer, X = 0 spisercs cobcrsennbiM 3HadenueM. CIeKTp
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coCTOUT U3 OECKOHEYHOI'0 MHOXKeCTBa COOCTBEHHDBIX 3HAYCHUH M UX IPEAe/IbHbIX TOYEK, KO-
TOpbIe TakKe OEeCKOHeYHbI H pa3dpocaHbl OT —OO J0 +00. Ka>kjblii orpaHHYeHHBIH 3aMKHY-
TBIH CerMeHT COJePXKHT JIHIIb KOHEYHOe THCJIO IIPEJeJbHBIX TOYeK COOCTBEHHBIX 3HAYCHHI
Ammsm = 1,2,..5n = 0,1,2,.... Hoap Mmoxer ObITH 6€CKOHEIHOKPATHBIM COOCTBEHHBIM 3HA-

yenueM. B cuekrpajsibHOM paszsioxkenuu oneparopa L orcyrcrByer abCOJNIOTHO HEHUPepPbIBHAS

KOMIIOHEHTA.

KirroueBble cjioBa: oleparop TeIIONPOBOJAHOCTH, CIEKTP, OTKJIOHSIOIMIMICI apryMeHT.
2010 Mathematics Subject Classification: 35PXX, 35K05, 35K20
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HEKOTOPBIE CIIEKTPAJIbHBIE XAPAKTEPUCTUKU
JU®PEPEHIIMAJILHOTO OIIEPATOPA BTOPOTO ITOPSAJKA C
MHBOJIIOIIUEN

A A. CAPCEHBIA

TOKT'Y mm. M. Ayszosa, Illeivkent, Kazaxcran

E-mail: abdisalam@mail.ru,

B pabore uccienoBaHbl BOIPOCHI aOCOMIOTHON M pPaBHOMEPHOH CXOAMMOCTH pa3IoXKeHUi
10 cobCTBEHHBbIM (DYHKIUSIM, PacIoJIoKeHre cOOCTBEHHbIX 3HadeHuil auddepeHnnajibHbIX
OIIepaToOpPOB BTOPOrO TMOPsKa € MHBOJIONHEH. PaccMarpuBaeTcd crekTpajbHasd 3ajada Jijis

muddepeHnIIaIbHBIX OMepaTOPOB BTOPOTO MOPAIKA ¢ HHBOJIIONHEH
—X"(x)+aX"(—x)+q@x) X (z)=XX (2), - l<z <1, -1<a<l,
X(-1)=0,X(1)=0. (1)

Ypasuenue (1) cogepxur npeobpazoBanue HHBoOJIONUE. [lapaMerp « yIoBIeTBOpSIET YCJI0-
B0 —1 < a < 1, dyuknus ¢ (z) HenpepsiBHa Ha oTpeske [—1, 1]. CuekTpajbHble 3a1a90 THIIA
(1) usyuasnucs Takxke B paborax [1], [2].

Teopema 1. Ecan ¢pyukmnus q (x) > 0 ma npomexyrke —1 < x < 1, T0o Bce cobcTBEHHBIE
3HAYCHUS N, CHeKTPAJIbHOM 33129 (1) IOMI0XKHTEIbHAL.

Teopema 2. FEcau uncio \/% He SABJISETCs 9eTHBIM H Koahdumuent q (x) ypaBHEHU
(1) BemecrBeHHass GyHKIUsA, TO s 000 JBaXK bl quhdepennupyemoii pyakmma ¢ (),

yaoaersopstomeii yciaosusam ¢ (—1) = ¢ (1) = 0, pszr Pyppe

o (1) = (0, X5) X, (1)

k=1
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o moJHoi opronopmuposannoii cucreme { Xy (x)} coberBennpix yHKImi  crieKTpaiabHOM

sagaqn (1) exoamrest abCOJIOTHO W PABHOMEDHO.
Funding: Asropsr 6butn mogep:xkambl rpanrom AP05131225 MOH PK.

KuroueBbie cioBa: nuddepeHnuanbable ypaBHEHHE C WHBOJIONUN, COOCTBEHHBIE 3HAYEHUE, COOCTBEHHBIE

dyHKIHA, Oa3wmC.
2010 Mathematics Subject Classification: 34B10, 34110
JINTEPATYPA

[1] Kritskov L., Sarsenbi A.M. Spectral properties of a nonlocal problem for a second-order differential
equation with an involution, Differential Equations, 51:8 (2015), 984-990.

[2] Kritskov L., Sarsenbi A.M. Basicity in Lp of root functions for differential equations with involution,
Electronic Journal of Differential Equations, :278 (2015), 1-9.

BA3UCHBIE CBOMCTBA ANPOPEPEHIIMAJIBHOI'O OIIEPATOPA BTOPOTI'O
ITIOPAKA C I/IHBOJIIOL[I/IEﬁ

A.M. CAPCEHBI, A.A. CAPCEHBU 2*

VIOKTY um. M. Ayasosa, HI[ TullM, IIsvxent, Kazaxcran
2 JOKT'Y mm. M. Ayssosa, Ievkent, Kazaxcran

E-mail: “abzhahan@gmail.com , abdisalam.sarsenbi@gmail.com

Pabora mocsimnena uccaeoBaHUIO BOMPOCOB PABHOCXOIUMOCTH PA3JIOKEHUN M0 cOOCTBEH-
HbIM (QyHKIUAM 1 6a3uCHOCTH COOCTBEHHBIX (MyHKIuU auddepeHnuaibHbIX ONepaTopoB BTO-
poro nmopgaakKa ¢ HHBOJIIOIAEHA.

B wunTepBaie G = (—1,1) 9ucI0BO# OCH paccMATPUBAETCS CHEKTpaJbHAs 3aada s

b pepeHIIATBHBIX OIIEPATOPOB BTOPOTO MOPSIIKA ¢ HHBOJIIONHUEL
—X"(x)+aX"(—x)+q@) X (z) =XX(2), -1l<z <1, -1<a<l,

X' (-1)=0,X"(1)=0. (1)
Ypasuenue (1) cogepxur npeobpazoBanue HHBOMONUE. [lapaMerp « yI0BIeTBODSIET YCJIOBUIO
—1 < a <1, dynknus ¢ (x) vHenpepbiBaa Ha orpeske [—1, 1]. Jlokazano cymecrBoBanne (yHK-
nuu ['puna kpaesoii 3a1aan (1). YeranoBaeHbl acuMITOTHYECKEE OeHKH (hyHKnu ['puna npu
GOMBIMUX 3HAYEHUSX CHEKTPAIBLHOTO mapamerpa. [Ipu moMomm 3Tux pe3yabTaToB JTOKA3AHBI
TEOPEMBI O PABHOCXOAMMOCTH PA3/JI0KEHUN 10 COOCTBEHHBIM (PYHKIUSIM CIEKTPAJIHHON 3a/1a9u

(1) ¢ pazoxkenneM 10 COOCTBEHHBIM (DYHKIMSIM CHEKTPAJILHON 331291
—X"(z)+aX"(—2) =X (2), -1l<z<1, —1l<a<]l,

X' (-1)=0, X' (1)=0.  (2)
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B pabore |1] uccienoBana crekrpasibhas 3ajada (2), KOTopas UMeeT JBe Cepuu cOOCTBEH-

HBIX 3HAYEHUN

M= (1+) (k43772 Mo =(1—a) k22, k=041, £2, ...
BoLno ycranojieHo, 94TO cucTeMa COOCTBEHHBIX (DYHKIUH BUJIA

{ Xy = sin(l + %)Wa:, 1=0,1,2,...; Xjo=cosknx, k=1,2,..; }

obpa3zyeT OpTOHOPMEUPOBaHHbIH Gasuc mpocrpancTa Lo(—1,1).
C momorpio Gyukiwn ['prHa MOXKHO HAKMCATD, pa3/IoKeHne Ipou3BoIbHOi dbynkmun f () u3
kiaacca Ly(—1,1) mo coberBennbIM DYHKIUAM CEKTpaIbHON 3amaan (5)..

SAMEYAHUE. Ecan gucio L_L—g HE SIBJISIETCS YETHBIM, TO BCEe COOCTBEHHbIE 3HAYEHUS O/I-
HOKPATHBL.

B koMIIeKCHOR p—ILTOCKOCTH PacCMOTPUM OKPY2KHOCTH

Cri, k=0,1,2,...; Cyo, k=1,2, ..., c OOIIUM IIEHTPOM B HaUaJe KOOPIUHAT:
Cii:lpl=vV1I+a(k+3)m+ 3 Crtlpl=v1—akr+ 3.

DTH OKPYKHOCTH He TIePeCeKaloTCsi M He TPOXOJIAT dYepe3 TOUKH py1 Pk, llpu
A = pPokpyxnocru Cy,Cho cooTBeTCTBeHHO Tepexoaar B oKpykHoCTH Ch1,Cla B A IJIOCKOCTH.
Hns moboit dyakuuu f (r) € Ly (—1.1) gacTudable CyMMbl pa3iokKeHHs MO COOCTBEHHBIM

DYHKIUAM CIeKTPaIbHON 3312491 (2) MOXKHO 3allUCATh B BHJIE

onlf) =2 [ (J Gt fwa) 2o

C‘"L —1

YacTHYHBIE CYMMBI Da3JIOXKeHHs 10 COGCTBEHHBIM (DYHKIUSAM CHeKTpasibHoil 3azadn (1)

0003HAYUM UYepes

S (f) = —3m T\ J Gl t. N)2pdp) F(2)dt

[MocaepoBaresnbuoctb Sy, (f) HA30BeM PABHOCXOJMIIMMCS € 1OCIEA0BATEILHOCTBIO 0y, (f)HA
npomexyrke—1 < x < 1, eciu S, — 0, — 0 PABHOMEPHO HA 3TOM MPOMENKYTKE MPU 1M — 0O.

Cdopmynupyem TeopeMy 0 paBHOCXOJTMMOCTH.

-« .
Teopema 1. Ecum uncio \/i7o He ABJIAETCA H€THBIM, TO Juis Jiioboii bynknun f(z) €

Ly (—1,1) nocienobarejibHocTb Sy, (f) paBHOCXOAUTCS € HOCI€H0BATEJIBHOCTBIO Oy (f) .

Teopema 2. FEciu gucio };—Z He SIBJISIeTCS Y€THBIM, TO CHCTeMa COOCTBEHHBIX (DYHKITHIH

criekTpaJibHoIl 3agaqn (1) obpasyer 6aszuc npocrparcrsa La(—1,1).
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Cdopmysupyem teopeMy 0 6a3UCHOCTH COOCTBEHHBIX (PYHKIMI B CaAMOCOLPSIZKEHHOM CJIY-

qac.

11—«
Teopema 3. Ecum gucjo Tra HE ABJISAE€TCA 9YeTHbIM U KOSd)d)HHHeHT q (I) YpaBHCHH:A

(3) BemecTBeHHAsT (BYHKIHSI, TO CHCTeMa COOCTBEHHBIX (BYHKIHIl crieKTpaabHoi 3azadn (1)

obpasyer oproHopMUPOBaHHbLH bazuc nupocrpancrsa Lo(—1,1).
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3  Maremaruieckoe Mojle/IMpOBaHUE U yPaBHEHUs] MaTeMaTU4ecKON (pu3uku

GREEN’S TENSOR OF MOTION EQUATIONS OF Two-COMPONENTS
B10T’S MEDIA AT STATIONARY OSCILLATION

E.B. KURMANOV

Institute of mathematics and mathematical modeling ESM RK, Almaty, Kazakhstan
E-mail: ergaly90@mail.ru,

The study of propagation and diffraction of seismic waves in rock mass requires
mathematical modeling such processes in geological structure with different physical properties
and for different type of seismic waves. Diffraction of seismic waves is more studied in isotropic
and anisotropic elastic media. But these models do not take into account many real properties
of the rock mass. These are, for example, porosity and presence of groundwater. Saturated with
liquid or gas porous medium, from the point of view of continuum mechanics, is essentially
a two-component continuous medium, one component of which is particles of liquid (gas),
other are solid elastic particles of the skeleton of a rock mass. There are various mathematical
models of the two-component medium, developed by different authors. The most famous of
them are the models of M. Biot [1], Ya. I. Frenkel [2], V. N. Nikolaevskiy [3|, L. P. Khoroshun
[4]. However, the class of solved tasks to them is very limited and mainly associated with
the study of particular solutions of these equations based in the classic domains by use the
variables separation methods and the theory of special functions. We mark here the school of
academician Kh.A. Rakhmatullin [5] and also the investigations of Kazakh mechanics school of
academician Zh. S. Erzhanov, which studied propagation of seismic waves in water saturated
media, their diffraction on circular tunnels and pipelines by use Biot’s model [6]. A variety of
multicomponent media, the complexity of processes associated with their deformation, lead to
a large difference in the methods of modelling and analysis of seismic problems in them. Here

we consider Biot’s equations

(A + ) grad div u® + pAu® + Q graddivu! + F (z,t) = p11ii® + proii

3.1
Q grad divu® + Rgrad divu/ + F/ (x,t) = proti® + pasiid | (3.1)

Here u®(x,t) is the displacement vector of the elastic skeleton, u/(z,¢) is the displacement,
vector of the fluid,x € R3®, ¢ is time. The constants pii, pi2, p22 have the dimension of a
density and are associated with the density with the mass density of a composing the skeleton

particles and fluid relationships:

P11 = (1 - m) Ps — P12,
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where m is the porosity of the medium. The connected density p;o associated with the variance
of the deviations of micro velocity of liquid particles in pores of the average flow velocity of the
fluid and depends on the geometry of the pores.

Here N is the dimension of the space (N =1,2,3). For a plane deformation N = 2, the
total spatial deformation corresponds to N = 3. The case N = 2 describes the processes of
propagation of waves in porous rods. Following solutions may be theoretically used for spaces
of higher dimension.

Constants A\, u are Lame’s parameters isotropic elastic skeleton, () and R characterize the

interaction of the skeleton with liquid on the basis of the Biot’s law for the stresses:

oy = (AViug + QVUy) 055 + N (Viu; + Vju),

(3.2)
o =—mp = RV, U, + QVyuy

We constructed Green’s tensor - the fundamental solutions of (1) by the action of

concentrated mass forces of the type:

F/ (z,t) =610 (z)e™™, 4,j=1,6,

where w is frequency of oscillation, which satisfies to radiation conditions at infinity. For
this the Fourier transformation of this tensor were used |7,8|.
On it base the generalized solutions of Biot’s medium have been constructed by the action

of arbitrary concentrated and distributed forces and sources of oscillations.

Funding: 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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THE METHOD OF HEAT POLYNOMIALS FOR THE SOLUTION OF
GYLINDRICAL FREE BOUNDARY PROBLEMS

S.N. KHARIN

Kazakh-British Technical University, Almaty, Kazakhstan

E-mail: staskharin@yahoo.com,

The method of the heat polynomials enables one to get an analytical solution of the Stefan
problem. This approach was successfully applied for the solution of the one- and two-phase
Stefan problems [1]-[2]. It can be extended also for the axisymmetric cylindrical problems in a
domain with a moving boundary.

1. The heat equation for a circle with moving boundary

Let us consider the problem for the dimensionless heat equation

00 9%0 100

—=—+-——, 0<r<e, O0<t<T 1
ot 87"2+7"87“’ =rsa (1)

with the boundary condition

TL

O(ct,t) i

n=0

(2)

Here t is the dimensionless Fourier criterion. The initial condition is omitted because the
domain degenerates into a point. The solution of this problem can be represented in the form

of the heat polynomials

n 22k . 2(n—k) tk

ZAR2n1rt ZA 4t"L{ } Z 'Y e ©

Satisfying the boundary condition (2) we get

ZA Rop1(ct,t) ZA Zﬂ WtR = 3 f(n)(o)t”. (4)

|
0 n:

Comparing the coefficients at similar order of ¢ we get the recurrent expression for the unknown
coefficients A,,.

It should be noted that this method is very useful for the small values of the Fourier
criterion t. In this case we can take an approximate solution not in the form of a series but as
a polynomial.

We can use also the another approach for the solution of this problem using the orthogonality
of the Laguerre polynomials. Any function f(¢) can be expanded into the power series with

respect to Laguerre polynomials

=> CuLn(t), Cn= /0 N e 'Ly (t)o(t)dt. (5)
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Thus, satisfying the solution 6(r,t) = > °° . A,(4¢)"L, [—ﬁ} the boundary condition
t

0
O(a(t),t) = f(t) we can expand the function ¢(t) = (4¢)"L, [— a )2} into series (5) and then
find the coefficients A,,.

2. Generalized heat equation

The method described above can be applied also for the generalized heat equation

00 %0  voe

—=—4+—-——, 0 t O0<t<T 6
ot 8r2+7’87” <7 <af), st<4 (6)

if we use the generalized Laguerre polynomials for the solution of the equation (6)

O(r,t) = f: CoRy(r,1),  Ruu(r,t) =nl(4t)"L\Y (—r?/4t), B= v ; L (7)
n=0
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TPAHC®OPMAHTA ®YPHE TEH30PA I'PUHA YPABHEHUI
HECBSI3AHHOM TEPMOYIIPYTIOCTHU B
I[TPOCTPAHCTBEHHO-O/IHOMEPHOM CJIYYHAE

H. ATHAKEEBA

Huacrnryr maremarnkn u MareMarndeckoro mogenupopaans KH MOH PK, Aimarsr,
Kazaxcran

E-mail: ainalain95@icloud.com

CrepzKHEBBIE KOHCTPYKIIUK MTUPOKO KCIOJB3YIOTCS B CTPOUTEILCTBE U MAIMMHOCTPOCHUH B Ka-
YECTBE OIOP MOCTOB, COEJUHUTEbHBIX U 11€PEJIATOYHBIX 3BEHBEB JIJI KOHCTPYKTUBHBIX 3JIeMeH-
TOB CAMBIX PA3HBIX MAIUH U MEXaHU3MOB. 33/1a91 JUHAMUKHA TEPMOYTIPYTUX CTEPyKHEN MOIeTH-
pyloTcd cucreMaMu JTudhepeHnuaaIbHbIX ypaBHeHUH CMEITaHHOTO THIIEPOOJI0-T1apaboInIecKoro
tuna. B gannoit pabote moydennbl n uccsrenoBanbl TpancdopmManTel Pypbe GpyHIaMEeHTAIbHBIX
peuieHuil ypaBHeHUIl HECBA3aHHOW TEPMOYLPYIrOCTU B IIPOCTPAHCTBEHHO-OJHOMEPHOM CJlyvae,
OIMCHIBAIONINE JIMTHAMUKY CTEpPyKHEH C y4eTOM WX TePMOYNPYTHX CBOMCTB MPHU TPOAOJIHHBIX

KOoJ1eDaHUgX.
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PaccmarpuBaercs repMoynpyruit crepzketb, KOTOPblil XapaKTepu3yeTcs JUHEHHOH 11J10THO-
CTBIO P,CKOPOCTHIO PACIIPOCTPAHEHHS YIIPYTHX BOJH B CTEPYKHE CH TEPMOYIPYTHUMH KOHCTAHTA-
mu 7y u k [1].Wcereayem mpomoibHble iepeMerieHnst cedenuii crepzkHs u (x,t) 1 TeMmepaTypHoe

noste 0 (x,t), KOTOpbIEe OMUCHIBAIOTCS CHCTEMOI THIIEPOOI0-TTIapadOINIeCKUX YPABHEHUN BUIA:

282ui 8211,

pc - pP
ox? ot?
Tepmoympyroe HapIsizKeHUe U(:E,t) B CTep:KHe OIMCLIBAETCSA COOTHOIeHHeM lioamens -

L0, + pF (2,8) = 0,050 — k™10, + Fy (2,8) = 0 (1)

Heilimanas

o(z,t) = pctu, — 0 (2)

3nech Fj - mpoosibHas KOMITOHEHTa BHEITHEll CHJIbl Ha e IMHUILY JnHbl; Fo(x,t) - Benndn-

HA, XapaKTepu3yIomas KOJUIEeCTBO BBIICICHHOIO TEIJIOBBIMUA HUCTOYHHKAMHUTEILIA Ha €JIUHHUILY

JIMHBL 32 €JIMHUIY BPEMEHN Uj p, = 2 1y, = 24 Uy = u, uy = 6. Tpedyercss mocTpouTh pe-
A i\ oy Bp 1,T oz ) Yt ot 0 Wl ) W2 -1 peoy p P
menne cucreMbl ypasaenuit (1) upu F) u Fy npuHajyexamnux Kiaccy o600meHHbx QyHKImi
meiennoro pocra S'(R?) ¢ mocuresnem {x € Rt > 0} [2].

Marpuna dysaamenTanbubix pemennit U (x,t) - 910 perenue cucreMsl ypapHenuii (1) npu
JefiCTBHE COCPEIOTOMEHHOTO UMILYJIBCHOrO HeTouHnKa F), = 0(2)d(t)d7, k, j = 1,2, yaosaeTso-
psitoliiee yCJIOBHSIM W3jaydenns. [jist ee ocTpoeHnst UCIOIb3yeM IpsMoe u obpaTHoe peodpa-
soBanue Pypbe 1o x, tobobmennbx dynkmumii. B npocrpancrse npeobpasosanuii Pypre U/

umMeeT BHUI:

i = H(E —ik™'w) +iF0] oy 0P —w?)
L Agw) AW

rie onpeneutens cuctembl A(E w) = (€2 — ik™'w)(c*€? — w?). PesyabTaTsl ncceaenoBanus

4, =1,2 (3)

JIeCTBUTEILHON U MHUMOM YacTH 3TONW MaTPHIILI, MIPEJACTABICHb B IPADUICCKOM BU/IE.
st mocTpoeHusi OPUTHHAJA, Y/IOBJIETBOPSIONIErO YCIOBUAM U3JYyUYEHUs, MOJYyYEHO TTPel-

crapenne U (€, w) B Buse:

i _ &7 (82 — ik~ \w) +i&7 6} 11 n
! 2 (A — Ag) XN -/’
. SI(c262 — 2 1 1
M=) (&€-M &N
rae \; = “CJ—;, Ay = iwk™! KopHE xapakrepucTudeckoro ypasuenns: A (£, w) = 0. Ilpea-

crapienue (6) MO3BOJISIET TOCTPOUTH OPUIHHA TEH30Dpa | puHa, UCIOJAb3Ys QyHIAMEHTAIbHBIE

peniennsd BOJTHOBOI'O YpaBHEHUAd, YPaBHEHHA TEIJIONIPOBOAHOCTH W DEryJAPU3aIUIO KO-

(w—&l-i()) ’
Topas sBJIgeTcsa npeodpasosanueM Pypre dbyukiun Xepucaiina H(t) [3].
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CymiecrBoBanue riaobaabHbIX penennii cucrembl Logyroa-Cynaranrasuna [1] qokassisansoch
MHOTHMY HCCIET0BATENAMH I8 Y3KUX KJIACCOB HAYATBHBIX (DYHKIHIM.

B moxiame paccMOTpeHa 3Ta CHCTEMA:

) ) —
ST =B-hfs=F

of Ofs _
e =

B obsactu @ = [0, 7] x[0,1], t € [0, T], x € [0, 1] c HAYATHPHBIMU U IEPHOTUIECKUMH YCJTOBUSAMHU:

fk<0,l') = @k(x)’ fk(ta O) = fk(ta 1>a k= 17_3 (2)

Mogmesb (1) ¢ HaYANbHO-IPAHUIHBIME YCJIOBAAME (2) 06J1a/1a6T OCHOBHBIMHU CBOHCTBAMHU 171
HesIMHeiHoro ypapHenus BosbiMama 1], Takumu Kak 3aKOHBI COXPAHEHHs] MACCHI, HMITYJIbCA H
H— reopewma.

Hauansnsie dbynkunn {¢y} Takue, 9ro
Sok(x) >O/\¢k’(x) € Wpl(G)mLoo(G)v kzla_37 I<p<oo (3)

¥ [IePHOJIAYECKHE.
Hns 3amaan (1)—(2) ucnosnb3yercss MeTO paciielieHus |2] u peleHust OnpeessiioTcs u3
CJIEJLYIOIHUX [IOJCUCTEM: »
B = (- iy =
nt1/2_ e _ o (4)

g

n+1/2_fn
3 3 — fm
= )
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n+1 n+1/2 n+1
1 —J1 8f

T , + Oz _07
n+1_ en+1/2
fz 7-2 — 07 (5)
f§L+1_ §1+1/2 B af;-kl o 0

T or

C HAYAJIBHO-IDAHUYHBIME YCJIOBUAME (2).
Teopema 1. Ilycrs nagaanmsie jganabie {@g(X)} yaosiaersopsior yeaosusiv (3), 10 st

pemrennst cucreMm (4)—(5) ¢ HaYAIBHO-TPAHHIHBIMHA YCJIOBHIME (2), CHPABEIIHBBI ONCHKH:

IVl o=l en—es @ V= A7 = A7

12 Sl 1= e s =T ©)

HZ B Nye Eh | +Te L2 >0, e = [Velley@)
k=1

3
gax || f92 ) kZ lor Il +Te j=1.2.¥p=2m, me N,

L ~1
F;Len:O,M,T<<2(Z !gpk HL —i—Tc)) , Vozgpl—%, (7)
k=1

JlokazaHna cjejyoniasi OCHOBHAsI
Teopema 2. Ecsn Hauagbable GYHKIHH YOBJIETBOPSIIOT YCJIOBHIO (3), TOIIA CYIECTBYET

eHHCTBEHHOE MOJIOKATEIbHOE pentenne 3agaqan  (1)—(2)
{fi} € W,(Q) N Lwe(G), Vp =2m

u oHO ynoBJaerBopsier cucreme (1) mourn seroay B QQ = [0,7] x G, VT < co.
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Paccemorpum muneitnoe ognoposnoe audepennuaibHoe ypaBHEHUE C YaCTHBIMU TTPOU3BO/I-

HBIMHU II€PBOI'O IIOPAdAKa

U <
90 2 puk( )yk_ + ank: =0 (1)
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e x9p < x < 400, kg > 0, —00 < Y1,...,Yp < +00, byukuuu pip(z), i = 1,....,n; k =
1,...,n; "MerOT HeNpepBIBHBIE YACTHBIE MMPOM3BOIHBIE ITEPBOTO MOPSIKA HA TPOMEXKYTKe To <

r < 4o00. Cnenyioniee nuddepennuaibHoe ypaBHEHHE C YaCTHBIMU IPOU3BOJIHLIMU IIEPBOTO

HopAIKa
% + ;pm(w)yk + 912, y1, - Yn) g—;+
St ipnk(x)yk—|—gn(x,y1,...,yn) % =0 (2)
k=1 n
Ha3bIBACTCA BO3MYINECHHBIM YpaBHEHUEM, Tae i (T, Y1, ..., Yn), ¢ = 1,...,n; Maable BO3MYIIe-

HUSI, KOTOPBIE YIOBIETBOPSIOT HEKOTOPOMY YCJIOBUIO MAJIOCTH.
Onpepenenne 1.Ec/in BLITOJIHAIOTC CJAEIYIONINE YCJIOBUS:
1) nuneiinoe omHopoaHOE M dDepeHInATHFHOe YDaBHEHNHE ¢ YACTHBIMHU TIPOM3BOAHBIME TIEPBOTO
nopska (1) mMeer wHTErpaJbHBIi 6A3KUC, KOTOPBIH CTPEMATCS K HYJIIO IPU Lo — +00,
2) BO3MYyIIEHHOE ypaBHEHHe (2), KOTOpoe MOJIyvIaercs: u3 ypaBHeHust (1) Ipu MAJBIX BO3MYIIE-
HUSX, UMEeT HHTerPaJIbHbIi 0a3UC, KOTOPbIH CTPEMATCH K HYJII0 IPU Ty — +00, TOI/Ia JUHEHHOe
onHOpOIHOEe MuddepenImanbHoe ypaBHEHHe ¢ YaCTHRIME TPOU3BOIHBIME MePBOro mopsiaka (1)
Ha3bIBACTCs aCUMITOTHYECKHA YCTOMYUBLIM IIPU Tg —> +00.
Teopema 1. Ecim smmeiitnoe ognopogHoe jgucggepeninaabuoe ypaBHeHHe ¢ 9aCTHBIMH HIPO-
H3BOJHBIMA HEePBOro nopsiika (1) m BosMmyueHaoe U PepeHInaabHoe yPaBHEHHE ¢ 4aCTHbI-
MH HPOU3BOJHBIMH TEPBOrO HOPsiAKa (2) YJAOBIETBODSIIOT CJEAVIOIe YCIOBHS: Dip(T),i =
1,...,n.k = 1,...,n; HeupeppIBHbIE JeHCTBATEIbHBIC (DYHKIHH, OHpEICJICHHBIE HA ITOJYOCH
I = [xg,+00), KpOME TOro BHIMOHSIIOTCS 1)-4):
(Dpr—1x-1(x) — pre(x) > ap(x), z € I, k=2,...,n.a > 0, p(z) € C(I),

€T
p(z) >0, q(z) = [ p(s)ds T +o0;

xo

(2) lim el —o £k i=1,2...,n k=12, n

e too  P(T)

(3) lim ﬁfpkk(s)ds =0k k=1,2,...,n, 5 <0;
xo

r—r+00
(4)g(x,y) = colon (g1(x, Y1,y Yn)s -+, Gn(T, Y1, - . ., Yn)) UMEET HEHPEPHIBHBIE YACTHBIE TIPOU3-
BOJIHBIE HA MHOXKECTBE Tog < & < 400, g > 0, —00 < y1,...,Y, < +00, gi(2,0,...,0) =0, i =

L...,n gz, y)]| < e@)|yll, 1151_1 o(x) = 0 Torga smueiinoe ogHopoaHOE JH(BOEPEHITHATD-
T—>1+00
HOe ypaBHEHHE ¢ YaCTHBIMH MPOH3BOJHBIMH MEPBOTO Mopsiika (1) acHMITOTHYECKH YCTOHIHBO

opu Xy — +00.
KaroueBbie cjioBa: ypaBHEHHE, YaCTHBIE ITPOU3BO/IHBIE TIEPBOIO MOPSIIKA,
2010 Mathematics Subject Classification: 35B35
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bucuMyviadium B YIIOPAJOYEHHBIX TMBPUJIHBIX CUCTEMAX

A.B. AMAHZKOJIOBAYe, B.II. KVJIIEIIOB2®

L2 Mesxnynapoamstii yaupepenTeT mH(OPMATHORHEIX Texro10ruit, Amnvars:, Kasaxcram

E-mail: “aabi@mail.ru, ®b.kulpeshov@iitu.kz

B HacTosiIeM JOKIa1e UCCAAYIOTCS BOIPOCH KOHETHOCTH GHCUMYJIAIMN (OTHOIICHU SKBHU-
BAJIEHTHOCTH) B YIIOPSAJOUEHHBIX MHOPUAHBIX cucTeMaX. Jloka3aHo 4To cJaabo O-MUHUMATbHBIE
FI/I6pI/I,ZLHbIe CUCTEMbI KOHEYHOI'O paHTI'a BbIIIYKJ/JIOCTH, UMEIOHIINE MaJIO€ YUCJIO CHeTHBIX MO,ZLeJIeﬁ,
JIONMYCKAIOT KOHEYHYIO OUCUMYJISATIHIO.

['ubpuanble cUCTEMBI — 3TO MaTeMaTHYeCKHe MOJIeIN CUCTeM YIpaBJIeHUsS, B KOTOPBIX
HeTrpepbIBHAS TUHAMUKA, TOPOXKIaeMast B KaxK/Iblii MOMEHT BpeMeHU OJTHON W3 alpUOPHO 3a1aH-
HOT'O Ha60pa HEIIPEPbLIBHBIX CUCTEM, IIepeMezKaeTCd ¢ JUCKPETHBIMHA OllepaludMu, I10Ja0ITUMA
KOMaH bl /OO HA MTHOBEHHOE IepeKJIF0YeHHe C OHON CHUCTeMbl Ha JPYryio, JubO Ha MTHO-
BEHHYIO TIePeCTPONKY ¢ 3aJlaHHBIX TEeKYIINX KOOPJWHAT Ha JPYTHe KOOPAWHATHI, JIMOO HA TO
U JIpyroe OJHOBPEeMeHHO. ['mOpuaHas JTUHAMUKA CHCTEMBl 3aKII0YaeTcsd B aJbTePHUPOBAHHON
KOMOUHAIMK HEIPEPBIBHON JIMHAMUKHU C JUCKpeTHON. HenpepbiBHas u jgucKpeTHas COCTABJIs-
omue CUCTEMbI MOT'YT BKJIIOYaTh HEKOTODPLIC IIapaMeTpPbl, BJAUAIONINE Ha IMOBEJCHHUE CHUCTEMDI.

['uOpuHbIe CUCTEMBI 9aCTO BCTPEYAIOTCS B PA3IMIHBIX TPUKIATHBIX 3a/1a9aX U3 TAKUX 00-
JacTeil 3HaAHWS, KAK aBTOMOOUJIECTPOEHHEe, aBUACTPOEHNEe, POOOTOTEXHUKA, ITEKTPOIHEPIeTHKA,
obecniedenne 06e3011aCHOTO JIBUKEHUSI B IPOCTPAHCTBE, Ha Cyle, Ha Bojxe u aAp. Maremarude-
CKasg MOJEeAb IMODPUIHON CHCTeMBbl BO3HMKAET KayKIbIHl pa3, Korja HeoOXOJNMO HCCIeI0BATH
B3aMMO/IefICTBHE CpeJibl, HEMPEPBIBHO M3MEHSIONIENcsS B COOTBETCTBUU € HEKOTOPBIMU (DU3W-
YEeCKMMU 3aKOHAMU, W YIPABISIONINX JEMEHTOB, CcPadATHIBAIONINX B JIUCKPETHBIE MOMEHTHI
BpEMEHU. HpI/IMepaMI/I TaKUX KOMIIJIEKCOB MOI'yT CJY2KHUTb 3JICKTPOHHBIC CUCTEMbl aBTOMaTHU1€e-
CKOTO YIIPABJICHUS CAMOJIETOM, JTHOO AaBTOMOOUIEM, CHCTEMbI ABTOMATUYECKOTO PEryTHPOBAHUST
TeMIIepaTyphl, BIaXKHOCTH B TOMEIEHUT U JIP.

B macTosmem mokiasie paccMaTpPUBAIOTC 33Ja9U JOCTHZKUMOCTH W BepubUKAUN s TH-
6pI/I,ZLHOIU/I CHUCTEMBI. Saﬂa‘{a AOCTUZKUMOCTH COCTOUT B ITIOCTPOCHHUHU MHOZKECTBa JOCTU2KUMOCTHU
FI/I6pI/I,ZLHOIU/I CUCTEMBI, COCTOAIIEM M3 BCEBO3MO2KHBIX COCTOAHMTI CUCTEMBbI, B KOTOPBIE€ MOZKHO
nepefiTé Tpu HOMOIIY COOTBETCTBYIONIErO JIOMYCTHMOTO YIPABISIONIETO BO3AeHCTBUSA U3 (DUK-
CHPOBAHHOTO B 33 ]AHHBIH HAYATBHBIA MOMEHT BPEMEHU COCTOSTHUST (MM MHOYKECTBA TAKOBBIX ).
K 3ajagam JI0CTHZKUMOCTH NPUMBIKAIOT 33/1a41 BePUPUKAIUU, B KOTOPBIX HEOOXOAUMO y3HATD,
MOZKET JIM aHAJU3UpyeMasi CHcTeMa monacth (Win, HaobopoT, He MONACTb) B OMHO W3 MPeITH-
caHHbIX cocTosinuil (zkenarepbubix” win "HexKegaTebHbX”). Takasi MOCTAHOBKA 3129l MOZKeT
OBITH 00YCJIOBIEHA, HAIPpUMED, MpodaeMamMu obecriedeHnst 6€30IaCHOCTH JIBUKEHUS B IPOCTPAH-
CTBeE.

BaxkabIM TI0/IX0/IOM K BOIPOCAM Pa3peniuMOCTH s aJTOPUTMOB BepuduKanum rudpu/i-

HBIX CHCTEM SBJISETCS MOCTPOCHUe DUCUMYJIANIH. BUCUMYIAE — 9TO (PaKTOP-IPOCTPAHCTBA
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C KOHEYHBIM YUCJIOM COCTOSIHUM, B KOTOPBIX CBOWCTBA JIOCTUKUMOCTU IKBUBAJIEHTHBI STUM K€
CBOMCTBAM B NEPBOHAYAILHONW THOPUIHON cucTeMe ¢ DECKOHEYHBIM YUCIOM cocTosinuii. Panee
B |1] ObLIK BBEJIEHBI O-MUHUMAJBHBIE TUOPH/HBIE CHCTEMBI, ABJISIONIHECS THOPUTHBIMU CUCTE-
MaMHU, ¥ KOTOPBIX COOTBETCTBYIONINE MHOXKECTBA SIBJISIIOTCS ONMPEICTUMBIMA B O-MUHAMAIHLHON
reopun. B HacTOsIIIEe BpeMsi JIAHHBIE CUCTEMBI SIBJISIIOTCA aKTUBHBIM O0BEKTOM UCC/IEI0BAHMS,
HaIpUMep, MPpHBEeIeM OIHY W3 MOCaeTHuX pabor [2].

Panr Beimyksoctu Beesien B |3]. Hamu jokazana coenyiomast reopema:

Teopema 1. Kaskgas ciabo o-MHHHMAJIbHAS THODHIHAS CHCTEMa KOHEIHOTO DAHIa BbI-

IYKJOCTH, HMEIOIIasi MaJjioe 9UCJI0 CYETHBIX MOJIeJIeH, 0MyCKaeT KOHEUHYI0 OHCHMYJISIHIO.
Funding: Bropoii asrop 66ut nogaep:kan KH MOH PK (rpant AP05132546).

KuroueBbie ciioBa: rubpuaHast CHCTEMa, ONCHMYJISINs, C1abas O-MAHIMAIbHOCTD, PAHT BBITYKIOCTH
2010 Mathematics Subject Classification: 68Q60, 68Q85, 03C64
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[3] Kulpeshov B.Sh. Weakly o-minimal structures and some of their properties, The Journal of Symbolic
Logic, 63: 4 (1998), 1511-1528.

OB OJTHOM MOJIEJIbHOMN 3AJTAYE ®PJIOPUHA B IIPOCTPAHCTBE
I'EJIBIEPA

KK, JIZKOBYJIAEBA

Mucruryr maremMaTnkn o MaTeMaTHIeCKOro Mogeanposanns, Anvarer, KazaxcraH,
Kazaxcknit HanmonapHBIH yHABEpCHTET aib-Papabu, Aixvmarel, Kazaxcran

FE-mail: zhanat-78@mail.ru

N3zy4vaercs mopenbHas AByxda3Hast 3a/1a49a, KOTOpas BO3HUKAET IIPH PeIeHnn HeJTMHeHOM
331491 JJIsi CUCTEMBI ITapaboimiecknXx ypapHennii. llcxoanast HesimHeiiHast 3a1a49a cO CBODOIHOI
rpanuieil Tuna @aopuHA OMUCHIBAET MpOolece (PUIBTPAINHA KUJIKOCTel U ra3oB B IHOPHCTOM
cpese. B mpoctpancTBe 'estbiepa JoKa3aHbl CyIIEeCTBOBAHUE, €IMHCTBEHHOCTh M KOIPIUTHBHBIE
OLIEHKU PELIeHUs.

Funding: Asropst 6butu nojzepxkanbt rpaarom No. AP05133898 MOH PK.

KuroueBbie cioBa: [lapabonndeckne ypaBHeHNs, KOIPIUTHBHBIE OEHKH, IpocTpaHcTBo [embaepa.

2010 Mathematics Subject Classification: 35K20, 35B45, 35B30, 35C15, 35R35.

O 'PAHUYHOMN 3AJTAYE J1JIsI YPABHEHUS TEILJIOIIPOBO/IHOCTU B
BECKOHEYHOWM OBJIACTHU
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Y Uncruryr Maremaruxu u Maremarnaeckoro Moxemuposanus, Anmarer, Kazaxcran

E-mail: ergaliev@math.kz

B 6eckoneunoit obnactu Gy = {Z,f| t > 0,—kit < & < kyt} paccMoTpeHO ypaBHeHHe
TeILIOIPOBOAHOCTH
up(Z,t) = uzz(Z,t) (1)
C OJHOPOAHBIMU I'DaHUYHBIMHA YCJIOBUAMMN:

u(x’ )|5C:—k1£ = a(‘%7 £)|§3:1€2£ = 07 (2)

rae ki > 0, ky > 0.

B pabore 0b110 mOKa3aHO, 9TO JAHHYIO 33JIa4y € TMOMOIIBIO0 HECKOJIBKHUX Ipeodpa3oBaHUit
MOXKHO CBECTH K 3ajade JiJIsi ypaBHeHHsl Temtonpooguoctu B obmactu G = {x,t| t > 0, 0 <
r <t}

u(x,t) = a’uge(z,t), x,t € G, (3)

w(x, t)]zmo = u(x,t)]z=t = 0, (4)

_ 1
e a = 7+
A g 3amaqn (3),(4) aBropaMu paboTh [3] GBLTO TOKA3aHO CYIIECTBOBAHUE HETPUBUATIHHOTO

penieHnnd 1 BUA 9TOrO pelleHud.
Taxxke B HacTogmeil paboTe OBLIN NMPHUBEICHBI U ATbLTEPHATUBHBIE NIPEOOPA3OBAHUS, OTUH
U3 KOTOPBIX - IMIOBOPOT oceil Ha HeoOXOTUMBIN yTOJI.

Funding: Asrops! Gbutn nojepxkanbl rpantom 0823 /T'®4 MOH PK.

KarouyeBbie cjioBa: ypaBHEHHE TEILIONPOBOJIHOCTH, OJHOPOIHAS IPAHUIHAS 3312494, HETPUBHATIHLHOE PEIIEHUE
2010 Mathematics Subject Classification: 35K02, 35K20
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MHCTI/ITyT MaTeMaTUKH 0 MaTeMaTu4iIeCKOIro MoJeJINpOBaHNuAd, AﬂMaTbI, KaSaXCTaH
E-mail: “kavokin _alex@yahoo.com, ®kulakhmetova@mail.ru
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B obuactu 2 = {0 < x < apt, 0 <t < T} paccmarpuBaercs Kpaepas 3aJada Jijisl ypaBHe-
HUA a 62
u 5, 0%u
— =a— + t 1
T ) )

C yCJIOBHAME Ha rpanurnax obsactu x = 0 u x = agpt
w(©0,t) = o(t),  ulaot,t) = ¥(t). (2)
Pemenne 3amaan (1)—(2) umercsa B Bujie HHTEIPATHHOIO MPECTABICHHSI
u(w,t) = ui(x, t) + W(x,t) + F(x,t), (3)

e up(z,t) — 9acTHOe pelleHre HAYaIbHO-KPAeBOR 33144 /I OHOPOAHOro ypasHenus (1) B
obnactu 0 < x < 0o, t > 0 mpu yemosusx u(x,0) = 0, u(0,t) = p(t), u(oco,t) = 0, W(z,t) -
TEIUIOBOM MOTEHIHA JABOMHOIO CJI0si OTHOCHTEILHO TIOJBHYKHOI IDAHUIbLL T = (gt C Heompeie-
aernoft mioTHocThO O(t) 1 F(x,t) — TenaoBoit 00beMHbIil TOTeHIa ¢ WIOTHOCTHIO f(x,1).
Ha ocnoBauum BToporo KpaeBoro ycjioBus B (2) u GopMysIbl cKadKa TOTEHIHAIA JBOHHOr0

caog 3a1a4a (1)—(2) IpUBOAUTCA K MHTErPATBHOMY YPABHEHUIO

0(t) = g(t) + /Ot K(t,7)0(r)dr, (4)

roe

01 o () e ()
g(t) = ui(apt, t) + F(aot,t) — (). (6)

Pemenne ypapaenus (4) CTpOUTCsI IO UTepaIMOHHON cxeMe [lukapa

Oo(t) = g(t), 0,(t) = g(t) +/0 K(t,7)0,_1(T)dT, n=1,2,.... (7)

[Ipobiema ypaBHeHusi (4), SIBASIIOIIASICS CJI€JCTBAEM BBIPOXKICHHsT 00JacTH ) B MOMEHT
t = 0, cocTOUT B TOM, 9TO limy;_,q f(f K(t,7)dr =1 # 0 . B pesyabraTe nuHTerpagibHoe ypaBHEHUE
(4) mamb dbopmasbHo oTHOCHTCsE K Tuity Bosbreppa 2-ro pona. Brepsbie stor dakt ormedeH B
[1]. B pabore [2] mokazaHo cyrmecTBoBaHHe COOCTBEHHBIX (DYHKIHUI WHTErPaJIbHOIO OllepaTopa
ypaBHeHus (4) W HCCJIEOBAHBI €r0 CHEKTPAJbHbIE CBOHCTBA. TeM He MeHee, JJisl JOCTATOTHO
MUPOKOTo Kiacca dbyHKiumil g(t) cylmecTByer penienue ypasHerus (4), IMerolee mpakTHIecKoe
HPHUJIOZKEHHE.

Onpenenenne 1. Baegem ¢ynxnuonannnsiii xiaacc Mg(0,T), k KoTopoMy oTHeceM Bce
renpepbiBabie pyukin h(t), t € (0,T), yaopaerpopsornue yciaouto |h(t)| < Apt®, re e > p.

Teopema 1. [Iycrs B uHTErpaibHoM ypapuenun (4) g(t) € M 1 (0,7T). Toraa nreparmoHHast
cxema Inkapa (7) exonmnrest k gyakmun 0(t) € My(0,T).

Teopema 2. [Tycrs ¢yukman o(t) n 1)(t) npuHagIeRAT KIACCY M% (0,7), a ¢Gyaknus

f(z,t) onpenenena B 3ampikanmn obactu §), HEIIPEPBIBHA B HEM 110 t U YJIOBJI€TBOPSIET YCIOBHIO
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TI'esibsiepa o x. Torja:
1) dyukmus g(t), onpenenennas poipazkeaneM (6), npuHALIERAT Kaaccy M 1 (0,7);
2) Bbipazkenue (3), B KOTOPOM ITOTHOCTH MOTEHI[HAJIa JBOHHOrO cios 0(t) ompemerena u3

ypasHeHus (4), siBysiercst perrenneM Kpaeoii 3agaqun (1) — (2).
Funding: Asropsi 6bu1u nogaepxkaunst rpanrom 5133/I'®@4 MOH PK

KirroueBble cjioBa: ypaBHEHUE TEIJIONPOBOILHOCTU B BbIPOXK/IEHHOM 00J1acTH, HHTErpasbHblil oneparop Bosb-

Teppa, meton [lmkapa
2010 Mathematics Subject Classification: 45D99, 35K20
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BOCCTAHOBJIEHUE HJIOH.[A,HEfI CEYEHUMN ITPOJOJIBHO
KOJIEBJIFOIIIETOCA CTEP2KHA 110 ETO YACTOTAM

K. MAJIIBAITYJIBI
PI'TI ma IIXB "HacturyT MeXaHUKH W MAIIHHOBEEHHS HMEHH AKaIeMUKa
V. A. JIxxomracoexoBa"KH MOH PK |
Agamarer, Kazaxcras.

E-mail: zhumabaymadibaiuly@gmail.com.

B monorpadun 1] mokasaHo, uro mas Haxoxaenus koaddunuenta A(x) gocTaTovuHO 3a-
JATh 1Be 6ECKOHEYHBIX MOCJAEI0BATCIBHOCTH COOCTBEHHBIX YACTOT IPOJOJBLHO KOJEOIIOIEerocs
crep:kHd. Kak H3BeCTHO, TPOIOIBHBIC KOJICOAHHS CTEPKHS OIACHIBAIOTCA TH(D(OEPEHIHATHHBIM

YPaBHEHUEM BTOPOTO MOPSIKA
!
(A(2)V'(2)) + w*A(x)v(x) = 0.
ITepBasi 1ocJie10BaTe/IbHOCTH COOCTBEHHBIX YACTOT IIPO/I0JIHLHO KOJIEOIIOIIEI0Cs CTEPKHS CO-

OTBETCTBYCT I'PaHUYIHBIM YCJIOBUAM

BTOpaH IIocjie 10BaTeJIbHOCTD COOCTBEHHBIX YaCTOT IIPpOJOJIBHO KOHG6JIIOHI€I‘OCH CTEP2KHA CO-

OTBETCTBYCT I'PaHNMYHBIM YCJIOBHUAM
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B ciyuae KycouHO-OJHOPOJHOIO CTEPXKHS, TO ecTh Korga dbyHkius A(x) sBiasercs KyCOuHO-
IOCTOSIHHOT, /115l BOCCTaHOBIeHHs A(Z) TOCTATOYHO JBYX KOHEUHBIX HAGOPOB COOCTBEHHBIX Ya-
cror [2]. OTMeTuM, 4T0 AJrOPUTM BOCCTAHOBJICHHs AHIepceHa Tpebyer UCIOIb30BAHIE H3BECT-
HOTO B TeOpHH (DYHKIMU KOMILIEKCHOTO mepeMenHoro aaropurma Illypa [3]. TlepBonavanbHoe
HazHadeHue ajsiropurma Illypa 3ak/iouaercd B TOM, 4TOObI HOJIYYUTh KPUTEPUU IPOBEPKHU YCJI0-
BUA

max |f(z)| <1,
max [(2)] <

riae f(z) - romomopduas dbyHKIHS.

B nokmnaze obcyzkmaercst ajJropuT™ BoccraHoBieHust GyHKunu A(z) mo IBYM KOHEYHBIM
HabopaM MPOIOJAbHBIX YacTOT. [Ipu 3TOM npejjiaraeMbiii aJrOpuT™M HE WCIOJIb3YeT aJrOpuTM
[Typa. IIpuBenensl YncaeHHble UTIOCTPATHBHBIE TPUMEDHI.

B zakmouennn BbIpazkaio 0JarogapHOCTh HAyIHOMY KOHCYJIbTaHTy mpodeccopy B.E. Kan-

I'y>KUHY 33 BHHMaHue K pabore.
KuaroueBrbie cjioBa: aaropuT™ BOCCTAHOBJICHH S, HAOOD MPOJOALHLIX YacToT, ajaroputMm [Ilypa.
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K BOIIPOCY OIIPEAEJIEHUS AJINHBI MATEPUAJIA B PYJIOHE
T.C. MYCTA®UH, B.B. CEPUKOB?®

Y Mezkrynapoablii yauBepcuTeT HHPOPMAIHOHHBIX TexHo iorui, Anmarsl, Kazaxcran
2 Kazaxckmit narmonaabablii yausepcurer umenn ajib-DPapabn, Amvarst, Kasaxcran

E-mail: “mustafintima@mail.ru, *bagdat@mail.ru

Jannas pabora OTHOCUTCS K 00JIaCTH OIpejie/ieHIs TeOMeTPUYECKUX 1apaMeTpoB 00beKTOB
oTpacJieil MPOMBINIIJIEHHOCTH, ITPOU3BOACTBEHHBIN MK KOTOPHIX COAEPKHUT HEOOXOJIMMOCTh B
U3MepeHNH JJTUHBI TOJOCH CKATaHHONW B PYJIOH MaTepHasa HA JUHUAX pacKpos mosockl. Oce-
Basl HAMOTKA T'MOKUX IUIOCKHX MaTepHaaoB (Gymara, MeTAJUIMYECKHH JINCT, TKAHb, ILJIEHKA H
T.JI.) TUPOKO IPUMEHsIeTCsl B MIPOMBIIIJIEHHOM HPOU3BOJACTBe. B 3aBucHMOCTH OT crienuduKu
TEXHOJIOTTYECKOT0 TPOIECCa U CUCTEMbI JIOTUCTUKH TP bABIIACTC psiJl TpeOOBAHUMA, OHUM W3
KOTOPBIX SIBJISIETCS OIpeJie/eHe JIJIMHbI HAMOTAHHOTO B PYJIOH Marepuasa. B cBga3u ¢ 3tuM u
yBEJTHUICHHEM TIOCTABOK PYJIOHHO cTasH, ¢jIadeil MeTasaa mo Macce pa3pabaTbiBAIOTCS CIOCOOBI
usMepenud AJIMHbI IIOJIOCBL B PYJIOHE, ABJAIOINUECA Ba2KHBIMHA JJIA Hpe,ZLHpI/IHTI/II'?'I MaIInHOCTPO-
NTEJIBbHOTO HpOCbI/IJIH 1Ipu peleHun 3ada49u OIITUMAJIBHOI'O paCKpOdA HpHMoyFOJIbHOﬁ IIOJIOCHI HA

MEHbIIHWE HIPAMOYI'OJIbHUKH.
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[Tocranoska 3aja4u. [Iycrb 00bekT, UMEIONUN BU/I 1IOJIOCHI IPAMOYT'OJIbHONH (DOPMbBI, CKaTaH
B PYJIOH IO OJHOI M3 CTOPOH NPSIMOYTOJbHUKA. [pebyercss onpenenTs JInHY | MOJOCH U3
JIETKO W3BJIEKaeMbIX TeOMeTPUIEeCKUX IMapaMeTPOB PYJIOHA.

O0BEKTOM PACCMOTPEHNUsST MOZKET OBITH JIF000I MaTepuas IPAMOYTOIbHON (POPMBI, TO3BOJIsI-
0Nl CKATHIBAHWE €r0 B PYJIOH MO OJHOW M3 CTOPOH MPSIMOYTOJTHHUKA.

Cy1ecTByeT HECKOJIBKO BAPUAHTOB MOCTAHOBOK ITOH 3a/1a49u JJIsl PYJIOHA TIOJTOCH TTPSMO-
YTOMBbHON (hOPMBI, CKATAHHON B PYJIOH MO OJHOW W3 CTOPOH MPSIMOYTOJBHUKA, B 3aBHCUMOCTH
OT XapakTepa HAMOTKH - ILJIOTHAS, HENJIOTHAS W MPOU3BOJIHHAS.

[To mepBBIM JBYM BapumaHTaM THIOB HAMOTKH W3BECTHBI DEIIEHWs, KOTOPbIE CBOISITCS K
U3BECTHBHIM (hOpMyJIaM OlpeJefeHus JIUHbI KJIACCHIeCKUX KPUBBIX - apXHMe/I0Ba CIUPAJIb U
norapudmuyeckast cnupass [1].

PaccMoTpuM KazKIblit BADHAHT HAMOTKH CHUPAJTH OTIETHHO.

1. [Trorras namorka. Byaem cauTarh cimpasbio TPAHUILY MEXKTY CJAOSIMU CBEPHYTOTO B Py-
JIOH MaTepuaia, TaK KaK BUTKH IOy 9aeMOil CIIUPAJIH BcerJa OyAyT HaXOAUThCS Ha OTMHAKOBOM
PACCTOSHUM NPYT OT APYTa, PAaBHOM TOJIIHHE MaTephaja, - apXuMeIoBa cnupaib. [Ipu mior-
HOW HAMOTKE U U3BECTHOHN TOJIIHUHE MOJOCH MATepUasia pacder JIMHBbI PYJIOHA MPOU3BOINTCS
110 hopMyIIe ONpeieseH s JIHHBI ADXUMeI0BOH crmpann [1].

Henocrarku: @opma cunpadin j1o/2kHa ObIThH O113Ka K popMe apXuMe 10Boit cuupaJsin, hop-
Ma 00OMHBI JTOIKHA ObITH OJIN3KA K OKPYKHOCTH.

2. Hemnornass namorka (paBHOMepHasi). [IycTh NPOMEKYTKH MEXKIy BUTKAMH DYJIOHA
HEOMHAKOBBI - BO3PACTAIOT OT BHYTPEHHUX BUTKOB K BHEITHUM I'pPaHunaM. B MaremMarnaeckom
CMBICJIE BUTKH BCE BPEMSsI PACMOJIATaIOTCsI O/ OJJHUM U TeM Ke YIJIOM K MPSIMOii, HCXOSTIeit n3
IEHTPa CIUPAJIH, - JorapudMudeckas coupaib [1]. Ecin HaMoTka paBHOMepHast, HO HEILIOTHASI,
MOXKHO TIOCYUTATH JIJIMHY UCXOJs W3 W3BECTHOTO YHCJIA BUTKOB M W3BECTHOH TOJIIUHE TOJIOCHI
MaTepuasa mo GhopmyJie onpeneseHus JIHHbL Jorapudmudeckoil cnupasau [1].

Henocrarkn: ®opma cmpann I01:KHA OBITH OJ1M3Ka K hpopme JorapudMIIecKoi CImpaiu,
dopma 606uHbBI J1017KHA OBITH GJIM3KAa K OKPYZKHOCTH.

3. HensBecrnast HaMoTKa (HepaBHOMepHast ). IJist 9TOT0 crydasi HPeJIJIo¥KeH Crocod ompejie-
JIEHUsI JJTMHBI MaTepruaja MpsMOyTOJIbHON (hOPMbI, CKATAHHOI B PYJIOH, JIOCTOMHCTBAMEH KOTO-
POTO SIBJISIIOTCST HAJTUIHNE JIETKOJIOCTYITHBIX TTPOIELY P U3MEPEHUsI, OTCYTCTBHE TPOMO3IKUAX OTIe-
panuii B3BeIIUBaHUs, MOBBIIIIEHNE HA/IEXKHOCTH ¥ TOYHOCTH, YIIPABJIeHNTEe MPOIECCOM TOYHOCTU
IpHU ONpeJle/IeHNH JTUHBI MaTepuaaa /s 33/1a9 ONTUMAIBHOTO PACKPOs MOJOCHI HA MEHBITHE

qaCTH.
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[Ipennaraercsa MoJeab MPOrHO3MPOBAHMS MPOIECCA TBEPIAEHUs 3aKJIaJI0YHOTO MACCHBA II0
JIAHHBIM HAOJIIOIEHHIT 34 TOKA3aTEeSIMI COCTOSHUN 3aKI1a09HOI0 MATEePUaJIa, BHIITOJIHEHHBIX B
ompejgeJeHable MOMEHTBI BDEMEHU.

[ess MoOJEIN - MOBBICUTH JOCTOBEPHOCTH MPOTHO30B M MOJIYYUTH CPEJCTBA, KOTOPHIE TI03-
BOJIAIOT 00Jiee TOYHO OIPEJICTUTH MPOTHO3UPYEMYIO TPACKTOPHUIO H3MEHEHHSI COCTOSHUSA 3aKJIa-
JIOYHOT'O MaTepHaJsa 110 HabopaM NPU3HAKOB COCTOSHHUS B OIpeaeeHHbIe MOMEHTHI BpPeMeHH.
Meroauka MOCTPOEHNsT MOJIEJM OCHOBaHA Ha pPe3yJbTaTax paclo3HaBaHHS 00Pa30B W MPOTHO-
3upoBanusd. [Ipumenenne paspaboTaHHOi MOAEN K PEIIEHNI0O KOHKPETHBIX 3a/a9 MPOrHO3a
HO3BOJISIET MCCJIE0BATH COCTOSHUE 3aKAaJ0UHOI0 MACCHBA 110 Mepe PAa3BUTHSA €r0 COCTOSHUS U
yCTaHABJIMBATH MOMEHT SKCILIYaTAIMOHHONR TOTOBHOCTH.

[Toctanoeka 3agaun. IIycTh 00BEKTOM PACCMOTPEHHS SIBJISETCS XUMUKO-TEXHOTOTHIKCKHUI
MPOIeCC, pacCMaTPUBAEMBbIil KaK MPOIECC Pa3BUTHUs COCTOSTHUS 00 beKTa BO BpeMmeHu. 1 pebyercs
OTIPEENTh KJIACC TPUHAIIEKHOCTH TPACKTOPUU W3MEHEHUST COCTOSTHUS.

Cy1imecTByeT HECKOJIBKO BapUAHTOB IIOCTAHOBOK W PEIIeHUi 9TO# 3a1a4u.

OOBeKTOM paccMOTPEHHS MOXKeT ObITh JII000H IPOIecC Pa3sBUTHSA, PACCMATPUBAEMbBII KakK
ITUHAMAYECKHH OODBEKT.

PaccmaTpuBaeTcsa BapuaHT IPOIECCa, IPH KOTOPOM HA0OP MapaMeTpOB COCTOSTHHIT MEHsIeTCsI

B 3aBUCUMOCTH OT MOMEHTA BpEMEHU H&6J’IIO,ZL€HI/IH 3a HHUM.
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PA3PEINIMMOCTb OJHON MOJIYIEPUOJUYECKON KPAEBON 3AJAUU
JJ1sl HEJIMHEMHOTO JU®®EPEHIIMAJIBHOIO YPABHEHMSI B YACTHBIX
IIPOU3BOJHBIX

H. OPYMBAEBA, ZK. HYPI'AJIMEBA
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Kaparanaunckuit rocynapcrBennbiit yuusepcurer umenu akajaemuka E.A.Bykerosa,
Kaparanma, Kazaxcran

OrumbayevaN@mail.ru

Ha © = [0, X] x [0,Y] paccmaTpuBaeTcs moJIyHepuoOIUIecKasi Kpaepas 3aj1a4a JJisi HeJld-

HeftHOrO JudPepeHnuajibHOr0 YypaBHEHUs C HPOU3BOJIbHBIMU (DYHKITUAMU

ek T w3+ Te) )
2(07 y) = <p(y), (2>
2(z,0) = z(z,Y), (3)

rie k = const, p(y) - 3anannas GyHknus 3asucamas y, a(x,y), f(x,y) - npou3BobHble (HyHK-
nun 3asucsnme ot r u y. B pabore G.B.Whitham [1] 6b1n paceMoTpensl ypaBHEHHsT COJeprKa-

e Ipon3BOJIbHBIE IMapaMeTPbl BU 1A

0%z B % %-i- 8z+ 0z
oxdy  Ox Oy  Ox oy

Takue YpaBHEHUA BCTPpEYalOTCA B HEKOTOPBIX 3aJa9aX XUMHAYECKON TEXHOJIOTUHN U XpoMOoTOI'pa-

kz

dbun. 3amena u = " B 3amaqe (1)-(3) npuBOAUT K JMHEHHON MOTYNEPHOIUIECKON KpaeBoil

saae
(’)Tgy = a(ﬂf,y)g—z + kf(z,y)u (4)

u(0,y) = "), (5)

w(z,0) = u(x,Y), (6)

(r,9) = 3 nu(z,y). (7)

B pabore [2]| 3anaua (4)-(6) uccaemoBanack Merogom napamerpusamnun [3]. B repmunax marpu-
bt ), (x, h), 3MeMeHTBl KOTOPO# ONpeessitorcs Yepes a(z, y) ObLIn yCTAHOBJIEHBI JOCTATOYHbBIE
VCJIOBHS OHO3HAUHOM paspermumocTs 3a1adn (4)-(6). B coobimennn necaeyioTes BOIPOCH
CylaieCTBOBaHud, € IMHCTBECHHOCTU DeIlleHud ,ZLaHHOIU/I 3aa4941 U CXOAUMOCTb aJIFOPpUTMa HaXO02K-
AeHNd €€ pelileHud. CHpaBe,ZL.HI/IBO yTBepKaeHune

Teopema. Ilycts npu mekoropom mare h > 0, Nh =Y N = 1,2, ..., yncja 10JcTaHOBOK
v,v = 1,2,... (N x N) - marpuna Q,(z,h), obparuma npu cex x € [0, X| u BbIHOTHSIOTCS
HEpaBEeHCTBA:

DIQu(, WM < 7 (, h),

2)as(o ) = SO S | <y

vl

J=1
e p = const, a(x) = max |la(z,y)||. Torma cymecrByer equrcTBeHHOE pemenne 3ajga4du (1)-

y€[0,Y]
(3).
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O HEJIOKAJIBHON KPAEBOMN SAIJAYE OJIAd YPABHEHMA CMEIIAHHOI'O
TUIIA C CUHTI'VJIAPHBIM KO®PUIIMEHTOM B HEOTPAHUYEHHOM
OBJIACTHN

M.X.PY3UNEB

Nucturyr Maremarukn AH PVY3., Tamkent, Y30ekucran E-mail:mruziev@mail.ru

IIycts D = DY U D™ UI - 06s1acTh KOMILIEKCHOI IJIOCKOCTY 2 = T + 1y, rae DT - nosyiwioc-
kocThb y > 0,D~ - KoHeuHas obJ/1acTh MOJIyIIockocT 3y < 0, OrpaHuYeHHasi XapaKTePUCTUKAME

AC u BC ypaBuenus

m m
signy |y|™ tpe + wyy — ol = 0,m > 0. (1)
Y
ucxomstmumu - w3 touek  A(—1,0), B(1,0) u orpeskom AB upsamoir y = 0, I =

(x,y): =1 <z <1l,y=0. Beegem o6oznaeuenns: I; = {(z,y) : —o0 < z < —1,y = 0},
L ={(z,y):1 <z < o0,y =0}
Bamaua A. Haiitu B obnactu D dbyukuuio u(z,y), yI0BIETBOPSIONLYIO CICIYIONUM YCII0-

BHAM:

1)
2)

3) u(x,y) sBasercs obobmeHubIM perienneM Kaacca Ry [1] (7/(x),v(z) € H upuuem 7/(z),

x,y) € C(D), e D=DUI, UACUBC U Iy;

u(
u(z,y) € C* (D) u ynosnersopser ypasaenuio (1) B obmactu DT

i v(T) HempepbIBHBI B TOUKe o = —1) ypasHenus (1) B obimactu D~

4) Ha WHTEpBAJIe BBIPOXKIEHHS UMEET MEeCTO YCJIOBHE COMPSIZKEHUs

Ipu4eM 3THU Ipeaesabl IIpU T — 1 MOI'YT UMETDb 0COOCHHOCTH HUKE €IMHUIIDI;

Institute of Mathemitics and Mathematical Modeling, Almaty, April 10, 2018



86 TpamgunuoHHAS MEXKJIYHAPOJHAS allpeJabcKas HaydHAas KOH(DepeHIHs, ToCBsIeHHas JHio
PabOTHHKOB HAYKH

5) BBIIIOJIHEHO thf u(z,y) =0,y >0, R? =22+ 4(m + 2) 2y™+2;
— 100

)
6) YJOBJIETBOPSIET KPAEBBIM YCJIOBHSIM
u(z,y)|y=0 = 7i(z), € I;; i = 1,2,

ulf, ()] = pu[fi(x)] + (1 = pu(z,0) + P(x),z € [-1,1],

7;(x), ¥(x) - 3ananubie dynknun, npuaem 7;(£1) = 0,7 = 1,2, (—1) = 0, p # 1 mocro-

anmas, fo(z) = 2 — (22 (1 + xo))miﬁ, O () = kfﬂl - z((m;?f]:gxo))miﬁ - adbdurce ToUeK
2%k

& m+2
nepecedenns xapakrepuctuku AC u kpupoit ACT : x — —(—y) 2 = —1,

m—+2
k = const > 1, tne C; € BC, ¢ XapakTepucTuKoil , ucxoigmieii u3 touku (xg,0), o €
(—=1,1).
BameTnM, 4TO Kpaesas 3aa4a Jiis ypaBHeHus (1) B KOHETHON 001aCTH HCCIeI0BaHA B PabO-
te [2|. B nanmoii pabore n3ydaercs Kpaepast 3a7ada ¢ aHATOrOM ycaosus Bunaaze-CamMapekoro

nist ypasrenus (1) B HeOpaHHIeHHOI 001aCTH.

KiroueBrnie ciaoBa: hyHKIMOHAJILHOE YPAaBHEHKE, €IMHCTBEHHOCTD PEIIeHKs, CYEeCTBOBAHHIE

pelreHus.
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O HEJIMHEMHOM 3AJIAYE CO CBOBOJIHOM T'PAHUIIEN C OIHUM
HEJIOKAJIbBHBIM YCJIOBUEM [JISI KBABUJIMHEMHOTO YPABHEHUS
AN®DY3UU
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B coBpemennoii Hayke HabJIIOIA€TCs OBBIIIEHHBIH HHTEPEC K MPOIEccaM, MPOUCXOJISIIIM B
HEJTMHEHHBIX CPelax. 3/eCh MOKHO YKA3aTh 33/a9U I'UPO- U ra30/InHAMUKHU, (DU3UKH I1J1a3MBbl,
TEOpUH XUMHYeCKHX peaknuii u Ap [1]. B ¢Ba3u ¢ moctaHoBKOil HOBBIX 33/a9 BO3HUKAET HEOO-
XOJIMMOCTD Pa3pabOTKH HOBBIX II0/IXO/J0B B UCCJIeI0BAHUN HEJHMHERHBIX 337139 MaTeMaTHIeCKO
buU3UKH, PEHIalIIUXCs ¢ ITOMOIII0 MaTeMaTHIeCKHX MojIesIeil IpolleccoB B HEJIMHEHHBIX CpeIax.
[Tpu rOoM MHOrMe M3 yKa3aHHBIX 3aJia4 /IS apaboIMiecKuX ypaBHEHUN HPUBOSTCH K Kpae-
BBIM 3aJ1a9aM cO ¢BOOOIHOM rpanuteii. Teopus kiraccuueckoit paspemmmMoctn 3anadn Credana
U JApyrux 3aja4d cO CBOOOIHBIMU I'DAHUINAMU JJId HapadOJIuIeCKUX yPaBHEHUH TOCTPOEHA.

B nacrosineit pabore n3yvdaercs HeJIMHEHHAsT HEJIOKAJIbHAA 3a/a49a CO CBOOOIHON rpaHuIeit

tuna PiopuHa J1j1d KBa3HIXHERHOrO IapadOJHIeCKOro ypaBHEHU .
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IlocTtanoBka 3amaum. Tpebyercs nHaiitu na Hekoropom orpeske 0 < t < T memnpe-
peiBHO Juddepentupyemast dyukmuo s(t), Takywo, aro s(0) = so > 0, 0 < §(t) < N,
s(t)—ymnosierBopsier ycaosuio Lembaepa, a dynaknus u(t, z) B obmactu D = {(t,z) : 0 < t <
T,0 <z < s(t)} yooBierBopsier ypaBHEHHIO

u(t, ) = a(ug )z, (t, ) + b(w)u,(t, z), (t,x) € D (1)

" CJIeaYIONIUM HadaJIbHBIM U I'DaHUYIHBIM YCJIOBUAM

w(0,2) = p(z), 0<z< s 2)
uy(t,0) =(t), 0<t<T, (3)
au(t,0) = u(t, s(t)), 0<t<T, (4)
ug(t,s(t)) =p, 0<t<T. (5)

B pabote 2] usyuena jokanbHas 3anada Credana, a B pabore [3]| usyuena 3agada Credana
C HEJIOKAJIBLHBIMA YCJIOBUSMH JIII TAKOTO YPABHCHUA.

HNcenemoBanue MpoBOAUTCA HO caeaytomeii cxeme. CHadaaa yCTaHABIMBAIOTCA HEKOTOPHIE
AIPUOPHBIE OIeHKU I pemteHuit $(t), u(f, x) u ux npoussoaabie. [lJisg 9TOr0 HOCTABIEHHYTO
samaay (1)-(5) cemem k sxBuBasenTHOH 3amade (Tuna Credana) mis bynkuumii s(t), u,(t, ).

O6oznaunm u,(t,x) = v(t, z). Torga u3 3amaun (1)-(5) moMyUNM CIEIYIONIYIO 32Ty

ve(t, 1) = a(V)vee(t, ) + a,(vV)v(t, z) - v (t, )+

+b(u)v(t, z) + b, (u) - v*(t,x), (t,x)€ D, (6)
v(0,2) = ¢'(x), 0<x < s, (7)
v(t,0) =¢(t), 0<t<T, (8)
v(t,s(t)=p, 0<t<T, (9)

5(t) = w%(t’ 0) — %%(t, s(t))+
+wb(u(t7 0)) — b(u(t, s(t))), 0<t<T. (10)

p
Jlajiee, Ha OCHOBE YCTAHOBJIEHHBIX OIEHOK UCCJIEAYeTCs TOBeJAeHne CBOOOAHOM IpaHuIbl, J10-

Ka3bIBaeTCd € JMHCTBEHHOCTH PeIllleHnd. N B nrore AO0Ka3bIBaeTCAd CyIIeCTBOBaHUE peIleHnd 110-

JIV9eHHBIH W MMepPBOHAYAJIBHOM 3aJ1a9d TMPH MOMOIIA MeTOJ0M HelmoJBHKHONW Touku [llaymepa
[3].
KuaoueBsie caoBa: 3anada PiiopuHa, HeU3BeCTHas IpaHuna, 3aaada CredaHa, €IMHCTBEH-

HOCTb pelieHud, CyneCTBOBaHue pelieHudg.
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PaccmoTpuM nosesienre TOHKON KPyroBoii BA3KOYIPYTO# IUIHHIPUIECKOi 000/10UKH, BHYT-
pU KOTOPOil € MOCTOSHHOW CKOPOCTHIO JIBUYKETCd HjeaTbHas YKUJIKOCTh. CKOPOCTH KUITKOCTU
paBHa U m mMeeT HaIpaBJIeHUe, COBNAAIONIee ¢ HapaBiaerneM ocu Of.

YpaBHeHUd JBUKeHUs OOOJIOYKH, MOJTYUYEeHHbIE B PAMKAX KJIACCHIECKHX TEOPUU 0O0TI0UEK

[1], ¢ yueToM HaTWUIHs BSI3KOYHPYTOrO OCHOBAHWSI, HMEIOT BHI:

«\ J 9%u 1—p 9%u 1+p 92w 1—p? 924 _
(1-R ){W 3o + 2k oeon T L1(W)p —pmE 5 =0,
_ Ry L% | 1opd?e | 14 9% _ e 9%
(1 R){R2892+ 2" oa2 T 3m awos T L2 (W) —ppgm =0,

D(1 — R*)V*w + Li(u, v, w) + ki (1 — *)w + ph%gf =q.

C momomipio MeTona ByOHoBa- ['alepkura MaTeMaTndeckas MOJIENb 33Ia9l CBOIUTCA K pe-
IIEHUIO CUCTEeMbl OOBIKHOBEHHBIX MHTEIPO-JAudpepeniinaibHblX ypaBHEHUIl, IJie He3aBUCUMOT
nepeMeHnHoil spjgercd Bpems. Perenue muTerpo-andepennuaibabiX YypaBHEHUN ompees-
I0TCd YUCJIEHHBIM MeTOJIOM, OCHOBAHHBIM HAa WCKJIIOUEHHH OCOOEHHOCTH B SJIpe pPeslaKcalluu
HHTErpajbHOrO omeparopa [2-4]. Pazpaboran BIYHCIUTEIBHBI aJTOPUTM, sl PEIeHHs 33144
JIMHAMMKHU BA3KOYIIPYTHX TPYyOOIPOBOJIOB ¢ npoTekamoliei kujkocru. Ha ocnose paszpadoran-
HOT'O BBIYUCJHUTETBHOI'O AJTOPUTMA CO3J/IaH KOMILIEKC MPUKJIAIHbIX IIPOrpaMM. UHCIEHHO UC-
CJIe/IOBAHO BJIUSHUE CUHTYISPHOCTH B dpaX HACJIEICTBEHHOCTH HA KoJeOaHMS KOHCTPYKITH,

00IaIATOMNX BA3ZKOYIPYTUMH CBOHCTBAMU.
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IIycTn R; — nostoBuHa 1 > (0 p—MEpPHOrO €BKJINA0BA IPOCTPAHCTBA TOUCK T = (X1, ..., Tp);
() — koHeuHas 00JIACTH B R; , OTpaHUYEHHAas TUIEePIOBEPXHOCTHIO [’ 1 yacThio 'y rumepiniocko-
—0-0 — pt
ctn x1 = 0; Q. = BRI\ (QUT).

Pacecmorpum B R;; SJUTANITAYECKOE YPaBHEHUE ¢ CHHTYISPHBIM KOI(DPUITHEHTOM

P 200
E Ug,;z; + —Uy = 07 (1)
i=1 1

e o — aefcTBUTEeNbHOEe Ynucao, npudeMm 0 < 2a < 1; p > 2.

Ucnonb3yst Bropoe dbyH1amenTanibHoe perenne ypapaenns (1) B Buge [1]

r2

2
Qo(x, &) = kyr®* Py 720 TR (g —a,l —a;2—2a;1 — T—)

rue kQ — HU3BE€CTHad IIOCTOAHHAA,
52 (517' 75]) Z ) 2 ($1+§1)2+Z(xi_€i)27
i=1 1=2

OIIpeIe UM MOTEHIIHA IBORHOTO C10si (hOPMYIOi

0= [ gonme e ar. )

3nech po(¢) € CO(T) — maorHOCTS, % Zcos (n,z;) 821_ — HOpMaJbHAas HPOM3BOIHAS,

n—BHEIIHsIsT HOPMaJIb K rpaunure [ HOTeHuHaJI ,ZLBOI/IHOFO caost (2) mpu ps(§) = 1 obosznaanm

qepes wi? (z).
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Horennunan w® (z) apasercs perynapubiv peienneM ypapuenus (1) B jo6oii obacru u3
RJr , He UMeIOIel O0IMX TOYeK HU C THIEePHOBEPXHOCTHIO [, HU ¢ runepriockoctbio x1 = (.
Horenmuan asoitnoro caog w'? (z) onpenener Bo BeeX TOYKAX MOTYIPOCTpaHcTBa T > 0.

Jlemma 1. Ecin ' — noBepxHocts JIamyHoBa, KoTOpast 0bpa3yer ¢ FrHIePILIOCKOCThIO X1 = ()

UpsAMOI yroJi, o

ko(z) — 1, z€Q,

9 3(]2550 2)
[ |22 i ar < B @)= o) -3, we,
k?ol’), ZL’EQe,

rje

P a7z
ko(x) = (1 — 2a)kawy~ 20‘/ (fc% +) (&~ fﬁi)2> dgT'y,
I 2

¢ = (&,...,&,); B - mocrosiamast.
Teopema 1. Ilorennnan gsoitroro ciaos w'® () mMeer Ipenessl IDH CTPEMICHHH TOYKH T
K Touke ¢ rumepmosepxnocta I mspme w msmyrpn. Ecmm npexen smavenmii w® (z) msmyTpn

2 2
0603HAYUTD Yepes wg )(3:), a mpeses m3BHe — qepes w! )(m), TO HMEIOT MECTO (hOPMYJIBI

WP (a) = — + / 112(€) o £, x)dT
wf () = 5+ [ € Ka(€,a)ar

e
Ka(6, 2) = 8% (@(&0)}, mlE) e o).

Jlemma 1 1 Teopema 1 npu p = 2 jgokaszanbl B [2].

KiroueBbie ciroBa: /LIUITHYECKOE YPABHEHHE ¢ CUHTYJIPHBIM Koaddbunuentom, pyHIaMeH-

TaJIbHOE pelreHre, BTOPOU MOTEHIAAJ JBOWHOTO CJI0.
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OCHOBOIl YHMCJIEHHOIO PeIleHHs] JUHEHHBIX M HEeJHHEHHbIX HHTErpo-auddepeHnuabHbIX
ypasuenuit (/1Y) Tuna Bosbreppa siBAsIFOTCS XOpPOITO pa3pabOTaHHbIE YHCJIEHHBIE METOJIbI.
Jng pemenunit naTerpaabHblXx u VLY mcmonab3yoTced pa3nudHble MeToqbl. Hampumep, mMeTon
HHTETrPaJIbHBIX U THIIA HHTErPAJBLHBIX IIpeoOpasoBanuit, Pyare-KyTra, yepepnenus, 3aMopazKu-
Bauust u gpyrue. B paborax [1-4] upemioxken 3bdeKTUBHBIH TOX0/ K YUCICHHOMY DEIICHUTO
cucTeM JIMHEHHBIX U HesmHeAHbIX /1Y co c1abo-CHHTYISPHBIMU SPaMU HACIEICTBEHHOCTH.
DTOT METOJ, OCHOBAH HAa COBMECTHOM paIlMOHAJHHOM HCIIO/IB30BAHUY PA3JIUIHBIX aHAJTUTHIE-
CKHX IPeoOpPa30BaHuil, MO3BOJIAIONINX CBECTU HMCXOIHBIE CHCTEMBI K CHCTEMe HHTErpaJbHBIX
YPaBHEHUI € PEryJIAPHBIMU SJIPAMU U YCTORYMUBOIO YUCJIEHHOI'O UHTEIPUPOBaHUst, oOeciednBa-
IOIIEro TOJIyYeHre PelieHns 3a/1a4 C BBICOKON CTeneHbio TOYHOCTU. B nannoit pabore Ha ocHoBe
HHTETrPaJbHBIX MOJIe/Iell, TOCTPOCHBI MaTeMaTHYECKIe MOJIEIN HeJTUHEHHBIX JTUHAMUAYCCKIX 3a-
Jiad TpyOOIIPOBOIOB, ¢ IPOTEKAIOIIHNX ra3o-Kkujakocreil. [loaydennnie nenuneitnsie /1Y B act-
HbIX [IPOU3BO/HBIX € HOMOIIbLIO MeTojia bybnoBa-l'ajsiepkuHa 11pu pacCMOTPEHHBIX I'DAHUYHBIX
YCJOBHSIX CBOJSTCS K PEITEHUIO CHCTEeM HeJnHefHbIX 00bIKHOBeHHBIX [1/1Y ¢ mocTosTHHBIME WJTH
epeMeHHbIMU KO3 pHIHeHTaMU OTHOCUTE/ILHO (DYHKIME BpeMenu. /[y uccienoBanus KoJe-
DaTe/ILHBIX IIPOLECCOB TPYOOIPOBOJIOB NpeIJIaraeTcss YUCJACHHBINR aJIrOpUTM pellleHne HeJTuHeit-
HBIX HHTEI'PO-uddpepeHnualibHbiX YpaBHeHuil ¢ CUHIYJISIPHbIMEU sjipamu. Ha ocHose paspa-
OOTAHHOTO BBIYUCIUTEIHLHOTO AJrOPUTMA CO3aH KOMILIEKC MTPUKJIAIHBIX TPOTPaMM. UUCIeHHO
HCCJIeIOBAHO BIUSHUE CUHTYJIAPHOCTH B 4/Ipax HACJIEJICTBEHHOCTH Ha KOJebaHusd KOHCTPYKITUIA,

008 TAIOMUX BA3ZKOYIPYTUME CBOHCTBAMU.
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