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THE EXPANSION OF A STRONGLY MINIMAL TORSION-FREE GROUP
BY UNARY PREDICATE AND THE INDEPENDENCE PROPERTY

ZHANAR ADILYM BeEkTUR BAIZHANOV?2?

'KAzAKH NATIONAL UNIVERSITY NAMED AFTER AL-FARABI, ALMATY, KAZAKHSTAN,
2INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELLING

®zhanaradill22@gmail.com, *baizhanov@math.kz

Theory T has the independence property (IP), if for some formula ¢(Z,y) in every model MM of T
for each n < w, there exists a family of tuples by, ..., by, such that for any subset I of n there exists
a tuple ay in 9 such that M = @(ay, b;) < i € 1. If there is no such formula, then T is said to have
non-independence property (NIP). Any o-minimal theory has NIP [2]. It follows from [3] and [1] that
any weakly o-minimal theory has NIP.

In the articles [1], [4] Macpherson- Marker - Steinhorn and Baizhanov proved weakly o-minimality
of the expansion of an o-minimal structure by unary convex predicate. Any strongly minimal group
is abelian and if it is torsion-free then it is divisible abelian group which has o-minimal ordering
expansion. Thus divisible abelian group expanded by unary predicate has NIP, if this predicate is
finite number of convex sets in o-minimal expansion of this group. In this case expanded divisible
abelian group has locally ordering (B. Baizhanov-Ye. Vassiliev).

In our report we present examples of expansion of a divisible abelian group by a new unary predicate
U' has Independence Property. In particular, we consider concrete expansions of < Q;=,+ > with
IP by unary predicate with using the 3-formulas in the form

m

90*(%91; e 7ym) = E|Z17 o ')ZTL(Z lizi + Zsjy] =z AN /\ eiU(zi) A /\ EJU(yJ))7
i=1 7j=1 i=1 j=1

where (l;)i<n € Z\ {0} and (s;j)j<m € Z \ {0} are fixed, 6 = (01,...,0n) € 2", v = (V1,.-.,7m) € 2",
and ¢; = -, if 6; = 0 and ¢; = empty place, if §; = 1; e; = =, if v; = 0 and ¢; = empty place, if v; = 1,
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TARSKI-VAUGHT TEST IN CONSTRUCTION OF COUNTABLE MODELS
BEKTUR BAIZHANOV, TaTyANA ZAMBARNAYA
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

baizhanov@math.kz, zambarnaya@math.kz

We consider small countable theories and present a method of construction of a countable model
which contains a given countable set and is minimal with respect to dowries. The method is based
on the Tarski—Vaught test and has useful applications in counting the number of countable non-
isomorphic models [1, 2].

Let 9 be a model of a theory T. A dowry (previously, finite diagram) of 91 is the collection of
all (-definable complete types that are realized in 9:

D) ={p € S(T) | M|= p}.

Theorem. Let MM = T be a model of a small countable complete theory T. Let B C M be
countable. Then there exists a countable model AP = A = T such that B C A and

1) all such ’s obtained by the given construction have the same dowry;

2) for every € =T with B C C, D() C D(€).

References

[1] A.A. Alibek, B.S. Baizhanov, T.S. Zambarnaya, Discrete order on a definable set and the number
of models // Mathematical Journal, 14:3 (2014), 5-13.

[2] B.Baizhanov, J.T.Baldwin, T. Zambarnaya, Finding 2% countable models for ordered theories //
Siberian Electronic Mathematical Reports, 15 (2018), 719-727.

EXPANSION OF WEAKLY O-MINIMAL GROUP BY BINARY PREDICATE
AND DEPENDENCE PROPERTY

SAYAN BAIZHANOV

A1L-FARABI KAZAKH NATIONAL UNIVERSITY
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELLING

sayan-5225Q@Qmail.ru

In present thesis the question of expasnion of weakly o-minimal group in dependent theories by
binary predicate is considered. Found a criteria for preserving of weak o-minimality group by binary
expansion.

Thesis is related to notion of weak o-minimality, deeply studied in [1]. Subset A of linearly ordered
structure M is called convez, if for any a,b € A and ¢ € M every time when a < ¢ < b we have
¢ € A. Linearly ordered structure M = (M,=,<,...) is called weakly o-minimal if every definable
(with parameters) subset of M is a finite union of convex sets in M.

The work is financially supported by the Ministry of Education and Science of the Republic of Kazakhstan (grant
AP05134992).
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Let 9t be a model of an arbitrary complete theory T of the signature 3. We say that sm; is an
expansion of M by type p € S1(M), if M} := (M;5]), where X} := {Ry,)(7) v € B}.

We say that E)ﬁz‘f admits uniformly representation of Z; -formulas by Y-formulas, if for any formula
¢(y) of X} there exists ¥-formula Ky(7,2), there exists @ € N \ M such that for any a € M the
following holds:

ME = ¢(a) <= EKy(a,a).

Theorem. Let M be a model of weakly o-minimal group theory of signature ¥. N is an
elementary extension of M, N = M. o € N\ M such that p = tp(«|M) is irrational. M} := (M;3T)
is an expansion of M by U?, such that it admits uniformly representation of X *-formulas by -
formulas. Then M™ preserves weakly o-minimality

Funding: The work is financially supported by the Ministry of Education and Science of the Republic of Kazakhstan
(AP05134992).
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ASSOCIATIVE-ADMISSIBLE ALGEBRAS
AskArR DZHUMADIL’DAEV
INSTITUTE OF MATHEMATICS, ACADEMY OF SCIENCES OF KAZAKHSTAN, ALMATY
dzhuma@hotmail.com

An algebra A is called Lie-admissible (LiA), if its minus algebra A7) = (A, [,]) is Lie, associative-
admissible (AsA) if its plus-algebra A = (4, {,}) is associative, < a,b,c >= 0, for any a,b,c € A,
where [a,b] = ab — ba,{a,b} = ab+ ba and < a,b,c >= {a,{b,c}} — {{a, b}, c}. Non-commutative
Lie algebra (NCL) is an algebra that satisfies Jacobi identity and all consequences of skew-symmetric
identity in degree 3. Let us introduce some classes of algebras.

Name of algebras identities
Reverse-associative revas=tj (tats) — (tsta)t1
Anti-reverse-associative arevas=ti(tat3) + (t3t2)t1

Left-weak- Leibniz lwlei=[t1, ta|ts — 2t1(tats) + 2to(t1ts)
Right-weak-Leibniz rwlei=tq[to, t3] — 2(t1ta)ts + 2(t1t3)te

Weak-Leibniz lwlei, rwlei
Non-commutative Lie (t1t2)ts + (tats)ts + (tst1)te,
=Two-sided Leibniz (t1ta + tat1)ts, revas

Theorem 1. Associative-admissible operad is Koszul and its dual is non-commutative Lie operad,
AsA' = NCL. Dimensions of multilinear parts of AsA in degree n is equal to

1+ d\"'( 1+a
1—2—22 do 1—x— 22
Let AsLiA = AsA N LieA be associative- and Lie-admissible operad. Then AsLiA is Koszul. Its

Koszul dual is reverse-associative and (one-sided) weak-Leibniz operad, AsLiA' = RevAs N LwLei.
Dimensions of multi-linear parts of AsLiA in degree n is equal to

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020
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Example. Let U = KJ[z] and a xb = ad(b) — 9(a)b + uab, for some u € U. Then (U,x) is
weak-Leibniz. It is associative-admissible and Lie-admissible.

Well known that if Leibniz algebra is simple, then it is Lie. Any Leibniz algebra is weak-Leibniz.
Our example shows that the class of weak Leibniz algebras contains simple algebras, that are not
Leibniz and not Lie.

Theorem 2. Weak Leibniz operad is self-dual, W Lei' = W Lei, but it is not Koszul.

Theorem 3. Reverse-asociative operad is Koszul and RevAs' = ARevAs. Let X be set of gen-
erators, F(X) free reverse-associative algebra, Com(X) free commutative algebra and ACom(X) free
anti-commutative algebra. Then F(X) =2 Com(X) + ACom(X) and Com(X) N ACom(X) = X.
In particular, dimensions of multi-linear parts of free reverse-associative algebra in degree n > 1 is
2(2n — 3)I.

ON PSEUDOFINITENESS OF ACYCLIC GRAPHS
NURLAN MARKHABATOV
NOVOSIBIRSK STATE TECHNICAL UNIVERSITY, NOVOSIBIRSK, RUSSIA

nur_24.08.93@Qmail.ru

We continue to study topological properties of various structures [3, 2, 3, 4]. In this paper, we
consider acyclic graphs.

Definition [6]. An infinite structure M is pseudofinite if every sentence true in M has a finite
model. If T'= Th(M) for pseudo-finite M then T is called pseudofinite as well.

Definition. A graph that contains no cycles is called an acyclic graph. A connected acyclic graph
is called a tree. Any graph without cycles is also called a forest so that the components of a forest are
trees.

Paths are trees. A tree is a path if and only if its maximum degree is 2. A ray in an infinite graph
is a semi-infinite simple path. If there is a path from the vertex a to the vertex b, then a is called
the ancestor (predecessor) of the vertex b, and b is called the descendant (successor) of the vertex a.
Moreover, if (a,b) € R, then a is called the true ancestor (father) of the vertex b, and b is the true
descendant (son) of the vertex a. A vertex without true descendants is called a leaf or pendant. It is
known that every nontrivial tree has at least two pendant vertices.

Definition [5]. For a fixed vertex a, the value e(a) = maxz{p(a, b)|b € M} is called the eccentricity
of the vertex a. The eccentricity of the vertex is equal to the distance from this vertex to the most
distant from it. The maximum among all the eccentricities of the vertices is called the diameter of
the graph G and is denoted by d(G) : d(G) = max{e(a)la € M}. The vertex a is called peripheral
if e(a) = d(G). The minimal eccentricity of the graph G is called its radius and is denoted by
r(G) : 7(G) = min{e(a)la € M}. The vertex a is called central if e(a) = r(G). The set of all central
vertices of a graph is called its center.

Let G be a tree. Its theory T'= Th(G) can be axiomatized in the language ¥ = {R} by sentences

i. Va(—=(a ~ a)) (not contain loops)

ii. VaVb(a ~ b= b ~ a) (edges are undirected).

Theorem 1. Let T be a pseudofinite theory of an acyclic graph with finitely many pendant
verteces. Then the following conditions hold:

(1) T has an even number of rays;

This research was partially supported by Committee of Science in Education and Science Ministry of the Republic
of Kazakhstan (Grant No. AP05132349).
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(2) each connected component of some model of T' has a pendant vertex or a vertex of dergee > 3.
Corollary. There is a theory T of acyclic graph which is not pseudofinite.

Theorem 2. Any theory T of an infinite acyclic graph (tree) of finite diameter is pseudofinite
with respect to acyclic graphs (trees).
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ON TOPOLOGIES AND RANKS FOR FAMILIES OF THEORIES
NURLAN MARKHABATOV, SERGEY SUDOPLATOV
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We continue to study structural and topological properties for families of theories [1, 2, 3, 4, 5, 6],
possibly incomplete, and generalize the notions of rank and degree that were defined before for families
of complete theories [7, 8, 9, 10, 11].

Definition [12]. A topological space is a pair (X, Q) consisting of a set X and a family O of open
subsets of X satisfying the following conditions:

(01) @ € O and X € O;

(02) If Uy € O and Uy € O then U NU, € O;

(03) If O’ C O then UO' € O.

Definition [12]. A topological space (X,0) is a Tp-space if for any pair of distinct elements
x1,x2 € X there is an open set U € O containing exactly one of these elements.

This research was partially supported by Committee of Science in Education and Science Ministry of the Republic
of Kazakhstan (Grant No. AP05132349, AP05132546), and the program of fundamental scientific researches of the SB
RAS No. I.1.1, project No. 0314-2019-0002.
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Definition [12]. A topological space (X,Q) is a Tj-space if for any pair of distinct elements
x1,x2 € X there is an open set U € O such that 1 € U and xzo ¢ U.

Definition [12]. A topological space (X, Q) is a T-space, or Hausdorff if for any pair of distinct
points x1,x2 € X there are open sets Uy, Us € O such that x1 € Uy, 2o € U, and Uy NUy = 2.

Definition. Let 7 be a family of first-order theories, (7,0) be a topological space with the
system of open sets 7, = {T" € T | ¢ € T'}. These open sets are called s-definable subfamilies of 7.

Theorem 1. 1. Any topological space (T, Q) is a Ty-space.

2. A family T forms a Ti-space if and only if T does not contain theories T and T" with T G T'.

3. A topological Ty -space (T, O) is Hausdorff if and only if for any distinct theories T, T’ € T there
are sentences ¢ € T, ¢ € T' such that the sentence ¢ A 1) is T -inconsistent.

Any boolean combination of s-definable subfamilies of 7 is reduced to unions of sets of form
T, N ﬁ Nn...N m, which, in general case, can not be written shorter. These boolean combinations
are called Bs-definable subfamilies of 7.

Below we define the rank RS and degree ds generalizing RS and ds and counting more adequate
complexity measures for families 7 of incomplete theories.

Definition. An infinite family 7 of (possibly incomplete) theories is called e-minimal if for any
sentence ¢ € X(T), T, is finite or T, = T \ 7T, is finite.

Definition. For the empty family 7 we put the rank RS(7) = —1, and for finite nonempty
families 7 we put RS(T) = 0.

For a family 7 and an ordinal a = 3+1 we put RS(7) > « if there are pairwise disjoint Bs-definable
subfamilies 7, of T, n € w, such that RS(7,) > 3, n € w.

If o is a limit ordinal then RS(7) > « if RS(7) > 3 for any 8 < a.

We set RS(T) = a if RS(T) > o and RS(T) # o+ 1.

If RS(T) > a for any a, we put RS(T) = .

A family T is called e-totally transcendental if RS(T) is an ordinal.

If T is e-totally transcendental, with RS(7) = a > 0, we define the degree ds(T) of T as the
maximal number of pairwise disjoint Bs-definable subfamilies 7; such that RS(T;) = a.

By the definition, if RS(7) = a then ds(7) € w \ {0}.

Proposition 1. A family T is e-minimal if and only if RS(T) = 1 and ds(T) = 1.

Definition (cf. [13, 14]). A theory T is called positive if T' is axiomatized by positive sentences,
i.e., sentences without symbols =, —.

Theorem 2. For any ordinal o and natural n # 0 there is a family T of positive theories such
that (RS(T),ds(T)) = (a,n).

Definition. Let a be an ordinal. A family 7 of RS-rank « is called a-minimal if for any sentence
v € X(T), RS(T,) < aor RS(T,) < a

Proposition 2. (1) A family T is 0-minimal if and only if T is a singleton.

(2) A family T is 1-minimal if and only if T is e-minimal.

(3) For any ordinal o a family T is @-minimal if and only if RS(T) = a and ds(T) = 1.
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SPECIAL GELFAND-DORFMAN ALGEBRAS AND NON-KOSZULITY OF
GELFAND-DORFMAN OPERAD

BAUYRZHAN SARTAYEV
SOBOLEV INSTITUTE OF MATHEMATICS, NOVOSIBIRSK, RUSSIA
baurjai@gmail.com

A linear space V with two binary operations o and [-, -] is called Gelfand—Dorfman algebra if o is
a Novikov algebra and [, -] is a Lie algebra and additional identity holds:

bola,c] =[a,boc]—[c,boa]+ [b,aloc—[b,c|oa,

where Novikov algebra is a linear space with bilinear operation o : A x A — A, which satisfies the
following identities:
(aob)oc—ao(boc)=(boa)oc—bo(aoc),
(aob)oc=(aoc)ob.

Denote by Pois the variety of all Poisson algebras, and let PoisDer stand for the variety of dif-
ferential Poisson algebras with a derivation d. In [1], we determined a functor from PoisDer to GD
corresponding to the following morphism of operads:

0 : GD — PoisDer,
x1 0 xg — x1d(x2),

[(L‘l, (L‘Q] — {.261, .CCQ}.
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Let us say that a GD-algebra A is special if there exists V' € Pois such that A is a subalgebra
of V),

Theorem 1. Let A be a special GD-algebra. Then every homomorphic image of A is special.
Therefore, the class of all special GD-algebras is a variety.

Theorem 2. Every 2-dimensional GD-algebra is special.

The variety of GD-algebras is defined by identities of degree 2 or 3. Therefore, the correspon-
ding operad is a quadratic one [2]. The Koszul dual operad GD' is generated by two operations
Y (x1,29) = 11 * 19 and vV (1, 22) = 1 * T2, Where

zxy=yx*xx, xx(yxz)=(r*xy)x*z,
i.e., * is associative and commutative,
(xxy)xz—xzx(yxz)=(r*2)xy —x*(2*Yy),

xx(y*z) =y*(x*2),
i.e., % is a right Novikov product, and

rx(yxz)=(z*xy)*z,

xx(y*z)+yx(rxz)=(x*xy)*z.
By using a method in [3] we proved the following theorem:

Theorem 3. The operad GD (and GD') is not Koszul.
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ONE THEOREM ON OMITTING TYPES IN INCOMPLETE THEORIES
Orzuas UMBETBAYEV

INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN;
KAZAKH-BRITISH TECHNICAL UNIVERSITY, ALMATY, KAZAKHSTAN

umbetbayev@math.kz

Let P := (py(xy) : n € w) and Q := (gn(yn) : n € w) be two sequences of non-isolated complete
types over an empty set in a small theory T of a signature X such that for every natural number n € w
there is a model 91, of T" such that for each i < n, 9M,, realizes p; and omits ¢;. We can assume that
the models 91, are pairwise non-isomorphic. Otherwise there is no subject for the next question.

Does there exist a model 9 of T', such that it realizes each type from P and omits each type from
Q?

We give a criterion characterizing omission of a countable set of types in an incomplete theory.

Each type ¢i(y;) can be represented as a strictly decreasing sequences of formulas {H; ,, : m € w}
such that T F Vy;(H;m+1(yi) = Him(yi)) and for each ¢(y;) € qi(y;) there exists m such that
T+ Vyi(Him(yi) = 0(yi))-

Let T be a logical closure of T'U |J pn(&,) in the signature 3(C) := X U {é, : n € w}. Denote by

new
To,n a logical closure of Top U |J p(¢;) in the signature X(C,) := X U {¢; : j < n}. Let T1 be a logical
j<n
closure of the following set:

To U {—=3yid(ys, ¢n) = (i, €n) is a formula of ¥(C) such that Fi € w, Ty F d(ys,én) — ¢i(yi) }-
Denote by 17 5,
To,n U {—3yio(yi, €n) formula of 3(Cy,) : 3i € w, Ty = (i, ) — qi(yi) }-
For every n,i € w we consider the following set of one-3(C;,)-formulas

Lhi i=A{0(i, en) : Fyi(¢(yi, en)) € T1n and Ty U{Vyi((yi, Cn) —
H; m(y;))} is consistent for each m € w}.

For each n,i,l,m € w we denote for I-th formula from I, ; the next ¥(C),)-sentence:
Sn,i,l,m(én) = vyz(d)l(yz’ En) — Hz,m(yz))

Theorem. Let theory T’ of the signature ¥(C) be a complete consistent extension of Ty. Then
there is a model of T' omitting all types from @ if and only if for every n,i € w, I'y; = () or for every
I < |Tp;| there exists m < w such that =Sy, ; 1 m(¢n) € T".
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ON DEFINABLE CLOSURE IN HRUSHOVSKI’'S STRONGLY MINIMAL
SETS

VikTorR VERBOVSKIY
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viktor.verbovskiy@Qgmail.com

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

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

The following results are joint with John Baldwin.

Theorem There is a Hrushovski’s example in which the definable closure of two independent
elements is not contained in the union of definable closures of each of these two elements: dcl(ay,az) #
del(aq) U dcl(ag) for any independent elements a; and as.

Theorem For any Hrushoski’s strongly minimal example if u(B, A) > 3 for any good pair (B, A)
with §(B) = 2, then dcl(aq,a2) = dcl(ay) U dcl(ag) for any independent elements a1 and as.

Theorem There is a Paolini’s example in which the definable closure of two independent elements
is not contained in the union of definable closures of each of these two elements: dcl(ay, az) # dcl(a;)U
dcl(ag) for any independent elements a; and as.
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BOITPOCHI CBOJANMOCTH 3AIIPOCOB BA3 JIAHHBIX HA/JL
ITIOYTN OMETA-KATEI'OPNYHON OBJIACTBIO OIIPEJAEJIEHUN A

B. ABJIBIPAIMOBAL, B.III. KYJIIIEIIIOB2?

MEXKJIYHAPOJIHBIT YVHUBEPCUTET MHOOPMAIIMOHHBIX TEXHOJOTUH, AJIMATHI, KA3AXCTAH
KABAXCTAHCKO-BPUTAHCKUN TEXHUYECKUN YHUBEPCUTET, AJIMATHI, KABAXCTAH
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B nmacrosmem noknamge ncciemyercs mpodbaeMa CBOAUMOCTH PACIITHPEHHBIX 3aIIpOCOB 6a3 JAaHHBIX K
OTPAHUIEHHBIM HAJT TIOUTH W-KATETOPUIHOH C1a00 O-MUHUMAJIBHONW 0DJIACThIO ONPEIETeHNUsI, TMEIOIIEit
PaHT BBITYKJI0CTH 1.

B peasiinonnoii Mozenn 6a3 panubix [1]-[2] cocrosinne 6a3bl JAHHBIX TTOHUMAETCS KaK KOHEJHAsT
COBOKYITHOCTE OTHOIIEHUI MEXKIy 3jeMeHTaMu. VMeHa OTHOIIEHWH B UX apHOCTH (PUKCHPYIOTCSI W Ha-
BBIBAIOTCS cxemoti 6a3vr dannoix. OTaenpHas nHGOPMAIUS, XPAHUMasd B OTHOIEHUSX JTAHHOW CXEMBI,
Ha3BLIBAETCS COCMOAHUEM 003bt 0annbix. XOTS PEJANHOHHbIe 0a3bl JaHHBIX ObLIM NPUIYMAHBI I KO-
HEUYHBIX COBOKYITHOCTEH HAHHBIX, 9acTO VA0DHO MPEANoIaraTh 4TO CYIECTBYeT OECKOHEUHAsT 00AGCM b
onpedeserus — HAIPUMED, [e/Ible WIN PAIlMOHAJIBHBIE YHCIa — TaK ITO 9JEMEHTHI JAHHBIX BHIOMPAIOT-
cs w3 91oit obsactn. OyHKIIMKM 1 OTHOIIIEHWS, OTIPEIeJIEHHbIE HA, BCell 06.1acTn onpeenenus (HanpuMep,
< # +) MOTYT OBITH TaKKe HCIOJB30BAHLI IpHU 3ampamuBannn. Hampumep, ecium B KadecTBe si3bIKA
3aIPOCOB UCIIOJIB3YETCH sI3bIK JIOTUKU MPEIUKATOB EPBOI0 MOPSIKA, TO 3alPOChl MOTYT HCIIOJIB30-
BaThb KaK OTHOIIEeHHS 0a3bl JAHHBIX, TAK W OTHOIIEHNsT 00JIACTH ONPEIe/IeHHs, IIPH STOM epeMeHHbIe
M3MEHSIFOTCST Ha, BCEH 00JIaCTU OIIPeJIe/IeHUSs.

Ilycts M — GeckoneuHnasi cTpyKTypa curHarypbl L. 3jech Mbl paccCMaTpUBAaeM YIODsiIOYeHHbBIE
CTPYKTYPBI. DT0 03Ha4aeT, uro L BKIHOUaeT OMHAPHBIN PEJISIIUOHHBIN CUMBOJI <, MHTEPIPETAIUS KO-
TOpOTO B M yIOBJIETBOPSET aKCHOMaM JIMHEHHOTO MOPSIIKA.

Mpu1 pukcupyem cxemy 6asbl garabix SC' 1 BBOJUM CJeAYONMEe 0D03HAUCHMS:

Ly = {<},L/ = Lg USC,L” =LUSC.

MpbI paccMaTpUBaeM JIBa A3bIKA, sl 3AMPAITUBAHNSA. 3AMPOCH TIEPBOTO sI3bIKA, €CTh (DOPMYJIbI CUT-
HATyphl L' — MBI Ha3bIBAEM X 0ZPAHUMEHHbLMU, 3ATPOCHI BTOPOTO A3bIKA €CTh (POPMYJ/IBl CUTHATYPbI
L” — Mbl Ha3bIBaeM UX PaACUUPEHHDIMU.

3ampoc HA3BIBAETCS 26HEPUUECKUM, ECTTH OH COXPAHSIETCST OTHOCUTETHHO TIEPEeCTAHOBOK YHUBEPCYMA,
M, COXpaHSIOIIErO MOPSIOK.

k-apHbIit 3aTpoc O HA3BIBAETCS A0KAABHO 2EHEPUHECKUM HAO0 KOHCYHLMU COCTNOAHUAMY, €CJTH a € ©
TOryIa U TOJABKO Toraa Korga ¢(a) € O(¢(s)) mas mwboro gacrnunoro <-uzomopdusma ¢ : X — M,
rme X C M, nast 11060100 KOHEIHOTO cocTosuus s Haa X u g Jodboro k-xoprexa a B X.

Bynem ropoputk uro mosrast reopust T umeer Ceoticmeo Hsoasuyuu, eciin CyIMecTBYeT KapIuHal
A Takoit, ITO JIsd JI060TO TMCeBI0-KOHETHOTO MHOXKECTBa A ¥ JId JI0O0TO 97IeMEHTa G MOJIETH TEOPUN
T cymectByer Ag C A Takoe, uto |Ag| < A u tp(a/Ap) m3ommpyer tp(a/A).

B pabote |3] 6pL1a ycraHoB/IeHA CIEIyOIAad TeOpeMa:

Teopema 1.

Hpegmonoxum aro Teopust nepBoro mnopsigka crpykrypbel M mveer CpoiictBo Mzonsmuu. Ilycrs
PAaCIITHpeHHbIH 3a1poc © SABIAETCS JOKAIBHO TeHEepHIeCKUM Haj KOHEYHBIMHU cocTosausvu. Torma ©

IKBHUBAJICHTECH Ha/Jl KOHCYHbIMU COCTOAHUAMUA OI'DAHUICHHOMY 3aIlIDOCY.

Onpenenenne 2. (4], [5]

Bropoii aBrop 611 nogaepkan rpanrom Munucrepcrsa o6pazosanus u nayku Pecny6iuku Kazaxcran (AP05134992)
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Iycrs p1(x1),...,pn(zn) € S1(T). Tun q(xq,...,2,) € S(T) naspiBaercs (pi,...,Pp)-THIOM,

n
ecim  q(z1,...,2n) 2 U pi(x;). Muoxecrso Bcex (pi,...,pn)-Turnos teopun T oboznauaercs ue-
=1

pes Sp,....pn(T). Cuernas reopust T Ha3pIBAETCH MOYTU W-KATETOPUYHON, €CJH /I JIIOOBIX THIIOB
p1(z1), ..., pn(zn) € S(T) cymecrByer Jimie KoHEYHOE IUCI0 THIOB (X1, ..., %n) € Sy, p, (T).

Hacrosammit mokman KacaeTcd HOHATHS CAGOOT 0-MUHUMAADHOCTIU, TTEPBOHAYAILHO TJIYOOKO HCCe-
nosantoro B [6]. IogmuoxkecTBo A JIMHERHO yIIOPs0UEHHON CTPYKTYPbl M Ha3bIBAECTCSH 6OINYKADIM,
ecsIl It JTI0ObIX a,b € A u ¢ € M Beakuit pa3 Korma a < ¢ < b Mbl uMeeM ¢ € A.

Caab0 0-MUHUMAABHOT CIPYKIMYPOT HA3BIBACTCA JUHEHHO yIopsigodeHnas crpykrypa M = (M, =
,<,...) Takasg, 4TO JI06oe ompeaesuMoe (¢ mapaMeTpaMu) MOJAMHOXKECTBO CTPYKTYpbl M aBjsercs
obbeanHeHreM KOHEYHOTO YUC/Ia BBIMYKIBIX MHOXKecTB B M. Bemomunm uto takasa crpykrypa M na-
3BIBAETCS O-MUHUMAALHOT, €CTTH KaXKJI0€ OMpeeuMoe (¢ TTapaMeTpaMu) MOAMHOKECTBO CTPYKTYPbI
M aBnrsercsa oObequHEHNEM KOHEUHOTO UNCIa WHTEpBaaoB n Todek B M. Takum obpaszom, caabdast o-
MHHHEMAJIbLHOCTD IBJIACTCA 0O00MIeHIeM O-MIHIMAJILHOCTH. BelecTBeHHo 3aMKHY THIE TI0JId ¢ COOCTBEH-
HBIM BBIIYKJIBIM KOJIBIIOM HOPMHPOBAHUS OOECIIEYUBAIOT BAXKHBIH puMep C1ab0 0O-MUHUMAIBHBIX (HE
O-MUHUMAJIBHBIX) CTPYKTYD.

Panr BeimykiocTa dhopMysIbl ¢ 0HON ¢cBOOOMHOI epeMerHO BBeIeH B [7]. B wacrrocTH, cirabo o-
MUHUMAJIbHAS TEOPUST UMEET PaHz 8bNYkA0cmuy 1, eCiiu He CYIIEeCTBYET MapaMeTPUIeCKy OMPEIeTUMOTO
OTHOIIEHHUSI SKBUBAJEHTHOCTH ¢ OECKOHETHBIM UHUC/IOM OECKOHEYHBIX BBITYKJIBIX KJIACCOB.

Hamu noxaszama cienyromast Teopema:

Teopema 3.

Hycto T — noyrn w-gareropudHasi cj1abo o-MHHAMAaJIbHas Teopust paHra Beiaykaocta 1. Torma T
umeer CpoiicrBo Hzossiin.

Caencrsue 4.

Ilycre T — nmoutm w-xareropuynas caabo O-MUHHMAJIbHAsS Teopus panra soirykaocru 1. Torma
KaKJbIHl pacIIIperHbIl 3a1IpOC, IBASIIONIALICS JIOKAJIbHO TeHEPUIECKAM HaJ] KOHEIHBIMH COCTOSTHUSIMH,
SKBUBAJICHTEH HA/ KOHEYHBIMH COCTOIHHSIMU OTPAHHICHHOMY 3aIIPOCY.
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B cepun pabor [1]-[7] n3yganuce Tonosornaeckne CBOWCTBA ceMeilcTB Teopuil. Beln BBEIEHBI TT0-
watusg P-omeparopa u F-omeparopa, MO3BOJISIIONNE U3Yy9aTh CBI3M MEXKY TEOPUSIMU OTHOCUTEIBHO
MOIXOJIAIINX ONEPATOPOB 3aMbIKAHUs. DTHU OTEPATOPHI JAIT BO3MOXKHOCTD MTOPOXKIATH HOBBIE TEOPUU
MTOCPEJICTBOM PACCMATPUBAEMBIX CEMENCTB TEOPUii, & TAKXKe HAXOJIUTH B HEKOTOPBIX CIyJasx MUHU-
MaJIbHbIE WJIM HAMMEHBIITNE [TOPOXK/IAOIINE MHOKECTBA.

Jannoe uccrenoBanue ObLIO NPOJOXKEHO B coBMecTHbIX paborax Kysnemosa B.II. u Cynoria-
toa C.B. |8]-|10]| anst cemeiicTB ynopsii0€MeHHLIX TEOPHil, B TOM HYHCJIE U I CEMEHCTB BIIOJIHE O-
MUHHMAJBHBIX Teopuii. OTMeruM, uro B pabore [11] Takke paccMaTpuBauCh KOMOMHAIIUN CTPYKTYP
B BUJIE UX ITPOU3BEICHWTIA.

B nacrosiiiem moksazne uccaenyorcs F-kKoMOMHAIIMM CYETHOTO YHCJIa CUYETHO KATETOPUYHBIX JIH-
HEWHO YIOPAIOYEeHHBIX CTPYKTYP YHUCTOTO JUHEHHOTO mopdika. Haiimen Kpurepuili CUETHON KaTero-
puunoctu E-KoMOWHAIIMK CYETHOTO YHUC/Ia KOIMUN NPOU3BOJIBHOTO CYETHO KATETOPUYHOIO JIMHEHHOTO
mopsinka. B KauecTBe CIeCTBUS MOJLYIEHO OMUCAHNE CUETHOTO CIEKTPa TaKOH KOMOWHATIIH.

Berony 31eck Mbl OyjieM paccMaTpuBaTh JUHEHHO YIIOPSI0UEHHBIE CTPYKTYDbI, T.€. CTPYKTYPHI si3bI-
Ka, COepKaIero OUHAPHBIN CUMBOJI <, KOTOPBIH YAOBJIETBOPAET aKCHOMAaM JWHEHHOTO nopsaka. Jlu-
HeHO yIOpAI0UeHHbIE CTPYKTYPbI B curHarype {<} (CTpyKTypbl 9ucToro JUHEHHOro mopsaKa) 6ymiem
HA3LIBATH KPATKO AUHETHBMU NOPATKAMU.

[Iycrs M; — sumeiino ynopsjouenHas CTPYKTypa CUrHATYPBI {<,X;} mig Kaxmoro i < w, rue
>); He CONEPXKUT BBIJEJEHHBIX KOHCTAHT. Bymem o6o3nauarh uepes dclf/[i () MHOXKECTBO 3JIEMEHTOB
crpyKTypel M;, sBisonmxcs (-onpe e/ MMbIMI OTHOIIEHHEM TTOPSIIKA <, -

Bynem rosoputs uto M = <Ui€w M;: <, %, E?, C};>k<>\i,iew — AUHETHO Ynopadouennas nenepece-
Karowaaca E-xombunayus (nm npocro E-xombunayus) crpykryp M;, ecnn ¥ = UjeoX;, {ck | k <
Ai} C dcl@i(@) JLJIST HEKOTOPOTO OpAuHaga A;; nubo M; < M,,, mbo M,, < M; nns aobeix [, m € w,
u E — oTHOIIeHne 3KBUBaJEHTHOCTH, paszbusatomee M T Ha BHITYKJIble KIACCH, TAK UTO IS JTI000TO
a € Mt E(a, M%) = M; nna Hekotoporo i < w.

Takum 00pazoM, MbI BKIIOYAEM B CHTHATYPY IPOU3BOIbHON F-kombuuanuu ctpykryp M;, ¢ € w,
BCe 3JIEMEHTHI, JIeXKAIINe B dcl@i((/)) JUTst KaXKJI0ro @ € w, T.e. eciu My u Ms — u3omopdHbIe KOmuu
OnHOM u TOM ke crpykTypbl M, koTOpas mmeer \ sjuementos, nexamux B dely (0) ans mHexoroporo
opAmHAJIa A, TO B curHarypy F-xomOumHammu or crpykTyp M1 u My 6ynyT BKIIOYEHBI 2\ 9JIEMEHTOB.

3/ech MBI HHTEPECYEMCST BOITPOCAMH COXPAHEHUS TEX WJIM UHBIX CBOMCTB MIEPBOHAYAIBHBIX CTPYKTYD
B ux F-xombunaruu. Hanpumep, ecim Bce M; aBiaioTcs No-KaTerOPUIHBIMU, TO MPU KAKUX YCIOBUIX
sJIeMEHTAPHAST TEOPUs TPOU3BOJIbHON F-KOMOWHAIINY 3TUX CTPYKTYp Oyaer TakKe No-KaTeropuaHoi?
Boawmoxkno ociabienne ycaoBusi: KOraa Takag KomMOmHANMA Oymer 3perdoiixToBOM nin Koraa oHa 0ymer
UMEeTh MAKCUMAJIbHBIN CUeTHBIH CrieKTp?

OueBumro uro ecim M — Ng-KaTeropmuHasi JUHENHO yHIOPSIOYEHHAS CTPYKTYpPa € HETYCThIM
dely;(0), m MBI paccMaTpuBaeM HpOM3BOJIBHYH E-koMOuHAIMIO w-Kommit cTpyKTypsl M, To corsac-
Ho onpesenenuto E-kombunanuu dcly+ () 6yger Geckonednbiv, orkysa moaydaem, uro Th(M™) ne
siBjiteTcsi No-Kareropuunoit. Takxke ecjim Mbl pacCMaTPUBAEM CUETHOE YUCTIO TTOMAPHO HEN30MOPGMHBIX

HccenoBannsa nopaepKanbl rpanToM Munucrepcrsa obpasosanns u nayku Pecuy6iukn Kazaxcran (AP(05132546)
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No-KaTeropuaHbIx JUHEHHBIX mopsaakoB M;, ¢ € w, To awbas E-koMbuHalns TUX CTPYKTYp Oyier
3aBeoMO He Ng-KaTeropudHOil.

ITpennoxkenume.

IIycres M — Wo-KaTeropudnsrii uHEAHbE Dopsaaok, M+ — jmHelHO yHopsnodeHHas HeIepeceKa-
romasicss E-xkombunanus w xormii crpykrypsr M. Tpeanonoxum aro dely(0) # 0. Torma Th(M™)
umeer 2% cYeTHBIX MOJeseH.

Hamu pnoxasama ciaenyromast Teopema:

Teopema.

IIycts M — No-kareropudnplit uHeiinpli mopsgox, M — juHeitno yrnopsiodeHHas HelepeceKa-
rommasicst B-xkombunanus w konuii ctpykTypel M. Torga uMeeT MEcTo caeayroIree:
(1) Th(M™) — Rg-kareropuuna toraa u Toabko torga, korga dely(0) = 0 u (M1/E, <jna) — No-
KaTeropmyna, rie <;n,q — HHIYIIHPOBaHHBIH IHopsaaoK Ha E-xmaccax B M.
(2) Eciu Th(M™) ne apaserca No-xkareropuanoii, 7o Th(M™) umeer 2% cuernbrx mogeeti.

Canencrtsue. Ilycto My, ..., M, — auHefino ymopsa0d9eHHbie CTPYKTYPBI, ABISIOIIHECT IPEHGPOHX-
roBeiMu, N < w, M — Wo-kareropuunsrii smneinpii nopsgok ¢ dely (0) = 0, M T — Jmmmeitno ymops-
JOYEHHAT HelepeceKkaroniasicas kombunamus ctpykryp My, ..., M, n w xomwuii crpyxrypoer M. Torma
reopust Th(M™) speucpotixropa < (M™*/E, <;nq) Ro-Kareropuama.
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PACIIPEAEJIEHN S CUETHBIX MOJEJIENT TEOPUI
OOJHOMECTHBIX ITPEIMKATOB

A.B. JAVJIETUAPOBA
NHCTUTYT MATEMATUKUA UM. C. JI. CoBosEBA CO PAH, HoBocusupck, POCCUA

d-aigera95@mmail.ru

B panmnoit paboTe Mbl IPOJOJ/IKAEM U3yUeHHUE CBOMCTB PACIPEJeIeHNs CIETHBIX MOl o mpei-
nopsiaxkaM Pynun-Keijiciepa u 1o 4uciy mpesiesbHBIX MOjeseil HaJl IOC/Ie10BaTeIbHOCTIME THIIOB |1].
B paborax K. A. Baiikanosoit [2] u P. A. ITonkosa [3] 6111 ycTanoB/ICHBl BO3MOXKHbIE 3HAYCHUA TPO-

€K pachpejie/IeHus YUCJia CHYTHBIX MOJIeNIel I TeOPUil OJJHOMECTHBIX TTPEJINKATOB COOTBETCTBEHHO

CO CYETHLIM YHCJIOM M KOHTHHYAJLHBIM YUCAOM TUIOB. Lledpio maHHOil pabOThl ABIAETCA OIMUCAHIE
npennopankoB Pynun-Keiiciepa u pacmpegenenns npenebHbIX MOAe el HAJl TOCIe0BATEIHHOCTAMMT
TUTIOB JIJIsT TEOPUil HE3aBUCUMBIX TTPETNKATOB.

Teopewma. s 060t caérraoit Teopun T 0JHOMECTHBIX TPEIUKATOB BO3ZMOXKHBI CJICIYIOIIHE CJIy-

qau:

1)

2)

3)

4

5)

Ecnan teopus T me mmeeT HernaBHBIX 1-THIIOB, TO MHOJIYIACTCH OJHOIIEMEHTHBIH IPEITOPIIOK
Pynua-Keticiepa u 0OTCYTCTBYIOT IIPedeIbHbIE MOJEIH;

Ecan umeercsa onuwm wHernaBabIH 1-THm, To npeamnopsaok Pymuna-Keticaepa sapBasercs cuéTHOH
BIIOJIHE YTIOPSJIOYEHHON IENMbI0 U CYIMIeCTBYeT OAHa HpeneabHas MOAEIb, 3Ta MPeIebHasT MO-
JeJIb IIPEJCTABISETCS B BUIe oObeJHHEHH IIend 0 npeanopsaky Pymun-Keiicaepa;

Ecnn mmeercst koneunoe umcio n > 1 mernmaBubix 1-tumoB, 1o npenmopsaox Pymuo-Keficiaepa
SABJISIETCA CUETHOH aTOMHOH JuCcTpuOYTHBHOH pemérkoi L ¢ n aromMaMmu, ¢ OTHOCHTEJIbHBIMU
AOHNOJIHCHUAMUA U 683 MAaKCUMaJIbHBIX 3JICMEHTOB; IIpHU 3TOM IMOJI1Y9aCTCAd W HPEJICIbHBIX MO,ZIGJIGI';I,
Kaxk/jad U3 KOTOPBIX HPEJICTABJSETCS B BHUJE 00bLEIHHEHHUS HEKOTODOH MAKCHMAJbHOH I[end B
L, u obparHo, 0O6bequHEHIE KAXKTOH MAKCUMAJIBHOH 1enn B L 3a71a6T HEKOTOPYIO NPEAETBHYI0
MOJEJIb;

Ecan nmeerca cuérHoe amcsio HErIaBHBIX 1-THIIOB, TO npeanopsaok Pynun-Keticiepa spiagercsa
CYETHOH aTOMHOIN AucTpuOy THBHOH pemiéTkoi L ¢ w aroMamu, ¢ OTHOCHTEIbHBIMY JOIIOTHEHHSIMI
u 6€3 MAKCUMAaJIbHBIX 3JIEMEHTOB; IIPH 9TOM HOJIydaerTcs 2% NpenejbHbIX Mojejiell, KaXjgasd U3
KOTODBIX IIPEACTAB/ISICTCSI B BUAC OObEINHEHU HEKOTOPOH MakKcuMaabHOH 1enu B L, n obparHo,
obbeuHeHHe KazK [0l MakcuMaJibHOH 1eru B L 331261 HEKOTOPYIO HPEIeabHY0 MOJEIb;

Ecan umeercs KOHTHHYaJIbHOE YHCJIO0 HEJIABHBIX 1-THIOB, TO Jinbo Teopus 1 He umeer HU MpO-
CTBIX, HH TPEIeJTbHBIX MOJAEAeH, 1ub0 HMEETCI KOHTHHYYM MPOCTHIX U KOHTHHYYM ITPEAEIbHBIX
Moesiett, Ipu KOTOpOoM Ipenmnopsaok Pynno-Keticaepa sapiseTcss KOHTHHYAJIbHOH aTOMHOH JHC-
TpubyTuBHOI pemérkoi L ¢ 2¥ aromamu, ¢ OTHOCHTEAbHBIMY JOTIOTHEHASIMU U 063 MaKCHMAa Ih-
HBIX 3JEMEHTOB; MPH 3TOM MOJydaeTcs 2 mpereqbHBIX Mofesel, KaxKJaasd U3 KOTOPBIX Npe-
CTaBJISIETCS B BHJEe 00beIUHEHHSI HEKOTOPOH MaKCHMAaJIbHOH renn B L, mw 06paTHO, 06 beIHHEHHTE
KaxK /10l MakcumMaJibHOH 1ferd B L 3a/1aéT HEKOTODYIO IPEETbHYIO MOJED;
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AJITEBPHI PACIIPEAEJIEHUN BUHAPHBIX ®OPMVJI
AJIAd JEKAPTOBBIX ITPOU3BEAEHNN I'PA®OB

Jdmureunn EMEJIBAHOB
HOBOCUBUPCKUWI IMOCYJTAPCTBEHHBIN TEXHUYECKUIN YHUBEPCUTET, HOBOCUBUPCK, Poccus

dima-pavlyk@mail.ru

B crarbe [1] HauaTH nccaeqoBaHus aaredp OMHAPHBIX W30JUPYIONTHX (hOPMYJT JJIsl TEOPHii JTeKap-
TOBBIX TIpou3BejeHuii. B #ell paccMOTpeHs! MpaBuaa YMHOKEHHUS 18 TPABUIBHBIX (DUTYP OT OTPE3Ka
o nsaTuyroabHuKa. llpomoszkas uccyie1oBaTh JEKaApPTOBLI YMHOXKEHUsT aJrebpbl I OTpe3Ka U Ipa-
BUJIBHBIX MHOTOYTOJIBHUKOB, MOy Iuin aBe obiue popMbl 17189 N-YTOJBHUKOB C Y€THBIM KOJTUIECTBOM
VIVIOB U C HEYETHBIM.

Omnpenesenue. Jexapmoso npousseederue, nin npamoe npoussedenue G1 X Go X ... X Gy, = G
rpacdos G1,Go,...,Gy — 3T0 Tpad, ¥ KOTOPOTO MHOXKECTBO BeplinH rpada — 5TO MPsiMOe TPOU3-
sejenne V(G1) X V(Gg) X ... x V(Gy,), n a00ble BepmuHbl (Ug, Ug, Us, . . ., Upy) W (V1, V2,03, ..., Unp)
CBst3aHBI OTHOIIEHUEM (G TOT/Ia W TOJIBKO TOT/A, KOTJA JIJIsi HEKOTOPOTO ¢, BEPIITMHA U; CMEXKHA C Bep-
muHol v; B rpade G, n u; = v; upn j # i. llpu G1 = G2 = ... = G, = G 1eKapTOBO IPOU3BEIeHUE
G X G X ... x G nazpiBaercgd m-i dexapmosoti cmenensvto rpada G u obosnauaercs uepez G

Onpenesienue. Aazebpa das epadia pebpa R ¢ MHOKECTBOM METOK py(p) = {0,1} sro anrebpa,
KOTOPAas 3a3eTCst Caeayomeit rabinieit:

01
0] {o} | {1}
L] {1} [ {0}

IIpennoxenne 1. Asrebpa GunapHubix uzoupytoux popmys Epy , JUIs HPSIMOro IPOU3BE/IeHUs
k-it nexaproBoii cremern rpaga pebpa R* ¢ rpadpom n-yroasriKa, TI€ N 9eTHOE, 33,14€TCH MHOMKECTBOM

METOK Py (p) = {0,1,...,d + k} u crenyromeii rabauieii Ksn:

: 0 1 2 3 4 ] (d+k)
0 {0y o B 37 RN CET)
1 {1} {0,2} {1,3} {0,2,4} {1,3,5} [ {...} | {Fm}
2 {2} {1,3} {0,2,4} {1,3,5} 1{0,2,4,6} | {...} | {Fm}
3 {3} {0,2,4} {1,3,5} |1{0,2,4,6} | {Newy} [ {.--} | {Fmw}
4 {4} {1,3,5} {0,2,4,6} {NC(Q)} {C(a)} {} {Fm(a)}
{...} {...} {...} {...} {...} {...}

(d+k) | {(d+k)} | {Fm@} | {CFm@}t | {Fm@w} | {Fme} [ {3 ] {Caul

Pa6oTa BeImoHeHa ipu YactuaHON dbuHAaHCOBOH oaepxkke Komurera nayku Munncrepcrsa o0pa3oBanus u HAyKu

Pecny6iuku Kasaxcran (rpanr No AP05132546).

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020




Annual International April Mathematical Conference — 2020 27

riae {Nc¢(y)} — MHOXKeCTBO HeqeTHBIX MTOK J0 ¥, {C(y)} — MHOMKECTBO JeTHBIX METOK 70 T, F'm(q) =
Nc(oy npn nevernom o, nnae Fm,) = Cq), d — aunaverp rpacpa, o« = m + 1, econ m +1 < d + k,
nHade o = d + k, rge m,n € p, ).

IIpenyioxkenne 2. Ayrebpa GunapubiX uzomupyiomux gopmysn Nepy , s IPAMOro 1POH3BE/Ie-
must k-ii gexaproBoii cremenn rpacpa pebpa RF ¢ rpagom n-yrompHmka, rie m HedeTHOe, 337a€TCS

MHOKECTBOM METOK [, (p) = {0,1,...,d + k} u crexyromeri rabauieii Kam:

: 0 1 2 3 4 (d+Fk)

0 [0} I B B3 A 1] {d+h}
1 {1} {0,2} {1,3} {0,2,4} {1,3,5} {---} {Fn(a)}
2 2} (1,3} | 10,2,4} | {1,3,5) | {0,246} | {...}J| {Fnw)}
3 {3} {0,2,4} {1,3,5} {0,2,4,6} {Nc(a)} {---} {Fn(a)}’
1 [ {135} [{0,546) | (New) | Pt |4} | Fuw)

@+ R [ 1@+ R} | Fred | 1CFn) | Fra] | Pt | Lot | 101, ;af

rge {Nc()} — MHOXKeCTBO HedeTHbIX MeTOK 10 T, {C(;)} — MHOKECTBO 9eTHBIX METOK 10 T, d —
muamerp rpaca, o = m+1, ecrm m+1 < d+k, nnave o = d + k, nae m,n € p, ) Fn) = Nc) npa
negerHom «, F'n() = C(o) mpu gerrom o, Fny ={0,1,...,a} mpm a > n.

Teopema. Asrebpa Gunapupix uzojupyromux dopmys Nepy ,, I MPAMOro Ipou3BeIeHus k-ii
srekaproBoii cremenn rpacga pebpa R* ¢ rpadom n-yroipunka, pasaa amrebpe €py, ,, AL 9€THOIrO M,
100 NePy, ,, J1/Is HEYETHOTO N.

Crmcok urepaTyphl
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CBOVICTBA COBEPIIIEHHBIX TUBPIIJJ0B ®PATMEHTOB
V-cl- MHO2KECTB

Ha3ePKE MYCUHA, Vanan COLHMAJIOBA

KAPATAHJIMHCKUI MOCYJAAPCTBEHHBIN YHUBEPCUTET UM. AKAJIEMUKA E.A. BYKETOBA,
KAPATAHZIA, KA3BAXCTAH

nazerkel 70493@Qmail.ru

Omnpenemm CynmHOCTh anrebpandeckoil KOHCTPYKIINKT, KOTOPas HeOOXOAnMa, JIIA ONPEIe/IeHUsT TH-
O6puI0B HOHCOHOBCKHUX TEOPHIA.
Iycrs O € {U,N, X, +,®,[[, [}, rae U-obbenunenne, N -niepecedenne, X-ieKapToBO MPOU3Be/Ie-
F U

HUE, +-cyMMa U D-mipsimag cymma, | [-bmibrposatuoe u | [-yapTpanpounsseeHue.
F U
Crenyroriee onpejenenne JaeT TUOPUL IBYX HOHCOHOBCKUX (DPArMEHTOB OIHOM CUTHATYPHI.

IIycrs X1, X9 - V-cl-moaMHOXKeCTBa HEKOTOPOH JOCTATOYHO OOJIBINON 3K3UCTEHINAIBHON MOIE/IN
JaHHON CUIHATYPBbI.

Onpepesienne. I'nbpugom H(Fr(Xy), Fr(Xs)) tionconosekux dhparmentos Fr(Xy), Fr(Xsa) 6y-
ner uazwviBarbest Teopust Thy3(Cp [ Cy), ecnin ona iioHcoHOBCKas, rae C; - ceMaHTUYECKHe MO/Iesn
Fr(X;),i=1,2.

SameTnM caeayonmit haxT:

®axr. s Toro arobsl reopus H(Fr(Xy), Fr(X2)) 6bL1a floHCOHOBCKOI TocTarodro, arodsl (Ch 1]
02) =<3 C.

asiee 06bEKTOM HAIIEIO UCCJE0BAHUA OYIeT KJACC SK3UCTEHIIUATBHO ITPOCTHIX BBIMYKJIbIX V-
MOTHBIX (DPATMEHTOB B DAMKaX BBINIEYKA3AHHBIX YCIOBHIA.

B pamkax m3yderus QaHHOTO KJIACCA TEOPW MBI TOIYIUIN CJIEIYIOMINE Pe3yTbTAThI:

Teopema 1. Ilycrs Fr(X) - coBepuieHHbI BBITYKJIBIH 9K3UCTEHIIHAIBHO IIPOCTOH MOJIHBIH JIJIsT
V3-npemoxennii fionconoscknii gparment. X1, Xo - V3-del-muoxecrsa B reopun Thy3(C), rae
Mi=dcl(X;) € Epr(rhys(c)), Fr(Xi) = Thy3(M;) Taxie copepienHbie BBIMYKIbIC 3K3UCTCHIHATHHO
IpocThIe OIHbIE it YV I-penaoxennii iorcoroBckre gpparmerTol. C1, Co - HX ceMaHTHIECKHEe MOJE-
s coorercrenHo. Torma, ecim nx rubpun H(Fr(X1), Fr(Xs2)) saBasercs MoneapHO COBMECTHBIM C
Fr(X;), ro H(Fr(X1), Fr(X2)) sBasiercs coepiieHHO fOHCOHOBCKOI Teopuedi st 1 = 1,2.

Teopema 2. Ilycrs Fr(X), Fr(Xy), Fr(X2) yaosrersopsior yciroBusam teopemsr 1 u F'r(Xy),

Fr(Xs) - w-kareropuunst. Torna nx rubpuy H(Fr(Xy), Fr(Xs) rakxe sijsercs cOBepIIEHHOM
HOHCOHOBCKOH TEOpHEH.

Bce HeonpeiesieHHbIE 371€Ch TTOHATHS MOYKHO n3BJedb u3 |1,2].
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KATETOPNYHOCTDb #-KOMIIAHBOHA ®PATMEHTA
NMOHCOHOBCKOI'O MHO2KECTBA B MOAVYJIAPHON I'EOMETPUN

Pavana OPA3SBEKOBA, UuaurAa TYHTI'YIIIBAEBA

KAPATAHJIUHCKUI TOCYIAPCTBEHHBI YHUBEPCUTET UM. AKAJIEMUKA E.A. BYKETOBA,
KarPATAHIA, KABAXCTAH

o_rauana@mail.ru

JaHuplii Te3UC uMeeT OTHOIIEHHE K MOJYJISPHLIM (bparMeHTaM, KOTOPhIE YIOBJIETBOPSIOT CBOIi-
CTBY HACJIEJICTBEHHOCTHU. ApKuM mpuMepoM TakuxX (HhparMeHTOB ABASIIOTCA (DPATMEHTHI HOHCOHOBCKUX
[IOJIMHOYKECTB CEMaHTUIECKUX MOjIe/iell abeeBbIX IPYIIIL.

Paccmorpum cremytorme HeoOX0auMbIE OIIPeIe/TeHUA.

Onpenesienne 1 [1]. Eciu (X, ¢l) siBasiercst fHOHCOHOBCKOI TIpereoMeTpreii, Mbl TOBOPUM, 9TO A
SIBJIsIeTCsl HOHCOHOBCKM He3aBucnMbIM (J - He3aBuCHMbIM) TToaMHOKecTBOM B X, ecain a ¢ cl(A \ {a})
1t Beex a € A n B aBasercs J-6azucom s Y, Y C X, ecom B-J-nezasucumo n Y C acl(B).

Ounpenestenne 2 [1]. Mer roopuM, uto (X, ¢l) aBiasgercda MOIYIsPHON IPEATeOMEeTpHUEit, eCIIH s
JIFOOBIX KOHEUYHOMEPHbBIX 3aMKHYTHIX A, B C X

dim(AU B) = dimA + dimB — dim(AN B)

Ounpeznesenne 3 [1]. Ecim X = C u (X, ¢l) saBasiercss MOy IsIPHOI, TOTIa, HOHCOHOBCKAsT TEOPHST
T naswsiBaercss Moayisipaoii, riae C' - ceManTHIeCcKast MOjeIb Teopun 1.

Ounpexnestenne 4 [1]. Ilycre X C C. Msr MmoxkeM roBoputh, 9t0 X - V — ¢l-flOHCOHOBCKOE IO/
muo)kecTBO C') ecim X yIOBIETBOPSIET CJAEAYIONTIAM YCIOBUIM:

1) X - V-ompejensieMoe MHOXKECTBO (3TO O3HAUaeT, 4To cymecrByer dopmyna uz V, perrneHue
koTopbix B C' gapjsercs mHOKeCcTBO X, Tyie V C L, 10 ectb V 310 Bua hbopMmy/bl, Hanpumvep 3,V,Vd u
T.J1.);

2) cl(X) =M, M € Ep, tie cl HeKOTOPBIit 0IepaTop 3aMbIKaHUS, OIPE/ eSO IPEAreOMeTPHIIO
uHayx C (mampumep cl = acl nmn ¢l = dcl).

Ounpenesienue 5 [1]. Oboramenne T ionconoBckoit Teopuit T Ha3bIBaeTCs JOMYCTHMBIM, €CIIH
060 V-tun (t.e. m06as dhopmysa 31oro tuna npuHaiexnt V, rae V IoMHOKECTBO sa3biKa Ly ) B
5TOM 06OTAIeHAHN OmpeIe/IM B PaMKaX PacCMaTpuBaeMoii 1 p-cTabuiIbHOCTH.

Onpenenenne 6 [1]. MomconoBCKas TeOpUs HAZBIBACTCH HAC/ICICTBEHHON, €CIM B JIIOG0OM €€ [0-
MyCTUMOM OGOTAINEHNN €€ PACITHPEHHNE B 3TOM OOOTAIEHNN SBJIIETCsT HOHCOHOBCKOM Teopuei.

Iycrs Fr(X) - npoussosbHblil bparMenT HOHCOHOBCKOTO MHOXKecTBa X B CYETHOM SA3BIKE EPBOIO
nopsifika curHaTypel o. llycrs C' sBasiercs cemanTudeckoir mogeasio Teopun Fr(X). [lycrs X C C
ectb HoHcoHOBCKOE MHOXKecTBO B Teopun Fr(X). Mycrs op(X) = o U {cyla € X}UT, T' = {P} U{c}.

Hyers Fr(X)§ = Fr(X) U Thys(C,a)eex U {P(Cy)la € X} U{P()} U{'P C'}, rae {'P C'}
ecTh HECKOHETHOe MHOXKECTBO TIPEIIOKEHNHN, BRIPAXKAIOIINX TOT (PAKT, UTO WHTEPITPETAIINT CHMBOJIA
P sBsieTcst 3K3UCTEHINAIBHO-3aMKHYTON TIOIMOJIETBIO B SI3bIKe CHTHATYPBI o (X ) U 3Ta MOJIE/b €CTh
oTIpeieIMMOoe 3aMbIKane MHOKeCTBA X . [[OHATHO, 9TO PACCMOTPEHHOEe MHOMKECTBO MPEITOKEHIH IB-
JisieTcs HOHCOHOBCKOM Teopuell i 9Ta Teopusi BoobIe roBOPsi HE MTOJIHA.

Mycrs Fr(X)* apaserca nentpom foncorosckoit reopun Fr(X)§ w Fr(X)* = Th(C'), rae C’ ectn
cemanTIIecKast Moges Teopun Fr(X)§. [pu orparmaenun teopunr Fr(X)$ o curmaryper op(X)\{c}
TEeOPpUA F’I"(X)g; CTaHOBUTCA IIOJITHBIM THUIIOM. 9TOT THUII MBI 1 HA30BEM HEHTPAJIBHBIM THUIIOM TCOPpUN
Fr(X) orHOCHTEIFHO HIOHCOHOBCKOTO MHOXKECTBA X .

Mycrs Fr(X)$§ teopus B sspike op(X) , To Fr(X)* ects ee menTp.

B PaMKaX M3yHYCHUA CBOICTB KaTETOPUYHOCTHU BBIMIE YKA3dHHBIX TeOpI/Iﬁ B O6OFaH_[eHHOM A3BIKE
OTHOCHTEHHO #-KOMITAHBLOHA, TTOJTYUIEHBI CJIETYIONINHEe PE3YTbTATHI:
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Haree Bce paccmarpuBaemble (pparMeHTsl OyAyT MOLYIAPHBIMA U HAC/IEICTBEHHBIML.
Teopema 1.

Ecmu Fr(X)$ reopnst w -kareropuana, To Fr(X) copeprienna.

Teopema 2.

Ecmn Fr(X)$ k-xareropwuna, To #-kommanpon qisa Fr*(X) k -xareropmden, k > w.
Bce Heorpe/iesieHHbIe B JIAHHOM Te3KCE Olpe/ie/IeHus] HOHITHH MOXKHO Hafitu B [2].
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CTPYKTVYPbI C KOHEYHBbIMU OBJIACTAMNU B PAMKAX
ITIOHATNA TEOPETUNKO-MOAEJIBHOI'O CBONUCTBA

Muxaun I[TEPETATBKINH, Acueiixan KAJINTABEKOB
MHCTUTYT MATEMATUKHN U MATEMATUYECKOTO MOJEJNPOBAHUS, AJTMATHI, KA3BAXCTAH

peretyvatkin@math.kz, kalshabekov@mail.ru

PaccmarpuBatorcs Teopuu B JIOTHUKE MPEIUKATOB MEPBOTO MOPATKA C PABEHCTBOM U HCIIOJIB3YIOTCH
o0IIMe MMOHATUST TEOPUHU Mojieseil u Teopuu aaropuTMoB. OBBEKTOM HCCIEIOBAHUS SBJISETCS KJIACC
TTOJTHBIX W HEMOJHBIX TEOPUHl KOHEUHBT NN Nepevucaumvs curuaryp. s reopun T curuarypst o u
KOHEYHO 1oc/ie10BaTe IbHOCTH (POPMYJT 3TON CUIHATYPHI

n= <901(i.1)7902('f2)7 Sa) (ps(jjs)>7 Len(i'i) = my, (1)

oupejiesieHa onepals Jgekaprosa pacimpenust T'(s), cm. [1]. Mbl caejyem anzebpauyeckomy nodsody,
paccMarpuBas ToJabKO Koprexn (1) st koropwix dopmynbl ¢;(Z;), ¢ = 1,2, ..., s, ssastrorest 3 N V-
PEJICTAaBUMBIMU B COOTBETCTBYIOMIEH Teopun. OnpenesmyM OTHONICHHE SKBUBAJTCHTHOCTH Ha Kaacce C
BCeX MOJIHBIX TeOPHil Pa3IMYHBbIX KOHEUHBIX WK MePedUCIUMbIX CUTHATYD CJeIyIONMM [PaBUIOM

Ty ~ Ty Sq cywecmsyrom s, 3 maxue, wmo T () =, To(5), (2)

r7ie A, O3HavYaer ajrebpamdeckuii nzomopdusm reopuit. CorsacHo ompesenenuto 1], 1Be mosHbIE TEO-
puu T1 mu Ty uz C nmeroT 0JIMHAKOBBIE TEOPETUKO-MOJIENBHBIE CBORCTBA TOI/IA, M TOJBKO TOTJA, KOTJA
BeimosiHeno 11 ~ Th. B pabore 2] usydensr rpynmnbl aBToMOPMU3MOB CTPYKTYD € KOHETHBIME 00/1aCTs-
mu. Ha 310it ocHOBE 110J1y4€eHbl CIe/YIONINe PE3YJIbTATHI.

Teopema 1. ITyemo MM u M asaaromes cmpyxmypamu ¢ Korneurvimu obaacmamu. Teopuu Th(DT)
u Th(OM') umerom odunaxoswe meopemuro-modeavrvie ceoticmea moz0a U MoAbKO Mo20a K020a 2pynnb
asmomoppusmos Aut(IM) u Aut(OM') usomopdho.

Teopema 2. [Ipousgosvuvidl KAGCC P NOAHBT MEOPUTE C KOHEYHBIMU MODCAAMYU ACAACTNCA AMOMAD-
HBM MEOPEMUKO-MOJEADHBIM CEOTCTNEOM M0200 U MOALKO Mo2da, k0206 0ad HEKOTOPOT KOoHewHOTU
epynnot G evnoaneno p = pa =qrn {Th(MN) 1 M| < wo & Aut(IM) = G}.

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05130852
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Teopema 3. IIpouscoavhvili KAGCC P NOAHBT MEOPULl C KOMEUHBLMU MOOCAAMY ABAACTNCA
MEOPEMUKO-MOIEALHDIM CBOTCMBOM M0200 U MOABEO M020a, %0206 P ABAAEMCA 005IUHERUEM HEKO-
MOopPo20 CeMETCMEa AMOMAPHBIE MEOPEMUKO-MO0EADHBLT CEOTUCMS.

TTonyuennbie PE3yIbTATH XAPAKTEPUIYIOT TEOPETUKO-MOJIEIBLHBIE CBOMCTBA HA KJACCE CTPYKTYD C
KOHEUHBIMH 00JiacTaMHi. B 9acTHOCTH, KJIacC KOHEUHLIX CTPYKTYP ¢ TPUBHAJLHON IPYIIION aBTOMOP-
(PHU3MOB COCTABILCT ONHO ATOMAPHOE TEOPETHKO-MOIEILHOE CBOMCTBO. ITO IMOKA3ZBIBACT YTO KJIACCH-
YECKHIT IIOAX0J, ¢ TEOPETUKO-MOAENbHBIMIA CBOMCTBAME B A3BLIKE IEPBOrO IOPAIKA CIa00 MOAXOINT K
PEIIeHUIO TPUKJIATHBIX 331349 B KOTOPBIX KOHEYHbBIE MOJIE/IM C TPUBUAJBHON IPYIIIOi aBTOMOPMU3MOB
paccMaTpUBAlOTCI B KAUeCTBE HOCHTEJIeH 11 0a3bl TaHHBIX.
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CTABUJIBHOCTBh CBOMCTBA IIEHTPAJIbHBIX TUIIOB
BBIIIVKJIBIX ®PPATMEHTOB
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[Tycts Fr(X) - mpousBosibHbIil bparmenT|l| fOHCOHOBCKOrO MHO)KeCTBA X B CUETHOM SI3BIKE [IEPBO-
ro nopsigka curHarypel o. Ilycrs C' sBasgercs cemanTuueckoii mogenbio reopun Fr(X). Iycrs X C C
ecTh i0HCOHOBCKOEe MHOKecTBO B Teopuu Fr(X). Ilycrs op(X) = o U{cla € X} UT, T' = {P} U {c}.

Hyers Fr(X)§ = Fr(X) U Thys(C,a)eex U {P(Cy)la € X} U{P()} U{'P C'} , rae {'P C'}
ecTh HECKOHETHOe MHOXKECTBO TIPEII0OKEHNH, BRIPAYKAIOIMINX TOT (PAKT, UTO WHTEPITPETAIINS CHMBOJIA
P sBisieTcst 9K3UCTEHIMAIBHO-3aMKHY TON TIOIMOJIETBIO B SI3bIKE CUTHATYDBI o (X ) U 3Ta MOJIE/b €CTh
OmpeieInMoe 3aMblKanne MHOXKecTBa X . PaccMOTpeHHOe MHOXKECTBO MPEIOKEHU He BCEr/a sIBJISA-
eTcst IOHCOHOBCKOI Teopueit m 3Ta Teopus BooOIIe ToBops He moJiHa. [losTomMy B najbHEHIeM Mbl
IPE/IoIaraeM, 970 B 00OTAINEHHOM SI3bIKe HOHCOHOBOCTH COXPAHSACTCS, U TAKUE TEOPHH HA3BIBAIOTCS
HACJIEICTBEHHBIMI.

Mycrs Fr(X)* apaserca nenrpom fionconosckoit reopun Fr(X)§ u Fr(X)* = Th(C"), rue C' ecrn
cemanTIIecKast Mofes Teopun Fr(X)§. lpu orparmaenun teopun Fr(X)§ o curmarypet op(X)\{c}
Teopud FT’(X)% CTaHOBUTCHA IIOJITHBIM THUIIOM. 9TOT THUII MBI 1 HA30BEM HCHTPAJIBHBIM THIIOM TCOPHUN
Fr(X) otHoCHTeIbHO HOHCOHOBCKOTO MHOXKecTBa X 1 0603HAYNM ero depes PY.

[MonsarHo, uro Mozens C' 310 Mojeah MOAydYeHHAs oborarmenneM Mmojean C 3bIKa 0 JI0 S3bIKA
op(X). HazoBem snement a cemantuaeckoii Mogesn C’ MeATPATLHBIM 3JIEMEATOM OTHOCHTENLHO HOH-
COHOBCKOTO MHOYKeCTBa X, €CJIN @ sIBJISIETCsT Pean3aliieil eHTpaabHoro Tuia reopun Fr(X) orHocH-
TeIHbHO HOHCOHOBCKOTO MHOXKECTBa X .

Teopema. Ilycrs X1, X5 - fioHconoBcKIe MHOKecTBa B Teopun Fr(X)*, a; - peanusanus ieHTpaJib-
HOT'O THUIIA P)% H Qg - peajiuzalusi MeHTPaJIbLHOI0 TUIIA P)%. Torma caexyroiue yCaI0BUST 9KBHBATCHTHBI:

1) Fr(X )94'1 cuaTakcudeckn moqo0uer Fr(X )g’;?, KaK HOHCOHOBCKHE TE€ODHU;

2) RM (tp(a1/X1)) = RM (tp(az/X2)) , RM -panr Mopiiu;

3) dp € Aut(C') : p(ar) = az.
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WN3ydgenune ynuBepcasoB B paMKax (PParMeHTOB HOHCOHOBCKUX TIOAMHOYXKECTB CEMAaHTHYIECKONW MO-
JIeJIn HEKOTOPOU (BUKCUPOBAHHON HOHCOHOBCKOM TEOpUU IIPEJICTAB/IAeT UHTEPEC KAK CO CTOPOHBI CHH-
TAKCUYECKUX CBOMCTB TaKMUX CbpaI‘MeHTOB, TaK U CEMaHTUYECKUX CBOMCTB OIIpe e/ IMMbIX 3aM])IKaHI/II7‘I,
KOTOPBIE OTIPENEISTIOT PacCMaTPUBAEMbIe (DPATMEHTHI.

Mpu1 OymeM paccMaTpUBATh CBOMCTBA MEHTPAJBLHBIX THIOB (DPArMEHTOB B ODOTAIIEHUN, B KOTOPOM
9T TEHTPAJbHBIC TUIIHI COBEPIICHHBI, & CaM1 d)paFMeHTbI HaCJICJCTBCHHBDI.

IIycts T - mpousBobHAS HOHCOHOBCKAsS TEOPUS B CUETHOM sI3bIKE TIEPBOTO MOPSI/IKA CHTHATYPHI 0.
[ycts C' asngerca cemanTnvecko Mogennio Teopun 1. Ilycts A C C' ecTh HOHCOHOBCKOE MHOKECTBO
B reopun 1. Ilycte or(A) = 0 U{cela € A} UL, I' = {P} U{c}.

Mycte T§ = TUThysU{P(C,)|a € AYU{P(c)}U{'P C'}, rae {' P C'} ects Heckomeurnoe MHOKECTEO
MPEJIOKEHUHN, BBIPAKAIOIUX TOT (PAKT, 9TO MHTEPIIPETAINsT CUMBOJIA HABJSETCH SK3UCTEHIINATBHO-
3aMKHyTOI7I TTOAMOJIEC/IBIO B A3bIKE CUTHATYPbBI OT (A) u 9Ta MOJEJIb €CTh OIIpeac/ImMMOe 3aMbIKaHNE MHO-
kectBa A. [loHATHO, 9TO pACCMOTPEHHOE MHOXKECTBO MPEIOKEHUH sABIsieTCsa HOHCOHOBCKOM Teopmneit
1 9Ta TEOpusi BOODIIE TOBOPS HE MOJTHA.

Ilycts T™ gBisercs neHTpoM HOHCOHOBCKO Teopuu 1’ g uT* = Th(C"), tne C' ecThb cemanTHIeCKas
mozens Teopun T . Tlpu orpanmaenun Teopun T o curmaryper or(A)\{c} Teopma T cranosurcs
IIOJIHBIM TUIIOM. STOT TUII MBI 1 HA30BEM HEHTPAJIBHBIM TUIIOM TEOPUU OTHOCUTEJIHHO MOHCOHOBCKOTO
MHOMXKecTBa A.

Tycts TE - Teopusi B si3bike or(A), To T* ecthb ee 1eHTp.

PaccymoTprm MHOXKECTBO YHUBEPCAJIBLHBIX CJIEICTBUAM TeOpUH Tvg. Ilyctes X - #iomCcOHOBCKOE TOJI-
muOkecTBO Mogenu C' u Fry(X) - yauBepcanbabiil (hparMeHT MHOKECTBA X B TEOPUH Tvg.

Mb1 uMeeM CJIeyIOIINUI Pe3yJbTaT, CBSI3aHHBIN ¢ OTPUIAHUEM HPEIIOI0KEHNS HA U3BECTHBIA BO-
upoc [1, 352] o cyuiecTBoBaHNYM CYETHO-KATEIOPUYHOIO YHUBEPCAJIA, KOTOPbIH HE sIBJISETCH HECYeTHO-
KaTerOpUYIHBIM.

Teopema.

Ecan reopuss Fry(X) rorampno kareropudna, 1o Fry(X)* He KOHEUHO aKCHOMATH3UDYEMA.

Bce Heompeie/ieHHBIE B JAHHOM TE3UCE OTpeJIeIe s MOHITHH MOYXKHO HaiiTu B [1].
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2 Inddepennmaababie ypaBHeHUsd, Teopus QyHKIUA 1
b YyHKITMOHAJILHBIN aHAJIN3

Pyxosogurenn: unen-koppecnoungenr HAH PK Canpibexos M.A.
npodeccop Hypceynranos E. /.

Cexperapb: Hepbucamu B.0O.
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GREEN’S IDENTITIES FOR (p,¢)-SUB-LAPLACIANS ON THE
HEISENBERG GROUP AND THEIR APPLICATIONS
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The Heisenberg group is H" = (R?"*! o) whose composition law is given by
(z,t) 0 (Z,t) = (2 + 2/, t + ' +2Im(z, 2)).
Here we identify R?" with C", and use the notation
€= (z,t) = (21,22, <oy Zny t) = (T1, Y1y oovy Ty Yy t)

for the points of H" (see, e.g. [2]). In simpler case when n = 1 composition law as well as dilation
rule are respectively given by

(x1,y1,t1) o (22, y2,t2) = (1 + T2, Y1 + Yo, 1 + t2 + 2(y122 — T1%2)),

and
Sx(z,y,t) = Az, Ay, \?t), (z,y,t) € R

The sub-Laplacian operator £ on H" is defined as follows:

n
L=3 (XF+77).
j=1
where X; and Yj are left invariant (with respect to the group law) vector fields:
Xj = Or; +2yj0, Y; =0y, —22;0;.
The horizontal gradient on H™ is given by

Vi = (X1,...,Xo,V1,....Yy).

Let 1 < p < 0co. We denote the Sobolev space by

SYP(Q) == {u € LP(Q) : Vyu(x) € LP(Q)} (1)
with the norm
)
fullstoo = [ o)+ Vuutoas ) o)
Let Sé’p(Q) be defined as the completion of C§°(£2) with the norm
1
p

For further discussions on the analysis on the Heisenberg group, we refer to [6] and [8].
In the classical (commutative) analysis, it is well-known that the p-Laplacian

This work was supported in parts by the Nazarbayev University program 091019CRP2120.
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Apu =V - (|VulP~2Vu),

is a quasilinear elliptic partial differential operator of 2nd order, where V is the usual gradient. It is a
nonlinear generalization of the Laplace operator, where p is allowed to range over 1 < p < oo for any
u in R™.

Here |Vu[P=2 is defined as

ou \ 2 ou \ 2 =y
p—2 ._ Il =
it = () +-+ (o) )

for (z1,...xy,) € R™. In turn, the p-Laplacian can be generalized to the so-called (p, ¢)-Laplacian. The
(p, q)-Laplacian has recently attracted a lot attention because of its applications in different areas of
physics (see, e.g. [1]).
An analogue of the (p, ¢)-Laplacian on H", that is, for the Heisenberg group the (p, ¢)-sub-Laplacian
is defined as follows
Lpq=-Vu (VuP2Vy) =V -(Vu|??Vh), 1 <qg<p. (4)

)

In the present paper, we discuss applications of Green’s identities for the (p,q)-sub-Laplacian (4).
Versions of Green’s identities for sub-Laplacians for more general stratified groups were established
in [5]. Then they were obtained for p-sub-Laplacians [7] (see also [4] and [3]). In this paper, Green’s
first and second identities are extended to (p, q)-sub-Laplacians on the Heisenberg group with some
of their applications. Particularly, we apply Green’s identities to a nonlinear boundary value problem
that involves the (p, ¢)-sub-Laplacian in order to show uniqueness of a positive weak solution.
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BLOW-UP SOLUTIONS TO SUB-LAPLACIAN HEAT EQUATIONS ON THE
HEISENBERG GROUP

ALMAzZ ABILKHASYM
KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

mr.agent-007@inbox.ru

In this note, we prove the blow-up of solutions to the Dirichlet initial value problem for the sup-
Laplacian heat equation on the Heisenberg group by using the concavity method.

Theorem Let €2 be a bounded domain of the Heisenberg group H"™ with smooth boundary 0f).
Let a function f satisfy the condition that there exist constants c; > 2 and co such that for all u > 0
we have

u
c1 / f(s)ds < uf(u) + c3u® + cco,
0
where 0 < ¢3 < %, where \1 is the principal frequency of the sub-Laplacian L. If ug € C1()
with ug = 0 on 02 satisfies the inequality

1 ) uo(§)
5 IVauolze ) + A f(s)ds —ca | d§ >0,

then the nonnegative solution to the equation blows up at a finite time T* for

(1+v/F) luoll 7z

M= _ 1 2 uo(§) . ’
2er = 2) [~ 3IVauo |20 + Jo (g F(s)ds - ea)de]

such that

0<T*< M ,
(Ver2=1) luol2a o,
that is,
t
lim / / u? (&, 7)dédT = +oo.
t—T* 0 Q
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SYMBOLIC CALCULUS GENERATED
WITH THE DUNKL OPERATOR
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Let m € R and 0 < 6, p < 1. The Hormander classes S7"(R x R) are space of functions a = a(z, A)
which are smooth on R x R and such that

1050 a(z, \)| < Cpq(1+ |A)7—P1+95,

for all 8,v and for all z, A € R. Constants Cg, may depend on a,a, 3 but not on x, \. The corre-
sponding class OpS;’%(R x R) of pseudo-differential operators is defined on the space S(R) of Schwartz
functions given by

a(X,D)f(z) = [z e a(z, )\)f()\)d)\,

where ]?is the Fourier transform of f. In the similar way to the classical settings we can define symbol
classes S75(R X R; p1a) by

Al Aba(z, N)] < Cp(1 + Ao
and the corresponding pseudo-differential operator to the symbol from gfé(R X R; pia) by

Opa(a) f[{g (izA)a(@, \) Fa(f)(N)dpa(r), = €R.

The symbolic calculus of pseudo-differential operators generated by a boundary value problem
for a given differential operator was constructed by [1]. We follow that paper and we will use some
methods form that paper. In our work, we are interested in the symbolic calculus of pseudo-differential
operators generated by the Dunkl operator.

Theorem. Let m € R and 0 <6 < p < 1. Let A € Opa(S)'s(R X R; pia)). Then the adjoint of A
from Opa(Sg%(R X R; o)) and its symbol o 4+ € S;’%(R X R; o) having the asymptotic expansion

oa (T, \) ~ 32, ,y AZ )AZ aa(x,N).

which means that

o (. ) = Yot AL AL Lo, M| < Oxe(1+ A0,

for all N > 0.
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INVESTIGATION OF THE BOUNDARY VALUE PROBLEMS FOR
PARABOLIC EQUATIONS WITH INCOMPATIBLE INITIAL AND
BOUNDARY DATA IN THE WEIGHTED HOLDER SPACES
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When we solve boundary value problems for parabolic equations in the Holder spaces we require the
fulfilment of the compatibility conditions of the initial and boundary data. They are equalities on the
boundary of the domain at the initial moment of time, connecting all given functions and coefficients
of the problems. Such problems describe continuously going on physical processes. However, when
the process is studied from the very beginning or from the moment of discontinuity of the coefficients
or given functions, then the physical process will proceed, and the boundary-value problem describing
this process will have a solution.

There are studied the first and second boundary value problems for parabolic equations with
variable coefficients, when the compatibility conditions of all acceptable orders are not fulfilled. It is
proved that the solution to each of the problems contains a regular solution belonging to the classical
Holder space, and a singular solution consisting of the sum of singular functions, the number of which
equal to the number of incompatible conditions. Each of the singular functions belongs to a certain
weighted Holder space [1] with a parabolic weight ¢ + p(x), where p(x) is the distance from the point
z of the domain to its boundary, where the compatibility condition is not fulfilled.
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ON THE GREEN FUNCTION OF THE FIRST INITIAL BOUNDARY
PROBLEM OF A HYPERBOLIC EQUATION IN A QUARTER PLANE
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Consider the following problem in Q = {(¢,7) € R?: ¢ > |n[}

2u ou ou
with the initial conditions
0 0
w6 =7, (5 - 5 ) €O =@, €0, @)
and the boundary condition
u(—n,n) = ¢(n), n <0, (3)

where a(§,n), b(&,n) € C'(Q); c(&n), f(&,n),€ C(Q); v(E), ®€) € C(RY); 7(§) € C(RY);
P’(0) = v(0), ®(0) = 7(0).
Let’s call a function from the class u(¢,n) € C'(RT), wug, € C(R") a regular solution to the
problem , reversing the equation (1), initial conditions (2) and boundary condition (3) into an identity.
The task is to prove the correctness and building a solution of the problem (1)-(3).

Theorem. Let a(¢,n), b(€,n) € C' (Q); c(&n), f(&n) € C(Q); v(€), B(E) € C(RY), 7(¢) €
Ct(R*); @'(0) = v(0), ®(0) = 7(0). Then the problem (1)-(3) has a unique regular solution.
By calculating the following integral

//Q G(&m;€1,m) - f(&1,m)d€rdm
and using the Riemann method [1], we will find the solution of the problem (1)-(3), where

—R(&,n;&1,m1)0(m —n)0(€ — &), n >0,
G(£7 1, &1, 771) = (R(§7 =, _51) - R(ga n; &1, 771))6(_77 - gl)
—R(&,m;€,m)0(& +m)0(nr — n)O(E — &), n <0,

and R(&,m;&1,m) is a Riemann-Green function for the equation (1), specially extended to the area
n <[]
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GLOBAL EXISTENCE AND BOUNDEDNESS OF SOLUTIONS OF
NONLINEAR HEAT EQUATIONS ON STRATIFIED GROUPS
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In this presentation, global existence and boundedness theorem of solutions of nonlinear heat

equations are considered on stratified groups. To do this, there is extended the theorem in [1](see
p.338) on RY with important tools: Poincare inequality and Green formula from [2] and [3].
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Let x = {x1,22}, Qu ={z,t: |z|<t, 0<t<T < oo} be an inverted cone with a vertex at the

origin, and 2, is the section of the cone for a given t € (0,7"). Note that at point ¢ = 0 the domain
Q¢ degenerates to a point.
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In the non-cylindrical domain @),; we consider a boundary value problem for a system of Navier-
Stokes equations with respect to a two-dimensional vector-function of the fluid velocity u(x,t) =
{u1(x,t), ua(z,t)} and the fluid pressure function p(x,t):

ou 2. Ou
il u+;uaxi f—Vp (1)
. 8u1 8u2
dive = 29 v _ P
v 8:61 + &EQ ’ ( )
u=0, {z, t} € ¥, is the lateral surface of the cone. (3)

Remark. In the formulation of the boundary value problem (1)—(4), there are no initial conditions,
since at the initial moment of time the domain degenerates into a point in the spatial variable.

The work is devoted to the problems of solvability in Sobolev classes of the boundary value problem
for a two-dimensional system of Navier-Stokes equations in a non-cylindrical domain represented by a
cone with a vertex at the origin. The existence and uniqueness of the solution, and its regularity with
increasing the smoothness of the given functions are established.

ANALYSIS FOR p-g-SUB-LAPLACIANS ON STRATIFIED LIE GROUPS
Amana KABDULOVA
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN
aidana.kabdulova@nu.edu.kz

We discuss the uniqueness of the positive solution to the following nonlinear differential equation
for the p-g-sub-Laplacian on the stratified Lie groups:

(1)

—Lyqu=F(z,u), u>0 in,
u=20, on 0f.

Here Q2 C G be a bounded open set with smooth boundary 09Q. Let 1 < ¢ < p, F(x,u) = Fy(z)F>(u)
where Fj is a non-negative bounded function, and Fj : (0,00) — (0, 00) satisfies the conditions:

a) Fy(u) is a non-decreasing function,
b) Fy(u)u!~® non-increasing for some « such that 1 < o < gq.

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

a) There exists an r-tuple of natural numbers Ny + Ng + --- + N, = N, such that the dilation
Sy : RV — RV given by
5>\(ZL‘1, e ,:L'N) = ()\(1)1'1, cey )\(N){L‘N)

is an automorphism of the group G for every A > 0. Here ' € RN fori =1,...,r.

b) If Ny is as (a), let Wi, ..., W, be the left invariant vector fields on G such that W;(0) = % 0
for j=1,...,N1. Then ‘

rank(Lie{W1,...,Wn,}) =N

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020
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holds for every z € RV,

If two conditions shown above are satisfied, then we say that the triple G = (R, 0, 6, ) is a stratified
Lie group (or a homogeneous Carnot group).

Here r will be called step of G and the vector fields W1, ..., Wy, are called the (Jacobian) generators
of G. Any basis of span{Wi,..., Wy, } is called a system of generators of G. The number @ is called
the homogeneous dimension of stratified group G. Here we have

.
Q=> kN
k=1
For the horizontal gradient we use the following notation
VH = (Wl, ey WNl)-

The Lebesgue measure dx on RY will be the Haar measure for G = (R", 0, §)). The notation u € C*(£2)
means Vgu € C(£2), where  C G an open set. We refer to a recent book [5] for further discussions
in this direction.

We also use the functional spaces S1P(Q2) = {u : Q — R;u, |[Vgyu| € LP()}. Let consider the

functional .
Jp(u) == (/ ]VHu]pd:c>p,
Q

then we define the functional class S17(2) to be the completion C}(£2) in the norm generated by .J,,.
The operator

Lyt =V (VaulP2Vyu) + Vi - ([Vau|!™2Vyu), 1<p<oo, 1< q< oo,

is called p-g-sub-Laplacian.
Theorem. The Dirichlet boundary value problem for the p-q-sub-Laplacian (1) has at most one
solution.
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This paper studies the valuation of real options when the cost of investment jumps at a random
time. Three valuation formulas are derived. The first expresses the value of the project in terms of
a collection of knockout barrier claims. The second identifies the premium relative to a project with
delayed investment right and prices its components. The last one identifies the premium/discount
relative to a project with constant cost equal to the post-jump cost and prices its components. All
formulas are in closed form. The behavior of optimal investment boundaries and valuation components
are examined.
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Let A = {\,} be the sequence of all zeros of an entire function of exponential type
1
AN =1- M/ f)eMdt, X = re? = x + iy, (1)
0

where f € L2(0,1) (in the sequence A, each point counts as many times as its multiplicity m,). We
assume that it is impossible to reduce the interval of integration without changing the value of the
integral itself. We consider the following exponential system

e(A) = {tP71e?t 1 <p <m,}.

We set the following question: for which a,b (a < b) is the system e(A) complete (incomplete) in the
space L?(a,b) (or, what is the same, in C[a,b])?

It is enough to consider the case L?(—p, p) (or C[—p, p]), since the completeness (or incompleteness)
of e(A) is invariant under the shift of the argument. The question posed is reduced to clarifying the
quantity p(A), the radius of completeness of the system e(A). By definition, p(A) is the exact upper
bound of the numbers p for which the system e(A) is complete in C[—p, p] (the radius of completeness
of the system e(A) is the same for the space L?(—p,p)). In terms of entire functions, p(A) can be
interpreted as the exact lower bound on the types of entire functions F of exponential type, bounded
on R and vanishing on A (see [1]). The latter means that at each point A\, € A the function F' vanishes
with a multiplicity of at least m,,. We write this fact as follows: F'(A) = 0.

The authors are supported by the grant No. AP05131292 of the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan
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‘We have

is absolutely continuous on [—3, 3] and the equation (1) may be rewritten in the form
A(N) =1 —iXe'2 P()),

where

P(\) = / eMdG(t)

[NIES

is the Lebesgue-Stieltjes integral (see [2] [pp. 337-359]). Thus A is the null set of the entire function
of exponential type

D(N) = e 72 — iAP()) (2)

The type of this entire function is o(P) < %, however, it is possible that it is strictly less than 1.

2
Then, the indicatrix of the growth of the function P()) is hy(p) = &|sin |-

Theorem. Let A = {\,} — be a null set of the entire function (1), and hg(¢) — be an indicatrix of
the growth of the entire function ®()), given by formula (2). Assume |J| = he (5) + he (—=%). Then
the following are valid

i) when (b — a) > |J| the system e(A) is incomplete in Cla,b] (or L*(a,b)),

ii) when (b — a) < |J| the system e(A) is incomplete in Cla,b] (or L*(a,b)),

iii) if we remove from A any two points, then the system e(A;) of remaining sequence of the points
A1 is incomplete in C[a,b] (orL?(a,b)) and when (b —a) = |J|.

For research, a technique is used that combines ideas from the work [3-5].
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In [1] the authors study the following initial boundary value problem (in the Euclidean setting):

up(x,t) — Agu(x,t) = uln|ul, (z,t) € Q x (0,400),
u(z,0) = up(z), =€, (1)
u(z,t) =0, (x,t) € 9N x (0,+00).

Theorem 1. ([1]). Assume that uy € H}(£2) and

1 1 1
J(ug) = 3 /Q Vg |?da — Z/Q\UOIQIH\UOWUC +1 /Q |uo|*d < M, (2)

and

I(ug) = /Q |Vuo|2dx—/g|u0|21n|uo\dw < 0. (3)

Then the weak solution of problem (1) blows up at +oo.

Moreover, in [2] it is showed that the condition J(ug) < M is unnecessary to blow-up at infin-
ity to a solution of problem (1). In this talk, we obtain a finite time non-blow-up result for the
sub-Laplacian heat equations with logarithmic nonlinearity on stratified groups. In our proof, the
logarithmic Sobolev-Folland-Stein inequality plays a key role. We also establish a blow-up result at
infinite time on stratified groups.
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BLOW-UP RESULTS FOR VISCOELASTIC WAVE EQUATIONS WITH
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The following viscoelastic wave equation with weak damping was considered by Messaoudi in [1].

t
uy — Au +/ k(t — 1) Audt 4 alug| T 2up = |uP~2u, (z,t) € Q x [0,T),
0

u(z,t) =0, x € 09, (1)
u(x,0) = up(z), ur(x,0) =ui(z),

where ug € Wy?(Q), wy € L*(Q) and k € C'[0,T] satisfying 1 — [°k(r)dr = r > 0. The author
proved that any solution with negative initial energy p > ¢ blows up in finite-time and extended the
result by considering positive initial energy in [2]. We refer [3],[4], [5], [6] and [7] for the further
discussions in this topic.

In this talk, by means of Poincdre and Folland-Stein inequalities and Green’s identities for the
sub-Laplacian on stratified Lie groups, we show blow-up results in finite time for the viscoelastic wave
equations both with strong and weak damping terms on stratified Lie groups.
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INTEGRAL EQUATIONS FOR ROST’S REVERSED BARRIERS:
EXISTENCE AND UNIQUENESS RESULTS

YERKIN KITAPBAYEV

INTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN AND
NORTH CAROLINA STATE UNIVERSITY, NORTH CAROLINA, USA

ykitapb@ncsu.edu

We establish that the boundaries of the so-called Rosts reversed barrier are the unique couple
of left-continuous monotonic functions solving a suitable system of nonlinear integral equations of
Volterra type. Our result holds for atom-less target distributions of the related Skorokhod embedding
problem. The integral equations we obtain here generalise the ones often arising in optimal stopping
literature and our proof of the uniqueness of the solution goes beyond the existing results in the field.

Theorem Assume that p is atom-less. Then for T' > 0 the couple (s, s_) is the unique couple of
left-continuous, increasing, positive functions that solve the system

T rs+(T—u)
|/ o PEE£(T =0 0) (0 = ) (d)du =0, € 0.T) M)
t —s_(T—u
within initial conditions s4(0) = by. Equivalently we may express (1) in terms of ¢ as
/]R ¥ (wo@>6w) BoLge) g0y (v —(dy) =0, z €R. (2)
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ON FREDHOLM PROPERTY AND ON THE INDEX OF THE
GENERALIZED NEUMANN PROBLEM

Bakytbek KOSHANOV!'2¢  Arai KUNTUAROVA2?
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In simply connected region D in the plane bounded by the simple smooth contour I', we consider
the elliptic equation

21 92l % u
T 9 T ) A b ) ) ) D 1
;)a gy > anle W gurmrayr = /@) (@) € (1)

0<r<k<2i—1

with real coefficients a, € R and a,; € C*(D), T =0D € C?*, 0 < pu < 1.
S Problem. The generalized Neumann problem consists in finding the solution u(z, y) of equation
(1) in the domain D by boundary conditions

kil
ki—1
onki—4|p

:gJ7 ]:177l7 (2)

where 1 < k1 < ko < ... < k; <2l and n = n; + iny means the unit external normal.
For a polyharmonic equation, this problem was studied by A.V. Bitsadze [1]. Another version of
the Neumann problem, based on the variational principle, was previously proposed by A.A. Desin [2].

In [3], problem (1), (2) was investigated for ag, # 0 and f # 0 in the space of functions 03"1’“(1)).

The report established: a sufficient condition for the Fredholm property of problem (1), (2);
equivalence of the Fredholm condition of the problem to the complementarity condition (or Shapiro—
Lopatinsky) [4]. Also given is the formula for its user-friendly index ind S.

Funding: The work was supported by Grants AP 05135319 Ministry of Education and Science of Republic Kazakhstan.
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HARDY-LITTLEWOOD MAXIMAL OPERATOR ON NON-COMMUTATIVE
SYMMETRIC SPACES

Y. NESSIPBAYEV!¢, K. TULENOV?®
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In this work, we investigate the Hardy-Littlewood maximal operator on non-commutative sym-
metric spaces. We complete the results of T. Bekjan and J. Shao. Moreover, we refine the main results
of the papers [1] and [2].

Funding: The work was partially supported by the grants (No. AP08052004 and No. AP08051978) of the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
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WEAK COMPACTNESS CRITERIA IN ORLICZ SPACES
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In this paper, we directly prove the equivalence of K.M. Chong’s and De la Vallée Poussin’s
criteria of weak compactness of a subset K of L1(0,1) in terms of some Orlicz function. We do
so using extensively the theory of so called symmetric spaces. In particular, notions of decreasing
rearrangement, Hardy-Littlewood-Pdlya submajorization, Marcinkiewicz spaces, Orlicz spaces.

The classical Dunford-Pettis theorem identifies bounded, uniformly integrable subsets of L;(v)
with relatively weakly compact sets (see [8, Theorem 23, p.20]). Another characterisation of weak
compactness is obtained in the theorem of De la Vallée Poussin (see [8, Theorem 22, p.19-20], see
also [9, Theorem 2, p.3]), which states that a subset K of a space Li(v) is bounded and uniformly
integrable if and only if there exists an N—function F' such that

Sup{/F(f)dV: fGK}<oo.

The second author was supported by the grants No. AP08052004 and No. AP08051978 of the Science Committee
of the Ministry of Education and Science of the Republic of Kazakhstan.
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In addition, K.M. Chong obtained the following criterion of weak compactness (see [4, Lemma 4.1]): a
subset K of a space Li(v) is bounded and uniformly integrable if and only if it is contained in the orbit
of some positive integrable function (in the sense of the Hardy-Littlewood-Pdélya submagjorization).
In fact, It is well known that the orbit is weakly compact. However, the Chong’s theorem quite
unexpectedly describes weakly compact set as a subset of the orbit of a function.

In this paper we define the relation of weak compactness of a set in Orlicz spaces with boundedness,
uniform integrability, orbits of functions, and fundamental functions of these spaces and corollaries
arising from them. In particular, we define weak compactness criteria of a set in Orlicz spaces. Also,
we study weak compactness criteria of a set in L;(0, 1).
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ON AN INVERSE PROBLEM FOR THE STOCHASTIC HEAT EQUATION
GuraryM ORALSYN
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Nowadays, the theory of stochastic partial differential equations (SPDE in short) is a broad topic
and it has a number of applications, see e.g. [1] and [2]. In this talk, the goal is to discuss the inverse
problem of recovering the diffusivity coefficient a(¢) in the stochastic heat equation

dv(z,t) — a(t)Azu(z,t)dt = G(x,t)dBy, 1)
u(z,0) = (),

where ¢ is a given initial datum, which increases no faster than a function exp(cz?) (see Theorem 1.7.12
in [3]). On the right hand side, B is a usual Brownian motion, generating the filtration F = (F3,t > 0),
and the time-dependent diffusivity coefficient denoted by a is supposed to be a measurable function
from [0, co[x 2 into R and for each t € [0, oco[, a(t) is Fi-measurable.

Our result is motivated by a recent progress in this field in [4], where the authors prove that the
stochastic heat equation in more general divergence form admits a weak solution (cf. [5]), given by
anticipating stochastic integration. In their proof, the authors used some natural assumptions on the
noise. In our discussions we keep those assuptions and, in addition, we suppose some additional data
at a fixed point which is essential for these type of inverse problems.

Thus, we study an inverse problem of recovering the time-dependent diffusivity coefficient in
stochastic heat equations. To the best of our knowledge, the obtained result is new, we did not
succeed to find it in previous literature. Furthermore, our approach is different than known studies
related to inverse problems for SPDE, that is, we apply representations of solutions in terms of antic-
ipating stochastic integration by considering two direct Cauchy problems simultaneously to find the
time-dependent diffusivity coefficient in an explicit form.

An important fact was proved in [4] that a weak solution of the initial problem (1) admits the
following representation formula

t
vat) = [ [ Tyt 96l dydB,+ [ Tl 0uw)y )
0 JRd Rd
where ¢ is a given initial datum, which increases no faster than a function exp(cz?) (see Theorem
1.7.12 in [3]) and a(t) has to be F;-measurable and differentaible random variable.

From the linearity of the equation and representaion formula (2) follow the uniqueness of the weak
solution. This representaion formula is valid under certain assumtions on the given data (the noise):

A1l. The function
G :R% x [0,400) x Q — R?

is a progressively measurable function that satisfies the estimate
1+ [zDNG (2, )] < &(t), N > d/2,

where & is some adapted process such that

E (/DTQS(t)qut> < +00

The author was supported in parts by the Nazarbayev University program 091019CRP2120.
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with some ¢ > 1, and

te[0,7

P ( sup &(t) < —i—oo) =1

A2. For each (z,t) € R? x [0, +00) the random variable G(z,t) belongs to a Hilbert space D2 (in
the Malliavin sense) any t € [0,7] and any x € R?,

DG (x,t)| < Gz, t)y(r),

where D, is the Malliavin derivative (see, e.g. [6]),

E (/OT w(r)2pdr> < 400

(L+ |z V|G, t)] < B(2).

for some p > q¢ > 2d + 4, and

We find the diffusity coefficient in an explicit form by using the additional data at a fixed point
(with the above assumptions A1-A2), which can be applied to test various numerical algorithms for
this type of problems, and it is also relevant to practical applications of stochastic heat equations.
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CHARACTERIZATIONS OF GENERALIZED HOLDER SPACES
JoeEL E. RESTREPO
joel.restrepo@ne.edu.kz
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN

We present generalized Holder type spaces of functions over R™ [4]. We obtain several character-
izations of these spaces by means of the Bari-Stechkin class [1]. A new characterization is given by
Djrbashian’s generalized fractional operator [2, 3].

Joint work with Humberto Rafeiro, Durvudkhan Suragan, Abdel Yousef.
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In this paper, we establish the weighted and logarithmic Caffarelli-Kohn-Nirenberg type inequali-
ties on a stratified Lie group. As a consequence, we can apply it to prove the weighted ultracontrac-
tivity of positive strong solutions to

d E = 'Cp(d ’U) )
where £,f = V(|[VuflP"2Vuf) is a p-sub-Laplacian, d is a homogeneous norm associated with a
fundamental solution for sub-Laplacian and a« € R, 1 < p < Q.

Theorem. Let G be a stratified group. Suppose
1
1<p<@Q, —1<m<ao<oo, t > 0.
p—

Let u(t) be a positive strong solution to d*u = L,(d“u)™. Then for a function d*u(0) € L*(G) and
d*u(t) € L*>®°(G), we have

du(t <C d®u(0 QN D 4~ s R =TT)
d®u(t)|| L= (@) < C(Q, p,m, ao)||d*u(0)]|755¢, 0 ;

for such C(Q,p, m,ag) is a positive constant.

The author was supported by the MESRK target program BR05236656 and AP08052000. No new data was collected
or generated during the course of this research.
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NUMERICAL SOLUTION OF BOLTZMANN’S MOMENT SYSTEM OF
EQUATIONS IN THIRD APPROXIMATION WITH NATURAL CONDITIONS
OF MIRROW AND DIFFUSION REFLECTION OF PARTICLES FROM THE

BOUNDARY

AuzuaN SAKABEKOV, YERKANAT AUZHANI, SHYNAR AKIMZHANOVA
SATBAYEV UNIVERSITY, ALMATY, KAZAKHSTAN
auzhani@gmail.com

In case of one-atom gas any macroscopic system during process of its evolution to an equilibrium
state passes 3 stages: initial transition period — described in terms of full function distribution of
system, the kinetic period — by means of one-partial distribution function, the hydrodynamic period
— by means of five first moments of distribution function. In kinetic regime the behavior of rarefied
gas in the space of time and velocity is described by the Boltzmann’s equation. It is known from
gas dynamic that in most encountered problems there is no need in use of detailed microscopic gas
description with help of distribution function. Therefore it is natural to look for less detailed descrip-
tion using macroscopic hydrodynamic variables (density, hydrodynamic velocity, temperature, etc.).
As these variables are defined in terms of moments of the distribution function, we are faced with
the problem of analyzing the various moments of Boltzmann’s equation. Note that the Boltzmann’s
moment equations are intermediate between Boltzmann (kinetic theory) and hydrodynamic levels of
description of state of the rarefied gas and form a class of nonlinear partial differential equations.
Existence of such class of equations was noticed by Grad [1], [2] in 1949. He obtained the moment
system by expanding the particle distribution function in Hermitte polynomials near the local Maxwell
distribution. Grad used cartesian coordinates of velocities and Grad’s moment system contained as
coefficients such unknown hydrodynamic characteristics like density, temperature, average speed, and
others. In work [3] we have obtained the moment system, which differ from Grad’s system of equa-
tions. And we used spherical velocity coordinates and decomposed distribution function into a series
of eigenfunctions of the linearized collision operator, which is the product of Sonin polynomials and
spherical functions. The resulting system of equations, which correspond to the partial sum of series
and which we called the Boltzmann’s moment system of equations, is nonlinear hyperbolic system
in relation to the moments of particles distribution function. In this article it is obtained numerical
solution of the initial and boundary value problem for the nonstationary nonlinear one-dimensional
Boltzmann’s six-moment system equations with macroscopic boundary conditions. Numerical experi-
ment was conducted with concrete values of the parameters that entry to the Boltzmann’s six-moment
system equations and macroscopic boundary conditions. As result we define approximate values of
the moments of the particle distribution function such that gas density, gas average speed and the
falling to the boundary and reflecting from boundary particle distribution function. We study the
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initial and boundary value problem for six-moment one-dimensional Boltzmann’s system equations
with Maxwell-Auzhan boundary conditions[4]

ou ow

E—FA% :J]_(U, ’U))
ow 1 Ou
E +A % - J2(u7 ’LU), te (O7T]a S (_ava)a (1)
ul g =wuo (), w|,g=wo(z), z€[-a,d], (2)
_ _ 1 (1-5)
Aw™ + Bu == (Aw" = Bu" — F,te|0,T], 3
( )| e s 5 ( )| - [0, T (3)
~ ~ 1, (1-5)
Aw™ — Bu = —(Aw + Bu" + F,tel0,T], 4
( | ea = 51 |t BtelnT @
where
1 0 0 2 2 _ 1
a2 3 2 g 1 \/; ooV
= o \/52 NG E1)5 ) - aﬁ \/; 2\/5 -1
—/3 0 3 - -1 32

V3
Ji (u7 w) = ( 07J0270)/7 Jo (u7 w) = ( 0, Jos, J11)I7

, , S B A
u = (foo, fo2, f10)'; w = (fo1, fo3, f11)’, F (4\/578\/5’8\@) ;
A’ is the transpose matrix, B is the positive definition matrix; ug (z), wo (z) are the given initial
vector-functions; w™, u™ are the vector moments of falling to boundary particle distribution function;
w~, u” - are the vector moments of reflecting from boundary particle distribution function. To define
approximate solution of the problem(1)-(4) we use finite-difference method. We solve a system of
nonlinear algebraic equations with assistance iterative method. Numerical experiment was following
data: [—a,a] 210,1] ,

up () = (z, 1 —z,z (1 —2)), wo(x) =1+, (1-2)/2,2(1—-1x)/2),x € [0,1],

a=38.681, 0p=4/3, 01=0 , 09=-4/15 , 03=0;h=0.1, 7=0.02. Segment [0,1] divided by to 10 equal
parts , h is the step on = , 7 is the time step. We give a plot of the vectors v and w for two values
of B. B=1 corresponds to pure specular reflection and 5=0.8 corresponds to specular reflection and
diffusion reflection with the Maxwell distribution.
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A SOURCE INVERSE PROBLEM FOR THE PSEUDO-PARABOLIC
EQUATION FOR A FRACTIONAL STURM-LIOUVILLE OPERATOR
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A class of inverse problems for restoring the right-hand side of the pseudo-parabolic equation
for one fractional Sturm-Liouville operator is considered. The inverse problem of determining the
coefficient and the right hand side of a pseudo-parabolic equation from a local redefinition a state that
has important applications in various fields of applied science and engineering. The study of inverse
problems for pseudo-parabolic equations began in the 1980s (see [1]).

In this paper we consider pseudo—parabolic equation generated by fractional Sturm-Liouville op-
erator with Caputo time-fractional derivative. We investigate the equation

Dfu(t, ©) + 0%, . Dy yult, x)] + 0%, . Dy yult, ) = f(x), (1)

for (t,7) € Q= {(t,7)] 0 <t <T < o0, a <z < b}, where Df is the Caputo derivative and 9%, . Dy,
is the fractional Sturm—Liouville operator. In many physical problems, it is required to determine the
coefficients or the right-hand side (the original term, in the case of the diffusion equation) in the
differential equation from some available information; These problems are known as inverse problems.

Funding:The authors were supported by the Ministry of Education and Science of the Republic of Kazakhstan (MESRK)
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ON THE SOLUTIONS OF A FRACTIONAL ¢-DIFFERENTIAL EQUATION
WITH THE COMPOSITE FRACTIONAL ¢-DERIVATIVE
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Let 0 < ¢ < 1. Then the g-analogue differential operator D, f(x) is [1]:
f(x) — f(gz)
z(1—q)

This work was supported by Scientific Committee of Ministry of Education and Science of the Republic of Kazakhstan
grant AP05130975.

D,f(x) :=

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 57

and the g-derivatives Dy (f(z)) of higher order are defined inductively as follows:

Dy(f(x)) == f(z), Dg(f(x)) =Dy (Dg~"f(2)),(n=1,2,3,...)

The g-integral (or Jackson integral)

8~

f(z)dqx is defined by

[ H@dga = (1= a)a Y- o o™,
0 m=0

The Riemann-Liouville g-fractional integrals I, f of order a > 0 are defined by

x

/ (z — gb)> f(t)dt

a

(Igarf) () =

Ly(a)

Letn—1<a<n,neNand 0 <5 <1. We define the generalized fractional g-derivative Dq ot
as follows:

(Dge1) (@) o= (10D (100070 1) ) () = (1250 Dgf =7 1) ().
In this work we give conditions for a unique global solution to the Cauchy type problem

(D) @) = f@y@), n-1<a<mneN0<p<I, &

lim_ (Dklé’flf)(l #) ) () = b, by eRE=0,1,2,...n— 1, 2)

b P
in the space Lh[a,b] := < f: (f |f($)|pdq:1:> < 00,1 <p<oop which are the g-extensions of the

main results given in [2, Proposition 2 and Theorem 1] (see also [3, Proposition 3.1, Proposition 3.2
and Theorem 3.1)).
Our main result reads:

Theorem. Let a > 0, G C R be an open set and f(.,.) : [a,b] x G — R be a function such that
f(z,y(x)) € Ltlz [a,b] for any y € G and satisfying the condition

[f (@, y1(2) = f,92(2))] < Clyr(x) — ya()]-

Ifn—1<a<nneN0<F<1,y=m—-a)1-0), I,y ACp[a,b], then there exists a

unique solution y(z) € Laﬁ 4la; ] to the Cauchy type problem (1)-(2).
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UNCERTAINTY TYPE PRINCIPLES
Dina SHILIBEKOVA
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN
dina.shilibekova@nu.edu.kz
In this paper, we provide with the general functional version of Uncertainty type principles on one

of the special cases of the homogeneous groups, namely the abelian group (R™,+). We will obtain
several inequalities of uncertainty type principles of the form

R 1802 \? ([ 1f@)P  \5F
/Q|f<m>|p¢<|x|>dmgp</Q s ) ([ HEE ) T 1<p <

acting on functions with radial derivative R, and considering the known cases of p = n and p = 2.
Moreover, establishing the sharp remainder term for Steklov inequality in R we will show the existence
of the optimal constant and that it is positive.

Theorem.
Let © C R™ be an open bounded set. Then for any integrable radial function ¢, and for any
f € C}(Q) we have the following generalized uncertainty principle

p—1
p

[1ses(ehas < ( [ R et d)( [ )

for 1 < p < 400 and where, ¢(|z|) = [y o(|z|) |z[""! dz and Ry, := ﬁ.
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SHARP REMAINDER TERMS FOR HIGHER ORDER STEKLOV TYPE
INEQUALITIES FOR VECTOR FIELDS

DUrvUDKHAN SURAGAN
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN

durvudkhan.suragan@nu.edu.kz

In this talk, we discuss sharp remainder terms for the higher order Steklov inequality for vector
fields which imply short and direct proofs of the sharp (classical) higher order Steklov inequalities.
The obtained results directly imply sharp Steklov type inequalities for some vector fields satisfying
Hoérmander’s condition, for example. We also give representation formulae for the L?"-Friedrichs
inequalities for vector fields. This talk is based on our recent work with Tohru Ozawa, Waseda
University.

Particularly, in the Euclidean case, our results directly imply the following theorems.

Theorem 1. Let 2 C R™ be a connected domain, for which the divergence theorem is true. We
have the sharp remainder of the higher order Steklov inequality

/}VQmu‘2d:U—)\%m/|u|2da:
Q Q

mil - . . . . 2
= Z )\?(mflﬁ) / ’AJJrlu + AlAJu‘Qdaz + 2)\1/ ’VAJU — EAJU dr | >0, (1)
e Q Q Uy
where m = 1,2, ..., and
2m+1 2 2m+1 2 m vul m 2
% u|”dz — A7 lul*de = [ |VA™u — —A™u| dx
Q Q Q Ui
m-! . . - vy |
+ )\?(mﬂ)*l / ’AJ'Hu + AlA]u‘ dx + 2)\1/ VAu— ~Au| dx | >0, (2)
=0 Q Q Uy
where m = 0,1, ..., for all u € C§°(S2). Here u; is the ground state of the (minus) Dirichlet Laplacian

in Q and A1 is the corresponding eigenvalue. The equality cases hold if and only if u is proportional
to u1.

Theorem 2. Let 2 C R™ be a connected domain, for which the divergence theorem is true. We
have the remainder of the L*" -Friedrichs inequality

/|Vu|pmdﬂc—()\1—am)/ (P da
Q Q
m—1
_ Z/ vapmfjfl) |Pi — 2pj1upm1‘2d$+/
pailie Q

for allu € C&(Q). Here oy, = % Z;’:ll 4P, meN, p;j = 27wy is the ground state of the minus Dirichlet
a1
Laplacian in €} and Ay is the corresponding eigenvalue. We also have the asymtotics lim,, o0 oh" = 2.

Vu 2
V (uPm-1) — TPt da >0 (3)

a1

The author was supported in parts by the Nazarbayev University program 091019CRP2120 and the Nazarbayev
University grant 240919FD3901.
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SOME APPLICATIONS OF POTENTIAL THEORY FOR
DEGENERATE-TYPE DIFFUSION EQUATION

KassymMkKHAN TENGEL
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN
kassymkhan.tengel@nu.edu.kz

Consider the following one-dimensional degenerate-type parabolic equation

ou(z,t) 0?u(z,t)
or g
in a cylindric domain (x,t) € Q@ = (x € (0,1),t € (0,7)) with initial condition

u(z,0) = ¢(x). (2)

=0 (1)

Here the coefficient a(t) satisfies:
(a) a(t) is nonnegative and becomes zero only at isolated points;

(b) A function a;(t) defined by
t
ay(t) := / a(z)dz
0

is positive for all ¢ > 0, allowing a(t) to be negative in an interval.[3]
Lemma. Under the condition (b) the fundamental solution of equation (1) can be represented as
0(t) __a?
€2, t) = €e(z,a1(t)) = —/———=e *u1® 3
(o) = clman(f) = s ©
where 6 is the Heaviside function.
Theorem 1. The degenerate parabolic potential defined by

1
oz, t) = /0 eali — £,0)8(€)de (4)

is called the Poisson potential. Let a(t) satisfy the assumption (b). Then the Poisson integral (4)
solves the equation (1). Also, it satisfies the initial condition (2).

We are interested in the question that what boundary conditions can be put on the the degenerate
parabolic potential (Poisson integral) on the lateral boundary of the cylindrical domain so that the
degenerate parabolic equation with these boundary conditions would have a unique solution in the
cylindrical domain, which is still given by the same formula of the degenerate parabolic potential.
These kind of problems first appeared in Kac’s lectures. Hence, the analogical questions for the el-
liptic and hypoelliptic cases are called Kac’s problems. To do so, the following theorem will help us. [1].

Theorem 2. For any a(t) € C2(0,T) the generalised heat potential is a unique solution of the
problem (1)-(2) with boundary conditions [4]

Iu(xyt)zzl - Iu(xyt)x:() = 07
where

_ux,tat) | [P [Oealx =&t —T)
Iu(l',t) = —# +/0 |: 8‘5

a(T)u(&, 1) — eq(x — &t — T)a(T)

(x,t) € Q.
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VERY WEAK SOLUTIONS
Nivaz TOKMAGAMBETOV
INSTITUTION OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN
tokmagambetov@math.kz

Here, we study the Cauchy problem for the Landau Hamiltonian wave equation, with time depen-
dent irregular (distributional) electromagnetic field and similarly irregular velocity. For such equations,
we describe the notion of a ‘very weak solution’ adapted to the type of solutions that exist for regular
coefficients. The construction is based on considering Friedrichs—type mollifier of the coefficients and
corresponding classical solutions, and their quantitative behaviour in the regularising parameter. We
show that even for distributional coefficients, the Cauchy problem does have a very weak solution, and
that this notion leads to classical or distributional type solutions under conditions when such solutions
also exist.

Joint work with Professor Michael Ruzhansky:.

VAN DER CORPUT LEMMAS INVOLVING MITTAG-LEFFLER FUNCTIONS
BerikBOL T. TOREBEK
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN
torebek@math.kz
In harmonic analysis, one of the most important estimates is the van der Corput lemma, which is

an estimate of the oscillatory integrals. This estimate was first obtained by the Dutch mathematician
Johannes Gaultherus van der Corput [1] and named in his honour. While the paper [1] was published

This research is financially supported by grant no. AP05131756 of the Ministry of Science and Education of the
Republic of Kazakhstan.
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in Mathematische Annalen in 1921, he submitted it there on 17 December 1920. Therefore, it seems
appropriate to us to dedicate this paper to the 100" anniversary of this lemma.

In this work, we study analogues of the van der Corput lemmas involving Mittag-Leffler functions.
The generalisation is that we replace the exponential function with the Mittag-Leffler-type function,
to study oscillatory type integrals appearing in the analysis of time-fractional partial differential equa-
tions. Several generalisations of the first and second van der Corput lemmas are proved. Optimal
estimates on decay orders for particular cases of the Mittag-Leffler functions are also obtained. As an
application of the above results, the generalised Riemann-Lebesgue lemma and the Cauchy problem
for the time-fractional Schrédinger equation are considered.

This is joint work with Dr., Professor Michael Ruzhansky from Ghent University, Belgium (see

2]).
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REGULAR BOUNDARY CONDITIONS FOR FOURTH ORDER
DIFFERENTIAL OPERATOR

LyaiLyA ZHAPSARBAYEVA!, Murar MUKHAMBETKALIEV?

IINSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN,
1,251, FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

leylazhk67@Qgmail.com

In this work the regular boundary conditions are established for fourth order differential operator.
An operator with nondegenerated boundary conditions may have incomplete system of root functions
in Ly(0,1). At the same time an operator with regular boundary conditions has complete system
of root functions in L9(0,1) [1]. We study the following boundary value problem for fourth order
differential equation

y ) 4 po(@)y” + pr()y + po(a)y = My, pr(z) € CP0,1], k=0,...,2, (1)
with the normalized boundary conditions [2]
Ul/(y) :UVO(y)+UV1(y) :Oa 1/21,...,4, (2)

where

3
Uwoly) =D cujy?(0),
=0

3
Un(y) =Y By (1), v=1,... .4,
7=0

The authors are supported by the grants No.AP05131292 and No.AP05131845 of Science Committee of the MES of
the RK
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in the interval (0,1). Here o,; and (3, are arbitrary constant numbers, moreover for each value v at
least one of the numbers a,,; and 3,; are not equal to zero. The operator that corresponding to the
boundary value problem (1), (2) with domain of definition D(L) C Wi[0,1] we denote by L. In the
domain of definition D(L) for the operator L the regular boundary conditions are highlighted.
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GEOMETRIC HARDY INEQUALITY ON ENGEL GROUP
AKMEREI ZHARKYNBEK

KAzZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

Akmerei97-26@mail. ru@mail.ru

A well-known stratified group with step three is the Engel group, which can be denoted by E.
Topologically E is R* with the group law of E, which is given by

roy=(x1+y1,r2+ Y2, 03+ y3 + Pr, x4 +ys + Po),

where
1
P :§($1y2 — Zay1),
1 1 5 2
Py 25(9313/3 —z3y1) + ﬁ(%?ﬁ — z1y1 (22 + y2) + T2y7).-

The left-invariant vector fields of E are generated by the basis
X, = 0 _@i_(@_mlm) 0
2 12
0 x; O z? 0

61’4 ’

Xo=— - 4+L
2 0xa + 2 Oxz 120z’
6 I 8
Xg=— +—=—
3 8.%'3+ 2 83}47
0
X, =—.
4 8.%'4

Theorem Let Et = {z := (21,22, 23,24) € E| (x,v) > 0} be a half-space of the Engel group E.
Then for all 3 € R and u € C§°(E1) we have

(X1(2),v)* + (Xa(2),v)*
/E+ [Veufdz 2Ci(5) /E+ : dist(x,8E+2)2 [ul*de (1)
+ b Tara ]u|2da:,

3 Jg+ dist(z, OEY)
where Vg = {X1, Xo}, v := (v1, 19, 13,14), and C1(3) = — (8% + B).

The author was supported by the AP08052000. No new data was collected or generated during the course of this
research.
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O JPOBHOM AHAJIOTE HEKOTOPBIX KPAEBBIX 3AJJTAY OJIfA
YPABHEHUNE JIAIIJIACA

ABJYVPA3BUK ABJIYBANTOB®, MYyXABBAT TAYKIIMETOBA®
YHUBEPCUTET UM. AXMEJIA HJCABU , TYPKECTAH, KA3SAXCTAH

®abduvaitovaa96@mail.ru, *tazimetovam95@mail.ru

ITycts Q = {x ER?: |z| < 1} - eIMHUYHBI KpyT, 0§} -enuHu<HAs OKPYKHOCTh. O603HAINM 1 =
x9 C

|z|, ¢ = arctg®2 w nycrs § = r% - oneparop Jupaka, 6 =6 (6F71)  k=1,2, ...

1
Hns sroboro o > 0 cieyroiiee BhIpaKeHUe

r

P00 = [ (00) e
0

HA3BIBAETCS HWHTErPAJOM MOpsiika « B cMbicae Anavapa [1]. B nmambmeitmmem 6ygem cuwrarh

I (u) (r, ) = u(r, ).
IIycts 1 > 0. Beenem omepaTopbl

I fu] (ryp) = r7 11 [rfu] (r, @)

g ] (1) = 1 8 | (), 1-1<a<liz

Ecm pp = 0, 1o I = I%, a D coBnajaet ¢ onepaTopoM JuddepeHnupoBanmie TOPATKa (¢ B CMBICTIE
Anamapa-Kanyro [1].
IMycte p > 0, I =1 < a < l,a>a, >..>a, >0, 0< pj— geficrBureibHble 4YHUCIA,

m .
j=1,2,...,m. Beegem omeparop Pu (D) = Df + 3 p; D)/’
j=1
Pacemorpum B obstactu €2 caemyroomyio 3a1ady

Au(r,p) =0, (r,0) € Q, (1)

Poyu(D)u(r,¢) =g(p),0< ¢ <2 (2)

B cayuae a = [ meTom0oM MaTeMaTHIeCKOW WHIAYKIIUA MOYKHO TOKA3aTH CIIPABEJIMBOCTD PABEHCTBA

l
D}, [u] (r,0) = 6, [u] (r,0) = (r;, - u) u(r,p).

Pabora 6bu1a nojaepxkana rpanrom AP05131268 KH MOH PK

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 65

Hanee, ecnin x € 0L, To

e v— ekTop Hopmasin K OS). Tlosromy B ciyuae a = 1,u = 0 omeparop D(l) na 0f) coBmajaer c
MPOM3BOIHOM IO HOpMaJn K okpyxHOcTH 02 . Tak Kak

Ou

v (T‘, ()0) + pu (T7 SO) ’(9(2 y

Dy (r, o) |oa =
To B ciydae p; = 0,5 = 1,2,...,m 3aga4a (1), (2) coBuagaer c 3anadeit Pobena (p > 0) u 3amadeit
Heiimana (g = 0)
Taxkum obpasom, B ciayuae p = 0 Mbr morygaem obobmenne 3amadu Hetimamna, a B ciayguae p > 0
obobrmenne 3amaun Pobena nis ApoOHBIX 3HAYEHNI IPAHNYIHBIX OIMEPATOPOB.
Ormernm, uro 3aza9a (1)-(2) B caygae 0 < a < 1 nzyuena B pabore [2].
CrpaBeIuBLI CIAEYIONINE YTBEPIK TEHUST

Teopema 1. Ilycto 1 >0, p; > 0,5 =1,2,...,m u perrenne 3a1a4u (1),(2) cymecrsyer. Torna

1) ecm p >0 mma p =0 u q = 0,py, # 0, TO perrenne eqUHCTBEHHO

2) ecn pp =0 # vy > 0 miam oy, = 0 1 pp, = 0, TO perenne 3aa49u €JHHCTBEHHO ¢ TOTHOCTHIO JIO
HOCTOSHHOI'O CJaraeMoro.

Teopema 2. Ilycte 1 > 0,0 > a1 > ... > oy > 0,0 < pj, 5 =1,2,...,m, 0 < XA <1, f(p) €
CMU—m, 7l u f(—n)= f(r). Torza

1) ecnmpp > 0 mmm pp = 0 1 oy, = 0, ppy, # 0, T0 permrenne 3anaum (1),(2) cymecTByer n e IMHCTBEHHO;

2) ecom =0 1 oy > 0 wn oy, = 0 1 ppy, = 0, TO 7157 paspermmoctn 3ana4u (1), (2) mHeobxoqumo

" JOCTAaTOYHO BBIIIOJIHEHUE YCJIOBUSA
s

/g (p)dp = 0.

—Tr

Teopema 1 fgoKa3bIBaeTCd CBeJIEHMEM OCHOBHOM 3ajadm K 3agade wmpuxse. Ilpn noxkazarenrbcTBe
TeopeMbl 2 MCIOJIb3yeTCd MeTOo pasjoxkenue B pan Pypoe.
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OB OCOBBIX TOUKAX OJHON JMHAMUNYECKO CUCTEMBI
Hypian ABUEB
TAPA3CKUN TOCYIAPCTBEHHBI YHUBEPCUTET UM. M. X. JIVJIATH, TAPA3, KABAXCTAH
abievn@mail.ru

Apropsr [1,2] qokasbiBasu, 4ro Ha 0606IIEHHBIX IPOCTPAHCTBAX YO/Iaxa HOPMAaIU30BaHHBIN T0TOK
Puauau penynupyercs K cucreme pudepeHnnaabHbIX ypaBHEHU T

ii::IQ:::—2xi<ri——(rlafl—kr2a51—%r3a§1)(afl#—agl%—agl)_l), i=1,2,3, (1)

OTHOCHUTEJIBHO HEM3BECTHBIX MapamerpoB ; = x;(t) > 0 uHBApUMAHTHON PUMAHOBON MeTpPUKHU DaC-
CMaTpUBAEMOTO IPOCTPAHCTBA, IJie Iy O3HAYAIOT IJIaBHBbIE 3HAYEHUd KPUBU3HLI Puwaum 3To0it MeTpn-

L= Lo 2 T TG P — .
KH M BBIMHCIAIOTCA 10 QopMysnaM Iy = - + 5 (xﬂk ot :cixk)’ {i,7,k} = {1,2,3}; gucra
ai,az,as € (0,1/2] xapakrepusyior 0606IIeHHOE TPOCTPAHCTBO Yosulaxa (HCTOPUIO BOIIPOCA MOYKHO

Haiitu B [3] u cebuikax ram). Cornacho [1], (1) MOxKHO 3aMeHUTH cUCTEMOT
T :fi(xhaa)a 1=1,2, (2)

rie fi(w1,x2) = Fi(x1, 2, 0(x1,12)), @(11,72) = :rl_a3/a1x2_a3/a2. ycre A2 = 0.5(p &+ /o) — cob-
CTBeHHbIE 3HAYeHHs MaTpuihl Axobu J cacremsr (2), rae o = p? — 44, p := trace(J) u § := det(J).
Ocobast Touka cucrembl (2) Ha3bIBaeTCH Hesuposicdernot, ecmu § # 0. Bupoocdennas (& = 0) oco-
fast TodKa MOXKET ObITh noay-zunepbosuueckot (A1 = 0, Ay # 0), nuavnomenmmnot (A1 = A9 = 0,
J #0) nau aunetino nyaesot (J = 0). B macrosmein pabore mbl ocinabiasem orpanndenus a; € (0,1/2]
u paccMarpuBaeM (2) Kak abCTPAKTHYIO JMHAMUYECKYIO CUCTEMY, OTBJICYEHHYIO OT T€OMETPUIECKOTO
cmpicia. Ilyers A := ajas + asas + aza,. Havmu mokazamn

Teopema 1. IIpu a; € R, A # 0 cucrema (2) gormyckaer BbIPOKAECHHBIE 0COOBIE TOUYKH CJETYHO-
[AX THIIOB: JIHHEHHO HyJeBasi ocobast Touka (eauucreenHoe ceaio (1,1) ¢ mecrpro runepbosmaecKuMu
cekropamu) npu (ay,as,a3) = (1/4,1/4,1/4); noxy-runepbomnieckast ocobast Touka (cemno, HEyCTOi-
YHBBIH Y3€J HIH CeJJI0-y3eJ1) MPH BCeX OCTAJbHBIX 3HAYCHUSIX MapaMeTpPOB ;.

Teopema 2. Ilpu a; € R, A # 0 cucrema (2) gomyckaer HEBBIPOXKICHHBIE 0COOBIE TOUKH CJCTYIO-
muxX THOOB: y3€es1 (YCTOHYuBbIH Han HEeyCTORIHBEIIT), cemmo, (bOKyC mam meHTp.

Cront OTMETHTH, 94TO pe3ysibraThl Teopembl 1 Gbin mosyuensl B [1,2] nmpu Gosee crporux mpes-
nonoxennsx (ay,as, az) € (0,1/2]3. Oamako ckazamHoe He OTHOCHTCS K Teopeme 2: mpwu (aj, ag,as) €
(0,1/2]® cucrema (2) He mmeer HOKYCOB W MEHTPOB. DTO OOBLACHAETC TEM, 9TO 3HAK 0 COBTAIAET CO
3HAKOM KBaJIPATHIHOM (bOPMBI, MATPHIIA KOTOPOI nMeeT cobcTBennble 3nadenus 0, 2.4 u a3 +a3+ai+.A
(cm. [1]). TToaromy mpu (ay,az,as) € (0,1/2]® mbr mveenm mepasercTEO 0 > (), O3HATAIONIEE OTCYTCTBIE
(bOKYCOB W IIEHTPOB HE3ABUCHMO OT 3HAYCHUH O (MMOHATHO, YTO UX TIOSBJIEHUIO CIIOCOOCTBOBAIN YCIOBUS

d#0u A<0).

Crmcok urepaTyphl

[1] N.Abiev, A.Arvanitoyeorgos, Yu.Nikonorov, P.Siasos, The dynamics of the Ricci flow on
generalized Wallach spaces // Differ. Geom. Appl., 35:Suppl., 26-43 (2014).

[2] H. A. A6ues, A. Apsauuroiioproc, FO.T'. Hukonopos, II. Cuacoc, Hopmasusosannwiii nomox Puyuu
na obobwennmx npocmpancmeaxr Yoaraxa |/ Mar. dopym, 8:4, 25-42 (2014).

[3] Yu.Nikonorov, Classification of generalized Wallach spaces // Geom. Dedicata, 181:1, 193-212
(2016).
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HEPABEHCTBA TUIIA XAPAU C JIOTAPU®MUNYECKON
OCOBEHHOCTBIO

A.M. ABBIJIAEBA, B.H. CEI1JIBEKOB

EBPABUIICKUNA HALMOHAJIbHBIM YHUBEPCUTET UM.JI.H.I'vMuiEBA, HyP-CVJITAH,
KA3AXCcTAH

abylayeva b@mail.ru, bolat 3084@mail.ru

IIycts 0 < p,g < 00,0 <a<1lm % + }% = 1. Becosnie pyukiun v : [ — I — HEoTpUIIATEIBHBIC

JIOKAJIBHO MHTerpupyemble u 4 — HeBo3pacTaomas dyuxius Ha I = (0;00).
dW (z
IMonoxum, 910 d{f« ) = w(x) mouTn BCrogy HA T € 1.
Paccmorpum Bonpoc 06 orpanudentocTs u3 Ly = Ly (1) B Lg, = Ly, (1) narerpansHoro ome-

paropa Buma

_ r o W@ ()W (s)f(s)w(s)ds
Ka,’Yf(l'> - O/Z W(ZL’) — W(S) (W(.%') _ W(S))l—a

, €I, (1)

rje Ly, — IpocTpaHCTBO BeeX m3MepuMblxX dyHkimit f : [ — R, 114 KOTOPLIX KOHEYEH CJIe/lyfomuit
dyHKITIOHAT

1l = /If(x)\pw(s)ds 0<p<oo
0

B pa6ore [1], mpu In(-) = 1 u v — 1 = [ moaydYeHbl KPUTEPUH OIPAHUIEHHOCTH U KOMIIAKTHOCTH
oneparopa (1) uz Ly, B Lg,. B pabore [2] mia oneparopa K Buna

T

Kf(z) = /87_1ln

0

f(s)ds
x—s
HOJTy9eHbl KPUTEPUK OI'PAaHUYEHHOCTH W KOMIAKTHOCTH oneparopa K u3 Ly, B L.

Teopema. llycts 0 < a0 < 1, é <p<g<oowuy>1 Illyers u He Bozpacratomias dyakius Ha 1.
Torna oneparop K, orpammaen u3 Ly, B Ly, TOrga o ToIbKO Torga, Koraa A, < 0o,

waqw—?) (a:)y(x)da:> ‘)

rae Aaq(s) = it;%) (Ofs u?’ (t)WpW(t)w(t)dt> .

Ipu stum [[Koy || = Aoy
Crmicok urepaTyphl

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

[2] A.M.Abylayeva and L.-E.Person, Hardy type inequalities and compactness of a class of integral
operators with logarithmic singularities. // Math. Inequal. Appl. (MIA), V.21, ¢ 1, 2018, P.201-215.

PaboTa BbITIOTHEHA TTPU MOZIEPXKKE TPAHTOBOTO (hUHAHCUPOBAaHUs MPOeKTOB MuHMCcTEpCTBOM 00pa3oBaHus W HAYKU
Pecuy6isiuku Kasaxcran (rpant NeAP05130975, 2018-2020 roapt).
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OIINCAHUE 3AMBIKAHUS ®VUHUTHBIX ®YHKIINI B OJHOM
BECOBOM ITPOCTPAHCTBE TUITA COBOJIEBA

AnEBA ATHAT'VJIb

EBPABUIICKUI HAIITMOHAJIBHLIM YHUBEPCUTET UMEHU JI.I'VMUJEBA, HYP-CVIITAH,
KA3AXCTAH

a.aina70@mail.ru

Mycts T > 0,1 <p<oo,Ip=(T,0)n Wp%v(r) = Wg’v(r, I7) npocrpancrso dynakumit f : Ip — R
JIOKAJTBHO aBCOJIIOTHO HeTpepLIBHBIX Ha I BMecTe ¢ dynknueir D) f m j1a KOTOPHIX KOHETHA HOPMA

1fllwz, ) = IIDF fllp + [ Dr (D) + 1 F(T), (1)
o0 I3
rae ||gllpo = <f v(t)|g(t)|pdt> - HOPMa BECOBOTO POCTPAHCTBA Ly (1) = Ly 4.
T

ITycro MP(IT) ={fe WQv(r): suppf C Iy, suppf is compact}.

OboznauuM depes Wiv( )= va(r I7) 3aMBIKaHUE MHOXKECTBA M no Hopme (1).
IIpocrpancTso W;?,y (r) ommCBIBaETCS B TEPMHUHAX 3JEMEHTOB [IPOCTPAHCTBA W[iv( T).
Jdemma 1. Iyers T >0, 1 < p < oo. Torma f(T) = 0, DL f(T) = 0 ana moboro f € Wg,v(r).
Jlemma 2. IIycres T > 0, 1 < p < 0O © BBITIOJIHEHO

00 t v’
/vl P (t)dt < oo, / 1= /r_l(x)dx dt < oo. (2)
T

Torna gt moboro f € W2, (1) cymecrsyror xonednsie mpesest 1tlim DLf(t) = D.f(co) m
’ —00

lim |1 / 2)dzDLf(00) | = d(f). (3)
T

Caencrsue 1. Iycrs 1 < p < oo u Bemosneno (2). Tornpa, D} f(oo) = 0, f(0o0) = 0 ana Jmo6oro
fe W;?,v(W-

Tenepnb, paccMOTPHUM CITydai

o0 o0 t
/vlp dt<oo/1p /7’ dt = o (4)
T T
u oo
/ oI (1)t = oo. (5)
T
rue T > 0.

Jlemma 3. Ilycrs 1 < p < oo u semosmeno (4). Torga gns moboro f € W2, (r) cymecrsyer
romeunsiii D} f(co) u D} f(o0) = 0 ans moboro f € W]?,U(T).
ITonoxum

LRWZ,(r) = {f € W2,(r) : f(T) = f(oc) = 0, DAJ(T) = D} f(oc) = 0},

LEW2,(r) = {f € W2,(r) : f(T) =0, DLf(T) = D}f(o0) = 0},
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LW2,(r) ={feW2,(r): f(T)=0,D}f(T) = 0}.

Teopema 1. Ilycrp 1 < p < oo. Torza
(i) ecau evnoaneno (2), mo

Wio(r) = LRW,(r); (6)

(ii) ecau swnoaneno (4), mo
Wi (r) = LE'W (r); (7)

(111) ecau evinoaneno (5), mo
W2,(r) = LW2, (r). ®

Criucok aurepaTypbl
[1] B.I'Masss, IIpocmpancmsa C.JI.Coboaesa,//J1.: N3n-8o Jlenunrp. yu-Ta, 1985.

DPOPMVJIA JIATPAH?KA COIIPA>2KEHHOE JUNOPEPEHIIVMAJIbBHOE
BBIPAKEHUVE TPETBEI'O ITOPAIKA

I'viiam XAspaT AIMAJI PACA, I'.C. AV3EPXAH
KA3AXCKUM HAU‘I/IOHAﬂbeHu/I YHUBEPCUTET NMEHU AHb—CDAPABI/I, AHMATbI, KA3AXCTAH
aimal.rasal4@gmail.com, auzerkhanova@gmail.com

B dyuknnonansaom npocrpanctse Lo (0, 1) pacemorpum onepatop Byqz, TOPOK ICHHBIH JTHHEHHBIM
muddepeHimaTbHbIM BHIPAKEHUEM TPETHEro MOPsIKa C IIaAKuMu KoddpuimentaMmu

L(y) =y (2) + Pi(a)y (@) + Po(2)y(a), (1)

sieck Py(x) - venpepbiBuble GyHKNUi B GUKCUPOBAHHOM KOHeYHOM Ha uaTepsase [0, 1].
Kpaesblie ycioBusi. B nannoM nmyHKTe HATOMHUM U3BECTHBIE CBOMCTBA YKAa3aHHBIX 0omepaTopoB. Kpa-
eBble YCJIOBUS

Ui(y) = ajy(0) + By (1) = 0,5 = 1,2,3, (2)
e
N=0,72=1v1=2
BRIOpaHHLBIE COTVIACHO TeopeMe Muxafimosa-KecenbMaHa, 9acTO HAZLIBAIOT YCHICHHO-PETYISPHBIMEI
rpanuuHbiME yeaosusavu /4/. Tlosromy coberBennble 3Ha4YeHust oneparopa Sy aCHMITOTUYECKUE TTPO-
CTBIE ¥ OTJEICHBI /3/, TO €CTh HAIeTCs TTOJIOKUTETHHOE TUCI0 0 TIPH KOTOPOM JIIOOBIE [IBa COBCTBEH-
HBIX 3HAYEHWS OMeparopa Sy OTCTOAT APy OT Apyra Ha paccrosiaue Gosbine dem 7. Takxke w3 pabor
/1, 2/ crenyer, uto cucTemMa COGCTBEHHBIX M MPHCOEINHEHHBIX DYHKIHIT omeparopa Sy obpasyer 6asuc
Pucca B npocrpancrse Ly (0, 1). Boinuimem conpsizkeHHbIE FPAHUYHBIE YCIOBUS K IPAHUIHBIM YCJIOBHUSIM
Muxaitnosa-Kecenpmana. Bynem canrars, 910

3>13327227m20
Cay4ait A. Ecom Bce 74,7 = 1, ...,n pa3Hble, TO

M=0,7%=1y3=2
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Cnywait B. Ecnu v; = 7,41, To BbiOupaem Uj(y) = y(W)(O),UjH(y) = y(?wi)(l). B namnuetimem
JIeTaIhbHO M3ydaercsd caydait A. AHATOrmIHO MOXKHO nccaenoBaTh caydail B. Utak, mycrs y1 = 0,79 =
1,73 = 2. B Takom ciydae seegem mabop bopM Uy, (y) = —BjyU=D(0) + ajyl=Y(1),5 = 1,2,3.
MoHO cUnTaTh, 9TO 04]2 + BJQ = 1. Torga crpaBe BBl PABEHCTBA
7,
y9(0) = a;U;(y) = B;Uj1n(y)
7.
v (1) = 8;U5(y) + aUj ()

g mpousBosbHON riaakoil dhyHKIMH v(z) BBemseM 0003HAUEHUs Jasbile JuHeliHass dhopma

Ui,....Us
Ur(y) = a1y(0) + f1y(1) =0
Ua(y) = azy™(0) + By (1) = 0
Us(y) = asy®(0) + B3y (1) = 0

Us(y) = —p1y(0) + a1y(1) =0
Us(y) = —Bay™(0) + ay (1)
Us(y) = —B3y@(0) + azy® (1)

2.ConpsxkeHHbie KpaeBbie ycoBus. [lycts Uy, ..., Ug - HazbIBatOTCA TMHEHHO HE3aBUCMBIE (DOP-
MBI & TaKXKe BCAKNE KPAEBBIE YCJIOBUS, UM IKBUBAJIEHTHBIE HA3LIBAIOTCI COMPIKEHHBIMU K KPaeBLIM
YCJAOBUSMU MBI MOXKEM Y€PE3 KPAEBbIE YCIOBUIH HAN UM CONPIKEHHBIE KPAEBBIE YCJIOBUS.TEIIEPh MOYK-
HO BBECTHU COIpPs2KEHHbIE TpaHuYHbIe (GDOPMBI 110 POpMyJIam

0
0

W473(V) = ﬁ475Rs(17 V) - 054st3(0’ V) (3)

Wi_s(V) = as—sRs(1,V) + Bs—s Rs(0,V) (4)

riue
Ri(z,V) =V(x),

Ry(x,V) = =V (a),
Rs(x,V) =y ( ) + Pi(x)

)-

@)V (z
Takum obpasom, juis aodbIx ABYX riaagkux Gyuknuii V(z),y(x) cupasegnusa dopmyna Jlarpasxa

3

1 1
/OL(y)V(:c)da;—/o y(@) LT (V)dz = Uss(y)Ws_s(V) +ZU7 () Wr_g(V) (5)

s=1

Buece L*(V) = =V3(2)—(Py(x) V(X)) W4+ Py(x)V (X) dopmansro conpsizkennoe guddepeninaib-
Hoe BuIpazkenne. s moboit Uy (.), ..., Us(.) auneitno mezaBucumblie dpopmbl Haitamres Wi(.), ..., We(L).
Criucok urepaTyphbl

[1] B.E. Kanryxun, Qyuxyut 3adauu Jupuzae daa dupdepenyuanvnozo onepamopa na epagde-3sesode
// Becruuk KasHY, 21:2, 12-21 (2018).

[2] H.A. Adanacwena, JLIL. Byaor, Saexmpomexnuka u saexmponuka // CII6.: CTl6ryn n I1.T., 2010.

[3] M. Astudillo, M. Usman, RT-symmetric Laplace operators on star graphs: Real spectrum and
selfadjointness // Adv.math.phys., 2015.
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PASPEHINMOCTDb OJHOI'O NHTET'PO-IIAPABOJINYECKOTI'O
YPABHEHUNA

A. AUMAXAHOBA', I BECBAEB?

L2IHCTUTYT MATEMATHKYA 1 MATEMATHUYECKOIO MOJE/JIUPOBAHNS, AJMATHI, KA3AXCTAH

IMycrsQ C R™ koneunas obaacrs ¢ riaaakoil rpanunein 09, D = Q x (0,T) - unausapuveckas
00.J1aCTh.

B obnactu D paccmoTpuM mHTErpo - andepeHnaibHoe ypaBHeHHe ¢ MapobouIecKuM ypaBHe-
HUEM B IJIABHOI 9acTn

0

L= (0 AJut /Q K (2, €)u(€, H)dg = f(x, 1) 1)

C Ha4aJIbHBIM YCJIOBHAM
uli=0 = 0, (2)

1 OAHOPOIHBIM IIOTCHIHUAJILHBIM YCJIOBUAM

/ /amw) (gf;’; =&t =nul€,n) —en(r —&m) 5)dg_o zedN (3)

3mech £(x,t)- dbyHmamMenTanbHOE pemenne ypasHenus Jlammaca

Nlu] =

(6875 - Ax>en(x,t) = 0(x,t).

(28 )i

C YUETOM HAYaJBLHOTrO yCa0BHs (2) 1 G0KOBOTO yCioBus (3) HAXOIUM

Iomoras

u(a,t) = /O n /Q enle — &t — mu(€,n)dn, (4)

|ac|2
1 e

(2m)%  t2
[Toxcrasus paserctso (4) B (1) umeem

rae eq(x,t) = , byHIaAMEHTAJLHOE PellleHne YPaBHEHNs TeII0TPOBOIHOCTH.

v(z,t) + /0 v(&,m)dn /Q en(€ =&t —n)- /Q K(z,&)dédE = f(x,t).

MeTO,Z[OM II0CJae J0BATC/IBHBIX HpI/I6ﬂI/I}KeHI/H/I HE TPpYAHO MOKa3aTh, 9TO MHTErPAJIBHOEC YDaBHEHNE ITPU
f(z,t) € La(D) mmeer equucTBerHOE petenne v(x,t) € La(D)ynoBaeTBopsAONIil HEDABEHCTBY

I oy < ell f o) -

B cuuy cBoiicTB TensioBoro moTeHIana nMeeM

lu ey =l LG F IS et IV oy < e | f o) - (5)

Tem campim omepaTop Lg— mopox aenusiii unTerpo-auddepennnansabiv ypasaernem (1), nadab-
HBIM ¥ IPAHUYHBIM ycaoBuaM (2), (3) - dBigercs peryIapHBIM MPAHEYHBIM omepaTopoM n u = L1 f
yaosisierBopsier HepaseHcrsy (5).

Pabora nomuepxana rpantom AP05133239 KH MOH PK
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Crmcok aurepaTrypbl
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NMHTEI'PAJIbHOE YPABHEHUNE B TEOPUHN OIITUIMAJIBHOI'O
BBICTPOJAENCTBUA JINMHENUHBIX CUCTEM C OTPAHUYEHNAMMNU

CrPUKBAl AICATAJINEB, I'viiiana KOPIIEBAIT
KAzaxckun HALLI/IOHAHbeII?I YHUBEPCUTET UMEHH AJIb—CDAPABI/I, r. AJIMATbI, KA3AXCTAH

Serikbai.Aisagaliev@kaznu.kz, korpebay.guldanal @gmail.com

PaccmarpuBaercs ciemytomnas 3aa4a ONTUMAIBHOTO OBICTPOIEHCTBIA: MUHUMU3UPOBATH PYHKITU-

OHaJI
t1
T(2(), u(),z0,71,41) :/1-dt:t1 ity inf (1)
to
Ha MHO2KECTBE pelleHuil ypaBHeHunl
& = A(t)e + B(tu(t) + u(t), ¢ €1=[to, 1] (2)
C KPaeBBIMM YCIOBUSIMHA
(ZL‘(to) = X, ZC(tl) = ZL’1) S S() X 51, So C Rn, Sl C Rn, (3)

npu Hasmaun (ha3oBbIX OTPAHWIEHMIH
z(t) € G(t) : G(t) ={z € R"w(t) < L(t)x < (t), tel} (4)

WHTErpPaJbHBIX OIPDAHUICHUH

gj(x(')7u(')>x0’x17t1) < Gy, J=1m, (5)
gi(z(-),u(-t),xo, x1,t1) = ¢;, j=mi+1,mo (6)
gi(z(-),u(), z0, 21, t1) = / [a} () z(t) + 5 (t) u(t)ldt, j=1,mo, (7)

to

a TaKzKe C y9eTOM I'OJJOHOMHBIX CcBA3el

Lj(x(t),u(t), t) = ej(t)x(t) +r;(t) =0, t €I, j=T1,p, (8)

C OTPAHUYCHUAMN Ha 3HAYCHUA YIIPDABJICHUA

u(t) e Ut){u(-) € Lo(I,R™) |.u(t) e V(t) CR™ uB te€l,} (9)

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05133271
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3adaua 1. Haiitn HeoOXO UMbl U JJOCTATOYHBIE 5 CYIIECTBOBAHUS PEIeHut KpaeBoit 3amaun (2) -
(9) upu dukcuposanHoM 1.

3adaua 2. Haiitun momycrumoe ynpasienue (u(t), Tg,Z1) € Ztl CcU x Sy x S;.

8adana 3. Haiitm ontnmambnbie ynpapmenne (u«(t), xp, 27) € >, vae (xp,27) € Sp x
St x*(t,u*,xé,mf) € G(t)v t ey, gj(:z:*(),u*(-),xé,f{) = ¢, J = 1,ma, F]'(:E*(t)v t) =0, te
Ilv .7: 17p7 Il = [t()a tl*]

B crarbe mpejsiaraeTcst METOJ] PEIIEHHsT YKA3aHHbIX 3a/1a4 [yTeM ITOCTPOEHHsI OBIIEero PereHnst HHTe-

TPAJIBHOTO YPABHEHUS CJIEAYIOMIETO BUAA

t1

Kuw = /K(t*,t)w(t)dt =B, t.€I=][to,t], (10)

to

riae K(tx,t) = K(t) — u3BecTHasi Marpuna mopsjaka ny X m ¢ snementamu u3 Lo,  t. € [to,t1] —
dbukcuposannasa Touka, w(t) € Lo(I, R™) — uckomas dbynkiun 3 € R™,

3adaua 4. Haiitu HeoOX0MMBIe U JOCTATOYHBIE YCJIOBHS CYIIECTBOBAHUSA PEIICHHUS HHTEIPAJILHOTO
ypasuenust (10) jyist nirobbix 3 € R™.

3adaua 5. Haiitu obiiee perenne naTerpaabaoro ypasaenue (10) ast mobeix 3 € R™.

OCHOBHBIMU PE3YIHTATAMHI STBJISTIOTCST:
— HeoOXOIMMOEe ¥ [IOCTATOYHOE YCJOBHS CYIIECTBOBAHHS PEIEHNsT OJHOTO KJIACCa HMHTErPATLHOTO
YPaBHEHUS ¥ MTOCTPOEHNE ero OOIMEero permeHns;
— BBIJIEJIEHWE BCEX MHOXKECTB VIIPaBJIeHUI, KaXKJbIl 3JEMEHT KOTOPOIO IIEPEBOJIUT TPAEKTOPHIO
CHUCTEeMBbI W3 JIIO0Or0 HAYAJIBLHOTO COCTOAHUS B JTI0DOE KejjaeMoe KOHETHOE COCTOSHUE JId JIMHEHHBIX
CHCTEM;
— TpeijiaraeMbIil TPUHIIAL TTOTPYKEHUs TO3BOJISIIONINI CBECTH WMCXOAHYIO KPAaEBYIO 3aJady OITH-
MaJIbHOT'O OBICTPONECTBHE C OTPAHMYEHHAMH K CIENHaJbHON HAYaJbHOH 3aJade ONTHMAaJIbHOTO
VIIPaBJICHUS;
— HEOOXOIMMOE 1 JIOCTATOTHOE YCJIOBUS CYIECTBOBAHUS JOIIYCTHMOTO YIIPABJICHNT;
— pa3paboTaH aJarOPUTM PEIIeHHd 33Ia9d ONTUMAJILHOTO OBICTPONEHCTBHS C OPAHUYCHUSAME ISt
JIMHEWHBIX CUCTEM JII000TO MOPSIKA.
[Tony4uennble pe3yabTaThl SIBISIOTCS PEIIEHUSIME aKTYaJbHBIX MPoOJIeM TEOPHH ONTUMAILHOTO OBICT-
POZIEHCTBUS ¢ OTPAHNIEHUSIMI UMEOIINe MHOTOUNCIEHHBIE TTPUIOKEHWS.

Criucok aurepaTyphbl
[1] A.JT. Modde, B.M. Tuxomupos Teopus sxcmpemanvrmz 3aday — M.: Hayka, 480 (1985).

[2] B.M. Aunekcees , BM. Tuxomupos , C.B. ®omun Onmumasvroe ynpasaernue — M.: Hayka, 430
(1979).

[3] JI.C. Ilourpsirun, B.I. Boarauckuit, T.B. Famupennnze, E. Mumenko Mamemamuseckas meopus
onmumasvrux npoyeccoe — M.: Hayka, 384 (1965).

[4] C.A. Aiicaranues Ynpasasemocmo nexomopuiti cucmemvs dugpdepernyuarvros ypasnenuts /) Tud-
depennnaabaoe ypasaerue. 27: 9 1037-1047 (1991).
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[5] C.A. Aiicarammes, C.C. Aiicaranuesa Koncmpyxmuenvil memod pewenus 3a0a4s YnpasiaeMocmu
das 0bvkHOBeHHUT JudPepenyuanvrms ypasrernud // Tnddepennunanbubie ypasaenne. 29: 4, 471-
482 (1993).

KOPPEKTHOCTDb 3AJAYN INPUNXJIE JJId BBIPO2KJIARIINXCHA
TPEXMEPHBIX I'MIIEPBOJIO-ITAPABOJIMYECKINX YPABHEHUI

CeErpuK AJIJTATITEB
UHCTUTYT MATEMATUKHN U1 MATEMATUYECKOTO MOJEJUPOBAHUS, AJTMATHI, KA3BAXCTAH

Aldash51@mail.ru

Teopus KpaeBbIX MjId BBIPOKIAIONINXCS TUNEPOOI0-1apaboIInIecKuX YPABHEHUH Ha ILJIOCKOCTH
usydenbl B [1]. MHOTOMEpHBIE aHAIOTH ITUX 337a4 B ODOOIIEHHBIX MPOCTPAHCTBAX WCCJIECIOBAHBI B
[2,3]. KoppexkTHocTs 33124 JIupuxiie jist BBIPOXKAAMOMIUXCS MHOTOMEPHBIX TUIEPOOINIECKUX ypaBHe-
HUH JoKa3aHsl [4,5].

B [6,7] nokazana B numMHAPHYECKOil 06aCTH JJisi BBIPOXKIAMOIINXCS MHOTOMEPHBIX THIIEP6OJIO -
mapaboaInIecKnX ypaBHEHNH UMeeT eJUHCTBEHHOE KIACCHIECKOe PEeIleHIe.

B namnoit pabore IpHBOANTCA HOBBINM KJACC BBIPOXKJIAONIMXCA TPEXMEDPHBIX THIIEpPOOJIO-Iapa-
HOMMIECKUX YPABHEHMH s KOTOPLIX MOKA3AHO OJHO3HATHAS PA3PENINMOCTL W MOJYYIEH SIBHBIA BH
KJIACCIECKOTO perrernst 3ajaan Iupuxie B muamHapuaeckoit obracTy.

ITycrs Qap— mmnumaApEYECcKass 00/IACTh €BKINA0BA HpocTpaHncTsa F3 Touek (21, , 2, t), orpaHn-
vyennas numutgpom I' = {(z,t) : |z| = 1}, nnockocramu t = a > 0t = 8 < 0, tae |z|— ayuna
BeKTOpa T = (T1,T2).

Oboznaunm uepes (), u {lg vactu obnactu (1,3, a depes ', I'g— wacTn nosepxnoctu I', nexxamue
B noynpocrpancrtsax t > 0u t < 0; 04— BepxHee, a 0g— HIZKHEE OCHOBaHUS 00/1aCTH (n3.

Ilycrs gasnee S - obias gacTe rpanui obsacreit (0, un g npejcrapidmoiee MHOKecTBo {t =0, 0 <
‘$| < 1} B Fs.

B obnactu (1,3 paccMOTPUM BBEIPOXKJAIOIINXCS TPEXMEPHBIE IMIIep00/I0-TIapabo/indecKne ypaBHe-
HUuA

2
S i) g, —un + Y ai(x, t)ug, + b(x, t)uy + c(z, t)u =0, t > 0,
= z'§1 i2=1 (1)
Z gi(t)uxixi —u + Z di(xvt)uxi + e(li)t)uv t < Oa
i=1 ‘
rae pi(t) > 0 mpu t > 0, g;(t) > 0 upu t < 0 u MoryT obparmarsest B Hysb 1ipu ¢ = 0,
pi(t) € C([0,a]) N C*((0,a)), gi(t) € C([8,0)), i = 1,2

B panbneiiinem HaMm moHAZ00UTHCS CBA3b AEKAPTOBBLIX KOOPDAUHAT X1, X2, t C HOJAPHLIMU T, 60,1 :
x1 =rcosl, zo =rsinf, r > 0,0 <6 < 2.

Bamaua 1(Jdupuxse). Haiitu pemenne ypasuenns (1) B obmactu Qup npu t # 0 u3 xmacca
CH(Qap) N C?(Qq UQg), yI0BIETBOPAIONIEE KPAEBBIM YCIOBUSIM

= ¢1(t,9), (2)

=i(r,0), u .

Oa

u

= P2 (Tv 9) (3)

u‘ =1(t,0), wu
os

Lg

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05134615
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Iycrs  ai(r,0,t), b(r,0,t), c(r,0,t) € CYQy) N C*HQy), di(r,0,t), e(r,0,t) € CHQ)N
NC%(Qp), e(r,0,t) <0, V(r,0,t) € Qp.

Torna cpasemnBa

Teopema 1. Eciu ¢1(r,0), pa(r,0) € CH(S) N C3(S), ¥1(t,0) € CHTy) N C3(Ty), va(t,0) €
€ C1(T5) N C3(T3), m umeer MecTo

cospsna #0,s=1,2,..., (4)

TO 3a7a4va 1 OTHO3HAYHO pa3pelmMa, TIe [is,— HOJOXKHUTeJbHBIe HyaH QyHKInil Beccenas mepsoro

pona J,(z), o/ = {\/Mdg, n=0,1,...

Crmcok aurepaTyphl

[1] Haxymes, A.M.3adawu co cmewernuem dasn ypasnenus 6 wacmuux npouzeodnmz // M.: Hayka.,
287 ¢, (2006).

[2] Bparos, B.H. Kpaesvie 3adauu das nexaaccuueckux ypashenut mamemamuseckols gusury // U3-
B0 Hosocub. roc. yu-ta, 84 ¢, (1983).

[3] Kaparonpakmues, I'.JI. Kpaesuie 3a0auu 0aa ypasHenus cCMewanto2o muna 6 MHo20MepHObE 004G~
cmaz // Partial Differential Banach Center Publications, vol.10.p.261-269.(1983).

[4] Anpames, C.A. Koppexmnocmv sadawu Jupuzae u ITyankape 6 yusundpuseckoti obaacmu 0asn
GOPONHCOUOULUTCA MHOZOMEPHBLT 2unepbosuteckur ypasuenut ¢ onepamopom danaveuna /) Ha-
yanbie Begomoctu bBenl' ¥V Maremaruka,pusuka, €5:(124), Boi.6., 12-25 (2012).

[5] Annames, C.A.Koppexmnocms zadawu Jupuzae u [Tyankape 6 yusundpuseckoli obaacmu 0nd 6bi-
poorcoarouuTes mpexmepuus aunepbosuneckur ypasuenut // AKypuan "Berancanrensaas u npu-
kiagaas maremarnka Kwes, KHY nm. T.Ilepuenko, Ne2:(125), 71-78 (2017).

[6] Annames, C.A. 3adaya Jupuzae 0as 00m020 KAGCCE GBPOAHCOUIOULUTCA MHOZOMEPHHL 2UNEPEOAO-
napabossuveckur ypaswenud// Nzs.Capar. yu-ta, Hos.Cep. mar-ka, mMex., uad., T17. soin.3, 370-
373 (2017).

[7] Anpnames, C.A. 3adaua JJupuzae 0as 8uipostcoatowsures MHOZOMEPHOT 2UNePOOAO-NAPAOOAUNECKUT
ypasnenudi// Hayuansre Benomoctu Benl'V, Maremaruka, dusnka, €27:(248), 16-25 (2016).
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SAJAYA BEPUT'THA C MAJIBIM ITAPAMETPOM B YCJ/IOBUAX HA
CBOBO/JITHOUN I'PAHUIILE

ErMEK AJIMM2>KAHOB
YHUBEPCUTET MEXKJIYHAPOJHOTO BUSHECA, AJIMATHI, KABAXCTAH

aermek81@gmail.com

Ilyers 2 = (0,1), 1 > 0, v(t) — xpuBast x = (t), Vt € [0,T] u v(0) = 70, e 0 < y(t) < I,
I — v > do = const > 0. O6oznaxmm Q(t) = (0,7(t)), Qa(t) = (v(t),1), or = (0,T), Q; = Q;(0) n
QjT = Qj X op,j=1,2.

Paccvorpny 3amady ¢ memssectHbiME dynkmmamn uj(z,t),j = 1,2 n y(t), yIOBIETBOPSIONAMA
napaboInIecKUM yPaBHEHUM

ou; 0%u,; ou;
8—; — aj(w,t)872j — bj(a:,t)a—xj —cj(z, t)u; = fi(x,t) B T, (1)

C HAYAJbHBIME U TPAHUIHBIMUA yCaoBuaAME (j = 1,2)

ujl,_g = uoj(x), = €Q;, ~(0) =10,
utl,_ = pit), ws|,_, =pa(t), tel0,T],

U yCJIOBUSAMU COnpsikenus npu x = Y(t), t € op

ou ou
A, t) 5 = dola,t) 5= = (s 1), (3)
0
M, 1) Gt ey = ga(e 1),

rae aj(z,t) > 0B Qjr, ar(x,t) # as(x,t), V(x,t) € or x Bs(y), 3nech Bs(y9) — 6-OKPECTHOCTH Yo;
bj(z,t), cj(z,t), fi(x,t), uoj(x), p;j(t), g(z,t), gj(z,t), N\j(x,t), j = 1,2 — m3BecTrBIe dDyHKINA 1 £ > 0
— MaJIblii TTapameTp.

Hanuas 3amaua saBisieTcsa 0HOMEpHOI 3amadueit Bepuruna (cm., mamp. [1], [2]), koropas, B yacTHO-
CTH, OITUCHIBACT (PUIWIECKUHN MTPOIECC HATHETAHUS KUJIKOCTH B TIOPUCTYIO CPEY, IPU KOTOPOM IIPOUC-
XOJINT BBITECHEHME OJTHOM »KUIKOCTU M3 [IOPUCTON Cpeabl Apyroit 60/ee BA3KON KUAKOCTHI0. O yHKITHN
uj(z,t), j = 1,2, MOryT OUMCHIBATH JABICHHE HATHETAEMON M BBITECHSEMOM Kujkocreit, a y(t) —
TPaHUITy WX pa3fesa.

B pabore jgokaszaHbl CylecTBOBaHUE W €JIMHCTBEHHOCTH perernst {ui(x,t),us(z,t),v(t)} 3amaun
(1)-(3) B mpocrpancTeax L'ebaepa, a TakKe MOTYIEHBI KOIPIUTUBHBIE ONEHKH DEIIeHHH ¢ TOCTOSTHHBI-
MU, HE 3aBUCHIIUMHU OT MaJIOTO ITapamMerpa €.

Criucok aurepaTypbl

[1] Bepurnu H.H., Haenemarue saxncywus pacmeopos & 20pHvie Nopodvl ¢ UEAAT NOSHLIUEHUS NPO-
HOCTNU U 8000HENDOHUUAEMOCTIY, OCHOBANHUA 2udpomernurdeckur coopyacenuts // U3zs. AH CCCP,
Ornen Texn. mayk., 1952, C — 674-687.

Pa6ora Beimosimena mpu mosiep:xkke Ponma maykn MwunncrepcTa obpa3oBanus u Hayku Pecrnybsimikm Kazaxcram

(zpoexr AP(05133898).
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[2] Buxanosa ['\U., O xaaccuneckotls paspewumocmuy 00nomMepHsT 3a0a4 co c60600not epanuyeti Pao-
puna, Macxema-Bepuzuna u Cmegana // Ban. nayqan. cem. ITIOMU, 243, 2001, C. — 30-60.

OIITUMAJIbBHOE BOCCTAHOBJIEHUNE
INICEBJOJNP®PEPEHIINAJIBHBIX OITEPATOPOB HA KJIACCAX
OYHKINNM N PACITPEAEJIEHUN HA m—MEPHOM TOPE

JAYPEHBEK BASAPXAHOB
MNHCTUTYT MATEMATUKU U MATEMATUYECKOI'O MOJAEJINMPOBAHMUA, AﬂMATbI, KA3AXCTAH
dauren.mirza@gmail.com

B noxmagze 6ymer copmymupoBana u 00CYKAATHCS 331298 ONMTHMAILHOTO BOCCTAHOBJICHUS 3HAYE-
Huii ncepgoaudepeHnnaILHbBIX OIePaTOPOB Ha M —MEPHOM TOPe ¢ CHMBOJIAMH U3 HEKOTOPOI'0 KJIACCa,
(cumBosioB "Tuna nponseenenna’) Ha pacnpegeeEnaX u3 (€IMHUYHBIX MTAPOB) NPOCTPAHCTE Trna Hu-
KOJILCKOTO — Becopa u Jlmzopkuna — Tpubesa mo xonednoil crmekrpaiabnoil nHdopMaIii 0 CUMBOJIE
oneparopa u 0 pacnpejeneanu (Konednbie Ha60pbl K03(hdunuenros Pypre cumBoIa OnEpaTOpa u pac-
IPE/ICJICHNS ) .

Funding: Pa6ora Beinonnena npu dpunancosoii nogaep:xkke Komurera Hayku munucrepcrsa obpa3oanus u Hayku PK,

rpaut AP05133257

L,—OTPAHNYEHHOCTDb HEKOTOPOI'O KJIACCA
INEPNOJNYECKUX IICEB/JIO/IN®PEPEHIINAJIBHBIX
OITEPATOPOB

Tonnan BAJITMMBAEBA
MNHCTUTYT MATEMATUKU 1 MATEMATUYECKOI'O MOJAEJINPOBAHMNA, AﬂMATbI, KA3AXCTAH
sholpan.balgyn@gmail.com

B nokuage ycranasimBaercs Ly, —orpanndeHHOCTb OJHOIO KJiacca nces/oinddepeHinaibHbIX ome-
P
paTOpPOB C CUMBOJIOM, HEIVIQJIKUM 110 POCTPAHCTBEHHOM epeMeHHOoi, Ha d—MepHOM Tope Tipu 1 < p <
00 TIpW HAJWYHUH BECOB.

Funding: Pa6ora sBbinonnena npu dunancosoit nogaep:xkke Komurera nayku munucrepcrsa obpa3oBanus u Hayku PK|

rpant AP05133257
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BECOBOE HEPABEHCTBO O/JIHOI'O KJIACCA MATPUYHBIX
OITEPATOPOB C IITEPEMEHHBIM IIPEJIEJIOM CYMMVUPOBAHUA

A. BEC2KAHOBA, A. TEMUPXAHOBA
EHY um. JI.H. T'yMujiEBA, HypP-CyJITAH, KA3BAXCTAH
beszhanova@mail.ru

VcTaHaBIMBAIOTCI HEOOXOIUMbIE U JOCTATOYHBIE YCIOBAA OrPAHNIEHHOCTH MATPUIHOTO OIIEpaToOpa
BUA
B(n)

(Af)n = Z an,kfk:

k=1

u3 lpy B lg, mpu 1 < p < g < 0o. Kpome Toro moxyden Kpurepnit KOMOIAKTHOCTH oreparopa A.

MHOTI'OMEPHBIE CUHI'YJIAPHBIE NHTEI'PAJIBI
1N NMHTEI'PAJIbHBIE YPABHEHINA B IPOBHBIX
ITPOCTPAHCTBAX I

H.K. BJIMEB
NHCTUTYT MATEMATUKU U MATEMATUYECKOTO MOJEJIUPOBAHUA, AJIMATHI, KA3AXCTAH

bliev.nazarbay@mail.ru

B pabore paccmaTprBaioTCa MHOTOMEPHbBIE CUHTYJ/ISPHBIE OTIEPATOPBI C XaAPAKTEPUCTUKAMY, HE 3aBU-
CATMUMH OT TIOJIIOCA U COOTBETCTBYIONINE NHTErPAIbHBIE YPpaBHEHN B TpocTpancTBax Becosa. Ilomywe-
HBI YCJIOBHUS OTPAHUIEHHOCTH, TuhOEePEHTNPYEMOCTH 1 0OPATHMOCTH PACCMATPUBAEMBIX CHHTYJISIPHBIX
OEPATOPOB U PA3PENINMOCTH HEKOTOPBIX COOTBETCTBYIOIIUX MHTEI'PAJbHBIX YPaBHEHUIA.

Tlonyuenmnie pe3yabTaTHI O3BOJIAIOT, IPHU OMPEIACICHHBIX YCJAOBUIX, OMMCATE JIOKAJIHLHBIE CBORCTBA
CUHTYJIPHBIX UHTEI'DAJIbHBIX OIIEPATOPOB C XapaKTEPUCTUKAMU 3aBUCAIIMMU OT OJIOCA U MOJYYUTh
YCJIOBUSI HETEPOBOI PA3PEIINMOCTH COOTBETCTBYIOIINX CUHIYIAPHBIX MHTETPAJIbHBIX YDABHEHMIL.

Dra pabora ObLna yactuaHo nojiep:xkana rpanrom NeAP05133283 Komurera nayku MOH PK
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OBb OTPAHNYEHHOCTU IIOTEHIINAJIA PUCCA B I'VNIOBAJIBHBIX
ITPOCTPAHCTBAX OPJINMYA-MOPPI

Hyp:kan BOKAEB, AnTeiHAN XAPKYJIOB, MEHALIBAIT TYPI'YMBAEB

EBPABUIICKUNA HALIMOHAJIbHBIM YHUBEPCUTET UMEHU JI.H.I'vMuieBa, Hyp-CyJ/ITAH,
KA3AXCTAH.

bokayev2011@yandex.ru, aitbekovnad@mail.ru, mentur60@mai.ru

B nmammoit paboTe NpUBOASTCS JTOCTATOYHBIE YCIOBUST OTPAHUYIEHHOCTH MOTEHIMa a Prcca B TJ10-
HanpHBIX TpocTpancTBax Opsauda-Moppu.
IIycts 0 < o < n. Torenrman Pucca onpemensgercs paBeHCTBOM

_ /)
If@) = [

Maxkcumaabubiit omepatop Xapan-JIuTTaByga OmpeaessseTCss PABEHCTBOM:

1
M f(z) = sup W /B(m) |f(y)ldy.

r>0
Oyukuus @ : [0,00) — [0, 00] nHazeiBaercsa dyukuueit FOura, ecm ® - poinykias GyHKIus, Herpe-
peiBHaA citeBa u lim, 10 ®(r) = ®(0) =0 u lim, o ®(r) = oco.
Ecmu cymecrsyer s € (0,00) rakoe, uro ®(s) = oo, Torma ®(r) = oo mua r > s. MuoxkecTBO
dyuknnii FOura, Takux 4o
0<P(r) <oo,0<7 <00

byaem obosuauars depe3 Y. Eciaum @ € Y, Torma ona abCo/IIOTHO HEIIPEPHIBHA HA KAXKJ/IOM 3aMKHYTOM
unTepsasie B [0, 00).
Hna dyskmuu HOura @ u 0 < s < oo mycTh
O 1(s) = inf{r >0: ®(r) > s}.

Ecmu ® € Y, rorma &~ ! aro obbrumas obparnas dyuxuus misa P.
OrMmernm, 910
@) <r<d(r),0 <r < .

Oyukimua Hura ynosnaersopsier Ag-yemopuio @ € Ao, ecin

O(2r) < k®(r),r >0

ILIsT HexkoToporo k > 1.
Oyukrusg FOura ynosmersopsier Va-yeiosuio @ € Vo, ecou

1
d(r) < —d >
(1) < 5 ®(kr), 72 0

ILIsT HexkoToporo k > 1.
Jna pysrruu FOura ¢ mHON)eCcTBO QyHKITMI

LO(R") = {f € Lino(R") - / B(E|f(2)))dz < o0,k > 0}
.

C KOHEYHOU KBa3UHOPMOH

15 =it 0 [ a5 )
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B KOTOPBIX
= [ e < )

HaszbiBaercs npocrpancrsom Opsmya [1].
Ilycts @ dbynkima FOuraun 1 < 6 < oo. Yepes GMg , o(R") 0603HaUMM II062TBHOE IIPOCTPAHCTBO
OpJiimua-Moppu Kak MHOKeCTBO Bcex dyHKuwmit f € Ly ¢ KOHEUHOM KBA3HHOPMOIT

- - 1
||fHGM¢,<p,9(R”) = z:?]gl) |l ! (z,7)® 1(|B(ﬂ£‘,7‘)‘ )||f“L¢(B(x,r))HLg(o,oo) < 0.
1A
[ f gy = efzuP>o(I) YN g (Bar) < 005 (3)
reER™ r
Teopema 1.

Ilycre ® € Y u ¢pyHKIUS (0 YA0BIETBOPIET YCIOBUIO

— — . P\, s —
sup Hq) 1(’B(I’,t)| 1)es‘%nft<s<oo ((I)_l ) (|B(£L‘,S)| 1>||L9 S C(,O(I’,T),
r<t<oo

rae C He 3aBHCHAT OT X U T.
Torzma makcumanbaEl oneparop M orpanmden u3 GMg ,9(R") 8 GMy 5 0(R").
Teopema 2.
IMyctb e Y NVoy, 0<a<n, 1< <0
1 nycTh (BYHKIMS @ yIOBJIETBOpseT yeaosuio TeopeMmbl 1 U yCa0BUIO

dr B

et + [T < Cot

g mekoroporo 3 € (0,1).

Hyers n(z, 1) = p(z, 1) n (t) = (t7).
Torpa norenmmasn Pucca 1, orpanmiaen uz GMg , o(R") B GMy , o(R"™).

[Tomo6ubIe yTBEp:KAeHNSs M1jIs 0600IeHHBIX TpocTpancTs Opsmda-Moppu mosyuess! B |2].

Criucok aurepaTyphbl
[1] M.A.Kpacnocensckuit, M.A. Pyrurkuii, Buonykave gynruyuu u npocmparncmea Opauva (1978).

[2] F.Deringoz, V.Guliyev, S. Hasanov,Characterizations for the Riesz potential and its commutators
on generalized Orlicz-Morrey spaces // Journal of Inequalities and Applications, 2016, 2016:248,
P.1-22.
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OBOBINIEHHOE HEPABEHCTBO COBOJIEBA HA
CTPATNO®NILNPOBAHHOM MHOKECTBE

Hypnan JAMPBEKOB, Oner IEHKWH, Jis33AT CAPBIBEKOBA
KASHUTY uMm. K.M.CATHAEBA, AJIMATHI, KABAXCTAH

nurlan.dairbekov@gmail.com, o.m.penkin@gmail.com, Isarybekova@yandex.ru

CrparudunupoBaHHOe MHOXKECTBO OIPEIeAeTcs KaK CBA3HOE IIOAMHOXKECTBO eBKJIMJI0Ba IIPO-
crpancrea RY, spsromieecs: o6bequHEHIEM KOHETHOTO CeMeHcTBa S HelepeceKaoIIIXCs CBI3HBIX IO
MHOT000pa3uii o (6e3 Kpasi), HA3BIBAEMBIX JIAJIEE CTPATAMU:

IIpeIomaraeTes:, 9To Kaz [asi CTPaTa o) IMeeT KOMIAKTHO 3aMbIKaHie B RY 1 CTPATH IPUMBIKAIOT
JIpYT K JIPYry ChenuaabHbiM obpasom (cMm., mHampumep, [1], (2], [3]). MuoxectBo 2 mpemmomaraercs
NPE/ICTABJICHHBIM B BuUJIe 00bEMHEHMsI JIBYX Hemepecekaronmxca gacreit — Qo u 0Qp = Q\ Qp. B
KagecTse (g TOMyCTHMO B3ATH JTIO00€ OTKPBITOE CBA3HOE TIOIMHOXKECTBO (), COCTOsIIEE N3 HEKOTOPHIX
CTpaT, W TakKoe, uTo 3aMblkanue )y coBmamaer c¢ ). 3mech W jajee BCe TOMOJOTHUECKUE TOHSTHUS
OTHOCSITCS K TOMOJIOTUH Ha, §), WHAYIMPOBAHHONW CTAHIAPTHOM TOTIOJIOTHENH 00eMJITIOIIETO TTPOCTPAHCTBA,
R4,

HazoBem dyurmuio p Ha () cTpaTudUnMpOBAHHON KOHCTAHTON, €C/IM OHA TOCTOSHHA Ha KaXK 0
crpare. CHMBOJIMYECKH MBI MOYKEM HAIUCATE P = {Pk}o,cg, /i€ Dy ABJISETCA Cy2KEHHEM P Ha CTPATy
k-

[Ipocrpamcteo CoboseBa V([D/,tp(Q) OTIpeeIsieTCsl KaK TIOMOJHEHWE TTPOCTPAHCTBA, HEMPEPHIBHBIX
dyurmmii u : Qg — R, o6paImaonmxest B HyJIh BOJIU3N TpaHuIibl )y 1 IMeronux auddepeHimpyeMble
CYKEHUs Ha KaXKJIVIO0 CTPaTy, TPUUYEM TPAJUEHTHI 9TUX CyKEeHU PaBHOMEPHO HenmpepwiBHBI. [lomosHe-
Hue Gepercs Mo HOpMe

m o
Hu”l/f/l’p(ﬂ) = Z /’u‘pk du -+ /‘Vu’pk d,u
©w
Ok Ok

oRES

Harmra niesie Y ob6o61ienne nepasencrsa CobosieBa Ha CTpaTUUIIMPOBAHHOM MHOXKECTBE B CJIy4ae,
KOTJIa [TOKA3aTeIb CYMMUPYEMOCTH SIBJISETCST CTPATU(MUIINPOBAHHON KoHCTaHTOW. MBI ycTaHaBinBaem
JOCTATOYHBIE YCIOBUS HA KOMOWMHATOPHYIO CTPYKTYpPY {2 v Ha cTpaTudUIUpOBaHHbIE KOHCTAHTHI P U
q JUTsl CIIPABEJIMBOCTH CJIEAYIOIMIEr0 HEPABEHCTBA!

1 1

a Pl
S fuman) <o X ([ 1vupds

oRES o oLES o

JUTA BCEX U € I/?/LP(Q) ¢ HezaBucsnei or v koucrantoit C.

B cayuae, korga crparndunupoBanabie KOHCTAHTH P U ( SBJIAIOTCS MPOCTO KOHCTAHTAMMU, T.€.
Pk = P, qk = q, ananor HepasencTsa CobosieBa JoKazaH B padbote [1].

JlaHHOE HEPABEHCTBO NPUMEHSAETCS JIJIsl JJOKA3ATeIbCTBA Pa3penmMocTu 3aaa41u Jlupux,ie st crpa-
TUGUIUPOBAHHOTO P - JATLIACAAHA:

V- (|[Vu[P~™2Vu) = 0,

“}aﬂo =9,

AHAJIOIMYHO TOMY Kak 9T0 ¢jlesaHo B pabore [1] B ciyuae py = p.

Pabora nomuepxana rpanrom Munucrepcrsa obpaszoBanus u Hayku Pecry6iuku Kazaxcran AP05130222.
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O PABPELHIMMOCTHM OAHO HEJIMHENHOM I'PAHUYHON
3AOAYN TEIJIOIIPOBOJHOCTH B BEIPOXKJAIOIIENCSI
TPEYIOJIbBHOI OBJIACTU

MyBAIAPXAH JJYKEHAJIUEBY, Man EPTAJTIEB2?,
KAHKAPBEK IMAHBEPINEB3*, ApHAll KACBIMBEKOBA*¢

L23AYHCTUTYT MATEMATUKY 1 MATEMATUYECKOTO MOJIEJIMPOBAHUSI, AJIMATHI,
KABAXCTAH
LK ABAXCKUII HALMOHAJIbHBII YHUBEPCUTET WM. AJIb-PAPABU, AJIMATHI, KA3BAXCTAH

“muvasharkhan@gmail.com, Pergaliev@math.kz, ‘kanzharbek75ikb@gmail.com, kasar08@mail.ru

Pabora mocssrmena BompocaM paspermMocT B cODOTEBCKNX KJIACCAX OXHON HEIMHEHHON 3a1aun
TEILIONPOBOIHOCTH B BBIPOXKAAIOMIENCS TPEYTroabHOM 00/IacTH, OJHa U3 BEPIINH KOTOPOM HAXOIUTCI B
nauaste koopgauaar. C mcrnosp30BaHreM MeTO/I0B anpuopHbIX oneHok n Dazmo-Tanepknna Joka3bIBa-
IOTCSL TEOPEMBI O CYIIECTBOBAHUHU U €IUHCTBEHHOCTH DPElIeHHs PAacCMaTpPHUBAEMON IDAHHYIHON 3aJatu,
a TaKKe ero PEryJisiPHOCTH P HOBBIIEHUN TVIAIKOCTH 33IAHHBIX (PYHKITUIA.

ITocranoBka rpanmyanoii 3amaun. [lycre Qu, = {2,610 < x < t1, 0 <t; < T) < 00} — Tpe-
yroJibHas 006J1aCThb, OJTHA M3 BEPIIUH KOTOPO# HAXOANTCA B HaUYase KOOPAUHAT, U {2, — cedenne o0IacTu
Qt, npu durcnpopanHoit BpemenHoii nepemennoii t1 € (0,77). B obsactu Qg paccMaTpuBaeTcs cie-
IVIOIasl TPAHNYIHAS 3a1a4a;

O u — vd2u — (pu)? = f, (v>0), (1)
u(x7t)|1’=0 =0, u(xvt)‘$=t1 =0, (2)

rue
f S LOO(th1)7 f > 0. (3)

B namnoit paboTe M3y94aeTcs BONPOC CYNIECTBOBAHUS U €JIMHCTBEHHOCTH DEIeHUs] TPAHUYHON 3a-
maan (1)-(3) B cobonerckom mpoctpanctse u € H2H(Quy, ).

IIpeoGpaszoBanue (1) (3) k auHelHOI rpanuvHOil 3aa4e. IIpeobpasyem (1)-(3) k uHeiiHOM
IPAHUYHOMN 3ajade Jist Hem3BecTHON dyHKIwn w(z, t1). Vcnoas3ys B3anMHO-0HO3HAUHOE TPE0Opazo-
Banme: w(x,t1) = exp{u/v} —1, u=rvin(w+ 1), mosyaaem

8t1w_l/a§w_fl/w:fm (4)
w(x,t)|x:0 =0, w(xvt”x:tl =0, (5)
fv=f/v € Lo(Quty), fu >0. (6)

O cemeiicTBe BCIOMOTaTeJIbHBIX IPAHMYHbBIX 334349 B 4€TbIPEYrOJIbHbIX 00J1acTsaX (B Bu-
ae rpamernumii). K zanage (4)-(6) Mbl comocTaBuM ceMeACTBO TPAHMYHBIX 33144, KaXKIasd U3 KOTOPHIX
paccMaTpuBaeTcs B 00JIACTH, IPEJICTABISIONIEH coB0i COOTBETCTBYIONLYIO TPAIEHIO.
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Urak, myctb n € N* = {n € N:n >ny,1/ny <T1}, Qy, ={z,t1: 0 <2 <t,1/n <ty <
T) < oo} — rpanenus, u §lyy, — cedenwe rpanenuu npu 3azansoMm t1 € (1/n,T1). Ormernm, 9rto B
Touke t; = 1/n obnactb Q}, ye He BRIPOKIATCA B TOUKY, KDOMe TOI0 MeXKIy HCXOIHOI 061acThio
Qqt; v obmacTavu Qf; MMEIOT MecTo crporue BKmowenns Qf C Q;‘,}j e c Qt, W, OYEBHUJIHO,
lim Q% = .
=00 Q:l,‘tl Q$t1

o n *

B meBrepox paromeiics obmactu Qf, (/1 KaxKmoro koneanoro n € N¥) paccmarpupaerca rpaHmd-

Hasl 33Ja9a;

a1‘/1wn - Vagwn - fzz,nwn = fu,na (7)
wn(l‘a t)|$=0 =0, wn(x’t”x:tl =0, wn(Ia tl)‘tlzl/n =0, (8)
fun = fa/V € Loo( Ztl), Jom = 0. 9)

C moMOIIBI0 HEKOTOPOTO MPeodpa30BaHs HE3aBUCUMbIX ITEPEMEHHBIX {,t]} K mepeMeHHbIM {y, ¢}
MBI MOXKEM TIpeobpazoBaTh rpannanyo 3agady (7)—(9) tak, 906l oHa 6bLIA OBI TTOCTABIEHA B TIPSMO-
YTOJIbHON 0baacTh.

Bamumiem rparmaHyto 3azady (7)-(9) B npamoyrombHoit obracta Qy:

~ 2~ Yy ~ 1 ~ - 1 ~
Oy, Vayun " — taywn (n _ t)2 fu,nw = (TL — t)2 fu,na (10)
Wn(y,t) =0, {y,t} € By, ={y, t: y€ {0} U{1}, n/2 <t <T <n}, (11)
Wn(y,n/2) =0, ye Q={y: 0<y<1, t=n/2}. (12)

Bwmecro (10)-(12) B obmactu Qy;, MbI Gy/eM paccMaTpuBaTh Go/ee 0OIIYI0 TPAaHHTHYTO 3a/1aty:
Oy, — VO — Y (Y, 1) Oyl — n(t) fontin = Bu(t) fom, (v>0), (13)

ﬁ)n(y,t)\y:o =0, wn(yat)‘yil =0, ’Lbn(y,t)‘tzo =0, (14)

T1e 33 JaHHbIe HerpepbiBHBIE DYHKIUU iy (t), (), Yn(y,t) A1 KazK 10100 GUKCHPOBAHHOTO YUCIA N €
N* yI0BJAETBOPSIOT YCIOBUAM

o1y < an(t) < oy, ﬁln < 6n(t) < ﬁ2m Vit e [O,T],

(15)
(¥ O < viny [0y (Y, O] < vans VH{y, t} € Qp,

C 33/JJAHHBIMU TIOJIOKATETBHBIMU TOCTOSHHBIMUA (1, 021y B1n, B2n, Yin-

NmeroT MecTo CIeayIonme Te0peMbl

Teopema 1. Ilycmb mor umeem durcuposarnoe wucao n € N*. Tozda, ecau fy,n € Loo(Qp) u
an(t), Bu(t), Tn(y,t) ydosaemsoparom ycaosuam (15), mo epanunwnasn sadaua (13)—(14) umeem edun-
cmeennoe pewenue Wy, € H>1( ut), KOmopoe ydosaemeopaem ouyenwe:

[ 0n 21 (@) < K N fvmllo(@ye)-

Teopema 2. ITycmv mor umeem purcuposannoe wucro n € N*. Tozda, ecau f,, € LOO(QZt), mo
epanunnaa sadava (10)-(12) umeem eduncmeennoe pewenue w, € H>1( yt), Komopoe ydoeaemeops-
em ouenke:

[ 0n 21 (@) < K N fvmllLo(@ye)-

* n
Teopema 3. ITycmv mor umeem gurcuposannoe wucao n € N*. Tozda, ecau fin € Loo(Qly,), mo
epanunnan sadava (7)-(9) umeem eduncmeennoe pewenue w, € H*1(QM, ), xomopoe ydosaemsopsem
ouemnke:

lwnllB21(Quey) < K N fomll Lo (@ary)-

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020
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HEJIOKAJIBHBIE KPAEBBIE 3AJAYN AJI4d OIIEPATOPA
JIATIJIACA, ABJIAIOIIINECA MHOI'OMEPHBIMU OBOBILUIEHMN AMN
SAJAYN CAMAPCKOI'O-MOHKHWHA

Anasusu JIVKEHBAEBA

KABAXCKMIT HAUMOHAJIBHBIN YHUBEPCUTET UM. AJIb-DAPABU, AJIMATHI, KABAXCTAH
VHCTUTYT MATEMATUKHN U MATEMATUYECKOTO MOJIEJUPOBAHUS, AJTMATHI, KABAXCTAH

dukenbayeva@math.kz

Ilyers Q = {z = (x1,22,...,2,) € R" : |x| < 1} — equauansiii wap B R" n z = (21, z2,...,2,) € Q
— pou3BosibHast TouKa obsactu (). Ilycrs KoHcTanTh O npuHIMaOT 3HaYeHus ToabKO 1 win —1. Torua
(0r)* = 1. Yepes z* oGozmauny T0uKy 2% = (—x1, 0929, . . ., Opy,) . Yepes dQ (9Q_) 0Go3HAUMM aCTh

rpanutpt 0S), gauist KoTopoii £1 > 0 (z1 < 0). Hacrs rpanuns: 982, g koropoit 1 = 0, 06o3uadMM uepes
0.

Ypasuenue [Iyaccona B MHOTOMEPHOM IIape 3aluIleTcs B BUJIE
—Au(z) = f(x),z € Q. (1)

Bamaua S,1. Hatimu pynxyuro u(x) € C3(Q)NCH (Q\@Qo) , ydosaemsoparowyo enympu 2 ypas-
nenuto Ilyaccona (1), a na e2o epanuue — KPaesvLM YCAOBUAM:

u(z) —au(z*) = 7(x),x € 004, (2)

) — (-1
2de f(x) € C5(Q); 7 € CHE[004]; v € CF[004], a — Purcuposannoe deticmeumenvioe wucao.

B ciyuae, korna o = —(—1)F, momygaem pamee nccnenosannbie B [1]-[2] nepuogmaeckue n anTue-
proandeckue Kpaesbie 3agaan. Ciydait o = 0 6611 paccMoTper B paborax [3]-[4].

Kaxk erme opuna n3 BapuanTos anasora 3agadn Camapckoro-Monkuna ais oneparopa Jlamnaca B
eIMHIYHOM IIape MPeJTOzKEHO PACCMOTPETh CJIEIYOILY 0 MOCTAHOBKY.

Banaua Sig. Hatimu dynsyuro u(z) € C2(Q)NCH (Q\9Q0) , ydosaemeopaowyro snympu Q ypas-
nenuto Ilyaccona (1), a na e2o 2panuie — KPAEEvIM YCAOGUAM:

(") =v(z),x € 004, (3)

u(w) + (=1)fu (2%) = 7(x),z € 99, (4)
ou ou , .
%(aﬂ)ﬁ-ﬁ% (z*) =v(x),x € 004, (5)

ede f(z) € C5(Q); 7 € O [0Q,]; v € CF[0Q4], B — Purcuposannoe deticmeumensroe HucAo.

B macrodmem JoKIaze paccMOTPHM CIyYad 3HA9eHHil o W 3, IPH KOTOPLIX COOTBETCTBYIOIIHE
copmynupoBannbIe 3342491 So1 U S1g ABALIOTCH PPEArOIbMOBLIMU.

OcHOBHBIE PE3YIBTATHI TI0 JAHHOMY ITOKJI3Iy COPYANPYEM B BUIE TEOPEM.

Teopema 1.
11 = (—1)* aa S, i, 11 qa S,
pu o = 3ajada Sa1 He siBjsiercss Herepopoil. Ilpu srom ojHOpOsHas 3aja4a Sa1 HMeeT
OeckoHedHoOe IHCI0 JIHHEHHO He3aBHCHMBIX pernenuii. 3agada Sa1 AB/IS€TCS (DPEAroJbMOBOH ecn H
ropKo ecn o 7 (—1)F.

Teopema 2.

Ipn B = (—1)* 3azaua Si1p He aBrgerca merepopoii. Ilpm sTom ogmopomnas 3agada Si1g uMeerT
becKoHeIHOe 4HC/I0 JIMHeHHO He3aBHCHMBIX pellleHut. 3agada Sg ABIAeTCA (PPeAroJbMOBOH eC/u U
rosibko ecan B # (—1)F,

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05133271.
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HAYAJIbHO-KPAEBAZA 3AJAYA J1JIdd MHOTTOMEPHOT O
YPABHEHU A TEIIJIOITPOBOJHOCTHN C HEJIOKAJIbHBIMU
YCJIOBUAMN TUITA CAMAPCKOI'O-MOHKHMHA 11O
ITPOCTPAHCTBEHHBIM ITEPEMEHHBIM

Maruuna IBAHOBA

FOXKHO-KABAXCTAHCKAA MEJAUIMHCKAA AKANEMUA, ITILIMKEHT, KA3AXCTAH
WHCTUTYT MATEMATUKU U MATEMATUYECKOTO MOJIEJIMPOBAHUA, AJTMATHL, KA3ZAXCTAH

ivanova@math.kz

B mokmame maercd mocTaHOBKA HOBBIX HAYAIBHO-KPAEBBIX 33J1a9 JIsi MHOTOMEDPHOTO YDPaBHEHUS
TETJIOIPOBOAHOCTU C HEJOKAJbHBIMU YCJAOBUSMU 10 TIPOCTPAHCTBEHHBIM TIEPEMEHHBIM, SBASIONIMMUCS
MHOTOMEpHBIMHU 0000MmeHusMy 3a1aun Camapckoro-MoHKMHA 1 MCCIE0BAHA UX KOPPEKTHOCTS.

Mpr paccmaTpuBaeM OnWH W3 BAPMAHTOB HOBBIX MOCTAHOBOK HAYAIbLHO-KPAEBBIX 3371a4 JJIT MHO-
TOMEPHOTO 0 MPOCTPAHCTBEHHON TTepeMeHHON ypaBHEeHUs TerionpopogaocTr. O61acThio paccMoTpe-
HUS 3aJ1a90 sIBJIAETCs TIAPOBON IMUJINHID () ¢ ochbio BI0AE ocu t. CTaBaTCs KIacCHuecKue HadasbHbIe
YCJIOBWS HA OCHOBAHWM TMJIMHAPA W HOBBIE HEJIOKAJbHBIE KPaeBble YCJIOBMS Ha IPOCTPAHCTBEHHBIX
(6OKOBBIX) MDAHUIAX MUIUHIPA. DT YCJOBUS AHATIOTUIHBI YCIOBHAM 337891 Sq1, PACCMOTDEHHBIM B
paborax [1 - 4] qyst ypaBHenust Jlamiaca B eMHUYHOM KPYTe U €JNHUTHOM IIape.

Ilycts Q = {z = (x1,22,...,2) € R" : |x| < 1} — enquanunsiii map B R" n z = (21, 22,...,2,) € Q
— npou3BosbHas Touka obsactu ). Ilycrs KoncTanTs 0 npuaIMaoT 3HadeHus ToJabko 1 nnn —1. Torga
(0)* = 1. Yepes z* oGosrauny T0uKy z* = (—x1, 0229, . . ., Opy,) . Yepes 0 (9Q_) 06o3HAUMM HacTh

rpanutpt OF), ayist kKoTopoii £1 > 0 (z1 < 0). Hacrs rpanuns: 082, mis koropoit 1 = 0, obo3radnM aepes
09Q.

Yepes Q = {(z,t) : z € Q,0 < t < T} o6o3HaunM npsMoii MAPOBO uAMHAD, a Yepe3 Qo =
{(z,t) : @ € Q0,0 < t < T} — gacTb ero 60KOBOH HOBEPXHOCTH. PaccMOTPUM HOBYIO HEJOKAIBHYIO
KpaeByro 3aJa4y /s MHOI'OMEPHOI'O yPABHEHMUS! TEILI0LPOBOIHOCTH

ur(z,t) — Agu(x,t) = f(x,t), (z,t) € Q, (1)

e A, — ecthb omeparop Jlarmraca mo mepeMeHHbIM (1, T2, ..., Ty) € R™.

Pa6ora BeimonHena npu dbuHaHCOBOHN momepkke Komurera Haykm MuHHCTEPCTBA 0Opa3oBanus u Hayku PK, rpant

AP05133271
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Hcnonwp3yeTcst KIaccHIecKoe HadaIbHOE YCIOBHE
u(z,0) = 7(z),z € Q, (2)

" HEJIOKAJIbHbIC KPAa€BbI€ YC/IOBUA Ha 0OOKOBOI I'PaHune MrapoBOT0 TUJIMHIPA

u(z,t) — au(z*,t) = 0,2 € 00,0 <t <T, (3)
ou ou , ,
%(x,t)—a—n(x,t):0,x€8§2+70§t§T. (4)

3pech a # 1 — ukcupoBannoe JeHCTBUTENILHOE YUCII0, a@n — TIPOM3BOJTHAS TI0 HANPABJIEHUIO BHEITHEN

HopMaJ K Of).

ITpasyto wactb ypashenus (1) m HavaabHOE YCJIOBHE BBIGEpEM W3 CJIEAYVIOMEro "CTaHIapTHOTO'
kiacca raagkocru: f(x,t) € C¢ (Q), T e (e (Q) Hononuurensuo ot 7(x) norpebyem yioBiaeTBOpe-
HITe KPaeBbIM ycoBusaM (3), (4).

Pezyaaproim pewenuem 3amaam (1) - (4) mazoBem (QyHKIMIO M3 KIACCA Citl(Q) ﬂC;? (Q\Qo),
ofpaImaInyo ypaBHeHne Temionposogaoctu (1), HavambpHOe yeiaoBue (2) W HETOKAJTbHBIE KPAeBbIe
yenosus (3), (4) B TOX1€CTBO.

PaspuBast ujiero paboTe [5] Ha MHOTOMEPHBIH CJIy4ail, MBI TOKA3bIBAEM, 9TO KOPPEKTHOCTEH CHOPMY-
uposanHoit 3azaun (1) - (4) moxker 6bITh 0GOCHOBAHA ILyTEM CBEJICHUS K [I0CJIE/I0BATEILHOMY PELIeHUTO
JIBYX KJIACCHIECKUX HAYaTbHO-KPAEBBIX 33124 /I yPaBHEHUs TEeILIOMPOBOJIHOCTH.

OcHOBHOIT pe3ysbrar J10K/1a4a CPOPMYJIUPYEM B BUJE TEOPEMBbI.

Teopema 1. ITycrs « # 1, f(x,t) € C° (Q), T e (e (Q) u 7(x) yI0BIETBOPSIET KPAEBHIM YCIIOBH-
am (3), (4). Torna memokanpHass HadaIpHO-KpaeBas 3a7a4a (1) - (4) nmeer eHHCTBEHHOE PETYIISIPHOE
perenne.
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O CBOVICTBE BA3BUCHOCTU CUCTEMBI KOPHEBELIX BEKTOPOB
OITEPATOPA IIITYPMA-JINYBUNJIJIA TITPUU NHTEI'PAJIbBHOM
BO3MVIILIEHIN KPAEBBIX YCJIOBUII B HEYCUJIEHHO
PEI'VJIAPHBIX 3AJAYAX TUITA CAMAPCKOI'O-IOHKHMNHA

Hypnian IMAHBAEB

FO2KHO-KA3AXCTAHCKHNI TOCYIAPCTBEHHBIN IEJATOTMYECKUN YHUBEPCUTET, LLIBIMKEHT,
KA3AXCTAH

imanbaevnur@mail.ru

B noxnanme paccmarpuBaerca omeparop, 3amaHHbIN auddepeHna bHBIM BHIPAKEHHEM JIBYKPAT-
Horo nudepeniupoBannst u KpaepbiMu yciaosusmu tuna Camapckoro-Monkuna. XopoIno u3BecTHO,
9TO ITU YCAOBUS ABJISIIOTCH PErYJIsiPDHBIMHU, HO HE YCUJIEHHO PEryJIAPHBIM KPaeBbIiMu ycaoBusimu. Ha-
MU UCCJIEJIYETCsl BOIPOC YyCTOWYUBOCTH W HEYCTONIMBOCTH CBOMCTBA OA3MCHOCTU CUCTEMBI COOCTBEHHBIX
u npucoepunenabix Gynkuuit (Cull®) BozMyHmIEHHOrO OHEPATOPA, HOIYYaEMOr0 IPU MHTEIPAJBLHOM
BO3MYIIIEHUH OJIHOTO W3 KPaeBbIX YCIOBWM:

Li(u) = —u"(z) = Mu(z), 0 <z <1, (1)

17
U (u) = o/(0) + /(1) = 0, /0 p(e)u(@)dz, ple) € Ly(0,1), (2)
Us(u) = u(0) =0 (3)

Ecmu p(z) = 0, To 3ama1a (1)-(3) massiBaerca 3amateit Camapckoro-llonknna.

N3 pesynsraros padorsr A.A. Ilkanukosa [1]| ciaeayer, uro cucrema Cull® 3amaun (1)-(3) nosana
u munnMasbaa B Lo(0,1). Ilpu stom cucrema Cull® mpu o6six p(x) obpasyer 6asuc Pucca co ckob-
kamu. Hamreit 3amaqeit siBasgerca geMoHCTpaIMss TOro, 9To CBOHCTBO Gasucuoctu B Lo(0,1) cucrembr
Cull® zanawm (1)-(3) sBisiercss HeyCTOWYUBBIM IPH MAJIbIX M3MEHEHNSX sapa p(T) WHTErPAJIbLHOrO
BO3MYIIEHHUSI.

B nameit pabote [2] npeozkeHa MeTOMKA HOCTPOEHHS XAPAKTEPHCTHIECKOTO OIIPEIEINTENS CIIeK-
TPaJIbHOI 33,1841 [IPU NHTErPATILHOM BO3MYIIEHUH KPAEBOTO YCJIOBUA. DTOT PE3YJIbTAT Mbl IPUMEHSEM
K HCCJIeJOBAHNIO CIEKTAapJIbHBIX CBOiCTB 3amadn (1)-(3). Bompocs! ycoBHON 6a3uCHOCTH U HCCIET0-
BaHME CIEKTPAIbHBIX CBOJCTB HEJOKAJILHBIX 33/a4 PACCMOTPEHbI B paboTax MHOI'MX MaTeMaTukoB. B
HaIMX paboTax TakyKe PACCMOTPEHbI 33/Ia4i C PA3INIHLIMA HEJTOKAIbHBIMA YCIOBUSIMH.

OCHOBHBIM pe3y/IbTaTOM JIOKJIAJA SIBJISIETCS CJIEJYIOIIAsl TeopeMa, JeMOHCTPUPYIOIas HeyCTOun-
BOCTH CBO#CcTBa GesycaoBrOi bazncHocTr cucteMbl Cull® npu nHTErpaIbHOM BO3ZMYIIEHHN KPAEBOTOY
CJIOBUSL.

Teopema. Muoxkecrso P ¢pyuxnmii p(x) € L2(0, 1), st KoTopbix cucrema cO6CTBEHHBIX W MPHCO-
enuHeHHBIX GyHKIHiT 3a1a9n (1)-(3) obpasyer besycropusrii 6asuc B L2 (0, 1), Bcrogy mmorHo B Lo(0,1).
Muoxecrso Lo (0, 1)\ P, To ectb muoxkecrBo ¢ynkimii p(x) € La(0,1), aus koropbix cucrema co6CTBEH-
HBIX U OPHCOeTUHEHHbIX (byHKImii 3a1a4n (1)-(3) He obpasyer Gesycaosroro 6asuca B La(0,1), rak:ke
Bcrogy maoTHO B Lo(0, 1).

Agrop 6b11 noguepxkan rpanrom KH MOH PK AP05132587
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O PETVJISIPHOI KPAEBOW 3AJAYE J1JIsI
NHTET'PO-IU®®EPEHIINAJIBHOTIO YPABHEHU A

V.A. UICKAKOBA ', HMUMAHBAEB?

L2IuetuTyT MATEMATUKE U MATEMATUYECKOINO MOAEJIMPOBAHMS, AJIMATEHI, KA3BAXCTAH

Ilycrs D™ u DT xoHedHbIe OZHOCBA3HLIC 00aCTH C IMIAAKUMK rpamunamvu u D = D~ x DT, B
objactu D paccMOTpuM Ciiey ot nuHTerpo-auddepeniuanibHblii onepaTop

Lu(y.a) = =Ayu(y.a) + | Kle,&ule,)de = £(3.). 1)
[Iycrs K(z,&) ymoBaeTBOpsieT YpaBHEHUIO

L*(z,D)K(z,8) = d(z — §) + +
{ Le(€, D)K (2,€) = §(z — €), re D', £e€aDt.
Ionoxxum

MMZAKw&Mﬂ% (2)

rae
L (:17 1))1/ = — E —a; '(:17)71/ —|— (l(:l?)l/
’ i (9%’2' J (i’Bj ’

a(x) > 0,a;; € C*F(DT),a(x) € C(DY), Y aijGi, ¢ > 61¢7).
i,j=1

Torpma ypasuenue (1) npumer By

Lu(y,z) = —=AyL* (2, D)v(y, z) + v(y,z) = f(y, ). (3)

Uepes Ly - oboznaunm 3ambikaane auddepennuaapioro oneparopa (3) B Lo(D) Ha TOIMHOXKECTBE
dbyukunn u € C§°(D), a gepe3 L - ero conpsikenusiii onepatop B La(D).

Omneparop L Ha30BeM peryisipHbIM I'PaHUYHBLIM pacIIdpeHneM oneparopa Lo , €CJIM BBIMTOJHEHbBI
YCIIOBUSA

LoC LCL, | L7 |< oo

OTrMeTuM, 9TO BCe PEryJIApHbBIE KPAEBble 3a/1a4u JIJisl yPABHEHUS - 3TO I'DAHUYHBIE YCIOBUS COOTBET-
CTBYIOIIMX PEryJsIPHBIX pacimupenuii. Ypasuenue (3) apaserca obobmenubiv ypasaeranem Cobosiesa,
KOTOPOE IPEeJICTABsET DOJIBIION TEOPETHUECKNN U TPAKTUIECKUNH HHTEPEC.

Meto10M pery/igpHbIX PACITUPEHH HAICHA KOPPEKTHDIC TPDAHUYIHBIE YCJIOBUS /15 YPABHEHUS (1)

Pabora noguepxana rpanrom AP05133239 KH MOH PK
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O HEKOTOPBIX OTPUIIATEJILHBIX PE3VJIBTATAX B TEOPUN
VMHTEPIIOJIANNN ®YHKIIMOHAJBHBIX TPOCTPAHCTB
AX. KAJIUJOJTIAN, E.JI. HYPCYJITAHOB

EBPABUNCKUN HAIIMOHAJIBHBIM YHUBEPCUTET UMEHHU JI.H. ['VMUJIEBA, HYP-CVJITAH,
KA3AXCTAH

aitolkynnur@gmail.com, er-nurs@yandex.ru

IIycrts B R™ 3a1ana n-mepHas Mepa Jlebera p, M — muOXKecTBa Beex Ky6oB B R2. JInsg dyHKIum
f(z), onepzesnennoit n nurerpupyemoil Ha KaxkjgoMm e n3 M, onepenesnm HyHKIHIO

/6f(x)dx

rJle TOuHas BePXHssl TPaHb Oepercst 1o BceM e € M, Mepe KOTophiX |e| def pe >t, t € (0,00). B cayuae
korma sup{le| ;e € M} = a < ocon t > a nonoxum f(t, M) =0.
Yepes Ny, (M), 0 < p,q < 00, 06o3HAINM MHOKECTBO (DYHKIWI f, 115 KOTOPHIX TTpn ¢ < 00

(o) 1 qd %
a0 = ([ (#70n) §)" <.

1 _
1 f1IN, o0 a1y = supte f(t, M) < co.
>0

f(tv M) = Sup —
ec M
le[>t

I

. 1
|

U TIPU ¢ = OO

Hanusie mpocrpancTsa 6osee ob1eM BBUjIe OBLIH BBeeHBI B paboTe |1| u 6bLin Ha3BAHBI CemesvMu
npocmparcmeamu. CereBble IIPOCTPAHTCTBA ABISIETCH BAXKHBIM WHCTPYMEHTOM MCCIEOBAHUST B TEO-
pun psaaos Oyphe, TEOPUM ONMEPETOPOB U B JPYIHUX HANPaBAeHUAX. B 9Tmx paboTax MCIOIb30BAIUCH
CJIEJIYEOIIIee WHTEPIIOJISIITMOHHOE CBOCTBO |1, Teopema 1]

(Npo,q0 (M), Npy gy (M) = Ny g(M), (1)

rae % = 1});09 + ]%, 0 < g < oc0. U3 (1) cneyer, uro ecam nunedinbIH onepatop 1’ OrpaHUYeHo JefiCTCByer
u3 A; B Np, (M), i = 0,1, T0 oneparop 1" orpanudeno jeiicrcayer us Ag g B Np o(M), e % = 1p;09+p%.
Bosaukaer Bompoc 6ymer jin nMeTh MECTO PaBEHCTBO

(Npo,qo(M)7Np1,q1(M>)9,q = Npq(M). (2)

B opmoMmepHOM caiyuae, korga M— MHOXKeCTBO BCEX OTPe3KOB oTBer nosoxkuresed [2|. B pawnHoii
paboTe MBI MOKA3BIBAEM, UTO B Cilydae ecam M- MHOXKeCTBO Bcex Kyb6os B R? coormomrenme (2) He

Pabora mogmep:xkana Muauncrepctsom o6pa3osanus n Haykm Pecriy6imku Kaszaxcran (Cornamenme: AP051 32071 u
AP051 32590).
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BBITIOJTHSIETCsI. 371eCh cienyeT orMeTuTh paborsl O. Blasco, A. Ruiz u L. Vega [3], [4], koTropsie mokazaiu
OTPHUIATENBHBIN PE3YJILTAT /s ITKaJI mpocTpanTcs Moppu, T.e (M Ao M /\1) £ M)
» S W My p-
Mgl Tak»Ke MPUBOJIUM 371€Ch B HEKOTOPOM CMBIC/IE aJbTePHATHBHYI0 WHTEPIOSIIHOHHYI0 TEOPEMY
aust mkan Np o(M) Ha KOHycax HEOTPUIATETbHBIX (DYHKIIUM.
Teopema 1 Ilycts M- muOxkecTBo Ky6oB B R2. Ilycth pg < 2 < p1 u 0 < # < 1 Taxoe uTo
1_1-6, 0 _1
5= oo T <72 Toraa
(Nppso (M), Npy oo (M), . # Ny (M),

B Teopeme 1 ycnmoBue py < 2 < pp cymectBel. B caydae 2 < pg < p; < 00 HIMeeT MeCTO CIeyIoIIee
YTBepXK IeHUE:

Teopema 2 Ilycts 2 < pg < p1 < 00, 0 < ¢ < 00, M — cemeiicTBO BCex KyDOB C MapasieIbHBIMU
rpaaaMu K ocsim koopaunat B R"™. Ilycrs G = {f : f(z) > 0}, rorna Vf € G\ N, 4(M) Bepmo

1 (N a0 (M), Ny oy ))o.g = NN g 1)

TJIe COOTBETCBYIOIHE KOHCTAHTHI 3aBUCIT TOJIBKO OT P;, ¢, 0,q,7 =0, 1.
Teopema 3 Ilycts 2 < pyp < p1 < 00, 1 < qo,q1 < 00, o # q1, 0 < 7,0 < oo. Ecim jma
KBAa3WJIMHEIHOTO OIIEPaTOPa UMEET MECTO

1T f 1Ny oo vy < FOllf Ny o a1y, € Npgo (M), (3)

1T f Ny oy < Fill g, o ar)s € Npyo(M), (4)

To g jgoboro f € G N N, nmeenm

1T £ N, . an) < Fy P FY I flIn, . o) (5)

rie % = 11);09 + p%, 6 € (0,1) u cooTBETCBYIOIIAA KOHCTAHTA 3ABUCUT TOJIBKO OT Pj, Gi, 0,1 = 0, 1.
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3ATAYA 30MMEP®EJIHJIA 11 OBPATHASI 3ATAYA J1JI51
VPABHEHUY I'EJIBMTOJIBIIA

T. III. KAJIbMEHOBY, C.11. KABAHUXINH?*?, A K. JIEC3*¢

L3 MHCTUTYT MATEMATUKM U MATEMATHYECKOIO MOJAE/JINMPOBAHUS, AJIMATEL, KKABAXCTAH
2IHCTUTYT BHIYUCIUTEILHON MATEMATUKU U MATEMATUYECKOI MEOoU3uKkn CO PAH,
HoBocUBUPCK, PO

@ kalmenov.t@mail.ru , *kabanikhin@sscc.ru, “a.les@math.kz

I/ISyquI/Ie TePUOANIECCKUX TT0 BPDEMEHN DEITeHnd MHOTOMEPHOT'O BOJTHOBOT'O YPDaBHEHUA %;a—Axﬂ =
f(x, t),u(x,t) = e*u(z) na scem mpocTpancrse R? npusoauT K yeaosuio uastyuenns 3ommepdesisia
Ha 6eCKOHEIHOCTH. DTO 3aa4da, KOTOpas OMUCLIBAET IBUKEHNE PACCEHBAIONINXCS CTAIMOHAPHLIX BOJIH
M3 WUCTOYHUKA, KOTOPBIM HAXOUTCS B orparndentoit obmactu. ObpaTHas 3a7a4a 10 HAXOXKIEHWIO 9TO-
[0 MCTOYHHKA 3KBHUBaJEHTHA CBEIEHHIO 3aIaun 3oMMepdebla K PaHnIHON 3aJade /s YPaBHEeHUs
FeapmMrosbiia B KoHegrO! obsiactu. Ilosromy, 3amada 3oMmmepdesbia sBJsSeTCs CIEIUAIBHON 0bpaT-
Hoit 3asaqeii. Ciegayer ormeTutsb, 9To B pabore Beamenosa U.B. |1 naiizensr npubinkeHabie (hOpMEIL
TaKUX IPAHMYHBIX YCIOBHIL.

B wmammeii pafore [2| mpu HEKOTOPBIX OMPAHUYEHHBIX HA KOMILIEKCHBIX MTapaMeTpax A\ HaiiIeH siBHBIi
BUJ 9TUX TPAHUYHBIX YCIOBUI Uepe3 TPAaHUUYHOE YCJIOBUE MOTEHIHaa | elbMIOIbIa, 3aaBaeMoil B
KOHEUYHO# objractu {2 MHTErpajgoM

ule, N) = /Q (€ N)pl(€, N)de 1)

rae e(x — &, \) - dyngamenTabable pernenust ypaBHenus [eabMrosibia.

“Age(z) — e = 8(x), 2)

a p(§,\) - WIOTHOCTH NOTEHITHATA U A- KOMILJIEKCHOE YHCI0, § - AeabTa-pynkims Jupaka

DTU I'paHUYHbIE yCJIOBUA 00J1a/IaI0T TEM CBOWCTBOM, YTO CTAIMOHAPHBIE BOJIHBI, IPUXO/ISAIIUE U3
obsactu 2 ma 92 npoxoxgar 9§ 6e3 oTparKeHUs T.€. ABAAIOTCH NPOZPATHBIMUA IPAHUYHBIMU YCJIOBUAMHE.

B nacrosiieit pabore B obriem ciayuae B R®, n > 3 HaMu perieHa mnpobjieMa CBEIeHUsT 3aaMu
SommMepdensaa K TpaHndHOM 331ade B KoHEeUHON obsractu. [Ipu BBIMTOIHEHN HEOOXOMUMBIX YCIOBUiT
Ha norteHnmas exbmroseia (1) Takxke Haifnera ero mwiotHocTb p(€, A).
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CUJIBHASI OCHMJIJIALNS OTHOTO KBASUJINHEIHOTO
PA3BHOCTHOT'O YPABHEUSI BTOPOT'O IIOPSIIKA

AlrepuM KAJIBIBAITIYM, JAHATYIL KAPATAEBA2?

LWnuBEpcuTET KIMDII, ATMATH, KABAXCTAH
2EHY uM.JI.H.TyMuneBA, Hyp-CyaTaH, KABAXCTAH

®kalybay@kimep.kz, *danagul83@inbox.ru

Paccvorpum nosrynumeiinoe pa3HOCTHOE YPABHEHUE BTOPOTO TMOPSIKA!
Apil Ayi P2 Ays) + Milyic1 [P 2yiv1 =0, i =0,1,2,..., (1)

rme A > 0,1 <p<oou Ay; = yit1 — ¥i. OrHOCHTENBbHO K03 DunnenTo ypasaenus (1) mosaraem,
qro v = {v;} u p = {p;} ABIAIOTCS MOCIEIOBATENBHOCTSIMU HEOTPUIIATEIBHBIX JIeACTBUTEIbHBIX YHUCE.
Boasee Toro, nmycth p; > 0 aaa Beex ¢ = 0,1,2,... 1 1 Kaxkg0oro m > 1 cymecTByeT ¢ > m Takoi, 9To
(o 75 0.

IIpusenem HeobxoauMble JJisi HACTOSAIIEH paboOTHI ompeseseHus u yreepxkiaenud. llycrs m > 0
un > 0 — nensie uncaa. Jas xkparkoctu OyaeM mucaTb “MHTEPBAT, MOAPA3yMeBasd “AUCKPETHBIN
uHTepBaJT’.

— ToBopsit, uro unrepsas (m, m + 1] cogepxkur 0600MIEHHBIN Hy/Ib HETPUBUAJILHOTO PELIEHUs] § =
{y;} ypasuenns (1), ecin ypm, # 0 1 Y Ymy1 < 0.

— HerpusuasibHoe perrenve y ypasHerus (1) HA3BIBAETCs OCHUJUISITOPHBIM, €CJIM OHO MMeeT GecKo-
HETHOE TUCT0 0DODIMEHHBIX HYysel, B TPOTHBHOM CAYYae OHO HAZBIBACTCI HEOCITHTATOPHBIM.

— Ypasrenne (1) HA3BIBAETCS OCIIJLIATOPHBIM, €CJIH BCE €r0 HETPHUBUAJBHBIE DEIICHUST SIBISIOTCS
OCITUJIIATOPHBIMY, B TTPOTUBHOM CTydae OHO HA3BIBAETCS HEOCITHIIATOPHBIM.

— Vpasaenue (1) Ha3bIBACTCS CHIBHO OCIIUJLISITOPHBIM WM HEOCIUJIISITOPHBIM, €CJTH OHO TIPU BCEX
A > 0 COOTBETCTBEHHO SBISTETCS OCIULIATOPHBIMA MW HEOCTIAIISTTOPHBIM.

W3ygeHno OCIIIISIIHOHHBIX CBOCTB ypaBHeHus (1) mocssiieHo 60J1bI0e KOMuIecTBo pabor (eM.,
Haupumep, [1-3] u npuBejeHHbIE TAM CCBLIIKH).

Uccnemosanne ypasaenus (1) ommpaercs Ha CJIeIyioliee yTBEPKIeHNE, IpuBeeHHOe B pabdore [1].

Teopema A Ilycte 0 < m < oo. Ypaprenne (1) gBasercs HEOCIHIIATOPHBIM TOIJa U TOJBKO
TOIa, KOIJ[a CyIecTByeT m > 1 u BBIIOJIHSIETCS HEPABEHCTBO

(0.9}
> (pil AyilP = Milyial?) = 0
i=m

JLIst BCEX HETpUBHAIBHBIX Y = {y; ?:7#, Ym =0 1 yp11 = 0.

[¢]
Omnpenemmm muOKecTBO Y (m,n) ama 0 < m < n < oco. HerpuBnaspHyo IHCIOBYIO IIOCIET0-
BaTEILHOCTL y = {y;}5°, Ha30BeM (DUHUTHOMN, eC/IM KOHETHOE HYHCIIO €€ TIEHOB OTJIHYHO OT HyJId, a

MHOKecTBO supp y := {i > 0 : y; # 0} nasosem ee mocuresem. OBo3HauUM Uepes }3 (m,n) coso-
KYIIHOCTb BCeX (DPUHMTHBIX MOCJIEJA0BATEJbHOCTEH Y, ¥y KOTOPBIX supp y C [m + 1,n], n < oo. Ilpu
n = 00 MBI [OJIATaeM, UTO Jyist joboro y Haiimercs mnenoe unciao k = k(y) : m < k < oo Takoe, 910
supp y C [m+ 1,k|.

Pacvmorpum BecoBoe HepaseHCTBO Xapan B pa3HOCTHOM (opme

[o.¢] o
Y vialyil? <Cn Y pil Ay, y €Y (m,n). (2)
=m i=m

Ha ocuoBamuu Teopembr A HaMu JOKa3aHA

Jlemma 1. Ilycrs 1 < p < 0o u Cy, —Hanayummas koncranra B (2). Torga ypasaenne (1) mpu A = 1
(i) meoCMLIATOPHO TOrAA M TOJIBKO TOrAa, Korga cymecrsyer m > 1 u Bomomaaeno 0 < Cp, < 1;
(ii) ocrEmIIATOPHO TOrAa U TOJBKO TOTJIa, Korjga jus Jioboro m > 1 Bemmoaneno Cp, > 1.
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B pabore [4]| maiien kpurepuil BBITOTHEHNsT HEPABEHCTBA (2) BMeCTe ¢ OIEHKOI ero HawrydIeit
kouCTaHTBl ()t

Teopema B. Ilycts 0 <m <n < oowul < p< oo. HepaBeHcTBO (2) BHITOJHAETCS TOLAA H TOJIBKO
rorya, korga B(m,n) < co. Bojee Toro, gist HauMenbineil KOHCTAHTHI B (2) BBIIOIHSAETCS

B(m,n) < Cy, <27, B(m,n),

rie
-1

s—1 t 1-p n I-p
B(m,n) = B, p(m,n) = sup (Z vi> (Z p;p/> + (Z p}p,>

m<t<s<n i—t

PP —1
Yp = inf =) (s )
1<p (/L — 1)17

Yuuaxkas o0e yacTu HepaBeHcTBa (2) Ha A > 0 MOJyYMM HEPABEHCTBO XapiId COOTBETCTBYIOIIEE
ypashennio (1)

Z >\'U1l71|yi|p < ACp, Z Pz"AyiV)’ y ey (m7 n)> (3)

npu 3TOM B HepaBeHCTBe (3) Hammyumaga kouctanta Oygaer AC,, rae Cp,~Hamaydias KOHCTAHTA B
HepaBeHcTBe (2).
Teneps, Ha ocHoBanum JieMMbl 1 1 TeopeMbl B mmeem

Teopema 1. IIyctp 1 < p < co. Torna ypasuenne (1)
(1) cuibHO HEOCHMJLISITOPHO TOIJIA U TOJBKO TOIJA, KOIJA

lim B(m,o0) = 0;

m—o0

(ii) CHIBHO OCIUJIIATOPHO TOTJA M TOJIBKO TOTJa, KOLIa

lim B(m,o0) = 0.
m—r0o0
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YCJIOBNA CYHIECTBOBAHNA CJIEJA ®YHKIININU B
ITPOCTPAHCTBE C MYJIBTUBECOBBIMUA ITPON3BOJHBIMN

A A KAJTBIBATY, K. A. KEVINMYKAEBA?2?

2EBPA3UIACKUI HAITMOHAIBHLII YHUBEPCUTET UM. JI.H. TyMunEBA, HypP-Cy/ITAH,
'KABAXCTAH, YHUBEPCUTET KIIMDII, AIMATH, KABAXCTAH

bzh . keulimzhayeva@mail.ru, “kalybay@kimep.kz

ITycts I = (0,1), n-marypasmbaoe uucio, p; : I — R, i = 1,2,...,n, HeOTpHUIATETbHBIE N Da3
HenpepsiBHO gudpdepennupyemvbie byHKiny Ha I Takue, 94To

1
-1 - .
p; ()= € Li(ay,1), 1=1,2,...,n—1, (1)
pi(*)

Pt () € Ly(a,1), 1<y < oo, (2)

rme 0 < a < 1.
Hnsg dyarrmm f : 1 — R mojaoxkum
d .
DYf(x) = f(z), Dif(z)= pk(x)@Dlg Vi), k=1,2,.,n, zel

Jlaee npeamoioKuM, 910 hyHKITUN Dlg f(z), k=0,1,...,n—1, noKagbHO aBCOIIOTHO HETIPEPBIBHBIE
na waTepsaJje I. Torpa anst siroboro k = 0,1, ...,n — 1 nuMeeT CMBIC BBIpaXKEHUS D’pf f(x) u ero HazOBEM
P-MYJIBTHBECOBOH mpoussonuoit dyakmuu f B I mopsaka k.

n =

Iycrs W5 =
panka n, n > 1, Brmounreabuo B uarepsase I. Ha muoxkecrse W5 dynkimonan

b

W]?ﬁ(j ) COBOKYIHOCTH (DYHKIIUH HMEIOIIHe H-MYJIbTHBECOBbIE TIPOM3BOHBIE JIO TI0-
?

n—1
1wy, = 15 fllp.s + Y 1D5f (1)) (3)
1=0
OIpesieJieH 1 sBJISIETCST HOPMOIA, 1€ || - ||, r-06branas mopma npocrpascTsa Ly (1).

Hna0<s<z<oowmpmraij=0,1,..,n—1 onpenemmm bynxmun K;;1:

z tj tito

Kj7i+1(:v,s) = (—1)ji/pj—l(tj)/pj__ll(tj_l)... / pi__,'_ll(ti+1)dti+1dti+2...dt]‘,

S S S

nupu j > i, Kj7j+1(l‘,8) =1lu Kj,i+1(x> S) =0 upu 5 <.
IIycrs C§°(I)-muoxecrBo 6eckoneuno juddepennupyembix u ¢gunurabix B [ dbynkuuu. B cury
yeaosun (1) u (2) wa dbyskunn p;, i = 1,2,...,n, Maoxkecrso C§°(I) mpuHaIe)KAT TPOCTPAHCTBY
n
WPvP' om on
Bamprkanme muoxectsa CF° (1) mo mopme (3) mpocrpanctso W' ; obosnauny wepes W, 5 =W, 5(I).
Paccmorpum Bonpoc o cymectsoanus ciaena dyaknun f € W' T.e. cylecTBOBaHU KOHETHOIO
npeJesna
lim DYf(t)=DEf(0), 0<k<n-—1. (4)
t—0t
CymecrBoBanue ciena GpyHKIUU U3 npocTpancTBa guddepennupyeMbix QyHKITUN ABJISETCH KJIACCH-

veckast 3agada (em. [1,2]).

Pa6oTa BbImTOTHEHA TIPU TOIEPXKKE TPAHTOBOTO (DUHAHCUPOBAaHUs MPOeKTOB MuHMCTEpCTBOM 00pa30BaHus W HAYKHU
Pecuy6smku Kazaxcran, rpant € AP05130975.
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Teopema 1. ITycte 1 < p < 0o, 0 < k < n — 1 u Bommosnensr yeaosue (1), (2). Torma mis groboro
f € W5 cymecrsyer xoneunstii npeses (4), Torma u ToBKO TOTAA, KOTAA

Pt () EKn—141(0) € Ly, (5)

pu 9TOM UMeeT MeCTO OLECHKa
IDE fllci < Cllfllwe.,

re korucranta C > 0 e zapucur or f € W (I).
omn
Caencreue 1. Ilycts 1 < p < oo. Ecm semonmero (5), To aas moboro f € W, 5 mmeer mMecto

: k k
t1_1)r51+ D;f(t) = D;f(0) =0.

Sameuanue 1. Eciu cymecryer koneunstii npegen (4) npu k: 0 < k <n — 1 g Bcex f € Wps
to o Teopeme 1 Boimosaero (5). OTkyna ciaenyer p,%l_l € Li(I). Onnaro, u3 p,;_il € Li(I) eme ue
caenyer sermosnenne (4) u (5).

CnenctBue 2. Ilyctp 1 < p < com 0 < ky < kg < n—1. Ecin pi_1 € Ly mpu Bcex 1 =
ki + 1,k 4+ 2,....,ks + 1 u cymecrByer koneunstii npeaen (4) npu k = kg, TO cyniecTByeT KOHEUHBIH
npenen (4) npu Beex k : ky < k < ko.

N3 crnencrsue 1 u 2 cnexyer
omn

Caencrsue 3. Ilycre ppmosmeno yeaosuii caegcrsue 2. Torna aua moboro f € W, 5 cymecrsyer
DEf(0), k1 <k <kyuDEf(0)=0, ki <k < ko.
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JANPPEPEHIINAJIbBHBIE YPABHEHUA IIJIAHETHBIX CUMCTEM C
ITIEPEMEHHBIMI MACCAMU

AkEH KOIITEPBAEBA
Ka3HY nM. ANb-®APABU, AJIMATHI, KA3AXCTAH
kosherbaevaayken@gmail.com

COBpeMeHHbIe ACTPOHOMUYICCKUEC Ha6JIIO’Z|;eHI/IH ITOKa3bIBaLT, 9YTO OECHTPAJIbHAA 3B€3/4a U ILJIaHCTHAA
cucremMa BOKPYT Hee, BO MHOIMX CJIydasiX, FeHeTH9Ieckn 3anmMocessanbl [1-2]. B cBsasu ¢ stuMm, npej-
CTaBJIsIeT WHTEPEC UCCJIETOBAHMS SBOJIONMH TJIAHETHBIX CHCTEM COBMECTHO C IEHTDAJIbHON 3BE3JIOi.
OCO6bIﬁ MHTEPEC BBI3LIBACT IBOJIIOINA TIJIAHETHBIX CHCTEM B dTalle €€ HeCTAIIMOHAPHOCTHU, KOTdd Be-
aynM haKTOpOM JIMHAMHYECKOH 3BOJONNE SBJISETCS MEPEMEHHOCTh MaCC IJIAHET U IeHTPaJbHOM
3Be3/bl [3-6].

B paBore paccmarpuBaercs 3amada MHOTUX CEPUIECKUX TeJ ¢ MEePEMEHHBIMI MACCAMHE, M3MEHs-
IOIUMUCST HEM30TPOIHO, B PA3JINYHBIX TEMIIaX, KaK HeOECHO-MEXaHWIecKask MOJIesIb HECTAIMOHAPHBIX
IIJIAQHETHBIX CUCTEM. B CTAaThE TI0JTyY€HbBI ,Z[I/ICI)CI)epeH]_[I/IaJIbeIe YpaBHEHUA IBUXKECHU A C(l)epI/ILIeCKI/IX TEeJI
C IEPEMEHHBIMU MACCaMU C I[EJIBI0 MCCAE0BAHIE SBOJIIOIIN HECTAMOHAPHBIX IJIAHETHBIX cucreM. IIpu

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



96 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

9TOM YUUTHIBAETCHA KAK YOBIBAHUS MACC POIUTETHCKON 3BE3bI TAK U POCT MACC IJIAHET N3-33 aKKPEIun
BemecTsa [6).

PaccmorpumM 11aHeTHYIO CHCTEMY COCTOSAIINNCH M3 1 + 1 B3aWMOTIPABUTHUPYIONMX ChHEPUIecKnx
HebeCcHbIX Tesl ¢ mepeMeHHbIMU Maccamu. OboszrauuMm udepe3 Tj MEHTPATIBLHOE TEI0 — POAUTETBCKAS
3Be3/1a muiaHeTHoil cucrembl. [Tnanerst o6oznaunm vepes T;, (i = 0,1,2,...,n). Pacnonoxenus mianer
TaKOBBI, UTO T; BHYTpPEHHsId IJIaHETAa OTHOCUTEJBbHO TiaHeT Tjy1, HO BHeIIHsisl, OTHOCUTEIbHO T;_1.
Macch Tesr n3MeHITCd CO BpEMEHEM HEU30TPOITHO

mo = mo(t), mi1=mi(t), ..., m, =my(t) (1)
[TycTh, TeMIT M3MEHEHUs MacC pa3indHbie |7-8|

i M G0, o, k=0,...,n, i#k (2)
m; mi

Macca poanTenbckoil 3Be3abI HAMHOTO OOIBINE, UeM MAaCCa OMPeIesIeHHON TIaHeThl B PAacCMATPH-
BaeMOM cucreMe

mo>m; (i=1,...,n). (3)

B abcomoTHON TPSMOYTONBHON AEKAPTOBON CHCTEME KOOPAUHAT, UCXO s U3 YpaBHeHUsT Merepceko-
T0, TMOyYEHbl YPABHEHNUS ABUXKEHWS MHOTOIJIAHETHON 3aJa4u C mepeMeHHbiMu Mmaccamu. [Ipemmora-
TaeTCsl, 9YTO MACChl TeJI N3MEHSATCA HEM30TPOIIHO, B PA3JINYHBIX TEMNAaX 1N MOABIAKTCI PEAKTUBHBIE
cuibl. Jlasmee, moydenbl ypaBHEHNUA JBUKEHU PACCMATPUBAEMON POOIEMBI B OTHOCUTEIBHOM crcTe-
Me KoopanHat. Hawasno oTHOCHTENBHOI CHCTEMBI KOOPIMHAT HAXOIUTCS B IIEHTPE HAnbOo/1ee MaCCUBHOTO
Tesla — IEHTPATBHON 3Be3/ibl. Y paBHEHUsI JBUKEHUs MOXKeT ObITh HalucaHbl B Buje [6]

?Z + fw?z _ %? = grady,W; (4)
T; 7

i o mo(to) + mi(to)
T mo(t) + my(t)

=7i(t) (5)

VVZ’ = Wri + Wci + ng (6)
Wi = (mlvz - o Oi> > (7)
m; mo
= 1 77
Wi = f mg (r - 713k> (8)
=1 ik k
% 2
Wei = — 0 9
2,}/1 TZ ( )

[Tonyuennsle ypaBHeHUsT TBUKeHUs (4) yI0OHBIE s UCTIOIb30BAHIS TEOPUH BO3MYIIEHUST Pa3pa-
BoTaHHBIX JIsl TAKUX HecTalMoHApHBIX cucreM [6]. Ha 6a3e ypaBHeHUs OTHOCHTEIBHOIO JBUKEHUS N
mwraneT (4) ¢ HAYAJIOM B IEHTPE POAUTETBCKON 3BE3JbI, MOKHO HAMMCATH DPA3JHUHbIe MuddepeHiy-
aJIbHBIE YPABHEHUS JBUXKEHNUS B PA3TUIHBIX CHCTEMAX OCKYJIMPYIONINX 3JIEMEHTOB Ha 6a3e anepuo/in-
YECKOr'o JIBUZKEHUS 110 KBA3UKOHUIECKOMY CEYeHUO.

B pabore nosyuens pazsnanabie hopmbl gud bepeHnna bHbIX YPDABHEHUN JBUXKEHUS [IJIsT HECTaI-
OHAPHBIX TIAHETHBIX CUCTEM, CojlepxKaline n miaHeT. [Lojiyuenbl ypaBHEHUsT BOSMYIIEHHOTO JIBUKEHU ST
B (bopme ypaBHeHus JlarpaH:ka v B aHajorax BTOPOH cHCTeMbl KAaHOHUYeCKUX 3jeMeHToB llyankape.
B nanmmeiiem miaHUpyeTCs MOJyYeHNe PA3IOKEHUsT BOSMYIIAKIIEH (DYHKIMYT Yepe3 OCKYIUPYIOIIHe
3JIEMEHTBI C UCIOJIB30BAHUEM CUCTEMBI aHauTHUecKuX Bhranciennn "Wolfram Mathematica" . [lony-
YeHHBIE YpaBHEHUS OVIyT MCIOIb30BAHBI [IJid UCCIeAOBaHudA 3(MPEKTOB MEPEMEHHOCTH MAacC B XOI€
SBOJIIOIUN YK30IJIAHETHBIX CUCTEM.
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CYIIECTBOBAHNE, KOMIIAKTHOCTDb 11 OHEHKMN
CUHI'VJ/IAPHBIX YUCEJI PESOJIBBEHTBI CUHI'YJIAPHOI'O
JINMHEMHOTI'O OIIEPATOPA TUIIA KOPTEBETA-JIE ®PPUNU3A

M.B.MYPATBEKOB, A.O.CYJIEIIMBEKOBA
TAPABCKUIT TOCYJAPCTBEHHBIN MMEJATOIMYECKUI YHUBEPCUTET, TAPA3

musahan _m@mail.ru

VpaBHeHUs B 9aCTHBIX TPOU3BOIHBIX TPETHETO MOPSIIKA JIEKAT B OCHOBE MATEMATHICCKUX MOJe et
MHOTHX SIBJIEHUI M IIPOTIECCOB, TAKUX HAIPUMED, KaK sIBJAEHUH MEPEHOCA SHEPTUU THIPOJIA3A MOJEKYJT
aaeHo3nHTPUMOCHOPHON KHUCIOTHI BAOJL OEJTKOBBIX MOJJIEKY/ B BUIE YEAWHEHHBIX BOJIH, T.€ COJIUTO-
HOB TIPOIIECC TIEPEHOCA TTOYBEHHON BJIAIW B 30HE adPAIMU C YUETOM €€ JBUKEHUS MIPOTUB IIOTEHIINATIA
BJIA2KHOCTH.

B uwactroCcTH, K 9TOMY K/TacCY OTHOCHTCA U HeauHelnbie ypapuerue Kopresera-ae Ppusza, KOTOPHIt
SIBJI€TCsT OCHOBHBIM YPaBHEHUEM COBPEMEHHOI MaTeMaTuvecKol (pU3nKu.

Bompocam pazpemmmoctu KpaeBbix 3ama4 masd nuddbepeHInaabHbIX yPABHEeHNH HEIeTHOTO TOPSI-
Ka U B YaCTHOCTH, /i ypasHenuss Kopresera-ge @pusa mocsineHa 3HaIWTE bHAA JuTeparypa |1-
4] u nurupyembie Tam paborbl. B Hacrosiieil pabore paccMaTpUBaKOTCs BOIPOCHI O CYIIECTBOBAHUMY,
KOMIIAKTHOCTHA U 00 OIl€HKAaX allPOKCUMAIMOHHBIX YUJIeJ PE30JIbBEHTHI JIMHEHHOIO OIEPATOpPa THIIA
Kopresera-ae @pusa ¢ cuibHo pacryimvu Ko3dpdunmenramu.
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O PA3PEIINMOCTU OJHOI H];:J.HOKA.HBHOI';I KZE’AEBOﬂ SAJAYN
C HAKJIOHHOU TTPOMN3BOJHOU

Kvmsnua HASBAPOBA, Batupxan TYPMETOB, KaiipAT YCMAHOB
YHUBEPCUTET UM. AXMEJA SCABU , TYPKECTAH, KA3BAXCTAH

gjnazarova@mail.ru, turmetovbh@mail.ru, y _kairat@mail.ru

Hacrosimas pabora 1OCBsIIEHAa K UCC/IEJOBAHUIO BOIPOCOB PAa3PENIMMOCTH HEJIOKAJILHON Kpae-
BOit 3amaun jaag ypashenus Jlamnaca. [Iycre Q = {z € R": |z| < 1} - exunngnwiil mwap, n > 3,
0N = {x€d: |z| =1} - equanunag chepa n I' = {x € 00 : =z, = 0}. Ilycts S-neiicrBurenvuas
oprororabhas Marpuna S - ST = F, E-emumnanas Marpuna. IIpeanosokuM TakKe, 1To CYIIIECTBYET
HaTypaabHOe uncio | Takoe, uro S = E. BamernM, urto ecan & € , mwin & € 9§, To 1715 T060TO HATY-
pasbHOTO uncaa k mveer mecto Braouenne SFx € Q | wn SFa € 9N, Tpuvepsr Taknx 0TOGpPAKEHHIT
npuBesieHbl B pabore [1].

Ilycrb aq, ag, ..., a;- HEKOTOPBIE JAeficTBUTENBHbIE Yucia, g (z) u ¢ (x) dyHKiwn 3ananube Ha O) 1
I' coorBercrBenno. Pacemorpum B obsactu ) ciienyromnyo 3a1aqy

Au(z) =0, zeQ, (1)
cu;; (2) + “258;1 (Sa) + .. + anji (s'72) =g(@), weon, @
w(@) = (7)), el (3)

Pemennem sazaun (1)-(3) masosem dynkumo u (z) € C? () NC* (), yaonerpopsomyto ycnosu-

siv (1)-(3) B KJTACCHYECKOM CMBICIIE.
. u(S*

B ycaosuu (2) Beipaxkenne 88712 (Skx) 03HAYAET %ﬂm) = Igk [%u (x)} Jk=1,2,...,1—1.

Tak kak Kpaepoe yciaoBue (2) 33/laHO B BHJIE CBsI3U 3HAYEHWH Npou3BoaHOH dyHKImn u(x) B pas-
JMIHBIX TOYKaX, TO PAaCCMAaTpHUBaeMasl 33/lada BXOJUT B KJIACC HEJOKAJBHBIX 3a7ad Tnna Bumamse-
Camapckoro [2].

CrpaBe/IyIUBEI CJIEIYOIINE YTBEPK IEHHS.

Teopema 1. Ilycrs uncaa {ay : k = 1,...,1} rakne, uro uy = aleg—i—...—i—al&?f_l #0mpuk =1,...,1,
e €, - KOPHA CTCINeHd | W3 eIuHuIbI, A + % > 1, npuuem gucao \ + % - neresioe, g(x) € C*(09Q),
o(z) € CMY(T). Torna pemenne 3amaqm (1)-(3) cymecTByer, eMHCTBEHHO H IPHHAICKHT KJIACCY

1 _
CM2 (Q).

Mo2KHO TIOKa3aTh, 9TO MOKA3aTeTb VIAIKOCTH perrenns 3agadn (1)-(3) momydensstii B Teopeme 1
HEeJIb3s YAydInTh. JlanHoe yTBep:K IeHne MBI TOKaXKeM Ha puMepe orobpaxkenust St = —x. Cupases-
JIMBO CJIEJIYIOIIEe YTBEPIKIEHHE.

Teopewma 2. Ilycre Sx = —x, A > 0, npuuem uncio )\—&—% - merjesioe. CymecrByer ynkmmst g(x) €
CA(Q) rakas, 4o pemerne 3agaqn (1)-(3) mpn mobom € > 0 e npuramtexnr kiaccy CAH1/2He(Q).

Pabora 6bu1a nojaepxkana rpanrom AP05131268 KH MOH PK
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OB OJTHO3HAYHO! PA3BPEIIMMOCTU KPAEBOI 3AJAYM JIJIsI
NMHTETPO-AN®PEPEHIIUAJIBHBIX YPABHEHUN C
NHBOJIIOIINEN

K. 2K.HABAPOBA, K.M1.YCMAHOB

MEXKJAVHAPOHBINT KABAXCKO-TYPELUKUI YHUBEPCUTET UMEHU X.A.ACABU, TYPKECTAH,
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Cpenu guddepeHnnanbHbIX ypaBHEHNH € OTKJIOHSIONIMMHU apryMeHTaMu 0coboe MECTO 3aHUMa-
€T ypaBHEHNA, B KOTOPBIX OTKJIOHCHUE apPTYMEHTOB IIOAYUHACTCA OIPEACICHHOMY 3aKOHY. O,ZLHI/IM u3
TAKUX OTKJIOHEHUil, sIBJIETCd UHBOJIOTUBHOE OTKJIOHEHWE. llycTh «f)— m3MeHsoNnmii oprueHTaInio
romeomopdusm « : [0,T] — [0,7] raxoit, uro a?(t) = a(a(t)) = t. Takoit roMmeoMopdusM HazbIBA-
IOT KapJIEMaHOBCKUM CABUTOM WJIN MHBOJIIOTUBHBIM OTKJIOHEHUEM. CBOﬁCTBa 9TOTO FOMeOMOpCbH:SMa
uccaenosanuck B paborax [.C.Jlursuauyka [1], H. K. Kapanersuna u C.I.Camko|2| u map.

B nannoit pabore na orpeske [0, 7] paccMarpupaercst JIByXTOUYEUHASI KPaeBasl 33/a4a sl CHCTEMBbI
uHTErpo-1uddepeHINAIbHBIX YPABHEHUH ¢ MHBOJIIOIAEH

dx(t)
dt

T
+ diag(ay, a9, ..., an)dm(;vt(t)) :/0 K(t,s)z(s)ds + f(t), te][0,T],

Bz(0) 4+ Cx(T) =d,d € R",

rae marpura K (t, s) menpepbisaa coorserctBerno Ha [0,7] x [0,T], n- MepHas BeKTOP-QyHKIHST
f(t) menpepeisra na [0, 1.

Ha orpeske [0,7] B kauecTBe mpuMepa WHBOJOTHBHOTO OTKJ/JIOHEHHs, MOKHO PACCMOTPETH TOMEO-
mopdmam at) =T —t.

g mecnenoBanyus KpaeBoi 3aJauu UCIOAL3YETCS METOJ IapaMeTPH3ANMA PeII0KeHHbIH Ipo-
deccopom 1. /xxymabaesbim [3]. B padore [4] meros napamerpusanuu ObLI IPUMEHEH K HCCJIEJI0BAHMIO
OZIHO3HAYHON Pa3pelmMOCTH KPAeBOH 3a1aun /I CHCTeM MHTErpoandepeHmanbabIX ypaBHEeH .

ITpumensis HEKOTOPBIE TPeoOPA30BAHNA PACCMATPUBACMYIO 33J1a4y CBEJIM K KPAeBOH 3aJa4e Jjis
cucreM MHTErpo-audpepennuagIbHbIX ypapaenuit. [lomyaensl HeoOX0MuMBIE B JTOCTATOYHBIE YCIOBUS
OJJHO3HAYHON Pa3pPEIIMMOCTH MCCIEyeMO 3a/1a9u 1 IPEJIOKEH aJFOPUTM €€ HAXOXKJICHUS METOI0M
mapamerpusanun 4] .
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[3] O.C. dxymabaes Ipusnaru 00no3naunoli paspewsumocmu sunetinol kpaesot 3a0a4u OAd CUCTEM
dugppepernyuarvnus ypaswernut [/ AKypran perauca. marem. n marem. ¢dus. 1989. T. 29. ¢ 1. C.
50-66.

[4] O.C. dxymabaes O6 odnom memode pewenus aunetinol kpaecols 3a0aqu 0aa unmezpoduddepen-
Yuasvnozo ypasruernus |/ AKypuas Bbranca. marem. n marem. ¢us. 2010. T. 50. ¢ 7. C. 1209-1221.

KPUTEPUN OTPAHUNYEHHOCTU OJAHOTI'O KJIACCA
NMHTEI'PAJIbBHBIX OIIEPATOPOB IIPUU 1 <g¢<p< o0

Poickyst OMHAPOB

EBPABUIICKUI HAITMOHAJIBHBI YHUBEPCUTET UM.JI.H.I'VMUJIEBA, HYyP-CVJITAH,
KA3AXCTAH

o_ryskul@mail.ru

PaccmoTpum mHTErpaIbHBIE OTIEPATOPEI

(KTH)(t) = | K(t,s)f(s)ds, 0<t< oo,

o .

(K™f)t) = | K(s,t)f(s)ds, 0<t< o0,

w\g

¢ sapom K (-,-) > 0.

B pa6ore [1] Benennr kmaccw sgep O, O, ', n > 0 u mosyvIeHsbl HEOOXOJAUMBIE U JTOCTATOTHBIE
ycaoBus orpanndentocru oneparopos KT, K™ us Ly(Ry) B Ly(Ry) npu 1 < p < ¢ < 00, Korza
ux aapo K (-,-) mpunagnexur knaccy OF JO,, n > 0. 3nech maercsa KpUTepHU OTPAaHAYEHHOCTH
oneparopos KT, K~ u3 L,(Ry) B Ly(Ry) mpu 1 < ¢ < p < oo B mpeanoaoxennn K (-,-) € O JO,,,
n > 0.

Crncok urepaTyphl
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JANMCKPETHBIE NTEPAIIMOHHBIE HEPABEHCTBA THUIIA XAPAU C
TPEMA BECAMMU

b.K. OMAPBAEBA

EBPABUTICKUN HAIIMOHAJIBHBIM YHUBEPCUTET UMEHHW JI.H. I'vMUJEBA, HyP-CVJITAH,
KA3AXCTAH

gaziza.omarbaeva@mail.ru

JuckperHble, HEIIPePbIBHBIE HEPABEHCTBA THUIIA XapIu UMEIOT 0OJIbIN0e 3HAYEHNE U MHOTOYNC/ICH-
HBIE MPUJIOKEHUST B FTADMOHMYECKOM AHAIU3€, B TEOPUSX MHTErPAIbHbBIX, jmuddepeHnuaababx 1 pas-
HOCTHBIX OIIEPATOPOB, B TEOPUHU BJIOXKEHUI (DYHKITMOHAIBHBIX IPOCTPAHCTE U B APYIHUX pa3jegax Mare-
MaTUKU. B OC/IeIHIEe T0/Ibl HHTEHCUBHO UCCIEAYIOTCS BECOBBIE OIIEHKHU JIjisi MHOIOMEDHBIX OlEPATOPOB
Tua Xap/Iu, KOTOpble HMeoT BayKHOe [IPUJIOZKEHUE B UCCIeI0BAHIN CBOHICTB ONPAHUIEHHOCTH OIIEPATO-
POB 13 BECOBOTO pocTpaHcTBa Jlebera B JokaabHOe ipocTpancTso Tuna Moppu ([1], [2]). Hepasenctso,
BKJTIOUAIOIIEE UTEPAIHIO JAUCKPETHOTO 0ONepaTopa Xap/u, TPAAUIMOHHO CIUTAETCA TPYAHBIM JJIst OIIEH-
KU, MOCKOJILKY OHO COJEP:KUT TPH HE3aBUCUMBIX BECOBBIX MOC/IEI0BATEIBHOCTE 1 TPHU ITapaMeTpa, IpH
UX PA3TUIHBIX COOTHOIIEHUSAX.

IIycts 0 < q,0 < co mw = {w; }52,, u = {u;}2, mookuTeIbHLIE, a ¢ = {; }70, HEOTPUIATEIbHAL
MOC/IEIOBATEILHOCTH JAeHCTBUTEIBHBIX YuCeT. PacCMOTPUM BECOBYIO OIEHKY

(iwﬁ(ilwkiﬂq)g) <C(Zyu]fj|f’) VF € by, (1)
n=1 k=1 i=1

rae lp,, - IpocTpaHcTBO mociaenoBarensaocTd f = {f; }‘;‘;1 € KOHEYHON HOPMOiA

o 1
1l = (D lusfil?) " < o0, 1< p<oc.

J=1

OCHOBHOI 11eJTBI0 HACTOSIIEN PabOTHI SIBJISIETCs YCTAHOBJIEHNE HEOOXOIUMbBIX U JJOCTATOYHBIX YCJI0-
Buit as mepaBencTBo (1) mpu 0 < g <p=1<6 < .

Jlemma 1. Ilycts @ >0 u  {u;}$2, - HeorpuiaTeabuas, HeyObIBAIONIAs I0CIEJ0BATENLHOCT, a
{vi}32, - meorpunarenbuas mocaeLoBarenbHOCTh. ITomokum Auy, = Uy — Up—1, 1 > 1 u ug = 0. Torga

= ivn<§:vk)aug = Z (ka>a+lAug =:J.
n=1 k=n n=1

Teopema 1. Tlycts 0 < g < p = 1 < # < oo. Torma BecoBas orenka (1) BBINOTHSETCS TOTAA W
TOJILKO Torza, Korma max{ M, My} < oo , rue

0 i 0
up( E wf( E goZ)q) max u;,
1\ — 1<i<k
1=k s=k

Sy

1

M, —sup(z:A*1 Q<zk:gpg)l—q>1;q(§;wle)é

r=3 1=

Baece Ay =U; —Uj—1,j > 1uty=0,au, = max uj, k> 1. Tlpu srom, C =~ max{ M, M}, rue C
<<

-Hausrydias KoHcradra B (1).

Pabora Bbiosineno comecrsao ¢ upodeccopom P. Oitnaposbim
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Ob OTPAHNYEHHOCTN MAKCUMAJIBHOI'O "1
APOBHO-MAKCUMAJIBHOI'O OIIEPATOPA B I'NIOBAJIbBHBIX
ITPOCTPAHCTBAX MOPPU C IIEPEMEHHBIM ITOKA3ATEJIEM

2KomarpT OHEPBEK, Afinoc AJIMJIXAHOB
EBPABUNCKUNA HAITMOHAJIBHBIN YHUBEPCUTET, HYP-CVITAH, KAZAXCTAH
onerbek.93Q@Qmail.ru, aaidosn@mail.ru

B nauuoit paboTe TpuBOAUTCH YCJAOBUE OTPAHUIEHHOCTH MAKCUMAJTBHOTO U JPOOHO-MAKCHUMATBHOTO
omneparopa B IVIO0AJbHBIX IPOCTPAaHCTBAaX Moppn ¢ mepeMeHHBIM TOKA3ATETEM.
Iycrs f € Lipe(2). Makcumanbhoii dyskimedi qius f(z) Hasbsaercs dyHKIus

M f(x) = sup

1
iEBw/jé(xﬁr)f(y)!dy, (1)

rae B(z,r) -mmap B n -ME€pPHOM TPOCTPAHCTBE C MEHTPOM B Touke x € R™ u paguycom 7, a |B(z, )| -
obbem sToro mapa, B(x,r) = B(x,r)NQ, Q C R™ - 0OTKPBITOE OrPaHUIEHHOE MHOKECTBO.
I po6HO-MaKCHMAJIBHBIE OMEPATOD ¢ MepeMeHHbIM ToKa3aTeaeM a(x) OMpeIeaseTcs PABEHCTBOM

a(x) —1

M) f(z) = sup | Bz, r)| /B( RO @)

zeB

ITycts p(x) - n3mepumas pyHKIMA HA OTKPBITOM OTpaHUaeHHOM MHOKecTBe () C R™ €O 3HAUeHWsIMU
(1, 00). Ilpeamonoxum
1 <p_ <p(z) <ps < oo, (3)

rae - =p_(Q) = infyeqp(x), Py = P4 (Q) = sup,ecqp (x). rae 0 < a(z) < n. [Ipu a(x) = const sror
olIepaTop COBHAJACT KJIACCHUecKuM noTennuatoM Pucca I, Ilycrs P°8(Q) - sTo MuoxecTso dbyHKIuil
p(x), ayst KOTOPBIX

p() — py) < ——C

1
— lr—yl< = Q 4
S Tl y’,lx y!_2,(w,y)€ ) (4)

rae C = C(p) me 3aBucut or = u Y.
Obosmaumnm gepes Ly()(€2) - mpocTpancTBo Beex namepnmbrx ynkimit f(z) wa {2, Takmx, 910

T (f) = /Q @)@ dr < oo, (5)
re HOpMa OIPEeIesieTcs CAeAYIomuM 00pa3om
| s
1£ll,c, = inf {n > 0, Jy, (n <1}. (6)
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ITycts w(x,r) - HeoTpUIATE bHAS U3MepuMas Gyukmus Ha Q X [0,1], tne @ C R"™,l = diam) ,
1 <6 < 00.B pabore [1] 6p110 Ompesenero 0606meRHOE TPOCTPAHCTEO My ) 4(.)(§2) ¢ HOpPMOiL.

_n_
r p(@)
= sup ———— .
||f| |Mp('))w(ﬂ) :EGQ,?I"?>O w(;r, 7") ”f| |Lp(_>(B(z,T))
Msm1 BBeneM riobasbHBIe mpocTpancTsa Moppu ¢ mepemeHHBIM Tokazareaem GM p(.)’w(.),g(Q) KaK
MHOKECTBO (PYHKIUH C KOHEIHOW KBA3WHOPMOIL:

1 __n_
HfHGMp(‘),w(.)yg(Q) = 21618 |w™ (z,r)r #@ |’f‘|Lp(»)(B(zyr))||Lg(0,l) < oo

Teopema 1.
Hycrs, aro p(x) € P99(Q),1 < 6 < oo u noroxurenpubie n3vepumbie Gyaxmm wi (T, r), wa(x, )
V/IOBJIETBODSIIOT YCJIOBHIO:

CA
7

00 1 l ’ P
Al = sup/o wg(>(/t (Tﬁlwl(x,r))e dr) dt < oo (7)

zeN .Z',t

Torna maxcuvanbubtii onepatop M apsercs orpammaentbi 13 GMp( ), ()6(S2) B GM () 1y(.),0(2)-

Teopema 2.
Hycrs p(x) € P9(0Q),2 < 0 < 0o u pynxmus w(z,r) yaosrersopser ycaosmo (7) i
1

A a(x)p(z)

l
([ o e an)” <o, ®

0

n___n_ 7

o0 re@) aq(z 0-0
0 ( -

Torza oneparop M) spisiercs orpanmieHHbIM OLEPATOPOM 13 GM p()w1,()6(82) B GM () o(),0(€2)-
Amnajiorudnple pe3ysabrarhl Jiss 0000IEHHBIX MPOCTPaHCTB Moppu ¢ mepeMeHHbIM IOKa3aTeleM
JokaszaHbl B [1] u [2].
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HAYAJIbHO-KPAEBAA 3AJTAYA JJIdd MHOTOMEPHOTI' O
BOJIHOBOI'O YPABHEHNA C HEJIOKAJIbBHBIMU YCJIOBUAMMUN
TUIIA CAMAPCKOI'O-UOHKIWHA IIO IITPOCTPAHCTBEHHBIM
INIEPEMEHHBIM

McABEK OPA30OB

ME>KIAYHAPOJHBIIT KABAXCKO-TYPELUKUN YHUBEPCUTET UMEHU X.A. fICABU, TYPKECTAH,
KA3AXCTAH
WHCTUTYT MATEMATUKU U MATEMATHYECKOTO MOJEJUPOBAHUA, AJIMATHL, KA3AXCTAH

orazov@math.kz

B nmokmane maercda mocTaHOBKA HOBBIX HAYAIBLHO-KPAEBBIX 33T JIJIS MHOTOMEPHOTO BOJIHOBOTO
YPaBHEHUS C HEJIOKAJbHBIMYU YCAOBAAMHU MO MPOCTPAHCTBEHHBIM TTEPEMEHHBIM, SBASIONMIUMUACST MHOTO-
MepHBIMU 0DobeHusiMy 3aaun CaMmapckoro-MloBKIHA U UCCIeI0BAHA UX KOPPEKTHOCTD.

Mz paccMaTpuBaeM OIMH W3 BAPUAHTOB HOBBIX MOCTAHOBOK HAYAJIBHO-KPAEBBIX 334a€ JJII MHOTO-
MEPHOTO 110 POCTPAHCTBEHHON IEePEMEHHON BOJIHOBOIO ypaBHeHusi. Q0/1aCThI0 PACCMOTPEHUS 33,1491
SIBJIIETCS TTAPOBOI MUAnHAP ) ¢ 0ChI0 BAOJAL och t. CTaBITCS KIACCHIECKNe Hada bHBIE YCIOBUS Ha
OCHOBAHUU TIUJIMH/IPA ¥ HOBBIE HEJIOKAJTBHBIE KDAEBBIE YCJIOBUsI Ha TIPOCTPAHCTBEHHBIX (GOKOBBIX) Tpa-
HUIAX [UJIMHIPA. DTH YCIOBUS aHAJOTHYHBI YCIOBUSAM 3aja4u Su1, PACCMOTPEHHBIM B paborax [1 - 4]
JUTd ypaBHeHUs Jlammaca B e IMHUYHOM KpPyre U e TMHUYTHOM ITape.

IMycre Q = {z = (z1,22,...,2y) € R" : |z]| < 1} — eauanuneiii map 8 R” u z = (x1,22,...,2,) €
— Ipou3BOJIbHAS TOUKa 001acTh §2. [IycTs KOHCTAHTHI ) MpUHIMAaOT 3HaUeHust ToJIbKO 1 win —1. Tora
(0)% = 1. Yepes z* oGozmaumy Touky 2* = (—x1, 0922, . . ., Opy) . Yepes 90 (9Q_) oGosmaumy gacTs

rpasutbl 0F), 1ist KoTopoii £1 > 0 (z1 < 0). Hacrs rpanunst 082, 1g Kotopoit 1 = 0, 0603HaINM depes
0.

Yepes Q = {(z,t) : z € Q,0 < t < T} obo3HAUNM TIPSIMO¥ TMAPOBOI IMUIHHAD, a Yepe3 (Qp =
{(z,t) : = € Q0,0 < t < T} — wacTb ero GOKOBON MOBEPXHOCTH. PAacCMOTPUM HOBYIO HEJOKAJBHYIO
KPaeByI0 3aJa9y /s MHOTOMEPHOI'O BOJHOBOIO YPaBHEHMUS

ug(x,t) — Agu(z,t) = f(z,t), (x,t) € Q, (1)

riae A, — ecth oneparop Jlannaca no nepemMeHHbIM (X1, Tg, ..., Ty) € R™.
Ncnonb3yoTest Kaaccuuecke HadaIbHbIe YC/IOBUS

u(z,0) =7(z), u(z,0) =v(x), =€, (2)

U HeJIOKaJIbHbIe KPaeBble yCJIOBUs Ha OOKOBOI IpaHUIlE ITAPOBOTO MUJIKHJIPA

u(z,t) —au(z*,t) =0, z€INy, 0<t<T, (3)
ou ou

— —(x* = <t<T.
o (z,t) o (z",t)=0, €9y, 0<t<T (4)

Baech a # 1 — dbukcupoBaHHOe J€fCTBUTEIHHOE YUCIIO, % — [IPOM3BOJHAS 110 HALPAB/IEHWIO BHEIIHEH
HopMasu K 0f€2.

ITpasyto uwacts ypasaenusi (1) m HauaabLHBIE YCIOBHS BbIOEpeM w3 ciaemyromero "crangapraoro”
kiracca raagkocrn: f(z,t) € C' (Q), 7 € C*¢ (Q), v € C'* (Q). dononnurensno or 7(z) u v(x)
norpebyem yjoBreTBOpeHne KpaesbiM yeaosusim (3), (4).

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05133271
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Pezyaaproim pewenuem 3amaau (1) - (4) HazoeM (GYHKIMIO W3 KJIACCA C’ig(@)ﬂC’;? (Q\QO),
obpamaroriyo BosHOBOe ypapHerue (1), HauaabHbIe YCI0BHUs (2) M HEJOKAJbHBIE KPAEBbIE YCJIOBUS
(3), (4) B TOXRIAECTBO.

Paszsupas ujeto paborsl [5] Ha MHOrOMepHBIH caydail, Mbl IOKa3bIBAEM, 9TO KOPPEKTHOCTH CHOPMY-
nmupoBaHHOH 3aa4an (1) - (4) MoxkeT ObITE 0GOCHOBAHA IIyTEM CBEJIEHUS K IIOC/IE/[0BATETEHOMY PEIIEHUIO
ABYX KJIACCHUYECKUX HAYAJIbHO-KPACBbIX 33444 JIJigdd BOJTHOBOTO YPABHEHUS.

OCHOBHOII pe3y/Ibrar JoK/Ia/1a chOPMYyIUpyeM B BHJE T€OPEMBI.

Teopema 1. Ilycrs o # 1, f(z,t) € C'¢ (Q), 7 € C** (Q), v € C¢ (Q) u 7(x),v(x) yuosie-
TBOpsAIOT KpaeBbiM ycaosusaM (3), (4). Torna nenokanbnas madaabHO-Kpaepas 3agada (1) - (4) umeer
EJIMHCTBEHHOE DEryJISIPHOE DElIeHHe.

Criucok aurepaTypbl

[1] M.A. Campibekos, B.X. Typmeros 06 0drom ananoze nepuoduseckus Kpaeeus 3a0a4 OAd YpasHeHUus
ITyaccona 6 xkpyee // Hudd. ypapuenus, 50:2, 264-268 (2014).

[2] M.A.Sadybekov, B.Kh. Turmetov On analogs of periodic boundary problems for the Laplace operator
in ball // Eurasian Mathematical Journal, 3:1, 143-146 (2012).

[3] A.A. dykeunbaesa 06 06not obobwennoti 3adawe muna Camapcrozo-Honxuna oas ypasnernua ITyac-
cona 6 kpyze |/ Maremarnveckuii xxypras, 18:1, 78-87 (2018).

[4] A.A.Dukenbayeva, M.A. Sadybekov, N.A. Yessirkegenov On a Generalised Samarskii-lonkin Type
Problem for the Poisson Equation // Springer Proceedings in Mathematics and Statistics, Springer,
Cham, 264, 207-216 (2018).

[5] 1. Opazos, M.A. CagpiberoB O6 odnom kaacce 3a0a4 onpedesenus MeMNepamypo, U nAOMHOCTIU
UCTNOYHUKOB MENAG N0 HA¥AALHOT U Konewrol memnepamypam [/ Cub. marem. xKypH., 53:1, 180-
186 (2012).

ABE TEOPEMBI OB OIHEHKAX PEINIEHWUN OJIHOI'O KJIACCA
HE/JIMHENMHBIX YPABHEHVN B KOHEYHOMEPHOM
ITPOCTPAHCTBE

MyxTarPball OTEJIBAEB

NHCTUTYT MATEMATUKA M MATEMATHYECKOTO MOJEJIUPOBAHMSI
MEYKIYHAPOJIHBIN YHUBEPCUTET MHOOPMAILIMOHHBIX TEXHOJIOIMUI, AJIMATHI, KA3AXCTAH

otelbaevm@mail.ru

B sroit pabote, nepekmkarorieiics K craThsM [1]-[4] B KoHEUHOMEDHOM JeHCTBUTEIBHOM THIBGED-
ToBOM mpocrpancTee H, paccmarpuBaem mpeobpa3oBanue

f(u) = u+ B(u), (1)

rae B(-)— HenmHeitHOe HempepbiBHO-and GeperimpyemMoe (T.e. IMeroIee Mpon3BoIHy o mo ['oTo) mpe-
obpazoBaHme.

Mpu1 ByieM TIpenoaraTh, YTO BHIIOJHEHbI CJenyolme yeaopus ¥ 1-V 3.

V1. CymectByroT obparumvbie guHeitHbie onepaTropsbl A u T, Takue, 910

A* = A > E,(u,Tu) > ||Gul|?, (Bu, Tu) > 0, ||G*G|| < 1,
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rne G = AT.
V2. Ecmu u— coberennsiit BekTop oneparopa G*G, 1o BuimoHena ouenka (Bu, u) > 0.
V3. CymectByer auHeiHbIN 0O6paTuMblit oneparop D Takoit, 9To mig a06oro «w € H BBITOIHEHO

(Du, DB(u)) > 8| Dul®,

rae d € (0, %)

Crpasemymsel Teopembr 1 u 2.

Teopema 1. Ecau Boinosinens yeiaosus Y1 u Y2, To ajst groboro u € H cripaseinBa anpuopHas
OlleHKa

1
lufl* < EI!f(U)IIQ,

rae Aj— HauboJibinee cobersentoe yuco oneparopa G*G.
Teopema 2. Eciu Boimosmeno ycmosue ¥ 3, To i jiroboro u € H crpaseainBa ONeHKa

1Dull* < (1 = 26) 1| D(u+ B(w))|.

OTMeTuM, 9TO CYIIECTBYIOT OY€Hb MHOIO Pa3/IMIHbIe TEOPEMBI, OJIM3KHUE 110 COJEPKAHUIO K TEOPEME
2. BO.HBH_[I/IHCTBO "3 HUX €CTh CJIeJCTBUEC U3BECTHDLIX SHEPreTUICCKUX OIMEHOK, IMO3BOJIAIOINX ITOJIYYUTH
"cnabyro anpuopHyto oreHKy " peratoieit maremarndeckoii pusnku. Cojeprkanue TeopeMbl 1 siBJIgeTcst
HoBbIM. OQHa MO3BOJIAET JIJIT MHOTHX 33/1a9 MaTEeMATHIECKON (DU3UKHU MOJIYyIUTh CUJIBHYIO aIllPUOPHYIO
OTIeHKY pemrennil. B 3ToM cMbIcsT TeopeMbl 1.

Hammas pabora moaep:kana rpartoM AP05135319 KH MOH PK.
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O HOBOM KJIACCE OBPATHBIX 3AJIAY 10 BOCCTAHOBJIEHUIO
NCTOYHIUKA BHEIIHETO BJINSHUISI HA CTAIIMOHAPHBIN
[IPOIIECC JU®®Y3U, CBA3AHHBIX C 3AJAYEN KOIIIN C

HEJIOKAJIBHBIMU HE YCUJIEHHO PETYJIAPHBIMIU KPAEBBIMU

YCJIOBUAMUI

Maxmyn CAJIBIBEKOB
WHCTUTYT MATEMATUKU U MATEMATUUYECKOTO MOJIEJIMPOBAHUA, AJTMATHI, KKA3AXCTAH

sadybekov@math.kz

Bagaun onpenesienust Koah UITHEHTOB WK TpaBoil yacTu nudepeHnalpHOor0 YPaBHEHUS OHO-
BPEMEHHO C €T0 PEeNTeHneM HOCAT Ha3BaHWe 00pamuuiy 3aday mamemamuseckol dusuru. Taxne 3amaun
JIOCTATOYHO YaCTO BOZHUKAIOT B CAMBIX PA3JIMIHBIX 00JACTIX YeJI0BEUECKON JedTeTbHOCTH, YTO CTABUT
WX B P AKTYAJTBHBIX TPOOJIEM COBPEMEHHON MaTeMaTuku. B G0IbIIMHCTBE C/IydaeB Takue obpaTHbIe
3a/1a9 OKA3BbIBAIOTCA HEKOPPEKTHBIMU. Ho 6BIBAIOT U UCKJIFOUEHUS.

B pokname paccmaTpuBaeTca OMH KJIACC 33734, MOJASTUPYIONINX CTAIMOHAPHBIN nporece auddy-
3un ¢ OOIUMHU YCJIOBUSMU HA TIOTOKHU MO ITPOTUBOMOJIOKHBIM OOKOBBIM CTOPOHAM.

IIpu ux maremaruveckoit OPMYIUPOBKE BO3ZHUKAIOT 00paTHBIE 3aa49u i ypaBuenus [lyaccona,
B KOTOPBIX BMECTE C PeIlleHreM ypaBHeHus Tpebyercsd HallTu U HeM3BECTHYIO IPABYI0 YaCTh, 3aBUCHIILY IO
TOJIBKO OT OJHOM IPOCTPAHCTBEHHON IIepEeMEHHOM.

B mpemmaraemoit Hamu mocTtanoBKe, 0OpaTHas 3aJavua OKAa3bIBAETCS KOPPEKTHON: ee pereHue cy-
IIIECTBYET, EIUHCTBEHHO U YCTOWUIUBO.

B obnactu Q = {(z,y), 0 < z <7, 0 < y < ¢} paccMOTpuM 3a/adqy O HAXOKJIEHUU UCTOUHHUKA
BHEITHEro BausAHus () Ha cTannoHApHBIH porece auddysnu

—Uae (T,Y) — uyy(2,y) = f(2), (1)
U €ro PeneHust — PACIpPeeIeHus TIOTHOCTH U (X, y), ¢ KIACCUYECKIMU KPAEBBIME YCIOBUSIMA
u(z,0) =0, u(z,f) =0, 0<zx<m (2)
U KpaeBbiM ycjoBusaM obirero suja: 0 <y < £
{ a1tz(0,y) + brug(m,y) + aou(0,y) + bou(m,y) =0, 3)
c1uz(0,y) + diug(m,y) + cou(0,y) + dou(m,y) = 0,
10 JIOTIOJTHATETEHO U3BECTHOMY MOTOKY Ha OJHOI CTOpOHE:
uy(x,0) =v(z), 0 <z <. (4)

Koadbdurmenramu ay, by, cx, di, (kK = 0,1) kpaesoro ycmoBus (3) sIBIAOTCS JI€fCTBUTEIbHBIE YHCTA,
a v(x) — 3agannast QyHKIHS.
Paccmarpupaemast oOpaTHas 3aga4a COTEPKUT BHYTpHU cebs 3amady Komm

u(z,0) =0, uy(x,0) =v(z), 0<z <7 (5)

s ypasaenus [lyaccona (1) u ¢ HesokanbHbIMU Kpaebivu yesousvu (3). Tlpu 3ToM monoanTE H-

HBIM YCJIOBHEM (YCIOBHEM MEPEONpE/Ie/IeHUsT) SIBJIsIeTCsT yeaosne Ha " manpHeil”" cTopoHe MIacTHHBL:

u(xz, ) =0, 0 <z <m. (6)

B moknase paccMaTpuBaeTCa CBs3b MeXKly perterneM unrudeckoit sagaan Komm (1), (3)-(5) n
obparHoit 3amaqn (1)-(4). Paccmarpusaiorcst Kpaesble yeaoBust (3), KOTOPBIE SIBJSTIOTCS PETYJIADHBIME
o bupkrody.

g ucemenoBannst MPUMEHSIETCS METOANKA, 00beInHAAas uaen u3 Hamreil pabors! [1| u pabor
[2-6] T.III. Kaabmenosa ¢ y4eHuKAMU.

Pa6ora BeimonHena npu dbuHaHCOBOHN momepkke Komurera Haykm MuHHCTEPCTBA 0Opa3oBanus u Hayku PK, rpant

AP05133271
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O PASPEIINUMOCTHU CMEIIIAHHOWI 3AJAYN OJI
BOSMYIIEHHOTI'O YPABHEHU A TEIIJIOIIPOBOAHOCTHU C
MHBOJIKOIINEN

CAPCEHBU A .A.

FOKHO-KA3BAXCTAHCKUNA NOCYJAAPCTBEHHBIIT YHUBEPCUTET UM. M. Ay330BA, ITILIMKEHT,
KA3AXCTAH

abdisalam@mail. kz, abdisalam@mail.ru

PaccmoTpum Bommpoc pas3permmMocTy CMEITaHHON 331891 /15T BO3MYIIEHHOTO YPABHEHUS TEILIOMPO-
BOJHOCTHU C WHBOJIIOIUEH

ou (x,t) _ 0?u (z,t) 0*u (—z,t)

ot 52 g d@ulzf), —1<z<1,t>0, (1)
u(z,0) = ¢(z), (2)
u(—1,t) = u(1,t), uz(—1,t) = uy(1,t) (3)

¢ cymmmupyembiv Kodhbdunuentom ¢(x), meromom Dypre. Ypapuerne (1) comepxkur mpeobpaszo-
panue uusosonuu. [Ipn a > 1 auddepennuanpublii omepaTop BTOPOTO TOPSIKA ¢ WHBOJIONUEH B
npapoit wactu ypasHenus (1) ¢ KpaesbiMu ycsioBusiMu (3) MOXKET OKA3aThCS HE 110JIyOrDAHUYEHHBIM,
YTO MOKET BBI3BATH HEKOPPEKTHOCTH HOCTaBeHHOM 3aaun (1) - (3). O6o3naunm gepes {yx(x)} cucre-
My COOCTBEHHBIX (DYHKIUI YHOMSHYTOTO nudepeHInalbrHOT0 0MepaTopa BTOPOro MOPSIKa ¢ WHBO-
JIOIMEi, COOTBETCTBYIOMINX COOCTBEHHBIM 3HAUCHUSAM A. BasucuocTs cucremsr {yg(x)} coberBenHbx

Pabora Bbiosinena B pamkax nHay4unoro rpanra AP05131225 KH MOH PK.
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dbyukumii 3roro omeparopa ycranosaeHna B pabore [1]. Ilpudem, sror 6asuc sipyisiercst 6€3yCI0BHBIM Ga-
sucoM B nipocrpancTse Lo(—1,1). Ha ocnoBanun sroro dakra 0 6e3ycioBHOi 6a31CHOCTH COOCTBEHHBIX
dyHKINN CIeKTpaJIBHON 3a1a4un i 1 depeHnaspHOr0 ypaBHEHH S BTOPOTO TIOPSIKa C HHBOJIOIUETT
YCTAHOBJIEHO CJIEYIONIee YTBEPKIEHME.

Teopema.
Iycre BoImosHEHBI CIeayoNIHe YCI0BUS: 1) BellecTBeHHAasT HenpepbIBHAST PyHKIU q(x) HEOTpHIla-
TEJIbHA;

1—a
2) auciio \/ T5a He #ABisgercs derpiM npy —1 <o < 1.

Torga aus r060it aBaxaer qudepernuupyemoit gyaxumn (x) yaoBaerBopsomel yCa0BUSIM
o(—1) = ¢(1), ¢ (1) = ¢'(1), pemenne cmemannoi 3anaun (1), (2), (3) cymecrByer, eJquHCTBEH-
HO H HPEJCTABUMO B BHJIE PS4

u(z,t) = Z Ape My, ().
k=1

OTMernM, YTO IPH BBITOJIHEHNHN YCJIOBUS 1) TeOpeMbl Bce COOCTBEHHBIE 3HAUCHUS \f, MOJIOXKATEIb-
HBbI.
Crmcok aurepaTyphl
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BA3VICHOCTHh KOPHEBBLIX ®YHKIIUNM MEPUOANYECKOI
SAJAYUN JJIsA JNPPEPEHINAJIBHOT'O YPABHEHNA BTOPOT'O
ITOPAAKA C NHBOJINOIINEN

CAPCEHBU A.M.
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PaccmorpuM meprogudecKyio 3amady JsS IOLyOrPAHHYeHHOro JudDEepEeHInaIbHOrO OIepaTopa.
BTOPOTO MOpsAKa ¢ nHBOJONNEH (—1 < o < 1)

=y (@) + oy’ (=) + q(@)y(z) = Ay(z), -1 <z < 1,y(-1) = y(1),y'(-1) = y'(1). (1)
B cayuae ¢(x) = 0 pns mepuoguueckoii 3agaum ¢ (—1 < a < 1)

—y"(2) + oy’ (—x) = My(z), -1 <2 < 1y(-1) = y(1),y'(-1) = y'(1), (2)

nocrpoena ¢yukims I'puna G(x,t, \) u mosydena ee paBHOMepHas orneHka. [lpudem cucrema cob-
cTBeHHBIX (DYHKIU Kpaesoi 3agaqn (2) o6pasyer mojHyH OPTOHOPMUPOBAHHYIO cucremy B Lo(—1,1)

11].

Pabora Bbiosinena B pamkax Hayunoro rpanta AP05131225 KH MOH PK.
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Ob6oznaunM uepes

1

1
o (1) =55 [ | [ Gt N2 1 1)
—1 57"1
1 1
S () =55 [ | | Gatert 200 £ it)at
~1 10,

YaCTUYHBIE CYMMbI PA3JIOXKEHUH 110 COOCTBEHHBIM (DYHKIMAM CIIEKTPATBHBIX 33129 COOTBETCTBEHHO
(2) (q(z) =0) u (1), tme V f(z) € L1(—1,1). G4 (z,t, A) ( byukuus ['puna 3amaqan (1)).

ITycrb Bce coberBeHHble 3HAauYeHUs CleKTpasabHOM 3asaun (1) omHokparHbl. Torjga cupaseiuBbl
CJIeJTYIOIIIEe TEOPEMBI O PABHOCXOJANMOCTH U OA3NCHOCTH.

Teopema 1.
e ..
Ecm ancio ([ 174 He gpagerca weTHbIM, T0 A5 groboit yrkmmm f(x) € Li(—1,1) mocrenosa-

TesbHOCTE Sy, (f) PaBHOCXOAUTCS € HOCJAE0BATENBHOCTHIO O, (f).

DTa Teopema BJEUET CLHPABEAIUBOCTD CJAAYIOMEro (GaxTa.

Teopema 2.

Ecou uncio ﬁ—g He SBJISICTCS YeTHBIM, TO CHCTEeMa COGCTBEHHBIX (DYHKIHI CIIEKTPaJIbHON 331291
(1) obpasyer 6asuc npocrpancra La(—1,1)

B cBsi3u ¢ yTBepKieHnEM TeOpeMbl 2 BO3BHUKAET BONPOC Oe3yc/ioBHOI HasucHOCTH min 6a3MCHOCTH
Pucca nzygaembix cucrem pyurnuii? OTBETOM HA 9TOT BOIPOC CJIYKUT CJIETYFOIIAS

Teopema 3.
Ecan gucio 4/ L’L—g He FABJIS€TCS YeTHBIM, TO BCAKUH 6a31C U3 COOCTBEHHBIX (DYHKIUI CIEKTPATIBHOH

sagaqn (1) obpasyer 6e3ycioBHbIii 6asuc npocrtpancTsa Lo(—1,1).
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O PASBPEIIVMOCTHN HEKOTOPBIX KPAEBBIX 3A/JAY C
INEPUONYECKNIMUN YCJIOBNAMN

Batupxan TYPMETOB, MatipaA KOIITAHOBA |, Mosijgur MYPATBEKOBA
YHUBEPCUTET UM. AXMEIA fcAaBU , TYPKECTAH, KABAXCTAH

turmetovbh@mail.ru, koshanova-2018@mail.ru, moldir 1983@mail.ru

Iycts = (%, 2p) , & = (21, ..., Tn—1) ,n > 3 wm > 1. Begem ob603HaueHMsT

Q= {z € R |F> + |2a|™ < 1},0Q, = {z € R" : |F> + |za|™ = 1},

Pabora 6bu1a nojaepxkana rpanrom AP05131268 KH MOH PK
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o = {x € 0y, 1 7, > 0},00;, = {x € 0y, 12, <0},0B={Z € R" |3 =1},

Hanee, nst sioboro x € R™ conoctaBum TOUKY T = (121, ...y Op—1Tn—1, OnTy), TJAe 0y = —1, a
ocTasbHBEIC (0,7 = 1,2,...,n — 1 IPEHUMAIOT OJIMH U3 3HadeHuit 1.

IMycts ;T“n (x*) = Ig 5?;; (x).Paccmorpum B obsactu €, CIIE/YIOTIHE 3a/aH.
Bagaua 1. Haiitu rapmonnueckyio dyukmmio u(x) € C%(Q,) NCYH(Qy,), yrosiersopsamomntyio ycio-
BUSIM

u(z) —u(x*) = go(z),r € 0N, (1)
T @) g (a") = g1 (2) . € OO, )
u(%,0) = 0,7 € OB. (3)

Bamauga 2. Haiitn rapmormaeckyio dynxmmo u(z) € C2(Qy,) N CH(Qy,), yroBaersopsmonyo pa-
BeHCTBY (3) m ycaoBusiM

u(z) +u(z*) = go(x),r € 00, (4)

ou ou

Dz (z) + 9z,

OrmernM, 4TO aHATIOIMYHBIE 3319 C TIEPUOANIECKUMI YCIOBUSIMEU M3y4eHbl B paborax [1,2].
OTHOCHTENILHO 3312491 1 clpaBeJIuBLl CJIeIyIONIHe yTBeP K IeHNs.

Teopema 1. Ilycts 1 —1/m < XA < 1, go (z) € CML(0Q) , g1 (z) € C (0} 1 BemonnaroTcs
YCJIOBHSI COLIACOBAHUS

N 0 - 0 - , N - -
90 (2,0) =0, a—go(x,()) =——1I590(%,0),5 =1,2,....,.m,g1(Z,0) = —¢1(2%,0),Z € IB. (6)
€ (%cj

(2") = g1 (), 2 € OQ,. (5)

Torna pemene 3agawi 1 CYmeCTBYeT, eAMHCTEORHO H TPHIALTEKAT Kraccy Cm (Qm)

Teopema 2. ITycts 1 — 1/m < A < 1. Cymecreytor ¢yuxnmn go (r) € C*H(OQL) n g1 (z) €
C* (0S)) nmst KoTOpBIX BRIMOTHAIOTC yeaoBus (6) m HpH 3ToM pemienne 3ajaan 1 j1s mo6oro € > 0
He mprmaexuT Kaaccy CMm e (Qm).

AHaJIOTHUHBIE YTBEPXKIEHUS CIIPABEIJINBLI W /I 33724 2.
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3 Maremarundeckoe MOAEJVPOBAHNE W yPaBHEHUS MATEMATUIECKOM
duzukn
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MAXWELL EQUATIONS, THEIR HAMILTON AND
BIQUATERNIONIC FORMS. PROPERTIES OF THEIR SOLUTIONS

LyupmiLa ALEXEYEVA
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

alexeeva@math.kz

Processes of electromagnetic waves diffraction are described by Maxwell equations (ME) which
make theoretical base of modern electrodynamic. It is the system of differential equations of mixed
hyperbolic-elliptic type [1]:

rotE:—u%—Ig, rot H=¢ %—f—l—jE(a:,t), (1)
edivE = pF(x,t), divH =0,

r € R} t € R'. Here E,H are the intensities of an electric and magnetic field, j¥ is the density
of electric currents, p¥ is the density of electric charges, ¢,y are electric and magnetic constants of
EM-medium.

Investigation of this system and their solutions has big bibliography. The theory of boundary value
problems for Maxwell equations in region with arbitrary boundaries were elaborated in [2-7].

In this paper the imperfection of system of Maxwell equations are discussed and their modification
on the basis of a biquaternionic form of these equations has been offered, which liquidates these
shortcomings.

The properties of (1) allows to write it in complex form which contains one vector equations and
one scalar equation:

g—A +rotA=J(r,z), —divA=p(r,z), T=ct, (2)
-

where we use the complex intensity, charge and current:
A(r,x) =VeE+i\/uH,
p(r.x) = —p® Ve +ip | J(rx) = —/ui” +ivei”,

Here we introduced the gravitational field (which is potential) and united it with magnetic field (which
is torsional) in one gravimagnetic field H. Also we enter an gravimagnetic current j7. The system
(2) is Hamilton form of symmetrize ME:

rotE:—u%—If + i (z, 1), rot H=¢ %—f—i—jE(x,t), (3)
edivE = pP(x,t), pdiv H = —pt (x,t).
It is equivalent to (1) by p =0, 3% = 0. Generalized solutions of this Hamilton form of ME
were constructed and studied in [8].
But in biquaternions algebra Eqs (3) can be written as one biquaternionic wave (biwave) equation
[9]:
(0 +iV) o A 2 VT A = O(7,2) (4)

Here we enter the biquaternions of intensity and charge-current of electro-gravimagnetic (EGM)
field:
A(r,z) = ia(r,z) + A(T, ), O(r,x) =ip(r,z) + J(1,x).

The scalar and vector part of Eq (4) is equivalent to Hamilton form of ME (2) by a =0 .

Thanks to grant AP05132272 of MES RK
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It describes the connected system of 8 differential equations of strong hyperbolic type. We name

them generalised Maxwell equations.

The energy-pulse of EGM-field is equal to

BE(r,z) =0,5A"c A =W(r,z)+iP(T,z).

By a = 0 it contains well known energy density W and Pointing vector P of EM-field :

cis

W=0,5(cIEIP +u|HI?), P=c[EH], c=1/Vi,

light speed.

The solutions of biquaternionic form of generalised Maxwell equations (4) are presented, including

fundamental Green’s biquaternion and shock EGM-waves and their properties are studied.
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STUDY OF THE INTERACTION TRANSVERSE JET INTO A SUPERSONIC
CROSSFLOW DEPENDING ON THE FLOW MACH NUMBER
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The transverse injection into a supersonic flow is a subject of interest for various technological ap-
plications, such as rocket motor thrust control system, supersonic combustion, high speed flight vehicle
reaction control jet. The process of the fuel-air mixing and combustion in the scramjet combustor are
implemented with supersonic speed. The complex system of shock—wave structures (a barrel shock,
bow shock, and the system of A-shock waves) are arisen during the jet injection in cross-flow. In such
type of flow the formed shock waves interact with boundary layer at top and bottom walls of the com-
bustion chamber. The transverse jet in supersonic flow has been extensively studied as experimentally
[16] and theoretically [713]. However, there is practically no work where the flow of the transverse
jet in the channel considered under the condition of interaction of the bow shock with the upper wall
and the effect shock wave boundary layer interactions on mixing the injected jet and the flow. The
analysis of the papers devoted to the numerical simulation of supersonic multispecies gas flows shows
that a detailed study of the dependence of the structure of the flows on the parameters of the problem
have not been made deeply.

In this study, the multispecies supersonic airflow in a planar channel with transverse hydrogen jet
injection is simulated. The Favre averaged Navier—Stokes equations coupled with k — w turbulence
model are solved with using the third order ENO scheme [7, 14]. The initial conditions coincide with
the boundary conditions at the flowfield. At the flowfield entrance, the parameters of the free stream
are given. Also, the boundary layer is given near the wall, the streamwise velocity profile is defined
power law. On the injector, the parameters of the jet are given. The adiabatic no-slip boundary
condition is specified on the bottom and top walls . The non-reflection boundary conditions are
specified at the outlet boundary [15].

In this paper, the main attention is paid to the influence of flow Mach number to the interaction
of the shock wave structure with the boundary layers on the upper and lower duct walls under the
conditions of an internal turbulent flow. The flow Mach number of flowfield is varied in the range
2.5 < My, < 4.5. It is revealed that complex system of shock—wave structures is reduced growing Mach
number. The vortex structures at upper and bottom walls are increased declining Mach number. The
numerical experiments revealed that with the increasing flow Mach number, the inclination angle of
the bow shock wave is reduced due to the incoming flow rate growth. For M., = 2.5 there has arisen
multi-structure vortex picture due to the influence reflected shock wave (the supersonic part of the
boundary layer deviates and generates the system of converging compression wave, which propagates
as reflected shock wave) with the stagnation zone behind the jet. The reduction of the jet penetration
with growing Mach number because of increasing flow velocity, have been explored. A comparison of
computations with experimental data shows a satisfactory agreement of results [2].
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A SOLVABILITY OF AN INITIAL-BOUNDARY VALUE PROBLEM FOR AN
HIGHER ORDER PARTIAL DIFFERENTIAL EQUATION
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In the present communication we consider on the domain Q = [0,7] x [0,w] an initial-boundary
value problem for the system of partial differential equation of higher order

8m+1u m 8m+1—z‘u am-{—l—iu
g = I At D gt + Bilta) g |+ Ot o)u+ £(6.0) &)
p m _ _
8m+1 ku t,x am+1 ku t,x
ZZ{Pk,j(x)(Wl(_k) + S’”(”)axm—k(m)}’t:t.: p(x), =€(0,uw], (2)
=0 k=1 7
ou(t, x o™ lu(t, x
U(t, 0) - ZZJO(t)a é$ ) x:OZ wl(t)v <oty (%m(_l) (E:OZ wm—l(t)7 te [07T]7 (3)

where u(t,z) = col(ui(t,z),u2(t,x),...,un(t,x)) is unknown function, the n x n matrices A;(t,z),
B;(t,x), i = 1,m, C(t,x), and n vector function f(¢,z) are continuous on €2, the n X n matrices
Py i(x), Sk(z), k =1,m, j = 0,p, and n vector function ¢(x) are continuous on [0,w], 0=ty <
t1 < ...<tp—1 <tp, =T, the the n vector-functions 1s(t), s = 0, m — 1, are continuously differentiable
on [0,T7].

A function u(t, z) € C(, R") having partial derivatives

Ut ¢ C(Q,RM), s=T,m, r=0,1, s+r<m+1, Lo tldccQ R
is called a classical solution to problem (1)—(3) if it satisfies equation (1) for all (¢,x) € Q and the
initial-boundary conditions (2), (3).

We will investigate the questions of the existence and uniqueness of classical solutions to the initial-
boundary value problem for a higher order partial differential equation (1)—(3) and the construction
of its approximate solutions. For these purposes, we apply the method of introducing additional
functional parameters proposed in [1-9] for solving various types of nonlocal problems for system of
hyperbolic equations with mixed derivatives. The considered problem is reduced to a nonlocal problem
for system of hyperbolic equations second order, including additional functions and integral relations.
An algorithm for finding an approximate solution to the investigated problem is proposed and its
convergence is proved. Sufficient conditions for the existence of a unique classical solution to problem
(1)—(3) are obtained in terms of the initial data.

Let us consider the nonlocal problem for system of hyperbolic equations second order

2'U (% (
;xat = Aq(t, x)% + B (t, x)% + Ao (t,x)v + g(t, ), (4)
Y {Pri@ P8 4 80s0) 0D B st} =0@),  wefe) )
=0 J
0(t,0) = bmr(£), € [0,T]. (6)
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Here the functions ¢(t,z) € C(Q,R"), ®(x) € C([0,w], R™).

For j = 0,1, p =1 problem (4)—(6) is investigated in [1-7]. For j = 0,p, p > 2 problem (4)—(6) is
studied in [8, 9]. An algorithm for finding an approximate solution to problem (4)—(6) is proposed and
its convergence is proved. Sufficient conditions for the existence of a unique solution to problem (4)—(6)
are established in the terms of initial data. These conditions are also necessary for well-posed solvability
to problem (4)—(6) [3, 4, 6, 7, 9]. In [10] we are considered a nonlocal problem for a system of loaded
differential equations of the Sobolev type with a multipoint condition. By introducing additional
unknown functions, we reduce the problem under consideration to an equivalent problem consisting
of a nonlocal multipoint problem for a system of loaded hyperbolic equations of the second order
with functional parameters and integral relations. We propose algorithms for solving the equivalent
problem. Moreover, we establish conditions for the well-posedness of the nonlocal multipoint problem
for the system of loaded hyperbolic equations of the second order and conditions for the existence
of a unique classical solution to the nonlocal problem for the system of differential equations of the
Sobolev type with multipoint condition.

These results are extended to initial-boundary value problem for higher order partial differential
equations.

The following assertion is true.

Theorem. Let

i) the n x n matrices A;(t,z), Bi(t,x), i = 1,m, C(t,z), and n vector function f(t,z) are
continuous on §2;

ii) the nxn matrices Py j(x), Sk j(x), k =1,m, j = 0,p, and n vector function p(x) are continuous
on [0, w];

iii) the n vector-functions s(t), s = 0,m — 1, are continuously differentiable on [0,T];

iv) the nonlocal problem for the system of hyperbolic equations second order (4)—(6) is uniquely
solvable for any g(t,z) € C(,R"), ®(x) € C([0,w],R"), and ¢y,—1(t) € C1([0,T],R™).

Then initial-boundary value problem (1)—(3) has a unique solution.

Theorem is proved analogously scheme of proof Theorem 2 in [10].
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POINCARE SECTIONS IN THE PROBLEM OF TWO FIXED CENTERS
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Interest in the existence of the third integral of motion for stars moving in the potential of the
galaxy revived in the late 50’s and early 60’s of the last century. Initially it was assumed that the
potential has a symmetry and does not depend on time, therefore in cylindrical coordinates (r, 6, z
) this will be only a function of » and z . There must be five integrals of motion that are constant
for the six-dimensional phase space. However, the integrals can be either isolating or non-isolating.
Non-isolating integrals usually fill all available phase spaces and do not restrict the orbit.

Henon and Heiles tried to find out if they could find any real proof that there must be a third
isolating integral of the motion. Making numerical calculations, they did not complicate the astro-
nomical meaning of the problem; they only demanded that the potential investigated by them be
axially symmetric. The authors also suggested that the motion was tied to a plane and passed into
the Cartesian phase space ( x, y, &, ¢ ). After some tests they managed to find a real potential. This
potential is analytically simple, so that the orbits can be calculated quite easily, but it is still quite
complex, so that the types of orbits are nontrivial. This potential is now known as the potential of
Henon and Heiles [1].

Some particular solutions to the three-body problem are known, but a general solution has not yet
been found. One of the special cases of the three-body problem is the problem of two fixed centers. It
was first considered by Euler in 1760. Jacobi showed that the equations of motion can be integrated
in terms of elliptic functions. This problem can be used as some first approximation in astronomical
problems about the motion of minor planets and comets under the influence of gravity of the Sun
and Jupiter. The period of revolution of Jupiter is about twelve years, and for a short period of time
the motion of these celestial bodies can be considered in the framework of the problem of two fixed
centers. Also, the problem of the motion of a spacecraft to the Moon can be considered within the
framework of this task. The flight time of the spacecraft to the Moon is about four days. During this
time, the Moon will move slightly in a circular orbit of the Earth. The study of the problem of two
fixed centers was carried out in different directions [2-3].

In this paper, we study the Henon-Heiles potential and the problem of two fixed centers. In
studies of nonlinear systems for which exact solutions are unknown, the Poincare section method is
used. For the Henon-Heiles potential, Poincare sections were obtained. Next, the potential of two
fixed centers was investigated. It was shown on the basis of the Poincare section that, in the case
p1 = po = 1 the internal cross-sectional structure decomposes from the values H = —1.7, but the
internal cross-sectional structure is preserved in the interval H € [—0.5, —1.6], in the case u1 = 0.9 and
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11 = 0.1 the internal cross-sectional structure decomposes from the values H = —0.9 but the internal
cross-sectional structure is preserved in the interval H € [—0.3,—0.8], in the case of pu; = 0.7 and
w1 = 0.3 the internal cross-sectional structure decomposes from the values H = —0.8, but the internal

cross-sectional structure is preserved in the interval H € [—0.2,—0.7]. With increasing energy, many
of these surfaces decay. It is assumed that the numerical results obtained will serve as the basis for
comparison with analytical solutions.
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Consider the following problem with parameter for hyperbolic equation

2, u .
E?a:&t = A, w>§x +B(t, x>f% +C(t,2)u+ D(t, x)p(x) + f(t, ), 1)

wg;@ = yo(x), %E};@ =¢1(z), z€[0,w], (2)

u(t,0) = (), t€l0,71, (3)

where the domain is Q = [0,7] x [0,w], u(t,z) = col(ui(t,x),us(t,z),...,un(t,x)), plx) =

col(py (), p2(x), ..., un(x)), the (n x n) matrices A(t,z), B(t,x), C(t,x), D(t,x), and the n-vector
function f(¢, ) are continuous on 2, the n-vector function () is continuously differentiable on [0, T,
the n-vector functions ¢g(x), ¢1(x) are continuous on [0, w].

The solution of the problem (1)-(3) is a pair of functions (u*(x,t), p*(x)), where function u*(z,t)
is continuous on Q, that has continuous partial derivatives with respect to x of the first order, with
respect to t of the first order on 2, mixed derivative on 2, satisfies the equation (1) at u(z) = p*(z),
x € [0,w], and conditions (2), (3).

Problems with parameter for hyperbolic equation arise in various problems of mathematical bi-
ology, ecology, etc. [1]. In the present communication we investigate questions of the existence and
uniqueness of a solution to the problem with parameter for hyperbolic equation (1)-(3). By the method
of introducing unknown functions [2] the considered problem is reduced to an equivalent problem con-
sisting of a family of problems with parameter for ordinary differential equations and integral relations.
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Algorithms for finding a solution to problem (1)-(3) are proposed. The main point of the algorithm is
solving the family of problems with parameter for ordinary differential equations. The parametrization
method [3] is used to solve a family of problems with parameter for ordinary differential equations.
For a fixed = € [0,w] the boundary value problem with parameter for ordinary differential equations is
investigated in work [4]. Conditions of existence of unique solution to problem (1)-(3) are established
in terms of initial data.
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APPROXIMATE METHOD FOR SOLVING SPECIAL CAUCHY PROBLEM
FOR NONLINEAR INTEGRO-DIFFERENTIAL EQUATION

SAYAKHAT KARAKENOVA
AL-FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

sayakhat.karakenova05@gmail.com

We consider the nonlinear Fredholm integro-differential equation (FIDE) on [0,T]

m T
7 = Az + ;S@k(t)/o Ve(7) fe(T,2(7))dr, t€[0,T), zeR", (1)

where the n X n matrices A(t), p(t), ¥r(7) are continuous on [0,7], fr : [0,T] x R" — R", k=1,m

are continuous functions, ||z| = max |z;|.
1=1n

A linear boundary value problem for FIDE solved by parameterization method was proposed in
[1]. One of important auxiliary problem in this method is special Cauchy problem for the system of
linear FIDEs. Suppose Ay is a following partition: [0,7) = UN_,[t,_1,¢,). By setting parameters
A=, (t,_1), 7 = 1, N, we specify the new unknown functions u,(t), u,(t) = z,(t) — A\r. Then we
obtained the system of nonlinear integro-differential equations with parameters on subintervals

d;;r — AW (e + \) Z Z Dy (7) 4\t € [ t)r = TN, (2)
k=1

tjl

and initial conditions at the left end points of subintervals

ur(trfl) =0, r=1,N. (3)
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The problem (2), (3) is a special Cauchy problem for the system of nonlinear integro-differential
equations with parameters. Criteria of solvability and unique solvability of the special Cauchy prob-
lems for the system of linear integro-differential equations with parameters have been established in
[1]-[3]. There methods of finding the solution to the linear special Cauchy problems proposed as well.

In the present communication we consider the special Cauchy problem for the system of nonlinear
FIDEs on the closed subintervals

m
dv,

N
o= AO A+ a®Y [ DA + A e bont], T=TN, (@)
j=1"ti—-1

Ur(trfl) =0, r=1,N. (5)

Using results in [4], [5] an iterative process for finding the solution to the problem (4), (5) is
constructed. Sufficient conditions of convergence of the iterative process are presented.
These results are published in [6].
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THE HEAT FLUX IN THE INVERSE STEFAN PROBLEM
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The question of the strict convexity of the functional of the inverse Stefan problem for determining
the values of the heat flux at a fixed boundary is considered, with the the free boundary = = z(t),
known from experiments. This problem appeared by the solving of two-phase inverse Stefan probvlem
in spherical domain,[1,2,3], and can be reduced, [1,2], to determine of heat flux function Q(t¢) of the
following one-dimensional problem

88?;:?;;;; D:(0<xz<z2(t),0<t<ty), (1)
70.1) - o0 _ ) )
T(:(0),1) = (1), )

where (2(t), p(t)) € Cloy,) are functions, known from experiments,; z(0) = 0 and z(0) = 0; z(¢) > 0,
Vit > 0;

The problem of determining the boundary function Q(¢) from the known values of z(t) and ¢(t)
can be reduced, [1], to the problem of minimizing the functional:

2

5(Q) = /0 (T (), 7, Q) — () (4)

It is proved that the functional in (4) is strictly convex on the set of functions which are the
solution to problem (1)—(3), that is holds the relation:

S(m-Q1+(1=m) Q2) <m-S(Q1)+ (1 —m) S(Qa); (5)

and equality in (5) is possible iff (m = 0) J(m = 1) |J(Q1 = Q2), thus the inverse problem (1)—(3) to
determine the component Q(t) of the heat flux through the boundary = = 0, using (4), has a unique
solution for the above class of functions z(t) and ¢(t).
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ON INTEGRAL PERTURBATION FOR THE HEAT AND MASS
TRANSFER EQUATION
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We consider the boundary problem:

((‘?t - AkA) U(z,t) = Mk/AUk(va)dT + fr(x, 1), (1)
0

In domain Qp = {(m’, Tp,t) i’ € Rl a, € Ryt e R+}, with the following initial and boundary,
[1], conditions:
Uk(z,0) =0, (2)

—oi(@1), (1) € QY = Qr\ (3)

=0

(agl)Ul (x,t) + ozgl)Ug(x, t))

= (p2($/7t)7 (l‘l,t) € Q’_(Z}) = QT \ Tn, (4)

=0

<a§2) oUy(x,1) n

2) o0Uy (l’, t)
oxy,

aé oxy,

where: A is Laplace operator; )\k,,uk,ozgk)(i,k = 1,2) are given constants, and 0 < A\; < Ag;

fr(x,t), (2, t) — are given bounded functions having partial derivatives of first order with respect
to the variable ¢ and derivatives of second order with respect to x and z’.

The solution of the boundary problem (1)—(4) was obtained as the sum of the double layer potentials
and the Cauchy function for the integral-differential equation (IDE) in multidimensional space. Using
the boundary conditions (3) and (4), the problem is reduced to the solving a system of integral-
differential equations (SIDE).

The characteristic part of SIDE is solved by the method of Fourier-Laplace integral transforms,
under the condition of solvability and then, using the regularization method, SIDE is reduced to a
system of Volterra-Fredholm integral equations.

Theorem. If pp(2/,t) € C’i,’}t <Q5~1)>, fu(x,t) € Citl (Qr) and A2Xg — AZN\ # 0, ﬁ—; > 0, then
solution of problem (1)—(4) exists and Uy(x,t) € ng(QT)
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THE SOLUTION OF TWO-PHASE SPHERICAL STEFAN PROBLEM BY
USING LINEAR COMBINATION OF HEAT POLYNOMIALS

StaNIsLAV KHARIN'®, TArRGYN NAURYZ??

L2INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN
'KAZAKH-BRITISH TECHNICAL UNIVERSITY, ALMATY, KAZAKHSTAN
2AL-FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN, SATBAYEV UNIVERSITY,
ALMATY, KAZAKHSTAN

“staskharin@yahoo.com, *targyn.nauryz@gmail.com

In this work, the solution method of two-phase spherical Stefan problem represented in linear
combination of heat polynomials. The required coefficients are determined. In this problem heat flux
is given and the solution of this problem considered directly. Heat polynomials and their properties
is introduced. Test problem is considered to show that linear combination of heat polynomials gives
better approximation at heat flux. Let consider the following problem

001 4 0%, 206,
W—al(w"‘;ﬁ), 0<T<C¥(t), 0<t<T, (1)
by 5,0%0, 2006,
E‘a2(ar2+rar)’ alt)<r<oo, 0<t<T, (2)
with initial condition
01(0,0) = b, 62(r,0) = ¢(z), «(0)=0 (3)
and boundary conditions
001(0,1t)
2" P 4
R 0] ()
O1(a(t), t) = Ox(a(t), t) = Om, (5)

or

Stefan’s condition 86, (a(t), 1) 002(a(t),t) d
wlalt),t) _  oflall),t) o
_AlT_ )\2 ar +L’Ydt- (7)

w
By making substitution 6;(r,t) = —, i = 1,2 and r = x we can reduce the problem to simple free
r

boundary problem and we represent solution

k

up(z,t) = Z A (2, 1), (8)
n=1
k k T
ug(z,t) = nz::l B (1) + nz::l Cn(2a2\/£)2"i2"erf02a2\/% 9)
k. 4n) k. p(n)
and ¢(x) = 21 ¢ nl(o):n”, heat flux P(t) = zl P n‘(O) t" is given. From (3) we have
(n)
B, =2 '(0)7 n=1,2,3,.. (10)
n!
From (4) we get
P™(0)

A2n+1 = — n = 1,2,3, (11)

e (2n 1)
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By integrating (1) and (2) at corresponding interval and using properties of heat polynomials we have

k
2n(2n —1) () 2n(2n+1) [ ) 2@2n+ D] ]
ZlAzn o g1 Pantr(@(0),) + ZA2n+1 s |Miiala(®:0) = S e = .
- 12
_als AV (1) P(t)
=aj Z 2V, ((), 1) + Z Agpp1(2n + Dy, (aft), t) + v

n=1

and similarly for the second we have

= on(n—1) : (t)
> Bu v (a(t). 1) #0332 Ca2aa Vi tit erfe .

n=1 n+l 2a2\/z N
- (13)
:—aQ[ZC (2a9Vt)" 1P er fe a\[—i-ZBnny (a(t),t)|.
2
Then system of (12) and (13) can be written as follows
k
ZAgncb =q),
! (14)
Z CnCD = q7(12)
n=1
where
2n(2n -1
o) = 20200 (000, 0) ~ ad el (o). 1),
B2 = 202 (2a9/F) 2" L2 Ler fo a(t)
2a9v/t’
k
2n(2n+1) [ @ [2(2n + 1)]! P(t)
— A 209 1 _enten L) (1) _Een + DE 2
; 2n+1 [a1( n+ Lvy, (a(t), 1) M2 Vanpa(a(t), 1) 2n+ 1) t Tar
r nin—1)
2 - 2
6 == 3 Bafagy (0.0 + L (00,0,
n=1

From (14) using linear combination of vo,41(c(t),t), ven—1(a(t),t) and integral error function we can
determine coefficients A,, and Cy, if «(t) is known. These coefficients also can be determined directly
from condition (5). The corresponding problems are considered in [1]-[2].
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BLOW-UP OF SOLUTIONS OF THE PSEUDO-PARABOLIC p-LAPLACE
EQUATION WITH VARIABLE EXPONENTS AND COEFFICIENTS
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In this work we study the following initial-boundary value problem for the nonlinear pseudo-
parabolic p-Laplace equation with variable exponents and coefficients:

w =V (s4(2, ) [Vul"® 72 Vg + v(, ) Va2 Va) =4, ) [ul™ 2w, (@) € Qr, (1)

w(z,t)],_g =uo (x), v €Q, (2)
u(z,t)|go =0, (3)

where  is a bounded domain in R™ with sufficiently smooth boundary 992, and Q7 = Q x (0, 7).
The coefficients v, v and the exponents p, m are given measurable of their arguments. It is assumed
that these functions satisfy the following conditions:

O0<v <v(zt)<vt<oo, 0<p <px)<p"
0 <3 <s(a,t) < " < oo, 0<q*§q()§q (4)
0<vy <Hx,t) <yT <oo, 0<m™ <m(z)<m <oo
Theorem. Let (4) be fulfilled, and the exponents ¢(x), p(x), m(x) satisfy the conditions:
pt<m~, and m~ > maX{Q,q+} .
Let us assume, that also the coefficients »(x,t), v(x,t), v(x,t) are differentiable and

= 2(x) >0, v(z,t) <0, w(x,t) >0.

Finally, let |ug|™®), |Vuo[P®) € Ly () and
/ <7($7 0) ’u0|m(ac) _ I/(SC,O) ‘VUO’p(x)>dX >0
J Uit o) :

Then there is exists a finite time Tiax < oo such that the generalized solution to problem (1)-(3)
blows up.
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AN INVERSE PROBLEM OF DETERMINING A COEFFICIENT IN THE
PSEUDOPARABOLIC EQUATION
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Let Qr = {(z,t) : 0 < x < 1; 0 < t < T} berectangle. We investigate the following inverse problem
of finding a pair of functions {u(x,t), b(t)} satisfying the pseudoparabolic equation

b(t)(ut_uxxt)_uxa::f(x7t)vO<x<17 0<t<T, (1)

the initial condition
u(,0) = p(x), 0< v < 1, (2)

the boundary conditions
u(0,t) =u(l,t) =0, 0 <t <T, (3)

and the integral overdetermination condition
1
/ w(w, )dz = B(t), 0<t < T, (@)
0

where ¢(z), f(z,t), E(t) are given.
We assume that the data of the problem (1)-(4) satisfy the following conditions:

p(z) € (CH0,1], (0) = 0; (5)
E(t) € (CY0,T], E(0) = /1 o(z)dz, E (t) > 0; (6)
0
f(xvt) € 02[07 1] ﬁé(@T)? f(ovt) = f(lvt)a f(07t) =0,0<t<Ty (7)
£(co(cr +e2) <1, (8)

where &, cg, c1, co are some numbers depending on the data of the problem.
Theorem. Let the assumptions (5) — (8) are valid. Then the inverse problem (1)-(4) has a unique
classical solution.
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SOLVABILITY OF LINEAR THREE-POINT BOUNDARY VALUE PROBLEM
FOR IMPULSIVE FREDHOLM INTEGRO-DIFFERENTIAL EQUATION
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We consider the linear three-point boundary value problem for impulsive Fredholm integro-
differential equations (FIDE):

m T
Z—j = A(t)z + ngj(t)/o Yi(r)x(r)dr + f(t), t#6;, j=1,...m, te (0,T), x€ R", (1)
j=1

(Oo=0<0; <0< ..<bp <T=0n11),
Byx(0) + Doz (0) + Cox(T) = dy, do € R", 0¢€(0,7), (2)

Bj!l?(@j - 0) + le‘(@j + 0) = dj dj eRrR” j=1,...m (3)

where the nxn matrices A(t), ¢;(t), 1;(7), j = 1, m are continuous on [0, 7], and the n-vector function

f(t) is piecewise continuous on [0, 7] with possible discontinuities at the points t = 0;,j =1, ..., m.
We denote the space of piecewise continuous functions x : [0,7] — R" continuous on

[0p—1,0p),p = 1,...;m + 1 with the norm [|z| = max [z;| by PC([0,T], R",{6;}~,); in other words,

i=1,n
PC([0,T], R",{0;}7) = {z : [0,T] — R" continuous on [0,_1,0,), there exists a finite limit
limg .9, oz(t) for all p=1,....,m + 1, and z(7T) = limy7 o 2(t)}.

A solution of problem (1)-(3) is defined as a piecewise continuously differentiable function z(t) €
PC([0,T], R",{0;}721) on (0,T) satisfying the integro-differential equation (1), the boundary condition
(2), and the impulsive conditions (3).

A linear boundary value problem for impulsive FIDE solved by parameterization method was
proposed in [1]. One of important auxiliary problem in this method is special Cauchy problem for the
system of linear FIDEs.

A partition of the interval [0, 7] into N parts

t0:0<t1<t2<...<tN_1<tN:T,

where the set of partition points {ts;,s = 1,...,N — 1} contains the impulsive input points 6;,j =
1,c,m,ie tyy =0,t,, =01,..,t,, =0, r=1,...,70,70+ 1, ..., 71, .., "', ..., N is denoted by An(0).
We denote the restriction of the function x(¢) to the rth interval [t,_1,t,) by z,(t); i.e. z,(t) =
x(t),t € [ty_1,tr),r =1,...,N. -
By setting parameters \,=z,(t,_1), 7 = 1, N, we specify the new unknown functions w,(t), u,(t) =
x,(t) — Ar. Then we obtained the system of linear integro-differential equations with parameters on
subintervals

m N t;
d;;r = A®) (ur + M) + Z ©;(t) Z/ Ur(T)(ui(7) + \)dr + f(t),t € [tr—1,t,),7 =1, N, (4)
k=1"ti—1

J=1

with initial conditions at the left end points of subintervals

up(tr—1) =0, r=1,N, (5)
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and conditions

BoA1 + Do, + Cot li%nOuN(t) + CoAy =do, do € R", (6)
ST
Bj)\rj + B] t—1>i9?1—0urj(t) - CjATj+l = dj) d] € Rna ] = 17"'7m’ (7)
A+ lm up(t) —Ap41 =0, p#rj, j=1m, p=1,N—-1 (8)
t—tp—0

The problem (4), (5) is a special Cauchy problem for the system of linear integro-differential equa-
tions with parameters. Criteria of solvability and unique solvability of the special Cauchy problems
for the system of linear integro-differential equations with parameters have been established in [1]-[3].
There methods of finding the solution to the linear special Cauchy problems proposed as well. Condi-
tions of the solvability three-point boundary value problem for impulsive Fredholm integro-differential
equations are established in the terms of solvability of system linear algebraic equations.

For Dy = 0 the two-point boundary value problem for Fredholm integro-differential equations with
impulse effects are studied in [4]. The method for the study and solution of a linear boundary value
problem for a Fredholm integro-differential equation with impulse inputs at given times are suggested.
The method is based on a partition of the interval and the introduction of auxiliary parameters as the
values of solution at the initial points of subintervals. For each partition containing impulsive points
are constructed a Fredholm integral equation of the second kind. The definition of a regular partition
are introduced and the set of regular mappings is nonempty are showed. By using the resolvent of the
of the constructed integral equation, the fundamental matrix of the differential part, and the original
data of the problem a system of linear equations for the introduced parameters are formed. The
equivalence of the solvability of that system and the considered linear boundary value problem are
proved. Necessary and sufficient conditions for the solvability and unique solvability are obtained.
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DAUREN MURSALIYEV

INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, INTERNATIONAL INFROMATION
TECHNOLOGY UNIVERSITY, ALMATY, KAZAKHSTAN

mu.dauren@gmail.com

We consider a boundary value problem for the ordinary differential equation with parameter:

d
diLf = A(W)z(t) + B+ f(t),t €[0,T),z € R*,u € R™, f € R*, A € R"™", B € R™™,

Cop + C12:(0) + Cox(T) = d, Cy € RWH™Xm ¢y ¢y € RIEmIxn g e grtm.

where x(t) = (x1(t), ..., z,(t)) is unknown vector function,(n x n) matrix function A(t), and (n x m)
matrix function B(t), and f(t) = (fi(t), ..., fn(t)) are all continuous on the whole interval [0,7]. The
((n 4+ m) x m) matrix Cp, two ((n 4+ m) x n) matrices C1,C2 and (n + m) vector d are constant. The
= ({1, ..., b)) is unknown parameter.

The numerical solution of the boundary value problem is found by the method proposed in [1].

Interval is divided into 5 parts, values of solution of the initial problem on each subinterval are
considered as additional parameters reducing our problem to a new boundary value problem with
parameters [2, 3]. A system of linear algebraic equations with respect to initial and introduced
parameters is constructed using continuity conditions at the dividing points, boundary condition and
solutions of the auxilary Cauchy problems. The solution of system of linear algebraic equations is
found using inverse coefficient matrix and free term vector. Results of the algotihms are demonstrated
by numerical solutions of particular boundary value problems for ordinary differential equations with
parameters obtained using implemented script based on previously mentiond method in MatLab.
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ON AN ALGORITHM OF FINDING A SOLUTION TO A NONLINEAR
BOUNDARY VALUE PROBLEM FOR THE FREDHOLM
INTEGRO-DIFFERENTIAL EQUATION
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Many problems of natural science lead to boundary value problems for integro-differential equa-
tions. Moreover, as a rule, these problems are nonlinear. The nonlinearity of boundary value problem
leads to significant difficulties in solving and in establishing their qualitative properties.

In the communication, it is considered the boundary value problem for the Fredholm integro-
differential equation with nonlinear differential part

dx - T
T +Z<pk(t)/ On(D)a(F)dr, te(0,T), €k, (1)
dt — 0
g [x(O),x(T)] =0, (2)
where f:[0,7] x R®" — R™ and g : R” x R” — R" are continuous; the n x n matrices ¢y (t), ¥(7),
k =1, m, are continuous on [0, 7], ||z|| = max |z;|.
i=1n

Denote by C([0,7],R™) the space of continuous functions z : [0,7] — R" with the norm ||z, =

Hfa%g] lz(t)]]. By a solution to problem (1), (2) we mean a continuously differentiable on (0,7") function
telo,

z(t) € C([0,T],R™) that satisfies equation (1) and boundary condition (2).

In [1] employing regular partition Ay (see [2, 3]) of the interval [0,T] has been introduced the Ay
general solution z(Apn,t,\) to the linear Fredholm integro-differential equation. As distinct from the
classical general solution, (A, ¢, \) exists to any linear Fredholm integro-differential equation and
depend on parameter A = (A1, ..., Ay) € R™N . The new concept of a general solution is extended to
the Fredholm integro-differential equation (1) in [7]. Ay general solution is constructed through a
solution to the special Cauchy problem for the system of integro-differential equations.

In present communication, an algorithm of finding a solution to boundary value problem (1), (2)
is proposed. To this end, we use the parametrization’s method [4] and results of [1-3, 5-7].

Substitution the corresponding expression of x(Ay,t, A) into the boundary condition and conti-
nuity conditions of a solution to equation (1) at the interior points of Ay yields a system of nonlinear
algebraic equations in parameters. Closed-form of this system can be constructed only in exceptional
cases. However, for the given parameters, the values of the vector functions defining this system and
the values of its Jacobi matrix can be found through the solutions to the corresponding special Cauchy
problems for the system of integro-differential equations. This fact allows us to construct an algorithm
of finding a solution to boundary value problem (1), (2).
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We consider the boundary value problem
dx T
7l A(t)r + K(t,m)z(r)dr + f(t), te(0,7), (1)
0

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

where the (n x n) matrices A(t) and K (t,7) are continuous on [0,7] and [0, 7] x [0, T], respectively,
the n vector f(¢) is continuous on [0,7T7], ||z = max | 2]
=1,

To study problem (1),(2), the parameterization method [1] is applied in [2-4]. The interval [0, T
is partitioned, the values of a solution to problem at the left endpoints of the subintervals are in-
troduced as additional parameters, and problem (1), (2) is reduced to an equivalent problem with
parameters. Introduction of additional parameters yields a special Cauchy problem for a system
of integro-differential equations with parameters on the subintervals. The unique solvability of this
problem determines the regularity of the chosen partition. Employing a regular partition reduces the
problem (1),(2) to a system of linear algebraic equations in parameters. It is proved that the solvability
of this system is equivalent to that of problem (1),(2). Thus, the construction of a system of linear
algebraic equations serves as the basis for algorithms of the parameterization method.

The work is supported by the MES RK, Grant No. AP 05132486 and the Award ”"The Best University Teacher
2019”.
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The number of unknown parameters in this system is determined by the number N of the partition
subintervals. Increasing NV hence results in undesirable increase in the number of unknown parameters.
In order to address this issue, we have developed a modified version of the parameterization method.

In this version, the additional parameters are set as the values of the solution to problem (1),(2)
at interior mesh points. The definition of a regular pair consisting of a partition and chosen interior
mesh points is given. The original problem is transformed into a multipoint boundary value problem
with parameters. For fixed values of parameters, we get a special Cauchy problem for a system of
integro-differential equations on the subintervals. Using the solution to this problem, the boundary
condition, and continuity conditions of solutions at the interior mesh points, we construct a system
of linear algebraic equations in introduced parameters. It is established that the solvability of the
problem under consideration is equivalent to that of the constructed system. We provide a number of
examples illustrating the effectiveness of the proposed modified method.
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SOLVABILITY OF SPECIAL CAUSHY PROBLEM FOR
INTEGRO-DIFFERENTIAL EQUATION WITH WEAKLY KERNEL
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We consider a linear two-point boundary value problem with a weakly singularity on [0, T:

:c+/ K(t,7)z(r)dr + f(t), t€ (0,T), (1)

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

where x = (21,22, ..., 2y) is unknown function; the (n x n)—matrix A(t) and n—vector function f(¢)
are continuous on [0,7], B and C are (n x n) constant matrices, d € R", K(t,7) is (n X n)—matrix
and

B

|t —7]o’

1K (¢, 7)| < 0<a<l

Let C(]0,T],R™) be a space of continuous functions = : [0,7] — R™ with the norm |z|; =
maxefo,r] [|2(@)|; 2(2)] = max;_i7 [2:(t)].
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Solution (1),(2) is a function z(t) € C([0,7], R"), continuously differentiable on (0,7"), which
satisfies the integro-differential equation (1) for all ¢ € [0,7] and condition (2). The parametrization
method [1 — 3] is used to study the two-point boundary value problem (1), (2). We divide the interval
[0,7] evenly N and denote by Ay this partition: Ay= {top = 0 < t; < ... < ty = T}, where
ts = L. By ,.(t) we denote the restriction of the function x(t) to the r*" interval [t,_1,t,), i.e.
x,(t) = z(t),r = 1, N. From problem (1) — (2) we pass to the equivalent problem

N .

dx, t
D A+ Y / K(t,7)a;()dr + f(1), t€ [trsty), (3)

it 2 )
Bx1(0) + Ctiligio zn(t) =d, (4)
im0 =2y (), p=T N1 5)

z[t] = (x1(t), z2(t),...,zn(t)) is a solution of (3) - (5) at t € [t,—1,t.), 7 =1, N.
Entering the parameters A=z, (t,_1), and on each ' interval, changing the function u,(t) =
x,(t) — A\r, we obtain the boundary problem with parameters.

N .
du, b
e Al + Z/ K, 7)(uy(7) + \)dr + f(8), €€ [trsty), (6)
j=17ti-1
Ur(trfl) =0, r=1N, (7)
B\ +CAy+C lim un(t) =d, (8)
t—=1T-0
)\p + t_l}tl;l_oup(t) = )‘PJrla b= 13N -1 (9)

A pair of (\, u[t]) with elements A = (A1, A2, ..., A\x) € R™™, u[t] = (u1,uz, ...,un) € C([0,T], An, R™Y)
is a solution to problem (6)-(9). For fixed values of the parameters A € R™V, the system of functions
u[t] allows us to determine from special Cauchy problems for systems of integro-differential equations
(6), (7). Using the fundamental matrix X (¢) of the differential equation Z—f = A(t)x the combined
problem (6), (7) to the equivalent system of integral equations
t
ur(t) = X (1) XY A(m)dm N+

tr—1

t N ot
X [ x Y / K (1, 8)(u;(s) + A )dsdri +
j=1"ti-1

tr—1

t
+X(t) Xﬁl(Tl)f(Tl)dTl, t e [tr—htr); r=1,N. (10)

tr—1

From left we multiply by K (¢,7) and then integrate fti-j_ﬁ j =1, N and adding we get the following
expression

T
D(An,u,t) :/ M(An,t,7)P(AN,u,7)dT + D(AN,t)A + F(An,t), t€[0,T], (11)
0

where

ti—1

N t]
(AN, u,t) = Z/ K(t, 7)u;(T)dr,
=17

A= (A1, Mg, An) € RV D(Ap,t) = (D(Ap,t)), r =1, N is continuous on [0, 7] matrix dimen-

sion n X nN :
tr T

D, (An,t) = K(t,7)X (1) XY A(my)drdr+

tr—1 tr—1
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N o t; 4 tr
+Z/] K(t,T)X(T)/ X (m) K (1, s)dsdmdr,
= tj—1 ti1 tr—1

M(AN,t,7) square matrix of dimension n on [0,7] x [0,7], is continuous in ¢ € [0,7] and piecewise
continuous in 7 € [0,77] :

tj
M(AN,t,T) :/ K(t,Tl)X(Tl)dTlX_l(T), t e [O,T], T E [tjfl,tj), j = 1,N,

F(Ay,t) € C([0,T],R™) and

T

F(An,t) Z K(t,7)X(7) XY f(m)dmdr.

ti—1 ti—1

Lemma 1. Let @(A N, U, t) — be a solution of the Fredholm integral equation of the second kind
(11). Then the system of functions a[t] = (u;(t), u2(t), ..., un(t)) with elements

?jr(t) = X(t) t X_l(Tl)A(Tl)dTl)\r+

N t t

+ZX(t) X—l(ﬁ)/tj K(71,8)dsdm\j + X (t) X (r) f(m)dm+

j=1 lr—1 tj—1 tr—1

t
+X (1) X ( 1)® (ANle)dTla teftra,t), r=1N

tr—1

will be a solution to the special Cauchy problem (6), (7).

References

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

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

[3] D.S.Dzhumabaev, Necessary and sufficient conditions for the solvability of linear boundary-value

problems for the Fredholm integro-differential equations. // Ukr. Math.Journal 66:8 (2015), 1200-
1219.

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 137
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We consider the following boundary value problem for Volterra integro-differential equation on
interval [0, 7T

a:—l—/KtT T)dr + f(t), =€ R", (1)

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

where the (n x n)- matrices A(t), K(t,7) are continuous on [0, 7], [0,T] x [0,T], respectively, and n-
vector function f(t) is continuous on [0,7], B and C are (n x n) constants matrices, d € R".

Let C([0,T], R™) be a space of continuous functions x : [0,7] — R"™ with the norm

Jally = maxyeo k2@, 2(8)]| = max, 1 |z (b))

Solution to boundary value problem for Volterra integro-differential equation is a function x(t) €
C([0,T7], R™), continuously differentiable on (0,7), which satisfies the equation (1) for all ¢t € (0,7)
and condition (2).

The parametrization method [1 — 3] is used to study the two-point boundary value problem (1),
(2). Let h > 0, be a step - size that can be marked out exactly N(N = 1,2,...) times in the interval
[0, 7], and consider the partition [0,7) = UN_,[(r — 1)h, rh).

Let z(t) be a solution to the Volterra integro - differential equation (1) and x,(t) be its restrictions
to the subintervals [(r — 1)h,rh). Let x(t) be a solution to the Volterra integro - differential equation
(1) and z,(t) be its restrictions to the subintervals [(r — 1)h,rh). Then the system of N functions
z[t] = (x1(t), z2(t),...,zn(t)) belongs to C([0,T], R™) and satisfies the system of Volterra integro -
differential equations

dz,
= g:r—i—Z/ K(t,7)z;(T)dr+
t
+ K(t,7)x,(r)dr + f(t), t € [(r — 1)h,7h), r =1,N, (3)
tr—1
with boundary condition
Bz1(0)+ C lim zn(t) =d, (4)
t—1T-0
and continuity conditions
lim z4(t) = zs41(sh), s=1,N —1. (5)
t—sh—0

If 2(t) is a solution of problem (1), (2), then it is obvious that the set of restrictions (x,(t)), » = 1, N
is a solution of the multipoint problem (3) - (5). Conversely, if a set of vector functions Z,(t), r = 1, N
is a solution of problem (3) - (5), then the function Z obtained by ”joining” the functions together is
a solution of the original boundary-value problem.
Let A\, denote the value of z,(t) at the point ¢ = (r — 1)h. In each interval [(r — 1)h,rh), make the
substitution u,(t) = x,(t) — A,.

The result is a parametric boundary value problem for Volterra integro-differential equation

du,

= A(t)u, + A(t)\ + / K(t,7)u + XildT+
= A1) Z L Kl ]
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t
—i—/ K(t,7)[ur (1) + A\e]dT + f(t), t€[(r—1)h,7h), r=1,N, (6)
(r—=1)h
with

up[(r —1)h] =0, r=1,N, (7)
B)\1+C)\N+C hrn uN( ) (8)
)\5+t_1>21}§1_0u5( ) =Ast1, s=1,N—1. 9)

Cauchy problem (6), (7) is equivalent to an integral equation

r—1 r—1
ur(t) = Dr(t)AT + Z Dj,r(t))‘j + Gr(t7 ur) + Z Gj,r(tv uj) + Fr(t)v (10)

j=1 j=1

where t € [(r —1)h,rh), =1, N,

t T
D,(t) = [A(T) —i—/( o K(r,m)dnldr, j=1,N—1,

/ / K(r,7)dndr, j=1,N-—1,
(r—1)h —1)h
G (t,ur) —/ A(T)up (T d7'+/ / K(7,7m1)u,(m1)dm dr,
(r—=1)h (r—=1)h J(r=1)h
éw(t,uj) :/ / (r,m)uj(m)dndr, j=1,N—1,
(r—=1)h J(5—1)h

Ey(t) = /( |, J

We define from (10) the left-side limits of the function u,(t) for t — rh —0, r = 1, N and substituting
its into relations (8), (9), we obtain a system of linear algebraic equations with respect to parameter
Al

N—
BM + CAy + CDN(T)Ay + C Z

N-1
= —CGN(T,uy) - C > Gjn(T,uj) — CFx(T) +d, (11)
j=1
s—1 ~
[+ Da(sh)]As = Aet1 + > Djs(sh)A; =
j=1
s—1 ~
= —G(sh,us) — » Gjs(sh,uj) — Fs(sh), s=1,N —1. (12)

1

J
We rewrite the system of equations (11), (12) in vector matrix form:

Q(N)A = —G(N,u) — F(N). (13)

We proposed an algorithm for finding a solution to the problem (6)-(9).

On each step of algorithm:

1) we solve the special Cauchy problem for integro-differential equations (6), (7) for fixed param-
eters .

2) we solve the system of linear algebraic equations (13) for known values of the functions w,(t),
r=1,N.

The conditions of convergence algorithm are established. Conditions for the existence and unique-
ness of the solution to the problem (1), (2) are obtained in the terms of matrix Q(N), A(t) and
T.
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We consider on the domain = [0,7] x [0,w] the following initial multi-point boundary value
problem for system of fourth order partial differential equations

a?jgx _ Al x)g; + As(t, x)afja + At x)g; + At x)(f;x
+As(t, az)% + Aot x)% + Ar(t, 2)u+ f(t, @), (1)
w0 = i), we(00] )
D)= o), w0l ®)
tho — i), we ol @
iopj T, =), tepT) )
£

where u(t,x) = col(uy(t,z), ..., un(t,x)) is unknown function, the n x n matrices A;(¢,x), (i = 1,7),
and n vector—function f(t,x) are continuous on §; the n x n - matrices P;(t), (j = 0, m) and n vector—
function ¢ (t) are continuously differentiable on [0, T]; the n vector—functions ¢1(z), ¢2(z) and @3(x)
are continuous on [0, w].
m
The compatibility conditions are valid: > P;j(0)ps3(x;) = 1(0).
5=0
Let C(2,R™) be the space of continuous on §2 vector functions u(¢,x) with the norm

lullo = max [[u(t, )], ||u(t, z)|| = max |u;(t, z)]-
(t,x)e i=1,n

The work is supported by the grant project AP 05131220 (2018-2020) from the Ministry of Science and Education
of the Republic of Kazakhstan.
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. n . . . . ou(t,x ny Ou(t,z n
A function u(t,xz) € C(Q,R") having partial derivatives % e C(Q,R ),% e C(Q,R"),

Tults) ¢ o(,RY), ZuLn) ¢ o(Q,R), Zub) ¢ o, R, 24D ¢ o(Q,R"), LU ¢ o(Q,R"),
is called a classical solution to problem (1)—(5) if it satisfies system (1) for all (¢,z) € €, and the initial
and the boundary conditions (2)—(5).

Partial differential equations of higher order are widely used in various problems of natural science
and technology [1-2].

In present communication, we study the questions for the existence and uniqueness of classical
solution to a multi-point boundary value problem for system of partial differential equations of fourth
order. We also construct the method for finding an approximate solution to this problem.

By introducing new unknown functions [4],[6] problem (1)—(5) is reduced to a multi-point boundary
value problem for the system of hyperbolic equations of second order with functional parameters
and integral relations. We offer the algorithm for finding the approximate solution to the problem
considered and prove its convergence.

The unique solvability of problem (1) — (5) is established in terms of initial data.
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DEEP LEARNING MODELS FOR LINK FLOW ESTIMATION
GuLNUR TOLEBI, NURLAN DAIRBEKOV
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This paper considers the problem of estimating a certain observed amount of traffic flow in a given
link of a transport network for a short-term forecast. Our aim is to evaluate the changes in the flow at
the road section over time. We treat the link flow as the probability of vehicles being generated in unit
time. The value is not the exact proportion of the vehicles arrived, but represents some properties of
traffic flow in the given link. The link flow estimation problem will be formulated as follows:

e Given data going back and sampled every period of time, can we predict the link flow F; 4,
the near future (at time t + m) based on historical data? Fj, tis the flow rate on the link 7 at
time ¢.

Our dataset is a time series data, with a time series being a sequence of observations taken se-
quentially in time [1]. There are two key issues when time series are used for flow estimation:

e The time series analysis requires the process to be stationary. However, the traffic flow is
dynamically changing.

e The spatial characteristics of the time series data are not taken into account in the classical
methods [2].However, when we consider sequential data it is important to consider a more deep
representation of features.

These issues can be solved by a hybrid model of RNN and CNN, which is presented in our study. In
this study, three models of deep neural networks were trained and tested on a simulator, as well as a
fully connected feed-forward network (FCNN). We consider FCNN as our baseline. The first model
is based on the Recurrent Neural Network (RNN). We consider our dataset as a sequence in time.
To process data using simple networks, we need to process the entire sequence at once. However, the
RNN has an internal loop that allows you to remember the states and reuse the values calculated in
the previous state (iteration).

GRU has a update and reset gates. An update gate zg decides how much the past state effect on
current state and computed by the following formula:

zf =o(Woay + Uzht,l)j (1)
The reset gate calculating as following;:
] = o(Wyay + Uphy_1)’ (2)

~ The activation hi of the GRU at time ¢ is a linear interpolation between the previous activation
h]_, and the updated value activation h; :

hl = (1—2z)h] — 1+ 2/h] (3)
This procedure of taking a linear sum between the existing state and the newly computed state.
The candidate activation h] is computed as following:

h] = tanh(Way + U (re () he—1))? (4)

This work was supported by Satbayev University under the program ” Software development for 3D modeling, online
monitoring and prediction of the air contamination level in urban and industrial areas” no.BRO05236316.
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where r; is a set of reset gates.

CNN is a type of neural network with specific architecture that considers and treats input data as
spatial. The main difference of CNN from the fully-connected network is in structure, where neurons
only connected to nearest neurons and all have the same weight, instead of connecting to every neuron
in the previous layer. CNN has a very high performance in solving computer vision problems since
the architecture of this network allows to develop an internal representation of a two-dimensional
image. This allows the model to learn position and scale in variant structures in the data, which is
important when working with images. We used this feature of CNN to process sequence data and
find ordered relationship in the time steps of a time series. CNN is considered a cheaper alternative
model of RNN for time series forecasting problems.

Classical CNN has the following stacked layers:

e convolutional :

cf = fo‘l * wfj + b;‘? (5)
i
e activation
xf = 0(cF) (6)
e pooling o .
xj+ = pooling(x;) (7)

where xf‘*l is an input, k£ is an engaged layer

A 1D CNN is a modified version of CNN where convolutional hidden layer operates with a 1D
sequence. It is very effective when you expect to derive informative features from fixed-length segments
of the overall dataset. The main difference between classical 2D CNN and 1D is in the input data
dimension and how the filter passes through the data. The recent studies [4756] show that for certain
applications including analysis of time sequences of sensor data, analysis of the audio signals 1D CNNs
outperform 2D counterparts due to the following reasons:

e lower computational complexity due to dimensionality reduction
e relatively shallow architecture easier to train

The third model consists of CNN and RNN modules, where the first part serves as data
conversion for the input of the second module. For the input This approach allows increasing the per-
formance of the model by preprocessing data with CNN and sensitivity to the order (sequence) of RNN.

For evaluation of the proposed models we use the Mean Squared Error (MSE):
=
MSE=—3 (Yi—Y)’ (8)

n
n

where n - number of estimations, Y; - target value, Y; - predicted value.
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Development of a program for converting graphic information of geological and
lithographic profiles into digital information
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AL-FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

bodinaz@mail.ru, merey-mex-2017@mail.ru

Currently, most of the major oil and gas fields produced have almost exhausted their oil capacity .
In this regard, there is a high interest in small ”preserved” deposits. Thanks to scientific and technical
progress, the labor intensity of extracting hydrocarbon raw materials from such fields has decreased
many times. But there are many difficulties with understanding the current state of the field during
the period of operation.

The direct task of gravimetry is to calculate the gravitational field on the Earth’s surface, taking
into account the known location and the composition of the inhomogeneity. To do this, we need
information about the geological and lithological structure of the field, that is , we need to know the
density distribution over the entire area under study. The formulation of the problem and the analysis
of the solution of the direct and inverse problem on model data were previously described in [1-2].

When working with real data, we decided to use graphical data on the geological and lithological
profile, which gives a fairly accurate representation of the density structure in the section. They were
obtained during the exploration of the oil field. To use this graphic data in our calculations for a
direct task, you must first process it and convert it to digital format.

We wrote a program in Python. It divides the original image into rectangular areas with the
necessary step. In each rectangle, we count the number of pixels of a particular color. Select the color
with the maximum number of pixels for the color of this rectangle. We run through all the cells in this
way. We are forming a matrix. From the dictionary, replace the density value corresponding to this
color. Thus, we get a density matrix in digital format, which is completely consistent with the format
of the solution of the direct problem. It is easily integrated into the overall program and facilitates
the entire process.

To date, results have already been obtained for solving a direct problem with real data. It is planned
to use our experience in solving the inverse problem of gravimetry and further implementation of the
GIS system in the framework of the project.
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Absolute stability of a program manifold of non-autonomous control systems with
non-stationary nonlinearities
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We will introduce for consideration a class of continuously-differentiable at times ¢ and bounded
on a norm matrices Z=.

Consider the problem of construction of a material system by given (n — s)-dimensional program
manifold Q (t) = w(t,z) = 0, in the following form [1]:

= f(t,x) — Bi1(t)§, &=¢(t,o0), UzPT(t)w, tel=1[0, c0), (1)

where x € R" is a state vector of the object, f € R" is a vector-function, satisfying to conditions of
existence of a solution z(t) = 0, and B; € Z"*", P € =" are matrices, w € R*(s < n) is a vector,
¢ € R" is a differentiable in all variables non-stationary vector-function, satisfying to conditions of
local quadratic connection

©(t,00=0 A 0<olpt,o) <oTK(t)o, Vo#0, (2)
t

K < a“ig@ <Ky, [K®)=KT{t)>>0€="" K;=KI>0.
ag

This problem reduce to investigation of quality properties of the following system with respect to
vector-function w [2, 3]:

w=—-Alt\w—-B@)E, E=¢(t,0), oc=Ptw, tel=][0, ). (3)

Here nonlinearity satisfies also to generalized conditions (2), and F(t,z,w) = —A(t)w, A €

=5%s [ (t) = gi;, B(t) = H(t)Bi(t).

The reviews of the works devoted to the construction of autonomous and non-autonomous auto-
matic control systems on the given program manifold possessing of quality properties and to solving
of various inverse problems of dynamics were shown (see [3]-[8]).

Statement of the Problem. To get the condition of absolute stability of a program manifold
Q(t) of the non-autonomous indirect control systems with non-stationary nonlinearity in relation to
the given vector-function w.

Theorem 1. Suppose that there exist matrices L = LT > 0,

B = diag (B, .-, Br) > 0, non-autonomous non-linear function p(t,o) satisfies the conditions (2) and
V@ =W.

Then in order that, the program manyfold S (t) with respect to the vector function w will satisfy to

inequalities
Alz(to) leaplan (t — to)] < I12(8)]| < Asll=(to) leaplaz(t — to)],

it 1s sufficient performing of the following conditions
Wil <V <b(lz? gzl < W < ga(l12)1%, (4)
where z(tg) = ||w(to) E(to)||F, 2(t) = ||w(t) E@)||T and A1, Ao, a1, @z, 11,12, g1, g2 are positive constants.

This results are supported by grant of the Ministry education and science of Republic Kazakhstan No. AP 05131369
for 2018-2020 years.
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METO/ B.C. BJIAJINMINPOBA B SAJAYE KOIIIN JINMHAMMKN
TEPMOVIIPYT'OI'O CTEP2KH?*

Hypcayie AUHAKEEBAL2¢  Acugar JTJAJJTAEBAL?

"MHCTUTYT MATEMATHKY U MATEMATHYECKOT'O MO/IEJIMPOBAHUS, ATMATEL, KABAXCTAH,
2KABAXCKUI HALMOHAJIbHBI YHUBEPCUTET UM.AJIb-DAPABY, AJIMATH, KABAXCTAH
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Nzyuenne HAPSIXKEHHO-1e(DOPMUPOBAHHOTO COCTOAHNS CTEPKHEBBIX KOHCTPYKIINIL C YIETOM BJIHSI-
HUS TEMIIEPATYPHI SIBAAETCSH aKTYAJIHHO HAY YHO-TEXHIUYECKOH mpobJieMoil, TecHO cBA3aHHOii ¢ obecrieve-
HUEM MPOYHOCTH U HAJEKHOCTHU [PU UX IKCITYATAINH. 3J€CH, C UCIIOJIB30BAHUEM MO/ HECBA3AHHON
TePMOYIPYTOCTH, UCCTIeAyeTCd TePMOAMHAMAKA TEPMOYIIPYTrOro CTEPKHH, KOTOPBIA XapaKTepU3yeTcs
JIMHENHOH [JIOTHOCTBIO, CKOPOCTHIO PACIPOCTPAHEHUS YIPYTUX BOJIH B CTEPXKHE U TEPMOYIIPYTOMl KOH-
crauToit. Vlccaeaytorcs mpoao/ibHbIE TTEPEMEIIEHNS CEUeHUI CTEPKHA W TEMIIEPATYPHOE M0J1e, KOTOPHIE
ONHMCHIBAIOTCA CHCTEMOH runep6o.10-napaboaruiecKuX ypaBHEHHH BTOPOro IIOps/IKa T€OPUH TeMIepa-
TypHbIx Hanpsikenufi [1,2]. B paGore [3] nocrpoer tensop Ipuna U (z,t) tue (4,5 = 1,2) ypasuenuit
TEOPUHU TEMIEPATYPHBIX HANPSKEHUN, IPOBEJIEHA €r0 PeryJisipu3aliis, Ha OCHOBE KOTODOH MOCTPOeH
OpUTHMHAJ TOTO TEH30Pa B MCXOJHOM MPOCTPAHCTBE BPEMEHH, UTO HE YJIAETCs B CJIydae MOJEIN CBs-
3aHHOM TepMOoyTpyrocTu. 3jech, Ha ocHose MeTona Baagumuposa B.C. [4,5], ¢ ucnonbzosannem 31oro
TEH30pa, MOCTPOEHO PEIeHNe TPOCTPAHCTBEHHO-0THOMEDHO TepMOInHAMIIECcKo# 3agaun Ko st
TEPMOYIIPYTOTO CTEPZKHA TIPpU ,Z[el‘/JICTBI/H/I HECTaIIMOHAPHBIX CUJIOBBIX U TEIIJIOBBIX MCTOYHUKOB PA3JIMIHO-
T'0 BUJIa B TPOCTpAaHCTBE 0OOOIEHHBIX BEKTOP-(PYHKITHI MEIJIEHHOTO POCTA, KOTOPOE UMEET BUJT CyMMBbI
CBEPTOK :
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(e, t) = u(e, ) H(t) = Ul (2,) * Fai(e,t) + Uf (1) * Fao(x,t) =

= Ul(z,t) * Fi(z,)H(t) + Ul (2, 8) % vo(2) + GU} (2,1)  uo(2)+
TP (@,t) * Fy(x, ) H (1) + UF (2,t) k0o (x)

+

D>

(z,t) = 0(x, t)H(t) = U} (x,1) . Far(z,t) + U3(z,t) . Fng(z,t) =
= Uy (@,t) * Fi(, )H(t) + Ug (2, ) * vo(w) + FU3 (2, 1) *uo(x)+
+U2(x, t) « Fy(w, t)H(t) + U2(x,t) % k100 (2)

rie u(x,t) IpoJoIbHBIE TTepeMeIeHns cTepxkHst, 0(z,t) ero Temueparypa, up(z) = u(z,0), vo(x) =
u(z,0), Op(x) = 0(x,0) , Fj(x,t) II0THOCT CHIOBBIX U TEMJIOBBIX HCTOIHUKOB e (4, j = 1,2). 3aech
0003HAYeHNE TT0JT 3HAKOM CBEPTKH YKa3bIBAET TEPEMEHHBIE, 10 KOTOPBIM OHHU GepyTcst. [TaHo perysisp-
HOe HHTerPaIbHOe [PeICTaBIeHne 0000IIEHHOr0 PeIleHNs KPAeBoil 3a1a41, KOTOPOe JaeT KJIaCCHIecKoe
aHAMTHYECKOe pernenne. [[puBeIeHbl Pe3ynbTaThl YUCIEHHBIX SKCIIEPHMEHTOB, HLTIOCTPUPYIOIIHE Tep-
MOHAIIPAKCHHOE COCTOAHME CTePZKHA IIPU PA3HBIX TEIJIOBBIX M CHUMJIOBBIX BOSIZLeI‘/JICTBI/IHX.
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PA3PEIIMMOCTb OBPATHOM 3AJIAYM YPABHEHUA COBOJIEBCKOI'O THUIIA
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Wccnenyerca obparHag 3a7ada oIpegeaeHus] IPaBoil YacTh KBA3WINHEHHOTO YpaBHEHHUS COOOJIEB-
CKOT'0 THUIIa C MHTErPAJbHBIM yCjaoBueM mepeonpemenenus. Merogom [anmeprkuna moKaz3aHbl CyIMieCTBO-
BaHME JIOKAJIBHOTO II0 BPEMEHH peIleHuil oOpaTHOH 331a9u M eJMHCTBEHHOCTL pelreHus. lloaydenn
JIOCTATOYHBIE YCJIOBUs Pa3pylieHusi (B3pbIBA) JIOKAIBLHOTO DEIIEHUs 33 KOHETHOE BPEMS B OTDAHMU-
YeHHON 00J1aCTH ¢ OTHOPOAHLIM ycjiaoBueM /Jlupuxie Ha ee rpamuie. VccaegoBaHO aCHMIITOTHIECKOE
TTOBEJIEHNE PeIennit o0paTHOM 331a9n TPy OOJIBINNX 3HAYEHUAX BpeMmeHu 1 .
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B macrogreit pabore HEM3BECTHBIM MAPAMETPOM sIBJISETCS KOID@MUIMEHT TPAaBOi YacTH, 3aBUCS-
muit ot Bpemenuoil nepementoii. Ilogobuble 3agaun u3yganucs B paborax [1]-[9], Ho He g mennnei-
HOT'O ypaBHeHUsi co00JIeBCKOTO THIA. B 9acTHOCTH, pa3penmMocTb 0O0paTHBIX 3329 C JIOKAJTbHBIMU U
HEJIOKATBLHBIMHU YCIOBUSIMHU MTEPEOTIPEIETCHNST I YPABHEHH CODOTIEBCKOTO TUTA OBLIA WCCIeTOBAHA
BO MHOTEX paborax [7|-[15] u B psage npyrux. Cieayer ormeruts uTo B paborax [16]-[18] paccmorpen
MMAPOKUI KJIACC TPAMBIX 337184 /I HEJTUHEHHBIX YPABHEHWI CODOIEBCKOTO THUIIA.

IIycrs Q ecrs orpannuennas obaacts npocrparcrsa RY, N > 1 ¢ 10CTaTodHO r1aqKoii rpannei
I, Qr -mmmmanp Q x (0,7) xomeunoit seicorsr 1, S = I' x (0,T). IIycrs b(x,t), h(x), uo(x), p(t)
3ajanubie BYHKIINY a X, 5 MOJ0KUTEIbHbIE KOHCTAHThI. PaceMoTpuM B ruansape QQr 06paTHyo 3a1a49y
OIpeIe/IeHNH HEN3BEeCTHOM npaBoit dactu f (1) ypaBHeHnst COOOIEBCKOTO THIIA

wy — xAuy — Au = b(z, t)|[u|?2u + f(t)h(x), (1)
u(z,0) = uo(), (2)
ulg =0, (3)

/ u(z,t) - h(z)dz = o(t). (4)
Q
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PA3PEIIMMOCTh HAYAJIbHO-KPAEBOMU SAJAYN YPABHEHUA
IICEBAOITIAPABOJIMYECKOI'O TUIIA

Cepuk AMTXKAHOBL2, Tazuza KYMATYJI?
TKABAXCKUIT HAITMOHAIBLHBI YHUBEPCUTET UMEHU AJTb-DAPABU, AJIMATEHL, KA3AXCTAH
2MHCTUTYT MATEMATUKHI M MATEMATHUYECKOIO MOJEJUPOBAHNSI, AJIMATEI, KABAXCTAH

SKABAXCKUI HALIMOHAJILHLIN MIEJATOIMYECKUI YHUBEPCUTET UMEHU ABASI, AJIMATEI,
KA3AXCTAH

Aitzhanov.Serik81@gmail.com

B pabore uccienyercs nadaabHO-KpaeBas 3ajada sl KBA3UWJIMHEHHOTO yPABHEHUS ICEBIIOTIAPa-
HOTMUIECKOTO THTIA ¢ HEeJWHEWHBIM rpaHudHbIM ycaosueM Helivana-lupuxie. C dusmyaeckoit Toukn
3pEHUs PAcCMaTpPUBAEMasd HaMU Ha9aJbHO-KPaeBas 3a/[avua, SBISeTCS MAaTEMATHIECKUM MOJIETBbI0 KBa-
SUCTAMWOHAPHBIX TPOTECCOB B IMOJJYIPOBOJHUKAX W MAaroeTUKAX NPU y4YeTe CaMbIX paSHOO6pa3HbIX
duznueckux daxropos. Merojom l'ajiepkuHa 10Ka3bIBAETCs CYIIECTBOBAaHUE CJ1ab0r0 PEIeHUs! [ICEB-
IonapaboImIecKoro ypaBuenud B orpanutenuoii obaactu. Mcnonb3oBanne [anepkunckux mpubimxe-
HU TIO3BOJISIET MOJYYUTh OIIEHKY CBEPXY BPEMEHU CYIIeCTBOBaHUs pelennsd. Vcnoib30Banme TeopemM
Bioxkenns: CobojieBa, MOJyYeHBl ANMPUOPHBIE OIEHKU perteHus. KamHCTBEHHOCTh cyraboro 0600Ien-
HOT'O pellleHus HAaYaJbHO-KPAaeBOil 3a/1a4i KBAa3WJIMHENHON ypaBHEHWH [CEB/1011apabondecKoro THIIa
JTOKA3BIBAETCST HA OCHOBE AIPUOPHBIX O1eHOK. Jcoboe MecTo B TeOpUHN HEeJTWHEHHBIX YPABHEHU 3aHW-
MaeT KPYT MUCCIeJOBAHUN HEOrPAHUYEHHBIX PEIIeHUll, NN, KaK WX IO- IPYTOMY HA3bIBAIOT, PEXKUMOB C
oboctpenneM. Henuneiinbie 3BOJIIONMOHHBIE 33/1a491, AOMYCKAONINE HEOTPpAHUUYEHHBIE PENIeHNs, sBJIs-
0TCA F.HO6&.HBHO HEPpa3pemMMMbIMU: DENICHNA HEOTPAHNYCHHO BO3PaCTalOT B TE€YeHME KOHEYHOT'O IIPO-
MeKyTKa BpeMenu. llosiyuensl 1ocTarouHbie YCJIOBUS PA3PYIIEHUs €r0 PEIIeHns 338 KOHEYHOE BPEMs B
OrpaHugeHHol 06/1aCTH ¢ HEJWHEHHBIM TPAHUIHBIM ycioBuem Heiimana-upwxie.

IlepBBIM cTpOruM MaTeMaTHYECKUM MUCCIEI0OBAHUEM 3aJ1a4 JIJIs YDABHEHUI, He ABJIAIOIIUXCS ypaB-
nenusivu Tuna Kormmn-Kosanesckoii, siBisiercs nnonepckas pabora C.JI1.Co6osera [1]. Dra xe pabora
npobyiuiia 60JIBIIOM UHTEpeC K HCCJEJI0BAHUIO HEKJIACCUYECKUX yDABHEHW, HA3BAHHBIX yPABHEHUSI-
Mu cobosiesckoro tuna. VMccienoBanue 3aja4 st 1CEB/I0NAPA0OJIMYECKOI0 THIIA HAYAJIOCh B KOHIIE
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1970-x rogax. U3ydennto HeTUHEHHBIX yPABHEHUI TICEBI0TAPA00INIECKOr0 TUIIA TOCBAIIEHO DOJIBINTOE
Kom4aecTso pabor [2]-[16].

Pacemorpum B nmumsagpe Qr = {(x,t) : x € Q, t € (0,7)} navanbHO-KpAEBYIO 3ajady s
rceBronapabomIecKoro ypaBHeHU s

0 _
5 (4= XAu) = (a0 + arJullyy ") A = b(w, O]ul”"u + f(x,1), (1)

C HEeJIMHEHNHbIM I'PaHUYHBIM yCJIOBUEM

Ou + K(z,t)|ul"%u| =0, T =09 x(0,7T), (2)
on r

C HaYaJIbHBIM yc.HOBI/IeM
u(, 0) = o (). (3)

3mecy ) C R, n > 1 orpanndennas o6JacTh, rpanniia 0§) TOCTATOYHO TVIAJIKAL, P, ¢ U 0 TOJO-
ZKUTEe/IbHbIC KOHCTAHTHI.
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OBPATHBIE 1 ITOJIVOBPATHBIE KPAEBDBIE 3AJTAYN JINHAMUJUKN
TEPMOVYIIPYIUX CTEP>KHEN

JILA. AJTEKCEEBA, M.M. AXMET2KAHOBA

MHCTUTYT MATEMATUKH U MATEMATUYECKOIO MOJEJINPOBAHUA MOH PK, AJIMATHI,
KA3AXCTAH

alexeeva@math.kz, mariella60@mail.ru

TepMO,ZLI/IHaMI/IKa CTePXKHEBBIX KOHCprK]_[I/IIU/I OTHOCHUTCA K 4YUC/IYy BECbMd aKTYaJIbHBIX HAYYHO-
TEXHUYECKUX MpobJIeM, TECHO CBA3AHHBIX C 3AIPOCAMU MAIIMHOCTPOEHUA U CTPOUTENHCTBA Pa3Hoobpas-
HbIX HAa3CMHBIX MW II0A3€MHDbIX COOpy}KeHI/Iﬁ. HpI/I MaATEMATUICCKOM MOJC/JIMPOBAHUMU TEPMOAWMHAMNYIC-
CKUX TTPOIECCOB B CTEPXKHAX BOSHUKAIOT PA3JIMYHBIC KPa€BbI€ 3aJa91 JIJId CUCTEMBbI ﬂI/I(l:)CbepeH]_[I/Iaf[b—
HBIX YPaBHEHU CMEITAHHOTO TUepHbo/I10-11apaboInIecKoro TUIA, B KOTOPBIX TEIJIOBBIE TIOJIS CBA3AHBI €
yupyrumu gedopmarusvu u #ao60opot. [pu 3TOM BO3HUKAIOT 381891, KOTAA HA, PA3HBIX KOHITAX CTEPIK-
Hsl W3BECTHBIMU SABJISIOTCS PA3IUYUHBIE XAPAKTEPUCTUKY TPOIIECCA, HEOOXOIUMBIE JIJIsi OTIPE/IEJIEHUS €T0
TEPMOHANPSIZKEHHOTO COCTOstHM (nepeMernenns, e OpMaiyn, HANPSIKEHUs, TEMIIEPATY DA, TEIIOBbIE
notoku). Kpaeebie 3a1a9u Ipu OMHOTUITHOM CHMMETPHYHOM BHUJI€ KPAEBBIX YCJIOBUI HA KOHIIAX CTEPIK-
HA HA3BIBAIOT IIPAMBIMHA. B ClIy4dae 2Ke, KOrJa KpaeBble YCJIOBUA Pa3HbIE, HO YUCJIO UX OJAMHAKOBO, UMEEM
KJIACC TOJIyOOpaTHBIX 3a/1a4.

Yacto mpwm penrenuy MPAKTUYICCKUX 3aaY M3BECTHBI HA OJIHOM KOHIIE CTEPXKHs BCE YIPYIUE U
TEIJIOBbIE XapPAKTEPUCTUKH (MX MOXKHO H3MEDPHUTH), a HA JPYrOM KOHIE HU OJHA HEU3BECTHA, JTHOO
U3BECTHA JIUIIb O/JHa W3 HUX, U HY2KHO OIIPCAC/JUTb TEPMOHAIIPAXKEHHOE COCTOAHUEC CTCP2KHA. TaKI/Ie
KPaeBbIe 33a49N HA3BIBAIOT OOPATHBIMMU.

B uacTtHOCTH, 37€CH PACCMOTPEHBI /IBE KpaeBble 33JaUd CTAITMOHAPHBIX KOJIeOAHUN ¢ TOCTOSHHON
4acTOTOM.

KpaeBagaszagaua l. lzeecTHble mepeMelienns, HATPAXKeHNsI, TEMIIEPATYPa W TEMIOBOM
TTOTOK HA JIEBOM KOHIE & = X7:

u(x1,t) = wy exp (—iwt) , o (w1,t) = pc?py exp (—iwt) ,
O(x1,t) = 01 exp(—iwt), 0,z (z1,t) = q1 exp(—iwt);

Hyxmn0 ompenenntsh 9Tr XapakKTEePUCTUKH IPOIECCA HA IIPABOM KOHIIE CTEPXKHI T = T3:
KpaeBaazagauaa 2. lI3BecTHble TepeMelTeHns], HATPAKEHNS, TEMIEPATYPa U TEIIOBOM
IIOTOK Ha JIEBOM KOHLE T = T7:

u(xy,t) = wyexp (—iwt), O(x1,t) = 0y exp(—iwt), o (x1,t) = pc’p; exp (—iwt),

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05132272
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OmpenenuTs TeMIIEpaTypy Ha JPYroM KOHIE & = xo:  0(x2,t)

JLs perrernst 9TUX 33039 UCTOIH30BAIACH MPOCTPAHCTBEHHO OJHOMEPHAS MOJIEIb CBA3AHHON Tep-
moympyrocru [1,2], mist KOTOPO#i 7Tt CTEepKHEBBIX KOHCTPYKIWMit B padore [3| mocrpoena cucrema jiu-
HEWHBIX aJTedPanvIecKux yPaBHEHNI, CBA3LIBAIONIAS IPAHNYHBIE 3HAUEHNS TTEPEMEIeHnil U TeMIepa-
TYpbl W WX MPOM3BOJHBIX Ha KOHIAX CTep:KHs. B pabore [4] pemren psa mpsMbIX KPaeBbIX 3ajad.
31ech, ¢ UCIOJIB30BAHUEM 3TON CHCTEMbBI, TTOCTPOEHA PA3PEIIAoIasi CUCTEMa, [IJisT MOCTABJIEHHBIX 06-
paTHBIX KpaeBbix 3aja4d. [IpoBejiena komnboTepHas peasm3aiug B cucreme MathCad-14 npu Huzko- u
BBICOKOYaCTOTHBIX KOJ'[e6aHI/IHX. PaCLIeT])I noKa3aJikn BbICOKYIO TOYHOCTbH BbIYUCJACHUIA. HOCKOﬂbe JIFO-
6ble mepuonuyeckue KoJiebaHus, CTOb PACHPOCTPAHEHHBIE HA MPAKTUKE, MOXKHO Pa3JI0XKUTHb B PsiJIbl
Oyphe, 1 pacyeTsl 0 KAXK,I0# rapMOHUKE Psifia TTPOBOIUTH M0 Pa3pabOTAHHOMY AJTOPUTMY, T4 METO-
JAKa pacdeTa MOZKeT MCHOJIb30BaThCA JJIA MHOTUX MHZKEHEPHBIX 3a/1a4. Pa3pa60TaHHL1e KOMIIBIOTEP-
HBbI€ TPOTPAMMBI PacYera TEMITEPATYD, IepeMertennii, nedopMaruii 1 HANPSXKEHN BHYTPU CTEPIKHST
TTO3BOJISIOT OIEHUTH MPOYHOCTHBIE CBOMCTBA CTEPKHEBBIX KOHCTPYKIHN, PADOTAONINX HA MTPOI0TIh-
HbI€ PACIIUPEHNS U CXKATHUS, JOTMYCTUMbIH JIUATTA30H YacTOT KoJeOaHuil HAIPSKEHUN U TEMIEPATYD U
BHEITHUX CUJIOBBIX BO3EHCTBUI.
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KPAEBBIE SAJAYN JNMHAMUMUKN AHN3OTPOIITHOI'O VIIPYI'OI'O
ITIOJIVIIPOCTPAHCTBA IIPN AENCTBUN TPAHCIIOPTHBIX
HATPY30OK

JI.LA. AJIEKCEEBA, I'K. BAKIIPbAHOBA
WMHCTUTYT MATEMATUKU U MATEMATUYECKOI'O MOJAEJINPOBAHUS, AJIMATEL, KABAXCTAH

alexeeva@math.kz, gulmzak@mail.ru

Cpenu 3ajia9 AMHAMUKY CILJIOIIHBIX CPEJ 0COOBIN KJIACC COCTABJILAIOT TPAHCIOPTHBIE 3349, CBS-
3aHHbIE C JBUXKYIIMMUCA HACPy3KaMu, pOpMa KOTOPHIX HE MEHSIeTCs ¢ TedeHueM Bpemenu. IIlpu atom
CKOPOCTh WX JBUXKEHUS CYIIECTBEHHO BJIMSET Ha THN A depeHIna bHbIX YpaBHEHUN, mapaMeTpu-
YeCKW 3aBUCIIINX OT OTHOIIEHWSI CKOPOCTH JBMKEHWSI HATPY3KM K CKOPOCTSIM PACTPOCTPAHEHMST BO3-
MYIIEHUI B Cpefie, KOTOPBIX MOXKET ObITh HECKOJbKO. Cpefu TPaHCIOPTHBIX HAIPY30K 0coboe MecTo
3aHUMAIOT CTAIMOHAPHBIE, KOTOPbLIE MBUXKYTCH C TIOCTOSHHON CKOPOCTHIO B (DUKCUPOBAHHOM HAIIPABJIE-
HUM. DTOT KJIACC 3329 JIaeT BO3MOXKHOCTb UCCIEI0BATh NupaKInOHHBIE TTPOIECCHl B YIIPYTOil cpejie
B AQHAJUTUYECKOM BUJE B JO3BYKOBOM, TPAHC3BYKOBOM M CBEPX3BYKOBOM cyyuae. OH OYeHB BaXKeH
JJIS U3YYEeHUs BJAUSAHUS JBUKYIIET0OCsS TPAHCIOPTa Ha MOJCTUIAIOILYI0 ITOBEPXHOCTH B OKPECTHOCTHU

Pabora nomuepxkana rpanrom AP05132272 KH MOH PK.
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JBUKYIIErOCs TPAHCIIOPTA, & TAKKe MeHEPUPYEMOro UM CeHCMUYIECKOTO BO3JIEHCTBHS Ha PACIIONOKEH-
oble BOIM3M HETO HA3EeMHBIE COOpPYkKenud. B pabore Ha ocHoBe 0OOBIIEHHOTO MPAMOTO W OOPATHOTO
mpeobpazosanust Pypbe n Teopun AuddhepeHnualbHbIX yPaBHEHUH TOCTPOEHbI (hyHIaMeHTa IbHbIE U
peryJsipHbIE DEIeHnus TPAHCIIOPTHON KPAeBOil 3aa4u st aHU30TPOITHOTO yIIPYTOro TOJTyIPOCTPaH-
CTBa MPY JIBUYKEHUH 10 €r0 MOBEPXHOCTH TPAHCIOPTHON HArpy3ku. PaccMoTpeH J03BYKOBOI CJydaii,
KOT /13, CKOPOCTH JIBUKEHUS MEHbBIIE CKOPOCTH pacnpocTrpanenns yupyrux BojH. [locrpoen Tenzop ['pu-
Ha CTAIlMOHAPHOW KpaeBoil 3a/iaui U Ha ero OCHOBE pPellleHne KPAaeBOH 3a/adn JIJId [IUPOKOro KJIacca
pacupee/leHHbIXH TPAHCIOPTHBIX HAIPY30K.

IlocTanoBka 3amaun

PacemMoTpuM aHU30TPONHY O yUPYTYIO CPeJly, 3aHUMAIONLY O M0y IPOCTPancTBo £1 > 0, 0603HaunM
wepes n(z) = (—1,0,0) - eUHITHBI BEKTODP BHeMTHel HopMasn K ero rparnne D = {r € R : 21 =
0}. I'parnunbie TpAaHCTIOPTHBIE HATPY3KU P(x,t) ABUKYTCS C TOCTOSIHHONW CKOPOCTBIO ¢ BIOJb OCH X3
TPOTHBOIIOIOXKHO ee Hampasaenmio: P(x,t) = pc?py(v2, 23 + ct)ey. KoMIOREHTE TeH30pa HApsKeHnT
0j;j CBSI3AMBI C IepeMelennsMu 3akonoM ['yxa [1]:

O'ij(l’,t) = Cg?lum,l(:c,t) (1)

37eCch U BCIOJY Jajee Mo OJHOUMEHHBIM WHIEKCAM MPOW3BOIATCS TEH30PHBIE CBEPTKU. JacTHBIE TIPO-
U3BOJHLIE [I0 COOTBETCTBYIONIEH KOOpANHaTe 0603HAYAIOTCS UHIEKCOM II0C/Ie 3AlsITON: u; j = Ou; /05,
;5 - cmmsos Kponekepa, t € (—00, 00). PaccMaTpuBaeTcst yCTAaHOBUBIIEECS JBUZKEHHUE, UTO TTO3BOJISIET
MepeiiTH B TOJABMKHYIO CHCTEMY KOODIWHAT, CBI3AHHYIO ¢ TPAHCIOPTHON Harpyskoi. O6o3naunM Ho-
BYIO HOABHAKHYIO CHCTEMy KOODAMHAT uepes & = (1,&9,2), rae 2z = 23 + ct. IIpeanonaraercs, 4ro
KOMITOHEHTDHI TPAHCIIOPTHON HATPY3KHU JIOMYCKAOT peobpasosanne Oypre.

YpaBHeHUs TBUKEHWA I TePEMEIeHnil yIpyTroro moTyIIPOCTPAHCTBA, B MOIBUKHON CHCTEME KO-
OpPJINHAT OMUCHIBAIOTCS CUCTEMON AnbpepeHITnaTbHBIX YPABHEHUH ¢ TTOCTOSHHBIME KO3 puimeHTamn
BTOPOTO TMOPATKA:

Lij(axh8x27az)uj($1,$2,2) =0 (2)
Lij (a1, 02, 0z) = O} Oy, Oy — 8ijpc*ds

B amnmzorponmnoit ynpyroil cpeie CKOPOCTb PAacCOpPOCTPaHeHNs YIPYTUX BOJIH 3aBUCUT OT HAPaBJIEHUS
dpoHTa BOJTHBI [2] O6ozHaunM 9epe3 ¢, MUHUMAIbHYIO U3 HUX. BO3MOXKHBI pa3HbIE CJIYUan JBUXKEHUSI
TPAHCIOPTHOW HAIPY3KW, B YaCTHOCTH: J03BYKOBOH ¢ < C, U CBEPX3BYKOBO# € > Cy. 3]l€Ch paccMOT-
PUM T03BYKOBOH caydail, XapakTepHbI /18 TPAHCIOPTHBIX 3aa4. T pebyeTcsa HallTH pereHe 3a7axu,
YJ/IOBJIETBOPSIOIIEE YCIOBHWIO 3aTyxaHus Ha beckoneunoctn: u — 0, npu ©1 — 400 saubo z — f£oo n
VCTIOBUAM UBIYUEHUd, 3aBUCIIIIM OT CKOPOCTH.

Tenzop I'puna kKpaepoii 3amaynu g perennsa MOCTaBJIEHHONH 3a0aYN TOCTPOUM TeHzop I'puna
H(x,z) KpaeBo# 3aJa4il B HOABUXKHOI CHCTEME KOOPAWHAT, CBA3aAHHON C TPAHCIOPTHON HArpPy3KOM.
s ero ompeieNieHnsl MMeeM CJIeIYIONIYIO KPAeBYIo 3aatdy.

HaiiTi Ten3opHOe perienne ypasHenuit (2):

C’gblﬂﬁl,lj — pc2H§ZZ =0
B obpactu x1 > 0, KOTOpOe OKHO VAOBIETBOPATH YCJAOBUIO 3aTyXaHWd Ha OECKOHETHOCTH
H;(:cl,xg,z) — 0 mpu ||(z1,22,2)|| — 0. llopoxgaemelil nM TEH30p HANPAKEHUI BBITHCISAETCT HA
ocHose 3akoHa ['yka (1):

Y1, 29, 2) = C%Hm = Sji-k(axl, Oxg, 02)I1* (21, 2, 2)

37ech BBEIEH TEH30PHBIN OmmepaTop S; p(011,02,02) = C;.ﬁc@l. Tenzop HaIpsKEHHH TOKEH YI0BIIE-
TBOPSTH CJIEJIYIONIUM CHHIYJIAPHBIM YCJIOBHSM Ha CBODOJIHO ntoBepxHocTn 1 = 0:

= Sjk(axl,ﬁm, O (21, 22, 2) = 07"0(2),6(2),

rae 6(x;) - obobmmennas cunryiaspaas dbyukius Jlupaxa. Bepra ciexyiomnas reopema.
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Teopema.
Tenzop I'puna I1(x, 2) n03ByKOBO# TpaHCHOPTHON KpaeBo# 3ajadu Juis aHU30TPOITHOIO YIIPYTOr0
HOJTYTIPOCTPAHCTBa HMeeT CJIeayIolllee HHTErPAJIbHOE MPEACTABICHIE:

Nj(n,¢,m)

A, C.m) exp(—inze — i(z)d(dn

3
M (21, 25, 2) = (27) / S dn(n,0)

R2 Jj=1

[Ipu ¢ < cg BCe nogpIHTErpaIbHBIE (DYHKIINN HEIIPEPBIBHBI U IIPU X1 > () 9KCIIOHEHIINAIBHO CTPEMSATCS

K Hys0 10 (1,() Ha GeckonednoctH. [losToMy MHTErpasbl CYIIECTBYIOT U YIOBJIETBODAIOT YCIOBHIM

zaTyxaHug Ha OeCKOHeYHOCTH. [yid BRIMUCICHNS HANPSYKEHUN UCTIOIb3yeM TeH30D (hyHIAMEHTATbHBIX
I m . .

HapszKeHuit 2 k> TIOPOKTAEMBII TEH30POM ['puna aas ympyroro moaympoCTPaHCTBA:

m __ Hlnyrm
ik — Cjk l,n

u ero HerojiHyto TpancdopmanTy Oypbe:

ST(w1, @2, 2) = (2m) 2 / (21, m, C) exp(—i(nma + C2))dCdn
RQ

KOTODBI#l ONMUCHIBaeT HANPSKEHUS B YIPYTOM IOJYNPOCTPAHCTBE IIPU JIBUMKEHUM COCPEeIOTOYCHHOMN
CWJIBI B HAIIPABJEHUW OCH 2, HAIIPABJIEHHOU BJOJb OCH L.

Ha ocmose momyuennoro Temzopa I'pura KpaeBoil 3a/1aum JJisT YIPYTOTO MOJYIPOCTPAHCTBA, OIH-
CHIBAIOITIETO JBMKEHWE COCPENOTOYEHHON Ha OCW HATPY3KHW, ABVMAKYIEHCHT TI0 TOBEPXHOCTH TOJIYIPO-
CTPaHCTBA IIOCTPOEHO pellleHre KpaeBoii 3a/1auu JId pacipejie/leHHBIX 110 MOBEPXHOCTH TPAHCIIOPTHBIX
narpy3ok. IIpencrasiennoe perrenve mO3BOIIET UCCIEA0BATE ANHAMUKY YIIPYTOT'O MACCUBA IIPH JIBU-
2KeHUU 110 ero MOBEPXHOCTU TPAHCIIOPTA PAa3JIMYHOIO HA3HAYEHUS.
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HAITPAKEHHOE COCTOAHUNE N ITPOYHOCTDb 2JIEMEHTA
TOJICTOCTEHHOI'O TPYBOIIPOBOJA IIPI1
KOPPO3MOHHO-CMJIOBOM BO3JAENCTBUN

A.M. AJIMMZKAHOB, K.2K. TIETUEBA
KA3HY uM. AJlb-OAPABU, ATTMATHI, KABAXCTAH
Aivarmr@rambler.ru, karlygash.shetiyeva@gmail.com

B unxkenepHoil mpakTHKe Mpu pacdyeTax pacCMaTPUBAIOTCS, KAK IIPABUJIO, YIPYTO JedopMupyeMbie
3/1eMeHTHl TPYOoTpoBomOB. BMmecTe ¢ TeM, C POCTOM BHEITHUX HATPY30K MATEPHAJ TOJICTOCTEHHOTO JJIe-
MEHTa TEPEXOJIUT B YIIPYTOILIACTHYIECKOE COCTOAHNE. BOIBITHHCTBO TPYOOIIPOBOIOB IKCILIYATHPYOTCS
IPY JJINTEIHHOM [eHCTBUY MOBBINEHHBIX HArPY30K C arpecCuBHbIMU pabodnmu cpegamu. Koppo3uow-
HOe BO3/IeMCTBUE arpeCcCHBHOM MepeKadnBaeMoil cpeJbl IPUBOAUT K MOBpexKAeHnio MaTepraa. [Iponc-
XOJIUT PA3YITPOYHEHWE IJIEMEHTA, ITPUBOIAIIEE K CYIIIECTBEHHOMY CHUKEHUIO €10 TTPOYHOCTH U HeCyIe
c1riocoOHOCTH, MPEK/IEBPEMEHHOMY BBIXO/Y TPYyDOIPOBOIA U3 CTPOS.
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B wnacrosieit pabore ucciaenyeTcs HaNpsiXKEHHOE COCTOsIHIE, MPOYHOCTh U HECYINAs CIOCOOHOCTH
YIPYTOIJIACTHYECKOTO 9JIEMEHTA TOJCTOCTEHHOTO TPYDOIIPOBOIA B YCIOBUAX CUJIOBOTO W KOPPO3UOHHO-
T'0 BO3/IeHCTBU, IPUBO/IAIIET0 K Pa3ylPOYHEHNIO MaTepuaJja B IJIaCTUYECKO 30He.

[Ton meficTBUEM BHENTHUX HAPY30K MATEPUAJ 3TEMEHTa HAXOIUTCA B YIPYTOILIACTHIECKOM COCTO-
siinn. KOppO3uMOHHOE BO3EHCTBIE arpecCuBHON pabodeil cpejibl COBMECTHO C MOBBIIIEHHBIMU CTATHIE-
CKUMU HANTPAKEHUAMU TPUBOAUT K TTOABJICHUIO B MJIACTUYECKON 30HE 3jIeMeHTa MHOXKECTBA ,He(beKTOB
M MUKPOTPEINH, B PE3y/IbTATE Yero MOCTENEHHO CHUYKAETCA MpeIesT TIACTHIHOCTH MaTepuaia. B pabo-
T€ CHM2KeHUE TIPOIYHOCTHBIX CBOWCTB MaTepuaJa B TIPOIECCe HATPYXKEHNA BCJIECACTBUEC HAKOIIJICHUA T10-
BpexKJeHUi 1 JeheKTOB YIUTHIBACTCS Yepe3 CIenaIbHy 0 (DYHKINIO PA3yIPOYHEHUs (TLIACTHIECKO
neogaopouoctn) K, = K, (r,79,60,0) B ncnonb3yemom ycnosuu maactuanoctu 1pecka-Cen-Benana.
3nech K, — K03 DUITMEHT CIETIeHNs MaTepHaIa; r, 6 — moaspHbie KOOPJIUHATEL; 79, § — OCECHMMETPUI-
HBINM 1 HEOCECHMMETPUIHBIHN mapaMeTpsl HArpyxkenud. [Ipu 5ToM caMma maacTudeckas HEOIHOPOIHOCTh
MEHSETCsl B 3aBUCHMOCTH OT 3a/IaHHBIX TPAHUYHBIX YCJIOBUI W MTOCTAHOBKY 3a1adu [1].

B ocecummerpuuHOM COCTOSTHWE TOJICTOCTEHHOTO 3j1eMeHTa (DYHKIUS PA3YIPOIHEHUS B TLIACTHU-
weckoit 30me K 3aBHCHT OT TeKyImero paJmyca r W yIPYTOIIACTHYECKOro pajamyca ro @ K2(r,rg) =

K. (r,r0) = (Ko — K1)f(r,r0) + Ki. 3necs Ko u K; — 3HaueHne npovHOCTH MaTephasa Ha BHYTPEH-
HeM KOHType 3JIeMeHTa Gg W Ha IPAHHTHOM pajmyce Tg, f(r,7o) — HEKOTOPOE sIpOo CO CBOHCTBAMH
flap,1) =1, f(ro,m0) = 0. B kauectre sapa f(r,79) MOXKHO TPHEATH PO [2], XOPOIIO OMICHIBATOTITEE
pa3ymnpovYHeHne MaTepraJa B mporecce Harpy:kerus. OHO uMeer Bu (n — mapamerp HeJHHEHHOCTH,
n n n
ag — BHyTpennuit pajguyc) f(r,m9) = M.
(1 — af)

PaccmoTpenb! ocecuMMerprudHasi (paBHOMEPHOE BHEIITHee JaBJICHUe) H HEOCECHMMEeTpHYIHAas (HepaB-
HOMEDHOE 0 KOHTYDY HAPYKHOE JaBJIeHHE) YIPYTOIJIACTHYECKUE 331249l B MOCTAHOBKE ILJIOCKOH J1e-
dopmanuu. 3a/auu pereHbl METOJ0M COBMECTHOIO MCIOIb30BAHUSA CTATUIECKUX U (DUBUUECKUX YPaB-
HEHUH JJ18 PACCMaTPUBAEMOTO yIPYTOIJIACTMYECKOr0 MaTepuasia. B HeocecnMMeTpHUYHOM 3a/1a4e pH-
MEHEH MEeTOJ] BO3MYIIEHUI B TEOPUHU yIPYTOIIACTHIECKOTO Tesa [3].

Jana oreHka MPOYHOCTM M HECYIEH CIOCOOHOCTHM TOJICTOCTEHHOTO 3JIEMEHTA NPU KOPPO3MOHHO-
cumoBoM Bozgeiicteun. V3ydensr 3asucumoctn AP = AP(rg) MeXIy BeJUINHON PABHOMEPHOTO JaB-
nennst AP = Py— P v pajiyCOM IJIaCTUYeCKOi 30HbI 7'g TIPY PA3JINYHBIX Iapamerpax ag, n, v = Ko/Kj.
Bce 311 3aBrcHMOCTH UMEIOT TOYKH MaKCUMyMa ¢ abciuccoit 7o = rg < 1 BHYTPH CT€HKH TPYObI, XapaK-
TepU3YIONTHe MOMEHT TIOTEPH ee HecyTrel cnocobrocTr. COOTBETCTBYIOMINE TOUKE MAKCUMYMa JABJICHIE
AP, m paanyc 7, SBISIOTCS TPENETbHBIMHA I PA3PYIIEHNsT TOJCTOCTEHHOTO dmeMenTa. [lomydentne
PE3YABTATHEI MOTYT CAYKHATH OObICHEHUEM SBJICHWS IPEXKICBPEMEHHOTO Pa3PyIIeHus KOPPO3MOHHO
TTOBPEXKJEHHBIX 3JeMEHTOB KOHCTPYKITIH.

BaBrCHMOCTL MeXK/Iy BHeITHUMEU Harpy3kamu P, Py u pagnycom ro obosnaunm kak g(P, Py, ro) = 0.
Torma cymecTBoBaHIE TOYKA MAaKCHMyMa Ha HHTEPBAJIE ag < Tg < 1 BBIPAyKAeTCs B BUIE JOIOJHUTE/ b
Horo ypasueaus: Jg(P, Py, r9)/0rg = 0. Hecymas crmocobHOCTH 371€MEHTa B OCECHMMETPUIHOM CJTyUae
onpezenasercs w3 AByxX ypasaenuit ¢ = 0, dg/0rg = 0 : cHavaga HAXOIUM KPUTHICCKHUN PAJUYC Ty, &
3aTeM KPUTHIECKUE HATPY3KHU, ITPH KOTOPBIX JIEMEHT Pa3PyIIaeTcs.

B HEOCeCMMMETPHYHOM CIydae YpaBHEHUE TPAHUIbI IJIACTHYECKOR 30HBI 7'y TIPUHAMAECT BUI T's =
ro(1 + 0p(ro) cos 20). 3aech p(rg) — aHAIUTHYECKOE BhIPAKEHHUe, TOJIydeHHOe TTPU PEIeHn: 3a/1adu.
Hecymas crmoco6HOCTB 37€MeHTa B HEOCECAMMETPUIHOM CJIydae MOYKeT ObITh OIpENeacHa U3 ypaBHe-
Huit . = ro(1 + dp(ro)) u g = 0. Haxoaum cravgana paguyc ry, a 3aTeM KPUTUIECKHe HADY3KH, [IPH
KOTOPBIX IJIACTUYECKAs 30HA JOCTUTHET HEKOTOPHIX "Kpurtudeckux' TOUYEK 3jieMeHTa. DTU TOUYKUA Ha-
XOJATCAd BHYTPHU JIEMEHTA Ha KOHTYPE T'x B HAIIPABJICHUAX MUHUMAJIBHOTO HAPYZKHOTO AaBJIECHUA Pmin-
B pa6ore nokazano, 9T0 pasylpovYHEHHas (HEOJHOPOJHAs) IJIACTHYECKAsl 30HA MMeeT GOJbIINe Pa3-
MEpBI, YeM OJIHOPOHAS MJIACTUYECKas 30Ha. [Ipn 9TOM pasylnpodHEeHne MaTepPUasa 3aBUCAT HE TOJBKO
OT Pa3MepoB IJIACTHYECKOH 30HBI, HO U OT OPHEHTAIINHN €€ TPAHUIILL.
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NCCJIEJOBAHUE YVCTONYNBOCTU B KPUTUYECKOM CJIVUAE
m-1TAP KOMIIJIEKCHO-COIIPA?KEHHBIX MVYJIBTUIIJINKATOPOB
OTOBPA2KEHUA IITYAHKAPE

KaJIEH BAITAEBY®, Cas CJIAMKAHOBA?2?
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B pabore nzyuaerca 3amaga 06 ycrotiausoctu orobparkenus [lyankape, HE3aBUCAIIIETO OT TAPAMET-
POB, B IIPEJIIIOJIOKEHUH, YTO MATPUIIA, JIUHEHHOTO TPUOJIMKEHUS UMEeT M-TIap Pa3InIHbIX KOMILIEKCHO-
COIIPAKEHHBIX MYJIbTUILJINKATOPOB, KOTOPBIE JIE2KAT HA e,Z[I/IHI/ILIHOI;'I OKPYZKHOCTH.

IIpu sTOM TpesdmoIaraeTcs, YTO B 0TOOPAXKEHUN OTCYTCTBYET BHYTPEHHUN PE30HAHC.

Hccnenopanue ycroitauBoctn aBToHOMHBIX 0TOOpazkeruii Ilyankape. B stom ciydae orobparkenue
OLUCBHIBACTCHA CJICAYIOLIEH PAa3HOCTHO-AMHAMUYCCKON CUCTEMON

Tnt1 = Axy + f(zn), n € Zy. (1)

Buech z, € R!, A - xBagparnas marpuna pasmepuocru | X [, f(z,) — anamruaeckas BeKTOP-DyHKIus
BHJIA

flan) = Z f(k)(xn)a f(k)(xn) = Z f(k)(xn)v
|k|=2 ||

rae fF)(x,) = frzk — dopma k-ro mopsika. Usygaercs yerofiampocts (1) B KPUTHIECKOM CIydae,
Koryia Marpuna A umeer m-nap (2m = l) KOMILIEKCHO-CONPSIZKEHHBIX COOCTBEHHBIX YUCENT BUA

A = ewk, Xk — ¢ WPk,

Hopmasibaast popma orobparxenus Iyankape (1). He napymas o6mmHoCTH, MOXKHO CIUTATH, YTO B
cucreme (1) x,, € R™. Ilpenmonaraercs, 970 B 0TOOparXKEHNN OTCYTCTBYET BHYTPEHHUI PE30OHAHC, T.€.

BLIIIOJIHAETCA YCJI0BHE
m

> kg # 0 (mod2m) mpn Y |k;| # 0 k; € Z. (2)

j=1 j=1
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Tpebyercs npeobpazoBanune orobpazkenus (1) K crenuaabHON HOPMAJIbHON hopMe, UMEFOITeil Tpo-
CTYO CTPYKTYPY JIJIsl PA3HOCTHO- IMHAMMYECKOIl CHCTeMBbI, TIPeIiIozKeH bl B paborax [1-5]. Jlus Henpe-
PBIBHBIX aBTOHOMHBIX CHCTEM TOM00HBIE TPeodpa3oBaHus MPUMEHSIINCH MHOTHME aBTOPaMH, 0030p
paboT KOTOpBIX cojepxkurcs B pabore A. Bpiowo [6].

Teopema 1.

Hycrp Bermosasiercs npeamnonoxkenne (2). Torma orobpazkenne Ilyankape ¢ HOMOIIBIO aHAJIATHIE-
CKOro 11peobpa3oBaHus MOXKET ObITh HNPHUBEICHA K HOPMAaJIbHOH hopme.

Teopema 2.

Ecnm orobparxenune (1) anamurmaecknm mpeodpaz0BaHuEM TTPUBOJUTCS K JIAHEHHOMY, TO TTPE0Opa-
30BaHIEe CXOJHUTCSI B HEKOTOPOM KDYTE€ B OKPECTHOCTH HYJIA.

Teopema 3.

Ecnn cpean xosppuimerToB B HOpMaIbHOH (hOpME HUSIIETO HOPSIAKA 0TOOPAKEHUST €CTh XOTsT OBl
OJTUH MOJIOXKHUTEJIbHBIH, TO HyJIeBoe periieHue orobparkenus llyankape HeycToHuuBa.
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Ilo 3amanHOM MpoOrpamMMe TBUKEHUS
A(t) : Ay, t) =0, (1)

rae A € RF, y € R™, k < n, TpebyeTcs HOCTPOUTH MHOKECTBO CTOXACTHUECKAX yPABHEHUl JIBIKEHIS
MaTepUaJIbHOU CUCTEMBI

§=Y(y,t)+o(y,t), R, (2)

B KJIACCE yPABHEHWIH, JIOMYCKAIOIINX JIJIs 3a/IaHHbIX HAYaIbHBIX YCJI0BUi Y|i—y, = ¢(to) cyuiecTBOBaHME
U eIHHCTBEHHOCTh JI0 CTOXACTHUIECKOW SKBUBAJIEHTHOCTH DEINEHWsi ypaBHEHUs (2) W MHOMXKECTBO S-
MepHBIX BeKTOp-byHKImit Q(y, ), 0 OTHOIIEHUIO K COCTABJISIONIMM KOTOPBIX MMEeTCsl yCTOHIMBOCTE
0 BEPOATHOCTH MHOkKeCTBa (1).

Baech £(t) = w(t) + [pa c(y)P(t,dy) — caygaifseri mporecc ¢ HE3ABUCHMBIME TPAPALIEHHSMHE, T71e
w(t) — BunepoBckwmii mpotece, P(t, A) — myaccoHoBCKuUi mporece Kak (hyHKIHs ¢ U MyacCOHOBCKAst
croxacruieckasi Mepa Kak pynknus muoxkecrsa A, a c(y) — Bekropuas dynknus, orobpazkaromasa R
B IIPOCTPAHCTBO 3HAYEHUH mporiecca &(t) mpu KaxK oM t.

ITpuBeneHHas MOCTAHOBKA SABJISIETCS 00OOIIEHMEM 3aadr, PACCMOTPEHHON panee B KJIacce 0OBIK-
HoBeHHBIX TuddepeHnaibHbIX ypaBHenuii B paborax [1,2].

ITpeamonoxkum, aro B okpectHocTH Ap(t) € R™

Ap(®) = Ay, B < h, t > to, (3)

rang{g)\} = k mpm BCex y € Ap, t > to.
Yy

MHOXKeCTBO ypaBHEHWIT BO3SMYIITYHHOTO JIBUKEHUS, [T KOTOPBIX 3ajanHaga nporpamva (1) ssms-
eTCsT OJHON M3 BO3MOKHBIX, MOXKET OBITH IPEICTaBACHO B BHIE

A= ANy, t) + By, ), (4)

rme A(\;y,t) — BekTop-dyukimst, B(\;y,t) — n X k-marpura tuna Epyruna, yIoBaeTBopsoIme yeio-
suto A(0;y,t) =0, B(0;y,t) = 0.
PaccMoTpuM HempepbIBHBIE S-MepHBbIE BeKTOD-GyHKnuu Q (A, t) yI0BIETBOPAIONIE YCIOBUIO

[zl < BUIAD, B € K, (5)

e = Q(A(y,t)) — Q(0,%), 1 <s < n.

ITpuBegem ciemyromme Onpee/IeHns:

Onpenenenne 1. [3]

Oyuknus a(r) HaspiBaercs ¢yakiued kinacca Xana (a € K), ecim 0oHa HENIPEPHIBHA, CTPOIO BO3-
pacraromasi u yposiaersopsier yeaosuro a(0) = 0.
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Onpepesienne 2. [4]
Ilporpammuoe muoroobpasme A (1) ypaBrenust (2) HaspiBaercst p-ycTOMYHBBIM 110 BEPOSTHOCTH,
ec/in

Wi Py {sup p(y#")10 (1), A(t)) > €} = 0.
Pl (t0),A(t0))—0 0{t>g Py (), A(t)) > e}

Hmeer MmecTo

Teopema 1.
Ecnmn B oxpecrrocrn (3) murerpambaoro mmuoroobpasus (1) cymecrsyer bynxnus Jlsmynosa
V(A;y,t) co coiicTBaMu
a([All) S V(Asy,t) <b(|A), a,be K,

LV < —¢(|\]), ce K,

TO HMEeT MeCTO aCHMITOTHYECKAsl YCTONYHBOCTh M0 BEPOSTHOCTH HHTErPajibHOro Muoroobpasms A(t)
OTHOCHTEJILHO IIPOU3BOJIBHOH HEMPEPBIBHOH M0 A U t S-MepHO# BekTop-pyakmun Q(\,t) yaoBiaeTBopsi-
romeii yerosuio (5), 1 < s < n.

Baecy L — mpomssogsmuii oneparop mporecca &(t).

Pacemorpum MHOKECTBO N-MepHbIX BekTOp-byukiuii Buga Q(t) = C(t)A.

ITycTs ypaBHEHWE BO3MYIIYHHOTO ABUKeHWs (4) B MEPBOM TPUOIMKEHUN UMEET BT

A= A1 ()N + Aa(\,t) + BE.

Pacemorpum dyuknuio Jlamyrosa V(A) = (A, \) u n-mepuyto Bekrop-byakmuo Q(y,t) = C(t)A, rue
A=y —(t), tak uro z = Q(y) — Q(p(t)) B 910M YacTHOM Cirydae UMeeT BU/|

x=C(t)A.

IIpenmosioxkum Takxke, 4To

1) marpuma AT (t) + Ai(t) — onpemendnHo oTpmmaTeTbHA, BeKTOP-bYHKIUS A yI0BIETBOPAET
yenosmio [[Az|| = o([|A[]);

2) marpuna C(t) = — HempepbIBHA, OTPAHWYIEHA TIPH BCeX t > 1.

Y ly=p(t)

Torua us ceoiicts 1), 2) u Teopemsl 2 u3 [5] BeITEKAET

Teopema 2.

Ecin menpepsisubie marpuipr A1(t) u C(t) raxue, uro BeimosHsroTcst ycaoBust 1) u 2), 1o nmeer
MECTO YCTOHYHBOCTH 110 BEPOSATHOCTH JBuxKeHuss A = y — ¢(t) = 0 (1) cucremsr (4) orHOCHTEIBEHO
1poun3BoIbHBIX BekTop-pyakuii Q(y,t) = C(t)A.
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Ha cerogmammunit nesb I MOBLINIEHHS (DUILTPAITMOHHBIX XAPAKTEPUCTUK IIPH3ADOMHON 30HBI
IJTACTa € TEeIBI YBEIUUEHUS TPOU3BOAUTEIBHOCTH JOOBIBAOIINX W MPUEMUCTOCTH HATHETATEIbHBIX
CKBaXXWH CYIIECTBYET [OBOJIBHO MHOI'O Croco00B 00pabOTKM IpyHTa: KHUCJO0THAs 0O6paboTka, THIpO-
neckocrpyitnas nepdoparnust, BuGpoodpaborka, repmMoobpaboTKa, rujpaBiIndecKuii pa3ppis mwiacra [1].
Hawubostee qacTo mcmomb3yeTcs IepBblii CII0cO0 PACTBOPEHUs MIOPOI CMECSIMU Ha OCHOBE COJISTHON KuC-
J0Thl (BblIEIaduBanne). Tako# npouece conpoBOKIAETCA TEPMUIECKON peakiueii, crocobcTByomeit
YCKOPEHUIO W3MEHEHWsI TeOMEeTPUN TOPUCTOi cpepl [2].

WsBecTHbIe MaTeMaTHIECKUE MOJE/N BBITETaUUBAHAS TBEPIBIX MATEPUAJIOB OMUCHIBAIOT MTPOTIECC
TOJILKO Ha MakpocKomumdeckoM yposae (Darcy-scale). Kakaas Touka TBepIoOro ckejiera u KUJIKOCTH B
HOpax IpejicTaBieHa KakK ciulomHas cpeaa [3, 4, 5. Mbl Oy/jeM HCIoib30BaTh 110/X0/1, ONNCAHHBLA B
paborax 6] u [7], e npemaraeTcst BEIBOAUTD YPABHEHHUS IOPOYTIPYTOCTH Ha, OCHOBE 3aKOHOB MEXAHUKHI
CILJIOIITHBIX CPEJ] U METOJ0B YCPEIHEHUS L.

Hacrosmas pabora mocBdinerHa MaTeMaTHIECKOMY OIMMCAHUIO IIPOIIECCa BHIEIAINBAHUS B YIPYToi
nopuctoii cpene. [Ipegnaraercs, B mepByio odepean, chOpMYIUPOBATEH 330249y HA MHUKPOCKOITMIECKOM
YDOBHE, ONUPAsICh HA OOMIEITPUHSITHIE 3aKOHBI MEXAHUKH CILIOIIHBIX CpeJl [8] u n3BeCTHBIE XUMUIECKTE
sakonsl |9, 10]. BareMm, HCIOIBb3Y S METO/IbI YCPE/THEHNUST, BHIBECTH MAKPOCKOIIMYECKUE aHAJIOT Y NCXO/IHBIX
YpaBHEHUI.

Corunacuo [7, 11, 12|, pazingnbie 3a/aun MEXaHUKNA CHJIBHO HEOJHOPOIHBIX CPEJl U KOMITO3UTHBIX
MaTEepPHAJIOB IPUBOISIT K HEOOXOIUMOCTH ITOCTPOEHUST YCPEIHEHHBIX MOJeael s 9TuxX cpema. Tpeby-
eTCsl TIOCTPOUTH MOZETb CPEIbl, JIOKAJILHBIE CBOMCTBA KOTOPO PE3KO MEHAIOTCS, W MOITOMY VA0DHee
IMepeiTH OT MHUKPOCKOINYIECKOTO €€ OMUCAHUsT K MaKpPOCKOIMIMIECKOMY, T.€. PACCMAaTPUBATh YCPEeIHEH-
HBIE XapPaKTePUCTUKU TaKo# cpenbl. Bo MHOTHX caydasx paccMaTpuBaeMbie (DU3MIECKUE TTPOTECCHI
B CHJILHO HEOJHOPOIHBIX Cpelax OIMCHIBAIOTCS YPABHEHHSIMU C YACTHLIMU ITPOM3BOJHBIMH, IPUIEM
CUJIbHAS HEOJHOPOJHOCTH 3TUX CPeJ TPUBOAUT K JudDepeHrnaibHbiM YPABHEHUSIM C PE3KO H3Me-
HAOIMIMACS KodddunmentamMu. HemocpeacTBenHoe YNCIEHHOE pPEIIeHNe TAKHX 33734, KaK IIPABIIO,
3aTPYAHUTENBHO JaxKe Ha coppemerrbix dBM. [losromy Bo3HUKAET BOIIPOC 0 MOCTPOEHWH MOZEel [1J1st
CIJILHO HEOIHOPOIHBIX Cpel, IPUBOAAIINX K 00/iee IPoCThIM auddepeHIinaabHbIM YPaBHEHUSIM, KOTO-
pble HA3BIBAIOTCA ycpejHeHHbiMEU. JacTo Takue juddepennuaibible yPABHEHUS UMEIOT TOCTOSHHbBIE
K03 purmenToI. YepeaHeHHbIe YPABHEHUST TTO3BOISIOT OMPEAEUTD ¢ DOIBINTOH TOTHOCTHIO 3P HeKTHB-
HbIe XapaKTEPUCTUKN MEPBOHAYAJIBHON Cpebl. DTO YCIOBHAE 00ECIEUNBAETCS OCHOBHBIM TPeOOBAHHEM,
KOTOPOMY JOJIZKHBI YJIOBIETBOPSATH YCPEJIHEHHbBIE YPaBHEHU — OJN30CThH PEINeHnii COOTBETCTBYOIINX
KPAEBBIX 33739 JJIsT UCXOMAHBIX U YCPEeTHEHHBIX YpPaBHEHHI.

Jltst MomennpoBaHdd AUHAMUKKA KHCJIOTHBIX IIPHUMeEceil B IIOpax HCIOab3yeTcd ypasHenne CToKca,
JUTST HECXKUMAEMOI BSI3KO# »kuakocTu. Takoe npub/inkeHune BIIOJIHE TPUEMJIEMO, TAK KAaK, JIBUKEHUE
B [IOpaX OYeHb MejJieHHOe (OKOJI0 5-8 METPOB B TOJ) W MBI MOXKEM IPEHeOpedb KOHBEKITMOHHBIMU
wreHaMu B ypaBHenuax Hasne-Croxca. [Ijaa MomenpoBaHus mepeMeleHii yIpyroro ckejaeTa rpyHTa,

HccorenoBanue BbIOJIHEHO 32 cuer rpanTa Poccuiickoro nayunoro donga (mpoext € 19-71-00105).
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uctosbp3yerca ypasaerne Jlame. PacrnpocTpanerne KHCIOTBHI ONUCHIBAeTCA ypaBHeHHeM anddysnn-
KOHBEKITUHI C COOTBECTBYIONIUM I'DAaHWYHBIM YCIOBHEM Ha CBOOOJIHOI MOBEPXHOCTH «KHUCIOTA - TPYHT».
C 5T0#1 rpaHUIlBl BHYTPh IIOPOBOTO IIPOCTPAHCTBA BO3ZHUKAET 0OPATHBI IIOTOK, KOTOPBI IPENaTCTByeT
KOHTAaKTY KHCJIOTHI ¥ TBEPAOTO Tesa, a OTCyTCTBre Anddy3nn moapasyMeBaeT 0OTCyTCTBHE XUMIYCCKOIT
PEaKIIH.

Panee B paborax [12, 13| 6b1r mOIyHeHBl MATEMATHIECKIE MOJIE/IH BbIIIETaYnBaHus B aBCOIIOTHO
TBepAOM CKesere rpyHTa. IIpomomxkas ucciaenopanud aBTOPOB, HAMU IIOJIy9eHBI CHCTEMbl yPaBHEHHI
JJIsd IOPOYTIPYIOro Cilydas.
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ACUMIITOTUYECKOE MMOBEJEHUE PEIIIEHUN NHTETPAJIBHO
KPAEBOWU 3AJAYN JJIA CUHT'YJIAPHO BOSMVYIIIEHHBIX
NMHTEI'PO- IN®PEPEHIINAJIbHBIX YPABHEHUU

MyPATXAH JJAYBIJIBAEBY, HAvPLI3BAN ABUJITAITb

'KABAXCKUIT HAIIMOHAJIBHEIT YHUBEPCUTET UM. AJTb-DAPABY, AJIMATEL, KABAXCTAH
2IHCTUTYT MATEMATUKH U MATEMATUYECKOTIO MOJEIUPOBAHUS, AJIMATHL, KABAXCTAH

*mdauylbayev@gmail.com, *avyltay.nauryzbay@mail.ru

Kpaesble 3agaun it CHHTYJISIPHO BO3MYIIEHHBIX OOBIKHOBEHHBIX Au((DEPeHITHAIbHBIX U HHTETPO-
b bepeHInaIbHBIX ypaBHeHN i, 06/1aJa1011He IBJICHUSMA HAYAJIbHBIX CKAIKOB PACCMOTDPEHBI B [1,2].

B paborax [3,4] paccmoTpennbl Kpaesble 3aia4u st nHTerpo-auddepeHiagbHbIX ypaBHEHWH Tpe-
TBErO MOPAIKA C MAJIBIM aPaAMETPOM IIPHU ABYX CTAPIIUX IMIPOU3BOSHLIX, KOTIA UMEIOT MECTO SIBJICHUSI,
TaK HA3bIBAEMbBIX, IPAHUYHBIX CKAYKOB, T.€. KO/ HEKOTOPhIE IIPOU3BOAHBIE PEIIEHHU IIPUA JOCTATOYHO
MaJIbIX 3HAYEHUAX IMapaMeTpa CTAHOBATCA GecKoHedHO OOLIMUME Ha 000MX KOHIAX HHTepBaja. Ho
pY 9TOM Ha KOHI[AX PACCMATPUBAEMOTrO MPOMEKYTKA, PEIEHNUs JaHHBIX 3a/[a1 UMETH CKAYKH PA3HBIX
MTOPSIIKORB.

B macrogmieit pabore paccMaTpuBaeTCsi HHTErpajbHAd KpaeBasd 3a/a9a JJIs CHHTYJISPHO BO3MY-
IIEHHBIX JIMHEHHBIX UHTErpo-anddepeHImaIbiblX YPaBHEHAN TPETLHEero MOPdIKa, PeIleHne KOTOpOit
Ha KOHITAX JAHHOTO OTPE3Ka MMEET CKAYKU OJWHAKOBBIX MOPIKOB. PaboTa MOCBAINEeHa YCTAHOBICHUIO
ACUMIITOTHYIECKOrO [IOBEJEHHUs PeIleHus 110 MAaJOMy MapaMeTPy W HOCTPOEHHIO M3MEHEHHOI BBIPOXK-
ACHHON 3a7a4mu.

PaccmoTpuM cuHTYISIpHO BO3MYIIEHHOE IUHEIHOEe HHTEIpo-auddepeHnaibHoe VpaBHeHHe

1

2
Loy = 2y + eAg(t)y” + A1()y' + As(t)y +/ZHZ (t, ) .e)dx (1)

0
C HHTET'PaJIbHBIMU KPa€BbIMU YCJIOBUAMHA

)
hy=y0,e)=a, hy=y'(0,6)=8, hsy=y'(le) - / > ai(@)y (@ e)dz =,  (2)
/-

rae € > 0 manbiit napamerp, a a, 3, y— n3BECTHBIE TOCTOSTHHBIE.
Mg perennit 3amaan (1), (2) B Toukax t = 0 u t = 1 mosty9gaeMm caeayomuii TOpsioK pocTa;

y"(0,6) = O (i) ' (1,e) =0 C:) 0.

T.€. PelIeHre PaCCMaTPUBAEMON 3aa4n 006/1a1aeT MPAHNIHBIME CKAYKAME TIEPBOTO TOPSIKA.
CuHryIgpHO BO3MYIIEHHON KpaeBoii 3a1aqe (1), (2) craBuM B COOTBETCTBHE CJIE/IYIOILYIO0 MO TH(bU-
IIUPOBAHHYIO BBIPOKICHHYIO 32249y

19
Loy = A BT (1) + As()5(t) = F(¢) + / SO Hi(t )79 (@) + A1), (3)
0

=0

hy =75(0) = a, hoaf =7 (0) = B+ Ao,

Pa6ora BeimonHena npu dbuHaHCOBOHN momepkke Komurera Haykm MuHHCTEPCTBA 0Opa3oBanus u Hayku PK, rpant

AP05132587
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)
my =71 - [ 3 ai@r(@)de =7+ ax(0)80 + (1 - ax(1))n, ()
0 =0

rae A(t) m Ag, A| HABBIBAIOTCH CKAYKAME WHTETPATLHBIX YIEHOB U DENIeHUs COOTBETCTBEHHO. Jlist
pertienus y(t, €) CHHTYISIPHO BO3MYIIEHHON HHTErpaJbHOl Kpaesoit 3a1aan (1), (2) cipaBesyuBel cie-
JIYIOIIUE TIPEeJIEThHBIE PABEHCTBA!

limy(t,e) =5(t), 0<t<1, limy@Dte)=79(), i=1,2, 0<t<]1,
e—0 e—0

rje y(t) - peuleHue BBIPOXKJIEHHOM Kpaepoii 3ajzaun (3), (4), a ckadok uHTerpaibHbix 4dieHoB A(f)
t

),
onpenenserca gopmymnoit A(t) = AgHa(t,0) — Ay Ha(t,1).

Crmcok aurepaTyphbl

[1] K.A. Kassymov, D. Nurgabyl Asymptotic estimates of solution of a singularly perturbed boundary
value problem with an initial jump for linear differential equations //Differential Equations, 40:5,
641-651 (2004).

[2] M.K. Dauylbayev, N. Atakhan The initial jumps of solutions and integral terms in singular BVP
of linear higher order integro-differential equations // Miskolc Math, 16:2, 747-761 (2015).

[3] M.K. Dauylbayev, A.E. Mirzakulova Boundary value problems with initial jumps for singularly
perturbed integrodifferential equations // Journal of Mathematical Sciences, 222:3, 214-225 (2017),
doi: 10.1007/s10958-017-3294-7

[4] M.K. Dauylbayev, A.E. Mirzakulova Asymptotic behavior of solutions of singular integro-
differential equations // Journal of Discontinuity, Nonlinearity, and Complexity,LH Scientific
Publishing, LLC, USA, 5:2, 147-154 (2016).

K PEIITEHNIO OCOBOTI'O NMHTETI'PAJIBHOI'O YPABHEHU 1
BOJIBTEPPA IBYMEPHOUNU I'PAHNYHOU 3AJTAYN
TEIIJIOITPOBOJHOCTHN B KOHYCE

M.T. I2KEHAJINEB, M.1. PAMASAHOB, A.O. TAHUH

KAPATAHJVHCKUN TOCYIAPCTBEHHbLIM YHUBEPCUTET UM. AKAJTEMUKA E.A.BYKETOBA,
KAPATAHILI, KABAXCTAH

ramamur@mail.ru

B pabote uccaeayrTcs BOIPOCH pa3peniuMocTu 0co00ro MHTErpaJbHOrNO ypaBHeHus: Tuia Bojib-
Teppa BTOPOTO POJA

u(t)+/0 K(tr) - p(r)dr = £ (£), (1)

AP0 KOTOPOro uMeeT BHJI:

Pa6ora Boiosnnena npu nomgepkke MOH PK| rpanr NeAP05132262.
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2 tT
+ L . e 2aZ(t—7) 1 tiT ,
2027 (t — 1) 202 (t — )
rae I, (t)— momudunmposannas dynkums Beccens mopsiyka - n. OCOGEHHOCTHIO HHTEIPAJIBHOTO yPAB-

nenwsd (1) aBrserca To, 910 fot K(t,7)dr =1, Vt>0.
Nurerpanproe ypasHenue (1) BOSHMKAET MPW PENIEHUM JBYMEPHOI, 10 MPOCTPAHCTBEHHBIM TI€Pe-
MEHHbBIM, 3a/a4u TeILIOIPOBOJAHOCTY B KOHyce (Q = {(x, y,t), Vi +y? <t t> 0} I ypaBHEHHIA
ou o (0%u 9

C TPAHUYHBIM YCJIOBUEM Ha MOBEPXHOCTH KOHYCA

diu  Ou

=t

rie u(t) = u(m,y,t)|\/m:t, o(z,y,t)— 3amnannas dyuknms [1].

Taxzke, TIPU ONPENENTEHHBIX (DUIUKO-TEXHUIECKUX OMyIIernsix |2, 3| rpannunas 3agada (2)-(3)
MOJIEJIUPYET TEMIIEPATYPHOE TIOJIE B TEJIE TLIA3MbI 3JIEKTPUIECKOTO PA3Psiia MKy Pa3MbIKAIOIAMUCS
KOHTAKTaM¥ BBLICOKOT'O HAIPSKEHUsI, HAXOAUBIINXCS TEPBOHAYAIBLHO B 3aMKHYTOM COCTOSTHUN.
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IIPUMEHEHUE 3AIIA3JIBIBAIOININX BOJIHOBBIX ITOTEHIINAJIOB
B SAJAYAX IMHAMUKU YVIIPYTO-IIJIACTUYECKON CPE/IbI

II1.A. TUJILIABAEB
MNHCTUTYT MEXAHUKU U MAIIIMHOBEJAEHW I, AJIMATbI, KA3BAXCTAH

shdilda@bk.ru

Awunoranusa. [IpuBoggarcs TeopeTnyeckne OCHOBBI PACUYETa HAMPIKEHHO- 1eDOPMUPOBAHHOTO CO-
CTOSIHUS YIPYTO- TLUIACTUYECKUX TeJl TPHU HeCTAIIMOHAPHBIX NWHAMWYIECKUX BO3AEHCTBUAX B CIydae
TJIOCKOM TeDOPMATTHH.

IlocranoBka 3a/ia4uu 1 JiMHeapu3anusl ypaBHeHuii. PaccMaTpuBaroTcs ypaBHEHUS JTUHAMIKI
YIPYIo- ILIACTUYECKOd Cpe/ibl, 3aHuMaromeil obiacrs D npocrpancrea R?

O'Z'jJ(X,t) + Fi(X,t) = pU;jt, X € D, t> O, i,j = 1, 2, (1)

Pabora nomuepxkana rpanrom AP05135494 KH MOH PK.
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IIPpH 3aJaHHBIX HaYaJIbHBIX W I'DaHUYHBIX YCJIOBHUAX

u;(x,0) =0, uit(x,0) =0, xe€D, (2)
oij(x,t)n;(x) = gi(x), xeS. (3)

Bnech 04, Ui, F; ~KOMIIOHEHTHI T€H30pa HAIPSIKEHNI, BEKTOPA CMEIeHnil 1 BeKTOpa 00beMHBIX (Mac-
COBBIX) CHJI COOTBETCTBEHHO, N;(X)- KOMIOHEHTBHI BEKTOpA HOPMAJIHW B TOYKE X TPAHUILI S 00JacTu
D, g;(x)-uexoropbie 3amanubie dyHkun. B panbHeleM He OrpaHuYMBasg OOIIHOCTH HPUMEM, 9TO
MAaCCOBBIE CHJIBI OTCYTCTBYIOT.

B obrriem ciiydae JeiicTBre TPAHUYHBIX HATPY30K (3) MOYKET TPUBOJANUTE K TOSIBJICHUIO 30H OCTATOU-
HEIX (mractnaeckux) gedopmanmii. Pazmep 300 maacTuaeckux gedopManuii 3aBUCUT 0T (DU3MIECKIX
CBOMCTB caMoii Cpesiibl U OT BEJWYNHBI U WHTEHCUBHOCTU NPUJIOXKEHHBIX Harpy3ok. ledopmaimu B
TOYKAX, HAXOMANINXCA B IIACTUIECKON 30HE, MPEJCTaBIIeTCd KAK CYMMa YIPYTrofl M IJIaCTHIECKON
qacTen:

eij(x,t) = ef;(x, 1) + ef;(x,1) (4)

B obmactn ynpyrux gedopmanuii BermosHsercs 3akoH I'yka 045 = Cyikicp (Cjjk—ynpyrie moCTOSHHBIE
cpenbl). B obmactn mactudeckux gedopmanuii BMECTO MMEIOT MECTO OIPEIEIISIEOIIIE COOTHOIIEHMUST
TEOPUH IJIACTUIECKOTO TedeHusl MO0 TeOPUN MaJIbIX YIPYIro- iacTuieckux gedopmariuit [1]

Haxoxienue periieHusi cucTeMbl ypaBHEHU JI0BOJIBHO CJO0XKHAs 33/ada. B ¢Bsi3u ¢ 9muM JinHeapu-
3yem Hesmnaelinyto cucremy (1). JIas 910ro BBEmEeM T€H30P (DUKTUBHBIX YIPYTIUX HAIIPSIZKEHWH ije JLIsd
KOTOPOT0 HAIIPAXKEHMS KaK B 00/IaCTH yHpyrux AedopMarinii Tak u B 001aCTH IJIACTHIECKUX JTedop-
Maruii BerAucssieM 1o 3akoHy ['yka u mepermiem (1) B caeayromem Bujie

0
Cijriuk, + 05.5(%, 1) + Fi(x,t) = puiu, xeD, >0, (5)
rae U%*ﬂOHOﬂHHTeﬂbeIe HallPpAXKEHNA, KOTOPbIE €CTh Pa3HOCTHb Me}}(,ﬂy PeaJIbHBIMU 1 (bI/IKTI/IBH]:)IMI/I

0 _ .. ee
YOPYTHMU HAIPAZKEHUAMN, T.€. 05 = 0jj — 0 .

®opmynbl Kupxroda-ComusibsiHbl U IIpeAcTaBAeHAsI HAIIPs2KeHuii. B cooTBeTCTBUY C Teo-
pueil ypaBHeHU{l JacTHBIX IPOM3BOJHBIX [2| 0600muHHOE peleHne pereHne cucreMbl (5) Hosydaem
CBEPTKOI ¢ (QpyHIAMEHTAJbHLIM pelleHreM HeCTAIIHOHAPHON ABYMEPHON NWHAMHUKHU JIMHEHHO-yIIPyToil

cpesbl [3]

ui(Xv t) = // [Uij(xv Yy, T)Uj(y, t— T) - ,Tij(xv Yy, T)pj(ya t— T)] dS +
D 0

t
+ / / Uij,k(xa Yy, T)Fi(y7 t— 7—) + U]Qk(y7 t— T)dy> X € Da (6)
D 0
sneck Ujj, T~ anpa 3ama3blBalolIuX IOTEeHINAJI0B IPOCTOr0 U JIBOMHOTO CJIOEB, H,

2 [ 24/12—12/c3 1

3 H(t—r/c)+
i=1 " 2y Jt2—r2/c?

H(t—r/c1) H(t—r/co) . 5 5

+ ij X/, r=|X| = i +x , 7

Fr—E T ayE =g | x| = /a2 + 23 (7)

U(x) = 8ij/2 U(x) = (rimyj =0i3/2)5 1= /7, (8)
Tij(X,t) = CimklUjl,k(th)nm(X), (9>

pi(X, t)—KOMIOHEHTBI BeKTOpa HArpy3oK, H (t)—dyukius Xesucaiina, cj,ca—CKOPOCTH TPOJOJBHON 1
nonepeunoit Bosibl. CooTHomenus (6) MO3BOMAIOT MOJYYUTH 3HAYEHWS] BEKTOpA CMemeHuit u(x,t) B
IPOU3BOJILHON TOYKE CPeJbl B MOMEHT BpEMeHHU § [0 W3BECTHBIM 3HAYEHWSAM BEKTOpa IMPAHUYHON Ha-
rpy3ku p(X,t) u BEKTOPA IPAHUIHBIX CMeImeHnit 4 (X, t) a TakKe 3HAUEHUSIM TeH30Da JOMOJTHUTETbHBIX
HANPSZKEHUi B TOUKAX CPeJlbl, UCIBITHIBAIONINX [LIACTHIECKYIO 1ehOpMAIIHIO.
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Ocymectiisiss B (6) mpeebHBIN TTEPEX0]] HAa TPAHUILY 00ACTH MOJYyYaeM MPAHUIHBIE HWHTErPAJIb-
HbI€ YPDAaBHEHUA Jid OTIpEeAeJICHNA HEN3BECTHBIX I'PAHNYIHBIX HepeMeH_[eHI/Iﬁ NN HAT'PY30K.

Huddepennupopanuem (6) Mo MPOCTPAHCTBEHHOH KOOPAMHATE ¢ yueToM 3akoHa I'yka st x € D
TTOJTYIEHbI CASAYIONTNE BHIPAKEHU /I BBIYUCICHUS TeH30Pa (GUKTUBHBIX YIPYTUX HAMPIKEHUH

t
oif (x,1) = // (Giji(x,y, T)ug(y,t —7) — Wi (x,y, T)pi(y,t — 7)] dS +
S 0
t
[ [Vomxy.mituty.t = nidy, xe D, (10)
D 0

3716Ch 9]Ipa MOBEPXHOCTHLIX IIOTEHIINAIOB B 00BLEMHOr0 IIOTEHIINAa UMEIOT CJIeIyIOmui BI/I
Gijk(%,t) = CijimUnm(x,1),  Wijp(x,1) = CijimTiem(x,t),  Vigmr(x,1) = CijiqUik qm (%, 1)

Ha ocuose (6), (10) paspaboTaHbl BBIYUCIUTEIBHBIE CXEMBI, TIO3BOJISIIONIAE MTPUMEHUTE MIArOBYIO
TPOIEAYPY A/ HAXOXKICHUSA MEPEMeNIeHW 1 HAIPIKEeHU!, B KOTOPOHl MCKOMbIe (DYHKITUU Ha HEKO-
TOpPOM IIare BPEMEHN BBIYMC/ISIOTCA 110 HAMTEHHBIM 3HAYEHUsSM Ha MpeIblIylmx marax. Ha kaxgom
BPEMEHHOM ITIare MPU MPEBBIMNEHNN 3HAYEHUH TPeesia yupyrocTu (DUKTUBHBIMYU YIPYTUMHU HAITPAZKE-
HUSIMU CTPOUTCS UTEPAIMOHHBIN [TPOIECC I HAXOXKIeHNsI HCTUHHBIX HAIPSIKEeHUH ¢ UCIIOIb30BAHUEM
3aKOHA ACCOMUUPOBAHHOIO ILJIACTHYECKOTO TEUEHUS.
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TEPMOMEXAHNYECKAA MOJAEJIb ITPOIIECCA ®OPMOBAHUA
KEPAMUKNY OKCUJIA BEPUJIJINA

V3AK 2KAIIBACBAEB, 'avxar PAMASAHOBA
SATBAYEV UNIVERSITY, AJIMATHI, KA3AXCTAH
uzak.zh@mail.ru

BricokomoTHas KepamMuka u3 oKcujia 6epuiiingd HAXOAUT IUPOKOe NpUMEHeHWe OJarogaps pary
TIEHHBIX CBOMCTB U, TMPEXKJe BCETO, VHUKATLHON TEMJIOMPOBOTHOCTH. TeXHOMOTHS MMIINKEPHOTO JUTHS
OCTAeTCsl OCHOBHOW TIPU MOJYYEHUN IJIMHHOMEPHBIX, MHOTOKAHAJIBHBIX, CI0XKHO (DACOHHBIX KEPaMU-
veckux m3geauii [1]. CymHOCTs 9TOr0 MeTOo/Ia 3aKJIIACTCs B MPUIAHUN TIIUKEPY OKCHIA Gepu/LInst
dopMbI U3AEMA. ITO JOCTUTALTCS MyTeM 3amoaHeHns (OpMOOOPa3yIONeit MOM0CTH KUJKUM TILIH-
KEPOM [OJ, JaBJIeHNEeM U TOCaeAyommeil hukcammeit npuobpereHHoil hboOpMBI TTOCPEICTBOM M3MEHEHUsT
arperaTHOr0 COCTOAHME IIIUKepa II0 Mepe ero OXJIaKeHud.

TexHOJIOTHS MIJINKEPHOTO JINThs BKJIIOYAeT B cebst craanu |1] nBukenue u TeriooOMeH MUIHKEpa
B JKUJKOM COCTOSHWH; JIBUYKCHUE W TEIJIO00MEH MIIUKEPA C YYETOM KPUCTALIUIAIWH; IBUKCHUE U
TeIIo0OMeH OTJIMBKU B TBEP/AOM cocTosHuu. IloTok 1minkepa 1mocJie BbIX0Jia U3 MUTATES COXPAaHSET
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CBOTO KOHMDUTYpAIHio. B ombITax 6B7I0 YCTAHOBIEHO, UTO B JUAMA30HE BO3ZMOXKHBIX CKOPOCTEH JTUTHS
PeXMM JIBUKEHUs 1InKepa B JiuTheBoil dopme spasercs gamunaphbiM [1]. ITlankep nocrynaer B
JuTheByto hopmy mpu Temreparype 75-80 °C u oxsaxknaercs B Helt 1o 40-45 °C, oTnuBKa U3BJIEKAETCS
u3 dpopmbl 6e3 kopobienus [1].

B onpiTax Kuarmit miHKep OKCHIA OEpUIIAS TTOKA3LIBAET PEOJIOTHIO0 HEHBTOHOBCKON KMIKOCTH
[MTsenosa-Bunrama [1|. Ipuxkenune u Tenoodmen mrkepa B popMoobpasyomiei moa0cTu CIuTaeTcs
CTAITMOHAPHBIM ¥ OTTHACHIBAETCA CHCTEMOM ypaBHeHui:

ou ou dp 1 0 ([, Ou 10 /4
e e _ W, - Y et 1
e TP i T or <r M(%“) rk or (T TO) (1)

Opu L ortpv
0z rk Or

pucp@ + ,m)cpﬁ = 9 <)\8t> + 19 <7’k)\at> (3)
0z or 0z \' 0z rk or or
B ypasuenusix (1)-(3) mpunsarsl ciaenyrormme 0003HAYECHUS: 2, T — OCEBas U PaJInabHast KOOPIMHATHI;
U, U — KOMIIOHEHTBI BEKTOPA CKOPOCTH; P, p, t, T, Cp, [, A — JABJIEHNE, TJIOTHOCTH, TEMIIEPATYPA, TPeeTb-
HOE HallpsiZKeHne CABHUra, KO3(hMUIUEHTH KayKyIeics TeII0eMKOCTH, BA3KOCTH U TEILIONPOBOIHOCTH
nnKepa, uaaekcel k = 0,1 — ma1a naocko#t u Kpyriioit moocTeii.

Terntora ha30BOro mepexoia OMpeIesIeTcs MOIETbI0 KazKyIIeiicsa TemIoeMKocTH (2], a remtodusn-
Yeckue CBOMCTBA IIMKEPa BBIPAXKAIOTCST dMImupraeckumu dopmynamu [1].

Cucrema ypasreruii (1)-(3) ¢ rpaHEYIHBIMA YCIOBUSIMHE PEINAETCs TUCIEHHBIM MeTOo1oM [3].

B noxkstaze mpuBosTCst pe3yabTaThl PACYETOB JABUKEHUS W TEIJI000MEHA MIInKepa ¢ pa30BbIM Tie-
pexosoMm B (opmoobpasytomeil mooctu. PU3NKO-XUMUIECKHEe CBONCTBA IILJIUKEPa OKCHJa OGEepHILIns
[TOJIy Y€HBI B YKCIIEPUMEHTAX C yJIbTPA3BYKOBOM akTuBanueil. Paciupenenenus reMiepaTypbl U JIOTHO-

=0 2)

CTH TTOKA3BIBAIOT M3MEHEHUSA TEePMOMEXAHUIECKOTO COCTOSHUS TIIJINKEPA OKCUIA OEPUIINST U3 KUIKOIM
¢azel B TBEp/I0€ TIpU HAJAWYWE 30HBI KpucTaaan3aiuu. [Ipencrasieno cpaBHEHNE PACIETHBIX JAHHBIX
C KCIIEPIMEHTOM.

Crcok urepaTyphl

[1] U.K.Zhapbasbayev, G.I. Ramazanova, Z.K. Sattinova, S.A.Shakhov, Ezperimental and calculated
data of the beryllium ozide slurry solidification // Applied Thermal Engineering, 96: (2016) 593—
599.

[2] V.R. Voller, C.R.Swaminathan, B.G. Thomas, Fized grid techniques for phase change problems: a
review // International Journal of Numerical Methods in Engineering, 30: (1990) 875-898.

[3] A. Awnpepcon, k. Tannexusui, P.Ilierdep, Buwucaumeavnas 2udpomeranuka u mensoobmen
Mocksa: Mup, 1990.
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HOPMAJIBHO-PETI'VJIAPHBIE 11 JIOTAPVN®MUNYECKUNE PEINTEHN A
CUCTEMBI YUTTEKEPA COCTOAAIIEN N3 TPEX YPABHEHUNU

A A ICEHOBA, 2K.H. TACMAMBETOB

AKTIOBUHCKUI PEMMOHAJILHBIN MOCYIAPCTBEHHBIN YHUBEPCUTET UMEHU K.2KYBAHOBA,
AKTOBE, KABAXCTAH

tasmam@rambler.ru

Jannag paboTa MOCBAIIEHA NCCIEIOBAHUIO BO3MOKHOCTH IIOCTPOCHUS HOPMAJIbHO-PETyIIPHBIX H
JIorapudMHUUECKUX PEIEHUH CUCTEMbBI, COCTOAIEH n3 Tpex JudepeHIra bHbIX yPABHEHUH B 4aCTHBIX
TTPOW3BOAHBIX BTOPOTO TIOPSAIKA Y UTTEKEPA.

Onpenenenne 1. HopManbHO-peryIapHOe peIIeHne TPeX MEePeMEHHBIX ITPEJCTABIAETCS B BUIE
CITEIYIOIIEr0 Psija

[ee]
_ P1,..P2 .P3 mi,.ma_ms3

U(xy, 22, 23) = expQ (w1, T2, 23) - )" 2 2h E Ay mams - @]y 2wy (Ao #0) (1)

m1,m2,m3=0

rae p; (7 =1,2,3), Amymoms(mi, ma, m3 = 0,1,...) - Hem3BecTHBIE TOCTOsIHEBIE; Q(T1, T2, L3) - MHO-
rOYJIeH TPex MepeMeHHbIX

Apoo Q0po @00
_ ©p00 p PO p  X00p p
Q(z1,72,73) = T Ty 3t .. + Q00173 (2)
p p p
C HEM3BECTHBIMU KOIMDMOUITMEHTAME (p0(), - .-, 001 -

Jlokazana TeopeMa O CYMIEeCTBOBAHUU HOPMAaJbLHO-DETYISAPHBIX PEMIEHNH.

Teopema 1.
Cucrema tuna Yurrekepa [1, c.135] cocrosimast u3 rpex augepeHnuaabHbIX ypaBHEHHIT B YACTHBIX
IIPOU3BOJHBIX BTOPOTO IOPAJKA

2
2240, xJZxTUIT+[ Z]_ JZxr—i—ka [2|U=0,(j =1,2,3) (3)
T#j T#j

HMeeT HOpMAJIbHO-DETYJISIDHBIE PeIleHust Bua (1) Mpu BHITOJHEHHH JBYX HEOOXOIUMBIX YCIOBHI:
1) HEO6X0UMO BBIIIOTHEHUE DABEHCTR

1 1
f<100)_04200*1_0 f0,1,0)_oé(2]10 4_0 f(001)_05001 4:0, (4)

M3 KOTOPBIX OHPEEITIOTCS HEH3BECTHBIE NOCTOSIHHBIE MHOTOYIeHA (2).
2) HeobxoauMO, ITOOBI CHCTEMa ONPEIEISIONIHX YPaBHEHUH oTHOCHTEIbHO ocobernoctr (0,0):

1

0,0 0y g 1

nmesta Xorst Obl 07HO peirerne Buga (py , Py , Ps
cucrema (3) nmeer 23 perrermit sua (1).

2). Ecan Bce kopun (4) u (5) npocrere, To
Heunssecrubie nocrosiable B perternit (1) onpeesstorcst u3 BCIOMOraTeIbHOR CHCTEMbI Oy 9eH-
HOIT U3 cucTeMbl YuTTEKepa (3) ¢ MOMOIIBIO Tpeobpa3oBaHNsT
Ul(z1, 22, 23) = exp(aio0r1 + o022 + ago123) - (1, 2, 23).

Cremens Muorowena (2) ompesersercs BeINIAHON paHra

550

p=1+kk=mar——, (i =1,4).
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[Tockosbky, panr cucremsel (3) p =1 [2] , To MHOTOWIEH (2) IpeICTABIAETCS B BIJIE

Q(z1, 2, 3) = 10071 + Qo10%2 + Q123

€ HEM3BECTHBIMHU KO3 dUImenTaMm g, Xo10, o0l -
B ciayuae KpaTHBIX KOPHE( WK KOT/Ia OHM OTJINYAIOTCS Ha TeIble THCIa, CucTeMa (3) mMeeT Jora-
pudMuYecKue perreHus. YCTAHOBUM yCJIOBUS CYIIECTBOBAHUS JOrapuPMUUIECKUX PEIIeHU.

Teopema 2.

Hycrs B cucreme (3) pasHocts § — u]z = 0(j = 1,2,3) u cucrema onpenesasiromux ypaBHeHHIl
nMmeer BoceMb Tpoek Kopreii: (1,1,1),(1,1,0),(1,0,1),(0,1,1),(0,0,1),(0,1,0),(1,0,0) = (0,0,0). To-
rja cucrema YHTTeKepa umMmeer 23 JIMHEHHO-HE3aBUCUMbBIX YaCTHBIX pe]_HeHI/Iﬁ COOTBETCTBYIOIIIE STUM

KODHSAM:
oo

m m m.
1. Ul = I12273 E Aml,mg,mg : 3;1 1:(:2 2333 37 (AO,O,O 7é 0)7

m1,ma,mz=0
2. Uy = CoUrlnxy + fo,
3. U3 = C3Uilnxs + f3,
4. Uy = CyUilnws + fa,
5. Us = CsUrlnzlnag + folnzy + fslnas + f5,
6. Us = CeUilnzilnzs + falnzy + falnzs + fe,
7. Uy = C7Urlnxolnas + f3lnze + falnxs + fr,
8. Ug = CsUilnx lnxolnzs + folnxilnzs + filnxslnxs + filnxslnx, + fslnxy + felnzs + frinxs + fs,

e fy(t =1,8) - psabr Buga
ROIVISI SR S 1 g s
f(ﬂjl,xg,l‘g) =T Ty~ Tg Z Bm1,m2,m3 "Xy Ty "Xy ,(BO,O,O 7é 0)
m1,mz,m3=0
0 @ (l)) (1=

C IIOKa3aTeJaIMO =1, 2) u3 BBIIICOIPUBEICHHBIX KOPHEH.
1 2P2°5P3 )

Criucok urepaTyphbl
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YUNCJEHHOE PEIIEHUE OBPATHOM 3AJAYN 1JIs1 YPABHEHU A
AKYCTHNKU

CoipbiM KACEHOB, ?Kanap ACKEPBEKOBA
KABAXCKUA HALMOHAJIbHBIM YHUBEPCUTET UMEHU AJIb-PAPABU, AJIMATHI, KABAXCTAH
syrym.kasenov@gmail.com, askjanar@gmail.com

Paccmorpum obparHyto 3ajady st ypasHeHust akycruku B obiactu § = A(Ly) x (0,Ly) rue
A(Ly) ={(x,t) : 2 € (0,L,),t € (x,2L, — x)}:

Uit = g + Uy — (%ux + %uy) (2,y.) € A(Ly) (1)
uz(0,y,t) = g(y, 1), y € (0,Ly),t € (0,2L,) (2)
u(z,y,z) = q(z,y), z € (0,Lg),y € (0,Ly), (3)
u(z,0,t) = u(x, Ly, t) = 0. (x,t) € A(Ly). (4)

ObparHas 3amava K 3agade (1) — (4) 3akmodaeTcs B onpeeseHnn GyHKIN (T, y) 0 JTOTOJTHUTEb-
HO wHOOPMAITIT

U(O, Y, t) = f(y7 t)‘ (5)

Bamumem o6paTHyo 3a1ady B onepatopaoM Buje A(q) = f . s ancaentoro pemtenns 3amaay A(q) =
f paccMoTpuM 3a/1a9y MUHUMABAIIE [1€/I€BOT0 (DYHKITHOHAIA

Ly 2Lz

J(qn) = | Agn — fH%Vg = / /[U(Ovy,t; an) — f(y, )2 dydt.
0 O

Hast murnvmsannu dbyHKIMoOHaNa puMensieM Merox nrepaiun Jlanasebepa [1-2]. Beruncaeno rpajm-
eHT (byHKIMOHAIA. Il0CTpOEH ITOCTAHOBKA, CONPSIKEHHOM 3amadn. 3amncal aJrOPTHM PEIeHns 00paT-
Hoit 3amaun. [Ipusemeno ducieHHbie Pe3yabTaThl TPAMOit 1 06paTHON 3a4a4n /I YPABHEHUT aKyCTUKH.

Crmcok urepaTyphl

[1] C.U.Kabanuxun, M.A. Bekremecos, A.T. Hypceurosa Hmepayuornvie memodv, pewernus obpam-
HOLL U HEKOPPEEMHBIL 36004 ¢ JanHbMy Ha wacmu epanuys- Amvarsl-Hosocubupek: O® "Mexk-
JyHApoaHbIH doHa obpaTHbX 337131, 2006.

[2] S.I. Kabanikhin Inverse and Ill-Posed Problems. Theory and Applications. De Gruyter, Germany,
2011.-459 p.
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AJITOPUTM PEIIEHUE OBPATHOI 3AJAYU OJId YPABHEHU A
I'EJIbMTI'OJIBIA

CoipbiM KACEHOB, Ani CYJITAHTA3UWH, T'viicesum HAT'U
KA3AXCKUN HALUMOHAJIbHBI YHUBEPCUTET UMEHU AJib-DAPABU, AJIMATHI, KABAXCTAH

syrym.kasenov@gmail.com, adil 92@mail.ru, g-nagi@mail.ru

Satadn onpejeseHns IapaMeTpoB MATEeMATHIeCKON MOIeJ N aKyCTHKYM BO3HHUKAIOT B TreOdH3HKe,
MEAUIUHE W JIPYyrux O6JI&CTHX IPpUJIOZKEeHUA MaTCeMaTHUKH. K OCHOBHBIM ITapaMeTpaM MO,Z(e.Heﬁ aKy-
CTUKU OTHOCATCA CKODOCTH 3BYyKa M TIJIOTHOCTH CPEIbI. ﬂﬂﬂ HaXOXKJIECHUA UJIN YTOYHEHUA YKa3aHHBIX
MapaMeTpPOB MOJIeJell UCIOIB3YIOT JOTOMHUTETHHY 0 HHMOPMAIIIO 06 aKyCTHUeCKUX mporeccax [1-2].

AnropuTMm perrieHnsi oopaTHON 3agaun

1. Bribupaem HagasibHOE NPUOIUKEHUE (.

2. Pemmaem npsimyto 3aj1a4y

Uz + Uyy - w?Qn(y7 Z)U - 07 (y7 Z) S Qa
Uy (=b,z) = 0,uy(b,2) =0, z €10, L],
ux(y,0) = g(y,wj), u=(y, L) = 0, j=1,N,y€[-b]
N b 9
3. Beruucasiem dbynknuonan J(q E Ik [ (y,0,wj; qn) — f(y,wj)] dy;
j=1-b

4. Fcan 3navenne GHyHKIMOHAIA OUY€Hb MAJI0, TO OCTAHAB/INBAEM WTEPAIUN.

5. Haxomnum pernrenne conmpsizKeHHOM 33030

wzm + 1/}yy - W?Qn(ya ZW = O> (ya Z) € Q>
Yy (=b,2) = 0,1y(b, z) = 0, z €10, L],
N
6. Haxozum rpaauent dysxunoHama o dbopmyite J'g, = > w;uv;;
j=1

7. PacunTeiBaeM OpuOAUKEHUE ¢pi1 = ¢n — . qy.

8. mepexoanM K Imary 2;

Criucok urepaTyphbl
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2011.-459 p.
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YN CJEHHBIE METOALI PEIIIEHUSA OBPATHOM 3AJIAYN
DPAPMAKOKVMHETNKN METO/JOM I'rEHETUUYECKOTI'O
AJITOPUTMA

CoipbiM KACEHOB, Baingaviaer YPMATIIEB, AiiianAa AMAHTAEBA,
JInga CATUMBAEBA

KA3AXCKUI HAITMOHAJIbHBI YHUBEPCUTET UMEHU AJIb-DAPABU, AJTMATHI, KABAXCTAH

syrym.kasenov@gmail.com, baydaulet.urmashev@gmail.com, sagymbaeva.lida@gmail.com

DapMaKOKNHETHIECKTE MOIEIU IMUPOKO HCIOJIB3YIOTCA B KAYeCTBE CPEICTBA MPOTHOBWPOBAHUA
pacIpeaenenns JeKapCTBEHHBIX CPEACTB B OPraHM3ME. DTO MOMKHO IIPEICKA3aTh, MOJIEINPYS OIHO-
BPEMEHHO€e pPacIipe/ie/ieHre JIeKapCTBEHHOIO CPeJCTBa Yepe3 TKaHu Tena u kiaupeHc [1-2]. Tuddepen-
UaJIbHbIE ypaBHEHNS, OMUCHIBAIOIINE JTUHAMUKY W3MEHEHHWs KOJUYeCTBa JIEKAPCTBEHHBIX CPEJICTB B
TPEeXKaMePHON JIMHEUHON MOJe/I, UMEIOT CJeAYIOMUNA BU:

dc,

- _ka as
dt =
dCt
— = koCq — (k12 + ki3 + ket)C1 + k21Co + k31C3,
dCs
—= = k12C1 — ko91C
o 12C1 — k21Cq,
dCs
—2 = k13C1 — k31C
o 13C1 — k31C3,
dCel

= kg C.
7 1C1

¢ HagaabHbiMu JaHHEbBIME Cf(0) = Cp, C1(0) = C2(0) = C35(0) = C¢(0) = 0.

QyHKIUSA OIMUCHIBAIONIAS TOBEACHNE KOHIIEHTPAIINN B ITEHTPAJILHON KaMepe:
Ci(t) = Ay - e+ Ay -e Pl p Az e — (A] + Ay + A3) - e Fat

ObparHas 3a/1a9a 3aK/a049aeTcs 110 ganubiM 3aadenus byukunn f = (C1(t1), Ci(t2), ..., Ci(tar)) Haiitn
ceMb mapamerpa BekTop q = (A1, Ag, A3, «, 5,7). Hucnennoe perenne JaHHON 3a/1au UINEM MUHW3a-
nmeit 1eieBor0 (PyHKIIMOHAIA

M

Ja) =3 (Ciltyia) - 1)

J=1
MuHuMUBHPOBATH 11€J1€BON (PYHKITMOHA OYyIeM METOIOM reHeTuueckoro ajropurma. llomydensr amc-

JIGHHBIE Pe3y/IbTaThl 00paTHON 3a7a4un (HAPMAKOKAHETUKHY JIJId TPEXKAMEPHOU MOJE/IN METOIOM reHe-
TAYECKOr'0 aJrOPUTMA.

Crmcok urepaTyphl

[1] B.A.Urmashev, A.T. Tursynbay, A.N. Temirbekov, A.B. Amantayeva Solving the Reverse Problems
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[2] T.B.Ilanuenko [lenemuueckue aszopummovi:  yuebno-memoduueckoe nocobue/ nod  ped.
FO.FO. Tapacesuna. - Acrpaxanb: Wzgarensckuit gom "Acrpaxamckuit yuusepcurer”, 2007. -
83c.

OB OJJHOM 3AJAYE TEIIJIOITPOBOAHOCTU C JPOBHOU
HATPY3KOU

Munsmist T. KOCMAKOBA!, J1ana M. AXMAHOBA!, Jlaitia K. KACBIMOBA?

'KAPAPAHIMHCKUI TOCYJIAPCTBEHHDLIN YHUBEPCUTET UMEHU AKAJEMUKA E.A BYKETOBA,
KAPATAH/ILI, KABAXCTAH

2KAPAPAH/IMHCKUIT POCYJIAPCTBEHHBIA TEXHUYECKUA YHUBEPCUTET, KAPATAH/IbL,
KA3AXCTAH

svetlanamir578@gmail.com

B obsmactn @ = {(x,t) : x > 0,t > 0} paccmarpuBaercs 3agada

Ut — Uz + A {Dgxu (.’L’,t)} ‘IZ’y(t) =f (.’L’,t) ) (1)

u(z,0)=0, u(0,t)=0, 0<p<1. (2)

Baech

1 t ()
CDf,tf(t): F(n—ﬂ)/o (t—T)’B’"HdT; B,aeR, n—1<B<n

— npomssoanas Kanyro mpu a =0, t =xun=1,
Bponga obosnadenne

0= (DLt o = g [ (e

u obpamas auddepennuanbuyto qacTb ypasHenus (1)

t “+o00 t “+o00
u(:v,t):—)\/o/o G(:c,ﬁ,t—v'),u(T)dﬁdT—F/O/o G (z, & t—71) f (& 7)dédr,

_ 1 (z - &) (z+&)°
G(z,&,t) = 27\/% {exp <_4t> — exp <_4t> } ,

sajaua (1) — (2) cBopuTCst K MHTErPAJIbHOMY yPABHEHUIO

rae

pO+ ) [ Kty p (= 2 0). 3)
- Koy @7 1 1 2-83-5 () A
5(’7)_ﬁr(2—ﬁ)'\/ﬁ'22(2” 2 2 ’_4(t—r)>’ @

Pa6ora BemosHena npu dbraancoBOM mommepxke Kovurera naykm Murucrepcrsa obpasosanna u sayku PK (rpant

NeAP05132262).
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TTOCKOJIBKY
! T (y()'* b ou(n)
e [ oot (i) 0 o =T | S
1. 2-83-8 ()
X2l (2’1’ 2 2 ’_4(t—7)>dT'
31ech
. . . = (al)n'(GQ)fi é
om0t i) = 2 (G
e (a) I'(a+ k)
" I'(a)

— cumBost IToxrammepa. Iosromy (1), = k!
Torma B (4) MBI MMeeM:

_ _ 2 00 1 9\ F
At ) E e (62)

3mech

_ 1 R

rue
fl(x,t)=/Ot/0+ooG(fc,§,t—T)f(&f)dﬁdr

JlokazaHa TeopeMa

Teopema.

Hurerpaasroe ypasuenne (3) ¢ sigpom Buja (4), korma v (t) ~ t nput — 0

l.HprZ§H0<B§1

i

2.1‘[pr>%14,6:0

pasperuMa eIUHCTBEeHHBIM 00pa30M B KJIACCE HEIPEPBIBHBIX (DYHKIHH mpu 000 HEIPePBIBHOM
paBoi 4acT.
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OB OJJHOM MHTEI'PAJIbHOM YPABHEHUU JABYMEPHON
SAJAYN TEIIJIOITPOBOJAHOCTU

Munsuist T. KOCMAKOBA!, Anqusek O. TAHUH!, YKanap M. TYJIEYTAEBA!?

'KAPATAHIMHCKUI TOCYJAPCTBEHHDIN VHUBEPCUTET UMEHHM AKAJIEMUKA E.A.BYKETOBA,
KArPATAHJIBL, KA3BAXCTAH

2KAPATAHIUHCKUI TOCYIAPCTBEHHLI TEXHUUYECKUIT YHUBEPCUTET, KAPATAH/IH,
KA3AXCTAH

svetlanamir578@gmail.com
[Ipu m3yueHnyn ABYMEPHOI FPAaHUIHOMN 33441 [0 TPOCTPAHCTBEHHBIM IIEPEMEHHBIM B IIEPEBEPHY TOM
kouyce G = {(z;y,t) : 2* +y* <t?,0 <t < T} ana ypapHenus

8u(‘r7 Y, t) 2 82U(ZL', Y, t) 8211,(1', Y, t)
—_— = —|—
ot da? Iy

(1)
C TPAHUYHBIM YCJIOBUEM Ha IOBEPXHOCTU KOHYCA

w(z,y,t) = uc(z,y,t), Va2+y?2 =t 0<t<T, (2)

BO3HMKAET WHTErPAJILHOE ypaBHeHue (B oneparoproit dhopme)

p1(t) — Koy (t) = F(t),

rae F(t) — u3BecTHas dynKuus,

t1/2 a? (1 1
Ken®) 2f/r3/2 oo T () peans

+2a2texp{4 S+ ;} <22:[Kks01]( )+exp{ 4'5 }[Kggoﬂ( )>

k=0

Ero XAPAKTEPUCTUYICCKUM YPDABHECHUEM ABJIACTCA ypPaBHEHUE

P1 (t) - KcharSpl(t) = FCh(M'(t)7 (3)

e
Fchar(t) = F<t) + (K - Kcha?“)<pl(t)a

t1/2 a1 1
Kcha’r@l 2f/T3/2mexp{_4 (T_t>}801(7-)d7—7

Pa6ora BemosHena npu dbraancoBOM mommepxke Kovurera naykm Murucrepcrsa obpasosanna u sayku PK (rpant

e AP05132262.)
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t a2 < a?
(5~ Kaor)r(0) = 20%texp { 115 + 5 | Il + 2atep { 5 | a0 =
k=0

a a2 ! 751/2 a2
TaE { 1 } [ e {‘47} pmdrs

0

_l’_

1 (12 ¢ tl/? (12
wr o5t [ e {4 famar
0

2

a
ITokazaHo, 9TO MHTErPAJbHBINA oneparop texp {4t} [K3p1](t) aBasgercs 6ecKOHEUHO MaJION BeJu-

qnHOoY Tipu ¢t — 040 U WHTETPaJBbHBIH OTIEPATOP

a?) <
texp {422 + 475} Z[Kkgoﬂ(t)

k=0

ABJIAETCS OIEPATOPOM CO Caboi 0COGEHHOCTBIO HaJl BECOBBIM KJIACCOM CYIIECTBEHHO OTPAHMYEHHBIX
dbyuximit tp1(t) € Loo(0,T) pu e > 0

Torpna byukuust Fepg,(t) aBaserca orpannaentoii, ecan @1 (t) € Loo(0,T) upu € > 0.

JlokazaHbl JIEMMBI.

Jlemma 1.

Hurerpansnoe ypasuenne (3) nmeer cobcrsennyro dynkimio ¢1(t) = C' .

IpocTas nogcTanoBKa MOKasbiBaeT, 910 dhyukmus ¢1(t) = C' AefiCTBUTEIBHO yIOBIETEOPSIET OJHO-
POJIHOMY HHTETPAJBHOMY ypaBHEHHIO (3).

Jlemma 2.

Hurerpaaproe ypapaenne (3) HMeET 4aCTHOE PENIeHHe, OIpeaeaseMoe (hopMy o

p1(t) = fo(t) + QGW/t Tsﬂﬁf? exp {‘f (1 - i) } fo(r)d T+
0
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METO/O KJIACCUPUKAIIUN TPAEKTOPUN IJUHAMUNYECKIX
OB'BEKTOB

T.C. MYCTA®HWH, B.I11. KVJITIEIITIOB

KA3BAXCTAHCKO-BPUTAHCKUN TEXHUYECKUN YHUBEPCUTET, UHCTUTYT MATEMATUKU U
MATEMATUYECKOI'O MOJEJIMPOBAHUA, AJTMATEL, KABAXCTAH

timurmustafin379@Qgmail.com, b.kulpeshov@kbtu.kz

IIpemioxkena MeTouKa JIJid PelleHus 3a/1a49n KaacCupuKaluy TPaeKTOpUii Pa3BUTUs COCTOSTHUN
JIUHAMWYECKOr0 O0bEKTa MPH OTCYTCTBAM ANPUOPHON mHGOpMAIMU O KJAACCH(PUKAINT TPACKTOPHUil
TPOIIeJmMnX ITPOIECCOB PA3BUTUA COCTOSTHU T TpOIIEeCCOB. MeTO,ZLI/IKa OTHOCHUTCA K aBTOMATU3NPOBaH-
HBIM CHCTE€MaM VIPABACHUS U MOXKET OBITH MCIOJB30BAHA TIPU YIIPABICHUHN CJIOKHBIMU 00bEKTAMHU €
AVNCKPETHBIM XapPaKTepOM TEeXHOJIOTMYIECKOTO INUKJIA, & TaKXKe JJIsd PelieHnd 3aJa4 KﬂaCCH(bHKaHHH n
aHaJn3a JAHHBIX 0OBEKTOB, OMUCHIBAEMBIX BPEMEHHBIMI PSIAMU TPU3HAKOB.

PacnosraBaane 06pa3os u kraccudukanusa o0beKTOB (HADMIONEHN, ABIEHWI, CUTHAIOB, CATYa-
i, HpOHeCCOB), SIBJISIETCS OOHON M3 Haubo/iee THHAMWYECKH PA3BHUBAIOMINXCA 0OIACTel MPUKJ/IATHOM
MaTEMATUKH 1 KI/I6epHeTI/IKI/I, YTO BBISBAHO IMOCTOAHHBIMHI 3aIlIPOCAMU ITPAKTUKHN, KOTOPBIC 9aCTO BCTPe-
JaroTCsd B 33/[a9aX C JOCTATOYHO CJIOXKHBIME ITPOIECCAMU U sIBJIEHUAMH.

I/IS.HI/H_HHQQ CTpeMJICHHE K TOYHOCTU MAaTE€MATUICCKUX MO,Z[e.HefI CTaJIO OKAa3bIBATh BJIMAHNME, KOTOPOE
CBOJIMJIO HA HET TEOPUIO YIIPABJIEHUS W TEOPHUIO CUCTEM, TaK KaK OHO IPUBOJUT K TOMY, 4TO HCCJIe-
JMOBAaHWS B 9TOH 00J1aCTH COCPEIOTOUYMBAIOTCS HA TEX M TOJBKO TeX MpobjieMax, KOTOPBIE MOIIATCS
TOYHOMY pereHuro. MHorue Kjiacchl BayKHBIX Mpo6JieM, B KOTOPBIX JAHHbIE, TIEJIM U OTPAHUYEHUS 5iB-
JISTEOTCST CJTUTIIKOM CJIOXKHBIME WJIH TIJIOXO ONPEIeTEHHBIMU JJIsT TOTO, YTO0BI AOTYCTUTh TOYUHBIN MaTe-
MaTUIeCKUH aHAJIN3, OCTABAJINCH U OCTAIOTCA 10 Ceif JIeHb B CTOPOHE JIUIIE M0 TOW MPUYUHE, YTO OHU
He TIOJIZIA0TCS MATEMAaTHIeCKON mocTaHoBke [1].

HOCTpOQHHbIe MaTeMaTHYCCKHUe MOJC/IN OKA3bIBAJINChH .)'[I/I6O CJIO?KHBIMH, .)'[I/I6O CJINIITKOM TIPOCTBIMH,
YTO HE MO3BOJISLIO TIOJYyYaTh IpueMJieMble pe3yabTarThl. [losTomy B psje ciyuasx MaTeMaTudeckoe Mo-
JEeJIIPOBAHUE ABAACTCA HCKYCCTBOM, H KQ49eCTBO MOJEJICH B 3HAYUTEIBHON Mepe 3aBUCHT OT MHTYUIIUH,
MacTepcTBa U u306perarebcTBa nx paspaboruukos. OJHUM U3 TOJAXO0B JIJIsl CHATUS Psija Ipobsiem
MATEMATUIECKOI'O MOACTINPOBAHUA ABJIACTCA ITOCTPOCHUE CUCTEM PACIIO3HABAHUA 1 K.)'[aCCI/I(bI/IKaLU/H/I Ha
OCHOBE HAKOILTEHHOI mHboOpMarun |2].

OrMeruM, 9TO BBEJIEHIE METOI0B HHTEJIEKTYa bHO 00paboTku nHGOPMAIT, OCHOBAHHBIX HA, Ma-
TEMATHYECKOM MOJIeJIMPOBAHUY, [IPEJICTaB/IseT CODOl HOBBIN ITar B IMOBLIEHUH 3P MEKTUBHOCTH IPO-
W3BOJCTBA HA OCHOBE BHEAPEHUS COBPEMEHHBIX TeXHOJ0rnii. Kax mpaBmiio, TOCTPOEHHUE OmMeparuii mo
PEIeHnio KOHKPETHBIX 33134 663 MOTHON Win ¢ 9acTUIHON (DOPMATU3AIIAEN OCYIIECTBISIETC OMBITHDI-
MU CIENUATUCTAME B 3HAUYUTEIBHON CTEIleHN MHTYUTUBHO, U PellleHne KaxKI0i HOBOH 3a1auu Tpebyer
BCeit paboTnl 3aHOBO. B pe3yibrare 9acTo MOBOJILHO HO/BINAS 9acTh JAHHBIX OCTAeTCHd HeobpaboTaH-
HO# u HeBocTpeboBanHOil. UTO omnpesenser ocHOBHOe TpebOBaHUE [IJisi MEPCIEKTUBHBIX IOJIXO0B K

WccnenoBanust 6buim momiep:kanbl TpanToM MwunmctepcTtBa oOpa3oBamms u Haykum PecmyObamkm Kazaxcram

(AP05132546)
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PEIIeHNIO TPUKIATHELIX 33039 00pabOTKY JAHHBIX: TOJKHA OLITh 00eclIedeHa IpoCTOTa U HATEKHOCTD
CJIOXKHBIX TIPOTIEAYD, He TPEBYIONMX NPUBJIeYeHNs MHTYUTHBHON paboTsl crienuaancros [3).

OTMeTuM Tak:Ke IOC/IeTHHe PAdOTHI B 00IaCTH MAaTEeMAaTHIECKOr0 M KOMIILIOTEPHOTO MOJETHPOBaA-
HUsl JMHAMUYIECKUX 00bekToB u cucrem [4]-[7].

B macrosameit pabore mpesoxeH MeTO KJIACCHUMHUKAIUE TPACKTOPHN JUHAMHUIECKAX O0OBEKTOB,
MIPECTABICHHBIX BPEMEHHBIMY PSIIaMU IPU3HAKOB — MTOKA3aTeIell COCTOSHMI 00beKTa.
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O PA3PEIINMOCTU MNOJIYIEPUOANYECKOII KPAEBON 3AJAYN
AJIA IICEBJOITAPABOJIMYECKOI'O YPABHEHUN A TPETBEI'O
ITOPAJAKA
H.T. OPYMBAEBA, A.b. KEJIBZINBEKOBA

KAPATAHJIMHCKUH I'OCYTAPCTBEHHBIN YVHUBEPCUTET UM. AKAJIEMUKA E.A . BVKETOBA,
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Ha Q = [0,w] x [0,T] paccMarpuBaercst HOJLyEPUOMYECKasi KpaeBas 3a/1a4a

Pu 0%u ou
v A(x,t)w + B(:z:,t)a + C(z, t)u+ f(x,t), (z,t) € Q, (1)
w(@,0) = u(z,T), x€l0,w], (2)
0u(0,t)
u(0,t) + ——z = ¢(z,t), (z,t) € Q, (3)

ox

Pabora Boinosinena npu noggepkke MOH PK, rpanr NeAP05132262.
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rie (n X n) - marpuns A(z,t), B(z,t), C(z,t), n-Bekrop-dyukunn f(z,t), p(z,t) HempepbIBEL Ha €2,
n
3/1ech Hu(x,t)” - mal‘ui(xvt)‘7 HA(x, t)H = max Z ’aij(xﬂt)"

i=1,n i=1,n j=1

Y

0%u(x,t) Ou(z,t)
Jlnst maxoxkaenns permenust BBogaTca GyHrmmEE v(1,t) = “5 5, w(7,t) = —57~ u zagaga (1)-
(4) cBopmTCH K 1EPHOJMYECKON KpaeBoil 3ajade il CUCTeMbl ODBIKHOBEHHBIX juddepeHinanbHbIX

ypasuenuii [1| Buga

ov

n = A(z,t)v+ B(z,t)w + C(x,t)u + f(x,t), (x,t) €, (4)
v(z,0) =v(z,T), z€][0,uw], (5)

(byHKHI/IOHaJIbeIM COOTHOIIICHUAM

z &
(9
iz, t) = sot:vt+// LD e, (6)
0

xT

u(z,t) = p(z,t) —l—/
0

s pemtennsa 3amaun (4)-(7) mcnonbdyerca meron mapaMerpusaimu |2|. B TepMmHAX MCXOZHBIX
JAHHBIX OTPEJEIeHbl JOCTATOUHBIE YCIOBUS OJHO3HAUHON paspemmnmoctu 3amadn (1)-(3), mpesioxen
AJITOPUTM HAXOXKJICHUA HpI/I6.HI/I)KeHHOI‘O penienunsi, moJIlydeHa OIIEHKa MEXKIy HpI/I6.HI/I)KeHHbIM "n TOY-
HBIM DEIIEHUsSMH.

v(&1,t)d&rdE. (7)

o\m
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MAKCUMAJIBHAZA PEI'VJIAPHOCTD PEIITEHU A
IICEBJOITAPABOJINMYECKOI'O YPABHEHNYA TPETBHEI'O ITOPAJIKA

M.H. OCIIAHOB

L.N. GuMILYOV EURASIAN NATIONAL UNIVERSITY, HyP-CvJITAH, KAZAKHSTAN

Ha Q = [0,w] X (—00, +00) paccMoTpuM ypaBHeHHe
Ugtt = CLO(SUa 75)uxt + al(x, t)utt + CLQ(IE, t)um + a3($7 t)ut + a4(x,t)u + f(:E, t)’ (1)

rae dynxumu a;(x,t) (i = 0,4), f(x,t) TpeamonararoTcs HeMPEPLIBHBIMA 1,BOO0IIE TOBOPS, HEOTPAHHU-
yennpivy Ha (). Ypasnenue (1) apagerca nceBaonapabonyecKnM, K HeMy TIPUBOIAT PSJT TPHK/IATHBIX
3a7a4 B busmke, Mexanuke u 6uogorun [1]. Yepes Oy (2, R) 0603Ha4MM IPOCTPAHCTBO OTPAHMHEHHBIX
dbyHKIWit, HenpepbiBHBIX 110 t € R npu x € [0,0] u paBHOMEPHO OTHOCHTENBHO ¢ € R HernpepbiB-

HBIX 10 € [0,w] ¢ HOpMoit ||V = sup |V (x,t)|. Hamu g ypasaerns (1) nsydaercs ciieryrommast
HEQ
3a1ava: )
w(0,t) = ¥(t), ug(w, t), ug(w, t) € Cu(Q, R). (2)

Dynkuua 1)(t) npenosaaraeTcs ABayk bl HerpepbiBHO And depennupyemoii u orpanuyueHHoii Ha R Bme-
cTe CO CBOMMU TpOU3BOAHBIME 1)(t) u (t).

Perenne u 3amaun (1),(2) HaspiBaeTCs MAKCUMAJILHO PEry/ISPHbBIM, €CJIH UMEeT MECTO OLeHKA
[zt + llao(z; )uar]| + [lar (@, unl] + lag(z, us|| +

+llaz(@, thuell + flaa(z, hull < C [ f (2, t)ull,

riae C' — const, 3aBUCHT TOJBKO OT UCXOJIHBIX JAHHDIX.
Ananornunas 3agada jng ypasrenus (1) B caydae ai(x,t) = 0 6bu1a ncciegobana B [2].

B nacrosmieit pabote MeTomoM mapaMerpusanun [3] yCTaHOBIEHBI YCJIOBHS MaKCHMAJIBHON pery-
agpHocTH pertenus 3agaqn (1),(2).
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YCJIOBU A KOSPILIUTUBHOI PA3SPEILINMOCTHI
BBIPOKJEHHOT'O J/IN®PEPEHIINMAJIBHOI'O YPABHEHIN A
BTOPOTI'O ITIOPAJKA

Koprjian OCITAHOB, Aauner ECBAEB

EBPABUNCKUI HAIITMOHAJIBHBIN YHUBEPCUTET UM. JI. H. I'vMuaeBA, Hyp-CVJITAH,
KA3AXCTAH

adilet.e@gmail.com

Paccmorpum ypaBHEHME
—p(py') + 1y + sy = f(2), (6)
e x € R, p momoxuTe/IbHAA U JIBAYK Bl HEMTPEPLIBHO quddepennmpyemast, 7 HepepbIBHO quddepen-
nupyemasi, a s HerpepbiBHas dyukiun Ha R, f € L,(R), 1 < p < 4o00.
Bamkuys B L,(R) nuddepenrmanbuoe soipaxenue —p(py')' +ry’ + sy, onpenenennoe Ha MHOXKeCTBE

JIBazK/Ibl HETTPEPBIBHO T depeHnnpyemMbix DYHKITHI ¢ KOMIAKTHBIM HOCHUTEIEM C'(()Q) (R) ompemenum
oneparop [. Pemenwem ypasrenus (6) naswiBaercs dyuknust y € D(I) rakast, aro ly = f.
IIycts g m h # 0 — 3ajaHmEble HEMPEPBIBHBIE (DYHKITAHU, ¢ = ]%. Ilomoxmnm

Olg,h(t) = HQHLP(O,t) Hhilqu(t#oo) (t>0), Bg,h(T) = ”g”Lp(T,o) Hhilqu(,ooﬂ-) (r <0),

Yg,h = Max (sup ag,h(t),sup /Bg,h(T)> :
t>0 7<0

Teopema. Ilycts p — gBazkasl HENpepbIBHO guchbepeHiupyemMast moJI0KUTeIbHAsI, a T — Hempe-
pBIBHO jquchpepeniiupyemast (OYHKIIUH U BBITOJHEHDBI CAEIYONAE YCAOBHS:

u mycrThb Hafnercda takoe a € R, uro

(o)l
- dt | 3 <+
Sup p(x) exp / 200) 00

p

Toryta ypasuetne (6) st troboit npasoit actu f € L, nMeeT eqnHCTBEHHOE PeIIeHHe.
Ecam xkpome Toro

<o, < eo mulr-v<t,

) = ()

TO JIJIS DENICHNA | BBIINOJIHEHA OIEHKA

p<+oo, C1g pz)
p(v

<

[=pCey)' ||, + [Ir¥'ll, + lsyll, < Coll £,

ITpumep. s caexyromero ypaBHeHust

/
Va2 +1 (Va2 +1
_$2+3 I’2+3 y/ +($2+5)2g/—5l‘y:f,
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e f € Ly(R), Bemmoastiorest yeaoBust reopembl. Ce10BaTEIBHO JAHHOE YDABHEHHE HMEET €JHHCTBEH-
HOE pemieHwne Y, Jijid KOTOPOTO BHIIOJHSIETCS OIEHKa,

'|_\/x2+1 <\/g:2+1 ,)/

2+3 \ 22+3 7

+[|(=* +5)% ||, + | = aylla < C|l ]2
2

Ypasuenue (6) B caygae p = 1 u p = 2 6bw10 uccsaegoBano B pabore [1], mpu p =1, p=1— 8 [2],
aupu p = 1,1 < p < 400 B pabore [3]. Ormernm, uro B paborax [1], [2], [3] momumo KoppekTHO!
Pa3peInMOCTH OBLIH MOy YeHbI CIIeKTPaIbHbBIE CBOCTBa cooTBeTCTBYOMEro (6) miuddepeHIma bHoro
OmepaTopa, a TakzKe yCJI0BUs PA3PENMMOCTH KBasuanHeitnoro 06obmenns (6).
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MHOTI'OIIEPNOJINYECKHWE PEIIIEHWN A
NHTEI'PO-ANNPPEPEHIINAJIbHBIX YPABHEHNN
C - IITEPMTOAJOM SPEANTAPHOCTU

KABsIEK CAPTABAHOB, I'viicesuMm ANTEHOBA, T'anust ABJNKAJINKOBA
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Paccmarpusaercs cucrema mHTErpo-anddepeHnaabHbBIX YpaBHEHTH

.

Deu(r,t) = A(1, t)u(r,t) + / K(T,t,s,t —ct + cs)u(s,t — ¢ + cs)ds + f(7,t) (1)

T—E&

¢ omeparopoM muddepennuposanna D, = 8% + <c, %>, KOTOPBI!l OOpaIlaercss B OMEPATOD MOJHON
TIPOM3BOTHOM % BJIOJTb XaPAKTEPUCTUK ¢ = T — ¢S + 0 ¢ HaYaJbHBIM JaHHBIM (S,0) € R x R™,
rne R = (—o00,4+00), ¢ = (¢1,...,¢y) — TOCTOSAHHBIN BEKTOP, C OTJTMYHBIM OT HyJsl KOODIMHATAMU
¢j,j = 1,m, % = %,...,% — BEKTOD, <c,%> — CKaJISIpHOE MPOM3BejieHne BEKTOpOB, A(T,t)
u K(7,t,s,0) — 3agannabie n X n-mMarputsl, f(7,t) — n-Bekrop-pyaknus, (6,w) = (0, w1, ..., wn) —

BEKTOP-TIEPUOJ C PAITMOHAIBHO HECOM3IMEPUMBIMI KOOPAUHATAME, € — MOJOXKUTEIbHAA TTOCTOSTHHASI.

Bormpocy cyinectBoBanust MHOIOTIEDHOAMYECKUX U TOUYTH TIEPUOINIECKUX PEIIEHNH CHCTEM HHTErpo-
muddepeHanbHbIX yPABHEHUI TOCBAIIEHO 3HAYUTEHHOe KOJINIeCTBO padoT, u3 Hux orMerum [1-4],
UMEOIINEe HEeIIOCPEeJICTBEHHOE OTHOIIEHNE K JTAHHOMY HCCJIEI0OBAHUO.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



182 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

Hesbro HacTOsIIENl PAOOTHI SABISETCS MOJYUYEHNE YCIOBUI CYIECTBOBAHUS MHOTOTEPUOTTIECKUAX
perennit AMHEHHBIX CUCTEM WHTErpPO-audpepeHnaabHbIX YPABHEHUH C 3aJaHHBIM OTepaTopoM aud-
depernuposanus D..

JLast moCTHXKEHUST 3TOM IeJTN PENTarTCsd CHAYA I8 Hada TbHbBIE 3aJa9n /IS PACCMATPUBAEMBIX CHCTEM
ypaBHEHUH, & 3aTeM yCTAHABAUBAIOTCA HEOOXOINMBIE U JIOCTATOYHBIE YCJIOBUSA CYIIECTBOBAHNSA MHOTO-
MTEPUOINIECKUX PEIEHUN JTUHEHHBIX CHCTEM HHTErPO-TudPepeHnnaabHbIX ypaBHeHnii. Oupenesisiiorcst
HHTErPATbHBIE CTPYKTYPBI PEIICHU TUHEHHBIX HEOTHOPOTHBIX CHCTEM, OOITAIONINX CBONCTBOM €/THH-
CTBEHHOCTH.

IIpentiosiozkumM BBITOJTHEHHBIME YCJOBHSA:

A(T+6,t+ qw) = A(7,t) € C((S’te))(R X R™),qe Z™, (2)

K(t+6,t+ quw,s,0) = K(1,t,s+ 0,0 + qw) =

(0,2¢,0,2¢)

:K(T,t,S,O')EC(TtSU) (RxR™xRxR"™),qe Z™, (3)
Fr+0,t+qw) = f(r,1) € CUs) (R x R™),q € Z™. (4)

Teopema.

Ilycrs Bemmosnensr ycaosus (2), (3), (4) u coorBercTByIomas JuHeHAs OJHOPOJHAS CHCTEMa He
nmeer (0, w)-eproguaeckux perrreHnii, KpoMe TpuBHaabHOro. Torma cucreMa HEOTHOPOJHBIX JIHHET -
HBIX HHTErpo-auddepernuaababix ypasaennii (1) nmeer equacrsennoe (0, w)-nepuoguiaeckoe pereHue
u(T,t) Buga

T+6
1 1 -1 ~
w(rt) = [U710,7 4 0,6) ~ U mmo]t/%@m@h@m@@m@.

T

Baece U(s, T,t) perenne MaTpUIHO 331891

T

D.U(s,1,t) = A(T,t)U(s, 7,1) + / K(r,t,§,h(&,1,0))U(&, (&, T,1))dE,
T—E&
U(s,s,7)=F,
E — epunuunas n-mMarpuiia, BeKTOpHO-MarpuuHas (yHKIms fp(s,7T,t) onpeiensercs ¢ HOMOIIBIO

dbyukuuu f(s,7,t) coorHONEHEEM

f(s, 7, h(s,7,t)), T 30,

ﬂ“””“”in_{f@7+ah@7+aw%oir+a

OTMeruM, 94T0 PACCMOTPEHHbIE 38434l 11 UHTErPO-1uddepeHnuajibHbIX CUCTEM MOXKHO PACCMOT-
persb BIoab xapakTepucTiK t = 10 + cr — er¥ ¢ dpukcnpopannpvMy HagaseEbME gapabvE (70, 10).

Pazpaborannbiii mogxom MPUMEHUM K HMCCIEIOBAHWIO 3371a9 O KOJeDaHWM CTPYHBI 9PEAUTAPHOTO
XapakTepa, OTHOCAIHNECT K MPUMepaM MPUKJIATHOTO acleKTa.
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IIOPSIIKA
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Paccmorpum sinHeitnoe ypaBHeHue

or . O O
R T AQ@t

= Az + f(7,1), (1)
rae z(7,t) — uckomas n-sekrop-ynkuumst; A, As u A — nocrostuabie n-marpuust; (7,t) = (7,11, t2);
f(r,t) — n-BekTop-dyHKIWS.

[Tpeamonokum, aTo MaTpuubl Ay 1 Ay 061a7a10T CBOHCTBAMM y3KOi TUIIEPOOIMIHOCTH CHCTEMBbI

(1) n n-BexTop-dyuxms f(7,t) obnagaer (0, w)-MEPHOANTHOCTHIO 1 C’g’l)(R x R?):
f(T+07t+qw) :f(7—7t)7 (g?w):(nglaWQ)' (2)

Ypapuenne (1) mzydaercst Ha OCHOBe MOHATHI COOCTBEHHBIX 3HAYCHUIT M COOCTBEHHBIX BEKTOD-
byHKIUN TyTeM NPUBEICHNS K YPABHEHWIO C COOTBETCTBYIOIIUMHY YKOPIAHOBLIMY KAHOHUIECKUMU BU-
mavu J; u Jo marpuit A; u Ao, pu OMOIHA TOACTaHOBKY & = Ky, K dopme

oy oy oy 1 —1
= - =B t), B=K1'AK t)=K t
8T+J18t1 +J28t2 Y+ (7, t), (T, 1) f(7,), (3)

ecnm Matputisl A w Ao I KoMMyTaTuBHBIE, TO €CTH KOT/IA BBITTOJTHEHO YCIOBHE
A1As = A1 As.

Bosaukaer Bompoc 06 m3ydenuw 3324 Ayt ypasHenus (1) B TepmMuHax COOCTBEHHBIX 3HAYEHUI U
cobCTBEHHDBIX BeKTOp-pyHKINH A1 1 As B 001IeM cTydae, KOT/Ia STHM MaTPHUIAM HeoOs3aTeTbHO OBIThH

KOMMYTaTHBHBIMU.

CyThb 3TOro METo/a 3aKII0UAETCH B CIELYIOMIEM.

ox dy dy
ITocne mepexoma W3 BLIPAYKEHUST + Aj—— X ero KaHOHMYECKOMY BHUIY — -+ Jl—, 3aMeHOoit
6 8751 90 or 6tl
x = Kjy, mociennee BhIpazKeHue TPEACTABUM KaK MPOM3BOIHYTO a—y bynxmun §(7,t) = y(1, h' (1), t2)
- T
B HalpABJ/ICHUAX XaPaKTePUCTUK 11 = hjl (1), 7=1,n, rae
y(7-7 hl (T)a t2) = (?/1 (Tv hl (T)7 t2)7 (X} yn(T7 hl(T)v t2)) = Q(T7 t2) (4)
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CirenoBare/ibHO, HMEEM
0 0 oy(r,t
%\ 5,09 _ 9(rte) (5)
or ot1 or
Hanee, nonbaysich coornomenusivu (4) u (5) uz (1) 3amenoii (7, t2) = Koz(T, t2) nmeem ypasHeHue
C JIBYMsl HE3aBUCHMbBIMH TI€DEMEHHBIMH

82(7—7 t2)
or

0z(T,t2)

+ KilAZKQTtQ

= Ky 'CKy2(r,t2) + Ky (7, t2), (6)
rae AQ = KflAgKl, é = KleKly (,5(7', tz) = (p(T, hl(T),tz) .
Teneps ypasaenue (6) IpecTaBuM B BHJIE

gj + Jgg: =Cz+ (1 ta), C=K;'CKy,9(1,t2) = K5 @(7,1). (7)
2

Oupenenns XapaKTEPUCTUKU OTHOCUTENBHO to = h?(T) u paccmorpes (7) BJOJIb 9TUX XapaKTepu-
CTHK MMEEM CHCTEMY
gy = Gt (r), A(r) =21, 1h5(7), (1) = ¥ (7, k(7). (8)
Takum obpazom, meromoM pexykiuu cucremy (1) mpusenn K cucreme (8).
Jasee, M3BECTHBIM METOIOM TEOPUHM MHOTONEPUOJINIECKUX PETeHnii npu ycaosusax (2) u

ReAj(A) #£0, j=T1,n 9)

YCTAHOBJIEHO CYIIECTBOBAHKE €IMHCTBEHHOTO MHOTONEPUOANICCKOTO DelleHust ypasHeHus (1).

Teopema.
Ilpu ycnosusx (2), (3) u y3xoii runepbonumanocrn marpui; Ay u Az cucrema (1) nmeer euHCTBEHHOE
(0, w)-nrepuoamueckoe pemmenue

+oo
x¥(1,t) = /G(S,T)Pf(s,hl(S,T,tl),hQ(S,T,tQ))dS,

e G(s,7) — ¢yrknus ['puna 3amaun s cucremsr (1) o MHOromepuoandeckux perniennsx, P — orme-
PATOP HPOEKTHPOBAHUS.

Paszsusas njen pabor [1-3], B ganHOil 3aMeTKe TpejiaraeTcs MeTOJ ucciaesoBanus ypasaenns (1)
Ha, OCHOBE IIOCTEINEHHOrO MEePexoa OT YACTHLIX IPOM3BOIHBLIX 10 ABYM HE3aBHCHMBIM IEPEMEHHBLIM
K TIPOM3BOHBIM Hen3BeCTHBIX (byHKImil myTem auddepeHnnpoBanns Mo OJHON TePpEeMEeHHON T BI0JIb
XapaKTEPUCTHK PACCMATPUBACMOI0 YPABHEHHS.

OnmMCanHBIM METOIOM PEYKIINU MOZKHO TIOJTh30BATHCA B CIydae DOJIBINE JBYX HE3ABUCUMBIX ITepe-
MEHHBIX, IIPH IPEIBAPATEILHO H3BECTHLIX COOCTBEHHBIX 3HAYCHUIX U COOCTBEHHBIX BEKTOP-(DYHKINAX.

Crcok aurepaTyphl

[1] P.Kypaur, Ypasuenus ¢ wacmmvmu npouseodnvimu. M.: Mup, 1964.

[2] B.JI. Poxxnecrsenckuii, H.H. Iuenko, Cucmema k6a3usunetnmr ypasnenutds u ux NPUusONCEHUs K
2a3060U dunamure. M.: Hayka, 1968.

[3] C.®apnoy, Ypasnenus ¢ wacmuvmu npouseoOHbMY OAA HAYYHOLT PAOOMHUKOS U undHcernepos. M.:
Mup, 1985.

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 185
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PaccmarpuBaercsa cuctema ypasnenwmit

Dx = Agz + f(s,eT), (1)
C LOCTOAHHON Marpuueii A = [akj]%, a1 = ax =a =0, ajg = —as; = B > 0, cBOGOJHBLIM YJIEHOM
f(s,er) = (fi(s,eT), fa(s,eT)) u oneparopom muddepenimpoBanus
0 0
D=_— er)— 2
e x = (x1,x2) — uckomast Bekrop-dyHkius, @(er) — dyHKIUA nepeMeHHod ¢, MOPOXKIEHHON OT
dbyurmpm ¢(t) = @(t1,...,tm) tpu t = er, e = (1,...,1) — m-BekTOp. DTOT CIAyIai OTHOCHTCA K

KPUTUYECKOMY CJTYYao.
IIpeanomaratorcs, ato bysximn ¢(t) u f(s, €T) ABIIIOTCA BENECTBEHHO AHAJUTHICCKUMHI U MHO-
OIEPUOIMUECKUMU

p(t+w) = (t) € AL, (1) # 0,¢ € TT, (3)
Fls+ 60, +w) = f(s,1) € Ab (TR x TI), (4)
e w = (w1, ... W) — BEKTOP-TIEPUOJ ¢ KOOPAWHATAMI PAINOHATIHHO HECOM3MEPUMBIMI MeK Iy Ccob0it
Wi, ...wy 1 BMecTe ¢ mepuonamu Oy; Iy = {7 € C : [Im7| < §}, C' - KOMILJIEKCHAsI TLIOCKOCTh,

— b
=15 x ... xIls, A (II§*) — KTaCC W-TIEPUOTUIECKUX BEIECTBEHHO aHAJIUTIYIECKNX B obmactu 11"
dyHKIHIiL.

Mpu yenosun (3) dbyuxmus ¢~ 1(t) pazmaraercs B pag Dypoe @ H(t) = o + 3. ppe?™FV0 | rre
k20

k= (ki,....km) € ZX...xXZ=2" ¢y # 0, ¢ — K0o3bbunuentor Pyprbe, Z — MHOKECTBO TIETBIX

wucen, v = (Vi,...,Um), Vj = w;l, j=1m, vt = (vi,t1...,Untm), (a,b) — ckangapHoe nponsseneHue
BEeKTOPOB @ u b. [IpeArnosoknM BBITIOTHEHO PACITIPEHHOE YCI0BUEe HECOM3MEPUMOCTH BUIA

|(k, )| = [E°V° + Kovo + (k,v)| > & k|7 (5)

¢ HEKOTOPLIMU IIOJOXKHUTEJILHLIMU IOCTOSAHHLIME ¢ > 0 mw 5 > m + 3, roe k = (K9 ko, k) =

= (K% ko, k1,...km) € Z™T2 — mmowecTBo memoumcennbx (m + 2)-sexktopos, U = (V0 1g,v) =

= (X, vy, 11, . .. V) — gacToTHBI (M + 2)-BekTop, V0 = (27)714.

Nccnemyercst 3a7a49u 0 BRISICHEHUN yC/IOBUI CYIIECTBOBAHUS €IMHCTBEHHOTO permenus cucteMbr (1)—
(2), mepHOIUIECKUX MO ONHOM MepPEMEHHO W KBa3UIEPHOIUICCKUX MO JPYTOil MEPEMEHHO ¢ TeM XKe
vacToTHbIM 6asucom. [Ipu pemenwnii 3aaun (1)—(2) ucnob30BaH METO/IBI TEOPUU MHOTONEPUOAUIECKIX
PeIIeHnit CUCTeMBI ¢ MHOTOIEPHOINIECKUMU BXOTHBIMU JTAHHBIMHE, BEIECTBEHHO-AaHATUTHIHO TPOJIOJI-
JKUMBIMU 110 KazKJI0 1I€PEMEHHON Ha HEKOTOPYHO KOMILIEKCHYH) OKPECTHOCTH JeHCTBUTENBHON OCu
[1—5].

XapakTepuctudeckasi cucreMa & = @(et), 7|,y = 7  omeparopa (2) mpm ycaosusx (3), (4) u
|(k,v)| > ¢ k|77 mmeer ycmoBHO MHOTOTEpPHOIITECKTE PEITeHne BU/A

0

=7+ ap(s — %) + he ((s—so)), (6)
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e h(t +w) = h(t) € A (II7), 0 < r < p, ¢ >0,y > m+ 1 HocTognHbIe.
Ecin cpenmee 3nagenne oy GYHKINT p(eT) cINTaTh PABHLIM eauHETe, T0 13 (6) momyumm 7 — 70 =
s+ h(t).

Torma nosryamm HOBBIN oreparop auddepeHmpoBaHus BUIA

~ 9 d 0 d
D_as+<e,at>+go(er +t+eh(t))a. (7)

Ormerum, uro dhopmysia l~)y(s, t,7)|t=es = Dx(8, T) 103BOISIET NEPEXOAUTD OT PACCMOTPEHUS yPAB-
HeHWi, KBA3UIIEPUOMIECKUX 110 [IEPEMEHHBIM C (S, 7T) K ypABHEHHsIM, MHOIOIEPUOJANIECKUX 110 IIepe-
MeHHBIM (S, t, 7). Takum obpasom, KosebaTebHbBIe perennst cucTeMbl (4.1) uccaesoBatHo myTeM mepe-
X0/a K MHOTOTIEPUOJIMYECKO# crucTemMe BUja

Dy = Aoy + f (s,t + eh(t)). (8)

Teopema 1.
Ilycrob Boimognenn yeaosnst (3), (4) u (5). Torpa smneiinas cucrema (8)-(7) nmeer enmHcTBeHHOE
perreHne, KOTOpoe MPeJICTABJISETCS B BUJIE

5*(s)
y (s, t) = / G(s,0)g(o,t —es+ eo)do,

npu nomoru ¢yukinuu tana I'puna G(s,0) U DOTINHAETCS ONEHKE

||y*||7“/2 < ar_w*e_B*THgH?"a (5>t) S H’I‘/2 X HT/Q‘

Hanee, yuurbiBag, 410 S,7 W ¢ CBsA3aHHblE COOTHOUIeHUsiMM T = s + h(es), s = T + ¥(er),
t = es, KaK OPWIOKeHHEe TeopeMbl 1 K HCCIeJ0BAHUIO NEPUOJMYECKUX 10 § W KBAa3UIEPUOIUIECKUX
O T € 9aCTOTHBIM 6a3ucom (v, ... Vy,) = v pemennii cucremsl (1), nvMeeM CJIeAYIONIYIO TEOPEMY.

Teopema 2.

Ilpu ycrosusx teopemsr 1 3anaqa (1)-(2) nmeer enuHcTBeHHOE O)-TIEPHOTHIECKOE O S H KBAa3H-
[IEPHOANIECKOE 1T T C 4aCTOTHBIM 0a3ucoM (Vi,...Vy,) = V BEIECTBEHHO aHAJHTHYCCKOe 1O (S,T) €
1L, o X 11, /o permenne

s*(s)
x*(s,T) = G (s,0)f(o,er —es + eo + Oh(eT — es + eo)) do,
s*(s)—6o

yAos.retsopsromiee orferke |||, /o < ar~ e B

£l
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OBPATHA{A 3AJJAYA TPABUMETPUN C JAHHBIMU N3
I'EOJIOTO-JINTOI'PAPNYECKNX PABPE30B

CeMmEH CEPOBANCKUI, Janusie HYPCEUTOB

KABAXCKUN HAUIMOHAJIBHBIN YHUBEPCUTET UM. AJIb-DAPABU, KABAXCKUN HAMOHAJIbHBIN
UCCJIEJOBATE/IbCKWUIT TEXHUYECKWUIT YHUBEPCUTET UMEHU K.VI. CATIHAEBA, AJIMATHI,
KA3AaXcTAH

serovajskys@Qmail.ru, ndb80@mail.ru

Jlmnrenbras pa3paborka HedTEra30BhIX MECTOPOKICHUN MOXKET MPUBECTH K HETATUBHBIM TTOC/IEI-
cTBUSIM. TSI CBOEBPEMEHHOTO BBISBJICHUS PA3JIUIHBIX HETATUBHBIX SBJIEHUI PETYISPHO OCYIIIECTBJIS-
€TCsl TPABUMETPUIECKUI MOHUTOPUHT MECTOPOXKACHUN C TTOCTIeAYIONeil naenTuduKannei SKCIepuMeH-
TaJIbHBIX JTaHHBIX.

Pacrpeiennierne moreHnua a rpaBUTAITMOHHOTO TIOJISI OIUCHIBaeTCs ypaBHeHueM Ilyaccona, B mpa-
BYIO 9aCTh KOTOPOI'O BXOJUT PACIIPEICICHNE IJIOTHOCTH B ganuoi obnactu. [Ipavas 3amaga rpaBumer-
PHE COCTOUT B OIIPEJeJ€HNN ITOTEHITNAIA II0 H3BECTHBIM 3HATEHUAM ILTOTHOCTH, a oOpaTHas 3a1ada -
B BOCCTAHOBJIEHNN IJIOTHOCTH, & 3HAYHUT, U CTPYKTYPHI UCCIEAYEMOM 00IaCTH IO pe3yIbTaTaM U3Mepe-
HUA TPABUTAIMOHHOTO TT0JIsI. B peasibHoi crTyalny SKCIePUMEHTATLHON 62301 1/Id perenns mpsaMoit
3aJa4n CAYKAT TaHHLIE U3 Te0JIOr0-TATOrPAPUIECKUX PA3pPe30B MECTOPOXKICHUS, a IJId 00paTHOH -
M3MEpPEHNEe YCKOPEHWS CUJIBI TSXKECTH Ha TMOBEPXHOCTU 3eMJIN HaJ MecTOpoxKaeHueM. CJI0KHOCTE 3a-
Iagu 00yCI0BIEHA, YPE3BBIYAHO MAJIBIM 00BEMOM 3KCIEPUMEHTAILHBIX TAHHBIX HIPU SHAYUTEIBHBIX
pasMepax MeCTOPOXIACHUH, CYIIeCTBEHHON HECONIACOBAHHOCTHIO I'PABUMETPUYECKIAX W IEOJIOTMIeCKUX
JTaHHBIX B CMBICJIE BPEMEHH [TOCTAHOBKH 3KCIIEPUMEHTA K OTCYTCTBAEM WHMOPMAIIUN O COCTOSHUN CHCTE-
MBI Ha MTOA3EMHOI FPAHUIE UCCHEAyeMOi 001aCTh. B 9TUX yC/IOBUAX MOIYIUTH CPABHUTEIHHO TOUHYIO
HHMOPMAIIIO 0 TEKYIeH CTPYKTYpPe MECTOPOXKICHNS MPAKTHISCKH HEBO3MOXKHO.

TIpeamaraerca HOBBIM OAX0/ K PENTEHWIO YKAZAHHON 331891, OCHOBAHHDIN HA MCIOJb30BAHUN KAK
rpaBIMETPHIECKON HHQMOPMAIINN, TaK W JAHHBIX O CBONCTBAX TE€OIOTO-IUTOrpadUIECKHN pa3pe3oB
MecTopoxkIeHus. Vmeronuecd manHuble T1e0/10T0-1uTorpahmaecKuii pa3spe3os MPencTaBadoT coboit pu-
CYHKH, Ha KOTOPBIX M300PazKeHo PaCIoIOKeHNe TeX NN HHBIX MaTepHAJIOB B HanHoi obaactu. [Ipexae
BCETo, COCTaBJIEHA TPOTPaMMa, npeobpasyiomada 5Ty uadopMaruio B Tabiuily pacupeaeseHns ILI0T-
HOCTH Uit ypaBHeHus Ilyaccona. IJIg MOCTAHOBKM KPaeBbIX yCJAOBHUHM YUIUTHIBAETCS, UYTO MOTEHITHAT
TPABUTAIMOHHOTO TOJIsi 0 Mepe ymajenus oT obbekrTa yboiBaer. PaccmarpuBaemas 06/1acTh MCKYC-
CTBEHHO PaCIIUPAETCH C IMOCTAHOBKOU HYJIEBBIX I'PDAHUYHBIX YCJIOBUH 10 T€X IIOP, IOKA BJIUAHUE ITUX
YCJAOBUI TPAKTUYECKH COMeT Ha HET. TeM CaMbIM MBI ITOJIy9a€M BO3MOYXKHOCTD PEIIaTh MPAMYIO 3a/1a-
9y IpaBAMETPUN Ha OCHOBE JAHHBLIX M3 I€0JIOr0-JTUTOrpapUIecKnil pa3pe3oB MecTOpox eHus. aee,

Pabora BemosHena npu nomzgepxkku npoekta AP05135158 " Paspabomka 2eoundopmayuonmnoti cucmemv, 0ad pe-
WEHUA 30004 2PABUMEMPUUECKO20 MOHUMOPUH2A, 3EMHOT KOpbl HePmezazonocuur pationos Kazaxcmana Ha ocrose
6HLCOKONPOUSBOOUMENLHILT BHBHUUCAEHUT 6 YCAOBUAT 02DAHUNEHH020 005EMA IKCNEPUMEHMANHOLE OaHHHT".
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BBIUNCISETCS BEPTUKAJIBHASA COCTABIIAONAA I'PAJUCHTS I'PABATAIMOHHOTO ITOTEHIIAAIA, COOTBETCTBY-
FOIAs YCKOPEHUO CUJIBI TSXKECTH, KOTOPasi CPABHUBAETCS C TIOKA3AHUAMHU TpaBuMeTpoB. CpeaHerBal-
paTUYHOE OTKJIOHEHWE BBIUUCISEMO MH(MOPMAIUU OT SKCIEPUMEHTAJIbHBIX JAHHBIX CJYKUT KPUTE-
pHeM TOYHOCTH HAINEero MPEICTABACHUT O TEKYIEH CTPYKType MeCTOpOokKAeHus. Fro 0o/binme 3Hage-
HUsl O0BSICHSIOTCS TeM, UTO TPaBUMETPUYECKast HH(MOPMAITUS PETUCTPUPYETCsT PETYJIPHO, B TO BpeMsi
KaK T'e0/IOTUYeCKre JaHHbIe 0OHOBIAIOTCA Kpaiine peako. Ha OCHOBE reHeTWMYecKOro aJirOPpUuTMa BHO-
CATCS BO3MYIICHNA JAHHOTO PACIPEIETICHUA IJIOTHOCTEH € [eIbI0 MUHUMH3ANUN PACCMaTPUBACMOTO
Kpurepud. TeM caMbIM TOSBASETCH BO3MOXKHOCTb PEAJILHOTO YTOYHEHUS MMEIOMIeicss nudopmaimm o
CTPYKType HedTera3oBblX MECTOPOK IEHU.

MOANPUKALINA METOIJA JIOMAHBIX SMJIEPA PEIIIEHUA
ITOJIVIIEPNOAMNYECKON KPAEBOU 3AJAYU AJId YPABHEHUUN B
HYACTHBIX ITPMMO3BOJAHBIX YETBEPTOI'O IIOPAIKA

L CBET/IAHA TEMEHIEBA, 2 CoiMBAT KAB/IPAXOBA

L2PHCTUTYT MATEMATHUKN U MATEMATUYECKOTO MOJEJINPOBAHUS MOH PK,
L2KABAXCKUIT HAIMOHAJILHEI YHUBEPCUTET UMEHHN AJTb-DAPABU AJIMATHL, KABAXCTAH

nurl5@mail.ru, symbat2909.sks@gmail.com

B obaactu © = [0,w] x [0,7] paccMarpuBaeTcs MOIyIEpHOANIECKasi KpaeBas 3aada JJisi OIHOTO
HEKJIACCHYECKOTO YPABHEHHUST Y€TBEPTOrO MOPSIIKA,

af;;g = ai(z, )ggg + ay(a, t)af; -+ as(x, t)a: + au(a, t)aa;“ +
+a5(x,t)gz - aﬁ(x,t)g:: +ar(z, t)u+ f(z,t), (z,t) €9Q, (1)
uw(0,) = i (t), t € [0,T], 2)
Qnl)) =infe),  te0.T, 3)
Fut % o= ua(t),  te[d.T] w0 @)
u(z,0) = u(z,T), =€ 0,u] (5)

rae f(x,t),ai(x,t), (i = 1,7) nenpepuisable Ha ) GyHKIMH, 1);(t)— ABazKIbl HeNpepbIBHO Judbde-
pentupyemsie Ha [0,T] dbyskuun, yuosaersopsomue yeaosusm 0;(0) = 1;(T), 1;(0) = (T, (i =
1,2,3)

B ganrOM cOOOIIEHNN PACCMATPUBAETC BONPOC CyNIECTBOBAHUE KJIACCHYECKOTO PEIIeHUs 3a/1a9u
(1)-(5) u mperaraercs aIrOpUTM HAXOXK/IEHH €ro IPHO/IMZKeHHOrO peleHns. BBes HOBble Hem3BeCT-
HBle (PYHKIUM PACCMATPUBACMAA 38098 CBEJETCA K SKBUBAJICHTHON HEJTOKAILHOM KpaeBoil 3a1a9e J1Is
runepbONIECKOro yPaBHEHNsI BTOPOTO MOPSIIKA ¢ MHTErPATLHBIMI COOTHOTIEHUSIMU.

Ha ceropmsammmii 1eHb pasImdHble METOIBI UCCICTOBAHNS U PENICHA HATaIbHO-KPACBBIX 33144 I
yPaBHEHMI B 9ACTHBIX MPOU3BOJHBIX YETBEPTOTO TOpAaka muddepeHImaabHBIX ypaBHeHu i, runep6o-
JIMYECKOTO ¥ KOMIIO3UIIMOHHOTO THIIOB HCCJIEI0BaHbl B paborax [1-6]. st Toro 4robbl mccienoBarh
pa3/IMYHbIE KPAEBBIE 3aJa49W J/Is YPABHEHUI B YACTHBIX ITPOU3BOIHBIX I€TBEPTOTO TMOPAIKA HADPSIILY
¢ KJACCUIECKUME METOJAMH MATEeMaTHYECKO# (pbu3ukn npumensnnch Meron @ypbe, meron dyHKmmit

Jannasa pabora nogaepxusaerca upoexrom AP05131220 (2018-2020) MOH PK

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 189

puna, merosn [lyankape n Apyrue METOIbl Ka9eCTBEHHON TeOPHN 0OBIKHOBEHHBIX (D (hEepeHIna bHbIX
ypasaenuii. CchopMynnpoBaHbl yCI0BUsl pa3spenmMocTy ux perenuns. B padorax [7-8] 6buim mosyuens
KOPPEKTHasl Pa3peruMOCThb TOJIYTIEPUOJANIECKON KpaeBoii 3a1a4u JIJIsi THIEpOOTHIECKOr0 ypaBHEeHUsT
BTOPOrO MOPsifiKa M YNUCJIEHHO-aHAJIUTHYIECKOe DelleHne, a B [9] paccMOTpeHbI BOIPOCHI CYIIECTBOBA-
HUST peleHnsi U ITpUOJIMKEHHBIH MeTOJI HAXO0KIeHUsT PEIeHns] KPAeBoii 3a1a9i sl HEKJIACCHIECKOTO
YPaBHEHUS TPETHETO MTOPSIIKA.

[ Hax0K IeHnsT IUCIeHHO-aHAINTHIeCKOro pentenus 3a1a49u (1)-(5) npumersaercsa MoqudnKaris
meroga Jomanbix Jitnepa [9]. ITosyueHbl ycioBust CyliecTBOBaHHs €MHCTBEHHOCTH KJACCHYECKOrO
perenna kpaeBoii 3aga4an (1)-(5). Yeranosmensl oreHku 6m30cTH BYHKIUN TOCTPOEHHON € TIOMOTITHIO
MOIUKAIIIN METO/Ia JTOMAHBIX Dilepa K TOYHOMY perrernto 3agadn (1)-(5).
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JIOTAPU®MUNYECKUE PEIIEHUA CUCTEMBI, COCTOMAIIIE 13
ABYX JTNO®PEPEHIINAJIBHBIX YPABHEHUN B YACTHBIX
ITPOMN3BOJAHBIX TPETBEI'O IIOPAIKA

Kanap YBAEBA, 2Kakcblibik TACMAMBETOB

AKTIOBUHCKUI PETUOHAJIBHBIN TOCYIAPCTBEHHBIN YHUBEPCUTET UM.K.ZKVBAHOBA,
AKTOBE, KA3AXCTAH

zhanar ubaeva@mail.ru, tasmam®@rambler.ru

ITocranoBka 3amaduu. ccneayercs ogaopognast 86 m3u ocobennocru (0,0) peryasgpaas cucrema,
cocTostmast u3 ABYX auddepeHIna bHbIX YPABHEHWH B 9aCTHRIX MTPOU3BOIHBIX TPETHETO MOPSIIKA BUIA

903(7’3,0 - 043,090h)1)3,0 + $2y(7“2,1 - Oéz,lﬂﬂh)pz,l + 5132(7“2,0 - a2,095h)]92,0+

+xy(ry — 041,1xh)p1,1 +x(r10 — 061,0£Uh)p1,0 +y(ro1 — Oéo,1iﬁh)p0,1 + (ro0 — Oéo,oxh)po,o =0,
y3(tos — Bosy™pos + 2y (tre — Bray™)pra + v (to2 — Bo2y™)poat
+axy(tin — Bray")pia + x(tio — Broy™)pro + y(tos — Boiy™po1 + (too F Booy™)poo =0, (1)

e poo = Z(x,y) - obmast HeM3BECTHAS, T s, O k, Lk, Bk (J, k = 0,3) - HemsBecTHBIC TOCTOSHHBIE.

Lenbio paboThl ABJISIETCS UCCIEIOBAHIE BO3MOXKHOCTH CYIIECTBOBAHUS JTOTAPUMPMUIECKUX PEIeHn i
P14 9ACTHBIX CIIYYaeB MAJTOMCCICIOBAHHON OJHOPOIHON CUCTEMBI TPETHEro TOPSAKA THIEPreOMeTPH-
qecKoro tuma. st pasiudHbIX TOPSIKOB OJHOPOJHON cucTeMbl (1) Tpebyercss yCTaHOBUTH CHCTEMBbI
TUIIEPTreOMEeTPUYIECKOTO TUTIA, ODIHI MeTO TOCTPOSHUST PereHnii BOIM3u PeryssipHbIX 0COOEHHOCTEMH
(0,0) 1 (00, 00), OIIpeIeTUTD KOIMIECTBO JHHEHHO-HE3ABACHMBIX TaCTHBIX DEIIeHHnil.

s nocrpoennsi pemienust cucreMbl Tperbero nopsiaka (1), mesmecoobpasHo npuMeHeHHe MeToJa
®pobennyca-J/larbimesoit 1], xopormo 3apekoMenjaBiiero cebd Mpu U3YUEHUH CHCTEMBI BTOPOTO IIO-
PSAZIKA, OCKOJIBKY OHM OTJIMYAIOTCS TOJBKO MOPSIKAMHE.

Cucrema (1) mMeeT psijy MHTEPECHBIX YACTHBIX CJTyYaeB.

1. Cucrema tuna diiepa. 113 (1) npu h = 0 mosiyunm cucremy tuma iljaepa, Tae BHIPAXKEHUs B
CKOOKaxX MPEBPAIIAIOTCS B IIOCTOAHHBIC: Tk — Ok = Qi tik — Bjk = bjk, (J, k = 0,3) u cupasemnuso
YTBEPIK IEHUE.

Teopema 1. [Tycrs cucrema onpejesstomux ypasHenuii ornocurensHo ocobenuoctu (0,0)

fi(p,0) = azop(p —1)(p —2) +az1p(p — 1)o + az0p(p — 1) + ar1po + a10p + ap10 + aop = 0,

Ja(p,0) =bogo(oc —1)(0 —2) +biap(c —1)o + by 20(c — 1) + by,1p0 + b1op + bo,10 4+ bog = 0

MMeeT JeBSITh Tap KPaTHBIX KOpHel (pg, o), (t = 1,9). Torga obmee pemenne cucremsr (1) mpegcras-
JISIeTCSl B BUJIE CJIEYIONIEN CyMMBbI

9
Z(z,y) = Z CiZy(x,) = 2Py (Cy + Chlnz + Cslny + Cylnainy + Csln’zlny+
t=1

+Cslnzln®y + Crln’xin’y + Cslndzin®y + Coln’zindy.

3/iech B 3aBUCUMOCTH OT KPATHOCTH Tap KOpHel, Kak Oy[eT Mmoka3aHo B JajbHeieM, obiee pe-
MeHre CUCTEeMBI THTa, Jaepa MOXKEeT UMeTh PAa3HbIe MPEeICTaBIeHN.

2. Cucrema runepreomerpudeckoro tuna Kamvmmne ne ®Pepbe

ITpu h =1 u3 (1) noayunum cucremy nsydennyto Kawmue ne @eprne [2].

Teopema 2. IlycTb nocienoBaTensHOCTh map Kopueit (pg, 0t), (t = 1,9) cocrout u3 Tpex mocseno-
BaTeJbHOCTEHR

(p1,01) = (p2,02) = (p3,03) = (p4,04),
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(ps5,05) = (p6,06) = (p7,07) = (ps, 08), (pa; 79). (2)
Me?K’ZLy HMUMMHM BBIIIOJIHACTCA COOTHOIIICHUE:

(pi,oi) > (pr,or) > (pr.op), (i =1,2,3,4;k =5,6,7,8;r =9), (3)

¥ OHM HE OTJIMYAETCHd HA Ie/ible ducsa. Torma ogaopoanas cucrema audPepeHnajibHbIX YPABHEHUN B
YACTHBIX MTPOU3BOTHBIX TPETHEro mopsiaka (1):

1) mMeeT moANmOCIe0BATETHHOCTE JTUHEAHO-HE3ABUCUMBIX JACTHBIX PEIeHuii

Zl (33’, y) = xplyol Z Am,nxmyna (AO,O 7é 0)

m,n=0

Zo(z,y) = Zu(x, y)inz + £V (z,y),
Z3(x7y) = Zl(.fU, y)lny + f2(1)(.fC, y)7

Zu(,y) = Zi(w, y)inalny + £ (@, y)ina + £V (@, 9)ny + £ (2,9), (4)
e fl(l)(x,y) = 2Py 3F Agl),nx“y”,(Ao@ # 0),(I = 1,5),(j = 1,4) Ha ocHOBaHMII TEOpEMBI

CyIIeCcTBOBaHMS JIOTapUdMUYECKUX PeIeHnii cucreMbl Broporo nopsizka [1, c.165].

2) AHAJIOrMYHO, TAKXKE MMEeTCs II0JI0CAEI0BATE/IbHOCTD JTUHEHHO-HE3ABUCUMBIX YACTHBIX Pere-
HU

[o¢]
Zs(x,y) = 27y > Bmnz™y", (Bog # 0)

m,n=0
Zo(x,y) = Zs(z,y)ina + [ (x,y),
Za(w,y) = Zs(x, y)lny + 157 (,y),

Zs(x,y) = Zs(@, y)inwlny + £ (@, y)inz + 12 (2, y)iny + 1 (2, y), (5)

2 o ! v —
rae f2(a,y) = 2Py Y, Binety?, (Bog #0), (1 = 1,5), (j = T,4).
3) Umeer onHO THHEHHO-HE3aBUCUMOE GaCTHOE DEIleHne

ZQ(xu y) = xpgyog Z Cm,nxmynv (CO,O 75 0) (6)

m,n=0

Kak Bugno, uz (4)-(6) pemenus Z1, Z5, Zg COOTBETCTBYIOIIME MEPBBIM MOKA3ATETAM KaXKIOH 13
nocsreoBaTesibaocTel (2)-(3) mpencraBisitorea B Buie OOOOIIEHHBIX CTEHEHHBIX PAI0B. OcrajbHbIe
penrennd ABJIAOTCA .HOI‘apI/ICbMI/ILIeCKI/IMI/I. MLI HOHy‘{I/IHI/I COBOKyHHOCTb ACBATHU pe]_HeHI/HjI7 HeO6XO’ZLI/IMO
JOKA3aTh, 9TO OHU 00pasyrT pyHIAMEHTAILHYIO cHcTeMy. [10Caeq0BaTeIbHOCTH MOXKHO COCTABJIATD
0 pa3HOMY. DTO BBI3BIBAET OIPEJIEJIEHHBIE TPYIHOCTH, HMOCKOJBKY, ¢ BO3PACTAHWEM KPATHOCTH IIap
Kopueit (pg,0¢), (t =1,9) cioxknee 6yJeT cOCTaBIATh PEKYPPEHTHBIE COOTHOLICHUA BH/IA

0? o° 9°

0 0
%Z[i,p, y)0]7 %Z[xu p7y7 U]) mz[‘r?pa y7 U]a cey WZ[:E’ p7y7 0]7 Wz[xu p7y7 0]7

KOTOPBIE HEOOXOIWMBI I MOCTPOEHUA KOHKPETHBIX PEIeHnit cucTeMbl. B pabore moKa3aHbl erme psil
TEOPEM 1 IOCTPOCHBI KOHKPETHBIC IIPUMEDHI.
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Ecenrin koiibnbiMbl. [Tlenenren tikreproypeimnret Qr = {(z,t) : 0 <z <1, 0 <t < T}
OBJILICHLIHTA,

ut_u:px_b(t)umzt:f(xat)>O<x<170<t§T (1)
TICEBIOMAPabOTANBIK, TEHIEYIH,
u(z,0) = ¢(x), 0<x <1 (2)
HacTamKpl IIapTHIH,
u(z,0) =0,u(1,t) =0, 0<t<T, (3)
MMEKAPASIBIK, ITAPTTAPHIH JKOHE
1
/u(x,t)da::E(t), 0<t<T (4)
0

HHTErPAJIIBIK KOCBIMITIA MAPTHIH KaHAFATTAHIBIPpATHIH u(x,t), b(t) - dyHKIMsamap KyOeiH Taby Kepi
ecebin kapacTeipaiibik. Myanarst o(x), f(z,t), E(t) - 6earini dyrxmusnap. Araavsi, (1)-(4) ecentiy
Hepiareraepi Keaecl MapTTapabl KAHATATTAHIBIPCHIH €Il AJaibIK:

o(x) € C40,1], p(0) =0, (1) =0, ¢r <0, k=0,1,.... (5)
1
E(t) € CY[0,T), E / )z, E(t) > 0. (6)
f(z,t) € C*[0,1]NC(Qr), f(0,t) =0, f(1,t)=0, fr >0, k=0,1,.... (7)
§coler +c2) <1 (8)

MYHIAFbl @k, fi(t) coiikec p(z) xoue f(z,t) pynruusmapbiabie Pypbe KoabdunmenTrepi, a ¢y, ¢1, €2
ecenTin Oepiarenepiner TOye i TypPaKThLIaAP.

Teopema. Erep (5)-(8) maprrap opsiaganca, ouna (1)-(4) xepi ecebiHIH KaIFBI3 KJIACCHKATIBIK
mrertrimi 6ap 6oJaIb.

Pa6ora Beimosmena npu dbuHAHCOBOHN mommepxke KomuTera HayKn MUHHCTEPCTBA oOpa3oBanus u Hayku PK, rpant

AP05132041
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Hcnonw3ya npencraBaenne pertenns YpaBHEHNS TEMJIOTTPOBOTHOCTH

ou(z,t)  ,0%u(x,t)
at " oa2 (1)

B BHJIE JBOMHOIO CTEHeHHOro pana u(x,t) = > oo > x| ToTydeHbl CIeIyIONue ero dacTHLIE
) =1 j=1%% )
perenus Uy, (x,t)

n 22nn!a2(n—k)

U (,1) = k:om

z2kgn=k m = 2n,

221y q2(n—Fk) m=0,1,2,.... (2)

2 (n—k)!(2k + 1)!

k=0

g2k = o 4+ 1,

C momorpto dbyHKIHIE (2) MOTYT GBITH MOCTPOEHBI, B YaCTHOCTH, pelneHus 3agadn Komm B Gec-
KOHEYHOM obactu —o0 < x < 00 u 3amadu B nosybeckonednoit obsactu 0 < & < 0O B 3aBUCHUMOCTH
or 3Hadenus B Touke © = 0. OxHaKO BO BTOpOM ciydae 3nadenue u(z,0) B HAYaIbHBIH MOMeHT ¢ > 0
cranoBuTcs (pyHKIuen ee Kpaesoro snaderns u(0,1), 4TO HE MO3BOIAET MOTHOTEHHO OMUCATH TEMIIe-
parypHoe 1ojie B obstactu & > 0, YIUTHIBAIOIIEE TAK¥XKe ero HadabHOEe COCTOSHUE.

B pa6ote [1] pacuuperno mao)ecTBo yHKIW (2) 32 cueT acconnMpoBaHHbIX (DYHKIHMIT, 0/JHAKO UX
KOJINYECTBA W CBOMCTB HEJIOCTATOYHO JIJIS TIOJTHOIEHHOTO PEIIeHNsT KPAEBBIX 3aJ1a49 TEILJIONPOBOJIHOCTH.

Bce pemenust ypasrenus (1) 06/1a1a10T CBOHCTBOM 11010615, KOTOPOE YTBEPKIALT, UTO eCn (hyHK-
s u(x, t) aengercs penrenneM ypasaenns (1), To dynxnus u(kr, k2t) Tax:ke ABIAETCA €TI0 pemeHneMm
[2]. Ecin npunsaTs k = ﬁ, t > 0, To byHKIUA Uy, (2, t) TPUMYT B TPOU3BEAECHUS

m x
U (T, 1) = <2aﬁ) fim,z), z=z(z,t)=——, -—-o0<z<o00, t>0, (3)
2a+/t
B KOTOPOM
22nn122k
L —9
2o (0= k)I(2k)!" =
flm,z) =<5 o2n 1,2k 41 m=0,1,2,.... (4)
: =2 1
2Rkt T

Ucmone3ys Tor dakt, 970 GYHKIUA Uy, (T, 1) yI0BIETBOPSIOT ypaBHeHHIO (1), a TakKe yIUTHIBAs
ux npejacrasiaenune (3), Haxonum ypasaerne jyst dbyaxuii f(m, z):

a2 f é:; 2) o, 4 (Z, z)

Apropsl nongepxkannt rpanrom AP05133919 KH MOH PK

—2mf(m,z) =0, (5)
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Teopema 1. Eciu ¢yukmnus f(m,z) sapisercsa pemenueM ypapHeHHs (5) IPpH HEKOTOPOM II€JIOM
m=0,+1+2,..., 7o pyukmmsa

wm (,) = (2a\/£)m f <m, 2@%) 6)

SIBJISIETCsI pellIeHHEM YpaBHEHHs TEeIlJIOIPOBOJHOCTH ( 1) B obiactu —oo0 < x < o0, t > 0.

Oyukiun f(m, z), onpeseneHHble BripaxKkenueM (4), HA3BIBAIOTCS TEIIOBBIMU TTOJHHOMAMH, a JAud-
dbepernmmanproe ypapuerne (5) — ypaBHEHMEM TEIJIOBBIX MOJMHOMOB. Teopema 1 mo3BOJIsIET 3HAYM-
TEJIBHO PACHIMPUTHL MHOXKeCTBO (3)—(4) aHanmuTudeckux perneHnil ypasHeHus (1), JOMOTHSS €ro MHO-
xkectBoM (3), B Kotopom dbyHKuu f(m, z) SBAAIOTCA IPOM3BOIBHBIMU PelleHnsMu ypasaerust (5).

Onpenesnenne 1. Pemenus fi(m,z) u fo(m, z) ypasaenns (5), ymosmerBopsonme HAYAIbHBIM
YCIOBHAM

fl(m,O) = 1,
f{(m70) =0,

fg(m, 0) = 0,
fé(ma 0) =1,

Ha30BeM CME>KHbIMN beHKI_U/IHMI/I IIO0 OTHOIIICHHIO K TEIIJIOBBIM IIOJIMHOMAaM (4)

MMapa dyuxmmit fi1(m, z) u fao(m, z) cocraBaser cucremy JTUHERHO-HE3ABUCUMBIX DEIIEHUH ypaBHEe-
Hud (5), OTBEYAOIILYTO 3a/TaHHOMY 3HAYEHUIO [TapaMeTpa m.

IIpuBeneM pe3yabTaThl MOCTPOCHUS W MCCJIEIOBAHNS PelleHuii ypaBHeHus (5).

1) Tosyuenbl napbl JUHEHHO-HE3ABUCHMBIX DerneHuil ypasaenusi (5) 1/s BCEX HEJNbIX 3HAYEHHI
m=0,41,42. ...

2) Ycranosyeno mpejcrasienue byHkimii Xaprpu (0606meHHbIx dyHKIWHA ommuboK) [3], aBsio-
muxcs pereHusivu ypasuenust (5), uepes dyukun fi(m, z) u fa(m, z) npu m > 0, a Takke obpaTHOe
BeIpazkenune byuxiwmii fi(m,z) u fo(m, z) gepes dyukunn Xaprpu.

3) Jlnst oTpunaTesbHBIX M ONpejeseHa CBA3b ypaBHeHus (5) ¢ ypasuernem dpmura [4] u Bepazke-
HIe ero pellennii gepes3 pelieHnst ypaBHeHrsT IPMUATA. 3aMeTHM, YTO ypaBHEHNE TEILIOBBIX TOJUHOMOB
(5) m ypaBHEHME DpMUTA OTHOCATCSA K OJHOMN U TOI 3Ke TPyTIe ypaBHeHu napabomaecKoro i/InHIpa.

4) Hust Beex pertennit f1(m, z) u fo(m, z) ypasaenus (5), m = 0,£1,£2. .., moaydeHbl IpeICTaB-
JIGHWS B MHTErPAIbHON (POPME BBIPOXKIEHHON TUIIEPTeOMeTPUIECKOi (DYHKITHN.

5) YcTaHOBJIEHBI PEKYPPEHTHBIE COOTHOINECHUS MEXK/Iy pelleHusMn ypabhenus (5) B asrebpanmde-
ckofi, auddepeHImaabHON 1 MHTErpaIbHON dopmax.

6) UccrenoBana acCHMITOTHKA TEIIOBBIX MOJIMHOMOB M CMEXKHBIX (DYHKITHIT TIpU 2 — 00, U3 KOTO-
poii, ¢ yuerom (3), caeayer acCUMITOTHKA PEIMIEHNi Uy, (z,t) mpu t — 0.
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