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GEOMETRIC THEORY AND CONGRUENCE MODEL
Zhanar ADIL

Institute of Mathematics and Mathematical Modeling MES RK, Almaty, Kazakhstan
Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: zhanar adil@mail.ru

We say that a theory T is geometric if for any model M |= T exchange property holds
for the algebraic closure and T eliminates the quantifier 3°°. A congruence relation is an
equivalence relation on an algebraic structure that is compatible with the structure in the
sense that algebraic operations done with equivalent elements will yield equivalent elements.

Let M = (M, =, ) be a structure in a complete theory T'. This structure is expanded in a
theory T as following: 9™ = (M x N, =3 U {E?}), where E? is an equvalence relation.

ME Play, - ,a,);

ot |: P((ab kl)a R (ana kn))

The elements in the theory T are pairs (a;, k;), where a; € M and k; € N. All predicates
are true in equivalence classes. There is no algebraic closure in 7" because infinite number
of elements satisfies P(x,a). Since any statement is deduced from a false statement, exchange
property holds in this theory. The theory T'* eliminates the quantifier 3°° because we can build
as many automorphisms between any finite tuplesas we want, since it is possible to transfer
classes into each other. Therefore, this theory is geometric.

Theorem 1. For every model of a complete theory T there exists a geometric theory T,
congruence model of which is a model of the given theory.

Funding: The authors were supported by the grant AP05134992 of SC of the MES of RK.
Keywords: geometric theory, algebraic closure
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SUBSHIFT WITH HOLES
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Given a 2x2 transition matrix A, Let ) , be the infinite binary words consisting digits 0,1
subject to the transition matrix A. We define shift map o : >, — >, via o(a1, a9, .....) =
a2as...... Let 7 be a map from ), to [0,1) such that 7(ay,as,......) = >~ %. Given an
interval (hole) H C [0,1) we define W(H) ={z € [0,1)|{2" -z} ¢ H,Vn =0,1,2,....}. In this
talk we consider various holes and try to classify situations when W(H) uncountable. This is a
joint work with S.Kadyrov that generalizes some of the results from [1], [2].

Keywords: Subshift, Cardinality of a set, Dinamical systems.

REFERENCES

[1] Agarwal, N. (2017). The k-transformation on an interval with a hole. arXiv preprint
arXiv:1704.02604.

Institute of Mathematics and Mathematical Modeling. — Almaty: April 3-5. — 2019



12 TpajunuonHas anpeabcKasi MareMaruieckast KoHgpeperrus. — 2019

[2] Glendinning, P. and Sidorov, N. (2015). The doubling map with asymmetrical holes.
Ergodic Theory and Dynamical Systems, 35(4), 1208-1228.

SOME GENERALIZATION OF NOTION OF ALGEBRAIC INDEPENDENCE
Bektur BAIZHANOVY®, Sayan BAIZHANOV?? Daurenbek ORYNBASAROV?¢

L.2.3 Institute of Mathematics and Mathematical Modeling MES RK, Almaty, Kazakhstan,
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan,
3 Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: ® baizhanov@hotmail.com, ’sayan-5225@mail.ru, ¢daurenbekaga@gmail.com

Let T be a complete theory T, A be a set of some |A|"-saturated model M and p be a
non-algebraic one-type over A. Let a € p(M), i.e. « lies in the set of all realizations of p in
M. An 2-A-formula ¢(z,y) is called to be p-preserving, if (M, ) C p(M). We call algebraic
closure of o in p the set alg,(a) == {B € p(M)|B € alg(Aa)}. We call quasi-neighborhood of o
i p the set

QV,(a) := {p|there is p-preserving 2-A-formula ¢(z,y), such that 8 € ¢(M, o)}

It follows from definition and properties of algebraic closure alg,(a) € QV,(a) and alg,(a) =
alg(Aa) N p(M).

We say, that p-preserving 2 — A-formula ¢(x, y) is called to be V — p-preserving ((p < p)-
preserving), if 1(z,y) := ¢(y, x) is p-preserving too. For example, z = y is V' — p-preserving for
any non-algebraic one-type. Define algebraic neighborhood of o in p as the next set algy,,(a) ==
(8 € algy(a)la € alg,(3)}.

We define neighborhood of o in p as the set V,(a) :=
{B|there exists V-p-preserving 2-A-formula ¢(x,y), such that g € ¢(M,«)}.

Notice that algy,(a) C alg,(a), algy,y(a) C V,(a) C QV,(a).

There are complete theories distinguished these notions. For strongly minimal theories these
four notions are coincided. For complete theories admitting exchange principle for algebraic
closure in any one-type the notions algebraic closure in type and algebraic neighborhood in type
are coincided, for example for w-stable theories of finite rank of Morley, geometrical theories.

We say that 2 — A-formula ¢(z,y) is (p — q)-preserving, if ¢(M,«) C q¢(M), and is (p <
q)-preserving, if ¢(M,a) C q(M) and ¢(B8, M) C p(M), for some (equivalently, any) a €
p(M, B € q(M)).

Let o € p(M), p € S1(A). Then define quasi-neighborhood of « in q and quasi-neighborhood
of a over the set A as two next sets: QV,(«) := {B|there is (p — ¢) — preserving 2-A-formula
qb(x, y)vﬁ S qb(Mv a>}7 QV(CM) = Uq651(A)QVq(a)'

Notice that we can define algebraic neighborhood of o over the set A as the set
alg(Aa) \ alg(A) = Uges, (ayalgy(A) =: alg(AalA).

Define neighborhood of o in q and neighborhood of o over the set A as the sets V,(a) =
{B|there is (p <= q) — preserving 2-A-formula ¢(z,y), 5 € ¢(M, )}, V(a) := Uges, (a)Vy(a).

Notice that for every complete theory for every set A for every two one-types p,q over A,
for any a € p(M), alg,(a) = algy () iff T satisfies exchange principle for algebraic closure.

Definition of V-independent tuple. For sequence < aq, s, ...,a, >, for 1 <k < j<n
denote by py ; = tp(a;|Aa...., o).

We say that sequence of different elements < aq, ao, ..., a,, > of model M is V-independent,
if for every 1 < i < n, for every © < j < n the following holds:

(l) Q g Vi—l,j(ai); (”) Q; g Vi—l,i(aj>‘
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Notice that the condition (i) is equivalent to condition (iz) for small theories having the
property: RK-relation (Rudin-Keisler) on the set of types is relation of equivalence, and in
this situation we have the partition of M \ alg(A) by relation of equivalence (in general, non-
definable) x € V(y), here V(y) over set A.

In our report we define (V,n)-gon and present the theorem that for arbitrary complete
theory the existence of (V,3)-gon implies for any n(3 < n < w) the existence of (V,n)-gon.

ON SIMULTANEOUS OMITTING AND REALIZING COUNTABLE FAMILIES OF
NON-PRINCIPAL TYPES

Bektur BAIZHANOV!¢, Olzhas UMBETBAYEV??, Tatyana ZAMBARNAYA?¢

1,23 Institute of Mathematics and Mathematical Modeling MES RK, Almaty, Kazakhstan
2 Kazakh British Technical University, Almaty, Kazakhstan
3 Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: ®baizhanov@math.kz, *umbetbayev@math.kz, ¢zambarnaya@math.kz

Let {p,(Z,)|n € w} and {g,(y)|n € w} be two families of complete non-isolated types over
an empty set in a small theory T', such that for every natural number n € w there is a model
9M,, = T which realizes p; and omits ¢; for each i < n.

Question. Is there a countable model of the theory T which realizes every p; and at the
same time omits every ¢;”?

We give a criteria for existence of such a countable model, but this is not a complete answer
to the question.

A complete countable theory T is said to be small if | |J S,(T)| = w, where S,(T) is the

n<w

set of all n-types over (). Notice that for every countable model 9t = (M, X)) of a small theory
T, for every finite A C M the set of all 1-types over A is at most countable (]51(A)| < w), and
there is a countable saturated model 9 = (N, 3), such that 9 is an elementary substructure
of M. Each type ¢;(7;) can be represented as a set of formulas {H;,,|/m € w} such that T+
Vi (Him+1(9:) = Him(Yi)) (a strictly decreasing family).

Let p,(Z,) be a non-principal type over a finite subset A of some model of T". Denote by T

the logical closure of T'U |J p,(&,) in the signature ¥(C') := £ U {¢,|n € w}. Denote by Ty,
ncw

the logical closure of To U |J p;(¢;) in the signature (C,,) := X U {¢;|j < n}.
Jj<n

Theorem 1. If for some i,n,m € w we have Ty = Vy;(¢(Yi, c1, 2, ... ¢n) — Hipm(7:)), then
Ton = VY9:(9(Fis 1, €2, - Cn) — Him (3i))-

Let ¢(7i, 1, Cay-.vy n) (0(Ti, €)) be a formula such for every H; ,,(7:) € ¢:i(9;) the following
holds: Ty F V4i(¢(9i, ¢) = Him(9i)). Then by Theorem 1 we have that Tp,, = Vy;(o(i, ¢,) —
H; . (yi)). Since Tj ,, has infinitely many models of 7" omitting ¢;(¥;), To., U {—39:¢(9i, ¢,) } has
to be consistent and consequently, Ty U {—=34;6(¥;, ¢,)} has to be consistent. Moreover, for any
k € w such that i < n + k, we have M, = —3Y;0(Y;, Cn)-

Let us extend the theory Ty. Take T} to be a logical closure of the set Ty U {—3y;¢(7s, ¢n)
formula of ¥(C,,)|Fi € w,Vm € w, Ty = ¢(¥i, é) — Him(y:)}. Notice that T} is consistent,
because any finite subset of T} has infinite number of models of ¥(C,,) for appropriate n € w.
Suppose T} is not complete. For every n,i € w we consider the following set of one-X(C,,)-
formulas

Ui = {00, 6.)|30:(0(¥i, 6)) € Ty, Ym € w, Ty U{VG:((Yi, €n) — Him(Ys:))} is consistent }.

For each n,i,l,m € w and for [-th formula ¢, € I',; denote the next X(C,)-sentence:
Sn,i,l,m(én) = V@z(@(ﬂm En) — Hz,m(gz))
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It follows from the definition of H; ,, that for every n,i,l € w, if I',; # 0 and | < |T',,,], then
T FEVZ(Sni1m+1(Z) = Sniim(2)) and consequently, T'F VZ(=S,.:1.m(Z2) = =Sni1m+1(Z)).

Theorem 2. Let a theory T of the language (C,,) be a complete consistent extension
of Th,,. Then for some i € w, every model of T, realizes ¢; if and only if there is i € w with
I'ni # 0 and there is | < [Ty 4|, Tin U {Snitm(Cn)lm € w} CT).

Theorem 3. Let a theory T" of the language ¥(C') be a complete consistent extension of
T:. Then there is a model of T' omitting all types from the set of non-isolated complete types
{g(9)|n € w} if and only if for every n,i € w, I'; = 0, or for every | < |T,,;| there exists
m < w such that =S, ;;.m(¢,) € T".

Funding: The authors were supported by the grant AP05134992 of SC of the MES of RK.
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TRICHOTOMY OF FORMULAS IN LINEARLY ORDERED TYPES
Bektur BAIZHANOV ¢, Tatyana ZAMBARNAYA?2?

1.2 Institute of Mathematics and Mathematical Modeling,
Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: ®baizhanov@math.kz, ®zambarnaya@math.kz

Let ¢ = T be a countable saturated model of a theory T" which has a ()-definable relation
< of linear order. Let A be a finite subset of N, and p € S1(A) be a non-algebraic type.

1) An A-definable 2-formula ¢ (z,y) is said to be p-preserving, if for every o € p(IN) there
are 71,72 € p(N), such that 71 < a < 79, 71 < (N, @) < 79, and (N, ) N p(N) # (.

2) A p-preserving formula ¢(z,y) is convex to the right (left) if for every a € p(N) the
set p(N) N p(V, a) is convex, « is the left (right) endpoint of ¢(N,a), and a € p(N, a).

3) A p-preserving convex to the right (left) formula ¢(x,y) is equivalence-generating
if for every o, € p(IN) such that N = ¢(B,a), N = Ve(z > 8 — (p(z,a) < ¢(x,B)))
(N Va(z < B — (p(z,0) & 9(z, ).

4) A p—preserving convex to the right (left) formula p(z,y) is a quasi-successor on p if for
every a € p(N) there exists 5 € (N, «) Np(N) such that p(N) N (@(N, B)\@(N,a)) # 0.

Let ¢(z,y) be a p-preserving convex to the right (left) formula of a small theory T' of (an
expansion of ) linear order. Then exactly one of the following holds:

1) ¢(x,y) is a quasi-successor on p, and 7" has 2* countable models;

2) p(z,y) is equivalence-generating;

3) there are «, § € p(IN) such that (¢(N,3) Np(N)) € (¢(N,a) Np(N)).
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ON QUANTIFIER ELIMINATION FOR THE ORDERED SET OF REAL NUMBERS WITH
NAMED CANTOR’S SET
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2Kazakh British Technical University, Almaty, Kazakhstan
E-mail: ®d_aigera95@mail.ru, viktor.verbovskiy@gmail.com

In [1], John Goodrick began to study dp-minimal ordered structures, where, in particular,
he proved that the elementary theory T structures (R, <, P), where P distinguishes Cantor’s
one third set, is dp-minimal. In order to prove this, J. Goodrick proved that this theory T
admits quantifier elimination. In this paper, we present another proof of quantifier elimination
for the given theory with respect to another signature.

A theory is not dp-minimal if there is a model M and formulas ¢(x; y), ¥ (x; z) with |z| = 1,
and elements a;;, b;, ¢; such that for all ¢, 7,7, j/,

i=1 <~ Mlz(ﬁ(aij,bi/)
j=J <= M cp)

Otherwise, it is said to be dp-minimal (S. Shelah).

We consider the ordered set of real numbers (R, <, P,r,[,0,1), in which Cantor’s set and
two unary functions r and [ are defined as follows.

If the number x does not lie in the interval [0, 1], then I(z) = r(z) = .

If the number «z lies in the interval [0, 1], then I(z) is the maximum number from Cantor’s
set that is strictly less than x, if such exists, otherwise I(z) = x.

The function r is defined similarly. If the number z lies in the interval [0, 1], then r(x) is
the minimum number from Cantor’s set that is strictly greater than x, if such exists, otherwise
r(z) = x.

Theorem The elementary theory of (R, <, P,r,1,0,1) admits quantifier elimination.
Funding: The authors were supported by the grant AP05132688 of SC of the MES of RK.
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EXCEPTIONAL TORTKARA ALGEBRAS
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An algebra with identity
a(bc) = (ab+ ba)c

is called (rigth)-Zinbiel. Let A be a Zinbiel algebra and A=) = (A, +,[,]) be its minus algebra,
where [a,b] = ab — ba for any a,b € A, then it was proved in [1] that A7) satisfies so called
Tortkara identity

[a, 0], [e, d]] + [[a,d],[c,b]] = [J(a,b,c),d] + [J(a,d,c),b]

where J(a,b,c) = [[a,b],c] + [[b, ], a] + [[c, a], ]].

An anti-commutative algebra with Tortkara identity is called a Tortkara algebra. A Tortkara
algebra T' is said to be special if there exists a Zinbiel algebra A such that T is isomorphic to
some subalgebra of (A, +,,]), otherwise, non-special. Any Tortkara algebra on two generators
is special 2]. It is known that any metabelian Lie algebra is Tortkara. Below we solve speciality
problem for metabelian Tortkara algebras.

Theorem 1. There exists a metabelian Lie algebra that is not special. If a metabelian Lie
algebra M is special, then M is nilpotent and its nil-index is no more than 6.

Corollary. There exists a non-special metabelian Tortkara algebra.

Keywords: Zinbiel algebras, Metabelian Lie algebras, Tortkara algebras.
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ON COMPOSITIONS OF DENSE LINEAR ORDERS WITH STRUCTURES AND THEIR
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Algebras of binary formulas were studied in a series of papers both in general case [1, 2,
3] and for theories of ordered structures [4]. Here we consider both compositions of structures
and compositions of theories, for dense linear orders and given structures, as well as related
algebras.

Let M and N be structures of relational languages X and X, respectively. We define
the composition M[N] of M and N satisfying Xqn = Xy U v, M[N] = M x N and the
following conditions:

1)if R € Yy \Xn, u(R) = n, then ((a1,b1), ..., (an,bn)) € Ry if and only if (aq, ..., a,) €
R
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2)if R € Xp\Xm, p(R) = n, then ((a1,b1), ..., (an,by)) € Ry ifand only ifa; = ... = a,
and (by,...,b,) € Ry;

3)if R € XpmNEn, u(R) = n, then ((a1,b1), ..., (an,bn)) € Ry if and only if (aq, ..., a,) €
Ry, 0or ay =...=a, and (by,...,b,) € Ry

The theory T = Th(M|N]) is called the composition Ti[T,] of the theories Ty = Th(M)
and Ty = Th(N). By the definition, the composition M[N/] is obtained replacing each element
of M by a copy of N.

The composition M[N] is called E-definable if M|N] has an (-definable equivalence relation
E whose E-classes are universes of the copies of N forming M|N]. By the definition, each E-
definable composition M[N] is represented as a E-combination [5] of copies of N' with an
extra-structure generated by predicates on M and linking elements of the copies of N.

Notice that compositions preserve the transitivity of theories. Besides, if the composition
MIN] is E-definable then the theory Th(M[N]) uniquely defines the theories Th(M) and
Th(N), and vice versa.

Let A be a positive cardinality, M, = (M), <) be a dense linearly preordered set such that
all maximal antichains A have the same cardinality A, and M/~ does not have endpoints,
where x ~ y < o £ y and y £ x. It means that M, is obtained from M replacing each
element by a copy of A.

Clearly, the theory Ty = Th(M,) is transitive, i.e., has unique 1-type.

The structure M, is linearly ordered if and only if A = 1. In such a case the algebra
Bo = Pu(po) consists of three labels 0, 1,2 corresponding formulas a ~ y, a < y, and y < a,
respectively. We have the following values for the operation -: u -0 = {u} for u € {0,1,2},
1-1={1},2-2={2},1-2={0,1,2}.

Now we put isomorphic structures A, with a transitive theory, on each antichain A of M.
The obtained structure is the E-definable composition M;[N] having a transitive theory. It
can be considered as a variant of transitive arrangements of structures [6].

It was shown in [1, 2| that each algebra B of binary isolating formulas of a fixed isolated
type is an I-groupoid with non-negative labels and it can be realized by a structure N, with a
transitive theory, using a syntactic generic construction.

Considering the compositions M;[N], we obtain the following:

Theorem. For any [-groupoid *j3, consisting of non-negative labels, there is a theory T" with
a type p € S(T') and a regular labelling function v(p) such that B, = Bo[B].

Funding: This research was partially supported by Grant AP05132546 of SC of MES RK and by Project No. 17-01-
00531-a of Russian Foundation for Basic Researches.
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ON COMPACTNESS FOR CLOSED FAMILIES OF THEORIES
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We consider a variant of compactness for families of theories.

Let T, be the set of all complete elementary theories of a relational language X.

For a set T C Ty we denote by Clg(T) the set of all theories Th(.A), where A is a structure
of some E-class in A" = Ap, Ag = Combg(A;)icr, Th(A;) € T [1]. As usual, if T = Clg(T)
then 7 is said to be E-closed.

For a set T of theories in a language ¥ and for a sentence ¢ with ¥(¢) C ¥ we denote by 7,
the set {T"€ T | ¢ € T'}. Any set T, is called the ¢-neighbourhood, or simply a neighbourhood,
for T, or the (¢-)definable subset of T. The set T, is also called (formula- or sentence-)definable
(by the sentence ¢) with respect to T, or (sentence-)T-definable, or simply s-definable.

Proposition [2]. If T C Ty is an infinite set and T € Tx \ T then T € Clg(T) (ie., T
is an accumulation point for T with respect to E-closure Clg) if and only if for any formula
¢ € T the set T, is infinite.

If 7 is a family of theories and ® is a set of sentences, then we put 7o = (1) 7, and the set Tg
ped
is called (type- or diagram-)definable (by the set ®) with respect to T, or (diagram-)T-definable,
or simply d-definable.

A d-definable set T3 is called T -consistent if Te # 0, and Tg is called locally T -consistent if
for any finite &y C @, Ty, is T-consistent.

Notice that there are locally T-consistent d-definable sets T which are not T-consistent.
Indeed, let, for instance, 7 be an e-minimal family [3] which does not contain its unique
accumulation point 7. Then by the definition of accumulation point, 77 is locally T-consistent
whereas Tr = 0.

The following Compactness Theorem shows that this effect does not occur for E-closed
families.

Theorem 1. For any nonempty FE-closed family T, every locally T -consistent d-definable
set T is T -consistent.

Theorem 2. For any family T, Clg(T) consists of elements of T and of accumulation points
realizing locally T -consistent d-definable sets Tg.

Theorem 3. For any E-closed family T, there is a d-definable family Te which is not
s-definable if and only if T is infinite.

Notice that Theorem 3 does not hold for families 7 which are not E-closed.
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The prime numbers firstly were mentioned in Euclid’s Elements, where were proven to be
infinitely many. Another Greek ancient mathematician Eratosthenes constructed special sieve
to determine whether the number was prime. The law of prime numbers has not been invented
yet, and the magic formula for determining whether the number is prime has not been found,
making the question open for centuries. When mathematicians understood that it is very hard
to find the prime, they switched to finding the interval that contained prime numbers. The first
conjecture was made by Bertrand, who proposed that for any integer n>3 there exists prime

n<p<?2n (1)

This postulate was proven by Erdos in 1932-1934. The another conjecture is Legendre’s
hypothesis which states that for any number n there exists at least one prime number p

n? <p<(n+1)>%. (2)

Another one is Opperman’s which states that, for every integer n > 1, there is at least one
prime number

n(n—1) <p<n? (3)

and at least another prime

n? <p<nn+1) (4)

These upper mentioned conjectures remain open until today. In this paper, I formulate my own
conjecture about the existence of 5(or 6) prime numbers (pl,p2,p3,p4,p5,p6) in the interval
from n till square of n, these prime numbers satisfying one certain proviso. The conjecture
is very hard to prove analytically therefore I employ Mathematical Statistics and Probability
methods to analyze these specific prime numbers and find the function for their distribution.
Keywords: prime numbers, probability, generators, triples.
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GEOMETRIC STRUCTURES, NEIGHBORHOODS, N-GONS.
Nargiza TAZABEKOVA,
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Definition 1. Let T be a geometric theory, let M =T and let a = (ag, ay,...a,_1) € M™
and B C M be such that dim(a/B) = n — 1 but any subset of ay, ...a,,—1 is independent over
B. We call such tuple an algebraic n-gon.

A quasi-neighborhood is called definable if there is a formula ¢(Z, y such that QV, p(a) =
P(a, M).

Theorem 1. Let M be a saturated model of theory T, A C M, p € S(A), a € p(M)
and QV, pm(a) is definable quasi-neighborhood such that T € QV, m(y) is not an equivalence
relation. Then T" has the strict order property.

Keywords: geometric structures, neighborhoods, quasi-neighborhoods, algebraic n-gon
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Article is dedicated to Fujita problem, one of algebraic geometry problem, which is still
open since 1987.
X is smooth projective variety of dimension n. Fujita problem states:
Statement 1. If X is minimal variety of general type, then linear system |mK x| has global
generation when m > n + 2.
Statement 2. If A is ample and invertible sheave on X,then linear system |mKx + (n+ 1)A|
has global generation and |mKx + (n + 2)A| is very ample on X.

For surfaces the Fujita conjecture follows from Reider’s theorem.
For three-dimensional algebraic varieties Ein and Lazarsfeld in 1993 proved the first part of the
Fujita conjecture, i.e. that m>4 implies global generation.
We use commutative algebra.
Commutative algebra approach is using tight closure and allows us to prove theorem in arbitrary
characteristic without the use of desingularization or vanishing theorems.
We show that X not be smooth, F-rationality is sufficient.
Also line bundle L not be very ample, it is sufficient that the complete linear system |L| defines
a generically finite map to proper subvariety of a projective space of dim/|L|.
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Theorem 1. X is projective and F-rational and dimX = d, complete linear system L defines
a generically finite map to proper subvariety of a projective space of dim L then .... is globally
generated unless X = P? and L is hyperplane bundle.

Lemma 1. The following conditions are equivalent
1) reflexive sheave Oy is globally generated
2) there exists an integer N such that every element of local cohomology module of HE of
degree less
then N has non-zero multiple of degree —n.

Lemma 2. If a local ring (R, m) of prime characteristic and dimension d + 1 is F-rational
on its punctured spectrum then the tight closure of the zero module in the local cohomology
module H¥™ has finite length.

Lemma 3. Let R be a normal N-graded ring over perfect field of prime characteristic p, and
let Iy and I be ideals of R generated by homogeneous elements of degrees strictly less than &
and greater than or equal to ¢ respectively.Let z be an element of R homogeneous of degree §.
Then if z € (I} + I5)*, than z € I + I.

Proof of the Main Theorem 1.

We can assume that section ring S is graded ring of prime characteristic.

X is F-rational follows S is F-rational on its punctured spectrum SpecS,,.

By Lemma 1 this means local cohomology module H%! has finite length.

So exists N such that tight closure of the zero lies in submodule, generated by elements of
degree N and higher.

So if v is homogeneous element of H4! of degree—n < min(N,—d — 1) then v is not tight
closure of the zero.

We need to show that v has non-zero multiple of degree -d.

Suppose this is not true, so S,,_4 Kills v.

Because L globally generated, S admits a system of parameters of degree one xg,z1,--- , z4.

H™Y = Cokere : Sy, @Sl/:cl e @Sz/md — Sz

where £ = zgx1 - - - 24

(soa:f) sda:ﬁl) B Z (—1)is;at
¢ Z‘t I 9 Z‘t - : $t
7

It is well known fact that an element [Z] is in tight closure of the zero module HAH!

if and only if z is in tight closure of the ideal (xf, z%, -+, %) in S.
So we have an element of local cohomology module of type [%7],
where w € (zf, 2%, -+, 24)" "¢ is equal to zero.
Niie i 0 1'17..,7 id . 4 L
Thus we assume v = ) =04 dxgtxl Yo =g T 1iag,
We have degw =n — d and wy = [)‘5’;—?1] =[2] =0.
Hence s € (xf,af, -, af)*.
But since s has degree 1 then by Lemma 3 s € (xf, 2}, ,af).

Using that s is arbitrary element of degree 1 then we can choose s is not in linear system
spanned by zg, which is possible if dimH"(X, L) > d + 2.

If L is very ample then dimH°(X, L) > d + 2 except case L = O(1).

The embedding of X given by complete linear system L would be isomorphism X — P
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Quantum computer will put an end to such algorithms as RSA, elliptic curves. Multi-
variable encryption is an alternative to classical encryption algorithms and resistant to attacks
of a quantum computer. The multi-variable encryption algorithm uses polynomials in several
variables with coefficients from a finite field. Multidimensional cryptography or multidimensional
public key cryptography is a generic term describing asymmetric cryptographic schemes built on
solutions of equations based on multidimensional polynomials over a finite field. The security
of multidimensional cryptography is based on the assumption that solutions of a system of
quadratic polynomials over a finite field, in the general case, is an NP-complete problem in
a strong sense or simply NP-complete. The first attempt to build a cryptographic scheme
based on multidimensional quadratic polynomials was made by Ong, Shnor and Shamir, where
they offered a signature scheme based on the complexity of solutions of a quadratic equation
in two variables. The development of multidimensional cryptographic schemes in the modern
sense began in 1988 with the scheme C * Matsumoto-Imai [1] systems. The basic idea of
8] IKsI Kmultidimensional cryptography is the choice of the system f (central transformation)
of multidimensional quadratic polynomials in n variables, which can be easily inverted. After
that, two random affine are selected, invertible transformations S and 7" in order to hide the
structure of the central transformation f in an open key.

The public key of a cryptosystem is a composite quadratic transformation P = S* f *T', which,
as it is supposed, hardly differs from accidental and therefore it is difficult to invert. The private
key consists of (S, f, T) and therefore it allows you to invert P. Building a public key uses a
finite field G'F;,

The public key of multidimensional cryptography algorithms is the polynomial map P : GF,, —
GF,

P=(fi(x1, - ,zn), -, fm(x1, -+ ,x,)) where f; are second-degree polynomials.

For encryption and decryption, we assume that m > n. To encrypt the message z = (21, -+ , x,),
you must calculate h = P(z). To decrypt the ciphertext h recursively computed: z = S™'(h),
y = f~!(x) and z = T7'(y). The security of multidimensional cryptography algorithms is
based on the complexity of the solution quadratic multidimensional systems of equations over
finite fields and the isomorphism of polynomials. The solution of a random multidimensional
quadratic system over a finite field is an NP-complete problem in a strong sense or just NP-
full. Patarin and colleagues showed that the difficulty of solving the isomorphism problem of
polynomials is at least is the same as the graph isomorphism.
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An ordered groups is said to be non-valuational, if no non-trivial convex subgroup is definable.
A theory is not dp-minimal if there is a model M and formulas ¢(x;y), ¥(x; z) with |z| = 1,
and elements a;;, b;, ¢; such that for all ¢, j,4', j/,

1 =1 <= Mlng(aij,bi/)
j=7j = M (ay,cp)

Otherwise, it is said to be dp-minimal (S. Shelah).

Theorem Let G be an ordered non-valuational group whose elementary theory is dp-
minimal. Then any definable subset of GG is a finite union of convex sets intersected with cosets
of definable subgroups, under the assumption that B is of finite valuation.
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Let us define the main definitions which will we need along this abstract.

We have deal with some fixing Jonsson theory 7', C' is its semantic model and all sets which
we consider will be the subset of C.

Definition 1. A set A will be called (Vy, Vy) — ¢l atomic in the theory T, if

1) Va € A,Jp € V; such that for any formula ¢ € V; follows that ¢ is complete formula
for ¢ and C' |= ¢(a);

2) cl(A)=M,M € Er.

Definition 2. A set A will be called weakly (V, V) — ¢l is atomic in T, if

1) Va € A, Jp € V; such that in C' |= p(a) for any formula ¢ € V, follow that T' |= (¢ — )
whenever ¢(z) of Vo and C = ¢ (a);

2) cl(A) =M,M € Er.

Thus, we have generalized the concepts of (I';, ') atomic model and weakly (I'y, I's) atomic
model through (Vi, Va) — ¢l atomic and weakly (Vy, Va) — ¢l atomic sets.

Let ¢« € {1,2}, M; = cl(A;), where A; are (V1,Vs) cl— atomic sets. ag,...,a,_1 € Ay,
by, ..., bn_1 € As.

The following definition is defined very important subclass of inductive theories class.

Definition 3. The inductive theory T is called the existentially prime if: 1) it has a
algebraically prime model, the class of its AP (algebraically prime models) denote by APr;
2) class Er non trivial intersects with class APr, i.e. APp () Er # 0.

From the definition of an algebraically prime set in the theory T follows that the Jonsson
theory T" which has an algebraically prime set is automatically existentially prime. It is easy to
understand that an example of such theory will be the theory of linear spaces.
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Definition 4. The set A is said to be (Vy, V3) — cl-core [1] in the theory T, if

1) Ais (V1,V3) a cl - atomic set in the theory T

2) cl(A) = M , M is the core model of the T" theory.

And finally, let us formulate some obtained results regarding these new concepts.

The following result is generalized and refined the theorem 1.2 from [2] among below class
of theories.

Theorem 1. Let T - be complete for 3-sentences a strongly convex Jonsson perfect theory
and let A is (Vy, Vi) — cl-atomic set in 7.

Then (i) = (i7) = (iti) = (iv) A (vi), (i) = (O)* = (v) = (vi), (i) = (i1)* = (vi),
(i)* = (i1)* and (iv)* = (iv), where:

(i) Ais (A,Y) — cl-atomic set in theory T

(1)* A is weakly (A, II) — cl-atomic set in theory T,

(17) Ais (3,%) — cl-atomic set in theory T,

(17)* A is weakly (3, IT) — cl-atomic set in theory T,

(171) A is weakly (3, Y) — cl-atomic set in theory T,

(Z'U) Ac€ APT,

(iv)* A is core in theory T
(v) A is weakly (A, A) — cl-atomic set in theory T,
(vi) A is weakly (X, A) — cl-atomic set in theory T,
All undefined notions in this abstract one can be find in [1,2].
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Let T is an arbitrary Jonsson theory, then E(T') = U,«,E,(T'), where E,(T) is a lattice of
I-formulas with n free variables, T* is a center of Jonsson theory T, i.e. T* = T'h(C'), where C
is semantic model of Jonsson theory 7" in the sense of [1].

Definition 1 [1]. Let 7} and T5 are Jonsson theories. We say, that 77 and T are Jonsson’s
syntactically similar, if exists a bijection f : E(Ty) — E(71%) such that:

1) restriction f to E,(T}) is an isomorphism of lattices E,(71) and E,(T3), n < w;

2) f(EIUnJrlSO) = El(anrlf((p)a pE Fn+1<T)7 n < w;

3) f(Ul = U2> = ('Ul = UQ).

Definition 2 [1].Two Jonsson theories T} and 75 are called J semantically similar if their
J semantic triples are isomorphic as pure triples.

Let us define the essence of the operation of the symbol [ for algebraic construction of
models, which will be play important role in the definition of hybrids. Let 1 € {U, N, x, 4+, &, [[, ]I},

F U
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where U-union, N-intersection, x-Cartesian product, +-sum and @-direct sum, [ [-filtered product
F

and [ [-ultraproduct.

U

Let Thys(Cy 0 Cy) = H(Ty,T,), where Cy is semantic model of theory T;, Cy is semantic
model of theory T5.

In the work [2] was introduced the notion of Jonsson hybrid of first (i.e. for the same
signature of two Jonsson theories) and second types (i.e. for different signatures of two Jonsson
theories) and considered the issues of categoricity for hybrids of the first type.

The following definition gives a hybrid of the first type [2].

Definition 3. [2] A hybrid H(T},73) of Jonsson theories 7,75 is said to be the theory
Thya(C1  Cy), if it is Jonsson. Herewith, the algebraic construction (C; [0 Cy) is called a
semantic hybrid of the theories T}, T5.

Note the following fact:

Fact 1. In order for the theory H(7%,T3) to be Jonsson enough to (Cy 1 Cs) € En(r, 1)

Theorem 1.

A theory H(Ty,T3) is syntactically similar to H(77,7%) if the following are equivalent:

1) The theory T is syntactically similar to 77;

2) The theory T is syntactically similar to 75.

Consequence 1.

If H(Ty,Ts) is syntactically similar to H(T7,Ty), then H(T;,T5) is semantically similar to
H(T{,T3).

Keywords: Jonsson theory, semantic model, hybrid, syntactic and semantic similarity.
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ENRICHMENT OF HYBRIDS
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Let T be an arbitrary Jonsson theory in the first-order language of the signature o. Let C
be a semantic model of the theory T. Let A C C' be a V — c¢l- a subset in T theory, where
V = V3, ¢l = acl and at the same time acl = dcl. Let op(A) = oU{c,|la € A}UT, T = {P}U{c}.
Let T{ = TUThya(C,a), € AU{P(cs)|la € A} U{P(c)} U{"P C"}, where {"P C"} is an
infinite number of sentences expressing the fact that the interpretation of the P symbol is
existentially closed submodel in the language of the signature op(A) and this model is the
definable closure of the set A. It is clear that the considered set of sentences is not necessarily
a Jonsson theory, and this theory, generally speaking, is not complete. Through S7 we denote
the set of all 3-complete extensions of the theory T¢.

We need the following definitions in order to consider main result.

Definition 1. An enrichment of the Jonsson theory 7' is said to be permissible if any 3-type
in this enrichment is definable in the framework of considered stability.

Definition 2. The Jonsson theory is said to be hereditary, if in any of its permissible
enrichment any extension of it in this enrichment will be Jonsson theory.
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For considered theory the reason no to be the jonssoness is the lack of amalgam in some
cases, i.e. there are counterexamples of enrichment by the predicate of the Jonsson theory,
which do not allow an amalgam. So we will work in the case when theory is heridetary, i.e.
there is an amalgam after enrichment of signature. Let T™ be the center of the Jonsson theory
TS and T* = Th(C"), where C’ is the semantic model of the theory T§.

The following definitions were given in enriched signature by unary predicate P.

Definition 3. A Jonsson theory T is called J — P — X - stable, if |S{| < \ for any set A of
cardinality < .

Definition 4. A Jonsson theory T is called J — P - stable, if T"is J — P — X stable for some
A

Let us define the essence of the operation of the symbol [ for algebraic construction of
models, which will be play important role in the definition of hybrids.

Let & € {U,N, x,+,®,[[,]]}, where U-union, N-intersection, x-Cartesian product, +-sum
F U

and @-direct sum, [ [-filtered product and [ [-ultraproduct.
F U

Definition 5. A hybrid H(7),75) of Jonsson theories 73,75 is said to be the theory
Thys(Cy B Cs), if it is Jonsson. Herewith, the algebraic construction (C; [ Cy) is called a
semantic hybrid of the theories 17, T5.

It is turn out that for permissible and heridetary Jonsson theories we can consider and
transfer J — P-stability property for hybrids in enrichment.

Finally, the main result is the following theorem.

Theorem 1.

Let 77 - Jonsson theory, To = Thys(C, P(C),c,) U T}, C - semantic model of theory T7,
P(C)=M =<,C, M € Ep,, ¢, ¢ op,. If Ty, T, - J — P - stable theories, then H(1T1,T,) - J— P
- stable.

All undefined notions in this abstract one can be find [2,3].

Keywords: Jonsson theory, semantic model, hybrid, stability, P - stable theory.
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THE PROPERTY OF FRAGMENTS OF THE V — ¢l JONSSON SETS IN THE MODULAR
JONSSON THEORY
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Karaganda state university after named E.A. Buketov, Karaganda, Kazakhstan
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Let T be a perfect, complete for existential sentences, Jonsson theory of signature o.

Let or(A) = {g} U{c} U{P} is enrichment of the signature o, where g is automorphism, P
is unary predicate, ¢ is new constant. The theory T1(A) is not necessarily complete. Suppose
that it is Jonsson, i.e. it has a center T}f(A). We consider all complete extentions of the center
T* of the theory T" in the new signature or, where I' = {g} U {c} U {P}.
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Let A is V-cl-Jonsson subset of C, C' is semantic model of the theory T, V = V3, ¢l = acl,
with acl = del and a pregeometry generated by ¢l on the set of all subsets of C' is modular.
c(X)= M, M € Ep. We consider the theory Thys(M), which we call the fragment of the set
A and denote by Fr(A).

If X =C and (X,cl) is a modular, then the Jonsson theory 7" is called modular.

We formulate the question of A.D. Taimanov, given that this problem was defined for
complete theories.

Namely, in studying the properties of models of the first order complete theories information
about the Boolean algebras (Lindenbaum-Tarsky algebras) F,(T) is usually, n € w [1]. In
connection with these Boolean algebras F,(T"), n € w, the A.D. Taimanov’s question is well
known (can be found in the works [2]):

(*) What properties should have to have the Boolean algebras B,,, n € w, to exist a complete
theory T, such that B, is isomorphic to F,(T"), n € w?

We will say that the question (*) is solved positively for the complete theory T, if there
exists a sequence of Boolean algebras B,,, n € w, such that B, is isomorphic to F,,(T), n € w.

It is well known, that in some cases working with Jonsson theories we have the opportunity
to restrict ourselves to existential formulas and existentially closed models of the considered
Jonsson theory. In this case, instead of the Lindenbaum-Tarskian algebras F,(T), n € w, one
should consider lattices of existential formulas E,,(T"), n € w. Thus, the above of A.D.Taimanov’s
question can be formulated as follows:

(**) What properties must have the lattices E,, n € w, that there was Jonsson theory T,
such that F, is isomorphic to E,(T'), n € w?

Similarly, we will say, that question (**) is solved positively for the Jonsson theory T, if
there exists a sequence of lattices E,, n € w, that E, is isomorphic to E,(T), n € w.

In connection with these questions (*), (**) the following results were obtained:

Theorem 1. Let F'r(A) be a perfect complete for existential sentences Jonsson theory of
signature or(A).

Then the following conditions are equivalent:

1) a positive solution to question (**) with respect to the theory F'r(A)*;

2) a positive solution to the question (*) with respect to the theory of T, where T is the
center of the theory of T™.

Theorem 2. Let a theory 7" be a perfect Jonsson strongly convex theory and let it be
existentially prime. The set A is as in above and Fr(A) is existentially prime perfect Jonsson
strongly convex fragment.

Then the following conditions are equivalent:

1) Fr(A)* has a core model,

2) Fr(A)° has a core model;

3) theory T has a core model.

All undefined notions in this thesis one can be find [1,2,3].

Keywords: Jonsson theory, semantic model, existentially prime model, pregeometry, model companion, core model.
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OB OBOTAINIEHNAX CJIABO O-MHMHUMMAJIbBHBIX CTPYKTYP BMHAPHBIMU
IMPEINKATAMMN

Casn BAIZKAHOBY, Beii6yr KYJITIEIIOB2

U Uncruryr mMaremartukn 1 MaTeMaTHIeCKOIO MOJIETHPOBAHIS,
Aumvarer, Kazaxcran
2 Mesx iyHApOTHEL yHHBEPCHTET HH(POPMAIIHOHHBIX TeXHOJIOIHIT,
Aumvarer, Kazaxcran
E-mail: “sayan-5225@mail.ru, ®b.kulpeshov@iitu.kz

B macrosimem 1ok1a1e 06Cy K IaI0TCA BOITPOCHI COXPAHEHWsT CBOMCTB IPU 0DOOTAIIEHNSIX CIeT-
HO KaTErOPUYHBIX cJ1ab0 O-MUHUMAIBHBIX CTPYKTYD, HE SIBJIAIONINXCS 1-HEPA3JIMINMbIMU, ITPO-
U3BOJIbHBIM OMHApHBIM IpeaukaToM. Halijien kpurepuii coxpaHeHus CUeTHON KaTerOPUIHOCTU
JUIs c1ab0 O-MUHUMAJILHOIO OOOTAIeHNs paHTa BBITYKJIOCTH 1.

Hacrosmuit ok/a s kacaeTcst HOHATHS CAGO0U 0-MUHUMAADHOCTIU, TIEPBOHAYAILHO IVIYOOKO
uccsreiopantoro B [1]. TlogmuoxkecTBo A suHEHHO yHOPSIOYEHHONR CTPYKTYPhI M Ha3bIBAETCS
BLINYKABLM, €CIIA JJIsI JTIOObIX a,b € A u ¢ € M Beaxkuii pa3 Korga a < ¢ < b MBI nMeeMm
c € A. Crabo o-murumasvrhotl cmpykmypoti Ha3bIBaeTCs JIMHEHHO YIIOPsiIOYeHHas CTPYKTypa
M = (M,=,<,...) Takas, 910 J11060€ onpejienMoe (¢ mapaMeTpaMu) MOJAMHOKECTBO CTPYK-
Typbl M aBisercsa obbeIuHEHNEM KOHEYHOT'O YHCJIa BBITYKJIBIX MHOXKeCTB B M . BerecTenHO
3aMKHYTBIE MTOJI ¢ COOCTBEHHBIM BBITYKJIBIM KOJIBIIOM HOPMUPOBAHUS OOECTIEUMBAIOT BaKHBII
npuMep c1abo O-MUHUMAJIBHBIX CTPYKTYP.

[Tycrs A, B C M. Torpma Beipaxkenune A < B o3nadaer, 9T0 a < b BesgKmit pa3 Korjga a € A
u b € B. Boipaxkenne A < b oznauaer uro A < {b}. Hepes AT (u coorsercrBenno A~) Gyuem
0603HAYATH MHOYKECTBO 3JIEMEHTOB b paccMaTpuBaeMoil CTpyKTypbl ¢ yeioBuem A < b (b < A).
Yepes SM () 6ymem obosnauarh MHOKecTBO Beex 1-turios Teopun Th(M).

Panr BeimykmocT (bopMyIibl ¢ OJHON CBOOOJHOI TepeMeHHON BBejieH B [2]|. B wactHOCTH,
TeOpUsT UMeeT PAHT BBIMYKJIOCTH 1, ecJii HEe CyIIeCTBYeT OIPEeIeTMMOro (¢ mapaMeTpamit) oT-
HOIIIEHNs SKBUBAJEHTHOCTH ¢ OECKOHEYHBIM YHCJIOM BBITYKJ/IBIX OECKOHETHBIX KJIACCOB.

Panee B paborax [3|, [4] Hamu OGbuT mccsieioBan BOIpPOC cOXpaHeHusi CBONCTB 1pu oborarie-
HUAX MOJIeJieil CIeTHO KATEerOPUIHBIX C1a00 O-MUHUMAJIbHBIX T€OPUil YHAPHBIMU [TPEINKATAMU.
B pab6ore [5] ucciieioBan BOIPOC COXpaHEHUs CBOMCTB IIPU OOOTAIEHUAX MOJIE/IeH CUETHO KaTe-
POPUYHBIX €J1a00 O-MUHUMAJILHBIX TEOPHil OTHOIICHUSIME SKBUBaJIEHTHOCTH. B pabore [6] GbL1
UCCJIe0BaH BOIIPOC COXPAHEHMsST CBOMCTB Mpu 00OTAIEHUIX MOJeiei 1-Hepa3/ImauMbiX CIETHO
KATErOPUIHBIX CJ1a00 O-MUHUMAJIBHBIX TEOPHUil ITPOU3BOIbHBIM OMHAPHBIM MIPEINKATOM. 3J1eCh
MBI HCCJIEJTyeM BOIIPOC COXPaHEHMs CBOMCTB IIPU OOOTAINEHUSIX MOJe/Iell CIeTHO KATErOPUIHBIX
c1ab0 O-MUHUMAJIBHBIX TEOPUil, He SBJISIIONUXCS 1-Hepa3mnanMbIMi, OMHAPHBIMEU MTPEIUKATA-
M.

[Iycrs M — ciabo o-muHuMa bHast crpykrypa, A C M, p,q € S1(A) — neanrebpandeckue.
Bysiem TOBOPUTH UTO THIL P ABJSIETCSI CAAG0 opmozonasvhvim tuty g (p LY q), ecou p(x) Uq(y)
HMeeT eJMHCTBEHHOe PacIupenue J0 nosaHoro 2-ruma HaJ A. Mbl takeke mumiem p LY g, ecin
THUIIBL P U ¢ c1abo opToroHaabHbl B Teopun Th(M).

Teopema. Ilycrr M — Ny-kaTeropuinas cjaabo o-MHHUMAJIbHAs CTPYKTYPa PaHTa BBITYK-
Jgoctu 1, p,q € S{VI (0) — meamrebpanaeckue. Ipemonoxkum aro M' — cjnabo o-MuHEMAIBHOE
oborarienne panra BbITyKJI0cTH 1 ctpykTypbel M 6unapubiv npejaukaroMm R(x,y), Tak 410 p, q €
SM(9), mns mo6oro a € p(M') R(a, M) semykmo, R(a, M') C ¢q(M") u R(a, M")~™ = q(M')~.
Torma Th(M') — Rg-kareropudna torja u TOJbBKO Torja, Korjga p LY, q.

Funding: Wccienoanus nongepxanel rpantom KH MOH PK (AP05132546).
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IOHCOHIBIK TEOPUSI MBICAJIBI
Ka6sina 2KETIIICOBY,  Axnyp MYKAHKBI3BI

L2 JI.H.I'ymmres atermjarer Eypasust yarTelK yausepcureri, Acrana, Kazaxcran
E-mail: “jetpisov K54Qmail.ru,’ amukankyzy@gmail.com

CaHJIbIK KUBIH/AP/Ia HAKTHI (KOMIIEKC) CAHJIAD OPICi TeOPHsIChI IOHCOH/IBIK, TEOPHSIHBIH, €H
KapamaiibiM Mbicasibl 60Ja/1pl. Makajiara KATbICThI HETi3ri aHbIKTaMasap MeH oesrieyiepi [1],
[2] kapayra Gosapbl.

Byt Teopusinarst VIOHCOH MIAPTTAPBIHBIH, OPBIHIAIATEIHLIH KOPCETEHIK.

1. Parmmonas canmap epici < @Q;=,+,-, —,:,0,1 > TeOpUSCHIHBIH CaHATIBIMJIbI ¥Kaii (aToM-
JIBIK) MOJIeJTl 6OJIA B

2. ManyKTUBTLIK MIAPTHI HAKTHI CAHIAD OPICIH KYPY 9ici OONBIHIIA aHbIK- TAJIa/IbI.

NuaykTUBTI KeHero i Kypy Kesteci Typ/ie opblHIaa bl Erep r-uppaimonan can xone Q(r)
KypbUIFaH 60Jica, OHJIa OHbIH KeHEIol 1 - 71 (7 # 1'1) UPPAIMOHAJ CaHbl apKbLIbL (7 « 1) KeHerol
TYPIiH/IE aHBIKTAIAILL.

3. En ysiken kyartsl Mojiesi 6ap: erep || = w 6osica, oHa YJIKEH KyaTThl MOjesb |R| = 2¢
(IC| = 2¥), mynnarsr R-sakThl canap, (C-KOMILIEKC CaH/Iap) KUBIHBL.

4. TeopusHbiH, yitaecimai kaMThlTy (eHrisy) kacuerine ue 6osysl (JEP-maprsr): erep 71, o
OPTYPJI MppAIMOHAJ CaHJAp XKOHE T = T - I'y - UPPAIMOHAJ caH GoJica, onga Q(r1) = Q(r)
wotte Q(y/73) % Q(r).

5. TeopusiHbiH, amasbraMa MapThiH KaHAraTTaHIbpybl (AP-maprsl): erep r, 1, o, 73 Uppa-
[MOHAJI CAHJAp YKoHe 1 - Ty = 13 bouica, oHma Q(r) = Q(ry) xoue Q(r) =X Q(r2) Gosrania,
Q(r1) = Q(rs) xone Q(re) = Q(rs) 6omaapl. By nnarpavma KOMMYTATHBTI.

6. TeopusiHbIH ceMaHTUKAIBIK MOJesi R-HakThl (C-KOMILIEKC) caHjap epici.

7. HakTbl (KOMILTIEKC) caHap TeOPUsIChI KeMeJI IOHCOHJIBIK, Teopust GOJIA/IbL.
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O P-KOMBUHALIUAX YIIOPSIJJOUYEHHBIX TEOPUI
Beitoyr KYJIIEIIOB, Cepreit CYJIOIIJIATOB??

U Mesx rynaposmerii yHuBepcnTer HH(pOPMAIIHOHHBIX TEXHOJIOTHIT,
Asmvarsr, Kazaxcran
2 Uucruryr maremaruxn um. C.JI. Cobonesa CO PAH,
Hosocubupckuii rocyrapcTBeHHbBIH TEXHUIECKHH VHUBEPCHTET,
Hosocubupckuit rocymapcrsennniii yausepcuter, Hopocubupck, Poccust
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B cepun pabor [1-8] m3yuasmch cBoiicrBa KoMOmHaImii Teopuii. B mHacTtosmem mokitaze
MBI HcCIeryeM P-KOMOMHAIIMN YIIOPSIIOYEHHBIX TEOPUl 1 HAXOIUM HEOOXOINMbIE U JIOCTATOY-
HbIE YCJIOBUST DPeH(PORXTOBOCTH i P-KOMOWHAIINN CIETHOTO 9HC/Ia JTMHEIHO YIIOPS T0IeHHBIX
CTPYKTYP.

Ecmu (M7, <) u (Ms, <o) — JuHEHHBIE TOPSIIKI, TO UX AUHETHO YNopAJONEHHAA HEenepece-
Karowaacs Komourayus (W Kowkamenayus), obo3Hadaemast depe3 My + My, ecTb JuHEHHbIH
nopsiziok (M U My, <), tie

a<b<s ([a,be My ANa <y b wmn [a,be My Aa <yb| umu [a € My ANb € M)

[Iycrs M; = (M;; <, %) — JHHEHHO yHODSIOYeHHAs CTPYKTypa Jist KazkKJIoro i € w.
Bynem obosnadars yepes M’ jguHEHHO yHOPSIOYEHHYIO HEIEPECEKAIOINyocs P-KOMOUHAIMIO
crpykTyp M;, i € w, B asbike {<, %, Pl}ic,, 116 ¥ = Ui, X, 1 yHUBEpCYMOM KOMOUHAIIUK
apngercd | J,,, Mi; Py(M') = M; nns kaxoro i € w; mbo Pp(M') < P, (M), mbo P, (M') <
Py(M') s mobbix k,m € w ¢ ycaoBueM k # m.

st mobbIx 4, j € w P-unmepsasom Ha3bIBaeTCs cieayommee MHOKecTBO (B, P;) = { P} |
P(M'") < P,(M') < P;(M')}. Anamorndno Mbl MOXKeM omnpefeintsb P-unrtepsaist (P, Pjl,
[P, P)), [P, P;]. Ecnu M’ me mMmeer HamMeHblrero P-IpeuKaTa, TO MBI MOYKEM OIPE/EIUTD
P-unrepsain (oo, Pj), rae (oo, Pj) = { Py | Po(M') < P;(M')}.

PaccmarpuBas npeaukarsl P; BMecTo s1eMenToB B M’ samedaem 4o cevenust B M’ 3ame-
HsoTest P-cevenuamu, cocrogmmmu 3 pasouenuii (P, P’) MHOXKecTBa BCex HpeaukaTos P ¢
yeanoBusivu Pj(M') < Py(M') nns P; € P u P, € P'. Bynem rosoputs uro P-cedenus Cy u Cy
SIBJISIIOTCS OPMO20HAALHLMU, €CTTT OHU PEATU3YIOTCS HE3aBUCUMO JIPYT OT JIpyTa.

Hng P-ceaenns C = (P,P’) gucio monapHo Hem30MOPGhHBIX CYETHBIX MOJeIeil Teopun
Th(M'), B KoTOpBIX peamusyercs C, a Bce P-cevdenust, SBISIONINECs] OPTONOHATBHBIMHU CEUEHUIO
C, e peajmsyiorcs, naspiBaercd C-cnexkmpom. HamomuuMm, 910 moJiHasg cUYeTHas TEOPUS Ha-
3BIBAETCA IPeHPoUTMOo601, €CJI OHA HE ABJAETCH No-KATETOPUIHON, 1 UMeeT JIUITh KOHEIHOe
YHUCJIO MTOTTAPHO HEN30MOP(MHBIX CIETHBIX MO/IEIIEH.

Teopema. Ilycre M; — cueTHO-KaTeropuiHas JIMHEHHO YHOPsOYEHHAS CTPYKTYPa IS
Kaxjoro i € w, M' — jmHeiiHo yropsijoueHHast Herepecekaromasicsi P-koMOuHAaIs STHX CTPYK-
1yp. Torma Th(M') SpercoiixroBa Torja H TOJIBKO TOIJA, KOIJIa HE CYIIECTBYET OECKOHETHOI'O
pasbuennst M' wa 6eckoneunble P-mHTepBasbl, 1 C-CIIEKTP KOHEYEH JIsI KayKJgoro P-ceverust
C.

Caexnctsue. Ilycrs M — cueTHO-KaTeropudHasi BIIOJIHE O-MHUHHMAJIbHAST CTPYKTYpa, M’ —
JIMHEHHO YIIOpsi/IO9eHHAasT HeIepeceKaloIasicss P-KOMOUHAIIHST CIeTHOTO 9UC/Ia KOIMHH CTPYKTY-
per M. Torpa smbo Th(M') umeer 2 cuernbix mogeseii, 6o Th(M') apisiercs Dpergorix-
TOBOH.

Funding: Uccnenosanus gacruuno nopgepxkansl rpanrom KH MOH PK (AP05132546) u npoekrom PODU (Nel7-01-
00531-a).
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OpendoiXTOBOCTH
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KOMIIJIEKCHASI ®OPMA 3AKOHA I'VKA JIMHEMHO-YIIPYTOI'O AHU30TPOIIHOT'O
TEJIA

Hukonait MAPTBIHOB

Wrcrnryr MareMaTHukyu U MareMaTHIeCKOro ModenpoBaHusi, I. Ajmarel, Kazaxcran
E-mail: nikmar50@mail.ru,

MHuorue ecrecTBeHHBIE IIPUPO/IHBIE U UCKYCCTBEHHBIE MaTePHUAJIbl XapaKTePU3YIOTCS aHU30-
TpoInel UX yIpyrux cBoiicTB. K HUM OTHOCATCS B YACTHOCTU KOMIIO3UTHBIE MaTepPHUAJIb, JOJIS
UCIIOTb30BaHUsI KOTOPBIX B ITOBCE/IHEBHOM M WHXKEHEPHON NMPAKTHKE C KayKJbIM T'OJOM PACTET.
locraTouno cKka3aThb, YTO B HACTOLAIIEe BpeMs 85 MPOIEHTOB U3/IEJINI a9POKOCMUYIECKOTO KOM-
IJIEKCA TTPUXOAATCA Ha KOMIIO3UTHBIE MaTepuaJsbl. [[losTomMy mpm perenun pas/imaHbIX TPU-
KJIAJIHBIX, NH2KEHEPHBIX M TEOPETUYECKUX 3a/1a9 MEXaHUKH CILJIONTHON CpeJibl HeOOXOIUMa JI0-
MOJTHUTE/IbHad, OoJiee TToTHAs UH(MOPMAIIUA O PEOJIOTUYECKUX CBONCTBAX YIPYTIUX ITapaMeTpPOB
3akoHa ['yka aHM30TPOITHOTO JIMHEHHO-YIIPYTOro Teja. BhISCHEHUIO0 3aKOHOMEPHOCTEH yIIPYyTux
napaMeTpoB W OOITNeil CTPYKTYPbl JUHEITHOro 3aKoHa ['yKa aHU30TPONHBIX YHOPYTHX CPEJ IOo-
CBSIIEHO OOJIBITIOE YUCIO0 HAayYHBIX ucceoBanmii. [Ionpobublii 0630p 9TUX HMCCIeI0BAHUNE 10
2008 roma npusejeH, nanpumep, B [1]. JIpyrue nomobusie uccienopanns vadunas ¢ 2008 roja
MOXKHO HaiiTu, Hanpumep, B P2K mexanuka u P7K dusuka.

B nacrosimmeit pabore mpuBejiena KoMILIeKCHas opMma 3akoHa ['ykKa aHU30TPOIHOTO yIIpY-
roro Tesa, MO3BOJISIONIas TPOMO3/IKIE TEH30PHbIE COOTHOIIEHNSI 3aMEeHUTh Ha MAaTPUYHbBIE, U B
€CTECTBEHHOM MaTPUYIHOM BHUJIE OINPE/IEISITH COOCTBEHHBIE BEKTOPA U COOCTBEHHBIE YIIPYTUE MO-
sysin. OtipejiesieHa CTPYKTypa MaTPUIILI yIPYTUX TapaMeTPOB U HOBbIE JIMHEHbIe MHBAPUAHTHI,
KOTOpbIe XapaKTepU3yIOT CUHIOHUU U KJIACCHI YIIPYTHUX IapamMeTpoB 3akoHa ['yka. Teoperuue-
CKU OTMEYEHO, UTO OIPE/IEJIEHHBIM BHIOOPOM HOBBIX JIMHEHHBIX HHBAPUAHTOB MOXKHO MOJIYUUTH
HOBbIE UCKYCCTBEHHbIE KOMIIO3UTHI C YHUKAJBLHBIMU CBOMCTBAME, KOTOPBIX HET B IIPUPOJIE.

[Toydennble pe3yIbTaThl HECOMHEHHO OYIYT CIIOCOOCTBOBATDH PA3PEIIEHHIO IIPOOJIEMBI UJIEH-
TuUKAIUN aHU30TPOIHBIX YIPYTUX MATEPUAJIOB U CO3JAHUI0 KOMIIO3UTOB C YHUKAJIHLHBIMU
CBOMCTBaMU.

Funding: Pabora momnep:kana rpanrom BR05236656 Komurera Haykn Munucrepcra obpaszoBanus n Hayku Pecry6-
sukn Kazaxcran.
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O BBIYUCJINMOCTU HOEHTPA HUJIBIIOTEHTHOMW I'PYIIIbI BE3 KPYUYEHUSA
Jxamanbexk TYCYIIOBY, Hazudp XMCAMUEB??

’ Bpa3uicKuii HallmOHAaJIbHDBIH yHuBepcureT um./l.H.l 'ymuiaeBa, Acrtana, Kazaxcran
12 g g y JLH.Iy , A , K.
E-mail: @ tussupov@mail.ru, ® hisamiev@mail.ru

[IycTh R-KOMMYTATUBHOE U aCCOIMATHBHOE KOJIBIO 6€3 JeuTe el Hyssd, ¢ €IMHATICH U TPYTI-
na

G =< {(hl, hg, h3)|hl € R},

riae OHepaLLI/IH yMHO}I{eHI/IH OHpe,ILeJIeHa TaK:
h-g=(hi+ g1,ha+ g2, hog1 + h3 + g3).

Torma mrobast Bbrauc/mMas HyMepalius vV KOJIblla R UHIAYIUPYET BBIYUCIUMYIO HYMEPAIIUIO
v* HuIbIoTeHTHOH rpymbl G. 3BecTHO 9TO JTI06ast HUJIBIIOTEHTHAs IPyIia 6e3 KpydeHus CTy-
meHn 2 m3oMopdHa moArpyiie rpyimbl Gt HeKOToporo kouibiia R. Ilosromy mpeacrasiisger
MHTEpeC, KOrjia MeHTp noarpynnsl H rpymimbl G I01ycKaeT BBIYUCIUMYIO HYMEpaIio.

Teopema 1. ITycts (R, V) - BBIYHCIUMO HYMEPOBAHHOE KOJIBIO U H - BBIYUCIUMO [Iepeydnc-
JanMas HeabesieBa morpymia rpymsl (G, V%) Takas, 9TO CIpPaBe/JINBbL:

1. cymecByoT 371€eMeHTHI ¢, (0 € H Takue, 9TO CIIpaBe/IIUBbI:

G2, 02 # 0, 02 # go

2. s Jiroboro sseMenTa h € H 3jeMenTol

hg = (h1, g2h1, hs), hy = (1, G201, P3)

takyke npuHaiexkar noarpyimne H. Torma nenrp C noarpynnet H Bbraucsium B (H, ), rie p
- HyMepalis HOJArpynisl H | WHIyIMpoBaHHas HyMepalueil v.

Teopema 2. Ilycrs (G, V) - BRIYHCIMMO HyMepOBaHHAsi HUJIBIIOTEHTHAsI TPyIIa 6e3 Kpy-
YeHUd W B Hell CYIIECTBYET BBIYUCIUMO TepeducinmMas nogrpynna H, comepxaiias mneatp C
rpymnbl G u takast, uro pasmeproctsb 1 (H/C) koneuna. Torga nenrp C - BbIYmcIUMAas O/
rpynma B (G, v).

Caencrsue 1. Ilycrs (G, v) - BbrancanMasi HUJIbIIOTEHTHAST TPy 6€3 KPyJeHUst CTYIeHH
n u noarpynna C ee meatp. Eciu cripaBeiyinBo XoTst ObI OJ[HO W3 CJIEIYIONINX yCJIOBHIL:

1) cymecrByer MmakcuMasbHast abesieBa noArpymnmna A rpynmsl G Takasi, 9To pasMepHOCTh (hak-
toprpyuibl A/C koneuna;

2) B rpyte GG CymIEeCBTYIOT 3JIEMEHTHI 1, . . . , §, TAKUe, YTO Pa3MEPHOCTH (DAKTOPIPYIIIIBI [IEH-
TPaJIM3aTOPa TUX JIeMEHTOB 110 1eHTpy C KOHe4uHa;

3) cyrmiecTByer Takoe 4mcjo i < M, YTO HEHTP COJIEPKUTCA B HEKOTOpOM leHTtaje v;G u pas-
MepHOCTh akToprpytmnst v;C'/C' KoHedHa.

Torga nenrp C - Borancsmmast nojarpymma B (G, v).

Teopema 3. Ilycrs (G, V) - BbIUMCINMas HUJIBIOTEHTHAsT IpyTia 6e3 KpydeHus U B Heil
CYIIECTBYET BBIMUCIUMO TIepeuncmMast abesieBa HopMaJbHast moarpyma A, cojepkarrast meHTp
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C rpynmst G u Takas, 9to dakroprpynnsl G/A KOHEIHO pa3MEPHOCTH U HE MMeeT KPYJIeHUS.
Torma nenrp C rpymust G - BeraucanMas nogarpynmna B (G, v).

CrnencrBue 2. Eciu B BBIMHUC/IUMO HYMEPOBAHHOW HUJIBIIOTEHTON rpyiie 6e3 KpydeHus
(G,v) crynenn 2 CyImecTByeT BBIYHCIAMO MEPEUNCIUMas MaKCUMaJbHas abeseBa MoArpyIia
Takast, 9o dakroprpynna G /A umeer KoHeunyto pasmeprocthb. Torma nentp C rpymmst G -
BRIYHCUMAs oarpynmna B (G, v).

Funding: Asrops! 66utn nogzepxannl rpanrom AP05132349 KH MOH PK.
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BorirPoCchbl CBOAVMMOCTHU 3AIIPOCOB BA3 JIAHHBIX HAJI BIIOJIHE
O-MUHUMAJIbHOM OBJIACTBIO OITPEAEJIEHU S

Anremait ITAXU3AIAY, Beiibyr KYJIIIEIITOB2?

1.2 Mesx mynapoanblii yHuBepcHTeT HH(bOPMALHOHHBIX TexHoIormii, Anmarer, Kazaxcran
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B macrosimem J1okJiazie mcciieayercs IpodJieMa CBOIUMOCTU PACIIMPEHHBIX 3aIlpocoB 06a3
JaHHBIX K OI'PaHNY€HHbIM HaJl BIIOJTHE O-MUHUMAaJIBHOMI 06JIaCTbIO OIIpeJesICeHnd, I/IMeIOH_[eﬁ Me-
Hee deM 2% CYEeTHBIX MOJIeJIei.

B pessimmonnoii Mmojiesin 6a3 qaHHbIX |1, 2| cocTosiHme 6a3bl JAHHBIX TIOHUMAETCS KAK KOHEeU-
Hasl COBOKYITHOCTH OTHOIIEHUH MeXKIy deMeHTaMu. VIMeHa OTHOIIEeHN 1 UX apHOCTH (DUKCH-
PYIOTCA U HA3bIBAIOTCA cxremoli basv, dannvir. OTaeabHas nHGOpMAaIid, XpaHuMasi B OTHOIIIE-
HUSIX JIAHHOM CXeMBbI, HA3bIBAETCS COCTOAHUCM 0a3b, daHHbLT. XOTS PEJISIIUMOHHbIE 6a3bl JTaHHBIX
OBLIN ITPUJLYMAHBI JIJIT KOHEYHBIX COBOKYITHOCTEN JIAHHBIX, YaCTO y/I00HO IIPEJII0IaraTh YTo Cy-
ecTByeT OECKOHEUTHAsT 004acmb onpedeserus — HAIPUMEp, MeJIble WU PAINOHAIbHBIE TUCTIA
— TaK YTO 3JIEMEHThI JIAHHBIX BBIOMpAIOTCA U3 3Toi obactu. OyHKIUKM U OTHOIIEHHSI, OIIpeie-
JIEHHBIEe Ha Bceil 0bJacTu onpejieseHus (HapuMep, < U + ), MOTYT OBbITh TAKKe MCIIOJIb30BaHbI
pu 3anpamuBanun. Hampumep, eciim B KadecTBe S3bIKa 3aIIPOCOB UCIIOJIb3YeTCA SI3bIK JIOTUKN
MPEIUKATOB ITEPBOTO MOPSIJIKA, TO 3aIIPOCHl MOTYT MCIIOJIB30BATH KaK OTHOIIEHUsT 6a3bl JTAHHBIX,
TaK U OTHOIIEHUsI 0OJIACTH OIpeesIeHns, IIPU 9TOM IIepeMeHHbIe N3MEHSIIOTCsI Ha Beeil obsracTu
OIIpe/Ie/IEHNS .

[Iycte M — GeckonedHasi CTPYKTypa CUrHATYPBI L. 371eCh MbI PACCMATPUBAEM YIIOPSIOYUEH-
HbIE CTPYKTYPBI. DTO O3HAYAET, UTO L BK/IIOUAET OMHAPHBIN PEJISIUOHHBIN CUMBOJI <, UHTEP-
npeTalusi KoToporo B M yIoBIeTBOPsieT aKCuoOMaM JITHEHHOTO TTOPsiIKA.

Mer durcupyem cxemy 6asbl garnbix SC' u BBOAMM ciejytorue obosnadenus: Ly = {<
WL = LoUSC,L" = LUSC. Mbl paccMaTpuBaeM JIBa si3bIKa JIJIsT 3alpalliBaHus. 3alpochl
[EPBOrO A3BIKA €CTh (DOPMYJIBI CUTHATYPBI L/ — MBI Ha3BIBAEM UX 02PAHUMEHHbLMU. SaIPOCHI
BTOPOI'O sI3bIKa €CTh (POPMYJIbI CUTHATYPBI L” — Mbl Ha3bIBaeM HX PACUWUPEHHbLMU. 3AIPOC
HA3BIBACTCS 2€HEPUMECKUM, €CJIU OH COXPAHSIETCS OTHOCUTE/IHHO IIePecTaHOBOK yHuUBepcyma M,
COXPaHSIOIIETO HOPSIIOK. k-apHbIi 3alpoc © Ha3BIBAETCI A0KAALHO 2EHEPUMECKUM HA0 KOHEY-
HOLMU COCTOARUAMU, €CJIT a € © Torma u TOJBKO Torja Korja ¢(a) € O(p(s)) asa aoboro
JacTUIHOro <-m3omopcdusma ¢ : X — M, rine X C M, g g000ro KOHETHOIO COCTOSHUS S
Haju X u Juid Jiroboro k-kKoprexka a B X.

Bynewm rosoputs aro nonnas teopust T mmeer Ceoticmeo H3oaayuu, ecim CymecTByeT Kap-
JIMHAJI A TaKoi, 9TO JiJTst JTIOOOr0 KOHETHOTO MHOKecTBa A u jj1s Jiro00ro 3/IeMeHTa a MOJIeH
teopun 1" cymectByer Ag C A takoe, uro |Ag| < A u tp(a/Ap) nsommpyer tp(a/A).
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B pabore [3] 6bLia ycranos/ieHa cieyomias TeopeMa;

Teopema 1. I[Ipeamosoxkum 910 TeOpHs IEpBOro mnopsiaka cTpyKTypbl M mveer CBoiicTBO
Nzorsmnn. Ilycrs pacimupeHHbIiH 3a11poc © sIBIsSeTCsI TOKAIbHO TeHepUIeCKHM HaJl KOHEIHBIMHI
cocrostamsiMu. Torga © sKBHBaJIeHTEH HAJ KOHEIHBIMH COCTOSIHUSIMI OTPAHHIEHHOMY 3aIIPOCY.

Bce HeobxoauMble onpegeieHns, CBsI3aHHbIe ¢ BIIOJIHE O-MUHUMAaJIbHOCTHIO, MOYKHO HailTH B
[4]. Hamu nokaszana cirefyrorasi Teopema

Teopema 2. Ilycrs T — BriosiHe O-MHHUMAJIBHAST TEOPHST, UMEIOIast MeHee 9eM 2 CIeTHBIX
mogesteii. Torma T umeer CporictBo M3o1siimm.

CaencrBue 3. Ilycrs T — BrioJIHE O-MUHHMAJIBHAS TEOPHUsI, HMEIOIas MeHee deM 2% cder-
HBbIX Mojesei. Torja KaKJIplii pacHIUPeHHbBIH 3aIlpocC, sIBJISIOIIUICST JIOKAJILHO INeHEePHIECCKUM
HaJI KOHEYHBIMH COCTOSIHUSIMH, SKBHBAJICHTCH HAaJ] KOHCYHBIMH COCTOSIHUSIMU OIDAHHYCHHOMY
3a11pocy.

Funding: Bropoit aBrop 61 nojepxxkan rpanrom AP05132546 KH MOH PK.
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2 Analysis: /ludpbdepennuanbabie ypaBHeHUs, Teopusa QYyHKIINN 1 (PyHK-
MMOHAJbHbBIN aHaAJJIN3
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LINEAR RECOVERY OF PSEUDODIFFERENTIAL OPERATORS ON SMOOTH FUNCTION
CLASSES ON m—TORUS

Dauren BAZARKHANOV?!2,

I Institute of Mathematics and Math Modeling, Almaty, Kazakhstan
E-mail: *dauren-mathQyandex.kz,

In the talk, a linear method will be constructed for the recovery of pseudodifferential
operators on an m-dimensional torus with symbols from particular classes with the use of
linear spectral information on the symbol of the operator and on the function (finite sets of their
Fourier coefficients). Error bounds will be given for the error of recovery in the space L,.(T™)
of values of these pseudodifferential operators on elements of Nikol’skii-Besov and Lizorkin—
Triebel function spaces for a number of relations between r and the parameters of the symbol
classes and the function spaces (Theorem 1). A key role in the proof of the bounds is played
by the boundedness of the pseudodifferential operators between appropriate Nikol’skii-Besov
(Lizorkin—Triebel) function spaces (Theorem 2).

SYMBOL CALCULUS OF PDOS ASSOCIATED BY THE JACOBI OPERATOR
Bayan BEKBOLATY®, Niyaz TOKMAGAMBETOV?2?

L.2° Al-Farabi Kazakh National University, Almaty, Kazakhstan
L2 Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “bekbolat@math.kz, ®niyaz.tokmagambetov@gmail.com

In this work, we consider pseudo-differential operator associated by the Jacobi differential
operator. Such operator firstly considered in the paper [5] and it was investigated its symbols.
In this paper we continue their investigation. We introduce new a class of symbols and obtain
a composition theorem for this operator.

Funding: The authors were supported by the grant AP05130994 of SC of the MES of RK.
Keywords: Pseudo-differential operator, Jacobi differential operator, symbol

2010 Mathematics Subject Classification: 35505

REFERENCES

[1] Flensted-Jensen, M. Paley-Wiener type theorems for a differential operator connected
with symmetric spaces, Ark. Mat., 10 (1972), 143-162.

[2] Flensted-Jensen, M., Koorwinder, T.H. The convolution structure for Jacobi function
expansions, Ark. Mat., 11 (1973), 245-262.

[3] Flensted-Jensen, M., Koorwinder, T.H. Jacobi functions: the addition formula and the
positivity of dual convolution structure, Ark. Mat., 17 (1979), 139-151.

[4] Koorwinder, T.H. A new proof of a Paley-Wiener type theorem for the Jacobi transform,
Ark. Mat., 13 (1975), 145-159.

[5] Salem, N.B., Dachraoui, A. Pseudo-differential operators associated with the Jacobi
differential operator, J. Math. Anal. Appl. 220 (1998), 365-381.

HNucruryr maremaTukun u MaTeMaTHIeCKoro MojeanpoBanus. Anavarer: 3-5 anpess. - 2019



Annual International April Mathematical Conference. — 2019 37

INVESTIGATION OF THE CONJUGATION PROBLEM FOR THE PARABOLIC EQUATIONS
WITH INCOMPATIBLE INITIAL AND BOUNDARY DATA

Galina BIZHANOVA®, Shattyk NURMUKHANBET®

Institute of Mathematics and Mathematical Modeling of the Ministry of Education and Sciences of
the Republic of Kazakhstan, Almaty, Kazakhstan
E-mail: “galina_math@mail.ru, ’shattyk.95@list.ru

We study two-phase problem for the parabolic equations with time derivative on the con-
jugation condition. This problem describes the heat process in the substances with thin film on
a boundary of conjugation. It is assumed that the process is considered from its very beginning.
In this case the compatibility conditions of the boundary and initial data are not fulfilled.

There are appeared the singular solutions due to the non-concordance of the given functions
on the boundary of conjugation.

We prove the existence and uniqueness of the solution consisting of the singular functions
and a function from the Holder space. The singular solutions are obtained in the explicit form.
The orders of the singularities of these solutions in the neighborhood of the conjunction and
the initial moment of time are found.

INTEGRAL OF CAUCHY TYPE AND SOHOSKY - PLEMELYA
FORMULAS IN FRACTIONAL SPACES

Nazarbay BLIEV™¢, Nurlan YERKINBAEV??

I Institute of Mathematics and Mathematical Modeling MES RK, , Almaty, Kazakhstan
E-mail: ®bliev.nazarbay@mail.ru, ® nurlan.erkinbaev@mail.ru

In the work [1] the theory of the generalized analytical functions in B- spaces of Besov is
constructed, which is a continuation to the extreme cases of the known results of I.N.Vekua
[2] and L.Bers [3], from which follows the results below, in our opinion, they have independent
values.

Let I' be a closed Lyapunov contour bounding the domain G of the complex plane of the
point z = = + 7.

Theorem. The function f(¢) belongs to the Besov space By ,(I'), where r, p, ¢ satisfy to one
of the conditions:

a)r=1/p,l<p<2,0=1,

b)r>1/pl<p<2,1<6,

v)r>1—1/p,p>2,1<4.

Let an inequality be held r +1/p — 1 < v < 1,T € C,.. Then the integral of Cauchy type

1 [ f(r)dr

2mi Jp T —1

D(2) =

belongs to the space B;T;Q(G), a=r+ % — 1, under which

tel, (1)

12C) | g1y < M| fll sy )

Here and further M denotes a positive constant (not necessarily the same), which is independent
of the adjacent factor.

We note, that in the case a)B] ;(I') is embedded to the class of continuous (Heldering is not
required) functions C(I'), in the case b) and c) By 4(I') is embedded to the class of continuous
by Helder functions Cs(I") with the exponent 5,0 < 5 < 1 [4].
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In conditions of the theorem the singular operator

6y L [f0r

m Jp T—1
understood in the sense of Cauchy’s principal value, is bounded in B} 5(I')

1SeS1ls; o0y < M Fllgy - @)

The integral of Cauchy type (1) has the boundary values ®*(¢) and &~ (¢) from inside and
outside of the domain G, respectively, belonging to B] ,(T'), moreover

19%(0)ll57 ,0) < MOl 09
and Sohosky-Plemelya formulas are held

1 1 T)dT
w0 = 350+ 5 [ 17
, T)dT
o () =30+ 5 [ 1
’ Therefore
Srf = L[ fmdr OF(t) — D (t)

m Jp T—1

The results are completely applicable to the study of boundary value problems of linear
conjugation in fractional spaces B;fga(G), for example, in the following form: Find a piecewise
holomorphic function ®(z) with boundary line I' having finite order at infinity, by the boundary
condition on I'.

() = G()2 (1) + g(t)

where G/(t) and g(t) are prescribed on I' functions of the class By ,(I'), moreover G(t) # 0
almost everywherel.

1
We note, that as it is indicated above, in the case a) theorem we get the space B; (), 1<
p < 2, which is embedded to the space of continuous functions C'(I'), but it is not embedded
to the space Cs(I'),0 < 8 < 1 of continuous by Helder functions (in the uniform metrics) [4].
As it is known [5], for any density f(¢) which is continuous on I' the integral of Cauchy type,
in general, is not continuous function in the closed domain G = G UT, consequently, it has not
continuous boundary values on I', satisfying to the Sohosky-Plemeya formulas.

Funding: The authors were supported by the grant AP05133283 of SC of the MES of RK.
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DUHAMEL PRINCIPLE FOR THE TIME-FRACTIONAL DIFFUSION EQUATION IN
UNBOUNDED DOMAIN

Meiirkhan BORIKHANOV

Al-Farabi Kazakh National University
Institute of Mathematics and Mathematical Modeling
E-mail: borikhanov@math.kz

In this work we formulate and prove fractional analogue of this famous principle for the the
time-fractional diffusion equation

ug (z,t) — AyD%u (2,t) = f(z,t), 0<a <1, z€RY t>0, (1)

with the initial condition
w(r,0) =ug (v), v € RY, (2)

where Df* represents the following Riemann-Liouville fractional derivative of order o.

In [1,2], Umarov generalized the classical Duhamel principle for the Cauchy problem to
general inhomogeneous fractional distributed differential-operator equations. Similar results for
the time-fractional diffusion equation with Caputo derivative were obtained in [3].

Funding: The authors were supported by the grant No. AP05131756 from the Ministry of Science and Education of the
Republic of Kazakhstan.

Keywords: Duhamel principle, diffusion equation, fractional derivative, Green’s function.
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INVERSION THEOREMS FOR FOURIER TRANSFORMS
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Let F denote the Fourier transform and F~! its inverse:

(FF)(s) = / FAR(E), (FUF)(E) = 2i /R A (s).

R ™

Here F' is a distribution function on the real axis. Inversion theorems deal with recovering
F from its Fourier transform ¢ = FF. The simplest of them is the Fourier inversion theorem:
if f,4 € Ly, then F~1¢) = f almost everywhere. Problems arise when ¢ is not integrable. In
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this area, there are three types of results: 1) recovering F'(x) when z is a continuity point of F,
2) recovering F(x,y) = F(y) — F(x) for x < y continuity points and 3) recovering jumps of F.

The Gil-Pilaez theorem [1] belongs to the first type. It does not require regularization of
the integrand. In the other two cases regularization of the integrand is necessary and we obtain
new inversion theorems, whose main advantage is the estimate of the convergence rate. They
reveal the common structure of inversion theorems and the link between distribution function
estimation and inversion theorems. Here we discuss only type 2) result.

Let g2y(t) = X[wy(—t) where X[, is an indicator of the segment [x,y]. The Lévy [1] and
Borovkov [2| theorems can be expressed in the format

P(y) = F(w) = lm F1 [ (1) (Fo.., 0] (0). 1)

Here multiplication by H(h-), where h > 0 is a parameter, is used to regularize the integrand
(Fgz4)% when it is not integrable. In the next theorem we give a class of functions H for which
(1) holds.

Assumption 1. G = G ([a,b]) is a bounded continuous function of intervals [a,b] C R or,
more precisely, of an ordered pair (a, b), where a < b with bEmooG (la,b]) =0, . limb_mG (la,b]) =
1 and ILmG([a,b]) = 0.

Define ¢ (V) as the largest of sup,._n |G([a,b])|, sup,n |G([a, b])],

Sup,._n. p>n |G([a,0]) — 1| and note that Assumption 1 implies that ¢o(N) — 0 as N — oo.
Further, let w(x,¢) = supgep<. (F(z + h) — F(x — h)), and note that if x is a continuity point
of F, then w(x,e) — 0 as ¢ — 0. If K is integrable on the real line and integrates to 1, then
G ([a, b)) = f; K (t)dt satisfies Assumption 1.

Theorem 1. Let x,y be continuity points of F. a) Suppose H is integrable and such that
the function G([a,b]) = %ff(}"H)(v)dv satisfies Assumption 1. Then for § € (0,1) and all
h >0

)

1 e—ixt _ e—iytH 4 p P
— [ —— t)(t)dt —
5 | H e = o)

< ¢G(h5_1) + (1 4 sup |G([a, b]) [w(x, h‘;) + w(y, h‘s)} )

- a<b

b) In case H = x|_11) Assumption 1 is satisfied and the Lévy theorem [2, Thm. 3.2.1]

1 1/h e—iat _ p—iyt
F(z,y) = lim — —  Y(t)dt
h—=0 210 J_y/p it

follows with the estimate of the convergence rate.
¢) With the choice H(t) = e™* the Borovkov theorem [3] obtains

F(z,y) = lim i/ Me‘h2t2¢(t)dt,
h—0 27 Jp it

also with the convergence rate estimate.
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GEOMETRIC HARDY AND HARDY-SOBOLEV INEQUALITIES ON HEISENBERG
GROUPS
Bolys SABITBEK

Institute of Mathematics and Mathematical Modeling
E-mail: b.sabitbek@math.kz

In this talk, we present the geometric Hardy inequality for the sub-Laplacian in the half-
spaces on the stratified groups. As a consequence, we obtain the following geometric Hardy
inequality in a half-space on the Heisenberg group with a sharp constant

P p_l g W(é‘)p p
/H+ |V yulPdé§ > (T) /WWM g, p>1,

which solves the conjecture by Larson. Also, we obtain a version of the Hardy-Sobolev inequality
in a half-space on the Heisenberg group

1 1
*

po1\ [ Wy P )
(L wmtos= (50) [ o) o ([ wre)”

where dist(£, OH™) is the Euclidean distance to the boundary, p* := Qp/(Q — p), 2 < p < Q,
and

i=1
is the angle function. For p = 2, this gives the Hardy-Sobolev-Maz’ya inequality on the
Heisenberg group.
This talk is based on the recent paper with Prof. Ruzhansky and Dr Suragan
(https://arxiv.org/abs/1811.07181).

OSCILLATIONS IN THE EQUATIONS WITH A OPERATOR OF DIFFERENTIATION WITH

RESPECT TO VECTOR FIELDS DEFINED BY A MULTIPERIODIC SYSTEM AND A
LYAPUNOV’S SYSTEM

Zhaishylyk SARTABANOV'“, Bibigul OMAROVAZ2?

L2 K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mail: “sartabanov42@mail.ru, ®bibigul zharbolkyzy@mail.ru

We consider the system of differential equations
Dz = P(7,t,Q)x + f(7,t,(), (%)

with differentiation operator D of the form

D= g+ (e )+ {atri) g )+ {9+ w0 57 )

where x are unknown n-vector-function with respect to time 7 € R, 7 = (1y,...,7) € RX ... X
R=R andt= (t,...,tm) € Rx...x R= R™ and space ¢ = (1, (s, (3,(4) € R?* variables;
e, = (1,...,1) is l-vector; a = (aq,...,a,) is a vector-function of variables (7,t) € R x R™;
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J = diag(Ai1s, A\o15) is matrix with two-dimensional symplectic unit /5 and constant scalars
A1, Ag; ¥ = (Y1, ..., 1) is a vector-function of variables ¢ € R = {¢ € R:|(| < r = const}; P
is a n X n-matrix and f is a vector-function of independent variables (7,¢,() € R x R™ X R%.

The vector field
dt

dr
is (0, w)-periodic and smooth with respect to (7,t) order (0,e,,), and the field given by the
equation
d¢

== JC+9(0)

is a Lyapunov’s analytical system in the r-neighborhood of the point ( = 0.

Relatively (6, w)-periodic with respect to (7,¢) and smooth with respect to (7,t,() order
(0, em, e4) of the matrix P, we assume, that the matricant of the homogeneous system corres-
ponding to the system (*) has the property of exponential dichotomy with respect to 7 € R
with parameters independent of (¢, ().

The vector function f is (,w)-periodic with respect to (7,t), continuous with respect
to (7,t,¢) and continuously differentiable with respect to (¢,¢) in the domain of changing
arguments.

Note that the system (*) is obviously independent of the [-vector-variable 7 and it will
appear, when the solution of the problem is represented as a multi-periodic function. Therefore,
the system (*) is autonomous with respect to 7 € R'.

Investigates the problem of clarifying the conditions for the existence of a unique (6, 6,w)-
periodic with respect to (7,7,t) solution x(7,7,t,() of the system (*) with the differentiation
operator D.

Under some natural additional conditions, besides shown above, it was established that [ = 2
and the system (*) allows the unique solution in the domain (7,7,t) € R x R* x R™,0 < || <
ro < 7.

= a(r,t)

Keywords: multi-periodic solutions, operator of differentiation, vector field, autonomous system
2010 Mathematics Subject Classification: 34C46, 35B10, 35F35
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AN INVERSE PROBLEM FOR THE HEAT EQUATION WITH CAPUTO FRACTIONAL
DERIVATIVE

Daurenbek SERIKBAEV:?, Niyaz TOKMAGAMBETOV??

L2 Institute of Mathematics and Mathematical Modeling, 125 Pushkin str., Almaty, 050010,
Kazakhstan
L2 Al-Farabi Kazakh National University, 71 Al-Farabi ave., Almaty, 050040,
E-mail: *serykbaev.daurenbek@gmail.com, *tokmagambetov@math.kz

In this paper we consider an anomalous diffusion equation with nonlocal integral boundary
conditions. An inverse determination problem of the temperature distribution and the source
term is considered. The inverse problem is to be well-posed in the sense of Hadamard whenever
an overdetermination condition of the final temperature is given.

The purpose of this contribution is to study an inverse problem for the anomalous diffusion
equation (see [1])

Dg—l—,tu(x? t) + Dg+,$D?—,xu(x7 t) = f(l‘)

where 0 < f < 1,1/2 < a < 1,(t,z) € (0,400) X [a,b]. The problem of determination of
temperature at interior points of a region when the initial and boundary conditions along with
diffusion source term are specified are known as direct diffusion conduction problems. In many
physical problems, determination of coefficients or right hand side (the source term, in case of
the diffusion equation) in a differential equation from some available information is required;
these problems are known as inverse problems.

Funding: The authors were supported by the MESRK grant AP05130994 of the Committee
of Science, Ministry of Education and Science of the Republic of Kazakhstan.
Keywords: fractional differential equation, inverse problem
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SPECTRAL GEOMETRY: EIGENVALUE AND NORM INEQUALITIES
Durvudkhan SURAGAN

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

In this talk, we discuss some geometric eigenvalue and norm inequalities for the logarithmic
potential and Riesz potential type operators. In this case, the main reason why the results are
useful, beyond the intrinsic interest of geometric extremum problems, is that they produce a
priori bounds for spectral invariants of operators on arbitrary domains. We demonstrate these
in explicit examples. We also discuss nonlinear analogues of these problems related to the
multidimensional MEMS type problems. This talk is based on our joint papers with Kalmenov
T.Sh., Kassymov A., Rozenblum G., Ruzhansky M., Sadybekov M. and Wei D. [1]-]6].
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BLOWING-UP SOLUTIONS OF THE TIME-FRACTIONAL DISPERSIVE PARTIAL
DIFFERENTIAL EQUATIONS

Berikbol TOREBEK

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

This paper is devoted to the study of initial-boundary value problems for time-fractional
analogues of Korteweg-de Vries-Benjamin-Bona-Mahony- Burgers, Rosenau-Korteweg-de Vries-
Benjamin-Bona-Mahony-Burgers, Ostrovsky and time-fractional modified Korteweg-de Vries-
Burgers equations [1] on a bounded domain. Sufficient conditions for the blowing-up of solutions
in finite time of aforementioned equations are presented. We also discuss the maximum principle
and in uence of gradient non-linearity on the global solvability of initial-boundary value problems
for the time-fractional Burgers equation. The main tool of our study is the Pohozhaev nonlinear
capacity method [2]. We also provide some illustrative examples.

These results were carried out in collaboration with Professors B. Ahmad (Saudi Arabia),

A. Alsaedi (Saudi Arabia) and M. Kirane (France) [3].
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O APOBHOM AHAJIOTE 3AJAYN POBEHA [Jisl YPABHEHUSI IIYACCOHA
A. ABJIYBAUTOBY®, P. MAJM

I Mexx rynaponmerii kasaxcko-rypenxmnii yausepcurer umenn A.Scasu, Typrecran, Kazaxcram
E-mail: mega.abduroziq@mail.ru, ®mr.rai-9493@mail.ru

[Iycte Q = {x € R": |z| < 1} —equuuansiii map, n > 2, 0Q—enunnvnas cdepa, r =
n —
|z|, 6 =2, rd% =5 @%, u (z) rmagkast dyHkiws B obsactu €. s moboro a > 0 ciemyro-
j=1 !

Iee BbIpazKeHnue
T

JUu (1) = =—— / (r—7)*"'u(r)dr, z € Q

HA3BIBACTCA UHTETIPAJIBLHBIM OIIEpaTOPOM IOpsIka v B cMbiciie Pumana-JInysuis. B nanbueii-
mem Gyziem canrarh JOu (z) = u (z).
Ananornano s moboro « € (0, 1] cieayromiee Bhipakenue

r

/ (r—7)%u(r0)dr

0

1 d

Dau (ZIZ’) = m%

%Jl_o‘u ($) =

HA3bIBACTCSI MPOM3BOJIHOM MOpsijiKa o B cMbiciae Pumana-J/Inysumis [1]. Ilyers 0 < o, < 1.
Beenem obosznagnnust

[0}

1
1
B Pu () = =—— / (1— )" ""su (sx) ds, B®u () = r*B%u (z) .
()
0
Mycrb 0 < o, < ... <oy <a<1,a; 20, 7=1,2,...,m,

P, (D) =D"+> a;D¥.

j=1
B obmactu €2 paccMoTpuM CJIEIYIONLYIO 33189y
—Au(z) = f(z), v €, (1)
P, (D)u=g(x), x € 0. (2)

Pemtenuenm sagaun (1)-(2) nasosem dbynkmmio u(z) us kiacca C2(Q) N C(£2), aua koropoit
B, u(x) € C(Q), ynosnersopstiomee ypashenuio (1) n kpaesomy yciosuio (2).

SamMeTuM, 4TO JIaHHas 3a/ada 00001aeT n3BecTHyto 3aa4dy Pobena jiyia ypasaenus [lyacco-
Ha Ha JPOOHBIE MOPSIKNA TPAHUYHBIX ollepaTopoB. B ciyuae ypasuenus Jlamaca 3aa4a Oblia
usydena B pabore [2].

Teopema. Ilycts 0 < a,, < ... < a1 < a <1, a; >0, j =1,2...m, f(x) €
CM1(Q), g(z) € C(09), 0 < XA < 1.Torza pemenne sagaun (1), (2) cymecrsyer, equn-
CTBEHHO H IIPEJICTABIISICTCS B BHJIE

u(z) = B, [v](z),
rie v (x) — pellIeHue CJeAyIolled BCIOMOraTeJbHOH 3aa49u

—Av(z) = F(z) = |z| °B* [2f (t0)] (z), z € Q, (3)
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v () + ZajB;<a—aj>v (z) = g (x), z € 0N (4).

Benomorarensnas 3amada (3),(4) pemraercs CBeJeHHEM ee K HHTEIPATLHOMY YPaBHECHHIO
OpenrosbMa.
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KiroueBnbie cioBa: ypasuenue [lyaccona, 3aaua Pobena, npobuast mpon3so/inast, HHTErPAJIb-
HOe ypaBHEHHE,CYIeCTBOBAaHNUE, €JIMHCTBEHHOCTD.
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OCI_[I/IJ'IJ'IHL[I/IOHHI:)IE CBOMCTBA ABYXYJIEHHOT'O JNP®PPEPEHIINAJIBHOT' O
YPABHEHUA YETBEPTOTI'O IIOPAJKA

Aitnaryne AJIMEBAY®, Prickynr OMIHAPOB!?

U Eppasuiickmit narmpronaspueni yausepcurer um. JI.H.I'ymuresa, Acrana, Kasaxcran
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[Iycts I = (0,00), u - HempepbIBHAs W HEOTPUIATEbHAsA (DYHKIWs, & MOJOKUTEJIbHASI
dyHKIUA v JOCTATOYHO Pa3 HelpepbiBHO AuddepenniupyeMas Ha wHTepBase I u jiyig Jod0ro
a > 0 dbynknus v unrerpupyemas na unrepsase (0, a).

PaccmorpuMm juddepennpaibioe ypaBHEHIE Y€TBEPTOTO ITOPSIKA

(v()y"(1)" —u(t)y(t) =0, t € I. (1)

Pemmennem ypasuenust (1) Hazosem dyukuuio y : [ — R - aBaxipl HenpepbiBHO juddepen-
nupyemyio BMecte ¢ gyuknueit v(t)y”(t) na uarepsase I u yjaoBieTBopsioniyo ypasuenuio (1)
pu Beex t € [.

Ypasuenne (1) massBaercs (cm.[1], cTp.69) ocnmmasaropusiv, ecm npu aobom T > 0 Haii-
Jlercs (HeTpUBHAJIBLHOE) DellleHre 9TOr0 ypaBHEHUs, uMerolnero npasee T 6oJiee OJHOIO JIBY-
KPATHOIO HyJIsd. B IpOTUBHOM ciiydae ypaBHeHue (1) Ha3bIBAETCsI HEOCIUJLISITOPHBIM.

Mpbr ocriLIsAIoHHbIe CBOMCTBa ypasHeHus (1) uccieyeM B ciydae

t 2

7U—1<t>dt<oo,7v—1(t) /T_l(x)dx dt = oo, @)

Ha OCHOBE M3BeCTHOro Bapuarmonnoro npuununa (c.[1], Teopema 28).

or 00
Iycrs [0 (t)dt = [ v~ (t)dt. Beeuem obosnadenns
T oT

Y 2 or
Ay(T,0) = sup /u(z) (y—z) dz/vl(t)dt,
T<y<chT

Y
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Y 2 or

AT, o) = T<su<p /u(z) or—z | dz / v (t)dt,
y<or
T y

2

or )
As(T,0) = sup / u(2)dz / o) (y—t) dt,
Yy T

T<y<or
or 2 [ee]
A3(T,0) = /v_l(t) op —t dt/u(z)dz,
T o

2

o] Yy
Ay(T,0) = sup /u(z)dz/v‘l(t) t—orp | dt,
) or

y>or
y 2
As(T, o) = sup /u(z) z—or dz/vl(t)dt,
P y
AT, o) = max AT, o), zzl\(T, o) = max{/All(T, o), max Ai(T,0)}.

Teopema 1. IIycrs semosteno (2). Ecimn lim A(T, o) < 1/24, o ypasrenne (1) Heoc-
[HJLISTTOPHO. T
Teopema 2. Ilycrp Boimosmeno (2). Ecin 7lim A(T,o) > 1, To ypasuenue (1) ocrumisi-
—00
TOPHO.
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CMEIIIAHHA 1 SAJAYA OJIA BBIPOXKIJAIOIIINXCA MHOI'OMEPHBIX
DJIJINIITUYECKUX YPABHEHUN

Cepux AJIJIATITEB

HWucruryr maremaTnku 0 MaTeMaTHIECKOro MoJeaupoBaHus, Aamarel, Kazaxcran
E-mail: aldash51@Qmail.ru

B [1] nokasano cyiecrBoBanue U €JUHCTBEHHOCTh KJIACCHYECKOTO PeIlleHrsl CMeNTaHHoN 3a-
Jladu JIJIsi BBIPOZK/IAIONINXC MHOTOMEPHBIX I'uiiepboimdeckux ypapHenuii. [Ipu stom ycranos-
JIEHO KOPPEKTHOCTD 33/1a4U CYILIECTBECHHO 3aBUCAIIECH OT BbICOTHI pacCMaTpUBACMON IUJIAHIPU-
JecKoil obJiacTu.

CwMerannast 3aja4a Jjisl STUX yYPaBHEHUi B 0000IIEHHBIX TPOCTPAHCTBAX M3YUYeHbI B |2,3].

O1HaKO HACKOJIBKO M3BECTHO aBTOPY, 9Ta 3aJada JJId BBIPOXKIAIOIIMXCS SIIAITHICCKAX
YpaBHEHUI HE MUCCICIOBAHDI.

B nannoit pabore mokazaHa OJIHO3ZHAYHAs PA3PENIUMOCTH U MOJYyYEH ABHBIA BUJ KJIACCH-
YeCKOT'0 PEeNIeHUs] CMENTaHHON 3aJa4M JjIsi BBIPOXKIAOIMUXCST MHOIOMEDPHBIX SJIIAIITHYECKAX
ypaBHeHwuii. B craTbe nCHosb3yercs MeTo, MpejioyKeHHbIil B paborax [4,5].
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[Iycts D, - mumunpuaeckast 001aCTh €BKJINJIOBA TPOCTPAHCTBA [, 11 TOUeK (X1, ..., Ty, t),
orpanmdentas muanaapom I' = {(z,t) : |z| = 1}, miockoctamu t = o > 0 u t = 0, rue |z| -
JUIAHA BEKTOPA T = (T1, ..., Tpy ).

YacTu 3TUX MOBEPXHOCTEl, obpasytomux rpanuity 0D, obaactu D, obosnadum 1depes 'y,
Sa, Sp COOTBETCTBEHHO.

B obsactu D, paccMOTPUM BBIPOXKJIAIONINECT MHOIOMEPHBIE SJITUITHIECCKUE YPABHEHUS

Lu = g(t)AxU =+ Utt + Z ai('ra t)uxz + b(.’I?, t>ut =+ C(':(:? t)u = 07 (1)
=1

rie g(t) > 0, mpu t > 0, g(0) = 0, g(t) € C[0,a] N C?(0,a), A,~ oneparop Jlammaca 1o
MMEePEMEHHBIM L1, ..., Ly, M > 2.

B jasibHeiinem HaM y00HO [EepeiiTh OT JIEKAPTOBDIX X1, ..., Ly, t KOOPIUHAT K chepuaecKum
01, O, t, 7>0,0<60, <21, 0< 0, <m,i=2,3,....m—1.

B kauecTBe CMEIIAHHOM 3a/1a4i PACCMOTPUM 34124y

Bagaga 1: Haittu pemenue ypasnenns (1) B obnactun D, n3 xnacca C1(Dy) N C2(Dy,),
VJIOBJIETBOPSIIOIIEE KPAEBBIM yCJIOBUSAM

= V(T’ 0)7 u = w(tw 9)7 (2)

o

ul =7(r,0), w
So

upu srom 7(1,0) = 1(0,0), v(1,0) = ,(0,0).

[ycrs a;(r,0,1),b(r,0,t),c(r,0,t) € Wi(Dy) C C(Dy), 1l >m+1, i=1,...m, c(r,0,t) <0,
Y(r,0,t) € Do, Wi(D,) -npoctpancrsa Coboesa.

Torna cripaseguBa

Teopema. Ecau 7(r,0),v(r,0) € Wi(So), ¥(t,0) € Wi(Ta), I > 3, mo sadaua 1 umeem
eQuUHCMBEHHOE PeweHue.

So
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OB OJIHOM CUCTEME AN®PEPEHIIUAJBHBIX YPABHEHUNI
Tamamra AJI/IMBEKOBY®, Maitpa AJIIZKAPOBA2?

! KasHY um. ans-@apabu, Amvarsr, Peciy6mka Kazaxcran
2IMM npu KasHY Aub-@apabu, 1. Anvarer, Pecirybinka Kasaxcran
E-mail: “tamash59Q@mail.ru, *a_maira77@mail.ru

PaccmarpuBaercs nenumneiinas cucreMa quddepeHnnaabHbIX ypaBHEHU

dy; .
:szk(x)yk—i_gl(x? yla"'7yn)7 1= 15"'7”3 (1)

rie dbyskmii py.(x), i =1,...,n; k=1,...,n; HenpepbIBHbIE HA TPOMEXKYTKe [ = [xg, +00),
byuxmmii g;(z, Y1, .. Yn), © = 1,...,n; HEIPEPHIBHbIE 110 T HA NPOMEXKYTKe I, UMEIOT Helpe-
n 2
_ : _ 2 _
PBIBHBIE YACTHBIE IIPOU3BOJHBIE 110 Ys, S = 1,...,n; B obmacru ||y|| = | D ys| < h, y =
s=1
colon[y1, ..., ynl, gi(x,0,...,0) =0, i=1,...,n;
Teopema 1. Ecim g1 HekoToporo dnciaa « > 0 1 JJIsT HeKOTOPOI II0JI0XKATEIBHONH HEIlIpe-

x
poisaot pynkmu o(x), [ p(s)ds T +00, Hpu & > X BBIIOIHSIIOTCS yCIOBHSI:
o

1) mmeror mecro mepaseHCTBa: Pk k(%) — Prr1p+1(T) > ap(x), @ >0, k= 1,...,n —1; npn
T 2> To;
2) CcymecTBYIOT IPEJIEIBI: hIll % =0,i#k i1=12,....,n, k=1,2,...,n;

T—>+00

3) lim ﬁ [ per(s)ds = B, k=1,2,....n; 1 1 <0; q(z) = [ p(s)ds.
y) xo

T—+00

4) Tnsg 0 < a<|Bi, m>1u0<e<(m—1)a mmeer mecro [ elEtel=—mllal)—alds < oo;

zo
5) BekropHast pyurnust g(x,y) = colon[gi(x, Y1, .. Yn), s Gn(T, Y1, ..., Yn)| yAOBIETBOPSIET
HEPaBEHCTBY

lg(z, »ll < Klly[|™, K >0, m>1;

rje

2

lg(z,y)| = (Z 9 (@1, ,yn)> :

TOrJIa HyJIeBOE pelleHHe HeJIMHEHHOI cucreMbl jqudepennuaababix ypapaeruii (1) sxcrioneH-
[UAJIBHO YCTOHYIHBO OTHOCHTEJBHO () IpH T — +00.

PaccmatpuBaercs uneiinas oHOpOHAA cucTeMa auddepeHnnaabHbIX ypaBHEHUH ¢ 9acT-
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HBIMU IIPOU3BOJHBIMU II€PBOI'O ITOPAIKA

( n
%%—i_ (Zp1k<x>yk+g1('ruylvayn)
k=1

=1

(Zplk )Yk + 91(T, Y1, -+, Yn)
(;

e
| (B

rae U (T, Y1y Yn)y - - Un (T, Y1, . . ., Yn) HEU3BECTHBIE (DYHKIIIH.
Teopema 2. Ecjin BBIIOJIHSIOTCS YCJIOBHs TeOpeMbl 1, Tora JIMHeHAs OJHOPOAHAS CHCTEMA,
(2) mmeer unTErpasbHbIl 6a31C, IPUMbBIKAIOIIHI K HYJIIO

M:

_I_

Pk () Yk + gn(Z, Y1, - ., Un)

I
—

M=

Q>|Q°

Pu(@)ye + g1 (T, Y1, yn) ) G

QI

S5
+
_|_

o~
Il

1

M:

Bun
b (2) Yk + gn (2, yl,...,yn)) %:0;
1

Funding: Asrops! 6butn nogepxanbl rpanrom AP05132615 KH MOH PK.

KuroueBsbie ciioBa: cucrema, auddepeHnuaabHasi, JTUHEeHHAs, HeJIMHEWHAsI, YCTOWIMBOCTD, KCIIOHEHITUAIBHAS, Pellle-
HUE

2010 Mathematics Subject Classification: 35K05, 35K20

JINTEPATYPA
[1] Aemunosua B.I1. Jlekyuu no mamemamuueckot meopuu yemotnusocmu, Hayka, Mocksa

(1967).

OB OJHOM METOJE IIOCTPOEHUS PEIIEHUSI AHAJIOTA YPABHEHUSI BECCEJ/IS
Typranait AJIMBEK ¢, 11T KYTAXMETOBA '

L Mesx rynaponmerii kazaxcko-rypenxmnii yauepcurer umenn A.Scasn, Typkecran, Kazaxcram
E-mail:® turganai96 96@mail.ru, ® shahimat95@gmail.com

Hacrosimiast paboTa mocBsIeHa K NCCae0BaHNI0 METO/I0B IIOCTPOEHNS SIBHBIX PeIeHuit -
dbepennmanpubx ypasuenuit Tuna Beccens. Ilycrs 8 > 0,pu; > 0,7 = 1,2,...,m, A # 0. Pac-
cMoTpuM B objactu t > 0 quddepennnanbHoe ypaBHEHUE BUJIA

Dan(0) =7 (1 4 ) (15 40 o (15 4 ) s =20+ 1) )

Ypasuenne Buja (1) o6obuiaer ussectHoe ypasHenne Beccers u B ciaydae p; = -7, =
1,2,...,m, Tue yj— HEKOTOpbIE JefiCTBUTEIbHbIE THC/Ia ICCIeI0BaIach B padore [1].
Bresiem oboznauenne

1 1

Dgly(t) = tﬁ/... /T”1+ﬁ_1...7“m+ﬁ_1y(tﬁ et T )Ty T,
0 0

D;*=D;"-Dg'- ... -Dg' k> 1.

N J/
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B macrosmeii pabore Mbl mpeijiaraeM HOBBIA METOJ, HOCTPOCHHs SBHOIO BUJA PEIICHUs
ypasHenus Buja (1), KOTOpasi OCHOBaHA Ha MOCTPOCHUN HOPMUPOBAHHBIX CHCTEM OTHOCUTE/THHO
napet orreparopos (Dg, A). Ilogpobiee 06 5ToM MeTO/Ie MOXKHO y3HATEH B padore [2]. Oboznadmm

m k
Chp = H H (nB+pmi—py) " k>1,Cao=1
i=1 n=1
Teopema 1. Ilycts pj > 0,84 p; — p; > 0,0, = 1,2,...,m. Torna psazg
o)
yi(t) = MCat" T =12, ..m
k=0

CXOJIUTCST pABHOMEPHO Ha JiroboMm otpeske [a,b] C (0,00),a,b < 00, K HEMY MOXKHO ITOYJIEHHO
npumersTs oneparop Dg. Kpome toro, gyuxmnun y;(t) n Dgy;(t) npunamiexar xiaaccy C(0, 00).
Teopema 2. Ilycrs ji; > 0, pt; # pj, 0 # j, 0+ i — p; > 0,4,5 = 1,2, ...;m, f(t) = 0. Torza
Gyukmn y;(t) u3 (2) ABIAIOTCS JHHEHHO HE3aBHCHMBIME PEIIeHUsIMH OJHOPOJHOIO YPAaBHEHHST
(1) ma (0, 00).
Teopema 3. Ilycrs p; > 0,p; # pj,t # 5,0 + i —p; > 04,5 = 1,2,...,m, f(t) €
C10,a], fo(t) = Dglf(t) u ynkmun fi.(t), k= 0,1,2, ... onpegesieHbl pABEHCTBOM

fo(t) = D' A1), fu(t) = AN Dg*[fol(t), k = 1,2,...,
Tora yHakIms

yr(t) =Y fiult)

SIBJISIETCST 9ACTHBIM pelieHueM HeoiHopojHoro ypasuenns (1) uz kmacca C|0, al.
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OB YCTOMYUBOCTH PABHOCTHO-IMHAMUWYECKNX CUCTEM C
SAITABBIBAIOIIINIM APT'YMEHTOM
Kazen BAITAEBY®, Caman BAIIAEBA2?, Caa CJIAMKAHOBA??

! Hucruryr MaremMaTukn u MaTeMaTHuecKoro Mogemposannst, Amvarsr, Kazaxcramn
2 JKernicycknit rocynapcrsennsiii yauepcurer um. U. 2Kancyryposa, Tamisikopran, Kazaxcram
E-mail: *v_gulmira@mail.ru, ®beksultan.82@mail.ru

B mpepnaraemoit padore esaloTcs MONBITKI PACIPOCTPaHEHNS BTOPOTo MeTofa Jlamynosa
Ha pasHocTHO-uHaMuueckue cucreMbl (PJIC) ¢ sanasapiBatomum aprymerrom [1-3|

Tnt1 = f(xnaxn—lv - Lpn—m- (1)
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PJIC ¢ zanasapiBaronumM apryMeHTOM (1) nmeer perenue, ecjin 3aaHbl HAdaIbHbIE 3HAUCHUST
Tm, Tty s T_1,To U [ — OJIHO3HAYHAST BEKTOP-(DYHKIIUS, OINpe/Ie/ieHHAas: B 00JIaCTU IIPO-
crparcTBa RFHD 1 910 permenne mpogomkuMo mpu 1 > 0, €CJIH T, He BBIXOIUT 38 IPAHUIIBI
obsacTu onpejiesieHust f.

[Ipeamonoxkum, aro f(0,...0) u f ya0oBIeTBOPSIOT yCJI0BUIO JIUMIIHIA IO BCeM apryMeHTaM.

OnPEAENEHUE. Tpusnanshoe pemtenre PJIC (1) ¢ 3amas3apiBaommm apryMeHTOM Ha3bIBa-
ercs ycToiiunBbIM 1o JIsmyHoBy, ecau jiis Jroboro ducaa € > 0 cymecrByer 0 = d(¢€) Takas,
qT0 JyIst 00bIX T (j = 0,m), YIOBIETBOPSIONNX HEPABEHCTBY

m
D gl <o
=0

cJleJlyeT HepaBeHCTBO
|zn|| < e mas¥n > 0.

Eciu Kk Tomy ke OyJier
lim ||z,] =0,
n—oo

TO TOBOPAT, 9TO UMEETCSI aCUMIITOTHIECKAsT YCTONINBOCTD.

Teopema 1. Ecju cyiecTByeT olpeneeHHO-IOJI0KATE/IbHAST (DY HKITHS:
Vi =V(Tp, Tp_1, ..., Ty_m) B 0O1acTH onpegesenns npapoii vactu P/IC (1) ¢ HemoioxkuTe IbHOM
1paBoil pa3HOCTHIO OT HPOH3BOJIBHBIX Ty, H BCAKHX Xj, YZIOBJICTBOPAIOIIX HEPABCHCTBY

V(l’]) S V(xn-‘rl) .] =n—-m,n,

To HysteBoe perieane PI[C (1) ycroiiauso no JlsiyHoBy.

Teopema 2. Ecjm cymecTByer Takas OUPeIeJIeHHO-TIOT0KUTEIbHASA (DYHKIUS:
Vi =V (@, X1, o, Tn_m 9TO 1EpBasi pazuocrb AV, Biojb pemenusi (1) yaoBierBopsier Hepa-
BEHCTBY

AV, < =U(|lzal)

pinIbk BCSIKHUX l’j TaKI/IX, qT10
Vizj) < =W(zpp1, n—m < j<mn,

To Hysiesoe pereane PI[C (1) ¢ 3ama3apIBaroniuM apryMeHTOM aCUMIITOTHYEeCKH YCTOHIHBO.
Baecw U(r,,) — onpeieleHHO-TIOIOKUTeIbHAsT (DYHKITHS CKAISIPHOro aprymenta, W — Herpe-
PBIBHAsI MOHOTOHHO-BO3pacTaolias (byHKIUs, YI0BIeTBOpsiomas Hepasencrsy W(r,) > r,.

Funding: Asrops! 6t nogaepzkanbl rpaarom AP05131369 KH MOH PK.
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O TPUT'OHOMETPHUYECKNX MHOXKUTEJISIX B BECOBBIX IIPOCTPAHCTBAX
Amanryns BAXBITY, Hasepke TJIEYVXAHOBA®

! Eppasmiickmii narronapusnii yausepcurer um. JI.H. Iymmnesa, Acrana, Kasaxcran
E-mail: “amangulbakhyt@gmail.com, ®tleukhanova@rambler.ru

Pabora mocssiieHa U3y4YeHUIO TPUTOHOMETPUIECKHUI MpoOIeMbl MHOMXKHUTEEH B BECOBBIX
IIPOCTPAHCTBAX Apg.

Kiaccugeckasi moCTaHOBKA TPUTOHOMETPHYECKOH MpoOJIeMbl MHOYKUTE I 3aK/II0YaeTCs B
caenytomem: nyctb f € Lq1[0,27] u {ax(f)} ee mocaenosaressrocts kKoabdunnentos Pypne
10 TPUTOHOMETPUYECKOi cucreme. IIpu sroMm npemmnononaraercs, 9ro f objajgaer cBORCTaMU,
nocrarounbivu, 91066t {ay(f)} € 1,,1 < p < oo. Tpebyercst onpene/UTh IVIAAKOCTHBIE U MET-
pUUecKre XapaKTepUCTHKE QyHKIun ¢ st Toro, 9tobst Ty, f = {aix(f - ¢)} € 1, T0 ecTn ompe-
JIeJIATD YCI0BUsL Ha (DYHKIHUIO ¢, FapAHTUPYIOIINe OrPAaHUYeHHOCTE oreparopa Ty @ 1, — [,
Kiace rakux dynkiuit obosnadaercs depes3 M.

Dra 3a7aua paccMmarpuBaiach B paborax Creukuna C.B. [1], Xupmmvana U1 2], Dxenn-
mrreitna C.J1. [3], Bupmana M.II. u Conomsika M.3. [4], Kapamzkosa I'E. [5].

ITycts 0 < ¢, p < co. Byzem roBoputh, 9TO HOCIEA0BATEILHOCTE @ = {ay } 5
JKUT KJIACCY A, 4, €CJIH KOHEUHA BEJIMUMHA!

[IpUHAIJIE-

—0o0

”‘IH,\p,q = Z |ak|q|];3|(%71) < 00, k = max(|k|, 1).

k=—o00

-1
Eciu ¢ = 00, 1O ||aH/\ = sup |ax|| k|-
p,00
Bynem ropoputs, uto dbynkmma ¢ npunaaiexkut Kiaaccy MPD ecn smmelnbIE onepaTop
T, orpaHuven U3 Ay g B Ap,,q 4

ol aym = 1Tl 0 —srprn
MPO»QO d) Ava‘]O )\pvaI

L1 11 11
Jlemma 1. HYCTB1<T,p,q<OO,0<S§OO,E—I—E—Sﬂq—i—s—rl—l— :
Toryia mmeerT MecTo ciiemyroriee HepaBeHCTBO

laxbll,,, < cllal

N LI

Teopema 1. Ilycrp 1 <py <2 <pi, ¢ <pi, po=<qo,0<5,q,q < oo,
1 1 1 1 1 1 1 1 1

) - y
Po P12 r po P S @1 Qo
Tomza numpmeer MeCcTo BJIOZKEHHne

Lys[0,1] < MPro

Po,q0 *

1
Teopema 2. Ilyctb 1 < py < qo < q1 < p1 < 2,1 < 8,q0,q1 < 0 @ = — —

1 1 1 1 1 P
1

po 2 s q @
Tora cpaBeINBO CJIEIYIONEE BIOKCHIE

S |

Ba[0, 1] = M

Po,q0 *
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OB OTPAHUYEHHOCTU IMOTEHIIMAJIA TUIIA PUCCA B JIOKAJIBHBIX
IMPOCTPAHCTBAX THUIIA MOPPU C IMEPEMEHHBIM ITOKA3ATEJIEM

Hypsxan BOKAEB ', Komapr OHEPBEK?*?

! Eppasniickmii HanmonapHbIl yansepcuret, Acrana, Kasakcran
2 Epaswmiickuil HanmuoHaIbHbIT yaIBEpCcuTeT, Actana, Kazakcran
E-mail: “bokayev2011@yandex.ru, *onerbek.93@mail.ru

3/1eChb MPUBOJISITCS JJOCTATOYHBIE YCIOBUSI OTPAHUIEHHOCTH TOTEeHIra 18 Prcca B JIOKAIbHBIX
npoctpancTBax Tunu Moppu ¢ nepeMeHHBIM TOKa3aTesIeM.
[Torennmas tTuna Pucca ornpenenserca paBeHCTBOM:

Lo f(2) = /R e _fy<|y;1)_a<x) dy,

riae 0 < a(z) < n.
[Iycrs p(z) - usmepumas dyHKIMS Ha OTKPBITOM Ha MHOXKecTBe () C R™.
[IpemosiozKum

1<p_<p(z)<p; < o0,

rie
p_ =p_(Q) =infcqp(z), Py =01 (Q) =sup,eqp () .

I[Iycts P2 - 510 MHOMXKecTBO yHKIMIL p(7) , 1718 KOTOPBIX

p(x) —ply) < ¢

1
<—x—y < —,z,y € .
—Ilnz—y 2

O6oznaunm uepes L) (€2) mpocTpancTBO BCeX n3MepuMbIX GyHKnui f(x) Ha {2, Takux, 4To

Lo(f) = / @) dr < oo,

€ HOpMa OIIpeaesdaeTcd CJIEYIOIIUM 06pa30M:

|[£1],) = inf {n> 0,1, (%) <1}.
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[Iycrs w(x,r) - HeorpunareabHas uammepuMast dyukiws Ha ) x [0,1], e @ C R™, | =
diamf,1 < 0 < oo. Jlokanbnoe npocrpanctso Moppu ¢ nepemennbiv nokasareneMm LM p ) w(.)0
- 9TO MHOYXKECTBO (DYHKIINII ¢ KOHEUHON KBA3MHOPMOIA:

< 00,
Lo (0,00)

Uty e = Hw 2o

riae B(x,r) - map B n -MepHOM IIPOCTPAHCTBE C IEHTPOM B TOUKE T M PAJHYCOM 7.
Iycts Op(yr) = ]%, apu r < 1; Ope,) = zﬁ , mpu r > 1.
Teopema. Ilycts pi(z), pa(r) € P2 u a_ = inf,cqa(r) > 0, (ap); = sup,cq a(z)p(z) <
n7
1 a(x)
p2 (ZL’) p1 (J?) n

1 <6 < 00, u mycTh U3MepUMbIe (PYHKIIUU W, Wo YAOBIETBOPSIOT YCJIOBUIO:

o0 7‘9}”1 (Ozt) 9 o0 _0
SUP/ (—) / (570200, (5,7)) ™" dsdr < oo
t>0 Jo wy (r,t) r

Torma oneparop [, orpanuyen u3 LMp, () w0 B LMp,()w,0-

OrmeruM, 970 0600IIEHHBIE TIPOCTPAHCTBA THIIa MOppH ¢ TepeMeHHBIM ITOKa3aTeIeM Moy )
paceMorpenbt B paborax [1] u [2]. [Ijist Takux npoCcTpaHCTB aHAJIOr TIPUBEIEHHONR TeOPEMbI Pac-
CMOTpEH B [2].

Y

KuroueBsbie cioBa: norennuas tuma Pucca, JOKaabHBIE TPOCTPAHCTBa Tuma Moppu, OrpaHUIeHHOCTbD.
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KPAEBBIE YCJIOBUSI OBbEMHOTI'O TMIIEPBOJIMYECKOI'O ITIOTEHIIMAJIA B
OBJIACTU C KPUBOJIMHEMHOW I'PAHULIENA

Baysipxkan JTEPBUCAJIBI

Hucruryr MmareMaTHKH H MaTeMaTHIeCKOI'O MOJECTHPOBAHHSI,
Kazaxckuit HanuoHnaIbHBIH yHIBEpCUTET UM. ajib-Dapabu
Asmvarer, Kazaxcran
E-mail: derbissaly@math.kz

OOBbeMHbIE TTOTEHITHAJIBI JIJI YPABHEHNIT B YaCTHBIX MTPOM3BOJIHBIX B CHJIY CBOEH TEOpeTH-
YEeCKON U IIPUKJIQHON 3HAYUMOCTH ABJIAIOTCA OJHUMU U3 BarKHbBIX IIOHATUNA COBPEMEHHON Teo-
pun nuddepeHuagIbHbIX ypaBHeHnii. KiloueBbIME STallaMu pa3sBUTHs 3TONW TEOPUU SBUJIUCH
UCCJIe/IOBaHNs, IPOBe/ieHHble HHI0TOHOM J1J1s1 S/ITMITUYEeCKUX TTIOTEHIINAJIOB, TJIe Hapsay ¢ DyH-
JIAMEHTAJILHBIMU MCCJIEIOBAHUSAMU IEJIOT0 PsiJia CYIIEeCTBEHHBIX BOIIPOCOB JIAHHOI Teopuu, ObLIa
TaKXKe MMOKa3aHa MPAKTUIeCKas 3HAUYUMOCTD IIPOOJIeMbl. Pa3indanbie TPUIOKeHUs 00beMHOIO
MOTEHIINAJIA B JIEKTPOCTATUKE, TEILIONPOBOHOCTH, YIPYTOCTH, TUMMY3UN U JIPYTUX 00JIaCTAX
HAYKH XOPOIIO U3BECTHBI U IPUBJIEK/IN BHUMaHEe TaKUX yI4dHbIX, Kak Jlamnac, layce, [lyaccon,
I'pun, Beasrpamu, Kupxrod, mopa Kenbsun, T'obcon, JIsmynos, Cobones, Bunaaze u apyrux,
KOTOpbIE BHEC/TM 3HAYUTE/ILHBIN BKJIAJI B PA3BUTHE 9TOW TEOPUU B TEUCHUU HECKOJBKHUX CTOJIE-
THIA.
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Hauunasa ¢ pabor T.III. KasmbMmenoBa, ero y4eHHKOB U IOC/EI0BATENEN OBLIN 3aJ107KEHbBI
OCHOBBI T€OPUU KPAEBBIX 3a/1a4 JJIs PA3IUIHBIX BUJIOB O0bEMHBIX MOTCHITNAJIOB. TakykKe B MU-
poBoIi JtuTepaType Takme ydenble, kKak Engquist B. u Majda A., Givoli D, Li J.R., Greengard
L., Hagstrom T., Tsyn-kov S.V., Saito N., Wu X. and Zhang J. ucrnosip3oBain aHaJoruaHbe
pPe3yIbTAThI UCCeTOBAHUN JIJIsT PEIeHUsT PA3/IMIHBIX 3319 MATEMATHIECKON (PU3NKN U TUC-
JIEHHBIX PaCYeTOB.

B macrosiiemM f0KJ1a/ie MBI IOCTPOUM KPaeBble YCIOBUS 00BEMHOTO THIIEPOOJNIECKOTO I10-
TeHIHAaa

(@, ) = /Qe(x,t,g,T)f(f,T)dfdr, (1)

rie e(z,t, &, 7) — dyHmamenraabHoe perenne 3agadu Korm jijis TuHEHOro runepboImyecKoro
ypaBHEHHs
Lu(z,t) = gy — uy + a(x, t)uy + b(x, t)uy + c(x, t)u = f(z,t) (2)
a Q € R? — obsactb, orpanuvennas KpuBbiMu * = «(t) u x = 3(t) u orpeskamu npambix ¢ = ()
wt=T>0. 3nece aft) < (1), «(0) =0, 5(0) =1, [o'(t)] < 1, [F'(1)] < 1.
Paccmorpum ypasuenue (2) B obmactu 2. Xoporo usBectao, uto upu ' > 1/2 perenne
ypaBHeHust (2) B {) He OJHO3HAYHO BOCCTAHABIMBACTCS TI0 HAYATBHBIM YCIOBHSIM

u(z,0) = u(x,0) =0, 0 <z <1. (3)

st 0JIHO3HAYHOCTHA HEOOXOIUMO KCIIOJIB30BaHNEe KPAeBbIX YCJIOBHII.

CraBurcs 3aja4eii MOCTPOEHUE KPAEBbIX YCIOBHIil, 10 KOTOPBIM DeIleHre ypaBHeHus (2) B
() Oyzer OHO3HATHO OnpeIesaThes B Buje (1).

HOCTpOGHHbIe KpaeBbI€ YyCJIOBUA NMEIOT, BOO6HI€ I'OBOpA, I/IHTeraﬂbeIf/’I BUI. O,ZLHaKO JJI
YACTHBIX CJIy4aeB, KOTJa Bce MjaJne Kod(duiuenTsl ypaBHeHus (2) paBHbI HYJIIO, KpaeBble
YCJI0BHUA UMEIOT BUI

ug(a(t), t) —u(a(t),t) =0, 0 <t<T, (4)
uz(B(t), 1) + w(6(t),t) =0, 0<t <T. ()

Jlokia,1 ocHOBaH Ha pe3ysbraTax coBMecTHbIX ncciemoBanuii ¢ M.A. Cagpibekosbim u T 111
KaymbMeHOBBIM.

Funding: Asrop 6bu1 nogzaep:xkan rpanrom AP05133239 KH MOH PK.

KuaroueBrbie cjioBa: BOJIHOBOH MOTEHITHAJ, OOBEMHBIN OTEHITNA, KPAEBbIE YCIOBUS

2010 Mathematics Subject Classification: 35L05, 35115, 35L.20
O 'PAHUYHON SAJAYE TEIIJIOIITPOBOJHOCTU B TPEXMEPHOM KOHYCE

Mysamapxan JIKEHAJIMEB¢, Mypar PAMA3AHOB??

L IMMM, Amvarsr, Kazaxcram
2 KapI'V um.E.A.Bykerosa, Kaparamia, Kazaxcran

E-mail: *muvasharkhan@gmail.com, *ramamur@mail.ru

N3zy4gaerca ciaenyonas rpaHidHasg 3a/1a49a B IEPEBEPHYTOM KOHYCEe
G={(z;y,t): 2* +y* <t* 0 <t <T} nua ypasuenus

ou o (0*u  D*u
- — R 1
o~ “ (8562 " 0y2> W

C 'PaAaHUYHBIM YCJIOBHEM Ha IIOBEPXHOCTU KOHYCa

u(z,y,t) = ue(z,y,t), Val+y2=t 0<t<T, (2)
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re ue(z,y,t) — 3a1anHasg (OYHKIUS.
[Tepexo/ist K MOJIAPHBIM KOOpAuHATaM B 3aja4e (1)—(2) u npe/oiaras BbIIOJTHEHTE CBORCTBA
H30TPOITHOCTH T10 YIJIOBO KOOpIMHATE, TTosrydaeM: HaiiTi B obmactu = {(r,t) : 0 <r <t, 0 <

t < T} perenne ypaBHeHUsI
ou_a 0 ( ou o
ot ror\ or)

YAOBJIETBOPAIONIECI'O 'PAHUYIHBIM yCJIOBUAM

u(r,t)

li t t<T 4
T’E)I%) hl(l/T’) 0( )7 0<t<T, ( )
Tlii_rgu(r,t)—ul(t)zu z,y,t ‘\/ﬁ o 0<t<T (5)

Pemmenne rpanunanoit 3agaqau (3)—(5) cBOAUTC K M3YIEHHIO BOIIPOCOB PA3PEIIUMOCTH HEOJI-
HOPOJ/IHOT'O MHTErpaJIbHOI'O YpaBHEHUS

A th(T)dT
O VT

rje A — 3aJjaHHast OJI0KUTe IbHAsI ToCTosiHHAst Bejmauna, { f(t), t € (0,T)} — 3anannas dbyHK-
IS,

CdopmynupyeM OCHOBHBIE PE3Y/ILTATHI pabOTHI.

Teopema 1. IIycrs t=3/2ug(t), t74?u;(t) € Loo(0,T). Torma rpanmunas 3azaqa (3)-(5)
umeer obIIee perieHue

=f(t), 0<t<T < o0, (6)

w(r,t) = Ctpom (7, 1) + Upare (1, 1) € Lo (Q;771/2),

re., rV2u(rt) € Loo(Q), C = const,
1€ Upom (T, t) M Upare(7,t) ABIAIOTCS PEHICHUSIMH COOTBETCTBEHHO OJJHOPOJHOTO (IpH ug(t) =
0, u1(t) = 0) u mHeoguOpOAHOTO rpaHuYHbIX 337039 (3)—(5).
B cityuae oceBoit cuMmMeTpun u3 TeopeMbl 1 ciie/lyer ey omuii pe3yIbTar.
Teopema 2. Ilycrs t/%u(t) = til/Quc(x,y,t)‘\/m:t € Ly(0,T). Torma rpanumanast
sagada (1)—(2) umeer obiee perrete
w(@,y,t) = Ctinom (,4,) + tpars (¥, Y,1) € Loo(G; (% + %) /),
re., (2% 4+ y*) " Y4u(z,y,t) € Loo(G), C = const,
1€ Upom (T, Y, t) H Upart (T, Y, t) ABISIOTCS PEIICHHSIMA COOTBETCTBEHHO OJ[HOPOHOIO
(upu uc(z,y,t) = 0) 1 HeoqHOPOIHOTO rpanmIHEIX 33824 (1)—(2).
JlokazareabcTBa TeopeM 1 U 2 OCHOBaHBI Ha CJIEJIYIONIE TeopeMe.

Teopema 3. Ilycrn t=Y/2f(t) € Loo(0,T). Toraa nnrerpannoe ypasuenne (6) nMeer obmee
penienne

P(t) = Cpnom(t) + Ppart(t) € Loo(0,T); 1%,
re., t2p(t) € Lo(0,T), C' = const,
r1e Phom(t) T Ppart(t) sABiIstioTCS pemennsvm coorBeTcTBeHHO OgHOpoAHOro (mpn f(t) = 0)
HEOJIHOPOJIHOTO HHTErPaJIbHbIX ypapHeruii (6).
Funding: Asrops! 66utn noguepxanbl rpantamu AP05130928, AP05132262 u BR05236693 KH MOH PK.
Kirouesnie ciioBa: YpaBHEHUE TEIJIOIIPOBOAHOCTHU, BBIPOXKIAIOIIAACH O6.HaCT]), KOHYC, KpaeBoe yCJIOBUe
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OB OJIHOM OBOBIIEHUU 3AJAYN TUIIA CAMAPCKOTO-VIOHKWHA AJISI CJIVYAS
VPABHEHUSI ITYACCOHA

Apimaououn JJYKEHBAEBA

Nucruryr mareMaTuku 4 MATEMATHIECKOTO MOJIEJTHPOBAHUS,
Kazaxckuit nanuonaabHbplli yauepcutreT uM. ajab-Dapabu
Aumvarer, Kazaxcran
E-mail: dukenbayeva@math.kz

B macrositiem j1ok7aje Mbl hopMysImpyeM u uccriaeayeM obobmienue 3agaan CaMapeKoro-
Nonkuna s ciaydas ypaBuenus [lyaccona B Kpyre.

[TOCTAHOBKA 3AJAYU. [lycrs Q = {z = (z,y) = v+iy € C : |z] < 1} — exuHnuHbBI KpPyT,
r = |z| u ¢ = arctan(y/z). Paccmorpum crepyromue nse 3agaun (k = 1,2). Haittu dynkuuro
u(z) € C*(Q) N CYQ), ynosnersopstiontyto BuyTpu §) ypasnenuio Ilyaccona

—Au(z) = f(z), [2] <1, (1)
a Ha ero FpaHI/IHe - KpaeBbIM yCHOBI/IHM
u(l,¢) —au(l,2r — ) =7(p), 0< <, (2)
ou o
- _ - — = < <
8r(17§0)+< 1) aT(1727T QO) V(cp)v O—QO_TU (3147)

e a € R, f(2) € CV(Q),7(p) € C*7[0, 7], v(p) € C7[0,7],0 < v < 1.
OueBniHO, YTO HEOOXOMMBIM YCIOBHEM CyIecTBoBaHus pemenns sanaqn (1),(2),(3x ) u3
kiaacca C1(Q) gaBiseTcst BBIONHERNE YCIOBHIT COTIACOBAHUS:

v(0)=v(r)=0 mpu k=1 (4)

u
70)=7(7r)=0 npu a=1u 7(0)=7'(7r) =0 upn a = —1. (5)
Antuneprnoguieckas Kpaesas 3ajada (1),(2),(3;) npu o = —1 u nepuogutveckas Kpaepas

sagada (1),(2),(32) upu a = 1 6butn uccaemosansl B [1,2]. B [3] ncciemoBanbl criekrpasibHbie
cpoiicTBa 3ajaqn (1),(2),(3x).

B macrositmem JoK/aje uccaeayercs KoppekrHocTh 3amgad (1),(2),(3; ). ObocroBana BO3-
MOXKHOCTBH NTPUMEHEHUST METO/IA Pa3eIeHust IepeMennbIX. IlocTpoena B sBHOM Bujie PyHKIUS
[puHa 3a7a49u 1 TOJIy9eHO WHTErPaJIbHOe MPe/ICTABIEHIE DEIeH sl

Jlokta 1 ocHOBaH Ha pe3ysbTarax coBMecTHBIX ucciemoBanmii ¢ M.A. CaapibekoBeim 1 H.A.
Ecupkerenosbim [4].

Funding: Asrops! 66utn nogepxkanbl rpanrom AP05133271 KH MOH PK.
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K PACNPEAE/JIEHUIO COBCTBEHHBIX 3HAYEHUM ANPOPEPEHIIVNAJIBHOI'O
OITEPATOPA TPETBETO IIOPAJKA C PEI'VJIAPHBIMN KPAEBBIMU YCJIOBUAMMNM

Hypnan UMAHBAEB,

FOsxr0-KaszaxcraHckmii rocynapcTBeHHbIH negarorndeckuil yausepcureT, LlbimrenT, Kazaxcran
E-mail: imanbaevnur@mail.ru,

B mpocrpanctee Ly (0,1) pacemorpum oriepatop Lg, TOPOXKIEHHBIH OOBIKHOBEHHBIM JTH(h-
depeHImaIbHBIM BbIpasKeHuEM

L(u) =Py (z)u" (x) + Py (z)u" (z) + Po (2) v (2) + P3 (z) u(x) (1)
U PEryIsApPHBIMEI KPAEBBIMU YCIOBUSIMI
Up(u) =u(0)=0,Us(u) =u (1) =0,Us (u) =u (0) —u' (1) =0 (2)
[Iycrs Py () = +1, Py (z) = Py (xz) = P3(x) =0, To ecTb
Lou=1(u) = +u" (z). (3)
Torma [* (1)-conpsizkernoe nuddepenimaabHoe BbIparKeHne:
F@)=-9"(x), 0<z<l1. (4)

CrnenoBarenbHO, oneparop Lf, compazkeHHBIN oneparopy L 3amaerca muddepeHIIaIbHBIM
BbIpazkeHneM (4) u KpaeBbIMU yCJIOBUSIMU

Vi(9) =9 (1) =0,V2(9) =9 (0) =0, V3 () = (0) = ¥'(1) = 0. (5)
Hamu ncereyerest 3a/1a4a Ha cOOCTBEHHbIE 3HAYEHUE ONEPATOPa
Lou=1(u)=u"(z) = -Au(z),0<z <1 (6)

C KPaeBBbIMH YCIOBHAMHE (2)

Nmeer mecTo citemyrommast

Teopema. XapakrepucruiecKuii onpeie/iuTe b CieKTpaabHoii 3aaaqn (6)-(2), npegacraBum
B BHJIC 9KCIIOHCHIINAJIHLHOIO KBA3UIIOJIHHOMA

AN = VA (ks = ky) €™ ¥ (ky = ko) B0 VA (g — fy) €22 V04

(ks — k1) B HROVA (k) — Ry) bV 4 (kg — k) - e(kﬁkg)%) ;

e ky = 1, ko = —% + z\/Tg , ks = —% — z‘/Tg H SIBJISICTCS IIeJI0H aHAJTUTHICCKOH (hyHKITHE
1IepeMeHHOro .
YTBepxKaeHue.

1. CymectByer 6€CKOHETHO MHOTO COOCTBEHHBIX 3HAUEHHIT ortepaTopa L, .

2. PaccrostHue MeXKJIy JBYyMsI COCEJHUMH COOCTBEHHBIMU 3HAYEHUSIMHU OJHOI cepuu (j —
const) poBHO %.

3. CoberBennble 3Ha4deHmsT onepatopa Ly KaxK[0i cepui JieXKaT Ha JIydax, MePICHHKYISIPHO

OTPE3KY, colepKallleMy 4dHucjia

(/f_h k3+/€1); (k_37/€3+k1);(/€2+k3, k_3), (k_2k2+/€3);
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(k’_Q, ko 4 ki) (ko + ki, k_l)

KuaroueBrbie ciioBa: coOCTBEHHbIE 3HAYEHUS, PETYJSPHBbIE KPaeBble YCIOBUs,Ifefas (DyHKINd, CIIeKTPaJIbHAs 3alada,
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CIIEKTPAJIbHASI 3AJTAYA, BOBHUKAIOIIIASI B 3AJAYE CTABUJIM3AILIMU [JIsI
HATPY>XEHHOT'O YPABHEHUSI TEILJIOONPOBOJHOCTM: JABYMEPHBIN U
MHOTOTOYEYHBIN CJIYUAU

Kamxapoex UMAHBEP/IMEBY>¢, Apnait KACBIMBEKOBAL2Y

U Uncruryr maremarnkn m MaTeMaTndeckoro Mojemupopanus, Amvarn, Kasaxcran
2 Kazaxckmil HanmoHaIbHBIH yHHBepcHTeT nMeHH anb-Dapabu, Amvarer, Kazaxcran
E-mail: “kanzharbek75ikb@gamail.com, *kasar08@mail.ru

Nnes cBecTn 3aja4dy CTaOUIA3AIMHA JJIsi 1apabOJIMIecKoro ypaBHEeHUs ¢ TTOMOIIbIO TPaHU -
HBIX yIPaBJIEHUI K BCIIOMOTATE/ILHOM KPAeBoil 3ajlade B PACHIUPEHHON 00JIACTH HE3aBUCHMbIX
nepeMenHbIX puHaaiexkuT A.B. @ypcukosy [1|. Panee Mbl nzyuasu 3aga4m crabuinsanum i1ist
HAIPY?KEHHBIX OJIHO- U JIByMEPHBIX YpaBHeHUil TerionposoaocTu [2—4|. B nanuoit pabore wc-
CJIJIyIOTCs CIIEKTpaJIbHbIE CBOMCTBA HAIPYKEHHOTO JIByMEpHOTO oniepaTopa Jlamiaca, KoTopbie
HCITOJIb3YIOTCS JIJIsT PENIeHUs 3a/1a9i CTaOU/IN3aIliu.

ITocranoBka 3amaun. Ilycrs Q = {z,y: —7/2 < z,y < 7/2} — obaacrpb ¢ rpamuneii OS).
B mummanpe @ = Q x {t > 0} ¢ 6okoBoit oBepxuocTHIO X = ) X {t > 0} paccmarpuBaercs
I'paHn4dHad 3aJa4v9a AJd Ha'PY2KCHHOI'O YpaBHEHUA TEIIJIOIIPOBOJHOCTH

M N
ut_Au+Zamu(xm7y7t)+25’nu(x7ynat> :07 {I,y,t} GQ, (1)
m=1 n=1
U(I’,y,O) = ’LL()(.T,Z/), {xay} € Qa (2)
u(z,y,t) = plz,y,t), {z,y,t} € %, (3)

viae {Tm, Yo, m = 1,...,. M, n = 1,...N} C (—n/2,7/2) — dbuxcuposanusie, {ay,, bn, m =
L,...M,n=1,..,N} C C - 3zanannbie, uy(z,y) € Lo(2) — 3amannas yHKIms.
Tpebyercst: Haiitu Takyto dyuruo p(x,y,t), 9T00bI perrenne rPaHuIHON 331891 YI0BIIe-
TBOPSIJIO HEPABEHCTBY
(@, y, )l ) < Coe ™, 0>0, t>0. (4)

Ypasrenne (1) HasbiBaeTcs HarpykeHHBIM ypasuenumeM [5]. Ormermm, uro 3amada (1)-(4) c
OJIHOIT TOYKOI HArpy3Ku Oblia usydeHa B [4].

Bcriomoraresibnas rpannvnas 3agada (BI'3). Ilycrs Q) = {z,y : —7# < z,y < 7w} n
Q1:Q1X{t>0}.

M N
2y — AZ + Z Oy - z(a:m,y,t) + Zﬂn : Z(waynvt) = 07 {x,y,t} € Qla (5)
m=1 n=1
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Z(fL’,y,O) :ZO(:L‘7y)a {Iay} GQIa (6)
8jz(—7r,y,t) _ 8jz(7r,y,t)
O = O , {y,t} € (=m,m) x {t > 0},
Iz(x,—m,t)  Fz(x,m,t) _
. = . — =0,1.
ayj ayj Y {x7 t} E ( 7T77T) X {t > O}? ..7 07 (7)

Tpebyercst: HATH TaKyiO0 HAYAJILHYIO (DYHKIMIO 2o(x, y), 4Tobbl pemtenne BI'3 yaoBieTBopstio
HEPABEHCTBY
12(2, 9, ) Ly < Coe™", 0 >0, ¢ >0, (8)

e nocrosunsle Cy U 0 Takue JKe Kak B UCXOMHOM 3a1ade (1)—(4).
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O BECOBBIX HEPABEHCTBAX AJId OOHOT'O KJIACCA KBA3UJIMHEMHBIX
VNHTETPAJIBHBIX OIIEPATOPOB
Aiirepum KAJIBIBAIT!
U Vuupepcurer KMM3II, Anvarsr, Kazaxcran

E-mail: “kalybay@kimep.kz

[Iycts 0 < 7,q,p < oo u I = (0,00). [Iycrb w, u u v — BecoBble QYHKINH, T.€., HEOTPHUIIA-
TeJIbHBIE U JIOKAJTBHO cyMMUpyeMble Ha | QyHKIumY.
Hnsg f > 0 paceMOTpUM HepaBeHCTBA

]ou(x) / /tK(t,s)f(s)ds Tw(t)dt Tda: qgc ]ov(x)fp(x)dx p, (1)
]ou(:r;) / 7K(s,t)f(s)ds Tw(t)dt Tda: qgc ]Ov(x)fp(x)d:z: p, 2)
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¢ supom K (-, ) > 0, ynossersopsitonum yeiaosuio Oitraposa (eM. [1]): cymecrByer koHcTanTa
d > 0 Taxkasi, 9TO

dHEK(t,7)+ K(1,5)) < K(t,s) <d(K(t,7) + K(1,5)) (1.5)

s 0 < s <7<t <o0.

B nocsiesiue rojpl uzydennto HepaseHcTs Tuna (1) u (2) MOCBSAIIEHO GOJIBITOE KOJIUIECTBO
pabor (cM., nanpumep, [2-7|). Varepec K JaHHOMY THILy HEPABEHCTB BBI3BAH MX HPUMEHUMO-
creio K npocrpanctsam tuia Moppu ([8] u [9]). Bosee Toro, 3Has xapakTepusanuio JaHHBIX

HEPABEHCTB, JIEIKO MOJIYYUTh XapaKTepu3aluio OminHeiiHbix Hepasencts Xapau ([7] u [10]).

B j1laHHO# cTaTbhe MbI TAKXKe HAXOJUM HEOOXOJMMBbIE M JIOCTATOYHbBIE YCJIOBUS JIJIsl BBIIIOJI-
HeHust HepaBeHCTB (1) U (2), HO MOJIyYeHHbIE HAMU YCJIOBUS SIBJISIIOTCS aJIbT€PHATHBHBIMHA 10
CPaBHEHUIO C YCJIOBUSIME, HAHJICHHBIME paHee. FCTecTBEHHO, 4TO METOJ UCC/IeJI0OBAHUS TaKKe
aJbTePHATUBHBIN. 371eCh MmocTaB/ieHHas 3a1ada pemera mpu 0 < r < oo u 1 < p < ¢ < oo.
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OCHWIIAIIMOHHBIE CBOMCTBA OJHOTI'O KJIACCA KBA3BWUJIMHENHBIX
PA3BHOCTHBIX YPABHEHHUI1 BTOPOTI'O MOPSIJIKA

Aiirepum KAJIBIBAIT ¢, Tanaryn KAPATAEBA 2°

U Vuupepcurer KMMDII |, Amvarer, Kasaxcran
2 Eppaswmiickuii nanuonasbabii yausepcuter um. JI.H.Iymmresa, Acrana, Kasaxcran
E-mail: “kalybay@kimep.kz, *danagul83@mail.ru

PaCCMOTpI/IM KBa3UJIMHETHOE Pa3HOCTHOE YpaBHEHNE BTOPOI'O IIOPAIKA
A(Pz‘Asz)iszz) + Ui|yi+1’p72yi+1 = 07 1= 07 ]-7 27 ceey (1)

rae 1 < p < oo, Ay; = yiv1 — Vi, {pi} - mocien0BaTEIBHOCTD MOJIOKUTEIBHBIX, {v;} - TOCIe10-
BATEJIbHOCTH HEOTPUIATEJbHBIX JIEfICTBUTEIHHBIX THCEII.

ToBopsr, uro unrepsan (m,m + 1], m € N, cogep:kur 0OOOIEHHBIN HyJIb DelleHus y =
{yp}32, ypasuenus (1), eciant T, # 0 ¥ YpYims1 < 0. Herpusnasnsuoe pemmenne ypasuenns (1)
HA3bIBAETCsI OCIUJIISITOPHBIM, €CJIM OHO UMeeT GECKOHEYHO MHOIO 0DODIIEHHbIX HyJseil Ha Juc-
KPETHOM MHTepBaJie [n,00), n € N, B IPOTHUBHOM CJIydae peleHue ypasHenus (1) HasbiBaeTcs
HEOCIMJLIATOPHBIM. Ecu Bee pemenus ypaBHenus (1) oCHUILIATOPHO,TO yPaBHEHUE HA3BIBA-
ercsi OCIUILIATOPHBIM. YpasHenue (1) HasbiBaercst ypaBHeHHEM Ge3 CONPsIZKEHHBIX TOYEK Ha
JIICKPETHOM OTPe3Ke [m, nl, eciam KazKkjoe ero pelieHne uMmeer He 6oJiee OJHOr0 0060OIIEHHOTO
HyJIsI Ha JUCKPeTHOM uHTepBase (m,n+ 1] u ero perienne y ¢ Ha4aIbHBIMA YCJIOBUAMHE Yy, = 0,
Yma1 # 0, HEe umeeT o6obIeHHOTO HyJIs Ha (M, n + 1].

o
O6o3unaunM depe3 Y (m,n) COBOKYIMHOCTb HETPUBHAJBHBIX MOC/IEI0BATEILHOCTEl J1eficTBU-
TesbHbIX uncest y = {y; 152, rakux, uro supp y C [m+ 1,n], n < co.
PaccmorpuM JinckpeTHoe HepaBeHCTBO Xap/in

Zvifl‘yi’p < CZPJAZMP, y €Y (m,n), (2)

riae C' - HanMeHbIas MOCTOsSTHHAA B (2).
[Iycts 0 < m < n < oco. Iomoxkum

j—1 t
Bymm = s 43w (S
t=s i=m

m<t<s<n

1— 1-p] 1

p n
z : 1—p/
+ pz )
=5

— inf A2AP=1) —
Qp = g{i oo Yp+1/p =1

0 /
Teopema 1. ITycrs 0 < m < n < oo . p; ¥ < oo mpm n = co. Hepasercrso (4)
i=1
BBITIIOJIHEHO TOIJIA M TOJIBKO TOTJa, Korja B,(m,n) < oo mpm sTom

B,(m,n) < C < 2a,B,(m,n), (3)

rye C' - HaMEHbIIAsT MOCTOSTHHAS B (2).
[IpuBeseM OoCHMIIAIMOHHBIE CBOICTBa ypaBHenus (1) BBITEKIONHE, Ha OCHOBAHHUS H3BECT-
HOI'O BAPUAIMOHHOIO NIPHUHIIAIA, U3 yTBEpKaeHus Teopemsr 1.
o0
1— /
Teopema 2. Ilyctrb 0 <m <n<oowuy. p, 7 <oonpun=oo. Torya
i=1
(1) murst 6e3conpsokennoct ypasaenns (1) na uarepsaste [m,n| yciaosue By(m,n) < 1 meobxo-
anmo, a yeaosne 20,B,(m,n) < 1 gocrarodno;
(1) ast conpsikenHOCTH ypaBuenns (1) ma marepsase [m,n| ycaosue 20,,B,(m,n) > 1 He0b-
xoAnMo, a ycjaosue By(m,n) > 1 gocrarodso.
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0 /
Teopema 3. Ilycrs . p; 7 < 0.
i=1
(i) s meocnmrsropuocru ypasuenus (1) yciaosue By(m,00) < 1 npu mekoropom m > 0
HeobxouMo, a ycaosue 2a,By(n, 00) < 1 npu nekoropom n > 0 40CTaTOTHO;
(1) st ocmtstroproctn ypasuennst (1) ycaosne 2cy, lim sup By, (m, 00) > 1 meobxomumo, a
m—00
yerosue lim sup B,(m, 00) > 1 gocrarodto.
m—r0o0
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KuroueBsle ciioBa: pa3HOCTHOE yPABHEHNUE, OCIIUJIIITOPHOCTD, HEOCIIMILISTOPHOCTD,COMIPSI?KEHHOCTD, 6€3CONPSI?KEHHOCTb,
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[Iycts I = (a,b), —0o < a < b < oo. Ilycrs 1 < p, g < o0, %—k}% = 1. Ilyctb v, p,u 1 w
HeoTpuriarebuble Ha [ dyHKIMN Takue, aro vP, pPf wP u’, p_p/, w™? JIOKAJIBHO CYMMUPYEMBbI
Ha [.

Ob6osHaunMm uepes I/Vp1 (u,v) = I/Vp1 (u, v, I) IPOCTPAHCTBO BCEX JIOKATBHO abCOIOTHO Herpe-
PBIBHBIX Ha [ DYHKIHNIA, JI/IsT KOTOPBIX KOHEYHO HOpMa

1wy = [l llp + 1o f [l

rje || - ||, - obbranas mHopma mpocrpanctsa Ly, (1).

Hepes W)(p, v) = W)(p, v, I) obosnaunm sambikamme muoxkecrsa AC(1)NW,) (p, v) mo Hopame
npocrpasncrsa W) (p,v).

Iycte Ly, = Ly(v, I) mpocTpaHcTBO Beex m3MepuMbIX Ha [ GYHKIWA ¢ KOHEUHOH HOPMO

£ 1lp0 = 1ol

PaccMOTpUM OrpaHImYIeHHOCTh HHTETPATLHOTO OTlepaTopa
Kt f(z) = /K(z, s)f(s)ds, =€, (1)

o
u3 W)(p,v) B Ly (w, ), T.e. BBIIIOIHEHAE HEPABEHCTBA

WK flly < CUlpf lp + 1of 1), f € Wiip,v). 2)

Teopema 1. Ilycrs 1 < p < g < 0o u szapo oneparopa (1) npunamprexxur kaaccy O, (1),
n > 0. Torga gus oneparopa (1) HepaBeHCTBO (2) BBINOJIHEHO TOIJIA W TOJBKO TOIJA, KOLJA
max{ F;", Gj} < 00 xorst 6bI mpu ogHOMH mape (i,7), 4,7 = 1,2, npm 5TOM JIIsI HAWJIYIIICi
nocrozrmoit C' > 0 B (2) mmeer mecro coornomernne C ~ max{F;", G}, i,j = 1,2. 3xecs

Ff = sup Ff (2), G = sup G (2),

zel zel
AN
u(2) b [ et ! g
Fr(z) = /pp’(x) / /K(t,s)ds Wyt | de|
a z \y (@)
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b o) [ @) d 7\
Fyf(z) = /wq(t) / /K(t,s)ds p P (x)de | dt |
z a %~ (2)
/ -
) 2 t ! .
G (z)= sup /p_p/(x) / /K(t,s)ds Witydt | dx |
yeAL (2)
~(2) Y ¢~ (x)
z nt(y) ¢ v v ’
Gi(z) = sup / () / / Kt s)ds | p?(@)de | at]|
yeA (2)
1w (z) \ ¢ (z)

AL(z) = e (n(2)), 2.

Onupegenenue dynkiuu o=, u* u muoxecrsa O, () Moxuo Haiitu B [1].
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— % X % —
OB OJTHO MHOTOMEPHOM 3AJIAYE BUIIA 13E-CAMAPCKOTO JJIsI
BBIPOXKIAIOMIETOCS SJIJIUIITUKO-IIAPABOJIMYECKOTO YPABHEHU S
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[Tycrs 2 C R™ koneunas obyacthb ¢ miajkoil rpaununeit 0 € C% a D = Q x [a,b], a >
0, b > 0 mumeApUUecKas obiactb, rae D™ = Q x [a,0], DT = Q x [0,b).
Samaua N:

(% — tAm) u(z,t) = fT(x,t), (x,t) € DT
u(z,t) = 52 _ - (1)

— (& +tA) u(wt) = f(wt), (,t) €D

YJIOBJIETBOPSIIOIIEE YCIOBUSIM
U((L’, t) = 07 U(ZE, t) = 07 (2)
t=—a (z,t)€0Q X [—a,b]
Dua.t)| = f(a,0) 3)
N T
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Ceyer OTMETUTD, ITO HAPSLY € TPAHIIHBIMA YCIOBHAMH (2), IMEeTCs BHYTPEHHEE IPAHITHOe
yesoBue (3) u nosromy 3agada (1)-(3) aBiagercs 3amadeii Buragze-Camapckoro Kak B pabore

[1].

[Iycrs u(zx,t) € W22 (DY) mu(z,t) € W3,(D™) Becossie mpocrpancrsa Coboesa;

ou(x,t
oo Oz oy = [ |15 2+ st O + futo. O o,
2,t D+

0~ u(x,t)
ot O oy = [ |12+ sl O + fuCe. )7 ot

Nneer mecto

Teopema. ITycmn f~(x,t) € W, *™(D7), f*(x,t) € W21’2m(D+g u f(z,t) € Wy(D), 2m >
(5] + 1. Tozda cywecmeyem eduncmeennoe pewenue u(w,t) € W27;1(D+) NW3,(D™) sadawu
(1)-(3) ydosaemeoparowee nepasencmsy

(@, )llwz o) + @, DIz ooy + @, Ollivg, - <

t
< d (’lf(x>t)HW21(D) + ”f+<x>t>”124/227tﬂ»1([)+) + Hf_(x>t)|’?/[/22:ml(p—)> .
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CIIEKTPAJILHOE PA3JIOXKEHUE ITOTEHIINAJIA FEJIbMI‘OJIbHA
Trmbicoexk KAJIBMEHOBY Cepreit KABAHUXWH?  Ajinana JIEC?

L3 WucrnryT MaTemaTnku m MaTeMaTHUeCKOro MojenpoBanns, Anmarsr, Kazaxcran
2MucruryT BRIIHCINTEbHON MaTeMaTHKu i MaTeMarndeckoii reopusuxkn CO PAH, HoBocubupck
E-mail: “kalmenov@math.kz,

KuroueBsbie ciioBa:ypasuenue ['ejibMrosibiia, GyHIaMeHTAILHOE PEIIEHNe, CIIEKTPaJIbHOE pa3-
JIOYKeHUe, MeToJl cirycKa, dyHKIms Mak1oHa b1a, IOTeHIInaIbHOe TPAHUYIHOE YCJIOBUe

[Iycte Q C R™ KomeuHas 061acTh ¢ TIaaKoil rpannteit 0) € C2.
PacemorpnM noreniman LeibMrosibiia, KOTOPBI ONpeIesigeTcss HHTErPaaoM

u(a, 1) = / S — & w)p(E)d, 3)
rie e(x, 1) - dyHIaMeHTaIbHOE pellleHne ypaBHeHus: [eTbMroJibia
—Age(x, p) + pe(z, p) = 6(x), x €, (4)

a p(§) -Hem3BeCcTHAs TUIOTHOCTD, /i - BEIIIECTBEHHOE THCIIO.
B pabore [1]-|2] mpuBenenbl nmpecrapienus byHIAMEHTATBHOTO pereHst &(X, [1) TOCTPOeH-
HOT'O C MOMOIIBIO HHTErPaJbLHOTO Iipeobpazosanust Pypre. B Hameit padore 3] meTomom crycka
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oT PYHIAMEHTAJIHLHOTO pPEeNIeHus] YPaBHEHHsSI TEIIONPOBOJHOCTH CO CKAJISIPHBIM ITapaMeTPOM
HOJTyY€eH sIBHBIA BUJ £(, 1) B CJICIYIOEM BH/IE

(o) = iy (Vo) Ko (V) )

rje

K =3 (35) [ e

— Wm" — 2 2 2
ymrims Maxsonanbia u w, = 3y, |z| =2 + 25+ ...+ 2.
[Tosp3ysics MeTomamu pador [4]-[5] mokasamo, 9To caMOCONPSKEHHDIH HHTEIPATBHBIN Orte-

parop (1) sKBUBaJIEHTEH CJIE/IYIONEH CAMOCOIPSIZKEHHOM 3a/1a4e

—Au(x) + pu(x) = p(x), =€ Q, (6)

u(w, p) de(z — &, p) u(, 1) _
—T+/89 <a—ngu(§,ﬂ)—5($—§aﬂ)a—n§> d§ =0, =z €. (7)

[Iycrs eg(z, p) - mosiHAss OPTOHOPMHUPOBAHHAA CHCTEMa BEKTOpoB 3asaqdu (4)-(5) coorser-
CTBYyIOIEe COOCTBEHHBIM 3HAYCHUAM Ak, ko .k

Nmeer MecTo

Teopema. ITycmov u(x) € WZ(Q) u ydosaemsopaem nomenyuaivHomy epanuiHoMmy Ycao-
6UI0

"t

u(:z:,,u) 88(1‘ _5711“) au(g’u) —
———+ /89 <TU(§=M) —e(z — 57/1)8—%) d§¢ =0, x €.

Tozda cywecmeyem edurcmeennas naomuocms p(x) nomenyuara eavmzorvua (1) sadasae-
Mas Popmyoti

pla, ) =Y Muer(z, ), (8)
k|=1
rie
up = (u(z, 1), ex(z, 1))

- Koagppuryuenm Dypve pasaoscenus u(x, j1) :

Ik|=1

Funding: Pa6ora nomuepxkana rpanramu AP05133239, AP05134615, BR05236656 Komurera nayku Munucrepcrsa o6-

pa3oBanusi U HayKu Pecrnyoimku KasaxcraH.
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400 c.

PErvV/IIAPHBIE 110 BUPKIO®yY KPAEBBIE YCJIOBUS 1JIsI OIIEPATOPA
ABYXKPATHOI'O JN®PEPEHIINPOBAHNSA HA TPA®E-3BE3AE

Banrabex KAHIYXKNHY, Jlgitoa 2KAIICAPBAEBA?

! Kazaxckmit HarmoHabHEL yHEBepCHTeT HM. aab-Dapabu, Amvarer, Kasaxcras,
E-mail: “kanbalta@mail.ru, *leylazhk67@gmail.com

PaccMorpuM crieKTpasibHYIO 3a/1ady JIjIst ollepaTopa JBYXKPAaTHOro JuddepeHnpoBaHust

"

“Yont1(Tmi1) = P Ymi1 (Tmi1); 0 < Ty <1,
Y (Zm) = P?Ym(Tm), 0 < T < 1, 0

—y (21) = pPyi(er), 0 < a1 <1

C yCJIOBUAMU BUda
Ym+1(1) = 41(0) = ... = ym(0), (2)
Yma1(1) = 44(0) + ... + 45, (0)

u yCJIOBUAMU BUIA

Us(yb Y2, 7ym+1) = Z [asjygjil)(l) -+ a5(2+]’)y§j71)<1) + ...+ (3)

Jj=1

aomzepy " (D) + Gy (0] =0, s =1 om+ 1,

rjie m— GUKCHpOBaHHOE HATypaJsibHOe Yucao. Marpuiyy uz koaddurmenTos ycaosuii Buga (3)
obozHauMM UYepe3 A:

ay1 a2 S a1,2m+1 a1,2m+2
21 2.2 . a2 2m+1 a2 2m+2
A= . . . : : ;
Am+1,1 Am+12 -+ Am412m+1  Am+1,2m+2

IJIe Gg,— HEKOTOPBIE, ObITH MOXKET, KOMIUIEKCHbIe unciaa. Cauraem, 1to rank A =m + 1.
Cormacuo pesysbraram pabor [2]| 3amaga (1), (2), (3) MokeT ObITH HHTEPIPETUPOBAHA KAaK

3a/1a9a Ha COOCTBEHHBIC 3HAYEHMSI OllEpATOpa JIBYXKpPATHOTO JuddepenHimpoBanns Ha rpade-

sBeszie S = {V,E}. llpu m = 1 3amaga (1), (2), (3) coBumamaer c 3amaueit Hlrypma-JInysumis

"

—u (z) = p*u(z), 0 <z < 2,

2

2
Ui(u) = apu®D(0) + ) ajpemu®(2), j=1,2 (5)
k=1

k=1

B sTom ciryuae marpunia A npumer BuI

A= ( 11 a2 Q13 diq ) ‘ (6)

Q21 d22 Q23 d2q
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Cornacuo monorpaduu [1], yeaosus (5) HA3BIBAIOTCA HEBBIPOKIEHHBIME IPAHUIHBIMUA YCJIOBHU-
sIMU, €CJIM BBITIOJTHEHO OJTHO U3 CJIEYIONINX TpeOoBaHuit

1)A3y #0,2)A34 =0, A+ Aos #0, 3)A34 =0, Args+ Ao3 =0, A1p # 0.

3nech A;; o3HadaeT MUHOD Marpuisl (6), cOCTaBIEHHBIN U3 CTOIONOB MaTpUIlel A ¢ HOMepaMu
1 U],

B monorpaduu (3] cpepu yesosuit Buya (5) BbleaeHbl peryisipabie 10 Bupkrody Kpaesbie
ycsioBus. B Hacrosieit pabore jijis orepaTopa JByXKpaTHoro jauddepeHnupoBanns Ha rpade-
3Be3/Ie BBIJE/ICHBI PErysspHbie 110 BupKrody KpaeBbie yCIOBUS.

Funding: Asrops! 6butn nojiepxkanbl rpantamu AP05131292 u AP05131845 KH MOH PK.

KurouesBsblie cioBa: oneparop AByXKpaTHOTO auddepeHITmpPOBaHus, PETY/IsipHbIe 0 bupkrody Kpaesble ycaoBusi, rpad-
3Be3/a
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OB OTCYTCTBUU CBOMCTBA BA3BUCHOCTU PUCCA Y HEYCUJIEHHO
PETVJIAPHBIX KPAEBBIX 3AJIAY IJIsd OIEPATOPA IIITYPMA—-JINYBUJIIA

Hypbek KAXAPMAH

WacTuryr MareMaTHKu 0 MATEMATHIECKOTO MOJETHPOBAHUSI,
Kazaxckuit HamoHaIbHBIH yHUBepcuTeT uM. ajib-Dapabmu,
Aumvarer, Kazaxcran
E-mail: n.kakharman@math.kz

B nokitajie paccMaTpuBaeTcs crieKTpaJjbHas 3a/1ada s orteparopa [Itypma-JInysusisa

Ly = —y"(z) + q(x)y(z) = Ay(z), 0<a<m, (1)

Ha uaTepBasie (0,7) ¢ HEYCUIIEHHO PErYJISIPHBIMU KPAEBBIME YCJIOBHSIM.
Kax 6b110 mokazano B [1], Bce Takue KpaeBble yCJIOBUs MOI'YT ObITh IPEJICTABJIEHBI B OJIHOM
13 JIBYX BUJIOB

{ y/(0) + (=1 (7) + By (0) + Bry(r) = 0, (2)
ay(0) + (=1)%(1 — a)y(r) = 0;
@/ (0) + (=1)°(1 = @)y'(m) + Boy(0) + Pry() =0, ®
y(0) + (—=1)y(m) = 0;

e 0 = 0 wm 6 = 1, a ko3 durnmenTsr a, By u ; — TPOU3BOIbHBIE KOMILJIEKCHBIE dnc/ia. Ecmm
|Bo| + |P1] > 0, To HEe yMeHbInAas OOUTHOCTH MOYKHO CIUTATE, YTO OTJIUIHBL OT HYJIS CJIEYIOIIHe
OlpeJIeJINTEN

Bo

B
o (—1)°(1-a) )#0’ 70,

‘ﬂo Bl

cocTaB/IeHHbIE U3 KOI(DMUIMEHTOB KPACBbIX YCJIOBH (2) n (3) COOTBETCTBEHHO.
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Cpasruresibio uegasno, B 2006 romy, A.C. Makun [2] BbIIe/ M OJUH TIOJKJIACC HEYCUIEHHO
PEry/IspHBIX KPaeBbIX YCJIOBUIl M IOKA3aJl, 9TO CUCTEMa KOPHEBLIX (DYHKIHUI 3a/ad ¢ TaKu-
MH ycaoBHsAME oOpasyer 6asuc Pucca nezaBucumo ot nosenenus kosddunuenta ¢(z): Ecmm
a = 1/2u |G| + |f1] > 0, To cexrp 3amaum (1), (2) acuMITOTHYECKN IPOCTOH, a CHCTEMA
HOPMUPOBaHHBIX KOPHEBBIX (DYHKIHIT 0bpasyer Oasuc Pucca B Lo(0, ).

Otor, BeieaeHubit A.C. MakuHbIM, TOJIKIACC HEYCUICHHO PErYISPHBIX KPACBBIX YCIOBHIA
OKa3aJICsl eIMHCTBEHHBIM MOJIKJIACCOM T'DAHUYHBIX YCJIOBUM, B JIOMOJHEHUE K YCHUJIEHHO PEry-
JISIPHBIM, KOTOpbIE 00eCcIieunBaioT 6a3UCHOCTL Prcca cucreMbl KOPHEBBIX (DYHKITUI J1JIsT JTI0OOTO
norennuasa ¢(x). s ocTalbHBIX CJIyYaeB HEYCUJICHHO PEryJIsIPHBIX KPAEBBIX YCJIOBUIT MOKa3a-
HO, 9TO MHOXKECTBO K03 DHUIUeHTOB ¢(x), IpU KOTOPBIX CHCTeMa KOPHEBBIX (DYHKIHI 3a/atdu
(1), (2) obpasyer GesyciaoBHblit 6asuc B Lo(0, 1), ssasercsa mwiorabiM B Ly (0, 1). IIpu sTom muO-
KecTBO K03 dumeHToB ¢(z), Ipu KOTOPBIX CHCTeMa KOpHeBbIX dyHKIwmi 3amaun (1), (2) He
obpasyer GesycsioBHOTO Oasuca B Lo(0, 1), Takke siBisiercst mwiorHbiM B Ly(0,1). D10 memoH-
CTPUPYeT HEyCTOWYNBOCTH CBOICTBA OA3MCHOCTH KOPHEBBIX BEKTOPOB IO OTHOIIEHUIO K MaJIbIM
u3MeHeHusM KoddduienTa ¢() i caydas HEYCUJIEHHO PEryJsiPHBIX KPAeBbIX YCJIOBHIA.

Mpgr Oyziem paceMaTpuBaTh TOJBKO HOpMasibhble (1o Tepmunosiornn A.A. Hlkanmukosa [3])
CUCTEMBI KOPHEBBIX BEKTOPOB.

OCHOBHBIM PE3YJIBTATOM JIOKJIAJIA SIBJISIETCS JIOKA3aTeIbCTBO TOro (hakTa, 94To npu o # 1/2
HOpMaJIbHasi CUCTeMa KOPHEBBIX BEKTOPOB HE MOXKeT obpasoBbiBaTh Oasuca Pucca B Ly(0, 1),
XOTSA U MOXKET ObITh 06€3yCJIOBHBIM Oa3UCOM.

Jlokia,1 ocHOBaH Ha pe3y/bTrarax coBMecTHBIX uccaegoBanmii ¢ M.A. CabibeKoBbIM.
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— XXX

OB MHIEKCE OBOBIIEHHOM 3AJAYN HEIMAHA
Bakerrbexk KOIITAHOB , Apait KYHTYAPOBA??

L Hucruryr MaremaTnxkn i MaTeMaTHuecKoOro Mojesposannst, Amvars:, Kazaxcran
2 Kaszaxckmil HaIHOHAJILHEI ITe/arorndecKuii yausepcurer uMenn Abas, Anvarer, Kazaxcran
E-mail: “koshanov@list.ru, *araika.14.89@mail.ru

B nokiajie nccieryercs JIMNTAYECKOE ypaBHeHne 2/ — 1o mopsijika B OJIHOCBA3HOM obJracTu

D

OFu
Zafaxzz rQyr + Z ark(x’y)&vk*—’”ay’” = f(z,y),(z,y) € D (1)

0<r<k<2l-1

¢ kosdbdurmentamu a, € R u a,, € CH(D), T =0D € C?*, 0 < p < 1.
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Bagaua S. O6o6mennas 3amada Heilimana 3akiiodaercs B OTBICKAHUE perneHus u(z,y)
ypasuenusi (1) B obsiactu D 110 KpAeBBIM YCJIOBUSIM

ok —1y ,
Wrzgj, jzl,...,l, (2)

e 1 < ky <ky <...<k <2l un=ny+ iny, o3Ha49aeT €IMHNIHYIO BHENTHIOIO HOPMAJIb.

Jlns mosmrapMoHIYIecKOro ypaBHeHns sTa 3aa4da 6puia nsydena A.B. Bunasze [1]. dpyroit
BapuaHT 3aja4qn HeiliMaHna, OCHOBAHHBIN HA BAPUAIMOHHOM IPUHIIAIE, ObLI paHee IIPeJJI0XKEH
A.A [Jesuneiv [2]. B pabore [3] 3amaga (1),(2) 6buia nceremoBana npu ag, # 0 u f # 0 B
npoctpancTse dbynkimit C2 14 (D).

B nokmaze mokaseiBaeTcs, 9To yciaoBue dpenronbmoBocTr 3ajadn (1),(2) SKBUBAIEHTHO
u3BectHoMy [4] yenosuto ponosaurensHoctu (win [llamupo— Jlomarunckoro). Takzxke npuseiena
dopmyna ee mHgeKca ind S yI00HOTO J1JIsI UCIIOIb30BAHUA.
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— XXX —

ITPUBOAMMOCTD JIMHEMHOMN OAHOPOJHOM D,~-CUCTEMbI K KAHOHUYECKOMY
BUOY

Ainvan KVJIBXKYMUEBAY?,  Kajimeimsik CAPTABAHOB??

U Bananno-Kasaxcranckuii rocynapersennstii yausepcurer uM. M. Yremucosa, Ypaibck, Pecriy6imka
Kazaxcran
2 AKTIOGHHCKHIT perHoHaIbHBIIT rocyqapcTBennsrii yausepcurer uM. K. 2Ky6anosa, AxTobe,
Pecnybanka Kazaxcran
E-mail: “aiman-80@mail.ru, ®sartabanov42@mail.ru

B 3ameTke uccreyercd BOMPOC O MPUBOJUMOCTU JIMHEHHON OJIHOPOIHON CUCTEMBI C TI0-
CTOSTHHBIMU Ha JIHaroHaJm KodMduimeHTaMn K KAaHOHUIECKOMY BUJLYy B CJIydae KOrJa CUCTeMa
pacraIaeTcs Ha 7 JINHEHHBIX OJIHOPOJIHBIX YPABHEHUN IOPSAIKOB Ny, ..., Ny, (N1 +No+...4+1, = n).

i perieHnst TIOCTABJIEHHOTO BOITPOCA PACCMOTPUM CHUCTEMY BHU/IA

D.x = A(o)x (1)

¢ mudpdepeHnnaibHLIM onepaTopom D, = a% + (e, %>, rmeo =t—er, T € (—oo0,+00) = R, t =
(t1,...;tm) E RX...XxR=R" e=(1,...,1) — m-BexTOD, (,) — 3HAK CKAJISIPHOIO IPOU3BE/ICHUS,
A(0) — n X n-Marpura, KoTopas yI0BJIETBOPSIET YCIOBHUIO

Ao + kw) = A(o) € CY(R™), Vke Z™ (2)
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¢ KparHbIMU BeKTOp-tiepuogamu kw = (kiwy, ..., kpwm), w = (W1, ...,wm), k = (k1, ..., k) 13
MHOZKECTBA, IIeJIOUNCICHHBIX BEKTOPOB £,

CyThb BOIpOCa 3aKJ/IIOUAeTCs B MPUBEIeHNN cucreMbl (1) K cucreme ¢ MaTpuileii KaAHOHUYe-
CKOI (hbOPMBI

D.x = J(o)z, (3)

J(0) = n X n — MaTpuIa )KopJaaHoBoil (GOPMBI, YIOBIETBOPAIOINIAS YCIOBUIO
J(o 4 kw) = J(0) € CO(R™), VkeZ™.

3/1ech cymiecTBennoe 3Hauenue umeloT A;j(o) — coberienible 3uadenus MaTpunpl A(o) Kpar-
HocTH kj, j = 1, s, obnagaroniue cBoiicTBaMH HellpepbIBHOU nuddepeHnupyeMocTH, Iepuoind-
HOCTH, 3HAKOOIIPE/ICJICHHOCTH U pa3/iejieHHocTH [1].

B cityuae n3BecTHBIX 9/IeMeHTApHBIX JenTesieit Mmarpunsl A(o) cucremy (1) MOXKHO mpuBe-
cTH K 0OoJiee TTPOCTOMY BHJLY.

Takum obpazom, HeocobeHHas JTHeHAsT 3aMeHa

r=L(o)y (4)
¢ marpurieit mpeobpazoBanus L*(0) = L(o)B(0), obmagarormieil cBoiicTBamm
detL*(c) #0, L*(0+kw)=L"(0), keZ™ (5)

npusouT D.-cucremy (1) K D.-cucreme (3) ¢ xopmanosoii marpureit J(o), rae B(o) — mar-
puria Banygepmongia, L(o) — HeocobenHas HerpepbIBHO JiiddepeHnupyeMast w-TIIepuoindecKast
Marpuna, takag uro A*(o) = L7(0)A(0)L(c), A*(0) — conposoxjatomas MaTpuIia.

[Tosyuennsrit pesysnbrar chOPMYIUPYEM B BUJE TEOPEMBI.

Teopema. Ilycrs marpura A(o), obragatomast cBoficTBoM (2), nMeeT coOCTBEHHBIEe 3HATC-
uust \j(0), j = 1,n, yaoBiaersopsionqie yeJ0BUsIM HEIPEPbIBHOI quddepenuupyeMocTs, mepu-
OJIMIHOCTH, 3HAKOOIIPEJCJICHHOCTH 1 pasienenHoctd. Torga cucrema (1) jmHEiHBIM Ipeobpa-
soBanneM (4)-(5) npuBoanTes K XKopaaHoBoi KaHonmdeckoii D -cucreme (3).

ITo mocTanoBKe BOmpoca JaHHOE UCCIIEI0BAHNE IIPHUMBIKACT K MCCIe0BaHUAM [2-3)].

KuroueBsblie ciioBa: inHeHAsT OMHOPOIHAST CUCTEMA, KAHOHIMYIECKUI BUJI, YKOP/IAHOBA MATPUIA, COOCTBEHHbIE 3HAUEHNSI,
COIIPOBOZK/IAIONIAs MATPHUIIA

2010 Mathematics Subject Classification: 35B109, 35C15
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TEOPEMA XAPAU-JIUTTIABYIOA OJII TPUTOHOMETPUYECKUX PAIOB C
OBOBIIIEHHO MOHOTOHHBIMU KOD®PUIMEHTAMU

Acxar MYKAHOB

MTI'Y umenun M.B.JlomonocoBa, Kazaxcranckuii ¢pusmas, Acrana, Kazaxcran
E-mail: mukanov.askhat@gmail.com

B namnoii pabore Mbl 06001aeM KIaccuaeckyio Teopemy Xapau-JIuTriasya o6 uarerpupy-
eMocTu DYHKIME ¢ MOHOTOHHbIME KO3 dbunuentamu Pypbe.
o
Teopema 1. ITycmo dana dynryus f ¢ padom Pypve f(x) ~ L 4+ 3 (a, cosnz + by, sinnz),
n=1
ede {an}22 o u {b,}22, — nesospacmarowgue nocaedosamenvrocmu, cmpemauguecs k nyao. Toeda
ons 1106020 1 < p < 00, UMEEM MECMO IKBUBAAEHIHOCTID

1
o g
£z, 02y = | laol” +> " nP~2(al + 87

n=1

MbI paccMaTpuBaeM CJeLyIomuil Kaace 0600IeHHO MOHOTOHHBIX IOCJII0BATE/ILHOCTEA.
Onpenenenne 1. TlocienoBaTe/bHOCTh KOMIIEKCHBIX YuCe {ay, }5° | Ha3biBaeTCst 0600IIEHHO
MOHOTOHHOI1, obo3Havaercst {a, 122, € GM, ecim cymectBytor kouctanTbl C' > 0 u A > lrakue,
9TO JJIS JTII0O0r0 HATYPAJIBHOIO 1 MMEET MECTO HepaBEeHCTBO

2n n |CL |

k
s — e <€ 30
k=n k=2

Mpu1 jokazaJu, 9To yTBepkKaeHne Teopembl 1 ocTaeTcsd BEpHBIM JIJIsi BEIECTBEHHOZHATHBIX
koaddburmenros {a,}5°, {b,}52, € GM.
Funding: Asrop 6bur nojiepxkan rpaarom AP05132071 KH MOH PK.
KuaroueBrnie cioBa: Teopema Xapau-JIuttiByna, 06001eHHO MOHOTOHHBIE ITOCTIEI0BATETLHOCTH.

2010 Mathematics Subject Classification: 26A48, 42A16
— X X X —
NHTEPIIONAIIMOHHBIE TEOPEMBI TUIIA TEOPEM MAPIIMHKEBUYA-KAJIB/IEPOHA

Epnan HYPCYJITAHOB!®

L MT'Y umenn M.B.JIomonocosa, Kazaxcranckmii ¢puamnan, Acrana, Kazaxcran
E-mail: “er-nurs@yandex.kz

Xopolo u3BecTHa MHTEPIOJIAIMOHHas Teopema Mapiuakesnda - Kasbepona.
1_1-0 8
Ilyers po <p1, 0 €(0,1), - =2+ "
Torpa st KBaswIMHENHHOrO oneparopa 1’ BepHa OLECHKa

1-60
HTHL;D‘)LP S Cp(),pl,pﬂ' (HTHL;DO,T‘)L;)O,OO) (HTHLpl,T‘)Lpl,oo)

e 0 < 7 < oo B n1ok71a/1e IpuBOIATCS HOBble MHTEPIOJIAIMOHHBIE TEOPEMBI JIJ1s1 MHTETPAJIbHBIX
OIlepaTOPOB, IJle yCJOBUS OIPAHUYEHOCTH OIIePATOPOB JIa€TCd B TEPMHUHAX dAJpa OllepaTopa.
JlaHHbBIE TIO/IX0/T TIO3BOJIAET PACIHIUPUTDH KJIACC MHTEIPAJIHHBIX OMEPATOPOB JIjI KOTOPBHIX NMeeT
MecThb TeopeMbl Turia Maprunkesuda - Kanbiaepona. [IpuBoigarces Tak ke TeOpeMbl TUIIA TEOPEM
KCTPAIOJIANNA JIF NHTEIPAJTBHBIX OIIEPATOPOB.

0

Funding: Asropsr 6b11n nognepxkanel rpantom AP05132071 KH MOH PK.
Koarogesnble cioBa: Teopema Mapuutkesnya - Kasib/iepoHa, HHTEPIOIAIMOHHAS TEOPEMA.
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I/IHTEPHOJIHHI/IOHHAH TEOPEMA [JIsd CETEBBIX ITPOCTPAHCTB
Epran HYPCVYJITAHOBY®, Anmap BAIINPOBA?®

L MTI'Y umenn JI.B.JIomonocosa, Kasaxcrancknit pummail, Acranal, Kazaxcranl
2 noxropant EHY umennu JI.H.I'ymunesa2, Acrana2, Kazaxcran2
E-mail: “er-nurs1@yandex.kz1, *anar basirova2@mail.ru2

[Tyctb M - MHOXKECTBO BCeX TIPAMOYTOJMBHUKOB (Q = Q1 X Qo u3 R?, f(x1, z2)- unrerpupye-
Mas pyHKusa Ha MHOXKecTBe () € M. Oupenennm

1
f(ti,to, M) = sup ———
( b ) [Q11=>t1 ‘QIHQQ‘

[Q2|>t2

t1 > 0,1t >O,

/ f(z1, xo)dx1dy
Q1Y Q2

rie |Q;| - nmHa oTpeska Q.
IIycte 0 < p = (p1,p2) < 00,0 < q = (q1,¢2) < 00. Npg(M) - muoxxecrso Bcex dyHKuumiif,
JIJISI KOTOPBIX

AL T\ dty )
f _ / (/ (t“t”ft,t,M) —) o
i = ([ ([ (5T 00) " 52) "

[ycrs Ay = (A9, AY), Ay = (A}, Ab) nBa anmsorponmbix npocrpancta, £ = {¢ = (g1,&9) :
g; =0, wm g; =1, i = 1,2}. g npoussonbroro ¢ € E ompejeanm npocTpancTBo A, =
(AT, A3?) ¢ HOpMOIT

lalla = [lllall az: [ aze-

[Tapy anmzorponubix npoctpancts Ag = (A%, AY), A; = (A], A)) masosem coBmecTnMOi,
ecau Haiijercsa JauHeiHOe XaycaopdOBO MPOCTPAHCTBO COAEprKAIee B KauecTBe IIOJIMHOXKECTB
npocrpanctBa A, ¢ € E.[1],[2]

Ompenenum K - GyHKIMOHAT :

K(t,a; Ao, Ay) = inf{) #llalla. : a =) a., a. € A},

eekE eelb

rie t° = 17152,
IIycte 0 < 6 = (01,602) <1, 0<q= (q1,¢q2) < 0o Yepe3 Agq = (Ao, Aq)gq 0003HATIIM

JIMHEHOE MOJMHOMKECTBO Y _.p A., JUIs 5/IEMEHTOB KOTOPBIX BEPHO:

lallag = 177K (¢, a)| (1) < o0

Torna BepHa ciefyrolias HHTEPIOJSIUNOHHAS TEOPEMA
Teopema.llycmv M - mmosicecmeo 6cex npamoyzorvnuxos 6 R, 1 < py < p; < 00,

1< qo, 41,4 S 0, Pi = (pzlapZQ); q; = (Qia(é); 1= Oa 1 mozda
(Npo,qo (M), N, 1q1(M))97q = Npq(M)

P P,
1 _ 1-6 6 _
20e 5= 5y Tprr 0= (01,0).

JINTEPATYPA [1] Hypcynranos E.JI. CereBble mpocTpaHCTBa U HEPABEHCTBA THIA XapJU-
Jurinsyma, Matem. ¢6 (1998), 189:3, 83-102

[2] Hypcyaranos E.JI. O koaddunuenrax kparubix psgos @ypbe u3 Lp-npocrpancts, 13B.
PAH, Cep. marem. (2000), 64:1, 95-122
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BEcoBAsa OIIEHKA OJHOT'O KJIACCA KBA3UJIMHEMNHBIX ANCKPETHBIX
OIIEPATOPOB
Buturasmza OMAPBAEBAYM, Ajtnyp TEMUPXAHOBA

U Eppasmiickmii Harronapueni yausepcurer um. JI.H.I'ymmresa, Acrana, Kasaxcran
E-mail: *gaziza.omarbaeva@mail.ru, Yainura-t @yandex.kz

1,1

Iyers 0 < p,q,0 < o0, -+ 5 =1nme={p}Z, v="{v}Z, ¢ = {pe}sZ, neorpuna-
TeJIbHbIE, a U = {uz};)il IIOJIO2KHTEJIbHad, II0C/I€J0BATE/IbHOCTU ,ZLeI/ICTBI/ITe.HbeIX quceJI. HyCTb
1 < p < 0. PaccmoTpum BecoByio OIEHKY

<Z‘*’ Hyof)n) )é (ilujfjlp>; (1)

KBa3WJIMHENHOTO ONepaTopa

(Hpqf)n (Z“Pkaz

B mociieane rojbl HHTEHCUBHO UCCJIEAYIOTCA BECOBBIE OIEHKHU JIId PA3JUIHBIX KJIACCOB KBa-
SUJIMHEHHBIX OIEepPaTOPOB B CBSI3U C PA3IMIHBIMU NpuiIoxkeHusmu (cM. Hampumep,|1],[2],[3] u
[PUBEJICHHBIE TaM CCBLIKH ).

Teopema 1. Ilycrs 1 < p < ¢q,0 < oo. Torga BecoBast onenka (1) ams omeparopa H, ,
BBIIIOJIHEHA TOT/[a H TOJILKO TOIja, Korjga By < 0o , rje

s (e (L at) ) (L)’

r>1

) . 2)

1
Y

IIpu srom, C = By , rie C -Hauiydiast KoHcranTa B (1).
L /
Teopema 2. Ilycrb 0 < q¢ < p,0 < oo. Ipemmonoxkum Y u;? < 00 st Beex 1 >
i=1
1. Torya BecoBas onenka (1) g omeparopa H,,, BblToIHeHa TOIJja H TOJIBKO TOIJA, KOIZIA
max{ By, Bs} < 00, ryie By onpenenen B reopemve 1 u

g(p—1)

=g (S (S a(Sur) )7 (S

A — i—k

IIpu stom, C' ~ max{ By, By}, e C -mamty4dnias koacranra B (1).
Teopema 3. Ilycts 0 < ¢ < 6 < p < co. Torza Becopast onenka (1) st omeparopa H, 4
BBIIIOJIHEHA TOIJIa U TOJIBLKO Torja, korjga max{Cy, Cy} < oo, rjie

p(6—1) p—9

= (S (S (X)) ™ () )

‘77

u
) J J p k p(g—1) , 9?1)7(1; 00 0 p—0
o q\Pr¢ —p’ pP—q —p’\ a(p—06 o\r—¢ @\ pb
G= (X (2 (Xe) " (Xw”) " w) W) er)
7=1 k=1 s=k n=1 =7

IIpn sTom, C' ~ max{C}, Cy}, rae C -nannyqmas korcranra B (1).
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— XXX

O,Z[HA SAJAYA YIIPABJIEHVUA TOYEYHBIM MCTOYHUKOM TEIIJIA
Orenbaes M.}, Kaxapman H. 1** JKakcbuibikosa 7K.

1 HHCTI/ITyT MaTeMaTUuKHn W MaTeMaTHu1eCKOro MoJe/JInpOBaHUsl,
2 Kazaxckmii HallHOHaJIBHEIH yHHBepcHTeT HM. aab-Dapabu,
Aumvarer, Kazaxcran
3 Kazaxckmii Hanmona bHbIIT 1ejarormaecknii yHupepcuTer uveHn Abast,
Aumvarer, Kazaxcran
E-mail: ¢ otelbaevm@mail.ru, ®n.kakharman@math.kz, ¢ Zhaksylykova0507@mail.ru

B meunune m3BeCTHO, YTO HEKOTOPBIE BLI3LIBAIONINE CEPhE3HBIC 3a00JIEBAHUS BUPYCHI U
KJIETKHU TIOTHOAIOT Ipu TeMIitepaType bosiee 43° o Lenbcuto. [Ipu Takoit TeMiiepaType 3/10pOBbIe
KJIETKH OpTraHm3Ma BbIKHUBaeT. [loaToMy mcmomb3yior Tepmosiedenue. /(s 9TOro morpyzkaror
nanueHTa B ropg4ayio Banny. C JIpeBHUX BPEMEH HUCIOIL3YIOT BAHHY C TeMIEpaTypoOil OKOJIO
40° o Henbcuto. Takyto TemmnepaTypy manueHT nepeHocuT. Ho nmamumenT norpy kKeHHblil BaHHY
OYeHb IIJIOXO TIEPEHOCUT TeMIitepaTypy Bbiiie 43° no Ilencuto.

Temmeparypa 43° HyKHa JIAIIL JIjIs TONO y4YacTKa Teja IallieHTa B KOTOPOH HaXOIUTCs
OOJIbHBIE KJIETKU U HexKeJaTe/bHble MUKPOObI. [foaToMy HeoOXoauMo nMMeTh BO3MOYKHOCTD CO-
3/1aBaTh HY2KHYIO TeMIIepaTypy Ha OOJILHOM yYacTKe TeJia, /g OCTAJIbHON YaCTU TeJia COXPaHUB
Temmepatypy okoJsio 40° o Ilenbcuro.

Takast BOBMO2KHOCTb MOYKHO CO3J/IaTh C TIOMOIIBIO YIIPABJISEMOr0 TOUEIHOTO UCTOTHUKA Tell-
na. B crarpax [1]-|9] mokasano, 4To Ha 3aJaHHOI ITOBEPXHOCTH MOXKHO CO3/aTh JI000E 3apaHee
3alJIAaHIPOBAHHOE paclipe/iesienne Tervia. [lokazano, 9To MOXKHO YIPaBIATh JIMHAMUKON ITPO-
1ecca pacupejiesienns Teria 1o BpeMmenu. [IpuBejien MaTeMaTu4deckuii aJropuT™M perieHus Ta-
KOit 3aj1a4n. Tak Kak B peaJibHOM CHUTyallud HEOOXOIUMO YIIPABJISATEH PACIpeeJICHUEM Tellia B
obbeme (a He TOJBKO B TIOBEPXHOCTH ), TO HAIIA 3a/1a9a Oy/IeT OTINIaThCs OT 381491, PEIeHHO
B [1]-]9], (xorst mcrmobp3yeM B UAEHHOM IUIaHE CXOMHBI MaTeMATHICCKHI anmapar).

[Tocranoska 3amaqn. Ilycrs Q C R? ectb ky6 [—7; 7.

[IycTn
Q=0 UQUQ, (1)

e (Q—ky0 ¢ pebpaMu paBHBIMU 277, TApaJIeIbHBIMU KOOPAUHATHBIM ocsam. Obsmactb (24 3a-
JIAHBI CJIETYIONUM 00pa30M

Q. ={0<2<m0<y<m—0<2<0}

Q, ={0<z<m,0<y<70<2<+4}
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Hac 6yner unrepecoBars cieayomas 3amada: Qyuknus u(t, x,y, 2) yIOBIETBOPIT B 00JIACTAX
Q4 ,() ypaBHEHUIO TEILJIONPOBOIHOCTHU

uy — a?(2)Au =0,
u(t,a:,y,z)]t = 0;

(2)
re a*(z)

a_ upu 0<z<-—m,
a’(z)=¢ a mpu 0<z<m, (3)
ay mpu 0<z<m+4d.

K (1) nmobasiasem ycaoBus
u(t7$ay72)|$:0 = Oa u<t7x7yvz)|x:7r = 07
u(taxay7z)|y:0 = 07 U’(taxaya Z)|y:7r = Oa

% == — H’(taxaya _5)a g_;.ﬂzzﬂ'—i-é = M(t>$ay77r + 5)7
U+(.T,y,2,0) = U,(l',y,Z,O), U+<.Z',y,2,’/T) = U,<l‘,y,2,’/T).

(4)

B nomenubix ¢Tpovkax paBeHCTBa (4) MHICKCHI + 1 - 03HAYAIOT IPEJIEIIBI ClIPaBa i CJeBa
(st z € (—o0; +00)).
OyHKIMY /4 ABJIAIOTCSA YIPABJICHUEM.

CraBurcs cieaymomasi 1eib: B 00acTu () comep:KuTcs 1moao0aacTb () ¢ HeboabmmuM 00be-
mom. Heobxomnmo BeiGpats yupasienue (i(t, x,y, +0) Tak 9TOOBI BBIIOJTHSIICH
a) npu 0 <t < T BBINIOJIHAINCH HEPABEHCTBA,

Co—d<ult,z,y,2)<Co B Q\Q,
Ci—0 <u(t,x,y,2) <Co+d B Q.

B) ipu Ty < t < T} BBINOJTHSINCH HEPABEHCTBO

Co—l-gSU(t,l’,y,Z)SC()—F(S B Q\v
Cﬂ_ggu(tvx7y7z)§00+6 B Q\Q

u, ato6er mes{(z,y,z) € Q\ Q} < C28 (mes— mepa Jlebera).
Oyuxuust p(t, z,y) us (4) HyKHO B3ATb CJIEYIOMEro BHIA

p(t,,y,0) = Mo(z — w(t)) (5)

rje 0(x)- nenbra dyuknus Jupaka Ha noBepxaocTu, M-MOIMHOCTD JIA3€PHOTO HCTOYHUKA TEILIA,
w(t) = (wi(t), wa(t),ws(t)) Tpaekropus syda. M 3a71atda cOCTOUT B CJIe/LyIONIUMU:

I. Heobxommo BeIOpaTh B (4) Tak, 9To0bI B 00JIACTH MOTYYNTh (IPUOINKEHHO) 38 aHHOE
paciipe/ieJleHIe TelLa.

I1. Beibpannsere B 1) dynkuuit npubimsuts (B cpentem) yHknuamu Buga (5).

YHacrb I) MokHO pemaTh MeTOOM HpeioxKeHHbIM B [6]-[9].

A wacts 1) pemaercs myrem ucnosib30BaHHBIM B paboTax OTenbaeBa u TypPeIKOro Marema-
tuka Xacasorusr [1]-[5].

Funding: Asrops! 6butn nogepxkannl rpanrom AP05135319, AP05133239 KH MOH PK.

Kuarouessie cioBa: denbra dyHkuusa Jdupaka, JJa3epHOro MCTOYHUKA TEIJIa
2010 Mathematics Subject Classification: 35R30, 35K05, 49N45, 47A05

JINTEPATYPA
[1] M. Orenbaes, A. Tacanos, B. Aknaes, O6 ojHOIl 3a/1a1e yIpaB/IeHsT TOY€THBIX HCTOY-

aukoM Terta, JJOKJIA/IBI AKAJIEMUN HAVK, 2010, Tom 435, ¢. 31711319.

Institute of Mathematics and Mathematical Modeling. — Almaty: April 3-5. — 2019



78 TpajunuonHas anpeabcKasi MareMaruieckast KoHgpeperrus. — 2019

[2] Tamzxues A.M., Tacanos A.I., @arymiaes A.I. Mar.mogenuposanue. 1991. 3(1). C.
181124.

[3] Orenbaes M., Monnabexos C.M. O6 ynpaBieHnn JTUHEHHBIM OLEPATOPHBIM Y PABHEHIEM.
B ¢6.: Iuddepentmanpubie ypaBaerus n ux npuioxkenus. AamaAra: Kaz['y, 1982. C. 6119.

[4] Orenbaes M., Bomeesa M.K. 38. HAH PK. Cep.dus.-marem. 1994. No.3. C. 461151.

[5] Hasanov A., Otelbaev M. Identification of an Unknown Source Term in Parabolic Equation
from Final Over determination: Weak.

[6] Cmarysos I11.C., Bamupibek 2K.A., Orentaes M.O. Metos jonoiHeHHBIX 0b1acTei Jis
ypapaennii HaBbe-Crokca. Nzsectuss HAH PK. Cepus dpusuko-maremarudeckas. 1993.

[7] Cmarymos II.C., Oresbaes M.O., Myxamer:kanos A.T. O6 0HOM HOBOM IPUG/IMZKEHHOM
MeTOJIe pelenus: HetmHeHbix KpaeBbix 3ajad. [Ipenpunr TA PK, No.21, 1997, C.34.

[8] Cmarynos HI.C.; Oreabacs M.O. O HOBOM MeTO/E TPUOJNKEHHBIX DEIIEHUH KPACBBIX
zaJiad B nipomsBosibHON obstactu. Ussectus HAH PK, tom 7, No.6, 1998. Ctp 452-455.

[9] Cmaryuios I11.C., Orenbaes M.O. Diumnnruka-napaboanaecKast almpoOKCUMAIAsT JJIsT yPaB-
nenns Hapwe-Crokca. Monorpadus.-Ammarer. 2002. 9 cTp.

O BA3UCHOCTU KOPHEBBIX ®VYHKIIUM KPAEBBIX 3AJAY [1JIsI OIIEPATOPA
HITYPMA—-JINYBUJIJIA C CUMMETPUYHBIM ITIOTEHIIMAJIOM

Maxmyn CA/IBIBEKOB

Hucruryr MareMaTnku 0 MATEMATHYECKOTO MOJICTUPOBAHHIS,
Auvarer, Kazaxcran
E-mail: sadybekov@math.kz

B JOKJIade paCCMOTpeHa CHeKTpaﬂbHaH 3aJada JdJId onepaTopa H_[Tpra—ﬂI/IYBI/LHJIH
Ly = —y"(z) + q(x)y(z) = My(z), 0<z<m, (1)
Ha uaTepBase (0,7) ¢ JAByXTOYEUHBIMU KPAEBBIMHU YCJIOBUSIMU OOIIETO BHIA:

Ur(y) = any'(0) + a2y’ (7) 4 a13y(0) + aray(mw) = 0, -
2

Us(y) = a1y (0) + axny'(7) + a3y (0) + azy(r) = 0,

rie Uy (y) u Us(y) — suneitno nesaBucuMble (DOPMBI ¢ KOMIICKCHBIMI KO3(bQHUIIEHTAMHE.

[To cBOMM CHEKTpaIbHBIM CBOWCTBAM KPaeBble YCIOBHs (2) TPAJMIMOHHO pasJesisiiorT Ha 4

OCHOBHBIX THIIA:

1) ycusieHHO peryssipHbIe;

2) peryJssipHble, HO HE YCUJIEHHO PEryJIsipHBIE;
3) HeperyJisipHbIe;

4) BBIPOXK ICHHBIE.

I3BecTHO, 9TO B TIEPBOM CJIydae cucTeMa KOpHeBbIX (yHKuii 3agaqau (1), (2) Beerma saBis-
ercs Gasucom Pucca B Lo(0, 7). Dror pesysabrar HesaBrcuMo jokasaH B kaure Jandopa H. u
HIsapm [Ix. (1966), B.I1. Muxaitioseim (1962) u I'M. Keceapmanom (1964).

B tperbem cirydae, Kak Biiepsble 6110 okazano Stone M.H. B 1927 rojy, ona Hukora me 06-
pasyer jaxe obbranoro 6asuca B L (0, 7). Pererne Bonpoca 0 6a3uCHOCTH KOPHEBBIX (DYHKIHI
JIUTsl IE€TBEPTOrO CJIydasi KpaeBbIX ycJIoBuii jgano B uegasueii pabore A.C. Makuna 2018 roga.
UM nokazaHo, 9TO HUKaKas CHCTeMa KOpHEBBIX byHKImi 3ama4n (1), (2) ¢ BBIPOXKICHHBIME
KPaeBBIME YCJIOBHAME He 06pasyeT Jjaze obbraHoro 6asuca B Lo (0, 7).

Takum obpaszom, OJrarojaps UCCACTOBAHUAM MHOTHX MaTEMaTHKOB, MpobJjieMa 0a3MCHOCTH
cucTeMbl KOpHEBBIX (byHKIWmi 3amaun (1), (2) cBeleHa K MCCIEIOBAHUIO CJIyUasl PEryJsipHBIX,
HO HE YCHJIEHHO PEryJISIPHBIX KPAaeBbIX YCJIOBHUIA.

HNucruryr maremaTukun u MaTeMaTHIeCKoro MojeanpoBanus. Anavarer: 3-5 anpess. - 2019



Annual International April Mathematical Conference. — 2019 79

[Ipu 3TOM XOPOIIIO U3BECTHO, YTO B 3TOM CJIydae, B 3aBUCUMOCTH OT KOHKPETHOI'O BHUA Kpa-
eBBIX ycsioBUil U GyHKIWMK ¢(T), cucTeMa KOPHEBBIX (DYHKIMI 3a/[a91 MOYKET 00JIaJIaTh WU HE
obasarh cBoiictBoM Gasucunoctr B Lo (0, 7). Orako, kak mokazano A.A. [lIkasmkosbiv B 1979
rOJTy, KOpHEBbIe (DYHKITUHU 381291 MOXKHO OObE/IMHUTH [TAPAMU TaK, YTO COOTBETCTBYIOIINE JIBY-
MepHBbIe TO/IIPOCTPAaHCTBa 00pas3yioT Oasuc Pucca n3 noanpoctpancTs (u 6e3ycsioBHBIN Gasuc
CO CKOOKaMM).

Brepeoie B.A. WabuH mocTpous mpuMep JBYX OIEPaTOPOB € OJHUME U TeMH e (pery-
JISPHBIMU, HO HE YCUJIEHHO PEryJIsiPHBIMU) KPAEBBIMU YCJIOBUSIMU U CKOJIb YTOJHO OJIU3KUME (B
JII000it MeTprKe) 6eckoHeTHO nuddepernupyeMbivu K03 duimenTaMu, KOTOpbie IMEIOT ITPHH-
[UINAJIBHO Pa3JIMYHbIe CBOMCTBA: Y OIHOIO UMEETC 0a3uc U3 KOPHEBBLIX (DYHKIMIA, y JIPyTroro
— mer. B wactHOCTH, OTCIOZA CjleayeT, UTO IpobieMa 0A3MCHOCTH KOPHEBBIX (DYHKIIMIA I 3a-
Jlad ¢ PEryJasipHBIMU, HO HE YCUJIEHHO PEryJIsPHBIMU KPAeBBIMU YCJIOBUSIME, BOOOIIE TOBOPs, HEe
MOKET OBITH pellieHa B TepMuHax KO3MAUINEHTOB KPAaeBOro YCJIOBUSI.

B macrostiieM JoKsaJe, sl CJrydasi, KOrja KOMILIEKCHO3HA4YHbIH Kosbdurment ¢(x) €
L1(0, ) yI0BIeTBOPSIET YCIOBUIO CHMMETPUN

g(z)=q(r —z), O0<z<m, (3)

JIAHO TIOJTHOE OIUCaHMe CBOHCTB 6a3ucHOCTH B Lo (0, ) KOPHEBBIX (DYHKIMIT TBYXTOUETHBIX KPa-
€BBIX 33J[a4 B TepMHUHAX KOI(DPUITMEHTOB KPAEBOTO YCJIOBUA.

Jloka)1 ocHOBaH Ha pe3ysbTatax coBMecTHbIX nccsenoBannii ¢ T.II. Kanbmenosoim u B.H.
BusipoBbiM.

Funding: Asrops! 6bu1n noguepxansl rpanTom AP05133271 KH MOH PK.

KuaroueBsie cioBa: 3amaga [lltypma-Jluysumis, nByxTodedHas KpaeBas 3ajada, COOCTBEHHbIe (DYHKIINN, KOPHEBBIE
dyukuu, 6e3ycI0BHBII Ga3uc

2010 Mathematics Subject Classification: 34B09, 34B24, 341,10

OLIEHKU HOPMBbI OIIEPATOPA CBEPTKHN B AHMU3OTPOITHBIX ITPOCTPAHCTBAX
BECOBA C JOMUHHUPVYIOILEA CMEIIAHHOM IMTPOU3BOJHON
Kenber CAIBIKOBAY, Hazepke TJIEYXAHOBA

U Eppasmiickmii Harronapueni yausepcurer um. JI.H.I'ymmresa, Acrana, Kasaxcran
E-mail: *sadkelbet@gmail.com, tleukhanova@rambler.ru

[Iycrs T* = [0,1)" — n-mepHbiit TOop, @ € R™ 1 <p= (p1,...,pn) <00, 0 < q =

(@1, -+ ,Gn) <oo. Coepys pabore [1] onpesesam mpocrpanctso B, (T") kax MHOMecTBO ps-
JioB f = Z Q2T m) (BOODIIIE TOBOPSI, PACXOJISIIIECS ), JIJIST KOTOPBIX KOHEIHA BEJMINHA
mezZn
92 —_—
oo e’} n q1 a1 an
> ajk;
legarn = (3 (2 (275 080Dl ) ) ] <0
kn=0 k1=0
n
rie Ag(f)(x) = Z ™) ke 70 (m,x) = Zmzxz
i=1

2kj71<|m]-|<2kj
Jj=1,...,n

1

Q|

q
IIpu ¢ = oo BeMuUHbI E bl |, / f?] ©Oymem noHHMATH COOTBETCTBEHHO KaK Sup |/,
keZ
keZ T

esssup | f(z)].
z€T

Institute of Mathematics and Mathematical Modeling. — Almaty: April 3-5. — 2019



80 TpajunuonHas anpeabcKasi MareMaruieckast KoHgpeperrus. — 2019

Bynem rosoputs, uro psn f(x) = g ™ ") g iseTes 9IeMEHTOM IPOCTPAHCTBA W (T")
kezZn

(em. [1]), ecm maitnerca dyuxmus f& € Ly(T"), pax Pypbe KOTOpOil COBHATAET € PAIOM

Z k*are®™*?) snech £ = H/%;‘, k; = max{|k;|,1}, j =1,...,n,
j=1

keZn

def
| fllwemny = 11 F M Lpcrm)-
OmnpejieinM TIOHATHE CBEPTKE JIJIsA 3JIEMEHTOB 9TUX IMPOCTPAHCTE.
[Iycrs f(x) = Z ape”™ B2y g(z) = Z be?™*:%) ppuronomerpuueckue pspl. 1o

kezr kezn
CBEPTKOI 9TUX PJIOB OyIeM TTOHUMATD DS/l

(fxg)(@) =) arbpe®™®).

kezn

1 1 1
Jlemma 1. IIyctp 1 < q,p,r<oo, —+1=—+— «a, 8,7 € R", a = B+ ~. IIpearno.o-
a p r

iy, aro f e WE(T™), g € WY(T"). Torza f+g € W(T") u

1S * gllwgny < N f e eonyllgllwa n)-

1 1
Teopema 1. Ilycts a, B, vy e R, a < B+, 1 < q,p,r<oo,a=B+y+14+————— .
q p

Hpexnonoxnm, uaro f(x) n g(x) — usmepumbie dyuxumn na T", rakwe aro f € BB (T"),
g € B (T"). Torma f x g € Bg,(T") u

£ * gllig, e < ClFlng, com s, ooy

1 < 1 n 1
e — < — 4 —.
h=n ¢
Funding: Asrops! 6t nogaepkanbl rpaarom AP05132590 KH MOH PK.
KiroueBble cjioBa: onepaTop CBepTKH, aHN30TPOIHBIE IpOcTpancTBa Becosa, annzorponusie npocrpancrsa CoboJsiesa.

2010 Mathematics Subject Classification: 44A35, 46E35, 47G10, 30H25
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PE3VJIbBTATBI TEOPN BASNMCHOCTHN COBCTBEHHDBIX QDYHKU;I/II/UI
ANPOPEPEHIINAJIbHBIX OIIEPATOPOB C I/IHBOJIIOI_[I/IEfl

Abmucaiiam CAPCEHBI

FOskr0-Kazaxcrarckuit Iocynapersennbiii Yaupepcurer numeau M. AyszoBa, . IleimkenT, KazaxcraH;
Hucruryr Maremaruku n maremarudeckoro mojenpopanuss KH MOH PK, r. Anvmarer, Kazaxcran
E-mail: abzhahan@mail.ru

B noknase 6yer mpoBeieH KpaTKuii 0630p HOBBIX PE3y/IbTaTOB 110 TEOPUU DA3UCHOCTH COO-
CTBEHHBIX (DYHKIHMI OOBIKHOBEHHBIX JU(depeHIInaIbHbIX OIEPATOPOB M OJHOMEPHBIX Tud de-
PEHIMAJILHBIX OITepaTOPOB ¢ MHBOJIIOIHUEH, UX CPAaBHUTEIbHBIN aHa 3. PacemarpuBatores mud-
depenImaIbHbIe OIIEPATOPHI BTOPOT'O TOPSIKA ¢ WHBOJIONUEN BUIA
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Lu=—u"(2)+au" (—z) + q(z)u(z), -1 <z <1

[Tosyuensl TeopeMbl 0 6a3UCHOCTU COOCTBEHHBIX (DYHKIINN U PABHOCXOMMOCTH Pa3JI0KEeHUI
1o cobcTBeHHbIM (hyHKIUAM. Jlokazana 6a3ucHoCTb KOPHEBLIX DYHKIMI JuddepeHnaabHoro
orrepaTopa BTOPOI'O IMOPSiJIKA C WHBOJIIONHEH ¢ OECKOHETHBIM YUCJIOM IIPUCOSTUHEHHBIX (DYHK-
IUii. YCTaHOBJIEHBI 0A3MCHOCTH COOCTBEHHBLIX (DYHKIIMNA M PABHOCXOJIMMOCTDH PA3JIOXKEHUI 110
CcOOCTBEHHBIM (PYHKIUAM JudDepeHnnaabHOro onepaTopa BTOPOTO TOPsJIKA € HHBOJIOIMCH
BUJIA

Lu=—u"(—2)+q(x)u(x), -1<z<l.

Funding: Asropsr 6b11n nogneprkansl rpantom AP05131225 KH MOH PK.
Kuarouessbie cioBa: Nusosonus, meron Pyphe, cMelianHas 3a7a4da, COOCTBEHHbIE (DyHKIIMI, Ga3uc.
2010 Mathematics Subject Classification: 35K20, 35D35, 34K08, 341.10, 46B15
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— XXX —

HEKOPPEKTHOCTDH CMEIIAHHOM SAJAYN OJId YPABHEHUA ITAPABOJIMYECKOTO
BUOA C I/IHBOJ'II-OL[I/IEﬁ N YCJIOBUSA PA3SPEIIINMOCTU
A6mucanam CAPCEHBI

FOzxHo-Kazaxcranckuit rocygapersenusiit yausepeuter uM. M. Ayszosa, r. Illpivkent, Kazaxcram.
Nuacruryr Maremaruku u maremarudeckoro mogeupoBaaus KH MOH PK, r. Ajivarer
E-mail: salam@mail.ru,

B npsimoyrosbHoii obsactu {(z,t) : —1 < x < 1, t > 0} paccMOTpUM CJIeIyoILyo 3a1a4y:

U (2,1) = Uy (—x,t), —1<2x<1, t>0, (1)

u(=1,t) =0, u, (—1,t) = u, (1,t), u(z,0)=¢(z). (2)
[Tpumenenue mMerona Pypue K 3ajade (1), (2) NpUBOAUT K HECAMOCHPSI?KEHHOI CIIEKTpaJib-
HOU 3a/1a4e ¢ MHBOJIIOIENR
X" (—z) =X (z), X(=1)=0, X'(-1)=X'(1). (3)
CrekrpasbHas 3aja4a (3) HECAMOCOIPSIZKEHHAsI, UMEeT J[Be CepUU COOCTBEHHBIX 3HAYEHUIT

M1 = —k*72, Ao = k?72. IM cOOTBETCTBYIOT cOOCTBEHHbIE (DYHKITANT

Xo(x) =241, X}y () =sinkrz, k=1,2...;

kmx e—kwx

X (2) = (=1)" ————— +coskmz, k=1,2...; (4)
e ™ e* ™

Institute of Mathematics and Mathematical Modeling. — Almaty: April 3-5. — 2019



82 TpajunuonHas anpeabcKasi MareMaruieckast KoHgpeperrus. — 2019

KoTopble obpasyior 6asuc Pucca B kinacce Ly (—1,1) [1].
CraumapTHBIM CIOCOOOM BBIIUCHIBACTCA (OPMAIbHOE PEIIeHIe CMeImanuoil 3aga4du (1), (2)
B BHUJE pALa

u (.CE, t) = Ao (l‘ + 1) + Z Ake*)‘klthl + Z Bkef)"ﬂthz
)‘k1750 )‘k2
1 1 1

Ay = / o (2) Virds, By — / o (2)Viadz, Ag = % / o(z)dz.  (5)

rje Yy, GuopToroHasbHO compsizkeHHasi cucrema. CMmernanuas 3ajada (2) aJis ypaBHEHUs Ma-
pabosmdeckoro Buja ¢ mHBOJIONKe (1) mocraBiena HeKOppekTHO. Hampumep, BO3MyIeHHe
us (x,t) = ee 1! sin kmr me mpeBocxoauT "mcaa € pu t = 0, HO GyzeT GoMBIIM T060T0 Ha-
nepes1 3ajanaoro unciaa Cy g t = §, TP JOCTATOYHO MAJIBIX € U 0 U JIOCTATOYHO OOJIBIIIOM
k. Tem He MeHee, pellleHne M3ydaeMOil CMeITaHHON 3aa9i CYIIECTBYET U €IMHCTBEHHO.
Teopema 1. Ecjm perrenne cmenrannoii 3agaqan (1), (2) cymecrByer, T0 OHO €JHHCTBEHHO.
ChopmyupyeM ycJI0BUsI CYIIIeCTBOBAHUS DEIIICHHSI.
Teopema 2. Ecin mnavdanbHas GyHKims ¢ () spiasercs nogamaomoM 1o cucreme { Xy (x)}
BHJIA,
Ny Ny
o(x)=Ag(x+ 1)+ > apXp + > bpXye, To pemenne 3anaun (1), (2) cyuecrsyer, euH-
k=1 k=1
CTBEHHO ¥ IpejcTaBuMo B Buje (5). Tak Kak MHOXKeCTBO MOIMHOMOB 110 cucreme { Xy}, obpa-
sytoteii 6asuc Pucca, By mwiorao B La(—1, 1), o u3 Teopembr 2 BbITeKaeT
Teopema 3. MHoXKecTBO JJOIyCTHMBIX HadaJIbHBIX (GyHKIMI B Teopeme 2, ij1si KOTOPBIX
emernannas 3aa49a (1), (2) paspernmva, Berogy mioTHO B Lo (—1,1).
[TostyueHHbIe pe3yIbTATHI CIIPABEJINBBI U B CIy4Yae ypaBHEHUS

U (,1) = Uy (—2,t) + q () u (z,t), —1<zx<1, t>0,
¢ HEIPEPBIBHBIM KO3(DDUITTEHTOM.

Funding: Asrops! 6butn nogepxanbl rpanrom AP05131225 KH MOH PK.

KuarouesBsie ciaoBa: Nusomonus, meron Pyphe, cMermanHas 3aja4da, COOCTBEHHbIE (DYHKIHM, Ga3uc.
2010 Mathematics Subject Classification: 35K20, 35D35, 34K08, 34110, 46B15

JINTEPATYPA
[1] Capcentu A.A. IToarora 1 6a3ucHOCTH COOCTBEHHBIX (DYHKIUII CIIEKTPAJIbHON 3a1a4u ¢
unBosonmeit, Mamemamuyeckud owcypnan, 17:2(64) (2017), 175-183.

OB OJHOM METOJAE UCCJIIEJOBAHNUA MHOT'OITEPUOMYECKOI'O PEIHIEHNA
CUCTEMBI C PABJINMYHBIMU OIIEPATOPAMMWM AN®PEPEHIINPOBAHNA

Kaitmbuisik CAPTABAHOBY,  Avmpe 2KYMATA3UEB??, Tamua ABINKAJIMKOBA?¢

1,23 Axrio6uncKmii pernonaibHbLi rocygapcTsennsii yansepcurer nvenn K. 2Kyb6anosa, AxTobe,
Kazaxcran
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PaccmaTpuBaeTcs ciucTreMa ypaBHEHUT
Dyxy = Ajyxy + Apxs + fi(7, )

Doxy = Agyxy + Agomg + fo(T, 1), (1)
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rJe x; - HCKOMBIE N;-BeKTOp-pyukmuu, ¢ = 1,2; Dy = a% + <a1, %> , Doy = 5% + <a2, %> , a1 7 ag
- IIOCTOAHHBIE 1M-BEKTOPHI, % = (a%, e %), <az-, %>— CKaJIApHOe IIpousBeienne; A;;-n; X n;-
marputpl, f;(7,t)- n;-BeKTOp-QyHKINH.

[Ipeanonaraercs, aro Bekrop-byukuuu f;(7,t) obaagaor (0, w)-nepuoguanocrsio u C (Ot’e) (Rx

T,

R™) cBoiicrBoMm riazgxoctn nopsika (0,e) = (0,1,...,1) wo (7,t) = (7,t1,...tm) € R X R™
filt +0,t+ qu) = fi(7,1).

Baech (0,w) = (0, w,...,wy) - TEPUOI C PAIMOHAIBLHO HECOM3MEPUMBIME KOODINHATAMUI
wo =0, w1,...,Wn, qw = (W1, - .., @mWy) - M-BEKTOP.

Hesb coobriennsi - yCTAHOBUTH JIOCTATOYHbBIE YCJIOBUSA CYIIECTBOBAHUA U €JIUMHCTBEHHOCTH
(0, w)-nlepuogmyeckoro perenns cucreMbl (1) U UX MHTErpaJbHBIE TPEJICTABICHUSI.
Hapsity ¢ cucremoii (1) paceMOTpuM OJTHOPOJIHYIO CHCTEMY

Dx = Ax (2)

nonoxku D = (Dy, Ds), x = (x1,22), A = [Ajj]ij=1,2. Bamenoit x = By (2) 3anumemM B Buje

Dy = Jy ¢ xopnanosoit marpuneit J = diag(Jy, ..., Jy), rne B-neocobas n-marpuia; J; 670Kku

MaTpHIIbl J HOPAJIKOB [; ¢ II0JIUaroHaIbHBIMK €UHUIIAMH, | = Lk L+... 4+, =n+ny =n.
(1, t — ar7,t — asT) = X (17 — 70) Pc(h(70, 7, 1)) + Z(70, 7, t) ObI1€E perenue

Dz = Az + f(1,1), (3)

¢ npousBoibHbIMU JddepernnanbabiMu BeKTop-dyHKusaMu ¢(o) u oneparopom P ieiicTsy-
formuM 1o npasuiy X (7)P = [X;;(7)P;] ¢ upoekropamu Pic;(0) = ¢j(0;), X(1)Pc(h(m,7,1))
perenne (2), c(h)-upousBosbHast auddepennupyemast QyHKI:
z(1o, 7, 1) = f:o_ X(1 —8)Pf(s,h(s,T,t))ds gactnoe pertenne (3), 0; = t — a;7. Oneparop
P = [Py, P;] Ha3bIBaIOT POEKTOPOM, OIPEJIEIAIONIM (DYHKIMIO HA COOTBETCTBYIOIIEH Xapak-
TEpPUCTUKE.

JIOmOTHUTEIBHO TIPEIIOJIOZKIM, YTO Y MaTpullbl A Bce cobcTBeHHbIe 3HaUeHus Aj(A) nMeror
OTJINYHBIE OT HYJIsl JefiCTBUTE/IbHbIE YACTH.

MHuoromepno/iaecKne perennst CHCTeMBbI (3) MOXKHO MPEJICTABATE B BHJEC

400
x*(1,t) = / G(t — s)Pf(s,h(s,T,t))ds, (4)

[e.o]

rae dyukmuio Ipuna G(7) pasous na 6yoku Gy;(7) U3 HHTErpaabHOrO IpejcTasieHns (4)
perennst cucreMbl (1) mMeeM HHTerpasbHOE HPEICTABICHNE MHOTOIIEPUOANTIECKOTO PEIIEHUS
paccMaTpuBaeMoOil CUCTEMBI.

Ha ocroBe MeTo/1a XapaKTepUCTUK pa3paboTaHa MeTOIMKa IIOCTPOEHH PEIIeHnl HadaaIbHOI
3a/1a9H JIJI CUCTEMBI C Pa3/InYHBIMU ortepaTopaMiu juddepeHnnpoBanns BI0Jb JBYX IPSIMbBIX
IIPOCTPAHCTBA HE3ABUCHUMBIX IIepEMEHHBIX. B HEKPUTHYECKOM CiIydae JOoKa3aHa TeopeMa CyIie-
CTBOBAHUA U €JMHCTBEHHOCTH MHOI'OIIEPHOINYECKOT0 PEIEeHNsI CHCTEMBI U JIAHO €0 HHTerPaJlb-
Hoe IpejicraBiienue. [lorydennble pe3yIbTaTbl MOXKHO OOOOIIUTE Ha OOIIHMe CIydau, BKIIOYasd
HEeJIMHEHBIE CHCTEMBI, [0JIb3YsICh MeTogamu [1-3].

KuroueBrbie ciioBa: MHOTOMEPHOANIHOCTDH, HEKPUTHIHOCTD,XaPAKTEPUCTUKA, MTPOEKTOP, OmepaTop auddepeHImpoBa-
HU.
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O OYHKIINN I'PUHA AHAJIOTA SAJAYN POBEHA AJIA ITIOJINMTAPMOHMYECKOTI'O
YPABHEHUNA
Myxa66ar TAZKUMETOBA ¢, Barupxan TYPMETOB!"?

L Mesx rynaponmerii kazaxcko-rypenxuii yausepcurer umenn A.Slcasn, Typkecran, Kazaxcran
@E-mail: muhabbat2595@mail.ru, ® turmetovbh@mail.ru

[Iycrs Q@ = {x € R" : |z| < 1} - n-MepubIit euHIaHBIH map, n > 2, JS) - enuangHas cdepa.

Aubit Bug dyuknun ['puna 3agaun Jupuxiie s MoJurapMOHUYECKOTO ypaBHUS B IIape
) mocTpoeHsl pasiuaHbIME aBTopaMu. Hampumep, B pabore |1] mokazano, aro ¢yuknus ['puna
zajaqn upuxite umeer Bu

g(z,y)
Gp (z,y) = Kpnlr — y|2m_" / (t2 — g,

riue

Wy = 272 /T (n/2).

m’n =

5o y) = J il

4= ((m — 1)),

Iycrs r = |z|,ri Z T a . Pacemorpum oneparopsr

o *) d b
I'n=(r=+4+a|,I')=r=—+a)] =0, -...- T,k >2.
87“ 87" T

. k .
CsoiicTBa 1 IIpuMeHeHnue olepaTopoB THIIa Fg) B KJIaCC€ TapMOHHNYECKUX CbYHKHI/II/I ObLIN

usydensl B pabore [2]|. B Hacrosimei pabore Mbl mccieryeM MeTo 1 mocTpoetnst byHkimu ['puna
CJIeTYIOIIEro aHaJjora TpeTheil KpaeBoil 3a/1aun

(=A)"u(z) = f(z),z € QTW[u)(z) =0,z € 00,k =1,2,...,m. (1)

[IpuBeieM OCHOBHOE yTBEpIKJIeHIe OTHOCUTETBHO 3ajtaqn (1).
Teopema. Ilycts a > 0,0 < X\ < 1 m f(x) € C*(Q). Toraa pemenne samaqan (1) MoxKHO
[IPEJICTABUTD B BHJIE

ue) = [ Gala) f0)d,

Q

rye pynkmus 'puna G, (x,y) umeer B
1
Gulay) = Gloy) + K1 =y [ 5!

0

1_2 m1_222
)" (0 = PPyl

5I|y| |y|

CaencrBue. Ecimm =1, o ¢pyaknus ['puna 3amaun Pobena jist ypasaernust Ilyaccona
MIPEJICTABJISIETCSI B BHJIE

1
1 1— g2 2
Gulas) = Gl + - [ L= SIEIE

0 ‘s:v|y| Iy\
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Hannoe mpejicraBieHne B caydae n = 2 moaydeHo B pabore [3].
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O HEKOTOPBIX HEJIOKAJIbBHBIX KPAEBBIX 3ATAYAX JId YPABHEHUSA
IIvAccoHA

bBarupxan TYPMETOB,

Mesxrynapossblii kKazaxcKo-Typenknii yausepcurer umern A.flcasu, Typkecran, Kazaxcran
E-mail: turmetovbh@mail.ru,

B nacrosiiieit pabore mcciieyercst BOIPOChl Pa3pelnMOCT HEKOTOPBIX HEJTOKAJIbHBIX Kpa-
eBbIX 3aJa4 Jjisg ypaBHenus llyaccona. PaccmarpuBaemble 3aJa4uu sBJISIOTCA OOOOIIEHUSIMU
KJIACCMYECKUX KpaeBbiX 3a1a4 upuxie n Heitmana.

[Iycts Q = {z € R": || < 1} - equnuunbiii map n > 2, a J{) - exuangnas cdepa, S -
NeficTBUTeIbHAS OpToroHaabHad MaTpuna S - ST = E. IIpemnooKnM TakKe, 9TO CyIeCTBYeT
taxoe HaTypasabnoe [ € N uro S! = E.

[Ipumepanmu Takux oTobpazkenuit spigtores: 1) Sx = —x. Torga S = ST u | = 2;

2) Ilycrs ¢ = 27 /l,1 € N. Paccmorpum marpuity S CJiejlyoinero Bujia

g cosp  sing
\ —sinp cosp |-

Torma S-ST =F,S'=F.
IIycrs ay, ag, ..., a; HekoToOpbIe JeficTBUTEIbHbIC YnCIa. PaccMorpum B §) cieyiomue 3a1a4m.
Banaua D. Haiitu ¢pynxumio u(x) € C*(Q) N C(Q), yaoBaeTBopsoIyo yeJI0BUIM

—Au(z) = f(z), z € Q, (1)

!
Z apu (S"'z) = g(z), x € 99 (2)
k=1

Bamaua N. Haiitn dpyuxmmo u(z) € C%(Q) N CY(Q), yrosraersopsioniee ypasuenuio (1) u
KDAEBOMY YCJIOBHIO

Zak— (8% '2) = g(z), = € . (3)
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B ciyuae a; # 0, ap = 0, k = 2,3,...,1 MbI noJiy4aeM Kjaccudeckue 3ajaqau upuxie u
Hetimana mrs ypasuenus Ilyaccona. Ormerum, uro B ciyuae n = 2 3aga4du D u N ¢ orobpa-
JKEeHNSIMHU BUJIa S U3 puMepa 2 u3ydeHsl B pabote [1].

B pabote mokazaHbl TE€OPEMBI O CYIIECTBOBAHNS U €IUHCTBEHHOCTU PEIIEHUsT UCCIIETYEMBbIX
3aJ1a4. YCTAHOBJIEHBI TAKKe MHTETPaJIbHbBIE TIPEJICTABICHNS PEIIeHII PACCMATPUBAEMbBIX 3a/1aM.
Brejiennr onaTus dpyakimn 'puHa U TOCTPOEHBI ABHBIN BUJT 9TUX (DYHKIUH. V3yuenbl Takxke
COOTBETCTBYIOIINE CIEKTPaJIbHbIe BoIpochl. Haifijienbl cobcTBeHHbIe (DYHKIUN U COOCTBEHHBIE
3HAYEHUsT PACCMATPUBAEMON 3aJIa9i U JIJIsi HEKOTOPBIX YACTHBIX CIydail JoKa3aHa IOJTHOTA
cucTeM COOCTBEHHBIX (DYHKITHUIA.

B gacTHOCTH JIOKA3aHO CJIEIYIOIIEe YTBEPKICHUE.

Teopema. Ilycrs uucia {ay : k=1,....1} Takme, 4ro jp = a;\s + ...+ q\f | # 0 npu
k=1,..,1, rae {\} xoprn crenenn | uz exummmsr u f € CMQ), g € CM2(0Q),0 < X < 1.
Tora permrenne 3agaan D cymecTByeT, equHCTBeHHO, npuHaAexnT Kiaccy CM2(Q) n npes-
CTaBJISIETCST B BHJIE

ulz) = / Gs(x,y)f(y) dy + / Py(a,y)g(y) ds,.

Q oN

rae
l

l
Gs(w.y) =Y me Y b, (57w, (8")"y) . Ps(a.y) = 3 b,P(S" )
q=1

k=1 g=1
G(z,y)— ¢yaxnus I'puna kraccmaeckoii 3agaqn upuxie, a P(x,y)—sapo Ilyaccona, b,—
HEKOTOPbIE IIOCTOsIHHDBIE.
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3 Maremarndeckoe MOJEJNPOBaHNE W ypPaBHEHUHA MaTeMaTUdecKOii
dbuzukn
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ON THE PERIODIC PROBLEM FOR AN IMPULSIVE PARTIAL DIFFERENTIAL
EQUATION OF FOURTH ORDER

Aziza ABILDAYEVA¢, Agila TLEULESSOVAL2®

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 L.Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: “azizakz@mail.ru, Yagila72@mail.ru

We consider on the domain Q = [0, 7] x [0,w] a periodic problem for the impulsive system
of partial differential equation of fourth order

u 03 u 0*u

gy = Ai(t2) 5 & Bt ) e + As(t @) 5+
Balt) O A0 O Byt ) 2 e+ St,), )
3 3
8(?U;(;t =0 (’fx;gt t=T" v €0, @)
tﬁitrrl}ro % B Hitr,«rio % = r(@), r=1LF (3)
w0 =), 28|y, TOD| e, @
where u(t,z) = col(uy(t,),...,un(t,z)) is unknown function, the n x n matrices A;(t, ),

Bi(t,z), i = 1,3, C(t,x), and n vector function f(¢,z) are piecewise continuous on 2 with
possible discontinuities at lines ¢ = ¢,, r = 1, k; the n vector-functions 11 (t), 12 (t) are piecewise
continuously differentiable on [0, T] with possible discontinuities at lines ¢t = t,., r = 1,k; the n
vector functions ¢, (z), 7 = 1, k, are continuously differentiable on [0, w].

We investigated a questions for existence and uniqueness of solution to problem (1)—(4) by
method of introduction additional parameters [1].
Funding: The authors were supported by the grant AP05131220 of SC of the MES of RK.

Keywords: impulsive partial differential equation, periodic problem, method of introduction additional parameters,
solvability.
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ON THE SOLVABILITY OF NONLOCAL PROBLEM FOR A FOURTH ORDER PARTIAL
DIFFERENTIAL EQUATION

Anar ASSANOVA'®  Askarbek IMANCHIYEV!2?

! Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
E-mail: “assanova@math.kz, *imanchiev_ae@mail.ru

Consider on the domain 2 = [0,7] x [0,w] a nonlocal problem for the system of partial
differential equation of fourth order

85L‘38t B . A\ 8274_7; iy T ax?)—iat y L)U , L),

1=
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DD I N A 2 O L
u(t,0) = yott), 28D _g, TUED i, re o) ®)

where u(t, x) = col(u(t, z), us(t, ), ..., up(t, x)) is unknown function, the nxn matrices A;(¢, x),
Bi(t,x),i=1,3, C(t,z), and n vector function f(¢,r) are continuous on €2, the n x n matrices
Py ;j(x), Sk;(z), k =1,3, j = 0,2, and n vector function ¢(z) are continuous on [0,w], 0 =
to < t; < ty = T, the the n vector-functions 1,(t), s = 0,2 are continuously differentiable on
[0, 7).

We also consider an auxiliary nonlocal problem for system of hyperbolic equations second
order

88:13;}15 = Ai(t, x)g—; + By (t, x)% + Ay(t, z)v + g(t, x), (4)
Z{Pg,j(x)avgf) + 83, (x)a“(att’ ”3)} _ =0@),  welul] (5)
v(t,0) = o(t), t €10,7T]. (6)

Here the functions g(t,z) € C(Q2, R"), ®(z) € C([0,w], R™).

For P;1(xz) = S31(z) = 0 problem (4)—(6) are investigated in [1, 2].

For j = 0,m, m = 2,3, ..., are studied in [3, 4].

The following assertion is true.

Theorem 1. Let

i) the n x n matrices A;(t,x), Bi(t,x), i = 1,3, C(t,z), and n vector function f(t,z) are
continuous on §2;

i) the n x n matrices Py (z), Sk;(x), k = 1,3, j = 0,2, and n vector function p(zx) are
continuous on [0, w|;

iii) the n vector-functions ¥y(t), 11 (t), and 1(t) are continuously differentiable on [0, T7;

iv) the nonlocal problem for system of hyperbolic equations second order (4)—(6) is uniquely
solvable for any g(t,z) € C(Q, R"), ®(z) € C([0,w], R™), and 1(t) € C*([0,T], R™).

Then problem (1)—(3) has a unique solution.

Theorem 1 is proved analogously scheme of proof Theorems 1 and 2 in [5].

REMARK. For Pso(z) = I, Pso(xz) = —I, where [ is identity matrix on dimension n, and the
remaining boundary matrices and function ¢(x) will be zeros, we obtain the periodic problem
for fourth order partial differential equations.

Funding: The authors were supported by the grant AP05131220 of SC of the MES of RK.
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A NUMERICAL ALGORITHM FOR SOLVING PROBLEM WITH PARAMETER FOR A
LOADED DIFFERENTIAL EQUATION

Elmira BAKIROVA'*  Zhazira KADIRBAYEVA®?

U Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “bakiroval974@mail.ru, *kadirbayeva@math.kz

In the present paper we consider the problem for the linear loaded differential equations
with parameter

‘;_f — Ao(t)z + B(t) + ;Aj(t)x(ej> L F(), @R, te(0,T), (1)
z(0)=2", 2°€ R, (2)
z(T) =x", 2'e€R" (3)

where the (n x n) - matrices A4;(t), j = 0,m, B(t) and n-vector-function f(¢) are continuous
on [0,7].

A solution to problem (1)-(3) is a pair (u*, *(t)), where pu* € R™, the vector function x*(t)
is continuous on [0, 7, continuously differentiable on (0,7) and satisfies Eq. (1) with u = u*
and additional conditions (2), (3).

Loaded differential equations can be used to describe processes in biology, ecology, and
underground fluid dynamics. In [1] a linear boundary value problem for the system of loaded
differential equations with multipoint integral condition is considered. The method of parameteri
zation [2], [3] is used for solving the problem considered. Numerical method for finding solution
to the problem is suggested. The method is based on solving the Cauchy problem on subintervals
by using Runge-Kutta method of the 4-th order. In [4] parameterization method is developed
for problem (1)-(3), where A;(t) =0, j = 1,m. A numerical method for solving this problem
is offered.

Problem for the linear loaded differential equations with parameter (1)—(3) is investigated.
The parameterization method is used to solve the problem. The essence of parameterization
method is that segment, where the loaded differential equation is considered, is divided into
parts by loading points, and the initial problem is reduced to the problem with parameters. The
boundary value problem with parameters equivalent to the considered problem consists of the
Cauchy problem for the system of ordinary differential equations with parameters, boundary
condition and continuity conditions. The solution to the Cauchy problem for the system of
ordinary differential equations with parameters is constructed using the fundamental matrix of
differential equation. The system of linear algebraic equations with respect to the parameters
is composed by substituting the values of corresponding points of solutions into the boundary
condition and continuity conditions. Numerical method for finding solution to the problem is
suggested. The numerical method is based on solving the Cauchy problem on subintervals by
using Runge-Kutta method of the 4-th order.
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OPTIMIZATION OF HEATED OIL PUMPING IN THE MAIN OIL PIPELINE

Iskander BEISEMBETOV, Timur BEKIBAEV®, Uzak ZHAPBASBAEV, Gaukhar
RAMAZANOVA®, Bagdaulet KENZHALIEV,

Kazakh National Research Technical University after K.I. Satbayev, Almaty, Kazakhstan
E-mail: “timur _bekibaev@mail.ru, *gaukhar.ri@gmail.com

The transportation of high pour point oil through mail pipelines is carried out by pumps and
preheaters, which are the main consumers of electrical and thermal energy. The energy-saving
mode of high pour point oil pumping requires determination of optimum operating conditions
for all pumping equip-ment and preheaters located at the main oil pipeline section.

The task definition is to search for energy-saving operating modes of the main oil pipeline
section where a given volume of high pour point oil is pumped at the minimum usable total cost
of energy consumption of all pumps and preheaters. To do this, it is necessary to find optimal
conditions for the operation of pumps and preheaters at the section of the main oil pipeline,
which ensure the pump high pour point oil with the minimum total cost of electricity and fuel.

The optimization criterion of the energy-saving mode of oil mixture pumping at the section
of the main oil pipeline with several stations is determined by the minimum value of the total
energy cost used by pumping units and preheaters [1]:

n m?um m/}?h

el pum prPU fl ph ~fl .
g 25 E i NG (kij) + E iy Qi | — min (1)
i=1 j=1 j=1

where n is the number of pumping stations, m*™ /m™ is the number of pumps, preheaters
at the i-th station, z¢!/z1 is the electricity cost (tenge/ kW-h)/fuel cost (tenge/kg) at the i-th
station; cj;" /cfjh is the integer variable which has a value of 1 if the pump/preheater is in
operation, and 0 otherwise; Qfl] is the rate fuel is supplied to j-th preheater of the ¢-th station
(kg/h); NY(ki;) is the power consumption of the j-th pumping equipment at the i-th station
(kW); k;; is the ratio of rotary rotations per minute to the nominal rotary rotations per minute
of the given pump.

The calculation of the pressure and temperature of high pour point oil at the linear section
of the pipeline is found by solving the system of equations:

op 20U
E“‘POC%—O (2)
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dv Op pov? .
poa + % = —C(R@, 6)% — Pog sznoz(x) (3)
oT oT 4k dp
Py T PoGU G = —E(T - T) + € (4)

where po, p, ¢, v, T are the density, the pressure, the heat capacity, the velocity, and the
temperature of oil, respectively; ¢ is the gravity acceleration; Re is the Reynolds number;
k is the heat transfer coefficient; ( is the hydraulic resistance coefficient; T,, is the ambient
temperature; €, D are the roughness and the diameter of the pipeline, respectively.

Included in equation (2) is the speed of propagation of waves in the pipeline. According to
N.E. Zhukovsky [2], the speed c is calculated by the following formula:

1
¢= (5)
%
where £ is the oil compressibility modulus, E and  are the Young’s modulus and wall thickness
of the pipe, respectively.
The temperature-viscosity and temperature-heat capacity relationships are defined by the
standard formulas [2]:

T, oy~ L .
H(T) = a5 6(T) = (53357 + 107:2.7) (6)

The optimization calculations are carried out by the system of equations (2) - (6) when the
condition (1) is fulfilled. The energy-saving modes of high pour point oil pumping at the section
of the main oil pipeline were determined in the calculations.
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NEW GENERAL SOLUTIONS OF NONLINEAR ORDINARY DIFFERENTIAL EQUATIONS,
THEIR PROPERTIES AND APPLICATIONS

Dulat DZHUMABAEV!2¢
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In the communication, we consider the nonlinear ordinary differential equation (ODE)

Z—? = f(t, z), t € [0,7], reR", (1)

where f:[0,7] x R — R" is continuous.
General solution of Eq.(1) plays important role in solving boundary value problems. Construc-
tion of classical general solution of ODE is a difficult problem and breaks down in many
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cases. Therefore, we introduce a new concept of general solution. This concept based on
parametrization’s method. The interval [0,7] is divided into N parts with the points t, =
0 <ty <...<ty =T, values of unknown function x(¢), a solution of Eq.(1), at beginning
points of subintervals considered as additional parameters, and Eq.(1) is reduced to the Cauchy
problem for ordinary differential equations with parameters on subintervals

du, o
CZ = ftup +N),  te€[tit),  ult,1)=0, r=LN. 2)

Using the solutions of the Cauchy problems, the functions u,(¢, A.), we construct the Ay
general solution of Eq.(1). Properties of the Ay general solutions are established and their
applications in finding the solutions of nonlinear boundary value problems for Eq.(1) is discussed.
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ON A PSEUDO-VOLTERRA INTEGRAL EQUATION
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E-mail: isagyndyk@mail.ru

We study the solvability of a pseudo-Volterra integral equation:

t
o)+ [ Kot relr)r = ) ()
0
where the kernel K, (¢, 7) is representable as a sum:
4
K, (t,7) =Y KD(t 1),
i=1
and: . ( ¢
tu) +Tw tw + Tw
KO — . ) v T ).
© 2a/m  (t — 7)3/2 P { 4a?(t — 1) } ’
1 W (tw . 7_0.))2
K® — _ . ) W )L
“ 2a/m  (t —T7)3/2 exp { 4a®(t — 1) } ’
KOG — _ 1 .1+Wtw_1ex _M .
@ ay/m  (t—7)1/2 4a?(t—71) )"

e _ L 1w { (1 — Tw)2}

© T avm -2 P w2t — 1)
This kind of integral equations arise in solving the following boundary value problem [1]:
ou(z,t) 0%z, t)
ot T o
ou _0 du(t) Ou
Oxlz=0 ~ dt O lz=t«

=0, {(z,t)|0<x<t*t>0}

=0,

where a(t) = u(t*,t),w > 1.
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We will search for the solution of the integral equation (1) in the class of functions:

£27 . p(t) € Loo(0, 00),

1.e.
o(t) € Loo(0,00;t27%)

Volterra integral equations of this kind were considered in papers [2—4].
The following statement is proved
Theorem. Ifw > %, then the integral equation (1) for any

127 f(t) € Loo(0, 00)

. . 3_
has a unique nonzero solution: t2=% - p(t) € Loo(0, 00).
Keywords: characteristic equation, kernel, integral operator, class of essentially bounded functions
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Consider the nonlinear Fredholm integro-differential equation

d T
=AW+ o) [ oS rar)dr, te0.T), e R )
0
where the n x n matrices A(t), ¢(t), ¥ () are continuous on [0,7], f : [0,7] x R* — R" is
continuous; ||z|| = max |z;|.

The interval [0, T is divided into N parts by points tp = 0 < t; < ... <ty = T. Application
parametrization’s method [1, 2| Eq.(1) yields the special Cauchy problem for the system of
nonlinear integro-differential equations with parameters

T A MO [ O A e ), (@)
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Up(tr—1) =0, r=1,N. (3)

In communication questions on existing the solution to the problem (2), (3) is discussed.
Keywords: Nonlinear Fredholm integro-differential equation, special Cauchy problem, parametrization’s method.

2010 Mathematics Subject Classification: 34G20, 45B05, 45J05

REFERENCES

[1] Dzhumabaev D.S. On one approach to solve the linear boundary value problems for
Fredholm integro-differential equations, J. Comput. Appl. Math., 294 (2016), 34211357.

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

ON A MATHEMATICAL MODEL OF BREAKING TRAVELLING WAVES
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This paper is devoted to the initial boundary value problem for the Korteweg-de Vries-Benjamin-
Bona-Mahony equation

77t+7777x+77xxx_77t:1:x_77x:O,t>0,$GR

in a infinite domain. This particular problem arises from the phenomenon of long wave with
small amplitude in fluid. For certain initial-boundary problems for the Korteweg-de Vries-
Benjamin-Bona-Mahony equation, we obtain the conditions of blowing-up of travelling wave
solutions in finite time. The proof of the results is based on the nonlinear capacity method. In
closing, we provide the exact and numerical examples.
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ON A HOMOGENEOUS SINGULAR INTEGRAL EQUATION
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We study the solvability of a singular integral equation of the second kind

T

v(t Tt v(T)dT—

a t 1 _
-5z || From=e

1 s t—r
- _ T 442 . dr =20 1
o [ e vnar =, )

where a, k are positive constants.

A similar kind of integral equation arises in solving the boundary value problems of heat
conduction with heat generation, which describe the development of the one-dimensional unsteady
heat processes with axial symmetry.

The solution of the homogeneous integral equation (1) found in explicit form:

Cet (20)% . { ¢ t a2} .
= — X _——— ——
(ka)* 2Vt P a

Lo (o) o (o)) ®

e 4

Do) =173

are Parabolic cylinder functions (Weber functions).
From a practical point of view, the case k = 2 is interesting:

[l ersl s o

Tz 22

and K, (x) is the modified Bessel function of the second kind or the Macdonald function.
The following theorem is proved.

Theorem 1. The integral equation (1) at k = 2 in the class of functions v(t) € Ly (0, 4+00)
has a solution defined by the formula (3).

When k = 1, representation (2) has the form:

-S4 [l ) En{ o]

And, the following theorem is valid.

Theorem 2. The integral equation (1) at k = 1 in the weight class of functions exp {—2 }
v(t) € Loo(0, +00) has a solution defined by the formula (4).

where

+oo 22
/ e TP e, Rep >0
0

where
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REMARK. Singular integral equations were considered in works [1] — [3]. Their kernels were
also "incompressible but kernels had an another form. In this connection, the weight classes of
the solution existence differ from the class of the solution existence for the equation considered
in this work.

Keywords: Volterra equation of the second kind, kernel, class of essentially bounded functions, Laplace transformation
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PARTICLE DISPERSION IN THE TURBULENT MIXING LAYER IN DEPENDING ON A
PARTICLE SIZE.
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2 Master of 1 course Institute of Mathemitics and Mathematical Modeling. Almaty, Kazakhstan
E-mail: ®altyn-mak@mail.ru, Yo.abdirasul@mail.ru

The mixing of two layers with different velocity and particle loading profiles is commonly
observed in natural and industrial processes. Such flows are explored experimentally and numeri-
cally [1-2]. As rule, the experiments are very complexity and expensively. Therefore, at the
moment, the numerical simulation of particle dispersion in a mixing layer is most preferable.
Numerically, there are two main modeling approaches suitable for the simulation of these flows
[1]. In first models, both, the carrier phase and the particle phase are modeled in an Eulerian
frame [1]. Like the carrier phase, the particle phase is governed by conservation laws. Another
approach for modeling two-phase flows is a mixed Eulerian-Lagrangian viewpoint [2].

The purpose of this paper is the particles dispersion in a plane developing mixing layer
in Eulerian-Lagrangian formulation. The investigation focuses on the effects of developing
vortex structures on particle dispersion of different size in a mixing layer. The unsteady, planar
compressible Navier-Stokes equations are considered for multi-species gas mixture. The particles
are traced assuming one-way coupling between the continuous and the dispersed phases, i.e.
the particles are influenced by the gas phase. Consequently, governing equations for particles
are equations of trajectory and momentum and temperature. To close the systems of the
original equations, we used the Wilke formula to determine the mixture viscosity coefficient
in terms of the mass fractions [3]. For the gas at the inflow all physical variables are varied
smoothly from hydrogen (fuel) flow to air flow using a hyperbolic-tangent function [4]. In order
to produce the roll-up and pairing of vortex rings, an unsteady boundary condition is also
applied at the inlet plane [4]. The calculation Navier-Stokes equations are performed with the
use of Nav2D code [5] based on the third-order accuracy ENO scheme. Numerical calculation
is performed for the range 20 < d, < 200 of the diameters of the particles. The influence of
large-scale coherent structures in a spatially-developing mixing layer on the particle dynamics
are numerically studied. Detailed analysis reveals that the small particles are captured by the
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vortices homogeneously while the large particles are accumulated in the periphery of the vortices
and along the braid of two adjacent vortices. The dispersion of the particles in supersonic
multispecies mixture layer is similar to the trajectory of the particles in subsonic flow: the large
particles reacted to the centrifugal action, while the small particles are in a quasi-equilibrium
status with the gases.
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Keywords: two-phase flows, turbulent gas-particle flows, ENO scheme, Euler-Lagrangian approach, mixing layer,
supersonic flow, particle dispersion.
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PHASE PORTRAITS OF THE HENON-HEILES POTENTIAL
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The Henon-Heiles potential is undoubtedly one of the simplest, classical and characteristic
examples of open Hamiltonian systems with two degrees of freedom. The above topic was
devoted to a large number of research scientists [1,2].

The potential of the Henon-Heiles system is determined by the formula:

1 2
Ulz,y) = 5(3:2 +y? + 222y — gy?’) (1)

Equation (1) shows that the potential actually consists of two harmonic oscillators, which
were connected by the perturbing terms 22y — $y°.

The basic equations of motion for a test particle with a unit mass (m = 1) are:

= U —
T=—-9;=—r— 2wy

j=-5 =—y—a*+y’
Consequently, the Hamiltonian of system (1) has the form:

1 1 1
H:§($2+Q2)+§($2+y2)+$2y—g@/?’:h (3)
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where & and y are the momenta per unit mass, x and y are the coordinates of the system,;
h > 0 the numerical value of the Hamiltonian, which is conserved. It is seen that h > 0 the
Hamiltonian is symmetric with respect to x — —x, and H also exhibits a symmetry of rotation
at 2.

r3110 study the Henon-Heiles system, the Poincare section method is used. Advantages of this
method are especially evident when we consider nonlinear systems for which exact solutions
are unknown. In this case, the phase trajectories are calculated by numerical methods.

To solve the systems of equations (2), boundary conditions are chosen so that they satisfy
equation (3). Further, the systems of equation (2) are solved on the basis of the Runge-Kutta
method. To construct the Poincare section, those values that intersect the plane x = 0 are
chosen. The Poincare sections for Henon-Heiles systems for different energy values (E = 1/12,
E =1/8, E = 1/6) were investigated. With increasing energy, the structure of the cross sections
is destroyed. The results obtained are in agreement with other authors [1, 2.

Thus, the results obtained by the numerical method determine the oscillations for the Henon-
Heiles model and serve as the basis for a comparative analysis in determining the analytical
mapping.

Keywords: Henon-Heiles model, Poincare section, numerical solutions.
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NUMERICAL SOLUTION OF PERIODICAL BOUNDARY VALUE PROBLEM FOR THE
VAN DER POL DIFFERENTIAL EQUATION.

Dauren MURSALIYEV!24  Aiym SERGAZINA%*®  Amina KENJEYEVA?¢

I Institute of Mathematics and Mathematical Modeling, ?International Information Technology
University, Almaty, Kazakhstan
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We consider the periodical boundary value problem for the Van der Pol differential equation:
d*y

d
= e(l— ")~ 4y — epeos(wt +a) +g(t),t € (0.T),y € R,

B dt
y(0) = y(T), y'(0) = y'(T).

In the communication the numerical solution of nonlinear boundary value problem is found
by the method proposed in [1].

Interval is divided into 2 parts, values of solution at the left-end points of the subintervals
are considered as additional parameters and original problem is reduced to the boundary
value problem with parameters. Using solution to the Cauchy problems for the differential
equations with parameters, boundary condition, and the continuity condition at the dividing
point, a system of nonlinear algebraic equations with respect to introduced parameters is
composed. The values of functions, which present left sides of the system, and their derivatives
by parameters, we can find by solving the Cauchy problems for ordinary differential equations
on the subintervals. The Cauchy problems solutions we find by the Runge-Kutta method of
fourth order. The solution of composed system if found by Newton’s method.

Funding: The work is supported by the grant project AP05132486 (2018-2020) from the Ministry of Science and
Education of the Republic of Kazakhstan.
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CONDITIONS OF THE EXISTENCE OF A SOLUTION TO THE SPECIAL CAUCHY
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In [1-4] parametrization’s method is applied to study and solve the linear Fredholm integro-
differential equations and boundary value problems for them. The interval is divided into parts,
values of desired function at the beginning points of subintervals are considered as additional
parameters and the original integro-differential equation is reduced to a system of integro-
differential equations with parameters, where unknown functions satisfy the initial conditions
on the subintervals. At the fixed values of parameters we get the special Cauchy problem for
the system of linear integro-differential equations. The solutions to the special Cauchy problems
are used in solving boundary value problems for the Fredholm integro-differential equations.

Consider the nonlinear Fredholm integro-differential equation

dx " T .
=+ e | wtretmar, tepT) aer, )

where the n x n matrices ¢x(t), ¥r(7), k = 1, m, are continuous on [0, 7], f: [0,T] x R"* — R"
is continuous; ||z|| = max |z;|.

The interval [0, 7] is divided into N parts by points tg =0 < t; < ... < ty = T. By using
parametrization’s method Eq.(1) is reduced to the special Cauchy problem for the system of
nonlinear integro-differential equations with parameters

dCZ" = fltu +A) + @)Y /t .j D(7) [y (1) + AjJdr, t € [try, 1)), (2)
ur(tr—l) = 07 = 17_N (3)

The special Cauchy problem as the Cauchy problem for Fredholm integro-differential equa-
tions is not always solvable. In [5], sufficient conditions for the existence of a unique solution
to the special Cauchy problem for the nonlinear Fredholm integro-differential equations are
obtained. An algorithm for finding a solution to the special Cauchy problem for the nonlinear
integro-differential equations and a numerical implementation of the proposed algorithm are
developed in [6]. Note that in these papers required to be small the lengths of subintervals.

The purpose of this paper is to establish conditions for the existence of a solution to the
special Cauchy problem (2), (3) for any partition of the interval [0, 7.

In this communication questions of the existence of a solution to the special Cauchy problem
(2), (3) at the fixed values of parameters are studied. To this end Arzela’s theorem on compactness
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of the set of continuous functions on the closed intervals is used. Conditions for the existence
of a solution to the special Cauchy problem (2), (3) are established.
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ANALYSIS OF DYNAMIC PULL-IN VOLTAGE OF A GRAPHENE MEMS MODEL
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Bifurcation analysis of dynamic pull-in for a lumped mass model is presented.The restoring
force of the spring is derived based on the nonlinear constitutive stress-strain law and the
driving force of the mass attached to the spring is basedon the electrostatic Coulomb force,
respectively. The analysis is performed on theresulting nonlinear spring’s mass equation with
initial conditions. The necessary andsufficient conditions for the existence of periodic solutions
are derived analyticallyand illustrated numerically. The conditions for bifurcation points on the
parametersassociated with the second-order elastic stiffness constant and the voltage aredeter-
mined. This is a joint work with P Skrzypacz, D Nurakhmetov, and D Wei [1].
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SOLVABILITY OF LINEAR BOUNDARY VALUE PROBLEM FOR A LOADED FREDHOLM
INTEGRO-DIFFERENTIAL EQUATION
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In the communication, we consider the boundary value problem

(Z = A(t)x + ¢(t /1/) T)dT+
+N )z (0y) + W (t)x(01) + Z(t)x(02) + f(t), t € (0,T), x € R", (1)
Bz(0) + Cx(T) =d, (2)

where 0 = 0y < 0; < 6y =T, the (n x n)-matrices A(t), ¢(t),¥(t), N(t), W(t),
Z(t) and n-vector f(t) are continuous on [0, 7] x [0, 7] and [0, T], respectively.
Let C([0,T], R™) be space of continuous functions z : [0,7] — R™ with the norm ||z||; =

H%a% [|z(t)|]. A solution to problem (1), (2) is a continuously differentiable on (0,7") function
tefo

z(t) € C([0,T], R™) satisfying the loaded Fredholm integro-differential equation (1) and boundary

condition (2).

Boundary value problems for the Fredholm integro-differential equations and loaded differential
equations are considered by many authors (see [1|-[4] and refrences cites there in).

By Ay(#) we denote the partition of interval [0;T") into two subintervals: [0;T) = [0;6,) U

Introducing parameters A\; = x1(0), Ay = x2(61), A3 = x(7T) and making the substitutions
uy(t) =z, (t) =\, t € [0,1,0,), r = 1,2, (T) = X3, we obtain the system of integro-differential
equations with parameters:

01 T
du
d_tl = A(t)[ur + M| + ¢(t) {/ZZ)(T)[Ul(T) + \]dT + /ZZJ(T)[UQ(T) + /\Q]dT} +
0 01
FN(EOM +W(t)Ae + Z(t)As + f(t), t €[0,601), (3)
p 01 T
% — A+ 2+ )| [0 r) + Mlar + [ wllia(r) + ddlar |+
0 0
+NEAN +W () e + Z(t)As + f(t), t € [01,T), (4)
initial conditions at the beginning points of subintervals:
us(6h) =0, (6)
the boundary condition:
B + CAs = d, (7)
and continuity conditions:
)\1 + 111’I1 Oul(t) )\2 = 0, (8)
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/\2 + tilir“rlo UQ(t) - /\3 = 0. (9)

Solving the problem (3)-(9), we determine the solution to problem (1), (2). Sufficient conditions
of solvability of problem (3)-(9) are obtained.

Keywords: Loaded Fredholm integro-differential equation, parameterization method, boundary value problem.
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ABOUT CONSTRUCTION OF LAGUERRE POLYNOMIALS OF MANY VARIABLES
Zh. N. TASMAMBETOV", A. A. ISSENOVAZ%?
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E-mail: “tasmam@rambler.ru, *akkenje ia@mail.ru

Confluent hypergeometric functions were studied in the works Of J. Horn, P. Appell, M. P.
Humbert, M. Lauricella, and others [1]. M. P. Humbert has determined confluent hypergeometric
function from n variables and established a link with the Laurichella function F4.

Definition 1. The degenerated hypergeometric function of M. P. Humbert \Ilén) n variables is

determined by a series of

A) " xmn
\I/(n) A) Y T, Iy) = ( mit..+mn . 1 n 1
2 (A Tt ) Z (YD)ma (V) m, 1! my,! @
for which equality is fair |1, p. 134]:
WY (X : D =lim Fa L L : )
5 (A, YL, oYy L1y oy T I Eg(A, 2, ey 23705903 €21, o ET)-
The series converges absolutely and uniformly at |z1] < e, ...,|z,| < e.

Definition 2. Humbert function (1) is a special solution of the system consisting of n partial
differential equations of the second order

0*F i=1n
ija_m?ij 696] Zx’“a_m_)\F_o =t .

where F' = F(xq, %3, ..., x,) is the total unknown for all equations of the system (2).

If n = 2 (1) we obtain a confluent hypergeometric Humbert function of two variables
\1152) (X, 71, Y2, ; 1, x2) which is a particular solution of the Horn system consisting of two equations
of the second order.
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The system of the Horn type 22 has linearly independent partial solutions, and the Horn-
type system has linearly independent partial solutions in the form of Humbert functions from
n variables.

In this paper, particular solutions of the Gorn type system have been established (2), in the
form of Laguerre polynomials from n variables.

Theorem. Let in a system of Horn type (2) consisting of equations the parameters v, =
ar+1, ., m=a,+1 (g >—-1,..,a,> 1,00 #0,...,, # 0). Then the system of partial
differential equations of the second order (2) has linearly independent partial solutions.

The decision of which is

Fi(xy,...,z,) = \I/én)(—n, T+ ag, . l4+ayz, o), (3)

if A = —n ( n > 0 -integer number) defines the generalized Laguerre polynomial and n variables
- A) " xmn

L(O,...,O) T = ( mi+...+my, et SR 4

nn (B15 s Tn) Z (14 a1)my (1 4+ @)m, m! my,! (4)

mi,...Mp=0
If a;j =0 (j = 1,n) then Laguerre polynomial is represented as

Fi(zq,...,z,) = \I/é")(/\7 1, nixy, ooy, ),

if A\ = —n (n > 0 -integer number) defines the simple Laguerre polynomial of n variables
of the form
= A) " xp
L(O,...,O) n) = ( mi+...4+mp . 1 . n
nom (15 ey Tn) Z (Do e (D), my! my,!

mi,..mp=0

Keywords: Laguerre polynomial, system, generalized, simple, particular solutions, linearly independent.
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REGULAR SYSTEM OF SOLUTION CONSISTING OF TWO DIFFERENTIAL EQUATIONS
OF THE THIRD ORDER

Zh. N. TASMAMBETOVY?, Zh. K. UBAYEVA?2?

L2 Aktobe Regional Zhubanov State University, Aktobe, RK.
E-mail: “tasmam@rambler.ru, *zhanar ubaeva@mail.ru

Statement of the problem. The regular homogeneous system is being considered the possibility
of the joint solutions to the private differential equations in the third order consisting of two
equations in the form

() (6)

Po1 + 9" poo =0,

(6)170,0 =0, (1)

239 Opao 4+ 22ypar + 229P pao + 2ygPpr1 + 2gWpio + yg

(0) (2) 3) (4) ()

v Vpos + 2y’pra + v’ ¢Ppo2 + 2yd¥p11 + 2410 + yg'¥por + ¢
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where p3g = Zyzz: P03 = Zyyy, P12 = Layy: P20 = Lz, P02 = Lyys Pl1 = Lay, P10 = Lz, Po1 =

Zy,poo = Z(x,y)-total unknown, coeflicients

99 = ¢ (z,y) = aly +alj) - 2",

0 = (. y) = b + bl - ", (1 = 0,6) )
Suppose that system (1) is being implemented and integrability condition is satisfied.
(ORI EY)
g q

In this case, nine linearly-independent private solutions can be defined. Assertions are true.

Theorem 1. Suppose that the system (1) with coefficients type (2), where a(()%) # 0, b(()%) =+
0, h = 1 conditions of compatibility and integrability are satisfied (3). Then system (1) has nine
linearly independent private solutions in the form

Zy(z,y) = xP -yt - Z A a™ eyt Agg £ 0, (t =T,9), (4)
m,n=0
near the singularity (0,0), where p;, 04, Apn(m,n =0,1,2,...;t =1,9) unknown permanent.

Theorem 2. Suppose that the system (1) with coefficients type (2), where a%%) # 0, bgﬁ) # 0,
h = 1 conditions of compatibility and integrability are satisfied (4). Then system (1) has nine
linearly independent private solutions in the form

Zt(l‘, y) =z - yat ) Z Bﬁrgn " yn’ B070 7£ Oa (t = 17_9)7 (5)
m,n=0
near feature (0o, 00), where py, 04, Byn(m,n =0,1,2,....;t = 1,9) unknown permanent.

Unknown indicators py, oy, t = 1,9) of series (4) and (5) are determined from systems of
defining equations for singularities (0,0) and (oo, 00). If the system (1) with coefficient a(()%) =0,
we get a hyper geometric type system. The specific special case of such a system is the example
of Campe de Feriet.

Example.Degenerate hypergeometric system
2 pso+a-y pei+(Y+I+ 1D pro+0-y-pia+7-0pLo—poo =0,

Y pso+ Ty prat (Y+S + 1)y poa+d T pri+y- 8 Por — Poo =0 (6)
is obtained by passing the limit of system type Clausen, since it has obtained from the joint
system. For it the integrability condition (3) is not satisfied. Therefore, system (6) does not
accuracy of nine linear-independent solutions. By constructing the method of Frobenius-Laty-
shev, we will see that the first system solution represents the generalized singular Clausen
hypergeometric function of two variables

Thus, we have just satisfied that system (6) composed of two equations to the third order has
been the system type Clausen, and its solutions are expressed through the degenerate Clausen

hypergeometric function.
Keywords: Regularity, irregularity, system, solutions, generalized, particular, linearly independent.
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ABSOLUTE STABILITY OF A PROGRAM MANIFOLD OF NON-AUTONOMOUS
INDIRECT CONTROL SYSTEMS WITH STATIONARY NONLINEARITIES

Sailaubay ZHUMATOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakstan
E-mail: sailau.math@mail.ru

We will introduce for consideration a class of continuously-differentiable at times ¢ and
bounded on a norm matrices =.

Consider the problem of construction of a material system by given (n — s)-dimensional
program manifold €2 (t) = w(¢t,z) = 0, in the following form [1]:

T=f (t,I) - B(t)ﬁ» f = (U)a 0= PT<t>w - Q(t)ga tel = [07 OO) ) (1)

provided that Q(t) >> 0, where z € 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, B € =", P € Z5%", Q) €
=TT are matrices, w € R*(s < n) is a vector, £ € R" is a vector-function, satisfying to
conditions of local quadratic connection

0(0)=0 A 0<olp(o) <d"K(t)o, Yo#0, (2)

dp(o)
Jo

This problem reduce to investigation of quality properties of the following system with
respect to vector-function w |2, 3|:

K < <K, [K()=K"(t)>>0 €= K =K>0.

w=-Aw - Ht)Bt),, &=p(0), o=P(w-Q(t)E tel=1[0,00). (3)

Here nonlinearity satisfies also to generalized conditions (2).

Great number of works is devoted to the construction of the autonomous systems of equations
on the given program manifold possessing of quality properties and to solving of various inverse
problems of dynamics. The detailed reviews of these works were shown (see [3]-[7]).

Statement of the Problem. To get the condition of absolute stability of a program
manifold (¢) of the non-autonomous indirect control systems with stationary nonlinearity in
relation to the given vector-function w.

Theorem 1. Suppose that there exist matrices

L:LT>07 B:diag(ﬁl7"'767">>07

non-linear function (o) satisfies the conditions (2) and —V |z = W.
Then in order that, the program manyfold Q) (t) with respect to the vector function w will
satisfy to inequalities

M= (to) lezplan (¢ — t0)] < 21| < Aall=(to) lexplas(t — to)],
it 1s sufficient performing of the following conditions

L(llz? <V < bl (4)
gl < W < go(]I2]1%, ()

where 2(ty) = |lw(to) E(to)|I”, 2(t) = llw(t) DT and M, Ay, ar, 2, 1y, 12, g1, 92 are positive
constants.

Funding: 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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TEH30P I'PUHA YPABHEHUN ANHAMMKNY TEPMOVYIIPYI'OI'O CTEP>KHZ#1
Hypcaynre AUHAKEEBAY®, Acusr JJAJJAEBA®?

! Uncruryr martemarnkn m MaTeMaTHdecKoro Mojemupopanus, Amvarsr, Kasaxcran
E-mail: *nursaule_math@mail.ru, *dady _1262@mail.ru

CrepzKHEBbIE KOHCTPYKIIUU ITUPOKO UCHOJIL3YIOTCA B CTPOUTEILCTBE U MAITUHOCTPOEHUU B
Ka4eCcTBE OIOP MOCTOB U 3JaHUN, COCJMHUTE/ILHBIX U IIEPEIaTOYHBIX 3BEHbEB JIJId KOHCTPYK-
TUBHBIX 9/IEMEHTOB CAMbBIX PA3HBIX MAIIUH U MeXaHU3MOB. V3ydeHne HapszKeHHO-1ePOPMUPO-
BaHHOTO COCTOAHUSA CTEPKHEBBIX KOHCTPYKINNA C yIETOM BJAWAHUSA TEMIIEPATypPhI, KOTOpad Cy-
MIECTBEHHO BJIMAET HA WX MIPOYHOCTb W HAJE’KHOCTH IIPU IKCILTyATAIlAH, ABJIACTCA aKTyaJlb-
HO HAyYIHO-TEXHUIECKON TPoOIeMoit. 371ech pacCMaTPUBAETCsT TEPMOYIIPYTUil CTEPXKEHD, KOTO-
PBIl XapakKTepusyercs JIMHEHHON MJIOTHOCTBIO , CKOPOCTBIO PaCHPOCTPAHEHUd YIPYIUX BOJIH
B CTEPXKHE U JIByMsl TepMOynpyruMu Koucrantamu [1]. Mcenemytorest mpojioibHble TiepeMerre-
HUS CeYeHUl CTep:KHs U TeMIIepaTypHOe I0Jie , KOTOPbIe OIHMCHIBAIOTCS CUCTEMOI ruepooJsIo-
napaboJIMuecKX ypaBHEeHuit BToporo nopsika . B padore [2| panee mocrpoeno npeobpaszoBanue
Dypbe 1o BpeMenu Tensopa ['puna ypaBHeHU CBI3aHHON TEPMOYIIPYTOCTU B TPOCTPAHCTBEHHO-
OJTHOMEPHOM CJiydae. 3JeCh MOCTPoeHo 0000IeHHoe npeodbpazoBanne Pypbe maTpuiibl HyH-
JaMEHTAJbHbIX PeIICHUl YpaBHEHUIl HeCBA3aHHOW TEepMOYIPYI'OCTU, IIPOBEIACHA €ro peryJid-
pusanug, Ha OCHOBE KOTOPOH IIOCTPOCH OPUIMHAJ 3TOIO TEH30pa B MCXOIHOM IIPOCTPAHCTBE
BpEMEHH, 4TO He yJaeTcd B Clydae CBI3aHHOU TepMmoymnpyroctu. [lomydensr oboOmeHable pe-
[ICHUS YPaBHEHUI HEeCBA3aHHON TEpMOYIPYIrOCTH IIPU JICHCTBUU HECTAllMOHAPHBIX CUJIOBBIX U
TEIJIOBBIX UCTOYHUKOB IIPOU3BOJILHOIO BU/JIa U JaHbl UX peryidpHble HHTerpajbHbIe IIPE/ICTaB-
senns. [IpuBenenns! rpadukn pacueToB MaTpUIlbl hyHIAMEHTAJILHBIX PEIIeHM, XapaKTepu3y-
IOINX TEPMOHAIIPSXKEHHOE COCTOSHUE CTEPXKHA IPU NEWCTBUN COCPEJOTOYCHHBIX CUJIOBBIX U
TEIIOBBIX MCTOYHUKOB KOJIeOAHUN I PA3HBIX 3HAYCHUIT TEPMOYIPYTUX KOHCTAHT CPEJIbl U
JacTOT KoJieOaHUil.
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TEH30P 'PUHA [JId TEPMOYIIPYTOM MOJIVIIJIOCKOCTUA CO CBOBOJJIHOM
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[Ipu u3ydeHnn ceficMuieCcKuX MPOIECCOB B 3eMHOI KOpe JIjId ydeTa peajbHbIX CBOWCTB I10-
POJIHOTO MACCUBa, MCIOIB3YIOTCS Pa3IuIHbIe MaTeMaTHIeCKUe MOJE/N MeXaHuKn JedhopMupy-
eMBbIX TBep/IbIX Tesl. Hambosiee m3ydeHBI MPOIECCHl PACHPOCTpaHeHUS U JIuPAKINA BOJIH B
YOPYTHX CpeJiaX P JIEUCTBUU COCPEIOTOYEHHBIX U PACIIPEIETIEHHBIX UCTOYHUKOB PAa3IMIHOIO
BuJia. TeopeTnyecKre UCC/IEIOBAHNS B 9TOM HAIPABJIEHUM HA OCHOBE KJIACCHYECKUX METOJIOB
MaTeMaTuIecKol (bU3MKKU UMEIOT JOBOJIbHO 00mmpHyto 6ubauorpaduio (cm.[1-4]). Peanbubrii
[IOPOJHBII MACCUB, IOMUMO YIPYTHUX, 0013/ Ia€T HMEJbIM PSJIOM JIPYTIUX CBOHCTB, KOTOPhIE OKa-
3BIBAIOT CYIIECTBEHHOE BJIMSHUE HA IPOIECCHI PACIPOCTPAHEHUS] CEHCMUYECKUX BOJIH U €r0
HAIPsI)KeHHO-TebopMupoBaHHOE cocTosiHue. [losTomMy ycioXKHEeHre MaTeMaTHIecKOl MOJIe/In
JUIst OoJiee TOJIHOTO ydera JeficTBYIOmux (hbakTOPOB IPU U3YUCHUH CEHCMUYECKUX IIPOTECCOB
SIBJISICTCs aDCOJIIOTHO HEOOXOMMMBIM. OJIHUM U3 TAKOBBIX fABJIAETCS TEMIIEPATYPa MACCHBA, KO-
TOpas CYIIECTBEHHO BJIUSET Ha €ro HaIpPsKEeHHO-IeOPMIPOBAHHOE COCTOsHUE W MPU CTATH-
YeCKNX, U JIMHAMUYECKNX BozjeiicTBusax. VccienoBanne JUHAMUKE TEPMOYIPYTHX CPeJl TIpU
JIECTBUU HECTAIIMOHAPHBIX CUJIOBBIX M TEIJIOBBIX MCTOYHUKOB BO3MYIIEHUI OTHOCUTCH K YUC-
JIy MaJIo U3YYEeHHBIX MIPODJIEM MEXaHUKHU U MAaTEeMaTU4YecKoil dpusuku. B ¢Ba3m co C/10:KHOCTBIO
[IOCTPOEHUsI PEIIeHNT CUCTEMbl YPABHEHUN JBUXKEHUS TEPMOYIIPYTOil CPeJIbl, KOTOpas OTHO-
CUTCs K KJIACCY CHCTEM CMEIIAHHOTO TuiepOoJIo-1apado/InuecKoro Thia, OObIYHO ypaBHEHUs
YIIPOIIAIOT, IpeHedbperasi Bo3/ieficTBreM yupyrux jedopMaliiii Ha TeMIepaTypHOe MOJIe CPeJIbl.
JL st Takoit Mojie I, KOTopasl Moy Ii/Ia Ha3BaHUe HECBA3AHHON TePMOYIIPYTOCTH, BHAYAIE MOYK-
HO OIIPEJIEJINTh TEMIIEPATYPHOE II0JIe, Pelllasg XOPOIIo U3yYeHHOe MapadondecKoe ypaBHEHHe
TEILIONPOBOHOCTH, & 3aTE€M OIPEJIE/IUTh ITePEMEIEHUs NN CKOPOCTU TOYEK CPEbI, UCIIOJIb-
3y« KJIaCCUYeCKNe YpaBHEeHUs JTNHAMUKYI YIIPYTOTo TeJa, B KOTOPbIE IPAJMEHT TeMIIEPATyPHOIO
TI0JIsT BXOJIUT KaK MaccoBasi cuita. Ho jazxke Jyis Takoit MoJie/in KJIace peleHHbIX 3a/1a4, a TeM 00-
Jiee KOMIIBIOTEPHBIX IIPOrPAMM OU€Hb OI'PAHUYEH. 37eCh PACCMATPUBACTCS BOJIHOBAS JIMHAMUKA
TEPMOYIIPYTOr'o MOJIYIIPOCTPAHCTBA IIPU HECTAIIMOHAPHBIX CUJIOBBIX M TEILJIOBBIX BO3/IEHCTBUSX,
JIJIST 9€T0 MCIIOIb3YeTCsl MOJIE/Ib CBSI3aHHOM TepMOYIIpYyTrocTH. B mpocTpancTBe 11peodpa3oBaHmii
Jlamtaca mocrpoen Ten3op ['puna /119 T€PMOYIIPYTOTO MOJIYITPOCTPAHCTBA, OIMUCHIBAIOIIETO TIe-
pPeMeITeHrsT CpeJIbl TIPHU JIEHCTBUN MTHOBEHHBIX COCPEIOTOUEHHBIX CUJIOBBIX M TEILJIOBBIX UCTOY-
HuKOB. [locTpoeno 0000ITIEHHOE pelienne 3a1a91 JMHAMUKHA TEPMOYIIPYTOT0O TOJIYITPOCTPAHCTBA
B YCJIOBUSX TIJIOCKOU JIe(pOPMAIIIH IIPH JIEWCTBUU TPOU3BOJIBHBIX MACCOBBIX CHUJI U TEILIOBBIX UC-
TOYHUKOB.
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MATEMATUYECKOE MOJIEJINPOBAHUE JUHAMUKUA
VIIPYTON CPEABI ITPY1 OBPABOBAHVUN TPEIIIVH

Jiommta AJIEKCEEBAY®, Tyasmupa SAKUPHAHOBA?Y, Bakeir6ek CAPCEHOB?¢

@be [TaeruryT MexaHukn u MammHOBegeHnst uM. Y.A./[xo/rac6exoBa,
Aumarel, Kazaxcran
E-mail: 'alexeeva@math.kz, 2gulmzak@mail.ru

[Ipencrapierue 06 ouare 3eMJIETPSICEHUS KaK O PE3Y/IBTATE Pa3PhIBa CILIONTHOCTH CPeJIbI IO/T
JIeficTBHEM yIPYTHUX HaupszkeHuit o110 copmymuposano [.Peiigom B 1910 romxy. Semiterpsice-
HUE TTPOUCXOINT 3a CUYeT Pa3psiIKU HaIPsSKEeHU 1myTeM 00pa30BaHUsI TPEIMH B 3eMHON KOpe.
[Ipu sTOM OOpasyoTCcsa ceficMudyecKre IUIAaTallMOHHBIE M CABUTOBBIE BOJIHBI, KOTOPBIE, PACIIPO-
CTpaHAACh B 3€MHOIl KOope, BO3IEeCTBYIOT Ha ITOJ3eMHbBIE M Ha3eMHBIE COOPYYKEHUsI, BHI3bIBAs
JacTO pas3pyIIUTeNbHbIE TOCASACTBUs. BblsiCHeHNe MPUYNH TaKUX ABJICHUN, KaK pas3pylleHne
U TIOTepsl HECYIIeil CIoCOOHOCTH KOHCTPYKIIMM, pa3pylleHue Jerajeil MalmH U MeXaHu3MOB,
TpedyeT n3ydeHus MMPOIECCOB 0Opa30BaHUs TPEIINH, PA3PYIIEHUS U COMPOBOXKIAIONINX UX JTH-
HaMHYeCKUX dBJIEHUN B TejlaxX U cpegax.

Mexanuka paspynienus, Hauao KOTopoit 66110 mojtoxkeno ['puddurcom B 1921 romy, mosy-
qnJ1a pa3sBUTHE TOJIBKO C CePeIMHBI IMPOIILIOTO CTOJIETHS M JI0 CUX IOP JajleKa OT 3aBepIIeHM.
Jl st m3yueHnst TaKUX IPOIeccoB Hambosree 3(hHEKTUBHBIMU SIBJIAIOTCSA METOIBI MaTeMaTHIeCKO-
ro MoJIe/IMpoBaHusd. [ljIst 9T0ro NCIoIb3yI0TCA pa3/IndHble MaTeMaTHIeCKIe MOJIEIN MeXaHUKH
J1ePOPMUPYEMOTI0 TBEPJIOIO TEJIa, B YaCTHOCTH, YIPYTHe U30TPOIHbIE i AHU30TPOIHBIE CPEIbI.
3a1auu TUHAMUKYI TPSMOJIUHENHHBIX U IJIOCKUX TPENIUH B YIPYTUX U YIPYTOIIACTHIECKUAX CPe-
Jax nceaenopachk B paborax 1. Paiica, B.H. Kocrposa, JI.W. Crensna [1-3] u ap. Ha ocHOBe
AHAJTUTUIECKUX METOJ/IOB MEXaHUKU J1e(POPMUPYEMOr0 TBEPJIOTO Teja, a TaKyKe ¢ UCIOJIb30Ba-
HUeM pa3/IMYHBbIX YUCJICHHBIX METOI0B.

311ech, Ha OCHOBE METO 1 000OIEHHBIX (DYHKITHI, pa3paboTaH HOBBIM METO/I pacdera Halpsi-
JKEHHO-1e(DOPMUPOBAHHOIO COCTOSIHUST YIIPYTOrO0 MacCHBa IIPU 00Pa30BAHUN TPEIIUHBI TPON3-
BOJIBHON (DOPMBI € 3aJ[aHHBIM 3aKOHOM B3auMojielicTeusi Geperos Tpemunbl [3-5]. Janbl pe-
IyJIsipHbIEe UHTErpaJIbHbIe IpeICTaB/IeHNs IIepeMelleHuii, JedopMalyii 1 HAIIPS>KEHUH CpeIbl,
sI7Tpa KOTOPBIX SIBJIAIOTCs (DyHIAMEHTAIbHBIMY PEIICHUAME yPABHEHU{T JIBUKEHUs YIIPYTOit Cpe-
Jel. IIpuBejienbl pe3ysibTaThl pacieToB JUHAMUKH YIIPYTO CPeJIbl Ipu 0OPa30BAHUU CABUTOBBIX
TPEIINH U TPEIIUH BEPTUKAIBHOIO Pa3pbiBa MPH ILIOCKOil gedopmartim [6].

KuroueBsblie cioBa: yupyrocTh, TPEIUHA, yAapHbIE BOJTHBI, MeTOT 0000mennbix dpyuknmit 2010 Mathematics Subject
Classification: 74J40
Funding: Asrops! 6b11n nomnepxkansl rpanrom AP05135494 KH MOH PK.
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OYHIAMEHTAJIBHBIE 1 OBOBIIIEHHBLIE PEIIIEHUSA YPABHEHU KOJIEBAHUI
,ZI;BYXKOMHOHEHTHOI‘/’I CPEABI B1O N NX CBOMCTBA

Jiomvmaa AJIEKCEEBAY, Epramu Kypumanos 2°

U Uucrnryr maremarnkn u maremarmaeckoro mogenpoparns MOH PK, | Amvarer, Kasaxcran
E-mail: “alexeeva@math.kz, ® kurmanovergaliQgmail.com

[Ipu u3ydeHnn ceficMuiecKux IMPOIECCOB B 3€MHOI KOpe JIjI y4eTa peabHbIX CBONHCTB I0-
POJTHOTO MaCCUBa MCIOIB3YIOTCS pa3IMIHble MaTeMaTHIeCKe MOJEN MeXaHUKN JeopMupy-
eMBbIX TBep/IbIx TeJs. Hambosiee m3ydeHbI MPOIECCHI PACHpPOCTpaHeHus U JUMPAKIUA BOJIH B
YOPYTHX CpeJlaX IPH JeHCTBUM COCPETOTOYEHHBIX M PACIPEIETIEHHBIX HCTOUYHUKOB PA3JIMTHO-
ro Buja. Ho 3Tu Moje/in He YUMTBHIBAIOT MHOTHUE peaJIbHbIe, CYIIECTBEHHDLIE JIJIs MPAKTUKU,
CBOMCTBA OKPYZKAIONIEr0 MAacCUBa. TaKOBBIMU SBJIAIOTCS, HAIPUMED, HAJIMINE TPYHTOBBIX BOJI,
KOTOPOE OCJIOYKHSIET CTPOUTEJHLCTBO M IKCILIyaTAIUI0 HA3EMHBIX U TOJ3EMHBIX COOPYXKEHUI,
BJINAET Ha BEJIMYUHY U pacupejeseHne Hanpsizkenuii. [lopucrag cpejia, HaCBITIEHHAS ZKUJTKO-
CTBIO WJIM Ta30M, C TOYKHU 3PEHUsT MEXaHUKU CILJIONTHOM CPEJIbI, - 9TO, 110 CYIIECTBY, AByX(a3Hasd
CILTIOTITHAST CPeJia, OJHON n3 (ha3 KOTOPOU sIBJISIeTCS YaCTUIbI KUIKOCTH (ra3a), IPyroi - TBep-
JIble 9aCTUIbI cKesieTa cpejibl. CYNeCTBYIOT Pa3/IMIHbIe MATEMATHICCKIE MOJIETH TaKIX CPE/I,
paspaboTaHHble pa3aMYHbIMU aBTopamu. Hambosiee m3BecTHble U3 HUX - 310 Mojesu M.Bwuo,
B.H.Hukonaesckoro|1,2]. OHako Kjaace peleHHbIX JJisd HUX 3a/a49 OYeHb OIPDAHUYEH U B OC-
HOBHOM CB$I3aH C IIOCTPOEHUEM U UCCJICJOBAHUEM YACTHBIX PEIIeHUl 9TUX YpaBHEHUN HA OCHOBE
METOJIOB TIOJIHOTO U HEIIOJTHOI'O Pa3/IeIeHIil IePEeMEHHBIX 1 TeOPHUH CIeNUaIbHbIX (DYHKINI B
paborax 3TuX aBTOPOB, a Takxke Epxkanosa 2K.C., Aiiranuesa I11.M., Anekceesoii JI.A., B.B.
epmresa [3-5]. B cBs3u ¢ sTuM akTyasbHOil siBiasgercss paspaborka 3(h(EeKTUBHBIX METOIOB
peleHnst KpaeBbIX 3a/1a9 JIjId TaKUX CPeJl ¢ TPUMEHEHUEM COBPEMEHHBIX MaTeMaTUICCKUX Me-
TOJIOB. 3/1€Ch PACCMATPUBAIOTCS IMPOIECCHl PACIPOCTPAHEHU BOJH B cpejie buo, mopoxiae-
Mble JIeMCTBYIONIMME ePHOIMYECKUME CHJIaMU pa3iandHoro tuna. Ha ocHoBe mpeobpazoBanus
Qypbe 0000IMIEHHBIX (DYHKIINI, TOCTPOEHO (YHIAMEHTAJILHO pelleHne ypaBHEHUil KoJiebanmii
cpennl Bro - terzop ['puna, KOTOPBI ONMUCHIBAET MPOIECC PACIPOCTPAHEHUS] TAPMOHUIECKIX
110 BPEMEHM BOJIH (PUKCUPOBAHHOI YacTOTHI B IIPOCTpaHCcTBax pa3mepHoctu N=1,2,3 nipu jeii-
CTBUU COCPEJIOTOYEHHBIX B HaYaJje KOOP/IMHAT CUJIOBBIX UCTOYHUKOB, OIMUCHIBAEMBIX CUHTYJIAP-
HO#1 JiesibTa-dyukiueit. Ha ero ocaoBe mocTpoenbl 06001IeHHbIE PENIEHUS ITUX YPABHEHUN 1IpH
JIECTBUN PA3HOOOPA3HBIX MCTOYHUKOB TEPUOJIMIECKUX BO3MYIIEHUI, KOTOPbIE OIMUCHIBAIOTCS
KaK PEryJsipHbIMU, TaK U CUHTYJIAPHBIMU 0000MEHHbIMU (DYyHKIUAME. [ peryrdapHbix jieii-
CTBYIOIINX CHJI JIAHBI MHTErPAJIbHbIE IIPEJICTABIEHNS PEIeHIil, KOTOPble MOT'YT MCIOJb30BaTh-
cd ISl BBIMHCJIEHNN HAPAZKEHHO-eDOPMUPOBAHHOIO COCTOSTHUS MTOPUCTON BOJIOHACHITIEHHOMN
CPeJIbI.

Funding: Asrops! 6bu1n nojepxkansl rpanrom AP05132272 KH MOH PK.
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AHAJIN3 JAHHBIX U3 COLMAJIbBHBIX CETEM HA OCHOBE TEOPUHM COILIMAJIBHOI'O
BJIUSIHUYA JIATAHE

Aiinana AXMETOBA

Espasmniickuii HannmoHa bHbIH yHUBepcuTer umenn JI.H. I'ymuieBa, Acrana, Kazaxcran
E-mail: akhmetovaazh@mail.ru

B c¢Bs31 ¢ pazBuTHEM MHTEPHET TEXHOJIOTUH CTAJIO0 BOZMOXKHBIM OOINATHCA BUPTYAJIHHO MIPU
romMoIu conuasibubix cereil. Conumanbhast ceth |1,2| npejcrassier coboit nHTEPAKTUBHBIH MHO-
POIIOJIb30BATEILCKUIT BeG-CallT, cojiepKanne (KOHTEHT) KOTOPOrO HAIOJIHIETCS CAMUMU YIacT-
nukamu ceru. CailT mpejicraBisieT co0Oit aBTOMATU3UPOBAHHYIO COIUAIBHYIO CPEJLY, TO3BOJIs-
IOIILYI0 OOIMAThCS I'PYIIe IOJb30Bareseil, o0beIuHeHHbIX o0muMu nHTepecamu. OIHAKO OT-
METHM, UTO CONMAJIbHAA CeTh Il 9TO MHCTPYMEHT, KOTOPBIA MOYKET AKTUBHO MCIIOJIb30BATHCS
rocyapcTBaMu it (DOPMHUPOBAHUS U MaHUIYJTNPOBAHWSA ODOIECTBEHHBIM MHEHUeM. B psiie
crpan (CHIA, Kurait, ®paHniyst 1 T./1.) IPUHSITHI PEIeHnst 00 UCCIeOBAHUI W UCIIOTH30BAHIN
CONMAJILHBIX CeTell B MHTEpecax STUX CTPAH JIJId MOJICIUPOBAHNS COIUAIBHBIX, SKOHOMUIECKHX,
MOJTUTUIECKUX U JIPYTUX IIPOIECCOB M Pa3pabOTKU MEXaHU3MOB BO3JICHCTBHSA HA 9TH IPOIECCHI.
B crarbe npeamnpunsTa HOMBITKA aJallTUPOBATH TEOPUIO JTHHAMUICCKOTO COIUAIBHOIO BIUIHUS
Jlarane [3,4] msg Toro 9TO6BI BBIYUCIUTH YPOBEHD BJIUSHUST OKPYKAIONINX JIOJCH Ha MHEHHE
KOHKPETHOIO desioBeKa. IIpeniokeHbl KonieCTBEHHbIE XapaKTEPUCTUKH, MHOYKECTBA, KOTOPHIE
MOI'YT OBITh BBIYUCJIEHBI WM IIOCTPOEHBI Ha, OCHOBE MH(MOPMAIINH, IOy YeHHON 13 COInaaIbHbIX
cereit. /151 aHam3a conmrabHbIX ceTeil MOXKHO IPeJIOKATH Moaudukaimo GopMmysl Jlarane
B CJIE/IYIOIIEM BU/IE:

N N
Foll t(u;)0;0;
=0 E Followerscount(u;) E E o Owezl“s(coun ()“J) j
(Ui U
i=1 j=2,i>j 1t

B sroit dpopmyste cuioit BIMAHUS CHYTAETCS KOJUYECTBO TOIUCIMKON IMO/Ib30BaTe 1. dem
GoJIbIe KOJMYECTBO MOJIUCINKOB, TeM IOIyJIspHee I0Ib30Baresb. 3aech d*(u;,u;) 11 pac-
CTOAHIE OT TIOJIb30BAaTe/Id U; JIO TOJIb30BAaTe/d Uj, KOTOPOEe OIpeJesiseM MO HeCOBIAICHHAM
AHKETHBIX JAHHBIX. B ciydae, Korja yIuTbIBACTCd PEKJama, HalpaB/JeHHas Ha COODIIECTBO,
nosrygaeM (hopMyITy

=-0 Z Followerscount(u;) Z Followerscount(s)0;05—

=1 i=1

iv: ZN: Followerscount(u;)0;0;
da(ui,uj)

3/1ech KOJIMUECTBO TOIIUCIUKOB coobiectBa Followers.ount(s) - cuntaeM Kak CUJLy BJIUsSTHUS
coo0IrecTBa Ha JIAHHOIO T0Jib30oBaTessd. Keim ecth pekiama Ha coobiiectBo 1o (; IpuHUMA-
et 3uadenne +1, nnade [I1. B mponecce nccnenoBanuit 661 pazpaboTaH MPOrpaMMHBINA KOM-
IJIeKC Ha a3bike Python, comepzxaruit Morysin n3Bsedenust nundopMaIuy u3 CouabHbIX CeTel,
00pabOTKM, aHAIN3a W BU3YAJIU3AINH JaHHBIX. MOIyIb M3BIeUeHUs JTaHHBIX MMEET BO3MOXK-
HOCTL M3BJICKATH JIAHHbBIE, B IEPBYIO OYEpE/ib, U3 KPYIHEHINX COIUAIbHBIX ceTeil: Twitter u
vkontakte. Huxke mpejcrasiensr pesynbrarsl TectupoBanus (tabi. 1). B mocmenteit KooHke
[PUBEJIEHbl YPOBHU BJIMSAHUSI [IOJIMCINKOB (JIpy3eil) paccMaTpuBaeMoro WHIMBUYYMA.

HNucruryr maremaTukun u MaTeMaTHIeCKoro MojeanpoBanus. Anavarer: 3-5 anpess. - 2019



Annual International April Mathematical Conference. — 2019 113

Tabruua 1
Hpysbsa Maksat Zhalel | /Ipysbst | Koi-Bo HecoBItaienuit | Y poBeHb BJINSTHUS
Asselya Moldasheva 828 7 -118.286
Hunbimar Ammmpon 67 8 8.375
Beitbur Ty3zenbaen 128 7 -18.2857
Cepreit Kopoburun 34 7 -4.85714
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[Ipemosoxkum, 9T0 Ha (HUIBTPOBAHHOM BEPOSITHOCTHOM ITPOCTPAHCTBE
(Q, F, (Ft) (>0 P), rje (Ft) >0 — OPOYHOBCKast (BuHepoBcKasi) bubTpanus, T.e. MOTOK O-
aiaredp F; = O'(Fto UN), F = O'(BS, s < t), N = {A e F: P(A) = 0}, 3aJlaH CTaHIapT-
HBIIl BUHepoBcKuil mporecc W; = (Wt) >0 1 b dy3MOHHBIIM (B , S ) -PBIHOK UMeeT CJIETYIONTYIO
CTPYKTYPY:

dBt = TBtdt, BO > 0, (1)

dSt = St (,udt + O'th>, So > 0, (2)

rjie r — HNPOIEHTHAs CTaBKa, (L U 0 — MapaMeTPbl T€OMeTPUIECKOr0 OPOYHOBCKOTO JIBUKEHUA
Sy = (St) 0" YpasHenue (2) ¢ HAYAJIBHBIM YCJIOBHEM S) HE 3aBUCAIIUM OT CTaHIAPTHOIO BHU-

HepoBcKoro 1porecca W = (Wt) 150+ IMEET sIBHOE perieHne Sy = Soe”te"wtfét. OrmeruM, ITO
mapaMeTp [ XapaKTepPU3yeT CPeHIOK BeJMYUHY H3MEHeHUd CKOPOCTH OPOYHOBCKOIO JIBUZKE-
Hus, a auddysuio o2 4acTo HA3LIBAIOT BOJIATUILHOCTLIO, B OHU MOI'YT UMETh JAPYI'HEe CMBICJIbI
B 3aBMCUMOCTH OT IIOCTAHOBKH 3aJaud. DTHU NapaMeTpbl B HaIleil 3aJaue gBJISIOTCA JeTePMIU-
HUPOBAHHBIMU.

JI1st cTaHIapTHOTO JAMCKOHTUPYEMOT'O OIIMOHA OKYIaTe/ s (ONUOHa-KOJLT) (DYHKIUS 118~
Texa f; umeer crpykrypy: f; = e Mg(S;), rae g(z) = (x — K)*, z € E = (0, 00), K — nena
ucnosinenus (strike price).

onoxum V*(z) = sup BoE, L=

B,
ocranokn MP = {7 = 7(w) : 0 < 7(w) < o0, w € Q} u E, obosnauaer MaTemaTHiecKoe

rje sup Oepercd IO KJIACCy BCEX KOHEYHBIX MOMEHTOB

OXKMJaHWe 10 MapTHHrajabHOI Mepe P, oTHOCHTE/NIbHO KOTOpOIl mporece S; = (St) >0 AMeeT

croxactudecknii auddepentuan dS; = Sy (rdt + O'th), So = x. lonoxum p = r. B srom

nonymenun y P, nu E, cuMBoJI ~ MOXKHO OIIyCKaTh.
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Nrak, mycThb

V*(z) = sup Eye M7(S, — K)+. (3)

TEME®

© 00
Jist MHOTEX 1eJ1eif mMeeT CMbIC PAcCMaTpUBaTh HApsLy ¢ KiaaccoM MS® takxke Kiace M, =
{r=7w): 0<7(w) < o0, w € Q} Tex MAPKOBCKHUX MOMEHTOB, KOTOPbIE MOTYT IPHHAMATD 1
3HAYCHHsI 0O, W MOJIATraTh

Viz) = sup E,e” 7 (S, — K)+](T < 00). (4)

TEME®

Otbickanue dyHKIwMin V*(z) n v (x) mMmeer camoe HpsSIMOE OTHOIIEHHE K PACCMATPUBAEMOIO
CTAHAPTHOTO OIIIOHA-KO/IT AMEPHKAHCKOTO THITA, TOCKOJIBbKY 3Hadenus V* (z) u V' () B Tou-
HOCTH COBIIQJIAIOT CO 3HAYECHUSIMHU PAIMOHAJIBHBIX CTOMMOCTEM, B [IPEIIIOIOKEHIN, ITO T10-
KyIlaTeJb OIIIMMOHa MO2KET BbI6I/IpaTb MOMEHT IIpeAbdABJICHUA OIIIMOHA MJIN B KJIaCCe Mgo) nJjim
B Kmacce My u Sy = x. Cityuaif T = 0O COOTBETCTBYET HEIPEIbSANCHIIO OO K MCIIOJ-
uennio. Ecim 7 u T* — onTuMasibHbIe MOMEHTHI B perniennu 3a1a4 (3), (4), To oxu GymyT
ONTHMATBHBIMI MOMEHTAMII TIPe/bABJICHNs TIOKYIATEIeM OIIIOHOB B Kiaccax ME® mmm M, .

Tem cambiM, perrenne 3a/1a4 (3), (4) cBoIUTCA K OTBICKaHUIO 3HadeHus ¢ u GyHkiwn V*(x)
(V*(z) = V™ (), wm, ToxKe camoe, 4ro TpebyeMoe 3Hadenne ©* u V*(x) - nanmensias 3 = (A4
7 )-9KCIeCCHBHAs MarkopaHTa (byHKIUH ¢(T), JOJKHBI ObITH DEIIeHUSMH CJIe/IyIomeil 3a1adu
Credana, wan 3a1a9u cO CBOOOIHON I'PaHUIICH:

LV(z)= (A +r)V(z), =<7, (5)

V(e)=g(z), =>7, (6)
dV(x)| _ dg(z)

de etz dr |ng (7)

2 2
rne L =ra2 + 2222

geckuM jupdepentnmanom dS; = Sy (Tdt + JdVVt).

— mHPUHATE3UMAJIBHBII ollepaTop mporecca S = (St) +>0 CO cTOXaCTH-

KuroyeBbie ciioBa: BEpOSATHOCTHOE IMPOCTPAHCTBO, BUHEPOBCKUI IIPOIECC, MPOIEHTHASI CTaBKa, BOJOTUJILHOCTH, Map-
THUHTAJI, PAIMOHAIbHAS CTONMOCTh, ONITUMAJIBHBIN MOMEHT, 3aja4ua Credana

2010 Mathematics Subject Classification: 91G80, 35J25

O IMOCTPOEHUU MHOXKECTBA CTOXACTUYECKUX ANPPEPEHIINAJIbHBIX
YPABHEHUM YCTOMYUBOI'O IMTPOIPAMMHOTIO ABUN2XKEHN A

Tymvmpa BACUJIMHAL2¢, Mapar TJIEVBEPTEHOB®

! Uncrnryr maremaTnku n Maremarmdeckoro Mojeupopanust, Amnvaror, Kazaxcran
2 Anmaruackmil yHUBEpcHTeT 3HepreTuKH u cBa3u, Ajnmarnr, Kazaxcran
E-mail: ®v_gulmira@mail.ru, *marat207@mail.ru

ITo 3aganHO#l TporpamMMe JIBUKEHUsT
_ 1
IIOCTPOUTH COOTBETCTBYIOIIEEC MHOXKECTBO CTOXaCTUYIECKUX ypaBHeHI/Iﬁ I/ITO

J=Y(y,t)+o(y,t)é &€ RF, (2)
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B KJIaCCe YPABHEHMIA, JIOMYCKAIONMX Tl HAYAJIbHBIX YCJIOBUil Y|y, = ¢(to) cyriecTBOBaHME
U €JUHCTBEHHOCTD JI0 CTOXACTUIECKOH SKBUBAJEHTHOCTH PEIICHUs ypaBHeHus (2) U MHOXKe-
CTBO $-MepHBIX BEKTOP-QYHKIWH Q(y,?) 110 OTHOIIEHUIO K COCTABJISAIONIMM KOTOPBIX MMEeTCs
YCTOIYIHBOCTD 110 BEPOSITHOCTH MHO)KecTBa (1).

Baech £(t) = w(t)+ [p. c(y)P(t, dy) — cirydaiinpiii 1poriece ¢ He3ABUCUMBIME IIPUPAIIEHEIMI,
rie w(t) — BurepoBckuil mporece, P(t, A) — myacconoBckuii mporecc Kak GyHKIus ¢ u myac-
COHOBCKasl cToXacTuveckas Mepa Kak (yHKIms MHO)ecTBa A, a ¢(y) — BekTOpHasi DyHKIHS,
orobpaxKaroias R" B IPOCTPAHCTBO 3HadeHuil mporecca &(t) npu Kaxaom L.

[TpuBeneHHAs IIOCTAHOBKA ABJIsAeTCs 0OOOIIEHIEM 3a1a491, PACCMOTPEHHOI panee pu o = ()
B [1,2].

YpaBHeHIE BO3MYIIEHHOIO JABMKCHUA MATEPUAILHOM CUCTEMBI, 11 KOTOPOi 3aIaHHOE JIBH-
kenne (1) sBsieTcst BO3MOYKHBIM, MOYKET OBbITDH IIPEJICTABICHO B BUJIE

A=A\ y,t)+ B\, y, t)E, (3)

riae A(\, y,t) — Bekrop-dyukiws, B(\, y,t) — Marpuna tuna Epyrusa, yIoBIeTBOPSIONITe YCI0-
suto A(0,y,t) =0, B(0,y,t) =0.

ONPEAENEHUE. Oyukius a(r) Hassiaercsa dyHKIwmeil kinacca Xana (a € € K), ecau ona
HEIPEPbIBHA, CTPOTO BO3pacTraioias u yaosiersopser yeaosuio a(0) = 0.

Teopema. Eciim B OKpecTHOCTH HHTEIrpajbHOro MHOroobpasust A. cymecrByer (pyHKIHsS
JIstimyHoBa co cBoiicTBaMu

a([[All) < V(xy,t) <b([Al]), abe K,
LV < =c(|[Al]), ce K,

TO mporpaMmHoe JBIKeHne A = y — p(t) = 0 cucrempl (3) acHMITOTHICCKH p-YCTOHIHBO 110
BEPOSITHOCTH OTHOCHTEJIbHO ITPOU3BOJILHON HEIIPEPBIBHOMH 110 Y U t S-MEepHOi BEKTOP-(DYHKITHI
Q(y,t) ymoBaerBopsitoineii ycI0BUIO

[zl < BAUAD, 6 € K,

e z = Q(y,t) — Q(e(t),t) n L — npousosmuii oneparop mporecca ().
Funding: Asrops! 66utn noggepxann rpanrom AP05131369 KH MOH PK.

KuroueBble CI0Ba: yCTONYIMBOCTD 110 BEPOSITHOCTHU, IPOrPAMMHOE JIBUKEHUE, (DYHKIUsI CPABHEHHUSI
2010 Mathematics Subject Classification: 60H10
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YUY CJIEHHOE MOJEJIMPOBAHUE IMPOCTPAHCTBEHHOTO TYPBYJIEHTHOT O
IEPEMEIINBAHUSI CBEPX3BYKOBOUM CTPYU B CIIYTHOM CBEPX3BYKOBOM
IIOTOKE C HAJIO2KEHMEM JOIIOJIHUTEJIBHBIX BOBMYLHEHHﬁ.

Axepke 3AJTAVJIBIY, Acems BEKETAEBA2®

U Wucrnryr MareMaTHKn H MaTeMaTHIeCKOro MogeHpoBanms. Anvarsl, Kazaxcram
2 PhD 2 rona obyuenust, IHCTHTYT MeXaHHKH U MalmuHOBeqeHns. Anvarsl, Kazaxcram
E-mail: “azadauly@gmail.com, *azimaras10@Qgmail.com

I3ydenne CBOMCTB CMEIINBAHUS CTPYH UI'PAET BazKHYIO POJIb BO MHOI'HX 3a/1a9aX IIPOMbIIII-
JIECHHOCTH, TaKUX KakK: Typ6yﬂeHTHoe CMEIIMBaHUE CTPYU TOIIJIMBa C BO3/yXOM B KaMepaX CI'O-
paHus, B3aMMOJIEICTBAE CTPYM MPHU 3allycKe paKeThl 1 KOCMUYECKOTO MEeXaHM3Ma C ITYCKOBBIM
obopyroBarueM u T.J1. [Ipobema yiydiennst cMelmBaHus CTPYil, KaK HI3KOCKOPOCTHBIX TaK U
BBICOKOCKOPOCTHBIX, HCCJIEIOBATIACEH IKCIepuMeHTanbHo [1-3] u uncienno [4-6]. Ha cerommsim-
HUil JIeHb U3BECTHBI PA3/IMTHBIE CIIOCOOBI YIIyUIIEHHUs CMEIIEHNs] CTPYH U HOTOKA K IIPUMeEpY:
BBeJIEHUE YCTYIIOB U KaBePH Ha CTEHKAX KaMep CrOPAaMHs, JOMOIHATEIHHOE BO3MYIIEHNE CTPYH
Ha Bxode u T.1. [7-9]. Oxmaro mpobiemMa KOHTPOJIS YILyUIIEHIs CMEIUBAHIS OCTACTCH 10 Ceif
JIeHb aKTyaJIbHOM.

B nganmoit paboTe WHCIEHHO MOJIEIUPYETCA CBEPX3BYKOBasi TypOyJIEHTHAst KPyIJlasl CTPYs
B CIIyTHOM CBepx3BYyKOBOM moTOke Merojom LES. Tedenme ommcwiBaeTcst cucrtemoil Tpexmep-
HBIX OCPEJHEHHBIX 10 MpocTpaHcTBy ypaBHeHuii Habe-Crokca jijtst czkuMaemMoro TypOyJsIeHT-
HOTO COBEPINEHHOTO ra3a, 3aMKHYTBIX MO/1e/1bi0 CMaropuwHcKoro. [Ij1s KoppeKTHOM TOCTAaHOBKH
IPAHMYHLIX YCIOBUIl Ha BXOJje HapsLy ¢ 6a30BbIMH XapakTepucTukaMu (byHKIms TunepbosIi-
ECKOI'0 TAHIEHCA) 3aaI0TCs (PIIYKTYAIMH CKOPOCTH CIEKTPATbLHBIM METOOM, HO3BOJISIONIIM
IPABUJILHO OIKCATH AHU30TPOINMIO BHXPEBBIX TypOyiaeHTHBIX cTpyKTyp [10]. dasee, ¢ memnbio
YILydIIeHUs CMEIICHNs, HATaraloTCs JOIOIHUTE IbHbIE HECTAI[IOHAPHBIE BOSMYIIIEHUS Ha BXOJIE,
IyTeM 3aJaHus IePUOANIecKUX (DYHKIU ¢ MaKCHMaJIbHOH aMmmuTynoil 3-10 mpomenTos or
6a30Boit ckopoctu. HceremoBasoch BausgHue aMIIATYIHBIX U YaCTOTHBIX XapaKTEPUCTUK ITUX
BO3MYIIEHNN HA TYPOYJIEHTHOE CMEIIeHre CTPYH U MOTOKa. B pe3ysibrare ObLIO BBISBJICHO, YTO
BapUAalns 9aCTOTHI IPUBOJUT K YBEJINICHUIO PA3MEPOB BUXPEH U CYIIECTBEHHOMY POCTY CJIOST
cMmerennst. JlOMOMHATEIBHO GBI IPOBE/IEH CPABHUTEIbHBI aHAIN3 INCIEHHOTO MOJIE/IHPOBa-
HUSI ¢ 9KcIepMeHTOM [11], B pesysbraTe KOTOPOrO HOJIYYIEHO JTOCTATOTHO YAOBIETBOPHTEIBHOE
COBII&/IeHNe BLIMUC/ICHHBIX JTAHHBIX C OIBITHBIMIL.

dunancuposaHue: Asropbl 661K oA Iepkanbl rpanTom AP05131555 KH MOH PK.

KuroueBsie ciioBa: YucieHHOEe MOIETMPOBaHNE, CBEPX3BYKOBasl CTPYsl, COBEPIIEHHBIN ra3, ypasuenus: Hapbe-CToKca,
yIIydIlleHne CMEINBaHusi, BO30YKIeHHAs CTPYsl, CIEKTPAJIbHbIE TPAHNIHBIE YCIOBHS.
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YUCJEHHBIN AJITOPUTM HAXOXKJAEHHWS PEIIEHUS ITOJIYIIEPUOANYECKON
KPAEBOW 3AJIAYM JIJIsI OJJHOTO HEKJIACCUYECKOI'O YPABHEHUSI TPETHETO
MOPSIJTKA

Comvbar KABJIPAXOBAY, Asuza CAPCEHBAEBA2?

! acruryr MaTeMaTHKH H MATEMATHIECKOIO MOJICIHPOBAHMIST
L2KasHY nvenn ann-Papabu, Anvarsr, Kazaxcran
E-mail: *S Kabdrachova@mail.ru, Yazizok 96@mail.ru

B obmacru €2 = [0,w] x [0,T] paccmarpuBaercs mOJIylIepHOIIIecKas KpaeBas 3ajada JIisd
OJIHOTO HEKJIACCHIECKOIO YPABHEHHs TPETHETO IOPAIKA

PBu 92w S P .
920 ao(l‘,t)m + a;(x, t)% + az(x,t)w + as(z, t)a—i_

tag(z, thu + f(x,t), (z,1) € Q, 0

u(0,t) =(t), t €10, 77, @)

u(z,0) = u(x,T), z € [0,w], 3)

8u(;7;, 0) _ 8u(§t, T)’ v e 0. "

re f(z,t),a;(x,t)(i = 0,4) nenpepuisrble Ha ) dyHkmm, () IBazKIB HETpephIBHO audde-
pernupyemas va [0, T dyukus, yuosiaersopsiomnias yeaosusam ¢ (0) = (7)), w(O) = w(T)

Kpaesbie 3aja4m 11 ypaBHEHUWIT B YaCTHBIX IPOU3BOIHBIX TPETHErO MOPSJIKA ONUCHIBA-
10T peaJibHbIe TIPOIECChl MEXAHUKU, HEJIMHEHHON aKyCTUKN, MArHUTHON IMujipoguHaMuKku. [Ipo-
JIOJTbHBIE KOJIE0aHNs COCTABHBIX CTEPYKHEN, COCTOMINUX U3 YIPYIHUX U YIPYTO-BI3KUX yIaCTKOB
OIMCBIBAIOTCS yPABHEHHEM TpPeThero mnopsijika [1-3]. Bormpockl nocssiieHHble KOPPEKTHOM pas-
PEIIMMOCTY KPaeBbIX 3aJad JJisl YpaBHEHUil TPEThero MOpsiIKa ¥ METOAbI MX MCCJIeJI0BAHMUS
pacemorpenbl B paborax [4,5]. B pabore [6] ycraHOBI€HO OfHOZHAUHAS PA3PEIIUMOCTD HEJIO-
KaJIbHOM Kpaepoil 3ajaun jyist JuddepeHnmaabHoro ypaBHeHus TPEThero MopsijKa U ONEeHKN
pelenust.

B nannoit coobrennn Ha OCHOBe MOAMMUKAIMK METO/a JIOMAaHbIX Jiiaepa |7] mocTpoen
AJITOPUTM HaXOXKJIeHUsI Mpub/ImKeHHoro pemenns 3amadn (1)-(4). Ha ocroe crerumanbHOTO
npeodpa3oBaHus HEM3BECTHON (DYyHKIUM ypaBHEHUE TPETHEro MOPSJIKA CBOIUTCI K CeMeiicTBe
[EPUOJINIECKNX KPAeBbIX 3a/ia4 JIJIsi CUCTeM OOBIKHOBEHHBIX UM depeHInaIbHbIX YPaBHEHNUIA.
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st crcteM OOBIKHOBEHHBIX Aud DepeHnnaabHbIX ypaBHEHNH TPpUMEHsIeTCs MOIuMUKAIIAA Me-
TOJIa JIOMAHBIX Jitaepa. IToaydeHbl yea0BrsI CXOAMMOCTH METO/Ia JIOMaHbIX Diljiepa K PElreHnio
paccMmaTpuBaeMoil KpaeBoil 3a/1a4u.
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MOAEJMPOBAHUE JABUXKEHUS TOJIIIBI HA OCHOBE KJIETOYHBIX ABTOMATOB B
cucteME ANYLOGIC

Mancug KAHTYPEEBA',

v Eppasuiickuii nanuona/saelii yausepcurer um. JI.H. I'ymuiesa
I Y Y )
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B pabore paccMaTpuBaioTCsd MMUTAIIMOHHBIE MOJIEN JIBUZKEHUS JIIO/Iel, Oas3upylonmecs Ha
Teopuu KJaeTouHbIX aBromaron |1-4]. Tosma - ojHO U3 Be3ecyIux siBJEHUl B HAIEH YKU3HU.
Bammura Jro/eil 0T BO3EHCTBHs OMAacHBIX (baKTOPOB (II0Kapa, YIPO3bl B3PbIBa, 3aTOIJICHUS W
JIp.) SIBJISIETCST OJTHOM U3 aKTYAJbHBIX 3a/1a4. Fe yCIelHoe pelenne mpejirnoJiaraer onpeieeHue,
IIpEeKJIe BCEro, BDEMEHHBIX XapaKTEPUCTUK JIBUZKEHUS JIIOJIEN.

Bribop dopmasiuzma, OCHOBAHHOI'O Ha TEOPUH KJIETOYHBIX aBTOMATOB, B psijie C/IydaeB Jia-
€T BO3MOXKHOCTH OoJiee OBICTPOrO MOJYyYeHHUS Pe3yJIbTATOB C ITOMOIIBI0 KOMITBIOTEDHOTO MO-
JIEJINPOBAHUS U MPEJIIOYTUTENIEH, KOTJIa TPpeOdyeTcsd MHIMBU/IyaJIbHOE IIPe/ICTaB/IeHne KayKI0ro
YeJI0BEKA, YIACTBYIONIETO B JIBUKEHIH.

[IpakTuyeckasi 3HAYMMOCTb TAKOTO POJia MOJICTUPOBAHUSA COCTOUT B TOM, YTO paspadoTaH-
HBbIe METO/IBI MOT'YT HCIIOJIb30BATHCS JIJIsT aHAJIN3a IIPOIECCOB dBAKYAIlNN U3 3/[aHUI U COOPY-
xennii. Ha ocHOBe 9THX 2Ke METOJIOB, C MCIOJIL30BAHIHEM MATEMaTUICCKOTO MOJICTUPOBAHUS,
MOT'YT OBITH BBIpaOOTAHBI PEKOMEHIAINN €Ille Ha, CTaINK TPOEKTUPOBAHUS 3/IaHUI U YJIUIL, T.€.
repej; Ha4ajJoM CTPOUTEHCTBA.
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[IpoBemen 0630p 1 aHaIN3 MHOTHX HATYPHBIX HAOIIOACHUI 3a MOBEICHUEM PeabHbIX TOJIII,
B TOM YHCJIE€ U3yUYEHUE 3aBUCUMOCTH ILJIOTHOCTH, CKOPOCTU TOJIIBI M IPOIYCKHON CIIOCOOHOCTH
PA3IMIHBIX COOPY2KEHMI OT Pa3/JINIHBIX BHEITHUX HapaMeTpoB. OCHOBHBIM HHCTPYMEHTAIbHBIM
CPEJICTBOM JIJIsI BBIIIOJIHEHHUs JTAHHON paboThl siBJsieTcss mporpammHuas cucrema AnyLogic [5].
ABTopoMm JraHHO# paboThl ObLIa CO3/aHa MOJIeIh HeboIbIoro aspornopra (Puc.1).

AnyLogic gBsieTcss yHUKaJIbHBIM ITPOTPAMMHBIM TPOYKTOM, TOIEPKUBAIONNM TPU Me-
TOJIOJIOTUY UMUTAIMOHHOTO MOJICTMPOBAHNS, HA3bIBAEMbBIX: CUCTEMHAas JUHAMUKA, JTUCKPETHO-
cOOBITHITHOE U areHTHOe Mojie/inpoBanne. CrucreMa BK/IIOYaeT HAOOD NPUMUTHBOB U OUOJIMO-
TEIHBIX O0OBEKTOB I d(PEPEKTUBHOTO MOJCIUPOBAHUS ITPOU3BOJCTBA M JIOTUCTUKU, OU3HEC-
IIPOIIECCOB U IIepCcoHa/Ia, (PUHAHCOB, MOTPEOUTEILCKOTO PhIHKA, a TaKxKe OKpYyzKaroleil mHdpa-
CTPYKTYPbI B UX €CTECTBEHHOM B3aMMO/ICHCTBUMN.

B nepBoit pazpaborannoit Mojiesin nMeeTcss BO3MOXKHOCTE 2D-annmaruu. B cierytomeit mo-
Jnenn ucnosb3dyercs 3D-annmarus. /lobaBiena KaMmepa, BOSHUKAET COOTBETCTBYIoMee 3D-0KHO,
1 ITacCaXKupbl TaKxKe 0ToOparkaroTcs B Buje 3D-00beKTOB.

[Taccazkupsbl, TPUOBIBAIOIINE B a9POIIOPT, PETUCTPUPYIOTCS Ha peiic. 3aTeM Bce MacCarKuphbl
JIOJIZKHBI OYJIyT ITPOUTHU TIPOIEYyPY HPEIOJIETHOIO JIOCMOTpPA, MOC/Ie Yero OHM CMOTYT Hallpa-
BUTHCS B 30HY OXKUJIAHUsI TIEPEJ] lefiTaMu, JI0KUIasgCh Hadala ocaJKu Ha cBoit peiic [5,6]. [Tpu
0O'bSIBJICHMH HadaJia MMOCAIKH, TTACCAXKUPbl HAIIPABJISIOTCS K COOTBETCTBYIOIIEMY reiiTy. ¥ refi-
Ta CJIyKalllFie a’3poIopTa IMPOBOJSIT IIPOBEPKY IOCAI0UHBIX TAJOHOB, IIOCJIE YEro MacCasKUpPhbI
IIPOXO/ISAT HA TOCAJKY HA CAMOJIET.

NsmeHeHnsT cKOpOCTeil IBUYKEHNsT YIACTHUKOB TOJIIBI 3aBUCAT OT MHOIUX HPUYINH, TPYIHO
MO TIUHSIOIIUXCST TOTHOMY pacdeTy. [loaroMmy mipu oreHke CKOpOCTH JABUKEeHUST HeN30eKHO IIPH-
XOJUTCA TpuderaTh K CPeIHNM 3HAYEHUsSIM, KOTOPbIe MOXKHO CUNTATH HAJI€’KHBIMH, €CJIM OHHI
YCTAHOBJICHBI Ha OCHOBAHUU CTATUCTHYCCKUX METOJIOB.

B sHaunTenbHONl cTENeHM CKOPOCTH JIBUKCHHUS 3aBHCHT OT ILJIOTHOCTH JIFOJICKON MACCHI.
B paccMoTpeHHBIX MOJIENAX JBUKEHHE JIIOJCKUX IMOTOKOB HOCHT CIIOKOMHBIN XapakTep. Ec-
JIN TIPEIIIONIOKUTh, UTO B TAKUX CKOILJICHUSX HEOXKUIAHHO BO3HUKHET aBapUiiHasi CUTYAIHI,
JIETKO TIPEJICTaBUTH cebe K KAKUM CEPbEe3HBIM ITOCJIEICTBUSIM OHA MOXKeT IpuBecTu. V3ydenue
I0/TOOHBIX CUTYaIlnil TPEOYET YCI0KHEHUST MATEeMATHICCKUX MOJICICH.
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O NEPUOJUYECKON KPAEBOW 3AJAYE JIJIsI JU®PEPEHIIMAJILHOTO YPABHEHUS
B YACTHBIX MPOU3BOJIHBIX TPETHEI'O MOPSIIKA

Amna KEJIJIUBEKOBAY, Hypryn OPYMBAEBA??

L2KaparanuHcKuii Tocy/IapCTBeHHbIH YHIBEpCHTEeT NMeHn akaieMmuka E.A.Bykerosa, Kaparama,
Kazaxcran
E-mail: ®*OrumbayevaN@mail.ru

Ha Q = [0, X] x [0, T] paccmarpuBaeTcst eproiuiecKasi KpaeBas 3a/1a9a
u 0%u

MZA( )a2+3(xt)U+f(xt) (z,t) € Q, (1)

u(w.0) = (e 1), uo.) = ¢(0), 200y )
rae (nxn) - marpunst A(z,t), B(x,t), n-Bekrop-dyukunu f(x,t) HenpepblBHBI Ha ), N-BEKTOD-
dbyukimu ¢(t), ¥(t) menpepoisao-auddepennupyemsr Ha [0, 1.

B coobmennn uceepyoTes BOIPOChl CyIIeCTBOBAHNS PEIICHUs IIEPUOANYICCKOI KpaeBoil 3a-
Ja4an I cucTeMbl TuddepeHuaabHOr0 YPaBHEeHH B YaCTHBIX IPOM3BOIHBIX TPETHEro Io-
pazaka (1), (2) u mpeyraraercst METO MOCTPOEHUS ee TMPUOMKEHHOTo perernst. C MOMOIIBIO
JIONOJTHATEIBHBIX (DYHKIMI paccMaTpuBaeMas 3a/a49a CBOIUTCA K SKBUBAJCHTHOI 3a1a4e, co-
cToAIme N3 ceMeiicTBa MHOIOTOYEYHBIX 3a1a4 J1JIst OOBIKHOBEHHOTO 1 depeHIaIbHOrO ypas-
HEeHUsI IIePBOro INOpsAJIKa ¢ (PYHKIMOHAJBLHBIM IIAPAMETPOM M HHTErpajbHOTO COOTHOIICHHS.
[TpemiozKen aJropuT™M HAXOXKICHUs PUOIMAKEHHOTO PENICHUs UCCIeLyeMO 3a1a491 U JOKA3a-
HA, ero cXoAuMocCTb. [Ipn ycTaHOBIeHNN yC/IOBHI Pa3peNIMMOCTH CeMeiiCcTBa, MHOIOTOYEUHbIX 3a-
J1a4 J1J1st OOBIKHOBEHHBIX JuddepeHuaabibIX yPaBHEHUI IEPBOro MOPSIKa UCIOIb30BAH METO.,
napaMerpusanun [1]. YeTaHoBIeHBI JOCTATOUHBIE YCJIOBUs CYNIECTBOBAHUS U € IUHCTBEHHOCTH
pelienns IepruoInIecKoil 3a1a4r i cucTeMbl J1uddepeHualbHOr0 ypaBHeHus: B 9acTHBIX
HPOM3BOAHBIX TPETLEro nopsaka. ClpaBeymBa ciieryromast

Teopema. Ilycrs npu mekotopeix h > 0 : Nh = T,N = 1,2,..., (nN x nN) marpura
Q(z, h) obparnma 1ipu Beex = € [0, w| U BBIMOTHIIOTCS HEPABEHCTBA
D 1QG, I <A, k) Dalwae,h) < p< 1, qle, h) = hlL + a(x)y(z, k)]

Torya cyiecTByer euHCTBEHHOE perenne 3aja4u (1), (2) u crpaBeyIuBbI OleHKH @) max || A5 (z)—

r=1,

M @)+ max  sup  [or(a,t) — 0 (2, 1)) <
r=1,N te[(r—1)h,rh)

< oz, h)b(z) (/jo dnd§> /jX h)dndé x

]2k1

€[0,T] te[0,T

xmax{max le(®)l, s 1960 Hfuo}
<

b) max  sup ||lur(z, t) (k)(x )l
r=1,N te[(r—1)h,rh)

r=1,N te[(r—1)h,rh)

z &
< / / <max I = A ()] + max sup ||i7if(?7,t)—5§k)(n,t)||)dnd£,
0 0

b= 1,2, oe a@) = max A, 0] b(z) = max B0l 17 = max /(1)

[g(z, h) +~y(x, h)h]
1 —a(x)q(x,h)

(o) = [a<x, Mo, h) + (e, W [ale) + b@)o(e),  olw,h) =
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z £
o) = max{ (a) + 1)+ [ [ ota) + a1+ 100,18 f

xmw{mwuwwwmwuwwmwm}

te[0,7 te[0,7
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YU CJAEHHOE MOJIEJIMPOBAHUE IMPOI[ECCA OBPA30OBAHUA CTPYKTVYP
JIM3ETAHTA I1O/ ,HEIZCTBPIEM QJIEKTPNYECKOTI'O IIOJIA

Bukrop KUPEEB", Beikeir HIAJTABAEBA?®, Hyp6onar JKANTUYNBEKOB 2, Aiirymns
BAKIPOBA !,

! Bamgupckwmii rocynapersennbni yausepcurer, Ya, Poccus
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KonebarenpHble XuMuyueckne peakIiy, B KOTOPBIX KOHIIEHTPAINN PEArnpYIONNX BEIECTB
U3MEHSAIOTCS [MePUOIMIECKU, Ha MPOTAKEHUN 0oJiee CTa JIeT ABJSIOTCH MPEIMeTOM U3YUeHUs
YUEHBIX PA3IUYIHBIX CIEIHaIbHOCTEN: XUMUKOB, (DU3UKOB, OMOJIOTOB, T€0JION0B, MEJINKOB, Ma-
temaTukos [1|. Haubosiee usBecTHbIMU IpUMepaMu KOJI€OATEILHBIX XUMUUECKUX ABJISTIOTCS Pe-
aknun Bpes-Jlubascku (1921), Bemoycosa-2Kaborunckoro (1958) u Bpurrca-Paymepa (1972).
Kombna (wau coon) JIuseranra, npezcrapisiorye coboil TPOCTPAHCTBEHHbBIE I€PUONIECKUE
CTPYKTYPBI, ObLITN BIIEPBBIE OOHAPYKEHBI HEMEIKIM XuMuKoM Padasiem Iyapaom Jluzeran-
rom B 1896 rojy, HO JI0 CHUX TIOp HE CO3JIaHA TEOPHs, CIIOCOOHAS OOBLICHUTH BCE MEXaHU3MBI,
Jie’Kalle B OCHOBE 9TOi mepuoandeckoii peakmuu [2-3|. laibHeiiee TeopeTudeckoe u IKCIe-
pUMeHTaIbHOE U3yYeHre 3aKOHOMEPHOCTel 00pa3oBanus CTPYKTYp JInzeranra mMoxker, B 9acT-
HOCTH, CIIOCOOCTBOBATH OoJiee ITyOOKOMY IMOHUMAHUIO 0COOEHHOCTEN 0CaIKOOOPA30BaHUs B pa3-
JIMYHBIX TEXHOJIOTMYECKUX MPOIeccaX HePTeXuMUIeCKUX IMPOU3BOJICTB.

B pabore ¢ momoIrpo YucaIeHHOro MO TUPOBAHUS UCCIEIyeTC s IIPOIEcC 00pa30BaHus CTPYK-
Typ JIu3eranra, T.e. MpoIeCC MEPUOJINIECKOTO OCAXKIEHUS IIPU B3auMHON Jnuddy3un 1ByxX pea-
TUPYIOMNX XUMUIECKUX BEIECTB, IIPU HAJIMIUN BHEITHETO TTOCTOSHHOTO 3JIEKTPUIECKOTO OIS,
MaremaTrdeckas MOJIEb MIPOIECCa COCTOUT U3 Tpex juddepeHnuaababX ypaBHenuii quddy-
3UM-PEAKITUN JIId KOHIIEHTPAIINI NCXOIHBIX KOMIIOHEHT U obpa3yrorierocs ocajika. Kunernka
obpa30oBaHMs OCAJIKA OIUCBIBAETCA B COOTBETCTBHM Teopueil nepenacoimenus B. OctBasbia.
YVpaBHeHUs MaTEMATUIECKOI MOJIESTN B OJTHOMEPHOI 1 JIByMEPHOI ITOCTAHOBKAX PEIaJIiCh TUC-
JIEHHO METOJIOM KOHTPOJILHOTO 00'beMa C MCIIOJIb30BAHMEM HAIUCAHHOIO aBTOpaMu paboThl Ha
si3biKe C++ KOMITBIOTEPHOTO KOJIa.

B pesyibrare 4uciaeHHOroO MOJEIMPOBAHUS MPU OTCYTCTBUU SJIEKTPUUECKOTO TIOJIs OBLIN
MOJTyYeHbI IEPUOJINIECKHE CTPYKTYPLI U3 00Pa30BaBIIerocs 0cajka, KOTOpble KA4eCTBEHHO CO-
OTBETCTBYIOT KapTUHAM, HaO/IIOJABIINXCS B SKcniepuMenTax. [lokazano, 9To mojrydeHnble Juc-
JIEHHO KOJIbIIA JIM3eranra yJI0BIeTBOPAIOT U3BECTHBIM 3aKOHOMEPHOCTSIM: COOTHOIIICHUE PACCTO-
SAHUIN JIO COCEJTHUX KOJIEI[ OCTACTCA TMOCTOSHHBIM U CYIIECTBYET CTEIEHHAasl 3aBUCUMOCTH MEK-
Jly PACCTOSHUSMU JI0 KOJIeIl M BpeMeHeM nx oOpasoBanmusd. lcciaenoBaHo BIMSHUE OTHOIIEHUS
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KOHIIEHTPAIIUN MCXOJIHBIX BEIEeCTB U HAIPSXKEHHOCTH SJIEKTPUUECKOrO I0JIs Ha XapakTep 00-
pasyiomuxcs crpykTyp. OOHAPYKEHO, 9TO YBeJIMUYCHIE HAIIPSIKEHHOCTU JIEKTPUIECKOTO TOJIs
MIPUBOJIUT K YMEHBIIEHUIO YHCIa 00PA3YIOMIIXCd CTPYKTYP.
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PEIIEHUE OJHOW I'PAHUYHOM 3AJIAYU [AJIsd YPABHEHUS TEIJIOIIPOBOIHOCTHU
B OBJIACTU C IMOABUYKHOW T'PAHUIIEN

Vuberkyn KOWJIBIIIOBY, Kymuap BENCEHBAEBA??

! Kazaxcknit nanmonasusli yausepcurer um. aab-Papabu, Amvars:, Kazaxcram
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Annorarusi. [losrydeno siBHOe pelieHre OJIHON IpaHUYHON 3aja4u JijId ypaBHEHUsT Tell-
JIOIIPOBOJIHOCTH C ITOJBUXKHON I'paHUIEl, B 00/IACTH BBIPOXKIAOIIEHCsT B Ha9aJIbHbIE MOMEHT
BpPEMEHN.

Kpaessbie 3agauu it ypaBHEHUI TEILJIONPOBOIHOCTU B 00JIACTAX C JIBUXKYINEHCS IDAHUIICH
[PUHITUIINAIBHO OTJIMYHBI OT KJaccmYecKuxX. BcesegcTsue 3aBucuMocTu pasmepa 00JIacTH OT
BpPEMEHU, K 9TOMY THUILY 3aJia4 B OOIEM CJIydae He TPUMEHUMbI METO/IbI PA3JIe/ICHIs IIepeMeH-
HBIX W UHTErpaJbHBIX ITPeodpa30BaHmii, TAaK KaK OCTaBasgCh B PaMKaX KJIACCUYECKUX METOJ/IOB
MaTeMaTH4IeCKOl (DU3NKU, HE yJIaeTCsd COTJIACOBATH PEIeHHe YPaBHEHUs TEIJIOIPOBOIHOCTU C
JIBUZKEHUEM I'PAHUIbI 00JIACTU TEILIONEPEHOCA.

Permenne sToit 1pobsieMbl SIBJIAIOCH ITPEIMETOM HMCC/IEOBAHUA MHOTHX OTEYECTBEHHBIX U
3apy0OeKHBIX MaTeMaTUKOB. Boibioe unc/io paboT MocBAIIeHbl KPAeBhIM 3a/adaM B HEBBIPOK-
JTAIONIUXCsT 00JIACTSX, B HUX PACCMATPUBAJIUCH BOIPOCHI CYIIECTBOBAHUS KJIACCUIECKUX Derlie-
HUI METOJIOM TEIJIOBBIX MOTEHITUAJIOB KaK JIJIsi yPABHEHUs TEILIOIPOBOIHOCTH, TaK U JIjist bojiee
o0IuUX ypaBHeHU{l TapaboImiecKoro Tula.

Korma obsracth BBIpOXKIaeTCAd B HaYaJIbHBIE MOMEHT BPEMEHU, TO METOJI IOC/IE/I0BATE /b
HBIX NTPUOJIMZKEHUI PEeleHns NHTeIPAJIbHBIX YPaBHEHUN HEBO3MOYKHO ITPUMEHUTH. TaK Kak Impu
BBIPOXKJIEHUN OOJIACTU MHTEr'PAJIbHBIE OIEPATOPHI CTAHOBATCS OCOOBIMHU, TO €CTb, IIPU UX BO3-
JefiCTBUU Ha ITIOCTOSTHHYIO W CTPEMJIEHUN BEPXHETO IIPe/iesia K HYJII0, OHU HE CTPEMUTCS K HYJIIO.
UurerpasbHble ypaBHEHUsI TAKOIO Pojia ObLIO TOJIyYeHo B pabore [§] | npu u3ydueHnn TemaioBoro
MOJI »KUJIKUX KOHTAKTHBIX MOCTUKOB M HAlJIEHO ACUMIITOTHYECKOE pellenne, KOTOPoe MOXKHO
HCIIOJIL30BATh JIJI PelleHns NPAKTUIeCKUX 3a/1a4.

Jannas pabora TOCBAIIEHA MCCJIEIOBAHAIO OJHON I'PAHUYHON 3a/1a9u JIJIsl YPaBHEHUS Tell-
JIOITPOBOJTHOCTH B OOJIACTH, BBIPOZK IAIONIENCAd B HAYAJIbHBIII MOMEHT BPEMEHU, KOI/Ia I'PaHUIa
JBUZKETCS TI0 JTMHEWHOMY 3aKOHY.

[Tosyuen gBHBIN BUJT PEIIEHUS JIAHHON 3a/1a491, BIIOCIEICTBUA KOTOPOTI'O MOXKHO ITPUMEHATH
JIJTsl 9UCJIEHHOTO PEITeHunsl.
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PaccmarpuBaercs ciefyromast 3aia4a: Tpebyercs Haiitu dyskimo u(x,t) B obmactu D(0 <
r < at, t>), tae a > 0, yI0oBIeTBOPSIOINIEE YPABHEHUIO:

Uy = a*Upe, (2,t) €D ={(2,t), 0<x<at, 0<t<T}, (1)
IPAHUYHBIM YCJIOBUSAM:
u(0,8) = (t), ulat,t) =y(t), (0<t<T), (2)

Pemenne 3amaan (1) — (2) mmeer cieayronuii Bu;:

t
+oo
aG 2 t t_ an(z+ant)
u(x,t) = —4@2/ Z (z+ ga . 7) e o(T)dT—
T
g n=—o
+oo
42 Z 0G(z + (2718— Dat, t — 1) ' 62(2n71>aw+(j:271)2a2t+a2rw(T)dT’
0 n=—o© x

1 22
e G(x,t) = ——=e1?;
(%) 2av/ 7t
HerpyiHO IpOBEPUTD, UTO TIOJIYUEHHOE PellleHre yI0BIeTBOpsieT ypasHeruio (1) u rpannd-

HBIM yCJIoBUsIM (2). AHAJOIrHYIHBIM 0OPA30M MOXKHO HANTH peIleHue U JPYTUX TPAHUIHbIX 3a-
nad.

KuroueBrie ciioBa: ypaBHEHHs TEIJIOIPOBOJHOCTH, I'DaHUYHAsS 33/la4da, [TOABUKHAs I'DAHUIA, BBIPOXKIAOIIEiicsa 00-
JIACTb, SIBHOE PEIIEHUE.
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TEOPEMBI O CYIIIECTBOBAHUU U KOMITAKTHOCTU PE30JILBEHTHI OITEPATOPA
HIPEAMHTEPA C OTPUILIATEJIbHBIM ITAPAMETPOM U MX INPUMEHEHUE K
N3YYEHNIO CUHI'VYJIAPHOI'O OIIEPATOPA TUITEPBO/IMYECKOI'O THUIIA
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E-mail: “musahan_ m@mail.ru, ®mmuratbekov@kuef.kz

Omneparop Hlpemuarepa L = —A+¢(z), © € R" gBiasgercs 0JJHIM U3 OCHOBHBIX OIIEPATOPOB
COBPEMEHHOII KBAHTOBOH MEXaHUKH U TeopeTudecKoil ¢dpusuku. V3BecTHO, 9TO JjId OllepaTo-
pa lpeaunrepa L mosyuero nemasio yHaMeHTaIbHbIX pe3y/abTaToB. Cpeau HUX, HAIIPUMeED,
BOIPOCHI O CYIIECTBOBAHUN PE30JIbBEHTBI, PA3IEIUMOCTU (KOIPIUTUBHAS OIEHKA ), PA3/IMIHbIe
BECOBBIE OIEHKHU, OIEHKHU IMPOMEYKYTOUYHBIX ITPOU3BOIHBIX (DYHKIMI U3 00JIACTU OIpeesIeHus
oleparTopa, OIEHKN COOCTBEHHBIX U CHHTYJISPHBIX 4duces (s-dmces). B Hacrosiee Bpemst nme-
I0TCs pa3udHbie 0000IIECHUS BBIICYKA3AHHBIX PE3Y/ILTATOB JIJIsd SJIHITUIECCKIX OTIePaTOPOB.

Jitg obmux auddepeHuaIbHbIX OllepaTOPOB peIleHne TaKoi 3a/adid B IEJIOM JIaJIeKO OT
3aBepienus. B gacTHOCTH, HACKO/JIBKO HAM M3BECTHO, JIO CUX IIOP He ObLIO pe3y/ibTara, MoKa-
3BIBAIOIIEr0 CYIIECTBOBAHKIE PE30JIbBEHTHI M KOIPIUTUBHOCTHU, & TAK¥Ke JTUCKPETHOCTU CIIEKTPa
oriepaTopa TUInepooJIMIecKOro THIIa B OECKOHETHOH 00/IaCTH C PACTYIIUMHI U KOJIEOTIOMIMUCS
K03 durmenTaMu.
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Herpynuo BujieTh, 94T0 n3ydenne HEKOTOPBIX KJIAaccoB JAuddepennnaabHbIX OlepaTopoB I'i-
11epGOIMYeCKOro TUIIA, ONpEJeIeHHbIX B mpocTpaHcTse Lo( R™T) MoxmO cBecTn ¢ momMompbio
Merosia Pypbe K nsydennto oneparopa [lpeauHrepa ¢ orpunaTe bHBIM TapaMeTPOM:

Ly = —=A+ (—t* + ith(z) + ¢q(z)) ,

rie t — napamerp (—oo < t < 00), i2 = —1.

Orciosia, HETPY/IHO 3aMETUTh, YTO B onepaTope L; npu |t| — 0o mosyuum, uto —t? — —o0.
CrenoBaTeibHO, 3/1€Ch BOBHUKAET COBEPIIEHHO WHAsl CUTYAIUs 110 CPABHEHUIO C OIEePaTOpOM
Mpemunrepa L = —A + ¢(x), u B 9acrHOCTH, METO/II, OTpaboTanHbe jyisi oneparopa I1lIpe-
JuHTepa L OKa3bhIBAIOTCSI MAJIO IPUCIIOCOOIeHHBIMI TIpu u3ydeHun oreparopa lpemxunrepa L,
C OTpHUIATEILHBIM TapaMETPOM.

Paccmorpum oneparop

(Ly + pl)u=—Au+ (—t> +ith (z) + ¢ () + 1) u,

epBOHAYAJILHO OlpeiesieHHbIH Ha MuOKecTBe C§° (R™), Tiie p > 0.

B nasibHeiinem mpe/ ook, 9ro KoaddurmenTst b (), q () yIoBIeTBOPSAIOT YCIOBUIO
i) |b(x)] > dp >0, g(x) >3 >0 - HenpepoiBHble dyHKINE B R".

Omeparop L; + pl pomyckaer 3aMblkaHue B mpocTpancTBe Lo (R™), KoTOpoe 0b03HAUNM
TakKe depe3 Ly + pl.

Teopema 1.1. Ilycrp BeimosaeHO yeaosue i). Torma onepatop L + pE npu p > 0 orpann-
9eHHO 0OpaTuM B npocTtpaHcTse Loy (R™).

Teopema 1.2. Ilycrp BbmosHeHo ycsosue i). Torma mpu p > 0 jrst Becex uw € D (L)
CIIPABEJIUBBI OI[EHKH:

a) >, Hg; , - H\/q(z)uH2 <c-|[(Ly + pl)ull,, ¢ > 0 — mocrosamoe 4mco;
6) >, Ou ) + H«/q(m)u + H\/|t| . b(:zc)u”2 < c-|[(Ly+ pl) ||, mrst Beex |t| > 5 >

ox;
0, ¢ > 0 — mocTostHHOE YHC.JIO.

Teopema 1.3. IIyctp BoimosHeHb! yeaoBust Teopembl 1.2. Torja pesosibBeHTa oriepatopa Ly
KOMITAKTHA B TOM H TOJIbKO B TOM CJIy4ae, eCJId

2

lim inf th(x)| + q(x)) dz = oo,
| ) +ate)

korza Kyb (Qq yaajsercst B 6eCKOHeIHOCTh, 1j1e (Qq — OTKPBITHIH n-MEPHBIH Ky0 ¢ JI/IHHOI pebpa
d, N(Qq) — COBOKYIHOCTH BCEX MOJMHOMKECTB Ky0a ()4, HMEIOIIHX JJOCTATOIHO MAJIYIO €MKOCTb.
Funding: Asrops! 66utn nomepxkanbl rpaarom AP0513108 KH MOH PK.

KuaroueBrie caosa: oneparop lllpenunrepa, pe3osbBeHTa, OrpaHUYeHHAs] OOPATUMOCTD, KOSPIIUTUBHBIE OI[EHKHU
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HEKOTOPBIE OCOBEHHOCTU IIPIMBIX 1 OBPATHBIX SAIJAY TPABUMETPUN
Hamusp HYPCEUTOBY, Anrerr HYPCEUTOBA?? Cemen CEPOBANCKUIT*¢

! Kazaxckmit narmpronarpueni rexamaeckuii yaupepcenrer umenn K.U. Carnaesa, Anvarer, Kazaxcran
2 Kaszaxckmii HanmoHaIbHbIH yHIBEpCHTET HM. aab-DPapabu, Anvarsl, Kasaxcran
E-mail: “ndb80@mail.ru, *altynna@mail.ru, ¢serovajskys@mail.ru

JlnresibHast pa3zpaboTKa MeCTOPOXKIeHn HepTH U ra3a MOXKET IPUBECTU K IIOCIEICTBUSIM
HEraTUBHOI'O XapakTepa. /[JIs OTleHKN COOTBETCTBYIONINX T'€ONHAMUYECKIX COOBITHI OCYIIECTB-
JISIETCST KOMILJIEKC METOJIOB MOHUTOPHUHTA 3TUX IporeccoB. OTHUM M3 TAKUX METOJ/IOB SBJISIETCS

HNucruryr maremaTukun u MaTeMaTHIeCKoro MojeanpoBanus. Anavarer: 3-5 anpess. - 2019



Annual International April Mathematical Conference. — 2019 125

IPABUMETPUYECKUIT MOHUTOPUHT, CYyTh KOTOPOI'O 3aK/II0YAETCs B OIIEHKE J1epOPMAIIMOHHBIX TTPO-
IIECCOB B IIPOJYKTUBHBIX OTJIOKEHUAX. B OCHOBE rPaBUMETPUIECKOI0 MOHUTOPUHTA JICXKAT M3Me-
peHUsI TPaBUTAIMOHHOT'O TI0JIsl, IPOBOINMOI0, KaK MIPABUJIO, Ha TIOBEPXHOCTH 3€MJIU C TIOMOIIHIO
CIeIUAIbHBIX MPUOOPOB, Ha3bIBaeMbIX rpaBuMeTpamu. OgHaKo 3DPEKTUBHOE MCIIOIH30BAHNE
pPe3yIbTATOB HAOJIIOIEHUI TIPEIIIoIaraeT coYeTaHne Pe3yIbTATOB U3MEPEHUs ¢ MPUMEHEHUeM
COBPEMEHHBIX METOJIOB MaTeMaTHIeCKOrO aHAJIN3a U KOMITBIOTEPHBIX TEXHOJIOTUil, obecreanBa-
IOIUX PeleHre MPSIMbIX U 0OpaTHBIX 3324 I'PaBUMETPHH.

[Ipamble 3a7a4u TPABUMETPUU TIPEJIIOIATAI0OT PACUET I'PABUTAIIMOHHOIO IOJIS B HCCIIEITY-
eMoit 0bJiIacTu 10 uMeloIeiicss ee reouU3nIecKoil xapakrepuctuke. Kak m3BecTHO, OCHOBHOI
XapaKTEePUCTUKON PACCMATPUBAEMOI'O MPOIECCA ABJISIETCA MOTEHIINA IPABUTAIIMOHHOIO IOJIS,
yzoBJieTBopsitoniuit ypasuenuto [Iyaccona. B mpaByio 4yacTh aHHOrO ypaBHEHMs BXOIUT PACIIpe-
JleJIeHre IJIOTHOCTH B COOTBeTCTBYIoMIEil obaactu. ObImas nndopMalnsg TakKoro poia st pas-
pabaTbIBaeMbIX HE(MTAHBIX MECTOPOXKIeHWi u3BecTHa. lIpu 3TOM BO3HUMKaeT mpobsema 1mocra-
HOBKU I'PaHUYIHBIX ycsioBuii. Crie/lyeT nMeTh B BULY, YTO NH(MOPMAIUS O BeJTMIHHE TIOTEHIIHA A
IPABUTAIMOHHOIO TOJI ¥ €0 MPOU3BOHBIX Ha BHYTPEHHUX (MOJ3eMHBIX) TPaHUIAX 00JIacTH,
HOJIIEXKAIEH MCCIeOBAHNIO, KaK MPABUJIO, OTCyTCTBYeT. OJIHAKO M3BECTHO, YTO MOTEHITUAJ
I'PABUTAIIMOHHOIO IOJI YOBIBAET IO Mepe yJaJeHUs OT UCCIeTYyeMOro OObEKTa U CTPEMUTCH
K HYJII0O Ha OeckoHEYHOCTH. B 9TOil cBaA3M g pellleHusl NpaMOil 3aJauu I'PABUMETPUN Pac-
cMaTpuBaemMasi 00J1aCTb JOCTATOYHO CUJIBHO PACHINPSIETCs, M HA TPAHUIAX PACIIMPEHHON 0018~
CTU MOTEHINAJI TI0JIAraeTCs paBHbIM HyJ0. [IpeBapureibabie pacdeThl MOKA3bIBACT, UTO JIJIs
YCTPAHEHUsI BJUSHUS MCKYCCTBEHHBIX I'DAHUI] HA I'PABUTAIIMOHHOE II0JIe B 33JIaHHOI 00JacTh
MIOCJIE THSIST JIOJI?KHA OBITh PACIIIPeHa TPUMEPHO Ha MOPSIIOK.

ObpaTHble 3a/a90 TPABUMETPHUU IIPE/IINOIATAI0T WIEHTH(MUKAIINIO CTPYKTYPbI PACCMAaTPH-
BaeMoil 06J1acTi (MeCTOPOXK/IeHNsI) O pe3yJbTaTaM H3MepeHHsl MPaBUTAIIMOHHOIO IOJIs, KaK
MPaBUJIO, Ha MOBEPXHOCTU 3eMiu. Vlcrmonb3yemas Ha MpaKTHKe W3MepUTeNbHas anmnapaTrypa
(rpaBUMETpPBI) YCTAHOBJIEHA B ONPEJIEJICHHBIX MECTaX, UX reorpaduiecKie KOOPIMHATHI U Bbl-
coThI u3BeCTHBI. OOBEKTOM U3MEPEHUS ABJISIETCA YCKOPEHUEe CUJIbI TSAKECTH, YTO COOTBETCTBY-
€T BEPTUKAILHON ITPOU3BOHON TOTEHIIMAIA I'PABUTAIIMOHHOrO 110Jis1. Obmast obparHas 3a1a4a
IPABUMETPUU TIPEJIIIOIAraeT BOCCTAHOBJICHUE PACIpPEe/IeHNs TIJIOTHOCTU 110 BCEl MHTEPECYIo-
1ieit 00/1aCTU Ha OCHOBE UMEIOIIe MaTeMATHIECKON MOJIe TN 1 pe3y/IbTaToB u3mepenns. O THaKO
B TaKOil ITOCTAHOBKE peIlleHre 00paTHOM 3a/a4du CYIeCTBEHHO He eJIMHCTBEHHO, T.€. OJHU U Te
JKe JIaHHbIe TTPOU3BOIHON MMOTEHINAIA B OTJ/IEJIbHBIX TOYKAX Ha BHEITHEH MOBEPXHOCTH MOTYT
OBITH BBI3BAHBI PA3HBIMI PACIpeIeIeHISIMI IIJIOTHOCTH. B 3TOl CBA3M paccMaTpUBaIOTCS JacT-
Hble 0OpaTHBIE 33J1a9M, B KOTOPBIX 3HAYUTEIbHAs MHMOPMAIS O CTPYKTYyPe MECTOPOXK IeHUs
CUYUTAETCS] U3BECTHOM, a TpedyeTcsi BOCCTAHOBUTHL OTJIEIbHBIE €€ XapaKTEePUCTUKU, HAIPUMED,
TOJIIMHY HePTAHOTO ILIaCTa, IIyOnHY ee 3aJieranus, pa3Mepbl HMEIOIIIXCs ycToT u T.11. OTme-
TUM, COOTBETCTBYIOIIUE T'eOMeTpUIeCcKre OOpATHBIE 381291 CBOJATCS K 3a/[a9aM MIUHIMU3AIINN
HerIa KX (QYHKIIMOHAJIOB, UTO PETbABIIAET MOBBIIICHHBIE TPeOOBaHUs K pa3padaTbiBaeMbIM
IUCJICHHBIM aJITOPUTMAM.

PesypraTs! pentenns mpsaMbIX 1 0OPATHBIX 33/1a9 TPABUMETPHUH O3BOJISIET JAaTh HEKOTOPHIE
MpaKTUIECKIe PEKOMEH AN 110 IKCILIyaTaIlluiu HedTera3oBbIX MEeCTOPOKICHMI.

Funding: Asrops! 66utn noepxannl rpanrom AP05135158 KH MOH PK.

KuroueBrsie cioBa: rpaBuMeTpust, IpsMble 337341, OOpaTHbIe 33/1a4H, ypaBHeHne llyaccona, HedTerazoBoe MeCTOPOK-
JieHue
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KO3PIIUTUBHASA PA3PEIIIMMOCTDb CUHTVYJISAPHOTO SJIJUIITUYECKOTO
YPABHEHN:A CO CMEIIIEHUMEM

Kopman OCITAHOB

EBpasuiickuii HarmoHapHbIH yHEBepcuTeT uM. JI.H. I'ymuiaeBa, Acrana, Kazaxcran
E-mail: ospanov_kn@enu.kz

[Iycte Q ={(z, y): —c0o <x <00, —7 <y < 7}. Pacemorpum cieayrontyio 3aady:
Lu:_u:vx_uyy—i_a(x)um—i_b(x)u:f(xa y)? (1)

u(x, —m) =u(x, m),u, (xr, —m) = u,(z, 7), (2)

rie a HerpepbiBHO Juddepenimpyema, b HenpepbiBHa, a f € Lo(£2). B mokmame obcyxKmaoTes
ycsroBust Ha K03 duUIueHTs @ 1 b, 10cTaTOYHBIE JIIT KOPPEKTHON paspentuMocTi 3agadu (1),
(2) u BBITIOJIHEHUSI CJIEYTOIIEHH, T.H. OIEHKH MaKCUMAJIbHON PeryJspHOCTH:

||Um||2 o T lluy,l 2. 01 ||au$||27 o+ II(J6] + 1)“”2, o= OHf”Q Q

re u - pemenne (1), (2),a | - |, o - HopMa B Lo(2).

Hanbomnee unrepecen cnyqaix’l,’ KOTJIa POCT MPOMEKYTOUYHOTO KO3 pUIeHTa a He KOHTPO-
nupyercsa byukimeit b. CUHTYIgpHBIE JUHEHHBIE SUTHITHYECKHE YPABHEHUsI, KOTJA UX IIPO-
MeKyTOUYHbIe KOI(PDUIUEHTHI PACTYT Ha OECKOHEYHOCTH JIMOO JIMHEHHO, JINOO KakK (PYyHKIIUs
|z|In(1+4|x|), uccrenoBaner B paborax A. Lunardi u V. Vespri (1997), M. Chicco u M. Venturino
(2000), P.J. Rabier (2005), M. Hieber, L. Lorenzi, J. Pruss, A. Rhandi u R. Schnaubelt (2009).
B nmacrosimeit pabore mpeimosiaraeTed, 9To @ JOIMYyCcKaeT Oojiee OBICTPBIN POCT U KoJiebaHue.

Ypasaenue (1) Bcrpedaercs B 3ajadax paclpoCTpaHeHUs KoJjiebaHuil B cpejie ¢ COMpPOTHB-
JIEHUEM, CTOXaCTUIECKOI'0 aHaJIN3a, OMOJIOTHU U (PUHAHCOBON MaTeMaTHKU.

Funding: Asrop 6bu1 niogzep:xkan rpaarom AP05131649 KH MOH PK.

KuaroueBble cjioBa: 3/UIMNITHYECKOE YPABHEHNE, CMEIIeHne, KOPPEKTHAsT PA3PENInMOCTh, MAKCUMAJIbHAST PETYISIPHOCTD
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OB oaHOM CBOWCTBE PEIIIEHUS IICEBAOIIAPABOJIMYECKOI'O YPABHEHN 1
TPETBEI'O IIOPAJKA B BECKOHEYHOW OBJIACTHU

Mpeipzaraau OCITAHOB

EBpasuiickuii HanmonapHbIH yHUBepcurer uM. JI.H. I'ymuieBa, Acrana, Kazaxcran
E-mail: myrzan66@mail.ru

PaCCMOTpI/IM HCGB,HOHapa6OJII/I‘IeCKOG YpaBHEHUE TPETHET'O IIOPAIKA

Ugpr = o(T, O)ugy + a1 (x, ) uy + az(x, ) u, + az(x, )uy + ag(z, t)u = f(x, 1), (1)
rie (z,t) € Q = (0,w) x (—o00,00). Byaem npemnosarats, uro dbynkmuu a; (1 = 0,4) u f
HenpepbiBHL Ha (2 (Q — sambikanme ().

B nacrosimee BpeMs BeCbMa aKTHBHO M3Yy9alOTCS M BBIZBIBAIOT OOJIBINON IPAKTUYCCKUH U
TEOPETUIECKUI HHTEPEC JIOKAJIbHbIE U HEJIOKAJIbHBIE KPaeBble 3a1aun Jyist ypasaenus (1), 1mo-
CKOJIbKY K HEMY CBOJISITCH D#AJ| IPUKJIAIHBIX 3314 GU3nKku, Mexanuku u ouostorun [1]. Ypas-
uenne (1) B ciyvae, korja a; = 0, uccaeoBagoch B padore [2].
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Hepes C,(2) obo3HAYINM MPOCTPAHCTBO OIPAHUYEHHBIX (DYHKIIHUIT, HEIIPEPBIBHLIX 0 t € R
upu x € [0,w] u paBHOMEpPHO OTHOCHTEJBHO t € R memnpepwBHBIX 10 x € [0,w]. MbI nccie-

nyeM cpoiictBa pemenust u u3 C,(§2) ypaBuenus (1), nmeroniero HenpepbIBHbIE B {) YacTHBIE
IPOUBBOJIHBIE Uy, Up, Ugt, Ugt, U YAOBJICTBOPHIOIETO YCIOBUAM

u(0,t) = (1), uu(z,t), um(x,t) € CL(Q). (2)
a(z,t)

VBt

Teopema. Ilycrs koappuipmentsi a; (i = 0,4) ypasrenus (1) nenpepbisabl Ha §), yHKIIST
Y(t) u ero npousBoIHBIE ¥(t), () menpepbIBHbI 1 OrpaHmYens Ha R M BBIIOJIHEHBI YCIOBHS:
a) ax(x,t) > v > 0;
b) % < C(C—const,C >1)npuz € [0,w], t,t € R, |t —t| < 1;
c) arst Kazkgoro € > 0 maiigercs wmcio 0 > 0, Takoe, uro js Beex t € R wa',x” € [0,w] :

4 "

, ) 7t — ,t
|r' — x| < BbIIOJIHEHO HEPABEHCTBO |%
2 )

| <€
d) Payay(#,t) < K, Py, ay(x,1), Pray(z,t) € C.(Q) (= 1,3,4).
Torna cymecrByer eamHCTBeHHOE perrieHne u 3agaqn (1), (2) u s Hero cipaBeinBa CIeyo-
miast OIeHKa:

Homoxum P, g(x,t) =

max {|ull, [l [luell, [[wal], luall} < Cy,

e ||V = sup |V(x,t)|, a Cy me 3aBucur or u.
(x,t)EQ

Funding: Asrop 6but nogaep:xkan rpaarom AP05131649 KH MOH PK.

KuroueBrbie cioBa: nceBnonapabondeckoe ypaBHEHIe, PEIlleHne, CyIIeCTBOBAHNE, e MHCTBEHHOCTD, OIEHKA IIPOU3BO/I-
HBIX
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OBPATHAS SAIJAYA TIOA3EMHOI'O TPYBOIIPOBOJA
Bosnarbex PBICBANYJIBIY®,  Ajiryas CATBIBAJIINHAZ?

1.2 Mesx rynapoanblii yHuBepcuTer nubopMannoHHbIX TexHoormii, Anmarer, Kazaxcran
E-mail: ®b.rysbaiuly@mail.ru, *aigull191@gmail.com

MarucrpaJjbhbie TPYOOIIPOBO/IbI TPAHCIIOPTUPYIOT: HeTh U HEMDTEIPOYKThI, CKUKEHHbIIH
YIJIEBOJIOPOJIHBIIN a3, TOBAPHYIO HMPOAYKIIUIO B IIpejie/iaX KOMIIPECCOPHBIX U HedTernepekadn-
BaIOIINX CTAHIIMI, BOJy B CHCTEMaX OTOILJICHUS W IIPOYUX CUCTEMaX BOIOCHAOKEHUsI, HMITYIhC-
HBI{l, TOIIMBHBIN U IIyCKOBOI ra3. TerioBoii pacder ropsiero TpyoorpoBo/ia J0BOJIBHO CJIOXKEH,
MIOCKOJIbKY SKCILTyaTalus TpPyOOIpoBo/ia 3aBUCUT OT MHOTUX (PAKTOPOB, HAYMHAS OT PEOJIOTHU-
YEeCKMX XapaKTEePUCTUK KUJKOCTH U 3aKaHYMBas MEHSIONIUMUCI BO BPEMEHU MeTeOPOJIOTH-
qeckumu yeaoBusivu [1]. HTobbl TOUHEe MpOrHO3upoBaTH paboTy MOA3EMHOrO TPYOOIPOBOIA
HEOOXO/IMMO PacCIoJiaraTbCsd UCXOHBIMU TTapaMeTpaMy Ioj3eMHoro Tpybomnposojia. [lostomy
HaXO0XKJIeHNEe MCXO/THBIX ITapaMeTpPOB CTAHOBUTCS aKTyaJbHOU 3a/1atveil.
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IIporece TemoMaccoepeHoca MOJIe/IUPYeTcs B IUINHIPUIECKON CHCTeMe KOODAUHAT CUM-
METPUYHO OTHOCHTEJILHO ILIOCKOCTH , IIPU STOM ypPaBHEHHE TEIIOMACCONEPEHOCA BBIIVISIHT
creyomuM obpasoM [2]

T T 10T T
Opwxa :A(a 0 ) A0

— =t |+ (1)
Ox or: ror 72 Op?’

r € [0;m]; @ €[0;2m].
rje C),—o0beMHas TeII0eMKOCTh, W, —CcpenHss 1o cedeHnio CKopocTh, L —jmHa Tpy6onpoBo-
J1a, A—KO03(DUIUEHT TEILIONPOBOIHOCTH, T —TeMIlepaTypa KUJIKOCTU. Paciipejiesienne cKopo-
cTi oToKa W, 1Ipu mepekadke BHICOKOBSI3KOM U BBICOKO3aCThIBAIOIIEH HedTH mpumMemM mapabo-
JIMYECKUM, 3aBUCSIIUM OT Ge3pa3MepHOro pajuyca [2|

W, =2W,, (1 — R2) cos g,

e R = %; Wep—cpennas 1o cedeHuIo CKOpOCTh; 7o —pauyc Tpyosl. Hadanbable 1 rpanndnble

yCIIOBHUA:
oT
r=TrQ @ ( rro) 87"

B nmacrosieit pabore pazpadaTbiBaeTcs MPUOINYKEHHBI METO/T HAXOXK/IEHUS XapPaKTePUCTH-
KH Kugkoctu A 1 We, B Io13eMHOM TPYyOOIIpOBO/IE:
- CocraBiiena npsiMasi pa3HOCTHas 3ajada mpobsemst (1)-(2);
- CocraBiiena conpsizKeHHas Pa3HOCTHAs 3a/1a4a;
- Haiizien rpaJineHT MUHUMU3UPYEMOTo (DYHKITMOHAJIA;
- Pazpaboranbl npubmmkennble pacdeTHbIe HhopMybl 1id A 1 Wey;
- [IpoBesieHbl YNCIEHHBIE PACUETHI.

T

=0 or =0; T(r,p)=T(r,p+2n). (2)

r=0
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CVYBIPAJIJUEHTHBIN METOJI B JIOKAIIMOHHOM OBPATHO! 3AJIAYE
TPABUMETPUM C YCJIOBUSIMU HA YACTU T'PAHUIIBI

Mapx CUTAJIOBCKUIT ¢,

! KasHY nm. Anp-Dapabu, r. Aamarsr, PK
E-mail: *mark.sgl15@yandex.ru,

B cBs13u ¢ paspaboTKoil HOBBIX MECTOPOXKEHHIl, a TaKxKe ¢ HeOOXOIMMOCTHIO SKCIEPTHO
OIICHKU CTapPbIX — HA BRIPAOOTKY U HA PUCKHM TEXHON€HHOI'O BO3EHCTBUA, B IPAKTUKE HEJIPOIIO/Ib-
30BaHUs BOBHUKAIOT MaTeMaTUIeCKe OOpaTHbIe 3a/1a9u neHTuGuKaIn. Jacroe BOSHUKHOBE-
HIUE TAKUX ITPOOJIEM B PEaIbHBIX ITOJIEBBIX YCIOBUAX 00YCIOBINBACT aKTYAJIHHOCTD UX U3y YCHUS
u penieHusd. K HHUM OTHOCUTCHA U JaHHAA O6paTHa§{ JIOKallMOHHadd 3a/Ja9a 'PaBUMETPUU. KpaTKO
copmyIpyeM ee IOCTaHOBKY.

ITocranoBka 3amaun: Tpebyercst BOCCTAHOBUTH KOOPAMHATHI (a; b) IEHTpa TPABUTAIIHOH-
HOPl AaHOMAJINH U3BECTHON (OPMBI U CTPYKTYPHI (TJIOTHOCTH) IO JAHHBIM 3aMepPOB I'DaBUTAIM-
OHHOT'O TIOTEHIIMaja W ero rpajueHTa ¢ moBepxHocTu 3emin. OCHOBHOe ypaBHEHUE MOJIENN —
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ypasuenue [lyaccona A¢ = —4nGp , tine ¢ = ¢(z;y) — GYHKIUA TPABUTAIIMOHHOIO MOTEH-
masia, a p = p(x;y) — QyHKIUs WI0THOCTH. [ paHUYHBIE YCJIOBUSI CTABATCS HA 3aryTyOJIeHHOI
YaCcTU IPSIMOYTOJIBHON 0BJIACTH MOUCKA TaK: &) Ha BEPXHEH YacTy IPAHUIIBI M3BECTHBI 3HAUCHUST
¢ u V¢ ; 6) upn crpeMeHIN KOODJANHAT T U Y K 3arIyOJIeHHBIM U PACIIUPSEMBIM TDaHUIIAM
06J1aCTH TIOMCKA MMeeT MeCTO |¢ — ¢g| — 0, Ti1e ¢p — HOpMaJIbHOE 3HAUEHUE JJIsi BMeIaomed
HEOJIHOPOJTHOCTE TIOPOJIbl. Perienne mocraB/ieHHONH 0OpaTHON 3a/lavu JIOJIZKHO Y/IOBIETBOPATD
IPAHUYHOMY YCJIOBUIO Ha IPAJIMEHT (PYHKIINU MOTeHIala, a camMa (PYHKIUA — OBITh peleHneM
COOTBETCTBYIOMIEH NpsiMoil 3asiaun, copmyauposanuoil B [1]. Ob6parnast 3ajada cBOIUTCA K
MUHUMU3AIUN 11eJ1eBoro (pyHKIMoHaIa. B xoj1e paborsl 66110 j0Ka3ano [1], uro dyHKInoHa/b-
Hasl [IPOM3BOJHAA, HE fABJISACH IPOU3BOJIHOM ['aTo, saBjsercs npoussodnot no Hanpasierulo, n
UMEEeT BU/I:

J'(a;b) = —4x G, - (|hy| - Iy + |hal - 1), (1)

e —4nGY, — orpunaresbHas KOHCTaHTa, a [1, [y — MOI0KUTEIbHbIE YUCIOBBIE PE3YJ/IbTaThl
UHTETPUPOBAHUS. DTOT PE3YILTAT MO3BOJISIET MTPUMEHUTH CYb2paduenmmviii Memod, 910 Tpe-
Oyer BbIBOgA bopmysbl cyOauddepenimana. Oyuxmmio Buga f(x1,22) = |r1| + |r2] nHazosem
Modyaenodobroti gynkyuet. T.K. Bce BesmumHbl B mpaBoii dactu (1), Kpome Moyseil — 3Ha-
KOIIOCTOSTHHBIE KOHCTAHTBI, TO UCKOMBIH cyOnuddepenimas coBnajer ¢ cyomuddepeHmaiom
MO/LYJIeTIOIOOHO# (DYHKITHH.

Teopema 1. Cyb6aucpgepenimas Momyerog00HOH (DYHKIIHI paBeH

"

(—1;-1), r1 < 0,29 < 0;
(—=1;1), r1 < 0,29 > 0;
(1; 1), x1 > 0,19 < O0;
(1; 1), x1 > 0,29 > 0;
Of (x1,22) = € (=15 92), 42 € [-1;1], 1 < 0,29 = 0; (2)
(Lya), v2 € [—1;1], xy > 0,29 = 0;
(y1;—1),y1 € [-1;1], x1=0,29 <0
(y1;1), 11 € [—1;1], 1 =0,19 > 0;
L (W1392), 1 € [-151], 92 € [=1;1], @1 = 0,22 = 0;

BAMEYAHUE. Ecim va X € R" cy6auddepeniman HyHKIMN BEKTOPHOTO aprymenrta f(z)
HEIYCT, TO CYb2padueHmHulill aN20pumM ee MUHUMU3AINN 3a/1aeTCs UTEPAIMOHHON (DOpMYIOoit
Tpy1 = Px(xp — apcr),a > 0,¢cp € Of (x),k = 0,1,2,...;29 € X; cybrpaguent ¢ € 0f(xy)
u3 cy6ymddepennmana 0 f(xy) Beibupaercs mpousBoJibHO. [Iporece npekparaercs, ecin Haii-
nercst k, 1isi KOTOPOro GyJIeT BBITOJHEHO Ty = Ty |2].

Funding: Asrop 6n11 mogaepxkan rpaarom AP05135158 KH MOH PK.
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O MMPUBJINXKEHHOM METOJAE PEIINEHN I KPAEBOM SAJAYN OJI4
ITAPABOJIMYECKOI'O YPABHEHU A

L23.aCgernana TEMEIIEBA, “24*Hapkern UICKAKOBA

1M-HCTI/IT‘)/T MaTeMaTHuKH U MaTeMaTH4YeCKOIro MoJae/InpOBaHUusl,
2 ucruryT HEPOPMALHOHHBIX U BEIYHCIHTEIBHBIX TEXHOJIOIHIT,
3KazHY umenn anp-Papabu, Anmarsr, Kazaxcran
4Ka3HIIY umenn A6ast, Anvarsr, Kazaxcran
E-mail: “temeshevasvetlana@gmail.com, ®narkesh@mail.ru

PaccmarpuBaercs mostyriepuojinieckasi KpaeBas 3ajada Jijisi HEOHOPOHOrO mnapabdosmie-
CKOI'0 ypaBHEHUd

%—fza(z,t)%—l—f(x,t,Z), (z,t) €Q=1[0,w] x [0,T], ZE€R, (1)
Z(x,0) = Z(z,T), x€][0,w], (2)
Z2(0,t) = (1),  Z(w,t) =4o(t), t[0,T]. (3)

rae a(x,t), f(z,t, Z) nenpepniBHbI cooTBeTcTBeHHO Ha 2, ) X R, ¥1(t), 1o(t) — HenmpepbIBHO
muddepenmupyenmsre na [0, T] dynkumm.
Yepes C(€2, R) 0603Ha9MM MPOCTPAHCTBO HENPEPLIBHBIX Oy HKIIMIT
u: Q) — R c mopmoit ||ulj; = max ||u(z,t)]].
| Ju(x,t) ~
—~ e C(, R),
T (€, R)

€ C(Q, R) nazwiBaerca permennem 3aiaun (1)-(3), e ona yjaosjieTsopger napabo-

Oynxmus u(r,t) € C(, R), nMeronas 9acTHBIE TTPOU3BOIHbIE
0*u(z,t)

oz _
mrdaeckoMy ypasaeruto (1) mpu Beex (z,t) € Q (upu stom u(z,t) Ha rpaxure §) ¥MeeT OTHO-
CTOPOHHKE YaCTHBIEC IPOU3BOJIHBIE) U KPaeBbIM ycaoBusiM (2)-(3).

JIj1st oThICKaHUsT TIPUOJIMZKEHHOTO pererns 3a1a4u (1)-(3) mocTponM animpoKCHMEPY OO
3ajady cieayonmmM obpaszoM. Beibepem umncio 6 > 0 : (m+ 1) = w, m € N. Beeuem
obosnavenust: Z;(t) = Z(i0,t), i = L,m+ 1, Zy(t) = 1 (t), Zn(t) = a(t), a;(t) = a(ib, 1),
ﬁ(t, Z;) = f@i0,t, Z(i0,t)), i = I,m+ 1, t € [0,T]. Hna byukunu Z(x,t) na upsamoi x; = i
UMeeT MeCTO HPHUOJINZKEHHOE PABEHCTBO

2
921 2 L(Za(t) = 220) + Zin)), i=T,m, te[0,T].
ox? (i0.1) 0?2

[ToJry MM [epUOJMIECKY IO KPAEBYIO 311y JIJisl CUCTEMbI HEJIMHEHHBIX OOBIKHOBEHHBIX -

depeHIaIbHbIX YPaBHEHUI

%:f(t,z), t e (0,7), 2 € R™, (4)
z(0) = 2(T), (5)
rie 2(t) = (Z1(t), Zo(t), ..., Zu(t))', f(t. 2) = A®)Z + f(t, 2),
F(t, Z) = (ar ()i (O)+f1(t, Z0), fo(t, Za), f3(t, Z3), -, fna1(t, Zin—1), grm(£) 02 (0)+ fun(E, Zim))',
—2(11(t) aiq (t) 0 .. 0 0 0
ag(t) —2@2 a9 0 0 0
=gl Lo e
0 0 0 cor Gm—1(t) —2am-1(t) am—_1(t)
0 0 0 .. 0 am (t) =20, (1)
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Jns nccnenoBannst n perieHns anmpoKCUMUPYIONIEH TePHOUIecKoil KpaeBoii 3aadu (4),
(5) ucmob3yeTcst MeToL napamerpu3anuu |1]. YeraHOBIEHB! ONEHKH AlIPOKCHMAIINI PEIeHsT
cMeraHHON Kpaesoii 3amaun (1)-(3) permennem mepuomaeckoii Kpaepoit 3agadu (4), (5).
Funding: Asrops! 6butu noiepxkanbl rpantamu AP 05132486 u AP 05132455 KH MOH PK.
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3AIAYA TUTIA T'VPCA J1JisI CUCTEMBI
AN®PEPEHIIUAJBHBIX YPABHEHUN B YACTHBIX POU3BOJHBIX YETBEPTOI'O
MTOPSITKA

Kann6ex TOKMYP3UH!¢

L Axrrobunckmit permoHasibHbIA rocygapersennsii yausepcurer uv. K. 2Ky6anopa, Axrobe,
Kazaxcran
E-mail: ® tokmurzinzh@gmail.com

B obusacru Q = [0, 7] x [0, w] paccmaTpuBaeTcs HeJIOKaIbHAS 3a/1a9a it cucTeMbl audde-
PEeHIINaJIbHBIX ypaBHeHI/Iﬁ B 9aCTHBIX IIPOU3BOJHBLIX Y€TBEPTOI'O IMOPAIKA

% = Al(t,x)ggz + Au(t, x)88;“2 + As(t, x)g: + Adlt, x)ai;“x
+A5(t,x)% + At )g? + Ag(t,z)u+ f(t,2), (1)
u(0,7) = p(z),  ze[0,0], (2)
u(t,0) = (1), t€[0,T], (3)
WD)y =aft),  tel0T) ()
TS| —v, el )

rie u(t, ) = col(uy(t, x), uz(t, x), ..., u, (¢, x)) - HEM3BeCcTHAS DYHKIWMS, 1 XN - MaTpuisl A;(t, x),
i = 1,7, n - Bekrop-byuxuus f(f, ) HenpepblBHLI Ha €2, N - BeKTOP-DYHKIUA () TPUAKJIBI
nenpepbieHo juddepenipyema Ha [0, w], n - BekTop-bynKImu ¥;(t), i = 1,3, HENIPEPLIBHO
muddepentupyembr Ha [0, 7.

Oyuxrmst u(t, ), MUMeoIas YacTHbIE IPOU3BOJIHBIC, HA3BIBACTCS KJIACCHYECKUM PEIICHHEM
sagaqn (1)—(5), ecam ona ymosiersopsier cucreMe (1) s Beex (¢, ) € (2, KpaeBOMY yCJIOBUIO
(2) mns Beex x € [0, w], HagambubiM yesousm (3)—(5) auist Beex t € [0, 7.

Huddepennnaibabie ypaBHEHUs] B Y4CTHBIX IPOU3BOIHBIX BHICOKUX TOPSIIKOB HAXO/IAT TITH-
POKOE IMPUMEHEHHEe B PA3JIMIHBIX 3ajadaX eCTecTBO3HaHWs u TexHuku [1-3]. B mHacrosmem co-
OBIIEHNH MCCJIETYIOTCsT BOIIPOCHI CYIIECTBOBAHUST KJIACCHIECKOTO PelleH st 3aa4qu Tumna ['ypea
nuist cucreMbl g GepeHnnantbHbIX yPABHEHUH B 9ACTHBIX [TPOU3BOHBIX YE€TBEPTOTO MOPSIIKA
(1)—(5) u crocobBl MOCTPOEHHUST €€ TPUOJIMZKEHHOTO PEIICHNS.
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Beogrest HOBble HensBecTHbIe yHKIWN [4]

%— (t ) @
ax_vl ) 0x?

U UcclielyeMas 3aJada CBOAUTCA K 3ajade I'ypea i CHCTeMbl MMIIepOOINIeCKUX YpaBHEHNH
BTOPOro HOpsika ¢ (PYHKIUOHAJILHBIMU HapaMeTpaMid U MHTEIPAJILHLIME YCJIOBUSIMEA. YCTa-
HOBJIEHBI YCJIOBHSA OJIHO3HAYHON pas3peIrmnMocT 3a1a4u ['ypea i cucTeMbl TUIepOoIMIecKuX
ypaBHEHUIl BTOPOro MOPIKa ¢ (DYHKINOHAILHLIME IapaMETPAMU U HHTEIPAJILHBIMU YCJIOBUSI-
mu. [Tpemiorken aJropuT™M HAXOXKICHUs PEIIEHUs NCCJIELyeMOi 3a1au1 1 J0Ka3aHa ero CXO/Iu-
MOCTb. [loyueHHbII pe3yabTaT IPUBEIEH B CICLYIOMEM yTBEPIKICHIM.

Teopema. Ilyctb a) n x n - marpunpl Ay(t,x), i = 1,7, n - Bekrop-pyuxnus f(t, )
HerpepbiBHBI Ha §); b) n - BekTOp-pyHKIHs () TPHXKJIbI HEIPEPBIBHO AU depeHIupyeMa Ha
[0,w]; ¢) n - BekTOp-pynKIII ¥;(t), i = 1,3 HenpepbisHO mupcpepentupyembr Ha [0, T1.

Torna 3amada Tuna I'ypca mjis cucreMbl JuggepeHnaabHbIX ypaBHeHUH B YACTHBIX 1IPO-
HM3BOJHBIX deTBepTOro nopsiika (1)—(5) mMeer eauHCTBEHHOE KTACCHIECKOE DEIICHHE.

=o(t,x)
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— % X % —
OB OJIHON OCOBOM I'PAHUYHOWM 3AJIAYE TEIIJIO-MACCOOBMEHA
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PaccmarpuBaerca KpaeBas 3a1a4a

0 t —
QL0 l) 5, Aufey,t), k=T33 )
ot
B obsact Qr = {(z,y,t) : x € Ry,y € R,t €]0,t[ }, yoBiaerBopsioniee HAIaAIbHBIM YCIOBHSIM
ug(x,y,0,) =0 (2)
¥ TPAHUIHBIM YCIOBHAM
(ul(x7y7t) + a1u2(l’7y,t>>|z:0 - gpl(yut)? (3)
(UQ(ZE,y,t) + a2u3(x7y7t>>|m:0 - QOQ(th% (4)
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= ©3(y, 1), (5)

3
au x7 7t 61,[/ x; 7t
> (b M08 ) QDD g (g0
Ox dy

k=1
e A — omeparop Jlammaca; A\, — mosiokuTenbHbIE MOCTOSHHBIE, mpudeM 0 < A\; < Ay <
A3; @1, a9, by, ¢, — 3aJaHHBIE TTOCTOSTHHBIE, ) (Yy,1) — 3a/JaHHbIe OrpAHMYCHHBIE HEPEPHIBHBIE
dyuKIINN.

Pemenne kpaesoit 3ajaun (1) — (5) uiercst B Bujie moTeHIua a JBOHHOrO ciost. Menosb3yst
IpaHUYHbIE YCJIOBHs, OJIyUeHa cucremMa uHTerpo-auddepenimanbubix ypasaenuit (CUILY).

Xapakrepucrudeckas gactb CILY perrena MeTo oM HHTErpaJIbHBIX IpeodpasoBannii Dypoe-
Jlannaca. HaiijeHbl ycioBHsI KOPPEKTHOCTH M HEKOPPEKTHOCTHU 3aJ1a4M, BbIPayKeHHBbIE depe3
3aJIAHHBIE [TOCTOSTHHBIE CHCTEMBI.

Metomom peryaspusamuun CUJLY cBeneHa K cucremMe HHTErpaabHBIX ypaBHeHHil Bosbreppa-
Dpesroabma.

Teopema 1. Ecm ¢p(y,t) € Co(Qr\T), TO IpH BEITOIHEHIH YCIOBHS Pa3PEIIHMOCTH

cymectsyer pemenne uy(z,y,t) € C2y (Qr) Kpacsoit sazadn (1)—(5)

Funding: Asrops! 6butn nojiepxkann rpanrom AP05133919 KH MOH PK.
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PaccmarpuBaercs kpaeBas 3aja4a Jijisd ypaBHEHUS TEIJIOIPOBOIHOCTU

du(z,t)  ,0%u(z,t)
5 ¢ W‘f‘f(%t); (1)
B obyactu 2 = {0 <z < apt, 0 <t < T} ¢ rpaHUYHBIMA YCJIOBUAMU
u(0,t) = (1), (2)
u(ant, t) = Y(2), (3)

Mg pemenust 3amaqau (1)—(3) ucnosb3yercs HHTErPAIbHOE MPEJICTABICHIe

re:

1) uy(z,t) ecThb perierne HaYATIBHO-KPAEBON 3a/1a4u JIJIsl OJIHOPOIHOrO ypaBHenus (1)
(f(z,t) =0) Bobmactu Q) = {0 <z < 00,0 <t<T}, yIoBIeTBOPSIONIEe KPAEBOMY YCJIOBHIO
(2) u HyJeBOMY HAYATBHOMY YCJIOBHIO;

2) W(x,t) — TemmoBoit MOTEHIMAJ JIBOHOTO CJIOS C IIIOTHOCTBIO 6(t), ompe/ie/IeHHbIi OTHO-
CHTEJILHO TIOJIBIZKHOI MPAHUIBL T = (ypt;

3) F(x,t) — TenioBoii 00beMHBI TIOTEHINAT C TWIOTHOCTBIO f(x,1);

B kauectBe dynmaMenTagbHOro perenus B norenimanax Wz, t) u F(x,t) ucnoab3yercs

byHKIUSA
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obecreunBaomias obpalenne B HyJIb 3TUX IIOTCHINAJIOB Ha rpanure r = 0.

Tpebosanue cobitiofienus ycaoBus (3) /I MHTErpaJbHOIO IpeacTaBieHus (4) U UCIOIb-
30BaHUEe CBOICTBa CKadKa IIOTEHIUaJa JBOMHOIO CJI0d B OKPECTHOCTH IOJBUZKHON I'DaHMIIbI
IPUBOJIUT K 0COOOMY MHTErPaJIbHOMY yPaBHEHUIO THIIa Bojbreppa 2-ro poaa

t
o) = 9(0) + | K(tr)o(r)ar 6)
0
OTHOCUTEJBFHO Hem3BecTHOi miorHocTn 0(t) norenrmmarna W (x,t), B KoTopom

9(t) = w(aot, ) — P(t) + Faot, 1), (6)

Onpenenenne 1. K ¢ynxnmonansaomy xmaccy M, (0,T), orHecyMm Bce HempepbIBHBIE
dyuxnmm h(t), onpegesrynnsie na marepsase (0, T) u yjposersopsiome yeosuio |h(t)] < Apt?,
rge § > p, p1 € (—00,00).

B pabore [1] nokazano, aro ecu g(t) € M 1 (0,T), ro ypasenue (5) OJIHOZHAYHO PA3PEITIMO
B knacce dyukuuit My(0,T') u ero pemenue 6(t) MOXKHO HOCTPOUTH METOJIOM TIOCTIEI0BATELHBIX
npubanzkennii [Tukapa.

Teopema 1. Ilycrp ¢pyrakmms f(x,t) = fg(ﬂﬁ’f), rae fo(z,t) onpenenena B S, HempephIBHA
1o t u yroBaersopser ycaosnio Lebaepa o x, 3+~ < 3. Torna obwemnbiii morennnan F(x,t)
yaoBjeTBOpsieT ypaBHenuio (1) u ycjaoBusim:

lim F(r,1) =0, lim F(z,1) =0, (2,%) €, (7)
F(agt,t) € My (0,T). (8)

U3 paborsl [1] u croiicts (7)—(8) obbeMHOrO MOTEHNIMAA CJIelyeT, 9To ecan (t) € M%(O, T),
¥(t) € M1(0,T), o g(t) B (6) npunamrexur xnaccy M (0,T'), u Torna (4) sBaserca pemennenm
sagaqn (1) — (3).

Funding: Asropsr Obun oepxanbl rpantTom AP05133919 KH MOH PK.
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4  Workshop «Problems of modeling of phenomena in electrical contacts»
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THE MODEL OF TEMPERATURE FIELD IN OPENING ELECTRICAL CONTACTS WITH
TUNNEL EFFECT

Stanislav KHARIN®, Adiya KULAKHMETOVA®, Samat KASSABEK®

Institute of Mathematics and Mathematical Modeling of the KN MES RK, Almaty Kazakhstan
E-mail: ®staskharin@yahoo.com, *kulakhmetova@mail.ru “kassabek@gmail.com

The mathematical model describing the dynamics of the temperature increase in opening
electrical contacts with the influence of tunnel effect is presented. It is based on the system of
the heat equations for anode and cathode with the boundary conditions relating to the non-ideal
thermal contact with the Kohler heat sources on the contact spot. Using the heat potentials of
the single layer the problem is reduced to the system of integral equations, for which analytical
and approximate methods of solution are elaborated. The final result is obtained in the terms
of the integral error functions which are very convenient for the engineering applications. It
is shown that in the range of low current the influence of the tunnel effect leads to the
essential anode overheating in comparison with the cathode temperature, and neglecting of
this phenomenon will entail the indispensable error.

Funding: The authors were supported by the grant AP05133919 of SC of the MES of RK.

Keywords: Mathematical modeling, Opening electrical contacts , Tunnel effect

2010 Mathematics Subject Classification: 74F05, 58J35

THE SOLUTION OF THE TWO-PHASE SPHERICAL STEFAN PROBLEM USING HEAT
POLYNOMIALS
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The inverse two-phase spherical Stefan problem for unknown boundary heat flux is solved
by the method of the heat polynomials. Side by side with exact solution two methods for the
approximate solution, collocation and variational methods, convenient for engineering applica-
tions are presented and compared. It is shown that both methods give very good approximation
even for use of several points only. However, the collocation method gives better result for the
initial stage of heating, while the variational method is more preferable for the large values
of the Fourier criterion. The estimation of the error of approximation is obtained using the
principle of maximum for the heat equation. The application of the obtained results for the
calculation of the electrical arc heat flux at the contact opening is presented.

Keywords: Stefan problem, Heat polynomials, heat flux, melting zone.
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MATHEMATICAL MODEL OF TEMPERATURE FIELD AT CLOSURE OF ELECTRICAL
CONTACTS WITH BOUNCING
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This study is devoted to the modeling of temperature field at closure of electrical contacts
with bouncing and a continuation of previous study [1]. Electric contact processes are investiga-
ted in three stages. The first stage is described by the system of generalized heat equations.
Temperature field in the last two stages are described on the basis of two phase Stefan problems
where exact solution is represented in the form of combination of Heat polynomials.
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ASYMPTOTIC REPRESENTATION OF THE SOLUTION IN 2-PHASES STEFAN PROBLEM
WITH BOUNDARY HEAT FLUX CONDITION
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The solvability conditions and the asymptotic representation of the free boundary = = z(t)
at small values of time ¢, are investigated for the following Stefan problem:

8E($,t> 202Ti($7t),

o e
{i=1,2; Dy : {z € (0,2(¢))}; Dy : {x € (2(t),00)}; t > 0}
with the initial and boundary conditions:

a7 (0, 1)

T(2,0) = fs(2); M—p

:g(T(O,t),t); TQ(Oovt) :fg(OO),
and Stefan conditions at the free boundary x = z(t):

aT(0,t) . ATx(0,t)  9z(t)
1 _)\2

Oz Oz T ot

T1<Z,t) = TQ(Z,t) = To, A

where: \; are — coefficients of thermal conductivity, and « is the latent heat of phase transforma-
tion (negative in the case of melting and positive by crystallization). It is assumed that f3(z) has
number of derivatives, and ¢(77(0,t),t) is also differentiable with respect to both arguments,
but may have a singularity of type t~'/2 when ¢ — 0.
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We represent solution to this problem in the form:

i

Tiet) = 30 s [ (€ exp (~(o + ()17 1a0) dg

k—i—1 2a;v/mt

where the functions, f;1x(€), (i = 1,2,4), are also assumed to be properly differentiable. Using
the following asymptotic expansions of functions f;(x), (i = 1,4), and z(t)

filz) = i fixt® +o(z™) and z(t) = i b +o(0™), 0 =1,
k=0 k=0

we obtain, from the initial and boundary conditions of the problem, a recurrently solvable
(uniquely) system of equations for determining the coefficients f; ., a.

Analysis of the solutions obtained by this method allows us to draw the following conclusions
regarding the solvability conditions of the problem and the asymptotic representation of z(t):

— if the condition of coincidence of the initial and boundary functions: f5(0) = f50 = Tp, is
not satisfied, then this problem has no classical solution.

— if asymptotic g(T,t) ~ go - t~'/? takes place at t — 0, then z(t) ~ a1 - V/t, where a is the
root of the known nonlinear equation depending on parameters of the problem.

— if at the initial time the external (go = ¢(7%(0,0),0) < oo) and internal (—Aaf5,) heat
fluxes at then x =0 are not equal, then z(t) ~ ay-t; ag = %/(go — Xaf31), with the necessary
condition: ag > 0.

— if the area D, is heated by the same heat flux gy at z = 0, i.e. ap = 0, then z(t) ~ ag-t3/2;

az = 3 290 _ where t, is the time of heating the surface z = 0, from the initial value to the
)

temperature of phase transformation. If initial temperature is constant (Vo > 0) then ¢, is
explicitly determined from the solution of the corresponding heat equation.

In the last two cases, there is also an asymptotic representation: T(x,t) ~ Ty +
(2 — =(1)).

Using the next items of the asymptotic expansions, we can also estimate the time to which

it is possible to use the above formulas.
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THE MATHEMATICAL MODEL OF THE ARC TO GLOW TRANSITION IN ELECTRICAL
CONTACTS
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The paper presents an attempt to assess the transition of arc to glow discharge on the basis
of a comparison of selected theoretical indicators and these provided by the experiments. The
evaluation includes the dynamics change of the discharge volume during the opening of the
contact. The tests were carried out for a low voltage DC' circuit with a discharge energy not
exceeding 10.J. Based on the results obtained, appropriate practical conclusions were formulated
regarding the need for further consideration.
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