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

ZHANAR ADILYM BeEkTUR BAIZHANOV?2?

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

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

Theory T has the independence property (IP), if for some formula ¢(Z,y) in every model 9% of T
for each n < w, there exists a family of tuples b1, ..., b,, such that for any subset I of n there exists
a tuple ay in M such that M = ¢(ar, b;) < i € 1. If there is no such formula, then T is said to have
non-independence property (NIP). Any o-minimal theory has NIP [2]. It follows from [3] and [1] that
any weakly o-minimal theory has NIP.

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

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

m

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

where (l;)i<n € Z\ {0} and (s;)j<m € Z \ {0} are fixed, § = (61,...,0,) € 2", v = (71,...,7m) € 2™,
and ¢; = -, if §; = 0 and ¢; = empty place, if ; = 1; ¢; = =, if 7; = 0 and ¢; = empty place, if v; =1,
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TARSKI-VAUGHT TEST IN CONSTRUCTION OF COUNTABLE MODELS
BEKTUR BAIZHANOV, TaTyANA ZAMBARNAYA
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

baizhanov@math.kz, zambarnaya@math.kz

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

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

D) ={p € S(T) | M|= p}.

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

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

2) for every € =T with B C C, D() C D(€).
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EXPANSION OF WEAKLY O-MINIMAL GROUP BY BINARY PREDICATE
AND DEPENDENCE PROPERTY

SAYAN BAIZHANOV

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

sayan-5225Q@Qmail.ru

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

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

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

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

ME = ¢(a) <= EKy(a,a).

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

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

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

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

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

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

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

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

Koszul dual is reverse-associative and (one-sided) weak-Leibniz operad, AsLiA' = RevAs N LwLei.
Dimensions of multi-linear parts of AsLiA in degree n is equal to
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Example. Let U = KJ[z] and a xb = ad(b) — 9(a)b + uab, for some u € U. Then (U,x) is
weak-Leibniz. It is associative-admissible and Lie-admissible.

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

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

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

ON NIL CONDITION FOR NOVIKOV ALGEBRAS

AskaAr DZHUMADIL’DAEV!Y®, Kaisar TULENBAYEV??, S. D. NURZHAUOV?®¢, PERIZAT
URINBOYEVA*?, MyrzacaLl ZHORABEKOV®®

L2SULEYMAN DEMIREL UNIVERSITY, KASKELEN, ALMATY, KAZAKHSTAN
3ScHOOL 128, ALMATY, KAZAKHSTAN
4SINSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

¢dzhuma@hotmail.com, *tulen75@hotmail.com, ¢dzhamartovich@mail.ru, perizat_77.93@mail.ru,
®mirzagali_94.kz@Qmail.ru

Let A = (A, o) be an algebra over field with characteristic p > 0 and A x A — A, (a,b) — aob, is
product. An algebra (A, o) is called Nowvikov. if

ay o (agoag) — (a; oag) oaz = aj o (agoaz) — (ay oas) o az,
aj o (agoag) =ag o (ajoag),
Zelmanov proved, that if A left-nilpotent finite-dimensional Novikov algebra over field of char 0,
then A? is a nilpotent.
The description of free Novikov algebras basis was given by Dzhumadil’daev in terms of Young
diagrams.

We prove the following Theorem in our article.

Theorem.For any A Novikov algebra with ' = 0 then follows x>*"~2

=0, for any x € A.
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ON PSEUDOFINITENESS OF ACYCLIC GRAPHS
NurLAN MARKHABATOV
NOVOSIBIRSK STATE TECHNICAL UNIVERSITY, NOVOSIBIRSK, RUSSIA

nur_ 24.08.93@Qmail.ru

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

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

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

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

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

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

i. Va(—(a ~ a)) (not contain loops)

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

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

(1) T has an even number of rays;

(2) each connected component of some model of T' has a pendant vertex or a vertex of dergee > 3.

Corollary. There is a theory T of acyclic graph which is not pseudofinite.

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

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

(01) @ € O and X € O;

(02) IfU; € O and Uy € O then Uy NU, € O;

(03) If O’ C O then UO’ € O.

Definition [12]. A topological space (X,0) is a Ty-space if for any pair of distinct elements
1,22 € X there is an open set U € O containing exactly one of these elements.

Definition [12]. A topological space (X,0) is a Ti-space if for any pair of distinct elements
x1,x9 € X there is an open set U € O such that 1 € U and z9 ¢ U.

Definition [12]. A topological space (X, Q) is a T-space, or Hausdorff if for any pair of distinct
points x1,x2 € X there are open sets Uy, Us € O such that x1 € Uy, 22 € U, and Uy NUy = 2.

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

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

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

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

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

This research was partially supported by Committee of Science in Education and Science Ministry of the Republic
of Kazakhstan (Grant No. AP05132349, AP05132546), and the program of fundamental scientific researches of the SB
RAS No. I.1.1, project No. 0314-2019-0002.
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Below we define the rank RS and degree ds generalizing RS and ds and counting more adequate
complexity measures for families 7 of incomplete theories.

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

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

For a family 7 and an ordinal a = 8+1 we put RS(7) > « if there are pairwise disjoint Bs-definable
subfamilies T, of T, n € w, such that RS(7,) > 8, n € w.

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

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

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

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

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

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

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

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

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

Definition. Let o be an ordinal. A family 7 of RS-rank « is called @-minimal if for any sentence
¢ € 3(T), RS(T,) < a or RS(T,) < a.

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

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

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

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

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

bola,c] =a,boc]—[c,boal+ [b,a]loc—[b]oa,

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

(aob)oc=(aoc)ob.
Denote by Pois the variety of all Poisson algebras, and let PoisDer stand for the variety of dif-

ferential Poisson algebras with a derivation d. In [1], we determined a functor from PoisDer to GD
corresponding to the following morphism of operads:

0 : GD — PoisDer,
x1 0 x9 > x1d(x2),
[z1, 2] — {z1, 22}

Let us say that a GD-algebra A is special if there exists V' € Pois such that A is a subalgebra
of V(.

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

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

The variety of GD-algebras is defined by identities of degree 2 or 3. Therefore, the correspon-
ding operad is a quadratic one [2]. The Koszul dual operad GD' is generated by two operations
pY (w1, x0) = w1 * w3 and vV (z1,22) = 1 * T2, Where

rxy=yx*xx, xx(yxz)=(r*xy)x*z,

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 19

i.e., * is associative and commutative,
(xxy)kz—x*(Yxz)=(x*x2) %y —x*x(2%y),
zx(yxz) =y*(z*2),
i.e., % is a right Novikov product, and
xx(y*z)=(rxy)* 2z,

xx(yY*z)+y*(rxz)=(x*xy)*z.

By using a method in [3] we proved the following theorem:

Theorem 3. The operad GD (and GD') is not Koszul.
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ONE PROPERTY OF HYPERKAHLER VARIETIES
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HyperKahler variety is Riemmann variety M with metrics, conformed with structures I, J, K €
EndTM. We have the following identities are true: I? = J? = K? = IJK = —1 We state that
w = w; + iwy, is holomorphic symplectic form. Next we define T,,(M) = M x S?(m, (a,b,c)). We
prove that hyperkahler structure is defined by Ty, (M). Let X2 = BI,(S?X) We prove the following
theorem

Theorem. Scheme 7 : X — S2X is crepant.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



20 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

References

[1] D. Joyce, Compact hypercomplex and quaternionic manifolds // J. Diff. Geom., 35:3 (1992), 743—
761.

ONE THEOREM ON OMITTING TYPES IN INCOMPLETE THEORIES
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Let P := (pp(zy) : n € w) and @ := (g,(yn) : n € w) be two sequences of non-isolated complete
types over an empty set in a small theory T of a signature X such that for every natural number n € w
there is a model 91, of T" such that for each i < n, M, realizes p; and omits ¢;. We can assume that
the models 91, are pairwise non-isomorphic. Otherwise there is no subject for the next question.

Does there exist a model 91 of T', such that it realizes each type from P and omits each type from
Q7

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

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

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

new
To,n a logical closure of Ty U | p(¢;) in the signature 3(C,) := X U {¢; : j < n}. Let T} be a logical
Jj<n
closure of the following set:

To U {—=TFyid(ys, ¢n) : (i, €n) is a formula of ¥(C) such that Fi € w, Ty F d(ys,én) — ¢i(yi) }-
Denote by T1
To,n U {—3yi¢(yi, ¢n) formula of 3(Cy,) : Fi € w,To - P(vi, n) — qi(yi) }-
For every n,i € w we consider the following set of one-X(C),)-formulas

Fn,i = {¢(yza En) : Elyl((p(y’m En)) S Tl,n and Th U {Vyz(¢(yz, En) -
H; m(yi))} is consistent for each m € w}.

For each n,i,l,m € w we denote for [-th formula from I'j, ; the next ¥(C),)-sentence:
Sn,i,l,m(én) = Vyz(d)l(yzv En) — Hl,m(yz))

Theorem. Let theory T of the signature ¥(C) be a complete consistent extension of Ty. Then
there is a model of T omitting all types from Q if and only if for every n,i € w, I'y,; = 0 or for every
I <|T'y| there exists m < w such that =S, ;;m(¢,) € T".
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ON DEFINABLE CLOSURE IN HRUSHOVSKI’'S STRONGLY MINIMAL
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By a Hrushovski sm-class we mean a class Ky of finite L-structures for a relational vocabulary
L along with a notion of strong substructure which yields a generic structure that is a strongly
minimal set D by a construction patterned by E. Hrushovski. In fact, there are a lot of variants of
this construction. Here we consider the original Hrushovski’s counterexample to Zilber’s trichotomy
conjecture and the example by G. Paolini, where he constructed examples of strongly minimal k-Steiner
systems.

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

The following results are joint with John Baldwin.

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

Theorem For any Hrushoski’s strongly minimal example if u(B, A) > 3 for any good pair (B, A)
with 0(B) = 2, then dcl(ay, az) = dcl(ay) U dcl(az) for any independent elements a; and as.

Theorem There is a Paolini’s example in which the definable closure of two independent elements
is not contained in the union of definable closures of each of these two elements: dcl(ay,as) # dcl(ai)U
dcl(ag) for any independent elements a; and as.
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BOITPOCBHI CBOJAMNMOCTN 3AIIPOCOB BA3 JIAHHBIX HA/JI
ITOYTNN OMETA-KATEI'OPNIYHOUN OBJIACTBIO OIIPEJAEJIEHN A

B. ABJIBIPAIMOBAL, B.III. KYJIIIEIIIOB2?

MEKJIYHAPOJHBIT YHUBEPCUTET UHOOPMAIIMOHHBIX TEXHOJOTUI, AJIMATHI, KA3AXCTAH
KA3AXCTAHCKO-BPUTAHCKWUIT TEXHUYECKWUN YHUBEPCUTET, AJIMATHI, KABAXCTAH
WHCTUTYT MATEMATUKH U MATEMATHYECKOTO MOJIEJIMPOBAHUA, AJIMATHI, KKA3AXCTAH
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B macrosmem nokmamge nccienyercs mpobaeMa CBOIANMOCTH PACIIMPEHHBIX 3aIpOCcoB 06a3 TaHHBIX K
OTPaHUIEHHBIM HAJT TIOUTH W-KATETOPUIHON CJ1a00 O-MUHAMAJIBHON 06JaCThIO OMpEIeIeHNsT, UMEeoIeit
paHr BeITyKJIOCTH 1.

B pensiinonnoiit mozesnn 6a3 panubix [1]-[2] cocrosiiue 6a3bl JAHHBIX TOHMMAETCS KaK KOHEJIHAs
COBOKYIHOCTEH OTHOIICHWH MEXKIy JIeMeHTaMu. VIMeHa OTHOMIEHWH 1 UX apHOCTH (PUKCUPYIOTCS B Ha-
BBIBAIOTCS Ccxemoti 6a3v darrnvix. OTaenpHas nHGOPMAIU, XpaHUMasd B OTHOIEHUSX JTAHHOW CXEMBI,
Ha3BIBAETCI COCTNOAHUEM 6a3bl 0aHHbIT. XOTS PEIAINOHHbIE 0a3bl JaHHBIX ObLIN MPUIYMAHBI I KO-
HEUHBIX COBOKYITHOCTEHN JAHHBIX, 9acTO YAOOHO MPEANoIaraTk 4TO CYIIecTByeT GecKOHETHAsT 004aCmMb
onpedesenus — HAIIPUMED, [Ie/ble UIN PAIlHOHAJBHBIE YHC/Ia — TaK 9TO 3JEMEHTHI JAHHLIX BHIOMPAIOT-
cst w3 91oit obsacTu. OyHKIMKM 1 OTHOIIEHWS, OTIPEIEIEHHbIE HA BCEH 006,1aCTh onpeieenus (HanpuMep,
< u +) MOryT OBITH TaKKe WCHOJIB30BAaHbI TIPU 3ampalnmBannu. Hampumep, ecam B KadecTBe s3bIKA
3AMPOCOB UCIOJIB3YEeTCs SI3bIK JIOTUKU MPEIUKATOB TIEPBOI0 MOPSIKA, TO 3aIPOCHl MOTYT HCIIOIB30-
BaThb KaK OTHOIICHHS 0a3bl JAHHBIX, TAK W OTHOIIEHUs 00/1aCTH OIIpPEIe/IeHNs, IIPH STOM IIepEeMEHHbIE
MU3MEHSIFOTCsT Ha, BCell 00J1aCTu OIIpeJIe/IeHIS.

Ilyctb M — GeckoHeuHasi CTPYKTypa curHaTypbl L. 3jiech Mbl pacCMaTpUBAaEM YIOPsIO9eHHbBIE
CTPYKTYPbI. DT0 03HaUaeT, 40 L BKJOUYaeT OUHAPHBIN PEJISIIIUOHHBINA CUMBOJI <, MHTEPIPETAIMS KO-
TOporo B M yIOBJIETBOPSIET aKCHOMAaM JIMHEHHOTO TOPSIIKA.

Mub1 pukcupyem cxemy 6asbl jJauabix SC' 1 BBOJUM CJHEAYIONNE 0003HAYECHMS:

Lo = {<},L/ = Lg USC,L” =LUSC.

Mpsb1 paccMaTpuBaeM J1Ba A3bIKA, sl 3aMPAITUBAHUS. 3AMPOCHI EPBOTO SI3bIKA, €CTh (DOPMYJIbI CUT-
HaTypbl L' — MBI Ha3BIBaEM UX 02PAHUYEHHDBLMU. 3AIIPOCHI BTOPOTO A3bIKa €CTh (DOPMYJIBI CUTHATYPBI
L" — Mbl HasbiBaeM UX PaAcuUperHuLMU.

3ampoc Ha3LIBAETCI 2EHEPUYECKUM, ECJIH OH COXPAHSIETCSI OTHOCHTENBHO IEPECTAHOBOK YHUBEPCYMa
M, cOXpaHSIIONIEro MOPSII0K.

k-apHbIii 3a1Ipoc © Ha3BIBAETCI A0KAADHO 2EHEPUHECKUM HAO KOHEUHBMU COCTMOAHUAMU, €CIH a € ©
ToryIa U TOJBKO Toraa Koraa ¢(a) € O(¢(s)) muas mwboro vactuanoro <-uzomopdusma ¢ 1 X — M,
rme X C M, maas 100010 KOHEYIHOTO COCTOdHus § Ha X u Jid Jobdboro k-xoprexa a B X.

Bynem ropoputs uro monnast reopus 1 umeer Ceoticmeo Hzoasyuu, ecau CyIecTBYeT KapamHA
A TaKoii, YTO IJIst JH0OOT0 ICEBNO-KOHETHOI0 MHOXKECTBa, A 1 A JII060r0 9JeMEHTa G MOJIEJH TEOPHH
T cymectyer Ag C A Takoe, aro |Ag| < A u tp(a/Ag) nzomupyer tp(a/A).

B pabote [3] 6pL1a yeraHoBIeHA CIeIyOMad TeopeMa:

Teopema 1.

Hpenmomoxkumv aro Teopust mepBoro mopsiaka crpykrypbl M umeer CsoricrBo Mzonsmun. Ilycrs
pacIIupeHHsii 3anpoc © sBJIgeTcs JOKAJILHO IeHepHIeCcKHM HaJ KOHEYHBIMH cocrodgnuamu. Torpa ©
SKBUBAJICHTCH HAJ] KOHEYHbIMU COCTOAHUAMUA OI'PDAHUYICHHOMY 3alIpOCY.

Onpenenenne 2. (4], [5]

Bropoit aBTop 6L nogaep:kan rpanrom Munucrepcersa o6pasosanus u nayku Pecy6iuku Kazaxcran (AP05134992)
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Hycrs p1(x1),...,pn(zn) € S1(T). Tun q(x1,...,z,) € S(T) wazpiBaercs (p,...,pp)-TUIOM,

n
ecin  q(x1,...,2n) 2 U pi(x;). Muaoxecrso Bcex (pi1,...,pn)-Turnos rteopun T oboznauaercs de-
=1

pes Sp,....pn(T). Cuernas reopust T HA3bIBAETCH TOYTU W-KATETOPUYHON, €Cjd JjIst JIIOOBIX THIIOB
p1(z1),...,pn(zn) € S(T) cymecrByer Juie KoHeYHOE IUCI0 THIOOB (X1, ..., %n) € Spi.. p, (T).

Hacrosamuit nokman KacaeTcs MOHATHS CAGOOT 0-MUHUMAADHOCTU, TEPBOHAYAILHO TIYO0OKO HCCe-
gosatrtoro B [6]. IogmuoxkecTBo A JIMHEHHO yHOPsA0UEHHOH CTPYKTYPbl M HAa3bIBACTCS GHINYKAIM,
ecsm it Jo0bIX a,b € A u ¢ € M Beakuil pas korjga a < ¢ < b Mbl uMeeM ¢ € A.

Crab0 0-MUHUMAALHOT CMPYKMYPol HA3BIBACTCSA JTMHEHHO yIopsiaodeHnas crpykrypa M = (M, =
,<,...) Takasg, 9TO JiO0e ompeaesnMoe (¢ mapaMerpaMu) MOAMHOXKECTBO CTPYKTYpbl M sBiisiercst
o0 benHeHeM KOHEIHOTO UNC/Ia, BBIMTYK/IBIX MHOKeCTB B M. Bemomunum arto takasa crpykrypa M na-
3BIBAETCS 0-MUHUMAALHOT, €CTA KAZKJI0e ONpeIenMoe (¢ TmapaMeTpaMu) MOAMHOKECTBO CTPYKTYDHI
M aBnstercst o0beUHEHNEM KOHEUHOTO UNCIa WHTEpBaaoB n Touek B M. Takum obpasom, cmabdast o-
MHUHAMAJIbLHOCTD SIBJIAETCA 0D0DIIeHeM 0-MIHIMAJIbLHOCTH. BelecTBeHHo 3aMKHY ThIE TI0JIA ¢ COOCTBEH-
HBIM BBIIYKJIBIM KOJIBIIOM HOPMHUPOBAHUSA OOECIEUNBAIOT BAXKHBIH npuMep ¢1abo O-MUHUMATBHBIX (HE
O-MUHUMAJIBHBIX) CTPYKTYP.

Panr Beinykaoctu hbopMyIsIbl ¢ 0HOM cBOOOMHOI epeMennol BBeIeH B [7]. B gacTHOCTH, cotabo o-
MUHUMAJIbHAS TEOPUST UMEET PaHe 8bNYkA0Cmy 1, eCciiu He CYIIeCTBYeT MapaMeTPUIecKu OMPEIeTInMOTO
OTHOIIIEHHUS IKBUBAJIEHTHOCTH C OECKOHEIHBIM UHNC/IOM OECKOHEYHBIX BBIITYKJIBIX KJIACCOB.

Hawmm pokasama ciaenyromast Teopemas

Teopema 3.

Hycre T — mouru w-kareropudHas cjaabo o-MHHHMAJIbHAsS Teopus padra soinykjocru 1. Torna T
umeer CporicrBo Hzossin.

Caencrsue 4.

Iycte T — nmoutm w-rareropumdnas Caab0 O-MUHUMAJIBHAS TeopHus panra Boeimykjgoctu 1. Torma
KasKJIbIH DACIIHPEHHBIH 3aPOC, SIBISIOIIHICS JIOKAJIbHO N'€HEPUIECKUM HaJ] KOHEUHBIMH COCTOSHUSMH,
SKBUBAJICHTEH HaJ KOHEYHBIMH COCTOSHHUSIMU OTPAHHICHHOMY 3aIIPOCY.
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[7] B.Sh.Kulpeshov, Weakly o-minimal structures and some of their properties // The Journal of
Symbolic Logic, 63, 1511-1528 (1998).

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



24 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

CBOVICTBA E-KOMBUHAIIUN JINHENHBIX I[TOPSIJIKOB
AB. AJITAEBAL¢, B.III. KVJAIEIITIOB?*?, C.B. CYJIOIIJTATOB?*

TKABAXCKUIT HAITMOHAJILHBI YHUBEPCUTET UMEHU AJTb-DAPABU, AJIMATHL, KA3AXCTAH
L2PIHOTUTYT MATEMATUKU U MATEMATUYECKOTO MOJJEINPOBAHUS, AJIMATEHI, KABAXCTAH
2KABAXCTAHCKO-BPUTAHCKUI TEXHUYECKUI YHUBEPCUTET, AJIMATEHI, KABAXCTAH
SUHCTUTYT MATEMATHKY UMEHK C.JI. CoBo/IEBA CO PAH, HoBocubuprck, Poccnst
SHOBOCUBUPCKNI MOCYIAPCTBEHHBIN TEXHUYECKUI YHUBEPCUTET, HOBOCUBUPCK,
Poccuga

@yip.altayeva@mail.ru, *b.kulpeshov@kbtu.kz, sudoplat@math.nsc.ru

B cepun pabor [1]-[7] usygammuce TOMOJOTHMECKAE CBOHCTBA ceMeiicTB Teopuil. Beln BBEIEHBI 10
watug P-oneparopa u F-omeparopa, MO3BOJISIONME U3YyYaTh CBI3M MEXKY TEOPUIMU OTHOCHTEIBHO
MOIXOJIAIINX OIEPATOPOB 3aMbIKAHUS. DTH ONEPATOPHI JAIT BO3MOZKHOCTD TTOPOXK/IATh HOBLIE TEOPUHU
MTOCPEICTBOM PACCMATPUBAEMBIX CEMENCTB TEOPHUil, a TAKXKe HAXOJAUTh B HEKOTOPBIX CAydasix MWHW-
MaJIbHBIE WJIM HAMMEHBIIUE ITOPOXKIAONINE MHOKECTBA..

Januoe ucciepoBanue ObLIO MPOIOIKEHO B coMecTHbIX paborax Kymmemosa B.III. u Cynomia-
toa C.B. |8]-[10]| mans cemeiicTB yHOps/109MeHHBIX TEOPHil, B TOM HUHCJIE U s CEMEHCTB BIOJHE O-
MUHHMAJIbHBIX Teopuii. OTMernm, uTo B pabore [11] Takke paccMaTpUBaIuCh KOMOMHAIIAE CTPYKTYD
B BUJIE UX TTPOU3BEACHWIA.

B macrosiiiiem pokiajie uccaenyorcs F-KoMOUMHAIINN CYETHOTO UHUCJIA CUYETHO KATEMOPUYHBIX JIH-
HEWHO YIOPLAI0YeHHBIX CTPYKTYP YHUCTOrO JUHEHHOTO mopanka. Halimen xkpurepuii CueTHON KaTero-
puuHocTn E-KOMOWHAIIMK CUYETHOrO YHCJA KOUUil TTPOU3BOJILHOTO CYETHO KATErOPUYHOIO JIMHEHHOTO
mopsiika. B KauecTBe CIeCTBUS MOJIYUEHO OMUCAHNE CUETHOTO CIEKTPa TaKOoH KOMOWHATIIH.

Berony 31eck Mbl Oy/ieM paccMaTpuBaTh JUHEHHO YIIOPSIOUYEHHbIE CTPYKTYPHI, T.€. CTPYKTYPBI s3bI-
Ka, COepKaIiero SUHAPHBIN CUMBOJI <, KOTOPBIH YZAOBJIETBOPSIET aKCHOMAaM JMHEHHOTO mopsaka. Jlu-
HEHHO YIOPsiI0YeHHbIE CTPYKTYPBL B curHaType {<} (CTPYKTYpBl YHCTOrO JMHEHHOTO TOpsiiKa) Oymaem
HA3bIBATH KPATKO AUHETHHMU NOPATKAMU.

IIycrs M; — sumeiiHo ynopsjoueHHas CTPYKTypa CUTHATYphl {<,X;} Ui Kaxkjgoro i < w, rje
Yl; HE COJIEPKUT BBIJEJEHHBIX KOHCTAHT. Bymem obo3nagarh uepes ddfm@) MHOXKECTBO 3JIEMEHTOB
crpykTypbl M;, siBstommxcst (-onpe/iesmMbIME OTHOIIEHHEM TOPSIIKA < )/, .

Bynem rosoputs uto M T = (Uiew Mi; <, %, E?, C7;€>]€<)\M‘€w — AUHETHO Ynopadovennas rnenepece-
karowanca E-xombunayus (unu npocro E-xombunayua) crpykryp M;, ecin ¥ = Ui X, {c} | k <
Ai} C dclfvji((l)) IJIsT HEKOTOPOro OpOuHaia A;; aubo M; < M,,, mubo M,, < M; nisg moboix [,m € w,
u E — oTHOIIeHMe SKBUBaJEHTHOCTH, pasbusatomee M T Ha BBITYKJIble KIACCH, TAK HUTO IS JTIOO0TO
a € M* E(a, M) = M; nnga nekoroporo i < w.

Takum 06pazoM, Mbl BKJIIOYAEM B CHUTHATYPY TPOm3BOIbHON F-koMmbunaruu cTpykryp M;, i € w,
BCe 3JIEMEHTHI, JIeXKAINE B dcl]f@(@) JUTsl KaXKJ10ro @ € w, T.e. ecau My u Ms — m3omopHble Konuu
OnHOM u TOM ke crpykTypbl M, KoTOpas mmeer X snementos, snexamux B dely (0) ans mHexoroporo
opjiuHasa A, T0 B curnarypy E-xkombunamnuu ot crpykryp Mi u Ma b6yayT BKIIOYEHBI 2\ 3J1€MEHTOB.

3/1ecb MBI HHTEPECYEMCST BOITPOCAMH COXPAHEHUS TeX UJIM UHBIX CBOMCTB MEPBOHAUYAIBHBIX CTPYKTYP
B ux F-xombOunarmu. Hanpumep, eciu Bce M; aBisaioTcd Ng-KaTerOpUIHBIMU, TO MIPU KAKUX YCIOBUIX
SJIeMEHTAPHAST TEOPUsi TPOU3BOJIBHON F-KOMOUHAIINY 3TUX CTPYKTYp Oyaer TakKe No-KaTeropuaHoit?
BosmoxxHO ociabienne yCIoBUsT: KOT/Ia TaKast KOMOWHAIUs Oyner peHdOifXxTOBOI WK KOTaa oHa Oymer
UMeTh MAaKCUMAJBHBIN CUeTHBIH CrieKTp?

OueBugro uto ecim M — Ng-KaTeropuuHasi JUHEHHO yHOPSIOYEHHAA CTPYKTYPa C HEMYCTHIM
dely;(0), u MBI paccMaTpuBaeM IPOM3BOIBHYI E-koMOuHANMIO w-Komuit cTpykTypsl M, To corac-
Ho onpegenenuto E-kombunanuu dcly+ () 6yger Geckonednbiv, oTky/a moaydaem, uyro Th(M™) ne
siBjigercst No-Kareropuynoii. Takxke ecjim Mbl pacCMaTPUBAEM CUETHOE YUCJIO TIOMAPHO HEU30MODGHBIX

HUccnenoBanus nonaepkansl rpantom Munucrepcrsa obpasoBanus u Hayku Pecuy6imku Kazaxcran (AP05132546)

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 25

No-KaTeropuaHbix JUHEHHbIX mopankoB M;, ¢ € w, To Jwobas F-koMOuHANNSA STUX CTPYKTYD Oyrier
3aBeIOMO He No-KaTeropuaHOw.

ITpeanoxkenue.

ITyctes M — No-KaTeropudHslii TuHEHHBE DOpsaaoK, M+ — imHeiiHo ynopsnovdeHHas Helmepeceka-
romasics E-kombunanus w xoruii crpyxrypsr M. Ipeanonoxum aro delp(0) # 0. Torma Th(M™)
umeer 2% cueTHBIX MoJjesiet.

Hawmm nokasama ciaenyromast Teopemas

Teopema.

IIycts M — Wo-KaTeropudmblii JuHeinbli mopsaok, M — jnHeitno yrnopsjodennas HellepeceKa-
romasicss E-xkombunanus w konuti ctpykTypsel M. Torga umeer mecTo caemyroree:
(1) Th(M™) — Rg-rareropuuna torga u Toabko torga, korga dely(0) = 0 u (MT/E, <jna) — No-
KaTeropudna, rie <;nq — HHIVIIHPOBAHHEIH Hopsaiok Ha E-xaaccax B M.
(2) Eciu Th(M™) ne sBaserca No-xkareropuunoii, 1o Th(M™) umeer 2% cuernbrx Mogeeti.

Canenctsue. Ilycts My, ..., M, — aunefino yrmopsgo9eHHbIe CTPYKTYPBI, SBISIOIIAECT YPEHGOHX-
roBbiMu, N < w, M — Wo-kareropuunsrii muneiitnsiii mopsaok ¢ dely(0) = 0, M T — Jmmettno ymops-
JOYCHHAS HEIIePeCceKaromasacs kombunamuss ctpykryp My, ..., M, n w komwmii crpyxryper M. Torma
reopust Th(M™) speucpoiixropa < (M™*/E, <;nq) Ro-Kareropuana.
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PACIIPEAEJIEHU S CYETHBIX MOJEJIEN TEOPU
OJHOMECTHBIX ITPEINKATOB

A.B. JAVJIETUAPOBA
NHCTUTYT MATEMATUKYU M. C. JI. CoponEBA CO PAH, HoBocusuprck, POCCUA

d-aigera95@mail.ru

B gannoit paboTe MBI IPOAOJIZKAEM U3ydeHUE CBOMCTB PACIPENeIeHNs CIETHBIX MOJeel 110 mpej-
nopsaxaM Pynun-Keificiepa u o 4uciy npeiejbHBIX MOJeseil HaJl HOC/Ie10BaTeIbHOCTIME THIIOB |1].
B paborax K. A. Baiikanosoit [2] u P. A. IToukosa [3] 6111 ycTanOBIIEHBL BO3MOXKHbIE 3HAYCHUS TPO-
€K PACIPEIEICHNST YUCJIa, CUYTHBIX MOJE/Ieil JIIs TeOpHit OJHOMECTHBIX MPEAUKATOB COOTBETCTBEHHO

CO CUETHBLIM YHCJAOM U KOHTHHYAJbHBIM YHCJIOM THIIOB. HG.HI)IO IL&HHOI;'I pa6OTbI ABJIAETCA OIINCaHue

npenmnopsakos Pymun-Keiiciepa un pacupegenenust mpenesbHbIX MOAEeH HAT MOCAeA0BATETHHOCTAMNI
THUTOB JIJIsl TEOPUiT HE3aBUCUMBIX ITPEINKATOB.

Teopewma. /s 1060t caéraoit Teopun I 0THOMECTHBIX TPEIUKATOB BO3ZMOXKHBI CJICIYIOIIHE CJIy-

qau:

1)

2)

3)

4

5)

Ecnn teopus T me mmeer HernaBHbIX 1-THIIOB, TO MOIYYaeTCS OJHOIJIEMEHTHBIH HPEITOPIIOK
Pynun-Keticiepa u OTCYTCTBYIOT IIPeNeIbHBIE MOJEH;

Ecian umeercsa onun HernaBHBIH 1-THn, TO npeamnopsaok Pymua-Keficaepa sBasgercss cUETHOI
BITOJTHE YTIOPSJOYEHHON IIEMbI0 U CYIMECTBYET OAHa MIpeneabHas MOAETb, 3Ta IMpegebHAsT MO-
JeJ1b IPEJCTABASIEeTCS B BUIE 00beaHHEHHs IIeIn 10 npeanopsaky Pyaun-Kericaepa;

Ecnn mmeercst komeunoe uncao n > 1 mernmaBubIx 1-TmmoB, T0 npexmopsiaok Pyaun-Keiiciepa
ABJSAETCA CUETHOH aTOMHOH jucTpubyTuBHOIH pemérkoi L ¢ n aromamu, ¢ OTHOCHTEJIHHBIMU
AOIIOJIHCHUAMU 1 663 MaKCUMaJIbHBIX 3JICMEHTOB; IIDU 3TOM I0JIyHaCTCAd W HPEJICJIbHBIX MO,I[G.}IGI;‘I,
Kaxkjiasd U3 KOTOPBIX HPEJCTABJISETCH B BHJE O0bEIHHEHHS HEKOTODOH MaKCHMAaJIbHOH Iend B
L, u obpatHo, 00bequHEHAE KAXKTOH MAKCHMAJILHOH 1end B L 3a71a6T HEKOTOPYIO MPEJAETBHYIO
MOJEJIb;

Ecnn nmeercsa cuérnoe umcesio HernaBHBIX 1-THIIOB, TO npenamnopsiaok Pymun-Keiiciepa spisgercsa
Ccu6THOI aTOMHOI AucTpuOyTHBHON peméTkoii L ¢ w aromamu, ¢ OTHOCHTEIbHBIMY JOTIOTHEHHSIMHA
u 6e3 MAKCUMAJIBHBIX 3JIEMEHTOB; IIPU 9TOM II0JIy4daercs 2% npenejbHbIX MoJesiell, KaXkjgas U3
KOTODBIX IIPEACTAB/ISAETCS B BHJE 00bEINHEHHS HEKOTOPOI MaKcuMaJibHOH mnenu B L, u obparHo,
obbeuHeHne KaxK 0 MakcuMaJibHOl e B L 331261 HEKOTOPYTO HMPEIEIbHY0 MOJE/Ib;

Eciau umeercs KOHTHHYaJIbHOE YHCJO HEJIABHBIX 1-THIIOB, TO Jinb60o Teopust I’ He uMeeT HU HpPO-
CTBIX, HH OPEeIeJTbHBIX MOAEAEH, u00 HMEeTCd KOHTHHYYM MPOCTHIX H KOHTHHYYM IIPEAEIbHBIX
MozesIett, Tpu KOTOPOM NIpeamnopsanok Pynun-Keficiepa saBiaseTcss KOHTHHYAJIbHOH aTOMHOMH JHC-
TpubyTuBHOI pemérkoi L ¢ 2 aromamu, ¢ OTHOCHTEIBHBIMY JOIOTHEHASTIMA U 063 MaKCHMAa Ih-
HBIX 3J€MEHTOB; TPH 3TOM MOJydaeTcs 2 mpenebHbIX MoJesel, Kaxaas U3 KOTODLIX IPEN-
CTaBJISIETCS B BHJE 00beIUHEHHS HEKOTOPOI MaKCHMAaJIBHOH rend B L, n 06parHo, 00beguHeHne
Kaxk 10l MakcuMaJibHOH rierd B L 3a/aéT HEKOTODYIO IPEIETbHYIO MOJED;
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AJITEBPHBI PACIIPEAEJIEHUN BUHAPHBIX ®OPMV/JI
AJIAd JEKAPTOBBIX ITPOU3BEIAEHUUN I'PA®OB

Jdmureuit EMEJIBAHOB
HOBOCUBUPCKUI INOCYTAPCTBEHHBIN TEXHUYECKUN YHUBEPCUTET, HOBOCUBUPCK, Poccusa

dima-pavlyk@mail.ru

B crarbe [1] HauaTh uccaemoBanus aaredp OMHAPHBIX W30JUPYIONTHX (hOPMYJT sl TEOPHii JTeKap-
TOBBIX Npou3BegeHuti. B Heil paccMOTpeHbl MPaBUIa YMHOKEHUS /I TPABUILHBIX (DUTYP OT OTPE3Ka
o naTuyrogbHuKa. [Iponoskas ucc/ie1oBaTh JEKAPTOBbI YMHOXKEHUs aJrebpbl Jjisd OTpe3Ka W Ipa-
BUJIbHBIX MHOTOYTOJBHUKOB, MOy Inn aBe ob1re popMbl 71 N-YTOJBHUKOB C Y€THBIM KOJUYIECTBOM
VIVIOB U C HEYETHBIM.

Omnpegenenne. /lexapmoso npoussedenue, nau npamoe npoussedenue G1 X Go X ... X Gp, = G
rpacdos G1,Go,...,Gy — 3T0 Tpad, ¥ KOTOPOTO MHOMXKECTBO BepHInH rpada — 9TO MPSIMOe TPOU3-
sesierne V(G1) X V(Ga) X ... x V(Gyy,), n n06bie BeprmiuHabl (U1, Ug, Us, . . ., Uy ) ¥ (V1,02,03,. .., Up)
CBsI3aHBI OTHOIEHUEM (G TOT/Ia U TOJIBKO TOT/A, KOTJA JIJisi HEKOTOPOTO 4, BEPIIUHA U; CMEXKHa C Bep-
muHol v; B rpade Gj, u u; = v; upn j # 1. llpu G1 = G2 = ... = G, = G 1eKapTOBO IPOU3BEICHUE
G x G X ... x G HazbiBaercst m-i dexapmosot cmenenvto rpada G u oboznadaercs uepes G

Ounpenesienue. Aazebpa das epaia pebpa R ¢ MHOKECTBOM METOK P (p) = {0,1} sro asrebpa,
KOTOPAas 3a/1aeTCs CJeayiomeit Tabmied:

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

IIpenyoxenne 1. Asrrebpa 6unapubix uzoupytoix ¢popmysn €py , JIJIst IPIMOro IPOU3BEIeHUs
k-ii nexaproBoii crenernn rpaga pebpa R* ¢ rpapom n-yroasHIKa, TI€ N 9ETHOE, 33,1a€TCH MHOMKECTBOM
MeTOK py(p) = {0,1,...,d+ k} u crenyiomeit Tabnnest Kau:

: 0 1 2 3 1 | (d+k)
RN () S Y 53 53 W [ TF d+h]
I (1) 10,2} 1137 | {0.2.4) | (L35 | {..J | (Fmw)
2 2} {13} | {0,247 | {1,3,5} | {0,246} | {.-} | {Frmw}
3 (3] | (0.2.4] | {L3.5) [{0.2,4.6] | (New] | L.} | {Fmw}
4 {4} {15 3, 5} {07 2,4, 6} {NC(Q)} {C(a)} { - } {Fm(a)}
7 T {3 ! . YT L0
(d+Fk) | {(d+k)} | {Fme} | {CFm@w} | {Fme} | {Fmet [{--}] {Cat

Pa6ora BeimoHeHa mpu YactuaHO dbuHaHCOBON momaepxke Komurera nayku MunncrepcrBa o0pa3oBanus u HAyKU
Pecy6siuku Kasaxcran (rpanr No AP05132546).
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rae {Nc(y)} — MHOXKECTBO HedeTHBIX MeTOK 70 ¥, {C(y)} — MHOXKECTBO YeTHBIX METOK J0 T, F'mq) =
Ne¢(oy npu nevernom o, nnave Fmy) = C(q), d — anavmerp rpaca, « = m +1, ecimm +1 < d + k,
nHage o = d +k, rge m,n € p,,).

IIpennoxenne 2. Ayrebpa OuHapHbIX u30/Hpytonux Gopmyn Nepy, , /st IPSMOro 1MPOU3BE/Ie-
Hus k-ii gexaproBoii cremenn rpacpa pebpa R* ¢ rpagom n-yrombHnmka, rie n HedeTHOe, 3a7qa€TCST

MHOKECTBOM METOK [y (p) = {0,1,...,d+ k} u crexyromeii tabanueii Kan:
. 0 1 2 3 4 (d+k)
U () S O S B O EEESSIEECEL)
1 {1} {0,2} {1,3} {0,2,4} {1,3,5} {3} {Fn(a)}
2 {2} {1,3} {0,2,4} {1,3,5} {0,2,4,6} | {...} {Fne}
3 {3} {0,2,4} {1,3,5} {0,2,4,6} {Nc(a)} {3} {Fn(a)}
@+ R | @1 1) | Frd | 1CFma) | (Pl | Fre] | Lot | (0.1, a]

rge {Nc()} — MHOXKeCTBO HedeTHbIX MeTOK 10 T, {C(y)} — MHOKECTBO 9eTHBIX METOK 10 T, d —
mramerp rpaca, o = m+ 1, ecru m+1 < d+k, npave o = d + k, rae m,n € p, ) F'ne) = Neo) npu
negerHom «, F'niy = C(o) mpu gernom o, Fny ={0,1,...,a} npm a > n.

Teopema. Asrebpa Gunapubix uzojupyromux dopmys Nepy, , I IPAMOro NpOU3BEAeHUS k-if
stexapToBoii crenenu rpacga pebpa R* ¢ rpadpom n-yrospunka, pasaa aarebpe €py, ,, AL YETHOIO M,
1100 NePy, ., JJIst HEIETHOIO M.
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CBOVICTBA COBEPIIIEHHBIX TUBPUJ0B ®PATMEHTOB
V-cl- MHO2KECTB

Ha3EPKE MYCHUHA, Yanan COLHMAJIOBA

KAPATAHJIMHCKUI M'OCYJIAPCTBEHHbBIM YHUBEPCUTET UM. AKAJIEMUKA E.A. BYKETOBA,
KAPATAHIA, KA3BAXCTAH

nazerkel 70493@mail.ru

Omnpemennm CymmHOCTD anrebpandeckoil KOHCTPYKINT, KOTOPas HeOOXOAMMa JIIS ONPE/Ie/IeHUs TH-
OpUI0B HOHCOHOBCKIAX TEOPHIL.
Iycrs O € {U,N, x,+,®,[[,[[}, nae U-obbennnenne, N -niepecederne, X-a1eKapToBoO MPOU3Be/Ie-
F U

HEEe, +-CyMMa U D-mipsiMas cymma, | [-dunbrposannoe u | [-yapTpanponsseenue.
F U
Crenyroiee onpejiesienne JaeT THOPHUL IBYX HOHCOHOBCKUX (DPArMeHTOB OIHOM CHTHATYPHI.

IIycrn X1, X9 - V-cl-moaMHOX)KecTBa HEKOTOPOH JOCTATOYHO OOJIBINON 3K3UCTEHINAIBHON MOJETH
JaHHON CUIHATYPHI.

Onpepesienne. ['nbpugom H(Fr(X1), Fr(Xs)) fionconosekux dbparmenros Fr(Xy), Fr(Xsa) 6y-
ner wazbiBarbest Teopust Thy3z(C1 [ Cy), ecim ona fionconosckas, e C; - ceMaHTUYeCKUe MOIEJIH
Fr(X;),i=12.

SameTnM caeayonmit hakT:

®axr. s Toro arodsl reopus H(Fr(Xy), Fr(X2)) 6bL1a fforcOHOBCKOI qocTarowno, aTobbl (Ch
02) <3 C.

Jasee 06bEKTOM HAIErO HCCJE0BAHUA OYIeT KJIACC SK3UCTEHIINATBHO MPOCTHIX BBITYKJIBIX V3-
TOJTHBIX (DPArMEHTOB B pAMKaX BBINEYKA3AHHBIX YCIOBHIA.

B pamkax m3ydeHus maHHOrO KJIACCA TEOPUI MBI MOYUUIN CJIEAYIONINE PEe3YIbTATHI:

Teopema 1. Ilycrs Fr(X) - coBeprieHHDIH BBIMYKJIBIH 9K3UCTEHIIHATIBHO IIPOCTOH MOJIHBIH JIIs
V3-npeioxennii fionconosckuii pparment. X1, Xo - V3-del-muoxecrsa B reopun Thys(C), rae
M;=dcl(X;) € Epr(rhys(c))s Fr(Xi) = Thys(M;) Taxxe copepieHHbIe BBHITYKIbIE 3K3ACTEHIHATHHO
mpocTeie moaHbe isa VI-upegaoxennii HorconoBckue gpparmentol. C1, Co - HX ceMaHTHYECKHTE MOJIe-
s coorercrenHo. Torna, ecin nx rubpun H(Fr(Xy), Fr(Xs)) aBisgercs MOLeIpHO COBMECTHBIM C
Fr(X;), ro H(Fr(X1), Fr(X2)) sasiercs coepiieHHO [IOHCOHOBCKOIT Teopueit st = 1,2.

Teopema 2. Ilycrs Fr(X), Fr(X1), Fr(X2) yaosaersopsior ycrousy teopemsl 1 u Fr(Xy),

Fr(Xs) - w-kareropuunst. Torga ux rubpuy H(Fr(Xy), Fr(Xs2) rakxe sapisercs coBeprieHHOMH
HOHCOHOBCKOH Teopuei.

Bce HeomnpeiesieHHbBIE 371€Ch TOHSTHST MOKHO W3BI€Yb U3 [1,2].

Criucok aurepaTyphbl
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JaHHplif Te3UC uMeeT OTHOIIEHWE K MOJYJISIPHBIM (bparMeHTaM, KOTOPBIE YJIOBJIETBOPSIOT CBOIi-
CTBY HACJIEJICTBEHHOCTH. APKUM mpuMepoM TakuX (hParMeHTOB sBASIIOTCA (PPArMEHTHI HOHCOHOBCKUX
[OJIMHOZKECTB CEMAaHTUIECKUX MOjiesiel abeeBbIX IPYIIIL.

Paccymorpum cremyrormie HeOOXOAUMbBIE OTIPEICTeHA.

Onpenesenne 1 [1]. Eciu (X, ¢l) stBasieTcst fH0HCOHOBCKO TpeareoMeTpreit, MbI TOBOPUM, 9TO A
sSIBJIsIeTCsl HOHCOHOBCKM He3aBUCHMbIM (J - He3aBUCHUMbIM) TToaMHOXKecTBOM B X, ecan a ¢ cl(A\ {a})
1t Beex a € A n B apagercs J-6asucom qia Y, Y C X, ecm B-J-wezasucumo n Y C acl(B).

Ounpenestenne 2 [1]. Me1 roBopuM, ato (X, cl) sBiasieTca MOIyISPHON TIpeAreoMeTpHreil, ecan s
JTIOOBIX KOHETHOMEPHBIX 3aMKHYTHIX A, B C X

dim(AU B) = dimA + dimB — dim(AN B)

Ounpeznesenne 3 [1]. Eciim X = C u (X, ¢l) aBasiercss MOIyIsIPHOI, TOTIa HOHCOHOBCKAsT TEOPHS
T wazbiBaeTcs MOLYAAPHOiL, riae C' - ceMaHTHIECKas Moje/ib Teopun 1.

Ounpexnestenne 4 [1]. Ilyere X C C. Mbl MoxkeM roBopuTrh, 910 X - V — ¢l-fIOHCOHOBCKOE IO/
muO)ecTBO C) ecim X yIOBIETBOPSIET CACAYIONIAM YCIOBUIM:

1) X - V-ompegenseMoe MHOXKECTBO (3TO O3HAYAET, YTO cymiecTByer (ropmyna u3 V. pelreHue
koTopbix B C sapjsgerca muoXkecTBO X, rjie V C L, 10 ects V 310 Bu bopmysasl, Hampumep 3,V, V3 u
T.0I.);

2) cl(X) =M, M € Ep, rae cl HeKOTOPBIil OIIepaTop 3aMBIKAHUS, OMPE/IEIISIIONIHI IPEATeOMETPHIIO
Hayg C (mampumep cl = acl nan ¢l = dcl).

Ounpegnesienue 5 [1]. O6oramenne T ionconoBcKoi Teopuit T Ha3bIBAaeTCs JOMYCTUMBIM, €CIH
0607 V-tur (T.e. mo6as dhopmysna 9Toro tuma npuHagmnexut V, rae V ImoaMHOKECTBO s3bika Ly) B
5TOM 0GOTAIEHHH OIpeIeIM B PaMKaX PacCMaTpUBaeMoii 1 p-CTabuIbHOCTH.

Onpenesienne 6 [1]. omconOBCKAS TEOPUs HA3BIBACTCH HAC/ICACTBEHHON, €CIH B JIIOGOM €€ 10-
MyCTUMOM OGOTAINEHNH €€ PACIINpEHNe B 3TOM OOOTAINEHNN SIBIAETCS HOHCOHOBCKOM Teopuei.

Iycrs Fr(X) - npousBosbHbIil bparMenT HOHCOHOBCKOrO MHOXKeCTBa X B CYETHOM sA3BIKE [1EPBOTO
nopsizika curHaTypel o. Ilycre C' sBastercst cemanTudeckoir Mozeabio Teopun Fr(X). Ilycte X C C
ecTh fHoHcoHOBCKOe MHOXKecTBO B Teopun Fr(X). Ilycrs op(X) = o U {cla € X}UT, I' = {P} U{c}.

Hycers Fr(X)§ = Fr(X) U Thys(C,a)sex U {P(Cy)la € X} U{P()} U{'P C'} , rne {'P C'}
ecTh BECKOHETHOe MHOXKECTBO TPEIIOKEHWH, BBIPAXKAIOIINX TOT (PAKT, UTO WHTEPITPETAIINA CUMBOJIA
P sBasteTcst 3K3UCTEHITMAIBHO-3aMKHY TON TIOIMOJIETBIO B SI3bIKE CUTHATYDHI o (X ) U 3Ta MOJEb €CTh
onpeiennMoe 3aMbIKanne MHEOKeCTBA X . [[oHATHO, 9TO PACCMOTPEHHOE MHOXKECTBO MPEIOKEHIH TB-
JIsieTCd HOHCOHOBCKOM Teopueil u 91a Teopus BOODIE TOBOPs HE MOJIHA.

Mycrs Fr(X)* apaserca nentpom ftoncorosckoit reopun Fr(X)§ n Fr(X)* = Th(C'), rae C’ ectn
ceManTIIecKast Moests Teopun Fr(X)$. lpu orparmaennn teopun Fr(X)$ o curmaryper op(X)\{c}
Teopud FT’(X)% CTaHOBUTCA IIOJITHBIM THUIIOM. 9TOT TUII MBI 1 HAa30BEM HEHTPAJIBHBIM THUIIOM TE€OPHUU
Fr(X) oTHOCHTEIbHO HOHCOHOBCKOTO MHOYKECTBA, X .

Mycrs Fr(X)$ Teopns B swike op(X) , To Fr(X)* ects ee menp.

B PaMKaX U3y4dCeHUA CBOWCTB KaTEeTOPUYHOCTHU BBIMMIE YKA3dHHBIX TeOpI/IfI B O6OI‘aH_LeHHOM A3BIKE
OTHOCUTENIBHO #-KOMIAHLOHA, MOJTYIEHBI CJIETYIONINEe Pe3YTbTATHI:
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Hamnee Bce paccmarpuBaeMble hparMeHTHl OYAYT MOTLYIAPHBIMA U HAC/IEICTBEHHBIML.
Teopema 1.

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

Teopema 2.

Ecmu Fr(X)$ k-kareropmuma, To #-kommanpon qia Fr*(X) k -kareropmden, k > w.
Bce Heomnpe/iesieHHbIE B JJAHHOM Te3KCE Olpe/Ie/eHus] IOHITHH MOXKHO Hafitu B [2].

Crcok urepaTyphl
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Paccmarpusatorcs Teopuu B JIOTUKE MPEIUKATOB MEPBOTO MOPATKA C PABEHCTBOM U HUCIIOJIB3YIOTCS
o0IIue MOHATUST TEOPUHU Mojeseil u Teopun aaropuTMoB. OObEKTOM UCCAETOBAHUS SBJSIETCS KJIACC
MTOJTHBIX U HEIOJHBIX TEOPUH KOHEUHBIT NN NEPEYUCAUMBE curHaTyp. g Teopun T' curuarypst o u
KOHEYHO MOCeI0BaATETbHOCTH (POPMYJI 3TON CUTHATYPbI

= <(p1(f1),902(§72), ...,QOS(.fS», Len(i’i) = m;, (1)

oupejiesieHa onepanus Jekaprosa paciuupenust T'(s), cm. [1]. Mol caepyem aazebpaureckomy nodrody,
paccMarpuBas TOJbKO Koprexu (1) st koropwbix dopmymibt ¢;(Z;), ¢ = 1,2, ..., s, ssasirorest 3 N V-
MIPEJICTABUMBIMU B COOTBETCTBYIOMIEH Teopun. Onpe e mM OTHOIIEHHe SKBUBAJTEHTHOCTH Ha Kiacce C
BCEX TIOJIHBIX TEOPWI PA3JINIHBIX KOHEYHBIX WU MEPEYUCIUMBIX CATHATYP CASIYIOIUM MPABUIOM

Ty ~Ts Sqp cywecmsyrom s, maxue, wmo T () =, To(5), (2)

rJie A, O3HavdaeT anrebpamdeckuii nzomopdusm Teopuii. CoracHo onpeseneHuto 1], 1Be mosHbIE TEO-
pun 11 u Th w3 C uMerT 0JUHAKOBBIE TEOPETUKO-MOJIE/bHBIE CBONCTBA TOT/A U TOJBKO TOL/A, KODIA
BouimosiHeno 1 ~ Th. B pabore |2]| usyuensr rpymmmsl aBTOMOPGU3MOB CTPYKTYDP € KOHETHBIME 00/1aCTsI-
mu. Ha 310t ocHOBE 110J1y4eHb! CIIe/1yIOIINe PEIYJIBTATHL.

Teopema 1. ITyemo M u M’ asaaromea cmpyxmypamu ¢ Koneunvimu obaacmamu. Teopuu Th(ON)
u Th(OM') umerom odunarxoswe meopemuro-modeavrvie ceoticmsa moz0a u MoAbKO Mo2da K020a 2pYnnb
asmomoppusmos Aut(IM) u Aut(OM') usomopdro.

Teopema 2. I[Ipouseoisvuviil KAGCC P NOAHBLE MEOPUT C KOHEUWHDMU MOJEAAMU ABAACTNCH GMOMAP-

HHM  TMEOPEMUKO-MOOJEAbHBIM CEOTCTEOM M0204 U MOALKO Mo20a, Ko02da 0aa HEKOTOPot KoHewHOU
epynnot G evnoaneno p = pg =qrn {Th(ON) 1 M| < wo & Aut(IM) = G}.

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

AP05130852

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



32 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

Teopema 3. IIpouscoavuviii KAGCC P NOAHBIE MEOPULE C KOHEUHBLMU MOOCAAMY ACAACTNCA
MEOPEMUKO-MOJEALHBIM CEOTCTNEOM M0200 U MOALKO M020a, %0206 P ABAAEMCA 006EIUHERUEM HEKO-
MopPo20 CeMETCTEA AMOMAPHHLE TMEOPEUKO-MOOEADHBLT CE0UCMS.

TToyuenmble PE3yaIbTATHI XAPAKTEPUIYIOT TEOPETUKO-MO/IETBHBIE CBOMCTEA Ha KJIACCE CTPYKTYD €
KOHEYHLIME 00JIacTAMH. B 9acTHOCTH, KJIacC KOHEUHLIX CTPYKTYP ¢ TPUBHAJILHON IPYIIIOH aBTOMOP-
(PHU3MOB COCTABILICT OTHO ATOMAPHOE TEOPETUKO-MOICILHOE CBOMCTBO. ITO MOKA3BIBACT 9TO KJIACCH-
YeCKHUil MOAXO0J C TeOPETUKO-MOLEJbHLIMI CBOMCTBAMU B SI3LIKE IIEPBOTO MOPSIKa CIad0 MOAXOAUT K
PEIIeHnI0 TPUKIATHBIX 331349 B KOTOPBIX KOHEYHbBIE MOJIE/N C TPUBUAJIBHON IPYIIOil aBTOMOP(PU3IMOB
paccMaTpHUBAIOTCS B Ka9eCTBe HOCUTe el 11 0a3hl TaHHBIX.
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ITycts Fr(X) - mpousso/ibHBIi dbparmenT|l| fOHCOHOBCKOTO MHOKECTBA X B CUETHOM SI3BIKE TIEPBO-
ro nopsigika curuarypset o. Ilycrs C' sBasercs cemanTuueckoii Mojensio reopun Fr(X). ycrs X C C
ecTb fioHcOHOBCKOe MHOXKecTBO B Teopun F'r(X). Ilycrs or(X) = o U{cla € X} U, I' = {P} U {c}.

Hycers Fr(X)§ = Fr(X) U Thys(C,a)eex U {P(Cy)la € X} U{P()} U{'P C'} , rme {'P C'}
ecTh BECKOHEeTHOe MHOXKECTBO TPEIIOKEHW, BRIPAXKAOIMINX TOT (PAKT, UTO WHTEPITPETAIINS CUMBOJIA
P sBasteTcst 3K3UCTEHITMAIBHO-3aMKHYTON TIOIMOIETBIO B SI3bIKE CUTHATYDHI o (X ) U 3Ta MOJIEb €CTh
ompezieIMMoe 3aMblkanne MHOXKecTBa X . PaccMOTpeHHOe MHOXKECTBO MPE/IOKEHHU He BCEr/Ia sIBJIdA-
eTcss IOHCOHOBCKOU Teopueit u 3Ta Teopust BoobIEe ToBops He moJiHa. [losTomy B nasbHEHIIEM MbI
IPEIIoIaraeM, 970 B 00OTAINEHHOM SI3bIKe HOHCOHOBOCTL COXPAHSACTCS, U TAKHE TEOPHH HA3BIBAIOTCS
HACJIEICTBEHHBIMU.

Mycts Fr(X)* apaserca nenrpou fionconosckoit reopun Fr(X)§ u Fr(X)* = Th(C"), rae C' ectn
cemanTIIecKast Moe s Teopun Fr(X)§. pu orpanudennn teopun Fr(X)§ 1o carmarypsr or(X)\{c}
Teopud F'I"(X)g{ CTaHOBUTCHA IIOJTHBIM THUIIOM. 9TOT TUII MBI 1 HAa30BEM HCHTPAJIBHBIM THUIIOM TE€OPpHUU
Fr(X) oTHOCHTe/IbHO HOHCOHOBCKOTO MHOKecTBa X 1 0603HAMNM ero depes P .

[Tonsaruo, uro Mozesns C' 9T0 Momeab moaydeHHas oboramierneM Momeaun C g3bIKa 0 J0 sA3bIKa
or(X). Hazosem snement a cemantnuaeckoit Mogenn C’ IeHTPaSbHBIM 3JIEMEHTOM OTHOCHTENLHO HOH-
COHOBCKOTO MHOXKECTBa X, €CJIN @ SIBJISIeTCs pean3alineil eHTpaabHoro Tuma reopun Fr(X) orHOCH-
TeJIbHO FOHCOHOBCKOTO MHOXKECTBa X .

Teopema. Ilycrs X1, X5 - fioHcoHOBCKHE MHOXKecTBa B Teopun Fr(X)*, ay - peamusanus meHTpaJib-
HOI'O THIIZ P)% U a9 - peaJjim3aliusi MeHTPaJIbHOI0 TUIIA P)%. Torga caexyromue yCI0BUST 9KBUBAJICHTHBI:

1) Fr(X )9(1 cuHTaKcHIeckd nogooubr Fr(X )9(2, KaK HOHCOHOBCKHE TE€ODHU;

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

3) Jp € Aut(C’) : p(ar1) = as.
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N3yduernune ynuBepcasoB B pamMkax (GpparMeHTOB HOHCOHOBCKUX TIOIMHOYKECTB CEMAHTHUIECKONW MO-
JleJIn HEKOTOpOil (bUKCUPOBAHHON HOHCOHOBCKOM TEOPHUH IIPEICTAB/ISIeT HHTEpEeC KaK CO CTOPOHBLI CHH-
TAKCUYECKUX CBOWCTB TaKMX (bpal—‘MeHTOB7 TaK U CEMAHTUYECKUX CBOMCTB OIrpeae/InMbIX 3a,MbIKELHI/IIU/I7
KOTODPBIE OTIPEETSIOT PacCMaTpUBaeMbie (bparMeHTH.

Mpu1 OynmeM paccMaTpUBATh CBOMCTBA MEHTPAJBHBIX THIOB (DPArMEHTOB B ODOTAIIEHUN, B KOTOPOM
TN TEHTPAJbHBIC TUITLI COBEPIICHHBI, & CaM1 CbpaFMeHTbI HaCJICJCTBCHHBI.

Ilycts T - mpousBosibHAS HOHCOHOBCKAS TEOPHUS B CIETHOM si3bIKE TIEPBOTO MOPSIIKA CUTHATYPHI 0.
[ycts C' asngerca cemanTuaeckoit mogensio Teopun 1. Ilycts A C C' ecTh HOHCOHOBCKOE MHOZKECTBO
B Teopun T'. Ilycte or(A) = 0 U{csla € A} UL, I' = {P} U{c}.

Mycrs T§ = TUThysU{P(Cy)|a € AYU{P(c)}U{'P C'},rae {' P C'} ects Geckomeuroe MHOKECTBO
NPEJIJIOZKEHUHN, BBIPAKAIOIIUX TOT (PAKT, YTO UHTEPIPETAINs] CUMBOJIA SBJSETCH dK3UCTEHIINATBHO-
3aMKHyTOI7I TTOAMOJIC/IBIO B A3bIKE CUTHATYPbI UF(A) n 9Ta MOJEJIb €CTh OIIpeaAe/IMMO€ 3aMbIKAHNE MHO-
kecrBa A. [loHATHO, 9TO pACCMOTPEHHOE MHOXKECTBO TTPEIOKEHUH ABITeTC HOHCOHOBCKOI Teopueit
M 9Ta Teopus BOOOITE TOBOPS HE TIOJTHA.

Ilycts T* gBiisercd neHTpoM HOHCOHOBCKO# Teopuu 1’ g uT* = Th(C"), tne C' ecth cemanTHUECKAS
Moziens Teopun T Tlpu orpammaenmn Teopun T o curmaryper or(A)\{c} Teopma T cranosurcs
IIOJIHBIM THUIIOM. 9TOT TUII MbI 1 HA30BEM IEHTPAJILHBIM TUIIOM TCOPUU OTHOCUTEJIHHO HOHCOHOBCKOTO
MHOXKecTBa A.

Ilycts Tg - Teopus B si3bike or(A), To T™ ecthb ee 1eHTp.

PaccmoTpum MHOMKeCTBO YHUBEPCAJIBHBIX CJIEACTBUI TeOpUM Tvg— Ilycts X - #toHconoBckoe mo-
muoKecTBo Mogenu C' u Fry(X) - yHuBepcasbHbIil pparMeHT MHOKECTBA X B TEOPUU Tvg.

Mb1 umMeeM CJIeIyIOIIMH PE3Y/IbTAT, CBSI3aHHBIN C OTPUIIAHMEM NPEIIIOI0XKEHUS HA U3BECTHBIH BO-
upoc [1, 352] o cyuiecTBOBaHNM CUYETHO-KATEIOPUYHOIO YHUBEPCAJIA, KOTOPbIH HE sBJISETCH HECYETHO-
KaTerOpUIHBIM.

Teopema.

Ecan reopuss Fry(X) rorampro kareropudna, 7o Fry(X)* He KOHEUHO aKcHOMATH3UPYEMA.

Bce Heompe/iesieHHBIE B JAHHOM TE3UCE OTPeIeIeHNs MOHITHIH MOYKHO Hajitu B [1].
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2 Iunddepennmaabable ypaBHeHUsA, Teopus QyHKITUI 1
b yHKITMOHAJIBLHBIN aHAJJIN3

Pyxosogurenn: wnen-xkoppecnorgenar HAH PK Cansibexos M.A.
npodeccop Hypceynranos E. /.

Cexperapb: Hepbucanu B.0O.
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The Heisenberg group is H" = (R?"*!, o) whose composition law is given by
(z,t) 0 (2, t) = (z+ 2/, t +t +2Im(z, 7).
Here we identify R?" with C", and use the notation
&= (z,t) = (21,22, <oy Zny t) = (T1, Y1y oovs Ty Yy t)

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

(x1,y1,t1) o (w2, 2, t2) = (1 + 22,1 + Y2, t1 + t2 + 2(y1202 — T1Y2)),

and
ox(z,y,t) = Az, Ay, \?t), (x,y,t) € R®.

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

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

Vi = (X1,...,Xo,1,....Yy).

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

SHP(Q) = {u € LP(Q) : Vyu(x) € LP(Q)} (1)
with the norm
v
fullsoey = ([ 1@l + [Fatorae) " )
Let S(l)’p(Q) be defined as the completion of C§°(£2) with the norm
1
p
||u||53,p(9) = </Q\VHu(m)|pdx> ) (3)

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

This work was supported in parts by the Nazarbayev University program 091019CRP2120.
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Apu =V - (|VulP2Vu),

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

Here |Vu[P~2 is defined as

ou \ 2 ou \ 2 e
p—2 ._ el el
o= ((5m) +-+ (o))

for (x1,...x,) € R™. In turn, the p-Laplacian can be generalized to the so-called (p, ¢)-Laplacian. The
(p, q)-Laplacian has recently attracted a lot attention because of its applications in different areas of
physics (see, e.g. [1]).
An analogue of the (p, ¢)-Laplacian on H", that is, for the Heisenberg group the (p, ¢)-sub-Laplacian
is defined as follows
Lpq=-Vu (VuP V)=V -(Vu|"?Vg), 1 <qg<p. (4)

)

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

Armaz ABILKHASYM
KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN
mr.agent-007@inbox.ru
In this note, we prove the blow-up of solutions to the Dirichlet initial value problem for the sup-
Laplacian heat equation on the Heisenberg group by using the concavity method.
Theorem Let €2 be a bounded domain of the Heisenberg group H" with smooth boundary Of).

Let a function f satisfy the condition that there exist constants ¢y > 2 and cy such that for all u > 0
we have

cl/ f(s)ds <uf(u)+ c3u? + cie9,
0

where 0 < ¢3 < ( , where \1 is the principal frequency of the sub-Laplacian L. If ug € C'(Q)
with ug = 0 on 0f) satisfies the inequality

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

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

(1+ /%) luoll 7z

c1—2)\1
2

M = ,
2ct = 2) |~ 3IVaruo 20 + Jo(Sg™ Fs)ds - ea)de]
such that "
0<T*< ,
(Verr2 = 1) Juol2 o)
that is,
t

lim / / u? (&, 7)dédT = +o0.

t—T* 0 Q
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SYMBOLIC CALCULUS GENERATED
WITH THE DUNKL OPERATOR
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Let m € R and 0 < 4, p < 1. The Hérmander classes S7'5(R x R) are space of functions a = a(z, A)
which are smooth on R x R and such that

050 a(z, N)| < Cp (1 + |A[y=e+90,

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

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

where fis the Fourier transform of f. In the similar way to the classical settings we can define symbol
classes S5 (R X R; p1a) by

Al Aba(z, N)] < Cp(1 + [Nk

x)Oé

and the corresponding pseudo-differential operator to the symbol from ZJ(R X R; o) by

Opa(a) = [z Ea(izN)a(z, \)Fo(f)(N)dua(N), zeR.

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

Theorem. Let m e Rand 0 < d < p<1. Let A € Opa(S;’:‘é(R X R; pa)). Then the adjoint of A
from Opa(Sg%(R X R; 1)) and its symbol o4+ € S;”(;(R X R; i) having the asymptotic expansion

oas(z,X) ~ >0, 'v AZ )Ae aa(z, ).
which means that

joas(2.2) = 25! g Ay Maoal, M| < On(1+ A=Y,

for all N > 0.
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INVESTIGATION OF THE BOUNDARY VALUE PROBLEMS FOR
PARABOLIC EQUATIONS WITH INCOMPATIBLE INITIAL AND
BOUNDARY DATA IN THE WEIGHTED HOLDER SPACES

GaLINA BIZHANOVA
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

galina_math@mail.ru

When we solve boundary value problems for parabolic equations in the Holder spaces we require the
fulfilment of the compatibility conditions of the initial and boundary data. They are equalities on the
boundary of the domain at the initial moment of time, connecting all given functions and coefficients
of the problems. Such problems describe continuously going on physical processes. However, when
the process is studied from the very beginning or from the moment of discontinuity of the coefficients
or given functions, then the physical process will proceed, and the boundary-value problem describing
this process will have a solution.

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

BauvyrzHAN DERBISSALY
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Consider the following problem in Q = {(¢,7) € R?: ¢ > |n|}

2u ou ou
acon T a(€,m) - o€+ b(&,m) - ot c(&n)-u=f(&n), (&n) €, (1)
with the initial conditions
0 0
w6 =7, (5 - 5 ) €O =, €0, @)
and the boundary condition

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

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

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

—R(&m;61,m)0(m — n)0(§ — &1), n >0,
G(&n,&,m) = (R(Em;—m, —&1) — R(E,m:&,m))0(—n — &)
—R(&,m:61,m)0(E +1)0(m — )0 — &1), n <0,

and R(&,m;&1,m1) is a Riemann-Green function for the equation (1), specially extended to the area
URSIISE
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GLOBAL EXISTENCE AND BOUNDEDNESS OF SOLUTIONS OF
NONLINEAR HEAT EQUATIONS ON STRATIFIED GROUPS
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NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN
khumoyun.jabbarkhanov@nu.edu.kz, durvudkhan.suragan@nu.edu.kz
In this presentation, global existence and boundedness theorem of solutions of nonlinear heat

equations are considered on stratified groups. To do this, there is extended the theorem in [1](see
p.338) on RY with important tools: Poincare inequality and Green formula from [2] and [3].
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ON THE BOUNDARY VALUE PROBLEM FOR A TWO-DIMENSIONAL
SYSTEM OF NAVIER-STOKES EQUATIONS IN A CONE
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Let x = {1,202}, Qu ={z,t: |z|<t, 0<t<T < oo} be an inverted cone with a vertex at the

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

Oou
——VAu—l—ZuZ '—f Vp, (1)
. 8’LL1 8u2
d =0 2
= 8.731 t 92, 8%2 ’ ( )
u=0, {x,t} € X, is the lateral surface of the cone. (3)

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

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

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

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

(1)

—Lyqu=F(z,u), u>0 inQ,
u=20, on 0f.

Here 2 C G be a bounded open set with smooth boundary 09Q. Let 1 < g < p, F(z,u) = Fi(z)Fa(u)
where F} is a non-negative bounded function, and F; : (0,00) — (0, 00) satisfies the conditions:

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

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

a) There exists an r-tuple of natural numbers Ny + Ng + --- + N, = N, such that the dilation
5y : RV — RV given by
5/\(11,‘1, e ,:L'N) = ()\(l)l’l, Ceey )\(N)JTN)

is an automorphism of the group G for every A > 0. Here ' € RN fori=1,...,7.

b) If Ny is as (a), let W1,..., Wi, be the left invariant vector fields on G such that W;(0) = % 0
for j=1,...,N1. Then

rank(Lie{W1,...,Wn,}) =N
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holds for every z € RV,

If two conditions shown above are satisfied, then we say that the triple G = (R, 0, 8, ) is a stratified
Lie group (or a homogeneous Carnot group).

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

T
Q=> kN
k=1
For the horizontal gradient we use the following notation

VH = (Wl,.. . ,WNl).

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

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

functional .
Ip(u) == </ |VHu|pd3:>p,
Q

then we define the functional class S1(2) to be the completion C}(£) in the norm generated by .J,,.
The operator

Lyt =V (VaulP2Vgu) + Vi - ([Vau|T?Vgu), 1<p<oo, 1<q< oo,

is called p-g-sub-Laplacian.
Theorem. The Dirichlet boundary value problem for the p-q-sub-Laplacian (1) has at most one
solution.
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VALUATION OF REAL OPTIONS UNDER COST UNCERTAINTY
TyNYsSBEK KALMENOV, YERKIN KITAPBAYEV

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

kalmenov@math.kz

This paper studies the valuation of real options when the cost of investment jumps at a random
time. Three valuation formulas are derived. The first expresses the value of the project in terms of
a collection of knockout barrier claims. The second identifies the premium relative to a project with
delayed investment right and prices its components. The last one identifies the premium/discount
relative to a project with constant cost equal to the post-jump cost and prices its components. All
formulas are in closed form. The behavior of optimal investment boundaries and valuation components
are examined.
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COMPLETENESS OF THE EXPONENTIAL SYSTEM
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Let A = {\,} be the sequence of all zeros of an entire function of exponential type
1
AN =1— i/\/ f(t)edt, A = re =z + iy, (1)
0

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

e(A) = {tPte*t 1 <p <m,}.

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

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

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

is absolutely continuous on [—3, 3] and the equation (1) may be rewritten in the form

A(N) =1 —iXe'2 P()),

where
1
2
P(\) = / M dG(t)
~3

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

B(N) = 12 —iAP()) 2)

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

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

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

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

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

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

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

ur(z,t) — Agu(z,t) = ulnul, (z,t) € Q x (0, +00),
u(z,0) =up(z), = €9, (1)
u(z,t) =0, (x,t) € x (0,+00).

Theorem 1. ([1]). Assume that up € HZ () and

1 1 1
J(ug) = 5 /Q |Vuo|*dz — 3 /Q |uo|? In |uo|dz + 1 /Q |ug|*dx < M, (2)

and

I(ug) = /Q |Vuo[*da: — /Q |ug|* In Jug|dz < 0. (3)

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

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

¢
u — Au —l—/ k(t — 7)Audr + a\ut|q_2ut = |u|p_2u, (z,t) € Q x [0,T],
0

u(z,t) =0, x € I, (1)
u(x,0) = up(x), u(x,0) =uy(z),

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

In this talk, by means of Poincdre and Folland-Stein inequalities and Green’s identities for the
sub-Laplacian on stratified Lie groups, we show blow-up results in finite time for the viscoelastic wave
equations both with strong and weak damping terms on stratified Lie groups.
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INTEGRAL EQUATIONS FOR ROST’S REVERSED BARRIERS:
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We establish that the boundaries of the so-called Rosts reversed barrier are the unique couple
of left-continuous monotonic functions solving a suitable system of nonlinear integral equations of
Volterra type. Our result holds for atom-less target distributions of the related Skorokhod embedding
problem. The integral equations we obtain here generalise the ones often arising in optimal stopping
literature and our proof of the uniqueness of the solution goes beyond the existing results in the field.

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

T s (T—u)
/t / (- )p(t, :i:S:I:(T — t), U, y)(y — ,u)(dy)du =0, te [07 T) (1)

within initial conditions s4(0) = bs. Equivalently we may express (1) in terms of ¢ as
| st o BrLl o) = 1)(ds) =0, v € R. (2)
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In simply connected region D in the plane bounded by the simple smooth contour I', we consider
the elliptic equation

21 82lu aku
T r YY) 53 78 - — yY)r \ &Ly D 1
Tzoa gy > anle V) garrgyr = 1@ v) (@:y) € (1)

0<r<k<2l—1

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

oFi—ly
foj—1
onfi—4|p

:g]7 j:177la (2)

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

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

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

Funding: The work was supported by Grants AP 05135319 Ministry of Education and Science of Republic Kazakhstan.
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HARDY-LITTLEWOOD MAXIMAL OPERATOR ON NON-COMMUTATIVE
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In this work, we investigate the Hardy-Littlewood maximal operator on non-commutative sym-
metric spaces. We complete the results of T. Bekjan and J. Shao. Moreover, we refine the main results
of the papers [1] and [2].

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

The classical Dunford-Pettis theorem identifies bounded, uniformly integrable subsets of L;(v)
with relatively weakly compact sets (see [8, Theorem 23, p.20]). Another characterisation of weak
compactness is obtained in the theorem of De la Vallée Poussin (see [8, Theorem 22, p.19-20], see
also [9, Theorem 2, p.3]), which states that a subset K of a space L1(v) is bounded and uniformly
integrable if and only if there exists an N—function F such that

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

The second author was supported by the grants No. AP08052004 and No. AP08051978 of the Science Committee
of the Ministry of Education and Science of the Republic of Kazakhstan.
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In addition, K.M. Chong obtained the following criterion of weak compactness (see [4, Lemma 4.1]): a
subset K of a space L1(v) is bounded and uniformly integrable if and only if it is contained in the orbit
of some positive integrable function (in the sense of the Hardy-Littlewood-Pdlya submagjorization).
In fact, It is well known that the orbit is weakly compact. However, the Chong’s theorem quite
unexpectedly describes weakly compact set as a subset of the orbit of a function.

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

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

where ¢ is a given initial datum, which increases no faster than a function exp(cz?) (see Theorem 1.7.12
in [3]). On the right hand side, B is a usual Brownian motion, generating the filtration F = (F3,t > 0),
and the time-dependent diffusivity coefficient denoted by a is supposed to be a measurable function
from [0, co[x2 into R and for each t € [0, oo, a(t) is Fi-measurable.

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

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

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

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

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

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

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

where & is some adapted process such that

E </(]T®(t)2th> < +o0

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

te[0,7

P < sup &(t) < —i—oo) =1.

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

DGz, t)] < G(z,t)0(r),
E (/OTl/J(r)der> < +o0

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

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

for some p > ¢ > 2d + 4, and

We find the diffusity coefficient in an explicit form by using the additional data at a fixed point
(with the above assumptions A1-A2), which can be applied to test various numerical algorithms for
this type of problems, and it is also relevant to practical applications of stochastic heat equations.
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CHARACTERIZATIONS OF GENERALIZED HOLDER SPACES
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We present generalized Holder type spaces of functions over R™ [4]. We obtain several character-
izations of these spaces by means of the Bari-Stechkin class [1]. A new characterization is given by
Djrbashian’s generalized fractional operator [2, 3].

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

ou
daa = L,(d%u)™
where L,f = Va(|[VaflP~2Vuf) is a p-sub-Laplacian, d is a homogeneous norm associated with a
fundamental solution for sub-Laplacian and a« € R, 1 < p < Q.

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

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

agp

du(t <C de Wt W
|du(t)|| Lo (g) < C(Q, p,m, a0)l|d*u(0)]| 755 g, 0

for such C(Q,p, m,ag) is a positive constant.
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NUMERICAL SOLUTION OF BOLTZMANN’S MOMENT SYSTEM OF
EQUATIONS IN THIRD APPROXIMATION WITH NATURAL CONDITIONS
OF MIRROW AND DIFFUSION REFLECTION OF PARTICLES FROM THE

BOUNDARY

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

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

ou ow

E—FA%:J]_(U, ’LU)
ow 1 Ou
e +A i Jo(u, w), t € (0,T], z € (—a,a), (1)
u’ t=0 — U0 (IL’), w’ t=0 = Wo (IE), S [—CL,CL], (2)
- - 1 (1-5)
Aw™ + Bu = (Aw" = Bu" — Ftel0,T], 3
( )| e s 5 ( )] - [0, T (3)
_ _ 1 + (1-7)
Aw™ — Bu = —(Aw + Bu* + F.tel0,T], 4
( | ma= 5 | 4R Rtel ) (®)
where
1 0 0 2 2 _ 1
JUEE S BT o \/; SV
= \/52 /5 ;5 ; = avn \/g 2v/2 -1
—V3z 0 3 ~5 1 3v2

Ji (u’ w) = ( 0, J0270)/7 Jo (u’ w) = ( 0, Jo3, Jll)/7

, , o1 1y
u = (foo, fo2, f10)", w = (fo, fos, fu1)’, F (4\@’8\/6’8\@) :
A" is the transpose matrix, B is the positive definition matrix; ug (z), wo () are the given initial
vector-functions; w™, u™ are the vector moments of falling to boundary particle distribution function;
w™, u~ - are the vector moments of reflecting from boundary particle distribution function. To define
approximate solution of the problem(1)-(4) we use finite-difference method. We solve a system of
nonlinear algebraic equations with assistance iterative method. Numerical experiment was following
data: [—a,a] = [0,1] ,

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

a=38.681, 0¢p=4/3, 01=0 , 09=-4/15 , 03=0;h=0.1, 7=0.02. Segment [0,1] divided by to 10 equal
parts , h is the step on = , 7 is the time step. We give a plot of the vectors u and w for two values
of B. =1 corresponds to pure specular reflection and 5=0.8 corresponds to specular reflection and
diffusion reflection with the Maxwell distribution.
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A SOURCE INVERSE PROBLEM FOR THE PSEUDO-PARABOLIC
EQUATION FOR A FRACTIONAL STURM-LIOUVILLE OPERATOR

DAURENBEK SERIKBAEV, Nivaz TOKMAGAMBETOV

DEPARTMENT OF MATHEMATICS: ANALYSIS, LOGIC AND DISCRETE MATHEMATICS, GHENT
UNIVERSITY, BELGIUM
AL-FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

daurenbek.serikbaev@Qugent.be, tokmagambetov@math.kz

A class of inverse problems for restoring the right-hand side of the pseudo-parabolic equation
for one fractional Sturm-Liouville operator is considered. The inverse problem of determining the
coeflicient and the right hand side of a pseudo-parabolic equation from a local redefinition a state that
has important applications in various fields of applied science and engineering. The study of inverse
problems for pseudo-parabolic equations began in the 1980s (see [1]).

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

Di'u(t, ©) + 0%, . Dy pult, x)] + 0%, . Dy yu(t, ) = f(x), (1)

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

Funding:The authors were supported by the Ministry of Education and Science of the Republic of Kazakhstan (MESRK)

Grant AP05130994. No new data was collected or generated during the course of research.
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ON THE SOLUTIONS OF A FRACTIONAL ¢-DIFFERENTIAL EQUATION
WITH THE COMPOSITE FRACTIONAL ¢-DERIVATIVE

S. SHAIMARDAN, N.S. TOKMAGAMBETOV
L. N. GUMILYEV EURASIAN NATIONAL UNIVERSITY, NUR-SULTAN, KAZAKHSTAN

shaimardan.serik@gmail.com, nariman.tokmagambetov@Qgmail.com

Let 0 < ¢ < 1. Then the g-analogue differential operator D, f(z) is [1]:
fz) = flgz)
z(1—q)

This work was supported by Scientific Committee of Ministry of Education and Science of the Republic of Kazakhstan
grant AP05130975.
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and the g-derivatives Dy (f(z)) of higher order are defined inductively as follows:

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

The g-integral (or Jackson integral)

8~

f(z)dqx is defined by

[ H@dya = (1= a)a Y " fag™)
0 m=0

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

T

/ (z — gt f(t)d,t

a

1

(Igja—kf) ((L‘) = Fq(Oé)

Letn—1<a<nneNand 0 <5 <1. We define the generalized fractional g-derivative Dq o
as follows:

1— _
(Dgdf) @) = (120 0y (102207 1) ) (@) = (105 Dyt 1) ().
In this work we give conditions for a unique global solution to the Cauchy type problem

(D) @) = fy@), n-1<a<mneN0<p<I, (1)

Jim, (D’;Igj;ﬁ“ %) () = b, b €ERE=0,1,2,...n— 1, 2)

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

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

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

[f (@, y1(2)) = (2, y2(2)] < Clyr(x) = ya(a)]-

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

unique solution y(z) € L} p.qla, 0] to the Cauchy type problem (1)-(2).
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UNCERTAINTY TYPE PRINCIPLES
Dina SHILIBEKOVA
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN
dina.shilibekova@nu.edu.kz
In this paper, we provide with the general functional version of Uncertainty type principles on one

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

Ryt |7 18(1)7] i( )P )
/| \f(a:)!pcé(lfcl)dep(/ﬂ L ) ([UE ) T cp <o

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

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

[ u@P oishar < ( [ Rt i dw) (e

for 1 < p < 400 and where, ¢(|z|) = [y ¢(Jz]) |z dx and R, = A
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SHARP REMAINDER TERMS FOR HIGHER ORDER STEKLOV TYPE
INEQUALITIES FOR VECTOR FIELDS

DurvuDKHAN SURAGAN
NAZARBAYEV UNIVERSITY, NUR-SULTAN, KAZAKHSTAN

durvudkhan.suragan@nu.edu.kz

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

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

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

/‘ngu‘Qde‘—)\%m/Mde
Q Q

= )\%(mflﬁ) / |A]+1u + )\1A7u‘2 dx + 2)\1/ 'VAJU — EA]u dr | >0, (1)
=0 Q Q uy
where m = 1,2, ..., and
2m+1, |2 2m+1 2 m Vur ?
A% u|” dz — A7 |u|*dx = VA™y — —A™u| dx
Q Q Q u1
= ; ; 2 YV ; |?
+ )\f(mﬂ)fl / |AJ+1u + AlAJu’ dx + 2)\1/ VA — “E ATy da >0, (2
=0 Q Q Uy
where m = 0,1, ..., for all u € C§°(S2). Here u; is the ground state of the (minus) Dirichlet Laplacian

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

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

/nmmm—@rwm/mwm
Q Q
m—1
— Z/ ||V (uPm=i=t) |Pi — 2pj1upm1’2dx+/
= Ja Q

for allu € C’é (Q). Here oy, = i 25”;11 4P meN, p; = 27wy is the ground state of the minus Dirichlet
a1
Laplacian in €2 and Ay is the corresponding eigenvalue. We also have the asymtotics limy, 00 oi" = 2.

vul upmf 1
Ui

2
v (wPmt) — dz >0 (3)

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

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

Consider the following one-dimensional degenerate-type parabolic equation

ou(z,t) O*u(x,t)
o W an = o

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

u(z,0) = ¢(x). (2)
Here the coefficient a(t) satisfies:

(a) a(t) is nonnegative and becomes zero only at isolated points;

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

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

1
o(a,t) = /0 eali — £, )B(E)de (4)

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

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

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

Iu(mat)arzl = Iu($7t)m:0 = 07

Ly(x,t) == _u@ tat) | /Ot [8ea(:r: —&t—1T)

o a(T)u(§,7) — ea(x — &t —7)a(T)

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

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

Joint work with Professor Michael Ruzhansky.

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

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

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

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

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

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

LyaiLyA ZHAPSARBAYEVA!, Murar MUKHAMBETKALIEV?

IINSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN,
1251, FARABI KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

leylazhk67@Qgmail.com

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

y ")+ pa(a)y” + pr(x)y + po(a)y = Ay, pr(e) € CP[0,1], k=0,....2, (1)
with the normalized boundary conditions [2]
UV(y) :UVO(y)—I_UVl(y) :()7 v = 17'-'a47 (2)

where

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

3
Un(y) =Y By (1), v=1,... 4,
7=0
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in the interval (0,1). Here o, and (,; are arbitrary constant numbers, moreover for each value v at
least one of the numbers a,; and 3,; are not equal to zero. The operator that corresponding to the
boundary value problem (1), (2) with domain of definition D(L) C Wi[0,1] we denote by L. In the
domain of definition D(L) for the operator L the regular boundary conditions are highlighted.
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GEOMETRIC HARDY INEQUALITY ON ENGEL GROUP
AKMEREI ZHARKYNBEK
KAZAKH NATIONAL UNIVERSITY, ALMATY, KAZAKHSTAN

Akmerei97-26@mail. ru@mail.ru

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

roy=(v1+y, 22+ y2,23+y3s+ P, x4 +ys + P),

where
1
P, :ﬁ(xl‘w — Zay1),
1 1 5 2
Py 25(9313/3 —3y1) + E(%ZD — 1y1 (2 + y2) + 22y7).

The left-invariant vector fields of E are generated by the basis

Xi= g S (5 -0 e
2

Y= Gt St ey

X3:ai3+x;£y

X4:a‘i.

Theorem Let Et = {z := (21,72, 23,24) € E| (z,v) > 0} be a half-space of the Engel group E.
Then for all f € R and u € C§°(E1) we have

(Xi1(2),1)* + (Xa(2), )
/E+ \Viu|*de >C1(B) /IE+ 1 dist(x,aEf)g jul*da (1)
+ b rar |u|2daz7

3 Ju+ dist(x, OET)
where Vi = {X1, Xo}, v := (v1,10,v3,14), and C1 () = —(52 + f).

The author was supported by the AP08052000. No new data was collected or generated during the course of this
research.
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O APOBHOM AHAJIOTE HEKOTOPBIX KPAEBBIX 3AJTAY OJIA
YPABHEHUE JIAIIJIACA

ABJYPA3BUK ABIYBAUTOB®, MYXABBAT TAKIIMETOBA®
YHUBEPCUTET M. AXMETA SCABU , TYPKECTAH, KA3AXCTAH

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

IIycts Q = {x cR?: |z < 1} - emuHUYHBI KpyT, 0§} -equHnvHas OKPYKHOCTE. Obo3HauMM 1 =
||, p = arctg®2 w nycts § = r% - oueparop Jupaxa, 6F = § (5k_1) Jk=1,2,....

1
Lns sroboro o > 0 ciepyroiiee BhIPaKeHUE

T

P = o [ (00)T e
0

HA3BIBAETCSI WHTErPAJOM MOpsiika « B cMmbicie Anamapa [1]. B pmanbweiitem 6GygeM cauTarh

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

Iy fu] (ry0) = w7 # I [rfal (r, )

DY [u] (r,p) = r~ T [51 [T“,U]} (rp), l—1<a<ll>1.

Ecmm p = 0, ro I = I%, a D§ coBnajaet ¢ oneparopoM JuddepeHnupoBanme IOPAIKa (¢ B CMBICTIe
Anamapa-Kamyro [1].
Mycte p > 0, I -1 < a < l,a>a, >..>aq, >0, 0 < pj— neiicreuTesbHbIe 4HUCIA,

m .
j=1,2,...,m. Beenem oneparop Py, (D) = Dj + >, ijgJ
j=1
Paccemorpum B obsiactu {2 caeayroomyo 3a1auy

Au(r,p) =0, (r,0) € Q, (1)

Pou(D)u(r,) =g(p),0<p <2 (2)

B cayuae a = [ meTomom MareMaTwaecKo# WHAYKITHNA MOYKHO JTOKA3aTh CIPABEIITMBOCTD PABEHCTBA

l
D1l () = 8,1l () = (737 +10) (o).

Pabora 6bu1a nojepxana rpanrom AP05131268 KH MOH PK
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Hanee, ecnn © € 952, To

rie v— sextop nopmam k 0. Tlostomy B ciyuae o = 1, = 0 oneparop D} ma 9Q cosnamaer ¢
MPOMBBOIHOMN IO HOpMaJIn K okpyxRHOCTH Of) . Tak Kak

ou
Dy (r, o) lag = £ (7, 0) + pu (r,0) loa ,

To B ciy4ae p; = 0,7 = 1,2,...,m 3aga4a (1), (2) coBnamaer c 3azaueit Pobena (pu > 0) u 3azadeit
Heiimana (= 0)

Takum obpasom, B caydae p = 0 Mbr mosrygaem obobienne 3amauu Hefimana, a B caygae p > 0
obobrienue 3ama4uu Pobera mj1s ApOOHBIX 3HAYUEHUN TPAHUYIHBIX OTIEPATOPOB.

Ormerum, uro 3aza9a (1)-(2) B caygae 0 < a < 1 uzyuena B pabore [2].

CripaBeIUBEI CJAEIVIONINE YTBEPIK ICHIS

Teopema 1. Ilycts >0, p; > 0,5 = 1,2,...,m u pemrenne 3azna4u (1),(2) cymecrsyer. Torna

1) ecmmp >0 mmp=0uaq, =0,p, #0, To perrerne eqUHCTBEHHO

2) ecin pp =0 # vy > 0 wnwr oy, = 0 1 pp, = 0, TO pernenne 3aa49u €JUHCTBEHHO ¢ TOTHOCTHIO JIO
HOCTOSIHHOI'O CJ1araeMoro.

Teopema 2. Ilycte 1 > 0,0 > a1 > ... > oy > 0,0 < pj, 5 =1,2,...m, 0 < X <1, f(p) €
CM—m, 7l u f(—7) = f(xn). Torza

1) ecmmpp > 0 mmm = 0 1 iy, = 0, ppy, # 0, T0 permenne 3anayqn (1),(2) cymecTByer n e AMHCTBEHHO;

2) ecmm =0 u oy > 0 win oy, = 0 11 pp, = 0, TO 157 paspermmoctn 3a1a4u (1), (2) vHeobxomqumo

U JOCTATOYHO BBIIIOJIHEHUE YCJIOBUA
™

/g (¢)dp = 0.

—Tr

Teopema 1 moKa3bIBaeTcs cBeJIEHMEM OCHOBHOM 3amaun K 3aade wpnxise. Ilpu mokazarenbcTBe
TEOpeMbl 2 MCIOJIL3YeTCa MeTOo I pasaoxkenue B pan Pypbe.
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OB OCOBBIX TOUKAX OJHOIN JMHAMUNYECKOY CUCTEMBI
Hypian ABUEB
TAPA3CKUN TOCYIAPCTBEHHBIM YHUBEPCUTET UM. M. X. JIVJIATH, TAPA3, KABAXCTAH
abievn@mail.ru

Apropsr [1,2] qokasbiBasum, uro Ha 0606IIEHHBIX IPOCTPAHCTBAX YO /IaXxa HOPMaIU30BaAHHBI OTOK
Puuuu penynupyercs Kk cucreme mquddepeHnnaabHbIX YpaBHEHUH

i = Fy = —2x; (ri — (r107! 1205t + 50y (a7 0yt +apt) ) 1=123 @)

OTHOCHUTEIbHO HEM3BECTHBIX MapamMerpos ; = x;(t) > 0 uHBApMAHTHON PUMAHOBON MeTpPUKH Dac-
CMaTpUBAEMOTO IPOCTPAHCTBA, I/e Iy 03HAYAIOT IJIAaBHBbIE 3HAUEHUS KPUBU3HBI Puvadam 3Toit MeTpn-

L= Loa (2 T Ty ] — .
KH M BBIMHCIAIOTCA 10 popMysnaM rj = - + 5 (:cjxk Tt xm%)’ {i,5,k} = {1,2,3}; uaucna
ai,az,as € (0,1/2] xapakrepuzyior 0606IIEHHOE POCTPAHCTBO YOsuIiaxa (MCTOPUIO BOIIPOCA MOYKHO

Haiiru B [3] u cebuikax ram). Cornacho [1], (1) moxHO 3ameHuTh cucTEMOii
T :fi('mla-rQ)a 1=1,2, (2)

rie fi(wy,x2) = Fi(x1, 2, 0(x1,32)), @(r1,72) = ml_a3/a1x2_a3/a2. IMycts A2 = 0.5(p &+ /o) — cob-
CTBEHHbIE 3HAMEHU MATpUILl Axobu J cucremsr (2), rae o = p? — 43, p := trace(J) u § := det(J).
Ocobast Touka cucrembl (2) Ha3bIBaeTCS Hesbipooicdernot, eciu § # 0. Bupoocdennas (& = 0) oco-
fast Todka MOXKeT ObITh noay-zunepbosuneckot (A1 = 0, Ay # 0), nuavnomenmnotd (A1 = A2 = 0,
J # 0) nm aunetino nyaesot (J = 0). B nacroameii pabore mbr ocabasiem orpanuuenus a; € (0,1/2]
u paccmarpuBaeM (2) Kak abCTPAaKTHYIO AMHAMUYECKYIO CUCTEMY, OTBJIEYEHHYIO OT T€OMETPUIECKOTO
empicia. Ilyers A = ajas + asaz + azar. Havmu mokazamn

Teopema 1. Ilpu a; € R, A # 0 cucrema (2) nomyckaer BbIPOKAEHHBIE 0CODBIE TOUYKH CJETYHO-
IUX THIIOB: JIHHEHHO HyJieBas ocobas Touka (eauncreenHoe ceayo (1,1) ¢ mecrsro runepbomaecKuMu
cekropamu) upu (a1, a2,a3) = (1/4,1/4,1/4); nosy-rumepbosmaeckas ocobast Touka (cemio, HeycTol-
YHBBI y3€ WIH CEJI0-y3€e/1) IPH BCeX OCTAJbHBIX 3HAYCHHUSAX HapaMeTPOB a;.

Teopema 2. Ilpu a; € R, A # 0 cucrema (2) nomyckaer HEBBHIPOXKIEHHBIE 0COOBIE TOUKH CJETYO-
mMuUX THOOB: y3€es1 (YCTOHIuBBIH HIu HEyCTORIHBEIIT), CemI0, (POKYC mim HeHTp.

Cront oTMeTHTH, YTO pe3ysbraThl Teopembl 1 Obin nosyuensl B [1,2] npu Gosee crporux mnpej-
nomoxkenmsax (ay,ag,az) € (0,1/2]3. Ommako ckazanHoe He OTHOCHTCS K Teopeme 2: mpwu (ay, ag,as) €
(0,1/2]® cucrema (2) me mmeer HOKYCOB W HEHTPOB. DTO OOBLACHAETCA TEM, UTO 3HAK 0 COBMAIAET CO
3HAKOM KBaJIPATHIHOM (hOPMbI, MATPHTIA KOTOPOI nMeeT cobcTBennble 3navenus 0, 24 u af+a3+ai+.A
(cm. [1]). Hosromy nipw (ay,az,as) € (0,1/2]% mer mmeem mepasercTBO 0 > 0, O3HAMAIONIEE OTCYTCTBUE
(hOKYCOB U IEHTPOB HE3ABUCUMO OT 3HAUEHUIT 0 (IOHATHO, YTO UX TOSIBJIEHUIO CIIOCOOCTBOBAJH YCIOBUS

0#0u A<0).

Crmcok urepaTyphl
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HEPABEHCTBA TUIIA XAPIU C JIOTAPU®MUYECKO
OCOBEHHOCTBIO

A.M. ABBIJIAEBA, B.H. CEI1JIBEKOB

EBPABUTICKUI HAIIMOHAJIbHBI YHUBEPCUTET UM.JI.H.I'vMUEBA, HyP-CVJITAH,
KA3AXCTAH

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

IIyctp 0 < p,g < 00,0 <a<1lm % + 1% = 1. Becosnie dbyukiuu v : [ — I — Heorpunare/ibHbIE

JIOKAJIBHO MHTerpupyemble u v — HeBodpacTaomas dyukius na I = (0; 00).
dW (z
IMonoxum, 410 d{g ) = w(x) nouru Beiogy Ha x € 1.
Paccmorpum Bompoc 06 orpanudentoctd u3 Ly = Lpw(I) B L, = Ly, (I) naTerpaasHoro ome-

paropa Buaa

W (z) u(s)Wr=1(s) f(s)w(s)ds

Ka,'yf(x) = an(x) — W(s) (W(l’) - W(S))l_a

, x €I, (1)

rae Ly, — IPOCTPaHCTBO BCeX maMepuMbIX dyHKmit f : I — R, 179 KOTOPBIX KOHEYEH CJIelyFOInuii
dyHKITMOHAT

1 llpaw = / F@)Pw(s)ds |, 0<p< oo
0

B pa6ore [1], mpu In(-) = 1 u v — 1 = [ moJydeHbl KPUTEPUN OMPAHUICHHOCTH W KOMITAKTHOCTH
oneparopa (1) uz Ly, B Lg,. B pabore [2| pia oneparopa K Bujia

T

Kf(z) = /37_1ln

0

f(s)ds

r—S

HOJTIy9€Hbl KPUTEPHUH OIPAHNYEHHOCTH W KOMIIAKTHOCTH oneparopa K u3 Ly B L.

Teopema. Ilycts 0 < a0 < 1, é <p<g<oomuy>1. Ilyers u He Bozpacratomias byHKImus Ha 1.
Torpa oneparop K, orpammuen u3 Ly, B Ly, TOrga 1 TOIBKO TOrga, Koraa A, < 0o,

rae Aa(s) = sup (f up’ (t)Wp'V(t)w(t)dt> " Cfowqw—?) (x)v(m)dm) ‘)

s>0 \0
Ilpu stum [[Ko | = Aay-
Crmcok urepaTyphbl
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Pa6oTa BbImTOTHEHA TIPU TOIEPXKKE TPAHTOBOTO (DUHAHCUPOBAaHUs MPOeKTOB MuHMCTEpCTBOM 00pa30BaHus W HAYKHU

Pecny6iuku Kasaxcran (rpanr NeAP05130975, 2018-2020 roapt).
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OIIMCAHUE 3AMBIKAHISA ®PUHUTHBIX ®VHKIINM B OHOM
BECOBOM ITPOCTPAHCTBE TUITA COBOJIEBA

AuEBA ATHAT'YJIb

EBPABUINICKUN HAIMOHAJIBHBIM YHUBEPCUTET UMEHU JI.I'VMUNIEBA, HYP-CVIITAH,
KA3AXCTAH

a.aina70@mail.ru

Mycts T > 0,1 <p<oo,Ip=(T,0)n Wp%q}(r) = Wp%v(r, I7) npocrpancrso dyukuuit f : I[p — R
JIOKaJIBHO aBCOJIIOTHO HeTpephIBHLIX Ha I BMecte ¢ dynkmnueit D! f u 718 KOTOPHIX KOHETHa HOPMa

1wz, o = ID2fllpoo + IDLFCD] + 11T, 1)
o0 I3
rae ||gllpo = <f v(t)|g(t) ]pdt> - HOPMa BECOBOIO mpOCTPAHCTBA Ly, (1) = Ly 4.
T

ITycrs MP(IT) ={fe WQU(T‘) suppf C Ip, suppf is compact}.

Ob6o3naunM uepes W;v( )= va(r I7) 3aMBIKaHUE MHOXKECTBA M o Hopme (1).
ITpocrpancTso W§7U(r) OINCBHIBAETCA B TEPMUHAX JIEMEHTOB IPOCTPAHCTBA W;U( T).
Jlemma 1. Ilyers T >0, 1 < p < co. Torma f(T) = 0, DL f(T) = 0 ana moboro f € Wgﬂ,(r).
JlemMma 2. IIycrs T > 0, 1 < p < 00 u BBIITOJIHEHO

/

oo t p
/vl P (t)dt < oo, / 1=’ /T_l(x)d:c dt < oo. (2)
T

Torga mist roboro f € Wp2 »(T) cyiecTBy 0T KOHEUHbBIE 1IPEJIeIIb tlim DLf(t) = D.f(c0) n
’ —00

t—o00

Jim /7‘ 2)dzD? f(o0) | = d(f). (3)
T

Caencteue 1. Ilyctn 1 < p < oo u Bemoaneno (2). Torna, D} f(oco) = 0, f(oco) = 0 ara moboro

few?,(r).

Tenepsb, paccMOTpUM CTydail

o0 o0 t
/vlp dt<oo/1p /r dt = o0 (4)
T T
u oo
/ o1 (1)t = oo, (5)
T
rne T > 0.

Jlemma 3. Ilycrs 1 < p < oo u semosmeno (4). Torga gus moboro f € W2, (r) cymecrsyer
xomeunsiii D} f(co) u D} f(o0) = 0 gns moboro f € Wﬁv(r).
Ilonoxum

LRW2,(r) = {f € W2,(r) : f(T) = f(oc) = 0, D} f(T) = D} f(c0) = 0}.

LRW, ,(r) = {f € Wp,(r) : J(T) = 0,D; f(T) = Dy f (o) = 0},
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LW2,(r) ={f eW2,(r): f(T)=0,D}f(T) = 0}.

Teopema 1. Ilycrs 1 < p < oo. Torza
(i) ecau ewnoaneno (2), mo

W;v(r) = LRW;U(T); (6)

(i) ecau evnoanero (4), mo
Wio(r) = LR'WE,(r); (7)

(111) ecau ewmnoaneno (5), mo
W2, (r) = LW2, (1), ®)

Criucok aurepaTypbl
[1] B.I'"Ma3zws, IIpocmpancmsa C.JI.Cobosesa,//J1.: Izn-Bo Jlenunrp. yu-ra, 1985.

DPOPMVJIA JIATPAHZ?KA COIIPA?2KEHHOE JITNOPEPEHIINMAJIbBHOE
BBIPAKEHUVE TPETBETI'O ITOPAJIKA

I'viiam XAspaT AUMAJI PACA, I.C. AY3EPXAH
KA3AXCKUM HAU‘I/IOHAJH)HI)H;I YHUBEPCUTET NMEHU Aﬂb—q)APABI/I, AHMATbI, KA3AXCTAH
aimal.rasal4@gmail.com, auzerkhanova@gmail.com

B dyukimonansaom npocrpanctse Lo (0, 1) pacemorpum oriepatop Byqz, TOPOXK IEHHBIN JTHHEHHBIM
mudepeHITnaabHBIM BHIPAKEHUEM TPETHET0 TMOPsIKa C IaaKkuMu Koy duimenramu

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

sieck Py(x) - HenpepbiBuble QyHKIuUi B GUKCHPOBAHHOM KOHEYHOM Ha uuTepsase [0, 1].
Kpaesble yciaoBus. B nannoM myHKTe HATIOMHUM U3BECTHBIE CBOMCTBA YKa3aHHBIX 0oepaTopoB. Kpa-
€BbIe YCJIOBUS

Uj(y) = ajy(0) + By (1) = 0,5 = 1,2,3, (2)
rae
N=0,72=1v=2
BBRIOpaHHbIE COTJIACHO Teopeme MuxaitioBa-Kecebmana, 9acTo Ha3bIBAIOT YCUJIEHHO-PETYITPHBIMEU
rpanuuabiMu yeaousivu /4/. Tlosromy coberBernble 3HaYeHust onepaTopa Sy aCUMITOTHYECKHE TIPO-
CTBIE W OTJEIEHBI /3/, TO €CTh HaliIeTCs TTOJIOKUTETBHOE TUCI0 0 TIPH KOTOPOM JIIOOBIE [1Ba COOCTBEH-
HBIX 3HAYEHWS OMEePaTOpa Sy OTCTOST JAPYT OT Apyra Ha paccrosiaue Hosbine dem ?. Takxke u3 pabor
/1, 2/ crenyer, uTo cucTeMa COOCTBEHHBIX W MIPUCOETNHEHHBIX DyHKIHIA omeparopa Sy obpasyer 6a3uc
Pucca B npocrpancrse La(0,1). Beinuimem conpsizkeHHbIE IPDAHUYHBIE YCIOBHs K TPAHUYHBIM YCJIOBUSIM
Muxaiinosa-Kecensmana. Bymem caurats, 910

3>732>27=>27=>0
Cayuait A. Ecox Bce 74,7 = 1, ...,n pasHble, TO

=07 =1,7 =2
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Caywait B. Ecnu v; = 7,41, To BeIOupaem Uj(y) = y(W)(O),UjH(y) = y(?”j)(l). B nanbueiimem
JIeTAIhHO U3ydaeTcs caydail A. AHATOrMYIHO MOXKHO uccaenoBarh caydail B. MTtak, mycrs 41 = 0,79 =
1,73 = 2. B Takom ciyuae seegem mabop dbopm Ujyn(y) = —BjyU=D(0) + ajyl=Y(1),5 = 1,2,3.
Mo HO cInTaTh, ITO a? + BJQ = 1. Torga crpaBeTWBBI PABEHCTBA
7,
y"2(0) = 05U;(y) — BiUjn(v)
7.
v (1) = B,U; (y) + a;Uj4n(v)

tst iponsBoIBHON riaikoil dhyHKImu v(z) BBemeM 0603HaUeHUs Aajblle JuHedHas dopma

U, ..., Us
Ur(y) = a1y(0) + Bry(1) =0
Un(y) = azy™M(0) + BoyM (1) =
Us(y) = asy™ (0) + By (1) =
Us(y) = —B1y(0) +a1y(1) =0

Us(y) = —Bay™M(0) + sy (1) = 0
Us(y) = — B3y (0) + azy@ (1) = 0

2.ComnpsaxkeHHbie KpaeBbie yciaoBus. [lycts Uy, ..., Ug - Ha3bIiBatoTCH IMHEHHO HE3aBUCMBIE (DOP-
MBI & TaKXKe BCAKNE KPAEeBble YCJIOBUSI, UM SKBUBAJEHTHBIE HA3LIBAIOTCS CONPSKEHHBIMUA K KPAaeBLIM
YCAOBUSMHU MBI MOXKEM 4Y€PE3 KPAEBbIE YC/IOBUM HAN UM CONPSIZKEHHBIE KPAEBBIE yCJIOBUS.TEIEPh MOK-
HO BBECTHU COIpPs2KEHHBIE TpaHuYHbIe (POPMBI 110 PopMyJIam

Wi_s(V) = Pa—sRs(1,V) — au_sRs(0,V) (3)

Wi_s(V) = ay—sRs(1, V) + B4—_sRs(0,V) (4)
rje
Ri(z, V) =V(x),
Ry(z, V) = =VW(a),
R3(z,V) = VO (2) + Py (2)V ().
Takum obpazom, s modbix AByx riuagkux Gyuknuii V(z),y(x) cupasegiusa dopmyia Jlarparzxa

/OlL(y)V(ac)dx—/oly( dm—ZU4 SY)Ws_o(V) +ZU7 s()Wr—s(V) (5)

Buecs L*(V) = =V3(2)— (P (z) V(X)) W4 Py(x)V (X) dopmasro conpskernoe guddbepenmuaib-
Hoe BoIpazkenue. s ymo6oit Uy (.), ..., Us(.) mmueitro mezasucumble dbopmel Haiiaures Wi(.), ..., We(L).
Criucok aurepaTypbl
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PASPEHINMOCTDb OJHOI'O NHTEI'PO-ITAPABOJINMYECKOI'O
YPABHEHUA

A. AUMAXAHOBA', I'. BECBAEB?

L2IIHCTUTYT MATEMATHKA 1 MATEMATUYECKOIO MOJIEJIUPOBAHU, AJTMATHI, KA3AXCTAH

ITycrs C R™ koneunas obaacrb ¢ riaagxoit rpanuneit 0Q, D = Q x (0,T) - uuiuHapudeckas
06.1acTh.

B obnactu D paccmoTpuM MHTETpO - nudepeHImaibHoe ypaBHEHUe ¢ MapoboTuIecKuM ypaBHe-
HHUEM B TJIABHOW 9acTn

0

Lu = (a — Am)u+ /QK(x,f)u(ﬁ,t)d& = f(x,t) (1)

C Ha41aJIbHBIM YCJIOBHUAM
uli=0 =0, (2)

1 OAHOPOOHBIM IIOTECHIIHAJILHBIM yCJIOBUAM

/ /(99X0t)<giz v =&t —nul€n) —enlz =& )5 — >df—0 x€dQ (3)

31ech £(x,t)- dbyHmaMeHTaIbHOE pelenre ypasHeHus Jlamaca

Nlu] =

<§t - AI> en(z,t) = 6(z,t).

(28 )i

C YUETOM HAYaJbLHOrO yCaoBus (2) m GOKOBOTO ycsioBus (3) HAXOIUM

Ilosorasa

ule,t) = /O dn /Q eule — €.t — mu(€n)dn, (4)

W
1 e

(2m)3  t2
[Toxcrasus paserctso (4) B (1) numeem

rae e, (x,t) = , PyHIaAMEHTAJBHOE PellleHne YPaBHEHNs TeMI0TPOBOIHOCTH.

v(at) + /0 v(&,n)dn /Q enl(6—Et—m)- /Q K (2, £)déde = f(x,1).

MeTO,ﬂOM IIOCJICJOBATC/ILHBIX HpI/I6JTI/I}KeHI/II/I HE TPYAHO TIOKAa3aTh, 9TO MHTErPAJIBHOE YPABHEHUE TIPN
f(z,t) € La(D) mmeer eauucTBerHOE pemntenue v(x,t) € La(D)ynoBaeTBopsionuii HepaBeHCTBY

| v o)< el f o)

B cnuy cBoiicTB TENI0BOrO MOTEHITMAIA UMEeM

Il llyrzoy=l LG F IS e v oy < e Il f ooy - (5)

Tem cambim omepaTop Lg— mopoxaennsiii uaTerpo-auddepennnanbapiv ypasHernem (1), nadasib-
HBIM W IPaHHYHBIM ycaoBuaM (2), (3) - dBigerca peryaapHBIM MPaHHYHBIM omepaTopoM n u = L~ 1f
yaosJsierBopsier HepaseHcrsy (5).

Pabora noguepxana rpanrom AP05133239 KH MOH PK
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NMHTEI'PAJIBHOE YPABHEHUNE B TEOPUN OIITUMAJIBHOI'O
BBICTPOAENCTBUA JINMHEMHBIX CUCTEM C OT'PAHUYEHUNAMMUN

CrrPukbAll AICATAJIMEB, I'viijiana KOPIIEBAN
KA3AaxXcKun HALU/IOHAJIbeIPI YHUBEPCUTET MMEHU Aﬂb—CDAPABI/I, r. AﬂMATbI, KA3AXCTAH

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

Paccmarpusaercs ciemytomas 3a1a49a OMTUMAIBHOTO OBICTPOIEHCTBYS: MUHUMU3UPOBATH (DYHKITU-

OHaJI
t1
T(2(), u(),z0,21,41) :/l-dt:t1 ity inf (1)
to
Ha MHOXKECTBE pelleHuil ypaBHeHuil
& = A(t)e + B(tyu(t) + p(t), ¢ € 1=[to, ] (2)
C KPaeBBIMU yCIOBUSAMNA
(w(to) = X0, $(t1) = :El) c So X Sl, S() C Rn, 51 C Rn, (3)

npu HaJIun (HhazoBbIX OTDAHUIEHUI
z(t) € G(t) : G(t) ={z € R"w(t) < L(t)x < ¢(t), tel} (4)

WHTETrPAJIbHBIX ODAHUYCHUR

gj(x(')>u(')7x0?m1>t1) < G, J=1m, (5)
gi(z(-),u(-t), xo,x1,t1) = ¢j, j=m1+1,mo (6)
gj(x(+),u(-), xo, x1,t1) = / [af(t) x(t) + b5 (t) w(t)]dt, j=T1,ma, (7)

to

a TaKXKe C Yy9€TOM I'OJIOHOMHBIX CBA3el

Lj(x(t),u(t), t) = ej(t)x(t) +r;(t) =0, t €L, j=1,p, (8)

C OTPAHUYCHUAMU Ha 3HAYCHUAd YIIPABJICHUA

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

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

AP05133271
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3adaua 1. Haiitu HeoOXOMMBbIE U JJOCTATOYHBIE 5 CYIECTBOBAHUS PEIICHU KpaeBoit 3amaan (2) -
(9) upu dpukcupoBanHOM 1.

3adava 2. Haitru nomycrumoe ympasienne (u(t), To,T1) € y; CU x Sp x Si.

Badaua 3. Haiitn omtnvambmbie ynpasienne (u.(t), xp, i) € >, ., e (x5,2]) € Sp X
S1, xu(t,us, x5, 27) € G(t), t € I, gj(x(-),us(-), 25, 27) = ¢, j = 1,ma, Tj(x(t), t) =0, te
L, j=1,p, I=][to, t-

B crarbe mpejiaraeTcst METOJ] PEIIeHHsT YKA3aHHbBIX 33/1a4 IyTeM IOCTPOEeHHsI OBIIEro PEIeHns HHTe-
IPATBHOTO yPABHEHUS CJIEIYIONIEro BUIA

t1

Kw = /K(t*,t)w(t)dt =B, t.el=][to,t], (10)

to

riae K(tx,t) = K(t) — n3BectHasi Marpuna mopsijika ny X m ¢ sjaementamu n3 Lo,  t, € [to,t1] —
dbukcuposannag Touka, w(t) € Lo(I, R™) — uckomas dbynkmun 3 € R™,

3adaua 4. Haiitu HeobX0MMBIe U JOCTATOYHBIE YCJIOBUS CYIIECTBOBAHUS PEIICHHs] HHTEIPATbHOTO
ypasuenust (10) jist r0bbix 3 € R™.

3adaua 5. Haiitu obree perenwne uaTerpaabaoro ypasaenue (10) ast mobeix f € R™.

OCHOBHBIMU PE3yABTATAMU SBJISTIOTCS:
— HEOOXOAMMOE M IOCTATOYHOE YCJOBHS CYIIECTBOBAHHSA PEINEHHsT OJHOTO KJIACCa HHTErPAJIBHOTO
VPaBHEHUHA ¥ TTOCTPOEHUE €ro OOIEro PEIeHuns;
— BBIJIEJIEHHE BCEX MHOXKECTB VIIPaBJIeHHWH, KaxKJbli 3JE€MEHT KOTOPOro ITeEPEBOJNUT TPAECKTOPHUIO
CHCTEMBI W3 0000 HAYAJJIHLHOTO COCTOAHHUS B JI0H0E KejmaeMoe KOHETHOe COCTOdHUE JjId JIMHEHHBIX
CHCTEM;
— TmpenjaraeMblil TPUHIIAL TOTPYKEHUs TO3BOJISIONINI CBECTH WMCXOAHYIO KPAaEBYIO 3334y OITH-
MaJbHOIO OBICTPOMECTBHE C OTrPAHMYEHHAMH K CIENHaIbHON HAYaJILHON 3a7ade ONTHMAJIbLHOIO
VIPaBJICHUS;
— HEOOXOIMMOE 1 JIOCTATOTHOE YCJIOBHS CYIIECTBOBAHUS JOIIYCTUMOrO YIIPABJICHHUS;
— pa3paboTaH aJrOPUTM PeIIeHnsd 3aJa49d ONTHMAJBHOTO OBICTPOAEHCTBHUS C OUPAHNYCHUAMEI JIJIsI
JIMHEWHBIX CUCTEM JIF000TO TTOPSIIKA.
[Tonyuennble pe3yabTaThl SIBASIOTCS PEIIEHUSIME aKTYaJIbHBIX TPobJIeM TEOPHH OITHMAJILHOIO OBICT-
POZEHCTBUA ¢ OTPAHNIECHUSIMI MMEOIINE MHOTOUHCIEHHBIE TPUJIOYKEHWS.

Crincok aurepaTyphbl
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[5] C.A. Aiicarammes, C.C. Aficaranuena Koncmpyxmuehul memod pewenua 3a0a4u YnpasiaeMocmuy
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KOPPEKTHOCTDb 3AJAYN INPUXJIE JJIA BBIPO2KJIAROIINXCA
TPEXMEPHBIX I'MIIEPBOJIO-ITAPABOJIMYECKHNX YPABHEHUI

Cepuk AJIZTAIITEB
MHCTUTYT MATEMATUKHN U MATEMATUYECKOTO MOJEJUPOBAHUSA, AJTMATH, KA3BAXCTAH

Aldash51@mail.ru

Teopust KpaeBbIX I BBIPOKIAIONIUXCA rUepb010-mapaboaInieckuX yPaBHEHUN Ha ILIOCKOCTH
usydensl B [1]. MHOrOMEpHBIE AaHAIOTH STHUX 3a7ad B ODOOIIEHHBIX MPOCTPAHCTBAX WCCJIEIOBAHBI B
[2,3]. KoppexkTHocTs 3a1a4 Jlupuxiie jjist BBIDOXKJAMOMIUXCS MHOTOMEPHBIX THIIEPOOINYECKUX ypaBHe-
HUI JOKa3aHsl [4,5].

B [6,7] nokazana B IMIAMHAPUYECKON 061aCTH sl BBIPOXKAAIOMINXCS MHOIOMEPHBIX THIIEP6OJIO -
mapaboIInIecKX YPaBHEHNH UMeeT eJUHCTBEHHOE KJIACCHIECKOe PEeIlleHne.

B nammoit pabore mpuBOANTCA HOBBINM KJIACC BBIPOZKIAIONMIMXCA TPEXMEPHBIX THIEpOOJIO-Tapa-
HOMMIECKUX YPABHEHMH J/IsT KOTOPBIX MOKA3AHO OJHO3HATHASA PA3PENINMOCTL W MOJIYYEH SIBHBIH B
KJIACCHIECKOTO perterunst 3a1a9n Anpuxie B MuIMHIPUIECKoit obracTn.

ITycrs Qap— mmimaApEYECcKast 0OIACTE €BKINA0BA IpocTpaHcTsa F3 Todek (21, , %9, t), orpaHn-
vyennas mummaapom I' = {(z,t) : x| = 1}, nnockocrsimu t = o« > 0 u t = § < 0, vae |z|— auna
BeKTOpa T = (T1,x2).

Ob6oznaunm uepes (), u {1g gactu obaactu (g, a gepes I'y, I'3— gactn nosepxnoctu I', nexamue
B noynpocrpancrsax t > 0u t < 0; 04— BepxHee, a 03— HIZKHEEe OCHOBaHUA 00/1acTH (1n3.

IlycTs nanee S - obmas acTe rpaHui obsacreit £, 1 g npejacrapismoniee MHOKecTBo {t = 0, 0 <
’.1‘| < 1} B Fo.

B obnacru {),3 pacCMOTPUM BLIPOXKIAIOMINXCA TPeXMepHLIe I'HIep0oIo-napaboIudecKue ypaBHe-
Hud

0=

2 2
Z pi(t)ufﬂiffi — U + Z Gi(ﬂ?, t)ufﬂi + b(xa t)ut + C(.Q?, t)u =0,t>0,
=1 i=1
2 (1)

2
Z gi(t)uxixi — U+ Z di(ajvt)uxi + e(xvt)uv t< O’
i=1 i=1
rae pi(t) > 0 npu t > 0, g;(t) > 0 upu t < 0 u MoryT obpamarses B Hy/b ipu ¢t = 0,
pi(t) € C([0,a]) N C?((0,a)), gi(t) € C([8,0)), i = 1,2.

B masbneilinem HaM moHAZ00UTHCS CBS3b HEKAPTOBLIX KOOPAUHAT X1, L2, I C HOAAPHLIMU T, 0,1 :
x1 =rcosf, zo =rsinf, r > 0,0 <60 < 2.

Bamaua 1(Jdupuxse). Haiitn pemenne ypasuenns (1) B obmactn Qap mpu t # 0 u3 kaacca
C1(Qap) N C%(Qa U Qg), yI0BIETBOPSIONIEE KPAEBBIM YCIOBHSM

= ¢1(t,9), (2)

=pi1(r,0), u .

Oq

u

ul = a(t,0), u| = ea(r0). (3)

L

9B
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Iycts  a;(r,0,t), b(r,0,t), c(r,0,t) € CYQW) N C%(Ny), di(r,0,t), e(r,0,t) € CHQz)N
NC%(Qp), e(r,0,t) <0, V(r,0,t) € Qp.

Torna cnpasernBa

Teopema 1. Ecmu ¢1(r,0), o2(r,0) € CL1(S) N C3(S), ¥1(t,0) € CHTy) N C3(Ty), va(t,0) €
€ CH(T3) N C3(Ts), m umeer MecTo

cos psna #0, s =1,2, ..., (4)

TO 3aj7a4da 1 OTHO3HAYHO Pa3pelInMa, TJe [is,— HOJIOXKHTeJbHBIe Hymn QyHKImit Beccenas mepsoro

pona Jp(z), o/ = [/ Mdf, n=0,1,...
0
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kiagaas maremarnka Kwes, KHY mv. T.Ilepuenko, Ne2:(125), 71-78 (2017).

[6] Anmames, C.A. 3adava JJupuzae das 001020 KAGCCA GUPOAHCOGOULUTCA MHOLOMEPHBIL 2UNEPEOAO-
napabossuneckur ypaswenut// Nzs.Capar. yu-ta, Hos.Cep. mar-ka, mex., uad., T17. Boin.3, 370-
373 (2017).

[7] Anpames, C.A. 3adaua JJupuzae 0as 6upostcoaousurcs MHOOMEPHOIT 2unepboso-NapaboAUYecKUsT
ypasnenudi// Hayanwre Benomoctn Benl'V, Maremaruka, dusnka, €27:(248), 16-25 (2016).

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 7

SAJAYA BEPUT'THA C MAJIBIM ITAPAMETPOM B YCJ/JIOBUAX HA
CBOBO/JITHOU I'PAHUIIE

ErMEK AJIMM2>KAHOB
YHUBEPCUTET MEXKJIYHAPOJHOT'O BUBHECA, AJMATHI, KABAXCTAH

aermek81@gmail.com

Ilycts 2 = (0,1), 1 > 0, v(t) — xpuBast x = (t), Vt € [0,T] u v(0) = 70, Ttae 0 < (t) < [,
I —~ > dp = const > 0. O6oznaxmm Q(t) = (0,7(t)), Qa(t) = (v(t),1), or = (0,T), Q; = Q;(0) n
QjT = Qj X or,j=1,2.

Paccmorpny 3azady ¢ menmsBecTHbIME dynKImamu uj(z,t),j = 1,2 n y(t), yAOBIETBOPAOIIIMA
napaboInIeCKAM yPABHCHIAM

ou; 0%u; ou;
a—t] — ctj(gl:,t)872J — bj(a:,t)a—xj —cj(z, t)u; = fi(x,t) B 7, (1)

C HAYAJBHBIME U TPAHUYHBIMA yCaoBuamu (j = 1,2)

uj‘tzo = qu($)7 T e Qj7 7(0) = 70,
uil,_ = pt), ws|,_, =pa(t), tel0,T],

U yCJIOBUAMM COTpsizKeHus npu x = Y(t), t € op

Uy —uz2 = g(x,t),

ou ou
M, t) g = ol )55 = il ), (3)
0
A1 (z, t)ﬂ +ev = go(x, 1),

rae aj(z,t) > 0B Qjr, ar(x,t) # as(x,t), V(z,t) € o7 x Bs(y), 31ech Bs(Y9) — 0-OKPECTHOCTD 7
bj(z,t), cj(z,t), fi(x,t), uoj(x), p;j(t), g(z,t), gj(x,t), A\j(x,t), j = 1,2 — u3Bectrbre byHKIIA 1 € > 0
~ MAaJbIi mapaMerp.

Hannas 3amada gaBisieTcss OHOMEPHOI 3amadeit Bepuruna (cm., mamp. 1], [2]), Koropast, B qacTHO-
CTH, OIIMCHIBAET (PU3MICCKUHN ITPOIECC HATHETAHNS KUJKOCTA B TIOPUCTYIO CPEIy, IPU KOTOPOM IIPOUC-
XOJINT BBITECHEHME OIHOM »KUIKOCTH U3 MOPUCTON Cpeabl Apyroit 6osee BI3KOi KuakocThio. OyHkun
uj(x,t), j = 1,2, MOryT OnuCBHIBATH JABICHHE HATHETAEMOW 1 BBITECHSEMOI xuikocreii, a y(t) —
TPaHWITy WX pa3jesa.

B pabore jokazaHbl CylecTBOBaHUE M €IUHCTBEHHOCTH pernenns {uy(x,t),us(x,t),v(t)} 3aza4uu
(1)-(3) B mpocTpancTBax L'enbaepa, a Tak:Ke MOy IeHBI KOIPIUTUBHBIE OMEHKH DEIIEHUH ¢ TIOCTOSTHHBI-
MU, HE 3aBUCHIIUMA OT MaJIOTO [IapamMeTrpa €.

Criucok aurepaTypbl

[1] Bepurun H.H., Haznemanue esaxcywus pacmeopos 6 20pHvie nopodvs ¢ UeAsT NOSBUEHUL NP0t~
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Pa6ora Bermosinena mpu mosiep:xkke Ponma mayku MwmnncrepcTBa obpa3oBanus u Hayku Pecrnybsimikm Kazaxcram

(zpoexr AP(05133898).

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



78 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

[2] Buxkanosa I'I., O kaaccuueckot paspewsumocmu 00HOMEPHHT 3a0a% cO c60600n0t eparuyel Dao-
puna, Mackema-Bepuzuna u Cmegana // 3an. nayqan. cem. [IOMU, 243, 2001, C. — 30-60.

OIITUMAJIBHOE BOCCTAHOBJIEHUE
IICEBJOJINP®PEPEHIINNAJIbBHBIX OITEPATOPOB HA KJIACCAX
OYHKINN N PACITPEAEJIEHUN HA m—MEPHOM TOPE

JAvPEHBEK BABAPXAHOB
MNHCTUTYT MATEMATUKU 1 MATEMATUYECKOI'O MOJEJINPOBAHMN, AﬂMATbI, KA3AXCTAH
dauren.mirza@gmail.com

B noxksagze 6ymer chopmymupoBaHa u 00CYKAATHC 33298 OIMITUMAIBHOTO BOCCTAHOBICHUS 3HAYE-
HUi mceBnoaudpepeHnnaILubIX OIepaTopPOB Ha M —MEPHOM TOPE ¢ CHMBOJIAMU H3 HEKOTOPOI'O KJIacca
(cmmBoJIOB "Tna pousBegenua’) HA pacnpeeeHnax U3 (eIMHUIHBIX MAPOB) NPOCTPAHCTB Tuna Hu-
KOJILCKOTO — Becosa u Jluzopkuna — Tpubens mo Koneunoil creKTpaiabHoil HHdOpMaliud O CHMBOJIE
oneparopa u 0 pacnpejeneanu (Koneunbie Hab0pbl K03 dunuenros Pypbe cumBo/Ia ONEPATOPA U PAC-
IIPE/ICJICHNS ).

Funding: Pa6ora Beimonnena npu ¢gunancoBoit nogzep:xkke Komurera nayku munucrepcTsa obpa3oBanus u Hayku PK,

rpaut AP05133257

L,—OTPAHNYEHHOCTDb HEKOTOPOI'O KJIACCA
IHHEPNOJINYECKHNUX IICEB/IO/IN®PEPEHIINAJIBHBIX
OITEPATOPOB

Tonmnan BAJITMMBAEBA
MNHCTUTYT MATEMATUKU 1 MATEMATUYECKOI'O MOJEJINPOBAHMN, AﬂMATbI; KA3AXCTAH
sholpan.balgyn@gmail.com

B nokuage ycranasiuBaercs Ly, —orpanndeHHOCTb OJHOIO KJiacca nceB/onddepeHiinanbHbIX ore-
P
pPaTOpPOB C CUMBOJIOM, HEIVIAJIKUM TI0 IPOCTPAHCTBEHHOM IepeMeHHOi, Ha d—MepHOM Tope Tipu 1 < p <
00 TIPHU HAJIWYHUHM BECOB.

Funding: Pa6ora Bbimonnena npu ¢gunancosoit nogaepxkke Komurera nayku munucrepcrsa obpa3oBanus u Hayku PK|

rpaut AP05133257
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BECOBOE HEPABEHCTBO OJHOTI'O KJIACCA MATPUYHBIX
OITEPATOPOB C IITEPEMEHHBIM IIPEJIEJIOM CYMMVUPOBAHNUA

A. BEC2KAHOBA, A. TEMUPXAHOBA
EHY um. JI.H. TyMuiEBA, Hyp-CyiiTAH, KA3BAXCTAH
beszhanova@mail.ru

yCTaHaBJ_H/IBaIOTCH HeO6XO,Z[I/IMI)Ie 1 JOCTATOYHBIC yCHOBI/IH OFpaHquHHOCTH ManHqHOFO OHepaTOpa
BUJIA
B(n)
(Af)n = E ko fi

k=1

u3 lpy B lg, mpu 1 < p < g < 0o. Kpome Toro mosyden Kpurepuit KOMIAKTHOCTH oneparopa A.

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

H.K. BJIMEB
MHCTUTYT MATEMATUKU U MATEMATUYECKOIO MOJEJIUPOBAHUA, AJIMATHI, KA3AXCTAH

bliev.nazarbay@mail.ru

B pabore paccmaTpuBaioTCs MHOTOMEDPHbBIE CHHTYJIAPHBIE OTIEPATOPEI C XAPAKTEPUCTUKAMIY, HE 3aBU-
CAMMIMH OT TIOJIIOCA W COOTBETCTBYIONINE NHTETPATbLHBIE YpaBHeHNd B TpocTpancTBax Becora. [omyte-
HBI YCJIOBHUS OTPAHUYEHHOCTH, AU DEPEHTTNPYEMOCTH U 0OPATUMOCTH PACCMATPUBAEMBIX CHHTYJISIPHBIX
ONEPATOPOB U PA3PEIINMOCTA HEKOTOPBIX COOTBETCTBYIONINX MHTErPAJIbHBIX YpPaBHEHUM.

Tlonyaennbie pe3yabTaThl MO3BOJILAIOT, TP OMPEIEICHHBIX YCJIOBUIX, OMMUCATH JTOKAIBHBIE CBONCTBA
CHUHI'YJIAPHBIX UHTEIPAJIbHBIX ONEPATOPOB C XapaKTEPUCTUKAMU 3aBUCAIIUMU OT IOJIOCA U IOJYYUTH
YCJIOBUSI HETEPOBOI PA3PEIINMOCTH COOTBETCTBYIONINX CUHTY/IAPHBIX MHTEIPAJIBHBIX YPABHEHMIA.

Ora pabora ObLia yacTuano noepxkana rpanrom NeAP05133283 Komurera nayku MOH PK
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OB OTPAHNYEHHOCTU ITOTEHIINAJIA PUCCA B I'VJIOBAJIBHBIX
INIPOCTPAHCTBAX OPJINMYA-MOPPU

Hypykan BOKAEB, AnTeiHAL XANPKYJIOB, MEHALIBAIT TYPIYMBAEB

EBPABUTICKUI HAIITMOHAJIBHBIN YHUBEPCUTET UMEHUW JI.H.'vMUiIEBA, HypP-CVJITAH,
KA3AXCTAH.

bokayev2011@yandex.ru, aitbekovna3@mail.ru, mentur60@mai.ru

B pammoit pabore MPpUBOASITCS JOCTATOUHBIE YCIOBUS OTPAHUYIEHHOCTH MOTeHImaaa Prcca B TJ10-
HapHBIX npocTpancTBax Opauda-Moppu.
IIycts 0 < o < n. Tlorenmmasn Pucca onpemengerca paBeHCTBOM

_ f(y)
Iof(z) = /R" Wdy-

MakcumaabHbBIM omepaTop Xapan-JIuTTaByaa OmpeaeaseTcs PaBeHCTBOM:

1
M f(z) = sup W /B(a:,v') |f(y)ldy.

>0

Oynkuug @ : [0,00) — [0, 00] HazweiBaercsa dyukuueit FOura, econ ® - poinykiaas GyHKus, Herpe-
peiBHaA cireBa u lim, 10 ®(r) = ®(0) = 0 u lim, 1 ®(r) = oco.
Ecmu cymecreyer s € (0,00) rakoe, aro ®(s) = oo, Torma ®(r) = oo mas r > s. MuoxkecTBo
dyukiumii FOura, Takux 9o
0<P(r) <oo,0<r <00

6yaem obosnauars depe3 Y. Eciu ® € Y, Torma ona abcoilOTHO HEIIPEPHIBHA HA KAXKJIOM 3aMKHYTOM
unrepsase B [0, 00).
Hnsg dyaknun FOura @ u 0 < s < oo mycTh
d1(s) = inf{r >0: ®(r) > s}.

Ecnu ® € Y, rorna ®~! sro obbramas obparnasg Gbyuxuua s P.
Ormernm,aTo
PP Hr) <r<d(r),0 <r < .

Oyukmua Hmra yuosnersopsier Ag-yemouio ¢ € Ao, ecn

O(2r) < k®(r),r >0

ILIsT HeKoToporo k > 1.
Oyukrusg FOura ymosmersopser Va-yciosuto ® € Vo, ecoin

1
d(r) < —d >
(1) < 5 ®(r), 72 0

ILIsT HeKoToporo k > 1.
Hnsg dyarnum FOrra ¢ muOX)KeCTBO QYyHKITNH

LP(R") = {f € Line(R") : / B(k|f(2)))di < o0, k > 0}
.

C KOHCYHOU KBA3UHOPMON

17 1= 8> 0 @(’?)dt}, W

(R")
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B KOTOPBIX
= [ e < &

HaszbiBaercst upocrpancrsoM Opsnyga [1].
IIycts @ dbynkima FOurau 1 < 60 < oo. Yepes GMg o, o(R") 0603HaUMM [71062TBHOE IIPOCTPAHCTBO
OpJinaa-Moppu Kak MHOXKeCTBO Beex (pyHKmmii f € Ly ¢ KOHEUHOW KBA3ZUHOPMOIT

HfHGM(ﬁLpe(R”) = sup ||§0_1 (:L',’I“) ¢_1(|B($7T)|_l)‘|f|‘L¢(B(m,r))||L9(0’Oo) < 0.
e z€(R™)
I lstgnn= sup O f Ly, (B < oo (3)

rER™,r>0

Teopema 1.
Ilycre ® € Y u ¢pyHKIIUS © yAOBIETBOPIET YCIOBUIO

_ _ . e\x, s _
sup 971 (1B. )] essin frescoo A (B, )|z, < Cilar),
r<t<oo

rae C He 3aBHCUT OT X U T.
Torma makcumansreii oneparop M orpanuden us GMg ,9(R") 8 GMy 5 9(R").
Teopema 2.
Iyctb e Y NVey, 0<a<n, 1< <0
U IycTh (DYHKIUA ¢ yIOBIETBOPAET yCaoBuio TeopeMel 1 u ycsIoBuIIO

o d
o)+ [ )T < Colt)
t
nyist mexkoroporo 3 € (0,1).

Hyers n(z, 1) = p(e,1)° w(t) = ¢(t7).
Torpa norenman Pucca I, orpanuaen uz GMg , o(R") B GMy, , o(R").

[TomobubIe yTBEp:KAeHUs st 0600IeHHbIX pocTpancTs Opuda-Moppu mosydens: B [2].
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OBOBINIEHHOE HEPABEHCTBO COBOJIEBA HA
CTPATNO®PNIINPOBAHHOM MHOX>KECTBE

Hypaan JAMPBEKOB, Oner IEHKUWH, Jis33AT CAPBIBEKOBA
KASHUTY vMm. K.M.CATIAEBA, AJIMATHI, KABAXCTAH

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

CrparudunupoBaiHoe MHOXKECTBO OIPEIeIdeTcd KaK CBA3HOE IIOJMHOMKECTBO eBKJIM0Ba IIPO-
crpancrea RY, spistiomeecst 06beIMHEHIEM KOHETHOTO CeMeHcTBa S HellepeceKaloIINKCs CBSI3HbIX O
MHOr000pasuii o (6e3 Kpast), HA3BIBAEMBIX JIAJI€e CTPATAME:

IIpeamoaaraercs, 9To Kazk/[asi CTPATa ) IMEeT KOMIAKTHOE 3aMbIKaHie B RY i CTpaTh IPUMBIKAIOT
JIpYT K JIPYry choenuagbHbIM oOpasom (cMm., Hampumep, [1], [2], [3]). Muoxkecto 2 mpenmonaraercs
NPEJCTABJIEHHBIM B BHJIE O0bEMHEHMs JIBYX Hemepecekaronmxca gacreit — Qo u 0Qp = Q\ Q. B
kagecTBe (g TOMYCTHMO B3ATH JTI000€ OTKPBITOE CBA3HOE TOAMHOXKECTBO (), COCTOsAIEe N3 HEKOTOPHIX
CTpaT, W TakKoe, 4TO 3aMbikamue )y coBmamaer ¢ (). 3mech W jgajee BCE TOMOJOTHUECKUE TIOHATHS
OTHOCSITCS K TOMOJIOTHH Ha, §), MHAYIIMPOBAHHON CTAHIAPTHON TOTIOIOTHEH 06HEMITIONIETO MPOCTPAHCTBA
R4

HazoBem dyurmuo p Ha () cTparudunnpoBaHHON KOHCTAHTON, €C/n OHA TOCTOAHHA Ha, KAXKJIOMH
crpare. CHMBOINYECKH MbI MOYKEM HAIUCATE P = {Pk }o, g, M€ D SBJISETCA Cy2KEHHeM P Ha CTPaTy
k-

IIpocrparcTeo CoboseBa I/(I)/LP(Q) OTIpEIEeIIeTC S KaK TMOMOJHEHNE TTPOCTPAHCTBA, HEMTPEPHIBHBIX
dyurmmii u : Qg — R, o6palmaonmxcst B Hy/1b BOIM3N rpaHuiisl €y u uMeonux auddepeHimpyemMble
CY KEHUsT Ha, KayKJIYI0 CTPATy, TPUIEM TPAJMEHTHI 9TUX CyKEeHW PaBHOMEPHO HempephiBHbI. [lomosiHe-
Hue 6epeTcs o HopMe

m o
HUHV([)/LP(Q) = Z /‘u|pk du + /|V’U,Pk du
n
Ok

oRES o

Hama niess Y o6o61enue wepasencrsa CobojieBa Ha cTpaTudUIIMPOBAHHOM MHOXKECTBE B CJIy4ae,
KOTJIa MOKA3aTe b CYMMUPYEMOCTH sIBJISETCS CTPATH(OUIINPOBAHHON KOHCTaHTON. MBI ycTaHaBIuBaem
JIOCTATOYHBIE YCIOBUSA HA KOMOWHATOPHYIO CTPYKTYpPY §2 1 Ha CTpaTUdUIMPOBAHHBIE KOHCTAHTHI P U
q JUIsl CIIPABEJIMBOCTH CJEYIOIMIEr0 HEPABEHCTBA,:

1 1

aj PE
S fulman) <o X ([ 19 de

oLES o oLES o

JUTS BCEX U € I/f/;p(Q) ¢ HezaBucanei or v korcranroit C.

B cayuae, korga crparndunypoBaHHbie KOHCTAHTH P W ( IBJIAIOTCS MPOCTO KOHCTAHTAMM, T.€.
Pr = P, qk = q, ananor HepasencTsa CobosieBa Jokazan B pabore [1].

JaHHOe HEPABEHCTBO NPUMEHSIETCH JIJ1sl JJOKA3ATENbCTBA Pa3pemuMocTy 3aa4au Jlupuxiie st crpa-
TUGUIUPOBAHHOTO P - JIAIACUAHA:

V- (|[Vu[P™2Vu) = 0,

U‘BQO = ¢,

AHAJIOIMYHO TOMY KakK 9TO ¢JesaHo B pabore [1] B cayuae py = p.

Pabora noauepxana rpanrom MunucrepcrBa obpasosanust u nayku Pecrybiuku Kazaxcran AP05130222.
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O PABPELIMMOCTHU OAHOM HEJIMHENHON I'PAHNYHON
3AOAYN TEIJIOIIPOBOJHOCTH B BBIPOXKJAIOIIENCS
TPEYIOJIBHOI OBJIACTU

MyBAIIAPXAH JIYKEHAJINEBY?, Maju EPTAJTUEB2?,
KAHKAPBEK UMAHBEPINEB?¢, ApHAll KACBIMBEKOBA®*

L23AIHCTUTYT MATEMATUKY U MATEMATHUYECKOTO MOJIEJIMPOBAHUS, AJIMATHI,
KA3AXCTAH
1K ABAXCKMIT HALIMOHAJIbHBINT YHUBEPCUTET UM. AJIb-PAPABU, AJIMATHI, KABAXCTAH

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

Pabora mocssimena BompocaM paspermmMocTd B CODOEBCKUX KJIaccaxX OMHON HeInHeHHON 3amaun
TEIUIOIPOBOAHOCTH B BBIPOXKJAIOIIENCS TPEYTOILHOM 00/1acTH, OJHa U3 BEPIINH KOTOPOI HAXOINUTCI B
nagasie koopgunar. C mCronp30BaHreM MeTON0B anpuopHbIX oneHok n Pazmo-Tanepkuna jJokazbIBa-
IOTCST TEOPEMBI O CYIIECTBOBAHUHU U €AHHCTBEHHOCTH PelIeHHs PacCMaTpHBAaeMOl I'PaHHYIHON 3aJatuu,
a TaKKe €ro PEryJsdpPHOCTh PU IOBBIMEHUN TVIJIKOCTH 3aaHHBIX (PYHKITUI.

ITocranoBka rpanmganoii 3amaun. Ilycre Qu, = {2,610 < x < t1, 0 <t; <T) < o0} — Tpe-
yTOJIbHAA 00J1aCTh, OJTHA M3 BEPIIUH KOTOPOl HAXOINTCA B HAaYaJje KOOpANHAT, U {);, — cedenne obIacTu
Qzt, npu bukcHpoBaHHOi BpemenHo# nepemennoii t; € (0,77). B obnactun @y, paccmarpusaercs ciie-
IVIOIAs TPAHMYIHAS 3a1a4a;

atlu - Vaiu - (axu)z - fa (V > O)a (1)
u(xvt)‘xZO =0, u(x, t)’I:tl =0, (2)

rie
f € LOO(Qxh)u f > 0. (3)

B nannoit paboTe M3y94aeTcs BONPOC CYNIECTBOBAHUS U €JIMHCTBEHHOCTH DEIeHUs] TPAHUIHON 3a-
maun (1)-(3) B cobonesckom mpoctpanctse U € H2H(Qut, ).

IIpeo6paszoBanue (1)—(3) k auHeiiHoit rpanumyuHoii 3aga4e. [Ipeobpasyem (1)—(3) k suneiiHOI
IPaHUYHOM 3ajaue Jist Hem3BeCcTHON dyHKIwu w(z, t1). Vcnoab3ys B3anMHO-0HO3HAYHOE TPeoBpazo-
Banme: w(x,t1) = exp{u/v} —1, u=rvin(w+ 1), mosyaaem

8t1w_V8§w_fl/w:fV7 (4)
w(:n,t)\x:(] =0, w(xvt)‘fE:l‘J =0, (5)
quf/VELOO(Qxh)a fVZO- (6)

O cemeiicTBE BCIOMOraTeJIbHBIX MPAHUYHbBIX 334349 B 9€ThIPEYrOJIbHBIX 00/1acTax (B Bu-
ne rpanenuii). K 3agage (4)—(6) Mbl comocTaBuM ceMefCTBO TPAHUYHBIX 3314, KaXKJAad U3 KOTOPhIX
paccMaTpUBaeTCa B 0OJIACTH, TIPEICTABIAONIEH c000ii COOTBETCTBYIOIIYIO TPAIIEITHIO.
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Urak, myctb n € N* = {n € N:n >ny,1/ny <T1}, QY ={z,t1: 0 <2 <t,1/n<t) <
T, < oo} — rpanenusi, u {dyy, — cedenue Tpanerun npu 3azanHom t1 € (1/n,T1). Ormernm, 410 B
Touke t; = 1/n obmacTb QY yKe He BRIPOKJAETCA B TOUKY, KPOMEe TOIO MeXKIy HCXOHOI 061acThio
Qqzt, W obmacTaMu Q) WMEIOT MecTo crporue BKmowennsa Qf C QZ{FI C ... C Qqt, ¥, OYEBUJIHO,
lim Q% = .
=00 Q:L'tl Ql‘tl

o n *

B meBrIpox paromeiica obmactu Q, (/I KaxKaoro koneunoro n € N¥) paccmarpupaerca rpaHmd-

Hasl 3aJa9a;

atlwn - Vagwn - fu,nwn = fu,nv (7)
wn(xvt)’l:l] =0, wn(zvt”ﬂﬁ:h =0, wn(x’t1)|t1:1/n =0, (8)
fl/,nzfn/VELoo( Ztl)’ fl/,nZO- (9)

C moMOITBbI0 HEKOTOPOTO MPe0OpPa30BaHus HE3aBUCUMBIX MIEPEMEHHBIX {, 11} K mepeMeHHbIM {y, ¢}
MBI MOXKEM TIpeobpazoBaTh rpannanyo 3agady (7)—(9) Tak, 9To6e1 OHa ObLTA OBI TOCTABIEHA B MIPSAMO-
yroJibHO# obJstacTu.

Barmmem rparnaryio sajady (7)-(9) B npamoyrombHoit obmacta Qy:

~ 2~ Yy ~ 1 ~ - 1 ~
Oy, — v0,lin p—, taywn OO t)2f,,,nw BCEE Jvns (10)
Wn(y,t) =0, {y,t} €Sy, ={y, t: y € {0} U{1l}, n/2 <t <T <n}, (11)
Wn(y,n/2) =0, yeQ={y: 0<y<1, t=n/2}. (12)

Bwecro (10)-(12) B obmactn Qy;, MBI GyeMm paccMaTpuBaTh Gosee 0BIIyI0 TPaHITHYTO 3a71aMy:
Oy, — V02, — Yn (Y, 1) Dyt — n(t) fomtin = Bu(t) fom, (v>0), (13)

ﬁ)n(y,t)|y:0 =0, ﬁ)n(y?t”y:l =0, Tf)n(y,t)h:() =0, (14)

/1€ 33 JaHHbIe HelpepbIBHBIE DYHKIUU iy (t), Bn(t), Yn(y,t) A Kazk 1010 GUKCHPOBAHHOTO YHCIA 1 €
N* yI0BIETBOPAIOT YCJIOBUAM

oty < an(t) < aop, /Bln < Bn(t) < /82m Vit e [O,T],

(15)
() < viny [0y (Y, )] < vams VH{y, t} € Qpy,

C 33JJAHHBIMU TIOJIOKATETHHBIMU MOCTOSTHHBIME (s 021, Bins B2n, Yin-

NMeroT MecTo CIeyIone Te0peMbl

Teopema 1. Ilycmv mot umeem gurcuposannoe wucao n € N*. Tozda, ecau fu,n € Loo(Qp)
an(t), Bu(t), m(y,t) ydosaemeoparom ycaosuam (15), mo epanusnas sadaua (13)-(14) umeem edun-
cmeennoe pewenue Wy, € H>( yt), KOmopoe ydosaemeopaem ouenwe:

[ 0nllg21(Qy) < K N fomllLo(@ye)-

Teopema 2. [Tycmv mvr umeem Purcuposannoe wucaro n € N*. Tozda, ecau f,, € LOO(QZt), mo
epanunnaa sadava (10)-(12) umeem eduncmeenmnoe pewenue w, € H>1( yt)s Komopoe ydoeaemeopa-
em ouemnke:

| 0nllg21(Qu) < K N fomllLo(@ye)-

Teopema 3. ITycmv mor umeem purcuposannoe wucao n € N*. Tozda, ecau fun € Loo(Qly,), mo
epanunnan 3adaua (7)-(9) umeem eduncmeennoe pewenue w, € H>H(Q"

1), KOmopoe ydosaemeopaem
ouenke:

lwnll521(Quey) < K I foinllLos(@ur,)-

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020
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HEJIOKAJIBHBIE KPAEBBIE 3AJTAYN AJIA OIIEPATOPA
JIATIJIACA, ABJIAIOIIINECA MHOI'OMEPHBIMU OBOBILIEHMNAMN
SAJAYN CAMAPCKOTI'O-MOHKHMNHA

Anmiasusn JIVKEHBAEBA

KA3AXCKUI HAIMOHAJILHBIN YHUBEPCUTET UM. AJIb-®APABU, AJIMATH, KABAXCTAH
VHCTUTYT MATEMATUKHN U MATEMATUYECKOTO MOJIEJMPOBAHUS, AJTMATHI, KABAXCTAH

dukenbayeva@math.kz

Ilycts Q = {z = (x1,22,...,2,) € R" : |x| < 1} — enqunnunsiii map B R" n z = (21, z2,...,2,) € Q
— npou3BosbHas Touka obsactu ). Ilycrs KoncTanTs! 0, npuaIMaoT 3Hadenus ToJabko 1 nnn —1. Torga
(0r)* = 1. Yepes z* oGozrauny T0uKy z* = (—x1, 0229, . . ., Opy,) . Yepes 0 (9Q_) 06o3HAUNM HacTh

rpanutp OF), ayist kKotopoii £1 > 0 (z1 < 0). Hacrs rpanuns: 082, mis koropoit 1 = 0, o6o3radnM aepes
0.

Ypasuenue Ilyaccona B MHOTOMEPHOM ITIape 3aluUIIeTcCs B BHE
—Au(z) = f(z),z € Q. (1)

Bamaga S,1. Hatimu dynryuro u(x) € C2(Q)NCT (Q\@Qo) , ydosaemeoparowyio enympu §) ypas-
nenuto Ilyaccona (1), a na e2o epanuue — KpaesvM YCAOBUAM:

u(z) —ou(2*) = 7(x), x € 004, (2)

)~ (-1
2de f(x) € C5(Q); 7 € CHE[00L]; v € CF[004], a — durcuposannoe deticmeumenvroe 4ucao.

B ciyuae, koraa o = —(—1)F, momygaem pamee ncerenosantbie B [1]-[2] nepuoamaeckue u anTuie-
puoanmdeckne Kpaesble 3agaun. Ciydait o = 0 6611 paccmorpen B paborax [3]-[4].

Kak erme opun u3 BapuanTos anasora s3agadn Camapckoro-Monkuna nis oneparopa Jlammaca B
eIMHITHOM IIape IIPeJIOzKEHO PACCMOTPETh CJIEIYIONLYT0 MOCTAHOBKY.

Banaua Sig. Hatimu dynryuro u(z) € C2(Q)NCT (Q\0Q0) , ydosaemsopaowyro snympu Q ypas-
nenuto ITyaccona (1), a na e2o epanuye — Kpaeevm YcAOGUAM:

(") = v(x),x € 004, (3)

u(z) + (—1)*u (2%) = 7(x), 2 € 904, (4)
ou ou , .
%(x)—i-ﬁ% () =v(x),x € 00, (5)

2de f(z) € C5(Q); 7 € O [00,]; v € CF[004], B — Purcuposannoe deticmeumenvhoe Hucao.

B macrodmem JoKaaze paccMOTPUM CJOydad 3HA49eHuil o W 3, OPH KOTOPBIX COOTBETCTBYIOIIHE
chOpMyIUPOBAHHBIE a1 Sq1 U S1g ABIAIOTCA PPEArOabMOBLIMU.

OcHOBHBIE PE3YJILTATHI TIO0 JAHHOMY IOKJIa1y COPYANPYEM B BUIE TEOPEM.

Teopema 1.

Ipu o = (—1)* 3azaua Sa1 He apasercs mereposoii. Ilpu srom oxHoposmas 3az1a4a S, HMeeT
OeCKOHEYHOE YHCI0 JHHEHHO He3aBHCHMBIX pemreHmil. 3amada S,| ABILETCA (PpearoabMOBOi eCan i
robKo ecmi o 7 (—1)F.

Teopema 2.

Ipn B = (—1)* 3azaua Si1p He aBrgerca merepopoii. Ilpm srom oamopomnas 3agada Si1g uMeeT
OecKoHeqHOe 4YHC/I0 JIMHEHHO He3aBHCHMBIX pellieHuH. 3ajada S1g ABJIAeTcsa GpearoJbMOoBOH ecin n
rosibko econ B # (—1)F.

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

AP05133271.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



86 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

Crmcok aurepaTrypbl

[1] M.A. Caneibekon, b.X. Typmeros 06 0dnom ananoze nepuoduseckus Kpaesur 36004 OAdL YpasHeHUs
ITyaccona 6 xkpyee |/ Hudd. ypasuenus, 50:2, 264268 (2014).

[2] M.A.Sadybekov, B.Kh. Turmetov On analogs of periodic boundary problems for the Laplace operator
in ball // Eurasian Mathematical Journal, 3:1, 143-146 (2012).

[3] A.A. dykenbaesa 06 06notl obobwennot 3adawe muna Camapcrozo-Honkuna dasn ypasnernus Ilyac-
cona 6 kpyze |/ Maremarngeckuii xypuas, 18:1, 78-87 (2018).

[4] A.A.Dukenbayeva, M.A. Sadybekov, N.A. Yessirkegenov On a Generalised Samarskii-lonkin Type
Problem for the Poisson Equation // Springer Proceedings in Mathematics and Statistics, Springer,
Cham, 264, 207-216 (2018).

HAYAJIbHO-KPAEBA#A 3AJTAYA JJId MHOTOMEPHOTI O
YPABHEHU{ TEIIJIOITPOBOJHOCTHN C HEJIOKAJIbHBIMU
YCJIOBUAMU TUITA CAMAPCKOTI'O-MOHKHMNHA 11O
ITPOCTPAHCTBEHHBIM ITEPEMEHHBIM

Maruua IBAHOBA

FOKHO-KA3BAXCTAHCKAA MEAULMHCKAA AKANEMUA, ITILIMKEHT, KA3AXCTAH
WHCTUTYT MATEMATUKU U MATEMATUYECKOTO MOJEJUPOBAHUA, AJTMATHI, KA3ZAXCTAH

ivanova@math.kz

B mokmane maercs mOCTaHOBKA HOBBIX HAYAIBHO-KPAEBBIX 33149 JJIsi MHOTOMEPHOTO YPaBHEHUS
TEIJIOIPOBOTHOCTU C HEJOKAJbHBIMU YCJAOBUAMU TI0 TTPOCTPAHCTBEHHBIM TePEMEHHBIM, SBJISIONIMMUACS
MHOTOMEpHBIMEI 0006meHusMu 3a0aun Camapckoro-MoHknHa 1 nCCe0BaHa UX KOPPEKTHOCTS.

Mpgpr paccmaTpmBaeM ONWH W3 BAPUAHTOB HOBBIX MOCTAHOBOK HAYMAJIBLHO-KPAEBBIX 337ad JJIsT MHO-
TOMEPHOTO [0 MPOCTPAHCTBEHHOM TTepeMeHHON ypaBHEHUsT TerionpoBogHocTr. O61acThio paccMoTpe-
HUSl 3a/1a490 SIBJIAETCS TapOBON MUIUHIAD () ¢ 0cbio BI0JB ocu t. CTaBaTcs KIacCHUYecKue HadaIbHbBIE
YCJIOBMS HA OCHOBAHWM TWJIMHAPA W HOBBIE HEJIOKAJbHBIE KPaeBble YCJIOBHHA Ha NPOCTPAHCTBEHHBIX
(6OKOBBIX) I'DAHUIAX UIUHIPA. DTU YCJIOBHS AHAJOTHIHBI YCIOBHUIM 337290 Sq1, PACCMOTPEHHBIM B
paborax [1 - 4] ayst ypasHenust Jlamiaca B eMHUYHOM KPYTe U eJMHUYIHOM IIape.

Ilyers Q = {z = (x1,22,...,2,) € R" : |x| < 1} — equauansiii wap B R" n z = (21, z2,...,2,) € Q
— ipou3BosibHast TouKa obsactu (). Ilycrs KorcTanTh O npuHUMaOT 3Ha4YeHus ToabKO 1 win —1. Torua
(0r)* = 1. Yepes z* oGozrauny T0uKy 2% = (—x1, 0929, . . ., Opy,) . Yepes dQ (9Q_) 0Go3HAUMM acTh

rpanutpbt 0S), st KoTopoii £1 > 0 (z1 < 0). Hacrs rpanuns: 082, g koropoit 1 = 0, 0bo3HadMM uepes
0.

Yepes Q = {(z,t) : z € Q,0 < t < T} obozHauuM UpaMoii MAPOBOil MuuHAD, a Yepe3 Qo =
{(z,t) : x € Q0,0 < t < T} — gacTb ero 6G0KOBOH HOBEPXHOCTH. PaccMOTPUM HOBYIO HEJIOKATBHYIO
KPaeByI0 3a/a4y /s MHOI'OMEPHOIO yPaBHEHMUs TEILI0IPOBOIHOCTH

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

rae A, — ecthb oneparop Jlamiaca mo mepeMeHHBIM (T, T2, ..., Ty) € R™.

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

AP05133271
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HUcrnonb3yercs: KIaccuaeckoe Ha9albHOe YCJI0BHe
u(z,0) =7(x),x € Q, (2)

U HEJIOKAJIbHBIC KPAa€BbIC YC/IOBUA Ha DOKOBOIL I'PaHUIe MIaPOBOTO TUJIMHPA

u(z,t) —au(x*,t) = 0,2 € 004,0<t < T, (3)
ou ou , ,
a—n(m,t)—a—n(az,t):0,x€89+,0§t§T. (4)

3neck a # 1 — PpuKCHpPOBAHHOE JIEHCTBUTEIBHOE YUCIIO, % — MPOU3BOMHAS IO HATIPABJIEHUIO BHEITHEH

HopMaJn K Of).

ITpasyto wacth ypasrenus (1) m HadaIBHOE YCJIOBHE BBIGEDEM W3 CJIEIYIOMETO 'CTaHmapTHOTO"
kaacca riaagkocru: f(x,t) € C¢ (Q), T € C?Fe (Q) Honosuuresnbro ot 7(x) nmorpebyem y10BIeTBOpe-
HITEe KPaeBBIM ycaoBusM (3), (4).

Pezyaaproim pewenuem 3anaam (1) - (4) wazoBem (QyHKIMIO M3 KJIACCA Citl(Q)ﬂC’;? (Q\Qo),
06paInaoIIyo ypaBHeHHe TeIIonpoBoaHocTH (1), HadasbHOE yciaoBue (2) W HEJIOKAJTbHBIE KPAaeBbIe
yenosus (3), (4) B TOXK1€CTBO.

PasBuBast uero paboTe [5] Ha MHOrOMEpHBIH CJIydail, Mbl TOKA3bIBAEM, 9TO KOPPEKTHOCTEH CHOPMY-
JpoBanHoil 3ajaan (1) - (4) moxer 6bITH 06OCHOBAHA IIyTEM CBEJIEHUS K 110CJIe/[0BATEILHOMY DELICHUTO
JIBYX KJIACCHYECKUX HAYATbHO-KPAEBBIX 3a/1a4 JIJIsl yPaBHEHUsT TeIIOIPOBOJIHOCTH.

OcHOBHOI pe3ysbrar J0K1a/1a CPOPMYJIUPYEM B BUJE TEOPEMBbI.

Teopema 1. Ilycts o # 1, f(z,t) € C° (Q), T e (e (Q) u 7(x) yIoBIA€TBOPSIET KPACBBIM YCIOBH-
sam (3), (4). Torna HeokapHas HadaIpHO-KpaeBas 3a7a4a (1) - (4) uMmeer eauHCTBEHHOE pEry/spHOE
perrenue.
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O CBOVICTBE BA3BUCHOCTU CUCTEMBI KOPHEBELIX BEKTOPOB
OITEPATOPA IIITYPMA-JINYBUNJLJIA TP NHTEI'PAJIbBHOM
BO3MVILIEHIN KPAEBBIX YCJIOBUII B HEYVCUJIEHHO
PEI'VJIAPHBIX 3AJAYAX TUIIA CAMAPCKOI'O-MOHKINHA

Hypian UMAHBAEB

HO2KHO-KA3AXCTAHCKHIT TOCYIAPCTBEHHBIN IEJATOTMYECKUN YHUBEPCUTET, LLIBIMKEHT,
KA3AXCTAH

imanbaevnur@mail.ru

B noxnane paccmarpuBaerca omeparop, 33aaHHbIN anddepeHna bHBIM BHIPAXKEHUEM JIBYKPaT-
Horo JudepeHimpoBanust 1 KpaebiMu yciaoBusgmu tuna Camapckoro-Monkuna. XopoIno W3BeCTHO,
9TO ITU YCIOBUS ABJISIIOTCI PETYJIsiPDHBIMHU, HO HE YCHUJIEHHO PEryJIdPHBIM KPaeBbiMu ycaoBusivu. Ha-
MU UCCJIEYETCS BOIIPOC yCTOWYUBOCTH W HEYCTONYMBOCTH CBOMCTBA HA3MCHOCTU CUCTEMBI COOCTBEHHBIX
u npucoepunenabix Gynkuuiit (Cull®) Bo3zMymIEHHOrO OHEPATOPA, NOLYYAEMOr0 MPHU HHTErPAJIBLHOM
BO3MYTIIEHUHN OJHOTO M3 KPAaeBBhIX YCIOBWH:

Li(u) = —u"(z) = Mu(z), 0 <z <1, (1)

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

Ecmu p(z) = 0, To 3aza1a (1)-(3) nassiBaerca 3amateit Camapcekoro-Jonknua.

N3 pesynsraros padorsr A.A. IlTkamukosa [1] ciemyer, aro cucrema Cull® zazaqan (1)-(3) moana
u muanMmasbaa B Lo(0,1). Ilpu stom cucrema Cull® mpu mro6six p(x) obpasyer 6asuc Pucca co ckob-
kamu. Hamreil 3amaqeii siBasgeTcs AeMOHCTpAIMs. TOrO, 9TO CBOHCTBO GasucHocTn B Lo(0,1) cucremsbr
Cull® zamaun (1)-(3) sBisiercss HEyCTOWMMBBIM IPU MAJIbIX W3MEHEHNSX sijipa p(T) MHTErPagbHOTO
BO3MYIIEHHUSI.

B narmeit pabore [2] mpeozkeHa MeTOMKA OCTPOEHHS XAPAKTEPHCTHIECKOTO OIPEIETNTE S CIIEK-
TPaJIbHOM 331241 TIPH HHTErPATILHOM BO3MYIIEHUH KPAEBOTO YCJIOBHA. DTOT PE3yJIbTaT Mbl IPUMEHSIeM
K WCCJIeJJOBAHNIO CIIEKTApJIBHBIX CBOicTB 3anadn (1)-(3). Bompocs! ycioBHON 6a3uCHOCTH U HCC/IET0-
BaHWE CIIEKTPAIbHBIX CBOJICTB HEJOKAJIBHBIX 33724 PACCMOTPEHbI B paboTax MHOIMX MaTeMaTukoB. B
Hammx paboTax TaKyKe PACCMOTPEHbI 33/[a4i C PA3INIHLIMA HEJOKATBHBIMA YCIOBUSIMH.

OCHOBHBIM pE3y/ILTATOM JIOKJIAJI SIBJISIETCS] CJIEJYIOIIAs TeopeMa, JeMOHCTPUPYIOIas HeyCTOun-
BOCTH CBOficTBa Oe3ycioBrO# GazncHocTH cucTembl Cull® npu nHTErpasbHOM BO3MYIIEHHH KPAEBOTOY
CJIOBUSL.

Teopema. Muoxecrso P ¢yuxumii p(x) € La(0, 1), st KoTophix cucrema cOBCTBEHHBIX W HPUCO-
enuHeHHBIX GyHKIHil 3a1a9n (1)-(3) obpasyer besycropnsiii 6asmuc B Lo (0, 1), Bcrogy miorao B Lo(0,1).
Mmuoxecrso L2 (0, 1)\ P, To ects muozkecTBo yurmii p(x) € La(0,1), g1 koTOphIX cucrema cO6CTBEH-
HBIX U OPHCOCUHEeHHbIX (hyHKmii 3a1a4n (1)-(3) He obpasyer bezyciaoBroro 6asuca B Lo(0,1), rakxke
Bcrogy maoTHO B Lo(0, 1).

Agrop 6bu1 nopuepxkan rpanrom KH MOH PK AP(05132587

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 89

Crmcok aurepaTyphl

[1] A.A. IlIkanukoB, O 6asuctocmu cobemeennns GyHKEUUT 06bKHOBEHHMT uPPepernuuarbHus one-
PAMOPOS € UHMELPAALHUMU KPaesumy Yycaosuamy [/ Bectauk MIY. MaremMarnka u MeXaHWKa, 2,
12-21 (1982).

[2] M.A. Capmibekos, H.C. Nmanbaes, Pezyasprodi duddepernyuarvioid onepamop ¢ 603MYyueHHbM
kpaesvim yeaosuem |/ Marem. 3amerku, 101:5, 768-778 (2017).

O PETVJISIPHOII KPAEBOW 3AJAYE J1JIsI
NHTEIPO-IN®PEPEHIINAJIBHOI'O YPABHEHU SA

V.A. UICKAKOBA ', H.MIMAHBAEB?

L2PaetuTyT MATEMATUKYA 1 MATEMATHYECKOTO MOJEJIUPOBAHNSI, AJIMATEHL, KABAXCTAH

Ilycrs D™ u DT xoHe4HbIe 0ZHOCBA3HLIC 00aCTH C IyaAKuMm rpapunamu u D = D™ x DT, B
obnactu D paccMOTpuUM CJIeIy oIl nHTerpo-iuddepeHIna bHbIil orepaTop

Lu(y.a) = =Ayu(y.a) + | K(e.&u(e. )€ = f(3.) 1)
[Iycte K(z,&) ymoBiaeTBOpsieT ypaBHEHUIO
L+ (2, D)K (,€) = (1 — €) . .
{ Le(€. D)K(x,6) = o —g), TSP &SP
[TonoxxuMm
vya) = [ Ko guly. ), @)
D
rie
L*(z, D)y = — i iaij(fﬁ)iv +a(z)v,
Py 8901 8$j
a(z) > 0,a;; € C*F(D*), a(x) € CYH(DY), Y aiGi, ¢ > 61¢3.
ij=1

Torna ypasuenue (1) npumer Bu

Lu(y7x) - —AyL+($, D)I/(y,l') + V(yv x) - f(ya .’E) (3)

Yepes Ly - obosraunm 3ambikanne auddepernuaabaoro omeparopa (3) B Lo(D) Ha mOAMHOKECTBE
dbyukumn u € C§°(D), a uepe3 L - ero coupsizkenustii onepatop B La(D).

Omneparop L Ha30BEM peryaspHbIM I'DAaHHYHBIM pacIIdpeHueM omeparopa Lo , eC/id BBITOJIHEHBI
YCIIOBUS

LoCLCL, | L7 ||< oo.

OT1MmeTnuM, 9TO BCe Pery/IsipHble KPAeBhIe 3aJ1a4u JIJisl yDABHEHUS - 3TO I'DAHUYHBIE YCJIOBUS COOTBET-
CTBYIOIINX PEryJIsIPHBIX pacmupenwii. Y pasuernue (3) apmasierca o606menuniv ypasaeaunem Cobosiesa,
KOTOPOE MPEJICTABISET DOJIBIION TEOPETHIECKNN U TPAKTUIECKUN HHTEPEC.

MetooM perysigpHbIX paciiupennit HaieHa KOPPEKTHBIC TPDAHMYHBIE YCJIOBUS /ISl YPABHEHUS (1)

Pabora nomuepxana rpantom AP05133239 KH MOH PK
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O HEKOTOPBIX OTPUIIATEJIbHBIX PE3VJIBTATAX B TEOPUN
NHTEPIIOJISAINN ®YHKIIMOHAJIBHBIX ITIPOCTPAHCTB
A.X. KAJIUJOJIIAN, E.JI. HYPCYJITAHOB

EBPABUNCKUNA HAIIMOHAJIbHBIN YHUBEPCUTET UMEHU JI.H. ['vMUiIEBA, HyP-CVY/ITAH,
KA3AXCTAH

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

IIycrs B R™ 3a1ana n-mepHas Mepa Jlebera p, M — MEOXKecTBa Beex Ky6oB B R2. s dynKum
f(z), onepzesnennoit u naTerpupyemoil Ha KaxkgoMm e u3 M, onepenennm byHKINIO

o [ @

rJle TOYHas BePXHsisi TpaHb Gepercst o BceMm e € M, Mepe KOTOphIX |e| def pe >t, t € (0,00). B ciayuae
korya sup{le| ;e € M} = a < oo n t > a nonoxum f(t, M) = 0.
Yepes Ny 4(M), 0 < p,q < 00, 0603HAINM MHOKECTBO (DYHKIW f, 1/ KOTOPHIX Tpn ¢ < 00

[e’s) 1 qd %
oo = ([ (#5000) ) <.

1 _
I £l v, 0 (a1) —Sllpt”f( M) < .

ft,M) = sup —
ec M |€’
le|>t

U TIpU ¢ = 00

Hamusie mpocrpancTsa 6osiee 061ieM BBHUIE OBLTH BBEJECHBI B paboTe |1| 1 ObLin HA3BAHBI cemesvmu
npocmparcmeamu. CereBble MPOCTPAHTCTBA ABIAETCS BAXKHBIM UHCTPYMEHTOM MCCIETOBAHUS B TEO-
pun paaos Pyphe, TeOpUM OMEPETOPOB U B APYIHUX HAMPABAEHUAX. B 3Tux paboTax MCIOIb30BAINCH
CJIEJIyTOIIee WHTEPIOJISIITMOHHOE CBOTicTBO [1, Teopema 1]

(Npo,qo (M), Npy gy (M) = Npg(M), (1)

rae % = 1p;06 + 11%’ 0 < g <o0. U3 (1) cnemyer, uro ecau quneiinbii oneparop T OrpaHUYeHo JTefiCTCRYeT
u3 A; B Np, (M), 7= 0,1, 10 oneparop 1" orpanudeno jeiicrcayer us Ag g B Np o(M), riie % = 1p;09+p%.

Bozuukaer Bonpoc Oyzner jim muMerh MECTO PABEHCTBO

(Npo,qo(M)vam(M))@q = Np,q(M)- (2)

B opHoMmepHOM ciatyuae, Korga M— MHOXKeCTBO BCEX OTPe3KOB oTBer mojoxkuresneH [2]. B panHoil
paboTe MBI HOKa3bIBAaEM, 4TO B Caydae ecam M- MHOMKecTBO Bcex Ky6os B R? coormomenne (2) me

Pa6ora mogzmep:xkxana MuaucrepcTsom o6pasosanus u Haykn Pecry6mmkm Kazaxcran (Cornamenme: AP051 32071 u
AP051 32590).
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BBITIOJTHSIETCsI. 371ech cenyer orMmeruThb paborsl O. Blasco, A. Ruiz u L. Vega [3], [4], koTopbie mokazain
OTPHUIIATENbHBIN PE3YIBTAT s KA TpocTpanTce Moppu, T.e. (M];\O, sz‘l) #* le‘.

Mp1 Tak Ke TPUBOIUM 3/1€Ch B HEKOTOPOM CMBIC/IE AJBTEPHATHBHYIO WHTEPIOISIITHOHHYIO TEOPEMY
aust mkan Ny o(M) Ha KOHycax HEOTPHIATENbHBIX (YyHKIIUMA.

Teopema 1 Ilycts M- muOxkecTBO KyGoB B R2. Ilycth pp < 2 < p1 u 0 < @ < 1 Taxoe 4To
}Dzlp;oe—l—p%<%.Toma

(Npoo (M), Ny (M) # Npoo(M).

B Teopeme 1 ycaoBue pg < 2 < py cymectBeH. B caydae 2 < pg < p; < 00 IMeeT MeCTO CAeyIoIee
YTBEPK IeHUE:

Teopema 2 Tlycts 2 < pyp < p1 < o0, 0 < ¢ < 00, M — cemeiicTBO BCex KyOOB C Mapa/LIelbHBIMA
rpauaMu K ocsm koopaunat B R™. Ilycrs G = {f : f(z) > 0}, rorna Vf € G\ N, 4(M) Bepuo

1N (N0 (M), Ny oy M))o.g = ISl g (01)

TJIe COOTBETCBYIOINE KOHCTAHTHI 3aBUCIT TOJIBKO OT P;, ¢, 0,q,7 =0, 1.
Teopema 3 Ilycts 2 < pp < p1 < 00, 1 < qo,q1 < 00, o # q1, 0 < T,0 < oo. Ecim mms
KBa3WJIMHEHHOTO OIIEPaTOpPa MMEET MeCTO

1T f 1Ny o ) < FOllf Ny o ar)s S € Npgo (M), (3)

1T fl Ny, oy < FLllf N, o ar)s € Npyo(M), (4)

To j1a oboro f € G N N, nmeem

1T flln, a1y < eFg P FY || Fll . (), (5)

r7e % = 11?;09 + pil, 0 € (0,1) u cooTBETCBYIOIAS KOHCTAHTA 3ABUCUT TOJBKO OT Pj, Gi, 0,1 = 0, 1.
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3ATAYA 30MMEP®EJIHJIA 11 OBPATHASI 3ATAYA J1J151
VPABHEHUA I'EJIBMTOJIBIIA

T. III. KAJIbLMEHOBY, C.11. KABAHUXUNH?? A.K. JIEC3*¢

L3 MHCTUTYT MATEMATUKM 1 MATEMATUYECKOIO MOJIEJIUPOBAHUS, AJIMATEL, KABAXCTAH
2IHCTUTYT BHIYNCIUTEILHON MATEMATUKU U MATEMATUYECKOI FEOOM3uKn CO PAH,
HoBocubsuprck, PO

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

MSyquI/Ie TEePUOJNICCKUX IO BpEMEHU DEMIEHNA MHOTOMEPHOTO BOJTHOBOTO YPDAaBHEHN A %ﬂ—Amﬁ =
f(:):, t),u(x,t) = e*u(r) ma Bcem mpocrpancree R3 mpuBoguT K ycioBmio m3rydenus Jommepderbaa
Ha 6eCKOHEYHOCTH. DTO 3aa4da, KOTOpas OMUCLIBAET IBHKEHNEe PACCEHBAIONINXCS CTAINOHAPHLIX BOJIH
M3 WUCTOYHUKA, KOTOPBIM HAXOAUTCS B orparndennoit obmactu. ObpaTHas 3a7a4a 0 HAXOKJIEHUI) ITO-
I'0 MCTOYHHKA SKBHBaJIEHTHA CBEIEHHIO 33129l 3oMMepdeIbla K IpaHndIHOl 3a1ade Ijisd YpaBHEHU
FeapMrombiia B koHedHOM 00sacTu. Ilosromy, 3amada 3oMmMepdenbia sBIsSeTCs CHEIUAJBHONE 0bpaT-
Hoit 3asaqeii. Cregyer orMeruthb, 9To B pabore beamenosa U.B. |1]| naiiaensr npubiukennbie (hOpMbI
TaKUX FPAHUYHBIX YCIOBHIL.

B marmeii patore [2] mpu HEKOTOPBIX OIPAHUYEHHBIX HA KOMILIEKCHBIX TapaMeTpax \ HaiileH sBHbI
BUJ| 9TUX TPAHUYHBIX YCIOBUI Uepe3 TPAaHUUYHOE YCJIOBUE MOTEHIHaJIa | elbMIobIa, 3aaBaeMoil B
KOHe4UHO# objiacTu {2 mHTErpagoM

u(er, ) = /Q S — €N plE, N)de (1)

rae e(x — &, \) - dyngamenTabable pelenus ypaBaenus [enbmMrosibia.

~Age(z) — e = 8(x), (2)

a p(§, \) - WIOTHOCTH HOTEHITHAIA U A- KOMILIEKCHOE YHCII0, § - JAeabra-pyHknus Jupaka

DTU IpaHUYHBbIE yCJIOBUsS 00J/Ia/aI0T T€M CBOWCTBOM, YTO CTAIlMOHAPHBIE BOJIHBI, IIPUXO/ISIIUE U3
obsractu 2 na 92 npoxoaar 0§ 6e3 OTparKeHUs T.€. ABJAAIOTCH TPO3ZPAYHBIMU IPAHUYHBIMU YCJAOBUAMMU.

B nacrosiiiieit pabore B obiem cayuae B R, n > 3 mamu perreHa mpobiieMa CBeIeHUs 3aaYn
3omMepdensaa K TPpaHuIHOM 3aade B KoHeUHON obsactu. [Tpu BRIMOTHEHUE HEOOXOAUMBIX YCIOBUI
Ha noTeHnnas enbmroseia (1) Takzxke Haifnena ero mwiotHOCTh p(€, A).
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CUJIBHAS OCHIUJIJIAIINA OJHOTO KBA3BUMJIMHENHOTO
PA3BHOCTHOTO YPABHEUSI BTOPOTO ITOPIIKA

AlrEpuM KAJIBIBAIIYM®, TAHATYIL KAPATAEBA2?

LyuuBepcuTeET KIIMBII, AIMATH, KABAXCTAH
2EHY uM.JI.H.TyMuaeBA, Hypr-CyaTaH, KABAXCTAH

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

PaCCMOTpI/IM HOﬂyﬂHHeﬁHoe Pa3HOCTHOE YpaBHEHUE BTOPOTO TIOPAIKA:
A(pi|Ayi]p_2Ayi) + )\vi|y¢+1|p_2yi+1 = 0, = 0, 1, 2, ceey (1)

rme A > 0,1 <p<oou Ay; = yit1 — ¥i. OTHOCHTENBHO KO3DuimenToB ypasHenus (1) mosaraem,
qro v = {v;} u p = {p;} ABAAIOTCS OCTEIOBATENBHOCTIMU HEOTPUIATEBHBIX JIeHCTBUTEJIbHBIX THCEI.
Boasee Toro, mycts p; > 0 g Beex ¢ = 0, 1,2, ... u 1adg KaxXg0oro m > 1 cyImecTByeT ¢ > m Takoi, 9To
(3 75 0.

IlpuBenem HeobOxoauMBIE JIJIsi HACTOsIIEH PabOTHI ompejesenns u yreepxkienus. llycre m > 0
un > 0 — nenste unciaa. Jnsg xkparkocru OymeM mucarh “MHTEPBAT, MOApPAa3yMeBas “IUCKPETHBIN
HHTEpBAJT .

— ToBopsit, uro unrepsas (m, m + 1] cogepkut 06061IEHHDIH HyJIb HETPUBUAJBLHOIO PELIEHUS Y =
{yi} ypasuenns (1), ecin ypm, # 0 1 Y Ymy1 < 0.

— Herpusmnasibroe perienue y ypaBHeHus (1) HA3BIBAETCS OCIUIIISITOPHBIM, €CJIM OHO MMeeT GeCKo-
HEYHOE 9HCT0 0BOBIMEHHBIX HYysel, B TPOTHBHOM CIyYae OHO HABBIBAETCSI HEOCIHIIATOPHBIM.

— Ypasrenwne (1) Ha3BIBAETCS OCIMLISITOPHBIM, €CJIH BCE €r0 HETPUBHAJBHBIE PEIICHMUST SIBISIOTCS
OCITULIATOPHBIMY, B TPOTUBHOM Cy9ae OHO HA3BIBAETCS HEOCITHIIATOPHBIM.

— Vpasherue (1) Ha3bIBACTCA CUIBHO OCIUJUISITOPHBIM I HEOCIUJIIATOPHBIM, €CJTH OHO TIPH BCEX
A > 0 COOTBETCTBEHHO SBSIETCS OCIUIIITOPHBIMA WM HEOCTIHLISITOPHBIM.

W3y9eHnio oCIILISIHOHHBIX CBOCTB ypaBHeHus (1) mocBsmeHo 60JbI10e KommaecTso pabor (M.,
Hanpumep, [1-3] u npuBejieHHbIE TAM CCBIIKN).

UccnemoBanne ypasaenus (1) ommpaercs Ha CIe/yiolnee yTBEp:KAeHNE, IpUBeeHHOe B pabore [1].

Teopema A Ilycte 0 < m < oco. Ypaprenne (1) gBIs€TCS HEOCIHIIATOPHBIM TOLJAAa U TOJBKO
TOra, KOrjAa CymecTByer m > 1 u BbIIIOJIHSIETCS HEPABEHCTBO

o0
Z(pi|Ayi|p — Avglyiy1l?) =0
i=m

JWIST BCEX HETPUBHAJIBHBIX Y = {Y; ?:"'WIL, Ym =0 1 ypa11 = 0.

[¢]
Omnpenemum muOKecTBO Y (m,n) ama 0 < m < n < oco. HerpuBnanapHyio 9HCIOBYIO IIOCIET0-
BATEIBHOCTL Yy = {y; }5°, Ha30BeM (DUHUTHOMN, eC/IH KOHETHOE UHCIO ee <IEHOB OTIHYHO OT HyJs, &

MHOKeCTBO supp y := {i > 0 : y; # 0} nazsosem ee mocuresiem. O6o3HaUMM Uepes }3 (m,n) coso-
KYIIHOCTH BCeX (DUHHUTHBIX MOCJIEJ0BATEJBHOCTEN Y, vy KOTOPLIX supp y C [m + 1,n], n < oo. Ilpu
n = 00 MBI T0JIaraeM, 4To JJls J060ro y Haitgercs nenoe unciao k = k(y) : m < k < oo Takoe, 9410
supp y C [m+ 1, k].

PacvmoTpum BecoBoe HepaBeHCTBO Xapam B pa3sHOCTHON (dhopme

oo o
D vicalyil? < Cw Y pilAuilP, y €Y (m,n). (2)
i=m i=m

Ha ocuoBanuwm Teopembl A HaMu JoKa3aHA

JIlemma 1. Ilycrs 1 < p < 0o u Cy, —Hanayummas koncranra B (2). Torna ypasaenne (1) mpu A = 1
(i) HeOCTMILIATOPHO TOTIA M TOJIBKO TOrAa, Koraa cymtecryer m > 1 u Bomomaaeno 0 < Cp, < 1;
(ii) ocrumIIATOPHO TOAa U TOJBKO TOIJa, Korjga jis Jiroboro m > 1 peimoauerno Cp, > 1.
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B pabore [4]| maiifen KpuTepuii BBIOTHEHNsT HEPABEHCTBA (2) BMeCTe ¢ OIEHKO ero HamrydIieii
KOHCTAHTHI (), :

Teopema B. Ilycts 0 <m <n < oownl < p< oo. HepaBeHCTBO (2) BHIIOJHAETCS TOLIA H TOJBKO
rorga, korga B(m,n) < co. Bojee Toro, jist HauMeHbireif KOHCTAHTHI B (2) BBIIOJIHSETCS

B(m,n) < Cy, <29, B(m,n),

e
-1

s5—1 t 1—=p n 1-p
B(m,n) = By p(m,n) = sup (Z UZ'> (Z pz-lp/> + <Z pgp/>

m<t<s<n i—t

PP — 1
Yp = inf W~ ) (1 )
1<p (,u — 1)1)

YwMuazkas obe gacTu HepaBeHcTBa (2) Ha A > 0 MOJyYNM HEPABEHCTBO XapIu COOTBETCTBYIOIIEE
ypasHenuo (1)

Z Avifl‘yi‘p < ACp, Z pi|Ayi|pa y ey (ma n)? (3)

npu 3T0OM B HepasencTBe (3) Hammydmas kouctanta Oyger AC,, rae Cp,~Hamaydias KOHCTAHTA B
HepaBeHCTBe (2).
Tenepn, Ha ocHoBanum JieMMbl 1 1 TeopeMbl B mmeem

Teopema 1. Ilycrs 1 < p < 0o. Torna ypaprenne (1)
(1) cuIbHO HEOCHMJLISITOPHO TOIJA U TOJBKO TOIJAA, KOIJAA

lim B(m,o0) = 0;

m—ro0

(ii) CHIBHO OCTIUJIIATOPHO TOTJa M TOJBKO TOLJA, KOLIa

lim B(m,o0) = oco.
m—r0o0
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YCJIOBUA CYIHIECTBOBAHNA CJIEJA ®YHKIINIUN B
ITPOCTPAHCTBE C MVYJIBTUBECOBBIMMU ITPON3BOJHBIMU

A A KAJTBIBANY, JK.A. KEVINMYKAEBA?2?

2EBPABUIICKUIT HAIIMOHAJILHEI YHUBEPCUTET uM. JI.H. TyMuneBa, Hyp-Cy/ITAH,
'KABAXCTAH, YHUBEPCUTET KUMBII, AJIMATH, KABAXCTAH

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

ITycts I = (0,1), n-marypasmbaoe wucio, p; : I — R, i = 1,2,...,n, HEOTPUIATETBHBIE N Da3
HenpepbiBHO jguddepennupyembie byHkiuy Ha I Takue, 910

1
-1 . .
Pi () = € Ll(Oé, 1)? 1=1,2,...,n—1, (1)
pi(-)

Pt () € Ly(,1), 1</ <o, (2)

rme 0 < a < 1.
Hna dysrrwu f @ 1 — R nomoxum
d .
DYf(x) = f(z), DEif(x) :pk(x)%p’g Vi), k=1,2,.,n, zel

Jlaee npeamoiokuM, 910 OyHKITUN Dlgf(x), k=0,1,...,n—1, 10KaIbHO ADCOJIIOTHO HEITPEPHIBHBIE
na waTepsBase I. Torma mis moboro k = 0,1, ...,n — 1 uMeeT CMBIC BhIpaKeHUA D'gf(:p) ¥ €70 HA30BeM
P-MyIBTUBECOBOI pom3BogHoit byukinu f B I mopsaaka k.

n e

Iycrs Wps =
paaka n, n > 1, pxmounrenbuo B uarepsane I. Ha muoxkecrse W5 dynkimonan

b}

W]?ﬁ(l ) COBOKYTHOCTE (DYHKIINM MMEOIINE P-MYyTBTUBECOBBIE TPOU3BOHBIE 10 TO-
I

n—1
I lwy, = I1D; fllp.s + Y [D5f (1)) (3)
1=0
OIIpeieJieH 1 sBJISIeTCH HOPMOIA, 1€ || - ||y, -o6branas Hopma npoctpancTsa Ly(I).

Hna0<s<z<oowummaij=0,1,...,n—1 onpenemmm bynxmum K;;1:

z t; tito

Kjﬂ‘_i_l(:li,s) = (—1)ji/pj—l(tj)/pj__ll(tj_l)... / pi__,_ll(ti+1)dtz‘+1dti+2-udtj;

S S S

upu j >4, Kjjri(z,8) =1u Kji1(x,s) =0 upu j < i.
IIycrs C§°(I)-muoxkecrsBo 6eckoneuno puddepenuupyembix u Guuurnbix 8 [ dyunkuuu. B cury
yemosun (1) u (2) wa dyukunwm p;, i = 1,2,...,n, muoxkecrso C§°([) npuHajIeKaT TPOCTPAHCTBY
n
WPvP' on omn
Bamprkanme maoxecta CF° (1) Mo HOpme (3) mpoctpanctio W' ; obosraunym wepes W, 5 =W, 5(I).
Paccmorpum Bonpoc o cymecrsoanus ciefa byakuun f € W)'s, T.e. CylnecTBOBaHHS KOHETHOIO
npejesna
lim Dif(t)=D5f(0), 0<k<n-1. (4)
t—0+
CymectBoBanue ciena GyHKIIMU U3 pocTpancTsa jguddepennupyeMbix QyHKIUN SBJISI€TCH KJIACCHU-

veckas 3amada (cu. [1,2]).

PaboTa BbITIOTHEHA TTPU MOZIEPXKKE TPAHTOBOTO (hUHAHCUPOBAaHUs MPOeKTOB MuHMCcTEpCTBOM 00pa3oBaHus W HAYKU
Pecuy6suku Kazaxcran, rpant € AP05130975.
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Teopema 1. IIycte 1 < p < 0o, 0 < k < n — 1 u Bemoanensr ycaosue (1), (2). Torma mis groboro
f € W5 cymecrsyer xKomeunbiii npeses (4), Torga u TOIBKO TOTA, KOTIAA

P (VK n—141(-0) € Ly, (5)

npmn 9TOM uUMeeT MeCTO OI€éHKa
105 Fllopo < Cllfllwy,

rae korcranta C > 0 me zapucur or f € W (I).
omn
Caencraue 1. ITycts 1 < p < oo. Ecam semosmeno (5), To aus moboro f € W, 5 mveer mecto

lim D f(t) = Dy f(0) = 0.

t—0t

Sameuanue 1. Ecau cymecrsyer koneunstii npegern (4) npu k : 0 < k <n — 1 gus Bcex f € Wy
to 1o Teopeme 1 pormosrero (5). OTkyna ciaeqyer p,;il € Li(I). Onmaxo, u3 p,;il € Li(I) eme He
caexpyer Bormosnenne (4) u (5).

CnencrBue 2. Ilyctp 1 < p < ocom 0 < ky < ke < n—1. Ecin ,oi_1 € Ly nopm Bcex i =
ki 4+ 1,k + 2,....,ks + 1 u cymecrByer koneunsrii npegen (4) npu k = ky, To cymiecTByeT KOHEUHBIH
npener (4) npu Beex k : ky < k < ko.

N3 crnencreue 1 u 2 cnenyer
omn

Caencrsue 3. llycre ppmosneno yenosuii caencrsue 2. Torga aua moboro f € W, 5 cymecrsyer
DEF(0), ki <k < ko 1 DEF(0) =0, k1 <k < ko,
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ANPPEPEHIINAJIbBHBIE YPABHEHUA IIJIAHETHBIX CUMCTEM C
ITIEPEMEHHBIMN MACCAMMUI

ATikEH KOIITEPBAEBA
KA3HY uM. Alb-DAPABU, AJTMATHI, KABAXCTAH
kosherbaevaayken@gmail.com

COBpeMeHHbIe ACTPOHOMUYICCKUE Ha6ﬂ}OﬂeHI/IH IIOKa3bIBa€T, YTO HEHTPAJIbHAA 3BE€3/4a 1 ILJIaHCTHAA
crucremMa BOKPYT Hee, BO MHOIMX CJIydasiX, MeHeTHvyeckn B3amMocesasanbl [1-2]. B cBasu ¢ s1um, npej-
CTaBJIsIeT WHTEPEC MCCJIETOBAHMS SBOJIONUA TJIAHETHBIX CHCTEM COBMECTHO C IEHTPAJIbHON 3Be3JI0i.
OCO6BH7I nHTEPEeC BBISBIBACT IBOJJIIOINA TIJIAHETHBIX CHUCTEM B 9Talle €€ HEeCTalMnOHAPHOCTH, KOTJda Be-
aynmM haKTOPOM JMHAMHUYECKOH 3IBOJIONNE SIBJISETCS EPEMEHHOCTh MaCcC IUIAHET U IeHTPAJIBbHOf
3Be3/1bI [3-6].

B pafore paccmarpmBaeTcs 3amada MHOTHX CePUIECKUX T ¢ MePEMEHHBIME MACCAME, W3MEeHs-
IOIIUMUCS HEM30TPOITHO, B PA3JIMYHBIX TEMIaX, KaK HeOeCHO-MEeXaHUYIecKasi MOJIesIb HEeCTAIHOHAPHBIX
IIJITOHETHBIX CUCTEM. B CTATHE IOy YCHBIL ,ZLI/I(l)CbepeH]_[I/IaJIbeIe YpaBHEHUSA ABUXKCHUA C(l)epI/ILIeCKI/IX TeJI
C IEPEMEHHBIMU MACCAMU C IEJIBI0 UCCIEA0BAHIE SBOJIFOIIN HECTAI[MOHAPHBIX IIJIAHETHBIX cucTeM. [Ipu
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9TOM YUUTHIBAETCS KAK YOBIBAHUS MaCC POIUTETHCKON 3BE€3/bI TAK U POCT MACC TJIAHET U3-33 AKKPEITUn
BemecTsa [6).

Paccmorpum miaHeTHYIO CHCTEMY COCTOSAIMKCH M3 1 + 1 B3aWMOTIPABUTHUPYIONUX CHEPUIECKUX
HeOECHBIX TeJl ¢ TepeMeHHbIMU MaccaMu. O6o3uaunM depe3 T( IMEHTPAIbHOE TEJNO0 — POAUTETbCKAs
3Be3Ja 1aneTHoil cucrembl. [Tnaners obosnaunm wepes T, (i = 0,1,2,...,n). Pacnonoxenns nianer
TaKOBBI, YTO 1; BHYTDEHHsId ILJIAHETAa OTHOCUTENbHO mjaHeT Tjy1, HO BHEIHsisl, OTHOCUTEIBbHO T;_1.
Macchl Tesr n3MeHsI0TCH CO BpEMEHeM HEeH30TPOITHO

mo =mo(t), mi=my(t), ..., my =my(t) (1)
ITycTh, TemMnt m3MeHeHUs MacC pa3andHble |7-8]

Wi M G0, n, k=0,....n, i%k (2)
m; my

Macca poanTenbckoit 3Be34b1 HAMHOTO DOJIBINE, UeM MAacCa OMPEeIeIeHHON TIaHeThl B PACCMATPH-
BaeMOM cucreMe

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

B abcomoTHON TPSMOYTONBHOM JEKAPTOBOH CHCTEME KOOPIUHAT, HCXO/s U3 ypaBHEeHUS Merrepcko-
T0, MOJyYeHbl YPABHEHUS [ABUXKEHWA MHOTOILIAHETHON 3aJa4u C mepeMeHHbiMu Maccamu. [Ipeamora-
TaeTCs, 9YTO MaCChl TeJ M3MEHSIOTCA HEM30TPOIHO, B PA3JANYHBIX TEMNAX U MOABIAIOTCA PEAKTHBHBIC
cubl. Jlasmee, moiydensl ypaBHEHUA JIBUKEHU PACCMATPUBAEMON TPOOIEMBI B OTHOCUTEILHOM cucTe-
Me Koopunat. Hauasmo oTHOCHTEIBbHOM CHCTEMB] KOOPIMHAT HAXOIUTCS B IIEHTPE Hanbojiee MaCCUBHOTO
Tesia — IEeHTPATLHON 3Be3/1bl. Y PaBHEHUsI JABUKEHUS MOXKeT OblTh Haucanbl B Buje (6]

N

”+f(mofmi)7 i

3 P = grad— W, (4)

T Vi

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

= 7i(t) (5)

Wi =Wy + We + Wy, (6)
Wy = (mlvz _ T 0i> T (7)
m; mo
= 1 77T
Wyi=f m (r - 713k> (8)
=1 ik k
’Yz 2
Wci = - I 9
272 r’L ( )

[MTonyuennble ypaBHeHUsT TBUKeHUs (4) yI0OHBIE 75T UCTIOJB30BAHNS TEOPUH BO3SMYIIEHUST Pa3pa-
BOTaHHBIX /sl TAKUX HecTalMoHapHbIX cucreM [6]. Ha 6asze ypaBHEHUs] OTHOCHTEIBHOTO JBUKEHUS T
mwraneT (4) ¢ HAYANIOM B IEHTPE DOAUTEIBCKOM 3BE3/bI, MOKHO HAMNCATH Pa3JUIHbIe TudDdOEpPEeHITH-
aJIbHBIE YPABHEHUS JBUMKEHWS B DA3TUIHBIX CHCTEMAX OCKYJIMPYIONINX 3JIEMEHTOB Ha 6ase amepuoin-
YECKOIr0 JIBUKEHUSI 10 KBA3UKOHUIECKOMY CEIEHUIO.

B pabore nostyuensr pazsinanbie hopmbl gud pepeHnnaabHbIX YPABHEHUY JIBUXKEHUS [IJIsT HECTATTH-
OHAPHBIX MJIAHETHBIX CUCTEM, COAEPIKAIITIe N TaaHeT. [lo/1yaeHbl ypaBHEHNST BO3MYIIIEHHOTO JBUYKEHUST
B (opme ypaBHeHus JlarpaH:ka u B aHaJjorax BTOpPO# cuCTeMbl KaHOHWYecKux 3jemenToB llyankape.
B nampHeiimem miaHupyeTcs MOyYeHUE PA3IOKEHU BO3MYIIAONEe (DYyHKIINNT Yepes OCKYJIUDYIOIne
9JIEMEHTBI C UCIIOJB30BAHUEM CUCTEMbI aHauTHYecKuxX Bhraucaennn "Wolfram Mathematica" . [losy-
YeHHBIE YPaBHEHUs OYIAyT WCIOAB30BAHbLI [Iid UCCIeA0Banud d(HPEKTOB MePEeMEHHOCTH MAacC B XOJI€
SBOJIIOINN SK30IJIAHETHBIX CHCTEM.
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CYIIECTBOBAHUNE, KOMIIAKTHOCTDb 1 OIEHKN
CUHI'VJIAPHBIX YUCEJI PESOJIBBEHTBHI CUHI'VJIAPHOI'O
JINMHENMHOTI'O OIIEPATOPA TUIIA KOPTEBETA-JIE ®PUNU3A

M.B.MYPATBEKOB, A.O.CYJIEIMBEKOBA
TAPABCKMIT TOCYJIAPCTBEHHBIN NEJATOTMYECKUA YHUBEPCUTET, TAPA3

musahan__m@mail.ru

VpaBHeHNT B 9ACTHBIX TPOU3BOIHBIX TPETHETO MOPIIKA JIEKAT B OCHOBE MATEMATHICCKUX MOJIeIei
MHOTHX SIBJIEHUI W MPOTECCOB, TAKUX HAIPUMED, KAK siIBJIEHUN [EPEHOCA SHEPIUU UIPOJIN3A MOJIEKYJI
anero3naTprudOCHOPHOH KUCIOTHI BAOJb OEIKOBBIX MOJJIEKY/ B BUJE YEAWHEHHBIX BOJIH, T.€ COJIUTO-
HOB IIPOIIECC TIEPEHOCA TIOYBEHHON BJIATHM B 30HE a’dPAIlUU C YIETOM €€ JIBUYKEHUS [IPOTUB IMOTEHINAJIA
BJIA2KHOCTH.

B wacTHoCTH, K 9TOMY KJIaCCYy OTHOCHTCA ¥ HeIuHehnbe ypasuenune Kopresera-ae @pusa, KOTOPbIit
SIBJIAETCs] OCHOBHBIM YPaBHEHUEM COBPEMEHHOI MaTeMaTudecKol (hpU3uKu.

Bompocam paspemmumoctu KpaeBhix 3aaa9 maad nudphepeHInaabHbIX yPABHEeHUH HEIeTHOTO TOPI-
Ka U B 9aCTHOCTH, N7 ypasHenus Kopresera-ige @pusa MoCBdIleHa 3HAYUTETbHAA JuTepaTypa |1-
4] u nurupyembie Tam paborsl. B Hacrosineii pabore paccMaTpuBatOTCsl BOIPOCHI O CYIIECTBOBAHUM,
KOMIIAKTHOCTH U 00 OI€HKAX AllPOKCHMAIMOHHBIX YMJIE] PE30JbBEHTHI JIMHEHHOTO OMEpaTopa THIa
Kopresera-ge @pusa ¢ cuibHO pactyimvu Kodddunmenramu.
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O PA3PEIIINUMOCTU OJHOM H];:J.TIOKAJ'IbHOI;'I Klj’AEBOfI 3AJAYN
C HAKJIOHHOWU TITPOMN3BO/IHO

Kyvmsnua HASBAPOBA, Batupxan TYPMETOB, KairaAT YCMAHOB
YHUBEPCUTET M. AXMEIA fICABU , TYPKECTAH, KA3AXCTAH
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Hacrosimas pabora NOCBsIIEHA K UCCIEJ0BAHUIO BOIPOCOB DPAa3PENIMMOCTH HEJIOKAJLHON Kpae-
BOil 3ajaun g ypashenus Jlamnaca. Ilycre Q = {z € R": |z| < 1} - exuanusblil mwap, n > 3,
0N = {x€d: |z| =1} - equanunag cepa n I' = {x € 00 : z, = 0}. Ilycrs S-aeiicrBuresnpHas
oproronanbhas marpuna S - ST = E, E-emunnanas Marpura. IIpeImonoRuM TaksKe, 9To CyIIEeCTBYET
HaTypaJbHOe drucio | Takoe, wro S = E. BamernM, uro ecam x € , uin & € S, To /151 TI06OTO HATY-
paibHOro umcaa k mveer mMecto Brouenne SFx € Q  unn SFx € 9. TIpumeps! Takux 0TOGPaAKeHMi
npusesieHsl B pabore [1].

IMycts ay, as, ..., - HEKOTOPBIE JeficTBUTENBbHBIE YnCaa, ¢ () u ¢ (r) dyaknun 3ananube Ha OS) 1
I' coorBercrBenno. PaccmorpuMm B obnactu ) ciienyroiyio 3a1aqy

Au(z) =0, z€Q, (1)

ou ou ou [ -1
ala—mn@)—l—agaxn (S’x)+...+an£n (S l’) =g(z), x€0IQ, (2)
w(@) = (&), T, 3)

Pemennem sagaun (1)-(3) masosem dynknmo u (z) € C? () NC* (), yaorerpopamomyto yenosu-
sv (1)-(3) B KIacCcHYecKoM CMBICITE.

B u k 8u(Skm) B 5 - .
yenosnn (2) Bipazkenne - (S¥z) osmauaer pe = Ls* [%nu(aﬁ)] Jk=1,2,...,1—1.

Tak kak Kpaesoe ycaosue (2) 33JaHO0 B BUJe CBA3W 3HAYEHWI pon3BoaHoi dbyakmmm u(r) B pas-
JIMYHBIX TOYKAX, TO pacCMaTpUBaeMas 3aJada BXOJAT B KJIACC HEJOKaJbHBIX 3a7ad THIla Bumamse-
Camapckoro [2].

CrupaBeTuBBI CIeYIOINE YTBEPIK JeHHI.

Teopewma 1. Ilycrs uncaa {ay : k = 1,...,1} Takune, aro uy = a1€]§—|—...+al€f_1 #0mpmk=1,...,1,
rae €5 - KOPHH CTCIeHd | W3 eIUHAIEI, A + % > 1, mpmaem umcao A + % - mernestoe, g(x) € C*(09),
¢(z) € CMU(T). Torna pemrenne 3agaun (1)-(3) cyimecTByer, eMHCTBEHHO H IIPHHAIICIKHT KIACCY

l —
CM2 (Q).

Mo»KHO TIOKa3aTh, 9TO MOKa3aTe b IVIAJKOCTH perrerns 3aga4n (1)-(3) mosydenssiii B Teopeme 1
HEJIb3s YIyUInTh. JlaHHOe yTBepXKIeHne MBI TOKaXKeM Ha rpuMepe orobpaxkenust St = —x. Cupases-

JIMBO cJleJlyIolee yTBepXKICHUE.

Teopewma 2. Ilycrs Sx = —x, A > 0, npuaem uncjio /\+% - mertesioe. CymecrByer gyuknus g(x) €
CNQ) rakas, uro pemenue 3agaqn (1)-(3) mpu mobom € > 0 e npuragzexnr knaccy CAMH1/2He(Q),

Pabora 6bu1a nojepxana rpanrom AP05131268 KH MOH PK
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OB OJJTHO3HAYHO! PA3PEMIMMOCTHU KPAEBOI 3AJAYU /151
NHTEIPO-AN®PEPEHINAJIbHBIX YPABHEHUN C
NHBOJIIOIINEN

K. 2K.HABAPOBA, K.M1.YCMAHOB

MEXKAVHAPOHBIIT KAZAXCKO-TYPELKUWI YHUBEPCUTET UMEHU X.A.dCABU, TYPKECTAH,
KA3AXCTAH

gjnazarova@mail.ru, ykairat@mail.ru

Cpenu muddepennnanbHbIX ypaBHEHN ¢ OTKJIOHSIONIMMEU apryMeHTaMu 0coboe MeCcTo 3aHMMa-
€T yPaBHEHHA, B KOTOPBIX OTKJIOHCHUEC apPTYMEHTOB IMOAYUHACTCA OIPEACICHHOMY 3aKOHY. O,Z[HI/IM u3
TAKMX OTKJIOHEHWUIl, SIBJISIETCS WHBOJIIOTUBHOE OTKJIOHEHWE. IlycTh «t)— m3MeHsonunii opreHTano
romeomopdusm a : [0,T] — [0,T] raxoii, uro a?(t) = a(a(t)) = t. Takoii roMmeoMopdusM HazbiBa-
IOT KapJIEMaHOBCKUM CABUTOM WJIN WHBOJIIOTUBHBIM OTKJIOHEHUEM. CBOﬁCTBa 9TOTO FOMeOMOp(bI/I:BMa
uccienosaauck B paborax I.C.JIursunuyka [1], H. K. Kapanersana u C.I.Camko|2| u mp.

B nannoii pabore na orpeske [0, 7] paccMarpuBaercst JIByXTOUYEYHAS KPaeBast 33/1a49a sl CHCTEMbI
uHTerpo-1uddepeHnuanbHbIX YPaBHEHUH ¢ MHBOJIIOIHEH

dx(t)
dt

T
+ diag(ay, ag, ..., an)dx(:;t(t)) :/0 K(t,s)z(s)ds + f(t), te][0,T],

Bz(0)+ Cx(T) =d,d € R",

rae marpuria K (t, s) menpepbisaa coorsercterto Ha [0,7] x [0,T], n- MepHas BEKTOP-QYHKIHSI
f(t) menpepsisaa na [0, 7.

Ha orpeske [0,7] B KauecTBe MpuMepa WHBOJIOTHBHOTO OTKJIOHEHWs, MOKHO PACCMOTPETH TOMEO-
mopduzm at) =T —t.

Hnsg mccnenopanns KpaeBoil 3aJa9u UCIOIL3YETCS METO ITapPaMETPHU3AIMA PEI0KEHHBIH Ipo-
deccopom ./ Ixxymabaessiv [3]. B pabore [4] meros mapamerpusanuy ObLI IPUMEHEH K UCCJI€JI0BAHIIO
OJIHO3HAYHON Pa3pemMMOCTH KPAeBOH 3aJaun /I CUCTeM MHTerpoandepenmantbHbIX yPaBHEHHI.

ITpumensiss HEKOTOPbIE TPe0OPA3OBAHN PACCMATPUBACMYIO 33J1a9y CBEIM K KPAeBOH 3aJa4e I
cucTeM mATErpo-auddepeHIuaIbHBIX ypapHennii. [lomyaensl HeoOX0MuMble B JTOCTATOYHBIE YCIOBUS
OJIHO3HAYHON Pa3peIMMOCTH MCCIEYyeMOi 3a/1a9n 1 IPEJJIOKEH AJTOPUTM €€ HAXOXKJCHUS METOI0M
mapamerpusaun 4] .
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KPUTEPUN OTPAHUNYEHHOCTU OJHOI'O KJIACCA
NMHTEI'PAJIbHBIX OIIEPATOPOB IIPU1 1 <g¢<p< 0

Poickys1 OMHAPOB

EBPABUTICKUN HAIITMOHAJIbHBIM YHUBEPCUTET UM.JI.H.'vMUIEBA, HyP-CVJITAH,
KA3AXCTAH

o_ryskul@mail.ru

Paccmorpum mHTErpaIBHBIE OMIEPATOPHI

(KA ()= | K(t,s)f(s)ds, 0<t< oo,

o _

(K™f)t) = | K(s,t)f(s)ds, 0<t< o0,

“\8

¢ sapom K (-, ) > 0.
B pabote [1] Begennsr kiaacce anep O, O,

n

n > 0 u monyvueHsl HEOOXOUMBIE U JTOCTATOUHBIE
YCJI0BUsL OrpaHudenHoctu oneparopos KT, K~ usz L,

(Ry) B Lg(Ry) upu 1 < p < g < 00, KOrga
ux gapo K(-,-) npunagnexur kiaccy O JO,, n > 0. 3aech gaercd KpuTepuu OrpaHUYEHHOCTH
oneparopos KT, K~ u3 L,(R4) B Ly(Ry) mpu 1 < ¢ < p < oo B npeamonoxkennu K(-,-) € O JO;,,
n > 0.
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ANMCKPETHBIE NTEPAIIMOHHBIE HEPABEHCTBA THUITA XAPAUN C
TPEMA BECAMMUA

B.K. OMAPBAEBA

EBPABUTICKUN HAIITMOHAJIbHBIM YHUBEPCUTET UMEHU JI.H. I'vMUujiEBA, HypP-CVJITAH,
KA3AXCTAH

gaziza.omarbaeva@mail.ru

Juckpernble, HeNpepLbIBHbIE HEPABEHCTBA THIIA XapAHu UMEIOT OOJBIIOE 3HAYECHAE U MHOTOUNCIEH-
HBIE MTPUJIOKEHUS B TADMOHMYECKOM AHAIM3E, B TEOPUSX MHTETPAIbHBIX, juddepennuanbabx u pas-
HOCTHBIX OIIEPATOPOB, B TEOPUU BJIOXKEHUI (DYHKITMOHABHBIX IPOCTPAHCTE U B JPYIHUX pa3jeiax Mare-
MaTUKU. B 110C/1e/1HIe T0/1bl MHTEHCUBHO UCCIEAYIOTCS BECOBBIE OIEHKH Jijisi MHOTOMEDHBIX OlEPATOPOB
Tuna Xapau, KOTOpblE UMEIOT BazkKHOE IIPUIOKEHHe B HCCIIEI0BAHUE CBOICTB OTPAHMYEHHOCTH OLIEPATO-
POB 13 BECOBOTO TpocTpancTBa Jlebera B okamsHOe pocTpancTso Tuma Moppu ([1], [2]). Hepasenctso,
BKJTIOUAIOIIEE UTEPAIUIO JIMCKPETHOTO OMEePATOPa Xap/u, TPaJAUIMOHHO CUUTAETCS TPYAHBIM JIJIst OIIEH-
KU, TOCKOJIBKY OHO COJIEP:KUT TPH HE3ABUCUMBIX BECOBBIX MTOCIEI0BATEIBHOCTEN U TPHU TTapaMerpa, Ipu
UX PA3TUUHBIX COOTHOIIEHUSX.

IIycte 0 < ¢,0 < co mw = {w; }52,, u = {u;}5°, nmojoKkuTEIBHLIE, & ¢ = {; }70, HEOTPUIATEIbHAL
MOCJIEOBATEILHOCTH JA€HCTBUTEIBHBIX 9UCET. PaCCMOTPUM BECOBYIO OLEHKY

( (Z(«kaﬂ ))é“(zujfjl”) Vf € lpu, (1)

rze I, - mpocrpancTBo mocaenosarensuaocta f = {f; }‘;‘;1 € KOHETHOH HOpMO

1 fllpu = (Zlugf]) < o0, 1<p<oo.

OCHOBHOI 11eJTBI0 HACTOAIIEN paBOTHI SIBJISETCs] YCTAHOBJIEHHE HEODXOINMBIX U JIOCTATOIHBIX YCJI0-
Buii ays mepasencto (1) mpu 0 < g <p=1<0 < 0.

Jlemma 1. Ilycts o >0 m  {u;}{2, - Heorpuiarebuas, HeyOLIBAIONIA [I0CIEI0BATEILHOCTD, a
{vi}52, - meorpunaTenbHas n0CaeA0BATENBHOCTE. [Tomokum Auy, =ty — up—1, n > 1 1 up = 0. Torga

I:= ivn<ivk)aug = ; (ka>a+1Au% =:J.

n=1 k=n

Teopema 1. Tlycts 0 < g < p = 1 < 0 < oco. Torma Becosas ounenka (1) BbIIONHSETCH TOTIA 1
TOJIbKO Torma, Korpa max{ M, My} < oo , rue

0 i 0
up( E wf( E gp‘é)q) max u;,
>1 N4 — 1<i<k
i=k s=k

S

1 1—q

My := sup(Zi: AT q(zwg>l—(1>q(§:wf)é

k>1 o %

Baece A =U; —uj—1,j > 1utyg=0,anu, = max uy, k > 1. Ilpu srom, C ~ max{ M, Ms}, rue C
<<

-Hamsydmasi Koncranra B (1).

Pabora Bbiosneno comecruo ¢ upodeccopom P. Oitnaposbim
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— % X X% —
Ob OTPAHUYEHHOCTUN MAKCUMAJIBHOTO 1N
APOBHO-MAKCUMAJIBHOI'O OITEPATOPA B I'NIOBAJIbBHBIX
ITPOCTPAHCTBAX MOPPU C ITEPEMEHHBIM IIOKA3SATEJIEM
KomarT OHEPBEK, Anioc AJINJIXAHOB
EBPABUIICKUN HAIITMOHAJIBHBIN YHUBEPCUTET, HYP-CYJITAH, KA3BAXCTAH
onerbek.93@Qmail.ru, aaidosn@mail.ru
B nammoit pabore mpuBOAUTCSH YCAOBHE OTPAHUIEHHOCTH MAKCUMAIBHOTO U IPOOHO-MAKCUMAILHOTO

omeparopa B II00AIbHBLIX IPOCTPAHCTBaX MOpPpPH € IIEPEMEHHBIM IOKA3ATEIEM.
Iycrs f € Lipe(2). Makcnmanbhoii dyukimeit qius f(z) Hassiaerca dyHKIUs

M f(z) = sup

1
ST B )| /B(w) f(y)ldy, (1)

rae B(x,r) -mmap B n -MEepHOM TPOCTPAHCTBE C MEHTPOM B Touke x € R™ u pagumycom 1, a |B(z, )| -
obbem sToro mapa, B(z,r) = B(x,r)NQ, Q C R™ - OTKPBITOE OrpaHNIEHHOE MHOXKECTBO.
JpobHO-MaKCHMAIBHBIH OMEPATOp ¢ MepeMeHHbIM ToKa3aTeaeM a(z) OMpeIenseTcs PABEHCTBOM

M) f(2) = sup | Bz, r)| 5! / F@)ldy 2)

zeB B(z,r)

Iycrb p(z) - n3mepumast GyHKIWS HA OTKPHITOM OrpaHnYeHHOM MHOXKecTBe () C R™ co 3HaueHusAMU
(1, 00). Ilpeamomoxum
L <p <p(x) < py < oo, (3)

rae - =p_(Q) = infyeq p(x), P+ = P4 (Q) = sup,ecqp (z). rae 0 < a(z) < n. IIpu a(z) = const sror
olIepaToOp COBIAJACT KIacCHueckKuM notenrnuatoM Pucca I, Ilycrs P°8(Q) - 510 MHOMECTBO yHKIHIT
p(x), ayst KOTOPBIX

Ip(z) —p(y)| <

1
=yl < = Q 4
S Tl y‘,lw y|_2,(x,y)€ ; (4)

rie C = C(p) me 3aBucut or = u Y.
Ob6ozraunm wepes Ly()(€2) - mpocTpamcTBo Beex n3mepnmbix dynxmumit f(z) ma (), Takmx, 9To

T (f) = /Q @)@ de < oo, (5)
IJle HOpMa OIIPEJIENISIeTCs CIAeIY oM 06pa3om
| f
£, = inf {n > 0, 7y (n <1}, )
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ITycts w(x,r) - HeorpumareabHas udMmepnMas Gyukms Ha Q X [0,1], toe Q@ C R™, 1 = diamf) |
1 <6 < 00.B pabore [1] 6pL10 Ompesiesiero 06061merHOe TPOCTPAHCTBO My ) () (§2) ¢ HOPMOIL.
r_p&

A llar, 0 0) = P () A1z, By

Msm1 BBeneM ryiobasbHBIE pocTpancTBa Moppu ¢ mepeMeHHBIM nokazaTesem GM p(.)vw(.)’g(Q) Kak
MHOKECTBO (PYHKIWH C KOHEIHOW KBA3WHOPMOIL:

1 __n_
[NAIPERYAR—re! :igg!\w (z,r)r W)Hf\!L,,@)(B@,T»HLG(OJ) < .

Teopema 1.
Hycrs, aro p(x) € P9(Q),1 < 6 < oo n nomoxurebabe n3mepumbie (pyuxmmr wi(z,r), wa(z, r)
VZIOBJIETBOPSIIOT YCJIOBHIO:

A
7

o 1 l ’ P
Al = sup/o wg()(/t (rilwl(x,r))e dr) dt < oo (7)

e x? t
Torna maxcuvanbbtii onepatop M asasercs orpammaeribiM 13 GMp( ), ()6(82) B GM (. 1y (.),6(€2)-

Teopema 2.
Hycrs p(z) € P9(0Q),2 < 0 < 0o u ¢pynxgus w(z,r) yaosrersopser ycaosmio (7) u
1

A a(x)p(z)

l
([ g an)” <o, ®)

Torza oneparop M) spisiercs orpanmaeHHbIM 011EPATOPOM 13 GM p()w1,()6(82) B GMp( ) a(),6(52)-
Amajiorudnble pe3yabTrarThl I 0O00OINEHHBIX MPOCTPaHCTB MOoppH ¢ HEepeMeHHbIM IIOKa3aTeaeM
JgokazaHbl B [1] u [2].
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HAYAJIbHO-KPAEBAA 3AJAYA J1JIdd MHOTTOMEPHOT O
BOJIHOBOTI'O YPABHEHNA C HEJIOKAJIbHBIMU YCJIOBUAMMN
TUIIA CAMAPCKOT'O-MOHKIVHA IIO IIPOCTPAHCTBEHHBIM
INIEPEMEHHDBIM

NcABEK OPA30B

ME>KAYHAPOJHBII KABAXCKO-TYPELUKUN YHUBEPCUTET UMEHU X.A. fACABU, TYPKECTAH,
KA3AXCTAH
WHCTUTYT MATEMATUKU U MATEMATUYECKOTO MOJIEJIMPOBAHUA, AJTMATHI, KA3AXCTAH

orazov@Qmath.kz

B nmokmane maercda mocTaHOBKA HOBBIX HAYAJIBLHO-KPAEBBIX 3372 M/ MHOTOMEPHOTO BOJIHOBOTO
YPpaBHEHUS C HEJIOKAJTHHBIMHU YCAOBUAMHA MO MPOCTPAHCTBEHHBIM MMEPEMEHHBIM, SBASAIONMMMUACST MHOTO-
MepHBIME 00001meHusiMY 3aaun Camapckoro-VoHKIHA 1 UCCIeI0BaHa, UX KOPPEKTHOCTb.

Mg paccmarpuBaeM oiMH W3 BapUAHTOB HOBBIX MOCTAHOBOK HAYAJILHO-KPAEBBIX 3343 IS MHOTO-
MEPHOTO 10 HPOCTPAHCTBEHHON IEPEMEHHO BOJIHOBOTO ypaBHeHusi. OBIaCTBIO PACCMOTPEHUS 31291
SIBJISIETCST TAPOBOI IuanHApP ¢ 0Chio BHOAb ocH t. CTaBsITCS KIACCHUECKHWE HadaIbHBIE YCIOBUS HA,
OCHOBAHUU TUJIMH/IPA ¥ HOBBIE HEJIOKAJTbHBIE KPAEBBIE YCJIOBUsI HA TIPOCTPAHCTBEHHBIX (BOKOBBIX) Tpa-
HUI@X [UJIMHPA. DTH YCJIOBUS aHATOTHYHBI YCIOBUSAM 3aa4n Su1, PACCMOTpeHHbIM B paborax [1 - 4]
U ypaBHeHUs Jlamigaca B e ITMHUYHOM KpPyTre W eTUHUYIHOM ITape.

Iycre Q = {z = (z1,22,...,2y) € R" : 2| < 1} — equanunbiii map B R” u x = (x1,22,...,2,) €
— mpou3BoJIbHAs ToUKa obactu (. IlycTs KoHCTAHTHI f), TpUHUMAOT 3HAUeHHs ToIbKO 1 nnn —1. Torma
(0)% = 1. Yepes z* oGozmauny 1ouky 2* = (—x1, 092, . . ., Opy) . Yepes 90 (9Q_) oGozmauny wacTs

rpanutpl OF), 11t KoTopoii £1 > 0 (z1 < 0). Hacrs rpanuns 082, 1j1d KoTopoii 1 = 0, 0603HaINM depes3
0.

Yepes Q = {(z,t) : z € Q,0 < t < T} o6o3HAUNM TPSIMOli MAPOBOI TTUINHAD, a Yepe3 Qo =
{(z,t) : = € Q0,0 < t < T} — gacthb ero GOKOBOH MOBEPXHOCTH. PaccMOTPUM HOBYIO HEJIOKAJBHYIO
KPaeByIo 3aJ1a4dy JJjisi MHOTOMEPHOT'O BOJIHOBOTO ypaBHEHHsI

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

riae A, — ecth oneparop Jlamnaca no nepemMeHHbIM (X1, Tg, ..., Ty) € R™.
Ncrmonb3yoTest Kaaccuueckue HadabHble yCJI0BUS

u(z,0) =7(x), w(z,0)=v(x), ze€Q, (2)

U HEJIOKAJIbHBbIE KPaeBble yCJIOBUs Ha OOKOBOU IDaHUIlE ITAPOBOTO IIHJIMHIPA

u(z,t) —au(z*,t) =0, z€Iy, 0<t<T, (3)
ou ou

I = <t <T.
8n(:c,t) o (z",t) =0, 2€9Qy, 0<t<T (4)

Baech a # 1 — dbukcupoBanHoe JefiCTBUTEIHLHOE YHCIIO, (9% — NPOM3BOJIHAS 110 HAIIPABJIEHWUIO BHEITHeH
Hopmasu K 0f2.

IMpasyto wacts ypasaenusi (1) 1 HAUaILHBIE YCIOBUS BbIOEpEM U3 ciaemytomero 'crasaaprHoro'
kinacca raagkocern: f(z,t) € C'e (Q), 7 € C*¢ (Q), v € C1* (Q). Jdonommrensno or 7(z) 1 v(z)
norpebyem y0BIeTBOPEHHE KpaeBbiM yeaoBusm (3), (4).

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

AP05133271
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Pezynapuom pewenuem 3amaan (1) - (4) HasoeM dyHKIMIO M3 Kacca C’i%(@) ﬂC’;? (Q\Qo),
obpararoriyo BosHOBoe ypapHenue (1), HauaiabHbIe yCa0Bust (2) M HEJOKAJbHBIE KPAEBble YCJIOBHUS
(3), (4) B TOXRIECTBO.

Paszsusas ujeto paborsl [5] Ha MHOrOMepHSBIii ciydail, Mbl IOKa3bIBAEM, 9TO KOPPEKTHOCTH CHOPMY-
mrpoBaHHOi 3a1a4n (1) - (4) MoxkeT OBITH 0GOCHOBAHA Iy TEM CBEJIEHHUS K [IOC/IE/I0BATETEHOMY PEIIEHUTO
ABYX KJIACCUYECCKUX HAYAJIbHO-KPACBLIX 3a/d4 JJid BOJTHOBOTO YPABHECHUA.

OcHoBHOI pe3ysbTaT AOKIaa CHOPMYIUPYEM B BHJE TEOPEMBI.

Teopema 1. Ilycrs o # 1, f(z,t) € C'° (Q), 7 € C?**° (Q), v € C* (Q) u 7(2),v(x) yuobie-
TBOpsAIOT KpaesbiM ycaosusaM (3), (4). Torga nenoxanbnas HadaiabHO-Kpaepas 3agaqa (1) - (4) umeer
EIHHCTBEHHOE DEryJISIPHOE DEHICHHe.

Criucok urepaTyphbl

[1] M.A. Caneibekos, B.X. Typmeros 06 0dnom ananoze nepuoduseckus Kpaesus 36004 OAd YpasHeHUs
ITyaccona 6 kpyee // Hudd. ypasuenus, 50:2, 264-268 (2014).

[2] M.A.Sadybekov, B.Kh. Turmetov On analogs of periodic boundary problems for the Laplace operator
in ball // Eurasian Mathematical Journal, 3:1, 143-146 (2012).

[3] A.A. dyren6aesa O6 06not obobwennoti 3adawe muna Camapcrozo-Honkuna dan ypasnerus Ilyac-
cona 6 kpyze |/ Maremarndeckuii xxypuas, 18:1, 78-87 (2018).

[4] A.A.Dukenbayeva, M.A. Sadybekov, N.A. Yessirkegenov On a Generalised Samarskii-lonkin Type
Problem for the Poisson Equation // Springer Proceedings in Mathematics and Statistics, Springer,
Cham, 264, 207-216 (2018).

[5] 1. Opazos, M.A. CagbiberoB O6 odnom kaacce 3a0a4 onpedesenus Mmemnepamypo, U nAOTHOCTI
UCTROYHUKOB MENAG NO HA¥AALHOT U Koneunol memnepamypam // Cub. marem. xkypH., 53:1, 180-
186 (2012).

ABE TEOPEMBI Ob OHEHKAX PEINIEHNUN OJHOI'O KJIACCA
HE/JIMHENMHBIX YPABHEHVN B KOHEYHOMEPHOM
ITPOCTPAHCTBE

MyxTarball OTEJIBAEB

VHCTUTYT MATEMATUKHN U MATEMATUYECKOT'O MOJEJJIUPOBAHUSI
MEYK/IYHAPO/IHBINI YHUBEPCUTET MHOOPMAILIMOHHBIX TEXHOJIOMUI, AJIMATHI, KABAXCTAH

otelbaevm@mail.ru

B aroit pabote, nepekmkaroreiics K crarbsaMm [1]-[4] B KoHeUHOMEPHOM JefCTBUTEIBHOM THIBOED-
ToBOM npocrpancTse H, paccmarpuBaem mpeobpa3oBanue

f(u) = u+ B(u), (1)

riae B(-)— HenuHeitHOe HempepbiBHO-Ind dOeperimpyemMoe (T.e. nMerolee mporu3BoIHy 0 mo ['oTo) mpe-
obpazoBaHme.

Mpu1 6yieM TIperno/araTb, YTO BHIIOJHEHBI CJeIyiomme yeaopusd Y 1-V3.

V1. CymectByroT obpatumMbie guHeitHbIe onepaTopsl A u T, Takue, 910

A* = A > E, (u,Tu) > ||Gu|?, (Bu,Tu) > 0,||G*G|| <1,
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rne G = AT.
V2. Ecan u— cobersennslii BekTop oneparopa G*G, 1o Bbinoarena onerka (Bu,u) > 0.
¥ 3. CymecrByeT JauHedHbIH obpaTuMblit oneparop D Takoii, 9To mig aoboro uw € H BBITOIHEHO

(Du, DB(u)) > 8| Dul?,

e d € (0, %)

Crpasemymisbl Teopembl 1 u 2.

Teopema 1. Ecau Beinosinens yeaosus Y1 u Y2, To nist groboro u € H cripaseinBa ampuopHast
OlleHKa

1
lull* < -1 F @),
1

rje A\j— HauboJibiiee cobcrBentnoe yucso oueparopa G*G.
Teopema 2. Fcan Boinosineno yeaosue ¥ 3, To i jioboro u € H crpaseainBa OleHKa

1Dul* < (1 = 26) " D(u+ B(w))|.

O1MeTnM, 9T0 CYIIECTBYIOT OY€Hb MHOI'O PA3JIMYHBIE TEOPEMbBI, OJIU3KHUE [10 COAEPIKAHUIO K TEOpEME
2. BOJ'H)]_HI/IHCTBO "3 HUX €CTh CJAeJCTBUE U3BECTHBIX IHEPreTUYECCKUX OICHOK, IMO3BOJIAIOIMNUX TTOJIYIYUTH
"cabyto anpuopHyto oleHKy " pernatoneit Mmaremarudeckoit puszuku. Comeprkanue TeopeMbl 1 siBIseTCst
HOoBbIM. OHa, MO3BOJIAET JIJI MHOTHX 33/1a9 MaTEMAaTHICCKON (DU3UKHU TTOJYIUTH CHJIBHYI) allPUOPHYIO

OTIeHKY pemrenuil. B 3ToM cMBICT TeopeMbr 1.
Hamnas pabora momaep:kana rpanrom AP05135319 KH MOH PK.
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O HOBOM KJIACCE OBPATHBIX 3AJIAY TTO BOCCTAHOBJIEHUIO
NCTOYHIUKA BHEIIHEIO BJANAHNIS HA CTAIIMOHAPHBII
I[IPOIIECC JN®DPY3NN, CBA3AHHBIX C 3AJAYEI KOIIU C

HEJIOKAJIBHBIMU HE YCUJIEHHO PETYJIAPHBIMIU KPAEBHIMU

YCJIOBUAMUI

Maxmyn CAJABIBEKOB
WHCTUTYT MATEMATUKH U MATEMATHYECKOTO MOJEJUPOBAHUA, AJTMATHI, KKA3AXCTAH

sadybekov@math.kz

Banauu onpenenenus KoahpburmenTor wiu mpaBoit vactu nudepeHInaipHOr0 YPaBHEHUs 0HO-
BPEMEHHO C €r0 PereHneM HOCAT HAa3BAHWE 00pamuvy 3a0ay mamemamuseckoli usuru. Taxne 3agaum
JIOCTATOYHO YaCTO BOBHUKAIOT B CAMBIX PA3JIMYHBIX 00/IACTIX YeJIOBEUECKON JIEeITETbHOCTH, YTO CTABUT
WX B P AKTYAJbHBIX TPODJIEM COBPEMEHHON MaTeMaTuku. B OOJIbITMHCTBE CIyYuaeB Takue 00paTHbIe
3a/1a9¥ OKa3bIBAIOTCH HEKOPpEKTHBIMU. Ho ObIBAIOT U MCKJIIOYEHUS.

B nmokmane paccMaTpuBaeTcd OIMH KJIACC 3329, MOASTUPYIONIAX CTAIMOHAPHBIN mporece auddy-
3UU C ODIIUMHU YCJIOBUSIMHU HA IIOTOKH I10 ITPOTUBOIOIOXKHBIM OOKOBBIM CTOPOHAM.

IIpu nx maremaruvueckoit pOPMyINPOBKE BO3HUKAIOT 0OpaTHBIE 3a/a4u Jjist ypasHenus [lyaccona,
B KOTOPBIX BMECTE C DEIlleHNeM ypaBHeHus Tpebyercd HallTh U HeM3BECTHYIO IPABYI0 YaCTh, 3ABUCAIILY IO
TOJIBKO OT OJHOH IMPOCTPAHCTBEHHON IIepeMEHHOM].

B npemmaraemoit Hamu moctaHoBKe, oOpaTHast 3a7a4a OKAa3bIBAETCS KOPPEKTHOMN: ee pereHue cy-
IIIECTBYET, eIUHCTBEHHO U YCTOUYIUBO.

B obnactu Q = {(z,y), 0 <z <7, 0 <y < {} paccMoTpuM 3aja9y O HAXOXKJEHUH NCTOUHUKA
BHEIITHETO BIuUsAHUs f(2) Ha CTalnOHAPHBIH mporece auddysnu

— U (T, y) — Uyy($,y) = f(=), (1)
W ero pelrleHus — pacipejeseHnst IoTHOCTH u(x,Yy), ¢ KAaCCHIeCKUMU KPAEeBbIMU YCJIOBUAMHE
u(z,0) =0, u(z,f) =0, 0<x<m (2)

U KpaeBbIM ycsioBusiM o01iero suga: 0 <y < £
{ a1uz(0,y) + brug(m,y) + agu(0,y) + bou(m,y) = 0, 3)
c1uz(0,y) + diug(m,y) + cou(0,y) + dou(m,y) = 0,
O JIOTIOJTHATEIBHO U3BECTHOMY TTOTOKY Ha OJTHON CTOpOHE:
uy(z,0) =v(z), 0 <z <. (4)

Koadbdurmenramn ay, by, ¢k, di, (k= 0,1) Kpaesoro ycaosust (3) sIBASOTCS TefCTBUTENbHBIE YHUCTA,
a v(z) — 3amannas GyHKINA.
PaccmarpuBaemast oOpaTHas 3aJada CONEPKAT BHYTpH cebs 3amady Komm

u(z,0) =0, uy(z,0) =v(z), 0<z <7 (5)

s ypasaerus [Tyaccona (1) u ¢ HemokanbubIME KpaeBbivu yeaosusvu (3). Tlpu 3ToM monoHuTE b
HBIM yCJIOBHEM (yCIOBHEM MEPEOpEIe/IeHIs) SIBJIsIeTCs yeaoBre Ha " naspHeit" cTopoHe MIacTUHBL:

u(z, ) =0, 0 <z <. (6)

B moknazme paccMaTpuBaercs CBA3b MEXK Iy permernem munruaeckoit 3amaaun Komm (1), (3)-(5) u
obparHoit 3amaqan (1)-(4). PacemarpuBaioTest Kpaesble yeaoBust (3), KOTOPbIE SBJISTIOTCSA PETY/ISPHBIME
o Bupkrody.

st ucesenoBanust IpUMEHSIETCS METOANKA, 00beTUHAIONAs uaen u3 Haieil paboter 1] u pabor
[2-6] T.III. Kanbmenosa ¢ y4eHuKamu.

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

AP05133271
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O PA3PEIINMOCTHU CMEIIIAHHOWI 3AJAYN OJI
BOSMYIIEHHOI'O YPABHEHI A TEIVIOIIPOBOJHOCTHI C
NMHBOJIIOIINEN

CAPCEHEBM A A.

FOKHO-KA3BAXCTAHCKUN POCYJAPCTBEHHBINT YHUBEPCUTET UM. M. Av330BA, ITIBIMKEHT,
KA3AXCTAH

abdisalam@mail. kz, abdisalam@mail.ru

PaccmoTpum Bomrpoc pazpermmMocTy CMEIanHol 331891 /T BO3MYIIEHHOTO YPABHEHNUS TETLIOMPO-
BOJHOCTH C WHBOJIOIINEH

ou (x,t) _ 0%u (z,t) 0*u (—x,t)

ot o2 @ 02 —q(@)u(z,t), —1<ax<1,t>0, (1)
u(z,0) = p(z), 2)
u(=1,t) = u(l,t), ugs(—1,t) = ux(1,1) (3)

¢ cymmupyembim Ko dunuenrom ¢(x), meromom Pypre. Ypasuerne (1) comepxkur mpeobpaszo-
Banue uusosonuu. I[pu o > 1 muddepennuanbuplii omepaTop BTOPOTO IOPSIKA C WHBOJIONUEN B
npasoii wactu ypashenus (1) ¢ KpaeBbiMu ycioBusiMu (3) MOXKET OKA3aThCs HE I10JyOrDAHUYEHHBIM,
YTO MOYKET BBI3BATH HEKOPPEKTHOCTH HOCTaBIeHHOM 3aadn (1) - (3). O6o3naunm gepes {yk(x)} cucre-
My CODCTBEHHBIX (DYHKITHH yHOMAHYTOrO nuddepeHna bHOr0 0nepaTopa BTOPOTo MOPSIIKa ¢ UHBO-
JIOIMEH, COOTBETCTBYIOMNX COOCTBEHHBIM 3HAUYCHUAM A. Basucuocts cucremsr {yy(x)} coberBeHHBIX

Pabora Bbiosinena B pamkax Hayunoro rpanta AP05131225 KH MOH PK.
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dbyukuumit 3roro oneparopa ycranosaena B pabore [1]. Ilpudem, sror 6asuc sipyistercst 6€3yCI0BHBIM Oa-
sucom B ipocrpancrse Lo(—1,1). Ha ocnoBanun sroro dpakra o 6e3ycioBHOM 6a3MCHOCTH COOCTBEHHBIX
yHKIMI CIEKTpaAIBHON 33/1a49n 1 AnddepeHInabHOr0 YpaBHEHUST BTOPOIo OPS/IKa ¢ HHBOJOINEN
YCTAHOBJIEHO CJIEIYIONIee YTBEPZK IEHIE.

Teopema.
Hycrp BoimosHeHs! caegyromue ycaoBus: 1) BerecTBeHHast HenpepbiBHAsT (OyHKIH ¢(T) HeOTpHUIIA-
TEJIbHA;

l1—a
2) 4auciio \/ T5a He ABigerca yernpiM npy —1 <o < 1.

Torga ans r06oii aBaxaer muepenuupyemoit pyaxumu @(x) yaoBaeTBOPSAOMIEH yCA0BUSIM
o(—1) = (1), ¢'(-1) = ¢'(1), pemenne cmemannoii 3anaan (1), (2), (3) cymecrByer, euHCTBEH-
HO U [PEJCTABUMO B BHJIE DsIJIa

u(z,t) = ZAke*)"“tyk(:c).
k=1

OTMernM, YTO IPU BBITIOJTHEHUH YCJIOBUST 1) T€OpeMbl Bce COOCTBEHHBIC 3HAUCHUST \f MOJIOKUTE/ b
HBI.

Crcok murepaTyphl

[1] A.A.Sarsenbi, Unconditional Basicity of eigenfunctions’ system of Sturm-Liouville operator with an
involution perturbation // Bulletin of the Karaganda university. Mathematics series, 3:91, 117-127
(2018).

BA3NCHOCTHh KOPHEBBLIX ®VHKIIUN MIEPUOANYECKO
SBAJAYIN JIAd JUNPPEPEHINAJIBHOI'O YPABHEHNA BTOPOI'O
IHOPAJAKA C NHBOJIOIINEN

CAPCEHBU A.M.

FOKHO-KA3BAXCTAHCKUN NOCYJAAPCTBEHHBINT YHUBEPCUTET UM. M. Ay330BA, ITILIMKEHT,
KA3AXCTAH

abzhahan@mail.ru

PaccmorpuM meprogudeckyio 3agady AId IMOAyOrpaHuueHHOro JuddepeHIaabHoro omeparopa
BTOPOTO TOpsiiKa ¢ mHBOJONHEl (—1 < o < 1)

—y" (@) + oy’ (=) + ¢(@)y(z) = Ay(z), -1 <z < 1,y(=1) = y(1),y'(-1) =y (D). (1)
B cayuae g(x) = 0 gns mepuoguueckoii 3agaum ¢ (—1 < a < 1)

—y"(z) + oy’ (—2) = My(z), -1 <2 < 1y(-1) = y(1),y'(-1) = y'(1), (2)

nocrpoena ¢yukmus I'puna G(x,t, \) u mojaydena ee paBHOMepHas oreHka. [lpudem cucrema cob-
crBenHbIX (DyHKIHUH Kpaesoit 3agaquu (2) o6pasyer moJHY0 OPTOHOPMHUPOBAHHYIO cuctemy B Lo(—1,1)

1.

Pabora Bbiosinena B pamkax nHay4unoro rpanra AP05131225 KH MOH PK.
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Ob6ozHaunM uepes

1

1
am(f):—m/ /G(m,t,/\)dep ) dt
1 1
Sulf) ==5r; [ | | Gatert 200 £ 01t
-1 67nl

YaCTUYHBIE CYMMbI PA3JIOXKEHHH 110 COOCTBEHHBIM (DYHKIIMAM CIEKTPAIBHBIX 3329 COOTBETCTBEHHO
(2) (q(z) =0)u (1), tme V f(z) € L1(—1,1). Gy (z,t, \) ( bynkuus ['puna 3agaqau (1)).
ITycrb Bce coberBeHHble 3HAUeHUs ClieKTpasbHOM 3ajaun (1) ogHokparHbl. Torjga cupaseiuBbl

CJIEJIYEOIIIE TEOPEMBI O PABHOCXOMMOCTH U OA3MCHOCTH.

Teopema 1.

Ecmn aucio ”ﬁ He SABJISETCS 4eTHbIM, TO st go6oi yaknun f(x) € Li(—1,1) mocrenoBa-
TeIbHOCTD Sy, (f) PABHOCXOAUTCS € HOCJEI0BATENIBHOCTHIO Oy, (f).

DTa TeopeMa BJeYeT CHPABEJIMBOCTD CJACAYIOMEro (Gakra.

Teopema 2.

Ecau uncio 4/ % He SIBJISICTCS Y€THBIM, TO CHCTEMa COGCTBEHHBIX (DYHKIHI CIEKTPAJIBHOH 381491
(1) obpasyer 6azuc npocrpancra La(—1,1)

B cBsizu ¢ yrBepKieHUEM TeOpeMbl 2 BOZHUKAET BOIPOC BE3YCJI0BHON 6a3zncHOCTH win Ha3UCHOCTU
Pucca uzygaembix cucrem ¢gpyraxnmii? OTBETOM Ha 9TOT BOIPOC CJYKUT CJACTYFOITAs

Teopema 3.
Ecomu ancrro /328 we apisercs deTHbIM, TO BCAKMIT Ga3HC I3 COOCTBEHHBIX (DY HKIHH CIEKTPAJIbLHOI
1+a )

sajgaqn (1) obpasyer 6e3yciaoBabii 6aszuc npocrpanctsa Lo(—1,1).

Criucok aurepaTyphbl

[1] A.A.Sarsenbi, Unconditional Basicity of eigenfunctions’ system of Sturm-Liouville operator with an
involution perturbation // Bulletin of the Karaganda university. Mathematics series, 3:91, 117-127
(2018).

O PASPEHINMMOCTUN HEKOTOPBIX KPAEBBIX 3AJAY C
INEPNOANYECKNIMHN YCJIOBNAMN

Batupxan TYPMETOB, Matipa KOIITAHOBA |, Mojsiaur MYPATBEKOBA
YHUBEPCUTET UM. AXMEJA fICABU , TYPKECTAH, KABAXCTAH

turmetovbh@mail.ru, koshanova-2018@mail.ru, moldir 1983Q@Qmail.ru

Iycts = (%, 2p) , & = (21, ., Tn—1) ,n > 3 1w m > 1. Beegem obo3HaueHMsT

Q= { € R" 32 + [n|™ < 1},0Q, = {z € B": 7> + [a," = 1},

Pabora 6bu1a nojepxana rpanrom AP05131268 KH MOH PK
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O = {z € 0y, : 7, > 0},00;, = {x €0y 12, <0},0B={F € R" |3 =1},

Hanee, nust soboro x € R™ conoctaBum TOUKY T = (Q1Z1, .oy Op—1Tp—1,0nTy), TA ap = —1, a
ocTaabHbIe v, ] = 1,2,...,n — 1 IpUHUMAIOT OJIMH 13 3HadeHmit 1.
ou *) _ ou
Hycrs 5= (z*) = Ig Do (z).Paccmorpum B 06sactu ,, Caeayomme 3a1a9m.

Bamaua 1. Haiitu rapmonmueckyio dbyuximio u(z) € C2(Q,,) NCH(Q,,), yaosaersopsomyio ycio-
BUAM

u(z) —u(z*) = go(z),r € 0N, (1)
@) = g (07) = g1 (a) 5 € O, ©)
w(%,0) = 0,7 € OB. (3)

Bamaua 2. Haiitur rapmonmdaeckyio dbynxmmio u(z) € C2(Qy,) N CH(Qy), yaoBaeTsopsmomyo pa-
BeHCTBY (3) M ycJoBusIM

u(z) +u(z*) = go(x),r € 00, (4)
ou ou , .. n
6—%@)4—8—%(33)—91(;8),36669,”. (5)

OrmeruM, 4TO aHAJIOTMYHBIE 33/1a49H C TIEPUOJANIECKIMI YCJIOBUSIME M3ydeHbl B padorax [1,2].
OrHoCHTETBHO 3aa91 1 COPABEIUBLI CJIETYIONINE YTBEPIK ICHUS.
Teopema 1. Ilycts 1 —1/m < A < 1, go (z) € CML (OO, g1 (z) € CN (O} u BemonmsToTCS
YCJIOBHSI COLJTACOBAHUS
0

N N 0 N . N s N
9o (3770) = 07 ) go(x,O) = - ISg()(va)?] = 1721 "'7nagl(x70) = —91(30 70)7x € 0B. (6)
xj 8xj

Torna permerne sagawm 1 CYIIECTBYeT, eAMHCTBONHO 1 TPHTALTEKHIT Kraccy Cm (Qm)

Teopema 2. ITycts 1 — 1/m < X < 1. Cymecrpytor ¢pyuxnun gy () € C*H(OQL) n g1 (z) €
C* (084} mrsa KoTophIX BRIOTHSIOTCA yeaoBusa (6) m mpH 3ToM pemienne 3ajaqn 1 s mo6oro € > 0
He mprmagIexnT Kaaccy CM e (Qm).

AHaJOrUUYHBIE YTBEPXKAEHNS CIPABEJINBLI U /IS 33a9u 2.
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3 MaremaTrndeckoe MOJEJVPOBAHNE W yPaBHEHUS MATEMATUIECKOM
dpuzuknu

Pyxosogurenn: axagemuk HAH PK Xapun C.H.

‘npocbeccop xymabaes H.C., ‘
npodeccop Treybeprenos M.A .
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MAXWELL EQUATIONS, THEIR HAMILTON AND
BIQUATERNIONIC FORMS. PROPERTIES OF THEIR SOLUTIONS

LyupmiLa ALEXEYEVA
INSTITUTE OF MATHEMATICS AND MATHEMATICAL MODELING, ALMATY, KAZAKHSTAN

alexeeva@math.kz

Processes of electromagnetic waves diffraction are described by Maxwell equations (ME) which
make theoretical base of modern electrodynamic. It is the system of differential equations of mixed
hyperbolic-elliptic type [1]:

rotE:—p%—lj, rot H=¢ %—f—i—jE(a:,t), (1)
edivE = pF(x,t), divH =0,

x € R3 t € R'. Here E,H are the intensities of an electric and magnetic field, j¥ is the density
of electric currents, p¥ is the density of electric charges, e, u are electric and magnetic constants of
EM-medium.

Investigation of this system and their solutions has big bibliography. The theory of boundary value
problems for Maxwell equations in region with arbitrary boundaries were elaborated in [2-7].

In this paper the imperfection of system of Maxwell equations are discussed and their modification
on the basis of a biquaternionic form of these equations has been offered, which liquidates these
shortcomings.

The properties of (1) allows to write it in complex form which contains one vector equations and
one scalar equation:

ng +rotA=J(r,x), —divA=p(r,x), T=ct, (2)
.

where we use the complex intensity, charge and current:
A(r,z) =VeE+i\/uH,
p(r.x) = —pP Ve +ip? | J(rx) = =" +ivei”,

Here we introduced the gravitational field (which is potential) and united it with magnetic field (which
is torsional) in one gravimagnetic field H. Also we enter an gravimagnetic current j7. The system
(2) is Hamilton form of symmetrize ME:

rotE:—,u%{ + i (z, 1), rot H= ¢ %—f—i—jE(x,t), (3)
edivE = pP(x,t), pdiv H = —pt (x,1).
It is equivalent to (1) by pff =0, jH = 0. Generalized solutions of this Hamilton form of ME
were constructed and studied in [8].
But in biquaternions algebra Eqs (3) can be written as one biquaternionic wave (biwave) equation
[9]:
(0r +iV) o A 2 VT A = O(7,2) (4)

Here we enter the biquaternions of intensity and charge-current of electro-gravimagnetic (EGM)
field:
A(r,z) = ia(1,x) + A(T, ), O(r,z) =ip(r,z) + J(1,2).

The scalar and vector part of Eq (4) is equivalent to Hamilton form of ME (2) by aa =0 .
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It describes the connected system of 8 differential equations of strong hyperbolic type. We name

them generalised Maxwell equations.

The energy-pulse of EGM-field is equal to

E(r,x) =0,5A"c A =W(r,z)+iP(T,z).

By a = 0 it contains well known energy density W and Pointing vector P of EM-field :

cis

W =0,5(clBI” +p|HIP), P=c B H], c=1//

light speed.

The solutions of biquaternionic form of generalised Maxwell equations (4) are presented, including

fundamental Green’s biquaternion and shock EGM-waves and their properties are studied.
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The transverse injection into a supersonic flow is a subject of interest for various technological ap-
plications, such as rocket motor thrust control system, supersonic combustion, high speed flight vehicle
reaction control jet. The process of the fuel-air mixing and combustion in the scramjet combustor are
implemented with supersonic speed. The complex system of shock—wave structures (a barrel shock,
bow shock, and the system of A-shock waves) are arisen during the jet injection in cross-flow. In such
type of flow the formed shock waves interact with boundary layer at top and bottom walls of the com-
bustion chamber. The transverse jet in supersonic flow has been extensively studied as experimentally
[16] and theoretically [713]. However, there is practically no work where the flow of the transverse
jet in the channel considered under the condition of interaction of the bow shock with the upper wall
and the effect shock wave boundary layer interactions on mixing the injected jet and the flow. The
analysis of the papers devoted to the numerical simulation of supersonic multispecies gas flows shows
that a detailed study of the dependence of the structure of the flows on the parameters of the problem
have not been made deeply.

In this study, the multispecies supersonic airflow in a planar channel with transverse hydrogen jet
injection is simulated. The Favre averaged Navier—Stokes equations coupled with k — w turbulence
model are solved with using the third order ENO scheme [7, 14]. The initial conditions coincide with
the boundary conditions at the flowfield. At the flowfield entrance, the parameters of the free stream
are given. Also, the boundary layer is given near the wall, the streamwise velocity profile is defined
power law. On the injector, the parameters of the jet are given. The adiabatic no-slip boundary
condition is specified on the bottom and top walls . The non-reflection boundary conditions are
specified at the outlet boundary [15].

In this paper, the main attention is paid to the influence of flow Mach number to the interaction
of the shock wave structure with the boundary layers on the upper and lower duct walls under the
conditions of an internal turbulent flow. The flow Mach number of flowfield is varied in the range
2.5 < My, < 4.5. It is revealed that complex system of shock—wave structures is reduced growing Mach
number. The vortex structures at upper and bottom walls are increased declining Mach number. The
numerical experiments revealed that with the increasing flow Mach number, the inclination angle of
the bow shock wave is reduced due to the incoming flow rate growth. For M., = 2.5 there has arisen
multi-structure vortex picture due to the influence reflected shock wave (the supersonic part of the
boundary layer deviates and generates the system of converging compression wave, which propagates
as reflected shock wave) with the stagnation zone behind the jet. The reduction of the jet penetration
with growing Mach number because of increasing flow velocity, have been explored. A comparison of
computations with experimental data shows a satisfactory agreement of results [2].
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HIGHER ORDER PARTIAL DIFFERENTIAL EQUATION
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In the present communication we consider on the domain Q = [0,7] x [0,w] an initial-boundary
value problem for the system of partial differential equation of higher order

oty & gm+l—iy, gmti—iy,
P m . B
gm+1 ku(t,aﬁ) gm+1 ku(t,m)
Z Z{P’“j(x)w + Sk’j(x)WHt:tj_ p(z), z€0,w], (2)
7=0 k=1
_ Ou(t, x) . o lu(t, x) B
ut,0) =vo(t), —5—| _ =vl) - g | = Yma(D), tE0,T], (3)

where u(t,z) = col(ui(t,z),u2(t,x),...,un(t,x)) is unknown function, the n x n matrices A;(t,z),
Bi(t,x), i = 1,m, C(t,x), and n vector function f(¢,z) are continuous on {2, the n x n matrices
Py i(x), Sk j(x), k =1,m, j = 0,p, and n vector function p(x) are continuous on [0,w], 0=ty <
t1 < ...<tp—1 <tp, =T, the the n vector-functions 1s(t), s = 0, m — 1, are continuously differentiable
on [0, 7.

A function u(t, z) € C(€,R™) having partial derivatives

Ut ¢ C(Q,RM), s=T,m, r=0,1, s+r<m+1, Lot cc@ R
is called a classical solution to problem (1)—(3) if it satisfies equation (1) for all (¢,x) € Q and the
initial-boundary conditions (2), (3).

We will investigate the questions of the existence and uniqueness of classical solutions to the initial-
boundary value problem for a higher order partial differential equation (1)—(3) and the construction
of its approximate solutions. For these purposes, we apply the method of introducing additional
functional parameters proposed in [1-9] for solving various types of nonlocal problems for system of
hyperbolic equations with mixed derivatives. The considered problem is reduced to a nonlocal problem
for system of hyperbolic equations second order, including additional functions and integral relations.
An algorithm for finding an approximate solution to the investigated problem is proposed and its
convergence is proved. Sufficient conditions for the existence of a unique classical solution to problem
(1)—(3) are obtained in terms of the initial data.

Let us consider the nonlocal problem for system of hyperbolic equations second order

21} v v
86;(% = A4 (t, :E)% + B (t, x)% + As(t,z)v + g(t, x), (4)
(P, (x)avg; P (x>8vgf£x) + Pg@pta)}|  =0@),  zewl ()
J=0 J
o(t,0) = Y (t),  tE0,T). (6)
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Here the functions ¢(t,z) € C(Q,R"), ®(x) € C([0,w], R™).

For j = 0,1, p =1 problem (4)-(6) is investigated in [1-7]. For j = 0,p, p > 2 problem (4)—(6) is
studied in [8, 9]. An algorithm for finding an approximate solution to problem (4)—(6) is proposed and
its convergence is proved. Sufficient conditions for the existence of a unique solution to problem (4)—(6)
are established in the terms of initial data. These conditions are also necessary for well-posed solvability
to problem (4)—(6) [3, 4, 6, 7, 9]. In [10] we are considered a nonlocal problem for a system of loaded
differential equations of the Sobolev type with a multipoint condition. By introducing additional
unknown functions, we reduce the problem under consideration to an equivalent problem consisting
of a nonlocal multipoint problem for a system of loaded hyperbolic equations of the second order
with functional parameters and integral relations. We propose algorithms for solving the equivalent
problem. Moreover, we establish conditions for the well-posedness of the nonlocal multipoint problem
for the system of loaded hyperbolic equations of the second order and conditions for the existence
of a unique classical solution to the nonlocal problem for the system of differential equations of the
Sobolev type with multipoint condition.

These results are extended to initial-boundary value problem for higher order partial differential
equations.

The following assertion is true.

Theorem. Let

i) the n x n matrices A;(t,z), Bi(t,x), i = 1,m, C(t,z), and n vector function f(t,z) are
continuous on §2;

ii) the nxmn matrices Py, j(x), Sk ;(x), k =1,m, j = 0,p, and n vector function p(x) are continuous
on [0, w];

iii) the n vector-functions ¥s(t), s = 0,m — 1, are continuously differentiable on [0,T];

iv) the nonlocal problem for the system of hyperbolic equations second order (4)—(6) is uniquely
solvable for any g(t,z) € C(Q,R"), ®(x) € C([0,w], R"), and ¥,—1(t) € CL([0,T],R™).

Then initial-boundary value problem (1)—(3) has a unique solution.

Theorem is proved analogously scheme of proof Theorem 2 in [10].

References

[1] A.T. Asanova, D.S. Dzhumabaev, Unique solvability of the boundary value problem for systems of
hyperbolic equations with data on the characteristics // Comput. Mathem. and Mathem. Physics,
42:11 (2002), 1609-1621.

[2] A.T. Asanova, D.S. Dzhumabaev, Unique solvability of nonlocal boundary value problems for sys-
tems of hyperbolic equations // Differential Equations, 39:10 (2003), 1414-1427.

[3] A.T.Asanova, D.S. Dzhumabaev, Correct solvability of a nonlocal boundary value problem for sys-
tems of hyperbolic equations // Doklady Mathematics, 68:1 (2003), 46-49.

[4] A.T.Asanova, D.S. Dzhumabaev, Well-posed solvability of nonlocal boundary value problems for
systems of hyperbolic equations // Differential Equations, 41:3 (2005), 352-363.

[5] A.T. Asanova,A nonlocal boundary value problem for systems of quasi-linear hyperbolic equations
// Doklady Mathematics, 74:3 (2006), 787-791.

[6] A.T. Asanova, D.S. Dzhumabaev, Well-posedness of nonlocal boundary value problems with integral
condition for the system of hyperbolic equations // J. Math. Anal. and Appl., 402:1 (2013), 167—
178.

[7) A.T. Asanova,Criteria of unique solvability of nonlocal boundary-value problem for systems of hy-
perbolic equations with mized derivatives // Russian Mathematics (Iz.VUZ), 60:5 (2016), 1-17.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2020



120 TpanunuoHHas anpeabCKas MaTeMaTuideckas KoHpepermus — 2020

[8] A.T. Asanova, A.E. Imanchiev,On conditions of the solvability of nonlocal multi-point boundary
value problems for quasi-linear systems of hyperbolic equations // Eurasian Math. J., 6:4 (2015),
19-38.

[9] A.T. Asanova,Multipoint problem for a system of hyperbolic equations with mized derivative // J.
Math. Sciences (United States), 212:3 (2016), 213-233.

[10] A.T. Assanova, A.E. Imanchiyev, Z.M. Kadirbayeva, Solvability of nonlocal problems for sys-
tems of Sobolev-type differential equations with a multipoint condition // Russian Mathematics
(I1z.VUZ), 63:12 (2019), 1-12.

POINCARE SECTIONS IN THE PROBLEM OF TWO FIXED CENTERS
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Interest in the existence of the third integral of motion for stars moving in the potential of the
galaxy revived in the late 50’s and early 60’s of the last century. Initially it was assumed that the
potential has a symmetry and does not depend on time, therefore in cylindrical coordinates (r, 6, z
) this will be only a function of » and z . There must be five integrals of motion that are constant
for the six-dimensional phase space. However, the integrals can be either isolating or non-isolating.
Non-isolating integrals usually fill all available phase spaces and do not restrict the orbit.

Henon and Heiles tried to find out if they could find any real proof that there must be a third
isolating integral of the motion. Making numerical calculations, they did not complicate the astro-
nomical meaning of the problem; they only demanded that the potential investigated by them be
axially symmetric. The authors also suggested that the motion was tied to a plane and passed into
the Cartesian phase space ( z, y, &, ¥ ). After some tests they managed to find a real potential. This
potential is analytically simple, so that the orbits can be calculated quite easily, but it is still quite
complex, so that the types of orbits are nontrivial. This potential is now known as the potential of
Henon and Heiles [1].

Some particular solutions to the three-body problem are known, but a general solution has not yet
been found. One of the special cases of the three-body problem is the problem of two fixed centers. It
was first considered by Euler in 1760. Jacobi showed that the equations of motion can be integrated
in terms of elliptic functions. This problem can be used as some first approximation in astronomical
problems about the motion of minor planets and comets under the influence of gravity of the Sun
and Jupiter. The period of revolution of Jupiter is about twelve years, and for a short period of time
the motion of these celestial bodies can be considered in the framework of the problem of two fixed
centers. Also, the problem of the motion of a spacecraft to the Moon can be considered within the
framework of this task. The flight time of the spacecraft to the Moon is about four days. During this
time, the Moon will move slightly in a circular orbit of the Earth. The study of the problem of two
fixed centers was carried out in different directions [2-3].

In this paper, we study the Henon-Heiles potential and the problem of two fixed centers. In
studies of nonlinear systems for which exact solutions are unknown, the Poincare section method is
used. For the Henon-Heiles potential, Poincare sections were obtained. Next, the potential of two
fixed centers was investigated. It was shown on the basis of the Poincare section that, in the case
w1 = pe = 1 the internal cross-sectional structure decomposes from the values H = —1.7, but the
internal cross-sectional structure is preserved in the interval H € [—0.5, —1.6], in the case 1 = 0.9 and
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i1 = 0.1 the internal cross-sectional structure decomposes from the values H = —0.9 but the internal
cross-sectional structure is preserved in the interval H € [—0.3,—0.8], in the case of u; = 0.7 and
i1 = 0.3 the internal cross-sectional structure decomposes from the values H = —0.8, but the internal

cross-sectional structure is preserved in the interval H € [—0.2,—0.7]. With increasing energy, many
of these surfaces decay. It is assumed that the numerical results obtained will serve as the basis for
comparison with analytical solutions.
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Consider the following problem with parameter for hyperbolic equation

2y u u
8856875 = A(t, :c)gx + B(t,x)aat + C(t,x)u+ D(t, z)u(x) + f(t,x), (1)
aué?;x) = ‘700(37)7 aU(aj;z) = 301(x)7 LS [vaL (2)
u(t,0) = (t), tel0,T], (3)
where the domain is Q = [0,7] x [0,w], u(t,z) = col(ui(t,x),us(t, ), .., un(t,z)), plxr) =

col(py(z), pa(x), ..., un(z)), the (n x n) matrices A(t,z), B(t,x), C(t,z), D(t,x), and the n-vector
function f(¢, ) are continuous on 2, the n-vector function () is continuously differentiable on [0, T,
the n-vector functions g(x), ¢1(x) are continuous on [0, w].

The solution of the problem (1)-(3) is a pair of functions (u*(x,t), u*(z)), where function u*(z,t)
is continuous on ), that has continuous partial derivatives with respect to x of the first order, with
respect to t of the first order on (2, mixed derivative on €, satisfies the equation (1) at u(z) = pu*(z),
z € [0,w], and conditions (2), (3).

Problems with parameter for hyperbolic equation arise in various problems of mathematical bi-
ology, ecology, etc. [1]. In the present communication we investigate questions of the existence and
uniqueness of a solution to the problem with parameter for hyperbolic equation (1)-(3). By the method
of introducing unknown functions [2] the considered problem is reduced to an equivalent problem con-
sisting of a family of problems with parameter for ordinary differential equations and integral relations.
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Algorithms for finding a solution to problem (1)-(3) are proposed. The main point of the algorithm is
solving the family of problems with parameter for ordinary differential equations. The parametrization
method [3] is used to solve a family of problems with parameter for ordinary differential equations.
For a fixed = € [0,w] the boundary value problem with parameter for ordinary differential equations is
investigated in work [4]. Conditions of existence of unique solution to problem (1)-(3) are established
in terms of initial data.
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We consider the nonlinear Fredholm integro-differential equation (FIDE) on [0,T]

m T
5 = Atz + ;‘Pk(t)/o Ve(7) fe(T,2(7))dr, t€[0,T), =e€R", (1)

where the n x n matrices A(t), px(t), ¥r(7) are continuous on [0,7], fr : [0,T] x R" — R", k=1,m

are continuous functions, ||z| = max |x;|.
i=1n

A linear boundary value problem for FIDE solved by parameterization method was proposed in
[1]. One of important auxiliary problem in this method is special Cauchy problem for the system of
linear FIDEs. Suppose Ay is a following partition: [0,7) = Uil[tr_l,tr). By setting parameters
\=2,(t,_1), 7 = 1, N, we specify the new unknown functions u,(t), u.(t) = z,(t) — A\r. Then we
obtained the system of nonlinear integro-differential equations with parameters on subintervals

d;tr = A(t)(ur + \r) Z Z T)fe(r,ui(T) + Aj)dr t € [tr—1,ty), 7 =1L, N, (2)
k=1

ti—1
and initial conditions at the left end points of subintervals

Ur(trfl) =0, r=1,N. (3)
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The problem (2), (3) is a special Cauchy problem for the system of nonlinear integro-differential
equations with parameters. Criteria of solvability and unique solvability of the special Cauchy prob-
lems for the system of linear integro-differential equations with parameters have been established in
[1]-[3]. There methods of finding the solution to the linear special Cauchy problems proposed as well.

In the present communication we consider the special Cauchy problem for the system of nonlinear
FIDEs on the closed subintervals

N t;
d;;* — AW+ )+ S k() Z/ GO fu(r oy (T) £ A\)dr, e [bont], r=TN, (4)
j=1"ti-1

Ur(trfl) =0, r=1,N. (5)

Using results in [4], [5] an iterative process for finding the solution to the problem (4), (5) is
constructed. Sufficient conditions of convergence of the iterative process are presented.
These results are published in [6].
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THE HEAT FLUX IN THE INVERSE STEFAN PROBLEM
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The question of the strict convexity of the functional of the inverse Stefan problem for determining
the values of the heat flux at a fixed boundary is considered, with the the free boundary = = z(¢),
known from experiments. This problem appeared by the solving of two-phase inverse Stefan probvlem
in spherical domain,[1,2,3], and can be reduced, [1,2], to determine of heat flux function Q(t) of the
following one-dimensional problem

%f:gij;; D:(0<x<z(t),0<t<ty), (1)
70.1) - o100 _ ) )
T(:(1),1) = (1), Q

where (2(t), p(t)) € Cloy,) are functions, known from experiments,; z(0) = 0 and z(0) = 0; 2(¢) > 0,
vVt > 0;

The problem of determining the boundary function Q(¢) from the known values of z(t) and p(t)
can be reduced, [1], to the problem of minimizing the functional:

to
S(Q) = /0 (T (=), 7, Q1)) — (7)) dr: (4)

It is proved that the functional in (4) is strictly convex on the set of functions which are the
solution to problem (1)—(3), that is holds the relation:

S(m-Q1+ (1=m) Q2) <m-S(Q1)+ (1 —m) 5(Q2); (5)

and equality in (5) is possible iff (m = 0) J(m = 1) |J(Q1 = Q2), thus the inverse problem (1)—(3) to
determine the component Q(t) of the heat flux through the boundary = = 0, using (4), has a unique
solution for the above class of functions z(t) and ¢(t).
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ON INTEGRAL PERTURBATION FOR THE HEAT AND MASS
TRANSFER EQUATION

E.M.KHAIRULLIN, A.S.AZHIBEKOVA
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We consider the boundary problem:

<gt - /\kA) Up(z,t) = Mk/AUk(%T)dT + frl(z, 1), (1)
0

In domain Q7 = {(2/,zp,t) : 2/ € R",x, € Ry, t € Ry}, with the following initial and boundary,
[1], conditions:
Uk(z,0) =0, (2)

(agl)Ul (l‘, t) + aél)UQ(J:? t)) = ®1 (x,7 t)v (55/7 t) € Qg}) = QT \ L, (3)

=0

= (e 1), (1) € Q%Y = Qr \ zn, (4)

=0

(2) oU; (x,t) 2) OUs(z,t)
(al oxy, t o oxy,

where: A is Laplace operator; )\k,uk,agk) (i,k = 1,2) are given constants, and 0 < A} < Ag;
fr(z,t), (2’ t) — are given bounded functions having partial derivatives of first order with respect
to the variable ¢t and derivatives of second order with respect to = and z’.

The solution of the boundary problem (1)—(4) was obtained as the sum of the double layer potentials
and the Cauchy function for the integral-differential equation (IDE) in multidimensional space. Using
the boundary conditions (3) and (4), the problem is reduced to the solving a system of integral-
differential equations (SIDE).

The characteristic part of SIDE is solved by the method of Fourier-Laplace integral transforms,
under the condition of solvability and then, using the regularization method, SIDE is reduced to a
system of Volterra-Fredholm integral equations.

Theorem. If pp(2/,t) € Ci;}t (Qg})), fre(z,t) € Citl (Qr) and A2Xg — A2X\ # 0, % > 0, then

solution of problem (1)—(4) exists and Uy(z,t) € C’i,}(QT)
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THE SOLUTION OF TWO-PHASE SPHERICAL STEFAN PROBLEM BY
USING LINEAR COMBINATION OF HEAT POLYNOMIALS
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In this work, the solution method of two-phase spherical Stefan problem represented in linear
combination of heat polynomials. The required coefficients are determined. In this problem heat flux
is given and the solution of this problem considered directly. Heat polynomials and their properties
is introduced. Test problem is considered to show that linear combination of heat polynomials gives
better approximation at heat flux. Let consider the following problem

901 4 0%0, 200,
ﬁ—al(w—}‘;ﬁ), 0<7‘<a(t), 0<t<T, (1)
00y  5,0%0y 200,
E:CLQ(W‘F;W), a(t)<7“<oo, O<t<T, (2)
with initial condition
01(0,0) = O, 02(r,0) = é(z), «(0)=0 (3)
and boundary conditions
001(0,¢)
N2 P 4
M = poo), (4)
O1(a(t), t) = Ox(a(t), t) = Om, (5)
003(c0,t)
—5 =0 (6)
Stefan’s condition 00, (c(t). 1) 08 (a(t). 1) J
1lalt), _ 2(a(t), o
-\ —5 = )\2767“ + Ly— TR (7)

w
By making substitution 6;(r,t) = —, i = 1,2 and r = 2 we can reduce the problem to simple free
r

boundary problem and we represent solution

k
ul(xvt) - Z Anlj?(zl)(x7t)7 (8)
n=1
k k
ug(x,t) = (2a0V/1) 2 2”erfc 9
2( ) nz::l z:l 2 0/2\[ ( )
k- ¢m(0) . ( ) 4
and ¢(x) = > ", heat flux P(t) = Z ™ is given. From (3) we have
n=1 n: n=1
(n)
B, =2 ‘(O), n=1,2,3,.. (10)
n!
From (4) we get
P™(0)

A2n+1 = — n = 1,2,3,... (11)

A (2n)(2n + 1)
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By integrating (1) and (2) at corresponding interval and using properties of heat polynomials we have

k
2n(2n — 1) e 2n(2n+1) [ () 2(2n + D] 14
T n ) 715 =
Z;A% o+ 1 Vo1(a +ZA2 H oy Varo(a(t), 1) — (2n 1 1) -
" 12
SRS (1) (1) P(t)
=a7| Y Aguvy,) (a(t),t) + Z Agp i1 (20 + 1)) (a(t), 1) + v
= n=1
and similarly for the second we have
zk:B n(n — 1)11(2) (a(t), 1) +a22k:C (2a2V) 212 er fe a(t) _
nlnn+1 n+1 ) 2:n 2(],2\/%
(13)
:—QQ{ZC (2a9V/t)?" i 1erfc —|—ZB m/ (a(t),t)].
azxf
Then system of (12) and (13) can be written as follows
k
D Ag @) =gV,
(14)

2n(2n — 1 1
a0 = 22 L0 (a(0).0) — ad ol (a(0). ),

t
<I>$12) = 2a§(2a2ﬂ)Q”_liQ"_lerfc2a( )

k
o8 =3 Agnn [amn + ) (a(t).8) -

n=1

2n(2n+1) < 1)

oD (et - B2 L) 4 2T

(2n + 1) /\1 ’

q7(12) _ ZB [ain/(Q) alt),t) + myﬁzl(a(t),t)],

From (14) using linear combination of vo,41(c(t),t), van—1(a(t),t) and integral error function we can
determine coefficients A,, and C,, if «(t) is known. These coefficients also can be determined directly
from condition (5). The corresponding problems are considered in [1]-[2].
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BLOW-UP OF SOLUTIONS OF THE PSEUDO-PARABOLIC p-LAPLACE
EQUATION WITH VARIABLE EXPONENTS AND COEFFICIENTS
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In this work we study the following initial-boundary value problem for the nonlinear pseudo-
parabolic p-Laplace equation with variable exponents and coefficients:

ur =V (2, 0) [Val*™ 72 Vg + v(a, ) VD72 Vu) = (e 0) [l ™, (0,0 €Qr, (1)

w(z,t)],_g =uo (x), v €Q, (2)

u(z,t)|gq =0, (3)

where 2 is a bounded domain in R™ with sufficiently smooth boundary 092, and Q7 = Q x (0,7).
The coefficients v, « and the exponents p, m are given measurable of their arguments. It is assumed
that these functions satisfy the following conditions:

O0<v <v(rt)<vt<oo, 0<p <px)<ph < oo,
0<sx <x(z,t)<x" <oo, 0<q <gqz)<qg" <oo, (4)
0<~y <v(x,t) <yt <oo, 0<m™ <mx)<m" < oo

Theorem. Let (4) be fulfilled, and the exponents ¢(x), p(x), m(x) satisfy the conditions:
pT <m~, and m~ > max {2,q+}.
Let us assume, that also the coefficients »(x,t), v(x,t), v(x,t) are differentiable and
w=x(x) >0, y(x,t) <0, y(x,t)>0.

Finally, let |ug|™®), |Vuo[P™® € Ly (Q) and

/ <’y($,0) ‘uO’m(aj) _ v(z,0) |Vu0\p(x)>dx >0
Q

m(z) p()

Then there is exists a finite time Tiax < o0 such that the generalized solution to problem (1)-(3)
blows up.
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AN INVERSE PROBLEM OF DETERMINING A COEFFICIENT IN THE

PSEUDOPARABOLIC EQUATION
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Let Qr = {(z,t) : 0 <z < 1; 0 < t < T} berectangle. We investigate the following inverse problem

of finding a pair of functions {u(x,t), b(t)} satisfying the pseudoparabolic equation
b(t)(ur — Ugat) — Ugz = f(2,1),0<x <1, 0<t<T,

the initial condition
u(z,0) = p(z), 0 <z <1,

the boundary conditions
u(0,t) =u(l,t) =0, 0 <t <T,

and the integral overdetermination condition

1
/ w(w, t)de = B(t), 0<t < T,
0

where ¢(z), f(z,t), E(t) are given.

We assume that the data of the problem (1)-(4) satisfy the following conditions:

p(z) € (CU0,1], »(0) = 0;

E(t) € (C'[0,T], E(0) = / 1 o(z)dz, E (t) > 0;
0

f(ﬁ,t) € 02[07 1] mé(QT)7 f(O,t) = f(l’t)’ f(ovt) = 0’ 0<t< T;
§(co(er + c2) <1,

where &, cg, c1, co are some numbers depending on the data of the problem.

Theorem. Let the assumptions (5) — (8) are valid. Then the inverse problem (1)-(4) has a unique

classical solution.
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SOLVABILITY OF LINEAR THREE-POINT BOUNDARY VALUE PROBLEM
FOR IMPULSIVE FREDHOLM INTEGRO-DIFFERENTIAL EQUATION
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We consider the linear three-point boundary value problem for impulsive Fredholm integro-
differential equations (FIDE):

dz = T
e A(t)x + g wj(t)/o Yi(r)x(r)dr + f(t), t#6;, j=1,...m, te (0,T), x € R", (1)
j=1

(Op=0<01 <0< ..<bp <T=0n41),
Byx(0) + Doz(0) + Cox(T) = dy, dp€ R", 0¢€(0,7T), (2)

le’(ej - O) + le‘(@j + 0) = dj dj eR” j=1,...m (3)

where the nxn matrices A(t), ¢;(t), 1;(7), j = 1, m are continuous on [0, 7], and the n-vector function

f(t) is piecewise continuous on [0, 7] with possible discontinuities at the points t = 0;,5 =1, ..., m.
We denote the space of piecewise continuous functions = : [0,7] — R™ continuous on

[0p—1,0p),p = 1,...;m + 1 with the norm ||z| = max |z;| by PC([0,T], R",{0;}7",); in other words,

i=1,n
PC([0,T], R",{0;}7y) = {z : [0,T] — R" continuous on [f,_1,0,), there exists a finite limit
limg 9, oz(t) for all p=1,....m+ 1, and z(T) = lim; 7o 2(t)}.

A solution of problem (1)-(3) is defined as a piecewise continuously differentiable function z(t) €
PC([0,T], R",{0;}7%) on (0,T) satisfying the integro-differential equation (1), the boundary condition
(2), and the impulsive conditions (3).

A linear boundary value problem for impulsive FIDE solved by parameterization method was
proposed in [1]. One of important auxiliary problem in this method is special Cauchy problem for the
system of linear FIDEs.

A partition of the interval [0, 7] into N parts

t0:0<t1<t2<...<tN_1<tN:T,

where the set of partition points {ts;,s = 1,...,N — 1} contains the impulsive input points 0;,j =
1,eomyie tyy =0t =61,..,t,, =0m, r=1,...,70,70+ 1, ..., 71, .., "', ..., N is denoted by An(6).
We denote the restriction of the function z(t) to the rth interval [t,_1,t,) by x,(t); i.e. z,(t) =
x(t),t € [tr—1,t,),r =1,...,N. -
By setting parameters \,=z,(t,_1), 7 = 1, N, we specify the new unknown functions wu,(t), u,(t) =
2, (t) — Ar. Then we obtained the system of linear integro-differential equations with parameters on
subintervals

m N t;
d;;” = A®) (ur + M) + Z@j(t) Z/ V() (wi(T) + X\)dr + f(t),t € [tr1,t,),r =1, N, (4)
k=1"ti-1

J=1

with initial conditions at the left end points of subintervals

up(tr—1) =0, r=1N, (5)

The work is supported by the grant project AP 05132486 (2018-2020) from the Ministry of Science and Education
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and conditions

BoA1 + Doy, + C()t li%n OuN(t) + CoAy =dy, do € R, (6)
T
Bj)\rj +BJ t—1>ierjn—0u” (t) - Cj)‘T‘jJrl = d]v d] € Rna j = 1) ey M, (7)
A+ lm up(t) = A1 =0, p#r;, j=1m, p=1,N-1 (8)
t—tp—0

The problem (4), (5) is a special Cauchy problem for the system of linear integro-differential equa-
tions with parameters. Criteria of solvability and unique solvability of the special Cauchy problems
for the system of linear integro-differential equations with parameters have been established in [1]-[3].
There methods of finding the solution to the linear special Cauchy problems proposed as well. Condi-
tions of the solvability three-point boundary value problem for impulsive Fredholm integro-differential
equations are established in the terms of solvability of system linear algebraic equations.

For Dy = 0 the two-point boundary value problem for Fredholm integro-differential equations with
impulse effects are studied in [4]. The method for the study and solution of a linear boundary value
problem for a Fredholm integro-differential equation with impulse inputs at given times are suggested.
The method is based on a partition of the interval and the introduction of auxiliary parameters as the
values of solution at the initial points of subintervals. For each partition containing impulsive points
are constructed a Fredholm integral equation of the second kind. The definition of a regular partition
are introduced and the set of regular mappings is nonempty are showed. By using the resolvent of the
of the constructed integral equation, the fundamental matrix of the differential part, and the original
data of the problem a system of linear equations for the introduced parameters are formed. The
equivalence of the solvability of that system and the considered linear boundary value problem are
proved. Necessary and sufficient conditions for the solvability and unique solvability are obtained.
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We consider a boundary value problem for the ordinary differential equation with parameter:

d
dit“ = A(t)z(t) + Bt)u+ f(t),t €[0,T),z € R*,p € R™, f € R*, A € R"™", B € R™™,

Cop 4 C1z(0) + Coz(T) = d,Cy € RH™>m ¢y ¢y € RHm*n g c grtm,

where 2(t) = (z1(¢), ..., z,(t)) is unknown vector function,(n x n) matrix function A(t), and (n x m)
matrix function B(t), and f(t) = (f1(t), ..., fn(t)) are all continuous on the whole interval [0,7]. The
((n 4+ m) x m) matrix Cp, two ((n 4+ m) x n) matrices C1,Cy and (n + m) vector d are constant. The
= (u1, ..., thy) is unknown parameter.

The numerical solution of the boundary value problem is found by the method proposed in [1].

Interval is divided into 5 parts, values of solution of the initial problem on each subinterval are
considered as additional parameters reducing our problem to a new boundary value problem with
parameters [2, 3]. A system of linear algebraic equations with respect to initial and introduced
parameters is constructed using continuity conditions at the dividing points, boundary condition and
solutions of the auxilary Cauchy problems. The solution of system of linear algebraic equations is
found using inverse coefficient matrix and free term vector. Results of the algotihms are demonstrated
by numerical solutions of particular boundary value problems for ordinary differential equations with
parameters obtained using implemented script based on previously mentiond method in MatLab.
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ON AN ALGORITHM OF FINDING A SOLUTION TO A NONLINEAR
BOUNDARY VALUE PROBLEM FOR THE FREDHOLM
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Many problems of natural science lead to boundary value problems for integro-differential equa-
tions. Moreover, as a rule, these problems are nonlinear. The nonlinearity of boundary value problem
leads to significant difficulties in solving and in establishing their qualitative properties.

In the communication, it is considered the boundary value problem for the Fredholm integro-
differential equation with nonlinear differential part

dx " T n
% = flta) + ;gpk(t)/o Un(D)a(r)dr, te(0,T), z€R, (1)

g[2(0),2(T)] = 0, (2)

where f:[0,7] x R" — R™ and g : R"” x R” — R" are continuous; the n x n matrices g(t), ¥r(7),

k =1, m, are continuous on [0, 7], ||z| = max |z;].
i=1n

Denote by C([0,7],R™) the space of continuous functions x : [0,7] — R" with the norm ||z, =

rr%a)T(] |z(t)||. By a solution to problem (1), (2) we mean a continuously differentiable on (0, T") function
telo,

z(t) € C([0,T],R™) that satisfies equation (1) and boundary condition (2).

In [1] employing regular partition Ay (see [2, 3]) of the interval [0,T] has been introduced the Ay
general solution z(Apn,t, A) to the linear Fredholm integro-differential equation. As distinct from the
classical general solution, z(Apy,t,\) exists to any linear Fredholm integro-differential equation and
depend on parameter A = (A1, ..., Ay) € R™N . The new concept of a general solution is extended to
the Fredholm integro-differential equation (1) in [7]. Ay general solution is constructed through a
solution to the special Cauchy problem for the system of integro-differential equations.

In present communication, an algorithm of finding a solution to boundary value problem (1), (2)
is proposed. To this end, we use the parametrization’s method [4] and results of [1-3, 5-7].

Substitution the corresponding expression of x(Axy,t, A) into the boundary condition and conti-
nuity conditions of a solution to equation (1) at the interior points of Ay yields a system of nonlinear
algebraic equations in parameters. Closed-form of this system can be constructed only in exceptional
cases. However, for the given parameters, the values of the vector functions defining this system and
the values of its Jacobi matrix can be found through the solutions to the corresponding special Cauchy
problems for the system of integro-differential equations. This fact allows us to construct an algorithm
of finding a solution to boundary value problem (1), (2).
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We consider the boundary value problem

dx T
- = A(t)x +/O K(t,7)x(r)dr + f(t), te€(0,T), (1)

Bx(0) +Cx(T)=d, deR", (2)

where the (n x n) matrices A(t) and K (t,7) are continuous on [0, 7] and [0, 7] x [0,T], respectively,
the n vector f(¢) is continuous on [0,7], ||z| = max |z
=1,

To study problem (1),(2), the parameterization method [1] is applied in [2-4]. The interval [0, T
is partitioned, the values of a solution to problem at the left endpoints of the subintervals are in-
troduced as additional parameters, and problem (1), (2) is reduced to an equivalent problem with
parameters. Introduction of additional parameters yields a special Cauchy problem for a system
of integro-differential equations with parameters on the subintervals. The unique solvability of this
problem determines the regularity of the chosen partition. Employing a regular partition reduces the
problem (1),(2) to a system of linear algebraic equations in parameters. It is proved that the solvability
of this system is equivalent to that of problem (1),(2). Thus, the construction of a system of linear
algebraic equations serves as the basis for algorithms of the parameterization method.

The work is supported by the MES RK, Grant No. AP 05132486 and the Award ”The Best University Teacher
2019”.
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The number of unknown parameters in this system is determined by the number IV of the partition
subintervals. Increasing IV hence results in undesirable increase in the number of unknown parameters.
In order to address this issue, we have developed a modified version of the parameterization method.

In this version, the additional parameters are set as the values of the solution to problem (1),(2)
at interior mesh points. The definition of a regular pair consisting of a partition and chosen interior
mesh points is given. The original problem is transformed into a multipoint boundary value problem
with parameters. For fixed values of parameters, we get a special Cauchy problem for a system of
integro-differential equations on the subintervals. Using the solution to this problem, the boundary
condition, and continuity conditions of solutions at the interior mesh points, we construct a system
of linear algebraic equations in introduced parameters. It is established that the solvability of the
problem under consideration is equivalent to that of the constructed system. We provide a number of
examples illustrating the effectiveness of the proposed modified method.
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We consider a linear two-point boundary value problem with a weakly singularity on [0, T':

x—i—/ K(t,7)z(r)dr + f(t), t€ (0,T), (1)

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

where = (1,22, ..., 2y) is unknown function; the (n x n)—matrix A(t) and n—vector function f(t)
are continuous on [0,7], B and C are (n x n) constant matrices, d € R", K(t,7) is (n X n)—matrix
and 5

|IK{t, )| < ——, 0<a<l.
|t — 7|«
Let C(]0,T],R™) be a space of continuous functions z : [0,7] — R"™ with the norm |z|; =

maxyejo, 7] |20, [[2(8)]] = max;_5; [zi(t)]-
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Solution (1),(2) is a function z(t) € C([0,7], R"), continuously differentiable on (0,7"), which
satisfies the integro-differential equation (1) for all ¢ € [0, 7] and condition (2). The parametrization
method [1 — 3] is used to study the two-point boundary value problem (1), (2). We divide the interval
[0,7] evenly N and denote by Ax this partition: Ay= {tp = 0 < t1 < ... < ty = T}, where
ts = SL. By z,(t) we denote the restriction of the function x(t) to the r*" interval [t,_1,t,), i.e.
2, (t) = x(t),r = 1, N. From problem (1) — (2) we pass to the equivalent problem

N .

dx, t
DA+ Y / K(t,7)a; ()dr + f(1), t€ [torsty), (3)

it 2 )
Bzx1(0) + Ctilzglo zN(t) =d, (4)
iyl =2y (), p=T N1 (5)

z[t] = (x1(t), z2(t),...,zn(t)) is a solution of (3) - (5) at t € [t,—1,t,),7 =1, N.
Entering the parameters \,=x,(t,_1), and on each r** interval, changing the function u.(t) =
x,(t) — Ar, we obtain the boundary problem with parameters.

N ,
du, t
U Al Y / K(t,7)(uy(7) + \)dr + (), ¢ € [t ), (6)
j=17ti-1
Ur(trfl) =0, r=1,N, (7)
BM\ +CAy +C lim upn(t) =d, (8)
t—=T—-0
Ap + t_ggl_oup(t) =X+, P=LN-1 (9)

A pair of (A, u[t]) with elements A = (A1, Ao, ..., Ay) € R™, w[t] = (u,uz, ...,un) € C([0,T], An, R™N)
is a solution to problem (6)-(9). For fixed values of the parameters A € R™V, the system of functions
u[t] allows us to determine from special Cauchy problems for systems of integro-differential equations
(6), (7). Using the fundamental matrix X (¢) of the differential equation fl—f = A(t)x the combined
problem (6), (7) to the equivalent system of integral equations
t
up(t) = X(7) X () A(m)dr A+

tr—1

t N oty
X [ x Y / K (71, )(u;(s) + Ay)dsdr+
j=1"ti-1

tr—1

+X(t) t Xﬁl(Tl)f(Tl)dTl, tE[tr_l,tr), r=1,N. (10)

tr—1

From left we multiply by K(t,7) and then integrate ftiip j =1, N and adding we get the following
expression '

T
(AN, u,t) :/ M(An,t,7)P(AN,u,7)dT + D(AN, )N+ F(An,t), t€[0,T], (11)
0
where

N t;
O(An,u,t) = Z/ K(t, 7)u;(T)dr,
=17

ti—1

A= (A1, A, An) € R D(Ap,t) = (Dr(Ap,t)), r =1, N is continuous on [0, 7] matrix dimen-

sion n X nN :
tr T

D, (An,t) = K(t,7)X (1) XY A(m)drdr+

tr—1 tr—1
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N ot tr
Y / K(t,7)X / X Yn) [ K(n,s)dsdndr,
j=1"ti-1 ti-1 fr=1

M(An,t,7) square matrix of dimension n on [0,7] x [0,7], is continuous in ¢t € [0,7] and piecewise
continuous in 7 € [0, 77 :

tj
M(AN,t,T) :/ K(t,Tl)X(Tl)dTlX_I(T), t e [O,T], T € [tjfl,tj), j = 1,N,

F(Ay,t) € C([0,T],R™) and

T

F(Ay,t) Z T kX [T XV fm)dndr.

ti—1 ti—1

Lemma 1. Let @(A N, u,t) — be a solution of the Fredholm integral equation of the second kind
(11). Then the system of functions a[t] = (a1 (t), u2(t), ..., un(t)) with elements

’ljr(t) = X(t) t X_l(Tl)A(Tl)dTl)\r—F

N t t

+>_X(®) X_l(ﬁ)/tj K (71, s)dsdmiAj + X (t) X7Hm) f(m)dmi+

tr—1 ti—1 tr—1

t ~
+X(t) X~Ym)®(An,7)dm, t€[tr_1,t,), T=1,N

tr—1

will be a solution to the special Cauchy problem (6), (7).
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CRITERIA OF UNIQUE SOLVABILITY TO BOUNDARY VALUE PROBLEM
FOR VOLTERRA IDE
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We consider the following boundary value problem for Volterra integro-differential equation on
interval [0, 7T):

:L'+/KtT T)dT + f(t), = € R", (1)

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

where the (n X n)- matrices A(t), K(t,7) are continuous on [0,77], [0,T] x [0,T], respectively, and n-
vector function f(¢) is continuous on [0,77], B and C are (n x n) constants matrices, d € R".

Let C([0,T], R™) be a space of continuous functions z : [0,7] — R"™ with the norm

Jally = maxyeqo ) (@], 2(2)| = max,_r |z (b))

Solution to boundary value problem for Volterra integro-differential equation is a function x(t) €
C(]0,T], R™), continuously differentiable on (0,7), which satisfies the equation (1) for all ¢ € (0,7)
and condition (2).

The parametrization method [1 — 3] is used to study the two-point boundary value problem (1),
(2). Let h > 0, be a step - size that can be marked out exactly N(N = 1,2,...) times in the interval
[0, 7], and consider the partition [0,T) = UN_,[(r — 1)h,7h).

Let z(t) be a solution to the Volterra integro differential equation (1) and z,(t) be its restrictions
to the subintervals [(r — 1)h,rh). Let x(t) be a solution to the Volterra integro - differential equation
(1) and z,(t) be its restrictions to the subintervals [(r — 1)h,rh). Then the system of N functions
z[t] = (z1(t), z2(t), ...,zn(t)) belongs to C([0,T], R™) and satisfies the system of Volterra integro -
differential equations

dz,
i xr—i—Z/ K(t,7)z;(T)dr+
t R
+ K(t,m)x,(T)dr + f(t), t € [(r —1)h,rh), =1, N, (3)
tr—1
with boundary condition
Bzi1(0)+C lim xn(t) =d, (4)
t—T—0
and continuity conditions
lim x4(t) = zs41(sh), s=1,N —1. (5)
t—sh—0

If 2(t) is a solution of problem (1), (2), then it is obvious that the set of restrictions (x,(t)), r =1, N
is a solution of the multipoint problem (3) - (5). Conversely, if a set of vector functions Z,(t), r = 1, N
is a solution of problem (3) - (5), then the function & obtained by ”joining” the functions together is
a solution of the original boundary-value problem.
Let A\, denote the value of z,(t) at the point ¢ = (r — 1)h. In each interval [(r — 1)h,rh), make the
substitution u,(t) = z,(t) — A,.

The result is a parametric boundary value problem for Volterra integro-differential equation

e A+ AN+ Y [ K (7)) + Al
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t
—i—/ K(t,7)[uy (1) + \Jdr + f(t), t€[(r—1)h,rh), r=1,N, (6)
(r—=1)h

with
up[(r—1)h] =0, r=1,N, (7)
B)\1+C)\N+C hm uN() d, (8)
As + lim ug(t) = Agy1, s=1,N —1. 9)

t—sh—0

Cauchy problem (6), (7) is equivalent to an integral equation

r—1 r—1
ur(t) = Dp(W)Ar + Y Dip(N; + Grl(t,up) + > Gyt ug) + Fr(t), (10)
j=1 7j=1
where t € [(r —1)h,rh), =1, N,
t T
D,(t) = [A(T) —i—/ K(r,m)dmdr, j=1,N—1,
(r—1)h 1)h

t—/ / K(r,7)drdr, j=1,N—1,
(r—1)h J(j—1)h

G (t,uy) —/ A(T)up (7T dT—I—/ / K (7,1 )up(71)dmidr,
(r=1)h (r=1)h J(r—=1)h

»(t,uj) / / (r,m)uj(m)dndr, j=1,N—1,
(r—1)h

F.(t) = /(T 1)hf(t)dT.

We define from (10) the left-side limits of the function u,(t) for ¢t — rh —0, r = 1, N and substituting
its into relations (8), (9), we obtain a system of linear algebraic equations with respect to parameter
Al

N—
BA + CAy + CDN(T)Ay + C Z

N—-1
= —CGN(T,uy) - C Y G n(T, uj) — CFx(T) +d, (11)
J=1
s—1 ~
[I + Ds(sh)[As = Ast1 + Z Djs(sh)Aj =
j=1
s—1 ~
= —G(sh,us) — » Gjs(sh,uj) — Fs(sh), s=1,N —1. (12)

1

j
We rewrite the system of equations (11), (12) in vector matrix form:

Q(N)A = —G(N,u) — F(N). (13)

We proposed an algorithm for finding a solution to the problem (6)-(9).

On each step of algorithm:

1) we solve the special Cauchy problem for integro-differential equations (6), (7) for fixed param-
eters .

2) we solve the system of linear algebraic equations (13) for known values of the functions w,(t),
r=1,N.

The conditions of convergence algorithm are established. Conditions for the existence and unique-
ness of the solution to the problem (1), (2) are obtained in the terms of matrix Q(N), A(t) and
T.
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ON THE INITIAL MULTI-POINT BOUNDARY VALUE PROBLEM FOR
FOURTH ORDER PARTIAL DIFFERENTIAL EQUATIONS
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We consider on the domain 2 = [0,7] x [0,w] the following initial multi-point boundary value
problem for system of fourth order partial differential equations

0*u u u 0%u 0%u
5eis = 0:5) G + Aat2) s + Aol ) g Aa(t )
FA5(t,0) 0%+ Aot ) 0 + Axlt, yu+ 11, ) (1)
50, L ot 6L, L o 7\, T)U y L)y
u0.0) = @), ze 0] )
dult,
o= ala),  ze ol 3
0ul(t,
Qg(ﬂrv)h:o:%(fﬁ), v e 0., @
S BT ND | =), teloT) )
7=0

where u(t,x) = col(uy(t,z), ..., un(t,x)) is unknown function, the n x n matrices A;(t,z), (i = 1,7),
and n vector—function f(t,x) are continuous on §; the n x n - matrices P;(t), (j = 0,m) and n vector—
function 1 (t) are continuously differentiable on [0, 7T]; the n vector—functions ¢1(x), p2(x) and @3(x)
are continuous on [0, w].
m
The compatibility conditions are valid: > P;j(0)ps(z;) = ¥(0).
j=0
Let C(2,R™) be the space of continuous on §2 vector functions u(¢,x) with the norm

lullo = max [[u(t,z)||, [[u(t,z)|| = max |u;(t, z)|.
(t,x)e i=1,n

The work is supported by the grant project AP 05131220 (2018-2020) from the Ministry of Science and Education
of the Republic of Kazakhstan.
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. n . . . . u(t,x ny Ou(t,x n
A function u(t,z) € C(Q,R") having partial derivatives % e C(Q,R"), % e C(Q,R"),

Tulle) ¢ o(,R"), 24D ¢ o(Q,R"), Lub) ¢ o(,RY), 24D ¢ o(Q,R"), 24D ¢ o(Q,R"),
is called a classical solution to problem (1)—(5) if it satisfies system (1) for all (¢,z) € €, and the initial
and the boundary conditions (2)—(5).

Partial differential equations of higher order are widely used in various problems of natural science
and technology [1-2].

In present communication, we study the questions for the existence and uniqueness of classical
solution to a multi-point boundary value problem for system of partial differential equations of fourth
order. We also construct the method for finding an approximate solution to this problem.

By introducing new unknown functions [4],[6] problem (1)—(5) is reduced to a multi-point boundary
value problem for the system of hyperbolic equations of second order with functional parameters
and integral relations. We offer the algorithm for finding the approximate solution to the problem
considered and prove its convergence.

The unique solvability of problem (1) — (5) is established in terms of initial data.
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DEEP LEARNING MODELS FOR LINK FLOW ESTIMATION
GULNUR TOLEBI, NURLAN DAIRBEKOV
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tolebi.glr@gmail.com

This paper considers the problem of estimating a certain observed amount of traffic flow in a given
link of a transport network for a short-term forecast. Our aim is to evaluate the changes in the flow at
the road section over time. We treat the link flow as the probability of vehicles being generated in unit
time. The value is not the exact proportion of the vehicles arrived, but represents some properties of
traffic flow in the given link. The link flow estimation problem will be formulated as follows:

e Given data going back and sampled every period of time, can we predict the link flow F; 1,
the near future (at time t + m) based on historical data? Fj, tis the flow rate on the link ¢ at
time ¢.

Our dataset is a time series data, with a time series being a sequence of observations taken se-
quentially in time [1]. There are two key issues when time series are used for flow estimation:

e The time series analysis requires the process to be stationary. However, the traffic flow is
dynamically changing.

e The spatial characteristics of the time series data are not taken into account in the classical
methods [2].However, when we consider sequential data it is important to consider a more deep
representation of features.

These issues can be solved by a hybrid model of RNN and CNN, which is presented in our study. In
this study, three models of deep neural networks were trained and tested on a simulator, as well as a
fully connected feed-forward network (FCNN). We consider FCNN as our baseline. The first model
is based on the Recurrent Neural Network (RNN). We consider our dataset as a sequence in time.
To process data using simple networks, we need to process the entire sequence at once. However, the
RNN has an internal loop that allows you to remember the states and reuse the values calculated in
the previous state (iteration).

GRU has a update and reset gates. An update gate zg decides how much the past state effect on
current state and computed by the following formula:

zf =o(W,axy + Uzht,l)j (1)
The reset gate calculating as following;:
= o(Wyay + Uphy_1)’ (2)

~ The activation h{ of the GRU at time ¢ is a linear interpolation between the previous activation
h]_, and the updated value activation h :

hl = (1—z)hl — 1+ z/h] (3)
This procedure of taking a linear sum between the existing state and the newly computed state.
The candidate activation h] is computed as following:

hl = tanh(Way + U (re () he—1))? (4)

This work was supported by Satbayev University under the program ” Software development for 3D modeling, online
monitoring and prediction of the air contamination level in urban and industrial areas” no.BRO05236316.
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where r; is a set of reset gates.

CNN is a type of neural network with specific architecture that considers and treats input data as
spatial. The main difference of CNN from the fully-connected network is in structure, where neurons
only connected to nearest neurons and all have the same weight, instead of connecting to every neuron
in the previous layer. CNN has a very high performance in solving computer vision problems since
the architecture of this network allows to develop an internal representation of a two-dimensional
image. This allows the model to learn position and scale in variant structures in the data, which is
important when working with images. We used this feature of CNN to process sequence data and
find ordered relationship in the time steps of a time series. CNN is considered a cheaper alternative
model of RNN for time series forecasting problems.

Classical CNN has the following stacked layers:

e convolutional :

c? = fo‘l * wfj + b? (5)
i
e activation
xy = 0(c}) (6)
e pooling o .
a:j+ = pooling(x;) (7)

where mffl is an input, k£ is an engaged layer

A 1D CNN is a modified version of CNN where convolutional hidden layer operates with a 1D
sequence. It is very effective when you expect to derive informative features from fixed-length segments
of the overall dataset. The main difference between classical 2D CNN and 1D is in the input data
dimension and how the filter passes through the data. The recent studies [4756] show that for certain
applications including analysis of time sequences of sensor data, analysis of the audio signals 1D CNNs
outperform 2D counterparts due to the following reasons:

e lower computational complexity due to dimensionality reduction
e relatively shallow architecture easier to train

The third model consists of CNN and RNN modules, where the first part serves as data
conversion for the input of the second module. For the input This approach allows increasing the per-
formance of the model by preprocessing data with CNN and sensitivity to the order (sequence) of RNN.

For evaluation of the proposed models we use the Mean Squared Error (MSE):
=
MSE =~ % (i = Y;)? (8)

n
n

where n - number of estimations, Y; - target value, Y; - predicted value.
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Currently, most of the major oil and gas fields produced have almost exhausted their oil capacity .
In this regard, there is a high interest in small ” preserved” deposits. Thanks to scientific and technical
progress, the labor intensity of extracting hydrocarbon raw materials from such fields has decreased
many times. But there are many difficulties with understanding the current state of the field during
the period of operation.

The direct task of gravimetry is to calculate the gravitational field on the Earth’s surface, taking
into account the known location and the composition of the inhomogeneity. To do this, we need
information about the geological and lithological structure of the field, that is , we need to know the
density distribution over the entire area under study. The formulation of the problem and the analysis
of the solution of the direct and inverse problem on model data were previously described in [1-2].

When working with real data, we decided to use graphical data on the geological and lithological
profile, which gives a fairly accurate representation of the density structure in the section. They were
obtained during the exploration of the oil field. To use this graphic data in our calculations for a
direct task, you must first process it and convert it to digital format.

We wrote a program in Python. It divides the original image into rectangular areas with the
necessary step. In each rectangle, we count the number of pixels of a particular color. Select the color
with the maximum number of pixels for the color of this rectangle. We run through all the cells in this
way. We are forming a matrix. From the dictionary, replace the density value corresponding to this
color. Thus, we get a density matrix in digital format, which is completely consistent with the format
of the solution of the direct problem. It is easily integrated into the overall program and facilitates
the entire process.

To date, results have already been obtained for solving a direct problem with real data. It is planned
to use our experience in solving the inverse problem of gravimetry and further implementation of the
GIS system in the framework of the project.
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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]:

i=f(t,x) —Bi(t), E=¢p(t,o), o=Pl(tw, tel=]0, c0), (1)
where x € R" is a state vector of the object, f € R"™ is a vector-function, satisfying to conditions of
existence of a solution z(t) = 0, and By € Z"*", P € Z%*" are matrices, w € R*(s < n) is a vector,

¢ € R" is a differentiable in all variables non-stationary vector-function, satisfying to conditions of
local quadratic connection

©(t,00=0 A 0< ol p(t,0) <ol K(t)o, Vo #0, (2)
t

K < 890(;"’) <Ky, [K)=KT(t)>>0€e="" K,=KI>0.
g

This problem reduce to investigation of quality properties of the following system with respect to
vector-function w [2, 3]:

w=—-Alt)w—B(t)E, E=¢p(t,0), oc=Pl(t)w, tel=]0, ). (3)

Here nonlinearity satisfies also to generalized conditions (2), and F(t,z,w) = —A(t)w, A €

=5%s H(t) = %‘;, B(t) = H(t) B (t).

The reviews of the works devoted to the construction of autonomous and non-autonomous auto-
matic control systems on the given program manifold possessing of quality properties and to solving
of various inverse problems of dynamics were shown (see [3]-[8]).

Statement of the Problem. To get the condition of absolute stability of a program manifold
Q(t) of the non-autonomous indirect control systems with non-stationary nonlinearity in relation to
the given vector-function w.

Theorem 1. Suppose that there exist matrices L = LT > 0,

B = diag (b1, .., Br) > 0, non-autonomous non-linear function p(t,o) satisfies the conditions (2) and
V@ =W.

Then in order that, the program manyfold S (t) with respect to the vector function w will satisfy to

inequalities
Mlz(to) leaplan (t — to)] < [12(8)]| < Aell=(to) leaplaz(t — to)],

it is sufficient performing of the following conditions
W2 <V <b(lz? gzl < W < ga (2], (4)
where z(tg) = ||w(to) E(to)||F, 2(t) = [|w(t) E@)||T and A1, Ao, a1, @z, 11,12, g1, g2 are positive constants.

This results are supported by grant of the Ministry education and science of Republic Kazakhstan No. AP 05131369
for 2018-2020 years.
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Wzyuenne HAPSIXKEHHO-Te(DOPMIPOBAHHOTO COCTOSHNS CTEPKHEBBIX KOHCTPYKIINIL C YIETOM BJIHSI-
HU$ TEMIIEPATYPHI ABJIAETCH aKTYAJIHHO HAY YHO-TEXHUYECKOH 1TpobJieMoii, TeCHO CBA3aHHOI ¢ obecriede-
HUEM MIPOYHOCTH U HAJEXKHOCTHU MIPU UX IKCIIYATAIINA. 3J€Ch, C UCIIOJIB30BAHUEM MOJIE/IN HECBA3AHHON
TePMOYIPYTOCTH, UCCIEAYETCA TEPMOAUHAMAKA TEPMOYIIPYTOr0 CTEPXKHHA, KOTOPBIA XapaKTepu3yeTcd
JIMHEHHOM [JIOTHOCTBIO, CKOPOCTHIO PACIIPOCTPAHEHWsST YIPYIUX BOJIH B CTEPXKHE U TEPMOYIIPYTONl KOH-
crauToit. Mccaemyrorcs nposoibHbIe TEPEMEINTEHNS CEUeHMH CTEPKHA W TEMIIEPATYPHOE T10J1e, KOTOPHIE
ONHUCBIBAIOTCA CUCTEMOl Tunep6o10-napabomIecKuX ypaBHEHHH BTOPOro IIOpsi/IKa T€OPUH TeMIepa-
TypHbIX Hanpsikenuii [1,2]. B paGore [3] mocrpoen tensop Ipuna U (x,t) tae (4,7 = 1,2) ypasrenuit
TEOPUHU TEMIEPATYPHBIX HAIPAXKEHUN, MPOBEJIEHA €0 PeryJisipu3aliid, Ha OCHOBE KOTODOil MOCTPOEH
OpUIHMHAJ TOTO TEH30pPA B MCXOAHOM MPOCTPAHCTBE BPEMEHH, YTO HE YJIAETCsl B CIydae MOJEIU CBs-
3aHHO TePMOYTIPYTrocTH. 31eCh, Ha ocHoBe MeTona Biaagumuposa B.C. [4,5], ¢ ucronbzosanmnem 31oro
TEH30Pa, MOCTPOEHO PEITeHNe TPOCTPAHCTBEHHO-OTHOMEPHOH TepMOAuHAMIIEeCKOi 3amadn Ko st
TEPMOYIIPDYTOT'O CTEPZKHA TIPU ﬂeﬁCTBI/H/I HeCTAalMOHAPHBIX CUJIOBBIX W TEIIJIOBBIX MCTOYHUKOB PAa3JIMYHO-
T'0 BUJAa B TPOCTPAHCTBE 0DOBIIEHHBIX BEKTODP-(DYHKITUI MEJIEHHOTO POCTA, KOTOPOE UMeeT BUJ CyMMBbI
CBEPTOK :

: Pabora nomuepxxkana rpantom AP05132272 KH MOH PK

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 147

(e, t) = u(e, ) H(t) = Ul (2,) * Fai(e,t) + Uf(2,1) * Fas(x,1) =
= Ul(a,t) x Fi(ze, ) H(t) + U (z,8) % vo(2) + GU} (2, )  uo () +
TP (@,t) * Fa(e, )H(t) + U (2, ) * k™o ()

+

D>

(z,t) = 0(x, t)H(t) = U} (z,1) . Far(z,t) + Us(z,t) . Fag(z,t) =
T3 (@) x Fi(a, )H(t) + Ug (2, 8) % vo(w) + FU3 (2, t) uo () +
+U2(z,t) « Fy(a, t)H (1) + U2(x,t) * k100 (x)

rie u(x,t) IpooNbHBIE TIepeMelnenns cTepxkHs, 0(x,t) ero Temmeparypa, ug(z) = u(z,0), vo(x) =
uy(z,0), Op(x) = 6(x,0) , Fj(x,t) WIOTHOCT CHIOBBIX 1 TEMIOBBIX HCTOIHUKOB e (4, j = 1,2). 3xech
0603HAYEHNE TI0JT 3HAKOM CBEPTKH YKa3bIBAET IIEPEMEHHBIE, 10 KOTOPBIM OHHU GepyTcst. JaHo peryisp-
HOE HHTErPAIbHOE NPEACTAB/ICHIEe 0000IIEHHOTO PEIIeH s KPaeBoil 3a4a1i, KOTOPOe JaeT KIACCHIeCKOe
aHaIuTHIeCKoe perterne. [IpuBeIeHbl Pe3yIbTaThl YHCIEHHBIX 9KCIEPHMEHTOB, HILTIOCTPUPYIOIIHAE Tep-
MOHAIIPAXKECHHOE COCTOAHUE CTEPXKHA IIPU PA3HBIX TEIIJIOBBIX U CUJIOBBIX BO3,ZL€I‘/JICTBI/IHX.
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Wcenenyerca obparHas 3aada onpeaeaeHns] IPaBoil JacTh KBA3HINHEHHOT0 ypaBHEHHSI CODOJIEB-
CKOT'0 THUIIa C WHTErPAJBLHBIM ycjaoBueM mepeonpemenenus. Meromom anmepkuna moka3aHbl CymiecTBO-
BaHME JIOKAJIBHOTO II0 BPEMEHH PeIleHnil oOpaTHOH 3amadu W eJUHCTBEHHOCTL perneHust. lloaydens
JIOCTATOYHBIE YCJIOBHs PaspylieHust (B3PbIBa) JIOKAJIBLHOTO DEIEHNs 33 KOHEYHOE BPEeMs B OTDaHU-
9eHHON 00/1acTH ¢ OAHOPOAHBIM ycaoBumeM /Jlupuxie Ha ee rpamume. MccaemoBaHo acHMIITOTHYIECKOE
TIOBEJIEHNE PeIeHnit o0paTHOM 3a,1a9u TP OOJBINNX 3HAYEHUAX BpeMmeHu 1.
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B macrogrieit pabore HEM3BECTHBIM MAPAMETPOM siBJIsgeTCst KO3 @MUIIMEHT TpPaBoOil YacTh, 3aBUCS-
muit ot Bpemenuoil nepemennoii. Ilomobuble 3amaun u3yganucs B paborax [1]-[9], Ho me g nennnei-
HOT'O ypaBHEHUsi cODOJIEBCKOTO THIa. B 9acTHOCTH, pa3penmMocTs 06paTHBIX 331249 C JIOKAJbHBIMU U
HEJTOKATBHBIMHU YCAOBUSAMHU TTEPEOTIPETeSICHNS I YPaBHEHW CODOMIEBCKOTO THMA OBLIA MCCISI0BAHA
BO MHOTUX paborax [7]-[15] u B psage npyrux. Cieayer ormernts 9T0 B paborax [16]-[18] paccmorpen
IMIAPOKUI KJIACC NPAMBIX 33734 [T HEJTMHEHHBIX YPaBHEHUI CODOIEBCKOTO THUIIA.

Iycrs Q ecrs orpannuennas obaacts npocrparcrsa RY, N > 1 ¢ 10CTaTodn0 miaikoii rpaHumnei
T, Qr -tmmuap Q x (0,7T) xoueunoit soicorst T, S = T x (0,T). Iycrs b(x,t), h(z), uo(x), o(t)
3ajlaHHbIe DYHKIINT 3 ), 5 MOJ0KUTEbHBIE KOHCTaHThI. PacecMoTpum B iiuansape QQr 06paTHYO 3a/1a9y
OlpeJie/IeHnI HeM3BECTHON paBoii vactu f(t) ypaBHeHUs! COBOJIEBCKOTO THIIA

wy — xAuy — Au = bz, t)|[u)’~2u + f(t)h(x), (1)
u(z,0) = uo(), (2)
ulg =0, (3)

/ (@, ) - h(z)dz = (). ()
Q
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PA3SPEIIMMOCTh HAYAJIbHO-KPAEBOU 3AJAY YPABHEHUAA
IICEBAOIIAPABOJINYECKOIO THUIIA

CePukK AMTKAHOBL2, Tazuza KYMAT VI3
'KABAXCKUIT HAIIMOHAJILHEIT YHUBEPCUTET UMEHU AJb-@APABU, AJIMATEL, KABAXCTAH
MIHCTUTYT MATEMATUKU M MATEMATUYECKOIO MOIEJIMPOBAHNS, AJMATEH, KABAXCTAH

SKABAXCKUI HALIMOHAJILHLBINA NEJATOMMYECKUI YHUBEPCUTET UMEHU ABASI, AJIMATEL,
KA3AXCTAH
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B pabore uccienyercs nadaibHO-KpaeBas 3ajada sl KBa3WJIWHENHOTO ypPaBHEHUS IICEBIOTAPa-
HOIMUIECKOTO TUITA, C HEJWHEWHBIM rpaHudHbIM ycaosuem Hetimana-/upuxie. C dusnaeckoit Touku
3pEHUs paccMaTpUBaeMas HaMU HadabHO-KpaeBas 3a/1a4a, SBJIsSeTCS MaTeEMATHIECKUM MOJIEbI0 KBa-
SUCTAMMOHAPHBIX TPONECCOB B IMOJYIPOBOJHUKAX W MAlHETUKAX MPU y4YeTe CaMBbIX paSHOO6pa3HbIX
duznaeckux dakropos. Merojom l'asepkuHa J0Ka3bIBAETCS CYIIECTBOBaHME CJ1a00r0 pEIeHus 11CeB-
IomapaboarmdecKoro ypasaenus B orpanutentoii obnactu. Mcnonb3osanue [anepkunckux npubimzke-
HU [O3BOJISIET MOJYYUTh OEHKY CBEPXY BPEMEHU CYIIeCTBOBaHUA peleHus. Vcrnonb30Banue Teopem
Baoxkernnss CobojieBa, IMOJyUeHbI ANMPUOPHBIE OIMEHKM perteHusi. FauHCTBEeHHOCTh craboro oHo0IeH-
HOT'O pellleHns Ha4aJbHO-KPAEBOil 3a/a4n KBAa3WJINHENHON ypaBHEHUH 11CeBI0napabomyecKoro THIIa
JIOKA3BIBAETCST HA OCHOBE APUOPHBIX o1eHOK. Ocoboe MeCcTo B Teopuu HeTWHENHBIX ypABHEHU 3aHU-
MaeT KPYyT MCCJIeJOBAHNN HEOrPAHUYEHHBIX PENICHUN, NN, KaK UX 0-IPYroMYy Ha3bIBAIOT, PEKUMOB C
obocrpennemM. HennueiiHbie 3BOJIIONUOHHBIE 3312491, JAOMYCKAOIINE HEOTPAHUUCHHBIE DEIIeHNUs, sIBJIsd-
0TCA I‘.HO6a.HbHO HEPa3PECIMMMBbIMU: PEIICHUA HEOTPAHWYCHHO BO3PACTAIOT B TE€YE€HME KOHEYHOTO IIPO-
MexkyTKa BpeMenu. llojiyuensl 1ocTarounble yCJI0BUsT PA3PYINEHNs €0 PEIIeHrs 38 KOHEUYHOE BpeMs B
OTpaHUYeHHOM 06/1aCTH C HEWHEHHBIM TPAHNIHBIM ycaoBuem Heiimana-{upuxie.

IlepBBIM cTpOruM MaTEMAaTHYECKUM HMCCIEIOBAHUEM 3aJ1a4 JJis YDABHEHU, HE SBJSIONIUXCS yPaB-
nenusivu Tuna Korm-Kosanesckoii, sisercs nuonepckas pabora C.JI1.Cobosesa [1]. Dra xe padora
npobymiia 60JIBINIOH MHTEpeC K MCCJEeJ0BAHUIO HEKJIACCUYECKUX YDABHEHWl, HA3BAHHBIX YDABHEHUSI-
Mu cobosiesckoro tuna. Mccienosanue 3a/a4 Jijid 11CEB/01aPaA00JINYeCKOro THIIA HA4YaI0Ch B KOHIIE
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1970-x rogax. M3ydenuto HeUHEHHBIX YPaBHEHN TICEBA0MAPabOINIecKOro THIIA TTOCBSIIEHO OOIbIToE
kogaecTso pabor [2]-[16].

Pacemorpum B nmimsgpe Qr = {(x,t) : x € Q, t € (0,7)} navanbHO-KpaeByIO 3ajady s
rceB1onapaboMIecKoro ypaBHEHU ST

0 _
57 (1= XAu) = (a0 + arJully, ) A = b(w, Olul”"u + f(x,1), (1)

C HEeJIMHEHNHbIM I'PaHUYHBIM YyCJIOBUEM

Ou + K(z,t)|ul"%u| =0, T =09 x(0,7T), (2)
on I

C HaYaJIbHBIM YCJ'[OBI/IQM
u(, 0) = uo (). (3)

3mecy 2 C R™, n > 1 orpanndennas 0071acTh, rpannma 0§} T0CTATOYHO TVIAJKAd, P, ¢ U 0 TOJ0-
2ZKNTE/IbHbIEC KOHCTAHTHI.
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OBPATHBIE 1N ITIOJIVOBPATHBIE KPAEBBIE SAJTAYN JINMHAMMKNAU
TEPMOVYIIPYIUX CTEPXKHEN

JILA. AJJEKCEEBA, M.M. AXMET2KAHOBA

NHCTUTYT MATEMATUKU U MATEMATHUYECKOIO MOJEJUPOBAHUA MOH PK, AJIMATHI,
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TepMO,ZI;I/IHaMI/IKa CTEeP2KHEBBIX KOHCprKHI/IfI OTHOCHUTCA K YHCJY BECbMa AKTYaJIbHBIX HAay4YHO-
TEXHUYECKUX MMPODHJIEM, TECHO CBA3AHHBIX C 3AIIPOCAMU MAIIMHOCTPOEHUS U CTPOUTETHCTBA Pa3HOo0bpas3-
HbIX Ha3€MHBIX W IIOA3€MHDbIX COOpy}KeHHﬁ. ]__.[pI/I MaATEMATUICCKOM MOJEC/JIMPOBAHUKU TEPMOJAWHAMHUYIC-
CKHUX TTPOIIECCOB B CTEPXKHAX BOZHUKAIOT PA3JIMIHBIC KPpaeBbI€ 3a/Ja491 JIJId CUCTEMBI ,Z[I/I(beepeHL[I/Iaﬂb—
HBIX YPaBHEHU CMEITAHHOTO THIIEPOOJIO-TTapaboIHIeCKOTO THTIA, B KOTOPBIX TEIJI0BBIE MMOJId CBA3AHBI C
yupyrumu gedopmarusavu u #aobopoT. [pu 5TOM BO3HUKAIOT 331891, KOTA HA PA3HBIX KOHIAX CTEPIK-
Hsl U3BECTHBIMU SBJISIOTCS PA3JINYIHbIE XAPAKTEPUCTUKH TPOIIECCa, He0OXOIUMBIE [IJIsi OTIPEIEJIEHUS er0
TEPMOHAIPSIKEHHOTO COCTOsiHU (nepemertennst, edopMaIyn, HANPSKEHU, TEMIEPATYPa, TEILTIOBbIE
notoku). Kpaesble 3a1a9u Ipu OMHOTHITHOM CHMMETPUIHOM BHJI€ KPAEBBIX YCJIOBUI HA KOHIIAX CTEPIK-
HA HA3bIBAIOT IIPAMBIMH. B Clry4dae 2Ke, KOrJa KpaeBble YCJI0BUA PAa3HbIE, HO YUCJI0 UX OJMHAKOBO, UMEEM
KJIACC TOJIyOOPATHBIX 3a/1a4.

Yacro npum perreHnu MPAKTUYECKUX 33734 W3BECTHHI HA OIHOM KOHIIE CTEPYKHS BCE YIPYTHUe U
TEITOBBIE XapAaKTEPUCTUKHU (MX MOKHO M3MEDPUTH), a Ha JPYrOM KOHIE HU OJHA HEU3BECTHA, JIHOO
U3BECTHa JIMIIb OJHA W3 HUX, U HY2KHO OIPCAC/INTb TEPMOHAIIPAKEHHOEC COCTOAHUEC CTCP2KHA. TaKI/Ie
KPaeBbIe 33a4UN HA3BIBAIOT OOPATHBIMIA.

B wacTtHOCTH, 37€Ch PACCMOTPEHBI IBe KpaeBble 3aJa4i CTAIIMOHAPHBIX KOJeOaHU C TTOCTOSHHON
4aCcTOTOM.

Kpaesagasagaua l l3BecTHble nepeMelenns, HAIPsIXKeHNUsI, TEMITepATypa W TEILJIOBOH
MTOTOK HA JIEBOM KOHIE & = X7:

u(z1,t) = wy exp (—iwt) , o (z1,t) = pc?py exp (—iwt),
O(x1,t) = 01 exp(—iwt), 0, (z1,t) = q1 exp(—iwt);

Hyxmo ompenents 3Tu XapaKTEePUCTUKY ITPOIIECCA HA MTPABOM KOHIIE CTEPXKHIA T = T3:
KpaeBagasagaua 2 l3BecTHble nepeMelenns, HAIPSKEeHNUsI, TEMIIepaTypa U TEIJIOBOHM
IIOTOK Ha JIEBOM KOHLE T = T7:

u(xy,t) = wyexp (—iwt), O(x1,t) = 0y exp(—iwt), o (x1,t) = pc’p; exp (—iwt),
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OmpenenuTh TeMIepaTypy Ha JPYroM KOHIE * = To:  O(x2,t)

Jlst perierust 9TUX 33434 UCIOIH30BAIACH TPOCTPAHCTBEHHO OJHOMEPHAS MOJEIb CBA3AHHON Tep-
moympyrocru [1,2], s KoTopoii Jyist CTepKHEBBIX KOHCTPYKIHit B pabore [3] mocTpoena cucrema jn-
HEWHBIX aaredpanvecKux yPaBHEHUI, CBA3BIBAIONIAd TPAHNYHBIC 3HAYCHU MEPEMEIeHU 1 TeMIepa-
TYpBl M WX MPOM3BOJHBIX HAa KOHIAX CTepKHs. B pabore [4] pemrer psaj mpsMbIX KPaeBbIX 3ajad.
3/1eCh, ¢ MCIIOJIB30BAHUEM 3TON CHCTEMBI, TIOCTPOEHA PAa3PeIaroIiasi CUCTeMa, [1jisi TTOCTAaBJIeHHBIX 06-
paTHBIX KpaeBbix 3aja4d. lIposeiena kommnboTepHas peasu3zanus B cucreme MathCad-14 npu Huzko- u
BBICOKOYAaCTOTHBIX KOJ'[e6aHI/I$[X. PaCLIeTI)I MOoKa3aJIn BbICOKYIO TOYHOCTbH BbIUUCJAECHUIA. HOCKOHbe JIFO-
bole nepuonyeckue KoJiebaHus, CTOIb PACIPOCTPAHEHHBIE HA MPAKTUKE, MOXKHO Pa3JI0XKUTb B Psi/bl
Qypbe, U pacdeThl 0 KaXK, 0¥ TApMOHWKE PsiJia TPOBOAUTE [0 Pa3pabOTAHHOMY aJTOPUTMY, 3T METO-
JAMKa pacYdeTa MOXKeT MCIOJJIb30BaThCAd AJ49 MHOTHUX MH2KECHEPHBIX 3a/1a4. PaSpa6OTaHHbI€ KOMITBIOTEP-
HbIE TTPOTPAMMBI PACUeTa TEMIIEPATYP, MepeMenteHuit, redopMaruii 1 HANPSIKeHNl BHYTPU CTEPIKHS
TTO3BOJIAIOT OIEHUTHL MPOYHOCTHBIE CBOMCTBA CTEPKHEBBIX KOHCTPYKIUI, PAbOTAIONINX HA MTPOI0Th-
HbI€ PACIIUPEHNUS U CXKATHS, JTOTMYCTUMbINH JTHATA30H YacToT KojebaHuil HaIps2KeHuit U TeMIeparyp u
BHEITHUX CUJIOBBIX BO3EUCTBWIA.
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KPAEBBIE SAJTAYN JIMHAMNMUKUI AHN3O0OTPOIITHOI'O VIIPYI'OI'O
ITOJIVIIPOCTPAHCTBA 11PN JENCTBUNU TPAHCIIOPTHBIX
HAT'PY30K
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Cpenu 33144 AMHAMUKHU CILIOIIHBIX CPeJ 0COOBIN KJIACC COCTABJILAIOT TPAHCIOPTHBIE 331449, CBs-
3aHHBIE C ABUKYIINMUCA HArpy3kKaMu, popMa KOTOPBIX HE MEHSIeTCs ¢ TedenueM Bpemenu. Ilpu atom
CKOPOCTh UX JBUYKEHUS CYIIECTBEHHO BJIUSET Ha THT AUM@EpPEHINATbHBIX YPaBHEHUN, TapaMeTpu-
YeCKW 3aBUCAIMINX OT OTHOIEHWS] CKOPOCTU JBWUKEHWSI HATPY3KMW K CKOPOCTSIM PACTPOCTPAHEHUST BO3-
MYIIEHHU B Cpejie, KOTOPBIX MOXKET ObITh HEeCKOJbKO. Cpeu TPaHCIOPTHBIX HAIPY30K 0coboe MecTo
3aHUMAIOT CTAITMOHAPHBIE, KOTOPbIE MBUKYTCH C TIOCTOSHHON CKOPOCTHIO B (DUKCUPOBAHHOM HAIIPABJIE-
HUU. DTOT KJIACC 3aJia4d JIaeT BO3MOXKHOCTb UCCJIEI0BATh Tu(pPaKINOHHBIE TTPOIIECCHI B YIPYTOil cpejie
B AHAJUTHYIECKOM BUJE B JO3BYKOBOM, TPAHC3BYKOBOM W CBEPX3BYKOBOM ciyuae. OH OUEHb BaXKEH
JIJId M3y4YeHUsl BJAUAHUSA JBUKYIIETOCS TPAHCIOPTa Ha HOJICTUIAIOILYI0 IIOBEPXHOCTH B OKPECTHOCTHU

Pabora noguepxana rpanrom AP05132272 KH MOH PK.
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JIBUZKYIIEroCs TPAHCIIOPTA, & TaKyKe MeHEPUPYEMOro UM CEHCMUYEcKOro BO3IEHCTBIS Ha PACIIONIOKEH-
Hble BOIM3YW HETO HAa3eMHBIE COOpPyXKenusd. B pabore Ha ocHOBe 0H0DIIEHHOTO MPAMOTO W OOPATHOTO
npeobpazosanust Pypbe n Teopun AuddepeHInANbLHbIX YPaBHEHU TTOCTPOeHbl (PYHIaMEHTaIbHBIE
peryaspHbIe PeNIeHrsT TPAHCIOPTHONR KpaeBoil 3aJa4m i AaHU30TPOITHOTO YIPYTOTO MOJIYIIPOCTPAH-
CTBa IPY JIBUZKEHUH I10 €ro MOBEPXHOCTH TPAHCIOPTHON HArpy3ku. PaccMoTpeH J103BYKOBOI Ciydaii,
KOT/1a, CKOPOCTh JBUYKEHUS MEHBIIE CKOPOCTH pacnpocrpanenusd yupyrux BojH. [locrpoen Tenzop ['pu-
Ha CTAIMOHAPHON KpaeBoil 3ajadd W Ha ero OCHOBE PellleHne KPaeBoi 3aadu /I MIHPOKOro KJacca
pacIpe/ie/leHHbIXA TPAHCIIOPTHBIX HAIPY30K.

IlocTranoBKka 3amayun

PaccMoTpuM aHM30TPOITHYIO YIIPYTYIO CPELY, 3aHUMAIOILY O TTOJIyIPOCTPancTBo 1 > 0, 0bozHadanm
wepes n(z) = (—1,0,0) - eMHTYABIT BEKTOpP BHeMHeH Hopmasn K ero rparnie D = {x € R3 : 21 =
0}. I'parnunbie TpaHCIIOPTHBIE HATPY3KU P(x,t) MBUXKYTCS ¢ MOCTOSTHHONW CKOPOCTBIO ¢ BJOJIb OCH X3
TPOTHBOTIOIOXKHO ee Hanpasyenmio: P(x,t) = pcpy (w2, 23 + ct)er,. KoOMIOHEHTE Ter3opa HampsKenuit
0j;j CBSI3AHBI C IepeMentennsMu 3aKonoM ['yxka [1]:

Uij(a?,t) = Ci’?lumJ(x,t) (1)

31echk U BCIOAY jlajee 0 OJHOUMEHHBIM WHIEKCAM MTPOW3BOIATCS TEH30PHBIE CBEPTKU. JacTHBIE TIPO-
U3BOJIHLIE [I0 COOTBETCTBYIOMIEH KOOpAUHATE 0003HAYAIOTCS HHIEKCOM TIOCJIe 3alsITol: u; ; = Ou;/0x;,
di; - cumBon Kponexepa, t € (—00,00). PaccmaTpuBaeTcst yCTAHOBUBINEECS JBUKEHUE, UTO MO3BOJISIET
TMepedTH B TIOABUKHYIO CHCTEMY KOODMHAT, CBSI3AHHYIO ¢ TPAHCIOPTHON Harpyskoit. O6o3naunm HO-
BYIO HOJABMAKHYIO CHCTEMY KOOPAMHAT uepes & = (1,&9,2), rae z = 23 + ct. Ilpeanonaraercs, 4ro
KOMITOHEHTBI TPAHCIOPTHON HATPY3KHU JOMyCKAOT mpeobpazoanne Pypre.

YpaBHeHus TBUKEHUA JJId TePEMEIeHnit yIpyroro MoJTyIPOCTPAHCTBA B MOIBUKHON CUCTEME KO-
OPAMHAT OMHUCHIBAIOTCI CUCTEMOI audypepeHIuaJIbHBIX YPABHEHNN ¢ TOCTOSHHBIMEA KOI(DMUITIEHTAMEI
BTOPOTO MOPAJKA:

Lij(aaflv 8552732)%(361,332, z2) =0 (2)
Lij(0x1, 033, 0z) = CJ} 0ty Oy — 6;5pc® Os

B anmsorpomnnoft ynpyroil cpeie CKOPOCTb pacHpPOCTPAHEHUs YIPYTUX BOJH 3aBUCUT OT HAIIPABJIEHUS
dpoHTa BOJTHBI [2] O06o3HaUNM Yepe3 ¢, MUHUMAJIbHYIO U3 HUX. BO3MOXKHBI PA3HBIE CJIYUaM JBAXKEHUS
TPAHCIOPTHON HAIPY3KH, B YaCTHOCTH: J03BYKOBOI ¢ < €, U CBEPX3BYKOBOH € > Cy. 3]1€Ch paccMOT-
PUM TO3BYKOBOI Caydail, XapaKTepHBI 118 TPAHCIOPTHBIX 3a/1a4. T pebyercs HaiiTu pereHne 3a,1a4u,
Y/IOBJIETBOPSIOIIEE YCJIOBHIO 3aTyxanns Ha beckonewynoctn: u — 0, npu 1 — 400 aubo z — £oo n
VCTIOBUAM U3JIYUEHU, 3aBUCSIIIM OT CKOPOCTH.

Teunzop I'puna kKpaepoii 3aga4uu s permenns ToCcTaBAeHHOM 3aJaY1 TOCTPOUM Ten3op I'puna
H(m,z) KpaeBoil 3324l B HOABUXKHOI cHCTEME KOOPAUHAT, CBA33HHON C TPAHCIOPTHON HArpPy3KOi.
LIt ero ompesiesieHnsl UMeeM CJIEIYIONIYI0O KPAeBYIo 3a1atdy.

Haiiti TensopHoe perenne ypasHenuit (2):

CZ-LZHI,;,U — chHi-fzz =0
B obgactu x7 > 0, KOTOpPOe [IOKHO VIAOBIETBOPATH YCAOBHIO 3aTYXaHWd HA OECKOHEYHOCTHU
(21, 292,2) — 0 mpu ||(x1,22,2)|| — 0. [lopoKTaemelii UM TeH30p HAIDSKEHHH BHIYUACIACTCS Ha

J
ocHose 3akona ['yka (1):

Y (w1, 0, 2) = Cﬁcﬂﬁ = S;k(axl,axg, 021 (21, 2, 2)

37ech BBEIEH TEH30PHBIN OIepaTop S;.k (0x1,0x9,0z) = C%@l. Tenzop HaIpPsKEHUH TOKEH YI0BJIE-
TBOPSTH CJIEJIYIOIIUM CHHIYJIAPHBIM yCJIOBHSAM Ha CBODOIHO# roBepxHocTn 1 = 0:

= S;k(axl, Ox2, 02)I}" (z1, 32, 2) = 0;"6(72),d(2),

rae 6(x;) - obobrmennas cunryiaspras dbynkinus lupaxa. Bepra cienyiomnias reopema.
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Teopema.
Tenzop I'puna I1(x, 2) 103ByKOBO# TpaHCHOPTHON KpaeBoli 3ajadu JJisi aHU30TPOITHOIO VIIPYTOrO
HOJIYTIPOCTPAHCTBA HMEET CJIeNyIolllee HHTErPAJILHOE MIPEACTABICHNIE:

Nj(n,¢,m)

A, C.m) exp(—inxe —iCz)d{dn

3
I (21, 29, 2) = (27) "2 / S (,0)

R2 Jj=1

[Ipu ¢ < cg BCe nombIHTErpaIbHBIE (PYHKITMN HEIPEPBIBHBI U IIPU L1 > () 9KCIIOHEHIIMAIBHO CTPEMATCS
K Hya0 10 (1, () Ha GeckoneunocTr. [losTOMY MHTErpasbl CYIMIECTBYIOT U YIAOBJIETBOPSIOT YCJIOBHIM

zaTyxanng Ha beckoHedHOCTHU. /i BBIAUCICHNS HANPSIXKEHUN UCIOIB3yeM TeH30D (hYyHIAMEHTATBHBIX
o m o .
HaIpsyKeHnit X k> TIOPOXKIAEMBIl TEH30POM ['puna ajg ynpyroro moaympoCTPaHCTBA:

m __ Alnyrm
ik — Cjkz l,n

u ero HenojHyt TpancdopmanTy Oypbe:

ST (a1, T2, 2) = (2W>2/E;7g(551777, ¢) exp(—i(nx2 + C2))d¢dn
R2

KOTOPBI#l ONUCHIBAET HANPSYKEHUS B YOPYToM IOJyIPOCTPAHCTBE NMPU JABUMKEHUU COCPEJIOTOYEHHOMN
CHJIBI B HAIIPABJEHUW OCH 2, HATIPABJIEHHON BJIOJb OCH Lpy,.

Ha ocmose momyduennoro Temzopa ['pura KpaeBoii 3aj1aum JJisT YIPYTOTO MOJYIPOCTPAHCTBA, OIH-
CBIBAIOITIETO JIBMKEHWE COCPENOTOYEHHON Ha OCH HATPY3KHW, ABHKYIIEHCT 10 TOBEPXHOCTH TOJIYIPO-
CTPAHCTBA [MOCTPOEHO pellleHne KpaeBoil 3a/1a4u Jj1sd pacipe/ieJleHHBIX 110 IIOBEPXHOCTUA TPAHCIOPTHBIX
marpy3ok. [Ipencrasiennoe perenre mo3BOAIET WCC/IEA0BATEH ANHAMUKY YIIPYTOT'O MAaCCUBA MPH JIBU-
2KeHUH 110 ero MOBEPXHOCTU TPAHCIOPTa Pa3/IMYHOI'0 HA3HAYEHUS.
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HAIIPAKEHHOE COCTOAHUE N ITPOYHOCTDb JIEMEHTA
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B umxkenepHo#l TpakTUKe IpU pacderax PacCMaTpUBAIOTCS, KAK TPABUIO, YIPYTO AehopMupyeMbie
3/IeMeHThI TPYOompoBomoB. BMmecTe ¢ TeM, ¢ pOCTOM BHEITHUX HATPY30K MATEPHUAJ TOJICTOCTEHHOTO JJIe-
MEHTA TIEPEXOJIUT B YIPYTOILIACTUIECKOE COCTOAHNE. BOMBITUHCTBO TPYOOIIPOBOIOB IKCILIYATHDYIOTCS
IPY JJIATETHHOM JIeHCTBAN MOBBIIMIEHHBIX HATPY30K C arpPeCCUBHBIMU pabodnmu cpegamu. Koppo3unon-
HOe BO3/IeliCTBHE arpecCHBHOM TTepeKadInBaeMOil cpebl TPUBOAUT K MOBpeXKAeHnio MaTepuaia. IIponc-
XOJIMT PA3YIPOYHEHNE IJIEMEHTA, IPUBOJIAINEE K CYIECTBEHHOMY CHUKEHUIO €10 TTPOYHOCTU U HECYTIet
C1II0COOHOCTH, ITPEK/IEBPEMEHHOMY BBIXO/ly TPYyDOOIIPOBOIA U3 CTPOS.

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 155

B nacrosieit pabore uccaenyercd HAPSKEHHOE COCTOsIHNE, TPOYHOCTh W HECYIas CIOCOOHOCTH
YIPYTOIJIACTHYECKOTO 9JIEMEHTA TOJCTOCTEHHOTO TPYDHOIIPOBO/A B YCIOBUAX CHJIOBOTO W KOPPO3UOHHO-
T'0 BO3/IeCTBUS, IIPUBO/IAIIECIO K Pa3ylIPOYHEHUIO MaTepuaJja B IIACTUYECKON 30He.

[Ton neiicTBUEM BHENTHUX HAPY30K MATEPHUAJT 3JEMEHTa HAXOIUTCSA B YIPYTOMLIACTHIECKOM COCTO-
sitiun. KOppo3uoHHOE BO3EMCTBIE arPECCUBHON paboueil ¢pejibl COBMECTHO € MOBBIIIEHHBIMU CTATHIE-
CKUMU HAMTPAKECHUAMU TPUBOJUT K TTOABJIEHUIO B MJIACTUYECKON 30HE 3jIeMeHTa MHOXKeCTBa ,Z[ereKTOB
M MAUKPOTPEIINH, B PE3YILTATE Uero MOCTEMEHHO CHIYKAETCA MpeIesT TUIACTHIHOCTH MaTepuaia. B pabo-
T€ CHMXKEHUNE MPOYIYHOCTHBIX CBOMCTB MaTepHuaJia B MPOIECCe HaATrPYXKEHNA BCICACTBUE HAKOILJICHUA T10-
BpexXKJIeHUi U JIeeKTOB YUNTHIBACTCS Yepe3 CHENuaIbHy 0 (DYHKIMIO pa3ynpodHeHus (IIacTHIecKoi
neoguoponuoctn) K, = K, (r,ro,0,0) B ucnonbsyemom yciaosun miacruanoctu Tpecka-Cen-Benana.
3nech K, — KO3 DUITHEHT CIEIeHNs MATePHaa; 7, 6 — ToIapHbIe KOOPAWHATHL; 7'y, § — OCECHMMETPHY-
HBIM 1 HEOCECUMMETPUIHBIA mapamMeTpsl HArpyKenud. [Ipu 5ToM caMma maacTuueckas HeOIHOPOTHOCTh
MEHSIeTCsT B 3aBHCHMOCTH OT 33/IaHHBIX TPAHUIHBIX YCJIOBHI W TIOCTAHOBKY 3ajadn [1].

B ocecummerpuuHOM COCTOSHWEH TOJICTOCTEHHOTO 3jeMeHTa (hYHKIMS PABYIPOIHEHUS B ILIACTHU-
weckoit 30me KO 3aBHCHT OT TeKyImero paamyca r W yIPYrOILIACTHYECKOro pajmyca ro @ KO(r,rg) =

K. (r,r9) = (Ko — K1)f(r,7m0) + K. 3necy Ko u Kj — 3Hauenne npoYHOCTH MaTepuasa Ha BHYTPEH-
HeM KOHType 3/7IeMeHTa ao ¥ Ha IPAHHYHOM pammyce ro, f(r,709) — HEKOTOpOe sIpo cO CBOHCTBAMH
f(ao,1) =1, f(ro,m0) = 0. B kauectse ampa f(r,r9) MOXKHO HIPEHATE AP0 [2], XOPOITIO OMHCHIBATOTITCe
pasynpodHeHre MaTepuaJa B mporecce Harpyxkenus. OHO uMeeT Buj (n — mapaMerp HeJIUHeHHOCTH,
n n n
ag — BHyTpenuuit pajguyc) f(r,m9) = M.
(1 —af)

PaccmoTpens! ocecuMMeTprudHasi (paBHOMEPHOE BHEITHee JABJICHUe) 1 HeOCECHMMeTpHIHas (Hepas-
HOMEDHOE 0 KOHTYPY HAPYKHOE JaBJIeHNEe) YIPYTOMJIACTHYECKIE 3a/1a9U B MOCTAHOBKE ILJIOCKOM J1e-
dopmarmu. 3aaun pereHbl METOI0M COBMECTHOI'O UCHOIB30BAHUSA CTATHIECKUX U (DUBHUECKUX YPaB-
HEHUH /I8 PACCMaTPHUBAEMOTO yIPYTOIJIACTMYECKOTO MaTepuaia. B HeocecnMMeTpuYHOM 3a/1a4€e [pu-
MEHEH MeTOJ] BO3MYIIEHNH B TEOPUHU yIPYTOIIACTAYIeCKOro Tea [3].

Jlana orenka MPOYHOCTH M HECYIeH CIoCOOHOCTH TOJICTOCTEHHOTO JJEMEHTA NPU KOPPO3UOHHO-
cumoBoM Bosneiictun. V3ydensr 3asucumoctn AP = AP(rg) MexXy BeJIHINHON PABHOMEPHOTO J1aB-
neansgs AP = Py— P v pagnycoM MacTuIeCKO# 30HbI T IPY PA3IMIHBIX TTApAMEeTpax ag, n, ¥ = Ko/ K.
Bce 3111 3aBHCHMOCTH UMEIOT TOYKH MaKCUMyMa ¢ abciuccoit 7o = rg < 1 BHYTpH CTeHKH TPyObhI, XapaK-
TEPUBYIONTNEe MOMEHT TIOTepH ee Hecyre crocobuoctr. COOTBETCTBYIOMME TOUKE MAKCUMYMa TABICHUTE
AP, m paanyc 7, SIBASIOTCS TPEAETIbHBIMHA JIJIsT PA3PYIIEHNsT TOJCTOCTEHHOTO saeMenTa. [lomydenisre
PE3y/AbTATBl MOTYT CAYKHATH OObLIACHEHUEM SBJICHUS IPEXKICBPEMEHHOTO Pa3PyIIeHUs KOPPO3MOHHO
ITOBPEK/IEHHBIX JIEMEHTOB KOHCTPYKITHIA.

BaBrCcHMOCTL MeXK /Iy BHeIHuMEI Harpy3kamu P, Py u pagnycom ro obosuaunm kak g(P, Py, ro) = 0.
Torna cymecTBoBamne TOYKA MAKCHMYMa, HA HHTEPBAJIE ag < Tg < 1 BHIPArKaeTCd B BUIE JOIOJHATE b
Horo ypastenust 0g(P, Py,19)/0rg = 0. Hecymias criocobHOCTH 9/1eMeHTa B 0CECUMMETPUYHOM CJIyUae
omnpeeasieTcst U3 AByX ypasaenuit g = 0, dg/0rp = 0 : cHadaga HAXOJAUM KDPUTHIECKHUI PATIUYC Ty, &
3aTeM KPUTHYECKHE HATPY3KHU, TIPU KOTOPHIX IJEMEHT Pa3PYIIaeTcs.

B HeocecMMMETPHYHOM CIydae ypaBHEHHe IPAHUIbBI IIACTHICCKON 30HBI 7'y TIPUHAMAECT BUJL T's =
ro(1 + d0p(ro) cos 20). Baeck p(rg) — aHATMTHYECKOE BhIPAXKEHNe, MOJIyueHHOe [IPU PEIeHn: 3aadi.
Hecymas crmoco6HOCTB 31eMEeHTa B HEOCECHMMETPUYIHOM CJIydae MOYKET ObITh OIpeJeaceHa U3 ypaBHe-
wuit 7, = ro(l + 0p(ro)) u g = 0. Haxoaum cHavasma pajguyc ry, a 3aTeM KpUTHYeCKHe HArpPy3KH, IpH
KOTOPBIX TJIACTUYECKasi 30HA JOCTUTHET HEKOTOPBIX "Kpurtuyeckux' ToUek 3jieMeHTa. DTU TOUYKUA Ha-
XOJATCA BHYTPH 3JIEMEHTA Ha KOHTYDPE Ty B HAIIPABJICHUAX MUHUMAJIBHOTO HAPDYZKHOTO JaBJICHUA Pmin.
B pabore nokaszano, 4To pasylpodYHEHHas (HEOTHOPOJHAS) [JIACTHYECKAsl 30HA MMeeT GOJIbIINe Pa3-
MepBI, 9eM OJIHOPOHAS IJIACTUYIECKAasa 30HA. [Ipy 9TOM pasynpodHeHne MaTepUasa 3aBUCAT HE TOJIBKO
OT pPa3sMepoB IIACTHIECKOH 30HbBI, HO U OT OPUEHTAIUY €€ IPAHMUIBI.
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NCCJIEJOBAHUE YCTOMYNBOCTU B KPUTUYECKOM CJIVUAE
m-ITAP KOMIIJIEKCHO-COIIPAKEHHBIX MVYJ/IBTUIIJINKATOPOB
OTOBPAZKEHUA IIVAHKAPE

KaJIEH BAITAEBY®, Cas CJIAMYKAHOBA??
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B pabore nzyuaerca 3amaga 06 ycroitanpoctn orobparkenus [lyankape, HE3aBUCAIIIETO OT TAPAMET-
POB, B IPEJIIOJIOXKEHUHT, YTO MATPUIIA JIMHEHHOTO TTPUOIMIKEHUS UMEET M-T1ap Pa3JINIHBIX KOMILIEKCHO-
COTIPAKEHHBIX MYJIBTUILINKATOPOB, KOTOPBLIE JIeZKAT Ha e,ZLI/IHI/ILIHOI;'I OKPY2KHOCTH.

IIpu sToM mpeAmnoIaraeTcsi, YTO B OTOOPAXKEHUU OTCYTCTBYET BHYTPEHHUN PE30HAHC.

Hccnenosanue ycroitauBoctn aBTOHOMHBIX oToOparkeruti Ilyankape. B atom ciaydae orobpazkenue
OLUCBHIBACTCA CJICAYIOLICH PA3HOCTHO-ANHAMUYECCKON CUCTeMOM

Tnt1 = Axy + f(xn), n € Zy. (1)

Buecw x, € R!, A - xBagparnas marpuna pasmepuocru | X [, f(z,) — anammrnaeckas BeKTOpP-Dy KIS

BUJIA,
o @]

f(an) = Z f(k)(xn)a f(k)(xn) = Zf(k)(xn),

|k|=2 k|
rae fF)(z,) = frak — dbopma k-ro nopsiaka. Usywaercs yeroiiamocts (1) B KPHTHUECKOM CIydae,
korga Marpuna A mveer m-nap (2m = [) KOMILIEKCHO-CONPSIZKEHHBIX COOCTBEHHBIX YUCET BUA

A = 6i4‘0k, Xk — ¢ ¥k,

Hopmasibnast cpopma orobpaxenus Iyankape (1). He napymas o61mHOCTH, MOXKHO CIUTATH, YTO B
cucreme (1) x,, € R™. Ilpenmonaraercs, 970 B 0TOOPaXKEHUN OTCYTCTBYET BHYTPDEHHUI PE3OHAHC, T.€.
BBITIOJTHIETCI YCIOBUE

> kjpj # 0 (mod2m) npu Y |k;| # 0 k; € Z. (2)
j=1 Jj=1
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Tpebyercst mpeobpazosanune orobpaxkenus (1) K crenunaapbHON HOpMAJIBbHON dhopMe, UMEOIIeit Tpo-
CTYO CTPYKTYPY JJisl PA3HOCTHO-IMHAMIYECKOI CHCTeMbI, IPeIIozKeH bl B paborax [1-5]. s Henpe-
PBIBHBIX aBTOHOMHBIX CHCTEM TO0OHBIE TPeoOpa3oBaHus MPUMEHSIINCH MHOTHME aBTOPAMH, 0030D
paboT KOTOpHIX cojepxkutcs B pabore A. Bprowo [6].

Teopema 1.

Hycre Bemonasercs npeamnonoxenne (2). Torna orobpazkenune Ilyankape ¢ HOMOIIBIO aHAJTATHIE-
CKOro peobpa30oBaHus MOXKET ObITh NPHUBEICHA K HOPMAaJIbHOH popme.

Teopema 2.

Ecnm orobpaxxenne (1) anamurwaeckny npeobpa30BaHueM TIPUBOJUTCS K JIMHEHHOMY, TO TTPE0opa-
30BaHHE CXOJUTCSI B HEKOTOPOM KDYI'€ B OKPECTHOCTH HYJIS.

Teopema 3.

Ecnn cpean xospunmerToB B HOPpMaIbHOH (bOpMe HUBIIETO TTOPSIAKA OTOOPAKEHUS €CTh XOTST OBl
OJTMH MOJIOXKHUTEJIbHBIH, TO HyJIeBoe periieHue orobparkenus llyaHkape HeycTOHYHBA.
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OB OBPATHON 3AJAYE IIOCTPOEHIA CTOXACTUYECKUX
ANPPEPEHIINAJIBHBIX YPABHEHNUN 1 ®YHKIINY CPABHEHNA
ITO SAJAHHBIM CBOVNCTBAM JIBUKEHU 1

I'yamMuPA BACUJIMHAL2e, MapaT TJIEYBEPITEHOB!3?

I MTHCTUTYT MATEMATUKN U MATEMATUYECKOTO MOJE/JIMPOBAHNS, AJIMATH, KA3BAXCTAH
) )
2 AIIMATUHCKN YHUBEPCUTET SHEPTETUKU U CBSI3U, AJIMATHI, KABAXCTAH
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Tlo 3amamHO porpaMMe IBUKEHWsT
A(t) = Ay, t) =0, (1)

rie A € RE, y € R™, k < n, TpefyeTcst HOCTPOUTH MHOMKECTBO CTOXACTHIECKUX yPABHEHHIl JIBHKEHIS
MaTepHaJbHON CUCTEMbI

J=Y(y,t)+o(yt) &€ RF, (2)

B KJIACCE yPABHEHUI, JIOMYCKAOIINX JIJIs 3a/JaHHbIX HAYAJIbHBIX YCJIOBHI Y|i—¢, = ¢(to) cymecrBoBanne
U eIUHCTBEHHOCTH JI0 CTOXACTHYECKOW SKBUBAJEHTHOCTH DEIIEHWsI YpaBHEHUs (2) W MHOMXKECTBO S-
MepHbIX BeKTOp-dyHKIMi Q(y,t), 10 OTHOIIEHUIO K COCTABJISIIOIIMM KOTOPBIX MMEeTCsl yCTOHIMBOCTh
[0 BEPOSATHOCTH MHOXKeCTBa (1).

Baech £(t) = w(t) + [pn c(y)P(t,dy) — caydaiinbii mpomece ¢ He3aBACHMBIME TPHPAIIEHISME, T7e
w(t) — BumepoBckmii mporece, P(t, A) — myaccoHOBCKHiT mporece Kak (GyHKIWs ¢ U MyacCOHOBCKAsI
croxacTuueckasi Mepa kak (pyHkuus muoxecrsa A, a ¢(y) — Bekropuas ¢dynknusi, orobpazkaromnias R
B IPOCTPAHCTBO 3HAUEHUI mpotecca &(t) mpu Kax oM t.

ITpuBeneHHas TTOCTAHOBKA SABJISAETCS 00OOOIIEHNEM 3aJadr, PACCMOTPEHHON paHee B KJIacce OObIK-
HOBeHHBIX TuddepenHmaibHbIX ypasHenuii B padorax [1,2].

[peamonozxkum, ato B okpecraoctu Ap(t) € R"

Ap(®) = A, B < h, t > to, (3)

rang{g)\} = k mpu Bcex y € Ay, t > .
Y

MHOX)eCTBO ypaBHEHUIT BOZMYITYHHOTO JBUKEHUS, [T KOTOPBIX 3ajanHas nporpamva (1) ssis-
eTCsT OJHON M3 BO3MOMKHBIX, MOXKET OBITH IPEICTABICHO B BHIE

A= ANy, t)+ By, ), (4)

rae A(\;y,t) — Bekrop-dyukimst, B(\;y,t) — n X k-marpura tuna Epyruna, yaoBIeTBopsoIme yeio-
suio A(0;y,t) =0, B(0;y,t) = 0.
PaccMoTpuM HenpephiBHBIE S-MepHbIE BeKTOp-GyHKIunu Q (A, t) yI0BIETBOPAIONIAE YCIOBUIO

[zl < BAIAD, B € K, (5)

rae x = Q(A(y,t)) — Q(0,t), 1 < s < n.

ITpuBesem ciaemyomume OnpeeeHus:

Onpenenenne 1. [3]

@Oyuknus a(r) HaszpiBaercsa ¢yakmnuei kiaacca Xana (a € K), ecim 0oHa HEMpepBIBHA, CTPOTO BO3-
pacraromiast u yjosiaersopser yeaosuro a(0) = 0.
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Onpepesienne 2. [4]
IIporpammuoe muOroobpasue A (1) ypasuenns (2) Ha3pIBAETCS pP-yCTOMYUBBIM 110 BEPOSITHOCTH,
ecsn

lim P, {su @(to),to 1), A(t)) > e} = 0.
p(e(to),A(to))—0 0{t>g oty (t), A1) }

Hmeer mecTo

Teopema 1.
Ecnn B okpecrrocrn (3) murerpambnoro muoroobpasus (1) cymecrsyer ¢gynxums Jlamynosa
V(A y,t) co coiicTBamu
a([[AD) < V(Ay,8) < b(IA), a,b€ K,

LV < —c(||A]]), c€ K,

TO UMEET MECTO ACHMITOTHIECKAS YCTOHIHBOCTH 10 BEPOSTHOCTH HHTErPATBHOrO MHOroo6pasus A(t)
OTHOCHTEJILHO IPOU3BOJIBHON HENPEPHIBHOH Mo A U t s-MepHoi BekTop-yHkmun Q(\,t) yaoBiaeTBopsi-
romeit yenosuro (5), 1 < s < n.

Baecy L — mpowusBojsmuit omneparop mporecca &(t).

Paccmorpum MHOXKeCTBO m-MepHbIX BekTop-byHkuuil Buga Q(t) = C(t)A.

ITycTs ypaBHeHne BO3MYIIYHHOTO ABUKeHWsT (4) B MEpBOM TPUOIMIKEHUN UMEET BYT

A= A; ()N + Az (N, t) + BE.

Paccmorpum dyuknuio JIsmyrosa V(A) = (A, \) u n-mephyio Bekrop-byskimmo Q(y,t) = C(t)\, tae
A=y —@(t), tak uro z = Q(y) — Q(p(t)) B 910M YaCTHOM Ciryuae UMeer BU/|

x=C(t)A.

IIpenmonoxum Takxke, 4TO

1) marpura AT (t) + Ai(t) — ompenendmHo oTpunATeNbHA, BeKTOP-DYHKIHA A yIOBIETBOPSET
yenosuio || Az[| = o([[A[]);

2) marpuna C(t) = — HEePEpLIBHA, OTPAHUYeHa TPU BCexX t > 1.

)

Torya u3 cpoiicts 1), 2) n reopemsl 2 u3 [5] BeITEKAET

Teopema 2.

Ecin menpepsisusie marpuipl A1(t) u C(t) rakue, 4ro BbimoHsOTCS yeaoBus 1) u 2), 10 umeer
MECTO YCTOHYHBOCTH 110 BEpOSATHOCTH JBrzkeHuss A = y — ¢(t) = 0 (1) cucremsr (4) orHOCHTEIBEHO
npousBobHBIX BekTOp-hyakmuii Q(y,t) = C(t)\.
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OB OJHOM MOJEJN KNCJIOTHON OBPABOTKU IMPU3ABOVHONI
30HBI [IOPOVIIPYT'OI'O IIJIACTA
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L3.4ABEATOPOICKUI TOCYIAPCTBEHHBIN HAIIMOHAIBHBIN HCCJELOBATEILCKUIT
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Ha cerogmsimunit meHb J/1s1 MOBLIMIEHHST (DUIBTPAINHOHHBIX XAPAKTEPUCTHK MPH3A00MHON 30HbI
IJTaCTa C IEJbI0 YBEJIUYCHUA NTPOU3BOAUTE/IHBHOCTU ,ZLO6BIB&IOH_[I/IX n IPpUEeMHCTOCTH Hal'HETATEJIbHBIX
CKBaXWH CYIIECTBYET JOBOJIBHO MHOIO CIOCOO0B 00paboTKM I'pyHTa: KHUCJOTHAsA obpaboTka, TUjpo-
neckocrpyitaas nepdoparus, Bubpoodbpaborka, TepmMoobpaboTKa, rupaBindecKuii pa3pbis mwiacra [1].
HawnbGoJstee 1acTo mCIonb3yeTcs MepBhIii CIIOCO0 PACTBOPEHHUs MIOPO/I CMECSIMU Ha OCHOBE COJISIHON KHC-
JI0ThI (BblIEIa MBaAne ). TaKol IPOLECC CONPOBOKIACTCA TEPMUIECKON peaknuedi, crrocobcTByonieit
YCKOPEHUIO M3MEHEHWsI TeOMeTPHUN MOPUCToii cpepl [2].

MSBeCTHbIe MATEMATUYICCKNEC MOJEC/IN BBIMIE/JIAYNBAHNA TBEPABIX MATEPUAJIOB OIIUCBIBAIOT IIPOIECC
TOJILKO Ha MakpockomundeckoM yposae (Darcy-scale). Kaxkmgas Touka TBep/oro ckejera u KUJAKOCTH B
HOpax [peJcTaBieHa Kak ciuiomHas cpeaa [3, 4, 5. Mbr 6y/jeM uCHoib30BaTh 110/X0/1, ONNCAHHbIA B
paborax 6] u [7], rme mpenaraeTcst BBIBOAUTE YPaBHEHUS TIOPOYIIPYTOCTH HA OCHOBE 3aKOHOB MEXaHUKH
CILJIOLIHBIX CPEJ U METOAOB yCPEIHCHUS.

Hacrosmas pabora mocBsimmera MaTeMaTHIeCKOMY OIMMACAHUIO IIPOIIECCa BRINEIAUNBAHMISI B YIIPYTOil
mopucToii cpeje. [lpemaraercs, B epBy0 ouepesb, ¢hOPMYIUPOBATE 33/1a9y HA MUKPOCKOTTUIECKOM
YPOBHE, ONMPAasiCh HA OOMIEITPUHSATHIE 3aKOHBI MEXAHUKH CILIONIHBIX Cpell [8] n m3BeCTHbIE XUMUIECKHE
sakonsl |9, 10]. BaTem, HCIOIB3YS METO/IbI YCPE/IHEHNUS, BLIBECTH MAKPOCKOIIMYECKNE aHATIOI Y HCXOIHBIX
YpaBHEHUI.

Coraacno |7, 11, 12|, paznnunbie 3a/1a9u MEXaHUKNA CHIBHO HEOJHOPOIHBIX CPEJl U KOMIO3UTHBIX
MaTepPHAJIOB IPUBOIIT K HEOOXOIUMOCTH MOCTPOEHHUST YCPEAHEHHBIX MOJenel A 9TuxX cped. Tpeby-
eTCs TTOCTPOUTH MOENTh CPEIbl, JIOKAJBHBIE CBOHCTBA KOTOPOH PE3KO MEHSIOTCS, W TO0ITOMY yaobHee
MepedTH OT MHUKPOCKOINYIECKOTO €€ OMMUCAHUS K MaKpPOCKOIIMIECKOMY, T.€. PACCMAaTPUBATh YCPEIHEH-
HbIE XaPaKTePUCTUKU Takoi cperbl. Bo MHOTMX Ciaydasx paccMarpuBaeMmble (DU3UIECKHE TPOIECCHI
B CHJILHO HEOJHOPOIHBIX Cpelax OIMCBHIBAIOTCS YPABHEHHSIMH C YACTHBIMU [IPOM3BOAHBIME, IPUIEM
CUJIbHAS HEOTHOPOIHOCTH STUX CPeJ NpuBOAUT K AuddPEePEHITNATBHBIM YPABHEHUIM C PE3KO M3Me-
HAOmuMuca Koahgdunuentamu. HemocpencTBenHoe IncaeHHOE peIleHne TaKUX 33734, KaK IIPABIIO,
3aTPYAHUTENBHO Jaxke Ha coppeMmerrbix 9BM. [TosTomy Bo3HUKAET BOIIPOC O MOCTPOEHUN MOLEJIe JJIst
CIJIBLHO HEOIHOPOIHBIX CpeJl, IPUBOAAIINX K 0o/iee mpocThiM aud depeHIinaabHbIM YPaBHEHUIM, KOTO-
pble HA3BIBAIOTCH yCpeAHeHHbIMEU. JacTo Takue jpuddepeHinaibible yPaBHEHUsS] UMEIOT [TOCTOSHHbBIE
K03 durimenTol. YepeaHeHHbe yPaBHEHU TO3BOJISIIOT OMPEIEeUTh € DOIBINTON TOTHOCTHIO 3P DeKTIB-
HBIE XapaKTEePHUCTUKN ME€PBOHAYAILHON CPeIbl. DTO YCIOBHE 00ECIEYNBAETCS OCHOBHBIM TPeOOBAHHEM,
KOTOPpOMY OOJI2KHBI YIOBJIETBOPATH yCPEAHEHHBIC YPDAaBHCHUA — 6J'[I/ISOCTL pe]_HeHI/Iﬁ COOTBETCTBYIOIINX
KPAEBBIX 3339 IJIsT MCXOMHBIX U YCPETHEHHBIX YPaBHEHHI,

JLst MOIeTMpOBaHns AUHAMUKNA KHCJIOTHBIX IIPEMeceil B IIOpax HCIOoJab3yerca ypapaenne CTokca
JUId HECKMMAEMO# Ba3KOl KuakocTu. Takoe npub/inKeHre BIIOJIHE ITPUEMJIEMO, TaK KaK, JBUYKCHUE
B [OpaX OYeHb MeJJIeHHOe (OKOJO 5-8 METpPOB B TOJ) W MBI MOXKEM OpeHeOpedb KOHBEKITMOHHBIMU
wieHaMu B ypaBHenuax Hapne-Croxca. [as MomesmnpoBaHus mMepeMerrneHnii yIpyroro cKkejaeTa rpyHTa

HccoenoBanue BBIIOJHEHO 32 caer rpanTa Poccuiickoro mayunoro donga (upoext € 19-71-00105).
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uctosp3yerca ypasaerne Jlame. PacnpocTpanenne KHCIOTBI ONHUCHIBaeTCA ypaBHeHHeM Anddysnu-
KOHBEKITUHU € COOTBECTBYIOIINM I'DAaHWYHBIM YCIOBHEM Ha CBODOIHOMN MOBEPXHOCTH «KHCJIOTA - TPYHT».
C 3T0# rpaHnIEl BHYTPH HOPOBOTO IPOCTPAHCTBA BOZHUKAET 0OPATHEBIN IIOTOK, KOTOPHIi IIPeNATCTBYeT
KOHTAKTY KHCJIOTHI ¥ TBEPJOTO Tefa, a OTCYTCTBIE Muddy3nun MoIpasyMeBaeT OTCYTCTBHE XUMUIECKOH
PEaKIIH.

Panee B paborax [12, 13| ObLr HO/IydeHBl MATEMATHYCCKUAE MOJIE/IH BbIIIETAYUBAHNSA B aGCOIIOTHO
TBepAOM cKesiere rpyHTa. IIpomomkas uccinenopannsa aBTOPOB, HAMHU IOJTYyYEHBl CUCTEMbl ypaBHCHUI
JJIs TIOPOYIIPYTIOTO CJIyYast.
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ACUMIITOTUYECKOE MMOBEJAEHUE PEIIIEHUN NHTETPAJIBHOI
KPAEBOU 3AJAYN JJIA CUHT'YVJIAPHO BOSMVYIIIEHHBIX
NHTEI'PO-INP®PEPEHIINAJIbBHBIX YPABHEHUN

MyPATXAH JJAYBIJIBAEBLY HAvPLIZBAN ABUJITAITIb

'KABAXCKIIT HAIIMOHAJILHEI YHUBEPCUTET UM. AJTb-DAPABY, AJTMATHL, KABAXCTAH
2IHCTUTYT MATEMATUKH U MATEMATUYECKOIO MOJEIUPOBAHUS, AJIMATHL, KA3BAXCTAH

*mdauylbayev@gmail.com, ®avyltay.nauryzbay@mail.ru

Kpaesblie 3agauu 111 CHHTYJISPHO BO3MYIEHHBIX OOBIKHOBEHHBIX UG (HEPEHITHAIbHBIX U HHTETPO-
b depeHIMaIbHBIX ypaBHeHN H, 06/1aIaro11me sIBICHUSMA HAYaIbHBIX CKAYKOB PACCMOTpPEHBI B [1,2].

B pab6orax [3,4] paccmoTpenbl Kpaeeble 3aa4u s nHTErpo-auddepenInaabHbIX ypaBHeHH Tpe-
TBETO TOPSAIKA C MAJBIM MIAPAMETPOM IPHU ABYX CTAPIIHX IPOU3BOAHBIX, KO UMEIOT MECTO SIBJICHMUSI,
TaK HA3bIBAEMbIX, 'PAHUYHBIX CKAYKOB, T.e. KOIJA HEKOTOPbIE IIPOU3BOAHBIE PEIIEHNU IIPUA JOCTATOYHO
MaJIbIX 3HAYCHUAX IMapaMeTpa CTAHOBATCI OECKOHEYIHO OOJLIMMME Ha, 000MX KOHIAX uHTepBaja. Ho
IPY 9TOM HA KOHI[AX PACCMATPUBAEMOTO MPOMEXKYTKA, PEIIEHIs JAHHBIX 337124 UMeTH CKAIKH PA3HBIX
ITOPSIIKORB.

B macrosmieit pabore paccMaTpwBaeTCs WHTErpATbHAS KpaeBasd 3aJa9a JJIs CHHTYIAPHO BO3MY-
IIIEHHBIX JHHEHAHBIX UHTErPo-InddepeHnalbHbIX YPAaBHEHHH TPETLEro MOpsAKa, PeIleHre KOTOpOi
Ha KOHITAX JAHHOTO OTPE3Ka MMEeT CKAYKH OJUHAKOBBIX TOPSAKOB. Pabora MOCBSINEeHa, YCTAHOBICHUIO
ACHUMIITOTHYIECKOrO TIOBEACHHUS PEIIeHHs 110 MAaJOMYy IMapaMeTpy W HOCTPOCHHIO M3MEHEHHON BBIPOXK-
JEHHOI 3ama4mn.

PaceymoTpuM cuHTyIsspHO BO3MYIIEHHOE JUHEHHOE HHTErpo-anddepeHnnajibHoe YpaBHEeHe

1

2
Loy = %y + eAo(t)y” + A1 (t)y + As(t)y ) + /Z Hi(t, ) ,e)dx (1)
0o =0
C MHTErPAJbHBIMYA KPAEBBIMH YCJIOBHAMHE
Lo
hiy=y(0,e) =, hwy=y'(0,e) =8, hyy=1y'(1,¢) /z:aZ (z,e)dx =1, (2)
o =0

rae € > 0 manbiit napamerp, a a, 3,7 — W3BECTHBIE TIOCTOSTHHBIE.
st perernit 3agaqan (1), (2) B Toukax ¢t = 0 u t = 1 mosry9aeMm caeayomuii TOpsiJioK pocTa;

y"(0,) = O (i) y'(1,e) =0 (i) o0,

T.€. peIleHre PAacCMATPUBAEMOI 33191 00J1a1aeT TPAHNIHBIMA CKAUYKAME TIEPBOTO TOPSIIKA.
CuHryagpHO BO3BMYIIEHHON KpaeBoii 3a1a4e (1), (2) craBuM B COOTBETCTBHE CJIE/YIONIYIO MOTI(bU-
IIIPOBAHHYIO BBIPOXKICHHYIO 3a0a9y:

19
Loy = ABF (1) + As(t)g(t) = F () + / S Hi(t )79 () + A(t), (3)
0

=0

hy =5(0) = a, haf =7 (0) = B+ Ao,

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

AP05132587
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)
my =71 - [ 3 ai@r(@)de =7 +aa(0)80 + (1 ax(1)) s, @)
0 =0

rae A(t) m Ag, A| HA3BIBAIOTCH CKAYKAMY MHTErPAJLHBIX YJIEHOB W DEIIEHUud COOTBETCTBEHHO. Jlyist
perenus y(t, €) CHATYISIPHO BO3MYIIEHHON HHTErpaJbHOil Kpaesoit 3agaun (1), (2) cnpaseaynsel cie-
JYIOIIUE TIPEIETHHBIE PABEHCTBA!

limy(t,e) =7t), 0<t<1, limyD(te)=7590), i=1,2, 0<t<]1,
e—0 e—0

rje y(t) - peuieHue BBIPOXKJIEHHOM Kpaesoil 3ajsaun (3), (4), a ckadok uHTErpasbHbix diaeHoB A(t)
t

),
onpenensierca (opmymoit A(t) = AgHa(t,0) — A1 Ha(t, 1).
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B pabore uccienyrTcs BOIPOCH pa3pemnMocTi 0cob0ro MHTErpaJbHOIO ypaBHeHnd Tuna BoJib-
Teppa BTOPOTO Poaa

u(t)+/0 K(tr) - p(r)dr = f(2), 1)

dAp0 KOTOPOro uMeeT BUI:

K0 = s o (i) 1 (i)

Pabora Boinosinena npu noggepkke MOH PK, rpanr NeAP05132262.
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2 it
+ L .o 2a2(t—7) e tiT ,
2a2T (t — 1) 202 (t — )
rae I, (t)— momudunuposannas dynknus Beccens nopska - n. OCoOEHHOCTHIO HHTErPAJIBHOIO yPAB-

uenug (1) sBasgercd To, 94TO fot K(t,7)dr =1, Vt>0.
Narerpasnbroe ypasHenue (1) BO3HMKAET 1P PEIEHUU JIBYMEPHO, 110 IPOCTPAHCTBEHHbBIM Iepe-

MEHHBIM, 33141 TeIIOIPOBOAHOCTHA B KOHYyCe () = {(m, y,t), VaZ+y? <t, t> O} JJId ypaBHEHUA

ou (82u 0u

—_—— — — p— 2

C TPAHWYHBIM YCJIOBUEM Ha TIOBEPXHOCTH KOHYCA

du ~ Ou
n /x2+y2:t
rae u(t) = u(:z:,y,t)|\/m:t,cp(x,y,t)— 3amanHas QyHKnu [1].
Taxzke, TIPU OMPENIENIEHHBIX (DU3UKO-TEXHUUIECKUX TOMyIneHnsix |2, 3| rpannanast 3amada (2)-(3)
MOJIEJIUPYET TEMIIEPATYPHOE TIOJIE B TEJIE MIA3MbI 3JIEKTPUIECKOTO PA3Psiia MEXK Iy PAa3MBIKAIOIIAMUCS

KOHTaKTaMIl BBICOKOI'O HallPDAXKEHNA, HaXOAUBIINXCA IIEPBOHAYAJIBHO B 3aMKHYTOM COCTOAHHNH.
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IMNPUMEHEHUE 3AIIA3JIBIBAIOIINX BOJIHOBBIX IIOTEHIINAJIOB
B SAJAYAX INHAMUJKU VIIPYTO-IIJIACTUYECKON CPE/IbI

I1.A. TUJTHJIABAEB
NHCTUTYT MEXAHUKU U MAIIMHOBEJAEHN I, AHMATbI, KA3BAXCTAH

shdilda@bk.ru

Awnnorarua. [TpuBoggarcs TeopeTndeckue OCHOBBI PACUYETA HAMPIKEHHO- 1e(DOPMUPOBAHHOTO CO-
CTOSHUS VIPYTO- IUIACTUYECKUX Tes TMPHW HEeCTAIIMOHAPHBIX JIWHAMWIECKNX BO3MEUCTBUAX B CIyUae
TJIOCKOM jTehOpMAaIii.

IlocranoBka 3asia4u U JiMHeapu3anusl ypaBHeHuii. PaccMaTpuBaioTcs ypaBHEHUS JIMHAMUKI
YIPYIO- ILIACTUYECKO# cpe/pl, 3anuMaroieil obaacts D npocrpancrsa R?

O-ij,j(xa t) —+ Fi(X,t) = PU; tt, X € D, t > 0, i,j = 1, 2, (1)

Pabora noguepxana rpanrom AP05135494 KH MOH PK.
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IIPpU 3aJaHHBIX HaYaJIbHBIX U 'PaHUYIHBIX YCJIOBUAX

u;(x,0) =0, ui(x,0) =0, xe€D, (2)
oij(x, t)n;(x) = gi(x), xesS. (3)

Brech 045, Ui, F; ~KOMIIOHEHTHI T€H30pa HANPKEHMUI, BEKTOPA CMEIeHHil 1 BeKTOpa 00beMHBIX (Mac-
COBBIX) CHJI COOTBETCTBEHHO, 7;(X)- KOMIOHEHTHl BEKTOPA HOPMAJM B TOYKE X IDAHUIBI S 06JacTH
D, g;(x)-nekoropbie 3ajanuble dyHKIUA. B najgbHelneM He OrpaHuYMBasg OOIIHOCTH ITPUMEM, 9TO
MaCCOBBIE CUJIBI OTCYTCTBYIOT.

B ob1iem caiydae feficTBre TPAHUYHBIX HAMPY30K (3) MOYKET IPUBOJUTD K MOSIBJIEHUEO 30H OCTATOY-
HBIX (mmactnaecknx) gaedopmanmii. Pazmep 30u maactuueckux gedopManuii 3aBucuT 0T (hDU3HIECKUX
CBOMICTB caMoii Cpejibl M OT BEJUYMHBI U WHTEHCUBHOCTU MPUJIOKEHHBIX HArpy3ok. Jledopmanunm B
TOYKAX, HAXOMAIINXCA B ILIACTUIECKON 30HE, MPEACTABIIeTCI KAK CyMMa YIOPYTrOil W IMJIACTUIECKOM
qacTen:

eij(x,t) = €;(x,t) + 6%()(, t) (4)

B obmactu ynpyrux gedopmanuii BermosHsercd 3akon 'yka 05 = Cyjrieg (Cijki—ynpyrie moCTOsSHHBIE
cpenbl). B obmactu mractndeckux gedopMmanuii BMECTO UMEIOT MECTO OIMPEIEJISTIOIHEe COOTHOIICHNUST
TEOPUH IJIACTUIECKOTO TedeHus! MO0 TeOPUH MaJbIX YIIPYro- miacrudeckux jgedopmaruii [1]

Haxoxkienue perienusi cucTeMbl ypaBHEHUI JI0BOJIBHO CJ0YXKHAA 33/1a4a. B cBsg3u ¢ 9TUM JinHeapu-
3yem HesmHelnyto cucremy (1). Jlas 910oro BBEseM TeH30p (PUKTUBHBIX YIPYIUX HAIIPAZKEHUI a%e s
KOTOPOI'O HAIpsiyKeHNd KaK B objacTtu yupyrux jedopmarnuii Tak u B 06/1acTu njacTudeckux Jjedop-
Maryii BeIaucssieM mo 3akony I'yka u mepernmiiem (1) B caeaytomem Buje

0
Cijriur, + 045, (%, 1) + Fi(x,t) = puiu, xeD, t>0, (5)
rae J%*ﬂOHOHHI/ITeﬂbeIe HalIPpAZKEHUA, KOTOPbhI€ €CTh PAa3HOCTH Me}}(ﬂy PeaJIbHBIMU 1 (bI/IKTI/IBH]:)IMI/I

0 _ .. ee
YIPYTHMU HAIPAKEHUAMHA, T.€. 05 = Tjj — 055 .

®opmynbl Kupxroda-Comusibsiabl u 1IpegcTaBjeHUst HAIIpsa2kenuii. B coorBeTcTBUn C TEO-
pueil ypaBHeHU{l 9aCTHBIX HPOU3BOJHBIX |2] 0606uuHHOE pereHue perienne cucreMbl (5) nosydaem
CBEPTKO# ¢ (DyHIAMEHTAIbHBIM peIIeHNeM HECTAIMOHAPHON JABYMEPHON JIMHAMUKYU JIMHEHHO-YIIPYTOit

cpespt 3]

ui(xa t) = // [Uij(xa Yy, T)Uj(y, t— T) - ’,Ej(X, Yy, T)pj(yv t— T)] dS +
D 0

t
+ / / Uij,k(xa Y, T)E(Y? t— T) + U?k(Yv t— T)dyv X € Dv (6)
D 0
saeck U;j, Ti;— anpa 3ama3/bIBalolIuxX IOTEHIINAJI0B IPOCTOIO U JIBOAHOTO CJIOEB, H,

2 [ 24/t2=1r2)c? 1

3 H(t—r/ci)+
i=1 " 2y Jt2 —r2/c?

H(t—r/c) H(t —r/cs) 1 2, 2
+ ij\ X)) r=|xX| =14/7] + 3, 7
AV =12/ A2 -2/ ;&) I \/i (M
Ugj(x) = 0i/2; Uh(x) = (rir; —6ij/2);  ri=xi/r, (8)
Tij(x,t) = CimmUj (X, t)nm (%), (©)

pi(x, t)—KOMIOHEHTBI BeKTOpa Harpy3ok, H (t)—dyuxims Xesucaiiga, ¢, ca—CKOPOCTH MPOIOJbHON 1
nonepeunoit Bosibl. CooTHOmenns (6) MO3BOMAIOT MOMYyYUTH 3HAYEHWS BEKTOpaA CMemennit u(x,t) B
IIPOM3BOIBHOM TOUKE CPeAbl B MOMEHT BPEMEHH ¢ 110 M3BECTHBIM 3HAMEHHAM BEKTOPA TPAHWMYHON Ha-
rpy3ku p(X,t) u BEKTOPA PAHUIHBIX CMEIEHni 4 (X, t) & TAKKe 3HAUEHUSIM TEH30DA JOMOJTHUTEIbHBIX
HAIIPSAZKEHUIT B TOYKAX CPEJIbl, HCHBITHIBAIOIIMX ILIACTUIECKYIO JTehOPMAIIIIO.
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Ocymectisis B (6) mpeIe/bHBIN TEPeX0]] HAa TPAHUILY OOJACTH MOJYyYaeM IDAHUIHbIE WHTErPAJIb-
HbIE€ YPpaBHCHUA IJd OIpeaeieHNA HEN3BECTHBIX I'PAHNYIHBIX HepeMeH_LeHI/Iﬁ I HArpy30K.

Huddepennupopannem (6) M0 MpoOCTpaHCTBEHHOH KOODAMHATE ¢ yueToM 3akoHa I'yka st x € D
TTOJTy 9€HbI CACAYIONTNE BHIPAYKEHU JJIsi BBIYUC/ICHUS TeH30Pa (PUKTUBHBIX YIIPYTUX HAPIKEHUN

t
Uff(X, t) = //[Gijk(x,y,T)uk(y, t—7) = Wir(x,y, 7)pr(y, t —7)] dS +
S 0

t
+//‘/ijmk(x7y77_>o—9nk(y7t_7—)dy7 XGD, (10)
D 0

371€Ch 9]Ipa MOBEPXHOCTHLIX MOTEHIIMAIOB B 00BLEMHOI0 IIOTEHIINAIA UMEIOT CJIeTyIOIni BH/T
Gijr(x,t) = CijimUem (x,1),  Wijp(x,t) = CijimTik,m(%,t),  Vijmk(%,t) = CijigUik,qm (%, 1)

Ha ocuose (6), (10) paspaboTaHbl BBIYHCIUTETBHBIE CXEMBbI, TIO3BOJISIIOIIAE TPUMEHUTD IIATOBYIO
TPOIEAYPY AJid HAXOXKICHUSA MMePEeMEeNIeHunil n HATPIKEHUH, B KOTOPO MCKOMbIe (PYHKITHH HA HEKO-
TOPOM IIIare BpeMeHU BBIYUC/AIOTCA 0 HaiIeHHBIM 3HAYEHUIM Ha NPeJbLAyImX marax. Ha Kaxmom
BPEMEHHOM ITIAre MPU MPEBBIMNEHUN 3HAYECHUH Npeaeaa yupyrocTu (hUKTUBHBIMY YIPYTUMU HATPAXKe-
HUSIMHA CTPOUTCSI UTEPAIMOHHBI [TPOIECC sl HAXOXKIEHUsT MCTHHHBIX HANPSIZKEHUH ¢ UCIIOIb30BAHIEM
3aKOHA ACCOIMUPOBAHHOTO TLJIACTHIECKOTO TEUEHMUS.
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BricokoruioTnas KepamMuka U3 OKCujia Oepuiiiins HaAXOAUT IUPOKOe NMpUMEHeHre Oaromaps paiLy
TIEHHBIX CBOMCTB M, TMPEXKJIe BCErO, YHUKAILHON TEMJIOMPOBOTHOCTH. TeXHOIOTHS MIINKEPHOTO JUThS
0CTAeTCs OCHOBHOW TIPU MOJYUYEHUN JIMHHOMEPHBIX, MHOTOKAHAJIHHBIX, CA0XKHO (DACOHHBIX KEPaMU-
veckux u3geanii [1]. CymHOCT 9TOr0 MeToqa 3aKJIIAETCS B MPUIAHUN TLIUKEPY OKCHIa Gepusiimst
dopMBI M3AEHsT. ITO JOCTUTACTCS TMyTeM 3amoHenus (opMoobpasyIomeit moMoCTH KUJKUM TILIH-
KEPOM I0JT JTaBJIEHUEM U TIOC/eayrolell dbukcalmeir npuobpereHHON hOPMBI TIOCPEICTBOM M3MEHEHU T
arperaTHOro COCTOAHUS IIIUKepa 110 Mepe ero OXJIazKIeHusd.

TexHOJIOTHST MIJIMKEPHOTO JINThsT BKJIIOYaeT B cebsi crajgnu [1]| nBukeHwe m TemiooOMeH MUIHKEpa
B JKUJKOM COCTOSHWW; JBWKCHUE U TEIJIO00MEH IIJINKEPA C YYETOM KPUCTAJLIM3ANNN; JIBWKEHUE U
TeII00OMEH OTJIMBKU B TBEPIOM cocroguuu. [loToK Iinkepa 1mocse BhIXOIa U3 HUTATEsS COXPaHseT
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cBOIO KoHMUTypamuio. B onbitax 6bI7I0 YCTAHOBIEHO, UTO B IHANA30HE BO3ZMOKHBIX CKOPOCTEH JINThST
PeKMM JIBUXKEHHUs 1IIMKepa B JuTheBoil ¢dopme sipasiercst samunapabiM [1]. ITlnnkep nocrynaer B
JinTheBy10 (bopmy mpu Temmeparype 75-80 °C u oxnaxknaercd B Helt 10 40-45 °C, oTIMBKa N3BJIEKASTCS
u3 dbopmbl 6e3 kopobuenus [1].

B omprrax KuaKWi mMTHKEp OKCHAA GEpUIITHS TMTOKA3LIBAET PEOJOTHI0 HEHBTOHOBCKON KUIKOCTH
[TsenoBa-Bunrama [1]. IBuxkenune u rernnoobmen mumrkepa B (opMmoobpasyomei moJg0cTu CIuTaeTcs
CTAITMOHAPHDBIM ¥ OMUCHIBAETCA CHCTEMON ypaBHEHHI:

ou ou dp 1 0 (4 Ou 10 /4
el e A el 1
e TP i T or (r M8r> rk Or (T TO) (1)
opu 1 orkpu B
0z * rk o or 0 @)
ot ot 0 ot 1 0 [, 0t

B ypasuenunsix (1)-(3) npunars! ciemyrornme 0003HAYEHUS: 2, T — OCEBas U PaJnabHas KOODIUHATHI,
U, v — KOMIIOHEHTBI BEKTOPA CKOPOCTH; P, p, t, T0, Cp, [, A — JABJIEHNE, TJIOTHOCTh, TEMIIEPATYPA, TPEIeThb-
HOE HallpszKeHUe CABHUTa, KOIDMUIMEHTH KazKyIeics TeNI0eMKOCTH, BAZKOCTH U TEILIONPOBOIHOCTH
nmKepa, uHaekcsl k = 0,1 — aas mIocko#t u Kpyrioit moiocTeii.

Tenora (ha30BOTO MEpexXoIa OMpPeIeISIeTCs MOJETBI0 KAaXKYIeHcs TemIoeMKocTH (2], a Temtodusn-
YecKne CBOMCTBA IINKEPa BBIPAXKAIOTCsI dMIupraeckumu dopmynamu [1].

Cucrema ypasrernii (1)-(3) ¢ rpaHUTIHBIMI YCIOBUSIMHU PEIIAETCS TUCIEHHBIM MeTo1IoM 3.

B noxsraze npuBoasTCst pe3yabTaThl PACYETOB JIBUKEHUS W TEIJI000MEHA MLINKePa ¢ (Ppa30BbIM ITIe-
pexosoMm B (opmoobpasyromeil nooctu. PU3NKO-XUMUIECKHEe CBONCTBA MIIHKEpa OKCHJA OepuLIns
ITOJIyY€HbI B 9KCIIEPUMEHTAX C yJIbTPA3BYKOBO# akruBarueil. Pacupeenenus: TeMepaTypbl U IIOTHO-
CTH TIOKAa3bIBAIOT M3MEHECHUA TEPMOMEXaHNIECKOTO COCTOAHUA IMIJIMKEPa OKCHUIa 6epI/LHJ_H/IH nu3 )KI/I/IKOI;.I
daswl B TBEpOE MPHU HATUIMU 30HBI KpUCTAIA3AIU. [IpecTaBieHo cpaBHeHNe PacueTHbIX JaHHBIX
C 9KCIIEPUMEHTOM.
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HOPMAJIBHO-PEI'VJIAPHBIE 11 JIOTAPVN®MNYECKUNE PEINTEHN A
CUCTEMBI YUTTEKEPA COCTOAIIIEN N3 TPEX YPABHEHUN

AA. ICEHOBA, 2K.H. TACMAMBETOB

AKTIOBUHCKUI PEIM'MOHAJIBHBII 'OCYJIAPCTBEHHbBIN YHUBEPCUTET UMEHN K.2KYBAHOBA,
AKTOBE, KABAXCTAH

tasmam@rambler.ru

Hannag paboTa IOCBAIIEHA MCCAEIOBAHAI0 BO3MOXKHOCTH ITOCTPOEHUS HOPMAJIBHO-PETYIAPHBIX 1
JIOrapudMUUECKUX PEIEHUHE CUCTEMBI, COCTOAIIEN n3 Tpex JubPepeHInatbHbIX YPABHEHU B 4aCTHBIX
TTPOM3BOIHBIX BTOPOTO TIOPSAIKA Y UTTEKEPA.

Onpenenenne 1. HopManbHO-peryIgapHoe peleHne TpeX MePeMEHHBIX NPEeJCTABIACTCS B BHJE
CJIeTYIOIIEero pasa,

o0
_ P1,..P2 ,.P3 mi,,m2,,ms3
U(xy, 22, 23) = expQ (1, T2, 23) - ) 2522k § Amimoms - 2] 25 xs?, (Ao #0) (1)

m1,mz,m3=0

rae p; (7 =1,2,3), Amimoms(mi, ma, m3 = 0,1,...) - Hem3BecTHBIE TTOCTOSTHABIE; Q (21, T2, L3) - MHO-
FOWIEH TPeX IePeMEeHHBIX

_ Qp00, p  Q0p0_p  00p p
Q(z1,x2,23) = 1+ 5+ 3+ ... + apo1x3 (2)
p D p

C HEM3BECTHBIMI KO3(MDMDUITMEHTAME (p0p), ..., 001 -
JoxazaHa TeopeMa O CyIIeCTBOBAHUN HOPMAJILHO-PETYISIPHBIX PEIIEHNH.

Teopema 1.
Cucrema tuma Yurrekepa [1, c.135] cocrosimast u3 rpex guchgepeHnuaabHbIX ypaBHEHHIT B ACTHBIX
IIPOU3BOJHBIX BTOPOTO IHOPAIKA

2
x4
ey 2y Yl + [ S ke U0 G=128 @
T#] T#j

HMeeT HOpMAaJIbHO-DErYJIsIpDHbIE perrieHnst Buja (1) npu BHIIOJHEHAN JBYX HEOOXOAUMBIX VCIOBHIL:
1) HEOOXOWMO BBITIOJTHEHTE DABEHCTB
poo) — 2 L0002 oL g 00 2 1 (1)
= Qqp0 4 = Qp10 1 = Qo1 4
n3 KOTOprX OHpe,I[eJIHIOTCH HEN3BECTHBIE IIOCTOSdAHHbBIEC MHOI'OYJIEHA (2)
2) HeobxoauMo, ITOOBI CHCTEMa ONPEIEISIONIHX YPaBHEHUI oTHOCHTEIbHO ocobennoctr (0,0):

1

0 @ (l)) (=1

nmesta Xors Obl 07HO peirenne Buga (py , Py , P3
cucrema (3) nmeer 23 permenuit sua (1).

2). Ecan Bce kopun (4) u (5) npocrere, 0
Henssecrubie nocrosinable B pernernii (1) onpenesstorcst U3 BCIOMOraTeIbHONR CHCTEMbI Oy Y9eH-
HOfT U3 cucreMbl YuTTekepa (3) ¢ moMOIIbio Tpeobpa3oBaHmst
U(z1, 2, 23) = exp(aioor1 + ao1o22 + aoo123) - Y(z1, 22, 23).

Crenens Muorowena (2) ompenesrsercs BeINIUHON PAHTa

550

p=1+kk=mar——, (i=1,4).
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[Tockonbky, panr cuctems! (3) p =1 [2] , To MHOrOWIeH (2) IpeICTABIAETCS B BIIE

Q(x1,z2,x3) = o1 + Qo10%2 + Q0123

¢ HeM3BeCTHBIMU Ko3d duimenTamMm g, Xo10, X0l -
B cayuae KpaTHBIX KOPHE( WK KOTJIa OHE OTJIMYAIOTCA Ha TIeIble THCa, cucTeMa (3) mMeeT Jora-
pudmMugeckue perenus. YCTaHOBUM yC/IOBUS CYIIECTBOBAHUS JOrapUPMUIECKUX PEITCHU.

Teopema 2.

Ilycte B cucreme (3) pazmocts % - ,u,? = 0(j = 1,2,3) u cucrema onpepessifominx ypaBHeHHH
nMmeer BoceMb Tpoek kopweii: (1,1,1),(1,1,0),(1,0,1),(0,1,1),(0,0,1),(0,1,0),(1,0,0) u (0,0,0). To-
rja cucrema yI/ITTeKepa upMeer 23 JIMHEHHO-HEe3aBUCHMBIX YaCTHBIX peIHeHI/Iﬁ COOTBETCTBYIOHINE 3TUM

KODHAM:
oo

m m m
1. Ul = T1X2T3 E Am1,m2,m3 ) 1372 2'%.3 37 (AO,O,O 7& 0)7

mi,ma,m3=0

2. Uy = CLUilnxy + fa,
3. Us = C3Uqlnxs + f3,
4. Uy = CyUilnzs + fa,

5. Us = CsUrlnzlnag + folnzy + fslnas + fs,

6. Us = CsUilnzilnzs + folnzy + falnxs + fe,

7. Uy = C7Urlnxslnas + fslnze + falnxs + f7,

8. Ug = CyUilnzilnxolnzs + folnxilnzs + fslnzolnxs + falnwzslnx, + fsinzy + felnas + frlnzs + fs,

e fi(t =1,8) - paasr Buga

oD o) oD ZOO 0 m1 gz s
f($17$27x3):x1 Lo ':US Bml,mg,mg'xl Lo :I"3 7(30,0,0#0)

m1,m2,m3=0
0,0 0y (=

C IIOKa3aTeJIsIMu =1, 2) u3 BpIIIENIPHUBEAECHHBIX KODHEH.
1 M2 3 ’
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YU CJIEHHOE PEIIEHUE OBPATHOM 3AJAYN 1JI1s1 YPABHEHU A
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Paccmorpum obparhyro sajady s ypasaenust akycruku B obimactu Q = A(Lg) x (0,Ly) rae
A(Ly) =A{(x,t) : 2 € (0,L,),t € (x,2L, — x)}:

_ Pz Py
Upt = Ugg + Uyy < p Uy + ) uy) (z,y,t) € A(Ly) (1)
ux(ovyvt) :g(yat)v Yy e (O’Ly)7t € (OaZLz) (2)
U($,y,$) ZQ(xay)v WS (OaLx)7y€ (O?Ly)’ (3)
u(z,0,t) = u(x, Ly, t) = 0. (x,t) € A(Ly). (4)

Obparnast 3agaua k 3agaue (1) — (4) 3akaouaercs B onpeeseHnn (pyHKIuu ¢(z, y) M0 JTOMOTHUTE Th-
HOMW WHQOPMAIIN

u(ov Y, t) = f(y7 t)' (5)

Bamumiem o6paTHyo 3a1ady B oneparopaoM Buze A(q) = f . st uncaennoro pemenust 3agaqay A(q) =
f paccMoTpuM 3a/1a9y MUHUMABAIUE [1€/IEBOTO (DYHKITMOHATIA

L'y 2LI

J(qn) = | Agn — f\l%vzo = / /[U(Ovy,t; an) — f(y, t)]*dydt.
0 O

Host murnvmsanny dbyHKIMOHAIA TPUMeHsieM MeTo nrepain Jlanasebepa [1-2]. Berancieno rpaju-
enT dpyukronasa. [locTpoen mocTaHOBKA CONPSIKEHHON 3amadn. 3amncad aJropTHM PEIleHus 00paT-
nott 3amaqun. [IpuBegeno ducieHHbIe Pe3yALTATH TPAMOT 1 00pATHON 3a4a9H /I YPABHEHUS aKYCTUKH.

Crcok urepaTyphl

[1] C.1.Kabanuxun, M.A. Bekremecos, A.T. Hypcenrosa Hmepayuonnve memodu pewernus obpam-
HOLE U HEKOPPEKMHBIL 36004 ¢ dannvmy Ha wacmy epanuys- Amvarel-Hosocubupek: OP "Mexk-
IyHAPOIHBIN doHI obpaTHbix 33731, 2006.

[2] S.I. Kabanikhin Inverse and Ill-Posed Problems. Theory and Applications. De Gruyter, Germany,
2011.-459 p.

Pa6ora Bemmossena npu dbunancosoit nogaep:xkke Komurera nayku MOH PK ¢ AP05134121 "Yucnennsie MeTompt
naeHTHGUIIPYEMOCTH 00PATHBIX M HEKOPPEKTHBIX 33/1a9 €CTeCTBO3HAHMA "

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 171
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Sasadn onpeseeHns IapaMeTpOB MATEeMATHIECKON MOeNn aKyCTHKH BO3HHKAIOT B reodusnke,
MeAunuHe 1 JIPpYyrux O6.HaCT$[X IPUJIOZKEHUA MATEMATUKH. K OCHOBHBIM IIapaMeTpaM MOﬂe.HeI'?I aAKy-
CTUKHU OTHOCATCA CKOPOCTH 3BYKa W TIJIOTHOCTH CPEIbI. 'Z[.HH HaXOXKJIECHUA UJIN YTOYHEHUA YKa3aHHBIX
mapaMeTpoB MOJIeJIell UCIOIB3YIOT JOMOJHUTETBHY0 HHMOPMAIHIO 00 aKyCTHIECKUX mporeccax [1-2].

AnroputMm penieHusa odopaTHOi 3agaun

1. Bribupaem nagasibHOe MpUOIUKEHNE (.

2. Permraem npsimyio 3aj1a4y

Uz + uyy - W?Q’n(?ﬁ Z)’LL - 07 (y7 Z) S Qa
Uy (=b,z) = 0,uy(b,2) =0, z € [0, L],
uz(y,0) = g(y,wj), u=(y, L) = 0, j=1,N,y€[-bb]
N b 9
3. Boruucasiem dbynxnuonan J(q Z i [ (v,0,wj; qn) — f(y,wj)} dy;
j=1"b

4. Ecnn 3uavenne HyHKIINOHAIA OUY€Hb MAJI0, TO OCTAHAB/INBAEM WTEPAINN.

9. Haxoanm pemtenne conpsKeHHON 33341

wxx + wyy - WJQ‘QH(ya ZW = 07 (y7 Z) € Qa
y(=b,z) = 0,1y(b, z) = 0, z € 1[0, L],
N
6. Haxonum rpaanent dyuxunoHana o dbopmyie J'g, = > w;ujd;;
j=1

7. PacuurbiBaeM npubamzKenne ¢ni1 = ¢n — aJ'qy.

8. mepexoamM K Tmary 2;
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YNCJEHHBIE METOAbI PEIIIEHIS OBPATHON 3AAYN
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AJITOPUTMA
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PapMaKOKMHETHIECKNE MOMEIH IMUPOKO UCIOAB3YIOTCA B KAUECTBE CPEACTBA MPOTHO3ZUPOBAHUS
pacIpeIenenns JeKapCTBEHHBIX CPEACTB B OPraHM3Me. DTO MOMKHO IIPEICKA3aTh, MOIETIUPYS OIHO-
BPEMEHHO€ DaCIipe/ie/ieHre JIEKaPCTBEHHOrO CPeJICTBa Yepe3 TKaHu Tesa u kaupesc [1-2]. Tuddepen-
MUaJbHblEe yPaBHEHHS, OMUCHLIBAIOIINE JTHHAMHKY W3MEHEHHs KOJMYeCTBa JIEKAPCTBEHHBIX CPEJICTB B
TpeXKaMepPHOR JTUHEWHON MOJe I, UMEIOT CJIeAYIOMIUN BUA;

dc,

= _ka a»
dt C
dC1
b koCq — (k12 + ki3 + ket)C1 + k21Co + k31C3,
dCsy
—= = k19C1 — ko91C
o 12C1 — k21Co,
dCs
—2 = k13C1 — k31C
0 13C1 — k31C3,
dcel

— kyCy.
o 1C1

¢ magaapubiMu JaHHbIME Cfg(0) = Cp, C1(0) = C2(0) = C5(0) = C¢(0) = 0.

CDyHKLU/IH ONKCHIBAIOIIAA ITOBEACHNE KOHIICHTPALIMT B IICHTPAJIbHOA KaMepe:
Ci(t) = Ay - e 4 Ay-e P4 Az - e — (A] + Ay + A3) - e et

ObparHas 3a/1a9a 3aK/I049aeTcst 110 JanubiM 3Hadenus byukuun f = (C1(t1), C1(t2), ..., Ci(tyr)) Haiitn
ceMb mapamerpa BekTop q = (A1, Ag, A3, «, 5,7). UucieHnoe perenne TaHHON 3a/1a9u UINEM MUHW3a-
nmeit 1es1eBoro PyHKIIMOHAIA
M
2
J(@) =Y (Cit;i9) - f5)".
i=1
MuHIME3HPOBATH 1IeJeBOil (DYHKIMOHA OyIeM METOJI0M IMeHeTHYECKOTro ajaropurMa. [losydennr gnc-
JIGHHBIE Pe3y/abTaThl 00paTHOl 3a1a4un (PAPMAKOKUHETHKHY )i TPEXKAMEPHONW MOJEIN METOIOM IeHe-
TUYIECKOTO aJIFOPATMA.
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OB OJJHOM 3AJAYE TEIIJIOITPOBOJHOCTU C JPOBHOU
HATPY3KOU

Mumsmist T. KOCMAKOBA!, JTana M. AXMAHOBA!, JIaina K. KACBIMOBA?

'KAPATAHIMHCKNT TOCYJAPCTBEHHBIN YHUBEPCUTET UMEHU AKAJIEMUKA E.A BYKETOBA,
KAPATAH/IBI, KABAXCTAH

2KAPAPAHJIMHCKUI NOCYJIAPCTBEHHBIA TEXHUYECKUA YHUBEPCUTET, KKAPATAH/IbL,
KA3AXCTAH

svetlanamir578@Qgmail.com

B obmactn Q@ = {(x,t) : x > 0, > 0} paccmarpuBaercs 3a1ada

Ut _Uxx‘i‘/\{Doﬁ,xu (l’,t)} |x='y(t) = f(l’,t), (1)

u(z,0) =0, u(0,t)=0, 0<p<1. (2)

Baech

L)
cDg,tf(t):F(n_ﬁ)/o (t—r)B*”“dT; B,aeR, n—1<B<n

— npousBoguas Kanyro npu a =0, t =xun=1,
Bponga obosnadenne

p(t) = {Dg,xu (‘Tvt)} ‘90=’Y(t) = T (11_ B) /0 (uafigg/)ﬁdg

u obpamas auddepennuanpayto qacTb ypasaenus (1)

t “+o0 t “+o0
u(m,t):—)\/o/o G(m,f,t—T)u(T)dde-i-/O/o G (z,&,t—71) f (& 7)ddr,

_ 1 (z—¢)° (2 +¢)°
G (z,&,t) = W= {exp (—th) — exp <_4t> } ,

sayava (1) — (2) cBoguTCcs K MHTErpasbHOMY yPABHEHHIO

rae

p O+ [ Kty = fa0). 3)
- e G@'T L1 2-83-8 () \
5(’7)_\/7?r(2—ﬁ)’\/t—i7'2 2(2’7 2 2 ’_4(t—7)>’ 4
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IIOCKOJIBKY
s [ [ @ (@) )
[ 1 (i - [ 2
1. 2-83-8 ()
X o Fy (2717 9 ' 9 ’_4(t—7)>d7'
31ech
) = S () (),
2F'y (a1, a2; b1, b2;2) = ,;) (b1),. - (b2),, KV
rae

— cumBoa IToxrammepa. TTostomy (1), = k!
Torma B (4) MBI MMeeM:

53-8 = (), 2\
2% @’1; : 2[5’ : 2 B;_4Zt Etl)) =2 (2—ﬂ>(2<3—ﬂ) ' (zl(zt(t_))f)>

Baech

1 x
RO= 51 [ oo gl

rue
t 400
fi(ant) = /0 /0 G (.6t —7) f (€, 7) dédr.

JokazaHa TeopemMa

Teopema.

Hurerpanbnoe ypasuenne (3) ¢ sippom Buja (4), korga v (t) ~ % nput — 0

1.11pr2§140<6§1

i

2.11pr>%1/15=0

paspeirnMa eInHCTBEHHBIM 00pa30M B KJIACCE HENPEPBLIBHBIX (DYHKIMI npu 1000 HEIpPepbIBHOH
npaBof 4acTi.

Crcok aurepaTyphl

[1] M. T. Dzhenaliev, M. I. Ramazanov Loaded equations as perturbations of differential equations,
Gylym, Almaty, (2010) [in Russian]|.

[2] K. B. Oldham, J. Spanier, The Fractional Calculus, Academic Press, New York-London, (1974).

[3] S. G. Samko, A. A. Kilbas, O. 1. Marichev, Fractional Integrals and Derivatives. Theory and
Applications, Gordon and Breach, New York, (1993).

[4] I.S. Gradshtein, and .M. Ryzhik, Table of Integrals, Series,and Products (seventh edition),
Academic Press, N.Y. (2007).

[5] A. P. Prudnikov, Yu. A. Brychkov, O. I. Marichev, Integrals and Series: Special Functions, Vol. 2,
Taylor&Francis Ltd, London, (1998).

[6] A. P. Prudnikov, Yu. A. Brychkov, O. I. Marichev, Integrals and Series: More Special Functions,
Vol. 3, Gordon and Breach, New York-London, (1989).

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 175

[7] A Q. Iomsgaun, A.B. Mawuxupos, Cnpasounur no umnmezparvhvim ypasuenuam, DusmMaTinT,
Mocksa (2003).

OB OJJHOM MHTETPAJIBHOM YPABHEHUU JABYMEPHOI
SAJAYUN TEIIJIOITPOBOJHOCTU

Munsuist T. KOCMAKOBA!, Anqusek O. TAHUH!, YKanap M. TYJIEYTAEBA!?

'K APATAHTMHCKUI TOCYJIAPCTBEHHBIN YHUBEPCUTET UMEHI AKAJIEMUKA E.A . BVKETOBA,
KArPArAHJIBL, KABAXCTAH

2KAPATAHIUHCKHUIN TOCYIAPCTBEHHEBI TEXHUUECKUIT YHUBEPCUTET, KAPATAH/IH,
KA3AXCTAH

svetlanamir578@Qgmail.com

[Ipy m3y9eHny ABYMEPHOI I'paHIYHOMN 31291 110 IIPOCTPAHCTBEHHBIM IIEPEMEHHBIM B II€PEBEPHYTOM
koruyce G = {(z;y,t): #* +y* <t?, 0 <t < T} nusa ypapueHus

au(a:, Y, t) _ 2 82’11,(1‘, Y, t) azu(mv Y, t)
ot - o2 + oy? (1)

C TPAHMYHBIM yCJIOBHEM Ha MOBEPXHOCTH KOHYCA
u(z,y,t) = uc(x,y,t), Va2 +y2=t 0<t<T, (2)
BO3HHMKAET MHTErPAJLHOE ypaBHeHue (B oneparopHoii gpopme)
e1(t) — K1 (t) = F(t),

rae F(t) — ussecrnast dyHKIws,

t1/2 a’> (1 1
Korld) 2f/rd/2 e (7 p) paears

ractten {1+ 5} (i[KmKHexp{ 5 }[Kgsol]())

k=0

EFO XapaKTepI/ICTI/ILIeCKI/IM ypaBHeHI/IeM ABJIACTCHA ypaBHeHI/Ie
1 (t) - Kcha'r@l (t) = Fepar (t), (3)

e
Fchar t) = F(t) + (K - Kchar)@l (t),

t1/2 a> (1 1
Kchargpl 2\/*/T3/2\/mexp{_4 (T_t)}gol(,r)dlrﬂ

Pabora BemosHena npu dbuHaHCOBOM mommepxke Kovurera naykm Murucrepcrsa obpa3zosannsa u nayku PK (rpant
e AP05132262.)
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t a? 2 a?
(K — Kepar )1 (1) = 20t exp {4 " 4t} S (K] (1) + 26t exp {M} [Kagi] () =
k=0

a o2 172 a2 ;
_2ﬁeXp{4R}/T3/2(t—T)1/2 exp{—h}gpl(T) T+

0

1 21 4172 a2
a\/m P {th} / T1/2(t — 1)1/2 P {_47'} pi(r)dT
0

2

a
ITokazaHo, 4TO MHTErPAIbHBIA onepaTop texp {4t} [K3p1](t) siBagercss 6ecKOHEUHO MaJION BeJiu-

+

quHol ipu ¢t — 040 U WHTETPAJBHBIH OTIEPATOP

a?) <
texp {422 + 415} Z[Kkgol](t)

k=0

SIBJISIETCS OTIEPATOPOM €O €J1aboii 0COGEHHOCTBIO HAJ BECOBBIM KJIACCOM CYIIECTBEHHO OIDAHUIEHHBIX
dbyuximit t @1 (t) € Loo(0,T) npu € > 0
Torna dyukuust Fipg,(t) sBiaserca orpannaentoii, ecin t~ @1 (t) € Loo(0,T) npu € > 0.
JloKazaHbl JIEMMBI.

Jlemma 1.

Hurerpanbnoe ypasuenne (3) umeer cobcrsennyro gynkmmo ¢1(t) = C .

ITpocTas mogcTanOBKa MOKa3bIBaeT, 9T0 dbyuknus ¢1(t) = C' 1efiCTBUTEIBHO yIOBICTEOPIET OJHO-
POJIHOMY MHTETDATHHOMY yPaBHEHUIO (3).

Jlemma 2.

Hnarerpanproe ypasnenne (3) mmeer 4acTHOE perenne, onpeaenasemMoe popMyaoi

p1(t) = fa(t) + Qaﬂ/t T3/2\§%exp{f (1 ~ i)}fg(’]’)d’r‘i‘
0
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METO/O KJIACCUPUKAIIIN TPAEKTOPUN ITNMHAMUNYECKUX
OB'BEKTOB

T.C. MYCTA®UVH, B.I11. KVJITIEHTOB

KA3AXCTAHCKO-BPUTAHCKUN TEXHUYECKUN YHUBEPCUTET, UHCTUTYT MATEMATUKHU U
MATEMATUYECKOIO MOJEJ/IMPOBAHUA, AJTMATHL, KABAXCTAH

timurmustafin379@gmail.com, b.kulpeshov@kbtu.kz

IIpetoxkena MerouKa Juid pelleHus 3aa49u KaaccupuKaum TPaeKTOpHili Pa3BUTUsT COCTOSTHUN
JUHAMUYECKOT0 O00bEKTa IIPM OTCYTCTBUM anpuopHO# mudoOpMarum 0 KjaaccuuKanuum TPACKTOPuUit
TpoIeanmnx IIpoIeCcCOB Pa3BUTUA COCTOSTHU T TTPOIIEeCCOB. MeTO,HI/IKa OTHOCUTCA K aBTOMaTU3WPOBAH-
HBIM CHCTEeMaM VIIPABJIEHUS U MOXKET OBbIThb WCIOJb30BAHA MPU YIPABACHUHN CJIOXKHBIMU 00bEKTaMU C
AVCKPETHBIM XapPaKTEePOM TEXHOJJIOTUYICCKOTO IUKJIA, a TaK2Ke JIJId PeIIeHnd 3a/Ja4 KﬂaCCH(bHKaHHH "u
aHaJIn3a JAHHBIX 0OBEKTOB, OMUCHIBAEMBIX BPEMEHHBIMU PSIIAMU MTPU3HAKOB.

PacnosraBaane 06pazos u knaccudukamusa o0beKTOB (HAOMIONEHM, SBIEHWI, CUTHAIOB, CUTYa-
i, HpOHeCCOB), SIBJISIETCSI OOHOHM 13 HamboJiee IMHAMUYIECKH PA3BUBAIONINXCA 00/IacTell MPUKIATHOMH
MaTEMATUKH 1 KI/I6epHeTI/IKI/I7 YTO BBISBAHO IMOCTOAHHBIMHA 3aIlIPDOCAMU ITPAKTUKHN, KOTOPbIE 9aCTO BCTPE-
YaroTCd B 33/a9aX C JOCTATOYHO CJIOKHBIMU IIPOIECCAMU U sIBJIEHUAMHU.

I/I3JTI/IHlHee CTpeMJIeHNE K TOYHOCTH MAaTEMATUYICCKUX MO,Z[e.HefI CTaJI0 OKa3bIBaTh BJIMAHME, KOTOPOE
CBOJIMJIO HA, HET TEOPHUIO VIIPABJIEHUs M TEOPHUID CUCTEM, TaK KaK OHO IPUBOJIUT K TOMY, YTO HCCJIe-
JOBaHWS B 9TOH 00JIaCTH COCPEIOTOYNBAIOTCI HA TEX W TOJBKO TeX MpobjeMax, KOTOPhIE TOIIA0TCS
TOYHOMY pelieHuro. MHorue Kaacchl BayKHbIX 1pobJieM, B KOTOPBIX JAHHbIE, TIeJIM U OTPAHUYEHUS HAB-
JISTFOTCST CJTUITKOM CJIOXKHBIMY WJIH TLIOXO OTPEIEIEHHBIMA JJIsT TOTO, 9TO0OBI AOMYCTUTh TOUHBIN MaTe-
MaTHYIECKUI aHAJIN3, OCTABANUCH U OCTAIOTCS MO Ceif JeHB B CTOPOHE JIUIIE M0 TON TPUINHE, YTO OHHU
HE TOTAI0TCS MATEeMAaTHIECKON mocTaHoBKe [1].

HOCTpoeHHbIe MaTeMaTHUYCCKIEe MOOC/JIN OKA3bIBAJINCh .)'[I/I6O CJIO?KHBIMU, .HI/I6O CJIUIITKOM TIPOCTBIMH,
YTO HE MO3BOJISLIO TIOJIYyYaTh NpueMieMble pe3yiabTarel. [loaToMy B psie ciiyuasx MaTeMaTndeckoe MO-
JeJIIPOBaHUE ABAACTCA HCKYCCTBOM, M Ka4€CTBO MOZeJIell B 3HAYUTEIbHON Mepe 3aBUCUT OT MHTYUIIUHN,
MacTepcTBa U u30bperarenbcTBa ux paszpaborunkon. OHUM U3 TOJAXOM0B JIJIS CHATUS paja mpobiem
MATEMATUICCKOIO MOJCINPOBAHUA ABJIACTCHA IIOCTPOCHUE CUCTEM PACIIOSHABAHUA U KJ'[aCCI/ICbI/IKaLH/H/I Ha
OCHOBE HaKOILTEHHO! nHbOpMaruu |2].

OrmernM, 9TO BBEEHNE METOI0B HHTEJLIEKTYaIbHON 00paboTku nH(MOPMATIME, OCHOBAHHBIX HA, Ma-
TEMATHIECKOM MOJIEJIMPOBAHUH, IPEJICTABIIseT COOON HOBBIN ITar B IMOBLIIIEHNU 3 ((DPEKTUBHOCTH IPO-
M3BOJCTBA HAa OCHOBE BHEJPEHUS COBPEMEHHBIX TeXHOJOTHI. Kak mpaBmsio, TOCTPOEHUE OMepaliuii mo
PEITeHnI0 KOHKPETHBIX 33129 663 MOTHON Win ¢ 9acTUuIHONH (hopMaIH3aImeil OCyIeCTBASeTC OMbITHDI-
MU CHENUAINCTAMY B 3HAUYUTETHHOI CTEIeHN WHTYUTUBHO, U PeIlleHne KaxK 10l HOBoil 3agaun Tpebyer
BCeit paboTol 3aH0BO. B pe3yabrare 4acTo MOBOJILHO OOJIBINAL 9aCTh JAAHHBIX OCTAETCd HEoOpaboTaH-
HO#t u HeBocTpeboBanHOil. UTO omnpesesnsier ocHoBHOe TpeboBaHMe JiJisi MEPCIEKTUBHBIX MOJXOI0B K

UccnenoBanust Oblim moiep:kanbl TpanToM MuamcrepcTtBa obpa3oBanms u Haykum Pecmybamkm Kazaxcran

(AP05132546)
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PEIIeHNIO TPUKIATHELIX 33034 00pabOTKN JAHHBIX: TOJKHA, OLITH 00eCIIedeHa IPOCTOTa U HAIEKHOCTD
CJIOXKHBIX MPOTIEAYD, He TPEOYIONMX IPUBIeYeHNs MHTYUTUBHON paboTsl crenuaancros [3).

OTMeTnM Tak:Ke MOCJeIHIe PAdOTHI B 00J1aCTH MAaTeMAaTHIECKOTO M KOMIIBIOTEPHOTO MOJEIHPOBaA-
HUsl JMHAMUYeCKUX 00bekToB u cucrem [4]-[7].

B macrogameit pabore npemiokeH MeTo KJIACCHMUKANAY TPACKTOPUN IUHAMHIECKUX OOBLEKTOB,
MIPEICTABACHHBIX BPEMEHHLIMA PSIJAMHI IPU3HAKOB — IMOKA3aTeIell COCTOSHMN 00beKTa.
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O PA3PENIINMOCTU MOJIVIIEPUOANYECKOI KPAEBOI 3AJAYN
AJIA TICEBJJOITAPABOJIMYECKOI'O YPABHEHNA TPETBEI'O
ITOPAIKA
H.T. OPYMBAEBA, A.b. KEJIbJIJIBEKOBA

KAPATAHJIUHCKUI TOCYJAPCTBEHHBIN YHUBEPCUTET UM. AKAJJEMUKA E.A.BVKETOBA,
KAPATAHZIBL, KA3BAXCTAH

Keldibekova_a_b@Qmail.ru

Ha Q = [0,w] x [0,T] paccMarpuBaercst 10y IepHOIMUecKasi KpaeBas 3a/1a4a

0u 0%u ou
ey A(x,t)@ + B(x,t)a + C(z, t)u+ f(z,t), (z,t) € Q, (1)
u(z,0) = u(z,T), =z € |0,w], (2)
u(0,1) + W@' =p(z,t), (x,t)€Q, (3)

Pa6ora Boiosnnena npu nomgepkke MOH PK| rpanr NeAP05132262.
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riae (n X n) - marpuns A(z,t), B(z,t), C(z,t), n-sexkrop-dyuknnn f(z,t), p(z,t) HenpepbIBHLI Ha (2,
n
sech [lu(z, t)|| = max fu; (2, )], [|A(2, )] = max 37 Jay;(z,1)].
i=1,n 1=1,nj5=1
s HaxoxkeHns pereHnst BBOAATCA GyHKIWH v(x,t) = %, w(z,t) = %ﬂf’ﬂ u 3amaga (1)-
(4) cBoamTCH K 1EPHOAMYECKON KpaeBOil 3ajade jyls CUCTeMbl OOBIKHOBEHHbBIX JindbepeHinanbHbIX
ypasueruii |1| Buga

ov

5 = A(z,t)v+ B(z,t)w + C(x,t)u + f(x,t), (z,t) €, (4)
v(z,0) =v(z,T), z€[0,w], (5)
bYHKIIMOHATLHBIM COOTHOIICHUSIM

z &
(9
w(z,t) = gl 1) +// 2L e, (6)
0

0

oo | fo
0

s pemtennsa 3amatm (4)-(7) mcmonbdyercs meron mapaMerpusanun |2|. B repMmmuax mexoambix
JAHHBIX OMpEJeIeHbl JOCTATOUHBIE YCJIOBUS OJHO3HAUHON paspermumoctu 3agaqn (1)-(3), mpeqioken
AJITOPUTM HAXOXKIACHUA HpI/I6ﬂI/I}KeHHOI‘O pemennd, moJIydeHa OIEHKa MEXKIY HpI/I6ﬂI/I}KeHHbIM n TOY-
HBIM PEIIEHUSIMA.

v(&1,t)d&rdE. (7)

o\h
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MAKCUMAJIBHAA PEI'VJIAPHOCTD PEIITEHUN A
IICEBJOITAPABOJINMYECKOI'O YPABHEHUNYA TPETBHEI'O ITOPAJKA

M.H. OCIIAHOB

L.N. GuMILYOV EURASIAN NATIONAL UNIVERSITY, HyP-Cy/iTAH, KAZAKHSTAN

Ha Q = [0,w] x (—00, +00) paccMoTpuM ypaBHeHme
Uzt = ao(x, huge + a1(x, t)uy + az(z, t)uy + as(x, )ur + ag(x, t)u+ f(z, t), (1)

rae dyakumw a;(x,t) (i = 0,4), f(z,t) TpeamoIararoTes HeMpPEPLIBHBIMA W,BOOOIIE TOBOPSI, HEOTDAHN-
gyennpivu Ha §). Ypasnenue (1) sBasgerca ncesaonapabogndecKiM, K HeMy TIPUBOIAT P TPUK/IATHBIX
3a7a4 B buswke, Mexannke u 6uogornn [1]. Yepes Oy (€2, R) 0603Ha4MM TIPOCTPAHCTBO OTPAHITEHHBIX
dbyHKIMit, HenpepbiBHBIX 110 t € R npu x € [0,w] n paBHOMEpPHO OTHOCHTENIBHO ¢ € R HernpepbiB-

HBIX 10 = € [0,w] ¢ HOpMOIt ||V = sup |V(x,t)|. Hamu mia ypasaenns (1) nsydaercs ciieyrommast
HEQ
3a/1ava: )
w(0, t) = P(t), ug(x, t), ug(z, t) € Cx(Q, R). (2)

Dyukius (1) npejnoaaraeTcs JABazK bl HerpepbiBHO aud depeHnnpyemoii u orpanuieHHol Ha R Bme-
CTe CO CBOMMY TIPOU3BOIHBIMU (1) u 1)(t).
Perenne u 3anaun (1),(2) HaspiBaeTcs MaKCUMAJILHO PErY/ISPHBIM, €CJIM MMEeT MECTO OlEHKA

[zl + [lao(x, )zt ]| + [lar (z, )un | + [las(z, t)ue || +

+llas(@, thuell + flaa(z, hul| < C [ f (2, H)ull,

riae C' — const, 3aBUCHT TOJBKO OT UCXOJHBIX JIAHHBIX.
Ananornunas 3aqada s ypasrenus (1) B caygae ai(x,t) = 0 6bl1a nccaegobana B [2].

B macrosimieit pabote MeTo0M HapaMeTpu3anun [3| yCTaHOBIEHBI YCJIOBUS MaKCHMAIBHONW pery-
asiprocTH pentenus 3ajaqn (1),(2).

Criucok mrepaTyphbl

[1] Haxymes A.M., ¥Ypasnenus mamemamuneckot 6uosoeuu.. - M.:@usmariur, 2008.

[2] Ocmanos M.H., 06 odnot kpaesoti 3adaue dan ypasuenua mpemoezo nopadxa. // Vzsecrnga HAH
PK. Cep. duz.-mar. -2004, Ne3. -C.103-107.

[3] Txxymabaes [1.C., Ipusnaru 0dnoznaunot paspewsumocmu sunetnot kpaesoti 3a0a4u 0nd 0bbik-
nosenHo20 Juddeperyuarvrozo ypasrwenus. [/ 2K. Boranca. mar. u mar. dus. -1989. -T.29, Nel.
-C.50-66.

Pa6ora momuepxkana npoektom AP05131649 Komurera mayku MunucrepcrBa obpaszoBanus u Hayku Pecrnybsimku
Kazaxcran.
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YCJIOBU Y KOSPLUUTUBHOM PA3SPEILINMOCTHI
BBIPOKJIEHHOTI'O INM®PEPEHIINMAJIBHOI'O YPABHEHN A
BTOPOTI'O ITOPAJIKA

Kopian OCITAHOB, Aauner ECEAEB

EBPABUIICKUN HAIMOHAJIBHBIN YHUBEPCUTET uM. JI. H. I'vMUAEBA, Hyp-CV/ITAH,
KA3AXCTAH

adilet.e@gmail.com

Paccmorpum ypaBHEHME
—p(py') + 1y + sy = f(=), (6)
e x € R, p momoxKuTe/IbHAT U JIBAXKTHI HEMTPEPHIBHO Auddepennupyemast, 1 HepepbiBHO quddepen-
mupyemasi, a s HernpepoiBaas dbynknnn Ha R, f € L,(R), 1 < p < +o0.
Bamkuys B L,(R) nuddepenrnpmansuoe serpaxenue —p(py') +ry 4 sy, onpegesennoe Ha MHOXKeCTBE

JIBaK/Ibl HETIPEPBIBHO i depeHnupyeMbix (DYHKIHI ¢ KOMITAKTHBIM HOCUTEIEM C(()2) (R) ompenennm
oneparop [. Pemmenunem ypasuenus (6) naswiBaercs dyuknus y € D(1) takas, uro ly = f.
IIycts g m h # 0 — 3ajaHEbIe HETIPEPBIBHBIE (DYHKITUH, ¢ = 1%' ITonoxknm

Oég,h(t) = Hg”Lp(o,t) H}leLq(t,Jroo) (t>0), 5g,h(7—) = Hg”Lp(T,o) HhilHLq(,oo,T) (r<0),

Yg,h ‘= MAax (sup agJL(t), sup 5g,h(7')> .
t>0 7<0

Teopema. Ilycts p —gBaxkabl HEIPEPHIBHO quchpepeHiupyeMast moI0KuTeabHast, a T — Hemnpe-
PBIBHO JuchgepeniiupyeMast (pYHKIIUA U BBITOJHEHBI CACAYOIHE YCAOBHS:

u mycrb Haiiaercs takoe a € R, uro

rx<a

sup ¢ p(x) exp _/Z;((?Jdt < 400

Torya ypasretne (6) gs moboit mpasoii wactu f € Ly, numeer eHHCTBEHHOE DEIIEHHE.
Ecnn kpome Toro

r\x

(
r(v

~—

p < +o0, C‘KMgC, c' <
plv

(

TO JIJIS DEIICHUA | BBIINOJIHEHA OLICHKA

<C, mpul|r—v| <1,

~—
~—

[=pCey)'|l, + [yl + lsyll, < Coll £,

ITpumep. g caexyroiero ypaBHeHus

/
Vz+1 (Va2 +1
_352+3 $2+3 y/ +($2+5)2y/_5$y:f7
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e f € Lyo(R), Bermoaastorest yeaosust reopembl. Cie10BATETbHO JJAHHOE YDaBHEHHE HMEET €JUHCTBEH-
HOEe peIIeHne Y, JIjisd KOTOPOTO BBIIOJIHIETCS OIEHKAa

-5 (55))

2+3 \ 22+3 7

+[|(@* +5)% ||, + | = 5aylla < C||f]l2-
2

Ypasuenue (6) B cayuae p = 1 u p = 2 6610 HccnenoBano B pabore [1], mpu p =1, p =1 — B [2],
aunpu p = 1,1 < p < +oo B pabore [3]. Ormernm, uro B padorax [1], [2], [3] momumo KoppekTHOI
Da3peIMMOCTH OBLIH OJIYYeHbI CIIEKTPaIbHbBIE CBOMCTBA COOTBETCTBYIONMETO (6) MiddepeHInaaIbHOTO
OmepaTopa, a TaKzKe yCJI0BUs PA3PENMMOCTH KBa3uauaeitHoro o6obmennst (6).

Crmcok aurepaTyphbl
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MHOTOIIEPNOJNYECKUWUE PEHHIEHN A
NHTETI'PO-AINPPEPEHIINNAJIbHBIX YPABHEHUN
C - IIEPM1OAOOM SPEJINTAPHOCTU

YKANMBLIEK CAPTABAHOB, I'viicesum ANTEHOBA, I'anust ABJANKAJIMKOBA

AKTIOBUHCKUI PEMMOHAJIBHBI TOCYJIAPCTBEHHbBIN YHUBEPCUTET UMEHN K. 2KYBAHOBA,
AKTOBE, KABAXCTAH

sartabanov42@mail.ru, gulsezim-88@mail.ru, agalliya@mail.ru

PaccmarpuBaercsa cucrema mHTErpo-audhepeHnnaabHbIX YpaBHEeHT I

-

D.u(r,t) = A(r, t)u(r, t) + / K(t,t,s,t — et + cs)u(s,t — T + cs)ds + f(7,1) (1)

T

¢ omeparopoM mudepennnpoannga D, = % + <c, %>, KOTOPBIIl 00Opalaercss B OIMEPATOp ITOJTHON
IIPOU3BOTHOM % BJIOJIb XapPaKTEePUCTUK t = ¢T — ¢S + 0 ¢ HAYaJbHLIM JaHHbIM (S,0) € R X R™,
rne R = (—o00,4+00), ¢ = (¢1,...,¢p) — TOCTOAHHBIN BEKTOP, C OTJMYHBIM OT HYJIS KOODIMHATAMU
¢j,j = 1,m, % = %,...,% — BEKTOp, <c, %> — CKaJISIpHOE TPOM3BeJieHne BeKTOpoB, A(T,t)
u K(7,t,s,0) — 3agannbie n X n-marpunsl, f(7,t) — n-ekrop-pyuaknus, (6,w) = (0, w1, ..., wn) —

BEKTOP-TIEPUOJT C PAITMOHAIBHO HECOM3MEPUMBIMU KOOPIUHATAME, € — IMOJOKUTEILHAI TOCTOTHHAS.

Bormpocy cymiecTBoBaHus MHOIOMEPUOJAUIECKUX U TOUTH TEPUOIUIECKUX PEIIEHNI CHCTEM HHTErPO-
muddepeHIranbHbIX yPABHEHHH TTOCBAIIEHO 3HAYNTEIHHOe KOJINYecTBo pabor, u3 Hux ormerum [1-4],
UMeIOINEe HETIOCPEICTBEHHOE OTHOIIEHNE K TAHHOMY MCCIeIOBAHUIO.
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Hesnbio HacTOsIIEl pabOTHl ABJISETCS MOJYUEHHE YCJIOBUI CYNIECTBOBAHUS MHOTOTEPHOITIECKUX
perrenuit AMHEHHBIX CUCTEM WHTErPO-muddepeHnmaabHbIX YPAaBHEHUH C 33 JaHHbIM OTIepaTopoM aud-
depernuposanus D..

JLs MOCTH>KEHUST 3TOM e/ PENTaoTCsl CHAYAIa HadaIbHBIE 33 a9N /IS PACCMATPUBAEMBIX CHCTEM
YpaBHEHU{, a 3aTEM YCTAHABJIUBAIOTCSH HEOOXOIUMbIE U JOCTATOYHBIE YCAOBUS CYIIECTBOBAHUSI MHOTO-
MEPUONMUECKUX PENTeHU TUHEHHBIX CHCTEM HHTErPO-TudOepeHmaibibiX ypaBaennii. Ompenesisiiorcst
MHTerpajbHbIE CTPYKTYPhI PEIIeHNi JIUHEHHBIX HEOTHOPOIHBIX CUCTEM, 00JIaJAI0NUX CBOMCTBOM €11H-
CTBEHHOCTMH.

IIpeniionokumM BBITOJTHEHHBIMEU YCIOBUS:

A(T+0,t+ qw) = A(T,t) € C((S’g) (RxR™),qe Z™, (2)

K(t+60,t+ qw,s,0) = K(7,t,s + 0,0 + qw) =

:K@¢&@eCﬁﬁ%%RmexRmeﬂeZ% (3)
[(r+0,t+qw) = f(r,1) € CUg (R x R™),q € Z™. (4)

Teopema.

Ilycrs Bemmostaensr yerosust (2), (3), (4) u coorBercTByMomas nHEHHAS OJHOPOIHAS CHCTEMAa He
nmeer (0,w)-nepuommueckux periennii, Kpome TpupuasbHoro. Torma cucrema HEOJHOPOJHBIX JIHHET -
HBIX HHTErpo-ugdepennuaababix ypasaennii (1) umeer equacrsennoe (0, w)-mepaoguaecKoe perieHne
u(T,t) Buga

T+6
-1 1 -1 ~
u(rt) = [U710,7 +0,8) — U~1(0,7, )] / Ty (s, 1) fols, h(s, 7. ))ds.

T

Baecw Uls, T,t) perenne MaTpn9HOi 331890

T

D.U(s,T,t) = A(T,t)U (s, T,t) + / K(r,t,&h(&,m,0)UE R, T,t))dE,
T—E€
U(s,s,7)=E,
E — epunnuHag n-Marpuiia, BeKTOpHO-MarpuuHasa (yHKims fp(s,7,t) Onpeensercs ¢ HOMOIIBIO

dbyukuun f(s,7,t) cooTHOIIEHEEM

f(s, 7, h(s,7,t)), T 30,

Tols,m, b, 1)) = {f(s,T +0,h(s,7+6,1)),0 % 7+ 6.

OTMeruM, 94TO PACCMOTPEHHbIE 3343491 /19 UHTErPO-IuddepeHrnaibHbIX CUCTEM MOXKHO PACCMOT-
pers BoIb xapakTepucTiK t = t0 + cr — ¢r° ¢ dukcnpoanupvME HavaspEbME JapHbME (70, 10).

Pazpaborannbiii momgxon MpUMEHWM K WCCIENOBAHWUIO 33189 O KOJEDAHWNM CTPYHBI 3PEAUTAPHOTO
XapaKTepa, OTHOCAIINECS K IPUMepaM IPHKJIAITHONO acIeKTa.
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NCCJIETOBAHUE METO/IOM PEJIYKIINU
MHOTOINEPUOJNYECKNX PEIIIEHUN Y3KO
TUTNIEPBOJNYECKUX JINMHENMHBIX BEKTOPHO-MATPUYHBIX
VPABHEHUI C YACTHBIMU I[TPON3BOJIHBIMU IIEPBOTO
IIOPSIIK A

Kanubliblk CAPTABAHOB, AMupre 2KYMATASUMEB, T'anua ABJINKAJINKOBA

AKTIOBUHCKUM PETMOHAJIBHBIN IOCYTAPCTBEHHBIN YHUBEPCUTET UMEHU K. 2K YBAHOBA,
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Paccmorpum sinbeitHoe ypaBHeHve

ox ox ox
— +A +A = Az + f(7,1), 1
or t Mo T gy, =AY M
rae z(7,t) — uckomasi n-Bekrop-pynkuus; Ay, As u A — nocrostuubie n-marpuubt; (7,t) = (7,11, t2);
f(r,t) — n-BexTop-dyHKIHS.
ITpeamonozkum, 9To MaTpunbl Ay 1 Ay 061a1a10T CBOMCTBAMA y3KOi MUIIEpOOIMIHOCTH CUCTEMBbI
(1) u n-BexTop-dbyuxmus f(7,t) obmagaer (0, w)-IEPHOANTHOCTHIO 1 07(.2’1)(}% x R?):

f(r+6,t+qw) = f(1,t), (0,w)=(0,wr,ws). (2)

Ypapuerne (1) m3ydaercss Ha OCHOBE MOHATHI COOCTBEHHBIX 3HAYCHHIT M COOCTBEHHBIX BEKTOD-
byHKIHMN TyTeM MPUBEIEHNS K YPABHEHWIO C COOTBETCTBYIOIIUMY YKOPIAHOBLIMU KAHOHWIECKUMU BU-
mavu J; u Jo marpunt A; m Ao, pm moMori noacTaHoBKE £ = Ky, K dopme

% J1@ + Jy—= 0y _ =By +(1,t), B=K'AK p(t,t) = K 1f(1,1), (3)
or oty Oty

ecnm mMatputibl A1 Ao I KoMMyTaTwBHBIE, TO €CTH KOT/IA BBITTOJTHEHO YCIOBUE
A1As = A1 As.

Bosaukaer Bonpoc 06 m3ydenuu 3asmau st ypasHenus (1) B TepMuHax COOCTBEHHBIX 3HAYEHWH U
cobcTBeHHBIX BeKTOp-pyHKRNN A1 1 Ag B 00111eM ciydae, KOTIa 3THM MaTPHUIIaM Heobsa3aTeTbHO OBITDH

KOMMYTaTHBHBIMU.
CyTb 3TOro METo/a 3aKII0YAETCH B CIELYIOIIEM.
ox ox oy oy
ITocte mepexoma W3 BhIpaxkeHusd — + Aj—— K €r0 KaHOHUYECKOMY BHAY —— + J|——, 3aMeHOil
or 81&1 Py or 8tl
x = Ky, mociefpee BhIparKeHUe TPEJACTABUM KaK MPOM3BOIHYTO 8—y bynxmun §(7,t) = y(1, h' (1), t2)
o T
B HalIPpABJ/ICHUAX XapPaKTEePUCIUK 1] = hjl (1), 7=1,n, tne
y(T7 hl(T)v t2) = (yl (T7 hl(T)7 t2)7 ERE) yn(Ta hl (T)7 t?)) = g(Ta t2) (4)
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CrenoBare/ibHO, UMEEM

dy Oy 0y(r,t2)
or Ten T T ar (5)

Hanee, nosnbaysicek coornontenusivu (4) u (5) uz (1) 3amenoii (7, t2) = Koz(7T, t2) nmeem ypaBHeHue
C IByMsl HE3ABUCHUMBIMHU [T€PEMEHHBIMU

0z(T,t2)
or

0z(T,t2)

+ K;1A2K267t2

= Ky 'CKy2(7,t2) + Ky ' @(7 t2), (6)
rae Ay = Ky ' A2Ky, C = K 'BEy, (7, t2) = (7, h (7). 2) -
Teneps ypasaenue (6) IpecTaBuM B BHJIE

gi + Jgaatz =Cz+1(1,ta), C=K; 'CKy,9(1,t2) = K5 3(7,1). (7)
2

OnpenesnB XapakTEPUCTUKU OTHOCUTEJNBHO fo = h?(T) u paccmorpes (7) BIOJIb 9TUX XapaKTepu-
CTHK MMEEM CHCTEMY
gy = CFt(r), 2(r) =27, h5(7), o(r) = ¥ (71, k(7). (8)
Takum ob6pazom, MmeTomoM peayknuu cucremy (1) mpusesn K cucreme (8).
Jasee, M3BECTHBIM METOJIOM TEOPUE MHOTOMEPUOJINIECKAX PENIeHnil mpu ycaoBusax (2) u

Re)j(A)#0, j=T1,n (9)

YCTAHOBJIEHO CYIIECTBOBAHUE €IMHCTBEHHOTO MHOTONEPHOANIECKOrO perleHust ypasHeHus (1).

Teopema.
Ilpu ycnosusx (2), (3) u y3koii runepbosmanocrn marpui; Ay u As cucrema (1) umeer equHCTBEHHOE
(0, w)-nreproamueckoe perrerue

+oo
x¥(1,t) = /G(S,T)Pf(s,hl(S,T,tl),hz(S,T,tQ))dS,

e G(s,7) — ¢yuakuus 'puna 3amaqun gis cucremsr (1) o MHOrOImepuoImIecKux peienusax, P — ore-
PATOP NMPOEKTUPOBAHHSI.

Paszsusas ujen pabor [1-3], B qaHHOll 3aMeTKe TpejiaraeTcs MeTO[ UCCaeoBanns ypasaerns (1)
HA OCHOBE IIOCTEIIEHHOrO IE€PexX0a OT YACTHBIX IPOM3BOIHBIX IO JBYM HE3aBHCHMBIM [EPEMEHHBIM
K TTPOU3BOMHBIM HEM3BECTHBIX (QYHKIWH myTeM nudhepeHimpoBanus Mo OAHONW MepeMeHHol T BIAOJIb
XapaKTEPUCTHK PACCMATPUBAEMOrO YPABHEHHS.

Ol_H/IcaHH]:)IM METOO0M pe;LyKL[I/H/I MOZKHO ITIOJIB30BATHECA B Cﬂy‘{ae 60.HBH_I€ ABYX HE3aBUCUMBIX TIepe-
MEHHBIX, IIPH [IPeIBAPUTETHLHO U3BECTHBIX COOCTBEHHBIX 3HAYEHNUX U COOCTBEHHBIX BEKTOP-(DYHKITHAX.
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MHOT'OIIEPUOANYECKIUE PEIIIEHUA JIMHENHBIX CUCTEM C
KBA3SUIIEPNOANYECKINM OIIEPATOPOM
ANPPEPEHIIMPOBAHNSA B KPUTUNYECKOM CJIVHAE
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PaccmarpuBaerca crncrema ypasnennit

Dx = Agz + f(s,eT), (1)
C LOCTOAHHON Marpuueil A = [akjﬁ, a1 = agp = a =0, ajg = —as; = B > 0, cBOGOJHEIM YJIEHOM
f(s,er) = (fi1(s,eT), fa(s,eT)) u oneparopom nuddepeHIupoBanus
0 0
D= erT)~— 2
rjae x = (r1,x2) — uckomas BekTop-dyHKuusA, ¢(eT) — GYHKIUSA HepeMeHHON ¢, MOPOKIEHHOH OT
dbyuxmn ¢(t) = o(ti,...,tm) tpu t = er, e = (1,...,1) — m-BeKTOp. DTOT CJIyIail OTHOCHTCH K

KPUTUYECKOMY CJIYYafo.
IIpeanomnaratorcd, aro dbysrimn ¢(t) u f(S, eT) ABIAIOTCS BENECTBEHHO aHAJUTUICCKUMEI U MHO-
rOIEPUOJIMYECKUMU

b

ot +w) = o(t) € AL(IIF"), (t) # 0, € 11, 3)
f(s+00,t+w) = f(s,1) € Ag ,(TT§" x TIF"), (4)
riae w = (w1, ... Wy) — BEKTOP-TIEPUOJL ¢ KOOPAWHATAMHU PAINOHAILHO HECOM3MEPUMBIMU MEXKy CO0O0i
Wi, ...wy, 1 BMecTe ¢ nepuonamu Oy; Iy = {7 € C : |Im7| < §}, C' - KOMILIEKCHAsI TJIOCKOCTH,
5 = 1IIs x ... x I, Al (II§*) — KTacC W-IePHOMIeCKIX BEIECTBEHHO aHAJIUTHIECKNX B obmactu 11}

dyHKImIIL,
Ipu yenosun (3) dbyskmus o~ !(t) pasmaraercs B pax @ypoe ¢ 1(t) = @o + 3. ppe2™F20 | pre

k20

k= (ki,....km) € Zx...xXZ=2" ¢y # 0, ¢ — k03bdunuentor Pyprbe, Z — MHOKECTBO TIETBIX
wucel, v = (Vi,...,Um), Vj = w;l, j=1,m, vt = (v1,t1...,Untm), (a,b) — ckangapHoe npousBemeHNE

BEKTOPOB a 1 b. Hpe,ZLHOJ'[O}KI/IM BBITIOJTHEHO PAaCHINPEHHOE YyCJIOBUE HECOUM3ZMEPUMOCTHU BUIA

|(k, )| = [K"° + kovo + (k,v)| > & [k (5)
C HEKOTODPBIMH TOJIOXKUTEJTBHBIMU TOCTOSHHBIME ¢ > 0 uw 7 > m + 3, T1e k= (K9 ko, k) =
= (K ko, k1,...km) € Z™T2 — umowecTBO menmounciennbx (m + 2)-sektopos, v = (V0 1,v) =
= (%, v, 11, ... Up) — gacToTHLIH (M + 2)-BekTop, ¥ = (271) 714,

Nccnemyercs 3a7a49u 0 BRIICHEHUH YCJIOBU CYIIECTBOBAHUS €IMHCTBEHHOTO PeIenns cucrembl (1)—
(2), mepHOINIECKNX IO ONHON MepeMEeHHOH W KBA3UIEPHOIAUICCKUX [0 JPYTOil TIEPEMEHHON ¢ TeM Ke
yacroTabiM 6a3ucom. [Ipu pemtennii 3aaunm (1)—(2) ucnob30BaH METOIBI TEOPUU MHOTONEPUOIANIECKIX
pelIeHnit CUCTEMBI ¢ MHOTOIEPUOANICCKAMA BXOJHBIMY JaHHBIMU, BEIICCTBCHHO-AHAJATHYIHO IIPOJ0JI-
JKAMBIMU II0 KaKJ0H HEePpEeMEHHON Ha HEKOTOPYIO KOMILIEKCHYIO OKPECTHOCTL JAeHCTBUTEIBLHON ocH
[1—5].

XapaxTepucrudeckas cucteMa & = p(er), T|s_g = 7°

omeparopa (2) mpu ycsnosusix (3), (4) u
k,v)| > ¢ k|7 umeer yci0BHO MHOrOMEpHOUUECKIE PEIIEHNE BUIA
‘< ) p p

=7+ ag(s — 5°) + he ((5—50)) ) (6)
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e h(t +w) = h(t) € AL (TI7), 0 < r < p, ¢ >0, v > m + 1 nocrognnwre.

Ecim cpemee 3nadenue oy GYHKINT p(eT) cCINTaTh PABHLIM eInHEATE, TO 13 (6) momywmm 7 — 70 =
s+ h(t).

Torma nosyaum HOBBIN oneparop auddepeHIMpPOBaAHU BT

IND 8+<e

6>+<p(e7'0+t+eh(t)) a%. (7)

~ Os "ot

Ormernm, uro dpopmysia l~)y(s, t, 7)|t=es = Dx(s,T) n103BOAsIET MEPEXOAUTD OT PACCMOTPEHUS yPAB-
HeHWH, KBA3UIEPUOUIECKUX 110 [ePEMEHHBIM C (S, T) K ypaBHEHHsIM, MHOIOIIEPUOJUIECKUX TI0 [1€Pe-
MeHHBIM (8, t, 7). TakuM obpasom, KosebaTebHbIE pertennst cucteMbl (4.1) uccienoBaHo myTeM mepe-
X072 K MHOTOTIEPUONIECKO crucTemMe BUa

Dy = Aoy + f (s,t + eh(t)). (8)

Teopema 1.

ITycrs Boimoanennt yeaosust (3), (4) u (5). Torga smnetinast cucrema (8)-(7) nmeer eauncTBEHHOE
peIlieHne, KOTOPOe IPEJCTABJISETCS B BUJIE

5*(s)
y*(s,t) = / G(s,0)g(0,t —es+ eo)do,
s*(s)—0o

npu nomoru ¢yukinuu tuna I'puna G(s,0) u MOTIHHIETCS ONCHKE

Hy*Hr/Q < ar_v*e_ﬁ*ngHT? (S>t) € HT‘/2 X 1_[7‘/2-

Tanee, yaurbiBag, 4To S,7 W ¢ CBsi3aHHbIe COOTHOIIeHusiMu T = s + h(es), s = 7 + ¥(er),
t = es, KaK TPHUJIOKEHHE TeOpeMbl 1 K HCC/IE0OBAHUIO TEPUOJMYIECKUX [0 § U KBA3HIEPHOJANIECKUX
O T C 9acTOTHBIM 6a3ucoM (v, ... Vy,) = v pemiennii cucremsl (1), nMeem CIeyIONyIO TEOpEMY.

Teopema 2.

Ilpn ycraoBusx reopemsr 1 3agaqa (1)-(2) nmeer enuncTBeHHOE O)-TIEPHOIMYECKOE O S H KBA3H-
MepUOJIMIecKoe I T € 9acTOTHBbIM 6aznucom (Vi,...Vy) = V BEHIECTBEHHO aHajuTHYecKoe 110 (8,T) €
1L, o x 11, /o permenne

s*(s)
x*(s,7) = G (s,0)f(o,er —es+ eo + Oh(er — es + eo)) do,
s*(s)—0o

yaoBaeTsopstomee orenxe |z, o < ar= e B £l
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OBPATHAA BAJAYA TPABUMETPUN C JAHHBIMU N3
I'EOJIOTO-JINTOI'PAPNYIECKUX PASPE30B

Cemen CEPOBANCKUI, Janusir HYPCEUTOB

KABAXCKUN HAITMOHAJIBHBI YHUBEPCUTET UM. AJIb-DAPABU, KABAXCKUN HAITMOHAJIbHBIA
UCCJIEJOBATE/IbCKUI TEXHUYECKWUIT YHUBEPCUTET UMEHU K.M. CATIHAEBA, AJIMATHI,
KA3AXCTAH

serovajskys@mail.ru, ndb80@Qmail.ru

Jnnrenbuas pa3paborka HedTera3oBhIX MECTOPOKJICHUN MOXKET MPUBECTH K HETATUBHBIM MTOC/IE/I-
cTBUSIM. JJIT CBOEBPEMEHHOTO BHIABJIEHUS PA3JMUHBIX HETATUBHBIX SIBJIEHUI PETYJISIDHO OCYIIIECTBJIS-
eTCs TPABUMETPUIECKWH MOHUTOPUHT MECTOPOXKICHUHN € TTOCTAeAYIONeH naenTuduKanuei SKCIepuMeH-
TaJIbHBIX JaHHBIX.

Pacnipeenerne norennmasa rpaBUTAIIMOHHOIO IOJIA ONUCHIBaeTcs ypaBHeHueM llyaccona, B mpa-
BYIO 4aCTh KOTOPOI'O BXOJUT PACHPEIEICHNE JIOTHOCTH B ganaoit obyiactu. [Ipavas 3a1ava rpaBumer-
PHUH COCTOUT B OIIPEIAeJEHNN ITOTEHITHAJIA II0 H3BECTHHIM 3HATEHUAM ILTOTHOCTH, a OOpaTHasd 3a/1a9a -
B BOCCTAHOBJIEHNN IIJIOTHOCTH, & 3HAYNUT, U CTPYKTYPHI UCCACTYEMOM 00TaACTH IO pe3yabTaTaM M3Mepe-
HUg TPABUTAIMOHHOTO MOJIsd. B peabHOM CHTyaIny SKCIePUMEHTAILHON 62308 [T PeIenust mpaMoi
3aJa4UN CAYKAT JaHHBIE I3 Te0JIOTO-TATOrPpAPUIECKUX Pa3pPe30B MECTOPOXKICHH, & I 00paTHOH -
M3MEPEHNe YCKOPEHUsT CUJIBI TSXKECTH Ha MOBEPXHOCTH 3eMJIN HaJ MecTOpoxkaeHueM. CJ0KHOCTE 3a-
Iagu 00yCI0B/IEHA, YPE3BBIYAMHO MAJBIM 00bEMOM 3KCIEPUMEHTAILHBIX JAHHBIX IPH 3HAYUTEIBHBIX
pasMepax MeCTOPOXIACHUS, CYIIeCTBEHHON HEeCOINIaCOBAHHOCTBIO IPABUMETPUYECKIX M FeOJOTTIeCKUX
ITaHHBIX B CMBICIE BPEMEHH [TOCTAHOBKH 3KCIIEPHMEHTA U OTCYTCTBAEM NH(MOPMAIIUT O COCTOSTHUN CUCTE-
MBI HA MOI3EMHOI IPAHUIE MCCIeAYeMOit 001acTu. B 9TUX yC/I0BUAX MOIYIUTH CPABHUTEIHHO TOUHYIO
MHGOPMAIIIIO 0 TEKYINel CTPYKTYPe MECTOPOXKICHUS IMIPAKTHIECKH HEBO3MOXKHO.

TTpeamaraercs HOBBIF MOAXO K PENIEHUIO YKA3AHHON 33189, OCHOBAHHBIN HA MCIIOJIL30BAHUN KAK
IPaBUMETPHIECKON MHMOPMAIINK, TaK W JAHHBIX O CBONCTBAX TEOJOTO-IUTOrpadHUIECKHil pa3pe3on
MecTopoXK aenus. Mmeronuecd manabie Te0/10T0-TuTorpaduIecKuil Pa3pe3oB MpencTaBadior coboi pu-
CYHKH, Ha KOTOPBIX N300parkeHo PaCIoI0KeHNe TeX WK NHBIX MaTepHAI0B B JanHoi obaacru. Ilpexe
BCEro, COCTaBJIEHA TPOrpaMmMa, npeobpasyromaga 5Ty undopMaruio B Tabanuiy pacupeieseHns ILIoT-
HOCTHU Ui ypapHeHud Ilyaccora. /[T MOCTaHOBKH KpPaeBbIX YCJAOBHM YIUTBHIBAETCS, YTO MOTEHITHAI
TPABUTAIMOHHOTO TOJIsi TI0 Mepe yrajenusi oT obbekra yboiBaer. PaccmarpuBaemas 00J1aCTh MCKYC-
CTBEHHO DPACIIUPHAETCH C IOCTAHOBKOU HYJIEBBIX 'DAHUYHBIX YCJIOBUH 10 T€X IO, IIOKA BJIUAHUE ITUX
YCJAOBUI TTPAKTUYECKH COMZeT Ha HET. TeM CaMbIM MbI IOJy4aeM BO3MOXKHOCTD PEIIATh MPAMYIO 3312~
9y I'paBAMETPUN Ha OCHOBE JAHHBLIX U3 I'€0JI0r0-JIMTOrpapuIecKnii pa3pe3oB MecTopoxaeHusd. JlaJee,

Pabora BemosHena npu nomgepxkku npoekta AP05135158 " Paspabomka 2eoundopmayuonmoti cucmemv, 0aa pe-
WEHUA 30004 2PABUMEMPUUECK020 MOHUMOPUH2A, 3EMHOT KOpbl Hedmezazonochur pationoe Kazaxcmamna na octose
6HLCOKONPOUSBOOUMENLHILL BBHUCAEHUT 6 YCAOBUAT 02DAHUNEHH020 005EMA IKCIEPUMEHMANOHOE OGHHHT".
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BBIUNCISETCS BEPTUKAJIBHAA COCTABJIAIONIAA I'PAIACHTA I'PABUTAIMOHHOTO TTOTEHIINAIA, COOTBETCTBY-
FOITas YCKOPEHWO CUJIBI TSXKECTH, KOTOPasi CPABHUBAETCS C TIOKA3aHUSAMEU TpaBuMeTpoB. CpeaHerBa-
paTUYHOEe OTKJIOHEHUE BBIUNC/IsieMO MH(MOPMAIUU OT SKCIEPUMEHTAJIbHBIX JAHHBIX CJIYKUT KPHUTE-
pHeM TOYHOCTH HAIEro MPEJCTABACHU O TEKYIIEH CTPYKType MeCTOpOkKaeHus. Fro 6osbinue 3Haqe-
HUsT 00'BSICHAOTCS TEM, YTO TPaBUMETPUUECKast NH(MDOPMAIIUS PETUCTPUDPYETCH PETYISPHO, B TO BPEMs
KaK [e0IOTMYeCKre JaHHbIe 0OHOBIAIOTCA Kpaiine peako. Ha oCHOBE reHeTMYecKOro ajirOpuTMa BHO-
CATCH BO3MYIICHNA JAHHOIO PACIHPEACTICHUS IJIOTHOCTEH € MEeIbI0 MUHUMHU3ANUN PACCMATPUBACMOTO
kpurepud. Tem caMbIM TIOSBISIETCH BO3MOXKHOCTb PEAJIHLHOTO YTOUYHEHUS MMEOMIEHcss nHPOPMAIUU O
CTPYKType HedTera3oBbIX MECTOPOK IEHU.

MOAUPUKALINA METOOA JIOMAHBIX SWJIEPA PEILIEHUS
ITIOJIVIIEPNOAMNYECKON KPAEBOU 3AJAYN OJIAd YPABHEHNUN B
YACTHBIX ITPMMO3BOJAHBIX YETBEPTOI'O IIOPAIKA

1 CBET/IAHA TEMEIIEBA, ? CoIMBAT KABJIPAXOBA

L2HCTUTYT MATEMATHKN U MATEMATUYECKOT'O MOJEJINPOBAHUS MOH PK,
L2K ABAXCKUIT HAIIMOHAJILHEI YHUBEPCUTET UMEHU AJTb-@APABU AJIMATEL, KABAXCTAH

nurl5@mail.ru, symbat2909.sks@gmail.com

B obmactu Q2 = [0,w] x [0,7] paccMarpuBaeTcst moJIyIepuognIecKasi KpaeBas 3aada JJisi OITHOTO
HEKJIACCHIECKOTO YPABHEHHUST Y€TBEPTOrO MOPSIIKA

84u 3 2 82u
BT = ay(z, t)a 3 —i—ag(w t)f?t@ 5 + as(z, t>8 5 +a4(x t)ata +
+as(z, t)g + ag(z, t)?;; +ar(z, t)u+ f(z,1), (z,t) € Q, (1)
u( 7t> = wl(t)v te [O>T]7 (2)
WD), =), tel0.T] 3)
Puls, % o=ua(t),  te[0.T]ze 0] ()
u(z,0) = u(z,T), z€[0,w] (5)

rae f(x,t),ai(x,t), (i = 1,7) nenpepuiabie Ha Q GyHKImH, 1;(t)— ABazkKIbl HEIPepBIBHO Audde-
penrupyemsie Ha [0,T] dynxnuu, yuosrersopsomue yeaosusm ¥;(0) = ;(T), ¥;(0) = 43(T), (i =
1,2,3)

B panHOM cOOOIIEHNM PaCcCMATPUBAETC BOIPOC CYIIECTBOBAHME KJIACCHMYECKOTO DEIeHus 3aa9u
(1)-(5) u mpearaercs aJropuTM HAXOXK/IEHI ero IPpHO/IIZKEHHOr0 pelnenns. BBe/ s HOBble HensBecT-
HBle (PYHKIMM PACCMATPUBACMAad 3aa49a CBEIETCA K SKBUBAJICHTHON HEJTOKAILHOM KPaeBoil 3a1a9e s
runepbOTMIECKOr0 yPaBHEHUsT BTOPOTO MOPSIIKA ¢ MHTErPATLHBIMI COOTHOTIEHUSIMU.

Ha cerogusimnmii 1eHb pasaIadHble METOIbI KCCICTOBAHNS U PENICHA HATaIbHO-KPAEBBIX 3314 J1s1
yPaBHEHMII B 9ACTHBIX MPOU3BOHBIX YE€TBEPTOTO TOPsAaKa quddbepeHImaIbHBIX yPaBHEHU(, Trunep6o-
JIMYECKOTO ¥ KOMIIO3UIIHOHHOTO THUIIOB UCC/IeI0Banbl B paborax [1-6]. st Toro 9robbl HCCIeg10BaTh
pa3/IMYHbIe KPAEBbIE 3aJa4W Jis YPABHEHUI B YACTHBIX ITPOU3BOIHBIX YETBEPTOTO TOPSAIKA HAPSIILY
¢ KJACCUIECKAME METOJAMH MaTeMaTHIecKoi (pnu3ukn npuMmeHsanch Meron ®ypbe, Meron byHKIuit

Jannaa pabora nogaepxusaercsa upoexrom AP05131220 (2018-2020) MOH PK
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Cpuna, merosn [lyankape n Apyrue MeToIbl Ka4eCTBEHHON TeOpUN 0OBIKHOBEHHBIX JU(D(DepeHualbHbIX
ypasuernii. ChopMynnpoBaHbl yCI0BUs pa3permMMocTu ux perenns. B padorax [7-8] 6buin 1oy dens
KOPPEKTHAs Pa3peIrmMOCThb OJIYIEPUOINIECKON KpaeBoii 3aadr JIJIst THIEPOOIMYECKOro ypaBHEeHHUsT
BTOPOrO MOPsijiKa ¥ YNCJEHHO-AHAJIUTHYIECKOe DellleHne, a B [9] paccMOTpeHbl BOIPOCHI CYIIECTBOBa-
HUsI pelieHnst U TpUOJIMZKEHHBIH MEeTO/I HAXOXKIeHUsT PEelleHns] KpAeBOH 3a1adn Jjisi HEKJIACCHIECKOTO
YPaBHEHUS TPETHETO MOPSIIKA.

J17151 HaXOK IeHUsT IUCIeHHO-aHAINTHIECKOro penteHns 3a1a49u (1)-(5) npumensercsa Moudukaris
Meroza Jiomanblx Jitiepa [9]. IlosydeHbl ycsioBusi CyliecTBOBaHHUs €MHCTBEHHOCTH KJIACCHYECKOIO
perenns kpaepoit 3agaqan (1)-(5). YcranoBmeHsl oreHKE 6/i130¢TH QYHKIUN TOCTPOECHHON € TOMOTITHIO
MouUKAIIN METO/Ia JOMAHBIX Jilaepa K TOUHOMY perternto 3agaan (1)-(5).
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JOTAPUO®MUYECKUE PEIIEHUA CUCTEMBI, COCTOSIIIEN 13
ABYX JTMOPEPEHIIMAJIbBHBIX YPABHEHUN B YACTHBIX
ITPOMN3BOJHBIX TPETBEI'O IIOPAIKA

Kanap YBAEBA, 2Kakcbl/ibik TACMAMBETOB

AKTIOBUHCKUM PETUOHAJIBHBIN TOCYIAPCTBEHHBIN VHUBEPCUTET UM.K.ZKVBAHOBA,
AKTOBE, KA3AXCTAH

zhanar ubaeva@mail.ru, tasmam®@rambler.ru

ITocranoBka 3agauu. Vccreayerca oguopoauas 86ausu ocobennocru (0,0) peryngpHas cucrema,
COCTOSIIASA U3 ABYX An(pdepeHInaIbHBIX YPABHEHWH B 9aCTHBIX TTPOU3BOIHBIX TPETHETO MOPSIIKA BU/IA,

903(7“3,0 - Oés,owh)l)&o + $2y(7”2,1 - 042,1$h)p2,1 + 952(7’2,0 - Oéz,oﬂﬁh)l)z,oJr

+xy(ri — 061,190h)p1,1 +a(ri0 — Oél,oxh)pl,o +y(ro1 — ao,lﬂﬁh)po,l + (ro,0 — Oéo,oiﬁh)po,o =0,
y3(tos — Boay™pos + 2y (tre — Bray™)pra + v (to2 — Boay™)poat
+ay(tin — Bray")pi1 + z(tio — Broy™)pro + y(tos — Boay™poa + (too F Booy™)poo =0, (1)

rze poo = Z(x,y) - obmas HeM3BECTHASA, Tk, Oj &, Lk, Bj (], k = 0,3) - Hem3BecTHBIE HOCTOSHHBIC.

Hembio paboThl ABIIETCST HCCTEI0BAHNE BOZMOKHOCTH CYTIECTBOBAHUS TOTAPUPMIIECCKUX PEITIEHAH
Psi/ia YACTHBIX CIY9YaeB MAJIOUCCIEI0BAHHON OJHOPOIHON CUCTEMBI TPETHEr0 TOPSIIKA, THITEPTEeOMETPH-
YecKoro tumna. st pasiudIHbIX TOPSIAKOB OJHOPOJHOlN cucTeMbl (1) Tpebyercst yCTaHOBUTH CHCTEMBI
THUIIEPTreOMeTPUYECKOTO THUIIA, ODIIHi METO ] MOCTPOCHUS PeIeHnti BOJIM3U PEry/IsiPHBIX 0COOCHHOCTEH
(0,0) u (00, 00), OIIpeIeSTUTH KOJHMIECTBO JTMHEHHO-HE3aBUCHMBIX TACTHBIX DEIeHnil.

st nocrpoenusi pemeHust cucreMbl Tperhero nopsiaka (1), mesecoobpasHo IpuMeHeHue MeTo/a
®pobennyca-/larpimesoit 1], xoporo 3apekoMenaBiiero cebs mpu U3YYEHUH CHCTEMBI BTOPOTO IIO-
PAMKA, TTOCKOJBKY OHM OTINYAIOTCS TOJTBKO MOPSTTKAMHM.

Cucrema (1) uMeeT psiJi HHTEPECHBIX TACTHBIX CJIyJaeB.

1. Cucrema tuna iiepa. 113 (1) npu h = 0 mosyunm cucremy tumna Jilaepa, T/e BHIPAXKEHUS B
CKOOKaxX HpPEeBPAIAIOTCS B IOCTOAHHBIC: Tk — Ok = Gjkitik — Bik = bk, (4, k = 0,3) u cripaseyMBO
YTBEpKIEHHE.

Teopema 1. ITycrs cucrema onpejessiiomux ypasHenuii ornocuresibHo ocobernnoctu (0, 0)

fi(p,0) = azop(p —1)(p —2) +az1p(p — 1)o + azop(p — 1) + a1,1p0 + a1,0p + ao,10 + agp = 0,

fa(p,0) = bozo(c —1)(0 —2) +bi2p(c — 1)o + bo20(0 — 1) + b1,1p0 + by op + bo,10 + boo = 0

HUMeeT JIEBATH Map KPaTHBIX KOopHei (py, 0¢), (t = 1,9). Torma obmee pererne cucremsl (1) mpeacras-
JIIETCA B BUE CJAEAYIOMEH CyMMBbI

9
Z(z,y) = Z CiZy(x,) = 2Py (Cy + Chlnz + Calny + Cylnzlny + Csln’zlny+
t=1

+Cslnzin®y + Crln’zin*y + Csln’zin®y + Coln’zindy.

3/ech B 3aBUCUMOCTH OT KPATHOCTH Hap KOpHel, Kak OyaeT moka3aHo B jJajbHelineMm, obInee pe-
meHnue CMCTeMbl TUIIA 9171.7[613& MOXKEeT MMETh Pa3HbIe IPEACTABICHUA.

2. Cucrema runepreomerpuveckoro tnna Kamvmmoe ne ®Pepbe

ITpu h =1 u3 (1) noayuum cucremy uzyuennyio Kamme ne Pepre [2].

Teopema 2. Ilyctsb moceoBaTebHOCTE Tap KOpHEH (pg, o), (t = 1,9) cocrout m3 Tpex moce1o-

BaTeJIbHOCTEH
(p1,01) = (p2,02) = (p3,03) = (pa, 04),
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(p5,05) = (p6,06) = (p7,07) = (ps,08), (P9, 09). (2)
Me?K;[y HUMMW BBITTOJITHAETCA COOTHOIIIECHUE:
(pi; Gi) > (pkn Uk) > (pT7 0-7”)7 (/L - ]-7 27 37 47 k= 57 67 7) 8) r= 9)7 (3)

¥ OHM HE OTJIMYAETCH HA IeJible ducaa. Torma ogHopoauas cucrema AndPepeHnuajibHbIX YPABHEHUN B
YACTHBIX MMPOM3BOTHBIX TPETHEro mopsiaka (1):

1) mMeer moAnoCIeA0BATENLHOCTE JTMHENHO-HE3ABUCAMBIX JaCTHBIX PEITeHui

Zl (.’L’, y) = xﬁl yal Z Am,nxmyn7 (AO,U 7é O)

m,n=0

Zo(z,y) = Zu(x, y)inz + £V (z,y),
Zg(.fC, y) = Zl(flj, y)lny + f2(1)<.73, y)7

Zy(z,y) = Zi(z,y)lnzlny + fél)(aﬁ, yinz + £ (z, y)lny + fél)(l’, v), (4)

rue fl(l)(x,y) = Pyt Zzou:o A%),nx“y”,(Aop # 0),(l = 1,5),(j = 1,4) na ocHoBanmii T€OpEMBI
CyIecTBOBaHNS JTOrapudMUYECKUX Pellienuii cucreMbl Broporo nopsizika [1, c.165].

2) AHaJIOrM4YHO, TaK>Ke MMEeTCs IOAI0CAEA0BATE/IbHOCTD JTUHEHHO-HE3ABUCUMbBIX YACTHBIX DPere-
HUI

o0
Zs(x,y) = 27y > Bmna™y", (Bog # 0)

m,n=0
Zﬁ(xa y) = Z5(.7}‘, y)ln:r + fl(2)(x7 y)7
Zr(w,y) = Zs(x,y)lny + f3 (2.1),

Zs(w,y) = Zs(x, y)inziny + 17 (z,y)ne + £ (@, 9)iny + 1 (2, y), (5)

2 o l v —
rae fl( )($, y) = xpjyaj ZZ?V:O BT(n):nx'uy ) (BO70 7é 0)7 (l = ]-a 5)7 (j = 1)4-)
3) Umeer onHO THHENHHO-HE3aBUCHMOE YACTHOE DEIIeHNe

Z9(x7 y) = xpgyag Z Cm,nxmyn7 (CO,O 75 O) (6)

m,n=0

Kak Bugno, u3 (4)-(6) pemenuss Z1, Z5, Zg COOTBETCTBYOIIME MEPBBIM MOKA3ATENSAM KaXKJI0H 13
nocsieoparessHocTell (2)-(3) mpeacTaBasioTCes B BuAe 0DOOIIEHHBIX CTEMEHHBIX PAnoB. OcraibHbIe
pemennd ABJIA0TCA .HOI‘apI/I(bMI/ILIeCKI/IMI/I. Mbl HO.HyLH/IJ_H/I COBOKyHHOCT]:) AeBATH peH_[eHI/H';I7 HeO6XO’ZLI/IMO
JOKA34Th, 4TO OHU 00pasyoT pyHIAMEHTAILHYIO cHcTeMy. I10Cae10BaTeIbHOCTH MOXKHO COCTABJIATD
0 pa3HOMY. DTO BBI3BIBAET OIPEJEJEHHBIE TPYIAHOCTH, TMOCKOJIBKY, ¢ BO3PACTAHWEM KPATHOCTH IIap
kopHeit (pg,0¢), (t =1,9) cioknee 6y1eT COCTaBAATh PEKYPPEHTHBIE COOTHOLICHUS BH/IA

0? o° o°

0 0
%Z[%Pa y: 0]7 %Z[xvp’ y7 U]a %Z[‘IE7P’ ?/,U}a cey Wz[xvpa y7 U]a WZ[:E’ p7y7 U]a

KOTOPBIE HEOOXOANMBI /i MOCTPOeHNS KOHKPETHBIX PeIIeHni cucTeMbl. B pabore mokazaHbl ere psl
TEOPEM I IOCTPOCHBI KOHKPETHBIE IIPUMEPHI.

Hucruryr maremarukyu u MareMarudeckoro mozeauposanus. Asmarer, 2020



Annual International April Mathematical Conference — 2020 193

Crmcok aurepaTyphl

[1] Zh.N.Tasmambetov, Construction of normal and normally-regular solutions of special systems of
partial equations of second order // IP Zhanadilov S.T.,463p. (2015).

[2] P. Appell,M.J. Kampe de Feriet,Fonctions hypergeometriques et hypersperiques // Paris:Gauthier
Villars.,434 pp.1926.

IICEBJIOITAPABOJIAJIBIK TEH/IEY YIIIITH KO®PUIINEHTTI
KEPI ECEII

XOHATBEK XOMITHBIII, Aigoc HIOKIP
OJI-DAPABU ATBIHAAPBl KA3BAK ¥JITThIK YHUBEPCUTETI, AJIMATHI, KA3AKCTAH
ajdossakir@gmail.com

Ecenrin koiibabiMbl. [Tlenenren tikreproypoinrsl Qr = {(z,t) : 0 <z <1, 0 <t < T}
OOJILICHLIH T,

Ut_ux:v_b(t)uzvxt:f<x7t)a0<x<1>0<t§T (1)
TICEBI0MAPAOOTATBIK, TEHIEYIH,
u(z,0) =p(z), 0<z <1 (2)
HacTankbl IAPTHIH,
u(z,0) =0,u(1,t) =0, 0<t<T, (3)
TMEKAPAITBIK, TTAPTTAPBIH JKIHE
1
/u(:c,t)dx:E(t), 0<t<T (4)
0

HHTErPAJIIBIK KOCBIMITIA MAPTHIH KaHAFATTAHIbIPpAThH u(x,t), b(t) - dyHKumstap KybeH Taby Kepi
ecebin kapacToipaiibik. Myunarsl o(x), f(z,t), E(t) - 6earini dyrxmusanap. Araavsr, (1)-(4) ecentiy
Hepinrenaepi Keageci MapTTapabl KAHATATTAHIBIPCHIH JIEIT aJaibIK:

o(x) € C10,1], p(0) =0, (1) =0, ¢r <0, k=0,1,.... (5)
1
E(t) e CY0,T], E o(z)dz, E (t) > 0. (6)
o[
f(z,t) € C*[0,1]NC(Qr), f(0,t) =0, f(1,t) =0, fr >0, k=0,1,.... (7)
Eeoler + ) < 1 (8)

MYHIAFbI @k, fi(t) colikec p(z) xkoue f(x,t) dynkmusnapeinbie Pypbe koabdunmenTrepi, ai ¢y, ¢1, 2
ecenTin Oepinrenmepiner TOyeIAl TYPAKTHLIAP.

Teopema. Erep (5)-(8) maprrap opsiaganca, ouna (1)-(4) xepl ecebiHIH XKaIFbI3 KJIACCHKATIBIK
mrerriMi 6ap 6oJraIb.

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

AP05132041
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Wcnonp3ya npencTaBiaeHne perienns YpaBHEHUS TEILIOTTPOBOTHOCTH

ou(z,t)  ,0%u(x,t)
at " oa2

(1)

B BUJIE JIBOIHOTO CTemeHHoro pata u(x,t) = 322 3222 @i;a't), Oy Huenbl C/le/yoNTie ero TacTHbe
pernenust Uy, (x,t)

~ 2la® ) ok o
Pt (n — k)!(2k)! ’ ’
Um(x,t) = "5 52,1420 ) m=20,1,2,.... (2)
Z n.a P2k op 1
Pt (n—k)!(2k + 1)! ’ ’

C momorpto dyHKIWE (2) MOTYT 6bITH OCTPOEHBI, B YaCTHOCTH, perieHns 3agadn Komm B Gec-
KOHEJHOM objactu —o0 < ¢ < 00 # 33aa9u B mosybeckomeunoit obmactu 0 < © < 00 B 3aBUCHMOCTHU
ot 3Hadenusi B Touke ¢ = 0. OmHaKO BO BTOpPOM ciiydae 3HadeHue u(z,0) B HAYaJbHBIH MOMEHT t > 0
cranoBuTcs (byHKIuen ee kpaesoro suaderns u(0,1), 4TO HE MO3BOIAET MOJHOIEHHO OMUCATH TEMIIe-
paTrypHoe 1ojie B obstactu & > 0, yIUTHIBAIOIIEE TAKXKe €0 HAYaJIbHOE COCTOSTHUE.

B pa6ote [1] pacuupeno muoxkectBo dyHKIwmit (2) 3a cuer acconnnpoBaHHbIX MYHKIMIT, 0JHAKO UX
KOJIMYIECTBA W CBOMCTB HEJOCTATOYHO JIJIS TIOJTHOIEHHOT'O PEIeHs KPAEBBIX 3a/1a4 TEILJIONPOBOIHOCTH.

Bce pemenuns ypasrenus (1) 06/1a1a10T CBORCTBOM 110106UsT, KOTOPOE YTBEPIKIAET, 9TO ecau hyHK-
s u(x, t) apngerca penrenneM ypasaenns (1), To dynxmus u(kr, k2t) Tak:ke SBISETCA €r0 pelTeHreM
[2]. Ecoin npussts k = ﬁ, t > 0, 7o bYHKIUU Uy, (X, ) IPUMYT BUJ IPOU3BEIEHUS

m x

U (2, 1) = <2a\/{5) flm,2), z=z(x,t)= ——, —-x<z<oo, t>0, (3)
2a+/t
B KOTOPOM
n 921,12k
e —9

2 (n = k)(2k)" =

flm,z) =<, o2n, 1,2k 41 m=0,1,2,.... (4)
m=2n+ 1,

2 (n—k)!(2k+ 1)’

Ucnonesyst Tor dakt, 9r0o DYHKIUA Uy, (T,1) yIOBIETBOPSIOT ypaBHeHUO (1), a TakKe yIUTHIBAs
ux npejacrasienue (3), Haxoaum ypasraenne jyst byakouin f(m, z):

d*f CE:; 2) o, U (CTZ, z)

Agropsl nongepxkannt rpanrom AP05133919 KH MOH PK

—2mf(m,z) =0, (5)
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Teopema 1. Ecim ¢pyukmus f(m,z) sBiasgercs permenueM ypapHeHHs (5) IPH HEKOTOPOM IIEJIOM
m=0,x1+2,..., 7o pyuKImIsI

wm (,) = (mﬂ)m f <m, 20&) (6)

SIBJISIETCST PEIIIEHUEM yPaBHEHHT TEILTONpoBojgHocTH (1) B 0b1actn —oo < x < 0o, t > 0.

Oyukiun f(m, z), onpesenaeHHbe BripakenneM (4), HA3BIBAIOTCS TEILJIOBBIMH TTOJHHOMAMH, a Aud-
dbepernmmanbroe ypasaerne (5) — ypaBHEHHEM TEILIOBBIX MOJMHOMOB. Teopema 1 1m03BoJIsIeT 3HAYM-
TEJIbHO PACHIMPUTh MHOXKeCTBO (3)—(4) aHaauTHuecKux perneHnil ypaBHeHus (1), JOMOJIHSIS €ro MHO-
xectBoM (3), B koTopoMm dbyukmuu f(m, 2) SABAAIOTCS TPOU3BOILHBIMYE PENIEHUsIME ypaBHeHus (5).

Onpeneneune 1. Pemenus fi(m,z) u fo(m,z) ypasaenns: (5), ymosmersopsionme HAYAIbHBIM
VCJIOBHSM

f{(m,O):O, fé(m70):17

Ha30BeM CME>KHbIMN d)yHKI_U/IHMI/I IIO0 OTHOIIICHNIO K TEIIJIOBBIM IIOJIMHOMAaM (4)

{fl(m,O) -1, {fQ(m,o) -0,

Mapa dyuxnuii fi1(m, z) u fo(m, z) cocraBasier cucremy JTUHERHO-HE3ABUCUMBIX PEIEHUI ypaBHe-
Hus (5), OTBEUAOIIYIO 3aJaHHOMY 3HAYEHUIO ITApaMeTpa m.

IIpuBeieM pe3yabTaThl MOCTPOCHUST W HCCIIEIOBAHNs pereHuii ypasHeHus (5).

1) TTosyuenbl napbl JUHEHHO-HE3ABUCUMBIX DeIIeHnil ypasHeHus: (5) /JIg BCEX HEJbIX 3HAYeHWH
m=0,41,42. ...

2) Ycranosyeno mpejcrasiaenne byHkImi Xaprpu (0606meHabIx dbyHKIWA omuboK) [3], aBisio-
muxcst perenusivu ypasuenust (5), uepes dyukuun f1(m, z) u fo(m, z) npu m > 0, a Takke obparHoe
Boipazkenne byukiwmii fi(m,z) u fo(m, z) vepes dbyukuun Xaprpn.

3) Jlist oTpunaTe bHbIX M ONpejeseHa CBa3b ypasHenus (5) ¢ ypasaerneMm dpmura [4] u Bepazke-
HUe ero pellennii depes pelieHnsi ypaBHeHus JPMUTA. 3aMEeTHM, YTO yYpaBHEHNE TEILIOBBIX TIOJMHOMOB
(5) m ypaBHEHHE DPMUTA OTHOCATCS K OJHOMN ¥ TOM Ke TPyTIe ypaBHeHnH napabomaeckoro miInH Ipa.

4) Hust Beex perennit f1(m, z) u fo(m, z) ypasuenust (5), m = 0,+1,£2. .., noJydeHbl IPeJICTAB-
JIGHWS B WHTErPAJIbHON (POPME BBIPOXKICHHOM TUIIEPTeOMeTPUIECKOM (DYHKITAMN.

5) YcraHOBJIEHBI PEKYPPEHTHBIE COOTHOIICHUS MEXK/Iy DeIleHusMU ypaBHenus (5) B asrebpamde-
ckoit, nuddepenHtnaabHON 1 MHTErpaIbHON dopmax.

6) UccrenoBana aCHMITOTHKA TEIIOBBIX MOTMHOMOB M CMEKHBIX (DYHKIH OpU 2 — 00, U3 KOTO-
poii, ¢ yuerom (3), caeayer acCUMIOTOTHKA PEIIEHNi Uy, (z,t) mpu t — 0.
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