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FORMULAS OVER MINIMAL STRUCTURES
Baissalov Y., Tussupov J.2
Astana IT University! and L.N. Gumilyov Eurasian National University?, Nur-Sultan, Kazakhstan
E-mail: yerzhan.baissalov@astanait.edu.kz and tussupov@mail.ru

We present one purely syntactic result on the structure of formulas over a minimal non-ordered
structure (in the sense of [1])with the definable generic type.Let M be such a structure.

Definition 1.Let ¢ (x; y) be a formula over M with free variables y = (y4, 5, ..., yp)and x.We
say the variable x istame if the set ¢ (M; b) is finite for any b € M.

Definition 2. A formula over Mis called tame if every free variablein it is tame.

Theorem. Each formula over M is equivalent to a Boolean combination of tame formulas.

References
1. K. Krupinski, P. Tanovi¢ and F. O. Wagner, Around Podewski's conjecture, arXiv:1201.5709v2.

SOME PROPERTIES OF COUNTABLE MODELS OF SMALL ORDERED
THEORIES
Baizhanov B.S.
VMHCTUTYT MaTeMaTuK1M 1 MaTeMaTUYeCcKoro Mogenmpoeanns, AnmaTbl, KasaxcTaH

The report is devoted to the properties of countable models of small theories.A theorem is
proved (together with T. Zambarnaya) on the existence of models over a countable set.All built
models have the same finite diagram.In addition, the report considers conditions on 1-types of small
ordered theories in terms of 2-formulas acting on the set of realizations of 1-type that provide the
maximum number of countable models.

PERMUTATION GROUPS OF FINITE MORLEY RANK
Alexandre V. Borovik
University of Manchester, Manchester, United Kingdom

Binding groups are model-theoretic analogues of Galois groups; they were introduced in the
1970s by Zilber. They are very natural mathematical objects; to explain that we need a few words
about permutation groups.

Given a permutation group G on a set X,a subset of X is said to be a base for G if its pointwise
stabilizer in G is trivial. The minimal size of a base for G is denoted by b(G). Finite bases, if exist,
yield parameterizations, in terms of X, and structural analysis of group actions: if by, ..., b, is a
base, each permutation g € G is uniquelly determined by an n-tuple (b7, ..., bJ) € X™.

Now let X be a finite dimensional vector space and G its automorphism group. A basis of X as
a vector space is also a base for the action of G, and elements of G can be encoded as images of this
base, that is, finite tuples of vectors, commonly known as matrices; the dependencies between
vectors in the space allow us to express composition of automorphisms as product of matrices: the
group G becomes definable in X. It was Zilber’s seminal discovery that a similar construction can
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be carried out over a vast class of mathematical structures which have good logic properties of
’dependency’ between elements (although the nature of this dependency could be far away from
that of linear dependency in vector spaces).

Groups of finite Morley rank emerged as binding groups in Zilber’s analysis of arbitrary X;-
categorical structures; this made them a focal point of model theoretic algebra. They are abstract
groups equipped with a suitable notion of dimension called Morley rank on definable sets. When
they are viewed as permutation groups (so have a definable faithful action), they have finite bases
and allow deep structural analysis. What is important, groups of finite Morley rank were born as
binding, hence permutation groups, and their study as permutation groups yields a very rich theory.

The talk will be an attempt to give a survey, at the background of rich history, of recent
advances in the theory of permutation groups of finite Morley rank.

SIMPLE GROUPS OF FINITE MORLEY RANK
Gregory L. Cherlin
Rutgers University, New Jersey, USA

One of the still unresolved questions coming from the foundations of geometrical stability
theory is the algebraicity problem for simple groups of finite Morley rank. We give a broad
overview of the status of that problem and touch on its connections with the theory of permutation
groups of finite Morley rank, notably the problem of generic multiple transitivity.

THE COMPUTABILITY OVER ABSTRUCT MODELS
Sergey S. Goncharov
S.L. Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia

The problem of computability over abstract structures was studied in different works. First idea
was to consider only countable models and interesting approach was created by definition of the
computable (recursive) structures by O. Rabin, A. Frohlich and J. Shepherdson, A. Malcev. Later it
was constructed different ideas to define directly construction of computability over different
structures without numberings over abstract structures by Y. Moschovakis, G. Sacks, Yu.
Ershov.Yu.Ershov suggested to consider from admissible theory to use some HF-superstructure
over abstract model added new hereditaryfinite subsetsand the theory of definability in this special
classes of formulas. But this theory was with some problem for applications in programming and
we started to constructed on this base the computability over HW-superstructures on the base
hereditary finite lists. And on this base was built the theory of semantic programming and created
some applications in Programming together with Yu. Ershov and D. Sviridenko and other our
collegues. The main idea was constructed programming language to create program on the base of
formal specifications to solve problems of control system. One approach for research was
connected with arbitrary uncountable classical mathematical structure and computability property
on them. We study problems of computability and polynomial computability for abstruct structures.
Together with A. Nechesov we found the polynomial version of Gandy theorem and constution
logic programming language for polynomial computability/ Another approach was with logical
aspects in programming and The theory of semantic programming and semantic modeling were
donetogether with Yu.L. Ershov, E.E. Vityev, D.I. Sviridenko, A. Nechesov, A. Mancivoda, V.
Gumirov and others. Last time it is very interesting programming applications were done forAl and
control systems by V. Gumirov, A. Mancivoda and E. Vityaev.



FROBENIUS GROUPS OF FINITE MORLEY RANK
Bruno Poizat
Camille Jordan Institute, Lyon, France
E-mail: poizat@math.univ-lyonl.fr

Frobenius group: a group F whith a malnormal subgroup T, i.e. T is proper, self-normalizing,
and disjoint from its conjugates; U(T) denotes the complement of the conjugates of T, augmented
with the identity.

Facts when F is finite : card(F) = card(T).card(U(T)) (easy); U(T) is a group (FROBENIUS
1901), which is nilpotent (THOMPSON 1959), i.e. F is the semi-direct product of U(T) by T (F splits),
and U(T) is the largest normal nilpotent subgroup of F; when T contains an involution i, U(T) is
commutative and inverted by i.

Our aim: improve the pp. 203-219 of BOROVIK-NESIN 1994, on Frobenius groups of finite
Morley rank.

What to expect when F has a finite Morley rank ?

Basic fact: T is definable (B&N p. 206).

RM(F) = RM(T) + RM(U(T)) ? Conflicts with the possible existence of Frobenius bad groups,
where U(T) = {1}.

F splits? In this case the splitting factor U is definable.

The semi-direct product of U by T is Frobenius iff T acts freelyon U, i.e. tu=1<t=1vu=1
, otherwise said iff for each t#1 the commutator map (t.u).u™ is injective. In this case U = U(T) iff
the commutator is surjective.

Injectivity implies surjectivity when U is solvable by finite.

When T contains an involution :

- it contains only one (improves B&N p. 207-208)

- two involutions in F are conjugate by a unique involution (they form a symmetron 1)

- F=T.=T.il where i isthe involution of T

- if there is a non-trivial point inversed by every involution, U(T) is a commutative group
inversed by every involution

- if not, U(T) contains no non trivial subgoup normalized by every involution, and the socle
of T° is a simple (non algebraic)

Frobenius group.

When F is pseudo-locally-finite (in particular when F is an algebraic group) :

- U(T) isa nilpotent group

- T is abelian by finite ; in fact T° can be embedded in the multiplicative subgroup of a
definable field

- when F is connected, it is solvable and U(T) is its derivate subgroup.

Example : [t uwl where te K* and char(K) = 2,
01 vl or teM, for a bad field (K,M)
L0 0 t1] with no involutions in M

Back to the general finite RM case, F connected

(for simplification)

The largest solvable normal subgroup of F is connected and nilpotent, and contained in U(T).

When F has no abelian normal subgroup, its socle is either a finite product of simple groups
included in U(T), or a single simple Frob. group; these groups are not algebraic.

If T acts freely on an abelian group U, any infinite abelian subgroup M of T is embeddable in
the multiplicative subgroup of a definable field, and any connected solvable subgroup of T is
commutative (T° is commutative or contradicts the Algebraicity Conjecture).

Proof of the last sentence

(1) The action on U of the ring R = Z(M) is definable.
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(i) The restriction Ry of R to the subgroup U: generated by the minimal M-submodules of U
has no nilpotent element.

(iii) By ABC 2008 p. 44, R: is a finite product of fields; therefore U; is a product of vector
spaces over these fields.

(iv) If N is the normalizer of M, N° preserves this decomposition of Uz, and acts linearly on
each of the components; since the action is free, it has no unipotents.

(V) In characteristic p, by Po1zAT 2001 no simple group is involved, and N° is commutative.

(vi) In characteristic 0, the intersection of all the Z(M) is infinite, and we finally obtain a vector
space over a field K of characteristic 0 on which T° acts linearly and without unipotents; then use
Lie-Kolchin-Mal'cev.
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FAMILIES OF ELEMENTARY THEORIES AND THEIR BASIC CHARACTERISTICS
Sudoplatov S.V.
Sobolev Institute of Mathematics, Novosibirsk State Technical University, Novosibirsk State
University, Novosibirsk, Russia
E-mail: sudoplat@math.nsc.ru

We present a survey of results on families of elementary theories and their basic characteristics
including the following main items:

1. Topological, spectral and syntactic characterization of total transcendence for families of
theories and their closures both in general for complete and incomplete theories, and for families of
theories of abelian groups [1, 2, 3, 4, 5].

2. Description of rank values and their dynamics for various families of theories and their
subfamilies [1, 2, 6, 7].

3. Description of the approximability and approximations of theories by various families [8, 9].

4. Characterization and description of generating sets, P-closures Clp(T) and E-closures Clg(T)
for families T of theories and their combinations [5, 10, 11].

5. Characterization and description of formulas for families of theories, as well as of their
characteristics [3, 12, 13].

6. Description of arities of theories, their dynamics and characteristics under transition to
closures [14, 15, 16].

7. Description of countable spectra and Hasse diagrams for various families of theories [17, 18]
including linearly, circularly and spherically ordered ones [19, 20, 21].

8. Minimality conditions for ordered structures [22, 23, 24].

As for linear and circular orders we divide the class of spherically ordered structures into
dense, discrete and mixed ones. For these cases we introduce minimality conditions similar to ones
in [22, 23, 24]. In particular, dense spherical orders produce analogues of (weak) o-minimality, and
discrete minimal ones assume possibilities to define finite or cofinite sets only. Moreover, these
spherical orders are connected with correspondent linear ones, as well as their automorphism groups
are naturally linked.
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Modifying a result in [21] the following theorem on values of countable spectrum for
spherically ordered theories is based both on combinations of minimal dense and discrete spherical
orders, and it is spread for more complicated spherically ordered structures of finite convexity
ranks.

Theorem. Let T be a countable expansion by disjoint convex unary predicates of a disjoint
combination of dense n-spherical theories Ty, for some fixed n > 1. Then either T has 2° countable

models or T has exactly H(Zk + 2)” countable models, where r are natural numbers. Moreover,
ken\{l}

for any ro,...,r-1€ o there is an aforesaid theory T with exactly H(Zk + 2)” countable models.
ken\{l}

This research was carried out in the framework of the State Contract of the Sobolev Institute of
Mathematics, Project No. FWNF-2022-0012, of Russian Scientific Foundation, Project No. 22-21-
00044, and of Committee of Science in Education and Science Ministry of the Republic of
Kazakhstan, Grant Nos AP08855497, AP08855544.
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ON NON-ESSENTIALITY OF AN O-STABLE EXPANSION OF (Z, <, +)
Verbovskiy V., Yershigeshova A.
SatbayevUniversity, Almaty, Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: viktor.verbovskiy@gmail.com, aisha.yershigeshova@gmail.com

Model theory of ordered groups is a sufficiently important application of mathematical logic to
algebra. Here we consider such a quite classical object as the ordered group of integers and its
possible expansions.O. Belegradek, Y. Peterzil and F. Wagner proved in [1] that there is no quasi-o-
minimal expansion of (Z, <, +). Later in this direction ordered groups were investigated in [2-4].
Quite recently E. Walsberg proved some results inthis context [5], in particular showing that a dp-
minimal expansion Gof a discretely ordered group is interdefinable with a model of the theory
of(Z,<,+) if and only if G does not admit a nontrivial definable convex subgroup. Here we
consider o-stable expansions of (Z, <, +).

Recall, that notion of o-stability was introduced in [6], where it was proved that quasi-o-
minimal theories are o-superstable.

Definition.An ordered structureM is o-A-stable if for every A € M of size at most 1 and every
cut (C,D) in M, at most Acomplete 1-types over A are consistent with (C, D). A theory T is o-stable
if there is someinfinite A such that every model of T is 0-A-stable, and it is o-superstable if there is
some psuch that for every 2 > |, T is 0-A-stable.

Model theory of o-stable ordered groups has been developed in [7-9], where in particular it
was proved that an o-stable ordered group is abelian and an o-stable ordered field without definable
non-trivial convex subgroups of the additive group is weakly o-minimal and by Marker—
Macpherson—Steinhorn theorem is real closed.More general theory of relative stability has been
investigated in [10-11]. In [12] V. Verbovskiy proved that a dp-minimal theory with a definable
linear order is o-stable, so the class of o-stable theories includes each of the following classes: o-
minimal, weakly o-minimal, quasi-o-minimal [6], dp-minimal with a definable linear order.

Theorem. Any o-stable expansion of (Z, <,+)is not essential, that is, if G is an o-stable
expansion of (Z,<,+)then any definable with parameters subset of G is also definable with
parameters in (Z, <, +).
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ROUGH APPROXIMATE SUBGROUPS
Frank Olaf Wagner, Arturo Rodriguez Fanlo
Camille Jordan Institute, Lyon, France

Abstract: Let k be an integer. A subset A of a group G is a k-approximate subgroup if there is a
finite set E of size at most k such that A2 € EA. They were first studied by Freiman (1973) in the
abelian setting; following work of Hrushovski (2011), finite approximate subgroups were classified
by Breuillard, Green and Tao (2012). The first step of the proof is Hrushovski’s Lie Model
Theorem: Up to commensurability, an pseudo-finite (or definably measurable) approximate group
has a quotient which is a locally compact Lie group. The original proof uses a Stabilizer Theorem,
assuming the existence of an Sl-ideal of negligible sets; an alternative version due to Sanders,
Massicot and myself uses more of the measure but has better definability properties.

In his thesis under the supervision of Hrushovski, Arturo Rodriguez Fanlo (2022) generalizes
the Lie Model Theorem to rough approximate subgroups, where A2 € EAT for some A-invariant
type-definable subgroup T (for instance an infinitesimal neighbourhood of the identity in a metric
group). While Arturo again passes through a near-group theorem, we have recently been able to
adapt the alternative approach using outer measures.

ON MODEL THEORY BEYOND FIRST ORDER
Boris Zilber
Oxford University, Oxford, United Kingdom

In the last several decades there has been a gradual shift from first order model theory to its
non-elementary versions. This is driven by discoveries both of new model-theoretic notions and
constructions and of new applications in number theory and algebraic geometry.

I will discuss one of such directions: categoricity and stability of abstract elementary classes and
their connection to analytic aspects of algebraic/arithmetic geometry.

OB AJITEBPAX BUHAPHBIX ®OPMY.JI JJI51 CTABO HIUKJIMYECKHU
MHUHUMAJIBHBIX TEOPU C TPUBUAJIBHBIM OIPEJAEJIUMBIM 3AMBIKAHUEM
Kyanemos b.111.
KasaxcTaHCKo-bpuTaHCKMiA TeXHUYECKUin yHmBepeuTeT, AnMaThbl, KasaxcTaH
E-mail: b.kulpeshov@kbtu.kz

JlaHHBIM [IOKIAJ KacaeTcs IMOHATHS CNabol LMKNIMYECKOW MWHUMaNbHOCTMW,IepBOHAYAIBHO
n3yuyeHHoro B [1]. [lyctb A € M, rne M’ — LMKIMYECKH YIOPSAOUYEHHAsl CTPYKTypa. MHOXKECTBO
A Ha3bIBaeTcs BbINYK/bIM, ecliu Ui JIOObIX a,b € A BBINOJHSAETCS CIEAYIONIee CBONCTBO: IS
moboro ¢ € M ¢ ycnoBueMm K (a,c,b) umeer mecto ¢ € A unm Uit modoro ¢ € M ¢ ycioBuem
K(b, c,a)umeer mectoc € A.Cnabo UMKIMYECKA MUHUMaNIbHAA CTPYKTYpa ecTh MHUKIHYSCKH
ynopsiioueHHast crpykrypa M = (M, K, ...) Takas, uto m00oe OMpeaenuMoe TOIMHOXKECTBO
CTPYKTYpBl M siBnsieTcsi 00beIMHEHHEM KOHEUHOTO YMCIIa BBIMTYKIIBIX MHOKECTB B M.

IIyctb M — cyeTHO KaTeropuyHas cia00 HUKIMYECKH MHHHMAllbHAs CTPyKTypa, G:=
Aut(M). Cnenys cTaHAapTHOM TEOPETHKO-TPYNIIOBONH TEPMUHOJOTHH, Tpynna G Has3biBaeTcs k-
TPaH3NTUBHON, ecii JUTsS JFOOBIX MOTIAPHO PA3IUYHBIX A4, dy, ..., Ay € M ¥ MOMAPHO Pa3IUIHBIX
by, by, ...,b € M cymectByer g € G, ans kotoporo g(aq) = by, g(ay) = by, ..., g(ay) = by.
KoHrpyaHupeil na M HasbiBaeTcs J11000¢ G-MHBApUAHTHOE OTHOIIEHHE SKBUBAICHTHOCTH Ha M.
I'pynma G HasbiBaeTcss MPUMUTWBHOW, eciu G siBasieTcsi 1-TpaH3UTHBHOW W HE CYIIECTBYET
HETPUBHUAIBHBIX COOCTBEHHBIX KOHTPYIHIIHH Ha M .
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Ilycte M', ' — LUKIMYECKH YNOPsA0YEHHbIE CTPYKTYpbl. HazoBeM 2-peAyKTOM CTpYKTYpbI
M 1UKIMYECKH YIMOPSIOYEHHYIO CTPYKTYPY € TEM K€ HOCHUTENEM, 4TOo U M, U COCTOALIYIO U3
MPEJUKATOB U KaXJI0ro (-ompenenuMoro OTHOIIeHUs Ha M apHocTu He Oonee 2, a Takke U3
TEpHApHOro npeaukara K i LMKIMYECKOTO IMOPSAJKA, HO HE MMEIOIIYI0 JAPYTHUX INPEAUKaToB,
apHOCTh KOTOPBIX OOJIbIIE JBYX. ByseM roBoputh, uto cTpykTypa M MWU30MOPHAN'C TOYHOCTHIO
[0 BUHAPHOCTH, eciu 2-peayKT CTPYKTYpbl M u3oMopdeH 2-peayKTy cTpyKTyphl N .

CeuveHnem C(X) B NHMKIMYECKHA YHOPSAOYEHHOW CTPYKType M sBIsieTcss MaKCHMalbHOE
HEMPOTUBOPEUYNBOE MHOKecTBO ¢opmyn Buga K(a, x, b), rme a, b € M. Ceuenue sBusercs
anrebpanyeckUM, eciim CyimecTByeT ¢ € M, peanusyroniuii ero. B mpoTHBHOM ciyudae, Takoe
ceueHWe HasbiBaeTcss Heasrebpamyeckum. Ilycte C(x) — HeanreOpanmdeckoe cedenue. Eciu
CYIIECTBYET HEKOTOpHhIil a € M Takoi, uro mbo s Bcex b € M dpopmyna K(a, x, b) € C(x), mudo
st Bcex b € M popmyna K(b, x, a) € C(x), To C(x) Ha3piBaeTcs paunMoHaibHbIM. B mpoTuBHOM
cllydae, TaKO€ CeUeHHUE Ha3bIBaeTCs MPPaLOHaIbHbIM.

OnpepgenMmbiM ceveHreM B M HaswiBaeTcs ceuenue C(x) Takoe, uto a, b € M rtakwue, uto K(a,
X, b) € C(x) u mHO)ecTBO {¢ € M | K(a, ¢, b) u K(a, x, ¢) € C(x)} sBIAeTCS ONPEACIUMBIM.
Onpegenvmoe nononHexne M crpykrypsl M cocTouT u3 M BMecCTe €O BCEMH OMNPEICITMMBIMU

CEYCHUSMH B M, SIBJISIONIMMUCS HPpPAIMOHATBHBIMU (110 cymiecTBY M COCTOUT M3 KOHIIEBBIX
TOYEK OIpeNeIUMbIX TOAMHOKECTB CTPYKTYpPbI M).

IMyctes F(x,y) — J-ompemenmumas Qopmyna, Takas uroF(M,b) Beimykioe OeCKOHEYHOE
KOGECKOHETHOE MHOXKECTBO JuIsi Kaxaoro be M.ITycrs F' (Y)— popmyia, roBopsimas 4to y —neBast
KOHIIeBas Touka MHOXecTBaF(M,Y).MbI roBopum uro F(x,y) — BbINyKnas Bnpaso, eciiu

M |= VyVx [F(x,y)=>F'(y)AVz(K(y,zx)=>F(z,y))].

EcmuF1(X,y), F2(X,y)— mpou3BoJbHBIE BBIMYKIIbIE BIPaBO (GOPMYIIbI, TO MBI TOBOpUM 49TOF2(X,
y)6orbLue yem Fi(X, y), eciau cymectByer a€ M ¢ yenoBuem F1(M,a)c F2(M,a).Ecniu M siBnsercst 1-
TPAH3UTHUBHOM U TIOCJIEJIHEE YCIOBHUE UMEET MECTO LTSI HEKOTOPOTO a, TO OHO MMEETMECTO TSI BCEX
a. DTO JaeT HaM TMIOJIHOE YIOPSIOYEHHE KOHEYHOTO MHOXKECTBA BCEX BBIMYKIIBIX BIIPABO
dbopmynF(x,y). Ecau mis Hekotoporo ae M BeimonasieTcsidcl(a)={a}, Torma mist 11000# BBITYKION
BrpaBo dopmynsl F(x,y) u moboro ae MmuoxectBo F(M,a) He uMeeT nmpaBoli KOHIIEBOM TOYKH B
M. Mm O6ynem mnucatef(y):=rend F(M,y), moapasymeBas uro f(y) — mpaBas KOHIIEBas TOYKa

MHokecTBa F(M,y), KOTOpasIeKUT B OOIIEM ciydae B ONPEAETMMOM momnoaHeHun M cTpykTypsl
M. Torna f sBasiercs ¢pynkuueii, oroopaxaromeit M B M .

[Mycts f — ynapuast ¢ynkuus B M ¢ Dom(f) =1 S M, rne I — OTKpBITOE BBIMYKIOE
MHO’KECTBO. MBI TOBOPHUM, uTO f siBIIsieTcs: MOHOTOHHOI BNpaBo (BNEBO) Ha I, eciin OHa COXpaHseT
(oOpamtaer) ortHomieHue K,, 1.e. mig moOwsix a,b,c €1 takux, uro Ky(a,b,c), Mbl uMeeM
Ko(f (@), f (D), f(€)) (Ko (f (€), £ (D), f(@))).

Bynem roBoputh, 4to ciab0 MUKIMYECKH MHUHUMAIIbHAS TEOPHs MMEET PaHr BbINyKIoCTK 1,
€CIIM HE CYIIECTBYET OIPEACIUMOTO OTHOIICHUS ASKBUBAJICHTHOCTH C OCCKOHEYHBIM YHCIIOM
OECKOHEUHBIX BBITYKJIBIX KIIACCOB.

B pabore [2] ObUIM OMUCAaHBI CYETHO KATETOPUYHBIC |-TpaH3UTUBHBIC HEIIPHUMHUTHUBHBIE C1a00
[UKITMYECKH MUHUMAJIbHBIE CTPYKTYPBI paHra BBIMYKJIOCTH | C TPUBHAIBHBIM OMPEICITUMBIM
3aMbIKaHMEM C TOUYHOCTBIO 10 OMHAPHOCTH.

AnreOpbl  OMHApHBIX (OPMYN SIBISIFOTCS WHCTPYMEHTOM JUIsl OMMCAaHUS CBSI3€H MexXIy
AIIEMEHTAMU MHOXKECTB peah3alfii TUIIOB HAa OMHAPHOM YPOBHE OTHOCHUTEIBHO CYMEPHO3UIIUU
OMHApHBIX OMpENECNIMMBIX MHOXKECTB. Mpbl OyaeMm paccMaTpuBaTh anredpsl  OWHAPHBIX
M30JHpYyIOIMKX (opMynn, TepBOHAYaNbHO H3ydeHHbIe B pabotax [3, 4], rae mox OWHApPHOM
u3onupyoomed ¢Gopmynoil monumaercs Qopmyna Buma @(x,y) Takas, 4TO JUIsI HEKOTOPOTO
napamerpa a (opmyna @(a,y) uzonupyer Hekotopblii monusli Tun w3z S({a}). Ionarus wu
0003HaYeHHsI, OTHOCAIINECS K ITUM anredpaM, MO>KHO Takke HailTu B paboTax [3, 4]. B mocnennue
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rojpl anreOpsl OMHAPHBIX (HOPMYS HM3YYalOTCS WHTEHCHBHO U TOJYYMIIM CBOE MPOJOJDKCHHE B
pabotax [S]-[8].

B mnacrosimem pokname Mbl o0cyxnaeM anreOpsl OMHAPHBIX HM30JUPYIOMHMX (HOpMYT s
CUETHO KATETOPHYHBIX CJIa00 NMKINYECKM MHHUMAIBHBIX TEOPHH paHra BeIIyKiIocTH 1 ¢ 1-
TPAaH3UTUBHOW HENPUMUTUBHON TpyNroil aBTOMOP(PHU3MOB M TPUBUAIBHBIM OIPEICIUMBIM
3aMBbIKAHHUEM.

Teopema. ycTb M — CYeTHO KaTeropuyHas 1-TpaH3WTVBHAA HENPUMWUTVBHAA cnabo
UMKAMYECKN MUHUMaNbHAsA CTPYKTYpa paHra BbinyknocTu 1 ¢ dcl(a) = {a} ans HeKOTOpPOro a €
M. Torpa anreépa By, GUHAPHBIX U30/MPYIOLWMX (DOPMY/I KOMMYTaTUBHA <15 NOOO0N BbINYKNON
BNpaBo hopmynbl  R(X, Yy), He SBASAOWENCS 3SKBMBANEHTHOCTb-reHepPUPYIOLLEN,  (DYHKLMSA
r(y):=rendR(M, y)sBnsie TCA MOHOTOHHOM BNpaso Ha M.

HNannoe uccnenoBanue noxanepkano KH MOH PK (I'pant AP08855544) u Poccuiickum
HaydHbIM QonugoM ([TpoekT 22-21-00044).
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®YHKIUSAJIAP TEOPUSACHI MEH ®YHKIIMOHAJJIBIK TAJIJAY
TEOPUS ®YHKIUIA U ®YHKIIMOHAJIbHBIA AHAJIN3
THEORY OF FUNCTIONS AND FUNCTIONAL ANALYSIS

INTERPOLATION PROPERTIES OF ANISOTROPIC LORENTZ SPACES
Kopezhanova A.N. !, Nursultanov E.D.?

L.N.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan,
2Kazakhstan branch of Moscow State University named after M.V. Lomonosov,
Nur-Sultan, Kazakhstan
E-mail: Kopezhanova@mail.ru, er-nurs@yandex.ru

In this work we construct interpolation methods with parametric functions that can be used to
study the interpolation properties of spaces with mixed metrics and obtain an interpolation theorem
for Lebesgue and Lorentz spaces with mixed metrics.

Let (A%, A1), i=1,2 be compatible pairs of Banach spaces. Let Ay, = (4%,49),401 =
(49, 41), A1y = (49,49), A1, = (A}, AL) be spaces with mixed metric [1], [2].

Let X A=Ay +Aps + Ayg + A11. For f € 2(A) and t > 0 we define the Petre functional
K(f,t) by formula

K(f,t) = K(f,t; Ago, A11)

= inf (“fOO”AOO + tillfiolla,, + t2llforllay, + t1t2||f11||A11),
f=foo+fo1+fio+f11

where
Aallag, = [l
foollage = 1AMyl
frolla, = [F 1zl
foullagy = ANl

Let 1 <9 =(q1,9;) < »,0(t) = ((pl(t), <p2(t)) >0, t=(t;,t;) >0. The space Agz =

(Ago, A11)5,7 are set of all elements for which the following norm is finite
1

92 a2
0

Wllag = [

0 @1(t1) - @2(t2) ty ty

We define anisotropic Lorentz spaces as follows:
1

. +00 +o0 q1 dtl Z_idtz a
aw@={r ([ ([ w1 E

k "
where f*1*2 = f*1*2(¢t;,t,) is the nonincreasing permutation of a function f [1], [2]. The paper [3]

studies one-dimensional generalized Lorentz spaces.
If g < oo, then

<ol

1
q2

qz2
N g\ de,
ty to

1l 4z = f (fo (fr 72 (ty, )1 (8) @2(E2))

0
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If g = oo, then
If |l Ay ) = SUPL,>0SUPE, >0f ™72 (t1, t2) @1 (1) P2 (L2).
Let & > 0 and ¢(t) be nonnegative function on[0, o). Define a function class Cs:
Cs = {p(®): o(t)t~% is an increasing function and
@(t)t~1*% is a decreasing function}.
The class C is defined as follows:
C= U Cs.

Theorem 1. Let 0 < o = (pf,p9) <1 = (P, p}) < o0, 1<G=(q1,q2) S 0,71 = 75— 7,

i =1,2,¢1, ¢, € C. Then the following inequality is true
(Lo Lp)gq = A1),

1 1

0 0
P11 P2
tl t2

where ¥ (ty, t;) = , :
Yt t2) P1(t]D)’ @2 (t]?)

This work was supported by the Ministry of Education and Science of the Republic of
Kazakhstan (grant no. AP14870758).
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ON THE CONVOLUTION OPERATOR IN LEBESGUE AND MORREY SPACES
Nursultanov E.D.
Kazakhstan branch of Moscow State University named after M.V. Lomonosov,
Nur-Sultan, Kazakhstan
E-mail:er-nurs@yandex.ru

Annotation. This paper is devoted to the study of upper bounds for the norm of the convolution operator in
Morrey spaces. Upper and lower estimates for the norm of the convolution operator in the Lebesgue space
are given. The upper bound refines the classical O'Neill inequality. Young-O'Neil type inequalities in Morrey
spaces are proved. New results on the boundedness of Riesz's potential in Morrey spaces are established.

O BJIO’)KEHUUU MPOCTPAHCTBA OBOBHIEHHBIX TPOBHO-MAKCHUMAJIbBHBIX
®YHKIHWU B MEPECTAHOBOYHO-UHBAPUAHTHBIE TIPOCTPAHCTBA
bokaeB H. A., 96ex A.H.

EBpasuiickuii HaluMoHanbHbIA yHBepcuTeT uM. J1.H. M'ymunesa, Hyp-CynTaH, KasaxcTaH
E-mail:bokayev2011@yandex.ru,azhar.abekova@gmail.com

B nanHo#i paboTe BONPOC O BIOXKEHUU MPOCTPAHCTBA O0OOOIIEHHBIX JAPOOHO-MaKCUMATbHBIX
GyHKIMH B [E€PECTAaHOBOYHO-WHBAPUAHTHHIE  MPOCTPAHCTBA  CBOJUTCA K  BIIOKEHUIO
COOTBETCTBYIOILErO KOHYCa B IPYrO€ NEPECTAHOBOYHO-NHBAPUAHTHOE IIPOCTPAHCTBO.
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L

t
Iycts f° HeBo3pacraromas nepectanoBka pynkiuu f u () = %j f'(r)dr; teR
0

[Tycts X(R™) ¢ynxuroHanbsHOE MPOCTPAHCTBO CHAOKEHHOE (PyHKIMOHANBHOU HOpMOH p(f)
[1]. ®yakumronanbHas HopMa p(f ) Ha3bIBaeTCsl NEPECTAaHOBOYHO-MHBAPHAHTHOM, €CITH

f7<g" = p(f) < p(9).

BanaxoBo  dynkumonamsHoe — mpoctpadctBo  (B®II) X = X(p), nopoxueHHoe,
MePECTAHOBOYHO-UHBAPUAHTHO N (GyHKIIMOHATBHOU HOPMOI1 (®H) p, Ha3bIBACTCS
IepecTaHOBOYHO-MHBAPUAHTHBIM IIPOCTPAHCTBOM (cokpaiieHHo: [THIT).

Yepes X(R,) o6osnaunm npeacrasnenne JiokcemOypra ||f lxwny = I1fllz(x,)-

Ompenenenue 1. ITycts R € (0,00]. ®dynxuus @ :(0,R) — R, npunamnexut kiaccy B, (R) ecinu

BBITIOJTHSIOTCS CIICIYFOLIHE YCIOBUSL:
(1) @ yosiBact u HenpepoiBaa Ha (0, R) ;

(2) CymectByet koHCcTaHTa C € R, Takas, 4To
[®(p)p™"dp<Ca(r)r", re(O,R).
0

Ompenenenve 2. Ilyctb®:R, — R, u mnycrse E(R™) IIMII. O6oOmenHas Ipo6HO-

MakcumanbHas Gyskuus My f mwis dyskuun f e E(R") NL*(R") onpemensercs ciemnyromum
PaBEHCTBOM

(M, f)(x)=sup(r) | f(y)dy,

-0 B(xr)

rae B(X,r)mpencrasnser co0oii map ¢ IEHTPOM B TOUKe X U paamycoM I . To ecThb paccMOTpHM

!
omeparop M, : L*(R") = L,(R").

B cnygae ®(r)=r“", a €(0,n) nmosydaeMm KIaCCHYECKYIO JIPOOHO-MAKCUMAIIbHYIO () YHKITUIO
M, f[1]:

(M, )00 =sup— [ |F(y)ldy.

B(x,r)

O6o3HaunM uepes M7 =M7Z(R") npoctpancta dyHKmmii U, M1 KOTOPBIX CYIIECTBYET

¢ynkmusa f e E(R") Takas, uTo
u(x)=(Mg F)(x),

Ju

we =i { | f € ERY)., M, f =u}.

PaccmoTpuM crenyromuid KOHYC YOBIBAIOIIMX IEPECTaHOBOK, CHAOXEHHBIH OJHOPOJIHBIM
(byHKIMOHATIOM
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KM = KMP? = {h € LY(R,):h(t) = sup @Y™ u*(r), tER,, uE Mg’}

t<t<oo

Pru2 (h) = inf{IIuIIE(Rn),u € E(R"):h(t) = sup @Y™ )u™ (1), t€ R+}

t<t<oo

Teopema 1.Ilycts @ € B, (o0) . Toraa cymecTByer moJyioxurelpHas KoHcTanTa C, 3aBHCAIIas

TOJIBKO OT N Takas, 4TO

(M, )7 (t) <C sup sd(s”") f7(s), te(0,)

t<s<oo

st kaxcoit f e L*(R").

Teopema 2. Ilycte @ e B (). Bnoxkenne MZ(R™) & X(R™) 5KBUBANEHTHO BIOXEHHIO
KMZ(R,) » X(R,).

[Tomo6HbBIE BOMIPOCH! JIJIsl MPOCTPAHCTBA 0O0OIIEHHBIX TTOTEHITMANIOB Prcca paccMOTpeHs! B [2]

u [3].
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3. Bokayev N. A., Goldman M. L., Karshygina G. Zh. Cones of functions with monotonicity conditions for generalized
Bessel and Riesz potentials. Math.Notes. 2018. Vol. 104, No. 3, pp. 356-373.

Ob UHTEPIIOJIAIUU AHU3OTPOIIHBIX TPOCTPAHCTB THUITIA MOPPU
M:xymaobaesa [I.I'. Hypcyaranos E. /L.

EBpasnitckuii HauyoHanbHbIn yHuBepcuTeT umenn J1.H.M'ymunesa, Hyp-CynTaH, KasaxcTaH
E-mail: jamilya_ast@mail.ru
B nmanHo# paboTe paccMaTpHUBarOTCsS aHU30TPOITHBIE MpocTpaHcTBa TUa Moppu. CBoiicTBa
MPOCTPAaHCTB MoppU W JEHCTBYIOIIHME B ATHUX IMPOCTPAHCTBAX OINEPATOPHI BHI3BIBAIOT OOJIBIION
HHTEPEC B IMOCICIHUEC ACCATUIICTHS. MCTO,I[BI HCCIICAOBAHUS OIIMPAIOTCA Ha WHTCPIIOJAIMOHHEBIC

CBOMCTBA ATUX MPOCTPAHCTB.
IIycts k € Z,uepe3 Gy 0603HaYUM MHOXKECTBO Beex KyboB Buaa [0, 2 4+ 2km, m € Z™.
[Mycts G = Ugez Gk, Q € G. MHOXecTBO B3auMHO He mepecekaroniuxcs kyooB T = {Q} c G

Oyner nokanbHEIM pasbuenneM npocrpanctsa R™, ecmn R™ = [[per Q u [T N G| < oo,

Temeps mycts 1= (Ny,..,ng): M EN, |n|=ny +-+ng k= (k... kg): k; €Z.
O6Gosznaunm Gy = {Q =0Q1 X X0Qq: @ EGy, I = L—d}, B3aMIMHO HE MepeceKaromuecs KyObl
T; = {Q;} © Gy, — noxkanbHOe pazduenne npocrpancta R™, muoxkectBa Ty, ..., Ty~ NoKanbHbIE
pa3ouenus npoctpanctB R™, ..., R™ cooTBercTBeHHO. CeMENCTBO B3aMMHO HE MEPECCKAIOIINUXCS
napamnenenunenoB T = T, X ... x T, Ha30BeM JOKanbHBIM pa3Ouennem npoctpancTsa RI™.

Pacemotpum Bektopa A = (A1, Ay, .., Ag), D = (01, D2r s Pa)s G = (@1, G2, -, qa), A ER,
0<p;q <o, = 1,d. Onpenenum JOKaIbHOE MPOCTPAHCTBO Moppu LM%E(']I') KaK MHOXECTBO

M3MEPHUMBIX QYHKIUH f 17151 KOTOPBIX
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[0e] [00]

/
q
q1 qz/Ch \ ¢
_yd 9.
- = | Z z 2-Xiz1 kidi z ”f”LE(Q) o |
\kd=1 ki=1 QETE /

Teopema 1. ITycrs BexTopst 4o = (A9, A, 1 = (4, v AY), 8 =(64,...,00)D =
Py, o 0a), 4= (1, > 94), 90 = (@), .., q2), 71 = (41, ...,q%), n = (ny, ..., ng)Takue, ut0 0 <
p; <00 < ql,ql,qi <0, —0 <A <A < 40, 0; € (0;1),n; €N, T — nokansHoe pasdrenue
RI™. Torma

< 0o,

Il 3
LM5a(

( M_"_ (m, LMEL (T)) = LM2(T),

rac Ai = (1 - HL)A? + HLA}

HYCTB Z = (Al,ﬂ.z, ...,Ad), ﬁ = (pl,pz, "'lpd)l a = ((h: q>, "'lqd)l 0< /1i < o, 0<
Pi,qi <0, [ = 1,d. OGoGeHHbIe AHU3O0TPOITHBIC TPOCTPAHCTBA THNAa MoppH ompeneauM Kak
MHOJKECTBO BCEeX M3MepuMbIX 1o Jlebery hynkumii f € L%O “(R%), 01 KOTOPBIX

Yaq
q1 qz/(h

E -
I,z =| Z Z 272k Y Ifl o | <o
\kd 1 ki=1 QEGy /

Teopema 2. [ycts Bektopst Ag = (19, ...,49), 4, = (A4}, ...,2Y), 8 = (04, ..., 0,)p =
(pl; -..;pd)) 6 = (ql, ey qd),% = (qg, ,qg), a = (q%, ---,qtli)TaKI/Ie, 4yToO 0 < pi < 000 <
a?,qt,q; < o, 22 # A}, 6; € (0;1). Torza

(Mpqo Mz/}lql)eq Mz/}q'

rmed = (Ay,..,20): A =(1-6)2+86;%.
PaboTa BeImosiHeHa B pamkax rpanta AP14870758.
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JUOOEPEHHUAJIABIK TEHAEYJIEP ’)KOHE OJIAP/JbIH KOJIIAHBIJTY bI
JUNODOEPEHIHUAJIBHBIE YPABHEHUSA U UX ITPUJIOKEHU A
DIFFERENTIAL EQUATIONNS AND THEIR APPLICATIONS

UHTEI' PAJIBIK-TU®PEPEHIAJIBIK TEHJIEYJIEPIIH,
KAHA KAJIIBI HIEIIIMI TYPAJIBI
AcanoBa A.T.
MaTemaTuka >KaHe MaTeMaTUKa/IbIKk MOAeNAeY MHCTUTYThbI, AiMaThbl, KasakcTaH
E-mail: assanova@math.kz

Hubdepenumanaplk TeHACYIEp TEOPHUACHIHAH kol muddepeHnanablK TEHACYIep MEH
Bonbreppa unTErpanabik-nuepeHIHANIBK TeHASYACPAIH KaNMbl MIENIMI  YFBIMBI  O€JNTUII.
ATanraH TeHACYJIEeP/IiH Kbl MIENIMi1 opyaKbpITTa 6ap 00J1a bl KoHE OHBIH KOMETIMEH IIEHIIMHIH
KACHETTEPIH JKaH-KAKThl 3€pTTEI, IIETTIK €CeNTepAiH MIeMUTIMIAUIIrl, OIpMOHl e LTIMALIIT
mapTrapbl opHaThliaabl.  Aus, ®pearosbM HHTErpayablK-Au(PepeHuanIblK TeHAeyIepl YIIiH
KaNMbl I[IemMHIH Oap O0o0ayel Macerneci OipkaTap KHUBIHABIKTAp TYFbI3aAbl. ATam KeTCek,
OpenronabM HHTETpaNAbIK-TUddepeHIMANABIK TeHACYIHIH MemiMi Myiae 6oimMaybsl MyMKiH [1].
Ocpiran Oaiinanbictel, [[.0)Kymabae ®pearonsMm uHTErpaiabiK-auddepeHnInaiablK TeHaeynepi
YIITiH jKaHa JKaJIIbI MMM aHBIKTaMaChIH €HT131M, OHBIH KaCUETTEPIH 3epTTei [2].

Ochl KyMBICTa HUHTETPATABIK-TU(PPEPEHITNANIBIK TCHACYIEep YIIIH €HTI3UINeH >KaHa KaJImbl
IIelliM aHbIKTaMachl MEH OHBIH KacHeTTepl KapacThlpbliazbl. JKaHa JKaimbl IIenriM KeMeriMeH
HHTETPpAIILIK-TuddepeHITnanAblK TEHACYJAEp YIIH MIETTIK €CenTepl 3epTTey >KOJAapbl MEH
MEMUTIMAUTIK ~ IIapTTapel  OasHIaIaibl. CoHbIMEH KaTap, »JKaHa IKallbl MIENIIMHIH
muddepeHnnanapIK TeHASYIEepAiH OlpKaTap KiacTaphl YIIH MIETTIK €CeNTep Al MIeIyre naiaaiany
KOJIAAphl MEH KOJIJIAHBIC asChl TaJIKbLIAHAIbI.

[0,T] apanbireiana @pearodbMm HHTETpAIABIK-TH(GEpeHINANIBIK TEHASYIep JKYHeciH
KapacThIPANBIK

“_ AOx + [T Kt )x(s)ds + f(£) X €R™ £ € (0,T) ®

myrga x(t) = (x,(t), x5(t), ..., x, (t))'- nemmemai i3aeninai Bekrop-dynkuus, A(t) - (n X
n)emmemai [0,T] apansirbiHga ysimiccis marpuna, K(t,s) - (n X n)emuemai [0,T] % [0,T]
oOnbIChIHA Y3UTicei3 Marpuna, f(t) - nemmemai [0, T| apaibiFbiHaa y3iTiccis BEKTOP-(QyHKIIHS.

(1) wunTerpanapik-aubdepeHIMaIAbIK TeHaeytepinin wewiMmi gen  (0,T) apanbiFbiHga
y3imicei3 muddepeHnranaHaThIH, TeHJACYIEep KyheciH OapJIbIK t € (0, T)ymwin
Kanararrauasipateinx (t) € C([0,T], R™)BekTop-QYHKIHMACHIH aiTaMbI3.

Ayapkpuibl  Keneci Oemikreyai Oemrineitik: tp =0<t; <<ty =T. x(t)peringe t =
tp,p = 1, N — laykrenepinae ysimicri Oomysl MymkiH, [0,T] apanbiFbinga OesikTi-y3imiccis
(GYHKIUSACHIH aHBIKTAWbBIK. X, (t)pyHKUMsAchl X(t) QYHKIHUSACBHIHBIH [t,_q, t, ) —IIli apaJIbIFbIHIAFbI
CBIFBLTYBI 00JICHIH, sFHU X,.(t) = x(t),t € [t,_q,t,), 7 = 1,N.

Oran Kkoca, erep x(t)dyuxuusicer (0,T) apanbiFbiga GemikTi y3imiccis mudpdepenipanianca
xone (1) ®pemronsm mHTErpamablk-auddepenmuanabk Tenaeyin  opoip t € (0,T)\{t,, p =
1, N — 1},nykrenepinne KaHaraTTaHJIbIpCa, oHJa OHBIH x[t] =
(x1 (), x5(t), ..., x5 (1)) cHIFBUTYTAPBIHBIH Kydecikeneci  MHTETpaabIK-auddepeHran bk
TEHJCYIIep KYHEeCiH KaHaFaTTaHAbIPaIbI

dx,y

o= A% + X, fttjf_lK(t, $)x;(s)ds + f(£),t € (tr_p, t,),r = LN.  (2)
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C([0,T], Ay, R™)apkbuibt x[t] = (xl(t) X, (t), ..., xy () bynKunsnap Kyhenepinin
KCHICTITH Oenruieiik, MyHma X, :[t._q,t,) = R™, y3imicci3 xoHe ke3 kenrenr = 1, N ymIiH

AKBIPJIBI hm xr(t)con »KaK 1eri 6ap, Hopmacsl kenecigeit ||x[-]||, = max _sup |lc,- (Ol
N te[ty_q tr

x[t] = (xl(t),xz (), ...,xy(t)) € C([0,T], Ay, R™) pynxuusnap )KYI/IGCI(2) UHTETPaIIbIK-
muddepeHInaNIbIK TCHASYISp KYWECIHIH MIeniMi Jen aramaabl, erep X,(t)  QyHKOHsUIApHI
(ty_1,t,) apamsiFbiHAa y3uticeid auddepenuannanca xone (2) TeHICYIepiH KaHAFATTaHIbIPATHIH
6onca, myrmar = 1, N.

A napamerpuepind, = x,(t,_,)Typinge enarideitik, r =1,N. Kana  Oemnrici3
U, (t) DyHKUUACHIH aHbIKTAWBIK: U, (t) = x,.(t) — A, t € [t,_1, t,),r = 1,N.

Erep (2) Tenneynep xyiiecinge op0oip [t,_q,t,) apansirbiaga x,(t)pyakuusacen w,(t) + A,
KOCBIH/IBICBIMEH ~aJIMacThIpcak, mapaMmerpiiepl Oap Keiecl HWHTErpanblK-au(QepeHnanibK
TEHJEYJep KYHWeCIH allaMbl3

W= AD + ) + B fT K 9)[u(s) + 4lds + f(O.¢ € g, t)r = LN (3)

Enriduiren mapamertpiep ocbl TeHJIEYIepl TOMEHIEr1 O0acTankpl MIAapTTapMEH TOJBIKTHIpYFa
MYMKIHZIK 6epeni

U (t1) =0, r=1N. (4)

(3), (4) ecebi mapamerprepi O6ap mHTETpaNAbIK-TUdPepeHINATIBIK TeHASYIEp KyHecl YIIiH
apraiiel Komm ece6i aen aranazsl. (2) uHTErpanabik-nuddepeHnuanabk Tenaeyep xyieci (3), (4)
napamerpiiepi 6ap WHTErpanAblK-TU(GGEepPeHITHANIBIK TeHACYJIep Kyieci ymriH apHaibl Komm

. d
eceOiHe mapa-map Oomnanbl. X, (t)MaTpuIIachl d—x = A(t)xaupdepeHumanaplK TEHAEYIEP

KYHECIHIH [t,_q,t,] apalbIFBIHAAFBIIPTelli MATPUIIACHI OOJICHIH.
(3), (4) ecebi kemeci I/IHTel"paJ'I,I[BIK TeHz[eynep mynecme napa-map 00Jabl:

u,(t) = X,.(t) f 1(1'1)2 fK(rl,r) [u;(v) + Aj]drdr; +
J=1t;_4

+ X (1) fttr_l X (t)A(T)dT 4 + X (8) fttr_l XM (x)f (z)dey, t € [ty tr), 7 =1, N.(5)

Erepy(t) = 9’=1 ftt]_"_l K(ty, 1)u;(t)drnecex, Gipkatap ecenteynepien Keifin kemeci Typueri

UHTErPaIIbIK TEHAEYIEP KYHECIH alaMbl3:
T
y(@) = [, M(Ay,t,7) y(©)dt + X7, Dr(Ay, )4, + F(Ay, 1), t €[0,T], (6)
myHaa M(Ay, t, ) e3eri, D,.(Ay,t)xone F(Ay, t)ToMeHEr TEHIIKTEPMEH aHBIKTATAIb:

M(Ay, t,7) = [ K(t )X, (r)d, X7 (D), t€[0,T], T €[0,t,],
M(Ay, t,7) = [ K(t, 1) X;(t)de, X1 (@), t€[0,T], T€ (t_1,t]) =2, ..., N,
ty _
D(Ay,6) = [,” K&, DX (@ [, X7 (z)A(Ty)dryde +
t _ tr
Z?’=1 ftj]—l Kt 0)X;(1) ft:_l X; (D) ftr—l K(ty,75)d 1,dtdT, v = 1,N,

F(Ay,t) =TV, fttjf_l K& DX [T X7 (1) f(z)drydr.
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Ke3 kenmren Ay OemNikTeyiH analblK XKoHE COHKeC OIPTeKTI HWHTETPANIBIK TEHICYII
KapacThIPANBIK

y@® = [ M(Ay,t, D y@dr,  te[o,T]. @)

1 Ambiktama. Ay Oemikreyi (1) Temameyi yumriH — perymspibl gen aranaael, erep (7)
MHTETPAIIBIK TEHJCYIHIH TEK KaHa TPUBHAJABI MIemiMi 0oJica.

o([0, T])apxpeuisr [0, T] apasibirbIHBIH PETYISPIIBI OONIKTEYIEPIHiH KUBIHBIH OENTUIEHIK.

2 Anpiktama. (3), (4) apnaiiel Komm ece6i 6ipMoH/Ii IISNTUTIMAL 1€ aTtaiausl, erep Ke3 KelreH
(f(t),A) sxy6pr yurin, mynnga f(t) € C([0,T],R™), A € R™N, ocwl ecenTiH *anrbl3 Imemimi 6ap
OonatelH 6oJca.

1 Jlemma. Ay Oemikreyine coiikec OonatelH  (3), (4) apnaitbl Komm ece6i O6ipMoHAl
mIenriTiM/Il 00J1aibl COHZIa TEK COHJA FaHa, erepAy OeJiKTeyl peryssipibl 6oJca.

3  AHBIKTama. Ay € o([0,T]), L € RW OOJICBIH ~ KOHE ult,A] =
(U (6 A), up (L A), ..o un(t,A))  dynkmusiiap kyiieci (3), (4) mapamerpsepi 6ap WHTErpajIbIK-
midpdepeHunanablK TeHaeyaep skyheci yuiiH apHaiibl Komm eceGiHiH memimi 6osiceiH. Onpa
Keneci

X(An, 6 A) = A+ up(t A, t€ [te_,t), r=1,N,
x(AN, T,A) = A + tliTrr_l0 u.(t,A)

TeHaikTepiMeH  aHbIKTanFaHX(Ay,t,A)  yakmusacer (1)  wmHTerpanabk-auddepeHnInanIpK
TEeHJEYJepiHiH Ay >KaJIIbl IISIIiMI JIeT aTaiabl.

This research has been funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant AP08855726).
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MNEP®OPALUSTIAHFAH OBJIBICTAT'MH3BYPI-JIAHJAY KOMIIJIEKCTI
TEHAEYIHIH TPAEKTOPUSJIBIK ATTPAKTOPJIAPBIH OPTALIAJIAY
Bexmaranéeros K.A.l, Teemic A.9.%, Yeuknn I'.A.°
IM.B./TomoHOCOB aTbiHAarbl MMY, KasakcTaH dunnansl, Hyp-CynTaH K., KasakcTaH
2J1.H.Mymunes aTbiHaarbl EXY, Hyp-CynTaH K., KasakcTaH

3M.B./lomoHoCOB aThIHAarbl MMY, Mackey K., Peceit
E-mail: bekmaganbetov-ka@yandex.kz; abylaikhan9407 @gmail.com;
checkin@mech.math.msu.su

JlepOec TYBIHABUIBIAUCCUIIATUBTI TEHAEYJEp YIUIH TPaeKTOPHSUIBIK aTTPaKTOpJap TEOPHSCHI
ozipnenred[1]. bynm Ttocinre coiikec Komm ecenrepi yuIiH MIEMIIMAEPIHIH >KaIFBI3IABIFBI Qi
nonenaenOeren (Meicanbl, 3D Hasbe-Crokc »xyieci) Hemece OpbIHAAIMaraH (MbICabl, OCBHI
OasHIamana Kapactelpbuiral [ mH30ypr-Jlanaay KOMITIEKCT TeH IeY1) SBOTIOUSIIBIK TEHACYIePIiH
HISNIIMJIEPIHIH Y3aK Mep3iMJl opeKeTiH 3epTTeyae MaHbi3ibl. COHFBI yaKbITTapna maijga OoJjFaH
aTTPaKTOpJIAp/IbIH OpTallalaHyblHa OaiilaHbICThI OipHele xyMbIcTappl atan etemis ([2],[3] xxoHe
[4]).

ATTpakTOopiiap JUCCHUIIATUBTI CHI3BIKTHI €MEC SBOJIONHS TEHACYIEPiHIH IIemIMIEPIHIH yaKbIT
IIEKCI3/1IKKe YMTBUIFaHIaFbl OpPEKeTIH cunarTaiipl. Onap TMHAMUKAIBIK JKyHeTepAiH eH MaHbI3/Ibl
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IIEKTIK OOBEKTUIEPiH, SFHU HBOJIOLMSUIBIK TEHACYJepMeH OacKapbUIaTBIH MOJENBAIH OapibIK
JMHAMUKACBIH CHITATTANTHIH TPAEKTOPHUSIIAP IBIH )KUbIHIAPbIH KOPCETe 1.

Q — R"™rin > 3, mekrenreH o006mbic,d() — MmIeKapachlHBIH Oeuiri Teric OoJiceiH. Gy C
1 1\" . .= .
Y = (— 2 E) — 001bIC O0JICHIH, THECUTIG jIapFa AuddeomMopPTh KOMIAKT OOJBIT TAOBIIATHIHIAM.

6 > OxoHEZ-Ke3 KeNreH JKWbIH OoJichiH, 013 Keneci Oenriieynepnai eHrizeMiz:dZ =
{x:67'x € Z}.e > 0 ymin, &Y™ 2G, C €Y xeTkinikti a3 genm OGoKaiiMbI3.j € ZMymiHkeneci
KUBIHAAPIBIAHBIKTAMBI3

Pl =¢j, Y =P +ev, G!=P +evVn2G,. )

Opi kapait, 0, = {x € 2: p(x, Q) > VneJobmbicrm xome y, = {j ETI™GINQ, # (Z)}p¥1<caT
eTUIreH MHIEKCTEp )KUHAFBIHAHBIKTAMBI3.

Hazap aymapeiabis,|y,| = de™ mynpa, d > 0— typaktel. Keseci 0OIBICTBI KapacThIpaMbIK,

— ~ — J
'Qs - Q\Gsv Gs - Ujeyg Gs .

I'uu36ypr-Jlannay KOMIUIEKCTI TEHZIEYJepl YIIIHOACTaNKbl—IIEKTIK €CENTIH TPaeKTOPHUSIIBIK

aTTPaKTOPJIAPbIHBIH ACUMITOTUKAJIBIK OPEKETIH 3€pPTTEUMI3

(Ou, ) X Xy . 5 X
3t —(1+a1)Au£+R(x,E)u£+(1+B(x,g)l)lugl ug+g(x,;), x € Q,,
du n x—P’ i
] +a) ==+ ez—nb(x,gz—%:)ug =0, x€0GLEY,
u, =0, x € 0Q)
u.(0) = U(x), X € Q..
\

MyHIa U = U; + iu,€C, v-IekapanslH CBHIPTKBI HOPMajib BEKTOPBI, O-Ke3 KEITeH TYPaKTHI,
R(x,y),B(x,y) € C,(Q x R"),b(x,y) € C(Q x R"),b(x,y) —YyaliHpIManbIyILiH | -TIEPHOATEI,
g(x,y) € L¥¢(Q x R™; C). Bapisik x € (ukoHey € R™yuriHTeMeHeriaen [rapTrap
OpBIHAATIAJIBIACT OMITaMBbI3

0<R; <R(x,y) <R,,0< B, <B(x,y) <P2,0< by < b(x,y) < By.
Opi  Kapaif,Le, ., (A x R")-1¢ R (x, %))KQHCB (x, z) GYHKIUSATIAPBIHBIH ~ COMKECIHIIe

PR = X .« —
opramamani R(x) xome B(x), amg (x, ;) dynxumsaceHEE LY¢(Q; C) —ne oprama moHig(x)
OoJIaIbl.

bi3 xapacTeipbuibiHraH (1) 6acTanKbI—IIEKTIK €CENTIH TPACKTOPHSUIIBIK aTTpakTopiapbi  Kimri
napamerpe — 0 +onci3 MaFLIHaL[aGfﬁ’CTononornﬂz{acmHnaKeneci(2) 0acTalnKbI—IIIEKTIKECETIH

TPACKTOPHUAJIBIK aTTPAKTOPbIHA A JKHMHAKTaJaTbIHbBIH I[QJ'I@J'II[GI[iKZ

I{% = (1 +ai)Au+R@)u+ (1+B0)i)lul>u—-V)u+gk), x€Q
u=0, x € 09, )
Iu(O) = U(x), x €,

\

myHaarsl V(x)—()yHKIMACH, «o3relie MyIIe» JeN aralaTbiH (KOCHIMINA MOTEHIMAN), TOMEHJET]
(dbopmyna OONBIHINIA aHBIKTATA/IbI:

d
V(x) = f—v(x,y)day.

v
aG,

y
MYHJIaV (X ) KeJIECIIIEKTIK eCeNnTiH IIeniMi 60abl:
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(—Av =0, y € R™"\G,,
| v

4—+ b(x,y)v = b(x,y), y € 3G,
avy

tv -0, [yl - co.
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IMETTIK IHAPTTAPBIHIA TE3 O3I'EPETIH MYIIEJIEPI AP
MEP®OPAIIUSIIAHFAH OBJIBICTAHABBE-CTOKC JKYWECIHIH,
ATTPAKTOPJIAPBIH OPTAIIAJIAYbI
Bexkmaranteros K.A.l, Teney6aii A.M.2, Yeuxnn I'.A.°
IM.B./lomoHOCOB aTbiHAaFbl MMY, KasakcTaH dunnansl, Hyp-CynTaH K., KasakcTaH
2J1.H.l'ymunes aTbiHgarsl EXYY, Hyp-CynTaH K., KasakcTaH

3M.B.JToMOHOCOB aTbiHAarbl MMY, Mackey k., Peceii
E-mail: bekmaganbetov-ka@yandex.kz; altyn.15.94@mail.ru; checkin@mech.math.msu.su

by xymeicTa nepdopanmsiuianral o0nbicTarbieki enmemal HaBre—CToke TeHAeynep xyieci
YIIiH 0acTanmKbI—IICKTIK €CENTIH AaTTPaKTOPJIApbIHBIH ACHMIITOTHUKAIBIK OpPEKETIH 3epTTerMi3
(oOmpicTBIH  TeomeTpusckl  Typanbl [1] kapanwiz). COHFBI yakpITTapja Iaijga OoJFaH
aTTPaKTOPJIAP/IBIH OpTalllalaHybIHa OaiaHBICTHI OipHEIIe KyMbICcTapabl aramn eTemMis ([2],[3] xone

[4]).

Ocwl OasHmamana mnepdopanusianrad oOnbicTtarsl eki emmemal HaBbe—CTokc TeHACyep
KyheciHiH A, TpaeKTOPUSUIBIK aTTpakTopiapbl & — 0 +karmaiina onci3 MarblHaJa THICTI
(GYHKIMOHANABI  KEeHICTIKTEepiHAeOpTalllaJaHFaH TeHaeynep kyideciHiH U TpaeKTOPHSIIBIK
aTTPaKTOpbIHA JKMHAKTanaThIHABIFGI  kepceTinemi([5], [6]). Mynga kimi mapamerp &
nepdopalusianFal  OpTaiaFbl  KyBICTApJbIH JUAMETPIH OJIAPJbIH apaChIHIAFbl KAIIBIKTHIKTHI

CUIIaTTaNuIbl.

. . 11
Q) — R2-ri mekTenren o6nbIc xkoHe AS) — meKapackl Teric 60JchH. Gy C Y = (_E’E) — 00JIBIC

60JICHIH, THECITIGyapra TupHeoMOpdHTH KOMIAKT GOJIBIN TAOBLIATHIHIAI.
6 > OxoHeM—ke3 KelreH oKHUbIH OOJICBIH, 013 Keneci Oenruleynepai eHrizemiz:oM =
{x:671x € M}.j € Z*yminkeneci ) uUbIHAAPABIAHBIKTANMBI3
Pl =¢j, Y!=P +ev, G!=P +e¢G,.
Opi kapaii, (4, = {x € 2: p(x, Q) > V2¢}obmnichm xome Y, = {j €EZ%G! nQ, # (b}p¥KcaT
eTUIreH MHJIEKCTEp >KUHAFbIHAHBIKTAMBI3.
Haszap aymapwiusis,|y.| = de™2 mynna, d > 0— Typakrsl. Keneci 0GIBICTBI KapacThIPaMbIK,

Q. = O\G., G, = U, G’
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Kenicrikrep ymin kemeci Genrineynepmi emrizemis: H:= [L,(Q)]% Hg:= [L,(Q.)]? V:=
[H3(Q)]?, Vo= [HY(Qg;00)]? — [HY(Q)]*ri 0Quekapachinga i3nepi Holre TeH BEKTOP-
(byHKUMsIIap KUBIHBL. byl KeHICTIKTep1iH HOpMaJiapbl, COMKECIHINE, KeJIeCiIel aHbIKTallaIbl:

Hv 2= [o Bioq W ) Pdx v 2= [ Xy [v'(x)]%dx,
10 1= [, 5y 190E @12, 1 v 13, = f, 2oy [V (0)2dx.

HaBre-CToKC TeHIEYNepiHiH aBTOHOM/IBI €KiemeM Il )Kyieci YIIiH Keeci 6acTanKpl—IIeKTiK

€CETITIH TPACKTOPHSIIBIK aTTPAKTOPIAPBIHBIH ACHMITOTHKAIIBIK OPEKETIH 3ePTTEHMI3

(0u, x
Frae vAu, + (u., Vu, = g(x, E)’ x € Q,,
V,u,) =0, x € Q,,
< du, X 1)
v +B(E)u£ =0, x € 3G, t € (0,+),
u, =0, x € 0Q)
\u, = U(x), x €Q,,t=0.

MyHIa U, = U (x,t) = (ud,u?), g = g(x,v) = (91, 9% € [L,(Q X R?)]?, n—1meKkapaHbIH CBIPTKbI

g(s) 22@)’ b*(s) € C(R?), b*(s) —apGip

alHBIMAJTBIYIIiH | ~TIEPHOITHI KoHE | 3G b*(s) do = OmapTein KanaraTTaHABIpaThIH GyHkuus (k =
0

HOpMallb BEeKTOpBl koHe Vv >0, B(s) = (

1, 2),MyH1a d0— KUCBIK Y3BIHBIFBIHBIH JICMEHTI.
Opramananran (IIEKTIK) ecen Keeci Typae 00oapl:
2
(%1 ZA—azu°+( Vup + Vuy = G(x), x €Q
-V a: Uy, u Uy = X), X )]
at il axiaxl 0 0 0 g

i,l=1

) (Vu0) =0, xeq, (2)
Uy = 0, x € 0Q
\ug = U(x), x €Q,t=0,
MyH/1a
dN
= [ B vsiegw = [ gwoas
Y\Go ' Y\Go
0
My = = [y, BKOM @ o, V=(" )

N;(&)xoneM* (§)—1-nepuonThIK, NEpUOATHUILIK VANIBIFBIHAA OpTAlla MOHI HOJre TEHXKOHE

TGMeHI[el"iIJ_IapTTapI[LI KaHaraTTaHAbIPpATbIH (1)YHKI_II/I$IJ'IapZ
k

oM
AM¥ =0, §E€Y\Go——=-b*({), §€0Go

AN; =0, §€EY\Gy,  §EV\GoSt=-my, ¢ €0G,

2

V kenicTiringeri v .7 ,_, @ OTIEepATOPBIHBIH OIpiHILI MEHIIIKTI MOHIA, CaHbl OOJICHIH.

u axiaxl
Kenecineit Teopemansl anambi3 ([7] kapaHsi3).
Teopema 1. Aifitaneikd, > max{m;, m,}, ormall (R;; V) N L, (Ry; H) N {v: aa—‘t/ €

Lg (R;; H)}KeHiCTiFiH,Z[CS — 0 + yuIiH Keneci MIeKTIK KaTbIHAC OPBIHAANAIbI

A - AU,
myHma2l,, U—coiikecinte (1) sxoHe (2) ecenTepiHiH TPACKTOPHUSIIBIK aTTPAKTOPIIAPHI.
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YCJOBUA KOSPIIUTUBHOM PASPEIIIMMOCTH OJJTHOT'O KJIACCA
NU®DPEPEHIIUAJIBHBIX YPABHEHHUH BTOPOI'O MTOPSIIKA B L, (R)
EcoaeB A.H., Ocnanop K.H.

EBpasuiicknii HaLMoHabHbIN yHUBepcMTeT uMenn J1.H. M'ymunesa, Hyp-CynTaH, KasaxcTaH
E-mail: adilet.e@gmail.com

B npocrpanctee cymmupyembix gynkuuit L, (R)pacemorpum cienyromee auddepeHimanisHoe
YPaBHEHHE BTOPOTO MOPSAKA:

—s@) (YY) +r(x)y = f(x), (1)

raex € R,p(x) — mBaxael HenpepsiBHO auddepennupyeMas  (yHKims,s (X )—HenpephIBHas
byuxuus,r(x) — HenpepbiBHO auddepenuupyemas pyukuus, a f € L;(R).
Onpenenum oneparop | Ha MHOMKecTBE D (Z) = Céz) (R) cnemyromum 00pazoM:

Iy = —s(x)(p(x)y) +r(x)y’.

Yepes | 06o3naunM 3ambikanuel B Hopme L;(R). Pemennem ypaBuenus (1) Ha30BEM 31IeMEHT
y € D(I) Takoii, uto ly = f.

Bynem roopurs, 4ro penienue yypaBHeHus (1) sisercs: L,-MakCUMaIbHOPETYISPHBIM, €CITU
BBITIOJTHSIETCS CIISIYIOIIas OlEHKa

I=sCyYIl,. oy + Iryll,, oy + W1y < CUFILL o0,

HpI/ILIéM IIOCTOAHHAasA CHe 3aBUCHUT OT y

Teopema.llycTb p > 1, r(x) = max(p(x),V1+x2), a s(x) =6 >0 — HenpepbiBHas |
orpaHnyeHHas yHkums. Toraa ypasHeHe (1) UMeeT eAuHCTBEHHOE peLleHre v W ANSy BbINOAHEHa
ClefytoLLas OLeHKa L, -MaKcUManbHOV PerynsipHocTH:

I=sCoy)'ll, + liry'll, + iyl < Glifll,.
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Otmerum, uto mpu s(x) = 1u r(x) = 0 aHaNOrUYHBIE YTBEPKACHHS ObLIH HOJIyYEHEI B
pabotax [1, 2] ans cnmyqaeB ypaBHenus LLtypma-Jlnysumns u Llpéaunrepac moaoxuTeaIbsHbIM
norenmanoM. A koraa s(x) = p(x) = 1, Takoii pe3yibTaT yCTaHOBIEH B [3].
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KPATEPUU EJJUHCTBEHHOCTH PEIIEHUS HEJIOKAJIbHOM ITO BPEMEHN
3AJIAYM JUISA JTUPP®EPEHIIUAJIBHO-OITEPATOPHOI'O YPABHEHUA I(-) — A
C OIIEPATOPOM TPUKOMMU A
Kanryxun Bb.E., Komanos b./l., Cyaranrasuesa K.b., Kynryaposa A./l.
Kaszaxckuil HauMoHaNbHbIA yHUBEPCUTET MMeHN Anb-Papabn, AnmaTbl, KasaxcTaH
E-mail:koshanov@list.ru

1. B ¢ynknuonansHOM mpoctpanctBe L, (0, T)paccMoTpum omepatop B, TOpOoXKIeHHBIH
g depeHnrnaIbHbIM BEIPa)KEHUEM

1(w) =
C peryaspHBIMU KPAaeBBIMU YCIOBHAMHU

d"w
dtn

PO G 4 P (OWD,0 <E<T ®

Yz iw®(0) + Bw®(T)] =0, j=1,2,..,n(2)
rae p;(H)e C™D[0,T], j=1,2,..,n

TpedoBanue |. Ilpeamosioxum, YTo 00JIacTh oOMpeneneHUs ornepatopa B 3amaercs
perynsapHeiMH B cMbiciie bupkroda kpaeBbimu yciosusimu [1]. MHaye roBops, B Cilydae HEYETHOTO
n = 2p — 1 cnenyromue aa onpenenutens 0y,0; OTIMYHBI OT HyJs, B Clydyae YETHOTO N =
2p crneayrouye aBa onpenenurens 0_q, 0, OTIIMYHBI OT HYJIS.

ComnpsixeHHbli onepatop B* 3agaercs auddepeHnanbHbIM BhIpaKeHHEM

B*R(t) = I*(R), 0<t<T
1 001aCThIO OMIPEICICHUS
D(B*) = {Re W}*[0,T]: V;(R) = O,...,V,(R) = 0}.

B pabote [1] nokazano crneaytoriee yrBepKiacHHE.

Teopema 1 [1].MMycTb 06nacTh OnNpeaeneHnst onepaTopa B 3a4aeTca PerynspHbIMUB CMbIC/e
Bupkrocha KpaeBbiMi ycnoBusaMu. Torda 06nacThb OMpefeneHUs onepaTopa COMNPS>KEHHOro
B*3afaeTcs Tak>Ke perynsipHbIMU B CMbicnie Bupkroa KpaeBbIMU YCNOBUSIMI.

Ham notpebyercst Takxke cienyroiiee yrepxaeaue [3].

Teopema 2 [3].MycTb onepaTop B NOPO>KAEH PerynsipHbIMU B CMbicie Bupkroga KpaesbiMu
ycnosusimi. Toraa cucTema COBCTBEHHbIX U NMPUCOEANHEHHbIX (DYHKUWIA onepaTopa B sBnseTCS
MOJIHOW CUCTEMOMN B NpocTpaHcTBe L, (0, T).

[Ipumenss Teopemy 1 u Teopemy 2 K CONpsHKEHHOMY orepaTopy B*, moxem chopmynupoBath
YTBEPKJICHHE.

Teopema 3. T[lycTb BbINOAHEHbI TpebosaHne 1. Torga cucTema COOGCTBEHHbIX U
npucoeanHeHHbIX PYHKLMIA onepaTopaB* nonHa B NnpocTpaHcTse L, (0, T).

2. Ilycte 2 € R? - xoHewHas 061acTh, orpaHuyeHHas npu y > 0 kpusoii JlsnyHoBa o,

okaHuuBatoeics B okpectHoct Touek 0(0,0) u B(1,0) manbiMu ayramu "HOpMaibHOM KpUBOif"
3 3
0g, anpuy < 0 —xapakrepuctukamu OC: X — g(—y)E =0,BC:x+ % (=y)z =1 ypaBHeHus
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Av = yue (x,y) + vy, (6y) = f(x¥) 3)
3agaua T. Haiitu B 2pemienue ypaBuenus (3), yA0BJIECTBOPSIONINE YCIOBHUIO
1 4 1
u(ny;t)la =0, O-Ol(x__)2+_ Zr (4)
x5/8 D (o (0))x~%/3) + (1 - )5/6D1/6<u<x1<x))<1 -x)72%) =0, (5)

rac

2/3
u(Xo(X))=u<X,—[%] > 03xs%,
\a2/3
u(xl(X))=u<x,—[¥] > %3xs1.

31ech rpaHUYHBIC YCIIOBHS 33Jal0TCS C IIOMOIIBIO APOOHBIX TPOU3BOAHBIX PuMana-JInyBwmmis [2]
d * g

1/6
+ 800 =+ (X_t)1/6 — 17 dt,
1/6 g(t)
(x) =
- 8\X T j i X)6

OmnepaTop, COOTBETCTBYIONUK KpaeBou 3amade T oOo3HauuMm uvepe3 A. CoOOCTBEHHBIE 3HAYCHUS
omeparopa A OymeM HyMepoBaTh MMapoil IEIOYHCICHHBIX WHIEKCOB T1),. CoOCTBEeHHBIC
¢dbynknuuoneparopa A 0003HAUMM 4epe3 Uy, (X,Y) COOTBETCTBYIOIIUX COOCTBEHHBIM 3HAYCHHEM
Nm-

B paGoTe [4] nokazaHo cieayroiiee yTBEpKICHHE.

Teopema 4 [4]. Oneparop A ABISETCS CAMOCOIPSKEHHBIM B IPOCTpaHCcTBE Lo (12).

Kak crenctBue maHHOW TeopeMbl 4 3akirodaeM, 4To coOCTBeHHbIE QyHKum{v,,(x,y),m =

., } onepatopaA o0pa3yroT NOJHYIO cucTeMy GYHKIUH B Lo((2).

3. Ilycte -kOHewyHass o00jacTh W3 mpeaplayniero myHkra. B obmactm Q = 0 X (0,T)

paccMOTpUM YpaBHEHUE
n 2 .

on ua(xyt) + Z D (t)a a;ijy ;t) _ a ua(;céy,t) + 02 ua(xzy ;1)
C KpaeBbIMHU YCIOBHUSIMH 110 ¢

+ f(x,y;0), (x,y) €2, 0<t<T (6)

Uv(u(x,y; -)) =0, v=12,..,n (x,y) € 2(7)
U ¢ ycoBusaMu 1o (x, y)

1 4 1
u(x y, t)lO'O = 0’ GO:(X_E)Z +gy3 — Z’(8)

x5 D% (u(xo(x); )x72/2) + (1 = 0)%5D,"° (w(r: (x); H(1 = x)™#3) = 0, (9)
rae

3x73 1
u(yo(x);t) =u x,—[7] it ,OSxSE,

u(y1(x);t) =ul x,— I@r;t

OmnepatopHasi 3aKch BhIENpUBeAeHHON 3a1aun (6)-(9) umeet B
Bu = Au(x,y;t) + f(x,y;t), (x,y;t) € Q. (10)
3neck oneparop B neiCTByeT 110 NEPEMEHHOM ¢t U €ro CBOMCTBA NpUBEAEHBI B yHKTE 1. Oneparop
AneiicTByeT 1o NepeMeHHbIM (X, Y) U €ro CIeKTpalibHble CBOWCTBA MPHUBEIEHBI B ITYHKTE 2.
Teopema 5. [ycTb BbINONHEHO TpebosaHuel. Torga o4HOPOAHOE OnepaTOopHOE ypaBHeHWe
Bu = Au (11)
MMeeT TONbKO TpuBMaIbHOE pewwedne u € D(B) N D(A) Torfa v TonbKo Toraa, Korja
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ocB)y ng(A)+ 0, (12)
roe o (B)no(A) - CNeKTpbl onepaTopoB B 1 A COOTBETCTBEHHO.
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KO3PIHUTUBHASA PASPEHLIMUMOCTbDB OJJHOT'O IICEBJONNAPABOJINYECKOTI'O
YPABHEHMUSA TPETBEI'O ITIOPSIKA
Ocnanos M.H.
EBpasuiickuii HaLMoHabHbIA yHUBEpcuTeT uM. J1.H.I'ymunesa, Hyp-CynTaH, KasaxcTaH,
E-mail: myrzan66@mail.ru

[ycts 2 = [0, w] X (—00,+00). PaccMOTpuM TceBIOMapaboNuIeckoe ypaBHEHHE TPETHETO
nopsiaKa
Ugee = Qo (%X, DUy + a1 (X, Uy + az(x, U+ f(x, 1) 1)
rne ¢yakmun a;(x, t)(i = 0,2), f(x,t) npenmonararoTcsi HENPEPHIBHBIMH M, BOOOIIE TOBODS,

HEOrpaHWYEHHBIMU Ha (2.

Yepes C, (2, R) 0603HAYNM NPOCTPAHCTBO OTPAHMUYEHHBIX (YHKIMHA, HEPEPHIBHBIX 110 t €
R npu x € [0, w] 1 paBHOMEPHO OTHOCUTENBHO t € R HenpephIBHBIX 110 X € [0, w].
Iyers [V (x, )l = supllV(x, ), rae IV (x, Ol = m%CIVi(x, t)l.

teR i=1,
Hccnenyrotest cBoiictBa pemenus u(x, t) ypaBHeHus (1), yIOBIETBOPSIONIETO YCIOBHIM
U(O, t) = l)[)(t)' U(X, t)' ux((x,)t), Uge (X, t), Uet (x, t) € C* (.Q, R), (2)
a(x,t

Honoxum Py p(x,t) =

,0(x,t) == [ ay(x, o,

VB(xt)
CnpaseiuBa
Teopema 1. Ilycrte ¢dynxumm a;(x,t)(i = 0,2) ypaBrenus (1) HenpepwBHBI Ha (2, ¥, ),
HEIPEPBHIBHBI U OTPAHUYCHBI Ha R M BBITIOJIHEHBI YCIOBHS:
a) ag(x,t) =y >0,y - const;
b) 2% < ¢ nput, F € R: |t — E| < d, c,d - const;
ag(x,t)

C) s Kaxkaoro € > 0 Haiigercst unciao 6 > 0, Takoe, uro st Beex t uz R u x’,x" € [0, w]: [x' —
ao(x',t)—ag(x" t) < g

ao(x",t) !

d)Pa, ao (%, £), Pay 0y (%, £), Pr g, (x, ) € C.(,R).
e) f(x,1),\/0(x, Y(t),\/0(x, () € C.(2,R?)

Torja cymecTByeT eauHCTBeHHOE pemenue u(x,t) 3anaun (1), (2) u npudeM Uy, € C.(2,R) u
CIpaBe/IMBa OL[CHKa

x"| < & BBINOJNIHEHO HEPABEHCTBO

llxeells + Nlaouyelly + llagueelly + llaull; < C.
3necy C 3aBUCHUT OT HOpM QyHKUUH f, 1), KOHCTAHT ¥, C, d, €.

PaboTa noggep>kaHa npoekTom AP08856281 KomnTeTa Haykn MUHTCTEPCTBa 06pa3oBaHus 1
Haykn Pecny6nmku KasaxcTaH.
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CnuCcoK UCN0JIb30BAHHOM JUTEPaTypPhI
1. xxymabaes /1.C., OcnianoB M.H. O6 orpaHHueHHOCTH Ha MOJIOCE PEIICHHS M €r0 IPOU3BOAHBIX CHCTEMBI
TUIepOOTMYECKUX YpaBHEHHI C HeOrpaHMYeHHBIMU K03 urreHTamu / Marematideckuii xypHai. -2006. -T.6, Ne
1(19). -C. 61-66.
2. OcmanoB M.H. PaznennmMocTs cemeiicTBa cucteM 0OBIKHOBEHHBIX N depeHnnaibHbIX ypaBHEHUH U UX
npuioxenus // Bectauk Kaparanmuackoro yausepcureta. -2008. -Ne4(52). -C. 89-94.

BA3UCHOCTH COGCTBEHHBIX ®YHKIIM HECAMOCONPS)KEHHOI'O
JTAG®DOEPEHIIUAJIBHOI' O OITEPATOPA BTOPOI'O ITOPSIKA C MHBOJIIOIUEN
Capcenou A.A.

KO>KHO-KazaxcTaHckuii yHusepcuTeT uM. M. Aye3osa, I.LLIbimkeHT,Ka3axcTaH
E-mail: abdisalam@mail.ru

B pabGore [1] ObLI UCCJIEIOBAH BONPOC O ©Oa3MCHOCTH COOCTBEHHBIX (YHKIMMA
HECAMOCONPSHKEHHOW CIIEKTPaIbHOM 3a/1a4l C HHBOJIIOLIMEN

—U, (x)=Au(x), —1<x<1, (1)
CHGC&MOCOHpSDKeHHI)IMI/I KpacBbIMH YCJIOBUAMU

u(-1)=0, u,(-1)=u,(2), )

cucTeMa cOOCTBEHHBIX (DYHKIIMI KOTOpOit 0Opa3yeT 6a3uc Pucca B kitacce L2 (—1, l) .

C OMOIIIBIO TIOJIX0/I0B, Pa3BUTHIX B paboTax[2 - 3], u3yueHa CrieKTpaibHas 3a1a4a

—U, (X)+q(x)u(x)=Au(x), —1<x<1, 3)
c KpaeBbIMu ycnoBusmu (2), rme ¢yakous ( ( X) €CTh KOMIUJICKCHO3HAUYHAs (DYHKIIHIN3
|_1 (—1, 1) Jloctpoena ¢yukmus ['puna kpaeBoit 3amaum (1), (2). Ilosyuena Teopema o

PaBHOCXOJMMOCTH  PAa3JIO)KEHUH TMPOU3BOJBHOM  (YHKIMH U3 Ll(—l,l) Mo COOCTBEHHBIM

¢dbyaknuam 3amad (1), (2) u (3), (2). Hoka3zana teopeMa o0 0a3UCHOCTH COOCTBEHHBIX (DYHKITHIT
3amauu (3), (2).Ipu 3TOM OTKPBITEIM OCTAETCsI BOMPOC 00€3yCIOBHOM 0a3UCHOCTH.

PaboTa BbINosHeHa Npy (hMHaHCOBOI noaaep>kke KomnTeTa Hayku MMHUCTepcTBa 06pa3oBaHus
n Haykun PK, rpaHT AP13068539.

CHnuCOK MCIOJIb30BAHHOM JUTEPATYPbI
[1] Capcenbu A.A. TlonHOoTa ¥ 6A3UCHOCTH COOCTBEHHBIX (DYHKIINM HECAMOCOIPSHKCHHOM CIIEKTPaIbHOM 3a1auu ¢
HHBOJIIOLMEN //MarteMmatuueckuii sxypHan T.17, Ne 2 (64), C. 175-183,2017
[2] A. A. Capcent6n, b. X. Typmeros, “BasucHOCTE cHCTeMBI COOCTBEHHBIX (hYHKITHI M bepeHInaTbHOrO omeparopa
BTOPOT'O MOPSIKA C MHBOMOIMEH”, BECTH. YMypTCK. YH-Ta. MaTeM. Mex. KomnbloT. Hayku, 29:2 (2019), 183-196
[3] Kritskov L.V., Sarsenbi A.M. Equiconvergence Property for Spectral Expansions Related to

Perturbations of the Operator —U”(—X)with Initial Data, Filomat, 32:3, 2018, 1069-1078.
doi.org/10.2298/FI1L1803069K.
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O COBCTBEHHbBIX ®YHKIUAX U COBCTBEHHbBIX 3HAUYEHUSAX
HEJIOKAJIBHOI'O OIIEPATOPA JIAIIVIACA
Typmeron b.X.
Me>KyHapoHbI Ka3axCKo-TYpeLKuin yHueepcuTeT umeHn X.A.Acasn, TypkecTaH,KasaxcTaH
E-mail:batirkhan.turmetov@ayu.edu.kz

Iycre P={x=(x,..,X) eR":0<x; <p;, j=1,...,n}mapamrenenunen 8 R",n>2, a 0P ero
rpanuna. Pacemotpum 0To6pakerus SX=(X, .., X, Pi =%, Xipgsens X, ), 1< <N. Ouesuano, uro
S/=E, rtme E.. emunmunoe orobpaxkenue. PaccMOTpUM BCEBO3MOKHBIE MPOU3BEICHHUS
otobpaxenuit S;, T.e. S,=S5S,,5,,=SS,S;,... Obumee KomuuecTBO TakuX OTOOpakeHUH C
YYETOM TOXKIECTBEHHOTO OTOOpakeHHsT SyX = X paBHO 2".

Ecnm BBecTH 3ammch WHIEKCa CyMMUPOBAHUS | B IBOMYHOM cucteme cuucienus (i ...I), =1,
rre I, =01 nmpu k=1...,n, To Oygem 3anuceIBaTh O5TH KOYPPHUIMEHTH TaKKe B BHIE
Q0. 00y, (0. 01, A0.10), 1 &0.11), -+ & 11y, - 1OTAA MOXKHO pacCMaTpHBaTh OTOOpaXeHHs BHJIA
X—>Sh .. SEX.

Hcnone3ys mnpeacraBieHne Kod(QGHULIMEHTOB & B yKa3aHHOM BHIE M OTOOpaKeHHs

X — S ...S!XBBeneM omepatop

2"-1

Lu=> aAu(S;...5x).

i=0

PaccMOTpHM ClIeIyIONly 0 TPAHHYHYIO 3a/1a4y.
Bagaua D. Haiitm dynxkmmo u(x) =0 m3 xmacca ueC (13) NC?(P), yIOBIETBOPSIOLIYIO

YCIIOBUSM
Lu(x)+Au(x)=0,xeP ,u(x)=0, xedP.

OtMmetum, uto 3amava (1) - (2) B ciyuae, korna P - N-MepHbIie IMHUYHBIN [Iap UCCIIeI0BaHa B
pabore [1].Bompochl pa3pemMMOCTH OCHOBHBIX KpaeBbIX 3a1ad Uil COOTBETCTBYIOIICTO
HEJIOKaabHOTO ypaBHeHHs [Tyaccona uccienoBansl B pabortax [2].

[IpuBeneM HM3BECTHOE YTBEPKIACHHE OTHOCHUTEIBHO COOCTBEHHBIX (DYHKIMII M COOCTBEHHBIX
3HAYEHUU KJIaCCUYECKOM 3a1aun upuxmie

AW(X) + pw(x) =0, x e P,w(x) =0, x € P (1)

B pab6oTe [3] mokasaHo cremyroriee yTBepKICHHUE.
Jlemma. CoOcTBeHHBbIE (YHKIIMM W COOCTBEHHbIE 3HaueHUs 3aaayu (1) mpencTaBisiOTCS B
BU/JIE

e . m X L
Wi, (X) = C] Jsin——,C =2"*
k=1

1
Py k=1 \/p_k |

2

g
,umlmz...mn - 2"
= Py
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Cucrema W, . . (X) SBJISETCA NOJHON M OPTOHOPMUPOBAHHO# B mpocTpancTse L, (P) :
2"-1

......

OcHOBHOE yTBEpKJIEHUE OTHOCUTENHHO 3a1aun D.
Teopema. Ilycte B 3amade D koabduuments a,i=0,1,...,2" —1Takue, 4TO BBINOIHSIIOTCS

ycnosust 6, .\ .

# 0. Torma coocTBeHHbIe GyHKIMHU3aAa9u D UMEroT BU

Uml,mz m(X)=CHSinM’C:2n/2HL (2)

""" ! k=1 Py k= \/p_k ’

a COOTBCTCTBYIOIIUC UM COOCTBEHHBIC 3HAUCHHS OIPCACIIAIOTCA paBCHCTBOM

o0
, ] =12,...,n sByIETCS TOJIHON W OPTOHOPMHPOBAHHOW B
. my1

npocrpadctee L, (P)
IMpumep. PaccMotpum 3amauy
AU (X)+ D AU (X Xy Py = X Xy, X )+ AU(X) =0, X € P,u(X) =0,x € 0P . 3
i=1
Tax kak S, X= (X0 Xigs Py =Xy Xipgseons X, ) = SiX 7

n

. ma(p, — X . M 7TX maTr . M X s
Wi oo (S}x)=CsmM- [ sin—=—=Cc()"*] [sin—=—== (D" "*w,, . (%),
P; k=L ki P« k-1 k
TO B 3TOM Ciryyae 6, . umeor Bun6, . =8 —(-)"a —..—(-)™a,.

CnenoBarenbHO, coOCTBeHHbIe (yHKIMU 3amaun (2) ompegensitorcs paBeHCTBoM (3), a
COOTBETCTBYIOIIME UM COOCTBEHHBIC 3HAUCHUS HMCIOT BU]I

Z— =7r{i%](ao—(—1)"‘1a1—...—<—1>mnan)-

k=1
PaboTa BbINnonHeHa npw gomHaHcoBol nogaep>kke rpaHTa MOH PK NeAP09259074.

Cnmcox nucnoJib30BaHHOM JIMTEPaTypPbl
1.Turmetov B. Kh., Karachik V.V. On eigenfunctions and eigenvalues of a nonlocal Laplace operator with multiple
involution// Symmetry. — 2021. — VVol.13, No. 1781. — P.1 - 20.
2. TypmeroB b.X., Kapaunk B.B. O pa3pemmmoctr kpaeBsix 3ama4 Jupuxie n Hefimana mist ypaBHenus [Tyaccona c
MHO)KECTBEHHOW WHBOMIonuei // BectHnk YamypTckoro yHuBepcurera. Matemarnka. Mexanuka. KoMmbroTepHbie
Hayku. — 2021. — T. 31, Ne 4. — C. 651- 667.
3. Muxnun C. I'. Jluneiinsle ypaBHEHHS B 4aCTHBIX MTPOU3BOAHBIX. M., «Bpicmr. mkoma» , 1977. 431 c.
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OBPATHAA 3AJAYA JIA UHTEI'PO-AUPDPEPEHIIUAJTBHOI'O YPABHEHUSA C
OUHAJBHBIMHU YCJIOBUSAMHU B KOHIE OTPE3KA U IBYMS @ YHKIIUAMU
HNEPEOIIPEAEJIEHUSA
KOapames T. K.

TallKeHTCKUI rocyAapCcTBeHHbI 9KOHOMUYECKMIA YHUBEPCUTET
E-mail: tursun.k.yuldashev@gmail.com

[IpencraBnstor  OONBIION  WMHTEPEC C€  TOYKH 3PCHUS  NPHIOKEHUH  HHTErpo-
maddepennuanbabie ypaBHeHus tuna @pearonsma [ 1-4].

B mHacrosmieidt pabote mM3ydaercs pa3pemImMOCTh OOpaTHOW 3amadm  JiIsi  WHTErpo-
g depeHInaIbHOT0 ypaBHEHUsT byccrHecka MIeCTOro MOpsiiKa ¢ BBIPOXKICHHBIM SIIPOM, JBYMS
napameTpamu, (GUHAIBHBIMU YCIIOBUSIMU B KOHIIE OTpe3Ka U ABYMs (DYHKITUSIMU TIEPEOTIpEACIICHUS.
JlanHast paboTa OTIMYaeTCs OT CYUIECTBYIOIIMX paboT TeM, 4To B HeW TpeOyercs HaWTU
JIOTIOJTHUTENBHO JB€ QYHKIMHU nepeonpeaeneHus. lanHas oOpaTHas 3a/1a4a KMeeT 0COOEHHOCTH 110
OTHOIIEHUIO K MPAMOM 3a/1a4e.

Urak, B mnpsamoyromsHoii obmactn  Q={(t,X)|]0<t<T,0<x<l} paccmarpusaercs

KJIJaCCHYECKasl pa3pelIuMocTb OOpaTHOM 3agaud sl MHTErpo-and@epeHaibHOT0 ypaBHEHUs
THUIIA BUOa

0?2 o2 0?2 o* PR T
an_aﬁ(axg—8ﬂ]—0”—aﬁ»a%}UGﬂozv!K(LQU(&@ds, (1)

rne T u | 3amannble monoxuTenbHBIE NEHCTBUTENBHBIC YHCIA, @ — IOJNOKUTENBHBIH MapamMerp,

a(t) eC (Q;) — 3anannas menpepoiBuas ynkums, Qp =[0;T], Q,=[0;l], v— nelicrBurenbubrii
p

HeHyneBoi mapamerp, 0= K (t,s) = Zai (t)b,(s), a;(t),b,(s)eC[0;T]. 3necy mpeanonaraercs,
i=1

uto cucrema Qyukumii &, (t), i=1,p wu cucrema Qynkumit b, (), i=1,p sBusroTcs nUHENHHO

HE3aBHCHMBIMHU.
IlocTanoBka o6paTHoii 3axaun. TpeOyercst HAlTH TPOUKY (HYHKIIHIMA

UtxeC@nCH(QNCIHQ); p(x)eC*(Q), i=12],

t,x

nepBasi U3 KOTOPOH YAOBIETBOPSAET UHTErpo-auddepeHnaibHoMy ypaBHeHUIO (1) U criegyonmm
YCIOBUSAM

UTX)=¢(x), U ([T, x)=0,(x), xeq, )
U(t,0)=U(t,1)=U,,(t,0)=U, (t,1) =0, (3)
j‘U (t,x) dt =y, (x), je‘Ut(t, X)dt =y, (x), xeQ, (4)

e v, (X) eC*(Q), i=12, 0<t<T.

Boi6op ycnoBwuii (2) ¢ ¢uHaNIBbHBIME (YHKIHMSIMH CBSI3aH TE€M, YTO Ha MPAKTHKE HE BCEraa
BO3MOXHO OIpENeNUTh HaudajdbHOE ycloBue. Hampumep, mpu HcclaeIOBAaHUU TEXHOJIOTHUYECKOTO
mpoliecca MPOU3BOJICTBA ATIOMUHUI IO Hayana MPOU3BOJACTBEHHOTO IIMKIIA CHIPhE TIPOXOAUT Yepe3
00XKUTaHUS U COCTOSTHHE ChIPbS K HaYally MPOU3BOJICTBEHHOTO IIMKJIA HE H3BECTHO.

Otmetum, yTo mpsMas 3amada (1)-(3) uMeeT eTUHCTBEHHOE pEelIeHHe TMPHU BCEX 3HAUYCHHUAX
napamerpa @, a oOparHas 3amada (1)-(4) uMeeT eAMHCTBEHHOE pEIlIeHHWE TOJNBKO TMpHU
OTIpeJIeIEHHBIX 3HAYEHMUSX JITOr0 mapamerpa @. Kpome Toro, u BTOpOil mapameTp V Wrpaer
Ba)KHYIO POJIb B BOIIPOCE Pa3PEIIMMOCTH.

Herpusnanbsneie pemenust oopataoit 3anaun (1)-(5) uiryres B Bune psna Oypbe

Ut0=3u,080, 0,0=3 ¢, (), i=12
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re 9, (X) :\E sin”l—”x.

[Tony4aercst cyeTHast CUCTEMa MHTETPaAIbHBIX YPAaBHEHMM, CYIIECTBOBAaHUE U €IUHCTBEHHOCTD
peleHusi KOTOPOW JOKa3bIBAeTCd METOJOM IOCIEIOBATENbHBIX NpuOmmwkeHuil. [lokaspiBaercs
a0COJIIOTHAs CXOJMMOCTb MOJYYCHHBIX psAZoB Pypbe U uxX TupPepeHIIPYyEeMOCTb.

Cnmcox ucnob30BaHHOM JIUTEPATYPhI
1. E. W. YmakoB, CraTnueckast ycTOHYMBOCTB dJieKTpudeckux nernei. HoBocubupcek: Hayka, 1988. 273 c.
2. M. M. Cavalcanti, V. N. Domingos Cavalcanti, J. Ferreira, Existence and uniform decay for a nonlinear viscoelastic
equation with strong damping // Math. Methods in the Appl. Sciences. 2001. Vol. 24. P. 1043-1053.
3. 4. B. beikoB O HEKOTOpHIX 3a7adax TeopHH MHTerpo-auddepennnansupx ypasaenuid. ®pynze: Mza-so Kupr. roc.
yHuB-Ta, 1957. 327 c.
4. M. M. Baiinbepr, Unrerpo-nuddepeninuansabie ypasHenus / Uroru nayku. 1962. Mocksa: BUHUTU AH CCCP,
1964. C.5-37.
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ON SOME PROPERTIES OF TOPOLOGICAL QUASIVARIETIES
GENERATED BY CERTAINFINITE MODULAR LATTICES
Lutsak S., Voronina O.

M. Kozybayev North Kazakhstan University, Petropavlovsk, Kazakhstan
E-mail: sveta_lutsak@mail.ru, oavy@mail.ru

The present work considers certain finite modular lattices and topologicalquasivarieties
generated by these lattices, investigates their properties.

Quasivariety is a class of algebras of the same type that is closed with respect to subalgebras,
direct products (including the direct product of an empty family), and ultraproducts. The smallest
quasivariety containing a class K is denoted by Q(K). If K is a finite family of finite algebras then
Q(K) is called finitely generated. In the case K={A} we write Q(A) instead of Q({A}).

A finite algebra A with discrete topology 1 generates a topological quasivariety Qt(A)
consisting of all topologically closed subalgebras of non-zero direct powers of A endowed with the
product topology. Profinite algebras are exactly those that are isomorphic to inverse limits of finite
algebras. Such algebras are naturally equipped with Boolean topologies. A topology t is Boolean if
it is compact, Hausdorff, and totally disconnected. A topological quasivariety Qt(A) is standard if
every Boolean topological algebra with the algebraic reduct in Q(A) is profinite. In this case we say
that algebra A generates a standard topological quasivariety [1].

We construct the finite modular lattice T (see Figure 1) that does not satisfy one of Tumanov's
conditions [2] but quasivariety Q(T) generated by this lattice is not finitely based. It has no finite
basis of quasi-identities.We investigate the topological quasivariety generated by the lattice T and
prove that it is not standard. And we would like to note that there is an infinite number of lattices
similar to the lattice T.

T
Figure 1. Lattice T.

The main result of this work is as follows.
Theorem. The topological quasivariety generated by the lattice T is not standard.

This research is funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP09058390).

References
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ON SMOOTHLY APPROXIMABLE ACYCLIC GRAPHS
Nurlan D. Markhabatov
L.N. Gumilev Eurasian National University
E-mail: nur_24.08.93@mail.ru

We deal with pseudofinite countably categorical structures [1]-[4], in particular, countable acyclic
graphs [6,7].

Theorem 1. [7] Let T be an arbitrary countable graph in which each component contains a finite
number of cycles. Then T is countably categorical if and only if T' is bounded and finitely many 1-types are
realized in it.

A. Lachlan introduced the concept of smoothly approximable structures to change the direction of
analysis from finite to infinite, that is, to classify large finite structures that appear to be smooth
approximations to an infinite limit. A more general approach is developed in [8].

Definition. [2] Let L be a countable language and let M be a countable and w-categorical L-structure.
L-structure M (or Th(M)) is said to be smoothly approximable if there is an ascending chain of finite
substructures A, € A; S - € M such that i € wA; =M and for every i, and for every d,b € 4; if
tpy () = tpM(B), then there is an automorphism o of M such that o(4) =b and o(4;) = A;, or
equivalently, if it is the union of an w-chain of finite homogeneous substructures; or equivalently, if any
sentence in Th(M) is true of some finite homogeneous substructure of M.

Smoothly approximated structures were first examined in generality in [2], subsequently in [4]. The
model theory of smoothly approximable structures has been developed very much further by G. Cherlin and
E. Hrushovski [1].

Recall the following class defined in [5] for acyclic graphs.

Let Ggn (A), for arbitrary cardinality A, be the family of all infinite acyclic graphs consisting of A
connected components of bounded in aggregate diameters.

Theorem 2. [5] Theory T of any infinite acyclic graph T' from the class Gg,(A), for arbitrary
cardinality 2, is pseudofinite.

Let us distinguish a subclass G..(A) of the class Gg,(A) as the class of all countably categorical
acyclic graphs.

Theorem 3. Any theory Th(T'), T € G..(A) is smoothly approximable.

This research was partially supported by RFBR (project No. 20-31-90003), and Committee of
Science in Education and Science Ministry of the Republic of Kazakhstan (Grant No. AP08855497,
AP08855544).
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PERFECT JONSSON VARIETIES AND QUASIVARIETIES
Mussina N.M., Mukhambet M.M.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: mussinanazerke@gmail.com

Definition 1. A is an algebraically prime model of theory T, if A is a model of Tand A may
be isomorphically embedded in each model of the theoryT.

Definition 2. The inductive theory T is called the existentially prime if:

1) it has a algebraically prime model, the class of its AP (algebraically prime models) denote
by APr;

1) classE; non trivial intersects with class APy, i.e. AP N E; + Q.

Definition 3.The theory T is called convex if for any its model A and for
anyfamily {B;|i € I} of substructures of A, which are models of thetheory T, the
intersectionN;¢; B;is a model of T , provided it isnon-empty. If in addition such an intersection is
never empty, thenT is called strongly convex.

Definition 4.Model C of Jonsson theory T is called semantic model, if it is w™-
homogeneous-universal.

Definition 5.The center of Jonsson theory T is called an elementary theory of the its
semantic model. And denoted through T*, i.e. T* = Th(C).

Definition 6.Jonsson theory T is called a perfect theory, if each a semantic
model of theory T is saturated model of T*.

Definition 7.Let T be the Jonsson theory. A companion of a Jonsson theory T is a theory T#
of the same signature that satisfies the following conditions:

1) (T%)y =Ty

2) for any Jonsson theory T', if T, = T'y, then T# = (T"¥;

3) Ty3 S T*

The natural interpretations of the companionT *are T*, T°, T/, T™, T®.

Definition 8.A set X is called a Jonsson set, if hold the following conditions:

1) X is a definable set by some existential formula ¢ (x,y) = Iy (x,7);

2) cl(X) =M,M € E;.

Let K be the class of structures of countable signature o.

Definition 9. We call a K - Jonsson variety if

1) K is a variety in the usual sense [2; 269];

2) Thys(K)is a Jonsson theory.

Definition 10. We call a K - Jonsson quasivariety if

1) K - is a quasivariety in the usual sense [2; 269];

2) Thys(K)is a Jonsson theory.

Consider the /SpV (K) - Jonsson spectrum of the Jonsson varieties of class K, where K is
the Jonsson variety:

JSpV (K) = {T/Tis a Jonsson theory, T = Thy3(N); N € K; N is a subvariety of K}.

Consider the JSpQV (K) - Jonsson spectrum of the Jonsson quasivarieties of the class K,
whereK is the Jonsson quasivariety:

JSpQV (K) = {T/Tis a Jonsson theory, T = Thy3(N ); N € K; N is a subquasivariety of
K}.

Then JSpQV (K) /. is denoting the factor set of the Jonsson spectrum of Jonsson
quasivariety of the class K by the relation .
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It is clear that JSpQV (K) S JSp(A) for any model A € K, where JSp(A) is the Jonsson
spectrumof the model A .

We say that class K; JSpQV -cosemantic to class KZ(Kl;}pQVKZ) if JSpQV (K;) /w=
JSpQV (K2) /s -

In the framework of studying the properties of perfect Jonsson varieties of algebras, the
following result is obtained.

Theorem. Let K be a class of algebras of some signature o, and let The a complete
inductivetheory,E; # @. Then, the class Kfromexistentially closed models of the theory T,K € E7.
Let [T] € PJSp(K). Ejr coincide with Mod (Thys (Ery)).

Also for all who have an interest in the particular case of the above-considered materials,
one canfind out in the following resources [1-3].

This work was supported by the Science Committee of the Ministry of Education and
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THE PROPERTIES OF EXISTENTIALLY PRIME SUBCLASSES
OF PERFECT JONSSON THEORIES
Tungushbayeva 1.0., llyasov A.D.

Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: intng@mail.ru; a.darxan77@gmail.com

Definition 1 [1, p. 80]. A theory T is called a Jonsson theory if the following conditions hold:

1. T has at least one infinite model,

2. T is V3-axiomatizable,

3. T possesses AP and JEP.

Definition 2 [2]. A theory T is called existentially prime, if APy N E; # @, where APy is the
class of algebraically prime models of T.

Let T be a Jonsson theory. For any model 9t € E; there are the inner world W (t) and the
outer world OW () defined in [3].

Definition 3 [3]. Let T be a Jonsson theory and let 9t be an existentially closed model of T.
Wy () = {NeEr | f:It— M issaid to be the inner world of Mt for the theory T, where f is an
isomorphism.

Definition 4 [3]. Let T be a Jonsson theory. (OW,(IM)) = {N' € Er|there existsh = M, M <
9t} is called the outer world of A for the theory T.

The result of the paper is the following Theorem, where some properties of the inner world of a
fixed theory Tare formulated.

Theorem. Let T be a perfect Jonsson existentially prime theory and let 2, B € E;. Then

1. OW () € OW (B) whenever A  B;

2. OW () = OW (B) whenever A < B;

3. 0W @) =n{B | B< Aand B = T whenever A is a universal model of T

This work was supported by the Science Committee of the Ministry of Education and Science
of theRepublic of Kazakhstan (grant AP09260237).
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THE CONNECTION OF AP AND JEP-THEORIES
IN THE LANGUAGE OF 3-FORMULAS
Tungushbayeva 1.0., Rzabayev A.A.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: intng@mail.ru; assylbekrr@gmail.com

Definition 1 [1, p. 80] A theory T has the joint embedding property (JEP) if for any models U,
B of the theory T there exists a model M of the theory T and isomorphic embeddings f: U — M,
g:B—-> M.

Definition 2 [1, p. 68] A theory T has the amalgam property (AP) if for any models U, B;, B,
of the theory T and isomorphic embeddings f;:U — By, f,:U — B, there are M =T and
isomorphic embeddings g,: B; = M, g,: B, > M suchthat g, o f; = g, ° f5.

Initially, the AP and JEP are algebraic properties. In [1], one can find their definitions,
commonly used in Model Theory in semantic key. In 1988, Mustafin T.G. proved the statements
(Theorem 1 and Theorem 2), where he formulated amalgam and joint embedding properties in a
syntactic way.

Let L be a first-order language and T be a theory of L. (*) is a statement that states the
following:

Let x Ny be empty and p(x), q(y) be such arbitrary sets of X-formulas that T U p(x) and
q(x) are consistent, x = (x1,X5,...X,) and y =(y;,¥,,...¥,). Then TUp(x) U q(y) is also
consistent.

Theorem 1 [3]. The following conditions are equivalent: T has JEP if and only if () is true.

Let (**) be a statement that says the following:

Letx = (x1,%2,...xp)and y = (¥4, V2, ... ¥n)- If p(X) and q(x) are the sets of X-formulas such
that the sets TUp(x), TUqx),TU{=¢((x) € X, ¢(x) €& p(x)Nq(x) are consistent, then the
set T U p(x) U q(x) is consistent.

Theorem 2 [3].T has AP if and only if (*x) is true.

The study of AP, JEP and their connection is of great importance in the development of Model
Theory and related fields. It is well known that amalgam property and joint embedding property are
independent of each other. This fact can be supported by the theories of various classes of unars [4].
However, when a theory has both AP and JEP, one can reveal some theory’s syntactic and semantic
specificity that causes the possession of the properties on consideration.

The following definition was introduced by Yeshkeyev A.R. with regard to the connection
between AP and JEP in some theories:

Definition 3 [2, p. 130]. Let T be an inductive theory. A theory T is called to be

1. an AP-theory if in the theory T amalgam property implies joint embedding property;

2. a JEP-theory if in the theory T joint embedding property implies amalgam property;

3. an AJ-theory if in the theory T both properties are equivalent.

4. Otherwise, we say that for the theory T, the properties of AP and JEP are independent of
each other.

The described classes of theories in Definition 3 form the corresponding subclasses within
Jonsson theories. In [2], the authors considered some classical algebras as examples of AP-theories.
In this manner, it was shown that the theory of differential fields of characteristic 0, and the theory
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of differentially perfect fields of characteristic p are strongly convex theories, which means that
they are AP-theories.

Therefore, the study of the connection between AP and JEP requires a detailed semantic and
syntactic approach.

In accordance with the notions and assertions considered, we can obtain the following results:

Theorem3.T is an AP-theory if and only if (¥) — (**) is true.

Theorem 4.T is a JEP-theory if and only if (x*) — () is true.

Theorem 5.T is an AJ-theory if and only if ((*¥) = (%)) A ((**) = (%)) is true.

This work was supported by the Science Committee of the Ministry of Education and Science
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THE PERFECT JONSSON S-ACTS
Yarullina A.R., Kaliolla D.Ye.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: linkal4221@mail.ru, kaliolladana@mail.ru

One can find in [1] that any complete theory of first order can be compared in exactly way with
some complete theory of S-acts. We can bring sufficient full list of references to this topic and there
is new consideration of main settlements of such problem in the incomplete way. As we know the
class of incomplete theories is sufficiently huge and the technical apparatus which is operating in
this area is not developed like in the complete case. It is not a surprise because one can get that in
classical model theory there are two main branches, they are: “western” and “eastern” directions by
historical remarks. As we can see in [2] in the introducing chapter written by J. Keisler, he wrote
that in the model theory two great founders of model theory A.Tarski and A.Robinson have formed
the main features of details of main streams in developing of model theory. Actually, A.Tarski and
A.Robinson lived correspondingly on western and eastern coasts of USA and so-called names of
their researching topics conditionally became now such denoting as “western” and “eastern”. Our
notes in this abstract paper are dedicated to researchers of Jonsson theories regarding the notion of
S-acts.Let us recall the main definitions from the matter of model theory for Jonsson theories and S-
acts features. We give the definitions about jonssonness and their immediate consequences from the
matter of this definitions and related results necessary for further work in this paper. All of these
onesi.e. classical concepts on this topic one can extract from [3]. More new and fresh results of
other authors in this area one can find in [4-7].

Recall the main definition on Jonsson theories.

Definition 1. [3] A theory T is said to be Jonsson if this theory satisfies for 4 natural
conditions:

1) theory T has infinite models;

2) theory T is inductive;

3) theory T has the joint embedding property (JEP);

4) theory T has the property of amalgam (AP).
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All of that above statements natural with the following meaning. Because there are many
natural samples in the algebra and correspondingly in the linked areas which are very actively used
of ones. The following notions are examples of Jonsson theories:group theory; theory of Abelian
groups; theory of fields of fixed characteristics; theory of Boolean algebras; theory of S-acts over a
fixed monoid; theory of modules over a fixed ring; theory of linear order.All of these examples are
very important not only in an algebra but also in other parts of mathematics and their applications.

We have to give the main definitions of other features which playing important roles in
Jonsson model theory as a notion-units or constructions of ones.

Definition 2. Let k > w. Model M of theory T is called k-universal for T, if each model T
with the power strictly less x isomorphically imbedded in M; k- homogeneous for T, if for any two
models A and A, of theory T , which are submodels of M with the power strictly less then k and for
isomorphism f: A — A, for each extension B of model A, which is a submodel of M and is
model of T with the power strictly less then « there is exist the extension B1 of model A;, which is
a submodel of M and an isomorphism g : B — B; which extends f.

Definition 3. Model C of Jonsson theory T is called semantic model, if it is w*-homogeneous-
universal.

Definition 4. The center of Jonsson theory T is called an elementary theory of the its semantic
model. And denoted through T*, i.e.T* = Th(C).

The following two facts speak about the "good"exclusivity of the semantic model.

Fact 1 [3;160]. Each Jonsson theory T has k*-homogeneous-universal model of power 2k.
Conversely, if a theory T is inductive and has infinite model and w*-homogeneous-universal model
then the theory T is a Jonsson theory.

Fact 2 [3;160]. Let T is a Jonsson theory. Two k-homogeneous-universal models M and M, of
T are elementary equivalent.

Definition 5. Jonsson theory T is called a perfect theory, if each a semantic model of theory T
is saturated model of T*.

The following theorem is a criterion of perfectness of Jonsson theory.

Theorem 1 [3;158]. Let T is a Jonsson theory. Then the following conditions are equivalent:

1) Theory T is perfect;

2) Theory T* is a model companion of theory T

Theorem 2 [3;162]. If T is a perfect Jonsson theory then E;, = ModT*.

The next notion which we would like to define is a well-known algebraic object as a S-acts.

Definition 6. [7]Let A be non-empty set, ( S; -, e) - monoid. Algebraic system ( 4; ( f,: a € S))
with unary operations f,,a € S, is called a S-act S, if the following conditions hold: f,(a) =
aforalla € Afup(a) = f, (f[;(a)) foralla€e Aandall a,f € S.

Leta € A, then S, = {f,(a):a € S}; if a- tuple of elements from A, then Sz = Ug,eq S, The
setC, ={b€ A:b € S,ora€ S,}iscalled a component.

Proposition 1. [7] If T is a S-act theory and for any f:S; = Sj there existsag > f such that
g: Cz = Cy, then T admits the elimination of the quantifiers.

Hereafter, we consider S-acts over the group G and correspondingly the theory of S-acts over
the group.If Ais aS-act over the group G, a € A, thenid(a) ={g € G: fy;(a) = a}; p(G) =
{H:H< G}IfH < G,then& (H) = |[{gH:g € G,{p € G:{p gH} = gH} = H}|.

Definition 7. [4] A hybrid H(T,,T,) of Jonsson theories T;, T, is called the theory Thy5(C1 [
C2), if it is Jonsson. Herewith, the algebraic construction (C1 [] C2) is called a semantic hybrid of
the theories Ty, T,.

Note the following fact:

Fact 3. [4] In order for the theory H(T;, T,) to be Jonsson enoughto (C1 [] C2) € Ey.

Definition 8. Let X be a set, then the fragment of set X will be the following theory Thy5(X).

Now we are ready to give the main results of this abstract paper.
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Theorem 1. Let A;, A,be existentially closed models of some perfect Jonsson existentially
complete theory T of given S-act which is closed under Cartesian products of their models. Let
T;, T,be existentially complete Jonsson fragments of A; and A,. With the condition that T, is
perfect. Then T, will be perfect iff T; is model consistent with T,.

Theorem 2. Let A, A, be existentially closed models of some perfect Jonsson existentially
complete theory T of given S-act which is closed under Cartesian products of their models. Let
T;, T,be existentially complete Jonsson fragments of A; and A,. With the condition that T, is
perfect. The hybrid of T; and T, will be perfect iff it is model consistent with T.
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THE PROPERTY OF NON-MULTIDIMENSIONALITY FOR J-BEAUTIFUL PAIRS IN
ADMISSIBLE ENRICHMENTS
Yeshkeyev A.R., Kassymetova M.T., Zhumabekova G.E.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail:_aibat.kz@gmail.com, mairusha@mail.ru,galkatai@mail.ru

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

Definition 1. [1] Jonsson theory T is called a perfect theory, if each a semanticmodel of theory
T is saturated model of T*.

Definition 2.[2] An enrichment of the Jonsson theory T is said to be permissible if any 3-type
in this enrichment is definable in the framework of considered stability.

Definition 3.[2] The Jonsson theory is said to be hereditary, if in any of its permissible
enrichment any extension of it in this enrichment will be Jonsson theory.

Definition 4.[3]A set X is called a Jonsson set in the theory T, if itsatisfies the following
properties:

1) X is a definable subset of C; , where C; is a semantic model of the theory T;

2) dcl(X)is a universe of existentially closed submodel C; , where dcl(X) isdefinable closure
of X.

Definition 5. Let T be an 3-complete Jonsson theory Jonsson theory of a countable language L,
N,M € Er and M <5, N. We will call a pair(N, M) is called a J-beautiful pair if it satisfies the
following conditions:

1. M is |T|*3,-saturated,;

2. for each b € N each 3-type over M U {b} is realized in N.
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Let T be a perfect 3-complete Jonssontheory of a countable language L, C is its semantic
model.

Let class K ={(C,M)|M <3, C, (C,M) — ] — beautiful pairs}. Consider the Jonsson
spectrum of the class K:

JSp(K) = {A|A is Jonsson theory and A = Thy3(C,M),where (C,M) € K}

We say that T, is cosemanticto T,(T; ~ T)if Cr, = Cr,,where Cr, is semantic model of T; ,
i =1;2.[3]

It is easy to notice that /Sp(K) /. is the factor set of the Jonssonspectrum of the class Kby .

Consider some enrichment of the signatures and consider the central type of this enrichment
for all Jonsson hereditarytheoriesT € [A],[A] € JSp(K) /.

Further all considered theory will be hereditary, let C be the semantic model of the theory T,
AcC . Letor(A)=cU{cylaeA}ul, T ={P}u{c}. Let T=TUThy3(C,a)gzes U{P(c)}U
{"p <"}, where {"P <"} is an infinite set of sentences expressing the this fact that the
interpretation of the symbol P is an existentially closed submodel in the language of the signature
or(A). l.e. the interpretation of the symbol P is the solution of the following equation P(C) = M €
Er in the language o-(A). By virtue of the hereditary of the theory T the theoryT will be a Jonsson
theory. Consider all the completions of the theory T in the signature language o-(4). Since T is a
Jonsson theory, it has its center, and we denote it by T* and this center is one of the above
completions of the theory T. This enrichment is denoted by @.

Further we will consider the notion “type p does not fork over A” in the meaning of the
theorem8 from [3].

Definition 6.Let p be complete 3-type over A, A is a Jonsson subset of CThen p is J-stationary
over A if

1) p does not fork over A;

2) p has a unique consistent extension that does not fork over A.

Definition 7.

1) If p(i,), q(x,) are complete 3-types over A, A is a Jonsson subset of C. pis said to be J-
weakly orthogonal to g if and only if p(x;) U q(x,) is an 3-complete type (over A).

2) Let p; be a 3-complete or J-stationary type and p, be a 3-complete or J-stationary type.
Then p, is J-orthogonal to p, if for any A, Dom p; U Dom p, € A, Ais the universe of an 3;-
saturated model and g, is weakly J-orthogonal to q,, where q,,q, are any J-non-forking extensions
of p; and p,,over A respectively.

Definition 8. Let A be a Jonsson subset of the Crsemantic model, where T is some Jonsson
theory. An 3-complete type p is said to be J-multidimensional if p is orthogonal to any complete 3-
type over A. If T has a J -multidimensional type, then T is called a J-multidimensional theory.
Otherwise, the theory T is called] -non-multidimensional, or the theory of ] -restricted dimension.

Finally, the main result is the following theorem for above enrichment ©.

Theorem 1. Let T be a perfect, J-A-stable 3-complete Jonsson theory,K be the class of J-
beautiful pairs of T. Let [A] € JSp(K) /.be a complete for 3-sentences class. Then the following
conditions are equivalent:

1) the theory [A]* is non-multidimensional (in classical meaning [4]);

2) the theory [A] is J-non-multidimensional.

Theorem 2.1f the theory [A]is/-P- A - stable, then it is J -non-multidimensional.
All concepts that are not defined in this abstract can be extracted from [1, 2,3, 4].
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FORCING COMPANIONS OF MUTUALLY CONSISTENT THEORIES
IN PERMISSIBLE ENRICHMENTS
Yeshkeyev A.R.%, Tungushbayeva 1.0.1, Omarova M.T.1?2
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2Karaganda University of Kazpotrebsoyuz, Karaganda, Kazakhstan
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This study is devoted to the study of the forcing companions of the Jonsson AP-theories in the
enriched signature. It is proved that the forcing companion of the theory does not change when
expanding the theories under consideration, which have some properties, by adding new predicate
and constant symbols to the language. The model-theoretic results obtained in the general form are
supported by examples from differential algebra.

Definition 1 [3]. Let T be a theory of the language L. A forcing companion of the theory T is a
theory T/ that satisfies the following equation:

TS = {¢ | T I+ ﬂﬂ(p}.
The following results were proved by J. Barwise and A. Robinson:
Theorem 1 [3]. Let T; and T, be the theories of the language L. Then T, and T, are mutually

model consistent if and only if Tlf = Tzf.

Theorem 2 [3]. Let T be mutually model consistent with some inductive theory T'. Then T’ <
E“. Therefore, if T is an inductive theory then T € E€.

We are working within the framework of the following definition of Jonsson theory published
in the Russian edition of [1].

Definition 2 [1, p. 80]. A theory T is called Jonsson if the theory T has at least one infinite
model; T is an inductive theory;T has the amalgam property (AP) and the joint embedding property
(JEP).

Definition 3 [2]. A theory T is called an AP-theory if, from the fact that it has the amalgam
property, it follows that T also has the joint embedding property, i.e. AP — JEP.

We consider the theories 4,, 4,, 45to satisfy the following conditions:

1) 4, is an inductive theory that is not a Jonsson theory, but has a model companion which is
the theory 44,

2) 4, is a hereditary Jonsson AP-theory that has a model companion, which is also 45.

All three theories are mutually model consistent because 45 is mutually model consistent with
both 4, and 4,, for which 45 is the model companion, which means that 4, and 4, are mutually
model consistent with each other. At the same time, according to Theorem 1, the forcing
companions of mutually model consistent theories must coincide, which means that A{ = A’ZC. A4, s
a perfect Jonsson theory, while 4% = Th(C) = 44, C is a semantic model of 4,. In addition, 45 is
also a forcing companion of 4,, i.e. 4; = A’; So we get A{ = A’; = A;.

We consider the following extensions of the theories 4,, 4,, 4; in various language
enrichment L by adding new constant and predicate symbols ¢ and P. Let 4, be a theory extending
A, by enriching the language L with the predicate symbol P as follows:

A=A, 0 uip g},
where {P,C} is an infinite list of 3-sentences and interpretation of P is an existentially closed
submodel in amodel of 4,.
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Let 4, be a theory that extends 4, when a new constant symbol ¢ is added to the language L
and defined as follows:
A, = A, U4, UThys(C,0),
where C is a semantic model of Jonsson theory 4,. Since 4, is a hereditary Jonsson theory, 4, is

also a Jonsson theory.
Based on these assumptions, we obtain the following results.

Theorem 3.2, = AL,
Thus, we can conclude that the forcing companion of the inductive theory 4; does not change
when enriching the language of this theory with a new predicate symbol P.

Theorem 4.2, = A%,

This means that the addition of the new constant ¢ to language L did not affect the forcing
companion when expanding theory 4, to 4.

Theorem 5 [1, p. 77]. Let T be a complete theory of language L, languages L, and L, are
extensions of language L such that L, n L, = L, and theories T, and T, are consistent extensions of
theory T in languages L, and L, respectively. Then T; = T; U T, is a consistent theory.

Now we can formulate and prove the following result.

Theorem 6 i) The theory 4, U 4, is consistent.ii) (4, U 4,)f = 4% = A/

The results formulated above, described for the general situation in model theory, can be
interpreted using examples of differential algebra, namely, when considering the theory DF, of
differential fields of characteristic 0, the theory DCF, of differentially closed fields of characteristic
0, the theory DE, of differential fields of characteristic p, the theory DPF, of differentially perfect
fields of characteristic p, the theory DCE, of differentially closed fields of characteristic p. In [2], it
was proved that DF, and DPF, are perfect Jonsson theories, DCF, and DCE, are their centers
correspondingly, while DE, is not Jonsson. In addition, DF,, and DPE, are strongly convex theories
in the classical Robinson sense, which allows us to state that DF, and DPEF, are Jonsson AP-
theories.

Due to the above facts, we can project the results described in the previous paragraph to the
case of differentially closed fields of zero and positive characteristic. Here we assume that DF, and
DPE, are hereditary Jonsson theories.

Theorem 7.D_P;,f = DF/.

Theorem S.WP;,]C = DPF].

Theorem 9. i) DF, U DPE, is consistent.

i) (DF, U DPE,)/ = DE/ = DPE/

All concepts whose definitions are not given here can be found in [4] and [2].

This work was supported by the Science Committee of the Ministry of Education and Science
of theRepublic of Kazakhstan (grant AP09260237).
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HOLOGRAPHICNESS IN PERFECT JONSSON THEORIES
Yeshkeyev A.R., Popova N.V.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: dandn@mail.ru

When defining the concept of holographicness [1, Definition 1], the authors of [1] used the
semantic definition (holographic structure), and at the same time proved the criterion for the
holographic structure of structure through syntactic tools (formulas, types, theorems 2,3 [1]).
Because the original definition of the concept of holographic structure turned out to be quite
interesting for studying the theoretical and model properties of this structure, we would like, firstly,
to determine the holographic nature of the theory in the framework of the study of Jonsson theories.
Note that the notion of holographicness for the theory is still assumed in an implicit form if only
because the elementary (complete) theory of some holographic structure is considered in [1]. An
example of this is the notion of - the categoricity of a holographic structure [1, Corollary 1].

Based on the above criteria for the holographic structure from [1], it seems to us quite correct
to define the following syntactic concept related to the concept of a holographic structure, namely
the definition of a holographic Jonsson theory.

The Jonsson theory T is called holographic if S,{ (T) is finite where n = h(o) and S,{ (T) are the
set of all complete V3 types in free variables.

And accordingly, we can define the concept of a holographic model of the Jonsson theory
through the following definition. A model A of a holographic Jonsson theory T is holographic if

1. Thy5(A) is the Jonsson theory,

2. Thy3(A) is holographic.

Fact 1. If the Jonsson theory T is holographic, then S,]n(T) is finite for any m < n, where n =
h(o).

Fact 2. Let T be a perfect v3 complete Jonsson theory, then the following conditions are
equivalent:

1. T is holographic theory

2. its center T* = Th(Cy) is the holographic theory.

h(o)

3. the number of orbits of the action of the group of automorphisms Aut(Cr) on the set C
is finite.

Note that we have given an example of a holographic Jonsson theory T for which Hol; + @,
the theory T is not w-categorical.

The following concept generalizes the concept of both the holographic theory and the
holographic model in the framework of the study of Jonsson theories and their models in the case of
considering classes of models.

Let K be the class of structures of some fixed signature. Then this class is called a Jonsson-
holographic class if Thy3(K) is a Jonsson holographic theory. Let T = Thy5(K) be the theory of a
class of finite cyclic groups. Let's take an example of such a class. It is easy to see that T is
categorical in all finite cardinalities, but uncountable categorical.

Thus, taking into account that the holographicness of Abelian groups is related to the finiteness
due to the results of [1], all models of this theory are holographic.

This work was supported by the Science Committee of the Ministry of Education and
Scienceof the Republic of Kazakhstan (grant AP09260237).
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DESCRIPTION OF "SMALL"™ DEFINABLE SETS
Yeshkeyev A.R., Ulbrikht O.1., Issayeva A.K.
Karaganda BuketovUniversity, Karaganda, Kazakhstan
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The main result of this abstract is related to the problem identified in the work of J. Baldwin
and D. Kueker on algebraically prime models [1]. By "small" sets we mean sets whose closures
give a countable simple or countably atomic model within the framework of the definitions of the
given thesis. We have proved the equivalence of atomic and simple models obtained with the help
of some closure operator given on definable subsets of the semantic model of some fixed
cosemanticness class of the perfect Jonsson spectrum of the class of existentially closed models of
some complete inductive theory.

Definition 1. [2] A model & of a theory Tis called atomic if each tuple of its elements
implementssome complete formula in this theory.

Definition 2. [3] A model U of a theory T is called an algebraically prime model ofa theory T if
it can be isomorphically embedded in every model of T.

Definition 3.[4] A model U of a theory T is called a nice almost-weak (X,,%,) -cl atomic
model of theory T if every w-sequence of elements of 2 realizes a X, -principal Z,-w-type.

Definition 4. [5] A Jonsson theory T is called perfect if every semantic model of T is a
saturated model of T*.

Let obe some signature, Lis set of all formulas of the signature o. Let T is some complete
inductive theory, K < E;, where E; is the class of existentially closed models of the theory
T.Let's call the following set a perfect Jonsson spectrum of class K:

PJSp(K) = {T|T is perfect Jonsson theory in language o and K € ModT}

The cosemanticness relation on a set of theories is an equivalence relation. Then PJSp(K)/is
the factor set of a perfect Jonsson spectrum of class K with respect tor.

Let [T] € PJSp(K)/..Since for each theoryA € [T] we haveC, = Cz, then we will call the
semantic model of the class [T] the semantic model of the theory T":Cm = C7. The center of the
Jonsson class [T] we call the elementary theory [T]*of its semantic model Cir, 1€ [T]* =
Th(Ciz1)and[T]* = Th(Cy)for each A€ [T].

Let R is some theoretical-model property of theory, [T] € PJSp(K) /.. We say that a class [T]
has property R if every theory A € [T]has property R.

LetT besome complete inductive theory,K € Er, [T] € P/Sp(K)/..is a complete class for I1,-
sentences.

Definition 5. Let A € Cig, [T] € PJSp(K)/w. A set A is called (Ty,T,) — cl-algebraically
prime in class [T] if cl(A) = M, M is a (I',T',)-cl-atomic model of the theory T, M € Ez N AP#,
where E+ N AP+ # @, and the resulting model M is called a (T, I';)-cl -algebraically prime model
of the class [T] .

Let X < Cir)be a Jonsson set defined by some existential strong minimal formula ¢(x)and
cl(X) = M € Ez), where [T] € PJSp(K)/w

Further, since to the fact that the class under consideration is perfect, it follows that its center is
a model complete theory. Therefore, X;-completeness of the class under consideration will be
equivalent to I1,-completeness of this class.

Theorem 1.Let T be a some inductive complete theory, K € Er, [T] € P/Sp(K) /. complete
class for I, -sentences, then [T] has a nice almost-weakly (2,,%;) -cl-atomic model.

Theorem 2. Let T be a some inductive complete theory, K € E, [T] € PJSp(K)/. complete
class for I1,-sentences, Then the following conditions are equivalent:

1) Wis (2, %,)-cl-algebraically prime model of class [T].

2) A is a nice almost-weak (Z,, £,)-cl -atomic model of the theory [T]*.
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The proof follows from Theorem 2 of [6].

This work was supported by the Science Committee of the Ministry of Education and
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AFFINE AUTOMORPHISMS OF THE UNIVERSAL
MULTIPLICATIVE ENVELOPING ALGEBRA OF THE TWO-DIMENSIONAL
LEFT-SYMMETRIC ALGEBRA WITH ZERO MULTIPLICATION
ZhangazinovaD. M.,! NaurazbekovaA. S.,2 KozybaevD. Kh.?
123, N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: *dinara_pav@mail.ru, 2altyngul.82@mail.ru, *kozybaev@gmail.com

In this work we rewrite for the left-symmetric algebra the result of D. Kozybaev, U. Umirbaev
[1] on the basis of the universal multiplicative enveloping algebra of the right-symmetric algebra.
Also we describe the affine automorphisms of the universal multiplicative enveloping algebra of the
two-dimensional left-symmetric algebra with zero multiplication. The question of describing all
automorphisms of this algebra remains open. Although it was easy to notice that the automorphism
groups of the left and the right universal multiplicative enveloping algebras of the two-dimensional
left-symmetric algebra with zero multiplication are tame.

An algebra A over an arbitrary field k with a bilinear product x -y is called a left-symmetric

algebra, if the identity
(xy)z —x(yz) = (yx)z - y(x2) (1)

is satisfied for any x,y,z e A.

Recall that U (A)is an associative algebra with 1 generated by the operators of left
multiplication |, and right multiplication r, ,where xe< A The identity (1) directly implies the
defining relations of the algebra U (A):

LI, -LL =, rl-Lr-rr+r,=0, X yeA

The linear basis of the algebra U (A)is described by the following

Theorem 1. Let A be a left-symmetric algebra with linear basis x;,x,,..., X,,.... Then the
basis of the universal multiplicative enveloping algebra U (A) of A consists of words of the form

i1 ..l rr ...r,,

Xjg Xi2 Xje X Xip is

where j, <j,<...<]j,, st=0.
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Denote by RU (A)the right universal multiplicative enveloping algebra of the algebra A, i.e.,
subalgebra of the algebra U (A)generated by the universal operators r,, where x e A Similarly, we
define the left universal multiplicative enveloping algebra LU (A) as the subalgebra of the algebra
U (A) generated by the universal operators |, ,where x e A

Corollary 1. 1) Under the conditions of Theorem 1, words of the form

s
where j, < j, <...<j,, t>0, form the basis of the algebra LU (A).

2) Algebra LU (A) is the associative algebra with generators 1., i>1, and defining relations
v Iy, —lx =0 T>k

3) Under the conditions of Theorem 1, the algebra RU (A) s the free associative algebra with
free set of generators

X Xiz

I,

[ S

r
Xip *Xip is

i

Theorem 2. Let A, be the two-dimensional left-symmetric algebra over an arbitrary field k
with linear basis e, fand ef =fe=0. If ¢is the affine automorphism of the universal
multiplicative enveloping algebra U (A,)of A, then

o(l.)=al, +pl, +v,

o) =A. +d; +p,
w(re) = are +ﬂrf’
o(r;) =, + o,

(24

e
Corollary 2. 1) LU(A,)is the free associative commutative algebra with the free generators
l., I, over afield k;

where fsto, a, B,y,0,v, uek.

In 1953, van der Kalk [2] proved that the automorphisms of a polynomial algebra in two
variables over an arbitrary field are tame. A similar result for the free associative algebras was
obtained byL. Makar Limanov [3] and A.G. Cherniyakievich [4]. Moreover, the automorphism
groups of these algebras are isomorphic.

Corollary 3. All automorphisms of the algebras LU (A,) and RU (A,)are tame. Moreover,

Aut(LU(A,)) = Aut(RU (A,)).
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IIycte X mnpou3BOJIBHOE MHOXKECTBO M R & X* OTHOWmIGHHE YACTHYHOTO MOpAAKA.
[oamHoxkecTBO RS R HasbiBaeTcs HOINOPANKOM B R, €Clld OHO €amo SBISETCS YaCTHYHBIM
nopsimkoM Ha X. MuoxkectBo O(R,X) Bcex MOIMOPSAKOB YAaCTHYHOTO TOpsiAKa R sBisieTcs
YaCTUYHO YNOPSAOUYEHHBIM MHOXKECTBOM OTHOCUTENIBHO TEOPETHUKO MHOKECTBEHHOTO BKJIFOUYECHMS.
OueBunno, uro A= {(a,a)|a € X} sBnseTcs NOANOPSAIKOM B R © COICPKHUTCSI B JHOOOM
noamnopsake R. Takum o6pasoM, A sBisercs HauMeHblM dyemenToM B O(R,X). Taxxke
OYEBHIHO, uTO R sBansieTcst HanbosbmmM semertoM B O(R, X). HerpyaHo mpoBepHTh, 9TO Jist
mo6oro cemeiictsa {R;|i € I} € O(R,X) otHOmenue N;c; R; Tax ke ABISETCSA TOAMIOPSIIKOM B R,
T.6. N R; € O(R,X). Taxum o6pasom O(R,X) sBiseTcs MOJHON PEMIETKOH, B KOTOPOM
CIIpaBeIBO PaBeHCTBO U;c; R; = (Ui R))E, rme V! 0603Ha49aeT TPaH3UTUBHOE 3aMBIKAHUE IS
mo6oro GuHapHOro OTHOIIEHH V € X2,

Jliis mpon3BoJbHOTO Kiacca peméTok K mycts S(K) o0o3HadaeT Kiiacc penéTok, n3oMophHO
BIOXHUMBIX B pemérky mu3 kimacca K, a P(K) xmacc peméToKk HW30MOPHBIX JIE€KapTOBBIM
npou3BeneHusiM pemérok u3 kimacca K. Eciu kmace K coaepxut numib ogHy pemérky L (c
TOYHOCTBIO 710 u3oMopdusma), To Mbl mumiem O(L) Bmecto O({L}) mus mo6oro omeparopa O.
Xopomo HW3BECTHO, 4YTO JuIsi Jr000H KoHewHoW pemérkum L wmacce SP(L)  sBisercs
kBazuMHOT0oO0OpasueM. Ilycte Q(K) o0o3HayaeT HaMMEHBIIEe KBAa3MMHOTOOOpas3me cojepikariee
kinacc K. Takum o6pazom Q(L) = SP(L) s n060i KOHEYHON peléTKy L.

PemeTku mooTpsAAKOB pacCMaTpUBAINUCH B psifie padOT, MOCKOJIbKY OHU MPEACTaBISAIOT COO0M
yIO0OHBIN UHCTPYMEHT I JOKA3aTeIbCTBA OMPEICIIEHHBIX PE3YIbTATOB O BIOKEHUSX.

ITo teopeme /. bpenuxuna u b. lleiina [1] pemeTkn MoAMOPsAAKOB SBISIOTCS PEMIETOYHO-
YHUBEPCAIbHBIMH, TO €CTh Ka)K/1asl PelIeTKa BJIOKUMA B IMOAXOJAUIYIO PEIIETKY MOANOpsAakoB. [1o
teopeme b. CuBaka [2] pemierka L BiOXHMa B PEIIETKY MOIAMOPSAIKOB KOHEYHOIO YACTHYHOTO
MOpsiAKa TOTIa U TOJbKO TOTJa, KOrja L KOHEYHAa M OrpaHu4eHa CHU3y B cmbicie P. MakkeH3u.
OOmasi KOHCTPYKUUSI Ui BIJIOKEHHS MPOU3BOJBHOW pEIIeTKH B MOAXOJSAUIYI0 PEIIETKY
o AopsAAKoB 06110 Tpemnoxero A.JO. OnpmanckuM. Ha ocHOBe 3T0M KOHCTpyKIHMK B padoTte [4]
[I0OKAa3aHO, 4YTO MpU MNpou3BoJpHOM n =1 kmacc SO, pemerok, BIOXHMBIX B PELIETKH
MOATMOPSIIKOB YaCTUYHO YMOPSIOYEHHBIX MHOKECTB JUTMHBI He Oojiee n 00pa3yeT MHOToo0Opasue ¢
KOHEYHBbIM 0Oa3zucoM. B 3Tolf ke paboTe, cmpamiuBaeTcs, SBISETCS JU KBa3UMHOTooOpasue,
MOPOK/IEHHOE KOHEYHON PELIETKOM MOANOPSIAKOB MHOTO00pa3ueM.

B nannoii paboTe MBI JaeM MOJIOKHUTEIbHBIA OTBET Ha 3TOT BOMIpOC s pemerku L6, rae Lo
KOHEYHasl pelleTka, u30oMopdHas  pelieTke MOJMOPSAIKOB TpeXdleMeHTHOW uenu. Toraa
KBa3UMHOrooOpa3ue, TOpOXKICHHOe pemieTkod L6  sgBiuseTcs  KOHEYHO  Oa3upyeMbIM
MHOT0O0Opa3ueM. M HaliileH KOHKPeTHBIN 0a3uC 3TOr0 MHOT000pa3Husl.
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CBOHCTBA ®OPMYJIbHO-ONPEJAEJIUMbIX KBASUMHOI' OOBPA3UM
BekenoB M., KacaroBa A., HypakyHos A.
Espazuiickuii Hayuonanvnuiii yuueepcumem umenu JI.H.I'ymunesa, Hyp-Cyaman, Kazaxcman
2HAO Meouyunckuii yuueepcumem Kapazanow
3SUncmumym mamemamuxu HAH KP, Buwikex, Kvipavizcman
E-mail: *bekenov50@mail.ru

PaccmarpuBarotcss  popMynpHO-OTIpEACTMMBIE KITacchl Mozenei  (T.e. anreOpandeckux
CTPYKTYp) M HUX DJEMEHTapHble TEOPHUH CUETHOIO $3bIKa IE€PBOrO IMOPSAAKA OTHOCUTEIBHO
NPOU3BEJCHUNH OSTHUX TEOpUH, a Takke (HOPMYIBHO-ONpPENEIMMbIE KBAa3UMHOTOO0Opa3wHsl.
Jloka3bIBalOTCS HEKOTOPbIE CBOWCTBA KOTOPHIM OHU Y/IOBJIETBOPSIOT.

[Mycts A mozenb curHatypbl (2, Th(A)- nonHas (amemMeHTapHast) Teopust Mojenu A.

Ha muoxectBe T(Q)-MHOXKECTBO BCEX IMOJIHBIX TEOPUI CUETHOW CHTHATYpPHI () PacCMOTPHM
OunapHyto onepanuio e o npaswity TeS= Th({AxB | A= T u B|=S}), mis n00bIX IBYX MOJHBIX
teopuit T,S € T(Q). [MonsarHo, yro < T(QQ); ®> ecTh KOMMYyTaTHBHAs MOJIYIPYINa C CAUHUIICH,
KOTOPYIO Ha3blBa€M IIOJIYTPYNION NOJIHBIX TeOopui. B nmanpHelmieM Teopus O3HAa4yaeT IOJIHas
TEOPUSL.

Ompenenenue. Kimace moneneit K HazwsBaeTcs ghopmynvHo-onpederumvim Kiaccom MOJIETEH,
ecnu cymiectByer monenb A Ttakas, yto K={ B | Th(B) e Th(A) = Th(A). Teopus Th(A)
Ha3bIBaeTCsl Teopuell, ompeodenaiowen knacc moneneir K. Ecnu kBazumHorooOpasue sBIisieTcs
(GOpMyIbHO-OTIPEAETUMBIM KJIACCOM MOJENe, TO KBa3MMHOrooOpasue HazblBaeM @opmyabHO-
onpeoenuMbIM K8A3UMHO2000paA3UEM.

JloxazaHo, 4Tt0 (OPMYJIBHO-ONIPEACIUMBINA KiIacC MOJeNe  Oyner aKCHOMaTH3WPyEeMbIM
KJIaCCOM MoOjIeJied M 3aMKHYT OTHOCHTEIBHO OECKOHEUHBIX Mpou3BeneHUN mojeneit. [IpuBeneHb
MpUMeEpPbl aKCHOMAaTU3UPYEMOTo Kjlacca, KOTOPbIM sBIseTcs (POPMYIbHO-ONPEASIUMBIM KIIACCOM
MoJeNiell U aKCMOMaTH3UPYEMBIH Kiacc MoJened, He SBISIOMUMCA  (OPMYIbHO-ONPEAeTUMbIM
KJIACCOM MOJIEJIEH.

JI1st KBa3UMHOTOO0Opa3uii HalIeHbl IPUMEPHbI (GOPMYIBHO-OTIPEACTUMBIX KBAa3UMHOT000pa3nid
1 He (opMYITBHO-OTIPEIETMMBIX KBA3UMHOT000pa3uii.

Jlokazano, uto mr000e MHOrooopasue - (popMylbHO-ONpEAEeTUMBIA Kiacc mojnenei. Tawoke
MOKa3aHO, YTO KJIAcC KOMMYTATUBHBIX MOJYIPYHI BJIOKUMBIX B TPYHIbI SBISETCS (OPMYIHHO-
OTpeeIMMBIM KBa3UMHOT000pa3ueM, KOTOPbIN He SBJIIETCS MHOTOOOPa3HueEM.

Teopus T- ugemnoreHTHas Teopus, ecnu | o T = T.

Jlokazano, uyto s JH000ro (OpPMYIBHO-ONPENETIMMOro Kilacca MOJENeH CyllecTByeT
UJEMIIOTEHTHAs TEOPHsI ONPEIEISIONIast STOT KJIacC MOJeNeH.

Taxxke  gokazaHo, uyTto  (OPMYIBHO-ONpPENENIUMBIA  Kiacc  Mojened  OyneT
KBa3UMHOT000pa3neM ecial WIEMIIOTEHTHAs TEeOpus, ONMpEeeNsomas dTOT Kiacc MOJeNe Takas,
YTO KaXKJas MOJAMOJENb YIbTPACTEIeHH MOJIENHU 3TOM TEOpHH JEKHUT B 3TOM Kiacce. M3 atoro
pe3ynbpTaTta clieayeT, yTo (GOpMYIbHO-OTPEeIMMBIN KilacC MoJiesiel OyeT KBa3UMHOT000pasuem,
€CIIM OH ONpEJENIeTCs yHUBEpCAIbHOU Teopuel. Y maHbl mpuMepsl, MOKA3bIBAIOIINE, YTO ATH JBa
MIPUBEICHHBIX YCIOBUS HE SKBUBAJICHTHBIL.

Taxke 10Ka3aHO, YTO MHOXKECTBO BCEX MAEMIIOTEHTHBIX MOJIHBIX T€OpUI 00pa3yeT MOJIHYIO
pELIeTKY OTHOCUTEIBHO YaCTUYHOTO TOpsIKa <, ONPEAETICHHOTO Kak T<S Torjaa U TOJbKO TOIJa,
korga TeS =S, s mro6weix T,S € T(Q).

Taxxe paccMOTpeHBI HEKOTOpbIE CBOICTBAa Teopuil Mozene (opMyIbHO-OMpPENeTUMBIX
KJIaCCOB, KOTJa OIpEeNessiiolmas €ro TEOpHsl YIOBIETBOPSIET ONPEICIIEHHBIM CBOWCTBAM
(KaTeropuyHOCTH, CYIIECTBOBAHHS CYETHO-HACBIIIIEHHONW MOJIENIN WU CTAOUIBHOCTH)

Cnmcox ucnob30BaHHOM JIUTEPATYPHI
1. M.U. bekeno, A.M. HypakynoB. Ilomyrpynmsl Teopuii u ee pemieTka HJIEMIIOTEHTHBIX 3JIEMEHTOB. AnreOpa u
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2. G. Birkhoff_, Lattice theory, Third Edition, Amer. Math. S.,. Providence, R.1. (1967).
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KOI'OMOJIOT'MHA AJITEBPBI JIK TUITA A; U UX ITPUJIOKEHUSA
Hopaes 11L.1., CeiitmypatoB A.XK.
Kuvizvinopounckuii ynusepcumem umenu KopxoimAma, Kvizvinopoaa, Kazaxcman
E-mail: ibrayevsh@mail.ru, angisin_@mail.ru

B nokmage paccmarpuBaroTCs pe3ysbTaThl, TMOJTYYEHHBIE TPU HCCICIOBAHUN KOTOMOJIOTHH
anreOps! JIu tuma A, Hax mojeM XapakTepUCTHKU P > 3¢ KOAPPHUIMEHTAMH B MPOCTBHIX MOYIISIX,
U HMX HEKOTOpble MpwiIokKeHus. J[ims Maibsix XapakrepucTuk mosis (p = 2,3) aHaJOTHYHbIC
Pe3yAbTaThI JOKIAABIBAINCH B [1].

Ilycts g — ximaccuueckas anredpa Jlu tuma A, Hajg anreOpanveckd 3aMKHYTBIM TIOJIEM
XapakTepucTuku p > 3, M — mpoctoii -Moayinb. Koromonoruu ¢ ko3 GuiiieHTaMu B IPOCTHIX §-
MoIyJIeli paHee ObLIM BBIYUCIEHBI TONBKO B cinydasx H(g, M) [2]uH? (g, M) [3]. B o6wmem ciydae
CIpaBeIMBA CIIEAYIOIas

Teopema 1. g — kraccuueckas anreeopa Jlu muna A, nao areedpauvecku 3aMKkHymoim noiem k
xapaxkmepucmuxu p > 3, M — npocmoii -mooynv. Toeda umerom mecmo credyowue u3oMophusmvl
SL;-mooyneu:

(@) H™(g,k) = k,eciun = 0,3,5,8;

" _(L(,0)D, ectun =1,7,

(b) H (g,L(p 2,1)) = {2L(1,0)(1),ecn1/1 n =4

" _(L(0,1)D,ectun =1,7,
(c)H (Q,L(l,p 2)) = {2L(0,1)(1),ecm/1 n = 4;

(d) H*(g,L(p — 3,0)) = L(1,0)™, eciu n = 2,3,5,6;

(e) H*(g,L(0,p — 3)) = L(0,1)™, eciu n = 2,3,5,6;

k,eciun =1,7,

A H (g, L(p—2,p—2)) = L(1,1)W,eciun = 3,5

2L(1,1D)D @ 2k, ecnun = 4.

Bo scex ocmanvhuix ciyuasxH™ (g, M) = 0.

PaccmorpuM HekoTopbie mpuiiokeHus: Teopembr 1. OHa TO3BOJISIET OMKMCATh KOTOMOJIOTHIO
anredpsl  JIu  gl, Haxm anreOpaMdeckd 3aMKHYTBIM I0JIEM  KXapaKTepUCTHKH p > 3¢
ko3 duienTaMu B IpocThIX MoAynsax. IIpocToro g-mofynst MMOXHO HafenMT CTPYKTYPOH gl,-
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MOJylsl C HyJNEeBBIM JekicTBueM Ha M nentpa anreOpsl JIu gl;. [ KOromosoruu mpocTeix gl,-
MOJTyJIel CIIpaBesIuBa CIEAyIoIee

CnenctBue 1. g — aneebpa Jlu gl,Hao  anzebpauvecku  3amkHymvim  noiem k
xapakmepucmuxup > 3,M — npocmoii g-mooynbc Hynesvim Oeticmeuem Ha M yenmpa aneedpol
Jlugl,. Tozoa umerom mecmo credyowue usomoppusmol SLz-modynei:

(@) H"(g,k) = k,ecun = 0,1,3,4,5,6,8,9;

n ~ _ JL(L,0)® ecmun = 1,2,7,8,
(0) H" (o L(p —2,1) = { 2L(1,0)®, ecnu n = 4,5;
L(0,1)M,ecmun = 1,2,7,8,
2L(0,1)MD, ecnun = 4,5;
L(1,00M, ecmun = 2,4,5,7,
2L(1,0)™, ecnun = 3,6;
L(0,1)™, ecniun = 2,4,5,7,
2L(0,1)M, ecnun = 3,6;
k,ecoun = 1,2,7,8,
(f H* (¢, L(p —2,p — 2)) = L(1,1)D, eciun = 3,6,
3L(1,1)M @ 2k, ecnun = 4,5.

Bo scex ocmanvnwix cayuasxH™ (g, M) = 0.

Teopema 1 Taxke MO3BOJISIET BBIYUCIUTH KOTOMOJIOTMM MOAyJeld Beilns Haa KiaccHyecKou
anredpoit JIu Tuna A,Haj 1mojem XapakTepUCTHKHU p > 3 U AyaJbHBIX K HUM Moayieil. O603Hauum
Moayab Beiinsg co crapmumm Becom AuepesV (A).Jlnsg ayanbHOTO MOy OyaeM HCIOIB30BaTh
crangaptHoe oboszHauenue HO(1).

CrnencrtBue 2. g — knaccuueckas aneeopa Jlu muna A, Hao aneebpauyecku 3aMKHYMbIM NOJEM
k xapaxmepucmuxu p > 3uV = V(1). Tozoa umerom mecmo credyiowue uzomopdusmol SLsz-
Mmooynel:

(@) H™(g,V(0,0)) = k,eciun = 0,3,5,8;

" _(L(,00®™,ectun = 1,2,3,5,6,7,

(b) H (9; V(p 2,1)) = { 2L(1,0)(1),ecm/1 n =4

" _(LO,D)D, ecnun =1,2,3,56,7,
) H(s,V(1,p — 2)) —{ 2L(0,1)®, ecru n = 4
(d) H*(g,V(p — 3,0)) = L(1,00™, eciu n = 2,3,5,6;

(e) H*(g,V(0,p — 3)) = L(0,1)D, ecmun = 2,3,5,6;
( k,ectun = 0,1,

|
L1, DD Bk, ecnun = 3,

| L(1D)D,ecmun =5,

Bo ecex ocmanvuvix cayuasxH™ (g, V) = 0.

CnenctBue 3. g — kraccuueckas aneeopa Jlu muna A, Hao areedpauyecku 3aMKHYMbIM NOJeM
k xapaxmepucmuxu p > 3uV = H°(1). Tozoa umeiom mecmo cneoyiowue uszomopgusmor SLs-
MoOyneu:

(@) H™(g,H°(0,0)) = k,ecniun = 0,3,5,8;

nl 0 _(L(1,0®,ectun =1,2,3,56,7,

(b) H (Q.H (p 2,1)) = { 2L(1,0)(1),ecm/1 n =4

al- 110 _(LO,DD, ectun =1,2,3,56,7,
() H* (g, H*(1,p — 2)) —{ 2LO)D, e — 4
(d) H*(g, H°(p — 3,0)) = L(1,00™W, ecmu n = 2,3,5,6;
(e) H*(g,H°(0,p — 3)) = L(0,1)™, ectu n = 2,3,5,6;

() H*(g,L(1,p — 2)) = {
(d) H" (g, L(p — 3,0)) = {

() H"(g,L(0,p — 3)) = {
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L(1,1)® eciun =3,

(
I
2L(1,1)Y @ k,ecnmun = 4
(f)HTl Q;HO(P—Z,p—Z) = ’ 4 ]
( ) 4I L(1,1)D @ k,eciun =5,
k k,ecnun = 7,8.
Bo scex ocmanvhvix cayuasxH™ (g, V) = 0.

Pabota BemonHeHa npu GpuHaHCOBOI moanepkke rpanta AP08855935 MOH PK.
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KEJJIEP KOIIM YL EJIEPIHIH AJITEBPAJIBIK KOITBEMHECI
Kepimoaen P.K.
on-Papabu amvinoasvl Kazax ¥nmmuix ynusepcumemi, Aimamol, Kazaxcman
E-mail: ker_im@mail.ru

1. R — makrel canmap opici, R[x, y] — eki alinpiMansl kenmymenep cakunachl. f,g € R[x,y]
Kemep kenmymienepine Kenxeci KOChbIMIIa MIapTTapabl KOSMBI3:

£(0,0) =0 = g(0,0) xoue f(a,b) =0= g(a,b), (1)
MyH1arbl a, b € R xone b # 0 men amambI3.

f,g Kemnep xenmymenepinin rpadpuri R* kemicririnme xaragesl. On rpadukri 7 pen
oenrinenmiz:

m={(xy.f(xy).9()lxyER, f,g€Rxylk @)

(1) wapter 6oiipiima  0(0,0,0,0) sxone A(a, b, 0,0) HykTenepi m rpadurine Tuicti. t € R caHbIH
OeKiTin ajbIn B(at, bt, f (at, bt), g(at, bt)) €  HykTeciH KapacTeipambl3. CoHbIMEH Oipre Keieci
VI BEKTOPBI aJ1aMbl3:

e, = (1,0,0,0), 04 = (a,b,0,0), 0B = (at, bt, f(at, bt), g(at, bt)).

bacranket 0(0,0,0,0) HykTeci xoHe OarbiTTaymbl eq, OA,OB BekTopnapsl OoiibiHmna I7
THIIEPKa3bIKTBIFBIH XKYprizeMiz. EHji /7 MeH m GeTTepiHiH mapaMeTpilik TeHAEYyJIepiH alambl3.

X =a+ fa+yat, xX=T,

Y = Bb + ybt, y =5,
By g = yfat, bt), T u=flrs),
V =yg(at, bt), v=g(,s),

MyHzaarel &, B,Y,1, s € R — ke3 kenred mapametprnep. [ = I/ N T KUBUIBICYBIH Ta0y Kepek.
A, B, 0 € | exeni 6enrini. On yuIiH coiikec KoopauHaTanap sl TEHECTIPEMI3:
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r=a+ fa+vyat,
s = b + ybt,
f(r,s) = yf(at, bt), )
g(r,s) =yg(at, bt).

Conpna xe3 kenreH y, 1, s € R mapamerpiiepi yurin

(f(r,s), g(r,s)) = y(f (at, bt), g (at, bt))

Oomnanel. (3) TeHaeyNepiH KoJIaHa OTBIPHINT ' MEH S-TiH apachIHAaFbl OAWIaHBICTRI TabaMBbI3: br =

: . . —Bb
as + ba oceiian r = %S +a, b # 0.y mapameTpid Je S apKbUIbl OPHEKTCUMI3: ¥ = %. a MeH
B Ke3 kenreH OOJFaHIBIKTaH OJIap/bIH OPHBIHA HOJI KOIOFa 00JIajbl, COHAA ' = %s, Yy = i, b+
0,t #0.
Enpemre
a a S
(f (; s, s),g (gs, s)) = E(f(at, bt),g(at,bt)). (4)

(4) Tennairingeri a, b, t -- OepiIreH caHap, ai S -- Ke3 KeJreH mapamerp. biz oHbl k03 duIreHTKe
adHaIBIpreIMbI3 Kenei. O ymin R(s) epicid anamsis.
2. R(s)[x,y] cakumaceHga Keneci KonMyIenep i KapacThlpaMbl3:

F(x,y) = f(x.y) - 5 fat,bo),

6(x,y) = g(x,y) - - glat,bt).

by kenmytienep keneci KaCUeTTepre He:

JF,&)x,y) =](f,)(xy) =1,
J)KOHE
a a
F(BS'S) =0= G(Es,s),s € R
Srun F,G € R(s)[x,y] xenmymenepi Kemnep kenmyiuenepi 60anbl kKoHe OIapablH OpPTaK

Heujepi OYKiT HAaKThl caHmap epicine H30MOp(hTHl 00BEKTIHI KamThiidabl. CoHbIMEH 013 Keneci
TEOpPEMaHbI JTQJICIIE/IK.

Teopema. Erep kanmaii na 6ip Kemnep kenmytienepi HaKThl caH epiciHae OipJieH Kem opTak
Heyepre ue 0osica, OHJAa KaHJai aa Oip epicTe Kanmai ga 6ip Kemnep kernmymienepi mekci3 ke
OpTaK Heuepre ue 0oJajIbl €KEH.

Kymbic KP BIM AP09259811 rpaHThIHBIH KapKbUIbIK KOJIJAYbIMEH OPbIHIAJIbI.
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CEMAHTHUYECKOE ITIPOTPAMMMPOBAHHUE U
MNOJIMHOMMUMAJIbBHO BBIYUCJIUMBIE ITPEJICTABJIEHUSA
HeuécoB A.B.

HUnemumym mamemamuxu um. Cobonesa, Hosocubupck, Poccus
Email: Nechesov@math.ncs.ru

B noxiane paccMmarpuBarOTCs BONPOCHI  CYIIECTBOBAHUS IOJMHOMHUAIBHO BBIYMCIMMBIX
MIpeCTaBICHUM Juid 0a30BBIX CHHTAKCUYECKUX KOHCTPYKLUUH JIOTMKM IPEAUKATOB IE€PBOTO
nopsiaka (M), a Taxxe as 00bekTOoB cemanTuueckoro rnporpammupoBanus (CII). beuto nokazano,
YTO JJI1 MHO’KECTBa JI0Ka3aTeJIbCTB (KaK JIMHEWHBIX, Tak U B Bujae nepesa) B UII, a Takxe nns
MHOXKecTBa L-popmyn u L-mporpamm B CII cymecTBylOT NOJUHOMHAIBHO BBIYUCIUMBIC
npenactaBieHus. JlaHHble pe3ynbTaThl MOTYT OBITh TIOJ€3HBI B BBICOKOYPOBHEBBIX SI3BIKAX
MIPOrpaMMHUPOBaHMs, B HCKYCCTBEHHOM HWHTEJUIEKTE M poOOTOTexHHMKE. Tam, rae Tpedyercs
OBICTPBIN M YETKUI MPOTPAMMHBIN OTBET Ha BXOAIINE JaHHbIE.

Cnucok ucnoJib3yemMou JIuTepaTypbi:
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rpaMMaTHK U bopm boakyca-Haypa. Matematudeckue Tpyapi2022, T.25, Nel, C.134-151.
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2. Goncharov, S.; Nechesov, A. Polynomial Analogue of Gandy’s Fixed Point Theorem. Mathematics2021, 9,
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3. Goncharov, S.; Nechesov, A. Solution of the Problem P = L. Mathematics2022, 10, 113.
https://doi.org/10.3390/math10010113
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KPATEPUM BEIYACJIUMOCTH P,,-PA3JTOKUMOM ABEJIEBOM I'PYIIIHI BE3
KPYYEHUSA
Xucamuen H.I'. *, Tycynos /I.A. *, Teinbi0exoBa C./1.
Espaszuiicuii nayuonanvroiti ynusepcumem um. J1.1' ymunesa
E-mail: hisamiev@mail.ru, tussupov@mail.ru

Oba asmopa nooodepxcanvt epaumom MOH PK AP08855497«Teopemuxo-modenvrvie u
aneopummuieckue ceolUCmed aneeopaudeckux Cmpykmyp»

[Iycte rpynna
A={4;4; <(Q,+,0 )i€w }, D

rae (Q,+,0 ) - aMTUBHAs TPyNa MHOKECTBA BCEX pAlMOHAIBHBIX ymceld. s Jar6oro
snementa a € A\ {0}BBeneM ciemyrone MHOKECTBA IPOCTBIX YMCE, TIOJIOKHUB:

Pey(a) = {p |A F 3n(p)3aynp) ((pn(p)ap.n(p) =a)& Vx(@®*txe a))}, (2)

P,(a) = {p | AEVYn Elap,n(p"ap,n = a)}. 3)

ITycts mis moboro snemenTaa; €A; \ {0} cupaseuBhI cinemyromue yeaoBus:
a, ) MHOXecTBO P_, (a;) KOHEYHO; 4)

a, ) cywecmeyem namypanvroe yucio N maxoe, umo cnpaseonuebi:
1) MOIIHOCTH MHOKecTBa P, (a;)6onee N, (5)
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ayp ) I MOObIX |, j, i# j MomHocTh MHOKECTBA Py, (a;) N Py, (a;) (6)
ne 6onee N, roe a;€4; \ {o},a;eA; \ {o}.
Torpa rpymy A uaszoBem (P, N) - pa3inoxumMoi.
[Tycts Ha MuoxectBe w = {0,1,2, ... } onpenenen npeaukar D(i,p,n,x), i, n, Xew, peP, rae P
— MHOKECTBO BCEX IPOCTHIX YKCEN, YAOBIETBOPSIONIEE CIAEAYIOIUM YCIOBUSIM:
1.Vi Vp Yn VxoVx, ((D(i, p, 1, x0) &D (i, p, 1, x1)) =% = Xy ). (7)

2.ViVpVnVm3x;,, ((D(i,p, n, xi,p,n)&mm)—) Elxi,p,m(i,p)D(i, p,m, xi_p_m(i.p))). (8)

Beenem CJICAYIOIIMUC MHOKCCTBA, ITOJIOKHB:

P,(I) = {P | Vn3xipn D(i, pn, xi,p,n)}, 9)
Po,() s {p| In(i,p)Ix_(,pn@p)) (n.(Gp)=
0 & D(,p,n(i,p,n(i,p)),x_(i,p,n(i, p) ) )& Vx=D(i,p,n(i,p) + 1,x)) }. (10)

ITycTh I 5TUX MHOYKECTB CIIPABEIUBEI CIAEAYIOLIE YCIOBHUS:

@) Ons 06020 | € wMmHoxkecTBa P, (i) KOHEUHO;

@) cymecTByeT Takoe yrciao Ne®, uTo CrpaBeUIuBEL:

@y1) Ui MOOLIX |, | € w, [ # j MmommHocTh MHOKecTBa P, (i) N P, (j)ue Gonee N;
®y5) Ons 106020 uucaa i € @ MOUIHOCTEL MHOXecTBa P, (i) Oonee uncia N.
Torma mpenukat D HazoBemM<p,, , N> - IpeArKaTOM.

ITo <p,, , N> - npenukary D (i, p, n, x) ONpeaeauM CIIeayIONIHe TPYIIIbI, MOJOXKUB

B, S qr ({# | 3x D(i, p,n,x),n,x € w}, +,0), (12)

B; S qr{Bi, | p € P}. (12)
JlemMma 1. Ilycts rpynma A, onpeneneHHas pasenctsoM (1), <P, , N> pasnoxuma. Torma mis
M000TO | CYIECTBYET TaKOH MIEMEHT a; , , 9TO IJIs JIF0OO0To MPOCTOro uncina PP cnpasenmmBa
SKBUBAJICHTHOCTB:

p €EP,(a;) & Eix(px = al-,w), (13)

rae MHoxectBo P, (a;) onpeneneHo paBeHCTBOM (3).

JokaszarenbctBo. Ilycts rpymma A, ompencneHHas paBeHctBoMm (1), <p,,, N>pasznokuma.
Torma mis snementa a;€4; \ {0} muoxectso P, (a;) omnpeneneno paBeHCTBOM (2), KOHEUHO.
[Tycte

Pcy(a) = {p(Q,0),..,p(i, m() — D}, (14)

rae p(i,j)- mpocteie uncna, j < m(i). Orcrona u popmyis (2) cneayer, uto s irodoro k <
m(i)cymecrByer uncio N(i, p(i,k)) Takoe, uro ucTuHHA PopMmyIia

(3x(i, p(i, k), 0, p(, K0)) (pG, K)"PEHOX(, (i, k), n(i, p(i,k)))) =
a;& Vx—(p(i, k)napGl+iy = ai)) (15)
Orctona u u3 (14) cnenyer, uto ast moboro k < m(i)cymiecTByer 3JIeMeHT

ai
Lip(ik)n(ip (k) = b onr@) (16)

M HE CYIICCTBYET 3JICMEHT X TaKOI>'I, 4qTo
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p(i, kyr(tP G iy = g, (17)
IIycts

r(i) = p(i,0)"EPEO) 5, m(i) — 1)nEpEmd-1), (18)

Orcro/ia ¥ B3aMMHOM IIPOCTOTHI uKcesl MHOXecTBa P, (a;), onpeneneHHoro paBeHcTBoM (14),
CIIEIYeT, YTO CYIIECTBYET SIEMEHT
ai
a. =2 19
LW r(l ( )
noarpynnsl A;. Torga st m060ro MpocToro yucia P crpaBeainBa SKBUBAJIEHTHOCTS (13).
JlemMma nokazaHa.
Cnencrue 1. ITycts qus onementa a; €4; \ {0} u muoxectsa P, (a;), onpenenennoe
paBeHCcTBOM (3), Tl @ = @;, CIPABEIJIMBO PABEHCTBO

Pw(ai) = Q.

Torma rpynmna A; n3oMopdHa NUKIMYECKOU TPYIIE, TOPOKIACHHOW SIIEMEHTOM

a; ,,, oTpenienenHoe paBeHcTBOM (19).

Ilo <p, ,N> - npenukary D(i,p,n,x), ONpeneNeHHbIN YCIOBUIMU (4 ), @5 ), BBEIEM
CJICTYOIIAE MHOKECTBA U TPYIIIBI, TTOJIOKHB:

Pw(i) = {p | vn Hxi,p,np(il pn, xi,p,n)}l (20)
A N) = qr{z | pE R, [R,(D] <N}, (21)

4> N) = qr{z: |p € B, D, [P,(D] > N}, (22)
A(SN)s@® {A;(EN)|i€ w}, (23)

A N)s@®{A;(>N)|i€w}. (24)

Teopema 1. IlycTe abeineBa rpymmna A, onpeneiieHaas paseuctsoM (1), <p,,, N> - pas3ioxuma.
g b w

Torga ona BeIUMCIIMMA, €CJIM M TOJBKO €CJIH CYLIECTBYET BBIYMCIUMBIA <p,, N> - mpeaukar
D(i,p,n,X) Takoii, uro rpymnmna A uzomopdua rpymnme 4(> N), onpeaenenHoi paBeHctBamu (20),
(22), (24), tne p € P, i,n,x € w, P — MHOXECTBO BCEX IMPOCTHIX YHUCEJ, W — MHOXKECTBO BCEX
HATypaJIbHbIX YHCETI.

N3 Tteopembr 1, tme rpynma A =@ {Ap(i) |i€e a)} M Ay — amauTHBHAA rpynna
palMoOHAaJIbHBIX YHCEN, 3HAMEHATENIMU KOTOPBIX SBIISIOTCS CTEMNEHSMU HEKOTOPOTO MPOCTOro
uucna p(i), u N=1, cienyer Teopema, qokazannas B [3].
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3. Downey, R., Goncharov, S., Kach, A.M., Knight, J., Kudinov, O., Melnikov, A.G., Turetsky, D. Decidability
and Computability of Certain Torsion-Free Abelian Groups // Notre Dame J. Formal Log. 2010. V. 51, C. 85-96.
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®YHKIUSAJIAP TEOPUSACHI MEH ®YHKIIMOHAJJIBIK TAJIJAY
TEOPUS ®YHKIUMA U ®YHKIIMOHAJIbHBIA AHAJIN3
THEORY OF FUNCTIONS AND FUNCTIONAL ANALYSIS

THE COEFFICIENT CONDITION FOR BELONGING A FUNCTION IN THE
LORENTZ SPACE
Bimendina A.U.
Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: bimend@mail.ru

Let {p, (x)}'",, x e[0,1]the Price system [1] and L,[0,1],1< p <+, 1<@<+oo Lorentz space

[2].SeriesZav¢v(x)is called the Fourier-Price series of the function f < L[0,1],where
v=0

1
a, =I f (X)@, (x)dx - Fourier-Price coefficients of the function f(x) according to the multiplicative
0

Price system.
Denote by M the class of nonnegative number sequences that decrease monotonically to zero.
By QM, denote the class of quasimonotone number sequences, i.e. [3],

QM :{aneR: lim a,=0 and 37>0: a—jJ«O}.

N—+o00 n

Let {a, }'" besequence of positive numbers. Denote Aja, =a, andAa, =a, —a,,, -first order
difference, A,a, = A, (A, ,a,) - k-th order difference. Applying Pascal's triangle method A,a, can

K o _ ]
be written in the form A,a, = (-1)’Cla,,;, where C/ :ﬁ,m:l is called the binomial
=0 JK—=])

coefficient.

n-1
Let D, (x) = > ¢, (x) bethe Dirichlet kernel. Let’sintroducethenotation

k=0

DO (x)= ¢, (x), DO() =D, () =3 0,8, DOX) =3 DF(x), k=1, neN.

v=0 v=0

TheFourier-Price series Zav @, (x) of the function fe L[O, 1] can be represented as [4]
v=0

v v+l

f=>A_aDl(X), vkeN.
v=0

Let{p, }:”; bean arbitrary given sequence of natural numbers such that p, <c, p, >2andlet's

u |
assume that my=1Lm, =]]p ., VneN:n=> nm, wheren, €Z*, 0<n <p,, -1,
k=1 k=0

k=012,...

OCHOBHBIM PE3YJIbTAaTOM JTaHHOM pa6OTBI ABJIACTCA CIICAYIOIast TeopeMa.
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Theorem.Letl< p<+w, 1<@<+w, a={a | eQMandAa, >0,VkeN, VveZ kth
difference of Fourier-Price coefficients. Thegenerating sequence of the Price system{pi}i*j IS
limited, that is 3ceN: p,<c, p,>2, i>21. The numbers a,, Vv eZ"are the Fourier—Price
coefficients of some function f e L ,[0,1],1< p <+00, 1< 6 <+ooif and only if the series

+00 kg_g

>m,,,° (Ak_lamv )‘9 keN, A, =a,
v=0

converges. In this case, the following inequality holds:
P +00 k,gfg P +00 kg,g
Coa 189 + me "(Akflamv)‘g s||f||p€ <Cpuidy + me p(Ak,lamV)‘g :
v=0 v=0

where the constants ¢',, >0,c,, >0 depends only on the specified parameters.
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BOUNDARY CONJUGATION PROBLEM FOR PIECEWISE
ANALYTIC FUNCTIONS IN BESOV SPACES
Yerkinbayev N.M.

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: nurlan.erkinbaev@mail.ru

The main aim of this work is to show solvability of the continuous boundary conjugation
problem for analytic functions in the Besov space, which is embedded into the class of continuous
functions.

As far as we know, (continuous) boundary value problems of conjugation of analytic
functions are considered in Besov spaces for the first time in this work.

Until now, such and similar boundary value problems have been studied in spaces of
functions continuous in the sense of Holder [2, 3]. Our work proposes a method for solving the
indicated boundary value problems in the class of continuous functions (Holder property is not
required) in terms of Besov spaces, which emphasises the novelty of the work.

References
N.1. Muskhelishvili, Singular Integral Equations [in Russian], Fizmatgiz, Moscow, 1962.
F.
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2. F.D. Gakhov, Boundary Value Problems [in Russian], Fizmatgiz, Moscow, 1977.
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BOUNDEDNESS OF THE HIGHER DIMENSIONAL HILBERT OPERATOR IN
REARRANGEMENT INVARIANT QAUSI-BANACH SPACES
Tulenov K. S.
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: tulenov@math.kz

The talk is based on a recently published joint work [2] with F. Sukochev and D. Zanin where
weobtained a weak (1, 1) type estimate for a higher dimensional Hilbert operator answering an
openquestion by A. Osekowski [1]. This result together results in [3] allow us to investigate
boundednessof the Hilbert operator in rearrangement invariant quasi-Banach spaces.

References
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No.1 (2017), 535-563.
2. Sukochev F., Tulenov K., and Zanin D., A weak type (1, 1) estimate for the Hilbertoperator in higher-dimensional
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ON JOINTLY CONCAVITY OF SOME TRACE FUNCTIONS
Turdebek N. Bekjan
Department of Computational Mathematics and Database Analysis, Astana IT University, Nur-
Sultan, Kazakhstan
E-mail: t.nurlybekuly@astanait.edu.kz

Let M,, be the von Neumann algebra of n x n complex matrices, and let M} = {4 €
M: A=>0} and Mi* ={AeM: A>0}. In [3], Carlen and Lieb proved the following trace
function on M;::

a 1 1
Ey(Ay, Az ooy Ap) = [Tr((ZRL: AP =11 (R AP llg (1)
is jointly concave in (A, Ay, Ay) € M X M ---x M;f, for 0 <p <q <1. Bekjan [1]
obtained that for 0 < p < 1,

1
Ey(Ay Az Am) = Tr((Ziey A7) P) )
is jointly concave in (A4, A5, -+, Ay) € MET X M+ .- x MiE*. In [4], Hiai extended these results
as following: if @,: My — MG is a strictly positive linear map (k = 1,2,---,m), either 0 <p <1

andO<sS%,or—1Sp<0and%§s<0,then

By (A, Az Ap) = ||y (A,
is jointly concave in (A;, Az, -+, Ap) € M X My -~ x M, where [|.||, is a symmetric anti-
norm on M.

Let M be a finite von Neumann algebra with a normal faithful finite trace T and L,(M) be
the set of all measurable operators with respect to (M, 7). The topology of L,(M) is determined by
the convergence in measure. Set Lo(M)* = {x: x € Ly(M), x =0}, M* ={x: x e M, x = 0}
and M** ={x: xeM, x>0}={x: xEM, x>0 and x is invertible }. The aim of this
talk is to prove that [(i)]

1. if f:[0,) = [0,) is an operator concave function, 0 <p <1,0<s < % and @; is a

continuous positive linear map from Ly (M) to Lo(M) with &;(M;) < M, where M; is finite von
Neumann algebra, j = 1,2,--,n, then for 0 < t < (1)

[0 (B SNy and 7 (S &4 () )dv

are jointly concave in (xq, x5, ,xp) € Lo(M7)" X Lo(M)* X -+ X Lo(M,)*,
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2. if f:(0,) - (0,) is an operator concave function, @; is a strictly positive linear map
from finite von Neumann algebra M; to M, j = 1,2,--,n,0<p<land 0 <s < %, then for 0 <
t <7(1),

® - - ® —pNy—
55 (@ 2F 0T ™Ay and [ (B B5(F(x)7P)) )dv
are jointly concave in (xq, x5, -+, X,) € M7t X MF+ X .- x MFT,
where u,(z) is the generalized singular number of z € L,(M).

This research was funded by the Science Committee of the Ministry of Science and High
Education of the Republic of Kazakhstan (Grant No. AP09259802).
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OILIEHKH HAMJIYYIIIUX M-YJIEHHBIX TPUBJINKEHUN
HA KJJACCAX ®YHKIUN C OTPAHUYEHHON CMEIIAHHOM MPOU3BOAHOM
B ITIPOCTPAHCTBE JIOPEHIIA
Axnmes I'.', Meip3araninesa A.X.’
'Kasaxcmanckuii punuan Mockosckozo 2ocydapcmsennozo ynusepcumema um. M.B. Jlomonocosa,
Hyp-Cynman, Kazaxcman,
2Astanal TUniversity, Hyp-Cyaman, Kazaxcman
E-mail: akishev_g@mail.ru, aigul. myrzagalieva@astanait.edu.kz

Yepes Ly, 0003HauaeTcs mpocTpancTBO JIOpeHIa BCeX BENIECTBEHHO3HAUHBIX U3MEPUMBIX 110 Jlebery

GyHKIUH f, KOTOpBIE UIMEIOT 2TT-TIEPUOJ IO Ka)I0W TIepeMEHHOMN | JUIsT KOTOPBIX
1

T (! T, )T
Iflly: = Ef (f (t)) tr dty <+0,1<p<o0,1<71<00,
0

f (t) — HeBo3pacratomas nepecranoka dyukuun |f (2mx)|, x € [0,1D)™. ITycts 7 = (14, ..., 1), 75 >
0,j=1,..,m u Fz(x) -m-mepuoe supo Bepuymu (cm. [2], [3]). PaccMoTpuM (hyHKIMOHATIBHBINA KiIace
WJ_T = {f:f =@ *Fzllolly: < 1},rz[e1 <p<o0,1<1T< 00,

(¢ * FO () = G fpm (@& — DFR) @, T™ = [0,2m)™,

B caywae T=p xmacc W), pacemorpen B [1], [2]. ey(f),, — Hawiydmee  -uieHHOE
TPUTOHOMETpUYEcKOe npuomkenue Gyukuun f € L, -,M € N.

B nmoknane OymyT mpeacTaBieHbl TOYHBIE IO MOPSIKY OICHKH HAMIYYIIMX -YJICHHBIX MPUOIMOKESHUN
dynxumit  kmaccaW ;B mpoctpaHcTBe Lp., TPH pasiMYHBIX COOTHONIEHHSX MEKTY HapamMeTpamu
D,q,T1,To. B yactHOCTH,

Teopema. Ilyctb 0 <1y = =7, <1y Sy, 1<q<52<p<o0,1<11<1,<0 u bER.
Ecmml<g<Z2un >$,T0
1 1

1 1 — —_
eM(VVq?,Tl)p,Tz == M_(rl"'i_g)(logzM)(” 1)(r1 q+7’1).

1
ECJ‘II/Iq=ZI/IT1>E,TO

1 1 1 1
(v—-1) (Tl —E+Z)+E—a

em (szl)p,rz < CM " (log,M)

B ciyuae 74 = q, T, = p U3 NOIXY4YEHHBIX PE3YIbTATOB CIEAYIOT Teopema 3 B [1] u Teopemsbl 2.1 u 2.2 B
[2], a Takke Teopema 1.2 B [3].

62


mailto:akishev_g@mail.ru

Pabora neproro apropa nomuepkana I[Ipoekrom AP 08855579 MOH PK.
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TEOPEMA BJIOJKEHHUS TUITA COBOJIEBA
JJISA HEKOTOPBIX ®@®YHKIIMOHAJIBHBIX ITPOCTPAHCTB,
ACCOIMUPOBAHHBIX C TPOCTPAHCTBAMHU MOPPHU
HA MHOI'OMEPHOM TOPE
Bbanrumoaesa I11.A., )Kanaouaosa A.K.
HHcmumym mamemamuKu u mamemamudecKkoco MO@@JZMpO@aHUﬂ, AJZMCIWlbl, I(aaaxcmaH
E-mail: Sholpan.balgyn@gmail.com

Hycrs L, (T%)(0 < p < o)-mpocTpancTso Jlebera ¢ o6buHOM (KBa3H) HOPMOIA, 31ech U manee T4 =
%R)d — TOP.

[yt 0 < u < p < o, npoctpanctso Moppu MY := MY (T?%) —cosokymHocts  Bcex  f €
Lu(Td) TaKHUX, YTO

1 1 1
If I M7= 1QlP (f,  If()[*dx)e < o,

rae Q mpo6eraet MHOXECTBO BCeX KY60B CO CTOPOHAMHU, napajuensHeiMu ocsaM, |Q|, 1(Q) — o0bém,
JUTHHA CTOPOHBI (.

ycts P € C° (RY) takas,uro Y (x) = lecmn |x|o < 1, Y(x) = O,ecmu|x|e, = 3/2 .

Honoxum @g =1, ¢;(x) = @o(277x) — (2" Ix),0_; =0,j =12, ...

Hycts g = 1;(Np) — IpOCTPaHCTBO YHMCIOBBIX MOCHIEIOBATEIBHOCTEH (aj) = (a;) jen, € OOBIYHON
(xsasu)nopmoit. s (g;(x)), x € T4,

1(9;(0) 1M1 = 11l (9;() ) IME Tl
11(9;G0) IME AN = 111 (;(0)) L INIMET D).

Iycts S’ :=S'(R%) — npocrpanctsolllsapua ymepennbix —pacmpenenenmii, a$’ = S'(T%) -
MOAIPOCTPAHCTBO  S'pacmpenenenuii, 1-mepuoOAUYECKMX IO  KaXIOHM  IEpEMEHHOMN; f =F(f) —
npeobpaszoBanue Pypre pacnpeneneaus f € S'.

Juss fe§ TOJIOKHM A{f,x) = Ysezd @ Ef(&)e?™8*(&x = ¥9_ &ex,c —  cKamspHOe
npoussenenne &,x € RY).

IIyctb s ER0<g<00,0<u<p <o,

Npqu = Njqu(T?) = {f € S"If | N qull = (27 4,{f, ) llg(MD]| < o0} -
npoctpancTBa Hukonsckoro-becoa-Moppu Ha Tope;
pu u < coM?

Epqu = Ejqu(T®) = {f € " IIf | B qull = (2 A{f,2))] M (L) || < oo} =
npocTpancTBa JInzopkuna-Tpubens-Moppu Ha Tope.

IMycte s, 7€ER,0<qg<00. II[pp0 <p <00 <0

B = B (T4) =

Q=

q
[00] =
- 1 o P
(FES IF I Bl =supoeg o] ). [ [ 2viagor|t <o-

| Zo Lo
j=i(@
TJIaAKOCTHBIC MPOCTPAHCTBA THUIIA HHKOHBCKOFO'BCCOB&, aCCOUMUPOBAHHBIC C NPOCTPAHCTBOM MOppI/I, Ha
TOpE;
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npu 0 <p <
T ST ordy=
Fps,qT '_ F;;(T )'_ )

U 1 [es} ] e £ 5
U €SP 1 Bl = swpoeo iielly  [Efi@ 218001 dx]” < oo} -

TJIaIKOCTHBIC mpocTpancTBa Tuna JlnsopkuHa-Tpubens, acolMUpOBaHHBIE C MPOCTpAaHCTBOM MoppH, Ha
Tope; 3Mech  Q —MHOKeECTBO amammueckux kyboe Q= Qj; = {x € R%|2/x — A1 €[0,1)%},j €
Z,A€Z%j(Q) = —log,1(@),0 :={Q € Q|Q < [0, 1)4}.

CdopmynupyeM OCHOBHOH pe3yJIbTaT COOOIICHUSI.

Teopema. Ilycte T € [0, +00),54,51 € R, pg,p1 € (0, +0] Takue, uro s; < Sg, P < P1,
So _pi =51 — d/ P1- Torna

0

i) st moboro q € (0, +00] BepHO HEMpepBIBHOE BIOKEHHE
So. T (pd SuLT (md
. Bpo’q(T )(_) Bppq(T )
i) mpu ycnoBum, uto p; < 400 , s 00X q,1 € (0,4+00] BepHO HEnpephIBHOES
BJIOYKCHHE

FPS(;)”;O (Td ) ° Fps1l'g1 Td ) ’

3ameuanus. 1. AHanorudHas Teopema ¢ “ecTeCTBEHHBIMU OrpaHWYEeHHAMHU Ha TapaMerphl BepHa st
IIPOCTPAHCTB Ng'q'u(Td) U E;rqru(Td). 2. CchopmynupoBaHHas BbIIIE TEOPEMa M PE3YNNHTAT U3 3aMedaHUs
1 TOYHBI B TOM CMBICTIE , UTO MPU HAPYIIEHUH YCIOBHUSA “CBA3H MEXIYSo, S1, Po, P1 B CTOPOHY YBEINYEHHS
Sy (wnmm, 9TO pPaBHOCWIIBHO, YMEHBIIEHHS Sp) BJIEYET HApPYIIEHHE COOTBETCTBYIOIIETO BJIOXKEHHA. 3.
Teopema sBnsiercst meproanveckuM anaiorom IIpemnoxenus 4.1 pa6otsr [1].

Cnucok HCIoJIb30BaHHOI JTUTePaTypPhI
1. Sickel W. Smoothness Spaces Related to Morrey Spaces — A Survey. Il. EurasianMath. J. 4 (2013), no. 1, 82—
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O BJIOKEHHUM B TIPOCTPAHCTBO JIOPEHIIA (IAJIEKUI CJTYYAR)
Baiinayiaer A.T., Cyneiimenos K.M.
Espaszutickuu nayuonanvuwiii ynuuepcumem umenu JI.H.I'ymunesa, Hyp-Cyaman, Kazaxcman
E-mail:baidauletov_at@mail.ru, kenessary@mail.ru

B paGore wusydaercs OIEHKAa CBEPXY HEOTPUIIATENLHOM HeBo3pacTaroieil (OyHKIUH |
npocrpancta LP(0,1) yepes MOmy/nb HENPEpPLIBHOCTH MEPEMEHHOIO HPUPALICHUS Wy oy (f,5).
[Tokazano, uyro s mupupaiienus (yakuuu Buga f(x) — f(x + ho(x)) B onenke Moays

5
HENPEPHIBHOCTU MPUMET BHJ W (f, E)' Taxke mosydeHa yCIOBHs BIOKEHUS B IPOCTPAHCTBA
JlopeHI11a B IaJIEKOM CIIy4ae.

IMycte 1 <p<0,0<a<1,yP(x) - crnabokonebmomascs ¢yukuus. Ilycts f € LP(0,1),

Torjaa GyHKIHIO

Wp oy (f,6) = Os<1’fz<96 f lf(x + hx®P(x)) — f)IPdx | (0<6<1), (D

Enayp

rne  Epqoyp ={x € (0,1):x + hx*(x) € (0,1)}, =HazoBeM MOAylIeM HENPEPHIBHOCTH
MePEMEHHOTO CIIEIMaTbHOTO BUa npupamienus gynkuun f B LP (0,1).

3ametum, uto Z. Ditzian u V.Totik ([1], cTp.) BBenu M mM3ydanu oOUIMi ciydaill, KOTOpBINA
noiydaercss npu 3ameHe B omnpeneneHun (1) ¢ynkmmm x“P(x) nHa HenpepbiBHyo Ha [0,1]

dyHKIHIOP (X).
SAcno, uro, mpu @ = 0 m P (x) = 1 umeeM w,, (f, 8) = w,(f, 5).
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Teopema A. ([5], ctp. 285) [lycth manbl yncna 1 < p < 00,0 < a < 1. Toraa ans o060
HeBo3pacraromieil HeorpunarensHoi Gpyukuuu f € LP(0, 1) cpaBemmBo HEPABEHCTBO
2
W (f, 2-1 (2@ - 1) tl—“)
e = cmaf |

X

dt + |Ifll, (0 <x < 1)

14=
P

1. Onenka cBepXy HEBO3pACTAIOIIEH HEOTPUIIATEIbHON (PyHKINN

Teopema 1. Ilycte mansl yncna 1 <p <o, 0 < a < 1. Toraa g m000i HeBO3pacTaroIIen
HeorpunarensHoit Gpynkuuu f € LP(0,1) crpaBeyinBO HEPABEHCTBO

1 ©0pap(F.C@Y) g
[ P ( - t t/z(t))dt+||f||p}(0<xS1) (1)
14

X

flo) < C(P,a;l/)){

3ameuanue 1. ([2], ctp. 388) Ilpu @ = Ou Y (x) = 1 HepaBEHCTBO COBMAAAET C OIICHKOM D.A.
CTOpPOKEHKO.
3ameuanue 2. [lpu P (x) = 1 HepaBEHCTBO COBIAIACT C ONIEHKOH TEOPEMBI A.

2. Teopema BIIO)KEHHUS B TPOCTpAHCTBA JIopeHIa B TaJIeKOM ciiy4dae

[MocpencTBoM TeOpeMBI | TOKa3BIBAETCS CIIELYIONIEE YTBEPKICHUE.

Teopema 2. Ilycte manbl unicna 1 <p<u<ow, 0<v <o, 0 <a <1. Ilycte Takxke aan
Moayab HenpepbiBHOCTH @ (6), cnabokaneOroomascs ¢ynkuus Y(x) , x € [0,1]. Torma mns
BJIOYKEHUS

Hg),p,w = L(.U: V)
JOCTAaTOYHO, a B CJTydae, Koraa
w(@®) =0(w(E»)0<s<1)
1 HEOOXO JUMO
* kv (1 1
N i | | <
Es
ki-a

3axrouenue. B nanHoit paboTe mosydeHa OoIieHKa CBEpXYy HEOTPHUIIATEILHON HEBO3paCTaIOIIeH
GYHKIMI TOCPEACTBOM MOAYNS HEMPEPHIBHOCTH MEPEMEHHOTO MpPHUpAIICHHS, B KOTOPOM
npuMeHeHa crnabokonebmtomasics ¢ynkuus. Bo Bropoit wactu cdopmynupoBaHa TeopeMma
BIIO’KEHUS B IpocTpaHcTBa JIopeHiia B jajiekoM ciydae, T.e. kormap < i, 0 < v < oo.

Cnmcox ucnosb3yeMon JINTepaTypbl
1. Ditzian Z. and Totik. V. Moduli of smothness. NewYork: Springer. //1987.
2. Cropoxenko D.A., HeobXxoauMele W JIOCTATOYHBIE YCIIOBHS IS BIIOYKEHHS HEKOTOPHIX KiaccoB (yHKuwii., //
HAH CCCP, cep. mar., 1973, 37, Ne2, C.386-398.
3. 3Burmynn A., Tpuronomerpuueckue psabl.// Tom 1, Mocksa: Mup, 1965. — 616¢.
4. Nguyen Xuan Ky., Some embedding theorems concerning the moduli of Ditzian and Totik//Analysis
Math.,1993,V.19, P.255-265.
5. Cymneiimenos K., Temupranues H., Kpurepnii Bnoxkenns Hg, B npocrpanctsa Jlopenma// Analysis Math., 2006,
32, C.283-317.
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HOBBIE KYBATYPHBIE ®OPMYJIbI JUIAA TIPOCTPAHCTB COBOJIEBA W C

JOMWHUWPYIOIENA CMEIIAHHOM ITPOW3BOJTHOM
Bacapos C. K., TneyxanoBa H.T.
Eespaszutickuii nayuonanvruiti ynusepcumem umenu JI. H. I'ymuneea, Hyp-Cyniman, Kasaxcman
E-mail: bassarov.serzhan98@gmail.com, tleukhanova@rambler.ru

B nanHOii paboTe paccMarpwBaeTCs 3amavya  HaxoxAeHus cetku M,k =1,..,Nu
KOA(QQHUIUEHTOB C TAKUX, YTO HOTPEIIHOCTD

N

1) =) af (M)

k=1

inf (1)

Mc||f||

ObuTa OM3Ka K ONTUMAJIbHOM MOTPEIIHOCTH.

B paborax E. JI. Hypcynranosa u H. T. TneyxanoBoii [1] ucnons3ys cerku Cmonsika Oblia
naHa KyOaTypHast (hopMyia B SBHOM BHJIE.

B nannoii pabore mocTtpoeHa kybOarypHas dopmyna Ui NEepUOANYECKUX (QYHKIHMA U3
IIPOCTPAHCTBA C JOMHHUpYIOIIEH CMelTaHHO| npou3BotHOM (pocTpancTBo CoGonesa W*[0,1]™):

En(f5p) =pim Z Z z (1- )Z] ~1 signk;

k1+ +kn—m 1= rn—O
iz
n-1[pr-1

<f (e r:n)(p—ﬁ" : @

kq
p j=1]|1l=1

~.

rJie p—IPOCTOE YUCIO UM € N.

[Ipu p=2, To dhopmyima (2) coBnamaer ¢ KyoaTypHo#t (hopMyIIoOi, moydeHHoM B [1].

Iycte 1 <q <o, a>0, f—Il-nepunonudeckas ¢ynxims u3 Ly[0,1]" ¢ pagom Dypse
Ykezn axe ™ e kx = ¥, k;x;.

Bynem rosoputh, uto f € I/I/,f[O,l]"(a = (a, ...,a)), eciu Haiinerca f¢ € Lg[0,1]", pan
, TIe Ea = H}‘zl E;-x, Ej = max{1,V k; v},

—a .
dDypbe KOTOPOil COBNAAET C PAAOM Yyeznk aje2™H*

j=1,..,n
”f”wg[o,ﬂ" = ||fa||Lq[o,1]n < 0, (3)

[TIycte N—HarypansHO€ unciio. MHOXeCTBa BU1a

I(N) = {k = (ky, .., kn): [T k; < N} (4)

Ha3bIBAlOT TMIEPOOTUYECKUM KPECTOM. A 3JIEMEHTHI 3TOT0 MHOYKECTBA Ha3bIBAIOT KPECTOM.
OyHKIUIO

TN(X): z akeZTEikx

ker(n)

Ha3bIBAKOT TPUTOHOMCETPUUCCKUM ITOJIMHOMOM CO CIICKTPOM H3 FI/IHep60JII/I‘{CCKOFO KpecCTa.
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Crnenytomiasi TeopeMa TOKa3bIBaeT, 4To KydarypHas (opmyna (2) ToO4HA AJisi MOJTHMHOMOB CO

CIIEKTPOM U3 THIIEPOOITMUECKOTO KPECTa.
Teopema 1. ITycTh TPUTOHOMETPUYECKUI TIOJIMHOM CO CIIEKTPOM M3 TUIIEPOOIHMUYECKOTO KpecTa

(4). Torpa
f Tym(x)dx = Ep, (Tpm; p).
[0,1]"

Teopema 2. [lycte n,m € N.
1_ 11 a
Ecnn1<qSoo,a>q—max{q,2},fEWq , TO

n-—1

1(f) = Fn(Fip)| < c’;‘afn.

||f ||Wg=1
Uccnenoanue noaepskansl MunuctepctsoM obpaszoBanus u Hayku PK rpaat AP14870758.

Cnucok McnoJib30BaHHOM JIUTEPATYPbI
1. HypcynranoB E. JI., TneyxanoBa H. T., O BoccTaHOBJIEHHH MYJbTHUILUTUKATUBHBIX NMPeoOpa3oBaHUil (YHKIMH W3
AQHM3OTPOIHBIX MTpocTpaHcTB, CHb. MaTeM. XKypH., 55:3 (2014), 592-6009.
2. Hypcynranos E. JI., Tneyxanoa H. T., KBagparypusie ¢hopMynbl uist KiaccoB GpyHKIMI Maoi riaakoct, Martem.
c6., 194:10 (2003), 133-160.

B3AMMHBIE HAKPBIBAHUSI KOHYCOB MOHOTOHHBIX ® YHKIIUI
N OEHKHN UX UHTEI'PAJIBHBIX MAKOPAHT
Baxturapeesa J. I'.}, Toabaman M. JI.}, Kapmbiruna I'. 2K.2
"Mamemamuueckuii uncmumym um. Axademuxa C.M. Huxonvcxoeo PYJ[H, Mockea, Poccus,
2Kapaeanouncku ynusepcumem um. Axademuxa E.A. Bykemosa, Kapacanoa, Kazaxcman
E-mail: seulydia@yandex.ru, karshygina84@mail.ru

B crartbe wu3ywaroTcs BOMPOCHl B3aUMHOTO HAKPBIBAHUS U HSKBHUBAJICHTHOCTU KOHYCOB
MOHOTOHHBIX (PYHKIIMH M COOTBETCTBYIOIIME OIICHKHM HMX Ma)kOpaHT. PaccMoTpeHbl JBa BHJA
HAKpBIBaHHI: MOTOYEUHbIE U WHTETpaibHble. M OTBEUaloT MOTOYEUHbIE U UHTETPAJIbHbBIC OLEHKU
Ma)KOPAHT Ha 3TUX KOHycaX. MbI CYIIIECTBEHHO ONMUpAeMCsi Ha pe3y/IbTaThl Hamux pabor [1-3].

L: (0
‘{epes 0 ' ) 0003HaYUM MHOECTBO BCEX HCOTPULATCIIbHBIX H3MCPHMBIX II0 JIe6ery

byHKIMI HA (0' T), rae T E(O’ OO] . [lyctp K. KOHYC B Lo (0' T), cHAOKeHHBIN (HYHKIIMOHATIOM

P K—=[0,0); heK, ae[0,0)=>aheK, p(ah)=ap.( h);
pc( h)=0=h=0

(0,T )
IIOYTH BCHOAY Ha .
S ( ! )
Ha mHOXecTBe pacCMOTPUM Ba OTHOIICHUS IMOPAJAKA.

IloTouyeyHoe OTHOIIICHUE: f< Y O3Ha4acT, 4To (t) = g (t) JJIA TIOYTH BCEX E(O' T)

e( 0, —
Ilycts Teneps g ( ’ )’ H HeoTpuLaTenbHas OopesieBcKas Mepa Ha ( ' ) , TaKkas 4To
1/q

O<Mq(t):: J.du <o, te(O,T).
(0.1]

f<g
I/IHTeraJ'ILHOC OTHOLIICHHUC nopﬂzuca: a O3HaA4YacT
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)_1[I quyJ , te(0,T).
(

0,t]

M, [j]fqdyJf

f<g = <
ScHo, uTo a . A KOHyca K" BBemem motoueunyro u

q- MHTETPAIBHYIO MAKOPAHTBI IIPU (0’ T) :

A (t)=sup{ h(t): heK; p (h)<1}, te(0,T);
1/q
.o (t)=sup Mq(t)l[j hqdy] . heK; po(h)<1}, te(0,T).
(0.t]
Ompenenenue 1. Konyc M , CHaOXXEeHHBIH (PYHKIIMOHAIOM Pu | HAKpbIBAE€T KOHYC

Cle[O,oo)

C,el .,

CHAOXXEHHBIM  (PYHKIIMOHATIOM Pk , IOTOYEYHO C KOHCTAHTAaMU HAKPBIBAHUS

h,)<c h,),
ecnu I IF0O0H PyHKIUH h,e K Haiinercsa GpyHKIus h,eM , Takas o’ ( 2) 0 Pk ( 1) u

h,(t)<h,(t)+c, pK( ) €(0,T).

= O
[pu T ® cunraem, uto C1

Omnpenenenne 2.  Konyc M , CHAOXXEHHBIM (YHKIIMOHAJIOM Pu | HaKpbIBa€T KOHYC

1
CHAOXKCHHBIM  (DYHKIIMOHATIOM P 4= WHTETPAILHO C KOHCTAaHTaMU HaKPbIBAaHUS

Coell,, c,e[0,) . heK y h,e M
* , ecnmd s oot Halizercs , Takas  4TO
Pwm (hz)S Co Pk (hl); -

(0,t]
M (t)l[j h;*dy]
(8.1]

IA

{Mq(t)q [ htdu +[ClpK(hl)]q} , 0<q<l, te(0,T);

(0.t]

IA

1/q
Mq(t)l[ _[ hzqdﬂj +¢,oc(hy), 1<g<oo.
(0.t]

T = ¢, =0 K<M (c,,c,)
HpI/I cyuTacM, 4YTO .BBeI[eM 0003HaYEHUS: JJIs1 IIOTOYCYHOI'O
K< M(c,,c,) -
HaKpbIBaHWA, g JJI q HHTCTPAaJIbHOI'O HAKPbIBAHUS.
K=M KM
OKBUBAJIEHTHOCTH KOHYCOB - , HJIN q (COOTBCTCTBCHHO, II0OTOYUYCYHAaA UJiIn

q- I/IHTel"paJ'ILHaH) 03HA4YacCT B3aMMHOC HAKPBIBAHUEC KOHYCOB, T.C.

KM < K<M(c,¢,), M<K(C,¢);
KrM < K=< M(c.c), M <K(E,CE).

q q a

Teopema.

K<M (c,,c,)
1. Ilyctp . Torna asst MIOTOYEUHBIX MAKOPAHT CIIPABEUINBA OLIEHKA
A (t)Sco Ay (t)+¢,, t€(0,T).
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K< M(c,y,c,)
2. Mycrtp @ . Torma, Uit KHTErPaIbHBIX MAKOPAHT CIPABE/UIUBBI OLICHKH

~ ~ 1/q
FeaO<] et Zyo(0) e |, 1e(0,T), 0<q<L;

/Iqu(t)S[co }:M]q(t)+cl], te(O, T), 1<g <.

3ameuanue 1. B ciaydyae SKBUB@WIEHTHOCTM KOHYCOB IIOJIyYa€M B3aWMHBIE OLIEHKU
COOTBETCTBYIOIIUX MA’KOPAHT.
3ameuanue 2. M3 m0oTOYEUHOro HaKpbIBaHUS (3KBUBAJIEHTHOCTH) KOHYCOB CIIEAYET UX

9~ uHTerpansHOe HakpbIBaHHe (SKBHBAICHTHOCTB) C TEMH K KOHCTAHTAMH HAKPHIBAHHS
(2KBUBAJICHTHOCTH).

brnarogaprnoctu. Pabota nByx mepBbIX aBTOPOB BBIMOJHEHA B MaTeMaTHYECKOM HHCTUTYTE UM.
B. A. Crexnosa PAH mnipu ¢unancoBoit noanepsxkke rpanta Poccuiickoro Hayunoro ®onna,
IMpoext Ne19-11-00087, https://rscf.ru/project/19-11-00087/ .
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HA3APOB-ITIOJAKOPBITOB JIEMMACBIHBIH KOMMYTATHUBTI EMEC AHOJIOI'BI
Hayiroek /1., Tesenon K.C.
Mamemamuxa sxcane Mamemamuxkanivlk mooenvoey uncmumymst, Aimamol, Kazaxcman

on-Papabu amvindasvl Kazax ynmmulk yrueepcumemi, Aamamel, Kazaxcman
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Avtaneik H xommneke I'miubbepr kenicriri xome B(H) — H xeHicririnmeri 0OapJbIK
CHI3BIKTHIK LIEHENT€H OIIepaTOpIapAblH anreopacsl 00iackiH. M € B(H) apKblibl CEHIMII KaJIbIITEI
KapThlJIal akKbIpJIbl T 13IMEH J>KaOABIKTAJFaH >KapThbulail akeipibl (GoH Heliman anreOpachiH
oenrineitik. (M, T) KyObl KOMMYTaTHBTI eMecC eJeM KeHicTiri men aramamsl. Erep HIwasbept
KCHICTIT1HIeT1 TYHWBIK YKOHE THIFbI3 aHBIKTAIFaH X oneparopsl M (on Heliman anredpaceiabig M’
KOMMYTaHTBIHAAFbl OpOip U yHUTap OMepaTropsl YIIH u*xu = x Ooyica, OHJA X OMNEPaTOPBIH
M —wmeH OaiaHbICKaH Jien ataiimMbi3. Erep M —meH GaiilaHbICKaH X OIEpaTOphI KoHE dpOip & >
0 yuin p(H) © dom(x)xounet(1 — p) < € opeiHAaNaTLIHAANP € M npoeKuusch 6ap 0olica, OHIA
X OIIEPaTOPLIH T-OJIIEMIi Hel araiiMbl3. bapiblK T-enmeMzai omepatopiap >kublbl Lo (M)
apKbUIbl OenriteHeni. O©3-e3ine Ttyiiingec x € Ly(M) omepatopsl xone B € R Borel *ubiHbI
Gepinren 6oica, OHBIH CHEKTpmiK mpoekimsackiH e*!(B) apkputsl Genrineiimis. x € Lo(M)
OOJICHIH,

d(s;x)zr(e|x|(s,oo)), —0<s<®
apKBUIBI X OTMIEPATOPBIHBIH YIECTIPIM (QYHKIIUSCH aHBIKTAIA/IBI.
f(x) =x, x = 0 pynxuwmsicer yurin [2, Jlemma 3. (ii)] Kosynansi,

+o0 +oo
(|x|P) = pf sP~1g (e|x|(s, oo)) ds = pf sPld(s; x)ds
0

0
anameI3.x € Lo (M)

ult; x) =inff{s > 0:d(s;x) <t}, t>0
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ApPKBUIBI X OIIEPATOPBIHBIH XKAJIBUIAHFAH CHHIYJISP MOHAI (PyHKIMACH aHbIKTaTaas! [3, 4].
B¥H Keneci TeopeMa Hasapos-Tloakopeitos nemmackinbie, [1, 5] kommyratusTi emec £,
KEHICTITHAET1 aHAJIOTHI OOJIBITT TAOBLIATHI.
Teopema 1. x,y € L,(M) oneparopiaapsl
< d(s;y), ezep s < Sy;
d(s; x)
=>d(s;y), exep s > S,
IIAPTHIH KaHAFATTaHBIPATHIHAN €Tin TaHaanceiH. Erep
T(|x[Po — |y[P0) = 0
OpBIHIANATEIHIAl Py = 1 Oap Oousbin xoHe |x|P xome |y|P onmepaTopiapbiHblH €H OoaMaraHga
Oipeyinin p > p, xoue |x|P — |y|? € L,(M) xaMmraMachI3 eTUIreHie akbIpibl 131 6ap GOJICHIH el
yitrapaiiblk. OHJ1a
T(|x|? = |y[P) = 0
HepOec xarnaiina,
Iyl < Il
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OBb OIIEPATOPE CBEPTKMH B JIOKAJIBHOM IMNPOCTPAHCTBE MOPPU
KankenoBa A.M. %, Hypcyaranos E.JI.2
 Espasuiickuii nayuonanvnoiii yuueepcumem um. JI.H.I'ymuneea, Hyp-Cynman, Kazaxcman,
2Kasaxcmanckuii punuan MI'Y um. M.B.Jlomonocosa, Hyp-Cynman, Kazaxcman
E-mail:ayagoz.zhantakbayeva@yandex.ru, er-nurs@yandex.ru

IIycte k € Z . O603HaunM yepe3 G, MHOXKECTBO Beex KyOoB B R™ Bujia
[0,2)" + 2km, m e Z".

O4eBHUIHO, YTO R" = HQ € Gy Q, 3meck ][ Qo3nauaer OObeAMHEHHE HENEPECEKAIOIUXCS
MHO>KECTB.

MmuosxectBo G = [[,ez Gy Ha3bIBaeTcs ceMeNCTBOM auaaquyeckux Kyoos B R™. 3ameTnm, 4to
Kaxaplii ky0O Q € Gy pa3out Ha 2" kyOOB U3 Gj_;.

CemeiicTBo B3aumMHO Henepecekaromuxcsi kyooB T = {Q} € G Ha3bIBaeTCs JIOKAIbHBIM
pasouenuem npoctpanctBa R™ eciu:
1) R"™ = [lper Q, rne uepra 0603HaYaET 3aMBIKaHHE;
2) |T N Gy| < wo.3nech u ganee |A| — KOJIMYECTBO JIEMEHTOB B MHOXKECTBE A.

[Myctb A€ER, 0<p,q < oo uT={Q} — nokampHoe pa3douenue R". Onpenenrm

JIOKaJIbHOE MPOCTpaHCTBO Moppu LM{}, ¢ (T)Kak MHOeCTBO M3MepUMBIX GyHKIMH f I8 KOTOPBIX
1

- a\q
1 liaig iy = (Zkez (27 Zoer,=rnafllye)) ) <o
1

- 1
31ech U janee BhIpaKEHHs (fﬂ |¢(t)|q%)q1/1 Qkenlax!?)d npu g = o0 noOHMMAarOTCS Kak
sup |¢p(x)|, sup |a|, cooTBeTCTBEHHO.
xen ken

JlaHHas 1IKaja MpOCTPaHCTB Ipu A>0 0XBaThIBAET MPOCTPAHCTBA
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LMp qx = {f (5 (e2ar ”Lp(mx)))q?)l/q < OO}, (1)

rae B (x) ={y € R" : |x — y| < t} -- map ¢ ueHTpOM B TOUKe X U pajguycom t>0.

Oty mpoctpaHcTBa OblTH BBeAeHb bypenkoBsiM u ['ymueBeiMm B [1] . Otmerum, uyto (1)
oxBatbiBaeT A<0.

ITycte A u B muoxectBa B R™. Paccrosinne mexny MHoxectBaMHA u B ompenensercs
CIIEYIOIUM 00pa3zom

p(A' B) = infxeA,yeB p(ny)

[Tox paznoctero MHOXKeCTB A 1 B monnmaem A — B ={x —y:x € A, y € B}.

Ham mnonagobutcsi pa3OueHue TMOpPOXKICHHE COOTBETCTByromee Touke u € R™. JlanHoe
pazOueHue ¢ JOKaIU3alue TOUK U.

ITycte u € R™. PaccmoTrpum nokaibHOe pazoueHue T (u). Onpenenum ceMeicTBa KyOoB

Ye(w) ={Q € Grs1:p(Qu) <25 k €I}
3aMeTHM, 9TO MHOXKECTBO Y}, cojepkut He Oosiee 2™ KyOoB.
Onpenenum

T = (0 €6:Q e%y;0c | 1
IEY(u)
T(u) = Ugez Tre(w).
Zamernm, |T(u)| < 2™(2" — 1) < 4™

Teopema 1. Iyets 1<p<o,1<q< oo,%+§= 1, $+$= 1. 1€R u€ R TW)-
JoKabHOE pa3zouenue npocrpancTBaR™. Torma BepHO

S - , 2

“f”(LM{,Lq(T(u))) ||f||LMp/’2q/(T(u)) ( )

3ameuanne. B ciydae omeHku cBepxy B (opmyne (2) BEpHO YTBEPKIECHHUE TEOPEMBI IS
000T0 pazOueHuUs..

Jlemma 1. Ilyctp 1<p<o, OSa,ASS- Hu a+/12§, y=a+l—§, u,v €
R"™, T(u),T(v)- coOTBETCTBYIOIINE Pa3OMEHHs, TOTIa UMEET MECTO HEPABEHCTBO
”f * g”LM%’m(T(u)) < C”g”LM;,’l(T(v)) ||f||LM;,"w(T(u—v))’
r7ic KOHCTaHTa C 3aBHUCHUT TOJIBKO OT IapamMeTpoB A, Nu P.

Teopema 2. Ilycts T(u), T(V) nmoxampHble pa3zduenus npoctpanctBa R™. Ilycte 1 < p < oo,
0< ;1<§, os)/sg u o<a=y—,1+§,o<rsoo. Ecm f€LM) (Tu—v))n g€

LM,% (T(¥)), 10 f * g € LM} (T (w)) u BhImONHSETCS HEPABEHCTBO

”f * g”LM?,“T(T(H)) <c ”f”LM;;’w(T(u—U))”f”LM;"o-i-(T(v))’
rJie KOHCTaHTa C 3aBUCHT TOJIBKO OT ITapaMeTpoB N, A, a,p.
Cnencreue. Ilycte T(u), T(v) nokanbHble pa3duenust npoctpanctBa R™. Ilycts 0 <
max(q,1) <p <0< 1 <§ u 0Sy£§n0<a=y—l+§,0<r£w.

Ecu f € LMZ,/,T(T(u — U))I/I gE LMZ}%O(T(U)), TO f*g€ LM{},T(T(u)) U BBITOJIHAETCS
HEPaBEHCTBO
17 * 9l rany < €W uney rcuon 19w (ro
rJie KOHCTaHTa C 3aBHCHT TOJBKO OT ITapamMeTpoB N, A, a,p, J.

Jlemma 2. ITycts T(u), T(V) noxambHble pazdouenus npoctpanctBa R™. Ilycth 1 < p < q <
©,0=< 1 S% u 0£y£%na=y—l+%,p':;ﬁ.

Ecniu f € LM;,/,OO(T(u — v))H g€ LMgﬁ(T(v)), TO f*g€E LM{}‘OO(T(u)) U BBINOJIHAETCS
HEPaBEHCTBO

If * 9llagzr) < € Wy (a1 aars )
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rJIc KOHCTaHTa C 3aBUCHT TOJIBKO OT ITapaMeTpoB N, A, (.

Jlemma 3. Ilycte u € R™, T'(u) JIOKaJILHOG paszOucHue HpOCTpaHCTBa R™ mo toukeu. Ilyctsb
1<p<qg<xnl i <— 51 0<y<7na—y A1+Z ,p ppl
Ecin f € LMV (T(u — v))n g € LM 1(T(v)) TO f *x g € LM (T(u)) U BBINOJIHAETCS

HEPABEHCTBO
“f * g”LM{}_w(T(u)) <c ”f”LM;/B(T(u—v)) ”gllLM;,“;‘O(T(v))a
'q

IJle KOHCTAaHTa C 3aBHCHUT TOJBKO OT ApaMeTpoB 1, 4, q.

PaGora BeInosHEHA NpU nojiep:kke MuHucTepcTBa 00pazoBanus U Hayku Peciy6Onuku Kazaxcras.
(Tpant NeAP14870361).
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OB OJIHOM CEKTOPUAJILHOW ®OPME B L,
Komkaposa B.C.}, Mypar I'.2, KycannopaJ.LK.!
 Eepazutickuii nayuonanvhoii yuueepcumem umenu JI.H. lymunesa, Hyp-Cynman, Kazaxcman
2HAO «Topaiievipos ynusepcumemy, ITasnodap, Kazaxcman
E-mail: b-koshkarova@yandex.kz

B Teopum CcHHTYISpHBIX JUQQEepeHINATBHBIX ONEPaTOPOB OJHHM W3 METOJOB 3aJaHusl U
WCCIICIOBAHUS SIBJSIETCS METOJ IOCTPOCHHUSI OINEepaToOpPOB, ACCOIMUPOBAHHBIX C IMOMYTOPATHMHEHHBIMH H
KBaJ[paTHYHBIMH (HOPMaMH.

B pabote paccmorpena dhopma Buia

n
alwf1= [ | D pinpu bz + woous |ax,  ufe cimn). (1)
R \j=1
B (1) i=v=-1, Dj=-— (1<j<n), p;>0 (1<j<n), wy=Rew >0,w; =Imw JOKaIbHO

cymmupyemsl B R™ (€ LZ,loc ), u |pj(x) —pr(x)| >0 B R™ xors 681 mis ommoit maper j # k, L, —
MPOCTPAHCTBO BEIIECTBEHHBIX (PyHKIHH B R ¢ KOHEYHOI HOPMOI.
O603HaunM uepes W = W2 (p, w,) nononuenne knacca GpuantHeX ynxmuii D = Ch (R™) mo Hopme

1
lullw = Vaolwul. Tycre P(x;a,h) = {y € R™: |y, — x| <=5~

0,1<j< n), h > 0. Yepes E, |E|, |E|, OyayT 0003HaUaTHCS COOTBETCTBEHHO 3aMbIKaHue, Mepa Jlebera.
Honoxum (0 < 8 < 1) Sis)(x, h; a,wy) = {igglP(x; a,h)\ely,rae inf Gepercs mo BceM KommakTam
e c P(x;a,h) wmepsl |e| < & |P(x;a,h)|.
Iotpebyem, 4ToOBI Wy = RewObUIO HEBBIPOXKICHHO B CIEAYIOIIEM CMBICTIC:
5(5) (x, h; a, WO) >0 (2)
u He yobiBaer o h > 0, § —Hekoropas nocrosiaHas u3 (0,1).
Beenem pyHknuto

,1<j< n} a=(ay, ...,an),(aj >

h(x) = h(x; p,wy) = sup{h > 0: M(5)(x, h; p,w,) < 1},
roe

1z,
M(a)(x h; ,wo) = h(Ss)(x, h; p,we)|P(x; p(x), h)|~1)

Honowum M1p(x) = [17-1 pj(x). Tlockomnbky
llm M(5)(X h; p,wo) = (Mp(x)) 12 llm R4S 5 (x, b p,wp)]
o h(x) >08B R”. 3aMemM uro 0 < h(x) = h(s)(x; p, WO) < oo, ecmun < 4(n > 1)J1H6o

1/2 _
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InE{PCx;a, M\elw, = ¥(x) |PCe; p(0), W1, y(x) >0

npun = 4.
[Mapamenenunenst P(x) = P(x; p(x), h(x)) Oynem Ha3bBaTh XapakTepuCcTHYECKUME. B cnydae n < 4
nMeeT MecTo oreHka (cm. [1], 8.3.3)

llw; L, (P(x), V)| < ¢cK (x;p,v) ij(x)”Djzu; LZP(x)” + (f wo(x)lulzdx) ,
=1 P

x)

re
_ - _ -1/2 1/2
) _ 1-n/4
K (x; p,v) = R4 (Ip(x) TP, %
31ech U ganee c,Co, Cq, ... — MONOKUTENBHBIE TOCTOSHHBIE, 3HAYEHUS KOTOPHIX ONPENEISIOTCS TOIBKO
YHCJIOBBIMU TIapaMeTpamMu 1, §, u T.1.
Mbt Oyznem paccMarpuBarth CeMeiCTBO {P(x;a), x € E}, rIe alx) =

(a1(x), ..., an(x)) —nonoxurenbhas orpanudennas sekrop-gpynkuus B E ¢ koadunuentamu a;(x) (1 <
j <n), P(x;a) = P(x;a,1). Bynem rosoputs, yro napawienenunenst P(x;a) u P(y; @)cpaBHUMEIL, eCliu
BBITOJITHEHO OJIHO U3 YCJIOBUM:

1) < a(y)/ay(x) < %(1 < < ),

2)a;(y) < q;(x)(1 <j<n),

3a;() = a(x)(1<j<n).
ITpu 5ToM »# > 1 mocrosunas. 3anuce: P(x;a) < P(y; @).

ITomydeHsl CIEAYIOIME PE3YIIbTATHL:

Teopema 1. ITycts N<4,w, ynosaerBopser ycnosuio (2) npu Hekoropom § € (0,1), u mycTsb

1 <p;i/pjx) <u(1<j<n)emmy€P(x) (x €R")

Ecmu naiinercs takoe K, 0 < K < oo, uto0

f waldy < K nf f wody (x ER™),  (3)
e
P(x) 6P(x)\e

qlu, f1 = qlu, f], uf €D,

TO hopMa

CEKTOPUIIbHA.
Ilpu mokazaTenbCTBE TeopeMbl | HpPUMEHEHa TeopeMa O CYHMICCTBOBAHMM KOHEYHO-KPATHOTO H
KOHEYHO Pa3eIMMOr0 MOKPBHITHS OTPaHHYCHHOr0 MHOKecTBO E C R™ cemeiicTBOM mMapasieienunenon
{Pk,k € A} (A © N), cpaBHEMBIX, ecii Tonbko P* N P™ e mycro (em. [1],¢. 3).
3ameuanue. B (3) HanmydIias ocToOSHHAS
K ~ (sup K(x;p, Wl))
X

2

Hwuxe 3anuch
Illx —1lim fi = f
OyIer 03HayaTh, YTO MMOCIENOBATEIBHOCTD fi, € X cxomurcs K f1o Hopme ||-||x.
Teopema 2. I1yCTb BBIIOIHEHBI YCIOBUS TEOPEMBI 1, M MYCTh K TOMY XKe€:
1) sup h(x) = sup hs)(x; p,wp) = Ky < o0;

2) pj,pj ! € Ligioc (1 < j < m).

CripaBeIsIBBI YTBEPIKICHUS:

a) W c L,, a umeHHo, Beskas GyHIameHTanbHas 1mo HopMme |||y, mocnenoBarensnocts {uy} € D(=
Cy )umeer

Il — lim[lw || = w. 4)

b) ®yukuus u B (4) umeer 0600IIEHHBIE TIPOMU3BOIHBIE D]-Zu € Ly 10c(1 < j < n), kOHEUHYIO HOPMY
lullwn llw—ugllw = 0  (upuk — o).

Cnenctaue. [lycTs BbImomHEHBI ycioBUs TeopeMsbl 2. Toraa:

a) hopma gB (4) momycKaer 3aMKHYTOE CEKTOPUATIBHOE PACIIUPEHHE ¢, OMPECTICHHOS PABEHCTBOM

qlu, f1= Jim qo [, fi]

na mapeu = ||l —limw,, f =|lly —lim f.

b) [poctpanctBo W = D(q) (cm. [2], VI,8.1.4).
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Ob YCJIOBUAX KOMINAKTHOCTHU KOMMYTATOPA JJISA TIOTEHLHUAJIA PUCCA
B JIOKAJIBHBIX TIPOCTPAHCTBAX THUITA MOPPHU.
Marun JI.T.
Eespa3zutickuii nayuonanvruiti ynusepcumem umenu JI.H.I'ymunesa, Hyp-Cynman, Kazaxcman
E-mail:d.matin@mail.ru

B nanHOll paboTe MOMy4eHBI JOCTATOYHBIE YCIOBUS KOMIIAKTHOCTHM KOMMYTaTtopa JUis
notenuana Pucca [b,a/ B 3TUX MpOCTpaHCTBAX.
Ompenenenne 1. ITycts 0< p,# <0, u mycth W HeOTpHUIATE bHAS, H3MEpHMas QYHKIIHS B

w(")
(0,00) . M1 0603HaUMM Yepe3 LM pg JIOKAIBHOC MPOCTPAHCTBO THITa MOPPH. ITO NPOCTPAHCTBO

loc{pn o o,
Beex pynkmmn f el (R ) C KOHEYHO} KBa3UHOPMOI:

winlfll, (B, n)| (0,00)’

O6o3naunm uepes (2, MHOXeECTBO BcexX (DYHKIMI, KOTOPbIC SBISIOTCS HEOTPHIATEIbHEIMH,

” f ||LM e = ” f ||LM wO(Rn) T

usmepumMbivu Ha (0,00) , He skBHBaNeHTHBIE 0 M TAaKKe, 9TO JUIs HEKOTOporo t > 0
Iw(r)|| < o0,
( ) Lo (t,oo)
Ipocrparcreo LM, HerpumanbHO, TO ecTh cocrouT He TONBKO M3  (yHKIWMIA,

skBuBaneHTHBIX 0 Ha R", Torna u Toneko Torna, korga WE Qg .
B paboTe npuBOIATCS TOCTATOYHBIE YCIOBUS KOMITAKTHOCTH KOMMYTATopa JJis MOTEHIIHaja

Pucca [b, | a] B 0000IIEHHBIX MPOCTPAHCTBAX MOppI/IM;v. Pe3ynbratel 3TOrO mojpasaena ObLIU
onyOiMKoBaHbI B [47, 48, 49].
Hotenuman Pucca |, nopsaxa a(0<a <n) wurpaer BakHYIO polb B TapMOHHYECKOM

aHaJlM3€e U B TEOPUU MOTEHIIUAIOB, H ONPEIEINISAETCS CIEIYIOINUM 00pa3omM
n—o
r
2
" o)
22T —
2

Jns dysxmn be Ll (R") wuepes M, o06o3mauum mympTHIIMKanHOHHEI omepaTop

f(y)

I |n—a

LT =C,, |

=ul

dy,tme C, , =

be :bf , TJIC f- n3MepumMast (I)YHKI_[I/ISI. Tornma KOMMYTATOop JIs1 MNOTCHIHUAJa Pucca Ia u

omneparopa Mb ONpCACIIAICTCS PABCHCTBOM

1 b'la a' Vb n,aRn ‘X—ynia

[Torenmmanam Pucca |a noceseHsl pabotsl [50], [S1].

T'oBopsT, uto hyHKIHS b(X) el (Rn) MPUHAJIEKUT TPOCTPAHCTBY BMO (Rn) , €CIIN
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Ib], = sup = [[p(x)~bo|dx = sup M (b, Q) < =,
QcR" |Q| Q QeR"
rae Q -xy6us R" u b, :ﬁjf(y)dy.
Rn

Yepes VMO(R") o603naunm  BMO -sampikanne mpocrpanctea Cp (R"), rze C;(R")

v 0 n
MHOKECCTBO BCECX q)yHKIII/II/I us3 C (R ) C KOMITaKTHBIM HOCHUTCJIEM.

1 1
Teopema 1. Ilycte 1<p <p,<co, &=N(—-—), mm 1<p <o, 1<p,<c0 U

P P,

1 1 n 1
N(—-—)<a<—,a<n(l-—),0<6,<0,<0,0,<1l,w,eQ g W €Q 5 , HIIYCTE
Py 2 1 2 P P2Y2

r.1

—P— < w0,

—a o (t,0)
Y4,(0,00)

w,(r)—2
(t+r)"™
I LM ™
s Beex t >0, rne ¢>0 wue 3aBucur or {. Torma omeparop |, orpanuuen u3s po B

W
LM P, -

Jlannass paborta ¢unancupyercss Komurerom Hayku MuHHCTEpCcTBa 0Opa3oBaHUS M HAYKH
Pecnyomukm Kazaxcran (rpant NeAP14969523).
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OB YCJIOBUAX NPUHAJIEZXKHOCTHU ITIPOCTPAHCTBY JIOPEHIIA CYMMBbI
PAI0B I1IO CUCTEME YOJIIIIA C MOHOTOHHBIMHA KOY®PUIIUEHTAMHU
Myxaméerkan M.A.L, TyprymoaesM.JK.%, Cyaeiivenosa 3.P!

‘EHY um. JLH.I' ymunesa, Hyp-Cynman, Kazaxcman,
2KapV um. axademuxa E.A.Bykemoea, Kapazcanoa
manshuk-9696 @mail.ru,mentur60@mail.ru,zr_s@mail.ru

[Tycts {Wn(x) 1" y—cucrema Yomma-TIou:

wa(x) = 1, (x)lj(ri (X)€", & = {0,1}.

rze ry(x) -cucrema Panemaxepa [1].
ITycts f - unTerpupyemas Ha [0,1] dynkuus ¢ psagom Oypee-Youma

F()=2a,w,(,
n=0
e q, =I f () w,(t)dt - koappurmentsr Oypre-Yomma
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W3BectHa cnenyromas reopema [1].
Teopema A. JTst Toro 4to0bI psijt z a, W, (x),rne g, 4 0, 6b11 psimom Pypoe-Youma
m=0

nexotopoit pynkimn f € | "[0,1], 1<p<co, HE06X0MMO H JOCTATOUHO, YTOOHI Y P2 Lo
pon oY G

ITycts 1< p, q < . [IpocTpanctBo Jlopenma |_'D q [0,1] oTIpe/ieNsieTcsl Kak MHOYKECTBO

U3MEPUMBIX (QYHKIMH, I KOTOPBIX KOHEYHA HOpMa
11 1/q

1 P q .
IfllL,, =1/, ® £ ®%ty <o,
rnef”- HeBo3pacTaromas nepecraHoBka GyHkumuf.

Juckpetnbie npoctpancTsa Jlopentia I(p,q) onpesesnsercss Kak MHOXECTBO

MOCJIEIOBATETBHOCTEM {an }°° JUISL KOTOPBIX
n=0"

{ak}lp,q = {Zak kq/H} Y 0,1 < p, g<oo,

rae {ak*} - HEBO3PACTAOIIas IIePECTaHOBKA ﬂak‘}'

Teopema 1. ITycts 1 < p, q<co, % +$ = 1.
Iyets g, 4 0. Jlns Toro uro6sr pyuxmms W (X) = Z}io a, W, (x) npuxanexana

MIPOCTPAHCTBY |_p.q [0,1], HEOOXOUMO U JIOCTATOYHO, YTOOBI { k}e I(p,q).

Teopema 2. Ilycts g, 10,1 < p, g<oo, W(x) = z a W, (X).
k=0

Tornaa mjig Toro, 4To0bl {ak}e I(p,q), HEOOXOAUMO M JOCTATOUHO, YTOOBI
1
a9 q/ p' dt
w(t ‘ P v
IO
© -B
O603HaYMM Q2 = {{Xn} XN J O}HpI/I HekoTopoM B > 0} Takue nocie0BaTENLHOCTH

Ha3bIBAIOTCA KBA3MMOHOTOHHBIMH. HYCTL { n} - KBa3UMOHOTOHHAas IIOCJICA0BATCIIbHOCTBD.

o0

(7bin® P
H{ n}”m= sup nl/pbn1q W g <

0<n

Teopema 3. Ilyctb {bn}- KBa3MMOHOTOHHAsI MOCIEA0BaTebHOCTh. Torna ans q = lumeer

H{bn}prq* < o0& H{bn}Hp]q <o,

Teopema 4. ITycts1<p<oo, 1< q < oo, % +§ =1, {bn} - KBQ3UMOHOTOHHAas

MECTO COOTHOIICHHUC!

nocienoBareabHoCTh. O603HaunM W (U) = Zobnw (u). Torma
n
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Amnanoru Teopem 1,2,3,4 11 psiioB 10 TPUTOHOMETPHUYECKUM CUCTEMaM paHee ObLIH
noka3aHsl B [2]. bosiee oOuiee TeopeMsl Ui psAA0B 10 TPUTOHOMETPUUECKUM CUCTEMAM JI0Ka3aHbl B

[3].

< oo
P.q )
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MVYJbTUIIVIMKATOPBI KPATHBIX PSAJIOB ®YPHE-XAAPA B AHU3OTPOIIHBIX
MNPOCTPAHCTBAX JIOPEHIIA
Taeyxanosa H.T.! Bammposa A.H.2
1Espa3zutickuii HayuouanvHulil yHugepcumem umenu JI.H.I ymunesa, Hyp-Cynrman, Kazaxcman
2Uncmumym mamemamuky u Mmamemamu4ecko2o mooenuposanus, Aamamsi, Kazaxcman
E-mail: tleukhanova@rambler.ru, anar_bashirova@mail.ru

AnHoTanusa. MccnenoBaHbl MyJIBTUIUIMKATOPBI JIBOWHBIX psAnoB Pypre-Xaapa B aHH30TPOIHBIX
npocTtpanctBax Jlopenna. [losydeHsl HEOOXOAMMBIE M JOCTATOYHBIC YCJIOBHS I TOTO YTOOBI

_ (qJ1)2
MOCIIEIOBATEILHOCTh A = {Aklkz} MIpUHAa/JIeKaa Kaccy MyJIbTUILTUKaTOPOB M (Lﬁ,r- - Lq‘s—).

[Tycts X, Y- mpoctpancTBa QyHKIWMIA, onpeneneHHbIX Ha oTpeske [0,1], Takux, utoX < L;. Ilyctb
{@y}- monnas opronopmuposannas cucrema. Ilycts GyHkiuu f € XcoorsercTByeT ee pag Dypwe
1o gaHHoM cucreme {@y}

o]

f~ Z Ak Pk,

k=1
rae  ag- kodpduuuentsl Dypbe ¢(ydkuumu frno cucreme {@,}. Byaem roBopuTh, uTO
HOCIIEI0BATENLHOCT KOMIUIEKCHBIX ducel A = {A; }xey ABISETCA MYIBTUILIMKATOPOM PSIIOB
®ypee 1o cucreme {@,} u3 npocrpancrsa XB npocrpancTtso Y, ecnu 1 ¢yukiuu f € Xc psagom
dypbe

o]

Z Py

k=1
Hangerca pynkuus f, € Y, psg @ypbe KOTOPOH COBMANAET C PSAOM
o0

Z Ak Qi Qi
k=1

u onepatop Af = f,sBigercs orpanryeHHBIM onepatopoM u3 XB Y.
MmuosxkectBo m(X — Y) Bcex onpeeseHHbIX TaKMM 00pa3soM MYJIbTUILTHKATOPOB SBIISETCS
NTMHEHHBIM HOPMHPOBAHHEIM HPOCTPAHCTBOM € HOPMOH ||| xoyy = [[Allxoy-

PaCCMOTpI/IM noCIaca0BaTCIbHOCTDb A= {A{‘}(kj)&()’ Bceskas mocinegoBaTelnbHOCTH AnopomnaeT

oneparop /1, KOTOpLIfI Ha IMOJJMHOMAX I10 CUCTEME Xaapa ONPpCALCIIACTCA CICAYIOIHUM O6p3.30M:

A izzai(f)x,{(x) = izzaia,{ X1 (0.
k=0 j=1 k=0 j=1
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HccnenoBannio MylIbTUIUIMKATOPOB psiioB DPypbe mo cucreMe Xaapa B OJHOMEPHOM cCllydae
MOCBsIICHB! paboThI [1-9]. Bonpoc 0 MynpTHILIHKaTOpax KpaTHBIX psaoB Dypbe-Xaapa ocTaBaics
OTKPBITBIM.
Lenbro Hamiel pabOTHI ABISETCS UCCIIEAOBaHNE MYJIbTUIUIMKATOPOB JABOMHBIX psoB Pypbe-Xaapa
B aHU30TPOIHBIX MpocTpaHcTBax Jlopenua.
[Tycts fuzmepumast GyHKIUS, TPUHUMAIOIAS TOYTH BCIOTy KOHEUHBIC 3HAUCHUS:

m(o, f) = u({x:x € [0,1],|f] > o})
e Qpynkuus pacupeneneHust. OyHKIUs:

f*@) =inflo:m(o,f)<t}, t>0
Ha3bIBACTCSl HEBO3PACTAIOIICH MEPECTAaHOBKOM (DyHKINH f .
Iycts f(xq1,X;) - usmepumas Ha [0,1]% Qynxums, uepes f*1*2(ty,t,) o6o3nauuM QyHKIMIO,
MOJIYYCHHYI0 ~ NPUMCHCHHEM  HEBO3pACTalomiel  mepecTaHoBKM K ¢yHkmud  f(xq,X;)
MOCIIEIOBATEIHHO 110 TIEPEMEHHBIM X1, X 5.
[yctep = (p1,Pp2), T = (14, T,) Takme, uro ecau 0 < p; < o0, 70 0 < 13 < 00, €CAUP; = 0, TO U Tj =
o, i=1,2. AHM30TponHBIM mpocTpaHcTBOM JlopeHna Lm[O,l]z[lO] HA30BEM MHOKECTBO
GyHKIUH, IUTS KOTOPBIX KOHEYHA BETMYMHA!

1

o kS
1/ 1 T 2

11 Tt | dt,
g0 ={ [ { [ (tzpztlmf*l*z<t1,tz>> dh)

=1 t;
0o \0

1
1 dt\*
31ech 1 fanee, KOraat = oo, HHTErpa ( ) o (([)(t))TT)THOHI/IMaeTCSI Kax sup ¢(t).
t>0
Torza BepHa ciieyromias Teopema.

_ _ 1 1 1 1 1 ,
Teopema 1. Ilycth 1 < p< g <0, 0<7,§<® ' (S—l—r—l)+—max{s—i—r—i,0},1—1,2.
/1]1]2

Torﬂa IIOCJICIOBATCIIBHOCTh KOMIIJICKCHBIX YU CECJII /1 = { klkz}(k ) SABJIICTCA MYJIbTUIINIMKATOPOM
iJi)en

u3 L; [0,1]%8 L; 5[0,1]?Torza 1 Toneko Torma, Koraa
1
2\ &
&1\ & 2
| & /OO 11 11 . \ |
| Z Z 2k1(P1 Q1)+k2(P2 QZ) sup |A]1]2|
e Tkaks
\k2=0 \k]_:O 1S]i52 t /
i=1,2

U BEPHO
1

/ / 51\%\52
AN EE A

\ 1<~°}u<z;kl| o /
k,=0 \ k1=0 =Ji=
\ 2 1 i=1,2 /

3nech M Janee B ciyyae, Korjga &; = 400, COOTBETCTBYIOIIas CyMMa B BBIPKCHMU CIpaBa
3aMeHseTCs Ha CYIPEMYM.

Pabota BBINOJIHEHA npu HOJIEPIKKE MunucTepcTBa o0Opa3oBaHUs u
Hayku Pecniyonuku Kazaxcran, rpant AP14870361.

”Mlm(l,—— [0,1]% -Lgsl[0, 1]?
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JUOOEPEHIHUAJIABIK TEHAEYJIEP )KOHE OJIAP/JbIH KOJIIAHBIJTYbI
JUOOEPEHIHUAJIBHBIE YPABHEHUSA U UX ITPUJIOKEHU A
DIFFERENTIAL EQUATIONNS AND THEIR APPLICATIONS

ON SOLVABILITY OF A NONLOCAL BOUNDARY VALUE PROBLEM
Abdikalikova G.A.
K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
E-mail: agalliya@mail.ru

We consider the nonlocal boundary value problem with integral condition on
Q={x1):t<x<t+w0<t<T},T >0, w>0 for the system of partial differential equations

D[%u}=A(x,t)Z—i+S(x,t)u+ f(x,t), ueR", 1)
B(x )gi (%,0)+ C(x )Z;J((x+T,T)+]K(x,s)Z—i(x,s)ds:d(x), @

u(t,t)=w(t), teloT]. ©)

Here u(x,t)=col(u,(x,t),u,(x,t)...,u,(xt)) is unknown function; D:§+§; (nxn) are

matrices A(x,t), S(x,t), K(x,t), n is vector-function f(x,t), (nxn) are matrices B(x), C(x), n
is vector-function d(x) continued and is function P(t) is continuously differentiable on Q, [0,a],
[0, T] accordingly.

Let C(ﬁ, R”) be a space of functionsu : Q — R", are continuous onQ, with norm

Jully = mexcuCx, ) 1A = mex [AGx.t) = ”ﬂX”HXZl\au(XJI'||d||1—ma><||d( X, ¥, = mex ¥ ()]

x)eQ i1 xe[0,0] 2 te[OT]
In the present work are investigated a questions of solvability to wide extent of the boundary
value problem with integral condition (1)-(3).

XteQ

Used the work's idea [1]-[4] introduce new unknown functions v(x,t):Z—u(x,t) and
X

investigation problem is reduced to the equivalent problem for the system of hyperbolic first-order
equations

Dv = A(xtlv+S(x,tlu+ f(xt), (xt)eQ, veR" (4)
B(xV(x,0)+ C(xV(x+T,T +]K (x, s V(x,s)ds = d(x), (5)
+ijtdn, te[O,T]. (6)

A pair (v(x,t),u(x,1)) of continuous functions on Q is called a solution to boundary problem
for the system of hyperbolic first-order equations (4)-(6) to wide extent of Friedrichs if the function
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v(x,t)ec(ﬁ, R") has a continuous derivative with respect to t along characteristic and satisfies
family of ordinary differential equations, and condition (5), in which the functions u(x,t) and
v(x,t) by the functional relation (6).

Using method of the characteristic receive inthe H = {(£,7):0<E<w,0<7<T}, T>0, 0>0
boundary value problem for the ordinary differential equations:

g A4S i)+ T (5D, reloT], ()
B(SN(£,0)+CN(&T) +] K& ol(go)dr=d(g) ¢eloa)], 8)
3= %)+ [T e, celoT] ©)

For the finding solution of boundary value problem (7)-(9), an algorithm is offered.

Step-0: in (7) accepting 0(&,7)="¥(z), and solved boundary value problem (7)-(8) we shall
define initial approachvV®(&, 7). Using the V(&,7)=V®(&,7) from correlation (9) finding T® (&, 7).

Step-1: we shall take in right part (7) G(&,7)=0(&,7), and solving boundary value problem
(7)-(8) we shall define initial approximation V%(&,7). Substituting in (9) the function V®(&,7)

found, finding T(Z, 7).

And so on.

On step- & : continuing this process we shall get( (&) aW(eg, 2'))

On each step of the offered algorithm using the parameterization method [1].

By fixed U(é,r), e [0, a)] the problem (7)-(8) will be to family two points of boundary value
problem for the ordinary differential equations

To family two points of boundary value problem for the ordinary differential equations using
the parameterization method.

Theorem. Let the functionT(&,7), & € [0, ] be fixed and the family of two-point boundary
value problem (7)-(8) for differential equations is solvable. Then following approximate
( (& 7). T (e, r)) converges to the unique solution of the problem (7)-(9) and nonlocal boundary
value problem (1)-(3) there is solvability in the wide extent.
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Leth>0and T, ={a,a+h,a+2h,.}, VaeR.[1-2].

Definitionl.Let f : T, — R. Then the h-derivative of the function f = f (t) has the form and is
defined as

T,

a’

D, f(t):= f(gh(t)h)_f(t), te

where d,, (t) =t+h.
The h-integral (or the h-difference sum) is given by

x/h-1

[f)d,t="3 fknh xeT,.

k=a/h

Definition 2.Let t,a € R. Then the h-fractional function t\* is defined as

F(;+lj
tf(]a) — ha

F(t+l—aj
h

where I" is the gamma function of Euler, % ¢{-1,-2,-3,...} and we use the convention that division

at the pole gives zero. Notice that

lim t{* =t*.
h—0

Definition 3.(Foundamentaltheroem h-calculus) If F(x) is an h-antidereivetive of f (x) is
continusat x =0, we get

for a,beT,.
The Bessel differential equation. We consider the h-difference equation in the following form:

t7Dry(t - 2h)+ D, y(t - h)+ P y(t - 2h) - vy(t) =0 1)

which is the equation (1) is called the h-Bessel equation of the indicator in v, where Vv is a real
number.This equation has a special point t =0 (the coefficient at the highest derivative in (1)
vanishes att =0).

Theorem 1.Let v<0. Then there is a particular solution to equation (1), given by a uniformly
convergent series
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1y
J (t)=
o) kZ(; KIT(v +k +1)2"%

which is the solution of the Bessel equation and is called the Bessel function of the first kind v -th
order.

The h-Bessel operator: In this article, we consider a discrete analogue of the Bessel operator,
wherethe h-Bessel operator has in the following form:

v 1
=0 ot 2 |

h

In addition, B, is a linear operator, that is

B,(ay+ /) =aB,(y)+B,(f), vy, fel (ab)

Theorem 4.(Orthogonality of eigenfunctions). Let(4,y) and (A, y)two pairs of
eigenvaluesand eigenfunctions, and 4, # A4,. Then, for both regular and periodic problems, the
correspondingeigenfunctions y(t) and f(t)are orthogonal with weight r
(therefore(y(t), f (t)) =0).

This research is funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP08052208).
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ON THE NON-LOCAL PROBLEMS FOR A BARENBLATT - ZHELTOV -
KOCHINATYPE TIME-FRACTIONAL EQUATIONS WITH HILFER DERIVATIVE
Ashurov R.R., Fayziev Yu.E.?, Tokhtaeva N.3, Khushvaktov N.Kh.*
Ynstitute of Mathematics, the Academy of Sciences of the Uzbekistan, Tashkent, Uzbekistan
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Let H be a separable Hilbert space and A:H —H be an arbitrary unbounded positive
selfadjoint operator inH. Suppose that A has a complete in Hsystem of orthonormal eigenfunctions
{v, } and a countable set of positive eigenvalues A, . It is convenient to assume that the eigenvalues

do not decrease as their number increases, i.e. 0< 4 <A, — 4.
Letae(0,1), pel0l]and a function h(t)be defined on [0,).The the Riemann-
Liouvillefractional integrals [1]of order y function h(t) has the form
1 t

Jah(t)= @(‘) (t-

t)% *h(t)dt .

The Hilfer derivative [2] defined as
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D%# § (t) = JAA-a) i‘] 1-p)-a) 5 (t).
dt

Consider the following problem
D*fu(t)+ A(Du(t))+ Au(t)=f,  O0<t<T;

I, = im It )+, 0<£<T,

where ¢, f e H and &is fixed point. These problems are also called the forward problems.

In this paper, we prove the existence and uniqueness of a solution to the forwardproblem (1).
Moreover, we study the inverse problem of finding the right side of the equation. For this, we
need an additional condition and as an additional condition, we will get the following condition:

u(z)=¥, 0<z<T, (2)
where 7 — a fixed point.In this case, the functionfdoes not depend on t.
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SOLITARY AND PERIODIC WAVE SOLUTIONS OF THE LOADED NON-LINEAR
KLEIN-GORDON EQUATION
Babajanov B.A. !, Abdikarimov F.B.?
1Urgench State University, Urgench, Uzbekistan
2Khorezm Mamun Academy, Khiva, Uzbekistan
E-mail: a.murod@mail.ru; goodluck_0714@mail.ru

The Klein-Gordon (KG) equation is a valuable class of the PDEs, and it first appeared in the
relativistic quantum mechanics and field theory, which is highly significant for the high energy
physicist [1, 2, 3], and it is applied for the modeling of different phenomena, including the
propagation of dislocations in crystals and the behavior of elementary particles.

This equation is expressed in the following basic form

U, —U, —u, =a(u). (1)

The KG equation most probably first arose in a mathematical context with a(u) =e" in the
theory of constant surfaces in Liouville’s work. The KG equation with cubic non-linearity
a(u) = u® —u has been used in [4].

It should be noted that many methods have been developed to find special solutions of general
forms of nonlinear KG equation (1) by several authors [5, 6].

In recent years, due to the intensive study of the problems of optimal management of the
agroecosystem for instance, the problem of long-term forecasting and regulation of groundwater
levels and soil moisture interest in loaded equations has increased significantly. Among the works
devoted to loaded equations, one should especially note the works of A. Kneser [7], L. Lichtenstein
[8], A. M. Nakhushev [9] and others. A full explanation of solutions of the non-linear loaded PDE
and their applications can be found in the articles [10, 11, 12].

84


https://doi.org/10.3390/fractalfract6010041
mailto:a.murod@mail.ru
mailto:goodluck_0714@mail.ru

In this paper, we consider the following non-linear loaded KG equation and non-linear loaded
coupled KG equation with variable coefficients
Uy —U, — U, +b(u) =0, (2)

{uxx +U,, — Uy —U+20° +2uv + o(t)u(0,0,t)u =0

(3)
V, +V, =V, —4uu, +o(t)v(0,0,t)v, =0,

where b(u) =au+ Bu" + ¥(t)u(0,0,t)u, u(x, y,t)and v(x,y,t)are unknown functions, and v(X,y,t)
is a scalar field; n=2,3,xeR, yeR, t>0, « and f are any constants, y(t) and¢(t)are the

given real continuous functions.

We construct exact travelling wave solutions of (2) and (3), that is the exact solutions of these
equations including solitary wave solutions and periodic wave solutions are obtained by the
functional variable method when these equations contains variable coefficients. All solutions of the
loaded KG equation and the loaded coupled KG equation have been examined and three
dimensional graphics of the obtained solutions have been drawn by using the Matlab software. The
main advantage of the proposed functional variable method over other methods is that it provides
more new exact traveling wave solutions along with additional free parameters when the equation
contains variable coefficients.

The graphical representations of the soliton solutions and the periodic wave solutions by using
distinct values of random parameter are demonstrated to betterunderstand their physical features.
The exact solutions have its great importance to reveal the internal mechanism of the physical
phenomena. Apart from the physical relevance, the close-form solutions of nonlinear evolution
equations facilitate the numerical solvers to compare the accuracy of their results and help them in
the stability analysis.
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Babajanov B.A., Azamatov A.Sh.
1Urgench State University, Urgench, Uzbekistan.
E-mail:a.murod@mail.ru, azizbek.shavkatovich@gmail.com

Nonlinear evolution equations are widely used as models to describe complex physical
phenomena in various fields of sciences, especially in fluid mechanics, solid-state physics, plasma
physics and biology. In [1], D.J. Kaup proved that the nonlinear system of equations

n. = (Dxx +ﬂ2(Dxxx _‘9'(q)x77)x

1)
n==o, +%5~(1)i

is completely integrable. This system was first derived by Boussinesq in the theory of wave
propagation in shallow water [2] and therefore it is called the Kaup-Boussinesq system. One of the
basic physical problems for this model is to obtain their soliton solutions. In [3], multisoliton
solutions were found, and the asymptotic behavior of these solutions was investigated. In papers [4,
5], real finite-zone regular solutions of the Kaup-Boussinesq system are studied. In [6], the Kaup
system with self-consistent sources is studied by means of the inverse problem for the quadratic
pencil of Sturm-Liouville equations.

In recent years, in connection with intensive research of problems optimalmanagement of the
agroecosystem, for example, the problem of long-termforecasting and regulation of the level of
groundwater and soil moisture, therehas been a significant increase in interest in loaded equations.
Among the works devoted to loaded equations, one should especially note the works of A. Kneser
[7], L. Lichtenstein [8], A. M. Nakhushev [9], and others. It is known that the loaded differential
equations contain some of the traces of an unknown function.

In this work, we consider the following loaded Kaup-Boussinesq type system

V, -V, —6uu,  —18uu_+6vv +24vuu, +6v u’ = u(t)v(0,t)u(0,t)v,, @
u —u, +6vu, +6vu+30uu’=(t)Vv(0,t)u(0t)u,

under initial condition
VD), = Vo (X), u(X,t)|_, =Us(x), x el . (3)
where x(t) are given arbitrary continuous function and the functions v,(x), u,(x) satisfy the
following conditions:
Q) U, (x) is absolutely continuous on each finite segment [a,ﬁ] C (—oo,oo) and the
inequalities hold

[0 Tdx <o, @ X DTV () |+ U5 () [ldx < oo, 3)

(i) the operator generated by the differential expression
2

T(0,k) = —%+vo(x)+2kuo(x)—k2

has exactly 2N simple eigenvalues k, (0), k, (0),...,k, (0) .

The main aim of this work is to derive representations for the solutions $v(x,t)$ and $u(x,t)$ of
the Cauchy problem (2)-(3) within the inverse scattering method for the quadratic pencil of Sturm-
Liouville operators:

T(t,K)y=—y"+v(x,t)y+2ku(x,t)y—k?’y =0, x el
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ON THE PERIODIC CAMASSA - HOLM EQUATION WITH A SOURCE
Babajanov B.A., Atajonov D.O.
Urgench State University, Urgench, Uzbekistan
E-mail: a.murod@mail.ru, diwa_4848@mail.ru

We consider the Camassa — Holm (CH) equation with a self-consistent source
U, — Uy, =UU,, +2u.U, —3uu, +iak t)s(7, A, t)a, (X t)w? (X, A4.t)+2q (x,t)(x//2 (X, A t)) (1)
k=0

in the class of real-valued - periodic on the spatial variable xfunction u=u(x,t)which satisfy
the regularity of assumption u e C} (t>0)NC/(t >0)NC(t >0) with the initial condition

u(x,0) =uy(x),xeR, (2
where q(x,t):u(x,t)—uxx(x,t) and uo(x)eC3(R) is the given real-valued ~- periodic function
and (X, A,t)are the Floguet solution (normalized by the condition (0, 4,t)=1 of the weighted
Sturm-Liouville equation.

y”:%y+/1q(x,t)y, x e R. (3)

Here 4, is zeros of the function A?(1)—4, where A(1)=c(z, A,t)+s (7, A,t). We denote
by c(x,A,t) and s(x,A,t) the solutions of equation (3) satisfying the initial conditions
c(0,4,t)=1c'(0,4,t)=0and s(0,4,t)=0, s (0,4,t)=1respectively. In system (1), the functions
2, (t), kez, can be chosen freely within the class of real-valued continuousfunctions having

. . 1 - . .
uniform asymptotic decay ¢, = O[Fj k — +o0, thus providing uniform convergence of the series
in equation (1).

The aim of this work is to provide a procedure for constructing the solution u(x,t), (X, 4t)

of problem (1)-(3) using the inverse spectral theory for the weighted Sturm-Liouville equation (3).
For a discussion of integration of the CH equation we refer to works [1-4]. With regard to their
applications we refer to works [5-6].
In [7], the CH equation with a self-consistent source was constructed and investigated using the
Darboux transformation. In [8], the CH equation with a self-consistent source was integrated by the
method of inverse scattering theory.
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The main result of the paper is stated in the theorem below.

Theorem 1. Let u(x,t)and w(x,4,,t) be solution of the problem (1)-(3). Then the spectrum of
the problem (3) does not depend on t, and the spectral parameters & =¢ (t), o, =0, (t), n>1
satisfy the analogue of the system of Dubrovin equations

1181 131 & Sa®s(m Alt)
5“‘{%; 2,-_1;+4KZ 2 &= }“(f)’

where

The sign o, (t) =x1changes at each collision of the point &, (t) with the boundaries of its gap
[4,,1, 4] Moreover, the following initial conditions are fulfilled:

fn(t)L:0 = r?, an(t)|t:0 =Gr?, n>1,
where £°, o, n>1 are the spectral parameters of the weighted Sturm-Liouville equations (3)

corresponding to the coefficients g, (x) =u(x,0)—u, (x,0)<0.
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INTEGRATION OF THE FINITE COMPLEX TODA CHAIN WITH A SELF-
CONSISTENT SOURCE
Babajanov B.A.,Ruzmetov M.M.  Yakubov H.E.
1Urgench State University, Urgench, Uzbekistan.
E-mail:a.murod@mail.ru, rmurod2002@gmail.com, yakubov0404@mail.ru

The finite Toda lattice is a nonlinear Hamiltonian system which describes the motion of N
particles moving in a straight line, with “exponential interactions”[1]. A huge number of papers has
been devoted to the investigation of the Toda lattices and their various generalizations, from which
we indicate here only [2, 3]. With regard to their applications we refer to works [4, 5].

We consider the following system of equations

88


mailto:a.murod@mail.ru
mailto:rmurod2002@gmail.com
mailto:yakubov0404@mail.ru

8, = a,(0, ~b,.)+8, (61 ~(g1.)?),

i=1

. N . . .
bn = 2(aj—l - arf) - 22 ng1 (an g:1+1 - an—lgrl1—1)’ (1)

i=1

a g, +bg‘+agr, =49 k=1.,N,n=01..,N-1

with the boundary conditions
a,;=ay, = 0. 2)
The system (1),(2) is considered subject to the initial conditions

a (0)=a’, b (0)=b®,n=0,1,..,N -1, 3)

where a’, b° are given complex numbers such that a’ #0 (n=0,1,...,N-2),a}_, =0.
The main aim of this work is to derive representations for the solutionsa,(t),b,(t),
0. (1), 92(@),....,a9) (1), n=0,1,...,N =1 of the finite complex Toda lattice (1) with a self-consistent

source by means of the inverse spectral problem for the complex Jacobi matrices. For this goal
spectral data of the complex Jacobi matrices are introduced and an inverse spectral problem from
the spectral data is solved. The time evolution of the spectral data for the Jacobi matrix associated
with the solution of the Toda lattice is computed. Using the solution of the inverse spectral problem
with respect to the time-dependent spectral data we reconstruct the time-dependent Jacobi matrix
and hence the desired solution of the finite complex Toda lattice with self-consistent source.
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A PROBLEM FOR LOADED DIFFERENTIAL EQUATIONS WITH PIECEWISE
CONSTANT ARGUMENT OF GENERALIZED TYPE
Bakirova E.A.}2, Kadirbayeva Zh.M.?
nstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Kazakh National Women's Teacher Training University,Almaty, Kazakhstan
3International Information Technology University, Almaty, Kazakhstan

E-mail: bakiroval974@mail.ru, zhkadirbayeva@gmail.com

We consider the following linear three-point boundary-value problem for the system of loaded
differential equations with piecewise constant argument of generalized type:

2 = Ap(Ox + K(Ox((1) + T A(Dx(0,1) + £, t € (0,T),(1)

at
Bx(0) + Dx(6;) + Cx(T) =d, d€R"™, xE€ER" (2

where (n x n)-matrices A;(t), (j = 0,m + 1), K(t)are continuous on [0, T],and n-vector-function
f(t) is piecewise continuous on [0, T] with possible discontinuities of the first kind at the points
89


mailto:bakirova1974@mail.ru
mailto:zhkadirbayeva@gmail.com

t=20;, i =1,m;B,C and Dare constant (n X n)-matrices,and 0 = 0y, < 0; < - < O, < Oppyq =
T, llxll = max|x;|.

The argument y(t) is a step function defined as y(t) = ¢,_,if t € [0,_1,6;), i =1, m+ 1;
0,1 <é_;<@foralli=1,m+ 1;where0 =0, <0, < <6, <0,,,=T.

A functionx(t) is called a solution to problem (1), (2) if:

(i) x(t)is continuous on[0, T];

(i) x(t)is differentiable on [0, T]with the possible exception of the points 6;, j = 0,m, where
the one-sided derivatives exist;

(iii) x(t)satisfies(1) on each interval (8,_4,6;), i = 1,m + 1; at the points 6;, j = 0,m, Eq.
(1) is satisfied by the right-hand derivatives of x(t);

(iv) x(t)satisfies the boundary condition (2).

Boundary-value problems for differential equations with piecewise constant argument have
been under intensive investigation of researchers in mathematics, biology, engineering, and other
fields for the last 30 years [1-3]. Many problems for loaded differential equations and methods for
solving them were investigated in [4-8] and the references therewith.

Main goal in this paper is to extend the Dzhumabaev parametrization method [9] to loaded
differential equations with piecewise constant argument of generalized type. For this purpose, we
have developed computational method solving a boundary-value problem for loaded differential
equations with piecewise constant argument of generalized type.

This research is funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP08855726).
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INTEGRATION OF THE LOADED SINE-GORDON EQUATION WITH SOURCE OF
THE INTEGRAL TYPE.
!Baltaeva I., 2Khajibaeva S., Otaboyeva D.
Urgench State University
E-mail: tiroda-b@mail.ru, 2surayyo.khajiboyeva@mail.ru

The sine-Gordon equation arises in applications as diverse as the description of surfaces of
constant mean curvature.

In the work [1],[2] were shown that the sine-Gordon equation with a self-consistent source and
loaded sine-Gordon equation with a self-consistent source can be solved using the inverse scattering
problem method.
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In this paper, we are consider the system of equations

{uxt =sin U+ (00, 000, + | (67 ¢ bt 0
L(t)p=n¢
with the initial condition
u(x,0)=u,(x), xeR, (2
where y(t)— given continuous function,
d
L@ﬂﬂf 2
2 dx
The initial function u, (X) ( — 0 < X< ) has the following properties:
1. U, (X)=0(mod 27) at X — oo;
7+ [y 0] +]us 00 i <0
2. The operator L(0) has not spectral singularities and in the upper half of the comlex plane it has

N simple eigenvalues £ (0),£,(0),...,&, (0) lying in the upper semi-plane of the complex plane.

In the problem, the vector function ¢ = (¢1(X,77,t),¢2(X,77,t))T is the solution of the system of equations
L(t)¢ =n¢ determined by the asymtotics
exp(—inx)
¢ —>M(n.1) .
exp(inXx)
Where M (7,t)- is a initially given continous function that satisfies the conditions

. 2
M(-7.)=M@7.0), [ [M(m.t)| dn <o 3)
for all non-negative values of t.
The solution u(x,t) of problem (1)-(3) is sought for a class of functions that have sufficient
smoothness and rather quickly tends to its limits at x — to,
u(x,t) = 0(mod 27), [x| — oo;

[ (@, 6B+ O, )k < o0

Equation (1) refers to the class of so-called loaded equations[2].
In this work, we obtained representations for the solutions u(X,t),#(x,7,t) of problem (1)-(4) with in

the framework of the inverse scattering problem method for the operator L(t).

j, at X > o

(4)
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FORWARD AND INVERSE PROBLEMS FOR THE BARENBLATT-ZHELTOV-
KOCHINA TYPE EQUATION WITH THE INITIAL CONDITION GIVEN BY A
FRACTIONAL DERIVATIVE

Fayziev Yu.E.
National University of Uzbekistan, Tashkent, Uzbekistan
E-mail: fayziev.yusuf@mail.ru

Let H be a separable Hilbert space and A:H —H be an arbitrary unbounded positive
selfadjoint operator inH. We assume that A has compact inverse A™. Let 4 andv, be the
eigenvalues and corresponding eigenfunctions of A:

AV = AV
where 0< 4 < 4, -+ — +o0 and thedomain of this operator has the form

D(A)={heH kﬁ;&f Ih [P< ac}.

Consider the following problem
{ut )+ AU () +Aut)=0, O<t<T; O

B/u(+0) = ¢,

where ¢ € H . These problems are also called the forward problems.
The initial condition is defined by B/ . In particular, initial conditions can be given through the

one-sided Marchaud, Grunwald-Letnikov or Liouville-Weyl fractional derivatives. Note B/
satisfies the following property

B/e™ =a%e™, t>0, a>0. (2)
This formula played an essential used in our paper here.

In this paper, we prove the existence and uniqueness of a solution to the forwardproblem (1).
Theorem 1. Let ¢ € D(A). Then there exists a unique solution of the forward problem (1) and

it has the representation
u(t) = zﬂpe—ﬂktvk , ©)
k=1 Hj

jkﬂ« andg, = (o, V).

where g4 = 1

Moreover, we study the inverse problem of finding the initial conditions of the problem (1). For
this, we need an additional condition and as an additional condition, we will get the following
condition:

u(z) =¥, 0<7z<T, 4)
where 7 — a fixed point.

Theorem 2. Let ¢, ¥ € D(A). Then the inverse problem (1), (4) has a unique solution

{u(t), @} and this solution has the following form

u)=> ﬂp e Ay, , ®)
k=1 Hj
where
@ =Y e,
and

9=V, ule"v, . (6)
k=1
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ON STABILIZATION PROBLEM FOR A LOADED HEAT EQUATION:
THE TWO-DIMENSIONAL CASE

Imanberdiyev K.B.**, Ayazbayeva A.M.?
' Al-Farabi Kazakh National University, Almaty, Kazakhstan

? Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: kanzharbek75ikb@gmail.com

Introduction. One of the important properties that characterize the behavior of solutions of
boundary value problems for differential equations is stabilization, which has a direct relationship
with the problems of controllability. The problems of solvability of stabilization problems of two-
dimensional loaded equations of parabolic type with the help of feedback control given on the
boundary of the region are investigated in the paper. These equations have numerous applications in
the study of inverse problems for differential equations. The problem consists in the choice of
boundary conditions (controls), so that the solution of the boundary value problem tends to a given
stationary solution at a certain speed at t — oo. This requires that the control is feedback, i.e. that it
responds to unintended fluctuations in the system, suppressing the results of their impact on the
stabilized solution. The spectral properties of the loaded two-dimensional Laplace operator, which
are used to solve the initial stabilization problem, are also studied. The paper presents an algorithm
for solving the stabilization problem, which consists of constructively implemented stages. The idea
of reducing the stabilization problem for a parabolic equation by means of boundary controls to the
solution of an auxiliary boundary value problem in the extended domain of independent variables
belongs to A.V. Fursikov [1]. At the same time, recently, the so-called loaded differential equations
are actively used in problems of mathematical modeling and control of nonlocal dynamical systems.

Statement of the problem. Let Q ={X,y: -2 < X,y < 412} be a domain with a boundary éQ

. In the cylinder Q =Qx{t >0} with lateral surface X =0Qx{t>0} we consider the boundary
value problem for the loaded heat equation

u, —Au+au(0, y,t) + pu(x,0,t) =0, {x,y,t}Q, Q)
U(X1 y,O) = UO(X’ y)i {X1 y} € Q’ (2)
u(x,y,t) = p(x,y,t), {x,y,tex, €©)

where «,feC are given (in general case are complex) bounded constants, u,(x,y) is given
function. The aim is to find a function p(X,y,t) such that a solution of the boundary value problem
(1)—(3) satisfies the inequality
Jlu(x, y,t)||L2(Q) <C,e™, >0, t>0. (4)
Note that here o is a given constant and C, is an arbitrary bounded constant.

Equation (1) is called a loaded equation [2,3]. We note that problem (1)—(4) with a single load
point was studied in [4], andwith a two-dimensional cases was studied in [5-7].
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Auxiliary boundary value problem (BVP). Let Q ={X,y:-7z<X,y<z} and

Q =, x{t>0}.
z, -Az+0z(0,y,t)+ pz(x,0,t) =0, {X,y,t}<Q,, 5)
z(x,¥,0) = z,(x,y), {X, y}eQ,, (6)

Olo(myt) L "2 YY) e (o ke > 0p,

o o
812(2;/77[,1:) — ajz(a);)jﬂ'lt) ’ {X,t}E (—72',72'))({1: > 0}, J =0,1. (7)

The problem is to find an initial function z,(x,y) such that a solution of the BVP (5)—(7)
satisfies the inequality
|z(x, y,t)||L2(Ql) <C,e™, o>0, t>0. (8)

We recall, as we indicated above, that here o is a given constant and C, is an arbitrary

bounded constant.
We will define the function z,(x,y) as a continuation of the function u,(x,y), which was

given in the original domain Q. Thus in the auxiliary boundary value problem (5)—(7) it is needed
to find the function z,(x,y) onthe square Q,, so that the requirement (8) is satisfied for a solution

z(x,y,t) of the problem (5)—(7). In this case the condition (4) holds for restriction u(x,y,t) of
z(x,y,t) too and a required boundary control p(x,y,t), {x, y}eX is defined as trace of function
z(x,y,t) for {x,y,t}e=.
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A NONLOCAL PROBLEM FOR ESSENTIALLY LOADED DIFFERENTIAL
EQUATIONS WITH INTEGRAL CONDITIONS
Kadirbayeva Zh.M.,}?Bakirova E.A.}?
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We consider the following linear boundary value problem for systems of essentially loaded
differential equations with integral conditions:
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dx

= = Ao(O)x + X2, A;(0Ox(0;) + X2, My (D)%(8) + f(©), ¢t €(0,T),(1)

dat
DNl i Bi(x()dt=d, dER", x€R, (2
-

where (n x n)-matrices A (t), (k =0,m),M;(t), (i = 1,m),B;(t), (j = 0,m + 1),and n-vector-
function f(t)are continuous on [0,T];and 0 = 6, < 6; < -+ < 0., < Oy =T, |lx|| = mfl_Xlxil-
1=1,n

Let C([0,T], R™) denote the space of continuous functionsx: [0, T] — R™ with the norm

X = max |[x(t)||.
Ixlly = max X

A solution to problem (1), (2) is a continuously differentiable on (0,T) function x(t) €
C([0,T], R™)satisfying the system of essentially loaded differential equations (1) and the integral
conditions (2).

In recent years the theory of problems for loaded differential equations has been advanced.
Various important problems of mathematical physics and mathematical biology lead to boundary
value problems for loaded differential equations [1, 2]. Different problems for loaded differential
equations with integral conditions and methods for finding their solutions are considered in [3-6].

In this paper we use the approach offered in [7-9] to solve the boundary value problem for
systems of essentially loaded differential equations with integral conditions (1), (2). This approach
based on the algorithms of the Dzhumabaev parameterization method [10] and numerical methods
for solving Cauchy problems for ordinary differential equations.Dzhumabaev parameterization
method was previously developed for boundary value problems for loaded differential equations
[6]. Conditions for the unique solvability of the investigating problems were established and
algorithms for finding approximate solutions were constructed [7].

This research is funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP09258829).
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A GENERALIZED (G'/G)- EXPANSION METHOD FOR THE LOADED MODIFIED
BURGERS-KDV EQUATION
Khasanov M., Baltaeva I., Saparbaeva D.
Urgench State University, Urgench, Uzbekistan,
E-mail: hmuzaffar@mail.ru, irod-b@mil.ru

This paper is dedicated to find the exact solutions of the equation of the loaded modified
Burgers—KdV equation. It is shown to find the exact solutions via generalized (G'/G) - expansion

method, that is one of the most effective way of finding exact solutions.
Consider the following loaded modified Burgers—KdV equation
u, + pu’u, +qu, —ru +y(t)u(,t)u, =0, (1)
where u(x,t) is an unknown function, xe R, t>0, y(t) - is the given real continuous function.
Description of the generalized (G'/G) -expansion method
Let us be given a nonlinear partial differential equation in the form below

F(u,u,u,u,,u,,u,,..)=0 (2)
with two independent variables xand t. u =u(x,t)is a unknown function, F is a polynomial in q
and its partial derivatives in which the highest order derivatives and nonlinear terms are involved.
Now we give the main steps of the generalized (G'/G) -expansion method [3]:

Step 1. We look for the u in the travelling form:

u(x,t) =u(g), &=kx—-Q(t), ©)
where k is parameter and Q(t) is a continuous function dependent on t We reduce equation (2) to
the following nonlinear ordinary differential equation:

P(u,u’,u”,u”,..)=0, 4)
where P is a polynomial of q(¢&) and itsall derivativesu’ =du(&)/dé&, u” =d®u(&)/dE? .

Step 2. We assume that the solution of equation (4) has the form:

m G’ i
i \G
where G = G(&) satisfies the following second order ordinary differential equation
G"+AG"+ uG =0, (6)

where G'=dG(&)/d¢, G"=d*G(¢)/d&é? and A, i, a; (J=12,..,m) are constants that can be

determined later, provided a,, # 0.

Step 3.b We determine the integer number m by balancing the nonlinear terms of the highest order
and the partial product of the highest order of (4).

Step 4. Substitute (5) along with (6) into (4) andcollect all terms with the same order of(%),

G (5)] Then, set each coefficient of this

the left-hand side of (4) is converted into a polynomial in(

polynomial to zero to derive a set of over-determined partial differential equations fora;
(j=12,....mand .

Step 5.Substituting the values a; (j=12,...,m)and &as well as the solutions of equation (6) into
(5) we have the exact solutions of equation (2).
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INTEGRATION OF THE LOADED SECOND-ORDER KORTEWEG-DE VRIES
EQUATION WITH A FREE TERM INDEPENDENT OF THE SPATIAL VARIABLE
Matyakubov M.M. and O. Xayitova S.

Urgench State University, Urgench, Uzbekistan
E-mail: mmm2210410@mail.ru

Solutions in the class of periodic functions for KdV equation were studied in [1]—[3] in various
formulations. In the works of [4] the KdV equation with free a term independent of the spatial
variable, and in the work of [5], [6] the KdV equation with a loaded term was studied.

In this work, we study the loaded second-order KdV equation with a free term independent of
the spatial variable, namely, we consider the following equation

1 5 15
G = Chone ~ 50 5 UV + =0 G+ 7)Ao -G+ F (B, XeR. >0 (@)

with initial condition

q(x,t)|._, =9 (), 2)

where y(t) € C[0, «0) and f (t) is given real continuous function and g, (X) € C*(R") is given
real function. It is required to find a real function q(X,t), that is 7z -periodic in a variable X:
g(x+z,t)=q(x,t), xeR,t>0 (3)
and satisfies the smoothness conditions:
g(x,t) eC>(t>0)NC!(t>0)NC(t=0). (4)
Theorem. Let g(X,t) be the solution of problem (1)-(4). Then the boundaries A (t), N=>0
of the spectrum of the fallowing operator
L(z,t)y=-y"+q(x+7,t)y=1y, XeR (5)
satisfy the system of equations
A(t)="f(t), n>0, (6)
and the spectral parameters & (7,t), N>1 satisfy the analogue of the system of equations of
Dubrovin:

%:2(—1)”0n(r,t)[—%qn(f,t)+gq2(f,t) +28%(z,1) +4E2 — (D)0, H]N, (&) + (1)

)=~ M8 (6 - [ =2 nzt

the sign o, (z,t) changes at each collision of the point & (z,t) with the boundaries of its gap

k=n

[4,,4+ A, 1. Moreover, the following initial conditions are fulfilled:
@), =80 o @), =0o0@). 21, @)

where £°(7), ol(r), N>1 are the spectral parameters of the Sturm-Liouville equation

corresponding to the coefficients g, (X + 7).
Remark. Using the trace formula
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(7.0 = o + 2 Vo + 2 = 25(510) ®

(70 =50 (00 = 4 + D (s + 2 ~280) @0

system equations of Dubrovin can be rewritten in the “closed” form.
Corollary 1. The theorem gives a method for solving problem (1)-(4). First we find the

spectral data 4., N>0; £2(z), (), N >1 of the Sturm-Liouville equation
-y'+0,(Xx+7)y=41y, xeR.
Solving equations (6) with initial conditions A° (t)‘t:0 =20, n>0, we find

ﬂ,n(t)z/lr?+jf(s)ds, n>0. (11)
0

Further, solving the Cauchy problem (7), (8) for 7=0 we get & (0,t), n>1. Then
substituting this data into equation (7) and solving the Cauchy problem & (r,t)|t=0 =E(r),

o, (T,t)|t=0 =0°(z), N>1 for Dubrovin system (7) we find & (z,t), N'>1. Finally, by using

the trace formula (9) and (10) we obtain q(r, t).

Remark. Equations (6) show that the spectrum of the Sturm-Liouville operator (5) moves on
the axis while keeping the initial structure, that is, the lengths of the gaps do not change.

Corollary 2. In [7], there was proved the theorem which states that the lengths of the gaps of
the Sturm-Liouvelle equation with mt-periodic real-valued coefficient decrease exponentially if and

only if the coefficient is analytic. From this theorem we conclude that if g,(X) is real analytical

function, then the lengths of the gaps corresponding to this coefficient decrease exponentially. For
the coefficient q(X,t) there correspond the same gaps. Thus the solution q(X,t) of problem (1)-(4)

is real analytical functions on X.

Corollary 3. In [8], a generalization of Borg’s inverse theorem was proved: the number 77 /N
is a period of the coefficient of the Sturm-Liouville equation with 7 -periodic real-valued
coefficient if and only if all the lacunae whose numbers are not divisible by n are vanished. Here

N> 2 is a natural number and the lacuna (A, ;,4,, ) has a number k. Therefore, if g,(X) has a
period 7z / N then the solution to problem (1)-(4) is the 7z / N - periodic function on X .
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ON AN ABSOLUTE STABILITY OF CONTROL SYSTEMS WITH TACHOMETRIC
FEEDBACK TAKING INTO ACCOUNT EXTERNAL LOAD
Zhumatov S.S.
Institute of Mathematics and Mathematical modelling, Almaty, Kazakhstan
E-mail: sailau.math@mail.ru

Letov A.M.[1] proposed the following formula:

§=¢0) pW), 1)
where the function ¢(c )is continuous in oand satisfies condition
¢(0)=0A¢p(c)a >0 Vo =+0. (2)

He led to a convenient form for the study of the equation of the hydraulic actuator, taking into
account the external load, obtained by V.A. Khokhlov[1]:

. l .
X=u %'E\/po—ﬂpSlgTLO"O' (3)
Here u ﬁ é is the constructive constant, uis the flow coefficient, o is the spool displacement,

Do = Px — PqiS pressure in the supply line, p, is pressure at the drain, Apis pressure difference in
the cameras of the actuator, determined by the load.

9Pbo

The function ¢(c) replaces the expression 7? po, which determines the speed of an

unloaded executor, and the multiplier ¥(v) = /1 - ?)—psign o takes into account the influence of
0

the load.
The multiplier ¥ (v), when v depends on the deflection of the control element &, its speed £and

its acceleration &is determined as follows:
1 at v=1,

l/)(v)={ﬁ at 0<v<l, 4)

0 at v<0,

where in the general case v has the following form [1]:
v =1- (aé + bé + c&)signo. (5)
Here &, b, c are real numbers, and signais the Kronecker function
We consider the problem of constructing on a given smooth program manifold Q(t) the

following indirect automatic control system with tachometric feedback taking into account external
load [2]:

x=f(t x)—b&, tele=][0, o),

§=¢0) (), o=p"w—q§—N§, (6)
where the coefficients b, € R™, p € RS are constant, g, Nare constant coefficients of rigid and
tachometric feedback,ois a total impulse-signal and the differentiable function ¢&satisfies the
following conditions

¢(0) =0A¢p(c)c >0 Vo #0,
%IazOz)(>0, (7
a multiplier y(v)deforms the function ¢(o)when the coordinates &, o change. Here,v is a
complex discontinuous function of the automatic control system. The program manifold Q(t) is
determined by the following equations
Q(t) = w(tx) =0, (8)

In the simplest case, it looks like this:
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v =1-césigno. 9

Definition 1. The program manifold of an indirect control system with rigid and tachometric
feedback, taking into account the external load, is called absolutely stable if it is globally stable on
solutions of system (6) for any w(t,, xy)and ¢ (o), Y(v)satisfying conditions (7), (9).

Statement of the problem. Find a condition for the absolute stability of the program manifold
of the indirect control system with rigid and tachometric feedback, taking into account the external
load

Duetothefact that the manifold (8) is an integral manifold also for the system (6) - (9) and
taking the Erugin function to be linear with respect to the vector function w:

F(t, x, w) = —Aw, (10)

we arrive at the following system with respect to w:

w=—Aw — b, t€le=]0, o),
§=¢(0) Pp), oc=p"w—q§—Ng, (11)
where b = Hb,, H = ‘Z—: and —A(s X s) is a constant Hurwitz matrix, the nonlinearity ¢ (o)satisfies

conditions (7), and the multiple y¥(v) is determined by formula (9).
System (11) is reduced to the canonical form [1]
n=-pn+o,
6 = BTn— ME& — No(o,n)signo, (12)
wherep = diag(p4,...,ps), B, M, Nh are constants.
For system (12), we construct the Lyapunov function as follows

S S S S—m
li ° lk 1 2 1 2
V= § § NNk + 35 E Ly g + § Cim+iMm+i+1 T 5ls2 0%
Pi Tt Pr 2 =1 2

i=1k=1

Here Is,, >0, l4,..., Lyare real, l,,,4,..., s ,are complex pairwise conjugate numbers and
Ly, C;are positive real numbers.

The following theorem is valid.

Theorem. If the Erugin function is linear with respect to wand there areL;, C; positive real
numbers , l;,, > 0, in addition, the nonlinearity ¢ (o) satisfies condition (6), and the function ¥ (v)
satisfies conditions (7) and (4) - (5), then in order for the program manifold of the automatic system
of indirect control with rigid and tachometric feedback, taking into account the external load, was
absolutely stable with respect to the vector function w , it suffices to satisfy equalities

s+1
.
Ly +1 +zzz L _0 (k=1,...,m),
k s+2Bk ki_1Pi+Pk ( m)
S
Cj+ls+2ﬁm+j+21m+j;pi+lpk=0 G=1,....,s—m+1),

where [,...,larerealand [,,,,4,..., s, are complex pairwise conjugate numbers.

Funding: This results are supported by grant of the Ministry education and science of Republic
Kazakhstan No. AP 09258966 for 2021-2023 years.
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PEIIEHUE 3AJIAY B ODKOHOMUKE NTPEOBPA3OBAHUEM JIAIIJIACA
Aoapaxman H.M.
Kapazanounckuii ynusepcumem umenu axademuxa E.A. bBykemosa, Kapazcanoa, Kazaxcman
E-mail: nurrs.di@gmail.com

BBenenne. Martemarnueckuid anmapat HHTErpo-auddepeHnupoBanus ApoOHOTO MOPSIKA
ONMCHIBAET IPOLIECCHl B CUCTEMAX, IJI€ CYIIECTBEHEH Y4€T HEJIOKaJIbHBIX CBOICTB IO BPEMEHHU U
MIPOCTPAHCTBY, I MOJEIMPOBAHUS JIMHAMUYECKHX CHUCTEM, XapaKTEpU3YIOUIUXCS JalbHUMU
KOPpPEISUSAMU U IOCTOSSHHOM NaMsThio, J0JroCpodyHoi mnamsThio.llpon3Boausie apoOHOTO
MOPSIJIKA UCIIOJIB3YIOTCS JJIsl OIMCAHNS SKOHOMUYECKUX MIPOLIECCOB C IMHAMUYECKON aMSThIO.

MuKpo3KOHOMHYECKAass MHTEPHpPETAlUsl MPOU3BOAHBIX HANPSAMYIO CBSI3aHA C IPEAEIbHBIM
aHAJIM30M U TIOHATHEM IpeJIeNbHON (MapKUHAIBHOM ) BEIMYMHBI, UCTIOb3YIOIUN MaTeMaTHUECKUN
anmnapat IpPOU3BOJHBIX LIEJI0TO MOPSIIKA.

[IpousBoHas nepBOro Nopsiika OT GyHKIUKU HEKOTOPOTO MOKa3aTelis [0 OMpPENEsIOIEMY ero
(dakTopy 3amaeT mpeneabHyK (MapKWUHAIBHYIO) BEJIMYHHY, COOTBETCTBYIOIIYIO JIaHHOMY
nokasarento. [IpenenbHast BeTuurnHa OTpa)kaeT IPUPOCT COOTBETCTBYIOIIETO MOKA3aTeNsl B pacuere
Ha €AMHHUIly NpupocTa omnpexaensioniero ero ¢axropa. K 06a30BbIM HpelenbHBIM BEIMYMHAM B
MUKpPOIKOHOMHUKE OTHOCSTCS TMpeleibHas MPOU3BOAUTENBHOCTb, TMpeAeNbHasi IO0JEe3HOCTb,
npesiebHbIE 3aTpaThl, MpeaelibHas ce0eCTOUMOCTb, MpelNeNbHbIH JOX0J, MpEeAeNbHBIM crpoc U
HEKOTOpbIE Ipyrue

HeoOxonumble ompenejieHusi M MNOHATHA. Mbl 3HaeM, urto B JAuddepeHInaTIbHbIX
YpaBHEHHSIX IIEJIOTO TMOPsIKA SKCIIOHEHIMAIbHAS (YHKIUS e”UrpaeT BaXXHYIO pOJIb. JTO TaKXKe
MOJKET OBITh 3alMCaHo B (popMe ypaBHEHUS, KOTOpasi BbIPaXKaeTcsl Kak:

zK
ez = Zﬁozo m

Ot0 00001meHne Ha3bpiBaeTcs pyHkuuern Mutrar-Jleduepa, a AByxnapaMmerpudeckas GyHKLIUSA
OYCHB IMOJIE3HA B IPOOHOM MCUYHCIICHUH, 0COOCHHO B IPOOHBIX AuddepeHITnaTbHbIX YPaBHECHUSX.

[Tockomeky psim st GyHkiuu Muttar-Jledmepa (1) paBHOMEpPHO CXOOMTCS Ha BCEX
KOMITaKTHBIX MOAMHOKecTBax C, Mbl MOXeM Ju(PepeHIupoBaTh €ro Mo4aeHHo, YTOObI MOTYyYUTh
clieyIoliee BbIpaXxeHHe, KOTOPOe Takke He00X0MMO B AalbHEHIIeM

Cnencreue. Jonyctum z € C,a, B € CRe(a) >0 meEN, u m€EN, Torma m-KpaTHo
muddepennupoBannas ¢pynkmus Mutrar-Jleddiepa nmeer Bu:

k

- (k +m)! v/
(m) —
Eup (z) = ]Z:;) k! T'(ak+am+ B)

B cnenyromeit Tabnuiie mokasaHbl HEKOTOpPbIE YacTHBIE ciiydau BbIpakeHus (37), a Takxke
npeoOpaszoBanue Jlamnaca creneHHON QyHKIUY.

F(s) f(t) = L"{F(s)}

i t(x—l

s? I'(a)

1 t2 1 Eq o (at®)

s —a

s® E(x(_ata)
s(s* + a)

a 1-E,(—at%)
s(s* + a)

1 taEl,a+1(at)
s%(s — )
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s« B tP1E, g(at®)
s* —a

3agaya 00 oKMIAaHMM pocTa HeH B YCJOBHUSIX MH(passumu. CoBpeMEHHbIE MCCIIEI0BAHUS
OTpaXxaroT q)aKT BJIMAHUSA OKHUAAHHA POCTA LICH HA TOBAPLI U YCIYI'U OCHOBHOM TpyIIbl HACCIICHUA
Ha 5KOHOMHUKY, B ycioBusiX HHQsuu. COOTBETCTBEHHO, €CIM OXXKUIAHWE HACEIECHUS — 3TO
YBCIUMUYCHUC LCH, MPOABIACTCA TCHACHIMA K YBCIIMYCHUIO CIIPOCa HA NOBCCAHCBHBLIC TOBApPLI, B
pe3yiabTare — LEHbI PacTyT. Eciay ke 0’)kuJaHue HACEICHUs 3aK/II04aeTCsl B SKOHOMUUYECKOM POCTE,
3aMCAJICHUS TEMIIOB I/IH(bJIFIIII/II/I — YBCIIMYUBACTCSA CIIPOC Ha TOBAPOB AJIUTCIIbHOTO HMCII0JIb30BaHM,
HAYMHACTCA HHBCCTHUPOBAHUC B IIPOCKTHI, IIOMOJHAKOTCA ACIO3WTHBIC CUCTAa WM KaK IIPaBUIIO
HaCcTyna€T poCT OSKOHOMUKHU. I[aHHOG ABJICHUEC HWMCHYCTCA I/IH(l)JIfIIII/IOHHI)IM OXHIJaHHUEM U
UCIOJb3yeTCd B MAKPOIKOHOMUYECKUX UCcenoBaHusaX. ONUcaHue JaHHOTO Ipolecca MpeuIoKNII
naypeatr HoGeneBckoil mpemuu 1o s3koHomuke Muntan ®puaman, B Buie AudQepeHnanbHOro

YPaBHEHUS.
dE

= —B(E—R®).
rne E=E(t) — oxxumaemblit HacelIeHUeM TEMIT pOCTa IIEH B MOMEHT BpeMEHH f,
R(t) — dpakTuveckuii TeMIT poCT IIeH B MOMEHT BPEMEHH t,

B > 0 - ko3 uIMeHT aanTayuy HaCCICHHS K H3MESHEHHSIM TeMITa WHQIISIHH.

o dE
CwMmbIcn YpaBHCHHA I/IH(l)J'IHHI/IOHHI)IX OXHUIAaHUU 3aKIH4YacTCd B TOM, 4YTO CKOPOCTb E

HU3MCHCHUSA OXHWAacMoro TeEMIiia pocCTta NHOEH BO BPEMCHHU IPsAMO MpOoIoOpHHaHAbHA OILINOKe
UHOISIUOHHOTO OKUJAHUH, T.€. Pa3HOCTH (E - R(t))Me)KJIy oxunaemeiM E n ¢daktnueckum R
TeMIIaMU POCTa I1€H, ¥ UMEET 3HaK 0OPaTHBINA ATOW Pa3HOCTH.

B wutore momyuaem nuHeiiHoe HeoaHopoaHOe mubdepeHInaIbHOEe YpPaBHEHHE IIEpPBOTO
MopsIKa

dE
G TB*E=B*RO,

rae E=E(t) — HeusBectHas Ham QyHKIMS WHPIAIHMOHHOTO OKMIaHUs HaceiaeHus, R(t) — 3amannas
GyHKIUST (aKTHYECKOTO POCTa IeH. PemieHne 3TOTo ypaBHEHHs HAXOIUTCA MO cxeme bepHymm
um metoziom Jlarpamka:E(t) = C * e Bt + B x e 7Pt [ R(t)ePt dt.

B 3THX ypaBHEHHWsX BelIMUYMHA [} XapaKTepH3yeT CKOPOCTh aalTallid HAacelIeHUs K HOBBIM
HYKOHOMHUYECKUM YCIOBUSIM: 4eM OoJibiie 3, TeM ObICTpee MPOUCXOINT aIall TaIlHsL.

Ecnu BBectn HavanbHoe ycnosue: E(0) = C, To penienre MoxHO nepenucarh B Buze: E(t) =
Coe P+ fot e PEOR(t)dt

Anmpokcumanusi JIpooHbIM AuddepeHIHATLHBIM ypaBHeHHeM. Ecim MBI XOTUM
amnMmpOKCUMUPOBATh JPOOHBIM Ju(B(dEepeHIIMATLHBIM yYPaBHEHUEM, TO TECPENHIIEM YPaBHEHHE B
Buzie:gDEE(t) + BE(t) = BR(t), r1me0 < a < 1.(5)

Mpbl MOXeM pemuTh ypaBHeHHe (5), mpuMeHsis npeoOpazoBanue Jlamiaca ¢ 06eux CTOPOH.
Wrak, wucnons3ys mnpeobpa3zoBanue Jlammaca mno dopmyne (4) nmpu n=1, nomyuum s¢
E(s) + jD&'E(0) + BE(s)= BR(s),rme E(s), R(s) — o6passr dyuxmmit E() u R(t) mo
onpezaeneHuto *(6)

[peanonosxum, uto D~ E(0) cymectsyer u pasno C,. Toraa us (6) umeeM:

E(t) = Cot™ Eqq(—BtY) + B (£ Eqq(—Bt®) ) * R(t),1ax ax Jim 70 Eg o (=Bt = 1.

[TapameTp o xapakTepu3yeT CTENeHb yracaHus namsTH 00 U3MEHEHUAX MoKa3aTens u dakTopa
Ha unrepsaiue [0,T].
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OI'PAHUYEHHOE HA MIOJIYOCHU MHOT'OINIEPUOJUYECKOE PEHLIEHUE

OJITHOI'O JIMHEMHOT' O UHTET'PO-IU®PEPEHIIUAJTBHOI'O YPABHEHUS C
KOHEYHOWM SPEJIUTAPHOCTBIO
AiitenoBa I''M., Capra6anos 7K.A.

3anaono-Kazaxcmanckuii ynusepcumem umenu M.Ymemucosa, Ypanvck, Kazaxcman
Axmiobunckutl pecuonanvhulil ynueepcumem umenu K.)Kyoanosa, Axmobe, Kazaxcman
E-mail: gulsezim-88 @mail.ru, sartabanov42@mail.ru
PaccmarpuBaetcst muHeltHOe HHTETpo-au(epeHInabHOE YpaBHEHNE OTHOCUTEIHHO HCKOMOM

N -BekTOp-hyHKITHI u(x,t, Z') BHU/IA

2
Dcu(x,t,r)—%’zt’r):A(x,t,r)u(x,t,r)+

+ jB(X,t,r,t—CT-I-CS,S)U(X,'[—CT+CS,S)dS+ f(x,t,7) (1)

0 0
c omepatopoM nuddepeHIIMPOBAHUS D°:8__<C’a> 1o (t,r), re c:(cl,...,cm) -

T

MIOCTOSHHBI ~ BEKTO g: i i - BCGKTOpPHBII  OIIEpaTo TG(—OO +oo)— R
Pat Tl e P patop. TRET

t= (tl, ...,tm)e Rx..xR=R", Xe (O,+oo) =R,,6>0 - nocrosiHHas, Ha3piBacMas MEPHOIOM

3PEIUTAPHOCTH; A(X,t,r), B(X,t,r) - NXN-MaTpuubl U f(X,t,T) - (60, (9)-HCpI/IOI[I/I‘IeCKa$I o

(t, T) N -BeKTOP-GYHKIIMS TEPEMEHHBIX (X,t,z')e R, xR"xR, o= (a)l,..., a)m). A, =D, Tl
onepatop nuddepeHrpoBaHus Mo (X, t, z‘).
PaccmarpuBaroTcst 3ajaud  JUId  Pa3IdYHBIX BapuaHToB ypaBHeHus (1) mpum (a), 0)-
MEPHOINYECKOM TPAHMYHOM PEKUME
u(x,t,z) _ =u’(t,7). (1%)
HWccnenytoTess BOPOCHI O MHOTONEPHOIHYHOCTH T10 (t, Z') ¥ orpanudeHHoctd mo X € R,
pEIIEeHHH 3THX 3a/1ad.
B wactHOCTH, paccMaTpuBaeTCs ypaBHEHHUE
Au(x,t,7)=0, )
peIIeHHs] KOTOPOTO Ha3bIBAKOTCS HYISIMU orepaTopa A, .

0
C ykazauHbM rpaHuudbiM yciaoBueM (1) paccmarpuBaercs 3amada Uit HEOJHOPOIHOTO
ypaBHEHUS

Au(x,t,7)= f(xt,7). (3)
Ha ocHOoBe MeToAMK HMCCIeOBaHUS KpaeBBIX 3a1ad Juisi ypaBHeHUi (2) u (3) ¢ rpaHUYHBIM

0 .
ycnosueM (17) m3ydarorcs BOmpockl KaueCTBEHHOTO MCCIEN0BAHMS JUIS JIMHEMHOTO OJHOPOIHOTO
UHTETpo-1uphepeHInaTbHOTO YpaBHEHUS
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Au(x,t,7)=A(X,t, 7 u(x,t,7)+ jB(x,t, r,t—cr+cs,shu(x,t—cr+cs,s)ds  (4)

=&

0
1 HeoHopoaHoro ypasHenus (1) ¢ ycnosuem (17).

27

HccnenoBanue 3a71a4 MIPOBOTUTCS npu t | € I1 .= t J. :—‘Imt J. ‘ <Py
.
]

i=0mt,=7,0,=6, p=const>0. Bce Bxomubie naHHblc cucteMbl (1) cumuTarOTCS

o m+1 =)
BEILECTBEHHO aHAJIMTHYECKMMU 1o t B MuHOromepnoit monoce 1 p+ , ano XeR, =[O,+oo)

roJ0MOp(GHBIMHU.
1. YcranosieHsI JOCTAaTOYHBIC YCJIIOBUA CYHICCTBOBAHUA CIUHCTBCHHOI'O (a), 0)-HepI/IOI[I/I‘-ICCKOFO

o (t, Z') ¥ OTPaHMYEHHOTO 10 X € R, pemrenns 3anaun {(2), ()Y

2. Ilpu BemeCTBEHHO aHAIUTUYHOCTU f(X,t,T) o (t,z')el_[';wl ¥ TooMopdHOCTH 0 X € R, 1

IIpU YCJIOBUSIX pallMOHAIbHONW HECOM3MEPUMOCTH YacTOT KOJeOaHUN CHUCTEM JOKa3aHa Teopema O
CYIIECTBOBAaHUHM €IUHCTBEHHOIO (a), 0)-nep1/10)11/1qe01<0r0 1o (t,r) ¥ OorpaHnveHHoro mo x € R,

=mil 0
BEILECTBEHHO aHAMTUYECKOTO TIPH (t, Z')e H/Tfs pemenus 3amaqn {(3), (1)}, rme O € (0, p).
3. Vkasawel J0CTATOYHBIE YCJIOBUS  CYIIECTBOBAHHS  BEIIECTBEHHO-aHAJMUTHYECKOTO 10
1
(t, T) € HZH (byHIaMEHTATLHOTO MaTPUIHOTO pelieHus U (t, 7,0, S) HHTErpo-

maddepeHnuansHoro ypaBuenust (4), korma Marpunbl A uw B He 3aBHCAT OT X, T
o=1—-C7+CS. BbIsICHEHBI YCIOBHS OTCYTCTBUSI HETPUBHAIBHBIX (a), 9)-HepI/IO,HI/I‘ICCKI/IX

o 0
pemennii 3agaan {(4), (1)}
4. JlokazaHa TeopeMa O CyIIECTBOBAaHMM €IMHCTBEHHOIO MHOTONEPUOJMYECKOrO BELIECTBEHHO

m+1 D 0
AQHAJTMTUYECKOTO 110 (t, 2') ell]" u orpanmuennoro no x € R, pemenns samaun (1)- (1°).

HccnenoBanue TeCHO CBSI3aHO ¢ pe3ynbratamu pador [1]-[3].

CHnuCOK MCIOJIb30BAHHOM JIUTEPATYPbI
1. Aitenova G. M., Sartabanov Zh.A., Abdikalikova G.A. Multiperiodic bounded oscillations in quasilinear finite-
hereditary integro-differential systems convection-diffusion type // Lobachevskii Journal of Mathematics. (B mporecce
MyOTHKALIAH)
2. CaprabanoB X.A., Alirenoa .M., AGaukanukosa . A. MHOroneproanueckoe perieHne HauaabHO-KpaeBo 3a/1a4n
JUTsl MHTErpo-auddepeHIaIbHOro ypaBHeHus napadonnyeckoro Tuma // V3B.Bemn.yueoH.3aB.MaremaTuka. (B neuat)
3. Sartabanov Zh.A., Aitenova G.M., Abdikalikova G.A. Multiperiodic solutions of quasilinear systems of integro-

differential equations with DC -operator and & -period of hereditarity. Eurasian Mathematical Journal, 13:1 (2022), 86-
100 p.

KPAEBASI 3AJIAYA JJISA YPABHEHUSA YETBEPTOI'O ITIOPAIKA COIEPKAIIEE
BTOPOM MPOU3BO/IHOM ITO BPEMEHHA
Anakos FO.ILY%2 Mawmaskonos C.M.1?
1Hhtcmumym Mamemamuxa um. B.U. Pomanosckozo AH PY3, Tawkenm, Yzb6exucman
2 Hamaneanckuii uHdCeHepHo-cmpoumenvubili uncmumym, Hamanean, Y36exucman
E-mail: yusupjonapakov@gmail.com , ®sanjarbekmamajonov@gmail.com

N3yueHne MHOTHX 3a/1a4 ra30BOM JMHAMUKE, TEOPUH YIPYrOCTH, TEOPUHU TUIACTHH U 000JI0UEK
MPUBOAMUTCS K PACCMOTPEHUIO JU(PepeHInaNbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOJHBIX BBICOKHX
nopsakoB. C TOYKM 3peHHs] (U3NYECKUX TNPUIOKEHUH MPEACTaBISAIOT OOJBIIOW HMHTEpec WU
middepeHnnanbable ypaBHeHUs yeTBepToro nopsaka (cMm. [1]-[4]). Monorpadus Jxypaesa T./.,
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ComyeBa A. [5] mnocBsamena knaccupukanuii auddepeHnnanbHbIX ypaBHEHUH B YaCTHBIX
MIPOU3BO/IHBIX YETBEPTOTO MOPSAKA U PEHICHUIO KPAaeBbIX 331a4 JUII TAKUX YPaBHEHH.

Awmanos /., Myp3amberoBa M.b. B pabote [6] paccMoTpenu 3a1ady ¢ KPaeBbIMH YCIOBUSMU
JUI. HEOJTHOPOJHOTO YPaBHEHHS YETBEPTOTO IMOPSAIKA C KPATHBIMH XapaKTEPUCTUKAMHU C OIHUM
MITQ UM YJICHOM.

CaburoB K. b, ®aneesa O. B. B pabore [7] pemmiu 3amady ¢ Ha4JIbHBIMA M TPAaHUYHBIMA
YCTIOBHSIMH JJIs1 ypaBHEHUS KoJieOaHMs OaJIKH.

YpunoB A.K., A3uzoB M.C. B pabote [8] uccinenoBanu 3agady JUisl ypaBHEHHsI YE€TBEPTOIO
MOPsIKAa C HEM3BECTHOM MPABOil YacThIO.

PaccmoTpumM criemyromiee ypaBHEHHE YETBEPTOTO MOPSIKA BHJIA!

U (6 ¥) + A (U0 (3, Y) + A, ()U (X y) + A (X)U (% ¥) +
B +A, (XU (%, y)+A (XU, (xy)-U,, (xy)=F(xy),

roe A (X), i=15F (X, y) 3aJJaHHbIC JOCTATOYHO IIaKue (PyHKIMH. 3aMeHOM
17 X
U(xy)= exp{—zj/ﬂ(é)d& A“é ) y}U(x, y),
0
3TO YpaBHEHHUS MOKHO IPHUBECTH K YPaBHEHHIO

U (%) 8 (X) U (%, V) +8, (X)U, (X Y) + 3 (X)U (X y) Uy, (3 y) = F(y), (D)

rae g (x), i =1,3 BbIpaxaercs 4epes A (x), J=15,

f(xy) :expB!A&(g)df—#y}F(x, y)

Jlns ypaBuenus (1) B obnactu Q = {(x, y):0<x<p,0<y< q} U3Y4YHM CIIEYIONIYIO 3a/1a4y.

3agaya A. Haiitn dynxmmo u(x,y) us kmacca G5 (Q)NCyy (5_2) , YIOBIIETBOPSIONIYIO
ypaBHeHHIO (1) B o6macTu (2 M CIeIyIONIUM KPaeBbIM YCIIOBUSIM:
u,(x,0)=u(x,q)=0,0<x<p,
U (0. Y) =1 (), U (P Y) =92 (V) U (0.Y) =95 (¥), U (P Y) =W, (), 0y <q,
raey, (y), i=14, f (x, y)saz[aHHHe JOCTATOYHO IIaAKKue (PyHKIUH.
Ormernm, 4to B paborte [6] paccmoTpeH cinydaih @, =a, =0, a, #0, a B pabdorax [8-10]

UCCIIeIOBaHbl KpaeBble 3aJlauM ISl YPAaBHEHUN YETBEPTOro MOPsIKAa CIEKTPaJIbHOM MeToloM. B
pabore [11], meron Dypbe HCMONB3YETCS I PEHICHUS KpacBOW 3adadd IS MOJCIBHOTO
ypaBHEHUS MTPOU3BOIBLHOTO YETHOTO MOPSIKA.

Teopema 1. Eciaum 3amaua A uMeeT pemieHue, TO TPHU  BBIMOJIHEHUU YCIOBUU

a/(0)-a,(0)>0, a,(p)—a/(p)=0, 2a,(x)+a’(x)—a;(x)=0, a (Xx) <0, OHO CAUHCTBEHHO.

TeopeMa 2.Eciu BEITOTHSIOTCS CJICAYIOINNEC YCIOBUA:

1) v (t)eC®[0.a], i (a) = (0)=w{(q)=0, i=14;

2) f,(xy)eC(Q Hf xy‘dy<ooj

Xny‘dy<oo f(x0)=0,0<x<p;

i (l— g 2P )
F’(Z,u,l2 +31 (1+ g P ) + 3) ’
TO pelIeHHe 3a7aun A CyIIecTByeT. 3/1ech,

3) C<

C = max {‘a )‘

&ef0,p]

aiﬂ(ﬁz)|ai:1, ) J':O,l},/ui: -
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EnuHCTBEHHOCTh penieHus MOCTaBICHHOM 3aJadyM JO0Ka3aHa METOJOM HMHTEIPajOB SHEPTHUU.
Pemienue BrImucano yepes NocTpoeHHyo Gpynkiuro ['prna.
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O HEKOTOPBIX KPAEBBIX U BHYTPEHHE-KPAEBBIX 3AJTAYAX JJIS1
TUNEPBOJIMYECKUX YPABHEHUM
ATTaeB A. X.
UIIMA KbHI] PAH, Hanvuux, Poccus
E-mail: attaev.anatoly@yandex.ru

B 1969 rogy B cratee [1] A.M. HaxymeBa ObLT TpemioKeH psia 3aJad HOBOTO THIIA,
BOIIE/IIINX B MaTEeMaTHUECKYIO JINTEPATypy MOJI HA3BaHUEM 3a/1a4 CO CMellleHneM. B cooTBeTcTBUI
¢ KnaccuuKalmen, MpeyIoKEHHON UM ke [2] 3TH 3a7auu SBISIOTCS, BO-TIEPBBIX, HEJIOKAIbHBIMH,
BO-BTOPBIX, C KpaeBbIM cMelleHueM.VccieqoBaHuio  peryasipHbIX — KpaeBbIX 3amad s
rUnepOoJMYeCKUX YpPaBHEHHM B TOM YHCIIE U HEJIOKAJIbHBIX, KOTOPbIE SBIISIIOTCS 0000IIeHneM
3amaun lapOy u {upuxie nocssieHsl padoTsl [3, 4].

B npaHHOM JoKnaze B KayecTBE MOJEIBHOTO YpaBHEHHS paccMaTpPUBAETCS BOJHOBOTO
ypaBHEHUE

Uy — Uyy = 0. (1)

IIycte ()~ onHOCBsi3Has 00NacTh KOMIUIEKCHOW MEpeMEeHHOW Z = xi + Yy, OrpaHHYeHHAs
xapakrepuctukaMuAC:x +y =0, BC:x —y =1, AD:x —y = 0,DB: x + y = lypaBaenus (1).

Onpenenenue 1.Pecynsapusviv pewenuem ypasnenus (1) 6 oonacmu {2 6yoem nasvieamso n100yo
@yHKyuIo, npedcmasumyio 8 uoe

ulx,y) =fx—y) +glx+y),

(), gx) € C2(2) nC(n).

Bagaua  1.Haumu  peeynspnoe 6 obnacmu )  pewenue u(x,y)  ypaenenus
(1),y0oeremsopstoujee ycrosusam

X x [
u<§,§)+au<§,§—x>—y(x), 0<x<l,
u(x,0) = 7(x), 0<x<lI (2)

Bapaua 2.Haiumu pecyrsproe 6 obracmu 0 pewenue u(x,y) ypasmenus (1),
yoosnemesopsaouee yciosuio (2) u yciosuio
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(x x)+,8 (l x) Flx)
ul=,= ul=,=)=F(x).
22 22
I[Ipu onpeenéHHbIX yCIOBUIX Ha & U B ¥ ToYedHbIX yeaoBusax Ha Gpyukiun T(x), y(x) u F(x)
JI0Ka3aHbl TEOPEMBI CYIIIECTBOBAHKS U €MHCTBEHHOCTH PEIICHUS 3a1aun 1 1 3amaum 2.

Cnmcox ucnob30BaHHOM JIUTEPATYPhI
1. Haxyme A. M. O HEKOTOpBIX KpaeBBIX 3aJiadax Uil TUHEepOONNYEeCKUX YpaBHEHHH W ypaBHEHHH CMEIIaHHOTO
tuna // luddepenu. ypasuenus. 1969. T. 5. Ne 1. C. 44-59.
Haxymes A. M. YpaBHenuns: maremarudeckoi Ouonoruu. M.: Beicmas mixona, 1995. 301 c.
3. Kamemenor T. 1. O perynspHbIX KpaeBbIX 3ajadax Jjisl BOMHOBoro ypaBHeHus // Jluddepenm. ypapHenus. 1981.
T. 17. Ne 6.
4. KanemenoB T. II., CampibexoB M. A. O 3amade [dupuxie W HEJOKAJIBHBIX KPAaeBBIX 3ajJayax JJisi BOJHOBOTO
ypaBuenus // Iuddepenn. ypasuenus. 1990. T. 26. Ne 1.

n

OB OJTHOM KPAEBOW 3AJIAUE JJISI HATPYKEHHOI'O YPABHEHMUS C
BbIPOXKXJIEHHBIM 'HINEPBOJIMYECKOI'O YACTHU OBJIACTHU
Baaraesa Y.U., Caugmyparosa I'., FOagamesa I'.Y., Cyaron6oeBa 3.b.
Xopesmckasn Akademusi Mavmyna, Xuea, Y3b6exucman
Ypeenueckuii cocyoapcmeennwiil ynugepcumem, Ypeenu, ¥Y3o0exucman
E-mail: umida_baltayeva@mail.ru, gavxaroy yuldasheva@mail.ru

HccnenoBanne ypaBHEHHH CMEIIAaHHOTO Mapa0oJIo-TUIEpOOINYECKOTO0 U AJUTUITHKO-
TUTIEPOOTMYECKOTOTUIIOB TIPHOOpPETaeT 0co00€ 3HA4YeHHS B CHJIY CBOCH TEOPETHYECKOW W
MPUKIATHON BaXHOCTH, TZI€ OTU YypPaBHEHUS TMPEACTaBISAIOT OJUH U3 CAMOCTOSITEIbHBIX U
MHTEHCUBHO Pa3BUBAIOLIUXCS PA3AEOB COBPEMEHHON Teopuu AuddepeHInanbHbIX YpaBHEHHUH ¢
YaCTHBIMU MPOU3BOIHBIMHU.

Teopust kpaeBpIX 3amady JUIsl HarpykKeHHbIX YypaBHEHHH mapaboJio-runepOoInyecKoro,
AITUITUKO-TUNIEPOOJINYECKOTO U MapadOIUYecKOro THUIIOB BTOPOTO MOPSIIKA M3Y4YE€Hbl BO MHOTHX
pabot. Kak HaMm u3BEeCTHO, KpaeBble 3a/lauM Ul HAarpy>KEHHOTO YpaBHEHHUS CMEIIAHHOTO THIIA C
JIpOOHBIMU OTIepaTOpaMM TPETHETO MOPsIIKA U3YUEHBI CPABHUTEIHLHO MaJlo.

B Hacrosmeilt paGoTe wucciemyeTcs KpaeBas 3ajada Uil Harpy)KeHHOTro ypaBHeHUs |[1]
TPEThEro Mopsiaka ¢ napadoio-runepOoIMYecKUM ONepaTopoM BUIa

0 1-sgny m 1+sgny
&(UXX —T(—y) Uyy —Tuyjz Mu(8(x),0), (1)

rae MU(0(x),0) = 1,DGU(x,0),  mpm 'y >0, Mu(0(x),0) = 11,D-U(&,0), mpmy <0,

D(;J/x (¥ =a, ) - oneparop apo6uoro (B cMbicie Pumana-JIMyBHIs) MHTETPUPOBAHUS TOPAIKA
y mpu y<0, npobuoro muddepenimposanus mopsaka y upu ¥y >0 [1] wm
Do_x7 Dgxf = Dgxf =f(X). Ipemmonoxum, wuro y<1l wu xoddpdurments My o —
JeiicTBUTENbHBIE Yncia, B obnactu D, orpannyennoit otpeskamu AB, BB, B,A,, AJA npsambix
y=0, x=1, y=h, x=0 npu y>0 u xapakTepucTHKaMu:

m+2 m+2
AC:(§:X—L(—y) 2 =0, BC:p=x+ 2 -y) 2 =1,
m+ 2 m+ 2

1
oreparopa Llu =U, — (—y)muyy, m=const >0 , Berxomsummu u3 Touxku C (E, ycj .
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Uepes D, u D, o6Gosmaumm mapaGommdeckyro U TIHUNEpOOIMYECKYI0 YaCTH CMELIAHHOM

obnactu D, coorBercTBEHHO.
Bamaua A. TpeOyercs HaiiTu GyHKIHIO U(X,Y), 00JIaIa0IIYI0 CICAYIOIIMMU CBOMCTBAMHU:

1) u(x,y)eC(D)nC*(D);
2) U, (Uy) — HemnpepsiBHas (yHKIMA BIIoTh 10 AA U AC (AC);

3) U(X,y) sBaIsIeTCS pery IsApHbIM pentenuem ypasaenus (1) B o6nactu D mpu Y # 0;
4) U(X,y) yIOBIETBOPSICT YCIOBUSM:

Ul o=a(y), Ul =0(y), ul,=e(y), 0<y<h, ¥

ou 1
ul,. =1 (%), - =y,(x), 0<x<Z, (3)

AC 2

rae N — BHYTPEHHAS HOPMab, (Dl(y), (Dz(y), ¢3(y) 51 l//l(X), l//Z(X) — 3aJaHHBIE
NEeWCTBUTENbHBIE (DYHKIIUH, IPHUEM ¢1(0) = l//l(O) =0, 1//'1(0) = \/51/12 (0) — 2ng'(0).

HNwmeer mecTo
Jlemma. Perynspuoe pemrenue ypasrenns (1) (mpu Y # 0) npencrapnsercs B Bume

u(x y)=v(x,y)+w(x), (6)

rze V(X,y) — pelenre ypaBHEHUS

0 1-sgn 1+sgn
(VXX —ﬁ(—y)rn Vyy —%vyjz 0,

ox 2
W(X) — pelIeHne CIeayronero HHTerpo-audQepeHnnatbHOTO YpaBHCHHS
w"(x)— p4w(6(x)) = 1v(6(x),0). 7)

C nomomipio JeMMBbI 33a4a A CBOJIUTCS K MHTETpallbHOMY ypaBHEHHUIO Boibreppa BTOpOro
pona co cnBuroM. CylllecTBOBaHHE pELICHUS 3aJaud JOKa3bIBAETCS METOJOM HWHTErpabHbIX
ypaBHeHu# [2]. I u3 Teopuum HMHTErpajgbHbIX YPaBHEHUW CIEAYEeT OJIHO3HAYHAs Pa3pelIMMOCTh
3agaud A.

CHnHCOK MCII0JIb30BAHHOM JIMTEPATYPbI
1. HaxymeB A.M. YpaBHeHus MaTeMaTu4eckoi Ononoruu. M.: Beicias mkona. 1995. - 301 c.
2. bantaea Y.M. O HEKOTOPHIX KPaeBBIX 3a/ayax Ui HATPYKEHHBIX HHTETrPO-auddepeHInaTbHbIX
YpaBHEHUH TPETHEro MOpSIKa C ACHCTBUTEIHBIMU MMapamerpamu // BectHuk Y aMypTckoro Y HUBEpCUTETA,
2012, T. 3, -Ne.3. -C.3-12.

PABPEIIMMOCTD OJTHOM KPAEBOU 3AJIAYM JIUISI YPABHEHUSI YETBEPTOI'O
MNOPAIAKA
bekunes A.B.
Kapakannaxckuii 2ocyoapcmeennwiti ynusepcumem, 2. Hykye, V3bexucman

E-mail: ashirl976 @mail.ru

ITycts B oOmactn Q= {(X,t) 0<x<], —a<t< ,B} paccMOTpPHUM YpaBHEHHE
LU = Uy, (X, t)+sgnt-[ u (x,t)—u, (x,t) ] +b’u(x,t) =0,

rae b - 3agaHHOE YUCIIO.
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3agaua 1. Haiitu GyHKimio u(X,t)yZ0BIETBOPSIONIYIO CIEIYIONMM yCIOBHAM:
u(x,t)eCi(Q)NCyE (. UQ)), 1)
Lu(x,t)=0, (xt)eQ, UQ. 2)
u(0,t)=0, u, (0,t)=u,(Lt), u, (Lt)=0, u, (0,t)=uy (Lt), —a<t<p, (3)
u(x,B)=p(x), u(x,—a)=w(x), 0<x<1, (4)
rae Q. =QN{t>0}, Q_ =OQN{t<0} u ¢(x), y(X) - 3a1aHHEBIC T0CTATOYHO TIIAAKHE QYHKIHH.
Cucrema ¢pyHKuuit

ejkx e]“k(lfx)
Xo(X)=2%, Xy (X)=2sinA4X, X, (%)= — +C0S A, X (5)
Y, (x)=1 Y. et A Y 2
O(X)_ g 2k—1(X)—W+SlnﬂkX, 2k(X)— COS A, X, ()
A =27k, k=12,..

GuoproronansHasu obpasyior 6asuc Pucca B L, (0,1) [1].

Pemenne 3amaum HaiiieHO BUIIE psAla COCTABJICHHBIX M3 OasucHBIX (GyHKIud Pucca (95).
EauHCTBEHHOCTH pelieHus 3a1a4yi BhITEKAaeT U3MOJHOTa OPTOHOPMHUPOBAHHBIX cucTeM (6).

Teopema 1. Ecnu cymectByer pemenue 3anauu (1)-(4).T0 OHO €JUHCTBEHHO TOJIBKO TOT/IA,
KOT'/Ia BBITIOJTHEHBI YCIOBUS

Ay (a0, B) = 1y cosl/,zka sh;vkﬂ+vk5|n1yka ch;vkﬂ;to

npu Beex k e NU{0 ,vk_/ ﬂk+b2 +1, ,uk—,/ Ak+b2 1, 4 =0.

Teopema 2. Eciu ynkin ¢(X) ) yrosnersopsior yenosusm: ¢(X),y(x)eC[0,1],
0(0)=0, ¢(0)=¢'(1),  ¢"(1)= 0¢%® ¢ (1), v(0)=0, ¥ (0)=v(1),
y"(1)=0, »"(0)=y" (1), qo(lv)(O)zl//('V)(O)=0H BBITIOJTHEHBI YCIIOBHSI ‘A ,B‘ k2™’

TO CYIIECTBYET €AMHCTBEHHOE perrenue 3aaaun (1)-(4).

CHnHCOK MCIOJIb30BAHHOM JIMTEPATYPbI
1. Berdyshev A.S., Cabada A., Kadirkulov B.J. The Samarskii—lonkin type problem for the fourth order parabolic
equation with fractional differential operator // Computers and Mathematics with Applications 62 (2011) 3884-3893

O 3AJAYE JUPUXJIE JJISA TPEXMEPHOI'O YPABHEHUS CMEIIAHHOI'O THITIA
C TPEMSI IVIOCKOCTAMM USMEHEHUS TUIIA B ITPSIMOYI'OJIBHOM
HNAPAJUIEJIEITUIIEJE
I'mmantauHoBa A.A.

Ypumckuii cocyoapcmeennviii negpmanoi mexnuueckutl ynusepcumem, Yga, Poccus
E-mail: aa-gimaltdinova@mail.ru

PaccMOTpUM ypaBHEHHE CMENIAHHOTO DJUTHITHKO-TUIIEPOOIMYECKOTO THITA
Lu = (sgn x)uy, + (sgny)u,, + (sgn z)u,, = 0,

B obmactu Q={(x,y,z) ER}|-1<x<1,-1<y<1l,—a<z<B}roe a, B — 3amaHHBIE
JIEWCTBUTENBHBIE TIOJI0KUTENBLHbIE YHCIIA.

3asiava Jlupuxie. Haiitu yukimio U(X,Y,Z), YAOBIETBOPSIONIYIO YCIOBUIM

u(x,y,z) € C1(Q) N C?(Q),
Lu(x,y,2) = 0, (x,7,2) € U, O,
ul,y,2)|yec1 = ulx,y,2)|x=1 =0, —1<y<1,-a<z<§B,
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ulx,y, 2)|y=—1 =ulx,y,2)|y=1 =0, —1<x<1,-a<z<§,
w,y, 2=a = fx,y),  uly,2)|p=9ky), —1<x<1-1<y=<1,
rae f(x,v),g(x,y) — 3amaHHble A0OCTATOYHO MiIaaKue (GyHKUUHM, (Q;—nogobnactu obmactu L),
pacrionoxenusie B 1-8 okranTax npocrpanctsa OXYZ.

3ajaya sBISETCS MPOAOIDKEHHMEM U o0oOmeHueM paboTsl [1] HaA ciaydail TpeXMepHOIo
MIPOCTPAHCTBA.

B pabore wucmonp3yercss METON pa3lelieHUs] MEPEMEHHBIX, YCTaHABIMBACTCS KpUTEPUI
CANMHCTBCHHOCTH PCIICHUA 3aJa4du. Pemenne 3aa4u HMIICTCA B BUAC CYMMbI pdaa 110
6HOpTOI‘OHaJIBHOfI CHUCTEMC ABYX B3aMMHO-COIIPAKCHHBIX 3aJda4 JIIsL O6I)IKHOBCHHOFO
maddepeHnnanbHOTO oneparopa BTOPOTO TMOPSIIKA ¢ pa3pbIBHBIM KOA(PQPHUIIMEHTOM TpU CTapiien
IIPOU3BOTHOM.

Cnmcok Mcnob30BaHHOM JIMTEPATYPhI
1. TumantmuHoBa A.A. 3amava [{upuxie s ypaBHeHus JlaBpeHTheBa —buiianze ¢ IByMs JTUHUSAMU U3MCHEHHUS
THUIA B MIPSIMOYTONIbHOU oOacTu // Jlokmamel Akagemun Hayk, 2015, T.460, Ne 3, C.1-6.

Ob OJTHOM JINHEHMHOM OBPATHOM 3AJIAUYM JIJISI TPEXMEPHOI'O YPABHEHMSA
CMEIIAHHOTI'O TUIIA BTOPOI'O POJIA C TOJYHEJOKAJBbHOM KPAEBOM
YCJIOBUE B IPUBMATHYECKON HEOTPAHUUEHHOM OBJIACTH
Naxamanos C.3.!, Cunaraunosa B.K.?

L2 Puemumym mamemamuku umenu B.H. Pomanosckozo npu axademuu nayk Pecnybnuxu
Vsbexucman
E-mail: siroj63@mail.ru, 2sbiybinaz@mail.ru

B nanHO#l pabore, mis McCleOBaHUS OJHO3HAYHOE Pa3pelIMMOCTH OOpaTHBIX 3aJad Jyis
TPEXMEPHOIO YpaBHEHHUs CMEIIAHHOIO THIIA BTOPOTO poJa B HEOTPAHMYEHHOM MPU3MATHYECKON
obnacTu mpearaeTcsi METOJ, KOTOPbI OCHOBAaH Ha CBeJIEHHE OOpaTHOW 3ajaud K MPSIMbBIM
MOJIYHENIOKAIbHBIM ~ KpaeBbIM  3ajgadyaM  JUId CEeMEWCTBO  HArpyXEHHBIX  UHTErpo-
muddepeHunanbHbIX  ypaBHEHUH  CMEHNIAaHHOTO THUIMAa BTOPOrO pojJa B OTPaHUUYEHHOM
PSIMOYTOJIbHOM oOmactu [1-4].

HanomHuM, 4TO Harpy>KeHHbIM YpaBHEHHEM NPUHATO Ha3bIBaTh YPABHEHHE C YaCTHBIMU
MIPOM3BOJIHBIMHU, cojepikaiiee B KoddduireHTax Ui B MpaBOd YacTW 3HAYEHHS] TE€X WM WHBIX
(hYHKIIMOHAJIOB OT pelIeHUs ypaBHEeHUS [5].

B ob6nactu

G=(01)x(0,T)xR=0QxR={(x,t,2);x€(0,1),0<t<T <+w0,zeR.}
PaccMOTPHUM TpexMepHOe ypaBHeHue TpuKOMHU:

Lu=k(®)ut —Au+a(x,0)ut +c(x,t)u =y (x,t,z), (1)
rze AU =U,, +U,, - onepatop Jlamaca. 3aecs ¥ (X,t,y) =g (X t,y)+h(xt)- f (x,t,y), g(xty)
u f(X1,y) -3anannsie Gyukiun, a pyaxuus h(X,t) moanexut onpenenenuro.

Jluneiinaa oopamnas 3adaua. Haiitu dynxkuuu  (U(X,t,2), h(x,t)) ynonersopsromue

ypaBuenuto (1) B obmactu G, rtakue urto, (GyHkuus U(X,1,Z) yIOBIETBOPSET CIEMYOIIUM
MOJTyHEJIOKAIbHBIM KPAaeBbIM YCIIOBUSAM

4 u|t:0 - u|t:T ' )

u‘x:o = u‘x=l =0, 3)

Hanee Oynem cumrath, uto U(X,t,z) m u,(X,t,z) >0 npu |z|> o, u(xt,z) abcomorHO

HUHTErpUpyema o z Ha R npu TH000M ( X, t ) B (5
(4)

C JOIIOJIHUTCIBbHOMY YCIIOBUIO
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u(x,t,/,) =g, (x,t), rme /,eR
u ¢ pyukumii h(X,t) npunamiexkur kiaccy

U ={(u,h)|uew*@G);hew?(Q).}

2,3 o
3necs W 5 (G) BamaxoBo mpocTPaHCTBO ¢ HOPMOi

+00

||u||5Vé2’3(G) = (27{)—112 ) J (1+|1|2)3 .

a(x,t,z)uvzvzz(q) da,

W g(Q) — npoctpanctBo CoGoesa,
+00
U(x,t,A) = (27) V2 j u(x,t, z)e *dz

npeo6pasosanue Oypoe no nepemennoit Z, gpynximu  U(X,t,2).

Cnucok McnoJib30BaHHOM JIUTEPATYPbI
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Phys. &Math.Sci.-2016.v.13.n02, pp.10-15. (PUHII)

2. C.3.OxamanoB. P.P.AmypoB. O0 onHoil nuHeiiHOH oOpaTHOW 3amaue AJs MHOTOMEPHOTO ypaBHEHHMS
CMEIIaHHOTO TUIIAa BTOPOrO poja, BToporo mnopsiaka // Jupgepenyuanvuvie ypasnenus. 2019.T.55. Ne 1, c¢.34-44.

(Scopus)
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OB OJJHOM JIMHEMHOM OBPATHOM 3AJTAYE JJISI TPEXMEPHOI'O
YPABHEHUSI TPUKOMH C HEJIOKAJIBHOM KPAEBOM YCJIOBUE B
MMPU3MATUYECKON HEOT'PAHUYEHHOM OBJIACTH
JMaxamanos C.3.1, Typakymnos X.111.2
Y2 iuemumym mamemamuxu umenu B.M. Pomanosckozo npu axademuu Hayk Pecny6nuku
V36exucman
E-mail: 1siroj63@mail.ru, 2hamidtsh87 @gmail.com

B npouecce uccrnenoBaHus HeMOKaIbHBIX 3aj1ay OblIa BBISBICHA TECHAsl B3aUMOCBS3b 3aJau
C HEJOKaJbHBIMU KpaeBbIMHM YCIOBHSMM MU OOpaTHbIMH 3agauamu. K HacrosieMmy BpeMeHH
JOCTaTOYHO XOPOILIO H3y4eHbl OOpaTHbIE 3aJaud JJIs KJIACCUUYECKUX YPAaBHEHMM TaKHUX Kak,
napaboIMyYecKUX, NIIMNTUYECKUX U runepooanyeckux tunos [1]. [nsg ypaBHEeHUH cMELIaHHOTO
THIIa, KaK TIEPBOTO, TaK U BTOPOTO POJia B OFPAHUYCHHBIX 00JACTSIX U3y4eHO B paboTax [2-5].

3HaYUTENbHO MEHEE U3YUEHHBIMHU SBIISIOTCS OOpaTHbIE 3a/1auu Uil ypaBHEHUH CMELIaHHOTO
Tuna (B YaCTHOCTHU JUIsl ypaBHeHUE TPUKOMH) B HEOIpaHHMUEHHBIX 00nacTsax[6,7].

C »oroit menpl0 B JaHHOM paboTe, JUId MCCIENOBAaHUS OJHO3HAYHOE pPa3perIMMOCTH
oOpaTHBIX 3aJiad JAJIs TPEXMEPHOTO ypaBHEHHs] TpUKOMH B HEOTpaHUYEHHOM MPHU3MATHYECKOM
o01acTH MpeJyiaraeTcsi MeToJl, KOTOPbIii OCHOBAaH Ha CBeJEHHE OOpaTHOM 3aJaud K MpPSIMbIM
HEJIOKAIbHBIM KpaeBbIM 3aladaM Ul CEMEWCTBO Harpy)KeHHBIX HHTErpo-audQepeHnaibHbIX
ypaBHeHUH TpUKOMH B OIpaHHMYEHHOMN NMPSMOYroJIbHON 00JIaCTH.

B o6mactu G =(-11)x(0,T)xR=0QxR={(x,t,2);xe(-11),0<t<T <+00,Z€R.

PacCCMOTpPUM TPEXMECPHOC YPABHCHUC TpI/IKOMI/II
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Lu = Xug —AUu+a(x,0)u +c(x,t)u =y (x,t,z), (1)

rie Au=uU, +U,- omeparop Jlammaca. 3gecs W (Xt,y)=0g(Xty)+h(xt)-f(xt,y),
g(x,t,y) u f(xt,y) -3ananusie pynkuun, a pyakuus h(x,t) momiexur onpenenenuro.
Juneianas ooépamnas 3adaua. Haiitu ¢ynxumu (U(X,t,2), h(x,t)) ynosnerBopsronue

ypasuenuto (1) B obmactu G, Takue 9ro, QyHKims U(X,t,Z) yIOBIETBOPSAET CIEAYIOIIUM
HCJIOKAJIbHBIM KPAC€BbIM YCJIOBUSAM

4 Dtp u|t=0 - Dtp u|t=T ’ (2
an u|x=—1 - DXp u|x=1 (3)

Janee Oynem cuurath, uto U(X,t,2) u U, (X,t,z) >0 npu | z|> o, u(x,t,z) abcomoTHO

UHTerpUpyema o Z Ha R mpu mobom (X,t) B Q. (4)

5 pu 0
IIpHn = 0,1, rac D pu =, D U= U, ,77 — HCEKOTOPHIC IIOCTOSAHHBIC YHCJIa, OTIIMYHOC
t 5'[ P !

OT HyJIsI, BEIMYMHBI KOTOPOTO OY/ET YyTOUHEHBI HUKE, C JOMOJHUTEILHOMY YCIOBHUIO
u(x,t,/,) =g, (x,t), rme /,€R (5)
u ¢ pyukumii h(X,t) mpuHagmexur knaccy
2,3 - 2
U ={(u,h)]uew,*G);hewW;?(Q).}

W 2,3( )
31ech yepes 2 0003Haueno banaxoso

+o0
||u||5Vé2’3(G) = (272')—112 ) J (1+|/1|2)3 .

MPOCTPAHCTBO C HOPMOIL

u(x,t,z)uvzvzz@ da,

2 .
rne W Z(Q) npoctpanctBao CobosieBa ¢ HOPMOI

2 2 a 2
1912 = 19wz 0) =aZ<2 i D79 et
31mechb

a — MYJIbTUUHICKC, Da - 0606I_HéHHa$I IIPpOU3BOJHAA I10 IICPEMCHHBIM X u t
+00 .
U(x,t,A) = (27) Y2 j u(x,t, z)e *dz
—00

npeo6pasosanue Oypre mo nepemennoit Z, dyukuun  U(X,t, 2).

CnMcoKk HCIO0JIb30BAHHOI JTUTEPATyPhI
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ypasnenuil. - HoBocubupck. Hayka, 1969.-67
2. Djamalov.S.Z. Linear inverse problem for Trikomy equation in three-dimensional space.//Bulletin KRASES.
Phys. &Math.Sci.-2016.v.13.n02, pp.10-15. (PUHLI)
3. C.3.IxamanoB. P.P.Amypos. OO0 omHoil nuHEHiHOH oOpaTHOW 3amade A7l MHOTOMEPHOTO ypaBHEHHMS
CMEIIaHHOTO THIIa BTOPOTO poja, BToporo nopsiaka // Jupgepenyuanvrvie ypasuenus. 2019.T.55. Ne 1 ,c.34-44.
(Scopus)
4.C.3.IxamanoB. P.P.AmypoB. O06 oxHOil nuHEHHOH oOpaTHOH 3amade IsI MHOTOMEPHOTO YpaBHEHHSA
CMELIAHHOTO THIIA IEPBOTO POJIa, BTOPOro nopsiaka. // Mzeecmus gy306. Mamemamuxa.2019,MNe6,c.1-12. (Scopus)
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HAYAJIBHO-TPAHUYHAS 3AJIAYA
JJIsA YPABHEHUS TUITA BYCCUHECKA B YCEYEHHOM KOHYCE
Jxenaaues M. T.}, Kacbimoexkona A.C.2, Kanubexona A K.!
Y Unemumym mamemamuru u mamemamuueckozo modenuposanus, Aimamer, Kazaxcman
2 Kazaxckutl HayuonanbHulil yHusepcumem umen anb-Dapabu, Aimamol, Kazaxcman
E-mail: muvasharkhan@gmail.com, kasar1337@gmail.com, kalibekova.aidana2014@gmail.com

Teopust ypaBHeHuil byccuHecka M ero MoaMQUKalMA BCerja NPHUBJICKAET BHUMaHUE
MaTeMaTHKOB. YpaBHeHUEe byccuHecka, a Takxke WX MOJAU(PUKAIMKA 3aHUMAIOT BAXXHOE MECTO MPH
OTIMCAHUU JIBFDKCHUSI KUIKOCTH U Ta3a, B TOM YHCIIE, B TEOPUH HECTAITMOHAPHOW (PHIbTpallNU B
nopucteix cpeaax [1]-[7]. B mocnennue roapl rpaHUYHBIC 3a0a4M TSI STUX YPAaBHCHHM aKTHBHO
uccneayrores [8]-[14].

B pabote wu3ywaeTcs HavambHO-TpaHWYHAS 3aJada JJIs JBYMEPHOTO YpaBHEHHUS THIA
Byccunecka B ob6macTu, mpeacTaBisoniei co0oit koHyc. [ mpuMeHeHHusI METOJIOB, CBSI3AHHBIX C
TeOpUell MOHOTOHHBIX OIEPaTOPOB, KOHYC NPEOOpa30BHIBACTCS B ITMIMHAPUYECKYIO OO0JIACTh.
OnHako TpW ATOM OIEpaTop 3aJavyd TepsSeT CBOMCTBO MOHOTOHHOCTH. KoMOMHUpPYST MeETOmAbI
TEOPUM MOHOTOHHBIX OIEpPaTOPOB M  ANpPUOPHBIX OIEHOK, B COOOJIEBCKMX  KJlaccax
YCTaHABIUBAIOTCS TeopeMa 00 OJHO3HAYHOW claboW pa3pemrMOCTH HM3ydaeMoO HadaibHO-
IpaHUYHOM 3a]]auH, a TaAK)Ke TeopeMa O MOBBIIIEHUH IJIaIKOCTH c1aboro peuieHusl.

[TocTranoBKa HaYaIbHO-TPAHUYHOM 3a/1a4M 1 OCHOBHOM pe3yJbTar.

IMycte  x ={x1,x,} ® thz{x,t: lx] = x2 + x2 < @(t), 0<t0<t<T<00}-
KPUBOJIMHEMHBINA yceueHHBIN KoHyc, rae @(t o) > 0, ¢'(t) = 0. Q; = {|x] < @(t)} -ceuenue
obnactu Q,; Ana ¢pukcuposaHHoro t € (t,,T). Xy, = 9Q; X (ty, T) -60koBasi NOBEPXHOCTH
KoHyca, rae d(), - rpanuna obnactu {);. B oOmactu, mpeactaBisionieii co00H KpHUBOJIMHEHWHBIH
KOHYC, pacCMaTpUBaeTCs Ha4aaIbHO-TpaHUYHAs 3a/]a4a Ul ypaBHeHUs Tuna byccunecka

atu - Ziz:l axi (lulaxlu) = f ) {x’ t} € th ’ (1)
C 'paHUYHBIMHA

u = 0, {x, t} € th = aﬂt X (to,T), (2)
1 HaYaJIbHBIMU YCJIOBUSIMU

u=1uy, x €Qy ={x| < to}, 3)

rre f(x,t), uy(x)— 3anaHHble QYHKIUH.

Y CcTaHOBIEHBI CIEAYIOIINE TEOPEMBI.
Teopema 1 (OcHoBHOII pe3ynbTart). [lycTh

f (S L3/2 <(t0,T); Wg_/;(ﬂt)>, Uy € H-1 (‘Qto)'

Toeoa nauanvrno-epanuunasn 3aoaua (1)—(3) umeem eduncmeenHoe peuieHue

u € L3((to, T); L3 () N Leo((t0, T); HH(Q0)).
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Teopema 2 (O rnagkoctn). Ilycts
f € L3/2 ((to; T); L3/2(Qt)>J Up € LZ(‘Q‘tO)'

Toeoa nauanvno-epanuunas 3adaua (1)—(3) umeem eouncmeennoe pewenue
U € Lo ((t0, T); L2 (L)),

lul?u € L,((to, T); HE(2,)),
diu € L3, ((to;T); Wg_/é (-Qt))-

Jns nmokazarenscTBa Teopem 1,2 paccmaTpuBaeTcsi BCIIOMOTrareibHas HadalbHO-TpaHUYHAs
3amada. Jlyist 9TOW meim OT MepeMeHHBIX {X, t} mepeiinem k nepemeHHbM {y, t} mo popmymnam x; =
yi ~@(t), t = t nnpeobpazyeM KPHBOIUHEHHBIN KOHYC Q¢ B IMIHMHAPHUECKYIO 00MacTh Qyp =
Q x (t,T), Q={0 < |y| < 1}, rne X, = 0Q X (t, T). Oto TpeobpasoBaHue sBIAETCS
B3aMMHO-O{THO3HAYHBIM. BeeneMm 0003Ha4YeHUS u(x;, t) =uly; - (t),t) = w(y;, t) =

W(% 't)'Wo(Y) =uy(y-o(to) to) m gy, t) = f(y-@(t),t).

BcnomorarenpHas HavadpHO-TpaHWYHAs 3amada ais 3amaun (1)—(3) 3amuceiBaeTcs B CIeAyONMEM
BHJIE:

1 Pr(t)
al’W - Ziz:lmayi (lulaylu) - 21'2=1 :Vi o(t) ain = g(y, t) ) {yl t} € Qyt )

w=0, {yt}€ex,
w =W, y € (,

rie g €L, ((0,T;W g/lz (Q)), wo € H1(Q).
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OB OJJTHOM KOR®P®UIIMEHTHON OFPATHOM 3AJIAYE M CBSI3BAHHOM C HEN
HAYAJBHO-TPAHUYHOM 3AJIAYE JJISI HATPYKEHHOI'O YPABHEHUSI
BIOPTEPCA
MxenanueB M.T., Eprasues M.I'.
HHcmumym mamemamuKku U mamemamudecKko2o MO@@JZMpO@CZHu}Z, AJZMambl, Kazaxcman
E-mail: muvasharkhan@gmail.com, ergaliev@math.kz

B ob6mactu Q,; ={x,t|0<x <t ty <t<T <oo,ty>0}, tne 2 ={0<x<tt,>
O}ceuenne obGmactu Q,; I (UKCHPOBAHHOTO 3HAYCHHS BPEMEHHON mepeMeHHo#l t € (ty, T),
uccienyercs Kko3p@uienTHas oOpaTHas 3aqada 1 ypaBHeHUs broprepca: Haiitu napy ¢yHKIu
{u(x, t), A(t)}us ycnosuii

O+ udyu —vaju= A)f(x), (xt) € Qxy €Y
9iu(0,t) = dlu(t,t), j=0,1, te€(ty,T), (2)
u(x,ty) =0, x€(0,¢t,), 3)
f u(x, Odx = E(t), ¢ € [to,T], @

0
e 3ajanHas noctosHuas v u pynkuuu f (x), E (t) yaoBIeTBOPAIOT yCIOBHAM

t
v = const >0, f(x)€2(0,), F(t)= f F(x)dx £ 0, Vt € [to, T], )
0
E(t) € WL (t,,T). B
Otmerum, uto u3 (5) cnenyer: f(t) € L*(t,, T).
Teopema. llycte BwImonHeHBI ycnmoBus (5). Torma oOpatHas 3amada (1) —(4) wumeer
€IMHCTBCHHOE PEIlICHUE

u € By (Que) = {12 (to, T; H3er (0,)) 0 H' (£, T 17(0,)}, AE) € L™ (2o, T).
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O COBCTBEHHBbIX 3BHAYEHUSAX HATPYKEHHOI'O
JAUOD®EPEHIHHUAJIBHOTI'O OITEPATOPA IMTEPBOT'O NIOPAAKA HA OTPE3KE
HNmanbaes H.C.

Hnemumym Mamemamuxu u Mamemamuuecxkoeo Mooenupogarusi,

2. Anmamel, Kazaxcman,

FOoicno-Kazaxcmanckuii 20cyoapcmeennviii neda2o2uieckull yHugepcumen,

2. llvimkenm, Kazaxcman
E-mail: imanbaevnur@mail.ru

B (yHKIIMOHATEHOM MPOCTPAHCTBE Wzl(—],l) paccMOTpHUM 3a/1a4y Ha COOCTBEHHBIC 3HAYCHUE
Harpy>XeHHOTO orneparopa nuddepeHnrpoBanme

Ly=y'(t)+y(-Ljot)=2y() -1<t<l (1)
y(=1)=y() 2

e CD(t) GYHKIMSA OrpaHUYECHHON BapHalud U CD( 1)=CD(1):]., A e€C,- crexTpanbHbIi
napamerp.

Tpebyercss HailTM Te KOMIUIEKCHBbIE 3HAYeHHs] A, MPU KOTOPBIX ONEPATOPHOE YpaBHEHUE
(1), umeeT He HyJEeBbIE PELICHUS.

OpHolt u3 ocoOeHHOCTEW paccMmaTpuBaeMoi 3aaaum, comnpspbkeHHod Kk (1)-(2) sBisercs

C KpacBbIM YCIIOBHUEM

CIeKTpajbHasl 3a7ada C BXOXKJIECHHEM CIEKTPAILHOTO MapaMeTrpa A B KPaeByIO YCIOBHIO C
WHTETPAIIBHBIM BO3MYIIICHUEM:

Lv=v(t)=a(t) -1<t<1, (3)
v-1)-vi)= 7 Vool @

e CI)(t) - OTPaHUYCHHOM BapyaIuy U CD(— 1) = <D(1) =1 AeC- CIICKTPAJILHBIN MTapameTp.
Jlemma 1. XapakTepuCTHUECKUI ONPEIETUTEND Al(ﬂ,) crniektpanbHbIx 3a1a4 (1)-(2) u (3)-(4)
MPEJICTABIISIETCS B BUJIC

A()=e” —e 5 4 [eraft)d ©)

Ha ocnHoBe dopmynbl (5) aenarorcst BBIBOJABI O COOCTBEHHBIX 3HaueHUAX U epeHnamIbHbIX
orepatopoB nepsoro nopsaka L, u L. Imeer Mecto cnemyromast

Teopema 1. Eciin CD(I)-Q)yHKuH;I OTpaHUYCHHON BapuaIluu M (D(—l)zq)(l)zl - TO BCE HYJHU
1uenoi GyHKIuu Al(ﬂ,), TO €CTb BCe COOCTBEHHbIE 3HaUCHUN onepaTopoB quddepenurposanus L
u L npunauiexar nonoce |Re A|=|x| <k, npu nexoropom k, rae A=X+iy, a taxxe o0pasyior
CYETHOE MHOXKECTBO M HMEIOT acUMNTOTHKY A, = izn+O(1) mpu N —> 0.

Bamerum, uto Ay, =0 - sBasercst cOOCTBEHHBIM 3Ha4YeHHEM, Y, (t): C#0 cobcrBenHoi
dynkuueit oneparopos L, u L .

B cnyuae, korna QyHkius CD(t)E 0, momyuaercs Ao(l)z e

) ) o
—€7 - XapaKTepHUCTHYECKUU

OIIPENEIUTEND «HEBO3MYILEHHON» CIEKTPAIIBLHOM 3aa4H:
Ly =y'(t)=2y(t) -1<t<1 o
y(-1)=y(1)
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Yucna A =inz, n=123,.. ABIAIOTCA COOCTBEHHBIMM 3HAYEHUAMH, [PH ITOM
0 inzt -
vC>0, y, =C-e"™ - coOcTBeHHBIMU QYHKIUAMH «HEBO3MYIIEHHOTO» omeparopa L,, KoTopas

oOpasyerT MOoJIHyI0 OPTOHOPMUPOBAHHYIO cHUcTeMy U 6a3uc Pucca s L, (— 1, 1).

Jlemma 2. Cucrema cobersennbix dynxmmii Y =v =~ C.e™ e

criekTpaibHbIX 3a1a4 (1)-
(2) u (3)-(4) npu N—>00,VC >0 onHoBpeMeHHO 007amarOT CBOMCTBOM OasucHOocTU Pucca B
L, (—ILl), HO HE SIBJIIETCSI OPTOHOPMHUPOBAHHBIM.

Teopema 2. Ilycte B kpaeBoM ycioBuM (4) OTCYTCTBYET CIEKTpaJIbHBIN MapameTp A u
NOJIIHTErpalibHast  (PYHKIUS (D(t)-HerepLIBHaﬂ, CD(—l):CI)(l)zl. Torma Bce coOCTBEHHBIC

3HayeHWi oneparopa L, Oyzmer cocpenoTodeHbl B HEKOTOPOM BEPTUKAIBHOM I0JIOCE
— 1 —
‘Re /1‘ :|X| <k-r-o| =| npu mexoropom k, r :M, KOTOpPO€ paclIupsieTcs B 3aBUCHUMOCTH OT
r
CBOIICTB a)(5) - MOJyJsl HENPEPbIBHOCTU CI)(t), o0pa3yeT Cu4€THOE MHOKECTBO M CIpPaBEIJINBa

: 1
acumnroTnyeckas popmyna A, =im+0| nw— |, npu N — co.
n

PaboTa BeinmosnHena npu Gpunancosoi moaaepxkke KH MHuBO PK (rpant Ne AP09260752).
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BOJIBTEPPA EPEKIIE UHTEI'PAJIABIK TEHAEYAIH CUITATTAYLIbI
TEHJEYI ) KAUBIHIA
HUckakoB C.A., OmapoB M.T., Tanun A.O.
E.A.Fexemos amvinoazvl Kapazanowl ynueepcumemi, Kapasanowi, Kazaxcman
E-mail: tan_alibek@mail.ru

G ={x,t|0 <x < y(t),t > 0} obnbIChIHIA KEJIECI IIEKAPAIIBIK ECENTI KAPACThIPAMBI3:
ou 0%

g2 = 1
5 % 9z flx,t), {0<x<y(d), t > 0} 1)
ou o (t dii(t) N Ju — ot )
ox Y0 - uO( )' dt ox =y (0) - u’l( )’ ( )

wyiza 4() = u(y(0),0), ¥(0) =0, a1y(t) = [t(1 + ao()]*, @ >3
y(£):(0,0) — (0,00) pyHKIMSCH Keneci mapTTap/Abl KaHaFraTTaHAbIPaIbl:
1.t - 0 xxoHe t — oo y(t) GYyHKIUACBIHBIH aCUMIITOTHKACBHIHBIH OeifHeci £, MyHIa w > %

2. KaHzaiia Oip t; yakpIT Me3€TiHEeH OacTar t, yakbIT Me3eTiHe JeiiH y(t) YHKIHACH epKiH,
KaraH GipcapbIHIbI XKOHE ©3apa OIpMOHII, SFHU Kepi TypieHaipyi y ~1(t) Gap.
HlemiminiH >koHe OepuireH QyHKIMITAPBIHBIH KJIAChIH KeJeci Typ/e eHIi3eMi3:

(x + [y(t)]%_l)‘lu(x, t) € Lo (G), arum u(x,t) € Lo(G; (x + [y(©)]??¢~H™D),
foot) € W (G [y texp{[y (0] @ /(4a®)});
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Ug() € Lop(Ry; [Y(D)]7C/207 D), wy (£) € Loo(Ry; [¥(£)]3/2970).

(1)-(2) mexapasbIK ecernTi melry OapbIChIHIa ecell KeIeci MHTerPaIbIK TCHACYre KeNTIpiIeIi:
t

o(t) + f K, (t, Do) dr = F(©). 3)

0

(3) uHTErpaANABIK TSHIACYIHIH IICNTIMIH, KeJieci (GYHKIUsIap KIACChIHA 13AeHMI3:

3
#(t) € Lo (0,005 [y(®)] ).
Amn, K, (t, T) S0poChl KeJleci KaCHETTEPTre ue:
1) K, (t,7) y3iniccis 0 < 7 < ¢ < o0;

. t
2) }Ll’{(l) Jy Ky (t,D)dT =0, ty=e>0;

. t
3) lim Jy Ky (t,D)dr = 1.

(3) mHTErpanIbIK TeHAeyiHin epekmeniri K, (t, T) aapoceinbiy 3 Kacueringe. bynan K, (¢, T)
SJIPOCHIMEH aHBIKTAIFaH MHTErPAJAbIK ONEepaTOpAbIH HOpMachl Oipre TeH eKEHIIri MIbIFaabl. AJ
Oyn1 kaiiT, OepUIreH TEHIEY/IH MIenTiMi Oap YKOHE >KaiuFbl3 O0JAaThIH KIIACCHUKAJIBIK EKIHII TEKTI
Bonbereppa TeHneyiHeH TyOereiini e3remie eKeHiH KopceTe .

(3) uHTerpanublK TEHACYAl MIENly YUIIH, COMKeC cuUmaTTaMalblK WHTETPaNJbIK TEHACYIH
KYpacCThIPanbIK.

() + f“) Kn(t, D (D)t = g(0), (4)

MyH/JIa

K, (t,7) = Z K9, 1),

(4) uHTErpaNABIK TEHAECYIHIH AApOChl K, (¢, 1') SIIPOCHIHBIH 3 KACHETIHE YKCAaC KACUETKE HeE.

(4) cunarramainblK TEHAEYMIHIH MICIIIMI KeJIeci Typ/e TaObLIa bl
t 3

o =g+ [ (5

0
Mynna, R, (t, T) pe30oabBeHTACH! YILIH Keleci baranay IyphIc:

Rh(t,f)g(t)df-+(7¢hon1<(20)—-1)(20)—-1)[V(Tlf%5i>,

2w—1 2w—1
sw—3 17 Cu-Dy@®] @ y@] ©®
[y(O] o {ly(@)]e a?([ ()]zuz);l—[ (r)]%
Ry(t,7) < C(w) - { } =X e <Yt Y ) (5)
20-1 20-113
(vl e -y@l ™)
3-2w

Teopema 1.2.2 (4) unmeepanovix menoeyiniy kes kenzen g(t) € Ly (R; [y(t)]W) oW JHcagvl

3-2w

yuiin wewimi 6ap @(t) € Lq, (R; [y(t)]?);
t 3

y(®)

MYHOA Qpom(t) Oipmexmi menoeyoin wewimi, an Ry (t,T) pesonveenma ywin (5) 6azanayvl
OPBIHObL.

p(t) =g+ f <@>2w Ry(t,7)g(t)dt + C - rom((Qw — 1207 1),
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Ha otpeske[—t,T] paccmarpuBaercsi 3ajava sl JTHHEHHOW cHCTeMBbl TU(epeHITHaTbHBIX

ypaBHEHUH ¢ 3ama3apiBaHueM| 1]
dx(t) _

= A()x(t) + B(t)x(t—1)+ f(t), x €eR™, t € (0,T), T>0, (1)
x(t) = diag[x(0)] - @(t), te€[-1,0], (2)
C CYIIECTBEHHO HEJINHEHHBEIMA ABYXTOYCUYHBIMH KpPaC€BbIMU YCIIOBHUAMU
g(x(0),x(T)) = 0. (3)
3nech(n X n)-marpunsiA(t), B(t), u BekTop-pynxuus f (t) HETIPEPHIBHBI

Hal0,T], ¢:[—7,0] = R™ - HenpepsiBHO auddepenuupyeMas BeKTop-QyHKIus Takas, uyro@;(0) =
1, i = 1,n, T - nocrosunoe 3anasasiBanue, ||A(t)|| < «, [|B(t)|| < B, roea, B — const.
Pemennem kpaeBoit 3amaum (1)-(3) sBuserca HempepbiBHas Ha [—7,T], HempephIBHO

mudpdepennupyemas Ha(0,T) BekTop-¢yHkumsx™*(t), ynoBierBopsiomas ypaBHeHHI0 (1) wu
ycinosusM (2), (3).

3anaua ¢ 3ana3apiBaHueM (5)-(7) ucciemyeTcs METOIOM Mapamerpu3anuu. [Ipemioxkena oqna
MoaU(pUKAIMS METOJa TMapaMeTpH3aliy, TI¢ Ha KaKIOM IIare pemaeTcs CUCTeMa HEJIMHEHHBIX
yYpaBHEHMIA, a Takke pemarTcs 3amaun Komwm st nuddepeHnnanbHbIX ypaBHEHUN 0e3

3ara3(pIBaHus. Y CTaHOBJICHBI JOCTATOYHbIE YCIOBHS CYIIECCTBOBAHUS HM30JMPOBAHHOTO PEIICHHS
3agaun (1)-(3).

Hacrosimmass paborta mnomuepkaHa MwuHHCTEpCTBOM 00Opa3oBaHUST W Hayku PecnyOnmuku
Kazaxcran (rpant AP 08855726)
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E-mail: narkesh@mail.ru, aiganym.rysbek@mail.ru, alisher_m_16@mail.ru

Ha otpeske[—t,T] paccMmatpuBaercsi JuHEWHas KpaeBas 3amada Uil JuddepeHIraIbHoro
YPaBHEHUSBTOPOI'O NOPSJKA C 3a1a3/bIBaHIEM
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d? x(t) dx(t)

q1(t) =~ + q,(O)x(t) + gz (Ox(t — 1) + f(¢), t € [0,T], (1)
1) = x(0) - 1 1), =" e, tel-n0], )
x(0) = x(1), £ = ity ©)

t=0  dt le=r’
rne ¢yskumu  q;(t), i = 1,3,u f(t)HGHpeprBHLI ua[0,T], ¢;(t), i = 1,2, - HenpepbiBHO
nuddepennupyempleyakuun takue, yro@;(0) = 1, i = 1,2, 7 > 0 - DOCTOSHHOE 3ama3/IbIBaHHUE.

Pemennem 3amaun (1)-(3) sBasercs wHempepbiBHas Ha [—7,T], aBakapl HeNpepbIBHO
maddepennupyemas Ha(0,T) dyakuusx*(t), ynosnerBopstomas ypaBaenuto (1) u ycnosusim (2),
(3).

3amaua (1)-(3) uccnenyercs meronom mnapametpusaruu|l].Pazpadorana onna moaudukamms
MeTO/a TMapaMeTPHU3aluy UCCIIEOBAHMS U PELICHUsT PacCMaTPUBAEMON 3a7a4yM, YUYUTHIBAIOMIAS €€
CTPYKTYPY, U YCTAHOBJICHBI YCIIOBHSI €€ OJHO3HAYHOHPA3PEITUMOCTH.

Hacrosimas pabora mnonnepxkaHa MuHucTepcTBOM 00pa3oBaHus W Hayku PecnmyOnuku
Kazaxcran (rpant AP 08855726)

Cnucok McnoJib30BaHHOM JIUTEPATYPhbI
1. Dzhumabaev D.S., "Conditions the unique solvability of a linear boundary value problem for an ordinary
differential equations"”, Computational Mathematics and Mathematical Physics, 29:1 (1989), 34-46.

O PASPEIIMMOCTH NEPHOJUYECKOM KPAEBOM 3ATAYN
JJIA HATPY X KEHHOTI'O INOPEPEHIIUAJIBHOI'O YPABHEHUSA
C 3AIIA3AbIBAHUEM
12 Mekaxona H.B., > Pricbex A.C, > Hypelaga A.M.
Y Unemumym mamemamuxu u mamemamuueckozo modenuposanus, Anmamer, Kazaxcman
2 Kazaxckutl HayuoHanbHblil nedazozuyeckutl ynusepcumem umenu Abas, Anmamot

E-mail: narkesh@mail.ru, aiganym.rysbek@mail.ru, aknur.nurylda@bk.ru

PaccmarpuBaercs nuHelHas mepuoauueckas KpaeBas 3agada A Aud@epeHuuanbHOro
YpaBHEHHUSC 3aMa3AbIBAIOIIUM apryMEHTOM

d’;“) A®)x(®) + BOx(t — 7) + X121 Kix(jr) + f(t), ¢ € [0,T], x € R?, (1)

x(t) = diag[x(0)] - @(8), te€[-1,0], (@)

x(0) =x(T), (3)

rae Marpuibsl Broporo nopsuaka A(t), B(t)usexrop-dynkuus f(t)nenpepoiBusl Hal0, T],BexTop-

dynkumsa @(t) - HenpepbiBHO muddepenuupyemas, takas uro@;(0) =1, i=12, 7>0 -
MOCTOSHHOE 3amasjbplBaHue, npa3 ykiaaipiBlomascs Ha [0,T], Marpuis Kj, j=1n-1,

nocrosiaabie, [[A() || < a, [|B()I| < B, trea, f — const.
Pemenvem 3amaum  (1)-(3) sBuserca  HenpepbiBHas Ha  [-7,T],  HenpepbiBHO

muddepenuupyemas Ha(0,T) dbynkuusax*(t), ynoBnerBopstomas ypaBHeHuto (1) u ycnosusm (2),
(©)

3agaua (1)-(3) umccnenyercs meronoMm mnapamerpusauuu|l].Mccaenyemass kpaeBas 3ajgaua
CBOJIUTCS K SKBHBAJICHTHOM KpaeBOM 3ajaue AJIs Harpy>KeHHOTro (g pepeHIInaIbHOTO YpaBHEHUS C
napametrpamu. [lpum QuxkcupoBaHHOM 3HaYeHHM TMapaMmeTrpa pemaercs 3agada Komu ams
Harpy)xeHHoro auddQepeHInaIbHOro ypaBHeHHMs. Mcnone3ys (yHIaMEeHTalbHYI0 MaTpUIly
middepeHnanbHON YacTH ypaBHEHHMsS M TpeAroiaras OJHO3HAYHYIO pa3peliuMOCTh 3a/lauu
Komm, ncxonnas kpaeBas 3agaya CBOJUTCS K CHCTEME JIMHEHHBIX anreOpandyecKkux ypaBHEHUH
OTHOCHTEJIbHO HEM3BECTHBIX MapaMeTpoB. CyllecTBOBaHUE PELICHUS 3TOM CHCTEMBI 00eCIeunBaeT
paszpermocTb 3aaauu (1)-(3).

Hacrosimas paborta mnojaepkaHa MuHHcTepcTBOM 0Opa3oBaHus M Hayku PecnyOmuku
Kazaxcran (rpant AP 08855726)
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Cnucok ucnoJib30BaHHOM JIUTEPATYPbI
1. Dzhumabaev D.S., "Conditions the unique solvability of a linear boundary value problem for an ordinary
differential equations”, Computational Mathematics and Mathematical Physics, 29:1 (1989), 34-46.

O PA3PELHINMOCTH HEJIOKAJIBHOM KPAEBOM 3AJIAYM 1151 CHCTEMBI
T'NMIEPBOJIMYECKNX YPABHEHUH CO CMEIIAHHBIMH ITPOU3BOJJHBIMHU C
MNOCTOSAHHBIM 3AINNA3/ILIBAHUEM 110 BPEMEHU
12 UckakoBa H.B., 1° Tememena C., 2 THIHBIITHIKO AT A K.

Y Uncmumym mamemamuxu u mamemamuueckozo modenuposanus, Armamel, Kazaxcman
2 Kazaxckutl HayuoHanbHblll nedazo2uyeckutl yHusepcumem umenu Abas, Anmamot
8Kazaxckuii nayuonanvnwiii ynusepcumem umenu anb-Papabu, Armamo
E-mail: narkesh@mail.ru, temeshevasvetlana@gmai.com, abylay.tynyshtykbay@fizmat.kz

PaccmarpuBaeTcss HenMHENWHas HEJNOKalbHAas JBYXTOUEYHAs KpaeBas 3ajada JUlsi CHCTEMBI
rUNepOOJNYECKUX YPAaBHEHUN CO CMEIIaHHBIMU MPOU3BOIHBIMU C MIOCTOSIHHBIM 3aI1a3/IbIBAHUEM 110
BPEMEHU

0%u(x,t) du(x,t) ou(x,t—1)
—;;;t =A,(x,t) uai + A,(x, ) = zx P4 A, Dulx, ) + fx, £),(1)
(x) t) € ‘Q‘T = [Ol (l)] X [O;T])
% = diag (%| ) ~p(x,t), (xt)€Q,=[0,w]x[-1,0], (2)
t=0
du(x,t) ou(x,t) _
(X, x lg=g ' ox t:T) =0, x€[0,0], (3)

rae (n X n)-marpuusl A (x, t), k = 1,3, u Bextop-dynxius f(x, t) nenpepsisubl Ha[0, w] X [0, T],
@(x,t):[0,w] X [-7,0] - R™— wuenpepsiBHO-muddepeHpyeMas 1o tU HENpephbIBHAS OX
BekTOp-QyHKIMs Takas, uro@;(x,0) =1, i = 1,n, T - nocrosHHOe 3anasabiBanue,||A;(x, t)|| <
ay, toeay — const (k =1,3), =0, U Qr, Qp = {(x,t):x € [0,w], t =0}

Oyukuuau(x, t) € C(Q,R™), wuMeromas  4YacTHBIE nponmozmme% € C(Q\Qy, R™),
2%u(x,t)

oxadt
YAOBJIETBOPACT CHCTEME FI/IHep6OHI/I‘leCKI/IX ypaBHeHI/Iﬁ CO CMCIOAHHBIMU IIPOU3BOAHBIMH C

HOCTOSHHBIM 3ama3apiBanueM 1o spemenu (1) npu Beex(x, t) € Qr u yenosusam (2)-(4).

€ C(Qr\Qy, R™)naspiBaerca KiaccuueckuM pemenueM 3agaun (1)-(4), ecam  oHa

Beenenunem HoBOi ¢ynkuuu v(x,t) = aua(;c’t) 3amaya (1)-(3) cBoguTCAd K SKBUBAJICHTHOU
3aaue
617;3;, 2 = A, )v(x, t) + A, (x, v(x, t — 1) +
+A3 00 (W) + [y v(E,)dE) + f(x, 1), (1) € Qr, (5)
v(x, t) = diag(v(x, 0)) ~p(x,t), (xt) €, (6)
g(x,v(x,0),v(x,T)) =0, x € [0,w], (7

KOTOpasi TpPEACTaBIseT COO0OM CEeMEHCTBO KpaeBbIX 3agad JUisi CHCTEMbl OOBIKHOBEHHBIX
middepeHInaNTbHBIX YPaBHEHUH C 3ala3/IpIBAIOIIM aprYMEHTOM C TIapaMeTpoM CeMeHcTBax, X €
[0,w].

Ecmn dyukuusiv(x, t) sBasercs pernenneM 3amaun (5)-(7), to ¢ymxumsu(x, t) = P(t) +
fox v(&, t)dé ectp pemenne 3amaun (1)-(4).

3amaua (5)-(7) uccnenyercs MeToioM mapamerpusanuu|1]. DxkBuBanieHTHOCTD 3a1a4 (1)-(4) u
(5)-(7) nmo3BoNIMIIA  TIOCTPOWTH  QITOPUTM  HAxXOXJeHUS pemieHus 3amaud (1)-(4) wu
YCTaHOBHUTBYCJIOBHS €€ Pa3pelIMMOCTH.
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Hacrosimas paborta mnojaep:kaHa MUOHHCTEPCTBOM 00pa3oBaHusT M Haykd PecryOnnku
Kazaxcran (rpant AP 08855726)

Cnucok ucnoJib30BaHHOM JIUTEPATYPbI
1. Iskakova N.B., Temesheva S.M., Abildayeva A.D.On the conditions of solvability of a nonlinear boundary
value problem for a system of differential equations with a delay argument // Kazakh Mathematical Journal. —
2020. —Vol. 20, Ned, —P.59-74.

PA3SPEIIMMOCTH ¥ CYIIIECTBOBAHUE COBCTBEHHBIX 3HAYEHUM
KPAEBOM 3AJIAYM JIJISI YPABHEHUS ITAPABOJIO-TUITEPEOJIMYECKOI'O TUIIA
C OITIEPATOPOM I'EPACUMOBA-KAITIYTO
'Ucaomos B.H., ’Axmanos U.A.

Y2Hayuonanvuwiii Yuueepcumem Ysbexucmana um. M. Ynyebexa, Tawxenm,Y36exucman
E-mail: islomovbozor@yandex.ru*, ahmadov.ilhom@mail.ru?

C cemuuecatpix rojoB XX BeKa MHTCHCHMBHO M3y4alOTCS KpaeBbIC 3aJaud JUIsl ypaBHEHUU
CMEIIaHHOTO THUIIAa CO CHEKTPaTbHBIM MapaMeTpoM. [lepBbie CyIIeCTBEHHBIE Hay4HbBIE PE3YIIbTATHI
M0 CHEKTPAIbHOW TEOpUH YypaBHEHUW cMemaHHoro Ttuna mnoiaydeHbl T.II.KanemeHOBBIM,
E.N.Mouceebm,C.M.IlorHOMapeBbIM. J[anpHelNIEE pa3BUTHE 3TOM TEOPUHM CBA3aHO C HWMEHAMM
yuaénbixB.A. Uneunra,H.}0.Kamyctuna,M.C.CanaxutaunoBa u A.K.Ypunosa, M.A.CangsibekoBa.

OddexTuBHBIE METOJBI HCCICIOBAHMS HEKOTOPHIX 3a/Jad CHEKTPAIbHOM TEOpUHM IS HE
CaMOCOTIPSDKEHHBIX KpaeBbIX 3amad Obumn cos3manbl JI. bupkrodom, S.JI. TamapkunbiM, T.
Kapnemanom, M.B. Kenapimem, B.A. Unbunbim.

OTtmeTnM, YTO  HallM  pe3yiabTaThl  CTaThbM  CBsi3aHbl ¢ paboTamu  pabOThHI
H.}O.KanycrunauE. M. Mouceesa[1],H.}O.Kanycruna[2], K.b  CabutoBa [3], M.A.
CanpibexoBa,l".JI. Toikanosa [4]u A.C. bepapiieBal5].

[IpuBeneHHas HUXKE 3a7a4a, KOTOPYIO MBI PEIINM, CBA3aHA C PEHICHUEM CIIEKTPAIIBHOW 3a7a4n
JUIsl  TTapa0oJIMYeCKOM YacTH YpaBHEHHS CMENIAaHHOTO MapaboJio-THIEpOOJIMIeCKOro THIA C
oneparopoMm ['epacumoBa-KaryTo, HUKEM HE UCCIIEIOBAHHBIM.

B macToseit craThe M3ydaeTcsl pa3peliMMOCTh U CYIIECTBOBAHHME COOCTBEHHBIX 3HAYCHUM
KpaeBOM 3ajay Ui CMENIAHHOTO Mapaboso-runepOoMYecKoro ypaBHEHHS C OIEpaTOpOM
['epacumoBa-Karmyro.

[Tycts Q € R?-koHeuHast 06:1aCTh, orpanndennas npu Y >0otpeskamu AA4,, A4,B,, B,B,
A4=(0,0), 4,=(0,2), B,=(11), B=(10), anpu Yy <O0rmanxoii kpuoit AC:y=-y(x), 0<x<I,
0.5<1<1 y(0)=0, I+y(l) =1, pacnonokeHHON BHYTPH XapaKTEPUCTUUECKOTO TPEYTOIbHHUKA!
0<x+y<x-y<I, xapakrepucrukoii BC: y =X—1 ypaBuenus

Diu—u , y=0
Lu=]¢""" w = f(xy), (1)
Uy —Uy, Y<O0

rae DZX [D] —omepaTtop ApoOHOTO mopsiaka & B cMmbicie ['epacumoBa-Kamyro [4]:

c

sgn(x—o —a
a1 Tiay )J oo, Ocad @
g'(x), a=1
OtHocutensHO ¥(X) OymeMm mpeanosararh, 4TO OHA MPHHAIJIEKHUT KnaccyCl[O,l]H Takas,
x—7(X) MOHOTOHHO BO3pacTaer.
3amaua M . Haiitu pemenue ypaBHeHus (1), y0BIETBOPSIONIEE YCIOBUSM,

u|AAOuAOBO =0, (3)
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(UX +uy)‘ACuBC - (4)
UYepes W, (Q)=H'(Q) o6osnauum npoctpancteo C. JI.  CoboneBa ¢  HOpMOIA

I ||I , W) (Q) = L,(Q); L, [0,1] - mpocrpanctBo KBamparmuno cymmmpyembix dymkumii Ha[0,1],
0, =0n{y>0}, Q=0n{y<0}.

Onpeneaenne 1. Knaccuyeckum pemenuem 3agadn M, HazoBeM (QYHKIMION3 Kiacca
P, = {u(x, y): u(x,y) eCHQ) N C§ Q)N Cf§ (Ql)} , YIOBJICTBOPSIONIYIO KpaeBbiM yciaoBusiM (1), (3)

u (4)3amaun M, m obpamaronyro ypasHenue (1) B Toxk1eCTBO.

Onpenenenne 2. dynkmmiou € L,(Q) HazoBeM cunvhbiv  pewenuem 3adauu M eciu

a
CYNIECTBYET ~IOCIeI0BaTENbHOCTs GyHKImiA {U (X)}, U, €F, yIOBIETBOPAIOUINX KPaeBbIM

ycnoBusiM (3), (4) 3amaum M, Takasg, 4to mocnenoBarenbHOCTH U M Lu cxomarcs B L,(Q)x

o
dynaxmusm Un f coorBercTrenno. (||un —u||0 —0, ||Lun - f||0 — O0mpu Nn—oo.)

Jloka3aHbl CJAeAYIOUIHE TEOPEMBI.
Teopema 1. JIna mro6oit f € L,(€2) cymecTByeT eqMHCTBEHHOE CHIIBHOE PEIIEHHE U 3a/1a9u

M, . OTo pemieHue MpuHaMIEKUT Kiaaccy P, = {u(x, y):u(x,y) eW21(Q) mwzlfy (©) mC(S_))} ,

YJIOBJ'IGTBOpﬂeT HepaBeHCTBy
Jull, <c|It{], 5)

1 MOXKET OBIT MPEJICTABIICHO B BUJIE

u(x,y) = [[ KOGy, 1) 04y )dxdy, (6)

rie K(X,y;X,y;) € L,(QxQ).
Teopeme 2. Ilycts y £ 0. Torma cymectByer A eC Takoe, 4to ypaBHeHue LU= AU umeer
HETPHUBHAJILHOE perienne U e P,.

CHnuCOK MCIO0JIb30BAHHOM JIMTEPATYPbI
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MHOT' OITAPAMETPHYECKHE MATEMATHYECKHWE MOJEJIN 3AJTAYA
P®WIbTPAIIMN ®JIOUJI0B B TPEXCJIOMHOM IMOPUCTOM CPEJE
Karowmos I11., bekuanoslll.d.

Tawxenmckuil 20cyoapcmeenHulil mexHuweckuil ynusepcumem, 2. Tawkenm, Y30exkucman.
E-mail: sherzodbekjonov@gmail.com,

W3BecTHO, 4TO MaTeMaTH4YeCKUe MOJETH B MHOTOILIACTOBBIX CHCTEMaX,CoJiepamue B cede
HBIOTOHOBCKME (PIIIOMABI TOYTH TOJHOCThIO U3y4deHO[1]. OTHOCHTENBHO HEHBIOTOHOBCKUX
(GIIOMIOB 3TH Cpellbl MCCIEAOBAHBI HE TOJHOCTHIO, OCOOEHHO Koraa (YyHKIIMOHAIBHBIA CBS3h
MEXIy TPATUCHTOM JIaBJICHUS U CKOPOCThIO (DUIBTpAlMU MMEeT pasiudHbie Moaudpukanuu. OHa
CBS3aHO C TeM, 4YTO HE Bcerga ynma€rcs OmpeAeiuTh, KaKOW BHJ  aNIpOKCHMAIIUU
(GYHKIIMOHATIACOOTBETCTBYIOT K NAHHOHW ciiowicToi cpene. IloaToMy mcciienoBaTeNnn BBIHYKIACHBI
9TH 3aJ]a4M PEIIaTh OTAEIHHO B KaKJIOM KOHKPETHOM ciiydau [2-4]. DTH 0cOOEHHOCTH HanOoJIbIIe
MPOSIBIIICTCSI, KOTJIa MHOTOCJIOWHAs TOpPUCTas cpela W COoJepKalue B HEM (IIIOHIBI HMEET
CTPYKTYpHBIE cBoiicTBa. Ha Ham B3risg Hambosee >QGEeKTUBHBIM SBISETCS M3YYCHHE Mpollecca
¢bunbTpanuu (GIOUI0B B MHOTOCIIOHHBIX CpelaX COJIEpIKaIINe HbFOTOHOBCKUE, HCHBIOTOHOBCKUE H
CTPYKTYPUPOBAHHBIX  (DIIOMIOB  TyTeM  TIOCTPOGHHWE B  HHUX, MHOTOTapaMETPHUSCKUX
MaTeMaTHYeCKUX MOJEeNIeH ¢ MapaMeTPU3WPOBAHHBIMH HAYaIbHBIMH, TPAHHYHBIMH U KpPaeBBIMHU
YCIIOBUSIMH.

MHoromnapaMeTpHdecKue MaTeMaTHUYECKUe MOJICH, JUISl OJHOIUTACTOBBIX CHCTEMBI Oblia
pa3paboTaHa 3a OIpENeNeHHBIH TEePHOJ] BPEMEHH M OHAa OXBATHJIO TMOYTH BCE CYIIECTBYIOIIHE
MaTeMaTHYeCKHE MOJICNIA, TMOCTPOCHHOTO W HW3YYEHHOTO PAa3IMYHBIMH aBTOPAMH.DTH MOJCIN
CHavasa ObUIO TIOCTPOCHA JI0 YETHIPEX 3aKOHOB (DMIIBTPAITUH M B TIOCIICAYIOIIMM JIOTIOTHEHHA 10 13
3aKOHOB (pusbTpammu [5-7].

Paccmorpum  TpexcnmoiHbIi  cpenmy(oOnacTe  ())  HWMEIONMME  pa3MYHBIE  IUIACTOBBIC
XapaKTepUCTUKU, TAe CpeAHuil, xopowmo mnpoHunaemsl (obmacte D,) u B Hell mpeoOianaer

TOPU30HTAJIbHBIE COCTaBIIACIINE (T.C.ABUKEHUS IIPOUCXOUTH 110 TOPU30HTaNIN) a ABe BepxHue ( D,
) u HwkHue (D,) mmacTel NIoOXomnpoHHLaeMble (MPEINONIOraeTCsl YTO JBWKEHHMS B HHUX

MPOUCXOJIUTHh IO BEPTHKAIM), TOTJA Ui XOPOIIO MPOHHIIAEMOTr0 IUIACTAa MOYKHO ITOCTPOUTH
MHOTOIIAPAMETPUYECKUA MOJIENIb a JIB€ COCEOHBIX HCIIOJIb30BaTh HENapaMeTPU3UPOBAHHYIO
00bI4HyI0 MoJenb. [Ipeanonoraercs yroor6op ¢arona npoussoaurcs us odnactu D, .

C HauanoM paOOThl CKBaXKHMHb PacloyioKeHHYo B obmactu D,, B pesynbraTe BO3MYyLIECHHS
obsiacTu HaunHaeTbes nepetok us obnactu D, u D, B obnacte D,. Ecau oOnacte D, HachleHHO

CTPYKTYpPU3UPOBaHHBIMU (pItOMIaMH TO B Hel oOpa3yeT TpU 30HBI (PUIbTPALMK C HEU3BECTHBHIMU
MOJBIKHBIMHM T'PAHUIIAMU U COOTBETCTBEHHO C HUMH, KOA(D(UIMEHTHl NEpeToKa IS pa3IudHbIX
30H OyAeT OTJIMYaTCs OT APYT Apyra.

Jlis  TOCTpOEHHBIX Mojeneld pa3paboTaH BBIYMCIUTENBHBIN  QITOPUTM  pEUICHHE C
MPUMEHEHHSIM METOJa UTepaliii ¥ MOTOKOBOTO BapHaHTa PA3HOCTHOM MPOTOHKHU [8] U MPOBOIUTCS
UCIBITAHUS UX HA TUIIOTETUYECKUX JIaHHBIX.

Cnmcox ucnoJib30BaHHOM JIMTEPaTypPbl
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2. Mupzaxanmzane A.X. Bonpockl THIpOIMHAMUKE BS3KO- TDIACTUYECKUX M BSI3KUX JKUAKOCTEH B HedTenoObrue. baky.
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BOJILIEKTIK XXYKTEJITEH XbLTY OTKIBI'IIITIK INETTIKECEBI YIHITH
HMEINIMJAIIK IIAPTTAPBI
Kocmakosa M.T., Axmanosa /.M., ’Kymaryaosa J.K.
Axademux E.A. Boxemos amvinoazel Kapazanowvl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail:svetlanamir578 @gmail.com; danna.67 @mail.ru; elmira09@inbox.ru

Bipiami kBagpaHTa OONIIEKTIK KYKTEJITeH JXKBUTYOTKI3TIITIK TEHICYl YIIIH MIETTIK €cenTep
KapacTeIpbliaapl. JKYKTENreH Mylle KEHICTIKTIK aiHBIMalIbIFa KaTBICTBl allbIHFaH. by wmyte
Puman-JInyBwne Typingeri Oesmek TYBIHABI OOJNBIN TAaOBUIAABl KOHE JKYKTEITeH MYIIEIeTi
TYBIHJBIHBIH peTi qudQepeHIranablK O6TiKTiH peTiHeH Kinrl. 3epTTey MeTTiK ece0iH eKiHII TeKTi
BonbpTeppa MHTErpayiIblK TEHICYIHE KENTIpyre HETI3JeNreH. AJBIHFAaH HHTETPATIBIK TCHICYIIH
AIpocbIHAa apHaiibl QyHkuus, Pait Tunti ¢yHkuus Oap. VHTErpanablk TEHIACYAIH MICIILTY
IapTTapbl ajbIH/bl *OHE WHTETpANJBIK TEHICYIIH ILIenrMaepiHiH 6ap 0oiybl MeH Oipereiiri
0acTanKpI-MIEKTIK €CENTIH JKYKTEJIreH MYIIECIHAET1 OeIIeK TYBIHIBIHBIH pETiHE e, 3aHbIHA Ja
TOYeN1 eKeHIIr' KOpCeTUIreH.

G ={(X,t)| x> 0;t > 0} oOabICHIHAA TEHACY/IIH MEMiMiH Ta0y Kepex.

u =u,+ Z{ ) D(fxu(x,t)} o + f(x,t), (1)
x=y
ul,_, =0;ul,_,=0. )

MyHna:
DY, f (X) -Puman-JInysumn typingeri Tystams: 5,1< <2 lemim u(x, t) € L1(G).

y(t)y3mikcis ecneni GpyHKIMA KIHE 7/(0) =0.
Keneci Genrinenynep eHrizuieni:
t +oo

pO)={ DD} fxt)=[[6xet-0f(ENdr @
00
Conpa (1)-(2) ecentiy menriMid [8] Typinae kepceTyre 60aaipl.

u(x,t)z—iiIG(x,g,t o) + 1, (x.t), @

it ol 57 e 42

I'pun dyHKUMSICH OOBIN TAOBLIABI.

MYHJarbl:

u(x,t)z—ﬂ,j)‘ (2ﬂ o)z + f,(x,t)-

(4) TypiHze KepceTerik

u(x,t) = -4 j; K(Z th__r}z(r)dﬂ fi(x1), (5)

MYHarbl

o= ) ®

(5)-re (3) dopmyna GoiibiHIIa Genmek quddepeHIraniay onepanuschiH KoJIIaHaMbl3.

bizge Gap
5 X - 1 apf X _
rDo,x(K[z '_t—z-)j X [r(l—ﬁ) el,% [ —t_‘[jj
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1-5 1 1

X 2-f. X 2-p.-

= e, ?| - =-ze, 2(2),1<p<2,
Nt—7 1% ( Nt-7 ) 1%

MYHIarbl

n

z
es(z)=

)= e e )
- Paiit Tanti pynkmus [9, 6.23]. Ecenrey ke3inge [9, 24 6.] aBToTpanchopmanus GopMynackH

(3) KommaHABIK.
bi3 uHTEerpaNIIBIK TEHACY/I1 AIBIK

u(®)+ 2 K, (1) u(r)dz = £,(1); 1< B <2, ©)

,1ueC,0eC, (7)

MYHOarbl:

t = 5 ,1 t
f,(t) = D(’fx (f.(x,1) |x:7(t) ' Kﬂ (t7)= % el'; 2 [_%j ¥

Ocsl xepae y(t) ~t“cart > 0;0>0.
OiiTkeHi v > %)KQHG]. <f <2 ymin ysimiccis QyHKOMANAp KiacelHAa OpeKeT eTeTiH (8)

TeHJEYiHiH UHTErPaIbIK OIIEPaTOPLIMEN meKTeNneTiH Gomansl. w(l — B) +1/2 >0
An 1< f<2xoune saapocsl (9) 6ap uaTerpanasik Tedaey (8) Oipkenki mwemineni xone w(f —

1) < %YmiH 1< B < 2xone saapocsl (9) 6ap (8) HHTErpaAbIK TEHALY OIpKEKi menineai.w = %

Teopema. (9) Ttypinzgeri TeHaeymiH sapockl Oap (8) mHTerpanmsik TeHaey 1< f<2xoHe
y(t) ~t”(t=0 mykTeciHiH MaHaWbIHAA) Yy3LTicci3 GyHKIMAIAp KIAChIHAA OIPKENKi IIENIiieai, erep
w = %

Iaiinananbliran daeduerTep Tisimi

1. Haxymes A.M. MaTtemaTHKanbIK OHOJIOrUsIHBIH TeHAeyaepi. — M.: XKorapsl mektern, 1995. — 205 6.

2. HaxymeB A.M. XKykrenreH TeHzeysep *oHE ONapAblH KOJMJaHbUTYbI, nuddepenHnuanpl. Tenaeynep. - 1983. -
T.19, No 1. - C.86-94.

3. Atraee A.X, MHckakoB C.A., Kapumrumaa I'.JK., PamazanoB M.U. bemiek perri XyKTeMeMeH
JKBUTYOTKI3TIIITIK TEHACY! YIIiH OipiHiI mekapanbik ecer. 1. / Kaparanapl yHUBepCHTETIHIH Xa0aplIbIChl-MaTeMaTHKA.
- 2014. - T.76, No4. - 11-16.

4. blckakoB C.A., Pamazanos M.U., UBanoB M.A. (2015). Bemmek perti sxykremeci 6ap KbLIy OTKI3TIIITIK
TeHeyl yuiH Oipinmn mekapanbik ecer. 11. // Kaparaune! yHuBepcureriniy xabapiibicbl-Maremaruka. - 2015. - T.78,
No2. - P. 25-30.

5. KocmakoBa M.T., UckakoB C.A., KackimoBa JI.JK. Beniek »xykrenreH bty TeHaeyin memyre // Kaparassi
YHUBEPCHUTETiHIH Xabapuibickl-MatemMaruka. - 2021. - T. 1, Ne 101. — 65-77 6.

6. PamazanoB M.U., KocmakoBa M.T., KacemmoBa JI.JK. bemmek >xykremeci 6ap KpUly TEHAEYiHIH Mocelneci
Typansl // JlobaueBckuii xxypHansl MatemaTuka. - 2020. - T. 41, Ne 9. — 1873-1885 xoxk.

7. KocmakoBa M.T., PamazanoB M.U., KaceimoBa JI.OK. Bemniiek X ykTeMeMeH >KbUIy TeHICYiH mwiemry //
JlobaueBckwmii xypHans matematuka. - 2021. - T. 42, Ne 12. - B. 2854-2866.

8. IMonsauH A.J]. MaTemaTukansik (DU3UKAHBIH CHI3BIKTHIK TEHICYNIEP aHbIKTaMalbirbl. — M.: @usmatiur, 2001. —
576 6.

9. Ilcxy A.B. bemnmek petTi keke TyRIHABDIApAAFE TeHAeynep. — M.: Hayka, 2005. — 199 6.
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O PABPEHIMMOCTHU HATPYKEHHOM 3AJJAYM TEIIIOITPOBOJHOCTH C
HAT'PY3KOM B BUJIE IPOBHOI'O MHTEI'PAJIA
Kocmakosa M.T., H:xxanoBa K.A., I'azuzosa /I.K.
Kapazanounckuii ynusepcumem umenu axademura E.A. bByxemosa, Kapazcanoa, Kazaxcman
E-mail: svetlanamir578@gmail.com, kamila.izhanova@alumni.nu.edu.kz, gdk8@yandex.ru

Paccmompena kpaesas 3a0aua 0ns HeOOHOPOOHO20 YpasHeHUs. MENJIONPOBOOHOCMU C HA2PY3KOU 8
sude Opobroco umumeepara Pumana-Jluysunns nopsoka [, eoe f € (0,1). Obpawenuem
ougpgpepenyuanvroil yacmu 3a0aya ceedeHa K UHMESPATbHOMY YPABHEHUI0 ¢ 50POM  CO
cneyuanvhoti  gyukyuen. Cneyuanvhas @yukyus npedcmasieHa 6 8ude  0000WeHHOU
eunepeeomempuuecxkoun gyukyuu. Hccnedosamvl npedenvhvie cayuau nopsoka 5 OpobHou
npouseoonou. Ilpoussedena oyenka s0pa uHmecparbHo2o ypasHuenus. Ilomyuenvr ycrogus
Pa3peuumMocmu UHmMe2paibHO20 YPAGHEHUS.

| HeoOxoauMmble CBeIeHHsI U3 TEOPHH APOOHOI0 HCYHCICHHS U CeNHAILHBIX QyHKIHi
Onpeoenenue 1. Ilycts @(x) € L,[a; b]. Torna unrerpai:

(1¢X@—F(Jﬂ(?%mex>%

rae « > 0, Ha3biBaeTcs QpoOHBIM HHTETpajioM Pumana-JInyBunns mopsiaka a; a > 0.

) () = (). [1]
3ameuanue 1. JlocTaTOUHBIM YCIOBHEM CYIIECTBOBAHHSA APOOHOTO HMHTErpaja sBIsieTcs
yenosue @(t) € Ly([a; b]).
3ameuanue 2. VI3BecTHO, uTO [2] myisi mepBOil kpaeBou 3amaum B oOmactu 0 < x < 0o mpu
YCIIOBHSIX:

w=f(x)nput =0,
w=g(x)npux =0,
muddepeHnranpHOe ypaBHEHHE BUIA:

HUMCCT PCIICHUC:

u(x, t) =f f(E)G(x,f,t)df+f g(t)H(x,t—r)dr+J. J. ®(§1)G(x, & t — T)dEdrT,
0 0 0o Jo

rae
1 (x — &)? (x+§)?
R et B R

x x?
H(x,t) = 5 eXp (——)
2ymat2 4at
Onpeoenenue 2. O600IEHHBIM TUIIEPTEOMETPUIECKUM PsIOM [3] HaSLIBaeTca pan:

(%az ) | > Hh (an)ez l
P1r P2 -+ Pyl IT5_. (on) k!

qu(ali a .. ap' P1, P2y - 'pq'Z)

I'(a+k)
rae (@), = Fcz -

Onpeoenenue 3. DyHKIMS B BUAE psiia

— CUMBOJI HoxraMMepa.

n
Z) TF(an + WS — pn)’
n=
npu @ = u = 1 coBnanaer ¢ pyHKuuei PangaI
ers(2) = ¢(B,6,2),
127

5
eC’:’B (2) =

a>p,a>0ze€C,


mailto:svetlanamir578@gmail.com
mailto:kamila.izhanova@alumni.nu.edu.kz

Il IlocTranoBKa 3a7a4n.
B o6nactu Q = {x,t):x > 0,t > 0} HaliTu pelienys ypaBHEHHMS:
Ue = Uy + Mg u (6 Olamy ) = £, 0,(1)
Uly=0 = 0; ult=o = 0. (2)
11 CBenenne 3agauu (11)-(12) k uHTErpajJbLHOMY ypaBHeHu10: B cuny 3amedanus 2 3agava (1) —
(2) cBOAUTCS K UHTETPAJIbBHOMY YPaBHEHUIO

t
u(t) + Afo Kp (t, Du(n)dr = £, (1), (3)
rae
_ w)t 1, B2 B3 (y(D)?
Kﬁ(t,f) - [_Tl'(t—‘L')F(ﬁ'FZ) 2F2 (2111 2 7 g 4(t—‘l’)) (4)

JAGEN S ACH?| N ()

3necy  ,F,(ay, ay; by, by; z) — 000OIIEHHBI TUIIEPreOMETPUYECKUM PN, CXOOUTCS s BCEX
KOHEYHBIX Z.
111 UccnenoBanue npeaeabHbIX CIy4yaeB
[Tokazano, uro st kpaeBod 3amaud (1) - (2) uUMeeT MeCTO HENPEPHIBHOCTH IO MOPSIAKY
JIpOOHOM MPOM3BOJHON B HATPYKEHHOM CJIaraéMoM YpaBHEHUS 3a/1auH.
IV Ouenka sigpa MHTErpajbHOI0 ypaBHEHUS
Ecmu (y(£))~t" npu t — 0,To st spa (4) MMeeT MeCTO OlleHKa

tw(B+1)
[Kp(t,0)] < r(B+2){m(t-1) ©)
IMockombky: w(B+1)=>0,Vw =0u B €[0;1],7T0 MOXKHO cHeaaTh BHIBOA, 4YTO
HWHTETpaJIbHOE ypaBHeHHE (3) OJHO3HAYHO Pa3pelIMMO B KJIACCE HEMPEPBIBHBIX (DYHKIHMH TpHU
000# HENPEPHIBHOM TTpaBoit yacTtu (95).

Oto uccnenoBanue (uHaHcupyeTcs Komurerom Haykum ¥ MuHHCTEpcTBa 00pa30BaHUsI U
nayku Peciyonuku Kazaxcran (I'pant AP09259780, 2021-2023.)
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OBOJHOM CIIOCOBEYIIPABJIEHUSI ITYUYKAMHU TPAEKTOPUI
MamanaamneB H.A., AGgyasnmoBaA.M.
Hayuonanvnvui ynugepcumem Ysbexucmana umenu Mupszo Ynyzb6exa,
Anoudrcanckuii cocynueepcumem umenu 3.M.babypa,
E-mail: m_numana59@mail.ru; abduolimova81@inbox.ru

B nanHoO#l pa®oTe u3ydyeHbl KOH(DIUKTHO-YIMPABISEMBIN MPOLECC, OMMCHIBAEMOM CHUCTEMOI
middepeHInanbHO - Pa3HOCTHBIX YpaBHEHWH HeWTpambHoro tumna. IlomydeHo pocratouHoe
yCJIOBHE /ISl Pa3pelIMMOCTH MIPOBBIX 3ajad YIpaBJeHUs MydKaMu TpaekTopuil. JlaHHas pabora
MIPUMBIKAET K UCCIEAOBAHUAM [2].

n v
B npoctpanctee R™ paccmarpuBaercs nuneiinas nuddepenuuansHas urpa IpecieioBaHus,
OTMCHIBacMasi CHCTEMOH YpaBHEHUI HEUTpPaAILHOTO TUMA [2]
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z'(t):iAz’(t—hi)+iBiz(t—hi)—Cu(t)+Dv(t), 0

Imez(t)eR", u(t)eR?, v(t) eRY, n>1; A@l=12,..m),B(i=012,..,m)— nocrosuusie
kBazipatnbie Marpuisl nopsaka (NxN),(nxn); C, D —nocrosmnsie marpuisr nopsiaka (Nx p),
(nxq), coorsercteenno. 0 = hy, h,, ..., — neiicreurensusie uncna. Jomycrumsie ynpasienus
- usmepumble Gpynkuun U = U(-),V=V(:), onpenenennsie na [0,+00) u ynosnersopstomue orpanu-
YEHHAM BUJIA

u)eP, v(t) eQ, 0<t < +oo, )
rae P u Q — menycrrie kommakrbie mogmuokectsa RP n R, cootsercraento.

TepmunansHoe MHoxectBo M umeer Bux M =M, + M, tne M, — nuneitnoe noanpoc-
n
tpanctBo mpoctpanctBa R, M, —  kommaxtHOe moamuOX)ecTBO mommpocrpanctea L, L —
n —_ n
oproronansHoe pononHenne x noampocrpanctey M, B R"(r.e. My @L=R"); uepes 7 —
n . . n .
06O3HAYIM MATPHILY OIIEpPaTOpa OPTOroHaNbHOro mpoektiposanms 3 R nma L: 7:R" — L[1];

B npoctparctee R", kpome muoxectea M Brinenerno muoxectso N (P(+)), u3 Touek kotoporo

UCXOJAT TpaeKkropuu urpsl (1), Ha3bIBaeTCs HayadbHBIM MHOXECTBOM. B KadecTBe HadaabHOIO
muoxectBa N (D(-)), Gepercs MHONKECTBO M3MEPUMBIX OJHO3HAYHBIX BETBEH MHOTO3HAYHOTO

orobpaxenus D(S), —h <s<0: N(D(-)) ={z,(5): z(S) = 2,(S), Z,(S) € D(S), —h, <s <0}
Hycts U=U(),0<t<+0 u v=V(t),0<t <+o0,— pomyctumsie ynpasnenus B urpe (1),(2).

Yepes Z(U(-),V(-), N(DP()))), obosnaunm muO)ecTBO (ITydH0K) Beex TpaekTopuil ypasnenus (1),

ucxoaammx u3 touek muoxkecrsa N(®(-)) npu nomyctumeix ympasmenusx U(-), V(-) mpec-

JEIYIOIIEro M yOeraomero urpokoB, COOTBETCTBEHHO. B 3ToM ciydyae Hama Lesb 3aKI04aeTcs B
npusenennn myuka tpackropuit Z (U(-),V(-), N(D(-))) na repmunansnoe muoxectso M.

3ajaua ynpaBieHHs IydKaMH TpaeKTOpHil coctout B HaxoxaeHmn unmcna | >0 u xon-
ctpyuposanuu 1ipu kakgom t€[0,+00) smavenns U[t] mapamerpa U Tak, uToOBI Kaxmas

TPAeKTOPHUs Z(t), 0<t<+m, myuxa Z(U[-],V(-), N ((D())) rnomnanga Ha TEPMUHAJILHOE MHOYKECTBO

M 3a Bpems, He mpeBocxonsmee |, T.e. ais kaimoi tpaekropun Z(t),t €[0,+00), nyuka
Z(U[],v(),N(®())) npu nexoropom t=t €[0,T] nomxmo umers mecto BKITIOUCHME

*
Z(t )eM. Yucno T HassiBactcs 8pemenem nepesoda. B ciydae, Korma 3ajada yrpaBiIeHHS
My4KaMU TPAeKTOPHUH pa3pelrnma, T0 TOBOPAT, 4To B urpe (1) mydok TpaekTopui U3 HAYaJIbHOTO
muoxecta N (D(-)) moxuo nepeectn Ha TepMunanbHOoe MHOKecTBo M 32 Bpems T .

Paccmorpum mHOXkectBa W(t) = 7K (7 —t)CP*7zK(z —t)DQ, W (7) = IW(t)dt.
0

Janee, uepes Qft, N(D(-))] o6osnaunm cnemyromee MuoxkecTBO

OILN@E)] = -3 2K (- R)AG(O) + 3 [kt ~5—h)AD(E) + Bb(S)Hs =

= i”K(t - hi)Azo(O)+Zm: }nK(t —s—h)AZz,(s)+B,z,(s)lds:
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Z,(s) e ®(s),—h, <s<0}.

Mycrs 0 — mpoussonbhas Touka muoskectsa M, * Q[7, N (®())], W(t), 0<t <z, npous-
BonbHas cymmupyemas ¢ynxius W(t) € W(t). 3apukcupyem HekoTOpoe HauanbHOE IIOJIOKECHUE
Z,(-) € N(D(-)). Tonoxum &[7,2,(-)]=—d — f(z), rne f(7) eW(7). danee, B cooteTcTBUM

¢ onpenenenuem unrerpana W (7) cymectsyer usmepumblii o bopeso cyMMupyeMblil cenekTop

W(t) e W(t), 0<t <7, Takoii, 4To BHIMONHEHO paBeHcTBO | (7)= jW(t)dt. Torna QyHKus
0

T

&lr,2,(-)] wmmeer Bun &[r,z,()]=-d - jW(t)dt.3a@HKCpreM ero.Jl1s IpOM3BONEHOIO BEKTOPa
0

veQ onpexenmum umcnosyro  dymkumio  A(Z,(),7,t,v) wu n[r,z,()] onpenenenusie
cienyromuM oopasom [2]:

sup{A >0: An[r,z,(-)] € F(z,u,v) —W(z —t)} eciu &[r,z,(-)]#0,
™ ecnu &[r,z,(-)] =0,
rie  F(z,u,v) =7K(z -t)CP —zK(z —-t)Dv, [z, z,(-)]=&[7,z,()]/ |§[T,ZO ()]| Baenem
o6osnauenne A(Z,(-),7,t) =inf{A(z,(),7,t,v):veQ}.

Teopema.[IpeoNOKAM, 9YTO  CYNIECTBYIOT — TOJOKHTENBHOE — YHCIO  7;,  BEKTOD
de[M, *Q[r,, N(D(:))] u cymmmpyemas oynxuma W(t),0<t <7, W(t) € W(t), Taxue,

Az,(),7,t,v) =

7 g
aro:a)d + IW(t)dt #0; 6) emonmeno nepasenctso | $[7,,2,(-)]| _V'(Zo (1), 7, t)dt <0.
0 0

Torma B urpe (1) mpu orpannueHusx (2) Myd4oK TPACKTOPUH MOXKHO MEPEBECTH U3 MHOKECTBA
N(D(-)) na muosxectso M 3a Bpems T[N (D(-))] = 7,. [pu srom m1s koucrpyuposanus U[t]

mpecieaoBarelb B Kaxaplii MOMEHT [ ucCmonb3yer 3HaueHus V(t) napamerpa V # z(r) npu
t—h<r<t.
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JOCTATOYHOE YCJIOBHUE IJ1 UHBAPUAHTHOCTHU MHOI'O3HAYHOT' O
OTOBPAKEHMUS B 3AJJAYE TEIIVIOITPOBOJHOCTH
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B nanHoil paGoTe paccMOTpEH BOIPOC O CHJIbHOM M Cllaboi MHBAPHMAHTHOCTU IOCTOSHHOTO
MHOTO3HaYHOTO OTOOpaXE€HHUs OTHOCUTENIHO YpaBHEHMS TEIUIONPOBOJIHOCTH MPH HAIWYHUH 3aIia3-
npiBaHus. [lodydeHsl qOCTaTOYHBIE YCIOBUS Ul CHIIBHOM M ci1ab0i MHBapMaHTHOCTH JTAHHOTO
MHOTO3HaYHOTO OTOOpaKEHUSI.

Yepes A 0603naunm cieayromuii nuddepernnansbabii onepatop [1]
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Agp = =2 ai aij (X)a_¢ ,rae  QyHKIHMH ajj (X) el” (Q) YIOBJIETBOPSIIOT  YCIOBUSIM:

qTo

n n N
Zaij (X)&S; 2 7/Z§i2,ﬂnﬂ mobeix X€Q u(&,&,,...,£)eR", Zflz # 0.D10 HepaBeHCTBO
i=1

i,j=1 1=1

Ha3bIBAETC YCIOBUEM PABHOMEPHOW simMnTHuHOCTH omepatopa A. B kauectse oGmactu
2

onpenenenns oneparopa A 6epercs mpocrpancteo C((2) — MHOXeCTBO IBaX/IBI HEMPEPHIBHO

maddeperrmpyemsix 8 ) 1 HenpeprBHEIX B QU 0C) pynKImii.
Onpenenenne 1. To 3Hauenue uncao A, Ipu KOTOPOM HMEET MECTO PABEHCTBO

-3, 00 220 W Joow 090

Qi j=1 i Xj

o

. 1
mns npomssonbhbix  pynkumit  (-) €W, (QQ) — masbiBaetcst COOCTBEHHBIM 3HaueHHeM, a

Henynesoe pemenne @, (-) EWzl (€2) coberBenHol dyHKIMelt Cleayromeii KpaeBoii 3a1aun
Ap(X) = Ap(X), xeQ, @(x)=0, x Q.

PaccmotpuM 3amauy ynpaBieHus TEMII000MEHaA ¢ 3ama3abIBaHueM | 1]

%+Au(x,t):uo(x,t—h)+F(x,t,y), 0<t<T,xeQ, (1)
crpanmuneiM U(X,1) =0, O0<t<T, xe0Q, (2)
Y HAYaTbHBIM u(x,0) =u,(x,0), xeQ, (3)

ycnosusamu, tae U=U(X,t) —memssectnas ¢ynxumsa, | >0— mnexoTopoe monoxurensHoe

YTHCIIO, UO(-,-) eX, X :Wzl’l(QX[—h,O]), M —ynupaBisioluii  mapamerp, e Qynkuus  F
chopMynupyTcs B 00LIYI0 TOCTAHOBKY 3a7jaud 00 yIPaBICHUH C UMITYIbCOM.

[lyctp {ti }:i o Lo > 0 — nocnenoBaTenbHOCT, MOMEHTOB BPEMEHH, 3aHYMEPOBAHHBIX B MOPS/IKE
BO3pacTaHMsi, 0e3 KOHEYHBIX TOYeK crymeHus. llpeamosioxkum, 4TO YyHpaBlieHUE MOKET
BO3JIEHCTBOBATh Ha cucTeMy (6) TONBKO B MOMeHTHI {l, } W BO3MeliCTBHE B 3TH MOMEHTBI MMEET
UMITyJbCHBIM  XapakTep, YTO BbIpaXaeTcss Mpu NoMoIM JAenbTa-pyHkuuu Jupaka [1]

F(xtu() = Zy(x)5(t —t), xeQ,t>0.lpemnonoxum, uro ympasnenme  4(-) —
i—0

IpeacTaBisieT co00i n3MepuMyto pyHKIHIO.
Onpenenenue 2. ®yukuuio (-) — yIOBIETBOPSIONLYIO YCIOBHIO

F(x,t,u())= i(".,u(f)(pk (&)d f] = i,ukz <p’ e p— HekoTopas NONOKHTEIbHAs

i—0
KoHCTaHTa, L, — kodhdunmentsr ypre dynxuun £(-) o cucreme {@, }, HasoBem pomycTUMBIM
YIIPaBIIEHHEM.

Onpenesnenne 3. Muorosuaunoe otobpaxenne W :[-h,T]—2% rie R =(-0,),
HA3BIBACTCS CUITBHO MHBAPUAHTHBIM Ha oTpeske Bpemenu [—N,T] otHocurensho 3amauu (6) — (8),
eclu sl OOBIX <UO (-,t)> eW(t),-h<t<0wu nomycrumsix () BeImONHSETCS BKITIOUEHHME
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<U(-,t)> eW() npu Becex O<t<T,rme < >—000TBeTCTBy10ma;1 HOpMa, <U(X,'[)> -
COOTBETCTBYMOIIEe penieHue 3amaun (1) — (3).

Onpenenenne 4. Mruorosnaunoe otobpakenne W :[-h,T]—2% rme R =(~00,),
Ha3bIBaeTCs €1ab0 WHBAPUAHTHBIM HAa OTPE3KE BPEMEHU [—h,T] OTHOCHTENBHO 3amaun (6) — (8),

ecnu Ui J1I000r0 <U0 (-,'[)> eW (t), —h <t <0cymecryer momycrumoe ympasnenune (-) Takoe,

YTO BBIOJIHAETCS BKIIOUECHHE <U(-,t)> €W (t) mpuscex 0<t<T.

Jlasniee, uccrenyrotes cuibHas U cnabas nneapuanTHocTh otobpakenus suna W (t) = [0, b],
te[-h,T], rue b— nexoropoe monoxurensHoe umcno.Hama uens — HaifTu cooTHOmEHHS
mexny napamerpamu 1, D, p, A Takum o6paszom, 4To6bI 0GECTIEINT CHIIBHYIO HHBAPHAHTHOCTD

muoxkectsa W (t) na orpeske spemenn [—h, T] ornocurensro 3anaum (1) — (3).

O6osmaumv N (t) = max{i e N U{0}:t, <t <T}h.Ioyers  (u(,t))=|u-t)| :HU(-,'[)HLZ(Q) ,0<t<T,

U, — xodbduuments Dypre dynkuun £i(-) no cucreme {@, }.
Teopema 1. 1% Jonyctum t,>Tu A > 1,10 npu mo6om p > OmuOro3HauHoe oTOGpaKeHne

W (t) =[0,b],t €[-h,T]cunbro wmmBapuantHO Ha oTpeske Bpemenn [—h,T] ortHOCHTEMBHO

N(T)
sagaan (6) — (8); 2° . Jomyermm {<T. Ecm p<b-(4 ~D(e* -1)/ [ﬂlz e j, TO
i~0

muorosnaunoe otobpaxenne\W (t) =[0,b], t €[-h, T ] cunsno uusapuantHO Ha oTpeske Bpemenu

[N, T] otsocuTensro 3amaun (1) — (3).
Ipumuganue. MoxHO MoKa3aTh, uromHorosHaunoe orodpaxenue\W (1) Bcerma cmabo unpa-

puanTHoO Ha otpeske Bpemenu [—h,T | oTHocurensro 3amaun (1) — (3).

CHnHCOK MCII0JIb30BAHHOM JIMTEPATYPbI
1. Tukhtasinov M.,lbragimov G.l.,Mamadaliev N.O. On an Invariant Set in the Heat Conductivity Problem with
Time Lag//Abstract and Applied Analysis Volume — 2013. ArticlelD 108482. — 7 pages.

OJ/IHA KPAEBAS 3ATAYA J1J151 YPABHEHUS ITAPABOJIO-TUITEPBOJIMYECKOI'O
TUINA C HEXAPAKTEPUCTUUYECKOM JIUHUEN U3MEHEHUS TUIIA
Mymunos 3.M., Homonosa C.O.

Depeanckuil cocyoapcmaenuslil yuueepcumem, Pepeana, Yzoexucman
E-mail: zaylobiddinmuminov@mail.ru, sarvinoz.abdulaxatova@gmail.com

PaccmoTpum ypaBHEeHHE

9 ag+b£ Lu=0 (1)

oay\ ox oy

B cMerranHoit oomactu D, orpannuennoit orpeskamu A(0;0)B(1,;0), B(1;0)Bo(1,1), Bo(1,1)A40(0;1)

npsMeix Y =0,X=1y=1 wu xapakrepuctukamu AC:X+y=0, A)C:y—Xx=1 ypaBHeHus
11

= 0, nepecekaronumucs B Touke C (—E ; Ej , T.€.

D=D,UAA UD,, AA ={(Xx,y):x=0,0<y<1},
D, ={(x,y):0<x<1 O0<y<1},

Uy —Uyy
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Dz={(X,y):—%<x<O, —x<y<1+x};

b
371€ECh a U b - 3aaHHbIE BEIIECTBEHHBIE YHUCIIA (a2 + b2> Z20ul<—<w,
a

Uy —Uy 6 Dy,
Lu= d
Uy —Uyy 6 Ds.
3amaua D. Tpebyercs onpenenuts GyHKIUIO U(X,Y) CO CISIYIONIMMHA CBOMCTBAMMU:
1) ona HempepbiBHA B 3aMKHYTO# 00nacTu D ;
2) sBISETCS PEryJIsipHBIM perieHueM ypaBHenus (1) B oomactu D pu x =0

3) yIOBIETBOPSET CIACIYIONIMM KPACBBIM YCIIOBUSM:
uLy)=e(y), 0<y<1l, u(x0)=f(x), 0=<x<1, uy (x,0) = fy(x), 0<x<1,

1£y£1,

Uy (x,0)=f3(x), 0<x<1 u >

ac=va(y),

ou 1 8%u 1
— = , —<y<l — = , —<y<1,
on | AC wo(Y) > y onZ | AC w3(y) 5 y
4) byHKIIHS U(X, y) n €€ TPOU3BOJHBIE JO BTOPOTO MOPSAKA YAOBJICTBOPSIOT HA

oTpe3ke AA, HENpPEPHIBHBIM YCIOBHAM CKICHBAHUS.
3neck N — BHyTpeHHsAs Hopmaib K AoC, ¢(y), fi(X), w;(y) (i =1,3) - 3ajaHHBIE JOCTATOYHO
rnajgkue QyHKIUH.

Jloka3aTenbCTBO CYIIECTBOBAHUSA U €IUHCTBEHHOCTH IOCTaBJICeHHOHM 3amaun D mpoBomuTtcs
IyTEM MMOCTPOEHUSI PEMICHHUS.

CHnHCOK MCIOJIb30BAHHOM JIMTEPATYPbI
1. dxxypaes T.J1., ComyeB A., MamaxxanoB M. KpaeBbie 3aaun aisi ypaBHeHus: iapaboso-rurepoonndeckoro Tuna. T.:
®an, 1986, 220 c.

O 3AJAYE KOHIHA JIJIA YPABHEHUS ITAPABOJIO-T'HITEPBOJIMYECKOI'O TUITIA
MymunoB 3.M., Camuxonosa C.A.
Depeanckuil cocyoapcmaenublil yuueepcumem, Depeana, Y3oexucman
E-mail: zaylobiddinmuminov@mail.com, sohibasamizonova@gmail.com

[Tyctp
Q) ={(x,y):0<x<+w, 0<y<+o}, Q,={(X,y):—0<x<0, 0<y<-+o},
J={(x,y):x=0, O<y<+o0}, Q=0 UIUQ,.
PaccmoTpum B obnactu QQ ypaBHEeHHE
i(£+CjLu:O, 1)
oy \ OX
Uy —Uy 6 €Y,
rie CeR, Lu= oo
Uy —Uyy 6 5.
PaccmoTpumM crnenyromyto 3agady:
3agaua K. Haiitu ¢pynxuuro U(X, Y) o CleayrolmuMu CBORCTBAMMU:
1) oHa HenpephIBHA B 3aMKHYTOM 001acTH
Q=QuU{(X,y):y=0, —o0< X< +x}
BMECTE C IIPOM3BOAHBIMU JI0 TPETHETO MOPSAKA BKIFOUUTEIBHO;
2) siBIsieTCS PEryNspHBIM perieHueM ypaBHenus (1) B obmactu Q\ J
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3) yAOBJIETBOPSET CIEAYIOUIUM HaYaIbHBIM YCIOBUSIM:
u(x,0)=fi(x), 0<x<+4o0, uy(x,0)="f,(x), 0<x<+o0,
u(x,0) =@ (x), —o<x<0, Uy (X,0) =@, (X), —0<x<0,
Uy (X,0) = ¢5(X), —o0<x<0,
4) ynoBieTBOPSET Ha J CICAYIOIIUM YCIOBHSIM CKICUBAHMUS:
u(=0,y) =u(=0,y) =z(y), 0<y<+4o, U (-0,y)=u,(+0,y)=v(y), 0<y <+,
Ugx (=0, Y) = Uy (+0,Y) = au(y) , 0<y <00,

3necy uepes 7(Y), v(y), x(y) o06o3HAaUYEHBI HEM3BECTHBIE CIENbI UCKOMOIO PELIEHHS U €ro
npomsBoaubx, a fi(X), (1=12), ¢;(y), (j=1,2,3) - 3amaHHBIC TOCTATOYHO Tiajkue (YHKIHH,
NIPpUYEM OHU OIrPAaHUYEHBI IIPU X —> o0,

Jloka3aTenbCTBO CYIIECTBOBAHUS M €IMHCTBEHHOCTH MOCTABICHHOM 3a4a4 K TPOBOAUTCS
IIyTEM MMOCTPOEHUSI PELICHHUS.

Cnmcok cnob30BaHHOM JIMTEPATyPhI
1. TuxonoB A.H., Camapckuii A.A. YpaBHeHus matematuueckoi ¢pusuku. M.: Hayka, 1977, 736 c.

PASPEHINMOCTDb CMEIIAHHBIX3AJIAY J1JIs1 BOJTHOBOI'O YPABHEHUSA C
HWHBO.TIOIUEN
Mycupenosa E., Capcenou A.A., Capcenou A.A.
FOoicno-Kazaxcmanckuit ynusepcumem um. M. Ayesosa, 2.[llvimkenm, Kazaxcman
E-mail: abzhahan@gmail..com

Hamu riccrienoBan BOmpoc pa3penmMOCTH BOJTHOBOTO YPaBHEHUSI C HHBOJIIOITUEH
Uy (X, 1) = Uy (X, 1) —au, (—=x,t)—g(X)u(xt), (x,t)eQ, @)

C HAaYaJIbHBIMHU JaHHBIMH

u(x,0)=¢(x), u,(x,0)=w(x), -1<x<1, )
" Kpa€BbIMHU YCJIIOBUAMU CICAYIOIINX BUIOB
D u(-Lt)=u(Lt)=0, 2) u(-Lt)=u,(Lt)=0, (3)

rae Q= {—1 <x<1 t> O} , —l<a <1 adynkuus Q ( X) €CTh KOMIUIEKCHO3HAYHAS (DYHKIIHS.

VYpaBuenue (1) ¢ mepuoAUYECKUMH ¥ AaHTHIIEPHOJMIECKUMHU KPaeBBbIMU YCIOBHIIMH OBLIIO N3YYCHO
B pabote [1].

YCTaHOBIEH CIEAYIOIIUN PE3ybTaT.

Teopema.llycTs BBITIOTHEHBI CIEAYIONINE YEThIpE yCIOBUs: 1) Bce COOCTBEHHBIEC 3HAYCHHS
CIIEKTpaJIbHOM 3a7a4u

L, X (X)==X"(x)+aX"(=x)+q(x) X (x)=2X (X) (4)
npocrtele; 2) (x) eC? [—1,1]; 3) (D(X) eC* [—1,1]1/1 byHKIUH (D(X), La(D YIOBIIETBOPSIFOT
ycnosusMm (3), (4), a ynkuus Y/ (x ) eC 2 [—1, 1] U YIOBIIETBOPSIET KPaeBbIM yCIOBUAM (3).

Torga cmemannas 3aaa4a (1) — (3) uMeeT eAMHCTBEHHOE pPElIeHHEe, KOTOPOe MPECTaBUMO B BUJIE

psna Oypre
u(xt)= Z(ak C0S [t + by sin \/Zt)xk (x):

rne { X K (X)} €CTh CUCTEMa COOCTBEHHBIX (DYHKIMH CHIEKTpaIbHOM 3a1auu (4).
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3aMeTuM, 4TO B OCHOBE TIOJIYUYE€HHOTO pe3ysbTaTa JeKHUT JI0Ka3aTeIbCTBO Oa3ucHocTH Pucca
coOCTBEeHHBIX (DYHKIIMIA CIIEKTPAIbHOM 3a1auu (4) U CONpspKeHHOU el 3amaun. Hy:KHO OTMETHTS,
4T0 0a3ucHOCTh Prcca coOCTBEHHBIX(DYHKIIMI HECAMOCOTIPSDKEHHOH CIIeKTpaIbHOH 3a1au (4)
HMMEET CaMOCTOSITENIbHBIM HHTEPEC, U SIBJISIETCSA BAXXHBIM PE3YJIbTATOM CIIEKTPAIILHON TEOpUU
mddepeHnanbHBIX ONIEPaTOPOB, YTO SBJISETCS HEPEIICHHOM MPOOIEeMOH B ciiydae
IIepUOANYECKON 3aaaun st ypasHeHus Llrypma-JInyBuims.

PaGora BemonHeHa mipu (QuHAHCOBOM momuepkke Komwurera Haykm MuHHCTEpCTBa
obpa3oBanus u Hayku PK, rpaat AP08855792.

Cnucok McnoJib30BaHHOM JTUTEPATYPhI
[1] E. Mussirepova, Abdissalam A. Sarsenbi, Abdizhahan M. Sarsenbi (2022), Solvability of mixed problems for the
wave equationwith reflection of the argument, Mathematical Methods in the Applied Science., 2022;1-10.
doi:10.1002/mma.8448

PASPEHIMMOCTDb CMEIIAHHBIX3AJIAY J1JIS1 YPABHEHUSA
TEIIJIOITPOBOJJHOCTH C MHBOJIIOIIMEN
Mycupenosa E., Capcenou A.A., Capcenou A.A.
FOoicno-Kazaxecmanckuit ynusepcumem um. M. Ayesosa, 2. lllvimkenm, Kazaxcman
E-mail: abzhahan@gmail..com

Hamu nccrenoBan BOIPOC pa3penimMOCTH BOJIHOBOTO YPABHEHHUS ¢ HHBOJIIOIIUEH
U (X t) =ug (x,t)—au, (—xt)—q(x)u(xt), (x,t)eQ, @
C HaYaJIbHBIMHU JTAHHBIMHU
u(x,0)=p(x), -1<x<1,@2)
U KPaeBbIMH YCIIOBUSIMHU
u(-1t)=u(1t)=0, 3
roe ()= {—1 < X< 1, > 0} , “l<a< 1, a ¢pyaxuus ( ( X) eCTh KOMIUIEKCHO3HAYHAS

GbyHKIIHSA.
YCcTaHOBIICH CIEAYIONIUI pe3yabTar.

Teopema. [1ycTh BBINOIHEHBI CIIEAYIONUIUE TPU YCIOBHS: 1) Bce COOCTBEHHbIE 3HAUECHUS
CHEKTPaJIbHOM 3a1a4u

L, X(x)==X"(x)+aX"(—x)+aq(x) X (x)=AX(X) @
IPOCTHIE; 2) CI(X) eC [—1, 1]; 3) (D(X) S D( La ) Torma cMmenrannas 3amada (1) — (3)

UMEEeT CIUHCTBEHHOE PEelIeHHe, KOTOpOoe MpeAcTaBuMO B Buje psjaa Dypoe
o0
u(x1) =3 A #X, (%),
k=1
rjae { Xk (X)} €CTb CUCTEMa COOCTBEHHBIX (DYHKIMH CHIEKTpalbHOM 3a1aun (4).

Pabota BbInosHeHa npu GpuHaHCOBOI noanepxke Komutera Hayku MuHHCTEpCTBA
oOpa3oBanus u Hayku PK, rpant AP08855792.

CHnuCOK MCIO0JIb30BAHHOM JIUTEPATYPbI
[1] SarsenbiAbdissalamandAbdizhahanSarsenbi.On Eigenfunctions of the Boundary Value Problems for Second Order
Differential Equations with Involution // Symmetry.-2021.- 13,- no. 10: 1972. https://doi.org/10.3390/sym13101972
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KPAEBASI 3AJAYAC YCJIOBUSAMMU I'EJUIEPCTEATA HAITAPAJJIEJIBHBIX
XAPAKTEPUCTUKAX JJIS1 HATPY KEHHOI'O YPABHEHUSA ITAPABOJIO-
I'MINEPBOJIMYECKOI'O THIIA BTOPOTI'O POJIA
Hocupoga /1. A.

Tawxenmckuil 20cyoapcmeenHulil mexnudweckull ynueepcumem, Tawkenm,Y36exucman

E-mail: ndildora0909@gmail.com

Brepsrie B 1976 1. A.M.Haxymes|[ 1-2] u3yunn HarpyxeHHbie nuddepeHaabHble 1 HHTETPO-
muddepeHnranbHble ypaBHEHUS B YACTHBIX IMPOM3BOJHBIX, a TaKXKe MPEACTABUI HX IOJHYIO
KJacCH(UKAMI0 ¥ YHOMSHYJA 00 HMX HCIOJNb30BaHUHM B pa3iWyHbIX mporeccax.llo3anee 310
Harnpasienue pazpuBanu A.W. Koxanos,K.b.Cabutos, B.A./[>xenanues, A.X.Atraes, [1.Arapsain,
P.P.Amypos, b.1.NUcnomos, O.C.3ukupos, JI.M.Kypssizos, Y.1.bonraesa, O.X.A0aynnaes.

B pabGorax [3-4] wu3yueHbl KJIaCCHUYECKHE pEIICHUE BHAOM3MEHEeHHOW 3amaun Komu u
TpuxkoMu [U1s1 ypaBHEHMsI TUIEPOOJIMYECKOTO M CMEIIaHHOTO THUMOB BTOporo poja. Ilocne

MOJTy4YeHUS TpeICTaBIeHUsI 0000IIEHHOTO pelieHus kinacca R zsaaaqHBszomMeHeHHoﬁ Komm st

TUIEePOOJIMIECKOTO YpaBHEHHsI BTOPOTO poa[S] 3T HampaBiieHUs pa3BUBAIKCH B paboTax[5-8].
Hacrosimas paboTa nocpsiiieHa NOCTaHOBKE M UCCIEAOBAHMIO KPaeBOM 3a7ayul C YCIOBHUIMHU
lennepcrenra Ha mapaieNbHBIX XapaKTEPUCTUKAXIJId HAarpyKeHHOTOYpaBHEHHs Mapaboio-
rUNepOoINIECKOro TUIIa BTOPOTO poJia.
Paccmotpum ypaBHEHME

Uxe =X Uy — 2u(x,0), (x,y)eD,,

0= (1)

Ue —(=y) Uy +2,U(x,0),  (Xy)eD},

rne M, P, Yy t4 H,- moOble JeHCTBUTENBHBIC YHUCIIA, TPHYEM

O<m<1, P>0, 14 >0, 1, <0, (2)
31ech D, —o6macte, orpanudeHHas orpeskamu AB, AA, BBy, AyBg mpsimeix y =0, x =0,

Xx=1,y=hnpn Yy > 0coorsercrBenno, ao6nacts D; —npu Y <0 xapaxrepucruxamu ypaBHeHus

2-m 2-m 2
2_m(_y) 2 =0 EC1:X+2_m<—y) 2 =X, ECZ;X_Z—m(_y) 2 =% u

(1)AB:y=0, AC,: x -

2-m

BC,: X+ (-y) 2 =1, x,€[01],

2-m
[Tycth D21 u D22 — 4acTH 00J1acTH D; ¢ rpanuniamu AC1EA nEC,BE cooTBeTcTBEeHHO,

D=D,UD, UAB, AB={xy): 0<x<l y=0}, 28=2/(m-2),puaen

-0,5< B <0. (3)
B obmactu D s ypaBHenus (1) uccrnemyercst kpacBoi 3aga4un ¢ ycrnoBusmu [ emnepcrenra
HanapajjielbHbIXXapaKTepPUCTHKAX.

Bamaua AG. Haiitu B o6mactu D ¢ymkumo U(X,Y), obmagaromyro cpoiicTBamu: 1)

u(x,y) e C(D)NCH(D), upmuem u(X,y) u uy (X,¥) moryr oGpamarscs B 6eCKOHEUHOCT
nopsiika MeHblie eauHunsl U —2f4 B Toukax A, B, E coorBercTBenno; 2) u(Xx,y)e szi, (Dy)m
ABJIAETCS PErynsSpHbIM pemennem ypasHenus (1) B o6mactu Dy 3) u(X,y) - 0606mennsm

pemenuem ypasuenus (1) u3 kmacca R, [5]B o6mactn D, ; 4) U(X,Y) yaoBneTBOpseT KpaeBbiM
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YCIOBUSIM:

u(x, y)lAAO =@ (y), u(x y)lBBO =@,(y), 0<y<h,

u|AC1 =y, (X), 0<x<x,/2, u|EC2 =y, (%), X <X<(L+%)/2,
rie ¢;(Y), WJ-(X) (1 =12)-3anaunsie Gpynxuun, npuuem ¢, (0) =y, (0),
2 (), @,(y)eC[o,h]nc*(0,h), (4)
X, +1
y/l(x)ecl[o,"zﬂmcz(o,xz‘)j, wz(x)ecl[xo,xozﬂmcz(xo,‘)T). (5)

Crpajgausa cJieayromast
Teopema.Eciu svinonnenst yenogus (2)-(5) , mo 6 obnacmu D cywecmeyem eduncmeennoe
peutenue 3a0auu AG .

Emuncreennocts pemrenus 3agaun AG s ypaBrenms (1) mokasblBaeTcs MeETOIOM
VMHTETPAJIOB SHEPIHH, a CYIIECTBOBAaHUE — CBEIACHUEM K MHTETPAIBHOMY ypaBHeHMIO Ppearonbma
BTOPOTO POAA.
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7. HUcnamo H.b. Amnamor 3amaunm bunanze—Camapckoro Juisi OJHOrO Kiacca ypaBHEHHMH mapabono-
rUnepOoNYecKoro Tuma BToporo poma. // Youmck. marem. xypH., 2015. 7(1). C.31-45; Ufa Math. J., 7:1
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8. CanaxurmuaoB M.C., UcnamoB H. b. HenokanpHass kpaeBast 3amada cycioBueMm buianze-Camapckoromis
ypaBHEHHsI MapadoJo-THIepOOINIECKOro TuIa BToporo poza. // M3Bectust By3oB. Matemaruka. Poccwus.
2015. Ne 6. C. 43-52.

Ob OJHOM AJI'OPUTME HAXOXJIEHUSA PEHLIEHUSA
MOJYHNEPUOJUYECKOM KPAEBOM 3AJTAYM JIJISI BOJTHOBOI'O YPABHEHU A
OpymobaeBa H. T., Tokmaramoerosa T. /I.
Kapazanounckuii ynusepcumem umenu akaoemuxa E.A. bBykemosa, Kapazcanoa, Kazaxcman;,
E-mail: orumbayevan@mail.ru, tenggesh.tokmagambetova@gmail.com

Ha D=[O, a)]x[O,Y] paccMaTpuBaeTcs  IMOJyNEepHOJUuYecKass KpaeBas 3ajada  Juis
rUTepOOTMIECKITO YPaBHEHUsI BTOPOTO TIOPSIIKA

0%z 0z 0z

oy A(x, y)& +B(x, y)gw(x, y)z+f(xy).(x,y)eD 1)
2(0,y) =y(y), ye[o,Y] )
z,(x,0)=2,(xY), xe[0, 0] (3)

137


mailto:orumbayevan@mail.ru
mailto:orumbayevan@mail.ru
mailto:tenggesh.tokmagambetova@gmail.com
mailto:tenggesh.tokmagambetova@gmail.com

rae (nxn)- marpuusr A(X, Y), B(X, ¥), C(X, ¥), f (X, y) nenpepbisnas na D n-pekrop- dynxumus,
w(y) muenpepuisrO-THddepenmpyemas na [0,Y] n-Bextop-dynkims, = max|z, (X, y)|,
I=1.n

A, )| = max i‘aij (x, y)‘

Yepes C(D,R") 0603HauuM MPOCTPAaHCTBO HempepbiBHBIX Ha D ¢ymkumu z:D — R"

(l//i[O,Y]—) R") ¢ HOpM™MOIA ||Z||0 = |Z(X y)| Oyukuus z(X, y) € C(D,R"), uMeromas 4acTHbIe

(x,y)eD
IIPONU3BOJHBIC

az(x,y) ny 02(%Y) " "
TEC(D,R),TEC(D,R), eC(D,R"),

0°z(x,y)

OXoy
Ha3bIBAETCS KJIACCHMUQEKUM peuieHueM 3anauu (1)-(3), ecnu oHa ynoBieTrBopsieT cucteme (1) mpu
BCEX (x, y) € D u xpaeBbIM ycnoBusiM (2), (3).

I'umepOonmyeckne ypaBHEHHS, YacTO HA3bIBAIOT BOJHOBBIMH YPaBHEHHMSMH, TaK KaK C HUX
MTOMOIIIBIO OTMCHIBAETCS PACTIPOCTPAHEHHSI BOJIH (YIIPYTHX, JIEKTPO - MAarHUTHBIX, CIBUTOBBIX).

B cooOmennn momynepuonnveckass KpaeBas 3ajada JUIsl CHCTEMBI THIEPOOITUYECKUX
ypaBHEHUN cO cMemanHoW mpou3BoaHOU (1)-(3) Obuta CBefeHa K KpaeBOM 3amave Ijisi ceMelcTBa
OOBIKHOBEHHBIX HHTErpo-auddepeHnnanbHbIX ypaBHEeHHH TepBoro mopsiaka. s moirydeHHO#H
3aJayd  TPUMEHSS METOJ  TapaMeTpu3alud  ObUT  TPEJIOKEH  allTOPUTM  HAaXOXKICHUS
MPHUOIIMKEHHOTO PENICHHs, Ha KaXIOM Iare KOTOpOoro pemraercs 3agada Komm u ucmosb3yercs
METOJI TOCIeOBaTeNbHBIX NpuOmKkeHnil. B tepmuHax matpunsl Q, (X, h), amemeHTH KOTOpOM
onpenenstorcs  depe3  A(X,Y) ObUIM  YCTAHOBJEHBI JOCTATOY- HBIE YCIOBHS —OJHO3HAYHOM
pasperrmocta 3aga4u (1)-(3).

CnpaBeyInBO yTBEPKIACHUE

Teopema. ITycts npu Hexkotopom mare h>0:Nh=Y, N =12,..., u gynciay moactaHoBok — v,

veN, (NN xnN) - marpuna Q, (X,h) o6paruma npu Beex X € [0, a)] Y BBITIOJTHSIFOTCS HEPAaBEHCTBA
1) M <7 (xhy <y, (h);

= ( v o S
2) h(a+pX)Ah)+1)<1, A(h) yv(h)[ ah) )e (nxhe 275,

re o = (rXlee}Z(D|A(x, y), o= (g\ye}Z(D|C(x, y)|-

Torpa cymecTByeT equHCTBEHHOE pemicHue 3aaaun (1)-(3).

Cnucok McnoJib30BaHHOM JIUTEPATYPhbI
1. Dxxymabaes I.C. [Ipu3Haku 0OJHO3HAYHON Pa3pelIMMOCTH JTUHEHHON KpaeBoH 3a1aun A1l OOBIKHOBEHHBIX

i depeHInanbHBIX ypaBHeHUI// K ypHa BEIYUCINTEIbHON MaTEMATHKK U MaTeMaTtuieckoit pusuku. 1989. T.29, € 1.
C. 50-66.

KPAEBASI 3AJIAYA JUIS1 YPABHEHUSA B YACTHBIX TPOU3BOJHBIX C I[POBHOfI
HPOI/I3BOI[HOI71 JIMYBWJLJIA B HEHI/IJII/IHI[PI/I‘IECKOﬁ OBJIACTHU
ITcxy A.B.
Hnemumym npuknaownoti mamemamuxu u asmomamuzayuu KEHL] PAH, Hanvuuk, Poccus

E-mail: pskhu@list.ru

PaccmoTpuM ypaBHEHHE

0 2“
(a + aya>”(x' y)=fl,y)0<a<1), (1)
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a
ay“*
IIycTs

rne IpoOHast MPon3BoIHASIIMyBUILISTIOPSIIKA (f C HAYAJIOM B TOUKe Yy = —oo [1].

Q={(xy): zy) <x<a, —o<y<bhb},
rne z(y) — HenpepbiBHas HeyObIBatomiast Ha (—o, b) ¢dynkuus, z(y) < a; a, b < .
Jloknag TOCBALIEH OOCYXIECHUIO BOMPOCOB Pa3peIIMMOCTH CIEIYIOUIeH 3amadd: HalTh
perymnsipHoe pemienue ypaBuenus (1) B obmactu ), yI0BIETBOPSIOIIEE KPACBOMY YCIOBUIO

u(z(y),y) = p(y)(—0 <y < b).

Cnmcok Mcno/ib30BaHHOM JIMTEPATYphI
1. Haxymes A.M. JIpoOHoe ncumcienue u ero npuMmeHenre. Mocksa, ®usmariur, 2003.

HEJUHEHUHAS JIOTUCTUYECKASI MOJEJIb CO CBOBOJHOM I'PAHUIIEN
Pacysios M.
Uncmumym mamemamuxu um. B.U.Pomanosckoeo AH PY3, Tawkenm, Y30exucman
E-mail: rasulovms@bk.ru

Jloructrueckre MOJENH MUPOKO MPUMEHSAETCS MPU MOJAEIUPOBAHUM JUHAMHUKHY MOMYJISIUN B
6uonoruu. [Ipu 3TOM pocTa MONMyASLUUU MPOMOPLUUOHAIBHO IMJIOTHOCTU MOMYNALUUA U pecypcam.
Mopenyu TMHaMHUKU YUCIEHHOCTH B3aMMOICHCTBYIOINX MOMYJISILIUN BU1A

u, =du, +u(a—bu)
B MaTeMaTH4ecKoW OHMOJOrMHM MPUHATO HasbiBaTh ypaBHeHHMeM KonmoropoBa-®uiiepa. 31ech
u(t, X) —TLIOTHOCTH MOMYJIAIMM B MOMEHT BPEMEHH { B TOUKe X.

MHorouucneHsuble 3agaud Ui ypaBHeHus: Thna KomamoropoBa-®duimiepa ucciaeqoBaHbI
MHOTUMH aBTOpamu (cMm. Hamp. [1, 2, 3]).

B u3BecTHBIX paboTax yCTaHOBIIEHBI PA3PEUIMMOCTh pacCCMaTPUBAEMBIX 33714 M UCCIIEIOBAHBI
Ka4ueCTBEHHBIE CBOMCTBA PEIICHUM.

Haunnast co BTOpOil MOJOBHUHBI MPOLIJIOTO CTOJETHS, ObUIM MOCTPOCHBI M HCCIEIO0BAHBI
MaTeMaTH4YeCKHe MOJIeIM OMOJIOTMM M HKOJIOTMM CO CBOOOMHOW rpanunei. [ns ypaBHeHuit
peakuuu-1uPy3un  HccIeIOBaHbl  3aJaud  CcO  CBOOOJHOW  TIpaHUIEH  MOJEIUPYIOMIUN
pacnpocTpaHeHuss Ouosiornyeckux BumoB. I[lpu 3TOM cBoOOJIHAs TrpaHHIA MPEICTABISIET
pacnpocTpaHeHuss (QpoHTa BHUAOB. YCTAaHOBJIEHbI aNpPHUOPHBIE OICHKH, J0Ka3aHbl TEOPEMBI
CPaBHEHMH M Pa3pelIMMOCTh IIOCTABJICHHBIX 3a/a4y, HW3YyYeHbl aCHUMITOTHYECKHE CBOMICTBa
OTPAaHUYECHHBIX PEIICHUN U TIOJIYYEHBI pe3yJibTaTe TUuX0TOMUM [3].

B HacTosimiel 3ameTke MccleAyeTcs MaTeMaTHieckas MOJeNib B BUJE 3a/ladd CO CBOOOHOM
rpaHuLel s ypaBHEHUs peakuuu-auddy3sun

k(u)u, —du, —uu, =u(a—bu), t>0, 0<x<s(0)=s, (1)
u(0,x)=u,(x), 0<x<sj, (2)
u,(,0)=0, t>0, ©)
u(t,st))=0, t>0, (4)
8(t) =—peu, (t,s(t)), t>0. (5)

OTHOCHTENIBHO JTaHHBIX MPEOIAraeTCsl BHIMOIHEHHBIME CIEAYIOIINE YCIOBHS:
|. ®ynkimu K(u) u K'(U) onpenenensl 1ist 106010 3HaYEHUs APrYMEHTa M OTPAHUYECHBI HA

JT000M 3aMKHYTOM MHOKECTBE aprymenTa, npudem K(u) >k, > 0.

Il. a,b, u, S, — MONOKHUTETBHBIE TOCTOSIHHBIE.

1. uy(x) eC?[0,55], Up(0) =Uy(S,) =0, ug(s,) <0, Uy(x) >0, Iimmzo.

x=% S5 — X
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Hamu ycraHOBIIEHBI allpuOpHBIE OLICHKH, N3Y4Y€HA MOBEACHNE CBOOOAHON IpaHMIIbl, 10Ka3aHa
pa3peluMOCTh U IIPOBEIEHBI HEKOTOPBIE KAUECTBEHHBIE UCCIIEIOBAHMSL.

Cnmcox ucnoJib30BaHHOM JIMTEpaTypbl
1. Kommoropor A. H., ITerposckuii U. I'., [Tuckynos H. C, 'MccrnenoBanve ypaBHeHUS TUPPY3UU, COSTUHCHHOH
C BO3pACTaHUEM BEIECTBA, M €r0 MPUMEHCHHE K OHOM Ononormdeckoi mpoodieme?, brommr. MI'Y, cekmus A 1,6., 1937.
2. V. Pao, Nonlinear Parabolic and Elliptic Equations, Plenum Press, New York, 1992.
3. Y.Duand Z. Lin, Spreading-vanishing dichotomy in a diffusive logistic model with a free boundary, SIAM J.
Math. Anal., 42(2010), 377-405.

CMEIIAHHAA 3AJAYA JISA UHTEI'PO-AUDPP®EPEHIIUAJIBHOI'O YPABHEHUSA
TUIIA BEHHU-JIIOK BBICOKOT'O NOPA KA C BBIPOXKJIEHHBIM SAIPOM
PaxmonoB @. /1.

Hayuonanvnwiii ynusepcumem Yzoexucmana (HYY), V3b6excko-Uspaunvckuil coemecmmblii

¢axynemem, Tawkenm, Y36exucman
E-mail: farxod_frd@bk.ru

[IpencraBmnsitor 60JIBIION UHTEPEC C TOUKU 3pEHUs MpUIIoKeHuypaBHeHUs Tuna bennu-Jlroka
[1-3].

B mpsmoyronpHON 00nacTé paccMaTpuBaeTCs YpaBHEHHME B YaCTHBIX MPOU3BOJHBIX THIIA
bennu-JItok 4eTHOro BBICOKOTO MOPSAJIKA CO CMEUIAaHHBIMU YCIOBHSMH. M3ydarorcs BOmpochl
OJIHO3HAYHOW pa3penMMoCTUIaHHOM 3a1aun. Pemenne nzy4yaercs B Kiacce peryispHbIX QyHKIUH.
Ucnonb3ytorcas Meron psgoB  Dypbe pasgeneHus nepeMeHHbIX. lIpum  mokaszarenbcTse
CYIIECTBOBaHMS U €MUHCTBEHHOCTU Kod(duirenta Oypbe OT HEU3BECTHOM (DYHKIIUU MPUMEHSETCS
METO/I MO CJIeI0BaTEeIbHBIX MPUOINKEHUH B COUETAaHUH €T0 C METOJIOM CKHMAIOIIETO 0TOOpakEeHNUS.

KuaroueBsblie ciioBa:YpapHenue tuna bennu-Jlok, naTerpo-nuddepeHnranibHoe ypaBHEeHUE,
BBIPOKJIEHHOE PO, CYIIECTBOBAHUS U €IMHCTBEHHOCTH PELICHUS.

ITocTanoBka 3agaun

Uccnenyercs  knmaccuueckass — paspellMMOCTb  CMEIIAHHOW — 3aJadd Ui HMHTErpo-
muddepeHnnanbHoro ypaBHeHus tuna benuu-JI1ok BEICOKOT0O 4eTHOTO nopsiika. B npsMoyroasHOM
obmactn Q={(t,x)]0<t<T, 0<x< |} paccmarpusaercs ypaBHeHue

.
DU (LX) =v [K(t,s)U (s, x)d s+a (1) B(x), (1)
0

rae

6 2 a 2 a 2k a 4k 8 2k

tz.;Ak =<2 T2 (_l)k T oo | T (_1)k+la)(t) 2K !

ot ot O X OX O X
T nu I 3aJaHHBIC IIO0JIOKUTCIIBHBIC HeﬁCTBHTeHBHBIe qucia, k 3aJaHHOC (1)I/IKCI/Ip0BaHHOC
HOJIOKUTENbHOE  1enoe  uyuceno, @(t)—  MonoKuTenbHbIM  (YHKIMOHAIBHBIN  Iapamerp,

a(t)eC (Q,;) — 3zamamnas HempepeiBHas ¢yukumsa,  Q =[0;T], Q, =[0;1], B(X)e C(Ql) -

p
3afanHas  (YHKIWs, V — ICHCTBUTENbHBIA HeHyneBo# mapamerp, 0= K (t,s)= Z a; (t)b, (s),
i=1

a;(t),b; (s) eC[0;T]. 3mecy mpenmonaraercs, uro cucrema ¢ynkumii @, (1), i=1,p wu

cuctema dynkmuit b, (S), | =1,p SBASIOTCS IMHEHHO He3aBUCHMBIMH.
ITocTaHoBKa 3aJa4M. Haiinem (b yHKIHIO U (t,x), KOTOpas YIAOBIIETBOPSET
muddepeHnnanbHOMy ypaBHeHHIO (1), ceayrommuM yenoBusM
U(T,x)=¢/(x), 0<x<I, (2
U, (T, x)=¢p,(x), 0<x<I, 3
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82 82 a4k—2 a4k—2

u(t,0)=u(t,l) = P u(t,0) = Py u(t,=... =Wu(t,0) =Wu(t, 1)=0, 4)
U (t,x) €C(Q) NCH Q) NCEZ (), (5)

rae @(X)(1=12) — sanannsie rnanxue pysxumn.
HerpuBuanbnsie pemenus kpaeBoit 3aaauu (1)-(5) umyrcest B Buze psga Oypoe

Ut x)=>u, (), (x),
n=1
raec
I 2 zn
u,®=[Utx3,0)dx, () :\E sin == x.
0
[Ipeanonaraem, uro cieayronme GyHKIUNA TOXKE paznaraiotcs B psag Oypbe

FO= fn 8 (),
n=1

rae B, = [ A(x) 9, ()d x.

Cnucok McnoJib30BaHHOM JIUTEPATYPbI
1. Benney D.J., Luke J.C.: Interactions of permanent waves of finite amplitude. Journal Math. Physics, 43, 1964,
pp.309-313.
2. Gordeziani D.G., Avilishbili G.A. Solving the nonlocal problems for one-dimensional medium oscillation,
Math. Model., 12 (1), 2000, pp.94-103 (in Russian).
3. Yuldashev T.K. Nonlocal mixed-value problem for a Boussinesg-type integro-differential equation with
degenerate kernel. UkrainianMath. J. 68 (8), 2016, pp.1278-1296.

METO/] PACUETA KOY®O®UIIMEHTA JUP®Y3UHU TIOYBEHHOM BJIATA U
M3YUYEHHUE EI'O CBOMCTB
Poicaiiyanl B.!, Anamos A.A.%, BykenosM.?
1Ka3axcmanc;<o-5pumancz<u12 mexHuueckul yHusepcumem, Anmamoi, Kazaxcman,
2Eepasutickuti HayuonanvHolii yuueepcumem um. JIL.H.Iymuneea, Hyp-Cynman, Kazaxcman
E-mail: b.rysbaiuly@mail.ru, 2adam1955@mail.ru

B moyBe TPOMCXOAMT HENPEPHIBHBIA MEPEHOC BOJHOTO PAacTBOpa, CBSI3aHHBIA C
HEMOCTOSIHCTBOM YCJIOBHM Ha €€ TpaHHIle. JTOT Mpolecc 0ObIYHO XapaKTepU3yeT HecoOIo/IeHne
yCIOBHM TEPMOJMHAMHYECKOTO pABHOBECHS B TIOYBE B BEPTUKAIBHOM  HAIPaBIICHHH.
VHTEeHCUBHOCTD TMEpeMEIICHUs TIOYBCHHOM BJIard OTPEACISICTCS TPAJIMSHTOM BJIaru, sBIISOIIUMCS
NPUYMHON  HapylieHuss paBHOBecws.B  rumpodusmke TOYB  TPUMEHSIETCS — YpaBHCHHE
BiaronpoBoaHocty, npepiokenHoe Childs E.C., Collis — George N. [1].

W _ div(D - gradw ).
ot
3necs W -BaxxHocTb, D -koappuunenT nuddy3uil.

W3noxeHHbIe BbIlIE YpaBHEHHE NepeABMKEHHs BiIard 0a3upyroTcs Ha MPEanooKEHUN O TOM,
YTOBOJIA SBJSETCS HBIOTOHOBCKOM MHMJIKOCTBbIO, HE oOyajarouieil compoTuBieHueMm casury. U
IPAJMEHT IMOTCHIMANAa BIArM SABJIACTCS CHIIOM, OJHO3HAYHO OIPENCNAIONIEH BEIUYUHY H
HampaplIeHHE NMOTOKa Biaru.CyliecTByeT elle OJHa TIpyIIa sBJICHUN, HE YKIAAbIBAIOLIUXCA B
PaMKH BBIIIEU3JI0KEHHOW TE€OpUU MOYBeHHOW Biaru. CylHOCTh 3THX sBlIeHHH, u3ydanHallaire V.
M. [2]. TIpu 3TOM MOTOK Biaru crnocoOeH WATH U3 30H C MEHbILICH BIAXHOCTHIO uepe3 Ooiiee
YBIQXKHEHHYIO MTOUYBY K 00Jiee CyX0oil MOBEpXHOCTH UCTIAPEHUSI.
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Hus  oObsicHenmst TonoOHBIX — sBieHuiHallaire V. M. mpemiokusn  paccMOTPETh
MUKPOCKOTIMUECKYI0 KapTHHY IBM)KEHHUS BJard B MHOM BHE. Ecnu Mcmonb3oBaTh ypaBHEHHE
Hapcu, rie notenuuarty, npugana ¢opma Hallaire V. M., monyuutcs ypaBHeHHE

2
%ZE{D(W)%+A8W] (1)
ot oz 0z otoz
Hacrosiiee Bpemsi oco0oe MeCTO 3aHHMMaeT pa3paboTKa METOJIOB HAaXOXKICHHS I1apaMeTpoB
BIIaronpoBogHOCTH ypaBHeHuM (1). CBA3M ¢ HEMMHEWMHOCTHIO ypaBHeHUU (1) MeToa HaxOXIeHUS
Kodpduuuenta mudpy3uii pacnpocTpaHEHUs] BIArH B TI0YBE CTAHOBHUTCSA CJIOXHOM 3a7adyei.
OCHOBBIBasICh Ha METOIHMKY pa3paboTaHHOW B pabore [3] HaM yOaJIOCh CHpPaBHTCS yKa3aHHOM
npobnemoit.Hacrosmass pabota mocBsiiieHa K HaxoxAeHHIO Ko3dduumenta auddys3uil Biaru
D(W).

Cnmcok ucnoJib30BaHHOM JIMTEPATyphI

1. Childs E.C., Collis — George N., The permeability of porous materials. Proceedingsthe RoyalSociety A.
vol.201. — 1950. - p. 392-405.

2. Hallaire V. M. Potential efficace de L’eau dans le sol en regime de dessechement. Institut National de la
Recherche Agronomique (France). - Vol. 4, Nel. — 1963, p. 114-122.
3. PricOaityniel b. OOpartHbie3anaunHenuHeHoiTeronepenaayn. Anmatsl 2022, 367 c.

3AJAYA JUPUXJIE JJS1 YETBIPEXMEPHOI'O BBIPOXKIAIOIHIETIOCS
SJIVIMIITUYECKOI'O YPABHEHUM S
Poickan A.P.}, TankaeBa P.M.?, Ceiicenxankpbizbi C.2
Kaszaxckuii nayuonanvhwiii nedazoeuueckuii ynusepcumem umenu Aoas, Anmamet, PK
E-mail: lryskan.a727 @gmail.com, %r.t_71@mail.ru, 3seisenkhankyzi.01@gmail.com

B mHacrosimmelr paboTe wucciemyeTcss pa3pemMMOCTh  KpaeBoW 3amaun  [upuwxmie  ais
00006meHHoro ypapHeHusl emtepcreara

H(u)=y"z"t'u, +x"2"t'u,, + x"y"t'u,, +x"y"z"u, =0, m,n,k,I =const >0 (1)

B KOHEYHOH  ojHOCBsi3HOHOOmacth  Dwusll;, KoTopas  OrpaHM4eHarunepIuIoCKOCTSIMU
Slz{(o,y,z,t):x:o, O<y<b,0<z<c,0<t<d } S, ={(x,0,z,t):0<x<a, y=0,0<z<c, O<t<d},

S, ={(x,y,0,t): O<x<a, 0<y<bh,z=0, O<t<d}, S4={(x,y,z,0): O<x<a, 0<y<b, 0<z<c,t=0} u
HOBEPXHOCTBIO S, . 31ech &, b, ¢, d monoxuTenbHbIe YnCIa.

[ToctanoBka 3amaun Jupuxie.Haiitu perynsipHoe pemeHue U (x, 2 z,t) ypaBHeHus (1) u3

knacca C (5) NC? ( D) , YAOBJIETBOPSIOIIEE YCIOBUSAM

u(x,y,z.t) _ ==n(v.zt), (y.zt)es, (2)
u(x,y,z,t)\yzo=rz(x,z,t), (x,2,t)€S,, (3)
u(x,y.zt) =z (xy.t), (xy.t)eS, (4)
u(xy.zt)_, =7 (xy.2), (xy.2z)eSs,, (5)
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u(xy,z,t)=p(xy,z,t), (xy,2,t)eS;, (6)

rie 7,(y,z,t), 7,(xz,t), 75(X Y.t), 7,(X ¥,2), @(X Y, 2,t)— 3a1aHHbIE HENPEPHIBHBIEC (YHKIMH.

s HaXOXICHUS peleHus 3aa4u HE00X0AUMO IIOCTPOUTH byHKITHIO
I'punachopmynupoBanHoit  3amaun  [lupuxie, B  KOTOpPOH  HCIONB3YeTCS  CIEAyIOIIee
dbyHInamenTaibpHOE pemeHue [ 1] as yereipexmepHoro oboomeHHoro ypasaenus I'emutepcrenta (1)

Oi6 (X’ Y, 2,6 % Yoo Zo’to) = klségl_zanl_zﬁ gl_zy gl_w X

F5-a-p-y-8l-al-pl-y1-82-2a,2-25,2-2y,2-28&n,4,6)

X (rz)a+ﬂ+y+5+1

3J€Ch

» (a b,) (b,) (b
FA(4)(a;bl,bz,b3,b4;Cl,CZ,C3,C4;X,y,Z,t)= Z ( )m+n+p+q(bl)m( Z)n( 3)p( 4)quyantq,

ma (cl)m(cz)n(cs)p(c4)qm!n!p!q!

(X[l + 2l +[t[ <)

SBIIIETCSA TUIepreoMeTrpuueckoil ¢pynkuueinJlaypudemsl B ciydae yeTblpex nepeMeHHbIX[2].Jlms
JI0Ka3aTeNIbCTBA €IUHCTBEHHOCTH pelIeHus 3agaud Jlupuxie HCHosib3yeTcsi METOJl MHTErpalioB
sHeprud. B mpomecce nokazarenbCTBa CyHIECTBOBAHMS PEIIEHMS pPAacCMAaTpUBAEMOW 3a7adu
UCTIONB3YIOTCA  (hopmMyasl  TuddepeHITMPOBAHUATUIIEPTEOMETPUUECKUX  (PYHKITUHN, hopmymbr
CMEKHBIX COOTHOLICHUH M(OPMYINBI Pa3lIoKeHUs, a Takxke (GopMyna aBToTpaHchopmanunbosbia

[3].

HccnenoBanue BhIMOJIHEHO Tpu (hrHAHCOBOM momanepkke rpanta NeAP14972818 KH MOH
PK.
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OBIIAS IOCTAHOBKA KPAEBOM 3AJIAYY UHTETPOJIUP®PEPEHIIUAJIBLHBIX
YPABHEHUMI ITPU TPAHUYHBIX YCJOBHUAX C YYETOM ®U3NYECKOM
HEJUHEWHOCTH
’Ceiitmyparos A.)K., 'Meneyoaes H.K., 2Mopaes I1LI11.
Kapazanouncruii ynusepcumem umenu axaoemuxa E.A. Bykemosa, Kapazanoa, Kazaxcman
2 Kvizviiopounckutitl ynusepcumem umenu Kopxwim Ama, Kvizvinopoa, Kazaxcman
E-mail: medeubaev65@mail.ru , angisin_@mail.ru , ibrayevsh@mail.ru,

IIpu pemennn unTerpoauddepeHnanbHbIX YpaBHEHU NpU TPAaHUYHBIX YCIOBUAX C YUYETOM
¢bu3nvecKkoil HETMHEHHOCTH, BOZHUKACT MIMPOKHNA KJIacC KPaeBBbIX 3a/1a4 KoJeOaHWM, CBSI3aHHBIX C
Pa3NUYHBIMU IPAHUYHBIMU YCIOBUSMH Ha KPasX MJIOCKOTO JIEMEHTA.

IIpn ydere HecTalMOHApHBIX BHEIIHUX BO3JEHCTBUH OCHOBHBIM W3 IJIABHBIX MapaMETpOB
ABIISIETCSI YacTOTa COOCTBEHHBIX KOJIEOAHHWH IIJIOCKOTO 3JEMEHTa C Y4eTOM TeMIIepaTyphl,
MIpeIBapUTEILHON HANPSKEHHOCTU U JPYTruX (HaKTOpPOB.
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HccnenoBanue Takux 3a1ad C y4ETOM YCIOXKHSAIOUMX (DAaKTOPOB CBOAMTCS K PELICHUIO
JOCTaTOYHO CIIOKHBIX 337a4. TpYyAHOCTh pEIIeHUs IaHHBIX 3ajad OOyCJOBIEHA KakKk THUIIOM
YpaBHEHUH, TaK U pa3HOOOpa3suem

CuctemMatu3upyeM pe3yabTaThl MPEIbIIYIINX padOT MO KPaeBbIM 33/1a4aM KOJIEOaHU I TIIOCKUX
2JIEMEHTOB. BO3MOXHBIM TpaHUYHBIM YCIOBHUSM Ha KpasxX IUIOCKOTO 3JIEMEHTAa U HayalbHbIM
YCTIOBHSIM, HEOOXOAMMBIM JUIsi PELICHWS YaCTHBIX 3a/ad COOCTBEHHBIX U BBIHYKICHHBIX
KoJIeOaHUH, M JPYTUX 3a/1a4.

COBOKYITHOCTh ypaBHEHHI, TPAHUYHBIX U HAYaJbHBIX YCIOBUHU MO3BOJISIOT (POPMYIHUPOBATH H
pelaTh pa3IuyHbIe KpaeBble 3a7a4k KoJaeOaHus Ul INIOCKOTrO JIEMEHTA.

[IpuBeneHHble B JaHHOM paboTe ypaBHEHMsI KoJieOaHMsI IIJIOCKOTO DJJIEMEHTa B BHJE
IUIACTUHKH, COJIEPKAT BSI3KOYIPYIHMe OIEpaTOpbl, ONUCHIBAIOLINE BA3KOE NOBEICHUE MAaTEpHalIOB
IIJIOCKOTO DJIEMEHTA.

[Ipn uccnenoBaHuM KkoieOaHUS U BOJIHOBBIX IPOLIECCOB fAApa BA3KOYNPYTUX OIEPAaTOPOB
1enecooOpazHo OpaTh PETYISPHBIMHU, T.K. TOJBKO TaKHE OINEpaTopbl OMMCHIBAIOT MIHOBEHHYIO
YIPYTOCTb, 4 3aTEM BA3KOE TCUCHHUE.

Wnurterponuddepenmanbuple  ypaBHEHHMsI C  PErYISIpHBIMM  SiApaMH, Kak  M3BECTHO,
SKBUBAJIEHTHBI TU(depeHIInaTIbHbIM YPAaBHEHUSIM B YaCTHBIX ITPOU3BOIHBIX.

Jisa npyrux npuONIMKEHHBIX ypaBHEHUH KojieOaHHWM MIIOCKOTO 3J€MEHTa 3TH YpaBHEHMs IS
PETYISpHBIX SJEp TaKKEe MOXKHO NpHUBECTH K AU(QepeHIHalIbHBIM YpPaBHEHUSM B YaCTHBIX
MIPOU3BOJIHBIX, UTO OyIyT MOKa3aHbl HIKE.

[IpeanosaraeMplii MaTeMaTHYECKUI MOAXOJ MTO3BOJIIET paCCMAaTPUBATh 3aa4l B HEJIMHEUHON
MIOCTAaHOBKE, KOTJa HEJIMHEWHOCTh ¢u3nyeckas. HeoOxoample TeopeTHyeckue  CBEAEHUS I10

00OCHOBAaHHMIO HEMMHEHHOTO 3aKOHA 3aBUCUMOCTH O jj ~ &jj s BA3KOYIPYroro M30TPOIHOTO Teja
OBLITM U3JIOKECHBI B JPYTUX paboTax.

JInst mpOCTOTHI TUIOCKYIO KOHCTPYKIMIO B BHJE TUTACTUHKM M OCHOBAaHHE PACCMOTPUM B
TUTIOCKOCTH (X, Z)mm KOTJla BHEIIHUE YCHJIMS HE 3aBUCAT OT KOOpAWHATHI Y. B 3TOM ciyuae

otnuunbl OT Hyss nepemernenust U, W, a nepememienne V| = 0, te. OTCYTCTBYET.

BbyneMm cunrtarh, yTo KOJieOaHUS MIACTUHKU MOTYT OBITh BBI3BaHbI KaK BHEIIHUMHU YCHUIHSIMU
Ha TOBEPXHOCTH IUIACTUHKHM, TaK M BO3MYUICHUSMHU, PACHPOCTPAHSIOIIUMUCS CO CTOPOHBI
ocHoBanus. Kpome Toro, Oyaem cuutaTh, YTO MO TPaHUIIAM KOHTAKTA IUIACTUHKU C OCHOBAaHUEM,
3TH KOHTAKThI H/ieajbHbIE, T.€. OTCYTCTBYET TPEHHE.

PaccmoTpuMm ciywaii, korna mMarepuan OCHOBAHMS M3OTPOIHBIN U 3aBUCUMOCTH HaIpsDKEHUN
oT JedopMaliuii JInHeHHas, T.€. BBIIOJHAIOTCS COOTHOIICHUS OOJIBIIMAaHOBCKOTO TUIIA!

3aBUCHUMOCTH HaNpsHKEHHUH OT nedopmanuii Uid IUIaCTUHKY IPUMEM KyOHUeCKOH.

['pannyHble yCIoBUs: Tipu £ = h

o) = 11(x1), o =0@11)

npu Z = —h
O'g) = S)iﬁg) =0; Ug) =0, W, =W, (4.1.12)
ou, ow,
HauasbHble YCIOBHUS HyJIEBBIE, T.€. 2| E =W = E =0 mpul = 0.

Takum oOpa3om, KpaeBas 3aja4a KojeOaHMs IUIACTUH, C YU4eTOM (pU3MyYecKOW HelMHEeHHOCTH
HanpsOKeHUH, CBOAMTCSA K PpEIIeHHI0 HMHTerpoAudQepeHnanbHbIX ypaBHEHUH, MPH 3aJaHHBIX
I'PAaHUYHBIX U HAYaJIbHBIX YCIOBUSIX
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OIITUMAJIBHAS ®UJIBTPALIUSA B HEITIPEPBIBHBIX CTOXACTUYECKHUX
CUCTEMAX C KOPPEJIMPYEMBIMHU TYMAMUA
Cusepuna A.C.
Kapaeanounckuit ynueepcumem umenu akaoemuxa E.A. bBykemosa, Kapaeanoa, Kazaxcman
E-mail: sssas10@mail.ru

[upoxwmii Kjacc 3aaa4d ynpaBieHUs, HABUTAIMH, CBs3H, 00paOOTKH HAOIIOACHUN MOXET OBITh
CBEIEH K cienyronieid (opMalbHOW cXeme: M0 pealu3alud Ha WHTEpBaje BpeMEHHU |[to,t]
cilydaiiHOro mpouecca z(s), rae SE [to,t], KOTOpbI 0003HAYMM Z§, HY’KHO HAWTH B MOMEHT
BPEMEHH T OIICHKY u (T, t) caydaiiHoro mporiecca x(t) [1].

B 3aBUCHMOCTH OT COOTHOIIEHUS MEXIY MOMEHTOM OLIEHMBAHHUS T U MOMEHTOM OKOHYaHUS
HaOJI0ICHUH t TpoIIe1yphl OLIEHUBAHUS TOIPA3AEISIOTCS HA TPU CIEAYIOUIUX TUIIA:
1)punpTpanms (T =t);
2)unTepnosnus (criaxuBanue) (T <t);
3)akcTpanosius (MporHo3, npeackasanue) (T > t).

[Ipouecc x(t) MoxkeT OBITH ANIPOKCHUMUPOBAH IMyTEM MHUHUMU3ALUU CPEAHEKBAAPATUUHOU
OLIMOKHU, B 3TOM CiIy4ae, ONTUMAIbHON OIIEHKOW B KaXKIbli MOMEHT BpPEMEHH OYHET SBIATHCA
YCIOBHOE MaTeMaTHYECKOE OKMAaHKE Ipolrecca X(t) Ipyu ycnoBuu HabmoaeHus mpouecca z5. T.e.
3a/la4a MOMCKa OLIEHKH p (T, t) CBOJUTCS K 3a7jaue TOMCKa MaTeMaTHYECKOTO O3KUIaHUS TpoIiecca.
Mmuoromepubie mporecchl  x(t) W z(f) ONUCBHIBAIOTCSI MHOTOMEPHBIMH CTOXAaCTUYECKUMU
muddepeHInalbHbIMU - YPaBHEHHS, TJI€ COCTABIAIOIMIME IIyMa MOJEIUPYIOTCS HEKOTOPHIMU
MHOTOMEPHBIMH BUHEPOBCKUMHU TporieccamMu. [Ipr 3TOM MOKHO pacCMOTPETH /IBa CIIy4das:
1)irymbl HaOMIIO12EMOTO ¥ HEHAOIII01aeMOTO MPOIIECCOB HE3aBUCHUMBI;
2)mryMbl  HAOMIOAEMOT0 M HEHAONI0IaeMOTO MPOIECCOB  3aBUCUMBI  (T.e. KOI(PPHUIHEHT
KOPPEJISALUU MEX/1y IIyMaMH HE paBeH HYJIIO).

OnenuBaHue cCiydaiHBIX IpolieccoB Hadanoch eme B 40-x romax nponuoro Beka. Co
BpPEMEHEM TEOpHsl OLIEHUBAaHUs pa3BUBajiach. 3HAYMTENbHbIN BKJIaJl B Hee ObLI BHECEH paboTaMu
P.E.Kanmana [4] u P.E.Kanmana u P.C.betocu [5], rie Oblmu HaliieHbl pelieHns 3a/1a4 AUCKPETHOM
U HeTIpephIBHOM JTMHEHHON (QUIbTpaLluu.

Co BpeMeHeM MOTPEeOHOCTh B PELICHUH MPAKTUYECKUX 33734 TOJBKO YBEJIWYHMBAJIach. JTO U
MPUBETIO K HEOOXOAMMOCTH PacCMOTPEHMs 3a/lau HeMMHeHHOH ¢unbTpauuu. OnHON u3 Hamboiee
3HaYMMBIX paboT B 1aHHOH oOsacTu aBisercsa padora P.I1I. Jlunmepa u A.H. Hlupsesa [1].

Hemun H.C. BHec OonblIoN BKJIaJ B H3ydeHHE 3aJauydl (UIbTPALMM, SKCTPANOJSALUU U
MHTEPHOJIAIMY, KOTJa IIyMbl B KaHallaX HaOJII0AeHUI HeKoppeiaupyemble [2], Kpome Toro B pabote
Hemuna H.C. u IlerpoBa B.B. Obima paccMoTpeHa 3agaua (UIBTpalldd, KOTJa Hapsiay C
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HENPEPbIBHBIMU HAOIIOICHUSIMU OCYILIECTBIIIIOTCS TAK)KE U JUCKPETHBIE 110 BpEMEHH HAOIIOICHNS,
IpUYeM OIyMbl B HENPEPHIBHOM W JUCKPETHOM KaHajlaX HAONIOJICHHH KOPPEIUPOBAHBI MEXKIY
coboii [3].

CtouT OTMETHTbH, YTO 3aJaya ONTUMAIBLHOW (PUIBTpAMK B HEMPEPHIBHBIX CTOXACTHYECKHX
cucTeMax SIBISETCA aKTyallbHOW. DTO MCHOJB3YeTCS Uil TOrO, YTOOBI MONYyYUTh OOJiee TOYHBIE
pacuetsl. Harpumep, 5T0 HaX0JUT CBOE IPUMEHEHNE B HABUTAIIUH JIIOOBIX JBIKYIIUXCS OOBEKTOB,
MO3TOMY IIMPOKO HCIIOJNB3YeTCss B CTpaxoBaHuW. Ho Ha JaHHBIE MOMEHT OJTYy 3aJady
paccMaTpUBAIOT Yallle BCETo Uil HEKOPPEIMPYEeMbIX IyMOB. Eciu ke ciydail ¢ KoppeiaupyeMbIMU
IIYMaMH{ U BCTPEYACTCSI, TO MPUBOJISATCS TOJIBKO (POPMYIMPOBKH TEOpPEM 0O€3 T0Ka3aTeIbCTB.

Taxum o0Opa3zom, onupasicb Ha HEPACKPHITOCTh JAHHOTO BOTIPOCAa B COBPEMEHHOM JIUTEpAType,
ObUIO pPEIICHO NPOBECTH HCCIICAOBAaHUE 3a7ayll ONTUMAIBHONW (UIbTpalu B HEMPEPBIBHBIX
CTOXAaCTHYECKUX CHCTEMax C KOPPETUPYEMbIMH IIIyMaMH, T.€. UCCIIE0BAHUE BIMSHUS KOPPEISIIUH
IIYMOB Ha JINCIIEPCUIO ONTHMAaJIBHOM B CPETHEKBAIPATUIHOM CMBICIIE OLIEHKH.

st TOoro, 4toOBl BBIBECTH OCHOBHOE YPAaBHEHWE HEIMHEWHOW (QWIBTpAlUU ISl CIydas
KOPpPEIUPYEMbIX IIYMOB B 00IIeM BUE, ObIM PacCMOTPEHBI ypaBHEHMs mpoleccoB X(t) u z(t), B
KOTOPBIX MOITHOCTH CHUTHAJIOB 3aJIaHbl JIMHEHHO, MCIIONB3Ysl METOJI CEMUMHBAPUAHTHOHN (hYyHKIINH,
BBIBE/ICHBI ypaBHEHHUs MJis ONTHUMAaIbHOW B cpeaHekBajpaTHdHoOM cwmbicie omeHku (OCKCO)
¢unpTpamuup (1, t) mpomecca x(t) m mucmepcuu I'(t) »TOM oueHku.JlameepaccMoTpeHa 3amava
(buIbTpaluyu CKaJISPHOTO rayCOBCKOTOMAapKOBCKOIO Ipoliecca - mpouecca OpHireiiHa-YnenOeka u
pewensl ypaBHeHust [uist OCKCO p (1, t) 1 nucnepcuu I (t) B 4aCTHOM Citydae.

HccnenoBana 3aBUCHMOCTD OTHOIICHUS TUCTIEPCHIA OIICHOK (DMIIBTPALMU B JIBYX CIIydasiX - B
cllydae KOppeIupyeMblX IIYMOB HaOJII0aeMOro M HEHaOI0JaeMOoro IMpOIecCOB U B ciydae
HEKOPPEITUPYEMBIX IIYMOB, OT NapaMETPOB MHTEHCHBHOCTH CHUTHANAa a M b W MHTEHCHBHOCTH
LIYMOB ( U T, @ TaK %€ 0T KOA(PPUIUEHTA KOPPEIALUHN MEXy HIyMaMH S.
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O IPUMEHEHHUU CEMENCTBA KPAEBBIX 3AJTAY
JJSA CUCTEM UHTEI'PO-ITUO®®EPEHIIUAJIBHBIX YPABHEHUI
L.2Tememena C.,> A6aumananosa I1., 2 JKymarassikbi3sl A.
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E-mail:temeshevasvetlana@gmai.com,peryzat74@mail.ru, zhumagazykyzy@gmail.com

HaQ = [0,w ] X [0, T]paccmatpuBaeTcs HenuHelHas HeJOKalbHas KpaeBas 3ajada s
CHCTEMBITUIEPOOINYECKUX YpaBHEHHH

0%u ou
axat:f<x't'u'a>' u€ER ) (1)
u(0,t) =0, te [0,T], )
9(x,ux(x,0),ux(x,T)) = 0, ©3)
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raef: Q X R® x R™ - R™, g:[0,w ] X R™ X R™ — R™HenpephIBHBL.

Pemenuem 3anaun (1)-(3) ssaserca pynkmus u*(x,t) € C(Q,R™), xoTopas Hall BMeCTe CO
CBOMMHM 4acTHBIMH npoumsBogHeiMuUL(x,t) € C(Q,R™), ul.(x,t) € C(Q, R™)ynoBnersopser
HEJIMHEWHON cucTeMe runepOosimyeckux ypaBHeHui (1), Ha xapaktepuctuke x = 0 yqoBJIE€TBOPSIET
yenoButo (2) unpu x € [0, w s uy(x,0), uy(x, T)cnpaBemuBo paBeHCTBO (3).

C momompi0 HOBOUM Hem3BecTHOUW (yHKIMU vV(X,t) = u,(x,t) 3amaga (1)-(3) cBomutcs K
OKBUBAJICHTHOM KpacBOW 3amaue/yis HHTErpo-Au(p(GepeHIMalbHOIO YPaBHEHUS B  YaCTHBIX
MIPOM3BOIHBIX

%=f<x,t,foxv(€,t)df,v>, v €ER", x €[0,w], 4)
g(x,v(x, 0), v(x, T)) =0, x € [0, w]. (5)
3nech ycnoBue (2) y4TeHO B COOTHOIICHUHN
() = f vEDdE , (o) e f. ()
0

Ecm  dynkmus u*(x,t) sBusercs pemenwem 3amaun (1)-(3), 1o v* (x,t) = uy (x,t)
oynerpemenneM 3amaun (4), (5). Ecmv(x, t)— pemenue 3amaun (4), (5), To dyrxmusu(x,t),
ompenenseMast paBeHCTBOM (6), OyzmeT pemenuem3anaun (1)-(3).

3ameTtuM, 4uto 3amada(4), (5) sSBIsSETCA CEMEUCTBOM HEIMHEWHBIX JBYXTOUEYHBIX KPaeBBIX
3a7a4 ISl CUCTeM MHTETpo-anuddepeHnanbHeIX ypaBHeHHH P pearoisma.

3amaua (4), (5) uccnemyercs metonoMm mapamerpusarnuu [1]. Mcmons3ys SKBHBaJIeHTHOCTH
YKa3aHHBIX 33/a4 MOJYYEHBl YCIOBHS Pa3pelIMMOCTH HEIMHEHHON HEJOKAIBHOM KpaeBOW 3a7adu
ISl CUCTEeMBI TutiepOondeckux ypasHenuii(1)-(3).

[IpencraBnennas padora duHancupyercs Komurerom Haykn MuHucTepcTBa 00pa3oBaHHs U
Hayku Pecry6mmku Kazaxcran (rpant Ne AP08855726, 2020-2022 1r.)

CHnucoK MCNIO0JIb30BAHHOM JUTEPATYPDI
1. D. S. Dzhumabaev, S. M. Temesheva, “A parametrization method for solving nonlinear two-point boundary value
problems”, Comput. Math. Math. Phys., 47:1 (2007), 37-61.

OB OJJHOM PELIEHU KPAEBOM 3AJIAUU C UMITYJIbCHBIM
BO3JEICTBUEM
TaeynecoBa A.B.}, Opa3oexopa A.C.}, Kainaxos E.H.?
YEHY um. JLH.I ymunesa, Kazaxcman, 2Ha3ap6aee Ynusepcumem, Kazaxcman
E-mail: agila_72@mail.ru, mt-513@mail.ru, mr.kalpakov@mail.ru

Ha OTPE3KE [0, T] paccMaTpuBaACTCA KpacBas 3alada ¢ UMITYJIbCHbIM BO3JICHCTBUEM

%:A(t)x+f(t), teoT]io) i=Lm, 1
0=6,<6,<..<6,<0,,=T,i=1m, xeR",

B,x(0)+Cyx(T)=d, d eR", 2
B,x(6, —-0)-C,x(0+0)=p,, p, eR", i=1m, ©)

rae Alt), f (t) KycouHo-HenpepbIBHBI Ha [0, T |, ¢ BO3MOKHBIMU pa3pbIBaAMHU TIEPBOTO POJIA B
- . n
tToukax t=6,i=1m. B,,C, (i =1 m) HIOCTOSTHHBIE MaTPHIIBL. ||X|| = max|xi|, ||A(t)| = max Z‘aij (tj
| S .
j=L
Panee B paboTax KpaeBbIe 33Ja4i C UMITYJIbCHBIMH BO3ICHCTBUSIMU HCCIICAOBAINCH METOIOM

napametpusaiuu [1-3]. Jlns pemenue 3amaun (1)-(3) mpuMeHsieTCss METOJl MapaMeTpU3aluil.
[0, T] pa30uBaeM Ha YaCTH B TOUYKaX UMIYIbCHBIX BO3ICHCTBUIA:
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m+1

0,7)=Jl6....6.)

r=1

BBenem npocTpaHCTBO C{[O T} 6., R"(m) } cuctem Gynxumit x[t]=(x,(t), X, (t),..., X, (t)), r1e
byHKIMIU X (t) r=1,m+1, HenpepsIBHBI HA [ o ) Y UMEIOT KOHEYHBIN JIEBOCTOPOHHBIN IIpeell

Jim X, (t) r=1m+1, ¢ nopmoit [X[], = = max. [iup X, ()

Cyxenne Bexrop-dynkumii X(t) na I -piit unrepsan [0, ,60, ) o6ossaunm uepes X (t).3arem

BBOZS JOTIOJIHMTENbHBIE mapamerpbl A, =X, (6, ;) r=1,m+1 Ha kaxmom uurepsane [0, ,6,)

npousseeM 3ameny U (t)=x (t)-A,r=1,m+1 Torma  3amasa (1)-(3) mepeiizer &
SKBUBAJEHTHOH KpaeBoil 3a/1aue ¢ mapaMeTpaMu
au, = At)u, + 2, )+ f(t) tel6,,.6,) r=1m+1 (4)
u,(6,,)=0r=1L,m+1, (5)
Bod, + Co Iim um+1(t)+ Codma =4, (6)
B, im u,(t ()+BA ~C A, =p,i=Lm+1, 7)
t—t; -

Pemenue 3amaun (4)-(7) ssasercss mapa (A,uft]) ¢ smementamu A =(4,,4,,...,4,,,,) € R"™,
ut]= (u, (t),u,(t)...,u,,(t))e C([O Tlo,, Rn(m+) ) byHKIIIT u(t) HETPEPHIBHO TP PEepeHIUPYEMBI
Ha [6,,,0,)r=Lm+1, w mpnm A =A  yIOBIETBOpSET CHCTEME OOBIKHOBEHHBIM
maddepeHnuanbHbIX ypaBaenuuii (4) u yenosusmu (5)-(7).

Hcnone3ys X(t) — (¢yHoamMeHTanpHyl0 MaTpully JIuddepeHIHaTbHOTO  YpaBHEHUS

% = A(t)X , pemenwne 3aaaun Komwu (4)-(5) 3anuiiem B BUae

J.X’l o), + () tel6,,.6,) r=1m, (8)

B kpaeBoe ycnoBue (6) u yCJ'IOBI/II-O umiyiabsca (7) MOACTaBIISAS MPaByO 4acTh (8), MOIydHM
CIICAYIONIYIO CHCTEMY alreOpandecKuX ypaBHEHUH OTHOCUTEIFHO TapaMETPOB:

B,/ + Coly +cox<T>] X (AN, + 1) =d - CX M X ) (K, ©

O

IX’l o)A, + f(r)ld(r)+ B4 -CA,, = i—Bix(e)gifx1(r)f(r)d(r), i=1m, (10)

I/ICHOJ'ILSy}I (9), (10), maTpuiry 0003HAUUM Yepes Q(@) U CHCTEMY 3aIHIleM B BUJIE
Q(0)A=F(6), 2 eR"™), (11)

F(0) = (@~ CuX ()] X ()1 (M), py — BX(6)] X () (o). p, ~ B X0 IX*l

Cnenyromue yTBEpKICHHE YCTAaHABIMBAECT OJHO3HAYHYIO pa3peI_HI/IMOCTB B TEpMHHAX
(byHaMEHTaIbHOM MaTpUIIbI
Jlemma 1. CipaBeiIMBBI CAENYIOIINAE YTBEPKACHHUS:

*

a) Bektop A’ Z(ﬂ: Ay ﬂmﬂ)e R"™Y " cocTaBICHHBINA U3 3HAYCHWS pELICHUS x*(t) samaun
(1)-(3) B Toukax pasduenus A, =X (6,,), r =1, M+1, yIOBIETBOPSET CHCTEMY,

Py PE) Py 1 o
6) ecru A = (ﬂ,l,ﬂ,z,...,ﬂ,m+l)€ R"™Y | gensercs pemernem cuctems ypasmenmii (11), a

cucrema dymkumit  G[t]=(T,(t),0,()....0,,,(t)) peurennem 3anaum  Komm (4),(5) mpu
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A, =2, r=1,m+1, 10 QyHKIHs X(t), onpenensemas pasencramu X(t)= 4, +0.(t), te[6,,,6,)

r=1m+1, )?(T) A+ Ilm um+1(t), sBisieTcst pemeHreM 3aaaqn (1)-(3).

m+1

)e R"™Y yroenersopsor (11), TO CIPABEUIMBO COOTHOLICHNE:

Ecmn A = (21 Ayyenns
Teopema 1. Ins oano3HauHou pazpemmmoctd (1)-(3) HEOOXOIMMO M JOCTATOYHO, YTOOBI
marpuia Q(6): Rn(m) _y Rr(m)
Teopema 2. 3anaua (1)-(3) paspemmma Toria U TOJIBKO TOTa, Koraa Bektop F(6)e Rn(m),

m+1

Obl1a 0OpaTUMOM.

COCTaBJIEHHBIN M3 3afaHble (QyHKIHU f(t)e C([O,T], R”), u BekropoB d eR", p, eR",i =1m,

OPTOTOHAJIEH K SAPY TPAHCIOHHPOBAHHYIO MAaTPHUILY (Q(H))' T.e. mia VEe Ker(Q(é’))’

cripaBeuiBo pasencteo (F(0),E)=0, rae (-,-) — ckamsproe nponssenerne 8 R™™,

Cnucok McnoJib30BaHHOM JTUTEPATYPhbI

1. Tleulesova A. Periodic boundary value problem for a system of ordinary differential equations with impulse
effects International Conference on Analysis and Applied Mathematics (ICAAM 2016)AIP Conf.Proc.1759,
020061-1 — 020061-5; . (Scopus CiteScore 2018=0.37

2. Bakirova E.A., Kidirbayeva Zh.M., Tleulessova A.B. On one algorithm for finding a solution to a two-point
boundary value problem for loaded differential equations with impulse effect// Bulletin of the Karaganda
University.Ne3(87)/2017 Mathematics Series, C.43-50.

3. A.T.Assanova, A.B.Tleulessova. Non local problem for a system of partial differential equations of higer order
with pulse actions Ukrainian Mathematical Journal( IF 0.518 ) Pub Date : 2020-06-16 , DOI: 10.1007/s11253-
020-01750-9 1821-1842(2020).

OCYIIECTBOBAHWM PEHIEHUSIBTOPOMKPAEBOW 3ATAYE IS
HEOJHOPOJAHOI'O YPABHEHUSA TPETBEI'O NIOPAJIKA C KPATHBIMU
XAPAKTEPUCTUKAMMU
Ymapos P.A.

Hamaneanckuii unoicenepno-cmpoumenvuwiti uncmumym, Hamanean, Y30exucman
E-mail: r.umarov1975@mail.ru

B obnactu D= {(x, y) . O<x<p, O<y< q} paccMOTpUM  CIEAYyIOLIECyPaBHEHUS

TPCTHETO MMOPAAKA BHUAA:

L(u):Uxxx_Uyy+A1Uxx+A2Ux+A3Uy+A4U :gl(x1y)! (1)
rze A, p,geR, i =14, 0, (X, ¥) 3anansbie, JOCTATOYHO TIaAKUe HYHKIHH.
AL
3amenontU (X, y) =u (X, y)e 8 27 ypaBHeHwue (1) MOXKHO MPUBECTH K BULY
u x_uyy+a1ux+a2u:g(x1y)! (2)
A’ 2K A _AA e

ed =t Ay B =t o AL I Y) = i (xy) e
Otmerum, uTo B padote [3] paccMoTpeH ciydaii g, =a, =0
3agaua A, Haittn dyuxumo  u(X,y) us wmacca CJ7(D)NCEy (5) , YIOBJIETBOPSIONIYHO

ypaBHEHHUIO (2) U CIETYIONIMM KPAaeBbIM YCIOBUSM:
u,(x,0)=0, u,(x9)=0, 0<x<p,

B o« (0Y)=wi(y), u(py)=w,(y), u(py)=ws(y), 0<y<q,

raey, (y), =13, g(X,y)3a1aHHbIEIOCTATOUHO IMIAAKHE DYHKIIHH.
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Teopema 1. Ecnu 3agaua A, uMmeeT pelieHue, TO IpH BbINONHEHUH ycioBuiia, <0, a, >0
OHO €/IMHCTBEHHO.

Hoxaszareancrso. [Ipeanonoxum, ooparnoe. IlycTs 3a1aqa A nmeeT aBa pelieHus U, (x, y) u
u,(X,y). Torma dysxmus u(x,y)=u,(X,y)—U,(X,y) YIOBIETBOPAET OTHOPOTHOMY YPAaBHEHHIO
(2) c oHHOPOIHBIMU KPaeBBIMM YCIOBUSAMU. JloKaxkeM, 4To U (X, y) =08D.

B obnactu D crnpaBeasimBO TOXKAECTBO

uLfu]=wuu, —uu,, +auu, + au’ =0,

Wi

9 uu, _luf+1a1u2 —i(uuy)+u§+a2u2=0. (3)
ox 2712 oy

Wuterpupys ToxaectBo (3) mo obmactu D w yduThIBas OJHOPOAHBIE KpaeBbIE YCIIOBHS,
MOJIy4UM

1 q 1q pq pq
——ai'[u2 (0, y)dy+—'|'ux2 (0, y)dy+”ujdxdy+a2”u2dxdy =0.
2 0 20 00 00

Ecmu &, a, # 0, u3 uerB€pToro ciaraemMoro, HoIyIuM u(x, y) =0, (X, y) eD. Ecmu a =a, =0,
TOIJla U3 TPETHEro cilaraeMoro U, (x, y) =0. U3 ypaBHEHUsI W y4YUTHIBas OJHOPOIHBIEKPACBBIE

YCJIOBHE MOJy4YUM U (x, y) = (0.Teopema nokazana.

Teopema 2. Eciu BBINOJIHAIOTCS CIEAYIOIIUE YCIOBUS !

1) i (y) C’[0.a], w/ (0)=p( () =0, =13

*g(xy) .
Xy

3)0£C<min{ L , A }
3p® +2p° Kp(4, +1)

2) C[0,q], 9(x,0) =g(x,q), 0<x<p;

2
TO  peleHue  3a7ayu A, CYILIECTBYET. 3necs C = max{|a1|,|a2|}, A = [Zj ,

S
3 3 '

TeopeMa 2 JOKa3aHa U pCIICHUs 3aaa4r A2 HCIIOJIB3Y: METOIa CDpre IMoJIydCHa B BU/JC!:

(. Y)=%(%(Xﬁf%(X,f)%(f)df-+po(x)J+
+\/:Zcos(”—n jiGn (%, E)A3F, (&)dE+ ?)

n-1 q

+\/:Zcos( ]@Rn X, &) Een (x,8) 431, dsd§] an COS[FyJ
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p

37ech o, (%) =[G, (x,&) T, (£)dé, Ry (%) =Gy (4,8)+ 3G, (1),

0 m=1

R, (x,&) én(x,g)+§émn(x,g), Gy (%) =2,Gy. (%)~ 8,6, (X&),

én (X' é:) = aiGn§ (X’ 5) _aZGn (X,é),
G, (X, &) dynxums Ipuna s 3anaun:

VOIVI — 0,

Vo' (0) =V ( p) =V ( p) =0,
G, (%, &) dynxuus Ipuna s 3aaun:
{v "+ AN =0,
V(0)=V (p)=V'(p) =0,

Jloka3zaHa paBHOMEpHasi CXOAUMOCTb psifi (3) U ero nmpousBo/HAs BXOJIINE B ypaBHEeHHU (2),
HCIO0JIb3YS YCIOBHS HA 3a/JaHHBIX (YHKIIHH.

Cnucok McnoJib30BaHHOM JINTEPATYPbI
1.Anmakos HO.I1. O pemenun kpaeBoil 3aauu Ui ypaBHEHHs TPEThEro MOpsAAKa C KPaTHBIMU XapaKTepUCTUKaMU
// ' YxpauHCcKui MaTeMaTudeckui sxypHai. -Kues. 2012. T.64. Ne 1. C. 1-11.
2. Uprames b. 10. Kpaeas 3amaua [U1si 0JHOrO BBIPOX/IAIOIIETO YpaBHEHUsSI BBICOKOTO TMOpSAAKA C MJIAIIINMU
uynenamu //BulletinofthelnstituteofMathematics. — 2019. — Ne. 6. — C. 23-29.
3. Apakov, Y.P., Umarov, R.A. Solution of the Boundary Value Problem for a Third Order Equation with Little
Terms. Construction of the Green’s Function. Lobachevskii J Math 43.

3AJTAYA TPUKOMUM-HEVMMAHA JIJISI TPEXMEPHOI'O YPABHEHMUSI
CMEIIAHHOI'O TUIIA C CUHT'YJISAPHBIMU KOO®OPUILIUEHTAMUAU
Ypunos A.K., Kapumosn K.T.
Depeanckuil cocyoapcmeenuslil yuueepcumem, Pepeana, Yzoexucman
E-mail: urinovak@mail.ru, karimovk80@mail.ru

B paGote uccnenopana 3agaya Tpuxomu-HeliMana 1y TpexMepHOTo ypaBHEHHUS! CMELIaHHOTO
TUNAa C TPEMS CHUHTYIAPHBIMH KO3(PQUIMEeHTaMH B CMEMIaHHOM o0nacTtu, JUisi KOTOPOro
AITUNTUYECKAass YacTh COCTOMT M3 4YETBEPTH LWIMHApA, a TunepOoiuveckas dYacTb U3
MPSMOYTOJIbHON Mpu3Mbl. Jloka3zaHO OJIHO3HAYHOM pa3pelnMOCTH MMOCTABICHHOM 3aJaun B Kiiacce
PETYISPHBIX pPELICHUI.

IIyctb € - TpexmepHas 00JacTh, OrpaHMYEHHAs WIMHIPUYECKON MOBEPXHOCTHIO

So :{(X, y,2) X2 +y? =1 x>0,y>0,z e(O,C)}, IPSAMOYTOJIbHUKAMU

S ={(xy.2):xe @21, x-y=12ze(0,c)}, S,={(xY.2):xe(01/2),x+y=0,z&(0,c)},
S, ={(X, y,2):x=0, ye(0,1),z e(O,C)} v miockumu  Qurypamu S, =MyuUl; UMy,
Sc =M, Ul, UMjs, re M; ={(x,y,2):=y<x<l+y,-1/2<y<0,2=0},
Mg :{(x,y,z):x2+y2 <1,x>0,y>0,z:0}, M, :{(x,y,z):x2+y2 <1,x>0,y>0,z:c},
Mz ={(x,y,2):-y<x<1l+y,-1/2<y<0,z=c}, I, ={(x.y.2):xe(0,1),y =0,z =0},

I, ={(x, y,2):xe(0,1),y=0,z =c} _
B ob6nactu 2 paccMoTpuM ypaBHEHUE
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Lyp U =Uy +(sgny)U,, +U,, + 2 Zﬁ U, + |2ﬁ U 27 “y, =0, (1)
rne S,y €R, mpuuem 0< f<1/2, —2<7<1/2.

B oGnactu Q ypaBHenue (1) mpUHAAICKUT CMEIIAHHOMY THIy, a UMEHHO B 00JacTu
Qy =Qn{y >0} -ommnTuyeckomy THIy, a B obmactu € =QN{y <0} - rumepGommaeckomy
tuny, npudeM X =0, Y=0 u z=0 sgBIAIOTCS IUIOCKOCTSIMU CHUHTYJIIPHOCTU YpaBHEHUS, a TPU
Tepexo/ie Yepe3 NpAMoyronbHuka Qp M ypaBHEHHs MEHSET CBOM THIT.

s ypaBHenus (1) B o6mactu Q chopMyaupyeM U HCCISIyeM CISAYIONIYIO 3a/1a4y:

3apaua TN. Haiitn dpynxumo U (X, Y, z), yooBieropsiontyio B obmacta Q ypapuermio (1) u
CIICTYIOIIUM YCITOBHSIM:

U(xY.2)eC(Q)NCLy2 (Quey), x*U,, 77U, eC(Q);
2 .0
)|(I_I’)T(1)X Ay «(Xy,2)=0, (0,y,2) € S5; %U(x,y,z)zF(x,y,z) (x,y,2) € Sp;
(sz)| =0, U(x,y,z)|§4=0, U(x,y,z)|§5:0,

a TaKKC YCJIOBUIO CKIICHUBAaHUSA

lim (—y)zﬂuy (x,y,z)= lim yZﬂUy (x.y,z), xe(01), ze(0,c), (2)
y—-0 y—>+0
rae OU/ONn— mpom3BojHas MO BHEUIHEH HOpPMAHM K TMOBEpXHOCTH Sg, a F(X,Y,z)— 3ananHas
HeTpepbIBHAS (QYHKITHSA.

B paboTe nokazana cieayroias Teopema.

Teopema. ITycte S €(0,1/2), y € (-2,1/2) u BbINONHEHBI ClEAYIOIUE YCAOBUS: A) QYHKIUU

o) , o {f(w)

(sin 2¢) 27 (sin2¢)0¢| (sin 2¢)t~%#

:I obpamarorcs B Hyab npu ¢ >0 u 9> 7x/2

paBHOMEpHO 1O Z ; b) dyHKIMH f((p,z) u Byz_l/zf((p,Z) oOpamatorcst B HyJab pu Z —>0

Z — C paBHOMEPHO 1O @ ;

0 zzygf(qo,Z), 227§B;_1/2f(¢12)eC(1:[), ={(p,2):pe(0,7/2), z(0,c)},

2 0 o |9 t(p.2)Gin2g)? | _
d) L 12172 - eL(M).
0z oz op (sin2¢p)op

Tornma pemenue 3agaun TN B obnactu A = {(p, ¢,2):p€(01),0e(0,7/2),0<z< C} (o6nacTs

)y B UUIMHIPUYECKHE KOOPJUHATBI) CYLIECTBYET U Olpenensercss GopMynoi

0 © Q 1/2—
U(xy,2)=V(pp2)=2> > = S (9)%m(p)2 731,2_2y(amz/c) | -
n=1m=1 |:CJ3/2—]/ (om )]

rae p=«/x2 +y?, p=arctg(y/x), Jy(z)- bysxums Beccens nopsaka | mepsoro poma [1],
S, () = (sin 0)1/2—ﬂ P&Z—f)lz (cosO), 0=n-2p<c[0,z/2], Pl (X)-dynkuns Jlexanapa [2],

,0_2'3 I on (Gmp/C) Fom

(@ =28)1,, (om/¢)+(om/C)ly 1 (om /c)] '

I} (z2)— dynkuus Beccenst MHEMOrO

1gnm (,0) = [
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crl2
aprymenta mopsaaka | [1], R, :I I f((o,z)(sinZgo)zﬂ S, ((0)21/2+7J1/2_7 (omz/c)dedz,
00

@, =2n+ F—-3/2, ne N, o, — M-HBIi 0JOKUTEIHHBIH KOPEHb YPABHEHUS 31,2_}, (X) =0.
ns paBeHCTBa 3) B cuILy YCIIOBUS CKJICBaHUS (2), HaX0JUM

lim yZﬂUy (x,y,z)= lim (—y)zﬂ Uy, (% y,2) =v(x)Z(z). 3atem, moacrasmss 510 B hopmyry

y—>+0 y—>—0

X+y ) —,3 t ﬂ

0y =2() [0() (] 2 (pa-pi-pe)a
0

HaxoJ UM penreHue 3agaun TN B obnactu €y,

re =2 T(B)I[TA-p)L(2B)], & =(x—t)"—y?, n=-1F/(4xt), r,=Af/4, a
=5 (a, b,c; X, y) — runepreomerpuueckas ¢pynkius ['ymbepra [2]:

(a),, =a(a+1)(a+2)..(a+m-1)=T(a+m)/T(a)-cumeon Moxrammepa.
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O PABPEHIMMOCTHU MHOTOTOYEYHOM KPAEBOM 3AJIAUM IS
®YHKIIMOHAJIbHO-TU®®EPEHIIUAJIBHBIX YPABHEHUM.
Ycemanos K., Ilagun6exos K.

Ynusepcumem Axmeoa Acasu, Typxecman, Kazaxcman
E-mail: kairat.usmanov@ayu.edu.kz

Kaxk n3BecTHO OJTHUM M3 YaCTHBIX CydaeB QYHKIIMOHAILHO — MU HepeHIInaIbHbIX YpaBHEHUN
SIBJISIETCS] TaK Ha3bIBaeMbIe au(depeHIInaIbHbIe YpaBHeHHs JpoOHOTro mopsiiaka. HenaBHo B pabote
[1] 6bLIO BBEICHO OMH M3 BApPHAHTOB APOOHOM MPOU3BOIHOM, TaK Ha3biBaeMas KOH(pOMaOeabHast
MPOU3BOHASA .

B nannoit padore Ha orpeske [0,T] paccMOoTpuM MHOrOTOYEUHYHO KPaeBYHO 3ajady Juis

cucTeM (PYHKIMOHAIBHO - MU depeHInaIbHbIX YpaBHEHUH ¢ KOH(OPMaOenbHOI MPOU3BOAHOMN

Tax(t)+ATax(a(t)):]' Kl(t,s)x(s)ds+j. K,(t,s)x(s)ds+ f(t), te[0,T] xeR", (1)
iBix(ei)zd, deR", )

0=0,<6<...<0,,<6, =T,
rie O<a<1, marpuna K (t,s), K,(t,s) nempepeiBHbl Ha [0,T]x[0,T], N- mepHas BekTOp-

¢dynkius f(t) menpepsiBra Ha [0,T], A — HekoTopast cummerpuuHas, B, i=1m - mocrosHHbIE
MaTpHIIBL, TOpsSAKa NXN.
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Huddepenunansupie  u  QyHKOHOHANBHO —  AupepeHIuaNbHble  yYpaBHEHUS C
OTKJIOHAIOIMMH apTyMEHTAMH WIPAIOT BaXHYIO pPOJb INPH HCCIECJOBAHUU 3a7ady MEAWLUHBI,
Oouosornu, PKOHOMHKH U T.A1. Hampumep, B pabote [2] paccMoTpeHa 3KOHOMUYECKas MOJEIb
ONMCBHIBAIOIIAS]  B3aMMOCBSI3b  MEXIY  NPHUPOCTOM  HAceNeHWss W IMPOU3BOACTBOM
CEJIbCKOXO35MCTBEHHON ITpoayKuuu. [loka3aHo, 4TO eciau paccMOTPETh B MOJEIU 3alla3/IbIBAHUS C
MOJIOKUTENFHON JICTIepCcreii, TO IUHAMHWKa SKOHOMHUKHM OTPEACISIETCS CHUCTEeMON HWHTErpo-
mddepeHInaNnbHBIX YPaBHEHUH C 3aI1a3/[bIBAHUEM.

Hekotopeie #3 Takux OTKJIOHEHHMHM OO0JIajaloT CBOWCTBaMuU O Z[O,T]—>[O,T] u

o’ (t)=o(o(t)) =t . Takne ypaBHeHus HasbBaIOT ypaBHEHWAMH co cauramu Kapiemana [3] wim
YpaBHEHUSMH C HHBOJIOTHMBHBIMU IpeoOpazoBaHusiMu. B ypaBHeHuu (1) B KauecTBe Takoro
npeoOpa3oBaHMsl PAcCMOTPEHO IpeoOpazoBaHue BUAa «(t)=T—t. CBolicTBa ypaBHEHUHU C
WHBOJIFOTUBHBIMH MIPE0OPa30BaHUSIMHU HCCIICIOBaHbI B paboTax [4-6].

[Ipumensis x ypaBHeHuto (1) cBolicTBa HHBOJIOTUBHOIO MPEOOpa3OBaHUS M MPUMEHSSA
MHTErPUPOBAHUS M0 YacTAM K MHTETPAJbHOMY WIEHY COJIEP’Kallyl0 MPOU3BOJHYIO OT HMCKOMOM
byHKIIUN

] K, (t, $)%(s)ds = K, (t, $)x(s)|; —]a*(;f(st's) x(s)ds
oK, (t,s)

x(s)ds.
s (s)

=K, (tT)X(T) - Kz(t,O)X(O)—Tf

KpaeByro 3amauay (1), (2) MokHO 3amucaT B BUIE
T

Tax(t)+ATax(a(t))=_f K(t,s)x(s)ds+K,(t, T)X(T)-K,(t,0)x(0) + f (t), te[0,T], xeR",

3)
ZBix(ei)zd, deR", (4)

0=0,<6<...<0,,<6, =T,

Jlanee x moayueHHOW KpaeBou 3amade (3), (4) MpUMEHEHMM METOJ[ TNapameTpHu3aluu
npeutokenusiid mpodeccopom [ J)xymabacseiM [7-8], T.e. paccMaTpuBaeMblii OTPE30K pa3OHBaeM
Ha YacTH, TaK YTOOBbI TOUKH HArpyXeHHs MOJNAAald MOJ TOUYKH pa3OueHus. 3HaYeHHs] UCKOMOM
GbyHKIIMM B TOYKax pa3dueHus oOo3HaAyaeM uepe3 mapaMmerpbl. Vcmonb3ys AaHHBIA Mapamerp
MEepexo/IMM K HOBBIM TepeMeHHbIM. [lepexoa K HOBBIM NEPEMEHHBIM, JaeT BO3MOXKHOCTb
MOJIyUYEHUS] HAYaJIbHBIX YCJIOBUHU JJISi UCXOJHOTO ypaBHEHHS. MHOXXECTBO BCeX pa30OHEeHHH, MpU
KOTOPOM MOJy4eHHas 3anaya Ko uMeeT eIMHCTBEHHOE pEIIeHHe O003HaYMM uepe3 A, ..

OHpeI[eJ'IHH CAMHCTBCHHOC PCIICHUC 3a1a4Yr Komm n MOACTABJISAA MTOJIYYCHHOC PCIICHUC B KPACBbBIC
YyCJIOBUS, MMOJTYUYUM CUCTEMY JIMHENHBIX YPpaBHCHHUU OTHOCHUTCJIBHO BBCIACHHBIX IIAPAMCTPOB. TeMm
CaMbIM, YCTAHABJIIUBACTCA B3aUMOCBA3bL MCIKAY O6paTI/IMOCTBIO MaTpUuIbl HOHy‘ICHHOﬁ CHUCTCMBI
JIMHENHBIX anre6pa171quKI/Ix YpaBHCHUHN U OJIHO3HAYHOM pa3speuinMoOCTU HCXOQHOM MHOTOTOYEYHOM
KpaeBoﬁ 3amaun. Ha ocHOBaHMH MeTO1a MnapamMeTpu3alu YCTAHABIIMBACTCA YTBCPIKACHHUC:

Teopema. [lycmv mampuya [1— A2]06pamuﬁ4a. Toeoa Onsi 00HO3HAUHOU paA3peUUMOCmU

MHO20moueuHol Kpaegou 3aoauu (3), (4) neobxooumo u docmamouno umodwer mampuya Q, (1)

ovina obpamuma npu 1€ A, .

This research has been/was/is funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant No. AP09259137)
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O CXOJJMMOCTH PASHOCTHBIX CXEM MOBBIINEHHOM TOYHOCTH JIJISI
YPABHEHUSI HOHHO-3BYKOBBIX BOJIH B 3AMATHUYEHHOM IIJIABME
VYrebaen /1. !, Hypyaiaaes 2K.A.2
! Kapaxannakckuti 2ocyoapcmeenuwiil yuugepcumem um. bepoaxa, Hykyc, V3b6exucman
2 HayuonanvHuiti ynusepcumem Yzoexucmana um. M. Ynyeoexa, Tawxenm, ¥Y306exucman
E-mail: dutebaev_56@mail.ru; njusipbay@mail.ru

Kak u3BecTHO, pelieHue CiIOXKHBIX MPHUKIATHBIX 33a1ad TpeOyeT K CO3JaHMI0 0oJiee TOYHBIX
YHCJIEHHBIX aJITOPUTMOB MJIM COBEPIIEHCTBOBAHUIO CYIIECTBYIOMUX. (OHa MpOSBIISIETCS 0COOCHHO
MIPU UCCIIEJOBAaHUH CJIOKHBIX HECTAllMOHAPHBIX ypaBHEHUI coOosieBckoro Tuma. Takue ypaBHEHUS
MOSIBIIAIOTCSL TP PEUICHUW 3a7ad Teo(U3uKH, OKeaHoJoTuH, Gu3nKu arMmochepbl, (GU3UKU
MOJIYIPOBOAHUKOB, (PM3UKU MAarHUTOYMOPSIIOYEHHBIX CTPYKTYP, CBSI3aHHBIE C PacCHpOCTPAHEHUEM
BOJIH B Cpellax ¢ CWJIbHOW aucnepcuend u MHorue apyrue [1]-[3]. Hanpumep, ypaBHEHUE MOHHO-
3BYKOBBIX BOJIH B 3aMarHU4eHHOM 11a3me [3]

62 [62 ZJ 2 2 82 2 2 62u
— | =zt @ (A3u—rD u)+a)i—A3u+a)‘a)Bi—:f(x,t), (1)
a2 | at? P ot? PR ox2

(x,1) eQr =QuUQ, Q:{x|x:(x1,x2,x3), 0<x, <lI, a:1,3},

OTHOCHUTCA K TAKUM YPABHCHUSIM. HauanbHbie KpaeBbIC YCIIOBHA UMCIOT BU:

0" _
- =Ug,, v=03 xeQ=QuaQ, u(xt) =0 te(0T]. (2)
ot 0
ANnpoKCUMHPYsI TPOCTPAHCTBEHHBIE MTepeMeHHbIE B (1) METOIOM KOHEYHBIX Pa3HOCTEH MK
MCTOJAOM KOHCYHBIX DJICMCHTOB IOJIy4acM a6CTpaKTHYIO 3aavy Ko AJI1 YpaBHCHUA YCTBCPTOIO
InopsaKa:

u(x,t)

d*u. (t) d2u.(t) d u —
D— 4 p— 4 Aug(t) = f. (1), —2(0)=u,, ., k=0,3, 3
até at? h (1) = fr(t) I (0) =y (3)
rnie D, B u A nuHeliHple TOCTOSHHBIC, HE 3aBHcsAmMe oT t, omeparopsl 3 H —>H,
D*=D>0, B"=B>0, A"=A>0; Vt>0, u=u(t), f="Ff(t)eH- THILOEPTOBO

IPOCTPAaHCTBO. I[EUICC I 3aJa4u (3) Ha OCHOBC MCTOJa KOHCYHBIX J3JICMCHTOB IIOCTPOCHA
MHOTOmapaMEeTpuiCCKad pa3HOCTHAA CXEMa

D,y —nz* Ay®? Dy =g,
D,y; - D,y +nr’Dy, = ¢, (4)
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Da yt B Dﬂ y(O.S)

rne D, = D-mz?B, m=a, B,7,7, ¢, = f,1=12,3. HerpyaHo nmpoBepurh, 4TO CXeMa MUMEET

—nr* Ay =y,

YeTBEPTOro MOPSAAKA MOrPENIHOCTH ammpokcuMammy, T.e. v, =0(c?), v, =0(c*), Vs =0(z%),
€CJIN BBIIIOJIHEHBI YCIIOBUSI

a-p=1/12, n=1/12, (5)
a ¥ - IPOU3BOJIbHASI KOHCTAHTA.

HavanpHble U KpaeBble YCIOBHS TOXKE HMEIOT YETBEPTHIM MOPSIOK AaNMpOKCUMAIIUHU.
MeTo10M 3HEpreTH4ecKuX HEPaBEHCTB JOKa3aHa YCTOWYMBOCTb IMOCTPOEHHON cxembl (4). g
[IOJIyYE€HUSI OLEHKH TOYHOCTH MCIIOJIb3YETCs CIIelMajabHas METOJMKAa IOJYyYeHMs] anpUOPHBIX
OIICHOK, TaK KaK KJIACCHYECKHUH NOJAXOJ K HCCIEJOBAHUIO CXOJUMOCTH pPa3HOCTHBIX CXEM,
ocHOBaHHOW Ha Qopmyne Teisopa, peabSIBIsSET BbICOKME TPeOOBaHUSA K TIAIKOCTH HCKOMOTO
pemienus. Ilostomy, B mocneaHee BpeMms TMOJIY4YE€H psJ pe3ylbTaTOB IO OLEHKE CKOPOCTH
CXOJMMOCTH Pa3HOCTHBIX CXE€M [UIsl YpaBHEHMH MaTeMaTHyecKOod (PU3MKHM Ha OCHOBE JIEMMBbI
bpam6ia-T'unsbepra [4], [5].

Jloka3zaHa ciieqyroniasi OCHOBHasl Teopema.

Teopema. Ilycte D*=D>0, B"'=B>0, A"=A>0. Kpome TOro, mycTh BBHINOIHEHBI

ycnoBust anmpokenManui (5) u yeroitunBoctn D — pur?A>eD, Ve e (0,), ,u=maX{a,,B,}/,77}.
Torga ans pemenus cxemsl (4), anmpokcumupytomei pemenue 3anauu (1), (2) Takoro, 4ro

u(x,t), %J(X,t) € C{[O,T]; W2k+l(Q)}, {;%J(x,t) € C{[O,T]; W22 () }, BEpHa OI[EHKA TOYHOCTH:

Jux,t) =t ()], + u(x, ) —up 0], + a0 ) =ty (x, )], dt'+ [ulx,t') =, (x,t)], dt” <
0 0

t t t|| A4 2
<MIh*| )]z, dt + [[lueat))?, dt [+2° jgt—f(x,t') dt'}, vt e[0,T],
0 0 0 2

M =M(rp, ) >0.

Takum oOpazoM, B paboTe Ha OCHOBE METOJa KOHEYHBIX 3JIEMEHTOB IIOCTPOEHBI |
UCCIIEIOBAHBl  TTAPaMETPUYECKUE PAa3sHOCTHBIE CXEMBI BBICOKOTO MOpSAKAa TOYHOCTH (4) st
cucteMbl ypaBHeHHH (3). BBICOKHI MOPSIOK TOYHOCTH CXEMBI JOCTHTACTCS 3a CUET CIIEIHATBHOM
JMCKPETU3AIMH BPEMEHHON ¥ IIPOCTPAHCTBEHHBIX IIEpeMeHHbBIX. KpoMme Toro, Hanuue napaMmeTpos
B CXEM€ [O3BOJIAIOT TPOM3BECTH PETYISPH3AIMI0 CXEM C IEIbI0 ONTHMH3AIMH aJroOpUuTMa
pealn3auid W TOYHOCTH CXeMbl. IloJydeHbl, COOTBETCTBYIOLIME alpUOPHBIE OIECHKH M Ha HX
OCHOBE JIOKa3aHbl TEOPEMbI O CKOPOCTH CXOIMMOCTH M TOYHOCTH MOCTPOCHHBIX AITOPHTMOB IIPH
cnabbIX TPEIIMOIOKEHUSX O TIIAJAKOCTH pEHIeHHH HCXOAHON auddepeHInaIbHONl  3a1auH.
[IpeioKeH anropuT™ peaau3alii dTHX CXeM. JTH CXeMbl HMEIOT OIpe/IeICHHbBIC PEUMYIIECTBA
nepeq APYTUMH CXEMaMH — CXEMBI JIBYXCIIOMHBIE, BBICOKOTO MOPSIKA TOYHOCTH, KPOME CaMoro
pelleHrs, OJIHOBPEMEHHO HAaXOAUTCA W €& TMpou3BOjaHAs (CKOPOCTb) C TOM K€ TOYHOCTBIO,
UCIIONb3YS HEKOTOPOE UHTEPIIOJISIIMOHHOE TPEICTABICHUE PH HEOOXOAUMOCTH MOXKHO MOJYYUTh
pelieHre B J000H MOMEHT BpeMeHH. Kpome TOro, /Uit AOCTH)KEHHS OIMPEACIICHHOW TOYHOCTH
M03BOJISIET BEIOPATh OOJIBIIKE [IATH 110 BPEMEHH U T. [1.

Ha ocHOBe 3THX MperMyIIECTB MOXKHO HUCCIIE0BATh U JAPyrHe KpaeBble 3aa4r, B TOM YHUCIIE,
HEJIOKAJIbHbIe KpaeBble 3a1aui. KpoMe TOro 3TH pe3yibTaThl MOYKHO MEPEHECTH K HArpyKEHHBIM
YPaBHEHUSIM C JIOKATbHBIMHU U HEJIOKAJIbHBIMH KPACBBIMHU YCIOBHSIMHU.
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HEJOKAJIBHASI KPAEBAS 3ATAYA JJISI HEJIMHEMHON UMITY JIbCHOM
HUHTEI'PO-IN®DEPEHIIMAJIBHOM CUCTEMBI C MAKCUMYMAMU
®daijizues A.K.
Tawkenmckuil cocyoapcmeenusiil ynugepcumem umenu U.A.Kapumos, Tawkenm, Y36exucman
E-mail: fayziyev.a@inbox.ru

Uccnenyercs HenmokanbHas KpaeBas 3ajaya JJii CHCTEMbl OOBIKHOBEHHBIX HHTETpO-
i epeHnnanbHbIX YpaBHEHUH MEPBOrO MOPSAIKA C UMITYJIbCHBIMU 3¢ (eKTaMiu U MaKCUMyMaMH.
KpaeBas 3amaua 3amaercsd HMHTErpajibHbIM ycioBueM. lcmomnb3yercs MeToj mocienoBaTelIbHbBIX
MPUOJIMKEHU B COYETAaHUU C METOJIOM CKMMAIOIIETo oToOpaxkeHus. J[oka3zaHbl CyllieCTBOBaHUE U
€IMHCTBEHHOCTh pElIeHUs KpaeBoH 3amauu. [lokazaHa HempepbiBHAs 3aBUCHUMOCTh PEUICHHN OT
MpaBoOi YaCTU IPAaHUYHOTO YCIOBHSL.

Ha orpeske [0,T] paccmMoTpuM  CHEAyIOIIyIO  CHCTEMY  HEIMHENWHLIX  WHTErPO-

g depeHnnaIbHbIX YpaBHEHUH MEpBOTO MOpPsiAKa
T
X'(t)=f|t, x(t),_[@(t, S, max{x(r) |7 e [Als;ﬂzsj})ds Ct=t, 1=12,.,p (D)
0
C HCJIOKAJIbHBIM I'PAHWUYHBIM YCIIOBUEM
T
Ax(0) +I K(t,s) x(s) ds = B(t) )
0

Y HEJIMHEHWHBIA UMITYJIbCHBIMU BO3JICUCTBUAMU

x(tf)—x(ti‘): Ii(x(ti )) i=12,..,p, (3)

rre 0=t <t1<...<tp <tp+1:T, AecR™ sanannnie Matpunbl, K(t,S)mano Nxn— pasmepHas
T

MaTpHYHas byHKIHA u detQ(t) 0, Q(t) = A+J.K(t,s)ds, f:[0,T]xR"xR" - R",
0

@:[O,T]2><Rn —>R", l; :R" - R" 3anannsie dynxmn; 0< 4y <A, <1, X(ti+)= lim (Xi +h),

h—0*

X(ti_ )z im (ti —h)HpaBOCTOpOHHI/Ie M JIGBOCTOPOHHHUE TMpeAesbl (PyHKIIMH X(t) B Touke t=ft
h—0~

COOTBCTCTBCHHO.

Yepes C([O,T]: Rn) OyneM 0003Ha4aTh MPOCTPAHCTBO baHaxa, KOTOpoe COCTOUT U3

HeIpepbIBHBIX BeKTOp-hyHKuuit X(t) ,onpenerennsix Ha otpeske[0,T], co 3Hauenmsmu B R" u ¢
b

HOPMOW

n

[ x]= szlggg\x,—(t)\-

Yepes PC ([O,T ], Rn) 0003HaYNM TUHEITHOE TIPOCTPAHCTBO
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PC([0.T], R”):{x:[O,T] —R" x(t)eC((t ] R) i=1,.., p},

1
npu4yeM X(ti"L)I/I X(ti_), (1=0,1,..., p), CyIIECTBYIOT U KOHCYHBI; X(ti_) = X(ti )

OOpatute BHMMaHHE, YTO JHMHEHHOE BEKTOpHOE mpoctpaHcTBo PC ([O,T],Rn) SIBISICTCS

banaxoBBIM ITPOCTPAHCTBOM CO CIIEAYIOIIEH HOPMOH
[ Xloe = max{|| Mo =52 p}
®opmyaupoBka mpobdiaemsbl. Haiitn ¢ynkuuio X(t) € PC ([O,T], R" ) , KOoTopas TIpH BCEX

te[0,T], t=#t, i=12,...,p YyIOBICTBOpsAET HHTErpo-IupPepeHnanbHoMy ypaBHeHuo (1),
HEJNIOKAIbHOMY HHTerpaibHOMy ycioBuioo (2) m mpu t=t i=12,..,p, 0<t <t, <... <t, <T

YAOBJIETBOPSIET HEMTMHEHHOMY TIpeAeIbHOMY YCIIOBHIO (3).

Crnucok McnoJib30BaHHOM JIUTEPATYPbI

1. Benchohra, M., Henderson, J. and Ntouyas, S. K., Impulsive differential equations and inclusions.
Contemporary mathematics and its application. New York: Hindawi Publishing Corporation, 2006.

2. Boichuk, A.A. and Samoilenko A.M., Generalized inverse operators and Fredholm boundary-value
problems, 2-nd ed. Berlin - Boston: Walter de Gruyter GmbH, 2016.

3. Yuldashev, T.K., Nonlocal mixed-value problem for a Boussinesqg-type integrodifferential equation
with degenerate kernel, Ukrainian Mathematical Journal, 2016, vol.68, no8, pp.1278-1296.

4, Yuldashev, T.K., Determination of the coefficient and boundary regime in boundary value problem

for integro-differential equation with degenerate kernel, Lobachevskii journal of mathematics, 2017,
vol.38, no.3, pp.547-553.

5. Yuldashev, T.K., Nonlocal boundary value problem for a nonlinear Fredholmintegro-differential
equation with degenerate kernel, Differential equations, 2018, vol.54, no.12, pp.1646-1653.
6. Yuldashev, T.K., Spectral features of the solving of a Fredholm homogeneous integro-differential

equation with integral conditions and reflecting deviation, Lobachevskii Journal of Mathematics,
2019, vol.40, no.12, pp.2116-2123.

7. Xananaii A., Bexcnep /|. KauecTBeHHas Teopusi IMITYIBCHBIX cucteM. M.:Mup, 1971.309 c.

8. Perestyk N.A., Plotnikov V.A., Samoilenko A.M., Skripnik N.V. Differential equations with impulse effect:
multivalued right-hand sides with discontinuities // DeGruyter Stud. Math. Berlin: Walter de Gruter Co., 2011.V.40.

9. Samoilenko A.M., Perestyk N.A. Impulsive differential equations. Singapore: World Sci., 1995.

10. Benchohra, M., Henderson, J. and Ntouyas, S. K., Impulsive differential equations and inclusions.
Contemporary mathematics and its application. New York: Hindawi Publishing Corporation, 2006.

11. Boichuk, A.A. and Samoilenko A.M., Generalized inverse operators and fredholm boundary-value
problems, Utrecht: Brill, 2004.

12. Boichuk, A.A. and Samoilenko A.M., Generalized inverse operators and Fredholm boundary-value

problems, 2-nd ed. Berlin - Boston: WalterdeGruyterGmbH, 2016.

MHOI'OMEPHAS KPAEBAS 3AJAYA JIJISI UHTETI'PO-IU®®EPEHIIUAJIbBHBIX
YPABHEHHWH TEILIO- U MACCOOBMEHA
Xaiipyaumn E.M., Tynemesa I'.A., llakynukosa A.T., Jlyknanosa JI.X.
KasHUTYum. KU . Camnaesa, Anmamel, Kazaxcman

E-mail:khairullin 42 42@mail.ru

PaccmarpuBaercss KkpaeBas 3ajauya Juid uHTerpo-auddepenuumansupix ypaHenuit (MY)
TETJI0-U MaccooOMeHa
Ly ()] =pf, Auy (x, T)dr + fio(x, £) k=1,2 (1)
Boomactn Qp = {(x/,x,,t):x' € R" 1, x, € R, t €]0,T[},
yIIOBJIETBOPSIOLIEITHAYATBHBIM YCIOBUIM
up(x,0) =0 (2
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I'paHUYHBIM YCJIIOBUSAM!

Yr=1axU (X, )lx,=0 = @1 (x', 1), (x',t) € Q(l) = Qr(x\xyp), (3)
aknu, (x, ,
o bl e =g Dm =1, @
n Xn=0
rjae L, = 2_ AxA, A — onepatop Jlansiaca no nepeMeHHOU x =

at
(X1, X5, ey X)) ak,bkn,/lk,uk — 3a/laHHble IOCTOSIHHbIE, TpuieM 0 < Ay < A,, Y, =0,

b, # 0,a;, # 0(k=1,2).
Pemenue 3angaun (1)- (4) uwercs B Buge [2]:
w6, t) = =y * GO0l t] + fie * HOx t ), k = 1,2, (5)
M 60 (x, ¢) = 2600

[2/mAt]™ ] oxn,
H(x,t, u) — dyuxus Komu [1] wis UV (1). CnpaBensa

Jlemma. Eciu Gpynxmun P, (x', t) € GZR" k”( (1)) u fo(x,t) € Ckn(QT),

9% lyy () 1 (2kp—1) ,
O ,}}g})TIJ—i— Ty b [,] x GP[x',0, th+fy, " HO G tps), k=
m
L3

rae * - 3uak cBeptkm,G 9 (x, t) =

0%knu, (x, t) 1 (2k) m
111’1’1 = x t + n * H x” ) tl ) k = 0! - 4
i — = = S O+ £ < H 6 toi), K = 0,[]
F) kn
FaeFy = o= Ay, , 7= (2= 1A) .

Teneps, ucnonssys Jlemmy u moacrasiss GyHkumu Uy (x,t), ompenensembie paBeHCTBOM (5), B
rparangHbie ycnoBus (3) u (4), moyunm CUY:

I{ Yiemr Qe Yr(x', ) + X34 aknflk * H(x', & 6 y) = @1 (x', 0),

3 o B (e 0] = B2 L S B ]+ 61, 0,6] + )
'k IR o bry S * HE b 1) = 92 (6, ).

3nech [?] = %I/IJ‘II/I

T_ B 3aBUCHUMOCTH OT TOI'O, ABJIACTCA M YCTHBIM UJIM HCUCTHBIM YHCIIOM.

Jlnia ynpouienus cuctemsl (6), BBeieM 0OpaTHBIE ONepaToph:

m 1 1 2 I
_m[¢2] IIJZ F( ) Z[xlit]in Z[IPZ] = lpZ *%
u  obo3zHauas 2k, = k,(f), 2k, —1 = k,(f) B cucreme (6), a 3areM  HCKJIIOYas
byukuoy, (x’, t)moayynMuHTErpasibHOE ypaBHeHne Bosreppa-Dpearoiapma BTOporo poaa
l/)]_(x’,t) +l/)1 *K[x’, t] = d)(x’, t), (7)
rae saapoK (x', t)ymoBineTBopser oeHKe

IK(x',t)| < M(\/f)_nexp —5@ , (8)

M, §- HEKOTOpPBIE TIOJIOKHUTENbHBIE MOCTOSIHABIE, QyHKIWsS @ (X', t)3aBucut ot GyHkmi @ (x',t),
fi(x', ),k =12

Ha ocHoBanuu oneHku (8) wuHTerpanbHoe ypaBHeHHE (7) MOXKHO pEHIUTh METOJA0M
MOCJIEIOBATENbHBIX MPUOIMKEHUI.
HTtak, uMeeT MecTo
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Teopema. Eciu pyukiuu ¥, (x',t) € ¢ *fenkn

x't
u (x, t), onpenensemoe paBeHCTBOM (5).

( ;1)) u f>(x,t) € C7*(Qr), TO CymIECTBYET penIeHne

Cnmcox Mcnob30BaHHOM JIUTEPATYPhI
1. Xaiipymmn E.M., Xan6aeBa XK. ®ynkius Ko aist naTerpo-nmuddepeHuaibHoro ypaBHeHUs
apaboIMYeCcKOro THIIAa B MHOIOMEpHOM TpocTpaHcTBe. Martepuaisl 1V MexayHapoHO#i HaydHON
KOoH(epeHIINN «AKTyalbHbIE IIPOOJIEMBbI MEXaHUKU M MalMHOCTpoeHus», Anmarsr, 2014, T. 111, ¢.311-316.
2. XaiipymnuH E.M., Tynemesa I'.A., HlakynukoBa A.T. O0 oxHOl rpaHUYHOI 3a7a4e TEIUIO- U MacCcooOMeHa.
Bectnuk KasHUTY, 2019. - N4, ¢.510-516.

PEHIEHUE 3AJJAYA KOLIU JJIs1 HATPYKEHHOT'O YPABHEHUSI MKI® C
CAMOCOI'JTACOBAHHBIM UCTOYHUKOM B CJIYUAE JIBUXYIHINXCS
COBCTBEHHBIX 3HAYEHU.

Xacanos A. B%, Co6upos 111.K?.
YCamapranockuii 2ocyoapcmeennuiii ynusepcumem, Camaprano, Ysbekucman
2Vpeenuckuil 2ocyoapcmeennblil yHusepcumem, Ypeeny, Yzbexucman
E-mail: ahasanov2002 @mail.ru; shexzod1994@mail.ru

B nannoit pabore uccienyercs HarpyxeHHoe MoauduuupoBaHHoe ypaBHeHue Kopresera-ne

®pu3a ¢ MICTOYHUKOM, 2 UMEHHO pacCMaTpPUBAETCs CleAyIollasi CHCTeMa ypaBHEHU N
2N

ut +ﬂ(t)U(X0,t)(6U2UX + uxxx) + a(t)u(xl’t)ux = Z( fklgkl - szng )7 (1)

L) f, =& f,, LM)g, =<9, k=12,..,2N,
rae S(t) u a(t) 3amanabie HenpepbBHO auddepeHnrpyemMbie GyHKINN
[pH HAYAJILHOM YCIIOBHH
u(x,0)=u,(x), xeR', (2)

rae HadanbHas QyHKIHA U, (X) (—oo <X< oo) 0071a/1aeT CIeaYIOIUMU CBOMCTBAMHU:

0

1) I(l+|X|) |up (X)|dx < oo; (3)
di —U, (X)
2) Omeparop L(0)=i q uMeeT poBHO 2N TMPOCTHIX COOCTBEHHBIX 3HAUCHHIA
00—

¢ (0), £(0), ... &y (0) -

. T o .
B paccmarpuBaemoii 3amaue  f, =(fk1, sz) ABJISICTCS COOCTBEHHOW BEKTOP-(PyHKIMEH

omeparopa
d —u(x,t)
Ly =i| &
—u(x,t) g
’ dx

o T
COOTBETCTBYIOUIMH COOCTBEHHOMY 3HaueHHI0 &, a  ( =(gkl, gkz) pelieHue ypaBHEHUS

Lg, =&, 9, , 1t KoTopoit

W{fk1 gk} = .0~ fi.9a =0 () 20, k =1,2N, (4)

rae o, (t) - u3HaYaIBHO 33/aHHbIC HENPEPBIBHBIC QYHKIUH {, YIOBICTBOPSIOIINE YCIOBHUIM
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0, (1) =— @, () npn & =—&, Re{jwk(r)dr}>—lm{§k<0)}, k=LN ()

IpU BCEX HEOTpUIATENbHBIX 3HaueHUsX t. s ompenenénnoctu Oynaem mpeamnojiaraTb, 4TO B
CYMME y4acCTBYIOLIEH B IpaBoi yacty (1) cHagana uayr uiensl ¢ Imé&, >0, K =1,N.

[MpennonoxuM, uto Gyukius U(X,t) oOmamaer TpeGyeMoOl MIagKOCThIO U JOCTATOUHO OBICTPO
CTPEMUTCS K CBOUM IIpeliesiaM IIpA X —> oo, T.€.

:[O[(l+|x|)|U(x,t)|+Z %de <, k=1,2,3. (6)

k=1
OcHOBHOI1 1eabl0 padoThl SABJSIETC MOJY4YeHHe TMpPeJCTaBJIeHUH [JIsl pelleHHs

u(xt), f,,9,, k —1,2N, 3axauu (1)-(6) B pamkax Mmeroma OOpaTHOW 3aJadyd PACCESIHHUS IS
oneparopa L(t).

OCHOBHBIM PE3YJILTATOM JIAHHON PabOTHI SBJIAETCS CIEAYIOIIAs TEOpEMA.

Teopema. Ecmu dynxmun U(X,t), f (x1), g,(x,t), k=1 N sBasorcs peurenuemM 3amaum
(1)—(6), To manubie paccesuus oneparopa L(t) ¢ morenmanomu(X,t) mensrores mo t cnemyromum
obOpazom:

dé,
dt

—[8l§ﬂ(t)U(Xo,t)+lpn(t)w (1) —2iga(u(x, )]C,, n=1LN

—im (t),n=1N

dt k=1 $+&, Zj_éjk

[TomydeHHBIE paBEHCTBA MOJHOCTHIO OTPEACISIIOT DBOJIONHMIO TAHHBIX PACCESHUS, YTO
MO3BOJISICT TPUMEHUTHh METO ] 00paTHO# 3a1auun paccestHus s pernenuns 3agaun (1) — (6).

dr” =|8i& ﬁ(t)u(xo,t)+2|a)k (t) ( ! J—Zifa(t)u(xl,t)}rﬂ(lmg =0),

CHnHCOK MCIOJIb30BAHHOM JIMTEPATYPbI
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NEPUOJUYECKHUE PEHIEHUS YPABHEHUSI MOIU®UIIUFPOBAHHOI'O
YPABHEHHUS KOPTEBEI'A-JIE ®PU3A BOSHUKAIOHIET'OCS B APTEPUAJIBHOU
MEXAHMKE.

Xacanos M.M., PacynoBa C.HU.
VYpeenuckuii cocyoapcmeennvlii ynueepcumem, Ypeenu, Yzbexucman
E-mail: hmuzaffar@mail.ru

B pabore [1] ycraHoBieHa MOJIHAS WHTETPUPYEMOCTh MOIU(PUIMPOBAHHOTO YpPaBHEHMS
Kopresera-ne ®puza (MKnd), B kmacce ObicTpoyObiBaromux ¢yHkumid. B pabortax [2, 3]
ypaBHenune MKa® uccnenoBana B Kjacce KOHEUHO30HHBIX (DYHKIIUH.

B or1oit pabore wu3ywyaercs NEpUOTUYECKUE PELICHUS YpPaBHEHUS MOAU(PUIMPOBAHHOTO
ypaBHeHus Kopreera-ae @puza BO3HUKAIONIIETOCS B apTePHATIbHON MEXaHUKE

161


mailto:hmuzaffar@mail.ru

q. =69°q, —q,, +h(t)g,, t>0, xeR. (1)

Tpebyercs naiitu pemenne ((X,t) ypaBuenus (1), y10BIETBOPSIOIIEE YCIOBHAM
q(x, 1), =9 (), a(x+7z,t)=q(x,t) eC3(t=0)NC{(t >0), (2)
rae g,(x) u h(t) € C[0,0) sanannbie neiicturensusie Gpynkiun [pu usyuenun sanaun (1)+(2)

HCIOJIB3YETCs cleAyroumi oneparop Aupaka

L(t)yzB%+Q(x,t)y:ﬂ,y, XeR, (3)

B:[O 1} Q(X’t):( 0 q(x,t)} y:(yl(X))
-1 0 qx,t) 0 Y, (X)

Yepes  S(X,4,t) =(s,(x,4,1), S, (X, l,t))T obo3nayena  pemenne  ypasHenus  (3),

rac

ynosnerpopsiomas HauansheM yerosusam S(0, 4,1) = (0, 1)T :

Crextp omeparopa (3) cocTouT U3 cieayronero Muoxectsa E = U[A,,,4,,,4] .- CobcTBeHHBIE
neZ

sHageHus &, (t), neZ 3amaum Jupuxie Y;(0)=0, y,(7) =0 mms cucrems (3) BMecTe co 3HAKaMU
o,(t)= Sign{s2 (7, &, (t),t) —1/s, (7, &, (1), t)}, NeZ Ha3bIBAIOTCA CIEKTPAIbHBIMU ITapamMeTpaMu
3amaun (3).

Teopema. Ilycts ((X,t) smnsercs pemenuem 3anaun (1)+(2). Toraa crekTp omeparopa
Hupaka ¢ kodpduimentom ((X+7,t) He 3aBucuT OoT 7 W t, a CHEKTpalbHLIE MApaMETPhI
&, =&, (r,1),n e Z ynosnerBopsitot cucreme [lyopoBrHa

% =2(-1)"o,(z,0)h, (&) x{-2,[9° (z.1) +0,(z,1)] - 45, ~h(®)} ne Z, (4)

ﬁ (Aaes =& (D) (Ao —&,(2))
k=—o0 (& (D) =&, (7))2

k=n
-1
u s, (7, At,7) = n(&, —ﬂ,)HékT.
k=0
3Hak o,(7,t) =11 mensiercst mpu KaxaoMm crojkHoBeHuu &, (7,t) ¢ rpaHUIaMH CBOCH JIAaKyHBI

rae h,(8) = (6 (7) = Aen ) (Ao =&, () - \/

[, A2n]. Kpome TOro, BBIMOTHSIOTCS CISAYIONINE HaYalbHbIC YCIOBHUS:
0 0
& (@), =& (@), oy (zt)|y=0n(7) , nez, ()
e £°(r), ol(r) neZ - crekTpambHble MapaMeTpel omepatopa JlMpaka COOTBETCTBYIOIIHE

koaburmenty 0, (X + 7).
VYuuteiBas GopMyIbl Clie0B

o0

a0 = 3D o (7.0 (&), ©)
HEORLACORD (ﬂg“—gﬂgk—if(r,t)]
k=-c0

cuctemy (4) MOXHO Tepenucarh B 3aMKHYTOM (popme.
CaencrBue 1. OTta Teopema aaet Metoa pernerus 3aaayuu (1)+(2). nst atoro cHavana Haiiem

criexTpanbHble gaHHbe A, £2(r), o0(r), NeZ, cooTBETCTRYIONHME KOdPPHIHEHTY (o(X+7).
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Hanee, pemas 3amauy Komm (4)+(5) maxonum g"n (z‘,t), neZ. Ilocne sroro, mo dopmyie

q(z,t) = i(—l) "o, (z,t)h, (&), onpenensiem q(X,t).

N=—o0
CaencrBue 2. V3 pesynbratoB padotsl [4] ciuenyer, 9yTo eciu HadaiubHas QYHKOHS (,(X)
ABJISETCA JICHCTBUTEIBHON aHAIMTHUYECKOM QyHKuued, 1o u pemenne ((X,t) sBasercs
JEWCTBUTEIILHON aHATTUTHYECKON (DYHKITUEH 1Mo X .
CaencrBue 3. Vcrnonb3ys pesynbrarhl pabOThI [5], BBIBOAMM, 4YTO €CIOH s7/2 SBISETCS
[IEPUO/IOM HadaabHOU (GyHKIHU (4 (X), To U pemrerne ((X,t) sBusiercst 7z/2 -MeprOANYECKEM MO

X.
CaencrBue 4. Vicnonb3ys pe3ynbTartbl paOOThl [6], BBIBOAMM, UYTO €Clud /2 SIBISETCS
AHTUIIEPHOJIOM ~Ha4yanpHOM QyHKIHH (y(X), To wu pemenne O(X,t) sBusercs 7/2-

AHTUIICPUOJUYECCKUM I10 X.
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CUCTEMA JUOPEPEHIINAJBHbBIX YPABHEHUM T'MNEPTEOMETPUUYECKOM
4 .. .
OYHKINAN FZ(O ) (X, Y, Z,t) " EE JMHEUHO HE3ABUCHUMBIE PEILIEHUS

XacanoB A., MassionoB M.
1HHcmumym mamemamuxu um. B. U. Pomanoeéckozo, Tawxenm, Y3bexucman.
YUnemumym mexanuxu u ceticmocmotixocmu coopyacenuii um. M. T. Vpaszbaesa,
Tawkenm, Y3bexucman.
2Tepmesckuii I'ocyoapcmeennviii Ynusepcumem, Tepmes, Y3bexucma.
Email: anvarhasanov@yahoo.com; mansurmavlonov2709@gmail.com

PaccMOTpUM CIIEYIONIYI0 THIIEPIEOMETPUUECKYIO (PYHKIIMIO BTOPOTO TOPSJAKA OT YETHIPEX
nepeMeHHbIX [1-4]:

u(x,y,zt)= FZ(O“)[

BB ) 5 BB b) 0L,

G, C;, G55 m,n, p,q=0 (C1)m+q (CZ )n (C3)p
Jyzre (T =) + Il (afel) <t e <2 <1,

rae (a)m =T ( a-+ m) /T ( a) cumBosn  Iloxrammepa  [5],I' (a) raMMa-QyHKius  Difnepa

1)

a,,a,,0b,b,,b;,¢,¢,,c; mocrosunsie napamerps.
Teopema 1. Ecma,a,,b,b,,b,,¢,,¢,,¢, €1, ¢,¢,,¢, €0\ (D o =0"u{0} :{0,—1,—2,...}) TO

runepreomerpuyeckas GyHkuus (1) yIoBiaeTBopseT CIeAyIONUIyI0 cucTeMy AupdepeHnaaIbHbIX
YPaBHEHUH B YaCTHBIX IPOU3BOIHBIX
163


mailto:anvarhasanov@yahoo.com
mailto:mansurmavlonov2709@gmail.com

X(1=X)u,, —2xyu,, —Xzu,, +tu, - y2u, —yzu, +[ ¢, —(a +b +1)xJu, -
—(a,+b+1)yu, —bzu, —abu =0,
y(1-y)u,, — XU, —2xyu,, —Xxzu,, - yzu,, —(a +b, +1)xu, +[ c,~(a,+b +1)y Ju, - @)

—bzu, —abu =0,
z(1-z)u,, —xau,, - yzu,, —b,xu, —byu, +[ c,;—(a,+b, +1)z Ju, —ab,u =0,

t(1-t)u, +xu, +[ ¢, —(a, +b, +1)t u, —a,bu =0.

Jlnist ToKa3aTeNbCTBA TEOPEMBI HCTIONIb3yeTcst popmyna auddepeHIpoBanus

o'k E() ai’az’blvbzvbs;x V.2t | = (al)i+j+k (a2)| (bl)i+j (bz)k (b3)' %
8Xi8yj82k5tl 20 C;,C,, Gy, R (Cl)i+k (CZ)j (C3)k

©)
£ a +i+j+k,a,+1,b +i+j,b, +k, b, +1;
X

X, ¥, 2,t|
20 [ c, +i+Kk,C,+ j,c,+k; y J
Teopema 2. Ecin &,,8,,b,,b,,b0, €0, ¢, e\ |, u ¢,,¢; #0,1£1,£2,... To rumepreomerprdeckast

cucrema quddepeHInaIbHbIX YPaBHEHUHM B YaCTHBIX MPOU3BOIHBIX (2) UMEET cienyolne
JUHEIHO He3aBUCUMBIE PEIICHUS

u(xy,z,t)=FY (a,a,,b,b,b,c,c,,c: X, y, 2, 1), (4)
u, (% y,2,t) =y 2FY (1-c, +a,a,,1-c, +b,b,,b;;c,, 2—¢,,C55 X, ¥, 2, 1), (5)
Uy (%, y,2,t)=2"2FY) (1-c, +a,a,,b,1-¢, +b,,by;¢,,C,, 2 C5 X, ¥, 2,1), (6)
u, (%, y,2,t) =y 22" *Fy) (2-c, —¢, +a,8,,1-C, +b,1-¢, +b,,b;ic,2—¢,, 25X, ¥, 2,1). (7)
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OB OJTHOM KPAEBOM 3AJIAUU JJISI HAT'PYKEHHOI'O ITIAPABOJIO-
I'MNEPBOJIMYECKOI'O YPABHEHMS C TPEMS JIMHUSAMUMU UBMEHEHUS TUIIA,
KOI'IA HAT'PYKEHHASI YACTh COJAEP)KUT UHTETPAJIBHBIN OITEPATOP
JAPOBHOI'O ITOPSIIKA

Xonbexon K.A., Mup3zakyaosa M. IO.
YTawkenmcruii 2ocyoapceennviii mexnuveckuil ynusepcumem, 2. Tawikenm, Y3bekucman
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PaccmoTpuM ypaBHEHHE
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u — 1,Dp 2u(x,0) (X, y) € Qy,

XX

Uy — U,y = 4D52u(8,0), (X, y) € Qy,

0= (1)
uxx yy ,le 077 U(O 77) (X1y)EQZl

Uy — Uy, — D5 22U(LC), (X,Y) €Qy

B oOmactu Q= ZQ UABUBCUDA, aé=x+y, n=y-X; ¢=X-y+1 rme Q, — obmacrs,
j=0

orpannuenHas orpeskamu  AB, BC, CD, DA npsmeix y=0, x=1 y=1 X=0 cooTBeTCTBEHHO;
(), — XapaKTepUCTUYECKHI TPEYroJbHUK, OrpaHWYeHHbIH oTpeskoM AB ocu OX u  1Byms
xapaktepuctukaMu AN : X+ Yy =0, BN : x —y =1 ypaBuenus (1), Bexomsummu u3 touex A(0,0)

u B(1,0), mepecekarormmmucs B Touke N (0,5; - 0,5); ), — XapaKTepUCTHYECKUH TPEYrOJIbHUK,
orpannveHHbI oTpe3koM AD ocu Oy m nByms xapakrepuctukamu AK :x+y=0, DK:y-x=1
ypasuenus (1), Berxomsamumu u3 Touek A(0,0) u D(0,1) ,mepecekaronuMucs B TOUKE K(—0,5; 0,5);

), — XapaKTEPUCTUUECKUI TPEYrOJbHHUK, OTPAHUYEHHBIM OTPE3KOM BC u JIBYMSI
xapakTepuctukaMmu CM X+ Yy =2, BM: y—x=1 ypaBHenus (1), Boixomsmumu u3 touek B(1,0)

u C(L1), nepecekaromumucs B Touke M (1,5; 0,5). B ypasuennu (1) a;, 4 (J :@) -
3aJJaHHBIC ICHCTBUTEILHBIC YHCIIA, IPUIEM
u#;20, 0<e;<l (j=0,3). 2
3nech ch | f (X) - orepaTop UHTErpo-auddepeHIupoBaHus APOOHOTO MOPSIKA |C| B CMBICIIC
X

Pumana - JInyBusns :

sgn(x — k) ¢ |
f , ,
o { (t)‘ ‘ dt c<0

DEX. f(x) = f(x), c=0,

l+h( d jm—l h+1
[sgn(x - k)] ; D"Vt (x), ¢>0,
X

rae f(x), f(h)(x)eLl(a,b), a<b<oo, I =const >0, h- uenas gacts c(c > 0).

Beenem 0603HaueHUS: Jl={(x, y):0<x<1, y=0}, J, :{(X, y):0<y<l, X:O},
I, ={(x,y):0<y<l x=1}, Q =Q, UABUQ,, Q, =0, UADUQ; UBCUQ,,
W :{u:UEC(Q), U, € C(Q}) NC(Q U AB) NC(Q, U AB),

u, € C(Q) NC(Q, U AD UBC)NC(Q, U AD) N C(Q, U BC)}.

Onpenenenue. Pemenue ypaBuenus (1) mpu y=#0, X#0, X1 Oygem Ha3bIBaTh
perymspHbiM, ecinu QyHkous U(X,Y) obmamaer HeNpepbIBHBIMU MPOHM3BOAHBIMHU, BXOISIIUMH B
ypaBuenue (1).

3apaua AT.. Haiitu perynspHoe pemenue ypaBHeHus (1) B obmactu Q u3 kmacca W,
YJIOBJIETBOPSIOIIEE KPAEBBIM YCIOBHSIM

u(x, y)|NB =p,(x), 0,5<x<1, u(x, y)|AK =p,(y), 0<y<05
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U Y|ye =22(y), 05y <1,
a Ha JIMHUAX U3MCHCHUS THIIA YCJIOBUAM CKIICHMBAHUA
u, (x,-0) =a,(x)u, (x,+0) + b (x), (x,0)eJ;,
u, (=0, y) =a,(Y)u, (+0,y) +b,(y), (0,y)€J,,
u, (1-0,y) =a;(y)u,1+0,y) +b(y), L y)eJs,
rie @; (1), a, (1), bj (t) (j =1,3) —3amannsie Gynxuuu, npuaem ¢ (1) =0, ¢,(0) =0,

a,(x), b(x) eC(J) NC'(Jy), a,(x)>0, ¥xeld, (3)
a;(y), b;(y)eC(J;)nC (), a;(y)#0, vyed,, (j=273), 4)
9,(1), @, (t) e C'[051] N C*(0,51), o,(y) e C[0;05]C*(0;0,5). (5)

3amernm, uTo 3ajaua Tnma 3amauu AT, s ypasmenus (1) mpu 4; =0(j= 0,3) usyuens B

paborax [1-2], ampu 44 =0, a;=0, a;#0, 1; #0 (] =1,3) B pabore [3].

CnpanimBa cienyromast
Teopema. Eciu evinonnenst ycrosusi (2)- (5) , mo 6 obracmu Q cywecmsyem eduncmeennoe

peuenue 3a0ayu AT, .
Jloka3aTelbcTBO TEOPEMBI CIISYeT U3 TEOPUH MHTETPATLHBIX YpaBHEHHMH BoisTeppa BTOpOTO
pona.
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HUHTEI'PUPOBAHUE HATPYXEHHOI'O YPABHEHUS XUPOTHBI B KJIACCE
BbICTPOYBBIBAIOIIUX @ YHKIUI
XoutmeToB Y.A.
VYpeenuckuii cocyoapcmeennuiil ynusepcumem, Ypeenu, ¥Y3bexucman
E-mail: x_umid@mail.ru

B nannoit pabore u3ydyaercss ypaBHeHHE XHUPOTHI C KOIPPHUIMEHTaMH, 3aBUCALIUMU OT
BpEMEHH, 2 UMEHHO, PACCMOTPUM CIIEYIOIIee ypaBHEHUE

iu, +ﬂ(t)u(x0,t)(uxx +2u|u|2)+ iy (t)u(x, t)6Juf u, +u,, =0, 1)

rne  P(t),7(t) - 3amansbie HemnpepwiBHO auddepeHimpyembie  (yHkiuu.  Ypasaenue (1)
paccMaTpuBaeTCs MPU Ha4albHOM YCIOBHH
u(x,0) = u, () )
rie HauyanbHas GyHKIus Uy (X) (—oo< X <oo) 06/1aaeT CleyIouiMy CBOACTBAMM:
1)
Ji(1+|x|)|u0(x)| <w; (3)

166


mailto:x_umid@mail.ru

d

— —u(x,0

_ | dx (%0 . .

2) omepatop L(t)|t=0 = d B BEPXHCH TMOJYIUIOCKOCTH KOMILICKCHOM
-u"(x,0) ——
dx

miockoctd uMmeer poBHO N coOctBenHbix 3Hauenuil 4 (0), 4,(0),..., 4,(0) c xparHOCTSIMH

My (0), M, (0), ..My, (0)

ITycts Gynkmusa U(X,t) oOnamaer TpeOyeMOl IIIagKOCTHIO U JOCTATOYHO OBLICTPOCTPEMUTCS K

CBOHMM IIpeaeIaM IIPU X —xtooT. .
o*u(x,t)
1 t —_—
I [( ) >|+§J e~

—00

] dx < oo, 4)

OcHOBHAsI 11eIb JTAHHOU paboThl — MOJYIUTh MpeACcTaBieHus uis pemenus U(X,t) 3amaun (1)-

(4) B pamkax MeToa 0OpaTHOM 3a1auM paccesHus s oneparopa L(t).

OCHOBHBIM PE3yJIbTaTOM JaHHOM PabOTHI SABISCTCS CICIYIOIIAs TeopeMa.

Teopema. Eciu dynkuust U(X,t) seisiercss pemennem 3anaun (1)-(4), To JaHHBIE paccesHUs
oneparopa L(t) menstores o t cinemyromum o6pazom

dr; =(ZM,ZP(U(XO,t))+4i13Q(u(X11t)))r+’ (Im§=0); mn(t)zmn(O), %:0’

% = (4IA7P(U(x%, 1)) +8iQu(x,, 1) ) x5

dd_ﬂf”=(m:P(u(xo,t»+8m§Q(u(x1,t»)zf +(814,P(U(%y, 1)) +24i47Q(U(x,. 1)) 5.
dd_)izn:(4i/IfP(U(Xo,t))+8iﬁn‘°’Q(U(X1,t)))Zz” +(8i4,P(U (X, 1) +24i;Q(u(x, 1)) 4

+(4iP(u(X,, 1)) +24i2,Q(u(x,, 1)) x5,

dy’ . . n . . n

f = (4IA7P(U(%,, 1) +8IAQ(U(x, 1)) 2" +(8i4,P(U(X,, 1)) + 241 A7Q(U (%, 1)) ) 2y
+(4iP(U(x, 1) +24i4,QU(x, 1) 11", +8IQU(X, ) 25, N=LN, 1=3m -1

HonyquHHe paB€HCTBA IIOJHOCTBIO OIPCACIAOT OSBOJIOIMIO OaHHBIX PACCEAHUA, YTO

M03BOJISICT MPUMEHUTH METOI OOpATHOM 3a1a4n paccesHust 1is pemeHus 3anaqn (1)-(4).
IIpumep.Paccmotpum crienyromnryio 3aaaqy

U, + (U0, 1) (U, +2uluf* )+ BOUK 8 (U +6]uu, ) =0,

—2i&x

U(X O) - _ 2"707(;‘3
, |7(0|Ch 2(770)(_(0)’

|2

tch(4&n,t? + (6E2, — 2n)t? =2
rae A, =&, +i770, 7, >0, Z(%:e‘w, a(t) :_|Zo| ( So™lo 2‘((52( iotznzéz 3;70213) (/))’
770 ZiUOde_I 0 ~70 )T +(&0 —350770

||t ch (202, — ) + 4mt” + (6851, — 2)°)

o =20((& -1 +(& -3 ) +&o)

2in, x0€

Pemrenne nannoi 3anaun Ko nmeer ciueayromuii BUA:
u(x,t)=- Ding, e NG i
|;(o | ch (2770X —-2¢+ 4§0n0t2 + 2(3502770 - ng’)tS)

B =
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O 3AJJAYE CO CMEILIEHUEM JJISA XAPAKTEPUCTUYECKHU HAT'PY > KEHHOTI'O
YPABHEHUSA 'NINEPBOJIO-ITAPABOJIMYECKOI'O TUITA
Xyouesn K. VY.
HIIMA KbHI] PAH, Hanvuuk, Poccus
E-mail: khubiev_math@mail.ru

B nmanHoM nmokiane paccMaTpuBaeTCs MOJENBHOE XapaKTepUCTUUYECKH HarpyxeHHoe [1], [2]
ypaBHEHHE TUTIEPOOII0-1Tapad0INIECKOTO THIIa BTOPOTO MOPSIKA

Uy —Uy = AU(X,0), y >0, O
Uy —Uyy = tilyy (X—Y,0), y <0,

B obmactu €, orpanudyeHHod otpeskamu mnpsambix X=0, X=1,y=h>0 npu y>0 wu
xapakTepuctukamMu X+ Y =0, X—Y =1ypaBuenus (1) npu Yy <0, A, - 3aganHbIe TOCTOSHHBIC.

Iycte Q'u Q - mapabommueckas ¥ ruIepOOIMYecKas 4acTH CMEIIaHHOH obmactd Q
cootBeTcTBeHHO. [lon peeynsapuvim pewenuem ypaBaenus (1) B obmactu (2 HazoBeM (YHKIHIO

u(x,y) ms xmacca C(Q)N Cl(Q) ~C? Q) Cf (Q"), ynosuerBopstomyro ypapHeruio (1) B

QruQ, TaKylo, 4TO uy(x, 0) moxeT oOpamarbcsi B 06CKOHEYHOCTh MOPSAKA MEHBIIIE AUHUIIBI B
toukax (0,0) u (1,0).

X X x+1 x-1
Yepes Gy(X) = (E, - Ej G (X) = (—, Tj 0003HAaYMM TOYKH IEPECEUEHHUS XAPAKTEPUCTUK

2

ypaBuenus (1), Beixomsmux u3 touku (X,0)c xapakrepuctukamu X+Yy=0 u x-y=1
COOTBETCTBEHHO.

Jnst ypaBHeHus (1) paccMOTpHUM CIEIYIONINE 3aauu.

Bapaua Ni.Haumu peeynspnoe 6 obracmu Q  pewenueu(x,y) ypasnenus (1),
yoosnemsopsirouee YCio8usim

u@0,y)=@o(y), u@y)=e(y), 0<y<h, (2)
6 (] + AULBON] =y3(X), 0<X<L
20e  @p(Y), 2 (Y), w1 (X) - 3adamnvie oOocmamouno enaokue gymxkyuu, o, - 3a0anHbie

noCmosiHHble, npuyem a? +,82 #0.

Bapaua No.Hatimu peeynspnoe 6 obaacmu Q  pewenueu(x,y) ypasnenus (1),
yoosnemesopstowee yciosusam (2) u yciosuio

d d
a&u[eo(x)]+ﬂ&u[91(x)]:z,yz(x), 0<x<1,
e0e oY), 2 (Y),wo(X) - 3aoammvie Oocmamouno enaokue Gymkyuu, o, - 3a0anHbie

nocmosimvie, npuvem o + 5% #0.
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Haiinens! ycnoBusi Ha «, 3, A, it , ipu kKoTopbix 3a1aun N1t N2UMEIOT €IMHCTBEHHOE PELICHUE.
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BBIYUCJIEHUE BTOPOI'O PEI'YJIAPU30BAHHOI'O CJIEJA J1JIsI CUCTEMbI
JANUPAKA METOAOM JIAKCA
sixmmmyparos A.B. 1, Maréky6os O.M. 2, Xycannos U.H.?
YVpeenuckuii punuan Tawxenmcexozo Yuugepcumema Hugpopmayuonnvix Texronoautl umenu
Myxammaoa Anv-Xopesmu, e. Ypeenu, Pecnybnuxka ¥36exucman
2Vpeenuckuil 2ocyoapcmeennblil ynusepcumenm, 2. Ypeenu, Pecnybnuka Y36exucman
E-mail: albaron@mail.ru, ollabergan2021@mail.ru, islom_xusainov@mail.ru

B 1953 rogy U.M.I'enspangom u b.M.JIeBuranom [1] Obuia nonmydena gopmysna aias CyMMBbI
pa3HOCTel COOCTBEHHBIX 3HAYEHWM ABYX peryisipHbix omepatopoB lltypma-JlnyBusmis. Bckope
nocie sroro, JLA. Jlukuid [2, 3] mpemIokKua Ipyroi METOJ, ¢ MMOMOIIBI0 KOTOPOTO €My YIaJloCh
JaTh PEKyppeHTHble (OPMYINbI ISl BBIYMCICHHS PETyIsSpU30BaHHBIX CJIEIOB BCEX CTENeHel
oneparopa Ilrypma-JImyBunns. Cnepyromuii BaxHbI mar Obul caenan B.b.Jluackum n
B.A.CanoBunuum [4]. 3areM aHanornyHas 3ajaya Obula penieHa B pabore D.Abaykaauposa [S] B
cinydae omnepartopa Jupaka. B pabore [6] I1.[1.JTakca popmyna mepBoro perymsipu30BaHHOTO Cie/a
BBIBEJICHA MeTOoJIoM jaedopmaimu noteHuuana juist omneparopa Llrypma-Jlnysumis. IIpumenss
Meton, npemnoxkenasid [1.J].Jlakcom, B pabotax [7, 8] monydeHa dopmyia peryisipu30BaHHOTO
mepBoro ciema B ciydae omeparopa Jupaka. Creayer OTMETHTh TOJAPOOHBIH 0030
B.A.Canosaudero u B.E.Ilogonasckoro, mocesimeHHbIi Gopmynam cienos [9].

B sto0i1 pabote meronom I1.J[.JIakca BeancieH BTOPOH Peryasspu30BaHHBIN CIEI 7151 CHCTEMBbI
Jlupaka ¢ caMOCOMPSKEHHBIM IPAHUYHBIM YCIIOBUEM.

Paccmotpum crenyromyro cuctemy Jupaka

Ly E[ 0 1)(.\/%}[:3&) a(x) j(.w] :l[ylj, x [0, 7] )
-1 O)\y,) Lax) —p(x) )\, Y,
C 'PaHUYHBIMU YCIIOBUSMHU
y,(0)cosa +VY,(0)sina =0, y,(z)cos S+ Y,(7)sin f=0. (2

3nece P(X), q(x) € C'[0, 7] neiicTBUTENbHBIE HYHKIHH.
OO6o3HauuM yepe3 A,, NeZ coOcrBeHHbIe 3HaueHus 3a1auu (1)+(2). CoOCTBEHHbIE 3HAYECHUS
3agaun (1)+(2) nelicTBUTENbHBIC, IPOCTHIC, U JJISI HUX BBITIOJIHICTCS aCHMIITOTHYECKAs opMyIia

A _n B {r}el,.
w n

Omcto0a rnoay4yum, Ymo

S (4 -n-2=%) coo, 3)

N=—o0 ﬂ:
CymmMa psja (3) Ha3pIBaeTCs MEPBBIM PETYIIIpU30BaHHBIM ciiefioM 3aaaun (1)+(2). B pabote
[8] momyueHna cneayromas popmysia Ui HEPBOTO PEryasipU30BaHHOIO ClleAa
Z (A4, —n- ,B—a) = —%[p(O) cos2a +q(0)sin2a + p(x)cos2p+q(x)sin24].
n=—o0 w
B a10i1 paboTe 0ka3aHa cieayromas TeopemMa MeToA0M AedopMariy MoTeHIaa.

Teopema. Jlns coOcTBeHHBIX 3HaueHWH 3amaun (1)+(2) uMeeT mecTo criemyromias BTOpas
(dbopmMyna peryaspru30BaHHBIX CIIEJOB
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0

> iﬁ—[mﬂ—;“] - fip? 0+ a2 01 =

N=-—o

= —M[p(O) cos2a +q(0)sin2a + p(x)cos2 B +q(x)sin2 5] -

—%[p’(O)sin 2a—q'(0)cos2a + p'(7)sin25 —q'(z)cos2/].
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PROGRAMS IN TEACHING PERCENTAGES
Orazgaliyeva M.A.

Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: miraoma@mail.ru

Modern computer technologies offer great opportunities for the development of the educational
process. Today, drawings, tables and drawings are available in very good quality. Today,
information technologies can serve as a means of cognition in lessons in various classes, they
contribute to the development of motivation, communication abilities, skills formation and open the
way to the development of information literacy. Multimedia affects human nature even more.
Obviously, a computer cannot emphasize a person's place, their reciprocity. It can only support their
desire for access to new resources and is convenient for use in educational situations.

Multimedia such as slide, presentation, video clip or video presentation have been available for
many years. Today, a computer can create conditions for full-fledged processing of materials, which
is convenient for classes. The use of visual teaching aids in the classroom has an impact on the
observation, attention, attention, thinking and speech of students. The greatest opportunities in this
direction are provided by modern computer technologies.

In comparison with simple technical means, computer technology training not only provides
the lesson with a large pre-selected volume of ready-made materials, but also allows you to develop
students intellectually and creatively.

The use of computer technologies in school is directly related to how they were introduced into
the educational process at the beginning. In general, at school, this event can be held in the
following stages: creating a media library on mathematics at school. Distribution of disks to
schoolchildren, which can be used as a reference tool on the subject.

Determining the content of the lesson by considering ready-made samples of lessons, which
are currently considered the most numerous. Of course, it is desirable that the media library be
located in a mathematics room equipped with a computer and a multimedia projector[1].

The conclusion here is as follows: no matter how difficult and boring the topic of the lesson is,
it will be interesting for the student if the material is presented on the screen in color and using
sound capabilities. Master the technology of preparing slides with rollers for the lesson by the
teacher. Of course, the simplest for him is the PowerPoint environment. If you have experience,
making a presentation for the lesson is very easy, very convenient. Even if the teacher is free from
drawing a special drawing for the lesson, this will save time, and then showing the drawing from
the screen will have a different effect on the student than the drawing drawn with chalk on the
blackboard. Such a drawing will be large, straight, beautiful and clear. It is better to explain the
lesson with such drawings. It is also very convenient to use animated slides to explain the lesson.
Highlighting which element or object needs to be paid attention to, displaying the necessary
information after a predetermined time is a great help to the teacher. When writing a mathematical
dictation, you can add sound [2]. Information technologies and special programs can be used in
mathematics lessons in the following cases:

-- To present the topic. The topic of the lesson is shown on the slide and the key stages of the
analyzed problems are briefly described.

-In addition to the materials explained by the teacher. Usually, each teacher, for their own
convenience, prepares multimedia abstracts on a specific lesson, which includes a short text, basic
formulas, drawings, drawings, and video frames. When explaining a new topic using video clips,
you can show the main points of the topic. Certain definitions and drawings appear on the screen,
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and students can copy them into their notebooks, and a large amount of materials is provided, even
if the teacher does not spend time repeating them. The demonstration of such videos (in this case,
writing a synopsis on this topic) is carried out through a single computer.

As an information and teaching tool. The main emphasis in learning is now left to the child
himself, the main activity of searching and processing information. In this case, the teacher acts as
an organizer of the educational process, a leader in the independent activities of students, helping
and supporting them. The use of computer testing to control Knowledge increases the effectiveness
of the educational process, activates the cognitive activity of the student.

The combined use of multimedia presentations and workbooks should be the focus of attention.
The subject of percentages is considered one of the most complex topics in mathematics. Most
students are very bored when they write reports on the topic "percentage”. And knowledge of the
concept of”" percentage " and the ability to solve related problems is absolutely necessary not only in
mathematics, but also in everyday life. The Applied Value of" percentage " also deals with the
economic, financial, demographic, and other aspects of everyday life.

In the lessons of using ICT on percentage topics, as in other lessons, the teacher will have to
solve the following tasks: - didactic (preparation of educational material of the lesson, analysis of
the computer program); - methodological (determination of methods of using ICT in the assignment
of the topic, analysis of the results of the lesson, setting the following educational goals); -
organizational (organization of work in such a way as to avoid overloading the student and
inefficient spending of time); - training (strengthening and consolidating students ' knowledge on
the topic under consideration and skills and abilities in the proposed program).

The effectiveness of classes largely depends on the safety and optimal order of use of technical
training tools.

Therefore, it is necessary to take into account the duration of the use of technical means. The
combination of information technologies and innovative pedagogical methods will improve the
quality and effectiveness of Education, improving the compliance of the education system with the
level and features of the development of students, which is one of the main principles of state policy
in the field of education.
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The purpose of using a computer in a math lesson is to develop an interdisciplinary relationship
between mathematics and computer science, develop computer literacy, and develop the student's
self - study skills in the classroom. The use of ICT in mathematics lessons allows the teacher to
save time on teaching materials due to visibility, test students ' knowledge in an interactive mode,
develop intelligence, and improve the student's information culture.

The concept of using information technologies means using various computer programs and
technical means and making them as effective as possible for use. Multimedia technologies can be
considered as an explanatory and illustrative method of teaching, which is used to convey
educational material to students through the use of vision and to make their perception more
productive. The use of multimedia technologies in the classroom does not radically change the
structure of the lesson. In the structure of the lesson, all the main stages are preserved for a long
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time, only their description changes over time. It should be noted that in this case, the motivation
period increases and becomes cognitive.

This is a necessary condition for the result of learning, because imagination is essential for the
creative activity of the student in order to replenish knowledge. Structural convergence of a
multimedia presentation with the use of hypertext links develops consistency and the ability to
analyze. Thus, the multimedia presentation effectively and effectively corresponds to the didactic
purpose of the lesson. In mathematics lessons, you can consider two types of ICT applications:

-multimedia illustrations;

- use the ability of multimedia tools for interactive communication.

When analyzing the basics of the theory of information technology in mathematics lessons, of
course, along with the requirements for any subject, subject features should be taken into account.

Computer technologies provide the following opportunities: to gain time in more intensive
learning, to make the lesson attractive and diverse, visual, to involve all students in the learning
process, to introduce innovations using computer technology, to develop creative abilities and skills
of independent work of students.

CeronHs, Kak IIOKa3bIBaeT IPAKTHKA, NpPU NPAaBUIbHO TMOJOOPAaHHOM BHJIE U YMEHHH
WCIIOJIb30BaTh HA0OpP HMH(POPMAIMOHHBIX TEXHOJOTHUH, MOXHO JOCTHYh HEOOXOJUMOTO YpPOBHS
KayecTBa 00y4YeHHUsI.
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Training, education and development of the new generation is carried out in an information-
rich environment. Information technologies dictate new requirements for the professional and
pedagogical qualities of a teacher, for the methodological and organizational aspects of using
information and communication technologies in teaching. Today, any teacher has at his disposal
numerous opportunities for using ICT tools in the learning process - this is information from the
Internet, electronic textbooks, dictionaries and reference books, presentations, programs, various
types of communication - chats, forums, blogs, e-mail, teleconferences, webinars and much more.
Thanks to this, the content of training is updated, there is a rapid exchange of information between
participants in the educational process. At the same time, the teacher not only educates, develops
and educates the child, but with the introduction of new technologies, he receives a powerful
incentive for self-education, professional growth and creative development. In addition, the use of
ICT in teaching helps the teacher to solve such didactic tasks as:

- the formation of sustainable motivation;

- activation of mental abilities of students;

- involvement of passive students in the work;

- increasing the intensity of the educational process;

- ensuring live communication with representatives of other countries and cultures;

- providing the educational process with modern materials;

- accustoming students to independent work with various sources of information;

- implementation of a student-oriented and differentiated approach to learning;
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- activation of the learning process, the possibility of involving students in research activities;

- ensuring the flexibility of the learning process.

In pedagogical practice, there is the following classification of ICT tools according to the field
of methodological purpose.

In modern conditions, it is not enough for a teacher to be only a user, it is necessary to talk
about increasing the competence of a teacher in the field of ICT, which is his professional
characteristic, a component of pedagogical skills. In pedagogical practice, a two-level model of
information and communication competence of a teacher is proposed:

1) the level of functional literacy (preparedness for activities): - possession of computer
programs for processing text, numerical, graphic, sound, video information; - Ability to work on the
Internet, use its services; - the ability to use equipment such as a scanner, printer, etc.

2) activity level (realized activity) - the effective and systematic use of functional ICT literacy
in educational activities to achieve high results. The activity level can be divided into sublevels: -
implementation - the inclusion in the educational activities of specialized media resources
developed in accordance with the requirements for the content and methodology of a particular
academic subject; - creative — development of own electronic means of educational purposes.

It is the activity level (realized activity) that can lead to qualitative changes in the results of the
education system. How to bring a teacher from the level of functional literacy to the activity level?
Increasing the information and communication competence of teachers must be implemented within
the framework of a single educational institution. There are various projects, advanced training
courses, thanks to which teachers can learn how to use information technology in their professional
activities. An important role is played by the methodological support of the use of ICT, the
generalization and dissemination of pedagogical experience in the field of the use of ICT
(conducting seminars, master classes, webinars, etc.). A necessary condition for the effective and
systematic use of functional literacy in the field of ICT in educational activities to achieve high
results is the internal motivation, the need and readiness of the teacher to conduct lessons using
ICT, the conscious transfer of the received theoretical knowledge and practical skills into practical
pedagogical activity, the use of ready-made multimedia programs in the educational process,
educational resources of the Internet, communication in online communities, the use of social
services, the creation and use in the educational process of their own simplest and available
software products, educational sites. The use of modern ICT tools in all forms of education can also
lead to a number of negative consequences, including a number of negative factors of a
psychological and pedagogical nature and a range of factors of the negative impact of ICT tools on
the physiological state and health of the student. Most often, one of the advantages of learning using
ICT tools is the individualization of learning. However, along with the advantages, there are also
major disadvantages associated with total individualization. Individualization curtails the already
deficient in the educational process live dialogic communication between the participants in the
educational process - the teacher and students, students among themselves - and offers them a
surrogate for communication in the form of a “dialogue with a computer”. In the educational
process, a modern student has to deal with a huge amount of various educational information. As a
result, there is information overload and emotional excitement, which is dangerous for the mental
and physical health of the student. The use of information resources published on the Internet often
leads to negative consequences. The use of information and communication technologies in
education entails many questions that need to be addressed so that the formation of information
competence of all participants in the educational process is not painful and thorny, but creative,
purposeful and productive. At the same time, one should not forget that computer technology is
only a tool that will never replace the living word of a teacher. Today, a modern teacher works with
the younger generation, prepares him for life in a new society, which means that he himself must
keep up with the times. The degree of success of teachers in mastering new technologies and
methods depends to a greater extent on the devotion to the profession, the desire to learn new
things, and the interest in self-education.
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Currently, new information technologies are widely used in the education system in
Kazakhstan. The use of information technologies and new methods of education through the
computer network is expanding. The most important factor in the use of new information
technologies in the education system is the main driving force - the person, therefore the basic
principles of education must be implemented. In this regard, necessary conditions should be created
for the development of the creative potential of a person. The concept of "new communication
technologies in the field of education™ arises from computer technology and electronic reference
systems and people's constant search for new teaching methods. The method of teaching it is
changing according to the requirements of time. Nowadays, innovative teaching is widely used in
didactics. Innovation is the diffusion and creation of news. The main trend of modern pedagogy was
to find a didactic way and means to turn teaching into an industrial-technological process. This
search led to the concept of "pedagogical technology”. We know that in the 21st century,
information systems are flourishing and developing in space, information resources are the main
means of development of industry and environment. Smart life is entering a new phase of
development, which requires a gradual transition to the creation of new smart learning technology.
Transitioning to new learning technology takes a long time. Computer technology, entering the
educational environment, leads to the use of tools and methods to improve the teaching process. In
terms of services in the area of basic basic education, distance learning opportunities are also being
supported by the government. The use of this technology is helping to quickly inform rural areas as
well. One of the new methods used in the learning process is the distance learning method.

Distance learning is a form of education using informational tools and scientifically based
methods. Distance learning has two components: learning management and self-directed learning.

Education of students will not increase if teachers are not prepared and organized in advance, if
software is not provided. Because in order to improve the student's education and progress, we need
to improve the teacher's qualification. Distance education improves the qualification of the teacher,
forms independent learning of the student, changes the attitude of parents towards new technology.

Advantages of distance education in improving the qualifications of teachers:

- economic, total cost of training will decrease by 40%;

- commercial, distance learning, technology and its application, the demand for which is
growing day by day;

- pedagogical, teaching is motivational, interactive, technological and individual,

- ergonomic, remote students and teachers have the ability to set a schedule of time that is
convenient for them to work;

- the number of professions of teachers and listeners communicating through communicative,
electronic networks is increasing.
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Although information technology is well developed, it is not considered the main means of
education. For this, it is necessary to make changes in the curriculum and teaching methods. The
use of new technology requires a lot of preparation time for teachers. It is necessary for every
teacher to search, create creative work, get acquainted with advanced practices of far and near
foreign countries and apply them in everyday life.

This teaching tool is so powerful that it exchanges new types of teaching and teaching methods
with other colleges. The college has the opportunity to teach the subject of telecommunications.
There are not enough methodological complex, necessary programs for teachers and students,
textbooks and aids in the Kazakh language. Some subject teachers have used the Internet little or
not at all. Although colleges are equipped with new information technologies, there are not enough
courses to improve the knowledge of teachers on this topic, that is, to prepare teachers. In addition
to general education, studying the experience of advanced countries, improving one's own
knowledge, innovation, best practice, learning computer communication is the professional duty
and necessary duty of every subject teacher. Although all the tools are sufficient, if the education of
the subject teacher is low, the students' knowledge of telecommunications will decrease, which will
affect the development of the telecommunications environment in Kazakhstan in the future.
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The widespread development of information technologies and their penetration into all spheres
of society is a global trend in the world development of recent decades. Currently, in connection
with the development of computer technology and modern means of communication, information
technology of education is increasingly being discussed. Mastering the skills of these technologies
largely determines the success of the future professional training of current students.

One of the priority directions of the process of informatization of modern society is the
informatization of education - the introduction of new information technologies in the education
system.

Our time sets before teachers the task of improving the quality of education, a solid mastery of
the basics of science, and ensuring a higher level of teaching. Universities are abandoning the
traditional form of education, which does not take into account the individual abilities of each
student. Updating education requires the creation of new textbooks and training programs, the
development of new teaching methods.

One of the new learning tools are lesson constructors. The use of new interactive learning tools
leads to a change in the content of education, learning technology and relationships between
participants in the educational process. The use of the "Constructor” technique improves the
teaching process, increases its efficiency and quality.

The lesson constructor is a class of information services that provides an opportunity for
teachers to create their own educational content.

Lesson constructors can contain all the most important components - the ability to post
informational content and tasks for verification, including tests. Most constructors do not require
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registration from students - just follow a special link or enter a code. This mechanism simplifies the
work for both the teacher and the student.

Constructor websites represent an innovative computer animation technology that combines
sound, text, video, animation and graphics in a reliable computer system. The system of sites
"Designer" is relevant for study, because their appearance produces grandiose revolutionary
changes in the fields of education.

You can use programs such as GeoGebra, Quizizz.com, learningapps.org, kahoot.com, etc.

GeoGebra is a free cross-platform dynamic math program for all levels of education. This
program includes geometry, algebra, tables, graphs, statistics and arithmetic in one easy to use
package. GeoGebra analyzes functions, solves problems, builds graphs. With its help, you can
create drawings, solve geometry problems, develop animations, create 2D, 3D figures, interactive
videos with subsequent placement on the Internet.

Kahoot is a gaming learning platform. With its help, you can create a test, survey, educational
game or arrange a marathon of knowledge. The use of the Kahoot program is great for testing
students' knowledge in class.

Tasks created in Kahoot allow you to include photos and even video clips in them. The pace of
quizzes and tests is regulated by introducing a time limit for each question. If desired, the teacher
can enter points for answers to the questions: for correct answers and for speed.

The next activity constructor is Quizizz. The functionality of the Quizizz web service is similar
to Kahoot, but with some differences. In the Quizizz service, the teacher has the opportunity to
better manage the group, monitor the individual work of each student.

Learning Apps is a completely free online service. This interactive task constructor is designed
to support the learning process through interactive modules (exercises). At the same time, both a
teacher and a student can create interactive modules based on ready-made templates. Students can
test and consolidate their knowledge in a playful way.

Using this constructor, you can create examples and answers to them. Students must solve the
example, find the answer in the constructor, and connect the answer to the example. Also, the site
itself checks the correctness of the solution and indicates with a green rim if the examples are
solved correctly.

Nearpod is an interaction app that brings educators and students together on the same platform.
Nearpod gives you the opportunity to use mobile devices as a means to enhance the effectiveness of
learning. Moreover, mobile devices can be used both for training and for organizing and conducting
classes. This constructor can be used when explaining a new topic.

The essence of modern information and communication technologies lies in their versatility
and versatility. How to unleash this potential specifically for the educational process is the main
multifaceted problem of improving education based on information technology. Its successful
solution will contribute to improving the quality and accessibility of education at all levels - from
schools to systems for training and retraining specialists, integrating the national education system
into the scientific, industrial, social and cultural information infrastructure of the world community

[1].
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A modern specialist must have fundamental information training, since with an increase in the
volume of scientific and technical information, an educational institution is not able to provide the
subject of training with a full amount of knowledge for his entire conscious life. Information
technologies are of particular importance in all spheres of human life, especially in education.
Thanks to information technology and the Internet, students get the opportunity to work together on
projects, access to information banks not only of their school or university, but also to other sources
in the country and abroad. They can participate in teleconferences.

The use of information technology helps the teacher to visualize the necessary didactic units of
educational information, increase the interest of students in mathematics, and promote the
accumulation of supporting facts and methods of activity by the students according to the model.

When using information technologies in the learning process, there is a significant change in
the educational process [1]: reorientation to the development of thinking, imagination as the main
cognitive processes necessary for high-quality learning; the effective organization of cognitive and
independent activity of students is ensured; the ability to cooperate, self-improvement, creativity,
etc.

When using information technology, all the main stages of the lesson are still preserved.

Within the framework of a traditional lesson, electronic versions of some part of the
educational material make the process of obtaining knowledge complex and effective. They allow
us to talk about the formation of the key competencies of schoolchildren, which are:

- the ability to think systematically, to act independently in conditions of uncertainty and
unpredictability;

- willingness to take responsibility for the work performed;

the ability to independently and effectively solve problems that have arisen in the process of
practical activity;

- readiness for positive interaction and cooperation with classmates; the ability to quickly and
effectively make decisions, actively contribute to the resolution of conflicts in solving problems that
have arisen;

- the ability to quickly and flexibly apply their knowledge and experience in solving practical
problems; readiness to acquire new knowledge and desire for self-improvement;

- understanding the importance of using information technologies and their possession in the
learning process;

- ability to subjective self-assessment, reflection.

In mathematics lessons, with the help of a computer, it is possible to solve the problem of a
lack of mobile visualization, when children, under the guidance of a teacher, compare geometric
shapes on the monitor screen by superimposing, analyze the relationship of sets. The computer is
also a powerful stimulus for children's creativity. The screen attracts attention, which sometimes
cannot be achieved with frontal work with the class. You can quickly perform on-screen
transformations on warped text, turning disparate sentences into coherent text. But in order for
students to be able to use the computer as an assistant in their studies in accordance with their
desires, it is necessary to take care of the universality of their user skills. Children have the right to
use modern means of labor today. With the help of modern technical and audio-visual means and
intensive teaching methods, you can interest students, facilitate the assimilation of the material.

Multimedia lessons help to solve the following didactic tasks [2]:

- acquire basic knowledge of the subject;

- systematize acquired knowledge;

- develop self-control skills;

- to form motivation for learning in general and for mathematics in particular;
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- provide educational and methodological assistance to students in independent work on
educational material.

Information technology presents information in various forms and thus makes the learning
process more efficient.

When using information technology in the learning process, there is a significant change in the
educational process:

- reorientation to the development of thinking and imagination, as the main processes of
cognition necessary for high-quality education;

- the effective organization of cognitive and independent activity of students is ensured;

- there is an ability to cooperate, self-improvement, creativity, etc.
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One of the essential problems of education is the problem of meanings. The main meaning of
education is development as the principle of existence and the value basis of education. Education is
built in accordance with the principles of completeness and continuity, that is, the continuity of
training and education in organizational, content and methodological support.

With the current pace of renewal in all spheres of life, the increasing flow of information, the
role of education is also growing, which should be modern:

1) developing - providing for each person to choose their own educational path;

2) student-oriented - ensuring the creation of a culture of the educational environment and its
filling with resources for the development of each participant in the educational process;

3) spiritual and ethical - diverse, built on a scientific basis;

4) humane - involving awareness of the value of the human person.

The problem of the content of education is very relevant, since an important feature of
education today is the comprehensive development of the individual (pupil, student, teacher).
Speaking about the content of education, it is necessary to name its priorities:

1) in teaching: facts - theory - worldview;

2) in education: knowledge about the world - the ability to interact with the world - attitude to
the world;

3) in development: the formation of students' ability to perform professional and social roles.

The problem of the principles of building education has always existed, because it is associated
with the development of technology, technology and society as a whole. Education is increasingly
seen as a process of obtaining, accumulating and systematizing scientific knowledge. Education and
knowledge are the leading means of achieving the victories of a person in his life. The process of
education should be built on the basis of system-forming principles: - fundamentalization of
education - the formation of a scientific worldview; - openness of the education system based on its
informatization; - merging of educational and research activities, research and design (learning
through science); - interdisciplinary integration - the creation of a new system of knowledge, the
formation of a new quality of learning content; - continuity of education - the formation and
development of personality throughout life. The problem of continuous education is essential,
because the principle of continuity today can be considered fundamental, which is associated with
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the early differentiation of education, the continuity of education and upbringing, and the profiling
of education.

The successful formation of a focus on vocational training among students is a fundamental
problem in the work of universities. From a professional point of view, it includes several stages:
professional orientation, vocational training, independent professional activity. VVocational training
is a system of organizational and pedagogical measures that ensures the formation of a person's
professional orientation of knowledge, skills, abilities and professional readiness for such activities.
Vocational training is the process of mastering the knowledge, skills and abilities that make it
possible to perform work in a certain field of activityl. The peculiarities of the formation of a
professional orientation is how the individual himself perceives, realizes and evaluates his
belonging to one or another profession. Therefore, it is necessary: the formation of a professional
and social role, professional self-awareness; optimization of professional self-assessment of
educational activities, which is then transferred to professional activities; formation of a model of
self-identification with the profession (norms and values, emotional attitude, level of self-
realization). One of the urgent problems of education is the problem of development of creative
potential. It is associated not only with learning and personality formation, but also with the
preservation and development of creative qualities and abilities, which include cognitive activity,
the desire to search for something new, the ability to get away from stereotypes, courage in
decisions. The potential of the individual (lat. opportunity, power) is not yet developed and unused,
unclaimed abilities, inclinations, personal qualities, knowledge, skills, abilities.
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[Temarorukanplk IpaKkTHKa WHKIIO3UBTI OUTIM Oepy Il JaMBITY — FEUIBIMU JKOHE 9/TICHAMAIIBIK —
OJIEYMETTIK JKoHE OKIMIIUTIK pecypcTapan 06acka Kasipri 3aMaHFbl OuTiM Oepy kyleciH Tyoereii
KaliTa Kypyabl Tajlall €TeTIH KypZesi, KeNKbIPJIbI Mpolecc eKeHIH KepceTeni. JleHcaybiFbl
HIEKTeYJ1i OajaMeH )KYMBIC HEFYPJIbIM epTe OacTasca, OHbIH KOFaMra OciiMIeny )KoHe dJIeyMETTEHY
MYMKIHJII COFYPJIBIM KOFapbl Oosansl. byn Tek i3riieHzipy mpoiecTtepiHe FaHa eMec, COHbIMEH
Oipre "epekmie" Oamara epTe TY3€Ty-NEJAarOrMKaIbIK KOMEKTIH THIMAUIINIMEH HOTHXKEINIriHe e
0alJIaHbICTHI.

2008 xputrel MayceiMaa Hosocibipae FO. A. PozenkoBanblH OasHIamMachlHIa YCHIHBUIFaH
"PAK Ty3eTy mnemarorukachl WHCTHTYTBI' epTe KOMEK KOpCeTy 3epTXaHaChIHBIH JepeKTepi
OOMBIHIIIA OPTAJIBIK JKYHKE *KYHECIHIH OpraHuKaNbIK 3aKbIMIaHybl OapOananapasiH 25-30% - biHAA:

- 1.5 xbInFa Kapail ICUXUKaIBIK JaMy KapKbIHBI MEH OapbIChIH KAJBINKA KENTipy;

- 3 ’xacka Kapall MeKTemnke JAeHiHri jkanmail Oanmamap MekemenepiHe Oapy MYMKIHIINH
KaMTaMachI3 eTy.

OpranblK >KyHKe XKYHECIHIH OpraHuKalblK 3aKbiMAaHybl Oap OamamapasiH 70-75% -biHga
aliKpIH OY3bLTYIap/IbIH JaMybIH O0JIbIpMayFa O0JaIbl.

OMIpIiH anFalKpl KbUAAPBIHAA aybIP SMOIMOHANIBIK OY3bUIBICTAp aHBIKTAJFaHIA >KOHE
Oamamapra KaH-)KaKThl KOMEK KOpPCeTUITeH Ke3[e, aKbUI-Od JaMybIHBIH  OypManaHy
TEeHJACHIUSANAPBIH TericTeyre, Oananapipl Oananap KOFaMmblHA KOCYFa JaibiHAayFa Oonazipl. Epre
KOMEK TY3eTy HeMmece MpOQUIAKTHKAIBIK CHUMATTa OOJybl MYMKiH, SFHH.NMPOOIeManapbl KeHY
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HeMmece OoJjamakra oJapAblH mMaiiiaa O0oiybiHa ko Oepmey. MHTemnekTyanapl AaMmybl Oy3bUIFaH
Oananmap yuIiH epTe KOMeK KOJIAayIblH OachiM OarbITTapbhIHBIH Oipi Ooibin TaObuiaabl. bamamap
©3iHe-031 KbI3MET KOpCETYy/e, KO3FAIBIC KOHE TAaHBIMIBIK JaMyla, KYHIETIKTI eMipJe KaKeTTi
KapbIM-KAThIHAC JaFAbUIAphl MEH COMIeyl KaIBINITACTBIPYda aNTapibIKTall HOTHXKEIEpre KO
kKeTKizenl. bamamap ordackl mymienepiMeH koHe 0acka OanmamapMeH OH KapbIM-KaThIHAC OpHATYFa
KOHE JaMBITyFa YHWpEeHeIi, KoraMJa KaObUITaHFaH epeKeleplli eCTe CaKTaiIbl KOHE OJapibl
YCTaHa/IbI.

Kammer Oimim Oepy KeHicTirinme epekmie OuriM Oepy KaxerTimikrepi Oap Oamanapsl
TopOUeNey )KoHE OKBITY IPOoOJIeMachl HO31K JKOHE MKEMJII TOCUIAI Tajam eTe/i, OMTKEHI JaMybIH/Ia
aybITKyJapbl Oap OamanmapielH OapibIFel OipAeil NeHI cay KyYpAacTapblHBIH OpTAachlHA COTTI
OeliiMyenie aaMaibl.

XKexke Outim Oepy OarbIThl MyH/all Oananapabl epecek aJlaMHbIH KOMETIMEH KypaacTap ToObIHa
OIpTIHIEN KOCYIbl KaMTHUbI, OyJ1 MyFaliMHEH MYTeleK OanamapiblH KalbllTacybiHa, Oip Oamanap
TOOBIH/IA ©3apa dpeKeTTeCcy KaOuleTiHe jKaHa MCUXOJIOTUSUIBIK KO3KapacThl Tajlar eTe/l.

XXI racblpna agamaapablH KaObLIAaybl €3replil *KoHe OJ1 JOTHKaIbIK eMec, OeifHenl oilnayra
OeliM, COHIBIKTaH OpPTYPAl MYIbTUMEAUAIBIK ddexkTrep KUl KolJaHbUiaAbl. Taxipuode
KOPCETKEHJIeH, JaMyblHJa aybITKyJapbl Oap Oanamapiabl TY3€Ty >KOHE TopOueney MpoIleciHe
KOMITIBIOTEP/Il MakcaTThl MNaijanaHy Oananapaarbl Oy3yIIBUIBIKTAp/bl TY3€TYy >KOHE eTey YIIiH
OHTAMIIBI TICUXOJOTHSUIBIK-TIEIaTOTUKAIIBIK JKaF[daidl jkacayFa, OKYIIBUIAPABIH JKeKe OuliM Oepy
MYMKIHIIKTEP]T MEH KaXXeTTUIIKTepIH MYMKIHAITIHIIE ecKepyre MYMKIHAIK Oepeal. MyMKiHIIr1
mekTeyn Oanmamapra OuriM Oepyle KOMITBIOTEPIIIK OKBITY KypaJlJapblH KOJIIAHYABIH OacTbl
apTHIKIIBUTBIKTAPBIHBIH Oipi-0JIapIbIH YCHIHBUIFAH OKYy MaTepHAIIBIH BH3YaJTU3alUsUIayIaFbl YIIKeH
MYMKIHIIKTEpl. AKHapaTThl KOpHEKl Typlleé KOpCeTy Ke3-KelreH ajaM KbI3METIHIH THIMIUIIIIH
apTThIpyFa Kemekreceni. OKy akmapaTbhlH KOMIBIOTEPIIIK BU3YyalIH3alMsuiay Kaszipri OutiM Oepy
YKYHECIHIET1 €H MePCIEKTUBAIBI OAFBIT OOJIBIN TaOBLIA B,

AybI3m1a xoHe jkaz0aria akmapaTThl BU3YalIbl Typre aHaIasIpy KaOuTeTi OYTiHIe KenTereH
MaMaHIapbIH KociOu carachl OOJIbIT TaObLTa b

CoHFbl KbUIAAPBl aKMapaTThl OepyaiH BU3yalabl (opMajapblH KOJJAHYABIH MaHbI3IAbLIBIFbI
enoyip aptThl, eitkeHl nmpodeccop 3opuH A.JL.: "..okac ypmak KaObuimay MOJICHHUETIH TyOereni
©3repTTi: OFaH CBI3BIKTHIK MOTIH KaxkeT emec". Ocpbuiaiilia, OKy akmapaTblH BHU3yalld3allusuiay
OipkaTap IeJarordKalibIK Mocesenep/l Menyre MyMKIHIIK Oepei: OKyIbl KapKbIHIATy, OKY YKOHE
TaHBIMJIBIK OEJICeHIUTIKTI apTThIPY, CHIHU YKOHE BU3YaJJIbl OMJIay bl KAJIBINITACTHIPY KOHE JAMBITY,
BHU3YaJIJIbl KaObLIay, OUTIM MEH OKYy opeKeTTepiH OelHeni TypJe YChIHY, OUTIM Oepy >koHe YJTiHi
TaHy, BU3yaJJbl CayaTTbUIBIK I€H BU3YyaJJbl MOJCHHETTI apTThipy. Busyanmmzanus Kypaigapbl
OpTYpIIi: KecTenep, Tapasbliap, MCUXUKAIBIK KapTanap, *ymOakrap, KpoccBOpATap, rpadukrep,
MHTEPAKTUBTI OHJIAMH Mpe3eHTaIMsIIap KOHE TaFbl OacKanap.

MyMKIHAIr MeKTeyi OKYIIbUIapAbIH OeNICeHIUTINH apTThIpy VIIIH cabakTapia OKBITYAbIH
KeJeci OeCeH Il 91icTepl MEH dICTEP1 KOJIIaHbLIa Ib:

1. TanceipManapasl OpblHAAY Ke31HAE CHUTHAJABIK KapTOYKanapAbl maiganany (Oip »arblHAH
OHJIa IUTIOC, eKIHIII JKaFbIHAaH MUHYC; AbIOBICTApbl OOMBIHIIA TYpIi TYCTI IeHOepIep, apinTepi 6ap
KapToukanap OeiiHeneHreH). bamamap TamnceipmMaHbl OpBIHIAWIBI HEMECE OHBIH AYPBICTHIFBIH
Oaranaiinel.  Kaproukamapabl — OKyIIbUIapAblH ~ OUTIMIH — TeKCepy, ©TKEH  MaTepualIarbl
OJIKBUIBIKTAp/Ibl AHBIKTAy MAaKCaThIHJA Ke3 KENTr'eH TaKbIPbINTHI 3epiesiey Ke3iHJe MNaiganaHyra
6omagpl. OnapblH BIHFAHIBUIBIFBI MEH THIMJUIIN - 9p OalaHbIH KYMBICH O1p/ieH KepiHel.

2. TamcelpMaHbl OpbIHAAY Ke3iHJIE TakTara KipicTipynepai (opinTep, cesliep) KOJIaHy,
KPOCCBOPATHI Ilemy >koHe T. 0. bamamapra TancelpMaHblH OChl TYpPIH OpBIHIAY Ke3iHAEr1
09CeKeNIeCTIK COT YHaibl, OHTKEHI KapTOUYKalapblH TakTara OEKITy YIIIH oJap Cypakka AYypbIC
Kayan Oepyl KepeKk HeMece YCHIHBUIFAH TalChIpMaHbl OacKajapra KaparaHJa *KakChl OpBIHIAYbI
KepeK.

3. XKax tyitinaepi (TakpIpbIOTHI 3€PTTEYIIH HETI3T1 COTTEPIH KYpaCThIpy, XKa3zy JKOHE TaKTara
Ul KO, €CTe cakTay KepeK TYXbIpbIMAap). Byi omicTi TakbIpbINTHI 3€pPTTEYIiH COHBIHIA
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KoJJaHyra ©Oonaasl — OEKiTy, KOPBITBIHIbLIAY VIIIH, MaTepHal[bl 3epTTey OapbIChIHIA-
TarchIpMaapabl OpbIHIayFa KOMEKTECY YIiH.

MyMKiHZiri mekrteyiai Oamamapiasl  ajam3aT KOFaMJAacThIFbIHA KIPIKTIpY OYKiT Ty3eTy
KYHECIHIH Heri3ri MiHJeT1 OOJIbIN TaObLIa/IbI.

MyMKiHZIr mekTeyai OamasapMeH MYFaTiMHIH TNPaKTHKAIBIK >KYMBICBIHIAFBl €H KOJIAHJIbI
ozicTep  TYCIHAIpME-WIUTIOCTPALMSIIBIK, PENPOAYKTHBTI, imriHapa i3Aey, KOMMYHHUKATHBTI,
aKnapaTTHIK KOHE KOMMYHHKALMSUIBIK; OaKbuiay, ©31H-031 OaKkpuIay jKoHEe e3apa Oakpuiay oiictepi
00J1BIT TaOBLTAIBI.

Ocpuraiiia, OKBITYIBIH OCTICeH/II 9/1iCTEPl MEH TOCUIIEPiH KOJIJaHy OKYIIBUIAPIBIH TaHBIMIBIK
O€JICeHIUTIriH apTThIpabl, OJAPIBIH IMIBFAPMAIIBUIBIK KAOUIETTEpPiH JaMbITalbl, CTYACHTTEP/i
OltiM Oepy mporeciHe OelceHIi TYpAe TapTajabl, OKYIIBIIAPIBIH ©31HIIK OeJICeHIUIIrH
BIHTAJIAHABIPAJIbl, OYJ1 MYMKIHJIT1 IeKkTey i Oananapra TeH. OKbITYbIH KOJJaHbICTAFbl 9/IICTEPIHIH
OPTYPIUIIrT MyFalliMI€ 9p TYpPJi KYMBIC TYPJIEpIH aybICTBIpyFa MYMKIHIIK Oepeni, OyJl COHbIMEH
KaTap OKy/bl KaHIAaHJBIPYIbIH THIM/1 Kypajibl O0JbIN TaOblIaabl. bip KbI3MET TYpiHEH eKIHIIICIHE
aypICy IIaMmaJaH ThIC XYMBICTAaH KOPFalJbl JKOHE COHBIMEH Oipre 3epTTeNeTiH MaTepuaiiaH
alaKrayra MYMKIHJIIK OepMeli, COHbIMEH KaTap OHBI 9p TypJl >KarblHaH KaObLIlay bl
KaMTaMachl3 eTe[l.

Koananbliaran aneduerrep Tisimi
1 . 3arymennos, 10.JI. MuKkmo3uBHOE 00pa30BaHue: CO3JAaHUE PABHBIX BO3MOYKHOCTEH s
Bcex yuamuxcs / FO.JI. 3arymennoB // MuHckas mkouna ceronus. - 2018. - Ne 6. - C. 3-6
2 . 3aitnes JI.B. CoumanpHas WHTETpanus AeTeH-UHBAJIUIO0B B COBpeMeHHOW Poccum. -
CaparoB: Hayunas kuura, 2013. - 255 c.

HUHKJIIO3UBTI OKY YPAICIHAE
KOMIIBIOTEPJIIK ’KOHE AKITAPATTBIK TEXHOJIOT'USIJIAP
Anuoues /I.b., Epxan A.b.

E.A.Bykemos amwvinoazvl Kapasanowl ynueepcumemi, Kapasanowi, Kazaxcman
E-mail: aseka.erkhan@mail.ru

WHKITI03UBTI MEKTEN - JAEMOKpATHsUIBIK MekTen. O OallaHbIH KaJbINTacyblHA, OKYFa JCreH
BIHTACBIHA HETI3/ENr€eH.

WNuxnro3uBTi O611iM O6epy OapiblK OKUMBIH JCYIIUIEpre, OHBIH IMIIHAE KeMTapiapraga KoJj
XKeTiMI OOJIyFa HETI3NeNreH. banmaHblH KbI3BIFYIIBUIBIFBIHA TOJBIK, KEHICHIl TYpPJAE abIHFaH.
OranapIk 6iniM Oepy xKyiecinae OyHaail KajaM YJIKeH MaHbI3Fa He.

Kazipri 3aMan¥bl aKnapaTThIK TEXHOJOTHSIIAD OKYIIbUIAPFa JJCTYPIIi eMec aKmaparTapra KoJl
KETKI3y/le, ©31HAIK KYMBICTHIH THIMAUIINH apTThIPaJibl, MIBIFAPMAIIBUIBIKTBIH JaMYbIHA, OpTYpIi
JaFIbIHBIH Taia 00JTybIHA JKOHE KaJbIITACYbIHA KONTEreH MYMKIHIIUTIKTEDP TYABIPHIIN, XKaHa OKY
omicrepi MeH OKY (pOpMachIHBIH iCKe acyblHAa MYMKIHIIK Oeperi.

TaHBIMIBIK IC-OpEKETTIH KO3FayIlbl KyIli — KbI3bIFY. OKYIIBUIAPIBIH KBI3BIFY KOpIAeMiIMEH
OKBIT-YHpeHy OapbIChIHIAa KaOUIeT1 alllblIbII, AApbIHbI YIITANAAbI, ©3 KYLIIHE, MYMKIH/IrHEe CeHIM1
apTajpl, aJaMrepIIlliri Kameimracansl. JKeke TYJIFaNbIK CUMATTapFa KalbIITacyAblH YII TYpIi
Karaitel 6ap.

BipinHmIi: oKymbuIapbl KbI3bIKTBIPATHIH Ma3MYHHBIH Oepily Typi; JKaHaJbIFbl - OypbIHHAH
OLIeTiH MaFIyMAaTThIH JKaHA KbIPhIHAH AIlIbUTYHI.

ExiHIIi: OKyIIBIIApABIH TaHBIM 9PEKETIH YHBIMIACTHIPY (popMarnapsl, KypalJapblH, SAICTEpiH
xetunnipy. byran moctypni emec cabak TypsepiH, oJlap[bl KOJAAHBUIATHIH TEXHUKAIBIK, KOPHEKI
KypalgapAblH THIMAUTICH apTTRIPY, TAHBIM/IBIK OWBIHIAPBIH YHBIMIACTHIPY

YuriHmii: MyfaidiM MEH OKYIIbl apachlHAAFbl KapbIM-KaThIHACTA CBHIAJIACTHIK, 13€TTLIIK
OPHATHIII, KYPEK JKbUTybIMEH Oananap/abl KamMmTamach3 ery. OKyIIbl ©3iHe YHAMaWThIH MYFaIlIMHIH
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MOHIHE eIIKAllaH KbI3BIKIANWIbI, ©3apa chlillaca aaMaiipl, cabakrapblHaH TE3IpeK KYTHUIFBICHI
KeJei.

E.M.Mam6uurig aitybiHma: «KoMObIOTEpiH MYMKIHIKTEpIH €CElKe aja OTBIPBI OKBITY
npobiemMacbiHa Tayujay JKaHa IICUXOJOTHSUIBIK IpoOiemManapsl TYFBI3BII KaHa KOWMaiiabl,
OKBITY/IBIH TEIarOrUKAIBIK HOPMACBHIHBIH (DYHIAMEHTANAbl KaFUAalapblH KaiiTa Kapaysbl Tajar
ereqi». OKBITYIBIH >aHA TIEJarorUKaNbIK TEXHOJIOTHSCHIH Kacay J>KOHE OHBI HKY3ere achipy
MPOIECiH MHTEHCUBTEHIIPY MEH ONITUMAJIAAH 63 OpHBI Oap.

OKyIIbUTapABIH TAHBIMJIBIK KBI3BIFYIIBUIBIFBIH JAMBITYChI3 OPEKET OCJICEHIUTITIHIH apTThIPY
MyMKiH emec. COHIBIKTaH OKBITY YPJIICIHIEC OKYIIBIHBIH TaHBIMJIBIK KbI3BIFYIIBIIBIFBIH KYHET
TYPAE NAMBITy XoHE OCKITy, OHBIH CalachlH apTTBIPY, OKBITY MEH TopOueneyne oTe MaHBI3IIBL.
BipiamigeH, OKymbUIApIBIH HA3apblH  aymapy, OKayalmKepuIulik ce3IMiIMeH  TaHBIMIBIK
KbI3BIFYIIBUIBIFBIH apTThIpy. CoHbIMeH Oipre cabak OapbIChIHAAKOJAAHBUIATBIH JCIpece, OHbBIH
eKiHIIl OeJlIMIHJIe OKYLIBUIAPJAbIH OKY MaTepuaiblH OelceHAl TypJAe MEHrepyre JereH ce3iMiH
OSITATBIH BIHTAJAHABIPY OJIC-TOCUIACPIH oOiylanm Taly, KOJJAaHy ©T€ MaHbBI3Abl. TaHBIMIBIK
KBI3BIFYIIBUTBIK OPEKETTIH YCTIHE JaMUIBI )KOHE KaJIBITITACAIBI.

MekTenTe KOMITBIOTEPITIK TEXHOJIOTUSHBI OKY/Ia J)KOHE ca0aKTaH ThIC KbI3METTE KOJJIaHy, OHBI
OKBITI — YHpEHYyJe MOTHUBAIMSHBIH apTybIHA HOTHIKEIl TOCLI OoJibil TaObutanbl. OKYIIBUIAPABIH
TaHBIMJIBIK O€JICEHIUTITTH KAJBINTACTRIPAThIH (DaKTOPIApABI KeIeciiel TI3TiHIe KepceTyre 00aibl.
CebenTep OKyIMIbUIAPBIH TAaHBIMABIK KBI3BIFYIIBUIBIFBIH JKOHE OJApIbIH TANKBIIITHIK MIeOepIiriy,
©31H/IIK OKYBIH kKoHE CabaKTBIH OapJIbIK Ke3€HIepAe OCICeHIUTINH KaMTaMachl3 €Te/Il.

Cabakra  aKmapaTTBIK  KOMITBIOTEPIIK  TEXHOJIOTHSUIAPABI  KOJJaHyna  OallaHBIH
KbI3BIFYIIBUIBIFBIH aHUMAIUSUIBIK Y3IHAUIEP/l KOPCETY, TYCTI, I'paduKaHbl, ABIOBICTHI MaliAaIaHy ap
TYpPJl ‘KaFjailnapapl eHIeyAe OH ocepiH Oepeni. Myranmimre kailTa-kaita cabak Ma3MyHbIHa
OKYUIBLJIAP/IbIH Ha3apbIH ay/apyFa jKOHE THIHBIIITHIK CaKTayFa ajlaHAayblH KepeK eTHeii.

OliTkeH1, OKymIbl amaHgan Kaica, 10-15 cexkyHI cailblH aybICBIIT OTHIPATHIH aHUMAITUSIAFbI
TalchIpMaHbl OpBIHJIAYFa HEMECEe CO3/l jKa3yFa yirepMen KaiaTblHbIH Oinemi. Kommbrotepiik
TEXHOJIOTUS OKYIIBLIAP/bIH 031K peIeKCHsCHIHBIH KAJIBINTACYbIHA KaFail skacaiabl.

bamanplH TYHCITIH JKOHE KUSUIBIH JaMBITyFa OaFbITTaJFaH KOIMTETeH OPTYPJIi KOMITBIOTEPIIIK
oiibiHnap Oap. by Oipueme OemmiekTepieH Oip CypeTTi KYpPacThIpaThIH  KEHIHEH TapayiFaH
OarmapiaManap Typi.

KoucrpykTopiblk Oargapiamanap, ojaplsl KypacThlpy OapbIChIHAA 9p Typii OeiikTepiaeH
HakThl Oip dopmaHBl >KMHAyFa, HeMece KepiciHie, ¢urypansl OipHemie Oesikrepre OereHsue,
OaaHbIH JaMyblHa YVJIKEH BIKIMAJbIH THTI3enl. by Oarmapnamanap TeK KaHa TYHCIK TIeH
KOOPJIMHAIIMSCHIH FaHa eMec, COHbIMEH KaTap OeiiHenen OiayblH 1aMbITa/lbl.

TyYHCIKTIH JaMyblHa JKOHE TOJIBIK JKETLTYIHE TarchlpMajapblH HEri3ri TypJaepi: opTypii
dbopmanappl TEOMETPUSIIBIK (pUrypanapra KOI; TeOMETPUsIIBbIK (hUrypanapablH KOHTYPBIH TYpPIIi
TYCHEH KOpIlay. OpTypii TeoMEeTpusUIbIK (urypanapiblH CypeTiH caiy, OepiireH macmitadra
KOJIeMIH YIFalTy HeMece KillipeunTy.

OKy1bUIapAbIH TaHBIMIBIK KaOUIeTi OajaHbIH JKeKe JaMybIH KaMTaMachl3 €TeTiH TaHBIMIBIK
TarcelpManappl LIy, OKYIIBIHBIH TaHBIMJABIK OENCEHAUIINH KalbIITACThIPy YIIIH MyFalim
TapanblHAaH YUBIMIACTHIPYIIBUIBIK TEH OypbIiC OacHIbUIBIK  OKYIIBIHBIH — ©37epi OeJICeHILTiK
TaHBITYFa OKeJeIl.

CoHBIMEH, KOMMBIOTEPIIK TEXHOJOTHSHBIH KOMETIMEH TaHBIMIBIK KBI3METTI Oackapyra
KYMCalFaH eHOeK ©3iH OapnbIK KaThlHacTa aanenaeiini. Onm Ou1iM camachklH apTThIPabl, OanaHbl
JKANMbl TaMYybIHAA 1Irepi KbUDKBITaAbI, Oana eMipiHe KyaHbIII chlimaiapl. JKaHa TEXHOIOTHS
OolibIHIIA OanagapAblH TaHBIMABIK KaOUIETIH OMBIH TYpJiepl apKbUIbI Ja AaMbITyFa 0oJajabl, cebedi
OJIapJbIH aHcaphl cabakTaH Tepi OMbIHFA aybIHKbIpAn Typajbl. KpI3bIKTEI OMBIH TYpIIEpPIHEH KeiliH
oJlap Te€3 Ceprim, »aHa MaTepHaabl OHAall MEHIepil KaHa KOWMaii, TarnchIpMaHbl BIKBLIACIICH Opi
canalibl OPBIHIANTHIH O0JIa IbI.

OKymIbIHBIH cabakTa OKY YKOHE HIBIFApMAaIIbLIBIK MpOIeciHe YHIeCTIpyIiH eH THIMII TaCLTi
peTiHe: OUBIHIBIK KBI3METI, JKaFbIMJIbI dMOIMOHAN/IBI JKaF[ail jKacay, *KYITACKIT KYMBIC ICTEY,
MpoOIeMaNblK OKBITY OONBIM TaObmaAbl. TaHBIMABIK KBI3METTIH KaIBIIITACYBIHBIH OacTamKbl
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Ke3eHiHze, Oananapasl keOiHece OWBIH OpeKeTTepi KbI3BIKThIpaabl. Cab0aKThIH YINTACYybIHA OWBIH
onici smonanabiK GoH perinae Kpi3mer erefi. MadpopmaTrruka cabarbiHIa MEH JUIAKTUKAIBIK JKOHE
CIOXKETT1 POJIBJIIK OWBIHIAP/IBI, KPACCBOPATTAP/IBI, peOycTapabl, ®KyMOaKTap bl KoaaaHaMbIH. JKaHa
OKY MaTepHaJIbIH €PEeKIlIe Typ/e TapTyFa ThIPHICAMBIH: epTeri-cabak, casxar-cabak, 3epTrey-cadarbl
koHe T.0. OyHmaii cabakka MalbIHAANy OT€ KOl YyaKbIT TEeH KYII >KyMcayabl Tallam eTell
KomnbroTep oHE aKmaparThK TEXHOJOTHSIAD AapKbUIbI JKACAJbIl JKAaTKAH OKBITY IpOIleci
OKYIIBIHBIH JKaHAIla oijay KaOUIeTIH KaJbINTACTHIPHIN, OJIApAbl KYHENiK OailaHBICTap MEH
3aHIBUIBIKTAp6l TaOyFa WTEpill, HOTWKECIHIE - O3MepiHIH KociOM MOTEHIUAIIapPbIHBIH
KaJIBIITACYbIHA YKOJI alllybl KEPEK.
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bi3 6inetin kazipri 3aman 100 >xbl1 imiHAe TaHBIMAacTa e3repai. Kazipri omem — Oy y3ak
Mep3iMJIi KOHE TYPaKThl JaMyIblH 6HiMI. bi3miH OuTyiMisiie, TEXHOJOTHUSIIBIK Mporpecc — Oyl
MPOIIECKE YJIKEH dcep eTeil, OMIpJIiH OIeTTerl bIPFaFbIH JKaKcapTaabl JKOHE JKEHUIAeTeal. Anam
OMIpIHIH carachl YHEMi e3Tepill OThIpaabl, €HOEK, THIMAUIIK XOHE OHIMIUIIK TYKBIPHIMIaMachl
elmiKaman OypbIHFbIIAN Oonmaiiabl. JKaHa 3aMaHHBIH aJlaMbl, JKaHallla KYHIBUIBIKTapFa KypbUIFaH
opTazia ecel, OHJa HEeTi3ri Ta0bIC K631 — OUTiMMeH OuTiKKe OalIaHBICTBI KOHE aKMapaTThIH YHEMI
WIFaWBI OTBHIPYbIHA. FBUIBIM, TEXHOJOTHS, MEIUIMHA Y3aK YaKbIT OOWbl IHIEKCI3 aay-lamaiira
allHaJIbl, OHJIA «OKaHA», «ECKICIH» JKOKKa IIbIFapajibl, O YaKbIT ©T€ Keje ©31HIH TYFbIpbIHAH
aybICKaHFa JeiiiH. bipak 013 OUIeTiHACH, ©3repicTep eIKaIlaH OKIIayJIaHOaiapl, agaM KbI3METIHIH
cajajiapbl, THCTUTYTTap MEH 9JICyMETTIK KaybIMJIaCThIKTap Oip-OipiHe ocep eTim, jkaHa cajiajap/Ibl
JamMbITyFa MyMKIHIIK Oepeni. COHABIKTaH, MYHIall MEKTEIl CHSIKTHI ajaMfa oCcep €TETIH Heri3ri
KOHE aJFallKbl MHCTUTYTTapIblH Oipi e3repicci3 Kala anMaiipl. YakplT ©Te Kele OuliM JKeke
aJaMHBIH Ja, OYKUI KOFaMHBIH OMIpiHIE 1€ YJIKEH MaHbI3Fa Hue Ooymbl. MyfalliM MaHbBI3IbI
QJIEYMETTIK pell aTKapalbl — KOFaMHBIH ©31H FaHa €MeC, OHbIH OOJIallarblH Ja KaJbIITaCTBIPY.
FouipiM, MoJIeHHET, TEXHOJIOTUSI CUSIKTHI YFhIMAAp OUTIMMEH ThIFbI3 OailmaHbICcThl. bynm myramimre
OKYIIbLIApJpl TOpOHENey MEH OKbITyJla FaHa €MeC, COHBIMEH KaTap ©3eKTUIriHae e
xKayankepumiinik okykredmi.  Kazipri myranimM-e3 3amanblHa cail MyraniM. Koram OuriMHIH
©3CeKTUIINH HEFYpJIbIM Tajal eTce, MYFaIIMHIH ©31 HEeFypibIM O€NCeHIl XKoHEe THUIMAL
WHBeCTUIMsATaHa bl Tapux OOWBIHAA aAaM3aTThIH JaMybIMEH KaHa KaKETTLUIIKTep maiiaa Oonajpl,
OyJ1 JkaHa KociOM TeHJICHIMSAIApbIH e3repyiHe, jKaHapyblHa KoHe Haiia 6omybiHa okeneni. COHFbI
€Ki OHXBUIABIKTa KOMNTEreH jKaHa MaMaHIBIKTapIblH Taiina OoJybIMeH cunarranaabl. by
e3repictep OuTIMre Tikeneill ocep eTedi-Ka3ipri QJeMHIH >kKaHa KaFdalnapbsiHa OeiiMaeny YIIiH
KaJpiapsl OKBITY JKOHE KaiiTa Jaspiay KaKeTTUTirl TybIHAaiIel. bitiM Oepy canachiHBIH 031 jKeKe
TYJIFaHBIH QJIEYMETTEHYl MEH JaMYBIHBIH Heri3ri >JeMeHTTepiHiH Oipi Oousibim  TaObLIAfbI,
COHJIBIKTaH ’KaHa TEXHOJIOTHUSIIAP/BIH dcepiHeH OediMeny >kxoHe TpaHchopMalus mpodiaeManaphbl
Ka3ip OypBIHFBIIAH Aa ©TKIp Oonbim Typ. Anaiifa, ic )Ky3iHIe Karaail onjekaiiia Hamap: Kazipri
OimiM Oepyle KOTepiHKi MpolecTep MEeH Kypauaap/ sl OJ1aH 9pi KaiTa KapacThIpy *KoHE KaiTa Kypy
YIIIH KOFaM JaMYBIHBIH €pekernepl MEeH TeHICHUMSJIApBIH 3epTTey KaXeTTUIriMeH OaillaHbICThI
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Oipkarap mpobOiemanap Oap. Oprama anraHaa, OChl MACENENEPAiH OapibIFbIH 2 TOMKAa Oemyre
Oonanpl. bipiHmii Tomka 3amaHayw OutiM Oepy OarmapiiaManapbIHBIH ©3CKTUIINT MEH THIMILUTIriHE
OaitmanpicThl TpoOieManap Kipeni. Kenreren >kympIcTap OHJaraH >KbUI OYpBIH )Ka3bUIFaH >KOHE
YakpIT ChIHBIHA TeTenm Oepe anMaiapl. AlTa KeTy Kepek, MyFaliMAepliH e31epi Kazipri
TEHJICHIMSIAp MEH OJapAblH OarbITTapbhlH TYPaKThl Oakpuiayabl ycramaiabl. Toxipube Oinim
OepyxiH axsipamac Oesiri 0oJbIn TaObLTABI, OipaK Ka3ipri oJeM YHEeMi e3repil OThIPAThIHIBIFBIH
YMBITHAY KepEK — OH JKbII OYPBIH A2 63€KT1 O0JIFaH HOpce OYTiHIE eCKipyi MYMKIH.

OKBITYIBIH KaHa, TYOerenii epeKIeIeHeTiH dIICTepl MEH TeXHOJIOTHsUIAPbIHBIH Makiaa 00ITysl
«OKBITY» YFBIMBIHA ocep eremi. KazipimiH e3iHIe MyFaiaiM MEH OKYIIBIHBIH KapbIM-KAThIHACHI
niKiprajac meH i3aey epicine xemryzne. Kazipri 3aManfbl OKyIIBIHBIH OiTiM Oepy mporieci Tek OutiM
MEH JIaFbpUIapAbl UTEPYACH FaHa eMeC, COHBIMEH KaTap TOYeJCi3 3epTTey/CH, alllblK TAIKbUIAyaH
KOHE ©31HIH OKY KaOUIeTTepiH XKeTUIAIpyAeH Typaibl. EKIHIII MaHBI3Bl Mocelie-Ka3ipri yakpITTa
©3€KTI1 KUITTE HETI3r'1 KY3bIPETTUIIKT] JaMbITyFa MyMKIHJIK O€pMENTIH €CKIPreH TEXHOJIOTHUsIIap Ibl
naiganany. Kasipri xyiie Outim 6epy oKy IpoLeciH KaiTa YHbIMIACThIpYAbl KaxkeT eTeal. Myranim
©31 OKBITAThIH CaJIaHbI JKAKChl TYCIHY1 KepeK. KpI3bIFyIIbUIBIK-0YJT MYFaTIMHIH KaKChl KACHUETI, OJ1
HOTWIKETe THIM/I1 9Cep €TETIH KOHE OHBIH CTYJIEHTTEPIHE J€ OH BIKIA eTe/l.

HNutepuer moyipinge OapiibIK MaHBI3NbI alibuTyjap Typaibl OipaeH Ouryre Oonaabl. JlyHue
KY3IHJET1 KOINTereH aaaMjap MaTepuaigapMeH OeJjicesl, MiKipTamacka Tycedl, Oy Oenrimi Oip
CaJlaHbIH Ka3ipri >KarJalblH >Kalmbl TyciHyre OH oacep erenl. JKorapelna aWTbUFaHAapabl
KOPBITBIH/IBUTAM Keyie, OuTiM Oepy MpOoIECiHIH Kas3ipri 3aMaHFbl 0OJybl €H alJbIMEH MYFaTIMHIH
OeliHeciHeH OacTanybl KepeK JAen KOPBITHIHABI jkacayra Oonanbl. «AKMapaTThIK TEXHOJIOTHUsIIAp
CaJIaChIHJIaFbl CTYJIEHTTEPAIH KaOUIeTTepiH THIMII KaJbINTACTBIPY YIUIH MYFalIIMHIH ic-opeKeTi
aKIMapaTThIK TEXHOJIOTHSJIAPABIH Ka3ipri JaMy JIeHreriH OuTyal KaMTaMmachl3 €Tyl KepekK;» Kazipri
KaFIai-MyFamiM ©3eKT1 OOJIBITT Kaly YIIIH OKYIIbI YIIH OUTIM oJieMiHe KOJI JKYPYIIH OpHBIHA
OHJAFaH JKpUIIAp OOWBI KaHA alIbUTYJIap, TEXHOJIOTHSUIAp MEH oiicTepal Tabyra Typa Kemel.
Kazipri 3amanfpl MyfFaigiM KoHQEpEeHIUsIapFa KaTbica ajaabl, MYFalIMJIEpre apHaJFaH
dbopymaapaa akmapar ajaMachl, kaHa OaraapiamManap MEH oJICTepi OKBIN, OKY TIKIpuOeIepiMeH
Oedice anmaapl. Mbican peTiHae BeO-calTThl amyra 6osansl http://ed.ted.com / - xampikapaybik OUTIM
O0epy Mmocenenepine apHayiFaH pecypc. COHBIMEH KaTap, MYFaliM HHTEPHETTE IeIaroruKaibIK
caJlaJlaFbl COHFBl HJESJapMEH TaHBICHII KaHa KOWMail, COHbIMEH KaTap OKBITY IOHIHE Tikesei
KaTBICTHI OUTIM KOPBIH TOJIBIKTBIPA ajaabl. MbIcanbl, OcitHeNney oHepi MyFaIiMIepi YIIiH pecypcrap
KBI3BIKTBI 00Nyl MyMKiH http://www.pinterest.com/ ocbl MHTEpPHET - caiTTapablH KOMETriMeH
MyFaiM jKaHa TEXHUKaJap MEH MaTepuaijapra apHaJfaH Marephaifapibl, COHbIMEH Karap
OKyUIbLJIApFa JKYMBIC MbICAJIaphl, WLIIOCTpaUusiap, KaZaMIblK HYCKAaylap CHUSKTHl KOpPHEKi
pecypcrapapl  Taba amanel. Anm pecypc  https://code.org/ AKIapaTThlK  TEXHOJIOTHIAP
cabakTapplHa MYFaJiMIe KOMEKTecy VIIIH KepeMeT KochbIMIna Ooyiajpl. AKIapaTThIH
KapanmabIMIBUIBIFEI  MEH  KOJ  JKeTIMAUIIriHe  OainmaHpicThl Oy mopran — OacTaylibl
Oargapiamaimnbiiap apacbiHaa TaHbiMan. CoHbIMEH KaTap, caiftta Oamanmapra apHajifFaH
Oargapiamanay Heri3JiepiHe apHalFaH TYPJi-TYCTI Mpe3eHTalUsuIap MEH aHUMAalUsIIbIK OeliHenep
Oap. MHTepHeTTe oneMHIH OapiblK TUIAEpiHAE >kKaHAa OUTIMIl YHpeHyre, KociOW marabLiap.ibl
JTAMBITyFa JKOHE JaFAbUIapAbl JKaKcapTyFa apHallFaH >KYy3JIereH MbIH Haiijanbsl pecypcrap Oap.
Conrpl 30 bl IIIHAE OCHI canajgapAa O0JIFaH PEBOJIOLMAIBIK ©3repicTep O131iH KapbIM-KaTbIHAC
TypaJibl UAESIMBI3/bI KoHe Oip-O0ipiMi30eH e3apa opeKeTTecy/ll TONbIFbIMEH e3repTTi. HWHTepHeT-
QJIEMHIH Ke3-KeJIN'eH HYKTECIHEH BIHTBIMAKTACThIK, TOKIpHOE anMacy oHe 3aMaHayd O11iM amy/bIH
€H MaHBI3/IbI Kypajbl, Ka3ipri yakpITTa op agaMHbIH KoJibiHaa. Kazipri yakeiTra JlyHHEeKY3UTIK Keli
aKmapar ajJMacyJblH HEeri3ri amanbl OOJBIT TaObLIAIBI.
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Macenenik OKBITYIBIH MaKcaThl FBUIBIMHA OLTIMHIH HOTH)KEJIEpiH FaHa eMec, COHbIMEH Oipre
OCBI HOTIDKEJEP/Ii ATy YKOJIBIH, YPAICIH, OKYIIBIHBIH TAHBIMJIBIK TYEJICI3IriH KaJBITACTHIPY, OHBIH
[IBIFAPMAIIBIIBIK KaOUIeTTepiH AaMBITY OO0JIBIT TaObLIaIbI.

Macenenik OKBITYAbIH MIHAETTEPi: OKYIIBIHBIH IIBIFapMaIIbUIBIK Oiay KaOuIeTiH JaMbITy;
Maceenep/ii ©3 OCTIHIIE NSy apKbUTBI OUTIMTI, ICKePITIKTI, TaF IbUIAPIbI UTEPY, HOTHKECIHAE OyIT
OuTiMIep JOCTYPJIi OKBITYFa KaparaHa aHarypibiM Oepik; CTaHIAPTTHl €Mec KociOm Mocemenepai
HIeIIyre )KoHe MIeNIyre KaOuieTTi OeceHal, HbIFapMalllbUIbIK TYJIFaHbl KAJIBIITACTHIPY.

Cabakra MocenelniK OKbITY Kellecl KYpbUIBIMFa U€: MOCEJICH] IICITy, MOCEJICH] Myl 13/1eY,
MIENTM/Il CUIIaTTay, MIemIMIl ky3ere acbipy. CabakThiH OapbIChl MEH OKY MAaTepUaliblH Urepy
MOceJieHl menryre OaillaHbICThl 0OJIa/bl: MAOCENeH1 HIeNly MPOIECiHAe CTYACHTTep OapiH e31epi
TaHUJbl, cabak MpolieciHe OenceHAl KaTbicalbl HEMece MocelNeNiK jKaFdail corciz OoJica, osap
MYFaJIIMHEH JaibIH JKayan anajpl. TybIHIaFaH KaWIIBIIBIK MOCEIIETIK KaF Ial IbIH Maiiia 00TybiHa
okeneni. Kapama-KalIIbUTbIK TybIHIaFaH KUBIHIBIKKA HEMECEe TaHKAJIAPIIBIKKA OaiIaHBICTHI OOJTYBI
MYMKIH.

[IerH MoHIHE, MOCEIIEIIK JKaFgaiiap eKi TYpJIi: TaH aHBICIICH KOHE KUBIHBIKIICH TybIH I aFaH.
KuBbIHIBIKIIEH TYBIHIaFaH MOCEIIENTIK JKaFIaiiyiap TarchlpMaHbl OPBIHIAY KaKeT OOJIFaH Ke3Jie maiiaa
Oomanel, OipaKk Oy MyMKiH emec. KHBIHABIK TyIbIpaThiH OaFmapiiaMaliblK JKacaKTaMaHBIH
MOCeTIeNIK KaFIalblH Kacay YIIH MYFajiM OKYIIbUIapFa TanchkipMa OEpreH Ke3je MYMKIH eMec
HEMece CTYICHTTEepPre TaHbIC €MeC »>KOHE OypblH ULICMIUITeH TalchblpMajapra YKcamMalTbiH
TEXHHUKaHbI KOJIIaHA aJlajibl.

M.H. CkaTtkuH MoceNeiK OKBITYABIH KeJIeCl YII TYPIH aHBIKTAWIbl: MOCEICNiK OurimMal
OastHAay; OKYIIBUIApABI OLTIM OepyaiH JKeKe Ke3eHJACPIHIE I3/ICHYre TapTy; 3epTTey ofici.
Macenenik nmpe3eHTarus mporecinae MyFalliM MIHIETTEP KOsbI (TanchkpMaliapFa aifHaIIbIPbUIFaH
npobseManap — HEHI aHbIKTay Kepek). TeopHsuIbIK MaTepHalblH (GparMeHTi OasHaaaaabl JKOHE
OFaH mpoOyieMa KoWbUIaabl. MyFalmimMil TYCIHIIpY OapbIChIHAA OipHEIe OChIHAAW MIHIAETTEp Oap.
OpOip MiHAeTTI OLTiM anymbuiap memeni [1, 52 6.].

Mocenenik OKbITYObIH Oacka TypiH KOJIJaHFaH Ke3[e-3epTTey CTYACHTTEpIHEe YJIKEH
Toyenci3aik Oepiteni. byn toyencizmik 137y JKOcmapblH Kypyla, THIIOTE3aHbl YCBIHYAA, OHBI
TeKcepyae, Toxipubenep, Oakputaynaap Kyprizyae, Gdaxktiiepai OekiTtyae, XKIKTeyAe KoHe
KOPBITBIHIBIIA KepiHenl. Ochl KyMbIC OapbIChIHIA CTYACHT FHUIBIMH 3€PTTEYIIH Ke3eHJepi MeH
MPUHIIATITEPIH TAHUTHIH 00JIAJTBI.

Macenenik OKbITYAaFbl OKYIIBUIAPABIH iC-OpeKeT1 Keneciiel Ke3eHaepieH oTyal Ke3Ien/i:

— MOCeJIeHIH ICIIiMi, OHbI TYKBIPBIMIAY;

— IIapTTapsl Tanjaay, oenrini 6ip HopceHi Oenrici3fieH aKbIpary;

— TUnoTe3anap/sl (HycKanap/ibl) YChIHY KOHE IIEMIIM >KOCTIapblH TaHAay (HeMece Oenriii
ToCUIAep HeTi3iHAe HeMece TyOereii )kaHa Tocull 13/1ey);

— ILIeMIM KOCHapbIH iCKe achIpy;

— OpEeKeTTep MEH HOTHKENEPAiH AYPBICTHIFBIH TEKCEPY KOJJAPhIH 13/1eY.

Macenenik OKbITyJaFbl MYFaTIMHIH KbI3METI1 Kelecifie:

— MoceNeNiK XKaFgalasl Kypy oficiH Taly (oilyay), OKYIIBIHBIH OHBI MICHIYAIH BIKTHMAJ
HYCKaJIapbIH KapacThIpy;

OKYIIBUIAPJIBIH MOCeNIeNIepiH eyl 6ackapy;

— MOCEIIEHIH TYKBIPBIMBIH HAKTHLIAY;

OKYIIbLIApFa KaFJaiIbl Talgayra KOMEK KOpCeTy;
IIETIIM KOCTIAPBIH TaH/IayFa KOMEKTECY;
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— IIeNry Mpouecine KeHec oepy;

— ©31H-631 0aKplIay TocuIIepiH TaOyFa KOMEKTECY;

— JKEKe KaTeJIep/Ii TaJiIay HeMece MOCelIeH1 ey TiH Kbl TalKbuiaysl [2, 161 6.].

Mocenemnik OKbITYAbIH apTHIKIIBIIBIKTAPHI:

— OKymbuTapIblH aKbUI-OM KYIITEPIH JaMbBITYFa BIKMal eTeli (Kapama-KallibUIbIKTap Oi3ai
MpOoOIeMaNbIK JKaFJaiilaH MIBIFYIbIH JKOJBIH 13Ieyre MOKOYp eTeil); TOyenci3mik (MoceleHi o3
OeTiHIIEe Kepy, HIIIIM KOCTIapbIH TaHay JKoHE T.0.); MIBIFapMAaIIbUIBIK OWJIayAbl IaMBITY (TOyeICi3
CTaHJIAPTTHI €MEC MISHIM/II 137IeY).

— Macenenmik OKbITY OUTIMII HEFYPIIBIM OCpiK UTEpy/li KAMTaMachl3 eTelli (©3/IriHeH albIHFaH
HOpCE JKAaKChl MIepiTil, Y3aK YaKbIT eCTe KajaJbl); aHAJIWTUKAJIBIK OMJIAy/Ibl JIaMBITaIbI
(mapTTrapasl Tangay, MYMKIH OoJlaThlH IIewIiMaepAl Oaranay), JIOTMKaJIbIK OWjay (TaHaaidraH
MIENTIMHIH AYPBICTHIFBIH, TOIENACY 11 Tajam eTe/i).

— Macenenik OKbITY OKYLIBIAP/bl KOPIIAFaH IIBIHABIKTBI TaHY 9JIICTEPIMEH KapyJaHIbIpaibl,
THICT1 OaKpUIAY JAFABIIAPbIH HET13€M OTBIPHIN, HET13T1 3aHABUIBIKTAP/IbI KAIMbLUIAY KOHE IIBIFApy
KaOLIeTTepiH JaMbITa/lbl, KOJ JKETIM/I1 3epTTey KYMBbIChIHA TalFaM Oepei.

— Okymisuiap 3epTTeeTiH KYOBUIBICTBIH MOHIH Te3 TYCIHEHIl JKOHE HETI3JIeNTeH jKayarrap
oepeni. Omap TaHBIMIBIK KAKETTUTIKTED MEH KBI3BIFYIIBUIBIKTEI JaMBITAIbI, OUTIMIE JIereH
CEHIMJUTIKTI JaMbITaJbl, OWTKEH1 CTyAEHTTep o34epl Ooypkamaap xkKacam, oJapisl e371epi
ToNenien .

Macenenik OKbITYIbIH KEMITUTIKTEPI:

OKY MACEJIECiH TYKBIPBIMIAy OHAll eMec,

OapIbIK OKYy MaTepHallJapbIH MpobdiemManap TypiHjae KypyFa 0oamManibl;
MOCeeIiK OKBITY JaFIplIap bl TaMBITYFa bIKIAI eTHei i,

YHEM/II eMeC — KOTl YaKbITThI Ka)KET e€Te/Il.

KopeiTa kenrenze 3epTrey OMICIH KOJAAHY CTYACHTTEPIIH >KETKUTIKTI TEOPHUSIIBIK OLTIM
0a3achlH KaXeT eTell. by ofic OKyImIbUIapAbIH TaHBIMIBIK OCJICEHAUTINHIH KOFaphl JEHTCHIMEH
cunarranaapl. byn ofic 3epTXaHalbIK KOHE MPAaKTUKANBIK cabakrap YIIIH eTe Kakchl. OKbITyAa
3epTTey OAICIH KOJJaHy «KalTa ally» IUIaKTUKAchlHA, SIFHU CTYJCHTTEPAIH FhUIbIMAA OYphIHHAH
Oenrimi OUTIMHIH aIlibUTybIHA KaTajibl. byl OKy-oficTeMenik 3epTTeyai FhUIBIMU 3€pTTeyIeH
epeKIeNnenaipeai. OHIMII iCKe achlpy HEMece alIbIK OUTIMII IIBIFApMAaIIbUIBIK KOJIaHy Ke3eHIHIe
CTYIACHTTEPAIH aHBIKTAMAJIBIK CHUTHAJI HEMece KOpKEeMIIK OeilHeH1 KypacTBhIpYbIH KOJIJaHyFa
0omanpl, ce0edi MIBIFApMAIIBUIBIK OYJI KaHa MaTepHANIbIK JKOHE PYXaHU KYHABUIBIKTApAbl KYpY
OOJIBIIT TaOBUIATHIH KBI3MET OOJIBIIT TaObLIAIEL.
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Koram namybIHBIH Ka3ipri Ke3eHi FBUIBIMH OUTIMHIH KapKbIHIBI JaMybIMEH, TEXHHKAJBIK
UJesIapAblH Te3 e3repyiMeH, FhUIBIMHBIH FaHa eMec, COHbIMEH Oipre ajgaMm KbI3METiHiH KOITereH
MPAKTUKAIBIK TYpJIEpiHIH MaTeMaTHKACBIMEH, dPTYPIIi canaiap/a HaKThl MATEeMaTHUKAJBIK 9ICTEP i
KaH-)KaKThl KOJJAaHYMEH CUIaTTalaapl. MaremMaTtuka KOpIlaraH MIBIHIBIKTHI 3€PTTEY YIIIH HKaJIIbI
KOHE KETKLUTIKT1 aKbIH MOJIENbIEP Il YChIHABI. OPTYPIi KYOBLTBICTAp MEH MPOIECTEPAIH CaHIbIK
cUMaTTaManapblHBIH ©3apa OalllaHBICHIH CHUMATTAUTBIH MaTEMaTHKANBIK MOJACIBACPAIH podi
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KOMIBIOTEPIIIK OHJCYAIH KEHEHTIIreH MYMKIHIIKTepiHe OaimaHbIicThl apTansl. KyHOemikTi
ToKipuOene MaTeMaTHKAIbIK OUTIM KMl KOJIaHBbUIaAbl. byl KapamailblM MaTeMaTHKaJIbIK
ecemnTeyliep FaHa eMeC, COHBIMEH KaTap »OFapbl MaTeMaTHKa, MaTEeMATHKAIBIK Talljay >KOHE
BIKTUMAQJIJIBIK TCOPHUSICHIHBIH dJieMeHTTepl. Ochlaifilia, MaTeMaTUKaIbIK OUTIMHIH KEH CIEKTpi
Ka3ipri 3aMaHFbl aJJaMHBIH JKaJIIbl MOJCHUETIHIH MIHACTTI AJIEMEHTIHE aifHATy 1a.

MareMaTHKaHBIH ©CIT Kelle JKaTKaH pelli OHBIH OpTa MEKTeNTeri IOH peTiHxaeri
MaHBI3BIIBIFBIH APTTHIPAILI JKOHE OFaH ©31HIH JKaJblHAH aJbIHFaH JAWbIH OUTIMMEH FaHa eMec,
COHBIMEH Oipre FBUIBIMH aKIapaTThIH Ocill Kelie JKaTKaH aFbIMBIHIA JKYPE ajaTblH, KaJIIbI
UICSUIADMEH OJicTepre He afaMmuapabl TopOuesney MIHIACTIH KOSbl. OpPTYpii (akTiiepMeH
KYOBUIBICTAPIBI KAl TYPFBITAH KaMTyFa MYMKiHIIK Oepemi. COHIBIKTaH MEKTEN alAbIHIA
TYpFaH MIHAETTepAIH Oipi — MEKTeln MaTeMaTHKa KYpPCHIHBIH Ma3MYHBIH Ka3ipri FBUIBIMHBIH
KETICTIKTEpIMEH  KaKbIHIACThIPy, MaTEeMaTHUKAJIbIK MOJEHUET JIEHI'eWiH, OKYUIbLIap/bIH
MaTeMaTHKAIBIK aMy JCHIeHIH apTThIPY.

MexTenTeri MareMaTvka KYPCHIHBIH TaKbIPBIITAPbIHBIH Oipl - "AsFamiksl (YHKUIHS KOHE
uaTerpan”. Marerpan mekrente XX raceIpAblH 60116 )KbUTIAP/IBIH asFbl MeH XX FaceipAblH 70-mri
KBUIIAPBIHBIH OachIHIAaFbl MaTEMATUKAIBIK OuTiIM Oepy pedopmanapblHBIH HOTHXKECIHJE Maiia
0071/1b1, 0J1 MEKTETITE MaTEMATUKAJIBIK TaJIJay JJIEMEHTTEPIH €HT 1311,

«Anrebpa >xoHe aHanu3 Oacrtamanapbl» MOHIHIH OarmapiamackiHaa 10-cerHbTa 42 carar
OepuIeTiH TYbIHABI TaKbIpbIObI, ai, 11-ceiHbinTa 15 caraTneH 1eKTeIeTiH UHTerpasl TaKbIphIITaphl
VHUBEPCHUTET KaOBIPFAChIH/IA KeIIeri OKYIIbUIAPBIMEH TaFbl KaybIliajael. JKOoFapel MaTeMaTHKa
MIOHIH yHBepcuTerTepaeri 1 kypc cryaeHTTepiHiH 60 mMalbI3bIHBIH OKUTBHIHBIH €CKepCceK, Oyl
TaKbBIPBINTAPIbl OCHI Oananap KbI3bIFa, bIHTAJaHA OKYJIAphl YIIIH HE icTeyre OoJjajpl JIeTeH Cypak
Tyaapl. Matematuka — abcrpaktiti FeuTbIM. COHNIBIKTAH OKYZBIH aJIFaIlKbl KYHJEpIHEH Oacrar-ax
OKBITYIIBIHBIH cabaKTac MOHAEP/ICH IEPEKTEP KEATIPYIH KaxeT ere/i. backa oKy moHaepiHeH ajaFaH
OutiMzaepiHe CyHeHe OTBIPBIN, CTYJASHTTEpP OTUICTIH MaTepHalabl camajbl TYpAE MEHrepei.
MareMatuka KypChIHBIH opOip TaKbIPHIOBIH OKBITY OapbIChIHAA CTYACHTTEPAiH OoJamraKTarsl
MaMaHIBIKTaphl VIIIH TaHYJaFbl MaTEMaTUKaHBIH POJIIH JYPBIC TYCIHYre >KoHE alifaH OuTiMICpiH
MPaKTUKAIBIK €CEnTep/Il MIeNTyae KoJilaHa OuTyre ocepl TUETIHACH MoHapalbIK OalIaHBICTApIbI
ICK€ achIpbIll OTHIPYbl KakeT. MaremMaTuka cabarblHJA MOHAPAIBIK €CENTEepAl Iy apKbLiIbl
OKYUIbLJIAp JKaHa arJaiiapMeH TaHbICaIbl, MAaTEMATUKAJIBIK TEOPUSIAP/Ibl, €CENTEPIiH IICIIIMIH
Tabyra KOJIJaHy (bl YHPEHE/ 1, €Cell IIeNIyre KaThICThI KaHa 9JIICTep/IIH eMeC MaTeMaTUKaHbIH KaHa
TapayJapblH OKbIN YiipeHei. backarra aifTkana, ecenrepal meny apKbUlbl MAaTeMaTHKAJIBIK OUTiM1
MEH OUIiriH mambITazbl. KyHIEMKTI eMipre KaThICThl MPAKTUKAIBIK €CENTEep Il menry OapbIChIH/IA
OKYIIIBI MaTEMAaTHUKAJIBIK OLUTIMIH KOJAAHYIbI YHPEHE/T1.

Kanmer OimiM OepeTiH MEKTENTIH KOFaMIBIK — T'YMaHUTApJIbIK OaFbITHIHBIH | 1-ChIHBIOBIHA
apHaJFaH OKYNbIKTa 1-Tapay «AuFamkel (YHKIHS XKOHE WHTErpal» TaKbIPHIObIMEH OacTanaipbl,
Tapay TepT maparpadTan  Typanasl. bipiHmi  maparpadra  anFamkel  (QyHKUIHSHBIH,
aHBIKTAJIMaraH MHTETPAIBIH  aHbIKTaMallapbl, HWHTETPAIJbIH Kacuerrepi Oepineni. Exinmi
naparpadTa KUChIKCHI3BIKTHI TpAMelysi YFbIMbI )KOHE OHBIH ayJaHbl, aJl YIIIHIIICIH/IE UHTETPAJIbIK
KOCBIH/bI,  aHBIKTAJIFaH MHTErpal  YFeIMIapbl  koHe  Hprorton-JleitOnun  dopmynacs
KapacTbipbliaabl. CoHFBI, TOpTiHINI maparpadra >ka3blK (urypamap aynaHaapbl MeH aiHay
JICHENIepiHIH KoeNeMIEpiH aHBIKTalFaH HWHTerpal KeMeriMeH ecenrte. TOpTIHIII TaKbIpbIITa
MHTETPaIbl TEOMETPHUSUIIBIK XKoHe (PU3MKAIBIK ecenTepie KOJIIaHy KapacThIpbUIFaH.

Koananbliaran sneduerrep Tisimi
1. AxmeroB, M. [Ipon3BogHBIE U HHTETPATBl B MIKOIEHOM Kypce MaTeMaTHKH: aBToped. IUC. . KaH[. Tell. HayK:
13.00.02. / M. AxmeroB. Aimma-ATta, 1976. -19 ¢
2. Kommoropos A.H., AbpamoB A.M., dymaunera FO.I1. AnreOpa u Hagana aHanm3a: yaeOHuK s 10-11 kmaccos.
- M.: IIpoceemenne, 2009. - 365 c.
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MEKTEIITEI'l FBIUVIBIMU 3EPTTEY K¥MbICbHI
Baiiooaosa M.T.

Axademux E.A.boxemos amvinoazvl Kapasanowl ynusepcumemi, Kapaeanowl, Kazaxkcman
E-mail: moldir_16.81@mail.ru

Ke3 kenren koramra OapbeIHIBI agaMaap KaKeT, ajl MEKTENTiH MIHAeTI — OKYyIIbLIAp/AbIH
WHTEJUICKTYA/IBIK KaOUIeTiH JaMBITyFa BIKNAT €Ty. OKiHIIKe opai, opOip Oaia e3 KabinerrepiH
KY3ere acblpa anMaiiipl. MekTen NHeH MyFaliMIEpAiH MIHAETi-OKYIIBIHBI KOJJIAy YXOHE OHBIH
KaOLIeTTepiH JNaMBITy, OCHI KaOUISTTepIiH >Ky3ere acyblHa o0JI amry. JKaHaiblKKa JereH
KYIITAPJIBIK, OOJMBICTBIH IIIKI CBHIPJIAPBIHA YHUIYre JETeH YMTBUIBIC MEKTEN OPBIHJIBIKTAPhIH/IA
TYyaJlbl.

Kasipnig e3iHne Oacraybllll MEKTENTE CI13 MEKTEN OKYJIBIFBIMEH KYMBIC >KacaMailTbIH
OKYIIBUTAP/IbI KE3JECTIPE ajachl3, ojap apHaiibl oeOueTTepal OKUIbI, 9pTYpIil OUTIM callajapbiH/ia
03 cypakrapbeiHa skayan 137eiial. COHIBIKTaH MEKTENTe FBUIBIM MEH TEXHUKAHBIH opTYpJi
caJlajlapblHa KbI3BIFYIIBUIBIK TAHBITKAHIAPABIH OapiIbIFbIH aHBIKTAY, OJApJbIH JKOCHapiapbl MeH
apMaHJapbIH JKY3€re achblpyFa KOMEKTECY, MEKTEN OKYLIbUIApbIH OMIpPJAEri FhUIBIMABI 13/1€CTIpYy
YKOJIBIHA LIBIFApY, OJap/blH KaOUIETTEPIH TOJBIK alllyFa KOMEKTECY 6T€ MaHbI3Ibl. 3€pPTTEYLIIre TOH
KapanaibIM KacHeTTep/l KAJIbINTAaCTBIPFaH OKYILbI TUIMAIPEK KYMBIC ICTEeIl, KOFaMFa Haiiiackl MOJ
6onanpl. by TuiMal okyra, OKy MOHAEpIH TEpeHipek TyciHyre kemekreceal. buiim Oepy xyilecin
KAHFBIPTY JKaHa WAESUIapChI3, TOCUIAEpCi3, 3aMaHayH TEXHOJOTHSUIAPCHI3, OKYIIbUIApD MEH
MyFamiMaepAiH OipieckeH eHOeriHci3 MyMKiH emec. MyHaaill ToxipuOeH1 Kypy >Kaimbl OuTiM
OepeTiH MeKeMeNeri FhUIBIMU-3epPTTey KbI3MET1 OapbIChlHIA Ky3ere acblipbuianbl. On e3iH-e31
JAMBITY/IbIH, ©31H-031 aHBIKTaYAbIH (PaKTOPHI PETIHIE OPEKET ETETIH JKOHE TYJIFANBIK kKoHe KociOu
JaMyFa auTapJIbIKTald ocep eTETIHIIKTEeH, OYTIHT1 TaHa FRUIBIMU-3€PTTEY KBI3METIH YHBIMIACTBIPY
epeKIlie MaHbI3Fa He.

OKymbIapAblH  3€PTTEYIIUNIK OpeKeTi op OamaHbIH ©31HJIK CaHAChIH JaMbITa OTBIPHIII,
IIBIFAPMAIIBUIBIK TYJIFAHBl KAJIBINTACTBIPYFa KOMEKTECEIl, ©31HI3/IIH JapbIHIbUIBIFBIHBI3IBIH OIp
Oenirin e OoJica cesiHyre, OalKam Kepyre, aHBIKTayFa »oHE >KaHApTyFa MYMKIHIIK Oepei.
Kerekuri MmyramiMHIH 1CI-IIBIFAPMAIIBLUIBIK aTMOC(EPAHBI KYPY KOHE KOJIaay.

FouieiMu-3epTTey KpI3MeTi OapbIChiHA OKYLIBLUIAPIBIH KeJlecl AaFAbliapbl MEH KacHeTTepi
JAMU/JIBI:

- nepOec 3epTTey KbI3METIHIH JaFIbICHI;

- FBUIBIMH-TAHBIM/IBIK 9I€OMETTEPMEH JKYMBIC Kacay JIaFAbIChl

- OacTamallbUIIBIK TEH HIbIFApMallbUIbIK;

- MEKTeIl OUTIMiH maifaiany, KEHEHUTY JKOHE TePEHIETY;

- OpPTYpJIi MaMaHJapMeH BIHThIMAKTaca KYMbIC icTeil Outy;

- OKYILIBUIAP/AbIH OCHI MIOH OOMbIHINIA ©31H-631 OEKITY1 )KOHE 03 KYILIIHE CeHYI;

- ©3 MIKipiH, OWBIH alIBIK ANUTY;

- KbI3BIFYIIBUIBIFBIH KaHAFaTTaHIBIPY.

3epTTeyniK OKBITY OapbIChIHAA OKYILIBUIAD TEOPHsUIApAbIH Maiina OONybl JKOHIHAE KOITereH
ManimerTep kuHakraiapl. H.M.IlaBnoB “Y¥# kipmimTeH KypanaTelH 0oJica, FBUIBIM JIEPEKTEPACH
Kypanaapl”, JeMEeKIIl op KIpMiTeH HeMece TacTaH KypalFaH YHIHAI Yi Jen caHadMainabl, o7
collaif Ke3 KeNreH AepeKTep/iH KUBIHTBIFBI Ja FhUIBIMH OuTiM Oona anmaiinel. COHIBIKTaH
“FBUIBIM” JIETE€H CO3JIH MaFbIHACHI SXKEIJIeH “YHBIMIACTBIPBUIFaH OuTiM ~ aenm TyciHaipiireH. XKac
KETKIHIIEeK Oalfkay *KYyprizy Hemece TaKipuOeney HOTHKECIHAE albIHFaH JAepeKTepi, Oosnkamaapsl,
TONTACTBIPY CXEMalaphl, TINTI alKbIHAAIFaH 3aHAapbl — FBUIBIM MaTepHalgapbl €KEHAIrH XKeTe
TyCiHy Kepek. bymapasl FBUIIBIM - peTiHAE  YHBIMIACThIpaThiH-TeOpHUs. Enpeme wMekTen
KaOBIpFachiHAAa 3epPTTEYMEH alHalbICKaH Oaia >kaHa akKmapaTTap >KWHAKTay apKbUIbl FHUIBIMFA
QIIFAIIKBI KaJIAMbIH YKacaiIbl.

FouipiMu-3epTTey  KpI3METI-OyJT  OKYIIBUIAPABIH — IIBIFAPMAIIBUIBIK, 3€pTTEY MOCceNeciH
IIEIIyMEH OaiIaHBICTBI JKOHE FBUIBIMH 3€pTTEYNIepre TOH HETi3ri Ke3eHAEpAiH, COHAak-aK
TaHJaTFaH KYOBUIBICTHI 3€PTTEYAIH MPAKTUKAIBIK dJicTeMeci, 031H/IK dKCIIEPUMEHTTIK MaTepua,

189


mailto:moldir_16.81@mail.ru

QJIBIHFAH MOJTIMETTEpAl Talfay >KoHEe OJaH TYBIHIAWTHIH TYXKBIPBIMAAP CHUSKTHI JIEMEHTTEPIiH
00JTybIH K©3/1eHTiH O111iM Oepy KYMBICHI.

Kanmait mapeiHael Oanma OOJIMAchiH, OHBIH OapibIFBl ©3 OETIMEH FBUIBIMH KYMBIC JKa3yFa,
3epTTey, 3AeHicke Oapa anmaiinel. On yIIH MYFalTIMHIH KOMEri, akbUI- KeHeci KaxeT. FruipiMu
YKYMBICTBIH HOTHKEILTIr KO KaFaaiaa TaHJaaFaH oicHaMmara OaitaHbICThl. COHABIKTHIH MEKTEIl
imiHeH IpIKTeN aJiFaH JapbIHIbl OKYIIBIIAPBIMBI30CH FBUIBIMH — 3€PTTEY JKYMBICBHIH KYPTi3yi
yiipeTkeH makTa OIpiHII — TEOPHUSUIBIK d/lICHAMATIAP/AbIH TYPJEPiH, KaHa Oi- MaibIM IIbIFapyFa,
FBUIBIMH 0OJDKAaM, CaJBICTHIPY, Tayjay jkacayasl yipery. EKiHIII -aypbIic TakpIpblll TaHJAI,
npobsemManap TYFBI3BIN, OHBI IIeme Oury. YIIiHmi — k002 KYPBUIBIMBIH AYPHIC Kypa OiTy, OHBI
KOpFay oJiCTepiH yipeTy. FBUIbIMU KYMBICTHI jKa3y, 137ICHy Tep TOreTiH eHOEKTI KaKeT eTeTiHi
TYCIHIKTL. AN OHBI KOpray na ete Kypuemi wmocene. COHBIMEH Karap, op OKYIIBl FHUIBIMH
KYMBICTap/Ipl JKa3FaHJa KYHJIENIK KYyprisreHi aypeic.OcelFaH opaif, MEeKTenTepae OKYLIbUIapablH
FBUTBIMH KOFAMBIHBIH KYMBICTAPbIH XKaHIAHABIPY — YJIKEH MIHJET.

KopbITeiHbIIaN Kene, skainmbl OuliM OepeTiH MEKTenTe OKYIIbLIApJbIH FhUIBIMH-3EPTTEY
YKYMBICTapbIH OKY TPOIIECIHE €HTi3y OFaH TeK OuTiM Oepyal Japajiay MEH capajiayibl FaHa eMec,
COHBIMEH KaTap OuTIM Oepy/il aHbIKTayIbIH KypajlblHa aifHayFa MYMKIHAIK OepeTiHiH Tarbl Oip peT
atan oTKiM Kesei. OKYIIBIHBIH KaOlIeTi MEH KbI3BIFYIIBUIBIFBIH €CKEPEe OTHIPHIN, COHBIMEH KaTap
OKYIIBIHBIH K€KEe TYJIFAachbl MEH OHBIH KaOUIETIH JaMbITYIbIH IIApThl OOJIBIN TaOBUIATBIH HEri3ri
koHe MeHIH JXeKe ToXKIpuOeM KOPCETKEHICH, FBUIBIMU-3€PTTEY >KYMBICBIHBIH MIBIFapMalibll,
OeJICeH/ Tl TYJIFaHbI JAMBITYFa YJIKEH MYMKIHAIKTEp1 6ap. OKYIIbI OKYy/Ia MOCEIECiH KEeHe ajca, OHJa
0J HaKkThl emipne OeHimuenrim OGonaapl. COHBIMEH KaTap, OYTIHTT MEKTeN OKYIIBICHI €PTEHT1
CTYICHT, MEKTENTe aJfaH 3epPTTEyNIUTIK JaFApuIapbl YHUBEPCUTETTE FHUIBIMMEH IIBIHIAI
alHAJIBICKBICHI KEJIETIHACPTe KAKChl KbI3MET €TEe/Il.
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JKOFAPBI MATEMATUKAJIAFBI TIOHAPAJIBIK BAMJIAHBIC
ba3burkanosa A.C.
Axademux E.A.Foxemog amuvinoazvl Kapazanowvl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail: aiger1110@mail.ru

OKpITYy Ma3MyHBIHJAFbl OUIIM MEH ICKEPJIKTIH aJaMHBIH HHTEIUICKTYIIbIK OpiCiH
OalBITY/IaFbl, aKUKAT JYHUEHIH OIipTyTrac »KyWhe eKEHIIri >XOHIHAErl FBUIBIMH KO3KapacThl
KaJBINTACTRIPYIAFbl, alfaH OUTIMII eMipMeH, KOFaMJbIK ToXKIpHOeMeH OallaHBICTBIPYIaFbl
KypangapAblH Oipi — MoHapabIK OaiinaHbIC.

Cabax matepuanbiH O6epy OapbIChIHAA TOHAPATBIK OAHIaHBICTBI OPHATY YFBIMBI JKaHAIIBIIIBIK
OonMaraHbIMEH, Ka3ipri TaHga ©3eKTi MmacenenepiAiH Oipi nenm aityra Oonagpl. Cebebi COHFBI
Ke3lepi OalKanaTblH caFaT CaHBIHBIH KbICKapybl OUTIM anyliblFa OepuleTiH —akKmaparThl
Tass3JaHABIPBIN, >KaH-KAKThl JaMyblHa Kepl ocepiH Turizemi. IloHapanplk OaityiaHbIic OLTIM
QIYIIBIHBIH IBIFAPMAIIBUTBIK JKOHE JIOTHKAIBIK OWIAyblH JaMbITaIbl, MaTeMaTUKaHBIH TYpIi
OarbITTAapPBIHJIAFBI YFBIMIAP IBbIH OaiJIaHBICHIH TEPEH TYCIHIN, FRUIBIMH TAHBIMIBIFBIH apTTHIPAJIbI, all
OULTIM anyIIBIHBIH MaTeMaTHKaja UrepreH OUTIMIH TYpJi cdepasarbl TarchblpManapibl IIEIIye
KOJI/IaHa airy KaOUIeTiH MaTeMaTUKaIbIK (YHKIIMOHAIIBIK CayaTThUIBIK JeyiMi3re OOIaIbl.
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[TonapanblK OaiilaHBICTapAbl KY3€re achIpyIblH OOBEKTHBTI JKOHE CYyOBEKTHUBTI €Ki JKaFbIH
Oemin kepceryre 601anbl. OOBEKTHUBTI KaFbl OKBITY Ma3MYHBIH aHBIKTAy Ke3iHJe KOpiHiC TabaJlbl
XKOHE OKY KOCIApJIapbIH, OarmapiaManapbiH, OKYJIBIKTap/bl, OKY KYpaJlJapblH >KoHE T.0. d3ipiey
ke3inge eckepineni. CyOBeKTHUBTI KaFbl TIKEIEH OKBITY YpIICIHAE KepiHic Tabanpl, sSFHU OLTIM
aJIyIIbIFa KATBICTHI MOHAPAJIBIK OaMIaHBICTBI JKY3€Te achIpYAbIH HETi3ri Tociiiepi MeH amicrepi
KapacThIPBLIA/IbI.

OJCTEeMENIK KOHE IUNAKTUKAIBIK 9/ICOMETTEpIe OKBITHUIATBIH MaTCPUAJIBIH Ma3MYHBIHA
Kapail, KaJbIlITacaThIH JaFblFa Kapad, OKBITYABIH OIiCI MEH KypajblHAa Kapai Jem MoHapajIbIK
0aliTaHBICTHIH HETI3T1 YII TYPIH aTar Kepcete/i. Ma3MyHBI )KoHE KaJIbIIITACAThIH JaFbIIbl OOMBIHIIA
OaliaHBICTRIH OeC TYpi, a1 9fici MEH Kypalibl OolibIHIIA OalTaHBICTHIH eKi Typi Oap. Conma Oynan
MOHApAJIBIK OaWIaHBICTBIH KONTYPIUIIriH OalkaiiMbI3. JXKorapel OKy OpHBIHAAFBl MaTeMaTHKa
OKBITYIIBICHl TIOHAPAIBIK OAaWJIAHBICTBIH YII TYPIH TalJanaHaabl: alJbIHFBI OTKEH ITOHMEH
OalIaHBICTHIPY, aFbIMAAFBI (Mapaienb) OTUIIN JKaTKaH MOHMEH OalaHBICTBIPY JKOHE KEJIEHIEKTe
OTETIH ITOHMEH OalaHbICTRIPY [1].

[Tonapaneik Oaitmanpic MOHAEpPre opTak ¢akTiiep, YFbIMAap, TYCIHIKTEpre, uiesuiapra
OaiimaHbICTBl OOJIAJBI, COHIBIKTAH OV MaKaiajga >KOFapbl MaTeMaTHUKaHBIH JKAIIBl KypCTapbl
apachIHJaFbl KEHO1p MoHapaNIbIK OalIaHbIC KapacThIPHLIAIBI.

CeBBBIKTHIK anreOpa IoHI anredpa MEH TeOMETPHUSHBIH TYHicyl aeyre 6omaapl. COHIBIKTAH J1a
0onap, 07 MaTeMaTHKaHBIH OapiblK Oacka OeiimiaepiHiH OalaHbICTBIpY TUIl icmerrec. bip
JKaFbIHAH OJlapJia CHI3BIKTHIK alIreOpaHbIH TEPMHUHOJOTHSACHI KOJIAHBUIAIBI. MBICAIBI, TI30CKTED,
GyHKIMsUIAp, CHI3BIKTHIK U depeHInanablK TEeHACYIepiH MIemiMaepl oHe T.0. BeKTopiap
00JIbI TaOBLTANBI JKOHE BEKTOPJBIK KEHICTIKTEP KYpanabl, ad Oyl KEHICTIKTEepAE CKaJSIPIIBIK
KOOEHTIHI opTypi1i Oepineni. ExiHII KaFbIHaH, KaJIMbl anreOpaHblH, MAaTEMATHKAIIBIK TaJaAayIbIH
JKOHE TEOMETPHUSHBIH OOBEKTUIEpPl CBHI3BIKTBHIK anredpa MICHOEpIHIE CHhI3BIKTBHIK KEHICTIKTIH
MbIcCaJIIapbl PETIH/I€ KapacThIPbLIabl.

[Tonapanelk OailylaHBICKA KOMOMHATOPHKA JJIEMEHTTEpl JKaTKbI3yra Oonanmbl. Cebebi o
KONMYILETIKTep anredpachlHia, MaTeMaTHKAIbIK Tajlgayda >KOHE BIKTUMAJABIKTAp TEOPUSICHIHAA,
TINTI AUCKPETTIK MaTeMaTHKaAa Aa KCHIHEH KOJIIaHbLIAIbI.

MatemaTukaHblH Kbl KYPCBHIHAAFBl TYPJACHAIPY YFBIMBI KOITEreH MaTeMaTHKaHbIH
OemiMaepiHAC Ke3aeceai: aHaIMTHKAJIbIK TeOMETpHUsigaH OacTall MaTeMaTHKAJIBIK (HU3UKAHBIH
TeHJeyJIepiHe JIeHiH TYPJICHIIPYIl KOJIIaHa ally aca MaHbI3bl. Ayaiiia, TypJICHIIPY YFBIMBI KEHOIp
OLTIM aJymIbLIap YIIiH KMBIHFA COFBII JKaTaabl. OpHUHE OyJI )Kepe KapalIlaibIM ecerTepieH dacran
KapacTbIpFaH »KeH. MpbIcalbl, aHAJIUTHKAIBIK TE€OMETPUSAIAFbl CBHI3BIKTHIK >KoHE adduHIIK
TYPJICHIIIPY HEFYPJIBIM KapanaibIM TYpAE TYCIHIIPUICII.

[Tonapanelk OaillaHbIC YFBIMBIHA CBI3BIKTHIK aireOpaHblH aHBIKTAYBIIITAp YFBIMBIH TEK
anreOpanbIK TYPFbIZa €eMeC, COHBIMEH KaTap T€OMETPHUSUIBIK TYPFBIAaH KapacThIpFaH >keH. SIFHu N-
OJIIeM/Il KBaJpaTThIK MATPHUIAHBIH AHBIKTAYBIINIBI OChl MATPHUIIAHBIH COHWKEC JKOJIapbl
(6arananapbpl) BEeKTOpJIAp OOJIBINT TAaOBUIATHIH MApPAJUICIIUIICATIH KOJIEMIHEe TeH. OJeTTe 3-IIi peTTi
KBQJIpaTTHIK MaTpula VIOIH Oyl (GakT aHaJTUTHKAIBIK TeOMETpUsAIa BEKTOPJIApAbIH apaiac
KoOCHUTIHIICI TaKbIPLIOBIHIA JQJICIICHeIl A¢ OacKa jkKarJaiiiap VIIIH KapacThIpbLIMAaMabl. ApHHE,
3-111 peTTiieH >KOFapbl >KarAaijmapapl JKeKelereH OUIiM amymibuiapra o3 OeTiHIIe 3epTTer,
3epeneyre KOChIMIIA TarcklpMa peTinae oepyre 6onassi [2].

Xorapsl MaTeMaTHKaHBIH op OeyiMiHIAE OTINETIH J>KaHa YFbIMAApFa MbICAll PETIiHIe
MaTeMaTHKaHbIH Oacka OeiiMaepiH KapacTeipyFa Oojaapl. ATam aTcak, >Xaambel anreopa
KYPCBIH/IaFbl TPYIITIA, aybICTBIPMAIap/IbIH MK TPYTIACkl, CAKMHA KOHE OPiC CUAKTHI a0CTPAKTHLIBI
YFBIMJIAPMEH TaHBICY OapbIChIHIA MBICAT PETIHAE T'E€OMETPHsS KYpPCBIHIAFbl BEKTOpJIAJbl alyra
6omagpl. Cebeb1 HeFypIIbIM aOCTPaKTHUIBI YFBIMIAPbI TYCIHY OLTIM ayIibulap YIIiH Kell XarJaia
KHUBIHFA COFBII >KaTajsl [3].

I'padrap Teopuschl a mMoHapalbIK OaiiaHbIC cUMaTTaMackiHa ue. ['padrap xkepHEKi 0OBEKT
Oombin TabbuTanel. Onap apKbUIbl JaMbIMabl Kypeli xkyienepai Oelineneyre 0omaasl. CUMITIEKC
CUSIKTBI TE€OMETPHUSUIBIK OOBEKTIHI Trpad peTiHIe KapacThlpca, OHJA OHBIH TE€OMETPHUSMEH

191



OaitnmanpicbiH kKepeMi3. COHbIMEH Kartap, rpadTap TEOPHUsCHl AITOPTUMIEP TEOPHUSACHl MEH XKeliiep
TEOPHSCHIH JIa KOJIAHBIC Ta0aIbl.

CoHBIMEH, JKOFaphl OKY OPBIHAAPBIHIAFHl MaTEeMAaTHUKA MOHJCPIHIH apachIHAAFbl IMOHAPAIBIK
OaiimaHpIC OKYIBIH TE€K KaHa KOJJaHOalbl TYpi eMec, COHbBIMEH KaTap MaTeMaTHKaHBIH SpTYpJi
OemiMepiHiH e3apa OaillaHbIC Kypalbl €KeHIH KepceTemi. SIFHU OCBhl apKbLIbl MAaTeMAaTUKAHBIH
TYTaCTHIFBIH Oalikaranpl. 3aMaHayd FBUIBIMH OUIIMHIH JaMy TEHICHIMSICHIH OPHEKTEHTIH
FBUTBIMBIHBIH MHTEpranusacel MeH auddepeHumanmscel 6acka qa MoHASP apachIHAarbl MTOHAPAIBIK
OaliaHBICTHIH poIIiH KymenTeai. Jlopic, mpakTuka cabaKTapbIH/Ia MTOHAPATIBIK OaliTaHBICTBI CAyaTThI
KOJIJTaHy OLTIM aTyIIbIHBIH JYHHETAaHBIMBIHBIH JaMYybIH KOTEpPE/Ii.

By TakpIppl eTe ayKpIMABI OOJFaHIBIKTAH OapiibIK IMOHApPANBIK OaillaHBICTBI Oip TE3WC
OaphICBIHAA aIlIbIll KOpceTy MYMKIH emec. COHIBIKTAH aBTOP JKOFapbl MAaTEMAaTHUKAHBIH JKaJITbI
KYPCBIHJIaFbl KEHUOIp TaKbIPBINTAPbl FaHA MbICATFA KENTIpHl. SIFHM Oy Te3uC >kac MaTeMaTHK-
OKBITYIIBUIAP YIIiH KOMEK MaTepHallbl OOJICHIH JIET€H MaKCATIIEH Ka3bUIIbI.
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MATEMATHUKA IIOHIH STEM TEXHOJIOI'USCBbI
APKBLJIBI OKbITY MOCEJIEJIEPI
bexbayoBa A.Y., Tanunosa M.K.
K.)Kybanos amvinoazvl Akmebe onipnix ynusepcumemi, Axkmobe, Kazaxcman
E-mail:_mirrad78 @mail.ru, miratalipova@mail.ru

[IpesunentiMizK.K. TokaeBThiH XKana KazakcTan Kypy Typasibl XajbIKKa KOJJAayblHIA Irepi
JAMBIFaH eJ1 00JTy, COHBIH IIIT1H/Ie HHXEHEPJIIK OKBITYFa KOHLT 0611y KEepeKTiri anTeliFranbl MosiM[ 1].
Coran OalJaHBICTBI WHXKEHEPITIK OKBITYABIH Oip Typli STEM TeXHONOTHSACHIH MOHAEPAl OKBITY/Ia
KOJITaHy ©3€KTiI MocenepaiH Oipi Oonbln Kamaabl. Martemaruka, uHGOpMaTHKa, (PU3MKA, XUMUS
cananapelH OIpIKTIpe OKBITA, OKYIIBUIAPJBIH OJEMIIK JCHTECHUIIEri 3epTTeysep XKYyprize ajgayblHa
BIKITAJT €Te OUTy KaXeTTLIirl TysiHaaiapl. Cos yIIiH A€ jKapaThbUIBICTAHy IMOHJEPIH OKBITY Ke31HJIe
STEM 6uniM Oepy TEXHOJIOTHSCHIH NaWJalaHy Kazipri Ke3Jeri eH THIMAl Je KoHE KOJDKETIMII
TEXHOJIOTHS OOJIBIN TaObLTA B! [2].

2000 xpUmapaaH KediH FaHa KeHiHeH KosjmaHbuia Oactanel STEM artayein anram pet 1990
xbutbl  AKII OGakrepuonor rameiMbl P.KomBemn yceiaFan OonateiH[3]. FeuibiM MeH  Oipre
TEXHHUKAJIBIK JTAaMYJbIH KOFapbl neHrennae opbiH anybl, STEM —nai onemuik TpeHarepaiH OipiHe
aitHanaeipabl. JKaHa MaMaHIBIKTap AaTiachlHAa >KOHE TEXHHUKAIBIK JaMYyAbIH >KOFapbhl KapKbIHbBI
HOTH)KECIHJIE Ka3ip MaMaHABIKTapAblH jkaHa Typiepi emipre kemyne. Con cebenti STEM
MaMaHIBIKTapblHA JCTeH CYPaHbIC Ka3ipri TaHIa OTe >KOFaphl *oHE OV KOPCETKIIl YIaibl ecim
KeJe/Il.

Kazakcrannarst STEM canacel na e3ekti Oonbin TaObianpi[4]. PoOoTexHuka, KypbLIbIC,
Oarnmapnamanay, mojenpaey, 3D nuszaiiH jxoHe T.0. — Kasip Oykil oneMJeri 3aMaHyd MeKTenl
OKYIIBITIAPbl OCBIFAH KBI3BIFYIIBUIBIK TAHBITAJbl. By KBI3BIFYIIBIIBIKTAPB JKY3€Tre achlpy YIIIH
KYpJeTipeKk Narabuiap MeH KY3BIPETTUIIKTEpMEH KaTrap 3epTTey KoHe oiiam Ta0y MaHBI3[IbL.
Martemaruka nmoninge STEM 6inim 6epyni KoiaaHy:

e bip moHMeH miekTenin KaiMmai, OipiKTipiireH TaKpIpbIlTap OOMBIHIIA OKBITY;

e MaremaTHKaJaH ajaFaH OUTIMIEPIH eMip/ie KOJIaHy;

o ChbIH TYPFBICHIHAH OilNIay KaOiIeTiH JaMBITY, MpoOIeManap/ibl Menryre JaFIbUTaHa/Ibl;

e JKaHanbIK alryra YMTBUIAJbI, FEUIBIMFA KbI3BIFYIIBUIBIFBI apTabl;
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e AKMaparThIK TEXHOJIOTUSHBI MaiilallaHy, TAMBIII )KaTKaH TEXHOJIOTHUSIFA LIeCy;

e MaremMaTHKaMeH KaTap TeXHUKAJBIK ITOHIEPTe KbI3bIFYLIBUIBIKTEI aPTTHIPY;

e KpeaTuBTi %oHE jKaHAIIBLI KO3KAPACIICH k00anap opbIHaal OiTy, OKy MeH OoJamiak
MaMaH/BIKTBIH YIITACYbI;

AnreOpa, reomeTpusi TOHIEpiHAE Stem TEeXHOJIOTHSCHIH KOJIIAHYIBIH KeHOip Mocemenepin
3eprrey MakcatbiHaa 10-11 kmactap Ttanganabl. COHBIMEH KaTap TYJIEKTEp MEH MEKTell
MyFaliMepi apachlHAa cayalHamMa > KYPri3uimi. OJEKTpOHIbI cayanmHamara 54 peCcHoHICHT
KATBICTBI, OJIApIbIH 66,7% aTtaiFaH TEXHOJOTHSIMEH TaHBIC CKEH1 AaHBIKTAJIIbI.

Stem TexHonornAck Typansl aknapaTneH TaHbiccbi3 6a?

54 oTeETE

@ TaHbiCnbiH

Q“ . o

1 cypet. Stem TeXHOJIOTHSCHI TYpaJibl aKIapaTieH TaHbICChI3 0a?(/lepekke3: KypacThIpyIIIbI
aBTOPJIAP/IBIH ©31)
Pecionnentrepre GipHerie cypakTap KypacThIpblaabl. OHBIH iII1HIE MaTEeMaTUKAIBIK OLTIM
Oepyzae Stem TeXHOJIOTHSACHIH KOJIIaHy/Aa Ke3/IeCeTIH Macenenep atainapl. (2 cyper)

54 oTEeTa

@ Oxywbinapasiy 4aikIHABIFEIHLIY 2346IF5
@ WyranimHiy 0afsHasFsIHbIH
HeTicneywinin
MekTenTiH MaTepUangEIy, ¥araaisHeIH
TeMeHgIr

@ VHTepHeT HeniciHin #blnaamabFsiHbIH
Gonmaysl

® KabuHeTTepae WHTEpaKTHBTI TaKTa Me...
@ VintepHer xenici wabgeiktay
@ TaHbic emecnin

2 cyperT. Stem TeXHOJOTHUSCHIH KOJIaHy Macenenepid atanbiz?(Jlepekkes: KypacThIpyIIbl
aBTOPIIAP/IBIH ©31)

54 oTeOTA NHTepHeT ancisgiri

Jayan Gepy KMbIH. BiniMmHiH asabifbl CTeM XXannbl

YarbiTThiH a3bifbi KocbiMmwa Kypc

OKbITYAafbl MaHa TeXHoNoruAnap

Uugpnbik aknapatceisabik KypcTapAblH OKTbIfbI AKnapart KOpblHbIH as3ablfbl

3 cyper. Ilon MyFranimzaepi yiIiH Stem TeXHOJOTHACHIH KOJIaHy/ia Ke3/1eCeTiH Keaepriiep.

(lepexke3: KypacThIPYIIIbI aBTOPIAPABIH ©31)
XKaparbutbicTany ToHAEpiHeH imiHAe wmarematuka TMoHIH STEM  apKbUlbl  OKBITYIIBIH
MaHBI3JBUIBIFBIH aiiTa KeTep Oojicak, €H alIbIMEH OKYIIbIIApJbIH MaTeMaTUKAJbIK JIEHTCiiH,
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OUTIMIH KEHEeWTe OTHIPHII, 63 OeTiIMEH i13/IeHyre, IIbIFapMaIIbUIBIK KaOUIETTepiH HIBIHAAYFa YKOHE
MaTeMAaTUKAIBIK €CEeNTep/ll HIBIFapy OMICTep/i KeTKi3e Ouryre marAbulaHyFa YIKEH MYMKIHIIK
TYFBI3a]Ibl.
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NPUMEHEHUE NHHOOPMAINOHHO-KOMMYHUKAIIUOHHBIX
TEXHOJIOT'H B YYEFHOM ITPOIIECCE
I'agxanuea C. /.
Kapaeanounckuu ynusepcumem umenu akaoemuxa E.A. bykemoesa, Kapaeanoa, Kazaxcman
E-mail: susana_g00@mail.ru

Ha ceromusmmuuii aeHp oOpa3oBaHWE TPU3HAHO TJABHBIM MPUOPUTETOM B Pa3BUTHU
Peciyomuku Kazaxcran. M1 ocHOBHOUW 1enbio J1r000# pedopmbl B 00pa3oBaTEbHOM CHCTEME
SIBJISIETCSL €€ aJanTalys K HOBOM COLMalbHO-dKOHOMUYeCKOoU cpeae. B cBoem Ilocmannn IlepBsiit
[Ipesunent Kazaxcrana, Hypcynran A6umesny HazapOaes, ckazan: «Yuutenb HOBOM dopMamuu —
IYXOBHO pa3BUTas, COLMAIbHO 3pefasi, TBeplaas JUYHOCTh, KOMIIETEHTHBIH CIIEHUANHNCT,
npodeccHoHaIbHO BIIAJCIOMIMM BCEM apCEeHaJOM IeJarormueckux CpeACTB, CTPEeMSILUNCT K
MOCTOSIHHOMY CaMOCOBEpIIEHCTBOBaHUIO. OH HECeT OTBETCTBEHHOCTh B (OPMHUPOBAHUU U
Pa3BUTHHU BBICOKOOOPA30BaHHOMW TBEPAOU JTUYHOCTH U MaKCUMAIBHOW camMopeanu3anumy. [ 1]

ITockompky XXI Bek - Bek HHPOPMAIMOHHBIX W KOMMYHUKATUBHBIX TEXHOJIOTHMH,
COBPEMEHHOMY  YyYHMTENI0, a OCOOCHHO  YYHMTEN0 Oyaymiero, Hapsay ¢ JApYyrUMU
MpoQecCHOHANIbHBIMM ~ KOMIETCHIMSIMKM, HEOO0XOJAMMO  OBJAJE€Th HaBBIKAMH  IPUMEHEHUs
MYJIbTUMEIUIHBIX CPEJICTB OOyUYEHHs], UCIIOJIb30BaTh BO3MOKHOCTH O0Opa30BaTENbHBIX HHTEPHET-
mIaThOpPM M CUCTEM TUCTAaHIIMOHHOTO 00y4eHus u tectupoBanus (CIOT).[2]

3amauya y4yuTels MOMOYb YUYEHHUKY PACKpbITh €ro OoJjiee IOJIHO, HAampaBUTh Ha pa3BUTHE
CIOCOOHOCTEH M BO3MOJKHOCTEH, COBEPIICHCTBOBAHHME YYCOHBIX YMEHHH W HaBBIKOB. MO#l OIBIT
MOKa3bIBAET, YTO PA3BUTHE TBOPUECKOTO MOTEHI[MANIa IIKOJBHUKOB HAa YpOKaX MaTeMaTUKU OyneT
3¢ dEeKTUBHBIM, €CIH: JeNlaTh aKIEeHT HE CTOJIbKO Ha (OpMUPOBAHUE 3HAHHM, CKOJIBKO HA Pa3BUTHE
HABBIKOB, TO3BOJISIONIMX CAMOCTOSITENILHO TMOTIONHATh 3HAHHS, OPUEHTUPOBATHCS B TOTOKE
nHpopmanum.|3]

Mosi MeroaMKa TMpemojaBaHUs OCHOBBIBAGTCS HAa AKTUBHBIX MeTogax oOOydYeHHs:
UCCIIEIOBATENIbCKUX, TTOMCKOBBIX, MPAKTHYECKUX OPUEHTHUPOBAHHBIX Ha peajbHbIC MPAKTHUECKUE
PE3yNIbTaThl U CIOCOOCTBYIOMINX aKTUBHU3AIMH ITO3HABATEIHHON U TBOPUECKON ACSITETLHOCTH.

B cBoeit pabote st UCHONB3YIO MPHEMBI, METO/IbI, KOTOPHIE MO3BOJISIOT BOBJIEYh YUAIIUXCS B
AaKTUBHYIO, TIO3HABATENIbHYIO, TBOPUYECKYIO ACSATENBHOCTb. B YypOK s BKJIIOYAlO: 3aHUMATEIbHBIC
3aJlaHusl, UTPOBOM MaTepuaj, UrpoBble (OPMBI 3alaHUM, KOHKYPCHI, COPEBHOBAHHS, CO3/1aEM
HeOOMbIIME Mpe3eHTalMu. Takke MHOTHE MaTepuasbl MPEeIOCTaBIAI0 B MYIbTHUMEIUITHOM BHJIE,
U] B HOTY CO BPEMEHEM.

Cdepa Moux HaydHBIX HWHTEPECOB KaK MarucTpaHTa — HCIOJIb30BAaHUE MaTEMaTHYECKOTO
koHCcTpykTopa Geogebra, mporpamm Kahoot u Nearpod mist pa3BuTHS MOTHUBAIIMOHHOW C(eEpHI,
obecreunBaromIel CTaOUIBHBIN POCT KadecTBa 3HAHUI MPH 00YyYeHUN MaTeMaTHKe.

PaGoty ¢ maHHBIMU TIporpaMMaMyd MO>KHO OpPTaHH30BaTh Ha JIFOOOM ypoke (MpU H3Y4eHUU
HOBOTO MaTepuana, OTpaOOTKEe HABBIKOB, 3aKPEIJICHHH H3y4eHHOTO, MPOBEPKE YCBOCHHS) U B
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pa3nuuHbIX (opmax (PpoHTaNBHO, B rpymme u3 2 u 0osee YUeHHUKOB, WHAWBUIYAILHO, UCTIONb3YS
raJukeT 00yJaroerocs Wiy IJIaHIeT, KOTOPbIM 000pyI0BaH KaOMHET MaTEeMaTHKH ).

Hanpuwmep, npu usydenun tembl «KoopaunatHas mimockocTs» (Geogebra mpuMeHsieTcs A
BU3YaJIM3al[M¥ HOBOTO MaTepHaja, 4To CIOCOOCTBOBAJO 0ojiee JIETKOMY U OBICTPOMY OCBOEHUIO
TEeMbI, CMEHa ()OHA TNPH BBHINOJHEHHH YIPAKHEHUH CIOCOOCTBOBANA M3MEHEHHMIO HACTPOCHHUS,
MOAHSTHUIO 3MOIMOHAJIBHOIO (POHA B KJIACCE, B KOHEUHOM HMTOI€ — OCO3HAHHOMY 3allOMHHAHHUIO
6osbIIero oobemMa HHPOPMAaIIHH.

I[Ippu wm3ydennmn Ttemsl «UYerslpexyroapHuku. llapamnenorpamm» — ydamuecs  MOIYT
CTPOUTH(UTYPHI, OMUPAsACh HA ONPEACICHHWE W CBOMCTBA, MPOBOJWIA CPAaBHUTEIbHBINA aHAIIN3
MIOJIyYE€HHBIX U300pakKeHUM, OOBSACHSSA, KaKue IPU3HAKU YKa3bIBalOT, YTO MOCTPOECHUE BBINOJIHEHO
BEPHO.

CnenyeTr OTMETUTh, YTO IIPU KUCIIOJIB30BAHUU KOHCTpYKTOpa (Geogebra peansyeTcsi CUCTEMHO-
NESITEeIbHOCTHBIA TIOJXOJ, HAIpaBJICHHBI Ha pa3BUTHE HCCIIEIOBATENILCKOW JESTEbHOCTH
yyalxcs, Tak Kak IporpaMMa IO3BOJSIET HE TOJIbKO 3(PPEeKTHBHO NepenaBaTh 3HAHUS, HO U
croco0CTBOBAaTh CAMOPA3BUTHIO yueHHUKa [3].

OTIUYHBIM CEPBHCOM ISl AKTMBHM3ALMH I[IO3HABATEJIbHOM JIEATENBHOCTH O0O0ydaroluxcs
BeictyniaeT Kahoot. C ero wucnonb30BaHMEM TaDKEThl YYCHHKOB CTaHOBSTCS MOMOIIHUKAMH
yUuTeNsl IpU MPOBENCHUHM TECTHPOBAHMS M Pa3IMYHBIX OMpocoB. Hampumep, MATUKIACCHUKU C
YBIICUCHHEM PEIIAl0T HECTAHAAPTHBIC 3aJa4l Ha JAPOOH, TOJOCYs 3a MpaBWiIbHbIH oTBeT B Kahoot.
A yueHuku 8 Kiacca B ¢opmaTe albTEpHATHMBHOIO TeCTa OTCTAMBAIOT MOJIXOISAIINNA METOA
pelleHns KBaJpaTHBIX ypaBHeHUU. JlaHHBI CcepBHC JIOCTyleH C JI000ro ycTpoucTBa,
MOAKIIFOUEHHOTO K MHTEPHETY, YTO JEJIaeT €ro YA0OHBIM JUIsl UCHOIB30BaHUS MPU AUCTAaHIMOHHOM
U CMEIIaHHOM O0Yy4YEeHHH.

Eme onHuMm o00pa3oBaTenbHBIM INPUIOKEHUEM, KOTOpPOE NO3BOJSIET CAENaTh YYEHHE HU
oOyueHne yBjeKkareabHbIM H 3(dekTuBHbIM, sBisgeTcss Nearpod. C ero momorpo ObIIO YAATEHHO
OpPraHU30BaHO CUHXPOHHOE 00y4eHHE B Kilaccax.

bonpmmM moacnopbeM [UIs HAuYMHAMOLIETO Y4YMTENs cTaja OMOIMOTEKa TOTOBBIX YPOKOB,
KOTOPYI0 MOHO HCMOJb30BaTh JUIl IOATOTOBKM K 3aHATHSAM M MOIOJHATH COOCTBEHHBIMU
IUAKTHYeCKUMHU pecypcamu. Nearpod 1mo3BoJsiseT yYUThCS B yIOOHOM Ul HUX TEMII€ U CAABaTh
paloTy Ha OLIEHKY, KOTJla YBEepEHbI, YTO BCE 331aHUS BBIIIOJHEHbI BEPHO.

IIpu pabore B Nearpod ydammuecs OLEHUBAIOT JESITEIbHOCTb YYUTENS, YTO CIIOCOOCTBYET
pocty ero mnpodeccuoHaau3Ma, HNOCKOJIbKY KaKIblH CIEAYIOLUIUI ypOK CTPOUTCS C Y4ETOM
MIO’KEJIaHUM U 3aMeYaHui TeX, U1 KOrO OH CO31aeTCs.

B MoeMm nonumanuu «mpogeccuoHaibHasi KOMIETEHTHOCTh YUUTENS» — 3TO, MPEXAE BCEro
YUUTEINb, YMEIOIIUHA OpraHu30BaTh CBOIO NMPO(ECCHOHANBHYIO JEATEIbHOCTh HAa BHICOKOM YPOBHE,
IPOSBJISIIOIIMN OTPOMHYIO 3aMHTEPECOBAHHOCTh B COOCTBEHHOM MpPO(ECCHOHAIBHOM Ppa3BUTHUH,
B IIOJIyYE€HUHU U OCBOECHUH HOBBIX 3HAHU.

Taxum o6pazom, Mos neaaroruyeckast GpuiIocopust CTPOUTCA Ha MPUHLUIIAX TUHAMHYHOCTH, C
COOJIFOJICHMEM TBOPUYECKOTO MOJX0/a U COBPEMEHHBbIX TexHosoruid. Ho, rmaBHOe — 3T0 ObITH Ha
OJIHO BOJTHE ¢ 00yUaIOUIUMUCS, ObITh C HUMU, a HE MPOTHUB HUX![4]

CHnuCoK MCIOJIb30BAHHOM JIUTEPATYPbI
1. TocymapcTBeHHas porpamMma pa3BUTHS oOpa3oBaHus U Hayku Pecnyommkm Kazaxcran Ha 2020-2025 roasl.
YTBepxaeHa mocranoBieHneM [IpaButenscrBa Pecryonmmku Kasaxcran ot 27 nexabpst 2019 roma Ne 988.
2. B.A. Cnacrenun «Ilenaroruka», M.: «llkona — IIpeccy, 1997
3. Konomunckuii S.JI., OnoBrukoBa H.I'. WccrnenoBanue B3aMMOOTHOIICHUN ydHTeNedl W ydamuxcs B
COLIMAJIBHOM U nemaroruyueckoi ncuxonoruu ['JIP // Bonpocs! ncuxonoruu, 1982, Ne 2, C.86-91
4. https://edu.ru/news/tochka-zreniya/uchitelya-dolzhny-idti-v-nogu-so-vremenem/
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BJIMSTHUE SJIEKTPOHHBIX OBPA30OBATEJIBHBIX CAUTOB HA KAUECTBO
OBYUYEHUS NPEIMETY 'rEOMETPUSA
Epmaxkosa 10.10.
Kapazanounckuii ynusepcumem umenu axademurxa E.A. bBykemosa, Kapazcanoa, Kazaxcman
E-mail: ermakul@mail.ru

Peanuu cerogHsmiHero IHS TaKOBBI, YTO BCS 4YEJIOBEUECKas JESATEIBHOCTh BBIHYXICHHO
OCYIIECTBJISIETCS. B YCJIOBHUSX BBI30BOB, CBSI3aHHBIX C TaHJEMUEW U BBEICHUEM peXUMA
CaMOM30JISIUUU. 3aTPOHYJIU JIaHHBIE BBI30BBI, CTaBLIME JOMHUHAHTAaMH pa3BUTUS OOIECTBA B
OmmKailieM JecsaTWiaeThd, W oOpa3oBaHue. Bcsi cucrema o00pa3oBaHHsS —CTOJIKHYJIACh C
HE0O0XOIMMOCTBIO B KpaTUalIuii Iepruo/I IepeiiTi B TUCTAaHIIMOHHBIA pexuM. Peann3anus qaHHbIX
Mep mnoTpeboBaja NPEJOCTaBICHHUS YydYallUMCA JOCTyla K JJIEKTPOHHOW HMH(OPMAIIMOHHO-
o0Opa3oBaTelIbHOM cpeze, coaep:Kallell AJIEKTPOHHbIE O0pa3oBaTelIbHbIE PpECypCchbl, a TaKkKe
TEXHOJIOTUYECKHE CpEeACTBA JUIsl OpraHuM3allMd  y4eOHOro Mpoliecca, COOTBETCTBYIOLIETO
OTOCPEI0BAHHOMY B3aUMO/IEHCTBUIO €T0 YYACTHUKOB.

ITo pe3ynbpTaram MexTyHapoIHBIX HccnenoBanuii TIMSS, npoBeneHHbIX B 4 U § Kiaccax, B
KazaxcraHe HIKOJBHUKHM CTalKHUBAIOTCA C Mpobiemamu B Osoke «l'eomerpuyeckue ¢GuUrypbl u
u3MepeHus» yaiie, 4yem B Onoke «Hucna». CnoxHOCTH y ydyaimuxcs 4 KJ1accoB BbI3BAJIM 3a/laHus,
r7e He0OXO0IMMO TIPOJIEMOHCTPUPOBATH 3HAHUS MTPOCTHIX TEOMETPUIECKUX (PUTYD, U3MEPUTH JUTHHY
OTpe3Ka, HapHCOBaTh MPABWJIBHBIM yros OOJbIIE€ WJIM MEHbIIE NMPaBUIBHOIO, MPOBECTH JUHUU
CUMMETPHH, 3aMIOJTHUTH KyO ¢ HETOCTAIONTUMHU YacTsIMU, HAWTH 00beM urypsi. [1]

[IpoGneMbl ¢ wW3ydeHHEM KaKOro-au0o MpeaMeTa IMOHMKAeT MOTHBAIIMIO YYaIIuXCsSd K
n3y4eHuo ydeOHoro npeamera. [lostomy B HacTosiee BpeMsl mepen MeAaaroraMud CTOUT 3ajada
MOBBIIIEHUS MOTHBAIMH K U3YyYEHHUIO Y4eOHOTO MpeaMeTa MOCPEACTBOM Pa3InYHbIX COBPEMEHHBIX
TEXHOJIOTHH, YTO ITOBJICUYET 3a OO0 MOBBINICHNE KaYeCTBA 3HAHUM.

B cBsi3u ¢ ostuM, Obla MOCTaBieHAa TUIOTE3a: €CIM BHEAPUTH B CHCTEMY OOy4deHHS
00pa30BaTeNIbHBIN CaliT, TO 3TO TOMOKET MOBBICUTH KAYECTBO 3HAHUH MO MPEIMETY T€OMETPHSL.

Lenbto co3maHus 3JIEKTPOHHBIX 00pa30BaTENIbHBIX PECYPCOB SIBISIETCS HE TOJIBKO CO3JaHHE
CUCTEMBbI JUCTAHIIMOHHOTO 00pa30BaHus KaK CaMOCTOSITeNIbHOU (hOpMbI O0yUYEeHHsI, HO U BHEJPEHUE
JMCTAaHIIMOHHBIX TEXHOJIOTUW B KJIacCMUecKue (popMbl OpraHuszaii 00pa3oBaTeIbHOIO Mpolecca.
[2]

Ha ceromusimnauii eHs B cetd VHTEpHET cyliecTByeT OO0JbIIOe KOJIUYECTBO 3JIEKTPOHHBIX
o0pa3oBaTeNIbHBIX CalTOB, KOTOPBIE a/IpECOBAHbI U IpernojaBaTesisiM, U yuureiasm. OgHako, pocT
KOJIM4ecTBa 00pa30BaTeNIbHBIX CAMTOB TOJIBKO MPOI0JKACTCS.

B cBoeit cratee ['puban O.H. mpuBoautr 9 BHIOB 00pa3oBaTenbHBIX VHTEpHET-pECYpCOB.
Hanmpumep,  BeO-cailiThl  AMCTAaHIMOHHOTO  00pa3oBaHHUsA,  BeO-CaHTBI-PaCIPOCTPAHSIONINE
oOpa3oBaTenbHyI0 HH(pOpMaIHIO, BeO-caliThl HH(OOPMALIMOHHO-CIIPABOYHOTO XapakTepa u ap. s
Ka)XJIOTO M3 3THX BUJIOB OHA IPUBOJUT KOHKPETHBIE MPUMEPHI CYIIECTBYIOIINX UHTEPHET-CAUTOB.
(3]

OmvH #3 cambIX MOMYJSPHBIX CAaWTOB MO MaTemaTwke 3TO https://vasmirnov.ru . Huxe
MPEACTABJIEH CKPUHIIOT C TJIABHOW CTPaHUIbI CalTa.
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Ha caiite pa3menieHbl AUJaKTHYECKHE MaTepUallbl IO MPEAMETY T€OMETPHs ISl BCEX KJIaCCOB.
Junaktuueckue wmatepuana Ui JI000ro M3 Kiacca COCTOST M3 Ppa3lieNioB: IPENUCIOBHE,
MaTeMaTHYeCKUE JUKTAHTBI, CAMOCTOSITENIbHbIE pabOThl, KOHTPOJIbHbIE PAaOOThI, TECTHI, 3aJauu C
MPAKTUYECKUM MPUMEHEeHUeM. TakuM 00pa3oM, JaHHBIA CAUT OOJIBINE TOAXOAUT JIMOO 1 PabOTHI
yuutens B opdnaitH popmare, 1ub0 A1 CaMOCTOATEIbHONW OTPAOOTKM HABBIKOB y4allluXcs, AJIs
caMOKOHTpoJisl. [Ipy 3TOM Henb3si HE OTMETHUTh, YTO KAaYeCTBO AMJIAKTUYECKHMX MaTepUalioB Ha
BBICOKOM YPOBHE, pa3/iejeHbl 110 YPOBHSAM CIIOXHOCTH, TeMaM W BapuantaM. OOpamaer Ha ceOs
BHUMaHHE TOT (akT, 4YTo HUHTep(ehc TaHHOro caifTa JOBOJBHO MPOCT B TMOMCKE HYXKHBIX
MaTepHajoB, OHAKO MYJIbTUMEANIHASA COCTABIISIIONIAs JOBOJIbHA CKY/IHA.

Takum oOpa3oM, omnupasch Ha aKTyaJbHOCTb JAaHHOTO BONpOCa B COBPEMEHHOM
00pa3zoBaTeIbHOM TpoIlecce, ObUIO MPHHSTO PEIICHHE CO3JaTh CBOM OOpa3oBaTENbHBIN CallT, Ha
KOTOpOM OyIyT MpeAcTaBleHbl COOCTBEHHbIE MaTepHalibl. [[loMUMO 3TOr0, MOYKHO BKITIOUUTH B CAUT
KJIJacCMYecKue Y4eOHUKU IO MpeIMEeTy reoMETpusi, CIalJibl U KOHCIEKThI, y4eOHble mocodus, a
TaK)Ke TECTOBbIE 33JaHUS ISl CAMOCTOSATEIBHON PabOThI yHaIUXCA U CAMOKOHTPOJISL.

Bo Bpems nuctaHIMOHHOTO OOy4eHHs, ObUIO OTMEUYEHO, YTO MaTepHalibl, MOATOTOBICHHBIE
caMHUM y4HTeJIeM, IPUBJIEKaIOT OOJIbIIIE BHUMAHUS YJallUXcs, YeM Te, HH(POpMallMOHHBIE PECYPCHI,
KOTOpbIE YK€ MMEIOT nomyisipHocTh B MHTepHere. CrnenoBaTellbHO, TUIIOTE3a, MOCTaBJICHHAs B
Hayalie CTaTbU, MOATBEPIKIAeTCs.

CHnuHCOK MCIO0JIb30BAHHOM JIMTEPATYPbI

1. Konkuna H.B. 3apanus TIMSS, kak cpeacTBo pa3BuTusi PyHKIHOHATHHOM

TPaMOTHOCTH MJIAJIIINX IIKOJFHUKOB — AKKOIb — 2016r07

2. T'ornmaue A.B., Huxomaes I'.Il., Jlowko A.D. PA3PABOTKA W BHEJPEHUE 3JIEKTPOHHbBIX
OBPA3OBATEJIbHbBIX PE- CYPCOB I JUCHUIIIMH TEITVIO®U3NYECKOI'O I[TPODUIIA

3. TI'puban O.H., TI'puban W.B. OOpa3oBateibHbie BeO-CalThl Kak CPEACTBO  NPodecCHOHATBHOM
camopeanmaruu // Ileqarormaeckoe oopazoBanue B Poccum. 2015. Ne3. C. 41-47.

4. NnTepuer-pecypc https://vasmirnov.ru

MATEMATHUKA CABAKTAPBIHIA OKYIIBIJIAPT A
IKOHOMMKAJIBIK BIJIIM BEPY
Ecmaranteros A.M.
Axademux E.A.Bexemos amvinoazvl Kapasanowl ynusepcumemi, Kapasanowl, Kazaxcman

E-mail:sh161975@mail.ru

Kazipri 3aman TanaOblHa cail, MEKTEN OKYIIbUIAPHIHBIH SKOHOMHUKAIBIK TOPOMECIH JaMbITY
KaXETTUIIr KYHHEH KYHre epiryzne. by XanmbIKThIH HapbIKTBIK KaTbIHACTapFa >KETKUIIKTI TypJe
TalbIlH O0JIMayblHA, SKOHOMHUKAJIBIK CayaTTBUIBIK ME€H SKOHOMHUKAIBIK KbI3MET MIafAbUIapbIHBIH
KETKLTIKCI3 OonmybiHa OaitmanbicTel. Con  ceOenTi, KOFaM OSKOHOMHKAIBIK MOICHHUETTI
KaJIBINTACTRIPYJbl KaXeT eTell. byl KaublTacThIpyJbl JKOFaphl CBIHBIT  OKYIIBUIAPBIH
HSKOHOMHKAHBIH HETI3r1 TYCIHIKTEpIMEH TaHBICThIpYbIHaH OacTaraH >keH. JKammel OutiMm Gepy
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MekeMmernepi Oojamak ypHnakThlH SKOHOMHKAIBIK TopOueciHe Hazap aynapy Kepek. TaHparan
MaMaHJIBIFbIHA KapaMacTaH, TOYeJICi3 eMipre JalbIHJalaThIH MEKTeN TyJIeKTepi Oojamakra
Ke3JIECEeTiH HKOHOMHKAJIBIK MpoOieManap/sl memie 011yl Kepek.

OxyuibuIap 5KOHOMUKAHBIH 0aCThl YFBIMAAPBIMEH HETI3T1 MOHAEP OKY OaphICHIHAA TaHBICAIBI.
buosorus, ¢usuka, xuMus cabakTapblHAA FHUIBIM MEH TEXHHUKAHBIH JKETICTIKTEpiH, eHOeK
OHIMJIUTITiH )KOHE OHBIH OCYIH KapacThIpca, MaTeMaTHKa Ca0aKTapbIH/Ia SKOHOMHUKAIBIK Ma3MYH/IbI
€CerTep MIBIFapabl.

MaremaTrka MEH SKOHOMHUKA KOINTETeH MBIHXBUIIBIKTAp OOHBI ©3apa Oaiinanbicta. CaHHBIH
naiga 0onysl eHIpic, abpIpOacTay, cayaa *oHE CTIHIIUTIK MacelelepiMeH OalIaHbICThI OOJIIBI.
MaremaTka AaMblFaH CaiiblH OHBIH SKOHOMHKAaMEH OaimaHbpichl Ae Kymeie Ttycti. Kasipri
SKOHOMHKA/Ja MaTeMaTHUKaJIbIK OMICTep KEHiIHEeH KojjaHbuiansl. OKymibuiap — opKaiiaH
HSKOHOMHKAIIBIK Ma3MYHJIaFbl MOceNeepre YJIKEH KBI3BIFYIIBUIBIK TAaHBITAIbl. MaTeMaTHKaIbIK
o/licTepMEH UICMIVIETIH MoceNeNepAiH Ma3MYHbIHA ASKOHOMHUKAJIBIK OUIIMII eHri3y Oanamapra
SKOHOMMKAJIBIK OJIayJpl JaMbITyFa, Ka3ipri HapbIKTBIK oemjae Oarjapiay YIOIH —KaxeT
TYKBIPBIMJIAMAJIBIK alIIapaTThl HTePYTre KOMEKTECE/I].

MaremaTrKa KypChIHJa KONTETeH YKOHOMHKAIIBIK TaKBIPBHIITAPABI O6JIil Kepceryre 0oJaibl,
oJlappl 3epTTey OaphIChIHIA OKYIIBUIAP YIIIH KOHOMHKAIBIK YFBIMAAPABIH MarbIHACHIH TYCIHY
OHAll Opl KBI3BIKTHI 00Jaapl. DKOHOMHUKAIBIK OUTIM OacTaybllll MEKTENTEeH OacTam >KOFapFbI
CBIHBITITAPFA JICHIH )KY3€ere achIpbLIYhl KEPEK.

Bactayenn MexrtenTe "Oara, caHbl, KYHBI"' TakKpIpbIOBIH OKYy Ke3iHAe Oanamap Tayapiap
0arachIHBIH KaJIBINTACYbIMEH, LIBIFBIHAAP TYPJIEPIMEH, cayla CaJlaChIHAAFbl 9pTYpil KociITepMeH
TaHbICA aJIaJIbI.

5-CBIHBINTA «MAWBI3ap» TAKBIPBIOBIH OTY KE3IH/E «aKIUs», «CalbIK», «HECHE», «KOTEepMe
cayna», «Jlumarpammarnap» TakbIpbIOBIH ©Ty OapbICBIHIIA «IIBIFBIH», «KIPIC», «OIOIKET
YFBIMIApPbIH, O-CHIHBINTA «€K1 aWHBIMANBICHI Oap CBI3BIKTHIK TEHAEYJEep XKYyHecl» TaKbIphIObIH
3epTTey Ke31H/e SKOHOMHKAIAFhl CHI3BIKTHIK TEHICYJIEP/Ii, SFHU OH/IPIC TIEH OHIM IIbIFbIHBI, Tayap
Oarachl MEH CYpaHBIC apachlHJAarbl, Maija MeJepi MEH apThIK KYH apachblHAarbl >kKoHE T.0.
OailtaHpICTapIbl KOPCETYTre OOJAIBI.

O-cpiHbINTa «apUPMETHKANBIK JKOHE T€OMETPHSUIBIK MPOrPECCUs» TaKbIPBINTAPbIHIA Op TYPIIl
SKOHOMMKAJIBIK MeJIIEpIeMeIepMeH, MaTeMaTUKAIbIK TUCKOHTTayMEH, BEKCENbICpIiH OaHKTIK
€CEIKe aJTyMeH JKOHE T.0. )KYMBIC OapbIChIH/Ia SKOHOMHUKAJIBIK OLTIMAEPiIH KEHEHTyre 00JIaIbl.

Ocpinaiiima, mMaTtemMaTHKa cabakTapblHIa 3KOHOMHUKAJIBIK Ma3MyHbl Oap ecentepii KOJAaHy
HIBIFAPMALIBLIBIK OKY YPJIICIHE BIKMAJ €Te/Il AeM KOPBITHIHABI jkacayra 00abl.

DKOHOMHMKA HETI3iHJAE ajFaH OuTIMAEpl OKYIIbUIapFa OTOACBIHBIH AKOHOMHKAJBIK ©MIpiHE aT
CaJIBICYFa, HAPBIKTHIK SKOHOMHUKAHBIH HET131H TYCIHYTre KOMET1H KOPCETETIHIIT1 CO3Ci3.
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OPTAHM3ALIUA TPOEKTHOI'O OBYUEHMUA B LLIKOJIE HA ITIPUMEPE
MATEMATHYECKOTI'O MOAEJIMPOBAHUSA DJIEKTPOOHEPI'ETUYECKUX 3AJJIAY
EcmaroBa A.C., [I:xkanauryiaos A.P.
Eespa3zutickuii nayuonanvhwiti ynusepcumem um. JI. I'ymunesa, e. Hyp-Cynman, Kazaxcman
E-mail: abeked@mail.ru

CoBpeMeHHOMY O0IIIeCTBY TpeOyeTCsl MOKOJICHUE aKTUBHBIX, CIIOCOOHBIX aTalTHPOBATHCS K
HOBBIM yCJIOBHSIM, IPUHUMATH KPEATHBHBIE PEUICHHUS, TBOPUYECKUX, CAMOIOCTATOYHBIX, CIOCOOHBIX
K CaMOOOYUYEHHIO M CaMOPAa3BUTHIO JIMYHOCTEH, 00JaNalOMUX MPOYHBIMH HAyYHBIMU 3HAHHSIMU.
CoBpemMeHHbIE 3Talbl Pa3BUTHS OOLIECTBA XapaKTEPU3YIOTCS HEOIPEJEIEHHOCThIO CBS3aHHOM C
TEM, YTO YeJIOBEKY MPHUXOJUTCS TOCTOSHHO, B TEUCHHE BCEH JKM3HU alalTHPOBATHCS K OBICTPO
MEHSIOIKUMCSL peausM >KH3HH. B CBsI3M ¢ 3TUM, HE yMmMansas HEoO0X0AuMocTH (OPMHpPOBATH
KOHKPETHBIE TIPO(ECCHOHATIBHBIE 3HAHUSA U YMEHHS, OTMETHM, YTO 3HAYUTEIFHO Ba)KHEE HAYUUTh
YeJIoBeKa MPOBOJUTH HCCIENIOBAHMS, OCYHIECTBISATh MPOEKTHYIO JESITEIHHOCTh CAMOCTOSITENHHO.
Oco0eHHO 3TO aKTyaJdbHO B MPHUKIATHOW cdepe, TO ecTh MpH O0ydeHHH B MpodeccHOoHaTbHBIX
y4eOHBIX 3aBelICHUX. B pe3ynbraTe MpOEKTHOH IesTeNbHOCTH (GOPMHUPYETCS CyObEKTHAs TIO3HUIINS
oOyJaromerocsi, U B JaJbHEHIIEM €ro MOXHO paccMaTpuUBaTh KakK CYOBEKT IeSTEIHbHOCTH.
OO6menpusHaHo, uyTto oOyyaromiuiicst siBisierca cyObekToM oOydeHus. OJHAKo, HECMOTpS Ha
IIUPOKOE TI0JIE HAYYHBIX HCCIIEAOBAaHUM, TMPAKTHYECKH HEHMCCIEOBAHHOW OCTaeTcsi mpoodiiema
OpraHu3aIluy MPOEKTHOW NEATEIFHOCTH C IeNbI0 (POPMUPOBAHUS CYOBEKTHOCTH OOyJArOIINXCs B
npeaMeTHOU (mpodeccnoHanbHOM) oOmactu. CkazaHHOE MOUYEPKUBACT aKTyaJIbHOCTh BBIOpAHHOM
TEMBI UCCIICTIOBAHMSL.

[Ipo6nema dopmupoBanus CYOBEKTHOCTH OOYYaIOIIUXCS IMHPOKO OCBEIIEHAa B HAy4YHOU
nuteparype. Takx, A.H. Tybensckuii, [.A. buprokoBa [l] wuccrenyloT 0COOCHHOCTH
MPOEKTUPOBAHUSI 00pa30BaATEIBHON CpPEbl C IENbI0 Pa3BUTHS CyOBEKTHOCTH oOydaromtuxcs. B.JIL.
CnactenuH [2] pacKpbIBaeT IMeJarornyeckue acrekThl TOHUMaHHUS CYOBEKTHOCTH OOy4YaroIIUXCsl.
I''B. CopoxkoBeix [3] wu3y4aeT CyOBEKTHO-IEATEIBHOCTHBIA TMOJAXOJ B JIMHTBUCTHYECKOM
MOATOTOBKE CTYJIEHTOB HEsI3bIKOBBIX BY30B. E.A. CeprueHko 060CHOBBIBAET BaXKHOCTh CUCTEMHO-
CyOBEKTHOTO TMOJIX0/Ia B COBPEMEHHOM CHCTeMe 00pa30BaHus.

O0beKT nccie10BaHUs — U3YUYCHUE CIIEHUATbHBIX TUCIUIUIMH B CpeHEM IpodecCHOHaIbHO-
TEXHUYECKOM 00pa30BaTEIbHOM YUYPEXKACHUM Ha IMPUMEPE MaTeMaTUYEeCKOTOo MOJEIUPOBAHUS
AIIEKTPOIHEPTETUUECKUX 3a/1a4 Ha OCHOBE TOTIOJIOTUYECKON MOJIEIH.

Packpoem 6oee oApOOHO TEMaTUKY MaTeMaTHUYECKOTO MOJIETUPOBAHUS
AIIEKTPOIHEPIeTUYECKUX 33/]ad Ha OCHOBE TOMoOJIorHYeckod mojenu. OCHOBa TOMOJOTHYECKON
MOJIENIM 3aKJII0YaeTCss B PACCMOTPEHUU BMECTO pEaTbHOM DSJIEKTPOIHEPreTUYECKOW CeTH —
COOTBETCTBYIOIIEH CXEMbI 3aMEIICHHUSL.

OCHOBBI TOTMOJIOTMM CXEMbI 3aMEIICHUS JJIEKTPUYECKHX CeTe OblUIM 3aJ0kKEHBl B
Knaccuueckux paborax Kupxropa m Makcsemna. Ilpakthuueckoe mNpuMEHEHHE U Pa3BUTHE
TOMOJIOTUYECKMX METOJOB B aHalW3€ OJIEKTPUYECKUX LIeMed CTalo BO3MOXKHBIM TOCHE
omybnukoBanus padot Ilepcupans, Cemry, Ma3ona, Koyrca u apyrux. B pabote [4] IlepcuBans
B.C. BbIBeieHbI MOHATHS OOIIEH BETBU, OTOOpa)arollel Tpynmny AepeBbEB U Mapbl 0000IEHHBIX
BeTBeH, oToOpaXaroeit rpynmny 2 — JepeBbeB rpada v JaHbl TEOPEMBI AJsl ONpeAeIeHUs TPy
JepeBbeB Ipada CXeMbl, COCTABJICHHOW M3 MOJCXEM, CBSI3aHHBIX JIEPEBOM IMapajuleIbHO U B BHJE
KOHTYpa. DTa TeopeMa Mociyxuia ocHoBo# npu pazpabotke, MonkunbiM I1.A., CokonoBeiM A.A.
[5], croco6oB OTHICKAHMS JEPEBBEB IyTEM pPa3OkKEHUS HMCXOAHOTO rpada CXeMbl Ha Y3JIOBbIE
napsbl, 0 BETBSAM U 10 y3i1y. JlanbHelilee pa3BUTHE TOMOJIOIMYECKOTO METO/1a, IPUMEHUTEIBHO K
3aJjauaM aHajlM3a ycTaHOBHUBIIUXCS pexxuMoB DOC, nomyumiio B padotax O.T. I'epackuna [6].

CrnoxHocTh (hopMHUpPOBaHHUA MAaTPULl KOI(PHUIMEHTOB TOKOPACIpPENENEHHs 3aKIYaeTcs B
OTIpENICNICHUN YMCIUTENeH TOTOJOTUYECKUX BBIPRKEHUI MyTeM JEJCHUs CEeTH Ha JBE YacTH, C
LENBbI0 HAaXOXKJEHHs JByX JaepeBbeB rpada. AxmerOaeBpiM [I.C. mpemnokeH aHAIMTHYECKUH
MOJAXO0J K  ONpPENENCHHIO  TOMOJOTMYECKOro  COJEpXKaHWs  MaTpuibl  KO3(pUIHEHTOB
TOKOpAcIpeIeIeHUs] Ha OCHOBE CBOMCTB BO3MOXKHBIX JIepeBbeB Irpada, 0e3 JeJeHHs CeTH Ha JBE
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gactu [7]. B pabore [8] peanm3oBaH 3(QEKTHUBHBIA AITOPUTM HANPABICHHOTO IOWCKA U
OTIpE/IeNICHUs] BECOB BO3MOXHBIX JepeBbeB rpada 0e3 NpUBICUCHHUS paHEe OIpeIeIeHHBIX
JIEPEBbHEB.

HccnenoBanusi, MpoBEJCHHBIEC C IENBI0 aHAM3a METOAOB M aJlTOPUTMOB MOMCKA BO3MOKHBIX
JIEPEBBEB CIIOKHOTO Tpada, MPHUBEIO K pa3padOTKe ONTUMAIBHBIX aJIrOPUTMOB Ha OCHOBE
MPUHIUIIOB AUakonTHKU [9]. OcHOBOM Mleel ONTUMM3ALUU SBJISETCS MOCTPOCHHUE CIIEHUATBHBIX
KJ1accoB JepeBbeB. Ilpu 3TOM B mpoliecce rpyHNIUpPOBKH BBIIEISIOTCS YacTH Oyaymux Tpados,
SBIISIIOIINECS «POJUTEILCKAMI» Ui Tpymnn rpadoB W CTPOSTCS COOTBETCTBYIOIIME Tpadbl
CYIIECTBEHHO MEHBIIEH Pa3MEepHOCTH.

Ha ocHOBe TOIOJIOTHYECKOTO aNropuTMa Ko3(QQHUIUEHTOB TOKOpacmpeaeneHust GopMupyercs
MaTPUYHOE YPaBHEHHE YCTAaHOBHBIIETOCS PEKUMA.

IIpeamer ucciegoBaHusi — OpraHU3aNMs MTPOSKTHOHN NEATETBHOCTH C HENbl0 (POPMUPOBAHHS
CyOBEKTHOCTH 00YyJarouxcs B MpeAMETHOH (TTpodeccroHalbHOM) 00IacTH.

Heas wuccienoBanusi - pazpaboTaTh W TPUMEHHTh HA TPAKTHUKE KOMIUIEKC 3aJaHUN H
YIpaKHEHUH TSI OpraHW3alny MPOEKTHOW JEATEIBHOCTH C LENbl0 (OpMUPOBAHHS CyOBEKTHOCTH
00yJarommxcsi, B mpeaMeTHOH (mpodeccroHambHOM) 00J1acTH.

3agauu uccjieJ0OBaAHMS!

1. IlpoaHanu3upoBaTh MCHUXOJIOTO-TIEATOTHYECKYIO M METOMUECKYIO JIUTEpaTypy MO TeMam
«IIPOEKTHAsI IEATETHHOCThY, «MAaTEeMaTHIECKOE MOJICITUPOBAHUE IIEKTPOIHEPTETUICCKUX CUCTEM.

2. PackpbITh IICHXOJIOTO-TIEATOTHYECKYIO CYITHOCTh TIOHSTHS «CYOBEKTHOCTHY.

3. OcyliecTBUTh AUArHOCTUKY MPOEKTHBIX YMEHUHN 00y4aromnXcs.

4. Pa3zpaboraTh U anpoOUpoBaTh KOMIUIEKC 3aJaHMM W yHpaxxHEHU Mo (GopMHpOBaHUIO
MIPOEKTHBIX YMEHUI 00ydaromuxcs B MpeAMETHOH (MpodeccroHallbHOI) 00acTH.

5. [Ipoananmu3upoBaTh pe3yibTaThl OMBITHO-TIOMCKOBOM PaOOTHI M CIETATh BHIBOJIBI.

I'mnoTte3a uccjeq0BaHUA: €CIIM CO37aTh KOMIUIGKC 3a/a4 M YIPOKHEHHH, MOOYXKIArONTUH
oOyuaronuxcs K Mo3HaBaTeIbHONW aKTUBHOCTU U CAMOCTOSATEIBHOMY PELICHHUIO, KOTOPBIN SBIISIETCS
TpeHa)kepoM AJsi (POpMHpPOBAHUS MPOEKTHBIX YMEHUH y OOy4aromiuxcsi, a TakKe OpraHu30BaTh
COBMECTHYIO JEATEIbHOCTh YUUTENS M Yy4YalluXCs IO pEIICHUI0 TMPEAJIOKEHHBIX 3a7ad U
BBITIOJIHEHUS YIIPaXKHEHUH, TO YpOBEHb CHOPMHUPOBAHHOCTH MPOEKTHBIX YMEHMH OOy4aromuxcs
MTOBBICUTCHL.

IIpakTHyeckass 3HAYUMOCTb HCCJIEIOBAHUS 3aKIIOYAETCS B BO3MOXKHOCTH HCIOJIB30BaHUS
pa3paboTaHHOTO KOMIUIEKCA 3aJaHUi U YIpaKHEHUH 10 (OPMUPOBAHUIO HABBIKOB 00yUaIOLIErocs
B IIpolecce IMPOEKTHOM JEeATENbHOCTH B NpeaMeTHOW (mpodeccruoHanabHON) 00JacTH B
MeJaroruyeckoil  MpakTUKe TMeAarora CpeAHero MnpoQeccuoHalbHOrO  00pa3oBaTeNbHOTO
YUPEKICHUS.
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Kpunrorpagusislk anroputMaep xoHe mudpiay TEOPHsICHl MOHIH OKBII UTepyAe aKbIPIIbI
epicTep TEOPHUSICBIH MEHI'€pY 6T€ MaHBI3/IBI.

Mudpnay mnatdpopmacbiHaarel opinTepAi uudpraynad Oacram, MOTIHAI mHdpraynaa,
aKIapaTThl CaKTay/a, OHJey/Ae, TapaTy/a KoHE OHbl KOMIBIOTEPIIIK TUIMe aybICThIpyAa (KoaTayaa)
TOJIBIFBIMEH OCBI aKBIPJIBI OPICTEP/IiH HET13T1 YFBIMAAPHI MEH TYXKBIPBIMAAPHI KOJTaHbBLIA/IbI.

Kazipri 3amanayn mmdpruay miargopManapblHIarel aKmapaTThl TapaTy MPOIECCIH OKBII-
yiipeHyze yIKeH Kypama n — CaHbIH TaHJay/bIH epeKIIeiriie TOKTaIFbIMBI3 Keneni. Kiacukapik
mudpnay aaropurmaepinae (nb-I'amans, lamup, RSA, DES) ocel ynkeH caHnapl TaHIaynarbl
€peKILEeTiKKe KOHUT ayAapraH JKeH.

Erep n — xypama can Ooiica, oHna Z, — aWbIpMaiap CaKWHACBIHBIH OPIC OOJIMaUTHIHBI
TYCIHIKTI. AIIBIK KUITTI KpUOTOXYHenepae aOOHEHTTIH KyNUs KUITIH TaHJayla OChl CaHHBIH Kail
KOOEUTKIIITEPIH TaHAAUTBIHBIFBI OCNTLII, SIFHU, N = P * q KQHE P, q SPTYpJl kall canaap Oolca,
OHJa p — OIpiHIII aOOHEHTTIH KYNHUs KUITI, q — €KIHIII aDOHEHTTIH KyNHUs KUITi O0JIabl. Z), *KoHe
Z 4 cakuHanmapbl 6pic OOJFaHIBIKTAH aKMapaTThl XKOJIay JKoHe KaObuiaay (Kayam sxasy) GipMonji

AHBIKTAJATBIHBIFBl  TYCIHIKTI.  AITOpUTMAEpAETi OCBl  N,p,q — CaHAAPBIHBIH  Kajai
COMKECTEHIIPUIETIHAINH CTYICHTTEPre TYCIHIIPY 6Te MaHbI3abl. [lIbin MoHiCiHAE, Z;, CAKMHACHI Z ),
KOHE  Z CaKMHAJAPBIHBIH  JEKapTThIK ~KOOEWTiHaiCI OomatblH  Z, X Z; CaKMHACBIMEH
aybICTBIPBLIAIBI.

Onpa Z, X Z, cakunachl mmgpay IpoueciHae Kaaai )KyMbIC iCTeri?

Zy KOHE Zp X Zy u30MOPQTHI CaKMHaIap. n — Kypama caH OOJFaHIbIKTaH Z, CaKMHAChIHJIA
HOJIIH OenrimTepiHiH Kepi AJIeMEHTTEepl KOK. SFHM, OyJI akKmapaTThIH IYPBHIC KOHE TOJIBIK
YKOJIJTaHYBIHA YKOHE KaObUIIaHybIHA Kenepri skacainel. Erep Z,, cakuHachiH Zp X Z 4 cCaKMHACBIMEH
aybICTBIPCAK, OHJIa HOJIJIIH OOJTIIITEPIH «aifHAJIBIN 6Tyre» 00JaIbl.

On ymin aknapar »xongaymsl (1 — abonenT) Z,, — epicinae 0apiblK aKmapaTThl *KOJIahIbL.
AxnapaTTsl KaObliaayibl (2 — aDOHEHT) OHBI P — JIBIK CaHAy JKYHECIHeH ¢ — JIIK caHay XKyileciHe
ayBICTBIPBIIT OKMABL. EXinmii aboHeHT (KaObuinaymbl) Z, — ©piCiHIe 63 aKIapaThlH XKOIIanabl. All,
OipiHmIi a0OHEHT OYJI aKmaparThl ¢ — JIIK caHay >KYHECIHEH P — JIBIK CaHay KYWeCiHEe aybICTBIPBII
OKUIbL. Zp X Z; CaKMHACBHIHBIH opOIp OSIEMEHTIHIH OIpiHIIl KOMIOHEHTIH OIpiHIIi abOHEHT
KOJJaHca, eKIHIII KOMIIOHEHTIH eKiHIII1 aDOHEHT KOJaAaHaIbl.

YrnkeH n — caHbl OipHelle jkaif caHJapra KIKTelice, COHIla a0OHEHT KYNHs aKmapaTTapMeH
anmMaca anajsl.

n=p;- P, .. PrOOICA, OHIA

Zn ZZp XZp, XX Ly,

HIndpnay anropuTMiHAeri oCbIHIal TYpPIEHIIPYIEPiH OPbIHAANATHIHBIH XKaKChl TYCIHE OLTy
opipeKTe KOATAY TEOPHICH IOHIH OKBITI-YHPEHYAE KOIl CENTIriH TUT13e/1I1.

Koaray — akmaparTsl eKiTIK caHay KYHeCciHe aybICThIpy OOJIbII TaObLIa bl

byn mnpouecteri Herisri cypakTap TY3€NeTIH JKOHE TY3€JIMEWTIH KaTelepre KaThICThI
TYBIHAAWIBI. ATan alTKaHIa, «CHHAPOMAAp» KOIIIUTIK JKaFaaiia ®KoFapbla alThuFad mudpaay
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AITOPUTMICPIHICTI CaHay KYHeCiHEe KOITy Ke3eHAePIHAeT1 opTYpii KaTeIepAiH HOTHKECIH e maiaa
0oJazpl.

CoHIBIKTaH KpHUNTOrpadUsUIBIK aJTOPUTMACD XOHE IHdpIay TEOPHUACHl MOHI MEH KOATay
TEOPHSCHl TOHJAEPIHIH apachlHAarbl Cca0aKTACTHIKTHI YIITACTBIPYZA CTYACHTTEPre aKbIPJIbI
epicTep/iH HEri3ri KAaCHeTTEepiH >OHE OJIapIbl KOJIJaHYNAFbl CAKMHAZAaH aKbIpJIbl ©picKe OTy
KOJIIapbIH HAKThI alKBIH/IATI, OJIapIbl THKIPHOEITIK MBICAIJAPMEH TOJIBIKTBIPA OTHIPA OKBI-YHPEHY
©Te MaHbI3bI.

Koananbliran oneduerrep Tizimi
1. K. XKermicos., XK.A. Tycinos., T.T. OcnanoBa., H./l. MapxabaroB. KpunrorpadusHbiH MaTeMaTHKaJIbIK
Herizaepi. Oky kypaisl. — AcraHna: CKAMA/JIU Gacmacer, 2018. — 143 Ger.
2. K. XKernico., b.H. Paxsimkano., A.O. BameeBa., A.K. MycabekoB. JIMCKpeTTi MaTeMaTHKa MOHIHEH
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IKOJOTUSAJIBIK YAEPICTEPAI MOAEJIBAEY MEH TAJIJAY JIbIH
HEI'IBI'TI O AICTEPI
Kepsenes K.E., Ecraes /I.E., ’Kany3zakosa /I.b.
Axademux E.A.Boxemoe amuvinoazvl Kapazanowvl ynusepcumemi, Kapaeanowi, Kazaxcman,
0. bexketixanos amvinoazvl Nel eumnasus, Tapaz, Kazakcmarn,
O.Konoacoexos amwvinoazvl Ne50 opma mexmen, Tapasz, Kazaxcman
E-mail: kervenev@bk.ru, d.estaev3092@list.ru

Mogenbey-opTypili OKy MOHAEpIHEeH OuTiMAl OIpIKTIpyre MYMKIHAIK OepeTiH THIMIiI Kypai.
XKanmer Mozienbiey KoHE KOMIBIOTEPITIK MOJIENbB/ICY MaHbBI3Ibl TYMAHHUCTIK ()YHKIHUSHBI OPBIHIAN
ananapl, OUTKeH1 Oenrini Oip aHTPOMOTEHIIK (GaKTOpIap/bIH CAIJApPhIH 00JDKAy MYMKIHIITT TIMTI
»kahaHIbIK MacmTabTa (TUIAHETaHBIH KJIMMATHIHBIH ©3Tepyi, SAPOJIBIK KbIC KoHE T.0.) KayilnTi )KoHE
YKaFbIMCBI3 KYOBUTBICTAp B OOJIIBIpMayFa MYMKIHIIK Oepeni. Jlemek, o1 Ka3ipri KoFaMJIarbl Casch
OWJlay/IblH Ma3MYHbl MEH CTHJIIH KaJIBINITACTBIPA ajalbl. 3epTTEy MaKcaTblHa OalIaHBICTHI Ke3-
KeJIreH OOBEKT YIINH KONTereH TYpJi MOJeIbACp JKacalybl MYMKIH. Mpicanbl, erep 013
JKaHyapJapJblH TOMYJSAIMUICHl CHAKTHI KypAeli J>KyHeHI ajcak, OHJa TIPIIUIK MpoIecTepiH
CHIIaTTay YIIiH OHOJOTHSUIBIK OOBEKT pETiHAE JKEKe >KaHyapjapIblH MO KOJIJIaHBLIAIbI,
3epTTeyIl aHyapiap TOOBIHBIH TIPIIUIINIH MOJEIBACY YIIiH 0acKa, STOJOTHSIBIK (TIPHILTIK)
MOJICNBJII KOJIIAaHAJIbI, all J)KEeKe aJlamJiap CaHbIHBIH ©3repy JAWHAMHKACHIH OOJDKAy YIIIH MYJIIeM
0acka JKOJIOTHSIIBIK Mojenb skacamanbl. ComaH KeWiH Oip MOJAENTbIl KYpy Ke3iHAe MaHbBI3IbI
00BEKTIHIH KacueTTepi OackachlHa MYJAEM eneyci3 00Jybl MYMKIH. 3epTTEYIiHIH MaKcaTbhl-OpTa
neHreit Taby: MpoIEeCTiH MOJEIIH OHBI HET13r1 OenrijiepineH aiibipmaii xacay.

Keke mnomynsuusuiiap MEH OJIAPAbIH  KaybIMIACTBIKTAPBIHBIH CaHBIHBIH JMHAMUKACBHIH
CUNATTay[bIH aJFalIkbl apekeTTepi 18 racwipra skatansl. Kazipri MaTeMaTUKaIbIK SKOJIOTHUS O13/11H
rachIpbiH 20 - XKbUIIApbIHAA Taiaa OOJIIbI-I0 OChl Ke3lle MaTeMaTHKa dJIicTepi MEH MOJICNIbICY
ujessapel OUOJIOTHsIFA €He Oacrajabl. MareMaTHKalblK 3KOJIOTHUS-OYJI THICTI MaTeMaTHKAJIbIK
MOJIENbJIEPl 3epTTeY HETi31HAe OCIMIIKTEp MEH jKaHyapyiap OpraHU3MJIEpiHIH JKoHE ojap KypFaH
KaybIMJIACTBIKTAPABIH ©37Iepl MEH KOpIIaFaH OpTa apachlHIAFbl OaillaHBICHl Typallbl FHUIBIM.
Kazipri sKoJIOTusHBIH aljiblHAa KenTereH npoOnemanap Oap, Oipak ojapAblH Herisrinepi, 0i3iiH
OMBIMBI3IIIA, MBIHAJAP: - QHTPOTIOTEHAIK (PaKTOPJIAP/IbIH dCEPiHEH IKOKYHEHIH Kai-KyiiH Ooykay;
- Op TYpJi KajimblHA KENTIpUIETIH TaOWFu pecypcTapibl NaiiadaHyJblH OHTANIbl CTPaTErHsIChIH
TaHJay; - JakbULIapAbl 3USHKECTEPMEH Kypecy VIIIH MOMyJSIIHsUiap MeH OJap/blH
KaybIMJIACTBIKTAPBIH OacKapy MECTHIMATEPl KOJIJaHy apKbUIBI eMec, OJapMeH OaillaHbICTHI
KypalapMeH 3UsSHKECTepAiH TaOWfu >KaynapblH KoJJaHy.bi3 SKONOTHSAaFrel MaTEeMaTHKAIIBIK
MOJENbACYAIH OipHEIIe MbICaJIblH KapacThIpaMbl3, OJApJblH KOMETIMEH 013 OChl FHUIBIMHBIH
epeKIIeTIKTEpIHeH TYBIHAAWTHIH KaHa TOCUIAEp MEH HaesiIapMeH TaHbicambl3. COHBIMEH Kartap,
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JOCTYpiii TypAe 013 KapanalbIMHAH KYPJEIire oTyre ThIPhICAMBbI3, SIFHH aJIbIMEH €H JKeHUIIETUIreH
MOJIENbJIEPl KapacThIpaMbl3, COJaH KeWiH oJapabl OIpTiHACH KEeTUIIIpeMis.

[omynsAuusSHBIH 6Cy AWHAMHKACHIHBIH aJiFallKbl MOJETbAEPiHIH Oipi aFbUIMIBIH KOHOMMCI
xkoHe niHu KbisMeTkepi T.Manbrycka (1766-1834) tuecini, on e3iHiH "momynsiust 3aHbl Typaibl
toxipube" (1798) enberinze amam3aT KoraMmblHIa, OapiblK jka0aiibl TaOWFAT CHSKTBI, >KEKE
TYJIFAIApABIH IIEKCi3 KOOCIiHIH abCOMIOTTI 3aHBl Oap Jjgenm MoamiMzeni. bynm skarmaiima xep
XaJIKBIHBIH 6CYl AKCIOHEHITHAIIBI TYPJE KYPEei, ajd eMip cypy Kypaiaapbl TeK apru(pMETHKAIBIK
KarbIHaH apTa/bl. MaTeMaTHKajIbIK TypAeri ManbTyc MoJieni eTe KapanailbiM KepiHe .

[lekci3 TamakTaHy JKarjailblHAa ©MIp CYPETiH MHKpPOOPraHM3MJIEPIiH KOJOHHUSCHIH
KapacTeIpbIHbI3. KeOeto MeH enmiMre OailylaHBICTBI OYJI KOJIOHHUSAJAFBI Tipi OpraHU3MIEPIIH CaHBI
YakKpIT 6Te Kelte o3repei. Ockl e3repic 3aHbIH TabaMBbI3.

Anitaneik, N(t) mereHimi3, t yakbIT Ke3IHIErl 3€pTTENIETIH MOMyJasuus caHbl, am N(t+dt)
nereHimMi3 t+dt yakpIT Ke3IHAET1 3epTTENTreH MOMYISIus caHbl 00JCchiH. Dt miamachl- MOAENbIl
TaHJayFa OalIaHBICTBI OOJIATBIH €H KbICKa yakbIT apajibirbl. Onma, N(t+dt) -N(t) = dN aiibipbimMbl
N(t) pyHKyIUsACHIHBIH ocimieci - t gaH t+dt yakbIT apanbiFbIHIAFl MOMYJIALNSIAFb] KEKE TYpIIEp
CaHBI.

[Tonynsiust caHbIHBIH canbIcThpMaibl ecyl - dN/dt kaTeiHacbl. ManbTycThIH aWTybIHIIA,
TOTTYJISIITUSTHBIH, 6Cy KapKBIHBI COJI K€3/IeTi OHBIH CaHBIHA TIKeJIeH TPOTIOPIIMOHATIBI HEMece

dN / dt=aN,
MYH/IaFbI a - IPOTIOPLHUOHAIIBIIBIK KO3 PUIIHEHTI.

Manbtyc mMoneninae Oenrun Oip mOmyasuus YIIiH OYJ1 MOH TYpakThl OOJIBIN KalaJbl JKoHE
OHJIa MOMYJSUUSHBIH T€3 TYbUIYbl MEH eJiMi kepceTuieni. KapanaiibiM sxarnaiina a koapduimenTi
TYy MEH OJIIM apachlHJarbl alblpMamibuIblK. COHIBIKTAH a MOHI OH J1a, TepiC T€ OOJybl MYMKIH.
[Momymsitust TUHAMHUKACBIHBIH OYyJ1 KapamaiblM MoOJedl MalbTYCTIK HEMece 3KCHOHEHIIHUAaJIbI
MO/IENb JICTI aTajlajbl, O©UTKEH1 OYJ1 TeHACYAIH IIeIIiMi SKCTOHEHITHAIAB! (DYHKIINS

N(t)=N(0)exp(at),
myHaarel N(0) - Oactankbel t=0 yakpITTarbl MOMYJALUS CaHbl. DKCHOHEHUIMAIAB (YHKIMSHBIH
KacHeTTepiHe CyWeHe OThIphim, a >0 -meri ManbTyc Mozeni TMOMYNAMHUSHBIH IIEKCi3 ecyiHe
MYMKIHIIK Oepeni, an a<( Ke3iHje MOMYJSIUs CaHbl aCUMIITOTHKAIBIK TYPAE HOJITEC YMTHIIAIbI,
OYJ1 TOMYJISIITUSHBIH, ©JTIMIHE OKEJIe Il. MOMYJISIHUSIHBIH MEeKCi3 6CyiHe MYMKIHJIIK Oepe/ti.

t >koHe t+ dt yaKbITBIHBIH €Ki €pIKTI COTIH KapacThIpalblK. AWTaNBIK, t YaKbIT Ke3IHIC
nonyssiust cadbl N(t), a t+dt yakbIT ke3iHae mormysmus caabl N(t+dt) 60JICchIH.

ConbiMeH, dt yakpIT Ke31H/1€ MOMYJISIHIS CAaHBIHBIH ©3repyi

dN = N(t+dt) - N(t), memece N(t+dt) =N(t) +dN
IaMachblH Kypaubl.
OcblgaH
N(t+dt) = N(t) +a N(t) dt

byn Tenney ManbTyCThIH SKCIOHEHIMANAbl TEHACYIHIH albIpMAIIbUIBIK aHAJIOTbl OOJIBII
TabbIIaAbl. bysl Ke3-KenreH yakpITTa MOMYJSIUsl CaHbIH Oiie OTBIPHIN, Ci3 opKamaH dt Ke3eHiHeH
KEWiH MOMyYJISIIHs CaHbIH Taba anachl3 AereHal Ouaipei.

Ocplnaiiia, Nmomynsaluus JUHAMUKACBIH 9P YaKbIT apajibifbl dt apKbLIbl MOMYJSALUS CaHBIH
JOUEKTI TypJlle ecenTey apKbUIbl t-TiH YJIKEH YakbIT apaibliFblHJa Oaiikayra Oomanel. ManbTyc
MOJIeNl IKOJIOTUAAAFbl IIEKTEYCi3 eMip Cypy pecypcTapblHa He MOMyJsALUsuIapIblH TYPIH
CUMATTaNThIH aIFaIlIKbl MOAEbAEPIH Oipi. by Moaens a>0 ke3iHae NOMySLUsIHbIH ILIEKCI3 6CYiH,
a<0 Ke3iHJe OHBIH KaMTBIMCBI3 >KOHBUIYbIH, anl a=(0 Ke3iHJe HOMyJsAlus Tene-TeHAIK KyHiHne
Oonanpl. by Monenb, OHBIH KapamailbIMIBUIBIFIHA KapaMacTaH, MPAKTUKAIBIK KbI3BIFYIIBLIBIK
TYIbIpaJibl, ©MTKEeHI oJ1 Oenriai Oip MHMKpOOPraHM3MAEP.iH MOMYISLUACBIHBIH ©CYyiH IIeKTeyil
YaKbIT apajiblFbiHAa KeOeWTeal. OCIMIIKTEp MEH >XaHyapiap oJeMi MONMYJSIUACHIHBIH ©3TrepyiH
ManbsTycThIH KapanaiibiM 3aHpIMEH CHUIaTTayFa OoJIMaiiibl, ©cy JTMHAMMKAChlHA KONTEreH e3apa
OaiimaHbICTBI ceOenTep ocep eTeli - aTam alTKaHnaa, op TYPHiH KeOeroi ©31H-e31 peTTeiial KoHe
TYPZiH BOJIOIUS IPOIECIH/IE CAKTAIyhl YIIIiH ©3repTLIeI.
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DKkonorusga 3epTTEHTIH JKyienep — OuoleHo3ap, OMOTeOIeHO31ap, KaybIMAACTBIKTAP,
IKOXKYHenep — Oyirap aca Kypueni kyidenep Oomneim TaObutansl. Onapiaa kem Melmiepae e3apa
0aiiIaHBICTBUIBIK, OEPIKTLIIK XKOHE YHEMI ©3repill OTHIPAThIH TYPAKTHUIBIK Oalikanasl. XKyiie e3iHe
ocep OousiraH Ke3zeri KyiliHe OaillaHBICTBI, CBHIPTTAaH TYCKEH dcep op Typdii, Keiae TinTi Typa
KapaMa-Kapchl HOTIKETe 9KeIyl MyMKiH.

Kaparannel yHuBepcuTeTiHIH OHOJoOro-reorpadus (aKyiabTETIHIH AKOJOTHUS MaMaHIBIFbIIA
HKOJIOTUSAAFBl MAaTEMAaTHUKAIBIK MOJIETBACP IOHIH OKBITY - CTYACHTTEp/Al TaOWFH-aHTPOTOTCHIIIK
KYHeIepIiH 1aMybl, KYPBUIBIMBIL, OMIp CYpY KoHE TUHAMUKACBIH, KOPIIAFaH OpTa asChIHJAFbl 63apa
OpeKeTTeCcyli XKoHE OalyaHBICTapAbl 3€pTTEY YIIIH MAaTEeMAaTHKAJIBIK MOJIETBACPIl KYpacThIpy
TOCUTAEPIMEH KOHE TEOPHUSUIBIK 13/IEHICTEPMEH TaHBICTHIPY OOJIBIT TaOBLIa/IbI.

Koananbliran oneduerrep Tizimi
1. H.B.Ilepues, I'.E.Ilaperopoanesa, Marematudeckass MoOJeNb JUHAMHUKH TMOMYJSIIMKA, Pa3BUBAIOIICHCS B
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OKY MEH ’KA3Y APKbLIbI CbIH TYPFBICBIHAH OMJIAYJIBI JAMBITY
KaiipaTkbi3bl A., 'opOyHnosa H.A.
Axademux E.A. Boxemos ameinoazvl Kapazanowvl memnexemmix ynusepcumemi, Kazaxcman
E-mail: kairatkyzy ainur@mail.ru

Kazipri OuriM Oepy >karmaiiblHIa alTapiabIKTaii e3repictep opbiH anyna. Coman Oepi Oykim
oJIeM/Ie JKOFapbl FBUIBIMH JKOHE TEXHOJIOTHSIIBIK d3ipiaeMeriep opbiH anpl. COHBIMEH Katap, Ka3ipri
Kac yprakka KOWBLIAThIH Tayantap apTein Kenemi. OcklFaH OaillaHbICThl OuTIM Oepy JKyleciHe
OpTYpJIi e3repicTep EHTI3UIIN, OKBITYIBIH OPTYpii omictepi MeH ¢dopmanapbl maiga OoJaipl.
OmnapneiH Oipi — «CBIH TYPFBICBIHAH OWyay». YJATTHIK OUTiM Oepy JKyHecl YIIiH ChIHH OMIayabl
KaJIBIITACTRIPY-IIYFBIT KAXKETTUTIK. butiM Oepy KbI3METI, callbIll KENTeH e, HIeaabl KoFaM KypyFa
OarbITTAJIFAH KOHE OYJI TYpPFBIJa ChIHU OJIay HETi3iHE KaJBIITACKAaH MEKTEI ChIHBIOBI Jla YIIKCH
MaKcaTTapFa JKeTyre Kajaam OOJIbI TaObLIa/IbL.

ChIHM TYpFBIZIaH OWJIay JETCHIMI3 — OKYIIBUIAPIBIH KbI3BIFYIIBUIBIFBIH apTThIPA OTHIPHII, 63
OMIaphIH €pKiH X)oHEe OUTiM Oepy apKpLIbl OUIAipy KaOuteTi. ChIHM TYpFBIJIAH Oiay JEeTeHIMIi3-
oiylayibl TacTam, OKYIIbl OacKalapIblH OWIapblHA CBIHM KO3KAapaclleH KapayFa, Tajjiayra,
CAJIBICTBIPYFa, PETKE KENTIpyre, JKyieneyre, 3epiaeneyre, Kopceryre »)oHe 0JI OUTMEreH HopceHi
HIbIFapyFa OarbITTAJIFaH TOYEJCI3 JKoHE OIpPJeCKeH IIbIFapMallbUIbIK KyMbIC. ChIHM TYpFBIIAH
oiiylay — OyJ1 OKy MEH a3yl JaMbITy OargapiaMackl. OKyIIbIHBI MYFalIMMEH, ChIHBIITACTAPbIMEH
epKiH ceiliiecyre, ypbicyFa, Oip-OipiHiH OMIapbIH THIHAAYFA, KYPMETTEYre, KUbIHABIKTAP/bI )KEHYTE,
©3€KT1 MACEJEH]1 LIENIy iH KOJIapblH 137eyre maxkslpaTtbliH Oaraapiaama. ChbIHU TYpFbIIAH Oijay
HEeri3iHeH TalKplIay, kaz0alla >KYMbIC J>KOHE MOTIHJIEpPMEH O€JCeH/Al JKYMBIC apKbLIbI
KajbinTacagpl. OKy JKoHE jkazy — Oyl akmapaTThl ajaThlH JKoHE OepeTiH Herisri mpoiecrep,
COHJIBIKTAH OKYIIBUIAP/Ibl TUIM/II OKBII, JKa3yFa yilpeTy kepek [1].

OKy MEeH >ka3y apKbUIbl ChIH TYPFBICBIHAH OWJay/bl JaMBITY, OKYy *KOHE jka3y IpOLECIH/e
aKnapaTIeH XYMBIC ICTeY JaF[blIapblH KaJbIITAaCThIPATBIH TyTac XKyhe Oosbin TaObumaasl. Ochl
TEXHOJIOTUsI OOMBIHINIA OTKI31IETIH cabaKTap TEXHOJIOTHSUIIBIK Ti30eK OOMBIHIIA KYPhIIa/bl: HIAKbIPY
— TyciHy — Pednekcus. Op cabakra ci3 0Ky, jka3y »KoHe OapiblK >KacTaFbl OKYIIBUIAPMEH KYMBIC
’Kacay apKbUIbl CBIHH OIJIay bl JaMBITYFa JKYT1HE ajJaMbl3.

BipiHmi ke3eH-mIakbIpy. Byn ke3eH: OKyIIBIHBIH Oenriai Oip TakpIpbll Hemece mHpobiema
OolbIHIIa OUIIMIH JKaHApTyFa »OHE KOPBITBIHIBUIAYFA; OKY IIOHIHE YHEMi KbI3bIFYIIBUIBIK
TYIBIPYFa, OKYIIBIHBI OKY IC-OpEKETIHE bIHTATAH/BIPYFa; Kayall aJFbIHbI3 KEJIETIH CYypaKTap KOIOFa;
OKYIIBUIAP/Ibl CHIHBIITA KOHE Yiine Oencenai OoyyFa bIHTATaHIBIpYFa MYMKIHAIK Oepeni. Llakpipy
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KE3CHIH/IE MONIIMJIEITEeH TAKBIPBIT OOWBIHINA OLTIM JKaHAPTHUIAIBI, SFHU MOTIHMEH TaHBICKAHFa
JCWIH OKYIIBI HAKThl MaTepwall Typajbl OiiIaHa Oacraiifpl. BipiHIII Ke3eHae MOTHBAIUSIIBIK
MeXaHU3MAEp KOChUIaabl, MakcaT aHbIKTanazsl. byn kezenne «Tontay», «Oinany», «TypTin amy»,
«Kynra Ttankpuiayy, «Onemai mapiay», «bomwkay» , «Mura malysln» 9IICTEpAl KOJIaHFaH
tuimail. Cabakrapasl MyFamiM o3 ImieOepiiiride OailaHBICTBI TYPJCHIIPIT OTBIPBII  OTKI3CE,
OKYIIBLIAP/IBIH KBI3BIFYIIBUIBIFBIH aPTTHIPAIbl. MbIcaiFa «OJeM/Il IIapiay» CTpaTeruschl- OTuIIn
KATKAH TaKBIPBITIKA TOI OOJBIN )00a Kypajabl. Op TONTHIH OacmIbIChl K00aHBI KOpraiisl. backa
TONTAp KOO0aHBI THIHJAI, TATKbLUIAM, Oaramaiisl [2].

Exinmi ke3eH-tyciny. Mynna 6acka MiHgertep 6ap. byt ke3eH OuTiM anymibiFa: )KaHa aKnapar
alryra, OHBI TYCiHyre; Oap OuriMre cinteme xacayra; OipiHIIi OesiMIe KOMBUIFaH CypaKTapra xKayarl
i3geyre Mymkiamik Oeperi. TyciHy Ke3eHiHIE MOTIHMEH TIKeNeH >KYMBIC Kacalnaabl-OKy, OJI
OKYIIBIHBIH 1C-OpEKETIMEH, KecTe KypyMeH, cabakThlH OIpiHIIl OejiriHie KOWbUIFaH Cypakrapra
xKayan 13/IeyMeH kKoHe T.0. *Kypeal, HOTUKECIH/IE OKYIIbUIAp KaHa aKiapar ajlajbl, )KaHa )KoHE KOJI
XKETIM1 OUTIMA1 OalJIaHBICTRIPAJIbI, ANBIHFAH MAITIMETTEepl Kyueneiai. Ocbuiaiiiia, OKYIIIHBIH
031 ©31HIH TYCIHITH ycTaHaabl. OKyMbUIapblH TaKbIPbIN OOMBIHIIA )KYMBIC jKacayFa KOMEKTECeTIH
OKBITY cTpaTerusiiapsl 0ap. «O3apa okbITy», < KUI'CO», «INSERT» T.0 cTparerusmapabl KoJIaHy
Ke3IHJE OKYIIbUIap alifaH OUTIMIEPIH CalBICTBHIPYIbl KOJIaHAAbl, TYXKBIpbIMIaMa >XKacauIbl.
INSERT — okpIFanblH TyCiHYyTe, ©3 OWBbIHA OacUIbUIAK €Tyre, OWBIH OUTIipyre YHpeTeTiH YTHIMIBI
Kypai. OJ1 OKyIIbIFa OKY, TAKbIPBITIIIEH TAHBICY OaphICHIHAA «V» - «OUIEMIH», «-» - «OUIMEHMIHY,
«+» - «MEH YIIIH JKaHa aKmapar», «?» - «MEH1 TaHKAJIJIbIPaabl» OCNTUIEpIH KOUBITT OTBIPHIN OKY
tancelppuiafipl. <INSERTY»  crparerusicel apKbuibl MarblHAHBI TYCIHYJI YHBIMIACTBIPY OHIIMEHIH
COHbIHA T€3 JKETY, OKbIFAH bl ECKE CaKTay, MOHIH JKeTe TYCIHY/1H OipaeH-0ip kenimi [3].

Yuriami kagam — pedrnexcus. MyHoa onaplblH HETI3rulepl: - alblHFaH aKmapaTThl TyTac
VFBIHY, KOPBITY; - OKYIIBIHBIH »aHa OUTIMJi, >KaHa akmapaTThl Hrepyi; - opOip OKYIIBIHBIH
OKBUIATBIH TIOHIe ©3 KO3KapachlH KanblNTacThipy. Pedruexcus ke3eHiHIe akmapar >KallblLiaHabl,
azyblH peii apTajbl. JKazy Marepuanbl TYCIHYTe KOHE OKbIFaH bl TYCIHYT€ FaHa €MeC, COHbIMEH
Karap jkKaHa TUrnoTe3anapasl Ouigipyre ne kemekreceni. OKy >KoHE Ka3y apKbLIbl ChIHHM OMIayabl
JTAMBITY TEXHOJIOTHSACBIHAA OenTii O1p Ke3eH e ae, OYKUT cadak YIIiH OKY CTpaTerHsChl peTiHAe e
KOJITAaHBUIATBIH OPTYPJIl 9MICTep MEH oicTep KOJAaHbUIanabl. EKiHIINI skKaFbIHAH, OYJI CTpATETHSHBI
KOJIZIaHy aKMapaTieH KacakaHa KYMBIC Kacay JlaFJbUIapblH JaMbITyFa OarbiTTanran [4]. Peduexcust
KE3€HIHJIe JKaHa aKIapaTThl )KUHAKTay *KoHe Kyileney, oraH Oara Oepy, OKy MaTepHaablHa ©31HIIK
KO3KapachlH KaJIBINTACThIPY MakcaTbiHaa «BeHH nauarpammacely, «EpkiH kazy», «CeMaHTHUKAIbIK
kapta», «T kecreci», «CHHKBEMH» CHSKTHl CTpaTerusjiap op CabaKThlH epeKIIeNiriHe, aybip-
YKSHUIJIrHe Kapai JaibIKTana Kojaganbuiagel. Onap OKyIIbLIapaeiH Oip-OipiMeH Oif aIMacThIPYBIH,
O TyHicTipylH KaMTaMachl3 eTe/ll. Op OKYILbI 63 HIbIFapMalIbUIBIFBIH KOpceTe anajipl. Mbicanra

«CHHKBEHH» 9J1iC1 — TAaKBIPBITIKA COMKeC Oec KOJI oJIeH Ka3y.

BipiHmri Koy — TaKbIPBINTHIH aTaykl (3aT €ciM);

EkiHIII1 K01 — TaKBIPBINTHI CUMIATTAUTBIH €Ki CO3 (CBIH €CiM);

Y uriHii )K0J1 — TaKbIPBII Typaibl KUMBULIBI OUTTIPETIH YII cO3 (ETICTIK);

TepTiHiIi K07 — TAaKbIPHIIIKA KATHICTHI TOPT CO3CH TYPATHIH CO3 OPaMBbIL;

becinmri k01 — Gip ¢63 — TaKbIPBINTHIH MOHIH aIllaThIH CHHOHUM CO3.

OKymbuIap CHHKBEHH/I1 IoNTepre ska3aabl. MbIcalbl:

1. MS Excel 6arnapnamacsl

2. DNEeKTPOHIbI, KOPKEM

3. Kypy, penakuusnay, minimaey

4. Excel ecentey xyMbICTapbIH xKyprizeni [5].

KopsITeiHIBIIAN KeTie, OKY MEH >Ka3y apKblIbl ChIH TYPFBICBIHAH OMJIAybl JAMBITY 9MICTEPIH
KOJI/IaHa OTBIPBIN, MYFaliM OKYIIBIHBIH JKeKe OachlH, €H alfbIMEH IIeT TUTIH TIKelIeH OKBITy/Aa
JaMBITabl, HOTHKECIHJIE TaHBIMJBIK OEJICeHIUTIK TMeH ©31H-031 XKEeTUIAIpYre KOJaWbl >Karaai
KACAUTHIH KOMMYHUKATUBT1 KY3BIPETTUIIK MamMuibl. ChIHU OWNIAy[dblH MaHBI3Ibl (PaKTOPBI-Ci3MiH
KO3KapaChIHBI3Ibl CEHIM/II XKOHE HAKTHI TYXKBIPBIMJIAY KOHE CEHIM/II JaJeNiep KeATipy MYMKIHIIr.
MyraniMHIH MIHJET] - OKYIIBIIApAbIH OOWBIHIA TO3IMILTIK TIeH OacKamapipl ThIHIAW OiTy CHUSKTHI
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KacuerTepli AambiTy. OChl MakcaTTapra JKETy YIIIH CHIHBINTA OapibIK >KYNTHIK >KOHE TOMTBIK
KYMBICTap/Ibl, COHBIH iIIIHJIE MiKipTaTacTap MEH MiKipTajgacTapAbl 6TKi3y MaHbI3/IbI.
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MATEMATHUKA OKYJIBIKTAPbBI MEH KOCBIMIIIA OKBITY K¥PAJIIAPBIHBIH
APACBIHJAFBI TAKBIPBITITBIK BAMJIAHBIC
KocbibaeBa Y. A., Kaybimoex U.C., CmansioBa A.C., Opa3zoexona P.A.
Axademux E.A.Boxemoe amuvinoazvl Kapazanowvl ynusepcumemi, Kapazanowi., Kazaxcman
e-mail: umit1980@mail.ru

butim 6epyai namertyneiy 2020-2025 sxplngapra apHaiFaH OargapiiaMachiHaa: OyTriHTi OimiM
OepyiH 6acThl MaKcaTbl — TeK OUTIM, OUTIKTUIIK, AaFAbLIap sKyHeciFaHa emMec, Ochl OLTIMJII eMipie
KoJ/laHa aiy, e3 OeriMeH OUIIM any, KyObUIMalibl3aMaHJa THUIMJA1 eMip CYpil, >KYMbIC icTey
JIaF IbUTApbIH JAMBITY KaXeT, aeninre|1].

OKYILBIHBIH KeKe OaChIHBIH aIbl )KOHE €peKIIe KaCUeTTepiH KalbINTacThIpyJa MaTeMaTHKa
MIOHI MaHBI3ABI peJ aTkapajbsl. MaTemaThka OKYIIbUIApFa €3 iC-OpeKeTTepiH OHTalIaHABIPYFa,
menriM  KaOblIgayra JKOHE IC-OpeKeTTepAl TeKcepyre, KaTelepii Ty3eTyre, IoJelll >KoHe
TONENICHOCTEH TYKBIPBIMIAPIbI aXbIpata Outyre yipereni.MaTeMaTHKaHbl OKBITY KE31HIET1 TECT
TarcelpManapbl apKbUIbl OKYIIBIIAPABIH OKY 1C-OpEKETIH YHBIMAACTBIPY YPHAICI OpTa MEKTEMNTIH
YKOHE KOJUIEDKIIH opOip TYJeri Ka3ipri 3aMaHfbl OHAIPICTIK KOHE QJICYMETTIK YPIAICTEPTe OHTAMIIBI
OeiiMaeNyl YIIiH HEFYpJIbIM MaKCaTThl, OJIICHAMAJIBIK JKOHE OJICTEMENIK TYPFBIJaH HETI3IEITeH
O0omybiH KaxkeT eremi. OcblFaH opaif,3aMaHayd KOFaMfa cCail IIBIFapMAaIIbUIBIKIICH OWIAWTHIH
Oimimi, OUTIKTI, CaHAJIBI YPITAKThI Aaspiiay KaKETTUIIrT MEH MaTeMaTUKaHbl OKBITY/Ia TECT apKbLIbI
OKYIIBUTAPJBIH ~ OKy  IC-OPEKeTIH  YHUBIMAACTBIPYIBIH  OMICTEMENIK  HETBIACPIHIH  JKeTe
3epTTEeIMEYILILIIr apachlHAa KapaMa-KallIbUIbIK TYBIHIAN OThIp. AHBIKTAJIFaH KapaMa-KanlIIbUIbIK
MaTeMaTHUKaHbl OKBITY YPIICIHIE OKYIIBUIAPIBbIH OKY 1C-OpPEKETIH TECT apKbUIbl YHBIMAACTHIPY IbIH
omicreMeciH Heridaey OBBIIH 3epTTeyiMi3faiH mpolieMachlH TYBIHAATTH. OpTra MeKTen
MaTeMaTHKAChIH OKBITYAa KOJIJaHBLIATBIH OKBITY Kypajaapsl caH aidyaH. OjapblH Katapsl Oyrinae
OKYJIBIKTAap, OKBITY KYpaijapbl, €cenTep >KWUHAFbI, AUJAKTUKAJBIK MaTepuaijap, IUlaKaTTap,
AIIEKTPOH/IBI TUIAKATTAp, MHTEPHET Napakiiaiap, HHTepHeT KaHangap T.0. SIrHu onap:

- KIIACCHKAJIBIK OKYJIBIKKAa KOCBIMILIA HEMECE OHBbI TOJBIK aybICTBIPY PETIHJE Kara3 Hemece
AJIEKTPOH/IbI TACHIMAIIAFBIIITA HIBIFAPBIUIATHIH OKY OacChIBIMBI;

- cabakTa KepHeKi Kypall peTiH/ie KOJJaHbIIaThIH apHalbl 3aTTap MEH MaTepraiaap.

Op TYPIi OKY KYpalJIapbIHbIH KOMETIMEH MYFalliM CHIHBINTA [IBIFAPMAIIBIIBIK 5KOHE KbI3BIKTHI
opra ’kacaipl. bynm jkaHa Marepuanapl TUIMAI KaObUIJayFa BIKOAT €Telll KOHE OKYIIBIHBIH
QNJBIHFBl cabakTapja anfaH OUTIM JeHTeWiH Te3 MOoHE OOBEKTHBTI TEKCepyre MYMKIHJIIK
Oepeni.bapabiK OKy-omicTeMeniKk Kypanaap OKyIbIH Kypamjaac 0eiiri MeH oKy OaraapiaMachlHBIH
Ma3MYHBIHA TOJBIK colikec xkacanaabl. COHBIMEH KaTap, oJiap OKYLIBLIAP/IBIH JKaC epeKIIeNiKTepiH
KOHE JaMy JCHIeiiH eckepyi kepek. Kayinci3mik TalanTapblH XKOHE CAHHMTAPJBIK-TUTHEHABIK
HOpMaJIap/Ibl CaKkTay MIHJETTI mapT 00JbIn Tabbu1aAbl. OKY KypaiiapbIHbIH Keleci Typiepi 6ap:

- OJEKTPOHIBIK (Tpe3eHTanusiap, OSIEKTPOHIBIK KiTanTap, WHTEPAaKTUBTI OWBIHAAD,
IaKarTap);
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- IBIOBIC-TeXHUKABIK (ayauoskazbanap, oeiine — xone DVD ¢unbMmuiep);

- Oacma (kecrenep, IJIaKaTTap, CTEHATEP, MOPTPETTEP, YIECTIPME JKOHE TUAAKTHKAIIBIK
Kapranap);

- KesieM/i (MakeTTep, MOJICIb/Iep, TAOUFU 3aTTap JKOHE OJIapIbIH UMHTAIUsIIAphI) [2].

OKy Kypanbl a1 OEKITUIreH OKYIBIKTBIH 0acra aHajorsl 00Jybl MYMKiH. MyHIail aybICTBIpY
OlTiM OepyaiH jKaHa CTaHAAPTTapbIHA KOIy Ke3eHiHze, 0a3anblK OKy o7cOMeTiMEH KYMBIC jKacay
Ke3eHiH/e TybIHAaiael. Hyckaynbikrap keOiHece OUTIMHIH >keke OelliMIepiH YChIHAIBI JKOHE
MaTepHaIIbl TOJBIK KaMTyIpl Tamam ernedmi. bip Mesriime »xaHa OutiM  OepydiH OKy
aKmaparrapbsiHOaiikan kepyre kemekrecemi.byn Outim Oepy OarmapiiaMachIHBIH KOMIIOHCHTIHE
KATBICTBI. OHIPIIIK ICHTeHIe OKYJIBIKTapIbIH MYHJIAH TYpiepi aBTOPIIAPIbIH TOJIBIKKAHIBI KYMBICHI
O0ona amazapl, Oipak Ma3MyHbl OOMBIHINIA OJIAp TEK JKEPTUIIKTI TAKbIPBINTHI KaMTUIbl (MbICAJIbI,
altMaKTBIK Y2KOHOMHKA, TApUX, Teorpadus 5koHe TyFaH O©JKEHIH KOPIKT1 kepiepi).

Mekrten yiIiH OKBITY YpAiCiHAET1 €H 0acThl OKBITY Kypasibl — OKYIbIK. Opta OutiM Oepy
KYHeCIHZie HEeri3ri OKYJBbIK PpEeTIHIE YCBIHBUIATBIH OapiibIK OKYJBIKTap OlpHelle Ke3eHHEH
capanTtamMajaH eTy apKbUIbl OKYIIBIHBIH anjabiHa keneni. KP BFM PecnyOnukanbik FHUTBIME-
MPaKTUKAIBIK OUTIM Ma3MYHBIH capanTay OpTalbFbl apKbUIbl capanTaMaJaH eTeTiH OKYJBIKTap 63
(YHKIUSUTAPBIH TOJIBIK KaHBI OPBIHIAaYEI KepeK. COHBIMEH OKYJIBIK OJ:

- OKYJIBIK — OKY OarapiiaMachl MCH JUJAKTHKAHBIH TaJalTapblHa, OKBITY MAaKCAThIHA Call OKY
MIOHIHIH Ma3MYHBIH FBUIBIMHM HeETi3lle, Kyieni OasHmalTeiH KiTarn. OKYJIbIK OKYy OpBIHIAPBIHBIH
THUIIIHE Kapail (6acTaybllll, OpTa, KOCINTIK-TEXHUKYM, )KOFapbl OKY OpbIHAAPHI) Kacauadbl. Op Typii
WIT MEKTenTepl YIIIH HaKThl YIATTHIH aHa TUTl MeH 9JeOMEeTIHIH epeKIIETIKTepIH eCKepe OThIPHII
OKBITBUIATHIH aFBLIIIIBIH, OPBIC T, T.0. OKYJIBIKTap MIBFapbLIA]IGI;

- OKYJBIK- OKy OarmapiiaMachlHa COWKeC MMOHHIH MaTepHalAaphl Kyielnl TYpAe YChIHbUIATHIH
KiTam;

- OKYJBIK — TOHIIK OUTIMII JKYHenl TypJe OKYIIBIHBIH JKachlHA COMKEC YCHIHATHIH >KaJIIIBI
Kitamn T.0 [3].

MareMaTuKkaHbl OKBITY OJICTEMECI MaTeMaTHKa IOHIHIH EPEKIICIIKTEPIHE HETI3JICTeH OKYy-
TOpOMeE KyHecl JKalbIHIaFbl FRUIBIM. byl )kKylieHI MEHrepy MaTeMaTHKaHbl OKBITY MEH MaTeMaTHKa
MOH1 apKbUIBl OKYIIBLTIAPBI TOPOHENey iCiH YHBIMIACTRIpYFa MYMKIHAIK Oepeni. MaTemaTHKaHbI
OKBITY 9/IiCTEMECI MYFaJIIMHIH OKY MaTepuaiiapblH Oepy, OKyIIbUIAPIbIH MaTeMAaTHKAIBIK OLTIM/I1
caHaJIbl MEHIePY JKOHE ayiFaH OUTIMIH MpaKTUKaaa KOJJAAHY ICKEPJIIKTEPIH MIBIHAAY 9JiCTepi MEH
KYpaJlJapblH TarailbIHIaN b

- MaTeMaTUKaHbl HE YIIIiH OKBITY Kepek?

- HeHi OKBITY Kepek? Kanmaii TopTireH, peTineH OKbITY Kepek?

- MaTeMaTUKaHbl Kajlail OKbITY Kepek?

MexkTenTiH OKYy JKOCHapiapblHIa JKOHE JKeKe TMoHAepAiH OarnapiamManapbelHia OuTiM
QTYIIBUTAPABIH KAOUIETTUTINH MIBIHIAUTBIH MaKcaT KETKUTIKCI3, TeK OUTIMIUIIr MeH OUTIKTLIIriHe
KOWBUIATBIH Tajantap KanbinTackaH. COHBIMEH, MaTeMaTHKaHbl OKBITY MpPaKTHKACchlHIA OLTiM
QIIYIIBUTAPABIH, OPHBIKTHI OUTIM JIEHTeil Tajlam eTiie/l, eiMTKeHl OYPhIHFBI ©TKEH MaTepuaiIap/ibl
Olmmece, ’KaHAa MaTepHalgbl MEHIepy MYMKIH €Mec. OpTa MeEKTell MaTeMauKachlH OKBITyAa
KOJIIaHyFa apHaliFaH apHaibl CalT J>KYMBIC >kacaiipl. byn CalTThIH HEri3ri epekuieniri coil
«MateMaTiKa OKYJIBIFbI» jK00achl HETi3iHe *kacajbll, OipHelle KbULIbIK apxuB OepiareH. XKoba
HOTH)KECIHJIE Op CBIHBIN OOWBIHIIIA KUPWII KapmiMeH IIbIKKaH Oaplia MaTreMaTHka IIoHi
okynbIKTapel (1940 kxpuigan Oacram) O KUHAKTANbIN, IUGPIABIK (QopmaTKa alHAIABIPHUIIBL
JKyMBICTBIH HETI3r1 CYI0achlH >KOHE ajFallKbl HOTIDKEJEepJi MBIHA CUITEME apKbUIbl Kepyre
oomanpr: http://zkoipk.kz/kz/math-textbook-project.ntml.Ocer caiitta 1-11 apanbiFbiHIaFsl OaraHIap
Op CBHIHBINITHIH PETTIK CaHBIH KOPCETEA1.Op CHIHBIN OOMBIHINA KUPWILI KaphiMeH IIbIKKaH Oapiia
MaTeMaTHKa IMOHI OKYIbIKTapbiH (mamamed 1940-2020 sxpuigap apanblFbl) KUHAKTAM, TUIAHIIETTI
CKaHep KeMeriMeH HUQPIbIK (opMaTKa alHaIAbIpy. Op OaFaHIaFbl CHIHBINMKA KIPTE€HAE OHIAFbI
KiTantap eckimeH Oactan >kaHara JeiiH Oap.OcChIHIAW TeCcT J>KUHAKTapbl MEH KOCHIMIINA
OKyJIbIKTapa 6ap. by Oananapra ’aH )KaKThl KapacTbIpyFa THIMII.
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Maremartuka MoHIHJIE CAUTTap apKbLIbl OKBITY JapalaHAbIpbUIFaH, 9P OKYIIbBI MEH MYFaTIMHIH
KYMBIC CTHIIIHE OeHiMaeny MYMKIiHAIri, e3 OeTiHIIe 3amMaHayd MHTEPHET TEXHOJOTHsIApbl MEH
KaIIBIKTBIKTAH OKBITYIbl KOJIIAHY Op TYPJi BHPTYalJbl KOCIOM KaybIMIACTBIKTApPAbI (MBICAIIBI,
MyFalliMJIep KOFaMJIACTBIFbIH) OHal KaJIBIIITACTHIPYFa, MYFaliMIEpPMEH ©3apa KapbIM-KaThIHAC
Kacayra, MoceJeNep/i TaJlKbulayFa, >Kajlbl MIHAETTEPl Ienryre, ToxXipube, akmapar >koHe T. 0.
anMacyra MyMKIHIIK Oepeni. Kazakcran PecnyOnukachiHBIH OUTiM Oepy KyHeCiHe KalIbIKTHIKTaH
OKBITYIIbl TAMBITY HHTEPHET TEXHOJOTHSJIAP/bIH JaMYybIHA YKOHE KAIIBIKTHIKTAH OKBITY OIICTEpiH
KETULIPYAl Tanam eTesi.

Koananbliran oneduerrep Tizimi
1. Kazakcran PecnyOmukaceiama Oimim Oepymi mameityasiy 2020—2025 sxbuigapra apHaiFaH OargapiaMachl
/www.adilet.kz
2. Kanypi0aer K.J. MatemaTHKaHbI OKBITY 9/licTeMeCi: OKYIBIK. - Anmatsr: Jloyip, 2013. - 366 6.
3. Koiimeioaesa H.U. TTonai OKBITYIBIH jKaHA TEXHOJIOTHSIAPHI: OKY Kypasibl. KaparaHsl MEMIICKETTIK YH-TI . -
Kaparanmet : KapMY 6acnacer, 2012. - 140 6.

5-7 CBIHBIIITAPIA AJITEBPA KYPCBIH OKbITYJIBIH KEUBIP
EPEKHIEJIIKTEPI
KocnioaeBa Y.A., AxmanoBa /.M., [llamaTaeBa H.K., Beiicenosa JI.P.
Axademux E.A.Foxemos amuvinoazvl Kapazanowvl ynusepcumemi, Kapazanowl, Kazaxcman
E-mail: umit1980@mail.ru

Kasipri yaxpITTa Kazak TUIIHAE OJAICTEMENIK MaTepHajaap KypacTbIpy MaTeMaTHKa I9HI
MYFaTIMJIEPIHIH aJAbIHIA TYPFaH ©3€KT1 MacemenepIiH Oipi.

Kopoiteianel  Gakputaymapna, ¥YbBT Ttanceipyma «TeHCI3mIKTEp» TaKbIphIOBIHA —apHAJIFaH
ecenTep KeIl Ke3Necell, ajaiia OKYyIIbUIapFa OChl TaKBIPBINITHI OKBITY OipIrama KUBIHJIBIK
TYyFbI3yJa. MyFalliMHIH HET13T1 MakcaTbl - OKYIIBUIAPIBIH OUTIMILIIK, IIBIFAPMAIIBUIBIK KaOUIeTiH
TamMbITy ekeHl Oenrim. OcbiFaH OalJIaHBICTBI OKBITYJAFbl OICTEMENIK JOCTYPIl KalTalaH
KapacThIPYbIH KAKETTIr1 TYBIHIAHTBI.

Mekrente anrebpa KypcbiHAa «TeHCI3MIKTEP» TaKBIPBIOBIH OKBITYIIBIH MakKcaThl - Oip
alHBIMAIBICEI 0ap CBI3BIKTHIK TEHCI3AIKTEp MEH OJapiAblH JKYHeNepiH IIemy ICKepJiriH
KanbinTacteipy. OKy OarnmapiamachiHzna «TeHC3IIKTep» TaKbIphIObl €Ki maparpadTaH TYpaibl:
«CaHJBIK TEHCI3MIKTEP JKOHE OJIAPIBIH KacueTTepi», «bip alHBIMaIbICHl 0ap TEHCI3IIKTEp MKOHE
OJIApIBIH  JKYyHenepi». MarepuanasiH OasHaanybl «CaHABIK TEHCI3AIKTEP» OONMIMIHAC «YIKECHY,
«KIII»  yFeIMJApbIHA aHbIKTaMa OepyneH Oactamanbl. EHTI3UITeH aHBIKTamManap CaHJbIK
TEHCI3IKTEePAIH KACHETIH JQJeNieyre KaxeT YFbIMIap OOJIbIN TaOblaaabl.

TaKBIPBINTHIH «O3CKTEPi»:

- KYJIKEH», «KIi», «TEHCI3IIK» YFBIMIApHI;

- CaHJBIK TCHCI3AIKTEP KaCHETTEPI;

- CaHJBIK TEHCI3JIIKTEpre aMmaniap KoJigaHy.

Martepuannpiy OasHIaybl anreOpanblK —amanfapra, TeHOe-TeHMAIKTEepAl TypJieHAIpyre,
KOOPJIUHATTHIK TY3y YFbIMBbIHA, apu(MeTHKanblK aManaap 3aHIbUIbIKTapbiHa cyiieHenl. Ocbl
naparpadTaFbl XKaTTBIFYJIap KYHeCIH Keneci TonTapra 6emyre 60yapl:

- «YJKEH», «KIl» YFIMJIap aHBIKTaMachlH OEKITY;

- TEHCI3IIKTEp/i JoJNesiey;

- TEHCI3JIKTIH aKUKATTBHIFBIH 3EPTTEY;

- TEOMETPHUIBIK KOPIHICTEP KOMETIMEH CaHIap bl CaIbICTHIPY;

- CaHJBIK TEHCI3JIKTEPAiH KAaCUETTEePiH aHBIKTAY;

- OPHEKTIH MoHIH Oaraiay.

CaHJpIK TEHCI3AIKTEp MEH OJIApAbIH KAaCUETTEPIiH OKBITY/AA HETI3T1 OKY MoceleepiHe MapTChi3
TEHCI3JIKTEP/1 ISeNAeye KAIIbl )KOHE epeKIlie OKY aMalIapblH TYXKBbIpbIMJIAY kaTafpl. O yIIiH
KeJeci MiHIETTEeP/Il ey Kepek:
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- apudMETHKANBIK OKy aMallJapblH OeNriien, MIapTChI3 TEHCI3IIKTEpHl AQJIENIey TOCLIIH
aHBIKTAY;

- allHBIMAJIbIFa HOTIKE aMayjap KoJAaHy OarachIHBIH CHIIATTAMACHIH aIlly.

TakpIpBINTEI OKBITYIBIH MOCENIECIH KeJleci Typ/Ie )KIKTeyre 00J1aIbl:

- apabIKTapibl OKY;

- CAaHHBIH apaAJIBIKTA KATYbl TYPAJIbl aHBIKTAMAHBI OOBITY;

- apaNBIKTapAbIH Oipiryi MEH KUBUIBICYBIH TalYy;

- «TEHCI3JIKTI IEeNTy» YFBIMBIH OCKIiTY;

- Oip aifHBIMAIIBICHI Oap CBHI3BIKTHIK TEHCI3MIKTI IICTY 1aFAbICHIH KAJIBIITACTHIPY;

- JKYHenep/i enry aHbIKTaMachIHA KaTTBIFYIap;

- TEHCBAIKTEp JKyHeciHiH ImenriMi OOJaThIH apaibIKTBl TaHAald OUTy  JaFabIChIH
KaJBIITACTRIPYFa apHAIFaH JKaTTHIFyJap;

- YUI TEHCI3JIKTEH TYPaThIH XKYyHenep/il enIyre apHaJlIFaH KaTThIFysap.

Bepinren TakpIpbIITApAaFrkl TalCHIpMaNapabl OpPbIHIAYAA CIUPAIbIi OKBITY NPUHIUITIHE
KYT1HE OTBIPBII, KYIITHIK KOHE TONTHIK KYMBICTHI KY3€Te achlpy THIM/II.

Koananbliran ogeduerrep Tizimi

1. Annbicos A. Mekrenreri TEHJeyJIep MEH TeHCi3ikTep xedici. - Kazakcran opra MekTe0i xypHanbl. 2015 x.
Nell. - b.9-17.

2. KaGacos M. Keii6ip Tenneynep xyiiecin menry. Matematuka xoHe ¢usuka - 2015. - Ne3. - .7-11.

3. Tonzi OKBITY/IbI YHBIMAACTHIPY OOMWBIHIIIA 9/IICTEMEITIK YChIHBIMIaManap//WWw.nao.kz.

MATEMATHUKA CABAKTAPBIHJIA AJITOPUTMJIK OMJIAYJIBI JAMBITY
MaiipambaeBa A.X.
Axademux E.A.boxemoe amuvinoazvl Kapazanowvl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail:ma_khamzievna@mail.ru

Kazipri tanma OuTiM cajachIHAAFbl ©3TEpICTEPIiH 0acThl MakcaThl — OW-OpICi JKaHAIIBLI,
IIBIFAPMAIIBIIBIK JICHICH/IC KYMBIC JKacall allaThlH, JYHUCTAHBIMBI KaJBINTACKAH TYJIFa JaspJay.
byrinri TananTap oxkymieuiapra Ou1iM OepyMeH KaTap OUTIKTI TypJie KOJIJlaHa allyblHa, OHBI JaFIbIFa
JKETKI31I, COHBIMEH Olpre OKYIIBIHBIH KaOUICTiH, aKbLI-OWBbIH JaMbBITyFa, OPEKETTIH HOTHIKECIHJIC
KaHJai a Oip TYKBIPBIM Jkacail anyra Herizaeneai. COHABIKTaH J1a OKYIIBUIAPbl MAaTEeMATHKAIIBIK
ecenTepi IIbIFapyra YHPeTy, €cell IIbiFapy OapbIChIHIA aJTOPHUTMIIIK OWJIaybl TaMBITY, OJIAPJIbI
TYPJI THIMII 91C-TOCUIAEPAl KOJAaHyFa JaFAblJIaHIBIPY CaIajibl TYPAE KYPri3UIreH MPaKTHKAIBIK
cabaKTapAbIH MaHbBI3bI 30p OOJIBIN KEJICII.

Bapnblk FBUIBIMIAP apachlHa MaTeMaTHKa €peKIle OpbIH anajpbl. «MaTeMmMaTHKa — aKblLI-OH
TUMHACTHUKaChI» JIETEH co3 OCKep alThUIMaraH. AlaM iC-OpeKeTiHIH OapiIbIK canajapblH/ia KeHIHCH
KOJIJIAaHBUTATBIH MaTeMaTHKa oMOe0Oan 0oibin Tadbuiaabl. Ka3ipri yakpITTa FUIBIM MEH TEXHUKAHBIH
JaMybIMEH OHBIH pOJi aWTapibIKTail apThill Kejelni. by Oapiblk Oojamak MamaHIapblH
MaTeMaTUKAIbIK JailbIHIBIFBIH apTTHIPYIBl Tajam erefi. Opoip Oonamak MaMaH €3 iC-OpeKeTiHe
TalbIHABIK OapbIChIHIA Oenrini Oip Jopexene MaTeMaTHKANBIK OUTiMre ne 00Iybl Kepek. ONTKeH,
aJlaMHBIH >KeKe OachblH JambITy/a, OHBIH JIYHHETaHbIMBI MEH aJaMIepUIilliK KacHeTTepiH
KaJBINTACTRIPY/Ia, AKbLI-0M KaOLIETiH KeTUIIIpyAe MaTeMaTUKaHbIH allaThlH OPHBI €pPEKIIIE.

KoramapIk mamybiH Ka3ipri Ke3eH1 aKmapaTThIK TEXHOJIOTUSIIAP/IBIH ajaM KbI3METIHIH 0apIbIK
cayajapblHa eHyiMeH cunarTaia/bl. JKaHa aknapaTThIK TEXHOJIOTHIAp OLTIM cajachlHa YIKEH dcep
eryne. bimim Oepy okyHeciHzeri OoJibIl JKaTKaH e3repicrep Makcarrapibl, TIpOueniK
KYHIBUIBIKTApAbI JKaHAIla TYCIHYJEeH, OLTIM OepyaiH jKaHa OMICTepiH MaijanaHy KaXeTTUIriHeH
TybIHAaNIbl. COHIBIKTaH OKYIIBIHBIH OH-OPICIH KaJbIITACTBIPHII, OM-OPICIH JAMBITY — MEKTENTIH
TUIAKTUKAIBIK MIHAETTEpiHIH Oipi. ATaMHBIH Ja MHTEIUICKTYAIIbl JaMYybIHBIH HET13T1 Kypamjac
0eIIiri aroOpUTMIIK Oisiay OOJBIN TaObIIAbI.
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ANTOPUTMIIIK OWay JNaFaplaapbl afaM MOACHHUETIHIH epeKIle CTWIIIH, OHBIH Kypamzac
OeJIIKTepiH: >KbUIJAMJIBIK MEH >KWHAKBUIBIKTBI, OOBEKTHUBTUIIK TMEH YKBIITHUIBIKTHI, TalChIPMaHbI
Kocmapiaay MEH OpBIHAAyJIaFrbl TYPaKThUIBIK MEH TYPAKTBUIBIKTBI, ©3 OWBIH aHBIK YKOHE HAKTHI
KeTKize OUTyli, JaFIpljIap MEH JaFbUIapabl KaJbINTACTRIPYFa Jia bIKHA eTeI.

ANTOPUTMIIIK OWUNAyJbl KATBIITACTBHIPY IMEJArOTHKAIBIK MPOIECTIH MaHBI3ABI 06miri OOJIbII
Tabbutanpl. OKyIIBUIApABIH KaOUIeTTEepiH jKaH-)KAaKThl KepceTyre, OacTaMallbUIIBIK, JepOecCTikK,
[IBIFAPMAIIBIIBIK KAOUTIETTEPiH JaMBITyFa KOMEKTECYy — Ka3ipri MEeKTeNnTiH 0acThl MIiHAETTepPiHIH
0ipi. MaremaTtuka ajarOpPUTMIIK OWIAyIbl NAMBITYJBIH HAKThl aJFBIIAPTTAPBIH ©3iHIH OYyKiT
KYHECIMEH, TYCIHIKTEpiHiH, TY)KBIPbIMIAPBIHBIH KOHE TY)KBIPHIMIAPBIHBIH €PEKIIe alKbIHIbLIBIFBI
MEH JINIriMeH KaMTaMachl3 eTeli.

AJNTOPUTMIIIK TOCUIIIH HETI3T epeKIIeNiri OHBIH THIMALTIrT O0IBIN Ta0bUTa bl ATTOPUTMACP I
OKBITY KaJaMJapbIHbIH peTl AYphIC aHbIKTaica (aJrOpUTMHIH TajlanTapbl MEH €peKIIeNIKTepiHe
colikec 00JTyBI KepeK), Oyi1 OUTiM Oepy/IiH OH camaibl HOTHXKECIHE oKeNeTiH1 co3ci3. COHABIKTaH Oy
ozic OOMBIHINIA TEOPUSIIBIK OUTIMIEP/l MBICBHIKTayFa >KOHE OEKITYre apHajlfaH OKYJBIKTap/bl MoH
MYFaIIMIHIH ©31 JalbIHJAI, YCHIHFaHbl Aypbic. OWTKeHI, 01 e31 cabak OepeTiH CBhIHBIITAFbI
OKYILIBLTAP/IbI KaKChI OLIeI1.

Op Typial OKy ToHJepl OOMBIHINA TarChIpMaliapAbl OPBIHIAW OTHIPHIN, Oajajmap €H >KaKChl
KOJIIAPABI 13/IEHI1, 1C-OpEKeT HYCKaJIapblH TaHIAWIbl JKOHE CaJIBICTBIPAIbI, OJAPIAbIH PETI MEH
OPBIHAATY TOCUIACPIHIH >KOCTAPBIH kKacaiapl. OKyIIBIHBIH MIENTMIH O0aKblIayAbIH TaOBICTHUIBIFBI
OHBIH ©3 IC-OpPEKEeTIHIH KaHIa Ke3eHAepiH OoJpKall ajaThIHIBIFBIHA, HYCKAJapabl KAHIIATBIKTHI
BDKJIAFATTHUIBIKIIEH CAJBICTBIPYbIHA OalIaHbICThI.MeKTen OKYyIIbIIapbIHBIH 63 OETIHIIE 1C-OpeKeTTI
KOcTapiiay KoHE OpbIHIAy KaOUIETIH KaJbINTACTHIPYABIH HACANBI JKaFaaiiaapbl Oakplaay >KOHE
031H-031 0aKpuIay, aybI3IIa ecenm Oepy KaKETTUIIrl, OKy-TopOue MPOIECIHIe OKYIIBIHBIH ©31H-031
Oarasaybl apKblibl aJIbIHA/IBL.
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AKTYAJIBHBIE ITPOBJIEMbI COBPEMEHHOI'O OBPA30BAHMA
Mapuyk H.A., I'yaemanos H.K.
Ha3ap6ae€ HHmeﬂﬂeKmyClﬂbHaﬂ uiKoJa XMMMKO'6MOJ102M1{€CK020 HanpaejleHus e. Kapaeanda,
Kapaeanoa, Kazaxcman
E-mail: marchuk_n@krg.nis.edu.kz

B coBpemeHHOM MwHpe o00pa3oBaHHME MWIrpaeT KIIOUEBYIO poOJb B (OPMUPOBAHUHM U
MOAJIEPKAHUU COLMAIIBHOTO CTaTyca JIMYHOCTH, B BOCIPOM3BEACHHM U PAa3BUTUU COLMAIBHOU
CTpyKTyphl obmectBa. Cucrema o0pa3oBaHMs SBISETCA OJHUM M3 OCHOBHBIX IOKa3aTelel
COLIMAIBHO-9KOHOMHYECKOTO Pa3BUTHUS CTPaHbl, BEAYIIUM (DaKTOpPOM KOHKYPEHTOCIOCOOHOCTH,
alalTUBHOCTH M MOOMJIBHOCTH TPYJOBBIX pecypcoB. OJHAKO, Ha JaHHOM 3Tale, CYIIEeCTBYIOIAs
cucremMa oOpa30BaHUS NEpPEXKHUBAET JOCTATOYHO CJIOXHBIM MEpUOJ M HMEET LeNblil KOMIIIEeKC
TpeOyIOLINX ONepaTuBHOrO peueHus mpobiaem. Hanbonee akTyanbHBIMU M3 JaHHBIX MIPOOJEM, Ha
Halll B3IJISAJ, SBJSIIOTCA CIEAyIOIMe: cojaepskaHue oOpas3oBaHus; (GopMaT W MeToJsl 0O0ydeHus,
COLIMAJIBHO-TICUXOJIOTHYECKUE acTIeKThl 00pa30BaHusl.

Coneprxanne 00pa3oBaHusl HE MOXKET OCTaBaThCs MOCTOSTHHBIM, HEM30€KHO MOTUPHUIUPYSICH B
COOTBETCTBUU C PAa3BUTHUEM COBPEMEHHOM HAYKH U TEXHOJIOTMH, MOJ BIUSHUEM HOBBIX COLMAJIBHO-
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HSKOHOMHYECKUX BBI30BOB oOmiecTBa. Tawkke K TpaHCPOpMalMu COJEpKaHHUS OOy4YEeHHUS BEIyT
WHHOBALMOHHBIE HCCIEIOBaHMS B OOJACTH MCHXOJOTMM W METOJOB IO3HAHMSA, M3MEHEHUS B
COLIMANIBHOM ¥ MoNUTHYecKuX chepax obmecta. HoBas mapaaurma o6pazoBanus, HE00OX0AUMOCTh
B OOy4yeHMHM Ha TPOTSDKEHHHM BCEH JKM3HM, NPUBOAAT K BaXKHOCTH BKIIOUCHHS B COJEp)KaHHE
o0Opa3oBaHuE HE CTOJIBKO Keiica cTaHmapTHOro Habopa mpenmeTHbix 3YHoB, HO, mpexie Bcero,
CocoOOB OBIIQJICHUSI 3HAHUSAMH, «YMEHHE YUUTHCS», KOMIETCHIMH. B JaHHBI MOMEHT
coJiepKaHne 0O0pa3oBaHHUE IMOCTPOCHO TaKUM OOpa3oM, YTO MPHOPUTETHBIM SIBJISETCS MOJyYEeHUE
TEOPETHUYECKNX 3HAHWK, MPAKTUYECKHE K€ HAaBBIKM pa3BHBarOTCA ciado. IlosTomy BoO3HHMKaeT
npobsiemMa yCHJICHHs MPUKIATHON HarpaBieHHOCTH o0ydeHusi. CoBpeMeHHOEe 00pa30BaHHE HOCUT
MaCCOBBIH XapakKTep, IO CyTH CBOEH MOCTaBJICHO HA «KOHBEHep», 4TO 0e3yCIOBHO MO3BOJIAET JaTh
0oJBIIOMY YHCTy OOydYaromuxcsi 0a30BBI HAa0Op OIpENeICHHBIX 3HAHWKW W HaBBIKOB. Ho, B
YCIIOBHSIX CTPEMHTENIBHO PAa3BUBAIONIMXCSI HAYKH M TEXHOJIOTHI, TOJOOHBIN MOAX0 K COJEPKAHUIO
o0pa3oBaHUI0 B HEJAJIEKOM OyAyIleM CTaHET COBEPIICHHO HEBOCTPEOOBAHHBIM H JaXKe
npoOneMHbIM. 3MeHEeHHne W pacHmpeHHne colepKaTedbHOW 0a3pl 00pa3oBaHUs IPHU3BAHO
crocoOCTBOBaTh (DOPMUPOBAHHIO B CO3HAHWUHM YEJIOBEKA IEIOCTHOW €IWHOW KapTHHBI MHpa U
BJIeYET 3a coOO0W mpobiieMy pa3pabOTKM HOBBIX KpPUTEpUEB OTOOpa HOBBIX (PAKTOB U CBEACHUH,
KOTOPBIE JIOJDKHBI BOUTH B OOHOBIIEHHOE CO/IepKaHe 00pa30BaHusI.

['maBHEHIINM M300peTEHHEM MHIYCTPHAILHOM 3pbl B COIIMAILHOM IUIaHE sABJsIach ¢pabpuka —
KaK OpraHu3aius Mpou3BOCTBA, IIPH KOTOPOH BECh MPOIecC pa30oUBaiICs Ha OTIEIbHBIEC OTICPAIIHH,
BBITIOJTHSIEMBIC PA3HBIMHU JTFOAbMU. TaKO# 1M0IX0] 3HAYNUTEIFHO YAESIIEBIISUT TPOIecC IPOU3BOICTBA.
OueBuaHO, 9TO 4epThl (HPaOPHYHOTO MPOU3BOJACTBA CTAIM HOCHUTH M OOIIECTBEHHBIE YUPEKIICHHS:
OOJBHUIIBI, Mara3WHbl, IIKOJbI (IA€ YYUTENSI-TIPEIMETHUKH O00y4aroT — «oOpalaThiBaroT»
yuamerocss no ouepenu) [l]. W cerogHs mno-mpexHeMy oOpa3oBaTelbHbIE YUPEKICHHUS B
MOJABJISIIONIEM  OOJBIIMHCTBE paboOTalOT Ha MAacCOBYH MOJrOTOBKY  HMHAYCTPHAJIBHBIX
COTPYIHUKOB, XOTSI HEOOXOAUMOCTb B 3TOM (pOopMaTre, a COOTBETCTBEHHO M METOJAaX OOydeHMs,
oTnazaer. B coBpeMeHHOM MHpe MHOTHE C(epbl KU3HU BCE 4alle NMPUOOPETaroT YepThl HEKOH
nepcoHrurannu. KinMeHThl AyT NEepCOHANIbHBIX MPEUIOKEHUH OT MEHEIKEpoB, OOIIAIOTCS ¢
JUYHBIMU KOHCYJIbTaHTAMM U 3aHUMAIOTCSA II0J] PYKOBOJCTBOM JIMYHOTO TPEHEpa, MOCEIAIOT
CEeMENHHOro Bpaya ¥ BBIOMPAIOT WHAMBUYAIILHO MOAXOSAIINHN A7 ce0s1 KOHTEHT B UHTEPHETE U T.I1.
Tak wnenecoobpazHo nu cucrteme 00Opa3oBaHMs B OyaylleM OCTaBaTbCsl OPUEHTUPOBAHHON Ha
MacCOBBbIM NOJAXOJA WJIM Hauboyiee aKTyaJdbHbIM CTaHET IepexoJ] Ha IO3MLUU BapUaTUBHOCTU
JMYHOCTHO-OPUEHTUPOBAHHOE W  IEpPCOHAIM3MpoBaHHOe oOyuenue? Ho  BapuatuBHbIE
oOpa3oBaTellbHblE  TPAGKTOPUM  HEOOXOJUMMO  COIVIAaCOBBIBaTH  C  TOCYIApCTBEHHBIMU
00pa3oBaTeNIbHBIMU CTaHJAPTAMMU, YTOOBI IIPU 00ECIIEUYUTh BOZMOKHOCTb O0Y4arOLMMCS IIEPEXO]L €
OJIHOTO BapHaHTa 00pa30BaHUs HA JPYrOM.

BaxxHbIMU ABJIAIOTCS COLMATIBHO-TICUXOJIOIMYECKHE ACHIEKThl peOpPMBbI CUCTEMBI 00pa30BaHMS
BonbIMHCTBO MeAarornuecKux pabOTHUKOB U POIUTENECH — JIFOJH, BOCIIUTAaHHbIE M OOy4YEeHHBIEC B
CHCTEME MaccoBOro MOAX0Ja, APYrMX oOpa3loB B cucTreMe oOpazoBaHus He Buaenu. [lostomy
3alpoC MHHOBALIMOHHBIE MOJXO/bI B cUCTEME 00pa3oBaHMs (POPMUPYETCs, JOCTATOYHO MEUIEHHO.
Wuepuus xe cucrteMbl 00pa3oBaHMs, BKIHOYAONIEH B ce0s MHUIMOHBI YYaCTHMKOB M MOILIHBIN
OlOpoKpaTHUecKuil ammapar, Beiauka. [losToMy mnonbITku pedopMbl 00pa3oBaHUS 4acTo
HaTBIKAIOTCS] Ha YIIOPHOE COMPOTHUBIIEHUE UM (hOpMaIM30BaHHbIN K HUM noaxox [2].

Cuctema o0pa3oBaHUs Ha COBPEMEHHOM 3Tame pedopMupyercsi, BBOJAATCS €BpoOIeickue
CTaHJApPTBl U TPEH[bl, BHEAPSIOTCS HOBbIE MOHATHUS, WHHOBAIIMOHHbIE METOJAUKU U TEXHOJOTHH
o0Oy4eHus U T.A., 4T0 0€3yCIOBHO SABJISETCS MPOTrPecCUBHON TeHAeHIMeN B chepe oOpa3oBanus. Ha
psly C TOJOXHUTEIbHBIMM TEHICHLUSAMH, HEOOXOAMMO OTMETUThb, YTO YacTo pedopMsl
oOpa3oBaHUsl HE aJanTHpPOBaHbl K JICHCTByMOWIell cucreMe, HE UMEIOT TMoA  CcoOoi
(GyHIaMEHTAJIbHBIX HAy4YHBIX MCCIEIOBAaHUN. MeXaHHYecKoe COEMHEHHE 3JIEMEHTOB pa3HBIX
cucteM OOy4eHHs NPHUBOJIUT K BHYTPEHHEMY KOH(MIMKTY UM HU3KOH 3(PPEKTHUBHOCTH OOyuUEHHS.
KitoueBast mpoOieMa JaHHOTO HEMPOIYMAaHHOTO «peOPMUPOBAHMS» 3aKIIOYAETCS B TOM, YTO BCE
WHHOBALMM HE anpoOUPYIOTCs, HE TECTUPYIOTCS, a Cpa3y BHEAPSIOTCA B 00pa3oBaHUE Ha MPAKTHKE
B MacUITaOHBIX pa3Mepax. Pe3ynabTaramMu JaHHBIX «MHHOBAIMOHHBIX» M3MEHEHUN CTAaHOBSATCS HE
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TOJIKO HETaTHUBHBIE PEaKIMH B OOIIECTBe, HO U 00Ilee CHMKEHHE KauecTBa oOpa3oBanus. OgHUM
U3 TyTed pemeHus JaHHOW NpoOJeMbl SBISAETCS MEPMAHEHTHBI MOHMTOPUHT U, TpHU
HE00X0IMMOCTH, KOPPEKTUPOBKA peau3yeMbIX B 00pa30BaHUU U3MEHEHUH, C IIEIIbIO ONpeIeICHUS
creneHu ux 3()(HEeKTUBHOCTH.

Eme oxHuM W3 NPHOPUTETHBIX HANPABICHUH JUIS pEIIeHUs MPOOJIeM COBPEMEHHOTO
oOpa3oBaHue SBISICTCS OpraHu3alys mpolecca OOy4eHHS C Y4YETOM OCHOBHBIX TPEHJIOB
oOpa3oBanusi Oyaymiero, Takux Kak: IH(POBON MOIXOA K OpraHM3aludu y4eOHOTO Ipolecca,
pUMEHEHHE HEeUPOTEXHOJIOTHI 1 cucTteMbl Big Data (cucrema 00JbIINX TaHHBIX), OHJIAWH-YPOKH,
CEeMHMHAphl, KypChl M WHBIC IUIATGOPMBI JUIS TIOJMYYEHHUS JUCTAaHIMOHHOTO 0Opa3oBaHUs,
BOBJICUEHUE YyYalllUXCS B IPOEKTHO-UCCIIEOBATENbCKYIO JI€ATEIbHOCTh, YHU(UKALMS HaBBIKOB,
M3yYeHHE CMEXKHBIX JUCHUIUIMH W MeXIpenMeTHas wuHrerpanms. [IpobGmemam B chepe
00pa30BaHUs MOCBSIIEHO MHOTO HAayYHBIX TPYAOB, CTaTel, KOH(pepeHINH U 11t 3PPEKTUBHOTO UX
pelieHrs HeoOXoauMa MOCTOSIHHAS. MHTErpalui padoThl yYEHBIX-I€AaroroB, YNHOBHUKOB B cdepe
00pa30BaHUs U yUUTEIEH-IPAKTUKOB.

Cnmcok Mcnob30BaHHOM JIUTEPATYPhI
1. Bactok B.C., ®uodanosa O.A. AHanu3 MoJaxoJ0B K OOHOBJICHUIO COJIEpKaHUsI 00pa30BaHUs: H3MEHEHHE POJIH
HOCHTEJIEH coiepKaHusi 00pa30BaHuUs M PErysTOpOB 00pa3oBaTenbHbIX cTanaapros, Hayka u [lkona (Ned, 2017).
2. Kaiinaposa A.Jl. OnbIT popMHupoBaHus COIEPKAHUS TIEAArOrHYECKOro o0pa3oBaHus B 3apYOEKHBIX CTpaHaX U
Kasaxcrane: cpaBHUTENbHBIN aHanu3, binim-Oopa3zosanue (2006).

O KPUTNYECKOM U PABBUBAIOLHIEM AHAJIN3AX KAK COCTABHbBIX
YACTAX UHCCIEJOBATEJIBCKOI'O NIOAXOJA
'Mycaiioexos P.K.,’Cy.eiivenos K.M.
Koxwemayckuii yuueepcumem um. 111 Yanuxanosa, 2. Koxuwemay

2 Eepasutickuti nayuonanvhoiil yuusepcumem um. JI. 'ymunesa, 2. Hyp-Cynman, Kazaxcman
rashid1956 @bk.ru, kenessary@mail.ru

Ceifuac B ofOmiecTBe TpeOyeTcs pa3BUTHE HOBBIX CIIOCOOOB, IMENArOTHMYECKUX TEXHOJIOTHH,
HaIEJICHHBIX Ha Pa3BUTHE JIMYHOCTH, (OPMUPOBAHHWE YMEHHS CTaBUTh W pELIaTh 3aJaud st
paspeiieHus mpodieM NpodecCHOHATBHONW AESITeIbHOCTH, CaMOOIPEICIICHUs, MOBCETHEBHOM
KU3HU.

HccnenoBaTenbckuii MOAX0A — 3TO KPUTUYECKUN aHAIMU3 CYTH M COJACPKAHUS HU3ydaeMoOu
TEMaTUKHU, a TaKKe Pa3BUBAIOIIMN aHAIN3 - 0000IEHNE UMEIOIIUXCSI CBOMCTB PaccMaTpUBAEMOrO
oOwekra. Ilpu uccnenoBaTeIbckOM MOAXOJE MPOBOAUTCS O3HAKOMIICHHE YYalllUXCsl C METOJaMu
HAy4yHOTO  WCCIIEJIOBAHMs,  pa3BUBAETCA  JIOTUYECKOE  MBIIUIEHUE W [O03HABaTeIbHAS
CaMOCTOSITEIIbHOCTb.

Haynem c ompeneneHusl CYIIHOCTH MOHSTHS HCCIENOBATENILCKOTO MOJIXO0Ja B OOyYeHUHU.
OaHuM #3 YCIOBHM pelieHHs 3a/ad, CTOAIIMX Mepell COBPEMEHHBIM OOpa30BaHHMEM, SIBISETCS
WCIOJIb30BAHME HCCIIEIOBATENBCKOTO MOaX0Aa K 00ydeHuto. CyIIHOCTBIO HCCIEI0BATEIBCKOTO
MOAX0/1a B OOYYCHHH SIBIISICTCS:

- BBEJCHHE OOIIMX W YAaCTHBIX METOJOB HAYYHOTO HCCJIEIOBAaHUS B TMPOIECC Y4eOHOTO
MO3HAHUS Ha BCEX €ro sramax (0T BOCHPHATHS 1O MPUMEHEHHs] Ha MPAKTHKE), T.€. KPUTUYECKH
aHAIIM3UPOBATH ONpeAeTeHHS 00BEKTOB, CPOPMYIHPOBAHHBIX CBONCTB, MPUBOAUMBIX OTPaHUYECHUN
U yCIIOBU;

- B OpraHM3alnuu y4eOHOW M BHEY4eOHON MOMCKOBO — TBOPYECKOW JAEATENHOCTH B (opme
Pa3BHUBAIOIIETO aHAJIH3A;

- B ONpEICIICHUH BHYTPUIIPEIMETHBIX W MEXKIPEIMETHBIX CBS3CH, ISl TPUIIOKEHUS
M3YYEHHOTO MaTepuaia U JJis JaIbHEUIIero ero pa3BUTHUS;

- B YCIOXHEHHUU COJIEpKATeIbHONH M COBEPLICHCTBOBAHMM IPOLECCYAbHOW CTOPOH
MO3HABATEIHHON AEITETbHOCTH;
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- B U3MEHEHUHU XapaKTepa B3aUMOOTHOUIEHUN «YUUTENIb — YYCHUK — KOJUIEKTUB y4allluXcs» B
CTOPOHY COTPYJHHYECTBA, T.€. KOJJICKTUBHOTO OOCYXKICHHSI TOCTAaBICHHOW 3a/ladyd, a TaKKe
METOJIOB MCCJICOBAaHN TEMATUKU 3aauH.

OmHuM H3 OCHOBHBIX COCTaBIJISIFOIIMX MCCIIEIOBATENBCKOTO TOAXO0Ja MpU OOydeHUH
COCTaBJISIET KPUTHUYECKUN aHAIM3 COJECpkKAHUS H3yd4aeMOro Marepuaia, MOUCK BO3MOKHOCTEH
0000IIeHUsT WK KE OINpeAeTeHHs MPoOIeMbl Ul JabHEHIIET0 u3ydeHus. B pesynpTate MoXKer
OBITH OIpEACTCH PSJI TOCTAHOBOK «HOBBIX HCCIICOBATEILCKUX 3a7au», HEKOTOPHIE MOTYT OBITh
paccMOTpEeHBI HA YPOKaX, a IPYTUe Ha BHEYPOUHBIX 3aHATHSX, TAKUX KaK KPYKOK M (aKyIbTaTHB.

PaccMoTpuM  KpuUTHMYECKMII M Pa3BUBAIOIIMA aHAJIM3bl, KaK COCTAaBHBIE YaCTH
HCCIIE0BATENIBCKOTO T0/1X0/1a B 00yUECHUH.

Kputnueckuii aHanms - «MHOTO(AKTOPHBINY» aHAIM3 Y4eOHOTO Marepuaja M 5TO O3Hadaer
MPOBE/ICHUE aHaliM3a y4eOHOTO Marepuasia 1o CIEAYIOIIMM OCHOBHBIM HAalpaBIICHUSIM: TOYHOCTH
YCIIOBUHM, BBEIEHHBIX B (POPMYIMPOBKE OMNPEACICHUM, MX H3MEHEHUsS TMPUBEIYT K HOBOMY
MOHATHIO, 00BEKTY. 3/1eCh K€ MOTYT TEPMUHOJIOTHH; MPUMEHEHHE OTPENCICHUS TPHU PEHICHUU
MPAKTUYECKUX 3a/la4; TOYHOCTh YCJIOBHH B (OPMYIUPOBKAX YTBEPIKICHHM, a TaKKE BIUSHHUE
W3MEHEHUSI TaKWX YCJIOBUH Ha 3aKIIOUYEHHUE YTBEP)KJICHUS; TOUHOCTh YCIOBUN B (POPMYITHPOBKAX
YTBEPKJICHHUM, U3MEHEHHUsI KOTOPBIX MOXKET MPUBECTH K BBEIACHHUIO HOBOTO TOHSTHS, a WHOTAA U
[IeJIOT0 pas3fiena,0000MeHnsT HEKOTOPBIX IMPOCTHIX 33/1ad MOXKET IMPUBECTH K HOBOMY ITOHSITHIO.
31ech aHANM3 CBs3aH C TMPOBEPKOM MeETOJa pelieHus K OO0O0OIIEHWI0 JaHHOW 3aJavd, YacTo
MPUXOJAT K HEOOXOAMMOCTH TPHUMEHEHHS HOBOT'O METO/a HCCIEIOBAHUSH;, O CYIIECTBOBAHUU
00paTHOTO YTBEPKJACHHS K 3aJaHHOMY MPSMOMY YTBEPXKICHHUIO, B XOJI€ peaTu3alli TaKoro
aHaJM3a MOXET TIOSBHUTHCA HEOOXOAMMOCTH BBEICHUS JIOTIOJHUTEIBHOTO  YCIOBHS; O
CYIIECTBOBaHMM OOpaTHOW 33/1aud K 3aJaHHOW MpPSIMOM, MPH MPOBEAECHUU TAKOTO aHaJn3a MOXKHO
OTIPENICTNTh TUIIBI OOPATHBIX 3a/a4, a TaKKe OoInpenejaeHHoro Buaa obpamenus [1, c. 51-55; 2, c.
236-240].

Hrak, onpeneneHHble HAMU 7 HAaPABJICHHUH SIBISIFOTCS CITOCOOAMU peain3aiii KPUTHIECKOTO
aHanu3a. B ganpHEHeM BO3MOKHEI M3MEHEHHUS U JIOTIOJTHCHUS.

Paccmotpum pazBuBarommii ananu3. [log pa3BuBaronuM aHaan3oM OyAeM MOHWMATh aHAIM3
y4eOHOT0 MaTepuasa, Ipyu peaTn3alui KOTOPOTo MOTYT OBITh OMPEACIICHBI:

1) HEKOTOPBIE TEMBI, 0000IIECHUS KOTOPHIX MOTYT IIPUBECTH K IPYrOl TeMaTHKE;

2) HEKOTOPBIC TEMBI, aHAJTU3 KOTOPBIX MOXKET MPUBECTH K JAIbHEHIIEMY Pa3BUTHUIO, TIPUYEM
HEKOTOPBIE pa3aelibl MOT'YT ObITh PA3BUTHI B By30BCKOI MaTeMaTHKE.

Kputnuecknii u pa3BHBAIONIMK aHAIW3bl TECHO CBS3aHBI MEXIYy CO0OH, B XoJe WuX
MPAaKTUYCCKOM pean3alliK, aHAJIM3 MOXET OBITh HadaT ¢ KPUTHYCCKOro, a 3aTeM OyIeT IUIaBHO
MEepexXoAUTh K pa3BuBaroliemMy. HampaBiieHMSI KpUTHYECKOTO, Pa3BUBAIOLIECTO AHAJIM30B MOKHO
MOKa3aTh HAa KOHKPETHBIX IpUMepax y4eOHOTrO HIKOJIBHOTO MaTepHuaia.

Cnucok McnoJib30BaHHOM JIUTEPATYPhbI
1. MycaiibekoB P.K. HccnenoBarenbckuii moaxon B mpoiecce oOyueHus matematuke The scientific heritage
(Budapest, Hungary) VOL 2, No 80 (80) (2021).
2. Mussaibekov R. Teopernueckre OCHOBBI HCCIIEIOBATEIBCKOIO IOAXOAa M CIIOCOOBI €ro TPUMEHEHHs B
ob0yuenun. [lemarormueckuii sxypuan Tom 11 Ne 6A, 2021.
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BbI3OBbI U TPEH/IbI OGPA3OBAHUSA B CBETE HU®POBbBIX HAYYHO-
TEXHOJIOIT'MYECKHUX ITPOPBIBOB
Hypoekosa b.)K ., Hypoekosa 7K.K.%, Haiimanosa JI.C.}
 Espazuiickuii nayuonanvnoiii yuusepcumem umenu JI.H.I'ymunesa, Hyp-Cynman, Kazaxcman
2 Kazaxckutl HayuoHaibHblil nedazouyeckutl yHusepcumem umenu Abas, Anmamol, Kazaxcman
3Topaiievipos ynusepcumem, Ilasnodap, Kazaxcman
E-mail: b_zh_nur@mail.ru

CoBpeMeHHOEe 00pa30BaHNE HE MOXKET Pa3BHBATHCS B OTPHIBE OT IMPOUCXOSAIIETO B 0OIIECTBE
¥ MHUpE B 1IeJIOM. BimsiHMe manaeMun Ha Bce OOIIECTBO U, B YACTHOCTH, Ha CUCTEMY 00pa30BaHUs
MOPOJIMJIA MHOTO BOIPOCOB B MEAAaroruke. BO3HUKIINE TeonoJMTHYECKHE KOH(IUKTHI B CBOIO
odepeqb BIUSIOT Ha Bce cdepbl xku3HU uenoBedecTBa. (Ocob0 cienyeT OTMETUTh HAy4YHO-
TEXHOJIOTUYECKHE TIPOPHIBBI M UX BIHMSIHHUE TIPEXKJIE BCETO, HAa COJIEPKAHUE 00pa30BaHHSL.

B 371011 CBSI3U pacCMOTPUM OCHOBHBIE 8b1308bl DLICPO MEHAIOWE20 MUPA, PA3BUMUSL CKBO3HBIX
Yyugposvix  mexHono2uli, pazeUMUs  UHGOPMAYUOHHO-KOMMYHUKAYUOHHO2O0 — NPOCMPAHCMEA,
CO30aHUsSL MEMABCENEHHOU, CMEHbl napaduemvl 00pazoeanust, usmenenus pvinka mpyoa [1]-[3].

[udpoBeie MHHOBAIMK TOIJIEPKUBAIOT CEroJHS OOpa3oBaHME B pa3IMYHBIX (hopMaTax.
Omnako wunngyctpus EdTech, rme nudppoBbie WHHOBaNMK TPaHCHOPMHUPYIOT Kak CaMu
oOpazoBarenbHble TexHojoruu EdTech, Tak u oOpa3oBaTenpHYHO MapajurMy, BIHSIOT Ha
o0Opa3oBaHUe W CTAHOBJICHHE IIEJOTO IMOKOJeHHs. [103ToMy BO3HHKaeT ocTpas HEOOXOJAUMOCTh B
Hay4YHO-00OCHOBaHHOM BHEJPEHUHU IIU(POBBIX PELIEHUI B cCUCTEMY 00pa30BaHUsI.

B Bek 1uu¢poBbIx MHHOBALMN TpaHCHOPMHUPYETCS MHPOBOW MOPSAOK M BO3HUKAIOT HOBBIE
nmpenensl  pa3BUTHS Om3Heca. B HacTosmmee BpeMs TIOBCEMECTHO Hayara pealin3aius
niamgopmenHol OusHec-modenu, MEHSIOMAss MHPOBOW PHIHOK W IMEHHOCTH. Kaxiplii JeHb
UCHoab3ytoTcst pasnuunbie miardopmer (Uber, Booking u ap.), KOTOpbie MONHOCTHIO M3MEHHUIIH
Ou3Hec, T. €. OCTAIUCh B HICTOPUH OIPOMHbBIE TAKCOMAPKH, AUCIIETYEPCKUE, TOCTUHIUYHBIN OU3HEC U
ap. B cucreme o6paszoBanms 1utatdopmennas moxenb (Courcera, EdX, Udemy wu gp.)
TpaHCPOPMUPYET MPEXKJIE BCEr0 YHUBEPCUTETCKOE 00pa3oBaHueE.

Lugposas nayka (DigitalScience) siBisieTcss paCIMpeHUEM KOMITBIOTEPHBIX HAYK U COAEPIKUT
B CTPYKType paslenbl: AHaJIUTHKa JaHHBIX, VICKYCCTBEHHBIM HMHTEIUIEKT U  POOOTHI,
Kubepbe3zonacHocth, KommbroTepusie Hayku.  HaBbiku B IHQPOBBIX HayKaxX MO3BOJSIOT
aIaliTUPOBAThCSl B OBICTPO MEHSIIOIIEMCS MUpPE, a aJallTUBHOCTh UMEET pellarollee 3HaYeHue s
nporpecca B 00IIeCTBE U IKOHOMUKE.

B npornoctuueckux otdyerax B o01acTy HU(POBBIX TEXHOJIOTUHN ONpeAeNeHbl JOMUHUPYIOILIUE
BEKTOPBI Pa3BUTHS, CBSI3aHHBIE C Pa3BUTHEM LIU(PPOBBIX HAYK :

PaciimpeHHblii MCKYCCTBEHHBI HHTEIUIEKT;
— KBaHTOBBIE TEXHOJIOTUH;

WNunoBauu B 00pazoBaHuy;
MertaBcenenHas;

— BuptyanbHas, TOTOJIHEHHAs U CMEIIaHHasl PeaJbHOCTH.

B cBsi3u ¢ BBINIEH3TOKEHHBIM OTMEYaeM, YTO LU(POBbIE HMHHOBALMU MOPOXKIAIOT HOBBIE
MEeXAUCIUIITUHAPHBIC HAMPABJICHUS TAaK)Ke B MEJarornueckoi HayKe: Mema nedazo2uka u HayKd
06 obpazoseamenvuvix mexrnonocusx (SCIEdTech).

N3BecTHO, uTO uyTO 65% CErOTHSAIIHUX LIKOJBHUKOB OKaXXyTCsl Ha elle He M300peTeHHBIX
pabounx MecTtax. Hay4dHO-TeXHOJOrHUECKHE MPOPBIBBI, Oa3UpyrolIe Ha IU(PPOBON Hayke, Kak
KBAHTOBAsl PEBOJIIOLUS W MPOJABUHYTHIH MCKYCCTBEHHBIH WHTEJUIEKT, ayrMEHTAllUs 4YeJoBeKa,
TeHHas WH)XXEHEpPUs M DBKO pereHepanus, Hayka M JUIUIOMATHd OKaXyT Ha YCKOpEHHOe
BO3HUKHOBEHHUE M (PPOBBIX NHHOBAIM MO HAIIPABICHUSM:

— Hayka u TexHONOTHS; HAyKa U AUILIIOMATHS,

— IIpoaBUHYTHIN UCKYCCTBEHHBIN NHTEIUIEKT;

— KBaHTOBBIE TEXHOJIOTHH;
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buonndopmaruka;

BrioxHoBsIOIIME MO3T BBIYUCIICHUS;

YcuneHne KOTHUTHBA,

[IpuMeHeHre reHHON MH)KEHEPUHU JUTsl YEIIOBEKA,
PanukanbHOE paciimpeHue 310pOBbs;

Byaymue cucreMbl nuTaHus;

OKO perenepaiius Bo300HOBIEHUE KJIETOYHASI HHKEHEPUS,
KornuruBHast ayrMmeHTanusl.

B cBs3u ¢ 3TUM BO3HUKAET 00Jblllasg NOTPEOHOCTh B KaJpaxX, KOMIETEHTHBIX 10 CIEAYIOUIUM
BHJIaM PadoT:
pabota ¢ OOJIBIIUMH TAHHBIMU;

CO3/IaHNE UCKYCCTBEHHBIX HEMPOHHBIX CETEH;
aBTOMaTUYECKOE paclo3HaBaHUE JIULI, PEUH;
MalIMHHBIN peYeBON CHHTE3, MAIIMHHOE 00y4eHuE;
HEUPOCUMYJIALINY;

MIPOEKTUPOBaHNE HEHPOUHTEP(PENCOB.

Bonbiine nanueie, 03epa MEPTBBIX JaHHBIX HA CErOJHS MCUHCIAIOTCA B 3eTTadaiitax u k 2025
rojly OKujaercs HakoruieHue 175 3errabalT naHHBIX. OT0 00bEMHBIE HaOOPHI MHQOpPMAIUU B
pasnuuHbIX hopmarax [3].

C 1enpro MoJTydeHHsI IIEHHBIX CBEACHHH U TIOJIE3HBIX IS OM3HEeca KaueCTBeHHOHM MHMOopMaIn
MPUMEHSIOTCS MHOYKECTBO IOJAXO0JI0OB, METOJO0B M HHCTPYMEHTOB. B mepByio ouepenb ciemyeT
MIPOBECTU ayIUT OM3HEC-TPOIECCOB JUISI CO3/aHUSl IMOJIHOIEHHOMW M BaJMIHON apXUTEKTYphI C
ontuMmusanuen OU3HEC-NPOLECCOB HAa OCHOBE YCTPAaHEHUS BO3MOXKHBIX JIMIIHMX 3BEHBEB, Kak
XOJIOCTBIE MPOLECCOB, METJIM B MPOLECcax U AyOIMpOBaHHUE MPOLIECCOB, IPOBECTU PEMHKUHUPHHT
OM3HEC-TIPOIIECCOB.

Ecnn Heo6xoumMo OOHOBIIEHHE JAHHBIX B PEAIbHOM PEKHME, TO HY)KHbI CUJIbHBIE ar€HTHBIE
TEXHOJIOTUM U CHCTEMBbI, BBICOKOCKOPOCTHBIE BBIYMUCIECHUA. VIHTENIEKTyallbHbIE CHCTEMBI 0a3bl €
BUTPHUHON JJAHHBIX JIOJDKHBI OBITh JOCTYIHBI MEHEIKEPY JH000T0 YPOBHS, a TAaKXkKe MIPEro1aBaTellio,
00yYaromuMcs U pOJUTENSIM ¢ COOJII0JIeHHEM 3aKOHa O MEPCOHAIBHBIX JAHHBIX M UX 3allUTe.

B 10-netHem ropuszoHTe B LM(GPOBOM MHUDPE OKUAAETCS pa3BUTHE CUCTEMbl 0Opa30BaHUs B
OCHOBE CEHCOpHBbIX TexHonorui. Kiaccel OyqyT OCHallleHbl CEHCOPHOW TEXHOJIOTMEH Julsl
HaOmroieHus 3a 00ydeHHEeM, B TO BPEMs UCKYCCTBEHHBIN MHTEIEKT OyneT oOpabaThiBaTh JaHHBIE
B pEXHUME pPEaJbHOI0 BPEMEHH, 4TOOBI IMpelaraTbh MNPEIIOKEHHUsS [0 YIYYLIIEHHIO OOy4eHus.
[loBencHueckne JaHHBIE U3 TPEKEPOB Tela W IJIa3 IOMOTYT COBEPLICHCTBOBATb METOJbI
0oOy4YeHHs.M TOMOYb JIy4llle MOHSTh. XapaKTEPUCTUKU YYalllerocs, TaKMe KaK HCHOJHHUTEIbHas
¢ynkuus. IlosBSATCA HOBbIE CEHCOpPHBIC TEXHOJIOTHMH, ayIuo M IOJIHAS BU3yaJIM3alusl MO3BOJUT
Jy4dlIe YYUThCA TaKKe HaBbIKaM COTPYAHHMYECTBA [2].

B 3akmouenue otmeudaem, 4to [yl TpaHC(HOPMALMU CUCTEMbl 00pa3oBaHus B Omwkaiimue 10
JIET CIEAYET YUUTHIBATh BIUSHUE CICAYIOUINX HAIIPABJICHUN:

— bonbune nasHHsble;

— BuptyanbHas, cMenaHHas U JOTIOJIHEHHAs PEAIbHOCTD;

— MerakorHuTHBHBIM ckaddonuHr;

— HHrepHer Bewed 1 nepudeprurtible BEIYUCICHHUS;

— IlnatgopmenHslii 6u3HEC.

Cnucok McnoJib30BaHHOM JIUTEPATYPbI
. Marepuasnsicaiira Digital Science // http://sds.ubd.edu.bn/computer-science/
Oruer GESDA 2021 Science Breakthrough Radar// https://radar.gesda.global/
. Big Data: niepcriekTuBBI pa3BuTHsI, TpeHIBI 1 00beMbI poiHKa ...// hitps://delprof.ru > open-analytics.
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S5-I CBIHBIIT OKYHIBIJIAPBIHBIH BOJILIEK
CAHJIAPBI MEHI'EPYIH 3EPTTEY
L2Coaran P., 'bameesa A.O.
YUneebpa scone ceomempus xagedpacwl, mexanuka-vamemamuxa axynomemi, JI.H.Iymunes
amuinoazel Eypazua ¥nmmuix Yuueepcumemi, Hyp-Cynman, Kazaxcman.
2 Kativim Myxameoxanos amuvioazer Ne90 cumnaszuscer, Hyp-Cynman xanacer ,Kazaxcman
E-mail:raushan090587 @gmail.com

Benmiek canmgap (OHIBIK O6JIICK JKOHE XKW O6JIIIeK) MaTeMaTUKAHbBI CHJII FaHa YHPCHII Keje
KATKaH S5-II1 CBIHBIN OKYIIBUIAPHI YIIIH ©Te KUBIH TAaKbIPHIN €KeHAIrl Oenrini. Ocipece, KONTereH
MEKTEIl OKYIIbUIAPhl O6JIIeK CaHmapibl YHpEeHyHe oiapisl (Oemmiek caHmapibl) KeOeHTy MeH
Oenyne aWTapibIKTall KUBIHIIBUIBIKTAPFA Tam OOJIATBIHBI TYCIHIKTI. MpbIcanbl, CcaHIapabIH
KaTBhIHACBIH YHpEHy/Ie OKYIIbLIap “Kepi caHbIHA KOOEUTY” omiciH Outyl Tanmamn eriieni. COHIBIKTaH
OKYIIBIIAP/IBIH  JIOTHKAIBIK OWJIay TOCUTIH JaMBITY apKbUIbl KaTBIHAC CaHIApbl OONyIiH Hemece
KeOelTyaiH OypbIHFBI YHpEHreH KeOelTy Hemece 0oy oicTepiHiH Oip Typl €KeHIIrH YFBIHIBIPY
Kaxer.

3epTTeyiepre Heri3enreHe TinTi Keilip *oFapbl ChIHBIN OKYIIBUIAPBIHBIH ©3/1epl KaThIHAC
caHfap MEH OeJmek caHAapasl KeOeWTy MeH Oeilyle KHUBIHABIKTapra Tam Oojamsl eked [1].
CoHBIKTaH OKYIIBLIAP YIIIH OCHI TaKBIPBINTApAbl YHPEHY OapChIH 3epTTEy MaHBI3IBI Macese
OO0JIBIN caHaIaIbl.

Byn cananbl kemn 3epTTereH ranbiMaap Oananapia ITypbiC YFBIMHBIH KajlblITacnaybl ceOeOiHeH
KONTEreH KaTeNiKkTep >KIOepeTIHAIriH aHBIKTaAbl. 3epTTey HOTHXKECI KepceTKeHaeH Keibip
OKYyIIbUTAp CaHIapbl ©3apa KOOEHTKEHIe TeK FaHa KoOelyl Kepek Hemece OeNreHie TeK a3arobl
KepeK JIereH Koe3Kapac KaJbINTaChlll KaJdFaHbIH KepceTTi [2]. AN KaTblHac caHmapibl e3apa
OenreHje, MpICaIbl €KiHIH YIIKE KaThIHACKIH OIpAiH TOPTKE KaThIHAChIHA Oenrenae 2/3 : Y4 = 8/3.
SAran, Oactankpl caHHBIH (2/3) keOeuin KeTKeHIH KeWOip OKymibuiap AYphIC KaObUIIail amMaraH,
ce0e01 oyapAbIH TYCIHIrT OOWBIHINIA 0OIy/ie TeK CaHIap a3arobl KEPEK JIETeH TYCIHIK KaJbIITACHIT
kanraH. Con ceGenTi OYJT TaKbIPhIN OKYIIBUIAPFA «KUBIH» TAKBIPBIN JETEH TYCIHIK KaJbIMTACHIII,
OKYIIBLTAPJIBIH KeHOi1pi OYJT TaKbIPBINITAPABI OKBIFBICH KeMereH. bys canmanbr kem 3eprrered A.IL.
JIypKHH CHUSKTBI FaJbIMIap O6JIIIeK caHaapabpl KoOeUTy MeH 0oyl TYCIHOSYIIUTIK OKYIIbIIAPIbIH
caHJap KOHIHJE TYCIHIHIH THIM Tas3 €KEHIIrHeH KN MIBIKKaH Jen Kapaiasl [3].

benmiek cangap KyHIETIKTI TYpMbICTa KU1 KOJIJaHbUIaIbl. byHmall canmapapl aypbic KojjaHa
OlUTy JOTHKAJBIK OWjay KaOLIeTiH apTTHIPbHIN, Oackaja INENIy >KOJAapblH MEHIepyre CenTiriH
turizeni [4].

byn makanana oOKymIbLIapblH KAIIBIKTBIKTAH OKBITY KE3€HIHJIEIT MaTeMaTUKAaJbIK OWJIaybl
KapacTelpbliaabl. byn 3eprreyae 5- ChIHBIN OKYyWIBUIAPBIHBIH “bemnmex canmapasl  0eiy”
TakbIpbIOBIH 3epTTeyl ajblHAbl. Cebedi Oyl TakbIphlll 5 - CHIHBIITAp YIIIH 06y MeH Oelek
caHaapabl Oelly[iH MarblHACHIH TOJBIK TYCIHY alTapiblKTaili KMbIH TaKbIPBIN €KeHi Oenrimi. by
Makanaaa ko OeleK MeH OHJIBIK OeIIeKTep/l CalbICTBIPY OKYIIbUIApFa KAHIIANBIKTHl KUBIH
O6onatbinel 3eprrenai. CoHpail ak Oemniexk caHgapiasl KeOeHTy MeH OendyiH OKYIIbUIapAblH
JIOTUKACBIH Kalail JaMbITy KepekTiri anTeuiafpl. COHbIMEH Oepre OKYIIbUIAPAbIH MEePUOATTHI
IIEKCI3 OHJBIK OOIIIEKTEp MEH MEepPHOJICHI3 MIeKCI3 OHIBIK OeJIIeKTepAl KaHIIAJIbIK TYyClHe
anatelHABIFBL  3epTTenal. COHBIHAA 3epTTey HOTHXKECIHEe COWKeC KOPBITHIHABI IIBIFAPBUIIBL.
OxymbutapAbIH Oip/ieH Killi OHJBIK OeIeKTep/i OHFa, *XY3re, MbIHFA, T.0. ecejey apKbUIbl Te3
CaJIBICTBIPa aJlaThIH/BIFGI 3epTTeml. JKoil Oeniek neH oHAbIK OemnekTep/ai (Oeniiek canaap) Kocy
MEH aiy, keOelTy MeH 0oy Kell Ke3/1eiCOK KaTelik kKibepeTiHaepi aHbIKTaabl.

3epTTey HOTHIKECIHE COMKeC 5 - CBIHBII OKYIIBUIAPBIHBIH MaTeMAaTUKaJbIK KaOUIeTiHIH
OJIeTTEr1 KaFaai/ia )KoFapbl eKeHl OalKamnapl. SIFHU, oJlap KoaiMIi KkeOelTy MeH OelyliH ecenTepin
KaKChl MeHrepreH. bipak caHmapabl TYCIHY MEH eNecTeTy >KaFblHaH alTapibIKTail KUHAIAThIHBI
Oaifkanpl. 3epTTey HOTHXKECI KOPCETKeHIeH MyFalliM TeK FaHa Oip capblHIbI KeOeUTy MeH Oemyai
FaHa yipere OepMecTeH, op TYpjal ecenTep MEH OJapJblH JIOTHKACHIH, CaHAApIbl EIeCTeTy
KaOLIeTiH, JKYBIKTAIl CANBICTBIPY €peKeNepiH JKaH KAKThUIbI OWJIAybIH JAMBITATBIH €CenTepre e
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KkeOipek keHUT Oemy KaxeTtiri 6enrini 6onapl. Canmapasl ecenen yiakedty (10 ece, 100 ece T.6.)
KoHe OelIIeK HYKTECIHEeH KeHiH caH KOO apKbUIbl OeJIIIeK CaHAapra JEreH TYCIHIKTIH apTaThIHbI
Oenrini Oonmpl. bemmiex canmapmarel OipAeH YJIKeH caHiapia OipaiK, OHJIBIK, XKY3HIK T.0.
OpBIHIAFBl CAaHJBl ©3TepPTYAIH KaHIIAIBIKTHl €CENTiH jkayaOblHAa acep eTeTiHiH TyciHai. JKoHe
OipIeH Killi caHgapaa JKy3/IiK HeMece MBIHJBIK T.0. OpBIHIAFbI CaHIAPIbIH KoOeHTy MeH Oeiymae
KOII 9cep eTHEeHUTIHIH TYCiHE alfbl.

Konnanbliran oneduerrep Tizimi

1. Masakazu Okazaki and Masataka Koyama.(2005) Characteristics of 5th graders’ logical development through
learning division with decimals // Educational Studies in Mathematics . Vol. 60, P. 217-251.

2. Barmby P., Harries T., Higgins S., Suggate J. (2009) The array representation and primary children’s
understanding and reasoning in multiplication // Educational Studies in Mathematics. Vol. 70, P. 217-241.
http://dx.doi.org/10.1007/s10649-008-9145-1 .

3. Durkin K., Rittle-Johnson B. (2015) Diagnosing misconceptions: Revealing changing decimal fraction
knowledge // Learning and Instruction. Vol. 37, P. 21-29.

4. Lo JJ.,, Grant T., Flowers J. (2008) Challenges in deepening prospective teachers' understanding of
multiplication through justification // Journal of Mathematics Teacher Education. Vol.11, P. 5-22.

OCOBEHHOCTH BU3YAJM3AIIMU ITPENNOJABAHUS HA AHTJIMMICKOM
SA3BIKE JUCHUITIMHBI INFORMATION AND COMMUNICATION TECHNOLOGIES
CvupHoBa ML.A.
Kapaeanounckuu ynueepcumem umenu akaoemuxa E.A. Bykemosa, Kapaeanoa, Kazaxcman
E-mail: smirnova_marina_alex@mail.ru

D¢ dexTuBHOCTS 00y4YEHHs] 3aBUCHT OT CTENCHU INPUBJICYCHUS K BOCHPHUSITHIO BCEX OPraHOB
qyBCTB uesoBeka. Uem Oosiee pa3sHOOOpa3HbI YyBCTBEHHBIC BOCHPUATHSA YU€OHOTO MaTepuaia, TeM
0oJiee IPOYHO OH YCBaMBACTCA. AKTYalIbHOCThH NMPOOIEMBI 3aKITI0YAETCS B TOM, YTO MIPU M3YYCHUHU
HES3bIKOBOM JTMCHUILJIMHBI HA AaHTJIMHACKOM SI3bIKE OJHOW U3 cdep NPUIOKEHUS YCUITUH
IpernoaBaTese JOKHO CTaTh MCIIOIb30BaHHE BU3YAIBHBIX 00pa30B B MPOIECCAX BOCTIPHATHS U
MOHUMAaHUS, HEOOXOJAUMOCTH MOATOTOBKH CO3HAHUS CTYACHTAa K YBEIWYECHHIO WH(POPMAIIMOHHON
HarpysKH.

Busyanuzanus - (B IIMPOKOM MOHUMAHUM) - 3TO TPOIECC MPEACTAaBICHUS JAHHBIX B BUC
N300paKEeHUs C IIETbI0 MAaKCUMAJIBHOTO Y100CTBA UX TIOHMMAaHHS:

- IpuIaHue 3pUMOH (HOPMBI IFOOOMY MBICIUMOMY 00BEKTY, CYOBEKTY, IIPOIIECCY H T.1I.;

- MEXaHMYeCKOe BhI3bIBAaHHE 00pa3a;

- CO3/1aHHME YETKUX, YCTOMYMBBIX M SPKHX 00pa3oB JIt000H CIOXKHOCTH W crienuduku (Kak
peaNbHO CYHIECTBYIOUIMX, TaK M CO3JaHHBIX B CO3HAHUHM aBTOpa) MPHU IOMOIIM TEXHUYECKUX
YCTPOMCTB MJIM MBbICIE00pa3oB (MbIcieOpM) HEMOCPEICTBEHHO B CBOEM yMe (MBICICHHAs
BHU3YyaJIU3aIIHs).

B coBpeMeHHBIX YCIOBUSX MpPENOJaBaHUS BCE OOJbIIE TOBOPAT HE IMPOCTO O CPEACTBAaX
HarJIJHOCTH, HO O CPEIACTBAaX BU3yalM3allH, B OCHOBE CO3/aHHMAX KOTOPBIX JIS)KAT pa3sIndHbIC
Croco0bl 00pabOTKM U KOMIIOHOBKY WH(OPMAIIHMH, TIO3BOJISIOIINE MIPEICTABIATH €€ B KOMIIAKTHOM
U YA0OHOM /17151 BOCHIPUSATHS U UCTIOJIb30BaHus Buje [1].

BusyanusupoBaHHble 00BEKTHl MOTYT OBITh MCIIOJIb30BAaHbl HA Pa3IMYHBIX 3Talax 3aHATHUSX,
YTO CO3/1aeT OO0JIbIINE NEPCHEKTUBBI P MEAaroroM B HUCMOJIb30BaHUU Pa3HOOOPa3HBIX METOJIOB,
NPUEMOB U CpeACTB O0OyueHMs. PUCYHKH, CXeMbl, JuarpaMMbl MOTYT OBbIThb MHCIOJb30BaHbI
MeIaroroM Kak Ha JTale aKTyalu3alMd 3HaHUM ydJaluxcs, TaK W IpU CUCTEMaTH3allud U
0000menuu. Taxke rpaguka MoKeT ObITh MCHOJIb30BaHA MPU KOHTPOJIE 3HAHUN OOydarommxcs,
0COOEHHO €ciaM OHa IMpeACTaBUMa B BHUJAE JIUJAKTHYECKON UIphl. DJIEKTPOHHBIE CpEICTBA
BU3YaJM3allMM JIETKO MOJIEPHU3UPOBAaTh B 3aBHCUMOCTH OT ILeneil oOydeHMs, Bo3pacTa U
WHMBUYAIbHBIX 0COOEHHOCTEH 00yJaromuxcs.
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Busyanu3zaiusi CTpyKTypuUpyeT M CKMMaeT Ooiblioi oO0beM moiydeHHoW uHopmamnmu. B
OTIMYME OT TEKCTOBOW uH(popManuu rpaduyeckuid o6pa3 Hambosjee wuHpopmaTtuBeH. B
M300pakeHNe Kakoro-imOo oOBbeKTa, Mporecca, SIBJICHHUS MOKET ObITh 3aJI0KEHO W OIMCaHUE, U
(GYHKUIMOHATBHBIA CMBICI, M XapakTepHble OCOOCHHOCTH.  ['paduka NOBBIIAET CKOPOCTb
BOCIpUSTHS MH(DOPMAIIUY U BPEMsI €€ 3alIOMUHAHHUS.

B xome mpernogaBaHus Ha aHTJIMKACKOM s3bIke auciumuinHbl Information and communication
technologies (ICT) Obut  chopMyaupoBaHbl  CIEAYIOIMIHNE OCOOCHHOCTH  HCIOJIb30BAHUS
BU3YaJIN3aIIH:

- HCIIOJIb30BAaHHUE AyTCHTUYHBIX M aJallTHPOBAHHBIX TEKCTOB;

- TPUMEHEHHUE «ayTeHTUYIHBIX» BU3YAIbHBIX 00Pa30B U CKPHHILIOTOB;

- Omopa Ha IPEANIECTBYIOIINE BU3yalbHbIe 00pa3bl 10 HH(POPMATHKE;

- HCIOJIb30BaHKE NMPUHIIUITA KOTHUTHBHON BU3YallU3alliH;

- TPUMEHEHHWE MPUHITUIIA CHCTEMHOTO KBAaHTOBAHWSI,

- CHCTeMaTH4eCKOe HCII0JIb30BaHKNE B y4e€OHOM ITpoIiecce.

Ha 3anarusx no qucuurummae «Information and communication technologies» ectectBennee u
ynoOHee BCEro BBHITIOJHATH BU3YAIH3AIHI0 Yepe3 WHTEPAKTHBHYIO JIOCKY M €Il JIydile dYepes
MEPCOHAIBHBIE KOMITBIOTEPHI JUIST yIAITHXCS.

Busyanu3zarust B 00y4eHNH TIO3BOJISIET PEIINATH TEJBIN P/ TeAarornIecKuX 3a1ayq:

- o0ecrnieyeHne UHTEHCU(PUKAIIUN 00y4YeHMUS,;

- aKTHBH3aIWW YIeOHOHU M MO3HABATEIHHOH NIESTETHHOCTH;

- (opmupoBaHUE U pa3BUTHE KPUTHIECKOTO U BU3yaTbHOTO MBIILICHHS,

- 3PUTEIBHOTO BOCTIPHUSATHS,

- 00pa3HOTo MpeCTaBICHUS 3HAHUI U YICOHBIX IeHCTBU;

- Tepedayu 3HaHUU U pacro3HaBaHUs 00pa3oB.;

- TIOBBIIICHUS BU3yalIbHOU IPaMOTHOCTH M BU3yalbHOM KYJIbTYpHI.

MeTtoudecky TpaMOTHBIN MOAXO0 K BU3yaldu3aluu o0ecredynBaeT U MOANCPKUBAET MEPEX0
oOyuaronierocss Ha 0ojee BBICOKHI ypOBEHb IO3HABATEIbHOM MAESATEIbHOCTH, CTUMYIUPYET
KpeaTuBHBIM moaxol. CoBpeMEHHbIE TEXHOJOTHMHM IMO3BOJISIIOT peliarh 3ajadd  I[epeHoca
oOpasoBaTenbHOM WH(}OpMaIUK (TEICKOMMYHUKAITUU, AWCTAHIIMOHHOE OOpa3oBaHWE W JIp.),
(dbopMHUpOBaHMST YMEHUN U HaBBIKOB (KOMIBIOTEPHBIE BUPTYAJIbHbIE MPAKTUKYMBI U TPEHAXEPHI U
Ip.), aBTOMAaTU3UPOBAHHOTO KOHTPOJISI 3HAHUH.

B xome co3maHus 3ME€MEHTOB BHU3YaldbHOTO psiia ObUIM HCHOJB30BaHBl  Pa3IUYHbIC
MIPOrpaMMHBIE CPEACTBA, YTOOBI MAKCHUMAJIbHO TOYHO MepeAarsh WH(OpMalnoo. ITH IporpaMMHbIe
CpeICTBa JeNATCs Ha MJIaTHbIE U OecruiaTHble. Kaxaple U3 3TUX MPOrpaMMHBIX CPEACTB OTINYACTCS
CBOMMH MHJUBUAYAIbHBIMU (DYHKIIMOHATBHBIMUA Ka4eCTBAMH U XapaKTEPUCTUKAMH.

BusyanbpHblil psii cO3AaH IPU MOMOIIM TaKUX MPOrPaMMHBIX cpenacTB, kak PowToon, XMind,
Movavi Video Suite u ap.bpimu co3manbl 37eKTPOHHBIE MEHTAJIbHBIE KapThl C HMCIOJIb30BaHUEM
MPOrPaMMHOTO MpoaykTa Xmind, MylIbTUMEIUITHbIE PE3EHTALUN C UCTIOIB30BAaHUEM MPOTPAMMBbI
PowToon, Buneoponnku ¢ ucnosib3oBanueM nporpammsl Movavi Video Suite. Kaxknas coznannas
HaMU KapTa MMEET Pa3HyI0 CTPYKTYpPY, YTO OYEHb BAXKHO JUIsI TOTO YTOOBI 3a0CTPUTH BHHUMAHUS
BU3yaJllOB. B MynbTUMEAMIHBIX TMPE3EHTAIUSAX HCIOJb3yeTCsl OOJIBIIOE KOJIWYECTBO AHUMAIUU
TEKCTa, MepCOHaKeN M pEeKBU3UTA, TAK XK€ €CTh Iepexo/ibl MeXAy claiiamMmu 1 poHoBOE Buaeo. Beé
3TO MO3BOJSET MAaKCUMAIBbHO CAENAaTh HAIM MPE3EHTAIlMN KPAaCOYHBIMU M MYJIbTUMEIUNHBIMU. B
BUJICOPOJIUKAX, KaK MU B MYJIbTHUMEIUWHBIX MPE3EHTAIUSIX, HCIOJF30BATUCh MEePEXObl, BUIEO,
AHUMHUPOBAHHBIM TEKCT U 0O0BEKTHl. BCE 3TO MO3BONMIO MaKCUMAIbHO BH3yalH3WPOBATh HAIy
HH(pOpMaIIHUIO.

IIpuMeHEeHHBIN BU3yaabHBIA Psijl, BKIIOYAOIIMKA 25 pa3IMyHBIX IEMEHTOB 0 15 pa3nuuHbIM
TeMaM, TOATBepAWT d3PPEKTUBHOCTH BHEApeHHs Ha 3aHATHAX o AucuuiuinHe |CT Ha aHrauiickom
S3BIKE KaK Coco0a aKTUBU3ALUU AEATEIbHOCTH CTYACHTOB. BU3yanbHBIN psifi aipoOUpOBaHHBIN B
XoJie mpenoaaBanus qucuumuiuHbl «Information and communication technologies» s cTyneHToB
Ha (hakynbTeTe MaTEMATHUKU U MHPOPMAITMOHHBIX TEXHOJIOTHH U (PU3UKO-TEXHUIECKOM (paKynbTeTe
KapV nmenn akanemuka E.A. bykeroBa mo3Bosui:
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- obecreunTh MHTEHCU(PHUKALINIO O0yUCHHUS;

- aKTHBM3HMPOBATh YUeOHYIO U TIO3HABATEIILHYIO ACATEIBHOCTD;

- COBEpUICHCTBOBATh BU3YaJIbHOE MBIILJICHHE;

- TIOBBICKJI 0Opa3HOE MpeACTaBICHUE 3HAHUN U yUeOHBIX ICHCTBHIA;

- pa3BUJI MOTHMBALIMIO, YCHIIMII HHTEPEC, B TOM YHCIIE K crioco0am mpuoOpeTeHus 3HaHUH;

- obecrieunn wWHAMBHIyanu3anuio W jauddepeHunanus oOydeHHs € y4eTOM 3HAHHUU
AHIJIMMCKOTO S3bIKA.

Cnmcok ucnob30BaHHOM JIUTEPATyPhI
1 Paxmarymmun P. 1O., Paxmarymmun T. P., Cadponosa JI. B. O6pa3zbl 1 00pa3ibl B HAyYHOH M ITe1ar oriuecKoit
nesitenbHocTd. — M.: Lkomnallpecc, 2016. —153¢

METOJINKA MIPUMEHEHHUS TEXHOJIOTUA TEHMUDUKAIIAN
B IIKOJIbHOM OBPA3OBAHUU
Taraesa C.K., 'opoynoBa H.A.
Kapaeanounckuu ynusepcumem umenu akaoemuxa E.A. bykemosa, Kapaeanoa, Kazaxcman
E-mail: symbat.tagaeva.lrk.kz@gmail.com

B HpHEmHeM 1udpoBOM MUpPE 3aa4UH, CTOSIINE TIEPe]l MPEIMETHBIM YIUTEIEeM, TOOYXIAt0T
K TMIOMCKY HECTAaHJAPTHOTO MPEICTABIICHUS 00pa30BaTEIbHOTO MaTepraja U HaXOAsIT HOBBIC MyTH
CTUMYJISIIMH 3aWHTEPECOBAHHOCTH K TOJTYICHHIO 3HAHUI B TOW WJIM WHOM 00IacTH.

Ha cerogmsmamii JeHP TpOIECC BOBJICYEHHS W MOTHBAllUM TOJIYYHJI Ha3BaHHE
«reiiMudukanus obpazoBanusiy. [log reliMudukanuei NMOHMMAETCS MPUMEHEHUE TEXHOJOTUM
UTPOBBIX METOAMK B IIKOJHLHOM OOpa3oBaHMU. B reiiMudukanum HUCrosib3ylOTCS TaKHE UT'POBBIE
AJIEMEHTHI, KaK MOCTaHOBKA 3aJay, oOpaTHasi CBS3b, YPOBHH, TBOPYECTBO. YUalluecs HaOUparoT
OYKM M Oayjibl, YTO, B CBOIO OYepelb, SBISETCS CTUMYJIOM sl JajbHEHIero OoBJaJeHUs
peaAMETOM U MaTepuanioM. [103ToMy CylecTByeT Ba)KHOCTh M3YyYEHUs, PA3BUTUS U PUMEHEHUS
3TOTO MOAX0/1a B YCIOBUSX HIKOJBHOTO 00pa30BaHus.

leiimudukanus B oOpa3oBaHUMM COCPEAOTOUEHA HA HCIOJB30BAHUM OCHOBHBIX IKEJIaHUN
y4aluxcs, B 1essx 0osiee riry0OKOTO BOBJICUEHUS B MIPOLIECC U JOCTHXKEHUS CUJIBHBIX MOKa3aTeel
U BBICOKHMX pE€3yJlbTaTOB. YUalluecs NPEeANOYUTAIOT a3apT, UCTOPUIO, UIPY, a 3HAYUT ITO —
€CTECTBEHHBIN IyTh NPUOOpETEeHUs HAaBBIKOB. MHTEpecHO, YTO B IreMMH(PHUIIMPOBAHHON CcHCTEME
UTPOK TPOSIBIISIET UCTUHHOTO cebs, momajaas B CTPECCOBBIE WIIM JIOOOMBITHBIE CUTYallMH. JTO
MOXXET CTaThb XOPOILIUM METOJOM MOJOOpPKU CIELHMATUCTOB, HE OCHOBBIBASICh HA OIICHKAX WIIH
JUIIOMAX, MOJIy4eHHBIX paHee. [ eliMudukaius yrnpomaeT J0CTHKEHHEe MHOTUX 00pa30BaTeIbHbIX
1enei. A Beab caMo 00pa30BaHUE — M €CTh YIPOIICHHE CIOKHBIX )KU3HEHHBIX cuTyarui [1].

Hcnonb3oBanue reiiMuduianuy B oOydaroluM Mpoliecce, MPU3BAHO PEIIaTh CIEAYIOIIHNE
3a/1a4u:

- Pa3BuTHe N03HABATENBLHOTO UHTEPECA K IPEIMETY;

- 'mybokoe ycBoeHue marepuaa Jaxke ci1adoyCcreBaloIUM yIaluMCs;

- AKTHMBM3aLIUs I03HABATENbHOU I€ATEIbHOCTH;

- Co3ntanue ycnoBUM 17151 CAaMOBBIPAKEHUS IMYHOCTH;

- [ToBbIlIEHHE TBOPUYECKOTO MOTEHIIMANIA YUALUXCS;

- PaznooOpa3ue yueOHOM NesTeNbHOCTH;

- Pa3zBurHe  HaBBIKOB  KOMMYHHUKAllUM, YYyBCTBO  KOJUIEKTUBU3MAa,  OTHOIICHHUE
I00poXKenaTenbHOCTH [2].

IIpuHIMnbI reiMupuKaAIA

MotuBanus. JIro6as urpa colepkKut B ce0e MOTUBAIMIO, 3TO HEOOXOAUMO JJISl TOTO, YTOOBI
UTPOK HE 3a0pOCHIT MPOXOKJICHHE Ha OJHOM U3 3TamoB. llepeq HUM ODKHA CTOSATH KOHKpPETHAs!
1IeJb, KOTOpast BUTAET €ro BIIepes.
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Cratyc. Ha npoTskeHuM Urpbl y y4aliuxcsl pa3BUBAeTCsl €ro repoi, pacTyT «ypoBHU». Uem
Janblie OH WJET, TEM CHIbHEE CTAHOBUTCS €ro TMepCOoHaX. TOT ke NpHHIUI padoTaeT B
reiMuduKanum.

Bosnarpa:xxaenne. Bo MHOTHX Urpax mociie MPOXOXKJIECHUS YPOBHS NMEPCOHAXKY HAYUCISIOT
30JI0THIC MOHETBI, JAIOT HArpajbl U BUPTYaJIbHbIE OpWIUIMAHTHL. YeM CIOXKHEE ypOBEHb, TEM
OoJbIIe ToONIpeHni. Bo3HarpaxkieHue — OJIMH U3 KITFOYEBBIX MPUHITUTIOB TeHMU(PUKAIIH.

Ecth pasHbie CcHOCOOBI peanuzogams memod TEUMH(PHKAIIMM B IIKOJIHLHOM OOpa30BaHHU.
Hwxe mnepeuucnensl camble OCHOBHBIE HWHCTPYMEHTBI, KOTOpbIE HauOoJiee TMOAXOIAT IS
BHEJIPEHUS B MO/IENb IIKOJBHOTO 00pa3oBaHUsl.

[MpaBuaa. Yyamuecs 10JDKHBI 3HATH IIpaBuia. [Ipo3padyHOCTh U ICHOCTh OTHOCUTEIHHO TOTO,
Kak paboraeT wrpa, OyAyT IMOJUICpKHBATh BOBJICUCHHOCTh W MOTHBAIIMIO YYAIIUXCS. 3a Kakue
3aanusi HauuCIstoTes: Oamtpl? Uto o3navatoT Oamisl? Bo3MOXKHO, OHM TIPEBPAIIAOTCS B 3HAYKU
WM OTKPBIBAIOT HOBBIM KOHTEHT. Kakue Kputepuu nsi TOCTHOXKCHHS CIEAYIONIEr0 YPOBHS WU
Harpaapl? UYTo o3HawaroT Harpaabl Ha camoM jene? Bo3MOXHO, OHHM TPEBpAIIAOTCS B
MaTepuaibHbIE BBITO/IbI, HAIPUMEDP, UX MOXKHO OOMEHSATh Ha KHUTH WU.T.JI.

Crokernast uHusi. Co3aiiTe UHTEPECHYIO CIOXKETHYIO JIMHUIO — HUCTOPHUIO, KOTOpast OyneT
YBJIEKATh Y4alIUXCs MO0 Mepe 3HAKOMCTBa ¢ Hed. OO0yueHue JOJDKHO HAlIOMUHATH YBJIEKATEIHHOE
MyTEIIEeCTBHE.

HUrposble ypoBHM.VICHONB3yiiTE pa3inMYHBIE YPOBHHM, KOTOPBIE OTKPBIBAIOTCS IO Mepe
BBINOJIHEHUS 3aaHnid. Torjaa y yqanuxcsi HosiBJISIETCS HHTEPEC «A UYTO K€ MPOU3OUIET NabIe?y.
YpoBHU MOMOTAIOT UM MOYYBCTBOBATH MPOTPECC, KAK OHH MPOJABUTAIOTCS IO Urpe. YToObI yCUmuTh
3TOT 2P PeKT, yKa3pIBaANTE B MPOIIEHTAX, KAKYIO YaCTh ITyTH MPOIIIEN YUCHHUK.

CopeBHoBaHue.PEUTHUHIH OTIMYHO MOJIXOMAT ISl CO3JIaHMS 3J0POBOM KOHKYPEHIIMUA MEXKIY
yaqamumucs. Kaxasiii ctpeMutcest ObITh JIYYIIUM, BHAECTh CBOE MMS Ha BEPIIMHE CIHCKA, MOATOMY
YYHUTCSI aKTHBHEE. MOXKHO Pa30MTh BCEX YYAIIMXCS HAa HECKOJBKO TPYII W CHAENATh OTICIbHBIC
PEUTHHTH JUTsl KOKJIOW TPYNIbl. ITO YCUIUT MOTHUBAIMIO YUAITUXCS, MOCKOJIBKY Y HUX MOSBUTCS
OOJIBIIIC IIIAHCOB BO3TJIABUTH TAOJIHILY.

BpemeHHbIe paMKH. DTO CTUMYIHPYET: COOpalics, HAcTpowics, cen — mpomen. [lmoc,
3amycKaeTcs Jo0Ji azapta. Ha mpumepe K KaXIoMy 3aJaHUI0 MOYKHO CTaBUThH JIMMUT 10 BPEMEHHU
BBITIOJTHCHHSI.

Banawl. UrpoBas BamoTa — OJWH W3 OCHOBHBIX DJIEMEHTOB MOTHBAIIMM BO BCEX HMIpax. 3a
BBITIOJTHEHHBIC 3aJaHMS TI0JIB30BATENb TMOJydaeT peMuaibHbie 6amibsl. Heooxoaumo, 4ToOb! Oalbl
OIYIIAJIUCh YYEHUKOM, U OH TOYHO 3HAJ, 32 YTO OHH JAIOTCS: CKOPOCTh, TOYHOCTh, KOJTHMYECTBO
HCIIOJIb30BAHHBIX MOIBITOK U TaK JaJiee.

Bo03MOKHOCTH MCHOJIB30BaTh 0a/LuIbl. MOJXKHO HCIOJB30BaTh B BHJIE OIIEHKH, KOTOPHIC
BIIMSFOT HA HTOTOBYIO.

Yar. YyamuMcss HpaBUTCS OOMIATHCS BHYTPH WIPBI MW Kypca, MOSBISCTCS OIIYIICHHE <«
3neck He oauny». [loip3a B TOM, YTO ydyamiMecs MOTYT TOMOYb JPYr OPYTY pazo0parbes C
MarepuaioM. Takas GyHKIMS OYCHb BaXKHA IS MPOCKTHBIX 3a1aHui [3].

[Ipumepsl npuMmeHeHne reimudukanuu B oopaszoBanuu: Lingualeo, Khan Akademy, mikoma
Quest to learn, ob6pazoBatenbHble UTpbl HA ocHOBe Maiinkpadra, Edmodo, Lumosity, «Comno Ha
KnaBuatype», Ratatype, classcraft, stepik u npyrue.

B 3akmioueHue cremayer OTMETHTh, UTO TeiiMudHUKanus He 0003Ha4aeT OTKa3 OT TaKUX
TPAIUIIMOHHBIX HMCTOYHHUKOB KaK HH(QOpPMAIMM, JIEKIHUH U Y4eOHHKH, TedMuUKalus sSBISETCS
BKHBIM JIOTIOJIHEHHEM K Yy4eOHOMY Ipoleccy U AaéT BO3MOXKHOCTh yYalllUMCS 3aKpEruTh
MOJTy4eHHbIE TEOPETUUECKUE 3HAHMS Ha MPAKTHUKE.

Cnmcox ucnoJib30BaHHOM JIMTEPaTypbl
1. Urenbepr A. IlIxompHble Wrpel: Kak MOTHBHPOBAaTH HOBOE IIOKomeHne Kk yuebe. - URL:
https://www.forbes.ru/tehnologii/347717-shkolnye-igry-kak-motivirovat-novoe-pokolenie-k-uchebe (nata obpamerust:
28.08.2022).
2. Teiivudukanms - HOBbIM TpeHn wuHTepHer Mapkermara. - URL: http:// http://content-marketingpro.ru/
gamification/ gejmifikaciya- novyj- trend- internet- marketinga/ (nata o6pamenus: 28.08.2022).
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3. Makronuran k. PeamsHOCTE 11071 BompocoM. [ToueMy UTPHI AETarOT Mac JIydlie ¥ Kak OHH MOTYT U3MEHUTH
mup. - Mocksa: Mans, lBanoB u ®@epbep, 2018. - 384 c.

WHHOBAIIMOHHBIN ACITEKT B PA3BUTHM BBICIIEI'O OBPA3OBAHMSI
Typabidexosa® K.M., Typabioexos? M.K., Tapamyx! H.O.
YKapazanouncrkuii ynusepcumem umenu axaoemuxa E.A. Bykemosa, Kapazanoa, Kazaxcman
2Kapazanounckuti mexuuyeckutl ynusepcumem umenu A. Caeunosa, Kapazanoa, Kazaxcman
E-mail: kenzhesh_t@mail.ru, madiyar0502@gmail.com, nikitaot@mail.ru

Pemaroriee 3HaueHHE B COBPEMEHHYIO SMOXY MPHOOpea WHTCHCH(PHUKAINS WHHOBAIIMOHHBIX
MPOIIECCOB, KOTOPasi JOCTUTJIA HAIIMOHAIILHOTO YPOBHS M BBIPA3WJIACh B CO3/IaHUM HAIIMOHAJIBHBIX
nHHoBanMoHHbIX cucteM (HUC). B Hacrosimee Bpemsi 00pa3oBaHUME CUHUTAETCA OJHMM U3
BakHemmx kommnoHeHToB HUC. OOpamiaercs BHUMaHHE Ha OOIIEIKOHOMHYECKOE 3HAUYCHUE
CeKTOpa 00pa30BaHUs, a TAKXKE€ Ha HECKOJIbKO TPyNN (GYHKIHI B CIEAYIOMHUX cepax: MoAr0TOBKa
CIEIMAJIUCTOB; TEHEPUPOBAHUE HOBBIX 3HAHWN;, OpraHu3alus WHHOBAIMOHHOTO TPOIECCa;
MOJyIepKKa WHHOBALMW; KOMMEpPIIMAIU3allis WHHOBAIMN; OOecleueHnue CBSI3M C OKPYXKaIoIIeH
cpenoit. Ctpykrypa HUC obObemuuser Hayky, oOpa3oBaHME€ W WHHOBAIMH, YTO MIPEAIOjaraet
TapMOHHYHOE B3aWMOJCHCTBUE, pa3BuTHe U Oamanc. MuTerpanus Haykw, o0Opa3oBaHUS W
WHHOBAIMK TpeOyeT Ka4eCTBEHHO HOBOW WHHOBAIIMOHHOW WHQPACTPYKTYPHI, HOBBIX (opM
OpraHu3aIui HayIHOU, 00pa30BaTEIFHON 1 MHHOBAIIMOHHOM JCSITEIIBHOCTH.

Tpebyetcst cocperoTOUNTh BHUMAHHE Ha:

- (hOpMHUPOBAHHUH U PA3BUTUH WHHOBAIIMOHHOW MHPPACTPYKTYPHI BY30B C YIIOPOM Ha CO37aHUE
OJIarompUATHOM Cpenbl sl 0OMEHa HAEsIMHU, pa3pabOTKH aJeKBATHBIX MTPOCKTOB U OM3HEC-TIAHOB.
CoznaTh KOMaHIy W3 CTYAEHTOB, YYEHBIX, MpernojaBaTeliel, COTPYAHHUKOB YHHBEpPCUTETa U
MapTHEPOB YHUBEPCUTETA.

- (OpPMHUPOBAHUH M PA3BUTHUH YHUBEPCUTETCKUX MaJIbIX WHHOBAIIMOHHBIX (prpM (CTapTamon)
HE TOJILKO KakK KJITI04YeBbIX CyObekToB Kommeprmanusanuu HUOKP (raydHo-uccienoBaTenbCckux u
OTIBITHO-KOHCTPYKTOPCKUX paboT), a Takke Kak OOBEKTOB MOHHUTOPMHIAa M HCCIEIOBaHUS
WHHOBAIIMOHHBIX TMPOIECCOB U MIaTGopM HMHHOBALMOHHBIX MPAKTUK JJIi  CTYACHTOB,
MarucTpaHTOB, JOKTOPAHTOB U IpernojaBaTesiell By30B. B ¢Bs3u ¢ 3TUM HE0OX0IUMO PAKTHUYECKU
peain30BaTh CIAeAyIOIINEe MPUHIUIBI Y4eOHOTO Ipolecca.

1. TlocrenenHoe (opMHpOBaHHE COOTBETCTBYIOLIMX HABBIKOB M KOMIETCHLUUH OyIylIux
CHEIHAIMCTOB Ha BCeX d3Tamax OoO0y4deHHsI OT pellieHHs 00pa3oBaTeNbHBIX 337ad K OOy4YeHHIO,
OCHOBAaHHOMY Ha PEIICHUU pealbHbIX MPON3BOJACTBEHHBIX U HAYYHBIX 337a4 B paMKaxX peanu3aluu
KOHKPETHBIX MPOEKTOB.

2. KommeKkCHbI TOJIXOJ K pa3BUTUIO HAaBBIKOB M KOMIIETCHLUH, Mpeanoiararomun
MEXIPEIMETHOE U MEKIUCIUILNIMHAPHOE B3aUMO/ICHCTBUE CTYACHTOB, MIpernoaBaTesieii U yUeHbIX.

3. ®opmHpOBaHUE STHUX HABBIKOB U KOMIIETEHIIMM Ha IMOCTOSHHOW OCHOBE MOCPEICTBOM
CO3JaHMsI OPTaHU3AIMOHHBIX CTPYKTYp, MIatgopMm, Taboparopuii, HHKEHEPHBIX MAaCTEPCKHX,
CHOCOOCTBYIOIIUX OCYIIECTBICHUIO MEPOIPHUSATHIA MO PAa3BUTHUIO STUX HABBIKOB M KOMIIETEHIUH,
BKJIIOUasi CrOcoObl uX (hopMHUpOBaHMS (IU3alH-CECCUs, aHATTUTUUYECKasi CeCCHUs, OpraHU3aIllOHHO-
JesITeIbHOCTHBIE MTPhI, CEMUHAPh) B 00pa30BaTENbHBIE MPOTPAMMBI M TIJIAHUPOBAHHE, HAPSLy C
TPaJAULIMOHHON aKaJeMHYecKoi paboToM.

Pa3BuTHe cexTopa BBICHIETO 0Opa30BaHMs 03HAMEHOBAJIOCH MHTEHCUBHBIMU U MAaCIITaA0OHBIMU
W3MEHEHUSIMU, BBI3BAaHHBIMU TpPeMsi OCHOBHBIMH BEKTOpaMU. Bo-TIepBBIX, 3TO HEOOXOIUMOCTH
COIIMANIbHO-9KOHOMMYECKOTO  Pa3BUTUS  CTpaH, CBSI3aHHOTO C  (opMHupoBaHHEM HOBOTO
TEXHOJIOTHYECKOTO YKJIaJa S5KOHOMUKU. BO-BTOPBIX, 3TO yCUTIEHHE MHTETPALMOHHBIX MPOILIECCOB B
cUCTeMe BhIcIIero oOpa3oBaHus U GOPMUPOBAHUE TI00ATBHOTO 00pa30BaTEIHLHOTO MPOCTPAHCTBA.
B-TpeTbux, 3T0 yBeIMUeHHE CpeTHETO Bo3pacTa GopMHUpOBaHUS MPOPECCHOHATHHBIX KOMITETEHITUI
U pacrpoCTpaHEHHE KOHIENINH «HETPEPHIBHOTO O0yUEHUS.
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Jns  cucrembl  BBICHIETO  0Opa3oBaHUs pa3BUTHE O3TUX TEHJCHLUMM COBIAJIO C
OecrperieIeHTHBIMHA 110 MacIiTady BHYTPEHHUMHU pedopMaMu, 3aTParuBalONIUMH BCE CTOPOHBI
00pa30BaTEIILHOTO MPOIIECCa - €r0 CTPYKTYPY, PYHKITHH, 0COOCHHOCTH U TEXHOJIOTUU O0yICHHS.

Cpeny KOMIUIEKCHBIX pelieHHid mpoOiieM B cdepe HHHOBAIMOHHOTO OO0pa3oBaHUs -
MOATOTOBKA KOHIICIIIMA WHTETPAMA HAYKH W OOpa30BaHUS; IEIEBBIC MPOTPaMMbl OOYYCHHS WU
aTTECTAllMM BBICOKOKBATM(UIIMPOBAHHBIX HAYUHBIX KaJIpOB HA JJIUTEIBHBIA TEPUOJ U JIPYrue
oOpa3oBaTellbHBIC MporpamMmbl. TakuM 00pa3oM, HEOOXOIUMO YYEeCTh HWHHOBAIMOHHBINA acCIeKT
MPOOJIEMBI, YTO MPEAIOJIaracT COOCTBEHHO MOCTPOSHUE MHOTOYPOBHEBOUM CHCTEMBI MOJATOTOBKH U
MEePENnOArOTOBKM KaJpOB JUIsi HAYYHOTO W MHHOBAIMOHHOTO MPEANPUHUMATEIIHCTBA U PELICHUS
BOIIPOCOB TPHUBJICUCHUS MOJIOJCKA K Hayke B cdepe MHHOBAaUWW. VIHHOBAIMOHHBIN MPOIIECC
MTOMOYKET 00€CIeYNTh HOBYIO MHTETPAIMIO TAKMX MEXaHHU3MOB, KaK CO3JaHHEe 00Opa3oBaTEIIbHBIX,
Hay4HBIX U MPOMBIIIUIEHHBIX KOHCOPIIMYMOB. OCHOBA UX JEATEILHOCTH - BHEIPECHHUE MIPEATPUSTHS
Hay4YHO-TEXHUYECKUX  pa3paboTok, co3maHue Kadeapamu By3a JabopaTopuili  Hay4dHO-
HCCIIEIOBATENBCKUX HHCTUTYTOB C OJJHOBPEMEHHOW EIEBOM MOATOTOBKOM KaK MPOU3BOACTBEHHBIX
CHEIUATTUCTOB, TAK U CTYJCHTOB.

VYcememHelii mepexoa K HWHHOBAIIMOHHOMY Pa3BUTHIO CTpPaHbl TPEOYET BBICOKOPA3BUTOTO
Hay4YHOTO W TEXHOJOTHYECKOTO TOTEHIMAla - MPEXAE BCEro, MPEenojaBaTeIM W IIMPOKasi CETh
Hay49HO-HCCIEAOBATEILCKUX W 00pa30BaTENbHBIX  YUPEKICHUM, MHOTOS3BIYHBIE HAYYHO-
TEXHUYCCKHE 3HAHUSI.

By3bl 107KHBI OBITh B&XKHOW YaCThIO HAITMOHAIBHOW MHHOBAIIMOHHOW CHCTEMBI, UTO JETIAeT e
BakHOM. HeobxonmuMo cymiecTBeHHO TpaHC(OPMUPOBATH CBOU TpaJWLMOHHbIE (QYHKIMH B chepe
00pa3zoBaHus U 00yUeHHs, a TAK)KE B 00JIACTH HAYYHBIX UCCIICIOBAHMIA.

BombmMHCTBO KOHIENIIMKA HWHHOBAIMOHHBIX HCCIEAOBAHUN, TAKUX KAaK WHHOBAIMOHHAS
CUCTEeMa, MOJIeNIb TPOMHOM CHUPAIU U OTKPHIThIE MHHOBAIMH, BOSHUKIINE B KOHTEKCTE Pa3BUTHS
oOliecTBa, OCHOBAaHHOIO Ha 3HAHUSAX, IMOJYEPKUBAIOT HOBBIE BHJbl OTHOIICHUH MEXAY
YHUBEPCUTETAMU U SKOHOMHYECKUM Pa3BUTHEM.

YHUBEpCUTET MPEBPATHIICA U3 BTOPUYHOTO B MEPBUYHOE YUPEKICHHE SKOHOMHUYECKOTO POCTa
B oO0ImecTBe, OCHOBaHHOM Ha 3HaHMAX. Takas pojp BbIcIIEro oOpa3oBaHUS B KauyecTBE
«MHHOBALlMOHHOTO  JBUTATENs»  IMOAYEPKUBACT JOJTOCPOUYHBbIE SKOHOMHUYEcKHe 3 EeKTbI
COLIMANIbHOM aKTUBHOCTU YHUBEPCHUTETA, TaKKe KaK MOBBIIICHUE KauyecTBa paboueil CHilbl, epeaaya
TEXHOJIOTUH B MPOMBIIUIEHHOCTh U TIOBBIIICHHE MPHUBJICKATEILHOCTH MECTHOM OKpysKarolei
cpeabl I npeanpuaumarenci [1].

[TockonbKy MBI BCTyIaeM B 3py MHHOBAIMOHHON 3KOCHCTEMBI C TAKUMHU OTIMYUTEIHHBIMU
yepTaMu, KaK YCTOW4YMBasg CoOIUalbHasg TpaHCcQopMalusi, COBMECTHblE HMHHOBAallUU U
TpaHCHALIMOHAJIBbHBIN OOMEH 3HaHUSMH, €CTh TAKXK€ HOBBIE COLMAIbHBIC TPEOOBAHMS K BBICIIEMY
00pazoBaHMIO.

Hampumep, B omHoM u3 oTueToB EBpomeiickoit accoruanuu yHuBepcutetoB (EUA)
YKa3bIBAIOTCS YETBhIPE POJU YHUBEPCUTETOB B PErMOHAIBbHBIX HHHOBAIIMOHHBIX CHCTEMAX:
oOpa3oBaHue, HCCIEAOBaHUS, OOMEH 3HAHUSMHU JUII WHHOBALIMOHHBIX CHCTEM, CTpaTernyeckas
Tpanchopmanus [2].

Bce ot mosBisionumecs poJid  YKa3bIBAlOT HA TO, YTO YHHBEPCUTETHl CTAHOBATCS
KaTajgu3aTopoM YCTOMYMBOTO pAa3BUTHUS, Pa3BUTHS B HWHHOBAIIMOHHBIX JKocucTeMax. OOMeH
3HAaHUSIMH HMMEET pEIIalollee 3HAYEHUE JIsi COOTBETCTBUS; COLMAIBbHOE MPEANPUHUMATEILCTBO
HEO0OXO0IUMO ISl YCTOWYUBBIX COLIMATBHBIX N3MEHEHHI.

Cnmcox ucnob30BaHHOM JIUTEPATYPHI
1. BypmxkanoBa @., ['oarmaxepa E., ['pummaa W. CorpansHas cocTaBISIONas HHHOBAIMOHHOTO pa3BUTHA. M.:
NMBMO PAH, 2013.
2. Twma Jlykxoma (EBpomelickast accomuamusi yHHBEpCHUTETOB) MOoOXeT 1M oOecliedyeHrne KadecTBa MOMOYb
YHHUBEPCHUTETaM CTaTh JBUTraTeNsIMU nHHOBaIMiA? // Bronnerens «Beiciiee oOpazoBanue B mupe». 2019. Nel4.
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BOJIAITAK UTH®OPMATUKA MYFAJIIIMJAEPIHIH OKBITY MA3MYHbBIH
BOJIALIAK BIJIIM TAKCOHOMMUSCBIHA(HOLONIQ) IMHAMUKAJIBIK
BEUIMIEY AITH MOCEJIEJIEPI
¥Y3akoBa A.

Abau ameinoazvl Kasax ¥nmmuix [leoacoeuxanvix Ynusepcumemi, Anmamol, Kazaxcman
E-mail:Uzakova.w@gmail.com

KoraMpl akmapaTTaHsIpy *KoHE aKIapaTThIK-KOMMYHHUKALMSIIBIK TEXHOJIOTHUSIIAPABIH Tapary
KBUIIAMBIFBI OUTIM Oepy MpOIECiH YHBIMIACTHIPYFa, aTan aWTKaHa, JKaJmbl OKY OpPBIHIApbIHIA
KaHa Tociiepal OoyKaiapl. AKMapaTThIK KOJIIay aJaMfa akKMapaTThIH YJIKEH KOJIEMiH Hrepyre
MYMKIHJIIK Oepeli, OochlIaiilia aHa OUTIM KaJbIITACTHIPAAbl XoHE OIpTiHIEN KOFaMHBIH >KaHA
TYpiHE — aKMmapaTThIK KOFaMfa aybicajpl. MyHIall KOFaM >KOFaprbl OKY OPHBIHBIH aKIapaTThIK-
Ou1iM Oepy OpTAachlH AAMBITYJbl KaKE€T €TETIH TOpOue KYMBICBIHBIH MAa3MYHBIH, 9JicTepl MEH
YUBIMIACTBIPYIIBUIBIK (hOpMaapblH ©3repTydl Tanan erefl. byn KyObuibic, ©3 Ke3erinae, Outim
OepyliH THIMAUINT MEH HKEMIUIINIH apTThIpyFa, OHbI JKAHFBIPTYFa JKOHE XaJbIKapasbIK
cTaHjapTTapra coiikec kentipyre bikman eremi[l]. Oky yzaepiciHiH THIMIUTICIH apTTBIPY YIIiH
KEpEKTI1 alIFbIIIapTTapAblH Oipi )KOFaphl OKY OpbIHAApBIHA Ooamak HHGOpPMAaTUKAa MyFaliMAEpiH
OYTiHI1 TEXHOJIOTHSUIBIK E€pEeKIIETIKTEp MEH MKETICTIKTepJl FaHa €MeC, COHbIMEH Karap, Ipreii,
yaKbITKa KaThICTHl WHBAPHAHTTHIKKA, OKBITYIBIH ECKIPMEWUTIH oMIiCTepl MEH OKBITYABIH Oacka
KYpaJlapelH TaifalaHyFa naibiHgay Oombim TaObutanbl. CoOFaH COWKEC «OKBITY Ma3MYHBD)
YFBIMBIHBIH Ma3MyHBI Jla yakbITKa coiikec TypieHeni. Camanbl OutiM OepyZiH TaObICTBUIBIFBIH
KaMTaMachl3 €TeTiH Kejiecl maprTrapiblH Oipi — WHGOpMaTHUKaHbl OKBITY YIIIH OutiM Oepy
Ma3MYHBIH e3repicTepre Colkec NTUHAMHKAIBIK OeHiMIel amy jKoHe jKaHa JaFabpuIapIbl MEHrepy
Oonbim  TaObwianbl. HakThl KaHOa TEXHOJOTHSJIApMEH KYMBIC jKacay J»OHE KpHTepHidsepi
OOWBIHIIIA aHBIKTAy OlpimiamMa yakbpIT ajaThlHBI MONMiM. KyH calblH JKaHa MpoTrpaMMalIbIK
*abJpIKTamManap FajJaMTOp CepeJiepiH TOJTBHIPHIN OThIpFaHblHA KapamacTaH WHGOpMaTHKa
MYFaIIMIHEH JI9J COJI COHJal KapKbIHIAW >KaHAMBULABIK Tajan eTuiefi. Ocbl opaiiia OKBITY
Ma3MYHBIH KaHAPTHITI )KaHa TAKCOHOMHUsIA Kapai OaFbIT ally KaKETTUIIr1 TybiHAaiabl. JKaHa OarbIT
ooitpiaIa HolonlQ mmaTdopmackina OeriMaeny anapIMbI3arbl MakcaT 00bIm Ta0buTanbI|[2]. YHEMI
TOJIBIKTHIPBUIBIIT OTBHIPATHIH AKMapaTTBIK pecypcTapbl Oap miaTGopMaMeH KapKbIHABI 1C-OpeKeT
meHOEPIH/IE OKBITY Ma3MYHBIMEH HOTIDKEIN KapbIM-KAaThIHAC J>KACAWTBIH MYFaTIMICPAiH pesi
enoyip apranbl. Ic-opeket HoTIKecl OUTiM Oepyre, aram aiTKaHa, OuTiM Oepy OarmapiiaMaiapbIHbIH
Ma3MYHBIHA KOHE MaliJalaHbUIaThIH OKBITY KYpallJapblHa J1a 9cep eTel.

Ocpl peTTe anapIMbI3Fa Keneci MiHAeTTepAl KOs ajJaMbl3:

1. Ungopmamuxaoan Kocblmula naHoepoeH AHCYMbICMAPObl yibimMoacmulpyoa
cmyoenmmepOiy  (QYHKYUOHANObIK — CAYAMMOBLIbIEbIH — KAIbINMACMBIPYOblY, — OUOAKMUKATILIK
aneviuapmmapuii atikbinoay. Erep (yHKIMOHANIBIK CayaTTBUIBIKTBI Oenrini Oip Kyie periHae
KapacTbIpcaK, HEri3ri Kypayuibl OeNIKTepiH >KOHE OHBIH KalbIITACYBIHBIH MeXkelepiH, Oenriiepi
MEH IIapTTapbIH alKbIH aHbIKTaIl aly Kepek. OKbLIaThIH 9pOip Keke MoH OOMBIHIIA eNiMI3eri )KoHe
OCBbI OaFBITTa KapaCThIPbUIFAH MICTENIIK TOHKIPUOCH] TalAan-Tany Kepek.

2. Ungopmamurxa canaceinvly OUHAMUKATILIK OAMYbIH eCKepemin OKbly MA3MYHbIH JHcACay
epexwienikmepin anvikmay. YakbIT TajdaOblHa call KOJJIAHBICKA He TePMHUHAEPAl aHBIKTAy, Talay,
KaHa >KaHAJbIKTapFa COMKeC 3epTTey XKYPrizil koHe OoipKaill OTBIPBIN OJIApJbIH JKIKTEMECIH
Kacayra KeHUT Oeny Kepek. MyraiiM JallbIHIBIK OapbICBIHIA OKBITY Ma3MyHBbIHA OJlapbl Kamnait
KIpiCTIpy KaXKeT eKeHIH aHbIKTay KakeT. Epekmeniktepai anbikTayna Holonlq miaTdgopmachiHbIH
HEri3ri KYMBIC jKacay MPUHIUIIH aHBIKTall OTBIPHIN,KATETOPUSIBI-YFBIMIBIK alIapaTrTbl KYpy
MaKcaThl KOWBLUIJIBI.

3. bonawax 6inim maxconomuscoina (HolonlQ) nezizoencen oxvimy mMasmyHvlH OUHAMUKATBIK
betiimoeyoiy  ocannvl  modenin ocacay. OKy TpoueciH yHBIMAACTBIpYAbIH Oenrimi  Oip
epeKIIeNIKTepiH KOPCETETIH KONTEreH MoJIeNbep Oap *oHe )KaHaIapbl YHEMI naiiia 601asl.

4. Kas3ipei 3amanzvl yugpivlk mexHoio2usnap He2izinoe 001aumax uHGOpmMamuxa My2animiniy
036K OLniM Oepydiy 20icmemenik JCyleciH Mmeopusivlk Hezizoey dcane a3ipney. bimiMm 0Oepy
TEXHOJIOTHACHl Oyl — Ke3-KeireH OuriM Oepy cajachlHAa KaXKETT1 HOTHDKEre KOJ JKeTKi3yre
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apHaJFaH FBUIBIMU JKOHE IC JKY3iHIE HETI3JEeNTeH OICTep MEH KYpajJapiblH KUBIHTBIFBL O
KYpJeJi 3JIEMEHTTEep Kyieci O0JbIn TaOblIaabl )KoHE OKY OpEKETi MPOLECIHAE HOTHKETe LIBIFapy
YIIIH OKY MpPOLECIH YHBIMAACTBHIPYAAFbl ITOPUTMIIK Kaxamjaap Ti30eriH aam xkolajlay Kaxker.
OKBITYIBIH oicTeMeNiK Kyheci meHOepiHzmeri OutiM Oepy TEXHOJIOTHUSCHIHBIH KYPBUIBIMBI
KernTereH (GpakTopiapMeH aHbIKTaIabI[3].

HolonlQ - xaneikapaneik OutiM  Oepy HapbIFbIH — TajjayFa MaMaHJIaHbIPbUIFaH
UHTEIUIEKTYam bl Tuiatgopmal2]. Typii HapbIKTaFsl SJKOHOMUKAIIBIK ©3TepicTepAl capaian OepeTiHn
TAaKCOHOMUSHBIH O13/1IH JKYMBICTaFbl MaHBI3/IBICHI — YHeMi e3repicke ymisipan oTeipateiH EDTech
Oemimi. Mynaarel Oi3re riardopma cypbeinTan OepeTiH KeCTeHI YFBIHY YIIIH aJIbIMEH OHBIH HET13Ti
Ma3MyHBIH JKOHE KaJlaii >JKYMBIC JKACaWThIH TYCiHiyiMi3 KakeT.TakCOHOMHUSI YCBIHATBHIH
MATIMETTEPTe ColKec, TepMUHACPIIH Kelleciiel )KIKTeMeCiH YChIHAMbIH:

«Temennen ocozapviy manoayel. Tangay kiactepiey MEH CETMEHTAIUSHBIH jKaHa TOCUIACPIH
3epTTey YIIIH MAalllMHAJbIK OKBITYJAFbl "MYFaIiMCI3 OKBITYAbI" KOJIJJaHA OTHIPHII, KAJBIITACKAaH
MKOHE JIOCTYpJIl OUIIM TaKCOHOMUSIapblHA OalaHBICTBI €Mec KoHe OelTapall emec JepeKTepaeri
TaOUFU 3aHIBUIBIKTAP/Ibl AHBIKTAAbl. MbIcasbl, OETTIH OH >KaFbIHJIAFbl BU3yasu3alus Oip emjeri
yibIMIap KENICIH 3epTTeyre MyMKIHAIK Oepeni. OKyuibliapisl, aTa-aHajgapibl, MEKTENTep MEH
MeKeMeJep/il KOJAay TICcUIepiHe yKcac yMbIMIap e3/epl KbI3MET €TETIH CerMEHTTEp, COHJai-aK
oJlap KOJIJAHATBIH MOJIEITbAEP MEH TEXHOJIOTHJIAp HETI31H/Ie TONTAaCThIPhIIFaH.

Memooonoecus — vanmaMabIK JaHamadT MOTIMETTEP/Il CYphINTaylda €Ki KIACCHKAIBIK TOCLIII
KaMTH/Ibl: aHAJTUTHKA J)KOHE TU3aiH.

Xononowix scytie. OpOip XOJIOHHBIH 031 TYTACTBIK NEH COWKECTIKKE he, Oipak COHbIMEH Oipre
YJIKeH >KyHeHiH Oeiiri OoJsibin Tabblmaapl. biz O6uriM Oepyni xonoHAap (CTyAEHTTEp, MyFaliMIep,
aKaJIeMUKTEp, MEKTENTep, CTapTanTap, YHUBEPCHUTETTEp, YITTHIK KYielep) aBTOHOMIBI JKOHE
OipJiecin KYMBIC ICTEHTIH XOJIOHUKANIBIK JKYHeE JIeTT CAaHAMBI3.
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MATEMATUKAHBI TEPEHAETE OKbITATBIH CBIHBIIITAPJIA
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byrinri tanga ko0anbIK KbI3MET MEKTEN I€H YHHBEPCUTETTE OpTYpJl MOHAEPAl OKBITY
ToXiprOeciHie KeHIHeH TaHbMal O6oja Gactanel. Ocbl 3epTreynepai Tangay Kobanblk ic-opeker
eHIM/I1 OLTiM Oepy *KYHECiHIH MaHBI3Abl Kypamaac Oeliri peTiHae opeKeT eTe/ll KoHe jKeKe TyJIFara
OarbITTANIFAH TACUI/I XKY3€re achlpyra OarbITTaIFaH IC-OPEKETTIH OeJICeHl 9icTepl apKblIbl OLTIM
Oepy mporiecTepiH YUBIMAACTHIPYIBIH CTaHIAPTTHI €MeC, TICTYpPIl eMec 9MiCi OOJNBIN TaObIIaabl
JIeTeH KOPBITBIHBI JKacayFa MYMKIHJIK Oepi.

byn 3eprrey >KOFapbl CBHIHBIN OKYIIBUIAPBIHBIH TI'€OMETPHUSCHIH OKBITYIBIH TEOPUSACH MEH
omicTeMeci MocenlelepiHe, aram aWTKaHja, ipredai OuTiM  amyabl TPAKTHKAIBIK AaFablaapibl
KaJIBIITACTBIPYMEH OHTAMIIbI YHIIECTIpyre MYMKIHIIK O€peTiH OKYLIbLIapAbIH >K00aIbIK KbI3METIH
yileIMaacTeipyFa apHanFad. Kasipri MeKTenTiH Tyseri KoFamfa COTTI MHTErpalisUlaHy *oHE OFaH
OeiliMieny YIIIH KaXKeT Toxipudere OarpITTanFaH OuUTiM amyra MyAeni.
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Matematuka OKy IOHI PETiHAE OKYIIBUIAPIBIH MOJCHH KOHE JKEKE KAJIBINTACYbIHA >KaFaan
’Kacay YIIH YIKEH MYMKIHAIKTepre ue. MareMaTHKaHbl OKBITY CaJlaChIHJAFbl KOFaMHBIH
QJICYMETTIK TaIChIPHICHI OKYIIBIIAP/IBIH KEKe OAChIH KAIBITACTHIPY, 9P OKYIIBIHBIH JKEeKe OachiHa
KaTBICTBl OKY IIOHIHIH TOpOMEINiK, TOpOMENIK >KOHE NaMBITYIIBUIBIK OJCYETiH HEFYPIBIM TOJIBIK
XKY3€re achlpy MIHJIETIH ajFa TapTabl.

3epTTeyIiH 63eKTUTIr OJIap IbIH apachlHIaFbl KAaHIIBUIBIKTAPMEH pacTaliaIbl:

- OiTiM KOMITOHEHTIH ICKE achIpaThlH MaTeMaTHKalbIK OuTiM OepyndiH KaJbIITacKaH
JOCTYpJIEpIMEH JKOHE JKEKE OKBITYFa, OUTIM allymIbUIapIIbIH JKEKEe CYPaHBICTAPBIH ICKE achIpyFa
OarpITTAJIFaH )KaHA YPAICTEPMEH,;

- OKBITYIBIH JKaHa oMdiCTepiH, (opmamapsl MEH KypaliJapblH KOJJaHy KaKETTLUIIr >KOHE
oJIap/bl MaTeMaTuka cabaKTapbhlHIA KOJJAHYIbl OIICTEMENIK KaMTaMachl3 ETYHIH JKETKUTIKCI3
JaAMYBI;

- MaTeMaTHKaHBI, aTall alWTKaH/Ia TeOMETPHUSHBI OKBITYIA *KOFaphl CHIHBI OKYIIBUIAPBIHBIH
XKOOaJBIK IC-OPEKETIH 9p TYpJii MaMaHJaHJbIPbUIFaH CHIHBINTAp/a KaJbINTACTBIPY KaKETTUIIrH
TYCIHY ’KQHE THICT1 9IICTEP/IIH KETKUIIKCI3 JaMYyBbl.

Ocpl KapaMa-KalIIbUIBIKTapFa CYHEHE OTHIPHII, 3ePTTEY MaceIeci MaMaH IaHIbIPBIIIFAaH CHIHBIII
OKYIIBIJIAPBIHBIH KOOAJBIK 1C-OPEKETIH KAaJbINTACThIPyFa bIKMNAJd €TETIH TI'€OMETPUSHBI OKBITY
o/licTeMECIHIH KETKUTIKCI3 JaMybl OOJIbII TaOblIabl.

OKymIbUIapAbIH  KOOAIBIK 1C-9pEKETIH KaJIbINTACTBIPY TYKBIPBIMJIAMAChIH TYCIHIIPYAIH
TEOPUSJIBIK JKOHE oJiCHaMasblK Herizmemeci. O OKYIIBIHBIH —TaHBIMIBIK —O€JICeHIUTIrH
apTTHIPY/IbIH, OHBIH LIBIFAPMAIIBIIBIFBIH JIAMBITY/IBIH OHE COHbIMEH Oipre Oesrimi Oip JKeke
KAacHeTTep/ll KATBIITACTHIPYABIH JUJIAKTHKAIBIK KYpajdbl PETIHAC aHBIKTAIAIbl KOHE MPOCKTHBTIK
OKBITY OJICTEpIHE HETI3/IEITEeH HOTIIKEN OKBITY OoJibIn TaObutanbl: Toyenci3 sxocmnapiay, 0oinkay,
mIenriM KaObuIaay, JKEKe MaHBI3IbI MOCENCHIH €IrKeH-TerKensi JaMybl, FBUIBIMH 3epTTey. by
YKOOAIIBIK KBI3METTI OKYIIBUIAPABIH MaKCaTThl 1C-OpeKeT1 PETiHAe YChIHyFa MYMKIHIIK Oepenl,
OHBIH OaphICBHIHIA AbIHFaH OUTIM KaHAPTHIIAAbI, TOYEJICI3 OKBITY/BIH €pPEKIIe >KeKe TaKipuoeci
anbiHaAbl. JKOFaphl CBHIHBIN OKYHIBIIAPBIHBIH KOOANBIK 1C - OPEKETIHIH YCHIHBUIFAH KYPbUIBIMBI
KeJlecl KOMIIOHEHTTEPACH Typanbl: jko00a OOMBIHINA KYMBIC KE3€HICPi-KbI3METTI YHUBIMIACTHIPY,
KBI3METTI JKY3€re achlpy, KbI3MET HOTIKEJIEepIH YChbIHY, OHbI Oarajiay »oHe Ke3eHJep. Op Ke3eHIe
Oenriti Oip MIHACTTEp WICHIUIE I, OKYIIbIIAp MEH MYFAIIMHIH 1C-OpEKETIHIH CHUIIAThl aHBIKTAJIA]IbI,
apHaiibl (>k00aJnbIK) JaFAbUIap KaJbIITacajbl: oOilylay, YHBIMIACTBIPY, 1371€y, AaKIaparThIK,
KOMMYHHMKAaTHBTI, TIpe3eHTauus, Oaranay, pediaexcuBTi. MaMaHIaHABIPBUIFAH CHIHBINTAPAA
TreOMETPHSIHBI OKBITY/Ia OKYIIBUIAPABIH KOOANIBIK 1C-OpPEKEeTIH Ke3€H-Ke3€HMEH KaJbITACThIPYIbIH
O3IpJICHTeH OJICTEMEC] OKYIIBIHBIH TOYEJCI3MIriH, OHBIH >KEKE OacChIHBIH OapiblK cajlajgapbliH
naMbITyFa bIKMan erefl. On ymIiH >KOFapbl MaMaHAAHIBIPBUIFAH CBHIHBINTapJa T'C€OMETPUSHBI
OKBITYJIBIH MakKcaTTapbl HAKTHUIAHJIBI, KOFAPbl CHIHBIN OKYIIBUIAPBIHBIH *KEKe KaOUIeTTepiH KoHe
OJIapJbIH OCHI MOH[I OKY KaXETTUIIKTepiH OapbIHINIA €CKEPETIH OKY MaTepUalIapbIHBIH Ma3MYHBI,
ozicTepi, OKbITY HbICAaHIAphl TAHJAIIIBI.

OKymibLIapabiy YKOOaIBIK IC-OpeKeTiH YUBIMJIACTBIpYAA MYFaIIMHIH JK00aHbBI
TUTIOJIOTHSIIAHABIPY KaOideTi MaHbI3Abl POl aTKapaabl, OHAarbl 0achlM OAaFbITTHl AHBIKTAI,
ColiKeciHIlIe MakcaTTapAbl, Ma3MYHIbl JKOHE ICKE achIpy ojicTeMeciH kacay. ¥ CbIHBUIFaH
xkobamapAplH  Ki1acCU(DUKAIMICHIH  KOPBITHIHABUIAH  Kene, ©Oi13 T'eOMETpHUsSHbl  OKBITyJa
KOJIIaHBUTAThIH KOOaapAblH €H TOH TYPJIEPIH aHBIKTAAbIK. bi3 YCHIHBUIFAH Ki1acCHU(UKALIHUSIHBI
KoHE OI3/11H >KYMBICBIMBI3/IbIH TKIPHOECIH €CKepe OTBIPBIN, MKOFapbl CBHIHBIN OKYIIBUIAPBIHBIH
06acelM KbI3METI ojici OOHbIHIIA >K00aNapAblH TYpJepiH KapacThlpAblK. OnmapaslH imIiHae
xobanapIplH Keleci Typiepi aHbIKTalAbl: 3epTTey, UIBIFApPMAIIbLUIBIK, MPaKTHKara OaFbITTalFaH
(xonman6anbl), penaik (OMbIH), TAHBIMBIK-0aF 1apiay.

3eprTey JKOOATapBIHBIH OiCi OpTa MEKTENl OKYLIbLIaphl YIIIH OacThl OpBIH alajbl *KOHE
COHBIMEH 0ipre YJIKeH KUBIHIBIKTAp TYFbI3ainl. O yammbl OiTiM Oepy/iH MaHbI3bl MIHIETT ePiHIH
Oipi OoybI TaOBIIATHIH FHUIBIMH OfICTEME HETI3IHJe KOpIIaraH olleMIi MEHrepy KaOileTiH
JAMBITYFa HET13/IeTeH.
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MareMaTHKaHbl OKBITYAa >KOOAIBIK IC-OpEKEeTTI KOJAaHy OOMBIHIIA MyFajJiMre apHaJFaH
ONICTEMENIK YCBIHBICTApa OCBl IC-OpEeKEeTKE TOH CHMarTamaiap, MPUHLIUANTEp, TajanTtap
aHpIKTaa6l. Onap JK00aNbIK iC-OpEeKeTTIH KYPBUIBIMBIH, XOOalapblH TYpPJEpPiH, HOTHXKEIEP.i
YCBIHY (oOpManapeiH, COHJAH-aK KOFapbl CHIHBIN OKYIIBUIAPBIHBIH KOOAIBIK IC-OpPEKETIHIH
HOTIDKENEpiH Oaranay KpUTEpHiiJiepiH YChIHIbI. ApHaiibl (’kK0OaJbIK) JaFabuIapabl 0eim, oJapabl
KbI3MET TypJepi OOMBIHIIA TONTACTBIPABIK: OWJIAy OpEKeTi, YWBIMIACTHIPY, 13lIey, aKmapaTThHIK,
KOMMYHHUKATHBTIK, TaHBICTBIPY, Oaranmay, pe]iekcuBTi, CcOHAAH-aK KY3bIPETTUIIK TOOBI:
KOTHUTHUBTIK, KOMMYHUKATHBTIK JKOHE MMPOoOIeManap sl MIeIIyAeri KY3bIPEeTTLIIK.
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O POJIM MATEMATHYECKHX 3HAHHU B TOAIOTOBKE COBPEMEHHBIX
NHXXEHEPHBIX KAJIPOB 1 O HEKOTOPBIX ITPOBJIEMAX U UX PEHIEHUSAX B
IMPOLECCE OBYUEHUA
KOcynos A.U., Xaaabi0aesa U.T., Aonukaiimmona I'.A.
Tawkenmckutl 2ocyoapcmeeHublil mexnuyeckutl ynusepcumem umenu M. Kapumosa, Tawxkenm
E-mail: ibadat.khaldybaeva@gmail.com

B snoxy rimo0anu3anuu TeXHUKA, TEXHOJIOTUN CTPEMHUTENIBHO Pa3BUBAIOTCSA M B MPOU3BOACTBO
BHEJPSIIOTCSI HOBBIE, COBPEMEHHBIE 00OPYIOBaHUS U IEPEOBbIE TEXHOJOTHUH, BO BCEX CTPaHAX
MHpa CYLIECTBYET OO0bIION NeUIUT COBPEMEHHBIX, BBICOKOKBAIM(DUIIMPOBAHHBIX HH)KEHEPOB.
JlesTenbHOCTh MHXEHEpa HOCHUT TBOPYECKHI XapakTtep, M OH JIOJDKEH YMETh HpPUHHUMATh
HOBATOPCKUE U HECTAHJIAPTHBIE PELICHHS TI0 CO3JJaHUI0 HOBOM TEXHUKU U TEXHOJIOTH, BHEIPCHHUIO
B IIPOU3BOJICTBO, a TAKXKE 110 OPTaHU3AIMH [TPOU3BO/ICTBA.

Otu TpeOOBaHUS CTAaBAT BAXKHBIC 33/a4ll NEpe] WHKEHEpHbIM oOpa3oBanueM. Kak u crpaHbl
MUpa, Y30eKHUCTaH TakXke yIedseT 0co00e BHHMAaHHE BOIMPOCY MOATOTOBKH COBPEMEHHBIX
KBIU(DULIIUPOBAHHBIX HHKEHEPOB.

Hcxons w3 ananuza uccienoBaresei, COBpeMEHHbIN WH)XEHEp JOJDKeH 00safaTh Tiy0OKUMHU
3HAHUSIMH M HaBBIKAMH IO CBOEU CIIEHUATBHOCTH, JIOTUYECKUM MAaTEMaTHYECKHM MBIIUICHUEM, a
TaK)Ke yMETh MOJIb30BaThCS MAaTEMATUYECKUM amapaToM U MaTeMaTHUYeCKUMU METOJaMU B CBOECH
obnacTu, CTPOUTH MaTeMaTHYEeCKHEe MOJEIH WHKEHEPHBIX 3aJad, BBIINOJHATH MPOEKTHO-
CTpouTeNnbHble paboThl. JlokeH uMeTh TIyOOKOe M TBOPUYECKOE MBIIUIEHHE TI0 CBOEH
CHEIHALHOCTH, CIIOCOOHOCTh OBICTPO aJaNTHPOBATHCS K MPOU3BOACTBEHHOMY Iporeccy. Jlis
3TOTO €My HeO0OX0IUMO UMETh JOCTATOYHbIE MaTeMaTu4eckue 3Hanus[1,2].

B ycnoBusx coBpeMeHHOH rioOanu3anud OOJbIIOE 3HAUYEHHWE WMMEIT BO3POCHINE U
YCKOpEHHBbIE TOTOKM UWHpOpManuu, HHGOPMALMOHHBIE KOMMYHHKAIIUH, BBICOKOTOYHBIE
aBTOMATHYECKUE YCTPOMNCTBA, a TAK)KE CTPEMUTEIbHOE pa3BUTHE M OOHOBJICHHE HAYKU, TEXHUKU U
TEXHOJIOTUM, MaTEeMaTUYECKOTro ammapara, MaTeMaTHYeCKUX METOJ0B, MaTeMaTHYECKOTO
MOJENUPOBAHUS M TPOCKTUPOBAHUS, IMONy4YE€HHWE TOYHBIX M OBICTPBIX TEXHUYECKUX U
TeXHOJoruyeckux pemieHud. [lo 3Toil mpuyMHE B TOATOTOBKE WHKEHEPHBIX KaapoB OOIbIIOE
3HaUEHUE UMEeT MaTeMaTHKa U MPEAMETHI IIUKIIa MAaTEMAaTHUKH, & TAKKe Ka4eCTBO MX MOJTOTOBKH.

[IpuBeneM HEKOTOpHIE MPOOIEMBI W HEIOCTATKU, BBISABICHHBIE B XOJ€ HCCIEIOBAHHN IO
MOBBIIIEHUIO KadyecTBa M A((EKTUBHOCTU TMPENOJaBaHUs MAaTeMaTUKH, YTO HUMEET OOJbIIoe
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3HaYeHWE B COBPEMEHHOM HWH)KEHEPHOM OOpa30BaHMM, a TAK)KE€ HWHHOBALMOHHBIC TMOAXOIBI K
IIPENOaBaHUI0 MAaTEMATUUECKUX HAYK, PE3Y/bTAaThl I€AarOTHYECKUX 3KCIIEPUMEHTOB.

B pesynbraTte Hamero uccieA0BaHus U aHATN3a BBISBIICHBI CIIETYIOIHE TPOOIEMBI:

-OO0JIBIIIMHCTBO CTYJCHTOB, OOYYAIOMIMXCS O WH)KEHEPHBIM HAINPABICHUSM, UMEIOT HU3KHUN
YPOBEHb MaTEeMaTHYECKUX 3HAHUI cpeHero 00pa3oBaHus;

-Cpeny BBITYCKHUKOB YYEOHBIX 3aBEICHUN CpelHero oOpa3oBaHWsl 3aMEUYeHa TCHICHIHSA K
MOMCKY OBICTPOTO OTBETAa 33/Ja4d Oe3 MOHUMAaHUS CyTH TpoOneMbl. [IpuunHO TOMY MOCITYXWI
dbopmMaT BCTYNMUTENBHBIX HCIBITAHUN (TECT, HE KOHTPOJbHAas paboTa) B BBICHINE Y4eOHBIC
3aBeieHUs1 Y30ekucraHa. Y HHMX HE Pa3BUThl CIIOCOOHOCTH MAaTE€MaTHYECKOro JI0Ka3aTeNlbCTBa,
JMCKYCCUU, PACCYKICHUS, aHAJIN3a, HECTAHJAPTHOTO MBIIIUICHUS;

-CYILIECTBYET BecOoMasi pa3HHUIA MEX]y TEXHOJOTHUAMHU OOydeHHs B CpeJHEM 00pa3oBaHHUU U
BBICIIEH MIKOJIe, KOTOpasl BJIEYET CIJIOKHOCTH IpPH aJanTalii K METOJaM BbICIIEH HIKOJbl Ha
MePBOM Kypce 00y4ueHus,

-y BBIIIYCKHUKOB CPEHUX Y4EOHBIX 3aBeJCHUN HEe c(hOpMHUPOBAHBI JOCTATOYHBIE HABBIKHU IS
CaMOCTOSITEIBHOTO OOyUYEeHHUS;

-HE CYILECTBYET HENPEPHIBHOM CBSI3U MEXK]y MaTeMaTUKON CpeHEro o0pa3oBaHUs U KypcoM
«BpIcmiast MaTeMaTuka», €CTh ONPEEIEHHbIE Pa3pbIBhI;

-B Ipolecce mpenofaBaHus «Briciiell MaTeMaTuku» B MHKEHEPHOM 00pa30BaHUU OCHOBHOE
BHUMAaHUE YAENSeTCs MPUBUTHUIO TEOPETUUECKUX 3HAHUN U YMEHUH, MPAKTUYECKOMY TPUMEHEHHIO
yaensiercss Mano BHUMaHuS. llpukimagHblx 3aay Kak B y4eOHHMKAaX, TaK M B METOJUYECKUX
MOCOOUSX JUIs MPAKTUYECKUX 3aHATUN MaJo;

-O0JIBIIMHCTBO CTYJIEHTOB HE MOTYT MPUMEHHUTh CBOU MaTeMaTHYeCKUe 3HAHUS JJIs PeleHUs
3aJ1a4 Mo CMeNHaIbHOCTH;

AHanu3 nokasaJ, 4TO HEOOXOJUMO IOBBIIATh TBOPYECKYKD AKTHUBHOCTh CTYIEHTOB Ha
3aHATUSAX 10 npeaMmery «Beicmias MaremaTukay IyTeM pa3BUTUS Yy HHMX HAaBBIKOB 10
CaMOCTOSTEJIBHOMY IOJYYEHHUIO MaTeMaTHYECKUX 3HAHUM, MPUMEHEHUEM MOJY4YEHHBIX 3HAHUH B
CBOEH CHelLMalIu3aluy, KakK CIeACTBUE (OPMUPOBATh Yy CTYAEHTOB AaKTUBHOE TBOPYECKOE
MHUPOBO33pEHUE.

B nensx noBelmeHus kauecTBa U 3QGEKTUBHOCTH MPENOaBaHUsI MATEMaTUKH B HHXXEHEPHOM
oOpa3zoBanuM npogdeccopamu-npenoaBarensiMu kadeapsl «Bpicimas marematuka» TalkeHTCKOro
roCyJapCTBEHHOTO TEXHHYECKOro yHuBepcurera numeHu Mcmama KapumoBa mpoBoasTcss Hay4dyHO-
[I€/1arOrMYECKUE OIBITHO-UCIBITATEIbHbIE PA0OTHl Ha OCHOBE HOBBIX IOJXOJ0B. B KOHKpETHBIX
YIPaKHEHUSAX MOKa3aHO MPUMEHEHHE TeMbl, U3y4aeMOM Ha MPAKTUYECKUX 3aHATHUSX, K PELICHUIO
o0mienpo(ecCHOHANBHBIX, CIEUUAIBHBIX U Pa3IMYHbIX HMHXEHEPHBIX 3a/ad COOTBETCTBYIOLICH
obsactu 0O6pazoBaHMsI.

B 3aganus camocrtoATenbHOM pabOThl CTYIAEHTOB OBLIO BKIIIOYEHO OOJIbIIE MPUKIATIHBIX
BONPOCOB. YJenwin OoJiblliee BHUMAaHWE HA y4yacTUE CTYAEHTOB B pPa3IMUYHbIX HAaYYHBIX
KOH(EpeHIHIX C JISKIUAMU 110 IPUMEHEHUI0 MaTEMaTHKU K WH)KEHEpHbIM BompocaM. Ha Hay4yHOH,
METOJMYECKOW M IMeJaroru4eckoil OCHOBE NMPOBEJECHBI SKCIEPUMEHTHI B SKCIHEPUMEHTAIbHBIX U
KOHTPOJIBHBIX TpYIIax, pe3yibTaThl NpoaHanu3upoBaHbl. COrjacHO aHaau3y, B pe3yibTaTe
oOy4yeHHs 0 HOBOM MeTOoAMKe MoKa3arenb 3PpPEeKTUBHOCTH 3a OAMH Y4eOHbIH roa cocraBui 1,10-
1,12.

ITomumo moBbIIeHUs 3(h(HEeKTUBHOCTU MpernojaBaHus «Bpicimiell MaTeMaTHKH» Ha OCHOBE
HOBOT'O MOJIX0/1a, OBIIIM OTMEUYEHBI U OTIpeJIeNIEHHbIE TTOJI0KUTEIbHBIE PE3YJIbTaThI.
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MATHEMATICAL MODELING OF UNCOMPRESSED LAMINAR SYMMETRICAL
STRENGTH
Ibrokhimov A.R.
Fergana Polytechnic Institute, Fergana, Uzbekistan.
E-mail: ibroximov-2022@mail.ru

So far, there are many cases to sharp simplify Navier-Stoks equations and find private
solutions very much. These studies usually or performed based on symmetrical reviews or based
on the theory of dustries and sizes.

The mathematical model of the movement of unfailed fluid in this article was collected in
this article. To do this, the movement and transversal speeds and pressure of water through the
Navier-Stoks equations.[1]

uy=0

Figure 1 Diffuzion channel
Navier-Stoks equations:

y v P v
X 6y ot ox oy
2, 2,
Y MM 1R JoY oUT o
ot OX oy p oX ox> oy

CABT AN VICAL S L A A
ot OX oy pay ox* oy

Here U,V - The dye and transverse velocity of the flow on the channel, P -hydrostatic
pressure, p -density of flow (o = const), v -viscosity, t-time.
The Mac-Cormack method [2] was used to solve this (1) equation.

Predictor QDiTl:CDi? ( i —Dj)

N N NV 1P [azv azv]

Corrector ot = —[ @i?“ _ct o (cD“+1 -o') (2)
Primary and border condltlons

In the entrance ngl, V=0, P=0.
0

From the condition of the wall onthewall U =0, V =0, P=0.
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My _, oV _, &P

-0,
ox*

=0.
ox* oy*

Extropolation [3] was used for all speeds in the exit. =0,
Analysis of the number of numbers
In Figure 2 below, there are transverse, longitudinal velocity speed and pressure graphs of
the stream.
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Figure 2. Scholars based on the transverse, longitudinal velocity of the stream and the
number of pressure obtained by the channel
Conclusion
This thesis was studied in an unpleasable liquid movement in the diffusion symmetric channel.
The Mac-Cormack method used in the calculation of Navier-Stoks. The graphics were built using
dyable, transverse speeds and pressure using the number.
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The creation of new modern technology and the improvement of technological developments
made it necessary to search and create new composites, in particular multilayer ones, with a wide
range of operational properties that cannot be achieved using traditional materials. Moreover, the
rapid development of scientific and technological progress requires the creation and implementation
of new progressive materials and structures with predetermined properties. Orthotropy is one of
these properties. Orthotropic materials are more difficult to analyze than isotropic materials because
their properties depend on the direction.

The use of multilayer orthotropic composite materials in modern apparatuses and devices
required taking into account their structural features, the physical properties of the materials used,
as well as the creation of new methods for calculating the stress-strain state of such structures. The
technical, physical and mechanical properties of structures made of multilayer inhomogeneous
materials differ significantly in the thickness of their packages, therefore, the study of the features
of the operation of structures, in particular plates, made of multilayer inhomogeneous materials in
the thickness of their package using refined models is important when designing new innovative
lightweight structures from multilayer materials.

We consider a rectangular layered plate with sides with orthotropic layers and a given
thickness, consisting of an arbitrary number of orthotropic layers.We consider a plate in an
orthogonal coordinate system X;, X,, X; =Z. The axes X, and X, lie on the coordinate plane and

their directions coincide with the orthotropy axes of the layers. The coordinate plane is positioned
arbitrarily along the height of the plate cross-section.

The material layers are numbered from the bottom surface of the plate. The total number of
layers in the package is denoted by n, then we take k = 1, 2, ...,n, where k is the number of an
arbitrary layer. All layers of the plate in aggregate in thickness form a package of layers.

In the general case, we assume that the package structure is formed by layers of different
thicknesses and rigidities, the physical and mechanical characteristics of which are constant in their
their thickness. The number and order of the layers are arbitrary.

For an arbitrary kth layer of the plate, simplified hypotheses are adopted. These hypotheses
satisfy the conditions for the joint operation of the layers without separation and displacement, the
conditions on the plate surface, and determine the nonlinear law of variation of transverse shear
stresses and normal stresses in the thickness of the plate [1]. The given hypotheses are obtained on
the basis of the hypotheses proposed by professor A.Sh. Bozhenov [2], by neglecting a number of
factors that insignificantly affect the stress-strain state of plates. It is assumed that normal
displacements are equal to deflections.

Factors such as transverse shear in two directions and the pressure of the layers on each other,
as well as the orthotropy of the layers are taken into account using a single shear function.

Equations for the bending multilayer orthotropic plates with an asymmetric structure in
thickness are obtained from the Lagrange variational principle using the relations received on the
basis of the accepted hypotheses. Then, by introducing the force functions, the system of equations
and the boundary conditions are transformed into a mixed form. As a result, a system of three
equations of the 12th order is obtained; this system describes the bending for a multilayer plate of
an asymmetric structure in thickness with orthotropic layers. The system takes into account a
transverse shear, a layer pressure, and normal strains. Three functions of the coordinate surface are
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unknown; these functions are the function of force ¢, the deflection function W, and the shear
function y [1, 3].

We note that the solution of the obtained systems of equations is possible when boundary
conditions are satisfied on each contour with respect to the sought functions.

The boundary conditions for various cases of fixing the edges of the plate are obtained from the
contour integral of the variational equation [2].

For edges x; = const we have

Puou; =05 @00 =0; M;oW,;=0; (Mii,i +2M12,|)6W =0;
(Q/-M{; —2MJ, J5x=0; Mjdy,;=0; (i=12; 1=21). (1)

The number of boundary conditions corresponds to the order of the system of equations.

From (1) we single out two groups of boundary conditions: the first group includes the first
four, which in form correspond to the conditions of the classical theory of plate bending. They
model the connections superimposed on the contour of the coordinate plane of a multilayer plate (
z=0) and determine the nature of its fixation, that is, they describe the contour anchoring of the
coordinate plane of the plates. The remaining conditions are attributed to the second group, which
models the connections that prevent mutual displacements of points on the end plane of the plate (
z#0) [2, 4]. The second group of equations models the type of deformation of the end surface of
the plate and assumes the presence of various types of diaphragms at the end of the multilayer plate.

By combining the conditions of two groups of boundary conditions, any boundary conditions
can be simulated. Here some common options for fixing the plate for the edges x; =const are

obtained.
A movable hinged support with a rigid end diaphragm is determined by the conditions

Pao=Pu =W =M; =y =1,=0.
The relations for a movable hinged support with an end diaphragm, rigid in its plane and
flexible from the plane, have the form
Pao=Py =W =M;; =x=0; M;=0.
The conditions for a movable pinching with an end rigid diaphragm are written as
Pro=Pu=W,i=x,i=x=0.
A movable pinching with a diaphragm that is rigid in its plane and flexible from the plane is
determined by the following relations
Pa2=0n =W, =x=0; M;=0.
In the case of a free edge of a plate with a diaphragm that is flexible in its plane and rigid
from the plane, we have the following conditions
Paa=0n=M; =0, M;;+2My,, =0; Q'-Mj; -2Myj,; =0; x,=0.
Thus, the combination of conditions from the two groups makes it possible to write down the
boundary conditions on the edges of the plate for any type of contour fastening.
In this paper, we also study some options for fixing end diaphragms when performing the
Kirchhoff-Love hypotheses.
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Plates are rightly considered the most universal and widespread elements in virtually all sectors
of science, technology and economy. During operation, the plate as a part of a mechanism or an
independent structure is subjected to various influences (friction, deformations, the effects of
various loads, temperature changes, vibrations, wear, etc.) which cause, first of all, the plate
bending. Therefore, knowledge of the theory for the plate bending and of classical methods for
calculating them is necessary for a modern engineer.

Analytical and numerical calculations are necessary in the production of material goods in all
sectors of the national economy: from the production of household goods, cars, airplanes, ships and
unique equipment to a wide variety of structures and space rockets, the details of which are plates.
Analytical and numerical calculations are relevant at any time, since progress does not stand still,
enterprises design new devices and equipment, new structures are being built, the creation of which
is impossible without clear technical studies that specify the accuracy of calculations necessary for
this design.

A variety of analytical and numerical calculation methods are used to study plate bending
problems. One of these methods is the Levy method.

We consider the case of the platebending (0<x<a,0<y<b), in which only two opposite

edges have a hinge support (for example, x=0and x =a)and the other two edges have arbitrary

boundary conditions. The mathematical model of the plate is completely determined by the function
of deflection (vertical displacements) W (x, y). When calculating by the Levy method, the desired

deflection function W (x, y) has the form [1]

W(X,y) = [A, -cho,y+B,-sho,y+C,-y-chw,y+D,-y-shw,y+ ¢, (y)]sin X, (1)

n=1
. : : n : : :
where A, B,,, C,,, D, are arbitrary constants of integration, @, =§, @, 1S a particular integral

that depends on the type of coefficients f, and, consequently, on a given external load f [1].
To determine the four integration constants A,, B, C,,, D,, the boundary conditions defined at

the edges of the plate y=0 and y=b are used. These boundary conditions, of course, can be
different. In the general case, this leads to the solving a system of algebraic equations with respect
to unknown constants A, B,,, C,,, D,. However, it should be noted that the order of this system can

increase, for example, if the load is given in the direction of the y-axis by a discontinuous law.

Obviously, various approximate methods can be used to find the constants A,, B,,C,, D, . It
depends on what degree of accuracy is needed when solving a specific practical problem. In
addition, it should be taken into account that the deflection function is defined as an infinite series,
finding the sum of which is not always an easy task.Therefore, it is often necessary to limit
ourselves to a finite number of the first terms of the series (1) for the deflection function, which
naturally reduces the accuracy of the desired solution.

The calculation of the coefficients A,, B,, C,, D, in a general form in the case when one of the

sides of the plate (for example, a sidey =0), parallel to the x axis, is supported by an elastic

contour, and the other side is rigidly pinched, is given in [2].The elastic contour may be, for
example, a beam, bending under the action of pressures applied to it. For this case the boundary
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conditions have the form

AW azvvj {53\/\/ a3vv} ( a“w) _
~——+v—s-| =0,D|—%+(2-v) =| EJ ;W[ =0,
(ayz o) oy® o’y | g 2 I
MW o,
Ny

where D is the cylindrical rigidity of the plate, EJ is the rigidity of the beam.
In the case when one of the sides of the plate parallel to the x axis is rigidly pinched, and the
other side is free, under a uniformly distributed load f =g of constant intensity, integration

constants A,, B, C,, D, are presented in [3].

This special case in a more general form, namely, for any type of external load f with full
calculation of the integration constants A, B,, C,, D, is studied in [4], where the side y=0 is
free, and the side is y =b rigidly fixed.

In a fairly widespread, but computationally simple case, when the edges of the plate parallel to
the axis are rigidly pinched, the analytical expressions for the coefficients A, B,, C,,, D, have the

form

& (sha,b +ba,cha,b)— & bsha,b
= 0 , B = n n n n ,
A=), 8, sh?w,b —b%w}
_ anl&(shapb +baychayb) - Ebshayb] 4 (0), D = Ebwlsha,b - & (shwb —ba,cha,b)
n ' n

C
! bw’ —sh?w,b sh’a,b —b’w?

& =chaybp, (0) +be}, (0] -, (0), & =}, (O)chesb + ayshaa,bp, (0) + b, (0)] - ¢ (b).
Due to the bulkiness of formulas for the determination of the coefficients A,, B,, C,, D, in the

general case, and, consequently, due to the inconvenience and complexity of further use of these
formulas, it is recommended that all calculations of the constants A,, B, C,,, D, be carried out for

particular numerical values of a problem in each special case with given numerical parameters. This
was also done when solving specific problems with the above boundary conditions. Analytical
calculations are difficult, but improving the accuracy of the result obtained is an obvious fact.

Due to the clarity of the calculation algorithm, without any difficulty, Levy's solution can also
be applied to the study of the bending of a plate whose sides parallel to the x axis have other
boundary conditions. Levy's solution also easily applies to those cases when the sides of the plate
contour parallel to the x axis are not completely rigid, but are relatively flexible beams that bend
under the action of the pressures applied to them.

Finding analytical expressions for constants A,, B, C,, D, makes it possible to obtain an an-

alytical expression (formula) for the deflection function W (x, y) . And then the deflection function
can be set with the accuracy that is necessary for solving a specific problem, only being limited by
the number of members in the series (1) that will provide the required accuracy of the calculations
of the object under study.

Setting the calculation accuracy necessary for the manufactured product undoubtedly entails an
increase in the product quality.

In addition, this factor plays an important role in the design and calculation of titanium plates
of body armor, solar panels, plates in an alkaline apparatus of water ionization, wall film heaters,
Earth satellites, etc., as well as in such areas of production as instrumentation, mechanical
engineering, aviation, space industry, etc.
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XKaptbutaii cepmiMILTi )Ka3bIKTBIKTBIH CTaHIAPTTHIK TEHIEY1 Kellecl TYPAE Ka3blLIa Ibl:

M= o‘F  0'F
rs a2 T Aud =0
0%, OX[OX3  OXg

V2V2F = 1)

by OurapmoHukansik TeHaeyaiy (1) memnmin taOy ynrH F(X, X,) KbUDKY QyHKIUSACH MbIHA
TYpA€e KaObUIIaHbIN aabiHaIb! [1]:

F(X11X3)25(X3)'W(X1)’ (2)
MYHJZIa 5(x,)—Tapary QYHKIHUACKL; W (X,) —ManbICy QyHKIHACHI.

Enpi ocel xymbIcTarsl memymii TeHaeyai (1) ety renneyin

d2W(x) d“W(x,)

= —RZW(xl); =KaW (X,) #oHe (2) KOJLIaHbIN KEJIECI JKaIbl TYPJE )Ka3aMbl3:

dx; dx,
5" (z,)-2-k*6"(z,)+k25(z,)=0
OcpITeHIeY/IIH >KaMbl IeMiMiH ObUTalIIa aHBIKTalMBbI3:

2 =klx-A-a); k! =a-(k2)
5(20 ) = [Cl cos(f3,z,) + C, sin( ,Blzo)]e_alzo + [C3 cos(f,z,) + C, sin( ﬂlzo)]ealzo (3)

MYH/Ia
a+1 a-1
=k |92 =k S

o 5 i |

o, = k\/l—x/l—a ) ﬂz = k\/l-i- M-«

Kanmer menrimai (3) skapThlail meKci3 cepmiMILT Ka3bIKTHIKKA KOJITaHANRBIK

(2, >0, 5(z,)=0):
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5(z,)=[C, cos(B,z,) +C, sin( Bz,) e (4)

byn (4) memimMre 6acka Type aabIHFaH HOTIKENEp/i Komanyra 6omanst [2]. XKeunkynap
KOHE KepHeyJiep KOMIOHEHTTEP, 1Kl KymTep hopmynanapsl coiikecinme [3] OoibrHma
TabbIIaabl. bipak Gopmynanapra KipeTiH TypakThl Oenrici3aep, mapaMmeTpiiep KoHe MenTyIri
teryiey [3] JKyMbICTaFbl 9MICTI KOJIAaHY apKbUIbI KEJIeCi TYP/IC aHbIKTaIa Ibl:
- TYpaKThI Oenrici3aep

C1:7[2valaa0+(a—v) 0]
12¢
2=—;[(a+v)al-ﬂo—(1+v)ak2ao]
128, ,
1 ER? 1 1 Eh?
== B A= fo
° 1th§ﬁ° P="g 24Eh02'30
1 1ER . 1ER
° 24 32ER?T" 12ER°
- MapaMeTpiep
6(1—v)
oy = —— ———a, P, =12Q0—-v)c P,
(0] ak2(1+v) p" 1 180 ( ) p" O
1_0‘V+051T$ 2m+nlk2r;;)

P = , = ,
° @A-av)nk?—-2am’ ' @A—-av)nk?®-2am
n=a’(l-v)-avl+v)+2v, m:2aa1(1+v)+ap(1—v)EEr:],

0
ap =a’v+2av+via+a—v
- IIENIYI1 TeHAeY
¥ - d4WO(X1) — q(xl)
dx; EJ '
2 6(1-V)a, -P, ER® s
y=1-6(1-Vv)a, - P, Ehz—( Z)O‘P LS S
EhS ak“(A+v) Ehg 12

Ochl Makanaaarsl menriM (4) GobIHINA aJbIHFAH HOTHXKENIEp i mientiM [4-6] canbicTeiprania
cepHiMIUTI Heri3/1er1 apKaJbIKThIH MaibICy (QYHKIUACHI, 1K1 KYIITEpl, )KbUDKYJIAp MEH KepHeyep
KOMIIOHEHTTEP1 MOH/IEPiHIH albIpMalIbUIBIFBI ©T€ a3 001a/Ibl.

CeiiTim, anbpIHFaH HOTHKENEP apKbUIBI KapThUIai MEKCi3 CepriMILITI Ka3bIKTHIKTHIH 1IIK1
KYIITEPiH, AeopMalsiapbl MEH KepHEYIepiH HAKThl aHAJUTUKAJIBIK TYP/E aHbIKTayFa 001aIbl.

Koanansliaran sneduerrep Tisimi
1. AxaxanoB C.b. HanpspkeHHO-1e)OpMHUpOBaHHOE COCTOSIHHE YIIPYTOH MONYIIIOCKOCTH // MaTemaTH4ecKue
METOJIBI M MOJIETIH B CTPOHUTENBCTBE, apXUTEKType 1 an3aitae: COopHHK craTeld. CaMapcKuii rocy1apCTBEHHbIH
apXHUTEKTYpHO-CTPONTENbHBINA yHIBEpcuTeT. —Camapa, 2015. —C. 67-73.
2. TypceaoB K.A., Axaxxanos C.b. XKapTeutaii cepriMIini >ka3bIKTHIKTaFb! apKaIBIKTHIH Hityi // KapMY
xabapmbicel: MaTtematnka cepusicel. —2006. —Nel(41). —b. 54-59.
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KAHA TPUIIOA TYPIAEI'T 3-PRRS IMAPAJIJIEJIb MAHUITYJISATOPABIH
JKYMBIC AUMATbI
Kaiisipos P.A.
Axademux E. A. Boxemos ameinoaevt Kapazanowvl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail: kairov.rustem@mail.ru

Makanana xana 3-PRRS tpumnon Typaeri napamieinb MaHHTYIATOPABIH (1-cyper) sKyMbic
allMarbIH aHbIKTAy 9Jici cunarraiabl. [lapannens MaHUYASTOPABIH KO3FaIMallbl )KOHE OEKITUIreH
rutatopMaapbIHBIH apachkiHAars! Oaimaneic ym PRRS Typaeri TyHbIK KHHEMATHKAJIBIK Ti30€KTep
apKpLIBI Xkacasrad. Mexanusm 1, 5, 8 xone 2, 6, 9 Oencen i TyWiHIep apKbUTbI KO3FaIbICKa
KenTipiaeal. MaHUNyasSTOPABIH asgKTaphl meHOepiep OoibIHIIA, al KO3FaaMalbl I1aT(GopMaHbIH
IeHTp1 chepara THICTI meHOep MoFachkl OOMBIHINA KO3FAIAThIH/IBIFBl AHBIKTAJIBIT, OJIap IbIH
TEHJICYJIEPi AJIBIH/IBI J)KOHE rpaduKTepi kopceTinai (2-cyper).

a) 3)

Cyper 1. — XKana tpunog typaeri 3-PRRS mapannens manunynstopasia 3D mozaeni

C(I)epaJ'ILIK TOoIICaJapJAblH KOOpAWHATAJIapbl Keneci TYPAC aHbIKTAJIAAbI

Uo,; =-bCyi *5i8yi - /57802 - £97i8(023;)
Vo, i =-bsyi -siCyi + fCyist + 8Cyis(03) ¢ (1)

Wo, ; =c+at+ fch,; +gc(bz3;)

4,
myHznaa,b,c, f, g —typakrel napamerpiep, S, 05 i, 03 j — KO3FAITKBILITAPIBIH OPHAJIACYIAPbIH
aHBIKTaNThIH alHBIMANIbI apaMeTpiep, Opzj =05 +035,i=1,2,3.

AltHaNManbel KHHEMATHKAIIBIK KYIITAp/IbIH MIEKTeyIepiHe OaiilaHbICTHI MAaHUTYIISITOPIBIH
asiKTapbl (Oz,iOS,iO4,i Jraianaphl )Keleci )Ka3bIKTHIKTap OOMBIHINIA KO3Falla bl
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C7i 'UO4,i +357i .VO4,i +bi =0, (I =1,2,3). (2)

(2)-xa3BIKTBIKTap/a KATaThIH KeJIeCl eHOepIIepAiH TeHISYIepl MAHUITYJISITOPIBIH asKTapbIHBIH
KYMBIC aiiMaKTapbl OOJIbIT TaObLIAAbI

Up-0y1,)% + (Vo -0y )2+ W -0y5,)° = (g; - ;)?

2 2 2 2|’ @)
(Ug-02x)"+(Vg-Ogjy ) +Wp -Opi,)" = (gi + ;)
myHzIa Oyjy,Opjy, Oy j; — IICHOEPICPAIH LEHTPIAPBIHBIH KOOPAHHATAIAPEI.
Kosranmaisl margopmMaHblH HEHTPIHIH KOOPIUHATAIAPHIH KeJleCi TEHiKTep OOMbIHIIA
aHBIKTayFa 00JIa bl
Xp =Ug,; ~Vo, pi *S7i -S0a3 —Voy, p; *7i *Ca3i —Wo, p; C7i
Yp =Vo,; *Uo, p; *C7i -Sb3j +Vo, p; *C7i *COxi —~Wo, p; *S7i (4)
Zp =Wo,; tUo, pi CO23i —Vo, p; *S023i
mysma Ug 4 Pi Vo 4. pi Wo 4 pi ~ KEprimiTi Oy Xy Yy iZ4j KOPAMHATTAP XKYHECIHE KATBICTEI
KO3FaJMalibl MIaTGopMaHbIH HEHTPIHIH KOOpAHATAIapHhI.
Korapeigarst (1), (2) sxoHe (4)-TeHaeynepal mailgaianei oipkaTap TYpJICHIIPYIEp
yKacaraHHaH KeHiH Keyieci TeHAeyJep/l ajJambl3
Xp-Ug,.)? Vo, )2 +(Zp -Wg, . )? =h? (5)
( P O4,i) +(YP O4,i) +( P O4,i) =

Oy ym cdepansiy Teraeynepi adcomorrik OgUoVoW, koopauuarrap kyiieciHe KaThICTHI

KO3FaJIMalibl TUIaT(OpMaHbIH IEHTPIHIH, SFHA P HYKTECIHIH KO3FajbiC TEHIAEYyJepl OOJIbII
TabbuTanbl. EHzleme OepinreH mapasuiesb MaHUMYJISTOPIBIH asKTapbl aOCOJIOTTIK KOOpAWHATTAp
XKyliecine KaThICTBI IEeHOepiep GoiibiHIma (2,a-cyper), an cdepansik Toncanapra O, ; KaTbiCTHI (5)-

111 TeHAeYTe colikec cepara THICTI meHOep MoFackl (2,9-CypeT) OOMBIHIIIA KO3FAIIBIC JKacaiIbl.

a) 3)
150
100
Zp
/ N 50
-
100 0 ¢ P
© 100 - g ‘ . )
= y -50 SSEsEET
0= y 0 -100 § ,E’\' ===
P 0 =22 Xp
00 T -100 5 = -
0 = VO 100
100 50 <~ 0
uo 100 P 0
X > -50
150 _100 Y

Cyper 2. — Ilapanienb MaHUIYJIATOP/BIH )KYMBIC aiMaFbl

Koananbliaran sneduerrep Tisimi
1. Tsai L.W. Robot Analysis: The Mechanics of Serial and Parallel Manipulators. - John Wiley & Sons, Inc., New
York /Chichester/Weinheim/ Brisbane/ Singapore /Toronto. 1999. — P. 505
2. Zhumadil Baigunchekov et. al. Kinematics of the Parallel Manipulators with Functionally Independent Drives
(Part 1, Part 11) // Proceeding of the 11" World Congress on Mechanism and Machine Science, April 1-4, — 2004,
Tianjin, China, —pp. 16647 - 1655.
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MOJIEJIMPOBAHUE U PACYET ITMHAMUKH )KUJKOCTEM B
TEINIVIOOBMEHHBIX AIIITAPATAX
Kypmanosa /ILE., Ixaitun6exos H.7K.
Eespaszutickuii nayuonanvruiil ynusepcumem um. JL.H. I'vmunesa, Hyp-Cynman, Kazaxcman

E-mail: jaich@mail.ru

g TpyOONpOBOAHON TPaHCHOPTUPOBKU HEPTU U HEPTENPOIYKTOB MCIOJB3YeTCs MOJAXO/,
OCHOBAHHBIN Ha peryJiMpoBaHUM PEOJIOTUYECKUX CBOMCTB HE(PTH, HAIpUMeEp, NPU IOMOIIM HarpeBa
He(TH ¢ ee Mocienyoell TPaHCIOPTUPOBKON 10 TPYOOIIPOBOY € MOBBIIIEHHOHN TEIION30ISIHEH
(ropsiuast mepexauka HeTH). B HEKOTOPBIX Cilydasx yBelIWYEHHE BA3KOCTU HE(PTU NMPU MOHMKEHUU
TEMIIEpaTypbl NPUBOAUT K HEJONYCTUMBIM HANpsHKEHUSIM Ha CTEHKax TpyObl M OCTAHOBKE
TpaHcropTupoBku.B pabGote [1] mpoBemeHBl ucCCIEAOBaHUS 3aBUCHMOCTH KHHEMATHYECKOM
BSI3KOCTH HETH U cMecell HeTH OT TeMIepaTyphl, a TaKkKe MPOoaHATN3UPOBAHbI CYIIECTBYIOLIUE
(dbopMyIibl 1S pacyeTa KHHEMAaTUYEeCKOM BSI3KOCTH HE(PTHU B MarkCTpalIbHBIX TPYOOIIPOBOIAX.

Hacrosimas pabora mocBslleHa MCCIEAOBAHUIO THIPOJUHAMHUKM TEIJIOHOCUTENEH B
TEeIUTIOOOMEHHBIX afmapaTax. B KadecTBe TEIJIOHOCHUTENIEH HWCIOIB3YIOTCA BOAa («TOpsUnii»
TEIUIOHOCUTENb) U HEPTh («XOJIOAHBIN» TEINIOHOCUTENb), MEXKIY KOTOPBIMH MPOUCXOAUT
TEIUIOOOMEH uepe3 TBEpIyl0 IOBEPXHOCTh TPyOOINpOBOJa, SBISIIOMICHCS TpaHHULEH MEeXIy
TEIUIOHOCUTENSAMU.  JIJI1  YUCIEHHOTO  MOJEIMPOBAaHUS THAPOJWHAMUKU  TEIJIOHOCHUTENEH
MPUMEHSIIUCHh OcpeHeHHbIe N0 PeliHonbacy ypaBHeHus HaBbe—CTOKca, 3aMKHYTBIE MPU MOMOIIA
MOJIENH TYpOYJIICHTHOCTH.

B nwutepaType npUMEHSIIOTCS pa3iMyYHbIE 3aBUCHMOCTH BSI3KOCTH OT TemIepaTypbl. B
He(TSIHOM oOTpacinu TpH pacueTe KHUHEMATHYECKOW BSI3KOCTH, 3aBUCAIICH OT TeMIIepaTyphl,
npumMensiercs Gopmysa Baasrepa [1]

Ig[lg(v+0.8)]=a+blgT,
rne a u b— osmnupuyeckue KOIDPHUIMEHTBI, ONpeAeaseMble Uil  JIaHHOH O KUIAKOCTH
IKCIIepUMeHTANIbHBIM yTeM. Koaddurments: a ub B popmysie HAXOAATCS U3 COOTHOIICHU
a=lg[lg(v,+0.8)]-blgT
b= Ig[lg(v, +0.8)]-1g[lg(v, +0.8)]
IgT,—-1gT,
31ech V1 U V2 — 3HaYCHHs] KHHEMATUYECKOM BA3KOCTH JKUKOCTH P TeMIieparypax 11 u To.

CpaBHeHue pe3ynpTaToB pacueToB 1o (opmyne Bambrepa ¢ 3KcHepuMEHTalIbHBIMU
3HAYEHUSIMU IUHAMUYECKOU BSI3KOCTH JIIsl HETH MoKazaHo Ha puc. 1.
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p, Ia-c

10!

10°F

10 20 3‘() 40 50 ()l() '/(J 80 90 100
T 9C,
Puc. 1. 3aBucUMOCTb IMHAMUYECKON BSI3KOCTH HE(TU OT TeMneparypsl. TpeyrojabHble 3HAYKN
— 3KCIIEpUMEHTANIbHBIC JaHHbIe [2], crutoniHast THHUS — pacyeThl o Gopmyse BambTepa

B pacuerax ucnomm3yercs cerka, coctosmas uz 19461 sueek, u3 kotopbix 500X24 sueex
pa3MeniaeTcst B 00JIacTH, 3aMOJTHEHHOW HedThIo, S00XS5 sueek — B oOmactu u3 cranmm, a S00X13 — B
obrnactu, 3an0JHEHHON BOJIOM. CryllieHue siueeKk CeTKU MPOU3BOAUTCS OKOJIO CTEHOK TPYObl TAKUM
obOpazom, uToObI Y+<2, T11e Y+ — 6e3pa3MepHas MPUCTECHOYHAsE KOOPANHATA.

Pe3ynbTaThl pacueToB CpaBHHUBAIOTCS C JIAHHBIMHU, MOJTYYEHHbIE METOJAMU BBIUYMCIUTEIHHOU
ruapoauHamMukn. HedTh cumTaercs HBIOTOHOBCKOW JKUAKOCTHIO C TOCTOSIHHOW TUIOTHOCTBIO.
Pacyersl mnpoBOASTCS TpU TMOMOIIM YHCIEHHOTO PEUIEHHS OCPEAHEHHBIX Mo PelfHombACY
ypasuennii HaBre—Ctokca (Reynolds-AveragedNavier—Stokes, RANS) st BSI3KOM HECKHUMAEMO
KUJKOCTH, 3aMKHYTBIX IpPU TOMOIIM MOJAETU TYpOyJE€HTHOCTH, YYUTHIBAIOIIEH JIAMHUHAPHO-
TypOYJICHTHBIN MTEPEXO/I.

Pacnipenenenne ycpenHEHHOTO MO CEYEHHIO NaBieHHs] He(TH MmokazaHo Ha puc. 2. [lepenan
NaBJEHUs 10 Bceil JumHe TpyOwl cocTapiser okono 0,52¢10° ITa.M3 pucyHKa MOXHO 3aMETHTh
XapaKTepHOE M3MEHEHHE KPUBU3HBI JMHUHM HAPACCTOSIHUM TOpsAka 3 M OT BXOJHOTO CEYEHHS,
KOTOpoe 00yCIIOBJICHO MEPEX0/I0M JJAMUHAPHOTO PEeKHMMa TeYEHHS B TYpOYJICHTHBINA. AHAIOTHYHbIE
M3MEHEHUS Ha YKa3aHHOM MECTE MPOUCXOMAT M IS JPYTUX MapaMeTpoB MOTOKA, HAPUMED IS
TEeMIIepaTyp TEIIOHOCUTENEH.

oL 104 Ta
5
<
4y
3r T A....
--‘
of =N
“
1t A,
»
0 : ‘ . .Y
0 1 2 3 4 5
X, M

Puc. 2. PacnpeneHeHI/Ie YCPCAHCHHOTO IO CCUCHUTO JaBJICHUSA He(pTI/I

CHIDKCHHE BS3KOCTH HC(I)TI/I npu noMmomu €€ Harpesa ABJIFICTCAd OJHHUM U3 CII0co00B
ITOBBIIICHU A BHCPFOB(I)(I)CKTI/IBHOCTI/I mnmpounoecca HepeKaqKHBLICOKOBHBKOﬁ HC(I)TI/I npu I[O6BILIC )51

TPAHCIIOPTUPOBKCE. YucaeHHoe MOZACIIMPOBAHUC TIO3BOJISACT PCHINTL P BOIPOCOB, CBA3AHHBIX
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crioBblllieHHEM 3((EKTUBHOCTH TEIUIONEpeIadr, KOTOpas OCTAeTCs OJHOW W3 HamboJee BaXKHBIX
IIPU IPOEKTHUPOBAHUY TETIOOOMEHHBIX YCTPOMCTBB HE(TETa30BOM OTPACIH.

Cnmcox ucnoJib30BaHHOM JIMTEpaTypbl
1. Apanos O.B., Bysnos W.B., Casamun A.C., Hopmanckuii E.W. HccrenoBaHue METONOB pacyeTa
KMHEMAaTHYEeCKOW BS3KOCTH He(TH B MarucrpaibHoM HedrenpoBone // Hayka u TexHONOrMM TpPyOOHPOBOJHOTO
TpaHcnopta Hedtu U Hedrenpoaykron. 2017. T. 7. Ne 5. C.97-105.
2. Tyrynos I1.11., HoBocenos B.®., Kopmak A.A., [llamma3oB A.M. Tunossie pacueTsl Ipu NPOEKTUPOBAHUU U
aKcIuTyatarmu Herebas u HedrenpoBomoB. M.: {uzaitn [lomurpad Cepruc, 2002. 234 c.

ONNPEAEJIEHUE CONPAXEHUSA ITIOBOPOTA C IPAMOYTI'OJIbBHBIMHA
YYACTKAMMU PYCJIA KAPKUJTOHCKOI'O BOJOXPAHUJINIIIA
Mymunos O.A.L, Yr6acapos III.P.}, Xynaiikynos C. 1.2
Depeanckuil norumexuuyeckuii unemumym®, Hayuno-uccnedoeamensckuii uHCmumym
UPPULAYUOHHBIX U 600HBIX NPOOEM?
E-mail: 0.muminov@ferpi.uz, Sh.utbosarov@ferpi.uz, S.l.Xudaykulov@mail.ru

[IpuBenensl  momepeuHble npoduiau  cBOOOJHON  MOBEPXHOCTH Ha  MOBOPOTE C
MPSIMOYTOJIbHBIMU Y4acTKaMH pycia KapKuaoHCKOTO BOJOXpaHMIIUINA, TOJydeHHbIE HAa MOJEIU.
Jluaus pycna y BHEIIHEH CTEHKM TOPHU30HTalbHA, JHO OOpa3yeT KOHHYECKYI IOBEPXHOCTH;

B =0,46.m; nonepeunsiii axion mxaa K = 0,173k=0,173; I, =7,62m ; yron .noopora
r,=7,62m 6 =25,5".

PanuanpHbIil y4acTOK COMpsTacTcsl ¢ MOABOMSAIIAM M OTBOJAIIMM KAaHAJIOM IEPEXOTHBIMHU

3
M

y4aCTKaMH, PANYC OCH KOTOPBIX m3MeHsercs ot 10 7,62 m. Pacxox Q =0,099— | B mauams-
cex

HOM CEUCHUH hcp =0,061m 4, = 3,54&.

ceK
Paccuurath KpUBYIO CBO6OI[HOI>1 IOBEPXHOCTU B CECUYCHHU paJualIbHOTO Yy4YaCTKa IMOBOpOTa.
Hanop H o HaZd INIOCKOCTBIO CPABHCHUA IIPUHAT ITOCTOSHHBIM.

B ceuenun 0-O mepex HauvanoMm moBopoTa MHpH KO3(PPHUIIMEHTE KUHETHYECKOW SHEPTHH
a =11 umeem:

2 2
% =0173-7,85+ 0,061—% =2122m

I'myOunbl, oTBeuaromue paauycam I, ompenensiem mo (11):

2 2 2 2
h:ho(r—oj +H, 1—(r—°j kel o —0061(762j
r r r r

-7,62°
r’

H0=kr+h0+a

7.62\°

+2122 1—( j 0173
r

CpenHsst CKOPOCTh Ha BEPTHKAIU, UCXOJ U3 MOCTOSHCTBA YAEIbHON 3HEPrHU IpU Harope
H, =2122m, pasHa:

9= 20(H —h—kr)=—=—443/2122 —h—0173r
\/—\/ a( )= \/—1 N

[Tomy4yaem riryOMHBI ¥ CpeTHIE CKOPOCTH Ha BEPTUKAJIAX, MpUBEAEHHBIE B Ta0u. 1. Pacuer no
dopmyse mis pamguyca nosopora I' = 7,62m naer
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9> 3542
gr, 9,81.7,62

U yroJl HaKJIOHA JHA B MOIEPEYHoM ceueHnu & =9,5° (mpr KOTOPOM 0KHMIAETCS MO PacUueTy

tga =k = 0,168

HAKJIOH CBOOOJTHOM MOBEPXHOCTH, OJIM3KUI K HAKIIOHY JHA). B 1eficTBUTENBHOCTH B JaHHOM

ciydae moBopoT umeer yroi Hakinona & =9,8”. o pacuery ckopoctu ¢ ysenuuenuem I
YMEHBILAIOTCA, B IEHCTBUTEILHOCTH Ha0101aeTcsl O0Jiee CoXKHas KapTHHA.

Taoauna.l ['ryOMHBI U cpe/lHMEe CKOPOCTH HA BEPTHKAJISX ¢ MPSIMOYT0JbHbIMHU
yuyacTkaMu pycia KapkuaoHCKoro BooXpaHu/nina.

r,m 7.390 7,529 7,620 7,711 7,850
h, m 0,0544 0,0589 0,0610 0,0628 0,0645
h, ym 0,178 0,193 0,200 0,206 0,212
3, ymyc 13,32 12,09 11,95 11,80 11,59
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Paccuntath y4aCTOK IOBOpOTa 6BICTpOTOKa KapKI/I,Z[OHCKOFO BOJOXpaHWIMIIIA IIpH

CJIEYIOIIUX UCXOIHBIX JaHHBIX.
3

B=06,i=0039,0=80""  x,=30x,0=8293,
cex
ko3 dument mwepoxosaroctn N = 0,014
3
Mo ¢opmyne Q= k\ﬁ roe k= Q\/T = 403,62M—, ompezensieM  MoAOOpOM TiyOHHA
cex
OBICTPOTOKE MPU PABHOMEPHOM PEIKHME:
h=09m, 8 =— ~12232
6-1,09 cex

YpaBHeHHe ocu ObICTPOTOKA TIO (popmyIie Te:
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o 260 8293 oo
7 o2 314° 2

Pamnyc ocu omnpexensem o Gopmyie.

2
1+ tggsinﬁ
22X,

T a T X
—tg—cos——
2%, 22X,

d

3
2

R=

Pacuer cBogum B Ta0n.1.
Tabamnua 1. I1y0uHa ObICTPOTOKA NPH PABHOMEPHOM pe:KMMe.

X 30 24 18 1 6 0
R, 160 68,90 40,24 821 | S
y 0 4,55 8,70 11,97 14,08 8014’
e 23,19 24,69 26,19 27,69
z 2’25' -1,013 0 0,846 1,554

Hamop Hag mHom B monepeuHom cedeHuu 1-1

2 2
_ad 22 g g1,
24 19,62

ITo dopmysie npunsie Z, =0 u h =1,09xm, onpenensiem OTMETKH JHA B CEUEHUSIX C pa-

H,

muycamu Ry, R, ut. 1.
Ipur, = R, =24,69m mnoxy4aeM OTMETKHU JHA, IPUBEICHHbIC B Ta0I. |

Pe3y.]'IBTaTI>I IIPOBCACHHBIX I/ICCJ'ICI[OBaHI/Iﬁ MOT'yT OBITH MCIIOIL30BAHbI IIpU TUAPABINYCCKUX
pacueTax riJpoCUCTEM, HAXOAAIMNXCA B YCIIOBHAX BI/I6paI_[I/II/I.
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MYJbCHUPYIOIMUE TEUEHUS BS3KOM HEC)KUMAEMOM )KHJIKOCTH B
KPYTI'JIOM IWJAHIAPUYECKOM TPYBE C YIPYTUMU CTEHKAMHA
Hagpy3os K., lllapunosa II.b., Aoguxkapumos H.HU.
VYpeenuckuii cocyoapcmeennwiil ynusepcumem, Xopezm, Y36exucman
E-mail: qurol_46@mail.ru, shshb1990@gmail.com, nabijon.88@mail.ru

Chopmynnpyem yIpoIIEeHHYO 3a1a4y, UMEIOIYI0 HEMATOB)XHOE 3HAUCHHE B HCCIIEI0BAHUIX
MYJIECUPYIOLIETO TEUSHUsI BA3KOM KHUKOCTH B TpyOax ¢ ynpyruMu cteHkamu [4-8]. Jlist sToro
CUHMTAEM, YTO OTHOCHTEIIbHAS aMILTUTY/a Ie(OPMAIIUK CTEHKH K PaJNyCy CIHIIKOM Majo 0

AR
CpaBHCHHIO CAWMHUIBI, T.C. ? << 1. A takxe TeyeHHUE KUAKOCTHU MPOUCXOOUT B JJIMHHOM

R
TpyOOIIPOBOJIE, TAK UTO £ = T << 1. Torna, npeneOperasi MajbIMU BEJIMYUHAMMU, U3 CUCTEMBI

YpPaBHEHUU ISl TEUEHUSI BA3KOU KUJIKOCTH UMEEM

dvy _ _10p (azvx 10&)

at  pox orz ror/)’ (1)
o _ g 9Ux , OVr  Vr _
ar_0’6x+6r+r =0.

Jst nepopManu CTEHKH TpyOOTIPOBOAa HA OCHOBAHUY TIPUHSTOTO JOMYIIEHUS TIPU MaJTbIX

nedopmarnii CTEHKH JOCTaTOYHO UCIIOJIb30BaTh ypaBHenue Jlairdyra [3]

0%u

Puwh atzr=(p—pc)—%, (2)

/i€ U, — OTHOILIEHHE pajuanbHoil nedopmannu AR k paguycy TpyObl B COCTOSIHUE MOKOS; P —
JABJICHUE OKPY)KAIOIIEH CPeJibl; P, — INIOTHOCTh CTCHKH TPYOBI; h — ToJIuHA CTeHKH; E —
MOJYJIb YIIPYTOCTH; R — paanyc cpeiMHHON MOBEPXHOCTH CTEHKH TPYOBI; Vi — KOd(PPUIIHEHT
ITyaccona.

JleBast yacTh ypaBHEHUS BBIPaKaeT MHEPLUIO CTEHKU TPYOBbI, OJJHAKO OHU MPEHEOPEKUMO
MaJible BEJIMYMHBI, IO3TOMY UMH npeHeoperaeM. Toraa (2) umeer Bua

b=bc= RZ(1-v2)’
(3)
OTMETHM, YTO NPUIUIIAHNE KUAKOCTH B CTEHKH TPYOBI ONPENENIAIOTCA IPAHNYHBIMU
YCTIOBUSIMH /I KOMIIOHEHT CKOPOCTEH:

du
v, =0,v0, = 6tT npu r = R. 4)
Ecnu medopmanus cTeHKH Malia, TO MOXKHO CUHTATh, YTO
U lr =R+ u, =v.|r =R. (5)

Hudbdepenuupys ypaBaenus (3) o nepeMeHHol t, ¢ yuerom (5) , 3anumiem
op Eh9y=g _
— = ———TJ7¢e = - . 6
ot = man P =P~ pc(6)
[Ipoun3sBojs MHTErpUpOBaHKE ypaBHEHUs Hepa3pbiBHOCTH OT 0 10 R, Haiinem
V. 2 5
a—; =— Eﬁr: R» rae V, — cpenusist ckopocTh Teuenus. (7)
Torna cBsi3b MEXY IAaBICHUEM H CPEIHEH CKOPOCTHIO OMUCHIBACTCS YPABHCHUEM

ap LA 3 . E
== raep =p —pe E = . (8
at 2R 9x’ AP =P~ Per 1-v? (8)

Takum oOpa3om, yIpoIleHHas CUCTeMa YpaBHEHUH JABMKEHUS BA3KOM KUIKOCTU B TPyOax C

YIIpYruMH CTCHKaAMU MTPUMET OKOHYATEIIbHBIA BHUI;

2
(Vi _ _10p (a Ve 1an)
-t = = v P
!61& pax+ ar2+rar ’
op vy V.
or 'ax+ar+r ! ( )
|22 = 0%
at 2R ox
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JUig pelieHus: ynpoIueHHOW 3aJaui IIPU YCIOBUSX, YTO B Ha4YaJIbHOM W KOHEYHOM CEUYEHMSIX
TpyObl ~JaBlieHHE JKUAKOCTH 33JaeTCsi B KOMIUIEKCHOM BHJE, KOTOpPHIE COOTBETCTBYIOT
paccMaTpuBaeMOMY CIIy4aro, T.€.

P = Xn=1Pno exp(inwt) npux =0,

p =N pnexp(inwt) mpux = L. (10)

Torma cucreMa ypaBHEHUI IPUHUMAET CJICTYIOIIUI BU:

9%V, 10V, inw 1 0p
-—— V., =—— 11

or2 +r or v Vx pv dx’ 11

W _ g Wy Ve, E —

or 0, dx + or =0,12)

. 1 _ av,

inw=p = ——"(13)

e q =22

e A =R

Pemenne cucremsr ypaBaenuii (11),(12) u (13) ¢ yueToM rpaHUYHBIX YCIOBHIA (4)3amnuiieM B
BUJIE

V(x,r) = ) 1- ﬂ . (14)

p(mw)( 0x Io< mTwR>

2
YMHOkUB 00€ yactu popmyssl (14) Ha R—ZI/I npouHTerpupoBas ot 0 10 R, mosryunm

3
_ 2J1| iZay
9p ( >
V(x) =— LY (/A | [ p——— 15
inwp ( ax) i%an](,(i%an) (15)
rae a2 = %RZ
Torna
o _ _
> zV,(x). (16) _
[Tpoussens nuddepennupoBanre (16) Mo x 1 MOJACTABUB B MECTO a?}(cx) €ro 3HAUYCHHE W3
ypaBHeHus (13), momydaemM ypaBHEHUS ISl OTIPE/ICIICHUS JaBICHHS
9%p  inw -
w2 o =0 17)
o P=ENepronpix =0,
P = Yn=1Ppn ipu X = L. (18)

5(x) = Y-
p n=1|Pno— 11— shFL
ch }‘”“’ L(1—’—L‘) _ sh /%ﬂ inw
(x) Zn 1 pnOT - anT (20)
sh —ZL sh / ZL

Ucnonb3yro nonyuennoe pemienne (19) u (20) MoKHO MPOM3BECTH YUCIOBBIE PACUETHI IS
MyJBCUPYIOLIUX TEYCHUS BSI3KON HEC)KUMAEeMO KUAKOCTU B KPYIJION IMIIMHIPUYECKON TpyOe ¢
yIIPYTUMU CTCHKaMH.

i hFL(l—— sh\/m ‘ 19)

=R
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HEJIA U 3AJJIAYU POBOTOTEXHUKH
Co13abIKKbI3bI /1., 'opOyHoBa H.A.
Kapazanounckuii ynusepcumem umenu axademura E.A. bBykemosa, Kapazcanoa, Kazaxcman
E-mail: dinarasyzdykkyzy.sd@gmail.com

IMucarenu 50-x rr. npeacrasisum B 2000 roay jeTaTelIbHbIC annapaTbl H POOOTHI, dKUBYIIHE C
YEeJIOBEKOM. MBI BHIUM, YTO 3TOrO €HI€ HE CIYyYUIoCh, HO POOOTOTEXHHMKA MOCTEIIEHHO
pa3BHUBajach JECATKH JIET, WHOTJA pPa3BUTHE €€ 3aMEIJINI0Ch, HO TEleph OHA BHOBbL Hadalia
pa3BUBATHCS, KaK M Mpexie.EkeMecsYHO TPOM3BOAATCS THICSYM PA3IAYHBIX MPOMBIIUICHHBIX
poOOTOB, CO3/MAIOTCS TYMAHOWIBI W AHIPOUIBI, YUCHBIC BCErO MHUpPa PAOOTAOT HAJ CO3JaHHEM
HCKYCCTBEHHOTO MHTEJUIEKTa, U BCE 3TO TOJBKO HAYaJo.

PobGoToTexHuka He SBISETCS CaMOCTOSATEIBHOM 00JACThIO, ATO TMPEXKJIEC BCETO CHHEPIHsS BCEX
MOCJIEHUX JOCTIKEHUM TEXHUYECKUX, €CTECTBEHHBIX HAYK U MH()OPMAITMOHHBIX TEXHOJIOTHH.

CoBpeMeHHBIE BBICOKOTEXHOJIOTHYHBIC HAyKd TpPeOYyIOT ITOMCKAa HOBBIX 00pa30BaTEIbHBIX
dbopM, M3MEHEHHS TEJArOTHYECKUX METOAMK M TPUHIMIOB TpernonaBanus. CopeBHOBAHUS IO
POOOTOTEXHUKE CTalld YHUKAJIBHOW OOpa3oBaTeNbHOW TEXHOJIOTHEH, HAIlpaBJIEHHOW Ha TIOWCK,
MOJTOTOBKY M MOJJEPKKY TaJTaHTIMBBIX ITKOJIHHUKOB [1].

B nacrosmee Bpemss poOOTOTEXHHKA BHEAPSCTCSA B YUCOHYIO IPOTPAMMY YK€ ¢ HadaIbHOU
mKoJbl. MTak, Temephr HaM HYKHO PEIIUTh, YEMY MBI XOTHM HAYYUTh YYAIIUXCS C TOMOIIBIO
poboTtoTexHnku. Hamra menmp — HayduTh ydaluXcs HE TOJBKO MPOrpaMMHpOBATH PoOOTa, HO U
yJamuecs JOJDKHBI HAYIUTBCS CaMOCTOSITENIbHO, KOHCTPYHPOBATh MAIIUHBI, aBTOMATH3HPOBAHO
BBITIOJTHSIIOIINE OIPe/ICIICHHBIC ACHCTBUSI.

Teneps, HEOOXOTUMO BBIICTUTH 3a7a4M, Ojarogaps KOTOPBIM, MBI CMOKE€M JOCTHYb JTOM
LIEJIU.

3amayaMu MOXKET OBITh:

- 00yueHre nHGOPMATHKE;

- o0yueHHe HaBBbIKaM MTPOrPaMMHUPOBAHUS;

- pa3BUTHE HABBIKOB KOHCTPYMPOBAHUS;

- 3HAKOMCTBO C MalllMHaMH U MEXaHU3MaMH.

O6yuenune wuHpopmatuke. KOMIETEHTHOCT, B JaHHOW 0O0JacTHM 3HAHUH CTAaHOBHUTCS
HEOTHEMJIEMOM YacThIO BCE OOJIBIIETO Ynciia Mpodeccuii, B TOM YUCIIEC M HANPSAMYIO HE CBS3aHHBIX
¢ uapopmatukoil. CoBpeMEeHHOEe 00pa3oBaHWE HAa CETOJHSIIHUKA JIEHb MPOCTO HEMBICIUMO 0e3
WCIIOJIb30BaHUS TOCIEIHUX JTOCTHKEHUN HAYKH W TEXHUKH B oOsactu mHpopMmaTuku. B cBs3M ¢
3TUM 00y4YeHHe MH(OpPMATUKE BKIIOUEHO KaK CTaHAApPT B 00IIe00pa3oBaTeIbHbIC KypChl CpeIHen
IIKOJIBI.

HaBpiku mporpammupoBanus. OOydeHHE TIPOrPaMMHUPOBAHHUIO  IO3BOJIAET  YYaIllMMCS
MEePEKIIIOYaThCs M3 IACCUBHBIX IMOTpeOMTeNned MHUQPPOBBIX PEIICHUH HAa CO3HATEIbHOE
WCIIOJb30BaHUE. 3HAKOMCTBO C CEKpeTaMHU MPOrpaMMHUPOBAHHUS — OSTO TakKKe CIHOCOOHOCTh
IMOHUMATh HOBbI€ TEXHOJIOTUH U OTKPBIBATH UX BO3MOKHOCTH.

Pa3BuTHEe HABBIKOB KOHCTPYMPOBAHMS. YUalluecs 3aHUMAIOTCS KOHCTPYHPOBAHHEM po0OOTa,
MONMyTHO wu3y4as (us3uky, paboras ¢ d3MeKTpoHUKOW. OH OCBaMBacT WH)KCHEPHBIC HAaBBIKH,
pa3BUBAaET TBOPUYECTBO M JIOTHKY. Takum 00pa3oM, JIeTH ydarcs padoTaTh W pyKaMu, W TOJOBOM,
COBMeEIllasi TEOPHIO M MPAKTUKYy. DTO YMEHHE MOXKET MPHUTOAUTHCS B JANbHEWIIEM B JII0O0M
HampaBJieHUH JedarenbHocTd [2]. Mcnosp3oBaHue poOOTOB B OOYYCHHH TPEAOCTABISIET
BO3MOHOCTH JJISl TEXHHYECKOro TBopuecTBa. (dDaHTa3M0 MOXKHO MPUMEHHTh KaK MpU COOpKe
MOJIENH, TaK ¥ ITOKIIOYNTh YMHBIC MAIIMHBI JIJIs PACITUPEHHS COOCTBEHHBIX BO3MOYKHOCTEH.

OueHuTp  pe3ynabTaTbl HU3YyYEHUs  IIKOJBHOW  JUCUMIUIMHBI  [POTPAMMUPOBAHUS U
pPOOOTOTEXHUKH IIO3BOJIIIOT  COPEBHOBaHHMSA pPOOOTOB. DTO oTAenbHas ¢opMa Y4eOHOM
JESATENbHOCTH, IOCTPOCHHAS Ha AyX€ CONEPHUYECTBA, CTPEMIICHUH MOKAa3aTh BCE 3HAHUS U YMEHUS,
JIOCTHIKEHHS TTIOCTABJICHHOM IEJIM M TIOJTy4eHUs JIYUIIEero pe3ysbTara.

B xome pa3paboTku poOOTOB ydamiwiecs CO3JAI0T MOJEIH C Pa3IUYHBIMH (DYHKIHSIMH U
BO3MOYKHOCTSIMHU:
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- YrpaBieH#e JBUKCHUEM B Pa3HbIe CTOPOHEI;

- Pemienne pa3nuyHbIX HABUTAIIMOHHBIX 33]1a4;

- PaboTa ¢ HEOpHUEHTUPOBAHHBIMU OOBEKTAMHU;

- OyHKIUS BEIOOPA OTIETBHBIX 00OBEKTOB U3 Psiia MPOUYUX;

- AKkTuBHas paboTa ¢ TEOMETPHUECKUMH (POpMaMH U [IBETAMU;

- BeimoHeHME 3371a9 COPTUPOBKH PA3TUYHBIX OOBEKTOB 110 YSTKUM ITPUHITUIIAM.

VYdammecss caMOCTOSTENIEHO BBIOMPAIOT (DYHKIMOHATBHYIO CHEIMATU3AIUI0 U BO3MOKHOCTH
CBOMX POOOTOB, YTO TMO3BOJIECT PEHIMTH KOHKPETHYIO 00pa3oBaTelbHYIO 3amady. JleTn momydaroT
BO3MO’KHOCTB PACKPBIBATh CBOE TEXHUYECKOE BOOOPaXKEHHE, YTO CIIOCOOCTBYET 0OMEHY HAyYHBIMHU
UJIESIMU U PEIICHUSIMHU, TIOUCKY HOBBIX TEXHOJIOTH [3].

Y4actue B MIKOJBHBIX, TOPOJCKUX WIIH PECITYOJMKAHCKIX COPEBHOBAHUSIX IO POOOTOTEXHUKE
HE TOJBKO PACKPBIBACT YPOBEHbL BIIAJICHUS aKTyalbHBIMH 3HAHWUSIMH B JaHHOW 0OO0JacTH, HO U
(hopMHpYET IYBCTBO OTBETCTBEHHOCTH U YBEPCHHOCTH.

[ToaroToBKa K COPEBHOBAHHSIM IO POOOTOTEXHHKE. B 3TOT MOMEHT BaKHA Kaxaas JCTAlb:
pa3paboTKa, MOJETUPOBAHHE M TMPOTPAMMUPOBAHUE MOJETU POOOTa, TMpHAAHHE H300PETEHUIO
YCTOMYMBOCTH C Y4ETOM OCHOBHBIX XapaKTEPUCTUK CBOEH pa3paboTku [4]. YuamuMces TpuxoauTcs
MPAaBWIBHO paccuuTaTh IEHTP TSHKECTH, HACTPOUTh MHOXKECTBO JAaTYUKOB, TIOJTOTOBHTH
MIPOrPaMMY.

Hens COpEBHOBaHUI o poOOTOTEXHUKE —  (opmupoBaHue COBPEMEHHOM
BBICOKOMHTEIUIEKTYAIbHON 00pa3zoBaTenbHON cpenpl. Temeph ydeHUKH 00meoOpa3oBaTeIbHBIX
IITKOJT TIOJYYal0T BO3MOXHOCTh HE OTPaHWYMBATHCS CTaHJAPTHBIMA YpOKaMH B KJacce, HO W
VYUTHCS TPUMEHSATH CBOWM 3HAHHS Ha TPAKTHKE, PellaTh HECTaHJApPTHBIC 3aJa4d U JOOWBATHCS
MOCTABJIEHHOW HAYYHOMU 1IEJIH.

O0pa3oBarenbHas pPoOOTOTEXHHMKA B IIIKOJIE KaK BHEYpOYHAs OESITCILHOCTH OOpeTeT Bce
0O0JIBIIYI0 3HAYMMOCTh M aKTYaJIIbHOCTh B Hacrtosiee Bpems. Bocnpustie peHomeHa TEXHOIOTHH,
MOHMMAaHHE 3aKOHOB TEXHUKH, JA€T BO3MOXKHOCTh IIKOJBHHKAM COOTBETCTBOBATH 3aIllpocam
BPEMEHH M HAalTH COOCTBEHHOE MECTO B COBPEMEHHOM KMU3HU. HeManoBa)kHO HE TIOTEPSATh U3 BHJIA
MMEIOLIUICS Yy MIIQJIIEro IIKOJbHHUKA TO3HABATEJIbHBIM MHTEpPEC K HAXOISIIMMCS BOKPYI €ro
PYKOTBOPHBIM MpEAMETaM, 3aKOHaM HX (YHKIIMOHUPOBAHMS, NPUHIUIAM, KOTOpbIE JEriu B
OCHOBY MX BO3HHUKHOBEHHUs [5]. YuuThIBas BblllIeyKa3aHHbIE TPYJHOCTH, HA CETOJHSIIHUN JCHb
nporpaMMma poOOTOTEXHHMKH B IIKOJIE JOCTyNHA emie He Be3ae. Ho naxe Oe3 mpuMeHeHHs
CHEIHAbHOM TEXHUKH, KOHCTPYKTOPOB M HACTOSAIIMX POOOTOB B UIKOJIBHBIX MPOrpaMmax IIo
unpopmaruke u HMKT HeoO6XoAMMO NPUCTYNUTh K HM3YyYEHUIO BBEICHUS B POOOTOTEXHHUKY.
besycnoBHO, AaHHOE AeWCTBHE MO3BOJIUT OJIMKE MO3HAKOMUTH YUYCHHUKOB C MPEIMETOM U CMOXKET
MOMOYb B JAIbHEHIIMX HIarax B JaHHOW cdepe 3HaHui. [Ipy 3TOM JOCTATOYHO MPOBECTH BCETO
JUIIb JIBA 3aHATHUSA, YK€ IOCJIE Yero AETU CMOTYT CaMOCTOSITEIbHO 3aHUMAThCSl pOOOTOTEXHUKOM.
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1

BBenenne: B 3T0ii cratbe onucaHbl U MOAPOOHO M3YUYEHBI Pa3IUYHbIE KOHEUHO-PA3HOCTHBIE
CXEMbl, C IIOMOULIbI0 KOTOPBIX MOKHO pelarh IPOCTEHIINE MOJEIbHbIE YypaBHEHHsS. MBI
OTpaHMYUMCS PACCMOTPEHHUEM YypaBHEHHUs Oiepa. YpaBHeHHe Jiljiepa— 3TO ypaBHEHUE
TUAPOIMHAMUKHY, KOTOPOE OMMCHIBAET JABHIKEHHUE MTOTOKA UJI€AIbHOM )KUJIKOCTH U YUUTHIBAET CHUJIBL,
BO3JICHCTBYIOIIME Ha KUIAKOCTb. B Monenu DOilnepa paccMarpuBaeTcsl HjiealbHAsl KUIAKOCTb, B
KOTOpPOl OTCYTCTBYIOT TEILIONPOBOJHOCTh ()KMJIKOCTh HMMEET IIOCTOSIHHYIO TEeMIeparypy, He
HarpeBaeTcsi U He OXJIAXKAAETCS) U BSI3KOCTH (B KMJIKOCTH HE BO3HUKAIOT CUibl TpeHus. [loaTtomy
CHJIbI, BO3JICHICTBYIOLIUE HA TaKyIO KHUJIKOCTb, CBOASTCS K CHJIaM JaBJIEHUs €€ COOCTBEHHBIX Macc,
IPaBUTAI[IOHHBIM U WHEPIIMOHHBIM crjiaM [1].

1. Cxema Jlakca
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PesyibTaTsl pacyeros.
Ha puc 1. BeiBenieHO cpaBHEHME pe3yabTaToB MeToaa Jlakca ¢ merogom Mak-
KopmakamissckopocTu 1 1aBieHusl.
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3akurouenue. [IposeneHo cpaBHeHue pe3yapTaToB pacuéra. [lokazaHa, 4To 3TH KOHEYHO-
Pa3HOCTHBIE CXEMBI SBJIAETCS YCTOMYMBON KOHEYHO-PA3HOCTHOM CXEMOW. DTH CXEMBbI MOYXKHO
MCII0JIb30BATh IS PelIeHus: 60siee CI0XKHBIX 3a/1a4 THIPOJUHAMUKY.
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Methods of business process analysis, project management are currently the most important
tools for improving business efficiency.

Optimization of project activities in an organization is possible through the introduction of
project management systems, the use of modern tools, methods of planning and project control, the
application of knowledge and world experience in project management.

Effective project management is the integration of software with management procedures and
organizational structure. Currently, there are hundreds of different project management automation
tools on the software market. Despite the functional differences of the programs, all of them allow
you to build a network schedule, calculate the start and end dates of work, determine the critical
path and cost of the project [1].

Project management in Microsoft Project is based on the basic principles of project planning
and management, as well as on the skillful use of standard tools and tools of the program.

This paper discusses the creation of a project for advanced training courses for employees of an
educational center. Emphasis is placed on the structural planning of the project, the assessment of
the cost of the project, its resources and tasks.

A work plan was drawn up in advance. According to the plan, a structured list of tasks was
compiled in MS Project, indicating the duration of each task (Figure 1).
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The duration of each task is displayed on the Gantt chart.

One of the main tasks of project planning is to estimate as accurately as possible the timing and
cost of the work required to achieve the project goal. After a list of project tasks is compiled, the
duration of each of them is estimated and the resources necessary for their implementation are
allocated.

To compile a list of resources, you need to go to the "Resource List" tab in MS Project.
Returning to the Gantt Chart tab, we assign resources for each task (Figure 2).
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13 Ouek 1 MaTep1anbHbIA WT Jil 3 000,00p. 0,00p. MpoONOPLMOHANBHE
1L Ouck 2 MaTepranbHbIA WT a 5 000,00p. 0,00p. MponopuUHOHaNbHE
15 KOpOouKK AMNNOMOE MaTepranbHbIA Wt K 120,00p. 0,00p. MpONOPLUMOHANBHE

Then the cost and terms of each task are specified. After adding these parameters, you can
estimate the total cost and duration of the project. In the tab "Project Details" / "Statistics™ we get
information about the labor costs and the total cost of the project (Figure 3).
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Figure 3

The practice of carrying out work on the description of business processes in various
companies has shown that there is a great need to use a simple and inexpensive software product
that is easy to learn and allows you to quickly and efficiently simulate various aspects of the
business.
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Abstract

We develop the special stream algorithm based on the SPONGE structure in order to obtain a
secure and fast symmetric encryption algorithm. We research the avalanche effect to decide the
number of rounds of the algorithm. The algorithm uses a secret key of 512 or 1024 bits and
produces the key stream consisting of blocks of 2048 bits each.

Introduction

Both the Republic of Kazakhstan and the Republic of Uzbekistan does not have their own
standardized stream cipher and relies on methods provided by manufacturers of hardware. Block
symmetric encryption algorithms are not good with transmission of large data in real time. For
example, streaming video or audio in encrypted mode is only possible with stream ciphers. Thus,
the development of a new stream cipher is an actual problem for our countries.

The perfect stream cipher should act as random number generator. Pseudo-random number
generators built with algorithms such as RC4 [2] are generally significantly faster than those based
on block ciphers. The RC4 algorithm is widely used in various information security systems, in
computer networks (for example, in the SSL protocol, for encrypting passwords, etc.). The
development of a new approach to hash functions introduced with Keccak (or SHA-3) has led to an
increasing interest in using SPONGE structures in other cryptographic applications [1]. The popular
stream cipher RC4 was modified to use SPONGE structure and was called Spritz [2]. The resulting
algorithm is more robust than the initial RC4. While non-linear operations in Keccak are simple, we
focused on already established S-box used in AES.

The SPONGE structure itself represents a large array (usually 2-D or 3-D) that consumes data
gradually and returns a small piece of stored information. The size of the array is designed to be so
large that it is practically impossible to brute-force it. As the returning data is not enough to
reconstruct the internal state the whole structure becomes practically irreversible for intruders. We
continue our research of SPONGE structured stream cipher [4].

Design of a new stream cipher

We designed our stream cipher as a SPONGE structure with internal state’s shape of 17 X
16 x 32 bits. We address each bit within internal state using S; ;,, where i € {0,1,2,...,16},j €
{0,1,2,...,15},t € {0,1,2,...,31}. Another representation of the same internal state is B;;, €
{0,1,2, ...,255}17*16x4 where each number is stored in exactly one byte.

Each round consists of the following operations in the given order:

1. Adding Input. We use XOR (exclusive OR) to add an array of the same size as the internal
state:

S =5 & Input

2. Substitution. As was mentioned above, we selected AES substitution table as Sbox for our
cipher. This is the only non-linear operation of the cipher. This substitution table provides security
against linear and differential cryptanalysis [8]. We previously analyzed other substitution tables [9,
10, 11].

Each byte in the internal state is replaced with its corresponding substituted value:

B = SbOX(Bl“j'p)
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3. MultiplicationFor each t we take matrix A; = {Si'j't}ij and perform multiplication A; =

A, X M. Next, we replace old values in S with new values formed by all A,.
We fixed matrix M such that it has non-zero determinant and used as many bits as possible.

111 11111111111 1 1
1 011 111111111111
1 1011111111111 11
1 1101111111111 11
1111011111111 111
1 1111011111111 11
1 1111101111111 11
M= 11 1111101111111 1
1111111101111 111
1111111110111 111
11 1111111101111 1
111111111110 1111
11 1111111111011 1
1 1111111111110 11
1111111111111 10 1
1111 111111111110

4. Rotation.This linear operation allows to spread bytes across the internal state. We do not

change j indices as operation #3 is responsible for mixture of columns.

@D

Bi+j+p mod 17,j,p+j mod 4 = Bi,j,p

5. Additional mixing To increase mixture of different slices (third index of the internal state)
we introduce adding operation:

If (i +/) is odd, then we add to B, ; ,, value of B; ;,,_; using XOR. We put B; ; _; = OxFF.

If (i + /) is even, then we add to B, ; ,, value of B; ;,,; using XOR. We put B; ; , = 0x00.

The algorithm uses 512 or 1024 encryption key to produce the key stream. We put keyjx 41y
values into Input, ; ,, if key is 512 bit long. If it has 1024 bits, we put next 512 bits into Input, ;.

If we use stream cipher in synchronized mode, other bytes of Input (starting from Input, )
are filled with R, N, where R is the number of rounds from start, N is the serial number of the key
block to be produced (starting with 0). When R = N = 0, we put Initialization Vector instead. The
inserted data can be padded using a tweak [5].

Output Key stream is formed after each 6 rounds using values B; ;,, where i € {0,1,...,15}, j €
{12,13,14,15},p € {0,1,2,3}. This produces exactly 2048 bits of key stream. If the mode is
synchronized, rounds continue, and the algorithm does not reset the internal state.

Results and discussion

Robust ciphers must meet several conditions. One of them is an avalanche effect when a
change in one bit of initial data leads to change of half of bits in output in average.

To test the effect in the designed cipher we put Input to only zeros, the encryption key to zeros
and run the cipher for different number of rounds. We also run cipher using the internal states that
had only one bit equal to 1 for each of 8704 bits for the same number of rounds. Then we compared
how many bits are different in the resulting internal states. The results of average percentages of
number of bits that changed are presented in Table 1.

Table 1. Average percentage of number of bits that changed given one different bit in inputs
Numbe Percentage of
r of rounds total bits changed, %
1 1.17
2 34.54
3 49.67
4 49.99
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According to the results, 5 rounds are enough to guarantee avalanche effect. Therefore, we
chose number of rounds of the algorithm equal to 6.

This work was supported in part by the project UZB-Ind-2021-98 — “Research and
development of stream encryption algorithm”. We are grateful to Timur Abdullaev for his help in
the development of the new stream algorithm.
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In connection with the currently observed rapid development of personal computing, there is a
gradual change in the requirements for programming languages. Interpreted languages are
beginning to play an increasingly important role, as the increasing power of personal computers
begins to provide sufficient speed for the execution of interpreted programs. And the only
significant advantage of compiled programming languages is the high-speed code they create.
When the speed of program execution is not critical, the most appropriate choice is an interpreted
language, as a simpler and more flexible programming tool.

In this regard, it is of particular interest to consider the relatively new programming language
Python, which was created by its author Guido van Rossum in the early 90s. The author of the
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programming language, Guido van Rossum, began creating the language in December 1989 at the
Center for Mathematics and Computer Science in the Netherlands. Guido van Rossum is the main
author of the language, he makes all responsible decisions on the modernization, improvement, and
development of the Python language. In February 1991, Guido posted the source code to the
alt.sources newsgroup. The name Python itself does not come from a type of snake. Guido van
Rossum says he named the Python language after the 1970s English comedy show Monty Python's
Flying Circus. Although the name of the language is still more often associated with the snake than
with the transfer-file icons in KDE or Microsoft Windows and even the logo on the python.org
website (before version 2.5) depict snake heads. For Guido van Rossum and the development team,
it was and still is an important goal to make it fun to use.

Python is a stable and widespread language. It is used in many projects and various capacities:
as the main programming language or for creating extensions and integrating applications. A large
number of projects have been implemented in Python, and it is also actively used to create
prototypes for future programs. Python is used by many large companies. Python with the NumPy,
SciPy, and MatPlotLib packages is actively used as a universal environment for scientific
calculations as a replacement for the common specialized commercial packages Matlab, IDL, and
others. Professional 3D graphics programs such as Houdini and Nuke use Python to extend the
standard features of the programs. Thus, Python is suitable for solving the lion's share of everyday
tasks, whether it's backup, reading emails, or some kind of toy. The Python programming language
is practically unlimited and can also be used in large projects. For example, Python is heavily used
by IT giants such as Google and Yandex. In addition, the simplicity and versatility of Python make
it one of the best programming languages. Python comes standard with the IDLE integrated
development environment, in which editing programs will be much more convenient than in a
simple text editor or terminal.

IDLE is written in Python using the Tkinter GUI toolkit, so it runs easily on any operating
system for which a Python implementation exists. IDLE also has a built-in debugging system that
allows you to run your program line by line, making it easier to find errors. But if for some reason
IDLE does not suit you, then you can try other development environments and implementations. At
the moment there are three known implementations of the Python runtime: CPython Jython,
Python.NET. As the names suggest, the first environment is implemented in C, the second in Java,
and the last in .NET. The CPython runtime is usually referred to simply as Python, and when people
talk about Python, this implementation is often referred to. This implementation consists of an
interpreter and extension modules written in C and can be used on any platform where a standard
compiler is available. There are also pre-compiled versions for various operating systems, including
various versions of OSWindows and various Linux distributions. The Jython runtime is a Python
implementation for running the Java Virtual Machine (JVM). Any JVM version is supported,
starting from version 1.2.2. To work with Jython, an installed Java machine (Java runtime) is
required. It is not necessary to be able to write Java source code, but you will have to deal with JAR
files and Java applets, as well as documentation in the JavaDOC.Python.NET format - this
implementation does not compile Python code into MSL, but only provides an interpreter written in
FROM#. Allows you to use .NET assemblies from Python code. The language is close to
MATLAB and therefore good for programming mathematical calculations. In addition, Python can
work with languages like C, C++, and Fortran, which are already widely used in scientific
computing. In the IDLE integrated environment, it can be used as a calculator. Since Python is a
general-purpose language, it can be used in any area of software development (client-server, Web
applications).

Main features of Python:

In terms of functionality, Python can be called a hybrid. Its tools range between traditional
scripting languages (such as Tcl, Scheme, and Perl) and software systems development languages
(such as C, C++, and Java). Python provides the simplicity and ease of a scripting language, and the
power usually found in compiled languages. Beyond the capabilities of other scripting languages,
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this combination makes Python a convenient tool for developing large-scale projects. The following
is a list of the main features that Python has in its arsenal:

Dynamic typing

Python itself keeps track of the types of objects used in the program, so you do not need to
write long and complex declarations in the program code. Python has no concept of a type at all and
no need to declare variables. Because Python code is not constrained by data types, it can
automatically handle a range of objects.

Automatic memory management

Python automatically allocates memory for objects and frees it (*garbage collection”) when the
objects are no longer needed. Most objects can increase or decrease their memory footprint as
needed.

Modular programming

To create large systems, Python provides features such as modules, classes, and exceptions.
They allow you to decompose the system into components, use OOP to create reusable code, and
gracefully handle events and errors that occur.

Built-in object types

Python exposes the most common data structures, such as lists, dictionaries, and strings, as
features native to the programming language itself. These types are highly flexible and comfortable.
For example, built-in objects can expand and contract as needed and can be combined with each
other to represent data with a complex structure.

Built-in tools

To work with all these types of objects, Python has powerful and standard tools, including
operations such as concatenation (joining collections), slicing (taking part in a collection), sorting,
mapping, and more.

Utility Libraries

For more specific tasks, Python also includes a large collection of library tools that support just
about everything you might need, from regular expression searching to networking. The Python
library tools are where most of the work is done.

Third-Party Utilities

Python is an open-source software product and therefore developers can create their own
precompiled tools to support tasks that cannot be solved internally.
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BIJIIM BEPYJIEI'T KOMIIBIOTEPJIIK TEXHOJIOT USAJIAP
Auasbxkanaposa A.T., Type:xanosa M.JK.
Axademux E. A. Bexemos amvindaewt Kapazanovl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail: asemgul.alzhaparova@bk.ru

KoraMHBIH Ka3ipri Jjamy Ke3eHi OFaH KOMIIBIOTEpPJIIK TEeXHOJOTHsUIApJbIH KYIITI 9cepiMEH
CUMATTalabl, OJap aJaM KbI3METIHIH OapiblK cajlajiapblHa €Hill, KOFaMJa aKnapaTThIK
aFbIHJIAP/JBIH TapalyblH KamMTaMachl3 eTeli, *ahaHIbIK akKmapaTThlK KEHICTIKTI Kypaiapl. by
MpOLECTEeP/IiH aXbIpaMac »OHE MaHbI3Abl Oeuiri OuliM Oepyni KOMIBIOTEPIACHAIPY OOJIBII
TaObl1aabl. KOMIBIOTEPIIIK TEXHOJIOTHSIIAP OKBITYIAaFbl KOCBIMINIA "KOChIMIIIA" O0JIyFa apHaJIMaraH,
OipaK OHBIH THIMJIUTIIH €9yip apTThIpaThIH TyTac OuTiM Oepy IpoleciHiy akplpamac 6esriri 60kl
TaObLIIa/IbI.
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Axnapartelk  Koramabl  (AK) kypy okoHe gampIiTy Oimim  Oepyne  aKmaparThIK-
KOMMYHHKAIMSUTBIK ~ TEXHOJIOTUSUIApABl  KEHIHEH KOJJaHyael OoJpkaimel, Oyn  Oipkarap
(hakTopIapMeH aHBIKTAIIAIBI.

bipinwioen, axnaparThIK-KOMMYHUKAIUSIIBIK TEXHOJOTHSIIAPAbI OUTIMIe €HTi3y alaM3aTThiH
OUTiMI MEH >KMHAKTAJFaH TEXHOJOTHSJIBIK JKOHE QIEYMETTIK TOKIpHOeciH ypraKTaH-ypIiakka FaHa
eMec, COHbIMEH Oipre Oip agaMHaH eKiHII afiaMFa Oepyi eqoyip KblIIaMaaTaIbl.

Exinwioen, 3aMaHayn akmapaTThIK-KOMMYHHUKAIUSUIBIK TEXHOJOTHSIAPIbI OKBITY MEH OLTIM
Oepy camachlH apTThIpa OTBHIPHIN, aJaMFa KOpPIIaraH OpTara JKOHE OOJIBINT JKAaTKaH SJICYMETTIK
e3repicrepre TaOBICTHI JKOHE JKbUIIAM OeiiMaenyre MyMKIiHAIK Oepeni. by op agamra OyriHri )koHe
OoJamak MmoCTHHAYCTPHAIABI KOFaM/Ia KaXXeTTi OLTiM aimyFa MYMKIHIIK Oepeti.

Ywinwioen, ocwl TexHONOTHsTIApAbl Oimim Oepyre Oemcenmi opi Tmimui enrizy AK
TaJanTapblHa XKOHE Ka3ipri 3aMaHFbl HHIYCTPHUSUIBIK KOFAMHBIH TaJlaITaphl TYPFBICBIHAH JIOCTYPIIi
OutiM Oepy >kylieciH pedopmanay mporeciHe xkayarm OepeTiH OuriM Oepy KyHeciH KypyIblH
MaHbI3/1b! (PaKTOPHI O0JIBIN TAOBLIAIbI.

Conrbl kbuLapbl "AKMapaTThIK TeXHOJOrusiiap" TepMUHI KeOiHece "KOMIbIOTEPIIIK
TeXHoJorusiap" TEpMUHIMEH CHHOHMM OOJbIN KeJlell, OMTKeHI Ka3ipri yakbITTa OapIbIK
aKMapaTThIK TEXHOJOTUSAJIAD KOMIBIOTEPAl KOJJAaHYMEH OaillaHblcThl. Ajaiifa, "AKMapaTThIK
TEeXHOJoruslap" TEepMHUHI onjeKailia KeH >KoHe Kypamjaac Oeiik peTiHae "KOMIbIOTEePIiK
TexHoJorusuIapAbl"  KaMmTuabl. COHBIMEH Karap, 3aMaHayd KOMITBIOTEPIIK JKOHE IKENUTIK
KypaimapJsl KOJJIaHyFa HeTi3/IeJreH aKnmapaTThIK TEXHOJOTHsUIap '"3aMaHayW aKIapaTThIK
TEXHOJIOTUsIap " TEPMUHIH KYpailibl.

Mexrenke aeinri OutiM Oepyni KOMIBIOTEPJIEHIIPY-COHFBI OHXKBUIIBIKTA O13/11H MEKTEIKe
KEJIr'eH KeH ayKbIM/Ibl MHHOBaIMsIapablH Oipi. Ka3ipri yakpITTa KOMIBIOTEPIIIK TEXHUKAHBI OLTIMIe
EHTI3Y/IIH KeJeci Heri3ri OarbITTaphiH O6JIII KOPCETY 9CTKE aifHAIFaH:

- OKBITY TPOIIECIH XKETUIMIPETIH, OHBIH Carachl MEH THIMJUIITH apTTBIPAThIH OKBITY KYpasbl
peTiH/Ie KOMITBIOTEPJIIK TEXHUKAHBI TTali1aaHy,

- KOMIBIOTEPIIK TEXHOJOTHUIAPIBI OKBITY, ©31H-031 TaHy JXOHE IIBIHJBIK KYpaJlbl PETiHJE
naiiianany;

- KOMIBIOTEP/l JKOHE Oacka /Ja Ka3ipri 3aMaHFbl aKMapaTThIK TEXHOJOTHUSIIAD KypajlaapbiH
3epTTey 0OBEKTUIEP] peTiHIe Kapay;

- OUTIM alylIBIHBIH IBIFAPMAIIBIIBIK JaMy Kypalbl PETIH/AE KaHa aKIapaTThIK TEXHOJIOTHsIIap
KypaJlJlapblH Naiijaigany;

- KOMIIBIOTEPJIIK TEXHUKaHbl OaKpLIay, TY3€TY, TECTUICY XKOHE IICUXOMarHOCTUKA IPOLIECTEPIH
aBTOMATTAHJBIPY KYpajibl PETIH/E Nalijaany;

- TEeJaroruKajblK TOKIpUOEHI, OJICTEMENIIK JKOHE OKYy oicOmerTrepin Oepy JKoHE ay
MaKcaTbIH/1a aKIapaTThIK TEXHOJIOTUATIAp KypalJlapblH NaijanaHy Heri3iHae KOMMYHUKaUAIapabl
yiBIMIACTBIPY;

- MHTEJUIEKTYyaJI[ibl 00C yaKbITThl YHBIMIACTBIPY YILIIH 3aMaHayHM aKMapaTThIK TEXHOJOTHsIIap
KypaJlJlapblH Naijaiany;

- Kas3ipri 3aMaHfbl aKnapaTThIK TEXHOJOTHMsUIap JKyieciH naijiaiaHy Heri3iHjae oKy OpHbI MEH
OKY IpoLIeCiH 6acKapy/ibl KApKbIHIATY KOHE KETUIIIPY.

Komnsrotepnepai OuniM Gepyie KoJAaHy aKnapaTThK OUTiM Oepy TeXHOJIOTHUSAIaphIHBIH jKaHA
OybIHBIHBIH Maiia OoxdyblHa oKenai, Oyl OKBITYy camachlH >KakcapTyra, OUliM OepyldiH >XaHa
KypalJlapblH KypyFa, MyFaliMiep MEH OKYIIbUIApJblH KOMITBIOTEPIIIK TEXHOJIOTHsIapMEH THIMII
e3apa opekeTTecyiHe MYMKIHIIK Oepai. Kemnreren MamaHpmap[blH HiKipiHIIE, KOMIBIOTEPIIIK
Kypaliapra Heri3/IeiTeH jKaHa aKmapaTThIK OiTiM Oepy TeXHOJOoTUsIaphl cabaKTapAbIH THIMALTINH
20-30% - ra apTThIpyFa MYMKiHAIK Oepeai. Kommbrorepi OutiM O6epy cajlacblHa €HIi3y OKBITYIbIH
JOCTYPIIl 9/1icTEPl MEH TEXHOJIOTUSAIAPBIH JkoHEe OYKiT Ou1iM Oepy canachlH pEeBOJIOLMIIBIK KaiTa
KYpyZAblH OacTtaybl Oonabl. bynm keseHie OailaHbIC TEXHOJIOTHSUIAPBl MaHBI3JBI PO aTKapibl:
TesneoH OalaHbICHl, TeNequIap, FapbILUTHIK OaiaHbIC, oJlap HETi31HEH OKY NMpoleciH Oackapyna
’KOHE KOCBIMILIA OKBITY JKYHeepinie KOJIJaHbUIIbI.
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O3pIK  ennepaiH kahaHIBIK TEXHOJIOTHUSIIAHIBIPYBIHBIH JKaHAa Ke3€HI Kas3ipri 3aMaHFbl
TEJIEKOMMYHHUKAIMSIIBIK JKEJIUIep/IiH maia 00Iybl KoHE OJapAblH aKIapaTThIK TEXHOJOTHSIIAPMEH
KaKBIHAACYbI, SIFHU aKT maiga Oomybsl 6onasl. Onap undocdepansl Kypyra Heri3 00, OMTKEHI
KOMITBIOTEPITIK JKYHelep MEH FalaMIblK TEJICKOMMYHHUKAIUSUIBIK JKeIiepai OipikTipy OyKin
azam3aTThl OailIaHBICTHIPATHIH IUIAHETAPIBIK MHPPAKYPBUIBIMIBI KYpyFa JKOHE JaMBITyFa
MYMKIHIIK Oepi.

AKT-HBI coTTi icKe achIpyIbIH MbIcaibl HTEpHET — FalaMIbIK KOMIIBIOTEPIIIK JKEJHIH maiaa
00JTybl, OHBIH aKMapaTThl )KMHAY MEH CaKTayJbIH IIEKCi3 MYMKIHIIKTEpi, OHBI 9p MaijanaHynIbFa
xKeke 0epy OOJIIbI.

Kenteren wmyramimzaep ©3lepiHiH  oicTeMeNik JKyHeciHe 3aMaHayW  aKMapaTThIK
TEXHOJIOTHSUIAPABl EHTi3yre maibiH. JKui mnaiiganaHeUIaTBIH - OaFgapiaMaliblK  Kypalgap OKY
MaKCaTTaFbl.

barnapnamanap okpITy Aemn aranajbl, ©UTKEH1 OJapAbl KYpacThIpy MPUHIIUII OKBITY CHUIIaThIHA
ue (TyciHaipMenepMeH, epekeIepMeH, TarchlpMaiap sl OpbIHIAY YIrUiepiMeH jkaHe T. 0.).

AKMapaTThIK TEXHOJIOTUSTIAPIBIH KOMETIMEeH 013 JUIaKTUKAIIBIK MOceeIep Il MIESIITIK:

- OKBITY/IbI YHBIMIACTBIPY/BI KETUIAIPY, OKBITYIBI JapalaHABIPY bl aPTTHIPY;

- OKyFa JIeTeH BIHTaHbI KYIICUTY;

- OKY MPOIIECIH KaHAAHBIPY, OKYLIbLIAP/IbI 3€PTTEY KbI3METIHE TapTy MYMKIH/IT;

- OKY TIPOIIECIHIH MKeM/IUTIT'iH KaMTaMachl3 eTy.

AKT OutiM anymiblHbI OKBITY MEH TopOuesey IpolieciHe OesiceHal acep eTelll, oMTKeH1 onap
Ou1iM Oepy cxeMachl MeH OKbITYy omicTepiH e3repreil. ConbiMeH Karap, AKT-ubl OutiMm Gepy
KyleciHe eHrizy OuTiM Oepy TeXHOJIOTHsJIapblHA dcep €Tl KaHa KoiMmail, OutiM Oepy mpoleciHe
KaHajmapelH Jga eHridemi. Omap KOMIBIOTEpIEp MEH TeIeKOMMYHHUKAISUIAPIbl, apHaibl
XaOIpIKTap/bl, OarmapiaMalblK >KOHE alMaparThlK Kypalgapibl, akmapaTTbl eHAeY KyhenepiH
KoJ1JaHyMeH OailnanbIcThl. Oap COHBIMEH KaTap 3J€KTPOH/bI OKYJIBIKTap MEH MeIMaHbl KAMTHUTHIH
YKaHa OKBITY JKOHE OUTIMII cakTay KypaJaapblH KypyMEH OailIaHbICThI; SJIEKTPOHIBI KiTalxaHaiaap
MEH Myparartap, Famamapik »koHe >KeprutikTi OutiM Oepy JKeniepi; akmapaTThIK-13€CTIpy JKOHE
aKIMapaTThIK-aHBIKTAMAJIBIK JKYHesep oHe T. 0. Ka3ipri yakbITTa akT MOJENbACPI d3IpJICHYE, ajl
oJIapbIH Oip Oesriri OiiM Oepy >KyHenepiH 3epTTey Ke3iH e TaObICThI KOJIaHbIIaIbI.

Koananbliran ageduerrep Tizimi

1. Po6ept U.B. CoBpemeHnHbie HH(GOPMALMOHHBIE TEXHOJIOTUU B 0Opa3oBanuu. - M.:IlIkona-IIpecc, 2011.

2. VnHoBanuoHHble TexHONOruu B obpazoBanuu / [lox pen. Aopurrasuesa M.U., Unbuna U.B. / Cocr. 3emiio
J.U. - M.: MAKC Ilpecc, 2011. - 141 c.

3. Kopuees U.K., Kcangonyno I'.H., Mamypues B.A. Mudpopmanmonnsie Texnomoruu. - M.: TK BenoOwu,
[Ipocmexkr, 2009. - 224 c.

4. 3atinea C.A., UVsanoB B.B. CoBpemeHHble HH()OPMAIMOHHBIE TEXHOIOMMH B  0OOpa3oBaHWM//
http://sgpu2004.narod.ru/infotek/infotek2.htm

5. Topauesckast C.I1. Pycckas rpamora. 3Byk [0], OykBel O, o // IlpemojaBanue B Ha4aldbHOW MIKONE//

http://festival.1september.ru/articles/606542/

BIJIIM BEPYJIE BUPTYAJIIbI IIBIH/BIK TEXHOJIOTUACBIH KOJIJIAHY

Kamenosa II1. K., C1anoexoBa A. E.
Axaodemux E. A. Bexemos amwinoaswl Kapazanowvl ynueepcumemi, Kapasanovwl, Kazaxkcman
E-mail: Kamenova74@mail.ru

Buptyanapl MIBIHABIK— 3aMaHayd >KOHE KAPKBIHIBI JAMBINl Kelle JKaTKaH TEXHOJOTHUsIap.
OmnapIplH MakcaTbl — CaHJIBIK KYPBUIFBIJIAp MEH OafaapiamaiapblH KOMETIMEH XacajfaH >KOHe
KEeCKIH cHIaTblHa HMe OOBEKTUIEPMEH aJaM OMIpiHIH (HU3UKAIBIK KEHICTIMH KEHEHUTYy.
TexXHOJIOTHsHBIH KapKbIH/IBI 1aMybl OKY YpJAICiHe ocep eTrnel Koimaabl. VR (BUPTYyasabl HIBIHABIK)
TEXHOJIOTHSUIapbl jkaHa Oonmaca Ja, onap OuriM Oepyne caibIChIHAA KOJIJaHbUIA OacTallbl.
BupTyanpl MBIHIBIK TEXHOJOTUSACHIHBIH OUTIM Oepy canachlHIa TapalyblHbIH OipHemie ceGentepi
Oap:
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- TexHuKaNbIK Kypan-xKaOIapIKTap/bIH OaFachblH TOMEHAETY.

- VR ymin OarmapiaaMaiblk KAMTaMachl3 €Ty CAaHBIHBIH KbIJ1IaM eCyi.
- VR canaceiHa )KyMBIC iICTEHUTIH ipi KOMIIAHUSIAP CAHBIHBIH apTYHI.
Bipkarap cananapaa VR TexXHOJIOTHSIAPBIH SHTI3Y.

Buptyanapl WBIHABIK HAKTHl 9JIEMHEH THIC OKY MEH ©CYyre »arjail jkacaiasl. Bupryanmbl
IIBIHIBIK-OYJT OJIEMHIH Ke3-KEITeH JKepiHje 00Jybl MyMKIH MOJAETBACHTEH TaXKiprude. Bupryamas
IIBIH/IBIK ABTOMOOMITb OHJIIPYIIICPIHE kKOJI CIIEHAPUIIEpI MEH aBTOMOOHMIIBICPIIH MiHE3-KYJIKbIH
Tangayra KeMmekrecedl. MoJenbIeHTeH JKarjaiyap ojapra jkKaHa MOJENbJI jkacamac OypbIH
MIPOTOTHIITEPre TAJIAY KacayFa JKOHE e3repicTep eHri3yre MyMKIHJIIK Oepe/ii.

BupTyanapl MIBIHIABIK HAPBIKTEI TOJATHIPATHIH aKBLIIBI aBTOMOOWMIIBICP/II NaMBITYa KCHIHCH
KOJI1aHbUIabl. ABTOMOOUIIBAEP KacaHabl HHTEIEKT (AR) jkoHE BUPTYyanbl MIBIHABIKTEI KOJ/IaHA
OTBIPBII, KOJIIK )KYPri3y/l, Oypyabl )koHE TOKTaTYyAbl YHpeHel.

binim Gepyzne kaHa TEHISHIMSUIAp MEH TEXHOJIOTHMsUIAp/bl UTepeTiH oTe Oasy cajia OOJIbIN
CaHaJIFaHbIMEH, BUPTYaJbl HIBIH/BIK Ka31p/IiH ©31H/€ MEePCIEKTUBAIbI HOTHKENIEP KOPCETIN KeJeIl.
Epecekrep yIriH ke3-KelreH cajiazna 3 KbI3METKEepJEPIHIH KociON MaFAplIapblH KAMTaMachl3 €Te/Il,
an OacTraybllll CBHIHBIN OKYHIBLIAPHl YIIIH BHUPTYaJAbl IIBIHIBIK-OUTIM Oepy ONBIHIAPBIHBIH,
AKCKYPCHUSIIAPABIH KOHE KBl 9JIEMMEH TaHBICYBIH 00JIir1 OOJIBITT TaObLIA b

VR konmaHy apKbUIBI COYJIETHIUIEP HE CAJIBITI )KATKAHBIH €JIECTETIN KaHa KoWMai, OHBIH Kajlai
Ce3IHEeTIHIH Je TyciHe anansl.byn onapra KeHICTIKTI canblHOal TYpBIN Ce3IHYyre JKoHE
TYTBIHYIIBUIAPIBIH KaHAFATTAaHYbIH KaMTaMachl3 €Ty YIIIH HAKThl YaKbITTa ©3repTyiiep CHri3yre
MYMKIHTIK Oepeni. COHFBl OHXBUIABIKTA KYPBUIFBUIAPBIH KYHBIHBIH TOMEHCYIHIH apKachIHA
TEXHOJIOTUsIIap MalialaHyIIbIIapIblH KEH ayKbIMbl YIIIH KOJ XeTiMIi Oosasl. byn e3 keserinae
OPTYPJIi TaKBIPBINITAFbl OarmapiaMaapAblH (KOChIMIIAIapabIiH) KeOetoine okenai.bimim OGepyneri
KOJITaHy TYpaJIbl alTaThlH 00JICaK, BUPTYaJIIbI IIBIHABIK YIIIH OyJI TAOUFATTHI 3epTTey, (PU3UKATAH
3epTXaHalbIK XYMbIC, TMHO3ABpJIAp/Abl 3€pTTey, IIaHeTajJapAsl apajay, acTPOHOMHUS *KoHE T.0.
cayanapja KoJJaHbLIa Ibl.

AxaneMusUIbIK 3epTTeysiep asChlHAA IMIBIHABIK TEXHOJIOTHSUIAPBIHBIH OKY YJIepiciHe acepi
TaKbpIpbIOBI OOWBIHINIA KOITEreH JKYMBICTap JKYPri3uimli, aTam auWTcak, CTYISHTTEPAIH OKY
YATEepIMIHIH JKaKcapFaHbl, MaTepHaNIbl TYCIHY, MOTHBallMs JEHrediHiH xKorapbuiaybl. OKy
MpoLIeCiHE KaThICy JKOHE IIOHJA1 OKYyFa JEreH KbI3bIFYIIBUIBIKTaphl Ja apThlil, CTYICHTTEP
apachIH/IaFbl KAPBIM-KAThIHAC JICHT €1 apThII KeleIl.

BupTryanapl MBIHABIK TEXHOJOTHACHL aJaMJibl BUPTYyalabl djieMre OaThlpy MYMKIHZIINT OHBIH
OimiM Oepyneri JamMybIHBIH HET13T1 OaFbITBIH aHBIKTaWbl. TEXHHKAIBIK, SKOHOMHKAIBIK HEMECe
(bu3HKaNbIK cedenTepMeH HAKThI dJeM/Ie JKacalIMalThIH HOpCENIepIiH OapiblFbl BUPTYaIAbl dJIEMIe
x)acanybl MyMKiH. IlIbpiHapIFbIHAA Oapy KUBIH HEMECe MYMKIH €Mec jkepre 0apy MYMKIHIIT] -
IIBIH/IBIK TEXHOJIOTHSICH KEHOip Hopcenep/Il *KaHa KbIpbIHAH aiia ajaabl. byrinri Tagaa 6iniM Oepy
YpIicCiHe BUPTYaIbl IIBIHBIK TEXHOJOTUSIAPBIH KOJAAHY IbI €IeCTETY KUBIH.

ConbiMeH, VR TeXHOJOTHACH KOMETIMEH OKBITY/BIH KKETTUIIrH FaHa €eMeC, COHbIMEH KaTap
OCBbl TEXHOJOTHUIApAbl KOJJaHa OTBIPHIN, OHIMIEP/l Kacayasl YHpPEHY KY3BIPETTUIIriH e aTar
oTKeH xoH. KocinTikke ediHri oHe KocinTik OumiM Oepy MaMmaHapibl JaspiayIblH OChI
OarpITTapblHa MIHICTTI Typle KeHUT OeniHyl Kepek. Kazipri yakpITTa BHPTYyaiJbl HIBIHIBIKTHI
JAMBITY iC-IIIapaHbIH KY3bIPETTEp TI3IMiHE EHri3UIreH, OyJ Ka3ipri KOFaMHBIH OChI cajlalap/arbl
MaMaHJapra CYpPaHbIChIH KOPCETE/I1.

Koanansliran ageduerrep Tizimi
1. Ipoepamma Unity https://unity3d.com
2. Jleonos, A. B.3D-supmyanovr wiblHObIK Jicylienepi yuin aymaxmol Kyoicammay/ a. 6. Jleonos, A. E. bobkos, E.
H. Epemuenxo // komnblomepik dicone aknapammolx mexuoao2usiiap xabapuwicsl. - 2012, - T.9. - b.13-17.
3. IIpozpamma Unreal Engine https://www.unrealengine.com/en-US/what-is-unreal-engine-4

258


https://unity3d.com/
https://www.unrealengine.com/en-US/what-is-unreal-engine-4

OLIEHKA PECYPCOB MEKOTPACJIEBBIX CBSI3EN TPEXOTPACJIEBON
MOJIEJIA 9 KOHOMUKHU PECITYBJIMKU KAZAXCTAH
'Kepumkyaos C. E.'Aiitkoxa AK.K., 2Cnandexona A. E., 1*Anumosa XK. C.
Eespaszutickuii nayuonanvruiti ynusepcumem umenu JI.H. I'ymunesa, Hyp-Cynrman, Kazaxcman
Kapazanounckuii ynusepcumem um. akaoemurxa E.A. Bykemosa, Kapacanoa, Kazaxcman
Topatieeipos ynusepcumem, Illasnooap, Kazaxcman
E-mail: SlanbekovaAE@mail.ru

B nanHO#l paboTe Ha OCHOBE CTAaTHCTUYECKUX MAHHBIX TAOMUIIBI '"3aTpaThI-BBIMYCK" MBI
OLICHMBAaeM OOILYyI0 CyMMY €AMHHIl PECypCOB HAIlMOHAJIbHOW SKOHOMMKH, KaK pacIpelielieHHe
BAJIOBOW MPOAYKIMU B CUCTEME IIyT€M IPOMEXKYTOYHOIO B3aUMOJECWUCTBHUA M KOHEYHOI'O
MIPUBJICYEHUS] PECYPCOB MEXKOTPACIEBBIX CBsA3eH. PelieHue cucreMbl MOJENbHBIX alredpanyecKux
ypaBHEeHU JIeOHThEBa CBOJUTCS K CUCTEME Pa3HOCTHBIX ypaBHEHUUN. UTOOB!I pelInTh MOCIEIHION
npoOieMy, Mbl HCHOJb30BAIM HMMHTALMOHHYIO MOJENIb BBOJAA-BBIBOJA B JIIOOOW JIOTMYECKOM
MpOrpaMMHOI cpene. bbuin ompeneneHbl mapamMeTpbl BXOJHBIX JaHHBIX, a BaJIOBOW BBIITYCK
obecnieunsi cOaJaHCUPOBAHHOE YCJIOBUE POCTA, MPOMEXKYTOUHBIM M KOHEUHBIH CHpoc s
HallMOHAJIbHON S3KOHOMHUKH.

Jnst  JOCTKEHMsT JTOM IEeNW  HWCCIAEAOBAHHUS - pa3padOTKM MaTeMaTUYeCKOW MOJIEIH,
QIrOpUTMa U  HMHTEJUIEKTYaIbHOH HWH(OPMALMOHHOW TEXHOJOTMM W WX BHEApPEHHS B
MaTeMaTHYeCKyl0 MOJJIEPKKY TMPUHATHS  pelleHUud  JUid  TMOBbIEHUus  A((HEKTHUBHOCTU
MEXOTPACIJIEBbIX CBSI3€H AKOHOMUYECKOW CUCTEMBI - OyIyT UCIIOJIb30BAaThCS TEOPUS U METOI0JIOTHS
MOJIENH 3aTpat u BeiTycka JleonTrera [1].:

X=AX+F,X>0, (1)
WM B BUJIE MATPUYHOTO Psjia JJIS PO IYKTHBHOM MaTpuIlsl A [2]:
X=(E—A)"F = F + AF + A?F + -, (2)

Ecnu Mb1 muneapuzyem MaTpudHbId psij (2), To penieHne ypaBHeHH (1) MOXKeT ObITh
MOJTy4eHO UTEPATUBHO C MCIIOJIb30BaHHEM (HopMyItbl T depeHITNaTFHO-Pa3HOCTHOTO YpaBHEHUS

MIEPBOTO MOPSIKA

dﬁﬂ =F(t) — (E — A)X(t),X(0) = F(0),t =0,1,2, ..., ®3)

B KOTOPOM CyMMapHas pa3Hulla B €IMHUIIAX PECYPCOB paBHA pa3HUIIE B KOHEYHOM CIIPOCE U
KOHEYHOM MPEUIONKEHUH JUIsl OTPACIEBBIX MPOAYKTOB. [I0CKOIBKY SKOHOMHUYECKAsi CUCTEMA
CBSI3BIBAET MEXIy COO0M BaloBOM BBITYCK U 3()(PEKTUBHOCTD B LIEJIOM, OTPACJIEBbIE POAYKTHI
o0ecreunBarOT paBHOBECHBIH POCT.

NudopmanrionHoii 6a30i TaHHBIX 0 MEXKCEKTOPAIBHBIX CBA3SX Ui TPEXCEKTOPHOH
HaIMOHANLHOM SKOoHOMUKH Pecrybnuku Kazaxcran siBnsiercs Tabnuia "3aTpaThl-BeITYCK" (CM.
Tabnuny 1) B CTOUMOCTHOM BbIpakeHuu B Muimmuapaax gojuiapos CIIA 3a 2019 ron, kotopas
3auMmcTBOBaHa u3 oryeta ODCP [3].

Taomuna 1. Uudopmarmonnas 6a3a naHHbIX TabIUI 3aTpat u Beimycka o Pecnyonuke Kazaxcran, mapa nomnapos CIIA,

2019 ron.
IIpou3sBoacTBeHHBIHpECYPC OxoHuaTe o
Cenbckoexo3 IIpouss VY nbHBIHA utput
ANCTBO OJICTBO caoyra  Pecypc Resource
Cenbckoexo3 0 13
SHCTBO 1.268 1.545 491 9.757 .060
IpousBoacTs 1 10
0 0.610 21.935 0.238 67.596 0.388
2 15
Yenyra 2.166 17.100 7.268 104.315  0.848

3areM, B COOTBETCTBHH C MOJIENbIO "3aTpaThl-BhiTycK" [1] u Teopueit JleonTbeBa [2], Mbl
MOJIy4aeM YHCIIOBBIC 3HAUEHUS KO3(DPHUIIMEHTOB pacxoa TOTOTHUTENbHBIX €IUHHUIL PECYPCOB IS
co37aHusI O0IIEeH eIUHULIBI pecypea:
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0.0971 0.1066 0.0348
A= (0.0068 0.2185 0.1047). 4)
0.0155 0.1104 0.1808

B HeM Ttaxxe OyqyT HCIONB30BaHbI METOABI TEOPUM AWHAMUYECKUX cucrteM [4], Monenw,
METObl, MH(POPMAIMOHHBIE TEXHOJOTHM W NPOTPaMMHBIE KOJbl MPOTPAMMHOTO TPOJIYKTa
AnyLogiCc ¢ OTKPBITBIM UCXOIHBIM KOJIOM [5].

Takum 006pa3om, B CTaThe, OCHOBBIBASCh HA CTATHUCTHYECKUX JAHHBIX TAOIMIBI "3aTpaThl-
BBINTYCK'", OIIGHUBAETCSI COBOKYHHBIII OOBEM pecypcoB HAIMOHAIBLHOW IKOHOMHUKH B EIMHUIIAX
CYMMHPOBaHMs, KaK pacIpeieiIeHUuEe BaJlOBOM IMPOLYKLUUH B CHCTEME IIyT€M IPOMEXKYTOYHOTO
B3aMMO/ICHCTBHS U KOHEUHOI'O IIPUBJICUYEHHS PECYPCOB MEKOTPACIEBBIX CBs3CH. Perienue cucrtemsl
anreOpanyecknx ypaBHeHMH Mojenu JleoHTeeBa cBoguTcs K cucreme auddepeHuaibHo-
Pa3sHOCTHBIX ypaBHEHMH. J[1s perieHus nocieanel mpoOieMbl Mbl HCHOIb30BAINM UMUTAILIMOHHYIO
MOJIeNIb BBOJA-BbIBOJIa B IporpaMMHoOil cpeae AnyLogic. OmnpezneneHsl mnapameTpbl BXOJHBIX
JAHHBIX M OO0ECIEeYeHO YCIOBHE COAJaHCHPOBAHHOIO POCTA BAJOBOM IMPOIYKLUH, PECYPCOB
IIPOMEXKYTOYHOIO0 U KOHEYHOT'O CIIPOCa sl S)KOHOMUKHU CTPAHBI.
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AocTpakT. Byn Makamama akmamaii MoHueri (+) apTeIK OaranaHraH jkoHe/Hemece (—)
JKETKUTIKCI3 OarajlaHFaH cajlaapajblK aFbIMIap, TYNKUIIKTI CypaHbIC OIODKETTEPl MEH KYMBICIICH
KamTy KyHbI, 2018 xburrbl Ka3zakcTaH S5KOHOMUKACHIHBIH CTaTHCTUKACHl OOWBIHINIA '‘'caja apajibiK
TeHrepuTiM" KEeCTECIHIH TEXHOJOTHUIBIK JKOHE KYPBUIBIMABIK KOA(PGHUIIMEHTTEpl MpPOoOIeMachiH
uienryre apHairas. 3eprrey OoifbiHina, 2018 KbUTbI COMKeC aybUl HMIapyallbUIBIFBI CEKTOPBI, OHICY
eHepkacioi 0,1987, 1,2503-ke apThik OarajaHFaH jKOHE ajl KOPCETUICTIH KBI3SMETTEP CEKTOPBIHIAFbI
arplHJIap CTATUCTUKACBIHBIH MoOHI THiciHme koHe 1,449 wmwumapan AKII  ngomnmapsina
OaramanOaraH. AJ, >KYMBICIIEH KaMTYAbIH KYHIBIK arblHAapbl tuicinme 0,5513, 6,4375-ke
OarananOaraH xoHe 6,9787 mummmapn AKIL nommapeina apTeik OaraiaHFaH.

Tyitingi  ce3mep: TexHukanblKk Ko3(QQUIMEHTTEp, KYPbUIBIMIBIK K03 duiueHTrep,
HSKOHOMMKAJIBIK CTATHCTUKA, Oarasnay, TeHECTIpy, calla apajblK TeHrepiniM kecteci, Kazakcran.

1. Kipicne

B. JleontheB [1] o3ipyereH «cama apanblK TEHrepuUTiMAEpIl Tangay», — Jel aralaTbhlH
HSKOHOMHMKAJIBIK KYHEHIH MmpobiemManapbiHa KYPbUIBIMIBIK KO3Kapac Ka3ipri 3aMaHfbl AepeKTep.i
OHJICy TEXHOJIOTUSIIAPBIHBIH HETi3iH Kanmaranbl Oenrimi. bByriHri TaHma — «canaapalibik
TEHrepUTIMIIEPT» TaJIay 9/1iCTEMECi SKOHOMHUKAHBIH KOITEreH callajiapblH KaMTU/IbI [2].

Kazipri yakpITTa OopTYpJi €lJep[iH 3KOHOMHKACHI Oip-OipiMEeH ©Te TBIFbI3 OaillaHBICTHI.
CoHBIKTaH OHMIPICTIK KAaThIHACTAP/ABI TalAay >KOHE 3epTTey MEMJICKETTepPIiH SKOHOMHKAIIBIK
KOHE JJIEYMETTIK CasCaThIHBIH THIMIUTIrIHE dacep eremi. KimaccukanblK eHAIPICTIK KaThIHACTAP/IbI
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tannay oxici (B. JIeoHTheB 9/1ici) OpTYpIIl enepaiH SKOHOMHUKAIBIK KYPBUIBIMIAPBIH TaIay YIIiH
Kosmanbuael. "Cana apanblKk TeHreputiM' kecteci — OyJl SKOHOMHKA KYPBUIBIMBIH Taliayaa KoHE
OHBIH KYPBUIBIMJIBIK ©3T€piCTEPiH 3epTTey/Ae KOJAAHBUIATHIH KapanaibiM, OipaK eTe THIMA1 Kypadl.
En skoOHOMUKacBhIHBIH JaMmyblHa TYpii ¢aktopmap acep ereni. OcbiHmail minaerrepaiy Oipi
QJIEYMETTIK KOCIMOPBIHIAPBIH JaMy MpoOIeMaapblH KOHE OJIAPABIH €71 SKOHOMHKACHhIHA dCEpiH
aHBIKTay OOJIBI TaObLIaabl. MbIcaibl, cay/ia OPTAIBIKTAPBIHBIH JaMybIH Oarajiay »oHE OJIapIbIH
YTBIMABUIBIFBIH apTTHIPY YIIIH KaiiTa Kypy Mocesenepi caja apajblK TEHIepUTIMII Taiaaysbl
KOJJIaHa oOThIpeIm 3eprrenmi [3]. Anm omeymerrtik kocimkepmikTiH Yex PecmyOnukachiHBIH
HKOHOMHKACHIHA dcepi [4]kymbIcTa KapacTeipbutirald. 2008 >KbUTFbI J)KahaHABIK KapKBUIBIK JaFaapbIc
(GFC), COVID-19 xahaniplk aypybIMEH OaiJIaHBICTBI —JaFJapbicTap oJeM  eIIepiHiH
SKOHOMHMKAJIBIK JaMyblHa ocep eTkeHi Oenrimi. Kapikel marmapbiChl Ke3iHIE €1 SKOHOMHUKACHIH
Oenruti Oip JAeHreiae ycram Typyra Kem Kyl >kymcanaabl. OChl MO3UIMSIIAPALIH Oipl KYMBICTa
"cana apanbpIK TEHrepuTiM" MoJeNiH KoJaaHy apkbUisl [S]rankeianrad. byn GFC XIO-uin 13% -
Fa TOMEHJEYIHE JKOHE OHHeprusi TYTbIHYIAbIH 16% - Fa TeMeHJeylHE OKENIeHIH KepceTell.
blaTananaplpy IIapanapelHBIH TAKETTEpi AKOHOMHKAIBIK ©CYy MEH DHEPIHSIHBI TYTHIHYIBIH
tuicinime 1,83% - ra sxone 4,64% - Fa apTybIHA BT KEJATeH1 KOPCETUIAIL.
2.91icTep, MoaebaAep, 1epeKTep
"Cana apasiblK TEHrepiaIiM" KeCTECiHIH LIOTTapbhl MEH OIO/KETTEepIHIH arblHIApbIH TEHECTIPY
omicTepi, Mojenbaepi MeH aepektepi Oipinmti ke3ekre DbIJIY ecentepinen Kazakcranasia 2018
KBUIFbI CTATUCTHKAJIBIK JIEPEKTEPIH MaiijaniaHa OTBIPBIN KYpbUIaabl [7], cojaH KeiliH "cana apaibiK
TeHrepuTiM" YIIIH MaTeMaTHKAIbIK Oarjapiamaiay MIHJACTIHIE MOJCNbISp IaiaaJaHbUIaThIH
6omaze [2], Mogenbaep [8] xoHe [9] ambIK 6acTankpl KYHETK JMHAMUKAHBIH )00amapbl, COHBIMEH
KaTap Ka3ipri 3aMaHFbl TEOPHsUIAp, dIICHAMasap *KoHEe aKMapaTThIK TEXHOJIOTHIIAP, OJap IbIH MOHI
MeH Ma3MyHbI [ 10-11] emkeit-Trerkeini cumarTainraH.
Byt perTe, x — CEKTOPBIHBIH OHIMJIEPIH CATHIIN aly Ke3iHae Oip CEKTOP/BIH JKaIbl OHIipic Zi
— 9KOHOMHMKAHBIH 0acKa CEKTOpJIapbiHa jKoHE f — TYNKITIKTI CYpaHbIC TYTHIHYIIBUIAPBIHA TEHACYICD
KYHeciHe Coiikec caTy apKbLIbl TapaThLIaIbl AeIiK [2]:
X=Zi+f, 1)
KOoHe OyJI CeKTOpapl cary Ke3iHae X'MoHI — Oip CEKTOPABIH Kallbl MIBIFBICTAphl 1'Z —
SKOHOMMKAHBIH 0acKa CeKTOpJapblHA CaThIN ajly >KOHE &' Tejey apKbUIbl TeHJAeyJep XKykeciHe
colikec cekTopiap OOMBIHINA KYMBICTICH KaMTY apKbLIbl OeitiHei [2]:
X'=i' Z+¢', (2
X1
MyHZJaFbl X = | i | GyKin skoHOMHEKa GOMBIHIIA JKaIbl oHIM (enipic), Xi — | xone X' = [x1, ..., x5,
xTL
CEKTOPBIHBIH Kbl OHJIpici— OapiblK IIBIFBIHAAP aKlla TYPIHAE OHICY MKOHE TeJIeM
CEKTOPJIAPBIHAA €CKEepLIe/Ii.
3.Hotumkenep
DKOHOMHMKAJIBIK JKYHEHIH Kipic MmapaMeTpiiepiHiH Ti3iMiH Oeiin ansiHaabl AaB. JIeoHThEBTIH
caia apanblKk TeHrepiniMm mogeni (1)-(2) en SKOHOMHKACHIHBIH TeMe-TeH >KOHE OHIMIl ecyiH
KAJBIITACTRIPyFa OJapIblH MOHJEPIH TeHecTipy YIIiH Koimaubuiaabl. JKymbeicta 2018 KbUIFBI
KazakcTtan »SKOHOMHKACBHIHBIH CTaTHCTUKACchlHA cail ''cama apaiblKk TeHrepiniM" Kecreci
KOJIaHBUIBL. 3epTTey HoThxkeciHne, 2018 KbuTbl COMKec aybUl MIapyallbUIBIFBI CEKTOPBI, OHILY
eHepkaci6i 0,1987, 1,2503-ke apThIK OaranaHFaH oHE ajl KOPCETUIETIH KbI3METTEP CEKTOPBIH/IAFbI
arplHAAp CTAaTUCTUKACBHIHBIH MOHI TuiciHmie xoHe 1,449 wmwmmmapny AKHI  monmapeiHa
OaramaHOaraH. A, >KYMBICTIEH KaMTYAbIH KYHIBIK afFbiHAapbl Tuicinme 0,5513, 6,4375-ke
OarananOaraH xoHe 6,9787 munmnuapn AKII gomnapsina apThIK OarajaHFaHbl AaHBIKTAJIBI.

Konnanbliran aneduerrep Tizimi
1. Leontief, W.: Quantitative Input and Output Relations in the Economic Systems of the United States. The
Review of Economics and Statistics, 18(3), 105-125 (1936). https://doi.org/10.2307/1927837
2. Miller, R.E., Blair, P.D.: Input-Output ~ Analysis: Foundations and Extensions,
Second Edition, Cambridge University Press, 1-750 (2009). https://doi.org/10.1017/CB09780511626982

261



https://doi.org/10.2307/1927837
https://doi.org/10.1017

3. Musil, T.A.: Evaluating development and community benefits of shopping malls: A case study using
input/output analysis, Journal of Financial Management of Property and Construction, 16(2), 111-125 (2011).
https://doi.org/10.1108/13664381111153105

4. TauslProchazkova, P., Noskova, M.: An application of input-output analysis to social enterprises: a case of the
Czech Republic, Journal of Entrepreneurship in  Emerging Economies, 12(4), 495-522 (2020).
https://doi.org/10.1108/JEEE-08-2019-0114

5. Ali Bekhet, H., Yasmin, T.. Assessment of the global financial crisis effects on energy consumption and
economic growth in Malaysia: An input-output analysis, International Economics, 140, 49-70 (2014).
https://doi.org/10.1016/j.inteco.2014.07.003

6. Sangalli, 1.: The key role played by European partners in the German automotive value chain: A granular
analysis based on the World Input Output Database, Industria, 41(3), 439-478 (2020). https://doi.org/10.1430/98069

7. OECD Homepage, https://stats.oecd.org, last accessed 2022/05/17.

8. Sterman, J.D.: Business Dynamics: Systems Thinking and Modeling for a Complex World. McGraw-Hill Inc
(2000).

9. Gnap, J., Kone¢ny, V., Slavik, R., Befiova, D.: Possible impacts of regulating the weekly rest of road freight
drivers on logistics in EU countries, Nase More, 65(4), 259-265 (2018). 10.17818/NM/2018/4S1.18

10. Low, S., Ullah, F., Shirowzhan, S., Sepasgozar, S.M.E., Lee, C.L.: Smart digital marketing capabilities for
sustainable property development: A case of Malaysia, Sustainability, 12(13), 5402 (2020). 10.3390/su12135402

11. Balabanova, A., Petrova, S., Fomenko, V., Keschyan, N.: Labor potential of youth for the development of
ecology in  the  digital economy, E3S Web of  Conferences, 258, 06048 (2021).
https://doi.org/10.1051/e3sconf/202125806048
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Axademux E. A. Bexemos amwinoaewvt Kapazanowl ynusepcumemi, Kapazanowl, Kazaxcman
E-mail: raikhan.muratkhan@mail.ksu.kz

AKMmaparThlK Kayilnci3mIKTIH MaHBI3ABl €CeNTepiHiH Oipl — aKmaparThlK Kayilnci3JiKTiH
TOyeKeNiH Oaranay. SIFHM KaHOal aKTUBTEPHl, KaHJIAW TOYEKeJAEepJeH KOpray KepeK KoHe
YCHIHBIIFAaH KOHTpIIApanap apKbUIbl OYJI TOoyeKelaep KaHIIAIBIKTHI JCHrelae as3asnubl. bipak Ta,
Tarel Oip Mocese, OJ1 - OChl cajaja >KYMBIC ICTEHTIH OapiblK MaMaHJapFa TYCIHIKTI OOJaThIH
JOMEHIK TEPMHHOJIOTHSIHBI €HT3y KakeT. Ochl Mocemnenep/i IMenly YIIH MOHMIK OOJIBICTHIH
OipkaTap MOJICTIiHI KOPCETUTY1 KaXKeT.

AKMmapatThIK KyHeneperi Kayinci3aiKTiH KaTrepiepin 0acKapyFa apHajFaH MOHIK OOJIBICTHIH
ISSRM — Information Systems Security Risk Management — AxmapaTTeiK Ky#enepaeri
KayINCI3AIKTIH ToyeKeAepiH Oackapy MoJeli Kayilci3JIIKTIH KaTepiepiH OacKapy CTaHAapTTaphbl
JKOHE KAYINICI3AIKTIH KaTepiiepiH Oackapy omicTepi apKbUIbl KYPbUIFaH. byl MoHAIK OOJIBICTHIH
0azaibIK MoeII (GKOFapbl ACHT el oHTOJIOTHS ) [1, 2] *KYMBICTAphIH/IAa KAPaCThIPHLIFaH.

byn xyMmbIcTa akmapaTThIK KayilMCi3AIKTIH ToyeKeliH OacKapylblH 0azaiblK OHTOJOTHSCHIH,
Ka3zakcran PecniyOnukaceinga KaObUIIaHFaH ToyeKenaep/al Oaranay 0OJIBICBIHIAF bl
crangapTrapabiH[3, 4] TamanTapel  JKOHE  OKCIEPTTEpAiH  OimiMaepi  HerisiHge  OHBI
JCKOMITO3USIHSIIAY JKOHE JKIKTSY apKbUIBI 1IIKI KJTacTapFa JKIKTSY YChIHBUIAIbI.

OHTONIOTUSHBI KYPY YIIIH, OHTOJOTHS PENAKTOPHI KOHE 3epAeii KyhelepIiH OuliM KOpbIH
KypyFa apHaiFaH (peiiMBopki 6ap, Terin Protégé (5.0.1 Hyckachl) miatdopmackl KoJIIaHbUIaab [5].
Protégé-Frames pemakrops! Kommanymsira OKBC(Open Knowledge Base Connectivity Protocol —
biniM KopblHA KOJ XKETKi3yZAl Mmporpammanay/blH KoJigaHOanbsl uHTepdeiici) coiikec ¢peiimuepre
Heri3ZeNTeH OHTOJIOTHSIHBI KYpYFa JKOHE TONBIKTBIpyFa MYMKIHAIK Oepeni. bym  Oimim
KOpBIHAHAKMAPATThIK KAyICI3AIKTIH ToyeKenaepiH OacKapyIblH KIKTEITeH OHTOJOTHUSCHIH,
aKIMapaTThIK KAYICI3MIKTIH ToyeKenaepAiH OaranayaelH OapJiblK IMPOIECIH (aKTHUBTEp peecTpiH
KYpyZIbl, KaTepyepAdl, OCAIIBIKTapAbl JKOHE KOHTpIIapalap ocepiH UICHTU(DUKAUATIAYIBI,
TOyeKeNJepii ecenTey XKOHE IKIKTEYi) OPBIHAAWTHIH MPOTrpaMMAIIBIK ©HIMI€ JKCIOpPTTayFa
MYMKIHIIK Oepei.

Bacrankpr kezenne ISSRM GazaiblK OHTOJOTHSICHIHBIH HETI3T1 AJIEMEHTTEpPl, SFHU >KOFaphl
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OHTOJIOTHSIHBI KYpaylIbl aKTWB, KaTep, OCAIJBIK JKOHE KOHTpIIApa KYpbLIaJIbl >KOHE OJIApJIbIH
apachIHIaFbl KaThIHACTAp OpbIHAaNaabl (cyper 1). Opi Kapail OipiHINi ACHTEHIIH 3JIEMEHTTEpIH,
JEKOMITO3UIMSA apKbUIbI OlpKaTap KacHeTTepl KOHE CHIaTTaMajiapbl Oap, OaiilaHBICKaH XKOHE
OaiimaHpicriaFraH 1IKI KJacTapJaH KypbUIFaH coiikec rpadrap

TYPIHIE AaIIbI >Ka3aMbI3.
AKMapaTThlK KayilC3AIKTIH TOoyeKelnAepiH OacKapydblH TMOHIIK OOJBICHIHBIH  TOJIBIFBIMECH
KIKTEJITeH OHTOJIOTHSICHI KeJeci OemimMaepae KapacThIPhUFaH.

KaTtepnep J

[ owl:Thing }

ocangbik l
—
‘._‘/”
”( —

-
[ KOHTpLUapa ]

Cypert 1. Typaenaipinred ISSRM OHTONOTHAIBIK MOIETIHIH HET13T1 DJIEMEHTTEP1

Ke3 kenren akTuB TYCIHITT MaTepHAIBIK HEMECE MATEPHANIBIK €MEC aKTHB OOJIBITI CaHAIA b

Marepuaniplk eMec aKTHUBTIH HET13T1 TYCIHIKTEpl OOJBIN, IEPEeKTEp, peJiep, MpOTpaMMAaIIbIK
KaMTBIM JKOHE pernyTanus 00JIbI Ta0bUIa bl (CypeT 2).
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Cypert 2. Koraps! eHrein «AKTUB» TYCIHITHIH 1K1 KIacTapsbl
Ocpinaiinia  ISSRM  Gaszanblk  OHTOJNIOTHSACHIHBIH — HETI3T1

AIIEMEHTTEPl, SFHU JKOFapbI
OHTOJIOTHSIHBI KYypayllbl aKTHB, KaTep, OCAJJIBIK >KOHE KOHTpIIapa TYCIHIKTEpiHIH A€ IMIKi
KJIaccTaphbl JKIKTEJE/].
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AKnaparThlK KayillCI3IIKTIH TOyeKenAepiH Oaramay jkoHe Oackapy TYCIHIKTEpiH IIIKi
JeHreinepre Jie JKikTeyre OOJIaThIH JKaJMbUIAHFAH OHTOJIOTHSUIBIK MOJAETI KypbUiabl. by
OHTOJIOTHSUIBIK MOJEbh TOYEeKeld MEHEIKMEHTIHIH HETri3ri KOHILENTEpiH, KIacTap apachbIHAaFrbl
MEepapXHUIBIK KaTbIHACTAp TYPIHJIE CUIIATTAIA/bI.

AKnapatThIK Kayinci3aik OOMbIHIIA KYpPBUIFAH OHTOJIOTHS KOHE OUTIM KOPBI, KOCITOPBIHHBIH
aKnapaTThIK KayillCi3MIriH KaMTamachl3 eTyleri Toyekemnepai Oackapyra apnanraH «IT Risk
Manager» nporpamMMaibiK eHiMAe 011iM KOPbI peTiHIe KOIIaHbLIa b
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barnmapnamanayapl yHpeHy yakbIT TI€H TOPTINTI Tajam ereni. bipak, Oarmapiamanay/isl
YHpEeHY/II ®KEHUIIETETIH KONTETeH Tocuiaep 0ap.

barnapnamanayna 0acThICEI — THIM T€3 )KbUDKBIMAY, SIFHH apbl Kapai OKy bl )KaJIFaCTHIPY YIITiH,
QIIBIHFBI TAKBIPBIITAPBIH AYPBIC MeHrepin aimy Kaxker. Ce0eOi, KemTereH Oarmapriamanayibl
yipeHyai 0actaraH ajgamjaap, OHBIH HETI31H Imajia Ouleal e, 01 TaKbIphIIITapFa aca KOHUI OenMei
etinm kereni. bipak, conm amamaap keOiHece HOTIDKEre KeTe ajaMmai, OarmapiaMainayibl YHUpeHydl
Tactan Kerinm >karanael. COHIBIKTaH, OargapiiaMajaynblH Oa3ajblK TaKbIPHIIITAphIHA KOI KOHLIT
O6JTeH AYPHIC KOHE KYHeIl JabIHIAJIBII, YaKbIT OO OTHIPY KaXKeT.

barnapmamanayapl THIMII YHPEHYIIH TOCLIAEPI:

v MbIcaJAbIH KOABIHA KOHIJ 00IiHi3.

barnapnamanaynel yilpeHin OactaraHaa MIHIETTI TYpPAl op MbIcajfa KOHUT Oelim, KOITHI
TYCiHIN OKy Kepek. TinTi keiiae, OipiHIII MbICalAbl Kapam, OHbI TYCIHYr'€ THIPBICHIM, COIaH KeHiH
FaHa MOTIHA1 OKyFa 0OJaIbl.

v/ MbIcabIH KOABIHA KOHIJ 06/l KaHa KOWMaii, OHbI OPbIHIAHBI3.

Cebebi, ci3 MbICcaybl OKbIFAHIA OHBI TYCIHYIHI3 MYMKIiH, OipaK OJI *aJbIHbI3/Ia KaaMaysbl
MyMKiH. COHMIBIKTaH, JKaJbIHbI3[]a CaKTaly YIIiH OHbI MIHJIETTI TYpJAE OpbIHAAI, HOTHXKECIH Kopin
’KOHE OHBI ©3TePTill, OpbIHAaI KopiHi3. Tek ochlnal MpakTUKa KY3iH/Ae OpbIHIAFaH allTOPUTM FaHa
ci3miH oibIHBI3NA Kanaapl. Cebebi, Oarmapramanayna OipiHIII OpbIHAA OpKalllaHAa IpPaKTHUKA
TYpaJbl.

v O3 KOIBIHBI3IbI MYMKIHIriHIIE epTe KA3bIHbI3.

barnapnamanay TiniHAe ci3e TYCiHIK KalblnTaca 0acTacbIMeH, TIlITi MUBIHBI3/AA 0Opi IIaTaChIT
kKaTca Ja, 63 KOJBIHBI3bI JKa3yFa THIPBICBIHBIZ. O3 OMBIHBI3AH MpOorpaMMa KYpy KUBIHFA COKCa,
OHJIa KiTanTa OepuIreH TanchlpManiapAbl OpbIHAAI OacTaHbI3. bipJeH yiakeH mporpaMmanapasl Kypa
aNMaiichl3, OHail mporpammanapaa 0acTaraHbIHbI3 IyphIC. by KillTkeHTalt mporpamMmmanapabl apbl
Kapail eMipiHi3ae KosigaHOacaHbI3 /1a, Ci3 YJIKEeH ToXipuOe anachl3.

v Debugger Kosganyanl yiipeHinis.
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Debugger ci3re mnporpamMmaHblH KOJIBIH KON OoibIHIIA oOpblHAayFa Kemekreceni. Ci3
afHBIMAJIBIHBIH MOHIH OaKpljai anachl3 )KOHE IIAPT OPBIHJAIFAHBIH, HE OPbIHIAJIMaFraHbIH TEKCepe
amacei3. Debugger Kkoa HeEHI OpbIHZAN TypraHblH Kepcereni. Debugger Oacrankeiga
KOJIJTAaHFAHBIHBI3/1a KO YaKBITHIHBI3/bI AIYbl MYMKIH, OipaK KOJTHIH KeJIeMi YJIKeH OOJFaH/a, OHbI
KOJIJITaHY apKbUIbI KON YaKbITBIHBI3AbI YHEMIEHCI3.

v KeGipek aknapar ke3jaepin izenis.

Erep ci3 Oip TakpIpbINTH TyciHOECEHI3, Oacka aKmapaTr Ke3iHEeH COJI TaKbIPBINTHI i37eHi3. O
KepAeri akmapar cisre TYCiHiKTipek Oomysl MymKiH. Ce0ebi, aHa akKmaparThl SpKiM opTypii
KaObUIAi /IbI.

Byn omicTep xemekTecnece, OUIETIH MaMaHFa KYTIHTCH AyphIC. OAeOMeT TaHIaraH Ke3Je COJ
Oarmapnamanay TuTi OOWBIHIIA aTaKThl JETE€H aBTOPIBIH KiTaObIH ajblll OKBIFAH IYPHIC, >KaHA
Oactaymibl OaraapiaamManayibuiapra apHaliFaH ofeOueTTep Kapamaiibl.

WurtepHerre Oarjapnamanaynsl YHpeHyre apHairaH caiftrap kenrtereH. ConapIbslH €H
TaHBIMAJI JICT€H CAalTTapBIH aTall OTCHIH.

Coursera.org — omem OOWBIHIIA JKETEKIII OKY OpPBIHAAPBIHAA OHJIAWH-OKBITYABI OTYyre
MYMKIHZIIK OepeTiH O6u1iM Oepy miiatdopmackl. Teopusichl TeriH, ajl MPaKTUKAJIBIK TarchlpMaliap
MEH TECTTep aKbUIbl, OipaK Ka3ipri yakpITTa OKYy MEKEMEJEpiHIH KeiCIMIMEH TMaHIeMUsFa
0aliyaHBICTHI JKbUIBIHA O1p KypcC TEriH eTyre 00Jajbl.

Skillbox — 6yt caiitra IT camachiHIars!l oOpKaliaHIa CYpaHbICKa Me 0OJAThIH MaMaHIBIKTap/Ibl
HeyieH Oactam yipeHyre Oonampl, Oipak akpUIbl. Bip KBUIIBIH KOJEMIHJIE JKUBIPMaJaH acTaMm
MaMaH/bIKThIH O1peyiH MEHIepiN MIbIFyFa 00Jaabl.

GeekBrains — Oyt onaitH-6iiM 6epy mopranbiaga [T canmacsiHa KaTBICTBI SPTYPIIi AeHT e aeri
Kypctap Oap. byn mopTanasiH apTHIKIIBIIBIFEI KONTETeH KypcTap TETriH JKOHE OWTUIl JIeTeH
MaMaHaapAaH OuTiM amyFa MyMKIHJIIK 6ap.

Stepik.org — Oyn 6imiM Gepy muraThopMachiHaa KONTEreH KypeTap TETiH YKOHE MPaKTHKAIIBIK,
TarceIpManap/pl, TECTTepAl OIpJCH TEKcepill OThIpaThIHAAW calTTaH Kepi Oaianeic Oap. O3
OeTiHIe OLTIM aTylIblIap YIIiH TanThpMac miatdopma aen ouaaiMbl3.

ITVDN - e3mirineH okyra apHainraH OeliHe cabakTapiaH TypaTbiH, OafFqapiaMasayibl
YHpeHyre apHaJIiFaH OHJIaH-pecypc. JKoHe OapibIFbl 1a TETiH.

Codewars - Oy MHTEPAaKTHUBTI pecypcrTa mporpaMMmaliay OOWBIHIIA €CenTep YKHHAKTAJIFaH,
OJIap/ibl OpPBIHJIAN OTHIPHII, KOJAAHYIIBl HAKTHl Oargapiamaliay TUIIMEH JKYMBIC iCTey JarbliIapblH
xKakcapTabl.

Hexlet - OipHemie caraTTaH TypaThblH KbICKa KypCTapibl YCBIHATBIH, Oaraapiamaiay/ibl
yHpeTeTiH BeO-TutaTropMa: HeJIIK ICHrelIeH OacTan KOCIMKOW MaMaHFa JISHiH.

Codecademy — kemTereH Oarmapiamaiay TUIIH YHpPEHyre MYMKIHIIK OepeTiH OHJIaiH-
wiargopma Oosbin TaOBLIATBIH €H KyaTThl pecypc. bynm KypcTap Kbicka Mep3imMie >kaHa TUIIl
MeHrepyre MyMKIiHAIK Oepeni. bipak, MyH/1a Tek Heri3iHe yipeTeal, COHIABIKTaH TULIEPAl TePEHIpeK
YHpeHy YIIIiH KOCBIMIIIA OKY KayKeT O0JIa/bl.

Udemy - Oy onnaitH-pecypc OackaigapaaH albIpMaIIbUIBIFBI OKBITYIIBI PETIHIE 1€, OKYIIBI
perinne ne 601y MyMKiHAIriMeH epekumieneneni. OKpITymbuiap KypambiHa Mapk LlykepGepr
(Facebook xemniciHiH Heri3iH Kanayiibl) >koHe IT-MHIYCTpUSCHIHBIH QJIEMIIK TUTaHAAPHI Kipeli.
MyHaaFbl KypcTap akblibl, TEeTiH OeliHe nopictep ae Oap.

JavaRush. Ke3 — keireH MamaH/BIKTBI )KaKChl UTEpy HEMECEe KOCBHIMIIA JAFrabl amy - Oy
OHJaH oibIH Qopmatel. JavaRush »kacakraymibuiapbl OCBIHBI MaiianaHblll, OWBIH aPKbLIBI
Oarnmapnamanayzpl yipereni. dyrypama oneMiHIH MOTHUBATOPJApbIH KAKChl KOPETIH CTYAEHTTEp
OCBIHJIall CTAaHIAPTTHI eMeC KO3KapacThl epekie Oaranaiiabl. MakcaTsl — 6acTbl KeHinkep — AMUTO
poOoThIH 1-1m1i neHreiinen 6acran 80-mi neHreire neifiH >keTkizy. OCbl OWBIH MHUCCHUSICBIHAH OTY
YIIIH JKOHE OHBI asfKray YIIIH TalchlpMalapibl OpblHIAay KakeT. Tamcelpmanapisl OpbIHAAN
OTBIPHIN, Ci3 aHa JICHreial anry ymIiH KaXeT Kapa MaTepusHbl anackl3. JavaRush-TiH 6apibix
Kypchl Kypaeniniri Oiprinaen ecin kene »xatkaH 1200-1eH acTaM NpaKTUKAIBIK TalChlpMaiapblH
KAMTHU/IBI.
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GitHub — Oyt caiftTel HycKaynblK peTiHae mHaigananbiHbi3. Git xoctuHriHge 80-HeH acTam
Typai Oarmapiamanay TuraepiH KamTuTeiH 500-71€H actam TeriH Oarjgapiamaliay Kitamrapbl Oap.
Monepatopiiap 0Cbl pecypCcTapablH JKHi KaHAPTHUTYBIH KAMTAMAChI3 €Till OTBIPA/IBI.

Udacity — cyOtuTpiiepi 6ap arbUIIIbIH TUTIHAETT OciiHe aapicTep/iH KitanxaHacel. CoHaii-akK,
OHJIa TECT TAlChIpMaJaphl KOHE OTKEH MaTepHalibl OeKiTeTiH Yi kymbicTapsl Oap. On Kypcrap
NpaKTUKaMeH  OKBITY TNPUHIMIIIHE  HETi3JeNreH.  bapiblKk  JopicTepae  CTYICHTTEepre
OecliHemaTepHainia aWThUIFAaH YFBIMIAp MEH HIesUapJpl Mrepyre MYMKIHIIK OepeTiH OekiriireH
TecT Oap.

Hemonozeuss — Oy caliTTa KypcTapblH Kei0ipi akbIChI3, KeiOipi akplsl. Hemnen GacranaTsiH
na Kkypctap 6ap. Kypcrap opbIc TUTiHAE OKBITBIIA/IBI.

Byn skepme kenrtipinreH caiTrap akmapaT Kes[epiHiH Tek Oip FaHa Oemiri jkoHe Oy
calTTapaarsl KypCTapblH OapibIFel Oipjeil skakchl JereH co3 emec. Ci3 31HI3re KaKeTTi, CI3/IIH
TajanTapbelHbI3Fa OalIaHbICTBl KYpCThl TaHJAN, YHpPEeHreHIHI3 aypeic. Erep ci3 OaraapiaManayiisl
MaMaH/IBIFBIH TaHJaFaH 00JIcaHbI3, OMIp OOWBI OKYyFa, OUTIMIHI3/1 KETUIIIPYTe TalibIH OOJTBIHBIZ.

Koananbliiran aknapar ke3aepi:
1.https://habr.com/ru/post/508076/
2. https://habr.com/ru/post/331530/

PASPABOTKA METOJUKH! IMMOBBIINEHUA KOHTPACTHOCTH
PEHTTEHOBCKOI'O U3OBPAKEHUS TYTEM COUETAHUS METOJ10OB CLAHE U
IF'AMMA-KOPPEKIIMU
Omaposa I'.C.}, Aiitkosxka JK.JK.!, CraposoiitoB B.B.>
 Espazutickuii nayuonanvnouii yrusepcumem umenu JI. H. I'vmunesa, Pecnybauxa Kazaxcman.
206vedunennpiii uncmunym npobnem ungpopmamuxu Hayuonanonoi akademuu nayx

benapycu, Pecnyonuxabenapyces.
E-mail:ogs12@mail.ru

BBenenue

Wnes mMeronoB ymydilleHHs H300paKeHHM 3aKiI0o4aeTcsi B TOM, YTOOBI MPOSIBUTH JIE€Talld
00BEKTOB, KOTOPbIE CKPBITHI, WM MPOCTO BBIACIUTH OINpEAeiIeHHbIE 0COOEHHOCTH M300paKeHMUS.
OauH U3 IPUMEPOB YIYUIICHHUs] — MOBBIIICHHE KOHTPAcTa U300paxeHUs MyTeM PaCTSKEHHUS €ro
JTUHAMHUYECKOTO Jrana3oHa 3HaYeHUH spkocTh. TepmuH "KoHTpacT', Habmto1aeMbIii Ha 1TU(POBBIX
M300paXEHUSIX  ONKMCHIBAETCS  OTHOIICHHWEM SPKOCTH TEMHBIX UM  CBETJIBIX  oOJacTei,
MPUCYTCTBYIOIIUX Ha u300pakenuu [1]. MeaummHckue H300pa)xKeHUs] UIPAIOT BaXHYIO POJb B
JMArHOCTHKE 3a00JieBaHUH W MOHHUTOpHHre 3¢¢ekra BbIOpaHHBIX MeToA0B JeueHus. Lllymbl
OKpY’Karollel cpe/bl, 0COObIe YCIOBUS MAMEHTOB MpH (PoTorpadupoBaHUU, YCIOBUS OCBEIICHUS U
TEXHUYECKUE OTPAHUYCHHS YCTPOUCTB BU3YaTU3allUU SIBJSIOTCS OJHUMHU U3 MPHUYUH, TOKOTOPHIM
M300paXeHUSIM OTyTUMETh HU3KO€ KayecTBO. MeTopl ymydlieHHus] U300paskeHusl MCHOJIb3YIOTCS
JUISi BOCCTAHOBJICHHSI TOBPEXKICHHBIX H300paxkeHuil [2], a 3p(eKTUBHBIA METOA MOBBIIICHUS
KOHTPACTHOCTH MOXKET YIYUIIUTh MEJNKHE AeTATUU300paKeHUsl, 4TOObI PEHTICHOJIOTH MOTIIN
JOJIKHBIM 00pa30oM KOHTPOJIMPOBATH COCTOSIHUE 30OPOBbS MAallMEHTA.

eas 1 3a1a4M UCCIIEIOBAHNS

Lenpto maHHOW paboOTHl sBIsEeTCS pa3paboTKa METOMUKHU TMOBBIIIEHUS KOHTPACTHOCTHU
PEHTT€HOBCKUX MEIUIIMHCKUX H300paskeHUH.

Jl71s nocTrKeHMs TOCTaBICHHOM 11eNTi ObUIHM NOCTABIIEHBI CEIYIOIINE 3aJaun:

- MpOaHATM3MPOBaTh OCHOBHbIE dTambl ramma-koppekimu W CLAHE[3]mas o6pabotku
PEHTTE€HOBCKUX MEIUIIUHCKUX U300paKEeHU;

- pa3paboTaTh METOAUKY UCTIOJIB30BAHUS a/IalITUBHBIX METOI0B KOHTPACTHOTO YCUIICHHUSI.

OOBEeKTOM WCCNEOBaHUS SIBJSETCS MPOIECC TMOBBIIIEHUS KOHTpAacTa  PEHTTEHOBCKOTO
n300paxenus. OCHOBHasI TUIIOTE3a STOTO MCCIIENOBAHUS IMpeAroiaraia, 9To KOMOMHAIMS MEeTo1a
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aIaITUBHOTO BBIPAaBHUBAHUS THCTOTPAMMBI ¢ TaMMa-KOPPEKIHEeH N300pakeHus 1aeT BO3MOYKHOCTh
CYIIECTBEHHOTO YIYYIICHUS KOHTPACTa PEHTT€HOBCKUX M300payKECHHIH.

B xome wuccnemoBaHus ObUIM  HCIOJIB30BAHBI  CIEAYIOIIME METOJBI  MCCIIEIOBAHUSA:
MAaTeMAaTUYECKUI anmapar TEOpUM MAaTpHUL; METOAbl TEOPHUH BEPOATHOCTEH M MAaTEMAaTHYECKOU
CTaTHCTUKH, METOJbI TEOPUH O0OpabOTKM M300paKEHUI; METOJbI CHCTEMHOTO aHajHn3a; METOJIbI
MaTeMaTHIECKOTO MOJCTHPOBAHNSI.

OcHoBHast yacTh

B sToM nccnenoBanuu paccmarpuBaeTcs 3p(EeKTHBHOCT, KOMOMHAIIMM PAa3HBIX ABYX METOJIOB
yIaydmieHus: u300pakeHus. B akcmepuMeHTax ObUIM  MCIOJB30BAHBI  HECKOJIBKO  COTEH
PEHTT€HOBCKUX CHUMKOB M3 0a3bl Kaggle [4], nis ynydilieHus KOHTpacTa KOTOPBIX MPUMEHSIICS
Metox ramma-koppekimu[5]. C menplo JOCTHKEHUS JIY4IIero KOHTpAcTa IHepej MpUMEHEHHEM
raMMa-KOppeKIMKA ObUIO TPETIOKEHO NMPUMEHHTH aJallTHBHOE BBIPABHUBAHWE THUCTOTPAMMBI C
OrpaHMYCHUEM KOHTPACTHOCTH[6].

I'maBHOW OCOOCHHOCTBIO aITOpUTMa QJANTHBHOTO BBIPABHUBAHHS THUCTOTPAMMBI  C
orpannyeHuem KounrtpactHoctd (Contrast limited adaptive histogram equalization — CLAHE)
SBIISICTCSI OTPaHUYEHHUE JMAarla30Ha TUCTOTPAaMMBI Ha OCHOBE aHaJIN3a 3HAUYEHHUH SPKOCTH TTHKCEIeH
B 00pabaTbiBaeMOM OJIOKE, TEM CaMbIM MOJIydaeMO€ U300paKeHue BRITIISIUT 00Jiee €CTeCTBEHHBIM
Y MEHEE 3allyMJICHHBIM [3].

Crout otmeruth, uyto B KiaccuyeckoMm airoputMe CLAHE wucnonw3yercs OunmuHeitHast
WHTEPHOJISIHS TSl yCTPAaHSHUS TPAaHUI] MeX Ty 00padaThIBaeMbIMU OJIOKAMHU.

[TpaBuaBHBIM TOAOOPOM HEOOXOIMMBIX BXOIHBIX M BBIXOJHBIX IapaMETPOB IaHHOTO
npeoOpa3oBaHus MOJydaeM Haubosiee Jiydllee BU3YyallbHOE YCHJIEHHE KOHTpAacTa PEHTI'€HOBCKOTO
CHHMKA. BPIMONHEHNE MeToJa aJalnTHBHOTO BBIPAaBHUBAHHUS THCTOTPAMMBI  M300pasKeHUS
000cHOBaHO BbIOOpOM 3HaueHHi mapamerpoB distributionucliplimit. Beibop 3Hauenus mapamerpa
distribution = ‘exponential’ maeT ymydieHHE KOHTpacTa OOBEKTUBHBIMH M CYOBEKTHBHBIMH
OIICHKaMH OJJHOBPEMEHHO. DKCIIEPUMEHTAILHO 000CHOBAHO, YTO MPEANOUYTUTENbHEE UCTIOIb30BaTh
npeobpazoBanue CLAHE co 3Hauenusmu mnapametpoB distribution="exponential', 3HaueHus
napamertpa cliplimit Beioupats u3 nuamazona [0,095; 0,18], B cpearem oxouio 0,16.

BoinonHeHHBIE SKCIEPUMEHTHI MOKa3aldH, 4TO KOMOHWHAIMS aJalTUBHOIO BBIPABHUBAHUS
TUCTOTPaMMbl C OTpPaHUYEHHBIM KOHTPACTOM M METOJla TramMMa-KOPPEeKIUU CYHIECTBEHHO
MOBBIIIAIOT KOHTPACT PEHTI€HOBCKHUX M300paxeHunid. Takyke mpu BBINOJIHEHUH HCCIIeI0BaHUMN ObLIO
OTpEeNIEeHO, YTO A7 OOBEKTHBHOW OILIEHKH KayecTBa PEHTT€HOBCKUX M300paKeHUH CledayeT
ucnoab3oBath Mepy NIQE. Ona 6omnbiie yem onenka BRISQUE koppenupyer ¢ cyOBEeKTUBHOM
onenkoi. DyHkmuu ouneHku NIQE (Naturalness Image Quality Evaluator) [7] m BRISQUE
(Blind/Referenceless Image Spatial Quality Evaluator) [8] ucnonb3ytorcst B cirydasx, KOrja 3TaJloH
M300paxKeHMsI OTCYTCTBYET.

BbIBOABI M 3aK/JII0YEHHE

1. B uccrnenoBaHuM BBIMOJHEH aHaIW3 BO3MOXXHOCTEH METOJOB TaMMa-KOPPEKIHHU |
CLAHE nns moBbIIEHHS KOHTpAacTa PEHTTCHOBCKUX H300paxkeHWil. B Xojae BbINoNHEHUs
HKCIEPUMEHTOB BBIMOJHEH MOJAO0Op 3HAYeHHH HEOOXOJUMBIX MapaMeTpoB, MpPU KOTOPBIX
CyObEKTHUBHBIE U OOBEKTHUBHBIE OIICHKM OJMHAKOBO TOKA3aJM TMOJIOKUTEIbHBINA pe3ylbTaT
yAy4IIeHUs ~ KayecTBa  PEHTICHOBCKUX  M300paKeHMH.  DKCHEpUMEHThl  JIOKa3ajH
1enecooOpa3HoCTh MPUMEHEHHUS KOMOMHAIIMM METOoJa TaMMa-KOPPEKIUU C aJalTUBHBIM
BBIPaBHUBAaHUEM THCTOTPAMMBI C OTpaHMYEHHEM KOHTpACTa.

2. B pe3ynbTaTe BBIMOJHEHHBIX HKCHEPUMEHTATIBHBIX HCCIeIOBaHUN CchOpMyTUpOBaHa
METO/IMKa IPUMEHEHHUsI KOMOMHAIIMHN METO/Ia TaMMa-KOPPEKIUH C aJalTUBHBIM BHIPABHUBAHUEM
TUCTOTPaMMBbI C OTpaHMYEHHEM KOHTpacTa. J[aHHas MeTOJMKa MPEeAyCMAaTPUBAET BBHITIOTHEHHE
MOBBIIIIEHUS! KOHTPACTa PEHTI€HOBCKUX M300paXkeHU B JBa 3Tamna. Ha mepBoM sTarme ucxoaHoe
n3zobpaxxkenue mnpeodpazossiBaeTcst MetoqoM CLAHE c¢ BbIOpaHHBIMHM IMapaMeTpaMu, BTOPOM
9Tal yayd4lllaeT MOJy4YeHHOE HM300pa’keHHEe METOJIOM raMMa-KOPPEeKIHH. DKCIepUMEHTabHbIE
pe3yabTaThl TOKa3ald, 4TO MpesiaraeMas MEeTOJHMKa MO3BOJIIET MOJYYUTh PEHTICHOBCKHE
M300paykeHUs C YCUIIEHHBIM KOHTPACTOM.

267



Cnucok ucnoJjib30BaHHOM JTUTEPATYyPhI

1T oncanecP.,ByncP.Iludposasobpaborkanzobpaxennii. -3 nanue3-e,ucpaBieHHOSHIONONHEHHOE. — M. ;
Texnocgepa, 2012.— 1104c.

2T oncanec P., Byac P., Dpmunc C. Iudposas o6padoTka uzobpaxkenuii B cpene Matlab.— M.:Texuocdepa,2006.-
616¢.

3Ma J., Fan X., Yang S.X., Zhang X.], Zhu X.Contrast Limited Adaptive Histogram EqualizationBased Fusion
for Underwatern Image Enhancement i Preprints [Dnextponnslitpecypc] 2017,
URL:https://www.preprints.org/manuscript/201703.0086/v1

4 Https://www.kaggle.com/paultimothymooney/chest-xray-pneumonia.

5Craposoiito B.B., Tony6 I0.W. Liudposbie n3o0paxeHus: oT moaydeHus 1o oOpaborku — Munck: OUIIN
HAH Bbenapycu, 2014. — 202 c.

60Omaposa TI'., CraposoiitToB B. VYBenuueHue KOHTpacTa PEHITEHOBCKUX M300paKE€HMH Ha OCHOBEraMMa-
koppekimu. «Pusnko-maTeMaruaeckuenayku».77,1(amp.2022).DOI:https://doi.org/10.51889/2022-1.1728-7901.32.

7Mittal, A., R. Soundararajan, and A. C. Bovik. "Making a Completely Blind Image Quality Analyzer." IEEE
Signal Processing Letters. Vol. 22, Number 3, March 2013, pp. 209-212.

8Mittal, A., A. K. Moorthy, and A. C. Bovik. "No-Reference Image Quality Assessment in the Spatial Domain."
IEEE Transactions on Image Processing. Vol. 21, Number 12, December 2012, pp. 4695—4708.

NHOOPMAINMNOHHAS CUCTEMA "ITPUEMHASI KOMUCCUA"
IMonosa H.B., Cnmpuna E.A., CamoiisioBa U.A., Kopomenko C.
Kapaeanounckuu ynusepcumem um. axademuxa E.A. Bykemosa, Kapazcanoa, Kazaxcman
E-mail: dandn@mail.ru

Nundopmammonnas cucrema «l[IpueMHasi KOMHCCHUS», SBISETCS YacThIO TNPOEKTa MPOEKTa
«binmiMan. DneKTpOHABI KOJUICHK» H TpeJHAa3HaYeHa JUIsl ydeTa W aHau3a TOCTYIUICHHS
aOUTYpHEHTOB BO BPEMs IIPOBEIICHHSI TPHEMHOM KaMIIaHUH B KOJUIECIDKE.

Cucremsl 00paboTkn MHGOPMAIMK SBISIOTCS BOXHOW Karteropuwei ympasieHus. OT HHX, B
OCHOBHOM, 3aBUCHT J(PQPEKTHBHOCTh TIPUHSATHS pEIICHUH HAa OCHOBE YydYeTa U aHaju3a
npeAocTaBisieMol 3Toil cuctemoir wuHpopmarnuu. Heobxomumocts paszpabotku manHon HC
00ycioBJIeHa HEOOXOMMOCTBhIO 00paOOTKH OOJIBIIMX M TIOCTOSSHHO OOHOBJISIFOIIUXCS JaHHBIX H
BO3MO>KHOCTBIO BEJICHUS IOCTOSTHHOTO KOHTPOJISL M aHaJIM3a X0/1a MprueMa aOuTypUEHTOB.

B pesymbraTte wM3ydeHus TpeAMETHOH O0OJACTH TPUEMHOW KOMHCCHM W aHalM3a
MHGOPMAIIMOHHBIX MMOTOKOB MEXKIY Y4aCTHUKAaMHU 00pa30BaTEbHOrO Tpoliecca ObLia COCTaBJICHA
KonnenryanbHass MoJielib JaHHBIX. B3aMMOCBSI3M MEXAY BBIJCICHHBIMU CYITHOCTSMH H WX
aTpuOyTHl 0TOOpaXkeHbl ¢ momoIibio ER-monenu (pucynoxk 1).
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Pucynox 1. ERmMonens nadopmanmoHHoi cructemMbl
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Ha ocHoBaHWM KOHIENTYyaJbHON W JIOTHYECKOW Mojened Obuia pa3paboTaHa ¢uanyeckas
MOJIeNb JAaHHBIX, KOTOPas MPEACTaBIsIET CO00i peann3amuio JOTHYeCKOW MOJETU B KOHKPETHOU
CYB/l. ba3a maHHbIX WH(OPMAIMOHHOW CHCTEMBI COCTOMT M3 8 B3aUMOCBSI3aHHBIX TaOJHII:
Aburypuentsl, CrnenmansHoctd, HamMmCnenmansHoctei, JIbrotei, HarmonamsHOCT, ['pymimsl,
I'paxxnanctBo, Crienr3auuci (pUcyHoK 2).

PazpaboTtanHoe mpuiokeHne coctouT u3 17 ¢aitnoB pasnmumuynoro naszHauenus. [Iporpamma
uMeeT 15 pasnudabx Gopm U Mo ayIeH.

OpnHolf M3 OCHOBHBIX 33Jay NpoekTa sABisgercs 3anada «DopmupoBanue otyera «KoHKypc
JOKYMEHTOB» CO CBEJICHUSMHU O KOJMYECTBE MOJAHHBIX JOKYMEHTOBY». [laHHasl 3ajjaua CIYyKUT [
(dbopMUpOBaHHS OTYETa, COJACPIKAILIETO JAHHBIE MO MOJAHHBIM JOKyMEHTaM. Pe3ynbTarhl pemeHus
3a/1a4u HCIIOJIB3YIOTCS INPEICENATENIEM U OTBETCTBEHHBIM CEKPETapeM NPHUEMHOW KOMHUCCUU IUIS
MIPOBEJICHUS aHAJIM3a X0/1a IpueMa abUTypUEHTOB U IPUHSTHS PELLIEHUI Ha OCHOBE 3TOr0 aHaJIM3a.

Mento "Otuetsl"no3BosIeT GOPMUPOBATH OTYETHI MO PA3JIMYHBIM IpymnnaM aOUTYypHUEHTOB.
Otuetsl GOPMHUPYIOTCS 11O OTAEIEHUSAM, IOTOKY TECTUPOBAHMSI, HICTOYHUKY (prHaHcupoBanus. s
€KEJHEBHOTO aHalu3a npu BbIOOpe myHKTa «KOHKypc JOKYMEHTOB» B MeHIO «OTYeTb»
dbopMupyeTcss  OTYET O KOJIMYECTBE IIOJIAHHBIX JOKYMEHTOB M KOHKYpPCE€ JIOKYMEHTOB 10
CHEIHAbHOCTSIM, B pa3pe3e IO OTHEeNeHUsM, 0a30BOMy oOOpa3oBaHMIO, SI3bIKY OOydeHus u
UCTOYHUKY QuHaHcupoBaHusl. [lo kaxmoil rpynme crnennaibHOCTEH TOIBOAITCS UTOTH.
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Pucynok 2. Cxema gaHHBIX

Paspa60TaHHa;I I/IHCI)OpMaI_II/IOHHa}I CcuCTCMa ((HpI/IeMHaSI KOMUCCHA» IIO3BOJIICT BCCTH B
KOJJICIKE OHepaTHBHBIf/'I Y4€T 1O IMOCTYIUVICHUIO a6I/ITypI/ICHTOB. Hanuuue Pas3JINYHBIX OTYCTOB
oOJieruaer MpoHeCC KOHTPOJIA KOJIUYCCTBA IMOJAHHBIX JOKYMCHTOB IIO CICHUAIIBHOCTAM, aHAJIU3
NMOCTYIIMBIIUX a6I/ITypI/IeHTOB. Ha ocHOBe BEIXOJHOTO JAOKYMCHTA «KOHKpr JAOKYMCHTOB»
BBIIIOJIHACTCA aHAJIN3 XOJa HNpUeMa, KOHTUHICHTA a6I/ITypI/ICHTOB, JCIar0TCA BBIBOAbI O XOJ€
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npueMa M TPUHUMAIOTCS YIPABISIONIME PEIICHHs], IMO3BOJISIONINE MOBBICUTH 3()(EKTUBHOCTh
paboTHI MPUEMHOM KOMUCCHH TI0 00ecIieueH 0 Habopa yJaniuxcsi Ha HOBBIN YU4eOHBIH ro1.

Cnmcox Mcnob30BaHHOM JIMTEPATYPhI
1. Boiiko B.B., CaBunkoB B.M. IIpoextupoBanne MH()OPMANMOHHON 0a3bl aBTOMATH3MPOBAHHOH CHCTEMBI Ha
ocHoBe CYB/I. - M.: ®uHaHCcH U craTtrcTHKa, 2018.
2. lokymenramms CMK TBIIK. ITpouecc «IIpuemnas komuccus». — Temupray, 2015

PABPABOTKA MECCEHXXEPA CPEJCTBAMM ANDROID STUDIO
CamoiiioBa U.A., Cnupuna E.A., CMupnoBa M.A., Ilonoa H.B., IlapnaGexoBA.M.
Kapaeanounckuu ynusepcumem um. akademuxa E.A. Bykemosa, Kapacanoa, Kazaxcman

E-mail: irinasam2005@mail.ru, sea_spirina@mail.ru, smirnova_marina_alex@mail.ru,
dandn@mail.ru

Pa3paboTka MOOMIIBHBIX WM BEO-CEPBHUCOB Ui OyAYIIEro JIt0OOro MpeanpHsTHs, CO3AaHUe
MOOMJIBHOTO TPUJIOKEHHSI [ KOMIIAHMM - 3TO CHOCOO MOBBICUTH HMHTEPEC AYAUTOPUHU U
poIBUHYTh Ou3Hec.PazpaboTka Meccenmkepa st Android unu 10S - SBHBIA NPU3HAK TOTO, YTO
koMranusi B Tpenje. [lonb3oBarento He Bcerjga ylnoOHO HaxOIUTHCS B OOJBIION BEpCHM caiirta,
M03TOMY HYXHa Jierkass M JOCTYNHasl ajlbTepHAaTHUBA.AKTYyaJbHOCTh Pa3pabOTKU MeECCEHIKepa
o0yclloBJ€HAa TEeM, 4YTO KOJMYECTBO IMOJIb30BaTenel MOOMIBHBIX Tele()OHOB B OINEPAIMOHHBIX
cucremax Android pacter ¢ KaxapM JHeM. JlIonM MOHUMAIOT, YTO MMEIOT JAOCTYN K
HEOrpaHUYeHHOM uH(popManuu uepe3 cMapTOH: MOTYT BECTH OyXrajTepHio, NMpOoCMaTpUBaTh
MeMa-KOHTEHT, YCTaHaBJIMBATh MOJIE3HbIE MPOTPaMMbl U UIPhI, a TAKKE IUIAHUPOBATH OTIIBIX.
brnaronaps 3ToMy pbIHOK MOOMJIBHBIX MPHUJIOKEHUH MOKHO HA3BaTh MEPCHEKTHUBHOW OTpaciblo, B
KOTOPO# paboTaeT OOJIBIIIOE KOJIUUECTBO JIFOCH.

Pa3paboTanHblii MecceHIKep TMO3BOJSET 3HAYUTENbHO TOBBICHUTH OIEPAaTUBHOCTh U
JOCTYIMHOCTh UHGOPMAIIUH 7151 TIOTEHIIUAIBHBIX KITUEHTOB.

MecceHpkep 03BOJIIET OBICTPO OOMEHHBATHCS TEKCTOBBIMU COOOIICHUSMHU, H300paKEHUSIMH
u (aitmamu B dopmare PDF ¢ npy3psimu ¢ momomibio MOOMIBHOTO ycTpolcTBa. [loip3oBarento
MIPEIOCTABIISIETCS BO3MOKHOCTD 3aPETUCTPUPOBATHCA B MPUIIOKEHUU BYMs criocoOamu. [lepBbiit -
CO3JaHME YYETHOM 3amucu C UCHOJb30BAaHMEM KMMEHM I[0Jb30BaTeNsl M Mapotisi, BTOPOi-
MCI0JIb30BaHKE MOOMIIbHOTO Tenedona. Eciu Bocrpons3BecTH perucTpaiuio no HoMepy TeiaedoHna,
TO IOJIb30BATENb JOJLKEH BBECTU CBOW HOMEp TenedoHa B COOTBETCTBYIOUIYIO CTPOKY, IOCJIE Yero
MpHUAET COOOIICHHE C YHHKAIbHBIM KOJIOM MJis 3aBepuieHus peructpauuu. [locne perucrpanuu
0JIb30BATENI0 HEOOXOJMMO BBECTH UMS U CTaTyC, a TAKKe BO3MOKHOCTh BCTaBUTH (hoTorpaduio B
cBOH mpoduib. MOXHO BOCCTAaHOBHUTH 3a0BITHIN MapoJib, HAKAB Ha COOTBETCTBYIOIIYIO CCBHLUIKY,
KoTopasi OyZeT OTHpaBlieHa Ha MOYTY MOJIb30BATEIs.

Meccenxep ObLT CO3aH B MHTETPUPOBAHHOHN cpene pa3pabotku — Android Studio ans
pabotel ¢ miardopmoii Android[1]. Ilpm HamwcaHuu MOpoOrpamMmbl ObLT BBIOpaH S3BIK Java 110
CIIENyIOIIUM MpHYMHaM: B Java Bce sBisercs oObekroM. HancTpoiika MoxeT OBITh JIerKo
paciupeHa, moTOMY 4TO OHa OCHOBaHA Ha MOJeNIM O0OBEKTA; B OTJIMYUE OT MHOTUX JIPYTHX S3BIKOB,
Bkimtoyags C u C ++, Java, korja oHa cosjaHa, OHa coOpaHa He Ha IIaTgopMe KOHKPETHOH
MalllMHbl, a B OalT-KOJe, He3aBHUCHMOM OT IuiaTtdopmbl. Komnuustop Java HamucaH B 4YHCTOM
nopratuBHOM (popmaTte ANSI C, koTopsblil pencTasnsger coboit Habop POSIX; nporpammupoBanue
Ha Java cuuTaercs JAMHAMUYECKUM, IIOCKOJbKY OHO NpEJHA3HAYeHO s aJanTalud K
M3MEHSIOMMMCS yelIoBUAM. [IporpaMMbl MOTYT BBINOJIHATE 00JIbIION 00BeM HHGpOpMALUU TP €e
o0paboTke, obecrieunBas ee MPOBEPKY U TOCTYI BO BPEMS BBIIIOJHEHHS.

Ha pucynke 1 mpencraBiieHa peanu3anus IOJb30BaTENbCKOTO MHTepdeiica: OKHO BXoJa B
CHCTEMY, OKHO PEerucTpaluy, BO3MOXEH BXOJ] C IOMOILBI0O HOMEepa MOOUIBHOTO TenedoHa. Takxke
MOXXHO ucrnonib3oBath Firebase Authentication ans Bxona B cucteMy, oTmpaBuB SMS-cooOrieHne
Ha TenedoH noap3oBaTens [2].
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[Ipu OTKPBITUHM CHMCKA YaTOB MOKHO YBUIETH HE TOJBKO M300pa)KeHHUE U UM NOJIb30BATEII,
HO M BpeMs IMOCJIEIHEr0 MCIOJIb30BAaHUS MECCeH/UKepa. B JHYHBIX COOOIICHUSX MOMHMO
TEKCTOBBIX COOOIIEHHI MOKHO OTHPAaBIATh H300paxenus u PDF nokyMeHTHI (prcyHOK 2).

®40(913 0 &

BoiiTH ¢ nomouwbio Tenedona

Her yueThit 3anucu? PerucTpaums

Pucynoxk 1. Peanu3zanust moiap3oBatenbckoro narepderica
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APYrie BapHaKTLI, MOXET
4TO-TO NOCYUTAETE HYMHBIM HIMEHUTD.

07:57 AM - Apr 10, 2022
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08:09 AM - Apr 10, 2022

+ ‘ > o socnre coosu >

Pucynox 2. TekcroBoe cooOrienue

K 0COOGEHHOCTSIM CO34aHHOIO MECCEHDKEPa OTHOCHUTCS CIIEIYIOIIEE:MECCEHDKEP IPaBUIIBHO
COXpaHseT U BOCCTAHABJIMBAET COCTOSIHUE I10JIb30BaTENILCKOT0 MHTEpdeNca;Ipu BOCCTAaHOBICHUU
paloThI yCTpoiicTBa MOCJE BBIXO/A U3 CIISIIEr0 pekuMa (B 3aKpbITOM COCTOSTHMM) €r0 COCTOSTHHE
JOJDKHO OBITh OJMHAKOBBIM (BBIOPAHHBIM AKpaH, COCTOSHME YIPABICHM);MECCEHKEp He OyaeT
3aBHCaTh, JIOMaTbCsl MJIM MHBIM O00pa3oM HE MpPHUBEIET K OSKCTPEHHOMY MPEKpalCHHUIO
palboThI;MECCEH/IKEP HCIIOJIb3YeT BHYTpeHHHE 0a3bl JaHHbIX ciyxkObl Firebase mma xpaneHus
JIAHHBIX, TOJYYEHHBIX B CETH, U OTOOPAXEHUS UX B CETH;MECCEHJUKep padoTaeT i YCTPOMCTB,
HaunHas ¢ Bepcuu 4.4 KitKat ot oneparrionHoit cuctems! Android.

BHumaTensHO u3y4asi TEHACHLUU COBPEMEHHBIX SBJICHHM, 00Jiee M3BECTHBIX KaK MOOMIIbHBIE
MPUIIOKEHHS, MOKHO CJIeNIaTh BBIBOJ, YTO MH(OPMAIIMOHHBIE TEXHOJIOTUU HE CTOSIT HA MECTE, U C
KaX/IbIM T'0JIOM Bce OOJIbIlIe Pa3BUBAIOTCS.
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CnuCcoK UCN0JIb30BAHHOM JUTEPaTypPhI
1. Android Studio - cpena pa3pa®oTKu MOOHIBHBIX MPUIOKEHUH — [DnekTpoHHbid pecypce] — 2020. — Pexum
nocryma: https://arduinoplus.ru/android-studio/.
2. lo6aBnenue Firebase B mpoekt Android — firebase.google.com [Dnekrponusiii pecypc] — 2020. — Pexxum
nocryma: https:/firebase.google.com/docs/android/setup

HNCITOJIb30BAHUE CTATUCTUYECKUX METOJ1OB
JJIs AHAJIN3A KAYECTBA IMTPOAYKIINHN
Cmupnosa M.A.!, Cmupnosa E.C.2
1 Kapazanounckuii ynusepcumem umenu akaoemuxa E.A. Byxemoea, Kapaeanoa, Kazaxcman
2 Kapazeanouncxuii mexuuyeckuti ynusepcumem umenu Aoviikaca Cacunosa, Kapazanoa,
Kaszaxcman
E-mail: smirnova_marina_alex@mail.ru, smirnliza@mail.ru

I'maBHEIM  HCTOYHHKOM pocTta Bq)q)eKTI/IBHOCTI/I MMpOU3BOACTBA ABJIKACTCA IMOCTOAHHOC
IOBBIIICHUEC TCXHUYCCKOTO YPOBHS MW KAa4CCTBaA BI)IHYCKaCMOI\/’I MPpOAYKIIUH. CGFOI[HfI METOAbI U
cpencTBa, OOECIEUMBAIOIINE YIIYYIICHHE KAadecTBA MPOJIYKIIMH, WIPAIOT PEHIAONIyI0 pOJib B
HpOH?;BOJICTB@HHOfI JCATCIIBHOCTH. praBHeHI/Ie Ka4eCTBOM — MCETOAbI U BUABI ACATCIBHOCTHU
OIICPATUBHOI'O XapaKTEpa, KOTOPBLIC HCIOJJB3YIOT [JIs BBIIIOJTHCHHA Tpe6OBaHHﬁ K KadcCTBY.
CraTUCTHYECKOE YIpaBJIICHWE KAa4eCTBOM — Ta 4YacTh YIPABJICHUS KadeCcTBOM, B KOTOPOU
IMIPHUMCHATOTCSA CTAaTUCTHUYCCKHUC MGTOI[I)I.OCHOBHOG Ha3HA4YCHUC CTATUCTUYECCKUX METOIOOB
KOHTPOJIS - 00ecrieueHrne MPOU3BOICTBA TOTHOM MPOJTYKITUU C HAUMEHBITUMH 3aTpaTaMHu.

21.]'151 OMpCACIICHNA BO3SMOXHOCTHU NPUMECHCHUA CTATUCTHYCCKHUX METOJ0B KOHTPOJIA Kad€CTBa
JUIS pellieHHs] KOHKPETHON MPOU3BOJCTBEHHON 3a71aul ObUIH MPOBEACHBI PAOOTHI MO YAYUIICHHIO
kauecTBa npoaykunu Ha [IponsBoactee Nel 3aBog PI'TO.

B pamkax npoBeeHHOTO HCCeA0BaHUs ObLIIN PEIICHBI CIIEAYIOUINE 3a0a4u:

a) ompenelieHa pojib CTaTUCTHUECKUX METOJOB B YIPABIEHWH KAaueCTBOM, MX OCHOBHbBIE
MOJIOKEHUSI U BUJbl UHCTPYMEHTOB IO YIIPABJICHUIO KAY€CTBOM;

0) ommmcano ITpousBoacTBo Nel o peMOHTY TOPHO-TPAHCIIOPTHOTO O00OPYIOBaHMS, TTPOBEIEH
aHaJIu3 IOKyMEHTAIMU 110 BOCCTAHOBJICHUIO IIECTEPHU;

B) H3yd4yeHa HOMEHKJIATypa pPEMOHTHUPYEMOH MpOOYKIHMH, OILIEHKa OOOpylOBaHUS IO
Ne(eKTOBOUYHBIM BEJIOMOCTSIM;

') MPOBEIEH aHAIN3 MPUYMH BOZHUKHOBEHUS /1e(heKTOB 3y04aToro Kojeca ¢ UCIOJIb30BaHUEM
HMHCTPYMEHTOB KOHTPOJISI KAUeCTBa;

1) pa3paboTaHbl MEpPONPUATUS MO YCTPAaHEHUIO AE(PEKTOB B TEXHOJIOIMUECKOM Ipoliecce
peMoHTa ¢ 000CHOBaHUEM YKOHOMUYECKOU 3((HEKTUBHOCTH MPOEKTA.

Onucanue penieHus KaKI0U 3aaun MPUBEACHO B HACTOSIIIEH CTaThe.

CraTtucTuueckue METOJbl IMOBBIIIEHUS KayecTBa OIPEACNSIOTCS KaK HCIOJIb30BaHUE
coOpaHHBIX JAaHHBIX U CTAHJAPTOB KAa4eCTBA JJISl MOMCKA HOBBIX CIIOCOOOB YIIYy4YIIEHUS TMPOIYKTOB
u ycayr. OHU TOpeAcTaBisAlOT co0oil (HopMaIM30BaHHYIO COBOKYIMHOCTH METOJIOB, OOBIYHO
BKJIIOUAIOIIUX TOMBITKU CIENaTh BBIBOJ O CBOMCTBax Ooibiioro Habopa manHbiX.CyiiecTByer 16
HauOoJnee pPacIpOCTPAHEHHBIX CTATUCTUYECKMX METOJOB, W3JIOKEHHBIX WIU  OTIEIbHO
CTPYNIUPOBAHHBIX B (YHKIHMOHAIbHBIE pazfenbl. CTaTUCTHYECKHE METOIbl JESITCS Ha TpHU
OCHOBHBIE TPYTIIIBI:

a) METOJbl aHaIM3a CTATUCTUYECKUX COBOKYIHOCTEH: CpaBHEHHME CpPEIHUX, CpaBHEHHUE
JMCTIEPCU, perpPEeCCUOHHBIN aHaN3;

0) HKOHOMMKO-MaTEMaTHUECKHe METO/Ibl:MaTeMaTHYeCKOe pOrpaMMHUPOBAHHE,
IUIAHUPOBAHUE OKCIEPUMEHTa, HWMHUTAIMOHHOE MOJEIUPOBAHUE, METOJ OIICHKH pHUCKA H
MOCJICJICTBUI OTKA30B, TEOPUSI MAaCCOBOTO OOCIYXKHBaHUS, TEOPUSI paclucaHus, PyHKINOHAIBHO-
CTOMMOCTHBIN aHAIN3;MeTOAbI TaryTu, CTpyKTypupoBaHue (QyHKIIMH KauecTBa;
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B) rpaduyeckue meronsl: auarpamma Ilapero, konTposbHas kapra lllyxapra, amarpamma
pa3bpoca, rucrorpamma, crpatudukanus (paccioenue), auarpamma McukaBbl (IPUIHHHO-
CJIEJICTBEHHAs AHarpaMma).

Jnst perieHus npakTHyeckoi 3amaun Ha [lpousBoacte Ne 1 ObIIM MCIIONB30BAHbI CIICTYIOIIHNE
METO/bI: KpyroBasi auarpamMma, auarpamma [lapero, nuarpamma VcukaBbl, KOHTPOJIbHBIE KapThl
[yxapra.

TOO «KypbuibicMeT» - KpylNHEeWlee MalllMHOCTPOUTENBHOE MPEANPUITUE C MOJTHBIM LIUKIOM
pou3BoJicTBa. B coctaB mpennpusitisd BXOAUT 6 IMPOM3BOJCTB PAa3HOrO TUIlA HazHauyeHUs. s
naHHO#W pabotel Obwio  BeIOpaHo IIpomsBoactBo Nel (mmomanka PI'TO) mo  pemoHTy
TOPHOTPAHCTIOPTHOTO 00OpYAOBaHUS (PEMOHT M M3TOTOBJICHHE KOHBEHEPOB, PEIYKTOPOB, TOPHO-
[IAXTHOTO 00OPYJIOBAHWS).

Ha mpemnpustun  PI'TO mo  BoccTaHOBIEHHIO  OOOpPYIOBAaHHMS  PYKOBOJCTBYIOTCS
JIoKyMeHTanueil B cootBercTBuM ¢ pazaenaoMm 6 T'OCT 2.602-95. Buapl JOKyMEHTOB MO0 PEMOHTY
obopynoBanus, umeromuecs Ha npennpustun PI'TO: pykoBOACTBO HO PEMOHTY, TEXHHYECKHE
YCIIOBUSL Ha PEMOHT, albOOMBbI Ha BOCCTAHOBJICHHE JETaJIel, YEPTEKH PEMOHTHBIE, 1e()eKTOBOYHBIE
BEJIOMOCTH, aKT Ha cJjauy 000pyJOBaHMs B PEMOHT U Ha MPUEMKY €T0 U3 PEMOHTA.

[Ipn mpoBeneHuM aHanu3a JAHHBIX IO JEPEKTOBOYHBIM BEJOMOCTSIM Oblla COCTaBJIEHA
CTaTHUCTUKAa 00OpyAOBaHHMS ¢ Haumbojee 4YacTbIM HPOBOJMMBIM peMoHTOM. Hambonee
pacnpocTpaHeHHbIM JeeKTHbBIM 00bekTOM Ha yuyacTke Ne8 sBisiercst penykrop JIKP. Ucxons us
JAHHBIX TIOJYYEHHBIX IPH aHAJIMW3€, Mbl CJeNadd BbIBOJ 00 OCHOBHOHM mpoOiieMe MOJIOMKU
pEeAYyKTOpa: Ha JOJIIO IIECTEPHH MPUXOAUTCA HanboJblliee KOJIUYECTBO Je(PEKTOB.

AHanu3 KpyroBoil auarpaMMbl TOKas3ajl, 4YTO CaMblM YacTO BCTpeyarolUMcs AePeKToM
IIECTEpHHU SBJISIIOTCS cloMaHHble 3yObsi. Jlmarpamma  Ilapero mo3Boimia omnpenenuTs Tpu
MPUYKHBI HanOoJbLIero Kounyectna aAedekton: 80% oT Bcex AeeKTOB 3yObeB COCTABISAIOT U3JIOM,
aOpa3uBHBIN W3HOC W 3aemanue. [Ipu pabore ¢ dKcrepTaMu M MOCTPOSHUHU auarpammbl McukaBbl
ObUTH BBIABIICHBI (DAKTOPBI, BIUSAIONIME HA W3JI0M, aOpa3uBHBIM W3HOC WM 3aenaHue. TakoBbHIMU
(hakTOpaMu OKa3aIKMCh UCTIOJIb3yeMoe 000pyI0BaHNE U KBATM(PHUKAIHS PAOOTHUKOB.

JanpHelmmii aHammM3 TpuarH 1e(EeKTOB U paboTa ¢ SIKCIEPTaMH MO3BOJMIN CHOPMYITUPOBATH
pEeKOMEHJALNU 10 YIYYUICHHIO KayecTBa peMOHTa 3yObeB miecTepHU. CyTh peKOMeHIanui —
BHEJIPEHUE B ITPOM3BOJICTBEHHBIN MPOIIECC METO/1a HUTPOLIEMEHTAIIMH B MPOIIECCE PEMOHTA 3yOheB.

[Ipenmerom nanbHEWIIEro UCCIENOBaHUS OYAET SBISATHCS MPUMEHEHHE KOHTPOJBHBIX KapT
[yxapra mig onpeAeseHus pe3yIbTaTUBHOCTU BHEIPEHHBIX M3MEHEHMI B MPOLECC PEMOHTA
3yobeB miectrepHd.  KouTtponbHas kapta (kapra Ilyxapra) - 3T0 juHedyarbiii rpaduk,
IIOCTPOCHHBI HAa OCHOBAaHWU JIAHHBIX M3MEPEHMI IMTOKA3aTeNel Ipolecca B pa3indHble IEPHOIbI
BpeMeHH. OH TMO03BOJIAET OTpa3uTh JAUHAMUKY HW3MEHEHHMM IIOKa3aTells M 3a CYET JTOro
KOHTPOJUpOBaTh mporecc. KoHTponabHbIe rpaHulibl (TPAHULIBI PETYIUPOBAHNUA), OTOOpAKEHHBIE Ha
rpaduke, o003HauUalOT MIMPUHY pazOpoca, oOpa3yromerocs B OOBIUHBIX YCIOBUSX TEUCHUS
npouecca.Bepxuss u  HwkHsIs rpanunsl  perynupoBanus (BKIT u HKI) cmyxar gns
MIpeyNpEeXACHUS Pa3Ia Ky MPoLecca U OMPEIeNsIIOTCs M0 CHeHalIbHBIM TabuuuaM u Gopmysam.

AJTOpUTM MOCTPOEHUS KOHTPOJIbHOM KApTHI:

a) ompeJieNieHne BEIOPAaHHOTO CPEHEro apu(PMETUYECKOTO 3HAYCHHUS ISl KX 101 BBIOOpKU

0) ompeneneHue O0IMIET0 CPEAHETO apUPMETHUECKOTO 3HAYSHHS JIJIs1 BCEX BHIOOPOK

B) OIpeJiesIeHHE CPEeTHEr0 apu(PMETHUECKOTO 3HAUSHHsI pa3Maxa Jilsl BCeX BBIOOPOK

I') onpeiesieHue BepxHeil rpanuisl perynupoBanus (BI'Px) s X-kapTbl

1) onpenenenue HuxHel rpanuisl perynuposanus (HI'Px) mns X-kapTbr

e) onpenenenue neHTpanbHoi muaun (LJT)

) OIlpeieieHne BepXHEeH IpaHuLbl PEryIMpOBaHuUs s pa3zMaxa

3) ONIPEJEIICHNE HIKHEN TPaHUIIbl PETYIMPOBAHUS 1JIs pa3Maxa

1) OINIpEETICHNE LIEHTPAIBHON JIMHUM ISl pa3zMaxa

AHanmu3 KOHTPOJIBHBIX KapT MOKaXXKeT CTENEHb CTaOMIBHOCTHU IpOIecca MPOU3BOJICTBA MOCIE
BHeZpeHUs u3MeHeHul. [losBIeHre oTKIOHEeHUH Oy[eT CHUTHAIM3UPOBATH O TOM, YTO HEKOTOpHIE
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(hakTOphI, BIMSIIONINEC HA MPOIECC, HEOOXOIMMO HUICHTH(PHUIIMPOBATH, MCCIEAOBATh U MOCTABHUTH
10J1 KOHTPOJIb.
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NPUMEHEHUE HHOOPMAILIMOHHBIX CUCTEM JISA
NOJAEPKKHN MAJIOTI'O BUSHECA
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3a IIOCICAHUE TOJbI I/IH(l)OpMaHI/IOHHI)IG CUCTCMbI CTaJlIdi OCHOBHBIM HAIIPaBJICHHUEM
WCCIeIOBaHUM B JIUTEpaType Mo opraHuzanuu ousHeca. OHU OTKPBHIBAIOT OOJIBIINE BO3MOXKHOCTH
JUId ycliexa KOMIIaHWM; y4UThIBasi, YTO OHHU OOJaJal0T CIOCOOHOCTBIO cOOMpaTh, 00pabaThHIBATh,
pacrpocCTpaHsaATb U 00MEHUBATHCS JaHHBIMU KOMIUJICKCHBIM H CBOCBPEMCHHBIM 06p330M. KpOMe
TOT0, OHU TTIOMOTAIOT COKPATUTH reorpaduueckue paccTosHUs, MO3BOJISAs COTPYAHUKAaM ObITh OoJiee
3¢ GEeKTUBHBIMHU, YTO OTPAXKAETCS B YIYULIEHUH IMPOILIECCOB, aIMUHUCTPUPOBAHUS U YIPABICHUS
nHpopmalved ¥ TNPUBOAUT K TIOJOXKHUTEIBHOMY BIUSHHIO Ha MPOU3BOAUTEIBHOCTH U
KOHKYPEHTOCTIOCOOHOCTh ~ KOMITaHHH. OTO  CO3[ajl0  HEOOXOJWMOCTh  OIpENeNeHUs  UX
MpeaPUHUMATEIbCKOM LIEHHOCTH.

NudopmanioHHble CHCTEMbI XapaKTEPU3YIOTCSI TEM, YTO COCTOSIT U3 00Jiee MEIKUX CHCTEM,
CrOCOOHBIX (PYHKIITMOHUPOBATH JIMOO WHTErpUpPOBaHO, MO0 He3aBHCHMO. boiee Toro, ecnu oHHU
CIOCOOHBI B3aUMO JEWCTBOBATH MEXKY COOOM, TeM caMbIM COCTaBIss UH(OOPMALIMOHHYIO CHCTEMY
BCEl OpraHu3alliy, MO3TOMY €€ MOYKHO OMPEENIUTh KaK IPYIIY 3JIEMEHTOB, OpPUEHTUPOBAHHBIX Ha
00paboTKy, aIMUHUCTPUPOBAHHUE U PACIIPOCTPAHEHHE TAaHHBIX U MH(OPMALIUY, OPraHU30BaHHBIX U
TOTOBBIX K HX MOCIEAYIOIIEMY HCIIOJIb30BAaHUIO, CO3AAHHBIX JJISl YIOBIETBOPEHUS MOTpEeOHOCTEM
opranuzanuu. Cpeau pa3ivuHBIX JIBHXKEHUH, KOTOpBIE MPU3HAIOT BaXKHOCTh HMH()OPMAIIMOHHBIX
CHUCTEM, Mbl MOKEM HaWTH ABW)XEHHE, OCHOBAaHHOE Ha TEOPUU PECYPCOB M BO3MOXKHOCTEH WU
CBSI3aHHOE C MHAYCTpHUEH ImporpaMMHoOro odecrneueHusi. B mocnennem ciyyae ObUIH MPEAOKEHbI
pa3iIuyYHbIe MOJEIHM YIPABJICHUS KAaueCTBOM, HEKOTOPbIE M3 KOTOPBIX OBUIM COCPENOTOYEHBI Ha
MPOJyKTax, a Jpyrue — Ha Mpolieccax. OTO TMO3BOJIET MOBBICUTH MPOU3BOAUTEIHHOCTH B
OTHOIIEHUH Pa3zpabOTKH MPOrpaMMHOI0 00ecreueHHs.

B nanHBII MOMEHT JOCTATOYHO MPOCTOH, HO APPEKTUBHBIN METO pa3pabOTKU MPOrPAMMHOTO
obOecrieueHus JUIsl HallaXUBaHHUS MPOM3BOACTBA Majoro OW3Heca — HCMHOJIb30BAaHUE YCIYT BeO-
CTYIH, KOTOpbIE CO3JAI0T aJalTHUBHbBIC BEO-TPUIOKEHUS U CANThI, UCIIOJIL3YSl CaMble HAJIC)KHbBIC
TEXHOJIOTUU B OTPACIM, YTOOBI MOMOYL pPa3BUBATh MPEANPUHUMATEIHCKOE JIEI0 C IMOMOUIBIO
CO3JJaHHBIX Ha 3aKa3 BeO-caiiToB, BEO-MPUIOKEHUM U MPOIYKTOB, HE OECHOKOSCH O KaKUX-THOO
TEXHUUYECKUX JIeTalsX. BeO-cTyauu co3qaroT caliThl Ha TOTOBBIX MIA0JIOHAX, CAMTHI C KaTaloraMu,
WHTEPHET-Mara3uHbl, IeJeBble CTPAHUIbl, MOOHIbHbIE BEPCHH CANTOB, OINTOBBIE MOPTAIbI C
JTUYHBIMU KaOWHETaMH, J0palaThiBalOT YKE CO3/JaHHbIE CAlThl B cllyyae HEOOXOTUMOCTH H
CpaBHHMBAIOT (QyHKIMOHANI. K MOMOMHUTENBHBIM YCIIyraM OTHOCSTCS MPOJBIKEHUE M TMOJIEPIKKa
CaliTOB, KOHTEKCTHAas peKJIaMa B TOHMCKOBBIX CHCTEMax M COLMATbHBIX CeTsSIX, pa3padoTka
JIOTOTHUIIOB M APYTUX DIIEMEHTOB (PUPMEHHOTO CTHJIS, HAMHMCAHUE YHHKAIBbHBIX TEKCTOB, a TaKKe
KOHCYJIbTAIIMK B 00JIACTU MPOIBIKEHUS OM3HECA.

C npumeHeHHEeM HH(POPMALMOHHBIX CHCTEM s MOJJIEPKKH Majoro Ou3Heca CTYAEHTHI
obpa3oBaTenbHOM mporpammbl «HGOPMAIMOHHBIE CUCTEMBD) 3HAKOMSTCS B XOJI€ MPOXOKIACHUS
MIPOU3BOJICTBEHHON MpakTHKU. Hampumep, B BeO-CTYyIUSAX CTYIEHTHI pa3padaThIBAlOT CAMTHI IS
MpeanpusITHii Manoro Ou3Heca. bynyiue cnenuanucThl MpeAsiararoT Kak Co3JaHHMe caifTa Ha
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rOTOBBIX MIa0JNIOHAX, TaK W HayalbHble pemieHus. OnHOW W3 3a4a4, IOCTABJICHHBIX IEpen
CTY/ICHTaMH B NEPUO]] MPAKTUKH, OBUIO CO3JaHKMEe CTPYKTYphI Oyaymiero mpoekra. [lis ynobHoro
MOHMMaHUs TPUHIIMIIOB BIIOKEHHOCTH OHHM paboTaror B cepuce Octopus.do. OcHoOBHas wupes
MPOEKTUPOBAHUSA CTPYKTYpbl caiiToB B Octopus 3akirodaeTcs B (OPMHPOBAHWUU CTPAHMIl U3
TOTOBBIX OJIOKOB, KOTOPBIE MTOMOTYT MPEACTaBUTh, KAKOW KOHTEHT OHM OXHJAIOT YBHUJIETH B OoJiee
WIM MEHee TOYHOM MOo3uuuu Ha cTpaHuue. IIpakTukaHTBl J€rko npucnocabIuMBalOTC K
MIPOEKTUPOBAHUIO KapThl caiita, Tak kKak Octopus.do mo3BoiisieT paOOTHHKAM OJHOTO IPOEKTa
OCTaBJIATh KOMMEHTAPUH, KOTOPbIE MOT'YT YUTaTh OCTAJIbHbBIE KOJUIETH, C KOTOPBIMH I10JIb30BATEIb
MOJAETWICS KapToil. YBeIOMJIEHUs O KOMMEHTapusX Npuxoadar Ha nouty. B Octopus y xomana
TaK)X€ €CTh BO3MOXKHOCTb pabOTaTh BMECTE B PEKHUME pPEATBHOTO BPEMEHH, YTO IOMOTaOT
CTYAEHTAaM HUCIIPABJISITh CBOU OLIMOKH U pEAAKTUPOBATh MaJICHIINE HEJAOUYETHI.

Beb-ctyausi, B KOTOpOH CTYAEHTHI MNPOXOAAT MPOU3BOJACTBEHHYIO MPAKTHKY, OEpexHO
OTHOCHUTCSI K KJIIMEHTaM, MO3TOMY IIOCJIE€ CO3JAaHUs MPOEKTa TaKKe IpeajgaratoT CBOU YCIYTH IO
oOcnyxuBaHuio caiita. KOHTEHT-MeHemKepbl CTYIUH HAMOJHSIOT CAaWThl HEOOXOAMMOMN
nHpopmalren, akTyaabHOM Ha JaHHBIM MOMEHT AJis moJib3oBareneil. Hampumep, 310 MOryT ObITh
pa3auyYHble KaTeropud TOBApoOB JJIs HHTEpHET-MarasMHoB. Kpome »3Toro, wuHorga mnepen
CTYAEHTAaMH CTOUT HEOOXOJUMOCTh MepeHecTH Oojbie o0bEMBI MHGOpPMAIMU C OJHOTO BeO-
nmpoekTa Ha Apyroi. Takwe 3amaund ymoOHO OCYIIECTBISATH Yepe3 UMIIOPT U IKCIOPT (Hauos,
KOTOPBIN YK€ UMeEeTCs B cucteme, Hanpumep, «1C-butpukc: YnpasiieHue cautom».

Kpome atoro st co3manust U NOLAECPKKU MPOAYKTOB MPUMEHSIOTCS KpoccIiaTpopMeHHbIE
IO — cucremsbl ympaBieHHS KOHTEHTOM BeO-mpoekTa. Takue cUCTeMbl pabOTalOT C MOMOIIBIO
HOBEHIINX aJITOPUTMOB YIIPaBJICHHUS:

— Kommpeccus ctpanuil. CxaTre CylieCTBEHHO YBEIMUUBAET CKOPOCTh pabOTHI C caliToM Jyis
MOCETUTENC M aJIMUHUCTPATOPOB 3a CUET YMEHbIIECHHS OOBEMOB IEpeaBacMbIX JaHHBIX U
W3MEHEHUs NUHAMUKHU 3arpy3ku cTpaHulbl. CHayana 3arpyxaercs koMmmpeccupoBanHblii HTML
CTpaHUIIbI, MOKA3BIBAETCS KIIMEHTY U TOJBKO MOCIE 3TOr0 HAaUMHAETCS 3arpy3ka u300paxeHuil.

— ABTOMaTHYECKHI ayqIuT MPOU3BOJUTEILHOCTH. BceTrpoennsii MOHHUTOP
MIPOU3BOJIUTENBHOCTH TIOMOXKET pa3paboTYMKaM MPOaHATU3UPOBATh CKOPOCTh paboOThl calfTa U
3¢ HeKTUBHOCTh BBIOpaHHOTO XOCTHHTa. OH TMO3BOJIIET B aOCOJIOTHBIX BEJIMYMHAX OIICHHUTH
KOH(UTypallMio TMpPOEKTa, CpPaBHUTh €€ C JTAJOHHOW CHCTEMOH, OLEHHUTb OOIIyI0
MIPOU3BOIUTEIBHOCTD U BBIIBUTH TPOOJIEMHBIE YUACTKH.

— Ilonnepxka cepBepHBIX Ki1acTepoB. JIr000# HOBBINM MM PabOTAIONTUI MPOEKT» MOXKET OBITh
MIpeJICTaBjIeH KaK BeO-KiIacTep B3aMMO3aMEHSEMBIX CEPBEPOB, KOTOPHIN MO3BOJSIET PaclpeleinTh
OJIMH CalT Ha HECKOJIbKO CEpPBEPOB, pellasi TEM CaMbIM HECKOJBKO 3ajau: 0OecriedeHHe BBICOKOI
JNOCTYITHOCTH  caiiTa, €ro MaclmTabupoBaHHEe B  YCIOBHUSX  BO3pacTalolleid  Harpysku,
OanmaHcHpOBaHUE HArpy3ku, Tpaduka, JaHHBIX MEXK]1y HECKOJIbKUMU CEPBEPaAMHU.

— Monutopunr Harpy3ku. BceTpoeHHas cucreMa MOHUTOPHHrA IO3BOJIMT HAOMIOAATh 3a
COCTOSIHUEM CepBepa M HE MPOMYCTUTh MOMEHT KpPUTHUECKOW Harpy3ku. Cuctema oTOOpa)kaeT
napaMeTpbl Harpy3Kd CETH M Ipoleccopa, 00beM MaMATH M CKOPOCTh PabOThl — 3TO MO3BOJSET
OTIpeIeNIUTh YPOBEHb NMPOU3BOIUTEIHHOCTH caiiTa 6e3 3alpOoCOB K CepBEpY.

— Busyanbnblit koH(puUrypatop cepBepa. YnoOHbI HHTEepdEiic CUCTeMbl MO3BOJIAET JIETKO
HacTpauBaThb cepBep Oe3 MpUBJIEUEHHs Y3KUX crheruanucroB. Haxomsch B aJMMHUCTpAaTUBHOM
pasfzelne caita, MOXHO IPOCTO MEPETAIUTh MBIIIbI0 KOMIIOHEHTBI CEpBEpa U MEpPEPACIPENEIUTD
HarpysKy.

OTO co3JaeT MOCHENCTBUS s Pa3pabOTUMKOB CHUCTEM, KOTOpbIE JIOJDKHBI YYHUTHIBATH
MOTPEOHOCTH KOHEYHBIX MOJIb30BaTENIel U B TMOJHOM Mepe HCIO0JIb30BaTh MOJHOTY, 0€301acHOCTb,
JOCTYIHOCTb, CKOpPOCTh M TOYHOCTb HHGOpPMALMK [UIi MOBBILICHUS YIOBJIETBOPEHHOCTH
M0JIb30BaTENeH, HO 0COOEHHO /IS YIYUIICHUS eI UCTI0JIb30BAHMS — MOJIE3HOCTH CUCTEMBI.
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MeToI0NIoTHsT MCCIIEIOBAHUS CTPOUTCS Ha OLleHKe Mojenn (yHKiuu 1eHHoctn Kanemana -
Teepcku, u ee mapametpoB: r — (reference point) touku orcuera u L(loss aversion) Henpusitus
noreps. lIpenmnonoxkeHuss monenu, y INANKMEHTa, KOTOPBIM aymaer, 4rto 3a0poB 7 =0  ecThb
NOTPEOHOCTh B TOKYIKE X, HO €My MpPOIHCAIN JIGKapCTBO IO TOW JKe IIEHEe, KOTOPOe IOJIKHO
CIIAaCTH €ro OT MOTEePH 370pOBbs Z. ECIIM OH ero KymuT, TO MOJY4HT I —LX, T.e. OTpUIIATEIbHYIO
BEJIMYMHY, €CJIM K€ HET, TO OH Mojy4aeTr + X — L -z (mojiydaer x, HO TepsieT 310poBbe). Ero
pelieHne OyIeT 3aBUCETh OT TOTO, 4TO OOJIbIIIE, a TAK)KE OT TAKUX IMapaMeTPOB, KaKk ero HeBepHe B
TO, YTO OH MOTEPSIET 3/I0POBbE Z MOXKET ObITh CIy4YaillHOW BEIMYMHOM, C €r0 TOUKH 3PEHHS], TOUKH
OTCYeTa T, CBOMCTB (DYHKIMH TOJE3HOCTH U mp. [107X0/ TaKOTO THIIA PEATM30BaH, HAIIPUMED, Y
Koczegi — Rabin u Musgrove, P.

CornacHo ¢ynkinuu 1enHocTn Kanemana - TBepcku U ee mapaMeTpoB, Ha OCHOBE JaHHBIX
ompoca cocTtaBiicHa 6a3oBast Mojenb it wtpp (willingness to pay polis— rotoBHOCT TIATHTH 3a
TIOJINC):

WTPP = a + B, + B,healthstate3 + [zhealthstate4 + [ healthstate5 + [scost
+ Bglangkaz + B,age + Pgfemale + ¢

OTBeThl pecroHeHTOB Ha BOMpoc 4 «Kak Obl BbI OIEHWIHM, COCTOSTHHE BAIllero 3J0POBBS 7
OBLTH pa3JielIeHbI HA MATh KaTETOPUH:

1) healthstatel = 1 for Q4 € [1,,5] — eciu pecrioHaeHT BbIOpaa BapuaHT «OTIHYHOE.

2) healthstate2 = 2 for Q4 € [1,.,5] — eciu pecrioHICHT BBIOpa BApHAHT «XOPOIIEE).

3) healthstate3= 3 for Q4 € [1,5] - ecim peCcnoOHACHT BBHIOpal  BapHaHT
«Y IOBICTBOPHUTEIIBHOCY.

4) healthstate4= 4 for Q4 € [1,.,5] — ecnu pecnionieHT BeIOpan BapuanT «Iloxoey.

5) healthstate5=5 for Q4 € [1,.,5] — eciu pecniongeHT BeIOpan BapuaHT «OUeHb IJIOX0EY.

OTBeTHl PEeCcHOHJCHTOB Ha BOMPOC 9 «CKOJBKO B CpEJHEM TpPaTUTCs JIeHeT B MecsI] Ha
JICKapCTBa JUISl BCEX YWICHOB CeMbH?» ObLIU pa3/ielieHbl Ha CEMb KAaTETOPHU:

1) dcostl =1 for Q9 € [1,..,7] — ecnu pecnionaeHt BbiOpan Bapuant «Ot 5 000 mo 10 000
TEHTe.

2) dcost2 = 2 for Q9 € [1,7] — ecnu pecnongeHt BbiOpan Bapuant «Ot 10 000 mo 20 000
TEHTeY.

3) dcost3= 3 for Q9 € [1,.,7] — ecnu pecnioraeHT BoiOpan Bapuant «Ot 20 000 m0 50 000
TEHIe.

4) dcost4= 4 for Q9 € [1,.,7] — ecnu pecnionaeHT BbiOpan Bapuant «Ot 50 000 mo 100 000
TEHIeY.

5) dcost5="5 for Q9 € [1,.,7] — ecniu pecrionieHT BbiOpan BapuaHt «bosee 100 000 TeHTe».

6) dcost5= 6 for Q9 € [1,..,7] — ecnu pecrnoHIEHT BhIOpaj BapHaHT «HE 3HAK/ OTKa3 OT
OTBETay.

7) dcost5= 7 for Q9 € [l,...,7] — ecnum peCHOHAECHT BBHIOpaAl BapUaHT «3ATPYAHSIOCH
OTBETHUTH.

langkaz = {1,
€CJIM PECTIOH/IEHT BhIOpAJT Ka3axCKUH SA3bIK, 0, €CJTM peCIOH/IEHT BbIOPaJ PYCCKUM SA3bIK.
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WTPP all = 5,160 + 0,268 + 0,365 healthstate3 + 2,666healthstate5 + 0,013cost + ¢

BBuay Hanuuus OTBETOB Ha AHKETHBIE BOIIPOCHI Ka3aXCKOM U PYCCKOM SI3bIKaX, Mbl CMOTJIM
pa3nenutb 3T 3((EKTh, OIEHUB OTAAYY OT S3bIKa B TOTOBHOCTH IUIATHTH 3a JIEKAPCTBEHHBIN
CTpaxoBOW mNOJUC. Pa3roBOpHBIM $3bIK M TOTOBHOCTb IUIATUTh 3@ MOJHUC JIEKApPCTBEHHOTO
cTpaxoBaHMs. Mbl paccMaTpuBaeM HECKOJIbKO BO3MOXHBIX IPUYMH YCTOMYMBON OTAAaYM OT
pycckoro si3eika: WTPP kaz = 5,154 + 1,926healthstate5 + 0,007dcost + ¢

WTPP ru = 5,029 + 0,507 + 0,593healthstate3 + 8,207healthstate5 + 0,019dcost + ¢

Kak mokasanu pacdeTsl, OJ0KUTeIbHOE Bo3aeiicTBrue Ha WTPP kz oka3pIBaayM «CaMOOIICHKA
3/10pPOBbsI, €KEMECSIUHBIE 3aTPAaThl CEMbU HA JIEKAPCTBEHHBIE CpecTBA. MOKHO 3TO OOBSICHUTD TEM,
yro nocneactsus nanaeMun COVID-19 u mnbnsnus ckazaauch Ha pacxojax Ka3axCTaHIIEB Ha
JIeKapCcTBa, KOTOphIe yBenwmumianuch Ha 63%. IlomoxwurensHoe Bo3zaeciictBue Ha WTPP all B
kareropuu, B rpynne all u ru nonoxurenbHoe Bo3zaeiictBue Ha WTPP okassiBamm, eciou
PECHOHJIEHT MPU CaMOOLIEHKE 3/10pOBbsl BHIOMpA BapHaHThI «Xopouiee», Y A0BIECTBOPUTEIBHOEY,
«Ouenb moxoe». Takum o00pa3oM, pa3paboTaH KOJMYECTBEHHBIM HMHCTPYMEHTAPUH OIICHKU
TOTOBHOCTU IUIATUTh 3a JIEKAPCTBEHHBIM CTPaxoBOW IOJIUC, T.€. MOJENb (PYHKIUH IIEHHOCTH
Kanemana -TBepcku, y4UTHIBAIOIIMNA AKOHOMUYECKOE M (PMHAHCOBOE IOBEJCHHE HaceleHus. B
JIMC Ha ycrnoBusx co(uHAHCUPOBaHUS OyayT BKIIOYEHBl MEIWLMHCKHAE M CEPBHUCHBIE YCIYIH,
WCKJIIOYEHHbIE U3 MTPOrPAMMBI TOCYIapCTBEHHBIX TapaHTHI U HE BXOAdIue B 0a30BYIO IPOTrpaMMy
OMC. B IIporpamme rocynapctBennbix rapantuii (III'T), ycraHoBieH nepeyeHb BHIIOB, GopM U
yCIIOBUHM  O€CIUIaTHOW METUIMHCKOW Tmomomu. OmHako, g JIeYeHUST MHOXKECTBEHHOM
XpOHMYECKOH 3a00JIeBa€MOCTH TpeOyeTcsi BHEAPEHHE HOBBIX METOJIOB OIUIAThl METUIIMHCKOM
MOMOIIU: JTOOPOBOJBHOIO MEIUIMHCKOTO CTPaxOBaHHUS Ha YCIOBUSAX CO-()MHAHCHUPOBAHUS, B
KOTOpYIO OYyIyT BKJIIOYEHBI METUIIMHCKUE W CEPBUCHBIE YCIYTH, MCKIIIOUYEHHBIE M3 MPOTrpaMMbl
rOCyJapCTBEHHBIX TapaHTUH U HE BXoas1mue B 6a30Byro nporpammy OMC.

UccnenoBanne ocymectBieHo B pamkax mnpoekta Ne  AP(09259811 rpanToBOTO
¢unancupoBanust Komutera Hayku MunmcTepcTBa 0Opa3oBanus u Hayku Pecryonmku Kazaxcras.
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OPTAHMU3AIUS JIEKTPOHHOM KOMMEPIIAU C ITIOMOIIBIO
WEB-IIPUJIOKEHUI
Cnupuna E.A., Temupxanos T.E., CamoiinioBa U.A., Ilonosa H.B., Epmosienko A.
Kapazanounckuii ynusepcumem umenu axademuxa E.A. bykemosa, Kapazanoa, Kazaxcman
E-mail: sea_spirina@mail.ru

YenoBeyecTBO IIArHYJO0 HAa HOBYIO CTYNEHb DPa3BUTHS, a 3TO MHOJpa3zyMeBaeT Moj coOoi
CYIIECTBEHHbIE M3MEHEHMs B T€X OO0JIACTSX, K KOTOpPBHIM IMpHyacTeH 4enoBeK. OTHUM M3 TaKHX
M3MEHEHHH cTaio (opMUpOBaHHE U yAaYHOE PAa3BUTHE HOBOTO CEKTOPAa MUPOBON SKOHOMHKH -
AEKTPOHHON KomMmepuuu.Ilox TepMUHOM «@IEKTPOHHAs KOMMEPLU» MOHUMAIOT OCYIIECTBIEHHE
pa3NUYHBIX ~OMepaluii W CAEIOK ¢ NPUMEHEHHEM HOBEHIIHMX HMH(POPMAIMOHHBIX U

277


http://www.jstor.org/stable/25098823
https://openknowledge.worldbank.org/handle/10986/13656
mailto:sea_spirina@mail.ru

KOMMYHHKAITIOHHBIX TEXHOJOTHH. [JaBHBIMH OCOOCHHOCTSMHU JAaHHOTO CEKTOpa SBISIOTCS
BBICOKas S5KOHOMHUYECKast 3 (HEeKTUBHOCTD U TTI00ANTBHBIN XapaKTep TPUMCHECHHUS.

[Mocnencreus Covid-19 moBceMecTHO ~ YCKOpWJIM — BHEIpPEHHE  LUQPPOBBIX  TEXHOJIOTHIA.
TexHoyiorMK BCE YaIle WCIOIB3YIOTCSA IUISl paOOTHI, Pa3BICUCHUN W MOMICPXKAHUS CBS3H, U YKE
chopMupoBal HOBBIE ITU(POBEIE IPUBBIYKH Y JTIOJIeH 10 Bcemy mupy. [IpeoOpa3oBaHue oneparmii
B COOTBETCTBUU C HOBBIMH ITU(MPOBBIMHU TCHICHIMSAMHU JACT BO3MOXKHOCTH ISl CTUMYJIHPOBAHUS
SKOHOMHYECKOTO POCTa M CO3aHUs pabounx MecT. BOT movyeMy peIHOK JIEKTPOHHONW KOMMEPIIUU
ceidac moJ1 CaMbIM MTPUCTATBLHBIM BHUMaHUEM.

DNeKTpOHHAS KOMMEPIIHS BKJIFOUAET B CeOs:

— anekTpoHHBIH 0OMeH nHpopmanueii (Electronic Data Interchange, EDI);

— anekrponHoe nepeBo cpencts (Electronic Funds Transfer, EFT);

—  DIEKTPOHHYIO TOproeito (aHri. e-trade);

—  3JIGKTpOHHBIC JIeHbIH (e-cash);

—  3JIeKTpOHHBII MapkeTHHT (e-marketing);

—  3JIeKTpOHHBII OankuHT (e-banking);

—  DIIEKTPOHHBIE CTPaxXoOBbIe yCayru (e-insurance).

Kak paboTtaet 351eKTpoHHass KOMMEPITHS:

— Ipe3eHTaIus TOBAPOB HAa TOPrOBOH TUIOMIAIKE;

— IpuBJeYeHHUE TpaduKa HA TUIONIAIKY;

— o0paboTka 3aKa3oB;

— TPOBEJICHUE TUIaTeXka,;

— JIOCTaBKa M BO3BPAT TOBAPOB.

JIy1st paGOTHI SJIEKTPOHHOM KOMMEPIIHM HEOOX0IMMO CO34aTh Tuiatgopmy (Mara3uH), IpUBJICYb
Ha Hee JIoJieH, BOCIUTAaTh MEHEKEPOB, 00paboTaTh WX 3akKa3bl, 00CCICUYUTH HEOOXOIUMYIO
TEXHUYECKYIO MOJIEP’KKY, OCYIIECTBIATh IJIATEXHU, JOCTABISATH TOBAPhI U MOIACPKUBATH CUCTEMY
B HaJyIeXallleM BU/IE.

JlocTyn K DSJE€KTPOHHOW KOMMEPIMH CEroJHS BO3MOXKEH C JII000ro CMapT-yCTpOWCTBA,
HanmpuMep, MO JaHHBIM HCCIeI0BaTeIbCKOM KomImanuu Juniper Research, ceromHs B mupe K
WHTEPHETY MOJKIIYEHO 7 MHJUIMAPJOB YCTPOUCTB, a K 2023 rogy UX KOJUYECTBO YBEIUYUTCA 10
50 MUILIHApaOB.

Hawnbonee momymsipHbIMH BHJIaMHU 3JIEKTPOHHON KOMMepluu sBIsiroTcsS B2B (6usHec mis
ousneca) u B2C (6usnec mis kimenta) [1]. ToproBele MHTEpHET-IUIOMAAKH (BUPTYalIbHBIC HIIH
AJIEKTPOHHBIE TOProBbIE IJIOLIAAKH) 3aKIIOYAIOT CHACNIKM MEX]y NpOJaBlIAMU U TMOKYMATesMHu,
OCYILIECTBISIOT (DMHAHCOBBIE U KOMMEPYECKHE CHCJIKM MEXIy KOMIIAHUSMHU, HaXOASIIUMUCA B
pasHbIX reorpaduyeckux Toukax [2]. MHTepHET mpeanaraer BO3MOKHOCTh TOProBaTh B PEXHME
pEeaIbHOTO BPEMEHHU.

Topronst B MHTEpHETE MOXKET OBITh OpraHu3oBaHa MO-pazHomy.Camblil MPOCTOM BapuaHT -
cozmate \Web-ButpuHy, KOTOpas MpeacTaBisieT co0Oi KOMOWHAIMIO TaKMX KOMIIOHEHTOB, Kak
karajor, HaBuramus u POS-cuctema. Ilocrme Toro, kak 3aka3 oQOpMIIEH MOJb30BaTElIEM, OH
nepenaeTcsi MeHemKepy s 00paboTku. MHTepHEeT-MarasuHbl — 3TO OTHOCUTENBHO HEIOPOTHE
BeO-caiiTel. OHHM COCPEJOTOYEHBI TOJBKO Ha 3aKa3e, a MHOTJIA M Ha BBICTABICHUU CUETa.
HenocpencreenHyio paboTy ¢ 3aka3oM OCYHIECTBIISIET MeEHeMKep Mo mnpoaaxam. CrerneHb
aBTOMAaTHU3aI[Mi TOPrOBOTO MpoIlecca B MHTEpHET-MarasuHax Huskas. Kpome Toro, kak MUHUMYM
HE00X0IMMO 00IIATHCS CO CKIIAJ0M, OPTaHU30BLIBATh IOCTABKY TOBapa MOKYMATeIsIM U MPUHUMATh
omuiaty. Takxke HEOOXOAMMO U3yYaTh CIIPOC, TPOBOAUTH PEKIAMHbBIE MEPOTIPUATHUS U T.I.

WHTepHeT-Mara3uH npejyiaract ropasao 0oJbline Bo3MokHOCTel, yeM Web-surpuna. Onnako
9TOT BapuaHT Oojiee 3arpaTeH B peanusanuu. CHucTeMa HMHTEpHET-Mara3uHa OepeT Ha cels
MHOKECTBO JpYrux 3anad. Hampumep, ocymiecTBisieTcss quHamMu4deckas obpaboTka nuHpopmanmu,
9TO JaeT BO3MOXKHOCTH paboTaTh ¢ 0a3aMH JaHHBIX W B3aUMOJIEHCTBOBATh C KaXIbIM H3
3aperuCTPUPOBAHHBIX TOKyNaTeleld WHIUBUIYaJIbHO. PeanbHO OpraHW30BaTh BBITIOJIHEHUE BCETO
TOPrOBOTO IUKJIA.
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Cucrema OHJIAMH-TOPIOBIM TAKXKE MPELOCTABIISIET BO3MOKHOCTD BEJCHUSI IIOJTHOTO TOPrOBOTO
LIMKJIa, HO B OTJIMYME OT MHTEpHET-Mara3uHa OHa UHTErpyUpoBaHa C CUCTEMOI aBTOMaTHU3allK BCEX
BU/JIOB JI€ATEIBHOCTU KOMIIAHUH.

[Iporpammuoe obecnieueHHEe WHTEPHET-Mara3uHa MOJXKET IPEIOCTaBUTh MHOTOYHMCIICHHBIE
BO3MOKHOCTH  JUIi  OHJaWH-TOoproBimu.llpm  co3gaHum  MHTEpHET-MaraspHa  HE00XOIUMO
no3aboTutecsi 00 ypoBHE OOCHy)XMBaHHWs TOKymateneil. IloTeHnManbHOMY TOKYyNaTearo OYeHb
JIETKO YUTU U3 UHTEPHET-MAara3yuHa, €ciid ypoBeHb 00CIyKMBaHUs B HEM Hu3kuil. [loaToMy KaTasior
MPOAYKIMH JOJDKEH OBITh YETKO CTPYKTYPUPOBaH, MH(POPMATUBEH U COJEPIKATh AOTOTHUTEIBHYIO
CIPaBOYHYIO HHPOPMAILIHIO.

CaliT JOoDKEH BBIIOJNHATH (YHKIWIO HWHOOPMAIIMOHHOW MMOJACPKKH TOTPEOHTENEH.
[ToreHumanpHbIN MOKYIATEIb JOJKEH HAUTHU OTBET HA BCE BOIPOCHI O IOKYIIKE HA CANTE MHTEPHET-
Mara3uHa. OHM MOTYT OTHOCUTBCS K OOCTY)KMBAaHUIO KJIMEHTOB, ()YHKIIUSAM OIUIATHI U T.JI.

BupryanbHOl KOp3MHOW JOJDKHO OBITH YIOOHO TMOJB30BAaThCS, HAXOAWUTh HY)KHbIE
MIOKYTIaTeIsIM TOBapbl M YNpOILaTh perucrpanuio. ToBap, BEIOpaHHBIM MOKyHaTeleM B KaTallore,
JIOJKEH TIONAacTh B BUPTYaJbHYIO KOp3MHY, yJaJ€HHE TOBapa U3 KOTOPOW (M, COOTBETCTBEHHO,
nepepacuer oOIIeil CTOMMOCTH TMOKYIKH) BO3MOXHO B JTH000#1 MomeHT. HeoOxonumo obecnieunTsb
MTOCTOSIHHOE OTOOPa)KEHUE COJAEPKUMOTO KOP3UHBI JUIs MOJIb30BATEIIS.

Peructpanus mosnp3oBaTens MOXET OCYHIECTBIATHCA Kak J0 BbIOOpa TOBapa, Tak M IOCIE
JOJIKHA OBITh BO3MOXXHOCTh COBEPILEHHUS MOKYNKH 0€3 perucrpanuu, 4yTo SKOHOMHUT BpeMs U
ofOecrieunBaeT aHOHMMHOCTh. [Ipu 3TOM HEOOXOAMMO NPETYCMOTPETh CHEIHAIBHYIO CHUCTEMY
oOciyKUBaHUSl JJI 3aperMCTPUPOBAHHBIX KJIMEHTOB (HampHMep, HAKOMUTEIbHbIE CKUIKK). B
T000M ciyyae He00X0AUMO 00ecednTh 0€30aCHOCTh MEPCOHANBHBIX JaHHBIX, PEAO0CTaBISIEMBbIX
MOKYTaTEeISIMU, JUIsl 3TOTO HCIOIb3YI0TCA Oe301acHbIe CIIOCOObI Mepeaayu JaHHbIX.

O0paboTka 3aKa3a HAUMHAETCS C POBEPKU HAJIMYMS TOBApa Ha CKJIAZIE U €r0 PE3epPBUPOBAHMUS.
IIpyn OTCYTCTBMHM 4acTH TOBapa KJIMEHT IMOIY4acT HPEXyNpEeKICHUE O BO3MOMKHOCTH 3aJEPiKKH
UCIIOJHEHUs 3aka3a. Ecim mokynartens BbIOpalm B KauecTBE CIocoda OIUIAThl IMpeNoIuiaTy
0aHKOBCKOM KapTOi M AJIEKTPOHHBIMHM JAEHbraMu, OyAeT MHUIMHPOBAH 3alpOC B IUIATEKHYIO
cucremy. [locie moaTBep)kKIeHUs OIUIAThl 3aKa3 3a0upaeTcss W JOCTaBJsIeTCs MOKymnaTento. B
JUYHOM KaOMHETe Ha caiiTe MHTepHEeT-Mara3suHa 4acTo peajn3oBaHa (YHKUIUS MH(YOPMUPOBAHMS
MOKYHaTessl 0 cTaryce 00paboTKH 3aKasa.

C nmomouipto Web-nipuiiosxenuit Moxer ObITH peann3oBaHa (QYHKIHS cOOpa MapKETHHTOBOIl
uHbopmanuu. Brnaznenblbl HWHTEpHET-MarasMHOB MOTYT [OJIydYaTh IIOJIHYHO HMH(QOpPMALHUIO O
IIOCETUTENISAX CaiiTa U CTPOUTh HA €€ OCHOBE MApKETUHIOBYIO cuctemy. [IporpaMmmHoe obGecrieuenne
MHTEpHET-Mara3uHa IOo3BOJISET ObICTPO coOpaTh O00JIbIION 00bEM CTATUCTUYECKUX AAHHBIX IS
aHaJIn3a.

Cnucok McnoJib30BaHHOM JIUTEPATYPbI
1 Yro Takoe B2C. [Dnekrponnsiii pecypc] URL: https://secretmag.ru/enciklopediya/chto-takoe-b2c-
obyasnyaem-prostymi-slovami.htm
2 Tlomstme W  knaccuduKamys TOPrOBBIX  HMHTEPHET-IUIOMIAMOK.  [DnekrponHslii  pecypc] URL:
https://studref.com/492239/ekonomika/torgovye_internet_ploschadki

MOBJIEHU OPLIHJIAPABITOJBIKTBIPBLIFAH HIBIHAUBLIBIK
IJIEMEHTEPIMEH BATJIAPJIAYFA APHAJIFAH MOBWJIbJAI KOCBIMIIA KYPY
Tanunosa M.JK., bex0ayoBa A.Y.
K.2Kybanos amvinoazvl Axkmebe onipnix ynusepcumemi, Axkmeooe, Kazaxcman
E-mail: mira_talipova@mail.ru, mirra478@mail.ru

Kazipri sxahanJpIK JaMbIFaH 3aMaHa aKnapaTThIK TEXHOJIOTUSIIAP/IbIH alaThlH OPHBI epeKIIIe.
BypbiH Tek oifnaH mbFapbuiraH (QuIbMIEpAE FaHa Kepyre OoJaThiH KyObuIbIcTap, OYTiHIE
aZamM3aTThlH ~ a@xkblpamac OeniriHe adHanyna. Lludpnbik peBosronus ©31HIH — YCTEMJIriH
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KAIFACTBIPYIa JKOHE €H O3bIK TEXHOJIOTUSIIAPJABIH Oipi  TONBIKTBIPBUIFAH IIBIHANBIIBIKTHI
(augmented reality (AR)) KaJIbINTaCTHIPIBL.

Haxtpl, (u3MKanblK oNeMHIH KOPIHICIHIH 3JIEMEHTTEPIHIH KOMIIBIOTEp jKacaraH KipicTep
apKBUIBl  KYIICHTUTYyl  TOJIBIKTBIPBUFAH  IIBIHAWBUIBIK ~ JEM  aranajgbl. | OJBIKTHIPBUIFAH
UIBIHAWBUIBIKTBIH ~ aJFalliKbl  TYXbIppiMaamacsl @Ppsnk JL.baymuein 1901 okbuibl  Ka3bUIFaH
poMaHBIHIa Taiga OOJIIBI, OHJA SJEKTPOHIBI KO3UIMIPIK JKUBIHTBIFBI aJaMAapFa JepeKTepi
KepCceTTi; o1 "KeHinmkep Mapkepi" e aTtanibl.

«TONBIKTBIPBUFAH TIBIHAWBUIBIKY TEXHOJOTUSACHIHBIH KONTEreH aHbIKTamachl Oap. Opsic
TUTIH/IC CHMHOHWMI OOJIBIN TaOBUIATBIH "KCHEWTUITCH IIBIHIBIK' TEPMUHI J¢ KOJIaHbUIaabl. Kui
Ke3neceTiH "BupTyannel MIBIHAWBUIBIK' TEPMUHI agamIibl KOPIIAFaH OJEMHEH KeJeTiH OapibiK
ayJMo-BU3yaJJIbl  aKMapaTiieH aaMacThIPaThlH TOJBIK JKACaHIbl OPTAHBI Kypyabl OuULmipemi.
TONBIKTHIPBUIFAH MIBIHAWBUIBIK JKaFIalbIHIA KOpIIaFaH OpTaJaH albIHFAH aKmapar TeK imiHapa
BUPTYaJ/ibl Ma3MYHMEH TOJIBIKTBIPBUIFaH 00BN ecenteneni [1].

TonBIKTBIpbUIFAH IIBIHAWBUIBIK Ka3ipri Ke3[le KeNTereH cajanapia, aran alTKaHJa
MEUIIMHA/IA, OCKEPH TEXHUKAA, OWBIH MHIYCTPUACHIH/IA, TOJUTpadusaa 5KoHe T.0. KOJTaHbLIa kL.

TONBIKTHIPBUIFAH MIBIHAMBUIBIKTHI )KY3€Te achlpy MEXaHH3MJIEPiHe TOKTAJBIN KEeTETiH 00Jicak
[2]:

1. Mapxkepee batinanvicmolpy — 0y (PU3UKAIBIK TYIHYCKaFa KaMepaHbl anapraH Ke3/1e 00BEeKT
TOJIBIKTHIPBUFAH MIBIHJIBIKTA Tai1a 0OJaThIH MEeXaHHWKa. TOJBIKTBIPEUFAH IIBIHAWBUIBIK Ma3MYHBI
KaMepaHbIH Kepy epiciHiae O6enruri 6ip Tpurrep naina 6oaran ke3ae 6acranaasl. Mapkep KbI3METiH
KeJieci Kypaap atkapa ajiajisl: CypeTTep, JOroTumnTep, GoTocyperrep.

2. JKaszvikmuikka daiianvlcmsipy — OYJ1 TOJNBIKTBIPBUTFAH NIBIHAHBUTBIKTAFBl 00BEKT CKaHEepIey
HOTWDKECIHJIE KYPBUIFBI TaHJAaraH Oenriuri Oip Hykrere OaiiylaHFaH KEHICTIKTE TMaiga OOJaThIH
MexaHuka. KenymeHneH >koHe TIK >Ka3bIKTBIKTap Ja TaHbUIaAbl. MyHnmail MexaHHMKa Mapkepi
KYPBUIFBIHBIH KO3 aJJIbIH/Ia YCTay KayKeT OoJIMaraH Ke3/ie KOJIaHbLIaIbl.

3. l'eonokayusza 6atinanvicmulpy— OYJ1 TOJNBIKTHIPBUIFAH HIBIHAWBUIBIKTAFbl 00BEKT KaJaHbIH
Oenrumi Oip HYKTECiHAE mMaija OoJIaThIH MEXaHWKa. by jkarmaiia Mapkep — TeoJIOKaIus-
KOOpJIUHATTAp.

4. Ilopmanoap— Oy KEHEUTUITeH MIBIHABIKTa 360° pekuMIHAET1 KEHICTIK Maima 0oJiaThiH
MexaHuka. KeHicTik ¢oTo, BHACO MaTepHalap, COHAAW-aK auarpaMmajga KepceTuireH OO0yl
MYMKIH.

5. Qusukanvix ~ obvekmimen  e3apa  apekemmecy— Oy (PU3MKAIBIK  TYIHYCKaja
TOJIBIKTHIPBUIFaH IIBIHAWBUIBIKTHIH KOCHIMILIA 3JIEMEHTTEepl maiga OonaThblH MexaHuka. MyH#ai
MEXaHUKaJlarbl TpUrrep — ¢Gu3nKaiblK 00bekT. On ymriH 3D KeHICTIKTe (M3UKAIBIK OOBEKTIHIH
CaHBIK KOIIipMeci Kacaabl.

6. Hakmul ketiinkepiepOiy unmezpayuscvbl— HaAKThl OOBEKT TOJBIKTHIPBUIFAH IIBIHANBIIBIKKA
OpHanacTeIpbulFaH MexaHuka. byn ocepre 2D OGeitne, 4D Tycipy *oigapbIMEH KON KETKi3yre
OoJ1abl.

TONBIKTBIPBUTFAH IIBIHAKBUIBIK HETI3iHeT1 jk00aHbl Kypy yirin Unity GarmapiamMachlHbIH KEH
KeJeMI MYMKIHIIKTepl TNaijanaHbuiaabl. ATam aWTKaHaa eH Herisri kommoHeHT AR kamepa
Oombin TaOblIanbl. AR TexHomoruscsl HeriziHae oObekTiUIepal kepy yiriH Vuforia GarnapiaMacsl
KOJITaHbLIA b

MboneHr OpbIHAAPAbI  TOJBIKTHIPHUIFAH IIBIHAWBUIBIK —QIIEMEHTTEepIMEH Oargapiayra
apHaJFaH KOCHIMILIA KYpYy YIIiH, MbIcal peTiHae AKTeOe KalachbIHBIH OipHEIIe MOACHU OPBIHAAPHI
TaHJan anblHJIbI, aTan aiTcak KoOblmaHabl O0aTelp aThIHIAFBI OPTANBIK CTaANOH, OHEpP OpPTAIbIFHI,
Hyp-raceilp wmemiti oHe AKTeOe OONBICTBIK TapUXH-OJKETaHy MypaKabl. AJIBIMEH OCHI
FUMaparTapsiH 1-cyperte kopcetinreH 3ds Max oprackinaa 3D Moaenbaepi JalbIHAATBIIN aJTbIH JIbI

(1 cyper).
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1-cyper. Moaenu opbeiHaapasiH 3D Moaenbaepi

Apbl kapait Unity Hub mmardopmacbiHa TOJBIKTBIPBUIFAH MIBIHAWBUIBIK KOCBIMIIACKI
KypbULIbl. TONBIKTHIPBUIFAH IIBIHAWBIIBIKKA JKOFapblla atanraH oObekTinep enrizipmi. Vuforia
pecMH CaWThIHAH METKa KYpPBUIbII, OHBIH PEHTHHIICI aHBIKTAJIbIN, COJAH COH METKa >KYKTEIN
anbIHIbl. COJl KYKTENTeH METKAHbIH YCTIHE 2-CypeTTe KOPCETUITeHIeH 00BEKTIepIl KOIO MBICATIBI
kentipinai (2 cyper).

2-cypeT. MeTkaHbIH YCTiHE 00BEKTIHI KOO

Haitpinganran KocbIMIanbl apk (opMaTbeiHIa cakTaml, YsIbl TeJedOHHAH allblll KepyiMmizre
0oJazpl. XKaambel KOCBIMIIIAHBIH )KYMBICKA KapaMIbLIbIFbl Android KypbIIFBICBIMEH ChIHAJIBI.

Konnanbuiran sneduerrep Tizimi
1. KpaBuoB A.A. UccnemoBannme m pa3paboTka WHGOPMANMOHHOW CHCTEMBI C TEXHOJOTHEW HHTEPaKTUBHOU
BH3YaJIM3aIlM CPEICTBAMH JIOTONHEHHON peanbHOCTH // ABTOopedepar Ha COHMCKaHHE YYEHOH CTEleHH K. T. H.,
Kpacnonap, 2016.
2. NBanoBa A. TeXHONOrMH BHPTYalbHOH MW JIOMONHEHHOW pPEaTbHOCTH: BO3MOXXHOCTH U TPEISITCTBUS
npumenenus // Ctparernueckue peuieHust u puck-menemkment. — 2018. — Beim. 3 (108). — ISSN 2618-947X.
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KOMIIBIOTEPJIIK KOPY
Torucosa A.b., Anapmerosa M.T.
Axademux E. A. Boxemos amuvinoaewt Kapazanovl ynusepcumemi, Kapazanowi, Kazaxcman
E-mail: togissovakerke@mail.ru

Computer vision — Oy KOMITBIOTEp KECKIHAEPAl KoHe OcifHe arbIHIbI OHjeyre O00JaThiH
TEXHOJIOTHSIIAPIBIH, ICTEP IiH KOHE ATOPUTMACPAIH KUBIHTBIFBI, MBICAJIBI, OCHHEKaMepatapaaH,
CKaHepJIep/IeH, YIII OJIIIeM i MATIMETTepACH KoHe T.0.

Komnsroteprnik kepy (Computer Vision, CV), oHblH imiHge mamuHanbslK kepy (Machine
Vision, MV) — Oyl KOMIIBIOTEPIIK KypalJap/AblH KOMETIMEH KO3FaJIMaWThIH JKOHE KO3FaJlaThIH
00BEKTUIePAIH KECKIHepiH aBTOMATTHI TYPJE TYCIpY JKOHE OHJIEY.

Computer vision (KOMIBIOTEPIIK Kopy) NaiganaHy He OeWHENEHTEHIH aHBIKTayFa, OCHI
CypeTTep/l KIKTeyre >KoHE OJlapabl Tajjayra MYMKIHAIK Oepexi. MyHmail omictep opTypii
cajajiap/ia KOJIIaHbUIaIbl: MEIMIIMHA/IA TAIIMSHTTEPIH KECKIHAEPIHAET1 ICIKTep Al AMarHOCTUKAIAY
YKOHE aHBbIKTay, VIIIKBIIICHI3 aBualusaa, Instagram sxone Snapchat sxeninepaeri punbtpriepe.

ByITTBI  TEXHOJIOTHSIIAPIBIH ~ JaMybIMEH, €CENTey JKOHE KOJJIaHOAIbl  ayMaKTap bl
BUPTYaJIaHbIPy, KOMIIBIOTEPIIIK Kepyli JambITy skaHa cepmiH anasl. Grand View Researchl
aMEepUKaHJIBIK 3€pTTey KOoHEe KOHCAJITHMHITIK KOMIIAHMSICHIHBIH MapKETHHITIK ecebiHe caiikec,
KOMITBIOTEPITIK KOpyiH FanaMIblK Hapbirbl 2019 xbuisl 10,6 Muuinap nosiapra 6aranaH/Ibl )KOHE
2020 sxxpurnan 2027 KeUTFa Ieiid KbU1 cailblH 1,6%-Fa oecei.

EH >x#i KOIaHBUTATBIH TEPEH OKBITY MO/IEN1 KOHBOJIFOITMOHTBI HEHPOHIBIK YKEJi JCTT aTalaThiH
YKacaHJbl HEHUPOHIBIK KeJi Mojaeni Oomibinm Tabbutanel. KeckiHi aHbIKTay, JKIKTEY KoHE Tajaay
YIIiH KoJmaHbLIaThiH eH cotTi Mogensaep - AlexNet, ResNets, EfficientNets, YOLO, R-CNN,
LambdaNetworks, VGG.

XanpIKapaJIbIK ~ JCHTEHIe KOMIBIOTEPIIK KOpPYIl JaMBITy KoHE KOJIIaHy OOMBIHIIA
kemoOacmbap Google, Facebook, Microsoft, Amazon, NVIDIA xone T.0.

Herisri konmanbutateiH cananapel: beiiHeOakplay >KOHE Kayincisik, OCiHEHI TaHy, aybll
mapyamnbuIbIFel, poOOTTapabl jkKacay, OHMAIpIC camacklH Oakpliay, aBTOHOMIBI KOJIKTED,
JUArHOCTHUKA YIIIH MEIUIMHAIIBIK KECKIHI1 OHJCY, *KalFaH (OTOCYpETTEep/Il aHbIKTay, )KapHaMaHbI
KaHAPTY XKoHE TeHIIeYy (OTOCYypeTTep MEH OelHemnepIeri cysriep.

KomnbroTepiaik kepy yII HET13T1 KE3eHHEH TYpabl.

1. Cyperti amy. Keckinaepnai, TinTi yJKeHIH Je Tajaay yuriH OeiHe, ¢oto Hemece 3D
TEXHOJIOTUSIIaphl apKbLIbI HAKTHI YAaKbIT PeXKUMIHJIE Tycipyre 001aibl.

2. Keckinai enzaey. TepeH OKpITYy MOJENI OCHI MPOIECTIH Kol OeiriH aBToMaTTaHABIPAIbI,
Oipak MojeibAep ajlAbIMEH MbIHJaFaH TaHOaldaHFaH HeMece aj/IbIH aja aHbIKTaJFaH KeCKIHAepl
a1y apKbLIbI.

3. Cyperri Tyciny. CoHFBI Ke3€H - OOBEKTiHI aHbIKTay HeMece KiaccuuKauusaay Ke3iHIe
TYCIHIIpY KE3€Hi.

KomMmmbroTepik kepyiiH ofeTTeri MiHAeTTepl — OOBEKTUIEP Al aHBIKTaY, OAKbLIAY KOHE JKIKTEY.

AHBIKTayJBIH MaKcaThl - KECKIHHEH HblcaHapl Ta0y.On ymiiH 013  mekapaiapiabl
(KoHTYpHap/pl), apHaiibl HYKTeIepai (MbIcaibl, OYpBIITAp/b), TYC Typajbl aKmaparThbl KoHE T.O.
KOJI/IaHa aJlaMbl3.

Bbakpinay chIpTKbI OaKplIay KamepagapbIMeH )KYMBIC jkacayna Koiaaanbuiaasl. COHbIMEH Kartap,
Ci3 KOHTypJiappl, apHailbl HYKTEIEp MEH TYC Typaibl aKmapaTThl KOJIJaHa aiachl3 HeMmece
arpIMJaFbl KaJipaaH (JOHIBI aNIbIN TacTall anackl3 (KaMepa TYpaKThl OOJFaH Karaaiaa).

Kikreyni opeimay ymin Ci3 aHbIKTaJFaH HbICaHIbl TaHybIHbBI3 Kepek.Tany ymin Ci3
mabJOHMEH MUKCENbIK CANBICTBIPYIBI XKacail anackl3, KOHTypiapAbsl HeMece apHaibl HYKTeIepIi
CAJIBICTBIpPA aJlachl3, OKBITBUIFAH KiIaccu(UKATOpIbl i37ei anacki3 (MbIcanbl, Xaap KacKaJaTapbIH
KOJIJITaHa OTBIPBIN) XKoHE T.0. )KaKbIH/Ia 00BEKTUIEp/Ii TaHY YIIIH TePEeH KOHBYIbCUSIIBIK HEHPOH/IBIK
KENIep KUl KOJITaHbLIa k.
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KomnbroTepnik kepyni o3ipneymriiep kebinece Python memece C++ TinmepiH, coHpaii-ax
apHaiibl KiTanxaHajmapabl naigananaael: OpenCV, Scikit-learn, SciPy, NumPy, Matplotlib,
Tensorflow, Caffe, Catboost xxoHe T.0.

KomnbloTepnik kepy jKyienepiH THIMII iCKe achlpyFa MYMKIHIIK OeperiH Oipkarap KeH
TapajFaH OaraapiaMaibik rmiardgopmanap 6ap:

PCL — 2D sxone 3D keckiHaepiH eHAEyre apHaJFaH amblK rmiardopma 0omsin Tadbutagsl. On
OpTYpsi OarbITTaFrbl KOITETeH ICKE achIPbUIFAH AITOPUTMICPAI KAMTHIBI: CHUIATTaMaap/bl
Oaranay, OeTTi KaiiTa Kypy, KOpiHICTI KaJIbIHA KENTIpy, CYpeTTepAeri COUKECTIKTep i i31ey JKoHe
T.0.

ROS —  Oyn camaga KONIAHBUIATBIH alNTOPUTMAEPIIH KEH JKUBIHTBIFBIH KAaMTUTBHIH
MaMaHJIaHIBIPBUIFaH pOOOTOTEXHUKAHBI OacKapy miaT(opMacsl.

CUDA -rpadukanslk mpolieccopiapMeH >KYMBIC iCTey YIIIH apHaiibl o3ipiaeHreH NVIDIA
KOMIIaHMSCBIHBIH JKeKe OarmapiaMmaiblK »kacakramachl. [lapamnensii ecenreyrnep YIIIH >KOFapbl
TUIM/Il ApXUTEKTYPaHbl XKY3€re achlpabl.

OpenCV (Open Source Computer Vision Library) — koMObrOTEpIIiK KOpy alropuTMICpPIMEH,
MalIMHAJIBIK OKBITYMEH KOHE KECKIHAEp/l OHJAEYMEH YMBIC ICTeyre apHaJlFaH allblK KiTalxaHa.
C++ TimHae »kaspulFaH, Oipak coubiMeH Oipre Python, JavaScript, Ruby xone Oacka
Oarmapiamarnay Turaepi ymriH koa xkeTimal. Windows, Linux xone MacOS, i10S xone Android
KyHenepinae )KyMbIC ICTeH 1.

OpenCV (arpummbia  timiageri Open Source Computer Vision Library xkitanmxaHackiHaH
aJIbIHFAaH) — alllbIK KOMITBIOTEPIIIK Kepy KitanmxaHacbl. C/C++ TUTIHJAE EHTI3UITeH, COHbIMEH KaTap
Python, Java, Ruby xone T.6.

OpenCV keneci cananrapia KoJITaHbLIa b

— poboToTexHHKama — POOOTTHI KEHICTIKTE Oarmapiay, OOBEKTUIepAl TaHy KoHE OJIApMEH
OpeKeTTeCy YIIiH;

— MEAMIMHAIBIK TEXHOJOTHUSUIAp - JoJI JUArHOCTHUKAJBIK 9MICTEp.i jkacay, Mbicanbl, MPT
KOMETIMEH OpraHHbiH 3D BU3yaIM3aIusichl;

— OHEPKOCINTIK TEXHOJOTHsUIAp — calaHbl aBTOMATTAHABIPBUIFaH OaKpLIayFa, 3aTOCNTUIepIl
OKyFa, OHIMJI1 CYpBITITayFa koHE T.0.;

— Kayilnci3AiK — KYIIKT1 OpeKeTTepre jkayam OepeTiH, OMOMETPHSHBI OKYy >KOHE TaHHWTHIH
«aKpU1IIbI» OeiHe0aKbUIay KaMepaaapbiH KYpy;

— MOOWIBAL POTOCYPET - CYIYIBIK CY3TUIepiH, OETTI ©3repTeTiH KOChIMIIIATIAp Ikl JKacay;

— KOJIIKTe — aBTOMUJIOTTAPABI 931pJey YIIIiH.

OpenCV KypbUIBIMBI 9pTYPJIi MaKcaTTapFa apHajiraH OipHeIle MOIYNIbJIEpAEH TYPaIbl:

— MaTeMaTHKaIbIK (DyHKIUSIIAp MEH ecenTteyiep/i, anredpa KoHe JepeKTep KYpbUIbIMAApbIH
CakTay;

— MAaIIMHAJBIK OKBITY YILIH YATUIEpl CaKkTay;

— cyperTepai HeMece OeliHesep/Ii eHr13y JKoHe IIbIFapy, (ailiFa oKy KoHe Kazy;

— KEeCKiH[ll OHJIEY;

— IPUMHTUBTEPL TaHY;

— oOwekTinepai - araMIap/abl, 3aTTapAbl aHBIKTAY (JIETEKTOpay);

— OelfHeneri Ko3raJplcTap bl Kajarauay xKoHe Taljay;

— YUI eJIIIeM/Il aKIapaTThl OHJEY;

— KITanxaHa )KYMBICBIH XKeJIeNIETY;

— ecKIpreH Hemece oli IaiiblH eMec KOATHI caKkTay jKoHe T.0.

Konnanbliran sneduerrep Tizimi
1. JIaBun ®opcaiit, XKau IMonc. Kommnbioreproe 3penne. CoBpemennsiitmoaxon = Computer Vision: A Modern
Approach. — M.: «Bunbsime», 2004.
2. JI. lanmpo, 1. Crokman. Kommsioreproe 3penne = Computer Vision. — M.: bunowm. Jlaboparopus 3HaHuH,
2006.
3. OpenCV u Java/Windows. Ocuosl. URL: https://habr.com/ru/sandbox/131116/
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BEAUTIFULSOUP IMAKETIHIH KOMET'TMEH JAEPEKTEPAI TAJIIAYFA
APHAJIFAH AKITAPATTbBI /KUHAY
Typcbiaranuesa I'.H., ’Kanart A.
Kapaeanounckuu ynueepcumem umenu akaoemuxa E.A. bykemosa, Kapaeanoa, Kazaxcman
E-mail: gulim_tursyngali@mail.ru, janatavdulazim@mail.ru

Ke3 kenreH ynkeH IepekTepii TaaAayablH MaKcaThl — 3epTTEJIETIH KaFAalibl TOJBIK TYCIHY,
TEHICHIVMSUIAP/bI, OHBIH INIIHAE >KOCHapJaH Tepic aybITKyJapJbl AaHbIKTay, OO0JDKAy IKOHE
ycoiHbICTapary. Ochbl MaKcaTKa )KeTy YIIiH JePeKTep Il TAIAy IbIH KeJleCi MIHACTTep1 KOMbIIa b

- aKmapar XHuHay,

- aKmaparThl KYpbUIBIM/IAY,

- 3aHJBUIBIKTAP/IBI aHBIKTAY, TAJAAY,

- 0oJpKay JKoHE YCHIHBICTAp aly.

Tanpay xacam, omemi rpadukTepal KypacTbipmac OYpbIH, aKmapaTThl XUHAY aJiFalliKbl
caThUIapABIH OIp1 €KEHIIT aHBIK.

KymeicteiH makcatet — COVID-19 KOpOHOBHPYCBIHBIH Tapaiybl JKaisibl OOIDKamaapIsl
TaJZay YIIiH KaXKeTTi JepeKTep i MHTepHeT ko3ineH BeautifulSoup maketi apkpuisr aiy.

Kazipri Tanma BeO-caiiTTapjaH akmapaTThl KUHAYIBIH TYPJIi Tocuiaepi eTek kem. ConapabiH
0ipi — cailTTel mapcuHrrey. byn BeO-caliTTapiaH akmapaTThl aily Sfici 'kKoHE OIpiHIII Ke3eKTe
KypbUlbIMaanMaraln jaepektepai - HTML mimiMingeri - BeOTeri KYpbUIBIMABIK JepeKTepre:
JIEPEKKOpJIapFa HEMece OJJIEKTPOHIBIK KecTelepre TypJeHaipyre OarpiTTanrad. BeO-calTTsl
napcunartey HTTP apkpuiel Hemece BeO-IIOJFBIN apKbUIbl MIHTEpHETKE TiKeNel Kipyl KaMTHIIbI.
Beb-nepexrepai mbirapa agaThlH OpTYPJIl TUIAEP/AE KONTETeH KiTamxaHalap MEH (perMBOpPKTap
Oap OoJica ma, Python kenreren Be6-ckpanmuHr MYMKIHIIKTEpIHE OaMIaHBICTBI KO KOJIIaHBLIA IbI.

Kaxerti aknaparTsl xuHay yiiid Python-ip1 naiganansli, Keaeci opeKeTTep Al OPhIHIAIAIbI:

- Jlepextepi mbsiFapreIMbI3 KeneTiH 0eTTiH URL MekeHxalbiH any;

- berrin HTML Ma3mMyHBIH Kellipy HEMECE KYKTEY;

- HTML ma3myHBIH Tanaay )oHe KaKeTTI IepeKTep i any.

byn perrimik kanmaran OertiH URL-mekemxkaitbina etyre, HTML Mma3MyHBIH anyra >KoHE
KKETT1 JEPEeKTepal Tajjayra KeMeKTecei. bipak keime AepeKTep/li any YIIiH alJbIMEeH cahWTKa
Kipir, coJaH KeiiH Oenrial 0ip MekeHKalifra eTy Kepek. by skarnaiifa caliTka Kipy YIIiH Tarbl Oip
KaJlaM KOCBLJIa/Ibl.

HTML ma3myHBIH Tanjay >koHE KaxeTTi Aepekrepai any yuriH BeautifulSoup kitamxanacel
naiganansuiasl. by - HTML sxone XML KykaTTapblH mapcuHrreyre apHanran Python nmakeri. Amn,
IYpBIC TAPCUHITEY VIIIH CAaNTTapAblH KYPBUIBIMBIH TYCiHY Kepek. OmnapiasiH OaplbIFbl AEpIIiK
HTML Tini apKpLIbI J)KacajFaH.

Kasipri Tanna COVID-19 kopoHOBUPYCBHIHBIH Tapalybl Kaijbl 00mhkaMaap eTe Kol Kacalyaa.
byn OGomkampmapael »xacamac OYpBIH, KaKETTI aKmapaTThl WHTEPHET KO3IHEH >KMHAY KaxKeT.
AnneiMeH, OoypKaM MeH Tanjuay YUIiH WHQEKIUsap, eliM >KOHE cayblFyjaap Typallbl Tapuxu
nepektep kepek. COVID-19 Bupychl typansl aepekrep Worldometer akmapaTThIK CaWThIHIA
(https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/ ) epkin Ko
KETIMIL.

AxmapaTTel caiiTtan anmmac OypbiH Python mporpammanay opraceiHa «requests», «bs4» u
«texttable kiTanxaHanxapsl OpHATHUIIBI.

KaxerTi kiTamxaHamapJpl OpHaTKaH COH, Kejeci kamam - BeautifulSoup maketi apkpuisi
KaXeTT1 KOJATHI Ka3blll, 9pTYpJIi enaepaeri kaHa kopoHaBupyctelH (COVID-19) pacranran, emiM-
XKITIM, CaybIFbI KETKEH >KOHE OeNICeHJll »aFJaiiapbl Typaslbl COHFBI JIEpPEKTep/l ajle YIIiH, €H
angeiMeH, (alnablH  OKOFapFbl  JkarelHIA  requests men BeautifulSoup kiramxanamapbl
UMIoOpTTanaasl. bynan keifin url aifHpIMambICHl aKmapar KeleTiH OeTTiH MEKeH)KalblH CaKTalIbl.
byn aiiHpiMansl MoH requests.get() (yHKuuMsAChIHA XiOepije i e, HOTHKE Kayal ailHbIMaJIbIChIHA
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TarabpIHaNaaAbl. ©Opl Kapad, Kayanm MOTIHIH SOUp aHHBIMAJIBICBIHA OPHANACTBHIPY YLIIH
BeautifulSoup() koHcTpykTOphIiH KOMmaHbuAbl [limmiM perinme Ixml TaHAanbIHBIN, alHBIMAIIBI
IITBIFAPBUIJIBI.

Jlepekrepai OKu anatbiH popMaTTa KepceTy YIIiH texttable KiTamxaHachlH KOJTaHBLUIIBL

Op MEMIICKETTIH KOPOHOBHUPYC Kallulbl aknapaTsl KykTenai. Ockl aknapaTThl MaiaagaHbll opi
Kapaii Tajjayiap jkacarl, OHbl BU3yaJiJjayra 00Jabl.

Hormxkecinne BeautifulSoup requests KOCHIMIIIACBIHBIH, KOMETIMEH )KYMBIC iCTEIIHII, KaKETTI
caiitrapra html cypaymapsl yibIMAAacTHIpEUIIBL.  BeautifulSoup apkpliel anblHFAH —aKmapaT
eHnemiHin, Ka3akcTanmarsl KOPOHOBUPYC OOWBIHIIIA CTATUCTHKA, OOJDKamMaap JKacablHIbI.
[Tapcepiep HHTEpHETTCH OSTTEPil KYKTEH aIIbIN, OJIApABl Kypamaac OeiKTepre Tajmam Oep/ii:
TaKBIPBII, CypeT, MOTiH... OHBIH KOMETIMEeH CalTTaH TMrabailTThIK Maijaibl akmapaT >KYKTEJHII
QJTBTH]TBI.

BeautifulSoup - Python-nare! GipHelle CkpanMHIKe apHaIFaH KiTanxaHaiaapasiH 0ipi. OHbIMEH
YKYMBICTBI ICTEY OT€ *KEHUT OOJFaH/BIKTaH, CIICHAPUUJIEPIl MHTEPHETTEH JACPEKTEP/ll KUHAY JKOHE
KYpacThIpy YIIIH Haifaianyra O00Jajpl, ajl HOTHXKE JNEPEKTEp/l Taljay >KoHe 0acka ClieHapuiuiep
YIIiH NaiaanaHblTybl MYMKIH.

Koananbliaran aneduerrep Tisimi
1. TIporpammupoBanue Ha Python : Hayanoe usnanue / M. MakI'pat. - M. : OKCMO, 2020. - 192 c.
2. Ay6akupos, I'. JI. SI3biku mporpammupoBanusi Python: y4e0. mocoOue Juis opraHm3anuid T€XH. U Mpod.
obpazoBanust / I'. 1. Aybakupos, A. I'. XMbIpoB. - 2-¢ u3[1. - Acrana : ®onuant, 2011. - 203 c.
3. JIyru,M. IIporpammupoBanue Ha Python. T.2/M.JIyri. —M.:CumBon,2016.- 992 ¢
4. https://python-scripts.com/beautifulsoup-html-parsing
5. https://dvmn.org/encyclopedia/modules/bs4-tutorial/

HCIOJIb30BAHUE OLAP-TEXHOJIOI'M B BUBHECE
lasixmeroBa B.K.!, Omapoga I11.E.?, JIpo3aB.I'.?, YaakosH.C.2, Ecmaraméeros T.Y.?
1 Kapacanouncxuii ynusepcumem um.E. A.Byxemosa, Kapaeanoa, Kazaxcman

2 Kapaeanounckuu ynusepcumem Kaznompebcorsa, Kapazcanoa, Kazaxcman
E-mail: sheo_1953@mail.ru,vgdrozd@mail.ru, nazar-123@mail.ru, timur198300@mail.ru

CoBpeMeHHbIE COLMAIBHO-?PKOHOMUYECKHE YCIOBUSI TpaHC(hOpMaluu 00IIecTBa OIpeaeIuin
CTPEMUTENIbHBIA MEepexo]l K HOBOM HH(MOPMAIMOHHON CTYNEHU pPa3BUTHUS, OOYCIOBICHHOM
MIPOHUKHOBEHHEM UH(POPMAIIMOHHBIX TEXHOJIOTHI BO Bce chepbl UeT0BEUECKOM AeATeIbHOCTH.

dopmupoBaHue U pa3BUTHE HH(POPMAIIMOHHOTO OOLIECTBAa, €r0 T'yMaHM3AlMs HALIM CBOE
OTpa)kKeHHE B PA3IMUHBIX chepax U MPexk/ie BCEro, B IKOHOMUUECKHX NHPOPMALIMOHHBIX CHUCTEMAaX.

Pa3BuTHE MPOMBIIIIEHHBIX NPEANPUATUN, CBA3aHHBIX C CO3/IaHUEM U pealin3alueil mpoayKIuu
U YCIYT, HEBO3MOXKHO 0€3 HCIONIb30BaHUs MH(GOPMAIMOHHBIX TEXHOJIOTHH. B Hacrosiiee Bpems
oueHb MHOro wuHpopmanuuonyonukoBano o OLAP texnosnorusix. MubopMannoHHbIECUCTEMBI
MacmrTaba TOPeanpusTUs COAepXKaT TMPUIOKEHHs TMpeJHa3HAYCHHbIE [ KOMIUIEKCHOTO
MHOTOMEPHOTO aHaJIW3a JaHHBIX, UX TUHAMHUKHU, TeHISHIUHI U T.4. Takoil aHau3 B KOHEUHOM HTOTE
MIPU3BaH COJACHCTBOBATHIPUHATUIO pelieHnid. YacTo Takue 3TH CHCTEMbl Ha3bIBAIOTCA CHCTEMaMU
MOJICP>KKH TIPUHATHUS PeIIeHUH.

CucteMbl MOANECPKKH MPUHATHS PELICHUH OOBIYHOOONIAZAIOT CPEACTBAMU MPEAOCTABICHUS
M0JIb30BATE0arperaTHbIX JAAHHBIX JUIsl Pa3iIMYHBIX BBIOOPOK M3 MCXOIHOTO Habopa B yAOOHOM
BUJE AJs BOCHpUATHS M aHanu3a. Kak mnpaBuiio, Takue arperatHble (PyHKIHMH COCTaBISIOT
MHOTOMEPHBIH (HE PESIMOHHbIN) HA00p AaHHBIX,0CH KOTOPOTO COAEPKAT MapaMeTphbl, a SUCHKH —
3aBUCSIIME OT HUX arperatHbie JaHHble — TPUYEM XpPaHUTHCATAKUE TaHHBIE MOTYT U B
PeNAIUOHHBIX Tabmuiax[1].

Peanuzanueil 3THX MOJIOKEHUH SBJISETCS MHOTOMEPHOE IMpeACTaBiIeHHe HHpopManuu B
cnienuanbHbIX 6azax naHHbIX OLAP u goctyn x TakuMm G6a3am oOecrieuynBaeTcss 4epe3 KIMEHTCKOe
npunoxerne. OcHOBHbIM 00bekTOM OLAP-TexHomnoruit u 6a3 OLAP sBnsercs ky6 - nundopmarus,
COXpaHEeHHas B CIeLUaIbHOM (hopMaTe MHOTOMEPHBIX IaHHBIX.
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Cama TeXHOJIOTUSI KOMIUIEKCHOTO MHOIOMEPHOI'O aHaIM3a JaHHbIX Noiayduia Ha3BaHue OLAP
(On-Line Analytical Processing), rae OLAP — 3T0 K/Ir04€BOi KOMIIOHEHT OpraHU3aIiy XPaHUIIUII
nanneix. Konmenuuss OLAP Obuta ommcana B 1993 romy Oarapom Kopmom, u3BeCTHBIM
uccieaoBareneM 0a3 JaHHBIX U aBTOPOM PEIISIIHOHHOM MOJICTH JaHHbIX [2].

VYcnenrtHo pas3BUBAIOIIMECS TEXHOJOTMM XpaHuauin JaHHbiX (XJ[) u cpenctB Business
Intelligence (BIl) — BecbMa moJie3HbIE HHCTPYMEHTBI MOJJICPKKU COBpEMEHHOTO Om3Heca. OmHaKo
OOJNBIIMHCTBY ~ TPAIUIMOHHBIX  Bl-mpuioxeHnid  CBOMCTBEHHBI HEKOTOPHIE  OTPAHUYCHUS.
Texnosorust, Ha OCHOBE KOTOPOW OHHU peau3yroTcs, Obla pa3paboTaHa Ul aHaIM3a HEOOJBIINX
BBIOOPOK AaHHBIX. CO BpeMEHEM KpYT TOJIb30BaTeNel pacuIupsuIcs, HO OpUEHTANWs Ha HeOoJbIIme
00BEMBI JaHHBIX MPH 3TOM COXpaHsylachk. HakoHel, MOSBHWIMCH TEXHOJIOTHH, MpeIHa3HAuYCHHBIC
st 00pabOTKM TOCTOSTHHO —pACTyIIMX OTPOMHBIX OOBEMOB JaHHBIX, COJCPIKALIMXCS B
XpaHWINIIAX.

Takue Texnosnoruu, kak MHoromepHslii OLAP, pensiimonnsiii OLAP u rubpuansiii HOLAP,
o0OecrieunBarOT HOBBIE MOJXOAbI K aHanu3y Oonbliux 0a3 gaHHBIX. C Apyroil CTOPOHBI, OHHU
HAaKJIa/IbIBalOT OrPAHUYEHUS Ha KOJMYECTBO IoJib3oBarene. Jlias Toro, 4roObl CHATH JTH
OTrpaHMuEHUs, cienywooliee MokojaeHue Bl-cpencTB wucnonb3yeT aHATUTHUYECKHE METONbl B
coueTaHuu ¢ TexHoJsoruei Internet/Intranet [3].

MuoroyposaeBas OLAP nupamuia Xopomio BU3yaIu3upyeT mnepenaqy nHOpMaIiy Mo BCeM
cTyneHsM uepapxu cucreMbl. 3 npousBoacteenHoit 30ubl (ACYTII) nndopmanus nocrymaer
MES-cucremam, mpoxomuT cragui oO0paboOTKH, a 3areM Yyxke oOpaboTaHHas WHGOpPMAIHS
noctynaetr B ERP-cucremsl, u ganee — Ha ypoBeHb BbICIIero MeHepkMenTa npennpustus (OLAP):

[-ypoBens: ACYTII — aBTOMaTU3MpPOBAHHBIE CHUCTEMBI YIPABICHUS TEXHOJIOTMYECKUMU
IpoLeccCamu;
II-ypoBens: MES — wucnonuutenbHasi cucrema mnpou3BojacTBa. CHCTEMBI Takoro Kiacca

pelaT 3a7adyd CHHXPOHHU3ALUH, KOOPAMHUPYIOT, AHAJU3UPYIOT W ONTUMHU3HUPYIOT BBITYCK
MIPOJIYKIIMU B paMKax KaKoTo-1100 MPOU3BOJICTBA B PEKUME PEaTbHOIO BPEMEHH.

III-ypoBens: ERP — cuctema mnanupoBaHusi pecypcoB npennpustisi. OCHOBHOE Ha3HAuYCHUE
ATOM CUCTEMBI — yIpaBiieHHe (PUHAHCOBOW M XO3SMCTBEHHOE ACATEIBHOCTHIO mpennpusitus. ERP-
cucremMa paboTaeT Ha CaMOM BEPXHEM YpPOBHE B HEPApXMUECKOM JIECTHUIIE CHUCTEM YIpaBJICHHUS,
OHAa 3aTparuBaeT OCHOBHBIE aCHEKThl BCEX JJIEMEHTOB IPOU3BOACTBEHHOW U TOProBOM
NEeSITeIbHOCTH MPEANPUSATHUSL.

IV-ypoBenb: OLAP — omnepaTuBHBII MHOTOMEpPHBIA aHAJIM3 JAaHHBIX. AHaJIUTHYECKas
00paboTka B peaJbHOM BPEMEHH, BKJIIOYAIOIIAs COCTABICHHE U JUHAMHYECKYIO IMYyOJUKAILUIO
OTUYETOB U JOKYMEHTOB. Vcrosp3yeTcss aHanuTUKaMu Juis ObICTPOil 0OpabOTKHU CIIOXKHBIX 3alIPOCOB
K 0a3e gaHHbIX. CAyXHUT JUIs IOATOTOBKM OM3HEC-OTYETOB IO MpOJa)xkaM, MapKETHHTY, B LIEJSIX
ynpasieHus (crnocod aHanuza uHopmanuu B 0a3e JaHHBIX C IENbI0 OTHICKUBAHUS aHOMAaJIHH U
TpeHI0B 0¢3 BBISBJICHHSI CMBICIIOBOTO 3HAUCHHS 3amuceit) [4].

bosbmmHcTBO coBpeMeHHbIX OLAP-poayKTOB HENb3s1 OJJHO3HAYHO OTHECTH HH K CpPEACTBaM
pa3paboTKu, HU K TOTOBBIM NpuiokeHusM. C OIHON CTOPOHBI, UX HCIOJIb30BaHHE HE TpedyeT
JUIUTEIBHOTO H3YYEHUS TEOPUU W TMPAKTHUKU TIOCTPOEHUS aHAIUTHUYECKUX mpuioxeHui. Ho, ¢
JIPYroil CTOPOHBI, OHM HE SBJSIOTCS TOTOBBIM pEHICHHEM AaHATUTHUYECKUX 3a]ady KOMIIaHHH,
MOCKOJIbKY TpeOyIOT OIpeNeleHHOW HACTPOWKH Ha MCTOYHUKU JIaHHBIX, aJTOPUTMBI aHAIM3a U
dbopMBl  TpeAcCTaBIEHUS UTOTOBOM  HMHpOpManuu. Ta JABOWCTBEHHOCTh MPUBOAUT K
MHOTOBapUAHTHOCTU BHEAPEHUS, KOTOPOE MOKET OCYHIECTBIATHCA KaK CUCTEMHBIM MHTEIPATOPOM,
TaK U KBAIU(PUIIMPOBAHHBIMY CTICIUATHCTAMU 3aKa34HKa.

[IporpaMMHbI€ TPOAYKTHI 3TOTO Kjlacca MOJIYYHIH HIMPOKOE paclipoCTPAaHEHUE BO BCEM MUPE,
MPUYEM HCIOJIB3YIOTCS OHM B KOMIIAHUSIX CaMbIX Pa3HbIX OTpaciel U BUAOB JesTeabHOCTH. Ha
Hamr B3I, B Kasaxcrane (C  y4eToM CJIOXXHOCTH aHAJMTUYECKUX 3aj]ad) Hauboiee
MEePCHEKTUBHBIMU JUTSt HIUPOKOTO HCIIOJIb30BAHUS OLAP-texnonoruit SIBJISIFOTCS
TE€JIEKOMMYHUKALIMOHHBIE U TOPIrOBblE€ KOMIIAHMU. B 3THUX oOTpaciiax cpeaHHe U KpyIHbIE
KOMIaHUHM, Kak MpaBUJO, HMEIT TEPPUTOPHAIBHO pACHpPEEICHHYI0 OpraHU3alMOHHYIO
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CTPYKTYpYy, LIMPOKYK0 HOMEHKJIATypy MpOAYKLIMU M YCIYI, a Takke OO0JbLIOE KOJUYECTBO
KOHTPareHTOB.
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