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Arens Algebras and Matricial Spaces 3

1-6eaiMm Pazgen 1 Section 1
Maremaruka Maremaruka Mathematics
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Arens Algebras and Matricial Spaces

Denis Potapov! and Fedor Sukochev?
1School of Mathematics and Statistics, University of New South Wales, Kensington,
NSW 2052 Australia, E-mail:d.potapov@Qunsw.edu.au
2School of Mathematics and Statistics, University of New South Wales, Kensington,
NSW 2052 Australia, E-mail: f.sukochev@Qunsw.edu.au

Let M be a finite von Neumann algebra equipped with a finite faithful normal trace 7 and let
LP(M,T) be the corresponding noncommutative LP space of T-measurable operators associated
with the couple (M, 7), 1 < p < oco. Let My be the algebra of all complex N x N-matrices
equipped with the standard trace T'r. In this note we study the properties of Arens “algebras” over
finite dimensional matrix spaces, given by Trunov’s construction for noncommutative LP-spaces.
In this work we show that the Arens “algebras” built upon Trunov’s noncommutative LP-spaces
fails to form an algebra in general. We also show that the Arens space L («, h), with 0 < a < 1,
fails to form an algebra in general, even in the setting of finite algebras associated to a trace, in
contrast to L¥ (M, 7). In particular, we provide an example of a finite von Neumann algebra, with
an associated trace, such that L*(«, h) is not an algebra, for any choice of « € [0, 1].

Keywords: von Neumann algebra, finite trace, Arens “algebras”, Noncommutative LP-spaces.

Anrebpsl Apenca u MaTpudHbIe TPOCTPAHCTBA
Henuc IToramnos ! u @enop Cykoues 2
IMkona MaremaTuku u craructuku 2, Yuusepcurer Hosoro FOxxuoro Yambca, KencuurTow,

HIOY 2052 Ascrpasus

IIyctb M - koneunasi anrebpa ¢on Heiimana, cHabyKeHHasi KOHEYHBIM TOYHBIM HOPMAaJIbHBIM
ciegom 7 u uycrb LP(M,T) - COOTBETCTBYIOIEE HEKOMMYTATUBHOE IPOCTPAHCTBO LP T7-
U3MEPUMBIX OILEPATOPOB, CBA3aHHBIX ¢ napoit (M,7), 1 < p < oco. Ilycte My - anrebpa Bcex
KoMILTeKCHBIX N X N -marpwur], cHaOKEHHBIX CO CTaHIAPTHBIM ciemxoM 17r. B sroit 3ameTke
MBI U3y4daeM CBOHCTBa “airebp”’ ApeHca HaJi KOHEYHOMEPHBIMH MaTPUYHBIMHU IIOCTPAHCTBAMH,
3aJlaHHble KOHCTPyKImel TpyHOBa it HEKOMMYTaTUBHOrO L -mipocTpaHcTBa. B 3T0ii pabore MbI
mokazkeM, 4To “anredbpa”’ Aperca mocTpoeHa Ha HEKOMMYyTaTUBHOM L-tipoctpancrse TpyHoBa He
obpasyior anrebpy. Mbl Tak:Ke oka3biBaeM, 9To IpocrpancTso Apenca LY (o, h), ¢ 0 < a < 1, ne
obpazyer ajredpy, JaxKe B CIydae Korja ajredpa KOHEUHasl, CBI3aHHBIX CO CJIEJIOM, B OTJIMIHE OT
LY (M, 7). B wacrHOCTH, MBI UPUBOJAMM LpUMep KOHe4uHOIl asrebpel ¢on Heiimana ¢ cBsazaHHBIH
caienioM, Takoit, uro L¥(a, h), He siBisiercst aireGpoii, 1uist aoboro seibopa « € [0, 1].
KuaroueBble cjioBa: aJrebpa ¢oun Heiimana, KoHewHbIil ciaen, “anredpnr’  Apemca,
HEKOMMYyTaTuBHbIe LP-1ipocTpaHcTBa.

1 Introduction

Given a von Neumann algebra with a suitable trace, we may consider the now well developed
theory of noncommutative integration (see, for example, [4, 9]). If we do not have a trace, or
wish to consider integration with respect to a state, then the theory becomes substantially
more involved. We may define noncommutative LP-spaces, however in the most common
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4 Denis Potapov, Fedor Sukochev

approaches, such as those of Haagerup [5, 10|, or Connes and Hilsum [3, 6], the intersection
of any two LP-spaces for different values of p is necessarily trivial.

Our goal is to better understand the properties of noncommutative Arens algebras for
integration with respect to a state. Obviously these constructions with trivial intersection are
not suitable, however there are alternative possibilities. In this note we study the properties
of Arens “algebras” over finite dimensional matrix spaces, given by Trunov’s construction for
noncommutative LP-spaces |11, 12]. This extends our understanding of Arens’ construction
[2] for different noncommutative spaces. This topic has also been investigated by Albeverio,
Ayupov, and Abdullaev [1], who characterise when this construction forms an algebra, for
von Neumann algebras of type I,,.

In this note we show that the Arens space L¥(«, h), with 0 < o < 1, fails to form an
algebra in general, even in the setting of finite algebras associated to a trace, in contrast to
LY (M, 7) |7]. In Section 2 we review the necessary background, and in Section 3 we detail
some intermediate results for matrix algebras. Then in Section 4 we provide an example of
a space which fails to form an algebra for a € (0,1). Finally, in Section 5 we show that the
example also fails to form an algebra for o € {0, 1}.

2 Preliminaries

Let M be a von Neumann algebra equipped with a finite trace 7 and let LP(M, ) be the
noncommutative LP space associated with the couple (M, 1), 1 < p < co. The norm in the
space LP(M, 1) is given by

1
], = (7 «]")7 .
Let h € M be a positive operator such that 7(h) = 1 and let 0 < o < 1. Introduce the

Trunov LP-spaces
LP(a,h) = {x e M: B zht e LP(M,T)} ,

where M is the algebra of all 7-measurable operators [4]. We equip the latter space with the
norm

l-a a

I e

, x € LP(a,h).
P

See [11, 12] for further details.
It can be seen via the Holder inequality that the space

L“M,7r)= () L’(M,7)C L'(M,7)

1<p<o

is an algebra, i.e. zy € LY(M, 1) provided z,y € L“(M, 7). Here we will see that the latter
observation fails in general for the space

LY(a, h) = ﬂ LP(a, h) € LY (M, 7).

1<p<oo

In other words, the spaces L“(«, h) is not an algebra in general.

ISSN 1563-0277, eISSN 2617-4871  Journal of Mathematics, Mechanics, Computer Science, N.4(100), 2018



Arens Algebras and Matricial Spaces 5

3 Matricial case

Let My be the algebra of all complex N x N-matrices equipped with the standard trace T'r.
Let us define the matrices xn and hy by setting

N N
N = E €kl and hN = E 27k€kk,
k=1 k=1

where {e;;} C My are the matrix units. If ||-||, stands for the p-th Schatten-von Neumann
norm on the algebra My (see, for example, [8]), then

La N N WA . 2
] s 3 )
p k=1 k=1
1
< Cap = (1)

N

2 (207 1)

The constant ¢, is finite for every 1 < p < oo and every 0 < a < 1. Furthermore, the
latter constant does not depend on N. On the other hand, we also have that

N
th {L'}kV$Nh]I\)[ Z E, (2)

(1—a) a

which follows easily from calculation of (hy” zjznhi)i= 3.

4 The example

Let us consider the algebra M given by the following direct sum
M =P My.
N=1
We equip the latter algebra with the finite trace 7 defined by
=3 M A= () el
N=1

where E}r is the space of non-negative real valued sequences which are 1-summable. We define
the elements z, h € M by setting

Proposition 4.1. For 0 < a < 1, the space L*(«, h) fails to form an algebra.

Becrauk KasHY. Cepusi maremarunka, Mexanuka, nagopmaruka, N.4(100), 2018



6 Denis Potapov, Fedor Sukochev

Proof. 1t follows from (1) that x,z* € L¥(a, h) for every 0 < a < 1. Indeed,

1

A g
vk < ( N —c ) < 400
N=1

. — Ay
[E| MR (Z ch;_a,p> < +o0.

N=1
On the other hand, from (2) we also have that

Hx*pr,ah (Z )\NNp 1)

The latter quantity is infinite, subject to appropriate choice of A € ¢!. Thus, we see that the
space L“(a, h) is not an algebra, if 0 < a < 1. ]

|

and

3=

5 The case « =0 and a=1

Proposition 5.1. For o € {0,1}, the space L*(a, h) fails to form an algebra.

Proof. Let us return to the matricial setting of Section 3. According to (1) we clearly have
that
‘ p

and the constant ¢, is finite for every 1 < p < 0o. Moreover, the constant ¢, does not depend
on N.

Observe that the operators zx and x}, are rank one operators and hence they are equiv-
alent, i.e. there is a unitary operator vy € My such that

1

p
hizn|| <cp

Ty = UNTNUN-

Consequently, we obtain that

1 1 1. 1
‘ hﬁﬂ]Nt%N = h}(,x}‘v Z —N§,
p p 2
by unitary invariance.
Indeed, this inequality follows as
iy 1
1
'hm Zz (> ew| =[S0 Leu] = La
k=1 » k=1 »

Repeating the construction of Section 4 with

x—@x]\/ and v—@

N=1

shows that L“(«, h) fails to be an algebra also for o = 0. Considering z* and v* proves that
this also fails for o = 1.
O
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On the existence of a conditionally periodic solution of one quasilinear
differential system in the critical case

Suleimenov Zh., al-Farabi Kazakh National University,
Almaty, Kazakhstan, E-mail: zh-suleimenov@mail.ru

In the theory of nonlinear oscillations one often encounters conditionally periodic oscillations
resulting from the superposition of several oscillations with frequencies incommensurable with
each other. When finding a solution to a resonant quasilinear differential system in the form of
a conditionally periodic function, the problem of a small denominator arises. Consequently, the
proof of the existence, and even more the construction of such a solution is not an easy task. In this
article, drawing on the work of VI. Arnold, I. Moser, and other researchers proved the existence and
constructed a conditionally periodic solution of a second-order quasilinear differential system in
the critical case. Accelerated convergence method by N.N. Bogolyubova, Yu.A. Mitropolsky, A.M.
Samoylenko. The result can be applied to construct a conditionally periodic solution of specific
differential systems.

Key words: conditionally periodic, accelerated convergence, frequency, resonance.

KBa3uchI3bIKTHIK JuddepeHITNAIIbIK, XKYHEeHIH ChIHAAPJIbI XKaraiiIarbl
MIAPTTHI-MIEPUOATHI MIENIiMiHiH 6ap 00JTybI
Cyneiimenos 7K., oin-@apabu aTbiHgarbl Kazak yiITThIK yHUBEPCUTETI,
Anvarer ., Kazakcran Pecriybiukacer, E-mail: zh-suleimenov@mail.ru

ChIBBIKTBIK, eMec TepbesicTep TeOpHsCHIHIA KULIr esmemiec emec OipHerie TepbesicTepin,
KabaTTachlll Kejyl HOTHXKeCiHIe naiina O0JIaThlH IMapTThI-IIEPUOATHI  TepbeicTepMeH  Kui
ke3zecyre Typa kejedi. OchIHIANl PE30HAHCTHIK, YKAFIal1arbl KBA3UCHI3bIKTHIK, YKYIEeHIH MIapTThI-
MepUOATH TrerntiMin Taby yrepici "kimkene GestiM"Mocesecin TybiHgaTa b Byt Mocene menriMHig
bap OOJIyBIH [RJIeJIZEy MEH OHBI Kypy ecebiH KublHmaTa Tycemi. DBi3fiH yCBIHBIT OThIpraH
MakaJjambrzga B.J. Aproabiarin, 1. Mosepailn koHe 0Oacka J1a 3epTTEYIILIEP/IiH YKYMbBICTAPBI
HeriziHge ekinmi perti Oip CBHIHAAPJBIK Karaaiilafbl KBA3UCBI3BIKTHIH, UM dEepPeHIHAIIBIK
JKYHEHIH MapTThl MEPUOJTHI IIENTiMiHiH 6ap OOJIATHIHBI JTJIJIIEHII, OHBI KYPY KOJIBI KOPCETIIIi.
[Mlemimai kypy OGapbIchiHIarbl KybikTay Tizberi Boromwotos, HO.A. Murpononasckuit, A.M.
CamoitsleHKOIap YCBIHFAH yjeMesi 9icke cyiieHin Gepimmi. 2KyMBICTBIH HOTHKECIH HAKTBI
muddepeHnuaIablK, Kyieaepais IMapTThI-MIEPUOATHI MIEMIIMIEPiH Kypy VIIH [aii aaIaHyra
001aIbI.

Tyitin ce3aep: MapTTHI-IEPUOITHI, VIEME KUHAKTBLIBIK, KUIIK, PE3OHAHC.

O cyriecTBOBaHUM yCJIOBHO-IIEPUOANYECKOTO PEIIEHUs O/IHOM KBAa3UJIMHENHOMN
aunddepeHTnaJIbHON CUCTEMbI B KDUTUYECKOM CJIyYae
Cyneitmenos 7K., Kazaxckuit HarimoHaabHbIN yHUBEpCUTET M. aib-Papabu,
r. Anvarer, Pecniybsinka Kazaxcran, E-mail: zh-suleimenov@mail.ru

B Teopun mHenmHEHHBIX KOJEOAHUI TPUXOAUTCS YACTO BCTPEUATHCS C YCJIOBHO-IIEPUOIAIECKUMU
KOJIEOAHUSIMA, BO3HUKAIOMMMEU B  Pe3YJIbTaTe HAJOXKEHH: HECKOJIbKHX KoJiebaHuil ¢
HECOU3MEPUMBIMHU  MeEXKJy coboit wactoramu. Ilpm oOTbICKaHUM pellleHusT PE30HAHCHOM
KBasmanHeiiHo# auddepeHmaabHoil  CHCTeMbI B BHJE YCIOBHO-TIEPUOINYIECKON (DYHKIINN
BO3HHUKAET ITpobJieMa MaJIoro 3HaMeHaTe is. BeieicrBue 9Toro, J0Ka3aTeIbCTBO CYIIECTBOBAHMUS,
a TeM 0oJiee TIOCTPOEHMS TAKOrO PEIeHUsl sBJSIeTCs HeJEerKoil 3amadeil. B mammHoil craTbe
ommpasick Ha paborsr B.M. Apmonpma, . Mosepa u apyrux wucciefoBaTesieil  JI0Ka3aHO
CYIIECTBOBAHAE M IIOCTPOEHO YCJIOBHO-IEPUOJMYECKOE PpeIleHue OJHONH  KBa3UJIMHENHONI
nuddepeHInaIbHOl CUCTEMBl BTOPOTrO IMIOPSAJIKA B KPUTUYECKOM ciydae. Meromom mocrpoeHus
IIOCJIETOBATE/IbHOCTU TTPUOJIUKEHUsT BLIOpaH MeToJi yekopeHHbI! cxomumoctu H.H. Borosmobosa,
FO.A. Murponossckoro, A.M. Camoiisenko. Pesysbrar MoxkeT ObITH NPUMEHEH JIJIsi TTOCTPOCHUST

YCJIOBHO-TIEPUOIMIECKOTO PEIIeHNsT KOHKPETHBIX MU HEPEHITNATBHBIX CHCTEM.
KitroueBbie cj0Ba: yCIOBHO-IIEPUOINIECKOE, YCKOPEHHAS! CXOAMMOCTh, 9aCTOTa, PE3OHAHC.
) Y )
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On the existence of a conditionally periodic solution ... 9

1 Introduction

Conditionally periodic functions are functions that are representable by trigonometric poly-
nomials or series of the form

Z AlFiskn) cos(kiwy + ..., +k,w, )t + Bk1--kn) sin(kiwy + ... + kpwy)t
|k1|+...+|kn|>0

where ¢ — argument, the summation is over all possible integer values ki, k»..., k,,; numbers
wy, Ws, ..., w, — fixed real, and rationally incommensurable numbers i.e. such that for any
integers ki, ko..., k,

k1w1 + k’gwg..., k:nwn 7é 0

Alkrkn) = Bkkn) _congtant coefficients, ot ky, ks, ..., k, Set of numbers wy, wo, ..., wy, is
called the frequency basis or the frequency spectrum of the conditionally periodic function.
It is characteristic that the frequency basis of the conditionally periodic function is finite.

The name "conditionally - periodic"was introduced by O. Staude.

The conditionally periodic function is often written for the convenience of the operations
used in a complex form

E A(k’l,...,k‘n)ei(k}1w1+...+k’nwn)t

If termwise integrating a conditionally periodic function written in the form of the indicat-
ed series without a free term, then this series may converge or may diverge. With convergence,
we obtain a conditionally periodic function. If the series diverges, then one cannot integrate
term by term.

Based on the ideas of A.N. Kolmogorov, V.I. Arnold managed to beat this difficulty and
achieve serious results. In the present paper, we have produced a proof of the existence of a
conditionally periodic solution of one quasilinear system.

2 Literature review

As already noted in celestial mechanics, nonlinear oscillations are often encountered, ex-
pressed by conditionally periodic functions. But the problem of a small denominator, arising
as a result of the integration of such functions, made it difficult to carry out deep and diverse
studies of the existence and construction of the conditionally periodic solution of differential
equations. At the same time, KL’s estimates were obtained in the theory of real numbers.
Seidel [2|, under which integrated conditionally-periodic functions are admissible: for the
majority (in the sense of Lebesgue measure) frequencies belonging to the region n of the
dimensional number space () with a bounded sum of modules of any n numbers.

The original literature is the works of A.N. Kolmogorov [1], V.I. Arnold [3-4], who devel-
oped a method of proving the existence and built conditionally periodic solutions of Hamilto-
nian systems, I. Moser [5-7], who considered a common system characteristic of the problems

Becrauk KasHY. Cepusi maremarunka, Mexanuka, nagopmaruka, N.4(100), 2018



10 Suleimenov Zh.

of the theory of nonlinear oscillations and proved the existence of conditionally periodic so-
lutions with a smaller number of basic frequencies than the number of degrees of freedom of
the system. G.A. Merman [9] investigated the divergence of conditionally periodic series in
powers of a small parameter. Yu.A. Ryabov, E.A. Grebennikov, L.K. Lika [10-11] addressed
the issues of constructing conditionally-periodic solutions of canonical systems.

The method of constructing a sequence of approximate solutions was chosen by the
method of accelerated convergence N.N. Bogolyubova, Yu.A. Mitropolsky, A.M. Samoylenko
[12].

In recent years, A. Bari, H. Brezis, E. Feireist, H.P. have been investigating the existence

of periodic and conditionally periodic solutions of nonlinear differential equations. Pelyukh,
Suvak O.A. [13-15].

3 Materials and methods

Take quasi-linear system of differential equations

dx
E :Ax—i—Ef(t,m)a (1)

Where

r = colon(xl,xg), A = (ajk)a .7 = k = 1727 f(t,.ﬁ[) = COlon(fl(t7$1>$2)a f2<tax17$2))

conditionally-periodic by t with frequency basis wq,ws, ...,w,; analytical by ¢ and x in the
domain = {(t,z) C C*: ||z|| < h, |[Imwt|| < ¢} function, det |A — AE| = 0 has purely imag-
inary roots ioq, 109, and rational numbers o, o5 non-co-measurable with wy,ws, ..., w,, e—is
a small parameter.

Let S—be a matrix, making the matrix A to Jordan form:

With conversionz = Sy, of the system (1) reduces to the form

% = Jr+ S 'ef(t, Sy) (2)

Without loss of generality, can assume that the system (1) has the form (2), i.e. A has

the form:J := diag(oyi, 091).

3.1 The method of successive approximations

In order to find a conditionally-periodic solutions of the method of accelerated conver-
gence [12]is applied. As an initial approximate conditionally-periodic solutions of the system
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(1)2©(t,&) = 0 := colon(0;0)is chosen. Its residual denoted by #(V)(¢,¢) and take this func-
tion as a first approximation to the original conditionally-periodic solutions of the system
(1).Then the system relatively to ™) (¢, e) will look like:

dzM(t,e)

=]+ POz (t,e) + exV(t, 2,

where PO(t) := f/(t,0) := <%>( ) gk = 1,2; x't,2@) := f(t,0).Amendment to
t;0

oxy,

2 (t,£) denote as y(t,e) = colon(y\" (¢, ), 45" (¢,€)). Then it has the system:

dy(t, ¢)
dt

where Y (¢, 20)) = f(t, M) — f(¢,0) — f.(,0)xW.

The second approximation is determined by the formula z?)(¢,¢) := 2 (¢, &) + y (¢, ),
and
the amendment is denoted by y®(t,e) etc. Then to determinex)(t,e) =
colon(mgj)(t,s),xgj)(t,5)) and y9(t,e) = colon(yt?(t,e),y¥(t,)), j = 1,2,.., the
following system of equations is obtained

=(J+ sf;(t, x(l))y(l)(t, ) + 5Y(1)(t,x(1>), (3)

dx) (¢ , , . .
WL _ (74 P (0)a) 1+ 2x9(1.297), ()
dy(]) t’g . . . . .

di ) (T4 POy + ey D(t,20-D, 40y (5)

where PU=1 () Y0 4§ =2 3 .. — are defined similarly to P© 1 y®.

3.2 Integrating Model Equation

The systems (4) and (5) have the same structure and are linear non-homogeneous systems
of the form:

% = (J+¢eP(t))z+eq(t) (6)

where J = diag(o1,02), P(t) = (pj(t)), j,k = 1,2; q(t) = colon(q:(t),q(t)). Ma-
trix P(t) and vector-function ¢(t)are considered to be analytical and conditionally periodic
but bio
ba1 b
andR(t) = (r'(t) r*(t)) is purely conditionally-periodic parts of the matrix P(t), satisfying
the equation P(t) = B+ R(t). DenoteT'(t) := [ R(t)dt and let TR = RT, BT = T B. Making
a replacement in the equation(6)with z = 7)), have

by ¢ with frequency basis wi,ws,...,w,. Let B = (b',b?) = ( ) be a constant,

Becrauk KasHY. Cepusi maremaruka, Mexanuka, nangopmaruka, N.4(100), 2018



12 Suleimenov Zh.

dv
dt

where g(t) = exp(—<T(£))q(t), g(t) == colon(g1(£), 92(1))
Let g(t) be the following

= (J+eB)d+¢eg(t), (7)

g(t) = > Crexp(i(k,w)t), (8)

[[%[1=0

wherek := (kyi,...,kn), w = (w1, ....;wn), |kl = k1| + ... + |kn|, C* := colon(CF,C¥), kw :=
k1w1 + ...+ knwn.
Conditionally-periodic solution of the system (7) is defined by the same formof series

Z d* exp(i(k,w)t), (9)

<=0

where d* = colon(d},d5)—undetermined coefficients. Using (9) in the system (7)
considering(8) the
formal solution of the system(7)is the following :

ey =3 e[ Zfi’z;’)z(_(gll)_ _dj;; __fg;z e expli(k,w)t).  (10)

lI%l>0

It is actual conditionally-periodic solution if the series (10)converges uniformly by t.

Let: kyy1 = —1, wpy1 = 01, kpio = —1, wpyo 1= 09, k% := (k1, ..., knso), w* =
(W1 ooy Wnaa),  (B* w*) = kw1 + ... + kpwp + kngown .

Then for most of the frequencies (meaning Lebega) {wy,...,wn,wnio} C Q* and for
integersky, ..., k, o the following estimation is true:

(k0" = K (k]| +2)7"7 (1)

where K > 0—is some fixed number smaller than [1] :
In the strip [[Jmwt|| < ¢ lets define My = |[|q(¢)||, = supll¢(t)]|, No = ||R(t)|l, =
t

sup||R(t)]], lets define [|-||,is the normof the strip ||Jmwt|| < g.
t

Then for the coefficients of the series r™(t) = > pmkeihwlt — pmk =
lI%[1>0

colon(p™*, p7¥), m = 1,2; and the following estimation is true: ||pm’“HO < Npe~lIklla m =
1,2,
Therefore, for T'(t) in the strip ||met|| < q — 26;; 26 < q there is T(t) =

> mpmkei(k"“)t, 1T, < %Qg‘), Q=+ (¢ ) Vw € G,where G— is a set where the

[[K[1=0
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following satisfies |(k,w)| > K||k||~",where ||-||, is the norm of the strip ||Jmwt|| < ¢ — 26;.
In general, |- ;is taken as the norm of the strip |[Jmwt|| < ¢ —2(0;1 + -+ d;). Then
lg(0)ll, < Moe=No@™" = My, ||CH| < MyeIHo=20),

Therefore in the strip ||[Jmwt|| < g — 207 — 202, 20 < ¢ — 24, for conditionally-periodic
solution of the system (6) have

M 1 4 9 n+2
|z(t,e)ll, < \/_52n+1(1 + Q1) exp(2e NoQ6; "), Q1 = e ( (ne—l— ))

Lets prove convergence of the series of the estimated solutions zU)(¢,¢) to solution of
system (1).
Return to equations (4) and (5). Let in equation (2)matrix P (¢) := f/(¢,0) has a form:

POt = BO +ic® 4 RO%), B .= (by,), C = (c1n), [,m =1,2;

where R (t)— pure conditionaly-periodic part of matrix P (¢). Then

eM —on
W(l + Ql) eXp(25N0Q51 2 )

V25

where Ny := ||R© (t)HO. If 2™ (t,¢) stays in the domain D, then f(t,#V)) and Y (¢, zM)
also

will be analytical by t and (M. If Ny := HR(l)(t) H, RM(t)— is the pure conditionally- periodic
part of matrix P (¢), then

l#V . e)l] <

Hy( to)|| € =55 (1 + Q1) exp(2eN1Qd5>")

\/_52n+1

For w = (wl, ey Wnt1, Wnta) s Wi 1= O'Z—|—€(C§i1) +cg2)), © = 1,2, satisfying the inequality

11), where ¢ D) from the following expansion
im g exp
POty = BY 4ic® + RWO(@), BO .= @)y, ¢V .= (!, RO .= () 1 m=1,2.

Similar estimation is obtained for 4\ (¢, ¢), j > 2.
Let in the region Dthefollowingconditionshold:

! 1 " " anl
Hfz(t@)“ < §L7 Hfgﬂ(t?x)H < 2P, fo = a? , ml=1,2.

Then under the condition that all the approximations #()(¢, €) stay in the region ||z|| < h
we have
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14 Suleimenov Zh.

[PO@)|| < L, [[YO(t,20-D, 40| < p”y(j*l))”z_

Therefore,

29t )], < %(1 + Q) exp(2eLQo ™), (12)
2

, P(1+
||y(])(ta€)”2j+2 = 8\/(5527142) exp(25LQ(52J+ Hy(J K (t,e HQ iz 1 (1)
2

where Qo := || f(¢,0)]],.

3.3 Convergence of the sequence of approximation

Solution of the system (1) is the sum of the series

=Y e (14)

Then using the inequalities (12), (13)we obtain that this series is majored by the series

mo + Z mg, Mo : \/—gngl (]‘ + Ql) exp(sQ*51_2”), Q* = QLQa
7=1
(14 Quexp(eQ 0 m2,. (15)
m; = ~ 1) exp m .
J \/—53]1_21 2j+1 -1
Consider the series
Zm] = Z&)mj, g0 = —=(1+ Q). (16)
7=0 7=0 \/§

instead of (15).
Choose 61 < 1, d5 < 1, so that

57 exp(—reQ*672") =: iy,

2057 exp(—reQ*6;2") = (e(1 4 Q1))* PQo exp(eQ*5y 2™, 'Y
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2557““)(2”“) =(e(1+ Ql))2 exp((r + 1)eQ"0r™).

Let 2—a)r=a, 1 <a<2.
The other 9, choose so that dq;42 = 52J, 52]+1 = 52] wt=6a7, j=1,2, ...

Then the series (16) has the form Z m; = Z m§” . This series converges for my < 1. And
=0

o0
! 5, then its sum S satisfies the inequality S; < 2mg. The series ) §; also converges

7=0
due to the relationship between its members, its sum satisfies the inequality 255 < ¢, if

it mg~

1

2[05 " exp(—e@*67°M)] " < 1. (17)

Thus we have derived the convergence conditions (15) and (16). Setting 2« = 3for defi-
niteness, we get 7 = 3. Then from (16) and m§ " < 3 it follows that

1
A 16v/PQo(1 + Q1) h

Besides from the inequality 255 < ¢ we obtain

2
€< d = &9g.

VPQo(1+ Q1)

The condition that the approximations #() (¢, £) stay in the region ||z|| < h yields Sy < h,
here Sy is a sum of the series dominating the series (14). By (15): S; = £¢.S2. Consequently,
g092 < 2myg. Hence, under the assumption 2my < gph the approximations stay in the region
||z|| < h. This condition implies the inequality

h2\/P

543—::83.
Q021+ Q)

Thereby, with € < min(ey, €9, £3)the series (14)uniformly converges on the real axis ¢ to
the
conditionally-periodic solution of the system (1).

4 Results and reasoning.

The existence of a conditionally periodic solution of system (1) is proved. For this purpose,
a sequence has been constructed, rapidly converging to the conditionally periodic solution of
system (1).

First, a linear inhomogeneous system is investigated in detail, which is a model equation
for the terms of the sequence of approximations. The research results are used to build a
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sequence of approximate solutions and in their evaluation. The conclusions of the work have
scientific and practical value. Simultaneously with the proof of the existence of a solution,
the construction of its construction is given. Unlike previous researchers, a critical case was
considered and the method of accelerated convergence was applied.

5 Conclusion

The question of the existence and construction of a conditionally periodic solution is one of
the most important in celestial mechanics. In problems of celestial mechanics, a condition-
ally periodic solution is a solution in which positional variables (semi-major axis, eccentrici-
ty, inclination, etc.) are expressed as conditionally-periodic functions, and angular variables
(pericenter longitude, angle longitude, etc.) are expressed as a formula:

nt— conditionally periodic function,
where n — average angular variation for a given variable. Movement in an orbit corresponding
to a conditionally periodic solution occurs in a limited region of space, and after a certain
period of time, the celestial body returns to as close to any point within this region as
you like. A characteristic feature of the series representing a conditionally periodic function
is that their members are arranged according to increasing degrees of one or several small
parameters, as in ordinary power series. However, the question of the convergence of these
series in a strict mathematical sense has long remained open. Moreover, it was proved that a
considerable number of these series diverges.

Thus, the assumption that conditionally periodic solutions in the problems of celestial
mechanics exist and that the real motions of celestial bodies should be described by con-
ventionally periodic functions required proof. G.A. Merman’s paper first obtained a rigorous
proof of the existence of a conditionally periodic solution in the plane bounded three-body
problem.

V.I. Arnol’d developed a method for proving the existence and constructing conditionally
periodic solutions of Hamiltonian systems of differential equations of a satisfied general form
[3-4]. This method of A.N. Kosmogorov-V.I. Arnold was disclosed in terms of their practical
application by Yu.A.Rabov and E.G. Grebennikov for the same Hamiltonian systems.

In recent years, A.Bari, H. Brezis, Feireist E., Pelyukh H.P., Syvak Q.A. have become
involved in the problems described above or close to them [13-15]. In some international
conferences, the author of this article made reports of particular details of the formulation of
the question and the election of the method [16-17], theses of which were published.
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Dynamic request distribution for enhanced Quality of Service
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Chris Phillips, Newcastle University, Newcastle, Great Britain,
0191 208 7972, E-mail: chris.phillips@ncl.ac.uk

The emergence of Web-services as an open components supporting flexible and inexpensive set
of distributed applications as well as exploiting them as a promising solution for integration with
other application and providers of software-hardware resources is very much in demand. Using
Web-services simplifies and enhances system functionality because of the availability of programs
interaction with each other through Internet using open protocols. Thereby it is necessary to pro-
vide QoS provision issues such as distribution of request streams, enhanced efficiency of operations
at peak loads. One of the ways to tackle these issues is to apply dynamic request distribution which
ensures continuity of data transfer and processing ignoring crashes and equipment failures, redis-
tribution of data flow to the available nodes in case of their loss. Abovementioned can be achieved
using certain heuristics based on methods of Mathematical statistics and Probability modeling.
Moreover, we provide analysis of methods and models developed for QoS provision.

Key words: Quality of Service, QoS, dynamic balancing, resource allocation, load balancing,
queuing.

Kpizamer kepcery TUIMAIIriH apTThIPY YIIIH CYypPaHBICTAPABI YJIECTIPYAiH JUHAMUKAJIBIK
MoeJTi
Konnacbaes C.K., on-@apabu arbragarsl Kazak yITThIK YHUBEpCUTETI, AJIMATH K.,
Kaszakcran Pecnybiaukacer, E-mail: serykjoldasbaev@mail.ru
Banakaesa I'.'T., o-@apabu arbigarbl Kazak yiaTThIK yHUBEpcUuTeTi, AJiMaThl K.,
Kazakcran Pecrybimkacer, E-mail: gulnardtsa@gmail.com
Aiinapos K.A., on-@apabu arbinjgarsl Kasak, yaTThIK yHUBEpCUTET], AJIMATHI K.,
Kazaxcran Pecnybiukacer, E-mail: kanataidarov@yahoo.com
Chris Phillips, Newcastle University,
Newcastle, Great Britain, E-mail: chris.phillips@ncl.ac.uk

Beb-cepBucrepin maiiga OOJIFAHBI UKEM YKoHEe KbIMOAT eMec KeHEHTLINeH KOCBIMIIAJIAP/IbI
KOJJANUTHIH aIlblK ~ KOMIIOHEHTTED, COHJAl-aK oJiapAbl 0Oacka KoJIaHOAJapMeH —KoHe
bargap/iaMaJiblK,  JKOHE AIMIapaTTHIK, PECypPCTapMeH KaOIbIKTAyIIbLIAPDMEH WHTETDAITUIAY
VITiH TEepCIeKTUBAJbIK IIMelNM peTiHae Tafifajlany VJIKEH CYpaHbICKa ue. Beb-kKbpiamertepi
maiiTajany AalllblK, XaTTaMaJapabl KOoJaHbin VHTepHEeT apKbLibl Oip-OipiMeH Oarmap/aMaJIbIK,
o3apa dpeKeTTecy/liH OOTybIHA DAMIAHBICTHI YKYHEHIH KYMBICHIH KEHIJIJIETe Il KOHE KeTimaipeti.
Ocpunaiiira, Q0S KamMTaMachl3 €Ty MoCeJeJIepiH eIy KarKeT, MbICAJIbl, CYPAHBIC AFbIHIAPBIH
GeJly, €H 2KOFaphbl JKYKTEMeJEp/e OMEpaldsIApPAbIH TUIMIUINIH apTThIpy. Byir Mocesesnepi
eIty KOJIAPBIHBIH Oipi JepexTepai Oepy »KoHe OHIEYMiH Y3ITiCCi3iriH KaMTamMachl3 eTeTiH
JIUHAMUKAJIBIK, CYPAHBICTBI TapaTy/Ibl, COTCI3IIKTEP MEH KaOIBIKAP/IbIH, ICTEH MILITYBIH €/IeMeyi,
JKOFaJIFaH KaFaaiiia KoJ XKeTiMii Tyilinaepre JepekTep arbIHbIHBIH KaiiTa 66JiHyin KaMTaMachl3
ery 60 TabbLIaIbl. 2KOFaphlla KOPCETIINeH MATEMATUKAJIBIK, CTATUCTUKA MEH BIKTUMAJIIBIK,
MOJIE/IBJIEY OJiCTEpiHe Heri3/e/reH Oeriii 9BPUCTUKAHBI KOJJAHA OTBIPBII KOJI 2KETKi3yTre
0oIabl.
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Byman 6acka, 6i3 QoS-Ti KaMTaMachl3 €Ty VIIiH 93ipJIEHTeH 9icTep MEH MOJIEbIEPIl TaJIay bl
YCBIHAMBI3.

Tvyitin ce3aep: Komer kopcety canacol, Q0S, IHHAMUKAJIBIK, TEHIECTIPY, PECYPCTAPbI YIIECTIPY,
JKYKTEMEHI TEHECTIPY, TAICHIPBIC.

JunHamMudyeckoe pacrnpeesieHue 3alipoCoB JIJisl MOBBIIIEHUsI KAYeCTBa 00CILy >KUBAHUS
Ixomnmacoaes C.K., Kazaxckuit HarmoHAIBHBIN yHUBEpCHTET NMeHN ajib-Dapabu,
Asmvarsl, Peciyosuka Kazaxcran, E-mail: serykjoldasbaev@mail.ru
Basmakaesa I'.'T., Kazaxckuii HarinonaspHbIil yHUBepcuTeT nMeHH ajb-Papadu,
Amvarsr, Peciybiimka Kazaxcran, E-mail: gulnardtsa@gmail.com
Aiinapos K.A., Kazaxckuil HarmoHaAIbHBIH yHUBEpCUTET UMeHN aib-Dapabu,
Asnvarer, Pecriybuka Kazaxcran, E-mail: kanataidarov@yahoo.com
Kpuc Ounnunc, Yausepcurer Hiokacs, Hiokacs, Besmmkobpuranus,

E-mail: chris.phillips@ncl.ac.uk

IlosiBnerne Web-cepBrucoB Kak OTKPBITHIX KOMIIOHEHTOB, MOJIEPXKUBAIONNX THOKUI U HEI0POroi
HabOp pacIpejie/IeHHbIX IIPUJIOKEHUI, & TaKyKe MX HCIIOJIb30BAHUE B KAYECTBE IT€PCIEKTUBHOIO
pellleHnst Jjisi HWHTerpaluu ¢ JPYTUMHU [PUJIOXKEHUSIMA ¢ IIOCTABIIMKAMHU I[IPOIPAMMHO-
amnmapaTHBIX pPecypcoB, odeHb BocrpeboBano. Vcmomb3oBanume Web-cepBucos ympormaer u
yiaydmaer QyHKIIMOHAJIBHOCTh CHCTEMBI M3-3& JIOCTYIIHOCTHA B3aMMOJIEHCTBHUS MPOrPAMM JAPYT C
apyrom depe3 HTepHET ¢ UCIOMb30BAHNEM OTKPBITHIX TPOTOKOJIOB. TakmM 06pa3oM, HEOOXOINMO
pemaTh BOmpockl obecniedenust QOS, Takue Kak pacipejiesieHre MOTOKOB 3allPOCOB, OBBIIIEHUE
3¢ HeKTUBHOCTH Olepaluii Ipu NHUKOBBIX Harpyskax. OmgHUM u3 CcrnocoOOB pEIleHns] ITUX
IPO0JIEM $IBJISIETCS IPUMEHEHNE JTUHAMUYIECKOIO PACIIPeIesIeHIsT 3aIIPOCOB, KOTOPOe 0becIieanBaeT
HEIPEPBIBHOCTH Tlepefiadn 1 OOpabOTKU JAHHBIX, WTHOPUPYsS COOM W BBIXOJA W3 CTPOS
000OpyIOBaHMs, MEPEPACIPEIeCHIE TOTOKA JAHHBIX K JIOCTYIIHBIM y3JaM B CIydae UX IOTEPH.
BormeymoMsinyTble MOTYT OBITH JOCTUTHYTBI C HCIIOJIB30BAHUEM OIPEJIEJIEHHBIX BPUCTUK Ha
OCHOBE METOJIOB MaTEMATUYECKON CTATUCTUKM U MOJIEJUPOBaHUs BeposiTHOcTed. Kpome Toro, Mbl

IpeJjlaraeM aHaJu3 METOJOB U Mojesiell, pa3paboTaHHbIX s obecredenns: QoS.
KuaroueBbsie cioBa: KauectBo  obciykuBanusi, QoS, muHamMuveckasi OaJIlaHCHPOBKA,

pacrpe/iesieHue pecypcoB, 6aJaHCHPOBKA HATPY3KU, OYE€PETHOCTD.

1 Introduction

In modern telecommunication networks, the character and volume of traffic transmitted and,
accordingly, the provided info communication services are constantly changing. The increasing
dissemination of web services, whether as an internal organizational infrastructure, or as
part of paid services provided by the organization, issues related to service quality become
very relevant and will ultimately be a significant factor in the success of service providers.
For example, when customers contact you through the customer service centre’s of services,
they usually interact with automated support systems and expect an immediate answer.
However, if the issue requires human intervention, it is likely that consumers will hold on
the line, waiting for a response operator. Similarly, when the stock market is unstable and
a large number of brokers and traders is online, as a rule, the trading platform can become
overloaded, inhibiting or causing significant difficulties in the operation of such systems. The
inability to buy and sell in a timely manner can cause serious financial losses.

2 Review of literature

To date, a large number of well-known scientists, for example, Kleinrock, S. Blake, D. Gross-
man, Z. Wang, Steklov VK, Berkman LN, as well as research centers such as Mobile Ad-hoc
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Networks, Internet Engineering Task Force, Center for Embedded Networked Sensing deals
with the management and distribution of traffic. However, despite the huge number of pub-
lications and the efforts of manufacturers, the task of constructing traffic patterns that best
reflects its functioning in real conditions is still not solved [20-25].

Specifically, because reinforcement learning offers the potential to develop optimal allo-
cation policies without explicit model knowledge by learning from the consequences of each
action, existing works on ML algorithms mainly focus on reinforcement learning [11], [12].
They require neither an explicit system model nor an explicit traffic model to learn.

RL refers to a learning process, where a learning agent can learn to make appropriate
decisions through interactions with an external environment [13|. Specifically, beyond the
learning agent and the environment, a reinforcement learning system consists of a policy, a
reward function and a value function. Let S be the set of environment states and A be the
set of actions, respectively.

Another popular machine learning algorithm is the support vector machine (SVM). It has
been widely applied for different areas such as pattern recognition, classification and data
mining. However, SVMs are not preferred in on-line applications since the training and testing
complexity of standard SVM are O(nm + m3 ) and (m) respectively, where n is the data
size and m denotes the number of support vectors. On the other hand, some approximated
methods have been proposed to reduce the complexity [14]. For example, [15] reduces the
complexity to O(nd 2 max ), where d max is the number of basis functions elected.

A few of works on machine learning algorithms have been proposed for the resource
management problem [16-19]. For admission control, [8] derived a complex rule set that can
be used to identify the optimal configuration for unobserved workload based on machine
learning algorithms. [19] applied RL to configure parameters automatically in multi-tier Web
systems, where eight parameters at web tier and application tier are selected to consist of the
state space. For each parameter, there are three possible actions: increase, decrease and keep.
The policy is based on the e-greedy method. In order to suppress the poor performance due
to bad initialization, they proposed an algorithm to construct different initialization policies
for different scenarios. For VM scaling, [16] proposed an iterative model training technique
based on artificial neural network (ANN) to predict computing resource demand in virtual
environments. [17] applied RL to train nonlinear approximators (e.g., multi-layer perceptrons)
instead of the lookup table for VM horizontal scaling, where the state is defined as the request
arrival rate and the action is to determine the number of servers allocated. Since the state
space grows exponentially with the number of parameters in practice, the authors applied a
nonlinear function approximator as an external policy to avoid poor performance that would
be expected during online learning.

Recently, a few of works on fuzzy control for the resource management have been proposed
in [10-12]. In [10], the admission control is conducted by fuzzy control in order to manage
the QoS, where the turning parameter Maxclients in each interval is controlled by the fuzzy
controller. For VM scaling, [11] attempted to capture the non-linear behaviors in VM resource
usages by designing a fuzzy model estimator. The approache is divided into two steps. First, a
fuzzy logic based modeling method is used learn the system behaviors without requiring any
priori knowledge. Then a predictive controller predicts the resource demand of all VMs and
takes actions based on this model. [12] proposed a neural fuzzy controller for percentile-based
end-to-end delay guarantee through a virtualized multi-tier server cluster, where Gaussian
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membership functions are first used to fuzzify the average service time, s i , and the variance
of service time, sigma 2; , distribution of requests at tier i, respectively. Then a fuzzy neural
network is applied for online learning at the Inference stage. In addition, an output scaling
factor is introduced to further enhance the performance. It is model-independent and capable
of adapting control parameters through fast online learning. Compared with other supervised
machine learning techniques, it does not require off-line training.

The urgency of the work on the material implementation of QoS in the Internet is a
time-consuming task, but its solution will certainly affect the balancing of the load as a
whole.

The quality of traffic management and distribution is characterized by such a notion as
Quality of Service (QoS), which is the ability of a computer network to provide the required
level of service to a given traffic within a certain technological framework [1].

The necessary service is characterized by many parameters, the main ones being the
following:

— Bandwidth (bandwidth);

— priority;

— Delay of data transmission (delay);

— delay variation — jitter;

— loss of packets in the transmission of network data (packet losses).

In order to determine which simulation is most suitable and effective for managing and
distributing traffic, typical problems that arise with bit transfer during periods of network
congestion should be considered.

Developments in this area contribute to the effective operation of the I'T service delivery
system. Today there are huge resources for data processing, however, its effective application
will contribute to the correct allocation of time and memory of the system, which are impor-
tant factors in modern conditions. In addition, the information in the servers of the system,
as well as requests for them, are steadily growing, which gives the demand for research in
this direction relevant [2].

QoS (quality of service) — the ability of a network to provide the necessary service to
a given traffic within a certain technological framework. "In this technical sense, this term
means a set of methods for managing packet network resources. The quality of the connection
is determined by four parameters:

1) Bitrate, describes the nominal bandwidth of the media. Depends on the bandwidth of
the communication channel (Hz) and the signal-to-noise ratio;

2) Delay in the transmission of a packet (Delay), measured in milliseconds;

3) Fluctuation (jitter) of packet delay;

4) Packet loss. Determines the number of packets lost on the network during transmission
3]

To date, in modern telecommunications, one of the most urgent tasks is the transfer of
traffic in compliance with a number of requirements for quality of service. Inefficient use of
network resources, a large number of subscribers, as well as stringent requirements to the qual-
ity of service parameters may be the reason for the decline in the quality of services provided
in multiservice data networks. Service quality technologies enable you to meet the workload
or application maintenance requirements by measuring network bandwidth, monitoring net-
work state changes (eg, used or available bandwidth), and prioritizing (or regulating) network
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traffic [4]. Quality of service QoS refers to non-functional properties of interaction with Web
services. These properties determine the degree of satisfaction in the query. QoS on customer
terms can be grouped into three categories: performance, security and availability. These
categories contain a set of various non-functional properties and metrics that determine the
non-functional properties of the web service in quantitative forms in a certain order, linking
it to unambiguous semantics. When measuring metrics, you should take into account the
measurement indicators, facilities, organizations and the point in the network under which
measurements are to be taken.

If several queue control algorithms are planned for wireless network design, for example,
FIFO algorithm, priority maintenance algorithms, weighted queue algorithm, then in this
case it is suggested to use the following order for comparison.

1. Calculation of the generation period

1

?7

where 7 is the generation period; f is the network frequency.
2. Determine the network speed

T =

where b is the average service time; m is the data rate.
3. Bandwidth of channels

where C' is the throughput; t is the delay time; k is the number of channels.

Comparative analysis using the presented formulas will allow to judge, firstly, what equip-
ment is necessary in this situation when building a computer network, which minimizes the
delay in information transfer, and also effectively manages and distributes traffic. Secondly,
what algorithm is better to use in that or other equipment.

In order to improve the quality of service, modern systems use intelligent service delivery
systems that contribute to the improvement of the service delivery system.

For example, in [5-6] some solutions to the problems of availability and fault tolerance
with the use of Apache Zoo Keeper technologies are proposed. The authors of this paper to
solve the problem of distribution of flows, especially at high workloads, mainly, the transfer of
some of the main loads to other servers (followers). of distribution of flows, especially at high
workloads, mainly, the transfer of some of the main loads to other servers (followers). The
proposed method is aimed at scenarios in which the Zab protocol is potentially a bottleneck
in performance, this can happen for some reasons: (1) the intensity of work with intensive
recording; (2) the number of clients is quite large; or (3) a large number of ensemble N, N > 3.
In other words, the method reduces the traffic of messages, both incoming and outgoing, from
the leader. This is achieved by changing the behavior of followers in two simple but important
ways, while at the same time supporting the structure of Zab itself, which is well understood
and implanting the structure. Thus, the costs associated with reaching an agreement were
reduced, lower overheads and increased productivity.
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3 Materials and methods

The urgency of the work on the material implementation of QoS in the Internet is a time-
consuming task, but its solution will certainly affect the balancing of the load as a whole,
both globally.

To describe the QoS work in the physical representation, that is, the definition of what it
is, let’s go down to the hardware implementation. It will be appropriate to determine that in
the work we do not touch this level (the hardware part) and no change in its architecture or
the like. solutions is not a task. At the same time, without describing the hardware structure,
it will be difficult to state the task at the middleware & software level.

Implementation of dynamic QoS solutions for servers of large-scale clusters exists rela-
tively long ago. But the use of the Internet of things in different approaches can bear other
promising solutions. The use of fairly simple elements of the Internet things from improvised
tools in turn can have a grandiose significance for QoS in general.

There are three models of implementing QoS: the best possible; integral and differentiated.
In the hardware, we can define this as the following:

The best possible type of service is realized on the network, when everything is done to
deliver the package, but nothing is guaranteed (for example, FTP or HTTP). The integrated
type of services (RFC-1633, 1994) was developed first and implemented by point-to-point
redundancy (RSVP protocol, 1997, section 4.4.9.6). RSVP provides a signaling mechanism
for configuring remote routers to obtain the desired QoS [3], [8]. The protocol is oriented
to work with three types of traffic: best efforts (normal transmission of IP-data without
connection), sensitive to the transmission speed and sensitive to delays. Traffic sensitive to
download requires the formation of a channel with guaranteed bandwidth. The application
is forced to put up with certain delivery delays (a class of services with a guaranteed bit rate
in seconds).
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Figure 1: The general picture of network connection for dynamic model
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3.1 Mathematical model

The third type of traffic (sensitive to delays) guarantees a minimum delay and a low variance
in the delivery time. The capacity can vary. An example of this type of traffic can serve
as voice or video. RSVP defines two types of services for this type of traffic: a service with
controlled delays and a predictable service (for real-time applications (video conferences and
telephone conversations) [6].

It is known that the transmission of information through Internet services occurs in a
portioned, in the form of a session, containing many individual requests. These requests are
expressed as a queue of atomic units that have a finite number of elements, called threads.
Each request in the stream is a package, each of which has an application and a limited
number of m. Therefore, one packet inside the stream at a certain point in time will be
processed in only one of the limited sets of available N processors [4].

Streams can be m different types with different performance requirements. a stream of a
i-type contains k(i) applications sent at the frequency of /(i) applications per second. These
values will be needed later in the description of various QoS heuristics.

3.2 Development of algorithm of performance evaluation

Suppose that for each i-th stream, K; - the total number of packets organized in the FIFO
queue. The flow has important characteristic, ); is the rate of arrival of the i-th stream.
Each processor has its own characteristic b; - the average processing time, which means the
average time of finding the packets in the processing processor. And each from this processor
can process only one packet at a time. Each packet in the stream has a characteristic Lé- -
delay j -th packet in 7 -th stream. Delay means the total time that a package has been in
the system, from the moment it hits the queue, until it leaves the processor after processing.
On the basis of this we introduce the following variable: VVJZ is the waiting time of the packet
and we define it as
Wi=L:—1b

where 7 = 1,2,..., K; and 7 stream index. We introduce one more variable (); - the average
waiting time for the i-th stream and express it as follows:

The application vendor leases server resources from the cloud and provides user work
execution services, which is expressed in the form of a Service Level Agreement (SLA). This
agreement contains a list of quality parameters for servicing methods and means of their
control, the time of the supplier’s response to the consumer’s request, as well as penalties for
violations of this agreement. It consists of three components:

1. A description of the quality of service guarantee that the cloud platform provides to
the user;

2. A revenue-generating scheme that is used by the platform for charging for the services
provided;

3. Penalties for violations of the agreed performance guarantee under the contract.

SLA in our case is defined as follows:
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QiSUi,’izl,Q,...,M

Here M is the total number of streams accepted for maintenance, o; is the profit received for
completing the maintenance of the i-th stream (processing of all packets of this stream). P,
is penalties for violations of the SLA.

We define a new set of variables:

profit; = o; — A; X cost X duration;

Which A; - number of dedicated processors for the i-th stream, cost - a fixed number of units
per unit time, duration; - amount of time spent processing.

To determine system performance, we use the utility function. R - the average profit
received by the service provider per unit time is the main metric considered in this work.

R = Zai[ci —r; P(W; > ¢;)]
i=1

where a(i) is the average number of i-type flows received per system per unit time, P(W; > ¢;)
is the probability of exceeding the observed waiting time for streams commitment g;.

Heuristics with the same flows can be optimized by applying one or more steps to improve
the heuristic, similar to another. The ultimate goal of resource allocation and heuristics of
admission control is to maximize this value (R).

4 Results and discussion

To improve the efficiency of providing services at the software and middleware levels, it is
proposed to use the dynamic model of an intelligent system at high loads without affecting
the hardware of the system as a whole. The method of solution and the mathematical model
of regulation of load balancing are presented in the article according to the statement of the
problem.

The results of this work at this stage can be defined as the proposed effective method of
solution, as well as the correct wording of the problem itself.

An algorithm for the functioning of a new model for carrying out extensive computational
experiments is being developed.

In the future, emphasis will be placed on numerical solutions and simplifying the problem
to the required level.

5 Conclusion

In a dynamic system, instead of the limited resources NV, a non-constant number of processors
with the total amount limitation will be taken into account: I € N.

In this connection we use a dynamic solution to the problem of distribution of queries to
solve the problems of distribution of flows, in order to increase the efficiency of operations,
especially at high loads, which will ensure the continuity of data transmission and processing,
ignoring equipment breakdowns and outages, distributing data on accessible nodes, in case
of their loss.
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Optical character recognition with neural networks
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XXI century is the age of global automation and digitization. There is high demand for optical
recognition software, including character recognition. There are different approaches in solution
optical recognition problem. Some of them based on classical feature extraction methods. Other
based on machine learning algorithms. In this work, we observed related works in machine learning
field and propose the plan for further research. The work relies on two research studies that de-
scribe basics and fundamentals of machine learning. These research include various experiments in
this field. We conducted several experiments to get acquainted with methods and techniques and
to identify key features that are affecting on optical character recognition process. We analyzed
two main architectural structures: multilayer perceptron and convolutional neural network. In con-
clusion, we identified key points of machine learning techniques and composed our own strategy for
further researches. The result shows the difference in performance of different convolutional neural
network models under the same conditions. Further work will cover researches and experiments
on performance of several architectures. In addition, we observed latest tools, software programs
and environments for the most convenient way to organize implementation process.

Keywords: OCR, neural network, convolutional neural networks.

Onruyeckoe pacmo3HABaHWE CHMBOJIOB C MOMOIIBIO HEHPOHHBIX ceTeil
MTamaxmeron A.3., Mexaynaposubiii Yuusepcurer busneca,
r. Anmarer, Peciybsinka Kazaxcran, e-mail: aidar.shalakhmetov@gmail.com
Ay6akupos C.C., Mexynaponubiii Yausepcurer busneca,
r. Anmarsr, Peciiybsinka Kazaxcran, e-mail: aubakirov.sanzhar@gmail.com

XXI Bek — 3T0 Bek T/106abHON aBTOMATU3AINNA U OIMUGPOBKN JAHHBIX. B HaIlle BpeMsi UMeeTCs
OIPOMHBII CIIPOC HA CHCTEMbI OITHYECKOI'O0 PaCIO3HABAHUsI, BKJIFOYAsi CUCTEMBI PACIIO3HABAHUS
cuMBOJIOB. B cdepe onTuueckoro pacro3HaBaHUsT UCIOIb3YIOTCS PA3JIMIHBIE TIOIXO/IBI B PEIIEHUN
IMOCTABJIEHHBIX 3a/1a4. HeKoTopble M3 HUX OCHOBBIBAIOTCS HA KJIACCHIECKUX METO/AX BbIIEJICHUS
XapaKTePHBIX MPU3HAKOB. HekoTopble 0as3smpyioTcss Ha AJrOpuTMaxX MAIIUHHOrO obywenus. B
JIaHHOH paboTe paccMaTpUBAIOTCs UCCIEIOBaHUs B cepe MAITMHHOTO O0yYeHUs U MPEJIOKEHISsT
JUIS TIOCJIEIIYIONIMX uccienoBanmii. JlaHHAsi cTaThbsi OCHOBBIBAETCS Ha JIBYX IIyOJUKAIUSIX,
KOTOpBIE OIUCHIBAIOT OCHOBBI MAIIMHHOIO O0ydeHHUsi. MbI [MOCTABUJIM HECKOJBKO AHAJOTHIHBIX
IKCIIEPUMEHTOB JIJIsi O3HAKOMJICHUSI C METOJAMU U TEXHUKAMU JIAHHOTO IIOJXO/A, & TaK¥Ke s
OmpeieJIeHnsi OCHOBHBIX MPUHIIAIIOB, KOTOPBIE BJIMSAIOT HA IPOIECC ONTHYECKOTO PACIIO3HABAHUS.
MbI mpoaHAIM3UPOBAJIN JIBE OCHOBHBIE APXUTEKTYPbI: MHOTOCJIONHBINA MEPIEIITPOH U CBEPTOYHBIE
HelipoHHBIE ceTH. B 3ak/odeHnn, Mbl O3HAKOMUJINCH C OCHOBAMHU aJI'OPUTMOB MAIIMHHOTO
0o0yYeHUsI W COCTABWJIM CTPATErWIO JJIsl JajibHeAnmX wucciepoBanuii. [lojydeHHBIN pe3yJsbTar
OTpaXkaeT PA3HUILy B IIPOU3BOIUTEIHLHOCTH MEXKY PA3HBIMU MOJIEISIMUA CBEPTOYHBIX HEHPOHHBIX
ceTeil TIPU OJMHAKOBBIX yCjaoBHUsX. llociemyromume paboThl OyIyT COMEPXKATD WHCCJIEIOBAHUS U
9KCIIEPUMEHTHI PA3JINIHBIX apXUTEKTYp. B JI0Mo/IHeHIN, Mbl PACCMOTPENN PA3JIUIHbIE YTUIUTHI,
[IpOrpaMMHOe 00eCIIeYeHre U CPEeJIbl [IJIsl CO3/IaHNs ONTUMAIBLHOTO MIPOIECCA PEAJTU3AIUN CUCTEMBI.
Kurouesbie ciaoBa: OCR, HelipoHHBIE CeTH, CBEpTOYHbBIE HEPOHHBIE CETH.

CumBoJsigapabl HEHPOH 2KeJlijiepiHiH KeMeriMeH onTUKAaJIbIK TaHy
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2Kubipma OGipiHIm Fachblp — MOJIMETTEP/l YKAXaHJIbIK, aBTOMATH3AINAsl MEH IUdpaay FachIPhI.
Ka3ipri yakbITTa ONTUKAJBIK TaHy KyiieJepine, OHBIH iMTiHe CUMBOIIAPILI TaHy YKyiiesrepi YIKeH
cypanbicka re. OUTHKAJBIK TaHy CAJACHIH I KOWBLIFAH MaKCATTAPFA XKETY YIIH TYPJI aMaJIIap/Ibl
kosmanaapl. OJ1  amMasmapiblH, Keildipi KJAaCCUKaJIbIK, —epekiine Oejly 9iciH/e HerisesreH.
Backamapbl MammHAJBIK, YHPETy aJrOpUTMIAPBIHIA Herizgenemi. DByn oicTe MaITHHAJBIK,
YHpeTy CaJIaChIHBIH 3epTTeMesiepi KapacThIPbLIAAbl Jla, KeJEIIeKTeri 3epTTey KYMBICTAPbIHA
YCBIHBICTap KapPaCTBhIPBLIAAbI. Depiiren mMakasa, MAIAHAJIBIK YHAPETY/IiH Heri3iH cHmaTTalThIH
eki OachLIBIMPA Kapalm HerizmenreH. Bi3 Gepiiren oaicTiH aMasbl »KoHE TEXHUKACHIMEH TaHBICY
YIIH KepceTireH Toxipubesnep/i Kaiita opbiaiaabikK. COHBIMEH KAaTap ONTHKAJBIK, TAHYFa dCEepiH
TUTI3eTiH HEri3ri NPUHIUIITAP/IbI AHBIKTAMAK, O0IbIK. Bi3 6acThl €Ki apXUTEeKTypPaHbl TAJIIAIBIK;
KOIl KATIAapJ/Ibl IEpIEeNTOH MeH YHIPTKLIN HEeApPOH »KeJiljiepi. KOPTBHIHJBICHIHIA 613 MAITUHAJIBIK,
YHpeTy aJrOpUTMJIEPiHIH Heri3iMeH TaHBICHIN, KeJIEIIeKTeri 3ePTTeyJiep CTPATETrUsChIH KYDP/bBIK,.
Kesneci xymbIcTapbIMBI31a 3epTTEMEIED MEH TYPJI apXUTEKTYpPaJapIblH ToXKipuOeaepin Tadyra
6osrazpl. Hormke Gipmeit mraprTapia KOHBEKTHBTI HEHPOHIBIK YKEJLIEPIiH, opTYPJl MOIe baepi
apachIHIarbl OHIMJIUIKTIH aflbIpMaIIbLIBIFBIH Kopcerepi. Oran kKoca 013 Typsi yrwimrajiap,
OGarapaMaJIblK, KaOIbIKTAY MEH KYileHi »Ky3ere acblpy IPOIECCiH KACAUTBIH CaJiaaapabl
KapacThIPALIK. TYHiHAl ce3/iep: CUMBOJIADILI ONMTUKAIBIK, TaHy, HEHPOHIBI KeJijiep, YHipTKiI
HeUPOH KeJiepi.

Tvyitia ce3aep: OCR, HelpOHIBIK, JKeJTijiep, KOHBEKTUBTI HEHPOHIBIK YKeJiaep

1 Introduction

Nowadays there is growing demand for the software system to recognize characters in a com-
puter system when information is scanned through paper documents. This paper presents
proposal work in the field of Optical Character Recognition that describes chosen methods
of character recognition. In our days technological development growth increasing exponen-
tially in many fields. Machine learning is one of the rapidly increasing and most interesting
fields. An approach, that provides machine learning, can be applied to solution of almost any
problem. Machine learning and deep learning|1] techniques allows to process a large amount
of unstructured data, perform tasks much faster, unlike any person who might spend dozens
of man-hours. Main advantage of these techniques is the ability to generalize and abstract
data|2]. First prototype of neural network was made in 1943[3], which was conceived as a
perception element. With the appearance of high definition cameras, big amount of different
data in different areas, and computation capacities, development of machine learning is in-
creasing faster and faster. Nowadays there are large amount of variations of neural networks
as well as areas of usage[4]. The architecture and type of neural networks, as well as the ap-
proach, is selected depending on the main problem. Neural networks can be divided by their
purposes on these categories namely: image recognitions, decision-making, clustering, predic-
tion making, approximation, associative memory, data analysis and optimization[5]. Neural
networks can have various shapes and sizes. Usually these shapes, sizes, and architecture
in general, are chosen according to the problem. For instance, convolutional neural network
greatly deals with the problem of object recognition due to saving the spatial structure of
data. Neural networks have ability to compute almost any function. No matter what the
function, it is guaranteed to be a neural network so that for every possible input value, there
is some close approximation of output value from the network due to universal approximation
theorem. Universal approximation theorem states that a a single hidden layer feed-forward
neural network can approximate continuous functions on compact subsets of real numbers.
Neural networks take their basis from biology. The whole mechanism is copied from the per-
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formance of a brain. Similarly, as the signals flow between neurons by synapses, the data flows
between mathematical elements, also called neurons. First try of creation of mathematical
model, which simulates brain processes, was made by Warren McCulloch and Walter Pitts in
1943. Since then neural networks become more complex and can perform various tasks. Most
of the problems, which can be solved by neural networks falls under recognition, prediction,
classification, approximation and data analysis problems|6]. For different problem there are
different types and architectures of the neural network - with supervised and unsupervised
training, fixed and dynamic weights, analog and digital input data, and with different prop-
agation algorithms|7]. Basic neural networks are the mathematical models, which is built to
compute mathematical operations in different variations. Therefore, neural network contains
several main elements - nodes, which are called neurons, weights, activation functions. Neural
networks usually are built step-by-step by grouping all elements in so called layers. Weights
are represented as links between each neuron of each layer. Each weight has its own value,
which represents ‘“relation” between neurons in the form of certain value. This value is passed
to the target neuron in activation phase. Activation function is a mathematical function,
which takes sum of all weights as an arguments and, by applying certain function, computes
the output. So neuron gathers all described elements in itself. Basically neuron decides, will it
pass processed input data further or not. This approach is successfully introducing to various
fields. One of the fields of interest is computer vision[8], [9] and artificial perception of the
handwritten text. Using neural networks in optical character recognition and text recognition
systems can make big contribution in data digitization.

2 Related works

The book, on which this work is partially based, is written by by Michael Nielsen and called
“Neural network and Deep learning”[10]. This online book describes basic principles of neural
networks and its implementation on Python. Convolutional neural networks were described in
paper entitled “Gradient-Based Learning Applied to Document Recognition”[11] by Y. LeCun,
L. Bottou, Y. Bengio and P. Haffner. The paper describes the process they used to achieve up
to a 99.1% accuracy on the MNIST dataset, using both a 3-layer convolutional network and a
5-layer network that failed to outperform the former. Another great example of appliance of
machine learning techniques to text recognition problem is described in paper “Recognizing
Handwritten Digits and Characters” by Vishnu Sundaresan and Jasper Lin, 2015[12]. Paper
describes appliance of convolutional neural networks to text recognition problem.

2.1 “Neural network and Deep learning”, Michael Nielsen

The research was made on multilayer perceptron with MNIST dataset[13]. Neural networks
consist of layers which contains some amount of neurons respectively[14|. These layers can
be categorized as input layers, hidden layers and output layers. Input layers contains input
neurons|15]. Those neurons do not process data with activation functions, they just pass
them further. Those neurons can be also called “entry points” of neural networks. Neurons of
hidden layers gather data from each neuron of input layers, sum outputs of applied activation
functions on weights, and pass it further (or do not pass at all). Most of all computations
are performed in these layers. And more model has hidden layers, more powerful the model
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becomes, but it also takes more resources for computations in the other hand. Neurons of
output layers do the same operations as neurons of hidden layers, but they have the only
output weight (or “link”) due to absence of next layer. The output value of this type of neuron
can be interpreted as the prediction and should be considered in the context. Figure 1 shows
four-layer neural network. Activation function serves as the firing mechanism of the output.

HIDDEN
LAYERS

| OUTPUT

INPUT _|
LAYER

LAYER

Figure 1: Layers of neural network

In other words, activation function shows whether is neuron activated or not. Activation
function can be almost any function, which fits the mathematical model. It is obvious that
activation functions have different behavior in the same domain, which affects the output.
Usually sigmoid[16], hyperbolic tangent, Rectified Linear Unit and Softmax functions are used
as activation functions in neural networks. Activation functions applied to the model based on
assumed result. Each element of the neural network imitates a corresponding component of a
brain cell. Neuron or perceptron imitates a neural cell itself, weights stand for axons, dendrites
and synapses combined, and activation function can be interpreted as neurotransmitter. In
reality organic brain is more complex and neural network should not be considered as exact
digital analogy to organic brain. When the architecture of the model is defined and weights are
randomly set, it can take input data and compute output value. Most likely the output would
be different as it is expected, i.e. predict incorrectly. In order to get right predictions with
high accuracy, the model must be trained. During the supervised training model takes input
data, computes it and generates output value, which is compared to the actual result. The
difference between the output and the actual result can be determined by different functions
called loss functions. The choice of the loss function directly effects on the performance of the
neural network. Loss functions can be divided into two groups - regressive loss functions and
classification loss functions. Mean Absolute Error, Mean Square Error or Arctan could be
used as regressive loss functions. Cross-Entropy loss, Hinge loss or logistic loss could be used in
solution of classification problems. The main idea of the training process is changing the values
of the weights and aspiring to reduce an error. One of the methods for defining weight such
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that would reduce the loss function is taking the derivative of that loss function with respect
to every parameter. This method comes down to finding such weights (or parameters in case of
the function), that would minimize the outcome of the loss function. When derivative is found
for each parameter, these parameters are being tuned according to the derivative. This process
is called backpropagation. An initial experiment, described in this work, was performed on
multilayer perceptron with MNIST dataset. MNIST stands for “Modified National Institute of
Standards and Technology”. This dataset contains over 60,000 samples of handwritten digits.
All samples are normalized, smoothed, resized to 28x28 pixels and converted into grayscale
images. The model consists of 1 input layer, 1 hidden layer and 1 output layer. All neurons
of each layer are connected to all neurons of next layer, except of output layer. An MLP
architecture is shown on figure 2. Model in this experiment|17]| is created with following
architecture: input layer consists of 728 neurons, each for every pixel of 28x28 image[18].
Every neuron gets pixel intensity as input value. Sigmoid is applied as an activation function.
Second layer has 30 neurons. Activation function is also sigmoid. Each neuron gathers all
values from input connections, applies activation function and produces an output value.
Output layer have 1 neuron for each classification class. It means that the output layer has
10 neurons for digits from 0 to 9. Activation function in last layer is softmax. After all, input
data is passed forward and computed, model calculates loss with cross-entropy function. The
last step of the iteration is backpropagation. This iteration shows the process of learning for
one sample. One run with all samples is called epoch. To increase accuracy, training process
can be repeated with several epochs. With this configuration Michael Nielsen has achieved
accuracy of 96%.

2.2 “Recognizing Handwritten Digits and Characters”, V. Sundaresan and J. Lin

Another interesting research in this field was made in 2015 year by Vishnu Sundaresan and
Justin Lin from Stanford University. Authors used convolutional neural network for digit
and character recognition. Convolutional matrices are the main elements of this type of
architecture. These matrices, also known as filters or kernels, compute dot product of its
entries and the same sized input. In other words filter overlays an image, slides over it and
searches for specific pattern. Each kernel learns to recognize a specific pattern like line, curve
or corner. The figure 2 shows the convolution process. This approach allows to save spatial
structure of the data. The result is stored in a so called feature map. Sometimes feature maps
are compressed to reduce the number of parameters. This procedure is known as pooling. The
figure 3 shows the CNN architecture. Authors used both MNIST and Chars74K|20| datasets
in their experiments. They have built their own model along with LeNet and AlexNet. Figure
4 shows the architecture of custom model: With this configuration V. Sundaresan and J. Lin
has achieved accuracy of 98% on MNIST dataset and 71% on Chars74K dataset comparing
to the lower result of other networks.

3 Methods

3.1 Datasets

We conducted experiments with MNIST and Chars74K as datasets. MNIST dataset is a large
set of thousands of handwritten digit samples. This dataset is used for basic calibration and
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tuning of different methods for image recognition. Each sample is preprocessed and unified.
Preprocessing translates images into one common format. Unified format of images is the
requirement for convolutional neural networks. In other words, architecture of convolutional
neural networks based on structure of input data. Preprocessing also helps to generalize image
features and, therefore, it directly affects on performance of convolutional neural networks|21],
[22], [23]. The most common parameters of images are height, width, pixel intensity and
number of channels. Typically, images have one or three color channels for grayscale or RGB
respectively. Basing on these parameters, we can define architecture of neural network. To
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Figure 4: Pipeline of CNN
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LeNet 99% 45.3%
AlexNet Na 63.4%
Custom 98.1% 71.7%
network

increase accuracy of the model, we should perform further preprocessing. Usually it consists of
resizing and rescaling, normalization and mean distribution of pixels of images. Convolutional
neural network models are designed with fixed number of input nodes and kernels. Each node
takes one pixel of image as input. Each kernel is intended for one of the channels. Therefore,
for RGB input image should be defined three input kernels for each channel. First of all it
is must be ensured that images have the same size and ratio. If some of the samples are not
fitting to the specified size, they must be cropped and rescaled. Image should be cropped
with the region of interest in center. Afterward image should be rescaled into defined size.
There are plenty techniques to perform these transformations. Normalization of input data
leads to similar distribution. One of the normalization techniques is to subtract from pixel
mean value of all pixels and divide it by the result of the standard deviation. These actions
lead to faster convergence during backpropagation. Another step of preprocessing is the
data augmentation. This method transforms samples from dataset in different ways, such as
rotations and scaling. Due to this method dataset is increases in dozens and helps to prevent
recognition of unwanted features. MNIST is the dataset of handwritten digits, which contains
about 60 000 of training data and 10 000 validation data. All of the samples are normalized,
centered and resized to 28x28 pixels. Images in MNIST dataset grayscale, i.e. the have only
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one channel representing gray tone intensity. Chars74K is the set of typed letters. Data in this
dataset is raw, that means it was not preprocessed. Samples in dataset has different sizes, not
normalized and augmented. All images in Chars74K in RGB color model. Chars74K contains
around 7 000 samples, which we divided into training, validation and test sets in proportion
of 60%, 20%, 20% respectively.

3.2 Neural network models

We conducted few experiments with two different convolutional neural networks. LeNet and
AlexNet architectures was chosen for research to repeat the experiment, described in paper
by Vishnu Sundaresan and Jasper Lin. Firstly LeNet architecture was introduced by Yann
LeCun in 1989[24] and last modified version was introduced in 1998. LeNet model consist of
two convolutional and three consecutive fully connected layers. There also pooling layers after
each convolutional layer. AlexNet model was designed by Alex Krizhevsky and Ilya Sutskever
in 2012[25]. This model contains five convolutional layers and 3 fully connected layers. Both
models use ReLU loss for each layer. We expect the AlexNet model will show better results
than LeNet model due to the depth of the model.

3.3 Tools and utilities

We used latest tools and utilities as an environment for experiments. We used latest version
of PyTorch — machine-learning framework, along with Numpy, Pandas and Matplotlib frame-
works, provide transparent and simple modeling process. Google provides free platform for
research purposes. Google Colaboratory platform provides with free preconfigured Python
environment and one GPU (in latest versions TPU — tensor-processing unit).

4 Results

4.1 Experiments

Firstly, we conducted experiments on MNIST dataset. We designed LeNet model with 2
convolutional layers and 3 fully-connected layers. We have chosen Cross-Entropy Loss as a
loss function and Adam algorithm as an optimizer. We trained model 20 epochs long with
batch size of 128 samples per batch. After conducting experiments, we got 99% accuracy —
model correctly predicted 9904 sample out of 10 000. Same experiment we tried with AlexNet
model with 5 convolutional layers and 3 fully-connected layers. Cross-Entropy Loss and Adam
optimizer also had been chosen for this experiment. As the result we got 98.9% accuracy
— model predicted 9896 samples out of 10 000. Concluding the experiment we can state
that LeNet and AlexNet models showed almost the same result. We conducted experiments
with Chars74K dataset. The dataset was not normalized. We rescaled images to the size of
128 pixels. We designed LeNet and AlexNet models with same architecture as in previous
experiments. We used different learning rates increasing each by ten times per experiment.
First experiment was made on LeNet model. As it is shown on table 2, different learning rates
affect on results. With higher learning rate the model have not learned. Optimizer could not
get to the global minimum during backpropagation. Learning rates with values equaled to le-
3 and le-4 shown almost similar results — 74% and 71% respectively. Figure below shows loss
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Table 2: LeNet learning results

Experiment Learning Learning Accuracy Loss

Ne rate time

1 le-2 0:35:40.46 | 8% 0.0320
(118/1541)

2 le-3 0:35:46.23 | 74% 0.0093
(1138/1541)

3 le-4 0:34:47.73 | 1% 0.0100
(1093/1541)

reduction during training process. As you can see, the optimizer with learning rate equaled
to le-3 optimizes weights faster than with learning rate equaled to le-4. Optimizer with le-2
learning rate could not minimize the loss at all.

LeNet model loss on Chars74K dataset

0030

0025

0020

0015

0010 \

Epoch

Figure 5: LeNet model loss

As it is shown, on figure 6, most accurate predictions were made while the optimizer was
training the model with learning rate equaled to le-3. We can state that learning rate in the
second experiment is the most optimal, because learning rate in the third experiment takes
more time to learn to get same results. On the same dataset, we also trained AlexNet model.
The result shown in table 3 below.

AlexNet had reached maximal accuracy with learning rate equaled to le-3 — 78% with
1197 correct predictions out of 1541. The third experiment showed much less accurate predic-
tions than the experiment on LeNet model with the same learning rate. That could happen
due to greater amount of convolutions in AlexNet model than in LeNet and it takes more
computations to reach the same result. Graphical visualization of loss and accuracy is shown
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LeNet model accuracy on Chars74K dataset

Figure 6: LeNet model accuracy

Table 3: AlexNet learning results

Experiment Learning Learning Accuracy Loss

Ne rate time

1 le-2 0:40:15.10 | ™% 0.0323
(107/1541)

2 le-3 0:41:06.41 | 78% 0.0079
(1197/1541)

3 le-4 0:41:45.23 | 64% 0.0108
(990/1541)

on the figure 7 and 8.

Comparing two models within the same conditions, we can state that AlexNet model
showed slightly better result than LeNet model. AlexNet model is more powerful than LeNet,
and the result can be improved by preprocessing of dataset, but it takes more time to train
this network. The figure below describes loss decrease of each model over learning epochs.
LeNet started to decrease loss right from the beginning, while AlexNet model started to learn
after ninth epoch. At the end of twentieth epoch, AlexNet showed slightly better results than
LeNet.

Same result could be observed of accuracy comparison graphic. AlexNet started to improve
prediction accuracy right from eights epoch and reached its best result at the end of twenties
epoch, meanwhile LeNet showed steady growth in accuracy, but could not beat the AlexNet
at the end.

Comparing implementations of AlexNet and LeNet models, it is noticeable that there are
great difference in total amount of trainable parameters.
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AlexNet model loss on Chars74K dataset
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Figure 7: AlexNet model loss

AlexNet model accuracy on Chars74K dataset
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Figure 8: AlexNet model accuracy

Implementation of LeNet model contains 5 times more trainable parameters than AlexNet
model. Transition from convolutional layer to fully-connected layer generate large number of
trainable parameters. Basing on these numbers, AlexNet model uses 8 MB of memory to
feedforward the signal and LeNet uses about 45 MB of memory to pass the same signal.
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Loss comparison of AlexNet and LeNet medels
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Figure 9: Loss comparison

Accuracy comparison of AlexNet and LeNet models
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Figure 10: Accuracy comparison

5 Conclusion

In conclusion, we can state that it is obvious that convolutional neural networks could be
used as solution of optical recognition problem. It is reasonably to study these fields due to
the steady development of object recognition and machine learning in general. In this work,
we observed related works in optical character recognition with neural networks area. Also,
we conducted experiments with implementations of AlexNet and LeNet models on Chars74K
dataset. As the result of experiments, implementation of AlexNet model has shown greater
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Table 4: Aggregation of Test Accuracies

Model Total number of pa- | Memory usage
rameters

LeNet 11,412,382 45 MB

AlexNet 2,021,918 8 MB

prediction accuracy than LeNet model. In the other hand AlexNet took longer time to learn
and reach the same result as LeNet model. At the first sight, it could seem that implementa-
tion of AlexNet model has more trainable parameters than LeNet due to the greater number
of layers in architecture. However, convolutional layers generate less parameters than fully
connected layers. Taking in account all results of experiments, we can conclude that AlexNet
model showed better result in general, than LeNet model. AlexNet could be used in optical
character recognition and text recognition systems. Data from Chars74K dataset, which was
used in experiments, was not preprocessed and augmented. Preprocessing of data is very
important step; it can highly increase accuracy. In further researches, we should consider
using different models and combination of architectures, such as recurrent neural networks
and combination of convolutional and recurrent networks.
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This article gives a detailed comparison of the verbs of Kazakh and Turkish. For this, ontological
models of morphological rules of verbs of Kazakh and Turkish languages are first constructed.
These ontological models formally and visually describe the properties and functions of the lexical
units used to form verbs in the specified languages, as well as the relationships between these
units. To denote grammatical categories and concepts in the proposed ontological models, the
terms from the unified metalanguage UniTurk are used. After constructing ontological models of
verbs of these languages, an algorithm was constructed to compare them. Using ontological models,
the morphological rules of the Turkic (Kazakh, Turkish) languages are formalized. The result of
these works can be used in the NLP applications, for example, for corpus tagging, in knowledge
extraction systems, information retrieval systems, machine translation, etc.

Key words: ontological models, morphological rules, lexical units, verb of the Kazakh and Turkish
languages.

1 BBenenmne

B nacrosinee BpeMs B CBA3U C PE3KUM yBeJIudeHneM odbema HHMOPMAInl Ha eCTECTBEHHBIX
d3bIKaX B WMHTEPHETE U COIHUAJBHBIX CeTdAX WUCCIeJ0BaHue U pa3paboTKu B 00JIaCTH
KOMIIBIOTEPHON JIMHI'BUCTUKU CTAHOBATCS YPE3BbIYAHO aKTyaJbHbIMU. Kak Wu3BecTHO,
KOMIIbIOTEpHAs JIMHIBUCTUKA $BJIFIETCI HOBBIM HAYYHBIM HAIllpaBJICHHEM U BXOJUT B
COCTAB MCKYCCTBEHHOTO HWHTEJIJIEKTa, KOTOPBIN TaKyKe SBJIAeTCd HOBBIM HallpaBJICHHEM
naGOpMaTUKK (BBIYUCIUTEIHHON HayKn). KoMIbioTepHasl JIMHIBIUCTHKA BKJIIOYaeT B cebe
KOMIIBIOTEPHYIO 00paboTKy ecrecTBennbix #3bikoB (OEL) — Natural Language Proc-
cesing (NLP). st kommbrorepHoii 06paboTKOil JF0OBIX €CTECTBEHHBIX SA3BIKOB TPEOYIOTCs,
BO-TIEPBBIX, (OpMaIN3aIisd UX IPAMMATHICCKUX (MOPMOIOrHIECKIX U CHHTAKCHIECKIX )
IpaBUJI, BO-BTOPBIX, Pa3pabOTKa aJropuTMOB AHAJU3B U CHHTE3a CJIOB W IPEJJIOKCHUU
[0 TUM IIPaBWJIaM, B-TPETBUX, MPOI'DaAMMHAs peaJn3alys BCEX STUX AJTOPUTMOB, B-
YeTBEPTHIX, MOCTPOEHUE TEKCTOBBIX KOPIycoB (6a3a JaHHBIX pa3MEYeHHBIX TEKCTOB) U
ayImoKopIrycoB (6a3a JIAHHBIX Pa3MEUYEHHBIX AayjMo3aluceil) U JIPYrUX IIPOrpaMM  JIIs
aHajan3a M o0pabOTKM TEKCTOB, HAIPUMEDP, CEHTHUMEHT aHaju3. Bce A3bIKOBbIE YpPOBHH
XapaKTepU3yIoTCd HaJIMIueM Oa30BBIX 3JIeMEHTOB. l3ydenue s3bIKa MOXKET WMJITU C JBYX
MO3UIINI — aHaJIN3a U CHHTE3a, MO0 BBISABJIEHHBIE IIPABUJIa CHHTE3a MOTYT CIHOCOOCTBOBATH
MPOBEJEHUIO aHaJu3a U HaoOopoT. B jamHoM cioydae Ka3axXCKuil W TYPENKWl S3BIKH
u3yvyaeTcd C MO3UINiI, KaK aHa/IM3a, TaK W cuHTe3a. VIMEeHHO Takoil KOMIIJIEKCHBIN OJIXOJT
MIO3BOJIAET JIETAJIHLHO U3YYUTh BCE 3aKOHOMEPHOCTH U BBISBUTDH TaKKe HIOAHCHI, KOTOpbIE, ITPU
HCIIOJIb30BAHUU TOJILKO OJITHOTO U3 IOJIXOJ0B OCTAJIUCH OBI 3a MpejeIaMi HAIEro BHUMAHUS.
s wmccireoBaHUs W MaKCUMAJIBHOUW (hOpMaIu3alny  KaxKJI0H SI3bIKOBOI TOJCUCTEMBI
HEOOXO/IMMO CO3/IaBaTh MPOTPAMMHBINA WHCTPYMEHTAPWil, peau3yIoNnnuii TPOIece 3yueHus
IIyTeM BBISIBJIEHUS WM IIPOBEPKU IIPABWJI aHAJIM3a W CHHTe3a, TEeM CAMbIM MaKCHUMAJJIbLHO

Becrauk KasHY. Cepusi maremaruka, Mexanuka, nangopmaruka, N.4(100), 2018



44 Kerkenbait JI. u ap.

ABTOMATHU3UPYS MCCJIEIOBATEILCKUI IPOIECC, OCBODOKIasi IIPU ITOM UCCJICIOBATE ST KAK OT
PYTHUHHOTO TIPOIECcca HAKOILIEHUs 1 cOOpa nH(MOPMAIINH, TaK ¥ CHUMast BOITPOC TPYI0EMKOCTH
ee obpaboTrku. MogenmupoBanne MOpP@OJIOTHU MMeeT OTHOIIEHHE KO BCEM IIPUIOXKEHUSIM,
TaKUM KakK 00pabOTKa eCTEeCTBEHHOTO s3bIKa M 3aJlad, BKJOYas IOUCK HHMOPMAINH,
aHaJIM3 HACTPOEHUi, ucupasjenne opdorpaduu, oOHAPYKEHHE TI'e€HEPUPYEMbIX TEKCTOB,
pa3meTKa Jacteil peun. Mopdosiorns 3aHnMaeTcd U3ydeHneM CTPYKTYPhI 1 (POPMUPOBAHUS
cioB. ArrmornHaTHBHBIME si3biKamu  (jaT agglutinare:. CkiyemBaTh) SIBIISIIOTCS  SI3BIKH,
Mopdoornyeckas cucreMa KOTOPBIX XapaKTepHU3yeTCsl arrioTHHaNueill («CKIenBaHueM» )
pasmmanbix popmant. B KadecTBe bopMaHT BhICTyIIAIOT JIUOO 1peduKcesl Jinbo cydduKcsr,
KazKJIbIil 13 KOTOPBIX UMEET TOJbKO OJUH CBO# COOCTBEHHBIN CMBICII.

2 O630p JuTepaTypbl

[TockobKy Ka3axXxCKuil W TYypeNKHil S3bIKH OTHOCATCA K TI'PYIIE TIOPKCKUX S3bIKOB, a
SI3BIKU 9TON TPYIIILI MOT'YT ObITh KJIACCHMDUIINPOBAHBI KaK arTJIIOTUHATUBHDBIE A3bIKA. DTHU
s3pIKH OoraTel  ciaoBodopmamu  (diekcusnvn). Diekcnn 00pazyoTcs myTeM J00aBICHUST
cybdurco. Cyddurcebl TpUKperieHbl B CTPOTOH OC/IEI0BATETHHOCTH U BO3HUKAIOIIIE
B pe3yJbTaTe HOBBIE CJIOBAa MOIYT HUMETH JPYryl0 dYacTb peun. [Ipurskarenbnas
dopmMa Ha Ka3axXCKOM s3bIKe NOJ00HA NPUTAKATEJbHON (opMe B AHIVIUHACKOM SA3bIKE
[1, 2|. TIpoBeaeno MHOrO wuCCAEJOBAHUN B JAHHOM HAINpABICHUU 110 (OPMAIU3AIUN
MOPGOIOrNIeCKUX TPaBWI U MOpdOJIOrnaeckoMy aHamu3y [3-9] TIOPKCKHX —sI3BIKOB.
[lepBblit  MOpQoOIOTHYECKUl aHaIU3aTOP Ka3aXCKOro «A3blka ObL1 paspaboran B 2009
roly M WMeJ B CBOeil OCHOBe MpOIeXypHBIT MeTof. l[IpomnemnypHblii MeTon Tpemmosaraer
IpeIBAPUTENBHYIO CHUCTEMATU3AINIO MOPMOJOIMYeCKUX 3HAHUNH O €eCTECTBEHHOM S3bIKe
u  pa3paboTKy aJrOpUTMOB HPUCBOEHUs MOPQOJIOruvIecKoil uHdOpMaIUd  OTACTHLHOM
ciooopme [10]. Bropas Bepcusi mopdosornaeckoro anajgmsaropa Oblra paspaboTaHa
B 2012 romy w Obuia ocHoBaHa Ha bOpMasbHBIX Mopdosornaecknx mpasmiax [11].
Bosiee mozinue Bepcum OBLIM OCHOBAHBI HA HUCIOJB30BAHUU OHTOJIOTMYECKHX MOojeseit
u runeprpada [12-17]. dpyrumu wucciegoBarebCKUMU IPyIIamMu  ObLId  pa3paboTaHbl
coberBennble Mopdosiornueckue ananun3aropbl [18-20]. s Typenkoro si3bika pabOThI 110

CO3JIAHUIO MOPMOJIOrHYECKOr0 aHa/IU3a BEIyTCA [OCTATOYHO [ABHO U IPEJCTABJICHBI B
paborax [21-25].

3 Marepuan u MeTOJbI

Onrosiorusi  fBJISIETCA  MOIMHBIM W IIMPOKO  HCIOJB3YEMbIM  HHCTPYMEHTOM  JIJIst
dopMaIM30BaHHOTO OIMHUCAHUA CBOWCTB H (PYHKIMI OOBEKTOB 3aJIAHHON IpeIMEeTHOI
obnacTu, a TakKxKe OTHOIMIEHWI MexX7ay HuMH. MOoKHO KiaccnUIpoBaTh OHTOJOTUU Ha
OCHOBE CTEIeHH 3aBUCUMOCTH OT 3aJIa9M WJIA MPUKJIATHON 00JIaCTH, MOJIEJN MPEICTABICHIS
OHTOJIOTMYECKUX 3HAHUI U BHIPA3UTEILHOCTH, & TaKKe JApyrux Kpurepues. OCHOBHAS YacTb
dopMaIbLHO MPeICTaBICHHBIX 3HAHUIT OCHOBaHA HA KOHIEITYAJM3AIINNA: OO bEKThI, KOHIIETIITIT
U JIpyrue oObeKThbl, KOTOPbIE CYIIECTBYIOT B HEKOTOPOH OOJIACTU MHTEPECOB U OTHOIICHUS,
OllpejieJIeHHbIe MeKTy HUMHU. KoHIenTyaansanun gBisgeTcsd abCTPAKTHBIM, YIIPOIIEHHBIM
B3IVISIJIOM Ha MUD, KOTODBI MbI XOTHM IIPEJCTABUTEL Jjis Kakoii-to memu [26]. s Toro,
4TOOBI Pa3padoTaTh OHTOJIOIMIO BHAYAJE HY?KHO OTBETUTH HA CJIE/LYIONTUE BOIPOCHL:
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1. Kakne obiactu oxBarbiBaer oHTo0rHA! OTrBer: [raroir.

2. s wero nam Hyzua ourojorus? Otser: Hywxuo (HeoGXOmuMMO) Jyist CO3IaHUS
CPaBHUTEILHON OHTOJIOIMYECKON MOIE/H IJIaroja Ka3axCKoro U TYPeIKOro A3bIKOB.

3. Ha xakme Bu/BI BOIPOCOB JOJIKHA OTBeYaTh WH(MOpMmalus B oHtojgorun! OTser:
HeobxoanuMo 1711 onpejieieHrns CHpPsI?KEHWsT TJIarojia 1o COCTaBy M CMBICJIY U KaTerOpHUH
IJ1aroJIoB.

4. Kro Oymer wucrnosb3oBaTh u TOjepKuBarh ontosoruio? Otser: JIunrsuctor u
IIPOrPAMMUCTHI.

CorytacHO BBIIIEyKA3aHHBIM BOIPOCAM CPaBHUTE/IbHAST OHTOJOIHIECKAs MOJIEb T/Iaroja
oyner eoiraggers O(X, R, I), smecs X — HamMeHOBaHUs BXOJSIE B CTPYKTYDPY IjIarosa
(0ObekThI U TIOHATHS ), R — CBsI3U MeKJly HAMMEHOBAHUSIMU, a | — MHOXKECTBO HAMMEHOBAHUN
9TUX CTPYKTYp 1 cBsazeii CpaBHUTe/bHAsi OHTOJOrMYECKasl MOJE/Ib TJIaroja paspaboTaHa
B cpese Protege (http://protege.stanford.edu). 3wk Protege OWL maer Bo3MOXKHOCTB
ommcaThb HE TOJBKO IOHATHUsI, HO M KOHKPETHbIe OOBEKTHI. OHTOJIOrHYecKas MOJIE/Ib
rJarojia Ka3axckKoro s3blka paspaboranHasi B cpefe Protege orobpaken Ha 1-pucynke, a
OHTOJIOTMYECKasl MOJIEJIb IJIaro/jia TYPeNKoro si3blKa Ha 2-pPHCYHKe.
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PI/ICYHOK 1: Onrosornueckast MOIeJIb I'ViIaroJla Ka3aXCKOI'O A3bIKa

Taxknm O6pEiBOM7 CpaBHUTEJIbHAsdA OHTOJIOrMYECKad MOJEJ/Ib IJlaroJla OXBaTbIBa€T BCE
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Pucynok 2: OaToI0rnaecKast MOJIE/Ib IIaroja TYPEeIKOro A3bIKa

KOMIIOHEHTBI MHOYXKeCTBa MOpdoJiorundeckoro anainsa. CpaBHeHre OHTOJIOITYIECKUX MoJeseit
MIO3BOJIJIO CO3/IaTh OOIIYIO CHCTeMYy O0O3HAaYeHHiIl MOP(MOJIOrHIeCKUX MPU3HAKOB, KOTOPbIE
UCIOJIB3YIOTCA B MOP(OJIOTMIECKOM aHAJM3aTope. Ternepb OCTAHOBUMCS Ha UJICHTUYHOCTHU
U Pa3/nydusx TJIaroja Kas3axCKoro, TYPenKoro s3bikoB. CpaBHEHUE IO KATETOPUSIM 3aJI0Ta
M HaKOIJIEHWs HEIPOM3BOJIHOTO TJlarojia <«KH-gly» Ha Ka3aXCKOM U TYPEIKOM S3bIKax
npejicrapieH Ha Tabsuie 1. IIpuBesenne B cooTBETCTBHUE IIpaBMJIa MO KATETOPUSM 3aj10ra

U HAKOILJIEHUS Ha IPUMepe CJIOBa «KU-giy» Ha Ka3aXCKOM M TYPEIKOM sA3bIKaX IPeJICTaBIeH
na Tabsmie 1.

Tabmmna 1 — CpaBHeHEe 110 KATETOPHUAM 3a/0Ta U HAKOILIEHUS HEITPOU3BOIHOTO TJIAT0JIA,
«KU-Ziy»

Kaszaxcruii ‘ Typeurui
YV TBepauTeIbHbBIN
Pait-Haxnonenne-Kipi

[Maprrer paii (Yenosroe nakionenue) (addurcs

Kasaxcruii ‘ Typeuru

Kaszazxcruti ‘ Typeurui
Orpucare/bHbIII

Bormpocurenbubrii

-ca, -ce) -ps (ps- Jluunoe

OKOHYAHUE)
Sart Kipi (addukcer : -sa, -se) -ps
KH-Ce-Ps giy-se-ps KH-Me-ce-ps | giy-me-se-ps | Ku-ce-ps Oe,

giy-me-se-ps
mi?

me?

Gereklilik Kipi (addukcer : -mali, -meli)-ps
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gel-meli-ps

gel-me-meli-
ps

gel-meli mi-
ps

Kamay paii (?Kenarensroe Hakionenne) (addurces : -raif, -reit, -kaii, -keii) e1i-ps
Kaumay paii (?Kenarensroe nHakionenue) (adduKebl : -Fbl, -Ti, -Kbl, -Ki)-pS KeJieji
Kasiay pait (ZKesarenbnoe Hakionenne) (addukcer : -ca, -ce)-ps eKeH

Dilek Kipi (addukcsr : -sa, -se) -ps

KI- ri-ps | giy-se-ps K- ri-ps | giy-me-se-ps | Ku- ri-ps | giy—me-se-
KeJie/1i KeJIMeit il KeJie il ps mi?
KI-Ce-PS K- Me-Ce-Ps Me? KH-ce-ps

eKeH €KeH ekeH Oe?

Byiipeik paii (TTosesuresbaoe Hakionenue) (addurcnt : -afibH, -eiiid, -ublH, -ui,

-aiibIK, -€ifiK, -UbIK, -UiK )

Emir Kipi (abdukcst : ) -ps

Ku-eifin ‘ giy- ps ‘ KU -Meii- ps ‘ giy-me-ps ‘ KU - eitin 6e? ‘

Ampik paii (3bsaBuresnbHoe nakiaonenne) (abdukcsl @) -ps

Istek Kipi (addukcsr :) -ps

Eric-Bamor- Cati

e31ik eric (Bossparmnsrii 3ammor) (adduxcs : -bin, -in, -#) -ps (Ty6ip ericTik: Ku)

Doéniiglii Cat1 (adbdurcest : -n, -in, -in, -un, -iin) -ps (Ty6ip ericrik: gel) (ps-KikTik

JKAJIFAY bl )
Déntiglii Cat1 (adbdukcsr : -1, 11, -il, -ul, -il)
KU-1H ‘ giy-in ‘ Ku-iH-0e ‘ giy-in-me ‘ ‘

esrestik eric (I[lonymurenpubiii 3amor) (adduKCh : -T; ~TBIP,-Tip, ~AbIP, -Jip)
esreiik eric (Ilorymurenpupiii 3a0r) (adUKCHI : -KbI3 -FbI3, -Ki3, -Ti3)

Ettirgen Cat1 (adbdukcsr : -t, -tir, -tir, -tur, -tiir, -dir, -dir, -dur, -diir)
Ettirgen Cat1 (adduxcsr : -r, -1r, -ir, -ur, -iir)

KU- Jip giy- dir giy- dir-me
KW - Ti3

KH- Jip-Me
K- Ti3-0e

Oprak eric (Bzanmusrit 3amor) (addukcer : -¢, -bic, -ic)

Istes Cati(addukcer : -3, -15, -is, -us, -Us)

KH-iC ‘ giy-is ‘ KH-ic-11e ‘ giy-ig-me ‘

blpbikenis eric (Crpagarenbubiii 3a10r) (addUKes : -bLUT, -i71, -J1)

Edilgen Cat1 (adpdbukcer : -1, 11, -il, -ul, -iil)
Edilgen Cat1 (adpdbukcer : -n, -1n, -in, -un, -iin)

KHU-1J71

‘ giy-in ‘ KH-1T-Me ‘ giy- in-me ‘

Tabsuma 2 - [IpuBesienre B COOTBETCTBHE IIPABUIa 10 KATEIOPUAM 3aJ10Ta U HAKOILICHUS

Ha IIpUMepe CJI0Ba «KHU-gly»

Kaszaxckuit

Typernkunii

HTapTTe! pait (YcaoBHOE HAKIOHEHHE)

Sart Kipi

kucem: Ku+ Verb+ Cond-+Alsg

giysem: giy+Verb+ Cond+Alsg

kuceM: Ku+ Verb+Pos+Cond+Alsg

giysem: giy+ Verb+Pos+Cond+Alsg
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kumecem: K-+ Verb+Neg+Cond+Alsg

giymesem: giy+ Verb-+Neg+Cond+Alsg

kuce?: ku+Verb+ Cond+A2sg

giysen: giy+Verb+ Cond+A2sg

kuces; ku+ Verb+Pos+Cond+A2sg

giysen: giy+ Verb+Pos+Cond+A2sg

kumecen: K+ Verb+Neg-+Cond+A2sg

giymesen: giy+ Verb+Neg+Cond+A2sg

kuceniz: ku+ Verb+ Cond+ A2sgpol

kuceHis: Kku+ Verb+Pos+Cond-+A2sgpol

kuMmeceHi3: ku+ Verb+Neg+Cond-+A2sgpol

kuce: ku+ Verb+ Cond-+A3sg

giyse: giy+Verb+ Cond+A3sg

kuce: ku+ Verb+Pos+Cond+A3sg

giyse: giy+Verb+Pos+Cond+A3sg

kumece: K-+ Verb-+Neg+Cond+ A3sg

giymese: giy+ Verb+Neg+Cond+A3sg

kucek: ku+Verb+ Cond+Alpl

giysek: giy+Verb+ Cond-+Alpl

kucek: ku-+Verb+Pos+Cond+Alpl

giysek: giy+Verb+Pos+Cond+Alpl

kumMecek: K+ Verb+Neg-+Cond+Alpl

giymesek: giy+Verb+Neg+Cond+Alpl

kucenep: ku+ Verb+ Cond+A2pl

giyseniz: giy+Verb+ Cond-+A2pl

kucenep: ku+ Verb+Pos+Cond+A2pl

giyseniz: giy+ Verb+Pos+Cond+A2pl

kumeceriep: ku+ Verb+Neg+Cond-+A2pl

giymeseniz: giy+Verb+Neg+Cond+A2pl

kucenizjep: ku-+ Verb+ Cond-+A2plpol

kucenizzep: ku-+ Verb+Pos+Cond-+A2plpol

kuMmeceHi3aep: ku+ Verb-+Neg+Cond+A2plpol

kuce: ku+Verb+ Cond+A3pl

giyse(ler): giy+Verb+ Cond+ A3pl

kuce: kKu+ Verb+Pos+Cond-+A3pl

giyse(ler): giy+Verb+Pos+Cond+ A3pl

kumece: ku+Verb+Neg+Cond+A3pl

giymeseler: giy+Verb+Neg+Cond+A3pl

4 Pe3yabTaTbl 1 00CyXKeHUE

B xome nayunoro wucciegoBaHbl MOPQOJIOIHIECKHE IMPU3HAKK Ka3aXCKOTO U TYPEIKOro
s3bIKOB. [IpoBejieHo comocTaBiieHre OHTOJIOTU, pazpaboTaHa enHas CucTeMa 00O3HAYMEHU I
MOP(OJIOrTIeCKNX MPU3HAKOB, [EPEIUCAHBI  MOPMOJIOIHIecKre IpaBUa Ka3axCKOro
U TYDPEINKOrO ¢3bIKOB dYepe3 HOBYIO CcHCTeMy o00o3HadeHWil. PaspaboTaH emxuHBIM
MOPMOJIOTUIECKHI aHaIn3aTOp, OCHOBAHHBIN Ha OO0IIEM aJropurMe MOPMOIOTHIECKOTO
aHaJImn3a.

5 3akJiroueHue

Pazpaborannbie OHTOJIOrHYECKHE MOJIEJIN IS KOMIIBIOTEPHOU 00pabOTKM Ka3axXCKOro u
TYPEIIKOIO S3BIKOB SBJILAIOTCS BAayKHLIM IMIArOM IPU CPABHUTEJHLHOM WCCJIEIOBAHUH JIBYX
TIOPCKUX s3bIKOB. [losTOoMy wucciesoBanue CTPYKTYpbl U 3HAYEHUI CXOXKHUX [JIAroJia
KA3aXCKOTO U TYPEIKOI'O SI3bIKOB, W PE3YJIbTATHI UX CPABHEHUs 0OE3YCJOBHO JIaeT OOJIBIIYIO
BO3MOXKHOCTD 111 00pabOTKM €CTEeCTBEHHBIX fA3BIKOB. Pe3yimbraTsl Oy/1yT MPpUMEHATHCA JIsd
COBJIAHUS CHUCTEM CEMAHTUYIECKOTO IEPeBOJIa ¢ Ka3aXCKOrO s3bIKa Ha TYPENKUN SI3BbIK, W
HA00OPOT, U JIJIsA 3JIEKTPOHHOTO 00y UeHNs YKa3aHHBIM SI3bIKAM Yepe3 KOMITHIOTEPHI NN Yepes
Nurepner.
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Pazpaborka ¢popmara npuioxKeHuii Jjist THMOPMAIITMOHHO-MOAEeJINPYIOIIeii
CHCTEMbI 9KOJOTTIECKOT0 MOHUTOPUHTA
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r.Anmvarsr, Pecriybsmmka Kazaxcran, E-mail: shynaraym@gmail.com

HeobxomumocTs pa3paborku  (opMara I[PUJIOXKEHUN Ha OCHOBE COBPEMEHHBIX TEXHOJIOTUN
00yCJIOBJIEHA aKTYaJbHOCTHIO ONTHMAJIBHOIO (DYHKIMOHUPOBAHUS CHCTEMBI JKOJIOTMIECKOTO
MoHuTOpuHTa. JlaHHAs cHCTeMa COCTOMT W3 HECKOJBKO B3amMmojeicTByommux Mmomyseit. Ogna
U3 HOX <«MOJIYJb YCBOGHHS [JAHHBIX», KOTOpPAs MOIEJUPYET MPOIECC C MIPUMEHEHHEM
aJIrOPUTMa yCBOEHUs JAaHHBIX. [l ONTHMAaJIbHOIO MOJEJUPOBAHUS HEOOXOIMMO WCXOIHBIE
daiiser dopmarom Network Common Data Form (NetCDF), koropsriit 6ymer dopMuposaTsest
¢ pa3paboTaHHOrO TPUJIOXKeHWs. B pabore 1aercs XapaKTepUCTHKA, OCOOEHHOCTH, CTPYKTypa
dopmara NetCDF, mnpencraBieHbl CyIeCTBYOIMEe YTUJIUTHI W TPOrPAMMHBIE O0ECIeYeHMs,
WHCTPYMEHTBI, TPOrPAMMBbI BU3yaju3anuu 1mo pabore ¢ jJaHHbIM (HOPMATOM. AHAIU3UPYIOTCS WX
nasnadenne, dyukiuu. [Ipusenenst cozmannbie daiibl NetCDF ¢ momompbio MareMaTudeckoit
nporpammbl  Scilab, koropast siBasiercss aJsibrepHaruBoii MATLAB. B pabore mnpemcrasiieHa
paspaboranHast 6a3a JaHHBIX 10 3arpsi3HUTE]IsIM aTMocdepHOro Bozayxa. Omnucana CTpyKTypa
OCHOBHBIX TaOJIUI[ : TMOJis, TUI JAHHBIX, OIWCAHWE I0Jisl, CBOicTBa mojs. Jlisi co3manus
6a3pl JAHHBIX HCIIOJbL30BajIach cucreMa yupasienus 6Oaszamu pnamapix (CYBJ) MS SQL
[IpuBenena pesnsuonnas MoJIeIb CO3aHHOI 0a3bl JaHHBIX. [[0Ka3aHO B3anMO/I€HICTBIE OCHOBHBIX
COCTAaBJIAIONINX NH(MOPMAIIMOHHO-MO/IEJINPYIOIIEHl CUCTEMBI.

Kurouesbie ciioBa: jansbie, NetCDF, cucrema yrpasiienust 6asamu JaHHBIX, 0a3a JIAHHBIX,
KOJIOTMIECKUN MOHUTOPUHT.
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SaMaHayn TeXHOJIOTHUsIAp HEri3iHje KOChIMINAIap (POPMATHIH 931pJiey KAXKETTLIr 9KOJTOTUSLIIBIK,
OakplIay KyHeciHiH THiMIl XKYMBIC icTeyiHIH ©3eKTiTiriMen anpIKTaaa,1bl. By xxyiie 6ipHemnre e3apa
opekeTTeceTiH MOy AepaeH Typaabl. OHBIH 6ipi TepeKTep/ii urepy aJropuTMiH KOJIJIAHA OTHIPHII,
MIPOIECTI MOJETIEHTIH «JAepeKTep/ii Urepy» MOyl OOMbIT TabbLIaAbl. THiMIl Momesmey VImiH
osipJsienren KockiMImazal KasabmracaTsid Network Common Data Form (NetCDF) dopmarrars:
bacrankp! daitagap kaxer. by xxymbicta NetCDF (opMmarhiHBIH cunaTTaMachl, €peKIneikTepi,
KYPBIIBIMBI CHTIATTAJABI, OeplireH (GOpMATIEH KYMBIC ICTEATIH KOJJIAHBICTAFBI YTUJIUTTED
KoHe OarmapjaMasblK, KaMTaMajap, KypaJjap, BU3yaJu3amnusd OargapiaMasiapbl KeJTipismi.
OutapapiH KbizMeTTepi MeH GyHKIusIaps! Tajaganas. MATLAB-ka ajgsrepaarusa 6osraTbia Scilab
MaTeMaTUKaJIbIK, Oarjgapiama Kemerimen Kypbliran NetCDF daitnnaper kenripiimi. 2Kymbicra
aTMoc(epaJIblK, ayaHbIH JIaCTayIIbLIapbl OONBIHINA O3IpJIEHIeH JIePEeKTEP KOPBI KOPCETLIII.
Herisri kecresiep KypbLIbIMBI CHIATTAJIBI: Opic, JIepeKTep TUIN, ©pic cUmaTTaMachl, epic
kacueri. [lepekrep kopbin Kypy yuian MS SQL nepekrep kopwin Gackapy xkyeiteci (JIKBZK)
KOJIIAHBLIAbI. O3IpJIeHIeH JIepEeKTep KOPBIHBIH, PEJIAIUJIbIK, MOAEIl KeJITipiami. AKIaparThiK-
MOJIeJJIey YKYUECiHIH Heri3ri KypaybIIITapbIHBIH ©3apa 9PEeKeTTeCcyl KOPCeTLI .

Tyitin ce3nep: nepekrep, NetCDF, nepekrep KOpbIH Oackapy Kyiiesepi, Jjiepekrep KOpbI,
9KOJIOTUSLIBIK, OAKbLIAY.

Development of format applications for information and modeling system environmental
monitoring
Iskakov K.T., L.N.Gumilyov Eurasian national university, Astana, Kazakhstan,
E-mail: kazizat@mail.ru
Khassenova Z.T., L.N.Gumilyov Eurasian national university, Astana, Republic of Kazakhstan,
E-mail: zthasenova@mail.ru
Mynbayeva B.N., Abai Kazakh national pedagogical university, Almaty, Republic of Kazakhstan,
E-mail: bmynbayeva@gmail.com
Oralbekova Zh.O., L.N.Gumilyov Eurasian national university, Astana, Republic of Kazakhstan,
E-mail: oralbekova@bk.ru
Mukhtarova Sh.O., Abai Kazakh national pedagogical university, Almaty, Kazakhstan,
E-mail: shynaraym@gmail.com

The need to develop an application format based on modern technologies is determined by the
relevance of the optimal functioning of the environmental monitoring system. This system consists
of several interacting modules. One of them is the “data assimilation module”, which simulates
the process using the data assimilation algorithm. For optimal modeling, you need source files
in the Network Common Data Form (NetCDF) format, which will be generated from the de-
veloped application. The paper describes the characteristics, features, structure of the NetCDF
format, presents the existing utilities and software, tools, visualization programs for working with
this format. Their purpose, functions are analyzed. The generated NetCDF files are shown using
the Scilab math program, which is an alternative to MATLAB. The paper presents a developed
database of air pollutants. The structure of the main tables is described: fields, data type, field
description, field properties. Database management system (DBMS) MS SQL is used for creating
the database. The relational model of created database is presented. The interaction of the main

components of the information-modeling system is shown.
Key words: data, NetCDF, database management systems, database, environmental monitoring.

1 Bsenenue

B nacrogiiee BpeMs oUuTH J1i00asi CUCTEMa OCYIIECTBIAET XPAHEeHUd 1 00pabOTKy OIPOMHOIO
KoJimvdecTBa wH@opmalun. B ¢Ba3u ¢ 00pabOTKON 9TUX JIAHHBIX, & TaKyKe OCOOEHHOCTIAMU
paboThl pasaudHOro (opmarTa JTaHHBIX, COOTBETCTBEHHO TpPeOyeTcs JIOTOJHUTETbHBIE
paspaborku. B cucreme 3SKOJOrMYecKOro MOHUTOPHHIA WHMOOPMAIMOHHO-MOJIETUPYIOIIAs
[IOJICUCTEMA 3aHUMAaeT OCHOBHOE MECTO, cojiepzKalliasd B cebe XpaHeHus JIAHHBIX, pacdeTHbIe
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U aHajUTHYecKue OJIoKd, e (DYHKIMOHAJIBHBIE OJIOKM PEaJIn30BaHbl B BHUJE MOJLYJICH,
HAIIPUMED: MOJYJ/Ib <«YCBOEGHHS JaHHBIX», MOJYJIb <«METeOIapaMeTPbly, MOIY/Ib <«aHAIN3a
JIAaHHBIX> W T.J0. JlJIsT onTuMaabHOrO pacdera W MOJETUPOBAHUS HEOOXOINMO CO3/1aTh
HpUJIOKeHue, Kotopoe chopmupyet daitan popmara NetCDF.

Takum obpazom, ojHONW M3 MPoOJIEM, ¢ KOTOPOH CTAJKHUBAETCS IPU MOJIEJIMPOBAHUN
SIBJIZETCsT paboTa ¢ IMPOCTpaHCTBEeHHO-BpeMeHHbIMEU JaHHbIME (opmara NetCDF. Jlanubrit
dopmar paspaboTaH IIPHU MOJIEPIKKE 00bETMHEHUST YHUBEPCUTETOB B 00JIACTH UCCICTOBAHII
armocdepsr University Corporation for Atmospheric Research. NetCDF — qowunsrtit popmar
daitsioB, SBISIOMMNCS OTKPBITBHIM CTAHJIAPTOM Jjisi OOMEHa HAyIHBIMI JaHHBIME [1].

[IpeumymectBa dopmata NetCDF: obserdenne obmeHa MaccUBaMHu JAHHBIX MEXKTY
Pa3HBIMU TPUJIOKEHUSIMU U KOMITBIOTEPaMH, YMeHbIIeHNEe IIPOIPAMMHBIX CJIOKHOCTEH U
OMMOOK TPU WHTEPIPETAINNA JAHHBIX U BCIIOMOTATEIHLHON HWHQOPMAINN, YTBEPKICHUE
craggaprHoro uarepdeiica [2|-[11].

2 O630p JuTEpaTypbl

B paborax [12]-[13] npuBeseHbl pe3yibraThl 3KCHEPUMEHTATBHBIX paboT € JaTUdKAMHU,
KOTOPBIE 00€CIIEYNBAIOT MHOIOMEPHYIO U MHOIOIIApAMETPHYECKYI0 HHPOPMALNIO 00 0CaIKax,
JUI  XpaHEHUs JIAHHBIX UMK HUCHOJIb3yIoTcs  yHuBepcasbhbiii  (opmar NetCDF. Ha
cerogasamunii 1eHb popmat Net CDF Ttakzke mmpoko ucmosib3yercs jijist 0OMeHa JTAHHBIMY U B
aTMOC(EPHBIX MCCIEI0BAHNAX, HAIIPUMED, /I XPaHeHNsI TAKUX JAaHHBIX, KaK, TeMIepaTypa,
CKOPOCTB BeTpa, arMocdepHoe JaBjieHne, HallpaBJIeHne BeTpa, BIaxKHocTh u T.i. [14]-[18], a
Takxke B 3aja4ax reodusuku, okeanosoruu [19]-[23]. Hamu ¢ nomomnpio dpopmara netCDF,
BCe JIaHHbIE Hallel nHMOPMAIMOHHO-MO/IEIUPYIOIIEH CUCTEMBI 9KOJIOIMIeCKOr0 MOHUTOPUHTA
MOKHO XPaHHUTh B (hailie gjanHoro gpopMara Jis JaabHERIIX PacIeToOB.

3 Marepuasbl 1 MeTO/IbI

Crpykrypa daitta netCDF cocront u3 ciaeaymommx Tpex OCHOBHBIX KOMIIOHEHTOB:
pasmeprocTh (dimensions); mnepementbie (variables); arpuGyTsl (attributes), koropast
cXeMaTHJHO IIpejicTaBieHa Ha Puc. 1.

C nmoapobHbIM oncaHueM 06 0CHOBHBIX KoMIIeHTOB (haitia NetCDF MoKHO 03HAKOMUTHCS
B pabore [24]-[25].

s periernst mpobsieMbl 110 00paboTKe W yIPaBJIEHWIO MPOCTPAHCTBEHHO-BPEMEHHBIMM
naaaeiMu popmara NetCDF cyrecTByoT pasHble yTHIMTHI U IPOrPAMMHBIE 00eCIIedeHns,
KOTOpbIe U aHAJU3UPYIOTCS U NPUBOIUTCSA B JIAHHON paboTe.

Tax kax NetCDF umeer J1BOMYHBII KO, B CBA3M C 9TUM JIJI BU3YAJTH3AIIUN JAHHOTO KOJIa
cytecTByer TekcTooe npejicrasierne Common Data form Language (CDL) u nporpammuoe
obecrievueHne Jijisi KOHBEPTAIIMU HCXOJIHBIX JAHHBIX B TEKCT.

OjHa w3 caMbIX IPOCTBIX IMPOTpaMM ISl ITPOCMOTPa COjeprKaHus baiiia ABIgeTcs
ncBrowse. 9To Oecriatnas KpocciiardgopMenHas IporpaMma, KOTopas JaeT BO3MOKHOCTh
IpeJICTaBUTh JaHHble B Tpadudeckom Buje u nepesectu B hopmar ASCII na s3wike CDL.

[Ipn wuccremoBaHMM W pEIIEHUN PA3HBIX THI 3aJa9, B TOM YHCIE SKOJOTHIECKOrO
xXapakTepa HeoOXonuMo pabora ¢ dailylaMu, KOTOPble TPEOYIOT OCpE/IHEHHEe U BBIOOPKY
[0 PA3JMYHBIM OCSIM, HHTEPIIOJAINIO I0Jeil, yCTaHOBKY BpPEMEHHOI och, O0beImHeHne
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Pucynok 1: Cxemarnunas ctpykrypa dopmara daitia NetCDF

u pazjgesnenne daito. Jljgg 5TOro MOXKHO HUCIOJB30BATH MPOCTYIO JIIsT TTOHUMAHUST
cunrakcucom tporpammy Climate Data Operators (CDO) nma C+-+, mnosBossorast
MaHUILYJIUPOBATH (hailraMu.

g BbIaYn 1oIpoOHyto uHdopmarmio o daiije, HAIpUMep, ero THUIlla, MOoJb30BaTe Id,
CTATyC 3aIUThl MOYXKHO HCIOJb30BaTh MHCTpyMeHT aHaym3a ¢daitio FileViewPro. Tak:xke
cymectByioT nHCTpYMeHTH NetCDF.view u NetCDF Reader, koropsie moryT nmpounTarh
3ar0JIOBKH, U3BJIEKATH U3 (hailjia JaHHble U CIAeJIATh ITPOEKIUIO Ha JI00ble M3MEePEeHUs.

Kpome nipe/iyiozKeHHBIX YTUIUT U TPOTPaMM UMEIOITIe BO3MOKHOCTH paboTaTh ¢ daitramn
NetCDF, cpeau co3maHHbIX K HACTOAIIEMY BPEMEHU TPOrPAMM BU3yaIU3allud U 00PabOTKH
JIAHHBIX (bopMaTa MOXKHO oTMeTuTh cieytomue: Panoply; GMT; NCL; NCO; GrADS; Open-
GrADS.

B pamkax wuccieoBaHus 10 MOJIEIUPOBAHUIO IMEPEHOCA U TPAHCHOPMAIMH [IpUMeceit
B armocdepe ucnosb3oBamch daitisl popmata NetCDF. B xome paborbl Busyasmsarust
JIAHHBIX OCYIIECTB/ISIIACh ¢ TTOMOIIbI0 Panoply. /lanuast mporpamma mo3Bo/inia yBUIETh BCE
epeMeHHble, Pa3MEepHOCTU U aTpuOyThl, a TakxKe rpadukn. CdhopmupoBaHHbIil daila mo
JIAHHBIM TOPOia, AsiMaThl nipuBejieH Ha Puc.2.

B daitne  cityCoeff apriori_mean Ref trafficnc — xpamgrcs — 3HadeHust
K03 DUIUEHTOB JIJId MOJIEIMPOBAHUS IIepeHoca 1 TpaHchopMalu pumeceii B arMocdepe.
Kaxnoro kosddurmenra (mepeMeHHbIX) MOXKHO TOCMOTDETh 4epe3 MOCTPOeHUs TpauKu.
[Ipumep Busyanuzanuu koddpdurmenta «U10» npusenen na Puc. 3.

[Ipu dpopmupoBannm rpacduka, Harpumep g «U10» — ckopocT BeTpa, MOXKHO BhIOpaTh
Ty WJIN UHYIO Pa3MEpPHOCTb. ¥ 39TOH NepeMeHHONH TpHU pa3sMEePHOCTH: CKOPOCTb BeTpa IIo
JIBYM HAIIpaBJIEHUsIM U BpeMs, TO ecTh KaxKjasd repeMennad B NetCDF — 3o oObranbrit
MHOI'OMEPHBIA MacCCHUB.

Ucxonubpivu  aitaMu i TOJIyYeHUsT Pe3yJIbTATOB pacdeTa dABJIAIOTCH  (Dailyibl
JIAHHOT'O TUIIA, CJIEJIOBATEILHO, JIJId co3janus daiiia Oblia NCIOJIb30BaHA MaTeMaTUudecKast

Becrauk KasHY. Cepusi maremarunka, Mexanuka, nangopmaruka, N.4(100), 2018



56 Uckaxos K.T. u 1p.

|2 Paneply: Sources (E=8 (ol 5
File Edit View History Bookmarks Plot Window Help
- = . N——
=S o ) =% %
= o ® » L[
Create Plat Combine Plot  Open Dataset Remove Remove Al Hide Info

/ Datasets | Catalogs | Bookmarks |\

Name Long Name Type ke
“| File "cityCoeff_apriori_mean_Ref_traffic.
& constSource  constSource » M = - ==
& st fata » ne |
& fTimeDynamics fTimeDynamics 1D File type: NetCOF-3/COM 3
@ init init b1}
@ lat lat pil netcdf file:/C:/Users/Sapusa/Downloads/c
& lon lon » dimensions:
@ mu mu n U10Diml
& Times Times D U1l0Dim2
U U0 » U10Dim3
@ vio V10 bl V10Diml
& varSource varSource » ¥10Dim2
& xPoints XPoints 1D V10Dim3
& yPoints yPoints 1D gjﬁigf -
> =
muDim3 =
fDataDiml 27171;
fDataDim2 = 5;
TimesDiml = 121;
il initDiml = 22:
« b initDim2 = €7;
Show: [l varizbles - . ,—“‘““D;“'S T .

Pucynok 2: Copmuposannniit daitn NetCDF

|4/ UL0 in cityCoeff_apriori_mean_Ref_traff E=3C]
File Edit View History Bookmarks Plot Window Help

/ Plot \_Array1 |

ut0Dim1

ung

121 03 05 a8 08 20

| Array(s) | scale | Grid | contours | vectors | Labels |

Plot Array 1 Only | [ Interpol...
Array 1: U10
utDm3: | 1fof72=1

Pucynok 3: [Ipumep Busyanuzanuu kodpdUImeHTa «CKOpoCTh BETPay

nporpamma Scilab. Scilab camas mommas obmenocrynnas anprepHaruBa MATLAB misa
TEXHUYECKUX W HaydHbIX pacdeToB. [list paborer ¢ dopmarom NetCDF nogkmodaercs
MotyJtb sciNetCDF. Onun u3 npuMepoB pesysibrara co3gannoro daitra B Scilab npejcrasien
na Puc. 2.

Jna cozmanus npuiokeHud, QopMupyomero ¢aiijyioB Takoro gopmara, co3jaHa
6aza gmamubix (BJI) B KadecTBe WCXOMHBIX JAHHBIX. Bcex MAHHBIX MOXKHO YCJIOBHO
KJIACCH(PUITIPOBATH Ha YeThIipe OJIOKU:

1. cBejiernsi 06 M3MEpPEHUSX KOHICHTPAIMH [TPUMECH KOHKPETHBIX TSXKEIbIX METAJIOB B
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aTMmocdepe;
2. cBeJieHHUS O BETpE;
3. nndopmMaIys 0O MOJIL30BATEIIX U UX POJIAX B CUCTEME;
4. cucremuas nHMOPMAITHUS.
g kaxxoit Tabaunbl 6a3bl JAHHBIX ONpPEJEJIEHbl HA3BaHWe MoJieil (aTpuOyThl), THUIIBI
JIAHHBIX, OIMMCAHUE U CBOMCTBA IOJIS.
[IpuBenem Tabuinl 6sioka Pollution «cseserust 06 namMepeHnsIX KOHIEHTPAIUU TTPUMECH
KOHKPETHBIX TSKEJIbIX METAJIJIOB B aTMocdepes.
Biok Pollution cocrout u3 3 rabdsuir.
Tabauma 1 comepKuT OCHOBHYIO HH(MOPMAIIMIO O TOYKAX cOOpa JaHHBIX.

Ta6mma 1: DataCollectionPoint

[Tons: Tun maHHBIX Omnucanune 1moJist CBoiicTBa 110JI51
id bigint Nnentuduxkarop toukn | Kirouepoe moJie
cbopa JTaHHBIX
name varchar HanmenoBanme Toduku | obsI3aTe/IbHOE
cbopa JIaHHbIX 1oJ1e
lon float JIOJITOTA, obg3aTeIbHOE
11oJ1e
lat float [Mupora obst3aTeIbHOe
oJie
cmt ru text KOMMEHTapuu HeobsI3aTe IbHOEe
11oJ1e

Tabura 2 coJepkKuT JIaHHBIX 00 U3MEPEHUIX B TOYKax cOopa MHMOPMAIIIH.

Tabmuma 3 CcOAep:KHUT JaHHbIE O TXKEJbIX MeTajljlaX W JPYTUX 3arpa3HUTeIIX B
aTMOC(hEepHOM BO3/IyXe.

Jpyrue Tab/mibl OCTATBHBIX OJIOKOB OIPE/IeICHbI aHaJI0runIHbIM 0obpa3oM. [IpuBeientbie
naszBanug bB/I, Tabsui, u moseit ABAAIOTCS pabOYUMU U MOTYT OBIThH M3MEHEHBI, a TaKzKe
JIONOJTHAThCA JApyrumu Tadbunamu. Takum obpaszom, coznana b/l ¢ miebio coopa n 06padboTKu
JIAHHBIX, PEJISIMOHHAA MOJIeb KOTOpoil npuBeneHa Ha Puc. 4. B/l cosmana ¢ momorinio
cucremoii yrpasienus 6azamu Jganabix (CYBJl) MS SQL. Bo wusbexanme mpobiiem c
[IEPEHOCOM ¥ COBMECTHMOCTBIO MMEH HCIOJIb30BaHbI AHIVIMIICKNE HAa3BAHUA BCEX OOBEKTOB
0a3bl JaHHbIX.

4 Pe3ynbTaThbl U 00Cy2KJIeHUE

Cozmannast 0a3a JJAHHBIX SBJISETCS WMCTOYHUKOM I [PHUJIOYKEHUsI, KOTOpoe OyJer
dopmupoBath daitael  popmara NetCDF. Cdopmuposasmmecs dailabl  HEOOXOMIMbI
JUIS  MOJYJISI «YCBOEHHE JaHHBIX» CHCTEMbBI, TIJIe OCHOBOI SBJISIETCS MaTeMaTHIECKOe
MOJIEJIMPOBaHMEe, TO €CTh IMPUMEHEeHHe ajJrOpUTMa yCBOEHNE JAHHBIX B PEKUME pPeabHOTO
BpeMenn. PparMenT mporecca paboThl CUCTEMBI MOYKHO IIPEJICTABUTH CJIEIYIONIUM 00pa3oM,
KaK Iokaszano Ha Puc.5.
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Tabmua 2: Measurements

IToms: Tun mapHBIX Omnucanue 1oJist CsoiicTBa 110151
id bigint U nentudukarop 3anucu | Kiouesoe mosie
point bigint Touku cbopa JaHHBIX Obs3aTesnbHoe,
KJIIOUEBOE
dBeg datetime Bpema Havya a | 00g3aTeIbHOe
[IPOBEJICHHOIO 3aMepa
dEnd datetime Bpemsa obs3aTeIbHOE
[IPOBEJICHHOTO 3aMepa
element bigint 3arpssHuTeb Obs3aTesbHOe,
KJIIOUY€BOE
temperature | float Temmeparypa Bo3ayxa BO | 00s13aTe/IbHOE
BpEMsI U3MEPEHUS
pressure float JlaBmenne  BO3IyXa obsI3aTe/IbHOE
BpEMsT U3MEPEHUSI
value float Suadenne obst3aTeIbHOEe
Tabauma 3: PollutionElements
[Tosts: Tun ganubx Omnucanue 1moJist CaoiicTBa 1m0JI51
id bigint W nentuduxkarop Koaesoe moie
3aICH TaOJTHIBI
name varchar HaunmenoBanue Obs13aTenbHOE,
3arpA3HUTEIS BHEITHUI KJTIOT
alias varchar Bropuunoe Heobs13aTenbroe
HaVMEHOBaHIe
concentration | float Konnenrparnus Obs13aTebHOE,
3arpsA3HUTE IS BHEITHUI KJTIOT
aTMocdepe

5 3akJroueHue

JLst oJTHOCTBIO (DYHKIIMOHUPOBAHUS CUCTEMBI I ONTUMUA3AINNA MOHUTOPUHTA 3arpsI3HeHUs
aTMOCGEpPHOro BO3JyXa TSKEJIBIMIA MeTaJJIaMH  ITOJyYeHHbIE Pe3yIbTaThl
CJIOZKHOI'O TIpoIiecca pPas3paboOTKH  IEJIONH  CHCTEMBI.
Hcnonib3oBanmne COBpEMEHHBIX TEXHOJIOTUH I PabOThl ¢ MPOCTPAHCTBEHHO-BPEMEHHBIMUI
MHOOPMAITMOHHO-MOJIETHPY IOt

OCHOBHBIM

JaHHBIMHI IIOBBICHUT

1 Ha4daJIbHBbIM

5bPEKTUBHOCTH

9TaIIOM

YIpaBJI€HUU Ka49eCTBOM aTMOC(bepHOFO BO3/1yXa.
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] PollutionElements.

(7] AuthRoleUser
i

5] authRole

7] authuser

7] AuthRolepriv ] AuthUserpriv
Tl )

ford

[ FD_WindType il DbLog (] DbFilestorage. £ sy e Genid. £ Dbinfo.

Pucynok 4: Pensinnonnast Mojie/ib 0a3bl JAHHBIX

» EE@

Pucynok 5: @parment mporecca paboThbl CUCTEMBI
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OIIEHKHU COILMAJIbHOTO CaMO4YyBCTBUS
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CrpeMuTesibHOE PACIPOCTPAHEHNE COIHUAJIBHBIX OHJIARH-CEPBUCOB W DPAa3BUTHE TEXHOJIOTHH
Bosibmux JIaHHBIX WHUIUUPOBAJIA WHTEPEC K HCIOJB30BAHUIO CBEJEHUN W3 COIUAJBHBIX CeTeil
B paziauvHbX orpacisx. CerogHsi mpuoOpeTaOT IMOMYJISPHOCTb TEXHOJOTUHA "MOHUTOPWHIA
conuanbHbix cerefi(social listening) u kouTenr-anasmuza. JlaHHbIE CEPBUCHI B  OCHOBHOM
[IpeJICTaBJIeHbI 3apy0eXKHBIMI PAa3pabOTKAMU, JTUHIBUCTIHIECKIE CJIOBAPHU, KOTOPBIX TIOCTPOEHBI HA
AHTJIMIICKOM $I3bIKEe, W OHU ILIOXO aJIAlITUPOBAHBI IO/ PYCCKUI U KA3aXCKUI SI3BIKM.

B mpejicraBieHHOl cTaThe ONUCAH IIPOIECC NMPOEKTUPOBAHUsI W pa3pabOTKU WHQOPMAIMOHHON
cucTeMbl Jjis "MOHUTOPHUHIA, CONMAJIBHBIX CeTell aJallTHPOBAHHON TIOJT CIIeNn@UKY Ka3aXCKOTO U
DPYCCKOTO s3bIKA, & TaKKe (POPM CJIEHIOBOTO ODIEHUs, C IEJbI0 ONPEIe/IeHAs] SMOIMOHAIBHOTO
OKpaca TO0JIb30BATEILCKOTO BOCIPUSATHSI KOHTEHTA, W OIEHKH COIMHMAJHLHOIO CAMOYYBCTBUS B
crpane/peruose. B paGore mnpejcraBieH aJropurM UHGOPMAIMOHHON CHUCTEMBI C OIHUCAHUEM
BYHKIMOHAJBHBIX BO3MOXKHOCTEl, & TaK»Ke MeTOJbl U Mojeau. Kpome 3Toro, paccMaTpuBaeTcs
MPOJYKIIMOHHAST MOJIEJIb OIEHKHW COIUAJIBHOIO CaMOYYBCTBUsI U MOJEJb CEMaHTUIECKOIO
npoduiisi BOCIIpUATHS OOIMEecTBOM coObiTHil. [IpoBeneH cpaBHUTEbHBIN aHAIN3 Pa3pabOTOK B
BOIIPOCAX MOHUTOPUHTA MHEHWIl IjIs BBISIBJIEHUs] CHJIBHBIX U CJIa0bIX cTOpoH. VHbOopMamonHasd
cUCTeMa JIaCT BO3MOXKHOCTH UpoBoauTh MoumTOpuHr CMU, conmaspHBIX cereil, aHaan3a
VIPABJIEHUST PeIlyTallfeil, aHaIn3a II0JIb30BATEILCKOI0 BOCIPUITAS KOHTeHTa ceTu HTepHer Ha
PEruoHaIbHOM, PecIryOJIMKAHCKOM U MEXKJ[yHapOIHOM yYPOBHE.

KirouyeBbie cJjioBa: MOHUTODUHI COIMAJIBHBIX CETeH, aHAJIM3 KOMMEHTAPHEB, COIUAJIHLHOE
CaMOYyBCTBHE, OIEHKA ITOJIb30BATEIHCKOTO BOCIIPUSITHS.

Ilikipsiepre MOHUTOPHUHI >KYPri3y >k9He dJIEyMeTTiK KOHiJI Kyiii 6arajiay aKknaparThIkK,
XKylieciH xkobajiay >k9He KypacTbIpy
MawmbikoBa 2K. /1., on-Papadbu areiagarsl Ka3ak yITTHIK YHABEPCUATETI,
Aimvarsr K., Kazakcran Pecniybsimkacer, E-mail: Zhanl. Mamykova@kaznu.kz
Myranos F'.M., on-®apabu arsiagarsl Kazak yaTTBIK YHUBEPCUTETI,
Aumvarsr K., Kazakcran Pecriybsimkacer, E-mail: Rector@kaznu.kz
Cyungerosa 2K.T., on-@apabu arbingarsl Kasak yJITTHIK YHABEPCUTETI,
Anmvarer k., Kazakcran Pecriybiiukacer, E-mail: Zhanerke.Sundetova@kaznu.kz

Tepexyn C.M., on-®apabu arbiagarst Kasak yiITThIK, YHUBEPCUTETI,

Anvarer k., Kazakcran Pecriybimkacer, E-mail: Saule.Torekul@ kaznu.kz

Becrauk KasHY. Cepusa maremaruka, Mexanuka, uadopmaruka, N.4(100), 2018



64 Mawmbixosa 2K.JI. u ap.

OJleyMeTTIK OHJIAH-CEPBUCTEP/H, KEH TapaJiybl kKoHe YJkKeH JlepekTep TeXHOJIOIMsIapbIHbIH,
JaMybl — QJIEYMETTIK  KeJIJIepJleri  JIepeKkTepii opTypJl cajajapjaa  KOJJIaHyFa  JIereH
KBIBBIFYIIBLIBIK, TyabIpAbl. Kasipri TaHia KOHTEHT aHaju3 KoHe "OJjieyMeTTiK KeJijepsi
MOHUTOPJIAY " TEXHOJIOTUSIapbl TAHBIMAJIIBLIBIKKA ue Oosyna. MyHmail cepBUCTEpiH KOIIIIiIir
MIeTes K o3ipaeMesiep OOJBIT TabbLIAAbI YKOHE JUHIBUCTUKAJBLIK, CO3IIKTED AFBLINIBIH TLIIHIE
KYPaCTBIPBIIFAH, COHALIKTAH Ka3aK, YKoHe OpbIC TiAepimne OeiiMaeMerem.

Makasnaza esuil/ayMaKkTblH, —OJIeyMeTTIK KOHIJI KyiiliH Oarajay JKoHe Iaii/lajaHyIIbIHbIH
KOHTEHTTI KaOBLIJAybIHBIH SMOIMOHAJILI TYCIH aHBIKTayFa AapHaJfaH, Ka3akK KoHE OPbIC
TIJIZIepiHiH, COHBIMEH KaTap aybl3eKi ceiliey ¢opMaJjapblHbIH epeKIle/ ikTepine OeifiMienren
"omeymerTik KesiytepZi MOHHTOpPJAY"aKImapaTThIK KyiieciH Kobajay »KoHE 93ipJey mporeci
kepcerinren. 2KyMbIcTa aKmapaTThIK 2Kyile aJropuTMiHIH (YHKIAOHAJIBIK MYMKIHIIKTEPiHiH
CUIIATTAMAChl YK9HE Mofesiepl MeH oicrepi kepcerisreH. COHBIMEH KaTap, 9JEYMETTIK KOHLI
Ky 6arajay/iblH, OHIMIIK MOJIEN »KoHe KOFAMHBIH OKUFAJIap/Ibl KAObLI/IaYbIHBIH, CEMAHTUKAJIBIK,
MOJIeTi KApacThIpbLIFaH. MBIKTBI JKOHE 9JICI3 TYCTApbIH AHBIKTAY MAaKCATBIHIA iKipJep/ii
MOHHUTOPJIAY CaJIaChIHJIAFbI 93ipJeMesiepre CaJbICTBIPMAJBI AHAJU3 YKYPri3ijren. AKnapaTThIK,
Kyile aymaHablK, pecrryOIUKablK KoHEe XaJbIKapaJblk, jgenreiiie BAK-Ter kone ojeymerTik-
JKeNIiep/ii MOHUTOpJIayra, Oenenmmepi Oackapyra aHaan3 Kacayra, WHTEPHET KOHTEHTTI
MaiiTaIaHy BIHBIH, KaOBLIIaybIHA aHAJIN3 XKacayra MYMKIHIIK Oepesti.

Tvyiiiu ce3zep: ojieyMeTTiK XKeJIlJIep/i MOHUTOPJIay, KOMMEHTapuiljiepre aHaJ i ¥Kacay, 9JIeyMeTTiK
KOHUI-KYH, maiija/taHy MbIHBIH KaObLIIaybiH OaraJiay.

Approaches of the development of information monitoring system of social wellness opinions
and evaluation
Mamykova Zh.D., al-Farabi Kazakh National university,
Almaty, Republic of Kazakhstan, E-mail: Zhanl. Mamykova@kaznu.kz
Mutanov G.M., al-Farabi Kazakh National university,
Almaty, Republic of Kazakhstan, E-mail: Rector@ kaznu.kz
Sundetova Zh.T., al-Farabi Kazakh National university,
Almaty, Republic of Kazakhstan, E-mail: Zhanerke.sundetova@kaznu.kz
Torekul S.M., al-Farabi Kazakh National university,
Almaty, Republic of Kazakhstan, E-mail: Saule.Torekul@ kaznu.kz

A dynamic spreading of social on-line services and development of the Big Data technologies
have caused interest to use information from social media in different spheres. Nowadays the
"social listening"and content analysis technologies gain popularity. The given services are basically
represented by foreign development works, where linguistic dictionaries are made in English and
they are badly adapted to Russian and Kazakh.

The given article describes the process of designing and developing the information system to
monitor "social media adapted to the specific character of the Kazakh and Russian languages and
forms of slang communication as well to define the emotional coloring of a user’s perception of
the content and evaluation of the social well-being in the region and country. The work represents
the algorithm of the information system describing functionalities and methods and models as
well. Besides, a production model of social well-being evaluation and a semantic profile model
for conceiving events by society has been considered. A comparative analysis of the development
works has been made in the issues of opinions monitoring to reveal strengths and weaknesses. The
information system gives an opportunity to monitor mass and social media, to analyze reputation
management, to analyze a user’s perception of the Internet content on the regional and a nationwide
scale.

Key words: social media monitoring, comment analysis, social well-being, a user’s perception
evaluation.

1 BBenenue

B pesynbrate passutus cormumasibHbix cereit, CMU, 6soroB, BeO-pecypcoB IOsIBUIACH
ocTpasg HeOOXOJIMMOCTb, B HHCTPYMEHTE OIpeJe/eHrus OIEHKN 3MOIMOHAIBHOIO OKpaca
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TOHAJBHOCTH TEKCTOB, COOOIIEHU, BO3MOYKHOCTD ITPOBEJICHUSI PEIyTAIlMOHHOTO ay/IuTa B
peXKMMe peasIbHOIO BPEMEHU, BBIABJIEHUs] PEIYTAIIMOHHBIX U WHQOPMAIMOHHBIX YI'PO3,
KPUTHK, HeraTusa, jesuHdopmannn. CoBMECTHOE UCIO/Ib30BaHNEe HECTPYKTYPUPOBAHHBIX U
KOHTEHTHBIX JJAHHBIX ITOTEHIIMAJIBHO TTO3BO/IAET IPUMEHATH COIUAIbHBIE CETH JJIsd PEIIeHUs
MIHPOKOIO Kpyra Ou3Hec-3aJ1ad: MApPKETHHIOBasi JICsITEJIbHOCTh (MHEHHE HOTpeOuTesei,
aHaJIN3 OT3BIBOB), YIIPaBJICHNS OPEHIOM, MOHHTODHHI IS OW3HECA [JIsi OTCJICZKHBAHUSI
KJ/IIOYEBBIX CJIOB B peExXXKHMeE DpPeEaJibHOI'O BPEMCEHH OT OCHOBHBIX HOBOCTHBLIX al'CHTCTB H
COIMAJIBHBIX MeIna-IIaTdopM U JIp.

[Ipobiembr cucrem monutopuara CMU: cnaboe mnpumeHeHue JaHHBIX TEXHOJIOTHUI
JUIS aHAJIN3a MHTEePHET-IPOCTPAHCTBA U ONEHKH COIMAJIBHOIO CAMOYYBCTBHUsSI B ODIIECTBE;
Jgo0asg  CUTyarusd MOHHMTOPUTCS BPYUYHYIO; CyOBLEKTHUBU3M B HMHTEPIPETAINA JTAHHBIX
COOBITHII; OTCYTCTBHE IPAKTUKU TpuMeHeHus wmeTogoB Data Mining maaa obpaborku
nadopMarmonHoro  MaccuBa  motokoB CMU; orcyTcTBHe  cmcTeMbl  KOJMPOBaHUSI,
MIO3BOJIAIONIEH KIaccuUIMpPOBaTh TEKCTOBBIE COODINEHUS B COOTBETCTBUU C KATErOPUAMU
COOBITHII; CEPBUCHI MOHUTOPUHTA CONMAJBHBIX CeTeli B OCHOBHOM  IIPEICTABJICHDI
3apyOEKHBIMU ~ pa3padOTKaMU, JIMHI'BUCTUYECKHE CJOBApU, KOTOPBHIX IOCTPOEHBI Ha
AHTJINIICKOM A3bIKE; OTCYECTBECHHbIEC CUCTEMbl MOHHUTOPHUHIa MW aHaJJn3a COIHUaJIbHBIX
ceTelt, IJI0X0 aJalTUPOBAHDBI 110 KA3aXCKUNA A3BIK.

B cBa3u ¢ dem, 0cobyo akTyaJabHOCTH Ipuobperaer paszpaborka Mudopmanmonnoit
CHCTEMbl MOHUTOPUHIA MHEHWI U OIEHKU COIMAJIbHOrO caMouyBcTBus (fasee - Cucrema).

OcnoBuoit  mnenpio  pazpaborku  Cucrembl  sBIgeTcss  oDecliedeHne  CepBuca
MOHUTOPHUHIA MHEHUI WHTEPHET-IIPOCTPAHCTBA /Il IPOBEJICHUSA TJIYOMHHOTO aHAJIM3a
HECTPYKTYPUPOBAHHON MHMOPMAIMHU, C IE/JIbI0 U3BJICUCHUS 3HAHUI M TOJIYUYeHHA BarKHOI
nH(MOPMAIIMH U3 TEKCTOBBIX MACCHBOB 10 OIEHKE I0JIb30BATEIbCKOTO BOCIIPUATHAA KOHTEHTA,
1 OIIEHKH COIMAJIBHOI'O CAMOYYBCTBHUSI OOIIECTBA.

Jlns  pa3paboTKu  CHUCTEMBI aHA/M3a  IOJb30BATEIBCKOIO  BOCHPHUSTHS KOHTEHTa,
COIMAJIBHBIX ceTell, aJallTUPOBAHHON IO/ CIIeNUPUKY Ka3aXCKOIO U PYCCKOTO $3bIKa, a
Takke (OPM CJIEHIOBOTO OOIIEeHUs ObLIM IOCTABJICHBI CJICAYIONINE 3aJadn: pas3padoTaTh
MOJYJIb  HojaKIodYeHns K API-commanbHbIX cereil, pa3paboraTb MOIYJb YIPABICHUS
TOHAJBHBIM CJIOBapeM, pa3paboTaTb MOIY/Ib XpaHEeHWd HJAaHHBIX JJIsd 00pabOTKH U
aHajIM3a pPe3yJbTaToB, Pa3padoTaTb MOJY/Ib MOJCTUPOBAHUS COIUAJBHOIO CAMOYYBCTBUA,
IporpaMMHasl peajnu3anus CUCTEMBI.

Peamuzanusa Cucrembl O3BOJIUT MOHUTOPUTH BeO-PECypChbl M CONHMAJILHBIE CETH C
MOJICHCTEMON MOJIE/IMPOBAaHUs COIMAIBHOIO CAMOYYBCTBHSI OOIIECTBA, MOCPEICTBOM OICHKU
TOHAJILHOCTH COOOIIEHNUTT/ MHEHHIA.

2 O630p JuTEpaTyphbl

Ananuzy npobsiem dbyHKIIMOHUPOBAHUSI TIPOIPAMMHBIX HHCTPYMEHTOB [1], peiHa3HaueHHbIX
JIUIST MOHUTOPUHIA COIUAJIBHBIX CeTell MOCBSAIIEHbI TPY/bl 3apyOesKHBIX yYEeHBIX, KOTOpPbIE
HO3BOJIMJIM B TIOJIHOW CTEIeHN PacCMOTPETh XapaKTEePUCTUKHU IIPOTPAMMHOIO 00eCIedeHmst
[2], THrier cormanbHBIX ceTell, BKIIOUYas SI3bIKOBYIO TOJIEPKKY [3], HHCTPYMEHTBI U CEpPBUCHI,
peiHa3HAYEHHbIE J[JI1 MOHUTOPUHTA COIMAILHON CeTH € MCIIOJIb30BAHUEM COBPEMEHHBIX
MeTOJIOB aHa/M3a CHHTAKCHCA W CeMAHTHKM Ha OpUMepe KHUTalcKoro sisbika [4]. B
acIleKTe HOBBIX MOJIeJIeii MOHUTOPUHTA COIMAJbHBIX ceTeil Oblia paccMOTpPeHa MOJE/b JIJist
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MOHUTOPHUHTA TOIO, KaK COIUAIbHBIE CBSI3M M COIMA/IbHAs CTPYKTYpPa MEHSIOTCA BHYTPHU
rpymnbsl 5], abcTpakTHast MOJENb JJIsi CDABHEHHs METPHK C OJIMHAKOBBIM 3HAYEHHEM
B pa3HBbIX COIHMAJBHLIX ceTsx [6] m kommenryaspubie mogenu |[7,8]. Ilpoamanmsnposam
AJITOPUTM MOHUTOPHHTA [9], KOTODPBIil aHATM3UPYET MOTOKH U3 COIUATBHBIX CETel, coderast
B cebe pasIudHbIe MOJAXOAbI MAIIMHHOTO OOYYEHMsI ¢ JIEMKOH CTEIEeHBIO aJalTUPOBAHHOCTH
u 00OTaIleH MOJIb30BATE/IbCKIMU 3HAHUSIME 06€3 He0OXOJIUMOCTH CJIOXKHON HACTPOHKH,
AJrOPUTM CErMEHTAIMN 110 OIPEIEJICHUIO HOBBIX KJIIOYEBBIX CJIOB, TJE B KAYEeCTBE JAHHDLIX
HCIOJIB3YIOTCs TBUTHI, cobpannble u3 Twitter [10], amropurm MMCRD (maximum moni-
toring contribution rate deployment) 11| u cTpykTypa ¢ OTKPBITBIM HCXOIHBIM KOJIOM st
MOHUTOPHHTA, aHAJM3a U [OMCKA B HECKOJIBKUX COMUAIBHBIX ceTsix [12].

Uccienoanus B paMKax pa3pabOTKH HOBBIX METOJIOB W METOJ0JIOTMU MOHUTOPUHIA
COIMAJIBHBIX CceTeil IpecTaBIeHbl KaK METOI00rUA NH(MOPMAIMOHHOIO B3aUMOACHCTBUS B
conmasIbHBIX cucreMax [13], MeTo/bl M3MepeHus: nacCuBHBbIE, aKTUBHBIE [14], ¢ npuMeHeHHEM
MeTOJIOB Teopuu cucteM u KubepHeruku [15]. Merogosorusi, Koropast mo3BOJIsieT CIIPABUTHCST
¢ JepunUTOM JAHHBIX [IPH MOHUTOPHUHIE DPEATbHBIX COOLITHH € WCHOJIH30BAHUEM JIAHHBIX
conmasbueix cereif [16]. C rouku 3penust conmaabaoro 3¢ dexra Oblaa 3y IeHa METOT0JIOI s
MOHUTOPHHTA CONHUAJBHBIX CeTeil, MpeHasHadeHHas /it OOpbObI ¢ Kpu3nucamu (JleCHbIE
OKaphbl, BCIbBIIEK 3abo/ieBanmii, npecrymienns) [17].

JlaHHbIe MOXO/BI TTO3BOJIMJIA OIPEJIEUThL apXUTEKTYpy paspadbarbiBaemoit CucreMbl ¢
AKIIEHTOM Ha IOCTPOEHME JIMHIBUCTHYECKOTO CJIOBAPS /I Ka3aXCKOIO A3blKa U paspaboTKu
AJrOPUTMOB YTeHUs KoHTeHTa ¢ "monummanumem'. Vzydenme 3apy6GeskHOrO OIbITA HAIILIO
OTpakeHWe B OIPEJEJeHUH TI0JX0J0B B pa3paboTKe ajrOpuTMOB MAIIUHHOTO OOYYEHUsI
JUIS KA3aXCKOrO si3bIKa W Pa3spabOTKy MHTE/IEKTYAJbHON COCTABJISIONEH Kak ILIaT(OpMbl
aHaJIM3a JIAHHBIX.

3 Marepuaj n MeToAbI

[Ipoucxosgrue roba bHbIe U3MEHEHNUs], CBsI3aHHbIE ¢ MHTEPHET-TEXHOJOTUSIMU U CETEBBIMU
HHHOBAIUAMHY, OOBSICHAIOT HEOOXOANMOCTH Pa3pabOTKH HWHCTPYMEHTAphs W MOJesel s
MOHHUTODHHIA OBIIECTBEHHOIO MHEHHs M OICHKU COIMAJIBHOIO CAMOYYBCTBHS KaK OJHOIO
M3 TJIABHBIX UHCTPYMEHTOB OIEHKH 110 COCTOSTHUIO COIUAJIBHO-9KOHOMUYECKON CHCTEMbI B
KOHTEKCTE yCTOHYNBOIO PA3BUTHSI.

Ha 3apyGeKHOM DBIHKE y2Ke IPeICTaBIeHbl HHCTPYMEHTHI 10 MOHUTOPUHTY COIHAJIbHBIX
cereil m kKoHTeHT-anammu3y, kak Hootsuite [18], Socialmention [19], BuzzLook [20], IQBuzz
[21], Socialbakers [22], Keyhole [23], Brandwatch [24], YouScan [25| u npyrue anasorm,
KOTODBIE TI03BOJISIIOT, IIPUMEHSATD COIMAIBHBIE CETU JIJI PEIeHHs] MUPOKOro Kpyra Gu3Hec-
3a/a1: OOPLOBI € MOIIEHHUYIECTBOM, YIIPABICHHS OPEHIOM, PEKJIaMbl TOBAPOB H YCJIYT,
dopMuUpOBaHUs HOBBIX KaHAJIOB COBITA U JIP.

Prinok Kazaxcrana He GorarTo mpejicTaB/ieH OTe4eCTBEHHBIMIA Pa3pabOTKaMU B BOIIPOCAX
monmnropunra Muenuit (MC "iMAS"[26], "Alem Media Monitoring"[27]) u paspaborka
sapy6exubix kommanuit (MC "Brand Analytics"[28], "Microsoft engagement"|29]).
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Tabymmma 1: @yHKknuoHaIbHbIE BO3MOXKHOCTU ITPOTPAMMHBIX ITPOJLyKTOB.

iMAS Alem Media | [Ipemraraemast Brand Microsoft en-
Monitoring aBTOpaMU PeIeHne Analytics gagement
1 | d vl u u
2 |d vl il vl vl
3 | @ v | |
4 | @ a a |
5 | @ vl u | |
6 | @ vl u u |
7 u
8§ | d vl vl vl
9 vl vl
10 vl |
11 vl a |
12 vl | |
13 u u
14 vl
15 vl
16 vl
[Tpumeuanne (momynu cucrem): 1. Iojyep:kka Ka3axckKoro si3bika; 2. llojep:kka pyccKoro
a3pika; 3. [logmepkka anrmuiickoro s3bika; 4. ['eorpadutiecko-uHTEpAKTUBHASA KapTa MHEHUI;
5. MoHuTOpPUHT comMMaJBHBIX ceTeil; 6. MoHUTOPUHT MHTEpHET-pecypcoB; 7. MonemmpoBanme
conmajbHOTO camouyBcTBus; 8. Habop cios-uckiouenuit; 9. CepBuc HacTpOWKEM Karajora
pecypcos; 10. Cepsuc mobasierns HOBBIX pecypcoB; 11. CepBruc HaCTPOUKM TPOMUIIA TPABUI
Jutst TeMbl toncka; 12. Heramumsarus ananuza; 13. CepBuc HACTPONKHU BBITPY3KHU JIAHHBIX; 14.
Oruersl o KPI cucremsr; 15. BosmoxkuocTs npuriiamars "skcrepra'; 16. Momyiib yipas/ieHust
TOHAJIBHBIM CJIOBAPEM.

CornacHo jgaHHbIM Tabyuitbl 1 Bce mporpaMMHbIE TPOJYKTHI MOJIEPXKUBAIOT 3 SI3bIKA
(pycckmii, aHrImiicKuii W Ka3axCKWil) ucK/oueHneM spiserca Microsoft engagement,
y KOTOPOrO HEeT TOJJIEP:KKHM Ka3aXCKOro ss3blka. s Bcex HpoOrpaMMHBIX ITPOIYKTOB
MOHUTOPHUHTa MHEHHUI WCTOYHUKAMU SIBJISIOTCS COIUAJLHBIE CETH W WHTEPHET-PECyPCHI.
BoJibImmHCTBO TPOrpaMMHBIX PEIIeHH i TO3BOISIOT YBUJIETH MeorpaduIecKO-NHTEPAKTUBHY IO
KapTy MHEHUH, BU3YaJU3AIUIO PE3Y/JIbTaTOB pabOThl CHUCTEMBI H JIAIOT BO3MOYKHOCTH
Cy3UTh KpPYyI' IIOMCKA, C IIOMOIIbIO J00ABJIEHUs CJIOB-UCK/oUeHnit. JIumb oTae/rbHbIe
pOrpaMMHBIE TIPOJYKTBI CO/iepKaT B cebe CEepBUCHI HACTPOWKM KaTajora pPeCcypcosB,
JI06aBJIEHUS HOBBIX PECYPCOB, HACTPOUKHM TPOMU/IA IMpaBUI JJIsd IOWCKA, JIeTaJTU3AIIIO
aHan3a U HACTPOMKHU BBIIPY3KH JIAHHLIX. B PacCMOTPEHHBIX IMPOrPAMMHBIX ITPOJIYKTax
OTCYTCTBYIOT MOJIYJIN YIPaBJIEHUS TOHAJBHBIM CJIOBApeM, MOJETUPOBAHUS COIMAIHHOTO
CaMOYYBCTBHS U BO3MOXKHOCTH IpHrjamenus "skcrepra' .

[Ipormecc mpoekTupoBaHUA IOJOOHBIX CHCTEM IIPEICTABIAIOT €000 IIaTdOpMeHHOe
pemenne. Ha ocHoBe wucno/sib30oBannsa (QYyHKIIMOHAJIBHBIX BO3MOXKHOCTEH aHATOTHIHBIX
cucTteM, HaMi ObLla IIPUMEHEHa  KJIMEHT-CepBEepHasl apXUTeKTypa  IIPOrpPaMMHOIO
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pelleHnsI, HUCIOJIb30BAHbI ~ TEXHOJIOIUH  IPOEKTUPOBaHUS HH(MOPMAIMOHHBIX  CHCTEM,
TEXHOJIOTUS IPOrpaMMUPOBaHUs C IpuMeHeHneM #3bika Python, dpeiimBopka Django,
[IPOEKTUPOBAHNE PEJISIIIUOHHON 0a3bl JaHHBIX Ha ocHOBe PostgreSQL. Icnosb3oBanbr
MEeTOJIbl  TPOJIYKITMOHHON MOJEN, IO3BOJIAIONINE IIOCTPOUTh TMOKHWE IIpaBUjia OIECHKU
COIMAJILHOTO CAMOYYBCTBHsI, Da3UPYIOMNEcs Ha CTATUCTHIECKUX IOKA3ATEIIX COIUAIbHO-
SKOHOMHUYECKOTO PA3BUTUS CTPAHBI, MOJE/Ib CEMAHTUICCKOTO MTPOMU/Isi Ha OCHOBE CTAHIAPTA
I OIEeHKH 3(P@PEKTUBHOCTH KOHTEHTOW IOJATUKA ¢ KOMMYHHKAIIMA Ha ILIOIIAJIKE
CONMAJIbHBIX ceTeli, pazpaborannas cepucom SocialBakers [30]. danuble Momesn u MeTOIbI
MIO3BOJIUJIN HaM IOCTPOUTH ILIAT(MOPMY KOJUIECCTBEHHOTO aHAJM3a U CUCTEMY OPTaHU3AINN
XpaHeHusl STUX JaHHBIX. llpemiokeHHas cucreMa MOHUTOPHHIA CONMAJBHBIX ceTeil u
aHaju3a HACTPOCHUS, IPEJIoaracT WCIIOIb30BAHNE AJITOPUTMOB MAIUHHOTO OOyYeHUS.
Anamu3 gurepaTypHbIX HCTOYHHUKOB [3,4,16] mokaszasn, 9To Jyuist CO37aHUS ITIOJHOIEHHOI
CHCTEMBI HEOOXOJMMO MPUMEHHUTh AaJIlOPUTMbl MAIMHHOrO 0oOyueHns (Kjaccudukarms,
kinacrepusarust, TF-IDF, Word2Vec u 1.11.) syt Kazaxckoro si3bika. Tem caMbIM MO3BOJIUB
[IOCTPOUTH JIMHI'BUCTUYIECKUI CJIOBaph, KOTOPBIH chOpMUpPOBAH I Ka3aXCKOTO SA3bIKa
U PEIUTh 3aJ[ady aBTOMATHIECKOW OIEHKM TOHAJHHOCTH TEKCTa, C IOCJIELyIONIM
IIPOTHO3MPOBAHUEM HACTPOEHUS MoJIb3oBaTe eit. JIist ciemyromniero srana pa3BuTis CUCTEMbI
peaim30BaTh WHTEJIEKTYaJbHBIH MOJIY/Ib IYyTEM (HDOPMHUPOBAHUS KOPITyCa TEKCTOBBIX
MaCCHUBOB Ka3aXCKOTO $3bIKa M €ro pa3MeTKH I10 TOHAJBHOCTU; HWHTEI'PUPOBATDL MOJLYJIb
MaIIIHHOTO 00y4YeHus ¢ I1aTdOopMOoil MOHUTOPUHTA COIMMAJILHBIX CceTeil.

3.1 AcnekTbl NPOEKTUPOBAHUS CUCTEMBI

ApxurekTypa cucTeMbl 6a3UpyeTcs Ha OCHOBE TPEXYyPOBHEBOI MOJIE/IN KJIMEHT-CEPBEPHOTO
npuioxkenust (rpadudeckuii naTepdeiic moib3oBaress - obusnec-yoruka - CYBJI), koropast
npejcTaBjieHa Ha puc.l.

Cucrema cocTout u3s:

1. Monyns "KoHHEKTOP MO3BOJISIONIMI  TPOU3BOIUTH HACTPOWKN  TOAKIIOYEHUST K
uHTepHer-pecypcam 1 APl n3BeCcTHBIX COIUAJIBHBIX CeTeil U3 KaraJjora pecypcos;

2. Momyna "JIuHrBECTHYECKHIT KOHCTPYKTOP MO3BOJIAIONINN (POPMUPOBATH TOHAJIBHBIN
CJIOBaph Ha Ka3aXCKOM U PYCCKOM $3bIKaX, C BO3MOYKHOCTBIO JIUHAMUYECKOTO
HAIIOJTHEHUS U ONPEJIeIEHNST OMEHKN TOHAJIbLHOCTH;

3. Moayna "Ilnardopma oOpabOTKEM JaHHBIX W aHAJI3a MO3BOJISIIONIIN MOJIETNPOBATH
COIMAJIbHOE ~ CaMOYyBCTBUE [0 HPHUHIMITYY "JAKMyCOBOH OyMaKKu'W CTPOUTH
KOJIMIECTBEHHBIN aHAJN3 Pe3yIbTATOB MOHUTOPUHIA COIMAJIbHBIX ceTell, ITPOM3BOIUTD
1pe00paboTKy u 00pabOTKY JIaHHBIX C IEJIBIO ONpPEICJICHUs OIEHKN TOHAJbHOCTH, C
[IPUMEHEHNEM aJITOPUTMOB MAITUHHOTO 00y YeHMST;

4. Mopmyns "Busyamusaruu ¢popmupytoniuit oraerst B ¢dopmare PDF u mozsossrormit
CcTpOUTH rpadUdecKre MpeCTaBICHNS PE3YIbTATOB KOJIMIeCTBEHHOIO aHAIN3A.

OcnorHoe HasHadenne CuUCTEMBI SIBISIETCS OOeCIeYeHre CepBUCa MOHUTOPWHTA MHEHUH
UHTEPHET-TIPOCTPAHCTBA JIId IPOBEJIEHUA TJIYOMHHOTO aHaJIM3a HeCTPYKTYPUPOBAHHOI
uH(MOPMAIIH, C TEIbI0 U3BICUEeHNs 3HAHUHI 1 [TOJTy YeHUsT BaXKHOM MHMOPMAIUN 13 TEKCTOBBIX
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Pucynox 1: Apxurektypa Cucrembl
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Couran Kemsecteerian
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MAaCCHUBOB II0 OIIEHKE II0JIb30BATEIBCKOIO BOCIPHUSTHSA KOHTEHTA, U OIEHKH COIMAJIHLHOTO
CaMOYYBCTBUS OOIIECTBA.

Paspaborannast cucrema mMeeT BCTPOEHHBIE MOYIM mojak/aouenns K API comumanbHbIX
cereit Bronrtakre, Facebook, Twitter, na stame pazpaboTku mnojkaodenne K Instagram,
GYHKIIMOHATBHBIE BO3MOKHOCTH TO3BOJISIIOT:

— Paborath ¢ Tekcramm Ha 2-X s3bIKaxX (Ka3aXCKWM, PYCCKUii) ¢ aBTOMATHYECKUM
OlpeJIeJIeHIEM $I3bIKa TeKCTa (Ka3aXCKUil, PyCCKUil, CMaiiibl, CHMBOJIbI );

OmpesienaTh ~ TOHAJIBHOCTH — TEMbBI/TEKCTa  (OTpUIIATEJbHAs,  IIOJOXKHUTEJbHA,
HefTpabHasd );

— Ilopyiep:kuBaTh TOHAJBHBIN CJIOBAPh Ha KA3aXCKOM U PYCCKOM SI3BIKAX;

QopmupoBaTh 0a3y JIAHHBIX CJIOB C OIMMMOKAMM HA KAa3aXCKOM U PYCCKOM A3bIKaX, C
IEJTBI0 YBEJIMIATh PE3YIBTATHI IPOIE/LyPhl OIEHKN TOHATBHOCTH TeMbI (9TO CBA3AHO C
TeM, YTO KOMMEHTAPHU HAIMCAHBI C OIMHOKAMHT);

— DukcupoBaTh JUANA30H BPEMEHU [IPU MIPOIIE/yPe MOHUTOPUHTA, COIUAIBHBIX ceTell (0T
roja, 6 Mec., 3 Mec., MecslIl, HeJessd, JIeHb);

- CTpOI/ITb NHTETrpaJIbHYIO OIIEHKY TOHAJIbHOCTU TEMDBI;

— BrigBiagaTs npodu/ib yaacTHHKA CONMATLHBIX CETH, IIyTeM YTCHUs JAHHBIX 110 TTPOMUITIO
YyUaCTHHUKA; MOJCYeTa aKTUBHOCTH YYACTHHKA B TeMe (KOJMIECTBO KOMMEHTAPHEB,
JIAfIKOB, PENOCTOB);

Becrauk KasHY. Cepust maremarnka, Mexanuka, uadopmaruka, N.4(100), 2018



70

Mawmbikosa 2K. . u ap.

Paspaborannast apxuTeKTypa CUCTEMbI 0a3UPyeTcs Ha POJIEBOI OJTUTHAKE JTOCTYIIa K CUCTEME,
KOTOpasi 00ecleunBaeT OpraHn3aliiio aJroPUTMUIIECKOrO TOIX0da paboThl MoJib3oBaTessd. B
OCHOBe JIIOOOTO aJIrOPUTMa JEHCTBUN TIOIH30BATE/IS JIEYKUT TeMa, KOTOpas IPEJICTaB/IAeT
€000t HAOOP 3aJIAHHBIX TAPAMETPOB CYIEPIIOIb30BaTE/IEM, TAKIE KAK: HA3BAHUE, KATETOPHS,
[TO/IKATEropusi TeMbI, HAOOP KJIIOYEBBIX CJIOB, A3BIK, PECYPChl M BDEMEHHOW MHTEPBAJI IIOUCKA.
C yderoMm BbBIIIE HA3BAHHBIX IIYHKTOB OIIPEJIEJIEH aJI'OPUTM pabOThI MOJIH30BATES C

— Ilpurnamars 3Kcrmepra ydacTBOBaTb B JIUCKYCCHM W HAOJIOJATH CTATUCTHKY

MOHHUTOpPHHI'a II0 USMEHEHUIO MHEHWIT IO/ BJIMAHNEM SKCIIepTa;

Paccunrarh MHJIEKC COIMAILHOIO CAMOIYBCTBHS OOIIECTBA;

napaJuieIbHOi 00pabOTKM );

dopmare PDF.

CUCTEMOI.

Tabsmna 2: Anropurm Cucrembr

[MTar 1. 3amyckaeMm cucreMy (COIUaIbHbIE CETUH, HHTEPHET-PECYPChl HOBOCTHBIX II0PTAJIOB)

[Tar 2. CoznaeM HOBYIO TeMy Jjisi aHAJIM3a (TeMa, KaTeropusl, IOJIKATErOPusl, EPUOJL, sI3bIK
HOKCKa, 00JIaCTh MOMCKA, KJIIOYEBbIE CI0BA)

Hampumep: [Ipobaembr 6€300aCHOCTH Ipark1aH

(Kareropust: obmiectBo, 6Gesonacunocts; mamazon momcka: 10.10.18-10.07.18; pyc./ka3.,
com.cetn: Brontakre, facebook, Twitter; kirodeBble ciioBa: TOTepIeBInii, yOUICTBO,
zazepxka, caenctsue, MB/I, momumneiickue)

[MTar 3. 3amyckaeM IOMCKOBbIH MeXaHH3M (IIOMCK B pPeKHUMe DeasIbHOIO BPEMEHH,
HOJIKJTIOUEHNE TOHAJIBHOIO CJIOBAPsI HA PYC/Ka3 s3bIKaX C MEJIbI0 OPEJIeJICHUsT TOHAIbHOCTH
TeMbl ¥ KOMMEHTAPHEB; PACUYeT COIUATBHOIO CAMOYYBCTBHS ).

[[Tar 4. Msyuaem pe3ysibraTbl IOMCKAa M aHaju3a (OTYEThl O pe3yJbraTaM IOUCKa;
aHAJIMTUKA I10: OIEHKU TOHAJBLHOCTHU, TEME, 3allUCAM, Pecypcam, aBTOpaM, #A3bIKy, pabore
9KCIIEPTA)

Hamnpumep: Ananus o reme "IIpobieMbl 6e3onacHocTd rpazkgan’ .

ObGriee  KoM4ecTBO pe3yabTaToB: 3594; m3 Humx 3ammceit: 973, KomMmeHTapuer: 2621
Pesynbraros us "Bkonrakre": 3090, uz "Twitter" : 504

Ha pyccKoM s3bIke: 2632; Ha Ka3aXCKOM sg3blKe: 63, Ha JIpYTuX sg3blkax: 899

OrneHka TOHAJBHOCTH TEMBI: OTpuliaTebHast; "orpunarebabie": 1743, "monoxkureibabe":
468, "meiirpapabie": 1383

Axrusnbie yuactuuku: @. 1. O., ©. 1. O., . 1. O.

[Tomyssipubie ciioBa: "xkeprea" | "moreprepmmit" | "youiicteo" .

Mecronosoxenne: onpejeneno 49,14% (1766), uz Kaszaxcrana: 52,5% (927), u3 Poccun:
47,5% (839)

[Tar 5. Busyanmsarmsi pe3yabTaToB aHagu3a (AUarpaMMbl: OIEHKA TOHAJBLHOCTH, THIIBI
PECYPCOB, KOJIMIECTBO 3AIMCEH; ONEHKA COIMAJIBHOIO CAMOTYBCTBHSI )

[ITar 6. Coxpanenue pesysbraroB anamusa (daitn B dopmare pdf, pasmerka mo maram
[IOUCKA)
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Jmrenbaocts paborel CHCTEMBI 110 TeMe IOUCKA 3aHUMAET OIPEJEIEHHOE BpPEMs,
KOTOPOE 3aBUCHUT OT IEPUOJIA [TOMCKA, KOJUIECTBA KJIOYEBBIX CJIOB M HabOpa PECypcoB I
MIOKCKA, UTO B CBOIO OYEPE/Ib BJIMAET Ha KOJIMYECTBO BO3BpalaeMbix CucTeMOll Pe3yIbTaToB
MOHUTOPHWHIA U Ha JJINTEJILHOCTH 00paboOTKM TeMbl moucka. 1lo 3aBepiienuio momcka 1o
3aIaHHBIM ITapaMeTpaM MOXKHO moIyauTh "CBOIHBI 0TYeT 110 pe3ysibraram Tembl" . B ordere
10 pe3yJIbTaTaM 33/IaHHON TeMbl 0TOOPAXKAIOTCH BCE TTAPAMETPDI, 110 KOTOPBIM IIPOU3BOIHIICS
MOUCK, KOJMYECTBO HANCHHBIX 3almceil, KOJIMIeCTBO HANJICHHBIX KOMMEHTAPHUEB, OOIast
TOHAJBHOCTH 1eMBbI.

Crpanutia "CBomHBIN OTYET 110 pe3yJbTaraM TeMmbl" IpejcTaB/ieHa Ha puc.2.

CBogHbIi oTYeT no peaynbratam Tembl "Mpobnembl 6esonacHocT rpaxaaH”

Tema Mpofnemel OezonacHoCTH rpeanaH

Kateropus OflwecTeo

Mopkareropus MporcwecTerA

Knwueekle cnoBa NoTepNeBWR; MepTEa; YOUACTBO, 3a0epHaH; cnencTeie, MBI, nonruerickie:
Pecypebl Vi Twitter,

Asbik KZRU

KonuuecTso pesynstaTos 3504

Konuyectso sanncei 973 MogpobHee ==

KonuyecTso KoMmMeHTapHes 2621 MNogpobHee ==

JuanasoH BpemMeHn C 10 okTA0pA 2018 1. 3:08 no 17 wionsa 2018 1. 20:48
OueHka TOHaNBHOCTH TeMbI OTpHUATENEHEIA

KonuuecTBo 3anNpocoB MofepaTopy

‘YyacTue sKkcnepTa

[Mony4ute oT4yeT B PDF [ocMoTpeTe Avarpamiy no Teme “lpobnembl besonacHocTh rpaskaan”

Pucynok 2: Crpanura "CBojHbIi OTYET IO pe3yabraraM Tembr"

Kpowme Toro, B Cucreme mnperycMoTper (hyHKIIMOHA BH3yaTH3aIIH PA3TUIHBIX OTIETOB
10 BCeM pe3yJsibrataM (3a BeCh [epHOoJl MOHUTOPHUHIA, 33 KBapTall, 3a 1 Mecsdll, 3a 1 HeJeso,
3a 1 JieHb), JuarpaMMbl IpeJICTaBIeHbl Ha puc.3 a,0,B,r.

Mogyns "MouuToputra comuaibHbIX cereit" oOTBeYaeT 3a BBISIBJICHHE TOHAJILHOCTU
[OJI30BATE/IbCKUX MHEHHUH, IIyTeM MOHHTODHHIA aKKAayHTOB HOBOCTHBIX IIOPTAJIOB B
U3BECTHBIX CONMMAJIBHBIX ceTsX. JlJist 9TOro ncrosib3yercs TOHAJbHBIN CJIOBAPh HA KA3aXCKOM
U pYyCCKOM si3bIKaxX. [Ipm mpoekTupoBaHUSX TOHAIHLHOTO CJIOBAPS OBLIM MPEIYCMOTPEHBI
BO3MOYKHOCTH CO3/IABATH CJIOBA OOBIYHON (DOPMBI, CJIEHIOBbIE BapHAHTBI CJIOB, CJIOBa
¢ omubKamMu, U MPeIyCMOTpeH (OYHKIIMOHAT I J00aBJIEHUsT HOBBIX CJIOB C IEJIBIO
JIMTHAMUYIECKOTO HAIIOJTHEHUS CJI0BaPSI.

PesysbratuBnocTs paboThl pazpabOTAHHOW CUCTEMbI MOXKHO OMPEJIC/JNTH IYyTeM OIEHKH
CEMAHTUYECKOTO TPoUIs MO pe3yIbTraTaM MOoucKa. /[y 9Toro 0bLIM paccMOTPEHBI MOJETH
CTAH/IAPTOB OIEHKH BOBJICYEHHOCTU, KOTOPbIE OCHOBAHBI Ha CIIOCOOE M3MEPEHUs TToKa3aTeei
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OueHKa TOHaNLHOCTU TeMbI (B MPOLIEHTHOM COOTHOLWEHAN) WHTerpanbHasn oLeHKa TOHalbHOCTH
MoAoXUTEABHbIR —— WHTErpanbHas CLeHKa TOHANLHOCTW

m— OTpULATENsH b OTpHLATENbHbI
HefmpanHeit 500 — MonomutensHei

—— HeltTpansHeA

a00

Konu4ecTBo pesyneLTaToB

|

o

19.09.18
12.09.18
05.09.18
29.08.18
22.08.18
15.08.18
08.08.18
01.08.18
25.07.18
18.07.18

03.10.18
26.09.18

Hata

a) OneHka TOHAJIBHOCTH TE€MBI (B IIPOIEHTHOM

COOTHOIIIEHNN ) 6) nrerpasbHast OleHKa TOHATBHOCTH

OuEeHKa TOHANLHOCTH NG COUMANEHBIM CETAM Ipadhrk pesynbTaToB COLMaNbHbIX CETEN B PA3PE3E MyNbTHAIBIHHOCTI

1777

BrarTakTe
BraHTaRTe

1053 B7

72

Tuilter
Twitter

KonuecTso peaynsTaTes KOMMYECTEO PE3yNLTATOR

HeiTpansHeii TonokATERb bR OTpMUATE AR Heonpenenewn Knzaxckuin e Pycckii

B) Pecypchl 110 oneHke TOHAJIBHOCTH r) Konuuecrso 3ammmceii 110 MyJIbTUA3bIYHOCTH

Pucynok 3: unarpammvbr momysis "Busyaausarnun monutopunra”

conmasbHbix cereil s SMM wmenezkmenta, mo dopmyie SocialBakers [31] wa mpumepe
Facebook [32]|. Vcxoas u3 KOTOPBIX, OBLIM ONMpe/IeJIeHbl CIe Iy IOINIIe OKA3aTe I JIJIs OIleHKH
CEMAHTHIECKOro IPO(UIS BOCIPUATHSA ODIIECTBOM COOBITHI: YPOBEHb 3aMHTEPECOBAHHOCTH
remoit B obmectBe (Rer), ypOBEHb aKTHBHOCTH 0OCyxJeHHs TeMmbl (Repg), ypOBEHB
HacTpoennust obmectsa (Ryg).

Dopwmyna SocialBakers st pacdyera BoBIeUeHUST ayIUTOPUNA UMEET CJICTYIONINAN BU/I:

Total Actions Taken

100 1
Daily coverage % % (1)

Daily ER =

e, Total Actions Taken — obGrriee uuciio geiicrsuit, a mmenno — Jlaiiku, Kommentapun, [spsr,
Berymenns; a Daily Coverage — oOmuii JHEBHOH OXBaT KOHTEHTA, BKJIIOYAs BUPAJIbHBIN
u omnadenssiiit [33]. Ha ocnoBanum dopmysbl 1 mpejyiaraeM pacder ypoBHsI aKTUBHOCTU
obcyxaenus remol (RCE), Kak:

C L+R+C
RoE = -£2 100% = RoE = —S2— x 100%.
=S " %= FRo cs) ~ %

rjae, S — cyMMa KOJIMYeCTBa MOIICINKOB HCTOUHUKOB, C'P — KOJIMYIeCTBO HAICHHBIX IOCTOB
no reme, C'E — KOJIMYECTBO B3aMMOJEHCTBHUIT ydacTHHKaMu 110 Teme (Kommenrtapuu (C),

naiiku (L), penoctsl (R)).
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Yposenb 3anHTEepecoBaHHOCTH TeMoit B obimectBe (RCT) onpe/ieisercs, Kak:

x 100%
R=——.
maxcor
rjae, — KOJIMYECTBO HAalJICHHBIX 3alluceil 10 JIaHHOW TeMe, max — MaKCHUMAaJbHBI o0beM
3amuceil Jyisi TeMbl (JIOKHO YCTAHABJIMBATHCS 9SKCIIEPTOM 3a OIPEJETCHHbI  epro/|

BPEMEHN ).

Yposenb Hacrtpoenusi obmecrBa (RTS) paccuuTbiBaercsi, Kak CyMMapHasi OIEHKa
pe3y/IbTaTOB  TeM MOHUTODHHIA CONHUAIBHBIX —cereil (moJioKuTesbHas, HeHTpasbHas,
OTpHIATE/IbHAS ).

[ToMmumo cemManTHYECKOrO MPOMUIs B OCHOBE MPOTPAMMHOTO MPOJYKTa  JIEXKHUT
OIIEHKA COITMAJIBHOIO CaMOYYBCTBUA, KOTOpasg IO3BOJUT OIPEJIEJUThb, YTO ITOCTYKUJIO
GOPMUPOBAHHUIO TAKOT'O HACTPOCHHS I10JIb30BaTE/eil B COMAIbHBIX CETSIX.

[TpoBenennnrit  anaqu3 Ha Ttemy "l[lpobsembl  GesomacHocTr  TpaKgaH" —MmoKasall,
aHajIM3 HACTPOEHMs OOIECTBa - oTpurnarTeabublii. COrJIACHO OlEHKE WHICKCA COIUAJILHOIO
CaAMOYYBCTBHS, IIPOO/IeMa HACTpoeHusi B obmiecTBe JexxuT Tiyoxke. Hampumep, '"wwmciio
3apEruCTPUPOBAHHBIX mpectymeruit" mo r.Ammarer wa 2016 romy cocraBmio 68704
npecrymienuit, a B 2017 roxy - 63797 [34], siByisirorcst caMbIME BBICOKUMH TI0 Beeii pecirybinke,
YeM U OObsCHAEeTCd IPUYNHA OTPHUIATE]LHOr0 HacTpoeHusi obiectBa. [Ipemraraembrit
B jsanHoil CucreMe IMOJXOJ], K AaHAJM3Y COINUAJIBLHOTO CAMOYYBCTBHA, IIyT€M OIECHKHU
NPOJYKITMOHHONW MOJIEJN KJIIOUEBBIX IIOKa3aTe/ell CTaTUCTUKU, IO3BOJIFAET OIPEIETUTh
SMOIMOHAJIFHOE COCTOsTHIE ODIECTBA IO MPUHIUITY "'JTaKMyCOBOI OyMaskKkm' .

Jlnsg  Moje/IMpoBaHusA  COIMAJIBHOTO — CAMOYYBCTBUA — HCIOJb30BAHBI  CJICJIYIOIIHE
crarucrudeckue Jannbie [34]: Bamaroe nacenenue; Bespabornoe HaceseHue; YpPOBEHb
6espadoruipl;  CpeaneMecsdnas HOMUHabHAsg 3apabornas 1iata; (CpejgHeMecsIHbII
NpOKUTOYHLIN MuHuMmyM Hacejenus; BBII wma aymy wmacenenuda; [loss macesnenus c
JIOXOJIAMH  HUYKE BEJIUYMHBI TTPOKUTOYHOIO MUHMMYyMa B 0OIIeil 4ucjieHHoCcTH; Uuciao
3apErMCTPUPOBAHHDBIX MPECTyIIeHnii. B ocHOBY pacdera NTPOJYKIIMOHHON MOJIEIN B3AT
AJITOPUTMUYECKUN ITOX0/, TJie CPABHUBAETCH 3HAYEHHUS IIOKa3aTe/eil 3a TeKYIuid wu
HpEJIbIYINUe TOJbl, JIMOO OepeTcsd OTHOIIEHWe 3HAYeHUs IIOKa3aTesisd K CPeIHeMy WU
MUHUMYMY. B pe3y/ibrare ObLIN MOIYyYeHbl YeTbIPe BBIXOJIHBIX PE3YJIbTaTa OIIPeIesIdIoNnuX
MHJIEKC COIMAJILHOIO CAMOYYBCTBUS: COIMAIbHOE HAIIPSKEHNE - KpUTUYIECKasd 30Ha, HE APKO
BBIPAsKEHHOE COIUAJbHOE HAIPSAZKEHUE, YJIOBJIETBOPUTEIBHOE COIMAIbHOE CAMOYYBCTBHE,
crabuyibHOE — colua/ibHoe camModyBcTBue. [lo  uWHIEKCY — COIUAIBLHOIO  CAMOYYBCTBUS
opmMupyercst uarpaMma ONEHKH COIUATBLHOTO caMOdyBeTBUs obiecTBa (puc. 4).

4 PesynbTaThbl U 00Cy2KJIeHUE

CpaBHUTEIbHBIN aHAIN3 aHAJOTMIHBIX 3apPYOesKHBIX MPOIPAMMHBIX ITPOIYKTOB IO3BOJIHI
c/leJIaTh BBIBOJL O TOM, YTO JIaHHBIE PeEIIeHnus TPU BBEJIEHUM BXOJHBIX JAHHBIX Ha
Ka3aXCKOM M PYCCKOM $3bIKaX HE BO3BPAIAIOT pe3yJIbTaTbl MOHHTOPHWHTA, TaKWe Kak,
TEKCThI M KOJIMYECTBEHHBIE JAHHBIE 3aliceii W KOMMEHTapHeB II0 TeMe IIOMCKa. DTO
o0bsCHAETCd TeM, 9TO HMH(MOPMAIMOHHOE I10JIe TIOMCKa, U3YYEHHBIX CHCTEM OPUEHTHPOBAHO
Ha MHTEPHET-IPOCTPAHCTBO TOJIBKO 3apyOEKHBIX CTPaH, U HE OXBATBhIBAET OTEYECTBEHHOE
HHTEPHET-IIPOCTPAHCTBO, & AaJI'OPUTMbI OOpabOTKH JAHHBIX U aJIfOPUTM  OIIPeIeIeHUs
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nasHas — — Pacuer 0 caMouyBCTBUA — [Marpamma no oLeHKe CoLManbHOro camMouyBcTBuA oblyecTea

[narpamMma no oLieHke coLpanbHOMo CamouyBCTBUS obLyecTBa B pa3peae BCeil CTpaHbl

* [lMarpamma nocTpoeHa Ha 0CHOBE AaHHBIX CTATMCTKA 2013 1 2017 rr.
* War wkanei Mepuoa: 1 roa,

2.0 BN COuVaIbHOE HaMPSKEHVie - KpUTHYECKas 30Ha

He SPKO BBIPaXKEHHO COLMabHOE HanpsxeHue
BN Y[I087I€TBOPUTENbHOE COLUMANEHOE CAMONYBCTBME
15 == Crabi camouyacTBME

2 2 i o° o

Pucynok 4: Jlnarpamma 1o oIieHKe COIHaJIbHOTO caMOodyBCTBUs obimecTBa ¢ 2013 mo 2017 rr.

OIICHKN TOHAJIbHOCTHU TEKCTa BaPY6e}I(HbIX IporpaMMHBIX IIPOJYKTOB HE a/allITUPOBaHBbL
JUTsT Ka3axcKoro #3bika. OJIHaKo, 10 pesysbraTaM MOHHTOpPHHTa pazpaborannas Cucrema
BBIJIA€T BCIO JIeTAIbHYI0 MHMOPMAIMIO 110 TeMe MOoucKa. TakuM o0pa3oM, CpaBHUTETHHO-
COIIOCTABUTE/IBHBIN aHa/M3 (PYHKIMOHAIBHBIX BO3MOXKHOCTEH 3apyOeKHBIX CUCTEM C
paspaborannoii CrucTeMoil SIB/IsIeTCs He PAIMOHAIBHBIM.

[IpakTudeckass 3HAYUMOCTH WCCAEIOBAHWA COCTOMT B TOM, 9YTO Ipejjaraemas
nHAMOPMAIMOHHAS CHCTEMAa TIO3BOJIUT HE TOJBKO MOHUTOPHUTH COIUAILHBIE CETU U UHTEPHET-
PECyYpChl, HO M BbLIABJIATH IIPUYUHBI IIOJIb30BaTC/JILCKOI'O MHCEHMA, IIYTEM pacdeTa HHIICKCa
COIMMAJIBHOT'O CaMOYYBCTBUA U C IIOMOIIBIO YIIpaBJI€EHHd TOHAJIbBHBIM CJ/JIOBapeM MO2KHO
o0y4aTh cucremy Jjijig 0oJjiee TOUYHBIX PE3Y/IHTATOB.

B pesynbrate mnpoBeneHHBIX paboT WHMOPMAIMOHHAA CHCTEMa MOHHTOPHHIA MHEHU
SIBJISIETCSL TIEPBON OTEYECTBEHHON pPa3pabOTKON € IOJJIEPXKKOI TOHAJBHOTO CJIOBAps Ha
Ka3aXCKOM $I3bIKE, TIOCTPOEHHOTO ¢ MPUMEHEHUEM aJrOPUTMOB MAITUHHOTO OOy ICHMS.

5 3akJroueHue

[Torpebnocts B Kazaxcrane B 1ojo0HOI cucTteMe ecTh. Tak Kak, BaXKHO BLISIBJIATH MHEHUE
norpebuTesieil, HampuMep, 0OPa30BATENBHBIX, MEIUIUHCKUX M TOCYJAPCTBEHHBIX YCJIYT, C
1eJbI0 BbIsiBjIeHnsT "y3Kmx MecT" B paboTe COOTBETCTBYIOIIUX BEIOMCTB, OITHMUBAIIAN
paboThl U CEPBUCOB, NIPUHATUS OINEPATUBHBLIX PEIIEHHi 10 IPoOJIeMHBIM BolpocaM. Panmmii
JIOCTYI K aHajau3y u uHdopMamuu obecliedrBaeT Jiydllee HPUHSTHE pelleHuid u OoJiee
[IOCTPOEHHUSI KAYeCTBEHHBIX MH(MOPMUPOBAHHLIX OTBETOB, JIJIsi HEMEJICHHOI'O PeardipoBaHusl.

Pabora 110 MOHHUTOPHMHIY COIUAIBHON CeTH M KOHTEHT-aHAJM3Y ITO3BOJIMT: OCYIIECTBUTH
JIeTEKTUPOBaHue MHQMOPMAIMOHHOIO  BO3JIEHCTBHUSI; OLPEIEIITh KPYr HHTEPECOB U
pacipocTpanennst HH(MOPMAIIUN; OCYIIECTBIITL COOP PaCIIMPEHHBIX COIUAJILHBIX IPOQUIei
JII MAPKETUHIOBOM JIeATeILHOCTH; OTCICXKIUBATD JUHAMUKY BOBJICYECHHOCTH I10JIb30BaTe el
B Ty WIN WHYIO TEeMY; BBIABIATH WH(MOPMAIMOHHBIE TOBOJALI W OTHOIIEHUS K HUM;
MOHUTOPUATHL HACTPOEHUs] MHTEPHET-IIOIL30BaTe/ell Ha IPeIMeT BOCHPHUATHS KOHKPETHBLIX
TeM 00CY K ICHUSI.
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- b

JlanHas cucreMa II03BOJIUT Pa3BUTh HOBOE HAllpaBJI€HUE PhIHKA ITPOTPAMMHBIX PEIEeHU
azpaboTKa MHAOPMAIIMOHHONW CUCTEMbl MOHUTOPHWHIA MHEHUI M COIMAJIbHBIX CeTeil st

00paboOTKM M aHa/JM3a TEKCTOBLIX JAHHBIX, C IEJIbI0 MOJydYeHUus WH(MOPMAIUA 10 OIEHKE
IOJIb30BATE/ILCKOI'O BOCIIPUATHsSI KOHTEHTA U OIEHKHU COIMAJIbHOIO CAaMOIYBCTBHUsI OOIECTBA.
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Pa3pa60TKa €MHOI'0 MeTaAaA3bIKa MOp(l)O.TIOI‘I/II/I TIOPKCKHX A3bIKOB
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B macrositiiee BpeMsi B CBSI3U C PE3KHUM yBeJHUeHHEM 00bemMa MH(MOPMAIMU HA €CTECTBEHHBIX
sI3BIKAX B HHTEPHETE U COIHAIbHBIX CeTIX HCCIe0BAHNE U Pa3pabOTKU B 00IACTH BBIMUCIUTEIHHON
JIMHI'BUCTUKYM CTAHOBATCS UPE3BBIYANHO AKTyaJbHbIMH. Kak M3BECTHO, BBIMUCIUTEIbHAS
JINHI'BUCTUKA $IBJISIETCS HOBBIM HAYYHBIM HAlPaBJIEHHEM U BXOJUT B COCTaB BBIMUCIUTEIHHOMN
HaykKu - uHGOpMaTHUKHU. Bbluuc/inTeNbHAs JIMHI'BUCTHKA BKJIOYaeT B cebe KOMIIBIOTEPHYIO
o6paborky ecrecteHHbiXx s13bik0B (OEZ) — Natural Language Proccesing (NLP). Coznanue
yHuDUIUPOBaHHON cucTeMbl pa3Merku Jyis TIOpKCKux #3blKoB (UniTurk) smisiercs akTyaabHOl
3a/1a4eil st 06pabOTKM TIOPKCKUX SI3BIKOB. EjiiHAast cucreMa pa3MeToK IO3BOJINT yHUMDHUIIMPOBATH
pa3MeTKy, o0JIerYnTh NX IMOHUMAHNE U HCIIOJIb30BATH 00IIee IPOorpaMMHOe ODecIieueHne, a TaKKe
IIPOBOJIUTH Pa3JINYHble HCCJIEJTOBAHUS 110 JIMHIBO-CTATHCTHYECKOMY CPaBHUTEJIBHOMY aHAJIH3Y
cpeaun TIOPKCKUX A3BIKOB. B CTaTbe IIpeJACTaBJIEHbl HEKOTOPbIC Pe3y/JbTaTbl, IIOJIYyY€HHbIE B
XOJle BBINOJIHEHUS 3aIlNIAHMPOBAHHBIX pAa0OT HaJ MEXKIYHAPOJHBIM IIPOEKTOM IIO CO3JIaHUIO
MHOT'OSI3BIMHOM OHTOJIOI'MH U €JMHOI0 MeTasi3blKa MOPQOJIOrUN TIOPKCKUX A3BIKOB. C IIOMOIIBIO
OHTOJIOIMYECKUX MoJiesieli (hbopMann30Banbl MOPQOIOrnIecKue MpaBujia TIOPKCKUX (Ka3aXCKOro,
KUPIHU3CKOI0, TATAPCKOIO, TYPEIKOro U y30EKCKOro) s3bIKOB. Pesysbrar s1ux pabor MoryT GbITh
HCIOJIb30BaHbl JIjIsi pellleHnst 3ajad NLP, nHampumep, st pa3MeTrka KOpPIIyCOB, B CHCTEMaX
M3BJIEYEHNs] 3HAHUHN, cucTteMax nHQMOPMAIMOHHOI'O [TOMCKA, MAIIMHHOIO ePeBoia U T.J1.
KiroueBsbie ciioBa: MOpAOIIOrust, TIODKCKNE A3BIKHA, METAs3bIK, T€3ayPYyC.
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Conrbl kesneri HTEpHET TEeH 9/1eyMeTTIK Kejijepiaeri Tabufu Tiferi aknapaTThiH KeJEeMiHIH
KYPT apTybl KOMIIBIOTEDJIK JIMHIBACTUKA CAJACBIHIAFBI 3€PTTEyJIep ©OTe ©3eKTi Mocese.
Kommbiorepsiik guHrBncTrKa MHOOPMATHKA CASAKTHI €CENTEY FHUIBIMBIHBIH KAHA OArbITHI €KeHi
Gesrini. Komubiorepiik Jmnrsuctuka taburn Tingepai exzgey (Natural Language Proccesing-
NLP) ecebin mermymen afinasnbicazpl. Typki Timgepinin 6Gipereit Gesriney »xyitecin osipaey
TYPKiI TUIIEPIH KOMIIBIOTEPJIK 6©HJEY CaJIaChIHBIH ©3eKTi ecebiniH 6ipi. Bipereit Gesriney
Kytheci Oesriieysepai OipereiyieHmipin, oJiapabl TYCIHYI KEHIIIeTeIl KoHe TYpPKi Tiamepine
OPTAK KOCBHIMITAJAD/IbI MaiifajiaHyra, TYPJi JIHHIBACTUKAJIBIK-CTATUCTUKAJIBIK, 3€PTTEyJIep
KYPTi3yre »KoHe CaJBICTBIpMAJIbl Tajaay Kacayra MYMKIHDK Oepemi. Byn makanama Typki
TiJIEepiHiH, KOITII OHTOJOTUACHIH KoHe Oipereit oprak MeTaTii Kypy OOWBIHINE OPBIHIAJIBII
KATKAH XaJIbIKapaJiblK »K00aJia KOCIAapJIaHFaH KYMbBICTAPJbIH Keilbip HOTHMXKecl KOpCEeTLJIreH.
OHTOJIOrUAJIBIK, MOJEJIED apKbLIbl TYPKi (Ka3ak, KbIPFbi3, Tarap, TYpiK, ©30eK) Tiigepinid
MOPQOIOTUAIBIK, epexkesnepi popmasimanran. By xxympicreig, moTmxkesepin NLP ecenrrepin mrerry
yImiH KoJjmamnyra Oosaabl. Mbicasbl, KOpmycTapabl Oesrimeyme, OlmiMaepmdi Imbirapy XKyiemnepi,
aKIapaTTHIK i3/1ey Kyiiesiepi, MAITNHAJBIK ay/1apbl KoHEe OacKaJIaphl.

Tyitia cesaep: mopdosorusi, TYKi Tijgepi, MeraTiy, Te3aypyc.

Development of an unified meta language of the turkic languages morphology
Sharipbay A., Scientific-Research Institute "Artificial intelligence" ,
L. N. Gumilyov Eurasian National University,
Astana, Republic of Kazakhstan, E-mail: sharalt@mail.ru
Gatiatullin A., Institute of Applied Semiotics of the Academy of Sciences Republic of Tatarstan,
Kazan, Tatarstan, Russia, E-mail: ayrat.gatiatullin@gmail.com
Yergesh B., Scientific-Research Institute "Artificial intelligence" |
L. N. Gumilyov Eurasian National University,
Astana, Republic of Kazakhstan, E-mail: b.yergesh@gmail.com
Kazhymukhan D, Scientific-Research Institute "Artificial intelligence" ,
L. N. Gumilyov Eurasian National University,
Astana, Republic of Kazakhstan, E-mail: askarovna0105@mail.ru

Currently, due to the sharp increase of information amount in natural languages on the Inter-
net and social networks, research and development in the field of computational linguistics is
becoming extremely relevant. As is known, computational linguistics is a new scientific field and
part of computer science. Computational linguistics includes the Natural Language Proccesing
(NLP). Creating a unified metalanguage for Turkic languages (UniTurk) is an important task for
processing Turkic languages. An unified metalanguage system will allow to unify tags, facilitate
their understanding and use common software, as well as conduct various studies on linguistic-
statistical comparative analysis among the Turkic languages. The article presents some of the
results obtained on an international project to create a multilingual ontology and unified meta-
language of the Turkic languages morphology. Using ontological models, the morphological rules
of the Turkic (Kazakh, Kyrgyz, Tatar, Turkish, and Uzbek) languages are formalized. The result
of these works can be used in the NLP applications, for example, for corpus tagging, in knowledge

extraction systems, information retrieval systems, machine translation, etc.
Key words: morphology, turkic languages, metalanguage, thesaurus.

1 Bsenenue

JI1s1 KOMIIBIOTEpHOI 00PabOTKOMN JTIOOBIX €CTECTBEHHBIX s3BIKOB TPEOYIOTCS (hopMan3alus
UX IpaMMaTHIeCKUX (MOP(OJIOrHIeCKUX ¢ CHHTAKCHYIECKUX) MPABUJI, pa3paboTka
AJICOPUTMOB aHaJIN3a M CHUHTE3a CJIOB U IPEIJIOKCHUH II0 3THUM IIPaBUIAM, IPOrPAMMHA
peajin3alys BCEX I3TUX aJrOPUTMOB, CO3JAHUE TE3aypPyCoOB II0 IPEIMETHBIM O00JIaCTIM
anasornaao WordNet [1], mocTpoerme TekcTOBBIX KOPITycoB (6a3a JAHHBIX pa3MeYeHHBIX
TEKCTOB) U ay/Io KOPIycoB (6a3a JaHHBIX PA3MEUYEHHBIX ay/[MO3aInceil) U APYruX IPOrpaMm
I aHAJII3a U 00PabOTKU TEKCTOB.
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Hauwnnag ¢ 2013 rojia ycmmmgaMu y4eHbIX 110 KOMIIBIOTEpHOI JImHIBUCTHKE 13 Kazaxcrana,
Tarapcrana, Keipremcrana u Typrun mpoBOJIATCA €KETOHDBIN MeXKIyHapPO/IHbIE HayIHO-
IpaKTUIECKHe KOH(MEPEHIINH 110 KOMITLIOTEPHO#T 00paboTKe TIOpKCKUX A3bIKOB « TurkLangs |
B KOTOPBIX 00CYKJIAIOTCS ITPOOIEMbI KOMITHIOTEPHO# 00pabOTKH TIOPKCKUX A3BIKOB. B paMkax
9TOI KOH(EPEHIUN OPraHm30BbIBACTCA TPAAUIHOHHbI Kpyribiii cros UniTurk, roe B 2014
rojty Oblj1a MPUHATA PE30JIIONHU O Pa3paboTKe YHU(MUIIMPOBAHHON CUCTEMbI TPAMMAaTHIECKOTT
pPa3METKH JIJIsi JIEKTPOHHBIX TEKCTOB HA TIOPKCKUX A3bIKax. 1orja »Ke ObLI IpeJjIcTaBjIeH
pabouuit BapuanT yHUPHUITUPOBAHHON MOP(OJIOTrTIECKOi pa3MeTKH, KOTOPBIit OpDUEHTUPYETCS
Ha MOP(MEMHYIO CTPYKTYPY TIOPKCKOI CJIOBODOPMBI U JIOJIZKEH MaKCUMAaJIbHO TTOJTHO OTPa3UTh
Mopdosiornyeckne 0COGEHHOCTH BCeX TIOPKCKUX A3BIKOB [2].

2 O0630p JuTEpPaATypPHI

Merasi3blk — 3bIK, TpeIHA3HAYEHHBIH JIsT OINUCAHUS JIPYTOTO $I3bIKA, HA3BIBAEMOI'O
O0O'bEKTHBIM A3BIKOM. MeTasi3bIK — si3bIK JIMHIBUCTUKU. METasI3bIK HEKOTOPBIH HCKYCCTBEHHBII
SI3BIK  OIIUCHIBAIOIIMI eCTeCTBeHHbI #A3bIK. CucreMarnyeckasi (GopMajin3alisa HayIHOrO
s3pika [3]. Merassblk 0bJsaaer CIeAYIONMMI CBOWCTBAMHU: C IIOMOIIBIO €0 sI3BIKOBBIX
CPEJICTB MOYKHO BBIPA3UTh BCE, UTO BLIPA3UMO CPEJICTBAMU 00BEKTHOTO A3bIKa, U 0003HAYUTH
BCEe 3HAKM, BBIPAXKEHHS OODBEKTHOIO SA3BIKA, JJIA KOTOPBIX MMEIOTCS MMEHA; Ha METAS3bIKEe
MOKHO T'OBOPUTH O CBOUCTBAX BBIPAYKEHUS OOHEKTHOTO SI3bIKA U OTHOIIEHUSX MEXKIy HUMU;
HA HEM MOXKHO C(OPMYJIMPOBATH ONpeJIe/ieHus, 0O03HAYeHUsI, IpaBujia OOpa3oBaHUs U
npeobpa3oBaHmst I BbIpaXKeHUil OOBEeKTHOrO s3bika [4]. VIMerorcst n3BecTHBIE CHCTEMBI
pasmerku, Takme Kak Penn Treebank [5], cumcrema pasmerku CLAWS |[7], oropsrii
IpUMEeHsieTCs Jisi pasMeTKu BpuraHnckoro kopiyca [6], cucrema pasmerkn BpayHOBCKOro
KODITyCa, B aMePUKAHCKOM HAIMOHAJILHOM Kopiryce [8, 9| memosb3yiorest HECKOIbKO CHCTEM
pasMeTKH, PO CUCTEMbI pasMeTKu Gosiee 1oapobuo ormcanbt B |10, 11|. Bee 11 cucremsl B
OCHOBHOM TIPUMEHSIIOTCS JIJIsi Pa3METKH aHTJIMACKOrO si3biKa.

B nacrosiiee BpeMsi cymecTByeT OOJIbIINE JIeCATH JIEKTPOHHBIX KOPITYCOB JIJIsl TIOPKCKUX
SI3BIKOB: KOPILYC Ka3axcKoro sa3bika |12, 13, 14[; kopuyc Tarapckoro sizbika « Tyran Tens [15,
16|, kopmyc Typenkoro s3bika [17]|, KOpIyc KpBIMCKOTATApCKOrO s3bika [18], wayBarickoro
si3bika [19] w gp. OJHUM U3 OCHOBHBIX KOMIIOHEHTOB 3THUX KODILYCOB SIBJISIETCS CHCTEMA
MOPMOIOTUIECKOH, CUHTAKCHIECKON 1M CeMaHTHIeCKON pa3MeToK, 0a30BOil cpean KOTOPBIX
SIBJISIETCS crCcTeMa MOP(OIOIMIECKON pasMeTOK, KOTOpas Pa3HITCA B HEKOTOPBIX KOPILyCax.
[TosToMy HEOOXOJAMMOCTb CO3JaHKMA €JMHON CHCTEMbl Pa3METOK He BbI3bIBAET COMHEHWS.
Eunas cucrema pa3MeroK HMO3BOIUT YHUMDUIMPOBATL Pa3METKU, OOJErYUTh UX HOHUMAHHIE
1 HUCIOJB30BaTh O00IIee HPOrpaMMHOE oObecliedeHne, a TaKyKe I[POBOJUTDL Pa3JINIHbIC
UCCJIeIOBAHUS 110 JIMHTBO-CTATUCTUIECKOMY CPaBHUTEJbHOMY aHAIU3Y CPEeId TIOPKCKUX
s3pikoB |20, 21, 22|. Coznanue yHUGUIUPOBAHHON cuCTeMBI pa3MeTKu (Merasi3biKa) st
TioprekuX 3bikoB (UniTurk) siBiisiercst akTyasbHOl 3a1a49€it.

3 Marepuajs n MeToAbI

Jlna co3jmanusg Takoil CHCTEMBbI Pa3METOK HeoOXOIUuM OOIHUil pecypc ¢ KOTOPBIM MOLJIU
Ol paboTaThb Bce Pa3pabOTINKU TIOPKCKUX 3JIEKTPOHHBIX KOPIycoB. Takoil pecypc
MOI' OBbI BBINOJHATH POJIb CIPABOYHONW CHCTEMbI KaK JJjIsi pa3pabOTUYMKOB, TaK U st
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110JIb30BaTe el TIOPKCKUX 3JIEKTPOHHBIX KopIitycoB. Hanbosiee moxoadimuMu KOMIIOHEHTaAM I
TAKOTO Pecypca, KOTOPbIE COOTBETCTBYIOT TPEOYEMBIM YCIOBUSIM SBJISIIOTCS OHTOJIOTUYIECKHUE
MO/JIEJT TPAMMATHKN TIOPKCKUX A3BIKOB. [l0/102KUTE/IbHON 4epToit OHTOJIOrHYECKON MOJIETN
SABJISETCS] BOBMOYKHOCTD TOITAITHOIO YTOYHEHUS Pecypca, HAUNHAs C ONMUCAHUS KATErOpuil u
KOHIIEIITOB, J00aBJidsd K HUM cucTeMy (hOPMaU30BaHHBIX CBOMCTB (DYHKIUN U OTHOIIEHUT
MEXK/Iy HUMM, a TakxKe Jo0aBjieHHe K HUM Te3aypycoB. B HacTosiiiee BpeMsi CyIIECTBYeT
MHOXKECTBO TE€3aypycoB, HamboOJ/iee M3BECTHBIM CPEJIN KOTOPBIX siBjigercst llpumHCTOHCKMIT
WordNet [23]. B stom mesaypyce mnpucyrcrByor OGosbiime (GparMeHThl ¢ OINUCAHHEM
JIMHIBUCTHYECKUX €JMHUI[ W JIMHrBUCTHYecKuX Kareropuit (Pucynok 1), omaako stun
dparmeHTsl TE3aypyca HEBO3MOXKHO HCIOJIL30BATH It PAOOTHI HANPAMYIO € TIOPKCKIMU
sA3bIKAMU, TAK KAK OHU HE OTPAXKAIOT B IOJIHON Mepe BCe CTPYKTYPHBIE U CEeMaHTUIECKUE
OCODEHHOCTH TIOPKCKUX S3BIKOB.

WordNet Search - 3.1

Word to search for: |=:Dntent ward I Search WordMNet |

Display Options: | (Select option to change) ¥ || Change |
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display opticns for sense: (gloss) "an example sentence”

Noun

« S (n) content word, open-class word (a word to which an independent meaning
can be assigned)
e direct hvponym ! full hvpoman
s« 5. (n) headword, head word (a content word that can be qualified by a
modifier)
« S (n)noun (a content word that can be used to refer to a person, place,
thing, quality, or action)
e direct yponym [ full byvponyim
e« 5. (n) collective noun (a noun that is singular in form but
refers to a group of people or things)
« 5 (N} mass noun (a noun that does not form plurals)
e S (n) count noun {(a noun that forms plurals)
= 5 (N} genernc noun (a noun that does not specify either
masculine or feminine gender)
e S (N} proper noun, proper name (a noun that denotes a
particular thing; usually capitalized)
« S5 (n)common noun (a noun that denotes any or all members
nf a rlaca)

Pucynok 1: ®@parment [Ipuncrounckoro WordNet

Ocobennocth Hateit paboThl 3aKJ/II0YAETCA B TOM, UTO HApPaJLIEIbHO BeJeTCs pabora 10
[ATH TIODKCKUM A3bIKAM: Ka3aXCKU, TaTaPCKU, KUPru3CcKuii, y30eKckmit u ryperkuit. Takas
[HapaJuIe/IbHOCTb B IIPOIecce IIOCTPOCHUSI OHTOJIOIMU I'PaAMMATUKU II03BOJISET IIPOU3BOAUTD
CPaBHUTEJIbHBINA aHaIU3 JIMHIBUCTUYECKUX KOHICITOB 3TUX fA3bIKOB U CO3JaBaTb €IUHbIC
KOHIICIITBI JIjI OMUCAHUSA X TpamMMarTuk. OKUIaeMbIM PEe3yJIbTaTOM ITON pabOThI JIOJIXKEH
CTaTh €JIMHbINA, MHOIOA3BbIYHbLIA Te3aypyc PaMMaTUKN TIOPKCKUX A3BIKOB, B OCHOBE KOTOPOI'O
JIE2KAT UX JIMHI'BUCTUYECKUE KOHIIENITHI C CUCTEeMaMy OTHOIIEHUN MeXKTy HUMH. TeKCTOBBIMU
BXOJIAMU TE€3aypPyCa ABIAIOTCH JICKCEMBI 10 TPaAMMATHUKE TIOPKCKAX A3BIKOB.

B Tabsiune 1 nmpegcrapien pparMeHT € IMHOTO MHOTOA3BIYHOIO Te3aypyca. B JjieBoit yactu
TaOJIUIBI TTPEJICTABIEHO O0DO3HAYEHNe KOHIIEIITOB B BHJIe Ha3BAaHWUS Ha AHIVIMIICKOM S3bIKE,
a Takxke obosnadenus Tora. OOO3HAUEHME TIra MCIOJIL3YeTCsd JJI PA3METKHU JIEKTPOHHBIX
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KOPIIYCOB TIOPKCKHUX A3BIKOB. B HeHTpaﬂbHOﬁ qaCTn Ta6.HI/IHbI IpeacTaB/JICHbI Ha3BaHUEC TII'OB

Ha TIOPKCKHUX fA3BIKaX.

Tabmuna 1: @parmMeHT eIUHOI0 MHOTOSI3BITHOI'O Te3aypyca

Tag English Kazakh Tatar Kyrgyz Uzbek Turkish Russian
N Noun Bar ecim | Ucem Bar arooua | Or  c¢y3 | Isim (Ad) | Umsa
TYPKYMH CYTIECTBU-
TeJIbHOE
SIMP | Simple Hapa 3ar | I'agn Kenekeit | Omunmii [TpocTere
Noun ecim nceM CyIIEeCTBU-
TeJIbHOE
CMPL| Complex Kypneini dcajMa Taraan Mypakkab CoxHbIe
Noun 3aT ecim nceM CyIIeCTBU-
TeJIbHOE
FUSW| Fused bBipikken | Kymma Bupukken | Kymma CJINTHBIE
words 3aT eciMm ncem cy3 (coroxKHbBIE)
CYIIECTBU-
TeJIbHOE
PAIR | Pair Noun Kocapnan-| Ilapast Ko Kydr MMapHbIe
FaH  3aT | uceMm cy3 CYIIECTBU-
ecim TeJIbHOE
CMPN| Compound | Tipxkecri Tezmo Kommoxk Mypakkab COCTaBHBIE
Noun (kypama) | mcem cy3 CyLIeCTBU-
3aT ecim TeJIbHOE
ABBR| Abbrevia- Keickap- | kbIcKap- Keickap- | Kuckapr- COKPAIIIEH-
tions FaH  3aT | ThLIMA TBLITAH MaJjap HbIE
ecim ncem CyIIECTBU-
TeJIbHOE
UNDR/| underivatives| Herizri Tybaca Tyb cy3 Basit isim | mempousBo
Noun 3aT ecim HErn3 HbIE
CYIIECTBU-
TeJbHOE
DRVT | derivatives | Tybmasr | sicanma Tyyuny Hcama Tiiremis IIPOU3BO/I-
Noun 3aT eciMm nucem Herus cy3 ad HbIE
CYTIECTBU-
TeJIbHOE
COMP| compound Birlesik
ANIM | animate 2Kanp1 2KAHJTBI Anamzar- | 2Konim Canli OJTy IIIEeBJIEH-
Noun 3aT ecim ncem TBHIK HbIE
CYIIECTBU-
TeJbHOEe
INAM | inanimate Kancwiz | 2Kancoiz | Apamzar- | 2Koncus Cansiz HEOJIYIIIER-
Noun 3aT eciMm ncem TBIK 9MEC JIEHHBIE
CYTITECTBU-
TeJIbHOE

TekcroBast 4acThb Ha TIOPKCKHUX {3bIKaX COCTOUT HE€ TOJIbBKO M3 Ha3BaHUA KOHIEIITa, a
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TakKe W3 OIMCAaHUs, BOIPOCOB U IPUMEPOB Ha ITHX s3blkax. B TabJmie 2 mnpejcraBieH
dparMeHT onmcaHUs KOHIEIITOB HA KA3aXCKOM SI3bIKe. AHAJOIMYIHOE ONMCAHWE KOHIIEIITOB
CO3/IAHO I8 KazKJI0T0 N3 TIOPKCKHUX A3BIKOB, IIPEJACTABJICHHOIO B IIPOCKTE.

Tabuna 2: @parMeHT olKMcaHUs KOHIEITOB Ha KA3aXCKOM SI3bIKE

Part | properties| types types definition Questions example
of
speech
3ar 3aTThIH, Kim? Antam,
ecim KYOBLIBICTBIH, ne? baJia,
OKHUTaHbIH aTbIH KiTalr
Ol ipe i
Kypambr
JKaJlag, apa bip cO3J/1eH baJa,
3aT eciM JKacaJraH 3aT arari,
eciMm OybIH,
OpaK,
JKayblH,
JKacay
KypaeJi Kypuneni KeMiHZIe €Kl g omaH aTa-aHa,
3aT eciM Ja KOIT TyOip aKTac,
Mopdemaian TEMiPKOJT
KypaJiran 3aT
ecimiep
OipiKKeH Bipikken KeMiHge exi Tybip 7Kanaapka,
3aT eciMm Mopdemajian Oipiry AnrreiaTebe
apKbLIbl  KacaJraH Axkrebe,
3aT eciMJIep. TeMIpZKOJI
Kocap- KocapJiran- | exi TYOip bausna-
JIaHFaH ran  3ar | Mopdemaan mara,
eciMm KOCaPJIaHbIII aTa-aHa
JKacaJraH 3aT
ecimiep
TipKecTi Tipkecti KeMiHjie eKi q aybLJIJIbIH,
(kypama) | oHan acrtam TYGIp MaHBI,
3aT eciM CO3JIEP/IEH P KWJIbI YiiIin
2KOJIMEH TipKecy JKaHbl
apKbLIbl  2KacaJiraH
3aT eciMep.
KomMmmbiorepnas peanuszarus OHTOJOIMM TI'paMMATUKU BBINOJHEHA B cucTeMe Pro-

tege (Pucynok 2), ogHoM wu3 HamboJiee W3BECTHBIX WHCTPYMEHTOB JIsl CO3JAHUS U
peaKTUPOBAHUS OHTOJIOTHH obIero HasHadenus: |24, 25|. JIaHHBIA TPOIYKT SIBJISETCSI
paspaborkoii IlenTpa Omomemuiuuckoit nudopmaTukn CToHADOPIACKOrO yHUBEPCHUTETA,
(Stanford Center for Biomedical Informatics Research) u pacupocrpansiercs: o ¢cBo60HOM
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simniensueii. [IporpamMmva nmeer jiBe peasu3anuu: B Bujie KPOCCILIAT(OPMEHHOTO JECKTOITHOTO
npuiokeHusd u B Bujie web-nipuioxkenust WebProtege.

T untited oriclogy S FRRTT SRR S AT S BT sy T T e sl eese Ao ooy S - - s

File Edt View Reasoner Tools Refactor Window Help

<[=|® (Vo v sorartwen orglraleriobgies 20 oNned oriohgy 5 1 |

[ cive Oriology | Entties | Cisses | Oeet Properies | Data Properes | Ammotaton Progerties | ndiiduaks | OWLViz | DL Query | OntoSrar | SPARGL Query | Ontoigy Diffrences |

Ontology header: =]

Ontology IRI [ntigrvrvew, ]

Ontology Version IRI [ ]

 Ontoloay impors |/ Oniology Piefes | Generalciass wioms!|

Direct Imports

Indirect Imparts

No Reasoner set. Select a reasoner fromthe Reasoner menu Show inferences.

Pucynok 2: ®parment narepdeiica cucrembr Protege

4 Pe3ynbraThl 1 00CyK/eHUE

B pesysibraTte ucciegoBanud MojydeHa CUCTEMa €IUHON pa3MeTKu MOP(MOJIOrUNd TIOPKCKUX
SI3BIKOB(KA3aXCKUil, TaTapcKuii, Kuprusckuii, y30ekckuii u Typerkuii). B  cosganun
MeTas3blKa IPUHUMAJIM ydacTue ydeHble, MOJIOJble ucc/iegoBaTe/im n3 KbIpreiscrana,
Tarapcrana, Typrun nu Y3bekucrana. TakzKe ¢ ITOMOIIBIO €JIMHOIO MeTas3bIKa pa3paboTaHbl
OHTOJIOTUYIECKHE MOJie/In MOPQOJIOTUH ITUX S3bIKOB. B OyyineMm ILIaHUpyeTCs CO3jaHue
€JINHOT0 MeTas3blKa CHUHTAKCUCA W WX OHTOJOTHYECKUX MOJIeNIell, a TakxKe pa3paboTKa
Te3aypyca TIOPKCKUX A3BIKOB.

5 3akJroueHue

Pabora mHam cosmaHmeM MHOTOSI3BITHOIO —Te3aypyca TI'paMMaTHK TIOPKCKHAX — sI3BIKOB
IIOKa3bIBA€T HACKOJIbBKO TIOPKCKHUE HAaPOIbl OTAAJIAIOTCA APYIr OT JIpylr'a B CO31aHUN HaquOfI
tepmuHOIorI. CoO3/1aBaeMblii MHOTOSI3BITHBIN MH(MOPMAIMOHHBIN pecypc B VHTepHETE
JIOJIZKEH, C OJIHOM CTOPOHBI, CIHOCOOCTBOBATH B3aMMOIIOHUMAHUIO TEPMUHOJIOTUUA MEKLY
TIOPDKCKUMM A3bIKaMH, @ C JIPYroil CTOPOHBI, CTaThb MHOIOA3BIYHONW 0a30if JaHHBIX,
KOTOpasd 6y,ZLeT HCIIOJIb30BATLCA B CHUCTEMaX MHOI'OA3BIYHOI'O IIOMCKa, MaIllMHHOI'O II€epeBO/da
MEXKJIy TIOPDKCKUMHU s3bIKaMU, aBTopedepupoBanre TIOPKCKUX TEKCTOB, & TaKXKe B
MHMOPMAITMOHHO-CIIPABOYHBIX U O0ydYalonmx cucreMax. MalluHHbIi [EePeBOJl  MEXKLy
TIOPKCKAMK  SI3BIKAME, MHOTOA3BIYHBI CEMAHTUIECKHWII IOWCK W W3BJIeYeHHe 3HaHUil
[pUBEJIET K YCHJICHUIO SKOHOMHUYECKUX, 00pa30BATEIbHBIX, CONUAJIbHBIX U KYJIbTYPHBIX
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CBA3€l MEXKJIy TIOPDKCKUMH CTpaHaMM, TaK KakK OyJeT YMEHbIIATbhCdA SI3bIKOBOW Oapbep.
Tecnoe Hay4HOE COTPYIHUYECTBO MEXKIYy KOJIJIEKTHBAMU YYEHBIX TIOPKCKUX CTPaH ITPUBEJIET
K erme OOJIbIIEMY PACIIUPEHUIO HAYYHBIX U aKaJeMUYecKux cBsg3eil. OHako, TakKe
IIOHATHO, 4YTO CO3JaBacMble OHTOJOTMYCCKHAC MOJECIM I'PaMMATHUKH TIOPKCKUX A3BIKOB
SABJIAIOTCS JIUITH HEOOJIBION YacThIO TeX JIMHI'BUCTUYECKUX PECYPCOB, KOTOPbIE HEOOXOIUMbI
JJIs1 TIOJIHOIIEHHOM peaJiu3allii, MepPeYruCJeHHBIX IIPOrPaMMHBIX IPOJLYKTOB U TE€XHOJOTHIA.
Cozannblit ”HGOPMAIMOHHBIH pecypc Oy/1eT OTKPBITHIM U BO3MOYKHO €0 PACIITUPEHHE [Ty TeM
J00aBJIeHNe KOHIIENTYAJIBHBIX OMMCAHUI rpaMMAaTUK JAPYTUX TIOPKCKUX SI3BIKOB.

6 BiaropapuocTu

Pabora BbIOSIHEHA TIPH TOJJIEPIKKE T'PAHTOBOTO (DUHAHCHUPOBAHUA HAyIHO-TEXHHIECKUX

mporpamum u npoekTos MunucTepcTBoM HayKu u obpazosanus Pecrybimku Kazaxcran (rpant
Ne AP05132249, 2018-2020 rospbr)
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B namnoit crarbe paccMaTpuBaeTCs IUHAMUKA KDPYITHOMACIITAOHOIO TEPMHUKA IO, IeHCTBHEM
CUJIbI IUIABYYECTH, C YI€TOM TyPOYJIEHTHOTO MEPEMEIIMBAHUALA U aINabATUIECKOTO PACIIMPEHMUS.
Maremarudeckast MOJeJIb CTpoUTCs Ha ocHOBe ypasHenuit Hasbe — Crokca, ypaBHeHHS
HEPA3PBIBHOCTH W yPABHEHUs IIOJHON 3SHepruu. UUC/IEHHOE MOJEINPOBAHUE OCYIIECTBIIAECTCS
Ha OCHOBE pPeIlleHUs] PEeNeTOYHBbIX ypaBHeHWl bBojbiiMaHa B TpeXMEpPHON IIOCTaHOBKE C
npumenenneMm D3Q27 monesu. [lepBoe npubsimkenune perieHnst ypaBHeHUsT BoJibIMaHa IPUBOJIUT
K TuapomgmHaMudeckoMy ypaBuHenuio Haspe — Crokca. I[lpuBenensr pesynbrarsl ITPOBEPKH
9HCJIEHHOTO aJrOPUTMAa Ha IIPUMEPE TeCTOBOM 3aaa4n Tedenns [lyaszeitsis, B paMKax KOTOPOii ObLIH
[IOCYUTAHBI OIMOKU HOPMBI JJIsI PA3JIMYHBIX Pa3MEPOB PACUYEeTHOU CETKHU. DB IPOu3BEJIEeH Dol
YUCJIEHHBIX YKCIIEPUMEHTOB, IIPU PA3JIMYHBIX HAYAJIbHBIX YCJIOBUSX JJIs TEMIIEPATYPhI U IIJIOTHOCTH
BHYTPH U BHE KPYITHOMACIITAOHOTO TepMuKa. [lorydena 3aBUCHMOCTD BBICOTHI IIOIbeMa 00/1aKa OT
HaJaJbHOI TeMrepaTypbl. B KadecTBe pe3ysibTaTOB IPUBEIEHA TUHAMUAKA PACIIPOCTPAHEHUS [TOJIS
Temueparypsl Ay Hadasgbaoro 3uadenns 1800° K B momenT Bpemenu 5 ¢, 15 ¢ u 35 c.
KirroueBbie cjioBa: KpylHOMACIITAOHbBIM TEPMUK, pelieTodHblil MeTor bosbnmana, D3Q27.

KeH aykbiM/1bI TepMaIgapAblH, JUHAMUKACHIH MOAEJIAEYAiH CAHIBIK, dIici
Kaxkebaes 1.B., PhD, osi-®@apabu arsigarsl Kazak yaTThIK yHEBEPCUTETI, AJIMaTHI K.,
Kazakcran Peciybiiukacer, E-mail: dauren.zhakebayev@gmail.com
Mouceesa E.C., PhD, on-@apabu arbiagarsl Kazak yaTTeiK yHUBEpcuTeTi, AJIMaTHI K.,
Kazakcran Pecnybuinkacer, E-mail: k.moisseyeva@gmail.com
Xpeoros M.IO., d.-m.r.x. , HoBocubupck Memekertik Yuusepcureri, HoBocubupck k.,
Peceit ®enepanusicol, E-mail: weexovQyandex.rum
Ioit H.B., nokropant, aj-Papabu arsiHgarsl Ka3ak yJITThIK yHUBEpCUTETI, AJIMATHI K.,
Kazakcran Pecriybiukacer, E-mail: nktatsoy@gmail.com

Bepinren makamana, TypOyseHTTi ajmacy MeH aauabaTasiblK, KEHEIOJl €CKEePeTiH KY3TiMmTik
KYIITIH dCepiHeH KO3Fa/IbICKa KeJIETIH YJIKeH MacITabThl TEDMUKTIH JUHAMIKACH! KAPACTHIPBIIbI.
Maremarukayibik Mojieab HaBbe - CTOKC TeHJeyl, SHEPIrUsSHBIH CAKTAJLy 3aHbI YKoHe y3imiccizmik
TeHJleyJiepiHiH, Herisinge Kypburabl. CaHJbIK MNIHAEYI VIIOJIIEMI, TOPJBLIK boJjbiMaH
TeH eyiHiH 1mrenriMi Herizinge, D3Q27 mimmiHiH KOIMaHy apKbLIbl KypaMmbi3. BojbiMaH TeHIeyiHiy,
Gipiami KybIkTay mermimi rugpognHaMukaabik, Hasbe - Crokce Temmeyine kemripermi. Ilyazeitn
ArbIMBIHBIH TECTIMIK eceOIHIH MBbICAJIBI HETri3iHe, OPTYPJ 6OJIeMIeri ecenTey TOPBIHBIH,
KaTe/TKTepiH ecenTefiTiH, CAaHIbIK aJTOPUTM/II TeKCepy HOTHXKesepi KopceTiami. Ipi macmTadTh
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TEpMUKTIH IIIiHJIE >KATATHIH KOHE KATIANTBIH, OpTYpJi OacTanmkbl MIapTTApMEH OepijireH
CAHJIBIK, IKCIIEPUMEHTTED 2KACAJIBIHIbI. BYJITTHIH, KOTepiay OMIKTIriHiH OacTamKbl TeMIepaTypara
TOye ik mamacs! anbiaasl. Hotuke periage b cek, 15 cek komHe 35 ceK yaKbIT Me3eTiHe Coiikec
keseTiH, 6acrankel moui 1800° K 6osarsin, TeMiepaTypaHbIH Tapajy ayMarblHBIH JIUHAMIKACHI
AJIBIH/IBI.

Tyitin ce3aep: KeH ayKbIMIbl TEPMUK, TOPJIBIK Bosbivan omici, D3Q27.

Numerical algorithm for solving the problem of modeling the dynamics

of a large-scale thermal

Zhakebayev D.B., PhD, al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan,

E-mail: dauren.zhakebayev@gmail.com
Moisseyeva Ye., PhD, al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan,
E-mail: k.moisseyeva@gmail.com
Hrebtov M.Y., c.ph.-m.s., Novosibirsk State University, Novosibirsk, Russian Federation,

E-mail: weexov@yandex.ru

Tsoy N.V., PhD student, al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan,
E-mail: nktatsoy@gmail.com

The article presents research results on dynamics of large-scale thermals influenced by buoyancy
force, turbulent mixing and adiabatic expansion. Mathematical model is based on the Navier —
Stokes equations, the continuity equation, and the total energy equation. Numerical simulation
realized by finding solution of three dimension Lattice Boltzmann Equations appling D3Q27 model.
First approximation of the solution of Boltzmann equation leads to the hydrodynamic Navier —
Stokes equation.Numerical verification of the algorithm was carried out using benchmark Poiseuille
flow problem. A number of numerical experiments were carried out, with different initial conditions
for temperature and density inside and outside the large-scale thermal. The dependence of the
height of cloud rise on the initial temperature was obtained. Dynamics of the temperature field

propagation is given for an initial value of 1800 ° K at the time instant of 5 s, 15 s, and 35 s.
Key words: large-scale thermal, Lattice Boltzmann Method, D3Q27.

1 Bseneunmne

Upessbraaitabie curyanuu (YC) mpupogHOro W AHTPOMOIEHHOIO MPOUCKOXKJICHUS, TaKue
KaK JIeCHBbIC IIOXKapbl, IIOXKapbl HA IPOMBIIIJICHHBIX IPEJNPUATUAX, aBapUiiHble NaJcHUA
pPAKeT-HOCUTEJIeH, JacTO COMPOBOXKJIAIOTCA HA3EMHBIM B3DPBIBOM, IIPH KOTOPOM 0Opa3yeTcs
KPYITHOMACIITAOHBIN BBICOKOTEMIIEPATYPHBIIl TepMUYECKUN IMOTOK — TepMUK. DBbicokas
TeMIepaTypa 4 JlaB/IeHHe, a TaKXKe CJIOYKHBIM XUMHYECKUI COCTaB Ta30IbLIEBOTO O0JIaKa
NPUBOJIAT K OOPA30BAHUIO IKOJOTMIYECKH OIMACHBIX KOMIIOHEHTOB, PACIPOCTPAHIIONTUXCS
Ha MHOI'Me KHJIOMETPBI KaK B TI'OPU30HTAJIbHOM, TaK U BEPTUKAJIBHOM HAallpaBJIECHUH, YTO
[IPEJICTaBIISCT PeajbHyI0 YIPO3y OKPYzKalollell cpejie, KUBbIM OPraHM3MaM U U3MEHEHUIO
KJIIMaTa.

KpymaomacmTaOublii BLICOKOTEMIIEPATYPHBII TEPMUK, - ABJICHHE He J0 KOHIA U3y YeHHOE.
CorytacHO M3BECTHBIM Ha CETOJHSIITHUI JeHb 3aKOHAM (DU3UKH, XOJOTHBII BO3/IYX BBITECHSIET
TEIUIBI, TTO9TOMY TePeMeIeHNs] TEMJIOBBIX IMIOTOKOB HADJIIOIaeTCsd TIOBCEMECTHO. TepPMUKOM
IPUHIATO CYUTATH BOCXOJANIUI MOTOK Termoro Bo3ayxa |[l1]. O6pasosanue TepmuKa
[IPOUCXO/IUT, IIPU HAIPDEBAHUU I[IOBEPXHOCTH 3€MJIM Ha COJIHIE WU IPU Ype3BblYaliHBbIX
CUTYAIUAX TPUPOTHOTO UK aHTPOIIOTE€HHOTO TPOUCX0XK ieHud. [Ipu aToM odeBu1HO, 9TO Yem
KOHTPACTHEE TOT0/IHbIE YC/IOBHUsI, TEM CUJIbHEE U BhIpakeHHee TepMmudeckne motokn. Crieryer
OTMETHUTh, YTO B IITHUJIEBYIO IIOI'0Jly TEPMUKH PacIojaraloTcs IPaKTUYECKH BEPTHUKAJIBHO.
[Ipn Hanmuum BeTpa TepMUYECKHI IIOTOK HAKJIOHAETCS 110 HallpaBJIeHWIOo BeTpa. llpm
JIOCTATOYHOM YPOBHE BJIAKHOCTHU BO3JlyXa BOJA U3 BO3JYIIHOI'O IIOTOKA KOHJEHCUDPYETCs, U
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HAJ| TEPMUKOM 00pa3yloTcsd KydeBble objiaka. B cyxylo morojpy TepMudecKue MOTOKU HacTO
OBIBAIOT HEBUIAMMBIME (TakK HasblBaeMble «ToJyOble Tepmukn») [1]. B ciaydae obpazosanms
TEPMUKOB TI0 NPUYMHE TEXHOTEHHOM KaTacTpOMbl, TEDMUKU MOI'YT HEPEHOCUTH Pa3IuIHbIe
IPUMECH ¥ BU3YaJU3UPOBATHCS JIBIMOM, TbLIbIO (IIBLIEBBIE CTOJIObBI), MyXOM DPaCTeHuii u
podue.

OfHMM M3 JIydMIMX METOAOB I M3ydeHus 00pa30BaHUs U IIEPEMEIICHUS TEPMUICCKUX
[IOTOKOB ~ SIBJISIETCSI  MATEMATHYECKOe MOJeJIMPOBAHNE, TIOCKOJBKY OHO IPEJIoJIaraeT
pa3paboTKy MaTeMaTUYecKOro ONUCAHKSA, PeAJU3alUio MOJEHM TIOCPEICTBOM ITPUMEHEHUsI
HanboJiee TOYHBIX COBPEMEHHBIX YMCIEHHBIX METOJIOB, a TaKyKe COCTaBJIEHUE IIPOrPAMMHOIO
KOJI& JIJI BBICOKOIIPOU3BOJANTEILHON BHIYUCIUTETHHON MAITUHDI.

Takke HYyKHO OTMETUTH TOT (aKT, YTO BHYTPH TEPMUYECKUX [OTOKOB HMeeT
MeCTO TYypOyJeHTHOe IepeMeNleHne BO3JYIIHbBIX MAacC, HU3y4YeHHe KOTOPOro, IPU €ero
MaTeMaTUIECKOM OIMCAHUU, TaKyKe 3aTPY/IHAETCA OeCUUCIEHHBIM KOJMYECTBOM CTeleHei
cBOOOJIBI PACCMATPHUBAEMBIX 3JIEMEHTOB CUCTEMBI ITOTOKA.

B nanHOii crarhe MPOBOAMTCS W3ydeHHe KPYIMTHOMACIITAOHBIX TEPMUKOB, MOCPEICTBOM
pa3paboTKu U peaju3alii JIMHAMUYECKOH MOJIe/IN  JIBUZKEHUsI BBICOKOTEMIIEPATYPHBIX
noToKoB. IIpeicraBieHo MareMaTudeckoe OIUCaHWe B BUJE CUCTEMbl ypaBHEHUH B
YACTHBIX I[POU3BOAHBIX C IIOCTABJICHHBIMUA KPAaeBbIMU M HAYaJbHBIMU  YCJIOBUSAMHU.
[TpoBenena mpoBepKa aJIeKBATHOCTH Pa3pabOTAHHON MaTeMaTHUIeCKOW MOJIE/N IBUZKEHUS
KPYITHOMACIITAOHBIX ~TEPMUYECKUX I[MOTOKOB, Ha OCHOBE peIIeHUs TEeCTOBBIX 3aJad.
OcyrecTB/ieH mo060p YUCAEHHONO METO/Ia, JIJIsi Peajn3alui paspaboTaHHO! MaTeMaTHuIeCcKOil
MOJIEJIN, YJIOBJIETBOPSIONINI KPUTEpUsIM TOYHOCTH. Paspaboran creruaibHbI aJiropuTM
IPUMEHEHUsI METOJIOB JIJIS peleHnust cucreMbl AudhepeHnuajibHbIX yPaBHEHUH B 9aCTHBIX
IPOM3BOAHLIX IIPU  ONPEJIECJCHHBIX I'PAHMYHBIX ¥ HAdYaJdbHBIX YCJIOBHAX. llpuBemeHo
OIlMCAHWEe PEe3YJIbTATOB MOJIETUPOBAHUS JIBUKEHWsT KPYITHOMACHITAOHBIX TEPMUKOB B
arMoCchepHOM TPU3EMHOM cJjioe. BusyajmsupoBaHaBbIYUCIUTE/IbHASA 00JIACTH U TPEXMEPHOE
[0JIe TeMIIepaTyphbl, IMOKa3aHa BpeMeHHas SBOJIOIUS TEeMIEepaTypbl U BBICOTHI IOHEMA
KPYIHOMACIITAOHOTO TEPMHUKA.

2 0O0630p JuTepaTyphbl

OcHOBHBIE TOJXOJBI K MOJIETUPOBAHNIO TYpPOYJIEHTHBIX TEYeHWIl B HACTOSIIEE BpEMs —
570 DNS (Direct Numerical Simulation, mnpsimoe uncienuoe mojenuposanue) u LES
(Large Eddy Simulation, momenupoBanune Kpynubix Buxpeii). [lockoibky B Merogax DNS
PaCCUMTHIBAIOTCS BEJUUUHBI BCeX Macimrabos typOysierntaoctn (ot Kosmoroposckoro o
MHTErPaJIbHOIO), JIJIsl UX UCIIOJIb30BAHUS TPEOYIOTCsI OPPOMHBIE BBIUUC/IUTE/IbHBIE PECYPCHI, a
MPSIMOE YNCIEHHOE MOJIe/IMPOBaHUE CXKUMAEMBbIX TyPOYJIEHTHBIX TeUIeHN Ha JTAHHBI MOMEHT
IPEJICTABIIACT COOOH MPAKTUYIECKH HEPA3PEIMMYIO 3a/ady BCJICJCTBUE KpaliHe BBICOKOTO
obbema Bbramcsienuit |1, 2, 3, 4, 5|. Meroasl MmogesupoBanus kpynubix Buxpeil (LES)
OCHOBBIBAIOTCSI HA TUIIOTE3€ O CTATHCTUICCKON HE3aBHUCUMOCTH KPYIHBIX U MEJTKHX BUXPEil.
LES-meTosibl pazpernraior KpyIHble BUXPH, 8 MEJIKOMACIITAOHbBIE CTPYKTYPhI UCKJIIOYAIOTCS
u3 ypasuenuit Hapbe-CTokca 1mpu moMoru mpocTpaHCTBEHHON (DUIBTPAINN U MOJIETUPY FOTCS
C HCIOJIB30BaHMEeM T0JceTOIHbIX Mogeseit (SGS, Sub-Grid Scale). K rtakum moensam
OTHOCATCs, Hanpumep, Mojesnb Cmaropurckoro u ee Mojudukanuu [6], JuHAMEYECKHE
OJICETOYHbIE MOJIe/n |7, 8] HegBHOE MOJEIMPOBAHUE MOJCETOUHOl TypOysenTHocTH Implic-
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it LES (ILES) [9, 10]. Takum ob6pazom, 5TOT MOAX0J TPEOYET MEHBIINX BBIYHCIATEIbHBIX
pecypcoB B cpaBHeHunu ¢ Merogamu DNS, MOCKOJIBKY mIaru CeTKW W BPEMEHHBIE WHTEPBAJIbI
MOTYT OBITH HAMHOT'O OOJIbIIE KOJIMOTOPOBCKHX, OOECTIeYnBasl MPU 3TOM BBICOKYIO TOYHOCTD
pacueral2|. Kpome rtoro, mapsyty ¢ DNS u LES Ha mnpakrtuke 4acTo MPUMEHSIOTCSI
meronbl RANS (Reynolds averaged Navier-Stokes, ocpeaennsie 1o Peiinosib/icy ypaBaermust
Hasbe-CTokca) jis ONMCAHUS CPEJIHUX XapaKTEPUCTHK TYPOYJIEHTHOCTH, MOCKOJIBKY He
TpeGYIOT OOJIBIINMX BBIYUCIUTEIbHBIX 3aTpat [11|. YncieHHoe u3ydeHme 9BOJIIONUNA TEPMUKA,
npejcraBieno B paborax [12, 13|. Tak, B pabore [14] ma ocHOBe OCpEIHEHHBIX IO
Qappy ypasuennit Habbe-Crokca, 3amMKHYTbIX k-epsilon Mojenbio TypOyJIeHTHOCTH C
YUIETOM CKMMAEMOCTH, IIOCTPOEHa MaTeMaTHUdecKas MOJeNb IMPOIecca IMOJIHATHS TEPMUKA
B ycToiiumBoil armocdepe, 3allMCaHHasd B IUJIUHJIPUYECKON cucrteme KoopjauHat. Jljrs
UHUIUAPOBAHUS TEPMUKA B HAYAJIBHBIE MOMEHT B BBIYHC/IATEIHHYIO O0JIACTH BBOIUTCS
cepudeckoe 00JIAKO € TOBBIIMIEHHON TeMIIepaTypoil: 3HAYEHWE TeMIepaTypbl Ha HUXKHEH
rpanuibl obstactu Ty = 288.1 K, BepTUKAJBHBIN IrpajueHT TeMmueparypbl gradl = —6.5K -
kM~ ! | HavaibHbIA pajuyc TepMmuKa 1o = H00M, ero IeHTp HaxXoJAUTCs Ha BbIcOTe h =
1250 M orHOcuTesbHAS M3ObITOYHAsT TeMueparypa pasha (1;, — Tp)/To = 0.2. Hucennoe
peIlleHrne OCYIIECTBIIS/IOCh C IIPUMEHEHNEM CXEeMbl [Te€PEMEHHBIX HaIlPABJICHUIT, JOMOTHEHHON
pore/lypaMu  MOHOTOHU3anuu. k-epsilon Mojes permaercss OTAebHO HEsBHON CXeMOii.
[Toydeno, 4To pacnpocTpaHeHue TYypOYJEHTHBIX MapaMeTpPOB JIOCTATOYHO HEOHOPOJIHO U
HE CTAIMOHAPHO: HA HAYAJBLHON CTa UK TypPOYJIEHTHOE CMEITIEHe B OCHOBHOM COCPEIOTOMEHO
B BEpXHEHl YacTH TEPMHKA, TOIJa KaK Ha (DUHAJILHONI CTaJuu 3Ta 00JIACTH CJIBUTAETCA K
nepudepun TepMuKa U B 00JIaCTH BUXPEBOI'O CJIE/1a, TAKXKe HADIIOIaeTCs CUTBHOE TI0/IABICHUE
TypOyJIEHTHOCTH B BUXPEBOM SIJIpe TepMUKA.

B paGore [15| ormedeno mogobue TEPMUKOB, BO3HHUKAIONMX B armocdepe, u
OYeHb ILIABYYMX IIy3bIpeil ¢ OO0JbINOi M30BITOYHON Y/IENbHOW SHTPOIHEl OTHOCUTETHHO
OKpyzKaroleil cpejibl, uzydasiuiicsi B [16]. Vcnonb3ys aro, B pabore [17] aucsienno usyvaercst
9BOJIIOIUS TEPMHUKa HA OCHOBE JIMHAMUKH TPEXMEPHOI'O ILIABYYEro W30JUPOBAHHOTO
My3bIpsi B CTPATU(UIMPOBAHHOM CJioe. BeJieIcTBUe MPEIOIOKEeHN, 9TO CTPATH(hDUKAIIST
TeMIIepaTyphbl UMeeT anadaTHIecKnil XapaKTep, paBHOBECHE HE3HAUYNTETHHO YCTONINBO TIPU
pasBuTHN KOHBeKInu. TakuM oOpa3oMm, MpU BBOJE IOPSUEro IJIaBy4Yero My3bipsd B JIAHHYIO
cpeiy oH OyJieT MOJHUMATLCHA 0e3 BiuAnusd dD@PEKTOB CTPATUPUKAINE 38 HCKIIOUYCHHEM
9 bEeKTOB, BBHI3BAHHBIX POCTOM U PACIIUPEHUEM OJHUMAIOIIEr0Cs My3bIps. B HavabHbIH
MOMEHT BPEMEHU B BBIUUCIUTE/NBHYIO 00/ACTh MOMENIAETCs Topsdasi 00JIacTh ¢ IEeHTPOM
B HAJYAJ0 KOODJMHAT U 3aJaeTcs TPOMUIL SHTPOINN, OIPEIEIoNuil (HGopMy ITy3bIps.
Takxke 3ajjaeTcss HaYaJIbHOE DPABEHCTBO JIaBJeHUN. B MOJIEJbHBIX ypPaBHEHHAX ITPUHATO
v=>06-10"3%, 1. e. 3a7aeTcs OCTOAHHDBII KO3(MUINEHT KMHEMaTHIeCKO# BA3KOCTH. 3ajada
peIaeTcs YUCJACHHO C IIPUMEHEHUEeM KOMIIAKTHOW cxeMbl Jleje ImecToro mopsjka TOUYHOCTH
10 TIPOCTPAHCTBY M CXeMbI XaliMaHa TPETHEro MOPs/IKA TOTHOCTH 110 BpeMeHu. B pesysbrare
[IOJIyI€HO, 9TO JUHAMWKA ILIABYUEro Iy3bIps COCTOWT W3 JBYX (a3: B mepBoit (ase CUbI
IJIABYYEeCTH DPABHBI CKOPOCTH W3MEHEHUsl MOMEHTa, BO BTOPOH — mogBisgeTcd 3DdeKT
TOPMOKEHUST T0JI BJIUSHUEM IM'DAHUIHBIX yCjioBuil (McKyccTBeHHblil 9bMEKT) 1 TOPMOKEHUsT
wiaBydectn (dusndeckuii addexr). BoisBieHO, 9TO BepxXHSs YacTh ILIABYYEro IIy3bIpsi
[IOJIHUMAETCS, JTIOCTUTAsT TOBEPXHOCTH.
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3 Marepuasbl 1 MeTO/IbI

3.1 MaremaTrundyeckasi IIOCTAHOBKA 3a/1a4U

[Iycth B HaYaIbHBI MOMEHT BPEMEHH Yy HUXKHHI I'DAHUIIBI PACUETHON 00JIACTH HaXOTUTCS
KPYIHOMACIITAOHBIN TepMUK, 0003HaUYeHHbI — (G, ¢ PAJIMyCcOM — I, HadaJIbHOI TeMIlepaTypoit

TepMmuKa — 1j, HAUATIBHON TeMIepaTypoit BOKpyT obsactu G — 1] 1 HAYAJIBHOl IIJIOTHOCTHIO
—p (Puc. 1).

tZ

=l

PI/ICYHOK 1: Cxemaruunasa NJIIOCTPpaliyisd ITIOCTaHOBKH 3a/a'1U.

s perriennsi paccMaTpuBaeMoil 3a/1a9n UCIIOIB3YIOTCsT MOjiesib Jernmvena-JHckora 18,
19]:

YpaBuenune HEPA3ZPHIBHOCTH:

dp
—+V =0 1
7 (o) 0
YpaBHeHUE JIBUKEHUS:
Jd(pu
%pt)—FV(puu):—Vp—l—V-T—l—pg (2)
YpaBHeHUE MOJIHOI SHEPruu:
J(pE
(gt)—l—V-[(pE—l—p)um]:V()\VT)—l—V-(T-u)—i-pu-g (3)
e nasienne — p = pRT, Tensop Baskoro nanpskenns — 7 = (4 [S — (2/D)(V - u)I], Ba3KoCTb
~ [t = Typ, TEIUIONPOBOJHOCTE — A = WT;@ = C,ThD, 31€Ch Cp = w — yJleJIbHast

2
TEIIOEMKOCTD [PH TOCTOHHOM JaBsennn, E = ¢, T + |u| /2 — nonanas sueprusi.
YpaBHEHHUE TEMIIEPATYPBI:

d(pT)
“ 1 "o

+V-(puT)| =V -(AVT) —pV - -u+71-Vu (4)
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rje ¢, = DR/2 ynenbHas TeIIOEMKOCTb.

JlaHHble ypaBHEHUsI PEIIAlTCs C 3aJaHHBIMUA HAYaIbHBIMUA 3HAUYEHUSIMU TeMIIepaTypbl 1
IJTOTHOCTH BHYTpHU 1 BHe obyractn (G. Ha HurkHeit rpanurie ncmosb3yercs yciosue upuxiie,
a Ha BCEX OCTaJIbHBIX TpaHuiax yciaosue Heiimana.

3.2 YucJjeHHBIA MeTOo/,

Jlnst MoJieTMpoBaHusi JTMHAMUKH TE€PMUKOB TNpuMeHsiercst Mozeiab D3Q27 [20] pemrenust
ypasaenusi Bosbipvana. Permerounsie ypasuenns: Bosbnmana (LBE) sisiasiercs onmoii us
[IEPCIIEKTUBHBIX TEXHOJOTUH IOCIETHEr0 IECATUICTHS I MOJIEJIUPOBAHUSA (DU3HIECCKUX
u armocdepHbIx mporeccoB. Muorue cioxkubie mnpobsembl B TpajuimonaoM CFD moryt
6eiTh perrerbl B LBM, Hampumep, TypOymentHbie Tedenus |21, 22, 23, 24|, muOrodasHbe
reuenns 25, 26, Tertoodbmen [27, 28], Mukpodmonbt [29], TedeHns depes MOPUCTYIO Cpery
[30] u dpakranbayo reomerpuio [31]. @yukiwu pacnpejeserus { BBIUUCISIOTCS MyTeM
pelleHnsi PeneToYHoro ypapaerus boJibliMana, KOTOpoe siBsieTcst 0coDO0i JIncKpeTusaueit
KnHeTH4Ieckoro ypapaenus Bosbiivana. [Tociie BBenenust nmpubmkenus bxarnarapa-I"pocca-
Kpyka (BGK) moxHO chopmynmpoBars ypaBaenne BosbliMaHa JUls HOTOKA KUJAKOCTH W
SHEPIUU B CJIEIYIONIEM BHJIE:

fi (x + eiAt7t+ At) - fz (Z‘,t) - _g [fl ($,t> - fieq (£7t>] (5)
6: (2 + et £+ At — g, (1) = —f—j 9s (2. 8) — g (2, 1)] (6)

rje © — paJInyc-BeKTOp y3Ja perierkn, At — 0b03HAYAET PEIIeTOYHBIN BpPEeMEHHOM mar
T — PeNeTOYHOe BpeMs pesaKcalliy, Ty — TEIJIOBOe BpPeMs pelakcalud, e; — JIUCKPeTHasd
pereTodHass CKOPOCTb B HallpaBaeHuu i, f; — (YHKIWSA paciupeeseHns ILJIOTHOCTH B
yaie i, f{? — paBHOBecHast (DYHKIUsI DACIpeJIIeHNs], 3aBUCAIIAA OT MAKDPOCKOIHMIECKHUX
apamMerTpoB B yaiie i, ¢; — (DYHKIUsS PACIpejieIeHnsl SHEPIuU B y3Je i, g; — paBHOBeCHasi
dyHKIMS pacipejieieHns, 3aBUCHINAasl OT MAKPOCKOIIMIECKUX [TapaMeTPOB B y3JIe 1.

19 13

22
15 6 A2
24 17
10 2 7
2 1
8 4 9
25 18 23
11 5 16

21 20

Pucynok 2: Cxemaruunas utoctparus pernerkn D3Q27.
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BekTopsr ckopoctu €y, ..., e Mogeaun D3Q27 nokazanbr Ha pucynke 2. Jas Kaxkmgoro
BEKTOPA CKOPOCTH XPAHUTC 3HaUeHUe (DYHKIUKA PACIIPEIeIeHus f;.

0,0,0)c i=0

I oS 0,0)c, (0,41, 0)c, (0,0, +1)c i=1-6

i= Y (£1,41,0)c, (0, £1, £1), (£1,0,41)c i =7 — 18
(41,41, +1)c i=19—26

rje ¢ = Ax /At — perierodHast CKOPOCTb U § — HAIIPABJICHUE PEIIETOYHO CKOPOCTH.

4

Ob0poRNCHES Parnporeche Konnmezas
fi->uywD) =  (uwwD->fieg =7  fifieq->fin

LI 4

e o
o |

fin->f

4

IIpaMcacHAS

Ceemeessssssssmmmn 0 TPAHETHEX
YCIORHH

o
=

Pucynok 3: AjroputMm peajmsanuu pernoToIHoro Meroga bBosbivana.

Permerounoe BpeMsi pesiakcaiuu 7 orpejiesisgercs 1mo (opmyiie:
T=3v——
2

PasaoBecHble (hyHKITMU pacrpe ie/leHnst TJIOTHOCTH U SHePruu MakcBesira BEITUCIAI0TCS
1o opmyie:
2

eq o e U lei-u 2_ U
JUT) = wip { w2 )~ amr
“U(T) = w, ei-u+(ei-u)2_ u? +1 e’ _D)| 4B e
S =9P ke T URT) T 2RT RT
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rje p — IIOTHOCTH CPeJibl, 1’ — TemMueparypa cpejibl, ¢; = 1 / V3 - ¢ — pemerouHas CKOPOCTE
3BYKa U 3HAYEHHUS BECOBBIX KOI(MDPUITMEHTOB W; TAKOBBI:

8/27 i=0
) 2gr i=1-6
WiT 1754 i=7-18

1/216  i=19 — 26

YpasHenue (5) MOKHO Pa3/IeInTh Ha JIBA Talla, CTOJKHOBEHNE M PACIPOCTPAHEHHE:

L. fi(x,t):fi(:c,t)—%[fi(x,t)—ffq(x,t)],
2. filx+ e At t+ At) = fi (x,1).

Buech f; (x,t) obosHAauAeT Maccy YACTHI[, UPHIICHIAX B y3€i 110 HAIPABJICHHUIO i,
CTOJIKHYBIIUXCA C OCTaJIbHBIMH YaCTHUIIaMHA. Ha BTOPOM 3Talle CTOJIKHYBIINECA YaCTHUIIbI
[EPEHOCATCA B COCEJIHME Y3JIbl 110 HampaBjieHusM ¢. Jlannas mporeiypa  sBjageTcs
AHAJIOTUYHLIM I (PYHKIMH PACIPEIC/ICHUsT SHEPIUH ;.

[Tocie BTOpOro sTama HEOOXOAUMO IIEPECUYUTATH MAKPOCKOIMYECKHE IepEeMEeHHbIE
IJIOTHOCTH, CKOPOCTH M TEMIEePaTypbl KHJIKOCTH KaK IepBble JBa MOMEHTa (DYHKIIHI
pacipejieseHnst Jyist Kazkaoro ysia [18]:

26

26 26 W] 1
P:Zfi, Puzzez‘fu PE:Z% TZ{E—T]—
i=0 1=0

c
i=0 v

Ha pucynke 3 mnpejcraBiieH aJropuT™ IpPUMEHEHU PENIOTOYHOr0 MeTo a BosibiiMaHa.

3.3 UYwncieHHas BajJIuganus

Paccmorpum TectoByio 3ajatdy Tedenue lyazeiis s Bajauganum 9ucjJ€HHONO aJTOPUTMA.
PaccmarpuBaercss jlaMmHApHOE TedeHHE B TPEXMEpPHOH 00/1acTH ¢ HelOoBUKHBIMU
napaJiie/IbHBIMI CTeHKaMu. B HermojaBMKHBIX CTeHKaxX npumeHeHa cxeMa mid-link bounce
back (BB) B kauectBe rpanndnbix ycsaopuil. COriacHO cxeme IDaHUIa CTEHKH PACIOIOKeHa
Ha I0JI I1are oT rpanut y3708B kujgkoctu (boundary fluid nodes). @yuknuu pacrpeesesmnst
HAIIPABJIEHHBIE BHYTPb OT T'PAHUIILI OIPEJIC/IAIOTCs 110 hopMyJIe:

fi(zp,t + At) = fi (vp,1)

rJe Tp - KOOPJMHATHI TOUYEK B IPaHUIIE.

B rtabimnre 2 3aj1anbl mapamMeTpbl pacdeToB TECTOBOH 3aja4un. Boicora kanana H pasHa
32h. Moyieuposanue 1Ipou3Be/ieHa IIPU Pa3/IMIHbIX pasMepax pacueTHolt obactu: N, - N, -
N, = 323, 643, 963 n 1283. MakcumaabHas CKOPOCTh B KaHAJe I CKOPOCTD 3BYKa Cs paBHEI .1
u 0.5773, coorBercTBenno. Knmemarnueckas askocTh v = 9.021 - 1073, Yncio Peitnonnaca
Re = Vipax - H/v = 30. Ilapamerpsr perakcamun 7 = 1.2.
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Baonb ocu X 1ojiep:kuBaeTcs MOCTOsIHHAsT Pa3HOCTD JIABJICHUIA:

Ap 81N Vinax

Lout — Lin (ytop - ybot)2

rje Ap — pasHuna B JaBaeHUAX, AD = Pout — Pin, TIE Pout ¥ Pin — JABJIEHUE HA BBIXOJE U
BXO/I€ KaHaJjla, COOTBETCTBEHHO, 1) — TMHAMUYIECKAs BA3KOCTD, Vi — MAKCUMaJIbHas CKOPOCTH
TeYEeHUs B KaHaJe, Loy U T, — T'PAHUIBI BBIXOJAA U BXOJA COOTBETCTBEHHO, Yiop U Yot —
IpaHuIbl BepXHed 1 HUXKHEHl CTEHKU COOTBETCTBEHHO.

AnajmmTuveckoe pereHne 3a/1a9 BbIIUC/ISII0TCI U3 CIeYIoei hopMyJIbL:

1 Ap
u (y) - - (y - ybot> (y - ytop) y Yoot < ) < Ytop

277 Lout — Lin
Ha pucynke 4 mnpeacTaBieHo CpaBHEHHE 4YHCJIEHHOIO DeEIIeHNs C aHAJUTHICCKHIM
pemenuem B cedennn x/H = 0.5. Teuenme ycranasnusaerca npu t - v/H? = 0.4875. Kak
BIJIHO U3 PUCYHKa YUCICHHDBIC PE3Y/IbTAThI XOPOIIO COLVIACYeTCs ¢ aHAJIUTUICCKUM PEeIlIeHUEM.

L8

Villy

4 -

¥H

Pucynok 4: CpaBHeHUe 9MC/IEHHOTO Pe3yIbTaTa ¢ aHAJTUTHIECKIM PellleHneM IPU Pa3InIHbIX
MOMEHTAX BpPEMEHM.

Ha pucynkax ba u 50 mpejcrasienbl Tpodui HOPMbI OMmubku Ly u Lo TPU pa3InIHbIX
pasmepax cetku. Omubku HOpMbI Ly 1 Lo OBLIN BBIYUC/ICHBI 10 CJICAYIONIUM (POPMYJ/IaM:

Zx,y |Qn (xaya Zat) — b (J:a Yy, z, t)|
dey W (Ty,2,1) |

€r1 (t) =

(t) \/Zx,y|qn (xayazat>_qb($7yazat)|2
€r2 = 5
Z:@y |Qb (l‘, Yy, z, t) |
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Kak BuHO U3 PUCYHKOB yBe/JIMYEHUE Pa3peNIeHnus] CETKH CIIOCOOCTBYET K yMEHLITICHUIO
HOPM OIMHOOK. Ec/n Mpe o/ IoKUTh, YTO U3BECTHA HOPMa, OIMMUOOK ITPU PA3JIMIHBIX pa3Mepax
CETKM 7 YTO NX COOTHOIICHUEC Pa3MEPOB KaxKJIOU CETKN K Ha49aJbHOMY PaBCH 177, TO MOXKHO
OIIPEJIEJIUTH TOPSI0K TOYHOCTH TIO CJeaytomeil hopmyrie:

n(t) = log, (

=)

B TecroBoit 3asate ommbKi HOPMBI OBLIN BBIYUCJIEHB B MOMEHT BpeMmenu t - v/ H 3= 1.
[Topstaky TOYHOCTH YUCAEHHOTO AJTOPUTMa B 3aBUCUMOCTH pa3Mepa CEeTKHU IIPEICTaBICHbI Ha
Tabsure 3.

[T LY

og €3]

o " o : ..

Pucynok 5: IIpodunu omubsu HOopMbl (a) Ly u (6) Lo npu pasiudHbIX MOMEHTAX BPEMEHH.

Tabmuma 2 — [TapameTpbl MOIETUPOBAHUSI.

ITapameTrpnr

QaxTop MacmrabupoBanusd, scale scale =1+ 3
KosmmaectBo Tovek 1o ocu, x, N, N, = 32 - scale
Komuecrso Touek 1o ocu, y, IV, N, = 32 - scale
KommaecrBo Touek 1o ocu, z, N, N, =32 - scale
[Tapamerp penakcaryu, T T = \/3/16 +0.5
MakcumMasbHas CKOPOCTb B KaHAIE, Vinax | Vinax = 0.1/scale
Kunemaruaeckast BA3KOCTh, U v=(2r—-1)/6
Yucno Peitnonnaca, Re Re = Viax H /v
JlaBjieHne Ha BBIXOJE KaHAA, Doyt Pout = 1

Tabmmma 3 — [opsamox Tounoctn Ly n Ly B 3aBECHMOCTH OT pa3Mmepa ceTku npu t - v/H3 = 1.

Pasmep cerkn u(Ly) [opsiaox (n) u(Ly) [opsaok (n)
32-32-32 3.3738 x 1074 - 5.8084 x 1072 -
64 - 64 - 64 2.3047 x 1074 3.8716 1.5181 x 102 1.9358
96 - 96 - 69 4.6600 x 10~* 3.8978 6.8264 x 1072 1.9489
128 -128 - 128 | 1.6972 x 104 3.8175 4.1198 x 1073 1.9087
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4 Pe3ynbTaThl 1 00CY>K/eHUE

[IpeicraBieHbl pe3yIBTATHI UUCACHHOTO MOJICTUPOBAHUST IBOJIOINNA KPYITHOMACIITAOHOTO
TepMuKka Ha ocHOoBe Meroma LBM. Omnpemenena auHaMUKa HM3MEHEHHST  BBICOTHI
[IoIbeMa  TEPMHUKa 3aBUCHMOCTH OT HadaJIbHOW TemiiepaTypbl. l[losiydennbie pe3ysibTaT
MOJICTUPOBAHUS, OIPEJIEIIONINI BBICOTY TOJHATUS 00JIaKa, COOTBETCTBYET Pe3y/IbTraTam
paborsr Onydpuesa [12].

Yuciennoe MojeIMpoOBaHue drTana (GOPMUPOBAHUSA U  PACIPOCTPAHEHUA TEPMUKA
IIPOBEJICHO B TPeXMepHoit obytactu ¢ pusmdeckuM paszmepom 300 M BbicoThI, 120 M JTUHBI 1
120 M mupuHbI 1 pacdeTHON ceTkoit 256 X 128 x 128.

YucieHHbIfl 9KCIIEpUMEHT OBbLT IPOBEJIEH PU HAdYabHOW Temieparype objaka 1y =
1800 K 1 MeTeopoIoTnYecKuX IapamMeTpax IIPUBEJ/IEHHBIX B PUCYHKE 6.

Ha pucynkax 6-7 mpejcraBiieHbl rpaukn B3MEHEHUsT TEMIIEPATYPbI U BBICOTHI TEPMUKA C
TedeHueM BpPeMEeHH, aTaK Ke JTHHAMUKa PAcIpOCTPAHEHUs OIS TEMIIEPATYPhI IIPU 38 IaHHBIX
HaYaJIbHBIX YCJIOBUSX.

Pucynok 6: JInunaMukapacipocTpaHeHus MOJIsi TeMIIEPaTyphbl Tpu HadaabHOM 3HadeHun 1Ty = 1800 K

(a) t =5cu (6) t =15¢ (B) t = 35¢ IpK Pa3IUIHBIX MOMEHTAX BPEMEHH.

000 & . . . . . . 300

150

Hesgnt jmj

Temparanune )

50

(a) : 1[sec) § - (6) g t 1 . 2

Pucynok 7: smenenne (a) Temmeparypsl u (6) BBICOTBI KPYITHOMACIITAOHOTO TEPMUKA ITPU HAYABHOI

Temueparype 1800 K.
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5 3akJjroueHue

B nanmnoit pabore OblLla paccMOTpeHa JIMHAMHKA KPYITHOMACIITaAOHBIX TEPMHUKOB IO
JIECTBUEM CHJIBI ILIABYYECTH, ¢ ydeToM 3(P@PeKToB TypOYJIEHTHOrO IepeMelInBaHud U
a/11abATUICCKOTO PACIITHPEHMS.

MaremaTudeckas MOJIe/Ib KPYITHOMACIITAOHOIO TEPMUKA, ITOCTPOEHA HA OCHOBE CUCTEMBI
nuddepeHImabHbIX YPaBHEHUN B YACTHBIX MPOW3BOJHBIX. DBLIM yUTeHBI ypaBHEHHE
HEPA3PBIBHOCTH, KOJTUIECTBA JIBUKECHUS, TEMIICPATYPbI, JIaBJICHUS U SHEPIUU.

Brria mocraimena 3ajiada 0 MOJMHATAM KPYITHOMACIITAOHOIO TepMUKA C 33 aHHBIMU
HaYaJIbHBIMI TEMIIEPATYPORl U IIOTHOCTHIO. K pacdeTHoi 00/1acTH IPUMEHEHbI I'DAHTIHBIE
ycnousa Helimana n Tupuxiie.

YucieHHBIIT aJrOPUTM OCHOBAH Ha, PEIICHWW PEIIeTOYHBIX ypaBHeHuit bBosbliMvana B
CKUMaeMoil mocraHoBke. lcIionib30BaHHBIN YHCAEHHBIN aJrOPUTM HMeeT BTOPOI IMOpsiIOK
TOYHOCTH 10 BPEMEHHU U 110 TPOCTPaHCcTBY. [opsa 0K TOUYHOCTH YNCIEHHOIO aJITOPUTMa OIIeHEH
¢ TIOMOIIBIO TeCTOBOI 3amadu Tevuenne Ilyaszeiis.

[Tosry4yenbl pe3yabTaThl YUCAEHHOIO MOJIECTUPOBAHUS JIMHAMUKHU KPYITHOMACIITaOHBIX
TepMuKOB. OTpejiesieHHasT 3aBUCHMOCTb MeXKIy HadJaJbHON TeMIepaTypoil W BBICOTOI
HOJHATHS 00JIaKa COOTBETCTBYIOT pesyJibrataM paborst Onydpuesa [12].
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YucsieHHbIA aJITOPUTM peIlleHusT 33a4 3JIEKTPUIECKOr0 30H/INPOBAHUS
cpenpl ¢ pesibedpoM 3eMHO TOBEPXHOCTH

Mupranuksizel T., EBpaszniickuii nanuonaabublii ynusepcuter uMmenu JI.H.I'ymuirena,
r. Acrana, Pectiybsimka Kazaxcran, E-mail: m_ t85@Qmail.ru
Myxkanosa B.I'., EBpazuiicknii narmonasibubiit yausepcurer nmenn JI.H.I'ymusesa,
r. Acrana, Peciiybiuka Kasaxcran, E-mail: mbsha01@gmail.com

Ha cerommstmmamit meHb mpobJieMa BIUSHUASA peabeda 3eMHONH MOBEPXHOCTH Ha PacCIpeIe/IeHIe
SJIEKTPUYIECKOTO TIOJIsT SBJISIETCS AKTYaJbHBIM BOIIPOCOM B WHTEPIIPETAINU SJIEKTPOMATHUTHBIX
moJieit, M3yJaeMbIX B 3JEKTPOpPa3BeIKe TIOCTOSHHBIM TOKOM. B paboTe paccMaTpuBaeTcst
TECTUPOBAHUE AJI'OPUTMA YHUCIEHHOIO PEIIeHNUs 3aJa4d 3JIEKTPUIECKOIO0 30HINPOBAHUSA CPEJIbI
¢ pesibedpOM 3eMHOI I[IOBEPXHOCTU IIyTEM MOJIEJUPOBAHUS METOIOM MHTErpajibHbIX yPaBHEHMIA.
Wnest Mmerona MHTErpaJIbHBIX YPABHEHUN 3aKJIFOYAETC B IPEJCTABJIEHUN JIEKTPUIECKOIO ITOJIs,
KaK CyMMbI IIEPBUYHOTO ITOJIsI U [IOJIsi BTOPUYHBIX 3apsioB. KOHTaKTHBIE IPAHUIIBI U TOBEPXHOCTH
TE0IEKTPUIECKOTO Pa3pe3a BLICTYIAIOT KaK BTOPUIHBIE BO3OYIUTEIN JIEKTPUIECKOTO IIOJIS.
Bagaua pacdera I10Jeil CBOAUTCH K CUCTEME MHTEIPAJIbHLIX yPABHEHMI Ha IJIOTHOCTH BTOPUYHBIX
UCTOYHUKOB, HMHJIYIUPYEMbIX Ha IIOBEPXHOCTSX KOHTAKTa IIPOBOJISINMX CpPeJ U Ha peJibedHO
[TOBEPXHOCTU Cpebl. MareMaTnyeckoe OINUCAHWe 3TOr0 sBJIEHWS I[PUBOAUT K YPaBHEHUSIM
O®pearonbma 11 poga ¢ mossspHbIM silpoM. AJITOPUTM pacdera IIPOTECTUPOBAH IIyTeM CPaBHEHUsI
PEe3yJIbTATOB C PEIEeHUsIMUA, IPUBEICHHBIMA B paboTax B OTKPBITOM JOCTYIlE II0 YYery
BIUSIHAS pesibeda, 3a1aBasi TaKue Ke MapaMeTpbl Cpebl. BHITTOTHEHBI CPABHEHNST MOy YCHHBIMI
Pa3HBIMH ITOJXOJAMU KOHEYHO-3JIEMEHTHBIX U KOHEYHO-PA3HOCTHBIX METOIOB IS yYETa BJIMSHUS
penbeda B 2D cpemax. Takyke BBIIIOJIHEHBI CPABHEHUS IIOJyYEHHBIMHU JAHHBIMU (DU3UIECKOIO
MojlesiupoBaHus. MOXKHO CKa3aTh, 9YTO BBINOJHEHHbIE HAMHU Pe3YJIbTaThl PACUYeTOB KPUBBIX
KaXKYIIUXCS CONPOTUBJIEHUN HAXOISATCS B XOPOIIEM COTJIACHU € UMEIOIUMUCS WCCJIEOBAHUSIMU
B 9TOI 00JIACTH.

KirroyeBbie cjioBa: MeTOJ, MHTEIPAJIbHBIX YPABHEHUI, YMCIEHHBIA AJIOPUTM, MPAMas 3a1a4a
2JIEKTPOPA3BEIKHU, Pesibed 3eMHOIl [TOBEPXHOCTH.

2Kep beti 6enmepi 6ap opTa yIiiH 3JeKTpJiK O6apJay ecebdin
IIeNIyre apHaJIFaH CaH/bIK, aJITOPUTM
Mupraugpissl T., JI.LH. I'ymuite atbiagarsl Eypasust yiarTeik, yHuBepcureri, Acrasa K.,
Kaszakcran Pecriybiukacer, E-mail: m_t85@Qmail.ru
Myxkanosa B.I'., JI.LH. T'ymunes arsingarst Eypasus yaTTeiK, yHUBepCcuTeTi, AcTana K.,
Kazakcran Pecniybsukacer, E-mail: mbsha01@gmail.com

DJIeKTp epiciHiH TapasybiHa 2Kep OeTi befepiHiy ocepi TYpaKThl TOKIIEH 3JIEKTD Oapsiaybl apKbLIbI
3epTTEeJIETIH 3JEKTPOMArHATTI OPICTep/ll CUIMaTTay/la KA3bIPFbl YaKBITTa 63€KTi MOCeJIesIepP/IiH,
6ipi 6oJibIT TAOBLTAALI. By »KyMBICTa MHTETPAJIIALIK, TEHACYIED SiCiMEH MOIEIbIEY KOJBIMEH
xep Geri Gesepi 6ap OpTaHbI MEKTPJIIK 30HATAY eceOiH CaHJIBIK, IMIENTy/TiH aJrOPUTMIH TecTiaey
KapacThIpbLIabl. WHTerpaaabl TeHJEYIep OJICiHIH HUIesaChbl IJIEKTP OpiCiH aJiFaIikel epic
IIeH eKIHIIUNK 3apsiiTap ©PICiHIH KOCHIHILICHI PETiH/E KapacThIpy OoJiblll TabbLia bl 2Kanacy
IeKapaiapbl 2KOHE TEe0IEKTPIIK KuMa OeTi 3JIeKTp OPICiHiH eKIHMIIK KO3IBIPFBIIIEL OOJIBIIT
TaObLIa bl ©picTep/i ecenTey ecebi ©TKi3rimt opranap 6errepi MmeH Oezepsi 2xkep OeTi meKkapachbIHIA
MHIYKITUSIAHATHIH eKiHIIIK TOK, KO3EPiHiH THIFBI3ILIFBI OONBIHINA KYPBLIATHIH UHTETPAJIIBIK,
TeHJey/Iep Kyitecine wHerizmesneai. By KyObLIBICTBIH MATEMATHKAJBIK, CHUTIATTAJIYBI TIOJISPJIBIK,
siipockt 6ap 11 Typaeri @pearosibM TeHeyIepiHe bl Kejeai. Kcernrrey ajgropurMi HOTHKE TP/
xKep OenepiHiH ocepiH ecemke ajry OOWBIHINA AallbIK KOJ JKETIMJI KYMbBICTap/aa KeJITipiarex
T MIEPMEH CAJIBICTHIPY KOJIBIMEH, OPTAHBIH, JI9JT COHa mapaMeTpJiepin Oepe OTBIPHII, TeCTiIey
oTkizinmi. 2D opramapmarst xkep 6eri OesepiHin, 9CepiH ecenke ay YIMH aKTHIK-9JIeMEHTTIK KOHe
aKTBHIK-afbIPBIMBIK, 9/IiCTED apKBLIbI, 9D TYPJIi TOCIIMEH aJIBIHFAH CAJIBICTBIPY OPBIHIAJIIIbI.
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ConbiMeH KaTap (DU3NKAJIBIK, MOIETbIEYIIH AJbBIHFAH MOJIMETTEPIMEH CAJIBICTBIPY KYPri3iji.
bBi3z opbmzgaran Kopamaa KeAepriHiH KHCBIKTAPBIH €CEeNTeyaep HOTHIKeJIepl OChI CaJlaarbl
3epTTeyIepMeH KAKChI YilurleciM Taba/Ibl e aiiTyra 60J1aIpl.

Tyiiin ce3aep: MHTErPAIIBIK, TEHACYIEP OJICi, CAHMBIK AJTOPUTM, JIEKTPJIK Oap/IayablH Typa
ece0i, »xep Oeti Genepi.

Numerical algorithm for solving of electrical prospecting problems
for medium with a surface relief
Mirgalikyzy T., L.N. Gumilyov Eurasian national university, Astana, Republic of Kazakhstan,
E-mail: m t85@mail.ru
Mukanova B.G., L.N. Gumilyov Eurasian national university, Astana, Republic of Kazakhstan,
E-mail: mbsha01@gmail.com

Nowadays the problem of the influence of the ground surface relief on the distribution of the electric
field is a pressing issue in the interpretation of electromagnetic fields studied in the direct current
electrical prospecting. The paper deals with testing the algorithm for the numerical solution of the
problem of electrical sensing of a medium with the ground surface relief by means of modeling using
integral equations. The idea of the method of integral equations is to represent the electric field
as the sum of the primary field and the field of the secondary charges. The contact boundaries
and the surface of the geoelectric section act as a secondary creators of the electric field. The
problem of calculating the fields is reduced to the systems of integral equations on the density of
secondary sources induced on the contact surfaces of conducting media and on the relief surface
of the medium. A mathematical description of this phenomenon leads to Fredholm equations of
the second kind with a polar core. The calculation algorithm was tested by comparing the results
with the solutions given in the open access works on taking into account the influence of the relief,
setting the same environmental parameters. Comparisons are made using the finite-element and
finite-difference methods obtained by different approaches to take into account the effect of relief
in 2D environments. Comparisons are also made with the physical modeling data obtained. We
can say that our results of calculations curves of apparent resistivity are in good agreement with
the available research in this area.

Key words: method of integral equations, numerical algorithm, direct problem of electrical
prospecting, surface relief.

1 BBenenue

Hacrositiiee Bpemsi xapakTepusyercs OYpPHBIM Pa3BUTHEM T'eO(PU3NIECKUX METOJOB JIJIs
pelieHns: pa3HooOPa3HBIX 3a/iad IMOUCKA U Pa3BEJIKN O0bEKTOB, PACIIOJIOKEHHBIX B CJIOYKHOIM
rOPU30HTAIBHO-HEOTHOPOHON BMernaomieil cpese. B wactnocTu B moc/ieaee BpeMst MOJLY ST
pasBUTHE U BHEJIPEHHE TaKOH MeTOJ KaK 3JJeKTpoToMorpadusd. DIeKTPOTOMOrpadust
- 9TO COBpEMEeHHas MeTOJNKa TeOMU3NIECKNX WCCIeTOBAaHUN METOJIOM COMPOTHBIIEHUI
[1]. TIpakrtuveckasi peajusalys 3JIEKTPOTOMOIPAPUIECKUX UCCIEIOBAHUN OTPEBGOBAIO
COBJIAHMS CIEIUAJM3UPOBAHHBIX AlMAPATHBIX CHUCTEM, a TaKKe Pa3BUTHIX MTPOrPAMMHBIX
CPeJICTB JIj1si 00pabOTKU JIAaHHBIX U OCYIIECTB/IEHUS] MHBEPCUU.

B 3amavax BepTHKAIBLHOTO 3JIEKTPUUIECKOTO 30H/MPOBAHMS BayKHOE 3HAYEHHE HMEET
pacuer BJIUSHUS yCJIOBUI SKCIEPUMEHTA Ha KPUBbIE 30HINPOBAHUA, B YACTHOCTH, pejbeda
BOH/IUPYEMOIi TOBepxHOCTH. B Hacrosiiee BpeMsi HOCTPOEHUE T'e03JIEKTPUUIECKOIO pa3pesa
HA OCHOBE M3MEDEHUIl KarKyIIerocs COINPOTUBJICHUS TPOBOJIUTCS C TIOMOIIBIO IIPOIPaAMM
2D u 3D umHBepcuu. DTH HPOrpaMMbl BBIIOJHSIOT pellieHre 00paTHOl 3a1adn (HaIpuMep,
Res2DInv, M.H.Loke u ZondRes2D, A.E.Kamuuckuii) [2],[3]. B GosbmurcTBe ciydaesn
UMEIOINECs Pe3KHe T'e0dIeKTPUYECKUe TPAHUIILI [TOJIYyYaloTCd Pa3MBITBIMUA, & WCKAYKEHUS
KPUBBIX KaXKYIIErocsd COIPOTHUBJIEHUS, CBA3AHHBIE C pPeJIbeddOM TOBEPXHOCTH, T'€HEPUPYIOT
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JIOXKHBIC aHOMAJMU. B 3THUX yCIOBUAX [ByMEpHasd WHBEPCUS HE ABJISCTCA HUJICATLHBIM
CIIOCOOOM  TIePexoJa OT 3JIEKTPUIECKOrO IOJIS K PeaJbHOMY TEO3JCKTPUYECKOMY pas3pesy.
JpyruM MCTOYHUKOM OIUOOK SABJIAETCA TO OOCTOATENLCTBO, UYTO [0 CUX IO He CYIIECTBYET
IPOIrPaMM, KOTOPBIE C BBICOKOI TOYHOCTBIO KOJIMYECTBEHHO YUNTHIBAIOT BJIUSHIAC NCKAYKCHHUIA,
CBSI3AHHBIX C pesibedpoM 3eMHoit nosepxnocTu. O6paboTKa JAaHHBIX Ha OCHOBE CYIIECTBYIONIX
IPOrpaMM JIBYMEpHO#l MHBEPCUM MOKa3bIBACT, YTO BOJIM3M OTKIOHEHUIT MOBEPXHOCTH CPEIbl
OT IJIOCKOCTH 06Pa3yoTcs (GUKTUBHBIE AHOMAJIUE TE03JIEKTPUIECKOro paspesa [4].

Basaua B YCJIOBHAX CJIOKHOIO pesibeda 3eMHOI IIOBEPXHOCTH B HACTOAINECE BpEMS
[OJIHOCTBIO He peleHa. VIMeoTes JIUIb OTAeIbHbBIC Pe3Y/IbTaThL, IOy YeHHbIC Ha (DI3UICCKIX
MOJIE/IAX CPEJIbl U pacueTHbIE JAHHBIC, IOy YeHHbIC B IPUOIUNKEHAN OJHOPOAHOIO BHEITHErO
OJIST U IS Y3KO CIIENHAJIbHBIX TUIOB pebeda [5),[6].

Hannasi paboTa siBJIsieTcss TPOJOJIZKEHUEM UCCIe0BaHUN aBTOPOB Ha 3Ty Temy |7],[8].
HoBusna Halero 1mojaxoja 3ak/Ii09aeTcs B TOM, 9TO MOACJUPOBAHUE IIPOBOJANTCSI HA OCHOBE
YHCJICHHOTO PElIeHNs] CUCTeMbl HMHTerPa/IbHBIX ypaBHeHuil. XapaKTepHOl 0COOEHHOCTHIO
pa3paboTaHHBIX HAMU AJTOPUTMOB SBJIAETCS, TO, UTO OHU HO3BOJIAIOT BBINIOJHATDL PACICTHI
JUt 60J1ee pazHooOpa3HbIX GopM pesbedoB, BKIIIOYasds GpOPMbI, OlpeaeadeMble 13 HATYPHBIX
9KCIIEPUMEHTOB.

2 O630p JuTEpaTypbl

B cBs13u ¢ GOJIBIIONH BazKHOCTBIO HPOOJIEMBI yUeTa BJIMSHUS peabeda 3eMHO IIOBEPXHOCTH
u3ydeHue BJIUAHUSA pejibedpa HA JIAHHBIE METOJOB IMOCTOSIHHOIO TOKa MPEIPUHUMAJIOCH
JOCTATOYHO JaBHO. K HHM MOXKHO oOTHecTH paborsl 3amopoxker; B.M. 1938 [9],
Yanrypumsmwin JI.C. 1959 [10], Bemes A.B. 1959, 1980 [11],[5]. B mnacrosmee Bpems
OCHOBHBIMH MaTeMaTHYECKUMKU MeTOJaMM, HUCIOJL3YEMbIMHU Ha IPaKTHKe IPU PEIIeHnn
IPAMBIX U OOPATHBIX 38144, SIBJISIIOTC CETOUHBIE METOJIbI (KOHEUHBIX PA3HOCTEN 1 KOHEUHBIX
ssmemenToB) [12|-[17]. B pamkax sTux MeTOJI0B paspabOTAHO HECKOJIBKO CIOCODOB ydeTa
Brmsnus peibeda [18]-[25].

B Merojle KOHEYHBIX Pa3HOCTEH NIMPOKO MCIOJIb3YETCs AJIOPUTM T'€OMETPUIECKON
TpaHchOPMAIUU sT9eeK CeTKU aJIAlTHPOBAHHON K pesibedy 3eMHoit osepxuocTH [18]. Bropoii
AJITOPUTM B METOJIe KOHEYHBIX PA3HOCTEH OCHOBAH Ha TPUAHTYJISIUN PACUYETHOH 00JIacTH,
rJie 3JEeMEHThl CeTKU (POPMUPYIOTCS IyTeM JIONOJTHEHUs JHaroHaj el B MPSMOYTOJbHBIX
KJIeTKaX, obecrednBas ruOKocTh amsaiina mogenn [19]-[20]. Takrke n B MeTome KOHETHBIX
5JIEMEHTOB CYIIeCTBYeT PsiJl aJITOPUTMOB yUueTa BIUsHUSA pesibeda 3eMHoil moBepxuocTu [21]-
[24]. Opun U3 ajropuTMOB CXOXKUiT € HMEPBLIM M3 ONUCAHHBIX JIJjisi KOHEYHBIX DA3HOCTEN -
ajantupoBantas K peibedy TpaHcdopMmanus gueek ceTku. JIpyroit ajiropuTM OCHOBAH B
[OCTPOECHUH CIIEIUATBHON HEPEryJIsIPHOi ceTr B 3aBUCHMOCTH OT (hopMbl pesibeda [25],[26] u
CTEIEeHN HEOJIHOPOJIHOCTH UCCJIEyEMON CPE/IbL.

Bee ykaszammble €rocoObl pacueTa OCHOBaHbLI Ha eQUHON obmeil uiaee u dusmaeckom
IpUHIKIE. YHUBEPCAILHOCTL, THOKOCTh M PAJ] BBIYUCIUTEIbLHBIX IIPEMMYIIECTB CEeTOUHbIX
METOJIOB ONPEJEIIIN UX IMUPOKOe pPaclpOCTpaHEeHWe BO MHOIHX cdepax TpUMEeHeHUsI
YHCJIEHHOTO MOJIEJTMPOBAHUS, M, B TOM YHUCJIe, B METOJAaX MOCTOSHHOrO Toka. OJHaKO 1pu
3aJIaHUU MOJIe/IN ¢ pesibepoM B GOJIBIIMHCTBE U3 HUX KOH(UIYypalds sS9eeK CEeTKHU, Tak
WA WHaYe, TOBTOPAET KOH(MUrypamuio pejabeda. ITO MOXKET BHOCHUTH OININOKU B peIeHne
KaK HpsAMbBIX, TaK U, IVIABHOE, 0OpaTHBIX 3a1ad. [1o3ToMy [JIs KOHTPOJIsSE PabOThI CETOUHBIX
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METOJIOB I1eJIeCO00PA3HO MTPUMEHATD JPYTUe METO/Ibl, OCHOBAHHBIE Ha, JIDYTUX HJIETX U TaKzKe
MIO3BOJIAIONTUE PEIIATH COOTBETCTBYIOIINE IPAMbBIE 3aJIa9l METO/Ia COTPOTUBIEHUA. B paMKax
HacTosdmeil paboThbl ObLI BLIOPAH METOJI WHTEIPAJbHBIX yPAaBHEHUN, WMEIONUil MPOCTOi
dpusmUIecKuit CMBICT U XOPOIIO 3aPEKOMEHIOBABINNI ceOs IIPU IIPOBEICHUN MOJICINPOBaHUs B
MeTojie conporusienuit [27]-32].

3 Marepuan u MeTObI

MareMaTuyecKasi MOJ€JIb U YUCJIEHHBIA aJIrOpUTM

Mero; mHTErpaIbHBIX YPABHEHUI OCHOBAH Ha TEOPHHU MOTEHIMAJIA i PelIeHnil ypaBHEeHMsI
Jlamnaca [33]. Kak mokazano B |7], 3amada pactdera 1oJist TOCTOSHHOIO TOKA B OJJHOPOJIHOIL
cpejie ¢ pesbedOM JTHEBHON TTOBEPXHOCTH CBOJUTCA K DENICHUI0 WHTErPaJbHOIO YPABHEHHUSI
@perosibMa BTOPOIo pojia € siiPoM €O ¢1aboit 0coOOEHHOCTHIO:

// M) U4 (01 4 Fy (P) (1)

Baecb M, P - roukum moeepxHOocTH cpejbl [, mo koropoii Gepercs mnrerpar, q(P) -
IJIOTHOCTH IIPOCTOTO CJIOA Ha rpanuiie |, depe3 KOTOPYIO B JAJbHEHIIIEM DACCIUTHIBACTCS
MOTEHITUAJT TIOJIsI, YTOJI YPpys - YTOJT MEXKJIY HAIPABJICHUEM HOPMAJIUA K IMOBEPXHOCTU B TOYKE
P u Bektropom PM, Fj (P) - 3amannas QyHKIUS.

Yucnennas peaan3aliysd METO/[a HHTETPAJTBHBIX YPABHEHUHN BBITOJTHEHA € UCIIOIb30BAHIEM
MeTojla pajuaibibix Oasuchbix dyskimin (RBF) g anmpokcuManuu  pous3BOJILHOIO
pesibedba MOBEPXHOCTU U aJAITUBHOM CETKH C YI€TOM IMeOMETPUH U3MEPUTETbHOM YCTAHOBKH
[34].

aee omnmchIBaeTCA MOMIATOBBIA  AJITOPUTM YUCJEHHOTO PEIIeHus] WHTErPAIbHBIX
ypaBHeHwmit ¢ ucnob3oBanueM Meroja RBF.

1 Omucanne MojeH CpeIb.

OmnuceiBaeTcst mccaeayeMasi cpejia; JIJIMHA U3MEePUTEbHON JIMHUN, KOJIMIEeCTBO U BBICOTHI
[IPUEMHBIX 3JIEKTPOJIOB OTHOCUTE/IHHO IMUTAIOIIETO JICKTPO/IA, JTUHA [IPUEMHON JIMHUU, CUJIa
TOK& TTUTAOIIEr0 JIEKTPO/IA.

2 Cocranenne u BoiOOp dyuknun RBF  anmnpokcumupyromeit pesbed gHEBHOM
[IOBEPXHOCTH:

- Jna sagannoro nabopa touek miockoctn Ozy {z;} (i = 1, n) u coorBeTcTByOMUX
suavenuii { f;}! | crpourcs uurepnosmpyiomas dYHKIH S(T,Y) ABYX HEPEMEHHBIX.

Omnpenenenne paguajbHOil GasucHOM (yHKIUH. BhImogHSETCS BBIOOD IMOIXOMSINEH
pajuabHON PYHKIHI, 1010upas TpedYIOMYIO VA IKOCTh (DOPMBI TIOBEPXHOCTH JI/IS PEIICHUS
sajaan [34].

- Crponrcs marpuua 1o dopmyne 4; ; = ¢ ([|a; — 4]]), (4, 7 =1, n).

- Merogom LU-pazjioxkeHuss ¢ BBIOOPDOM TJIABHOTO 9JIEMEHTA PEIIaeTCs CUCTEMa
AN = f. Kosddummentsl J\; COCTABISIIOT BEKTOp pemieHus. UToObl BBIYUC/IUTDH
3HAYCHNE WMHTEpHoJmpyeMoii (GyHKIUU B TOUYKe (z,y) ucnosnb3yerca dopmyna s(x,y) =
S A (I, y) — ) vae & - pagmambse dyskrm,

3 IlocTpoenne aJanTUBHOM CETKU, C YIETOM I'€OMETPUH U3MEPHUTEIHHON YCTaHOBKH.
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Crpourcss ceTka ¢ TpHAHTY/IsAIUeid Jyid  pa3OMeHMsT TIpaHUIBl Ha  S9eiiKu,
AIIIPOKCUMUPYIOIIEe BTOPUIHBIE MCTOUYHMKN TOKA C y4IeTOM OCOOEHHOCTEll Halleill ceTku
— TIOCJIOHOE PACIOIOXKEHNE TPEYTOJbHUKOB W JIOTAPU(PMUIECKOe pacIIupEeHne CeTKU
IpU yIAJIEHHH OT OCH pacdeTHoil obsactu. [lyist pacdera KasKyIerocsi COMpPOTUBJIEHUS W
MOTEHIIN/IA TIOJIsI B KAUeCTBE PACUETHO 00JIaCTH UCIIOJIb3yeTcst 001acTh B hopme oBasia. OBast
obpaszyercsi JAByMsl MOJYKPYraMu U TPAMOYTOJbHUKOM Mexkjay HuMu. Ochb, COeIUHSIONIAs
IIEHTPbl OKPYZKHOCTE, COOTBETCTBYET I0JIOKEHUIO U3MEPUTEJIbHOM JIUHUU, OJIHA U3 IIEHTPOB
OKPY?KHOCTEH - TOJIOXKEHUIO MUTAIONMEro 3aeKTpoaa. OupeaessaioTcs mapaMeTpbl KasKI1oi
STIEKN: HOMEP y3J/1a, KOOPJAMHATHI T€OMETPUIECKOrO IEeHTPA, ILIOMIAIh:

- Bepxusist n HUXKHSSA 9acTH OBasia JIEJSTCA Ha 33[AHHOE KOJMIECTBO CJIOEB (HAIPUMEp
Ha N') 10 mpaBuIy KOHIIEHTPUIECKUX TI0JIyOKPYKHOCTel (1osryoBasioB) pajauyca r; =ezp (i *hs-
1)/cv, i - HOMEp KOHIIEHTPHYECKOro TosryoBaa, hs=In(1+a*x)/N - mar cerku mo pajauycy
B JIOrapudMUIeCKIX IpeodPa30BaHHbIX KOOPAMHATAX, (v - KOIDPUIMEHT HEPaBHOMEPHOCTH
cerku. Kaxkiplit cjioit pazbuBaeTcsi Ha TPEyrOJBHUKI, HAYNHAs C TIEPBOIO CJIOSI.

- Kaskprit cimoit pazbuBaercst Ha TpeyTrOJbHUKE, HAUNHAA ¢ TIepBOro c¢j1ost. Onpeiensiercs
maccuB uz(1,j), rie i=0,...,N - HOMep CJIosi, Ha BepXHeil IpaHuIle KOTOPOro JIEXKUT y3ell, j-
HOMED y3J1a Ha 9TOM cjioe. MaccuBy y3J/I0B MOKOOPIMHATHO IIPUCBanBatoTCst 3Hadenus. [loce
BBIIIOJIHAETCA TPUAHTYJIAIINA: 3aBOJUTCA I[I/IHaMI/I'—IeCKI/Iﬁ MacCCHuB tr THIIa «TPEYrOJIbHUK» JIJIA
BepxXHeil JacTu oBajia M trl — Jjid HUXKHENl 9acThu oBaJjia, KOTOPble B KadeCcTBe BEPITUHBI
TPeyTOJIbHIKA COJIEPKAT HOMePa y3JI0B, 00pa3yOINX 3Ty BEpIINHY.

- Beruncsienne momam sgeek mMpoBOJIMIACEH 110 (DOPMYJIaM aHAJTUTUIECKON MeOMeTpUH,
HA OCHOBE OIPEJICTUTE IS IIOCTPOCHHOT'O TI0 JEKAPTOBBIM KOODIUHATAM Y3/I0B STICEK.

4 CocrapjieHne MaTPUIbl KOIMMUITUEHTOB B3aUMHOIO BIIUSIHUAA.

5 Permmenne cucreMbl JIMHEWHBIX areOpamvdecKux ypaBHEHHI W OmpejiesieHue TJI0THOCTU
BTOPUYIHBIX UCTOYHUKOB TOKa.

6 Pacder nmoreHnuaioB Ha MOBEPXHOCTH.

7 Pacder pyHKIMiT KaxKyIerocs COpOTUBJICHUS BJIOJIb TOBEPXHOCTH.

4 PesyabTaThl 1 00CyXK/IeHUE

BrImo/iHeHo TecTHpoBaHUe YUCACHHBIX PE3Y/JbTATOB IyTEeM CPABHEHUS WX C PE3y/JIbTaTaMu
[PUBEJIEHHBIMU B PA0OTaX 110 yUETy BIUSHUS pesibeda, 3a/1aBas TaKe ¥Ke mapaMeTPhbl CPeJIbl.

B tpynax Erhan Erdogan u Ismail Demirci (2008, 2012 rr.) mis yuera BinsiHus peibeda
B 2D cpesax ONHMCBHIBAIOTCS Pa3Hble MOJXOJbI UCIOJIL30BaHUsA KOHEUYHO-31eMeHTHbIX (FE)
u koHeuHo-pasuoctHbix (FD) meromos [19], [20]. B ommume or apyrux uccieposaresieii,
KOTODbIE TaKzKe HCIOJIB3YIOT IpgMoe permenne FD, onm wucnosb3oBasm TpeyroJibHbIE
9JIEMEHTBI, KOTOpble (DOPMUPYIOTCH IIyTeM JIONOJHEHWs JIMaroHajeil B IPAMOYTOJbHBIX
KJIeTKaX, obecrednBasi TMOKOCTH JiM3aiiia MOJIEIN, KOTOPBIA OOBIYHO JOCTYIHBI TOJIHKO
npu wucrnosb3oBannn Meroga FE. ABroper nobaBisgior peibed B NPAMYIO 3aJady, C
UCIOJIB30BAaHUEM TPEX I0JIXOJI0B, OCHOBaHHBLIX HA MeToje FE:

1 ITpucBomin 3HaYMEHUN ¢ BBICOKUM Y/IEJIbHBIM COPOTUBIICHIEM ([IPECTABISIONIAN 9acTh
BO3JIyXa) KO BCEM TPEyTOJIbHBIM 3JIEMEHTaM, KOTOPBIE MPEJICTABIAIOT COOON KJIETKH MPAHUIIbI
Bo3yX/3eMiist. Dror FE nomustit Bosaymusii (full-air) moaxon (pucyrok la) npejcrasiser
coboit pestbedHyIo TPaHUIly B JICCTHUYHON (hopMme.
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2 Ucnonb3yst MpenMyIecTBo, MOy IeHHOe MyTeM PUMEHEHUs] TPEYTOJIbHBIX 3JIEMEHTOB,
MOJIEJTUPOBAJIA PeJTbepHYI0 TPAHUILY TaM, TJie OHa IepeceKaa MPSIMOYTOJIbHbIE STIeHKN W
[IPUCBOUJIN 3HAYEHUU C BBICOKUM YJIEJIbHBIM COIMPOTUBJIEHNEM K TPEYTOJIBHBIM 3JIEMEHTaM
Ha IpaHulle s9eek BO3Iyxa/3emid. 1o nosourHo BosmymHbii (half-air) noxxox FE
npeJicrasiisier coboit 6oJiee MIABHBINA U TOUHBINA pestbedHblil Kpail (pucynok 1b).

3 Pasnomepno uckpusisin FE ceTku 1o OTHOIEHUIO K T€OMETPUU TTOBEPXHOCTH, UTOOBI
mvuTupoBath 3ddekt peabeda (Holcombe u Jiracek, 1984; Loke, 2000). Takoit momxosn
nasbiBaercs FE uckpusienne cerku (FE distorted - mesh) (pucynok 1c).

o

Ebevation (m) = Ebevation (m) B

—

Elevation (m)

C—
L=
ih
b
L]

Elevation (m) S

] 5 10 15 20 25 an 35
Distance (m)

Pucynok 1: Cxema 2D MojesmpoBanus CeTKH, KOTopble BKo9aoT peiabed: (a) FE full-air,
(b) FE half-air u FD half-air, (¢) FE distorted-mesh, u (d) FD full-air

Cerka FD cocronT m3 mOpsiMOYTOJIBHBIX sU€eK W HE MOXKET OBITh PeopraHn30BaH;
peiibed MOXKHO MOJEIUPOBATH TOJBLKO C IIOMOINBIO s9€eK IMOBEPXHOCTHLIX COMPOTUBJIEHHUI,
KOTOpbIE TPEJCTABIAIOT BO3jeiicTBue Bo3ayxa B Merose FD. Ilepsblit momxos, KoTOpbIit
OHU WCIIOJIb30BAH JIJIsi UMHUTAIUNA Pejibeda, MPUCBOUIN 3HAYEHUU C BBICOKUM YJI€IbHBIM
COIPOTUBJIEHUEM KO BCEM IPAMOYTOJIbHBIM siefikaM Ha I'DAHUIE BO3/YX-3€MJIsT U HA3BAJIM
ero FD nomubiit Bo3aymusrii (full - air) mogxon (pucynok 1d). Iloce sToro ucnosb3oBain
dbopmyuposky Busepa (Weaver 1994) u pasiesiniim npgaMoyrojibHbIe S9efKU B TPEYTOJIbHBIE
9JIEMEHTBI (DUCYHOK 2), UCIIOJIBL3Ysl Ty JKe CeTKy, 910 u B Merojie FE na pucynok 1b u nazsaiu
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ero FD nosoBurno Bozaymueii (half - air) mosxo.

a)
i
I“ & o Lj=1 aE 4
=1 =1 Ffl, j=1
- i
F=1 I ; .
I
i=1 (AN B
i
“‘ LI S E I3
[EANEL] i, je1

Li#1

Pucynok 2: (a) FD half-air cerka. Kaxgas sdeiika mogpas/essercs Ha 9eTBIPE 3JIEMEHTA
rpuanryssanun. (b) duckperumsanus saeex FD Tpuanryssiunm mexx ity narepdeiicoM BO3IyX-
3eMIId

14 15 16 17 18 19

Elevation (m)

1 3 5 7 L 11 13 15 17 19
Distanca {m)

Pucynox 3: OHopo/iHast MOJe/Ib X0IMa ¢ yIJIOM YKJIOHA, paBHBIM 30°

B pabore npuBojdTcs pe3ysbTaTbl MOJEJIUPOBAHUS Ha pelbedHON MOBEPXHOCTU JIJIst
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OJIHOPOJIHON cpeabl ¢ yaeabHbIM conporuBiaeHueM 100 Om.m. Penbed mosepxmocTn -
Ha 30° OoTKJIOHeHHBbI XoaM (pucyHOK 3). Pesysbrarsl MozeampoBaHus Jjisi yCTAHOBKH
Bennep-I1Lmombep:ke 18 BceX MOJIXOJI0B IpUBEIeHBI Ha pucyHke 4. Bo Bcex perieHusx B
HEHTPAJIHLHOM pailoHe MOXKHO yBHJIETh aHOMAJIHUIO HU3KOI'O KarKyIIerocs COINPOTUBJICHUS B
HIZKHEH 00J1aCTH XOJIMA.

FE half-air

_p""ﬁ""q_

o

n-spacing

FD half-air

]

n-5pacing
H . Ll i
-::l.-l

FE distorted-mesh

n-spacing

FE full-air
£}
2 3
¥
FD full-air
1
& 1 0
-~
&
g 8
5 10 158
Distance (m)
HEN e
50 100 150
Apparent resistivity (chm-m)

Pucynoxk 4: IlceBiopaspes KazKyIierocst COIpoTUBJIEHUS OJTHOPOTHON MOJIEJIN XOJIMa, C YIJIOM
ykjoHa 30°
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Pesynbrarsl 10o/lydeHHbIE HAIIMM METOJIOM JIJIA OIUCAHHON MOJIeIN IIPEJICTaBJIEHbI
Ha pucynke 5. Ilo mepe upubimKeHusi K YIJIOBOII TOYKe HaOJIIOMAETCA ITOBBIIIEHNE
U Pe3Koe yBeJMYCHUE 3HAYCHUU KarKyIIerocs COIPOTUBJICHHUS, a BEPIIMHA OTMEYacTCs
MHUHIMYMOM KazKyIIerocs COPOTUBJICHUsI. 3aTE€M B OKPECTHOCTH CJICJIYIONIE YIIOBOIH TOUKHI
TakKe HAOJIIO/AeTCs ITOBBINIEHNE pi. B JlajbHeilieM MPOUCXOIUT IJIABHOE yMEHbIIEHUE
U UpuOIMKeHne K YIAEJIbHOMY COIPOTHBJIEHHIO CpEJbl. 1akoe IOBeJIeHHEe KazKyIIerocs
CONPOTHBJIEHUsT MOXKHO YBHJIETh Ha KaxKJI0H KapTUHKE MOJIYIEHHBIX PA3HBIMH I10IXOIaMU
Mmeronos FE u FD.
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Pucynok 5: Kaxkyiuecss conpoTuBjieHnn, MOJIyIeHHBIE METOIOM MHTErPAIbHBIX yDABHEHUI
u dpopMma pesbeda s OJITHOPOIHON MOJIEIN XOJIMA, YroJl Hak/JIoHa 30°

Takue pesyabrarbl Berpedaiorces Takxke B paborax R.C. Fox, G.W. Hohmann 1978,
[.Tsourlos, E.Szymanski u gap. 1999, QIANG Jian-Ke u ap. 2007, Sedat Yilmaz, Nart Cogkun
2011, Sebastien Penz u jnp. 2013.

JlomotHUTETEHOE  CpaBHEHUE PE3yJIbTAaTOB IMPOrPAMMBI  BBIIIOJTHEHO IOy Y€HHBIMUI
JIAHHBIMI  (DUB3UYIECKOTO  MOJICTMPOBAHUsI, IpEJACTaBICHHBIX B pabore Bemesa A.B.
[11]. Hamupumep, Ha pucynke 6, ckonupoBaHHOM cO crarbu Bemesa A.B. nocrpoenb
KaKyIIrecs: COMPOTUBJICHUS JIJIsi Pa3HBbIX apaMEeTPOB YCTAHOBKU JIJIs OJTHOPOTHON MOJIETN
nosrycepudeckoii BleMKu. Ha pucynke 7 mocrpoen rpaduk KaxKyIerocs COIMpPOTUBJICHUS,
MOJTYYE€HHBIN TPIMeHSIeMbIM HaMU MEeTO/IOM WHTEeTrPAJbHBIX YPaBHEHUN I JTAHHONH MOJIEH.
MoxkHO cKazarTh, pPe3yJIbTAThl MPAKTUYECKH COBIAJAIOT, WMEIOIINecs He3HAUNTe/bHbIE
OTKJIOHEHUsI, CBA3aHbI C PA3HBIMU T'€OMETPUIECKUMU TTapaMETPaMHU YCTAHOBKU.
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Pucynok 6: Pesynbrarer dusmdeckoro wmojeaupoanust Bemesa A.B. g Mozmenn
1oJ1ychepuyueKoil BbIeMKI
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g_% o 2 4 6 28 30 32 34 36 38 40 42 44 46 48
Si r.m

Pucynok 7: Pe3ynbrarhl, o/ydeHHbIE METOJOM WHTErPAIbHBIX YPaBHEHUN IS OJTHOPO/THOM
MOJIEIN TI0JTyCHEPUIECKOI BhIEMKH

5 3akJirodyeHue

Pazpaboran duc/ieHHBIE aaropuTM  perieHus 3aJad  JIEKTPUUYECKOTO 30HIMPOBAaHUS,
KOTOPBIIl TO3BOJIMI  MOCTPOUTH (PYHKIIUIO KAXKYIIErOCd CONPOTUBJICHUS, C  yIETOM
OCHOBHBIX 3aKOHOMEpPHOCTEeH (hOPMUPOBAHUSA JICKTPUIECKOTO T0JISA, CBA3AHHBIX C BJIUAHIEM
peJsibedpa. Bpirmosineno TecTupoBaHue YUCAEHHBIX PE3Y/IbTaTOB, CPABHUBAA C PE3y/IbTaTaMHU,
NIPUBEJIEHHBIME B paboTaX B OTKPBITOM JIOCTYIIE II0 yYeTy BJHSHUS peiabeda, 3ajiaBas
TaKne Ke ImapaMeTphbl Cpe/ibl. BBhINoTHEHBI CpaBHEHUS TOJIYYEHHBIMU PA3HBIMU T10JIXOJIAMU
KOHEYHO-3JIEMEHTHBIX M KOHEYHO-PA3HOCTHBIX METOJIOB I ydeTa B/usHus pesbeda B 2D
cpejiax Jjid 3aJaHHON MOJie/ i ¢ peibeHOoil MoBepXHOCThIO. TakKe BBIIOJIHEHBI CPABHEHUS
MTOJTy YEHHBIMH JTAHHBIMU (DU3UIECKOTO MOJICTUPOBAHUS, TIPEJICTaBJICHHBIX B pabore Beresa
A.B. MoxxHO cKa3aTh, 9YTO pe3y/bTaThl COBIAJIAIOT, HO €CTh HE3HAYUTEIbHBbIE OTKJIOHEHUS,
CBA3aHHBIE C PA3HBIMU IapaMeTpaMé TeOMeTPUYECKON YCTAHOBKHU. DBbINoJIHEeHHbIE HaMU
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PE3YJILTAThI PAaCYCTOB KPUBBLIX KazKyIIUXCA COHpOTI/IBHeHHfI HaXOJAATCA B XOpOolIeM COIJlaCuH
C UMEIIUMUCA HUCCaeoBaHusIMU B 3910oit  objactu. OjHaKo, pa3pabOTaHHBIE HAME
IIPOrPaMMBbI ITO3BOJISIOT BBIIOJIHSITL pacdeThl i Oojiee pa3sHooOpas3HbIX GopM pesrbedoB,
BKJIIOYasi TakKe (OPMBI, OIpeje/sieMble M3 HaTYPHBIX SKclepuMeHTOB. JlanbHeiinme
HcCIeI0BaHus OyIyT CBI3aHbBI ¢ pacdeToM 3 deKTa BIAuSHUs pejibeda, B3ITOr0 U3 HATyPHBIX
9KCIIEPUMEHTOB M JIJI YCJIOKHEHHBIX Mojiesiei cpesi. Koneunas 1eJib JaHHOIO UCCTIeT0BAHMIS
— 9TO 3aJava UCKJIIOYEHUA N3 PE3yJIbTaTOB MHTEPIIPpETAIlUN JIO2KHBIX aHOMaHHfI, CBA3aHHBIX
¢ pestbedomM.
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OOIIMM MHTEPECOM K HM3y9eHHOCTH ZAHHOTO OOBEKTa, HO OTCYTCTBHEM HMCYEPIBIBAIOIINX OTBETOB HA
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METO/JIbI UCCJICIOBAHULA; - PE3Yy/JIbTaThl NCCJIeTOBaAHUA.

9) PesynbraTel u obcyxKAaeHue. B 31oM pasjesie NPUBOAATCA AHAIU3 U 00CYKJICHUE MOJIY IeHHBIX
BaMU Pe3yJIbTATOB WCCJIEI0BaHUs. [IpUBOJAATCS BBIBOJIBI O IOJYYEHHBIM B XOJE WCCJIEIOBAHUS
pe3ysbTaTaM, pacKpbIBAETCS OCHOBHAs CyTb. I 9T0 OJWH M3 caMbIX BayKHBIX Da3JeJOB CTaTbu. B
HEM HeOOXOJMMO IIPOBECTH AaHAJM3 Pe3yIbTaTOB CBOEHl pabOThl M 0OCYXKJIEHHE COOTBETCTBYIONIUX
pe3y/IbTaTOB B CPaBHEHUU C MPEIbIAYIIUMI PabOTaMU, aHAJIM3aMU U BBIBOJIAMHU.

10) Bakurouenue. OGoOmIeHNE U NOABEIAECHUE UTOrOB PabOTHI HA JAHHOM ITAlle; MOATBEPXKICHUE
WCTUHHOCTH BBIIBUTAEMOTO YTBEPIXKICHNs, BBICKA3AHHOTO AaBTOPOM, M 3aKJIOYEeHHe aBTopa 00
W3MEHEHNN HAyYIHOTO 3HAHWS C YIETOM IIOJYIEHHBIX PEe3y/JAbTATOB. DBBIBOJABI HE IOJKHBI OBITDH
abCTPaKTHBIMKA, OHM JOJI2KHBI OBITH HCIOJIHL30BAHBI JJIsT 0OOOITEHNsT Pe3yIbTaTOB WMCC/IEIOBAHUS B
TOW WM WHOU HaydIHON 00JIaCTU, C OIHMCAHUEM NPEJJIOKEHUIT MM BO3MOXKHOCTEH JlajIbHenei
paborel. CTpyKTypa 3akK/IIOUYeHUs JOJKHA COIEPXKATh CJIEIYIOIe BONPOChl: KakoBBI Tieaum u
MeTombl uccaenoBanna! Kakwe pesyabraThl moaydeHbl! KaxkoBbl BeIBOABI! KaKOBBI MEPCIEKTUBBI 1
BO3MOXKHOCTHU BHEIPEHUS, IPUMEHEHUs pa3pabOTKN?!

11) Buaromapuoctu (ecsu umerorcs). Hanpumep: PaGora BblmosHeHa 1pu HOIJEpKKe IPAHTOBOIO
(UHAHCUPOBAHUSI HAYYHO-TEXHUIECKUX IIPOIPAMM U IIPOEKTOB MUHUCTEPCTBOM HAyKU U 0Opa30BaHUs
Pecny6iuku Kazaxcran (rpant «Hanmenosanue tembl rpantay, 2018-2020 rompr).

12) Cnucok smreparypsbi/References. (0o6a crucka, eciam craTbs Ha PYyCCKOM WU Ka3aXCKOM.
Eciu crarbs Ha aHIMICKOM, TO TOJBLKO OJIWH CHUCOK N0 cTuio Jukaro). CHHCOK UCHOIb3yeMOil
JmTeparypsl, win bubinorpadudeckuii ciiucok cocTouT u3 He Menee 30 HAMMEHOBAHUIT JINTEPATYPHI,
u u3 nux 50% Ha aHrINIICKOM A3bIKe. B cilyuae HAIMYIHA B CIIUCKE JINTEPATYPLI paboT, IPEICTABICHHBIX
Ha KHPUJUIAIE, HEOOXOJUMO MPEJICTABUTH CIMCOK JIUTEPATYPhl B JIBYX BapUAHTAX: IEPBBIH - B
OpHUrHHAJIE, BTOPOH - POMAHU3UPOBAHHLIM ajihaBUTOM (TpaHcauTeparys ). POMaHU3UPOBAHHBINA CIUCOK
JIUTEPATYPBI JIOJIZKEH BBIJISIZIETh B CjeyiomeM Buje: aBrop(-bl) (TpaHciaurepanus) —> Ha3BaHUE
CTaThby B TPAHCAMTEPUPOBAHHOM BAapHAHTE |[IEPEBOJ HA3BAHUS CTAThbU HA AHIVIMICKUN $A3BIK B
KBAJIPDATHBIX CKOOKax|, Ha3BAHME PYCCKOSI3BITHOTO MCTOYHUKA (TPAHCIUTEpANUs, JUOO AHTIHICKOE
HA3BaHUE - €CJIM €CTh), BBIXOJHbIE JaHHbIE ¢ O0O03HAYEHNSIMH HA AHTJIMHCKOM sI3bIKE (TOJ B KPYTJIBIX
ckobkax) —> crpanunpsl. Hanpumep: Gokhberg L., Kuznetsova T. Strategiya-2020: novye kontury rossi-
iskoi innovatsionnoi politiki [Strategy 2020: New Outlines of Innovation Policy]. Foresight-Russia,
vol. 5, no 4 (2011): 8-30. Cuucok aureparypbl npejcrasigercs no Mepe nuruposanus, u TOJIBKO
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Te paboThbl, KOTOPbIe IMUTUPYIOTCS B TekcTe. CCBUIKU Ha JINTEPATYDPY OMDOPMIISIOTCS B KBAJIPATHBIX
cKOOKax ¢ yKazanmeM HOMepa Jureparypbl. Ctuib odopmienus: "Crucok nureparypbl"Ha pyccKoM
n kazaxckoM s3bike coryacio I'OCT 7.1-2003 "Bubsmorpadudeckast 3amuch. Bubsimorpaduaeckoe
onmcanue. O6mue TpeboBaHus W UpaBuia cocraBieHus"(TpeboBaHre K W3JAHUSM, BXOIUSIIUX B
nepederb KKCOH). Crusb odopmienns "References"poMaHn3npoBaHHOTO CIHCKA JUTEPATYPHI (CM.
BBIIIE), & TAKYKE UCTOYHUKOB Ha aHIJIUICKOM (JPyroM MHOCTPAHHOM ) A3BIKE JIJIs €CTECTBEHHOHAY IHBIX
U TexHUYeCKUX HanpasJennii corsiacao Chicago Style (www.chicagomanualofstyle.org).

B nmannom pa3zzesne HEOOXOIUMO yUIECTh:

a) Ilurupyrorcst OCHOBHbIE HayuHble IYOJMKAIUN, [EPEJOBble METOJbl HCCJIEOBAHAS, KOTODHIE
[IPUMEHSIIOTCsI B JIAHHOM 00JIACTH HAYKU M Ha KOTOPBIX OCHOBaHa paboTa aBTOpA.

6) sberaiite upe3MepHBIX CAMOIUTUPOBAHUIA.

B) Usberaiite upesmepubix cebuiok Ha mybiaukanuu apropos CHI'/CCCP, ucnosib3yiite MUPOBOIi OMBIT.
r) Bubsmorpaduueckuii cnmcok JoirkeH cojepxkarb (DyHIaMeHTAJbHble U Haubosiee AKTYaJIbHbBIE
TPY/IbI, OIyOJINKOBAHHBIE U3BECTHBIME 3apPy0OeKHBIMU aBTOPAME U HCCJIEJI0BATESIMA 110 TEMe CTATHU.

6. 2Kypnan npumepKuBaercss €IUHOTO CTHUJIS WM IIOITOMY IIPEIbsBISAET Psili OOmmX TpeboBaHuWii K
odopmtennio pabor. Vexonublil (HeOTTPaHCIUPOBAHHBI) tex-haill JOKeH IIeJIMKOM [IOMEeIaThCs B
FOPU30HTAJIBHBIX PAMKaX 9KPaHa 38 BO3MOXKHBIM UCKJIIOUYEHUEM MATPUIL U TabJIAIL U TPAHCIUPOBATHCS
6e3 nporecroB IWTEX2e 1 cooOIIeHMIT 0 KPATHBIX U HEOIIPEJIEJIEHHBIX METKAX, OOJIBIINX [T€PEIIOJTHEHHBIX
U He3aIoJIHeHHbIX Ookcax. He ciemyer ompenesisitTh MHOINO HOBBIX KOMAH[I, M300peTasi COOCTBEHHBIH
cJIeHT. ABTOPBI MOTYT MOJINPY2KATh APYIHe CTAHIAPTHBIE CTUJIEBbIE TAKETBI, HO TOJBKO T€, KOTOPHIE He
BXOJISIT B IPOTHUBOpedne ¢ makeramn amsmath u amssymb. EcrecTtBenno daiisr, KpoMe BCEro mMpotvero,
JIOJKEH OBbITH MPOBEPEH HA OTCYTCTBHE I'PAMMATHYECKUX M CTHIUCTHIECKHX OMmOOK. Crarbu, He
V/IOBJIETBOPSIOIIIE ITUM TPeOOBAHUSIM, BO3BPAIIAIOTCS Ha JI0PabOTKY.

OTaJIoHHBI 00paser] paboThl ¢ JeMOHCTpalueil rpadukn, ¢ mpeaMOy/Ioil yCTpanBaloIeil PeIaKkIinio,
CIUCKU TUIWYHBIX OMMUOOK 0(POPMJIEHUsST U METOJIbI UX YCTPAHEHUSI MOYKHO MTOJIYIUTh B PEIAKIN WK
Ha caiire KasHY um. anb-®apabu http://journal kaznu.kz.

7. I'padudaeckne daitiabl ¢ pucyHKaAMU TOJKHBI OBITH TOJBKO KAYECTBEHHBIMA YepHO-0estbiMu B (hbopmare
.eps , OO0 BBITTOJTHEHHBIME B JIATEXOBCKOM (popmaTe. Pucynku B 3Tux popMarax JeIaioTcs, HallpuMep,
C TIOMOTIIHIO MOIIHBIX MaTemaTudecknx maketoB Maple, Mathematica wiu ¢ momombio makera Latex-
cad. KagecrBennbie rpacduueckue paitiibl clie/laHHbIE IPYTUME IPAPUIECKIMI ITPOIPAMMAMHY JTOJIXKHBI
OBITH CKOHBEPTUPOBaHbLI B (popmar .eps ¢ nomoibio Adobe Photoshop miu komeeprepa Conver-
sion Artist. Bce pucyHKEM JO/IKHBI OBITH y?Ke€ UMIOPTUPOBAHHBIMU B tex-hailyl U MpeIcTaBIIsIIOTCS
B PEIAKIMI0O BMECTE€ C OCHOBHBIM aitioMm crtarbu. |'paduiaeckme (OPMATHI,OTIUIHBIE OT BBIIIE
YKa3aHHBIX, OTBEPIaIOTCS.

Penaknust BopaBe oTKasaTbCs OT BKJIIOYEHHUsI B pabOTy PHUCYHKA, €CJIA aBTOP HE B COCTOSHUH
00eCIIeInTDh €ro HaJjIesKaliee KadecTBo.

YBarkaeMble UnTATEIH, BBl MOYKeTe MojnucaTbes Ha nam )Kypaaiu "Becrank KazsHY. Cepust maTemaruka,
MexaHuka, nHdopMmaruka’, kKoropbiii BKiodeH B karajgor AQO "Kasmoura""TASETHI U >KYPHAJIBI".
KomuuecTBo HOMepoB B ro — 4. HjieKe J1jist MHAMBULyaJIbHBIX HOIIIUCINKOB, IPEIIIPUITUA U OPraHU3aIUuil —
75872, monmucHasd 1ieHa 3a rof, — 1200 TeHre; WHAEKC JbIOTHON MOIUCKH JJIsI CTYJIEHTOB — 25872, moanucHast
IeHa 3a 1oj1 Jiyisd ctyaeHToB — 600 Tenre.
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