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AKAJEMHUK HAJUPOB - 'OPJOCTb HAYKH

Ha 90-m rony y1mien u3 )KM3HH BBIAIOLIUICS YUEHBIH, TAJIAHTIMBBIA OpraHU3aTop Hay-
KM, OOIIECTBEHHBIN JesITelb, peKpacHblil yenoBek, akajgeMuk Hamgupos Haamp Kapu-
MOBHY. BONBIIMHCTBO Ka3axCTaHLEB 3HAET 3TO MM, XOPOIIO M3BECTHOE B COBETCKOM U
MHUPOBOI He(Tera3oBoil HayKe U HHAYCTPHUH.

«YBaxkaembit Hagup KapumoBuy, Bamn sku3HEHHBIH MyTh AEMOHCTPUPYET T€ OrPOM-
HbIE BO3MOJKHOCTH, KOTOpBIE OTKpbIBaeT 3eMist Kaszaxcrana, Hama obmias Ponuna s ge-
JI0BeKa J1I0001 HAIMOHAIBHOCTH, HAaJECJICHHOTO TPYAOIIO0MEM, TAIAHTOM M 3HAHUSMUIY, —
MOAYEPKUBAI, MTO3IPABIIsisl HALLIETO KOJUIETY ¢ ouepenHbIM o0uneem, [lepsorit [Ipesnaent
Pecny6nuku Kazaxcran — Enbacet H.A. Hazap6aes.

Penxo o koM 13 y4eHBIX IPH KU3HU TOBOPAT: «OCHOBaTEIb, 0CHOBOIIOJIOKHHUK, Nep-
BONPOXO/ell, eANHCTBEHHBIN, ePBBIii, BIIEPBbIE...», a HAalll KOJIJIETa BCELEJI0 COOTBET-
CTBOBAJI TAKUM 3aBUIHBIM OIPEACICHUSIM.

Hamup Kapumosuu HagupoB — yuensiii-HeTexumMuk, HedrenepepaboTunk, HedTs-
HUK — XOPOILO W3BECTEH, UM TOPASATCS MUPOBasi M Ka3axcTaHCKas HedTerasoBas Hayka U
UHAYCTPUS.

Hanup Kapumosuu 3anoxun ocHOBBEI HeTsiHOHM Hayku Kazaxcrana. OH aBTOp MHOTO-
TOMHOH HedTera3zoBoil sHumKiIoneaun — oosee 30 monorpadwuii, cpime 1400 HayyHBIX
nyonukanuuii, 10 yaeOHbIX mocoOuii. beut HaydHBIM KOHCYJIBTaHTOM 12 HOKTOPCKHX M Ha-
YUHBIM pyKoBoAMTEIEM cBbIle 50 KaHAMJATCKUX AUCCEPTALUN MO TEXHUYECKUM, XHUMH-
YEeCKUM, (PU3NKO-MaTeMaTHYeCKUM, OMOJOTHYECKUM, SKOHOMHYECKUM, MEAarorn4ecKuM
HayKaM.

Bwmecre ¢ koyuteramu OH CTajl aBTOPOM IIECTH HayYHBIX OTKPBITUH, UMeET cBbIe 250
MaTEHTOB U aBTOPCKHUX CBUIETEIBCTB.

3namenutsie MoHorpaduu ydenoro «Hedprp u raz Kazaxcrana» (B 1Byx Tomax) u
«BbIicokoBsI3KHe He()TH U IPUPOIHBIE OUTYMBI» (B IITH TOMaX ), CEpUU KHUT 110J pyOpu-
kamu «HoBbie HepTn Kazaxcrana u ux ucnosab3oBanue» (8 xuur) u «Hedredurymu-
HO3HbIE MOPOAbI» (6 KHUT) CTaJId HACTOJbHBIMH KHUTAaMH CIIELUATUCTOB OTPACIH BO BCEM
mupe. brarogaps nposopnusoctu H.K. Hanuposa B Kazaxcrane emie B 1980-¢ rr. Bepsbie
ObUTM Ha4yaThl HAYYHO-IIPOM3BOACTBEHHBIE PaOOTHI 1O A0ObIUE, TPAHCIIOPTUPOBKE U Mepe-
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paboTke HepTEOUTYMUHO3HBIX IOPOJI; MUPOBOE MTPU3HAHKE ITOTYUHIIN €r0 Hay4HbIE TPYAbI,
B TOM YHCJIE [0 KOMIIJIEKCHOMY HCCIICAOBAaHHIO YIIIEBOJOPOIOB, BHICOKOBS3KHX HEPTEH H
MPUPOIHBIX OUTYMOB, paJlallMOHHON epepaboTke He)TH U T.1.

H.K. Hagupos B 1976 1. 6b11 m30pan uieHom Haywnoro coera no Herexumun Axa-
nemun Hayk CCCP, a B 1982 . — unenom HayuHoro coBera 1o karanusy AKaaeMHUH HayK
CCCP u ycreniHo npeacTaBiisul HEOObITHYIO HEQTAHYIO HayKy B JIByX Ha3BaHHBIX Hay4-
Heix coBerax AH CCCP. B 1991 1. emy 0bu10 npucBoeHo 3Banue «lloueTHbI HEPTIHUK
CCCP». B 1983 1. 3a Gonpmioii Bkiaaa B pOpMUPOBaHUE M pa3BUTHE HAYKH, OCOOCHHO He-
¢rerazoBoro komiiekca Kazaxcrana, Hanup KapumoBnd, eanHCTBEHHBIH (0 CHX TIOp) U3
Yuciaa yYeHBIX-He(PTEXUMHUKOB, ObUT M30paH JEHCTBUTEIBHBIM WICHOM AKAJIEMUH HayK
Kazaxckoit CCP.

UpesBbIyaitHo mupoka Obuia opranuzauuoHHast aestenbHocts H.K. Hammposa: kak
npopekTopa Kazaxckoro XHMHKO-TEXHOJOTMYECKOTO0 HWHCTUTYTa IO HaydyHOW pabore
(r. Ynmkent, 1968-1975 rr.), aupexropa MHcTuTyTa XUMHM HEDTH M MPUPOAHBIX CONEH
(r. I'ypwes, HelHE ATbIpay, 1975-1984 rr.), maBHOrO yueHoro cekperaps Ilpesuanyma u
wiena [lpesunnyma Axanemuu Hayk Kazaxckoit CCP (1. Anma-Ara, 1977-1986 1r.),
pykoBogutens Kazaxcranckoro ¢unmana Bcecoro3Horo Hay4HO-HCCIIENOBATENBCKOTO WH-
cruryta He1u (1987-1996 rT.). C 1997 1. 0H ObLIT 6eCCMEHHBIM IEPBBIM BUIIE-TTPE3HICHTOM
HaunonansHoii unxenepuoit akagemun PK u unenom CoBeta npe3uaeHToB MexnyHapo-
HOM WH)KEHEpHOM aKaJeMuH, TeHepaJbHBIM JHUPEKTOPOM HayUHO-WHKEHEPHOIo IEHTpa
«HedTts» HUA PK.

V>ke He OJJHO TIOKOJICHHE KOJIer-He(DTSIHUKOB (OT CTYIEHTOB JI0 aKaJIeMHUKOB) CUATAIOT
Hanupa Kaprumosuua «OTIoOM KazaxcTaHCKOH He(TAHON HAyKm».

B 1991 r. Hagup KapumoBr4 oHMM U3 MEPBBIX BOLIEN B YKCIO 26 yupeaurenen MH-
JKeHepHoH akagemun Kazaxcrana, B cTeHax KOTOpoil MbI ripopaboranu Bmecte 30 net. S He
pa3 TOBOPMII U MUCAJl O HEM B TIpecce: 3TO aOCOIIOTHO HAAEKHBIN Kouiera, OJM3KUH YT,
MPUPOKIACHHBIN e, To0eanTeNns. He ToIbKo B HAyyHOM MUpE, HO U B LTUPOKOM COLIHY-
Me M3BECTHBI €ro NpodeccuoHanbHasi HHTYHINS, PAa3HOILIAHOBBIE HHTEPECHI, PEAKHIA J1ap
MIEPBOIPOXOIIa BO MHOTHX HAIlpaBIEHUIX.

Heouenumel nuunble kauectBa Haampa KapumoBuua — mpupoaHas OfapeHHOCTh U
YEeCTHOCTB, JTF0003HATENLHOCTh HCTUHHOTO YYEHOT0, TAKTHYHOE BHUMAHUS K KQKJOMY, KTO
psaaom. BesrpaHuvHoOe CiTy)KeHHE HayKe MO3BOJISUIO eMy 0e301IM00YHO BEIOUPATh U JIOCTH-
rathb OCTaBJICHHBIE [IEJIN, IOPOI HarepeKop KpaiHe HeCIpaBeUIMBBIM 1 CYPOBBIM 00CTOSI-
TEJbCTBAM.

MoutHbIM 1 MPaKTHYECKH HE UMEIOIIMM aHAJIOTrOB BKJIAJOM B MUPOBYIO HayKy U OCO-
OCHHO B Ka3aXCTaHCKUI He(Tera3oBbI WHTEJUICKTYyaJlbHBIH MOTEHIMAN cTtand MexTy-
HapoaHble HayyHble Hanuposckue urteHusi «Hay4Ho-TexHOJIOTHYeCKOe pa3BHTHE
HedTerazoBoro KomMiuiekca». @opymsl yxe 12 pa3 ycnemHo npolig B BeAyIIUX YHUBEp-
CUTETax CTpaHbl.

Axanemuxk H.K. HagupoB OblT XOpOIIO M3BECTEH U CBOEH IIMpOYANIIEH »pyaurueit
B cepe KyIbTyphbl OOIIECTBEHHOW esATeIbHOCThI0. bt unenom Accambiien Hapona Ka-
3axcTaHa C MOMEHTa ee Co3laHus, pykoBoaureneM Accormanuu «Berbang» xkypaos PK B
1997-2003 rr. O cBoeit HacwleHHOM xu3HKM Hanup Kapumosuy cam pacckasain B IByX Iy-
OonmuuucTrdeckux MoHorpadusx: «Msl, Kypabl-kazaxcTaHubl (AnmMarsl, 2003) u «Pa3-
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HHMIIa BO BpeMeHH, uin McToprnyeckne MOBOPOTHI: 3K3aMeH HA MOPAAOYHOCTBY (A-
Matsl, 2008).

Bce 310 — numibp Manast gacTh Onorpaduu Hallero BHLAAIOLIETOCS COBpEMEHHUKA. Bu-
HBIH Y4eHbII ¢ MUPOBBIM UMEHEM, KoJulera, Ipyr u HactaBHUK Hanup Kapumosuu Hanu-
POB HaBCerJa OCTAHETCS B HALLIUX MBICIIAX, JI€]aX U CEpALax.

Jlenymam Cenama Ilapramenma Pecnyonuxu Kazaxcman
Ipezudenm HayuonanbHoll uHdiceHepHoll akademuu
Pecnybruxu Kazaxcman, akaoemurx

b.T. ZKymazynos
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NUMERICALIMPLEMENTATION OF ANONLINEAR MODEL OF FLUID FLOW
IN A HIGHLY FRACTURED MEDIUM BY THE FINITE ELEMENT METHOD

The paper presents the research results of the iterative method for solving the nonlinear problem of
fluid flow in highly porous fractured formations, carried out within the framework of the grant project
of the Ministry of Education and Science of the Republic of Kazakhstan No. AP08053189. It is assumed
that the fluid flow process in the indicated medium is described by a nonlinear fractional differential
equation of anomalous diffusion containing fractional order derivatives in the sense of Caputo-Fabrizio's
definition. The first order approximation formula of the fractional derivative is obtained and its properties
are investigated. A semi-discrete (with respect to time) and fully discrete finite element schemes of the
second order with respect to the spatial variable and the first order with respect to time are constructed.
An iterative Newton method is constructed for solving a fully discrete nonlinear equation that occurs at
each time step after discretization. The convergence of the method is studied and sufficient conditions for
the quadratic convergence of the Newton method are obtained. The results of the theoretical analysis are
confirmed by the results of a number of computational experiments.

Keywords: fluid flow in porous media, finite element method, fractional derivative in the sense of
Caputo-Fabrizio, Newton's method, convergence, computational experiments.

Introduction. For a long time, it was believed that the theory of Muskat-Leverett
most fully describes the process of fluid flow in porous media. However, as shown in [1],
this theory is not quite adequate in the case of fluid flow in fractured media. On the other
hand, it is well known that fluid flow in natural media is usually nonlinear due to the high
inhomogeneity of porous media. In such cases, the classical rheological Maxwell, Kelvin-
Voigt, or Zener equations do not fully describe the process and require a transition to their
fractional differential analogues [2]. In mathematical models of the fluid flow process,
fractional order derivatives in the sense of Caputo [1], Riemann-Liouville [2], Caputo-
Fabrizio [3], and others were used. The problems of fluid flows, where their dynamics
are influenced by a fractured-porous medium and memory effects, are described by the
fractional-order integro-differentiation theory in [2, 4]. In [2], several models were proposed
to describe fluid flow processes in complex fractured-porous media containing fractional
Riemann—Liouville derivatives in time and space. For single-phase flow, a nonlinear
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pressure equation containing fractional Riemann-Liouville derivatives in time is obtained, a
fractional-differential modification of Darcy's law is proposed, and a fractional-differential
equation for anisotropic fluid flow is obtained. A fractional-differential modification of
the Barenblatt-Gilman model for nonequilibrium two-phase countercurrent capillary
impregnation is also proposed, taking into account the effects of power memory when the
system relaxes to a local equilibrium state. The classical equations describing the motion
of a fluid in a porous medium in [1, 5] were rewritten taking into account the memory
formalism using the fractional derivative in the sense of Caputo. The main contribution
of [5] is that for the two-phase flow of an incompressible and immiscible fluid in porous
media, fractional derivatives of various orders in the Caputo sense with a variable lower
limit in fractured and matrix regions were applied, and a two-level discrete time method was
also introduced and developed. In [6], a nonlinear two-dimensional orthotropic fluid flow
equation with a fractional Riemann—Liouville derivative in time is considered. In [3], the
phenomenon of longitudinal dispersion in the flow of two miscible fluids through a porous
medium is studied using the Caputo-Fabrizio fractional derivative.

It is known that the derivative considered in [1] has a degenerate singular kernel which
makes it difficult to apply approximate methods for its solution. Later in 2015, a new
derivative in the sense of Caputo-Fabrizio appeared which is devoid of these shortcomings.
The latest features of the Caputo—Fabrizio fractional derivative operator provide more
realistic models that help one better adjust the dynamic behavior of real phenomena, as
discussed in [1, 3].

Due to the complexity of the application of analytical methods for obtaining solutions
to fractional differential equations, the main method for solving such problems, especially
nonlinear ones, remains numerical methods. There are many works devoted to the development
and study of finite difference methods with various approaches of discretization of fractional
derivatives [8, 9]. Other numerical, in particular, finite element [10, 11] and finite volume
[12, 13] approaches are also being developed. Fully discrete nonlinear problems are usually
solved by various methods. For example, the Newton's iterative method [14, 15], first-order
linearization schemes [16], or the Jaeger-Kachur scheme [17].

The aim of this paper is to prove the applicability of the Newton's iterative method
for solving a nonlinear differential equation of fluid flow in highly fractured media
with a fractional derivative in the sense of Caputo—Fabrizio's definition. We propose a
finite element method for implementing a one-dimensional nonlinear fluid flow model
in fractured media. Semi-discrete and fully discrete schemes of the second order with
respect to the spatial variable and the first order with respect to time are constructed.
The Newton's iterative process for solving nonlinear systems of algebraic equations
arising when implementing a fully discrete scheme at each time step is constructed.
The convergence of the method is analyzed and sufficient conditions for its quadratic
convergence are obtained.

Model of fluid flow in a fractured porous medium. In the classical theory of fluid flow
in porous media, the continuity equation under the assumption of a single-phase flow of an
isothermal fluid in a homogeneous porous medium has the form

d,(¢p)+V-(ptr)= f, (1)
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where ¢ is the porosity of the medium, p is the fluid density, {j is the velocity vector, f'is
density of mass sources. One approach to modeling fluid flow in a fractured porous medium
is to replace the specified medium with some model homogeneous porous medium with
power-law memory. Due to the fact that porosity depends on the pressure of the fluid and
on the stress-strain state of the medium, which exhibits viscoelastic properties, it can be
concluded that porosity is a function not only of pressure, but also of'its fractional derivative
or fractional integral [2]:

0=0(p.95,p), ae(-11), )

where the operators of fractional differentiation and integration in the sense of the Caputo-
Fabrizio's definition [18, 19] are defined as:

y.u( _n VJ.u exp( Vr:i]:/_l(t—‘t))d’t, n-1<v<n, neN,
Ly u(t)= ———— 2(1 v) +VJ dt, 0<r<1, neN,

where M = M(r) is a function such that M(0) = M(1) = 0. In addition, the following fractional-
differential generalization of the classical state equation is proposed in [20]:

p=p(p.95,p), Be(-L1). 3)

To account for the effect of fractures on the fluid flow process, several generalizations of
linear Darcy's law are known. For example, in [1], the motion law is generalized under the
assumption that the permeability decreases with time, and therefore the influence of fluid
pressure on the flow in a porous medium at the boundary slows down, and the flow occurs as
if the medium had a memory. On the other hand, a fractional Darcy law with spatial memory
based on the Riemann-Liouville fractional derivative is proposed in [7]. In this paper, the
subdiffusion law of motion is chosen as follows:

Vp

~@(35 (VP g

1<(0.1), )

which can be used to describe fluid flow in natural fractured-porous media, in which the
fractures are distributed on average evenly over the volume [2], where ®(z) is a given
function. Substituting (2)-(4) into (1), we obtain the following nonlinear fractional
differential equation for the flow of a viscoelastic fluid in a fractured-porous medium under
the assumption of a small pressure gradient:

(!, (V
¢(Cf1+C¢1)atp+¢c¢o¢ag;lp+¢Cfﬁagxlp_v'[va]: fov (5)
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h f_f ¢ SEL C =10 lassical isoth 1 ibility of a fluid and
- TN 5 0L T t t
where fo =" 5 En =05, B T g gp are classical isothermal compressibility of'a fluid an
. _1 op 1 90 . . .
a porous medium, and Cp = ————~, C,, = ——— are their generalized fractional-
pa(ao:‘ p) ¢ a(aOtp)

differential isothermal counterparts [2].
Let us study the special one-dimensional case of the model (1)-(4) in more detail. In
Q =Qx [O,T] , where Q = (0,1), consider the initial boundary value problem

3 p+Cp, 95 p+Cdb P -k (@(97,(p,))) =T >0, xeQ, (6)
p(x,0)=py(x), x Q] (7
p(0,t)=p(Lt)=0, t>0. (®)

First, we define a variational formulation of the problem (6)-(8).

Problem 1. Find p € Hl(O,T; Hé(Q)) , such that for any ve H; (Q) :
(0,P.V)+ Ty (957 PoV) + Ty (57 PV + E(np(agt (px)),vx) =(fv), O

p(x,0) = p, (x), (10)

where a € (-1,0), B € (-1,0), vy € (1,0).
Throughout the paper, we use the following assumptions:
(A1) The problem (6)-(8) has a unique solution that has the number of derivatives
required to perform the analysis.
(A2) The function @: R — R is a differentiable real-valued function defined on Q, such
that
®’(z)2c, >0, zeR, (11)

@(z,)-®(z,) <L |z, -2], L, >0, z,7,€R (12)

(A3) The initial condition p° is bounded and positive.

Semi-discrete and fully discrete formulations of the problem. Introduce a partition
of the time interval [0, T] by the points . = nt, n = 0,1, ..., N, Nt = T. To determine the
semi-discrete formulation of (6), (7), we derive the approximation formula of the fractional
derivative in the sense of Caputo-Fabrizio's definition.

Lemma 1. The discrete analog of the Caputo-Fabrizio fractional derivative of order v
can be represented as:

9y, P(t,)=Ag,p(t,)+r’, 0<v<l, (13)

n!
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p(tn)=§8z,s(ps -p), (14)

where p* denotes a finite-dimensional approximation of the function p at pointz =7,

exp(-0,t,) max p”(t)|r.

3v ostst,

v
n

exp(c 7)-1
v

SV

_ v
exp(—(n-s+1)o,1), 0, = -

Define a semi-discrete formulation of the problem (6)-(7):
Problem 2. Let the value of p"™ € Hy(Q) be known. Find p" € Hg(2) such that for
allve Hg (Q) :

pn - pnil o+l B+1 Y AN - ra
(__?__,] (8300 )0 (Al ) (@A) )= (B, as)

p° = Py (x), (16)

where a € (-1,0), B € (-1,0), y € (1,0).
To formulate a fully discrete problem, we define a discrete space V, = H;

Vv, :{vh e Hy (Q )mCO( ) | v,l.eP(e), Vee Kh},
where K, is the quasi-uniform triangulation of Q. Let I1, be the L* — projection operator,
such that (TT, p— p, p,) =0, Vpe L' (Q), p, eW, .
Problem 3. Find Pr € Vs ,n=1.2,.., N, satisfying

n_ pnl
(ph Tph ’Vh} (Aa+lph’vh)+cfﬁ (AB+lphvVh) ((D(Agvt prr‘]!x)’vh'x):(

o) (17)

Py =TI, p,, (18)

for any v, € V, where a € (-1,0), B € (-1,0), vy € (1,0).

Previously, the authors proved the following theorems in the special case
D(p) = no(xt)+y(xt).

Theorem 1. Under the conditions (A1)-(A3), the following inequality holds:

2 n
o+ 2 o(e)-

where ¢, = min{c,,8%;",C,,857 ud!, } .

[p(t,)- <ct,

Theorem 2. Let pe Cl([O,T], Ho (Q)nH? (Q)) , P €V, and Py =TI, P, . Then there

exists T, > 0 such that for all t < 1, the following inequality holds:

[p(t,)- il %Ilp(tn)— o, sc(t+n?),

where ¢, = mln{ 871t Crpdnt ! }

b nd !
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For the more general case of ®@ considered in the paper, the method converges only with
the first order in the spatial variable with an additional restriction on the diameter of the
triangulation.

Implementation of the Newton's method. In this section, we present a Newton's
method for solving the nonlinear problem (6)-(8). Rewrite (15), using (14):

CoP(p" - p”‘l,v)+rIZ(d>(6}(Yn p" + H;"B),vx) =(F,,v), (19)
where
n-1
Cob =1+1821C,, + T )iTp, HEP = =87 Q‘1+26§y5(pj— Py,
F =1, S50 (0 - pt) Tcmzsw( g,
s=1

Denote the i-th iteration by p™ and, limiting ourselves to the first two terms in the Taylor
expansion of @, we obtain

CeP(p™ = ptv)+
+1k (@ (8], pp ™+ HE?)+ 31, (2 - p o By, pi + HEP) v, ) = (F,v). (20)

Lemma 2 [14]. Let f: R — R be a differentiable function, and f'(-) be Lipschitz
continuous. Then

. Lf' 2
[100= ()= MOy, = Ix-vly, ey R
where L, is the Lipschitz constant.
Theorem 3. Under the conditions (A1)-(A3), the following inequality holds:
Cr
| 0o h5 |
Proof. Subtracting (20) from (19), we obtain the following identity:

n n,i n

2 . 4
+ -
0 T p 0

p-—p px px p

Cﬁ;ﬁ(p” - p”'i,v)+1IZ(CI)(8§'n p! + Hr?"ﬁ)—CI)(éSY plit+ H;"B)—

=57, (P = Py )@ (87,1 + HEP) v, )+ 1k (8, (P =y ) (87, Py + HEP v, ) =0
Denote ¢"' = p" — p™ and choose v = ¢"':
CoP(e™, "')+tk( (81, p7 +HP)— (8] pp ™+ HP) -

— 81 e (81, prt HE) et )+ 7k (87 0" (81, p + HEP) e') = 0

Using assumption (A2) and Lemma 2, we obtain
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. L, .
cob e +1ke, 87, [ler <1:8y K| —=ler "1|2 eMldx <
n,t 0 Q 2 X
- y N, 2 n,i-1 4 y L, n| 2
<8C 87 ok (Lo ) [y * 1:6
which yields
S o e T e A (Y S W
T o C (@)

4
Using the inverse inequalities ||V||L4(Q) <Ch ¢ ||V||L2(Q) and ”Vx "o <Ch™ ||V||0 , we obtain

en,i—l||4
X 0

1

ﬂ i

k6y

0 0

which concludes the theorem. Ct
It follows from the theorem that if a sufficient condition is satisfied 3

the quadratic convergence of the Newton's method is achieved.
Computational experiments. To check the accuracy of the scheme (20), a number of

computational experiments were carried out on the example of two model problems.
Example 1. Consider the equation

A p+0ip+alitp— (arctan (0%, (p, )))X =f,t>0, (1)

n_ pn,i—1||2 <1

0

p

Cekp (o +1)t/a) - exp(t/2) . exp((B +1)t/) - exp(U/2) exp(t/2)
& a+?2 B+2 2
) 2(y + 1)(exp(ty/ (v -1))-exp (t/2))

(exp (t) - 2exp(ty/ (v —1) + U2) + exp(2ty/ (v - 1)))(4x2 —Ax+1)+y? +2y +1

£ (1) = x(x-1) [ é

with the initial and boundary conditions
p(x,0)=x(1-x), x LQ) p(0,t)=p(L,t)=0, t>0, (22)

where o € (-1,0), B € (-1,0), v € (1,0). The exact solution of the problem is p(X,t) =
=X(1-x)exp(t/2) .

Example 2. Consider the equation
o p+a5ip+asip— (arctan (03, ( px)))X =f,, t>0, (23)
1 -1 1 -1 Ul
[elp ((a +1)t/a +1) L &P (B+1)up) =

where f, (x,t) = sin(mx)exp(2 —t)g 2a+1 2p+1 =

2y - 1)5|n(nx)exp(2+t)(exp(ty/(y 1)+t)- 1)

+
i cos(mx)* (exp (2tyr(y -2)+ 2t +4) - 2exp(ty/ (y -1) +t +4) + exp(4)) +exp(2-1)(4y* -4y +1)
with the initial and boundary conditions




Alimbekova N. B. Numerical implementation of a nonlinear model of fluid ... 15

p(x,0)=sin(nx), x [Q] p(0,t)=p(L,t)=0, t>0, (24)
where a € (-1,0), B € (-1,0), vy € (1,0). The exact solution of the problem is

p(x,t) =sin(mx)exp(2-t) .

In tables 1 and 2 errors values for different values of the parameters oo = —0.5, f =—0.5,

y=0.5 are shown.

Table 1 — Convergence of the Newton method for the Example 1,
with a=-0.5, 3 =-0.5,y=0.5, h = 0.05, = 0.025.

t=0.025

t=0.05

t=0.125

t=05

t=1

2.5824682-10°!

1.6148931-10!

3.4512562-10

1.3654528:10°

9.0365485-10*

2.5559525:10°

1.3654821-10°

2.9604762-10*

6.6548218-10°

9.6542582-10¢

1.5852454-107

9.1236548-10*

9.6548924-10°

5.5852454-10"

6.9655420-10°1°

7.2354156-10"

Table 2 — Convergence of the Newton method for the Example 2,
with o =-0.5, B =-0.5,y=0.5, h = 0.05, = 0.025.

t=0.025

t=0.05

t=0.125

t=05

t=1

2.6352452-10"

1.6525215-10"

2.3256012-10

1.22565215-10°

1.3295214-10°

1.96532541-10°

1.6521562-10°

1.0215921-10*

1.2159852:10°

1.5625921-10°

5.3562548-10%

4.3832568:10°®

4.3255489-107

9.3265802-10°1°

5.6254862-10°1°

Conclusions. Thus, a finite element scheme is constructed for the nonlinear fractional-
differential equation of anomalous diffusion, which describes the fluid flow process
in highly porous fractured formations, containing a fractional derivative in the sense of
Caputo-Fabrizio. An approximation formula of the first order of the fractional derivative is
obtained and its properties are investigated. The order of convergence depends only on the
sampling parameters. At each time step, the resulting nonlinear algebraic systems are solved
by Newton's method. In addition, a sufficient condition for the quadratic convergence of the
Newton scheme is obtained. To confirm the theoretical results, two numerical examples were
presented. The empirical convergence agrees well with the theoretical estimates. Based on
the theoretical results and numerical experiments, we conclude that the presented numerical
scheme is effective and can be used for effective modeling of fluid flow problems in highly
porous fractured formations.

The work was supported by grant funding of Ministry of Education and Science of the
Republic of Kazakhstan, grant No. AP08053189, 2020-2022.
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H. b. AJIHMBEKOBA

Capcen Amandconog amvinoaes Lllvizeic Kazaxcman yHugeepcumeni,
Ockemen, Kazaxcman

KOF APBI ’KAPBIKIIAJIBI OPTAIA CBI3BIKTbI EMEC ®UJIBTPALIA
MOJIEJIIH AKBIPJIBI SJIEMEHTTEP 9AICIMEH CAHZBIK KY3EI'E ACBIPY

Makanaoa KP BoctfM  epanmmuis  xapocviranovipoiizan  AP08053189  acobacwt  ascevinoa
JHCYpeizieen KeyeKminil Hco&apvl HCapblKUaibl Kabammapodsesl Cbl3blKmbl emec Quivmpayus ecedin
wewtyoiy umepayusanslk 20icin 3epmmey Hamudicenepi ycvinvliean. Kymvicma kepceminzen opmaoazvl
Gurempayus ypoici Kanymo-@abpuyuo magbiHacblHOabl 66auex pemmi myblHObLIApbl 6ap aHOMAlb-
Obl Ouphysusinbly col3blKMbL emec 6oaueK-OUp@epeHyuanloblK meyoeyimen cunammanadvl oen 6oxica-
Haowl. bonwex myviHOviHbIY OIPIHWI pemmi JHCYLIKMAY GOPMYAACHl ANbIHObl JCIHE OHBIY Kacuemmepi
sepmmendi. Yaxolma Kamvlcmvl HCaApmuliail OUCKPEmmi JCoHe KeHICMIKMIK QuHbIMAaibl OOUblHUA
eKiHWi pemmi JcaHe YaKvim OOUbIHWA OIpiHwi pemmi monvleblMeH OUCKPemmi aKblpibl-21eMeHmmiK
cynba Kypwiiool. Jluckpemmeyoen Keilin ap yawlm KadamblHOA navoa 60namvlH mMoablk OUCKpemmi
CbI3bIKMbL emec menoeyoi wewty yuwin Hotomonnviy umepayusnvlx 20ici Kypwiiovl. Kunaxmuliviy
Mmaceneci sepmmendi scane Hoiomon a0iCiniy K6aopammulK HCUHAKMbLIbIEbIHLY HCCMKLLIKIME WUapmmapbsl
kenmipindi. Teopusnvlk manday Hamudicenepi Oipgkamap ecenmey 5KCHePUMEHMMEPIHIY HamudcerepimeH
pacmanaowi.

Tyiiin ce3dep: Kkeyekmi opmadazvl CYUbIKMBIKMbIY A2bIHbL, AKbIPIbL dnemeHmmep 20ici, Kanymo-
Dabpuyuo MagbinackIHOazbl 6OIUEK MYbIHObL, Hblomon 20ic, JICUHAKMbLTLIK, ecenmey dKCnepuMeHmmepi.

H. b. AJIHMBEKOBA

Bocmouno-Kazaxcmanckuii ynueepcumem umenu Capcena Amamndiconosa,
Yemuv-Kamenozopck, Kazaxcman

YUCJIEHHAS PEAJIN3ALIVA HEJJMHEMHOM MOJIEJIA ®UJIBTPAIIUA B
CHWJIBHO TPEIHIMHOBATOM CPEJIE METOJIOM KOHEYHBIX JIEMEHTOB

IIpedcmasnenvi pe3ynomamul UCCIE008AHUAL UMEPAYUOHHO20 MEeMOOA peuleHUs HeTUHEeHOU 3a0aiu
Gunvmpayuu 8 CUTLHONOPUCIIBIX MPEUWUHOBAMBIX NAACMAX, NPOBOOUMO20 8 PAMKAX SPAHMOB020 NpO-
exma MOH PK AP08053189. B pabome npeononazaemcs, umo npoyecc Quibmpayuul 8 yKasanHou cpeoe
ONUCHIBACMCS. HETUHECTHBIM OPOOHO-OUpDepeHyuaIbHbIM YPABHEHUEM AHOMANLHOU Oud@y3uu, cooep-
arcauum npouzeooHvlie 0pobHo2o nopaoka 6 cmvicie Kanymo-@aodpuyuo. Ionyuena annpoxcumayuonnas
Gopmyna nepeoco nopsioxka OpooHOU NPOU36OOHOU U UCCTe008aHbL ee ceoticmaa. TTocmpoenvl nonyou-
CKpemHas, OMHOCUMENbHO 8PEMEHI U NOTHOCMbIO OUCKDEMHAS KOHEUHO-2NIeMEHMHble CXeMbl 8MOPO20
NOPAOKA NO NPOCMPAHCMBEHHOU NEPEMEHHOU U NEP8020 NOPsLOKa no epemenu. [locmpoen umepayuonnbviil
memoo Hviomona 0na pewenus NOIHOCMbI0 OUCKPEMHO20 HENUHENHO20 VPAGHEHUs, GOZHUKAIOWe20 Ha
KAadcOOM BPEMEHHOM waze nocie ouckpemusayuu. Mcciedoean 6onpoc o cxooumocmu u npugedetsi 00-
cmamounvle YCa08Us Keaopamuunou cxooumocmu memooa Heromona. Pe3ynemamul meopemuueckoz2o
ananuza noOMeepIHcOarmcst pe3yIbmamamu psioa GblYUCTUMETbHBIX IKCNEPUMEHNO8.

Kniouesvie cnosa: meuenue dcuokocmu 8 NOPUCMbIX cpedax, Memoo KOHEUHbIX d1eMeHmos, OpooHas
npouzeoonas 6 cmvicie Kanymo-@abpuyuo, memoo Horomona, cxooumocms, guluuciumenvHoie IKCnepu-
Menmbi.



YIK 519.6.517.3
https://doi.org/10.47533/2020.1606-146X.108

A. b. KAKEBAEB, J]. C. ATAJTAEBA*, O. /1. KAPYHA

Kazaxcxuii nayuonanvnulii ynusepcumem umenu anib-Dapabu,
Anmamut, Kazaxcman
e-mail: agadaeva.dilyara@gmail.com

METO/J LB JIs1 MOAEJIUPOBAHUS TPEXKOMIIOHEHTHOI'O
MHNOTOKA KUJIKOCTH

B 0annoii cmamve paccmampueaemcsi YUCiIeHHoe peuierue 3a0aqu Heycmouuugocmu Panes-Tainopa,
603HUKATOW el NOO Oelicmeuem CUbl MANCeCTu 05l MPEXKOMNOHEHMHO20 NOTOKA HCUOKOCTU NPU yyeme
CUl NOGEPXHOCMHO020 Hamsvicenus. Hccnedyemvlil npoyecc paccmampueaemcs 6 02panudenot ooniacmu,
umerowjeli popmy npsmoyeonvruxa. I1110mHocnb KOMIOHEHMOE HCUOKOCHIU MAKO6a, Ymo: p, > p, > p,.
Mamemamuyeckas mooenb, NOCMPOEHHAsL O ONUCAHUS YKA3AHHO20 NPoyeccd Oisk MpexXKoOMROHEeHIMHOU
JrcuoKocmil, ocHosvigaemces Ha ypaswenuu Hasve-Cmoxca 0ns Hecocumaemoll Jcu0KoCmu u ypagHeHuu
Kana-Xunnuapoa. Yucnennas mooens cmpoumces na 6aze LBM (LBM — Lattice Boltzmann method) ¢
ucnonvzosanuem mooenu D2Q9. Omo HO8blE no0X00 K MOOEIUposanuro 3a0ay ONUCAHUA O8UNHCEHUs
TPEXKOMNOHEHMOU JHCUOKOCHIU, NO3GOAIOWUIL YCIMAHOBUMb PACHpedeseHue CKopocmu U (ha3oebix KOM-
nonenmos. Ilonyuennvie pe3ynomamul onpedenaom adekeamHoCchb NOCMPOEHHOU MOOeN 015 MPEeXKOM-
NOHEeHMHOU ACUOKOCTIU.

Knioueevie cnosa: mpexxomMnonenmuas HCUOKOCHb, (Da306blil nepexod, Memoo @aszoe020 Nojs,
Memoo peuwtemounozo ypasnenus Bonvymana, ypasnenue Kana-Xunnuapoa, neycmoiiuugocms Panes-
Thiinopa.

Bgeenenue. VccnenoBanue IBHKEHUSI MHOTOKOMITOHEHTHBIX TETJIOBBIX OTOKOB HEOO-
XOJIUMO, TIPEKJE BCEro, MOTOMY YTO OHHM YacTO BCTPEUAIOTCS B MPHPOJE, a TaKkKe HMe-
IOT MECTO B IIPOMBIIUIEHHBIX M IPOU3BOACTBEHHBIX MPOLECCAX, YTO TPeOyeT JeTaIbHOro
M3y4YEHUs pPsila MH)KEHEPHBIX 3a7ad. B kauecTBe mpruMepa NMPUMEHEHUs] YHCIEHHOTO MO-
JeTUPOBAaHUSI MHOTOKOMITOHEHTHBIX MTOTOKOB JKUAKOCTH MOYKHO OTMETHTH JOOBIYY HEPTH
U ra3a, XMMHUYECKYIO 1epepaloTKy ChIpbsl, K HUM TaK)Ke OTHOCSATCS] IOTOKU I1apPOBOASHON
CMECH B KOTJaxX M KoHJAeHcaTopax. CylIecTBYIOT pa3InYHbIE METOABI MPSIMOTO YHCIIEHHO-
TO MOJICTMPOBAHUS JIBUKEHHS MHOTOKOMIIOHEHTHBIX TMOTOKOB, OHAKO U3-3a CIIOKHOCTH
MOJICITMPOBAHUS OTIEIbHBIX MOANPOLECCOB OMUCAHUE IBMXKEHHSI MHOTO(a3HbIX MOTOKOB
CUUTAETCS CIOKHOW 3axauei. [t MonenupoBanuss MHOTO(a3HBIX 1 MHOTOKOMITOHEHTHBIX
ITOTOKOB JKUAKOCTH MOTYT OBITh MCIOJIB30BAaHBI PA3IUYHbIE CIOCOOBI, IPU 3TOM MOKHO
BBIJICJINTH OCHOBHBIC JBA MOAX0/A K MOAEIMPOBAHHIO: METOM OTCIIEKHBAaHUS MHTEp(eii-
ca u MeTox 3axBaTta uHTepdelica. MeToabl OTCIeKUBaHUS HHTEpPEica BKIIOYAIOT METON
o0bema sxuakocty [ 1], orcnexxnBanue Gpponra [2] u morpy:kenHoi rpanums! [3]. K metomy
3axBara nHTep(delica OTHOCUTCS METOJl YCTaHOBKH YpOBHs [4] 1 MeTox (hazoBoro mods [5].
OcHoOBHas HJest METOIOB OTCIIC)KWBAaHHUA HHTepdeiica COCTOUT B OTCICKHUBAaHUH 00beMa
JKUJIKOCTH C TTIOMOMIBIO JIArPaHKeBBIX YACTHII, B TO BpeMs Kak B METOZaX 3axBaTa WHTEp-
(eiica naTEpdeEiic HEeSIBHO 3aXBaTHIBACTCSI KOHTYPOM CKAISAPHOHN QyHKIMHK (K IpUMeEpy, Mac-
COBasi KOHIIEHTpanusi B MeTojie (a3zoBoro mois). B mocnennue Toapl Ui MOISIUPOBAHUS
CJIOKHBIX MHOTO()a3HBIX CHUCTEM LIMPOKO HCIIOIb3YEMbIM METOJOM CTaJl METOA PELIeTOd-
HoTro ypaBHeHU bonsivana (LBM). B gacTHOCTH, OBLTO pa3paboTaHO HECKOJIBKO MOeTeH

* E-mail koppecnionaupyioiero aBropa: agadaeva.dilyara@gmail.com
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LBE st MHOTO(a3HBIX 1 MHOTOKOMIIOHEHTHBIX TeueHui: Mojeins [llan-Uena [6], Mmonens
Xe [7], uBeroBas moneib Po3mana Kemiepa [8], Mosieniu Ha ocHOBE CBOOOHOM dHEpruu [9],
mojienu (azosoro nosst [10] u mogens Amena-Kana [15].

B nanHO# crarbe mpencTapieHa pa3paboTka MaTeMaTH4eCKOW MOJIENN JIBUKECHUsSI He-
C)KMMaeMOTO TPEXKOMIIOHEHTHOTO TTOTOKA YKHUKOCTH C HCIOIb30BaHHEM METo/a (ha30BOro
T0JIs1 Ha OCHOBE pelIeHNs NoNHoro ypaBHeHHst HaBbe-CToKCca 1 KOHBEKTMBHOTO YpaBHEHUS
Kana-Xunnuapna. Yncnennas Monens crpoutcs Ha ocHoBe LBM ¢ ncnonbs3zoBanueM mMojie-
a1 D2Q9. TounocTs 1 9((EKTUBHOCTH CYLIECTBYIOLIETO METOa alipoOUPOBAHbI HA OCHO-
B€ pEIIECHUs] TECTOBOH 3ajaun Heycroiunsoctu Paneit-Talnopa. [lomydeHHbIe pe3ysbTaTsl
OTPENENSAIOT MPaBUIIbHOCTH MTOCTPOSHHON MOAEIH JUIsl TPEXKOMITOHEHTHON KHJIKOCTH.

IlocTanoBka 3agauun. Mccnenyemslil mporecc paccMarpuBaeTcs B OTpaHUYeHHOM 00-
nactu, umeroneit Gopmy npsimoyronsHuka pasmepamu [0, L] x [0,4L], rae nox aeicTBreM
CHJIBI TOBEPXHOCTHOTO HATSKEHUS M CHJIBI TSKECTH OIMMCBIBAETCS HEYCTOMYMBOCTD Pasneii-
Totlinopa A TPEXKOMIIOHEHTHOTO MOTOKA JKUAKOCTU. B mpsiMoyroibpHOM 0051acTH, Kak 3TO
MOKAa32aHO HA PUCYHKE |, HAXOIUTCS TPU KOMIIOHEHTA JKUJIKOCTHU C IUIOTHOCTBIO P, P, U P,
COOTHOILIEHUE KOTOPBIX: P, > P, > p,.

Pucynok 1 — Cxema pacyeTHo# obnactu

Maremarndeckas MOJEJIb TAKOT'O IMpoHecCa TAKXKE BKIIHOUACT YPAaBHCHUE HEPA3PBIBHO-
CTH, YPaBHCHHUEC UMITYyJIbCA NJII CMCCHU 1 KOHBECKTUBHOI'O YPaBHCHUS KaHa-XI/UUII/IapZIaZ

Vu=0,
d
%+V(puu)=—Vp+V[n(Vu+VuT)]+ F.+F, (1)

W) Vo) =vimn). i=123
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e U — KOMIIOHCHTBI CKOPOCTH, p — AABJIE€HHE, p — INIOTHOCTD, 1€ P, P,, P, — IIIOTHOCTH
JKUJKOCTHU, 1 — AUHAMHUYCCKasd BA3KOCTb, Cl, — (1)33OBO€ I10JI€ AJI1 KOMIIOHCHTOB KHAKOCTH,
g — YCKOpeHue cBoOOIHOro najaenus, M, — Ko3pGHUIHEHT NOABHKHOCTH, L, — XUMUIECKHUH
norenuuan, F=F +F = Z?_zlui [C¥+Pg — cymmapHas cuiaa moBEpXHOCTHOTO HaTsKe-
HUS M CHJIBI TSDKECTH.

B mozensix ¢a3oBoro mosist st OMMCaHus TPEXKOMIIOHEHTHOTO TIOTOKA YKUIKOCTH UCTIONb-
3y€TCsl TPH ITapaMeTPa TOPSIJIKA €, C, U C;, KOTOPBIE CBA3AHBI ClIeytommum oopazom [11]:

cte, e, =1, )

1 YIOBJIETBOPSIIOT KOHBEKTHBHBIM ypaBHeHUsIM KaHa-Xwinapia B MHOTOKOMIIOHEHTHOM
Teopun (azosoro mois [10, 13]:

0
a—°‘+V-ciu:V-(MiV!~li) €)

t

Jnst cucteMbl MHOTOKOMIIOHEHTHOH cpelibl (pyHKLIMOHan cBoOonHOU sHepruu Jlannay
F Moxet ObITh onpesiesieH Ha OCHOBE IapaMeTpa MopsaKa CIEAYIOMNM 00pa3oM:

F=(6.ve)=[, [ w(e)+ 3 2 vee, [ov,

]
e Y(A) = 2,3 i Bla(c) - a(c;)—a(c +¢;)] —obbemnas mI0THOCTH CBOGOIHOI SHC%FI/II/I, c

- (c,, ¢,y ¢;) — hasoBas nepeMeHHas KOMIIOHEHTOB KUAKOCTH, g(c) = c*(1 —¢)’ n By = D Oj;

KOHCTaHTBHI.
Jl1st TPEXKOMITOHEHTHOM JKHMIKOCTH 00beMHast cBoOoaHas sueprus F(c, ¢,, ¢,) onpene-
neHa Kak [21]:

A A A
F(Cl,Cz,CB) = ?1012 (1_01)2 +?2C22(1_C2)2 +73C§(1_03)2 + kcfcfcsz,

rie A — HeoTpuLaTeNnbHbli napamerp, A(i = 1, 2, 3) k03 PULHEHT TIOBEPXHOCTHOIO HATS-
KEHMS U D — TOJIIIMHA IOBEPXHOCTH pa3Jiena. A, ONPENEIAETCs CIeAyIOMUM 00pa3oM:

A =0y, + 063 — 0y,
7\‘2 =0y, t 0y — Oy,
7‘3 =0;3 10y — Oy,

e Gy Oy O3 IpEACTABIAIOT coboit IMOBEPXHOCTHOC HATSHXKECHUEC MEKAY ABYMS KHUIKO-

CTMU TpexdasHoi cuctemsl [16, 17, 18].
[Tocne ompeneneHuss OTHOW CBOOOTHONW SHEPTHUU MOJACTABUM B BBEIPAKEHUE XMMHUC-
cKkoro moTtennuana [21]:

4, 1(oF oF || 3 )
= —| =——-—||-=DA,V-c,.
SRi2Y P e | e )
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CornacHo TeopeTndeckoMy ananusy boitepa [19, 20], A (i = 1, 2, 3) eciu monoxuTeb-
HBIC ¥ YIOBIETBOPSIOT ycinoBuio A, > 0,5 A, To Mozens st A = 0 MoxeT anreOpande-
CKH U JIMHAMHUYECKH COIIACOBBIBATHCS C ABYX(a3HBIM CilyyaeM. B mpoTUBHOM citydae /st
obecriedeHus] AMHAMHYECKOM COMTacOBaHHOCTH MOJIENN UCTIONB3YeTCs MOJTHast CBOOOHAS
SHEPIHsl ¢ OJOKUTEIBHBIM A. B TakoM cityuae ypaBHeHue (7) MOXKHO YIPOCTUTH CIIEYHO-
UM 00pa3oM:

=06 - 6)(-26) ~ 2y 0, (- — )]~ DA Ve,

Beiiiie nosty4eHHoe [, IO/ICTABMM B ypaBHEHHE (3), B pesynbrare 4yero cucrema (1) Oy-
JIET TOJTHOM.
Cucrema ypaBHeHHH (1) nMeeT ciaeayronue HadaabHbIe YCIOBUS:

1]
= %%—%+0,13in(2nx)m
X,Vy,0) =0,5+0,5tanh [& %
E%( ¥.0) O] J2k,, ]
L H =
% 4L
] %%—B—O,Rm(mx)%L
%(x, y,0) = 0,5+ 0,5tanh [5 c,(x,y,0),
O 2K,

= H H

]
(%, y,0) =1-¢,(x,y,0) - c,(x,y,0).

e k,, = 3c,D/8 u k,, = 35,,D/8.
I'pannuHBbIe yCIOBUS:
Ha nuxneit crenxe npu (y = 0):
oc
u:v:O, %:ai:_:izo
dy oy Oy
Ha 6oxoBbIX cTenkax mpu (x = L):
s U, v, ¢, ¢, €, — TIEPUOTMIECKUE TPAHUYHBIE YCIIOBHS.
Ha Bepxweii ctenxke npu (y = 4L):
oc
u:v:O, %:ai:_:izo
dy oy Oy

Yucaennbiid MeTo. YncneHHoE pelieHne JaHHoU Mojienu cTpoutces Ha D2Q9 monenun
peurerounoro meroa bonbimana. Perierounoe ypaBHeHue bosbiiMaHa B anmpoKCUMaIiuu
Barnarapa-I'pocca-Kpyka (BGK) 3anmceiBaeTcs ciieayromum oopa3om:

— o reT
f.(x, t)— f5(x, t) + AL
Ty

9" (x+eAtt+A) —g"(x, )= (1~ q)%[gim (% 1) =g (x, )]

c

f.(X+eAtt+At)— f (X, t)=— E
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m
e M= 1, 2, 3 — KOMIOHeHTbI KuakocTH, 1119 — (byHKINY pacrpenenenns CKopocTy 1 (a-
30BOIO MOJIA, e, — IUCKPETHAs PEMIETOYHAas CKOPOCTh, Ty = > +C | T — > +C| T, — E) +

1
t(l-c —¢,)| T3~ E T =1 — BpEeMSI peiakcalu, I, — KOMIOHCHT BHCIIHEH CUITbI, Af —

pemeTounbIi mar no Bpemenn, 1,4, 9" — paBHOBeCcHas QpyHKIMS pacnpeeeHus CKOPO-

CTH U (a30BOTO TTOJISI.
PaBHOBecHBIC (DyHKIINN OTIPEIEIISIIOTCS CICTYIOIIM o0pa3oM [13]:

f,i=0
SR

fieq = |:| El 3 u e u u uB (em s Cszo-qg) D )
Lol %+ Z L - iZ0
g m=1 pCs Cs 2CS
(] - 5 oP*,i=0
2
meq —
g =0 [F 1 c e, . CnlqUs(Be€p —Co04) T
(ol =0+ S > iz0
H Oic c: 2¢?
1
rae Cs2 = 3 CKOPOCTb CBETa.

st mogenu D2Q9 muckpeTHBIE CKOPOCTH BBEIYUCIISIOTCS CIASTYIONAM 00pa3oM:
e, =(011,0,-1,-1,-1,0,1)c
e, =(0,0,1110,-1,-1,-1)c

3HavYeHHUST BECOBBIX ImapaMeTpoOB 110 BCEM HaIIPaBJIICHUAM OIIPEACIIAIOTCS KaK:

i, =0,
9

(,oi:<1, 1=1-4,
9
i, i=5-8
136

B nannO# pabote mis anmpoxcuManuu BHemrHe# cuibl B LBM ucnonb3yeTcs cxema,
npeanoxxenHas ['yo u np. [14]:

meF =F +F, -
YPaBHeHI/Ie OBOJIFOIIMU ACJIMTCA HaA JIBA IIara Kak CTOJIKHOBCHUEC U pACIPOCTPAHCHUC!
L1 f (%,t) - f2(X,t L
f2(X,t) = f,(X,t) + At (X8) = 7 ’)+Fi
H 1 -
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9" (%,t) = g7 (%,t) + At E 97 (%.0) ‘Tgim'eq(y"t) -

c

f(X+EALt+At) = f3(X,1)
g (R+EALt+AL) =g * (X,1)

[Tocnie BTOpOro mara OOHOBJISIOTCS MAKPOCKOIIMYECKHUE MapamMeTphl (INIOTHOCTh, CKO-
pocTh U ha3oBoe TOJIE) MO CIEAYIONUM QopMysiam:

8 8 At _
Pzz fi’puzz fi€ +?F'Cm ZZDi
i—0 i=0 i=

[Ipou3BonHbIE MaKpOCKOMMUYECKUX MEPEMEHHBIX BBIYHCISIOTCS C HCIONIb30BAHUEM
CJIeIYIOIMX N30TPOMHBIX Pa3HOCTEH BTOPOTO MOPSAIKA!

9% 1 9
— = | 2, _,c(x+e;AX)=8c(x) | .
ox~  3(Ax) =
I[.]'Dl 3aMbIKaHUsI CUCTEMBbI ypaBHeHI/Iﬁ 6I)I.]'II/I HCIIOJIb30BaHbl CJICAYIOLIUEC I'PAaHUYHLIC
YCII0BUA. YCIOBUE HYJIEBOW CKOPOCTH AJIsl BCEX CTEHOK:

f.(X,, t+At)=f _i(X, t+At), €& -1>0
rae ¢asza MOCTOSIHHA W TPAHWYHBIC YCIOBHS TS (DYHKIMH pacmpeeseHus] BRIOMPAroTCs
CIIEIIYIOIIUM 00pa3oM:

9" (X, t+At)=g_i"(X,,t+At)+2m,c

i€, §&-N>0
Ijie ¢, — NIPUCTEHOYHas (asa.
VYcnosue Helimana aiis (1)3,31:1 Ha BCCX OCTAJIbHBIX CTCHKAX:

9" (X, t+At) =g _i"(X,,t+At), & -A>0

Pe3ynbTarsl MoneaupoBanusi. PaccmarpuBaercsi TecToBasi 3ajada HEYCTOWYHBOCTH
Paneii-Taiinopa ains TpPEXKOMIIOHEHTHOTO MOTOKA KUAKOCTH B IPAMOYTOJIBLHONW pacueTHON
obnactu, umeroweii pasmepsr: N, XN, N, =40, N =160 xoropas pasnenena ua tpu
paBHbIC TI000IACTH, @ TNIOTHOCTH KOMIIOHEHTOB JKUAKOCTH YBEJIMYHMBACTCS OT HHXKHEH K
BepHel nogodnactu. @usnueckuit pasmep AuHbl pased L = 0,01 Llar mo npoctpancTBy 1

10 BPEMECHH OTIPEACIISIOTCS Kak AX = NL' At =0,00025 .
X

®u3nyeCcKue BEIUYMHBL TIOTHOCTL — p, = 600, p, = 400, p, = 200 u BA3KOCTL — W, =
=W, =, = 0,01, noBEpXHOCTHOE HATSDKEHUE — G|, = G|, = G,, = 0,01, Bpems penakcanun —
T, =1,=1,= 0,8, TommuuHa nopepxHocTH — D =2, yCKOpeHue CBOOOHOTO najieHus — g = 9,8,
yucio Peltnonpaca — Re = 125,22, uyucno kanumuispaoctu — Ca = 0,000782624.

Pe3ynbraTsl MoZIeTMpOBaHUS MMOKA3bIBAIOT (PUCYHOK 2,3), 4TO HEYCTOWYMBOCTE Pasneii-
Tolinopa HaOmonaeTcss OJHOBPEMEHHO BO Bcex mopobnactsix. Ha panneit craguu (¢ < 2)

MEHE€ MIOTHAS XKUJKOCTh (IIOTHOCTBIO P, = 200) HAYMHAET MOJAHUMATHCS paccMaTpuBae-
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MOTO IIPOCTPAHCTBA, B TO BpeMs Kak 0oJiee MIIOTHAs KMAKOCTh (IIOTHOCThIO p, = 600) Ha-
YHHAET CBOE JIBMKeHue BHU3. C TeUeHHEM BpEeMEHHU HaOII0AaeTCs yBeTMUEHHE B pa3mMepax
BCIJIECKOB KOMITOHEHTOB YKHJIKOCTH, @ B ONIPEICTICHHBIH MOMEHT 00pa3yroTcst IBa OOKOBBIX
BCIIECKa OOJIBIIOTO, OTHOCHTENBHOTO Beel oOnacTh, pazmepa. BriocieactBum nmotok me-
Hee IJIOTHOTO KOMITOHEHTA JKUAKOCTH YCTPEMIISIETCSl BBEpPX, CO3/aBasi COOTBETCTBYIOIICE
BO3MYIIICHHE COCEIHUX CIIOEB KUIKOCTH. [Ipu ¢ > 3 HeycroitunBocTh Pameii-Toitnopa cra-
HOBUTCA OoJiee sIBHOW. B KoHIIE KOHIIOB, (DOPMUPYIOTCS CTaOMIBHBIC TPH CIIOS KOMIIOHCH-
TOB KUJIKOCTH — BHH3Y O0JIee TUIOTHAsS; BBEPXY — MEHee IJIOTHAsI.

[TomyueHHBIE pe3yNBTATHI OMPEAETSAIOT a/IeKBaTHOCTh TOCTPOSHHON MOJICIH IS TPEX-
KOMITOHEHTHOM KHJIKOCTH.

a) b) c) d)

Pucynok 2 — JluHaMUKa U3MCHCHHUS KOHTYPOB IUIOTHOCTH TPEXKOMIIOHCHTHOTO TIOTOKA JKUAKOCTH B
3aBHCHUMOCTH OT BPEMCHH JIJIS 3a/1a4u HeycTonunBocTH Panes-Teitnopa:
a)t=0;b)t=0,25;¢)t=0,5,d)t=1.

a) b) 0) d)

Pucynok 3 — JluHaMIKa U3MEHEHHS KOHTYPOB IIOTHOCTH TPEXKOMIIOHEHTHOTO TIOTOKA JKUAKOCTH B
3aBUCUMOCTH OT BpEMEHH JUIs 3a]jaun HeycTouuBoctu Panes-Teinopa:
a)t=2;b)t=3;¢c)t=4;d)t=6,5.
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3akawdenne. B nmanHol paboTe pa3paboTaHa MareMaTH4YecKash MOJC/Ib JABMIKECHUS
TPEXKOMITIOHEHTHOTO TOTOKA KUIAKOCTH JIA 3a1aud HeycToiunBoctu Pames-Teitnopa. C
LEJNIBI0 MOJISIMPOBaHusl HeycToHunBOCTH Panesi-Telinopa Obl1 pa3paboTaH YnMCIICHHBIH a-
roput™ Ha 6aze D2Q9 moxenu perrerounoro meroaa boibiimana. J{is HeC:)KkMMaeMoro mo-
TOKa UCTIONb3yeTcs ABa Habopa (QyHKUMI pacrpeeneHns: OAUH U OTCICKUBAHMS MTOJeH
CKOPOCTH , a JApyroii — s ¢azoBoro nons . Mcrnonb3oBaHue QyHKIHMH pacrpeeseHus
JABJICHHS MO3BOJISIET CYLIECTBEHHO CHHU3HUThH BIHMSIHUE YHCICHHBIX OMIMOOK MPH pacyere
MEXKMOJIEKYJIIPHOU CHJIBL.

[IpoBeneHHOE MoJENIMpOBaHUE HeycTonuuBocTH Paneit-Telinopa packpbiBaeT 00Jib-
HIMHCTBO OCOOCHHOCTEH IS 3a/1a4, BCTPEUAIOIINXCS B TEOPETHUSCKUX M YHCICHHBIX HC-
cnenoBanusx. IIpemmaraemas Mojiens M1 METOJ peaii3allii TO3BOJISIIOT OTCIIEKHUBATh WH-
tepdeiic TpexdazHbIX MOTOKOB 0Oosiee TOYHO M cTabmibHO. Vcnonb3oBanue LB sBisercs
HOBBIM TIOAXOAOM K MOJAETUPOBAHMIO 33134 OMHMCAHUS IBM)KEHUS TPEXKOMIIOHEHTHOM
JKUJIKOCTH, MO3BOJISIONINM YCTAHOBUTH paclpeesieHHe CKOPOCTH U (Pa30BbIX KOMITOHEH-
TOB. [ 7TaBHBIM BBIBO/IOM HACTOSIIETO UCCIIEOBAHUS TAKXKe MOKHO CUMTATh CJeaylolee: B
cilydae, KOrjia TP KOMIOHEHTa KUAKOCTH PacIioioKEeHbl TAKHX 00pa3oM, 4To MEHEe II0T-
Hasl BHU3Y, a OoJiee IUIOTHAsi — BBEPXY; HEYCTOMYMBOCTH Panes-Toiinopa Habmogaercs: Ha
JIByX TpaHHIaX KOMIIOHEHTOB JKUJKOCTH OJHOBpeMeHHO. Kak BUIHO U3 pUCYyHKOB 2,3 Ha
Oonee panHel cragum mporecca () UMeeT MECTO 00pa3oBaHUE My3bIPHKOB KOMIIOHEHTOB
Pa3HOIMJIOTHOCTHOM HUJIKOCTH, a MO3Ke — MOJIHOE MepeMEIIeHne MEHee TNIOTHOM KHJIKO-
cte BBepX. [Ipu 3TOM Oostee rioTHas KHUIKOCTh YCTPEMIISIETCS BHU3. 3/1€Ch TakxKe IPH TPo-
XOXKJIEHUH TIepeMEHHOH cTanu HabmonaeTcst o0pa3oBaHue MMy3bIpbkoB. HacTynaer ycToii-
YHBOCTb IpOIecca, KOIjla BHU3 MOJHOCTBIO MEpeMecTUIach 0osiee MiIOTHAs KOMIIOHEHTa
SKUJKOCTH. DTO MOKA3bIBAET MPUMEHUMOCTH (2 B HEKOTOPBIX CIydasx — MPEUMYIIECTBO)
HCIOJIb3YEMBIX B JAaHHOM HCCIIEIOBAaHUH METO/IOB /ISl PELIeHUs 3a]]a4 TaKOTo THIIA.

PabGora BeImoNHEHA MPH MOAEPKKE TPAHTOBOTO (DMHAHCUPOBAHUSI MPOEKTOB MHUHU-
crepcTBoM o0Opa3oBanus U Hayku PecriyOnuku Kazaxcran (rpant NeAP08053154).
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A. b. KAKEBAEB, J]. C. ATA/TAEBA, O. JI. KAPYHA

On-@apabdbu amvindaswl Kazax ¥nmmulx Ynusepcumemi,
Anmamul kanacwl, Kazaxcman

YIII KOMIIOHEHTTI C¥MBIK YIIIH LB CAH/BIK 9/IICI

Byn maxanaoa 6emmix kepiny Kywimepin eckepe OmMuIpbin, CYUbIKMIKMbIY Vil KOMAIOHEHMMI
a2blHbl YWIH ayblpablK KYWIiHiY acepinen natida bonamein Paneii-Tetinop mypaxcul30bi2bl Macenecitiy
CaMObIK wewimi Kapacmolpwliaovl. 3epmmenemin npoyecc miKmopmoypviul mapizoi uiekmeyni
aumaxma Kapacmoipoliadst. CYublKmolx KOMNOHEHMMEDPIHIY Mblebl30blebl Kenecioel: p, > p, > p,.
Yuw komnonenmmi cyiieikmelx ywiin Kopceminzen npoyecmi cunammayea apHai2an Mamemamukanisly
MoOenb colblamatmovii cytibikmulk yuwin Hasve-Cmoxc menoeyine scane Kan-Xunnuapo menoeyine
nezizoencen. Canovig modens D209 mooenin xordana omvipvin, LBM (LBM — Lattice Boltzmann
method) Hezizinde cacanaovi. Byn owcvinoamovik new pasanvlk KoMROHeHmMmepOiy mapanybiH
AHBIKMAY2a MYMKIHOIK Oepemit yul KOMNOHEHMMI CYUbIKMbIKMbIH KO32ANbICbIH CUNAMAY MICelleNepiH
MOOenbOeyOiH Hana macini. Anvinean Hamudcenep yul KOMNOHEHMMI CYUblK YUliH KYpbli2aH Mo0enbOiy
OYPbICMbIEbIH AUKLIHOAUObL.

Tyitin co30ep: yw komnonenmmi cyuvix, ghazanvlk opic aoici, gpasanvix mapany, bonvyman mopnvix
menoeyi a0ici, Kan-Xunnuapo menoeyi, Paneti-Tounop oprvlKcui30bi2bl.
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D. B. ZHAKEBAYEYV; D. S. AGADAYEVA, O. L. KARUNA

Al-Farabi Kazakh National University,
Almaty, Kazakhstan

LBM OF TERNARY FLUID FLOW

In this paper, we the numerical solution of the Rayleigh-Taylor instability problem arising under
the action of gravity for a ternary fluid flow taking into account the surface tension forces. The process
under study is considered in a bounded area having the shape of a rectangle. The density of the liquid
components is such that: p, > p, > p, The mathematical model constructed to describe this process for
ternary fluid is based on the Navier-Stokes equation for an incompressible fluid and the Kahn-Hilliard
equation. The numerical model is based on the LBM (LBM — Lattice Boltzmann method) using the D2Q9
model. This is a new approach to modeling the problems of describing the motion of a ternary fluid, which
allows us to determine the distribution of velocity and phase components. The obtained results determine
the adequacy of the constructed model for a three-component liquid.

Keywords: ternary fluid flow, phase-field method, interfaces capturing, Lattice Boltzmann method,
Cahn-Hilliard equation, Rayleigh Taylor instability.
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MOJAEJIA CEJIEKTUBHOI'O U TMBPU/IHOI'O TUIIOB MPOI'HO3UPOBAHUS
BPEMEHHBIX PAJ10B YPOBHA 3ATI'PA3SHEHUSA BO31YXA B SMART SYSTEM

Paspabomanvt kombunuposanmnvie Mooenu CeLeKmusHo20 U 2UOPUOHBIX MUN0E C UHOeKcayuell spe-
MEHHBIX PAO08 OJIs NPOSHOZUPOBAHUS YPOGHS 3a2pA3HeHUs 6030yxa 6 Smart System. Hnoexcayus 6 OanHwix
MOOENSX NPOUCXOOUM HA OCHOBE MemOoOd OUNCAIULE20 COCeDd C 8bIOPAHHBIMU MEMPUUECKUMU PACCIMOS-
Husimu. Onucantoie MO0 NO360II0M OOCMUYL GbICOKOU MOYHOCIU KPAMKOCPOUHO20 U CPEOHeCPOU-
HO20 NPOZHO3UPOBAHUSL NO CPAGHEHUIO C MOOETAMU, KOMOPbLE BKIIOYAIOMCSL 8 6A3060€ MHOICECTNEO IMUX
KOMOUHUPOBaHHbIX Mooeneu. Modenu u coomeemcmsylowjue Memoovl MO2Yym UCHONb308AMbCSA NPU NO-
cmpoenuu Smart System MOHUMOPUHSA COCMOSHUSL OKPYNCAIOuiell cpeobl U annapamHo-npocpammHbIX
KOMIJLEKCO8 OISl 00Uje20 IKOL02UHECKO20 MOHUMOPUHEA.

Kniouesvie cnosa: kombunuposartvie MoOenu RPOSHOZUPOSAHUSL, 3A2PAZHEHIUE 6030YXd, IKONO2UYe-
CKULL MOHUMOPUHE.

BBenenue. 3arpsa3HuTenu Bo3ayxa MOTYT BBI3BaTh MIMPOKOE MHOTO0Opa3ue mpooiem,
BKJIIOUAsl YMEHBIIIEHUE BUAUMOCTH, HETIPUSATHBIC 3allaxu, BPEA KyJIbTYPHBIM PACTCHUSIM,
HETaTUBHOE BIUSHUE HA 3I0POBHE JIONCH U JKUBOTHBIX (CEpACUHO-COCYAUCTHIC, HEPBHBIC
3a00JIeBaHMs, TOBPEKICHUS IbIXaTeIbHON CHCTEMBI, I71a3, MOYeK U APYTHX OpraHoB). OHU
HE TOJIBKO BJIMSIIOT Ha BO3JYX, HO TAaK)K€ MOTYT 3arpsi3HATh BOAY U IUILEBBIE MPOAYKTHI.
O011ee Ka4eCcTBO HAIIEH OKPYKAIOIIEH Cpe/Ibl B HEKOTOPBIX CITydasX MOXKET CEPbe3HO BIIU-
STh Ha BBDKHBAHUE JIFOJIEH, )KUBOTHBIX U pacTeHui. D(P(eKT BO3AeHCTBHS Ha OKPYKAFOIIYIO
Cpemy 3aBUCHUT OT XapaKTepa U MPOTHKEHHOCTH UCTOYHUKOB BO3IYIITHOTO 3arpsi3HEHUS, TIIE,
KaK ¥ Ha KaKOW BBICOTE 3arps3HUTEIIA BHIOPACHIBAIOTCS B BO3IYX, BOSHUKAIOT XMMHICCKHE
TIPEBpAIICHUS TIPH BBIOPOCE 3arpsA3HUTENEH, a TaKkKe OT METEOPOIOTHYECKUX (PaKTOPOB.
KoHTpo:h 1 TpOrHO3UpOBaHNE YPOBHS 3arpsi3HEHHSI BO3yXa HEOOXOIMM ISl TOTO, YTOOBI
3alIUTUTH OKPYKAIOUIYIO CPEAY U 30POBHE UEIIOBEKA.

3aaueii uccieI0BaHusI SIBIISETCS] IOCTPOCHNE KOMOMHUPOBAHHBIX MOJICIICH CEJICKTUB-
HOTO ¥ TUOPHUIHBIX TUITOB C MHJICKCAIIUCH BPEMEHHBIX PSJIOB VI pacueTa KparkoCPOIHOTro
Y CPETHECPOYHOTO ITPOTHO3a YPOBHEH 3arps3HeHus Bo3ayxa. [Ipeanonaraercs, 4To qaHHBIE
MOJIENTA MOTYT TIOMOYb 3(p(PEKTUBHO BBISBIIATH U MIPEABUACTD 3ar PA3HUTENH, KOHIIEHTPAIUS
KOTOPBIX BO3pAcTaeT M MOXET HAHECTH BPEeZ. DTO MO3BOJHT OCYIIECTBISATH OMIEPATHBHOE

* E-mail koppecnionaupytoiero apropa: andrii.biloshchytskyi@astanait.edu.kz
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yIpaBieHHE Pa3InIHBIMU aCTIEKTaMHU SKOJIOTHYEeCKOi 0€30MacHOCTH Ha TOM WM HHOM Tep-
puTopuH (B TOpojie, B MPOMBIIIUIEHHOM 30HE U T.11.). [TocKkobKy coCTOsIHME OKpy Karomien
Cpeabl KaK OOBEKT TUHAMHUYHO MEHSETCS, TO (PYHKIHOHHPOBAHHE DTOr0 OOBEKTa MOXKET
MIPOMCXOJUTH B HEKOTOPOi MH(pOKOMMYHUKAIIMOHHOW crcTeMe Wir Smart System.

Smart System MOHHUTOPHHTa COCTOSIHUSI OKPY KaIOILIel Cpeibl MPEACTaBIsIET cOO0M co-
YyeTaHue:

— anmnapaTHO-NPOrPaMMHOTO KOMITJIEKca 10 SKOJIOrMYeCKOMY MOHUTOPHHTY. Annapat-
Hasl 4acTh KOMITJIEKCa SKOJIOIMYECKOT0 MOHUTOPHHTA MIPEJCTABIAET CO00I IKOTOrMUECKYIO
CTaHLUIO, MPEAHA3HAYCHHYIO U HEMPEPHIBHOTO MOHHTOPHHTA PAa3JIMUHBIX JKOJIOTHYE-
CKUX IOKa3aTeNiell OKpYyKalolleH cpenbl, MpeABapuTeIbHOW 00pabOTKH MH(MOpMAaLH, ee
XpaHEHUs U TIepejadd B MPOrPAaMMHOM YacTH C TIOMOIIBIO ONPEJICIEHHBIX KaHAJIOB CBS3H.
[IporpaMMHast 4acTh MOCTPOCHA C MPUMEHEHUEM MUKPO-CEPBUCHON apXUTEKTYPHI U Mpe/-
Ha3HaueHa JuIs cOopa, 00pabOTKU U XpaHeHUsI HH(OPMAIUH U3 CETH IKOJOTMUECKHUX CTaH-
LU, ee aHAIM3a U 0TOOPaKEHHSI KOHEUHBIM TTOJIb30BaTEIIeM;

— METO/IOB 00paboTKK BXoAAIIeH HHPOPMAIIMK 1 MOJIeTIe MPOTHO3UPOBaHUS YPOBHEH
3arpsi3HEHHS BO3JyXa U TOMY MOA0OHOE;

— MCTOYHUKOB MH(popManyu (MHPOpMAIKs O 3arpsi3HEHUU BO3JyXa Pa3lMYHBIMHU 3a-
rpsi3HATEISIME, KoopauHatel GPS ¢ MecTa cOopa JJaHHBIX O COCTOSTHUM OKPYXKarollel cpe-
JIbI ¥ T.11.);

— motpebuTenei nHPopMamy (OpraHu3aliy, 3aHAMAIOIINECs] 00ecIeueHHEM KOJI0-
THYECKOM Oe301acHOCTH).

C poCTOM MPOMBIIIIIEHHBIX MOIITHOCTEH 1 yBETTMUSCHHEM YPOBHS pa3BUTHsI CTPaH 3a1a4a
MIPOTHO3UPOBAHUS 3arPs3HEHUS BO3/yXa CTAHOBHUTCS Bce Oojiee akTyanbHOU. B pabdote [1]
HCCIIEIOBAHO MTPUMEHEHUE MOJIENIed HEMPOHHBIX CETe K MPOTHO3UPOBAHUIO KOHILIEHTpa-
LIMU HEKOTOPBIX 3arps3HSIONINX BellecTB B Bo3ayxe Jlonmona. B pabore [2] aBTOphI Tak-
K€ IPUMEHWIIN K 9TOH 3a/1a4e HEHpOCEeTH ¢ BO3MOXXHOCTBIO 00OHAPYKEHUS MTEPUOIHMYECKUX
KOMITOHEHT B U3MEHCHHMH KOHIICHTpALUU 3arpsisHuteneid. B padore [3] paccMmarpuBaercs
METOJI OTIOPHBIX BEKTOPOB JIsi KPATKOCPOYHOTO MPOTHO3MPOBAHHS YPOBHS 3arpsi3HEHHS
BO31yxa ropoga Makao.

B naHHOM HcCie0OBaHUM PacCcMaTPUBACTCS MOCTPOCHUE KOMOMHUPOBAHHBIX MOAETICH
CEJIEKTUBHOTO M THOPHIHBIX TUIIOB C MpeIblAyIIel WHAEKcalnell BpeMeHHbBIX psiioB. B
pabote [4] paccMarpuBarOTCsI OCOOCHHOCTU BBISIBJICHUS CXOJCTBA BO BPEMEHHBIX psijiax.
B paborax [5, 6] paccmaTpuBaeTcsi HCIIONB30BaHUE METO/A OFKAMIero coceaa is mpo-
THO3UPOBAHMUSI BPEMEHHBIX PsIZIOB, B TOM 4Hcie GpuHaHcoBBIX. B pabote [7] paccmarpuBa-
€TCsl METOJ] MPOTHO3UPOBAHHMSI, KOTOPBIH HCIOIB3yeT CPaBHEHUS Pa3UUHBIX (ParMEeHTOB
BPEMEHHOTO psijia ¢ oOpasioM. B pabdote [8] paccMarpuBaeTcsi METO IPOTHO3UPOBAHUS HA
OCHOBE CEJIEKTUBHOTO COITOCTABJICHUS ¢ 00pa31oM, OTIMCAHBI BO3MOKHBIE KPUTEPHUH CEJICK-
LA MOJAEJIEN IPOrHO3UPOBaHUs. MeToJ IPOrHO3UPOBAHUS 3HAKOB IIPUPOCTOB, KOTOPBIN
HCTOJIb3YeT MPUHLMUIIBI MTOCTPOCHUSI KOMOMHUPOBAHHBIX MOJIeNiell onrcaHo B padorte [9].
Hist ahhexTHBHOTO MPOTHO3MPOBAHMS, TIPH BBIOOPE TTapaMeTpOB MOJIENICH MM Ha JTare
MPUHATHS PELICHUI 10 TEHICHIMU M3MEHEHHUS 3HAYCHU BPEMEHHOTO PsiJia MOXKET ObITh
HCTIOJIb30BAHO HEYETKUE HKCIIEPTHBIE CUCTEMBI, METObI TIOCTPOCHUS KOTOPHIX OMMCAHO B
pabote [10].

Hccnenoparenbckre MaTepuaibl U pe3yabTaThl HCCIIEA0BAHUS
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YpoBeHb 3arpsizHEHHS BO31yXa Crelu(QUUecCKUMHU 3arpsi3HUTEISIMU (OKCH YIlIepo/a,
THIPOKapOOHATHI, TUOKCHH CEepbl, TMOKCUH a30Ta, CBUHEIl, PTYTh U T. J1.) (UKCHpYeTCs B
OIPEJEICHHBIE MOMEHTBI BPEMEHU MOXKHO IIPEJCTABUTh B BUJEC KOHEYHOI'O AUCKPETHOIO
BPEMEHHOTO psijia 0e3 MPOITyCKOB KaK MOCIIEI0BATENEHOCTH JICHCTBUTENBHBIX YHCeN, 000-
3HAYAIOIIMX KOHIICHTPAIMIO 3aTPA3HUTEIS 7', € R, i=1n

R=(r,r,..,r) (1

B nanHOM cityyae BpeMEHHOMH psiJt IPEICTABISAET YPOBHU 3arPSI3HEHHOCTH BO3/1yXa OJ1-
HUM U3 3arpsA3HUTENEN (OKCHT YIIIepOaa, THAPOKApOOHATHI, TUOKCHH Cephl, TNOKCHH a30Ta,
CBUHEI], PTYTh U T. 11.), GUKCUPYETCs armnapaTHO-TIPOTpaMMHBIM KOMIUIEKCOM Smart System
MOHHUTOPHHTA COCTOSIHHE OKPYXKArollel cpeibl. 3HaYeHUsI MOTYT OBbITh 3a(DUKCHPOBAHBI C
MIEPUOIUIHOCTBIO B MECSILI, HEJIENIO, JICHb, Yac M T.II. 3a/iaua 3aK/IFUacTCs B pacyeTe OLeH-
KM YPOBHS 3arpsi3HCHHOCTH BO3/lyXa OHHMM M3 3arpsA3HUTENICH ¢ TOPU30HTOM, TO €CTh JIJIS
Ka)KJI0T'0 CJICIYFOIEro MOMEeHTa BpeMeHu N+ 1, n+2, ..., n+ 6. JIpyrumu cioBamu, HeoO-
X0aAuMoO HOCTpOI/ITL MOICIIb, K()T_Opaﬂ 651 II03BOJIsLIIA paCCT-II/ITaTL OLCHKH HpOFHOSOB ypOBHS[
3arpsisHenus ¢ nepuogom T=10 | 1o ecTh paccuurars 3HaU€HHE IPOTHO3ZMPYEMOTO YACO-
BOTO psijia:

* —

R :(Fr]+1;rn+21"'!rr1+e) 9 (2)

rae 0 GukcupyeTcs repes pacueToM MporHo3a.

ITycte M — 00bEM pETPOCIIEKTHBHON BBIOOPKH, TO €CTh Pa3MEPHOCTb TOTO Y4acTKa
BXOJTHOTO BPEMEHHOTO PsiJia, HEITOCPEIICTBEHHO TPEANIECTBYET TOUKE, B KOTOPOU paccyu-
THIBAETCSA TIPOTHO3 (TOUKE 7/,) M KOTOPast 3a1€HCTBOBAHA B pacueTe OLIEHOK IIPOrHOo3a, M < N,
DyHKITMOHAIBHASI 3aBUCHMOCTh, HA OCHOBE KOTOPOH OIPENEIISIOTCS OICHKH porHo3a (2)
HA3BIBACTCS MOJIENIBIO POrHO3MpoBanus. IIpiueM fix — OlleHKa MPOrHO3a, KOTOPKIii pac-
CUMTHIBACTCS B TOUKE 7, HA T TOYEK Brepe miu ¢ nepuogom T, T=16 . Eciu popmansao
0003HAYMTh TaKyl0 MOJENb YePe3 f, TO MPOrHO3, KOTOPBIH PACCUMTHIBACTCS B TOYKE 7, Ha
OJIHY TOYKY BIIEpE]l HIIH C TIEPHOJIOM |, MOJKHO OIPEACITHTh CIESIYIONIM 00pa3oM:

T = (G G 1) 3)

Jiist IpOTHO3UPOBAHMS TAKUX BPEMEHHBIX PSZIOB MOTYT OBITh IPHMEHEHBI TPEH/IOBBIC
MOJIETIH, aJJalTUBHbBIE IOJIMHOMHUAIILHBIE MOJICITH CIVIAKUBAHUS M TOMY TIoi00Hoe. [list pac-
Yyera MPOrHo3a PacCMOTPUM TIOJIXOJ] MOCTPOCHUSI KOMOMHUPOBAHHBIX MOJEJICH C y4eToM
CXOJICTBA B JIMHAMHUKE BXOJHOTO BPEMEHHOTO psijia, a TaKKe APYIMX BPEMEHHBIX PsIOB
YPOBHS 3arpsi3HEHUs BO3yXa. PaccMoTpuM JiBa T KOMOWHHPOBAaHHBIX MOJICIICH: CeleK-
TUBHBIA 1 THOPUAHBIN. [IpOTHO3 B CENEKTUBHON KOMOMHHPOBAHHOW MOJICITH PEATH3YETCS
Ha OCHOBE CIMHON MOJIEIH, H30MpaeTCs IMMyTeM CEJIEKTUBHOTO 0TOOpa 13 0a30Boro Habopa
Mmozeneit. [Iporeypa ceneKTHBHOTO 0TOOpa peain3yercsi Ha OCHOBE HEKOTOPOTO KPUTEPHUS
cenexnun. Kpurepuii ceiexium, Kak mpaBuiio, IPeACcTaBseT co00 OIeHKY MOTPEITHOCTH
MPOTHO3UPOBAHHMS JIAHHOM MOJIENN B TOYKE MPOTHO3a. B TaHHOM HccnenoBanuu OyzieM ocy-
IIECTBIISATH CEJIEKTUBHBII BEIOOP OTIEIBHO JUIs KaXKI0T0 13 3Hauenuii T=1,0 . 1o cBsazano
C T€M, YTO HEKOTOPBIE MOJICIH SIBJISIIOTCSI O0Jiee TOYHBIMU JJIsl KPATKOCPOYHOTO MTPOTHO3H-
pOBaHHUs, APyTrue — JUIsl CPEAHECPOUHOTO.
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ITycTb 3amaH 6a30BbIi HAOOP MOJIETIEH TPOrHO3UPOBAHUS YPOBHS 3arPSA3HEHHS BO3yXa
F=(.f, - .1) JAnsa kaxnoit us moneneii f,, K =1,v paccunraem kpurepun 53GGekTHBHO-
CTH JJISl TI0 OJHOM U3 hopmyi:

_ () k

(D (T) z n m+i n-m+i | » (4)
— Dk |
o) k(1) = 2. Ob.k M.mo , (5)
n—m-+i
rae I (DX nporHo3HbIe 3HAUYCHHS BPEMEHHOTO Psia, KOTOPbIE CIIPOrHO3UPOBAHbI HA T
TOYEK BIIEPEN 3a k-H MOZIENDIO f,, k= 1,_\/ ,d=n-mn,a bik ,i= O,_m — HOPMUPOBAHHbBIC

Beca, by + b +..+b =1. _
Jlnst IpOrHo3MpoBaHus B TOUKE 7, HA =16 u3bupaercs Ta MoJeNb U3 Habopa F, s
KOTOPO# [yist pukcupoBaHHOro M, M <ntaj € {0,1}, BbITOTHSIETCS YCIOBHE:

*T H k
f " =arg rleirvldDj(r) ’ (6)

e f° — Mozien, H30MpaeMbIX ISl IPOTHO3UPOBAHUSI HA T TOYEK BIICPE UITH C TIEPUOIOM
T, K=Lv v= = card(F). COOTBETCTBYIOIIME OLEHKK POTHO30B 10 JTAHHBIM MOJENSM 000-
SHAYMM TaK: Toegs Ty Tose .

[IpoBenem MHAEKCALMIO BPEMEHHOTO psina R. st 3TOro paccMarpuBaeM y4acToK psijia,
KOTOPBIN MPEALIECTBYET IPOTHO3Y M BKIIIOYAET TOUKY, B KOTOPOW MPOTHO3 PACCUNUTHIBACTCA:

r_(nunu+1' 'rn), (7)

T L — pPa3MEPHOCTh ATOTO yYacTKa. 3HAYCHHE | OTIPEICIACTCS SKCIIEPUMEHTAIBHBIM ITy-
TEM WK (PUKCHPYETCs] Ha OCHOBE DKCIEPTHOTO omnpoca. Eciu | BEIOpaTh OOIBINNM, TO Ha
PE3yNbTaT UHJCKCAIMU U COOTBETCTBEHHO MPOTHO3a OYIYT BIHAThH YCTAPEBIINE 3HAUCHHS
BpeMeHHOro psijia. Ecnu | BEIOpaTh MaleHbKUM, TO TEpsACTCS HEKOTopas MH(opManus o
MOBEJICHUU BPEMEHHOTO Psjia.

PaccmoTpuMm J1Ba BapuaHTa MPOBEICHUS HH/ICKCAIUH

1. HaxosieHHe TaKoTo y4acTKa BPEMEHHOTO psijia R pa3sMepHOCTH LU, KOTOpas Mogo0Ha
YyUYacTKy »' Ha OCHOBE OMPE/ICICHHOM CTENEeHN ONMU30CTH, HAITPUMED, paccTossHus EBkinia
(8), Mepsl MUHKOBCKOTO (9):

PAGROEN) Yo Yol (SRR ®)

1

) ©)

Wl(R,r,):(zn 2“2] 1‘ O+j M- Htj

2. Beenenue B pacCMOTPEHHE APYTOro BpeMEHHOTo psifa Z = (Z, Z,, ... , Z,), KOTOpbIit
TaK)Ke OTPAYKAET YPOBEHB 3arPsS3HEHHOCTH BO3yXa M HaXOXKIACHUE HA OCHOBE OIPEJIeIIeH-
HOM CTereHu OJU30CTH TaKOTO y4acTKa JaHHOTO BPEMEHHOTO Psiia pa3MEepHOCTH [, KOTO-
past momobHa yqactky . B aToM cimydae popmyisr (8), (9) OyayT uMeTs BUT:
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wO(Z,r’)z\/Z::Z:Ll(Zm _rnfuﬂ')z 5 (10)

1
(S ] o

I[TycTh Ha OCHOBE MIEPBOTO UIIK BTOPOT'O IMOAXO0/a OBLIT OMPE/IIICH yYacTOK Pa3MepHOCTH
U, KoTopas ofiooHa 7. O003HaYUM ee Yepes:

r” = (rn—p—g ’ r-n—p—g—l' e rnfg) H (12)

rmeg>p,g+tusn+l.

DOopMaITBHO 3TO 03HAYAET, YTO CPEIH JAPYTHX YUaCTKOB Pa3MEPHOCTHU |l BXOJHOTO Bpe-
MEHHOTO PsiJia MM HabOpa BPEMEHHBIX PsIIOB HET TAKMX, I KOTOPBIX CTENEHb OIN30CTH
Obu1a OBl MEHBLIE, YeM Mepa OJIM30CTH MEXIY ydacTKamu ' u 7',

IIpornos BpeMEHHOTO psiia ypOBHS 3arpsA3HeHus Bo3ayxa R = (r,, 7, ..., 1), PACCUNTaH-

HBI B TOUKe 7, ¢ ropu3oHToM T=1,6 Ha ocHOBE KOMOMHMPOBAHHON MOJIENH CENIEKTUBHOTO
TUIa onpenesnsiercs no popmyse:

rr1+‘|: :p'rn—gﬂ +(1_p)rn:-r s (13)

rae p € [0,1] — mapameTp, onpenensFoInii Kakoi U3 IPOTHO30B (HAa OCHOBE CEJIEKITUH HITH
Ha OCHOBE CXOJZICTBA Y4aCTKOB BPEMEHHOTO psifia) UMEET OOJbILNII BEC B ONPEIEICHIH Pe-
3ynbprara nporuo3upoBanus. [logpodree 06 3Toif Moaenu onrcaHo B pabdore [8].

[Ipu nocTpoeHnn KOMOMHUPOBAHHOW MOJENH THOPHIHOTO TUIA HYKHO Uil Ka’KA0TO

snauenns T=10 nocrpouts Takme HaGopsr Mozeneii, 0603HaUNM HX Uepe3 F_, xotopble
BKJIIOYAIOT TOJIBKO T€ MOJENIH, KOTOPBIE MOTYT ObITh TOUHBIMHM Ha TEKYLIEH y4acTKe Bpe-

MeHHOro pana u F.CF npu T= 1,0 . Takoit 0T6Op HPUMEHSETCS TS TOTO, YTOObI MEHEE
TOYHBIE MOJIENN ¢ 0a30BOr0 HabOpa He MOBJIMSIIN HA PEe3YJbTaT IPOTHO3UPOBAHHS.

BBezem B paccMoTpeHHe OPOroBOe 3HAYEHHE Y, OTPe/eIsieMOe IIPOrHO3UCTOM 1O pe-
3ylIbTaTaM MMPOTHO3UPOBAHMS SKCIIEPUMEHTAIBHOTO Y4acTKa BpeMeHHOro psna. Torma mo
dopmyre (4) nu (5) HaXOAMM 3HAYEHHMS TIOTPEMIHOCTEN M ONpEEIseM MHOXKECTBA £, 3a
TPaBHIIOM:

F ={f"|®{(t)<y.k=1v,je{0.3}t=16 t=16 (14)

TO €CTh U30MPAIOTCS TOJBKO T€ MOJIEINH, I KOTOPhIX 3HAYEHUE MTOTPEIIHOCTH HE TPEBBI-
12T IOPOTOBOTO 3HAYCHUS Y.

O603HauMM OLIEHKX NPOTHO30B 10 MOJENISAM, KOTOPhIE BKIIOYEHBI B HAOOPLI ), F, ...,
F, cOOTBETCTBEHHO Yepes3 Fn(fl)c ; Tn(fl)'cT yeees Tn(fl)'c‘ , re C, =1, card(F,) . Torma IIPOTHO3 11O
KOMOMHHPOBAHHOW MOJIENH THOPHIHOTO THIA C YYETOM IOMOOHBIX YYacTKOB BXOIHOTO

BPEMEHHOT0 psizia R paccuuThIBaeTcs 1o Gopmyre:

c -1 [
Fn+‘|: =p- r-n—g+r + (1_p) ’ (Ziil(pi) ziil((pi .ﬁ(:‘f)":t ) 5 (15)
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rie p € [0,1] — napamerp, onpeeNArOIIMi BEC IPOTHO30B, & (), — BECOBBIE KOI(QPUIIMEHTBI,
i=lc ,t=16 .

AJIFOpI/ITM IIPOrHO3UPOBAHUA 110 MOACIIAM FI/I6pI/II[HOFO " CCJICKTUBHOI'O TUIIOB C y4eC-
TOM CXOACTBAa BPEMCHHBIX PAOOB B I/IH(i)OKOMMYHI/IKﬂHI/IOHHOfI CUCTCMC MOHUTOpPUHIA CO-
CTOSIHUSI OKPY>KaIOIIeH Cpellbl COCTOUT U3 CJICAYIOIINX IIaroB:

1. 3arpy3ka BpeMeHHOTO psifia R ypOBHS 3arpsi3HCHHOCTH BO3yXa OTHUM W3 3arps3HU-
Tenei.

2. ITocTpoenne 6azoBoro Habopa Momeneii. Hampumep, 6a30BbIii HAOOP MOXKET BKITIO-
Yarh aJIANTUBHBIC MOJEIH XOJbTa Pa3HBIX MOPSIKOB, MOJACIH TEKYYHX CPEIHUX U TOMY
nogo0HoOeE.

3. BoiOop 3HaueHHs TOPH30HTA POTHO3UPOBAHUS O U 3HAYEHUSI TAPAMETPOB [T MOJIC-
Jiel mporHO3upOBaHus. Peanu3anus Moieneil mporHo3upoBaHus ¢ 6a30BOro Habopa.

4. Jlna xaxaoro T=10 na ocnose 6a30Boro HaGopa CTPOAT HOAMHOXKECTBA HAUOOTIEE
TOYHBIX MOJIEJICH Ha TEKyIleH y4acTKe psijia, TO €CTh HaOopbI o dopmyrie (14).

4. Nnaekcanus BpeMEHHOTO Psijia TSl MIISHTHU(UKAIIMHA CXOCTB. 32 OCHOBY BHIOUpaeT-
Csl y4aCTOK BXOJHOTO BPEMEHHOTO Psifia pa3sMEPHOCTH L, HEMOCPEICTBEHHO MPEIIICCTBYET
TOYKE, B KOTOPOH BBITTOIHSAETCS MPOTHO3. MHIEKCAIHsI BBITOIHSAETCS 110 METOTY OJMKaii-
mero cocena. B kagecTBe MephI CXOICTBA BRIOUPAETCS OJJHO U3 METPUYECKHUX PACCTOSHUHN
(dpopmymer (8) - (11)). Ha BeIXOme momydaeM HEKHi y4acTOK BXOJHOTO WIIH JPYTOTO Bpe-
MEHHOTO PsJIa, KOTOpas MOA00HA yJacTKy, TPEAIIECTBYIOMIETO TPOTHO3Y.

5. Pacder nmporHo3a ¢ Topr30HTOM O Ha OCHOBE KOMOMHHUPOBAHHOM aJalITUBHON MOJIEITH
CEJICKTUBHOTO THIIA ¢ YIETOM HHACKcAIuu 1o Gopmyse (13) 1 koMOMHUPOBAaHHONW MOIEITTH
THOPUIHOTO THITA C MHAEKcaruei mo ¢popmyre (15). [lapamerp criakuBaHus BEIOMpPASTCS
SKCIIEPUMEHTAIbHBIM ITyTeM. Ha BbIX0Jie MojydaeM MPOTrHO3HBIM BPEMEHHOU PsiJT YPOBHS
3arpsi3HEHHs BO3myxa R

Pesynsratom uccnenoBaHus siBisieTcs (opManu3anys KOMOWHHPOBAHHBIX MOJENICH
CEJICKTUBHOTO M TMOPHUIHOTO THUIIOB C MHJEKCAIME BPEMEHHOTO psija JJisi POTHO3UPO-
BaHUs YPOBHS 3arpsi3HEHUs BO3Ayxa B Smart System MOHHUTOPHHTA OKPY)KAIOIIEH CPeIbl.
BrlsiBiIeHO, UTO B ciy4ae HMCIIOIb30BaHHS CEJICKTHBHOW MO MPOTHO3UPOBAHUS C HH-
JIeKcaIfeld BpEMEHHOTO Psila, MOXKHO TIOJYYHUTh BBICOKYIO A(P(PEKTHBHOCTH MPOTHO3UPO-
BaHUS 110 CPAaBHEHUIO C MOJIEIISIMH, KOTOPhIE BKJIFOUEHBI B OOIINUK HAOOpa /sl 3HAaYeHUH T
> 3. VMcrionb30BaHme e THOPUIHOW MOJENN C WHIAECKCAUEH TO3BOJISIET TIOIYYHUTh BHICO-
Ky10 3G GEKTHBHOCT MTPOTHO3UPOBAHMSA, KaK MpaBuiIo, pu T < 3. JlaHHbIE 1715 IPOBEICHUS
JKCTIEpHMEHTa ObLUTH COOpaHBI anmapaTHO-TIPOTPAMMHBIM KOMITIIEKCOM TT0 SKOJIOTHYECKOMY
MOHHUTOPHUHTY, KOTOPBIH BKIIIOYAETCS B pa3paboTaHHyI0 Smart System MOHUTOPHHTA COCTO-
SHUSL OKpyXaromei cpens! st T. Kuesa (Ykpanna). Ha ocHOBe pa3paOoTaHHBIX Mojenen
OBLIH CTIPOTHO3MPOBAHBI BPEMEHHBIC PSIBI YPOBHEH Pa3IUYHBIX 3arpsi3HATENCH (00BeM pe-
TPOCHEKTUBHBIX JaHHBIX — 10 1000 Touek). J{ist oOmiero Habopa Mojesel ObUIHA BKITHOUCHBI
Monenu Xonbera, Xoiapra-BuHTepca u N3MEHSIONMECS CPEIHIE C PA3IMIHBIMU TEPUOIAMH.
B kauectBe Mepbl ONM30CTH AJIsI TPOBEACHHS MTPOLIETYPhl HHACKCALIMI U30paHO pacCTOsHHE
EBxiupa. Hanpumep, [uis IpOrHO3UPOBaHKS YPOBHSI 3arps3HEHUs JIMOKCUHOM yIJIepoja B
LEHTpaJIbHOW 4YacTu I. KreBa ObLIO BBISIBIICHO, YTO MHHUMAJIbHASE OTHOCHTEIBHAS [TOTPEIIl-
HOCTb Cpe/Id BCEX MojeeH, (pyHKIIMOHUPYIOIINX B CUCTEME, OTBEUaeT KOMOMHUPOBAHHOMN
THOPUIHOM MOJIENH ¢ MHACKCAIel BPEMEHHBIX PSI0B U COCTABIISIET OKOJIO 1.2% MUHMMAITb-
HOM MOTpeIHOCTbIO M0 CECKTUBHOM MOJETHU C MHACKCALUEH, COCTABISET OKOJIO 2.4%.
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Smart System MOHHTOpPHHIa COCTOSTHUS OKpY’KaloIle cpeibl MO3BOJSET CIEANTh 3a
MOTOTHBIMH YCJIOBUSIMH U MUKPOKJIMMAaTOM Ha KOHKpETHOM oObekTe. Hanmpumep: B ropoze,
a TaKke B caly, Temmie, Gepme, mosie Kpymiblid ol B PeKUME PeallbHOIO BPEMEHHU U3
m000# TOYKH 3eMHOro mapa. Bee 310, 6e3ycliOBHO, IIOMOKET HaM KOHTPOJIMPOBATh CO-
CTOSIHUE OKpY’KaloIIeH cpesibl, MPOrHO3UPOBATh YPOBEHb 3arPs3HEHUS YIIIEKUCIIBIM Ta30M
u T. 1. Pe3ynbraTel Smart System MOHUTOpPHHTA COCTOSIHUS OKpY»karorieit cpensl (Inspector
Meteo) nokazansl Ha Pucynke 1.

Pucynox 1 — Pe3ynbraTsl IpOTHO3UPOBAaHUS B Smart System MOHUTOPUHTA COCTOSHUS
okpyxaroreit cpens (Inspector Meteo).

brut pa3zpaboTan yHUKaIBHBIA MPOTrpaMMHUpPYeMbIi torndecknii kontposep (Puc.2),
KOTOPBIN UCTIONH30BAJICS JUTSI ITOJTyYEHHUS OTYETOB O 3arpsi3HEHUH BO3yXa U TPOTHO30B.

DTOT KOHTPOJIJIEp MOAYJABHON apXUTEKTYphlI PEAHA3HAYCH JJISl PEIICHUs 3a1a4 Telle-
MaTHKH, KOHTPOJISI U yTIPaBJICHUS:

e VIipaBiieHHE 3JIEKTPOHHBIM H AJIEKTPOMEXaHMUECKIM 000pyI0BaHUEM;

e ABTOMAaTH3aIMs U yIIPABICHNE TEXHOIOTHYECKUMH TPOIIECCAMU;

e COop, 006paboTKa, XpaHEHHE U TIepeada TaHHbBIX.

OCHOBHO# 0COOEHHOCTHIO KOHTPOJIIEPA SBIAETCSI BOSMOKHOCTH PaOOTHI B pa3HBIX PEXKHU-
Max: aBTOHOMHOM U € IPOTPaMMHOM MHTErPalueil BBICOKOTO YPOBHS JUJIsl HACTPOUKH, aJMH-
HUCTPUPOBAHUS U yIpaBJIcHUs KOHTposuiepoM. Kondurypamms koHTposuiepa Oblia pa3pado-
TaHa C MCIOJIh30BaHUEM BCTPOEHHOTO HHTEPIIPETATOpa A3bIKa IIporpaMMupoBanns Lua.

Pucynox 2 — YHUBepCaIbHBIN IPOrpaMMHUPYEMBIH IOTHUECKUN KOHTPOJLIEP.
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[Ipu mpoBeneHNH SKCIEPUMEHTOB MbI UCTIONB30Ba n Monynb GSM s mepenaun pe-
3yJBTaTOB M3MEpeHui Ha BeO-cepsep. Ilepen oTnpaBkoil gaHHBIE ObUTM CXKaThl. Best 00-
paboTKa AaHHBIX W MPOTHO3 3arps3HEHHUS] MPOU3BOAMINCE Ha cepBepe. MoayiabHas CTPyK-
typa UPLC no3BosnsieT nucnonb3oBars 0ojiee 3HEProdQeKTUBHBIC U ACUIEBbIC PELICHUS Ha
ocnose cranjapra IEEE 802.15.4 ¢ ucnions3oBanueM npotokona Zigbee [11, 12].

Smart System MoHMTOpHMHTa COCTOSIHUS OKpyskaromen cpeanl (Inspector Meteo), mo-
MHUMO TIPOTHO3UPOBAHUS 3arPSI3HEHUS OKPY KAIOIIEH Cpe/ibl, MOXKET TaK)Ke BBITOIHATH PSLI
3aaay4, Haripumep (Puc. 3).

Pucynok 3 — Cepa nesrersaocta Muciekrop Merteo.

Pazpaboranbl KOMOMHUPOBAHHBIE MOJIEIIH CEJIEKTUBHOTO ¥ THOPUIHBIX THIIOB C MHICK-
caluei, KOTOpble MOTYT OBbITh HCIIOJIB30BAHBI [Tl IPOrHO3UPOBAHUS YPOBHS 3arpsI3HEHUS
BO3/lyXa, KaK COCTaBJIIIoIIMe Smart System MOHUTOPHMHIA OKpYyskaromiel cpensl. Monenn
MIO3BOJIAIIOT IOCTHYb BHICOKOH TOYHOCTH KPAaTKOCPOUHOIO M CPEAHECPOUHOTO IPOrHO3ZUPO-
BaHMS 1T0 CPAaBHEHUIO C MOJEIISIMHU, KOTOPBIE BKIFOYAOTCS B 0a30BBIH HAOOP KOMOWHHPO-
BaHHBIX MOJIEIICH.

PaspaboranHble MOZIETM IPOTHO3UPOBAHMUS BPEMEHHBIX PSIIOB MOTYT OBITH MCIIOIb30BaHbI
HE TOJIBKO /I 3aJla4d MPOTHO3MPOBAHMS YPOBHS 3arpsi3HEHUS BO3AyXa. DTH MOJEIH TaKKe
MOT'YT OBITh 3 PEKTUBHO UCIOIb30BAHbI U IS 331241 [IPOTHO3UPOBAHUS (PUHAHCOBBIX, TEXHO-
JIOTMYECKUX U JPYTUX THIIOB [TOKa3aTeNIeH, KOTOPBIE IIPE/ICTABIISAIOTCS BPDEMEHHBIMH PSIAMU.

Crarpsl HaMCcaHa B paMKaxX MCCIICAOBAHUHN MO TOCYIapCTBEHHOMY 3aKa3y Ha pean3a-
LUI0 HAYYHOH Mporpammsbl 1o OromkeTHOH nporpamme 217 «Pa3zBuTre Hayku», MOANPO-
rpamme 101 «IIporpamMmHoO-1ienieBoe prHaHCHpOBaHKE CyObEKTOB HAYYHOH W/WIIM HAYYHO-
TEXHUUECKOM JEATENFHOCTH 32 CYET CPEJCTB PeCIyOIMKAaHCKOTO OIO/KeTa» 10 Teme
«Pa3paboTka MHTEIUIEKTYaIbHBIX HHPOPMAIIHOHHO-TEIIEKOMMYHHKAITUOHHBIX CHCTEM ISt
TOPOJICKOM MHPPACTPYKTYPHI: TPAHCIIOPT, SKOJOTHS, DHEPreTHKa U aHaJUTUKA JaHHBIX B
roHuente Smart City».
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SMART SYSTEM-zeri AVA JIACTAHY JEHTENTHIH YAKBITTBI
CEPUSJIAPBIH BOJIDKAYFA APHAJIFAH CEJTEKTUBTI JKOHE
TUBPUATIK TYPIEPITH MOJEJIEPT

SMART SYSTEM-0e ayanviy nacmany oeqeeliin 60axcay yuin yaKkblmmuylk cepusniapobl UuHOekcmeyi
bap cenexmuemi Jcare 2ubpuOmi munmepoiy apanac mooenvoepi a3ipaendi. byn modenvoepoe unoexcmey
Manoanean Mempiik apaxaublKmvlKmapbl 0ap H#caKbli Kopuli 20icine nezisoencen. Cunammanean Mooensb-
dep ocvl OIpikmipineen MoOenbOepOiy 6A3aNbIK ICULIHMBIELIHA KIPemiH MOOeNbOepPMeH CANblCMbIPEAHOd
KbICKA JHCane opma Mep3imoi O0IHcayObly H#o2apbl 0dn0icine KOl HeemKizy2e MyMKIHOIK bepedi. Mooens-
Oep MeH catikec 20icmepoi KOPUIA2aH OPMAMbIH JHCAll-KYUIH OAKbLIAYOblH AKbLIObL JHCYLUECIH HCIHE JCANNbI
IKONOUSTILIK MOHUMOPUHEKE APHANAH ANNAPAMMbIK-0a20apLamansly KeuleHoepoi Kypy Yulin Ko10aHyad
001a0v1.

Tyiiin ce3dep: Gondxcamovl Oipikmipineen mMooenvoep, ayaHvly AACMAHYbl, IKOIOSUSNBIK MOHUMO-
pumne.
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MODELS OF SELECTIVE AND HYBRID TYPES FOR FORECASTING
TIME SERIES OF AIR POLLUTION LEVEL IN SMART SYSTEM

Combined models of selective and hybrid types with time series indexing have been developed to
predict the level of air pollution in the Smart System. Indexing in these models is based on the closest
neighbour method with selected metric distances. The models described provide high short- and medium-
term accuracy compared to the models included in the core set of these combined models. Models and
corresponding methods can be used to build a Smart System for monitoring the state of the environment
and hardware and software complexes for general environmental monitoring.

Keywords: combined forecasting models; air pollution,; environmental monitoring.
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MATEMATUYECKHUE METO/bI U MOAEJIN OITEPATUBHOI'O
INVIAHUPOBAHUSA PEXKUMOB ®YHKIIMOHUPOBAHUSA CUCTEM
SJIEKTPOXUMHUYECKOM 3AIUTHI IIOJA3EMHBIX TPYBOITPOBOJIOB

IIpeocmasnensl meopemuueckie pe3ynomamyl UCCIe008aHUs Ol pa3pabomKu UHGOpMayuoHHO-
AHATUMUYECKOU CUCTEMbl KOHMPOJIAL U YAPAGIEHUsL DNeKMPOXUMUYECKOU 3auumol 0m KOppo3uu Macu-
CMpanvbublx Mmpyoonpoeoo0s, NPosoouMbvle 8 pamkax eparmoso2o npoekma MOH PK AP09261098. I1pu-
6e0enbl MOOeNU U MEMOObl PeuleHsl 3a0aiy ONepPaAmuHO20 NIAHUPOSAHUSL PEICUMOE PAbOmbL CIANYyULL
KAmoonou 3awumsl mpyoonpoeooos 8 ycio8usax HenoaHou ungopmayuu u Oulau NoLy4eHbl ONMUMAlbHbLe
3HaueHus cunvl moka. Pezynomamut 6y0ym ucnonib308amsl 6 cucmeme anaiusd u onepamueHo2o ynpasie-
HUSL pexcumamu padomul 21eKmpOXUMUYECKoU 3auumsl NOO3eMHBIX MPYOONPOB0O0E € Yelblo NOGbIUIEHUS]
apghexmusnocmu pabomul u COKpawenus 3ampam Ha dKCnayamayuio. dgekmusnocms mooenetl u me-
Mo008 ULTIOCIMPUPYEMCsl HA NpUMepe YUacmKa 2a30pacnpedentmenbHblx cemell 8bICOK020 0AGIeH s

Knioueevie cnosa: cmoxacmuueckas mooensb, Memoo UMUMAYUOHHO20 MOOCTUPOBAHUS, INEKMPO-
XUMUYecKas 3auuma, NOO3eMHuIN MASUCIPATLHBIT MPYOONPO600, UHPOPMAYUOHHO-AHATUINUYECKAS, CU-
cmema KOHmpOaa, CIMAaHyus KamooOHOU 3aujumbsl, MOHUMOPUHE, KOPPO3U.

BBenenue. OgHON W3 IABHBIX 33734 MOA3EMHBEIX TpyOompoBomHbeix cucteM (TIIC)
TpaHCTIOPTUPOBKHU HeTH U ra3a (HedrerpancmoptHoit cuctemsl (HTC) u razoTpancmopt-
voit cuctemsl (I'TC)) PecrryOmmku KazaxcraH sBIseTCsS TIOBBIIIICHUE JOITOBESUYHOCTH U
AKCIUTYaTallMOHHON HA/IeKHOCTH MaruCTpalbHBIX TpyOonpoBoaoB (MT) (MarucTpabHBIX
HedrenpoBonoB (MH) 1 MaructpanbHbIX Ta3onpoBoAoB (MI') ¢ menpio CHIKeHHST aBapHii-
HOCTH Ha UX 00BbeKTaX (00bEMOB yT€UEeK TPAHCIIOPTUPYEMOTO ITPOAYKTA, IIPEIOTBPAIIECHUS
aBapwuii, B3PHIBOB U T.IL.).

CrnenoBarenbHO, IOJTOBEYHOCTh U HAJIGKHOCTh TPYOOTIPOBOAHON CHCTEMBI HAXOTUTCS
B OOJIBIIION 3aBUCUMOCTH, TTOpsijika 27%, OT ee 3amuThl 0T Koppo3un. C Ipyroit CTOpoHSI,
cucrema anekrpoxumudeckoit 3amuTel (9X3) MT PecryOnuku Kazaxcran npakTuuecku He
aBTOMATU3UpOBaHa. B CBs3M ¢ 3TUM, KOMIUICKCHASI aBTOMATHU3AIUS CUCTEMbBI DX 3 SIBISCTCSI
OJTHUM U3 BaYKHEHIITNX HAMIPABICHUN MOBBIMICHUS JOATOBEYHOCTH U HaaexkHoctu TIIC.

ABTOpHI [1] Ha YUCICHHBIX TTPUMEPaAX PACCMOTPENN 3aKOHOMEPHOCTH TporieccoB DX3
Y 331a4M KaK po6eMbl TOKOB B 3emuie i1 cioxkHbIX TTIC ¢ HeogHOpOIHBIMY TTapaMeTpa-
Mmu. B paborax [2,3] paccMOTpeHbI akTyabHbIC BOIIPOCHI o0ecrieueHus 3 dhexkruBHoin X3
1 po0JieMbl IOBbIIIEHUS 3()(HEKTUBHOCTH CUCTEM 3aIIMUThI OT KOPPO3UH MOA3EMHBIX Maru-
CTpPaJIbHBIX Ta30MPOBOIOB. BONBITMHCTBO pabOT MOCBSAIIEHO Pa3IMYHBIM METOJIaM pacueTa
OCHOBHBIX IMapaMeTpoB DX3, Ha OCHOBAHUH TAaKUX HCCIICTOBAHUM CO3MaHBI CIIPABOYHHUKHU

* E-mail koppecnionaupyioiero apropa: zhakhangir@mail.ru
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JUISL pacdeTa mapaMeTpoB CUCTEM U cpeAcTB DX3, HOPMAaTUBHO-TEXHUYECKas! JOKYMEHTa-
LU U TOCYAAPCTBEHHBIE CTaHAAPTHI [4-6].

Pazpaboranpl MaTreMaTu4ecKkrue MOJICNIM M aJITOPUTMBI pacdyeTa M ONTHUMHU3AIUH Hapa-
MeTpoB OX3 MT c nocnenyromeit nporpaMMHON ux peanuzauuu [7,8]. OgHako OHU HE
pemaroT 3a7a4y KOMIUIEKCHON aBToMaTu3anuu cucteMbl DX3 MT. B mocnennee Bpems
pa3paboTKH HampaBJICHBl Ha aBTOMATH3aIMIO MporeccoB U 3aaa4 cucteMbl X3 MT. Tak,
M3BECTHBI pa3IMyHbIE TeJIeMeXaHHUeCKUe CUCTEMbI KOHTPOJIS U YNPaBJIEHUS CPEICTBAMHU
DX3 Ha 0CHOBE KOHTPOJUIEPOB TEJEYIPABICHHs ¢ HHTETPUPOBaHHBIMUA MojemMamu GSM/
GPRS MOOMIBHOM CBSI3M U JPYTHX KaHAJIOB CBSI3U C aBTOMATU3MPOBAHHBIM pabOYlM Me-
CTOM JUCIIETYEepCKOro myHkra [9-11].

B paborte [9] onmcana aBTOMaTU3UPOBaHHAS CHCTEMa KOHTPOJIS U YIIPABICHUS CPeI-
CTBaMH DJICKTPOXUMHUYECKOH 3alIUThl HA OCHOBE NMPUMEHEHUS MHTEIUICKTYaJIbHBIX HH-
(dbopMaIMOHHBIX TeXHOJOTWi. JlaHHAs aBTOMATHU3WPOBAaHHAs CHCTEMa KOPPO3HOHHOTO
MOHHUTOPHUHTA MPEICTABISET COOOW CHUCTEMY pPACHpelesICHHOTO THIA, BKIIOYAIOIIAs B
CBOH CcOCTaB: aBTOMaTH3MpPOBaHHbBIE paboune mecta (APM) aucneTrdepa m pyKoBOIUTE-
nelt Bcex ypoBHel cucreMbl X3 MT, ycraHoBku katogHol 3amuthl (YK3) co crannus-
mu katonHo# 3ammuThl (CK3), 0CHAEHABIME TEIEMEXaHNICCKIMHU CPEICTBAMHY JUCTAH-
LIUOHHOTO KOHTPOJS U YIpPaBJIEHHUS CpeAcTBaMU DX3 M KOHTPOJIBHO-U3MEPHUTEIbHBIMU
nyakramu (KUII), oosequaenasie GSM/GPRS kanamamu MoOuibHOU cBSI3HM. BriepBrie
B JJAHHOH aBTOMAaTH3UPOBAaHHOHW cucTeMe [9] mpuMeHeHa WHTeIIeKTyalbHas HHpopMa-
LIUOHHAs TEXHOJIOTHsI B BUJIE 3KCIIEPTHOM CUCTEMbI IIOAEPKKH IPUHATHUS PEILICHUH CIIe-
[UATUCTaMU CITy)KObI DX3.

B pab6ore [12] paccMOTpeH CTOXaCTHUECKUH TTOXO/ K TOCTAHOBKE M PEIICHUIO 3a1aTH
OTIEPaTHBHOTO TUITAHUPOBAHMS pekuMa paboThl cucTeMbl JX3 MOA3EMHBIX TPyOONpoBO-
IIOB, a B [13] mpuBemeHa cucTeMa HHTETPATBHBIX ITOKa3areiei kadecTBa U dPPEKTUBHOCTH
¢$yHKIOHMPOBaHMs cicTeM DX3 MoA3eMHBIX TpyOonpoBoaoB. B pse pador, Hanpumep, B
[14] paccmaTrpuBaroTCst BOITPOCH! ONITUMHU3AIIUHN PEKUMOB Pa0OTHI YCTaHOBOK DX3, a TakkKe
ONTHMHU3ALNY 3aIMTHBIX apaMeTpoB Bcex CK3 Ha 3amannbix yyactkax MT [1,7-9], 6e3
KOTOPBIX HEBO3MO)KHO MOCTPOUTH 3P PEeKTUBHYIO cucteMy DX3.

MeToabl ncciaenoBaHusi. 3a1a4eii JAHHOTO UCCIIEJOBAHUS sIBIsieTCst pazpaboTka (op-
MaJIM30BaHHON MOJIETIN aBTOMAaTU3UPOBAHHOTO YIIPABICHHS PeKUMaMH (yHKLIHOHUPOBA-
Hust cucteM DX3 nonzeMHbix MT. KoMIuiekcHbIN MOAX0/] 00SCIICUUT YUET MaKCUMAaJIbHO-
ro yucia GakToOpoB U MapaMeTPOB, BIUAIOIIUX Ha MOBBILICHHE Y3PPEKTUBHOCTH CUCTEMBI
2X3 MT. [lns peanuzanuu JaHHOTO MOIX0Aa M YCTPAHEHUS YKa3aHHBIX HETOCTATKOB CY-
HIECTBYIOMKX crcTeM DX3 HeoOXoanMo pazpadoTars HH(POPMAMOHHO-aHAINTHIECKYIO
cuctemy KoHTpoJs u yrpasierus (MACKY) anekTpoxnuMuueckoil 3a1uToi 0T KOPPO3UU
MarucTpajibHbIx Tpyoonposoaos. MACKY DX3, mpexzae Bcero, JoKHA pelarh 3aaady
HEIPEePhIBHOTO AUCTAHIIMOHHOTO KOHTPOJISI TTapaMeTPOB NEKTPOXUMHUECKOHN 3aIINUThl U
OTIEPAaTUBHOTO YNPABIEHUS 3alllUTHBIMHU MapaMmeTpaMu cpeAcTB OX3 B peKHUMe peallb-
Horo BpemeHu. [Ipu stom MACKY 3X3 nomxHa monaepKuBaTh TEXHOIOTHYECKHHA TPO-
necc OX3 Ha ONTHUMAJIBHOM YPOBHE MEXAY pa3pylINTEIbHBIMH 30HAMHU KakK «HEI03a-
LIUT», TaK U «IEPE3alUT», YTO I03BOJIUT CHU3UTh BPEIHbIE IIOCIEACTBNUS, BBI3bIBAEMBIC
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cymecTBytomuMu cuctemamu X3, KommiekcHoe ucnonb3oBanue cpencts MCKY DX3
MOXET NPOAIUTh TexHuueckuil pecypc MT Ha 5-10 neT u CHU3UTh UX aBapUIUHOCTH U3-3a
KOppO3HH.

s perienns mpoOnemsr 3ammThl MT OT koppo3nn HeoOXOIMMO IMTOCTPOUTHh MaTeMaTh-
YEeCKYyI0 MOJIEJIb MPOLIECCOB, KOTOPBIE MPOUCXOAAT IPU MPUMEHEHUH EKTPOXUMUYECKON
3amuThl. [Ipy ’TOM BO3HUKAIOT IOBOJIBHO CYIIECTBEHHBIE TPyIHOCTH. OHU 3aKITIOUAIOTCS
B TOM, YTO TaKHe MMapaMeTPhbl CUCTEMbI, KaK COITPOTHBIICHUE ITPYHTA U U30JIALUN HE SIBIISI-
IOTCS IETEPMUHUPOBAHHBIMY BEIMYUHAMH. 3HAYSHHSI Ps/ia TapaMeTpPOB B ONpPEAeTIEHHBIN
MOMEHT BPEMEHH, BOOOIIIE-TO TOBOPSI, HEM3BECTHBI. M3BecTeH NUIIb 3aKOH, KOTOPBIN TO-
3BOJISIET OIEHUTH 3HAYCHHE ITapaMeTpoB. Bce 3TO MPUBOAMT K TOMY, YTO IpH opMannza-
UK TPOOIEeMbl HEOOXOJMMO HCIONIB30BaTh MaTEMaTHYECKUE METOJIbI OIMCAHUS CTCIICHH
HEOIPEICICHHOCTH UCXOTHBIX JIAHHBIX.

B xauecTBe OCHOBHBIX DJIEMEHTOB CHCTEMBI DX 3 MOA3EMHBIX TPYOOIIPOBOIOB UCTIONE-
sytorcsi CK3, koTopble o0ecrieynBaroT HEOOXOIMMOE 3HAYEHUE 3all[UTHOTO IMOTCHIINAIA Ha
BCEW MPOTSHKEHHOCTH 3aIIXIIAeMOT0 OA3eMHOT0 TpyOompoBoaa. B cBoio ouepens, Benn-
YUHA 3alIUTHOTO MOTEHIMANIA «TPyOa-3eMJIsh» SIBISCTCS CIIyYalHON BEIMYMHOM, 3aBHUCS-
el 0T MHOTOYMCIIEHHBIX (PAKTOPOB, OCHOBHBIMH W3 KOTOPBIX SBISIOTCS: (pakTHdeckue
pexumbl padbotel CK3; pakTrnyeckoe COCTOSIHUE H30JSIIMOHHOTO TIOKPBITUS TPYOOIpoBoia
B JTI000H TOYKE paccMaTpHUBAEMOTO yJacTKa B KaKIbIH MOMEHT BPEMEHHU M COOTBETCTBYIO-
iee eMy MepexoAHOe CONMPOTHBICHUE N3OJSILMOHHOTO MOKPBITHS; (PaKTHUECKOE 3HaUCHHE
COTIPOTHUBIICHHUS TPYHTA BJIOJIb TPACCHl TPyOOTPOBOAA. DTO MPHUBOAUT K HEOOXOAUMOCTH
paccMarpuBaTh cucteMy 9X3 MOI3EMHBIX TPYOOIPOBOJIOB KaK CTOXaCTHYECKYIO CHCTEMY,
(hyHKIIMOHHUPYIOITYIO B cTOXacTHIeckol cpene. Hamboiee r3hpekTUBHBEIM cCrTIOCOOOM yIIpaB-
JICHUS] TAKUMHU CUCTEMAaMHU SIBIISIFOTCS JIByX3TAITHbIC MPOLEAYPbI, BKIIOUAIOIIUE B ceOs pe-
IIeHHe JABYX 3a]1ad:

— ONEpaTHBHOE IUTAHUPOBaHUE pexuMoB padcoThl CK3 Ha OCHOBaHMM MPOTHO30B
(YCHOBHBIX MaTeMaTH4eCKUX O’KUAaHNN) OCHOBHBIX BO3MYIIAIOMINX (PaKTOPOB CUCTEMEI;

— cTa0WMIM3anys BEIMYMHBI 3aIIMTHOTO MMOTEHIINAA MOCTe HAOMIOACHUS PaKTHIeCKHX
peanu3anuii BO3MYIIAOIMNX (PaKTOpOB.

B nanHO# paboTe mpuBeeHbl HEKOTOPhIE METO/bI U MOAEIH PEHICHUs 3a7a4n orepa-
TUBHOTO TJIAHUPOBAHUS PEXUMOB paboThI cucTeMbl JX3, 00ecTieynBaroIIie PEeIIeHUe 3a-
Jla4¥ aBTOMATH3AIUU PEKUMOB (DYHKIIMOHUPOBAHMS CUCTEMbI DX3 C IEJIbIO TOBBIIICHUS
ee 3(phekTUBHOCTH.

Pe3ynbrartsl u o0cy:kaenune. [ ygacTka moi3eMHOTo TpyOOIIpoBoOAa ¢ MOAKIIOUEH-
HeiMH K HeMy CK3 pazHoCTb MOTEHIIMAIOB «Tpy0a-3eMiIsh» B KaXKJOU TOUKE Ha BCel Mpo-
TsDKEHHOCTH TpyOompoBona mms kaxmoit CK3 ckmameiBaeTcst U3 IBYX COCTABISIIONIUX:
MOJIOKUTEIBHOTO TMOTeHIMada rpynra U jp(X) , CO37aBaeMoOro >JeKTPUUYECKUM I0JeM
AHOIHBIX 3a3eMITUTENEH, M OTPHUIATENHHBIM OTEHIHATOM TToBepxHOCTH TpyOsr U (X)
, BOSHHKAIOIUM 3a CYET MPOTEKaHHs KaTOJHOrO TOKa BAOJb TpyOomposoxaa. HM3omupo-
BaHHBIHN MMOA3EMHBIN TPYOOTIPOBO/I, 3ANIUIAEMbII CTAHIIUSIME KaTOTHOM 3aIIUThI, MOKHO
MIPEICTaBUTh B BHJIE MPOTSKEHHOIO IEKTPUUECKOTO MPOBOJHUKA MOCTOSIHHOTO TOKa C
yreukoit (Puc.1).
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Pucynox 1 — Cxema 3aMellIeHUs IPOTSHKEHHOTO MPOBOAHMKA C YTEUKON

e BenuauHa R, [OM/M] — 971eKTpH4eCcKoe CONPOTHBICHHE SIMHHIIbI JUTHHEI IPOTSHKCHHO-
TO TIPOBOJIHUKA C YTEUKOH (yACIbHOE MPOIOJILHOE COIIPOTUBIICHUE, TIOTOHHOE COMPOTUBIIC-
HUE);

R [OM - M] — IEpEXOIHOE CONPOTUBIIEHUE YTEUKE, XaPAKTEPU3YET HIEKTPUIECKOE CO-
MIPOTHUBIICHUE MEXJYy OTPE3KOM IMPOTSKEHHOTO MPOBOJHUKA U COMPHUKACAIOIICHCS C HUM
cpenoil.

[Ipu Hamu4MM Kakoil yroJHO MPHIIOKEHHON K MPOTSIKEHHOMY MPOBOIHUKY HArpy3Kd
B 1060} TOUKe X MPOBOJHUKA HMEEM 3aBUCSIIME OT KOOP/MHATHI X, noTeHuan Ul (X) u
MIPOTEKAIOIINN TI0 TPOBOTHHUKY TOK 1.

Paccmotpum mpuBenieHHy0 Ha puc. 1 cxeMy 3aMelIeHUs NPOTSIKEHHOTO MTPOBOIHUKA
¢ yreukoi. [lycTh 3Ta cxema mpejcTaBiieHa B BUE MOCIEI0BATEIBHO COSJMHEHHBIX MPO-
JONMBHBIX 9JIEMEHTOB CONPOTHBICHMIT R, AX, K KOHLAM KOTOPBIX Mapaie/bHO MOAKIIO-

R
YEHBI 3JIEMEHTBI NIEPEXO/IHBIX CONPOTUBIECHUN A_ [Tyctb, kpome 3TOTO, Ha ydactke OC
X

MMEETCs] HEKOTOPBII IPOMEXKYTOK AB, BHYTpU KOTOPOTO K IPOTSHDKEHHOMY IPOBOJHUKY HE
MIPUWIOKEHO HUKAKOW Harpys3ku. BBUIly TOro, 4TO MpOMEKYTOK AB HE 3arpyeH, TOK i Ha
BCEM 3TOM IIPOMEXKYTKE HE MMEET Pa3phlBa, T.€. N3MEHSIETCS] HEPEPHIBHO.

Brizennm Ha mpomekyTke AB T0CTaTOuHO Mallblii OTpe3ok ab mmHo# Ax. IlycTth Ha-
yaJibHasl TOYKA a OTpe3ka ab uMeeT koopauHary x. CienoBarenbHO, KOOpAUHATA TOUKU b
ectb x + Ax. K cpemneit Touke oTpe3ka ab MOAKIIOUCH OIUH U3 JIEMEHTOB ITEPEXOTHBIX

R .
COHpOTI/IBJ'IeHI/II/I A_ B CBsA3HU C UEM MC)K,Z[y TOYKaAMHU a U b BKJIKOYCHBEI I10 HpOﬂOHLHOMy
X R AX

SJIEMCHTY COIIPOTHUBJICHHWA, UMCIOIINE BEIIMUYNHY

ITycThb B TOUKe a MMeroTes noTeHuuan U, v TOK i, POTEKAIOIIMI OT TOYKH d K TOUKE C, a
B TOUKE b — ITOTEHIIUAII UT + AUT Y TOK i + Ai, IPOTEKAIOIIHIA OT ¢ K b, T.€. IPUPAIICHUIO Ax
KOOPJIMHATBI X COOTBETCTBYIOT Npuparienus AU, u Ai norenuuana U u Toka i. Ecim ToK Ha-
TPABJICH CIIEBA HATIPABO, T.€. €CJIM OH UMEET MOJIOKUTENbHBIN 3HaK, T0 U, > U, + AU, BCren-
crue vero AU.< 0, T.e. NpupalieHue IOTEHIMAIA UMEET OTPULIATEIIBLHBIN 3HAK, T.€. 3HAKH
BenuuH AU, 1§ poTHBONONIOKHBL. Kak BUIHO M3 puc. 1, 5TO najieHne HanpsHKEHUsT PABHO:

-AU;

R'1172AX+(I+AI) ZAX (1'1)
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rae Ai mpencTaBiiseT co00H TOK Ha y4acTke ab = Ax MKy OTPE3KOM MPOBOJHUKA U JK-
BUIIOTEHIMAJIbLHON MTOBEPXHOCThIO MM, T.€. TOK Ai €CTh NpUpalIeHUEe TOKa Ha yyacTke Ax,
KOTOpOE OYJIET MOJIOKUTEIILHBIM B CJIy4ae ero BXoJia B OTPe30K Ax (TOK IMOATEKAHUS) U OT-
pHUIIATENBHBIM B CIIy4ae €ro BBIXO/a U3 OTpe3ka Ax (TOK yTEUKH).

Benuuuna Toka Al onpenensiercsl MOTEHIHAIOM UTC TOYKU C U IEPEXOJHBIM COIPO-

uz

THUBJICHUCM

, TIPUYEM TIPH TIOJIOKUTENBHOM 3HaUeHuH oTennuana U, npupamenne Ai

6y,I[CT OTpHULATCIIbHBIM, a IIPU OTPULATCIIBHOM IMOTCHIUAJIC U Te IMpUupamicHUeC MOJI0XKUTCIIb-
HO.

R, A
U, =U, iz X, (12)
2
y UT—iR"ZAX
P Tcz_—.
Ai=—g - AX. (1.3)

AX

Taxum 00pa3oM, Py U3BECTHBIX 3HAYCHUSX MOTEHITMAJIA H TOKA B TOUKE ITOIKITFOUEHUS
CK3 MOXkHO NOCJIE10BATENLHO MOy YUTh 3HAYEHNs MoTeHIMana U, ¥ TOKa I B KaK10U TOY-
K€ paccMaTpuBaeMoOro y4acTka.

[pencraBum ypasaenus (1.1) u (1.3) creqyromum oopazom:

AU, . R, ..

=—Rupi——2Ai, 1.4
~ p 5 (1.4)
Ai U, R,
—=——T 4 " _Ax
AX R, 2R, - (1.5

Ecnm oTpe3okx Ax HeorpaHWYeHHO yMEHbBINATh, YCTPEMIISISl €T0 K 3HaueHuto nudde-
peHImana dx KoopuHaThl x, To npupamteHust AU, 1 Ai Gy1yT COOTBETCTBEHHO CTPEMUTh-
cs x mupdepenunanam dU, u di. Bropble ciaraemble paBbix 4actel ypaBHeHui (1.4) u
(1.5) mpeBparsTcs B BEIMUUHBI BBICHIETO TMOPSAKAa MAJIOCTH MO CPABHEHHUIO C MEPBBIMHU
cllaraéMbIMH, a CaMH YPaBHEHHUS M3 KOHEYHO-PAa3HOCTHBIX MpeBpataTcs B quddepeHu-
aJbHBIC.

®ynxuusa U; (X) — pacrpeieneHus oTpHIaTebHOTO MOTEHIHAIA TOBEPXHOCTH TPYOhI
kaxno# i-ii CK3 sBisiercs pemenreM cucteMsl nuddepeHnnaibHbIX ypaBHEHUIH:

Ui LR =0, (1.6)
dx "
di Ui _y, (1.7)
dX RlB

i — QyHKIMS pacnpeaeeHus 3HAYCHUH CHITBI TOKA.
Pemenue cucremsl nudpepeHnInanbHbIX YpaBHEHUH B 00LIEM BUJIE:
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Ul (x) = Ae Q/R:+Be q/: (1.8)

! (Aex'\/gi - Befx'ﬁz;) , (1.9)

JRw -R.,

rae Kod(PHUIKUEHT 3aTyXaHHs 0. ONIPEICISIeTCs BRIPAKECHUEM Ol =

R np

, @ IIOCTOSIHHEBIE A
us

nB OIPEACTAOTCA IJIA KaXJI0ro y4acTKa HEIIPEPLIBHOIO U3MCHCHUS TOKaA M3 yCJ'IOBI/Iﬁ Ha
TpaHUIax TOTo K€ yJacTKa.

3Ha4YeHUs MOJOKHUTEIBHOTO TMoTeHnuana rpyara U, (X), cO31aBaeMoOro 3JIeKTpHye-
CKHIM TI0JIeM aHOaHOTO 3a3emiieHus i-ii CK3 ompenensercs Beipaxkenuem [13]:

L S AN Vi (110
’ 2n(b -a)  Hix-b)+(x-b)? +y

e a, b, y" — KOOpIMHATHI PACIIONIOKEHHS MPOTSHKEHHOTO AHOJHOTO 3a3¢MJICHHS i-if
CK3.

®yHKImMs pacrpenencHus norenmuana «rpyoa-semis» U, , wis N-CK3 naxonures cie-
JIyIOIITUM 00pa3oM:

Ur 500 = YU 00 -3 U} (0 (1.11)

OCHOBHBIMH CITyYallHBIMH BETMYWHAMH, BIUSIOMIIMHA HAa 3HAYCHHWE 3aAIIUTHOTO IIO-
TEHIHANIa «TPyOa-3eMIs» SBIAIOTCA: (PaKTHIECKOE COCTOSHHE M3OJSIIMOHHOTO TIOKPBITHS
TpyOOIIpOBOJIa B TOYKE X B MOMEHT BPEMEHH / I COOTBETCTBYIOIIEE €My MEPEXOTHOE CO-
MIPOTHBIIEHUE N30JIAIIMOHHOTO MTOKPBITHS, a TakkKe (haKTHIEeCKOe 3HAYCHNE COMTPOTHBICHUS
TPyHTa BIOJIb TPacchl TPyOONpOBOIa, 3aBUCSIIIEE OT BIaKHOCTH MOYBHI, €€ COCTaBa, IJIOT-
HOCTH, TeMIIEpPaTyphl U T.1I.

ITycTs <Q, F, P> BEPOSITHOCTHOE TIPOCTPAHCTBO, TJIe ) — MPOCTPAHCTBO DIIEMEHTAp-
HBIX UCXONOB, F' — ¢ — anrebpa MOIMHOXKECTB () , P — BeposTHOCTHas Mepa Ha F. Omnpene-
JIAM TapaMeTpel R, M p, Kak CllydaifHble BETMYMHBI HA MPOCTPAHCTBE (Q,F,P) : P, =
pzp((o, H,R =R (o,1), 16 0EQ .

Kak yxe paccmarpuBaiocs paHnee, MOTEHIMAT «TPy0Oa-3eMIIs» B TOUKE X MPEICTABIISET
coboit cymmy moteHnmuanoB kaxaoi CK3 u sBiseTcss pazHUIEH OTPUIIATEIIBHOTO TTOTCH-
1pana TpyObl ¥ IOJOKUTEIBHOTO MOTEeHIIMaNa TpyHTa. OTpHUIaTeTbHbIN MOTEHIIHAT TPYObI
3aBHUCHT OT CITy4aifHOW BEJMYMHBI COMPOTHBIECHUS HW3OJSIIHH UTi (x) =UTi (X,R.; (,1)) .
[TonoxxuTenpHbIM NOTEHIMAN TPYHTA 3aBUCUT OT CIyYalHOM BEJIMUMHBI YIEIBHOIO COIPO-
tusienns rpyrra Ul (X) =Ud (X,p., (,1)) , Takum 0Opa3zoM, MOTEHIHAT «TPYOa-3eMIsI»
TaKKe MPEACTABIICT COO0H CIIYIaifHYIO0 BETUINHY:

Us (xt0) = UL KR, (@8) - Y UL (6p, (@) . (1.12)
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Jl1st paccMaTpruBaeMoro OAHOHUTOYHOTO y4yacTKa IMOJ3eMHOr0 TpyOOIpoBOaa dHepre-
TUYECcKHUe 3arpathl Ha padoTy i-ii CK3 B MmomeHT Bpemenu ¢ € [0, T|onpenensiercs MOIIHO-

CTBIO TI0 IOCTOSHHOMY TOKY Ha Bbixozie mpeoGpasosaresnss CK3 C, , [kBrt - u]:
C,. =Pt (1.13)
rie momHocTh i-it CK3 P (¢), [kBT] onpenensercs BhIpakeHHeM:
PO=U, (1, (1.14)

inp

rme U (=1 [R _+R +Z] — uanpspkeHue Ha BeIxoje mpeodpaszosarens i-it CK3 [B] B
Lnp 1 a ras 1 Lo

MOMEHT BpEMEHHU ; [, — BelM4uKMHa CHIIbl TOKa Ha Bbixozie i-ii CK3 [A] B MOMEHT BpeMEHH ;

R, — comnpoTusienue coeanHUTeNbHbIX TuHUH i-i CK3 [OM]; R, — cOnpoTHBIICHHE aHO/-

Horo 3azemiienus i-it CK3 [OmMm]; Z; = \/ R., R -(rD)™  — XapaKTepHCTHYECKOE COMpO-

iz
TUBJIEHUE TpyOOIpoBoaa [Om]; R, — IPOZIOIBHOE CONPOTHBIICHHE MTOA3EMHOTO TpyOOIpO-
Boaa, [Om/M] Ha yuactke [x; |, x]; R,  — cpeqHee 3HaYCHHUE MEPEXOIHOTO CONPOTHBIICHHS
M30MIAIIHOHHOTO HOKphITUs, [OM - M*] Ha y4acTke [x, |, x].

IlepexonHoe CONPOTHBIIEHHE M30IIALUM SBISAETCA CTydaitHOl BenmuunHol R, = R, (t, ),
CJIEZIOBATENLHO, M XapaKTePUCTHYECKOE CONPOTHUBIICHHE TPYOOIPOBOIa MPEICTABISIET CO-
0oit TaxKe clydaiHyio BenU4uHy Z, = Z (1, m).

Kak cnenyer u3 (1.14)momnocts i-ii CK3 P, aBisercs B 9T0M cityyae GpyHKIMER OT CIIy-
YalHOHW BEJTMYNHEI Zl,(t, ®) U, B CBOKO OUEpe/Ib, TAKXKe Oy/IeT cirydaifHOH BEIIMYHHOM, T.€.

Pto)=I7[R, +R  +z(t o). (1.15)

B aToM ciyuae B kauecTBe MHTETPaJIbHOTO TIOKa3aTest onTuMu3auu padbots! i-it CK3
Ha uHTepBasiax Bpemenu [0, T OymeM ncmonp30BaTh BEIpaKEHHE

3,(T,0) = [R(t, w)tdt =[I7IR, +R,*z (o)t . (1.16)

Yucnennoe 3nauenue J (T, ®) XapakTepusyeT CyMMapHble 3aTparthl MomHocTH i-if CK3
Ha unTepBasie Bpemenu [0, T] u kak ciexyer u3 (1.16) aBusiercst cimy4aiiHONW BETUUYNHOM.

Tak kak J (T, ®) — cnydaiinas BeauuuHa, TO 11 IONYYEHUs ONEPALUMOHHON CHCTEMBI
HWHTETpalbHBIX MoKazateneil dddextuBHOCTH QyHKIHOHMpoBaHus i-i CK3 HeoOXomnmo
HCIIOJIb30BATh €€ MaTEMATHUECKOE OKUaHHE.

3agaga onepaTHBHOTO IJIAHUPOBaHUs pesKUMOB padoTel CK3 B croxacTuyeckoi mocra-
HOBKE OyZIeT UMETh BUJ CIEAYIOIIEH eIeBOH (QYHKINH:

n
M J,(T,®)— min (1.17)
[0) —y 1eG

[Toce moscTaHOBKY BBIpaKEHUS AJIsl BEIUUCIIeHUs 3aTpaT MomHocTH i-id CK3 (1.16) n
BBIPKCHHS XapaKTEPUCTHUECKOTO COMTPOTHUBIICHUS y4acTKa TPpyOOIpoBo/ia 1ieneBast pyHK-

oy 3a1a4nu 6y,Z[CT HUMCTDb BU!
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n T
2 -1 H
~ '\(()I {.([ Ii [Riﬂ + Ria3+\/RiW[; Riuz(m) ’ (TED) ]tdt} - lTIEIGn (118)

[Tocne BeIYMCICHUS ONpeNesIEHHOro MHTerpana BbipakeHue (1.18) moxHO mpexacra-
BUTH B BUJIE:

i I\(ﬁl {Iiz[Ri.a+ Ria3+\/Ri nj; Riux(o‘)) : (nD)_l] ;} - rInIGn (119)

s mosydeHusi MaTeMaTUYeCKOro OKUJAHUS CIy4allHON BEJIWYMHBI BOCIIOIb3YyEMCS
HepaBeHCTBOM MeHcena. [lnst HenuueinHo#t dynkimum f{x, n(®)) ¥ ciaydaitHON BEIUYUHBI
N(®) umeer Mecto HepaBeHCTBO MeHceHa:

M f(xn(@)) 2 f(M f(xn())
eciu Qynkus f{x, n(®)) Beimykia, u ecian Gynkuus f(x, n(®)) Borayra:
M f(x,n(w)) < F(M f(x,n()) ,

[Hoctpoum rpadux 3aBucumoct GyHkunu 3arpar momHoctH i-ii CK3 (1.16) ot 3Haue-
HUS CITydaiiHol BenuuuHbl R, (o) (puc. 2).

Pucynok 2 — I'padux 3aBuCHMOCTH (HYHKIUH 3aTpar MomHOCTH i-i CK3 oT 3HaYeHMS
ciydaitHoit Besuunnbl R, ()

W3 rpaduka 3aBUCUMOCTH BUJHO, 4TO (PyHKIINS, ONIPEEIIAIOIIas 3aTpaThl IPHU IKCILIya-
tauuu CK3 Boruyra, T.e. UMEET MECTO HEPABEHCTBO:

izill l\(ﬁl {IiZ[RiJ +R ias + \/Rinp. Riw(w) ’ (TCD)il] ;} :

n — 2
< (IiZ[Rizz + Ri as + \ Riﬂp‘ Riu3 ’ (nD)il] T?)
i=1

(1.20)
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Takum oOpa3om, oreHka 3arpar npu skciutyaraiuu CK3, monyueHHas B pesyibrare
pElIeHHs 3a]]a4¥ CTOXaCTUYECKOTO MTPOrpaMMUpPOBaHUsl Oy/IeT OOJIbIlIe PeaibHBIX 3aTpar.

Pesynbrathl perieHus 3aja4ul WLTIOCTPUPYETCS HA TPUMEPE ydacTKa rasopacrpejie-
JUTENBHBIX CEeTEl BBICOKOTO AaBieHus: anuHa ydacTka 41510 m; xommuectBo CK3 — 5;
koopauHathl pacronoxenus: CK3 ot Havana yuactka: 2000 m., 13690 m., 20900 M., 30063 M.,
39513 M. Ha y4acTke uMeeTcsi TpyOonpoBo pasiuuHoro quamerpa: [0, 19950] D = 0,529
M.; [19950, 300501 D = 0,020 m.; [30050, 41510] D = 0,720 M.; — H30IAUUOHHOE TOKPBITHE
— 3aBOJICKOE HAIBbUICHHOE MOJUMEPHOE YCHIICHHOT'O THIIA, CPE/IHEE 3HAUCHHUE MTEPEXOTHOTO
CONpPOTHBJIEHUS M30JAMU R =5 - 10° [OM - M*]; IpOSI0/ILHOE CONPOTHUBIIEHHE TPYOOMpo-
BOJA Rnp = 6,6 - 10° [Om/M]; conpotusnenune anoanoro 3asemnenus CK3 R = 1,37 [Om];
conporuBieHue coeauuurenbubix muHui CK3 R = 0,23 [Om]; cpennee yuenbHoe compo-
THBJICHHE IPYHTA 110 Tpacce cocTasnsier p_ = 40[Om - M]; aHOKHOE 3a3eMIICHHE — HECMe-
uieHHoe, T.e. @ = X —100 [m], b = x +100 [m] 7= 1..5; qMHa 1EMOYKK aHOAHOTO 3a3eM-
nennst L =200 [m] i = 1..5; paccTostHue 110 aHOAHOTO 3a3emienus Y, =220 [m]i=1..5;
MaKCcHMaJlbHas cujia Toka Ha Beixoge CK3 12.5 A; U..= —0,85 — MUHUMAaBLHBIN 3aIIUTHBINA
noteHnuan [B]; Umax =—1,15 — MmakcuMabHBIN 3alIMTHBIN TTOTeHIIMAT [B].

Pe3ynbraTom pemenus 3a1auu ABiasieTCs ONTHMaIbHOE 3HaYeHne cuibl Toka CK3 Ha 3a-
JIAaHHBIN TIeproj] BpeMeHH. [ ONMCaHHbBIX UCXOAHBIX JAHHBIX MOJYYUIIA TAKUE 3HAUYCHUS
cuibl Toka CK3: Iskz[1] = 7.032A, Iskz[2] = 6.790A, Iskz[3] =7.154 A, Iskz[4] = 6.650A,
Iskz[5] = 6.287A.

Ha puc.3a noka3ana pacnpejiesieHie 3alllUTHOTO MOTSHIMAIA «Tpy0a-3eMiish» JUIs T0-
JMy4eHHBIX 3HaueHnid cuibl Toka CK3 tpybompoBoma. Ha puc.36 nzobpaxkensl rpaduku
pacnpeeneHusl MOTeHInaNa «Tpy0a-3eMiishy JIJIsl ONTUMAJIbHBIX 3HaueHUH cuiibl Toka CK3
MIPH Pa3IMYHBIX pPeaau3alisaX CIIyYalHbIX BETMYUH COMPOTHBICHUS H30JISIMH U YACIbHO-
IO COMpPOTHBIIECHUS IPpyHTA. B pe3ynbrare pelieHus 3a1a4u OMepPaTuBHOTO TIAHUPOBAHUS
pexumMa paboThl cucteMbl DX3 ObUIH MOJTyYEHBI ONITUMANIbHBIC 3HaYeHHsI cuiibl Toka CK3,
B YCJIOBUSX HEMOJIHOW MH(DOPMAIIUU O CONPOTHUBIICHUH H30JISIIIMOHHOTO MOKPHITHS TPY0O-
IIPOBO/JIA U YJICJILHOTO COMTPOTHBIICHUS TPYHTA, MTOKa3aHa d3PPEKTUBHOCTh PEIICHUS TAaHHON
3aJlauu.

a) 0)

Pucynok 3 — a) rpaduk pacrpeseneHus IOTeHIHaNa «Tpyoa-3eMiIsh Ul ONITHMAIIBHBIX
3naueHnit cuitel Toka CK3; 0) pactipenenenus nmoreHmana «rpyoa-3eMis» 11l ONTUMAIbHBIX
3HaueHnit cuitel Toka CK3 mpu pasnudHbIX peann3anysax CIyJalHbIX BEIUYUH

3akaouenne. [ co3maHus TeIEeMETPUIECKUX, WH(OPMAIIMOHHO-aHATUTHYECKUX U
ABTOMATHU3WPOBAHHBIX CHCTEM HEOOXOMUMBI MaTeMaTHYeCKHWe MOENH OIMUCAHU TEeXHO-
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jorudeckoro mporecca 9X3. B padote mpeiokeHbl CTOXaCTHUECKUE MOJICIIH M METO b
peLIeHHUs 3a/1a4d OTIEPaTUBHOTO IUIAHUPOBaHUS pexxuMoB padoTsl CK3 TpyOonpoBomoB B
YCIIOBHSIX HETIOJTHOHM MH(OpMAaLINK IIPU PELICHUH 3a/1a4 MUHUMH3AIUHU 3aTpaT Ha SKCILTya-
Tanuio cucreMsl DX3. B pe3ynabrare skcrieprMeHTalIbHbBIX UCCIET0BaHUM peleH s 3a1aun
OTIEPAaTHBHOTO TUIAHUPOBAHUS peKUMa paboThl cucTeMbl DX3 ObUIH TONTYyYEHBI ONTHMAb-
Hble 3Ha4ueHust ciiibl Toka CK3 B ycmoBusix HenonmHoi nH(OpManyu o COTPOTUBICHUH U30-
JSIIIMOHHOTO MOKPBITUS TPyOOTIPOBOA M YSIFHOTO COMTPOTUBIICHUS TPYHTA, a TAK¥KE TOKa-
3aHa YPPEKTUBHOCTh Pa3pabOTaHHBIX MOJIEICH JUIsl pEIICHUs JaHHOU 3a/1aun. Pe3ynbrarhl
peLIeHHUs 3a1a4M MOTYT OBITh HCITOJIb30BaHbl B CHCTEME aHAIHM3a M ONIEPATHBHOTO yIpaBiie-
HUS peKUMaMu paboThl cucteMoi JX3 moa3eMHbBIX TpyOOonpoBoaoB npu pa3padorke NA-
CKY 35X3 ot xoppo3un MT c nenbto noBbieHus 3PPEKTUBHOCTH paboThl U COKpAICHHUS
3aTpar Ha IKCIUTyaTaluio cucreM DX3 MOI3eMHBIX TPYyOOIIPOBOJIOB.
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KEPACTBI K¥YBbBIPJIAPBIH JIEKTPOXUMMUAJIBIK KOPFAY
JKYWEJIEPIHIH, ’)K¥MbIC ICTEY PEXXUMJIEPIH KEJIEJI JKOCIHAPIAY/IBIH,
MATEMATHUKAJIBIK O AICTEPI MEH MOJEJIBJAEPI

KPBFMAP09261098 epanmmulk s#cobacsl ascblHOa HCyp2iziieeH bliblMu 3epmmey HeyMblCmMapblHblY
Hez2i3iH0e MA2UCmpanbObIK Kyoblpnapouvly KOPPOUACBIHAH INeKMPOXUMUATILIK KOPEayObl 6aKbLiay dcaHe
backapyovly aknapammulK-aHaTUMUKAIbIK HCYUecin a3ipiey yulin 3epmmeyoil meopusiblK Homusxcenepi
yevinvinzan. Tonvl emec aknapam dHcagoaubiHOa Kyowlpnapobl Kamoomulk Kopaday CMAHYUACLIHbLY
aHcymbic pexcumoepin JKeden scocnapnay macenecin weurydiyy mooenvoepi men 20icmepi Kenmipineen
JIcaHe MoKmMuly OyMaiiisl Manoepi anvinean. Hamuoicenep scymvic muimdiniein apmmelpy dcone naii-
oanany wbleblHOApPbIH KblCKApMy MAKCAmbIHOA HCepacmvl KYOblpaapbll 91eKMPOXUMUIBIK KOP2AYObLH
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HCYMBIC PENHCUMOEPIH MANOAY HCIHe dicedeln OacKapy icylecinoe naudaransliamoii 6o1aovl. Moodenvoep
MeH 20icmepoiy MUIMOINel HCO2apbl KbICHIMObL 243 MAPAMy HCeliepiHiy MbICANbIHOA CYypemmeeeH.
Tyiiin co30ep: cmoxacmukanviy MoOenb, UMUMAYUTLIK MOOenbOey 20iCl, INEeKMPOXUMUSTBIK KOPEAY,

JHcepacmvl MacuCmpanboblx Kyovlp, aknapammuolk-aHaltumukanisblk OaKulaay sHcyieci, Kamoomel Kopeay
CMAHYUACHL, MOHUMOPUHE, KOPPO3USL.
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MATHEMATICAL METHODS AND MODELS OF OPERATIONAL
PLANNING OF OPERATING MODES OF ELECTROCHEMICAL
PROTECTION SYSTEMS OF UNDERGROUND PIPELINES

The theoretical results of the research for the development of an information and analytical system
for monitoring and controlling electrochemical corrosion protection of main pipelines, carried out within
the framework of the grant project of the Ministry of Education and Science of the Republic of Kazakhstan
AP09261098, are presented. Models and methods for solving the problem of operational planning of the
modes of operation of the cathodic protection station of pipelines in conditions of incomplete information
are presented and optimal values of the current strength were obtained. The results will be used in the
system of analysis and operational management of the modes of operation of electrochemical protection
of underground pipelines in order to increase the efficiency of operation and reduce operating costs.
The effectiveness of models and methods is illustrated by the example of a section of high-pressure gas
distribution networks.

Keywords: stochastic model, simulation method, electrochemical protection, underground main
pipeline, information and analytical control system, cathodic protection station, monitoring, corrosion.
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ABTOMATU3ALMUSA OIITUMAJIBHOI'O ITPOEKTUPOBAHUS
TPAHCMUCCHUU BYPOBBIX YCTAHOBOK

IIpeodnodicenvl aneopummvl u NOONPOSPAMMbL 05l ONMUMATLHO2O NPOSKMUPOBANHUS MPAHCMUCCUU
nebedox byposvix yemanosok (BY). B yensx paspabomru 06vedunenHoll npoepammsl onpeoeietus na-
pamempos noovemuoeo komniexca (IIK) BY 6vina coz0ana 6ioxk-cxema 0nsi nocmpoeHusi xapakmepu-
cmuxu IIK u onpedenenus moyex, cCOOmeemcmeayiowux paciemnblm pejicumam e2o pabomul. Mcxoos u3
NPOBEOEHHBIX UCCIEO08AHUL KUHEMAMUKL C YUemOM PAYUOHATLHO2O UCNONb308A UL MOWHOCHIU CULOBbIX
azpeeamos, pazpabomar memoo pazouerus nepedamounsvix omuoutenut mparncmuccuu [NK BY. Omo cno-
€coOCcme08ano onpeodeneHuio ONMUMAIbHON 00IACMU CYWeCME08aHU PADOUUX INEMEHMO8 MPAHCMUCCUU.
Taxum 06pazom, na ocHoge CO30aHHbBIX MEMOO08 U MAMEMAMULECKUX MOOeLell paspadomanbvl aieopum-
MbL U BPOSPAMMbL 0I5k ONMUMATLHO2O NPOEKMUPOBAHUS MPAHCMUCCUL NOOBEMHO20 KOMNILEKCd, OPUeH-
MUpoganmvie Ha NPUMeHeHUe KOMNbIOMEPHBIX GbIUUCTEHUI.

Knioueswie cnosa: mpancmuccus, cunosvie azpezamol, NOObEMHbIl KOMNIEKC, MEMoO pas3dueHus,
O10K-cxXema, aneopummbpl, nPOSPAMMbl, ONMUMATLHOE NPOSKMUPOSAHUE.

IIpn onTHMaIbHOM NPOEKTUPOBAHMU TPaHCMHCCHUH IoxbeMHOro komiuiekca (I1K) Gypo-
BbIX ycTaHOBOK (BY), mpoBogumMoM ¢ mpuMEHEHHEM METONOB KOMIBIOTEPHBIX BBIYMCICHUH,
HEOOXOANMO 3HaTh HArpy3KH, JCHCTBYIOLIME Ha PAa3IMUHbIC TOCUCTEMBI TpaHCMUCCHH. B 1ie-
JSIX PELICHMS TaHHOH 3a1a4u 10 METOIMKeE, U3JIOKEHHOM paHee B padorax [1, 2], Hamu npen-
JIOKEHBI AJITOPUTMBI U TTOATIPOTrPAMMBI JJIs1 OITUMAJIBHOTO MPOEKTUPOBAHUS TPAHCMHUCCHH.

AHanu3 COBPEMEHHBIX MyOIUKalUii B 00IaCTH aBTOMAaTH3aluKl MPOCKTHPOBAHUS MOKa-
3bIBacT TEHJCHIMIO, TIIE B OCHOBHOM HJET MPOIecC pa3paboTKU Pa3iuvHbIX MPUIIOKESHHN
JUTS TIPOMBIIIJIEHHOW aBTOMAaTH3alliH Mpoliecca MPOeKTHPOBaHHUsI, KOTOPbIE MTO3BOJISIIOT UHTE-
TPUPOBATH YCTPOICTBA BBOZA U BBIBOJIA, TAKMX KaK JATYNKU U UCHIOIHUTEIbHbBIE MEXaHU3MBI,
BBITIOJTHSIEMBIX B JIA00OPaTOPHSX TI0 00BEIMHEHHIO M TIOCTPOSHHUIO JIOTUKH. bobIoe npero-
YTEHHE CTAJIN OTJaBaThCsA MPUMEHEHNIO IN(POBOH 00PAOOTKH T€OMETPHH H3TOTaBIUBAEMBIX
JeTayiell TIpy TIOMOIITH JIa3epHOTro 3D-cKkaHnpoBaHuUs Ha OOJIbIINE pacCTOsSHIS |3, 4].

B mamewm cirygae o0beHEHHAS IporpaMMa omnpeaeacHus mapamerpon 1K Bxirogaet
nBe noanporpaMmel. [lonnporpamma 4 — 11 KHHEMaTHYECKOTO U CHIIOBOTO aHAJIN3a MeXa-
HUYECKUX TPAHCMHUCCHH C IIOCTOSIHHBIM U IIEPEMEHHBIM IIEPEIaTOYHBIM OTHOIIEHUEM (pHC.

* E-mail koppecrnoHaupyrolnero apropa: axmetov_aing@mail.ru
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1). [Mognporpamma MokeT pabOTaTh Kak CaMOCTOSTEIBHO, TAK U COBMECTHO C JAPYTUMHU
nporpammamiu. [1o Hel MOXKHO aHAJM3UPOBATH TPAHCMHUCCHU C YHCIIOM CKOPOCTEH 110 O,
gucyioM nap 10 30 ¥ YUCIOM IPUBOAHBIX IBUTATENeH 10 4-X.

[osicHsieM CyTh ¥ Ha3HAYCHUE HEKOTOPBIX AJIEMEHTOB, MIOKA3aHHBIX B OJIOK-CXEME MOJI-
nporpammsl 4 (puc. 1).

Pucynox 1 — biok-cxema oATIpOrpaMMbl A JJI1 KHHEMAaTHYCCKOI'O U CUJIOBOI'O aHAJIM3a
TpaHCMI/ICCI/Iﬁ C MOCTOSIHHBIM U ICPEMCHHBIM MEPEAATOYHBIM OTHOLICHUEM
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Maccus (3nemenr) L npencrasnsier coBOKynHOCTD {L*} BEKTOPOB, KaXIblil U3 KOTOPHIX
B CBOIO OUYeEpEh COCTOUT U3 B¥ koopaunar (B sBisiercst k- KoopMHaTHOM BekTopa {B}).
Taxum oGpasom, smement | Bextopa {L*} mpencrasiser coGoii mapy, BXOAILYIO B k - 10
nepenady U MMEIONIYI0 B 3TOM Iepeiade nopsakoBbiii Homep S. CTpyKTypa *e Maccusa J,
aHaoruyHa crpykType L. DneMeHT I 9TOro MaccuBa mpeJicTaBIseT IepeaTouHoe OTHO-
[IeHHEe TOH KHHEeMaTH4eCKOH mapsl, HOMep KOTOpoi B MaccuBe L paBeH ISK .

[loanporpamma aHanM3a XapakTEPUCTHKH MOIBEMHOIO MEXaHM3Ma, BKIIOUCHHAs B
00beAMHEHHYIO TPOTpaMMy, TpeJHa3HaueHa AJIsl HOCTpoeHUs XapakTepucTuku Beero [1K n
ompe/eNieHHus TOUYeK, COOTBETCTBYIOIINX PACUETHBIM PEKUMaM €ro paOoThI.

brok-cxema 00beTMHEHHOH POrpaMMEI ITOKa3aHa Ha puc. 2. B Hauane pabotaet moj-
nporpamma 4. Berauciue 4ucio mnepead, BEKTOpHI {i} 1 {1}, OHa MepEeChIIaeT X B COOT-
BETCTBYIOLIME stueiku nmonnporpammsl B. Ilocneanss BkitodaeTcs B paboTy M BBIYHCIISIET
BCE MPEIyCMOTPEHHbBIC B HEH MapaMeTpsl, a HaleHHbIe BEeKTOpbl {M} u {Nn} 3aceuiaeT B
COOTBETCTBYIOIIUE SIUCHKHU TporpamMmbl A. [lociie 3Toro omsiTh HaYMHAET PadOTaTh MPO-
rpamMma A, BBIYUCIISISL OCTaJIbHbIC apaMeTPBl U T. 1.

[Ipu npoeKkTHpoBaHNM ONTHMAIBHONW TPAHCMUCCHH CHa4ajia HEOOXOJUMO ONPE/ICINTh
nepeiaTouHbIe OTHOILICHHS Ha KaxKa0# nepeaade. [Tocne aToro, ¢ yueTom ocoOeHHOCTEH 1
TpeOOBaHMI KMHEMATHKH, TIPOYHOCTH, BBIHOCIMBOCTH W KOHCTPYKTHBHBIX OIpaHUYCHUH,
Ha OCHOBE METO0B JUCKPETHOIO IPOrpaMMUPOBAHUS OIPEIENIAEM [TapaMeTPbl, HEOOXOIH-
MBIE 7151 €€ IPOSKTUPOBAHUSL.

B BY B 0CHOBHOM NPUMEHSIIOTCS YETHIPEX- U ILIECTHCTYIEHYAaThIe TPAHCMUCCHU TIOIb-
E€MHOTO MeXaHu3Mma [5, 6]. B cooTBeTCTBUM C AEHCTBYIOMKUMH MPABHIIAMU PEIIIaMEHTHPO-
BaHbI [IBa PEXKHUMa CKOPOCTH: IIE€PBast UCIIOIb3YEeTCs IIPH JIMKBUJALMY aBapuil B Ipenenax
(0,1...0,2) m/c; BrOpas — npu mogbeMe He3arpyKeHHOT'0 JIeBaTopa B yCTaHOBHUBILIEMCS pe-
JKUME JIBUKCHHUS, 3HAaUCHUE KOTOPOH coCTaBIsieT He MeHee 1,5 m/c [3].

C npyroil CTOPOHBI, €CIIM Yy4eCTh, YTO MCXOMs W3 MPAKTHKH KCILUTyaTalldd CKOPOCTh
nmogpeMa OypHIIbHOM KOJOHHBI MaKCHMaJIbHON Macchl JIOJKHA COCTaBIATh okoio 0,4 m/c,
TO JUISl YETBIPEXCKOPOCTHOM TPAaHCMHUCCHUU OYEBUHO, YTO ONPEAEICHUIO MOAJIESKHUT JINIIb
OJIHA CKOPOCTb, a JJIsl IIECTHCKOPOCTHOM — TPH.

B cityuae npoexkTrpoBaHUU LIEMHBIX NIepeaad TpaHCMUCccUU bY Ba)xxHOU 3a1aueil sSiBisi-
eTcs ONpeJIeIICHUE 30HbI JJONMYCTHMbIX 3HaUCHHI IMIABHBIX MPOEKTHBIX MTapaMeTpoB, HAIIPH-
Mep, NEPEAATOYHOTO OTHOILEHHS U Yyuciia 3yObeB 3BE310UCK.

[loctpoennas HaMu 001acTb CyIIECTBOBAHMS LIETIHOW Iepeadyn MoKa3zaHa Ha puc. 3.
Ecnu nannas nens paboTaeT Mpy HECKONBKHX Mepeiadax, To 00acTh ee cyuiectBoBanus G
ABJIAETCA TIepecedenreM obnacteil G, cymecTBOBaHHs €€ Ha KaX 101 nepeaade:

G=G,NG,..NG,..

IIpoexTrpoBaHUE TPAHCMUCCHH CJIEAYET HaYMHATh C Mepeadu MEXIy p-u (OAbeM-
HBIM) U CJICAYIOUIMM 32 HUM (p-1)-M BasioM. IIpu 3TOM HyKHO Yy4HTBIBaTb, YTO ISl MUHH-
MH3aLMN Macchl U Ta0apUTOB BCEH TPAHCMUCCHN HAUOONbLINE epelaTOYHbIe OTHOLLICHHUS
JKeJIaTeJIbHO peajln30BaTh LICTTHBIMU IiepeiayaMHt, PACIIOI0KEHHBIMHU OJIMDKE K ITOABEMHOMY
BaJy.
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Pucynok 2 — biok-cxema 00beAMHESHHOH MIPOTPaMMBI IS TOCTPOCHUS
XapaKTEPUCTUKH MTOABEMHOTO KOMIUIEKCA M ONPEAETICHUSI TOUeK,
COOTBETCTBYIOIINX PACUETHBIM PEXHUMaM €0 paboThI
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Hcxonst u3 BhIlIeHA3BaHHBIX TPEOOBAHMIA, MOYKHO aHAJTU3UPOBATH 00JIACTH CYIECTBO-
BaHHUs MPOEKTUPYEMOM LIEMTHOW Iepeaayu U HaXOAUTh MAaKCHMAJIbHOE JOIIyCKAaeMOE 3Ha-
YeHHe MepeJaToyHoro oTHomeHus. OnpenenuB 3aTeM OCTaBIIMECs IepelaTouHble OTHO-
LIeHHs, NepelieM K NMPOEeKTHPOBAHUIO Mepeady Mexay (p-/)-M u (p-2)-M BajamM U T.1.
ITo naHHOMY QJITOPUTMY COCTABIIEHA IIPOrPAMMA ONTUMAJIBHOIO POEKTUPOBAHUS LIEITHON
tpancmuccuu [1K BY, 6iiok-cxema KoTopo# 1oka3aHa Ha puc. 4.

B kauecTBe MCXOMHOI IporpamMma HCIOJIb3yeT HH(POPMAIUIO: O CTPYKTYPHOH cXxeme
TPAaHCMUCCHUH, 33/1aBAEMOI COKPALLCHHONW MATPULIEH; O BHEIIHEN XapaKTEPUCTUKE JIBUTaTe-
Jieid, 3a1aBaeMoil B BU/I€ KYCOYHO-TMHEHHOH (PyHKINU; OPUEHTHPOBOYHBIC 3HAYCHHUST MEXK-
LIEHTPOBBIX PACCTOSIHUI; & TAK)KE YCJIIOBMsI BHELIHEN Cpe/bl, B BUJE 3HAUEHUM BHEIIHUX
[1apaMeTPOB, ONPEAEISEMBIX YCIOBUSIMHU JKCILIyaTallud U HOPMAaTUBHBIMHU JOKYMEHTaMU
(morryckaemast Harpy3ka Ha Kproke, TITyOMHa CKBa)KMHBI, MaKCUMallbHasi 1 MUHUMAJIbHAS
CKOpPOCTH MOAbEMA KPIOKa, JKeJlaeMasi I0OJITOBEYHOCTh Nepead U T.I1.).

Pucynok 3 — K onpenesneHuIo oNTHMaIbHOM 00JIacTH CyIIeCTBOBaHMS pabodnx
SIIEMEHTOB TPAHCMHCCHHU:
1 - orpaHmYeHNe IO MAaKCIMAaJIbHOMY THAMETPY MaJOil 3BE€30YKH; 2 - OrpaHHYCHHE 110 000poTaM
XOJIOCTOTO X0/1a; 3 - OrpaHUYEHHE 110 1Iary Lenu; 4 - orpaHMYeHUEe M0 BBIHOCINBOCTH
IIJIACTHH I CIIH, 5 - 00aMYeHKE IO BEIHOCIUBOCTHU POJIMKOB L ETHU

B pesynbrare pacueTa BBIAAIOTCS BCE HEOOXOMMBIC ITapaMeTPphl pexKrMa padoThI Tiepe-
Jad (TUIBI ¥ PSATHOCTS IIeTICH, Yuciia 3yObeB 3BE3/10UCK ), XapaKTePUCTUKA CIIPOSKTUPOBAH-
HOTO MOABEMHOTO KOMIUIEKCA (TPy30TOBEMHOCTH U CKOPOCTH MOABEMa KPIOKa Ha KaxX 01
nepenave), TaHHbIC HEOOXOIUMBIC JJISI TaTbHEUIIIETO TPOCKTHPOBAHUS — KPYTSIIINE MOMCH-
THI ¥ YaCTOTHI BPAIIICHHUS HA BCEX BaJiax.
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Pucynox 4 — baok cxemsl IPOrpaMMbl ONTUMAIBHOTO MPOEKTUPOBAHUS LIETTHON
TpaHcMHCCHU OypOBOIl yCTaHOBKH

BLIBO)ILI. 1. I/ICXOI[H 13 IPOBCACHHBIX I/ICCJ'IG,I[OBaHI/Iﬁ KMHEMATHUKH C YUYCTOM paluo-
HAJBHOTO HCIIOJB30BAHUA MOMIIHOCTU CHJIOBBIX arperaroB pa3pa60TaH METOI paS6I/IeHI/IH
nepeaaTOYHbIX OTHOIICHHUH TPAHCMUCCHUU TOABEMHOI'O KOMIIJICKCA J'I€6€,Z[KI/I.

2. Ha ocHose CO3JaHHBIX METOJJO0B U MAaTEMATHUYCCKUX MOI[GJ'IGﬁ pa3pa60TaHLI aJIroOpuT-
MBI U OPOTpaMMBbl TSI ONITUMAJIBHOTO IMMPOCKTHUPOBAHUS TPAHCMHUCCHUHN IMOABEMHOTO KOM-
IJICKCAa, OpPUCHTUPOBAHHBIC HA IPUMCHCHUC KOMIIBFOTCPHBIX BBIUKCIICHUM.
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C. M. AXMETOB, M. OCEPBEAEB, H. M. AXMETOB,
JK. Y. HKJIACOBA, XK. K. 3AH/IEMOBA

C. Omebaes amvinoazol Amvipay MYHAU JHCaHe 2a3 YHUGEPCUMemi

BYPFBLIAY KOHJIBIPFBLIIAPBIHBIH TPAHCMUCCHUSCBHIH OHTAMJIBI
KOBAJIAYJIbBI ABTOMATTAH/bBIPY

bypevinay xonovipevinapvinviy (BK) wblesiprapbinbly mpaHcMUuccuscbin OHMAaiiibl sHcobanay yudin
ancopummoep Mmen Kiwi 6agoapnamanap ycwinvinean. BK komepy keweniniy (KK) napamempnepin
anvikmayowviy Gipikmipineen 6azoapnamacein a3ipiney maxcameinoa KK cunammamacein Kypy dcone oHbly
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DHCYMBICIHBIH eCenmiK pexcimoepine calikec Kelemin HyKmenepoi aHblKmay yulin O10K-CXeMa HCacanobi.
Kyw aepecammapuvinbiy Kyamoin Yymeimosl nauoananyovl eckepe Oomulpuin, KUHEMAMUKAbIK 3epmmey-
aepee cytiene omuvipwvin, BK KK mpancmuccusicoluviy Oepinic koapguyuenmmepin 601y adici YCbiHbLIObL.
Bynuviy o3i, Oepinic scymvic snemenmmepiniy Oymaiiivl anumazelin avikmayea viknan emmi. Ocvliatiua,
Jrcacanean a0icmep MeH MamemMamukaibll Mooenboep He2izinoe KoMnvblomepix ecenmeynepoi Konoanyea
basvimmanean Kemepy KeweHiHiy 6epinicin Oymailivl Hcobanay ywin areopummoep meH b6azoapiamanap
arcacanovl.

Tyiiin ce30ep: mpancmuccus, Kywmix azpezammap, Kemepy Keuieni, Oony 2dici, 610K-cxema,
aneopumm, 6a20aprLaAManiap, OHmMAivl HcoOaANay.

S. M. AKHMETOV, M. USERBAYEV, N. M. AKHMETOYV,
ZH. U. IKLASOVA, ZH. K. ZAIDEMOVA

Atyrau University of Oil and Gas named after S. Utebayev

AUTOMATION OF OPTIMAL DESIGN OF DRILLING RIG TRANSMISSION

Algorithms and subroutines for optimal design of the transmission of drilling rig winches are proposed.
In order to develop a joint program for determining the parameters of the lifting complex of the drilling
rig, a block diagram was created to build the characteristics of the lifting complex and determine the
points corresponding to the calculated modes of its operation. Based on the conducted kinematics studies,
taking into account the rational use of the power of power units, a method for dividing the transmission
ratios of the transmission of the lifting complex of the drilling rig is developed. This helped to determine
the optimal area of existence of the working elements of the transmission. Thus, on the basis of the created
methods and mathematical models, algorithms and programs for the optimal design of the transmission of
the lifting complex, focused on the use of computer calculations, are developed.

Keywords: transmission, power units, lifting complex, partitioning method, block diagram, algorithms,
programs, optimal design.
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PE3YJIBTATBI SKCIIEPUMEHTAJIbHBIX UCCJIEJJOBAHUI KOHCTPYKIIUA
HAPYKHOI'O OTI'PA’KIAEHUSA C TEINVIOAKKYMWINPYIOIUM CIIOEM

Ilpeocmasnenvt pe3ynbmamovl dKCHEPUMEHMATLHBIX UCCAE008AHUL KOHCTNPYKINUBHOZO pelleHus
02padicoeHsl, 8 Komopom OJis NOGLIUEHUS, MENTO0EMKOCHU UCHONb3YeMCsl NAHENb ¢ Men10aKKyMYIUupyio-
WuM mamepuanom. IKCHePUMEHMATbHbIE UCCIe08AHU NPOBEOCHbL HA (pasmenme CMeH08020 02paic-
O0enusl ¢ IHeP2OAKMUBHOL NAHETbIO C CTI0eM MEPMOAKKYMYIUPYIOUW €20 Mamepuana u3 moeapHo20 napa-
@una. Ilokazano, umo KOHCMPYKYUS 0SPAANCOCHUSL C MENIOAKKYMYAupyoueti nanenvio obecneuusaenm
AKKYMYTAYUI0 Menia 6 naHenu u pe2yiupyen menyiogoti pelcum 6 NOMeujeHuu.

Knrouegvie cnosa: svicoxodpghexmusnvix ymenuumenetl, mogapHwiil NapapuH, menioakKymyaupyouuil
mMamepuar, aKKyMyTUpOGaAtIs SHEPSUU, CEENMOOMPANCAIOUAs. NIICHKA, SHEP2OAKMUGHAS KOHCIPYKYUSL.

OnHUM 13 NEPCHIEKTUBHBIX HAPaBICHUN CO3AaHus 3HEprodPpeKTUBHBIX 3AaHUI U UX
KOHCTPYKLUH SBJISIETCSl pa3pabOTKa HAPY)KHBIX OTPa)IAIOIINX KOHCTPYKLHUH MOBBIIICH-
Hol TeroBoi 3ddexruBHOCTH [1-3]. HeoOXx0oauMBblil ypoBEHb TEIIOBOH 3aIUTHI TaKUX
Hapy’>KHBIX OTPaKJICHUH YCTaHABIMBAETCS MOCPEACTBOM YBEIMUEHUS TEPMUUECKOM OHO-
POIHOCTH KOHCTPYKIIMH, BBICOKO3(D()EKTUBHBIX yTEIUIMTENICH, pallMOHaILHOTO pa3Melle-
HUS B MAacCHBE OTPa)XIEHHUS TEIUIOAKKyMYIUPYIOIMINX U TEIUIOM3OJISALUOHHBIX CIIOEB U
onTUMM3aLuH uX cnoeB. OJHAKO KOMIUIEKCHAsI OLIEHKA TeII0BOH 3()(heKTUBHOCTH OHO U
MHOTOCJIOMHBIX HAapy>KHBIX CTEH MOKa3aJl HelleJIeco00pa3HOCTh NalbHEHILET0 yBEIMUCHUS
TOJIIIMHBI OTPaKIEHHS, TTOCKOJIBKY IPH 3TOM BO3pAacTaeT pacxof TEIUla Ha U3rOTOBJIEHHE
MaTepHuasoB U U3rOTOBJICHUE KOHCTPYKIWii [4,5].

BwMmecTte ¢ Tem B HacTosiiee BpeMsi B IPAKTHUKE MPOSKTHUPOBaHMsI dHEProd( ek THBHBIX
3MaHU HAaYald HIMPOKO MCIOIH30BATh CUCTEMBI aKKyMYJIHPOBAHHUS CONHEYHOW SHEPTHUU
[6-8]. AHanM3 BO3MOXKHOCTH aKKyMYJIMPOBaHHUS TEIJIOBOM DHEPTUi C IMMOMOIIBIO pas3iinud-
HBIX TEXHUYECKHX CHCTEM YyKa3bIBaeT Ha JOCTAaTOYHYIO 3((EKTHBHOCTH PETyIHpOBaHUS
noTpebyeHNs] TEMIOBOM SHEPTHU MOCPEICTBOM CaMUX KOHCTPYKIMHU 30aHui. B momoOHoi
CUCTEeME YTHJIM3HPYETCS KaK MpsiMast, TaK U paccestHHasl COTHEUHAs pajualns, KoTopas sl
MHOTUX PalilOHOB PECIyOIMKH MOXET COCTaBIATh 0 50% cymMMapHOTO Mpuxoja COMHEU-
HOM AHEPruil 3a Bpemsi OTONUTENILHOIO Mepruo/a.

IIpeanaraemple cUCTEMbI AKKyMYIMPOBAaHHS S3HEPTHH B HAPYKHOM OIPaKJCHUH UMEIOT
MaJIyIO0 TEIUIOEMKOCTb (OBICTPO OXJIaXIAEeTCs), YTO SBISIETCS MX OCHOBHBIM HEIOCTATKOM.
B cBsi3u ¢ 3TUM pa3paboTaHO U HKCIIEPUMEHTAIBHO HCIIBITAHO HOBOE KOHCTPYKTHBHOE Pe-
HIEHHE OTPAXKIACHHS, B KOTOPOM JJISi TIOBBIIIEHUS TETJIOEMKOCTH HCIOIB3yeTCsl MaHelb C
TEIUIOAKKYMYJIMPYIOIIM MaTepHAIIOM.

Pa3paOoraHHas 3HEproakTHBHAsI KOHCTPYKLUS CTEHOBOTO OTPAXKAEHUS 3[aHUs, B COOT-
BETCTBHU C PUCYHKOM 1, BKITIOUAeT ABOMHOE CBETONPO3payHOE MOKPBITHE 1, CBETOOTpaxka-
IOLLYIO THICHKY U3 (OJIBIH 2, CTEHOBYIO MaHeNb 3, 3aM0JHEHHYIO (Da30IepexX0JHbIM TEII0-
AKKyMYJIMPYIOIIMM MaTepHajioM, Ha OCHOBE TOBapHbIX napaduHoB. B BepxHeil 1 HIKHEH

* E-mail koppecnoraupytomiero aBropa: nurlan.zhanabay777@mail.ru



62 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 3 (81)

4acTAX OTPaXKACHUs pa3MeIlaloTcsl KaHalbl 4 U 5, B KOTOPBIX YCTaHOBIJIEHBI TEPMOPETYIIH-
pyemble 3acioHku 6 u 7. OrpaxaeHue uMeeT HiKHee 8 1 BepxHee 9 yactu. TemmoHocuTenb
MOCTYMAET Yepe3 BXOIAHOE OTBEPCTUE 4 U OTBOAUTCS Yepe3 BHIXOHOE OTBEPCTHE 5, MPOXO-
nst gepes kaHan 10. 3acioHKH perynupyroTcs Tepmoperyisitopom 11.

Pucynox 1 — DHeproakTUBHasE KOHCTPYKIIUS OTPaXKICHUS
C TEII0AKKYMYJIUPYIOLIEH MTaHEIbO

ConHeuyHas paguanys, IpOHUKas CKBO3b MPO3PAYHOE JABOMHOE MOKpHITHE 1, rmomaja-
€T Ha cBeTooTpaxaroInyto (ombry 2. Bo3myx, HarpeBaemblii (GoIbroi 2, IOAHUMAETCS IO
kaHasry 10 ¥ BBIXOAMT U3 BBIXOJJHOTO OTBEPCTHS 5 B IIOMELICHHUE, @ HA €r0 MECTO MOCTYyIa-
€T XOJIOIHBIN BO3/lyX 4Yepe3 BXOIHOE OTBepcTHe Ha ypoBHe nona 4. Takum oOpaszom, ocy-
LIECTBIISIETCS] UMPKYJSILMS BO3LyXa U 000rpeB noMmenieHus. Bvecre ¢ HarpeBoM Bo3ayxa B
kaHasie 10 HarpeBaeTcs TEIUIOAKKYMYIHPYIOIIAs MaHesb, 3al0THEHHAs (a30IepeXoaHbIM
TEII0AKKYMYJIUPYIOLIMM MaTepHaioM, 10 TeMIepaTyphl IiaBieHus U Bbie. Eciu Bo3myx
B MIOMEIICHUH HArPEBaeTCsl BBILIE JOMYCTUMON TEMIEpaTypbl, TO PErYIUPYIOLIIE TEpMOope-
rynstopoM 11 3acnonku 6 1 7 3aKpbIBalOTCS, COIHEUHBIE JTyYH HAIPEBarOT BO3AYX B KaHAJE
10, a yacTh COJHEUHON PHEPrUU MPOXOAUT YEPE3 CBETOOTPAKAIOIIUNA CIOU 2 K BHYTPEH-
HEW TEIJI0AKKYMYIHUpPYIOIIeH nanenu 3 U, HarpeBas ee, HakariuBaeTcsl B Hell. B HouHoe u
[acCMypHOE BpeMs BO3/lyX B IOMEILICHUH HATrPEBAeTCsl OT CTEHOBOM MaHenu 3, KaKk IpH OT-
KPBITBIX, TAK U MPU 3aKPBITHIX 3acJIOHKaX. [3-3a MIOTHOr0 KOHTAKTa TEMI00TPAKAIOLIETO
105 2 ¥ aHEeJH 3 TEIUIO OT MAHEJH MPH 3aKPBITHIX 3aCJIOHKaX IepeaeTcs B OMEILCHHUE.
Crnoli 2 ¢y UT TEIUIOOTPAKAIOUIUM CIIOEM Ul BHYTPEHHEN MaHenH 3, KoTopas B CBOIO
odepens 3a cueT (pa3oBoro nepexona (KpUCTAIUIM3ALNN) TEIUIOAKKYMYIHPYIOIIETo >KUIKO-
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ro napaduHa yaep>KMBaeT TEIJIo B OMENeHnd. PerynupoBanue temmeparypsl Bo3ayxa B
[IOMEILEHUN OCYILECTBISIETCA 34 CUET PErYJIMPOBaHUS CTEICHU LIUPKYJSLUN BO3JyXa 4Ye-
pe3 kaHan 10 myreM OOJBIIETO WM MEHBIIETO OTKPBITHS 3aCIOHOK 6 U 7, ympaBisieMbIX
tepmoperynaropoM 11. ITpu noBbIIeHny TeMIeparypsl Bo3lyXa B MOMELIEHHH 3aCIOHKa
O]l JEHCTBUEM TEPMOPETYIIATOPA IPUKPBIBACTCS U 34 CUET TEIUIA B IIOMELIEHUU TEIlIO-
AKKyMYJIHPYIOLIUHM MaTepual naHenu 3 IUIaBUTCA M HaKaljauBaeT TeIo, MPU MOHMKEHUU
TEMIIEpaTypPbl — 3aCJIOHKH OTKPBIBAOTCS, U TEILJIO MIEPENAETCS B [IOMELICHHUE.

[TpoBeneHne SKCIEPUMEHTAIBHBIX HCCICIOBAaHUN pa3padOTaHHBIX HHEPTOAKTUBHBIX
KOHCTPYKIIMU HApPY>KHOTO OTPAXKICHUS HAIEICHO Ha 000CHOBaHWE 3(PPEKTUBHOCTHU TIPH-
MEHEHHUS B OTPaXKJAOIIHUX KOHCTPYKLUAX 31aHUN PA3IIMYHBIX BAPUAHTOB YHEPrOAKTUBHBIX
KOHCTPYKTUBHBIX PEIICHUNA OTPaXKICHHUS.

DOKCnepuMEeHTaIbHBIE HCCIIEA0BaHMs ObLTH Pa30UTHl Ha CIIAYIOIIUE JTAIlbL:

— [IPOBENICHHE UCIIBITAHUH YHEPTOAKTUBHON KOHCTPYKIUH Orpax1eHus O0e3 TeII0aKKy-
MYJUpYIOIIEH MaHean Ha pparMeHTe CTEHOBOTO OIPasKACHUS;

— IIPOBEJICHUE UCIBITAHUM DHEPrOAKTUBHON KOHCTPYKLUI OIPAXKIAEHUS C TEIUIOAKKY-
MYJIUPYIOIIEH MaHeIbio Ha ()parMeHTe MHOTOCIOHHOTO CTEHOBOTO OTPaXKICHHS;

— 00paboTka M aHaIM3 MOJYYCHHBIX DKCIIEPUMEHTAIbHBIX JAHHBIX MO HCIBITAHUSAM
Pa3IMYHBIX BAPUAHTOB PELIECHUN YHEPTrOAKTUBHOW KOHCTPYKLIUN HAPYKHOTO OTPaXkKICHHUS.

DKcnepuMeHTaIbHBIE HCCIIEIOBAHMUS TPOBOAMINCH Ha (PparMeHTe CTEHOBOTO OTpaxKie-
HUSI C SHEPTOAKTUBHOM MaHEeIbI0, BBITOJIHEHHOH B MaciiTade 1:1 Kk HaTypHON KOHCTPYKIMN
orpaxJeHus 1 obecreynBarouiell BApUaHTHOE pellieHHe YHEPrOaKTUBHON MaHEeH, B COOT-
BETCTBUM C PUCYHKOM 2.

Pucynok 2 — O0muii Buja pparmMeHTa CTEHOBOTO OTPasKACHHS

Hecymieit yacTbio orpaskaeHus ABISETCS CTEHA U3 CTAaHAAPTHOTO KEPaMUYECKOro KHp-
nuya 1o 'OCT 530-2012. [ToBepXHOCTH OTpakACHUSI OLUTYKaTypPEHbI IEMEHTHO-TIECYAHON
HITYKaTypKOW. DHEProakTUBHAS MIAHENb PEACTaBIISICT cOO0W HUITY B HECYIIEH YaCTH CTe-
HBI Pa3MEPOM CTBOPKH OKOHHOTO meperiera — 910x610mm. [iybuna numm — 130mm. Toin-
IIMHA BO3AYIIHON MOJOCTH MEXJIY BHYTPEHHEH CTEHKOW HUIIM M MOBEPXHOCTBHIO CBETO-
MPO3pavyHOro orpaxaeHus - 110Mm.

IlepenHsist cTeHKa SHEPrOAKTUBHOW MAHENN COCTOMT M3 CBETOMPO3PAYHOTO JIBOMHOTO
OKOHHOTO CTeKJIa. B »HeproakTMBHON MaHEIN MMEIOTCS OTBEPCTHS BXO/a M BBIXO/A BO3-
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JIYLITHOTO TeruioHocuTels auamerpoM 100mm. B 3amHeli cTeHke (parMeHTa OrpaxieHus
HUMEIOTCSI BXOAHOE oTBepcTHe nuaMeTpoM 100MM M BBIXOAHOE OTBEPCTHE TOTO YK€ AMAME-
Tpa C BCTPOSHHBIM TPEXPEKUMHBIM BeHTHIIsITopoM Gupmbl KLAUS.

B 5HeproakTUBHON KOHCTPYKLUH C TEIJIOOTPAKAOIIUMHY SKPaHAMU IIOKPBITUE U3 aJIk0-
MUHHEBOMH (OJIBIU pa3Menianoch N0 BHYTPEHHEW OBEPXHOCTH HUIIH.

B »sHeprocOeperaroineii KOHCTPYKIUE € JHEPrOAKTUBHOW TEIUIOAKKYMYIUPYFOIIEH
MaHeIbI0 TEeIIOAKKYMYJIHPYIOIIMM MaTeprajioM (a30BOro Tepexona MPUHSAT Marepual
MOJTYYEeHHBI CMEUICHHEM TOBAPHBIX KHUJIKUX U TBEPABIX MapaduHOB. B kauecTBe 0CHOBBI
st mpousBoacTBa TAM wncnonb3oBalicsi TBEpAbI TOBapHbIM mapaduH, colepKaiiui
n-ankansl ot C H, 1o C, H,, Temneparypoii ninasienus 28...41°C, cymmapHoii Temotoi
iaBiieHus u pazoBoro nepexona 214 - 222 Jix/r [9].

PacrinaBneHHbIH TEMIOAKKYMYIUPYIONIMN MaTeprall Ha OCHOBE MapaduHOB 3aIMBajICs
B CIIeLMaIbHBIN TepMETHYHBIN KOHTEHHEp U3 OKOHHOI'O CTEKJIa B COOTBETCTBUHU C PUCYHKOM
3. Konteitnep pa3meriaics Ha BHyTPEHHEH CTEHKE YHEPTOAKTUBHOM MaHEIH.

Pucynok 3 — O0muii BujI KOHTEHHEPA C TEIIOAKKYMYJIHPYIOIIUM MaTepraaoM

[IpoBeaeHne sKCIEpUMEHTOB OCHOBAHO Ha TEMJIOBM3MOHHOM KOHTPOJIE MOBEPXHOCTH
SHEProaKTUBHON KOHCTpyKLUH orpaxaeHus cornacHo I'OCT 26629-85 u uzmepenuil teM-
MepaTypsl BO3/1yXa Ha BXO/IE€ U BBIXOJIE U3 SHEPrOAKTUBHOM MaHEINN.

[Ipy poBeCHNU SHEPTETHUECKOTO 00CIEA0BaHNS UCIIONB30BaH PYYHOH TEIIOBH30D
FLIR i3.

Junanazon m3mepenuii Temneparyp npudopa ot - 0 °C no +50 °C, TemneparypHas 4yB-
crButenbHocTh — 0,15 °C. IlorpemHocts u3MepeHui npudopa cocrasisier +2°C, HO He
MeHee +2°C OT 3HaYeHUsI U3MEPEHUSI.

TernnoBM3MOHHOMY KOHTPOJIIO OBUTH MOJBEPIKEHBI KaK Hapy>KHbIC, TaK U BHYTPEHHHE
MOBEPXHOCTH (hparMeHTa OrpakIaroliX KOHCTpYKIKi. I1o 0030pHO# TepMorpamme ¢ 1uc-
IUIesl TEIUIOBU30pPAa BBISIBISUIMCH YYACTKH C HAMOOBIINMH TEMIIEPAaTyPaMH, KOTOPbIE 3aTeM
ObUIM TIOBEPXKEHBI JETaJbHOMY TEIUIOrPa(UpPOBAHUIO M YTOUHEHHIO TEMIIEPaTyphl MO-
BEPXHOCTH OTPaKJICHHUSL.

O06paboTKy pe3yabTaToB TepMorpadUpoBaHus MPOU3BOIMIN C UCIIOIB30BaHUEM MPO-
rpamMmHoro komiuiekca FLIR QuickRepor.
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CosiHeuHas pajauaiys MOJEIUpoBaiach J1a00OpaTOPHON YCTAHOBKOH COCTOSIICH u3
mTaruBa, Jamisl HakanuBanug 200BT u skpana.

OCHOBHBIMH H3MEPSIEMBIMU MTapaMETPAMH SKCIIEPUMEHTA SIBJSUIMCH TeMIIepaTrypa Io-
BEPXHOCTH TEILIOOTPAKAIOIIETO MOKPHITUS, HHTEHCUBHOCTh MOZACIUPYEMOI CBETOBOM pa-
JMaliy, TEMIEPaTyPhl Ha BXOAE U BBIXOJIE U3 YHEPTOAKTUBHOM MaHEIH.

OO0Iui BHJT SKCIICPUMEHTAILHOTO KOMILIEKCA MPEJICTABICH B COOTBETCTBUU C PUCYH-
KoM 4.

Pucynox 4 — O6uwii BU SKCTIEPIMEHTAIBHOTO KOMITIIEKCa,
IIOATOTOBJICHHOT'O K UCITIBITAHUAM

B cBsi3u ¢ 9TUM OBLITH IPOBEICHBI UCIIBITAHNSI CTEHOBOTO OTPAKJICHUS C TETNIOAKKYMY-
JIMPYIOLIEN MTaHEeJIbIO.
Pesynbrarsl UCTIBITAHUH MTPEACTABICHBI B BH/IE TaOIHIBI | U pUCYHKa 5.

Tabnuya 1 — TemnepaTypsl Ha CBETOOTPAXKAIOIEH MOBEPXHOCTU HHEPrOAKTUBHON KOHCTPYKIIHM,
TeMIepaTypsl Ha BXO/IE€ U BBIXOZI€ TEINIOHOCUTENS U3 TEIIIOAKKYMYIUPYIOIIEH NaHeIn

HaunmeHnosa- Bpewms Temmneparypa | Temmneparypa Temnepa- Pasnuna
HHUE [IaHEIIN MPOBEPKH | MOBEPXHOCTH, | mpu Bxoze,’C Typa IIpu Temmeparyp,’C
°C BbIxoze,’C
1 2 3 4 5 6
8-40 24,0 24,2 23,9 0,3
9-40 28,8 24,1 25,3 1,2
10-% 34,3 24,2 28,8 4,6
DparmeHT 11-% 37,1 24,8 32,1 7,3
OTpaKJCHU C
TAM 12-% 38,3 25,5 33,1 7,6
13-4 39,3 25,5 34,0 8,5
14-% 40,9 26,1 34,6 8,5
15-% 41,1 26,4 35,5 9,1
-16-% 44,5 26,7 37,4 10,7
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Oxonuanue mabauyol 1

1 2 3 4 5 6
-17-5 32,7 26,6 36,1 9,5
1720 30,4 26,5 34,6 8,1
1723 28,8 26,6 33,5 6,9
-17-%0 28,2 26,4 32,4 6,0
-18-05 28,1 26,1 32,0 5,9
-18-20 27,3 26,2 31,6 54
-18-% 26,6 26,1 30,8 4,7
-18-% 25,8 26,2 30,5 43
-19-05 25,6 26,2 30,5 43
-19-20 23,6 26,4 30,5 4,1

Pucynox 5 — Temnieparypbl HApy»KHOM [OBEPXHOCTH, TEMIIEPATYPHI HA BXOJIE U BBIXOJIE
TEIUIOHOCHUTENISL M3 TEIUIOAKYMYITHPYIOIIEH MTaHeH
1 psim — Temmeparypa moBepxHocTH, °C; 2 psi — TeMmIieparypa rnpu Bxoje, °C;
3 psx — Temrieparypa npu Beixoze, °C

I'paduku prcyHKa 5 IOKa3bIBaIOT OTHOCUTEILHOE TOCTOSTHCTBO TEMITEPATYPhI Ha BXOJIE
B DHEProaKTUBHYIO TIAHENb W POCT TEMIIeparypbl Ha Bbixone u3 Hee. OJJHAKO CpaBHEHHE
TEMIIepPaTyp Ha BXOJIC B HAYAIbHBI MOMEHT DKCIIEPUMEHTA, B NIEPUOJ] PAJHAIIUN 1 KOHIIC
9KCIIEPUMEHTA TIOKAa3aJl, 4TO TeEMIIEparypa Hocurels yennauiaach ot 24,0 °C u o 26,7 °C,
YTO YKa3bIBAaeT HA 3HAYMTENLHBIA HATPEB HOCUTEISI B CAMOM KaHalle ¥ HeJIOCTATOYHOM OT-
BOJIC HOCHTEJISI U3 KaHaja B TIOMEIICHNE.

MakcumalibHas TeMIeparypa BO3AYIIHOTO TeIUIOHOCUTENSI Ha BBIXOJIE M3 MaHElu CO-
craBuia + 37,4°C, a TeMreparypa Ha HapyKHOM IMOBEPXHOCTH TaHen - +44,5°C. Maxkcu-
MaJIbHAs pa3HHIA MEXy TEMIIepaTypoi Ha BXOJIE U TEMIIepaTypoi Ha BBIXOJIE TEIUIOHOCH-
Tens u3 nadenu cocrasui + 10,7 °C.

3aMeTHM Tak)Ke MEIJICHHBI HArpeB BO3YIIHOTO TEIIOHOCUTENISI B CaMOM KaHale (3a
Tpu vaca ot 24,2°C g0 37,1°C), uto 00BSACHAETCS OOIBIION TEMIOEMKOCTHIO TEPMOAKKYMY-
JUpyolIero Matepraia B manenu. OHako 3a cueT (pa3oBoro rnepexoia TepPMOAKKYMYIUpPY-
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IOLIETO MaTepralla U OTAa4H TeTJia OCIIe BEIKITIOYEHHUS HICTOYHMKA PaJriallii HaOonaeTcs
JIOBOJIbHOE MEJJIEHHOE OCTBhIBAaHHE TEIUIOHOCUTENS B KaHaIe. DTO 00CTOSATEILCTBO MOKHO
OTHECTH K MOJIOKUTETLHOMY MOMEHTY, TaK KaK MEAJICHHOE OCThIBAHUE OIPaKICHHUsI OJ1aro-
NPUSATHO BIMSIET HAa TEIUIOBYIO 3aIUTY 30aHUS M YBEIHMUUBACT CONPOTUBICHHE TEILIONEPE-
Jlade Orpa)<1eHus B 1EIIOM.

HabmonaeTcst AmuTenbHOE COXpaHEHUE Pa3HUILIBI TEMIIEPATypPhl Ha BBIXO/E M BXOJE Te-
TUIOHOCHUTEJISI B TaHEH (B TEYCHUH 7 4acOB TIOAICPIKUBAETCS pa3HULa TeMIeparyp B Oojee
ot 7 no 10°C). /lanHbIil (akT MOXKHO OTHECTH TOXKE K MOJOKUTEILHOMY MOMEHTY TaK Kak
obecrieunBaeTcs paBHOMEpHasl MoAa4a TeIula B MOMEICHHE B TEUCHHE JUIUTEILHOTO Bpe-
MEHH.

Kak u o’xuanoce, TepMOaKKyMyIUPYIOLUIHI MaTepuall U3 TOBApPHOTO NapaduHa ¢ TeM-
neparypoi miaasiaeHus u GasoBoro mepexoaa 25-35°C u cymMMapHOW SHTAIbIHMEH MIaBie-
Hus 1 (azoBoro nepexoaa 205-212 JIx/r akkyMynupyeT TEmIo OT COJHEYHOH paauaiuu
W TIOZIaeT B KaHAJI. DTO CIOCOOCTBYET paBHOMEPHON M MPOAODKUTENBFHOM Mojade Teria
B MOMEIICHUE, a TAK)KE MPOAOJIKUTEIEHOMY OCTHIBAHHIO CAMOTO CTEHOBOTO OTPaKIICHHSI.
OTMETUM TaKke Kak MOJOKUTENbHBIN (DaKT MOBBIIIEHUE COMPOTHUBICHUS TEILIONEpeaade
CTCHOBOT'O OTPaXICHHS U CAMO TTaHEIH.

AHaJn3 TepMOrpaMM Hapy>KHOW MOBEPXHOCTH YHEPTOAKTHUBHON TaHENN ¢ TEIIOAKKY-
MYJIUPYIOIIUM MaTepHajIoM MOKa3bIBAET TAaK)Ke, YTO BBICOKAs TeMIlepaTypa MoIep:KUBa-
ercsi B OoJibIlieM 00beMe KaHalla, a HauOoJIbIas ee TeMIieparypa HaOIroaaeTcst B 001acTu
BBIXOJ1a TEIUIOHOCHUTEIS U3 TIAHEIH.

B 3akmioueHMM OTMETHM, YTO MPOBEICHHBIC OSKCIEPHUMEHTAIbHBIE HCCICHOBAHMUS
(parMeHTa CTEHOBOTO OTPAXACHHSI C TEIUIOAKKYMYIHPYIOIIEH MaHelblo 000CHOBBIBAIOT
3QPEKTUBHOCT, MPUMEHEHUS] 3TUX KOHCTPYKIHMH B OTrPaKACHUSAX 3JaHHH C LENbI0
9HeprocOepekeHHsl, CHIDKEHHsI PECYpCOB 3aTpadyMBacMbIX Ha OTOIUICHHE, MOBBIIICHHUS
TEIIOBOH 3alIUTHI U SHEProd(h(HEKTUBHOCTH 3aHUS B LIEIOM.

PazpaboranHasi  JHepProakTHBHas  KOHCTPYKLHMSI ~ CTEHOBOTO  OTPaXACHHUS  C
TEIIOAKKYMYJIHUPYIOLICH aHeNblo 00eCIeunBaeT aKKyMYIISLIUIO TEIUIa B TAaHEH OTpaxKie-
HUSI, PETYIIUPYET TEIUIOBOM PeXHUM B IIOMELICHUH, & CaMa TeIUIOaKKyMYIIHPYIOIIas ITaHe b
¢ (hazomepexoqHBIM TEII0AKKYMYIUPYIOIINM MaTepHajIoM CIIYKHT TEIUIO3aIIUTHBIM CIIO-
€M B OTPaXXICHHH.
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KbLTY KMHAKTAYIIbI KABATBI BAP CbIPTKbI KOPIIIAY
KOHCTPYKHUSACBHIH DKCHHEPUMEHTTIK 3EPTTEY HOTUXXEJIEPI

Kopwayovly KoHCMpYKmMusmix wewiMiHiy maxcipubenix 3epmmeyniepiniy Hamuoicenepi 6epiieeH,
OHOA JHCBLTY CHIILIMObLILIZLIH APIMMbBIPY YIUIH JCHLIYIHCUHAKMARLIUL Mamepuansl oap naunens naioana-
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HoL1adwl. Toowcipubenix sepmmeyiep mayapivlk NAPAQUHHEH JHCACANZAH MePMOAKKYMYISAYUSLAYULbL Md-
mepuan KabamviMeH 3HepeoaKmuemi naueni oap Kaodvipea KOPUIAYbIHbIY (DpacmeHminoe xiypeizinoi.
JKoLnyoicunazoiiu naneni 6ap Kopuiay KOHCmMpyKYUsCol NAHENbOE2l HCLLYObLH JHCUHAKIMALYbIH KAMMAMACHL3
emeoi dcane 06IMede2i HCHLILY PeHCUMIH pemmetioi.

Tyitin co30ep: dcozapvl muimMOi HCoLILIMKLIUMAD, MAYAPIblK NAPADUH, HCOLLY HCUHAKMALBIU
MaAmepuan, IHePIUsHbl WOSLIPIAHOBIPY, HCAPLIK UASLLILICMbIDEbIUL NIAEHKA, IHEePOaKmuemi
KYDbLIbLM.

ZH. ALDYAROV; N. ZHANGABAY, A. ZHALGASOV
M. Auezov South Kazakhstan State University

RESULTS OF EXPERIMENTAL STUDIES OF THE DESIGN OF AN
EXTERNAL FENCE WITH A HEAT-ACCUMULATING LAYER

The results of experimental studies of the fence design solution, in which a panel with a heat-
accumulating material is used to increase the heat capacity, are presented. Experimental studies were
conducted on a fragment of a wall fence with an energy-active panel with a layer of thermal storage material
made of commercial paraffin. It is shown that the construction of the fence with a heat-accumulating panel
provides heat accumulation in the panel and regulates the thermal regime in the room.

Keywords: high-performance insulation, commercial paraffin, heat-accumulating material, energy
storage, reflective film, energy- active construction.
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CONTINUUM MECHANICS: APPLICATIONS IN BONE REMODELING
AND BONE RESORPTION MODELS

A brief description of continuum mechanics is given, first. Then, a general introduction on biomechanics
is presented, along with some salient features of it, which should be kept in mind when one is working
in this field. The manuscript will continue with an introduction on bone remodelling process, then some
phenomenological models on the bone remodelling process will be introduced. A general description of
bone resorption, and two mixture models, with chemical reactions, on bone resorption will make the next
section. Finally, discussion and some conclusions are made on the positive, also improvable aspects of the
reviewed models of bone remodelling, and bone resorption.

Keywords: continuum mechanics, biomechanics, bone cells,; remodeling; resosrption; mixture theo-
ries; chemical reactions

Continuum mechanics. The subject of mechanics deals with the study of motion
and forces in solids, liquids, and gases, and the deformation or flow of these materials.
In a continuum, for analysis purposes, all quantities such as the density, displacements,
velocities, stresses, and so on vary continuously, so their spatial derivatives exist and are
assumed to be continuous. The continuum assumption allows us to shrink an arbitrary
volume of material to a point, in much the same way as we take the limit in defining a
derivative. Thus, we can define quantities of interest, such as density, stress, strain, among
others, at a point. A mathematical study of mechanics of such an idealized continuum
is called Continuum Mechanics. The continuum mechanics theory consider matter as
indefinitely divisible. Thus, within this theory, one accepts the idea of an infinitesimal
volume of materials, referred to as a particle in the continuum, and in every neighborhood
of a particle, there are always neighbor particles. More than a hundred years of experience
have justified such a theory in a wide variety of situations. The study of motion and
deformation of a continuum can be broadly classified into four basic categories: Kinematics
(strain-displacement equations); Kinetics (conservation of momenta); Thermodynamics
(Istand 2nd laws of thermodynamics); and Constitutive equations (stress-strain relations).
The first three ones are general principles common to all media, but the last one, i.e.
constitutive equations, defines idealized materials and are material dependent, such as
Hooke’s law for linear elastic material. Kinematics is a study of the geometric changes or
deformation in a continuum, without the consideration of forces causing the deformation.
On the other hand, kinetics is the study of the static or dynamics equilibrium of forces
and moments acting on a continuum, using the principles of conservation of momenta,
which leads to equations of motion, also the symmetry of stress tensor in the absence
of body couples. Thermodynamics principles are concerned with the conservation of
energy and relations among heat, mechanical work, and thermodynamic properties of the
continuum. Constitutive equations describe thermomechanical behavior of the material of
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the continuum and they relate the dependent variables introduced in the kinetic description
to those introduced in the kinematics and thermodynamics descriptions.

Biomechanics. Biomechanics is mechanics applied to biology. In other words,
biomechanics seeks to understand the mechanics of living systems. It should be noted that
that biomechanics can work from the level of the whole body to organs, tissues, cells, and
sub-cellular levels, such as in proteins. Mechanics helps us understand how biological
tissues, such as bones and muscles, remodel, and in general how cells and tissues respond to
applied loads. If we wanted to find a solution for disease, such as osteoporosis, ostepetrosis,
or osteoarthritis, among others, many fields and professions must work together, such
as engineers, biologists, mathematicians, biochemists, clinicians, surgeons, and material
scientists, to name a few. Fortunately, this has been improved through technology in the
recent years, for instance the internet helps easier international collaborations. As opposed
to engineering materials, biological materials are alive and ever active, open to mass
exchanges, controlled by internal and external agents, subject to chemical reactions with
inside and outside sources, and are precisely structured at various hierarchical levels.
Thus, it is important to identify salient features of biomechanics, which differentiate it
from mechanics, such as: material constitutions; growth and remodeling; and constitutive
equations, to name a few. In almost all biological materials, more than one constituent is
present, so if one wanted to study their mechanics properly, existence of various constituents,
as well as interaction among them should be preferably taken into account. Moreover, due
to ever changing nature of biological materials, finding their constitutive equations, as well
as evolution in their both geometrical and material properties can be quite challenging.
In other words, one should not only take into account the effects of mechanical loading
on density distribution, and thus on mechanical properties of a biological tissue, but also
should consider the effects of stimuli on its cells’ behavior and their reaction to the stimuli.

Bone remodeling process. Bone is continuously remodeled through a coupled process
of bone resorption and formation, and this process is called bone remodeling. An early
hypothesis about the relation between the structure and form of bones, and the mechanical
loads they carry was proposed by Galileo in 1638 [1]. The nature of this dependence was
first described in a semi-quantitative manner by Julius Wolff [2], who stated that every
change in the form or function of a living bone is followed by adaptive changes in its internal
architecture and also in its external shape. There are various types of bone remodeling
models. Bone making cells (Osteoblasts) and resorbing cells (Osteoclasts) lie on the free
surfaces of bone, thus, all bone resorption and apposition is thought to occur at these sites [3].
It is well accepted that bone remodeling is a surface phenomenon, and from a cellular point
of view there is no difference between remodeling on different types of surfaces of bones
[4]. The majority of bone adaptation models have been phenomenological, in which they
seek to describe the stimulus and the response quantitatively [5, 6, 7], among many other
papers. In the phenomenological models, the bone is being looked as a black box, assuming
a special input and accordingly a special output and finally proposing an asymptotic relation
between the input(s) and output(s). The remodeling process is generally viewed as a material
response to functional demands that is governed by an intricate relationship between bone
apposition and resorption. It is accepted that bone growth, maintenance, degeneration and
remodeling are biochemically regulated processes influenced by mechanical function [8].
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Some phenomenological models of bone remodeling process: free surface density
and microcrack factor. Two important features of the internal structure of bone are its
porosity and specific surface. Porosity is defined as the void volume per unit volume of the
whole bone or the fractional part of bone occupied by soft tissues. The specific surface is
defined as the internal surface area per unit volume of the whole bone. Therefore, it seems
appropriate to consider the specific surface rather than volume fraction, which was used in
adaptive elasticity theory (AET) [5], in the constitutive equations of bone remodeling. The
Ist modification on the AET can be made by using a free surface density parameter (Free
surface density is defined as the total area of interface between bone matrix (solid phase)
and fluid phase per total volume of the bone), instead of volume fraction (Volume fraction
is defined as volume of the bony part to the total volume of bone sample). The assumptions
underlying this bone remodeling model are:

(i) when there is no free surface, there will be no bone remodeling; (ii) if the mechanical
stimuli are in a neutral zone, there will be no remodeling. Using the newly developed bone
remodeling equation [8], one can appreciate that a single equation can be used for surface
and internal remodeling, and the effects of mechanical stimuli and bone geometry on bone
remodelling [9], can be studied simultaneously. Interesting to note that geometric feedback
in the bone remodeling process, as proposed by [3], can also be explored in the newly
developed bone remodeling model, which was not observable in the AET. Furthermore, by
considering the obvious effect of the specific surface on the bone remodeling equation, one
can conclude that two people with an equal average mass density, similar shape of bones
(macroscopically), similar mechanical stimuli, similar hormonal stimuli and same form of
nutrition can experience different rates of osteoporosis because of the micro-structure of the
bones. Thus, for evaluating risks for fracture in osteoporotic bones, besides measuring the
volume fraction (solid phase volume per total volume), the microstructure of bone and the
magnitude of the specific surface must be quantified. Another modification on the AET

[5] corresponds to the inclusion of microcracks factor. Microcracks have been observed
in bone with the use of laser scanning electron confocal microscopy and transmitted light
microscopy. They have been associated with causing stress fractures [10], and remodeling
[11, 12], and it has been hypothesized that fatigue damage acts as a stimulus for bone
maintenance [7]. It is well accepted that damage can initiate and accelerate bone remodeling
process [12, 13]. When one considers microcracks factor, a modification on the definition of
volume fraction, Helmholtz free energy, and constitutive equations should be made as well.
When we replace volume fraction with the free surface density, and introduce microcracks
factor into the constitutive equations, the resulted bone remodeling equation contains not
only the effect of mechanical stimuli, but also their time history, and their time rate [14].
Some studies suggest that strain rate is a mechanical stimulus which affects bone remodeling
process [15]. Furthermore, it has been shown experimentally that the history of loading
is also an important factor in the rate of bone remodeling [16]. Equality of mechanical
stimuli does not necessarily result in equality of microdamage depends on the history of the
mechanical stimuli, the bone micro- and macrostructure, and the material properties of bone
[14]. Furthermore, our model showed that the rate of remodeling is not a function of the rate
of damage production, but the damage factor itself [14]. Novel to the literature is the idea
that microdamage, the pattern of solid mass distribution, mechanical stimuli, rate of change
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in mechanical stimuli, and history of the mechanical stimuli are coupled and influence bone
remodeling process.

It is well known that bone remodeling is comprised of bone resorption followed by
formation with a coupling between the two processes [ 17]. Optimal remodeling is responsible
for bone health and strength throughout life. An imbalance in bone remodeling may cause
diseases, such as osteoporosis. When bone resorption outstrips bone formation for a long
period of time, osteoporosis arises. Current methods of tackling osteoporosis place the most
attention on inhibiting or decreasing osteoclastic activity. The increasing rate of osteoporosis
in an aging population calls for a greater understanding of the cellular mechanism of
bone resorption. Bone resorption is considered as a chemical process that occurs between
osteoclasts and the matrix. Osteoclasts dissolve bone mineral by acid secretion that degrades
the organic matrix [18]. There are different approaches to model multi-phasic media, e.g.
mixture theory, the effective medium, and homogenization approaches. Considering the
time duration of the bone resorption process, and also the significant effect of resorption
in osteoporotic cases, only the first phase of the remodeling process, i.e. bone resorption,
was modeled using a bi-phasic mixture model first [19], then through making a tri-phasic
model [20]. In the bi-phasic mixture model of bone resorption [19], bone was treated as
a biphasic mixture of matrix and fluid, and modeled resorption as an exchange of mass
between the solid and fluid phases. This exchange is caused by the secretion of H+ and
Cl from osteoclasts, which creates an acidic environment in a sealed zone [2]. In our bi-
phasic model, demineralization depends on the rate of surface processes. Mixture theory
with chemical reactions will be used to derive conservation laws of mass, linear and angular
momentum, energy, and the entropy inequality. In the conservation of mass equations, the
rate of mass transferred to different constituents is assumed to be given by an empirical
relation arising from the dissolution kinetics of the solid phase. The governing equations
for bone resorption are derived using the conservation laws, as well as entropy inequality
and the appropriate constitutive equations. In the constitutive equations, it is assumed that
dependent variables (e.g., free energy) are functions of temperature, deformation gradient,
rate of deformation gradient, and the extent of chemical reactions. Since biological, chemical,
and mechanical factors have a definite effect on the rate of dissolution, we hypothesize that a
biochemomechanical driving force should be considered in the dissolution relation, instead
of just a chemical driving force. We used a dissipation law to find the biochemomechanical
affinity. Dissipation in the system was defined as the difference between the external
work rate and the rate of change in free energy, which according to the Second Law of
Thermodynamics, it should be nonnegative. Our bi-phasic model showed that not only
mechanical stimulus, i.e. strain energy, but also chemical and biological factors determine
the rate of bone resorption, so we proposed a biochemomechanical affinity for the bone
resorption process. Interesting to note that strain energy density was proposed to be a
likely stimulus for bone remodeling [21], and it was used extensively in many theoretical
modeling of bone adaptation, for instance in [22, 23, 24, 25, 26]. In our bi-phasic model,
using 2nd law of thermodynamics, it is theoretically shown that strain energy is an effective
mechanical stimulus for the bone resorption. Also, it was shown that hydrostatic pressure is
another mechanical stimulus for the bone resorption, and thus should be taken into account
in the bone remodeling theories, which is missed in the currently developed models in
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the literature. Using the bi-phasic model, it was also shown that increasing either strain
energy density or hydrostatic pressure will enhance rate of bone resorption. Nowadays, the
most common method in treating osteoporosis is anti-bone-resorption drugs which inhibit
or reduce the bone resorbing cells (i.e. osteoclasts) activity. The reason for using this way of
treatment is the lack of information about all the factors affecting osteoclasts’ activity. This
preliminary theoretical research shows that the activity of osteoclasts and, thus, the rate of
bone resorption are not only dictated by biological factors (e.g., hormone levels), but also
by engineering factors (hydrostatic pressure, strain energy density, and concentration of
different ions present in the resorption process).

In another effort, we developed a tri-phasic model of bone resorption with the scope
of deriving and introducing the governing equations resulting from conservation laws
(conservation of mass, momentum, and energy), the second law of thermodynamics,
constitutive equations, and consistency requirements of mixture theory [20]. In the tri-
phasic model, bone was treated as a tri-phasic mixture of matrix, fluid, and cells. It is
assumed that the solid phase obeys small deformation theory and is isotropic and linearly
elastic. The velocity of the matrix and cells is assumed to be zero. The fluid phase is
assumed to be viscous, and inertial effects are neglected because of the slow velocities
that are at play. A non- rotational fluid is assumed for deriving the final form of the
entropy inequality for the mixture as a whole. A non- polar mixture assumption is also
made; thus the stress tensors and the inner part of the stress tensor are symmetric. In
the constitutive equations, it is assumed that the free energy, enthalpy, specific entropy,
heat flux, and stress tensor are functions of temperature, deformation gradient, and the
extent of the chemical reactions. Bone resorption was considered as an isothermal and
a quasi- static process. The last assumption is well justified because the characteristic
time of bone resorption is much longer than the characteristic time for inertial effects.
Using these assumptions, the governing equations for bone resorption were derived using
the conservation laws (mass, momentum, andenergy), as well as entropy inequality and
the appropriate constitutive equations. Using a relation between the momentum supplied
to the solid and fluid phases, it was shown that the rate of bone resorption is inversely
proportional to the bone fluid velocity. Also, our tri-phasic model showed that in a high-
porosity spongy bone, by increasing the porosity, the rate of resorption will decrease,
and vice versa. This result encourages one to look at normal bone resorption as a control
system with a negative feedback. Based on our results, it can be speculated that bone
resorption in cortical and cancellous bones should be affected by a control system, which
results from a relation between the specific surface of bone and its apparent density. Using
the proposed model, one can find a theoretical explanation for some clinically observed
behavior of bone, for instance for the greater rate of bone resorption in cortical than
cancellous bone, using the conservation equations and/or consistency requirements of
continuum mixture theory. It should be noted that, considering the fact that both mixture
theory with chemical reactions and the bone resorption process from the mechanistic
point of view are in their infancy, our mixture models were not able to offer verifiable
predictions. This point can be seen as a drawback, but on the other hand can be deemed as
a positive point to encourage others to get involved in this, almost virgin, field of research
to shed more light and make novel contributions.
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Conclusion. From the 1st modification on the adaptive elasticity theory [5, 6], i.e., by
considering free surface density instead of commonly used volume fraction, and developing
a new series of governing equations, some of the previous models can be extracted from
this model [8]. It is also concluded that in the surface remodelling equation, one should
consider the cross- sectional geometry in agreement with the experimental evidence.
Moreover, on the basis of importance of the free surface in the remodelling process, it is
concluded that in order to evaluate the risk of osteoporosis in high risk bones, beside of
measuring bone density, the microstructural pattern of the bone should be inspected as
well. From the 2nd modification on the adaptive elasticity theory, i.e. by considering free
surface density and microcracks factor in the bone remodelling equation, it is concluded
that mechanical stimuli, their time derivatives, and their integration over time period
of remodelling are all at play in the remodelling processes. Also, it is shown that rate
of remodelling is a function of microcracks factor, but not its time derivative. It also
concluded that by considering a microcrack factor in the remodelling equation, one will
find a very complex form of the remodelling equation even for a very simple geometry
of bone. Due to multiphasic and complex substructure of bone, as well as existence of
chemical reactions between bone actor cells, 1.e. osteoclasts and osteoblasts, with the bone
matrix, in order to be able to properly model either bone resorption or bone formation, it is
better to use mixture theories with chemical reactions, instead of single phase continuum
mechanics approach. Furthermore, to gain deeper insights into osteoporosis, it is better
to model resorption and apposition separately, thus one should model bone resorption
and then bone formation, and finally evaluate the net rate of bone remodeling. From the
mixture models of bone resorption [19, 20], it can be concluded that mechanical, and
chemical factors, both are at play, and can change the rate of resorption process. A bio-
chemo mechanical affinity contains mechanical, chemical, and biological effects is used
instead of commonly used Gibbs free energy, which contains only chemical factors (ions
concentration). lons concentration, from chemical side, and strain energy density and
hydrostatic pressure, from mechanical side, and biologically generated potential, from
biological side, are shown to be chemical, mechanical, and biological factors affecting
resorption process. It is also shown that creating damage in bone can accelerate resorption
process, because of increasing the strain energy density and, thus bio-chemo-mechanical
affinity. Due to lack of experimental data on the remodeling rate coefficients, both in the
adaptive elasticity theory [5, 6] and its modifications [7, 8], one of the most important step
is to measure these constants using experimental techniques. In the bone resorption model,
both experimental and numerical research are needed. In the experimental phase, it is
needed to make a set up to measure the concentration of different ions in the microclimate
between the osteoclasts and the matrix. Also, it is interesting to see the fluid phase velocity
on the rate of resorption, and also on the concentration of ions in the microclimate and the
bone fluid phase [27]. The effects of mechanical vibration on the rate of resorption can
also be studied by employing the mixture models of bone resorption [19, 20], also through
making experimental research.
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HEIIPEPBIBHASI MEXAHUKA: IPUMEHEHUWE B MOAEJISX
PEMOJIEJIMPOBAHUSA U PE3OPIIIUN KOCTH

B cmamve oaemcs kpamroe onucanue mexanuxu cniownoi cpeovl. Ilpedcmasneno obwee sedenue
6 buoMexanuxy, a makoice HeKOMopble ee XapakmepHvle 0COOEHHOCIU, KOMopble Cledyem UMems @ 6uoy,
pabomas ¢ smou oonacmu. Cmamuvs co0epicum 8edeHue 8 NPOYecc pemMoOeTUposanUs KOCm, maxice
npeocmasienvl Hekomopble gheHoMenono2utecKue Mooenu npoyecca pemooenuposanus kocmu. Taxoice
cmamuve npedcmagieno obujee onucanue pe3opoyuL Kocmu i 08e MOOenU CMec ¢ XUMUYECKUMU Peakyusimu
pezopoyuu xocmu. Haxoney, obcysicoenue u nekomopule 8b1600bl COENANbL NO NONOACUMETLHBIM, 4 MAKICEe
NOOOAIOWUMCSL YIYHULEHUIO ACNEKMAM PACCMOMPEHHBIX MOOeNell peMOoOeIUpOsanus u pe3opoyuu KoCmu.

Kniouesvie cnoga: nenpepvignas mexanuka, OUOMEXAHUKA, KOCMHble KIEMKU; PEMOOelIuposanue;
paccacviganue;, meopuu cMeuleHus,; XuMuyeckue peakyuu.
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Y3/JIIKCI3 MEXAHUKA: CYUEKTI PEMOIYJIJIAY )KOHE
PE3OPIIINUAJIBIK MOAEJAEPIH KOJJAHY

Anovimen KOHMUHYYMObIK MEXAHUKAHBIY KbICKauia cunammamacst bepinzen. buomexanuxasa srcannsi
Kipicne, OHblY OCbl CANAOA HCYMbBIC JHCACARAHOA ecme YCmay Kajicem Keubip epexuienikmepi bepineen.
Makana cyiiekmi Kannvina Kenmipy npoyeciniy Kipicnecimen xcangacadvl, COOAH Kellin cyliekmi KambiHa
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Kenimipy npoyeciniy Keubip (heHoMeHon02usIbiK Modenvboepin eneizy kopcemineen. Cyiiek pe3opoyusiColibly
Jicone cylieK pe3opoyusacel OOUbIHWA XUMUATLIK peakyuaiapvl 6ap exi KOCnauvll MOOENiHiH JHcal-
nel cunammamacsl AHcazviizan. Axvipvinoa, cyiiekmepdi xatima oHnOey MeH CYUeK pe30pOoyuscolibll
Kapacmulpslizan MOOeIbOepiHiy OH HCaHe OHMAlIbl ACnekminepi OolbIHWa nikipmanacmap meH Ketioip
TMYACHIPLIMOAP AHCACATODL.

Tyitin ce30ep: y30iKci3 MeXaHuka, OUOMEXaHuka, CYUeK JHCacywanapvl, Kauma Kypy, mapay;
KOCnAanap meopuscol;, XUMUALbIK PeAKYUANap.
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INVESTIGATION OF THE WHIRLPOWER MINI-HYDROELECTRIC
POWER STATION USING THE CFD MODULE IN
THE COMSOL MULTIPHYSICS ENVIRONMENT

This article deals with the study of small HPP equipment (Hydroelectric Station) for water channels
after large dams and energy-deficient areas, in particular, the study of the whirlpool mini hydropower
plant using the CFD module in the COMSOL Multiphysics environment.

The main reason for studying this device is the problem of power supply in areas of our country with
a shortage of electricity, located outside the central regions, and in the CIS countries this type of HPP is
poorly studied due to the lack of design technology and the comparatively low use of alternative energy
sources in general. Only in recent years have been allocated funds from the National Fund to address
this problem of alternative energy. For example, in Western Europe, Japan and China, there are several
companies that produce this small HPP.

Keywords: HPP(Hydro Power Plant), renewable energy, cylindrical turbine, conical turbine.

Introduction. The need to reduce environmental impact, the search for new opportunities
for improving the quality of life of the population, ensuring sustainable energy-efficient
economic development, development of new technologies, diversification of the energy
sector-all this contributed to the development and improvement of a certain base for the
development of the «green economy» [1].

Micro- and small HPPs play a major role in the energy supply of remote areas, which are
energy-deficient and occupy up to 53.4% of the territory of Kazakhstan. The development
of small hydropower in the regions ensures [2]:

e creation of own regional generating capacities and reduction of the power deficit in
the region;

¢ reliable power supply of quality electricity to communities in remote areas and at
the end of main power transmission lines;

e achievement of economic and social stability in settlements which are not yet
connected to the unified energy system;

¢ decrease in the subsidy level in the regions related to the purchase and delivery of
fuel to hard-to-reach areas.

Similar types of mini HPPs were previously studied by scientists at the University
of Malaysia[3], they reviewed the development of gravity water vortex power plant as
an alternative renewable energy sources, also considered the experimental study of the
influence of water pressure, length and number of turbine blades on the model system of
energy generation with free vortex. In these works considered the optimal efficiency factor,
built a model of mini hydroelectric power plant design in a simulator. We can also note the
joint work of Oxford. Texas Tech University and Tribune University[4], this project worked
to simulate a mini hydroelectric power plant in 3-dimensional space. This study analyzes

* E-mail koppecnionaupyrtoinero aBropa: arshabekovaaigerim@gmail.com
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different basin structures that can form eddies, which can make a gravity vortex flow even
from low head. Secondly, the results obtained have been experimentally carried out by
measuring the power output [4,5].

Experimental technique. In almost all previous studies, laminar flow in a cylinder
was considered based on the assumption of stable, axisymmetric and incompressible flow.
For this flow we consider the incompressible form of the Navier-Stokes equations and the
continuity equation as shown in (1)-(2) formula:

au

pat+p(u-V)u:V-[pI+K]+F (1)

pV-(u)=0 2

The physical meaning of this mini-HPPis that the flow is incompressible, weakly compressible
flow (density depends on temperature, but not on pressure) and compressible flow at low Mach
numbers (usually less than 0.3). The reference temperature is set to 293.15 K.

WE CONSIDER TWO DIFFERENT GEOMETRIES

/\

Cylindrical turbine (figure 1) Conical turbine (figure 2)

Figure 1 — Cylindrical view Fig. 2 Conical view

First, we consider the problem in two-dimensional space from the side and identify the
best option for further study. This model is built for stationary flow in order to investigate
the efficiency of different geometries considering velocity and angular velocity, thereby
revealing a suitable model for us. In this work we make assumptions such as time dependent
flow, also there is no slip condition. Here we take water as a fluid and consider it as an
incompressible fluid with density p=998.2 kg/m3 and with viscosity p=0.001003 kg/m*s. In



Turalina D. E., Arshabekova A. M. Investigation of the whirlpower mini-hydroelectric ... 81

addition, the experiment was carried out with the conditions that there is no slip on the wall
and at the outlet pressure flows out. The inlet (water) velocity is 0.01 m/s and the pressure
is atmospheric.

Parameters that we initially set:

Hinlet—0,5m
V inlet — 0,1m\s
H length — 1m

Figure 3 — Parameters that we set for Comsol Multiphysics

In the same way we will set the parameters for the conic view of the turbine. Now
for both geometries we will change certain parameters for the study and modulate on the
program Comsol Multiphysics.

Parameters that we investigate:

1) First of all we change the water pressure :

H head
H1=0,5m
H2=0,6m
H3=0,7m
2) Secondly, we change the diameter of the hole at the outlet:
D outlet
D1=0,1m
D2=0,05m
D3=0,03m
3) Now we will change the diameter of the turbine itself
D turbine
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D turbine = 0,5m
D turbine = 0,3m
D turbine = 0,2m

Why do we take these dimensions?

From the previously obtained research and the experiment conducted, there are limits to
the dimensions of the design that can be investigated.

After the results obtained, having chosen the optimal size, we will consider the view of
the structure from above and thereby investigate the angles for the direction of water into
the turbine[22-24].

1) H water head

Depending on the capacity of the water inside the turbine, its velocity changes.

Figure 4 — The case when H1=0.5m and H2=0.6m, H3=0,7m

Now that we have the data for the cylindrical type of turbine, we can build a graph for
a visual study of the process:

Figure 5 — Example of a case when we change the water pressure

2) D diameter of the orifice at the outlet
Depending on the diameter of the outlet hole, its velocity also changes.
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Figure 6 — The case when D1=0.1m and D2=0.05, D2=0.03m

Figur 7 — Example of a case when we change the diameter of a hole

3) D diameter of the turbine itself
Depending on the diameter of the turbine itself, its speed also changes:

Figure 8 — Case when D turbine = 0.5m and D turbine = 0.3, D turbine = 0,2m
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Figure 9 — Example of the case when we change the turbine diameter

Changing the dimensions of this cylindrical view of the turbine and examining it in
Comsol multiphysics, it is easily possible to determine which parameters will be optimal for
further research, i.e. by changing certain parameters we can see how the flow rate changes,
thus we can say that the efficiency of this mini power plant directly depends on its speed,
the more speed, the more it is optimum. And it will be possible to modulate the top 2D
view of the mini-HPP when we already know the optimal dimensions and in this case we
will already consider the angular velocity of the flow, and it in turn directly depends on the
turbine inlet throat from the channel. And so from the above data we can say that the best
option for a cylindrical turbine is:

H head > 0, 5m, D outlet = 0,1m, D turbine = 0,2m

Using this data, we will consider the top view. To do this we change:

H neck = 0,1m, H neck = 0,05m, H neck = 0,03m

Figure 10 — Turbine cylindrical view module, top view

In the next turn we will consider the conical view of the turbine and exactly the same
change of parameters such as:
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D turbine, H head (with the same dimensions as in the cylindrical form)

Figure 11 — The case when H1=0.5m and H2=0.6m, H3=0.7m

Figure 12 — Example of the case when we change the water pressure

Figure 13 — Case when D turbine = 0.5m and D turbine = 0.3, D turbine = 0.2m
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Figure 14 — Example of the case when we change
the turbine diameter

But it should be noted that for the real design of this mini-HPP we can not take a very
small turbine diameter because at high speed will be reverse flow of water, which will
complicate the rotation of the turbine.

Also for the conical turbine type, change the H neck as shown in Figure-10:

Figure 15 — Module of the conical turbine view,
top view

Conclusion. In this paper, considering two kinds of turbine and with different size
parameters, we have a sense of how the design should look like. If we look at the difference
between the two kinds of turbine, the most optimal will be the conical kind of turbine, in
this case we can note that the flow rate will be much higher and this kind of turbine will
be conveniently streamlined and there will not be considered obstacles and reverse chaotic
flow. It is possible to see the difference between the cylindrical and conical type of turbine
on the figure-16, 17, 18:
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Figure 16 — Difference between the two types of turbine in water head

Figure 17 — Difference between the two types of turbine in diameter

Figure 18 — Difference between the two types of turbine in the inlet throat from the canal
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Optimal position of the turbine H head>0,5 m from the pool height, turbine diameter D
turbine = 0,2m, also outlet diameter D outlet = 0,1m. Moreover, if we consider the top view,
then the optimal solution for the inlet size from the canal would be in the conical shape of
the turbine H neck=0.03m. The maximum efficiency varies from 30% to 50% depending on
the number and size of the blades. The study also showed that a conical shaped basin has a
better performance than a cylindrical shaped basin.

Kazakhstan has significant hydropower potential. On the territory along with 6 large
rivers, there are also about 27 thousand small rivers and tributaries, the length of which
exceeds 10 km mark. Developed by scientists of the Republic some designs of small and
mini HPPs were presented at the exhibition EXPO 2017 (Astana) and received the approval
of experts[6].
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COMSOL MULTIPHYSICS MAKETIHAE CFD MO YJITH MAWIAJTAHBITT
AWHAJIMA IIAFBIH I'2C-TI 3EPTTEY

byn maxanaoa suepeus kozi manuwl aumaxkmap men yaxern 1'9C (TuopoOnexkmpoCmanyus) nio-
MUHANApelHan Keuinei cy kanaioapvina Kouvliamuvii wiagbin I IC KOHObIPEbICLIH 3epmmey HCYMbICh
Kapacmulpwinovl, Hakmuipax atimxanoa COMSOL Multiphysics nakeminoe CFD mooynin natvidanransiisin
atinanmanvl wazvin I'OC 3epmmenoi.

Byn kypuvinevinvl 3epmmeyoiy bacmol cebebi 6i30iy memaekemimizoiy 21eKmp Ko3i manuivl, Opmanvly
ay0anoapoan uiemme OPHALACKAH AUMAKMApObl Kyam KO3IMeH KaMmamacwbi30anowblpy maceneci 60-
avin mabdwinaowl, conviven kamap TMJ] memnexemmepinoe oyn I'DC-miy mypi a3 3epmmeneet, oHulH
0ipOen-0ip cebebi omanoblK 0CLIHOAL KYPbLISbLLAPObl KYPAMbIH OPbIHOAPObIH A30blebl MeH OalamMabl
oHepeusi KO3iHiK a3 KOLOAHbLLIYbL, MeK aumamvli OONCAK COHEbL JAHCLLIOAPLL 2AHA OCbl OANAMANbLL dHep-
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2Usl MaKwlpulObIH CO3 emin, YAmmulK Kopoan Kapasicam 6oainyde. An mvicarwt bamvic Eypona, Anonus,
Kvimaii memnexeminoe 021 ocwl wiasvbin ' IC KYpbligblCblH Wbl2apamult OipHeue KOMNAHUAAp Oap.

Tyitin ce30ep: I'DC(TuopodnexmpoCmanyus), baramanvl suepeust, YUIUHOpP Niuindi mypouna,
KOHYCMbIK RIWIHOT mypOuHa.

. E. TYPAJIHHA, A. M. APLLIABEKOBA

Kazaxcxuii nayuonanvhuiil ynusepcumem umenu anb-Papabu, e. Aimamel, Kazaxcman
Gmail: arshabekovaaigerim@gmail.com

HCCJEJOBAHUE BOJOBOPOTHON MUHHU-I'IC C IOMOIIBIO
MOIYJIsA CFD B CPEAE COMSOL MULTIPHYSICS

B oannou cmamve paccmampusaiomesi ucciedosanust obopyoosanusi manou I'9C (Tuopodnek-
mpoCmanyus) ONid 600HBIX KAHALO8 NOCIe KPYNHbIX NIOMUH U IHEP2O0ehUYUMHBIX Meppumopull,
6 uacmnocmu, ucciedosanue 8000sopomuoi Munu I'DC ¢ nomowpio mooynsi CFD ¢ cpede COMSOL
Multiphysics.

OcHognas npuduna uzyyenus OaHHO20 YCMpOoUCmea — npodiema 31eKmpoCHabICe s 8 PAlOHAX HA-
well cmpanvl ¢ 0euYUmMom MeKmpoIHepeUY, PACTIONIONCEHHBIX 3a NPedelamu YeHMPAalbHblX PalioHo8, d
6 cmpanax CHI smom mun I'DC uzyuen cniabo uz-3a omcymcmeusi KOHCMpYKYUOHHOU MEXHUKU U CPAGHU-
MENbHA MAN0e UCNONb308AHUE ANbIMEPHAMUBHBIX UCIOYHUKOE dHep2ull 8 YenoM. Jluub 6 nociednue 200bl
u3 Hayuonanvroeo gonoa oviau gvidenenvt cpeocmea 0isi peuleHust dmoil npooiemvl anbmepHamueHoll
HepeemuKu.

Hanpumep, 6 3anaonoii Eepone, Anonuu u Kumae ecmv HecKOIbKO KOMRAHUL, KOMOPble NPOU3B0O0M
amy manyro T'OC.

Knroueswvte cnosa: I'2C(TuopodnexmpoCmanyus), arbmepHamusHas SHepaus, mypouna yuiuHoOpu-
yecKoll hopmul, mypouHa KOHUYECKoU hopmbi.
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IMPOBJIEMbBI ITPOLHECCA BJIOYHOI'O HIN®POBAHUA JAHHBIX
N EI'O NPUMEHEHMUME JJISA HIOBBIINEHUSA BE3OITACHOCTHU JAHHBIX

B dannoti cmamve paccmampugaemcs ananu3s Cyujecmeyiouux memooos Wudposanus u Mexanusmos
O0aHHBIX 60 U36edNCAnUE BOZMONCHOCTIU NPOOTIEMbL YACMUYHO20 0OHOBNEHUs OAHHbIX 6 DONLLUUX Paiinax.
Hanpumep, nam nysicno udenmupuyuposams udenmuunvle O10KU Oe3 B03MOICHOCMU PACUUPPO8aNb
Odannvle. Mvl cmankusaemcsi ¢ npobnemot, ko2oa haiiivl 3aunUppPosanvl pasHbiMuU KIHOUAMU, MO 3aUWUgD-
posannvle gepcuu 6y0ym pasnvimu. Taxoice cmoum npoanaiu3upo8ams u Gblopams HAULYHUIULL AI20PUTIM
wugposanus 04 wudposanusa u oewudposanus gaiinos. B dannoti cmamve mvl 06pawyaem HUMAHUE
na besonacrnocme cucmemvl. Haunyuwum pewenuem aensemcs paspabomra cucmemvl wu@posanus u
Odewugposanus Painos, KOMopoe no3eonaem Xpanums Qaiiivl, KAk i Ha JOKATbHOM KOMAblOmMepe, MmaK
U HA PA3TUYHBIX HOCUMENAX, YMO U AGNACMCS PE3VIbMamom OAHHO CIAMmMblU, Ymodbl ONMUMUIUPOBAINY
apexmusnocms wudposans, CKOpocnb nepedadt OAHHbIX, CKOPOCMb 00PAbOmMKU usMeHeHUll Paiiios,
HE0OX0OUMBIX OJisL XPAHEHUsL (hatiios 8 NPOCMpancmee.

Knioueevie cnoea: 6ezonacnocms 001aunblx GuIMUCIEHUN, KOHDUOCHYUATbHOCb, 0E30NaACHOCHb
OaHHbIX, 0edYNIuUKayus, wugdposaue.

BBenenue. C pa3BuTHeM TEXHOJOTHH pa3BUBACTCS M WHPpOpMAIUs. MITIHAPIBT JTIO-
el 110 BceMy MHUPY UMEIOT JIeJIo ¢ Tepadaiitamu jaHHbIX. V3-3a pocTa mHQOpMAaIny pacTer
1 HeoOXOMMOCTh B ee 3amure 1 00padoTke. [TomrMo 00pabOTKH M 3aIUTHl BO3HUKAIOT
TPYAHOCTH C 3alUChIO M pazMellieHrneM WHpopMarmu. MHorma nenonb30BaHne MOITHBIX
CEPBEPOB MPHUBOAMT K YBEIMYCHHUIO 3aTPaT, HO 3TO HE peliaet Beei npodiemsl [ 1].

CerofHsi cymecTByeT MHOKECTBO allTOPUTMOB Ui MH(poBaHHuS W jAenin(poBaHHs
nmaHebIX. Ho 1 ¢ HuMu Bo3HMKaeT npolieMa 30BITOYHOCTH JaHHBIX, HAIIPUMED, €CIH JIBa
Pa3HBIX MOJB30BATEIS 3aTPY3HIIN OJUH U TOT ke (haiiin, HeT CMBICTIa XPaHUTh 00€ KOTIHH, TaK
Kak M30BITOYHBIN (aiii 3aHUMaeT MEeCTO, BCICICTBHE Yero Mbl IMEEM MPOCTO HEHYKHYIO
Konuto. B 1aHHOM citydyae HeoOXOAUMO OTPEACTUTh HACHTUYHBIC OJIOKH 0€3 BO3MOXKHOCTH
nemundpoBaHus AaHHBIX. B 3ToM cimyuae mpoOiieMa ycyryOnsercs Tem, 4To eciu (hanis
ObUH 3amMpoBaHbl PA3HBIMHU KITIOYaMH, 3alTU(ppOBaHHBIE BepcuH OymyT pazHbiMu. OnHO

* E-mail koppecmoraupytomiero aBropa: akbota.kulzhanoval594@gmail.com
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U3 XOPOIIUX PELICHUH - METOJ] TOPU30HTAIBHOTO MaclITabupoBanus. B aTom ciydyae He-
00XOIMMO YBEIUYUTh €MKOCTh XPaHWIHUILA, BPEMsI OTKJIHMKA, MPOIYCKHYIO CIIOCOOHOCTH
[2,3,5].

Teneps y Hac yBeIMYHIach MOTPEOHOCTh B XpaHEHUH JTAHHBIX MO CPABHEHHIO C MPe-
BIIYyIIMMHU TopaMu. O0JayHOe XPaHHIHUILE MMOMOTAeT YAOBIETBOPUTH 3Ty MOTPEOHOCTD,
MPEAOCTABIISS TIOJIB30BATEIISIM PACIIMPEHHYIO0 EMKOCTh M IOCTYIL. JleayTuinKaus TaHHbIX
—0OBIYHAsI MTPAaKTUKA JJISl OCTABIIMKOB OONMavHBIX yCiyr. Jleayrmkanus JaHHBIX — 3TO
nporecc, B KOTOPOM JIOJDKHBI ObITh WACHTH()UIUPOBAHBI HICHTUYHBIC KOIUH TI0JIb30Ba-
TEJIbCKUX JaHHBIX, @ BCE OCTaJbHbIC KOMMH, KPOME OIHOM, JOJKHBI OBITH yAaleHbl. JTO
CZIeTaHo AJIsl yMEHBIICHHsI HAKJIQIHBIX pacXoJ0B Ha Xpanwiuiie. Ho 3aeck ogHa npobiema
— KOHQHIeHIHAIbHOCTh HH(opManuu [4].

[lepen TeM Kak MCIIONB30BATh TE e OOJIAYHbIE XPAHWIIHMINA, Mbl HE 33 yMbIBAEMCsl O
0e30TacHOCTH HAIMX JaHHBIX. Hamra 1ens B Oyaymiem — o0ecreduTs 6e30macHOCTh JaH-
HBIX B UMIPOBH3HPOBAHHOM OOJaKe, MpH 3TOM M30eras H30bITOYHOCTH AaHHBIX. [lepBo-
HavyaIbHOH 3a7aveil sSBISIICS BHIOOP MPAaBUIIBHOTO ajiropuTMa MU(GpPOBaHUsS U pa3paboTKu
nemudparopa, mmdparopa Gainos A JanbHEHIIeH HHTErpauy B 001aKo.

C pa3zBuTHeM HH(POBBIX YCTPOWCTB M CIIPOCOM Ha HUX Ha PHIHKE BBIPOCIA MOTPEO-
HOCTh MOTpeOHTENeH B AOCTYIE K CBOMM JAHHBIM M3 JIFOOOr0 MecTa U B JII00OE BpEeMsl.
ITo mepe pocra norpeduTeneii 1 00bEMOB JaHHBIX yNpaBieHHE HHHOPMALIUEH CTAHOBUTCS
JIOPOTOCTOSIIIIM H CIIOHBIM M BO3HHKAET OONBLION pHcK Kpaxu uHpopmanuu. CTpeMu-
TEJIbHBIA POCT HMCIOJIBb30BaHus MHTepHeTa, XpaHeHHs U 3alIUThl JaHHBIX TPeOyeT HOBBIX
croco0OB ympaBleHUsl JaHHBIMH, TAKHX KaK pa3Mep, pazHooOpas3ue M JOCTYMHOCTh. JTO
TO, YTO JIEAIOT 00JauHbIC BBIYUCIICHHS [6].

O0navHble BBIYUCICHUS HCTIONB3YIOTCS AJISl IPEOCTABICHUS PECYPCOB MOTPEOUTEISIM
B Ka4€CTBE YCIIyTH, K KOTOPOH MOTPEOUTENb MOXKET MONYYHTh JOCTYI Yepe3 HTepHeT. I1o
ynpouiaet paboTy, MOCKOIBbKY OO0JIbIlie HE HYKHO MHOTO 000pYI0BaHUsI AJIsl XpaHEHUS BCEX
naHHbIX. YenoBek, paboTaroluii ¢ 00JIauHbIMUA BBIYUCIICHUSIMH, OOJIBIIIE HE 3aBUCHUT OT HH-
(dpacTpyKTyphbl, KOTOpast MOTHOCTHIO KOHTPOIUPYETCS MOCTABLIIMKOM YCIyT [8, 9].

Yro Kacaercsi 6€30IMacCHOCTH, TO Ha JaHHBI MOMEHT 3TO OoJblas mpoodiema AJst BCeX
nH(pOpMaOHHBIX TexHONMOorui. Korma 6e30macHOCTh HCTIONB3YeTCsl B HEKOHTPOIHPYEMOH
cperne, Takol Kak oOnayHble BBIYHMCIICHHMS, dTa mpodneMa ycyryomsiercs.. [lonnmanue Toro,
YTO CYIIECTBYIOT PUCKH 0€30IaCHOCTH, CBSI3aHHBIE C MCIOJIB30BAaHUEM OOJIAYHBIX BBIYMCIIE-
HU, ]aeT HaM [TOHUMaHHE TOTO, YTO MHCTPYMEHTBI 0€30MacHOCTH JIOJKHBI OBITh YITydIlle-
HBL. PHCKH B 00/1aUHBIX BEIYMCICHHUSAX CBSI3aHBI C OTKPBITHIMH, OOLMMH U pacrpeieIeHHBIMU
cpenamu. st Gonee mTyOOKOrO MOHUMAaHHS MPUPOABI PUCKOB CIIEIyeT MPOBECTH MOTHBIN
aHaJIM3 3TUX PUCKOB. AHAIN3 PHCKOB MPEAIIONaraeT pasiesieHue CyIeCTBYIOUIUX PoOIeM 1
npoOieM, KOTOpble ObUIN MOMY4EHBI B Pe3ylibTare 00IaqHbIX BEIUMCICHHH [4, 5, 6].

Kak yke ynoMuHanoch, TpaJuliMoOHHas HHPPACTPYKTypa OTINYAETCS OT HHPACTPYK-
Typbl 00JIaUHBIX BBIYUCICHUH. MBI 3aMHTEpECOBaHbI B MOBBIIICHUH 0€30MIaCHOCTH 00Jay-
HBIX HHPPACTPYKTYP, & TAK)KE B TIOBBILICHUU 0€30MacCHOCTH JaHHBIX. OTIUYUTEIbHBIE Xa-
PaAKTEPUCTHKH OOAYHBIX HHOPACTPYKTYP OT TPAAULUUOHHBIX HHYPACTPYKTYP MO3BOJISIIOT
oOHapyXuBaTh Bce OOJIbIIE U OOJIBIIE TIPOOIeM 0E30MAaCHOCTH JIAaHHBIX, CBA3aHHBIX C Xa-
paKTepHCTHKaMu 00IaKa v >KU3HEHHBIM LIMKIIOM O0NIaYHbIX TaHHBIX. Ho Takke 3TH JaHHbIe
MOTYT MPUHECTH MHOTO HEYI0OCTB, KOTOpPbIE BBI3BaHBI YXyAIIEHHEM 0e301acHOCTH [7].
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PaccmoTpum, Kak BEIYMCIICHHS TIPOUCXOAAT B oOnake. [Ipomecc BRIISANT CieyOmM
00pa3oM: TIOJIb30BaTelb OTIPABISICT CBOU JIaHHBIE B JAaTa-LEHTP. 3aTeM JaHHbIC IOCTABIIS-
I0TCS Ha BUPTYaJIbHBIE MAIIMHBI, KOTOPHIE BBITOIHAIOT MapajelbHble Beraucienus. [locme
OKOHYaHUs1 00pabOTKH JJAHHBIX TTOJIL30BATEIH TTOYYArOT JOCTY K JaHHBIM. B xone atoro
mporiecca BO3MOXKHA yTeUKa JIMYHBIX WIH KOH(QHUICHIINATBHBIX TAaHHBIX [7].

Ucxons u3 3tux ¢akToB, CYIIECTBYeT TPH COCTOSHUS AaHHBIX B oOmake. IlepBoe co-
CTOSIHUE — 3TO COCTOSIHUE IOKOSI JAHHBIX WM JAHHBIX, KOTOPbIE HAXOIATCA B MPOLIECCE
COXpaHEHUsI WU TpeABApUTENIbHON 00pabOTKH JaHHBIX. BTOpOe cocTosiHME — AaHHBIE B
Ipolecce Nepeadu, 3T0 yKe NEPEXOIHOE COCTOsIHUE. TpeThe U MOCAeAHEE COCTOSIHUE —
9TO JAHHBIE, KOTOPHIE MOXHO HCIIOJIb30BATh, TO €CTh UMEIOTCS JaHHBIC, K KOTOPBIM €CTh
JIOCTYT ¥ KOTOpPhIE MOXKHO JIETKO 00paboTaTh. be30macHOCTh NaHHBIX, KOH(HICHIHAIb-
HOCTB JIaHHBIX M UCIIOJIb30BaHME JAHHBIX OXBATBIBAIOT BCE TPpH acrekra. [ obecnieueHus
0€301acHOCTH ¥ LIEJIOCTHOCTH JaHHBIX Ha BCEX 3TaNax KU3HEHHOTO [IUKIJIA JAHHBIX MOTYT
OBITH peann30BaHbl PA3IMYHbIE MEXaHU3MbI M MEPBI, KOTOPBIE MOTYT OBITH MPEATIPUHSATHI
3apaHee WK BO BpeMs o0paboTku naHHbIX [10]. O Mepax ¥ TeXHONOTHIX OOecreueHus
0€301acCHOCTH JTaHHBIX B 00JIaYHBIX BHIYMCICHHUSX MbI IOTOBOPHM B CIIAYIOIIECH YacTH.

CymectByommue npoodaemMbl. HeT yBepeHHOCTH, 4TO BCE BBILIENIEPEUNCIEHHOE MOJI-
HOCTBIO YJOBJIETBOPHUTEIBHO M 00ECIIeUnBACT MOJHYIO 3alIUTy, HO Y HAC €CTh HavaJbHbIC
3Tarbl COCTABJICHUS M 000CHOBAaHNE, KOTOPbIE MOJHOCTHIO OTPAXKalOT TTOHUMaHUE o0Jad-
HBIX apXUTEKTYp. BBIJIO cka3aHO, YTO TEXHOJOTHH HE CTOSAT Ha MECTE M Pa3BUBAIOTCS, HO,
K COXKaJICHHIO, HA JAHHBIM MOMEHT y HAaC HET TaKO# YCIyTH, KOTOpasi COOTBETCTBOBAJA OBl
HammM ycnoBusM. [Touemy »1o mpoucxonut? [ToToMy 9TO 7151 KpYITHBIX KOMITAHUH 3TO HE
COBCEM BBITOJHO. V3y4nB MaTeprai, CTAaHOBUTCS TIOHATHO, YTO OMHCAHUS ATOM TPOOIEMBI
MIPAKTHYECKA HUTJIE HET, YTO YYUT HEOOXOIMMOCTH TPHIyMBIBAaTh M COBEPIICHCTBOBATH
TEXHUKY 1 0€3011aCHOCTb.

Y Hac ecTh HECKOJIBKO MPOOIIeM ¢ 0€30TTaCHOCTHIO, TAKHX KaK:

1. Bagenbupl o01aka MpegoCcTaBIIsiOT CBOM pelieHus 11 mudposanus. OTciona uaer
3alUTa TOJBKO OT HEaBTOPU30BAHHBIX MOJIb30BaTENEH, HO JOCTYI K JaHHBIM MMEET caM
BJIaJieJiell, UTO SIBISCTCS OMHON U3 pooIeM.

2. Takxe ecTb MpoOIEMBI ¢ MaMATHI0. Yalle Bcero 3a0MBaeTcst apXuB MM caM KOHTEH-
Hep, KOTOpbIid ObLT 3amrdpoaH. [Ipy cMeHe TaHHBIX BO3HUKAIOT HEKOTOpBIE HEYI0OCTBRa,
MIPUXOJUTCS CKAYUBATH TPOMKHUH (haiil TIETHKOM.

3. MHOrHe MyTaloT MOHSATHUE 3aIIUTHI KaHaJla CBSI3U U 00naka, mymas, 9to VPN 3amuTut
Bce UX (hailuibl 1 N30aBUT OT BCEX HETIPUATHOCTEH.

4. MHorHe nporpaMmbl Ha peIHKe caMu HQPYIOT Qaiiibl, momyvas ux u3 oonaka. Ho
B 9TOM CITydae HEOOXOIUMO 3arpy3UTh KOITMIO Ha CBOM JIOKAJIbHBIA KOMITBIOTED, UTO TAK)KE
MOKET OBITh Upe3BhIUAfHO HEYNOOHBIM H3-3a TOJHON MaMSTH JIOKaJbHOTO KOMITBIOTEPA.
ITopaboTaB ¢ maHHbIMH (3amH(GPOBAHHBIMH ), ITH JaHHBIC BO3BPAIIAIOTCS U3 MTPOTPAMMEI B
o0Irako, 4TO TOXKe KpaifHe HEeYT0OHO.

MeTtonoJiorus ucciienoBanus. B cBoei pabote MbI HCTIONB3yeM MTPOCThIE KpUTITOTrpadu-
YeCKHe MPUMUTHBBI U METOIbI 3aIlIUTHI JaHHBIX. Hanpumep, 6ouHoe mmdpoBanue. biouHoe
mH(pPOBaHUE CITYKUT OCHOBHBIM CTPOUTENILHBIM OJIOKOM B Hamiel padore. CyiiecTByeT MHO-
JKECTBO MTPUMEPOB UCIIOIL30BAHMUS OIOYHBIX MUPPOB YIS 3aIIUTHI TaHHbIX [11, 12].

[IpeanonoxuM, 4TO y HaC yxe ecTh Hekuil (aitn B obnake. Ho xak Hacuer mudpo-
BaHMsI AaHHBIX? OCHOBHAs 11eIb MU(POBAHUS JAHHBIX — 3alUTUTH HHPOPMAIHIO OT T0-
CTOpOHHUX. UTO MBI M Ji€7aéM B HAIIMX HCCIENOBaHUAX. [l HOCTHXKEHUS dTUX Lemei
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HEOOXOMM IpaMMaTHYECKUN METOJ] pa0OThI C IAHHBIMHU, KOTOPBIE COJIEPKAT TPH dTara 1o
TEKCTOBBIM OyiokaM [13]. DToT MeTox paboTaeT ¢ MPOCTHIMH OTIEPALUSIMH, OCHOBAHHBIMU
Ha TeHepanuu Kirodeid. MBI pemiaeM cpasy TpH 3aJaqi: BO-TIEPBBIX, MBI MOXKEM CO3/1aBaTh
(aiinbl, He omacasch 3a CBOIO 0OE30MaCHOCTD; BO-BTOPBIX, MBI HCIIOIb3YEM JIOBOJIHO MPO-
CTOW aJITOPUTM IHU(POBAHUS; U TPEThE — CAMOE BaXKHOE MPEUMYIIECTBO COCTOUT B TOM,
4TO y HaC €CTh (PAKTOp CIIy4allHOCTH, KOTOPBIH IMOMOraeT M30e,arh Kpaku ¥ HaHECCHUS
yiep0a HalllAM JTAHHBIM.

[Ipu TpaIuIIMOHHOM TIOAXOAE MIM(PPOBAHUE MPOUCXOAUT CIECAYIOIINM 00pa3oM — WH-
¢dopmanusi mudpyeTcst BMECTe C KIIOYOM, U TOJNBKO IMOCIE 3TOTO €€ MOXKHO MepeaaTh B
obnauHOe XpaHwuie. Mbl y)Ke YIOMHHAIH, YTO 3TO OJHA M3 MPOOJIEeM, TOTOMY YTO MBI
MIPOCTO 3aIOJIHSAEM MaMATh HAIIETO XPAHUJIHIIA, TEM CAMBIM YCIOXKHSS MPOIecC OBICTPOi
00pabOoTKH JTaHHBIX. DTO JIAET ellle OJHY MPOOJIeMy: eClid OBUIH 3arpy KeHbI JIBa OIMHAKO-
BBIX (hailyia, TO MBI IPOCTO HE MOXKEM 3TO ONpefenuTh. Hanr moxxon nmomoraer n3dexarb
aToro Oe3 ymiepoa st 6e301acHOCTH, YTO J0Ka3biBaeT 3Q(HEKTHBHOCTD 3TOTO METOAA JUIs
Oe3omacHoro XpaneHus nHpopmariu B oonake [ 14].

Kora monp30Barenp UCTIONB3YeT NEAYTUIMKALINIO TAHHBIX, €€ MOYKHO BBITIOTHUTH MTEPe]
3arpy3Koi B 00JaK0 HJIM TOCIIE 3arpy3KH JaHHBIX B XPaHUIIUILE, TO €CTh Ha CTOPOHE Cep-
Bepa. Kpome Toro, pemyrmivkanusi UMeeT pa3IndHble YPOBHU JI€TaTU3allUHU, 31€Ch MBI TO-
BOpHUM 00 ypOBHSX aiiia niu 6oka. Y 000UX METOIOB €CTh CBOM TUTIOCHI 1 MUHYCHI. [Ipn
0oJiee BHUMATEIIBFHOM PaCCMOTPEHHUH Ha YPOBHE (haillIoB CPAaBHUBAIOTCS TIEPBHIE /1Ba (aiina
— (haiin cucteMbl XpaHEHUs AJIsl IPOBEPKH U (aiil Ha ypOBHE JeAyIUIMKALIH, YTOOBI yOe-
JUTHCS, YTO TOT ke (aiiil emie He CyliecTByeT. Yalie BCero UCroab3yeTcss MEXaHu3M JICy-
TUTMKAIMH Ha CTOPOHE KJIIMEHTA, TIOCKOJIBKY OH IO3BOJISIET N30eXkKaTh MPOoOIeM ¢ 3arpy3Koi
CETH W TPOMYCKHOM CIIOCOOHOCTHIO. ECcIi MBI TOBOpUM 00 OTCYTCTBHH JIEAYTUTHKAIINN Ha
ypoBHe (aiina, HeOombIIOE H3MEHEHUE B (haiiyie MPUBOAMT K TOBTOPHOMY BOCCTaHOBJICHUIO
Bcero (¢aityia, 4To HapylIaeT TeXHUKY JeAyTUTMKAIUK. TOTIa CUTyalMi0 MOXKHO CITAaCTH U3-
MEHEHHBIM OJOKOM Ha ypoBHE OJI0Ka, a He Bcero ¢aiia. 37ech MBI IbITaeMCs TOOUTHCS
Ty4mied IpOU3BOJUTEIFHOCTH CETH, TIOTOMY YTO MHJEKCHI, CTeHEPUPOBAHHBIE IS UICH-
tudukannu Qaina, HHXKe IpyU JeAyIIMKalud Ha YpoBHE (aiina.

Baxxaeim (baKTOpOM B HAIIEM HCCJICAOBAHHU ABJIAIOTCA aJITOPUTMbI ITOMCKAa M3MCHEC-
HUH Ha mpumepe git. PaccMoTpuTe BO3MOKHOCTH BHECEHUSI M3MEHEHHH B PEMO3UTOPUH.
JomycTrM, y Bac €CTh HEKOTOpble M3MEHEHHsI JaHHBIX B BalieM perno3uropuu Git, Taxke
€CTb KOIUS 3THX JaHHBIX. [Ipomecc m3MeHeHus U QUKCAMU COCTOSIHUSI B BUAE CHUMKOB
9TUX W3MEHEHUM B PCIIO3UTOPUN TTPOUCXOAUT Ka)K,ZLLII;'I pa3, Koraa y Hac HET COCTOsIHMA,
KOTOpOE MBI XOTUM COXpaHHTh. JlaHHbIe, XpaHsIuecs B (aiiie, MOTYT ObITh JIByX THIIOB:
OTCIIe)KMBaeMbIe M HeoTclexkuBaeMble. OTceknBaeMbIe (Paiiibl — 3TO (aiiIbl, 0 KOTOPBIX
3Haet Git. OcTanbHbIe — 3TO HEOTCIS)KUBaeMble (aiiabl. Bo Bpemst mepBoro KIIOHHPOBaHHUS
penozutopust Gainsl OyayT IMETh CTaTyC OTCIICKHUBAEMbBIX U HEMOIU(PHUINPOBAHHBIX, T10-
ToMy 4T0 Git TOJILKO YTO WX MPOBEPHI, & Mbl HUUETO HE PEeAKTHPOBAIU. TOJIBKO TOCIE
penaktupoBaHus JaHHBIX Git OyJeT cauTaTh MX U3MEHEHHBIMU. LUK TOBOJIBHO MPOCTOI,
TepBble U3MEHEHHS (aiiyia MHIEKCUPYIOTCS, 3aTeM 3aIllMChIBAIOTCS BCE ITPOWHACKCUPOBaH-
HbIE M3MEHEHHMS. M 3TOT UKII TOBTOPSIETCSI KX IbIi pa3, KOTa BbI JiesaeTe KOMMHT [15].

[Mepen HaMu cTosina 3a1a4a Moa00paTh MPABUIILHBIN aJTOPUTM IH(PPOBAHHUS, KOTOPBIN
OBLT OBI TOCTAaTOYHO ycTOHIMBEIM. BE10op mai Ha anroputm AES-256. AES sBnsercs cuMm-
METPUYHBIM alTopuTMOM OtouHoro mudpoBanus. [1o pe3ynbraraMm TecTHpOBaHUS JaHHBIN
AITOPUTM SIBJISIETCS LIMPOKO MCIIOIBb3YEMBIM B JaHHOE BpeMs. Kpome Toro, siBisieTcst yayd-
meHHoi Bepcueit DES.
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[Touemy umenHo Onoynoe mmdposanue? Mpl HCIOIB3YEM €ro MO0 MPUYHHE TOTO, YTO
poneaypsl IUPPOBaHUs U Ae()POBAHHS UACHTUYHBI, HO OHU OyAyT OTIMYATHCS JIUIIb
HOPSIAKOM JIeWcTBUM. /lTaHHOE CBOWCTBO IIOMOIaeT BO MHOI'OM, HallpUMED, MPU CO3/1aHUU
yCTpPONCTBA IMU(PPOBAHUS, TIOTOMY YTO UCIIONB3YIOTCS OHU U T ke OJIOKH Juis ugpo-
BaHMs W JenmdpoBaHus JAaHHBIX. IMEHHO u3-3a rHOKOCTH OJIOYHOTO MIM(POBAHHS OH
SBJISIETCS] HAWJIYYIIUM PEIIEHHEM [Vl €ro MCIOIb30BaHMs B Halmmx Lessix. Eme omHum
OOJBIIIIM TIPEUMYIIECTBOM OJIOYHOTO IMH(PPOBAHUS SBISAETCSA €T0 CIIOCOOHOCTH 3amudg-
POBBIBAaTh OJHHUM U TEM K€ KIIIOUOM OIUH MM HEeCKOJbKo (haiioB. Taxxke BbIOOp cuUM-
METPUYHOTO aJrOpUTMa IU(PPOBAHUS 0OOCHOBBIBACTCS €r0 OBICTPOTOHN 110 CPaBHEHUIO C
ACUMMETPUYHBIMU QJITOPUTMaMH. M CUMMETPHUYHBIM aaroputMm Oolsiee HAJEKEH, TaK Kak
MOJTy4aTesb COOOLICHNUS JOIKEH 3HaTh CEKPETHBIN KITIOU, KOTOPBIM HY>KHO BEPHYTH YK€ O
OIIpeIeNICHHOMY 3alln(poBaHHOMY KaHaiy. [IepBbIM 1€10M HYKEH HEIIOCPEACTBEHHO caM
¢aiin ¢ nanaeiMu (pucyHok 1). Jlanee ¢ mOMOIIBIO IporpaMMbl IUdpaTropa-aemudparopa
yKa3blBaeM IyTh K JaHHOMY (aiiny, mudpyeM ero (pUCyHOK 2) U mojryyaeM 3amu@poBaH-
HBIN Qaiin (pucyHok 3). Takke MOXHO U JeIIMpoBaTh paHee 3amuppoBaHHbIN (aiii, uc-
MIOJIb3YSl XPAHUJIUILE KIIFOYEH.

Pucynok 1 — ®aiin 10 WMPpPOBKH TaHHBIX.

Pucynok 2 — Ilponecc mdpoBaHus TaHHBIX.
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Pucynok 3 — ®aiin, npome mmii nporecc MuppoBKH

Jenyrumkanusi yMeHbIIaeT 00beM IIPOCTPAHCTBA, HEOOXOIUMOTO YISl OIPEISIIEHHOTO
HaOopa ¢aiuioB. B HacTosee BpemMsi B 00:1acTH 00JaYHBIX BBIUMCIICHUH CYIIECTBYET He-
CKOJIBKO CIIOCOOOB CMSATYCHUS aTakK U, TAKMM 00pa3oM, 3aIluThl JaHHBIX. [IpocToii mpumep
KpPa)kKHl JIAaHHBIX — OIACHOCTh JYyOJIMPOBAHUS HA CTOPOHE KIMEeHTa. MOIICHHUK MOXET T10-
JYYUTh JOCTYH K JAHHBIM, IMPOCTO yrajap Xeml-QpyHKIno. YToObl BCEro 3Toro u3bdexarsb
Y CHU3UTh BEPOSITHOCTH KPAXKH, 3IIOYMBIIUICHHUKY [TPEIAracTcsi ClIoco0 MOATBEPIKICHUS
npoBepku. To eCTh KITMEHT IPOBEPSET CBOM JaHHBIC, YTO TIO3BOJISICT MUHUMU3HPOBATh Kpa-
Ky JIaHHBIX WK B3JI0M. U, HaKoHel, KOT/1a JIeJI0 JOXOUT 10 OeCIIOKONCTBA KIIMEeHTa 0 0e30-
MACHOCTH JIAaHHBIX, XPaHSIIUXCS B 0a3e TaHHBIX IMOCTABIIMKA, TAK)KE HE HY)KHO OTacarhCs,
YTO MOCTABIIMK CMOXKET YBUJCTh JJAHHBIE, TOCKOJIBbKY (hailil Oyaer 3amudpoBaH.

3akawdenne. B mporecce HammMcaHus cTaThi ObLUTH M3YYCHBI MEXaHU3MBI U METOJIbI
mudpoBaHus GailyioB B 00JaYHBIX CUCTEMaX, CYIIECTBY OIS METO/bI JC Iy LTUKAIIH JTaH-
HBIX B O0JIAUHBIX CUCTEMaX, a TakKe ObLT HarucaH mudparop u aemudparop Gaiios.

JanpHeine oxugaeMble JENCTBUS:

Hamma Oynymiast pabora BKIHOUaeT pa3padOTKy UMITPOBU3UPOBAHHOIO O0JIaKa, B KOTO-
poM OyjieT TO3BOJICHO BHOCHUTh M3MEHCHUSI B MCXOJHBINA KO/ 0€3 IMOJIHOTO U3MEHEHHS 3a-
mudpoBaHHO# Bepcuu (aiina. Ha cepBep OyayT OTIPaBIATHCS TOJIBKO 3alIU(PPOBAHHBIC
W3MEHEHMSI, SKOHOMS Tpa(uK U BpeMsi. ByayT yuTeHbI COBPEMEHHBIC METOIbI JISTyTINKA-
LMY JIAHHBIX B 00JIaKe.
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on-Dapabdbu ameindaewt Kazax ynmmelx ynusepcumemi, Animameol., Kazaxcman
Anmamor Menedsicmenm Yuusepcumemi, Anmamol., Kazaxcman

JEPEKTEPII BJIOKTBIK IIU®PIAY TPOLECIHIH,
MMPOBJEMACHI ')KOHE JEPEKTEPIIH KAYIIICI3ITTH APTTBIPY
YIITH OHBIH KOJJJAHBICBI

Byn maxanaoa ynxen konemoi ¢haindapoa Oepexmepoi iwinapa sxcanapmy macenecin 6010wip-
MaAy MaKcamvlHOa KONOAHbICMARbL Wugpray aodicmepi men maiimemmepoiy memikmepiniy manoaybl
Kapacmulpbinaovl. Muvicanvl, 6i3 O0epekmepdi wu@povl awiyza MyMKiHOiel oK 6ipoeti O1okmapobl
anvikmayvimulz kepek. bizoe ¢hainoap ap mypni xinmmepmen wugpranean 6oica, onoa wu@dpranean
Hyckanap ap mypai 6onaovl dezen macenece man 60n0vik. Conoaii-ax, @aunoapovl wu@pray dlcone
Oewiugppney yudin wudpiayowiy ey JdHcaKcyl areopumimin maioaya Jcone manoayea mypapivik. Byn
makanaoa 613 Jicyieniy Kayincizoicine nazap ayoapamvis. Ey dcakcol wiewiim - wudprayoviyy muimoiniein,
Oepekmepoi 6epy HCbLIOAMObIRbIH OHMAULAHOLIPY Yulin ¢hatindapost Komnvlomepoe oOe, ap Mypii
MACLIMATOASLIUUMAPOA CAKMAY2a MYMKIHOIK Oepemin (paindapovl wugdpray sicane dewugpuey rHcyiecin
oamuvlmy, 0l 0Cbl MAKANAHBIY HaMuUNceCi 60abiN MadblIadbL.

Tyitin ce30ep: Oynmmol ecenmey Kayincizoiel, Kynusubliblk, 0epekmepoi Kayincizoiel, Kocapianowipy,
wiugppnay.
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PROBLEMS OF THE BLOCKED DATA ENCRYPTION PROCESS
AND ITS APPLICATION FOR INCREASING DATA SECURITY

This article examines the analysis of existing encryption methods and data mechanisms in order to
avoid the possibility of the problem of partial data refresh in large files. For example, we need to identify
identical blocks without the ability to decrypt the data. We are faced with the problem that if files are
encrypted with different keys, then the encrypted versions will be different. It is also worth analyzing and
choosing the best encryption algorithm for encrypting and decrypting files. In this article, we pay attention
to the security of the system. The best solution is to develop a file encryption and decryption system that
allows you to store files both on a local computer and on various media, which is the result of this article,
in order to optimize the encryption efficiency, data transfer speed, and the speed of processing file changes
necessary for storing files in space.

Keywords: cloud computing security, privacy, data security, deduplication, encryption.
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MONITORING SYSTEM FOR YOUNG DIABETES PATIENTS

The article describes the structures for monitoring the health status of patients with diabetes mellitus.
Many systems are known for measuring and monitoring blood sugar levels. The list of tasks they solve
includes monitoring blood glucose levels and physical activity, diet and insulin consumption. The
capabilities of the Internet of Things (IoT), information and communication technologies and machine
learning can help reduce the cost of healthcare and the organization of online medical services. Methods
such as predicting blood glucose levels and simulating blood glucose dynamics are important in developing
technologies for monitoring patients with diabetes. Increasing access to patient data has paved the way
for the adoption of machine learning and its use in diabetes management. Machine learning's ability to
solve complex problems has contributed to his success in the study of diabetes. The number of patients
with diabetes mellitus among children is growing in the world, therefore, the observation of young patients
is one of the hot topics. Therefore, this review aims to find the optimal structure for monitoring the health
status of young patients with diabetes mellitus.

Keywords: diabetes mellitus, glucose control, Internet of Things, machine learning.

Introduction. The healthcare industry is constantly evolving and offers a wide range of
research opportunities. Development is carried out using technologies and applications of
the Internet of Things (IoT). They combine information and communication technologies
(ICT), sensors, big data sets, machine learning techniques, and artificial intelligence. New
technologies are used for continuous monitoring of patients with chronic diseases, the
number of which has been increasing in recent years [1].

Machine learning methods allow with high accuracy to automatically determine
mathematical models of these dependencies from the obtained arrays of interdependent
quantities, as a result of which it is possible to predict the development of the disease and
the patient's condition with high accuracy based on various psychological factors and
parameters of vital activity. Models expose dependencies between inputs and outputs.

Chronic diseases require long-term treatment. Patients with chronic diseases usually
spend long periods of time in the hospital for daily follow-up. Diabetes mellitus is a chronic
disease associated with dysfunction of the pancreas that occurs when the correct levels of
insulin are not produced (type 1 diabetes, T1D) or the body does not use insulin properly
(type 2 diabetes, T2D) [1].

The main concern of a patient with diabetes mellitus is to constantly monitor blood
glucose levels. Methods for controlling these levels are divided into three: invasive,
minimally invasive and non-invasive [2]. The invasive method is one of the most used
approaches because it provides the most accurate results in direct contact with the patient's
blood. Finger pricking is a traditional procedure in this method. Measurements must be

* E-mail xoppecnioraupytomiero aBropa: lks74@mail.ru
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carried out in a strict cleaning regime, otherwise infections may occur [2, 3]. Body fluids
such as saliva, urine, sweat, or tears have been studied as non-invasive glucose tests, but
they cannot be used to continuously monitor glucose levels.

Review of known technical solutions. The article [4] describes a system of long-term
monitoring of glucose levels in the subcutaneous tissue in a small group of people with
diabetes. It uses a fully implanted first-generation sensor prototype / telemetry system.
The devices remained implanted for 180 days, with signals transmitted every 2 minutes to
external receivers. The proposed system demonstrates its ability for continuous long-term
glucose monitoring.

The article [5] proposes a blood glucose monitoring system using a Wireless Body Area
Network. One part of this network is the meter sensor, which measures the approximate
concentration of glucose in the blood. The system uses an Arduino Uno board and a Zigbee
module. The results of the study show that remote monitoring of patient glucose can be
achieved using desktop, mobile and web applications. One of the disadvantages of the
proposed system is that it is not energy efficient. This is due to the high power consumption
of the Arduino Uno board and Zigbee module.

Three main components of an loT-based health monitoring system: a network of
sensors, gateways connected to the Internet, support for cloud and big data (Figure 1). The
data collected by users from the connected sensors will be available to caregivers, family
members and authorized persons, which will allow them to check the vital signs of the
subject at any time from anywhere [6].

Figure 1 — General health monitoring system based on [oT [6]

The article [ 7] presents the architecture of the monitoring system for patients with diabetes
mellitus. The system architecture consists of three main components: sensor modules, data
acquisition module and database server. In this system, sensors collect information about
the user's vital functions and transmit it via Bluetooth to a mobile application. The mobile
app sends this data to the database via 4G or Wi-Fi. The monitoring system analyzes the
data collected from the sensors. When the system detects an abnormal situation, the doctor
will be notified to look at the mobile application and determine its cause.

The article [8] presents a deep learning model that is able to predict glucose levels with
high accuracy. A multilayer convolutional recurrent neural network (CRNN) architecture
was used to predict glucose levels (Figure 2). The architecture of a convolutional recurrent
neural network consists of three parts: a multilayer convolutional neural network; recurrent



Mansurova M. E. e. a. Monitoring system for young diabetes patients 101

neural network (RNN) with long-term short-term memory (LSTM) cells and fully
connected layers. LSTM shows good performance in forecasting time series with long time
dependences [9]. The convolutional recurrent neural network model is implemented using
the TensorFlow library.

Figure 2 — CRNN architecture for glucose prediction [8]

The article [10] presents a mobile application showing data about a patient and indicators
of his health. The patient receives consultations depending on the state of health.

Proposed monitoring system. Based on the study of the structures contained in the
articles discussed above, it is possible to propose a generalized (universal) system for
monitoring the health status of young (children and adolescents) patients with diabetes
mellitus.

The monitoring system records various health-related actions of users. The main idea
of the system is to collect data on the vital functions of patients with diabetes using sensors
and analyze this data for an individual rehabilitation program. Machine learning methods
can be used to predict future changes in health status.

It is proposed to take as a basis the structure of a general health monitoring system based
on [oT in article [6] and the architecture of a monitoring system for patients with diabetes
mellitus in article [7]. The system can be improved by adding other patient indicators
(glycated hemoglobin level, blood fructosamine level) that can be useful in predicting blood
glucose levels. The main stages of the proposed system can be divided into four stages
(Figure 3).

Figure 3 — Stages of the monitoring system
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The authors recommend using the following sensors: a glucose meter for measuring
glucose levels and a fitness bracelet for measuring physical activity. To measure the physical
activity of the patients, the Xiaomi Mi Band 5 fitness bracelet was chosen, and to collect
glucose data, the iPro2 MMT-7745WW continuous glucose monitoring system, the Enlite
MMT-7008A glucose sensor, the Enlite MMT-7510 sensor insertion device and the dock
will be used -station (Figure 4). The data from the sensors are transferred to a database and
analyzed to compile an individual rehabilitation program.

Figure 4 — a) Enlite MMT-7008A; b); b) Docking station; c) Enlite MMT-7510;
d) iPro2 MMT-7745WW; ¢) Xiaomi Mi Band 5

Fitness bracelet Xiaomi Mi Band 5 can measure the patient's pulse, activity (number of

steps, calories), stress level (Figure 5). The data is stored in the Mi Fit mobile application with
the ability to export for analysis. Figure 6 shows data from glucose monitoring devices.

Figure 5 — Data of the Mi Fit mobile application: a) heart rate; b) steps
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Figure 6 — Data from Medtronic iPro2

A prototype of a mobile application will be developed that allows receiving data on the
user's vital functions from sensors, information entered by the user (gender, height, age,
etc.) and a personalized rehabilitation program. Glucose prediction is based on a machine
learning method. The mobile application serves as a tool for monitoring the health status of
patients with diabetes.

A personalized rehabilitation program for patients with diabetes is physical activity and
exercise. Children and adolescents with type 1 and 2 diabetes should engage in moderate
to vigorous aerobic activity for 60 minutes a day or more to strengthen muscles and bones
at least three days a week [11]. Weight loss reduces the risk of cardiovascular disease and
improves glycemic control [12].

Conclusion. The article showed that by integrating sensor devices with a monitoring
system, it is possible to collect and analyze a complete history of data on the user's vital
functions (heart rate, number of steps and blood glucose level). Work continues to predict
blood glucose levels based on the user's vital functions collected by sensor devices. The
development of a new system is aimed at using it for the treatment and monitoring of the
health status of young patients. It is expected that the results of this study will be used by
patients with diabetes mellitus.
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on-DPapabu amvindaswl Kazax ynmmulx yrusepcumemi, Aaimamol, Kazaxkcman
ISCTE — Jluccabon ynusepcumemmix uncmumymol, Jluccabon, [lopmyzanus

KAHT JUABETI BAP )KAC MMAIIMEHTTEPII BAKBLIAY ) KYHECI

Maxanaoa kanm ouabemi bap nayuenmmepoiy OeHCayIbIK HA2OAUbIH OAKbLIAYObIH KYPbLIbIMOADb
cunammanean. Kanoazvl kanm oeneetiin onuieyee dicone 6aAKbLIAY2a ApHANAH KOnme2eH Jicylienep deneini.
Onap wewemin mancolpmanapobiy miziMine KaHOagvl 21I0K03A OeH2elliH HCIHe PUIUKATLIK OellceHOIKMI,
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ouemanvl Jcane UHCYIUHHIK KaObLi0anyvin 6akwliay Kipedi. 3ammap earammopuvinviy (loT), aknapammulk-
KOMMYHUKQUYUATILIK  MEXHON02UANAPObIY JHCIHE MAUUHANLIK  OKbIMYOblY MYMKIHOIKmepi OeHcaynvlk
cakmay MeH OHAQUH MeOUYUHATbIK Kbl3Memmepol YiublMOacmulpyoazsl wbleblHOapobl momenoenyee
MYMKIHOIK Oepedi. Kanoagvl 2noko3a 0eneetiin 60micay Heane OHblY OUHAMUKACHIH MOOeNbOe)y CUSKMbL
20icmep Kanm ouabemi 6ap nayueHmmepoi OAKbLIAY MEXHOLO2USLIAPbIH KYPACMbIPYOd MaKbl30bl 00~
avin madwinaovl. Ilayuenmmep mypanst oepexmepee Ko HCemiMOLNiKmMiy apnybl MAwUHANbIK OKbINTYO0bl
eHeizyee dcane onvl Kaum ouabemin emoeyoe Konoamnyea xicon awimol. Mawunansly oxuinyobly Kypoeni
Macenenepdi weuty Kabinemi OHblY KaHm Ouabemin 3epmmeyoeci dicemicmikmepine bIKNaui emmi.
Onemoe banranap apacelnoa Kawm ouabemi 6ap nayueHmmepoiy camnvl apmvin Keieoi, COHObIKMAH HCAcC
Haykacmapowl 6aKwliay e3ekmi maxslpbinmapowviy 0ipi 6onvin mabwinadvl. COHOLIKMAH, OYI WOy KAHM
Juabemi bap sncac nayuenmmepoiy OCHCAYIbLK HCALOAUbIH OAKBLIAY YUliH OWMALLTbL KYPbLILIMObL Madyed
bazvimmanaan.

Tyitinoi cos0ep: xanm ouabemi, 2n0K03a Oeqeelin baKvliay, 3ammap 2anammopsl, MAUUHATIBIK
OKbINY.

M. E. MAHCYPOBA, O. A. IIOCTOJIAYE, H. A. 2KOJIJ/IAC,
T. C. CAPCAMBAEBA, C. IlI. UKCAHOB

Kazaxcxuii nayuonanvhuiii ynusepcumem umenu anv-Dapadbu, Anmamol, Kazaxcman
ISCTE — Vnusepcumemckuii uncmumym Jluccabona, Jluccabon, Iopmyeanus

CUCTEMA MOHUMTOPHHI'A IOHBIX TAIIUEHTOB
C CAXAPHBIM JUABETOM

B cmamue onucanvl cmpykmypol KOHMpPOIs COCMOsHUA 300PO8bS NAYUEHMOG C CAXAPHBIM OUADEMOM.
H36ecmuo MHodIcecmeo cucmem 05 usMepenus U KOHMpOoIs yposHs caxapa é Kpogu. Ilepeuens peuiaemvix
UMU 3a0ay GKIIOUAEM 6 ce0si KOHMPOTb YPOGHSL 2NIOKO3bL 8 KPOSU U (PU3UUECKOU aKMUGHOCMU, OUembl u
nompebaenus uncyruna. Bosmooicnocmu unmepnema geweii (IoT), ungopmayuoHno-koMMyHUKAYUOHHBIX
MEXHON02ULL U MAUUHHO20 00VUEeHUs NO360IAIOM CHU3UMb 3AMPamvl HA 30PABOOXPAHEHUEe U OP2aAHU3A-
yuro oHnauH-meouyurckux ycaye. Takue memoovl, Kak npoeHO3UPOBAHUE YPOGHS 2NIOKO3bl 8 KPOGU U MO-
oenuposanue ee OUHAMUKY, UMEIOM 8AJICHOe 3HAYeHUe NPU PA3PabomKe MmexHON02Ull 0I5l MOHUMOpUH2d
nayueHmos ¢ caxapuvlm ouabemom. Yeenuuenue 0oCmyna Kk OGHHbIM O NAYUEHMAX NPOJOACUNO HYMb K
6HEOPEHUIO MAWUHHO20 0OYYeHUsl U UCNOTb30BAHUIO €20 6 NedeHuu ouabema. CRocoOHOCmb MAUUHHO2O
00yueHUs peulams CLOJICHbIE 3a0ayU CHOCODCBO8ANA €20 YCheXaM 6 u3yueHuu ouabema. B mupe pacmem
YUCTIO NAYUEHTNOB C CaXapHbiM Ouabemom cpedu demetl, NOIMoMY HabI00eHUe 3ad MOTOObIMU NAYUESHMA-
MU A61Aemcs O0HOU U3 aKmyanoHulx mem. Iloomomy dannuiii 0630p HAnpaeien Ha NOUCK ONMUMATLHOU
CmMpyKmypul 0151 MOHUMOPUH2A COCTOSIHUSL 300P08bsL MOLOObIX NAYUCHINOE C CAXAPHBIM OUAOETOM.

Kniouesvie cnosa: caxapnulii ouabem, KOHMpoOnb YposHs 21i0Ko3bl, Mumepnem eewjell, Mauwiunuoe
obyuenue.
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BIM — OBPABOBAHUE B KA3BAXCTAHE:
BOITPOCHI, CBSI3BAHHBIE C OPTAHU3AIIMEN KAUECTBEHHOM
U KOMILIEKCHOM MOJAIOTOBKH CHEIIAAJINCTOB CTPOUTEJIBHOM
OTPACJIA B BbICHINX YUYEBHBIX 3ABE/IEHUAX PK

B cmamve paccmompenvi 6onpocuvl kauecmeeHHO, KOMNIEKCHOU NOO20MOBKU CHEYUATUCITO8 CINPOU-
menvHol ompacau 6 gy3ax PK. Omo oona u3 xnouesvix npobnem, Hanpamyio 0Ka3vléaiowds 61usHue Ha
CKOPOCMb, CPOKU U KAYECMBO GHEOPEHUS COBPEMEHHBIX MEXHON02UU UHDOPMAYUOHHO20 MOOETUPOBAHUS]
(BIM) 6 xazaxcmanckux komnanusx. Ilposeden nebonvuioti 0030p cywecmayouux nooxo008 u npocpamm
0na 6aKanagpos, MasUCmMpanmos, a makdice NoCm-npogheccuoHarbHo20 00pa308aAnUs, NPUMEHAEMbIX 8
Benuxoopumanuu u 6 Poccuu. I[Ipeonosicen HOGbll, NPAKMUKO-OPUESHMUPOBANHBIL NOOX00 K cucmeme noo-
20mogKu kadpos no Hanpasnenuio BIM-npoexmuposanus 6 gvicuiux yuednvix sasedenusx Kaszaxcmana.
Ipeonodicenus, npedocmasnenuvle 8 OAHHOU cmamyve, CQOPMYTUPOBAHBL C YUEemOM MHEHUs NPAKMUKYIO-
wux BIM-cneyuanucmos. B pezynomame npakmuueckoeo npumeHnenus npeoiojiceHHblX peKoMeHoayull u
Memooux 0OyYeHUus 6 apXumexkmypHo-CImpoumenbHuIX 6y3ax U Ha NPOQUIbHBIX DaKyIbmemax cmpou-
MenbHAs OMpaciv NOIYYUM 8blCOKOKEATUPUYUPOBAHHBIX, NOO20MOBNICHHbIX K HOGbIM PEaNUsM Cheyuanu-
€cmog u ynpaeienyes.

Kniouesvie cnosa: mexnonocuu ungopmayuonnozo mooenuposanus (BIM), npogeccuonanvhas noo-
2omoeka kaopoe no meme BIM, BIM-oopazosanue, BIM-menedxcep, BIM-koopouramop.

Benenne. C Hauanom 31oxu MuQpOBU3ALUE COBPEMEHHBIH MHUP CHIBHO M3MEHWIICS.
LudpoBuzanus Tak WM HHA4YE 3aTPOHYJA BCE OTpaciy SKOHOMHUKH. OJJHAKO, KOTa B OHUX
OTpAacisiX U3MEHEHUsI MTPOUCXOAST OFPOMHBIMHU CKaUKaMU, B APYTUX, TAKUX KaK CTPOUTEIIb-
CTBO W MTPOEKTHPOBaHKE M (PPOBHIE TEXHOIOTHH BHEIPSIOTCS HAMHOTO MeieHHee. OHa u3
MIPOrPECCUBHBIX M HAWOOJIee aKTyaJbHBIX I CTPOMTEIILCTBA TeXHOJOoruid — 310 Building
Information Modeling (BIM). MudopmanmonHoe Moaenuposanue 3nanuii wm BIM, cornac-
HO ompenenennto HanmonanpHoro npoektHoro komutera CIIIA no crangapram uH(bopma-
[IMOHHOTO MOJEIMPOBAHMS 3/IaHII — 3TO IH(pOoBOE TpencTapiIeHrne GU3nIeckux U QyHK-
IMOHAJIBHBIX XapakTepucTuK o0bekTa. BIM — 310 00mmMit pecypce 3HaHUIA YIS TOTYYSHHUS
nHopMau 00 00beKTe, KOTOPBIH CITYKUT HAJCKHOU OCHOBOH /IS IPHHSTHS PELICHUN B
TEUEHHE €T0 )KU3HEHHOTO IIUKJIa, KOTOPBIN ONpeesseTcs Kak CyIeCTBYIOIINN OT caMoi paH-
Hell koHtenmmu 10 cHoca.[1] CTpouTenbHbI 00BEKT SBISETCS eAUHBIM IIeTbIM. M3MeHeHne
€ro HaCTPOEK BJIEYET 3a COOOI aBTOMAaTHUECKOE M3MEHEHHE APYTHX CBA3AHHBIX MTapaMeTPOB
1 00BEKTOB, BIUIOTH J0 YEPTEKEH, BU3yaIn3alni, crieliuuKanuy U rpaduka mporeccol.

Cerognst nH(GOPMAIMOHHOE MOJEIMPOBAHKE BBIXOAHUT 3a Tpenaensl 3D-mapameTpos.
K 0CHOBHBIM IPOCTpPaHCTBEHHBIM U3MEPEHUSM JT00ABISIOTCS MMoKa3zaTenu BpeMeHH (4D),
cronmocta (5D), a Takke MOKazaTely yCTOMYMBOCTH U DHEProd(PPEKTUBHOCTH 3MaHUI
(6D) u sxcrutyararus 3nanus (7D).

Texnonoruu BIM 103BOJSIFOT TOOUTHCS CHUKEHUSI KOJIMYECTBA OIIMOOK B TIPOSKTHOM
JIOKYMEHTAIIUU, COKpAILEHUs] BpEMEHH MTPOEKTUPOBAHUS, COKpPAIEHUs CPOKOB KOOPAMHA-

* E-mail koppecnonupyroiero apropa: assiya.gizatulina@kazgor.kz
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UM U COTIACOBAHUS IOKYMEHTAIINH, peau3aliy MPOEKTa, CPOKOB CTPOUTEIBCTBA, COKPa-
IIECHUS 3aTPaT Ha CTPOUTEIHCTBO U AKCIUTyaTaIuio (puc 1.)

Pucynok 1 — Ipeumywecmea BIM (no ungpopmayuu u3z omxpwulmuix ucmoyHuKos)

AKxTuBHOE pa3BuTHe 1 BHeipeHre BIM Hauanocs B 90-X rojjax npouuioro Beka B pa3By-
TBIX CTpaHax, Takux kak BemukoOpuranus, CIIA, crpansl EBponeiickoro coro3a, Cunra-
nyp, ABctpanus. B mponecce BHeapeHus Oblia Mpo/eaHa orpoMHast padoTa: pa3paboTaHo
0O0JIBIIIOE KOTMYECTBO METOJOIOTUYECKHX JOKYMEHTOB, U31aHO MHOXKECTBO HAY4HBIX CTa-
Tel 1Mo 3TOH Teme, KOTOpPhIE MMO3BOJISIOT U3YUHTh OIBIT ATHX CTPaH, MOHATh, YTO paboTaer,
4T0 He paboraeT, U M30ekaTh aHATOTHUHBIX OmMOOK. Celiyac B 3TUX CTpaHax MpHMEHe-
Hue BIM s kpynHbIX HHPPaACTPYKTYPHBIX 0OBEKTOB sSIBIsieTCsl 00si3aTebHbIM. [ToMumo
TpeOOBaHMH K MPOEKTHBIM M CTPOUTEIHLHBIM KOMIIAHUSAM, OOJIBIIOE BHUMAaHUE YACSeTCs
BOIMpocaM MpoeCCHOHATBLHON MOATOTOBKU M IEPENOArOTOBKH MPOEKTUPOBIIUKOB, CIIe-
LHUAIHUCTOB CTPOUTENBbHOM uMHAycTpuu U BIM cneumanuctoB. Hanmuune KOMOETEHTHBIX
CIEIMAIMCTOB BIMSIET HA YPOBEHb Pa3BUTH U 3pesiocTH BIM B opranuszanmu u B oTpaciu
B IIEJIOM.

Ha tepputopuu crpan CHI” unrepec k BIM BnepBbie nosiBusiics B Hadase 2000-X rosios,
a MpUMEHTh MH(OPMALMOHHOE MOJCIUPOBAHUE 3AaHUI B peasibHBIX MPOEKTaX Hadyaln
npuMepHo B 2008-2010 rr. 3a nmocienHee qecATUIETHE YKe MOIBUINCH KOMITAHUHU C XOPO-
[IUM OTIBITOM U BBITIOJTHEHHBIMU MTPOEKTaMU C HCTonb30BaHueM BIM. Oto monreep:xaaet-
Csl peanbHbIMU UCCIIEN0BAHUSMH 110 YpOBHIO IpuMeHeHust BIM: MccnenoBanue koMnaHuu
«Konkyparop», Poccus B 2017 u 2019r.r. 1 uccnenoBanue «HanmonansHoit Acconnanuu
npoektupoBimkoB PK», Kazaxcran B 2020 roxgy. CormacHo atuM uccienoBanusaM 22%
poccuiickux komrnanuii u 21% ka3axCTaHCKMX KOMMAaHUN yxe npuMeHsioT BIM B peains-
HBIX MpoeKTax. [2], [3] BaxxHO OTMETHUTBH, UTO B aBaHTapje BHEAPEHUS HOBBIX TEXHOJIOTUI
HaXOJSATCS MPOSKTHBIE KOMITAHUH, KOTOPBIE XOTAT OBITh KOHKYPEHTHOCIIOCOOHBIMHU U HHTE-
PECHBIMU JJI1 THOCTPAHHbBIX HHBECTOPOB.

VYuurteiBas pacTyIldii ONBIT MPUMEHEHHUS U UHTEPEC OTPACIU K HOBBIM TEXHOJIOTHAM,
OBUT IPUHSIT PsiJ PELICHUH Ha TocyaapcTBeHHOM ypoBHe. Tak, B Poccun B 2016 1. ipeaso-
KUK cieNaTh 00s13aTeNbHBIM TpuMeHeHrue BIM-TexHomorun npu npoeKTUpOBaHUH BCeX
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00BEKTOB, KOTOPBIE (PMHAHCUPYIOTCS 3a cYeT cpeacTB rocOromkera. A B Kazaxcrane B 2017
roxy 1o 3aka3y Komurera no aenam crpoutensctsa u JKKX Obuta pazpaboTana KOHLIEIIIHS
BHE/IPCHUS TEXHOJIOTUH HH(OPMAITMOHHOTO MOJICIMPOBAHNS B IPOMBILIUICHHOE ¥ IPa)K1aH-
cKoe cTpouTenbeTBO PecyOnmku. Kazaxcranckue mpoeKkTHbIE KOMIIAHUHU 3aMHTEPECOBAHBI
BO BHeipeHnu BIM, HO 0lHa U3 OCHOBHBIX CJIOXKHOCTEH — 3TO ACPUIMT KBATU(PUIIMPOBAH-
HbIX BIM crnienuanicToB, CrioCOOHBIX BBIMONHATH MPOCSKTh B 3D Ha BhICOKOM ypoBHE[3].
[IpoekTHbIE KOMITAaHUU TOTOBBI OKa3aTh MOAJAEPKKY By3aM B ITOJATOTOBKE TaKUX CIICLIUANIN-
CTOB, Y4aCTBOBaTh B Ka4eCTBE IKCIEPTOB MpPHU pa3paboTke 00pazoBaTENbHBIX MPOTPaMM,
npejyIararb CTaXKUPOBKY CTYJIEHTAM MPOEKTUPOBIIMKAM.

B naHHOI1 cTaThe MPOBEACH KPAaTKUi 0030p CYIIECTBYIOIIUX MOJX00B M IIPOTPaMM JIJIst
0akajaBpOB, MAarUCTPAHTOB, & TAKXXE MOCT-MPO(HECCHOHATFHOT0 00pa3oBaHusl, IPUMEHsIe-
MbIX B BenukoOpuranuu u B Poccuu. [lanee npuBoasIiTCs peKOMEHAINH 110 Pa3padoTKe 00-
pa3oBareNbHbIX porpamM 1o TeMe BIM, 0CHOBaHHBIE Ha IPEUIOKEHUSX PEAIBHBIX IIPAK-
TUKYOIIUX CICIUAINCTOB, UMCIONIUX B CBOeM NopTdono yyactue B Oosee 20 mpoekTax,
BBIIIOJIHEHHBIX ¢ TpuMeHeHueM BIM.

CoBpeMeHHBbIe TPe0OBAHMS K CNIENHATHCTAM CTPONTEIbHOI oTpacau. C pa3BUTHEM
HOBBIX TEXHOJIOTHI B IPOSKTUPOBAHUHU U CTPOUTENHCTBE HAYAJIN MOSBIISITHCS. HOBBIE TIpohec-
cuy, Takue kak BIM — menemxkep, BIM — koopaunarop, BIM — mactep u npyrue. Hanuuue
KBaIN(HULIUPOBAHHBIX CIICIUATMCTOB SIBJSIETCSI OJHAM M3 BOKHBIX (PaKTOPOB, BIUSIONINX HA
BHeJpeHue u npuMeneHue BIM B komnanusax. B BbIIEyIOMSHYTBIX HCCIIEA0BaHUsAX 110 BIM,
OBUIO OTMEYEHO, UTO 73% y4aCTHUKOB POCCHICKOTO UccienoBaHus u 44% pecroH/ICHTOB Ka-
3aXCTaHCKOTO MCCIIEAOBAHUSI OTMEUAIOT AS(HUIUT KBATU(PHUIUPOBAHHBIX CIEIHAINCTOB KaK
OJTHO U3 OCHOBHBIX MpensaTcTBUid Anst BHenpenus BIM. [2], [3] (puc 2.)

Pucynox 2 — Yto npensaTcTByeT akTUBHOMY BHeApeHH0 BIM B mpoekTHbIx komnanusax PK
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BIM-cniennanuct — 3T0 HOBas yHHUKajdbHas mpodeccusi. DTH CIEUaIUCThl TOTKHBI
BJIaJIeTh HE TOJBKO (PYHJIAMEHTAIbHBIMU 3HAHHSAMHU W HaBBIKAMH, HO ¥ UMETh XOPOLIHMH
TeXHUYECKUX OdKrpayHs. iM HEoOXOMUMBI HABBIKM Pa0OTHI B Pa3IHYHBIX IpOrpamMMmax u
HaBbIKM co3faHus BIM monenu, psa BaKHEHINUX YIPABIEHYECKUX KOMIIETEHLUN, TAKUX
Kak paboThl B KOMaH/e, yIpaBlieHHe KOMaHIO0H, HaBBIKKA TIEPErOBOPOB, OPraHU3aTOPCKHE
CIIOCOOHOCTH.

Ha ceroausimiauii nens B EBporie u B Poccuu o0yuenue BIM-TexHonorusmM — 310 He
MPOCTO MOJATOTOBKA KaJpPOB, & YETKO MPOAaHATU3UPOBAHHBIN TIIAH C yYETOM MOTPEeOHOCTEH
pbiHKa. /17151 By30B, KOTOpBIE TOJILKO TUTAHUPYIOT BKItoyatk BIM B 0Opa3oBareibHbIii Mpo-
LEeCC, PEKOMEH]TYETCsI OIIMPATHCSI HA OMBIT 3apYOEIKHBIX KOJIJIET H YACIUTh OTASIbHOE BHH-
MaHHE U3yUYEHUIO [TOJIXO0B U METOJIUK. B cTaTbe pacCMOTPEHBI HECKOJIBKO IIPUMEPOB IIPO-
rpamm EBponsl u Poccun.

PaccmoTpuM oiHY U3 KpyMHEHIINX MEKIYHAPOIHBIX 00pa30BaTeIbHBIX MaruCTEPCKUX
mporpamm, crioHcupyeMbix EBpomneiickum corozom — «BIM A+» [4].

Lens «BIM A+» — npeasioxkuTh pacliipeHHy0 00pa30BarelbHy0 MporpaMmy 1o WH-
TErPUPOBAHHBIM TIPOLIECCAM IMPOEKTUPOBAHUS, CTPOUTENLCTBA M 3KCIUTyarauuun BIM c
YIOPOM Ha COBMECTHYIO paboTy, KOTOpas SIBISETCSI KpaeyrojdbHbBIM KaMHEM TaKOW HHTe-
IPALUH.

Ota nmporpaMma — OTJIMYHBIA 00pa3ell B IiIaHe HanoIHeHust Kypca. Kypce mpoBoast npe-
MoJlaBaTeIM U3 pa3HbIX eBponeickux crpadH. OHU SBISAIOTCS NPAKTUKYIOIIKMMU CIeIHallu-
CTaMH, AEIIATCS HE TOJIbKO TEOPETUUECKUMU 3HAHUSMHU, HO U IPAKTUYECKHUM OIIBITOM.

YpoBeHb npogeccopcKo-NPenofaBarebckoro COCTaBa MrpacT CYIIECTBEHHYIO pOJb
B IIOJTOTOBKE Oyaymux mpodeccronanoB. braromapsi coueTaHuio GOpMalbHBIX JIEKIHH,
CEMHHAPOB, MPE3CHTALMH, yUeOHBIX MOCOOHI, TPYNIOBBIX YYEOHBIX CECCH U MOAYJEH,
npoBoAuMBIX 1o pykoBoacTBoM [II1C, uccnenoBareneil 1 BeaymuX MPaKTUKOB OTPACIIH,
nporpaMma oOy4eHHs MTO3HAKOMUT CTYACHTOB C TEOPETUUYECKUMH, METOHOIOTHYECKUMH,
MPAKTUYECKUMHU U TeXHoJorndeckumu acrekramMu BIM. CTyneHTsl cMOTYT HCClIe0BaTh
nepexogHoe BiausiHre BIM Ha peaM3aiuio IpoeKTa Ha MPOTSKEHUU BCErO €T0 KU3HEHHO-
rO IUKJIa, YTOOBI TIOHATH UCTUHHBIN noTeHIan BIM Ha MpOEKTHOM U OpraHU3allMOHHOM
YPOBHE, a TAK)Ke OIPAaHHUYCHHUST U IPOOJIEMBI, C KOTOPBIMU CTAIKHBAIOTCS MIPOSKTUPOBIINKN
nipu BHeipeHnu BIM. Kpome Toro, cTyneHThl IMEIOT BO3MOKHOCTD BBITOJIHATH KOMaHIHbIE
3a]]a4M 1 MEPOTIPHUSTHUS, AaHAIOTHYHBIE T€M, KOTOpbIe crienuanuctsl BIM OyayT BBIOTHSTH
B peasbHOH npakTuke. Hanpumep, coobuiats o npenmymniectsax BIM Ha ypoBHe npoekTa
Y OpraHu3allny, a TaKKe pa3padaThiBaTh IJIaH peanu3anuu npoekra BIM, ocHOBaHHBIN Ha
TyOOKOM TOHUMaHUH TOCYIapCTBEHHBIX U MEKIyHAPOAHBIX cTaHnapToB BIM.

B Poccun Oonbinast 4acTh KpyHMHEHIINX TEXHUYECKHX By30B yxke BHecau BIM B mpo-
rpammy oOydeHus ctyaentoB. OqHako, yuuTsiBas, uto paputue BIM B Poccun otcraer ot
3amagHbIX cTpaH npumepHo Ha 10-15 xer [5] u mo ypoBHIO BHEAPEHUS U MPUMEHEHUS U B
YPOBHE IOATOTOBKH IIPENOAABATEILCKOIO COCTABA MHOTUE By3bl HAJTAXKUBAKOT KOHTAKTHI C
3aI1aIHbIMU YHUBEPCUTETAMU U IPOEKTHBIMU KOMITAHUSIMU C LIEJIBIO CO3/IaHUSI COBMECTHBIX
00pa30BaTeIbHBIX MPOCKTOB B 00J1aCTH MH(DOPMAIMOHHOTO MojenupoBanus. [laiee npu-
BE/ICHBI HECKOJILKO MPUMEPOB MOJO0OHBIX TIPOTPAMM.

Cankr-IleTepOyprckuil rocyiapcTBEHHBIH apXUTEKTYPHO-CTPOUTENBHBIH YHHBEPCUTET
Bkitouns1 BIM — mogenupoBanue B mporpammy kadenpsl MHGOpMaMOHHBIX TEXHOIOTHIA
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[6], a TakKe sIBISIETCSI OPraHU3aTOPOM €3KETOTHON MEKIYHAPOIHOM Hay4YHO-TTPaKTHYECKON
koH(pepenmu «BIMAC». B pamkax corpynnuuectBa CIIOIACY (Poccust) u yHuBepcu-
tera LAB (Ounnsunus) 6bu1 co3nan npoekt BIM-ICE — unterpanus BIM B Boicuiee u
npodeccruonanapHoe oopazoBanue» (BIM-ICE — BIM Integration in Higher and Continuing
Education) [5]. U3 cTarbu MOKHO C/€NaTh BBIBOJIBI, YTO MPOEKT MPEIIOIaraeT OOoJbIIy0
paboTy 1Mo co3maHui0 y4eOHOH JOKYMEHTAUH M Y4eOHO-METOANYECKIX MaTepruasioB, Op-
TFaHU3ALUI0 U [IPOBEJICHUE PA3JINYHBIX CTYyACHUYECKUX KOHKYpcoB, BIM-meponpustuii, co-
BMECTHYIO paboTy cTyleHTOB Haj peanuzanueid BIM Mozeneii, npoBeeHne ceMUHAPOB,
KPYIVIBIX CTOJIOB M KOH(EpeHIHid sl CTyAeHTOB. Bce 9TO cTUMYyIHpyeT MHTEpecC CTyleH-
TOB U IIPEIo/IaBaTeIC K MOBBIIICHUIO CBOCH KBAIM()UKAIIUH, PACIIUPEHHUIO TEOPETUYCCKON
0a3bl 0 MPOEKTUPOBAHUIO U U3YUCHHUIO MTPOTPECCUBHBIX TOAXO0B, TPAKTUIECKOMY IIPH-
MEHEHHIO 3HAaHUH U HaBBIKOB.

Jpyroii mpuMep COBMECTHOTO 00pa30BaTeNIbHOTO MIPOSKTa MEX Ty cTyfaeHTaMu CaHKT-
[etepOyprckoro nonurexuuyeckoro ynusepcurera (Poccust) m TexHHUECKOTO YHUBEPCH-
teta ['pana (ABctpusi) npuBesieH B ctatbe PoManosuu M. A. «OnbiT co3aanus nudpoBoi
MOJICTIH 37IaHUsl B paMKaxX MEXIyHapOAHOW 00pa3oBaTelbHOM MporpaMmbl Ha miardopme
BIM 360» [7]. B onrcanHOM ITpoeKTe MPUHSIIN yuacTue Oonee 50 cTyIeHTOB MEPBOTo Kyp-
ca MarucTparyphbl BbIlICyKa3aHHbBIX YHUBEPCUTETOB. Llenbio mpoekra Obu1o co3nanue BIM-
MOJICTIH CYIIECTBYIOMIETO MHOTO(YHKIIMOHAIBHOTO 31aHMsl. CTyAeHTBl ObUIM pa3/ieieHbl
Ha TPYMIIEI O CIEHUATBHOCTIM (apXUTEKTOPBI M HHKEHEPHI), padoThl KyprpoBaincs BIM
MEHEPKEPOM M KOOPJMHATOpaMH B KXo rpyrme. Bece paboTbl mpoBOIMIUCH C UCIIONb-
3oBanueM [10 REVIT, B cpene o0mux ganubix BIM 360, a Takxke ¢ npumeHenne 3DsMax
u InfraWorks i Busyanu3zaiuu, NavisWorks jijist mpoBepky Mozienu Ha koyutu3uu. B xome
paboThl HaJ MPOEKTOM CTYACHTBI Ha MPAKTUKE YBHJEIU MPOLECCH MPOBEPKU MOJIECIH, UC-
MpaBJICHUsS] KOJUIM3UH, 3arpy3Ku 0OHOBIeHNH. OHO M3 BBIACICHHBIX MPEHMYIIECTB MPO-
eKTa — 3TO BO3MOXKHOCTbH yUaIIMMCsI BBIOMPATh 3a/1aud, Hauboee COOTBETCTBYIOIINE MX
HWHTEpEeCaM U OMBITY, U CAMOCTOSITEIIHLHO MepepacipeaesaThess B KOMaHAbI U paboThl Hall
KPYIHBIMH OJIOKaMH. JTO TMO3BOJHIIO CTYACHTaM MOIMpPoOoBaTh ce0si B HOBOM KauecTBE H
OCBOUTH JIOTIOJTHUTEIbHBIC HABBIKH [7].

E1e oguH npumep KauecTBEHHOTO MOX0/a K OpraHu3auuy o0yueHus mo reme BIM —
9TO MporpaMma npoQeccuoHaNbHON MepenoAroToBku «Pa3paboTka 1 ynpaBieHUue MpOeK-
ToM ¢ TexHonorueid BIMy» paspaborannas B yausepcurere UMTO, 1. Cankr-IletepOypr. [§]
[IporpaMma COCTOUT U3 HECKOJIILKUX MOJIYJIECH: OT OCHOB MH()OPMALIMOHHOTO MOJIEINPOBa-
Hus A0 ynpasineHnus BIM-npoexkramu u opranuzanuu BIM-nporieccos. 3aHsaTus npoBojsT
Kak npenogaBarenu Yausepcurera MTMO, Tak u cienuamucThl TpeaIpUsITHI-TapTHEPOB
By3a, KOTOPbIE BEAYT Kypchbl, c(hOKYyCHpOBaHHBIC Ha MpaKTU4YEeCKOM NpuMeHeHnH BIM-
TexHosoruil. Ilocne mpoxoxieHus: MporpaMMbl BBITYCKHUKH CTAHOBATCS TUIUIOMHPOBAH-
HBIMHU CIIEI[MaIUCTaMy 1o crnenuaibHocTsiM BIM-koopaunatop u BIM-menemxep.

Poccuiickue rccienoBareny Takke W3ydaroT BONpockl pazsutus BIM-o0pa3zoBanus B
Poccuu. ABtopsl crarbu [9] mpemiaraioT NpakTHKO-OPHEHTHUPOBAHHBIN MOIX0A K 00yue-
Huto BIM. Ocoboe BHHUMaHHE aBTOPHI OOpaIlAlOT HAa BaYKHOCTb COTPYJHHYECTBA MEKIY
BYy3aMH U IpyTUMH y4eOHBIMU 3aBEACHUSIMH C KIFOYEBBIMH UTPOKaMH 1o paspabdotke 10 u
000pyIOBaHMS AJIsl TPOSKTUPOBIIMKOB, & TAKKE C KOMIIAHUSAMHU-HHTETPaTOPaMH, IMEIOLIH-
MU MPAKTUYECKU OIBIT pa3padoTKu 1 BHeaApeHHst BIM.
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TakuM 00pa3oM, MOXKHO cJefiaTh BBIBOABI, YTO MPH OPraHU3alui 00pa3oBaTeIbHBIX
nporpamum 1o teme BIM BaxxHO cOaniaHCHPOBAaHHOE COYETaHUE TEOPUU M MTPAKTUKH, a TaK-
JKe MHUIIUMPOBAHKE M Pa3BUTHE MPOIPaMM 0OMEHA U COBMECTHBIX MPOEKTOB € 3apy0eKHbI-
MU yHUBepcuTeTamu. MHpopmannonHoe MoenupoBaHue 31aHuli BHOCHT (yHIaMEHTab-
HbIE U3MEHEHHMSI B ADXUTEKTYPHYI0, HHKEHEPHYIO U CTPOUTEIIbHYIO OTPACIN U OKa3bIBAET
CYILECTBEHHOE BIMSHUE Ha TpeOOBaHUS K 00pa30BaTeIbHOMY IIPOLIECCY O COOTBETCTBYIO-
MM HarpasieHussM. HeoO0xoauMbl i3MEHEHHs B Y4eOHBIX ITaHAX U MPOrpaMMax y4eOHbBIX
JTUCLUIUINH, pa3paboTka HOBBIX 00pa30BaTeNIbHBIX IPOrPaMM TaKKe BOCTpeOOBaHa.

IIpenJioxkenns mo nporpamMmmam o0ydeHusi ctyieHToB 1o Teme BIM nist By30B PK.
IIpoBeast psin koHCynbTanMil ¢ npakTukyromuMu crnennanucramMu [TA KAZGOR, Obimu
MOATOTOBJICHBI PEKOMEHIAIIMHU IS By30B [0 OpraHu3alii 00pa3oBaTeIbHOro mporecca u
1o pa3paboTKe 00yJaroIKXx IporpaMm Aisi cTyaeHToB o teme BIM. Ilpennoxenus u pe-
KOMEH/IaLIUX 3aTParuBaroT [I5ITh BAXKHBIX ACIIEKTOB:

1. MarepuanbHO-TexHUYEcKas 0asza.

2. Ilonrorosxka I1IIC.

3. Teopernueckas nmoaroroBka u Biaaenue 10, npumensiemoro npu pabore ¢ BIM-
IIPOEKTaMHU.

4. IlpakTuKa U paKTHYECKHE 3aaHusl U PaOOTHI.

5. B3aumogeticTBre 1 0OMEH OIBITOM C 3apyOeKHBIMH YHUBEPCUTETAMH U YICOHBIMU
3aBEICHUSMH.

6. Yyactue B koHpepeHIusxX, popymax, ceMuHapax mo teme BIM.

1. MaTepuajbHO-TeXxHHYeckas 6a3a. bolbIIMHCTBO TEXHUYECKUX By30B, KOTOPHIE 3a-
HUMAIOTCS MOATOTOBKOM OYAyIIMX KaApPOB JJISl CTPOUTENBHON OTPACcii UMEeT 000pyI0BaH-
HbIE KOMIIBIOTEpHBIE Kiacchl. OHAKO yPOBEHb MaTepUaIbHO-TEXHHYECKOTO 00eCIeUeHHUs
4acTo HexocTtarodeH Juist pabotel B BIM cpenme. s Takux CHEMalUCTOB HEOOXOAMMBI
OTJIEJIbHBIE KJIACChI C MOLIHBIMA KOMIIBIOTEPAMHU U CHELUATU3UPOBAHHBIM IIPOrPAMMHbBIM
obecreyeHneM.

2. IToaroroska IIIIC. [TogroroBka u npuBiiedeHUE MTPETOIABATEIBCKOIO COCTaBa — 3TO
BOKHEHIINI (akTop, OT KOTOPOTO BO MHOTOM 3aBHCHT KaueCTBO 00pa3oBaTENLHON Tpo-
rpaMMBbI U BOCTPEOOBAaHHOCTH OYIyLIMX BBIMTYCKHHUKOB. 3/1€Ch €CTh JIBA Ba)KHBIX aCIEKTa.
[TepBoe — equHoe nenocrHoe noHnManne BIM y Bcex npenonasaresieil, BTopoe — CBA3b C
[IPaKTUKOM.

YroOsl nocTHYb einHOTO NToHMMaHus BIM y npenonaBaresneii By3a MOKHO IPEIIOKUTD
BHenpenue Hebonpmoro BIM-tecra. [Ipumepom aHalorn4Ho# NPOBEPKH 3HAHUH 1O TeMe
BIM moxHO npusectu BIM-3auet, KOTOpBII UCIIONIB3YETCS AJIsl COTPYAHUKOB 1IpoekTHOM
Axanemnn KAZGOR. ¥V Bcex 3auHTEpPECOBAaHHBIX COTPYIHUKOB €CTh JTOCTYN K MaTepHa-
JaM Ui oAroToBKK K BIM-3adery u, Takum 00pa3om, Bce CIEIMaIucThl KOMIaHUHU TPH-
MEHSIOT €JUHYH TEPMUHOJIOTHIO U ONUPAOTCS HA OJUHAKOBBIE HCTOYHUKU 3HAHUMN.

Cesi3b ¢ npaktukoit. [Ipu popmuposanuu [I1C pexomenayercs OTaeIbHOES BHUMaHUE
YICIUTh HAJUUYUIO B COCTaBEe MPHU3HAHHBIX 3KCIEPTOB B oOmactu BIM u cnenuamucToB
MPaKTHUKOB, KOTOPbIE CMOTYT COCTaBHTh MPOrPaMMy C YY€TOM MOHHUMaHUs MOTPeOHOCTEN
otpacyii. Kpome 310r0, 04eHb BaXKHO peryisipHoe oOHoBieHHe 3HaHuii 1o BIM. TexHoso-
I'Us IOCTOSIHHO MEHSIETCSI U HBOJIIOLIMOHUPYET, MOSBISIOTCS HOBbIE 3HaHUSA. Eciiu roBOpUTh
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O TIPUBJICYCHUH CIICLUAINCTOB MPAKTUKOB, TO MOTYT OBITh CIIELUAIUCTHI — KOHCYJIBTaHThI
o BHeapenuto BIM, npaktukyronue BIM-meHemkepsl, KOTOpbie OyIyT TOTOBBI JICIHTh-
cs 3HaHWsIMU. Eciii HEeT BO3MOKHOCTH IMPHIVIALIATH IPAKTUKOB M DKCIIEPTOB Ha IMOCTOSH-
HOW OCHOBE, PEKOMEHIyeTCsI BKIIIOUaTh B IPOTrpaMMy MHUHHU-KYPCHI I MacTep-KIacChl OT
BIM-cnenuanuctoB. B coBpeMEHHBIX peausx JTOMOJHUTEIIEHOE 00pa30BaHKE U MPOTPaM-
MBI MTOBBIIICHHUS KBATU(PUKAIIMK CTATIH HAMHOTO Ommke. OrpoMHOE KOJMYECTBO 00ydaro-
LIMX IPOTPaMM JOCTYITHO B OHJIaiH-popMmare. Hirke nmprBeneHbl HECKOIBKO COBPEMEHHBIX
MPOIBUHYTHIX MIATGOPM B KYypCcOB, O0yUeHHE MO0 KOTOPHIM MPOXOAMIN ClielHaancTsl [TA
KAZGOR.

Kypcsi ot stepik.org:

1) «MadopManmoHHOE MOJETUPOBAHUE 3JaHUN» — KypC TMOCBSIIEH HU3YyYCHHIO TEX-
HOJIOTUU MH(DOPMAIMOHHOTO MOJICIMPOBAHUS 31aHUH Ha rpumepe nporpamMmbl Autodesk
Revit Architecture.

2) «I[IpoexTrpoBaHne MeXxaHUUECKUX MHKEHEPHBIX cucteM B Autodesk Revity — B nan-
HOM Kypce Mmoipo0OHO pacckasbiBaeTcs o padore B Autodesk Revit mo coznannto Mmexanude-
CKUX MHXEHEPHBIX CHCTeM. B Kypce paccMOTpeHBI TeMBbl: MOJEIIMPOBAHUE, CO3AaHUE OU-
OJMOTEK KOMIIOHEHTOB, (JOPMUPOBAHNE KOMIUIEKTOB YEepTEXKeH U crienuduKanuii, pacuéTsl
WH)KEHEPHBIX CHCTEM.

3) «IIpoekTrpoBaHne KOHCTpYKIMU 371aHuii B Autodesk Revit» — BBOAHBIN Kypc
Autodesk Revit 1o poeKTUPOBAHUIO HECYIIMX KOHCTPYKIIMIA 3aHUH, OPOPMIICHUIO Yep-
TEXEH U JOKyMEHTALUH.

4) BIM Planet Nol. 3nakomcTBO ¢ Dynamo — Kypc MOCBSIIEH OCHOBaM paboTHl B
Dynamo - niiarvHe 1no BU3yaJbHOMY [IPOTPaAMMHUPOBAHUIO, ITUPOKO BOCTPEOOBAHHOM pa3-
paboTunkaMu MH(QOPMALIMOHHBIX Mojieliel 3nanuii B cpesie Autodesk Revit.

Kypcs! ot udemy.org:

1) «Autodesk Revit. [TonHbIl QyHKIIMOHAT IPOrpPaMMBbD»

2) «BIM 4D Simulations Autodesk Revit, Dinamo, Navisworks & Max»

VYkazaHuble mIaT)OpPMBI U KypChl MOTYT OBITh MHTEPECHBI M MIPETIOIAaBATENISIMH, B LIEIISX
MOBBIILICHHS KBAJTU(PHUKALUN M KaK MPUMEPbl KaueCTBEHHBIX OOyYalOIIUX MPOrpamMM JUis
CTYACHTOB, H MOTYT OBITh PEKOMEHJIOBAaHBI CTYACHTAM JJISI CAMOCTOSITEILHOTO N3yUYCHUSI.
Tewm Goree, Ha pa3IUYHBIX 00pPa30BaTENBHBIX IIATPOPMaX €CTh OOJBIIOE KOTUIECTBO Oec-
IUTaTHBIX KypCOB, @ CTOMMOCTD TUIATHBIX KYypPCOB, IPOXOSIIIUX B OHJIAWH (hopmaTe, 3HAUH-
TEJILHO HIJKE, YeM CTOMMOCTD JKUBBIX (popMaToB oOydeHHUsI.

3. TeopeTnueckas noaroroska u siaajaenue [0, npumensiemoro npu padore ¢ BIM
npoextamu. [Tomrumo 00s3aTeNbHBIX MPOPHIBHBIX 3HAHUH MO CIIEHATBLHOCTH, COBPEMEH-
HOMY CHELIHAINCTY HEOOXOIUMBI 3HAHUS B CIACAYIOLINX 00NIaCTsIX:

OO01ue HABBIKH.

® VR AR

® AHIITUHCKUIA S3BIK

® VYipaBieHHE IPOEKTAMU

® VrpasieHueckue HaBbIkK 1K softskills — paboTa B komane, yripaBieHue KOMaHIoH,
HaBBIKM BEJICHHS NIEPErOBOPOB, Y(PPEeKTUBHBIE KOMMYHUKAIIUU U APYTOE.

Teopus.

® BIM — uctopusi, OCHOBHBIE KOHLENIUU, TEPMUHBI, CTAHJAPTHI.
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® [lonsaTus cpema oOIMMX JaHHBIX, 00IagHbIe cucTeMBl, IFC, OonpIme qaHHbIe, YMHBIS
roposa.

® doTorpamMmmeTpus 1 TexHomornu OOmaka ToUek.

® [lonsTre 2HEPTo3(PPEKTUBHOCTH B MPOESKTHO-CTPOUTEINBHON OTPACIIH.

® 3Hanusg 00 aJTBTepHATHBHBIX NCTOYHUKAX YHEPTHUH.

® EBPOKO/IBI.

® CoBpeMEHHbIE HABBIKH H MOIXOB! K IPOSKTUPOBAHUIO 3IaHUI U COOPYKEHHH.

TexHu4ecKkre HABBIKH.

Cospemennoe [10, ucmonp3yemMoe B MPOSKTHO-CTPOUTEIBLHOW OTPACITH TSI pa3pabOTKH
BIM-npoexTos.

[IporpammHBIe 1 ammmapaTHbie TEXHOIOTHH, TAKHE KaK aAITOPUTMUYECKOE U TTapaMeTpH-
YeCKOe MOJIETNPOBAHHE.

I1O ans yeTORIHBOTO KOIOTHIECKOTO TIPOSKTUPOBAHIS U 2HEPTOd(H(PEKTUBHBIX perre-
1305078

4. IlpakTka. KpoMe TCOPETHUECKUX W TEXHUYCCKUX 3HAHWHA M HABBIKOB, OymyIIue
MIPOEKTUPOBIINKHN JIOJKHBI UMETh BO3MOKHOCThH NPHUMEHATH CBOW 3HAHMS Ha MPAKTHKE.
[IpakTrueckas 4acTh JAOIDKHA CTaTh HEOTHEMJIEMBIM AIIEMEHTOM 00pa30BaTeNbHBIX IMPO-
rpaMM. [IpakTHKO-OpHEHTHPOBAHHBIA MEX TUCITUTLTHHAPHBIA TTOAX0A MOXKET TPHUMEHATHCS
JUTSL CTYZICHTOB BCEX YPOBHEH W CTIeMaIM3aIfii 1 eT0 HeoOXOAMMO BHEIPSATH B 00pa3oBa-
TeTsHBIN TIporiecc. ONMH U3 COBPEMEHHBIX (hOpPMAaTOB, TIO3BOJISIONINX CTyACHTaM OTpado-
TaTh 3HAHWS Ha MPAKTUKE — 3TO padoTa MEXTUCIUILINHAPHBIX CTYACHUYECKUX KOMaH[ax.
CocTtaB KOMaH MOXET OBITh CXOK C OPTaHU3AIMOHHON CTPYKTYPOU MPOEKTHOW OpraHu-
3alliy W BKITIOYATh B ce0s TaKwe CIEeNHaJIbHOCTH, KaK apXUTEKTOP-IIPOEKTUPOBIINK, KOH-
cTpykrop, wmkeHnep, BIM-menemxkep, BIM-koopauaarop, BIM-pa3zpaboTdmk, BO3MOXK-
HO CTEIHaINCThI-CMEeXHUKH. B TakoM TMpoeKTe Ka)Ibli CTYJeHT CMOXKET paboTarh Haj
OTJeNbHBIM PAa3/IejOM TPOEKTa WM COBMENIATh pasHble ponu. [IpemomaBarens B Takoit
TPYyIIIe MOXET 3aHMMAaTh POJIb TITABHOTO WH)XCHEpa W/(WITH) apXUTEeKTopa MpoekTa. Takoi
(dbopmMar paboTel OymeT crocoOCTBOBATE JIYUIIEMy TTOHUMAHHIO TIpoIiecca WH(HOPMAIHOH-
HOTO MOZEITUPOBAHUS W TPUHITUIIOB COBMECTHOW paboThl Haj mpoekToM. [lo okoHuaHMIO
MIPaKTHICCKOW pabOTHI KOMaH/Ia MPEACTaBIACT ITU(GPOBYIO MOIETh 3MaHUA. ITOT dhopMar
paccuMTaH Ha IOCTAaTOYHO JITUTENEHOE COTPYIHNIECTBO H COBMECTHYIO padOTY CTY/IEHTOB
Y TIperojiaBaresell U B OONBIIel CTeTIeHN IOAXOANT ISl CTApIINX KYypPCOB.

s crynenTos, n3ydaromux BIM, monie3Ho 60IbIIe y9acTBOBATh B CTYIEHUSCKIX KOH-
Kypcax, KoH(pEpeHIUIX, CEeMUHApax 1o 3Toi TeMe. B paMkax KOHKYPCOB CTYyA€HTHI MOTYT
MpoOOBaTh MPUMEHATH CBOM 3HAHHS HA MPAKTHUKE, BUAETH PabOTHI APYTUX CTYACHTOB, IO~
HUMATh, 9TO HY)KHO yIydIIaTh U KyAa PacTy.

Jpyroii, raBHO MpUMEHIEeMBIH (hopMaT — 3TO TPOU3BOACTBECHHAS TIPAKTHKA, KOT/IA CTY-
JICHTHI BBIITYCKHBIX KYPCOB, TIPUXO/S Ha MPAKTHKY B apXUTEKTYPHYIO, TPOCKTHYIO HITH HH-
KEHEPHYI0 KOMITAaHUIO, paOOTar0T HaJ| pealbHBIMH MPOEKTAMHU TOJ] PYKOBOACTBOM OIIBIT-
HBIX CHEIHAIUCTOB MPAKTHKOB. 37IeCh Ha TIEPBOE MECTO BBIXOJUT B3aWMOJEHCTBHE By3a
C TIPOEKTHBIMU U CTPOUTEIHHBIMH KOMIAHHUSIMH, KOTOphIe MpuMeHstoT BIM B peambHBIX
MIPOCKTaX M 3aMHTEPECOBAHbI OYIyIINX MOJOABIX CIeuaIncTax co 3uanneM BIM. Takwne
KOMITAaHUH MOTYT OBITH HE TOJIBKO MECTOM ITPOXOXKICHHUS MMPAKTUKH, HO ¥ 00ECTICYUTH Oyy-
1Iee TPYJA0yCTPONHCTBO BBITYCKHHKOB.
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UrtoObl 00ecriednTh BEICOKUI YPOBEHD M CBSI3b C MPAKTUKOH, BY3bl MOTYT HaJIa)KHBATh
B3aMMOJICUCTBHE KOMITAHUSIMH, KOTOpPBIE BBIIONHSIOT peaibHble mpoekTsl B BIM mis 06-
MEHa OMBITOM U 3HaHusAMHU. OIMH U3 BapHAHTOB — MPOBOAUTH TECTUPOBAHUE CTYIEHTOB
o teme BIM ¢ nmpuBieyeHHEM CIIEUAIUCTOB PAKTUKOB. Takue TECTUPOBAHUS IIOMOTYT
BBISIBUTH BO3MOYKHBIE ITPOOEIBI B 3HAHUSIX, TIOMOUYb OMEPATHBHO CKOPPEKTHPOBATh 00pa3o-
BATENbHYIO IPOTPaMMYy.

5. B3aumopneiicTBHe U 00MEH ONBITOM € 3apy0e;KHBIMH YHMBepCHTeTaMH U y4eo-
HBIMH 3aBeJeHHsIMU. ONUCaHHbBIE BBINIE MPUMEPH B3aUMOJIEHCTBHUS POCCHUIICKMX BY30B
¢ 3apyOe)KHBIMU YHUBEPCUTETAMH [5,6] MO3BOJISIOT MPEATIOI0KUTH 3HAUUTEIBHYIO TOJIb3Y
MOJJOOHBIX COBMECTHBIX MPOEKTOB. COBpEMEHHBIE TEXHOJIOTHH U CPEACTBa KOMMYHHKALIUU
MO3BOJISIOT YYAaCTHUKAM OOILATHCS HE TOJIBKO C MIOMOIIBIO AJIEKTPOHHOM IMOYTHI U MEPEeChL-
Kol (paidIoB, HO ¥ IPOBOJIUTH <«OKHBBIE» 00CYKICHHSI Ha PAa3HBIX dTarax MpOeKTa, COBMECT-
HO paborarb Haja omHMM (DaiIOM B PEKUME PEeabHOrO BPEMEHH, TO €CTh MaKCHMAJIbHO
NpUOIU3UTH Y4eOHBIH MpoIece K peajgbHOi padoTe Hal MPOSKTOM.

6. YuacTtne B KkoH(pepeHUHAX, popyMax, ceMuHapax mo teme BIM. Opranusa-
WSl ¥ TPOBEJCHUE HAYYHO-NIPAKTUYECKUX KOH(PEPEeHINH 1)1 CTyIeHTOB 1o Teme BIM
Ha 0a3e yueOHBIX 3aBEICHHUI HTpaeT BaXKHYIO poiib B pazButuu BIM o6pa3zosanus. Lle-
JIBEO TIOJTOOHBIX KOH(EPESHIUU SBISIOTCS 0030pbl COBPEMEHHBIX JIOCTHIKEHHI U OOMEH
onbITOM B obnactu BIM-monenupoBaHUs TPUMEHUTEIBHO K BOMPOCAM MPOCKTUPO-
BaHMS, CTPOUTENILCTBA U JKCIIyaTalluu 3JaHUH, a Takke o0pa3oBaHUs, HOPMATHBHO-
MpaBOBOii 0a3bl U IKOHOMUUYECKHX acTIeKTOB Bomnpoca. KondepeHum, ceMruuapsl, BeOu-
Hapbl — 3TO HEOTheMJIEeMas 4aCTh COBPEMEHHOTO MPOABUHYTOTO MOJX0/1a K 00yUEHHIO.
Ceiluac B ceTH OrpOMHOE€ KOJIMYECTBO JIOCTYMHBIX Ka4€CTBEHHBIX BMJI€0-TPEHUHIOB,
BHJ1€0-00y4YeHH, KOTOPBbIE MOYKHO BKJIIOUATh B 00pa3oBaTelbHbIC IPOTPaMMBI IS CTY-
JIEHTOB.

3akiroueHnme. YCIeIHOe BHEPEHUE HOBBIX TEXHOJOTHI — 3TO 3a/1a4a He TOJIBKO Op-
raHu3alil TPOEKTHO-CTPOUTENILHON OTpaciu. KitoueBbIM Ui 10001 OTpaciin SIBISIeTCS
HaJM4Yue KBATU(UIIMPOBAHHBIX CIICIUAIIUCTOB, CIIOCOOHBIX PA0OTaTh C HOBBIMHU TEXHOJIO-
TUSIMHM M B HOBBIX YCJIOBUSIX. AJIaNTallvs CYIIECTBYIONUX U pa3paboTka HOBBIX 00pa3oBa-
TENBHBIX Tporpamm 1o Teme BIM siBiisieTcst kpaliHe BayKHOM 3a7a4yeii /)i y4eOHBIX 3aBejie-
HUH apXUTEKTYPHO-CTPOUTEILHOTO mnpoduiisi. Ho MoIxo/pl 1 HOBBIC MPOrPaMMbI JTOJIKHBI
pa3pabaTbIiBaThCsl UCXOJS U3 TPeOOBaHUM, KOTOpPbIe OM3HEC COOOIISCTBO MPEABSBISCT K
OyAyIIMM CIEIHATUCTaM.

JIMTEPATYPA

1 Tanaros B.B. Texuonorus BIM. CyTs 1 ocobeHHOCTH BHEAPEHUST HH()OPMAIIHOHHOTO MOJIe-
nupoBaHus 31aHuil. — Mocksa: JIMK-IIpecc, 2015. — 410 c.

2 Uccnenoanne «Yposens npumenenust BIM B Poccun 2019» / http://concurator.ru/informa-
tion/bim_report 2019/ Jlara oopamenus 10.05.2021

3 TareirynoB A. A., XKamankynoB A. M., I'm3zatynuna A. III. YpoBeHb pa3BUTHSA U IpUMEHE-
nust BIM-TexHONOTHi B KOMITAHUSX NTPOEKTHO-M3BICKAaTeNbCKON oTpaciu PecryOnmukun Kazaxcran.
— Bectank HUA PK, Anmarst, 2020, Ne4 (78). — 100-106 c. [Tporpamma oOyuenust BIM A+ / https://
bimaplus.org/objectives/#brief-list / Jlata oopamenus 12.05.2021



Tamwireynoe A. A., Tusamynuna A. ILI. BIM — obpaszosanue 6 kasaxcmane: 6onpocsl, ceasannvie ... 115

4 CemenoB A.A., Cyxanosa N.U. IIpoext BIM-ICE — unrerpauus BIM B Briciiee u npodec-
cHOHaIbHOE 00pa3oBanue, BIM-mozennpoBanue B 3a1a4ax CTPOUTEIBCTBA U apXUTEKTYpBbI, — Mare-
puasnsr [1I MexxynapoaHoit HaygHO-TipakTHueckoi koHpepenunn BIMAC 2020, Cankr-IletepOypr,
2020.-372-378 c.

5 Tlporpamma Cankrt-IlerepOyprckoro l'ocynapcTBEHHOTO ApPXHTEKTYypHO-CTPOUTEIHLHOTO
yauBepcureta / https://Wwww.spbgasu.ru/Studentam/Kafedry/informacionnyh_technology/BIM-teh-
nologii_modelirovaniya_zdaniy/ /lara oopamenus 18.05.2021

6 Pomanosuu M. A., BeeBonoxckas B. I, Ky3ssmunsix A. P, ITonosa E. M., Ilepriesa A. E. OmnbiT
coznanus U(POBON MOAENHN 3[JaHUSI B paMKaX MEXIyHapOoAHON 00pa30BaTeIbHON MPOrpaMMbl Ha
mwratpopme BIM 360, BIM-moznennpoBaHue B 3a/1auaX CTPOUTEIHCTBA U apXUTEKTYPHI, - Marepua-
ae1 [II MexxaynaponHoii HayuHo-1IpakTHueckoid koH(epenunn BIMAC 2020, Cankr-IlerepOypr,
2020. - 362371 c.

7 IlporpaMma npodeccnoHaIbHOM TepenoaroroBku «Pa3padorka M ynpaBiieHHE IPOEKTOM C
texuosoruer BIMy, Yausepcurer UMTO, 1. Cankr-IlerepOypr / http://cad.itmo.ru/bim.php / [lata
obpamenns 18.05.2021

8 T'pummaa H.M., Yanernit FO.1O. [Ipobaemsr u mepenexktussl BIM B BY3ax: ympasnenue pasz-
BUTHEM B cTpouTtenbeTse. — M3Bectust Kas[ACY. 2017. Ne 3(41). — 277-288 c.

REFERENCES

1 Talapov V.V. Tekhnologiya BIM. Sut' i osobennosti vnedreniya informacionnogo modeliro-
vaniya zdanij. — Moskva: DMK-Press, 2015. — 410 s.

2 Issledovanie «Uroven' primeneniya BIM v Rossii 2019» / http://concurator.ru/information/
bim_report 2019/ Data obrashcheniya 10.05.2021]

3 Tatygulov A. A., ZHamankulov A. M., Gizatulina A. SH. Uroven' razvitiya i primeneniya
BIM-tekhnologij v kompaniyah proektno-izyskatel'skoj otrasli Respubliki Kazahstan. — Vestnik NIA
RK, Almaty, 2020, Ne4 (78). — 100-106 s.Programma obucheniya BIM A+ / https://bimaplus.org/
objectives/#brief-list / Data obrashcheniya 12.05.2021

4 Semenov A.A., Suhanova LI. Proekt BIM-ICE — integraciya BIM v vysshee i professional'noe
obrazovanie, BIM-modelirovanie v zadachah stroitel'stva i arhitektury, - Materialy 111 Mezhdunaro-
dnoj nauchno-prakticheskoj konferencii BIMAC 2020, Sankt-Peterburg, 2020. — 372-378 s.

5 Programma Sankt-Peterburgskogo Gosudarstvennogo Arhitekturno-stroitel'nogo universiteta
/' https://www.spbgasu.ru/Studentam/Kafedry/informacionnyh_technology/BIM-tehnologii_mod-
elirovaniya zdaniy/ Data obrashcheniya 18.05.2021

6 Romanovich M. A., Vsevolozhskaya V. G., Kuz'minyh A. R., Popova E. M., Perceva A. E.
Opyt sozdaniya cifrovoj modeli zdaniya v ramkah mezhdunarodnoj obrazovatel'noj programmy
na platforme BIM 360, BIM-modelirovanie v zadachah stroitel'stva i arhitektury, - Materialy 111
Mezhdunarodnoj nauchno-prakticheskoj konferencii BIMAC 2020, Sankt-Peterburg, 2020. — 362
—371s.

7 Programma professional'noj perepodgotovki «Razrabotka i upravlenie proektom s tekhnolo-
giej BIM», Universitet IMTO, g. Sankt-Peterburg / http://cad.itmo.ru/bim.php / Data obrashcheniya
18.05.2021

8 Grishina N.M., CHalyj YU.YU. Problemy i perspektivy BIM v VUZah: upravlenie razvitiem
v stroitel'stve. — Izvestiya KazGASU. 2017. Ne 3(41). — 277-288 s.



116 Becmnux Hayuonanvhoti unscenepnoi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 3 (81)

A. O. TOTIFYJIOB, A. IlI. TH3ATY/IHHA
KAZGOR Kobanay axkademusicol, Anmamet Kanacwei, Kazaxcman Pecnybnuxacoi

KP 2KOFAPTBI OKY OPBIHIAPBIH/JIA K¥PbIJIBIC CAJIACBIHBIH
MAMAHJIAPBIH BIM-JII KOJITAHYFA BAMJIAHBICTBI CAITAJIBI
OPI KEHIEH/I JASPTAYIbl YUBIMJIACTBIPY MOCEJIEJIEPI

Maxanaoa KP sicozapevt 0Ky opbiHOapblHOa KYPuLiblC CANACLIHbIE, MAMAHOAPbIH CANAbl, KeuieHOl
daspray macenenepi Kapacmulpoli2at. By — Ka3aKkcmanowbl KOMNAHUALAPOA AKNAPAMmMbLK, MOOe10eyOiH
(BIM) 3amanayu mexnonocusnapoin eHeizy Hcoli0aMObIebIHA, Mep3iMine JiCaHe Canacvlia mikeneil acep
ememin Heeizei Macenenepoiy 0Oipi. Bakaniaspiap MeH MAUCmMpanmmap YuliH, COHOAU-AK HCO2APEbl
OinimHen xetlinei kaciou 6inim 6epyee apnanvin ¥aviopumanus men Peceiioe Kondanvliamein macinoep
MeH Dagdapramanapea KvlcKawa wony acacanovl. Kazaxcmannviy dcozapevt oKy opvinoapvinoa BIM-
Jrcobanay 6azpimelnOa  Kaoprapobl Oaspiay cyuecine cana, madcipubece 6ae0apiaH2an macin
yewinbL0bl. Ocvl makanaoa bepineen ycoinvicmap BIM-0i konoauwin scypeen mamanoapowly nikipiepin
ecxepin Kypwiagan. Caynem dicane KYPulIbic OKY OpbIHOapbl Mel OelindiK axynomemmepoe OKblnyObll
YCHIHbLIEAH YCHIHLIMOAPbL MeH 20icmepin macipubede KOIOaHy HaIMUNCeCiHOe KYPbliblC CANACl HCAHA
mananmapaa OatiblH Hco2apsl GLIIKMI MAMAHOAP MeH 6acKapyubLiapea ue 60aaobl.

Tyiiin co30ep: aknapammuii moodenoey mexronozusiapsl, BIM 6otivinua kaciou kaopiaposl 0atibiH-
0ay, BIM-meneoocepi, BIM-ytinecmipywici.

A. A. TATYGULOV; A. SH. GIZATULINA
KAZGOR Design Academy, Almaty, Republic of Kazakhstan

CONSIDERATIONS ON THE ORGANIZATION OF HIGH-QUALITY
AND COMPREHENSIVE TRAINING OF THE CONSTRUCTION INDUSTRY
SPECIALISTS IN HIGHER EDUCATIONAL INSTITUTIONS OF THE REPUBLIC
OF KAZAKHSTAN RELATED TO THE APPLICATION OF BIM

The article outlines the issues of high-quality and comprehensive education for specialists of the
construction industry in the universities of the Republic of Kazakhstan. This is one of the key problems
which directly affects the speed, timing and quality of implementation of Building Information Modeling
(BIM) technologies for companies based in Kazakhstan. A brief overview of existing approaches and
programs for bachelors, undergraduates, as well as post-professional education, used in the UK and in
Russia, was carried out.

New practice-oriented approach to the Specialists Training System in the field of BIM in higher
educational institutions of Kazakhstan is proposed. The suggestions presented in this article are
formulated considering the opinions of practicing BIM specialists. As a result of the practical application
of the proposed recommendations and teaching methods in architecture and construction universities
and specialized faculties, the construction industry will receive highly qualified specialists and managers
prepared for the new realities.

Keywords: Building Information Modeling (BIM) technologies, professional BIM training, BIM
education, BIM manager, BIM coordinator.
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ENSURING OBSERVABILITY AND CONTROL OF BUSINESS PROCESSES
IN THE EXISTING LOGISTICS SYSTEM IN KAZAKHSTAN

In all economic and production-technological areas (or processes), business processes are the main
objects that unite everything that is related to the achievement of the goal. Designing business processes is
an important step that reflects a subjective view of the actual processes in the organization.

The activity of a warehouse, like the activity of any enterprise, consists of a set of external (supply,
work with customers and suppliers) and internal (marketing, technological process, etc.) processes.

The main warehouse processes are:

— Acceptance of cargo to the warehouse;

— Placement and storage of cargo,

— Complete set of cargo,

— Shipment of sets of cargo.

Each of these processes can be investigated and solved as a separate problem.

In this paper, we will investigate and find ways to automate the business tasks of the business processes
for fulfilling applications, the processes of receiving, placing, picking and shipping goods to customers.

This paper discusses the principles of the theory of automatic control in relation to the business
processes of logistics, allowing to ensure observability and control of the business process without human
participation. To create such a system, it is necessary that the control object functions effectively. Therefore,
it is necessary first to design a business process that meets the requirements of efficiency and then it must
be automated, so that the controllability and observability of the system is even higher.

Keywords: digitalization of processes, observability, controllability, business-process.

Introduction. Each of the enterprise systems requires the organization of interaction
with the warehouse system at the main points of cargo movement. In practice, the number
of points of contact between systems and the complexity of integration largely depends on
the specifics of the industry of the enterprise, the organization of its business processes and
the principles of working with cargo in the system.

Let’s say a warehouse has a cargo picking area where the goods are assembled. Various
integration options are possible, depending on how the system takes into account the loads
and whether it takes them into account in principle. For example, the system reflects the fact
that the cargo was assembled. In this case, the integration of systems will have to reflect the
movement of components and kits at all stages of the warehouse technological process.

When designing an integration between systems, it is also important to know how the
unit of measure is taken into account in the system. Often in the system, all work is carried out
in terms of minimum units - for example, pieces. At the same time, for a warehouse system,
you need to know the remainder of the cargo exactly in the context of all available units -
boxes, boxes, packages, etc. This allows you to significantly optimize warehouse operations.
Despite the possible discrepancy in the principles of cargo accounting, the interests of both
systems should be taken into account in the process of developing integration.

* E-mail koppecnionaupytoiero apropa: kakim-aigerim@mail.ru
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Despite the diversity of companies and their specifics, there are several main points of
contact between systems that should be present in any integration scheme. These include
acceptance of cargo, selection and shipment of cargo, inventory (or arbitrary reconciliation
of balances).

The system can transfer all of its functionality via web services. Web service definitions
are defined in the configuration tree and made available to other systems by publishing them
to the server.

Any system can access the service, just as the proposed system can access the web
services of other manufacturers.

The SOA architecture is based on a service manager that performs the following
functions:

— Management of connections with infobases;

— Support for WSDL service;

— Implementation of the SOAP protocol, serialization of messages, calling the
corresponding service.

The integration of a warechouse management system and an enterprise system can be
done in different ways.

The following integration mechanisms exist [1]:

e Integration through the OLE mechanism, which allows the corporate database and the
warehouse management system to embed or link data created in one of the databases into a
document and / or reference created by another database.

e [ntegration through the use of SQL capabilities.

e Integration on the principle of “one window”, when the functionality of the corporate
system and the system of accounting and warehouse management are combined into a
common information base.

e Integration on the basis of file exchange between the office of the enterprise and the
warehouse.

The decision on the choice of one or another method of integrating the accounting
and warechouse management automation system should be made based on the specifics
of the enterprise information system, the territorial location of the integrated objects, the
characteristics of the enterprise’s business processes, the stored cargo, and warehouse
personnel.

Research methodology. There are two ways to automate business operations of business
processes, one with human participation, the second without human participation. Moreover,
it is clear that in the first case, it is sufficient to provide a human-machine interface, then in
the second case it is necessary to provide:

e observability by supplying or installing the sensor or sensors;

e controllability by means of supply or installation of the executive body (s) (a working
control body).

To make it controllable, it is required for this operation to develop control systems or
regulators according to a certain law, for example, P, D, I, PD, PI, PID, which can (these
control laws) be implemented.

To ensure observability and controllability of the business process, we will use the
concept derived from management theory, i.e. control circuit. It defines and describes the
boundaries of regulation of the operation of the control object.
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The platform implements these control loops and contains the necessary components
for this: a controlled system (control object), control actions, etc.

Feedback is the impact of control results on the process of this control, or, in other
words, the use of information coming from a controlled object (Figure 1).

X Controlled system &) 5
Control system !
Feedback
channel

Figure 1 — A feedback control loop

In this regard, an approach based on the implementation of self-organization procedures
in the system is being updated, which provides automatic adjustment of the structure and
parameters of the system in conditions of a changing internal and external environment
of functioning. The possibility of synthesizing organizational, technical, and technological
objects by the example of the functioning of living organisms at the level of scientifically
grounded knowledge was described by N. Wiener [2]. The idea of self-organization was
very fruitfully developed by J. Saridis for the sphere of technical sciences, who introduced
the concept of structurally and parametrically self-organizing systems [3]. In the first case,
self-organization arose because of managing the combined structure of the object and the
control system, in the second it was a consequence of the optimal combination of system
parameters.

The attempt was made transfer this conceptual apparatus into management theory by
Slyusar Yu.B [4]. He showed that in the process of functioning of a complex economic
system (CES), the effects of structural and parametric self-organization can be distinguished
in the same way.

By creating systems with negative feedback (Figure 1), under certain conditions, we
can obtain such a new quality of the system as stability of functioning, which consists
in stabilizing (adjusting) the values of the studied indicators within the level set by the
decision maker. The fundamental point in the use of positive and negative feedbacks
is the fact that only their joint application and interaction can create the effect of self-
organization.

Thus, the controllability of the business process is achieved by introducing a control
loop. Moreover, first, the strategic process of the control loop, which is the beginning of
the control process. Therefore, to give the BP a managerial property, we will introduce the
concept of a strategic process.

The strategic model constitutes the strategic level of business process management,
which is designed to design, before completing the task by business processes, the content
and structure of the business process based on the current situations that have arisen in the
production environment, i.e. in a business process environment.
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In all local problem areas of logistics, the strategic business process model determines
the option of joint execution of specialized processes based on the current situations in
production before the business process. The variant of joint execution of operations of
specialized processes can be different, for example:

— first, the administrative operation (or decisions) in the current situation St(1) must
carry out a set of personnel for the execution of all operations of the business process,
and then organizational operations (for example, the distribution of functions between
personnel for the entire BP) for all technological operations will determine the operations
of organizations, and management operations is appointed and leads management based on
the organizational structure and composition;

— and in a different current situation, St(2) must carry out a set of personnel for each
operation before its execution, these actions are performed for each operation separately,
and then organizational operations (for example, the distribution of functions between
personnel for the entire BP) for the current technological operations will determine the
operations of organizations and lead management based on the organizational structure and
composition.

Each local or global business process is a set of operations, given the initial
situations of the problem area, the execution of which, in a certain sequence, leads
to the goal. At the same time, operations are heterogeneous, diverse: strategic,
administrative, organizational, managerial, technological, providing resources, etc.
Another important feature of the business process is that diverse operations such as
administrative, organizational, technological, depending on situations in the problem
area, can be performed in different sequences. It defines the operations of business
process strategies [5-6].

If these operations are grouped according to their nature, which can be performed in
parallel with the coordinated operations of different groups, then it is possible to organize
separate processes from separate groups of operations. And then their coordinated execution
of operations of different groups gives the same result as with the mixed execution of these
operations as part of a business process.

Research results and discussion. Any BP is a set of operations, given the initial
situations of the problem area, the execution of which, in a certain sequence, leads to the
goal, i.e. any business process runs linearly.

But a linear process cannot be resistant to external factors and influences, since the
impact of the administrative process (management, process owner) must be taken into
account, i.e. there must be a process correction in manual mode [7-8].

Before applying the theory of automation to logistics business processes, let’s define
what is the object of control, the control system, etc.

Control object (CO) - an object is both a business process and its components. In this
case, CO means special technological BP (operations), which include actions performed on
the material flow (loading, unloading, transportation, storage, reloading with replacement
of transport, acceptance, and release of cargo, etc.)

Since the process of accumulating operations is the accumulation of goods and
information, the transfer function of the CO is an integrating link, that is, considering the
presented data, we can accept the CO in the form of an integrator.
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Under the subjects of control, we consider the rest of the special processes that determine
where and why the process is moving. Moreover, the subjects of control must have the
initial information to carry out a control effect on the control object:

— Regulator - a link that monitors the state of the CO and generates control signals.
Since the role of control and monitoring of the process in the BP is performed by the owner
of the process, as well as by administrative workers, it is proposed to use organizational
special processes as a regulator.

— The executive mechanism (EM) is a link that directly affects the CO while changing
the material and information flows that go to the CO.

Here we will consider special processes: management of technological operations,
procurement processes and recruitment processes.

In addition to these links of the contour, information on the actual state of the object
must be considered without fail. In this case, feedback is applied, which allows you to
correct the behavior of the CO.

Since the blocks: CO, EM and sensors are links with unchangeable coefficients, we can
regulate the parameters of the system only with the help of the regulator block, which must
be assigned a regulation law [9-10].

A business process is satisfactorily completed if it was completed in a fairly short time
frame and with a slight overshoot. To calculate the coefficients of blocks in MATLAB using
the Simulink package, a feedback loop was built, and constant coefficients were selected
experimentally. Also, an experiment was carried out on the regulator block using P, PI, PID
regulation laws to identify the most suitable regulation law. As a result of the experiment,
the simulation graphs shown in Figures 2-4 were obtained.

Figure 2 — Simulation graph of the AS in MATLAB, with a controller
(proportional control law)
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Figure 3 — Graph of AS simulation in MATLAB, with a controller
(proportional-integral control law)

Figure 4 — Graph of AS simulation in MATLAB, with a controller
(proportional-integral- differential control law)

As can be seen from the graphs with P-regulation, the process takes less time (in the
P-controller, the maximum amplitude is reached at the time tmax = 6.2s, in the PI-controller,
the maximum amplitude is reached at the time tmax = 9.1s, in the PID-controller, the
maximum amplitude is reached at time tmax = 10 s), but this is compensated by the large
process fluctuations. The smallest oscillation is with a PID controller, therefore, depending
on the flow of applications, a change in the regulation law from PID to P and vice versa should
be ensured. The hybrid system has the advantage of being able to cope with disturbances in
the power supply unit in a dynamic mode, with continuous execution of the process under
the influence of external factors, in a short time and with minimal overshoot.
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Conclusions. As a result of the research done, a description of the logistics processes (in
particular, warehouse processes) was carried out and a computer simulation of the process
was carried out. As a result of the work, data were obtained on experiments with different
types of regulators. During the experiment, it was revealed that when automating business
processes, it is better to use a combined system with a regulator switch. Moreover, with a
large queue of applications, the process should be executed with less time, respectively, by
the P-controller, and when the queue of applications is not full, then the PID controller can
be used.
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P. K. YCKEHBAEBA, A. A. KYAH/IbIKOB, A. K. BOJIIIIHBAEBA

Xanvikapanvix aknapammoix MexHoN02UALAp YHUsepcumeni,
Kasaxcman Pecnybauxacol, Aimamol K.

KA3AKCTAHJIAFBI BAP IOTUCTHUKA )KYWUECIHAEI'T
BU3HEC ITPOLUECCTEPIHJAE BAKBIJIAY IBIJIBIKTBI )KOHE
BACKAPYJIbl KAMTAMACBI3 ETY

bapnvix sxonomukanvix scone OHOIPICMIK-MEXHONOUAILIK CAlaIapbliHda (Hemece npoyecmepoe)
OusHec-npoyecmep - MaKcamxa sHcenmy yulin Oapivlk HapceHi Oipikmipemin Hecizei obvekminep 60bIN
mabwiLiaowl. Busnec-npoyecmi xcobanay - OYn Yublmoazsl HaKmvl npoyecmepoiy cyobekmueni KopiHicin
Kepcememin Manbl30bl KAOAM.

Kotima gvismemi kes-xenieen KaCINOPLIHHBIY KbI3MeMI CUAKMbL CoIPMKbLL (H#abObIKMAy, mancolpbic
bepyutinepmen Jdeane HeemKIZyuiiepmeH HCYMbIC HCYPeizy) dHcane IWKi (MApKemuHemix, mexHoI0SUsIbIK
npoyecc xcane m.0.) npoyecmep HCUbIHMbIZLIHAH MYPAOb.

Kotimanwiy neeizei npoyecmepi:

— JICYKMI KOUMA2a Kabwlioay;,

— JICYKMI OPHANACBIPY JHCIHE CAKMAY;

— JCYKmMepOi HCunay;

— JICYK IHCUBIHINBIELIH JHCOHENMY.

Ocvl npoyecmepOily IPKANUCHICHIH JceKe-JiceKe 3ePmmen Jicane weutyee 601a0bl.

Byn oicymvicma 613 eminimoepoi opwinoay yuin OusHec-npoyecmepoiy OUsHec manculpmaidpbiy,
mayapnapovl Kadwvlioay, OPHALACMBIPY, JHCUHAY JHCOHE MYMBIHYWLLIAPA HCOHETNY NPOoYedypaiapbii
3epmmen, agmomMammanoblPamyl3.

Byn oicymvicma noeucmukanviy Ousnec-npoyecmepine KamulCmbl agmomammul backapy meo-
PUACHIHBIY NPUHYUNEP] MAIKLLIAHAObL, OYN A0AMHbBIY KAMbICYbIHCHI3 OU3Hec-npoyecmiy 0aKbliaybl
MeH 6acKapybli KaMmamacelz emyee MyMKinoik 6epedi. Mynoatl scyiieni Kypy ywin dackapy obwvexmici
muimoi srcymovic icmeyi Kaxcem. COHOLIKMAH A8MOMAMMAHObIPbIYObL OACMAMACIMAH, ATLObIMEH MUIMOLNIK
Mananmapvina calKec Kelemin busnec-npoyecmi Jdcobanay Kasicem, coHOa JCYUueHiy OaKbLianybl MeH
backapyvl 00awn 0a sHco2apsl 0apexcede HCypeoi.

Tyitin ce30ep: npoyecmepoi yuppranovipy, 6GAKBLIAHAMBIHOLIK, OACKAPLLIAMBIHObIK, OU3HeC-
npoyecc

P. K. YCKEHFAEBA, A. A. KYAH/IBIKOB, A. K. BOJIIIIUBAEBA

Mesicoynapoousiii ynueepcumem uHGOPMAYUOHHBIX MEXHOLO02UL,
Pecnybnuxa Kasaxcman, e. Anmamol

OBECIHHEYEHUME HABJIOJAEMOCTHU U YIIPABJIAEMOCTHU
BU3HEC-IIPOIIECCOB B JIEVCTBYIOHEI CUCTEME JIOTUCTUKH
B KABAXCTAHE

Bo 6cex sxonomuyeckux u npou3so0CmEeHHO-MEXHOI02UYeckux cepax (unu npoyeccax) ousmec-
npoyeccul A6IAemcsi OCHOSHLIMU 00bEKMAMU, 00bEOUHAIOWUMU 6Ce, YMO UMeen omHoueHue K 00Cmu-
Jrcenuio yenu. Ilpoexmuposanue Ou3HeC-npoyeccos AGIACMCs 8ANCHLIM WASOM, 0Modpascarwum cyov-
EeKMUBHOE BUOEHUE PEANbHO CYUWECMEYIOWUX NPOYECCO8 8 OP2aAHUAYUU.
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HesimenvHocmb cKIAOCKO20 XO3ANUCMEA, KAK U 0eAMEeTbHOCHYb 1100020 NPeOnpusimus, CoCoum u3
COBOKYNHOCIU GHEUHUX (CHabceHue, paboma ¢ KIueHmami U NOCIMaswukam) U 6HympeHnux (mapxe-
MuHe, MexHoI02u4ecKull npoyecc u m.o.) npoyeccos.

OcHogHbiMu npoyeccami CKa1aoa AeNAI0mMes.

— IIpuem epy3a na ckniao;

— Pasmewenue u xpanenue 2pysa;

— Komnnexmayus epysa;

— Omepy3Ka KOMNIEKmog 2py3a.

Kaoicowiii uz smux npoyeccos modicem Ovims UcC1e008aH U peuleH KaK OmoeibHas 3a0ayd.

B oannou pabome 6y0ym ucciedosanvl u HauOeHvl nymu agmomamusayuy ousHec-3adad, OusHec-
npoyeccos GbINOIHEHUs. 3A560K, NPOYECCO8 Npuemd, pasmewyetis, KOMNIeKMmayuu u Omepy3Ku epy308
Kauenmam. B 0annoil pabome paccmampueaomes NpUHYunsl meopuu agmomMamuyeckozo ynpasieHus
NPUMEHUMETbHO K OUBHEC-NPoYeccam T0SUCTIUKY, NO360sIoWUe obecneuums HabndaeMocms U ynpas-
JsIeMocmy busnec-npoyeccom 6e3 yyacmus uenogexa. [lna co30anus maxoul cucmemvl HeoOXo0uMo, 4moovl
0b6vexm ynpagnenus QyHKYUoHuposan s¢pgexmusno. I1oamomy HeodXo0uMo CHAYANA CNPOEKMUPOBAND
busHec-npoyecc, y0os1emeopsaowuil mpebosaHusm 3hHexmueHocmu u 3amem e20 Haoo Ad8MoMamusupo-
6amv Max , Ymoobl YNpasisiemMocns u HadI00AeMocmy CUCIeMbl ObLIA ewye Bblle.

Knioueswvie cnosa: yugposuzayusa npoyeccos, HabaooaemMocms, Ynpasisemocms, OusHec-npoyecc.
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IC. Amanarconos amoinoazel Ilvizvic Kazakcman ynusepcumemi, Ockemen,
2A6ai amvinoasel Kazax ynmmeix nedazo2ukanviy ynueepcumemi, Anmamol

BIP KbLJIABIK OCIMAIKTEKTEC HIMKI3ATTAH AJIBIHFAH
HEJUIOJIO3AHBIH KYPBIJIBIM/IBIK EPEKIINEJITTHE MEXAHUKAJIBIK
AKTUBTEVY/JIH 9CEPIH 3EPTTEY

Maxanaoa wap Ouipmeninoe2i MexaHukanblK axmuemenoipyee OaUIaAHbICMbL YeNTI0103a0a2bl
KYPbLILIMObIK 032epicmepdi 3epmmey Hamudiceaepi Kapacmoipuliadvl. Lleninionoza opeanoconveenmmi
macinmen KP lvizvic Kazaxcman obnvicvinoa ecemin Kapacopacwvinan (Cannabis Ruderalis Janisch)
anvinean. Mn@paxwizein cnekmpockonus men peHmeeHOiK Ou@paxmomempusaea Caukec Yerniono3ansiy
KpUCmanowvl KYpoliblMbl MEXAHUKATLIK AKMUBMEHY HCHLIOAMObIZbI MEH YAKLIMbIHBIY HCOSAPBIIAYLIMEH
benzini 6ip 3aHObLILIKMAapEa catikec 632epoi. Akmuemenzen Yeinoi03anbly KPUCMALObIK UHOEKCIHIH MaHI
bacmanxul yenuonosamen canvicmuipeanoa 58,6 %-oan 635,2%-2a apmxan. byn 6acmankbl yennoni03ansiy
Kpucmanowvly 6enikmepin 6ip-0ipimer dcan2an mypean amophmol 661IKmMepOiy MeXaHuKaiblk aKmuemey
bapuvicbinoa y3inin, Monuepiniy azaieanobleblMer OailanbiCmvl 601Ybl MYMKIH.

Tyitin co30ep: xapacopa cabazvl, UK-Dypve cnekmpockonus, Ouppakmomempus, KpUcmaioblk uH-
dexc, Yennono3d, MeXaHuKaIblK, akmugmey.

Kipice. CoHFBI XbUIaphl XUMHSIIBIK OHIIPICTE TYPAKTBUIBIK TYKBIPBIMIaMACHIHA,
SFHU KaylnTi 3aTTapibl MUHUMAJIIbl MOJIIEPC KOJIAaHY MKOHE JKAChLI XMMHUS Karuaachl
HeTi31HIe KaJIIbIHA KeJIeTiH IHKi3aTTapFa Kol KeHUT 0eiry 0acTsl Hazapra aneiayaa [1, 2].
Byn Typreinan anraHma, NEIUII0I03a — KOJIIAHBIIATEIH TaOWFHU MIMKi3aT KOPBI MOII, ap3aH,
OuoyiinecimMai )koHe OMOJIOTHSITBIK BIIbIPAyFa YIIBIPAHTBIH SKOJIOTUSJIBIK MaTepUaIFa )KaTa-
1wl Lemtronos3a —Mara ToKy, Karas jkacay, Jopi TachIMali/iay, UMILUIAHTAHT aTy )KoHE T.0. caya-
napja keH Kosianbickaue [3]. Lemnonosza—P(1-4) nroko3uTTik OaiyiaHbICIieH OailylaHbICKaH
IJTFOKO3aHBIH OOJIKTEepPIHEeH KypaliFaH dKoHE MOJICKYIaChIHaFbl HHTEP-UHTPAMOIIEKYIIATBIK
CYTEKTiK OalIaHBICTBIH 9CEPIHEH 6Te PETTI KPUCTAIIBIK KYPBUIBICKA UE TAOUFH TaJIIIIBIKTHI
nonumep [4]. OChl Y3BIH TaIIBIKTApIbl 9IETTe Mara TOKY MEH XKl Wipy eHIipiciHIe
KEHIHEH KOJJaHaJbl. bysl perTe KbICKa TAJIIBIKTAp KAJJBIK PETIHJE >Kapamchl3 OOJIBIT
Kanaapl. COHIBIKTAaH, COHFBI KbUIAAPhI OCHI KAJIBIKTAp bl THIM/II TIaii1ajaHy MaKcaThIH]a

* E-mail koppecnionaupytoiero aropa: ahnur.hj@mail.ru
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nesunonosa Hanokpuctangapein (IIHK) amy ymiiH eHneyaiH KenTereH MeXaHHKaIbIK
TYpJIepi KOJIJaHbLTy/a, aTal alTKaH1a, OyIbIH KapbUIybl, KPUO-YHTAKTAY, JKOFaphl KbICHIM
TypOyJIEHTTLNIr JKaFnaiiapblHa J)KoHe map AuipMeHiHae yHTakray [5-8]. byn omicrepain
irHAe map TUpMeHi KOMETIMEH aKTHBTEY 9[ici OapbIHIIA KapanaibiM, aibIpbiKma (ak-
TOpyapAbl (KBICBIM, TeMIeparypa T.0.) KaKeT eTHEWTiH, COHIOai-aK DKOJOTHSUIBIK YKOHE
9KOHOMUKAJIBIK JKaFbIHAH THIMJI OOJFaHJBIKTAaH, OHJIPICTe KeHIHEH KOJIIaHbUIaIbl [9].
Ocbl akTopIbl ecenke ana OTHIPHII, 3ePTTey KYMBICBIHAA Kapacopa cabarblHaH OpraHo-
COJILBEHTTIK TOTBIKTBIPY 9JIICIMEH aJIbIHFAH I[SJUTFOJIO3aHbIH KYPBUIBIMJIBIK €PeKIIeTiriHe
iap JUipMEHIH/Ie MEXaHUKAJIBIK aKTUBTEY/IIH 9Ccepi 3epTTEI/I.

3eprTey 06oJiMi. MexaHUKATBIK aKTHUBTEY OapbICHIHAA KOJIAHBUIFAH IIEJITI0N03a —
Kapacopa cabarbiHaH [10] amicTemere colikec anbIHIBL. benme TeMieparypachiHia TOIBIK
KEIKEH IIeJUTI0N03a/1aH 2T OJIIIEN aJIbIHBIIN, CHIMBIMABUIBIFEL 50 Mi1, map auamerpi 10 MM
oonarein FRITSCH Pulverisette-6 (Germany) map amipmenae 0eimMe TeMIeparypachiH-
na, aiiHay xbuinamabirel 300 rpm skarmadibiga 1 carat OOHBI aKTUBTEI . MeXaHUKaIbIK
AKTHBTEJITCH IeJUTION03aHbIH XUMHSIIBIK KYPBUIBICH OAaCTaNKbI LEJUTI0JI03aMEH CallbICTBIP-
manbl Typae UK-¢dypee crniekrpomerpinae (FT-801Simex, Peceit) 450—4700 cm™' ToiKbIH
Y3BIHABIFBI apaJIbIFBIHAA 3€PTTEINII, KPUCTAJIBIK KYPBUIBIMBI PEHTIEeH AU(PaKTOMETpiHae
(Xpert PRO PANalytical Hupepnanaer) 20 = 10° — 50° »xarnmaiiblHIa aHBIKTAJIIbIL.
emmrono3ansi kpuctanasuiblk uHAekei (CI) Segal omici OolbiHINA eiieHIN, Keeci
TEHJIeYi apKbLIbl €CETITEIIi:

CI (%)=1,,, -1 /1., % 100%

am 002

myHzarel [ —20 moni 21° men 23° apasibIFbIHAAFbI TOPIIBI M(PAKIKS TUKTIH MAKCHMAJIIbI
vHTeHCUBTiNIr, I — 20 moni 15° nen 20° apanbirbinaarsl aMop@Thl MaTepHaiiblH MaKCH-
MaJI/Ibl MHTEHCUBTLUTITIHIH MOHI.

Hoatukesep :xoHe osiapabl TAIKbLIAy. | — CypeTTe Kapacopa cabarbIHaH abIHFaH I1e-
1051032 () MeH MeXaHWKaJIbIK aKTUBTeNTeH 1entrono3ansi (b) UK-cnextpnepi 6epinres.

Cypem 2 — Kapacopa cabarblHaH allbIHFaH LEJUTI0N03a (a) )KOHE MEXaHUKAIIBIK
akTuBTeNTeH 1errono3anbH (b) UK — crekrpruepi

Crextpae 3600-3000 cm! apasbIFbIHIAFBKYTHLTY ayaHbIH[aFbl KeH MK O—H TOOBIHBIH
BAJICHTTiIIiK TepOenicin cunarraca, 2880 cm™'aymarbiHaarsl KyThlTy — CH, TOOBIHBIH CHI-
HaytapeiHa ToH. 1450 — 1300 cm!' monucaxapunrepain C—H TomrapbiHBIH CHTHAJIBIHA
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coiikec kenece, 1100-1000 cm'aymarsr C—O 0aliTaHBICTBIH CO3BLTMAIBI TEPOEITICIHIH CHT-
HaublH Oepei. 900 cm™! LesuTon03a MOIeKyYIaChIHIAFbI TIIFOK03a OOIIKTEPiHIH apachIHAaFbl
B-Tmoko3uaTi OalaHeICTIH TepOenicine ToH [11-12]. 1-cyperTe OepinreH 6acTankpl )KoHE
MEXaHHMKaJbIK aKTHBTENTEH LEJUTION03aHbIH XUMUSIIBIK KYPBUIBICBIHAA ©3TEIIeNiK KOK
eKeH[iri Oaikanaabl. byl MexaHUKalbIK aKTHBTEY MPOLECi LEJUTFOI03aHbIH KYPBUIBICHIH
©3repiCKe YIIbIPATIIalThIH/IBIFBIH KOpceTei. AJIbiHFaH HOTHXKE [9, 13] alibIHFbI 3epTTey
KYMBICTapbiHa cail keieni. 2-CyperTe MeXaHHMKaJblK aKTHBTENTEH LeJIIoN03aHbiH (b)
PEHTIeHIIK TUudpaKTOrpaMMachl 0acTanKbl IE/UIF0JI03aMeH (2) CalbICTBIPMAIIbI TYPJIE
Oepinren. 1-Kecrene 1emnono3anbly peHreHIIK TUPPAKTOrpaMMachl MEH KPUCTAIABIK
nnaekcrepinin (Cl) MoHAepi KepceTire .

Cypem 2 — Kapacopa cabarbIHaH aJbIHFaH [EJUTI0N03a (a) KOHE MEXaHUKAJBIK
aKTUBTEJTCH [EIUTI0N03aHbH (b) peHTreH ik AudpakTorpaMMacs

Kecme 1 — 1enmiono3aHblH peHreHAIK AUPPaKTOrpaMMachl MEH KPHCTAJIBIK
unnexcrepinin (CI) monaepi

. 20 HurencusTinik Kpucramiasik

Hemnronosa Typi L I, I I, unpekc (CI), %
Lesronosa 15,65 22,69 127 307 >8.6
MexaHHKaJIbIK 15,75 22.41 102 293 65.2
aKTHBTEJIIeH LeJUII0N03a

Kecrenen xapacopa cabarblHaH albIHFaH HEJUTIOI03aHbIH 20 = 15,65° (110), 22,69°
(200), 34,23 (004) >xoHe MeXaHUKAIBIK AKTHBTENITEH IIEUTION03aHbH 20 = 15,75°
(110), 22,41°200), 34,65(004) mommepi TeH ekeHIriH Kepyre Oommbl. bym I Tumreri
IEeJUTIOJIO3aHbIH KPHUCTAIIOTPAdUSIIBIK JKA3BIKTBHIFBIH Kepceteni [14, 15]. AxtuBrenreH
LIEJUTIONO03aHbIH KPUCTANABIK WHACKCIHIH MOHI 0acTarkpl IIEeJUTIOJI03aMEH CalbICThIpFaH/ia
58,6 %-man 65,2%-ra apTkaH. bys1 GacTankpl IeJUTIOI03aHBIH KPUCTAIIBIK O6JiKTepiH Oip-
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OipiMeH xajFarn TYpFaH aMop(Thl O6IIKTEPAIH MEXaHUKAIIBIK aKTUBTEY OapbIChIH/IA Y31Iil,
MOJIIIEePIHIH a3aiiFaHIBIFBIMEH OailJIaHBICThI OOyl MYMKIH [16].

KopbiTbinapl. KopeiTa Kenrenie, map AMipMeHI KoMeTiMeH Kapacopa cabarblHaH
aJIBIHFaH LEJUTI0NI03aHbl MEXaHUKAJIBIK aKTHBTEY KYOBUIBICHI 3epTTeNAl. 3epTTey OapChIChIH-
Jia 1ap AMipMeHi apKbUIbI MEXaHUKAJIBIK AKTHBTEY LIEJITFOI03aHbIH XUMHSIIBIK KYPBUIBICHIH
e3repicke ymblparnaid, amMop(Thl OeiKTepiH Y3y apKbUIbl KPHCTAIIBIK HHACKICIH
ApTTHIPATBIH/IBIFBI OSNT1Ti OOJIBI.
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K. AKATAH, C. K. KAB/TPAXMAHOBA", A. A. HMAIIIEBA*,
T. KYAHBIIIIFEKOB., )X. E. HFPAEBA?, H. KAHBIPEEKOB!

'Bocmouno-Kasaxcmanckuil ynusepcumem umenu C.Amanoiconosa, Yemo-Kamenozopck,
2Kaszaxckuil HayuoOHAIbHbLL nedazo2udeckuil ynusepcumem umenu Abas, Armamol

HCCJEJOBAHUE BJIUSHUS MEXAHUYECKON AKTUBAITAU
HA CTPYKTYPHYIO CHEIIA®UKY IEJIIOJIO3bI, HOJTYYEHHOK
N3 OJHOJIETHEI'O PACTUTEJIBHOI'O CbIPbA

B cmamve npedcmasnenvi pesynomamvl uccied08anust CMpYKmMypHbIX USMEHEHULl YeTiono3bl 6Cl1e0-
cmeue Mexamuyeckol akmueayuu 8 wapoeol menvHuye. Llennionosa nomyuena opeaHoCONbEEHMHbIM
cnocobom uz cmebnei kononau coproiul (Cannabis Ruderalis Janisch), npouspacmaioweii 6 Bocmouno-
Kaszaxcmanckou oonacmu PK. Coenacho 0anHblM UHDPAKPACHOU CHEKMPOCKONUU U PEHM2EeHOBCKOU Ough-
paxkmomempuu, KpUCMALIUYECKas: CIMpPYKIMypa Yeiionosbl USMEHNAC N0 ONPeOeleHHbIM 3aKOHOMEPHO-
CMAM C y8enudeHuem CKOpOCmu U 6peMeHU MeXanuyeckoll akmueayuu. 3Hauenue UH0eKca KpUCmaniuyHoCmu
AKMUBUPOBAHHOLL YELTION03bL YEenUudUnocs ¢ 58,6% 00 65,2% no cpagnenuio ¢ ucXooHou Yeiniono3ou. Imo,
B03MOJICHO, CEA3AHO C MeM, YO AMOP@DHbIE HACMUYbL, COCOUHAIOWUE KPUCTIANIUYECKUE YACU UCXOOHOU
YENTI0N03bl, PA3PYUAIOMC 80 8PEMSL MEXAHUYECKOU AKMUBAYUU U YMEHLULAIOMCSL 8 pA3Mepe.

Kniouesvie cnosa: cmebau xononnu, UK-Pypve cnexmpockonus, ougpaxmomempus,, UHOEKC Kpu-
CMANIUYHOCIU, YENLTI0N03d, MEXAHUYECKAs AKMUBAYUSL.

K. AKATAN*, S. K. KABDRAKHMANOVAY, A. A. IMASHEVA,
T. K. KUANYSHBEKOV', ZH. E. IBRAEVA? N. KAIRBEKOV*

IS. Amanzholov East Kazakhstan university
?Kazakh National Pedagogical University named after Abai

STUDYOFTHEEFFECTOFMECHANICALACTIVATIONONTHESTRUCTURAL
FEATURES OF CELLULOSE FROM ANNUAL PLANT- RAW MATERIALS

The study investigated the effect of mechanical activation using a ball mill on the chemical structure
of cellulose. Cellulose was obtained by the organosolvent method from the stems of hemp (Cannabis
Ruderalis Janisch), growing in the East Kazakhstan region of the Republic of Kazakhstan. According to
infrared spectroscopy and X-ray diffractometry, the crystalline structure of cellulose changed according
to certain regularities with an increase in the rate and time of mechanical activation. The value of the
crystallinity index of activated cellulose increased from 58.6% to 65.2% compared to the original cellulose.
This is possibly due to the fact that amorphous particles connecting the crystalline parts of the original
cellulose are destroyed during mechanical activation and decrease in size.

Keywords: hemp stems, FTIR spectroscopy, diffractometry, crystallinity index, cellulose, mechanical
activation.
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OIIEHKA 3ABUCUMOCTHA BOJOBSKYIHEI'O COOTHOILUEHUSA
OT NIPOINEHTHOT'O COAEPKAHMUS 30JIbBHOI'O KOMIIOHEHTA
B COCTABE BETOHA C IPUMEHEHUEM MOJIA®UILIUPOBAHHOM TOFABKH

B cmamuve npugedenvt ucciedosanusn yemenmHo-301bH020 GACYUIE20 8 COCABe Oemond, KOmopulil
PeKOMEeHOyemcs UCNONb308aMb NPU YCI08UU NPUMEHEHUS KOMNIEKCHOU MOOUGUYUPOBAHHOU 000a8KU
(KM]). Lenvlo uccnedoanuii sA61sAemcs oYeHKka 60008ANACYIe20 COOMHOUIeHUS HA CPOKU CX8AmMblea-
HUsL cMecu pasHoll 307bHOU KoHyenmpayuu. H3mepenus blnoaHenvl Ha cmanoapmuom npubope Buxa
10 CMAaHOapmHol u adanmupo8anvlM memoouxam 6 mpu smana. Ha nepeom smane dana oyenxa 6o-
008A2ACYUe20 COOMHOULEHUS HA CPOKU CXBAMBIGAHUA CMeCU PA3HOU 3016HOU Konyenmpayuu. Ha emo-
poM dmane 0ana OyeHKa NPUMEHUMOCIU Memood pAcnibléa K 301bHO-YeMeHmHbIM pacmeopam. Tpemuil
9Man 6KIOUAL OYEHKY GIUAHUS PA3MEPO8 00PA3Y06 HA hakmuiecKue OaHHbLe O CPOKAX CXBAMbIEANUS, MO
ecmb HACKONLKO pe3yibmanivl UCNbIMAHULL MATbIX 00PA3Y08 NPUMEHUMBL K 803600UMbBIM KOHCMPYKYUSIM
borvuozo pasmepa. Ilo peynomamam ecex mpex smano8 noay4eHsvl 3a6UCUMOCTIU MeNHCOY NPOYEHTNHBIM
cooepatcanuem 301bH020 KOMNOHEHMA, BOOOBANCYUUM COOMHOUICHUCM U NOKA3AMENAMU CPOKOB CX6AMbl-
6anusl (HA4AN0, KOHeY U NepuUood CX8aAmbl8aHUsl).

Knioueewie cnosa: yemenm, 301a, cmech, 653K0CHb, 80008aCywee (6000yemenmuoe) CoomHouleHue,
CPOKU CX8AMBIBAHIUA.

BBenenue. Ha ceronusmniamii IeHb xKene300€ TOHHbIC KOHCTPYKIIMU U H3/IETHSI OTHOCST-
csl K HauOoJiee BOCTPEOOBaHHBIM MaTepHaliaM KakK B IPaXIaHCKOM, TaK U MPOMBIIIIJICHHOM
ctpoutenscTBe [1]. Oxpyskarorire Hac 3MaHusS U COOPYKCHUS He 00XOIATCs 0€3 UCIOTB30-
BaHUs OETOHA, 1a)e B JJOPOYKHOM CTPOUTEIIbCTBE OETOH UMEET NIMPOKOE MPUMEHEHNUE [2].

Bornpiias yacth mpeoOpa3oBaTesibHOTO Mpolecca OeTOHA KaK CTPOUTEIBLHOIO Marepua-
JIa IPUXOJTUTCS. HE Ha pa3pabOTKy HOBBIX MaTepHaliOB, a HAa NMPUMEHEHHE A00aBOK, CITO-
COOCTBYIOIIHMX YIIYYIICHHIO €r0 (U3UKO-MEXaHHMUECKUX CBOHCTB. [loOaBKa MOXET OBITH
nojo0panHa, HalpuMep, B 3aBUCUMOCTHA OT TEXHOJIOIMYECKOIO MPUMEHEHHUs OCTOHA HIIN
IUTSL yAYUIIEHUS OMPEIEIEHHBIX €T0 TI0Ka3aTeNeil: CKOPOCTH CXBAaThIBAHUS U TBEP/ICHUS,
yBEJIMYEHHE IPOUYHOCTH, BOJOMOMIONIEHHS, MOPO30CTOMKOCTH 1 TIp. [3].

Taxoke akKTHBHO Pa3BUBACTCS HAIIPABICHHE 110 YTUIN3AIMH [IPOMBIIIIJICHHBIX OTXOJIO0B,
B COCTaB OETOHHBIX CMeCel WIIHM BSDKYIIUX TOOaBISIOT OTXOZBl MIIM M3IUIIKH TTPOMBIIII-
JICHHOCTH, B OCHOBHOM C II€JIbI0 CHMIKEHUS ce0ecTOMMOCTH poaykra. Hauboee pacrpo-
CTpaHEHHBIMHU J100aBKaMK 3aMEILCHUS SIBJISIOTCS: OTCEB KaMHEAPOOJICHNUS, IIIJIaK, 30j1a U
mp. [4]. B Hacrosme# crathbe B KauecTBe MOOABKH 3aMEIIEHHs BSHKYIIETO HCIOIB3YETCs
3oia. [lo0aBieHre 30JIbHOTO KOMIIOHEHTA B COCTaB BSDKYILETO CIIOCOOCTBYET YXYAILICHUIO
(pU3UKO-MEXaHUIECKUX CBOMCTB OETOHA, CJICIOBATEIbHO, UCIIOIB30BaHUE 30JIbI B COCTA-
B€ BSDKYIIETO JUISA SKOHOMHH IIEeMEHTa He JIOJDKHO MCIOJIh30BaThCS 0e3 MPUMEHEHUH KOM-
MIEHCUPYIOINX J00aBOK (HampuMmep, J00aBIeHHs TIacTU(UKATOpa IS YIDIOTHIEMOCTH

* E-mail koppecmoHaupytomiero aropa: rauan_82@mail.ru
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CMECH, B YaCTHOCTH MOPUCTON CTPYKTYpPbI 30JIbHOI0 KOMIIOHEHTa). B Hamewm ciayuae wc-
MOJB3yeTCsl pa3paboTaHHas aBTOPAaMH CTaThbH KOMILIEKCHas MoauduupoBaHHas 100aBKa
(KM), 6naromapst KOTOpOii MPOUCXOIUT BOCCTAHOBJIEHHE YTPaue€HHBIX CBOMCTB OeTOHA
[5]. B cocraB KM/I BXOZST OTXOZBI MPOM3BOACTBA CIMpTa (MIOCIECIMPTOBast O6apna), OT-
XOJIbI IPOU3BOICTBA MAace (COAINCTOK), a TaKxkKe menodb (eaxuii Hatp, NaOH). Jlannas ngo-
6aBKa MOXCT IMPUMCHATHCA HE TOJIBKO IJIA TAKEIIBIX GCTOHOB, HO U I JIETKUX, HAIIpUMEP,
nenooderona [6].

B pamkax maHHOHM cTaThy OyIeT paccMOTpeHa 3aJada MCCIIEA0BAHMUS M0 OLICHKE OITH-
MaJIbHOTO BOAOBSXKYUICTO COOTHOUICHHUA B 3aBUCUMOCTU OT KOHLICHTPALUU 30JIbI C TOYKU
3peHHs YCIOBHUI MPOU3BOACTBA OETOHHBIX padoT [7, 8].

MeTomoaorusi uccjieoBanus. B coctas 305161 THApOYyaIeHUs BXOJST: THOKCHJT KPEM-
Hust (Si02) — o 52%, oxcup amromunust (Al203) — no 18%; neramenas usBects (CaO)
— 1o 13%, oxcun maraust (MgO) — no 2%, xene3nas okanuna (Fe203) — no 7 %, cepHblii
auruapun (SO3) — mo 3%, menounsie MeTauibl — 10 2%, 30IbHBIN 0cTaTOK — 10 7%.

OHCHK& OINTUMAJIbBHOI'O COOTHOILICHUSA KOHUCHTpAUWU 30JIbl K HEMCHTY BBLIIIOJIHCHA B
J(Ba dTarmna:

HCpBbIﬁ 9Tall BKJIIOYAJI OLICHKY BJIMAHHA 30JIbHOTO KOMIIOHCHTA Ha BOJOLICMEHTHOC
COOTHOIIICHNE, BBHIMOJHEHHYIO aHAJIM30M PEe3yJIbTaToB M3MEPEHHH pPAaCIUIbIBA IIEMEHTHO-
30/IbHOU CMECH.

BTOpOI\/'I 9Tall BKJIIOYaJl OLUCHKY BJIMAHUA 30JIbHOI'O KOMIIOHEHTA HAa BPEMS U3MCHCHUSA
arperarHoro COCTOSTHHSI CMECH (M3 KHJIKOTO B TBEPIOE) MOCTE €€ 3aTBOPEHUSI, BBIITOIHEH-
HYIO aHaJIM30M PE3YyJIbTaTOB U3MEPEHUH CPOKOB CXBAThIBAHUS CMECH.

W3mepenus mepBoro srarma OTHOCAT K OLIEHKE YINOOOYyKIIaJbIBAEMOCTH OETOHHON cMe-
CH, a BTOPOTO — K OLICHKE TBEPICHHUSI CMECH M Habopa MPOYHOCTH OETOHA MO BPEMEHH.
CrnenoBarenbHO, pe3ybTaThl U3MEPEHUH B KOMIUIEKCE HANpPaBIeHbI HA YAYYIIEHHUE YCIIO-
BUH TEXHOJIOT'MH MTPOU3BOACTBA OETOHHBIX padoT, B YaCTHOCTH Mpolecca 3aJUBKU OETOHa,
npeajaraeMbIM COCTaBoM. B o0oux ciydasx (9Tamax) pe3ylibraTbl HU3MEpEeHHI 3aBHCAT OT
BOAOLEMCHTHOI'O COOTHOIICHUA, OAHAKO MOT'YT UMETh HCIIPOIIOPIMOHAIILHYIO 3aKOHOMEP-
HOCTb KaK B IOPSJAKE 3aKOHOMEPHOCTU MHAUBUIYAJIbHOTO ME€TOJa OTHOCUTCIIBHO NCKOMBIX
PE3YIbTAaTOB, TaK U B MOPAAKE U3MCHYNMBOCTU PE3YJILTATOB IO UCTCYCHUN BPEMCHU. Ecmm
MEPBOE OTHOCHUTCSI K 0COOCHHOCTSIM METOJUKH M CPEICTBAM U3MEPEHHIA, TO BTOPOE 3aBUCUT
OT CBOMCTB Marepuaia. 3oja obianaer abcopoupyrommmM 3hp(HEeKToM, KOTOPBIA COMPOBO-
JKIaeTCs B TEUSHUE BCETO MEPHojia Habopa MpouYHOCTH OeToHa. TakuMm 00pa3oM, MOCKOIBKY
WCTIBITaHUS BSOKYILETO pacTBOpa HAYMHAIOT MPOBOIUTS B mpesenax 30 cekyH[] ocie 3aTBO-
peHud, TO JaHHAasA OLUCHKAa BOAOUEMCHTHOIO COOTHOIICHMS B ClIy4a€ MCIIOJIb30BaHUA 30JIbI
HE TaApaHTUPYET OKUAAEMOT0 pE3yJbTara MpHU MPOBEIECHUH UCIBITAHUN CPOKOB CXBaThIBa-
Hus. TeopeTnueckn MPOLEHTHOE yBETHMUYSHHUE 30IbHOTO KOMIIOHEHTa 00paTHO MPOHOPLINO-
HaJIbHO CPOKY CXBAaTbIBAHUS, CJICAOBATCIILHO, BO3MOKHO IMOTCHIIUAIBHOC YBCIIMUCHUE BO-
JIOLIEMEHTHOTO COOTHOILICHHSI, HECMOTPSI Ha YAOBJIECTBOPHUTEIbHBIE IIOKA3aTENN PACTIIBIBA.

B pamkax naHHO# cTaThu OyAyT TE3UCHO MPEACTABICHBI pE3yJbTaThl IIEPBOTO 3TAra
u Oosee MoapoOHO MPEACTABICHBI METOAMKA, YCIOBHS MPOBEACHUS U aHATHU3 PE3yiIbTa-
TOB BTOpPOI'o >Tara. HUcnwiTanus BTOpPOI'0 3Tana BBIIIOJIHEHBI METOA0OM H3MepeHHI>'I Ccpo-
KOB CXBaTbIBaHUSA LEMCHTHOT'O pacTBOpa C pa3HbIM NPOUCHTHBIM COACPIKAHUCM 30JIbIL:
4, 8,10, 20, 30, 40%. Ouenka pe3ynbTaTOB UCIBITAHUHN MPOBEACHA B CPABHEHUHU C pPe-
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3yIbTaTaMy dTaIOHHOW CMECH, 332 KOTOPYIO MPUHAT BOIOILEMEHTHBIH pacTBOp 0e3 Jo-
OaBJICHHS 30TBI.

N3mepeHus COCTOUT U3 TpeX CTaUN UCIIBITAHUN:

— IlepBas cragust (PucyHok 1A) Bkitodasa HCIIBITAHUS HA CTaHJapTHOM npubope Buka
(pasmepHocThiO yamy: auameTp 70 MM, BbICOTa pacTBOpa — 38 MM) MO YCJIOBHO NPUHS-
THIM KPUTHYECKUM TOUKaM. KpuTnueckue TOUKH, COOTBETCTBYIOLINE HIPKHEMY U BEpXHEMY
MOKAa3aTeso BOJOUEMEHTHOTO COOTHOMICHHSI, ObUIH 1OJOOpaHbl Ha OCHOBAHHUH ITPOBEICH-
HBIX UCTIBITAHUH PaCIIBIBOB 00Pa3LioB CMECEH Pa3HOM 30JIbHON KOHLIEHTPAIMHU. 32 STaJIOH
HW)KHETO TOKa3aTelsl ObLJI0 MPUHSTO TaKoe BOIOLIEMEHTHOE COOTHOLICHHUE, MPU KOTOPOM
pacIIbIB CMECH OKa)KeTCsl MaKCUMaJIbHO MPHOIMKEH K MUHUMAJIBLHOMY PaJNyCy LIKAIbI
CpPEe/CTBa U3MEPEHHs, COOTBETCTBEHHO, 32 3TaJOH BEPXHETo MoKa3aress IPUHITO COOTBET-
CTBHE MaKCUMaJbHOMY PaguyCy LIKaJlbl CPEICTBA U3MepeHus. Takum oOpa3om, CoriacHo
pe3yibraTaM M3MEpeHUi, 32 HKHUH MoKa3arenb ObUIO PUHSTO BOIOLEMEHTHOE COOTHO-
menue 0,3, 3a Bepxuuii — 0,40 (Tabnuua 1). [TepBblit 3Tan OTHOCUTCS K U3BICKATEIBHOMY,
LEJIBI0 KOTOPOTO SIBIISIETCSI OLIGHKA M3MEHEHHsI CPOKOB CXBaTBIBAHUS PU (PUKCHPOBAHHBIX
3HAUEHUSAX BOJOLUEMEHTHBIX COOTHOLIEHU pacTBOPOB Pa3HOW 30JIbHOW KOHLEHTPALIMH, a
BEPXHHUI M HIKHHUI MMOKa3aTesb HeOOXOAUM ISl ONpe/ieieHUs] 3aKOHOMEPHOCTH, AJISI BbI-
SIBIIEHUS] KOTOPOI JTOCTaTOYHO XOTs ObI HAJIM4YKE IByX BapUaTUBHBIX [TOKa3aTeIsl.

— Bropoti atan (Pucynok 1B) npencrasnsier coboit ananTupoBaHHbIC HCITBITAHHUS Kiac-
CHUYECKHUX HUCIIBITAHUN CPOKOB CXBATHIBAHMS, OTJIMYAIOIIUECS OT CTAHJAPTHBIX pa3Mepamu
yall B KOTOPBIX MTOMEIIAIOT OMBITHBRIA pacTBop (AnameTp cocraiser 40 MM, BbICOTa pac-
TBOpa — 20 MM). JIpyruM OTIMYMEM HUCIBITAHUHN SBISETCS BOJAOLEMEHTHOE COOTHOIIECHNE,
KOTOpoe ObLIO MOA0OpaHo Mo pe3yibTaTaM MPEABAPUTENLHBIX UCIBITAHUN PAaCTBOPOB Ha
pacmibiB (Tabauua 2). laHHbIe BOAOLEMEHTHBIE COOTHOLICHHUS! OBUIH OTKOPPEKTUPOBAHBI
U3 YCJIOBHS MIX COOTBETCTBHS PACIUIBIBY CTaHAapPTHOTO IEMEHTHOTO pacTBopa 0e3 nobasie-
HUS 30JIbHOTO KOMITOHEHTa. BTOpoii aTan OTHOCHUTCS K MCCIIeI0BATENbCKOMY, LI€TbI0 KOTO-
poro sBjIsieTcs OLIEHKA MOJTYYeHHBIX BOJOLIEMEHTHBIX COOTHOIIEHUH METOJIOM PACILIbIBA, A
TaKKe OlIeHKa MPUMEHUMOCTH CaMOT'0 METO/1a pacIlIbIBa K 30JIbHO-LIEMEHTHBIM PacTBOpaM,
PEOJIOTHS U TUKCOTPOIHOCTh KOTOPOTO MOXKET OTIINYATHCS OT KJIACCHUECKOTO [IEMEHTHOTO.
Jpyrumu cioBamH, MOJyYeHHbIE PE3yJIbTaThl pacilyibiBa MMOKAa3bIBAIOT BA3KOCTh PAacTBOpA
cpasy IocJie 3aTBOPEHUS], PE3yJbTaThl )K€ CPOKOB CXBAaThIBAaHUS MOKA3bIBAIOT M3MEHEHHE
arperaTHoro cocTossHus (KOCBEHHO BSI3KOCTh B TOM YHCJI€) 110 UCTEUEHUH BpeMeHHu. M3me-
HEHHUE Pa3MEepPHOCTH Yalll SABJISETCS YacThlO TPETHETo dTara UCCIIEA0BaHMs, HO HE TPOTHUBO-
PEUuT LIeTN BTOPOTO ATara.

— Tpertnii otan (Pucynok 1B) npeacraBnsieT co00# Takxke aanTalUo UCIBITAHUN CPO-
KOB CXBaTBhIBAHHUS, OTJIMYAETCS OT MPEAbIAYIINX ITAOB €Ille MEHbIIONW Pa3MEePHOCTHIO Yarlll
(mnametp cocrasister 30 MM, BbicoTa pactBopa — 20 MM). COOTHOIIEHUSI KOMIIOHEHTOB
pacTBopa, TaKke Kak BOJOIIEMEHTHbIE COOTHOIICHHSI, aHATIOTHYHBI BTOpoMy dTany (Tabmu-
ua 3). Llensio TpeTbero srana siBisieTcs OLeHKa BIUSHUSA d(PPeKTa MacTabupoBaHus, TO
€CTh HACKOJIBKO BIIHSIFOT pa3Mepbl o0paslia Ha pe3yibTarel HenbiTanuil. dakTuuecku, pas-
Mepbl 00pa3oB Majibl M0 OTHOMICHUIO K KOHCTPYKIHSIM, JUIs YI0OCTBa BO3BEIEHHS KOTO-
PBIX TPOU3BOAAT JaHHBIE UCTIBITAaHUA OABMKHOCTH cMecH. [IpeanonoxuTensHo, pasMepsl
00pa3loB MOTYT BIUSITH Ha CPOKH CXBATBIBAHHMS M €TO XapakTep (Hampumep, OT siapa K
nepudepun). B mabopaTopHBIX yCIOBUSIX MOKHO MOATBEPAUTH UM ONIPOBEPTHYTh JaAHHYIO
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THIIOTE3Y, IO3TOMY JIJIsl KAYECTBEHHON OICHKU THIOTE3bl JOCTATOYHBIM Oy/leT CpaBHEHHE
Pe3yNbTaToOB psifia UCTIBITAHUI Pa3HBIX IO pa3Mepy OIBITHBIX 00pa3loB (MOJTy4YeHHE KO-
JINYECTBEHHOU OLICHKH, ITPUTOHOM JUIsl IEPEXOAA K pa3MepaM peallbHbIX KOHCTPYKLUi, B
71a00paTOPHBIX YCIOBHAX SIBISIETCS 3aTPyAHUTENbHBIM). COOTHOIIEHHE MaclITadOB JTara
2 u 3 cocrassitot: 0,75. BaxxHbIM ycioBueM OyzeT napaiieqbHOe MPOBEeIeHHE HCITBITAHUH
OOJIBIIMX ¥ MaJIbIX 00pa3oB OIHOTO 3ameca (Ui UCKITFOYCHUS CITydYaiiHOH OIMOKH, CBSI-
3aHHOM C MOTPEIIHOCTBIO B KOJIMYECTBEHHOM COCTaBE Pas3HbIX 3amecoB). Llenb TpeTbero
sTana 0000maeT o0IIyI0 Lesb UCCASOBAHHS — HACKOJIBKO PE3yJIbTaThl UCTIBITAHUI MajbIX
00pa31oB MPUMEHUMBI K BO3BOAMMBIM KOHCTPYKLHUSAM OOJBLIOTO pa3Mepa.

Pucynox 1 — IlpoBeneHue uCIbITaHUN

Taonuya 1 — CooTHOILIEHUSI KOMIIOHEHTOB pPacTBOpa NEPBOM CTauU

Tun 3ona Hement (ITL1400 10) . Boma -
HOMe,p Huxnuil nokaszarens | Bepxuuii mokasareib
rpamm | % rpamMm % rpamMm % rpamm %
T 1 0 0 400 100 120 0,30 160 0,40
Tum 2 16 4 384 96 120 0,30 160 0,40
Tun 3 32 8 368 92 120 0,30 160 0,40
Tun 4 40 10 360 90 120 0,30 160 0,40
Tum 5 80 20 320 80 120 0,30 160 0,40
Twm 6 120 30 280 70 120 0,30 160 0,40
T 7 160 40 240 60 120 0,30 160 0,40
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Taénuya 2 — CooTHOLICHUS KOMIIOHEHTOB PacTBOpa BTOPOH CTaiuu

Tun 3oma IleMeHT Bona
HOMe’p (111400 [10) | Hmknuit mokasarens | BepxHuii mokasareins
rpamMm % rpaMMm % rpaMM % rpamMm %
Tun 1 0 0 100 100 30,00 0,3000 32,25 0,3225
Tun 2 4 4 96 96 30,57 0,3057 32,98 0,3298
Tun 3 8 8 92 92 31,14 0,3114 33,80 0,3380
Tun 4 10 10 90 90 31,42 0,3142 34,12 0,3412
Tun 5 20 20 80 80 33,06 0,3306 37,01 0,3701
Tun 6 30 30 70 70 34,96 0,3496 40,12 0,4012
Tun 7 40 40 60 60 36,34 0,3634 41,94 0,4194
Taéauya 3 — CooTHOLIEHNS KOMIIOHEHTOB PacTBOpa TPEThel CTauu
Bona
Tum 3oma Hemenr (11400 /10) - -
HOMe’p Hwuxnuit nokaszarens | BepxHuii nokasareib
rpamMm % rpamMm % rpaMm % rpaMm

Tun 1 0,0 0 75,0 100 22,50 0,3000 24,19 0,3225
Tun 2 3,0 4 72,0 96 22,93 0,3057 24,73 0,3298
Tun 3 6,0 8 69,0 92 23,36 0,3114 25,35 0,3380
Tun 4 7,5 10 67,5 90 23,56 0,3142 25,59 0,3412
Tun 5 15,0 20 60,0 80 24,80 0,3306 27,75 0,3701
Tun 6 22,5 30 52,5 70 26,22 0,3496 30,09 0,4012
Tun 7 30,0 40 45,0 60 27,25 0,3634 31,46 0,4194

Pesyabrarsl ucneiTanuii. Ha Bcex auarpammax CpoKOB CXBAaTbIBaHUS IIEPBOMY ITUKY
COOTBETCTBYET HauaJio CXBaThIBaHUs, BTOPOMY — KOHEIl. PacronoxeHre TUIIOB CpaBHUBAae-
MBIX PACTBOPOB B MOPSIAKE BO3PACTaHUSI CHU3Y-BBEPX, [J€ KPACHOM COOTBETCTBYET TUM ] —
CTaHJApTHBIN BOAOLIEMEHTHBIN pacTBOP, OTHOCUTEIBLHO KOTOPOTO JEIA0TCSl CPABHEHHUSL.

Ha pucynke 2 mpenctaBieHbl pe3ybTaThl IEPBOTO dTana uccieaopanus. Ha pucynke
1A moxazaHbl BapuaIliy Hadall U KOHI[OB CPOKOB CXBAaTBHIBAHUU, a TAKKE UX MPOIOJIKHU-
TEJIHHOCTh B 3aBUCHMOCTH OT MPOIEHTHOTO COMEPKaHMSI 30JbHOTO KOMITOHEHTA, a TaKKe
JlrarpaMMbl 3aBUCUMOCTH TOKa3aTejiell CPOKOB CXBAThIBAHHUS MO KOHIIEHTPAIUHU 30J1bI, CO-
OTBETCTBYIOIIME HIYKHEMY ITOKa3aTelto BogolieMeHTHoro cootHomeHus 0,3 (120r). Ha pu-
cynke 1B Te e mokaszarenu ajisi BEpXHETO MOKa3aTesi BOAOLEMEHTHOro cooTHoeHus 0,4
(140r).

ComnacHo pe3ysbraTaM HCIBITAHUN y 00pa3loB ¢ BOIOBSDKYIIUM COOTHOIICHHUEM I10
HIDKHEMY TI0Ka3aTeli0 HaOMIOMAeTCsl COKPAIICHNE CPOKOB CXBATHIBAHUS B 3aBUCUMOCTH OT
KOHIICHTPAIIMY 30JIbHOTO KOMITOHEHTA. Pe3ynbTarsl o BepXHEMY TOKa3aTeNto UMEIOT 00-
paTHYIO 3aBHCHUMOCTb — YBEJIMYEHHUE MOKa3aTejaeii CPOKOB CXBATHIBAHUS IO YBEIUYECHUIO
30J1bHOM KOHUEHTpauu. [I0CKONbKY BOAOBSIKYIIEE COOTHOLIEHHE AJII BCEX COCTABOB
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umeet (ukcupoBaHHoe 3HaueHue, pasuoe 0,3 u 0,4, To U3MEHEHHE MOKa3aTeNe CPOKOB
CXBaTbIBaHU CBUACTCIILCTBYIOT O BJIUAHUU 30JIbHOI'O KOMIIOHCHTA HAa U3BMEHCHUE arperar-
HOT'O COCTOSIHHSI PacTBOpa IO UCTEYEHUH BpeMeHU. KoadduiuenTsl koppensuuii Mexay
3071bHOM KOHHCHTan;HCﬁ 1 Ha4aJIOM CPOKOB CXBAaTbIBaHUSA IO HMIKHEMY I1OKaA3aTeIro CO-
crasnsier -0,81, a koHIIOB cpokoB cocrasiseT -0,88. OTpunarensHoe 3HauYeHHE KOAPPH-
UECHTA KOPPEISILUN CBUIETEILCTBYET 00 00paTHOIN MPOMOPIUOHAILHOCTH 3aBUCHMOCTH,
a BBICOKOE 3HaueHue (0ym3koe K 1) — 0 3aKOHOMEPHOCTH 3aBUCUMOCTH, TO €CTh, 4eM 00JIb-
1€ COJIepIKaHUEe 30J1bI, TEM OBICTpEe POUCXOAUT CXBaThiBaHKUE pacTBopa. KoadduiueHTs
KOPpEeJALMI MEXKy 30JbHOM KOHLUEHTpAlMEel W HayajloM CPOKOB CXBAaTbIBaHMS IO BEpX-
HeMy mokazatento coctasnseT 0,97, a koHIoB cpokoB coctasiseT 0,92. [lonoxutensnoe
3HaueHue kod3(duimeHTa KOppessIu CBUACTEIBCTBYET O MIPONOPIIMOHAIBHOCTH 3aBUCH-
MOCTH, a BBICOKO€ 3HaueHue (Om3Kkoe K 1) — 0 3aKOHOMEPHOCTH 3aBUCUMOCTHU, TO €CTh,
4yeM OOJIBIIIE COJIePIKaHUE 30JIbI, TEM JOJIBIIE TPOUCXOIUT CXBaThIBAHUE pacTBOpa. Pa3zHas
MMponopHuruOHaJIbHOCTD 3aBUCHUMOCTEN O6BHCH$ICTC$1 BJIMSIHUEM KOJIMYCCTBA BOAbLI HA CPOKU
1 XapaKTCpP CXBAaTbIBAHUAA.

P UCYHOK 2- P€3yJ'II>TaTLI HCIBITAHUI CPOKOB CXBATbIBAHUS IIE€PBOIO 3Talla UCCIICJOBAHU

P C3YyJIbTAaThI CTaTUCTHUYECKOM 06pa6OTKI/I TAKXC NOATBCPIKAAIOT HAJIMYNEC 3aBUCUMOCTH,
CBUJACTCIILCTBYIOT O HHU3KOM CXOIMMOCTH YaCTHBIX 3HAYCHHUN IMOKa3aTeiei CPOKOB CXBa-
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THIBAaHUSL: KBaJpaTHYHOE OTKIOHEHUE YAaCTHBIX 3HAYCHWH Havyall CXBAThIBAHUH COCTABISIET
— 34,3 u 47,2 (N0 HWKHEMY U BEPXHEMY TOKa3aTelIsiM COOTBETCTBEHHO), KOA(PPHUIUEHT
Bapuauuu — 45,7 u 20,9 %, npu cpennem 3HadeHuu — 75,0 u 225,0 MUHYT; KBaJipaTHYHOE
OTKJIOHCHHE YaCTHBIX 3HAYCHUN KOHIIOB CXBaThIBaHWU cocTaBisieT — 63,3 u 19,7, xoad-
¢unmenT Bapuanuu — 36,9 u 6,8 %, npu cpeanem 3Hauenuu — 172,1 u 291,4 MmunyT; KBa-
JIpaTUYHOE OTKJIOHEHHE YaCTHBIX 3HAUYEHHUM NMepruoaoB cXBaThiBaHUI cocTaBisieT — 30,5 u
30,44 munyT, ko3¢ dunuent Bapuanuu — 31,4 u 43,1, npu cpennem 3Hadennu — 97,1 u 70,7
MUHYT.

Ha pucynxe 3 u 4 npesicTaBieHbl pe3yabTaTbl UCIIBITAHUM BTOPOTO 3Tarna UCcCaeI0BaHMUS.
Ha pucynke 3 nmpencrasieHsl pe3yabTaTbl CPOKOB CXBAaThIBAHUS MO HIKHUM ITOKa3aTessiM
BOJOBSDKYIIETO COOTHOLICHHUS] (MUHUMAIIbHBIN PACIUIBIB, COOTBETCTBYIONIMH MUHIMAIbHO-
My pajinycy U3MEpUTEIbHON HIKaJIbl), @ HA PUCYHKE 4 — Te JKe Pe3yNbTaThl 10 BEPXHUM T10-
kazarensiM. Ha pucynke 3A — nmoka3aHbl Bapyallii Hadyaj ¥ KOHIIOB CPOKOB CXBaThIBAHMUH,
a TaKKe UX MPOAOIKUTENBHOCTh B 3aBUCUMOCTH OT MPOLIEHTHOTO COJIEP>KaHUs 30JIbHOTO
koMmIioHeHTa. Ha pucynke 3B mokasanbl guarpaMMbl 3aBUCHMOCTH TIOKa3areseld CpoKOB
CXBaTBIBaHUS O KOHLIEHTPALMHU 3016l (IIPU MHAMBHUyaJbHOM, PaHEe OIpeJIe]IEeHHOM BO-
JOIIEeMEHTHBIM cooTHomIeHusaM). Ha pucynke 3A u 3b mpencTtaBieHsl Te ke TOKa3aTelu,
COOTBETCTBYIOIIME BEPXHHUM ITOKa3aTeIeM BOIOBSKYIINX COOTHOIIEHHH.

A B

Pucyuok 3 - P€3yJ'II)TaTI)I BTOPOTO 3Taria 1o HUWKHUM IMOKA3aTeJIsIM BOAOBSIKYIIUX COOTHOIIICHHUH

CpaBHEHHsI YaCTHBIX 3HAYCHUM HayaJl CPOKOB CXBAaThIBaHMsI 0OPa3L0B MO HIKHUM I10-
KazaressiM BOAOBSKYIIMX COOTHoIIeHuH (PucyHOk 3) mokas3anum o4eHb TECHYIO CBS3b, A,
CJIEZIOBATENbHO, BBICOKYIO CTEIIEHb COOTBETCTBHS 3TAaJOHHOMY pacTBOpy. MakcumalibHOe
a0CoIOTHOE OTKJIOHEHHE YACTHBIX 3HAYCHHUI COCTaBIIsIET MeHee 14 MUHYT, IPH CPEAHEM —
136,4 munyTsl. KBagparnunoe oTkiioneHue He npesbimact 8,0, a KoaQPUIUEHT Bapuayun
paBeH 5,9%. YacTHble 3Ha4€HNsI KOHIIOB CPOKOB CXBAThIBAHUS TAK)KE HMEIOT TECHYIO CBS3b,
0 YeM CBHJETEIbCTBYIOT CTATHCTHUECKUE TIOKA3aTEIH: a0COIIOTHOE OTKIOHEHUE YaCTHBIX
3HA4YEeHUH cocTaBisieT MeHee 18 MUHYT, npu cpeaHeM — 237,9 MUHYT; KBaJJpaTUUYHOE OTKJIO-
Henue He npesbimaet 12,0, a koahdunment Bapuauuu pasen 5,0%. TecHas cBs3b Habir0-
JTaeTCsl U MPU CPaBHEHMH YACTHBIX 3HAYEHUH MPOJOKUTENBHOCTH CPOKOB CXBATHIBAHU!
OTKJIOHEHNE YaCTHBIX 3HaYEHUH cocTaBiseT MeHee 14 MuHyT, npu cpeaneM — 101,4 muny-
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ThI; KBaJ[paTUYHOE OTKIIOHCHUE HE TIpeBbimacT 9,0, a ko3ddunnenT Bapuanuu paseH §,9%.
OTKIIOHEHUS YaCTHBIX 3HAUEHUU BCEX TMoKazateneit oT 5 10 9 %, 4TO TOBOPUT O BBHICOKOM
CXOJIMMOCTH PE3YJIbTaTOB U JJOCTOBEPHOCTH IMPOTHO3UPYEMOTO BOJIOBSKYIIETO COOTHOIIIE-
HUSl, ONPEICIICHHOTO N3MEPEHUSIMHU MOJIBUKHOCTH METOJIOM PACILIBIBA CMECH.

A B

Pucynox 4- Pe3yJ'II)TaTBI BTOPOIO 3Taria 1o BEPXHUM MMOKA3aTCISIM BOJOBSIIKYIIIUX COOTHOIICHUIA

YacTHble 3HaYCHHS Havall CPOKOB CXBAThIBAHMS OOPA3IIOB MO BEPXHHM ITOKA3aTEISIM
BOJIOBSDKYIIIMX cooTHOMIeHHH (PUCYHOK 3) UMEIOT CieIyoIne CTaTUCTHYSCKUE TToKa3are-
JI: MaKCHUMaJIbHOE a0COIFOTHOE OTKJIOHEHUE YaCTHBIX 3HAUCHUI Ha4Yall CPOKOB CXBAThIBA-
HUS COCTaBIISICT 75 MUHYT, IpU cpenneM — 190 MuHyT, KBaapaTUyHOE OTKIOHEHUE — 55,2,
ko3 punmenT Bapuarmu — 29,1%; MakcuMaabHOE A0COIFOTHOE OTKIIOHCHHE YaCTHBIX 3HA-
YEeHHUH KOHIIOB CPOKOB CXBaTbIBaHUA — 50 MUHYT, Ipu cpegHeM — 260 MUHYT, KBaJIpaTUYHOE
oTkJoHeHue — 27,7, ko3 dunuent Bapuanun — 10,6%; MakcumMalibHOE a0COIIOTHOE OTKIIO-
HEHUE YACTHBIX 3HAYCHUHN MEPUOAOB CXBAThIBAHUS — 25 MUHYT, IIpU cpeaHeM — 70 MUHYT,
kBagparnuHoe oTkioHeHue — 30,0, koapdunuent Bapuanun — 42,9%. B otanune or HUX-
HUX TI0Ka3areyel UMEIT OT CPelHEel 0 clla0oi CBS3M YaCTHBIX 3HAYCHUM, €CIIM paccMa-
TpUBaTh B IIpe/eiax BCEro Juarna3zoHa 30JbHOM KoHIeHTpauuu. bonee-Menee TecHas CBs3b
npocmarpuBaercsa B auanasone ot 0 10 10% 3051bHON KOHUEHTpAIUH, TJ¢ KBAAPaTUUHbIC
OTKJIOHEHHS MO BCEM IOKA3aTesIM CPOKOB CXBAaThIBAHUSA Jiexkar B mpeaenax ot 0 mo 2,5, a
ko3 punmenTsl Bapuanuii ot 1,7 1o 2,5%. MeHbI1as cBsi3b HAOIIOMACTCS B AMAIIA30HE OT
20 no 40%, roe KBaapaTHUUHbIC OTKIOHEHHUS MO BCEM IOKA3aTEIsIM CPOKOB CXBATHIBAHUS
Jexar B mpezenax ot 7,6 no 20,8, a koadduirentsl Bapuaimii — ot 5,8 10 19,9%. 13 BbI-
IICH3JIOKEHHOTO MOYKHO CJIEJIaTh BHIBOJ] O HEOOXOAMMOCTH KOPPEKTUPOBKH BOJIOBSIKYIIETO
COOTHOIIICHHUS 110 BepXHUM Tokazatessim 1711 20, 30 u 40 % 301bHON KOHIIGHTPALIUU B CTO-
POHY YMCHbBIIICHHUS.

Ha pucynke 5 u 6 npeactaBieHbl pe3yabTaThl UCHBITAHUM TPETHETO 3Tala UCCIEHO-
BaHus. Ha pucynke 5 mpeacTaBieHbl pe3ylbTaThl CPOKOB CXBATHIBAHUS 1O HMXKHUM IO-
Ka3areJisiM BOJIOBSDKYIIETO COOTHOLICHHMS (MUHUMAIIBHBIA PACIUIBIB COOTBETCTBYIOIIUI
MUHUMAIILHOMY PaUyCy M3MEPUTEILHOW IIKAJbl), 2 HA PUCYHKE 6 — TE )K€ Pe3y/bTaThl
[0 BepXHUM Moka3zatessaMm. Ha pucynke SA u 6A — mokasaHbl Bapualliy HaYaJl U KOHLIOB
CPOKOB CXBaTbIBAHWUHU, & TAKKE UX MPOAODKUTEIBHOCTEH B 3aBUCUMOCTH OT MPOIICHTHOIO
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cojiepKaHuA 30JbHOTO KoMroHeHTa. Ha pucynke 5B u 6B nokasansl guarpaMMbl 3aBUCH-
MOCTH IIOKA3aTeJIe CPOKOB CXBATHIBAHUS 110 KOHLEHTPALUH 30J1blL.

A B
Pucynox 5 — PG3YJ'II)TaTLI TpeTLel“O 3Talla 110 HU>XKHUM ITOKa3aTeJIsIM BOI[OBH)KYHII/IX COOTHOIHGHI/If/i

CpaBHeHMsI YacTHBIX 3HAYE€HHM Hayall CpOKOB cxBarThiBaHMs (PucyHok 5) mokazanu
CPEHIOIO CBsI3b, €CJIM paccMaTpuBaTh B Mpe/ieiax BCEro AMana3oHa 30JbHOW KOHIEHTpa-
LUK MaKCUMaJIbHOE a0COIIOTHOE OTKIIOHEHUE YaCTHBIX 3HaUCHHUI Hauall CPOKOB CXBaThIBa-
HUs cocTaBiseT 35 MUHYT, nipu cpegHeM — 170 MUHYT, KBaApaTUUHOE OTKJIOHEHHE — 26,5,
ko3¢ ¢unmeHT Bapuanuu — 15,6%; MmakcuMaiibHOE aOCOTIOTHOE OTKJIOHEHHE YaCTHBIX 3Ha-
YEHWH KOHIIOB CPOKOB CXBaTbIBaHMs — 22,9 MUHYT, ipu cpeaneM — 217,1 MUHYT, KBajpa-
TUYHOE OTKJIOHEeHHE — 16,3, koaddunuenT Bapuanuu — 7,5%; MakcumaibHOE aOCOIIOTHOE
OTKJIOHEHNE YAaCTHBIX 3HAUEHUH MEepUOJ0B CXBaThIBaHUA — 25 MUHYT, IIpU cpegHeM — 12,9
MHUHYT, KBaJpaTUIHOE OTKIOHEeHue — 12,2, koadduuuent Bapuanmu — 25,9%. TecHas cBs3b
[IPOCMAaTPUBAETCS, €CIIM PACCMOTPETh YaCTHBIE 3HAYEHNUS B MPE/Ieax TpeX AUala3oHoB: OT
0 mo 8%, ot 10 1o 20% u ot 30 no 40%, rae KBaaApaTUYHbIC OTKIOHEHUSI IO BCEM IOKa3a-
TEJISIM CPOKOB CXBaThIBaHUs JiexKar B npeaenax ot 0 1o 2,5, a ko3 UIMEHTHl Bapualyi oT
1,7 no 2,5%. Menb1as cBsi3b HaOmromaercs B quana3one ot 20 no 40%, rjie KBajpaTudHbie
OTKJIOHEHUS 110 BCEM IOKa3aTessIM CPOKOB CXBaThIBaHUs JekaT B mpenenax ot 0 no 7,1, a
ko3¢ ¢punments! Bapuauuii ot 0 10 4,2%. B 1ienom pesyasrarbl BIOJIHE YIOBICTBOPUTEIb-
HBIE, PACXOXKJICHUSI YaCTHBIX 3HAYEHUH MPHUEMIIEMOE, YUUTBIBas pe3ysbTaTbl HCIBITAHUN
BTOPOTO 3Taria MOKHO MPEANOIOKHUTh O HE3HAYUTEIBHOM BIMSIHUM MaciiTaboB 00pa3noB
Ha CPOKHU CXBAThIBAHUS MTPU OOJBILION KOHIICHTPALUK 30JIbHOTO KOMIIOHEHTA.

YacTHble 3HaYEeHUS Ha4ajl CPOKOB CXBATBIBaHMsI 00PA3LI0OB M0 BEPXHUM MOKa3aTeIsIM BO-
JOBSDKYIIMX COOTHOLIEHUH (PuCyHOK 6) MMEIOT cleayIoLIue CTaTUCTUIECKUE TIOKa3aTeu:
MaKCHMaJbHOE aOCOIIOTHOE OTKJIOHEHHE YaCTHBIX 3HAUCHHWH Hadaj CPOKOB CXBATBHIBAHMS
coctaniseT 51,4 MUHYTHI, IpU cpeaHeM — 233,6 MUHYT, KBaJIpaTUuHOE OTKIOHEeHUE — 34,0,
ko3¢ ¢punmeHT Bapuanuu — 14,6%; MakcuMaibHOE aOCOTIOTHOE OTKJIOHEHHE YaCTHBIX 3Ha-
YEHHMH KOHIIOB CPOKOB CXBaTbIBaHMsI — 70 MUHYT, IpU cpeHEM — 325 MUHYT, KBaIpaTHYHOE
otkionenue — 33,0, koaddunment Bapuanuu — 12,2%; MakcuManbHOE aOCOIFOTHOE OTKJIO-
HEHHUE YaCTHBIX 3HAYEHUH MEPHOAOB CXBAaTbIBaHUA — 8,6 MUHYT, IIpU cpeaHeM — 36,4 Mu-
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A B

Pucyuok 6— P€3yJ'II)TaTI)I TPETHETO ITAIld 110 BEPXHUM
IMOKa3aTeiiiM BOAOBAKYIINX COOTHOIIICHHI

HYTBI, KBaJ[paTHYHOE OTKJIOHEeHHUE — 6,3, koaddunuent Bapuanmu — 17,2%. B otnmuuaune ot
HIDKHHX TTOKa3aTesieil UMEIoT 0oJiee TECHYIO CBSI3b YaCTHBIX 3HAYEHUH (MaKCUMAaJbHBINA KO-
s¢puunent Bapuaunu —17,2%, Torna kak y HIKHUX — 29,5%), eciiu paccMaTpuBarh B Ipe-
JleJiax BCero Juara3oHa 30JbHON KOHIIEHTpaIuK. B 11e10M pe3yasraTsl CTAaTUCTHKH HMEIOT
BBICOKO€ CXOJICTBO C pe3yJbTaTaMH BTOPOTO dTara (10 BEPXHUM ITOKa3aTelsiM), TIIe TaKKe
HaOmoaeTcst TecHas cBs3b B nuanazone ot 0 10 10% 3071pHO# KOHIEHTpaLUuu: KBaapaTuy-
HBIE OTKJIOHEHHMS 110 BCEM TOKa3aTeNsIM CPOKOB CXBaThIBAHUS JIexkKar B mpesenax ot 4,8 1o
9,6, a koaddumeHTsH Bapuanuii ot 2,3 10 16,2%. Takke cBsA3b HAOIIOMACTCS B TUATIa30HE
ot 20 o 40%, rae KBapaTHUHbIE OTKJIIOHEHHUS 10 BCEM IOKA3aTeNIsIM CPOKOB CXBaTbIBAHUS
JISKAT B Tipejenax ot 5,8 10 27,8, a koadduirents Bapuaiuii — ot 8,9 10 17,3%. Beicokue
3Ha4YEHUS KOOPPHUIIMEHTOB Bapralliii OTYACTH M3-3a OTHOCUTEIHFHO HEOOBIIOTO TIepro/a
CXBAaTBhIBaHUS U KPaTHOCTU M3MepeHus 5 MUHYT. [lonydeHHble pe3ynasTaTsl HOATBEPKIAI0T
paHee ceTaHHOE MPEAION0KEHHE O HEOOXOIUMOCTH KOPPEKTUPOBKH BOJOBSIKYIIIETO CO-
OTHOUIEHUS N0 BepXHUM Mokazaresasm aist 20, 30 u 40 % 301bHON KOHLIEHTPAUUU B CTOPO-
HY YMEHBIICHUSI.

st cpaBHEHHS Pe3y/IbTaToB ATanoB 2 u 3 (OlEHKA BIMSHUS MaciuTaba o0pasiioB)
Mpe/icTaBieHbl Ta0yIMpOBaHHBIC YaCTHBIC 3HAYEHUS, TOCKOIBKY CPAaBHHUTEIbHBIC THA-
rpaMMBbl UMEIOT clIa0yro CBsI3b PSAJIOB CPAaBHUBAEMbIX MPOrpeccuil (M3MEHEHUH MOoKa3a-
Tellel CPOKOB CXBATHIBAHHI IO 30JLHON KOHIICHTPAIMH B Tpenesiax COpa3MEpPHBIX 00-
pasuos, Tabnuna 4). B mpaBoii yacTu TaONHIIBI PEICTaBICHB CPaBHIUBAEMbIC YaCTHBIC
3HaYeHHUs Hayaja, KOHL@A M MEepPUOJIOB CXBAThIBAHMS, COOTBETCTBYIOIINE HUKHUM IOKa-
3aTessM BOJOBSDKYIIMX COOTHOIIEHHWH, B MPaBOW — Te K€ 3HAUEHWS I BEPXHUX IIO-
kazareneil. bykBennple 0003HaueHust D u d 03HayaroT OONBIION W Malblid 00pa3er] cooT-
BETCTBEHHO, X — Cpe/IHee 3HAYEHHUE, G — KBAIPATHIHOE OTKIOHEHHE, V_ — xoobdurment
BapHaIiu.
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Taonuya 4 — CpaBHeHwUst 5TanoB 2 u 3

Ilo HIwXHUM TmoKas3arejiiM, MUHYThI Ilo BCPXHUM IIOKA3aTCIAM, MUHYTBL

Hauamo Komnerg Ilepuon Hauano Komnerg Ilepuon

D d D d D d D d D d D d

130 140 220 200 90 60 145 210 240 | 255 | 95 45

135 150 225 210 90 60 145 215 240 | 255 | 95 40

130 150 235 210 105 | 60 145 205 240 | 235 | 95 30

135 175 240 215 105 | 40 150 205 240 | 245 | 90 40

130 165 245 205 115 40 240 240 270 | 270 | 30 30

145 205 250 240 105 | 35 240 | 275 280 | 305 | 40 30

150 205 250 240 100 | 35 265 285 310 | 325 | 45 40

CrarucTrdeckue rmokasareiu otHouenuii D/d

X =0,81 X =1,10 X =030 X =0,80 X =0,97 X =191
6 =10,09 6 =0,05 c=10,69 c =0,13 c=10,04 c=0,79
Vo =10,52 Vo =4,89 V6=29,79 | Vo=16,37 Vo=3,80 | Vo=41,30

ComracHO CTaTHCTUYECKUM JIaHHBIM, HAOIFOaeTCs CPEeIHSS CXOAMMOCTh Havdall U KOH-
IIOB CXBaThIBaHUs (TP CPEIHEH 0 TECHON CBS3M B 000MX CIy4asX BOIOBSDKYIIUX TIpejie-
JI0B). 3HAYEHH S HAYaJl CXBAThIBAHUS BCEX MAJIBIX 00PA3IIOB MPEBHIIIAI0T 3HAYCHHUS OOJIBIITUX
o0pasnoB ot 7 mo 41% (s mHmwkHEeTo Tokaszarens) u ot 0 mo 48% (s Bepxuero). B or-
JITYHe OT Havall 3HAYCHHS KOHIIOB CXBATHIBAHH OOJIBIIIX 00Pa3I[0B MPEBHIIIAIOT 3HAYCHHUS
MajbIX 00pasnoB ot 4 1o 19% (s HrxHETo mokaszarensi) u oT -9 1o 2 % (A BepXHero).
JlanHast 3aKOHOMEPHOCTH MTPEBHIIICHNI HaYall CPOKOB, a BIIOCIIEACTBAN, HA000POT, KOHIIOB
CPOKOB CBHJICTEJIBCTBYIOT O HEOOJIBIIIOM, HO BIUSTHUH Pa3MEPHOCTH 00pa3IloB HA PE3yibTa-
THI UI3MEPEHUH, UTO TaKXKe TMOATBEPKIaeTCS OONBIINM pa30eroM JaHHBIX MIEPUOIOB CXBa-
ThIBaHUH, Bappupytommxcs ot 50 mo 300% (mas HmxHero mokaszarensi) U ot 0 go 320 %
(mns BepxHero). BrIsiBIIeHHOE HEOOIBIIOE pa3Inyie MOXKET OBITh CBS3aHHO C HEOOIBIITNM
pasnruneM MEXIy pazMepaMu o0pasioB, s 6osee TOYHOTOo d(hdhekra MaciTaOnpOBaHUS
HEOOXOAMMO IMPOBECTH JIOTIONHUTEILHBIA KOMIUIEKC MCCIEIOBAHUIN C YBEIWYCHHEM pa3-
HUIIBI MAcIITa00B 00pa3IoB.

3akaouenne. PesynasraThl MCHBITAaHWN CPOKOB CXBaThIBAaHUS O0pasloB (C Pa3HBIM
MIPOLIEHTHBIM COJIEpYKaHMEM 30JIbHOTO KOMITOHEHTa) Ha CTaHJIapTHOM npubdope Buka cBu-
JETEIBCTBYIOT O BIMSHUM 30JIbI HA [TOKA3aTeNN CPOKOB CXBaThiBaHUsA. CTENeHb BIMSHUS
3aBHCHT HE TOJIEKO OT KOHIICHTPAIIMH 30JIbHOTO KOMITOHEHTA, a B OOJIBIIEH CTENeH! OT BO-
JIOBSDKYIIIETO COOTHOIIEHHUs. To €CTh, P HU3KOM COAEPIKaHWU BOJBI, a0COpOHpyroIIre
CBOICTBA 30JIbI CTAHOBSITCS IOMUHUPYIOIIMMH, B pE3yJIbTaTe TBEPACHHE (WU MPaBUIIbHEH,
B JIaHHOM cITy4yae, H3MEHEHHE arperaTHoro COCTOSHH) 00pasiia MPOUCXOUT TI0 IPUINHE
(bm3nYecKoro yCchIXaHUs MaTepraia, HeXell OT TBEPACHUS B PE3YIbTaTe KPUCTAILTH3AIIH
LIEMEHTHOTO pacTBopa. [Ipu BepxHeM 1mokasarese BOJOBSIKYIIEr0 COOTHOIIEHHUS Ha0Ito/1a-
€TCsl TIPOTUBOTIONOKHAS 3aKOHOMEPHOCTb, ITOKA3aTeN CXBATHIBAHWS YBEIHMYUBAIOTCS OT-
HOCHUTEIFHO 3TaJIOHHOTO PacTBOpa (BOIOIIEMEHTHOTO), TO €CTh, YeM OOJIbIIIEe COIepIKaHne
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301161, TEM OOJIbIIIE CPOKU CXBaThIBaHMs. VI30BITOK BOJIBI B JAHHOM CIIy4ae KOMIEHCHUPYET
a0CcoOpOUPYIONIYI0 MOTPEOHOCTh 30JIbI, YChIXaHHs 00pa3iia He MPOMCXOJUT, CXBAThIBAHUE
00pa3LoB MPOUCXOANT yXKE 3a CUET KPUCTAJUIM3ALUH IIEMEHTa B MPOLECCEe THAPATALHH.
CrnenoBareibHO, B CIy4ae BHICOKOTO COAEPIKAHHSI BOABI, IPU YBEIUUYEHHH 30JbHOTO KOM-
MOHEHTA ¥ COMYTCTBYIOIETO YMEHBIICHHSI IEMEHTA, CPOKH CXBATBIBAHUS YBEIUUYNBAIOTCS.
TakuM 00pa3oM, NMpH BKIIFOYEHUH 3016l B COCTaB OETOHA MOAOOP BOJOLIEMEHTHOTO COOT-
HOUICHUSI PEKOMEH/IyeTCsl BBIIIOJIHATH C YU4eTOM a0COPOUPYIONINX CBOWCTB 30JbHOTO KOM-
MOHEHTA.

PesynbraThl BTOporo sTama noaTBepIuiii HeoOXOAMMOCTh HHANBHUYaIbHOTO oA00-
pa BOAOBSHKYIIETO COOTHOIICHHUSI B 3aBUCUMOCTH OT KOHIIGHTPALIMH 30116l B cocTase. [1o-
JIyYEHHBIC 110 Pe3yJIbTaTaM MCIBITAHUN TIOJBUKHOCTH CMECH JJAHHBIC 110 BOJAOBSIKYIIEMY
COOTHOUICHHUIO, B OOJIBLICH CTENEHH MOATBEPAMINCH pe3yabTaTaMH HCIBITAHUH CPOKOB
cxBaThIBaHUs. bonbiias cXoAMMOCTh pe3yIbTaTOB HaOJOAaIach y 3HaU€HUH Havyasl cpo-
KOB CXBaThIBaHMS, MCHbILAs — Y KOHIIOB CPOKOB, a MEPUOJIbI CXBATHIBAHUN MOJJICKAT
JaJbHEHIIeH KOPPEKTUPOBKE (B YACTHOCTU, COCTABOB C OOJBIION 30JIbHON KOHIICHTPA-
nuei).

Pesynbrarsl TpeThero sTana MoATBEPAWIN TPEANoiokeHne o BiusHuN 3¢ddekra mac-
mrabupoBaHus. BeisBIeHHAS 3aKOHOMEPHOCTH MPEBBIIIEHHI HaYall CPOKOB MajIbIX 00pas3-
OB OTHOCHUTEJILHO OOJIBIINX, @ BIOCIEACTBUN, HA00OPOT, KOHILIOB CPOKOB CBUJICTEIILCTBY-
I0T 0 HEOOJBIIOM, HO BIMSHHM Pa3MEPHOCTH OOpa3loB Ha Pe3yJbTaTbl U3MEPEHUH, YTO
TaKKe MOJITBEPIKAACTCs OOJBIINM pa30eroM JIaHHBIX IEPUOJIOB cXBaThiBaHU. Takke ObLIO
BBISIBJICHO BIIMSTHHE Pa3MEpOB 00pa3llOB HA XapaKTep CXBaTHIBAHMUS, KOTOPBIA OTUYETIUBO
HaOmo1aIca pU UCIBITAHWU KIIACCHYECKHX 00pa3loB (HauOOJIBIIEro pazMepa U3 Tpex
stanoB). [Ipn M3MepeHun KIaCCHYECKHX 00pa3loB HAHOOJBIINX Pa3MEPOB CXBATHIBAHHE
OYEBHIHO TPOCIEKUBAIOCH OT CepeAnHBI 00pa3ua K nepudepun, Toraa Kak y oopasios
MEHBIIIHUX Pa3MEPOB JaHHBIH A3PPEKT HE ObLIT IPKO BBIPAKCHHBIM.

B mpornecce uccnenoBanusi Oblia BBIIIBUHYTa THIIOTE3a O pa3HOM XapakTepe TBeple-
HUSI, 3aBUCSIIAs OT CTETIEHN BOJOHACBIIICHUSI CMECH, KOTOpasi MOXKET ObITh BhI3BaHa MO0
HEJIOCTATOYHOCTBIO BOIBI (B pe3yibrare abcopOIum), JIN00 B pe3y/IbTaTe KPUCTALTU3AIUU
nemenTa. OIeHOYHBIM KPUTEPHEM aHaJIi3a XapakTepa TBEpACHHUSI MOXKET ObITh OLIEHKA H3-
MepeHHId MPOYHOCTH 00PA3LIOB MO UCTEUCHUIO BPEMEHH P Pa3HBIX 3HAYCHUSX BOJOBSIKY-
IIIUX COOTHOIIICHMH.
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JI. H. I'ymunee amvinoaevl Eypazus ynmmolx yuueepcumeminiy EHY-Lab
ebLIbIMU-oHIIpicmix opmanvizel, Hyp-Cynman, Kasaxcman

MOIUPUKALNUAJTAHIAH KOCITAHBI KOJIJAHA OTbBIPBIII,
BETOH KYPAMBIHJIAFBI KYJI KOMIIOHEHTITHIH ITAMBI3IBIK
MOJIIIEPIHE CY BAUJAHBIC THIPTBIIITHIH TOYEJILIITTH BAFAJIAY

Maxkanada 6emonnblly KYpamvlHOaebl YyeMenm-Kyi OailaHbICMbIPblULbl 3epmmey Kelmipiieet, OHbl
KeweHOi mooupuxayusnanean Kocnausl (KMD) Konoanean scaz0atioa Konoany yculHbliaosl. 3epmmeyoin
Makcamol ap mypai Kyl KOHYEeHMPAyusiCbIHbIY KOCNACLIH OPHANY YAKLIMbIHA CY OAUIAHbICMbIPSbIULIMNbL
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bazanay donvin mabwiiadsl. Omuuey Cmandoapmmul dcone Oellimoenzen adicmepee calikec CManoapm-
moul Buxa Kypvlagvicbinoa yul kezenoe scypeizinii. Bipinuii kezende ap mypii Kyl KOHYEHMPAYUsColHbIH
KOCRAcul opHamy yaxblmuvina cy Oaunanvicmuipebiuika 6aza 6epinedi. Exinwi xeszenyde Kyn-yemenm
epimindinepine Oyniamy 20iCiHiK KONOaHulyblHa 6aza Oepinedi. Ywiinwi Kezey yiacinep enuleMOepiHiy
opHamy Mmep3imoepi mypanvl HAKmbul Oepekmepze acepin 0aanayovi, AHU WASLIH Yi2inepoi cCbl-
Hay Hamudicenepi CanblHean YAKeH OauemMol KOHCMPYKYUSIAPA KAHUWATLIKIGL KOTOAHbLIAMbIHbIH
Kammuovl. bBapnvlk yur Kezewniy mnamudicenepi OOUbIHWIA Ky KOMHOHEHMIHIY NAlbI30bIK KYpambl, Cy
OaUNaAHBICMBIPLIUL KAMBIHACHL MEH OPHANY Mep3imMiniy Kopcemxiwmepi (bacmany, askmany sicane op-
Hamy Ke3eyi) apacvlHoaesl OAUIAHBIC AIbIHObL.

Tyiiin co30ep: yemenm, Ky, KOChA, MYMKbIPAbIK, CY MYMKblUL (CV YyeMenmmi) Kamulnacvl, OpHamy
Mep3imi.

RAUAN E. LUKPANOYV, DUMAN S. DUSEMBINOV

Scientific and industrial center ENU-Lab, L.N. Gumilyov Eurasian National University,
Nur-Sultan, Kazakhstan

RESE ASSESSMENT OF THE DEPENDENCE OF THE WATER-BINDER
RATIO ON THE PERCENTAGE OF ASH COMPONENT IN THE COMPOSITION
OF CONCRETE WITH THE USE OF A MODIFIED ADDITIVE

The article presents studies of cement-ash binder in the composition of concrete, which is recommended
to be used under the condition of using a complex modified additive (CMD). The aim of the research
is to evaluate the water-binder ratio on the setting time of the mixture of different ash concentrations.
Measurements were made on a standard Vic, using standard and adapted methods in three stages. In the
first phase the water-binder ratio was evaluated with regard to the setting times of mixtures with different
ash contents. The second phase evaluated the applicability of the spraying method to ash-cement mortars.
The third stage involved an evaluation of the effect of specimen size on the actual setting time data, that
is, the extent to which the test results of small specimens are applicable to large-sized structures being
erected. Based on the results of all three phases, relationships were obtained between the percentage of
ash content, the water-binder ratio and the setting times (beginning, end and setting period).

Keywords: cement, ash, mixture, viscosity, water-cement ratio, setting time.
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JTACTIEPCAOHHBIE CBOMMCTBA HAHOYACTHIl METAJLJIA

B pabome ucnonvzosanu mpu nanonopowra: wukens (Ni), meou (Cu) u yunxa (Zn), nonyuenHvie me-
MOOOM DNEKMPUYECKO20 83pblea Npoeooku 8 unepmuoii cpede (000 «lIlepedosvie nopouikosvie mexmo-
noeuuy, www.nanosized-powders.com, 2. Touck, P®D).

Onpedenenue MUKPOCMPYKIYPHBIX XAPAKMEPUCTUK NOBEPXHOCNIU HAHONOPOWKOS NPOU3BOOUTOCH C
NOMOWBIO ANEKMPOHHO2O CKAHUPYIOUIe20 MUKPOCKONA 8vicokoeo paspewenus Merlin (Carl Zeiss, I'epua-
Hus) co cnekmpomempamu Hano-Llenmpa TI'Y um. I'P. [lepoicasuna, e. Tamb6os. C nomowvio memooa Hu3-
KomemnepamypHotl adcopoyuu azoma onpeoesiu 6eNUdUHY YOeIbHOU NOGEPXHOCIU NopoutKos (S ). s
onpeoenenust OUCNEPCUOHHBIX CEOUCE HAHONOPOUKA HUKETISL UCNONb308AIU MEMOO IA3ePHOU OUDPaAKyuU.

Lenvio pabomul 267A10C yemManogaeHue 6IUAHUS KOHYEeHMPAayuu i COCMasa HAHOYACMUY Memaiios
6 numMamenvHol cpede Ha azpezayuio Hanouacmuy. Jus oocmudicenus yenu, 8 nepsyio ouepedb, Heooxo-
OUMO ObLIO OXAPAKMEPU306amb 00bEKMbL UCCIE008aHUA. BajcHo 6bL10 noHamb MUKPOCMPYKIYpY HAHO-
nopowxa. M 6 pasnotl Konyenmpayuii HaHONOPOUIKA HUKENs ¢ ROMOWbIO MEMOOOM JIA3EPHOU OUPpaKyuil
onpedenanu cpeonuil pasmep HaHonopoura Ni.

Knrouegwie cnoea: nanonopowiku, cpednuii pasmep, azpeeayusl, 1a3epras Oudpakyus, MUKPOCKONUS.

BBenenue. PazButre u BHEIpEeHHE HAHOTEXHOIOTHH MTPUBEIO K HEOOXOTUMOCTH HU3Y-
YEHUS BIMSHUS TEXHOTCHHBIX HAHOYACTHUI] HA KU3HECSITEIbHOCTD KUBBIX OPIaHU3MOB, B
ToM yucie pacteHudl [1,2]. K oCHOBHBIM CBOMCTBaM KOJIJIOUIHBIX CUCTEM OTHOCST I'€Tepo-
T€HHOCTb, [TOBBIIICHHYIO IOBEPXHOCTHYIO SHEPTHUIO, aJICOPOLMIO U arperanuio [3].

B cuny Oomnbiioro ymcia HAaHOYACTHUI] B HACTOSILEE BPEMs JI0 CHX IIOP HEIOCTATOUHO
JAHHBIX MO TUCIIEPCUOHHBIM B (UTOOHOIOTHYECKUM CBOMCTBAM HAHOYACTHL], KOTOPHIE 110-
3BOJIMIIN OBl TPOTHO3MPOBATH MOTEHIIMATIBHOE BO3JICHCTBIE BHOBL IPOU3BOINMBIX HAHOMA-
TEPHUAJIOB HA OKPY’KAIOIIYIO CPELY.

Koarynsims (arperanus) — 5TO caMOIIPOU3BOJIBHBIN MPOLIECC YMEHBIIECHHUS CTEIICHH
JHUCIIEPCHOCTH AUCTIepCcHOM (asbl (T.e. 0ObeAMHEHHE YacTHIl B 00Jiee KPYIHBIE arperaTol).

* E-mail koppecroraupyromrero aBropa: karlam1994@mail.ru
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Koarynsuus yacTui; MOKeT OBITh TOMOT@HHOH (Koaryisius YacTHI OHOTO THIIa) U TeTepo-
TeHHOU (B3aUMOJICHCTBHE YaCTHUIl pa3HON CTPYKTYpBI U pa3HbIX (a3) [4].

C TouKM 3peHHs TEPMOJUHAMMKH arperaTiBHas HEYCTONYMBOCTh KOJJIOUTHBIX CHCTEM
00yCIIOBIICHA TIOJIOKUTEIBHOW CBOOOIHOW MOBEPXHOCTHOM DHEPTHEH, COCPETOTOYCHHON
Ha Mexda3Hoi moBepxHOCTH. Tak Kak Bce CHCTEMBI, 00safaonme cBOOOTHON H30bITOY-
HOU DHEPruei, HeyCTOWYHBEI, 9TO 00YCIOBIMBAET CIIOCOOHOCTH KOJUTOUAHBIX CHCTEM KOa-
rynupoBaTh. OJHAKO TEPMOJMHAMUYECKOE TOJIKOBAaHHE HEJJOCTATOUHO JJISi OMMCAHUS MPo-
1[ecca, Tak Kak TOJIbKO Ha €r0 OCHOBE HEJb3s ONPENeIUTh MEXaHU3M U CKOPOCTb, TO €CTh
KHHETHKY mporiecca [3].

[Tpu sTOM, On1aronapst U30BITOYHOM TOBEPXHOCTHOM SHEPTUH, YACTHIIEI HAHOTIOPOILIKOB
AKTHBHO B3aWMOACUCTBYIOT MEXIy COOOH, clumaroTcss u obpasyloT arperarsl. [lostomy
B psijie IPUMEHEHUI 17 TpefAoTBpalleHus B3aUMOAECHCTBUS HAHOPA3MEPHBIX YACTHIl UX
yI0OHO MCIIONIB30BaTh B BUE cycrieH3uid. OHako 0COOCHHOCTH MOBEIEHHUS HAHOTIOPOII-
KOB B BOAHBIX CYCICH3HSAX M 32aKOHOMEPHOCTH MX CTaOWIM3alUK U3y4YEHbl HEOCTATOUHO,
YTO HE TO3BOJISIET TOTOBUTH CYCIIEH3MM HAHOYACTHII, OE30TIacHbIC AJISl paCTEHH, U MPH-
MEHSTh UX Ha MPAKTHKE.

3ajava HaNMCaHUs CTaTbH — OMPEACTUTh MOP(OIOTHIO AIEKTPOB3PHIBHBIX METaJIHYe-
ckux HaHonopoIukoB Ni, Cu 1 Zn ¢ MOMOIIBIO CKAHUPYIOWIEH AEKTPOHHOM MUKPOCKOTIHH
Y HU3KOTEMIIepaTypHOH aJicopOLMK a30Ta M OLCHUTH BIMSHUE KOHIECHTPALUU Ha CTENICHb
arperaiyy HaHOYACTHIl HUKEIS B TUTATENILHON cpeie METOIOM JIa3epHOU AudpaKiuii.

Heabio padoThl SABIAIOCH YCTAHOBICHHE BIMSHUS KOHLIEHTPALMU U COCTaBa HaHOYa-
CTHI] METAJJIOB B MUTATEIBLHON Cpejie Ha arperaniio HaHOUaCTHII.

MarepuaJjbl 1 METOAbI

Oovexmul uccnedosanus. B padbore ucmons3oBainy Tpu HaHonopoluka: Hukesst (Ni),
mean (Cu) u muHKa (Zn), NOTyYeHHbIE METOIOM JJIEKTPUUYECKOTO B3pbIBA NPOBOJIOKH B
uneptHoii cpene (OO0 «IlepeaoBbie HOPOIIKOBEIE TEXHOIOTUI», Www.nanosized-powders.
com, . Tomck, PD).

Hanonopoiky OblIM MOJTyYeHBI B pe3yJibTaTe B3pbIBa COOTBETCTBYIONICH MeTaIHye-
CKOii TIPOBOJIOKH B Cpejie aproHa npu u30biTouHoM aaBiexuun 1,52-10° [1a, 3apsaHoM Ha-
MPsKEHUM eMKOCTHOTO HakonuTens 24 kB (quamerp npooanuka 0,3 MM, JuMHA — 75 MM).
Temmneparypa npu B3psiBe coctapisiia 10* K, ckopocTs pasnera npoaykToB B3pbiBa — 1-2
KkM/c. st cTabniiM3alini HAHOMOPOIIKOB Ha YaCTHIIBI HAHOCHITH OKCH/IHYIO TJICHKY MaJlbl-
MU TOPLUSIMHU BO3AyXa.

HccnenoBanust pu3nKo-xuMHUYeCKHX CBOHCTB HAHOYACTHII

Inexmponnaa muxkpockonus. OnpeneieHue MUKPOCTPYKTYPHBIX XapaKTepUCTHK MO-
BEPXHOCTH HAHOIOPOUIKOB MPOU3BOIMIOCH C MOMOIIBIO JIEKTPOHHOIO CKaHUPYIOIEro
MHUKpOcKona Bbicokoro paspeuienusi Merlin (Carl Zeiss, ['epmanus) co cekrpomMeTrpamu
Hano-ILlentpa TI'Y um. ['P. [lepxxaBuna, . TamOoB. MakcuMasibHOE pa3peiieHHe MUKPO-
ckorma 1 uM. [lepen chreMKoil Ha MOPOIIOK, HAHECEHHBI TOHKUM CJIOEM Ha MPOBOASIINN
CKOTY, HalbUISUIM TUIEHKY YIVIEpoJa; CbeMKY MPOBOAMIN MPU YCKOPSIOLIEM HaIpsHDKEHUU
0,1...20 xB.

Hwuzkoremneparypuas agcopouus azora (Merox bIT). C nmomorbsio MeTo1a HU3KO-
TEeMIIepaTypHOH afcopOLMH a30Ta ONPENeSIN BEINYHHY yACTbHOH MOBEPXHOCTH MOPOII-
KOB (Syn). DTOT METOJI OCHOBAH Ha TEOPUHU MOJICKYJISIPHOH aficopOuuu bpyHayapa, DMMera,



148 Becmnux Hayuonanvhoti unscenepnoi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 3 (81)

Tennepa (teopust BT, meton BOT), cyTh KOTOpO#l CBOAUTCS K M3MEPEHUIO 00beMa ra3o-
00pa3HOro a3oTa, aJcopOUPOBAHHOIO TBEPABIM TEIOM HPHU TEMIEpaType >KUAKOrO a3oTa.
Wzmepenust mpoBOJUIN HE MEHEe Tpex pa3 ¢ nmoMolsio npudopa SorbiPrep (META, Poc-
cHsl), IOTPELIHOCTh n3Mepenust coctasisiia 0,2 M/t

Iomydennoe 3Ha4eHKE S, MCTIONE30BANIN [Isl BEIYHCIICHIS YCIIOBHOTO CPEHENOBEPX-
HOCTHOTO pa3Mepa 4acTHll d, JOMyCKas, 4YT0 BCE YAaCTHIBI OJJHOTO AUameTpa U ux ¢opma
cepudeckas 1o 3KCHepUMeHTaNbHOI hopmye:

d=8
ors_+ (D
e d — CPeHENOBEPXHOCTHBIN MaMeTp, M; p — IUIOTHOCTh Marepuaina; S — Iuomaib
yIeIbHOM HOBEPXHOCTHU TIOPOLIKOB, MY/Ke. )
Omnpenesnenne QTMCNEPCHOHHBIX CBOICTB HAHOYACTHI B cycmeH3uHu. Meron na-
3epHOH MU(dpaKUK UCTIOIB30BAIH JIJISl MPOBEACHUS TUCTIEPCHOHHOTO aHaN3a KOHIICH-
TPUPOBAHHBIX CYyCIICH3WI HAHOMOPOILIKA [UHKA. B 0cHOBE MeTO/a JIEKUT 3aBUCHMOCTD
yIJia paccesiHus CBeTa OT pa3Mepa arjoMeparoB. M3MepeHue poBOIWIN Ha aHAlW3a-
tope wactuny SALD-7101 (Shimadzu, SlmoHust) ans cycrneH3uil ¢ copepaHHEeM Ha-
nonopomka 0,03 mac.% ob6bemom 220 M IpU BKIIOYEHHOH JIONACTHOW Memayike 0e3
Y3-Bo37eHCTBYSA, T.K. YIBTPa3BYK CIIOCOOCTBYET APOOJICHUIO arjioMeparoB. Pe3ynbrarsl
9KCIIEPUMEHTA TMPEICTABISUIM COOOW KpUBBIE OOBEMHOIO pacCHpeeNeHHusT YacTHUI] 10
pa3mepam B nuanazoHe 0,01-300 MKM, IO KOTOpPBIM pacCUMTBHIBAIN CPEIHHUH pazMep
yacTull no Gopmysie:

x4 (%)
d,~ 290 - @

rae d — pasMep yacTui B JUCIepCui, q — AudepeHInanbHbIA MPOLEHT YaCTHIL C pa3MepoM
d B mucnepcum.

IIpuroroBienne cycnen3nii Hanoyactuu. s vccnenoBanus GU3KUKO-XUMHUUECKUX
1 OMOJIOTMYECKUX CBOWCTB HAHOYACTHUI] B CYyCIIEH3USIX B PaOOTEe TOTOBMJIM CYCIIEH3WUH Ha-
HOYACTHIl HA OCHOBE MUTATEIILHOTO pacTBopa XbtonTTa. CyCleH3UH TOTOBHIIHM IYTEM JI0-
OaBieHus pacTBopa XbIOWTTA K HABECKE HAHOIOPOIIKA B TNIACTUKOBOM €MKOCTH C 3aKpy-
YyHuBaloUIelcsl KpeImkoi oobemMom 60 mi. Konnenrpauusi HaHowacTHil coctasisuia 10...
1000 mr/n. B3pemmBanue mpoBOAMIM Ha JIEKTPOHHBIX JaboparopHbix Becax ALC-110d4
(Acculab, Poccusi, Tounocts £0,0001). [Tocie cMmenmBanus Bce CycrieH3UH 00padaThIBaIu
B yibTpa3BykoBoii BanHe ['PAJ] 28-35 (Grade Technology, Poccust, 50 BT) B Teuenue waca
nipu 25+2°C.

CycneH3un UCTONB30BaM JUIsl aHaliu3a B TedeHre 10 MUHYT mociie MpPUroTOBIICHHS.
Best nmocyna crepunnzoBanach B TeueHue 24 yacoB B 2% pacTBOpe a30THOW KHCIIOTHI U
MPOMBIBaJiach HE MEHEE TpeX pa3 B MPOTOYHOH Boze. Hencrnonb3oBaHHbIE CYCTIEH3UU YTH-
JIU3UPOBAIIHCE.

Pe3ynbTarhl M nx 00cy:xaenue. Llenbio paboThl SBISUIIOCH YCTAHOBIICHHUE BIMSHUS KOH-
LEHTPAIKU U COCTaBa HAHOYACTUI] METAJUIOB B MUTATENLHOM CpeJie Ha arperaiuio HaHoya-
ctull. [ qoCTHKEHHS LieNd, B TEPBYIO OYepeib, HEOOXOAMMO OBbLIIO 0XapaKTEepHU30BaTh
00BEKTHI HCCIeA0BaHNs. BayKHO OBIJIO MOHITH MUKPOCTPYKTYPY HAaHOIIOPOIIIKA, TO3TOMY B
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pa3HOIi KOHIICHTPAIIMK HAHOIOPOIIIKA HUKEJIS C TIOMOIIBEO METOJIOM JIa3epHOM JU(PpaKIui
OTIpeIeNIsUIA CPEHUH pa3Mep HaHOTOpoIKa Ni.

Xapakrepuctuka HanoyacTun. CornacHo qanaeiM COM, yacTHibl HaHONOpoIuka Ni
umeroT chepuueckyro Gopmy (puc. 1a), hpopma gactur Cu Onuska K chepudeckoit, HO UxX
MOBEPXHOCTh — PhIXJIasi, TOPUCTAsi U UMEIOT OrpaHKy (puc. 10), a popma yacTuisl Zn 61m3-
Ka K XJIONbEBUIHOH (puc.1B). Pe3ynsrarel pacuera cpeqHero pazmMepa 4acTull, o JaHHBIM
BOT, coBmanatot ¢ pe3ynbraramu ananuza COM uzo0Opaxenuit (Tadi.1).

B

Pucynox 1 — COM-uzob6pakenust HaHouactuil Ni (a), Cu (6) u Zn (B)

Ecnm npuHATH cTeneHb arperanuy Kak YHCIO YacTHI[ B arperare, To aHaimn3 COM
-CHUMKOB TT03BOJISIET OIPEACIHTh, YTO JUTS CyXux HaHomopomkoB Ni, Cu ¥ Zn UMeroT cTe-
nieHb arperaruu 399, 534 u 918 coOTBETCTBEHHO.

Taonuya 1 — Tucniepcuocth HanodacTuil Ni, Cu u Zn

M EST CbM ®dazoBbIi
1o
A YACTHIIBI arperarsl €ocCTas 1o
O6pazen JTAHHBIM
Sy, d um dine-d dcp, i dcp, MIPOU3BOIUTES,
M2 /r o’ HM HM d_ ,MKM | MKM Mac.%
1 2 3 4 5 6 7 8
HaHOMoOpoIoK | 8,9 75 30...180 77,5 5...123 29,9 Ni-95
Ni NiO -5
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Oxonuanue mabauyol 1

1 2 3 4 5 6 7 8
HaHomopouok | 12,0 55 130...838 406 7...116 29.4 Cu-98
Cu CuO -2
Ha”HOTOpOMmOK | 9.3 90 79...762 245 37...227 82,6 Zn—95
Zn ZnO -5

Arperanusi HAHOYACTHUIl B BOAHBIX cycnen3usax. Ha nmpumepe HaHomopomka Ni mo-
Ka3aHO, YTO HAHOYACTHIIHI ITPH TTOTIaJaHIH B BOJIHBIE CYCIIEH3UH Ha OCHOBE pacTBOpa XbIO-
WTTa arioMepupyloT. Tak, 1o JaHHBIM METO/1a JIa3ePHOH TU(PPAKIINN B CYCIIEH3UAX 00pa3y-
IOTCS IUCTIEPCHBIE CUCTEMBI C MTPEUMYIIIECTBEHHO OMMOIaIbHBIM pacipeesieHHeM YacTHIT

1o pa3mepam ot 64 1o 2616 uam (puc. 2).

B

Pucynok 2 — PactipenienieHust arperatoB Mo pa3MepaM HaHomopotnka Ni B CyCIIeH3HsX
¢ KoHIeHTpanuei yactuir: a) 30 mr/i, 6) 100 mr/i, B) 500 mr/n (omudka

Bausinne KOHIIEHTPAIMU HAHOYACTHI[ HA arperamuo cycnen3uii. Hecmorps Ha 10,
YTO B CYCIICH3HUSX C PA3HOUM KOHIIEHTpAIMEH HAHOMOPOIIKA XapaKTep paclpe/ieiCHUs Ya-
CTHII 10 pa3MepaM He MEHSIETCSl M OCTaeTCsl OMMOalIbHBIM (puUc.3), mapaMeTpsl pacipe/e-

B pE3YJIbTAaTe TPEX I/I3MepeHHﬁ B pa3HbIC JJHI/I).
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JICHUS OTJINYAarOTCA. TaK, C YBCJIIMUCHUEM KOHICHTpAIUKU YaCTUI] TIOCTCIICHHO YMCHbIIACT-
cst epBblid Uk ipu 119 uM: B psay konnentpauuit 30...10...50 M/n Moza nepBoro nuka
cocrasmuset 11,8...5,5..2,3 % (puc.3 a-B). [Ipu atom Bropoit nuk (300...400 M) yBeanuu-
Baercs u coctasiseT 4,3...5,5...6,9 % (puc.3 a-B).

OGOGHH/ITI) BJIMAHNWEC KOHLUCHTpPALWU Ha arpe€raijuio HaHOYaCTHUI MOXXHO Ha OCHOBaHWU
CpaBHEHUS BEJIMYUHBI CPEIHETO pa3Mepa 4acTUL] (dcp). YCTaHOBIIEHO, UTO IIPU YBEJIUYEHUU
koHIreHTpanuu ot 30 70 100 HM MPOUCXOAUT yBEIUUEHUE pa3MepoB arperatoB oT 302 mo
410 M (Ha 36%). Jlanee B cycnen3usix ¢ koHueHTpanueit 100...500 mr/n pazmep MeHseTcs
cnabo — He Oonee 12%, a npu koHeHTpauu > 500 Mr/in Beau4rHa dcp HE M3MCHSETCS U
octaetcs 460 um (puc.3).

Pucynok 3 — BimsiHue KOHIEHTpAIMHK cycrieH3nn HaHonopoika Ni (C, Mr/i) Ha cpeaHui
pa3Mmep arperaros (dcp, HM) (ommOKa B pe3ynbTare TpexX U3MEpEHHIA B pa3HbIC THH).

BobiBoabl. Llenbio paboThl SABISIOCH yCTAHOBJICHUE BIMSHUS KOHIEHTPALMH U COCTaBa
HaHOYACTHUI] METAJUIOB B IUTATEIBHOM Cpe/ie Ha arperauio HaHouacTul. it JOCTHKeHUs
LIeJIK, B TIEPBYIO OYepeib, HEOOXOMUMO OBIIO 0XapaKTepU30BaTh OObEKTHI UCCICIOBAHMS.
BaxHo OBUIO MOHATH MUKPOCTPYKTYPY HAHOIOPOILIKA, IIOATOMY B Pa3HOW KOHLIEHTPALMU
HaHOIOPOILKA HUKEJISI ¢ TIOMOILBIO METO/IOM JIa3epHOM AU(PaKLuil ONpeaesnsii cpeIHui
pasmep HaHomopouika Ni. Pe3ynsraTsl pacuera cpeHero pamepa 4acTull,, 1o JaaaeiM BOT
COBIIAAAIOT C pe3ynbratamu aHann3a COM-u3zo0paxkenuii. Ecnu npuHATh cTenens arpera-
UM KaK YMCJIO YacTUI[ B arperare, To aHaian3 COM CHUMKOB MO3BOJISICT ONPEAEIUTH, YTO
i cyxux HaHonopomkoB Ni, Cu u Zn umerot crenens arperaimu 399, 534 u 918 coor-
BeTcTBeHHO. Ha nmpumepe Hanonopoika Ni moka3zaHo, YT0 HAaHOYAaCTHIIbI IPU MTOTIaaHuH B
BOJIHBIE CYCIICH3HH Ha OCHOBE PacTBOpa XbIOUTTA arfIOMEPUPYIOT.

O0600mMTE BIMSHUE KOHLECHTPALUU Ha arperaniio HAHOYAaCTHII MOXKHO Ha OCHOBaHHUU
CPaBHEHHS BETMINHBI CPE/IHEro pasmepa dacTuil (d ). YCTaHOBICHO, YTO NP yBEIHYCHHN
koH1eHTpauuu oT 30 7o 100 HM NMPOUCXOAUT yBEIUUYEHUE pa3zMepoB arperatoB oT 302 no
410 am (Ha 36%). Hanee B cycnensusx ¢ koHueHtpanueit 100...500 mr/n pazmep MeHsieTcs
cmabo — He Oonee 12%, a mpu xoHIeHTparuu > 500 Mr/n BemudrHa dCp HE U3MEHACTCA U
octaercsa 460 HM.
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3anaono-Kaszaxcmanckuil azpapno-mexnuueckuti ynueepcumem, Ypanvck, Kazaxcman

METAJIJI HAHOBOJIIHEKTEPIHIH JUCIIEPCUSJIBIK KACUETTEPI

Kymovicma Konoanzan ywt nanoynmazel: Hukeas (Ni), moic (Cu) srcone muipviut (Zn) snekmp sHapol-
ablcmbl colm (uHepmmi opmaoa) a0icimer anvinean. ("KLK Tlepedosvle nopouikosvie mexuonoeuu ",
www.nanosized-powders.com, Tomck K., P®).

Mukpocmpykmypanvlx, cunammamanapsblh aublKmay HaHOYHmar bemine Jcypeizineer 21eKmpoHObIK
CKaHepniK coapvl pYKCammul MUKpOCKONmuly xKemezimen scacanvinovl. Merlin (Carl Zeiss, I'epma-
Hus) cnekmpomempmer Hano-Opmanvieer " TI'Y um. I P. Jlepocasun am. Tambos K. Tomen memne-
pamypanel azom aocopoyus 20iCiHiy KoMe2iMeH HAHOYHMAbIHbIY MeHwikmi 6eminiy ayoanvin (Syo)
anvikmaowl. Hukenb HAHOYHMaguinbly OUCNEpCmiK Kacuemmepin aublKmay Yulin 1a3epiik ou@pakyus
20iCi KONOAHBLIObL.

JKymvicmuiy maxcamor Kopexmix opmaoagbl Memani HaHobeIueKmepiniy KOHYeHmpayuscbl MeH
KYPAMBIHBIY HAHOOOMUEKMEPOIH acpecayuscblHa dCepin aHblkmay 0oavin maodwviiadsl. Ocbl MaKkcamia
Jlcemy  ywiM, ey anovimeH, 3epmmey obvbekminepin cunammay Kagicem 0O0n0bl, HAHOYHMAKMbIY
MUKDOKYPBIIbIMbIH MYCIHY Manbl30bl 001061 Jicone Ni HAHOYHMARLIHGIY Opmauia meauiepi HuKenb
HAHOYHMARBIHLIY 9P MYPIi  KOHYEHMPAYUSACLIHOAbL Na3eplik  Ougpakyuscsl 20ICiHiy KemeciMeH
AHBIKMANOBL.

Tyiiin co30ep: nanoynmaxmap, opmauia oaumeM, azpecayiisl, 1a3epiik Oudpaxyus, MUKPOCKONUA.
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K. T MUKHANBETZHANOVA, N. A SATYBAEVA, A. E. TURESHOVA
West-Kazakhstan Agrarian-Technical University, Uralsk, Kazakhstan

DISPERSION PROPERTIES OF METAL NANOPARTICLES

Three nanopowders were used in the work: nickel (Ni), copper (Cu) and zinc (Zn), obtained by the
method of electric explosion of a wire in an inert atmosphere (LLC Advanced Powder Technologies, www.
nanosized-powders.com, Tomsk, RF')

Determination of the microstructural characteristics of the surface of nanopowders was carried out
using a high-resolution scanning electron microscope Merlin (Carl Zeiss, Germany) with spectrometers
from the Nano-Center of Tomsk State University. G.R. Derzhavin, Tambov. The specific surface area of the
powders (Ssp) was determined using the method of low-temperature nitrogen adsorption, and the method
of laser diffraction was used to determine the dispersion properties of nickel nanopowder.

The aim of the work was to establish the influence of the concentration and composition of metal
nanoparticles in a nutrient medium on the aggregation of nanoparticles. To achieve this goal, first of all,
it was necessary to characterize the objects of study, it was important to understand the microstructure
of the nanopowder, and the average size of the Ni nanopowder was determined using laser diffraction at
different concentrations of nickel nanopowder.

Keywords: nanopowders, average size, aggregation, laser diffraction, microscopy.
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SHEPTETUKAJIBIK CEKTOPIBI IAMBITY KAF JAVBIH
CAJIBICTBIPMAJIBI TAJIIAY

byn maxanaoa canvicmeipmanst manday 20ici, axnapammel Jicyueney, capanmamansly, 6a2anay,
Jico2apvi-momen  a0icnamaga nezizoenzen MmeopusnblK-adicnamanvly mocin. Kazaxcmanoazer snep-
2EMUKANLIK CEKMOPObIY HCAU-KYUIH Manoay, omblH-9HePSeMUKAIbIK KeUeHHIY OaMyblH Manioay HcaHe
Kazaxcmanoazelr snepeemukanvl cekmopovly mypaKmol 0aMyblH KAMMAMACHI3 emy Kapacmulpbliobl.
¥ammuix oxonomukanviy 6apivlx mypiepimen ¥3ax mep3imoi mypaKmolivlknen KaMmamacsl3 emy yulin
IKOHOMUKANILIK JHCAROAlea JICoHe MAKCamya cai, mabuzu SHepeemuKanvl pecypcmapobl OapbiHuld
Mmuimoi naudananyosl Ke30eumin Y3ax mMep3imoi MemIeKemmiK dHepeemuKanbli Casicam Kadcen JicaHe
9HepeemuKanblK cekmopovly aaeyemi 6ap. Bipviyail dKOHOMUKAEA He2i30eNeeH DHEePemuKanblK CeK-
Mop Ke3-KejieeH MeMIeKemmiy Casacu, YKOHOMUKANBIK JHCIHE dNEYMEMmmIK CANanapblHoa Manvi3obl poil
amyapaodvl. DHepeemuKaivlk CeKmopobly CeHiMOi HcaHe MUIMOL HCYMbLC iCmeyi, JNeKmp HCIHE HCbLLY
OHEP2UACHIMEH MYMbIHYUIBLIAPOLL MYPAKMbL HCEMKIZY MeMIEKeMmIK dKOHOMUKA MeH MYPEbIHOaApOblH
OPKEHUEmMMI OMID CYPY HCA20AUIAPbIH KAMMAMACHL3 emyde Manbl30bl (hakmop 60vin mabwuliadvl.

Tyiiin ce30ep: >HepeemuKdanbl cekmop, omviH-3Hepeemuranviy keueni (O9K), oscanapmoiimazan
9Hepeus Ko30epi; IHePLeMUKANbIK dNleyen, IHepeUus MUimoinix.

Kipicne. KocinopbiHIapabIH OTBIH-9HEPTeTHKAIBIK KEIIEHIH TYPaKThl JaMBITY YIIiH
OHBIH TEXHUKAJIBIK KaObIKTapbIH )KaHFBIPTY, KOPIIAFaH OPTaHbIH JIACTAHYbIH TOMEH/IETETIH
TEXHOJIOTUSUIIBIK ITPOLIECTEP/I €HI13Y, KbI3METKEPJICPAiH OLTIKTUIIrH apTThIPY, Oajama sHep-
ISl KO3/IePIH JaMBITy JKOHE €HTi3y Ka)KeT. OJIEMHIH Ke3-KEeJTeH eNiHJEeri YITTHIK KOHO-
MUKa SHEPTHSHBI YHEMJICY/IIH TYPaKThl, CEHIM/II )KOHE KOJDKETIM1 JaMyblHa OaiJIaHbICTHI.
Kasipri anemzie agam3ar pecypcTbIK, KIMMATTBIK, QJICYMETTIK, CasiCH, JHEPTCTUKAIBIK 1IIK]
JKOHE CBIPTKBI KaKTBIFBICTAP/IbI )KOKKA HIBIFAPATHIH TYPAKTHI YHEPTETHKAJIBIK JKYHere Koury
MiHeTiMeH OeTre-0eT kememi [1].

3eprTey amicHamackl. Tasmay skyprizy OapbIChIHAA CaIbICTBIPMAJbl Tajaay dIicCi,
aKmaparThl KyHelney, capanTamalblK Oaraiay, JKOFapbl-TOMEH oJ/liCHaMara Heri3JelreH
TEOPHSIIBIK-9IICHAMAIBIK TICUIIECP KONIAHBLIIBI.

* E-mail koppecnionaupyioiero aBropa: Salta 1990s@mail.ru
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KaszakcTaHHBIH SHEPTreTUKANBIK 9JieyeTi KONTEereH eNIepliH Ha3zapbhlH ayjgapa-
Il JkoHe KazakcTaH OacIIbUIBIFBIHBIH TaOBICTBI SKOHOMHUKAJBIK CascaThl KOJIAWJIbI
WHBECTULMSUIBIK axyaliJibl KaMTaMachl3 eTejli. byriHje aiemjeri MyHal-ra3 KomIa-
Husnapsl ic xky3inge Kaszakcran PecnyOnukachlHBIH MyHal-Ta3 CEKTOPBIH AaMbITyFa
KaTbICyFa HHUET Oinjipe anmaabl. KazakcTaHHBIH 3JEKTP DHEPTeTHKAJIBIK KEIIeH] KaHa
JKOFapbl THIMII TEXHOJIOTHsUIAp HETi3iHJEe DJEKTpP IHEPreTHKACBIHBIH OPHBIKTH Ja-
MYyBIH KaMTaMmachl3 €TETIH XOHE JHEPreTHKAIbIK KapKbIHIbI YHEMi TOMEHIETETiH
JIMHAMMKAJIBIK TEHIECTIPUINeH XYHe PETiH/e KapaCThIPbLIAThIH, SKOHOMHKAHBIH 0achIM
caslaiapblHbIH Oipi 0ok TaObUTAABI [2].

Tankplaay KIHe HITHKeJep. OJeMIiK HApbIKTaFbl KaTaH 09CeKeIeCTiKKe KapaMacTaH,
Ke3-KeJIreH €J1 SKOHOMHKAJIBIK 6CY MEH JaMyfa OaFbITTajFaH @HEPKACINTIK CEKTOPbI Jia-
MBITY YILiH OHTAJIBI )KaFnainap/pl )kacay YUIIH OMJIaHy jKoHE TOMEKTi KaJaMmaap ’Kacaysbl
kepek. JlaMbIran ennepAiH ToKipuOeci KopceTKeHAeH, HHAYCTPUSHBI YHIeCIMIl 1aMBITy
YIIiH PHEprusl THIMJIUIITiHIH KOpPCeTKIITepiH eckepy Kepek. byrinri tanga Kaszakcran
OKOHOMHKAHBIH OPTYpJIi CEKTOpJapblHAa OJHEPrusi THIMIUITIHIH KOPCETKIITEpiH
OackapyablH 03BIK TOKIpUOECiH THIMAIL icke acklpy OOMBIHIIA ayKbIMABI MiHAETTEPre He.

Byt 6aFbITTaFbI COHFBI OPBIHFA PECITYOIMKaHbIH 9KOHOMUKACHIHBIH JaMy €PEKILeTiKTepi
MEH JKarJaiiapblH €CeMKe aja OTBHIPHIN JalblH MICIIiMICPAl NaijaanaHyra MYMKIHIIK
OepeTiH aJIbIHFbI KaTapiibl XaJbIKapaJIbIK TOKIpHOe OepiliMerii.

byriari tanma KaszakcTaHHBIH ©HEPKICIOIHIH HIHEPreTUKAIBIK  KAPKBIHIBUIBIFBI
eypomajblK ejepre Kaparanma 4-5 ece jkorapbl. OJjemIik peitunrre KazakcTaHHBIH
JKIO-HiH 3HEpreTHKAIBIK KaPKbIH/BLUIBIFBI HHANKATOPRI 1,9, an XKanonus kepcerkini 0,1,
an Tepmanns 0,16 xypaiigsl. byn GarpiTTa SHEprust THIMIUIIriH Oackapy cajlachblHIa OH
TOKiprOeci 6ap namMbIFaH enaepiH THKIpHOeci 0Te KbI3bIKTHI.

Kazakcrannbsiy JXKIO sueprust coritbiMabuibirbia 2020 sxbinra Kapait 40%-ke ToMeHAeTy
YILiH SHEPrHs YHEMICY/AiH KeIIeH Ti )KOCTIaphl 93ipieHin, Kaobuiganranbl Oenrii. by xo-
criap/ibl icKe achIpy OCHI Callaiarbl OH ©3TepiCTepli alyFa )KOHE OHEPKICINTEr SHEPIUsSHBI
THIMJII Taliianany apKbUIbl Kap>Kbl PeCYypPCTapbIHBIH TYPiHIE KOCBIMINIA apPTHIKIIBIIBIKTAp
MEH KEHUITIKTep almyFa MyMKIHJIK Oepei. OneyeTi 0apiblk 6acTankbl SHEPTUs KO3AepiHiH
OHJIpIC KOJEMiHIH apTybIMEH CaJIBICTBIPBUIAABI KOHE SHEprusi cypanbichiHbH 20-30%
TeMeHJIeyiMeH OarayiaHabl [3].

OKOHOMHUKaHBIH HAKThl CEKTOPBIH, OHBIH iliHAE WHIYCTPUSHBI AAMBITYIBIH Ka3ipri
ke3eHiHae KaszakcranHbIH OThIH-3HEpreTukanbik kemieHi (OOK) memiiekeTTiK cascaTThiy
0achIM OarbITTaPBIHBIH O1pi OOJBIT TAOBLIABI, JTIMI3]IIH YKOHOMHUKAJIBIK KOPCETKIIITEPIHIH
TYPaKThl OCYiH KaMTaMachl3 €TETiH )KETEKII POl aTKapabl.

OHepreTUKalblK CEKTOPABIH CEHIMAI JKOHE THIMAI JKYMBIC iCTEyi, JJEKTp JKOHE
JKBUTY SHEPTUSICBIMEH TYTHIHYIIBUIAPABI TYPAKThHI )KETKi3y MEMJICKETTIK SKOHOMHKA MEH
TYPFBIHIAP/ABIH O6DKCHUETTI OMIp CYPY JKaFrAaliIapblH KAMTaMachl3 €Ty MaHbI3bl (HaKTop
OOJIBIT TaObLIAbI. DHEPTUS JTAMYBIHBIH JKaJIbl CTPATErHSICHI IIMI3/IH SHEPreTUKAIIBIK
TOYEJCI3/Iri MEH KayilCi3iriH KaMTaMachl3 eTyre, oJiaH opi TYPaKThl IKOHOMHUKAJIBIK ©CY
YILiH CeHIM/Ii DHEPreTHKaIbIK 0a3aHbl KypyFa OarbITTanFaH [4].

KazakcTaHHBIH SKOHOMHKAJIBIK ©CYiHIH JIOKOMOTHBI - OaJIaHCTBIK JTUHAMHKACHI KOMIp
OHEpKaCi0i, MyHai-ra3 CEKTOpPbI )KOHE DIIEKTP DHEPreTUKAChl CEKii JKaHAPTHUIMANTHIH
HETI3r1 pecypcTapabl KAMTUTBIH OTBIH-DHEPIeTUKANBIK KELICH.
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I-HIIi CcypeTTi Kepin OTBIPFaHBIMBI3NAH, KaHAPTBUIFAH SHEPTUSHBI KOJNJAHY ©3
ke3erinae 2000-1bl KbUAAP/BIH asFblHAH Oepi KaHApTHUIATBIH dHEPTHs KO3/AepiHiH (TH-
JIPO’HEPIrHUsiHbI KOCKaHa) yieci 2017 xpUibl aMaMeH | MalbI3IbIK TapMakka ecir, 25
naibI3Fa JKeTTi.

1 Cypem — 1991-2020 xbuimap apajbiFblH/IA )KaHAPTHUITAH SHEPT U KO3ICPiHIH
SHEPTHUSHBI TYTHIHY TEH/ICHIIUSCHI
Eckepmy. https://yearbook.enerdata.ru [5] oneOuer ke3iHe cyiieHe OTBHIPBIT
ABTOPIIAPMEH KYPACTHIPBLIFaH.

2019 bUTBI SKOHOMHKAIIBIK OCY/IH Oasynaybl asChIHA JIEMJIET] SHEPTHUS TYTHIHY/IBIH
ecyi (+0,6%) 2000-2018 >xpurnapaarsr oprama + 2% TUHAMHKaMEH CalIbICThIPFaHa Oasty-
nanel. 2009 xpu1an Oepi anemIeri eH ipi TYThIHYIIEI 00JTbI Ta0buTaThiH KbITalina (+3,2%),
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Pecetine (+ 1,8%) xone Ywuicranaa (ckamnbl anranna + 0,8%) sHEPrUsHbI TYTBIHY Oasty
octi. On DbI¥Y-HbIH OapibIK enaepinge, conbiH iminae AKII-ta (-1%), EO-na (-1,9%),
Kanonusina (-1,6%), Kanaga men Onryctik Kopesina temenzaeni. XKanrpi3 epexmrernik AB-
cTpanusiga 60i1bl, 01 6,3% -Fa ecTi (CyHbUITBUIFaH ra3 3aybITTAPBIHBIH Ta3/bl TYTHIHYBIHBIH
KYPT ecyiHe OaiiJlaHbICTBI), OJ1 TAPUXH OpTallla IeHrelIeH aeKaiaa >xorapbl 0onabl. MH-
JoHe3ust MeH Apkupae TyTeiHy ecti, Cayn Apabusiceiana, Hurepusna xone OHTYCTIK
Adpukana ece Oepmi, Oipak JlateiH AmepukaceiHna temenaeni (bpasuwmmsamga e3repiccis,
Mexcukana azman temenaeni). AKII cankmusitapsr Benecyana men UpaHaarsl TYTHIHYIBI
KbIcKapTyFra ocep eTTi. Amepuka Kypama Iltarrapsr men Kpiraid 2019 butbl muKi3aT neH
KOMIp OHJIIPICiHIH alTapibIKTail ecyiMeH JJeMJIK SHEprus OHIIPICiHIH ©CYiHIH HEri3ri
npaitBepiepi OOJIIBI.

2019 >kpuTBI SHEPTHUS OHAIPICIHIH HETI3Ti e3repicTepi:

— Iuki mynaii: Tasty LLIbiFpicTars @HAIPiCTIH TOMEHACYiHE OalnanbIcThl - 0,7% (opTa-
ma + 1,2%/xbi1 2000-2018);

—I'az: + 4% AKII, Peceii >xone ABCTpanusaarsl OHAIpiC KeJIeMiHiH ocyiHe OainaHbl-
¢t (oprama + 2,5% /2000-2018 x.x.);

— Kewmip: Kprtaitnarer ecimuin 0% -1 (+ 4%) Yunoicranma, AKII-ta sxone EO-na
KyiapIpayasiy eceoinen eteiii (2000-2018. Oprama + 3%);

— Dnektp 2Heprusicel: + 1% Kerraiira 6aitmansictel, Eyponaga, AKII men XKanonwusina
Kyiapipay (oprama + 3,1% / 2000-2018 »x0k).

Oneprust eHpipici Peceri men Apcrpamusana (CTIT enmipiciHiH jkaHa KyaTTBUIBIFBI
icke Kocbulapbl), bpasunusiga (myHait enpipicinin aprtysl), OHTYCTIK Adpukana (kemip
eHJIIpiCiHIH apTybl) koHe Typkusna (THApOIHEPreTHKa OHIPICIHIH KYPT 6cyi) ocTi.

Exinmi sxarpiHan, Eyponana sHeprus eHaipiciHiH KYJIABIPAYHI JKaJdFacThl (OyI1 acipece
I'epmanust meH [lonbiiagarsl KeMip eHIIpiciHe, COHIaN-aK MyHaili-ra3 pecypcrapbl a3aii-
il kaTkaH Hopeerust Mmen Hunepnanapiaarsl muKi MyHaiira Kareicthl). Tasy llbirbicTa
AKI-TeiH canknusiiapeina OaitnansicTel Mpanaa sHeprust enaipici mamamen 15% -ra
temenzeni, an Cayn Apadbuscel OIIEK + kemiciMiHiH mIapTTapblH OpBIHAANW OTBHIPHIII, TITHKI
MYHali OHJIIPICIH a3alTTHI.

Eyponanslk onakTa skaHapTBUIATBIH SHEprus Ke3aepiHiH yieci 2017 XKbUIbl TypakThl
Oonbin Kamnnuel, eWTkeHi [epmaHusi MeH YIBIOpUTAHUSAAAFBl >KaHAPTBHUIATHIH DHEPIHUs
eHipiciHiH aiiTapieikTait ecyi OHTYCTiK Eyponana (Opantus, Utamus, Mcmanms ) Komanichi3
THJIPABIMKAJIBIK KaFaaiiMeH eTeni. Kazakcranmarsl kKeMipaiH Kyatsl - 91%, keHe xeniHiH
Kyatsl - 9%. Kazakcranaa sxaHapTbuiMaraH Heprust ke3nepi — 91%, skaHapTbUIFaH SHeprus
ke3zepi — 9% Kypajbl.

2009 sxpimman Oepi omeMmeri €H ipi dHeprus TYTHIHYIIBICHT KpITaiiapiH skahaHmbIK
SHEPrusl TYTHIHYBIHBIH apKachlHAA TYPAaKThl SKOHOMMKAJBIK ©ciMre KOJ KETKi3lJiii.
Kpitaiiza sHeprusiubl TYThIHY KojeMi 2016 KbUIBI €Ki ece apTThl, Oy 63 Ke3erinjae TOMEeH
TYTBIHYABIH YII KBUIIBIK OTETyiHE, MHIYCTPUSAAFbl SJHEPTHS THIMIUIITTH apTTHIPYyFa KoHe
9KOHOMHKAHBIH JICKapOOHU3AIMAChIHA apHAIlFaH YJITTHIK CTparerusuiapra Heri3JeNreH
WHAYCTPUSIIBIK, CYPaHBICTHIH KYIIeroiHe OaimaneicThl Oomupl. Kerreren Asus ennepinse
SHEPrusl TYThIHY KeseMi ocTi: YHaictanaa (2000 xpinan 6epi TypakTsl ecy), UHnonesus,
Manmnaiizus Hemece OHtycTik Kopest.



158 Becmnux Hayuonanvhoti unscenepnoi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 3 (81)

2 Cypem — 1991-2020 xputap apacbIHIa SHEPTHSHBI OHIIPiCi MEH TYTHIHY TCHACHITUSACH
Ecxepmy. https://yearbook.enerdata.ru [5] oneOuer ke3iHe cyiieHe OTBIPHITT
aBTOPJIAPMEH KYPACTHIPBLIFaH.

OxoHoMHKAIBIK 6cy Eyponanarsr (I'epmanns, @pannums, Utanwst xoue TypKusHbI Koca
anFanaa, ¥JIel0pUTaHUsAAaFbl SKOHOMHUKAJIBIK KYJIAbIpayIbl Koca anranaa), Kanama mex Pe-
cefine (eKi >KbUIIBIK KYJLIBIpayIbIH COHBIHA) SHEPTUSHBI TYTHIHYIBIH 6CYiHE OKEIIi.
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3 Cypem — Ka3zakcraH/a SHEPTUsIHbI TYThIHY TEHJICHIUSICHIHBIH YJIeci,
DeKTpoIHeprusiHbl OHIIpY, 2020%K.
Eckepmy. https://yearbook.enerdata.ru [5] ogeduer Herizinae aBTOp KypacThIpFaH.

2019 XbUTBl SKOHOMHKAJIBIK OCYIIH Oastynaybl asicbIHa dJIEMJIET] SHEPT Ul TYTHIHYIBIH
ecyi (+0,6%) 2000-2018 xpaapaars! oprama + 2% AMHAMUKaMeH CalbICThIpFana 0asy-
JaJIbl.

2009 >xpiiman Oepi anmemieri eH ipi TYThIHYIIBI 0onbIn TabbutaTeiH Kpitaiina (+3,2%),
Peceiine (+1,8%) xone YHnaicranma (kanmsl anrannga +0,8%) sHeprusiHbl TYTHIHY Oasy
octi. On DbIY-HbiH Oapibik ennepinge, conbH iminge AKII-ta (-1%), EO-na (-1,9%),
Kanonusiga (-1,6%), Kanana men Onryctik Kopesina remenaeni. XKanrbi3 epexurernik AB-
cTpanusiga 6omapl, o1 6,3%-ra ecTi (CYHBUITBUIFAH Ta3 3aybITTAPbIHBIH Ia3/1bl TYTHIHYBIHBIH
KYPT ecyiHe OaiiJlaHbICThI), OJ1 TAPUXH OpTalla JIeHrelIeH anaeKaiaa >xorapsl 0onabl. MH-
JoHe3usi MeH AJpkupae TyTeiHy ecti, Cayn Apabusiceinma, Hurepusnga xxone OHTYCTIK
Adpukana ece Oepai, Oipak Jlarein Amepukacbiaga Temenaeni (bpasunmsanga esrepiccis,
Mexkcukana aznan temenzeni). AKII cankuusinapsl Benecyana men Upanaarsl TYTHIHYIBI
KBICKapTy¥a acep erTi [7].

DKOJIOTHSIIBIK 3aHHAMAHBIH JKeTinaipinmeyi, Kasakctan HHAYCTPUSCBHIHBIH OCBI CEKTO-
PBIH/IA KYMBIC ICTEHTIH HayKaHAAP/bIH SKOJOTHSJIBIK ACTICKTIIEPIH MEMIICKETTIK peTTey
Kypangapsl MeH Mexanusmepi KazakcTaHHBIH 9KOXKyHeciHe )KOFapbl TEXHOTCHIIK KbICHIM
sKacambl.

KnumMarTeiH e3repyiHe OaililaHBICTBI HSKOJIOTHSHBIH OTKIp Macenenepi OoWbIHIIA
skahaHIBIK SHEPTeTHKAIIBIK TPOOIeMaHbl ey YILIiH MapHUKTIK Ta3ap MWbIFapbiHAbBLIAPbIH
a3alTy KQKeTTLIIr )KOHE QIeMIeT1 )KaHAPTHUTMAaWTBIH OTBIH-9HEPT € THKAIIBIK PECYPCTapIbIH
pe3epBTEpiHiH 6Cy KapKBIHBIHBIH a3al0bl KaHAPTHUIATHIH SHEPTHsI KO3/ACPiH NaiijanaHyra
YJIKeH KOHLT OOTiH/II.
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Kazakcran 2009 xpuibl «OKaHapThIIaThIH SHEPTUS KO3AEPIH Maiiananynbl KOIaay Ty-
paiibl» 3aH KaObLIIaAbl, OJ1 )KaHAPTHUIATHIH SHEPTUS KO3/IEPiH KoJiayFa OarbITTaaFaH Mbl-
Ha/Ial mapanapasl KapacThIpaibl:

® >KaHAPTHUJIATHIH SHEPrUs KO3JEPIH calyFa Jkepii Oepyli pe3epBKe KO KOHE
0aChIM/IBIKTHI €TY;

® HKaHAPTBUIATHIH SHEPTHS KO3/AEPi OHIIPETIH dIEKTP SHEPTHSICHIH CaThIIN ATy OOWBIH-
1a TpaHc(ep-KoMIaHusIIap bl MiHACTTEHII;

® HKaHAPTBUIATHIH PHEPTHUS KO3JIEPiH XKeIep apKbUIbl IEKTP SHEPTHACHIH TachiMall-
Jlay YIIiH TeJIEMHEH 0ocary;

® TpaHC(HOPMATOPIBIK KOMIAHUSIIAP KEJIIEpiHe KaHAPTBUIATHIH YHEPTUST KO3CpiH
naianaHatelH OOBEKTUIEPAl KOCYFa KOMEKTECY;

® >KaHAPTHUJIATHIH SHEPTHUs KO3/epiH NaiijanaHy YIIH oObEKTUIepl kobaay, cainy
JKOHE TMaljjaliaHy JKOHIHJIETT KbI3METTI JKy3ere achIpaThlH JKEKEe TYJIFAIap/Ibl )KOHE 3aHJIbl
Tyaranapasl  Kazakcran PecryOnuKachblHBIH —3aHHAMAChIHA COMKEC HMHBECTHIIMSIIBIK
3aHHAMara ColiKec MHBECTUIMSIIBIK NpedepeHuusiiap oepy [8].

By sxobanmapapl icke achlpy WHBECTOPJApAbIH MEHIIIKTI JKOHE Kapbl3 KapasKaTbl
ecebineH kyTineai. JKaHapThUIATBIH SHEPTUS KO3JepiH Maiaiany cajlachblHIarbl YOKIJIETTI
opraH peTinge MUHHCTPIIIK KaHAPTHUIATBIH SHEPTUS KO3/epiH Naiganany/asl Koajaay 0oii-
BIHIIIA IIapanap KaObUIAaI, )KaHAPTHUIATHIH SJHEPTHsI KO3/IepiH SHEPTUs TEHrepiMiHIe TapTy
YIITH Ka)KeTTi JKaFJainapabl xkacay OOMbBIHIIA KYMBICTApP JKYPTi3ill )KaThIp.

Kazakcranna eH »KaHapTBUIATBIH SHEPIusl KO3IepiHiH MbIHamal Typiepi Oap: ken
sHeprusichl; marbiH [DC; KbUly MEH OJIEKTP OHEpPrHsChIH OHJIpyre apHajlfaH KYH
KOHIBIPFBIIaphl. Kasipri yakbITTa KaKeTTi KyaTTapIbl KeHEHTY, KOJIaHbICTaFbl KAHFBIPTY
YKOHE JKaHa YHEPT s HBICAHJAPBIH Cally, COHIal-aK DKCIIOPTTHI KYPY, KaXKeTTi 9HEPTreTHKAJIBIK
KOpJIap/IbIH TPAH3UTTIK AJICyeTi MaHbI3bl MEMIICKETTIK MIHJIET OOJIBIIT TAOBLIA b

KazakcTaHHBIH OTBIH-DHEPTETUKANBIK KEIICHIHIH TEXHOJOTHSUIBIK JICHIeI MEH
TEXHUKAJIBIK JKaF1alilbIH KAMTUTBIH KOCITIOPBIHIAP/IbIH HETi3T1 aKTUBTEPI OJIAp/IbIH OoCceKere
KaOLIETTUIITH aiKbIH A5

KopoiTbinabl. OTaHIBIK SHEPTETHKAJBIK CEKTOPABI OPHBIKTBHI IAMBITYIABIH OacThl
JKOJIBI - JHEPreTHKa >KYWEeCiHIH JaMmybl MEH KYMBIC iCTeYiHIH THIMALIITIH apTThIpaThiH
CaJIaHBIH Y3/IKCi3 MHHOBAIMSJIBIK AaMybl JKarJalblHIa SHEPreTHKAHbIH KYMBIC iCTEYiH
)akcapry. TYTBIHYIIBIIAPFa 3JICKTPMEH Ka0IbIKTay/IbIH Carachl MEH CEHIMJIUIITH apTThi-
paTbIH, 3aMaHayH PEeCypc YHEMJICUTIH TEXHOJIOTUSIAp MEH JKa0bIKTapbIH HEri31HAe UH-
JOYCTPUSTHBI )KaHFBIPTY, KOJJAHBICTAFbI )KOHE 9JIeyeTTi 09CEKeNeCTIK apThIKIIBUTBIKTap bl
OapbIHINA Maiijjaialy apKbUIbl 0dcekere KaOiIeTTIIIK JCHISHIH KOFapbUIaTaThIH JKOFaphI
TEXHOJIOTUSUTBIK TEXHOJIOTHSIIAP,IbI KOJIJJAHATHIH MHHOBALIMSUIIBIK OHJIIPICTEP/Ii SHI13Y.

Heri3ri ¥butbIMH, )KaHA THIM/II, CEHIMJII MaTepUaJIIap/Ibl, XKa0bIKTap MEH TEXHOJIOTUsI-
Japabl KETUIIPY, KaOABIKTap/Abl, JHEPTreTUKAIBIK KOHABIPFBUIAPABI, OaKbuIay JKYHenepin
TepeH KOHE KaH-)KaKThl AUATrHOCTHKANAY, ayJJUT )KOHE MOHUTOPUHT1 MEMJICKETTiH KaThICYbIH
YKOHE HJIEKTP DHEPreTUKACHIH JaMBITYAbIH OachIM OaFbITTapbl OOMBIHIIIA MAKCATTHI FHUTBIMH-
OHIpIiCTIK OaFrgapramManap MEH jko0asapra eneyli HHBeCTUIHSIAp/AbI Tanam eTel.

Kasipri ke3enze akmaparThIK TEXHOJIOTUSUIAP MEH HHHOBALIMSUIBIK YKOHOMHUKAHBI JaMbI-
TY apKbUIbI SHEPT€THKAJIBIK CEKTOPAAFbl CEHIMIUTIKTI apTTBIPYAbIH JOCTYPIli KaFuJaTTapbl
MEH KypaJjIapbIMEH Oipre TEXHOJIOTUSIIBIK JKaOJBIKTapAbl, OOBEKTIACPMIl, 3JIEKTP
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SHEPreTHKAJIBIK JKyHeIepli HHTeIJICKTya n3alusiay KoHe ofapAbl 0acKapy epCcIeKTHBaA-
nb1 6ombin keneni. [llerenae Smart Grids men aTanarbis xkaHa 0acKapy TYKbIPBIMIIAMAChIH
EHTi3y - Ke3-KeJTeH Kellifie JNIEKTP PHEPTUsACHIH OHIIPYAiH CeHIMI, Kayinci3 )KoHe YHeM I
PEKHUMIH EHTi3yre KaOuIeTTi naiijia 00JIaThlH «MHTEIUICKTYaJI b SHEPTeTUKAIIBIK KYHCHIH
JIOTHKAJIBIK IBOJTFOLMSIIBIK-TEXHOJIOTHSJIBIK JJAMYbI, OHBIH YKYMBIC 1CTEYiHIH CBIPTKBI KOHE
1IIK1 yKaraaiIapblH e3repTyi OOJIbIN TaOblIa bl

[lerennmix koHE OTaHABIK MHBECTULIUSTIAPIBI TAPTYy KaHa KOFapbl TEXHOIOTHSIIBIK
OHJIIpiCTi KYpYFa )KOHE EHT13yTe, HEeTi3T1 KypaiaapAbl )KaHFBIPTYFa )KOHE SHEPTeTUKAIIBIK
KOMITAHMSIIAPAbl TEXHUKAJBIK KalTa jKapaKTaHABIPyFa, >KaHApPTBUIATBIH JHEPTHUs
KO3JIepiH JaMBITyFa jKOHE THICTI TEXHOJOTHSUIIBIK jKaOABIKTapAbl OHAIpYTe JKaFaai xa-
camnnpl.

CoOHBIMEH Karap, WHBECTUIUSIIAPIBIH JaMybl OITIKTI KajpiapAblH oJeyeTiH Oa-
pBIHIIA THIMJII NalijanaHyra, MEHEIKMEHT XOHE MapKeTHHI CallaChIHIAFbl O3BIK
JKETICTIKTEpre KOJ KETKI3yre, OTaHJIbIK HAPBIKTBIH )KOFaphl carajibl OTaHIbIK OHIMMEH
KaMTaMachl3 eTilyiHe, «apTBIK» JHEPTUsi pecypcTapblH JKCHOPTTay[dbl apTThIpyFa
MYMKIiHJIIK Oepexni.
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CPABHUTEJIBHBII AHAJIN3 COCTOSIHUASA
PA3BUTUSA DQHEPTETUKHU

B oannoti cmamve paccmompenvl mMemoovl CpAGHUMENbHO20 AHAAU3A, CUCMEMAMUZAYUL UHPOD-
Mayuu, dKCNepmHOU OYEHKU, MeopemuKo-muemo0oI02ULecKutl nooxo0, OCHOBAHHbII HA MenoooNI02Ul
high-low. [lan ananusz cocmosinust snepeemuieckoeo cekmopa Kasaxcmana, ananus paseumusi moniueHo-
IHEP2EMUUECKO20 CEKMOpa U obecneyeHie YyCmouuugo2o paseumust sHepeemuyeckoeo cekmopa Kaszax-
cmana. /s obecneuenusi 00120CPOUHON CMAOUILHOCMU 8CEX MUNO8 HAYUOHALbHBIX IKOHOMUK HAM He-
06xX00UMa 00N2OCPOUHAs 20CYOAPCMBEHHASI IHEPLeMUYeCcKas NOIUMUKA, KOMOPAs NpedycMampueaem
Haubonee 3¢hpexmusHoe uCnonb308anUe NPUPOOHBIX IHEP2OPECYPCO8 8 COOMBEMCMBUU C IKOHOMUUECKOT
cumyayueil u yenamu i umeen nomeHyUd IHEPLEMUIECcKo20 Cekmopd. . JHepeemudeckull CeKmop, 0CHO-
BAHHDBIL HA eOUHOU IKOHOMUKE, USPaem BAdCHYI0 POlb 8 NONUMUYECKOH, IKOHOMUUECKOU U COYUATbHOU
cpepax 06020 cocyoapecmea. Haoedcnoe u s¢pgpexmusroe hpyHkyuonuposarue sHepeemuyeckol ompac-
U, cmabunvHoe cHabdicerue nompebumeneil 1eKmpoIHepauell U Mmeniom — 8axcHulll (pakmop obecneye-
HUsL 20CYOAPCMBEHHOU SKOHOMUKU U YUBUAUIOBAHHBIX YCIL0UL HCUSHU HACETEHUS.

Knrwuesvie cnosa: snepeemuxa, monnugHo-sHepeemuueckuti komniekc (T0K), neeo300Ho815eMbIE
UCMOYHUKU DHEPSUY; IHePeMUUeCcKUll NOMEHYUl, IHePeoIPpeKmusHocb.
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COMPARATIVE ANALYSIS OF THE STATE OF ENERGY DEVELOPMENT

Analysis of the state of the energy sector of Kazakhstan, analysis of the development of the fuel and
energy sector and ensuring sustainable development of the energy sector of Kazakhstan. This article
considers the methods of comparative analysis, systematization of information, expert assessment,
theoretical and methodological approach, based on the methodology of high-low. To ensure long-term
stability of all types of national economies, we need a long-term state energy policy that provides for the
most efficient use of natural energy resources and other natural energy resources. The energy sector, based
on a single economy, plays an important role in the political, economic and social spheres of any state.
Reliable and effective functioning of the energy sector, stable supply of electricity and heat to consumers is
an important factor in ensuring the state economy and civilized living conditions of the population.

Keywords: energy, fuel and energy complex, non-renewable energy sources; energy potential, energy

efficiency.
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CHUCTEMA 3KOJIOTO-3KOHOMHWYECKOW OIIEHKH
CEJIbCKOXO3SIICTBEHHBIX 3EMEJIb

Cucmema 3K01020-IKOHOMUUECKOU OYEHKU CelbCKOXO3ANUCMBEHHBIX 3eMellb OCHOBbIBAENM sl HA NPUH-
yune arbMepHAMUBHOU CIMOUMOCU, YMO C MOYKU 3PEHUs. YCIMOUHUBO20 PA3GUMUSL SGISEMC sl ONPABOAH-
HOll U HeoOX0oumou nozuyuel. B nacmosauee epemsa cywecmeyem bonee decamu Memooos CMmoUMOCMHOL
OYeHKU 3eMelb 8 PAMKAX mMpex HOOX0008, NPUHAMBIX 8 MEHCOYHAPOOHOU NPAKMUKE. CPAGHUMENbHOM, 3d-
mpamuom u 00x00HoM. Bazo6oil 0CHOB0I IKOHOMUUECKUX MemO0008 YNPABNIeHUs 3eMENbHbIMU PECYPCaAMU
SAGNACMCSl KAOACMPOBAS, CMOUMOCb, KOMOPAsi ONPeOeisiemcst 8 Xo0e 20Cy0apCmeeHHOl Kadacmpogot
OYEHKU CelbCKOXO3AUCMBEHHBIX Y200Ull nymem Kanumaiuzayu PaciemHio20 peHnmHozo 00Xo0d.

Knrouesvie cnosa: cucmema, 5K01020-9KOHOMUUECKAS! OYEHKA, CEIbCKOXO3SUCTEEHHbIE 3eMIU, PA3-
sumue, nPUHYUN, albMePHAMUBHAS. CHOUMOCNTb.

B Kazaxcrane, Tak e Kak U B IpyT'UX CTpaHax, NCCIEIOBAaHUS 110 pa3paboTKe METOI0B
9KOJIOTO-3KOHOMHYECKOW OLIEHKH 3€MENIbHBIX PECypCOB MTPOBOAATCS Ha MPOTSHKEHUN OoJiee
JIBAJIIATH JIET, U B HACTOSAIICE BPEMsl CYIIECTBYET Ooyiee JeCSTH METOJOB CTOMMOCTHOU
OILICHKHM 3€MCJIb B paMKaX TPEX MOAXO0A0B, IIPUHATHIX B MC)I()IYHapOIIHOﬁ MPAKTHUKE: CpaBHU-
TEJTLHOM, 3aTpaTHOM M JO0XOmHOM [1]. Ba3oBo# 0CHOBOM YKOHOMHYECKUX METOIOB yIIpaB-
JICHHS 3€MEJIbHBIMH PECYpPCaMH SIBIISICTCS KaAacTPOBas CTOMMOCTb, KOTOpasi ONpeesIsieT-
Csl B XOJI€ FOCYIapCTBEHHOM KaJaCTPOBOM OLIEHKHU CEIbCKOXO35IMCTBEHHBIX YIOAUM IMyTeM
KaUTaJIu3alud PacueTHOTO PEHTHOTrO J0XozAa. B 3aBucMMOCTH OT BO31EHCTBUS pa3HBIX
THUIIOB SKOJIOTHUECKUX (akTopoB B KazaxcTaHe cylecTByIOT pa3inuiyHble METOAUKH OLICHKH
ymepOoB.

Lenpio paboThI SIBUIIOCH OPMUPOBAHUE HA CYIIECTBYIOLIEH TEOPETUKO-METOANYECKON
0a3e CHCTEMBI PKOJOr0-9KOHOMHUYECKOH OIICHKU CENbCKOXO3SHCTBEHHBIX 3€MEIb C IpH-
MEHEHHEM aBTOMATU3MPOBAHHBIX CUCTEM, KOTOPYIO MPEIOKEHO MOHUMATh KaK COBOKYTI-
HOCTb HOKa3aTeIIeI\/'I, NPUHIUIIOB 1 METOIOB, IMMO3BOJIAOIIUX OCYIIECTBIATDH ACATCILHOCTL B
00J1aCTH SKOHOMHYECKOH OIIEHKH CEIbCKOXO3SICTBEHHBIX 3€MEITb C YUETOM UX JIeTpajaliu
B pe€3yJIbTATE MPUPOHOTO UM AHTPOIIOT€HHOIO BO3/IEUCTBHUA.

* E-mail koppecnionaupytorero aropa: dikosh.m@mail.ru
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Pe3ynbrarsl OlIeHKH MOTYT OBITH UCTIONB30BaHBI ISl CO3/1aHHSI CHCTEMBI IKOJIOTHYECKO-
TO MOHHTOPHHTA 3€MENIbHBIX PECYPCOB, IPH Pa3pabOTKE U peaTn3alny MeJIeBIX TPOrpaMM
MEJTHOpALUU 3EMEb, IPOrPaMM MO COXPAHEHUIO U BOCCTAHOBJICHUIO IJIOJOPOIUS MOYB U
arponaHaAmadToB, MPH OLEHKE BO3ACHCTBUN B MHBECTHLIMOHHBIX MPOEKTaX 3eMJICTIONb30-
BaHUS U 3eMJIEYCTpOIicTBa. B OCHOBE CHCTEMBI HKOIOr0-3KOHOMHUYECKON OLIEHKH COZEp-
JKaTcsl MOJIOKEHUsST SKOHOMHUYECKOH TEOPHHM CTOMMOCTH CEIbCKOXO3SIICTBEHHBIX 3€MElb,
METOIUYECKUE TOAXO/bI, MO3BOJISIONINE BBIICIUTh DKOJIOTHUECKUE (aKTOphl B Ka4yeCTBE
CaMOCTOSITETIbHBIX KPUTEPHEB SKOHOMHUYECKON OLEHKH, U CIOCOOBI X CTOMMOCTHOTO BbI-
paxenus [2].

Cucrtema 3KOJI0T0-2KOHOMUYECKOW OIIEHKH CENbCKOXO3SHCTBEHHBIX 3€MENIb OCHO-
BBIBAETCSl HA MPUHIUIIE aIBTEPHATUBHON CTOMMOCTH, YTO C TOYKH 3PEHUS YCTOHIUBO-
TO Pa3BUTHSA SBISETCS ONMPABIaHHOW W HEOOXOAMMON mo3uiuei. B ycnoBusx orpanu-
YEHHOCTH 3E€MEJbHBIX PECYPCOB, HEMOJHOW MPUTOAHOCTU UX JJIS BEIACHHUS CEJIbCKOIO
X0351CTBa, a TAaK)Ke He- BO30OHOBIISIEMOM XapaKkTepe MOYBEHHBIX PECYPCOB, IIEHHOCTH
3eMeJlb C TEUEHUEM BPEMEHU MOBBIIIAETCS, & UX CTOUMOCTbh Ha 36MEJIbHOM PBIHKE BO3-
pacraer. B cinyyae gerpagauuu 3eMesib U yXYALLIEHUU CBOMCTB MOYB NMPOUCXOIHUT HUX
o0OecIieHrBaHue 3a CUeT CHUIKEHUS TIJIOJOPOAUS, U, KaK CIEICTBUE, 3€MJIEMOIb30BaTe-
JIAM MPUXOJUTCS UCKATh 3aMEHY 3€MEJIbHBIM y4acTKaM C LEJbI0 MOJYyUYEHUS JTyUIInX
9KOHOMMYECKHX pPEe3yabTaToB. Takoil MOAXOX MPOTHUBOPEUYUT NPUHLMILY paluoHab-
HOT'O HCIIOJb30BAHUS U OXPaHbl 36MEIBHBIX PECYpPCOB, Ha YTO OPUEHTHUPOBAHBI TOCY-
JIapCTBEHHBIE 3€MEJIbHbIE U arpapHble IporpaMMbl. B 1aHHON CBSI3M OLIEHKY CIeAyeT
MPOBOJIUTH HE TOJIBKO MO JIOXOJAHOCTH, HO M IO YIYIIEHHOM BBIr0Ji€, BOSHUKAIOIIEH B
pe3ynbTare pa3BUTHS MPOIECCOB Jerpajaly Ha CelbCKOX03IHCTBEHHBIX 3eMIIaX. TeM
CaMbIM pe3yJIbTaT OLICHKHU OyJeT MPeCTaBIsATh COO0H anbTepHATHBHYIO CTOUMOCTD 3a-
MEHBI JIeTpaaupoBaHHbIX 3emedns [1, 3]. [ToaTomy mouck HayuHO 000CHOBAHHBIX MyTeid,
MTO3BOJISIOMINX U3MEPATH HKOJIOTHYECKHE (DAKTOPHI B CTOMMOCTHOM BBIPAXEHUH, SIBIIS-
eTcsl onpenessionen 3agadei npyu (GopMUPOBAHNN CHCTEMBI IKOJIOTO-dKOHOMHUYECKON
OLIEHKH CEJIbCKOXO35MCTBEHHBIX 3€MEJb.

[Ipouecc 3k0JI0r0-3KOHOMUYECKOM OLIEHKH CEIbCKOX035CTBEHHBIX 3€MEJIb CTPOUT-
cs Ha COOIOZICHUH TIPUHIINIIA TTOATAMTHON yIpekaaronieii moaroroBku. Mror u ycmen-
HOCTBH Ka)KJIOTO U3 3TANOB OIIEHKH 3aBUCHUT OT 3(h(peKTHBHOTO BBHIMMOTHEHUS KaXJI0TO U3
MpEeABIIYIINX TANOB: cOOpa U aHAJM3a UCXOJHON MHPOPMAIINH, METOAMIECKOTO 00e-
CIICUCHUS, CPABHUTEIBHOIO aHAJM3a U COMNIacOBaHMs pe3yibTaToB. K Kakmoil oueHu-
BaeMOU TeppUTOpUH TpedyeTcs AU PepeHIMPOBAHHBIN MOIXOA B CBS3HU C PA3INYHBIMU
OPUPOIHO-IKOHOMHUYECKUMH YCIOBHUSIMH, TO3TOMY BBIOOpD IOKa3zaTeiaedl M MeToauye-
CKHX IOJIXO/0B K BBIACIICHUIO IKOJIOTHYECKUX (PAKTOPOB JOJKEH OBITH 0OOCHOBaH M
CTPOTO MHJUBHYaJIEH.

CucTemMa 3K0JI0r0-9KOHOMHUECKOH OIIEHKH OblTa peajr30BaHa Ha CebCKOX03sHCTBEH-
HBIX 3eMIsiX Boctouno-KazaxcTanckoit o0nacTu, st KOTOpOro kodh(GHUIMEHT dKOJI0rHYe-
CKO¥ 3HAYMMOCTH TEPPUTOPHUH paBeH 1,2. B kauecTBe 00bEKTa OIIEHKH OBLTH BEIOPAHBI 36M-
JIY TTAaXOTHBIX M KOPMOBBIX YTOAMA, pacloiokeHHBIX B BocTouno-KazaxcraHckoit obnacTy.
Tepputopus uccnenoBaHus, TaKXKe Kak JIpyrue paiionsl jecocrenu Karon-Kaparaiickuid,
XapaKTepHU3yeTcsl BBICOKOM CTETIEHBIO CENbCKOX03IUCTBEHHON ocBoeHHOCTH (80% OT 00-
IMeH IUTOMaa) W BBICOKOM aKTHBHOCTBIO (TIPUPOCT 10 235 M/Tom) oBparooOpa3oBaHUs .
OO01mas mIomaas OIMeHHBACMBIX 3eMeJIb cocTaBisgeT 3523 ra, u3 KOTOPhIX OKoio 2465 ra
TIPUXO/IUTCS HAa TAaXOTHBIE 3eMiH U 826 ra — Ha 3eMJTH CeHOKOCOB. OCHOBY TTaXOTHOTO (POH-
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JIa COCTABIISAIOT MOATHUITBEI YePHO3EMOB, TYTOBO-UYEPHO3EMHBIX, YePHO3EMHO-JIYTOBBIX TTOYB.
OCHOBHBIC ITOIIATU CEHOKOCOB PACTIONOKEHBI Ha JIYTOBBIX MmouBax [1, 4].

[Ipu ompeneneHny rooBOro 3KOHOMHUECKOro 3(h(ekra OT BHEAPEHUS aBTOMATHU3UPO-
BaHHOW CHCTEMbI HEOOXOJUMO 00ECIIEUUTh COMOCTABUMOCTh TPAJIUIIMOHHON U aBTOMATH-
3UPOBAHHOM TEXHOJIOTUHU Pa3pabOTKH MPOEKTOB IO CICAYIOIINM I1apaMeTpam:

— KOJTMYECTBO COCTABISIEMBIX MTPOCKTOB;

— 3aTpaTrbl BPEMEHHU Ha UX COCTABJICHHUE;

— KaueCTBEHHBIC MTapaMeTPhI IPOEKTOB;

— YYeT KOJIOTHYECKUX U COIMATBHBIX (DAKTOPOB MPOM3BOCTRA.

WtoroBsie manHbIC MPEACTaBICHBI B Ta0HIIE 1.

Taonuya 1 — Cpeanuii pazmep yuiepoa ¢ eUHAIBI 3eMETBHON TUTOIIAIN IO JAHHBIM
9KOJIOTO-IKOHOMUYECKOM OIIEHKH CEIbCKOXO35CTBEHHBIX 3€MEITh

Cpennuii pazmep yuiep0a,
CpenneB3Be- o m -
THDEI ferpafamuu IICHHOE 1o JOXOHOCTH Kanactposou
CTOUMOCTHU
3HAYCHHE HOpMaTHBY | S |
ymep0a, TIC. | CTOMMOCTH U TBIC. TCHIC. / I'a
TeHTe./Ta
YBenmu4eHue III0IIa TN dPOIHU- 27.02 3.83 12,28 11,00
POBaHHBIX 3eMeTh
YMeHBIIICHHE 3aTT1acOB TyMyca 26.16 2.54 7.78 8.84
B IIpOQHIIE TTOYBEI
‘YMeHbIIIeHHEe MOIIHOCTH T10- 34,78 2.74 6.28 1021
YBEHHOTO TIPOQILIS
[ToTrepu nouBeHHON Macchl 21,51 1,76 14,65 9,58
[Tnomaae 0OHaKEHHOMH T10-
YBOOOPa3yIOIIEeH MOPO/IBI HITH 16,67 2,09 21,78 10,91
MTOJICTAIAFOIICH TTOPOIBI
I'myOuHa pa3MBIBOB U BOJIO-
POMH OTHOCHUTEIIBHO ITOBEPX- 20,58 3,11 13,40 9,69
HOCTH
PacuneHeHHOCTE TEppUTOpHU 34,03 27.40 63.38 39,52
OBparaMu

[Ipu 5TOM 060CHOBaHKE BECOBBIX KOA(P(PUIMUEHTOB ObLIO CBSI3aHO C CYLIECTBEHHBIM
3HaYCHUEM IKOJIOTUYECKHUX (PAKTOPOB M YCIOBHH 3€MJIETIONB30BAHUS IS LieJIel OleH-
ku [5]:

— B HOPMaTUBHOM METOJE HCIOJb3YeTCsl 0OIEpEernOHaIbHbI HOPMAaTuB CTOMMOCTH
OCBOEHHS HOBBIX 3eMenb IX olieHouHOM 30HBI Beell Teppuropun Boctounoro Kazaxcrana
OLIEHKA IPOBOAUTCS MOKOHTYPHO, TaK KaK HOPMAaTHBB! YTBEPKIECHBI 3aKOHOJATENBHO JUIS
Pa3HBIX MOJTHUIIOB II0YB B COOTBETCTBUH C UX IMPUTOJHOCTBIO JUIS BEIEHUS CEIBCKOTO XO-
3sT1CTBA; MOAPOOHBIN YUET SKOJIOTHUECKUX YCIOBUN MECTOIOJIOKEHHUS 3¢MEITbHOTO Y4acT-
Ka JJaHHBII METOJ He NpPEAIIoJaraeT; NPUCBOCHHbIH BecoBoi ko3 durment — 0,2;
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— B METO/Ie OLIEHKH IO AOXOAHOCTH Ha enuHuily [IOUW y4uThIBaIOTCS SKOJIOTHYECKUE
¢axropsl, HanboJee 3HAYMMBIC ISl CENbCKOXO3SHCTBEHHOTO MPOM3BOACTBA: KIMMaTHyie-
CKHE XapaKTEPUCTHKH HMCCIEAYEMOW TEPPUTOPUH M YCIOBHUS MECTOIMOJIOXKEHUS, 0COOCH-
HOCTH TI0YBOOOpa30BaHMs U 00ECIIEYEHHOCTh MUTATEIbHBIMU SJIEMEHTAMHM; OIIEHKA pO-
BOJHUTCSI IOKOHTYPHO, TJIe BCE MOKa3aTell ONPEACISIOTCS MHIAUBHYaIbHO JUIS KaXKI0TO
MOYBEHHOTO KOHTYPa; MPUCBOCHHBIN BecoBOH Koadduiment — 0,5;

— B METOJI¢ KallTAIU3alHN 3eMeJIbHOW PEHTHI HCIIONB3YIOTCSI TIOKA3aTelt, XapaKTe-
pU3YIOIIUe KauyeCTBEHHBIC XapaKTEPUCTHKH MOYB ((PU3MKO-XUMHUECKHE CBOMCTBA MOYB
W YpOBEHb IMJIOAOPOAUS 3€MEIb) M YCIOBUSI MECTOIOJNOXKECHUS (PacCTOSHUE A0 PHIHKOB
cOBITa, KIACCHOCTH JOPOT MU CTOMMOCTH IEPEBO30K), KOTOPHIE ¢ TOYKU 3PEHUS OLEHKU
IKOJIOTHUYECKUX (PaKTOPOB HE SIBISIOTCS CYLIECTBEHHBIMHU; IPUCBOCHHBIH BECOBOW KOA(-
¢unment — 0,3.
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. K. MOJDKITITOBA, I KAMEJIXAH, C. P. TYPFAHAJ/IHEB,
A. /. OMAPBEKOBA, M. A. BAJIKOKA

Kaszax ynmmulx acpapnvlx sepmmey yHugepcumemi

AYBLIIIAPYAHIBLIBIK KEPJTEPIH YKOJIOTHSIBIK-OKOHOMUKAJIBIK
BAFAJIAY KYUECI

Ayblmuapyauslavl  Jcepiepin. 9KOIOSUAILIK-OKOHOMUKATBIK  Oaganay dicyteci mypakmuvl O0amy
MYPELICLIHAH HEe2i30eN12eH JCIHE KANCeTNMT NO3UYUs O0bIN MAOLIIAMbIH OANAMANbL UWbIRLIHOAD NPUHYUNIHE
nezizoencen. Kasipei kezde xanvlkapaivlk madicipubede KaObliOaH2aH yul macinl ueHbepinoe icepoi
bazanayoviy OHHAH Acmam 20ici bap: canblcmvlpmainl, KelMoam dcane muimdi. Kepee opranacmuipyouvy
IKOHOMUKANLIK 20ICMeEpIiHiy 6a3anblK He2i3i Ka0acmpivlK KyH 601bin madwvliadvl, Ol aybLIUapyaubLIbIK
Jicepnepin MemieKemmix Kaoacmpivlk, 0aeaniay 6apbiClHOa Hcaadayobly eCenmik KipiciH KanumanioaH-
0bIPY apKbLIbL AHLLKMANAObL.

Tyiiin co30ep: dicyiie, YKONOUA-IKOHOMUKANBIK, OARANAY, AVBLIUAPYAWBLIBIK dicepiepl, 0amy, NpuH-
yunmep, canvicmulpmansl 6asd.

D. K. MOLZHIGITOVA, G. KAMELKHAN,
S. R. TURGANALIEYV; A. D. OMARBEKOVA, M. A. BALKOZHA

Kazakh National Research Agrarian University

THE SYSTEM OF ECOLOGICAL AND ECONOMIC ASSESSMENT
OF AGRICULTURAL LAND

The system of ecological and economic assessment of agricultural land is based on the principle
of alternative cost, which from the point of view of sustainable development is a justified and necessary
position. Currently, there are more than ten methods of land valuation within the framework of three
approaches adopted in international practice: comparative, costly and profitable. The basic basis for
economic methods of land management is the cadastral value, which is determined in the course of the
state cadastral valuation of agricultural land by capitalizing the estimated rental income.

Keywords: system, ecological and economic assessment, agricultural land, development, principle,
opportunity cost.
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