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PORE-SCALE MODELLING OF FLUID FLOW IN PENETRABLE SPHERES
USING THE PROJECTION METHOD FOR INCOMPRESSIBLE
NAVIER-STOKES EQUATIONS

AKASHEVA ZH.K.!, KUDAIKULOYV A.A.., ASSILBEKOYV B.K.!, BOLYSBEK D.A.!?
ISatbayev University, 050000, Almaty, Kazakhstan
’Al-Farabi Kazakh National University, 050000, Almaty, Kazakhstan

Abstract. The direct numerical simulation (DNS) is an effective and useful tool in the two-phase fluid flow
studying. The projection method on the staggered grid was applied in this paper to solve the incompressible
Navier-Stokes equations in irregular domains at the pore-scale level (irregular boundary is presented by its
level-set function). The permeability of porous medium which was constructed by the random positioning of
penetrable spheres of equal radii were numerically calculated and validated by comparing with theoretical
estimations of permeability based on the numerical solution of the lattice-Boltzmann equation in irregular
domains in previous works. All numerical calculations were performed using PARIS simulator.

Keywords: Navier-Stokes equations, projection method, porous medium, permeability, porosity

CBIFBIJIMANUTBHIH HABBE-CTOKC TEHJIEYIHE APHAJIFAH ITPOEKIIMOHIbI
OICTI KOJIAAHA OTBIPBIII OTIIEJII COEPAJIAPIAH OTETIH AFBIH/IbI
KEYEK MACIITABBIHIA MOAEJIBJAEY

AKAIIEBA K. K., KYI[AI?‘IKYJIOB A.A.l, ACBIJIBEKOB B.K.!, BOJIBICBEK JI.A.'?
K. 1. Combaes amvindaswl Kazax ¥ummoix mexnukanvly zepmmey YHUeepcumeni,
050000, Anmamul, Kazaxcman

2On-Dapabu amvindasvl Kazax ¥nmmoix ynusepcumemi, 050000, Anmamet, Kazaxcman

Anoamna. Tixenei canoviy mooenvoey (DNS) cyiivikmolxmoiy exi (hazanvbl ablHLIH 3epmmeyee apHaleaH
Muimoi dcane natoanwl Kypan ooasin madwiiadvl. byn maxarada waxmam mopoln KOAOAHBIN NPOEKYUSIAY
20ici Keyek MacumabwbiHOa MYpaKmol emec atmMakmapoagvl ColeblIMalmelt cyubikmolk yulin Hagve-Cmokc
meHOeynepin weuty yulin Koroausliaovl. Paduycel 6ipoei emxizeiut cghepanapovl ke30elicox OpHAIACmbIPy
APKBLIbL CAILIHEAH KeYeKMI OPMAaHbIY, OmKi3eiumici CaHOblK mypoe ecenmeioi dcane OACKa HCYMblcmapoagsl
Bonvyman mopnvl menoeyiniy Oipkenxi emec aumakmapoagbl CaHObIK uewimMine He2i30eleeH OmKI3eIUmiKmiy

MEeOPUSILIK  DALANAYIAPLIMEH  CATLICIbIPY  apKblabl  pacmanovl. bapnvik canowvi ecenmeyiep PARIS
CUMYTIAMOPbL OOUBIHULA HCYPIZINOL.

Tyiiinoi ce3oep: Hasve-Cmoxc menoeynepi, npoexyusnay a0ici, keyekmi opma, Omiseiumix, KkeyeKminix.

INOPOMACIHITABHOE MOAEJIUPOBAHHUE ITOTOKA KHIKOCTH B
INPOHULAEMBIX COEPAX C UCITOJIB30OBAHUEM ITPOEKIIMOHHOI'O
METO/JIA JJ151 HECXKUMAEMBIX YPABHEHU HABBE-CTOKCA

AKAIIEBA XK. K.\, KYI[AFIKYHOB A.A.', ACBIJIBEKOB B.K.!, BOJIBICBEK JI.A.'?
'Kaszaxckuit HayuonanbHolil ucciedosamenbCkull mexsudeckull YHUGepcumen
umenu K. 1. Camnaesa, 050000, Aimamuer, Kazaxcman
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Annomauusa. llpsmoe uucnennoe moodenuposanue (DNS) - sgpghexmuensviti u nonesuviti uncmpymenm O
uzyuenus 08yxghasnoco meuenus xcuokocmu. B daumnoii cmamve npumensemcsa npoekyuonHwlli Memoo ¢
UCNONb308AHUEM WAXMAMHOU cemKu 05 pewenus ypasnenull Hasve-Cmoxca 015 necorcumaemou HcudKocmu
6 Hepe2YNAPHbIX 0ONACMAX HA NOPOMACUMAOHOM YPOGHe (Hepe2VIApHAs epanuya npeocmaesiena QynKyuer
yemanosku ypoens). Ilponuyaemocmv nopucmotl cpedvl, Komopas Ovlia HOCMPOeHd HYymeM CAVHauHo20
PACNONOdCEHUS NPOHUYAEMBIX Chep PABHO20 paduycd, Oblid pacCHumana YUcieHHo U NOOMEePHcOeHa nymem
CpagHenUs ¢ meopemudecKUMy OYeHKaAMU NPOHUYAEMOCMU, OCHOBAHHBIMU HA YUCTICHHOM PeuleHul yPasHeHUs.
pewemku-bonvymana 6 HepeyIsApHLIX 00nacmax 6 npeovioywux pabomax. Bce uuciennvie pacuemuvl
nPOBOOUNUCH ¢ UCNOTb308aHUem cumynamopa PARIS.

Knrwouesvie cnosa: ypasnenus Hasve-Cmorca, npoekyuonnsiii Memoo, nopucmas cpeod, npoHUyaemocmby,

nopucmocmnib.

Introduction

There exist many numerical models of the
fluid flow in porous media at pore-scale level
such as: pore network modelling [1, 2], lattice-
Boltzmann method [3, 4] and numerical solution
of the Navier-Stokes equations using Finite-
Difference, Finite-Element or Finite-Volume
method [5, 6, 7].

The most popular approach for computing
single and multiphase flow directly on pore-
space images is the lattice Boltzmann method.
This is a particle-based technique that simulates
the motion and collision of particles on a grid; the
averaged behavior can be shown to approximate
the governing Navier— Stokes equation. The
method is relatively easy to code and is ideally
suited for parallel computing platforms. Its main
disadvantage is computational efficiency, even
with a massively parallel implementation. The
run time scales approximately as the inverse of
real flow rate, which makes it difficult to capture
accurately capillary controlled displacement on
sufficiently large samples to make reliable predic-
tions of relative permeability. For multiphase
flow, network modelling still offers the quickest
and most proven approach to predicting relative
permeability and capillary pressure [§].

The simulation in this paper is based on the
numerical solution of the incompressible Navier-
Stokes equations in irregular domains, where the
irregular boundary is represented by its level-set
function [9, 10, 11]. When the fluid flow obeys
Darcy law, the permeability of these porous
media was numerically calculated and compared
with the previous works based on the numerical
solution of the lattice-Boltzmann equation in
irregular domains [12].

Definition of the problem and numerical
methodology

There are no exact analytical solutions for
porous media which was constructed by the ran-
dom positioning of penetrable spheres of equal
radii, but in this case there are upper and lower
estimations of the permeability of these porous
media [13, 15]. For the case when the value of the
porosity is close to 1, the Brinkman's estimation
can be used to obtain exact solution [14].

The fluid flows through this porous medium
by the gravitational force and the permeability of
theseporousmediumisnumerically calculatedand
compared with existing theoretical estimations.
All numerical calculations were performed using
PARIS simulator [16] on the numerical mesh
with sizes 256x256x256 and spheres with equal
radius R=0.0625 are considered.

The Darcy's law for permeability calculation
during the fluid flow through porous medium is:

i7=K
U="V(p+pgz) )

where K is the permeability of porous medium,
u is the fluid viscosity, U is the flow rate, p is
the pressure in the porous medium and pgz is the
hydrostatic pressure.

The model is based on the numerical solution
ofthe Navier-Stokes equations for incompressible
fluid flow through porous medium:

p(ZE2+ @G, 0 - WA, ) =

= pg —Vp(E,t) + uVAi(%,t), X €Dy (2)
©)

V-i(%t) =0,% €D,
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No-slip boundary conditions are applied on
the pore-matrix interface 0D,

u(x,t) =0,x € dD, 4)

Cubic porous medium domain D with size
a is considered (square domain for 2D case) and
the periodic boundary conditions are applied on
its faces:

ﬂ(xT—%,t)zfi(ﬁ+%,t) (5)

where X is the position of the center of cubic
domain D.

In order to find the permeability of the
porous medium the steady state solution of the
equations (2), (3) with boundary conditions (4),
(5) is found and this solution is averaged over the
porous medium domain:

~ [, d@av
U= (©)
and then the Reynolds number (Re = pTUL, where
L is the characteristic length) is found below
which the fluid flow in porous medium obeys
Darcy’s law. When the fluid flow obeys Darcy
law, the permeability of the porous medium is
numerically calculated using equation (1).
Staggered grid and solid surface are
presented on figure 1. Here, cells with same sizes
are circumscribed (green dashed lines) around
each mesh node.

Pore nodes

V
Solid surface

s
Solid nodes

Figure 1 - Representation of staggered grid and solid surface

The theoretical value of the porosity of
porous medium which was constructed by the
random positioning of penetrable spheres of
equal radii is [15]:

@ = exp (—gnR3N) ®)

where N is the number of spheres and R is the
radius of a sphere. The theoretical value of the
solid surface is:

— 2
S =4nR N(p (9)

The theoretical estimation of permeability
by Brinkman [14] is:

K __ 1 3% _’E_
Kl_RZ_Gn:R3N(1+4(1 P 3))

where v =1-¢ is the volume fraction of the
solid phase.

The theoretical estimation of permeability
by Weissberg and Prager [13] is:

(10)

K*_ﬁ'_'w
2 7 R2 T 6nR3N

(11

Results and discussion

The results of numerical solution of the
Navier-Stokes equations (2, 3) with boundary
conditions (4, 5) for fluid flow through the porous
media are presented. The following parameters
are used: fluid density p=1, fluid viscosity u=1,
domain size a=1.

The relation between flow rate and number
of mesh nodes for a fluid flow through porous
medium which was constructed by random
positioning of penetrable spheres of equal radii
R=0.0625 is shown in the table 1.

Table 1. The relation between the flow rate
and number of mesh nodes

Number of Flow rate | Flow Rate Flow Rate

mesh nodes N=1200, | N=1600, N=2400, p=0.12
©=0.337 | 9p=0.234

16x16x16 0.193168 | 0.104666 0.038771

32x32x32 0.008309 | 0.00155 3.08241E-19

64x64x64 0.006023 | 0.001621 6.09677E-05

128x128x128 | 0.005619 | 0.001588 0.000108

256x256x256 | 0.005348 | 0.001496 0.000116
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The comparison of numerical and theoretical
values of the porosity and solid surface of porous
medium which was constructed by random

positioning of penetrable spheres of equal radii
are shown in the figures 2 and 3, respectively.

T T
Numerical value of porosity

A

\

\
0.9 (%
\

0.8 -

0.7

0.6 -

0.5 -

04

0.3

0z |- . e

0.1

" Theoretical value of poru[sity

0 I | I
0 500 1000 1500

2000
N

2500 3000 3500 4000

Figure 2 - Comparison of the numerical and theoretical values of the porosity

As can be seen from figure 2 the numerical
value of the porosity begins to deviate from the
theoretical value when the number of spheres is

N=1200 (porosity is ¢=0.337 and relative error is
about 10-15%).

e th‘fmeficgl value of surface

T T T
Theoretical value of surface

14 oo .," '.‘.-._.“

ol | ; |

0 500 1000 1500

2000

N

2500 3000 3500 4000

Figure 3 - Comparison of the numerical and theoretical values of solid surface

The maximum relative error of the numerical
calculation of the solid surface is about 10-
15% when the number of spheres is N=1200
(see figure 3). These errors depend on the mesh
size and to calculate these parameters more
accurately it needs a very fine numerical mesh
or it needs to use unstructured numerical mesh.
It is also noteworthy that the relative error of the
numerical calculation of the porosity is about
20-30% when the number of spheres is N=2400
(porosity is ¢=0.12).

The comparison of numerical and theoretical
values of the permeability of porous medium
which was constructed by the random positioning
of penetrable spheres of equal radii is shown in the
figure 4. The theoretical estimation of Brinkman
[14] for dilute concentration of randomly located
identical spheres and the theoretical estimation
of Weissberg and Prager [13] for the porous
medium which was constructed by the random
positioning of penetrable spheres of equal radii
are considered.
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Figure 4 - Comparison of the numerical and theoretical values of the permeability

As it can be seen from the figure 4 the
theoretical value of Weissberg and Prager is
always greater than the numerical value. The
theoretical value of Brinkman begins to deviate
from the numerical value when the number of
spheres is N=200 (porosity is ¢=0.82).

Concluding remarks

The results of the numerical simulation of
incompressible viscous fluid flow through porous
medium which was constructed by the random

positioning of penetrable spheres of equal radii
are presented in this paper. Incompressible
Navier-Stokes equations are numerically solved
using projection method on staggered grids.
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XUMUKO-TEXHOTOI'MYECKHMNE HAYKH
N OKOJIOI'Us

90K 544.6.018.47-039.7
MPHTH 31.15.33 DOI 10.55452/1998-6688-2021-18-2-12-19

PEHUM HETI3IHAEI'T CEHCOPJIAP

MOJIIATAJIMEBA A.A., KYAPEEBA JI.K., KAJIBIEBA A.P, OYEJIBEK K.

on-@apabu amvinoaevl Kasax ¥immoix ynusepcumemi, 050000, Anmamet, Kazaxcman

Anoamna. Byn 20e6u wiony JeyMulColHOA PEHULl He2I3IHOe2l INEKMPOXUMUSLIBIK CEHCOPILAPObIH HCYMbLCIADbL
Kapacmulpuliovl. Penuil nezizinoeci cencopiapovly 3epmmey Hcymulemapsl 0ip-0ipiMen caiblCmblpblibln,
Kecme KYpbliObl. DNeKMPOXUMUSILIK JICIHE OUOTOSUSILIK CEHCOPAap OaublHOAy YuliH peHuil Helizinoezl
AHCYMBICUIBL  DNEKMPOOMapobly  CUHME30ey  JHCoNdapvl  aHbIKMANobl. Penutl Hezizinoeei cencoprapovl
cunmesoey yulih MepMUsIbIK, MUKPOMOIKbIHObL MEPMUSIbIK MOMBIEY, VIbMPAOblObIC, MAZHEMPOHObl
OYpPKY, OUIKCNOHEHYUANObl bLOBIPAY 20iCmepi KeHiHeH KOAOAHbLIZAHObIZbL AHLIKMANObl. Penutl Hecizinoezi
CeHCOpLapObly, MAKOAIbIHRAH AHATUMKE KAMbICIbL AHBIKMAY weel, Cubl3bIKmblK OUAnazomsl, scayan oepy
VaKblmyl, ce3iMmandviebl, m.o. necisei napamempiepi canblcmulpbliovl. Kapacmuipwiizan ebliviMu eHoexmep
HaMudIcecinoe peHull He2iziHoe2l CeHcopaapoasbl PeHUioiy Manbl30bl NeMeHm peminoe mayoaiviHy cebeodi
Jc02apbl Ce3iMMAnobIKKa, scoeapul banky memnepamypacoina (3000 °C-man sncozapwi), scolioam peakyuseda
JICoOHE MOMEH WbIELIHOAp2a ue 00Neandblebl 0en 0onxcanovl. Penull Heeizindesi ceHcopaapobly Xoul uicmi
OP2AHUKANBLIK  KOCBLIbICMAapowl, aucmamunodi, JHK-uvl, ommezini, uoHOapObl, KAPYUHOIMOPUOHALObL
anmueenol, KyH CAapblCblH, JCbLLY ASbIHBIH JiCoHE ICIK OUOMAPKEpIH aHbIKMAY VWiH KONOAHbLIZAHObIbL
anvlkmanovl. byn owcymvic penuti HelizinOecl 21eKMPOXUMUSIbIK CEHCOPLAp MYpPATbl 2bLIbIMU-3epImmey
HCYMBICIMAPLIHLIY KA3ipei acnekminiepi mypaisl dcainvliama aknapam oepeoi.

Tyiiinoi coe30ep: penuil, penuti HaHOOOIULE2, OUOCEHCOP, INEKMPOXUMUSLBIK CEHCOP, AHATUM
CEHCOPBI HA OCHOBE PEHUA

MOJIJATAJIMEBA A.A., KYIPEEBA LK., KAJIBIEBA A.P, AYEJIBEK K.

Kaszaxcrxuit Hayuonanvnwiii ynusepcumem umenu anvo-Papaou, 050000, Arimamet, Kazaxcman

Annomauyun: B oannou aumepamyproii 0030pHOU  pabome ObLIU pPACCMOMPEHLL  PAOOMbI
ANEKMPOXUMUUECKUX CEHCOPOB HA OCHOGe penust. Mlcciedosamenvekue pabomsl CeHCOPO8 HA OCHOBE
peHusl ObLIU CONOCMABIeHbL MedHcAY cobotl u bvlia cocmasiena maoauya. Onpedenenvl nymu cunmesa
padouux 21eKmpooo8 Ha OCHO8e peHusi Ol U32OMOBIEHUSL AIEKMPOXUMUYECKUX U OUON0ULECKUX
CeHcopos. YcmaHnosneno, umo 01 CUHMe3d CEeHCOPO8 HA OCHOBe PEeHUS WUPOKO UCHONb308ANUCH
Memoovl  mepmuneckoeo, CBY-mepmuueckoco  oKucienus, YIompaszgyKd,  MAcHempOHHO2O
pacnvlienus:, OUIKCHOHEHYUATbHO20 pasnodiceHus. CpasHusaIucy 0CHO8Hble NAPpAMEmpsbl CEHCOPO8
Ha OCHOBe peHUsi N0 OMHOUIEHUIO K BbIOPAHHOMY AHAIUMY. npeoel OOHAPYHCeHUs, TUHEUHbLU
OUANAa3zoH, 8pemsi OMKIUKA, 4Y8CMEUmMenIbHOCMb U 0p. B pesynemame paccmompennvix Hayumvix
pabom npeononazanocs, Ymo NPUYUHOU 8bl00PA PEHUS 8 KA4eCmae 8AHCHO20 NleMeHmMA 68 CeHCOPaX
Ha OCHOBe peHusi ObLIA BbICOKAsL YYBCMBUMENbHOCHb, 8bICOKASL MeMNepamypad NiasieHus (8vliie
3000°C), bvicmpas peaxyusi u Huzkue nomepu. bvino obnapysicero, umo cencopvl Ha 0CHO8e peHus
UCNONBL308ANUCH OISl ONPEOeleHUs] APOMAMUYECKUX Op2anudecKux coeounenutl, eucmamuna, /JTHK,
KUCI0POOQ, UOHO8, KAPYUHOIMOPUOHATLHO20 AHMUSEHA, COTHEYHO20 JHCENMKA, MEeN108020 NOMOKA U
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XUMUKO-TEXHONOIMMYECKUE HAYKU U SKOJNOInA
® ®

buomapkepa onyxonu. Jlannas paboma oaem 0600ueHHY0 UHGOpMaAYUI0 0 COBPEMEHHBIX ACNEKMAaX
HAYYHO-UCCIe008AMENbCKUX PAOOM NO ANEKMPOXUMUUECKUM CEHCOPAM HA OCHOBE PEHUSL.

Knroueswie cnosa: penuil, HaHoyacmuya penusi, 6UOCEHCOP, INEKMPOXUMUYECKUL CEHCOD, AHATIUM
RHENIUM BASED SENSORS

MOLDAGALIYEVA A.A., KUDREYEVA L.K., KALIYEVA A.R., AUYELBEK K.
Al-Farabi Kazakh National university, 050000, Almaty, Kazakhstan

Abstract. In this literature review, the work of electrochemical sensors based on rhenium was considered. The
research work of the rhenium-based sensors was compared with each other and a table was compiled.The
ways of synthesis of rhenium-based working electrodes for the manufacture of electrochemical and biological
sensors are determined. It was found that the methods of thermal, microwave-thermal oxidation, ultrasound,
magnetron sputtering, and bi-exponential decomposition were widely used for the synthesis of rhenium-based
sensors. The main parameters of the rhenium-based sensors were compared with respect to the selected analyte:
detection limit, linear range, response time, sensitivity, etc. As a result of the reviewed scientific papers, it was
assumed that the reason for choosing rhenium as an important element in rhenium-based sensors was high
sensitivity, high melting point (above 3000°C), fast response and low losses. It was found that rhenium-based
sensors were used to detect aromatic organic compounds, histamine, DNA, oxygen, ions, carcinoembryonic
antigen, solar yolk, heat flux, and tumor biomarker. This paper provides a summary of the current aspects of

research work on rhenium-based electrochemical sensors.

Keywords: rhenium, rhenium nanoparticle, biosensor, electrochemical sensor, analite

KebickapTbliraH ce3aep

MKKT-MOHOKpHUCTAIAB! KYPBIIBIM/IbI
Tannay

MKE-MOHOKpHCTAI B €CenTey
TC-TepMusiIbIK cayine
bpy=4.4'-6unupuaux
NJIC-umnynbeTi 1a3ep caymeci
[IBA-1mKI1i BOIBTAMIIEPOMETPHS
BIIbI-OuskcroHeHIUAN bl BIABIpAY
TbhI-TepMUsIIBIK bIABIpAY
MBb-MaraeTpon bl OypKy
XHNOK-xomr nicTi OpraHUKaIbIK KOCBUTBIC
MII-meTanabl QUK
NKC-uHppaKbI3bUT CIIEKTPOCKOITHS
VY]I-ynsTpaabiobic
KDA-kapunH03MOprOHaIbl aHTUTEH
OKT-a51eKTpoKaTamTuTHKAIBIK TOTBIFY
TT-TepMHUSIIBIK TOTBIFY

Kipicne

Cencop Oip Hemece OipHerie OacTamKbl
eJIIey TYpJeHAiprimTepi Oap KypbUIBIMIBIK
OKIIaynaHraH KypbsUtFsl. CeHCcop elmiey akmapa-
TBIHBIH CUTHAJIBIH OepyTe, o1aH api TYpIAeHIIpY-

re, OHJACYTre KoHe (HeMece) caKTayFa bIHFAIIIbL,
Oipak OaKpUIAYIIBIHBIH TIKeJeH KaObLIiaybiHa
OOJIMaiiTBIH HBICAH/A IIBIFApyFa apHainFaH. Jlar-
YUKTEpP HKOHOMHKAHBIH KONTEreH cajajlapblH-
Jla Tay-KeH OHE OHJIey, OHEPKICINTIK eHJIpIC,
KOJIIK, KOMMYHMKALUs, JIOTUCTHKA, KYpPBUIBIC,
aybul —IIapyalllbUIBIFbl, JIEHCAYJIbIK CaKTay,
FBUIBIM JKOHE 0acKa cajanapia KOJJIaHBLIAIbI.
Kasipri yakpITTa CEHCOp TEXHUKAJIBIK KYPBUIFbI-
JapbIH aXbIpamac 0eJiri O0IbIT Ta0bLUTA k.
Penmii HeriziHzeri ceHcopiap KenTereH
3epITeylll FaIbIMIAPABIH  KbI3BIFYIIbUIBIFbIH
aptTeipyna. Ce0Gebi peHnid ©3iHIH KONTereH Ka-
CUETTEpiHIH apTHIKUIBLUIBIFBIMEH OPTYpIi cala-
Japaa KOJIaHBICKA Me 00a alaThlH CEHCOPIIBIK
KylieHiH snemeHTi Oona ananbl. COHABIKTaH
na Oyy omeOu IOy JKYMBICBIHIA PEHUN He-
TI31HJETI CEHCOpIapblH MYMKIHIIUTIKTEpI, ap-
THIKIIBUTBIKTAPBI, KYpaMAbIK O0IKTepi KeATIpif-
red. PeHuii Heri3iHAeri ceHcopiaapblH 9pKEJKI
casiajap/a KoJJaHbIlC TaOybl KONTEreH Macee-
Jep KarapbIH KbicKapTa/ibl. COHBIH 11I1HAE KbLTY
aFbIHBIH JIOJ OJIIIey YIIH peHHH HeTi3iHAeri
CEHCOPJIBIK KY€ MaHbI3/Ibl POJI aTKapaabl. OUT-
KeHi, BOJIb(pamM-peHnii KbUTy JaTUUT] JKOFaphl
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CEe3IMTANIIBIKTBIH, KOFaphl OalKy TeMIepary-
PachIHbIH, KbUIaM PEaKIHUSIHBIH JKOHE ap3aH
OaraHbIH apTHIKIIBUILIKTApbIHA  OaNIaHbBICTHI
METaJUTyprusiia, a’poFapblliTa, aBUALUAIA,
aToOM PHEPreTUKAChIH/a YAbTpPA KOFAphl TEMIIe-
parypaHbl eJIIey YUIiH KeHIHEH KOJIJaHbLIaIbl.
[1] 3eprreyne BodbhpaM-peHH KylManapbiH
TOThIFyAaH Kopray yuin ZrO,, HfO,, ZrB, xone
SiC TypaTblH KOMITO3MIIMSUIBIK KaOBIH Kaba-
Thl TaHAaJraH. TOTBIKTBIPFBINI-TO3IM/II YKAOBIH
Kabarel BoJbPpaM-peHUNd TEepMOOYIIbI J1aT4H-
TiHIH OETIHJE 30J1b-Teb OICI apKbUIBI OCIpiiIi
MoHe KaObIHAbI KOHJBIPY MPOIIECi 3epTTEIreH.
ConpiHIa BONb(ppPaM-peHHU TepMOMapachl TO-
TeIFy arMocdepaceiaaa 2500°C-ta oTTeKTI arie-
TUJICH >KaJbIHBIMEH CBIHAJJIBI KOHE TepMoIa-
panap 1800 cexkyHATaH acTaM yaKbITTa KYMBIC
icTel amaTbIHABIFBI aHBIKTANIBL. A [2] 3epTTey
JKYMBICBIHIIA PAJAUOKHUUTIKTI OYpKYy OJICIMEH
KpeMHHI KapOuIi Heri3iHaeri BoJbdpam-pe-
HUWI KyKa IUJICHKANIbl TEPMOOYJbl CEHCOPBI
aJBIHFAHJBIFBl JKaWabl OasHmanraH. Toxipube
KOpCEeTKeH/IeH, ka0bIH KabaTel mamameH 600°C
TeMIEepaTypaaa TOTHIFY/IaH TybIHJaFaH CEHCOp-
JIbIH BIABIpAybIH OOJIABIPMAiIbI 1a, CYBIK JoHE-
kepney temrneparypackiH 0°C neHreiinae ycram
TYpFaH/ia, TYPaKThl MAaKCUMAJIbI )KYMBIC TEMIIE-
parypackid 1420°C-ka neiiH apTThIPABI.
OTtTeriHi aHBIKTay KONTETeH Moceleepi
HmIenryre MYMKIHIIK Oepeni. Penuiinin Tpukap-
Ooonmn kemieHi (I) COHFBI XbLIAAPHI ©31HIH KbI-
3BIKTBI (POTOPUBHKAIBIK >KOHE (DOTOXUMHSIIBIK
KacueTTepiHe OaiJIaHbICThI aTapJIbIKTal Ha3ap
aynapasl. JKanmbl OoTTeri ceHcopiapbl OKeaHO-
rpadusi, METEOPOJIOTHS, IKOJIOTHUS KOHE OHOJIO-
rUsi CUSIKTHI OipKaTap cananapia KOJJAaHbLIA b
[3, 4]. by makanajga peHUl KeHIEHIHIH CUHTE31
MEH JIIOMHUHECIIEHTTI KAaCHETTepl YCBHIHBUIJIBI.
AproHMeH KaHbIKKaH epiTIHAIepeTi KBAaHTTHIK
CoyJIeNIeHy alTapibIKTai apTThI (acipece 590 Hm
JKOJIAK YIIiH). bys1 KemeHaepai Kaarbl3 OTTerl
CEeHCHUOMIM3aTopIapbl PETiHAEC OPEKEeT €Ty Ka-
O11eT1 JKOHE oJIap/Ibl OTTEr1 CEHCOpIaphl PETiHIe
naianany yIIH 3eprreireH [5]. [6] 3eprreyin-
ne cuiceckBrokcan mienkaceina [Re(CO),BR]
KeIlIeHI CHT131JITeHHEH KeliH kenTereH Gotodu-
3UKaJIBbIK KaCHETTEPl MEH Oz(lAg)-HH dboTocen-
cuOmIM3aIusiay KaOUIeTiH CaKTauThIH CEHCOpP
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pOJIIH aTKapa alaThIHbIH KepceTkeH. Moeky-
nanblk orrerinid Kareicybiven Re(CO),Br(PBI-
Cab) ko3ran KyHiHiH eMip cypy yakbIThl N, Taza
armocdepaceiHaarel 5,04 MKC-TEH aya aTMoc-
depaceiana 0,31 Mkc-ke JeliH alTapibIKTan
TOMEHJICHTIHITTH aBTOpJIap aHBIKTAbL. [ 7] 3epT-
teyinge Re(CO),(CPO)Br kemueni orrerini om-
TUKAJbIK aHBIKTAy YIIH kacairaH. Ocpliaiiia
JTUHAMHUKAJIBIK MEXaHU3MHEH Ke1H KOMITO3UTTIK
smuccus O, MOJEKyanapbIMeH COHIIPLIETIHI
JIan, Sln, denra aBTOPIIAPBIHBIH 3€PTTEY KYMBbI-
CBIHJIA pacTajibl.

Herisri 6eJ1im

DOTOINEKTPOXUMUSIIBIK CEHCOPJIBIK JKYile
MHUKPOIJIEMEHTTEPIl, dcipece Kypaemi Ouoo-
THSUTBIK JKyHene OMOJIOTHSUIBIK OCJICeHII MOJIe-
KyJajapabl Tajjayra MyMmKiHzaik Oepemni. Co-
HBIH IIIIHJE OTIEeIl METAT JTUXaJIbKOTCHUATED
KarapblHa jKaTaTbld peHuit aucynbhuni (ReS))
KEepEMET AJICKTPOH/IbI, TePOEIMENi KOHE ONTH-
KaJbIK cunarramaiapra ue. ReS, ocel epekmie
KacuerTepre ve OOJFaHIBIKTaH, OJI AJIEKTPOH-
Ikl KYPBUIFBUTAp OHAIPICIHAE COHBIH IMIHJE
(bOoTONETEKTOP, JUTHH-UOH/IBI AKKYMYJISTODP, €H
MaHBI3IBICHl  (DOTOANEKTPOXUMUSIIBIK CEHCOP-
JBIK KYHene KeHiHEH KOJAaHbLIaibl. AJl ReS,
HaHO KaOaTTapblHa HeEri3fenreH (OTOIIEKTPO-
XUMUSIIBIK KMMYHOCEHCOP dJ1i KYHT€ JCHiH iCiK
OroMapKepJIepiH aHBIKTAy YIIIH MaHBI3IbUIBIFBI
KOFaphI KYHe peTiHae 3epTTemye.

[8] 3eprTeyne penuiinin (I) ankokcu-kerip-
71 OMHYKJIeapiblK KemeHaepi  AJbIreimep
aypybIMeH Oipre XypeTiH [B-amwiouarsl ¢u-
OpuitanapAblH arperayusChlH CEIEKTUBTI KOHE
ce3iMTall aHBIKTay YIIIH CEHCOpP PEeTiHAe Kojaa-
HBUIATBIHABIFBI Kainbl OasHanrad. CoyneneHy
KAPKbIH/ABUIBIFBIHBIH ©3TepyiMEH Karap, HOTH-
xenep Oyl KellleHAEepACH KYPBUIFaH ceHcopiap
Oipiaminen, JIHK-HbIH >KOFapbl MOIYJISIINS-
JIAHFaH KAaCHUETIH KOpCEeTTi, OJI dPTYPJl AUAIHSI-
Japabl capajayra MYMKiHAiK Oepzai. Exinmmi-
JIeH, MOHJIBIK KOCIaJa CEJCKTUBTLIIKTI KOPCETe
annel. [9]. YHaicTanaa KaHT quabeTiMeH aybIpa-
TbIH 50,8 MUJITMOH a/1aM TYPAThIHBI YIIKEH Mace-
neHi Tyre3abl [10]. MHCYnHMH )oFapsl Temmiepa-
Typa, ToeMeH pH xoHe T.0. CHAKTHI Oenriui-oip
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Karjaiiapna aMuwiIouATsl  (GuOpUILIaIapIbIH
Ty3uryiHe OeitiMm Oosbint keiemi. byn wHCynuH
¢bubpwanapsl MHCYJIMHHIH KalTaJlaHFaH WHb-
eKUusIapblHaa OaliKajaaTblH MHCYJIWH aMUJIO-
WIBIHBIH IIeriHAuIepine OaimanpicThl I THIITI
KaHT aualeTiH eMJieyre eeyli Kayill TOHIIpeI
[11]. ConubikTan aMuIOUATH 'xkapanapabl"
ce3iMTajl aHBIKTAyJbIH KAKChl 9MICTEPIH Kacay
KIIMHUKAJIBIK TUarHOCTUKA MEH TepPaleBTIK KOJ-
JlaHyZla ©Te MaHbI3bl posib arkapajbl. COHFBI
KBUIIAphl KAaHT TUA0ETIH eMJeyre KOWbUIaThIH
TajanTapAblH caiJapblHaH WHCYIUH (Hudpui-
JSUUSCBIH AHBIKTAyFa KbI3bIFYIIBUIBIKTBIH ©CYyi
Oaiikanaael. ABTopnap [12] »KymbIcTa KilaccH-
KaJIbIK aMuIouaAThl TuodnaBuH 60sysl MeH (ity-
OPECIICHTTI 9/IICT1 KOJIJJaHA OTHIPHIT, PCHUH He-
Ti31HJET1 CEHCOp KOeMeriMeH WHCYJIUH (Huopuii-
JanapblH aHBIKTAY JKaljibl XabapiaraH. bencenai
AT GosrplibIH (MHIYKIMSUIAHFAH arperamus
IBIFBIHABICKH) 1,2 - O6uc [4-(3 - cynbdoHaToIpo-
nokcun)perun]-1,2-1udheHuIITIIT TY3bI HET131H-
JIeT1 AJIEKTPOATHl MHCYJIUH (UOpHUIIIaTapbIHbIH
CEHCOPBI )KOHE UHTUOUTOPBI PETIHAE KOJIIaHY/IbI
kepceTkeH. [ 13]. by penniini (1) GunyKIeapibIk
KelleHaep 6MoMoeKyaiapra KoHe ONTHKAIBIK
BU3yalM3allisFa apHaJIFaH CeHcop peTiHae ¢o-
TORJICKTPJIIK KaCHETTEepre ue €KeHi 3eprrey Oa-
phIcbIHIa aHbIKTaNFaH. COHBIMEH KaTap Y3bIH ajl-
KW TI30€KTEeP/IiH arperanuschl arperarTaiFraH
(dhochopeceHIMHBIH KOFaphlilay KaCUETTEepiHE
XKOHE aMWIOMATH (puOpHILIaNapabl aHBIKTayFa
apHaAJIFaH CEHCOPJIBIK XKyiere kentipiiareH [14].
Ipi xapa capsICybIHIaFEI ATBOYMUHIHIH KOHPOP-
MaIUSUIBIK  ©3TepICTepiH aHbIKTayFa apHajFaH
penuii (I) HeriziHzeri QIyopecueHTTI CEHCOp
*Xaiel 3eprreireH. XKanmsl kypeuibiMbl [Re(CO)
,(N-N)L]PF, 6onarein penuit (I) kemenaepinin
aKybI3 OAJIaHBICTHIPATHIH KaCUETTEP1 (MYHIAFbI
n-n = 4,4-muHa-HOWI-2,2-OUIUpPUINH XoHe L =
py-3-COOH xone Py-3-CONH,) OykanbIH ca-
peICyBI anbOyMuHiMeH pH=7,4-Te ynpTpakyiri-
Il CIHIPY CTIEKTPIiH KOJIJIaHa OTBIPBII 3€PTTEITCH
[15]. [16] >xoFapsl TypakThl Re HaHOOOMIIIeKTEPI
aJFall peT OPraHMKAJBIK EpITKIITE OIPTEKTI
ToMeHaeTy skonbiMeH JIHK-HbI aHbIKTay Mak-
carbiga OenmMe Temmeparypacbiiaa 10 MUHYT
IIIIHIE CHUHTE3NEIreH. AJI OChl CHHTE3IEIITEH
Re opranozosibl TOHa3bITKBIIITA MOPJICHIEH KOH-

TeWHEp/iH acThIHJA CaKTaJFaH ke3ue 6 aiijgan
acTaM yakbIT OOHBI ©Te TYpaKTaHFaH.

bensosn, Kcuilonm JKOHE TOJIYOJ OpraHUKa-
JIBIK KOCBUIBICTAP JCHCAYJIBIK YIIIH CO3BLIMAJIbI
YKAFBIMCBI3 9CEpJIeP/li, COHBIH IIIIHAC acTMa, aJ-
JIEPTHSI KOHE KaTepili ICIK aypybIH TYAbIPATHIHbI
oenrimi. Coran OailIaHBICTBI PEHHUM HETI31HIIE
Monu(UKalusJIaHFaH CEHCOpJIap KOINTereH fa-
JBIMIAPIBIH Ha3apblH ayJapraH. bys »ymbicTa
[17] rucramuBai-MaHbI3ABl OMOTCHIIK aMHHI
anpIKTay ymin ReO, HerisiMen Momupukanus-
JJaHFaH TETEePOTEH/II KOMIPTEKTi 3JIEKTPOITHI
CEHCOPJIbI KOJJIaHy MYMKIHIIT1 KOPCETiIreH.
byn omic 0GanblK TY3IBIFBIHAAFBI THCTAMUH/II
aHBIKTay/a COTTI KojjaHbutraH. [18] 3eprtre-
yiHIE €Kl aJKOKCHU-KOIpial OWHaIepiliK KOM-
wiekcrepain  [{Re(CO),(1,4-NVP)}2(u2-OR),]
(I, R = CH,; 2, C, H, 4-nmurananen (I-nad-
TuaBUHWI) tupuauHMed (1,4-NVP) y3b1H ankun
Ti30€TiHIH KYIICUTUITeH SMHUCCHICHIHBIH CHIIAT-
TamaJiapbl KOPCETUITCH.

AHHMOHJApFa apHaJFaH >KaHa XHMOCEHCOP-
JApAbIH JaMybl OHOJIOTHSIIBIK, SKOJIOTHSIIBIK
YKOHE XUMUSIIBIK MPOIECTEpAETi ipreni peliiHe
OailTaHBICTHI CYNPAMOJICKYJIaIbIK XUMUS caJia-
CBIHJIaFbl MaHBI3/IbI TAKBIPBIT OOJIBIT TaOBLIAIbI.
[19] 3epTTeyae aBTopaap nosspiaanrad N—H-Tb1
AHBIKTAy MaKCaThIHJIa PEHUN KapOOHMIIIEPIHIH
OlpHeIe KEIIeHIH 3ePTTEYIIH COHFbI HOTHKE-
nepin cunarrarad. CoHaai-aK THOAMHITEP MEH
2,6-IpUANHANKAPOOHWIINXIOpUI,  u3o(dTa-
JOWIIUXJIOPU JKOHE TepedTaTOMIIUXIOPUI
TYyBIHIBUTApHl cuHTe3aenreH. [20] 3eprreyin-
ne apropiap 2,2'-OWNMUPUINH  JTUTAHITaPhI-
HBIH aMUITI, MOYCBHHAJIBI )KOHE THOMOYCBHH/II
TysiHAbUTapbl Re (I) Herizinmeri ym kermeHmi
TYpJIEPIMEH CIIEKTPIIIK SICTEP apKbUIBI CHHTE3-
JINTEH/IIT1 Kalabl cunaTTanFal. bys kemenaep
VYK xone SAMP cnekTpockonus omiciMeH 3epT-
tenred CN, -, CH,COO" xone H,PO, cuskTh
AQHUOHIAP/IbI KOCKAH/Ia alTapIIbIKTal CIIEKTPIIIK
e3repicTep KOpceTeTiHl aHbIKTaabl. [21] 3ept-
TeyiHJe THOAMHU/J, MOYCBHHA KOHE THOMOUYEBHH
JUTaHATApbl CUHTE3/IENTeH, COMaH KeHiH oJap-
JeIH Kemipiil peHuiiaiy (I) TpukapOOHUITUUMUH
KeIIeHepi ajdblHFaH. THOMOYEBMHA HETi31HJIeT1
kemenaep F, Cl sxone Br cuskThl rajmoreHiep-
MEH aWTapJIBIKTall SMHUCCHSUIBIK PEaKIMsIIapbI
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KOPCETKeH. AMHUJOTHOMOYEBUHA HETI31HJeT]
penuii (I) kemieHi Cymnbl XKoHE >KAPThUIAM CYJIbI
epITKIITep/ie IMAHU aHUOHAAPBIH aHBIKTAy/1a
CEHCOp pOJIIH aTKapa ajaTblHBl  HOTHDKENIEp-
MEH JQJICNIJICHIeH. [22] 3epTTey >KYMBICBIHA
aBropiap Re(l) umMuHal (QyHKIIMOHIAHFaH Ke-
HICHICPIH JKacall MIbIFapFraH. ABTOpIap OJIap.Ibl
areronutpuigeri Cu’’ HOHBIMEH CEJICKTHBTI
0aiiJIaHBICTBIPY apKbUIBI XMMOCEHCOpIIap PETiH-
Jie KoJIJaHyFa OONaThIHABIFBIH TOXKIpHOe Oaphi-
ChIHAa aHbIKTaraH. [23] 3eprreyinme 2,20-6u-
NUPUAMH JIMTAaHATAPbIHA KOCBUIFAH THIIPOKCHUII
JKoHe MMUH TonTapsl O6ap penuii (I) Tpukap6o-
HWJI KSIICHIEPiHIH CEPUSCHI CHHTE3/ICITEH XKOHE
OPTYPJTI CIEKTPOCKOIUSIIBIK IICTEPMEH CHUIIAT-

tairad. byn kemengep Cu®’ nonsl ymiiH ¢uyo-
pPECLeHTTI "KOCBUIATBIH" XUMOCEHCOP pETiHJe
KbI3MET €TeTiHiI aHbIKTaiFaH. CeHCOPIBIH eMip
CYpy yakbIThl )oHe Re (I) kemeHiHiH KBaHTTHIK
wbFbIChl Cu?’ MOHBIH KOCKAaHIa aiTapibIKTai
apTkaH. MyHJla CHUIIaTTaJfaH SKCICPUMEHTTEP
HOTHIKEJIEpl METaJUl perenTopiaapbl aHUOHIAp-
bl KaObUTIAy[bIH JKaHA TOCUIAEpiH jkKacayra
MYMKIHAIK Oepeni nen OomkanraH. [24]. bByn
[25] makanana penuiigin (I) >koHe WPUAMIAIIH
(ITII) arOMUHECHEHTTI KeIIeHIEpiH HOHIApFa,
MOJIEKyJTaJIapFa JKOHE OMOMOJIeKyJajJapFa CEH-
COp peTiHAe KOJJlaHy KapacTeipbuiraH. Kemeci
KeCTeJle PeHHUI HEeT131H/1eT1 CEHCOPIIap/Ibl CaJIbIC-
TBIPY KETIpUITeH.

1-kecte. Penuii Herisinaeri ceHcopJapabl cajabICTBIPY KecTeci

Cencop snexrpozn 6eTi 3eprrey Re cencopast Amnamut Kayan CesiMTanasiFel | AHBIKTAYy | Onebuer-
KypaMbl anici CHHTE3/ICY Oepy mreri Tep
anici YaKbITHI
Re(CO),(Br-PODZ)BR MKKT Jonuxr Ortreri 9¢ 391 | e [26]
Re(CO),Br(ITb1) MKE TC Ortreri 6¢c 20,53 | - [27]
Re,(CO)(bpy) (Hy- Kocnanay WJIC Orreri 8c 20,1 | e [28]
€H),
Re(CO),(POP)Br I[IBA BITbI Orreri 5¢ 707 | e [29]
W-5Re/W-26Re MWUKpPOHIBI ThbI Kooy | - 3,8x10° B/(xB1/ | = ----mm- [30]
aFbIHBI M?)
WRe26-In,0, SEM, XRD TbI Kooy | - 201,6 mxkB/K | —eemee- [31]
xoHe XPS aFpIHbI
Terpa Re MI] | - Mb XUOK | - | - 30 r/n [32]
4-OH Re MI] HUKC | - AMuH | - | e e [33]
Compna tunmi ReS, | - pYI KA | - | e 0,468 nr/ [34]
HaHOOeIIIeT] MIT
(ReCDAC) OKT TT Kyg | - 91,53  MKA/ 16 Hm [35]
capbICh MKM
KopbITbIHABI JIAHBICTBI MaKaJiajgap KapacTblIPbUIbII, CEHCOPIbI

Bapnwik 3eprTey MakamamapblH KOPBITHIH-
JbIIal KeJie 3epTTeY JKYMBICHIHBIH PEHHM He-
Ti31H/IET1 JIEKTPOATAP CEHCOP PETIH/IC HET131HEH
OTTETIHI, JKbUTYy aFbIHBIH, THCTAMUH aHBIKTA-
yFa KOJIaHBLIFaHBIH Oaiikayra Oomabl. XKammsr
pEeHUilIIH KeHIeH Il KOCBUIbICTApbhl CEHCOPJIbIH
ANIEKTPOATHI OeJliriHe KeOipek MnaijanaHbuIFaH-
IBIFBI  MONIIM  Oonael. PeHuit  KOCBUIBICTApHI
KoOlHE TEPMUSUIBIK JKOJIMEH CHHTE3aeNTeH. by
JKYMBICTa PEHHMM HET131HJAEr1 ceHcopiapra Oail-
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a3ipieyaeri KOJMAaHbUIFaH SiCTepP, aHBIKTAYIIIBI
aHAJUTTEP MEH OJIAPJIbl AHBIKTAY IIIET1 KOHE ChI-
3BIKTBIK JIANa30Hbl Oip-OipiMeH CallbICTHIPBLI-
nel. PeHuil HeTi3iHIer1 JIeKTPOATAPABI CEHCOP
peTiHae KOJJaHy KeNTereH Kbuigap OOMbI KbI-
3BIFYIIBUIBIK TYABIPBIN KATKAHABIFbI aHBIKTAJ-
nel. Bipak ocChIHIAW Heri3geri >KymbicTap o
JIe TOJIBIKTA 3epTTEeNiN, QJIeMIIK 3epTTeyIIi Fa-
JBIMAAPBIH KbI3BIFYIIBUIBIFBIH apTTHIPAIbl -
r'eH YMITIICHEH KOPBITHIH/IBI )KacayFa O0oa bl
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CONDITIONS FOR THE OCCURRENCE OF ICING ON AERODYNAMIC
PROFILES AND METHODS OF THEIR CALCULATION

AKHAZHANOY S.B., SKOROBOGATOYV S.V.
Buketov Karaganda university

Abstract. This article analyzes the methods and models suitable for studying the icing of the aerodynamic
surface (wing). Systems to counteract the unifying effect are considered. Methods and models for calculating
ice formations on aerodynamic surfaces are studied. Further study of the effect of icing will be conducted in the
light of the characteristics of flow around bodies of viscous compressible medium in terms of load and liquid
phase in case of changes in the geometric parameters of the bodies and reflect this change in the external
Stream.

Keywords: icing conditions, flows near the aerodynamic surface, moisture on the streamlined surface,
formation of frost or ice, aerodynamic surfaces.

ADPOJIMHAMUKAJBIK BEAIHJE MY3JIAHYIBIH MAWJIA
BOJIY IIAPTTAPBI )KOHE OJAPABI ECENTEY 9JIICTEMECI

AXAKAHOB C.b., CKOPOBOI'ATO B C.B.

Axademux E.A. boxemog amvindaswt Kapazanovl yHugepcumemi

Anoamna. byn makanada aspoounamuxanvlk bemmiy (Kanammuoly) my30anyvin 3epmmeyee calkec Kelemin
a0icmep men mooenvoepee manday xcacanean. bipnecken acepee xapcvl mypy oicylienepi auKblHOANZAH.
Aspoodunamuxansiy bemmepoe mMy30vly nauda OO0MYbIH ecenmey adicmepi 3epmmendi KHcaHe Modenvboepi
Kapacmulpulidvl. My30anyovly acepin 3epmmey Yutin 00aH api 6agvim OeHenepoiy 2eoMempusiivlK napamemp-
Niepi ©32epeet JHca0aioa Heane 0Cbl 632epicni CoIPMKbL A2bIHEA ecenke aubli, MACLIMAIOAYULbL HCIHE CYUbIK
paszanvl eckepe omvipin, MYMKIP CIZLIIAMbIH OPMA APKbLIbLL OeHeNepOiy azy epeKuienikmepi 0e eckepine
arcypeizineoi.

Tyiiinodi ce3oep: my3zoany wapmmapul, A3pOOUHAMUKATBIK OEMMIY HCAHBIHOASLL AZLIHOAP, CYUIp Demindesi
blLI2A, AA30blY Hemece MY30blH nauoda 00myvl, aspoouHamuxaivly bemmep, myzoany pexcumoepi, NACA

npogui.

YCJOBUA BOSHUKHOBEHUS OBJEJEHEHU HA
APOANHAMMUNYECKHUX ITPOPUJIAX U METOIAUKHU UX PACUHETA

AXAJKAHOB C.b., CKOPOBOI'ATOB C.B.
Kapaeanounckuii ynusepcumem umenu akaoemuxa E.A. Bykemosa

Aunnomayus. B oannoi cmamve npouzeeden anaius mMemooos u Mooenet, nooXoosuux Oisi UCCLe008aAHUS
obnedenenuss a’spoOUHAMUYECKOl NO8epXHOCmuU (Kpvlaa). Paccmompenuvl cucmemvl no npomuooeicmeuro
obnedeHumensromy s¢hexmy. Uzyuenvl memoouku u paccmompervl Mooeiu paciema oopasoeanuli ib0d Ha
A3POOUHAMUYECKUX NOBePXHOCMSX. [lanbHeliutee HanpasieHue O usyyeHus dgpgexma obnedenenus oyoem
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npoeedeHo npu yueme 0cO6eHHOCIU 0OMEKAHUS Meil 6A3KOU COHCUMAEMOU CPedOl C Y4emoM HeCyuell U HCUOKOT
daswl, 6 cryuae usmMeHeHUs 2eoMempudecKux napamempos mei u yiema dmo2o UsMeHeHus Ha GHeuHUL NOMOK.

Kniouesvie cnosa: yciosus 06]16()6H€Huﬂ, nomokKu OKoOJ10 aapoduHamuquKoﬁ nosepxnocmu, ejadaeca Hd
obmexaemoil noeepxnocnmu, 06pa306anue usmoposu uiu boa aSpO()MHClMulteCKux noeepxﬂocmeli.

Introduction

To find solutions to complex problems fluid
and gas mechanics became possible thanks to a
leap in the development

Computer and numerical  methods,
computational aerodynamics, which is why the
possibilities of mathematical modeling have
expanded. It became possible to simulate the
process of fouling the aerodynamic surface with
frost, frost and ice. Icing of the aerodynamic
surfaces of machines and aggregates is a very
dangerous effect, both for human safety and for
the resource of mechanisms.

Icing occurs due to the presence of water
droplets that are in a supercooled state, which
get on the" cutting " edge of the continuous
medium, freezes, gradually changing the shape of
the streamlined surface, as a result of which the
characteristics of the acrodynamic surface change.

The temperature of the continuous medium,
the speed of movement of the masses of the
continuous medium relative to the aerodynamic
surface, pressure, diameter of supercooled
droplets, water content — are parameters that
affect icing.

Due to the presence of small particles of
both dust and ice on the aerodynamic surface, the
effect of crystallization of the supercooled liquid
occurs.

At the present stage of development of
science, there are already mathematical models
of aerodynamic profile icing in which the
technique is reduced to the following stages:
determining the geometry of the wing, searching
for a potential solution for the flow, calculating
the boundary layer, determining the trajectories
of drops, the equation of the thermal balance of
mass conservation and changes in the geometric
shape after icing.

Icing has a serious impact on flight safety,
causing several dozen deaths a year. Icing also
presents detrimental effects on mechanisms,
increasing their wear and tear or rendering

them completely unusable. The danger of icing
increases if there are reservoirs and mountains in
the area.

Therefore, the study of this effect in
adverse weather conditions is of interest. The
process of steam condensation with subsequent
ice formation is one of the main stages in the
development of an anti-icing system. There are a
number of undesirable effects, such as a decrease
in the lifting force of the wing, an increase in the
load on the elements, and a loss of efficiency.
There is a complete change in aerodynamic
properties, a decrease in the flow stall angle, an
increase in the turbulent wake, and an increase
in mass. The ice crust can collapse under the
influence of vibrations or aerodynamic forces,
causing damage to the machine unit.

The main meteorological parameters
during the icing

The formation of ice on aerodynamic surfaces
occurs mainly when the surface is flowed by a
medium that contains water droplets at negative
ambient temperatures. The parameters that
determine the rate of ice formation on surfaces
are: water content, water droplet size and air
temperature. Despite the fact that the water
content can be very different in two relatively
close regions of the continuous medium, it is
customary to operate with the average values
obtained at relatively large distances (several km).
The water content decreases as the temperature
decreases[1].

It should also be taken into account that the
formation of ice occurs in places with sharp body
geometry at a much higher rate than in flat places.
All this is due to the fact that the air velocity in
the vicinity of sharp and straight areas is lower,
and the pressure is higher, which leads to an
increase in temperature. The boundary layer in
the vicinity of sharp parts is thinner.

Types of ice and its influence aerodynamic
characteristics

The formation of ice under icing conditions,
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which solidifies firmly on surfaces, is classified
as glassy, smooth, loose, mixed[2].

Vitreous-occurs in the event of rain, at
temperatures near sub-zero, when drops freeze
when they touch a cold surface. The gradual
freezing of the drop is a consequence of the
release of latent heat of the phase transition,
so part of the drop has time to spread over the
surface, resulting in layers of solid glassy ice
with a high density. Such layered formations
as a consequence change the shape of the
aerodynamic profile.

Loose ice-is a consequence of the contact
of drops with a surface with a temperature
significantly below the temperature of zero
degrees. The formation is formed from tiny ice
particles, a weak structure with pores. Loose ice
has a lower mass and density compared to glassy
ice formation. It is formed in temperatures from
-5 to -15 degrees Celsius.

The formation of a combination of vitreous
and loose ice is called mixed ice. Glass is formed
from large drops, while small ones form loose
ice.

In the case of water vapor, it turns into ice
before condensing, settling frost on the surface.
The process occurs when the medium flowing
around the airfoil changes its temperature
upwards. Hoarfrost changes the thickness of the
boundary layer causing earlier turbulent flows
near the aerodynamic surface.

Based on the above information, we get the
assumption that droplets are in the supercooled
state temperature equivalent to the ambient
continuum, striking the surface aerodynamic
when considering the degree of supercooling of
droplets and conditions flow profile influence
their behavior after contact.

This model is based on when the solidification
of droplets occurs in the proportions depending
on the frozen fraction of the droplet, namely,
the amount of latent heat of the phase transition
released, which is absorbed by the environment.
During icing, irregularities and roughness are
formed, which affect the development of the
boundary layer, changing the coefficient of heat
exchange with the environment.

Different types of ice cause different types of
icing wet, dry, liquid.
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Wet-mode characterized by a temperature
equivalent to the solidification temperature of
water. Solidification occurs in the range of the
coefficient from 0 to 1[3].

Water droplets in the supercooled state
combine on the surface, turning into rivulets. The
film is the case when the liquid is sufficient to
cause the pooling of all the streams.

I
outside the drop zone ,/ inthedrop zone
!

two-phase

streams f
! drops
I

Figure 1 — Surface water condition of streamlined body

In wet icing, the frozen water fraction is
zero. The liquid is found in the form of drops,
films, or rivulets. Occurs when the surface has a
temperature above zero degrees Celsius.

In the case of dry icing, the surface
temperature is below zero degrees and the liquid
freezes on the surface. The supercooled droplets
hit the surface and form ice before spreading out.

Classification of de-icing systems

The choice of system depends on the type
and method of application of the aerodynamic
profile. Mathematical modeling of ice formation
makes it possible to estimate the probability
of icing in various conditions[4]. There are the
following types that prevent the formation of ice
on aerodynamic surfaces:

Thermal-air

They are widely used in machines with gas
turbine engine units. Warm air is taken from the
GTE compressor and directed to the places most
susceptible to ice formation (blades, front part of
the wing, fairings, etc.).

Electro-thermal

Vulnerable parts of the airfoil are equipped
with special "thermal plates". The system requires
high energy costs and is used on relatively small
surfaces.

Liquid
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It is based on alcohol, glycol. Used for both
removal and prevention of ice formation. Limited
by the amount of fluid reserve due to the design
of the nozzles prone to clogging.

Pneumatic

In the case of an aerodynamic surface, it
is a rubber "cushion" that deforms in the event
of signs of icing. Ice formation occurs in small
portions, then ice is dumped.

Methods for calculating ice formation

Mathematical models describing the
formation of ice on aerodynamic surfaces were
developed, allowing to assess the impact of
formations on aerodynamic characteristics:

In 1951, two modes of icing were established:
dry and wet, and the dependence of the intensity
of formation on temperature, speed, and water
content was demonstrated. The Ludlam border
separates the dry and wet modes. Then the
formation in the dry mode occurs under the
condition of water content below the boundary
and the temperature of the aerodynamic profile
below the solidification temperature of the water.
In wet mode, the profile temperature is equivalent
to the water solidification temperature, and
excess water is blown off the profile.

In 1952, it was found that a certain amount
of water can be "locked" in the ice, thus forming
spongy ice.[5]

In 1979, a thermodynamic model of icing
on a stationary surface, on which supercooled
water droplets fall, was determined. On the basis
of the energy equation, a numerical model of ice
formation was given, which can be used to judge
changes in aerodynamic parameters. The model
included the combination of two modes of dry
and wet, thermal conductivity and convection
of the boundary layer, water flow over the
streamlined surface; thermal conductivity and
convection inside the boundary layer; latent
heat of evaporation, condensation of moisture
and sublimation; thermal conductivity of ice
and cylinder; aerodynamic heating caused by
adiabatic compression of air in the boundary
layer and kinetic energy of supercooled droplets
falling on the cylinder. The result was compared
with experimental data obtained by Stallabrass in
1957 and Macklin in 1961.

In 1980 to the present time, the development

and improvement of models has been continuous.
Developed 2-dimensional models of ice
formation on aerodynamic models in different
modes: LEWIS 2D, Wright; ONERA, Gent;
TRAJICE2D, Guffond; 2DFOIL-ICE, Dillingh.

Based on one of these models, models
of ice formation in 3-dimensional form were

developed: FENSAP-ICE 3D, MCGILL
University, CANADA[6];
Recent  improvements to  numerical

simulation software products include:

- calculation of the aerodynamic flow
based on the shield method in two-dimensional
formulation

or on the Navier-Stokes equations in two-
and three-dimensional formulations;

- analysis of the trajectories of supercooled
droplets, allowing to determine the coefficient of
capture of falling moisture on complex geometric
shapes, which are usually based on the Lagrange
method or on the Euler method;

- calculation of the boundary layer, taking
into account the surface roughness caused by the
presence of ice crust, when calculating the heat
transfer coefficient;

- determination of the thermodynamics of
solidification, which allows us to calculate the
rate of ice build-up;

- a geometric module that describes the
movement of the ice boundary, based on the
trajectories of water droplets in dry mode or by
the method based on the determination of the
normal to the surface, in dry and wet modes [7],

- time sampling, to improve the description
of the geometry and increase the accuracy of
calculating

local heat and mass transfer coefficients.

The main differences between the programs,
notincluding FENSAP-ICE, are in the calculation
of aero-dynamic flow and evolution over time.
Programs based on the shield method for
calculating the potential flow can not determine
the points of separation of the flow, so they
give less accurate results compared to programs
basedon the Navier - Stokes equations, but they
allow you to get a solution much faster[8].

Most models take into account only the
flow of water in the form of a film, based on the
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model developed by Al-Khalil and others. This
assumption does not consider that water can be
on the surface in various states determined by
the action of aerodynamic, gravitational forces,
as well as surface tension.

In the program LEWICE takes into account
surface tension, which allows you to estimate
the amount of water, which remains locked on
the surface, based on the Weber number. Such
parameters as surface roughness, ice density,
residual amount of liquid water, as well as the
processes of water droplets escaping outwards
and water flowing down along the streamlined
surface are currently insufficiently studied and
they are taken into account using empirical
relations[9].

In particular, Ruff, Shin and Bond were
obtained relations for estimating surface
roughness, Olsen and Walke for describing the
processes of pulling out and spraying droplets,
and Jones for determining the density ofice. These
ratios were obtained for the icing conditions of
the wings and other parts of the fuselage of the
aircraft, but they are not very applicable to the
blades of aircraft engines in accordance with
the operating conditions (speed, altitude, angle
of attack) and meteorological conditions (water
content and average volume diameter of water
droplets), which are very different[10]. Recent
studies have also made it possible to better study
the roughness of the ice surface and the physics
of the liquid phase:

- the paper studies the measure and
distribution of roughness on the ice surface, and
shows that the empirical ratio is not adequate
when the surface is covered with a film of water;

- studies allow us to analytically describe the
formation and movement of film and rivulets on
the surface;

- the paper shows that surface tension is the
main factor affecting the formation of droplets on
the wing surface;

- the behavior of the liquid phase on the wing
surface is better studied.

These works allow us to use a thermodynamic
model in which the liquid phase and roughness
are defined using physical parameters, rather
than empirical relations.

Conclusion

Methods for studying the formation of
icing of aerodynamic surfaces are analyzed,
meteorological parameters, types of icing and
effects on aerodynamic surfaces are described.
Classifications of anti-icing systems are given.
The next step in the study of the effect of icing
is modeling considering the interactions of the
carriers and liquid phases, forms of existence
of the liquid on the aerodynamic profile at a
certain mode of ice formation, determination
of the impact of the change on the aecrodynamic
parameters, taking into account the effects of
geometry changes in the motion of a continuous
medium.

REFERENCES

1. Aircraft Icing Handbook [Electronic resource]. - Access mode: https://www.skybrary.aero/
bookshelf/books/659.pdf. Date of treatment (11.12.2020).

2. LH. Abbott, Von Doenhoff and A.E. Theory of Wing Section // Dover Publications, Inc. - 2014. - 302 p.

3. W.B. Wright. Users Manual for Improved NASA Lewis Ice Accreation Code LEWICE (NASA) //
Contractor report. - 2017. - 95 p.

4. S.F. Ackley, M.K. Templeton. Computer Modeling of Atmospheric Ice Accretion / CRREL
REPORT 2. - 2015.- P. 15-35.

5. G. Fortin. Prediction of ice shapes on NACA airfoil [Electronic resource]. - Access mode: https://
www.researchgate.net/publication/228387958 Prediction of ice shapes on NACA0012 2D
airfoil. Date of treatment (05.12.2020).

6. T.P. Meshcheryakov. Designing a protection system for aircraft and helicopters // Moscow:
Mechanical Engineering. — 2001. - 222 p.

7. J.D. Anderson. Computational Fluid Dynamics. The Basics with Applications // McGraw-Hill
Education. - 2017. - P. 32-77.

24



o OUN3NKO-MATEMATUHECKUE N TEXHUYECKWUE HAYKH o

8. Ice Accreation Simulation, Agard, [Electronic resource]. - Access mode: https://www.ftp.rta.nato.
int/public/Agard9.pdf. Date of treatment (11/18/2020).

9. C. Bak, P. Fuglsang. Airfoil Characteristics for Wind Turbines // Ris-R-1065 (EN). - Risg National
Laboratory. - Roskilde. - 2011. - P. 63-90.

10. L. Battisti. Class III - Basics on Icing For Wind Turbines // Lecture slides from course. - Wind
Turbine Ice Prevention Systems Selection and Design. - Technical University of Denmark. - 2014

11.J.J. Chung, H.E. Add. A Numerical Evaluation of Icing effects on a Natural Laminar Flow Airfoil
// NASA TM. - 2016. - P. 12-18.

Information about authors:

1. Akhazhanov Sungat Berkinovich — PhD, Associate Professor of the Department of Algebra,
Mathematical Logic and Geometry named after prof. T.G. Mustafina, KarU named after E.A. Buketov

ORCID ID: https://orcid.org/0000-0002-0903-3517

Email: stjg@mail.ru
2. Skorobogatov Sergey Vladimirovich — 2nd year undergraduate student of the Department of
Algebra, Mathematical Logic and Geometry named after prof. T.G. Mustafina, KarU named after
E.A. Buketov

ORCID ID: https://orcid.org/0000-0002-9454-904X

Email: skorobogalov(@gmail.com

25



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°2 (57), 2021 o

90K 627.838
MPHTH 70.17.38 DOI 10.55452/1998-6688-2021-18-2-26-32

KACAHIBI BYXKXBIPJIbI TE3AFAPJTAPIABIH " KAHA KOHCTPYKIUAJIAPBI

JUKOJJJACOB C.K.!, SHIT'MEB A.A.%, PYCTEM E.1.!
'M.X. /lynamu amwinoazer Tapas Onipnix ynusepcumemi, 080000, Tapas, Kazaxcman
*Tawxenm Uppuzayus scone Ayoin Llapyawwinvievin Mexanuxananovipy Hnoicenepiepi uncmumymot,
100012, Tawkenm, O36excman

Anoamna. Foinvimu scymvicma cuOpOmMexHUKAIbIK KYPuLIblCap MeH KYPbLIbLMOAP2A HCamambvli HCo2apabl
Oveqh nen momenei bbehmi Hean2ACMbIPAMbIH HCACAHOBL DYIHCHIPILL ME3ALAPIAAPOLIH, HCAHA KOHCMPYKYUSILA-
PbIH otian mady dcane onapovl Hceminodipy macenenepi kenmipineeH. byn 2u0pomexHuKaibl KypoliblMOapOblH
bacmoel makcamol 0i30iy Oymycmik oyiprepoeei mayivl aUMaKmapoagol OUIKMEPOECH YIKeH HCbLIOAMObIKNEH
agvin MyckeH cyovl memeHei bvedhmepoe wativblity npoyeccmepin OONObIPMAY JHCIHE AUbIK KAHAI0apoad Ka-
VINCi3 2UOPaABIUKANLIK percuMOl xcakcapmy oonvin madwiiadst. Ocvl pemme Hco2apwblOaH Aeamvii CyOblH ap-
MbIK KUHEMUKALbIK SHEPSUACHIH APHALbL HCACANRAH HCACAHOBL OYICHIPIbL MEe3a2aAPIapObIY KOMELIMEH CANblC-
MBIPMATbL KbICKA HCON0A MUIMOT COHAIPY Kadcem. Bi30iy bLublmu JCYMbICHIMbI300 IKOHOMUKAIBIK JHCASLIHAH
Muimoi, 0epix dcane ceHiMOI, KOHCMPYKYUACLIHbIY KapanaublMObLIbIbl, KYPLLIbLIC MYPEbICHIHAH YIMbIMObL
JicCoHe OHAll Jicy3ece ACbIPLLIAMbIH NiWiHOe 00aYbl JicoHe M.O. JHCAROAULIAPLIH ecKepe Ombvlpbln, NAodbl
Mooenbee anvlHeaK OH uewimi Oap mesasap KypoliblMbl 01apea KOUbliean mananmapea xcayan bepeoi den
cenemis.

Tyitinoi co3oep: 2u0pomexHUKANbIK KYPbLIbLIBIMOAD, HCATZACMBIPYULbL KYPBLIIMOAD, Me3a2ap KOHCMPYKYUs-
Jlapul, ¢y OMKI3y KYPblablMOapbl, HCACAHObL OYACHIPILIK, CY A2bIHBI IHEPSUACHIH OICeHOemKi, memipOemon-
Obl me3agap, aeblH IHePIUACHIH OICeHOemKiul me3agapiap

HOBBIE KOHCTPYKIIUA BBICTPOTOKOB C HCKYCCTBEHHOM
HIIEPOXOBATOCTBIO

JKOJJACOB C.K.!, SHT'HEB A.A.%, PYCTEM E.N.!

"Tapaszckuti Pecuonanvuwiti Ynusepcumem umenu M.H. ynamu, 080000, Tapas, Kazaxcman
*Tawkenmekuti uncmumym Hnocenepoe Uppueayuu u Mexanusayuu Cenvckoeo Xoszsiicmesa, 100012,
Tawkenm, Yzbexucman

Annomauusn. Hayunas paboma nocesaujena pazpabomie u cO8EPUICHCMBOBAHUIO HOBBIX KOHCPYKYULL Obl-
CMPOMOKOG C UCKYCCMBEHHOU ULePOX0BAMOCHbIO, COCOUHSIOWUX GEPXHUE U HUdICHUE Obedbl cUOPOMeEXHU-
yeckux coopyoicenuti. OcnosHoe Ha3HaAueHue IMUX UOPOMEXHULECKUX COOPYIICEHUL - He OONYCIUNMb GbLMbl-
6aHUS BOObL 6 HUJICHEM Obeghe, meKywell ¢ DONbULOL CKOPOCMBIO C 8bICOM 8 2OPHBIX PAUOHAX HAUWUX TOIICHBIX
PecUOHO08 U CO30amb OE30NACHbIN UOPAGTUUECKULL PEXCUM 6 OMKPLIMbIX KaHALax. B amom ciyuae u30uimou-
HYI0 KUHeMU4ecKyio dHepauio nadaioujell ceepxy 800vl HeoOX00UMO dPHeKmusHo 2acums 3a OMHOCUMETbHO
KOpomKue nyms u epems ¢ NOMOWbIO CReYUAIbHO pa3padomaHtblx ObICMPOMOKOE ¢ UCKYCCMBEHHOU Ulepo-
X08amocmuio. B nawiux ucciedo8anusx 0CHOGHOE SHUMAHUE YOeTLemcsi IKOHOMUYHOCTU, NPOYHOCTU U HA-
0edCHoCmu, nPOCmone KOHCIMpPYKYUU, PAyUoOHAIbHOU 1 NPOCMOol 6 peanusayuu goopme u m.o. Mol nonaeaem,
YUMo KOHCMPYKYUsi ObICIPOmMoKa ¢ NOIONICUMETbHBIM PeuleHueM, NOIYYEeHHbIM 8 NONE3HOU MOOeIU, C Y4enmom
06COSIMENbLCME COOMBENMCMBY e NPeObABIAEMbIM K HUM MPedOSAHUSIM.

Knrouesnie cnosa: euépomexnuuemue COOpyoHceHUsl, coonpsearouiue COopyHceHus, KOHCmpyKyuu 6blcmp0m0—

Koe, 6000]’1])0600}114/;1/!6 COOpYIHCEHUA, UCKYCCMBEHHblE Ulepoxoeamocmu, cacumeilb SHepcuu 800H020 nomoka,
Jicene30bemonnblil 6blcmp0m01<, 6blcmpom01< cacumeilb 9Hepcuu nomokda.
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NEW FAST CURRENT DESIGNS WITH ARTIFICTIAL ROUGHNESS

DZHOLDASOV S.K.', YANGIEV A.A.2, RUSTEM E.I.!
'Taraz Regional university named after M.H. Dulati, 080000, Taraz, Kazakhstan
’Tashkent institute of Irrigation and Agricultural Mechanization Engineers, 100012, Tashkent, Uzbekistan

Abstract. Scientific work is devoted to the development and improvement of new high-speed structures with
artificial roughness, connecting the upper and lower beams of hydraulic structures. The main purpose of these
hydraulic structures is not to allow water to flow downstream, flowing at high speeds in mountainous areas
of our southern regions and to create a safe hydraulic regime in open canals. In this case, the excess kinetic
energy of the falling water from the top of the water is necessary to soak for a relatively short distance and
time with the help of specially developed fast currents with artificial flow. In our research, the main attention
is paid to the economy, durability and reliability, simplicity of construction, rationality and simplicity in the
implementation of the form, etc. We assume that the design of the fast current with a positive solution obtained
in the utility model, with account of the circumstances, corresponds to the requirements to it.

Key words: hydraulic structures, conjugating structures, structures of rapid flows, water supply structures,
artificial roughness, energy absorber of water flow, reinforced concrete rapid flow, rapid flow damper of

energy flow.

Kipicne

Conrbl xbu1apbl KazakcTaHHBIH OHTYCTIK
OHIpJEpIHeTl Taylbl alMakTapblHAAa THAPO-
MEJIMOPATUBTIK JKyHenepiHaeri cy TacbIMa-
Jbl KYpBUIBIMJIApbl ©TE KU1 1CTEH IlblFa Oacra-
Jbl.  AFBICTBI PETTEHTIH T'MIPOTEXHUKAJIBIK
kypbuibiMaap (I'TK) 6ynan 30-40 sxbi1 OypeiH
canbIHFaHbl Oi3re Oenrumi. ByriHri kyHi emimis-
JIeT1 KeNTereH THAPOTEXHUKAJIBIK KYPBUIBIMIAP
KOMMYHaNIJIBIK MeHIIK (49%) oHe kKeke MeH-
ik (31%) weniringe. OnapasiH O6acbkiM Oeti-
riHe KailTa »KaHFBIPTY >KYMBICHI jKacajMaraH,
OWI THAPOTEXHUKAJIBIK KYpPBUTBIMIAD KOHIEIN-
Mell e3iHIH pecypchiH OapblHIIA IMaiiajaHFaH-
JBIKTaH, KaylOTUIIr >KOFapbl HbICAHIAP OOJBIM
TabbIIazs! [1].

Conrpl 20-25 >xpurga OyJ1 TMAPOTEXHMKA-
JBIK KYpbUIbIMJIApFa KalTa JKeHJEYy *KYMBbICTa-
pBI JKacaJMaraHIbIKTaH, OHBIH KYPBUIBIMIAPbI-
HBIH KayiIci3airi Moceneci Ka3ipri yakpITTa oTe
©3eKT1 Macese Oombln oThlp. Te3zarapibl KaHai-
JapAbIH TOMEHT1 ObeTepiHe ManbuTy Mmporec-
TEpiHIH alJbIH ajy YIIiH FajJbIMAap >KacaH-
JIbl OYKBIpJIbI Te3arapiap/blH ’aHa KOHCTPYK-
uusiapeiH  oinian Tabyna. COHFBI  KBUIIAPHI
M.X. dynatu ateinaarsl Tapas eHIpiiK yHUBEp-
CUTETIHIH FaJIbIMIaPhl, TOKTOPAHTTAPhl MEH Ma-
THECTPAHTTAPhI OCHI OAFBITTA KEMICTI €HOCK eTill

keneni. Onap ’kanFacThlpy KYPbUIBIMIAPbIHBIH
’KaHa KOHCTPYKUUsUIapbiHa OipHele mareHTTep-
re OH IIentiM ajabl. TeMeHae COHFbI 1-2 Kpuiaa
aJIBIHFaH TTaliJaJIbl MOJIEITbIe OHEPTAOBICTAP KeJl-
TipinreH. EHzi ocbl eHepTaObIC ajbIHFaH MMaTEeHT-
tepre «Cy pecypcrapbl» KadenpacbiHa KapacTsl
«'MapoTeXHUKANBIK KYPBUIBIMIAPABIH THAPO-
TEOJIOTHSUTBIK KOHE TEXHUKAJBIK KayllCi3miri»
FBUIBIMU-3€PTTEY J1a00OpaTOPUSIChIHAA aJIbIHFaH
©HEpTaObIC HETI31HAE SPTYPII KacaH bl OYKBIP-
TBI Te3arapiapAblH MOAENBICPIH jKacal FbUIbI-
MHU-3€PTTEY KYMBICTAPBIH KYPri3il KaThIp.
YHUBEPCUTET FAJIBIM/IAPbI OMJIal TAllKaH Maii-
JIaJTbl MOJIENTb TUAPOTEXHUKATBIK KYPBLUTBIMIApFa
JKaTaJbl, COHBIH 1I1HAE ObeTepl KaIFaCThIPY
KYpbUIBIMIaphl 0onbin Tabbutansl. Onap KaHai-
JapJarbl CylapAblH >KOFapFbl Obe()TEH TOMEHT1
Obedxe oTy Ke3iHzae, Oip AeHreieH exiHui Oip
JIeHreire Kayirnci3 eH KbICKa JKOJIMEH Tycipyre
apHaJIFaH KYpbUIbIMIapFa jKaTabl )KOHE aTalFaH
KYpBUIBIMIApABI Te3aFapibl KaHaJJapIbslH Oap-
TBIFBIHA OaMIAHBICTHIPYIILI PETiHAC Maiiaa-
nanyra Oomnazapl [2]. bisre Oenrim »orapbl Kbl-
CBIMJIBI T€PEH CyaFrap, OHBIH apbIHJbI OOJITIHIH
COHBIH/Ia TapbUIyMEH KaOABIKTalFaH KYOBIp
TYpIHC JKacaliFaH >KOHE OJI TUPaMUAAIIbI TIIIiH-
ai etin opeiHaanrad. KyOelp aumamerpi O0ibIH-
11a OWIKTIrT OHBIH IIUPETiHEH apThIK eMec XkKo-
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HE Cy KECKIIll KaObIpFaHbIH KOJIOeY OYPBIIIbI KY-
ObIp ociHaeri OOMIBIK KaObIprara 15 rpamycran
apThIK eMec eTil opHaThUIFaH [3].

Byt KypbUIFBIHBIH aFbIH SHEPTUSCHIH TOMEH-
JETyTiH THIMAUTIT TeMeH, cebeli aFbIcTap/IbIH
e3apa aifHaIyblH KAMTAMaChI3 €Te aIMai bl JKo-
HE OJIapJbIH COKTBIFBICY oCEpl TOMEH JEHIeii-
ne. CoHbIMEH KaTap TPaH3UTTIK YYacKEeCiHIH
COHBIH/IA TaFbl J1a TOJKBIHIAP aFBIHHBIH YJI-
KEH JKbUIIaM/IbIFbI CajlapblHaH apHaHBIH €Hic-
TEpiH KOpFaydblH KbhIMOAT TYpaThIH Kypasja-
PBIH KOJITAaHYBIH KaKeT erefi. byn enepradbic-
THIH €H HETi3T1 KeMIIUTIKTepiHe KOHCTPYKIIHSI-
CBIHBIH KYPJEJUIIr 5K9HE OHBIH KYypaJlJapbIHbIH
KbIMOATTBIFBI, OHBIH SKOHOMMKAJIBIK >KaFbIHAH
TUIMCI3 €KeHJIIT1H aHFapTa/Ibl, OHBIH Kypaaapsl
ICTEH HIBIKKAH KarJaiblHaa, OJapbl aybICThI-
pYFa KeIl YaKbIT JKOHE KOIl Kapa)kaT KyMCaabl.
TexHUKaJIbIK HET131 MEH KOJI )KETETIH 9CepiHe Ka-
pail eHepTaObICKa JKaKbIHIAY OOJBIT, aFbIH SHEP-
TUSICBIH OOCEHJIETKIII KaTaJbl. AFBIH DHEPIHsI-
ChIH OOCEHJIETKII — OHBIH TOMEHT1 XoHE OYHip
KaObIpraapbl CyypMa KYABIKTaH KypaliFaH, Ol
CyypMa KYJbIK KYNTAacKaH Kipic ¢y KYObIPbI 5K9-
HE aFbI3y KaHAJIbIHAH TYPaJIbl, all €Hl cyypMma Ky-
JBIK CHIHEH a3 0oibin keneni. O skepae ropu-
30HTaJBl KaJKbIMAJIbl KYPBUIFBI, CY OTKI3TIII
KYPBUIFBLIAPHI apBIHIBI €Till OPHATHUIFAH JKOHE
OHBIH TOMEHTI1 OeJIIriHAe CaHblIayaapbl KbIChIM-
Il KYOBIPIIBIH ilTiHE KeJioey KaOJIbIKTalFaH.
On >xepre O9CceHIETKINT OOMIBIK ceprimal Ima-
HeJb TYPIHIE JKacajajbl, OHBIH Oip Oeiri Ka-
TaH OEKITIIreH, ajl TOMEHI1 OeJiri KOCBIMIIA
caJMakK Kypy YILIIH KyOBIpJbl cepmimMal KybICTa
kacanraH. COHBIMEH Karap, KYOBIPIIbI cepIiiMIi
KybIC OOIIIKTIH COHbIHAH TOMEH €MEC JICHTei e
OpHaJacaibl, al KYOBIPBIH )KOFAPFBI IIET1 17IMEK
APKBUIBI KBICTHIPFBIIIKA KOCBLIAIbI JKOHE PETTE-
JICTIH KapChl CalMaKIIeH TOMEHT1 aFblH OaFrbl-
ThIHA OpHaThUIaABl. boceHneTkim cepmimai 6o-
Jy YIUiH, OHBIH TOMEHT1 JCHI€HUJICH a3aibIIl KeT-
neyiHe JKoJI OepMey YIIiH KYOBIpabl cepriM/al
KYBICTBI IEHOTUIACTICH TONTHIPHLIA L.

ApbIH  OOCEHACTKIMITIH KEMIITIriHe —
KYPBUIFbI KOHCTPYKIUSIIAPBl CAHBIHBIH KOMTLII-
I, KYpAEIUIIri koHe OOMIIeKTepiHiH TanbUIb-
FBIHJIA, SIFHU OJIap/Ibl T€3aFap KOHCTPYKUUsIapbI-
Ha OpHATy YILiH KaKeTT1 KYPbUIFbI O6JIIIeKTepiH
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JAMBIHIAUTBIH 3ayBITTAPFa XKEKE TaIChIPBIC Oepy
JKOHE OJIapJIbl JKacaTy Jia TUIMCi3 OO0k TaObI-
Jaael Aen OWjaiMBbI3, ce0ebi 0 KOHCTPYKIIHSI-
HBI KOIIUIIK Cy MEKeMelepi maimpananOanbl.
CoHapIKTaH OYJI apblH OOCEHICTKIN SKOHOMH-
KaJIbIK JKaFbIHAaH THIMCi3, KOHCTPYKIHUSCBIHBIH
Y3BbIH/IBIFBIH KBICKAPTKAHBIMEH, OHBIH OOJIIICK-
TepiHiH OEpIKTIri )KOFapbUIaMaiibl, apHAAAFbI Cy
MeJIIIepl MEH aFbIH JKbUIIAM/IBIFbIHA TOYEI I~
ri ge esrepmeiini. Te3arapaarbl arblH dHEPTHsI-
ChIH OOCEHJETKIMITIH CEHIMCI3 KOHCTPYKIIHsIIA-
pbl (KYpBUIFBUIAPHI), apHAIaFbl CY/IbIH KbLIIaM-
JILIFBI MEH OTIM1 ©3repyiHe OalIaHBICThI YHEMI
TepOenicTi Ko3ranbicTa Oomanbl. by e3 kese-
TiHAC KOHCTPYKIIUSHBIH CEHIMCI3 JKepJepiHiH
Te3 OymiHyiHe anbin Kenyi MyMmkiH. Kemreren
KYPBUIFBIIAPBIHBIH, Oipl FaHa iCTEH IIBIKCA, ap-
HaJarbl KO3FAJIBIC PEKUMI e3repelli, OV apblH
OOCEHACTKII KYPBUIFBIHBIH JIYPBIC )KYMBIC 1CTE-
yiHe KeZIepri )kacal OTBHIPHIT, KaHABIH TOMEHT1
Obedine manbuTy Ipoleci naimaa 00Jysl MyM-
kiH. ConppikTaH, Oip OemekTiH OYJiHyiHEH
OYK1T apblH OOCEHIETKII Te3arap KYPBUIFBICHI-
HBIH JKYMBIC 1CT€Y THIMAUIII TOMEHACHII KOHE
OHBIH KBI3MET €Ty MEP3iMi KbICKapassl [4].

bi3 ochl KeMIIUTIKTEP/TI €CKepe OTHIPHIII, O¥i-
Jan  YCHIHBUIATBIH ©HEPTAOBICHIMBI3/IBIH  TEX-
HUKAJIBIK JKETICTIKTEp1 OOJBIT MBIHA KOPCET-
KIIITepAl alTybIMbI3Fa OOJIaabl: OJ CYJIbIH KHHE-
THUKAJIBIK YHEPTUSACHIH 00CEHIETyTe CEHIM/II 9CeP
eTell, KOHCTPYKIMSICBIHBIH KaparnaibIMIbLTBIFbI;
TeMip-OCTOH/IbI KOHCTPYKITUSIIAP 63 eTiMi3/Ie OH-
Jipineni, oJapabl Te3arapra OpHaTy OHAH OOJIBII
TaObLTA b, KAXKET OOJIFaH JKaF/aai1a oHal aybIc-
TBIPBUIAJIBI, MaTepUaNl IIBIFBIHBIHBIH a3JIbIFbL;
SKOHOMUKAJIBIK JKaFbIHAH THIMJIUTIT1; OHBIH KY-
MBIC 1CT€y CEHIMIIITT MEH OH dcep Oepyi KoHe
JIe OChI KYPBUIBIMHBIH Y3aK YaKbIT JKYMBIC icTey
Mep3imi 0oJIbIn TabbLIaABl. OHEPTAOBICTHIH TEX-
HUKAJIBIK €PEKIIIe KETICTIKKE KOJ JKETKI31Tyl Ty-
pasibl alTaThIH 0OJICAK, KYPBUILIMHBIH Kipy Oeti-
Il aujbIH/IAa TaChIHIIBI-KOKBIC TYTy TOPBI OpHa-
JIaCKaH, aFbIHHBIH apblH SHEPTHICHIH OoCeHIIe-
Tyre apHajfaH KYPBUIFbI-Haya Y3bIH/BIFbIHBIH
TOMEHI >kKaFblHAaH 1/3 OeiriHael apaybiKTa
opHanacanbl. OHBIH OWIKTIT1 aJMaralbIl Te-
PEHIIKKE TEH, TeMIip-OCTOHIbI KOHCTPYKIIHSI-
HBIH 1K1 YKaFbl (OPTAaChl) alllbIK, YII KaTapJaH
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Typaabl JKOHE EHICTI Haya TyOiHe OekiTiiemi.
Temip-0eTOHIBI ~ KOHCTPYKIUSHBIH ~ CHIPThIHA
M-50 mapkasbl OUTYM/IbI-MaiJIbl MACTHKA KaFa-
MBI3, OChbIIaiIIa OyJ1 TeMip-0eTOHIbI KOHCTPYK-
IUSHBIH KOPPO3Us TPOIECiHe TO3IMIITriH apT-
ThIpaabl. Te3zarapiablH Kipy Oediri anjslHIa Ta-
CBIHJIBI-KOKBIC TYTY TOpPBI CyMEH arblll KeJreH
1pl TaChIHBI-KOKBICTAP/IbI YCTAl KajlaJbl, OJI 1a
03 Ke3eriHje HayaJarbl OOMJIBIK TeMip-OeTOH-
JIbl KOHCTPYKUMSUIBIK KYPBUIFBIHBIH KbIpJapbIH
T€3 )KapaMmcChi3 OOJyBIH (KaBUTALIHS) TOKTATA IbI.
butympl-mMaiiiabsl MacTUKa MaTepHallbIHBIH Oac-
THI aPTHIKIIBUIBIFEL: 071 TeMeHT1 (-50°C naeitin)
xoHe xorapsl (+100°C) Temneparypanapra To-
Ten Oepe ananapl. butym MacTukackl 3aKbIMa-
Maii OHE CalachlH JKOFAJITHAN KOFapbl bUIFall-
JBUIBIK, KOFapbl HEMEce TOMEH TeMmIleparypa
JKarJaiapelHa TOTeN OepeTiHAIr YIIiH Kazip-
Il Ke3/1e THAPOTEXHUKAIIBIK KYPBIIbICTA KEHIHEH
KOJTAHBLIBIN XKYp. bi3 conm cebenti ockl rumpo-
OKIIayJIaFbllll MaTepUaIbl 63 OHEPTAOBICHIMbI3-
na maigananyabl keH kepaik. Cy KeTki3y Ka-
HaJIBIHBIH Kipy Oeiri apKpUIbl KeJEeTiH €HICTI

TPaH3UTTI HayajaH, IIBIFy OOJIriHeH, IIbIFy
Oemirinaeri TabaHIBIK KaObIprara OpHATHUIFaH
TEeMip-OCTOH/IbI aFbIH YHEPTUSCHIH OQCEHICTKIII,
SIFHUA TeMip-0eToH chipThiHa M-50 Mapkaisl Ou-
TyMJIbI-MalijIbl MAaCTHKa J>KarbLIFaH KOHCTPYK-
UATaH TYpPaabl. AJl OChI TeMip-OCTOHBI aFbIH
SHEPTUSICHIH OJCEHIIETKII TPAaH3UTTI OOJIKTeTi
€HICTI Haya Y3bIH/BIFEIHBIH TOMEH KaFrblHaH 1/3
OeiriHAei apakalbIKTBIKTa YIII KaTap eTil op-
HAJIACTBIPbUIA bl BYJ1 aFbIH SHEPTHCHIH OdCCH-
JETKIII TeMip-0eTOH KOHCTPYKIMSIIBIK Te3arap-
JbIH OacKaJlapblHAH EPEKINeNiri: Haya Y3bIH-
JIBIFBIHBIH TOMEHT1 JKaFbIHAQ TaOaHABIK KaObIp-
rara OCKITUITGH aJIMaralbIll TEPEHJIKKE TEH
OOMJIBIK OPHATBUIFAH CY aFbIChIHA KapChl OAFbIT-
Ta OpHAJIaCybIHAa. By sKep/ie KoraphliaH KaTThl
KBUTTAMIBIKIICH €HICTI TPAH3UTTI Haya aH KeJiI
TYCKEH Cy aFbIHBI OIpiHII TYpFaH TeMip-O€TOH-
JbI KOHCTPYKIIHUSFA COKTBIFBICAJIbI, OJaH COH
TeMip-0CTOH KOHCTPYKIIMSIaH acChI TYCIIT alllbIK
Haya TYOiHe KyHbLIaabl J1a, aFblH KaiTa >KOFa-
pBl KOTepiin KaObIpFajaH acKaH COH, CKIiHIII
TeMip-0eTOH bl KOHCTPYKIIMSI apachiHa Cy TaFbl

I
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i

2 cypem — Cy azvinbl dHepUACHIH 62CeHOEMKIUMIKY HCOCNAPOAebl KOPIHici
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Haya TyOiHe Tycendl JAe, KailTagaH »KOFapbl Ke-
tepineni. Ochburaiiima Keieci TyYpraH Temip-Oe-
TOH/Bl KOHCTPYKIHUsJIApAa Ipolecc KaiTana-
HBITI OTBIPAJbl, OCHI IPOLIECTEPiH apKachIHIa
TOJIKBIHJIAP Taiaa OOJIBII aFbIH apbIHBI OOCEH-
ner Oacraiinbl. Keneci Temip-OeTOHIIBI apbiH
OOCEHJIETKIIIKE COKTHIFBICHIN, Mal/ia aFbICTapFa
Tapajajapl, SFHU O6JIIHTeH Malijla arpIcTap >KaH-
JKaKTarbl KaObIpFajapra TaFbl YPbLIAIbl, OCHI-
Jaillia cy arbIHBIHBIH KHUHETHUKAIBIK YHEprHs-
Cbl TOMEHJIEW, Haya/la y3blHa OOMBI TOJIKBIH-
Jap maiaa 0oJabl )KOHE aFbICTAPAbIH JKbLIIaM-
JIBIKTAphl KEMH 0acTaii Ibl.

I-cyperte TeMip-0€TOH KOHCTPYKLHUSIIBIK
Te3arapJblH OOMIBIK KHUMachl, aja 2-CypeT-
T€ TeMip-O0€TOH KOHCTPYKLUMSIIBIK Te3arap.bIH
JKocmapJiarbl YCTIHEH KapaFaHJlarbl KepiHici
KepceTuireH. Temip-0eTOH KOHCTPYKIUSUIIBIK
Te3arap, TAChIHJBI KOKBICTAPJBI TYTAaThIH TOP-
JnaH 1, Topaa KUHaAJIFaH Ky30€ 3aTTapIbl ajIbIIl
TacTayFa apHaJifaH KemipAeH 2, Kipy Oediri-
HEeH 3, TpaH3UTTI OOJIIKTI €HiCTI HayaJaH 4, Te-
3aFap Y3bIHBIFBIHBIH TOMEH KarblHaH 1/3 Geri-
TiHJEH apaKallbIKTHIKTa OpHATBUIFaH TeMip-Oe-
TOH KOHCTPYKIHUSAAH 5 jKOHE Haya €HIHEH KaHal
TYO1 eHiHe JeiiiH KeHeWreH 1bIFy 0eiri Temim-
nepiHeH 6 Typanbl. bizre KakeTTi amMaraiibin
OMIKTIKTE OpHATBUIFaH TEMip-OETOH KOHCTPYK-
IUSIIBIK aFbIH DHEPTUSACHIH OOCEHJETKIII ChIp-
ThIHA OUTYM/bI-MaJIbl MacTHKA >KaFbLIFaH, CO-

(TRt
1 -

I
11210

HBIMEH KaTtap oJiap YIII KaTap €Till OpHATBLIFaH,
OCBI JKaFmaiap O013/11H OH IIEIIIM aJIbIIl OTBIPFaH
MangaIibl MOAEIIMI3AIH JKaHAIIBUIIBIFEl OOJIBIII
TaOBLIAIBL.

biznin odinman TankaH TeMip-O€TOH KOH-
CTPYKIIMSUTBIK ’KacaH bl OYIKBIPITbI T€3aFapbIMbI3
ObLTall )KYMBIC ICTEHII: Cy — KaHAJIMEH Te3arap-
IbIH Kipy Oediri 3 apKbuibl €HICTI HayaHbIH 4
OOWMBIMEH aFbIH IHEPTUSACHIH OOCEHIETKIMITEH 5
oTiN, AFHU 013re KaKeTT1 YIII Karap opHalIacKaH
TeMip-OCTOH/IbI apbIH OOCEHETKIIIKE JKOFaphI-
JIaH aKKaH Cy KaTThl JKbULIAMIIBIKIICH COKTHIFbI-
cajipl J1a, OflaH COH TeMip-0eTOH KOHCTPYKIIMS-
JIaH achlll TYCIN allbIK Haya TYOiHEe KYWbUIbIM,
arbplH KaWTaJaH OFapbl KOTEPLIiN KaObIpFaIaH
ACKaH COH, €KiHII1 TeMip-0eTOH/IbI KOHCTPYKLHUS
apachIH/Ia Cy Tarbl 1a Haya TYOiHe Tycel Ae, Kaii-
TajlaH >Korapel keTepuneni. Ochuraiima Kemneci
TYpFaH TeMip-0eTOH/Ibl KOHCTPYKLHUsIapa Ipo-
1IecC KaWTaIaHbIl OThIpajbl. TemMip-OeTOH KOH-
CTPYKLHUSJIBIK apblH O9CEHAETKIIIKe KaiTa-Kaii-
Ta COKTBIFBICY apKACBIH/IA CYIbIH KbUIIAM/IBIFbI
6acenneiai. Ocbl xKarnannapabiH 0api cy apbl-
HBIH 09CEHJIeTyre acep eTil, TUAPOTEXHUKAIBIK
KYPBUIBIMHBIH JKYMBIC 1CT€y MEp3iMiH y3apTabl
JKOHE OHBIH TUIMJIUIITIH )KOFapblaTabl.

Ocpinaiiia cy — Haya €HIHEH KaHaji TyOi
eHIHE JIeHiH KeHEWTreH ILIbIFy Oeliri TelliMiHEeH
6 anbin kerymi kaHaira tyceai. Cy sHeprus-
CBIH TOMEH/IETY, OUIKTIr1 CYJbIH aJMarailbIIl Te-

3 cypem — S8—-MKLL Konowipebiceinoazbl cy agbiibl dHepeusiculi baceqoemkiwmiy OOUNbIK KUMATbIK KOPIHICI
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pEeHJIITIHE TeH TeMip-O€TOHbI apblH OJCEHIET-
Killl, aFbIC OaFbIThIHA KapChl KOMBLITYBIMEH iCKE
aceipbutazibl. Kipy Oesmiri anaplHIa TachIHIbI-
KOKBICTAp TYTY TOPBI 1 OOUIIBIK KYOBIPABIH KaK-
CBI KYMBIC ICTEY1 YIIIIH 1pi KOKBIC-TaChIHAbLIAp-
JIbI TYTBIN OTBIPAJIbI, TYTBUIFAH KYy30€ KOKbICTap
KeITip 2 KOMETIMEH aJIbIHBII CHIPTKA IIBIFAPBLTHIIT
OTBIPBUIAALI, Haya 4 Y3bIHABIFBIHBIH TOMEH
YKarblHaH ImamMameH 1/3 Oeirinaei apaibiFbIHIa
apbIH SHEPIUACHIH TOMECHICTYTe€ apHaJIFaH OWiK-
TIrl aJIMaradbIll TEPEHIIKKE TEH, OI3re Ka)eT-
Ti eIIeMIl TeMip-0eTOH Il aphIH OOCEHIETKIIII-
K€ 5, )KOFapbIIaH aFbIll KEJITeH KATThl JKbLIIaM-
JIBIKTBI Cy AaFBIHBIHBIH COKTBIFBICYBI apKaChIH-
Jla OHBIH KMHETUKAJIBIK YHEPTUACHI OOCEHICH .
Cebe01 com xepae KaObIprara OpHaJlacKaH Owu-
TyMJIbI-MaiJIbl MaCTHUKA JKaFbUIFaH TEMIp-O0€TOH-
JIbI apbIH OOCEHIETKIIIKE COKTHIFBICKAH Cy aFbl-
HBI MaiiJia arpICTapFa Tapajaabl, 06JIIHIeH Maiiia
arpICTap KaH-)KaKTaFbl KAObIpFaapra Tarbl YPbI-
JIajpl, TOJKBIHAAD IMai1a 0oJabl, OChIFaH Opaii
arblH JKbUIIAM/IBIFBIHBIH KUHETHKAJIBIK JHEP-
rusickl ToMeHueni. Ocbl mpoueccTepin Oap-
JIBIFBI T€3aFap HayaChIHBIH THAPABIMKAIBIK pe-
YKUMIH JKaKcapTaJbl, COHIBIKTaH OyJ1 Te3arapra
CyypMa KYJBIKTBI Caly KaXETTUIIr TybIH1aMai-
JIbI YKOHE KOCBIMIIIA IIBIFBIHAAP a3asijbl. bi3mig
O¥IaI TalKaH ©HEPTAaOBICBIMBI3IBIH OacKa OHep-
TaObICTap/IaH €pPEeKIIUIIrT MbIHAJAN: «Cy aFbIHBI
SHEPTUSACHIH OOCEHACTKINI Te3arap, OJCeHJeT-
KIIlI KYPBUIFBIIaH J)KOHE KaMepaIaH: Kipy Oeiri-
HEH, TPaH3UTTIK OOJITIHACT] €HICTI HayaJdaH JKo-
HE IIBIFY OOJITriHeH TYpaTbiH, KeJeCIMEH epeK-
IIEJICHEIl TPaH3UTTI OOJIKTCH WIBIFYy aiiMarbl
OacTanarbIH Kepje, OWIKTIr aaMaraibin (KpH-
TUKAJIBIK) TEPEHJIKKEe TEH, KaObIprara yII Ka-
Tap eTin BepTHKaJIb OCKITUIreH, OUTyMJIbI-Maii-
JIbI MACTHKa JKaFbUIFaH TEeMip-OCTOHIbI OOCEH-
JIETKIIITIH, Cy aFbIChIHA OOWJIBIK OaFbITTa OpHa-
nacysiHAa» [S].

biznin eHeprabbicka Nalganbl MOJIEIBIC
oH memiM any Herizigae M.X. Jlymatu aTbiH-
narel Tapa3 eHipiik yHuBepcuteTiHiH «Cy pe-
cypcerapbl» KadenpachiHbIH «I HAPOTEXHUKAIBIK
KYPBUIBIMAAP/IBIH THAPOIOTHSIIBIK KOHE TEXHHU-
KaJIbIK KayIICi3air» FhUIBIMU-3epPTTEY J1abopaTo-
pusiceiiaa S12-MKLL crenaine >xorapbiia aii-
TBUTFaH [5] eHepTaObICKa MOJIENb JKaCaJIbII, CY-

4 cypem — S8—MKLL KoHObIpEbICbIHOARbL CY A&bIHBL IHEPSUACHIH
memenoemy npoyeciniy KOpinici

JIbIH KMHETUKAJIBIK YHEPTUSACHIH TOMEHICTY KY-
MBICTapbIH OeiiHe TYCipy *koHe (OTO cypeTTepre
TYCIpY apKbUIbI XYpri3aik. JKacaHmbl OYXKbIp-
JBI Te3aFapla JKbUIIAMJIBIFBI KOFApPhl aFbIH-
Jap Ke3iHIe OYXKBIPIBIFBI OHIKTEY >Kepiepiae
TOJIKBIHJBIK aifHaIynap >KOHE ad’pauusi KesiH-
Jie maiiga OoNaThlH THUIPOAMHAMUKAIBIK IIPO-
[ECTEP/IIH caraibl KOPiHICTepPiH KapacTBIPABIK.
ConbiMeH Karap, 0i3 HAKThl THJIPABIUKAIBIK
KarJalaapabpl €CKepe OTBIPBIIN, J1adopaTopHsi-
JBIK 3epTTeyiepAc OaplibIK CIEKTPIIepiHAe KO-
JAIIBI TUAPABIUKAIBIK PEKUMIE U KYPBUTBIM-
HBIH MAaKCUMAJIALl DKOHOMHKAJBIK THIMJIUIIT]
MEH CEHIMJIUIINH KaMTaMachl3 €TETIH >KacaHIbl
OYKBIPJIBI Te3arap/blH THIMJI TYPIH TaHIAIbIK
JIeTI OUJTalMBI3 [6].

KopbIThIHABI

JKacanmbl OYKBIPIIBIKTHI TE3aFapiap KYMbI-
ChIHA HAKTHI JIEPEKTEp ally YIIiH, ci3aep OyphIH
anpiaFaH mareHtrenred [7-10] eHOexrepai ne
€CKepreHIepiHi3 KeH Aen oinaiimbl3. COHBIMEH
MBbIHA TOMEHJIET1 cypeTTe (4-CypeT) YHUBEpPCHU-
TET FaJIbIMAAPbl MEH JOKTOPAHTTapbIHBbIH S12—
MKLL KOHIBIPFBICHIHIA TEeMip-O€TOHBI KOH-
CTPYKIHUSIIBIK KACAHIbI OYXKBIPJIBI Te3arapMeH
AKCIIEPUMEHTTIK >KYMBICTAPBIH JKacall >KaTKaH
KepiHicTepi KepcerinreH. Ocbl maimaisl Mo-
JIeNbre alblHFaH OH HIemIiM OOWBIHINA Kazipri
Ke3lle JTA00OpaTOPHSUIBIK FBUIBIMU-3EPTTEY KY-
MBICTapbI XKYPri3iIyne, HAaKThl AJIbIHFAaH HOTHXKE-
JIepiMi3Ii KOPBITBIHBLIAIN Keleci eHOeKTepiMi3-
JIe KOTIITIKKE dKapUsIIaUThIH O0TaMBbI3.
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COMPLEX EVENT PROCESSING APPROACH ON SUBSCRIBERS’
DATA OF TELECOM OPERATOR

ZHUMEKENOYV A.
Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. Nowadays, the usage of mobile phones reached extremely large worldwide proportions and increasing
dramatically, there is a stronger need to decrypt the important information that is hidden among them. Even all
needed information is gained, the processes of companies remain static and can 't be changed dynamically to
adapt to actual business needs, reducing the advantages that can be achieved. Every second, millions of raw
information are generating by mobile users, which are handled by Telecom operators in data servers. By using
the Complex Event Processing (CEP) approach in real-time, we can obtain the information that matters to our
business and use it to monetize the vast amount of data that is being collected through mobile phone usage.
In this paper, we present an internally developed framework that combines the strengths of CEP and business
process implementations, which allows us to react to the needs of today s fast-changing environment and
requirements. We demonstrate 3 simple use case scenarios to show the effectiveness of the CEP approach in our
situation. The importance of implementing the CEP approach on subscribers’ data should not be overlooked
as means of trying to capitalize on new services but have to be considered as a challenge to allow subscribers
get more customized offers and services.

Keywords: Complex Event Processing, Telecom Data Analysis, Information Processing, Targeted campaigns.

BAWMJIAHBIC OIEPATOPBIHBIH ABOHEHTTIK JIEPEKTEPII
OHJIEVIIH KELIIEH/I TOCLII

KYMEKEHOB A.

Kazaxcman-bpuman mexnuxanvix ynusepcumemi, 050000, Anmamet, Kazaxcman

Anparna. Kazipei yakeimma Ysiivl meneg)onoapovl nanoaiany OyKin anem OOUbIHULA ome YiaKeH Mmoepae
Jrcemmi JcaHe Kypm ecyoe, oaapobly aApacblHOA JHCACLIPLLIZAH MAHbI30bI AKNApammul wWuppoan weieapy
Kaoicemminiei Kyuetie mycedi. Tinmi dapuvlk Kaxcemmi aknapam aielHaodbl, KOMRAHUALAPObIY npoyecmepi
MYpakmsl OOIbIN KAAAObl JHCIHE O01apObl KOA0Ayed OONamblH APMuIKWUBLIBIKINAPOLL A3atma Omulpbln,
ickepu Kasicemminikmepee Oetlimoey yulin OUHAMUKATLIK Mypoe 032epmy MYMKIH emec. Op CeKyHO CallblH
VALl 0QUNIaHbIC NAUOANAHYWMBLIAPEL MULIUOHOAEAH WUKI aKnapammap wvl2apaovl, oaapobl OAUlaHbIC
onepamopnapsi 0epexmep cepgepiepinoe backapadvl. Haxmuol yakvim pexcuminde ic-uiapanapovl oHoeyoiy
KeueHOi 20iCiH KONOaHy apkvlivl 013 63 OusHeciMmi3 yuliH Manbl30bl aKNApammsl daid aidMbl3 JHCIHE OHbl
yanvl menegpoHoaposl natdaiany apKblivbl JHCUHANAMBIH KOnmezeH O0epexmepoi MOHeMuU3ayusanay yulin
Konoana anramuis. byn ocymvicma CEP nen o6usnec-npoyecmepoi sicyszeee acvlpyovblly MbIKmbl HCAKMAPbIH
Oipikmipemin WKl 0amvlean KYpolibIMObl YCbIHAMbBI3, ASHU  KA3Ipel 3aMaHzbl me3 o032epin Omvlpamvii
OpMAamblY Kaxcemminixmepi MeHn maianmapulia scayan oepyee mymxinoix oepeoi. Amanean CEP moacininiy
muimoiniein apmmuipy ywin 3 Kapanauvim cyeHapuiioi kepcememis. Abonenmmepoiy marimemmepine CEP
MACINIH eH2i3y0iH MAKbIZ0bLIbIZbL HCAHA KblaMemmepdi naudaianyd muipbiCy KYpaivbl peminoe eckepiimetioi,
an onail 6onca, aboneHmmepae HeYpaviM OeliMoen2et YCoIHbICMAp MeH KblaMemmepoi any2a MyMKIHOIK bepy
Maceneci peminoe Kapacmvipuliybl KePex.

Tyiiinoi ce3dep: abonenm Oepekmep AHANU3L, MAKCAMMbl HAYKAHOAD, OAUIAHBIC ONepamopobly aAHAIU3L,
Makcammaul KayKanoap
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KOMIIJIEKCHBIN MOJXOJ K OBPABOTKE COBBITUM
ABOHEHTCKHUX JJAHHBIX OITEPATOPA CBSI3H

KYMEKEHOB A.

Kaszaxcmancko-bpumancxuti mexnuuecxkuti ynugepcumem, 050000, Anmamot, Kazaxcman

Annomayusa. B nacmoswee 8pemsa ucnonvb3osanue MoOUIbHLIX MeleOH08 00CMULILO YPe38bIHaiHO DONLUIUX
macumabos 80 6cem mupe u NPoOOIdICAen CIMPEeMUMeEnbHbIl POCHL, 8 CE53U C YeM cyujecmeyem Oonbuas
ROMPEOHOCMb 8 PACUIUDPOBKe BANCHBIX OAHHBIX, KOMOPble CKPbLMbL OM 00bIUHbIX noAb306amenci. /Jladice
ecnu gce HeobXoouMble OaHHbIE NO ADOHEHMAM NOLYUeHbl, NPOYECCbl KOMNAHUL OCMAlOMCcs CIMAMUYHbIMU
U He MO2ym OUHAMUYECKU UBMEHAMbCs O A0anmayuu K peaibHbIM NOMpeOHOCmsM OusHecda, Hmo
CHudicaem docmudicumvie npeumyujecmed. Kadicoyio cexynoy MmobuivbHble NONb306AMENU 2eHePUPYIOm
MUTTUOHBL HEOOPAOOMAHHBIX U HECMPYKMYPUPOBAHHBIX OAHHBIX (Hanpumep, ungopmayus o 3eonkax, CMC,
NONb308aHUe UHMEPHEMOM), KOMOopble XPAHAMCs ONepamopamiu Césa3u Ha cepsepax oanuvix. Hcnonv3sys
1n00x00 KomnaexcHou oopabomku coovimuti (KOC) 6 pedicume peanvHo2o 8pemeHu, Mbl MOJICEM NOTYUUMD
unpopmayuio no adboneHmam, KOmMopas OeucCmeUmMenbHO 6adcHa Ois Ouzneca menekomonepamopa, u
ucnonv308ams ee 011 MoHemuzayuu. B smom 0okymenme mvl npedcmasiisiem peuienue, Komopoe 00beouHsem
cunvHvie cmoponvl KOC u memooonoeuto agmomamuzayuu OUsHeCc-npoyeccos, Ymo no360as8em peazuposams
HA NOMpeoHOCmU ce200HAUHEN ObICTPO MEHSAIOUW s CPedbl U MPedo8aAHULL CO CMOPOHLL OUZHEC-3AKAZYUKOB.
Mot npodemoncmpupyem 3 cyenapust uChoIb306aKUsl, YMoowvl noxazams 3¢hgexmusnocms nooxooa KOC. He
cnedyem paccmampusams peanusayuto nooxooa KOC k oanuvim abOHenmos Kax nonvimky uzeieusb OusHec-
661200y € NOMOWBIO MOHEMU3AYUU YCiye, a cledyem PAcCMOmMpems KAK B03MONCHOCTb, NO360MSIOULYVIO
abonenmam nomyuams mapeemupo8aHHbLe NPEONONCEHUSL U CEPBUCHL.

Knroueesvie cnosa: xomnnexcras 06]9(160771](‘(1 C06blm1/l12, aHalIU3 meleKoOMMYHUKAYUOHHbLX aaHHle, o6pa60mi<a

qubopmauuu, yeneevlie Kamnanuu

Introduction

In 2019, the mobile phone user database
reached almost 70% of the global population,
with ore than 5 billion devices in use [1]. Given
the dynamicity of today’s business environments,
there is a need to continuously adapt and keep
up-to-date the business processes in order to
respond to the changes in those environments
and keep a competitive level among Telecom
operators and solution providers. One of the main
concerns for Telecom operators’ applications is
to handle and interpret online raw data. By using
the CEP approach and developed framework
we can facilitate the solution of this problem by
gathering needed information in real-time about
the subscribers’ different events on the Telecom
network in order to determine the necessity of
making specific offers and suggesting new promo.

Real-time data processing systems are
used widely to provide insights about events as
they happen. Many companies have developed
their systems: Twitters Storm [10] and Heron
[9], Googles Millwheel [8], Linked Ins Samza
[7] and Facebooks” Puma, Swift and Stylus [11].
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One of the main challenges for processing
data dynamically is the size and the speed of
incoming data at which it is being generated.
Every second, millions of data are generated by
phone mobile users and entire traffic allocates to
Telecom operator’s data centers. Despite having
a common goal, solutions based on CEP differ in
a wide range of aspects, including architectures,
data models, rule languages, and processing
mechanisms. In part, this is due to the fact that
they were the result of the research efforts of
different communities, business market demands,
each one bringing its view of the problem and its
background for the definition of a solution [3].

In this paper, an internally developed
framework is presented that combines the
advantages of the CEP and dynamic business
process adaptation, which allows us to respond
to the needs of today’s rapidly changing
environments. Subscribers information for
different business-specific use cases and triggers
is handled such as balance information, mobile
internet usages, the location of the device to
enrich data about subscribers, and give deep
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insights on user’s interest, lifestyle patterns in a
given time period. The picture below illustrates
our main idea of implementing the CEP approach
on Telecom operator’s data traffic.

Input Complex Event
Processing

Qutput

SMS events

Voice usage events

Data usage events

Roaming events
Location events

Fig. 1. Main idea

The Framework

Before we start our journey on solution
architecture, it is important to say about
motivations, limitations and business/technical
requirements that faced.

Firstly, we need to mention the current
limitations of legacy systems, where transactions
per second (TPS), in our case Events Per Second
is more precise, was limited by 2000. Taking
into account, that a subscriber base reaches 10
million and an active subscriber base is almost
6 million, that threshold is insufficient to cover
and handle all network events in real-time.
Besides, the system was consuming all resources
all the time, which caused performance issues
and several critical incidents on the system.
Analyzing the data traffic throughout (22.5 TB/
month), dynamicity of business requirements,
and capabilities of the new solution, challenged
us to handle at least 165 000 events per second.

Secondly, from the technical perspective, our
approach was to create one job that will run all
triggers and business rules. By this approach, we
should benefit that all triggers and business rules
will run effectively, and manage rules without
restarting the system.

Our proposed solution uses a component-
based architecture, where each component plays
a critical role in a whole system. Figure 2 on page
3 illustrates a high-level overview of the system.
On the left, the ingestion layer is responsible for
fetching and receiving raw data from different

data sources (SMS events, Voice usage, Internet
usage, Location-based triggers) and saving it into
the Events hub. Then the data is consumed by the
event execution engine, which in turn, based on
current trigger definitions, outputs notifications
to the Events hub. Finally, the outgestion layer
fetches the notification and dispatches them to
appropriate subsystems. All main components
in the architecture will be described in the next
sections to give you a more detailed overview of
the solution.

outgestion

HTTP
push/pull
FTP

ingestion

HTTP
push/pull
FTP

Complex Event Processing

Fig. 2. High-level architecture overview

The Ingestion

The process of collecting data from various
data sources, preparing it, and saving it for
complex processing and generating triggers.
Currently, there are several different approaches
to how a data ingestion pipeline can be built:

e The first approach consists of two steps.
Firstly, the raw data is fetched from a data source
and is a subject for some preliminary processing,
e.g., splitting a huge file containing multiple
events. After that, the data is being transformed,
serialized, and finally pushed to the Events hub,
where it waits for consumption by the event
execution engine. This approach is preferred
whenever the event transformation is complex or
the data volume is too big to be processed in the
ingestion layer.

e Thedatais fetched/received, transformed,
and serialized within the same pipeline.

e The raw data is immediately pushed to
the Events hub. Transformation takes place in
the execution engine.

It is worth mentioning that both intermediate
results and transformed events are stored in
Events hub topics. Each event type (more
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precisely, events originating from the same data
source) is kept in a separate topic. Despite which
ingestion approach suits better, we need to notice
what file types and protocols can be ingested in
our system. To illustrate how various file types
are fetching and transforming to one input
format, see figure 3 on page 3

Ingestion

/]
split transform 3
serialze transtorm

Orgarawbilling o
event 4

o111

N transform 1011
{: : Billgbvent  \ wrsp

JSON

Orgarawbilling =
events Notification

Fig. 3. Ingestion file types

Events Hub

It is a system that keeps all the in-flight
data streams in a reliable and persistent way.
The data in an Events hub topic is divided into
partitions. The partitions are distributed over the
servers in the cluster with each server handling
data and requests for a share of the partitions.
Each partition is replicated across a configurable
number of servers for fault tolerance. For a
topic with replication factor N, the Events hub
tolerates up to N-1 server failures without losing
any records committed to the topic.

The processing engine

It is an execution engine for complex event
processing applications. In this component,
streaming applications are implemented, that
consume all the prepared events by the ingestion
system and apply trigger procedures defined
by business users. The provided management
functionalities over the CEP applications, like
define, start/stop of the application. Execution
jobs are stateful. To make state fault-tolerant, the
processing engine makes periodic checkpoints
of the state. Checkpoints allow to recover state
and positions in the streams in case of a program
failure (due to machine, network, or software
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failure). Any records that are processed as part of
the restarted job are guaranteed to not have been
part of the previously checkpointed state. In other
words, each event from an input stream affects
the data flow state exactly once. However, it
does not mean each event is processed only once.
More precisely, when the state and input streams’
offsets are restored, the processing engine needs
to replay the events that have been processed
between the last checkpoint and the failure. In
consequence, for instance, some notifications
might be generated twice. To illustrate how state
and checkpoints are working, please see figure 4
below.

Scheduled

checkpoint failure checkpoint

events to be
reprocessed

Fig. 4. Checkpoint and failure

The Outgestion

The process of communicating with external
layers based on processed data. outgestion
layer is pretty straightforward, all Processing
job notifications are stored in a single Events
hub topic. Then the outgestion pipeline reads
them, transforms to the format-specific for the
destination system, and pushes them there.

notifications

HTTP calls

email
Fig. 5. Outgestion

The technology stacks
Regarding the technology stack that was
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used, take a look at the list below, all components
are based on a free and an open-sourced Apache
product:

e Apache Flink - event processing engine.
Provides flexible event time support. Fault-
tolerant, high throughput and low latency.

e Apache Hadoop - a framework that
allows for the distributed processing of large data
sets across clusters of computers using simple
programming models. In the provided solution,
Hortonworks distributive is using.

e Apache Kafka - central events hub,
where all events come through. Simple and
reliable. The ingestion system saves data to it,
the outgestion system is reading data from it for
sending it further. It is the only component that
communicates with Apache Flink directly.

e Apache NiFi - engine for managing
ingestion and outgestion pipelines. NiFi collects
data from data sources and transfers them to
Apache Kafka. With NiFi it is possible to deploy
different servers, for example, HTTP, FTP, etc.

The Use Cases

In this section, I want to describe top-
3 business use cases, which could be easily
configured in the CEP and give win-win results
when the whole system starts working.

1. Balance top-up — If subscriber top-ups
her balance too often in a short period of time.
We can offer her a less expensive tariff or auto-

payment services.
OO §
Processing engine

sMs Mobile

Billing systems

Fig. 6. Balance top-up

2. Fraud detection — Send an email to the
anti-fraud unit if a subscriber registered in roaming
but his balance at the moment is equal to 0.

@ @
Processing engine

Fig. 7. Fraud detection

Billing systems

3. Extra bonuses — Top-up subscriber
balance with extra SMS/Voice usage/Internet
usage bonuses when the subscriber fulfills all
conditions at promo campaigns.

Processing engine

Fig. 8. Extra bonus

Billing systems

¥

BONUS!

Conclusion and future work

In this paper, the solution to how the CEP
approach could be implemented in Telecom
operator is presented, which helps to solve many
technical limitations of our legacy systems
and business requirements issues, process, and
analyze the vast amounts of subscriber’s data
in near real-time that was impossible before.
Furthermore, we have defined triggers and
business rules which could give a win-win effect
after project launches. Apache components that
are typically used in our architecture provide the
possibility to build the CEP ecosystem, which
will play a vital role in the next decade for the
Telecom operator business. Ongoing work will
focus on further optimization and improvement
possibilities, some of the directions in which this
work can be improved are:

¢ One of our approaches was to build one
job to run all triggers/rules. However, any coin
has a reserve side, and in our case, one bad rule
could affect all other triggers/rules impacting a
whole system. That is the main challenge that
should be addressed in future works.

e Response latency time will be always an
actual and crucial issue, due to the dynamicity of
today’s business environments and requirements.
We need to pay attention to how effectively
ingestion and outgestion pipelines are executing
the data traffic.

e Because data traffic is extremely huge
and grows dramatically, the challenge is to
continuously write and store data in Data Lake/
Data Warehouse and implement an Online
Analytical Processing engine for analytical
purposes and reports. Separating written data
from data traffic should help to avoid performance
and sustainability issues.
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Abstract. The article is devoted to the development of a system of biometric identification of a person by face,

fingerprints and voice. Two-dimensional and three-dimensional characteristics of a person's face, taking into
account area and volume, were used as informative signs of biometric identification of a person by face. A
complex identification algorithm has been developed to account for such phenomena as portrait shift, different
photo scales, and the tilt of the identified face. The FPM10A scanner and the Arduino microcontroller are used
for biometric identification of a person by fingerprints.

Identification signs are based on the analysis of the structure of papillary patterns on the finger: type and type
of papillary pattern; direction and steepness of streams of papillary lines; the structure of the central pattern
of the pattern, delta structure; the number of papillary lines between the center and the delta and many other
signs. Another type of feature is local. They are also called minutiae (features or special points) — unique
features inherent only in a particular print, determining the points of change in the structure of papillary
lines (end, split, break, etc.), the orientation of papillary lines and coordinates at these points. Each print can
contain up to 70 or more minutations.

For biometric identification of a person by voice, MF'C and PLP algorithms for digital processing and analysis
of audio recordings are used. Various algorithms are used for acoustic speech analysis: hidden Markov models,

a model of a mixture of Gaussian distributions. The result of determining the tone of speech and the content of
speech for the purposes of voice identification is obtained.

The Visual FoxPro DBMS has developed a «multiparametric automated system for biometric identification of
an individualy.

Keywords: information security, two-dimensional and three-dimensional image, identification, papillary
patterns, voice characteristics, human speech, acoustic modeling.

TYJT'AHBI BIPHEIIE IIAPAMETPJIEP BOHUBIHIIIA
BUOMETPUAJIBIK COUKECTEHIIPY

SBUSTBEKOBA I'3."%, AJIMACKAP M.C."*, ABJKKAJINJIOBA A.A. 2,
MOHTAEBA 1.H.2, TYPJIBIBEKOBA A.H.?
! Axnapammuix, scone Ecenmeyiw mexnonozusnap uncmumymst, 050000, Anmamol, Kazaxcman
Zan-@apabu amvinoasel Kazax ¥nmmotx ynusepcumemi, 050000, Arimamei, Kazaxcman
SKazax ¥immoix acpapnvix 3epmmey ynusepcumemi, 050000, Aamamot, Kazakeman

Anoamna. Maxkana adamowl b6em, caycax iz0epi MeH O0aybicbl OOULIHUA OUOMEMPUSTBIK CIUKECMEHOIPY
JACytiecin dcacayea apranan. Aoamuvly Oeminiy exi enuemoi Heane yul oauemMol CUunammamanapsl, ayoamsl
MeH KOleMiH ecKepe OMbIpbln, MYAAHbL OUOMEMPUSTBIK CIUKeCmeHIIpYOiy aknapammulk Oenciiepi peminoe
Konoausliadwvl. llopmpemmik dcolidicy, apmypii omocypemmep OHCoHe CIUKECEHOIpileeH A0dMHbIY
KO32A7IbICbl CUAKMbL KYObLIbICMAPObL eCKePemiH KeuleHOi CaUKeCmeHOIpy aneopummi Hcacanobwl.

Caycax i30epi OoubiHwa adamovl buomempusnvlx catikecmendipy yuiin FPMI10A ckanepi scane Arduino
MUKpoxoHmpoinepi naudanansiiovl. CatikecmenOipy bOeneinepi caycakmagvl NAnULIAPpIbL 6OPHEKMepOiy
KYPbLILIMbIH MAN0ay2a Heiz0eneeH: NAnuiiapiblK 6pHeKmiy Muni MeHn mypi; Nanuiiapivlk CbI3bIKIMap
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ABbLIHOAPLIHBIY 6ABIMbL HCIHE MIK OONYbI; OPHEKMIY OPMATLIK CYPEMIHIH KYPbIILIMbIH, 0e1bmd KYPblibLMbL,
OpMAnbIK NeH 0enbma apacblHOagbl NANUNIAPIBIK CbI3bIKMAPObIY CAHbL JCIHe KenmeeeH backa benzinep.
benzinepoin maewvi 6ip mypi — ocepeinikmi. Onapovl MuHyyus oen me amaiovl (epexuienikmep Hemece apHativl
HyKmenepine OQUIAHbICIbL) — NANULIAPIbIK CbI3bIKMAD KYPbLIbIMbIHbIY 632epy HYKMenepiH aHbIKMAatimviH
(askmany, exiee mapany, y3iricmi scane m.0.), NAnNUIAPIbIK CbI3bIKMAapObll OAbIMbIH AHBIKMAUMbIH Oeneini
0ip i32e eana maH epekute beneinep dKHcaHe ocvl Hykmeinepde2i Koopounammap. Opoip caycax isi 70 Hemece
00aH 0a KON MUHYYUSAHbL KAMNYbl MYMKIH.

Aoamowl oayvicnen buomempusivix calikecmenoipy yuwin MFCC scane PLP aneopummoepi yugproix enoey
JHCoHE aAyOuoHcazdarapovl manday yuiin Konoauwiiovl. Ceuneyoiy aKyCmuKaiblk maiodaybl YWiH can mypii
aneopummoep KoIOaHuliovl. dcacvipvlh Mapkos modenvoepi, laycc yrecmipmeciniy KOCNACHIHbIY MOOEI.
Hayvicnen caiikecmenOipy MakcamvlHOA CoOUley MOHbIH HCIHE COUNEY MASMYHbIH AHLIKMAYObIH HIMUNCECT
anviHaovl. «A0amobl OUOMEeMPUATBIK CIUKeCMeHIIPYOiy KON napamempii adgmomMammanoblpuliedat HCyueciy
Visual FoxPro JJKBXX-0a socacanzan.

Tyiiindi ce3dep: axnapammoix Kayincizoik, exi eauemol dcaue yul enuemoi cypem, catKecmeHOipy,
NANUTIAPILIK, OPHEKMeED, OayblCblK CUNAMMAMA, AOAMHBIY COUNEYI, aKYCTMUKATILIK MOOENbOeY.

BUOMETPHYECKASA UAEHTU®OUKALUA IUYHOCTHU
IO HECKOJIBKUM ITAPAMETPAM

SUATBEKOBA I'.3.'3, AJIMACKAP M.C."?, ABKAJINJIOBA A.A.%
MOHTAEBA JI.H.2, TYPJIBIBEKOBA A.H.2
'Hnemumym Hngopmayuonnvix u Boruucaumenshoix mexuonoeuti, 050000, Anmamot, Kazaxcman
’Kasaxckuti Hayuonanonwiti ynueepcumem umenu ano-Dapabu, 050000, Anmamer, Kazaxcman
SKazaxckuti Hayuonanoholii acpaphviil ucciedosamenvckuil ynusepcumem, 050000, Anmamel, Kazaxcman

Annomauyus. Cmamvs noceiujena papabomke cucmemvl OUOMeMPUHECKOU UOeHMUPUKAYUY Yel08eKd
no JUYy, omneuyamKam naivyes u 201ocy. B xauecmee ungopmamusHvix npusHaxkog Ouomempuyeckou
uoeHmupurkayuy 1eio8exa no aAuyy UCNOAb308AHbl 0BYMEPHbIE U MpeXmMepHble XAPAKMepUCmuKy iuyad
yenogexa, yuumsigarowue niowas u odvem. /[na yuema maxkux sAjieHull, KaKk cO8ue nopmpemad, pasubviil
macwmab ¢gomoepahuii U HAKIOH UOeHMUDUYUPYeMO20 Tuyd, paspadoOmaH CILONCHBIU ANCOPUMM
uoeHmupuxayuu.

s 6uomempuueckoil udenmu@urayuu Yeio8eka no omneyamKam naivbyes ucnoivsosan ckanep FPMI10A
u mukpoxoumpouiep Arduino. Hoenmugpukayuonnvie npuHaKu OCHOBAKbI HA AHATU3E CIPOEHUS NANULILAD-
HbIX Y30p08 HA NAIbYA. MUN U U0 NANUIIAPHO20 Y30pd, HANPAGIeHUe U KPYMU3HA NOMOKO8 NANUNIAPHbIX
JUHUL, cmMpOeHUue YeHMPAIbHO20 DUCYHKA Y30pd, CMpOeHue Oelbmbl, KOAUUeCmeo NANULIAPHLIX JTUHUL
MeNCOY YeHMPOM U OelbMOl U MHONHCECMBO OPYeUX NPUSHAKOS.

Jpyeoti mun npuznakos — nokanvhsle. X maxoice Ha3b18A10M MUHYYUAMU (0CODEHHOCAMU UNU OCOObIMU
MOYKAMU) — YHUKATbHbIE NPUSHAKU, NPUCYUUE MOLbKO KOHKPEMHOMY OMNeuamKy, onpeoeiaoujue nyHKmol
UBMEHEeHUsl CMPYKMYPbl NANULIAPHBIX JUHUL (OKOHYAaHUe, pazdsoenue, paspvlé U m.0.), OpPUEeHMAYUuro
NANUATSAPHBIX TUHULL U KOOPOUHAmbvl 6 smux nynkmax. Kaoswcowiii omneuamox moscem codepacamv 00 70 u
bonee MuHyyuil.

s buomempuneckoll udeHmupurkayuu 4eiosexa no 2010cy ucnonvsosaust areopummsl MFCC u PLP Ons
yughposotl obpadbomru u anaiuza ayouozanucei. /s aKkycmuuecko2o aHaiu3a pevu NPUMeHeHbl pasiuiHble
ANCOPUMMDBL: CKPbIIblE MAPKOBCKUE MOOENU, MOOEb CMeCU 2ayCCO8CKUX pacnpedenenutl. [lonyuen pezyismam
onpeoenenus MOHANLHOCHU PeyU U COO0epICamenbHocmu peyu 0as yenel uoenmugurayuu no eonocy. Ha CYBJ]
Visual FoxPro paspabomana «Muozonapamempuueckas agmomamusuposanHas cucmema ouomempuiecko
uoeHmughuKayuy IUYHOCMUY.

Knrouesvle cnosa: sawuma uugopmayuu, 08yxmepHoe u mpexmepHoe uzobpasiceHue, uoenmuguxayus,
RanuiisipHsle Y30pbl, XapaKmepucmuKkd 20J10Cd, Yel08e4ecKas peub, aKkyCmuieckoe MoOeluposanue.

40



OUN3NKO-MATEMATUHECKUE N TEXHUYECKWUE HAYKH

Introduction

The problem of information protection and
information security is one of the most import-
ant aspects of the development of modern soci-
ety. Currently, the solution to this problem in the
field of development and operation of informa-
tion systems for various purposes is associated
with the development of various requirements to
ensure their security and the creation of software
and hardware against unauthorized access [1-2].

Automatic human recognition for identifica-
tion has a large number of applications in various
fields. The problems of public security, the need
for remote authentication, and the development
of human-machine interfaces arouse increased
interest in this technology [3].

Methods

Biometric identification methods are increas-
ingly used in access control systems to workplac-
es, mobile devices, local and global information
resources. Since the implementation of the sys-
tems does not require specialized equipment, and
the biometric feature cannot be lost, forgotten
or transferred, the most promising are systems
based on human face recognition.

Authentication methods based on the mea-
surement of human biometric parameters provide
100% identification. At the moment, biometric
systems successfully use the following biomet-
ric characteristics for user authentication: iris,
fingerprint, palm print, vascular patterns, face
geometry, voice print, signature, DNA compar-
ison, which have properties without which their
practical application is impossible [4]:

Authentication methods based on the mea-
surement of a person's biometric parameters pro-
vide 100% identification. At the moment, biomet-
ric systems successfully use the following bio-
metric characteristics for user authentication: iris,
fingerprint, palm print, vascular patterns, face ge-
ometry, voice print, signature and DNA compar-
ison, which have properties without which their
practical application is impossible [4]:

Universality: each person has biometric
characteristics.

Uniqueness: there are no two people with ex-
actly the same biometric characteristics.

Consistency: biometric characteristics must
be stable over time.

Measurability: biometrics must be measur-
able by some physical reading device.

Currently, there are no biometric parame-
ters that combine all these properties at the same
time, especially when considering acceptability.
Therefore, the use of multiparametric biometric
authentication becomes relevant.

Results. Main part

The Visual FoxPro DBMS was selected for
the software implementation of the «Biometric
Information Security System».

Visual FoxPro is a Relational Database Man-
agement System based on an object-oriented,
visually programmable programming language.
Starting with the ninth version of Visual FoxPro,
a set of GDI Plus and MClI classes is available [5].

The main property of GDI Plus for its use in
the software implementation of the workstation
«Biometric Information Security System» is the
following:

- ability to load and save images from a file,
from a table field, or from a variable;

- ability to get information about the image
(determining the size of the raster, the resolution
of the raster, the graphic format);

- the ability to perform a number of opera-
tions on the image (rotation and reflection, clip-
ping a rectangular fragment, resizing the image,
interpolation);

- ability to draw independently in the form
window;

- ability to print images on the printer.

With MCI, you can record, play back audio
and video files of various formats.

Currently included as biological characteris-
tics are «face video», «fingerprint” and «voice».

The following types are introduced for char-
acteristics parameters:

1 — point coordinate; 2 — distance (number);
3 —area; 4 — volume.

The program implements various agglomer-
ative classification algorithms: flexible strategy,
nearest neighbor strategy, far neighbor strategy,
group mean strategy, centroid strategy, sum of
squares strategy [6].

Face video

A number of parameters have been defined
to characterize the «face video», which are:

1) point — coordinates of the pupils of the
eyes, bridge of the nose, tip of the nose,
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2) distance — between the eyes, between the
bridge of the nose and the tip of the nose, the
base of the nose,

3) perimeter — triangle (pupils of the eyes
and tip of the nose), triangle (bridge of the nose
and base of the nose),

4) area— isolines of the eye sockets, isolines
of the nose,

5) volume — eye sockets, nose.

A volumetric 3d-model, presented as a regu-
lar DEM, is used as the initial data for the «face
video».

Fingerprint

The FPM10A module with the Adafruit Ardu-
ino library was used to create a biometric finger-
print identification system block [7].

The optical fingerprint scanner is a module that
can be used in conjunction with Arduino and oth-
er microcontrollers [7]. Capable of storing finger-
prints (1000 fingerprints) in memory with their fur-
ther identification. Used in places of high secrecy,
as a kind of password access key based on scanning
and verifying fingerprints with a database.

There are two main steps when using a fin-
gerprint sensor. First, data is written into the sen-
sor's memory, that is, a unique ID is assigned to
each fingerprint, which will be used for compar-
ison in the future. After recording the data, you

@ coms

can proceed to the “search”, comparing the cur-
rent image of the fingerprint with those recorded
in the sensor's memory.

New fingerprints are loaded using the SFG
Demo and Arduino IDE programs, assigning a
new ID # to each. All uploaded fingerprint imag-
es are encrypted (Figure 1).
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Figure 1 — Uploading the fingerprint to the database

In Figure 2, you can see the percentage of
matches. Fingerprints that do not match those
stored in the database are ignored by the scanner.

— O x
Send

Testing the fingerprint scanner
Sensor detected!

The sensor stores 10 fingerprints
Waiting for fingerprints

Found ID # 0 matches 100
Found ID # 5 matches 100
Found ID # 7 matches 179
Found ID # 8 matches 100
Found ID # 9 matches 100
Found ID # 2 matches 57
Found ID # 2 matches 100
Found 1D # 7 matches 100
Found ID # 2 matches 59
Found ID # 2 matches 74
Found 1D # 2 matches 54
Found ID # 2 matches 65
Found ID # 2 matches 100

Figure 2 — Fingerprint recognition

Identification signs of the structure of papil-
lary patterns on the fingers are usually subdivid-
ed into global and local signs [8].

Global signs include signs that can be seen
with the naked eye. These features include: type
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and type of papillary pattern; direction and steep-
ness of streams of papillary lines; the structure of
the central pattern of the pattern; delta structure;
the number of papillary lines between the center
and the delta and many other signs.
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Another type of signs is local. They are
also called minutiae (features or special points)
- unique features inherent only in a specific im-
print, determining the points of change in the
structure of papillary lines (ending, bifurcation,
break, etc.), the orientation of the papillary lines
and coordinates at these points. Each print can
contain up to 70 or more minutes.

Voice

One of the parameters of biometric person-
ality identification is voice. Voice identification
technology is used in various areas of informa-
tion security, access control systems, forensic
science and other areas [8-9].

Oral speech of a person is an ordered sys-
tem of acoustic signals, which are perceived as
a sound image, in the oral speech of a person his
individual signs and characteristics are reflected.
The individuality of the voice is a consequence
of the shape and size of the mouth and nose,
throat and respiratory organs. Thus, the physical
characteristics of sounds - frequency, duration,
intensity - are strictly individual for each person.
The task of voice identification is to separate hu-
man speech from the input audio stream, its clas-
sification and recognition.

Since the human voice is the sum of many
separate frequencies created by the vocal cords,
there are several features that can be observed
and analyzed in the speech of each person:

- Vocal speech (loudness, tempo, stability -
physical components);

- Tonality of speech (intonation - psycholog-
ical components);

- Content of speech (vocabulary of a specific
person).

Discussion

The difference in timbres of different voices
is described by different frequency spectra. The
mathematical apparatus for analyzing the fre-
quency spectrum is the Fourier transform, as a
way to describe a complex sound wave with a
spectrogram. When calculating the second-order
spectrogram, harmonics are identified, which are
called «cepstrumy, they are not convenient for
analysis, since they duplicate information, an ex-
ample of such a harmonic, uniform background
noise or music in a song [10].

Conclusion

Workstation «Biometric information securi-
ty system» has been developed. Based on the pre-
liminary classification of objects, the search for
a given person in the source database is acceler-
ated. Based on the use of multi-criteria optimiza-
tion methods, different coefficients are calculated
for each class, which allow ranking the criteria
by importance. The properties of the proposed
mathematical algorithm are investigated. For the
first time, the human recognition algorithm takes
into account such parameters as the volume of
the nose, the volume of the eye socket, and oth-
er three-dimensional characteristics. To speed up
identification, all data in the source database is
pre-classified.

A complex identification algorithm has been
developed to account for such phenomena as
portrait shift, different photo scales, and the tilt
of the identified face. Numerical studies conduct-
ed on the model problem have shown the effec-
tiveness of human recognition when changing
the scale of a photo. Based on the Arduino micro-
controller and the FPM10A scanner, a recogni-
tion system has been developed for storing data,
further processing it, identifying and displaying
fingerprint images. The structure of the structure
of papillary patterns on the fingers was selected
as identification features. The result of match-
ing fingerprints with different rotations through
the scanner is obtained. A promising area is the
search for an incomplete fingerprint, since often
in practice there is only a part of the fingerprint
to search for matches.

The system has developed three algorithms
for analyzing audio recordings to solve the prob-
lem of biometric identification by voice.
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YUCJTEHHOE UCCJIIEJOBAHHUE PACCEI/IBAHI/IHU3AFPSI3HI/ITEJII§I71
BO3AYXA B PE3YJIBTATE XUMHNUYECKHUX PEAKIIMU OT TEIIJIOBOU
SJIEKTPOCTAHIIUU

HNCAXOB A.A."2, AIMMBEK AK?
'Kazaxcrxuit Hayuonanvuwiil ynusepcumem um. ano-@apabu, 050000, Aamamer, Kazaxcman
? Kazaxcmancko-bBpumanckuti mexuuueckuil ynusepcumem, 050000, Anvamet, Kasaxcman

Annomayua. B oOannoili cmamee npeocmaeienvl pe3ynbmamvl, NOIYYEHHble NYMeM  UYUCTEHHO20
MOOeNUPOBAHUSL PACNPOCMPAHEHUS. 3A2PASHAIOWUX 6eUeCm8, 00PA3YVIOWUXCA NPU CHCULAHUU MONIUSA HA
NMEKMPUHECKOl MeNI0eKMPOCMAHYUY, U UX Xumudeckas peakyus 6 ammocgepe. Ha npumepe peanvhoil
mennosnekmpocmanyuu (Ixudacmysckas I'PIC-1) ovina cmooenuposana oucnepcus NO u npooykm NO,
ApU XUMUYECKOU peakyuu ¢ KUciopooom. IIpumesamenbHoll 0cOOeHHOCMbIO OAHHOU MEeNI0NeKMpPOCMaAHyUlL
AGNAEMCA MO, YMO PASHUYA MeNHCOY ObIMOXO0AMU NO360NAEM UYUUMb GIUAHUE GbICOMbL UCHOYHUKA HA
oucnepcuio 3azpsasHerus. i onucanus 3mo2o npoyecca Ucnoivsosanucy ypaerenus Haseve — Cmokca,
cocmosawue U3 YPAGHeHUs HepaspbleHOCMuU U O08udiceHus. [l npoeepKu Mamemamuieckon Mooeiu u
YUCIEHHORO AN2OPUMMA YUCIEHHO peuanuct mecmosvie 3a0auu. Llenvio oannoii pabomvl 6bLI0 U3VUeHUe
VPOBHS KOHYEHMPAYUU 3A2PAZHEHUS HA PASHBIX PACCOSHUAX OM UCTOYHUKA. B pesynsmame 6viiu onpedenenul
Mmaccosvle donu kKonyenmpayuu u npooykma. Co2nacno nomy4eHHbIM OGHHbIM, C Y8eludeHueM paccmosHusl
OM UCMOYHUKA KOHYEHMPAyusi 3aepA3HeHUsl pAcnpocmpansemcs boiee wupoko noo eiusHuem ou@gysuu.
Yem Oanvuie paccmosnue om mpyovl, mem Hudice KOHYeHmpayus eeujecmed. B pezynemame uyuciennoeo
UCCe008aHUS NOTYYEHHbIe OAHHbIE MO2YM OblMb UCHONb3068AHbl 015 OANbHEUUUX UCCIe008AHULL NPODIeM,
CBA3AHHBIX C PACNPOCMPAHEHUEM 3A2PASHAIOWUX 6eujecms 6 ammocgepe O PearbHbIX aAMMOCHepHbIX
VCI08UL, MAKdHCe MO2YM NO380IUMb 8 0YOYUieM CHPOCHOZUPOBAMb ONMUMAILHOE PACCMOSHUE OM HCUTbIX
pationos 0ns cmpoumenvcmea TOC, npu Komopom KowyeHmpayusi 6blOpocos 6yoem o0Cmasamvcs Ha
bezonacHom yposHe.

Kntouesnie cnosa: xumuueckas peakyus, pacceusanue 3azpsazHumerneti 6030yxd, menioedas 21eKmpocmanyis,
cmpys 8 nonepeuHom nomoke, ocpeonenue Hasve — Cmoxca no Petinonvocy (RANS)

KBLTY 3JIEKTP CTAHUUSICBIHAH XUMMSJIBIK PEAKIIUA
HOTUXECIHAE ITAUJA BOJIATBIH AYA JIACTAY IBIJIAPBIHBIH
TAPAJIYBIH CAHABIK 3EPTTEY

HNCAXOB A.A.'2, AIMMBEK A.K.?
'On-@apabu amvinoazer Kazax ¥nmmuix ynusepcumemi, 050000, Awmamet, Kazakeman
’Kasakcman-bpuman mexnuxanvix ynusepcumemi, 050000, Anvamer, Kazakcman

Anoamna. Koy snexmp cmaHyusanapvlHOa omulHObL Hcazy Ke3iHoe naioa Oonamsix 1acmayuibl 3ammaposly
MAPANYbIH HCIHE ONAPObIH AMMOCHEPAOaebl XUMUATBIK PeAKYUACHIH CAHObIK MO0enb0ey apKblibl albIHAH
Homuodicenep keamipineen. Haxmuol owcoiny snexmp cmanyuscoinviy (Exioacmys MASC-1) mvicanvinoa NO
oucnepcusAcel MeH ommezimen XuMusnblK, peakyus kesinoe nauda oonamein NO, onimi modenvoenoi. byn
JICHLILY DNEKMpP CMAHYUSACLIHBIY OIp epexwienici — MYpocanap apacblHodebl aublPMAUbLILIE OUIKMIKMIK
aacmany OUCNepCusiCblHa acepin 3epmmeyee MyMKIHOIK bepedi. Ocbl npoyecmi cunammay Yutin y3iniccizoixk
JHcoHe Kozeanvic menoeynepinen mypamoli Hasoe — Cmokc menoeyi Kondanvliovl. Mamemamukanvlk Mooens
MeH CAHObIK ANeOpUmMMOL meKcepy Yulin mecmmix ecen CaHoblK wewindi. Kymvicmoly MaKcamsl apmypii
KAUbIKMbIKMA 1ACHAHY KOHYEHMPAyUusCblHbIH 0eHeellin sepmmey 6010bl. Homuowcecinde koHyenmpayus met
OHIM KOHYEHMPAYUALAPbl AHbIKMAN0bL. ANbIH2AH MALiMemmepae CaUKec, 1ACayuibl KO3IHIH HCOSAPbIIAYbIMEH
qAcmany KoHyeHmpayuscol oughqhysusinoly acepinen Kenipex mapanaovl. Kyovipoan KaublKmolk He2Ypivim
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anvic Oonca, nacmayuibl KOHyeHmpayusacol coypivim momeH. CanOblK 3epmmey Hamudicecinoe anblHeaH
ManimMemmep HAKMbl amMMOCPePanvlK Heaoaiap yuin ammocgepasa 1acmayulvl 3ammapovly mapaniybliia
batinanvicmsl npodIeManapobl 00aH api 3epmmey Yulin NAUOAIaHbLLY bl MYMKIH, COHbLMEH Kamap 001auakma
WHIRAPLIHOBLLIAPOBIY UOLIPAAHYbL Kayinciz Oeneetioe Oonamvin KIOC cany ywin mypevin ayoanoapoau
oMbl KAUWBIKMBIKMbL OONACAY2A MYPUIHOBIK OONA0bL.

Tyiinoi cezdep: Xumusnvlk peaxyus, aya 1ACMayWbliapbIHbIY MAPATYbl, JHCHLTY IIEKMp CMAHYUACH,
Kenoeney agvit, Petinonvoc botivinua Hasve-Cmoke opmawananyst (RANS).

NUMERICAL STUDY OF THE DISPERSION OF AIR POLLUTANTS AS A RESULT
OF CHEMICAL REACTIONS IN A THERMAL POWER PLANT

ISSAKHOV A.A.'2, ALIMBEK A.K.?
!Al-Farabi Kazakh National university, 050000, Almaty, Kazakhstan
’Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. This article presents the results obtained by numerical modeling of the spread of pollutants formed
during the combustion of fuel at an electric thermal power plant and their chemical reaction in the atmosphere.
On the example of a real thermal power plant (Ekibastuz SDPP-1), the dispersion of NO and the product of
NO, was modeled during a chemical reaction with oxygen. A notable feature of this thermal power plant is
that the difference between the chimneys makes it possible to study the influence of the height of the source
on the dispersion of pollution. To describe this process, the Navier - Stokes equations were used, consisting
of the equation of continuity and motion. To check the mathematical model and the numerical algorithm, test
problems were solved numerically. The aim of this work was to study the level of pollution concentration
at different distances from the source. As a result, the mass fractions of concentration and product were
determined. According to the data obtained, with increasing distance from the source, the concentration of
pollution spreads more widely under the influence of diffusion. The further the distance from the pipe, the lower
the concentration of the substance. As a result of a numerical study, the data obtained can be used for further
studies of the problems associated with the spread of pollutants into the atmosphere for real atmospheric
conditions, and can also allow in the future to predict the optimal distance from residential areas for the
construction of thermal power plants, at which the concentration of emissions will remain at a safe level.

Key words: Chemical reaction; air pollutant dispersion; thermal power plant; jet in crossflow, Reynolds
averaged Navier-Stokes (RANS)

BBenenune

ATMOC(epHBIi BO3IyX - )KU3HEHHO BaKHBIN
KOMIIOHEHT OKpyxkatouei cpensl. IlocTosiHHOE
HEraTUBHOE BO3JEHCTBUE HA aTMOC(epy U Hey-
JIOBJIETBOPUTEIBHOE PEIIEHUE BOIPOCOB, CBS-
3aHHBIX C €€ 037J0POBJICHUEM, HETATUBHO CKa3bl-
BalOTCSl Ha 37J0POBbE HAceleHUs. 3arps3HeHue
BO3JyXa CO3JA€TCs B Pe3yjbTare NeATeIbHOCTU
MPOMBIIUIEHHBIX TNPEINPUATUN, 3IIEKTPOCTAH-
Ui, aBTOMOOWJIEH, KOTOpbhIe BBIOPACHIBAIOT B
arMocdepy COTHH TOHH BpEIHBIX BellecTB. B
BO3AYIIHOM OacceiHe MOCTOSHHO MPOUCXOMASAT
(GOTOXUMHUYECKHE TMPOLIECChl, MPHUBOASIIINE K
MOSABJIEHUIO HOBBIX COE€IMHEHHH, HHOrma 00-
Jee BPEIHbIX, YeM HCXOJHbIE. TernnoBbie 3JeK-
TPOCTAHLUUU - OJUH U3 OCHOBHBIX MCTOYHHMKOB
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3arpsi3HEHUST OKpy»Karole cpenbl. TeruioBbie
AIIEKTPOCTAHIIMU TPOU3BOJAAT SJIEKTPOIHEPTHUIO
(mo 75% ot o06mero MUpPOBOTO MPOU3BOJICTBA
AIIEKTPOIHEPTUU) W TEIUIOBYIO »Hepruto. [lpu
TOPEHUH OCHOBHAsl YacTh TOIUIMBA TMpeBpa-
11aeTcs B OTXO/Ibl, KOTOPBIE MOMAAAt0T B OKpYXkKa-
IOIYI0 Cpely B BUE ra3000pa3HbIX M TBEPABIX
MPOAYKTOB cropanus. [Ipu cokuraHuu TOIUIMBA
pacxoayeTcsi O0JIbIIIOE KOJUYECTBO KHUCIOPOJa,
a BBIJIEJSETCS] 3HAUUTENBHOE KOJIUYECTBO IPO-
JIYKTOB CrOpaHus. 3arpsi3HUTENH BO3/LyXa MOXK-
HO pa3ZieNuTh Ha JiBa kiacca. K nepBomy kiaccy
OTHOCSITCSL TIEPBUYHBIC 3arps3HUTENN BO3.Y-
xa [1], koTopsie BBIOpAchIBAOTCS B aTMochepy
HEMOCPEACTBEHHO M3 HCTOYHUKOB BBHIOPOCOB
(0OBIYHO B pe3ynbTare CXKUTAHUS TOIUIMBA) U B
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OCHOBHOM COCTOAT U3 OKcuaoB asora (NO ) - B
ocHOBHOM NO, JIETy4nX OpraHUYECKUX COEIH-
Henuii (VOCS), yrepona, monookcuaa (CO)
U KOMIIOHEHTOB TBepAbIX 4vactull [2]. Bropoi
KJIACC — 3TO BTOPUYHBIE 3arPS3HUTENH BO3AyXa,
KOTOpBIe 00pasyiorcs B atmocdepe, B TO Bpems
KaK MEePBUYHbIC 3arPsI3HUTETN BO3/IyXa MOABEP-
rarorcsi GU3NYECKUM M XUMUYECKUM PEeakiusM
[3]. Xumudeckue peakiuu IpUBOIAT K pa3daB-
JICHUIO PEareHTOB W O0Opa30BaHUIO BTOPHYHBIX
3arpsi3HUTEIICH, KOTOPBIE 3aBUCAT OT KOHIICHTPA-
LMW 3arpsi3HAIONIMX BEHIECTB, TEMIEPaTyphbl U
XUMHUUYECKON KUHETUKH [4,5]. OTHUM U3 BaXKHBIX
BTOPUYHBIX 3arps3HUTENICH BO3AyXa SBISETCS
030 (O,), KOTOpBIi 00pasyercs B pe3yJbTare
XUMHUYECKHX PEaKiui, BKIOYas, IJIaBHBIM 00-
pasom, okucienne JIOC u NO_ B npucyTCTBHU
COJTHEYHOTO CBETa. PeaKkTHBHBIE MPOMEKYTOU-
HbIE COEAUHEHUs (TUIPOKCHIBHBIA pajuKall
(OH) n rupponepokcuibHbiii pamukan (HO,))
PEryIUPYIOT LUK XUMHUYECKOTO Pa3JIOKECHHUS,
npespamas NO B NO,_u, cieosarenbHo, o0pa-
soBanue O, [6]. B paborax [7,8,9] Obuin uncien-
HO HCCIIeIOBaHbI MeXaHU3Mbl 0OpazoBaHusi NO
B XMMHUYECKOM COCTaBe, KOTOpPbIA BKJtOUal 45
BUJIOB U 142 peakiuu. YToOBI CMOIETUPOBATH
TaKue 3aJlaud peajbHOTo pa3Mepa, HEOOXOAUMO
pEeLInTh TECTOBYIO 3a1a4y. JJlaHHON TECTOBOM 3a-
Jauedt Oblia mpoBepeHa TOYHOCTh YUCIIEHHOTO
anroputMa. [lomydeHHbIC HaHHBIE CpPaBHUBAIN
CO 3HAYCHUSIMU DKCIEPUMEHTA. YIOBJIETBOPHU-
TEJIbHO MOJyYE€HO COIIacue C JaHHBIMHU H3Mepe-
Hul. 3HaYeHUs Mokazanu Oojee OJM3Koe cora-
CHE CO 3HAUCHUSMH WM3MEPCHHM, YeM 3HAYCHUS
MOJIEJTUPOBAHUS APYTUX aBTOPOB.

Maremaruuyeckasi MOAeJIb

CFD-monenupoBaHue TakKuX MPOIECCOB OC-
HOBaHO Ha ypaBHeHusX HaBbe — CTOKCa, COCTOSA-
€€ U3 ypaBHEHUSI HEPA3PHIBHOCTHU U JBUKEHUS
[10-13].

e YpaBHEHUE HEPA3PHIBHOCTHU:

ow,
=0

ox, (1)
e VYpaBHEHUE JBUKCHUS:

opu; , 0 0 [ou O

o ox, (puse )= ox, " ox, {#[5)6]._'—6)(,. e )

e XHUMHUUYECKasl PEaKLIUs:

Bemecteo B, BeIXOmsmiee wu3  TpyoOsI,
BCTYIAET B PEAKIIMIO C BEIIECTBOM A OCHOBHOTO
TEeUYCHUS, B pe3yiabTare oopasyercs BemecTso C.

Da
A+B—>C

BemectBa nmogo6pans! TakkuM 00pa3om, 4To
yucno Jlamkénepa paBHo 1.

° ypaBHCHI/Ie AJI1 KOHICHTPpAluu:

Jlyist pacdera epeHoca KOHIICHTPAITUH ObLITH
HCIIOJIB30BaHbl YPABHCHUSA JIs1 KOMIIOHCHTOB YA
nyY,.

Y4 Y 4 Yy Y4 %Y, . 0%V | 0%Ya
o¥a 2a A = pr
p(at+uax+vay+waz ‘DA(Bx2+6y2+BzZ)+wA(3)

w,=-DaY Y,

oY, oY, oY, oY, oY, oY, 0,

il BT ed: RIR it} ZZBy= pI” Y 'B
P T Py T TP G T e (4)
Wy =0,

Y. BBIYHCIIAETCA COIIACHO 3aKoHy JlanbToHa:
Y. =1-Y,-Y, (5)

Cucrema ypaBHEHMI 3aITMCaHa B IEKAPTOBOU
cucteme koopauHar x (i=1, 2, 3), B pusnueckom
IPOCTPAHCTBE; TPU KOMIIOHEHTHI CKOPOCTH U, P -
TaBIICHHE; | -AMHAMUYECKas BSI3KOCTh, Y = [ /p
— KMHEMaTH4ecKasi BI3KOCTb, p — INIOTHOCTb, | —
i dy3uoHHBIN K03 UIHEHT, t - 6e3pazmepHOe

BpeMsI.
JI1s1 4UCIIEHHOTO PEIICHUSI CUCTEMbl ypaB-
Henui  (1)-(2) wucnonb3yercs  YUCICHHBIN

anroputm SIMPLE (monysiBHBIA MeTOn st
YpaBHEHHUM, CBA3aHHBIX JaBJICHUEM), TMPE-
craBneHHbIl [larankapom u Crionaunarom [ 13].

TecTtoBasi 3aga4a 1Ji1 KOMIOHEHTOB MOJIsI
CKOPOCTH U KOHIEHTPAIUN

B sTOoM pasmene obcyxkmaercs cremyromas
TectoBas 3amada. [lompoOHoe ommcaHue 3TOM
TECTOBOM 3a]1a4d U SKCIIepruMeHTa 1aHo B [14,15].
B pabote [14] OblIM paccMOTPEHBI pa3TUYHBIC
COOTHOUIEHMSI CTPYH K IIONEPEUYHOMY IOTOKY
R (0,5, 1,0 u 1,5). Ilpu R=0.5 cuuranocs, 4To
CKOpPOCTh CTPYH COCTaBisuia 5.5 M/C, CKOPOCTh
norepeyHoro moroka — 11 wm/c. B kadectBe
Matepuaia ObL1 BbIOpaH Bo3ayx. Jluamerp crpyu
coctaBiasan D=12,7 mm. Ywuciao PeiHoabaca
OTIPEEIICTCS CIESIYIOIUM 00pa3oM:
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Jns  ommcaHus — HadaJgbHOTO  IPOGUIIS
CKOPOCTH IOMEPEYHOT0 MOTOKA B MOTPAHUYHOM
CJI0€ UCIOJIb30BaJIcs 1/7 cTereHHOM 3aKOH BeTpa

Ha BricoTe 6omnee 2D ckopocth mo ocu X
ObLIa 3a7aHa cTalMoHapHO, paBHas 11 m/c. Jlms
BEPTUKAJILHOTO KaHajla ObLIa yCTaHOBJIEHA CTa-
IIMOHApHAs CKOPOCTH 1o ocu Y, paBHas 5.5 m/c.

31eCh U - CKOPOCTH BETpa Ha BBICOTE Z, & Z
- W3BECTHAasi CKOPOCTh BETPa Ha 3TAJIOHHOM BBI-

(bUIUEHT, KOTOPBIN U3MEHSETCS B 3aBUCUMOCTHU
oT cTabmibHOCTH atMocdepsl. 3nech *=1/7 nus
YCIOBUM HEUTPAIILHON yCTOMYMBOCTH. Takue
3HAYEHUS CKOPOCTH ObUIM 3a/laHbl C LIEJIbIO MO-
BTOPEHUS SKCIIEPUMEHTA, MPOJICIIAHHOTO B pabo-
Te [14].

Ha pucynke 1 mokazaHbl cpaBHEHHUS 4HC-
JICHHBIX PE3yJbTAaTOB JAHHOTO HMCCIIEJIO0BAHUS C
BBIYMCIIUTENIbHBIMU pelieHusiMu [14] u skcmne-
pUMEHTalbHbIMU AaHHbIMU [15]. Kak BHUAHO B
pesyibraTax, ONTUMAaIbHOM MOJIEIbIO OKa3aiach
k-w SST. Jlns 3ama4un B peanbHBIX pazMepax Mbl
Oynem ucrosib3oBarh Mojeb k-w SST.

COTE€Z, . O - MOJYYEHHBIA SMIUPUIECKH KOI(-
xD=0,zD=0
4 T
exp.(Ajersch) ©
35 comp. (Ajersch) — == 4
k-ww S5T (Keimasi) ——
3+ k-w SST (numerical result) ——
k-e (Keimasi)
25 | k-e standard (numerical result) —— 4
Q o |
=
1.5 1
1 - -
0.5 n
0 | |
2.5 3 3.5
xD=0,zD=0
4 T
exp.(Ajersch) ©
3.5 k-w SST (Keimasi) -
k-w SST (numerical result) ———
3| k-e (Keimasi) ——— -
k-e standard (numerical result) ——
2.5 .
8 ot .
=
1.5 o _
o
1 o .
o
0.5 m
| |

] 0.05 0.1
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xD=0,zD=-0.5
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xD=3,zD=-0.5

4 T T T T
exp.(Ajersch) ©
3.5 o k-w S5T (Keimasi) .
k-w S5T (numerical result) ——
3 - o k-e (Keimasi) -
k-e with Exp. B.C.(keimasi) — - —
25k a k-e standard (numerical result) ——
o
2 2 -
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1 ] .
o
0.5 1
o
0 | L T |
-0.2 -0.1 0 0.1 0.2 0.3 0.4
W/Viet

Puc. 12 — Cpasnenue npoguieti 0Jisi CKOpoCmei u,v,w 6 YKa3aHHblX mouKax

PeanbHas 3agaua

B nannoii pabote ObL1a paccCMOTpeHa peaib-
Hasi MOJENb PACIpENEICHUs 3arpsA3HSIOMINX
BemecTB oT Jkubacty3ckoit 'POC-1. Beruuc-
JWUTENbHAsE 00JacTh MpeACTaBiIseT co00i Tpex-
MEpHYI0 KOpOOKy ¢ TpyOoii BHyTpu Hee. Ha
atol TOC 3arpsi3HEHue BBIAEIAETCA U3 JBYX
neiMoxooB (300 u 330 m). PaccrosHue Mex-
oy asiMoxojgamu coctasiser 200 m. J{nameTpsl
JIBIMOXO/IHBIX oTBepcTui — 10 M. B xauectBe 3a-
rpsi3HAmoniero Bemectsa oT TOC BbIOpachIBarOT-
¢ B Oombmiom Konmuectse rasel NO, NO,, CO
U JIp. DTH 3arpsA3HUTENH B aTMOc(epe BCTyNnaroT
B PEAKLHUIO C KUCIOPOAOM M BOISHBIM I1apOM.
B nannHo#i pabore paccmarpuBaeTcsl peakLus:
2NO+ O, — 2NO, . Kak roBopuiIoch pasee, Io-
Jy4EHHBIA IPOAYKT OoJiee BPEIHbI, YeM HUCXO/I-
HbIM. BeraucnurenbHas ceTka Oblia CTyIieHa B
o0acTu TPAEeKTOpPUU IBUKEHUS 3arpsi3HEHUS,
B KOTOpPOW MPOM3BEIOCH CryIIeHHe OO0JIacTH,
TJIe pacTooXKeHbl cTpoeHus (cetka 10 20 m), a
3aTeM CTyIlEeHUE K 37aHHsIM (CeTKa 70 5 M) U K
TpyOam (cetka a0 2 M). Ona coctout u3 218 915
y310B U 1 244 098 s11eMeHTOB.

Jyist oncaHust Ha4aabHOTO TIPOMHIIT CKOPO-
CTH TONEPEYHOro MOTOKA B MOTPAHHUYHOM CIIO€
UCHOJIb30Bascs 1/7 cTeneHHOM 3aKOH BeTpa, Kak
B pabote [14]. OTHOIIEHHE CKOPOCTH CTPYH K
ckopoctu monepedHoro noroka R=0.5. Cko-
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pOCTh CcTpyHu cocTaBisia 1.5 m/c, CKOPOCThH MO-
MepeYHoro noToka — 3 M/c.

YuciieHHbIE Pe3yabTaThl

MogenupoBaHue BBHINIONHSIIUCE B (pusmue-
ckux pasmepax. Yucno lamkenepa pasuo 1. Ha
PHUCYHKE 2 TTOKa3aHO pacipe/eieHne KOHIIeHTpa-
[[UU 3arpS3HEHUS, KOTOPOE BHU3YaIH3UPYETCS C
ucrnonbp3oBanuem onmuu Volume Rendering. Bu-
3yallbHO C YBETUYEHHUEM PACCTOSHUS OT HMCTOY-
HuKka Habmronaetrcs agdext nuddysuu.

CpaBaenne maccoBoi aonu NO wu3 1ByX
Tpy0 (300 M 1 330 M) Ha pa3HBIX PACCTOSHUIX
(cxopocts BeTpa 3 M/c): 1000, 1500, 2500, 3000
u 10 000 m ot Hauana koopauHat. Kak BuaHO Ha
rpaduke, MaccoBas A0S ISl THIMOBOM TPYyOBI
BbICOTOM 330 M BBIILIE IO CPABHEHUIO C ILIMOBOM
TpyOoii 300 M. OTcrona MOXXHO clieJaTh BHIBOJ,
YTO BHICOTA ABIMOBBIX TPYO CYIIECTBEHHO BIIHSI-
€T Ha pacmpenenenue 3arpsizeHuil. CTpouTensb-
CcTBO 00j€e BBICOKHUX ALIMOXOAOB OOJIBIIE IMOMI-
XOJIAT JJISI DKOJIOTHYECKON 0€30IMacHOCTH.

CpaBHeHHE MAacCOBOM TONMU MPOAYKTa pe-

akiuu NO, u3 nByx 1pyo (300 M u 330 M) Ha
Pa3HBIX PacCTOSIHUSX (CKOPOCTh BeTpa — 3 M/C):
1000, 1500, 2500, 3000 u 10 000 M oT Hayasa
KOOpJIMHAT. PUCYHOK 3 MOKa3bIBaET, 4TO 3arpsis-
HSIOIEE BEIECTBO HE cpa3y IepeMelInBacT-
cd. IlepememmBanue Haumnaercs ot 500 m ot
MCTOYHHKA.
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a) obwuil 6u0

b) npubnudsicennwlil 610

Puc. 26 — Buzyanusayus pacnpocmpanenus xonyenmpayuu NOyu N 02
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Puc. 39 — Cpasnenue npogpuneii maccoswix ooneii NO, NO2 6 mouxax:1500,2000,2500,3000,10000, z=2000

3akiroueHue

B nanHOI cTaThe NpeACTaBIeHBI PE3YJIBTATh
YHCJIEHHOTO MOJEIUPOBAHUS PacIpOCTPAHEHUs
3arpsI3HAIOLIUX BEIIECTB, OOpasyloluXxcs Mpu
CrOpaHMHU TOIJIMBA Ha TEIJIOBOM AJIEKTPOCTAH-
UM, U UX XUMHUYECKOW peakiuu B atmocdepe.
Mopzenp 1 anIropuT™ pereHus: ObUIH IPOBEPEHBI
C MOMOIIIBIO TecTOBOH 3ana4n. [Ipu 0030pe Tembl
ObUTM MCTIONB30BaHbI peasibHbIe JaHHbIE DKNOa-
cty3ckoi ['POC-1 u npomozaenupoBaH Iporuece
e€¢ pabotbl. [IpumeuarenbHOM OCOOEHHOCTHIO
JTAHHOW TETIOIEKTPOCTAHLIUN SIBIISIETCS TO, UTO
pasHULIAa MEXIY ABIMOXOJAaMHU IO3BOJSET U3Y-
YUTh BJIMSHUE BBICOTHl MCTOYHHMKA Ha JIUCIEp-
cuto 3arps3HeHus. Llenbio uccnenoBaHust ObLIO
U3y4YCHHE JUHAMUKU PAacIpOCTPAHEHUs BHIOPO-
COB U UX COEMHEHUE C KHCIOPOJIOM B BO3IYXE.
Ha npumepe peanbHOW TEIIOANEKTPOCTAHUIUU
Obu1a cMonenupoBana aucnepcust NO U poayKT
NO, mpu XUMHUYECKOW PEAKIUM ¢ KUIOPOIOM.
Monens ucnonsdyer ypaBHenue Habe-Crokca
JUISL MOJIEIIMPOBAaHMsI PacpOCTPAHEHUs 3arpss-
HSIOIIMX BeIecTB B arMocdepe. 3 uncneHHbIx
pe3yiabTaToOB BUAHO, YTO BBICOTA [JBIMOXOJIOB
CYLIECTBEHHO BJIMSET Ha paclpeieiieHUe ra3os.
[Tpu ananmu3e ObLIO OOHAPYKEHO, YTO HEOOXO-
JUMO CMOJEIHNPOBATh MPOLECC PACHOIOKECHUS
MCTOYHHMKA PACTIPOCTPAHEHUSI BPEAHBIX MpPHUMeE-

Ceil TEIJIOBOM 3JIEKTPOCTAHIIMU B aTrMmochepy
TakuM 00pa3oM, 4YTOObI MUHHMHU3HPOBATh 3a-
rpsisHeHue arMocgepbl. CTpoUTEIbCTBO OoJiee
BBICOKHX JIBIMOXOJIOB JUISI TEIUIOBOW DJIEKTPO-
CTaHIMU OOJBIIE MOAXOMUT IJI DKOJIOIHYECKOM
0E€30aCHOCTH.

Crnemyer OTMETHTB, YTO B 3TOM pabore Cy-
IIECTBYIOT HEKOTOPBIE OrpaHndeHus. OCHOBHBIM
OTpaHUYCHUEM SIBJISICTCS Pa3Mep BBIYUCITUTEIb-
HOU ceTku. Pecypchl KOMITbIOTEpa OTPAaHUYCHBI B
pasMepe BBIYUCIUTEIBLHON CETKH, B TO BpeMsl KaK
MeJIKast CETKa HeoOX0IMMa JIsl TOYHOTO MOJIEIIH-
poBanusi. Kpome Toro, nanpHellee yBeIuueHUS
KOMITBIOTEPHBIX PECYPCOB OYJIET COMPOBOXK/IATh-
sl TpeOOBaHUSIMH YUCHBIX K YBEIIMUCHHUIO pa3pe-
[IEHHUS] CETKU M BKIIOYEHHIO JOIOJIHHUTEIBHBIX
(bU3NYECKUX MapamMeTpoOB, KOTOPBIC MPUBEIYT K
peasibHBIM MpodsieMaM. BTopbiM orpaHuueHHEM
JTAHHOM paOOTHI SIBIISETCS CIOXKHOCTh TMPOBEIC-
HUS aHaJIM3a SKCIIEPUMEHTAIILHBIX HCCIIEI0Ba-
HUI [0 PacIpOCTPAHECHUIO XUMHUECKUX COCITH-
HEHHIA B aTMOC(epe OT JACITEITbHOCTH TETUIOBBIX
ANEKTpOCTaHINN ((PaKTOPhI OKPYKAKOILICH cpe-
abl, opma, pazmepsl). DTH HCCIECIOBAHUS T0-
JIC3HBI JJIS1 T€X, KTO UHTEPECYETCs pacipe/elie-
HUEM XUMHYECKUX COCTMHEHUH B aTMOochepe oT
JESITeJIBHOCTH TETUIOBBIX AJIEKTPOCTAHITHA.
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INFINITE FAMILIES OF TOTAL FUNCTIONS WITH
PRINCIPAL NUMBERINGS

ISSAKHOV A.A., RAKYMZHANKYZY F., OSTEMIROVA U.
Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. It was known that any non-single-element (in particular, any infinite) family of total functions with
an oracle A, such that @' <4 A, does not have A-computable principal numbering; later it was proved that
any finite family of total functions with a hyperimmune-free oracle 4 always has an A-computable principal
numbering. The unresolved question was whether there exists an infinite family of total functions with a
hyperimmune-free oracle A that has an A-computable principal numbering. The paper gives a positive answer
to this question: it is proved that there exists an infinite A-computable family F of total functions, where the
Turing degree of the set A is hyperimmune-free, such that F has an 4-computable principal numbering.

Key words: A-computable numbering, hyperimmune oracle, hyperimmune-free oracle, principal numbering.

BACTbl HOMIPTIEYJIEPI BAP BAPJIBIK KEPIE AHBIKTAJIFAH
OYHKIUAJTAPIAH TYPATBIH INEKCI3 YUIPJIEP

NCAXOB A.A., PAXBIMKAHKBI3bI ®., OCTEMIPOBA Y.

Kazaxcman-bpuman mexnuxanvix ynugepcumemi, 050000, Aimamet, Kazaxcman

Anoamna. Kes xeneen 6ip-snemenmmi emec (dcexe dHcagdaiioa, Kes KeleeH WeKkcis) Oapivlk scepoe anblKmaiean
dyukyuarapoan mypameln A opakyiviMeH ecenmenemin yiipnepoiy A-ecenmenimoi 6ac Hemipaeyi
bonmaiimuinbl 6eneini 6onean scone Oyn myocvipbiv @' <. A ywin Oypuic; Ketlinipek, Ke3 KeneeH 6apnvik
Jrcepoe aHbIKMan2an QyHKYuALapOaH mypamoii 2unepumMmynovi-6oc A opaxynvimen ecenmenemin *This work
was supported by the Science Committee of the Republic of Kazakhstan (Grant AP08856493)
axwipasl yuipnepoiy apoaiivim A-ecenmenimoi bac Homipineyi bonamuiHbl 0anendeHeeH. A-ecenmenimoi
bac nHemipneyi 6ap bapivik dicepoe aHbIKMANAH QYHKYUALAPOAH MYPAMbIH 2UNePUMMYHObI-00C A
OPAKYIbIMEH ecenmelemin aKblpchl3 YUip maovliamsiibl wewiimezen macene oonvin Kanean. Ocol
aHcymvlcma Oy macene O wewimin manmol: A-ecenmenimoi bac nHemipneyi 6ap dapuvix dnepoe
AHLIKMANEAH BYHKYUALAPOAH MYPAMbIH 2UNEPUMMYHObL-00C A OpaKyIbIMeH ecenmeiemin aKblpCol3
YUip maowbLiamoiHbl 0N€10EeH2eH.

Tyiiinoi ce3zoep: A-ecenmenimoi Hemipiey, 2unepuUmMMyHObl OPAKyI, UNEPUMMYHObI-DOC OpaKyi, bac
HOMIpILE).

BECKOHE‘{HI)IEUCEMEI‘/'ICTBA BCIOAY OIIPEJAEJIEHHBIX
®OYHKINU C INTABHBIMU HYMEPALIUAMHU

NCAXOB A.A., PAXBIMKAHKBI3bI ®., OCTEMHWPOBA Y.

Kaszaxcmancko-bpumanckuti mexuuueckuil ynugepcumem, 050000, Armamuol, Kazaxcman

Annomanusn. Panee 6v110 uzgecmuo, umo 1oboe He 00HOIIEMEHMHOE (8 YACMHOCTU, H000e DecKoHeuHoe)
cemeticmeo 6cro0y onpedenennvix @yuxyull ¢ opaxyrom A, maxoe umo @' <. A, ne umeem A-evruuciumyio
2NABHYIO HYMEPayuio, no3ice 010 OOKA3AHO, YMO 1H000€ KOHEUHOe CeMeiCE0 6CI00Y ONPEeOeleHHbIX (DYHKYUL
C 2UNEPUMMYHHO-CE0000HbIM Opakyiom A ece2oa obnadaem A-gviuuciumon anasnoi nymepayueti. Ocmasancs
HEPEUIeHHbIM 80NPOC O MOM, CYWecmeyem U OeCKOHEUHOe CeMelcmEo 6CHOY ONpeOenieHHbIX (YHKYULl ¢
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UNEPUMMYHHO-CBOO0OHBIM OPAKyIOM A, KOmopoe umeem -8ublYUCTUMYIO 2IAGHYIO HyMepayuio. B pabome

npueoéumc;l NOJLOJICUMENIbHBLIL OMmBem Hd yKaS’aHHbllZ eonpoc: 001<a3aH0, umo cyuiecmeyem beckoneurnoe

-guiyucaumoe cemelicmeo F 6cio0y onpedenennvix (@yHKyuil, 20e MblOPUHS08a Cmenenb MHodcecmea A

2UNEPUMMYHHO-c80000Ha, makoe, umo F umeem A-8biuuciumyio anasnyio Hymepayuro.

Knroueswie cnosa: A-gviuuciumas nymepayus, CUNepUMMYHHbIIL OPAKYIL, SUNEPUMMYHHO-CE0DO0OHBII OPAKYIL,

2Nnasras nymepayus.

Introduction

A-computable principal numberings

All basic definitions related to computable
numberings can be found in [1].

If a family F of total functions is A-comput-
able for arbitrary set 4, then a numbering @ of the
family F is called A-computable while a(n)(x) is
A-computable binary function, [2]. If degree a
contains a hyperimmune set, then @ is hyperim-
mune. Otherwise, @ is hyperimmune-free.

It is known that if an A-computable family F
of total functions contains at least two elements,
where A is a hyperimmune set (for 4 = @' see [3]),
then F has no A-computable principal numbering,
[4]. It was also proved that if finite A-computable
family F of total functions, where Turing degree
of the set 4 is hyperimmune-free, then F has an 4
-computable principal numbering, [5].

Now we introduce alternative proofs of some
theorems related to the main theorem.

Main part

Theorem (Issakhov, [3]). If an A-comput-
able family F contains at least two functions,
where @' <; A, then F has no A-computable
principal numbering.

Proof. Let @ be an A-computable numbering of

the family F. f and 9 are two different functions
from F. Therefore there exists @ € @ such that

fla) # g(a)

Construct a numbering # such that for any

e e w:
B(e) # ap.(e).
Let

K={ay<a,<a, <-}

K={by<by <b,<-}

54

be halting set and its complement, respec-
tively, which are A-computable sets. Let’s define

B(b;) = a(i)

for any i € w, which guarantee that £ is an 4
-computable numbering of the family F. But

e

Then B is still A-computable numbering of
the family F, and

B(a;)(a) # ap,, (a;) (a].

Therefore, for any @ there exists £ such that
£ % a, which means @ can not be a principal
numbering of the family F.

Theorem is proved.

Note that every finite family of computably
enumerable (c.e.) sets has a principal computable
numbering.

Theorem (Badaev, Goncharov, [2]). For
every set A where 0" =r A a finite family S of

A A

-c.e. sets has an “*-computable principal num-

bering if and only if 5 contains the least set under
inclusion.
Theorem (Badaev, Goncharov, [2]). For

A

every set A there is an infinite -computable

family 5 of sets with pairwise disjoint elements
such that © has an A—computable principal num-
bering.

Compare with the results in [6].

An infinite set 4 is hyperimmune if and only
if no recursive function majorizes A [7].

Theorem (Miller, Martin), [8].

(a) If @& is hyperimmune and @ < b then b is
hyperimmune.

(b) @ is hyperimmune iff some function of
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degree < a is majorized by no recursive func-
tion.

(c) If (3a)[a < b < a'], then b is hyperim-
mune.

(d) Every nonzero degree comparable with
0' is hyperimmune.

Theorem (Issakhov, [5]). Let A be a hyper-
immune set. If A-computable family F of total
functions contains at least two elements, then F
has no principal A-computable numbering.

Proof. Let @ be an A-computable number-
ing of the family F, and f and g be two different
functions from F. Then there exists a number a
such that

fla) # g(a),

Construct £ such that § £ a, i.e. for any
e€w: B #Fap, Let

B({0,e,x)) = {g, if @@, nio({0,e,x))(a) = f(a)

. otherwise

where h is a non-majorized A-computable
function. And

B{n, e x)) = a({ex))

for all n > 0, i.e. B is the numbering of the
family F.
If @. is not total, then

B(x) # agp, (x)

for some x € w.
If %= is total, then

h(x) = min{s : @, .({0,e,x)) L}

is computable function.

Since h is a non-majorized A-computable
function, then there exists a number b € @ such
that h(b) < h(b). Therefore

Peney (0,8, D)) L

and

B({(0,e,b)) # aw,({0,e, b)),

Theorem is proved.

Theorem (Issakhov, [S]). If Turing degree
of a set A4 is hyperimmune-free then every A
-computable finite family of total functions has
an A-computable principal numbering.

Proof. Note that a degree @ is hyperimmune
if and only if some function of degree = @ is ma-
jorized by no recursive function. Therefore a de-
gree @ is hyperimmune-free if and only if for any
function f of degree = @ there exists computable
function g such that f(1) = g(n) foralln € w.

Let @ be an A-computable numbering of the
finite family

F= {f[:.rfj_r "'Uf::z}

of total functions. Define distinguishing sets
Ags Ay s Ay of the functions forfis - fu which
satisfy the next two conditions:
(1) 4; = {a;n, @1, v, Oy  fOr some m = n,
(2)for any J =7 there exists k <m such
that
if / # i then filag) # f(ay).

It means

Ay = {aaurﬂ'uir ---raumn|fu (ago) # filage). folag,) # fi(aﬂlj!""fﬁ[aﬂmn) s f;z(aumnj}

Ay = {alﬂu Qs ems Qo |f1(f11c-j # folay) filay) # f (ailjr"-rfl(_ﬂ’im._) # falaym, )}

‘q:'z = {a’:zI}’ rJ:’:lzl-" e a’umn |f::z (a’nl}) # f[:. (a’ul}:]’f::z (a’nl) # flta’:zlj’ ’f::z (a’nm) # f::z—l (a’umnj}

where Mo: My, sy =11

Denote by 2 (x.¥) all A_computable binary

functions by € € ¢_Then there exists € such that
% (x) () = 22 (x,¥) = a(x)(y)
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and the same for any numbering. Let

f:(v),
Ble,x,s))(v) = { :
fu (}’L

From construction it is easy to see that § is
A-computable numbering of the family F. We
show that § is A-computable principal number-
ing of F.

Let ¥ be an A-computable numbering of the
family F. Then there exists e; € @ such that

y(x) = @7 (x)

for any ¥ € @ Let

g(x) =min{s: 3i <n (filaz) =
=2 (x)(ay)) forallk < |Ai|}.

g(x) is an A-computable total function,
where Turing degree of the set 4 is hyperim-
mune-free. Therefore, there exists a computable
function f such that g(x) < f(x) for any x € w.
Then

Blley,x, fF()NO) = f,(y) =
= £ =@ (D) =y W)

forall y € w, i.e.

B{eyx, f(x))) = y(x)

which means y < f.

Theorem is proved.

Note that the Rogers semilattice of the fami-
ly from previous theorem is not trivial, since

Theorem (Issakhov, [S]). Let @ <, 4. Then
any A-computable non-trivial finite family of to-
tal functions has at least two non-equivalent 4
-computable numberings.

Proof. Let
F={fo.fr - fad,

where n = 0,
L Ifi=n
a(i) = fo if

o fi=n
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if3i<n (Jﬂ(ﬂ'ik) = ':I":,s(x)(aik)) forallk < |A;]

otherwise

and
foo ifisn
Bli)=<for ifi=nandi€ A
fi, ifiznandig A

We show that @ Z B. Assume a = §, then
there exists a computable function g such that

B(x) = al(g(x)). Note that

x € A\[0;n] & (x =n) and (g(x) = 0 or g(x) = n)

Since the right part is computable then
A\[0;n] is also computable. Therefore 4 is com-
putable too, contradiction.

Theorem is proved.

Main result

Theorem. There exists an infinite A-com-
putable family F of total functions, where Turing
degree of the set 4 is hyperimmune-free, such
that F has an A-computable principal numbering.

Proof. Let’s remind that a is hyperim-
mune-free degree if and only if for any f <; a
there exists computable function g such that

f(n) < g(n)

forall n € w.

Assume that the infinite A4-computable fam-
ily F of total functions consists of only constant

functions fo:f1s s Fus - where

filx) =i

for all x € w. Denote by ®2(x,y) all 4
-computable binary functions by € € w. Let @
be an arbitrary A-computable numbering of the
family F. Then there exists a number e such that

a(x)(y) = @5 (x.¥).

Let
Ble,x,s)(y) = {fe »), if Elz(fi[kj =

fu(}’);
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= &2 (x) (k)) forallk<s
otherwise_

From construction of B it is easy to see that
£ is an A-computable numbering of the family F.
Let’s show that f8 is a principal numbering of the
family F.

Take any numbering ¥ of the family F and
show that ¥ =< 8. Since ¥ is a numbering of the
family F, there exists a number €1 € @ such that

y(x) = @Z ()

for any ¥ € @,
gl{x) = min {s: 3i (,ﬂ (k)= ‘;bis(x](kj) forallk < s}

g is an A-computable total function, where
Turing degree of the set 4 is hyperimmune-free.
Therefore, there exists computable function f
such that g(x) < f(x) for any x € w. It means
that

Bllerx, fF)NO) = £,(30) = 22 .(x) () = ¥ () (»)

forall¥ Ew ie.

y(x) = Blley,x f(x))),
Therefore y < B.
Theorem is proved.

Conclusion

Note that, [4, 9], if an A-computable fami-
ly F of total functions contains at least two el-
ements, where 4 is a hyperimmune set, then F
has no A-computable principal numbering; but
if Turing degree of the oracle set A is hyperim-
mune free then any finite A-computable family F
of total functions has an A-computable principal
numbering, and also now there exists an infinite
A-computable family F of total functions such

that £ has an ‘q-computable principal numbering.

Question. Is there an infinite A—computable

family of total functions, where Turing degree of

A

the set 4 is hyperimmune free, with no “*-com-

putable principal numbering?
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INPUMEHEHME METOJA BAJIAHCUPOBKH HAI'PY3KH
HA BBICOKOITA PAJIVIEJIBHBIX BBIYUCJIIMTEJIBHBIX KJIACTEPHBIX CUCTEMAX

HCAXOB A.A."?, ABBIVIKACBIMOBA A.B.2,, MAHCYPOBA M.E.!
'Kazaxcrkuu Hayuonanvuwiil ynusepcumem um. anv-@apabu, 050000, Anmamer, Kazaxcman
’Kazaxcmancko-bBpumanckuil mexuuueckuti ynugepcumem, 050000, Aamamet, Kazaxcman

Annomaunus. Boicokas napainenvnasn 3Qp@Hexmuenocms 0 pA3IUIHbIX KPYRHOMACWMAOHbIX 3a0ay mpebyen,
YUMoObL GLIYUCTUMENbHAS HASPY3KA ObLIA PAGHOMEPHO PACHPeOeneHd MedcOy 6CeMU BbIYUCTUMETbHbIMU
npoyeccopamu. B dannom ucciedosanuu npeocmagienda cxema OUHAMUYECK020 OANaHCUpO8aHusl HaACPY3KU,
KOMOopas Nno3601aen No8blCUMb dDOEKMUSHOCIIb CLONCHBIX CEA3AHHBIX CUMYIAYULL C HeMpPUBUATLHBIMU
paznodxcenusmu 6 odracmu. Kpome mozo, pe3yivmamul IKCHEPUMEHMA ¢ CUTbHbIM MACUMAadupogaHuem
NOKA3bI8AION, YMO 8bl200d OM GbIPAGHUBANUSL HASPY3KU NPONOPYUOHATbHA CTMEeNneHU NAPailenu3md.

Knrwoueswle cnosa: ounamuueckoe bipagHusanue Hazpy3Ki, NApauleNbHas dQHeKxmueHocms, meniooomen 6
HOCOBOU NOOCTIL, CXeMA PACUJENIeHUsl N0 PUULECKUM NAPAMEMPAM, MEmo0 KOHEYHbIX 00bEMO8.

KJACTEPIIK ’KOFAPBI TAPAJUJIEJIBAI ECENTEY )KYUEJEPIH/E
AKYKTEMEHI TEHAECTIPY 9ICIH KOJIJAHY

HNCAXOB A.A."2, ABBIVTIKACBIMOBA A.B.2,, MAHCYPOBA M.E.!
'On-Dapabu amevinoazer Kazax ¥immuix ynusepcumemi, 050000, Anmamot, Kazaxcman
? Kazaxeman-Bpuman mexnuxanvix ynusepcumemi, 050000, Aamamer, Kazaxcman

AHnoamna. Opmypni macuimadbmol MaAnculpmMaiap yYuin JHco2apsbl napaiienvoi muiMoinlik ecenmey HcyKme-
Mecin bapnvlk ecenmey npoyeccopiapvl apacbinoa oipkenxi 6oyoi manan emeodi. byn zepmmey atimakmasol
MPUBUAIObl emec blObIPAYybIMeH KYpoeli OaulanbiCmbl MOOeib0eyOiy MuiMOilicin apmmulpyed MYMKIHOIK
bepemin  OUHAMUKATBIK JICyKmeMeni meHOoecmipy cxemacwlH YculHaovl. COHbIMeH Kamap Hco&apvl

macumabmay 3KCHepUMeHmiHiy Hamudicerepi HCyKmemeHi meecmipyoiy naudacsl napaiienusm Oeqeeline
NPONOPYUOHATIObL eKEHIH KOpCcemeoi.

Tyiiinoi co30ep: scykmemeni OUHAMUKATLIK MeHeCmipy, napainens0i muiMOiiK, MYPbIH KYblCbIHOAEbL HCHLILY
anmacy, GuukanvlK napavempiep 60UbIHUIA bIObIPAMY CXeMAachl, AKblpibl KoJem 20ICL.

APPLICATION OF THE LOAD BALANCING METHOD ON HIGH PARALLEL
COMPUTING CLUSTER SYSTEMS

ISSAKHOV A.A.'2, ABYLKASYMOVA A.B.2, MANSUROVA M.Ye.!
'Kazakh National university named after al-Farabi, 050000, Almaty, Kazakhstan
’Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. High parallel efficiency for various large-scale tasks requires that the computational load is evenly
distributed among all computational processors. This study presents a dynamic load balancing scheme that
improves the performance of complex coupled simulations with non-trivial domain expansions. In addition,

the high scaling experiment results show that the benefit of load balancing is proportional to the degree of
parallelism.

Keywords: dynamic load balancing, parallel efficiency, air flow in the human respiratory system, alveolar
state, heat exchange in the nasal cavity, projection method, finite volume method.
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BBenenune

HocoBass monocTs uenoBeka BBICTYHAaeT B
KaueCTBE Ba)KHOTO KOMIIOHEHTA JbIXaTelbHOU
CHUCTEMbl C MHOXXECTBOM KU3HEHHO Ba)XHBIX
GyHKIMH, BKIIOYas HarpeBaHue, (GUIbTpaIUIo,
YBIKHEHUE BO3IYIIHOTO MOTOKA U OOOHSHHE.
DT (pyHKIIMU OCHOBAHBI Ha SIBJICHUSX [IEPEHOCA,
KOTOPBIE 3aBUCAT OT XapakTepa BO3AYIIHOTO MO-
TOKa B HOCOBOH cTpykType. OOBIYHAS CKOPOCTH
JIBIXaHUS B HOCOBOM TIOJIOCTH PacCMaTpPUBACTCS
KaK JIJAMUHAPHBIN TTOTOK, KOTOPBINA YCKOPSIETCS B
OMpeIeTICHHBIX MECTAaX HOCA U MPEBPAIACTCS B
MEPEXO/IHBIN MOTOK, TOCTENIEHHO MPEBPAIasiCh
B TypOYyJICHTHBI TMOTOK W3-3a YMEHbBIICHUS
TIomaau mnomnepeynoro cedenus [1]. B pabore
[2] mpoBenu U3MEpEHUsi C MOMOLIBIO J1a3€pHOU
AHEMOMETPHUHU Ha MOJIEIHM YEJOBEUYECKOro HOCa
U OOHApPYKUJIM, YTO TOJIE MOTOKA B OCHOBHOM
JaMUHApHOE, a MPOQPUIA CKOPOCTH MOYTH Iapa-
OonmyecKkre BO BCEX MOMEPEeUYHBIX ceueHusix. C
pa3BUTHEM BBICOKOTIPOM3BOIUTENBHBIX BBIYHUC-
JICHUH B TIOCJIEIHUE TOJIbl MHOTHE HCCIIeIOBaTE-
JIM paccMaTpUBajIi MOAEIUPOBAHUE C TIOMOIIBIO
BbhIuMCIUTENbHON ruaponunamuku (CFD) B ka-
YeCTBE aJIbTEPHATUBHOTO MOAXO0/A JIJISl H3yUCHUS
BO3AYIIHOTO MOTOKa B JBIXaTe€IbHBIX CHCTEMAaX
yenoBeka. B paborax [3-6] mis MomenwpoBa-
HUSl BO3AYIIHOIO MOTOKAa B HOCOBOHM MOJOCTH
WCIIOJIB3YIOT JIAMUHAPHYIO MOJIENb MPU OTHO-
CUTEJIFHO HU3KHUX CKOPOCTAX. Tak, JJis moiryde-
HUsl OoJiee TOUHOTO YHUCICHHOTO pe3yibraTa AJs
MOJIETTUPOBAHMS BO3/YIIIHOTO TOTOKA B HOCOBOM
MOJIOCTH UCTIOIB3YIOTCS BHICOKOTIPOU3BOIUTEIb-
Hble BbIUMCIeHUS. OTHAKO OCHOBHBIM HEJOCTAT-
KOM MCIIOJIb30BAaHUS peIIaTesiei SBIsSeTCs He0O-
XOIMMOCTh OOMEHa 4IeHaMU HCTOYHHKA Yepes
JIUCKOBBII BBOJ-BBIBOA. [IOMUMO OrpOMHBIX Tpe-
0OBaHUH K IMUCKOBOMY MPOCTPAHCTBY JJISI KPYTI-
HOMAacIITaOHBIX 3a7ad, o0Imas mapaienbHas
MacIITaOMpPyeMOCTh OTpaHWYEHA JOCTYITHON
MPOMYCKHOW CIOCOOHOCTHIO BBOJA/BhIBOAA. Ta-
KUM 00pa3oM, B paboTe ObUT pa3paboTaH HOBBIN
CBSI3aHHBIN METO/I. DTO MO3BOJISET OJHOBPEMEH-
HO BBITIOJHATH 002 MeToa ¢ 0OOMEHOM JaHHBIMU
B mamsaTu. Kpome Toro, mucronb3ys pasneneHue
BBIUHCIUTENHHON 001acTH B KOMOWHAIIUY C JIU-
HaMH4yecKoi OanaHcupoBkoi Harpy3ku (DLB)
SIBJISICTCSI BOBMOXHOM. TakuM o0pa3om, JaHHBIHA
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METOJ] COUeTaeT B ce0e MPEeUMYyIIeCTBa MMOAX0I0B
MPSIMOTO U TUOPUTHOTO PEIICHHUS, TO €CTh MHHHU-
MU3HUPYET BpeMsl JUIsl BBOJA-BbIBOJIA M HCIIOJb-
3yeT pa3juyvHble JJIMHBI IIKaibl. Pa3nenenue
BBIYMCIIUTEIILHON CETKH IUPOKO HCTIOIB3YETCS
JUIsL pacrapajieuBaHus U OaJaHCHUPOBKU Ha-
IPYy3KH B MPUIOKEHUSAX JUIsl HAYYHBIX BBIYHC-
nenuit [7]. JlanHoe pazaeneHue obOecreyrBaeT
TUHEeapU3alui0 OOBEKTOB, PACIONIOKEHHBIX B
MHOTOMEPHOM MPOCTPAHCTBE, COXpaHsS IMpPO-
CTPAHCTBEHHYIO JIOKaJTbHOCTh. TakuMm oOpazom,
OTpesieNIeHUE PA3JIOKEHUs! JOMEHa CBOJIUTCS K
pelIeHn0 MpoOIeMbl OJHOMEPHOTO pa30ueHus,
KOTOpasi U3BECTHA KakK MpoliieMa pa30oueHus 1e-
noyek Ha nenoyku (CCP). Ilpodnema CCP mu-
POKO H3ydallachb B JUTEparype, AaBas TOUYHBIC
pemeHust [8], mapaisienbHbBIE 3BPUCTHKU [9],
MacIITaOupyeMble UEPAPXUUYECKUE aAJITOPUTMBI
[10], a Takke paclIMpeHHE ISl TeTEPOTre€HHbBIX
cuctem [11]. Bce aTu Meronbl mpeanosaraor,
YTO MMEETCS JOCTAaTOYHO TOYHAasi WH(OpMaus
0 pacmpeaeneHuu pabodeil Harpy3kud. ITO Mo-
KET OBITh JTOCTUTHYTO, HAIPUMEP, C TIOMOIIBIO
WHCTPYMEHTapUs KoJa JUIsl U3MEPEHUsI BpEMEHHU
BBIUHCIICHHH Ha 00beKTHOM ocHOBe [12]. OnHa-
KO B Clly4ae, €ClIM TAKOW MOAXO HEOCYIIECTBUM,
TpebyeTcs anpTepHaTHBA AJIS1 OLIEHKU BECOB IS
Pa3IMYHBIX TUIIOB OOBEKTOB C Pa3HBIMU BBIYHC-
JUTENBHBIMU 3aTpaTaMu. DTO MPEI0JIaraeT, YTo
KKJbI OOBEKT OMNPEACIICHHOIO THUIa JEMOH-
CTPUPYET OAMHAKOBYIO TMOCTOSIHHYIO Harpys3Ky.
Tem He MeHee ISl CIOXKHBIX MPHIOKEHUN HTO
4acTO NPUBOJAUT K HEONTHUMAJIbHOU JEKOMIIO3H-
[IUU JOMEeHa co cOaJaHCHPOBAaHHOW HArpy3KO,
MOCKOJIbKY JIOKallbHBIE U3MEHEHUsl padoueil Ha-
rpy3ku He ¢ukcupyrorcs. CiemoBareiabHO, Tpe-
oyerca meron DLB nns cekumoHupoBaHus Ha
OCHOBE pPa30MEHUs] BBIYHCIUTEIHLHON O00NacTH,
KOTOpBIM HEMOCPEJICTBEHHO HallesieH Ha Jucha-
JaHc Harpy3ku. B manHoi padote mpencTaBieHa
CXeMa TMHAMHUYECKOTO BBIPABHUBAHUS HArPy3KU
JUISl CBSI3AHHBIX METOAOB, KOTOpasi MO3BOJISIET
MOBBICUTB 3()(HEeKTUBHOCTH KOMIJIEKCHOTO MOJIE-
JUPOBAHUS C HETPUBUAIBHBIMHU Pa3I0KEHUSIMU
JIOMEHOB.

PacnapanieiuBaHusi ¢ NOMOIIbIO JMHA-
MHUYeCKOil 02JJaHCUPOBKH HATPY3KHU

Jlnst MogenupoBaHusl OTOKA BO3yXa B HO-
COBOM IMOJIOCTH, OCHOBHBIE YpaBHEHUs JJIA CO-
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XpaHEHUs MacChl, UMIYJbCa, TEMIIEpaTypbl U
OTHOCHUTENIbHOM BIaKHOCTH. JlJIi 4YHCICHHOTO
pellieHrs JaHHON CHCTEMbl YPaBHEHHUH UCIOJb-
3yeTcs CXeMa paclleIuieHus o (pU3n4ecKum mna-
pametpam [13]. YpaBHEHUS] AUCKPETUIUPYIOTCS
C TMOMOIIBI0 METO/Ma KOHEYHBIX 00BhemMoB [13].
Koneunast uenb nuHamMuueckod OajJaHCHUPOBKU
Harpy3kd - MakCHUMH3UPOBaTh OOIIYIO MPOU3-
BOJIUTENIBHOCTh  MapalJIeNIbHBIX  BBIYUCICHUN
MyTeM mepepacrnpezesieHuss pabodyeil Harpysku
MEXJ1y MpoIeccaMy Tak, YTOObI BCS TOCTYITHAsS
BBIYHCIIUTENIbHAS MOITHOCTD MCIOJIb30BaIach HA
MOJIHYHO MOIIHOCTH [ 7]. baslancupoBKka Harpy3Kku
B BBICOKOIAPAJUICNbHBIX MPUIOKEHUSAX SBISCT-
csl KIIFO4OM 711 39(h(EeKTUBHOTO HCIOIB30BAHUS
pecypcoB [14], TOCKOJIbKY Ja)xe He3HAYUTEIb-
HbIE JUCOaNaHChl MOTYT CEPhE3HO MOBIHUATH HA
MIPOU3BOAUTEIHLHOCTh U MACIITA0UPYEMOCTD BbI-
yucieHuil. YucieHHoe MoJaenupoBaHue 0OBIYHO
BKJIIOYAET YACTYIO CBSI3b MEXAY 01001acTIMU
MPI, Tak 4dro ycyryOnenue nucOanaHca Oymer
MIPOUCXOUTH HA KAXKJOW UTEpaly WIH CTaJuu
BPEMEHHOI'O Illara M3-3a CUHXpoHMu3amuu [15].
Kpome Toro, morepsi npou3BOJUTEILHOCTH YyB-
CTBUTEJIbHA K KOHKPETHOM Mojienu nuchananca.
OnuH meperpyKeHHBbI MPOLECC 3HAYUTEIBHO
CHU3UT OOIIYI0 MPOU3BOIUTENHLHOCTh. [Ipuun-
Ha 3TOTrO 3aKJIOYAeTCs B TOM, YTO BCE OCTallb-
HBIE MPOLIECCHI XKIYT U O€37eICTBYIOT, TIOKa He
OyAeT IpoIoJKEeHA CBSA3b MEXK1Y COCEIHUMHU 00-
nactsimu. C Apyroil CTOPOHBI, HEKOTOPBIE HENO-
CTaTOYHO 3arpy>KeHHbIE MPOIECChl OyIyT UMETh
HE3HAYUTEJIbHOE BIUSHUE Ha OOIIYI0 MPOU3-
BOJIUTENBHOCTh. HakoHen, aucOamaHChl MOX-
HO KJacCU(PHUIMPOBATh KaK JUHAMHYECKHE WU
cratuaeckue [15]. [lunamuueckue aucOanaHchl
BO3HHUKAIOT, €CIIU paclpeneseHue pabdodeil Ha-
Ipy3KH U3MEHSETCS B 3aBUCUMOCTHU OT BPEMEHH,
YTO MPOUCXOJIUT, HAPUMEpP, NMPU HCIOIb30BA-
HUU aJIallTUBHBIX ceTok peweHus. [locrosHHOE
pacnpezeneHue padbouell Harpy3Ku NMPUBEAET K
CTaTUYECKOMY JrcOanancy.

Jlucbananc Harpy3ku M pesyibTHPYIOLIee
BJIMSIHME HA MPOU3BOJUTEILHOCTH MOTYT OBITh
KOJIMYECTBEHHO OMpEeNICHbl C MOMOIIBIO pa3-
JUYHBIX TOKa3arenei. 31ech MpOIEHT aucOa-
naHca [44], KOTOpBIM BBIpaXaeT CEPbE3HOCTh
nucbananca, W ONpenensercs B TakOM BHUJE

tmax - tavg N
t N-1-

BeJ'II/IIII/InIl{aItI t U tavg OpEACTaBJISAIOT MaKCH-
MaJbHOE U CpeIHee BpEMsl, HEOOXOnUMoe IS
00paboTKN JaHHOTO (hparMeHTa MPOrPAMMHOTO
Ko, a N - KOJIM4eCcTBO MapaJljiesIbHbIX Mpoliec-
coB. 3uauenue I, =0% cOOTBETCTBYET HEATBLHO
cOaJlaHCUPOBAaHHOMY PACIIpEIEICHUIO HAarpy3KH,
a 1,=100% cBs3aHO C pa3jesioM Koja, BBIMOJ-
HSIEMBIM TOJIBKO JUIsl OJHOTO mporuecca. Takum
o0Opa3oM, JaHHas METpHKa MOKa3bIBA€T KOJIU-
YEeCTBO IMOTPAYEHHBIX BIIYCTYIO PECypcoB. ITO
MIPEIOAraet, 4YTo BCe, KPOME CaMOIo MeJJIeH-
HOTO TpoIiecca, NPOCTAauBAIOT B KOHIIE COOTBET-
CTBYIOLLIETO pa3jiena KoJia, YTO MOXKET ObITh CBA-
3aHO C 3aBEpIIEHHEM OJJHOTO BPEMEHHOIO IIara
WM ATara cXeMbl HHTETPUPOBAHUSI IO BPEMEHH
B YKMCJIEHHOM MojenupoBaHuu. [loreHnuanbHas
SKOHOMMSI BpEMEHM pabOThl BhIpAXaeTcsl yepes
BpeMs uchananca If‘[max-tavg B IIPEAIIOJIOKEHHH,
YTO JIOCTUTaeTCsl MIeajbHBbI OallaHC Harpy3Ku
[16]. Kpome Toro, BIusiHUE BpEMEHHU pacrpee-
nenust ouenuBaercst kak [ =N I, 4yro smisercs
BEpPXHEW rpaHullel 00Iero Koju4yecTBa MoTpa-
YEHHBIX pecypcoB [15].

Kitrouom k paznenenuto u 0agaHCHUpPOBKE Ha-
Ipy3KH JUISl CBSA3aHHBIX 33/a4 SIBJISIETCS OLIEHKa
BBIYHMCIIUTENbHBIX 3aTpaT AJIsl pa3IU4HbIX 00bEK-
TOB mpu MmonenupoBannu [12]. CranmapTHbII
MOJAXOJ ISl Cpel C EJUHCTBEHHBIM METOJIOM
HalpaBJieH Ha pPaBHOMEPHOE paclpeneeHne
00BEKTOB MO BCEM IMapaljIeNIbHbIM MO/IOMEHAM,
npeanoyaras OAHOPOAHYIO BBIYHCIUTENbHYIO
Cpely U TO, YTO KaXK/Iblii OOBEKT MMEeT OAMHA-
KOBBI€ MOCTOSIHHBIE BBIYMCIUTENbHBIE 3aTPATHI.
OnHaKo 3TO CO3/1a€T TPYAHOCTH, €CITU CYILLIECTBY-
€T HECKOJbKO THUIIOB OOBEKTOB C pPa3IMYHBIMU
BBIYHUCIUTENBHBIMU 3aTparaMu. JTa npoliema
MOJKET OBITh YMEHbILIEHA ITyTEM HCIIOIb30BAHUS
3apaHee ONpeIeICHHbIX BEIUNCIUTEIbHBIX BECOB
JUTSL K&KJO0TO THINA 00BEKTa, KOTOPBIN I pac-
CMaTpUBAEMOTO CITyyasi BKIIOYaeT B ce0sl BbIUMC-
JuTeNbHbIe Tueku. OJIHAKO NSl CIIOXKHBIX MpH-
JIO)KEHUH 3TO Y4acTO MPUBOJIUT K HEONTUMAIBHOMN
JEKOMIO3UIMK C OalaHCUPOBKOIM Harpys3ku H3-
32 HETOYHBIX BBIUHCIUTEIBHBIX BECOB, KOTOPHIE
HE YUUTBIBAIOT BBIUMCIUTEIbHBIE HATPY3KH BCEX

1, =
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3aJICHCTBOBAHHBIX AJTOPUTMUYECKUX OJIEMEH-
TOB WJIM HEOJHOPOJHOTO BBIYUCIUTEIHLHOTO
o0opynoBanus. MHCTpyMeHTalIbHbIE CpEICTBA
KoJa Juis U3MepeHus: (HaKTUYECKOro BpPEMEHU
BBIUHCIICHUHM Ka)KI0ro 00BEKTa MPEACTaBISAIOT
coboii Bo3MOkHBIE KOHTpMepbl [17]. OmnHako
STOT MOJAXOJ YaCTO OKAa3bIBACTCSI HEBO3MOXKHBIM
JUTSL HAYYHBIX TPUIIOKEHHUH U3-3a 3HAUNTEIbHBIX
YCWINH TIO BHEAPEHUIO U JOMOJHUTENbHBIX Ha-
KJIQJHBIX PACXOAOB, BbI3BAHHBIX PA3IUYHBIMU
MHCTpyMeHTaMH. Takum o0pa3om, JUIsl OLEHKU
BBIUHCIIUTEIBHBIX BECOB TpeOyeTcsl MUHUMAIIb-
HO HaBSI3YMBBIA M HaJCKHBII METOJI, KOTOPbIH, B
CBOIO OYepellb, MOXKET MCIOIB30BaThCs s Oa-
JAHCUPOBKU HArpy3KH.

Asnroputm DLB, npennokeHHbIi B 3TOM
UCCJICJIOBAHUU, OIICHUBAET BBIYUCIHUTEIbHBIC
BECa Ha OCHOBE M3MEpPEHUI BBIYUCIUTEIHLHOTO
BPEMEHH B Ka)KJIOM IMapajieIbHOM MOI0MEHE.
Kpome Toro, Tekyiee pacnpeneneHue 00beKTOB
BKJIIOYEHBI PA3JIMYHbIE METOIbI CPE/IU BCEX MOJI-
JIOMEHOB. JTHU THUIIBI 0OBEKTOB, KOTOPHIE MOKHO
paccMarpHuBaTh Kak pa3IUdHbIe TUIIBI HATPY3KH,
MPUBOAST K M3MEHEHHUIO cOCTaBa Harpy3ku. Bo
BpeMsI MOJICNTUPOBaHUs O0IIee BpeMs BBIUUCIIE-
HUN BCEX METOJOB U3MEpseTCsl JOKaIbHO IS
Ka)XIOr0 BpEMEHHOro mara. B kaxaom momao-
MEHE 1 CPEIHEE 3HAYEHHUE I, ONPENETIAETC KaK
yCeueHHOe cpeHee 3HaueHue Ha 25% st puiib-
Tpaliy BHEIIHUX MPOrPAMMHBIX BO3IEHCTBHIA
[15]. C mmobanbHBIM CPETHUM BPEMEHEM BBIYHC-
JeHui cpeau Bcex N mapalijiesibHbIX MPOIECCOB

_ 1 N-1
3aJIal0TCS KaK 7 = —Z v, (1)

i
i=0

JIOKaJIbHas BbIYUCIUTCIIbHASA HAarpy3Ka li omnpeac-

JII€TCS B TAKOM BUJE (2)
lla =2l = minfat — 1,

BriociienctBry BEIYMCIUTEIBHBIE BECA C IS
pa3IMYHBIX THUIOB HArpy3kKu MOTYT OBIThH OIle-

HEHBI [TyTEM pelieHus 3ana4u AcC .., ¢ momMo-
b0 METOAA HAMMCHBIINX KBAaJAPAaTOB, IMPUUCM
IpaBasi 4acTh ONpPEAEIAETCS BEKTOPOM HArpys-
KM [, a 1eBasi MaTpuiia A Ipe/ICTaBIsAET TEKyIlee
pacnpenenenne paboyeil Harpy3Ku cpein BCex
HOJIOMEHOB. JTO MpPEAINoJaraeT, 4ro B Cpej-
HEM Harpy3ka MOXKET OBITh BBIpa)K€Ha KaK JIH-
HelfHas KOMOWHAITUS OT/IEJIBHBIX BKIIAJ0B pado-
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yel Harpy3ku. JIMHeilHas 3ajjaua HAaMMEHbIINX
KBaJI[paToB C EIUHCTBEHHBIM pEIICHHUEM MH-
HUMaJIbHOH HOPMBI MOXKET OBITh 3alMcaHa Kak

l4e =1l = minlldv =1l |V, 3)
B nacrosimueit paGore s perieHus mpoose-
MBI METOJJIOM HAaWMEHBIIUX KBAIPATOB HCIOJIb-
3yercs npouenypa DGELSD B LAPACK [17],
npuBeneHHo B Gpopmyie (3). [Tpumep mist sToi
NPOIEIYPHI C IBYMS THIIAMU HArpy3KH, pacrpe-
JIelIeHHbIMU cpeau N=4 napaienbHbIX MOAJ10-
MEHOB, TpuBeneH B Gopmyne (4). Pemenne ne-
peorpeieICHHON CUCTEMbl JIMHEWHBIX YypaBHE-
HUI METOJIOM HaMMEHBILINX KBaJIpaToB JAET pac-
YETHOE BECOBOE COOTHOIIEHUE 2.6] Mex Ty NBY-
Msl TUIIAaMH Harpy3ku. Takum oOpazoM, cpenHee
BpEeMsI BBIUYMCIICHUH JJIs1 BTOPOTO THIA OOBEKTa
olieHMBaeTcs B 2.6 pasa BbILIE, YEM Y IIEPBOTO.

10 7 12
S 4[69]20.9 = Adc=1
12 2|led T fos
5 8 11
_}

leastzquare ssolution

0.0420 | C-
c= L=261
0.1097 Co (4)

B o61em, BIYUCIIEHHE C TOMOIIBIO JEKOM-
MO3HUIIMK O0NaCTH Ha OCHOBE MOJCITUPOBAHHUS
CBOIMTCSA K PEIICHUIO BO3HHKAIOMIEH IpobIe-
Mbel CCP. Ilpocrtoe pacummpenue st JUHAMMU-
4YeCcKoil 0aJaHCHPOBKM HArpy3Ku JaeTcs MyTeM
OLIEHKU BBIUMCIIUTENIbHBIX BECOB Ul pa3iiny-
HBIX TUIIOB Harpy3Ku BO BpeMsl MOJCIINPOBAHHUS,
4yTOOBI ONpEAETUTh HOBBIE paboune Harpy3ku
B KauyeCcTBE BXOIHBIX JAHHBIX JUISI MPOOJIEMBI
pazzmeneHuss ¢ nomoibio 1D agexommno3unmn
oOnactu. OJHAKO, MOCKOJBKY JIOKAJIbHbIE W3-
MEHEHHUs1 pabouell Harpy3ku He (pUKCUpyroTCs,
paszeneHue MOXeT ObITb HEONTHMAJbHBIM C
TOYKH 3PEHUS POU3BOAUTEIBHOCTH, TOCKOIBKY
mo60i1 BbiOpanHnsblid anroputM CCP cTpemutcs
K ONTHUMaJbHOMY KauecTBy paszeina. [lostomy
st 0oJiee  CTPOroro ycTpaHeHus aucOanaH-
ca HarpyskH Mpejajaraercs Apyras HpoLeaypa
JUI OIpEeNeIeHUs] HOBBIX CMELIEHHH JOMeHa
JUId pa3/ielieHusT Ha OCHOBE MOJICIMPOBAHMUS.
Bo-nepBbiX, HauagbHOE pa3z0HEHUE YaydIlaeT-
Csl 3a CUET HCIIOJIB30BAHMS BBIIICYTTOMSHYTOTO
croco0a JUTsk TIOYYeHUsI JOCTaTOYHO XOPOIIeH
HAYaJIbHOW TOYKH ISl TIOCIETYIONMX JTaIloB.
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Ha cnenyromux sTanax nepepacnpeiesieHus oT-
JIeNIbHbIE CMEIIEHUsI 00IacTH YTOUHSIOTCS HUTe-
paTUBHO HAa OCHOBE M3MEPEHHOro JaucbOanaHca
Harpy3Kd U BBIYMCIICHHBIX BECOB BBIYMCIICHHUM.
B kagecTBe OTIpaBHON TOYKH, KyMYJSITUBHBIC
JucOallaHChl Harpy3KH, MIPEJICTaBICHHbBIE B BUE

L-1Yje{l..N} s, =0 (5)

Kaxxnoe 3HaueHue KOJIMYECTBEHHO OIpene-
JSET JUIsl COOTBETCTBYIOIET0 CMELLEHUS IOMEHA
0, o0muit aucOanaHc Harpy3ku objacTu cieBa
U clipaBa OT MO3ULUHU paszzaeneHus. Takum 00-
pa3oM, ONTUMAJIBHOE JIOKAJIBHOE IIOJIOKEHHE
TpeOyeT CMeleHHs 0, BO BpeMs IpPOBEICHHS
MOJIETUPOBAaHUS, YTOOBI MMHHUMHU3UPOBATh CO-
BOKYIHBIN aucOananc. OO1iee MpeanonokeHue
ATOTO IMOAXOAA COCTOMT B TOM, YTO ITyTEM OII-
TUMU3ALNN KaXJI0r0 CMELIEHUS B OTAEIbHOCTH
MOKET OBITh TMONYy4YeH TIOOaNbHBIN OanaHc Ha-
rpy3KH. JTa Mporeypa MoOXKeT ObITh MOHATA KaK
MHKPEMEHTHbIH, nuddy3nonnsiii meron DLB
[17], ocHoBauHbIi Ha paznenenun CFD, xoro-
PBII MOXKET JTy4Ile MOAXOAUTh JJIs KpyIHOMAc-
mrabHoro mopenupoBanus [18]. C Beuncin-
TEJNBHOM Harpy3Kod | KaXmoro napasuienbHOro
MOJIJIOMEHA, COBOKYTIHbIE TUCOaTaHChI S, BBIYHC-
JISIFOTCSI B COOTBETCTBUU ¢ (hopmyioi (5). Takum
00pa3zoM, pacXoKJeHHE HAarpy3KH MeXIy BCEMHU
IIPOLIECCaMU CJIEBA U CIPaBa OT KAKIOW MO3H-
LMY pa3feiICHUs] ONPENENIAeTCs KOIMUECTBEHHO.
OTO MOApPa3yMEBAET, YTO, YUYUTHIBAs 3HAUEHUE
$,=0.45 B npumMepe, BBIYMCIMTENBHAS Harpy3Ka
IIEPBBIX JIByX IPOLECCOB 3HAYUTEIBHO BBHIIIIE,
4yeM y ByX ocraBmmxcs. [loaromy, casuras cme-
IIeHUE BJIEBO, paboyasi Harpy3Ka nepemeniaeTcs
U3 MEPETPYKEHHBIX B HEJOCTAaTOUYHO 3arpyKeH-
Hble Tporecchl. COOTBETCTBEHHO, II0OAJIbHBIE
JucOaIaHChl Harpy3KH MOTYT ObITh YMEHBIICHBI
MyTeM MHIAMBHYaJbHOTO CABHIra KaXJI0TO CMe-
IIEHUs IOMEHA B HaIIPaBJICHUH, 3aJaHHOM

d; =-sign(s;) (6)
Pacnipenenenne Harpysku w, S4elKH pas-

nena k B JoMeHe 1 BBIYUCISIETCS Kak W) = li W,

w
c, F

Wy
"~ W, 4TO MOKHO MHTEPIIPETUPOBAThH KaK
1

pacnpeseneHie Harpysku | Ha s4eiku JoKaib-
Horo pasnena. [lyrem ypaBHOBeIIMBaHUS COBO-
KynHoro aucOanaHca S, C IIEPCCEKACMBIMH J10J1s1-
MU Harpy3Ku Ha si'ueiku paszzaena

k k-1 ~
5; =5, +dj -fpenahy w, (k)

; ma k=1

Cm(k)=0j+djk—%(dj+l) usi=s, (7

HCO6XOI[I/IMO€ CMCIICHUEC KaXXKA0Ir0 CMCIICHUA Oj
MOXHO OLOCHHUTDH IO MHACKCY IMOCIICAOBATCIIbHO-

ctu k, ms kotoporo Bemonasgerca st~ 0. Io-
MOJIHUTENbHBIN  Kod(huimeHT mrpadoBaHUs
fpenahyzl MO3BOJISIET OTPAHUYUTH CMEIEHUS U
MPeIoTBPaTUTh BLIOpOCHL. TakuMm oOpaszom, ai-
roput™m DLB yTouHsieT pazoueHue Bo BpeMs Mo-
JENUPOBaHUSA. DTOT MOAXOJ WILTIOCTPUPYETCS C
MOMOIIbI0 ypaBHeHud (1) ayg BToporo cmerie-
HHUSA JIOMEHA 0,, HCTIONB3Ys ITpadHON Kod3hdu-
LUEHT fpmlty=1.25. Cornacuo dopmyne (7), Ha-
YaJlbHBIM COBOKYMHBIN AucOamaHc 52:0-45 MH-
HUMU3HPYETCS IyTEM CABUTA CMEIICHUS Ha JIBE
STYEHKHU pa3lIelIeHNs], YTO JaeT CMEIlIeHne HOBOTO

TOMEeHA )
s? =045 »s! =045-125-12-0.1 =03
0.3 —1.25-12-0.15= 0075

Kpome Toro, myrem BBemeHus (hakTopoB
MIPOU3BOAUTEILHOCTH, OIICHUBAIOIINUX CKOPOCTh
00pabOTKM Ha pa3HBIX BBIYUCIUTEIBHBIX Y3-
Jax, ATOT MOJXOA MOXET OBITh pacHIMpPEeH U Ha-
LIEJIEH TaKXKe Ha BBIUMCIIEHUS Ha Pa3HOPOJHBIX
BBIUMCIIMTENIFHBIX allllapaTHbIX cpeactBax. OT-
HOCHUTEINIbHAs MPOU3BOAUTEIHLHOCTh 00pabOTKU
MOXET OBITh OIpeaesieHa MyTeM COOTHECEHHS
JIOKaJBLHOM HAarpy3kd ¢ OOpaTHOW BEITWYWHOMN
OTHOCHUTEJIHOW pabouei Harpy3ku gomeHa. Bec
MOIITHOCTH JIJISl KOJIMYECTBEHHOW OIIEHKH OTHO-
CUTEIIbHBIX CKOpOCTEl BbrunciaeHui [19], naxo-
autes B TakoM Bune: p, =LW /W,. Ucnonbsys
COOTBETCTBYIOLINE BEIYNCIUTEIbHBIE MOIIIHOCTH
B KQUECTBE JOMOJHUTEIBHOTO (PakTopa B MpoIe-
ype urepaiuu, npuBeieHHoW B dopmyne (7),
Oosnblras paboyasi Harpy3ka MOXKET OBbITH Iepe-
HeceHa U3 0osiee MeIJICHHBIX TPOLIECCOB B Oosiee
ObICcTpbIe U Ha000poT. Hampumep, y4uThIBas Bbi-
COKYIO ¥ HHM3KYI0 BBIYMCIHTEIbHYIO MOITHOCTh
p,,=0.8 u p=1.2, pabouas Harpyska, CMELIEHHAs
¢ 6omnee ObICTpOrO HA H0JIee MEICHHBIE MTPOLIeC-
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Cbl, B3BEIIMBAETCA ¢ KO3 uumentom p./p, =1.5.
B nenom, stor noaxoxg DLB noaxonut uist npu-
JIOKEHUHM CO CTAaTMYECKUM WIM JUHAMUYECKUM
nucbamaHcoM Harpys3ku. B mocnemnem ciydae,
OJTHAKO, CTOMMOCTH YacTOro Iepepacipeerne-
HUS JI0JDKHA ObITH cOajaHCHpOBaHA C MOTEHIIH-
aJbHBIM YBEJIMYEHUEM MPOU3BOAUTENBHOCTU. B
9TOM HCCJIEJIOBAHUU HCIOJb3YETCs IMOCie10Ba-
TenbHas Bepcus ainroputMa DLB, kotopas Tpe-
Oyet cOopa pabounx Harpy30K siueiKu pasena B
OJTHOM JioMeHe. UTOObI CHU3UTh HAKJIaIHBIE pac-
XOJIbI HA CBSI3b U TPEOOBAHUS K TTAMSITH, BO3MOXK-
HO pacUIMpEHHUE HUEPApXUUECKON MapasuieibHON
Bepcuu. TeM He MeHee, NMPU HAIUYUU TOJIBKO
OJTHOTO 3HAYEHUS Ha BBIYUCIUTEIBHYIO SUEHKY
paszzena ooObeMa CBsI3U I0BOJILHO HU30K 10 CpaB-
HEHUIO, HAMpUMep, ¢ OONBIIUM KOJIMYECTBOM
uHpopmaiuu o Harpyske [20].

Pe3ynbTarhl YNCJIEHHOTO MOAEIMPOBAHUS
U napajuieJbHbli aHAJIU3 3PPEeKTUBHOCTH

B pesynbrare 4nMCIEHHOTO MOJETUPOBAHUS
a’pOJIMHAMUKN HOCOBOM IOJIOCTH YeJIOBEKa I0-
Jy4eHBbl cleAyIoUIue AaHHble. [ npoBeaeHus
aHaJM3a MapajuieIbHOTO YUCIEHHOTO aJllOPHUT-
Ma UCIOIb30BAJIMCH JJAaHHBIC U3 cTaThu [15], Tae
OMMCAHBI NPOPUIN TPOIOJIBHON KOMIIOHEHTBI
CKOPOCTH U TeMIEparypbl B TPeX MOMEPEYHBIX
ceueHusix. CpenHee BpeMsl, IOTpaye€HHOE Ha LIar
BPEMEHHU MOJEIMPOBAHUS Pa3/I€JICHO HA BBIYMC-
JIEHUS] M CBSI3b MEXAY BCEMHU MapauieIbHbIMU
nognomeHamu. [lpu wucrons3oBanuu DLB 00-
11asi BBIYMCIUTENbHAS HAarpy3ka pacrpenenser-
Csl MEX/Ty TapajuIeIbHBIMH MOAIOMEHAaMH Ooee
PaBHOMEPHO, B TO BpeMs KaK OJHOBPEMEHHO B
Borunciiennn CFD yuactByeT Oosibllie paHToB.
[Ipouent nucbanauca I, ymenbmen ¢ 31% 1o
9%, 4TO COOTBETCTBYET 3HAYUTEIBHOMY YIIy4-
LICHUIO IPOU3BOIUTEIBHOCTH IPU SKOHOMHH
BpEMEHH BbINOIHEHUS Ha 22%. Kak nokassiBaeT
STOT MoOKa3aTelb aucbOanaHca, MOTEHIUAIbHAS
SKOHOMHS €lle BBIIIE NMPU YCIOBUU UAECATBHOTO
Oananca Harpy3ku. OJJHaKo, UTO KacaeTcs CIOX-
HOCTHU IMOJHOCTBIO CBSI3AHHOTO MOJEIMPOBAHUS
C PE3KO U3MEHSAIOUIMMUCS COCTaBaMU Harpy3KH,
1 0e3 TOro 10CTaTOYHO XOpolllee HauyalbHOe pas-
OWeHMEe 3HAYUTEIbHO YiydyllaeTrcsa. ABTOMaTH-
yeckuii anroputm DLB paboraer ¢ MUHHMAIb-
HOM mHpopManme o tumne 3amad. CymMMapHbIe
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BBIYMCIIMTEIIbHBIE PECYPCHI, TpeOyeMbIe IS OJ1-
HOTO II1ara 1o BpeMEHH MOJIEITMPOBAHUS C CHIIb-
HBIM MaciTabupoBanueM ot 28 10 80 BEIYUCITH-
TenpHbIX saep 6e3 DLB u ¢ DLB, n3o0paxeHsr
Ha pucyHke 1. Kpome Toro, cpeaHee Bpems mpo-
CTOSI TTOKa3aHO IS K101 KoHpuryparuu. Jis
MEHBIIIETO YMCJIa BBIYUCITUTEIBHBIX SACp Mapa-
JIeNbHBIC BBIYUCIICHUS JEMOHCTPHUPYIOT JIMIIb
HeOoJpIIoN aucOananc. M3-3a HU3KOU cTeneHU
napajieu3Ma KaxjaoMy JIOMEHY Ha3Ha4daeTCs
OTpOMHAs BBIYMCIIMTENIbHAS Harpys3ka, KoTopas
coxpansieT n1ucOanaHChl, BRI3BaHHBIC, HAITPUMED,
HETOYHBIMH BBIYHCIIMUTEILHBIMUA BecaMHu. Tem
He MeHee, 111 DLB HaGmrogaroTcs HeOObIINe
VIYYIICHUS B OTHOIICHHWHM OOIICH mapaieib-
HOHM TpOM3BOAUTENHHOCTH. Bo Bpems maciira-
OupoBaHUs AUCOAIAHCH HATPY3KU B ATAJJOHHOM
MOJICJTMPOBAHMHN HAYMHAIOTCS C MPOIEHTA JHC-
Oamanca 1%=9.6% nna 28 saep W yBeIUYMBa-
torcst 10 1% = 31% s 84 anep. OgHoBpeMeH-
HO OOHMi 00BEM BBIYHCIUTEIBLHBIX PECYPCOB,
HEOOXOAMMBIX ISl BBIIIOJIHEHHMS BHIYMCICHUN B
MOJIEJIMPOBAHMH, YBeIUUMBaeTcs nouTu Ha 20%
M3-32 YMCHBIICHHUS Pa3MEpOB JIOKAIBHBIX 3a]1a4.
C GanmaHCHUPOBKOM Harpy3Ku qucOaIaHChl yMEHb-
matores 10 npumepHo 1%=4,6% u 1%=22% nns
MoAeIUpoBaHus Ha 28 U 84 BBIYMCIUTEIBHBIX
sapax. Takum oOpa3om, HECMOTPS Ha TO, YTO
BCE €llle €CTh ITOTEHIUAJT JJIs JOCTHIKEHHS Nab-
HeWImMX ynydiieHui ¢ nomoinbto DLB, Beirona
YBEJIMYMBAETCS CO CTEMECHBIO Iapajuiesin3ma,
SKOHOMS 22% BBIYHMCIIUTEIBHBIX PECYPCOB IpHU
ucnoiap3oBanuu 84 snep. TeHaeHrs pacyeTHbIX
BECOBBIX COOTHOIICHUH MEXIY BBIUYHCIUTEIb-
HBIMHU SYCHKaAMU JaeT JOTIOJHUTEIBHOE Mpe-
CTaBJICHHE O XYAIINX XapaKTEPUCTUKAX ITaJOH-
HOTO MOJICITUPOBAHUS ITPH UCTIOIH30BaHUN O0JTh-
moro yucia siaep. JJist HU3Kux cTerneHen napasni-
JIeJIN3Ma BECOBOE COOTHOIIEHHE BBLIYMCICHUMH
OJTM3KO K PacyeTHOMY anpUOPHOMY 3HAYCHHIO,
KOTOPOE€ HCIOJIb3YeTCs JUIsl Ha4aJIbHOTO pa3owu-
enust. OnHako 171 OOJIBIIEr0 YHCJIa BBIYKCIIH-
TEJBHBIX SJIEP ATO COOTHOIIEHWE 3HAYUTEIHHO
YMEHBIIAETCSA. AHAJIOTMYHO HAONIONEHUSM, OC-
HOBaHHBIM HAa BPEMCHH BBIYUCIICHHUS Ha SUYCUKY
Y BPEMEHHOM IIIare 3TO IMOBEEHNE MOXKET ObITh
00BSCHEHO CHIXKEHHEM 3(DPEKTUBHOCTH pera-
TENIs TMPU MOJCITUPOBAHUM TIPH YMEHBIICHUH
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pasMepa 3a/1a4i B KKJIOM HapauieIbHOM TO/I-
nomeHe. M3-3a pactymiero pacxokaeHHs B OT-
HOIICHUH TPEIIMTUCAHHOTO BECOBOTO COOTHOIIIE-
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Puc. 1 - Bpems svinonnenus ¢ u 6e3 uCnonb308anus  OUHAMUYECKOU OAIAHCUPOBKOLU HASPY3KU

3akJ/ouenne

MopnenupoBaHue JBUKEHUSI BO3QyXa B HO-
COBOM MOJIOCTU JAEMOHCTPHUPYET 3PPEKTUBHOCTD
cxembl DLB a5 pa3nuuHbIX KpyIMHOMAcIITao-
HBIX CBSI3aHHBIX 3aja4. JleTanbHblid aHaU3 Mpo-
M3BOJIUTEIBHOCTH IOKa3aJl HEOOXOAMMOCTb Me-
tona DLB 115 HenocpeacTBEHHOrO ONpeneeHUst
qucOanaHCcoOB HArpys3KH, KOTOpBIE, Harpumep,
BBI3BaHBl WHAUBUAYAIbHOW 3()()EKTUBHOCTHIO
BBIUMCIICHUS B 3aBUCUMOCTH OT COCTaBa JIOKaJIb-
HOW paboueill HArpy3ku W MacITabupyeMOCTH
OTAEIbHBIX IPOrpaMMHBIX KoJ0B. Kpome Toro,
HKCIIEPUMEHT C CHJIBHBIM MAacCIITaOupOBaHUEM
[OKa3aJl YJIyYIIEHUE IPOU3BOJUTEIBHOCTH IIPU
pacTy1ei creneHy napajuiean3ma, Korjaa ucroib-
3yIOTCS allpUOPHBIE OLIEHOYHBIE BBIYMCIUTEIb-
HBIC Beca Ul HAYaJIbHOTO pa3OMeHUs. A Takke
B XOJI€ UCCIIEIOBAHUS HOCOBOM IIOJIOCTH MOYKHO
C/IeNaTh CIEIYIOIIUE BbIBOABIL, YTO CTEHKH HOCO-

BOM IOJIOCTH CHOCOOCTBYIOT HAarpeBy BO3IyXa U
MOSIBJICHUIO BUXpEH, KOTOpbIE HMMEIOT HEeMalo-
BO)KHOE 3HAYEHHUE Ui MEepexofa BXOTHOTO BO3-
JIyXa B aJIbBEOJISIPHOE COCTOSIHUE, MEpe]] TEM Kak
MOTACTh B HOCOIIIOTKY. A Tak)Ke HEMaJIOBAXKHYIO
POJIb UTPAET, OTHOCUTEIIbHAS BIaXXHOCTh B HOCO-
BOI MOJIOCTH, TaK KaK IPU HU3KUX TeMIIepaTrypax
OKpY>Karolleld cpelbl 3a CYET BIAXHOCTH HIET
HarpeBaHue BXOJHOTO Bo3ayxa. MccnenoBanus
JBIDKEHUS BO3/IyXa B HOCOBOM IMOJIOCTHU SIBIISIFOT-
Csl aKTyaJlbHO 3HAUMMbBIMH, TaK KaK B HACTOsIIEE
BpeMs, 110 pa3HbIM IPUYUHAM YBEJINUUBACTCS KO-
JIMYECTBO JIIOACH C MpobiieMaMy AbIXaHUs yepes
Hoc. Tak gaHHas mpoOieMa pasperiaeTcs: XUupyp-
THYECKUM ITyTEM, [JIe BXKHO ONEPUPOBATH CTPYK-
TYpy HOCa ONTUMAJIBHO, TaK YTOOBI HOCOBAs I10-
JIOCTh MPaBUWIBHO (DYHKIIMOHUPOBAJA, TOCKOJIbKY
HOPMaJIbHOE JIbIXaHUE JOJKHO OCYIIECTBISIETCS
C TMOMOIIIBbIO HOCOBOM MOJOCTH.
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FAULT DETECTION OF INDUCTION MOTORS

YESSENOVA G.S.
Kazakh-British Technical University, 050000, Almaty, Kazakhstan

Abstract. In this work described method of fault detection of induction motors. Induction motors are broadly utilized
in numerous mechanical applications. Subsequently, it is exceptionally imperative to monitor and detect any faults
during their operation in arrange to alarm the administrators so that potential issues can be avoided before they
happen. In common, a fault within the acceptance motor causes it to induce hot amid its operation. This paper
presents a developed protection method algorithm that uses unbalanced power components and simulates the
overall design based on the Matlab Simulink. Three-phase voltage and current data are observed first, followed by
signs of unbalanced power, according to the digital relay safety algorithm. The relay then uses a negative sequence
reactive power sign to decide if the fault is internal or external. A negative sign for negative sequence reactive power
indicates a fault inside the motor, while a positive sign indicates a fault outside the motor.

Key words: stator windings, reactive power, squirrel rotor cage, motor backup, power oscillations.
OBHAPYXEHWUE HEMCITPABHOCTEN ACUHXPOHHBIX JIBUTATEJIEN

ECEHOBAT. C.

Kaszaxcmancko-bpumanckuti mexuuyeckuil ynugepcumem, 050000, Armamuol, Kazaxcman

Annomauusa. B oannoii pabome onucan memoo 0OHAPYI*HCEHUS. HEUCNPABHOCMEN ACUHXPOHHBIX 08ucamenell.
Acunxponnvie 0gueamenu WUPOKO UCNOTLIVIOMCS 80 MHOUX MeXAHUYecKux npunodxcenusx. CnedosamensHo,
KpatiHe 8Ad%CHO OMCIeNCUBAMb U 0OHAPYI’CUBAMD 1H00ObIe cOOU 80 8peMs Ux pabomol, ymoobwvl npedynpeoums
AOMUHUCMPAYUIO, YMOOBL MONCHO OBLIO U30eXHCamb NOMEHYUATbHBIX NPodIeM 00 UX 803HUKHOBeHUs. OObIUHO
HeUCnpagHoCms 6 NPUEMHOM Ogueamene 8bl3bl8aen Hazpes 80 8peMs pabomsl. dmom mesuc obecnequsaem
Dpaspabomanublil aneopumm Memood 3auumaol, KOMopslil UCNONIb3Yen HeCOANaHCUPOBAHHYIO COCMABIAIOWYIO
MOWHOCMU U MOOenuposanue ece2o npoekma Ha ocnose Matlab Simulink. Coenacno ancopummy yugposoii
PpeneiHoll 3auumsl, 80-nNepevix, HAOMOOAOMCA OaAHHble MPEeXPA3Ho20 HANPAICEHUS U MOKA, NOCLe Ye2o
obnapyscueaomes Kakue-mubo npusHaku Hecoanancuposannol mowHocmu. Ha credyrowem smane pene
onpeodensiem mun omkasd, 6HYMPEeHHULl Ul 6HEeUHUL, UCNONb3YS 3HAK PeaKmusHOl MOWHOCMU 0OpamHol
nociedosamenvrocmu. Ompuyamenvbuvlil 3HAK PeaKMUBHOU MOWHOCIU 0OPAMHOU NOCIe008aMeNbHOCHU
o3Hayaem, 4mo HeuCnpasHoOCHb HAXOOUMCs 6HYmMpU 08ueameis, ¢ Opyeoll CMOPOHbL, NOJONCUMETbHBIN 3HAK
yKasvleaem Ha mo, 4mo HeUCnPAgHOCMb NPOUOULILA GHE OBULAMNEN.

Knrwuesvle cnosa: oomomxu cmamopa, peakmu@nasi MOWHOCHb, KOPOMKOZAMKHYMbLL POMOpP, pe3eps
osueameisi, KoneoOaHuss MOUWHOCHILL.

WHAYKIUSUIBIK KO3FAJTKBIIITAPIBIH AKAYJIAPBIH AHBIKTAY

ECEHOBAT. C.

Kazaxcman-bpuman mexuuxanwix ynueepcumemi, 050000, Anmamol, Kazaxcman

Anoamna. byn scymvicma acuHxpoHObl KO32AIMKbIUMAPOAZbl aAKAYIApObl AHBIKMAY 20ICi CUNAMMANAH.
Acunxponovl K0320IMKbIUmMap KONmMe2eH MeXAHUKAbIK KOCLIMUUAAPOa KeHiHeH KOonoaHuwliaowl. [lemex,
HCYMBICUUBLIAPOLL eCKEPMY YUliH 0apObIH HCYMBICHL Ke3iHOe OPblH AN2aH OY3YUbLILIKIMAPObl OAKbLIAY JHCIHE
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AHbIKMAy eme Maubi30bl, COHOLIKMAH O01ap nanoa 001eaned Oelin alOblH ATy HCAzbl KAPACMbIPLLIAObL.
Odemme, KaObLI0ay KO3LANMKLIUBIHOAL! AKAVIbIK HCYMBIC Ke3iHOe Kbl3y0bl myoulpaosl. byn ouccepmayus
meneepiime2er Kyam KOMNOHeHmMIH Konoanamvln scaone Matlab Simulink umumayusnelx 6agoapramacvina
Heziz0enzen OYKil OU3AUHObI UMUMAYUSIALMbIH KOPRAHBIC 20ICIHIH 0aMblean aneopummin yYcoinaovl. Canobix
penenix Kopeauvic areopummi oouviHwa, Oipinwioen, yu (asaivl Kepuey mMeH moxK oepekmepi oauxaiaosl,
cooan Kellin meneepimciz Kyammoly Ke3 Keleen Oencinepi anvikmanaosl. Keneci kadamoa pene peaxmugmi
Kyammuly, mepic 02tieKminiein nauoaniausin, iwKi Hemece ColpmKbl iCmeH wbley mypin anvikmatiovl. Tepic
02UeKMINIKMIY peakxmuemi KyamviHbly mepic 0encici akayiblkmvly KO32aimKblul iuiHoe eKeHin 0indipedi,
EKIHWI JCASbIHAH, O Oellel aKayIbIKmblH KO32aIMKbIUMAH MblC eKeHOieiH Kopcemeoi.

Tyitinoi co3zoep: cmamop opamoapsl, peakmugmi Kyam, muik-mopisl pomop, KO32AIMKbIUL KOPbl, KYammbly

ayblmKybl.

Introduction

Induction motor is the primary necessity
motor used in mechanical applications. Three
phase induction motors are the most growing and
frequently encountered machines in enterprises.
An electromechanical system, called electric
motor, which converts electrical energy into
a mechanical energy. The most sorts of issues
experienced by these motors are single staging,
over voltage, beneath voltage, over current,
under current, speed varieties, over temperature
and vibration. Acceptance motors are broadly
utilized as mechanical drives since they are
tough, dependable and prudent. Single-phase
acceptance motors are utilized broadly for littler
loads, such as family apparatuses like fans. When
the three stage induction motor supply with
higher voltage than rated at that point induction
motor begins overheated and consequently
over temperature blame happens. When supply
voltage is lower than evaluated constrain at that
point voltage drop over the resistance is higher
and blame occurs. Even, as three-stage Induction
motor operates continuously, it is important to
ensure these weaknesses are addressed to the
motor. Induction motor safety plays a critical
role in its long service life benefit [ 1]. Until now,
a definite number of protection methods have
been developed for various internal and external
motor faults, depending on the motor power,
motor type, motor application, and service
type. Therefore, motor safety in general is less
uniform than the defenses of other sections of
the control system [2]. Protection given to the
motor is to allow the motor to operate up to
its limits, but not to allow the motor to operate
above its mechanical and thermal limits in
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overloading and to provide optimum flexibility
in detecting faults, hence the safety mechanism
should detach defective parts from other parts of
the power system as soon as possible, without
damaging other systems detrimental to the power
network and control system. The machine shaft
or rotor has been continuously associated with
the primary common fault sorts of these turning
devices. The components of induction motor's
percentage failure are as shown in Fig 1.

Data As per IEEE

22% ‘ M Bearing Faults
44% M Stator Faults
» Rotor Faults
m Other Faults

Fig. 1. Percentage Component of Induction Motor Failure

The survey was taken by Institution of
Electrical and Electronics Engineers (IEEE) and
Electric Power Research Institute [3].

Materials and methods

Three-phase induction motors, as is known,
have simple construction of stator windings from
where they are supplied, thus producing rotating
magnetic field in the air gap. On the other hand,
the rotor side depends on the required efficiency.
This is a rotor with a phase winding, a cage
with a squirrel-cage rotor. The rotor side of an
induction motor has a high conductivity value, so
the magnetic flux can change direction regularly
due to the rotating magnetic field [4].
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Fig. 2. Asynchronous machine components

In order to find a solution to faults in the
work, it was necessary to analyze the causes of
these faults. There are described in Figure below.

Tl
Dhuirbence. vobem
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Fig. 3. Single phasing effects on induction motor operation [5]

First, the algorithm of the protection method
for the protection of the induction motor is used
to solve the problem of abnormal operation due to
internal and external defects of the machine. This
section briefly describes the security process. As
it is written, the instantaneous power of the car.

When an error occurs, it vibrates twice its
basic frequency. Thus, the data are taken from
the first power system. These are the voltage
and current values for each phase, and the other
data needed to run the algorithms A, B, and C
are the total power of the motor. The maximum
limit sequence of unbalanced power and reverse

current of a motor operating in an unbalanced
state, constant capacity K, is equal to the number
of tests for the period and time for this purpose.
Thus, after obtaining the necessary information,
the code determines whether an error has
occurred based on the measured and compared
values, whether the error is internal or external.
A more detailed description of the mechanism
is given in the next chapter of the study. It also
gives a travel signal if it is likely to fail in the
form of a failure.

Required values Calculated values

Va, Vi, Ve — 3 phase voltage values
L Iy, I — 3 phase current values
Su— Apparent power

Pugt, — Unbalanced power limit

Pim — Instantaneous power

Q — Negative sequence reactive
power
Lue — Negative sequence current limit
K — constant
N — number of samples
At — time for sampling

A —integrator value for external fault

Fig. 4. Required and calculated value list

Solutions and results

This study provides a solution and description
of the system of algorithms for the safety of an
induction motor in unbalanced situations that
can occur inside the motor or in defects that are
considered external. The algorithm first looks for
flaws in instantaneous power fluctuations caused
by zero and negative sequence elements, then
doubles the base frequency and investigates the
negative reactive power circuit's source. This
section delves into the algorithm's specifics.

The instantaneous power of induction motors
is calculated at the terminals and can be reported
as follows:

P(n) = v ,(m)*i (n) + v(n)*i(n) +
v, (n)*i,(n). (1)

Here n can be defined as an instantaneous
example of the power p (n).aThis formula
means of the above-managed state of the engine.
However, when a short circuit occurs, the phase
difference between the stator windings is 2pi /
3 asymmetric, and the following formulas are
derived for the three-phase values of voltage and
current.

The unbalanced power component generated
by the negative sequence component can be
converted into a shape by the Discrete Fourier
Transform.
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me = % EP (ﬂ) * E_}.‘}m! /N

2)

In the event of a failure, the orientation of the
negative reactive series calculated suggests that
the failure is internal or external [6]. The negative
sign of the Q-shows that the power transfer is
from system to network, indicating that the fault
is local. Vice versa of the sign indicates that there
was a fault within the motor.

Q—=a3/NYv (n—m/2)* i~ (n) 3)
Here, v- and i- can be specified as follows:
p~(n)=(vR(Mn)+vS(n—-2n/3)+vTn+

21/3))/3 4)
iTm)=(@{ARM)+1S(n—2n/3)+iT(n+
21/3))/3 %)

Calculations:

Firstly, the value of P,,, is calculated, and
if it is higher than the allowable value of P, ,
then the problem occurs, and then the algorithm
begins to calculate the reactive power of the
Q-negative sequence. If the measured value is
negative, the fault appears to be internal and an
immediate shutdown signal is given to isolate the
faulty motor.

Secondly, the algorithm calculates the
reaction of the negative sequence in the case
of the following possible situation, resulting
in a positive sign. Therefore, the fault is an
external style fault, and the initial equation of the
algorithm is used to measure the departure time
to back up the engine.

Po (pu) =(VI=)VI=1—-/1=1—(pu) (6)
[Pﬂm (pu)a]2 *t=K (7)

Typically, the equilibrium protection time
using Equation [7] is defined differently for
different types of motors. The constant K, which
is the resistance to unbalanced activity under the
influence of the heat of the motor winding of an
induction machine, varies depending on the type
of motor associated with its characteristics. There
is a difference in the value of K according to IEC
standards from 1 to 40 [7, 8]. For modeling in the
thesis, the value of K is assumed to be equal to 11.

The complete diagram of the induction
protection system is shown in the figure below. [7].
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Values of PP 1=K, N, dt to be emered‘

i 2
Values of three phase voltage and
current to be entered

VeV VA, Is 1y

!
P [V ()i () + v ()i () + vy @i ()
3

Sy
Calculate P,
. E
Calculate 0"

v (n)=0,i~ (n)=0

Fig. 5. Motor protection flow diagram

Simulation

The dissertation was submitted by MATLAB
/ Simulink system software, which measures the
performance of the simulation defects. For one
fault type situation, two phases to the ground
were provided with this simulation of the single
phase to the ground. External problems were
interpreted as problems with the motor's cables.
The diagram below depicts the virtual machine
scheme.

o

. A
e —{—».F—\
o

Fig. 6. Simulated model

The motor in this case was a 10 HP squirrel
cage asynchronous system operating at full load.
The power transformer used in the simulation was
a delta-star coupled transformer with a primary
voltage of 13.8 kV and a secondary voltage of
0.22 kV. It's also worth remembering that the
machine's frequency was 60 Hz. The fault was



OUN3NKO-MATEMATUYECKHNE N TEXHUYECKWNE HAYKU

thought to have started in the second and lasted
two seconds during the simulation period of five
seconds. For the simulation unit, the short circuit
resistance was set to 0.01 ohms.

Cases for external faults

External faults on the asynchronous
machine's power supply cables are identified, and
the system was tested in three scenarios, yielding
graphs of instantaneous power, unbalanced
power, and negative sequence intensity. For
simulation, the K constant was set to 11.

Two phases to ground fault

The two processes are short-circuited to
the ground in this case, and the fault occurs as
described in the second. When an imbalance
occurs, the chart shows that power oscillations
have begun. As the unbalanced power begins to
remain constant after 20 ms, the algorithm begins
to measure negative sequencing power.

Fig. 7. Instantaneous power

Figure 8 shows that negative sequence
reactive power has a positive symbol, indicating
that the fault is located externally.

Fig. 8. Negative sequence and Unbalanced power

Single phase to ground

Decrease in average power happens as one of
the processes is short-circuited to grounded and
fault happens at this point. It can be seen from
the figure that the negative sequencing power is
positive, so the fault is external as expected.

Fig. 9 Instantaneous power

120 Hz oscillations occur, causing an
unfavorable state for the induction motor during
unbalanced activity.

Fig. 10. Negative sequence and Unbalanced power

The trip time to protect the motor is
estimated to be 4.5 seconds, preventing damage
to an induction motor. As it's shown on figures,
external fault detected and system shut down to
protect motor and other equipment. It means that
system works correctly, faster and corresponds
all requirements.

Conclusion

In addition, the protection system is vital
for any unit or component of the electrical
power network because it is affected by potential
irregular conditions. The induction motor, which
is one of the most commonly used electrical
machines, is often susceptible to failure, which
means that the safe operation of an accurate
protection method is required. In the simulation
of the fault conditions for the induction motor, as
a consequence, the safety device first detected a
defective state from power oscillations at a two-
fold base frequency before determining the type
of fault based on the indication of a negative
reactive power series. In a balanced network,
instantaneous power is equal to the average
power value, therefore, when an unbalanced
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condition occurs, the fault is detected, and when
the internal form of fault relay is specified,
the instant trip command is given. Today, it
is important to provide reliable protection for
every aspect of the electrical system because it
is effective in many ways, including continuous

develop all of the security mechanisms that have
been developed, so that they can be quicker or
better, more effective and perfect for prejudice,
helping to plug the gaps produced by unreliable
circumstances or irregular cases. Future
simulation of an internal faults is planned. For

the simulation internal faults will be assume to
take place in stator windings.

regular operation of the network, efficiency
and health of the equipment. Moreover, the
devitalized age of technology allows society to
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O 3AIMPOCAX BA3 JTAHHBIX HAJI TIOYTU OMETA-KATETOPUYHOHN
YHOPSAJIOYEHHOM OBJIACTBIO

KWVIIIEIIOB b. 1., MYCTA®HUH T. C.

Kaszaxcmancko-bpumanckuti mexuuyeckuil ynusepcumem, 050000, Armamol, Kazaxcman

Annomauyus. Mol ucciedyem penayuonuvie 6a3vl OAHHLIX HAO YNOPAOOYEHHOU 0OIACHbIO ONpedeleHUs
¢ HeKomopuiMu OONONHUMETbHLIMU OMHOWEHUAMU — MUNUYHBIM NPUMEPOM AB6NAeMCs YNOPSAOOUeHHOe
MHOJCECB0 PAYUOHANLHBIX YUCel C Oonepayuell cloxcenus. B ¢okyce nawux ucciredosanuil 3anpocwl
nepeo2co NOpsOKA, UHBAPUAHMHBLE OMHOCUMETbHO NePeCcaHO80K, COXPAHAIOWUX NOPAOOK, — MaKue 3anpocsl
HA3bIBAIOMCS  NOPAOKOBO-2€HEPUHECKUMU.  YCMAaHOo6NeHo, 4mo O HeKOmopblx obnacmeil NopsaoKoeo-
eeHepuyecKkue 3anpocsl Nepeoco NOpaoKa C800SAMCA K 3anpocam 4ucmozo nopsaoka. 30ect mvl 00Ka3vlédaem
meopemy C800UMOCMU HAO NOYMU OMe2a-KAMe20pUYHOU c1ab0 O-MUHUMATLHOU 001ACMbIO Onpedeienus,
umerowjell pame evinykiocmu 1.

Knrwouesvie cnosa: ynopsioouennas cmpykmypa, ciabas o-MuHUMAIbHOCMb, COCMOsHUE 0a3bl OAHHBIX, 3ANPOC
0a3 0aHHbIX, NOYMU OMe2a-Kame2opUIHOCHb, PaHe GLINYKIOCHIU.

OMETA-KATEI'OPUSA AACBIHIA PETTEJI'EH MOJIIMETTEP BA3ACBIHBIH
CYPAVYJIAPBI TYPAJIbI

KWVIINHEIOB b. 1., MYCTA®UH T. C.

Kasaxeman-bpuman mexnuxanwix ynueepcumemi, 050000, Armamul, Kasaxcman

Anoamna. bi3 penayusanvix manimemmep 0A3acoli KOCHIMULA KAMBIHACMAPMEH pemmeneet ajblkmay 001biCbl
OoubIHWA 3epmmelMi3 — MUNUKAIBIK MbICATbL KOCY ONEPayusimMen payuoHaioblk canoap pemmenzeH JCUblHbl
bonaowl. biz0iy 3epmmeyimiz Oipinwi pemmi cypanvlcmapea OablMmManzat, O1ap pemmi cakxmaumolt
ayviCmuvlpyea KamvlCmovl UHBAPUAHMMbL O0NA0bL — MYHOAU CYPAHbICIAD Pem-2eHePUKANbIK 0en amanaobl.
Keiibip obnvicmap ywin 0ipiHwi pemmi pem-2eHepuKanivlk CYpaHbICmap masa pemmix CYpaHblcmapad
Oellin a3aumuvliamovlHbl anblkmanovl. Mynoa 6i3 0oenecmix pameici 1 omeza-xamecopusnvik Oepiik 27ci3
O-MUHUMANObL AHLIKMAY ASACHIHOA PEOYKYUSL MeoPEMAChIH 0dNeN0eliMi3.

Tyitinoi co30ep: pemmeinzer KYpolibiM, d1CI3 O-MUHUMALObIK, MATIIMem OA3aCbIHbIH Ky, Maimem Oa3aCbIHbIY
CYPAHDBICHL, OMe2aA-Kame2opusLivlK, 0epiiK, 00HeCmiK panaici.

ON DATABASE QUERIES OVER ALMOST OMEGA-CATEGORICAL
ORDERED DOMAIN

KULPESHOYV B.SH., MUSTAFIN T.S.
Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. We consider relational databases organized over an ordered domain with some additional relations
— a typical example is the ordered domain of rational numbers together with the operation of addition. In the
focus of our study are the first-order (FO) queries that are invariant under order-preserving permutations —
such queries are called order-generic. It was discovered that for some domains order-generic FO queries fail
to express more than pure order queries. Here we prove the collapse result theorem over an almost omega-
categorical weakly o-minimal domain having convexity rank 1.
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Keywords: ordered structure, weak o-minimality, database state, database query, almost omega-categoricity,

convexity rank.

Beenenue

B pensuuonnoii Monenu 6a3 aHHBIX, BBe-
neanoit D.@. Kommom [1-2], coctostHue Oa3bl
JAHHBIX TTOHMMAETCSI KaK KOHEYHAs COBOKYII-
HOCTh OTHOIIEHWNA MeXIy sneMeHTamu. Mmena
OTHOIIECHUN U WX apHOCTH (MECTHOCTH) (pUKCH-
PYIOTCSI ¥ HA3BIBAIOTCSl cXemoli 0Oazvl OAHHUIX.
OtnenbHas uH(OpMAIHs, XpaHUMasi B OTHOIIIE-
HUSX JaHHOM CXEMbl, Ha3bIBACTCS COCMOSHUEM
0azvl 0anHbIX. XOTS PESIUOHHBIE 0a3bl TaHHBIX
ObUTM TPUAYMaHbl Ui KOHEYHBIX COBOKYITHO-
CTEH AaHHBIX, YaCTO YAOOHO MPEINoJaraTh, 4To
CYIIIECTBYET OECKOHEUHAsI 001acmb Onpedenerus
— HampuMmep, LeNble WIKM paloHAIbHBIC YUCIA,
— TaK 4TO DJIEMEHTHI JAHHBIX BBIOMPAIOTCS W3
aTor oOmact. DyHKIMK ¥ OTHOIIEHUS, OTpeie-
JICHHBIE Ha BCeil o0acTu onpeneneHus (Hampu-
Mep, <H + ), MOTYT OBITh TAK)KE UCTIOTb30BAHBI
npu 3anparimBanuy. Hanpumep, eciu B kauecTse
SI3bIKA 3AIPOCOB MCTIONB3YETCS SI3BIK JIOTUKH TIpe-
JTMKATOB TIEPBOTO MOPSI/IKA, TO 3aIIPOCHI MOTYT UC-
MOJIb30BaTh KaK OTHOLICHUs 0a3bl TAHHBIX, TaK U
OTHOIIICHUS O0OJIACTH OTPENICICHUS, IPH ITOM TIe-
peMeHHbIe M3MEHSIOTCSI Ha BCel 00acTH orpesie-
neHus. BeipazutenbHas cuiia 3ampocoB 0a3 J1aH-
HBIX UCCIIe0BaNAchk B paborax [3—10].

dopmajibHasi TOCTAHOBKA

[Tyctb M — GeckoHeuHas CTPyKTypa CHTHa-
TypsI L. 31ech MBI paccMaTpuBaeM yropsii0ucH-
HBIC CTPYKTYpPBI. ITO O3HaYaeT, yTo L BKITIOUYaeT
OMHAPHBIN PENAIUOHHBIN CUMBOJ <, HHTEPIIPE-
Talrs KOTOPOTO B M YIIOBJIETBOPSIET aKCHOMAaM
JUHEWHOTro Tmopsaka. Mbl (UKCUPYEM CXeMy
6a3bl naHHbIX SC 1 BBOAKM cleayronme 0003Ha-
YCHHUS:

Lo={<}, L'=LoUSC, L"=LuU SC.

3anpoc 6a3zvbt OanHbiX MOXET OBITH (op-
MaJIGHO OMpeeNieH KaKk OTOOpaskeHHe, KOTOpPOoe
MPUHUMACT COCTOSIHUE 0a3bl TAHHBIX M MPOU3-
BOJIUT HOBOE OTHOIICHHWE (UKCUPOBAHHOW ap-
HOocTH Hajg M. MBbI paccmarpuBaem JBa sI3bIKa
JUTSL 3allpaliiBaHus. 3alpocChkl TIEPBOTO S3bIKA

ecTb GopMynbl CUTHATYpbl L° — MBI Ha3biBaeM
UX O02paHuyeHHvIMU. 3ampochl BTOPOTO s3bIKa
ecTb GopMyinbl curHatypbl L' — MbI Ha3zbiBaeM
UX PACUUPEHHbIMU.

I/ITaK, 0asnl JAaHHBIX MPE€AHAa3HAYCHbI JIA
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XpaHEHUs TEKylIed WHPOpMAMH O KaK-TO
CTPYKTYPUPOBAHHOU TMpeAMETHOM obOmactu. B
KOKIbII MOMEHT BpEMEHHM 3Ta HH(opmaius
SIBJISICTCSl KOHEYHOU W TIPEACTABISIET COOOU KO-
Heunwlil HA00p xoHeunvix Tabmui. OOBIYHO YHC-
710 TaOJNHI]I U YCTPOMUCTBO KaXJAOW TAOIUIIBI HE
MEHSIOTCSI C T€UYCHUEM BPEMEHHU, HO MEHSIOT-
Csl CTPOKHU TabmuI. MoryT mo0aBisThCS HOBBIC
CTPOKH U yHAISAThCS HEKOTOphIe cTtapbie. CTpo-
KM XPaHSIIUXCS TaOJUI[ MPEACTABISIOT COOOU
KOHCUHBIC IOCJICA0BATCIILHOCTH  JJICMCHTOB.
Yuca0 3IEMEHTOB KaXKIOU IMOCIICA0BATCILHOCTH
¢ukcupoBaHo a1 (PUKCUPOBAHHOM TaOIHUIIBL.
VYeTpoiicTBO TaONUIIbI MPAKTUYECKH U €CTh YHUC-
JI0 AJIEMEHTOB B KaXKJIOM CTPOKE 3TOW TaOJHUIIBI.
bonee popmansHO Kaxkmas Tabiuma — 3TO KO-
HEYHO MECTHOE KOHEUHOC OTHOIICHME, a cama
0a3a JaHHBIX — 3TO KOHEYHBIM HAOOP KOHEYHO
MECTHBIX KOHEUHBIX OTHOIIeHuH. [y ynoOcTBa
pasroBopa o 0a3e JaHHBIX KaXJIOMY €€ OTHOIIe-
HUIO TIPUTTUCHIBAIOT HEKOTOPOE UMSI C YKa3aHUEM
YHUCJIa ApTYMEHTOB (MJIM MECTHOCTH) ATOTO UMeE-
HU oTHOIIeHUsA. Cxema (WIu cuUTHATypa) 0asbl
JaHHBIX M €CTh KOHEUHAas I1OCJICIOBAaTECIHLHOCTh
ATUX UMEH OTHOUIEHUH C YKa3aHHUEM MECTHOCTHU
KOKJIOr0 MMEHH. B KaKIbli MOMEHT BPEMEHHU
MMEHaM OTHOIIEHWM M3 3TOM CXEMBI MPHUCBOE-
Hbl HEKOTOpbIE OTHOILEHUSI COOTBETCTBYIOIIMX
MECTHOCTEH. DTO cocmosinue 0a3bl TAaHHBIX B
JaHHBIM MOMECHT.

CocrossHHE HAa3BIBACTCS KOHEUHBIM, CCJIU
BCE €ro OTHOIICHHMsS KOHEYHbl. MHOTHa ymoOHO
paccMmarpuBaTh HE IPOU3BOJIBHBIE COCTOSIHUS
0a3bl JaHHBIX, & OrPAaHUYCHHBIC KAaKUMHU-TO YC-
J0BUSIMHU. TUMHWYHBIM OrPaHUYEHUEM SIBISIETCS
YCIJIOBHE, YTO 3JIEMEHTHI BCEX CTPOK BCEX TaOIHII
BBIOpaHbI M3 (DUKCHPOBAHHOTO TOIMHOXECTBA [
yHUBEpcyMma. JlpyruMu cioBaMu, KaxkJIOMy UMe-
HU OTHOIICHHMSI U3 pACCMATPUBAEMOM CXEMbI 0a3bl
JIaHHBIX MOCTABJICHO B COOTBETCTBUEC OTHOIIICHUE
TOM € MECTHOCTHU Ha MHO)ecCTBe I. B aTom ciry-
4yae TOBOPAT, YTO PACCMATPUBAEMOE COCTOSHHE
0a3bl JaHHBIX SIBIISIETCS COCTOSIHUEM Ha 1.

Mpg1 Oynem paccMaTrpuBaTh JOKAIbHO 2eHe-
puyeckue 3anpocul, KOTOPbIE SIBISIIOTCS HHBa-
pUAHTaMU TIPU JTIOOBIX COXPAHSIONMIUX JIMHEH-
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HOE YIOPSI0OYEHUE OTOOPaKEHUSAX KOHEUHBIX
MOJIMHOXECTB YHUBEpCYMa B YHUBEpCyM. [ py6o
TOBOpsI, OTBET HA TaKOW 3alpoC OCHOBBIBACTCS
Ha XpaHsieics HHPOpMalUKU, HO HE 3aBHCHUT
OT croco0a KOJUPOBKH 3TOW WH(POPMAIMH TIPU
XpaHEHUHU.

— Omnpenenenue 1. Bynem rooputs uto k—
apHbIi 3anpoc & SABISETCA JOKANbHO 2eHepuye-
CKUM HAO KOHEYHbIMU COCIMOSHUAMU, €CTH @ € &
TOT/Ia U TOJBKO TorAa Koraa ¢(a) € &(¢(s)) ms
T000r0 YacTUYHOTO <-u3omopdpuszma ¢ : X —>
M, roe X € M nis nr000ro KOHEYHOI'O COCTOSI-
HUA s HaH X ¥ i mroboro k-xoprexa g B X.

Cocrosrme 8 oGoramaer yHuBepcyM M
CUTHATYPHI L 110 [ "-CTPYKTYpbI, KOTOPYIO MBI OY-
JeM 0003HayaTh Kak (M ,s) .

Ompenenenue 2. P -coctosiHue s st L
-CTPYKTYpPBbI J¥/ Ha3bIBACTCS NCEB0OKOHEUHbIM B
w,eciu (W,s) ects Monens L" - Teopun nepBo-
ro nopsjaka Bcex crpykryp (W.,r), rme W — ko-
HEYHOE COCTOSIHUE Hal I/ .

IlceBno-koHEUHOE MHOKECTBO —  93TO
YAaCTHBIN Ciy4ail MCEeBIOKOHEYHOTO COCTOSIHHMSL.
HmeeTcs B BUIY CUTHATYPA, COCTOSIIAS U3 OJTHOTO
OJTHOMECTHOTO OTHOIIEHUS U HEKOTOPBIX IPYTHX
OTHOIIIEHUU. PaccMaTpuBaloTCsi Takue CUCTEMBI
ATOM CUTHATYpbl, Ha KOTOPBIX BBITIOIHSIIOTCS
BCE 3aMKHYTbIe (OPMYIbI JIOTUKH MPEIUKATOB,
HCTUHHBIE HAa BCEX KOHEYHBIX CHCTEMaxX JSTOU
CUTHaTyphl. Torma HWHTEpHperanus STOro
OJTHOMECTHOTO OTHOILIEHUS B TaKOW cHCTEMe
HA3bIBACTCS MCEBIOKOHEUHBIM MHOKECTBOM.

Onpenenenue 3. bynem TOBOpPUTH 4YTO
nonHast teopusi T umeer Ceoticmeo H3zonayuu,
€CIM CYyIIEeCTBYeT KapAMHAl A, TaKOi, 4YTO
JUIsE TF000TO TICEBIIOKOHEYHOTO MHOXECTBa A
u s moboro snemeHTa (I mojenu teopuu T
cymectByer A < Arakoe, uto |A |< A u tp(
al A,) m3onmupyet tp(a/A).

JIns. mpou3BOJIBHBIX MNOAMHOXECTB A, B
cTpykTypsl M mumyt A <B, ecnu a <b Bcskuit
pas, kornra a€ A u be B.Eciu Ac Mmu
x € M, To mumyt A < X, ecnu A < {x}. s
MIPOU3BOJIBHOTO MOJHOTO 1-THma p  4depe3 p(M)
0003HAYaIOT MHOXECTBO pealu3aluil Tuma p
B M. Omkpvimvim unmepsanom 1 B CTpyKType
M Ha3zbpIBaeTCsl MapaMeTPUUECKH OIpeeInMoe
MMOIMHOKECTBO CTPYKTYyphl M Buma I = {c €

M: M | =a <c¢ <b} mist HEKoTOphIX 8, b € M
U {~ o o} e a < b. AHaJOTMYHO MOXKHO
OTIPENICTIUTD 3AMKHYMble, NOTYOMKPblmble-noy-
3aMKHymbvle W T.I. UHTEpBalbl B M, Tak 4TO,
HanpuMep, MPOU3BOJIbHAS TOYKA  CTPYKTYpPBI
M sBasieTcsi cama (TpUBUAIBHBIM) 3aMKHYTBHIM
uHrepBaioM. [logmMHOXKecTBO A CTpyKTyphl M
Ha3bIBACTCS 8bINYKIbIM, €CITH IS JIIOOBIX a, b €
Auc € M Besikuii pa3, korgaa<c<b cuenyer,
41O C € A.

JlaHHas cTaThs KacaeTcs IOHATHS C1aboi
O-MUHUMATILHOCMU, TIEPBOHAYAIILHO TITyOOKO HC-
cnenoBanHoro J[. Makdepconom, JI. Mapkepom
u Y. Craitaxopuom B [11]. Crabo o-munumans-
Has cmpykmypa €CThb JUHEMHO yHOpsAO4YeHHas
ctpykrypa M = (M, =, <, ...) Takas, 4T0 Jt000¢e
orpenenuMoe (¢ napaMmeTpamMu) MOAMHOXKECTBO
CTPYKTYpbl M siBIsieTCS 0ObEAMHEHUEM KOHEY-
HOTO YHMCJIa BBIMTYKJIBIX MHOXECTB B M. Bcriom-
HUM, 4TO Takas CTpykTypa M Ha3bIBaeTcs o-mu-
HUMAIbHOU, €CIIN KaXK]10€ onpeaenumoe (¢ napa-
METpaMH) TOAMHOXKECTBO CTPYKTYpbl M sIBIsIET-
cs1 00beIMHEHNEM KOHEUHOTO YHCIia UHTEPBAJIOB
B M. Takum o6pa3om, ciabas o-MUHUMATBHOCTh
SBIISIETCS 0000IIEHNEM O-MUHUMAIbHOCTH. PaHr
BBIMTYKJIOCTH ()OPMYIIBI C OTHOW CBOOOMHOM Tie-
peMeHHOM BBeJieH B [12].

Onpenenenue 4. [12] Ilycte M — nuneiino
YIOpSIIOYeHHAsT CTPYKTypa, ¢p(X) — M-ompene-
numasi opMyna ¢ OIHOM CBOOOTHON mepeMeH-
HOWU. Pane evinyknocmu Gopmyisl ¢ (RC(¢ (x)))
OTIPENIETISICTCS CICAYIOIIUM 00pPa3oM:

1) RC(¢(x)) = 1, eciu ¢ (M) GeckoHETHO

2) RC(¢(x)) = a + 1, ecam cymiecTByeT
MapaMeTpUUECKU OIpeleIMMOe OTHOIIECHUE K-
BUBalieHTHOCTU E(X, y), Takoe 4TO CYyIIECTBYIOT
b, 1 € ®, KOTOPBIE YAOBIETBOPSIOT CIEMYIOLIUM
YCIIOBUSIM:

— ---> Jlna moOBIX 1, ] € ®, BCIKHIA pa3 KOT-
nai#j, torma M |=—E(b, b)

— -—-> Jlna moboro i € o, RC(E(x,b)) > a

— ---> Jlna mo6oro i € m, E(M, b,) Bbimy-
ko u EMM, b) < ¢ (M)

3. RC(¢ x)) = 9, eciu RC(¢d (x))=> o st
Bcex o > 0, (O mpenenbHBIA opauHan). Ecim
RC(¢ (x)) = o 1y1s1 HEKOTOPOTO O, MBI TOBOPUM
yto RC(¢ (X)) > o 1 Bcex o) Mbl MoyiaraeM
RC($ (x)) = .

B wacTHOCTH, TEOpHUS UMEET PaHT BBITYKJIO-
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cTH 1, ecnu He CYILIECTBYET OMpeAenIuMoro (c
napaMeTpamMi) OTHOILEHHUSI SKBUBAJICHTHOCTH C
OECKOHEYHBIM YHCIIOM BBIMYKJIBIX O€CKOHEYHBIX
KkjaccoB. O4YeBUIHO, YTO O-MHHHMAJIbHAsI TEO-
pHYs UMEET PaHT BBIMYKJIOCTH 1.

Ompenenenue 5. [13] Ilycte M — cmabo
O-MUHHUMaJbHad CTpykTypa, A, B <« M, M —
|A[*-Haceimenna, p, q € S (A) — HeanreOpanye-
ckue. byaem roBopuTh, 4TO TUIl P HE SIBISETCS
cn1abo opmo2oHANbHLIM TUIY (, €CIH CYIIEeCT-
ByIOT A-ompenenumas gopmyna H(x, y), a €
p(M) u Bl, B2 € q(M) takue yTo B1€ HM, o) u
P, ¢ HM, o)

Onpenenenue 6. [14, 15] Ilycte T —
nomHasi Teopus, Pi(Xi), -, Pn(x,) € 5:(®). Tun
q(xy, .-, x,,) € S,(@) naswiBaercs (Pu, ---» Pn)-munom,
ecan q(xq,..,x,) 2 UYL, p;(x;). MHOKECTBO BceX
(p1, -, Pn)-THNIOB Teopuu T oOo3HauaeTcs yepes
Sp,.pn(T). CuerHas Teopus T Ha3bIBacTCA
noumu ome2a-Kame20pudHol, eCiu JUisl JTI00bIX
TUTIOB Py (X1), ..., Pn(Xy,) € 51 (@) CylIECTBYET JIMILIb
KOHCYHOC YHCIIO TUTIOB q(Xy, ..., X,) € S, 5, (T).

[Toutn  omera-kaTeropuyHOCTb  TECHO
CBSI3aHA C TIOHATHEM SPEH(POUXTOBOCTH TEOPHH.
Tak, B pabote [14] noka3zano, uto ecnu T moutu
OMera-KaTeropu4Hasi Teopusi, UMeIoIas pPOBHO
TPHU CUCTHBIC NMOMIAPHO HEM30MOP(HBIC MOJIEIH,
TO B Teopun T wuHTEpHpeTupyercs IUIOTHBIN
JIMHEWHBIN opsaoK. Tem He MeHee CyIeCTBYeT
npumep (moctpoennsiii IleperarbkuabiM M.I.
B [16]) Teopun, uMeroIIel POBHO TPH CUETHBIE
MOMApHO HEW30MOpGHBIE MOJENH, HO HE
ABJIAIOLICICS IIOYTU OMEra-KaTeropu4HOM.

B pab6ore [17] ycTaHOBIEHBI IOYTH OMera-
KaTeTOPUYHOCTh  APEH(PONXTOBBIX  BIOJHE
O-MHUHUMAJbHBIX TEOPUNA U BBIMOJTHUMOCTD IIPU-
HI[UIA 3aMEHBI sl anre0panyeckoro 3amblKa-
HUS JUISl TIOYTH OMEra-KaTerOpUYHbIX BIIOJIHE
O-MUHUMAaJbHBIX Teopuil. HenaBHo Obu mOKa-
3aHbl OPTOTOHAJIBHOCTH JHOOOrO cemelcTBa
MOMapHO CJIal0 OPTOTOHAIBHBIX Heanareopau-
YECKUX |-TUTIOB HAJ MyCTHIM MHOXECTBOM IS
TaKMX TEOpUil 1 OMHAPHOCTH MOYTH OMETra-KaTe-
TOPUYHBIX BIIOJTHE O-MUHUMAJIBHBIX TeOpHi [ 18]
U TOYTH OMEra-KaTerOpu4HbIX C1ab0 O-MHHHU-
MaJIbHBIX T€OpUH paHra Belnykiaoctu 1 [19].

B nacrosimieit pabore uccnemyercs mpo0ie-
Ma BBIPA3MMOCTH PACIIMPEHHBIX 3aIIPOCOB YEPe3
OTpaHUYEHHBIEC HAJl MOYTH OMEra-KaTeropuyHon
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c1ab0 O-MHUHHUMAJIBHOM 00IaCThIO OMpeAeTICHHUS
0a3 JaHHbBIX, UMEIOIIEH paHT BBIMYKIOCTH 1. MBI
JIOKa3bIBa€M, YTO IOYTH OMEra-KaTeropuyHast
c1a00 O-MHUHHMMAJIbHASI TEOPHsI paHra BBITYKJIIO-
ctu 1 umeer cBoiictBo M3omsauun. B kadecTtse
CJIEICTBUS MBI IIOJIy4aeM CBOAMMOCTH PAaCLIH-
PEHHBIX 3aIPOCOB K OTPAaHUYEHHBIM HAJl IOYTH
OMEra-KaTeropuyHon ci1abo O-MUHUMAJIBHOU
0071aCTBIO OTIPEIeTICHUSI.

Pe3ynbrarthl.

Teopema 7. [19] JlrobGas moutm omera-
KaTeropuyHasi ci1abo O-MHUHUMAajbHas Teopus
paHra BBIMYKIOCTH | siBsieTcst OMHAPHOM.

Teopema 8. [3] IIpenmnonoxum, 4To TEOpUS
NepBOro nopsjika crpykrypsl M umeer CBoii-
ctBo M3omsaumu. [lycTh pacmmpeHHbId 3ampoc
( ABIAETCA JIOKAIEHO TCHEPUYECKMM HaJ KO-
HEYHBIMH cOoCcTOsIHUAMMU. Torna (P 3KBUBaJIEHTEH
HaJl KOHEYHBIMHU COCTOSTHUSIMU OTPAaHUYEHHOMY
3arpocy.

Teopema 9. Ilyctes T — moutu omera-karero-
puuHas c1abo O-MUHUMAIIEHASI TEOPHSI PAHTa BbI-
nyksoctu 1. Torga T umeer CporictBo U3omsanum.

JokazarenscTBOo Teopemsl 9. Ilyctb M —
JIOCTaTOYHO HAaChIIIEHHas Mojelb Teopuu T.
Bo3bMeM Npon3BONIbHBIE ANIEMEHT a € M u Oec-
KOHEYHOEC MHOXXECTBO AC M U PacCMOTPUM
p(x):= tp(a/A4). B cuny cnaboii o-MUHHMAIIb-
HocTd P(M) BBIYKJIO M, CJENOBaTEIbHO, THII
p(X) ompenensieTcs BHITYKIbIMU (OPMYIaMH.

Cnyuait 1. p(x) — uzonupoBanHbid. Torma
cymectsyet Gpopmyna ¢(x, b), rae b € A, Taxas,
yro ¢(M, b) Bemykio u p(M) = ¢(M,b). Ta-
KHM 06pa3oM, B KadecTBe A MOKeM B3ATh MHO-
’KE€CTBO 3JIEMEHTOB U3 KOPTEXA b

Cnydait 2. p(X) — KBa3upalMOHAIbHBIN.
He ymansas o0OIIHOCTH, NPEANONIOKHUM, 4YTO
p(X) — KBasWpalnMOHAJILHBIN BIpaBo. Toraa
cyuiecTByeT Bbimykias dopmyna U(x,b) mus
HEKOTOPOTO h ¢ A, TaK 4TO p(M)gU(M,l;) u
U(M,b)* =p(M)*. B cuny 6unapuoctu T s
Mo6OH BBIYKIOH (GOpMYJBl ¢(x,h)ep neBas
TPaHMLA MHOXKECTBA () ) OHpENeieTcs
BBIITYKJIIOW (POPMYIION ! (5 p!) 1L HEKOTOPOIO
b} E};_’:' B ?ny }1]1hoH(pi(gffl’é)ir)a-KaTeropI/IqH(I))CTI/I
MIOTIAPHO HEOKBUBAJICHTHBIX BBIMYKIBIX (HOpMYIT

0(x,b') ¢ yenosuem p(M)c O(M,b;) xomeunoe
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yuciao. Takum o0pa3oM, Mbl 3aKIIOYaeM 4YTO
JeBas rpaHulia MHoxecTBa p(M) ompeznensieTcs
CUETHBIM 4YMCJIOM KoHCTaHT u3 A. Ilostomy

B  KayecTBe Ao MOXKEM
IMOAMHOYKECTBO MHOKECTBA A.

Crnyudaii 3. p(X) — uppanuoHaibHbIA. B aTOM
ClIy4ae MOXKHO IM0Ka3aTh aHAJIOTUYHO CIy4aro 2,
YTO KaK JIEBasl, TaK U IIpaBasi IPaHULIbI MHOKECTBA
p(M), ompenensitoTcsi CYETHBIM MHOXKECTBOM
KOHCTaHT U3 A.

TakuM oOpasoM, B KauecTBe A MoxkeM
B3SATb IIEPBbII HECYETHBIM KapauHain @
CaenoarenbpHo, T umeer ColicTBo M3omsamun.

B34ATb  CUCTHOC

L J

3aKiIroueHnue
Takum 00pazom, B KauecTBe CIEACTBHI
noiy4yaem, 4Yrto ecau T 1o4YTH  omera-

KaTeropuyHasi ciab0 O-MUHUMAJbHAs TEOpHs
paHra BBIIYKJIOCTU 1, To 110001 paciMpeHHbIH
3ampoc, SBISIOMUICS JIOKAIBHO T€HEPUYEeCKUM
Ha/l KOHEYHBIMH COCTOSIHUSIMH, SKBUBAJICHTECH
OrpaHUYEHHOMY 3aIPOCy.

JlaHHble ~ MCCIEIOBaHUS  MOJJIEP’KaHbI
KomuteroMm Haykn MuHuCTepcTBa 00pa3oBaHUs
u Hayku PecnyOnmuku Kaszaxcran (I'pant
AP08855544).
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PABPABOTKA ABTOMATI/I3I/IPOBAHHO!:/JI CUCTEMBI YIIPABJIEHUA
HE®GTEINNEPEKAYUBAIOIEN CTAHIIUH

TOMUTIOKUHOBA A.XK., HIVJIbII B.A., KYPUIIIBAM H.A.
Kaszaxcras Axademus mpancnopma u kommynuxayuii umenu M. Tetnvrunaesa, 050000,
Anmamur, Kazaxcman

AHnomayus. B Oannot cmamve paccmMampueaemcs. Ynpasienue AasmoMamu3upoSaHHoOU CUCMEMOL
Heghbmenepexkayusaroujell CManyuu U OMciexCusarue HeUcCnpagHoCmell ux mexHudeckux noxkasamenetl. Taxkoce
PaccmMompervl 0CHOGHbLE MamemMamuieckue Gopmyavl 015 6€30NACHON MPAHCHOPIMUPOSKU U ROOAYU Hehmu.
Ynpasnenue ocnogrvimu Oeticmeusmu cucmemsl ¢ NOMOWDBIO JI02UYECKO20 KOHMPOJLIEPAd CHUMAaemcs 0OHOU
U3 OCHOBHBIX pojlell 8 He(hmaHoU ompaciu. bvin coenan 61600 0 MoM, YMO PoOPMUPOBAHUE ONMUMATLHO2O
pedcuma pabomsl 6 A8MOMAMUSUPOBAHHOU CUCEMe YAPAGIeHUs dazpe2amamu Hemenepexadugarouyell
CMAanyuu, a maxdice MUHUMUZAYUS HEUCHPABHOCMEN NO3BOIAM CHUZUMb IKOHOMUYECKUE USOEPAHCKUL.

Knwuesvle cnosa: asmomamuzupoeamnas cucmema YnpaeieHus, Hepmenepekauuearowds Cmanyus,
MASUCMPATbHBLIL Hehmenposoo, HACOCHLIL acpe2am, QUCKPEMHbILL U AHAL0206bl MOOYIlb
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Anoamna. byn maxanaoa mynai aioay CmanyusiCblHbIH A8MOMAMMAHOLIPLLIZAH JHCYUeCiH OAcKapy cane
01apobly MEXHUKANbIK KopcemKiwmepiniy axayiapvin oaxviiay xapacmuvipwviiean. COoHOAU-ax MYHAObl
Kayinciz macviManoay MeH JcemKizyoiy Hezizel mMamemMamuxaivlk opmynanapvl capanmanzau. Xyiieniy
Hezi3el apexemmepin 102UKATLIK KOHMPOLLepMeH 0acKapy MYHAll Canacblnoagbl Hezizel pendepoin Oipi bonvin
cananaodvl. Mynaii aiioay cmanyusiCblHbIE A8MOMAMMAaHObIPbIIZAH OACKapy JHCylecinoe OHMALIbl HCYMbIC
PEACUMIH KATLINMACMBIPY, COHOAQU-AK aKaynapovl a3auny 3KOHOMUKATLIK WUbIRLIHOAPObL KeMimeodi OezeH
KOPbIMbIHObL HCACATObL.
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DEVELOPMENT OF AN AUTOMATED CONTROL SYSTEM FOR AN OIL
PUMPING STATION

TOYGOZHINOVA A.Zh., SHULTS V.A., KURISHBAY N.A.
Kazakh Academy of transport and communications named after M. Tynyshpayev, 050000,
Almaty, Kazakhstan

Annotation: This article discusses the management of the automated system of the oil pumping station and
the monitoring of malfunctions of their technical indicators. The basic mathematical formulas for the safe
transportation and supply of oil are also considered. Controlling the main actions of the system using a logic
controller is considered one of the main roles in the oil industry. It was concluded that the formation of
an optimal operating mode in the automated control system of the oil pumping station units, as well as the
minimization of malfunctions, will reduce economic costs.

Key words: automated control system, oil pumping station, main oil pipeline, pumping unit, discrete and
analog module
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BBenenue

B mnacrosiiuee BpeMs (QYHKIMOHUPYET U
MOCTOSTHHO pa3BUBAeTCsl CeTh He(TernpoBonoOB
pa3IMYHOrO paHra W Ha3HAueHUs. YNpaBieHHE
He(TIHBIMM TIOTOKaMU Ha Owkaiiiiee Bpems
yaliie BCEro BBINOJHAJIOCH 4YEpe3 apMmarypy,
(GUKCUPYIOUIYI0O TPOU3BOAUTEIHLHOCTh HAcoC-
HBIX YCTQHOBOK Ha HE(TETPAaHCIOPTHBIX MOC-
Tax, 4YTO MPUBOJWIO K 3HAYUTEIbHBIM MOTEPSIM
B PEryJupyIOLMX 3JIEMEHTaX, 3HAaYUTEIbHBIM
MOTEPSIM PHEPTUU B UX pe3ysIbTare.

[IpuMmeHeHue  peryimpyemMoro  3JeKTpo-
IPUBOAA B PEKUME PETyIUPOBAHUS IPOU3BO-
JTUTEIIbHOCTH HAaCOCHOTO arperara CO34aeT
ycinoBuss g A3(Q(EKTUBHOTO MO KaHUS
YacTOTHl BpAlICHMsI arperata B COOTBETCTBHUHU
C 3a/IaHHBIM JaBJIeHHEM M oTiyckoMm. MMeercs
BO3MOXKHOCTb IOJIKJIFOYEHUSI CHUCTEMBI YIpPaB-
JeHUs MPOM3BOJIUTENIBHOCTBIO  HedTeTpaHc-
MOPTHOTO TOCTAa K CUCTEME aBTOMAaTUYECKOTO
yIOpaBJIeHUS BCEl MaruCTpabio.

[Ton COBPEMEHHBIM He(dTenpoOBOIOM
MOJPa3yMEBAETCsl  KOMIUIEKC  COOPYKEHHI,
BKJIIOYAIOIIMI JIMHEMHYK0 YacTh, I[JIaBHBIE W
MIPOMEKYTOUHbIE HACOCHBIE CTAHIMM M KOHEY-
HbIe MyHKTHl. CaMbIM CJIIO)KHBIM 3BEHOM Maruc-
TPaJIbHOTO He(TEeNnpoBOAa SBISETCS TOJOB-
Hasi HAacOCHas CTaHIMs, BKIIOYAIOMIasl Ipo-
MEXKYTOUYHYIO CTAHLIMIO U PE3EPBYapPHBIN MapK.

N3menenne oObema HedTH B pe3yabTare
NEPUOINYECKUX U TOIOBBIX KosieOaHUil 100bIun
He(TH, TOSBICHUE HECTAIIMOHAPHBIX IPOLIECCOBB
He(dTenpoBoIaX, KOTOPHIE 3aBUCST OT Pa3IMUHbIX
TEXHOJIOTUYECKUX OIepanuid u  KojeOaHMi
buznyeckux  MmapamMeTpoB  IepeKaunBaeMoit
He(TH, a TaKXKe aBapHUilHble U PEMOHTHbBIE
paboThl MPUBOAAT K M3MEHEHHIO PEKHMOB
paboThl cTaHiui. B HEKOTOPBIX clydasx 3TH
M3MEHEHUS! MPUBOAAT K aBapUHOI OCTaHOBKE
HedTenepekaynBaoMX CTaHUUA U APYyTrUM
HETaTUBHBIM CUTYallUsIM, KOTOPbIE B KOHEYHOM
UTOTe HECYT MHOTOYMCIICHHBbIE YKOHOMUYECKUE
norepu. IlosToMy Ha Bcex ydacTkax TpaHC-
MOPTUPOBKH HEOOXOIUMO O0OECIIEUUTh COOT-
BETCTBYIOIyI0O  OecrepeOOMHOCTh  paboThl
CTaHIMI, a TaKxke 3amuTy HedTenpoBoma u
ycTpoucts [1].

Bwmecre ¢ TeM HeoOxoaumMo 00OCHOBAThH U
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MPOAHAIU3UPOBATh CTOXACTUYECKHUE MOJENU
TEXHOJIOTMYECKOTO MPOoIecca TPAHCIIOPTUPOBKH
HepTH MO MarucTpalbHOMY He(TEIpOBOAY B
CMBICIIE HEMOJIHON MH(OPMAIIUU O B3aUMOCBSI3U
Y B3aMMOJICHCTBUH, YTO BCE MapaMeTpbl MOJEIIN
HEU3BECTHBI M BCE YCJOBHS CpeAbl HE MOTYT
ObITh peanu3oBaHbl. Takoil aHAINU3 MOJE3EH IS
omnpezeneHus: padoThl MHOTUX HECTAlIMOHAPHBIX
TEXHOJIOTMYECKUX OOBEKTOB C MaruCTPaJbHBIMU
He(TEPOBOIHBIMHU MOJICTAHIIUSIMHU.

[ToBeimienne 3PGEKTUBHOCTH  TPAHCIIOP-
TUPOBKM U TMepeKkauku HePTH, MOBBILICHHUE
0e3aBapuiHOCTH PabOTHl M HAJE)KHOCTU TEXHO-
JIOTUYECKUX YCTPOWCTB, HAJEKHOCTh 0Opa-
00TKH uHGOpPMAIMK U ONEpPAaTHUBHOE pPEIICHUE
ABJISIIOTCA OJHUMHU M3 IJABHBIX BOIPOCOB B
HapoaHOM Xxo3sicTBe. [l co3maHus TaKux
aBTOMATUYECKUX CHCTEM HEO0OXOIUMO BHEI-
pEeHHE LIEHTPAIU30BaHHON CTPYKTYPHI.

AKTyallbHOCTh pabOThl 3aKiodaeTcs B
MOBBIIICHUH O€30MaCHOCTH TEXHOJIOTUYECKOTO
nporuecca HedTenepeKaynBaroIIel CTaHIUH.

Pa3paboTka HEPTAHBIX MECTOPOXKICHHMA
Xapakrepusyercsi Oe3BOJHBIM  H3BIICUCHHUEM
He(dTH U3 ckBakuH. OHAKO B KaX10M HEDTIHOM
MECTOPOXKICHUM HAYMHAETCsl MEPHUOJ BBIXOAA
BOJIbI B MaJIbIX, a 3aT€M U B YBEIMUMBAIOLIUXCS
konuuecTBax. 60-75% nedtu nepepabarbiBaeTcs
B YBIIQXXHEHHOM BUJIE.

[1nactoBbie BOABI, BBIXOJSIINE U3 CKBAKUH
HAa  Pa3IUYHBIX  MECTOPOXKACHUAX, MOTYT
CYILIECTBEHHO OTIMYAThCsl MO KOHUEHTPALUU
U COCTaBY PAaCTBOPEHHBIX B HMX MHUHEPAIbHBIX
coliefl, MO KONMYECTBy Ta3a U HAJIUYUIO
MUKpoopranusMoB. [lpu yBenuyeHuu Imiacro-
BoH cMecn HehTH C BOmOHM oOpasyercs
AMYNbCHS, KOTOPYIO CJEIyeT paccMaTpHUBaTh
KaK MEXaHHMYECKYI0 cMeCh HE()TH U BOJbI JIByX
HEPACTBOPUMBIX KHUAKOCTEH, (HopMUPYIOLIUXCS
B BUJIE Kalellb, OJJHA HAa TEPPUTOPUHU APYTOu
KOTOPBIX UMEET pa3Hble (POPMBI.

Hannuue Boael B HeTH MNPUBOAUT K
YIOPOXKAHUIO TPAHCIOPTUPOBKH, YTO CBSI3aHO
C pocToM OOBEMOB TPAHCIOPTUPYEMOM KU-
KOCTH M yBEJIMYEHHEM €€ BI3KocTU. [laxe mpu
Hamuyun B Hehtn 0,1% BOABI TPHUBOIUT K
BCIICHMBAHUI0O HEPTH B PEKTU(PUKAIMOHHBIX
KOJIOHHaX HedTenepepabaThIBAIOMIUX  3aBO-
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JIOB, YTO HApyIIaeT TEXHOJIOTHYECKHE PEKUMBI
nepepaboTKH, a TakkKe 3arpsi3HseT KOHICH-
CAIlMOHHYIO anmnaparypy.

KagyecTtBo oOpabarpiBaeMOl TPOAYKIIMUA B
0o0JIbILIeH CTETIeHN 3aBUCUT OT KQ4€CTBA ChIPbSI, TO
ecth He(Tu. Ecnu paHple Ha TEXHOJIOTMYECKUX
yCTaHOBKaxX HedTenepepadaThIBAOIINX 3aBOIOB
ucnosib3oBasioch 100 500 MummurpamMmmMoB HehTH
C MHUHEpaJbHBIMU COJISIMU B JIUTpE, TO ceifuac
TpedyeTcs Oomee rimyookas obecconeHHas He(Th,
Y 3a4acTyI0 Tepe nepepadoTkoit HedTu mpuxo-
JIATCS IOJIHOCTBIO OTAEIATh OT HEee con [2].

Hamuune B HedTH mnecyaHbIX U MIIOBBIX
YaCTHIl MEXaHMYEeCKUX IpUMecell MNpPUBOAUT K
abpa3suBHOMY H3HOCY TPYyOONpPOBOMOB, HedTe-
TPaHCIIOPTHOTO  OOOpY/IOBaHMS,  3aTPyAHSET
HedTenepepaboTKy, MOBBIIIAET 30JbHOCTh Masy-
TOB U TYIPOHOB, MPUBOAUT K OOpPa30BaHHIO
3aJIOMOB B XOJONWJIbHHMKAX, I€4aX M TeIlo-
OOMEHHHKAX, YTO MPHUBOJUT K CHMXKEHHIO KO-
(urMeHTa TEIIOO0TAAUN U CKOpEHIleMy BBIXOLY
uX U3 CTpos. MexaHnuecKue NpuMecy MPUBOJIAT K
00pazoBaHUIO (HOPCUPOBAHHBIX IMYIILCHIA.

Hanmuume wmuHepanbHBIX coseir B HedTH
B BHJE KpUCTAUIOB U B BHUJIE pPACTBOPOB
B BOJE NPUBOAUT K YCHIEHHOM KOpPpO3UU
METaJUIOB Ha HedrenepepabarbBaOImeM U
He(TeTpaHCIIOPTHOM OOOpPYIOBAaHUU H TPYOO-
IPOBOJIAX, MOBBIIAET CTAOMIBHOCTD AMYIbCHIA,
3aTpyaHSIET nepepadoTKy HeTH.

Brlmenepeunciennble  TPUYUHBL  00BsC-
HSIOT HEOOXOIMMOCTh IOJTOTOBKM HeDTH K
TPaHCIOPTUPOBKE. B OCHOBHOM MOJATrOTOBKA
HepTH BKIFOUAaET B ce0s ee 00e3BOKMBAHHUE
u o0eccoiuBaHHe U MOJHYIO MU YAaCTUYHYIO
JIera3aluio.

['mapaBnuueckass MamiMHa, KOTopas IpU
nojjaye SHEPrUM Ha HACOCHl HAYMHAET IMepe-
MEIIaTh JKUJIKOCTh MOJ| JABJICHHEM B JpYyroe
MecTo, Ha3bIBaeTcs HacocoM. Kommekt Hacoca ¢
AJIEKTPONPUBOJIOM U [T€PEIATOYHBIM MEXaHU3MOM
(mydToit, pemykTOpOoM, IIKHBOM) OOpasyer
HacocHbIM arperar. Komrmuiekc o0OopynoBaHus,
obecnieunBarOIIMK (PYHKITHOHUPOBAHNE HACOCOB
B HY>KHOM TOPSAKE U COCTOSIIIUNA U3 OJJHOTO WIIN
0oJiee HACOCHBIX arperaroB, TPyOOIPOBOIOB,
3aIOPHOM M peryaupyrouend  apmaryphl,
KOHTPOJIbHO-U3MEPUTENLHON  ammaparypel U

anmaparypbl YIpaBJICHUs U 3alIUThI, COCTABIISCT
HACOCHYIO yCTaHOBKY. 3/1aHHE, B COCTAB KOTOPOTO
BXOJISIT OJTHO WMJIM 0O0Jiee HACOCHBIX YCTAHOBOK,
BCIIOMOTATeIbHBIC CUCTEMBbI W 00OpPYIOBaHHE,
OBITOBBIC M TPOW3BOJICTBCHHBIC ITOMCIICHHS,
obecnieunBaroIre paboToCIoCOOHOCTh OOBEKTA
B IICJIOM, Ha3bIBACTCSI HACOCHBIM MTOCTOM.

CoBpeMeHHasi Hayka O Hacocax JEIHT HX
10 TPUHIMITY JCHUCTBUSI HA TPU OCHOBHBIC
TPYIIBL:  JIOMATOYHBIC, WU JIOMATOOOpa3HbIC
(IUPKYISIMOHHBIC HACOCHI ), BUXPEBBIE (TATOBBIC
HAacochl) H OOBEMHBIE (BBITCCHUTEIIHHBIC
HAaCOCHI).

B nomacTHBIX Hacocax TmpeoOpa3oBaHHE
SHEPIUU OCYIICCTBISIETCS B MPOLIECCE IUPKYIIs-
UM JIOTTACTEH KOJIEC ¥ KX CHUJIOBOTO BO3JICHCTBHS
Ha MOTOK.

JlomacTHbIe HACOCHI JENATCS HAa LEHTPO-
O0exxHble (rpeOHbIE), AMAroHaJIbHBIE M OCEBBIC
(npomemutepubie).  LleHTpoOekHBIE  HACOCHI
MepeMEIalT XKHUIKOCTh B paboyeM Koliece B
HalpaBJICHUH OT LEHTPAJIbHON YacTH HapPyKy,
T.€. B TIOTOKEC J>XUIKUX YACTHI[ OTCYTCTBYIOT
OCEBBIC COCTABIISIONINE A0COIOTHONH CKOPOCTH.
LleHTpoOCKHBIE HACOCHI HWMEIOT MEHBIIYIO
BCACBIBAIONIYIO CrHOcOOHOCTh. [lodTtomy mipm
UX BKJIIOYCHHH BO BCACBHIBAIOIIYI0 TPYyOy H
MoBepX pabouero Koyieca HaJUBACTCs KUIKOCTh
C TIOMOIIBIO PAa3IMYHBIX METOAOB. JlomacTHbIe
HACOCHI YIOOHBI JUIS TPSMOTO TIOAKIIOYCHUS C
COBPEMEHHBIMHU DJICKTPOMOTOPAMHU, MapOBbIC U
ra3oBble TYpOWHBI C IBUTATEIISIMH BHYTPEHHETO

cropanus. JlomacTHble HAcOCHl OTIMYAIOTCS
KOMITAKTHOCTBIO U JIETKOCTBIO.
KIIJI nomacTHBIX HACOCOB JOCTHUIaeT

3HaueHui 0,95-0,98, 1 B 30He CpeTHUX JaBICHUM
KIIImopriHeBbIX HACOCOB OKAa3bIBACTCS HE HUXKE.
[TosToMy mnpu HU3KHMX W CPEAHHMX JIABJICHHSIX
MIPUMEHSIOTCSI TOJIBKO JIOMACTHBIE HAacOCHl. Tak
KaK B HACTOSINEE BpPEMs YCOBEPIICHCTBOBAHBI
METOJIbI TIPOCKTUPOBAHMSI M  IPOU3BOJICTBA
JIOITACTHBIX HACOCOB, JIOIMACTHBIE HACOCHI CTAIU
WCIIOJIB30BaThCSl U TIPU BBICOKUX JABICHHSIX.
[lenTpoOE)KHBIE  HACOCh, B TOM  YHCIIC
JIOTIACTHBIC, HAXOMAT IIUPOKOE NMPUMEHCHHE B
HepTEeXUMHUM NJIs1 TTO/1aYM BBICOKOATPECCUBHBIX
W TOKCHYHBIX JKHUIKOCTEH TpH Tojmadye HedTH
u HedTenpomykToB MO TpyOOIpoBoAaM, s
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MoJja4yu BOJbl B HE(TEIIaCTUK Mpu J00bIue
Hedtu [3,4].

OcHoBHasl YacTh

OcHoBHBIE MapameTpbl HacocoB. OCHOB-
HBIMU [apaMeTPaMy HACOCOB SIBIIIOTCS 110/1a4a,
JIaBJICHUE, MOIITHOCTh ¥ KOA(PGUIIUESHT CKOPOCTH.

Ornpapienne. DOaKTUYECKUM  PaAcXOJIOM
HAcoca Ha3bIBACTCs KOJTMUECTBO JKUIKOCTH, IIPO-
XOJIAIIEH Yepe3 HalOPHBINA MaTpyOOK B €AUHUILY
BpemeHH. llepechlika MOXKET MOAaBaThCs B
€IMHUIIaX 00bEMHOTO MIIH BECOBOTOMIOTPEOICHHUSL.
O6bemHOE mOTpebeHne u3Mmepsercss Q M/
wim Ji/c, a BecoBoe mnorpedbmenue G Kr/c.
Becoroe norpebienne G 10DKHO OBITH CBSI3aHO
¢ oOobeMHBIM moTpednenueM G=pQ, tae P —
IUIOTHOCTh MEPEKAYMBAEMOM JKUIKOCTH, KI/M>.

Teopernueckas momada Hacoca (QT,GT)
HA3bIBACTCSl KOJIMYECTBOM JKUIKOCTH, TMEpe-
KauMBaeMoil paboyuMHU oOpraHaMM Hacoca BO
BHYTPEHHHUX €ro KaHajaX B €IWHHUILy BPEMEHH.
OtHomeHue (hakTudeckoro ormycka Q Hacoca
K TEOPETHYECKOMY OTHyCcKy Q. ompenenser
oowemusiit KI1JI Hacoca, To eCTh:

or’ (1)
Q u3MepsieT oTIpaBKy (PaKTHIECKOTO 0ObeMa
U3MEPUTENSIMHU, OObEMHBIMH CYETUHNKAMHU.
JlaBnenune Hacoca. Ilox maBneHuem Hacoca
H noHumaercs mnpupaiieHue MexXxaHUYeCKOu
SHEPTUH, KOTOPOE HECET KHUAKOCTh, TPOXOAIIAs
yepe3 Hacoc; JaBJIeHHE Hacoca MpPeICTaBIISIET
co00l pa3HOCTh NaBJIEHWH Ha BXOJIE W BBHIXOJE
Hacoca, U HM3MepsAeTcs B METPax OT KOJIOHHBI
TPaHCTIOPTUPYEMOM AKUJIKOCTH. Takum
o0pa3oM, J1aBjeHHe Hacoca MOXHO 3amucarh 1o
caenytomen hopmysne:
_ z .2
=%+ (zH_zB) +%’ (2)
rae Py, Zy, Vy — ngaBinenue, o003HAYECHUE
Y CKOPOCTB IOTOKA Ha CTOPOHE HarHeTaHwus; Pg,

H = Hy, — Hy

Zg, VB — mapaMeTpBl Ha BXOZIE Hacoca.
Momnocts. Ilorpebnsemast momuocTts P
Hacoca U3MepsieTcsl B BarTax M Kuijosarax. s
€ro OompeleNieHHuss HEeoOXOAMMO, YTOOBI ObLIa
U3BECTHA 0JIE3HAs! MOILHOCTG P, :
QpgH
Pn = 102 3)
OTtHollIeHHE TI0JIe3HOM MomHOCTH B, K
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noTpedsieMoit MontHOCTH P onipenenser o0t
K03 (UIMEHT MOJIE3HOTO JICUCTBUS Hacoca 1:

n=-=

B’ Q)
[Torpebisiemast MotHOCTH P onpenensiercst
o popmyre:
— QegH
BETE N (5)
Koaddumment cxopoctu. Koaddumment
CKOPOCTH CYHMTAeTCsl OTHOCHTEIbHOW Xapak-
TEpUCTUKOM JomacTHOro Hacoca. OH onwu-
CBIBaeT KOHCTPYKTHBHbBIE 0COOEHHOCTH
CepUM aHAJIOTMYHBIX HACOCOB, U TO3BOJISIET
BBIOMPATh HACOCHI ISl pabOTHl B 3aJaHHBIX
YCIIOBUSIX, UCTIONB3YS ypaBHeHus nonodus. [loxa
ko3 puieHToM CcKopocTH T, WM OTHOCH-
TEJIbHOM YaCTOTOW BpaIlEHUS ITOHUMAETC
yacToTa BpallleHHUs Hacoca, MNOTPeOsoIIero
MoHOCTH 0,736 kBT ipu 10CTHKEHUU TaBICHUS
1 metp. Ucnionb3yst ypaBHEHUSI TEOPUU TTOA00HS,
MO>KHO TOJIYYUTh CIEAYIONIYI0 (opMyITy:
Je
W (6)
[Tpu 3amaHHOl YacTOTE BpaIIeHUS N KOA()-
(GUIUEHT CKOPOCTH NS YBEIIMYUBACTCS IO Mepe

YBCIIUUCHUA ITPOU3BOAUTCIIBHOCTHU Q U 1aBJIICHUS
H.

n, = 3.65n

Ha HeTAHBIX MECTOPOXKICHUSAX ISl TPAHC-
MOPTUPOBKH HEPTH U HEPTAHBIX SMYIbCUH MPH-
MEHSIFOTCS B OCHOBHOM IIEHTPOOEKHBIE M TIOP-
IITHEBBIE HACOCHI.

B 11eHTpo0eKHBIX Hacocax ABIKEHHE JKU-
KOCTH OCYIIECTBIISIETCS B PE3YJIbTaTe IEUCTBUS
IEHTPOOEIKHBIX CHJI, BO3HMKAIOUIMX MNpU Bpa-
IEHUH KUIKOCTH pabounmMu kojecamu. Pabouee
KOJECO C JIOMACTSMM, YCTAHOBIICHHBIMH Ha
Bajly, BpAalllaeTCsi BHYTPU KOpILyca, BMECTE C
JKUJKUM  KOJIECOM, TMOCTYMNAIOIIUM B LEHTP
KoJeca €  BCAChIBAIOIIMM  HarpyOkoMm, C
LEHTPOOEIKHOW CHIION BBIOpAchIBaeTCS HApPYyKYy,
UM HarbHerareilb BBIXOAWT Yepe3 MaTpyOoK.
[lenTpoOexXHBIE ~ HACOCHI  IOAPA3IENIAIOTCS
Ha OJHOCTYNEHYAaTble M MHOIOCTyII€HYaThle
Hacochl. B MHOrocrtyneH4arbIX Hacocax Kax-
Jas U3 OPEeACTOSIIIUX CTyHeHeill paboTaeT Ha
INPUEMHYIO TOCIEIYIOIEH CTYNeHH, 3a CYeT
4ero JaBJICHUE HACOCA YBEINYUBACTCS.

B HedTAHON NPOMBIIIJICHHOCTH 4YacTo
UCIOJB3YIOTCSl OJHOCTYIEHYaTble W MHOIO-
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CTyIlEHYaThle EHTPOOEKHBIE HACOCHI CEKIIMOH-
Horo tura HJl u HK.

Eciu oaun Hacoc He MOXeT 0OecneuyuTh
HEOOXOAMMYIO TMOJlauy WJIM JIaBJICHHE, MpH-
MEHSIETCSl MapaljieIbHOe WM IOCJIE0BATENb-
HOE COEJUHEHHE HECKOJbKHUX HacocoB. OueHb
pacipoCTpaHEeHO MapajiieIbHOE COECIUHEHHE
HECKOJIbKUX LIEHTPOOEKHBIX HACOCOB, KOTOPHIE
BTATHBAIOT HE(PTH B OJIHY TPYOYy.

LlenTpoOeKHbIE HACOCHl HMEIOT CIEAYIO-
M€ MpeuMylLIecTBa: Malible rabapuThl, OTHO-
CUTEIIbHO HHU3Kas 1I€Ha, OTCYTCTBHUE KJIAllaHOB
u  ayonupyromux (GOpCUPOBAHHBIX JCTaleH,
BO3MOXXHOCTb ~ MPSIMOTO  MOJKJIIOYEHHUS K
BBICOKOCKOPOCTHBIM JIBUTaTeNsiM, BO3MOXKHOCTh
nepeKayku He(hTH ¢ MEXaHUYECKUMHU IIPUMECIMU,
yI0OCTBO aBTOMAaTH3allMM HACOCHBIX CTaHIIM,
000pYIOBaHHBIX IIEHTPOOCIKHBIMUA HACOCAMH.

ITpu BeIOOpE MBHUTATENS TSI IEHTPOOEHKHOTO
Hacoca cieyeT o0paliate BHUMaHUE Ha YaCTOTY
BpallleHUs IBUTATEIs], TaK KaK B LIEHTPOOESIKHBIX
HACcOCax MOIIHOCTb, AaBJICHUE, TPONU3BOIUTENb-
HOCTbh M 4YacTOTa BPALICHMS CBSI3aHbI CIIEHYIO-
[IMMH YPaBHEHUSMU:

P

e (7)

z
ny

H_n
H, ni’ (8)
2
@z ny' (9)
My _mi
M, n3 (10)
rae M - KpyTAIui MOMEHT JIBUTaTelsl.
Hacocer anst  TpyOOmpoBOAHOW — TpaHC-

MOPTUPOBKH HEPTH M HEPTEMPOITYKTOB MOTYT
paborars nox nasiaenuem 6-7 MH/m?. Benuuuna
JaBIICHUS OMpEHENseTCs JOMmyckoM Tpyo. B
3aBHUCUMOCTH OT JHaMeTpa TpyOoompoBoja
npomyck HacocoB coctasisier 0,0278-1,15 m’/c
(100-4000 wm*/4). PacctosiHue momadu OJHOTO
HacocHoro nocta cocrasisier 100 km u Oonee.
JUisi TpaHCTIOPTHUPOBKU CHIPO HEPTH Cpeau
NPEANPUATHA TPUMEHSIOTCS HACOCHI C MaJIOH
rogauen [5].

HaunbGonee »KOHOMHON YyCTaHOBKOM JUIst
MarucTpajbHBIX  HE()TENPOBOAOB  SBISETCA
arperar, COCTOSIIHNIA U3 JAByX WM TPEX HACOCOB.

OcHOBHBIE TEXHUYECKHE JTaHHbIE HanOoiee
pacmpoCTPaHEHHBIX I[IEHTPOOEKHBIX HACOCOB
IpUBeIeHbI B Tabnuue 1.

Taﬁ.ﬂnua 1. Texunueckue JaHHbIE lIeHTp06e)KHBIX HaCoCoOB

Mapka Hacoca | Otmyck M*/4 | JlaBneHue, m | DieKTpuYecKas MOIIHOCTh, KBT Yacrora Bpaienus, mud' | Macca, kr
OHOCTYIIEHYATBIC PETYTUPYIOIINE HACOCHI

1,5-K 6-14 20 2,2 2900 60,5
2K-6 10-30 34 4 2900 78
3K-6 45 54 20 2900 301
3K-9 30-54 34 7 2900 141
4K-6 90 87 55 2900 496
Hacocsl Tuna HK

HK- 65-35 7 13 3000 200
HK- 200- 7 35 3000 100
HK- 560- 7 10 3000 200
MHorocTtyneHyarble CeKIUOHHbIE Hacochl Tha MC

3MC- 34 46 7 1950 185
3MC- 34 69 10 2950 213
3MC- 34 92 14 2950 241
3MC- 34 115 17 2950 269
4MC- 60 66 17 2950 220
4MC- 60 99 25 2950 254
4MC- 60 132 33 2950 280
4MC- 60 165 42 2950 324
MHoroctyneH4arble HeTsSHbIE HACOCH

8H/I- 150 95 29 1500 1837
8H/I- 200 210 45 1500 3370
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SH/I- 300 420 50 2950 3492
8MBb- 400 300 40 3000 1875
14H- 1100 370 54 3000 4900

B Hacrosiiee BpeMs MCIOJIb30BaHUE peEry-
JUPYEMOro 3JIEKTPOIPUBOAA ISl ONEPATUBHOTO
YIOpaBICHUS peKUMaMH pabOThI LIEHTPOOESKHBIX
HAaCOCOB M3 IEHTPa HEPTETPAHCHOPTHBIX MOC-
TOB pacTeT JeHb OTO JAHA. BHenpenue pery-
JUPYEMOro IO YacTOTe BpallleHUs HACOCHOTO
AIIEKTPONPUBO/IA [TO3BOJIIET CHUZUTH PACXOAHYIO
MOIIHOCTH JI0 MTOJIOBUHBI 33JJaHHON MOLITHOCTH B
3aBHCHUMOCTHU OT T€XHOJIOTMYECKUX MapaMeTpoOB
HeTeTpaHCIOPTHBIX cTaHmui. [IpumeHeHue
PEryIupyeMOoro 3IeKTPOIPUBO/IA B TOPSIKE PETy-
JUPOBAHUS TMPOU3BOJUTEIBHOCTH HACOCHOTO
arperara cosfaetr ycioBus misi 3(pQexTUBHOrO
NOJICpKAHMUSI 4acTOThl BpalllEHUs arperara
B COOTBETCTBUHU C I10/IaBa€MbIM JIaBJICHUEM U
ornyckoMm [6]. MMeeTcs BO3MOXKHOCTH IOJ-
KIIOYEHUS  CUCTEMbl  YIPABJICHUS  IPOU3-
BOJIUTEJIBHOCTBIO HE(PTENPOBO3HOIO TOCTAa K
CHUCTEME AaBTOMATUYECKOIO YIpaBJIeHUS Bcel
Maructpanu. B HepTIHON NPOMBINIIICHHOCTH
yalie BCEro MPHUMEHSIOTCS LEHTPOOEKHBIE
HAcCOChl OJJHO M MHOTOCTYIIEHYATbhle, a TaKXke
CEKIIMOHHbIE eHTpoOexkHbIe Hacochl Tuna HK.

Hacocnast crannusi XxapakTtepusyercs Kak
CIIOKHBI  DJEKTPOTHAPABIMYECKUNA  TEXHHU-
YECKUH KOMIUIEKC 3JaHUi M 000pYIOBaHUS,
BKJIIOYAIOIINN Tpoliecc Mpeodpa3oBaHUs dJIEK-
TPUUECKOI SHEPTUU [TOTOKA )KUJIKOCTH B MEXaHH-
YECKyI0 U, COOTBETCTBEHHO, YIIpaBJIEHUE Iapa-
METpPaMU TPAHCIIOPTUPYEMOU KUAKOCTH [7].

Hacochble cTanmmm HaxoasT MacutabHoe
MIPUMEHEHUE B XO3SMCTBE, Mpou3BoAcTBE. OHU
XapakTepHu3yrT Oousbioe pazHooOpaszue (PyHK-
Ui, cXeMy IMOJKIIOYeHHUs] HACOCOB IPH COB-
MECTHOM paboTe, peryiaupyeMble HapaMeTphl,
IpyNIbl HAJCKHOCTH U JPyTHE OKa3aTeNu.

[To ciocoOy MoKIIIOYeHHUs HACOCOB HAcoC-
Hasl CTAHLUS BBIPAXKACTCS B HWHIUBUAYaTbHOU
paboTe HacOCOB U COBMECTHOM pabOTe HACOCOB.
[TepBbIit crioco0® xapakTepu3yeTcsi MaJIod MOIII-
HOCTBIO Hacoca JUIsi HACOCHOM CTaHIMU U
HU3KUMH TpeOOBaHUSIMU K HAJIS)KHOCTH PabOThI,
HarpUMep IS IPEHaKHOTO Hacoca.

W nacocsl, pabortaromue BMeCTe, HaCOCHAs
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CTaHIMS I[IMPOKO HCMOJB3YeTCS ISl  BCEX
tunoB. Taxke myg obecrneueHnss HEOOXOIUMBIX
TEXHOJIOTUYECKUX TOKA3aTelIel HCIOIb3yeTCs
napajuiebHOe, TOCIeA0BaTeIbHOE W KOMOH-
HUPOBAHHOE COCAMHCHHE YCTPOUCTB. OCOOCHHO
Mpyd  TNapauieIbHOM  COCIWHEHUU HACOCOB
UCIIONB3yeTCs OOJBIOE KOJTMYECTBO HACOCHBIX
CTaHIIUN TETJIOCHAOKEHUS.

[TocnenoBarenbHOE COEIMHEHUE MPOU3-
BOJIUTCSI TOJIBKO B TOM Cliydae, €clid TpedyeTcs
BBICOKOE JaBjicHHEe. HacoCHyro CTaHiuioo Mo
pEryaupyeMbIM MapameTpaM MOXKHO pa3/IelIUTh
Ha CTAHUMIO pEryJupOBaHMsS JAaBICHUA U
CTAHIMIO PETYJIUPOBAHUS MTOTAYU.

Hacocnas cranius ucrons3yercs 11 napasi-
JIETILHOTO COETMHEHUSI HACOCOB C MPUOPUTETHBIM
WCIIOJIB30BaHUEM, A TAK)KE BOJO3ALIUTHI B CHC-
TeMaxX BOJOCHAOKEHHS ¥ 30H pa3MEHICHHS
JOICH, CHUCTEM Hapy>KHOTO BOJOCHAOKEHUS
TEXHOJIOTUYECKUX KOMIIJIEKCOB ITPOMBIIIIEHHBIX
MPEANPUATHNA, TTPOU3BOJICTBEHHBIX OOBEKTOB, B
TOM YHCJIE Ha TPEANPHUATUAX LBETHOU MeTa-
nypruu U HedrenepepadaThIBAOIINX 3aBOIaX.

BaxHbIM 53]1EMEHTOM HACOCHOM CTaHUUH
SIBJISIETCSI HACOCHAsl YCTAHOBKA C OJHHUM WU
HECKOJIbKUMHM HacoCaMy, CUCTEMA BCACBIBAaHUSA
W HarHeTaHusi TpyO, 3alopHBIA WHCTPYMEHT,
XOZI0Bas JIMHUS, & TAK)KE U3MEPUTEIIbHBIE TEXHO-
JIOTUYECKHUE NTapaMETPbl APYTUX YCTAHOBOK.

B kadecTBEe OCHOBHOTO CHIJIOBOTO 00OpY-
JIOBaHMSI HA HACOCHOM CTAaHLMHM HUCIOJIb3YIOTCS
00BEMHBIE WIIM TUHAMUYECKUE HACOCHI.

HacocHass cranmms mociie  nEepBUYHOU
MEPETOHKH He(TH 00CCIICUYMBACT €€ MPUTOK B
YCTAaHOBKHM  JAJIbHEHMIIET0 TEXHOJIOTHYECKOTO
[UKJIAa W TOJAJEpKaHue B HEH HeoOXoauMoro
napieHus [8,9].

[Tepekauka HeTH B HACOCHI TPOU3BOIUTCS
gyepe3 (DUIBTPBI, YCTaHABIMBACMBIC Ha BCACHI-
BAIOIIEW M BBITSDKHOM MarucTpalsix 3TOW CHC-
teMbl. CTaHIUs BCermaa o0opyaoBaHa paOOIrMHU
U pe3epBHBIMU Hacocamu. Bxirouenue B paboTy
Ka)XIOTO M3 HACOCOB WJIM OJHOTO U3 (PHIIETPOB
B BBITSDKHOM MAarucTpajii MPOU3BOAUTCS C
IIOMOIIBIO YCTPOUCTB, YNPABIAEMBbIX CHCTEMOMN
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aBToMaTuku. CHCTeMa aBTOMAaTH3aIldd YIIPaB-
JeHus: pabOTOM HACOCHOW CTAHIIMW JIaBJICHUS
BOJIBI HE TOJBKO oOecrneunBaeT MOACpIKaHUe
33IaHHOTO JABJICHWS Maclia B  BBITYCKHOM
MarucTpajid, HO U B Cllydae BBIXOAa pabouero

:'-’T!‘\
e

Hacoca M3 CTPOsl WM 3aCOPEHUsl OJHOIO U3
pabounx GUIBTPOB MPOU3BOIUT CBOEBPEMEHHYIO
3aMeHy paboueil TMHUHM HA PE3EPBHYIO CUCTEMY

[10].

Puc. 1 — Texnonozuueckas cxema pa60mbl HACOCHOU cmanyuu

Jlns KOHTpOJIsI pabounX MapaMeTpoOB B TEX-
HOJIOTUYECKOH LIEMN HACOCHON CTaHILIUU UCIIOJIE-
3YIOT CJIEAYIOINE TEXHUYECKUE CPEICTBRA:

- DM1-DM4 — nuddepennmnaibaple MaHO-
METPBHI,

- P1, P3 — maTuukum maBieHUs Ha BXOJE HACO-
COB;

- P2, P4 — parumku naBlICHHS Ha BBIXOJIC

HACOCOB;

- Z1-Z6 — npuBOAbI 3aJIBUKEK U JATYUKHU UX

TTOJIOYKEHHSI;

- F1-F4 — ¢unsrpel HEDTAHOI ceTH.

v
KOHTPOTNIEP

Mopt com
| []

]

CPU Momyne mucEpeTEOrNe BXoOa (TopT) Mogyne aganorosoro Bxoga (nopt) ﬁ;?;ﬁ?mmu
1 1 G N N A N T T M

Kronea yopasnsmua

Z] MEOMEITOP DITHHE DROEREEH
Z2 MEIHEITOD DITHHER DETERCEEH
Z3 HHIHEZTOp D2THHER S2IEIEEH
Z4 HHIHEZTOp D2THHER S20EIEEH
Z5 MEIMEZTOD DaTYHER SOEHEER
Z6 HHIHEZTOp D2THHER S2IEIEEH

Pl garqeE gREnsHEd
P2 paruek pzensHEs
P3 garuew masnepHg
P4 garqer gREnsHEL
DM mudbepeHIHanEHEN MAHOMETD
DM2 muddepeHIHaMEHER MAHOMETD
DM3 mudepeHIHanEHER MAHOMETD
DM muddeperTrame el MAaHOMETD

Z] npuEon 3aEEICERR
Z2 npHEOD ZATEEEHR
73 npuEon TamEICERE
Z4 npuEon TamEICERH
Z5 npHEon TamEIiCeErs
ZB NpHEOD SATEICEER

Puc. 2 — Cmpyxmypa cucmemol ynpasienus HACOCHOU cmanyuel HU3Ko20 0de1eHus

Jlannas anmaparypa MOAKIIOYAeTCsl K COOT-
BETCTBYIOIIUM IOPTaM KOHTPOJUIEpa CUCTEMbI
VIIPABICHUS BBITSHKHOM HACOCHOW CTaHLMEH
(puc. 2).

K nmuckperHomMy Momymto (mopTy) BBOAQ
JAHHOTO KOHTpOJIJIEpa MOAKIIOYEHBI JTaTYUKH
MOJIOKEHHSI KHOTIOK YIIPaBIICHUS U 3aILENOK, KaK
U B IpenpiayiieM ciayyae. K Bxony aHaioroBoro

MOJIyJIs BBOJIA (TTOPTA) MOIKJIFOUEHBI aHAJIOTOBBIC
JaTYUKU  JaBieHus W 1auddepeHnuanpHbe
MaHOMETpHI. J[BUraTenu Bcex 3a/BHKEK U MpH-
BOJIbl HACOCOB MOAKIIOYEHBI K JUCKPETHOMY
BBIXOTHOMY MOJYITIO (TIOPTY).

BriBoanI

B mnacrosimee Bpemsi 3HaYMTENbHAs OIS
HepT M HePTENMPOMYKTOB TPAHCIOPTUPYETCS
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[0 MaructpajbHbIM TpyOompoBomaM. B cBsizu  TOYKY MO MaructpajibHOMy He(TernpoBoay, T. €.
C 9TUM oco0oe BHHMMaHHE OBUIO YAEJIeHO JOCTaBKaOT MecTalepepaboTKu K MOTPEOUTENIO.
MOBBIIICHUIO Y(PPEKTUBHOCTH MEPEBO30K. OcHOBHbIE IYCKOBBIE MCTOYHUKH TpaHC-

TpancnoptupoBka HepTH U HEPTENPOAYK- MOPTUPYEMOTrO MPOAYKTa HAXOAATCS B HAYAIbHOM
TOB, IMPUPOAHBIX WJIM MCKYCCTBEHHBIX I'a30B U3 U KOHEUHOM TOYKaxX TpyOONpOBOJa U HAXOAATCA
HayaJIbHOW TOYKM TPyOONpOBOJAa B KOHEUHYIO  TaM, IJIe HAXOJATCS OTPEOUTEH.
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YK 004.9
MPHTH 28.23.24 DOI 10.55452/1998-6688-2021-18-2-88-98

MHMKPO KEJIJIE MYJIbTUATEHTTI )KYHUEJIEPII KOJAJAHYFA IIOJTY

TOJIETEHOBA I, )KYKABAEBA T., 3AKHUPOBA A., ABJINJIIAEBA A.

Kasaxcman-bpuman mexnuxanvix ynueepcumemi, 050000, Aimamol, Kazaxcman

Anoamna. Conevl yaxuimmapoa Oipneuie acenmmepee He2i30e12eH aKblIObl JHCENiNIK KOCLIMULANAPRa
Kon KoHin Oeninin xenedi. Mynvmuazcenmmik oicytie peminOe 0Oip-Oipimer aknapam aimacyowvl Jcyseee
acvlpa anamvlii Jicone Oeneini Oip JHCOIMEH KOpulaean opmamer e3apa apekemmecemin Oencini Oip opmaza
OpHANACMbIPbIIZAH 6A20APIAMATBIK  HCACAKMAMAHBIY HeMece QUIUKATLIK KYpbliebliap Oipaikmepininy
(HblCAHOAPLIHBIY) JHCUBIHMBIZLL MY CIHOIpinedi. COHbIMeH Kamap Mynbmu-a2ceHmmi JHCyueHiyy Komnonenmmepi
Keneci Kacuemmepee ue: O1Ap aeMOHOMObL, OPMANLIKIMAHOLIPLIIMAZAH NPUHYUR OOUbIHUA OACKAPLLIAOb
JHCOHE KOPUIARAH OPMAHbIH wiekmeyii Ooicinen eana aknapam aia aiaosl. Mukpo sceninep mynomuaceHmmi
acytienepli muimoi KoNOanyea OonamvlH JHCYUeHIH MUunmix Mulcaivl 6onvin Kenedi. byn scymvicma mukpo
Jcenioe mynomuazenmmi Jcytieni Konoany ycvinvinzan. CoHbIMeH Kamap mysAcblpblMOAManap, Ken a2enmmi
JACYUeHIy apxumekmypacvl, Oackapyovly mepm cmpame2uscvl OOUbIHWIA JICIKMEN2eH MUKPO  JiCeliHi
backapyOviy apmypii acheKminepine dHCaH-JcaKmvl wiory Kapacmulipbliaobl.

Tyitinoi coe30ep: Smart grid, MuKkpo iceni, OpmanbiKMaHObLIPLLIEAH MUKDPO Jiceli, OpMAanblKMAHObIPbLIMASAH
MUKPO Jiceili, MYTbIMUd2eHmmiK scytie.

OBb30P IPUMEHEHUA MYJIBTUATEHTHBIX CUCTEM B MUKPOCETH

TOJIETEHOBA I'., ’KYKABAEBA T., 3AKUPOBA A., ABIUJITAEBA A.

Kasaxcmancko-bpumanckuii mexuuueckuu ynugepcumem, 050000, Arimamol, Kazaxcman

Annomauus. B nocneouee epems 60buLoe HUMAHUE YOETACMCS NPULONCEHUSM UHMELIEKMYAIbHbIX cemell
HA OCHOBE HeCKONbKUX acenmog. 1100mynvmuacenmuol cucmemoul NOHUMAemcs Habop eouHuy (cywnocmeti)
NPOCPAMMHO20 0DecnedeHus: Uy PU3UYeCcKux YCmpoucms, KOmopvle nomMeujensl 8 HeKylo cpedy, 8 KOmopou
OHU MO2YM OCYULeCMEIISIMb UHDOPMAYUOHHBLIL 0OMEH Opye ¢ OPY2OM U 63AUMOOCUCMBE08AMb ONPEOe/ICHHbIM
obpazom co cpedou. Ilpu >mom KOMHOHEHMbL MYILMUASEHMHOU CUCMeMbl 001a0arom Credyiouumu
ceolcmeamu: OHU ABMOHOMHbL, YAPAGIAIOMCL N0 OeYeHMPAIU308AHHOMY NPUHYUNY U MO2YM NOTYYAmb
uHpOpMayuIo UL U3 02PAHUMEHHOU Yacmu OKpydcaiouell cpedvl. Muxpocemu SII0MC MUNUYHBLM
NPUMEPOM CUCTEMbl, 8 KOMOPOU Mo2ym Obimb dD@eKmueno npumenensl mMyrbmuazenmuvle cucmemvl. B
O0aHmnoll pabome npeoCmagieHo npuMeHenue MyIbmuazeHmHol cucmemvl 8 muxkpocemu. Kpome mozo, 6yoym
PAccMompervl KOHYenyuu, apxumekmypvl MyTbMUudaeeHmHol CUCMeMbl, 8CECIOPOHHULL 0030D DA3TUYHBIX
ACNeKmo8 YNpasieHus MUKpOCemu, KOmopbvle 6 Yelom KIACCUDUUUPYIOMCS N0 YemblpeM Cmpamecusim
VAPAGNEHUsL: YeHMPATUZ08AHHAS, 0eYeHMPATUZ0BAHHASL, PACNPEOeLeHHAS] U UEPAPXUUECKASL.

Knwuesvie cnosa: UHmMeNEeKmyaibrnas cenb, MUKpOcentb, UYERMPAIUI06AHRASL MUKPOCEMD, ()eueH-
mpaiu3o6anHas MUuKpocenis, ynpasjienue 3H€p203¢¢€Kmu6HOCWZb}O, MYJAbmuaceHmnas cucmemda.

REVIEW OF MULTIAGENTS SYSTEMS APPLICATION
IN MICROGRIDS

TOLEGENOVA G., ZHUKABAEVA T., ZAKIROVA A., ABDILDAEVA A.
Kazakh-British technical university, 050000, Almaty, Kazakhstan

Abstract. Recently, a lot of attention has been paid to smart network applications based on multi -agents.
A multi-agent system is a set of units (entities) of software or physical devices that are placed in a certain
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environment in which they can exchange information with each other and interact in a certain way with the
environment. At the same time, the components of a multi-agent system have the following properties: they
are Autonomous, run on a decentralized basis, and can only receive information from a limited part of the
environment. Micro grid networks are a typical example of a system in which multi-agent systems can be
effectively applied. This paper presents the application of a multi-agent system in a micro grid. In addition,
concepts, multi-agent system architectures, and a comprehensive overview of various aspects of micro grid
management will be considered, which are generally classified into four management strategies: centralized,

decentralized, distributed, and hierarchical.

Keywords: Smartgrid, microgrid, centralized microgrid, decentralized microgrid, multi-agent system

Kipicne

biznin enimizne HUQPPIABIK TEXHOIOTHS-
JapAblH  1aMybl aKMapaTThIK-KOMMYHHUKAI[US-
JBIK KBI3METTEPAIH OJIEMIIK HApBIKTaFbl POIH
KYIIEUTy >KOHE aKMmapaTThlK WHIYCTPUSHBIH
0ocekere KaOUIETTUTITH apTTHIPY XKOHE eMMI3IIH
HSKOHOMHKACHIH JKAaHFBIPTY VIIIH aKMmapaTThIK
KbI3METTEP/Il OHAIPETIH >KOHE OJKCIOPTTANUTBIH
OTaHJBIK KOCIMOPBIHIAAP MEH KOMIIaHMsIApFa
KOJIJIay KOPCeTy CHSKTHI Karnaiimap MeH (ak-
TopiapMeH aHbIKTananel. KazakcTaHHblH YKi-
METI MEH MEMJIEKETTIK OpraHaapbl y3aK Mep-
31MJ11 PKOHOMHKAIIBIK ©CyAl alKbIHAAyAa KOFaM-
IIbl aKMapaTTaHIBIPYAbIH JKOHE HUQPIBIK TeX-
HOJIOTUSIIApABbl  JAMBITYABIH MAaHBI3IbIIBIFbIH
CE31HE OTBIPHIT, MEMJIEKETTIK CasicaTThIH TYHIHI1
OarpITTapbIHBIH  Oipi  pPETIHAE OCHI CalaHbl
JAMBITyFa OENCeH/I1 KaTbICabl.

ConpaplkTaHn OYTriH Ka3aKCTaHABIK KOCIM-
opbiHAapAblH anabiHa "Unayctpus 4.0" mieH-
Oepinae uudPIbIK )KAHFBIPTY PEIBCTEPIHE KOILY
MiHJIeTI KOWBUIAB[1].

DHepreTukagarbl HETI3T1 OJEeMIIK TpPeH[
KENiHIH OapibIK JIIEMEHTTepI MEH KaTbICy-
IIBUTApHl apachblHAa TUIMJI aKmapaT aaMacybl
KaMTaMachl3 €Ty, ipl IpKiuTicTepaeH, TaOuru
KaTaKIU3MIEPICH, CHIPTKbI KaTepiepAeH Kopray
KOHE ©31H-031 KallblHA KENTipy MaKcaTbIHAa
opTYpii Smart TEXHOJIOTUsATIApAbI €HI13y OOJIBII
TaOBLIAIbL.

DJIEeKTp PHEPreTUKAChI CalaChIHBIH HbICAHA-
JIBI JKal-KYH1 SHEPreTUKAIBIK JKYHenepIiH ofaH
opi uHTe/UeKkTyanu3anuscbiMer (Smart Grid)
cunarraiaabl. UHTenneKkTyanaspl SHeprus xxyieci
TYPAaKTbI, OCHiIMIENTIII, YSKOHOMUKAIBIK THIMI,
CEHIM/I1 )KOHE KayiICi3 AIeKTPMEH KaObIKTayIbl
KaMTaMachl3 €Ty MakcaTbhlHAAa ©31HIH OapIibIK
AIIEMEHTTEPIH Oackapy KadineTiHe ue.

Mukpo xeni — OyJ1 HHTEIIEK Tyl bl )KeJiHIH
KYpBUIBIC OJIOTHI JKOHE OAETTE TYTHIHYIIBI
JKarblHJIa OpHAJAaCKaH TOMEH BOJIBTTHI JKEIIiHI,
cakray >KyHeciH, Oackapy OJIOKTapbIH JKOHE

e DHEPIUsChIH, KYH DHEPIUsCHIH, OTHIH
IEMEHTTEPIH, MHUKPOTYpOMHANIApJbl  JKOHE
THIPORJICKTPOCTAHIIUSIIAPIBI KaMTHUTBIH

EKTP KyHenepiHiy 3amaHayu Typi [2]. Hamy-
mel  engepae Smart Grid MHTEIEKTYas bl
KYHECl MHKPO JKEIepJeH TypaTblH THIM/II
JKOHE CEHIMJII SHEPrHsSHbl KaMTaMachl3 €TyTe
OarpITTAIFAaH MHKPO JKCITiHI KEHIHEH JIaMBITy
MyMKiHAIr: O6ap. byn mukpo keni Smart Grid
WHTEJUICKTYaJIAbl JKYHECIHIH 1K1 YSIIBIFBIH
ounnipeni. Ochlnaiiina HHTEIIEKTYJIIbI JKYHEeH1
0ackapy opTYpil MHUKPO >KEIiIepal JdoHeKTI
Typze OackapyFa ajsin kenemi [3].

byn ete kypaeni xyileHi Kypy YIIiH Oaii-
JIAHBIC JXYHeTepi, COHIal-aK IEKTP YHEPTHIACHIH
OHJIIPY JKOHE TYTHIHYIIBUIBIK CYPaHBIC IIPO-
LeCTepiH OaKbUIayFa apHAJIFaH apHAaWbl DJIEK-

TPOHHUKA KaXKCT.
- P .8 -

aexTp
3HEPrHACLIH
KHHAKTAY
KYPBLIFBLIAPbI

IeKTp IHEPrHsACH
eHAIPY

. k- Vo
Osairinen e e R\;"_,y '\\ SaexTp
KAINEIEA e sy prissindll ~ | >HepruschinER
Keay TR Smart “~h i / camachl

Duepras
3JeKTp THRIMILTIT
IHEPrHACH]

HApPBIFEI

DIeKTp 3HePraschIHA
CYPAHBICTHI
KAHAFATTAHIBIPY

1-cypem. Smart Grid unmennexmyanovi dcyieciniy

KoMnonenmmepi mer mexuono2usinapul [3].

Smart Grid wuHTeNMNEKTYaN Bl  Kyiieci-
HiH MiHIeTTepiHiH Oipi aKmaparThIK-KOMMY-
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HUKAIMSUIBIK  TEXHOJIOTHUSJIAPABIH 1K KyHe-
CIH ICKe achIpy OOJBIN TaOBLIAABI, OJ DHEPTHUs
MEHE/DKMEHTIHIH ~KOMIIOHCHTIHE OJHEPTHSIHBI
OHJIIpyTe, TapaTyFa )KOHE TYThIHYFa OaiIaHbICTHI
icrepiHe >kayanm Oepy VIIIH OpTypii 1mIKi
KyHenepali Oackapy OOWBIHINIA aBTOHOM/IBI
IC-KUMBLIAApALl Oip yaKbITTa J>Xy3ere achipa
OTBIPBIT, DJICKTP SHEPTHSICHIH JKETKI3y Typajibl

THIMII IIemiMaep KaObulgayFa MYMKIHIIK
oepeni [3].
WMHTemnekTyanapl  JKeal  Kasipri  AJIeKTp

JKEMICIHACT] 30HTay, OacKapy >KoHE OailIaHBIC
MIPOTOKOJIBI  CaJIaChIH/AAFbl AJJIBIHFBI KaTapIIbl
TEXHOJIOTHSJIAPIbl  JKETKI3y JCHIeWiHae Je,
Tapary JeHreuinae ae oipikripeai. On cCOHbIMEH
Karap  Kemeci  OyBIHHBIH  SHEPIreTHKAJbIK
JKyHecl peTiHe KapacThIpbUiafbl. MUKpPO
el KOJJAHBICTaFbl DHEPTeTHKAIBIK HH(]pa-
KYPBUIBIM/IBI TOJIBIKTBIPATBIH MaHBI3[bl HWHHO-
BalMsIFa aifHaAbl. bysr Tarel 6ip MUKpO Ke3i,
SHEPTHsIHBI ~ CaKTay DJJIEMEHTTEpiH  (Kaiita
3apsATanaThiH Oarapes) JKoHe JKyKTeMelepii
KOJIJAHYJbl KaMTUIbl. MUKpPO Keliiep onaH
opi backapy apXHUTEKTypachIHa, KyHeae 0apibIK
HETi3T1 KOMIOHEHTTEP/l — OPTaJbIKTaH IbIPhLI-
FAaH JKOHE OpTAJBIKTAHIBIPBIIIMAFaH MHKPO
KEeMHI OalJaHBICTBIPY YIIH KOJJaHBUIATHIH
KOMMYHUKAIUSUIBIK ~ TEXHOJIOTHsIIApFa  COMKec
€Ki Typre OeJiH/Il.

MuKkpo Kejijiep apXuTeKTypachl

MHuUKpO JKeidisiep >KaHAPTBUIATBIH DHEPTHUs
KO3/IepiH JaMBITYFa )KOHE OJIap bl KOJIIaHBICTAFbI
IEKTP KeyyiepiHe OIpIKTipyre BIKNad €TETiH
HETI3r1 TeXHOJOoTrusra aHaiabl. by skyienep
OipHelIe Moceyenepal MeIin, FuMapaTTapabiH
SHEpPTHsl THUIMAUITIH apTThIpyFa MYMKIHIIK
Oepei.

Mukpo kemi — MIaFBIH  MOAYJIBJIIK
TeHepaTopiapAbl TOMEH BOJBTTHI TapaTy XKyke-
JepiMeH KOCY apKbUIbl KaJIBINITACATBIH AJICKTP
YKYHECIHIH KaHa Typi. MHKpo kel 6acka KOM-
MOHEHTTEP apachlHa OIpHEIIEe YHEPTUS OHIIPY
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KYHeJIepiH, SHEPTHsHBI YHEMICY KYHECiH, dHEP-
TUSIHBI Oackapy »Ky#eciH, OallaHbIC KXYHECiH
XKoHe OacKapy KyHeciH KaMTybl MYMKiH. OCBhI-
Jafa MUKpPO K€l TOp JEHreuiHiH OipTyTac
MOHI peTIHJE >KEePriuTiKTI TeHepalusuiap MeEH
KYKTeMesep/i 0ackapy IIemiMiH YChIHAbI. Tek
MHUKpPO JKEJll SHEPrusl >KYHWECIHIH THIMIUTITIH,
AIIEKTP SHEPTUSCHIHBIH CAalachlH KOHE CBIHU
KYKTeMeJiep Ke3iH/Ae TYPaKThl SHEPreTHKAJbIK
KeMUIAIKTI apTThIpy oJeyeriHe ue. COHBIMEH
Karap MHUKpPO JKEJIHIH TaFbl OIp epeKIIeNiri
— OHBIH aBTOHOMJIBI 00JIy MYMKiHAIrl. by
JIETEHIMI3 MHKPO KEJIHIH JKeJire KOChLTY
peXKUMIHIE J€, AaBTOHOMJBI PEXKHUMIHIC JI€
YKYMBIC 1CTEY1 YIIIIH KeJlire Kochbliaa oHe oIipe
anarbIHABIFEIH  OUTipeni. COHABIKTAaH MHKPO
KCJHIH MaHBI3[Ibl EpEeKIIeNiri, OHbIH Oacka
TapaTbUIFaH OybIHIAApIbl O0acKapy KaOlaeTTiTir
OoJbIm TaObLTa b [3].

Mukpo KeNuUIepaiH apXUTeKTypachl 2
CypeTTe KepCeTiIreH, Oy jkepje aHbIKTamara
colikec OemiHTeH pecypcTap (cakray IKoHE
TeHepalus), KyKreMesep jkoHe OacKapblaaThlH
KykTemenep kepcetumreH. On  xanmbl  Oaii-
JAHBIC ~ HYKTEJepl  pEeTIHJAE  aHBIKTaJIaThIH
IEKTPIIIK IIeKapajdapblH aWKbIHAAWABL. by
HYKTEJIep Oacka jKeliJepMeH OailiaHbiC OOJbIT
TaObuTaibl. MUKpPO JKEIJIep MEH CBIPTKBI
TOpJIAPAbIH KEpPHEY CHUIaThl JPTYpii OOyl
MYMKiH. MyHaii skaraiaa e3apa 0aiaaHbICThI
KamMTaMachl3 €Ty YIIiH MHUKPO JKeJiHIH OeJri
00JIBINT TaOBUIATBIH WHTEPGENC 2JIEMEHTI OpHa-
ThUTybl KepeK. OpTalbIKTaHIbIPhIIIFAaH HEMece
OpTaJILIKTaHIBIPBUIMaFaH  Oackapy  Kyieci
OipryTac OacKapbLIaThlH JKYHE PETIHAE KYMBIC
icTeyre xarmai Tyaplpaabl. MUKPO el ailHbI-
Majbl, TYpPakKThl HeMece apajac aiHbIMajbl/
TYPAKThl TOK PEXKUMIHE KYMBIC 1CTEH anajbl.
Ocel  TexHonorusyapra OalJaHBICTBI Tapa-
TBUIFAH pEeCcypcTap MEH XXYKTeMelepli MHUKPO
KeJJIepMeH OalIaHbICTBIPY YIIIH KyaTThl DJIEK-
TPOHHMKA HeMece TpaHcdopmaropiaapabl Mai-
JTaaHy Kepek.
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2-cypem. Muxkpo srceni apxumexmypacut [4]

OpTaJbIKTAHABIPBLIFAH KIHE OPTAJIbIK-
TAHABIPBLIMAFAH MUKPO :KeJiljiep

O3apa OaiiaHbICKaH MUKPO KeJIUIepl
OackapyablH KemTereH wmojaenbaepi Oap. Op-
TaJBIKTAH/ABIPBUIFAH  DHEPIUsl  MEHEIKMEHTI
Kyhecl — MUKpo kenutepain Oipi. Mopaenbie
MHUKpPO SKeJIIep Typajbl OapiblK THICTI aKma-
par OipbIHFail SHEPIrUs MEHEeKMEHTI] KyHeCiHiH
UEIITiHe, COHJBIKTaH SHEPrusl MEHEIKMEHTI
JKYHeCIHAer1 akaylblK OYKIJT MHKPO >Kelijep-
re ocep ereni. byran Oocekenec mMomenb opra-
JBIKTAHABIPbUIMAFaH JHEPrusi MEHEIKMEHTI
XKyHhecl fen aranazsl. byn Moaenbae op MHUKpO
TOp ©3iH 06leK Kocmapialabl KoHe Oacka MU-
Kpo oKenuiep Typasibl xalapaap OosMaiinibl.
Atanran OeiimMje HETI3ri aWbIpMalIbUIBIKTAP,
apTHIKIIBUIBIKTApP, TOMOJIOTHS/KYPBUIBIM  KOHE
MUKpOXXYHeaeri eH aHa TeXHOJOTHsIap Kep-
CETLUITeH.

OpranbIKTaHIBIPBIIFAH MUKPO K€l MO-
JIeNIiHAEC MUKPO JKelll Typasibl OapiblK MAliMeT-
Tep (ecy >KbULAAMIBIFBIHBIH O1piiKTepi, MUHU-
MaJIbl KOTEpY YaKbITbl, MUHHMMAJJbl KYMBIC
YaKbIThI, 3aps]l TIEH pa3psAAThl CakKTay, KYKTEMe
TYpi KoHe T.0.) PHEprusiHbl Oackapy KyHeciHiH
uelnirinae. An opraiblK OapiblK KiOepuireH
MOJIIMETTEp MEH MakcarThl (yHKLuUsFa cyiie-
HE OTBIPBIN, OeJiMIIeNIepAiH KbI3METIH Oip KYH

OypbIH sxocTapiaiipl. OChl OHTaWIaHIBIPY MPO-
1eAypachl CEHIMIUTIKTI apTThIPyFa, IIBIFbIHIAP-
JIbl a3alTyFa )KoHE T. 0. OaFBITTATybl MYMKIH.

OpTanblKTaHABIpbIIMaFraH MUKPO JKEJIi MO-
JEMIHAEC oOp MHUKPO JKeli ©3iHIH maijacelH Oa-
pBIHIIIA apTTHIPY YIIIH THICTI O6ackapy OnoKTa-
peIH Oejek Oackapalbl, SSFHH PEXKHMIEC MHKPO
JKeJiJiep Tapary *KeliCiHIH OlMepaTopbIMEH TiKe-
ner OainaHbIcTa OOMaabl KOHE MPOKCH areHTi
YKOKTBIH Kachl. OpTaJIbIKTaHIBIPbIIMAFaH XKyiie-
JIep KOHTPOJUIEP/IIH HET13r1 aKaylapblH COTCI3IIK
OoyFaH TYHIHHEH OKIIAyJay/IblH apThIKIIBUTBIFBI
6ap. Tyiingep Toyenci3 xoHe Oip KOHTpOJIEpre
Toyenci3 OonFaHAbIKTaH, Oy Kykenep ceHimai
YKOHE OHAM JKaHAPTHLIAIBI.

3-cypeTTe  OpTaJbIKTaHIBIPBUIFAH  KOHE
OpPTaJILIKTAHIBIPBUIMAaFaH MHKPO JKEJll MOJei
KOPCETUITeH. OJHEprusiipl 0OacKapylblH OpTa-
JILIKTaH IBIPBUTFaH MOJIEITIHIC TeK Oip OHTalIaH-
IBIPY DHEPrusiHbl Oackapy >KyleciMeH Ky3ere
aCBIPBUTAJIBI, )T MUKPO JKEJIi KeJlire MoIebIiH
YKaJIMbl IUHACH aPKBUTBI KOCBIIAbI, Op MHKPO
xKell 0eNieK OHTAMIaHIBIPYMEH KY3€re achIpbl-
JIaJbI YKOHE MHUKPO e TOpFa TIKeJIeW KoChlia-
161, OpTabIKTaHIBIPBUIMAFaH MOICIIBJIC Op MH-
KpO >keJl 0eseK OHTalIaHABIPY apKbLIbI KYy3ere
aChIPBUTAJIBI JKOHE MHKPO JKEJi TOpFa TiKeleh
KOCBUIaIbI [5].
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3 cypem. a) OpmanbikmaHObIPLLIZAH JHCIHE 3) OPMATLIKIMAHOLIPLLIMALAH MUKPO diceninep [6].

BypeiH anekTp KylenepiH OpTaJbIKTaH-
JIBIPBUTFAH O0acKapy oJICTEpl ©Te KEeH TapajFaH
eni. Omap HaKThl, OWTKEHI TOp UWIEKTEYyl
OackapbUIaThIH JKOHE OaKbUIAyIIbl KYpPbUIFBI-
Japra apHaJiFaH OOJNaThIH. DJIEKTP SHEPTUSCHIH
TYTBIHY KQXETTUIIMN ©CKeH CcailblH  XKyile
Kypaenene tycti. OpraiblK 6ackapy kyieci can
KBIPJIbI KOHE KbIMOAT.

OpranbIKTaHABIPbUIFAaH  JKOHE  OpTaJIbIK-
TaHJIBIPBUIIMaFaH MHUKPO JKEJiHIH 0acThl abIp-
MallbUIBIFBl  ONIAPABIH  Oackapy  apXuTeK-
TypachlHJa FaHa €MeC, COHBIMEH Karap
Oacka na MaHbI3Abl (QyHKUMsIapel Oap: onap
MUKPOXXYHEHIH HETI3T1 KOMIIOHEHTTEpl e3apa
opekerTeceTiH Oainmanbic. Kazipri  yakpiTTa
OpTabIKTaHIBIPBLIFaH KOHE OpTaJbIK-
TaHIBIPBUIMAFaH  JKyHelnep  MUKPOXKYHEHIH
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JKYMBICBIHA ~ JKapaMmJZibl,  OipaK  OpTaJbIK-
TaH/IBIPbUIMaFaH O/IiCTEp aHAFYPIIBIM KOJAMIIBL;
OHBIH  MHUKpPOXYHEIEepIe  Y3MIKCI3  KYMBIC

icTey MyMKIHIIrT Oap koHe mIeTki Oaiina-
HBICTBIH IIEKTEYIl KaXeTTUIri Oap sHeprus
Kyileci  MHQPaKYPBUIBIMBIHBIH ~ ABTOHOM/IBI
KOMIMOHEHTTepl Oap. Ochburaifima onapabpl KOM-
MYHQJJIBIK ~ JKEJJIEPIIH  CBIPTKBI  JKEJiCiHe
Toyenciz Oackapyra 0ojanabl, JETeHMEH >Xep-
TUTIKTI KOHTPOJIIEPIIEP THICTI mIeniMaep Kaobli-
Jai ananpl. Anaiaa akbuIFa KOHBIMJIBI KYHBI Oap
OpTaNBIKTAHBIPBUIFAH KYHEHI JKYy3€re achlpy
CaJIBICTBIPMAIIBl TYP/I€ KHBIH, OJ HapbIKTa Oip
carar ImIHAE TYpaKThl Typle CTaBKa Xacai
ajajapl, COHBIMEH Oipre MHUKpPO JKEJIiHI eImipyre
Hemece Oenriii O1p JKyKTeMeH1 ellipyre Hemece
KeJecl KbICKa YaKbIT apasibIFbIHAA TYPAKChI3
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KYMBIC Ke3iHze Oenrijai Oip KOHABIPFBI KOH-
IBIPFBICBIH ~ PETTeyre  MYMKIHIIK  aJjajibl.
OchiFan OaiTaHBICTBI MAceNe JepeKTepal oepy
WH(}paKypbUIBIMBIHA KATBICTBI. MHUKPO >KEJTiHIH
Y3IIKCi3 JKOHE Kayilci3 JKYMBIC ICTEyl YIIiH
IIEKTeY/Il aKmapar ajamacy YIIH KaparmaibiM
KEPTUTIKTI KEJ/SKePriTiKTI KOHTPOJIJIEP KaKeT.
OpTanbIKTaHIBIPBUIMAFaH  TOCUINI  KOJJTAHY
op OJOK eHaipyIlIire >XOHE TapaThUIFaH JHEP-
rHs  OKYKTEMEJEepiHEe  epekeliepre  Colkec
OarmapiiamMallaHaThIH areHTTI JKaOabIK KOHTPOJI-
JepiHe eHrizyre MyMKiHmik Oepeni. Exinmmn
KaFblHAH,  OPTaJBIKTAHABIPBUIFAH  JKYHenae
Ke3 KeNreH j>KaHa MOAyNbAi opHaty OprajblK
KOHTpOJUIEp/Ie  KOCBIMIIA  OaFapiiaMmaliay/ibl
YKOHE OHBI JKY3€re achlpy YIIiH OYKUI >KyHeHI
Oemicyni KaxeT eteni [7].

Komimri  mukpoxyliene  MUKpOXyHere
KOCBUIFaH JKEPrUIKTI KYKTEMeJIepJeH Cypa-
HBICTHl aHBIKTAy VIIIH apHaiibl OaiiaHbIC
apHaIapbl (KEPriIiKTi %Keli) 6ap, ajl TapaTbuIFaH
MUKPOXKYHE JKepriumkTi Oackapy OpeKeTiH
OpBIHJAyFa MYMKIHJIIK O€peTiH KOMIIOHEHTTEP
apachlHJarbl TEH-TEHIMEH OalaHBIC >KEJiCIH
narganaHaapl. TeH-TeHIMeH OaiiaHbIC Tapa-
TBUTFaH 0acKapy¥a menimM KaObuiiay )KOHe THICTI
Oackapy ocepl TYPFBICBIHAH YJKEH CEHIMIUIIK
Oepeni. Jlepekrep anmacy KyHelepAiH OCBHI
TYPJIEPIH KapacThIPYABIH MaHBI3Ibl (PaKTOPHI
Oombim  TaObwiaabl.  OpTanbIKTaHABIPBLUIFAH
MUKPOXKYHEJICH  albIpMAIIbUIBIFBI,  JKYKTEME
TypaJibl aKkmapar arblHbl TapaTbUIFaH KOHTPOJI-
Jepe JKePrumKTI TYpAe OPBIHAAIYb MYMKIH,
COHJIBIKTAH JICPEKTEpP AaFbIHBl OPTAJIBIKTAaH-
JIBIPBUTFAH JKEJNll apKbUIBI a3 ocep eTenmi. by
3epITey oOpTalia KepHEYJi TYpaKThl TOKTBHIH
MHUKPO  JKENICIHE  CaJIbICTBIPMAJbl  Talay
KYpri3al JKOHE TapaThUlFaH. Auaiijga ocChl
onicrep MUKpPOCETaIAP/IbIH KYPBUIBIMBI
MEH TOIIOJIOTHSCHIHA OaiIaHBICThI, OacKapy
CTpATerusiCbl  OPTaJbIKTAH/ABIPBUIFAH  MHUKPO
KyWere KaparaHza, JKYKTEMEHIH e3repyiHe
TO31MJII €KeHIH KOPCETEeIl.

DJIeKTPOIHEPreTUKA sKyieciHaeri MyJb-
THATEHTTIK Kyie TY:KbIPpbIMJIaMAaChl

ArenT — Oy Oenrii 6ip opTazia opHaJacKaH
KOHE COJI OpTaJarbl e3repicrepre aepoec

Kayan Oepe ayiaThlH OarmapiiamMaliblKk HeMmece
anmaparThIK HhICaH. baiama aHbIKTaMara colkec
areHT OpTaJlarbl KYWEHIH >X0OaJbIK MIHICTIH
nepbec  MIEMIETIH  OpEKeTTepAl  OpBIHIAY
MYMKIHAIT1 6ap opTaia OpHAIACKAH KYie OOIBII
cananaapl. COHIBIKTAH CEHCOpap MEH KyaTThl
ANEKTPOHMBI  KYPBUIFbLIAp  (KOMMyTaTopIiap)
apKbUIBl OakpLIay MICIIIMACPIH OPBIHIAY YIIiH
OYK1JI J)KeJIiHI CaHaJIbI TYpe OacKapaTbiH CyObEKT
Ooiybl Kepek. JleMek, 3JeKTp SHEepreTUKachl
JKYHECIHIEr1 Kol areHTT1 Ky#enep — OWI1 opTak
MakKcarTapbl 0ap JKOHE OJHEPTUsHBI Oackapy,
0akpuUIay )KOHE areHTTEp apachIHIAFbl OaillaHbIC
JKYHecCiHe KaThICThl THICTI mIenTimMaep KaObuiay
YIIiH JaepOec opeKeT eTeTiH Kyheae KeITereH
areHTTepIiH  KUbIHTBIFL. COHBIMEH Karap
MYJBTHAreHTTI Xylie — Oy Oip areHT Hemece
KYHEHIH MYMKIHAIKTEpiHEH THIC 0OJybl MYMKIH
MoceJeiep/Ii IIeNly YIIiH e3apa opeKeTTECeTiH
OipHele aKbUIABI areHTTEePIEH TYPaThIH XKYyhe

8].

Ocbl aHBIKTaMajlapra CyHEHE OTBIPBII,
areHTTep  MYJIBTHAreHTTIK JKylhe  peTiHIe
OpeKeT eTyl YIIiH  areHTTep  O3MIriHeH

OpeKeT eTyl, KOpIIaraH OpTaHbIH €H >KaKChl
Myienepin Ouraipyi, Oipiecim X)yMbIC iCTeyi,
KeJicco3aep Kyprizyi xoHe OipaybI3aH IIeIIiM
KaObU1aybl KaxeT. MylnbTHAreHTTI Kylesep
aJaMHBIH HeMece Oacka areHTTEpIiH TiKelen
apalacybIHChI3 OpEKeT eTe alybl KepeK >KoHE
©3/ICpiHIH MIHE3-KYJIKbl MEH 1K1 KaFJalblH
OaKplIaybl )KOHE MKEMl aBTOHOMJbI OpPEKETKE
e OOlybl Kepek, OJI KeJiecl cumarramasap/ibl
KOpCeTe/i: areHTTep KOopIlaraH OpTaHbl KaObLI-
Jar, OHJAFbl TUHAMHKAJIBIK ©3repicTepre yak-
TBUIBI JKayan Oepyl KepeK, areHTTep KOopllaraH
oprara jkayarm Oepinm KaHa KoWMail, MaKcaTThl
MIHE3-KYJIbIK TaHBITYBlI THIC, ©3/ICPIHIH AU3aliH
MakcaTTapblHa KTy YIIiH 0acTtaMa KeTepil, ai
areHTTep MYMKIHJITIHIIE Oacka areHTTePMEH,
HEeMece ©3 MIHJIETTepPiH OpPBIHJIAyFa THIPHICATHIH
aJamMJapMeH e3apa opekerTecin, 6ackagapra o3
KBI3METIH/IC KOMEKTECY1 KaXKeT.

CBIPTKBI 3JIEKTP JKEJICIHE KOCBUIFAH MHUKPO
KN YIIH KJIaCCHKAJIBIK KOI areHTTI JKYHEeHIH
apXUTEKTypacel 4-cyperTe KepceriireH. JKyiie
areHTTepJiH TepT TypiHEH Typajabl, araim
anTkanna Oackapymiel areHt (Control Agent),
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rerepanusuiay areuti (DER — agent), TyThIHYIIBI ~ SHEprusiMEH >Ka0JIbIKTAy CarachlH KOHE MUKPO
arenTi (User Agent), nepexkop (Database Agent).  sHeprus >xyieciHiH CEeHIMALUIITH caKTay OOJbII

MynbTHAreHTTIK  KYyie

JKYMBICBIHZIAa OpOip  TaOBLIATBIH OpPTaK MaKCaTKa >KeTy OaFbIThIHIA

areHt Oipered MakcarTap MEH MIHJETTEpre Me. >KYMBIC iCTeii.
bipnecken >kyMmbIc Ke3iHIE OapiibIK arceHTTEp

4-cypem. Mynomuacenmmi srcyiie Kypoiivimel [10].

My/bTHATeHTTIK KyHeJepai KoJIAaHyFa TangaiiMbi3, l-kecrele aBTOPIAPbIHBIH TXKi-
Tajagay
bi3 MynpTHareHTTI XYHenepai KouaaHyabl

pubOeCiH KapacThIpaMbi3.

1-kecte. MyJbTHATeHTTI Kylesepai cajabICTHIPMAJIABI TAJIAY

No | ABropmiap Kapacteipsiiran Moceseci

1. Jiahu Qin KoHceHcyc oHe Kol areHTTIK Xyhenepai yiiecTipy
xone T.0. [11].

2. Yara Rizk By monyna MAS GipiieckeH miemniM MOJeNbaepi OOMBIHIIA COHFBI 0EC KBUITAFbI
skoHe T.0. [12]. JKYMBICTAp 3epTTEI i

3. Amira Makanaza mg aiHBIMAJIbl TOTBIHBIH HETI3ri (YHKOMSUIAPhl MEH MpoOieMaapsl
Mohammed; Shady S. | Typassl TonbIK cunarTamMa OepiireH jkoHe 0acKapy/IblH HEePapXHSIIBIK ADXUTEKTYPaChl
Refaat THIMII menriM petinge cunarranrad. CoHgal-ak 6ackapy AeHreiepi Typasbl erKei-
[13]. TErKeiI TaIKpuIay oap.

4. NouhaDkhili ArtanFaH )KyMbICTa JIEKTP JKeNUIEPiHiH "aKbUIABI XKemiaepre" 3BOTIOUUSICH
JkoHE T.0. [14]. TapaTbUIFaH reHePalMsHBIH TapaTybl MEH OCBIFAH Opail epeKIIeIiKTepre

OallIaHBICTHI 3epTTEIIC/I.
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®
5. Dayong Ye Cou cusIKTBI ©31H-031 YHBIMACTBIPATBIH KOI areHTTi XKyiesaep canachlHIarbl COHFbI
xone T.0. [15]. OHJKBIIIBIKTAPAAFhl 9IcOUeTTEepre Moy OepiireH
6. AS Nair 3epTTeyne aKmaparThiK KOHE KOMMYHHKALUSUIBIK TEXHOJOTHSIIAD, OJIIIey, OaKbLiay
xoHe T.0. [16]. YKOHE aBTOMATTAHJBIPY TEXHOJIOTHSUIAPHL. DJIEKTP AEKTPOHUKACH! KOHE YHEPTUSHBI
caKTay TeXHOJIOTHSIIAPbI TYPFBICHIHAH 3UATKEPITIK JKEIIeP IiH MaHbI3IbI MOCEIICIICPIHE
erKeH-Ter ke 1oy yKacanapl.
7. Arun Sukumaran Nair | Exnbexre MAS-1i skoHoMuKkanblk jucnerdepiergipyre (ED) skone 3usiTkepatik
xKoHe T.0. [17]. keninepaeri skeke minnerremenepre (UC) Kongany Typaiibl 9ie0ueTTepre xKaH->KaKThl
I0JTY YKacaJia ibl
8. hj CoHbIMeH KaTap LIenIyi OarjapiaMaliapra epexiie Ha3ap ayJapa oTsipbin, MAP-TiH
Alejandro Torrefio »oHE | €H ©3€KTI TOCUIIEPI KapaCThIPHLIAIBI
T.0. [18].
9. Luis M. Camarinha- Ocpl MakalaHBIH MaKcaThl SHEPreTHKA CaJlaCBIHIAFBl OIpICCKeH JKENICpHiH
Matos MOJICIBACPIH, TOCLIIEpi MEH KYpalJapblH KOJNIAHyFa KaTbICTHI YPHICTEepAi,
xoHe T.0. [19]. MYMKIHIIKTEp MEH TNpoOieManapasl aHBIKTAy MaKCaThIHIA JKaHa oeOHmerTepre
JKYHeIi IoITy JKkacay OOJBIT TaObLIaIbI
10 | Farhan H.Malik Byt kyokat 3uATKepIIiK KeIiHIH HEeTi3T1 CHITaTTaMatapblHa, areHT aHATOMUSICBIHA KOHE
xane 1.0. [20]. 3UATKEPIIK JKEIHIH MaKCaThIHA JKETY YIIIH OCHI aKBUIIBI aTCHTTEPHiIH YHEPTETHKAIIBIK
JKylieie KOMIaHBLUTYbIHA KOHLT Oerei.

ABTOpIapABIH €HOCKTEPiH Kaparl, TajlgaFraH-
HaH keiiH[ 1]-[10] 3eprreynepmae opTypii omicTep
KOJIZIAHBUIIBI JICTT aiiTa amambl3. DHEPrusl TYThI-
HYJIBI 0acKapy jKOHE MHKPO Keiieri 0acKapyabl
OHTaMIaHABIPY Oip HeMece OipHeIe MaKCaTThl
dbyHKIMgFa e 00iysl MYMKiH. byn dyHKIus-
Jlap YCHIHBUIFAH OHTAWJIaHABIPY MiHJIETIHE Oaii-
JIAHBICTBI epeKIleNieHe anaael. by 6ip makcar-
ThI HEMECE KOIl MaKCaTThl MAceJeliepre oKelyi
MYMKIiH, OFaH IIBIFBIHAAP/IBI a3aiTy (Taliganany
’KOHE TEXHUKAJIBIK KbI3MET KOPCETY KYHBI, OThIH
KYHBI )oHe Oarapesiiap HeMece KOHIeHcaTopiiap
CUSKTBI CaKTay 3JIEMEHTTEPiHIH OY3bUTy KYHBI),
HIBIFAPBIH/IBUIAP/IBI 32Ty )KOHE KaHAFaTTaH/IbI-
pBUIMaFaH KYKTeMeENep/i a3auTy Kipei.

3eprreyminep  OipikTipiareH  OailmaHbIC
MOCEJIECIH HICNTy YIIIH OPTaJbIKTaHIbIPBUIFaH,
UEPApXUSUIBIK JKOHE TapaTbUIFaH MOJICIIbICPIC
MYJBTHATCHTTI JKYHeTIep/ Il KOJIaHyabl 3ePTTEI].
3eprrey [9] xone [10] yinectipy cTparerusiapsl
MEH I'eHEeTHKAJIBIK aJITOPUTMHIH TYKbIPbIMIaMa-
JIApBIH KOJIJIAHATBIH TapaThIIFaH MOJICIIbIe HA3ap
ay/Iapibl.

3eprTeynepre colikec MyJIbTHAreHTTI XKYyiie-
Jiep Kazipri 3aMaHFbl OHEPKICINTIK KyHenepae
KOJIK, KapXbl MopTderniH 0ackapy, dYHEPTUSHBI
OHTaWIaHBIPy, AaKbULABI  KYPBUIBIC  KOHE
aKpUIIbl Kayajap, jKacaH/bl HHTEIICKTYalIbl
KYyHenep, SHePTHs KyHelepiH )Kocrapiay KoHe
MapKETHHI JKOHE Oackapy JKyhenepi CHUSKTHI
KOCBIMIIIAJapbl 0ap KyaTThl Kypaja peTiHIe ©31H

TaHbITTHI. OChIIAlIIIa MYJIBTHATEHTTI KY€ — Oy
©T€ MaHbI3Jbl TEXHOJIOTHUS, oMOedar KoHEe OHbI
OapibIK acIeKTUIepAe, COHBIH IMIIHIE MHKPO-
XKemie Jie Konanyra 0omabl.

KopbIThIHABI

JKbl1 caliblH 3JIEKTP HSHEPTUACHIH TYTBHIHY
apThIN KeJie/dl, COHMIBIKTAH DHEPrusl JKyheci ore
kyprem. Kazakcranga SmartGrid wHTEUIEK-
Tyanzsl sxenicid enrisymer "KEGOC" AK aiina-
JIBICAJIbI, OHBIH KOCIapbIHAa — OenceHai-0eiim-
JICIITeH JKeJIl KYPY, HOTIKECIHIC OJ1 eNJIIH 3UST-
KEpJIIK PHEPIHs )KYHECIHIH ©3er1 00mysI THIC [22].

ConbIMeH Katap AJMaThbl SHEPreTHUKa KOHE
OailTaHpIC YHUBEPCUTETIHE Smart TeXHOIOTHs-
napsl KazakcTanHbIH O1pbIHFall SHEPreTUKAIBIK
KYHECIHe eHTi3yll 3epTTeyMEH alHaJbICaThIH
«3UATKEPIIK DJEKTP IHEPreTUKAIIBIK KYyHeaep»
FouibiMu-3epTTey 3epTXaHachl AKYMBIC 1CTEH/II.

byn makamama MUKpoXXylene Kem areHTTi
KYHEH1 KoyijaHyra mony skacanabl. CoHmaii-
aK MHUKpO >KEJJepre aHbIKTamanap Oepiii,
MHUKPO KeJJIep KYPbUIBIMbI KOPCETUI1, opTYpIIi
cajanapja MyJbTHAreHTTI KyHenepal KoJJIaHy
ycbiHbUIIBL. COHBIMEH KaTap TYKblpbIMIamaap,
MYJBTUAreHTT] KYHENIepIiH TYKbIPhIMIaMacChl,
OacKapyablH TOPT CTPATErusiChl OOMBIHINA XKIiK-
TEITeH MUKPO XKeJIIepai OacKapyablH OpKeJKi
acmeKTUIepiHe JKaH-)KaKThl IOy KapacThl-
PBULABL, SIFHU OJapbIH apTHIKIIBUIBIKTAPhI, KEM-
IIUTIKTEpl MEH albIpMalIbUIBIKTaphl OOMBIHINA
TaJKbUIAH/IbL.
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HOPMATUBHOE PEI'YIMPOBAHHUE METOJ0OB
TEMIIEPATYPHO-ITPOYHOCTHOI'O KOHTPOJIAA BETOHA

YTEINOB E. B."?, TYJIEBEKOBA A. C. 2, KABKEEB A. b."*, OILIAH M. M.’
'TOO «CSI Research & Laby, 010000, Hyp-Cyiman, Kazaxcman
? Espasuiickuti Hayuonanenwiii ynusepcumem umenu JI.H. I'ymunesa, 010000, Hyp-Cyiman, Kazaxcman
3 Tocyoapcemeennoiil ynusepcumem umenu [llaxapuma, 070000, Cement, Kazaxcman

Annomavus. Memoo 3penocmu s61s1emcs nOOX000M K KOHMPOTIO Kauecmea 6emoHd, KOmopbwlii NPOSHO3UpYem
NPOYHOCMb HA Mecme, OCHOBLIBAACL HA GHYMpeHHeu memnepamype. HM3zeéecmHo, 6 npoyecce meepoeHus.
bemona npoucxooum npoyecc cuopamayuu yemeHma. B pezynemame 3moeo npoyecca yemenm 3ameopsaemcs
80001, U3-3a ue2o0 GblOeNsiemcs SHepeusi. B maxom ciyyae memnepamypa u G1ANCHOCHb AGIANOMCA
OCHOBHBIMU XAPAKMEPUCTUKAMU O KOHMPOs npouyHocmu Oemona. Cmenenb 3peiocmu 3a8ucum om
UBMEHAIOWUXCSL YCLOBULL MBEPOEHUs NYMeM USMEPEHUs U PecUCmpayul 6HympeHHell memnepamypbi 6emona
C NOMOWBIO CNEYUANbHbIX OAMYUKO8 U PeSUCPO8, BCMPOCHHbIX 6 MOMeHm YKAaoku 6Gemona. Cecoomus
OAHHBIU NOOX00 WUPOKO UCNONb3Yemcs 80 6cem mupe. OOHAKO cyujecmseyrom u opyeue memoosl paciemos,
PpecnameHmuposantvle 6 CMaHoapmax opyaux cmpan. Jannas cmamos nOCEAWEHA AHANU3Y CYUWeCTBYIOUUX
Memoo08 memnepamypHo-npoHHOCMHO20 KOHmMpons bemona. B cmamve npuseden nepeuenv HopmamugHol
OOKYMEeHmMayuu, pe2nameHmupyrowutl OaHHble mpebosanus, 00CYICOAomMes 0COOEHHOCMU, NPEeUMYWecmed U
Hedocmamxu. Takoice asmopvl 000CHOBLIBAIOM HEOOXOOUMOCHL POPMUPOBAHUSA YHUDUYUPOBAHHO20 NOOX00A
K meMnepamypHo-npo4HOCMHOMY KOHMPOIO OemMOoHA.

Knrwouesvie cnosa: npounocmv, memnepamypa meepoeHusi Oemond, KOHmpoib NPOUHOCMU, HANPAdICEHUE,
mexHu4ecKoe pecyiuposaue.

BETOH/bI TEMIIEPATYPAJIBIK-BEPIKTIK BAKBIJIAY 9 IICTEPIH
HOPMATUBTIK PETTEY

YTEIIOB E. b. 2, TYIEBEKOBA A. C. 2, KABKEEB A. B.'?, OIlIAH M. M.’
"«CSI Research & Laby JKILIIC, Hyp-Cyaman, Kazakcman
2JL Tymunes amvindaevl Eypasus ¥ammuix ynusepcumemi, 01000, Hyp-Cynman, Kazaxcman
S oropim ameinoaset memnexemmix ynusepcumemi, 070000, Cemetl, Kazaxcman

Anoamna. Kemenoeny 20ici — oyn demounviy canacol 0AKbliayOvly maciii, on wWKi memnepamypazda
Heziz0enzen dicepde Oepikmixmi Oondxcatiovl. bemonoer kamaiimy npoyecinoe yemeHmmi bli2AIOAHOBIDY
npoyeci socypemini 6eneini. Ocvl npoyecmiy HAMUINCECIHOE YeMeHm CyMeH Hcadbliadbl, COHbIY CALOAPbIHAN
aHepeus wwizadsl. by oicazoatioa memnepamypa MeH wli2ani0biAblK, OemMOHHbIY OepikmiciH OAKblLIAYOblH
Heeizel cunammamanapsl Oonvin madwvliadsl. JKeminy dapesiceci GemonHbIH IWKI MeMNePpamypaculi oauley
JHCoHe OemoH mocey Ke3iHoe CANbIHEAH APHAlibl CEHCOPNAp MeH pe2UuCmpiepliy, KOMe2iMeH Oauley HcaHe
mipxey apxblibl 632epemin Kamaumy dcazoailiapvina oatlianvicmol. byzinei manoa 6yn macin OyKin aremoe
KeHiHeH Kondanvliaovl. Araiioa backa endepoiy cmandapmmapsinoa pemmenemin backa ecenmey 20icmepi
bap. BemonHbly memnepamypaculn dicane Oepikmicin 6axbliayObly KOIOAHbICMA&bl 20icmepin maioayaa
apuanean. Maxanaoa ocet maianmapovl pemmenumin HOPMAMUSMIK KYICcammamanvly mizimi OepineeH,
epexuienikmepi, apmulKUbLILIKMAPbl MeH Kemwinikmepi mankplianaovl. Conoati-ax agmopiap 6emoHuvly
memnepamypacuoln dcone Oepikmizin Oaxvliayea Oipbiyali KO3KApac KAIbINMACMbIPY KANCeMMIiniein
Hez2iz0etioi.

Tyitinoi ce30ep: bepikmix, OemoHHbIY Kamaio memMnepamypacsl, 6epikmixmi 6axvliay, KepHey, MexXHUKAIbIK
pemmey.
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NORMATIVE REGULATION OF METHODS OF TEMPERATURE AND
STRENGTH CONTROL OF CONCRETE

UTEPOV Y.B. ", TULEBEKOVA A.S. 2, KAZKEYEV A.B."3, OSHAN M.M.’
1«CSI Research & Laby LLP, 010000, Nur-Sultan, Kazakhstan
’L. Gumilyov Eurasian National University, 010000, Nur-Sultan, Kazakhstan
I Shakarim State University, 070000, Semey, Kazakhstan

Abstract. The maturity method is an approach to concrete quality control that predicts the in-situ strength based
on internal temperature. It is known that the cement hydration process takes place during the hardening of
concrete. This process causes the cement to become waterlogged, due to which energy is released. Temperature
and moisture are then the main characteristics to control the strength of concrete. The degree of maturity
depends on the changing curing conditions by measuring and recording the internal temperature of the concrete
using special sensors and registers embedded in the concrete at the time of placement. This approach is now
widely used all over the world. There are, however, other methods of calculation regulated in the standards

of other countries. The following article is devoted to the analysis of existing methods of temperature and
strength control of concrete. A list of normative documents regulating these requirements is given in the article,

the features, advantages and disadvantages are discussed. Also the authors justify the necessity of formation of

the unified approach to temperature-strength control of concrete.

Keywords: strength, concrete curing temperature, strength control, stress, technical regulation.

BBenenue

beron HabupaeT HEOOXOIUMYIO MPOYHOCTH
MOCTENIEHHO B IpoIllecce TBEPACHUA. 3HAHUE U
MOHMMAaHHE BHEIIHUX U BHYTPEHHUX XapaKTepu-
CTHK TBEpJeHUS OETOHA, TAKUX KaK OTHOCHUTEIb-
Has BIQXXHOCTh U TEMIIEpaTypa, MO3BOJISET Orpe-
JEJIUTh TOJHYI0 KapTUHY O Habope MPOYHOCTH
6erona. IloaToMy oueHb BaKHO ONpPENENATH C
BBICOKOM TOYHOCTBIO 3HaY€HHE MPOYHOCTH ITOTO
Marepuasa rnepej UCIOoIb30BaHUEeM U3 TN
KOHCTPYKIIMI B CTPOUTEIHCTBE.

Omnpenenenue (GpakTHIECKON TPOYHOCTH Oe-
TOHA HEMOCPEICTBEHHO B CTPOUTENIbHBIX KOH-
CTPYKLHUSX SIBJISETCS CIIOKHOM TEXHUYECKOU 3a-
Jadeit. Ty 3a/1aqy MOXKHO PEIIUTh TOIBKO ITyTEM
UCIIOJIb30BaHMUsI KOCBEHHBIX BEJIMYWH, CBS3aH-
HBIX C IPOYHOCTHIO.

Pa3BuTHe TeopeTHMUeCKMX U IKCIEPUMEH-
TaJbHBIX MCCIENIOBAaHUI B 00JaCTH KOHTPOIIS
KauecTBa MPUBEJIO K MOSBICHUIO 3HAUYUTEIBHOTO
KOJIMYECTBAa METO/IOB OLIEHKH IMPOYHOCTH OETO-
Ha. Kax/1plil 3 CyIlecTBYIOIUX METOI0B UMEET
oTpe/ieNIeHHYI0 00JacTh MPUMEHEHHs], CBOU J10-
CTOMHCTBA U HeJoCTaTKH. KOHTpOIb MPOYHOCTH
0eToHa MO pe3yiapTaraM MCIBITAaHUM Ha CHKaTue
00pa310B KyOOB HE MOXKET MOJHOCTHIO Y/IOBIIET-
BOPATH PaOOTHUKOB J1TaOOPaTOpUi, MPOEKTHUPOB-
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IIMKOB M CTPOUTENICH, MOTOMY YTO PE3yIbTaThl
UCIBITaHUN 00pa3OB HE BCET/Ia OTPaKaAIOT AeH-
CTBUTEJIBHYIO MPOYHOCTh OETOHA B WU3JENHSIX U
KOHCTpYyKumsx [1] .

B psine ciiyyaeB KOHTPOJIb MPOYHOCTH OETO-
Ha MyTEM HCIBITaHUS CTAaHAAPTHBIX 00pa3loB
co3/1aeT ompezesieHHble TpyaHOoCcTH. Hampumep,
4acTO BO3HUKAET HEOOXOAUMOCTh JIOTIOJHHU-
TEJIBHO OINpPENETUTh MPOYHOCTh OETOHA B OoJee
MO3/IHUE CPOKH, YeM MPEANoNaraioch paHee;
OJTHAKO OTCYTCTBHE KOHTPOJIbHBIX 00paslioB He
MO3BOJISIET 3TO C/eaTh. Takxke MPOYHOCTh OeTo-
Ha KOHCTPYKIMH MPOBEPSIOT MyTEM BBICBEPIIH-
BaHUS U3 HEEe IMWIMHAPOB (KEPHOB) C MOCIEIY-
IOIUM HCIIBITAaHHEM UX Ha cxkarue. OObIYHO B
71a060paTOPHUIO TOCTABIISIOT KEPHBI C HEMPABUJIIb-
HBIMHU OCHOBAHUSIMU, TO3TOMY I1€pe]l UCTIBITAaHU-
MU Ha CXKaThe UX HeOOXOIUMO BBIPOBHSATH, 3a-
JUTH HEMEHTHBIM PAaCTBOPOM U MOAIUIN(OBATH.
[ToaroToBieHHbIE UMIMHIPHI HUCIBITHIBAIOT HA
c)KaTue Ha THIpaBIdYecKkoM mpecce. Js ompe-
JIeJIeHNs MapKH OeTOHa MOJyYeHHYI0 POYHOCTh
LWIMHIPOB pa3MepPOM YMHOXKAIOT Ha K0P PUIm-
ent 0,8. OxHaKO ATOT METO HEJIb3s IPUMEHSTh
JUIsl UCIBITaHUA OETOHA HEKOTOPBIX COOpPHBIX
KEJIe300€TOHHBIX KOHCTPYKIIMH H3-3a Mayion
TOJIIIMHBI ¥ BBICOKOTO MPOIIEHTa apPMHUPOBAHMUSL.
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Taxue KOHCTPYKIIMH HA/I0 UCIIBITHIBATH HEpa3py-
MIAIOIIMMHU MeToAamu [2].

MeToabl onpeaeseHusi IPOYHOCTH OeTOHA
CymiecTByeT psiJi MEXaHUYECKUX U (PU3MYECKUX
METOIOB, MO3BOJISIFOIINX ONPEAEIUTh IPOYHOCTh
0eToHa B pa3jMYHBIX MECTaX >KeJIe300€TOHHBIX
W3JIeTUN U KOHCTPYKIUH 0e3 ux paspyuieHus. B
ATUX METOAAaX HCIOJB3YIOTCS pa3InyHbIe MPH-
OOpbl, OCHOBAHHBIC HA MPHUHIUIE MOTYyYEHUS
IIaCTUYECKON JiehopMaii MOBEPXHOCTH OeTo-
Ha IyTeM 3anTyOJieHus B Hero Ooiika (Imapuka)
MIpU yJlape ¢ ONpEeIeICHHON CUIION, a TakKe Ha
MPUHIIAIIE YIPYTOro OTCKOKa OT MOBEPXHOCTHU
OeToHa U MOy4YeHUs 3HAUCHUS YIIPYyTou aedop-
Manui [3].

K ¢usnyeckum OTHOCAT aKycTUYECKHE Me-
TOJBl M MPOHUKAIOIUX H3Ty4deHui. VX npun-
[UITHAIBHOE OTIMYKE OT PACCMOTPEHHBIX paHee
3aKIJII0YaeTCsl B TOM, UTO OHU MO3BOJISIIOT CYIUTh
0 KauecTBe OETOHA U IPYTUX CTPOUTEIBHBIX Ma-
TEpPHUAJIOB HE TOJIHKO MO MOBEPXHOCTHOMY CJIOIO,
HO U IO BHYTpEeHHEHl cTpykType. B akycruue-
CKMX MeETOoAaX KOCBEHHOM XapaKTEPUCTHUKOU
MIPOYHOCTU ¥ OAHOPOAHOCTH SIBJISIETCS] CKOPOCTh
pacnpocTpaHeHUs MO MaTepuanxy BOJH YIpYy-
X KoJieOaHUH. YIbTPa3BYKOBOH METOJ 3aKJIIO-
YaeTcsl B PETUCTPALIUU CKOPOCTH MPOXOXKICHUS
V3 Bonan. [lo TexHUKe NMpOBENCHUSI UCIBITAHUM
MO>KHO BBIJICJIUTH CKBO3HOE Y3 MPO3BYUYHBAHUE,
KOTJla JIaTUYMKH PACIIONIaraloT ¢ pa3HbIX CTOPOH
TecTupyemMoro o0pasia, 1 MOBEpPXHOCTHOE MPO-
3By4YMBaHHE, KOT/Ia IaTYUKH PACIIONIOKEHBI, C O1-
HOM CTOPOHBI [4].

Hawubonee BaxkHOM siBIsieTcs mpoOiieMa Ha-
XOKJICHUS TPaJAyHPOBOUHBIX 3aBUCUMOCTEH, TO-
TOMY 4TO 0€3 3THUX 3aBUCHMOCTEH BCE JaHHBIE,
MOJIyYEHHBIE YIbTPa3BYKOBBIM METOJOM HE SIB-
JSIOTCS HADIAHBIMM U JOKa3areiabHbIMU. [pa-
JTYUPOBOYHYIO 3aBUCUMOCTb MEX]Y CKOPOCTBIO
pacnpoCTpaHeHUs YIbTPa3Byka U MPOYHOCTHIO
0eToHa Ha CoKaTUE OMPEACISIOT MpeIBaAPUTEIIb-
HO ISl KOHKPETHOTO cocTaBa 0eToHa. JTo CBs-
3aHO C T€M, YTO IMPUMEHEHHE I'PaTyHPOBOYHBIX
3aBHUCHUMOCTEH Il OETOHOB OPYTUX WU HEU3-
BECTHBIX COCTaBOB MOXKET MPUBECTU K OIIMOKaM
B ollpeneieHuHu NpouHocTH. Ha 3aBucumocTh
«IPOYHOCTh OETOHA - CKOPOCTh YIIBTPa3BYKa»
BJIMSIIOT clieAyrolue GpakTopsbl, KojaeOaHus KOTo-

PBIX HYXKHO YYUTBIBATh MPU NPUMEHEHUU YIBT-
Pa3BYyKOBOTO METO/1a KOHTPOJIs [4]:

— KOJMYECTBO W 3€pHOBOW COCTaB 3arloji-
HUTES,

— U3MEHEHHUE pacxoja leMeHTa Oojee yem
Ha 30%:;

— c1oco0 IpUrOTOBJICHUS OCTOHHOM CMECH;

— CTereHb YIUIOTHEHUs OETOHa;

— HanpsHKEHHOE COCTOsIHUE OeToHa.

VYapTpa3ByKOBOM METOJ] IMO3BOJISIET OCY-
HIECTBIIATH MAaCCOBBIEC MCTBITAHUS U3ACIUH JI0-
601 (hopMbI MHOTOKpPATHO, BECTU HEMPEPHIBHBIN
KOHTPOJIb HApacTaHUSl WJIW CHIKEHUS MPOYHO-
ctiu. Hemoctarkom Mmerona sIBISIETCS IMOTpell-
HOCTb IIPU MEPEeXoJie OT aKYCTUUECKUX XapaKTe-
PUCTHK K TpouHOCTHBIM. [Ipu ucnonb3zoBaHuu
YABTPa3ByKOBOI'O METOZIa OTpeAeICHHS TPOUHO-
CcTH OETOHA Ha pPe3ybTaThl OKa3bIBAIOT BIUSHUE
CJIMIIKOM MHOTO (haKTOPOB, KOTOPhIE HEOOXOIU-
MO YYECTh C IOMOUIbIO TPAAYHPOBOUHBIX 3aBH-
cuMocTei. Hanpumep, y4eT BIaXHOCTH.

B nocnennue roasl oTMevyaeTcsl 3HaYUTEINb-
HBIM POCT MPUMEHEHHUS TPOrHO3UPOBAHUS [TPOY-
HOCTH O€TOHa, OCHOBaHHbIE HAa COBPEMEHHBIX
TEXHOJIOTHUSIX, TAKUX KaK BCTPOCHHBIC NATUYUKU
Y CEHCOPBI, MAlIMHHOE 00yUYeHUE U UCKYCCTBEH-
HBII MHTEJUICKT. DTH METOIIbI 0COOCHHO 3P dek-
THUBHBI B CITy4ae HEJIMHEHHON B3aMOCBSI3U MEX-
Ny pa3IMYHBIMU TapaMeTpaMH CUCTEMBI, KaK U B
MTOBEJICHUY TTapaMeTpoB OeToHa [5—7].

Hawubonee agantupoBaHHBIM 711 TOM SN
B HACTOSIIEEe BpEMS SIBISIETCS METOJ TeMIlepa-
TYpPHO-TIPOYHOCTHOTO KOHTPOJIs, 0a3UPYIOIIEro-
Csl HAa B3aMMOCBS3H TeMIlepaTypbl OETOHA U Bpe-
MEHH €ro BBIJIEPKUBaHUA (TEMIEpaTypO-4achl).
[IpeBrpillieHNE HOPMBI YPOBHSI TEMIIEPATYPHOTO
HANpsOKEHUST MOTYT BbI3BaTh IOSIBJICHHE Tpe-
II1H, YTO KpailHe HeJO0MyCTHUMO.

CrangapTbel 1Mo MeToIaM TeMmIeparyp-
HO-TIPOYHOCTHOI0 KOHTPOJISA 0€TOHA

Temneparypa O€TOHHOW CMECH — OJIMH W3
BaXHBIX TEXHOJOTHYECKUX IIOKa3aresiei Kade-
cTtBa OeToHHOW cmecu. Ilpm KoHTpose mpod-
HOCTH O€TOHa pa3IUYHBIMU U3MEPUTEIbHBIMU
cUCTeMaMU Tepenaya MH(QOpMalUU O TeKyIlen
TEMIIepaTpe UAET B H3MEPUTEIbHBIA MPUOOD.
[TomyuyeHnHble 3Ha4YeHHs] TeMIiieparyp OeToHa U
BPEMEHH MX 3aMEpPOB MCHOJIb3YIOT JUIsl pacuera
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TeKyIlel NpoYHOCTH OeToHa. Pacdersl moryt
OBITH BBITIOJIHEHBI CIICAYIOIUMH MeTOoaMH |8 ]:
1) mo TemmneparypHbIM rpadukam;
2) 110 3pesoCTH;
3) o aHAJTUTUYECKUM 3aBUCUMOCTSIM.

MeToab!l TeMnepaTypHO-IPOYHOCTHOTO KOH-
Tpojisi OeTOHAa peraMeHTHPOBAaHbI B HOpMax
U CTaHAapTax, MPUHATHIX B Pa3HbIX CTpaHax,
MIPEJICTaBICHHbIX B Tabnuie 1.

Ta6auna 1. CtanaapTel 10 MeTOAAM TEMIIEPATYPHO-IIPOYHOCTHOI0 KOHTPOJIsA OeToHAa [9]

Crangapt Crpana
ASTM C1074 | Standard Practice for Estimating Concrete Strength by Maturity Method USA
ASTM C918 Standard Test Method for Measuring Early-Age Compressive Strength and Projecting Later-Age

Strength
ACI318-6.2 Building Code Requirement for Structural Concrete and Commentary
ACI 228.1R In-place Methods to Estimate Concrete Strength
ACI 306R Guide to Cold Weather Concreting
AASHTO T325 | Standard Method of Test for Estimating the Strength of Concrete in Transportation Construction

by Maturity Tests.
CSA  A23.1/| Concrete Materials and Methods of Concrete Construction/Test Methods and Standard Practice | Kanana
A23.2 for Concrete
NCH 170 Hormigon- Requisitos generals (Concrete- General requirements OxnHast Adppuxa
EN 206-1: 2002 | Concrete — Part 1: Specification, performance, production and conformity EBpoma
BS EN 1367 Execution of concrete structures
NEN 5970 Determination of Strength of Fresh Concrete with the Method of Weighted Maturity
CT-HII CPO TeMmnepaTypHO-IIPOYHOCTHOM KOHTPOIIb OETOHA TPH BO3BEICHIH MOHOJHUTHBIX KOHCTPYKIHUi B | Poccust
CCK-04-2013 | 3uMHMI Iepron

Crangapt ASTM pernamMeHTUpYeT, U4TO BbI-
JeNISIOT 4 3Tarna UCHoiIb30BaHUs METOIa pacyue-
Ta TEKyIlel MPOYHOCTH OETOHA MO €ro 3peI0CTH
[10]:

1) VYcraHoBneHue  3aBUCHMOCTH  3pe-
JIOCTB-TIPOYHOCTH (B JTAOOPATOPHBIX YCIOBHUSX );

2) BecrpanBaHue AaTYMKOB 3pelIOCTH BHYTPb
onasyOKu (Ha CTPOUTEIBHOM IIJIOLIA/IKE);

3) CuuThiBaHME JaTYMKaMU I[OKa3aTesen
3penocTH OeToHA (Ha CTPOUTEHHOM IJIOMIAIKE);

4) AHanu3 1aHHBIX.

Jiis pacdeTa MHIEKCA 3PEIOCTH TPUMEHSIET-
Csl TaKO€ BBIpaXKEHUE, KaK (DYHKIIHS 3PEIIOCTH.

@OyHKIWS 3pET0CTH - MaTeMaTHYECKOE BhIpa-
JKEHHE, KOTOPOE HUCIIOIb3YEeT U3MEPEHHYIO UCTO-
PHIO TeMITEpaTypbl IIEMEHTHON CMeCH B TEUCHHE
nepuoja TBEPIACHUS JJIsl pacueTa WHIAEKca, yKa-
3BIBAIOILETO HA 3pPEJIOCTh B KOHLE 3TOTO MEPHO-
na. Mcronp3yst pacCUnTaHHBIN MHIIEKC 3PETOCTH
¥ COOTHOIIEHHE NMPOYHOCTH U 3PEIOCTH, OIICHHU-
BAeTCs MPOYHOCTH OeToHa [10] .

Ecte nBe anbrepHaTHBHBIE (DYHKIHMU IS
BBIYUCIICHHSI MHJIEKCA 3PEJIOCTH Ha OCHOBE M3Me-
peHHO TemnepaTypHoi ucropun 6erona. OnHa
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(bYHKIUS 3pETOCTH HCIIONB3YETCS ISl BBIYHCIIE-
HUSl TEeMIIepaTypHO-BPEMEHHOTO KOA(PPUIMEH-
Ta, clieayromuM oopazoM o popmyre [10]:

M(t) = E(Tc — Ty At (1)

I'ne M(t) - TemieparypHO-BpEMEHHOM (aKTop
TIPU BO3pAcTe t, TpayC-IHHU WK TPATyC-4achl;

At- BpeMEHHOW MHTEPBAJ, THHU WJIH Yachl,

T. - cpennss Temmeparypa GeToHa 3a Hpo-
MEXYTOK BpeMeHw, At, © C;

Ty - GazoBas Temmneparypa.

DTOT MOAXOJ TPEAINOJIAraeT, YTO CKOPOCTh
Pa3BUTHSI IPOYHOCTH SIBIISICTCS TMHEHHOU (yHK-
et Temmneparypbl. UToObI BBIYHCIUTD TEMIIE-
paTypHO-BpeMEeHHOU KOA(h( UIIMEHT, HEOOXO0IH-
MO 3HaTh COOTBETCTBYIOIIECE 3HAYCHUE 0A30BOM
TEMIIepaTyphl JIJIsl KOHKPETHBIX MaTepuajioB H
YCJIOBHUM.

bazoBas Temmeparypa mpencTaBiseT cooou
TEeMIIeparypy, HIKE KOTOPOH HE MPOMCXOIUT
peaKIysi THApATAIMK [IEMEHTa, OT Yer0 CHUIIBHO
3aBUCUT Habop mpouHoctu. ba3oBas Temmepa-
Typa MOXET 3aBUCETh OT THIA IIEMEHTa, TUIa
U JIO3UPOBKU TIPUMECEH WM IPyruX J00aBOK,
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BJIIMSIONIMX HA CKOPOCTh THMJIpaTallid, a TaKxke
OT TEMIEPaTypHOTO AHAara3oHa, KOTOPbIA Oyaer
UCHBITHIBATh OETOH MPU TBEPACHHUH.

Pesynprarom wucnonb3oBanue QGopmynsl 1
ABJISIETCS TpaQUK 3aBUCUMOCTH HPOYHOCTH OT
TEeMIIepPaTypHO-BPEMEHHOTO MOKa3aTells.

Hpyrasg QyHKUMUS 3penocTH mpeanosara-
€T, YTO CKOPOCTh Pa3BUTHS MPOYHOCTU MOAYHU-
HSIETCSl SKCIIOHEHIIMAILHOMY YpaBHEHHUIO Appe-
HUYCa, KOTOpasi UCIOJIb3YETCs ISl BBIYUCIICHUS
HKBHMBAJICHTHOTO BO3pacTa MpH YKa3aHHON TeM-
neparype cieayromnmm odpasom [10]:
t,=Xe T T )

L - DKBUBAJCHTHBII BO3PACT NPH YKA3aHHOM
temneparype T3, 1Hel win yac,

Q- oHeprusi aKTHBAIIMH, JIEJICHHAs Ha ra3o-
BYIO MOCTOSIHHYIO, K

Te - cpemmsis Temmneparypa GeToHa 3a Ipo-
MEXYTOK BpeMeHH, At,

T3_3amannas temmeparypa, K,

At- BpeMeHHOI UHTEepBa, IHU WIH Yachl.

DKBUBAJICHTHBIN BO3PACT - KOJMYECTBO JHEH
WJIM YacoB TMPH 3aJJaHHON TemrepaType, HeoOxo-
JTUMBIX JJI TOCTHKEHUS 3pEIOCTH, paBHOM 3pe-
JIOCTH, AOCTUTAeMON 3a BpeMsl TBEPACHUS MPH
TeMIieparype, OTINYaroIIencs OT 3alaHHOM.

[IpennonoxkeHre o TOM, YTO CKOPOCTh Pa3BU-
THUSI IPOYHOCTH TOJUUHSETCS YpaBHEHUIO Appe-
HUYCa, MIPUBOIUT K (YHKIUU 3pPEIOCTH, NPHUBE-
JICHHOH B ypaBHEHUH (2), KOTOpasi UCIOIb3YETCS
JUIS. BBIUMCIIEHUS] KBUBAJICHTHOTO BO3pacTa MpH
3aJJaHHON Temneparype. [l BbIUMCIEHUS] SKBH-
BAJICHTHOTO BO3pacTa HEOOXOJMMO 3HAaTh JHEp-
THI0 aKTHBALMU JUI KOHKPETHBIX MarepuasoB
u ycnoBuil. [Toka3aHo, 4To SHEPrHsi aKTUBAIUU
3aBUCUT OT THIA LIEMEHTa, BUJA U JO3UPOBKU
npuUMecel, BIMSIOIMIMX Ha CKOPOCTb Pa3BUTHUS
MIPOYHOCTH, @ TAKXKe OT COOTHOILIEHHS BOABI U
[IEMEHTHBIX MaTepuayoB. /[ qpyrux ycrnoBwuii u
KorJa TpeOyercs MakcUMallbHasi TOYHOCTh OIEH-
Ka TMPOYHOCTH, COOTBETCTBYIOIEE 3HaueHue Q
MOXET OBITh OMPEIENIEHO IKCTIEPUMEHTAIBHO.

B 3apy06exHOil mpakTHKe W3-3a CIOKHOCTHU
pacueTa SKBUBAJICHTHBII BO3PACT HUCIOIB3YETCS
peke Mo CpaBHEHHIO C TEMIIEpPaTypHO-BpEMEH-
HBIM [TOKa3aTeJIeM.

Hekoropblie THUIIBI HHCTPYMEHTOB 3pENOCTH,

KOTOpbIE BBIUUCIISIOT TEMIIEPATYPHO-BPEMEHHON
(akTop, MOTYT HE UCIOJIb30BATh COOTBETCTBYIO-
1ryto 0a30ByI0 TeMIleparypy H, Clel0BaTeiIbHO,
HE yKa3bIBaTh UCTUHHOE 3HAUYEHUE ATOro (hakTo-
pa. 3HaueHHe TeMIIepaTypHO-BPEMEHHOTO KO-
¢dunmenTa, oToOpakaeMoro MpudOpPoOM, MOMKET
ObITH CKOPPEKTUPOBAHO AJisi 0a30BOIl Temmepa-
TypBI cienyromumM oopazom [11]:

M, =M; — (T, —Ty)t (3)

M. - CKOppEeKTHUPOBaHHBIH TeMIeparyp-
HO-BPEMEHHOW KO3((UIMEHT, Tpajyc-IHH WIH
rpajayc-4achl;

Mg.  remmeparypHO-BpeMeHHOM KO (U-
IIUEHT, 0TOOpaXkaeMbIii MPUOOpPOM, Tpamyc-THH
WJIN TPaIyCc-4achl;

Ty- COOTBETCTBYIOIIAs MCXOTHAsI TeMIIEpa-
Typa ains 6erona, °C;

Ts - GasoBas Temmeparypa, 3aJOKEHHAs B
pudop;

t - Bpemsi, TIpoIIe/Iee ¢ MOMEHTa BKITFOYe-
HUS TpUOOpa 10 MOMEHTA CHATHS TOKa3aHHM,
TTHY WA Y.

[locme wucmonb30BaHMA METOAA pacyera
IPOYHOCTH OETOHA IO €ro 3pesIocTH, CIEAyIo-
IIUHA 3Tal OCYHIECTBISIETCS CIENyIOIUM o0pa-
30M: KOTJIa 3pEJIOCTh JOCTUTAeT 3HAYCHUS, KOTO-
poe paBHO WM Ooiible TpeOyeMoro, 3HaYeHUE
3aMUCHIBACTCS, IPU HEOOXOIMMOCTH TIPOBEPSIET-
Csl IPaBUJILHOCTH ero 3HaueHus. [lepex BbImon-
HEHHEM KPUTHUYECKUX OTepalnii, TAKMUX KaK CHsl-
THE ONaJTyOKH WM TMOCIEIyollee HaTsKeHUe,
HEOOXOIMMO JIOTIOTHUTEIHHO OIPENENUTh 3pe-
J0CTh OETOHA ¢ TIOMOUIBIO IPYTUX TECTOB, YTO-
ObI yOeIuThCsl, 4TO OETOH B KOHCTPYKIIMU UMEET
JOCTaTOYHYIO MTPOYHOCTb.

Poccuiickuit crangapr CT-HIT CPO CCK-
04-2013 [8] comepx’uT TpeOOBaHUS IO KOHTPO-
JIIO C MCTIONIb30BAHKUEM TEPMOTIAp, TEPMOMETPOB,
MUPOMETPOB WIJIM TEPMOJATUUKOB C Ieperadeid
MHPOpPMALIMU O TEKyIIeH Temmeparype OeTroHa
B M3MEpUTENbHBIN pubop. [lomyueHHble 3HaYe-
HUS TeMIieparyp 0eToHa U BpeMEHHU UX 3aMEpOB
WCTIONB3YIOT Ul pacdeTa TeKyIled MpOYHOCTH
Oerona. PacueTsl MOTYT BBINOJHATHCS 1O He-
CKOJILKMM METOJIaM: TI0 TeMIIepaTypHBIM rpadu-
kaMm (Pucynok 1), mo 3penoctu 6eroHa, 1o aHa-
JTUTUYECKUM 3aBUCUMOCTSIM.
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= [Ho DOITECEaTOR I
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HO
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20, 40, 60
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T REHHTE: W4T O HA
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WO
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Mepebii L
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M

L

TR TR IO

Puc. 1 — Cxema pacuema no memnepanmyphwim epaguxam

3akiroueHue

Ha ocHoBaHMM TpPOBEICHHOIO aHajIu3a
MOYKHO CJIeJIaTh BBIBOJA, 4TO Hauboee CTaH-
JApTU3UPOBAHHBIM SIBJISICTCSI METOJA 3PEIOCTH.
Ucropust uccnenoBanus 3(PGEKTUBHOCTH €r0
MCIOJIb30BaHuA Hayaack euie B 1950 rony. Unes,
COCTOSIBIIIasl B TOM, YTOOBI pa3padoTaTh METOI
OlleHKH 3(PPEKTUBHOCTH «OOPaOOTKH IMapoM»
Ha pa3BUTHE MPOYHOCTH, CETOAHS IpeTepIrelna
MOMPAaBKU M IO3BOJIMIA MOAU(PHUIMPOBATH U
MOBBICUTH TOYHOCTH OLIEHKH ITPOYHOCTH OETOHA.

CeroaHsi MeTOJ] 3peJI0CTU pacCMaTpUBAETCS Kak
MOJIE3HOE U IIPOCTOE CPEICTBO JAJISl ONPENCICHUS
BJIMSIHUSI BPEMEHU M TEMIIEPaTyphl HA pa3BUTHE
npouHoctu. OAHAKO, U IPyrHe METOABI UMEIOT
CBOM OCOOEHHOCTH U BO3MOKHOCTH. [loaTomy
dbopMupoBaHre YHUPHUIIUPOBAHHOTO TIOXO/1A
k TIIKb sBnsercsi akTyajabHBIM BOIPOCOM M
MO3BOJIUT JIOCTUTHYTh BBICOKOE KaueCTBO H
JIOJITOBEYHOCTh OETOHHBIX U KEJIe300€TOHHBIX
KOHCTPYKIIMA.

BJIATOJAPHOCTb
JlanHoe uccnenoBanue 6bu10 npoduHancupoBano Komuterom Hayku MuHucTepcTBa
oOpasoBanus u Hayku Pecrryonuku Kazaxcran (I'pant Ne AP08956209).
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