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Annotation. When preparing Wells, the technology of pumping the produced water into the well
is used to maintain pressure.from the point of view of Occupational geology, all waters in oil and gas
fields are divided into different categories. Own waters, or otherwise residual waters, are pressurized
waters that form in the oil and gas reservoir. This type of reservoir water is the main type of groundwater.
To maintain the pressure in the oil and gas reservoir, natural (fresh or weakly mineralized) and
flowing(drainage) waters, mainly in the reservoir (85%), fresh ( 10 %) and Storm (5 %) waters, can be
pumped. More than 1 billion m3 of water flows into the layer, including 700-750 million m3 of fresh
water.

Field location projects should take into account the fact that in parallel with the growth of oil
production in oil production wells, there is an increase in waterlogging, therefore, the water supply
system should be designed and built taking into account the 100% utilization of all professional
wastewater from Field oil treatment plants in the reservoir pressure maintenance system (CPF).

The pumped water must be in harmony with the layer. The presence of mechanical impurities is
sometimes associated with a violation of water stability. This can be a consequence of irreversible
chemical reactions, accompanied by the ingress of solid salts from saturated solutions.

Keywords: well, reservoir pressure, oil and gas, water injection, pipeline,sewage, mine.

Introduction. When preparing Wells, the technology of pumping the produced water into
the well is used to maintain pressure.from the point of view of Occupational geology, all waters
in oil and gas fields are divided into different categories [1].

Own waters, or otherwise residual waters, are pressurized waters that form in the oil and
gas reservoir. This type of reservoir water is the main type of groundwater. To maintain pressure
in the oil and gas reservoir ,natural (fresh or weakly mineralized) and flowing(drainage) waters,
mainly in the reservoir (85%), fresh ( 10 %) and Storm (5 %) waters, can be pumped. More than
1 billion m* of water flows into the layer, including 700-750 million m® of fresh water. By
pumping water, more than 86% of all oil is produced today. At the same time, about 700 million
tons of reservoir water are pumped from collectors along with oil. As a rule, during district water
injection, 10-15 m® of water is required to produce 1 ton of oil (sometimes 25-30 m®). With
contour and intra-contour water injection, water consumption is significantly lower and averages
from 1.5 to 2 m® per 1 ton of oil. Fresh water from open water sources is easily available for
pumping water from oil reservoirs and does not require complex special training before pumping
them into oil fields.

Both natural and wastewater may contain organic and inorganic impurities. Natural
waters can contain various gases, mechanical impurities, iron hydroxide Fe(OH), and Fe(OH)s,
as well as microorganisms to a certain extent influence the water pumping process. In addition,
wastewater can contain oil droplets, as well as a large amount of salts, which can reach up to 300
o/l.Particles of algae, sediment and iron compounds in the injection water clog the porous
channels of the productive layer, reducing the receptivity of the injection wells.

Microorganisms present in the pumped water begin to form unwanted compounds. Thus,
sulfate - reducing bacteria produce up to 100 mg/L of hydrogen sulfide during their vital activity.
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subsequently, this corrosive active gas is released to the surface along with the oil and destroys
pipelines, apparatus and equipment. The main essence of the water supply system when pumping
water in order to maintain reservoir pressure, is to search and produce the required amount of
quality water, distribute and pump it into the reservoir through the system of injection wells. The
choice of a water supply system largely depends on the stage of field development. Recently,
flooding began to be carried out from the very beginning of the development of the field.
Considering that at the initial stage of field development, oil is produced without water, it
currently requires a large amount of fresh water.Figure 1 and Table 1 show the indicators of
water injection technology at the Kumkol field.
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Figure 1 — Information on pumping water into the well by year
Table 1 — Information on pumping water into the well by month
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Field location projects should take into account the fact that in parallel with the growth of
oil production in oil production wells, there is an increase in waterlogging, therefore, the water
supply system should be designed and built taking into account the 100% utilization of all
professional wastewater from Field oil treatment plants in the reservoir pressure maintenance
system (MLP). To obtain a ton of oil at the final stage of production, 12 v* or more layer water is
required. This complicates and makes the water supply system more expensive, since with an
increase in the volume of production of Reservoir Water 0 the costs of preparing and treating this
water from mechanical impurities, film Oil increase, as well as work to combat corrosion of
technological equipment, water pipes, fastening fittings increase. In addition, wastewater
contains surfactants after oil dewatering and desalination plants, which have good washing and
oil displacement abilities, which leads to increased final extraction [2]. The experience of
developing domestic and foreign deposits shows that flooding is an effective method of
maintaining reservoir pressure, but it is necessary to work in strict compliance with the necessary
requirements for the technology of its implementation.
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Figure 2 — Determination of the conductivity coefficient

When determining the required degree of preparation of waters used for the reservoir
pressure maintenance system (MLP), the geological and physical properties of the oil reservoir
(porosity, permeability), the composition of rocks, the range of changes in the main properties of
the reservoir - forming reservoirs, the qualitative composition and number of clays in the rocks,
the physico-chemical properties of the reservoir and pumped water should be taken into account.

The nature of the decrease in the permeability of the receptivity of injection wells even in
one field is very diverse and depends on the quality of the waters used (Fig.2).As a result of the
research of oil and gas geoservice MLP in 130 wells of the aryskum field, the determination of
the parameter of the porosity coefficient and water saturation coefficients was determined by the
equations Pp=f(Kp) and Ph=f(Kv): Rp=Kp-'°°*" approximation was made with an accuracy of
R2=0.9776 (Figure 3).



The deterioration of the throughput properties of the area adjacent to the well occurs as a
result of the following processes:
- narrowing of porous channels and complete blockage of part of them due to the penetration of
solid particles of dispersed phases(washing liquid or contaminated pumped water) ;
- swelling of the clay minerals of the formation with water when in contact with the pump;
- formation of insoluble precipitation along with water pumped by the layer during interaction;
- formation of stable water-oil emulsions in the contact area, which reduce the mobility of the
reservoir fluid;
- negative impact of capillary and surface phenomena.

1969
&~
~
~
100 S
] Pn= KH—1.5798
~_ R2 =0.9887
\’ l
e

10 Y

1

0,01 0,1 1

K, 1.e.

Figure 3 — Graph of dependence of conduction parameters on conduction coefficients

Currently, for the water system during field operation, the number of particles measured
during preparation and the composition of waste petroleum products, which are important
normalized parameters, must be brought into line with the requirements of the current industry
standard OST 39-225-88 "for pumping water into oil reservoirs "(Table 2).

Table 2 —-The permissible amount of mechanical impurities and oil in the pumped water, depending
on the permeability of the productive collector

Permeability of a porous | Relative fissure of the | Recommended limit value in water, mg / |
medium in a | Collector Mechanical additives Oil
collector,mkm

Above 0.1 - 3-5 5-10

Above 0.35 Below 2 out of 6.5 15-30 15-30

Above 0.6 Below 3.6 out of 35 40-50 40-50

Due to an increase in the percentage of wetting in the Well product (the average wetting
at the field is 88% -%), and, consequently, an increase in commercial water discharges at many
fields, the question arises of increasing the capacity of block-cluster pumping stations (BCPS), as
well as optimizing the MLT system. Taking into account the tendency to increase the drain, as
well as the high energy consumption of the MLT system, the problem of rationalizing and
increasing the capacity of this system is very relevant.

Within the framework of this project, the issue of water distribution between the facilities
of the mines BCPS — 1, - BCPS 2 was considered. Currently,it is inefficiently implemented in
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terms of saving the energy and resource of equipment , draining water from the oil preparation
plant (UPN) to BCPS — 1, BCPS -2. The main share of commercial water is disposed of at the
BKNS-2 facility. Again, water from the pre-water disposal unit(UPSV) also enters this facility.
These circumstances lead to the fact that the volume of water entering the BCPS -2 exceeds the
required values of injection into the injection wells, in connection with which the excess is
disposed of through the absorber Wells.At the same time,the amount of water in UPN Nan
BCPS — 1 is limited, because the low — pressure water pipeline UPN — BCPS -1 has insufficient
conductivity, and its acceptance capacity is somewhat high.In addition,the location of BCNS — 1
Is located far away, and BCPS -2 is located nearby.

There are two ways to solve the problem:

l.installation of more powerful pumps in BKNS — 2 , construction of separate high-
pressure water pipes for pumping and absorption, search for additional absorbing
Wells.Advantages: partial solution of the problem, increasing the power of BKNS-2.
Disadvantages: high energy costs in the future, the problem of rational distribution of water
between UPN, BKNS — 1.BKNS — 2 is not fully resolved. It is also necessary to build additional
high-pressure water pipes, change the technological process.

2.construction of a low —pressure water pipeline from UPN to BKNS — 1, which provides
the required throughput under consideration.

Advantages: solving the problem of irrational distribution of water between objects, significant
economic impact, decommissioning of water intake and absorption reserves at these objects,
energy saving.

Disadvantages: low pressure water pipe reconstruction costs.

Obviously, it is rational to use the second option to solve the problem.

As mentioned above, the problem of insufficient throughput of the UPN- BCPS -1 pipeline is
solved by reconstructing this pipeline. Reconstruction, in turn, is the laying of a new pipe of the
required diameter next to the existing one, and then the connection of the new water pipe to the
technological network. At the same time, it is planned to decommission the used water supply.In
addition, the renewable water supply will be designed for a capacity of 5,000 m* per day (taking
into account the possible increase in discharge).After the implementation of the project, it is
planned to use the equipment at the facilities as follows:

BCPS-1: it is assumed that the pumping volume will be from 4500 m? per day to 4800 m

per day. The volume of injection into BKNS — 2 will be within the range of BKNSS-1, i.e. 4500
m?*/day-4800 m*/day.
In this case, the task of hydraulic calculation is to determine the required diameter of the pipeline
in the conditions of pumping the volume of the Working agent, the length of the pipeline and the
known values of the pressure (pressure) at the end and beginning of the pipeline.We get the
required volume of the pump with a small excess. This volume is 5000 m* per day.

The calculation is carried out according to the laws of theoretical hydraulics. The
calculations used mainly well-known methodological guidelines[3,4]. The calculation task is to
determine the diameter of the pipe for a given flow. The Bernoulli equation is taken as the basis
for the hydraulic calculations of pipelines.for liquids of specific viscosity, the Bernoulli equation
takes into account energy losses due to hydraulic resistances.
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Here:
Py, Po- 1,2 pressure in sections,Pa;
p- density, kg / M
191 19>~ 1,2 linear velocities in sections,m / c;

g - acceleration of gravity;
Z,,Z,- geometric location height of points of current lines above the comparison plane.



a — a coefficient indicating that the distribution of velocities towards the flow section is uneven
(Coriolis coefficient).

The pressure loss for overcoming friction resistance and local resistances is determined as
follows.

hzh =h ocat + h jen (2)

Here:
hzh- the costs of total costs.

h 1ocar.- the cost of crossing local obstacles.
hen, — the costs of crossing long-distance obstacles.
Determination of the cost of crossing local barriers the Weisbach formula is used for:

h,=e12/2g @)
Pressure reduction due to local interference:

here &- resistance coefficient, This coefficient indicates how much speed is required to
eliminate hydraulic resistance. Here you can note the following features:

1) & the coefficient depends on the design features of local resistances.

2) & the coefficient depends on the Reynolds number Re & the coefficient depends on the
distance of neighboring local obstacles.

The Darcy-Weisbach expression is used to determine the cost of crossing longitudinal
obstacles. For pipes with a round section

hy,= A 1/d(9%/2g) ®)
For pipes with different cross-sections:

hy,= A AR(9%12g)= A 1/d,(19°129) (6)

In some cases
hy,= 9% 1 /C°R (1)

This is in the expressions
A - cost factor for friction over length (Darcy coefficient)
I- pipe or channel length,
d- pipe diameter
17- average flow rate,
R- hydraulic radius,
d - equivalent diameter,
C- the hydraulic friction coefficient A depends on the Chazi coefficient

C=.8g/1; 1=8g/c (8)

The purpose of the calculation is to find the optimal diameter for a given flow. To do this,
the calculation is carried out in stages for several diameters, after which the optimal diameter, in
which a given flow is carried out, and the pressure loss that allows the use of pumping units
installed in the UPN is determined. The initial data are presented in Table 2.

Here:
P 10ss - required pressure at the exit from the pipe, MPa;
I- pipe length, m;
K - absolute equivalent roughness coefficient, m;
8



Q - required bandwidth of the designed pipeline, m*;
p- density of pumped water, kg / m3;
v - kinematic viscosity of water, m2 / sec.

Table 2 — Data required for calculation

Settings P 1oss: | K, p Q AY d; d, d;

Units of MPa | m m g/m® | m’sec m?/sec m m m
measurement

Values 0,21 | 3500 | 0,0001 | 1000 0,0581 0,0000018 0,195 0,22 10,245

So, the task in this case is to determine the pressure loss for the selected series of
diameters and determine the minimum required pressure at the pipe entrance. Local resistance
costs according to the Weisbach Formula (3), and friction costs are determined by The Darcy —
Weisbach formula. Next, the thickness of the pipe wall is calculated. The calculation of the wall
thickness was performed in accordance with GOST 32388-2013, SP 36.13330.2012 and GOST
32678-2014 [9, 10]. Steel grade for low pressure water conduit 09gs2 [7, 8]. The initial data for
calculations are presented in Table 3.

Given by:

Table 3 —Initial data for calculation

Settings d P Ky K> R m n

Units of M MPa - - MPa - -
measurement.

Values 0,21 2,6 15 11 260 1,0 1,3

Here:

d- nominal pipe diameter, m;

P- internal pressure, MPa;

Ki- material reliability coefficient;

K- reliability coefficient for the purpose of work;

R- regulatory resistance to metal tensile (compression), MPa;

m- coefficient depending on the operating conditions of the pipeline;
n- reliability coefficient by load.

So, based on the calculations, the pipe pipe was designed, the characteristics of which are
calculated in Table 4.

Table 4 — Designed pipe characteristics

Settings Outer Wall thickness,| Length, M | Steel grade Internal Weight
diameter, mm mm pressure, MPa | of 1 m, kg
Values 220 5 3500 9rc2 2,5 31,5
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Conclusion. In the considered work, the quality and requirements of pumped water, its
sources and criteria, as well as the preparation of these waters for MLP at the Kumkol fields
were considered.
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The choice of a water supply system largely depends on the stage of field development.
At the initial stage of development of kumkol deposits, oil is produced without water, when a
large amount of fresh water is required. At the final stage of development, to obtain 1 ton of oil,
it is necessary to obtain 12 or more m® layers of water.

The pumped water must be in harmony with the layer. The presence of mechanical
impurities is sometimes associated with a violation of water stability. This can be a consequence
of irreversible chemical reactions, accompanied by the ingress of solid salts from saturated
solutions.

As the experience of developing domestic and foreign deposits shows, water injection is
an effective method of maintaining reservoir pressure, but it is necessary to strictly comply with
the necessary requirements for the technology of its implementation.

When determining the required degree of preparation of the waters used for the MLP
system, the geological and physical properties of the oil layer (porosity, permeability), the
composition of rocks, the range of changes in the main properties of the reservoir forming the
layer, the qualitative composition and number of clays in the rocks, the physico-chemical
properties of the layer and pumped water are considered important.

In connection with the increase in the percentage of wetting in the Well product , and,
consequently, the increase in commercial discharges in many fields, the issue of increasing the
capacity of Block-Cluster pumping stations (BKNS), as well as optimizing the MLP system, was
considered. The problem of rationalizing and increasing the capacity of this system, taking into
account the tendency to increase water discharge, as well as the high energy consumption of the
MLP system, was demonstrated. In the course of the calculation, the required pipe diameter for a
given flow was determined.
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KABAT KbICBIMBIH ¥CTAII TYPY KYWUECIHIH
TEXHOJIOI'UAJIBIK ITPOLECIH KETIJIAIPY

Tankapukos I1.A., TeXHUKA FRUTBIMAAPBIHBIH KaHIUIATHL, IPOdeccop
TypsimoeToBa 7K. T., )kapaTblIbICTaHy FEUILIMIAPBIHBIH MaruCTpi
Tamremupos A.P., Mmaructpant

Kopkxbim Ama amuvinoasvl Kvizviiopoa ynusepcumemi, Kvizviniopoa k., Kazaxcman

Anaarna. YHrbIManapApl JaiiblHAay Ke3iHA€ KbICBIMIBI YCTal TYPY YLIH OHIIpIIreH CyIbl
YHFBIMaFa aiay TeXHOJOIMACH KoJnaHbuiaipl. KocinTik reosorust TYpFBICBIHAH MYHal JKOHE ra3 KeH
OpBIHAAPBIHAAFEI OapibIK Cylnap OpTYpii Kareropusra OenmiHemi. MeHIIKTI cynap HeMmece Oackaria
KaJIZIBIK CyJIap-OyJ1 MyHal-Ta3 KabaThIHIa makiaa 0oaThiH KBICKIMIBI cynap. Kadat cynmapbiHbiH OV TYpi
JKep acThl CyJapbIHBIH HETi3ri Typi 00ibIn TaObuiaael. MyHai koHe ra3 KabaThIHAAFBI KBICBIMABI YCTaIl
TYPY YUIiH TaOWFH (TYIIBI HEMece 9JICi3 MUHEpaJIaHFaH) JKOHE arbIHJIbl (APEHAX/IbI) CyJap/bl,Her13iHeH
KabarTars! (85%), Tyuis (10%) sxoHe Hocepri (5%) cymapas! aiiiayra Gonamsl. Kabatka 1 mupa m° actam
cy, onbly iminae 700-750 miH M TYIIBI Cy KYWbLIAbL.

Ken opbiHzapblH opHanacTelpy koOajapblHAa KeHiHHEH MyHal eHJIpy YHFbIMaJlapbIHIAFbl
MYHall OHIMIHIH ©CyiMEeH Karap CYJaHyIbIH ©cyl JXYPETIHJIri ecKepilyl THIC, COHJBIKTaH CYMEH
KAOMBIKTAY JKyieci MyHall NailbIHAAyABIH KOCIMIIUTIK KOHABIPFBUIAPBIHAH OapIIbIK KCIMTIK CapKBIHIBI
cynapabl kabar keiceiMbIH yctan Typy (KKY¥T) xyitecinge 100% komere >kapaTyabl €CKepe OTBIPBII
KOOaTaHybl )KOHE CAJBIHYBI THIC.

AfifanaTelH Cy KabaThIMEH YiiecimMai Ooiysl Kepek. MexaHuKajbIK KocHalap IblH O0Iybl Kele
CYJbIH TYPaKTBUIBIFBIHBIH OY3bUTyBIMEH OailflaHbICThl. ByJl KaHBIKKaH epiTiHALIEPAEH KaTThl TY3JapAblH
TYCyIMEeH Oipre KYpeTiH KaThIMChI3 XUMUSUTBIK PeakIUsIapAblH calapbl 00Jybl MyMKIiH.

Tipek co31ep: YHFbIMa, KabaT KBICKIMBI, MYHAM-Ta3, Cy alifay, KYOBIp, aFbIHABI Cy, KSHIIIL.
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COBEPHIEHCTBOBAHUME TEXHOJIOI'MYECKOI'O IPOLECCA CUCTEMBbI
HHOJAEPKAHMUA IIVTACTOBOI'O JABJIEHUA

Tan:xapukoB I1.A., kKaHIUIAT TEXHUYESCKHUX HAYK, podeccop
TypbimoeroBa K. T., MarucTp eCTeCTBEHHBIX HayK
Tamremupon A.P., Maructpant

Kwoizviiopourncxuil yrusepcumem umenu Kopkoim Ama, e. Kvizviiopoa, Kazaxcman

AnHoTanus. /(s moanepKaHusl aBIeHUs PU ITOATOTOBKE CKBKUH HCIOIB3YETCS TEXHOJIOTHA
3aKa4yKd JOObIBaeMOil BOIBI B CKBaXHHY.C TOYKH 3peHHs NPO(ecCHOHAaTbHON T'eoIOTHH BCE BOABI Ha
HEPTSHBIX U Ta30BBIX MECTOPOXKICHHUSAX JIEJIATCS Ha pasHble KaTeropun. CoOCTBEHHBIE BOJIBI UM JPYyTHe
OCTaTOYHBIE BOBI-OTO BOJBI IO/ JABJICHHWEM, OOpasylolpecs B He(TEera3oHOCHOM cioe. DTOT THI
TUTACTOBBIX BOJI SIBIISIETCS OCHOBHBIM THITOM TPYHTOBBIX BO. J[ist moamepskanus AaBieHus B HEPTIHOM U
ra30BOM CJI0€ MOXKHO MEpeKayrBaTh Kak MPUPOAHBIC (TIPECHBIC WM C1a00 MUHEPaIH30BaHHBIE), TaK H
CTOYHBIE (JIpeHaXXHBIE) BOABI, B OCHOBHOM B ciioe (85%), mpecubie ( 10 %) u muBHeBbIe (5 %) Boabl. B
TUIaCT 3ajuBaeTcs 0osee 1 Mipn M° BOJIEI, B TOM grcie 700-750 maH M MIPECHOU BOJBL.

B mpoekTax pa3MmeleHnss MECTOPOKICHHN JOJKHO YUUTBHIBATHCS, YTO HAPSAY C MOCIETYIONINM
poctoM HedTenpoaykTa B HEPTeIOOBIBAIOIIUX CKBAXKMHAX IMPOUCXOAUT POCT OOBOIHEHHS, MO3TOMY
CHCTeMa BOJIOCHA0XKEHUS MTOJKHA TPOCKTHUPOBATHCS M CTPOUTHCS ¢ ydetoMm 100% yTunmsanmu Bcex
Npo)eCCHOHANBHBIX CTOYHBIX BOJ C IPOMBICTIOBBIX YCTaHOBOK HedrenepepaboTku B cHCTEME
noanepsxanus miactoBoro aasinenus (I11C).

[lepexaunBaeMasi Boga HODKHA OBITH COBMECTHMA CO clioeM. Hanmnune MexaHMJecKnux mpuMeceit
WHOT/Ja CBSI3aHO C HApyMIEHHEM YCTOWYHBOCTH BOIBL. JTO MOXKET OBITh CIEJACTBHEM HEOOPaTUMBIX
XMUMHUYECKUX PEaKlnii, COMPOBOXKIAIOMINXCS BBIMAIEHIEM TBEPABIX COJICH U3 HACHIIIIEHHBIX PACTBOPOB.

KaioueBble cj0Ba: CKBaXHWHA, HAmop IUlacta, He(pTb-ra3, mepekavyka BOIBI, TPyOONPOBO,
CTOYHas BOJA, PYIHHK.
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BJIUAHUS JE®EKTOB MOKPBITHUS IMTPOE3KENA YACTH HA ITPOIIECC
IKCIINIYATAIMU ABTOMOBHWJIBHBIX TOPOI’

JopmuaonrtoBa T.B., kaHAuAaT TEXHUUECKUX HAYK,
adisk63@yandex.ru, https://orcid.org/0000-0002-3960-4923
OpJaoBa A.A., crapiuyii penojaBarelb,
allaorlova5@mail.ru, https://orcid.org/0000-0002-2301-1314

Camapckuti eocyoapcmeenuslii mexuuueckuil ynusepcumem, 2.Camapa, Poccus

AnHoTtanusi. B crartbe mpencTaBieHBl OCHOBHBIC 33Jadyll IOPOXXHOH OTpacid, CBSI3aHHBIE C
NPaBWIBHBIM  COJICPXKAHWEM ¥ HaJUICKAlIMM  MOJJICpPKaHHEM  OKCIUTYyaTAllMOHHBIX  CBOWCTB
aBTOMO6I/IJ'II>HI)IX a0por. HpeI[CTaBJICHI)I I[C(l)CKTI)I, IMOJTY4YCHHLIC Ha OCHOBAaHUHM MPOBCACHHBIX
WCCIIEIOBAaHUH, 10 KOTOPBIM TOCTPOCHBI JHarpaMMbl. PaccMOTpeHBl BUABI paboOT Ha aHATM3HUPYEMBIX
y4acTKax aBTOMOOHMIBHBIX JOpOTr. Pe3ynmbTarhl vccieaoBaHus U 00paboTKa JaHHBIX TeOPaTUOTIOKAIUH.
[MpoaHanM3upOBaHBl PE3yAbTATHI OLECHKH OOMIETO0 MOJAYJS YIPYTOCTH JOPOXKHBIX KOHCTPYKIMHA Ha
oOcnexyeMbIx yuacTkax. [IpoBeleH TecT W TONy4YeHBI pPE3yJabTaThl 1O OLEHKE W3HOCOCTOWKOCTH
acanpToOeTOHa.

IMonydyeHHble B XOJ€ pacueTa 3HAYCHUS MOJIYJS YIPYTrOCTH CIOEB JOPOXKHOW OJEMKIIbI,
COIOCTABIBINCh CO 3HAYCHUSIMH MOJYNS YIPYTOCTH cjoeB achanbToOeTOHa, MOMYJS YIPYrOCTH Ha
IMOBCPXHOCTU OCHOBAHUA [IOpO)KHOI\/'I OACKALI W MOAYJIA YIPYIroCTH TI'PyHTAa 3CMJIAHOIO II0JIOTHA,
3aKJIQIbIBAEMOT0 Ha CTaJUM NPOCKTHPOBaHWS. B pe3ynpraTe 00pabOTKH NAHHBIX TeOpaUONOKAIIHY,
OBUIO TIONYYEHO 3HA4YeHHUE AWDIICKTPUYECKOW NMPOHHIIAEMOCTH paBHOE HYETHIpEM, KOTOpoe Haubolee
XapakTepHO JiIs ac(haabTOOCTOHHBIX TOKPBITHIA.

Ha ocHOBaHWM TIONYyYEHHBIX pE3yJbTATOB HCCIEAOBAHHMS MOXHO CZelaTh BBIBOJ O
HE3HAYUTEIIPHOM CHIDKCHHU MOJIYJS YIPYrOCTH clioeB ac(anbToOETOHAa B OCHOBAHHWH JIOPOXKHOM
OACKIAbI OTHOCUTCIILHO IMTPOCKTHBIX 3HAUCHUMH.

KiroueBbie cjioBa: aBTOMOOHWIIBHASI JOpOTra, JOPOXKHAST OJEKIa, KAYeCTBO ABTOMOOHMIIBHBIX
Jopor, 1e(heKThl, reopaHONIOKAIHS.

Beenenne. B pe3ynbrare sKCIuTyaTaliii aBTOMOOMIIBHBIX JOPOT HEN30€KHO MPOUCXOAUT
Bo3HUKHOBeHUE AedekToB [1]. Cepre3Hoe BiausiHME Ha 0€30MACHOCTH JOPOXKHOTO JABUKEHUS
OKa3bIBalOT AE(PEKThl MOKPHITHS Mpoe3kedl yacTu. PaboThl MO HMX YCTpaHEHHIO SIBIISIOTCS
HanOosee KanmutanoeMKumu [3-5]. Bupl 1e(eKTOB MOKPHITHS TPOE3KEH YaCTH MPEACTABICHBI B
tabmuie 1.

Taboauua 1 — Buasl negexTon

Bun negexra Onucanue nedexra
1 2
Bribonna MecTHOE pa3pylleHHe [IOpPOKHOTO MOKPBITHS, HMEIOIIEE BUJ
yrayOJeHns C pe3KO OYepUYEHHBIMHU KPasMu
ITponom [TonHoe pa3pyllieHre JOPOKHOTO MOKPHITHA Ha BCHO TOJIIIUHY,
UMerollee BU YIITyOJIeHHUs C PE3KO OYepUEHHBIMHU KpasiMU
[Ipocaaxa Hdedopmanust ZOPOKHOW OAEXKIbI, UMEIOIIAs BHJI YIIyOJNCHHS C
IJJaBHO OYEePUYCHHBIMH KpasMmu, Oe3 pa3pylIeHHs Marepuaia
TTOKPBITUSA
Cnasur, BoJlHA HepoBHocTH B BHAE UepeoyOIUX IONEPEYHBIX BBICTYNIOB U
BIAJUH C TOJIOTMMH KpasMH, BBI3BaHHBIE CMEIIEHHEM BEPXHUX
CJI0€B JOPOXKHBIX OJIEXK/T KAITMTAIILHOTO W 00JIETYEHHOT0 THTIA
I'pebenku HepoBHocTH B BHAE UepenyOMMXCS TMPAaBWIBHBIX M YETKO
BBIPOKCHHBIX IONMEPEYHBIX BHICTYNOB W BIAJUH HA TMOKPBITHUSIX
MIEPEXOTHOTO THUIA
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1 2
Kones Jedopmanuist MOKphITHs ¢ 00pa3oBaHUeM yriTyOJIeHHUH 110 mojocam
Hakara ¢ rpeOHsIMH Wi 0e3 TpebHel BrImopa
HeoOpaboTanHble MecTa M3numexk BsDKYIIEro Ha MOBEPXHOCTH MOKPBITHS C HW3MEHEHUEM
BBINIOTEBAHUS BSDKYILIETO €ro TeKCTYpHI U 11BETa

Ha ocHOBaHMM TNPOBEIECHHBIX HMCCIEIOBAHUN YYaCTKOB aBTOMOOMJIBHBIX JIOPOT OBLTH
HOJTy4YEHBI IAaHHBIE, [0 KOTOPBIM MOCTPOCHBI JIHAarpaMMbl COOTHOIICHHUS 1e(EKTOB MEX Iy COO0M
(puc. 1), nnarpamma coOTHOIIEHUS 1e(heKTOB U 001l mIomaau 1oporu (puc. 2, 3).

OOcnemoBaHne  y4acTka  aBTOMOOWMJIBHOM ~ JIOPOTM  TIPOBOJIMJIOCH  METO/OM
reopaJuoIOKAlIMOHHOT0  NMPOQHIMPOBAHUS, IO pe3ylbTaTaM KOTOPOTO  ONpENeIISUIUChH
KOHCTPYKTHUBHBIC XapaKTEPUCTUKHU JOPOIKHOM OCHKIbI.

m [Tonepeunsie

TPELIMHLI ® [[nomans noporu Ge3
® [IpojonsHbIe nedexron
TPEIIHHBI

® CeTka TpeniuH
= [Inomane noporu ¢

m Koneiinocts JedeKTaMH
B Bribounsl
PucyHnok 1 — JluarpamMma cooTHOIIEHUSI Pucynoe 2 — /luarpamma coOTHOIIEHUS
nedekToB MeKay co00it nedeKToB U 001EH NJIOIAAN T0POrH

® [[nomans goporu 6e3
aedexros

® [Tonepeunsie
TPEIMHBI

= [Ipononsusie
TPCIHHBI

= CeTka TpelmH

» KonelHocTsb

Pucnok 3 — /luarpamma cooTHomeHus aeeKToB 1 00111eii NJI0IIaIH J0POTH

Metoauka uccienoBanus. VMccienoBanusi ObUTH BBITOJHEHBI B PEXKUME HEMPEPHIBHOTO
npoQIIMPOBaHMsI, MPH KOTOPOM B TIPOIECCE HW3MEPEHWH aHTeHHA pajapa IOCTOSHHO
nepeMenaeTcs Hajl MOBEpXHOCThIO u3ydyaeMoii cpensl [9]. Takas meToauka 1mo3BosisieT Haubosee
HAJIC)KHO BBISBIISITH BEIIECTBEHHBIC U (PH3MUECKUE HEOTHOPOJHOCTH B 30HIUPYEMBIX Cpenax, u
JAaeT BO3MOXHOCTh TIONy4aTh HEMPEPHIBHYI0 WHGOPMALUIO O TOJNIMIMHE M COCTOSHUU
KOHCTPYKTHUBHBIX CIIO€B JOPOKHOH OJEXKIbI M TPYHTOB 3eMIISTHOTO TOJOTHA. B pesynbrare
00paboOTKM JaHHBIX TEOPAAMONIOKANNU, OBUIO TONYyYEeHO 3HAueHUE JAUAICKTPHUECKOM
MIPOHHUIIAEMOCTH PABHOE YEThIPEM, KOTOpOe Hambojee XapaKTepHO I ac(arbTOOESTOHHBIX
MOKPBITUH, PUCYHOK 4.
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PucyHok 4 — OnpenesneHue TU3JIeKTPUYECKOIl MPOHUIIAEMOCTH ac(PaTbTOOETOHHOTO MOKPHITHS

AHanu3 pe3ynbTaToB MCCIEI0BaHMA MOKa3all, 4YToO B Ipezenax 00CIe0BaHHOIO y4acTKa
cioit acanbrobeToHa HEOAHOPOAEH, KaK MO TOJIIMHE, mapaMeTp u3MeHeHus ot 13 mo 37 cwm,
TaK ¥ 10 pU3NUECKOMY COCTOSIHUIO. [IpUCyTCTBYIOT HHTEpBaJIbl, HAa KOTOPBIX ac(hanbToOOETOHHOE
INOKPBITUC HAXOAUTCA B HCYIOBJIICTBOPUTCIIBHOM COCTOAHMH, HA HCKOTOPBIX Yy4YaCTKax
HaOmroarTes npocajku. TosmuHa ciios meOHs U MeCcKa B CPEHEM COCTaBIIIET OKOJIO 37 cM,
PUCYHOK 5.

0.92 0.93
DcTanums o1

g e - -
TN oy e ey

Fyhea, m
c

0.96 0.97 0.98 0.99 1 1.01 1.02 1.03 1.04 1.08

PucyHok 5 — Pe3yJibTaThl reopaanoI0KalHOHHOT0 00C/Ie0BaHUS 110 MPOI0JIbHOMY NPOGHII0

WuTepnperanust MaTepuasoB T'eOpaJUOJIOKAllMOHHOTO  0OCIeIOBaHUS  IMO3BOJIHIIA
OHpe}IeJ'II/ITB TOJIINUHBI CJIOEB )IOpO)KHOﬁ OOCXK bl 3HAYCHUA KOTOpaﬂ HaXOoJUTCsA B npenenax oT
13 10 38 cm.

I'eopamuoniokalimoHHOe O00CIe0BAaHNE YyYacTKa YJIIMYHO-OPOKHOH CETH IOMOTJIO
pelIMTh MOCTaBJICHHbIE 3a1auu [2]. M3 MaTepuanoB reopaauoloKalMHOHHOTO TPOGUIupoOBaHus
CJIeMyeT, 4TO Ha 00CIeIOBAHHOM YY9acTKE aBTOMOOIBLHOM JOPOTH TOJIIMHA achaaibToOOETOHHOTO
MOKPBITUS HM3MEHSETCS B JIOCTATOYHO INMHUPOKUX Tpenenax. Ha MHOTHX HHTepBaiax
HAOJIIOJTAIOTCSA ~ CYMIECTBEHHBIC  MPOCAZOYHBIE W JICCTPYKTHBHBIC  TPOSBICHHUS B
achanbTOOETOHHOM TOKPHITHH. TOYHOCTH OMNpeAeNeHUs TOMIUH achaabTOOETOHHOTO
MOKPBITHUS, UCXO/S U3 TEXHUYECKHUX MMapaMeTPOB MPUMEHEHHON aHTEHHBI, MOKET OBITH OIlCHEHA
Ha ypoBHE £ 1,5 cMm.

B xagectBe MyONMpYyROMHUX MPUEMOB OBUTH TPOBEACHBI HCIBITAHHS C HUCIOJB30BAaHHEM
YCTAaHOBKHU yaapHoro Harpyxeuus [7, 10]. Vi3amepeHus: mpoOBOJMIKCH B TPAMOM M OOPAaTHOM
HaIpaBJIEHUSAX TI0 MOJI0CaM JBIKEHUSI ¢ yacToTol He 6osee 100 M (TIo mpaBo# mosioce HakKaTa Ha
paccTosiHUU | M OT KPOMKH TIPOE3KEH 4acTH).

Pe3ynbTarhl OIGHKM OOIIEr0o MOXYJS YIPYTOCTH JOPOXKHBIX KOHCTPYKIIMH Ha
o0cienyeMbIX y9acTKax MpeJCTaBlICHbl HA pUCYHKE 6-8. 3HaYeHHs] MUHUMAIBHOTO TPeOyeMOoTo
0011ero MOIYJIsl YIIPYTrOCTH MPHHSTH B COOTBETCTBHHM C TPOSKTHOM JIOKYMCHTAIIHECH.
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PucyHnok 6 — O6uuii Moy 1b YIPYTOCTH 110 BHELIHEH 1MoJ10ce IBUKEHHs B IPSIMOM HANIPABJIeHUH
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Pucynok 7 — O0muii MoayJib yIIPYrocTH 10 BHYTPEHHel 1ojioce ABUKEHHsI B IPSIMOM
HaNpaBJeHUA
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Pucynok 8 — O0uuii MoayJib yIIPyrocTH 1o BHelIHeil 1moJioce IBUKeHUsS] B 00PaTHOM HANPaBJIeHUH

[TonydyeHnHble B Xo/ie pacuera 3HaUYEHUs MOIYJS YHIPYTOCTH CIIOEB JTOPOKHOM OJEXKIIbI,
COTIOCTABJISLITUCH CO 3HAUEHUSIMU MOJYJISL YIPYTOCTH clloeB acanbTobeToHa, MOIYsS YyIPYrocTh
Ha TOBEPXHOCTH OCHOBAHUS JIOPOKHOM OAEKIbl M MOAYNIS YHPYTOCTH TI'PYHTA3eMIISIHOTO
MOJIOTHA, 3aKJIaJIbIBAEMOTO Ha CTAUU MPOSKTUPOBAHUSI.

Ha ocHOBe mnoOdy4eHHBIX pE3yJIbTATOB HCCIEIOBAHUS MOXKHO CJelaTh BBIBOA O
HE3HAYUTEILHOM CHIKEHUHU MOJYJIS YIIPYTOCTH CIIOEB achaibToOETOHA B OCHOBAaHUH JTOPOKHOM
OJ1eX/1bl OTHOCUTEIILHO MPOEKTHBIX 3HAYCHUI.

C uenpi0 BBHISBJICHHS MarTepHala, MO3BOJSIONIETO YBEIUYUTh MEKPEMOHTHBINM CpPOK
aBTOMOOWJIBHOM JTOpOTH, OBLI NMPOBENEH TECT MO YCTOWYMBOCTH KaMEHHBIX 3alOJHUTENEH K
abpazuBHOMY M3HOCY M0 Bo3jaelicTBueM munoBanHbiX muH (SFS EN 1097-9), a Takxke Tect no
oleHKe M3HOCOCTOMKOCTH acdanbrobeTona (SFS EN 12697-16) [6, 8]. B kauecTBe KaMEHHBIX
3anoyiHuTeNe acaabTOOETOHHOI cMecH OBLITM PAaCCMOTPEHBI CIEAYIOIINE MaTepHallbl: TPAHUT;
rab0po-auaba3s; MTUPOKCEHOBBINH TOPGUPHUT (PUCYHOK 9).
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Pucynok 9 — CTpykTypa KaMeHHBIX 3aN0JIHUTEeli: a) rpaHuT; 0) radopo-anadas;
B) NHPOKCEHOBBIN Mop¢uput

[TpoBenenHbIi TeCT Ha aOpa3UBHBIN U3HOC IMOKA3al, YTO MUPOKCEHOBHIN mopdupur B 2, 4
paza Bbllle, 4yeM Tab0Opo-muaba3 W B 3, 6 pa3a BbIIIE, YeM TPaHUT IO IIOKA3aTEeIto
u3HococToikocTH (pucyHok 10).
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Pucynok 10 — YcToiiYnBOCTh KAMEHHOT0 MAaTEPHAJIA K a0pa3suBHOMY H3HOCY IO/
BO3/IeiICTBHEM IIMIIOBAHHBIX INH

B pe3synbraTe MCHBITAaHUS M3HOCOCTOMKOCTH ac(albTOOETOHA MOJYYEHbI CIEeNyHOIue
JaHHBIC: ITOKa3aTellb W3HOCOCTOMKOCTH achanmprobeTonHON cMecu IIIMA-22 ¢ KaMEHHBIM
3aMoJIHUTENIEM M3 MHPOKCEHOBOro mnopduputa B 1,5 pasa Bbllle, 4eM Yy CYIIECTBYIOLIMX
AHAJIOTOB C 3AIOJHUTEISIMU U3 rab0po-auaba3a u rpanuta. [lomydeHHBIE pe3yabTaThl TOBOPST O
nenecooOpasHocTH npuMeHeHus B coctase LIIMAC kaMeHHOT0 3aroJHUTENS U3 TUPOKCEHOBOIO
nopdupuTa Ha aBBTOMOOMITBHBIX JIOPOTax ¢ BHICOKOI MHTEHCHBHOCTBIO IBHKEHHS (pUCYHOK 11).

H UIMA-22 (nopdpupur) H LLIMA-22 (rabbpo-gunabas)
100

0 —----.

AB6pa3mnBHbIV M3HOC 06pa3La, cm3

PucyHnok 11 — Ouenka uznococtoiikoct achaibTo6eToOHa

BbiBoa. B cBsi3u c BbIlIE M3I0KEHHBIM, B KAa4eCTBE BEPXHETrO CIIOS MOKPBITHS TPH
MPOU3BOJICTBE PEMOHTHBIX MEPOMPHITHHA, HAa aHATU3UPYEMOM Y4YacTKe MperycMaTpuBaeTcs
BBINTOJIHEHNE BBIPAaBHUBAIOIIETO (pe3epoBaHUS HA TONIMHY 6 CM C MOCIEAYIOMIeH YKIIaIKOW
BepxHero cnosi mokpeiTus w3 I[IIMA-22, B cocraBe KOTOPOro C LEJIbI0 YBEIHUCHUS
MU3HOCOCTOMKOCTH W CpPOKa CIY’)KOBI TIOKPBITHST HEOOXOIUMO TPEIYyCMOTPETh B KadyecTBe
KaMEHHOTO 3aMOJIHUTEINS TUPOKCEHOBBIN MOpQHUPUT.

B pabote ObuUM pacCMOTpPEHBI M PEHICHBI TPUOPUTETHBIC 3a/1a4H TOPOKHOW OTpACIU C
yu4€TOM  KOHCTPYKTHUBHBIX  OCOOCHHOCTEH  aBTOMOOWIBHBIX  JOPOT,  HCIIOJIb30BaHUE
TyOMUPYIOMKMX TPUEMOB TPH MPOBEACHHH JAUArHOCTUYECKUX padoT, MpoBeAeHHUE padoT Mo
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BU3YaIbHOU OIIEHKE, HA3HAYCHHE OYEPEIHOCTH U CPOKOB PEMOHTHBIX PabOT, B COOTBETCTBHUU C
KOTOPBIM ITPOU3BOJIUTCS OI0JKETHOE TUIaHHPOBAHHUE.
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INFLUENCE OF DEFECTS OF HIGHWAYS ON THE PROCESS OF
OPERATION OF HIGHWAYS

Dormidontova T.V., candidate of technical sciences
Orlova A.A., senior lecturer

Samara State Technical University, Russian Federation, the city of Samara

Annotation. The article presents the main tasks of the road industry related to the proper
maintenance and proper maintenance of the operational properties of highways. The defects obtained on the
basis of the conducted studies are presented, according to which diagrams are constructed. The types of
work on the analyzed sections of highways are considered. The results of the study and processing of
georadiolocation data. The results of the assessment of the general modulus of elasticity of road structures in
the surveyed areas are analyzed. A test was carried out and the results were obtained to assess the wear
resistance of asphalt concrete.

The values of the modulus of elasticity of the pavement layers obtained during the calculation were
compared with the values of the modulus of elasticity of the asphalt concrete layers, the modulus of
elasticity on the surface of the pavement base and the modulus of elasticity of the soil of the roadbed laid at
the design stage.

As a result of processing geo-radar data, a dielectric constant value of four was obtained, which is
most typical for asphalt concrete coatings.

Based on the results of the study, it can be concluded that there is a slight decrease in the modulus
of elasticity of asphalt concrete layers at the base of the pavement relative to the design values.

Keywords: automobile road, road clothing, quality of highways, defects, geolocation
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ABTOMOBNJIb KOJITAPBIHBIH KYPIC BOJITI'T ) KABBIH/IbICBI
AKAYJIAPBIHBIH ABTOMOBMJIb KOJIIAPBIH AU JTAJIAHY ITPOLHECIHE
9CEPI

Jopmunontosa T.B., TexHrKa FEUTBIMAAPBIHBIH KaHIU AT
OpaoBa A.A., ara OKBITYIIIBI

Camapa memnekemmik mexHuxanvix ynusepcumemi, Camapa K., Pecell

AHHOTanus. Makanana aBTOMOOWJIb SKOJNIApbIH JYPBHIC KYTINl ycrayFa >KOHE Maiaaiany
KacHeTTepiH THiCiHIIe MmaliaanaHyra OaiTaHbICThI )KOJ CaJTaCBIHBIH HET13T1 MiHAETTEePi YCHIHBIIFaH.

3epTreynep Heri3iHje aablHFaH aKayjiap YCHIHBUIBIN, AHarpaMMaiap KepceTiireH. ABTOMOOMIIb
YKOJIIAPBIHBIH TAJAHATHIH YYaCKECIHACTI HKYMBIC TYPJIEPl KapacThIpbUIAbL. 3epTTEyY HOTHXKECI MeH
reopagroNIOKalist JIEPEKTEpiH OHey. 3epTTeeTiH ydacKeaepaeri KO KYPbUIBIMAAPBIHBIH Kbl
cepmiMAITIK MOAyHiH Oaramay HoTwXenepi Tammanabl. AchanbTOETOHHBIH TO3Yy TO3IMIUNriH Oaranay
OOMBIHIINIA TECT JKYPTI31IiMN )KOHE HOTHKEIIEp aIbIH/IbI.

Ecernrrey GapbIChIHIA AITBIHFAH JKOJ jKa0bIHBl KaOaTTapbIHBIH CEPIIMALTIK MOAYTIHIH MOHAEP1
achanpTOCTOH KaOATTApBIHBIH CEPHIMAUIIK MOJIYJIHIH, O0J TeceMi Heri3iHiH YCTiHJIeri
CEpHMIMILIIK MOJYJIHIH >XoHE Xo0anay CaThICHIHAA CalbIHATHIH KEep TOCeMl TONBIPAFbIHBIH
CEPIIMIUIIK MOIYTIHIH MOHACPIMEH CANBICTBIPBULIBI. ['eopaauosioKkaust JIEePEeKTEPiH  OHIEY
HOTIDKECIHE achanbTOSTOH JKaObIHAAPhIHA TOH TOPTKE TCH JUJICKTPIIK OTKI3TIIITIK MOHI aJIbIHIBI.

AJIBIHFaH 3€pTTey HOTWIKECIHE CYHeHe OTBHIPhIN, KOJ TOCEeMIiHIH HeriziHae achaibrOeToH
Ka0aTTapbIHBIH CEPIIMIUTIK MOMYIIHIH jKO0AIBIK MOHAECPTe KATBHICTBI a3/1all TOMCHICH 1 JereH
KOPBITBIH/IBI JKacayFra 00Jajbl.

Tipek ce3aep: aBTOMOGHIb JKOJIbI, KOJI TOCEMIEP], aBTOMOOHIb JKOJIAPBIHBIH Calackl, akayJap,
PaIMOIOKAIHS.
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Kapazanowvt unoycmpusinvix ynusepcumemi, Temipmay x., Kazaxcman

Anjaarna. by 3epTTey ®KyMBICBIHA Y3/IKCi3 BICTBIK TFOMUHUA MBIPBILITAY arperatbl TOTTaHyFa
Kapchl aJIOMHHUH HeMece aTIOMUHHUI-MBIPBIIITH KabaTThl JKoJaK OeTiHe, apHaiibl Tel-BaHHaIa
OaNKBITBUIFAH BICTHIK OalKbIMaFa (aJFOMUHUI-MBIPHINI) OaThIpy oMiCiMEH Y3MIKCi3 €Ki JKaKThl JKaryFfa
apHaJFaH, JalblH OHIMII OpaMaapFa OpajiFaH KOoJaKTap TYpiHAe Oepe OTBIPHII, Y3IIKCi3 TEXHOIOTHSUTBIK
MPOIIECTE CYBIKTal MJICKTCYACH KCHiH JKOJIaKKa JKaOBIH/BI )KaFyFa JKOHE KaXKETTi JKOJAKTHIH aJIbIHYbIHA
OaiimaHBICTRI OapIBIK OMEpaIFsuIapIbl JKYpPri3yre apHaiFad. ABTOMATTaHIBIPBUIFAH OacKapy KyheciH
Kypy Mmakcarbiagarbl SOFTLOGIC-SCADA / HMI-MES-EAM TRACE MODE® 6 ogmici Herizinae
OaNKBITHIIFAH KaJlabIMEH KalTay blH HMUATALMSIIBIK MOJIENI KYPBIIFaH.

Capanray >KyHECiHIH aJrOpUTMi, OHJIEY OHIIPICiHIH 0ackapy HBICAHBIH CHIIATTAy, >KOCIAPJIBIK
€cenTey TEeXHOIOTUSCHI, XKOOAaHBI €CeNTey NPOLECIH UMUTALMSIIBIK MOJIEII JKacasFaH.

TeXHOTOTHAIBIK MPOLECTIH KYPBUIBIMBIH 0acKapy HBICAHBI PETiHIE KapacTBIPBUIBII, TPOLECTIH
MaTeMaTHKaaslK Moaein Busyanasl ereTin SOFTLOGIC-SCADA / HMI-MES-EAM TRACE MODE®
6 OarmapiaMabIK KeIIeH YChIHBUIFaH.

Koiibuiran MakcaTka OainaHBICTBI, TEXHOJOTHSUIBIK MPOLECC KYPBUIBIMBIH OacKapy HBICAHBI
peTiHIE KapacThIpy, aybITKy, OacKapy, Kipic, IIBIFBIC HapaMeTpJiepiH MaijajaHbll MaTeMaTHKAJIbIK
MOJIEJIiH Kacay Macelesepi KapacThIPbUIIbL.

HaiiblH eHIM OOJNBINI IUBIFATBIH OOJNAaT KaHBUITBIPbIHA JKaOBIHABI KaryIbl OacKapyIblH
TEXHOJIOTHSUIBIK TpoiieciH jkaHa Tunke colikee SCADA TRACE MODE® 6 OarnapiamanbiK MMaKeTiH
naianany apKpUibl 0ackapy YIIiH 3epTTey KacalbIH b

Tipex ce3aep: y3aikci3 bICTBIK amomMuHuil Meipsitay arperatel, ACY TII, SCADA xyiieci,
TRACE MODE® 6.

Kipicne. Y3aikci3 BICTBIK aTIOMUHHUI MBIPBIIITAY arperarbl Y3JIKCi3 OpHAaK OOJIbII
tabbutaabl. On ym OeNIKTEeH: Y3[IKCi3 OpTaHFbl OejiK J>KOHE IUCKPETTI 0ac JKoHEe apTKBl
OemikTepaenTypanbl. OpTaHFBl TEXHOJOTHSUIBIK OOJIKTE KaOBIHABI KaFyJIbIH TEXHOJIOTHSIIBIK
IpoIiec )Ky3ere achbpblUlaabl. ArperaTTblH Y3/IKCi3 )KOHE JTUCKPETTI OeJiKTepiH OallaHbICTRIPY
YIIIH UJIMEKTI KYPBUIFbUIAphl KOJIaHbIaAbl. 1 cyperTe y3AiKCi3 BICTBIK aJlOMUHUN MBIPBILITAY
arperaTbIHbIH TEXHOJOTHSUIIBIK CYJI0Aackl KepceTinreH [1-2].

Y31IKCi3 BICTBIK QTFOMUHHI MBIPBIIITAY arperarbl KoM emeMIl KypAell TEXHOIOTHSIIBIK
nporecc. Kypaeni TeXHONOTHSIBIK MPOIECCTI OHTaiIbl Oackapy MaKcaTblH OpBIHJAAYy YIIiH,
3amMaHayn Oackapy JKYWECiHJIe KOJIIAaHBUIATHIH, JKaKChl JKaFblHAH TaJJIaHFaH oNic —
JelIeHTpaIn3alus Kyieci. ArperaTtsl OacKapyAblH JEHEHTPATU3ALMIIBIK KYHECIH Kypy YIIiH,
JKEPrUTIKTI OacKapyAblH HETi3T1 MapaMeTpiik OJoK-cyi0achlH KypacTelpambiz. O  yIIiH
arperatTbl 4 Oeiikke OeJiill KapacTblpambl3. Op O6NIKTIH Kypambl OipHelle KypbUIFbUIap/aaH
TYpaJBbl.

1 Genik KypambIHA: KOJAKThl JalbIHAAYAbIH 1 jKoHE 2 HYKTECi, AoHEKepiey, XUMHUSIIBIK
Tazaynay koHe Nel inTeKk KYpBUIFBUIAPHI JKaTaibl. 1 OOJIKTIH mapaMmeTpiik OJok-cyidackl 2
CypeTTe KeJTIpiJIreH.

2 OemK KypamMblHa: MEXaHUKAJIBIK KEPHEY PpEeTTErill, TEePMOXHMHSIIBIK OHILY
KYPBUIFBUIAPHI, OPTAIBIKTAHABIPY KYPBUIFBUIAPBI, TAPTKBIII S-POJHUKTEP, KAOBIH/BI JKaFry KOHE
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Jie JKarblUIaTBhIH JKAOBIHJIBI PETTey KYpPbUIFBUIAPHI jKaTaabl. 2 OeJiKTiH MapaMeTpiik OJok-
cyJ10ackl 3 CypeTTe KOPCETIITEeH.
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1-cyper — Y3aikci3 bICTBIK aJIOMHHHIT MBIPBIIITAY arperaTbIHbIH TEXHOJIOTUSJIBIK CYJI0ACHI

3 Oemik KypamblHA: OipiHIII KOHE EKiHII PETTIK CAJIKBIHAATY, OPTAJIBIKTaHABIPY
KYpbUIFBLIAPBI, 0Oo0caTy TMelll, aKbpIpFbl CalKbIHAATY KYPBUIFbUIAPEL Kipedi. 3  OemiKTiH
napaMeTpIIiK OJIOK-cys10achl 4 CypeTTe KOpCeTireH.

4 Oeiik KypambIHa: maccuBaiusi, No2 iIreK, OpTaJbIKTaHAbIPY KYPBUIFbLIAPHI Maiiay
YKOHE OparbIIITap JKaTalbl.
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2-cypet — 1 00JIIKTiH mapamMeTpJIiK 0J10K-CY10achI

Op 06JIKTIH TEXHOJOTHSIIBIK MPOLECIHIH 9p CTaaUACHIHA KYHEHIH JKaFJaiibl Ke3 KelreH
yaKbIT MOMEHTIHJIE JKYHEHIH KaJBINTHIK BEKTOPhIMEH ((a3anblK KOOPAMHAT BEKTOPHI) Y, Kipic
0aKpLIay 9cep BEKTOPbIX, 0aKbUIaHOAUTHIH aybITKY BEKTOPHI Y, OacKapy acepi BEKTOPbI U OOJIbII
CHUTIATTaIAIbI.

X11 - XKOJAKTHI JalbIHAAYABIH | HYKTeECH;

X12 - dKOJIAKThI JAWBIHAAYABIH 2 HYKTECI;

X13 - ToHEKepIiey-0aiIaHbICThIPY TOpaOsI,

X14 - XUMUSIIBIK Ta3ajay,

Xi1s - Nel inrex KypbUIFBIIApBIHBIH Kipic MapaMeTpiepin 0aKbuiay BEKTOPIapHI.

Bipiamn 6emikTiH KypaMblHa KipeTiH Kipic MapaMeTpiepiH TONTACThIPY MaKCcaThIHIA X1 —
Ien Oenriaenmis.
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W1 - opOip KypbUIFBIHBIH JKYMBIC JKacay OapbIChIHAA Maiiia OosaThlH OaKbUTaHOAWTHIH
napameTpiiepine OaiaHbICTBI OipHEmIe MoHAEpP O00aysl MYMKiH (aya BUIFaIIbUIBIFBIHBIH
HamMaJiaH apThill KeTyi, TeMIeparypa dcepi, MeTajiap/IblH TOTBIFY JKOHE 0acKaJlaphbl).

X
Xn
X3
= Xos
Xas
X6

V)

WL

N A A A A A
WU Uy Uy Uy Uy Uy,
U,

3-cypeT — 2 00JIKTIH mapamMeTpJik 0J10K-cy16achl

U; -6ackapy mapamerpiiepi (KOIaKTBIH Y3/IiKCi3 arperatka 0episin OThIpybl, CTAHAAPTKA
ColiKkec Kelyi, JKOJIAKTHIH KAJIBIHIBIFEI MCH CHIH OakpLIayda ycray, IOHEKepIey Ke3iHje manaa
6os1aThIH AeeKTinep i K00, XAMUMSUIIBIK KYPaMbIH MOJIIIIEpIICY, ITCKTIH Kepy mapameTpepi).

V1 - arperarThiH OipiHIII O6JITIHEH 6TKEH JKOJAKTHIH IIBIFBIC BEKTOPBIHBIH KOOPHHATHI.

X21 - MEXaHUKAJBIK KEPHEY PeTTerili;

X272 - TEPMOXUMUSIIBIK OHJICY KYPBUIFBLIAPHI,

X23 - OPTABIKTAHABIPY KYPBUIFbLIAPHI,

X4 - TAPTKBII S-POTHKTED;

X25 = MBIPBIIITHI-ATFOMUHUN KaOBIHBIH Kary;

Xo6 - JKarbUIaThIH KaOBIH/IBI PETTEY KYPBUIFbUIAPBIHBIH Kipic MapaMmeTrpliiepiH Oakbuiay
BEKTOpJIApHI.

Y, - )KONaKTBIH JePOpPMAIUAICHI, Ta3 KBICBIMBIHBIH IIaMaJiaH apThII KeTyi, POJUKTEPIiH
TO3YbI, JKarblIaThlH KaObIHFA ayaHbIH ocepl, MBIPBIII-ATIOMHUHUA KOHIIEHTPAIUSICHIHBIH
carasapsl.

U, - KepHey/iH TapThUIbIC KYIII, ra3-aya KOCIAChIHBIH peTTeyilTepi, OEKITKIII-peTTeyimI
KJIanaHaap, TEPMOKOHTpPOJJIEp, TepMolapanap, KHUIKTI peTTeyiliTep, KOHTaKTopiap,
TaTYUKTED.

VY, - arperarThiH €KiHII 06JIITHEeH 6TKEH KOJIAKTBIH IIBIFBIC BEKTOPBIHBIH KOOPIUHATHI.

FE
Wy Wi Wiy Wi Wss

Ky —>
X5y —> Vs
X, 1 X —D> 3 —>
Xy =
X5 =
- A AN A AA
Ui Usp; Usz Uss Uss |
Us

4-cyper — 3 00JIIKTiH NapamMeTpJiiK 0JI0K-Cy10achI

X31 - OIpiHIII PETTIK CAJIKBIHIATY aiiMaFkhI;
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X3z - €KIHII PETTIK CAKBIHAATY aiiMaFbI;

X33 - OPTABIKTaHIBIPY KYPBUIFbLIAPHI;

Xaq - OocaTy meri;

X35 - aKBIpFBl CAJKBIHIATY KYPBUIFBUIAPBIHBIH KIpiC IMapaMeTpiiepiH Oakpliay
BEKTOPJIAPHI.

W3 - cankpIHIATY aiMarbIHAAFbl TAOUFU TeMIIepaTypa dcepi, KbICHIM IapaMeTpiepiHiy
KOFappl  OOJIybl, OPTAJIBIKTAHABIPY Ke3iHAErl IKOJAKTBIH HWUITIIITIT, TNemTep YIIiH
aTMocdepasIbIK KbICBIM KOPCETKIIIII.

Us; - wmanaHgap, KOHTpoiuiep, Oackapy WHIUKATOpJIaphl, TapTYIIbl POJIUKTEP,
WHIUKATOpJIap.
VY3 - arperarThiH YIIiHIII OOTITiHEH OTKEH JKOJIAKTHIH IIBIFBIC BEKTOPBIHBIH KOOPIUHATHI.
L] ‘I:j 1
Wi W Wi Wa Wss
_ A 4 4
Xn —>
X-’|-2 % Y4
X, o X = 4 - »
Xyy =
Xz —>
- A A A A A
U Uy Uiz Uy Uss
L]
Uy

5-cypeT — 4 00JIKTIH mapamMeTpJik 0J10K-cy16achl

X1 - TaccuBaIys;

X2 - No2 inrek;

Xa3 - OPTANBIKTaHIBIPY KYPBUIFBIIAPHL;

Xaa - Maiinay;

X5 - Oparbllll KYpbUIFbUIAPBIHBIH Kipic TapaMeTpIiepiH OaKbliay BEKTOPIIApHI.

W, - mem KypbUIBICBIHBIH JepOopManusichl, (OpCcyHKalapAblH OiTenyl, IIreKTepIiH
JKETKUTIKTI IIaMaJia JK0JIaK KOPhIH KaJlIbIpMaybl, Maiiiay Ke3iHAe *oJaK OeTiHIH bUIFal 0OJTybl.

Us; - nparyukTep OJIOTHI, MIBIFBIH OIIETIIITEp, JCHTed OIIIerimTep, KaObIHHBIH
KaJIBIH/IBIFBIH OJIIICYIIITep, 0pay KbIIIaMIBIFbI.

V4 - naiiblH, OpajFaH >KOJAKThIH IIBIFBIC BEKTOPBIHBIH KOOPIUHATHI.

Y3aikci3 BICTHIK QTIOMHHHIA MBIPBIIITAY arperatblH OacKapyJIblH TEXHOJIOTHSIIBIK
NPOIECIHIH KYPBUIBIMABIK OJI0K-CyJI0achl 6 CypeTTe KOpCeTIreH.

] %] %] x|
X a gy | 2] i
] a3 ] s ES
& ] & ] £
A a X | X

z/[ u--’ .U| U-.[ a.’ U-‘U.--‘ UM UM U{ U-w U:’ U.I ” a| a_} U_-| a.‘ zx-‘
6-cyper — BacKkapyabIH TEXHOJIOTHSIBIK MPOIECiHIH KYPbUIBIMABIK 0J10K-CYJ10aChI

Tyliingelt keme, KypJemi TEXHOJOTHSUIBIK KEIISHAEpP CaHAThIHIAFhl OHIIPICTIK
HBICAHIap/IbI €PEKIIIe OHTAMIIBI 0acKapyFa KaThICThI HETI3T1 TYXKBIPBIMJIAP,IbI AHBIKTAHMBI3.

Kypneni TexXHONOTHSNBIK KeIIeHAEp aWHBIMANbUIAPIBIH KOMNTIrT MEH OJapiblH
apachIHJarel KenTereH (YHKIIMOHAIABI OaiIaHbICTapFa KATBICTBl TYBIHJIAHTBIH OacKapy
MIHAETTEpIHIH JKOFaphl KYpACTUIriMeH cumartaiazsl. byn omapasl  memy  ymoiiH
OpPTaJBIKTAHJBIPBUTFAH TUITET1 Oackapy IKYHeNnepiHae MAOCTYpJl OmICTEpHl KOJIIAHYIbI
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KUBIHAATAbl KOHE HEPApXUSIIBIK JEIEHTPaTH3aIMUIBIK OacKapy >KyHenepiH Kypyabl KaxeT
eremi.

BackapynbiH mepapXusuIbIK KYHelIepiHiH KYPBUIBICHL, 0acKapyIblH OacTamKbl MiHAETIH
e3apa OaiJIaHBICTBI JKEPTUIKTI MIHIETTEP J>KHBIHTHIFbIHA 06Jy KaKETTUTrMEeH OaiIaHBICTHI,
onapiablH OipieckeH ImienriMi 6acTanmkbl MOCENeHIH MICNIIMIH aHBIKTaiabl. bepinren ecenTiy
JIEKOMITO3HITUSCHI, JKEPTUNKTI MIHACTTEPiH KOOPIWHAIMUIBIK OacKapybl MEH IapamMeTpiiepiH
TaHaayFa OallIaHbICTHI.

BackapbutaTelH OpTara KYHENIK Taljay XYPri3yl asKTaFaHHaH KEHiH TEXHOJIOTHSUIIBIK
MPOLIECCTIH TOPT Kypamisl OeiiriH Oackapyra OalIaHBICTBI oepaTtop HHTEpEHCIiH 3aMaHayit
SCADA TRACE MODE 6 xylieci kemeri apKbUIbl TYPFBI3BIPIBIH aJblHIa KaKeTTi
KOHTpOJIepJIepAl TaHAal OTBIphIN TepMoxuMusUIbIK oHney (TXO) memrepi aBTOMATThI KYMBIC
OPHBIH 931pJIey/IIH aBTOMAaTTaHIBIPY KYHECIH KYpyFa KeleMis.

Byn ymin, TRACE MODE 6 - mporecti 6ackapybiH 06JiHreH aBTOMAaTTaHbIPbUIFaH
JKYHeNepiH HAaKThl YaKbIT PEKUMIHJIE 931pJiey KOHE iCKe KOCY KoHE KOCIMOpPBIHAApAbI OacKapy
MOCeJIeTIepiH ISy MIENIyTe apHaIFaH OarIapiiaMaiblK ITaKeT.

SCADA TRACE MODE 6 oxylecinme OarmapiaManiblK JKOHE  alIapaTThIK
atopManapaslH Ti3iMIH Tangay Kaxker, eiitkeni O0yin SCADA sxyiteciHin Oap ecemrteyimn
KOHJBIPFbUIapbIHA O6JiHylHe, COHJai-aKk OHbI MaljanaHy KyHbIH Oaranayra OalllaHBICTHI.
SCADA xyiienepinin xermminiri MS Windows miardgopmanapsiaga (Windows NT) xysere
achIpbuIaabl. Ko sxKeTiMIl sKenTik Koaay Kypaiaapbl. beiiHreH HplcaH1ap bl aBTOMATTaHIbIPY
KYHECiHIH THIMIl kyMbIC icteyi ymin SCADA-xyiieci )KeniTiK KbI3METTIH XKOFapbl JeHIeHiH
KaMmTamacel3 eryi kepek. Crannmapttel mportokongap (Netbios, TCP / IP xone Oackanapsl,
COHJIali-aK eHepKacinTik uHTEepdeiicTepain cerHpnTapsiHad (Profibus, Canbus, LON, Modbus)
€H TaHBIMAJ KEIUIK CTaHAapTTapbl KOJIJAaHA OTBHIPBIN JKEJIUIIK OpTalapibsl KOJIIay KaKeT.
Kipikripinren komannanslk Tingep. SCADA-xyiienepiHiH KeNmmIuIriHae KOorapbl JIeHreii
Tinnep, Basic-ykcac Tinmep Oap, Oackapy mpoOiieMachlH IIEMIyre KaKeTTi aJrOpUTMHIH
y3iHau1epiH »kacay. Ic xysinge Oapabslk SCADA sxyieci nepekkopIblH TypiHerayencis SQL
CUHTAKCUCIH KOJNJAaHAIbl, OJ JEpeKTepAl Tajjay >KoHE JepeKkTi eHAeyre OarbITTalraH
KOJIJIaHbICTaFbl Oar/apiiaMalblK jKacaKTaMaHbl MaianaHy YIIIH Tayelci3 Oaraapiamainap.ibl
xKacayra MYMKIHIIK Oepei.

= g BUBNUOTEKU_KOMNOHEHTOE = wvalve_1
@) CuctemMHan i valve_ 2
= @@ Monezoeatensckas
= @@ Busnuorteka_l
=l & O6vexT_1
= @) Pecypcsl
iR Yalves
B Tanks
s Motors
s Cooling&Heating
= Pumps
2 Industrial

Was noHs_nporparm
s WasnoHe_akpaHos
B Wasnons_ceazer_c_CYBM

[E Basza_kananos

B, VicTouHukuTpuermHuKA <5

7-cypeT — «bHOJIMOTEKN KOMIIOHEHTOB)» KA0AaTHIHBIH KeCKiHi

bi3 «mabnonnapnan» xxo6anay apKblIbl aBTOMATTaHABIPY KYHECiH KYpyabl OacTaiMbI3,
saFHUA 013 ’KOOaHBIH aKMapaTThIK 0a3achblH — O3IpJICHIN JXKaTKAaH SKpaHaap MEH Oarmapiamanap
1a0JIOHIAPbIHBIH apryMeHTTepl OOMBbIHIIA apHajlapbl Kypambl3, HETi3ri TOCUIIl aBTOTYpaK
KoHE )ko0a TYHIHAEpIHIeT1 apHaIapabl OAlIaHBICTHIPY SICTEPIMEH TOJBIKTHIPAMBI3.

26



bi3 KOMIOHEHTTEpAiIH MalJanaHyllbl KiTamxXaHachlH KoijaHambi3. On  ymiiH
tmdevenv.tmul daiimein % TRACE MODE%%\Mib imki karamorsinan % TRACE MODE%
KaTaJorblHa KOIIipiHi3.

bi3 unTerpanusianFad gaMy KYHWECiH alraMbl3 jKoHE [ Genrimeni HYKY apKbUIbI JKaHa
*o00a xkacaliMbI3. JlaMy cTWIII peTiHe CTAHAAPTThI TaHIaHbI3.

Bubdanorexkn_kommnonenToB Kabartka oTiHI3 (7 cyper), myHna I[loab3oBarenbckasi
oemimiage bubamorexka 1 amampiz. Ockl KiTanxaHaga cakraaraHn OQ0beKkT 1 HbICaHBI ©31HIH
Pecypcbl KabaTeiHIa OJIaH 9pi AAMBITY YIIIH KaKETTI rpadUKaIblK HBICAHIADP >KUBIHTHIFBIH —
KJIaIaHJapAblH, CHIMBIMIBIIBIKTAP IBIH, KO3FAITKBIIITAP/IBIH KOHE 0acKa CypeTTepiH KaMTH/IBL.

biz Tomrapael drag-and-drop mexaHu3Mi apKbUIbI aFbIMIarbl KOOaHbIH Pecypcbl
KabaTbIHa >KiOepemi3 KoHE OJIapJblH aThIH TOMEHJE KepceTireHael esrepremi3(8 cyperrte
KOPCETAJITEH ).

= @ Pecypce
B3 KnanaHel

B2 Emkoctu

B2 Oeuratenu

2 OxnaxneHue_Harpee
lEa Hacoce

B3 KonoHHb

8-cypert — «Pecypch» KadaThl

Mynna «Pecypebl KabaTeiHIa 013 KYPBUIATBIH rpaUKaNbIK dKpaHIapIblH TU3aiHBIHAA
KOJITAaHBUTATBIH TEKCTypasap bl OpHAIACTHIPY YImiH « KapTuHKH» TOOBIH KypaMbi3(9 cyper).

= @ Pecypcsl || - Y= AN Ak
B Knana F@ Cospate rpynny  » @ Tekcru

B EmkocTu ¢? OTMEHUTE (Cirl+Z) @ KapTuHku
) & Anumaums

B2 Mpaduyeckue_3neMeHTEl

By Oeurates Bg Konupoearts (Chl+C

= Oxnaxae MepermMeHoBaTE...

B Hacocs E' Ceonrctea ——

9-cypert — «KapTHHKI» TOOBI

Kaprunku ToObIHIa jxaHa KOMIOHEHT — Bubanorexa_M3oopaxennii#l. Kypaiibik (10
cyper).

KapruHku
_ @ Keer |tn Cosaat KomnoHeHT  » Butnuorexa M sofpaskeruil
WaGnorer_nporpar X Yrnroxime B Busnuoreka_Meradaiinos
3 WabnoHe!_3kpaHos By Konuposars (Ctil+C)

B WatnoHe_aokymeHTos Nepeieropars. .

% WatnoHer_censei_c_CYUEL | E' Ceodictea

2 Cuctema |

10-cyper — «bubauorexa H3o0pakennii#1»Kadarnl

OHziey YIIIH JXKaHAJaH KYpPbUIFaH KiTalXaHaHbl €Ki peT HYKY apKbUIbl amblHbI3. OHBI
TONTHIPY YIIIH Kypajjap TaKTaChIHIAFbI OenrimieHi KojgaHambiz. Mmmoprray yimiH
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daiinnapasl Tangay auaiorsiHaa (11 cyper) 6i3 imki karamortsl kepceremis ...\Lib\Texture.
Bapisik aiinmapasl Tangan skpasgarel OTKPBITH OaTbipMachiH 6ackiHbI3 [3-4].

Buipati aiin Ana nmnopta iedd
Menka: |53 Texture ~| emcFmr
3 Ejbrick_022.bmp]
16 Hlice_016.bmp
Henasnie Emeta_011bmp
AokyreHTs | Fjstone_001.bmp
1 B water_020.bmp
Pasouui cTon
MO BOKYMEHTH
53
Mofi keHnsioTep
.«
.
Ceresoe
oKpuKeHie
Una pasine "brick_022 bmp* *ice_016.bmp" "metal_011.bmp"* | Qrepure
Tun painos: Pucywki (~bmp *png ~xpm * jpg) =] Orriena

11-cypet — @aiingapasl TaHaay TUATOTBI

TexHONOTHANBIK JACHTelae Ko0a TEXHOJNOTHSUIBIK OOBEKTUIepaiH (aOabIKTap/IbIH)
JKUBIHTBIFbI, TEXHOJIOTHSUIBIK MapaMmerpiiep (Temieparypa, KbIChIM, aFbiM JKoHE T.0.) XKoHe
OJIlapMEH JKYMBIC PETiHJIE€ YCBIHBUTYbl MYMKiH. By KaGarTarbel »0O0aHBI TEXHOJIOTTAp d3ipJieit
anazpl. by KaGaTTarbl TEXHOJIOTUSIIBIK KOATAY IIH TaHbIMAJ JKYHecl iCKe achIpbliabl.

Texnonorusnap kabateiina EAM (kaOasikTapiasl ceptudukarTay, HETi3ri Kypajaapabl
0ackapy, TEXHUKAJIBIK KbI3MET KOPCETY JKoHe koH/ey) koHe BOK cHusKTbI aBTOMaTTaHABIpbIIFaH
Oackapy XylesepiHe oTiHIMICP/ Kacay BIHFAWUIIBI, OHAIPICTI OacKapyapl OakbuIay, OHIIPICTIK
HIBIFBIHAP/IbI €CENTEY JKOHE MaTepUaNIbIK KaJABIKTap/ bl JalbIHAY.

SOFTLOGIC-SCADA / HMI-MES-EAM TRACE MODE® 6 anmapatrTsiK *XyiheciHe
UMUTALSIIBIK MoJien Kypy.I padukansik oneparop unrepdeiicin azipney [5-6]:

DKpaHHBIH YITICiH jkacay YIIiH 12 cypeTTe SKpaHHBIH IIOPMEHIH OpPBIHAAY KepeK, MaHelb
YJTICIH Kacay YIIiH, SKpaHHBIH YJATUTK KaOaThIHBIH MOTIHMOHMAIK MQ3ipiHEH TIpaduKabIK
MaHeJb IOPMEHIH JKacay Kepek.

2 - 9 : ’ R - =

@ Pecypce

& Wadnoret_nporpamm

2 WeSnomt S Comaare kovmoms + 73 3ecem

B Wasnore s i@ Cosaare rpynny * [12) Mpasuneckan narens 1
B Wabnormi_¢ @y Orpaernars (CUle2) EZ] Mremocxerss
S basa_xanal iy  crsiposars (CukeC)
i Cucrem.
= w Nepeurenonars
= wd RTM_1 24 Ceoiicrea
IS Kanane

B, Ucrourseu/Tpuemrsu
122 Tewionorun
b Tononorua

@ Knua

¥ g BubauoTeru_xomnomenTos

12-cyper — DxpaHHBIH YJTriciH koHe rpadguKaJIbIK NaHe bl Kacay

Erep Ttopamnrta OipHemie MmaHenbAep MIAKBIPHUICA, OJNIAPABIH KOPIHYIH HAKThl YaKbIT
pexuminae 6ackapyra 6oyaabl - COWKECIHIE, THICTI KOHbIpAay apHACBIHBIH Kipic MOHI 2. MOHIH
TaraiipiHAayra Tuic. Takra TyiiH OacTanFaHla KOpPCETIIEeTiH JKpaH CHUAKTBI OipJeil >KoIMeH
KepceTineni. OKkpaH mapameTpiiepi Tepe3eciHer! )KYMBIC:

1) Onmemaepi — mMKcenae JKpaH eNIIeMiH opHary. Ommem OipHelle CTaHIapTThI
TaHJay HEMeCe epKiH TaHaay KoHe €Hl MeH OMIKTIr1 epicTepi apKbUIbl OPHATY MYMKIH;

2) Masmynabl macmtabray — erep ['D oskpanbiHna opHainackaH TRUE skpaHHBIH
eJIIEeMIEpiHE COMKeC MacITadTaca;

28



3) ®oH — GoH TYpiH TaHIAY:

4) Tyc — 6y onmustHbl Tanaarana @on Gemiminge Tyc arpuOyTh 6ap; JIK 0ackan ke3ze
OCBI TOJICUIATTHIH MOHI OpICiH/Ie IKpaHAa CTAaHJAPTTHI TYCTI TaHAAY JUAJIOTHI Naina 6onais;

5) Cyper — by onmusiabl Tanaaranaa @on Gesiminae cypet arpubytsl 6ap; JIK 6ackan
Ke3Jle OChl aTpUOYTTHIH MOHI OpiCiHAE KOp KiTalxaHAachblHaH CYPETTi TaHAay TUaJIOThl Maiiaa
OoJIaIbl.

HaxTpl yakpITTa KYMBIC iCTEreH Ke3Je TpapHUKalbIK 3JIEMEHT OY3bUIFaH ChI3BIK PETiHJIE
OepiJIeTIH TPACKTOPUSIHBIH OOWBIMEH KO3Fanaabl (TYHIHAEPAIH CaHBl CHIHBIK CBI3BIKIICH
miekrenMeni). ['D aFpIiMIarsl skaraiibl OaiiIaHBICTRIPUIFAH APTYMEHTTIH MOHIHE OaiIaHBICTHI
(GaiinansicTeipy yuriH I[lpuBsizka caHABIK apryMeHT Ti3iMle TaHJaidalbl), TPaeKTOPUSHBIH
TOpamnTapbl YIIH OepiireH MoHJIepre >KoHe jkamaynaelH [lepemeniaTh miiaBHO (OipKaIBIITHI
KbUDKYbIHA) OaitnanbicThl [7-11].

Ocbiapait 3eprrey xoHe xkorapeiga kepceriiren SOFTLOGIC-SCADA / HMI-MES-
EAM TRACE MODE® 6 onic Herizinae OalKbITUIFaH KaJllalbIMEH KamnTayAblH UMHUTALMSIIBIK
MOJIETI KYPBUILIBI )KOHE OJT TEXHOJIOTHUSIIBIK TPOIECTI aHBIK KOPCETE OTHIPHIN KAXKETTI OacKapy
napameTpiepiH e3repTyre MyMKiHIIK xacaiizasl (13 cyper).

Trace Mode IDE 6 Base xonmganOanel OarjapiaMaHblH KypamblHa KipeTiH
(tmdevenv.exe) KOChIMIIIACBIMEH KacablI (rtc.exe) apKbLIbl )KYMbIC icTeimi [12-13].

3epTTeNeTiH Kyhenep MeH OOBCKTUICpIIH opanxyaH OONybIHA KapaMacTaH OJapIbl
UMUTAIMSUIBIK MOJIENIb/ICY YIIIH KeOiHece MbIHAa aiThl Ke3eHI1 OipiHeH COH OipiH OpbIHAAY
KaXeT:

1) MocereHi Ko,

2) MaTeMaTHKaJIbIK MOJICb KYPY;

3) KOMIbIOTEPre apHAJIFaH MPOrpamMMa JKacay;

4) MoJeNb/IiH TYITHYCKara COMKECTIrH Oaraay;

5) sKcrepuMeHTTEPIiH KOCIaPhIH Kacay;

6) MoJenbACYMiH HOTHXKEIIEPiH OHILY.

Ocpsl Ke3eHAepAiH dpKaNHChIChIHA KeKE TOKTATANUbIK.

TRACE BAINKbITBUFAH KANAUBIMEH KAMNTAYAbIH UMUTALIUANBIK MOOETI

Opsbinbacap Isbacap BonarGekynel
DE

I Kepinyi

" xepiny Temnepa-
: KoMnexcaTopaa

Cynbi epTinaini cowy ~
CEEE— ‘ 4 =

) m—

xomnpeccop

Aexrew
S

1 15 | Boeren svenpn 11/01/2023 160432000 <0 5000 eoo

EHY e e < > > %9l

el
3000
00 ) %0.(0

30.00 5F
2000
11,0723 16.04904.0516. 041216 04.13"6.04 241604 30 160436 1604 £216.04 481604 54 16.0500 16 05¢ P
10.00 ¢ 0 o
000

Aecrovan | Busesscn. | Hovee Meroeem Brienre
+ + n . wanTay
+ Y

00 00

13-cypet — UMHTAIIUSIIIBIK MO/IE]Ih
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NmMuTtanusuiblk Moienbaey, 0acka a 3epTTey 9MicTepl CHSIKTBI, MOCENIeHI KOIOJIaH, SIFHU
MOJICIIbJICY/IIH MaKCaThIH JKOHE OChI MOJICIIBIEPAl KYPY KE31H/I€ €CKEePETIH OpPTYpJl MEKTeyIep/Ii
cuUmnaTTayAaH OacTanaibl.

NmMutanusnplk MOACIBACYAIH MaKcaThl PETiHAE KayaObl 137€Ninm OTBIPFAaH MaHBI3IbI
CYpaK, aJ1J1e TEeKCEepyl KaKeT eTeTiH KopamaJl, HeMece BIKIaJbIH OaraaiiThIH acep 00I1a anajbl.

NMuTtanusiblk MOAENbACYAIH MakcaThl pPETiHIEe, JKOFapblla aWTbhUIFaHIal, opTypii
JKOopaMalJIap/IblH aKUKATTBIFBIH TeKcepy Jne Ooyia amaapl. Mpicanbl, Keibip KyHenepiH
Oonaimarsl Typajbl jKacajFaH jKOpaMaljibl TeKcepy, HeMece aBTOO0yC MapylIpyThIHBIH €3repyi,
OHBIH CaJIOHBIHBIH TOJIYbIH KaMTaMachl3 €Tel JEreH OOJDKaMIbl TEKCepy, /e MEMIICKETTIK
KOPBIKKA IIETTEH JKeJr'eH jKaHyapiap/blH jKaHa TYPl OHBIH 3KOJOTHUSIIBIK Tele-TeHIITrH 0y3a/bl
JIETeH >KopaMaaapAbl TeKcepy 0oiybl MyMKiH. EHII UMUTANMSUIBIK MOACIBICYIIH MaKCaThl
peTiHze dPTYPJIi dcepaepIiH bIKIAIBIH TEKCEPYIiH e Oip MbICabIH KenTipe Kereitik [14-16].

MeTtamryprusiblK MemTepae MeTalfbl KOPBITY IMPOILECIHIH HOTH)KECIHE, OCBI TEHIKE
ypiienm TypaTblH ayaFa KOCBUIATBIH Ta3za oOTTeri ocepi 30p. COHIBIKTaH OCHI TPOLECTI
UMUTAIVSUTBIK  MOJICNIBICY/IIH MaKcaThl PeTiHje OaWbITBUIFaH ayajarbl OTTETl MeOJIIEPiHiH
METAaJIJI IIBIFBIMBIHA 9CEPIH aHBIKTay 00J1a anaibl.

Enpi ochl MMHATAITUSIIBIK MOJCIBICY KE31HAEC €CKepeTiH MIeKTeynepAl OelHeey Typaibl
Oip-exi ce3 alTy KaxkeT. byl JKymbIc 3epTTeliln OTBIpFaH OOBEKTITIH HeMece KYHeHIH
CUMaTTamMajapblH aHBIKTAyJaH OacTaabl.

Ochl OarpITTarbl OIpiHINI KaJaM Kapajiblll OTHIpFAaH OOBEKT KaHAAW OeJeKTepacH
TYpPATBIHBIH aHBIKTaybl KakeT. Kemeci Kamam, OCbl OOBEKTTIH e€lieylli TapaMeTpiiepi MeH
alfHpIMaJIbIIAPBIH aWKBIHAY KOHE COJIApAbIH MeJIIIepiepiHe KONbIIAThIH MIeKTeyIepl Tady.

YuriHmon Kagamaa OChl €Jeyli MapaMeTpiep MeH aiHbIMalbLIapiblH OipiHe-OipiHiH
ocepiH Tayijail OTBIPBIN, OJAPABIH UMUTALMSIIBIK MOJIENbACY HOTHIKECIHAE BIKMAIBIH Taly
KaxeT. MareMaTHKaJIbIK MOJENb JeN 3epTTENin OTBIpFaH JKyHenepaeri mporecTepIiy
cUMaTTamajgapbl MEH OChI )KYHeNnep/iH eneysi napaMeTpiepiHil, 6acTanKbl apTTapbIHbIH, Kipic
allHpIMaJIbITIAPBIHBIH apachIH/IaFbl OaliTaHBICTHI OCHHENEUTIH KaTbIHACTAp KUHAFbIH allTaMblI3.

KopbiThinabl. TyiliHael kene, Kypaeni skyilenepiai KYpacThIpaThbiH 3JIEMEHTTEpiH
OPTEKTUIIr KOHE OJIApABIH HEHIETYpJll Ke3AeWCOK (DaKTOpiapablH ocepl OpTachlHIA KYMBIC
icTeyl oChbl XKyHenepal ’KoHe OJap/IbIH 3JIEMEHTTEPIH MOJAEIbACY YLIIH dpPTYpPJi MaTeMaTUKAJIBIK
cyyidanap/ibl KOJIIaHyFa MOKOYp eTe/l.

ComapaplH 1IIIHEH UMHUTALMSUIBIK MOJENbJEy Ke3iHAe KUl MaiilalaHbuIaThIH Kelecl
cyii0anappl atan Keryre 0onansl: Tud@epeHIHaIbIK KOHEe albIPBIMIBIK TCHACYJIEP, MapKOB
MpoIIeci, KOMIITIKKe KbI3MET KOPCeTy Kyilenepi, TMHaMUKAaIBIK JKyienep, arperarThlk xKyihenep,
BIKTUMAJIJIBIK aBTOMATTap.

Ocpl cynbanapabl 3epTTeyAIH MaTeMaTUKAIBIK OICTePiHIH KaKChl JaMBbIFaHBIH €CKEPCEK,
oJIapbl KYPAEI XKy#enep 3JIEeMEHTTEPIHIH MOJIENI peTiH/e NaiigaianyFa O0JIaTBIHBIH JISJIENICY
Kepek koK. CoHIBIKTaH Oyl cyji0anap MMHUTAIMIIBIK MOJENbICY SAICIHIH VAT cyibanapsl
JIeTI aTalabl.
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UMHUTALNNOHHASI MOAEJIb AI'PEI'ATA HEIIPEPBIBHOT'O I'OPSYEI'O
AJIIOMUHNHU IMHKOBAHUSA

YmbeToB Y.Y., JOKTOp TEXHUYECKUX HAYK, TIpodeccop
Opsinbacap U.b., maructpant
Kacysak O.7K., maructpant

Kapaeanounckuii unoycmpuansuwiii ynusepcumem, 2. Temupmay, Kazaxcman

AHHOTauus. B pnaHHOH wuccinenoBarenbckoil paboTe yCTaHOBKAa HENPEPHIBHOIO TOPSYEro
AMIOMUHWHA  IIMHKOBaHMS  TpeJHa3HaYeHa JUIl  HENpPEpBIBHOTO  JBYCTOPOHHETO  HaHECEHUs
AHTHUKOPPO3UKWHOTO aJIOMHHHMEBOTO WM QIIOMOIMHKOBOT'O CJIOS Ha IMOBEPXHOCTh IOJIOCHI IIyTEM
NOTPY>KEHHS €€ B paciulaB (UIIOMUHHUNA-IIMHK), PACIUIaBJICHHBIN B CIIEHUAIBHYIO M€Yb-BaHHY, NAIOLIYIO
rOTOBOE W3JIENIE B BHJE IOJIOC, CBEPHYTHIX B PYJIOHBI, B MPOLECCE HAHECEHHUS MOKPHITUS HA II0JIOCY
MoCJIe XOJIOMHOW TIPOKATKW M TMPOBEACHUsI BCEX OIMEpallvii, CBA3aHHBIX C yAAJICHHUEM HEOOXOJMMOi
nosiocsl. Ha ocHoBe meroma SOFTLOGIC-SCADA/HMI-MES-EAM TRACE MODE® 6 ¢ nensto
CO3/1aHHs aBTOMATU3UPOBAHHOW CHUCTEMBbl YNPABJICHHUS CO3JaHa HMMUTALMOHHAs MOJENb MOKPBITHS
pacIIaBJIeHHBIM OJIOBOM.

Co3aH aNrOpUTM CHCTEMBI OIICHKH, OIKMCaHHEe OOBEKTa YIpaBJieHUs mepepadaThIBAIONINM
MPOM3BOJCTBOM, TEXHOJIOTHUS IIJIAHOBOTO pacueTa, MMUTAIMOHHAS MOJIENb Ipollecca pacyeTa NpoeKTa.

IMpencraBiaen nporpammubiii  komimieke SOFTLOGIC-SCADA/HMI-MES-EAM  TRACE
MODE® 6, xotophlii paccMmarpuBaeTcs Kak (opMma yIpaBlIEHHs CTPYKTYPOH TEXHOJIOTHYECKOTro
MIpolLECcCa U BU3YyATM3UPYET MaTeEMaTHUECKYI0 MOJIEINb Ipoliecca.

B cBs3u ¢ mocraBieHHOW 1eNbl0 OBUTM PacCMOTPEHBI MPOOJEMBI PAaCCMOTPEHHUS] CTPYKTYpPBI
TEXHOJIOTHYECKOTO Tpoliecca Kak (OpMbI  yIPaBICHHsS, CO3JaHUS MaTeMaTHUECKOW MOJICIH C
UCIIOJIb30BaHUEM OTKJIOHEHUH, YIIPaBJICHHUS, BXOJHBIX M BEIXOTHBIX MTAPaMETPOB.

[IpoBeneHo ncciegoBaHKE MO YIPABICHUIO TEXHOJIOTHYECKUM MIPOLIECCOM HAHECEHHS TOKPBITUI
Ha TOTOBBIH CTaJbHOW JIUCT C HCIIOJNB30BAaHMEM MPOTPAMMHOTO KOMIUIEKCa HOBOTO THIIA
SCADATRACEMODE® 6.

KuroueBble c0Ba: yCcTaHOBKAa HENPEPBIBHOTO Topsdyero HMHKoOBaHUS amoMuHusa, ACY TII,
cuctema SCADA, TRACE MODE® 6.
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SIMULATION MODEL OF CONTINUOUS HOT-GALVANIZED ALUMINUM UNIT

Umbetov U.U., doctor of technical sciences, professor
Orynbasar 1.B., undergraduate student
Zhassuzak U.Z., undergraduate student

Karaganda Industrial University, Temirtau city, Kazakhstan

Annotation. In this research work, a continuous hot-dip galvanizing plant is designed for
continuous double-sided application of an anti-corrosion aluminum or alumino-zinc layer on the surface
of the strip by immersing it in a melt (aluminum-zinc) melted in a special furnace-bath, giving the
finished product in the form of strips rolled into rolls , in the process of coating the strip after cold rolling
and carrying out all operations related to the removal of the required strip. Based on the SOFTLOGIC-
SCADA/HMI-MES-EAM TRACE MODE® 6 method, a simulation model of molten tin coating was
created in order to create an automated control system.

An evaluation system algorithm, a description of the processing production management object, a
planned calculation technology, and a simulation model of the project calculation process have been
created.

The software package SOFTLOGIC-SCADA/HMI-MES-EAM TRACE MODE® 6 is presented,
which is considered as a form of control of the structure of the technological process and visualizes the
mathematical model of the process.

In connection with this goal, the problems of considering the structure of the technological
process as a form of control, creating a mathematical model using deviations, control, input and output
parameters were considered.

A study was conducted to control the technological process of applying coatings to finished steel
sheets using a new type of software package SCADA TRACE MODE® 6.

Keywords: installation of continuous hot-dip galvanizing of aluminum, process control system,
SCADA system, TRACE MODE® 6.
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1 . . .
FOoicno-Ypanvcruii ecocyoapcmeennuiii azpapuwiii ynugepcumem, e. HYennbunck, Poccus
2 LU .
Eepasuiickuti nayuonanvhwlil ynueepcumem um. JI.H. I'ymunesa, o. Acmana, Kazaxcman
3
TOO «Kaszaxauepzosxcnepmuszay, 2. Kvizvinopoa, Kazaxcman

AHHOTauus. B craTthe nmokasana BO3pacTarolasi pojb BO30OHOBIEMBIX HCTOYHUKOB B CHCTEME
9HEProcHaOXKeHus. YJeaeHo OoJblIoe BHUMAaHUE HCIOIb30BAaHUIO COJIHEYHON SHEPrHH, Kak Hamboiee
MEPCICKTUBHOTO HANpaBJIeHUs B BO30OHOBISIEMOW SHepreTuke. PaccMOTpeHBl OCOOCHHOCTH pPa3BUTHS
COJIHEYHOH OJJIEKTPOHEPreTUKM W OCHOBHBIE 33/Ja4d 10 €¢ JajbHelIneMy pasBuThio. B mupe
YCTaHOBJICHHAsI MOIITHOCTh COJIHEYHBIX AIIEKTPOCTaHIMU aocTuria 6oxee 750 I'Bt u Asus nmuaupyet mo
KOJIMYECTBY  HOBBIX  (DOTOINEKTPHUYECKMX  yCTaHOBOK.  Kazaxcram  o0nmamaeT  BBICOKHM
TEIMO’HEPTreTHIECKUM TTOTeHIINAIoOM, KOTOpelii Ha 1 M? coctaBmser okoio 1700 TBr*wac/rom u
JEUCTBYIOT OKOJO0 40 CONHEYHBIX AIIEKTPOCTAHIINH C CyMMapHO#W MomHocThio Ooiee 1100 MBT. s
3G (PEKTUBHOTO UCIIOJIIB30BAHUSL COJIHEYHOW DSHEPrMH HEOOXOAMMO CIPOCKTUPOBATH COJIHEYHBIE
YCTaHOBKH C ONTUMAaJIbHBIMH TlapameTpaMu. [Ipu 5ToM BaKHO pa3paboTKa aJeKBAaTHOW MOIETH PexXHMa
pabOTBl COJHEYHBIX DJJIEMEHTOB B COCTaBE€ COJHEYHOM JJIEKTpOCTaHUMHM. B craThe mnokas3aHa
HEOOXOJIUMOCTh WCCIICIOBAHUSI CONTHEYHBIX DJIEMEHTOB IyTeM MOJICIIMPOBAHUS €T0 PEKHUMOB PaOOTHI
ITpuBeneHa mpocrteiilnas cxema 3aMeElLICHUs, HA OCHOBE aHajM3a CYLIECTBYIOIIUX CXEM 3aMELICHUs U
MOJENIM OCHOBHBIX I1apaMETPOB COJIHEYHBIX 3JIEeMEHTOB. llpuBeneHa BHEWIHSS XapaKTEPUCTHKA
COJIHEYHOT'O BJIEMEHTA, JJIsl OLIEHKM aZeKBAaTHOCTH MOJETH MpeoOpa3oBaHMsl CONHEYHOI'O HM3JIy4YECHHUS B
QJICKTPUYCCKYIO SHEPIUIo. PeSy.HI)TaTLI MOACIUPOBAHUA PCIKUMHBIX IMMapaMETPOB COJHCYHBIX 3JIEMCHTOB
CPaBHUBAJIUCH C ONBITHBIMH JAHHBIMHU, KOTOPbIE OATBEPKAAIOT a/IEeKBATHOCTh MpEeAIaraeMoil MoJiesu.

KiroueBble cioBa: BO300HOBIsieMass 3HEPrus, TEIMO3HEPreTHKA, COJHEYHOE H3IydeHHE,
COJIHEYHBI DJIEMEHT, COJIHEYHAs 3JEKTPOCTAaHILMS, (DOTODIEKTPUYECKAs YCTaHOBKA, BOJbTaMIIEpHAs
XapaKTepHCTHKA, BOJIbTBATTHAA XapaKTEPUCTHKA, MOIIIHOCTbh, TEMIIEpaTypa COJIHEYHOTO 3JIEMEHTA.

BBenenne. JlanbHeiiiee pa3BUTHE SHEPIETUKHU TPEOYeT MOCTOSIHHOTO IMOMCKAa IyTei
SHEpProcOepexeHns M MOBBILEHUS SHEprodPPeKTUBHOCTH CHUCTEM »HeprocHaOxeHus. [lns
3¢ (PEKTUBHOTO JHEPrOCHAOKEHUS TMOTpeOUTeNell HEOOXOAUMO CHH3WUTH IOTEPH JHEPTUU U
noTpelsieHne TPAaTUIMOHHBIX HHEPropecypcoB. DHEProcOEpex eHne M COOTBETCTBEHHO
COKpallleHHe BBIOPOCOB MAPHUKOBBIX Ta30B OT TPAJAULIMOHHBIX TEIJIOBBIX 3JIEKTPOCTAHIUI
JUISIJIEKTPOCHAOXKEHU OOBEKTOB SBISETCS AaKTyaJlbHOM 33Jadyd M OTBEYAeT CTpaTeruu
Kazaxcrana o noctmwxkenue yriaepoaHoi HeutpaipsHocTa 10 2060 rona.

OnHuUM U3 OCHOBHBIX IyTe  9JHEprocOepekeHHst  SIBIAETCS  HCIOJIb30BaHUE
BO300HOBJIsIEMBIX UCTOYHUKOB 3Heprun (BMD) B cucreme sneprocuabxenus.Ilpu stom BakHyro
poub B pazsutun BUD urpaer nomaepskka co cTopoHsl rocynapcrsa [1, 2]

B Kazaxcrane Ha 2022 rtopn, mons BUD B mpoM3BOACTBE AIIEKTPUYECKON SHEPrUU
cocraBuna oxoso 15%. Ilpm oTomM 3HauMTenpHas J0JI1 TNPUXOAUTCS HA KPYIHBIE
ruaposnexTpocTaniuu (oxono 10%), a Ha npyrue BUD - 4,5% c Boipabotkoil Gomee 5
MIIpI.KBT 4 anekrpudeckoii snepruu [3-5].

B cootBerctBumM ¢ 3akoHom PK o mommep:xkke ucnosb3zoBanusi BUD npemycmorpena
BO3MOXKHOCTh PEaM30BaTh IMPOU3BEIEHHYIO 3JeKTpodHepruto or BUD B cerm obmero
NOJIb30BaHUA, O CHElMalIbHBIM TapudaMm uepe3 PacueTHO—(MHAHCOBBI LEHTP MOAAEPIKKU

BHD, xoropblii rapaHtHpyeT 3aKyn 3JeKTpuueckod sHeprun ot BUDO. Exerogno
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MUHUCTEPCTBOM SHEPTreTUKH YTBEpXkKAAaeTcs TpaduK NPOBEACHHUS AyKIIMOHHBIX TOPTOB, C
pa3OMBKOM MO THMaMm, MOITHOCTSAM Hu pernoHaMm PK, kotopsiii myOnukyercs Ha oduIimaibHOM
caiite Munucrepctsa sHepreTuku Pecniyonuku Kazaxcran

Haubonee nepcrnekTuBHBIM HUCTOUHUKOM M3 yucia BUD sBusercs coiaHeuHas sHeprus,
10 MIPU3HAKY HAJMYUS U JOCTYIHOCTH s mpeoOpazoBanus.B 2020 roay obmias ycTaHoBIeHHAs
MOIITHOCTh BCEX pabOTaONIMX COMHEUHBIX MaHelei Ha 3emite coctasmia 760 I'Br [6]. Junamuka
pocTa MOILIHOCTH ITOKa3aHa Ha puc.l.

A3Ms TUIUPYET MO0 KOJIMYECTBY HOBBIX (POTO3IEKTPHUUECKUX ycTaHOBOK (DPDY), Ha noito
KOTOPBIX MPUXOAWIOCH ouTH 58%; naxke 6e3 ydera Kurtas Ha A3uro npuxoauiaocs okono 23%
HOBBbIX MomrHOocTed B 2020 roxy. Kutaii mpomgoipkaer TOMUHHPOBaTH HA MHUPOBOM phHIHKE (U
IPOM3BOJICTBE COJTHEYHBIX CUCTEM) ¢ JloJeid moutu 35% (mo cpaBHenuto ¢ 27% B 2019 roay) [6].

Kazaxcran o6nagaer BBICOKUM TeIMOIHEPTeTHUECKUM MOTEHIIMAIOM, KOTOphId Ha 1 M?
cocraBnsier okono 1700 TBr*wac/ron, yumtbiBas KIIJI ycTaHOBOK, MOXHO OIIEHUTH
texuudeckuit nmoreHuan B 300-500 TBT-yac/roxa, mpu nMpoaoKUTEILHOCTH COTHEYHOTO CUSTHUS
2200 - 30004 B rox. Ha 2022 rox neiictBoBanmu okojo 40 CONHEYHBIX 3JCKTPOCTAHIMHA C
cymMMapHoi MoIHOCThIO 1148 MBT, uTo ABisieTcs nuaepoM cpenu Apyrux BuaoB BUD. 3a rox
BeIpaboTano 1763 muH. kBT 1 anekrpuueckoii suepruu [7, 8].

Hau6onee xpynusie npoektst COC: COC bypuoe Comap - 100 MBt, COC Eneverse
Kunkuat - 100MBTt, COC M-KATGreen - 100 MBt, COC Capasnsb - 100 MBt, COC Araasipb -
50 MBt, C3C Hypa - 100 MBt, C3C Baikonyr Solar - 50 MBt, COC Kackenen - 50 MBT.
HaubGonee  OnaronpusiTHBIMU  SIBISIIOTCS ~ TEPPUTOPUU  AJIMaTMHCKOM,  AThIpayCKOH,
Kamb6pinckoit, Ke3buiopaunckoi, Manrucrayckoi, TypkecTaHckoid, YibITaycKod oOnacTew.
SlpkuM TIpUMEPOM HCTOJIB30BAaHUSI COJTHEYHOW SHEPTHU SBIISIIOTCS JIEWCTBYIOIIUE COJHEYHBIC
anektpoctanimu (COC) B  Kobutopaunckoit obnactu: Illmenuuckas wu  JKanaramickas
3JIEKTPOCTAHIINH, MOITHOCTBIO 50 1 30 MBT cooTrBeTcTBeHHO [5].

PucyHok 1 — YcraHoBJIeHHasi MOIIIHOCTD BCeX COJIHEYHBIX NMAHEJM H TeMII pocTa
B mupe B nepuoa 2010-2020 r.r.

@DOTONIEKTPUUECKAsT COJTHEYHasi HSHEpPreTHKa SBISIOTCS aOCONIOTHBIM JIUAEPOM IO
CHI)KEHHMIO CTOMMOCTH T'€HEepaluu CPeOu BCEX TEXHOJOTUH MPOU3BOJCTBA DJIEKTPOIHEPTHUU.
JlecaTuKpaTHOE CHUKEHHUE UX CTOMMOCTH 32 MUHYBIIIEE JECATUIETHE OBLJIO JOCTUTHYTO 32 CYET
MOBBIICHHS P(HEKTUBHOCTH MPeoOpa3oBaHus coHeUHON »Hepruu, cpeannii KIIJ] comneunnix
3JIEeMEHTOB Bo3poc 110 18%.

s 3pPeKTUBHOTO MCHOIB30BaHUS COJIHEYHOW SHEPTrUU HEOOXOAMMO CIPOEKTHPOBAThH
TeJINO’HEPIETUYECKUE YCTAHOBKHM C ONTHMAJIBHBIMU MapameTpaMu. lIpu 3ToM BakHO 3HATH
PEXKUMBI €€ BBIPAOOTKM MOJIE3HON SHEPrMH B TEUEHHE PAcCueTHOrO IEepuojia B KOHKPETHOM
MECTHOCTU. B 3THX yCIOBHSX cClleqyeT MOJENMpPOBaTh PEXHUMBI IHOCTYIJIEHUS COJHEYHOTO
U3ITy4eHUs U BBIPAOOTKY MOJIE3HON SHEPTUH 110 BPEMEHHU U MECTY PaCIOJIOKEHUS YCTaHOBKH.
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Taxkum 00pa3omM, cymecTByeT 00bEKTHBHAS HEOOXOIUMOCTh B UCCIIEIOBAHMIX PEXKUMOB
IOCTYIUIEHUSI COJIHEYHOTO H3JIy4eHHMs U IpPeoOpa3oBaHUs €ro B JJIEKTPUYECKYIO SHEPTHIO.
PesynbraTel mccienoBaHUS B BIIOCIEICTBHM MOTYT OBITH HCIIOJIB30BaHBI Ui pa3pabOTKU
IPUHIUIIOB UCIIOJIb30BaHMsI COJIHEUHOM SHEPIUU B NIEPCIIEKTUBE.

Jlia npoektupoBanus COC HEOOXOAMMO MOJMYYUTh aJE€KBaTHYIO MOJIEIb COJHEYHBIX
aneMeHTOB (CD) Ha OCHOBE CXEMbl 3aMEILEHMsI, ONMCHIBAIOLIYI0O BHEUIHME XapaKTEPUCTUKU
(BX), BombTamnepHble U BOJBTBATTHBIC XapaKTEPUCTHUKU HA OCHOBE JAHHBIX M3 TEXHUYECKOH
cnenudukanuu CO.

Marepuanbl W MeToAbl HcciaenoBanusa. B macmopre CD  mpeacTaBisioTcs
SKCHEPUMEHTAJIbHbIC JaHHbIE 00 3JIEKTPUUECKUX M TEIUIOBBIX XapaKTEPUCTHUKAX, KOTOpHIE
NPOM3BOAUTENL O00s3aH TPEJOCTaBUTh B COOTBETCTBUU ¢ Tpeboanusmu UL (Underwriters
Laboratories) [9]. B Texuuueckoit mokymeHTtanud CD  IpOHM3BOJUTENL  IPUBOIUT
AKCIIEPUMEHTAJIbHbIE JaHHbIE, MIOJYyYEHHbIE IPU CTaHJAAPTHBIX yciaoBusx TectupoBanus (STC):
WHTEHCUBHOCTH u3nydeHus A=1000 BT/MZ, cosiHeuHbld criektp AM 1.5, remneparypa 7=25°C, B
YaCTHOCTH TeMIIepaTypHbIH K03dduimeHT B Touke xoiocroro xonaa Ky, B/°K u temneparypHblit
K03 PHIHMEHT B TOUKE KOPOTKOro 3ambikanus Ki, A/°K.

[TpuBeneHnHbIc TeXHUYECKUE NaHHbIe CD HepoCTaTOYHBI s mocTpoeHust BX, ocobeHHO
BOJITBATTHOM Xapakrepuctuku. Ilpudyem 3HaueHuss mapamerpoB COD COOTBETCTBYIOT OJHOMU
BEJIMYMHE COJTHEUHOW pajuallid U TEeMIIepaTrype, NPUHATHIX B KAUeCTBE STAIOHHBIX 3HAYCHUU.
B nelictBurenbHOoCcTH, mpu SKciuryatauuu CD  BelMYMHA COJIHEYHOM pajgualud U ee
TEMIIepaTypa HW3MEHSIOTCS B IIUPOKUX TNpenenax. Takum oOpa3oM, isi ONpeAeTeHHS
napamerpoB CO M e€ MakcUMalbHOH MOIIHOCTM HEOOXOJUMO CO34aTh MaTeMaTUYECKYIO
MOJIeNIb, HA OCHOBE CXEMBI 3aMEIICHHsI, KOTOpas JOJDKHA BOCIPOU3BECTH PEKUMBI PaOOTHI U
SHEepreTudecKkrue XapakTepucTuku CO MpH U3MEHSIOMINXCSl YCIOBUAX SKCILTyaTalllu.

Kouctpykiuu CO u npuHIuny ero paboThl, BOMpocaM pa3palOTKU MaTEMaTHYECKUX
mozeneit CD 1o OIpe/ieNieHH 0 ee MapaMeTpoB MOCBAIICHBI Psiji HAyYHBIX HccaenoBanuii [10-
14]. B nux npocreimmit CD npeacraBiser co0oit «0yTepOpoy» U3 ABYX MOTYIPOBOTHUKOBBIX
IVIACTUH P W N THUMA, KOTOpble MOA JCWCTBUEM COJHEUHOTO U3IY4YEHHS TI€HEPUPYIOT
anekTpudeckii Tok. B cammx CD IUIACTHHKH KPEMHHS COCIUHSIOTCS MOCIIEeNIOBATEIbHO
IUIOCKUMHU TTPOBOJAHUKAMH, JIJIS TIOTY4EHUSI HEOOXOJUMBIX NMapaMeTpOB MO TOKY U HANpPsKEHUIO.
B pesynbTare 3aBucuMocTh TOKa 1 MoutHOCcTH CD OoT HanpskeHus umeeT BX, nmpuBeeHHyI0 Ha
puc.1 [10].
4P,

Current curve

Power curve

Pucynok 1 — BHemnue xapaktepuctuku CJ

Ha BX MOXHO BBIIENUTH TOUKY MakcuMaiabHOW MomHocTH (TMM). 3nHaueHus
HanpspkeHuss U cuiibl Toka B TMM 3aBucat ot mapamerpoB CD: CHEKTpalbHOIO COCTaBa
WCTOYHUKA CBETa, yIiia mnajeHus jayded, temmepatypsl CO u T1.1. Bee mnepeudnciieHHbIe
napamMeTpbl, 0COOEHHO TeMIlepaTypa, MOCTOSHHO HM3MEHSIOTCS BO BPEMEHH, YTO NPUBOJIUT K
COOTBETCTBYIOIIEMY U3MeHEHUIO (opMbI rpaduka u nonoxenuss TMM Ha Hem.

Jlnist vccnenoBaHus MapaMeTpoB U PexUMOB padboTel CO Hanbobllee pacpocTpaHeHHe
MOJIyYMJIM MATEMaTUYECKUE MOJIENIH, TIOCTPOCHHBIE HA OCHOBE DKBUBAJICHTHBIX JIEKTPUUECKUX
cxeM 3amenieHus. V3BecTHBI pa3nuuHble cXeMbl 3amerieHust [15, 16], kotopeie morpeOyroT
onpeneneHuss OOJIBLIEr0 KOJIMYECTBA HEU3BECTHBIX IMapaMeTpOB. AHAINW3 CXEM 3aMEIleHUs
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MOKAa3bIBACT, 4YTO [JIS IMOBBIIICHHUA TOYHOCTU MOACIUPOBAHUA PCIKHUMaA paGOTBI C3, MOACIN
HoJy4aloTcss Oojiee CIOKHBIMU. B 9THX yclioBHsX, TpeOyeTcs NpHUHITH KOMIIPOMHUCCHOE
peLICHUE MEKIY CI0XKHOCTBIO H TOYHOCTBIO MoJieupoBanus [17].

Cxewma 3amemnienus uacaibHoro CD npeacTaBieHa Ha puc. 2.
!

———

ey T Ip L |

A
g
*-’;(D vp |V

o

|
g -
PucyHok 2 — JkBUBaJIeHTHAs cXeMa 3aMelleHNsl COJTHEYHOr 0 JIeMeHTAa

B nanno#i cxeme 3aMenieHust TOK Ha Bbixojie CO MOKHO ONIPEIEIUTh KaK:

I=IPH—ID=IPH—I0-{eXp(%j—1} 1)

rae lpy — dotorok; Ip — TOkK mumeampHOrO AWona; 7 - aOcomrorHas Temmneparypa CO; V -
HanpspkeHus Ha Beixogae CD; ( - 3apsn saekTpona; K - mocrosuaas bonbsivana; lg — oOparHbIii
TOK HACBIIIEHNS JUOIA.

B ypaBHeHuu copepxkarcs J1Ba HEW3BECTHbIX mapamerpa lpy u lp, KOTOpBIe B CBOIO
ouepellb 3aBUCAT OT BEIMYUHBI coyiHeuHOW wuHcomsauuu (A)u  temmeparyper CD. C
UCIIOJIb30BAaHUEM OOMICTIPUHATBHIX JOMYIICHHH WX MOXHO ONPEICIUTh M3  CICTYIOINX
BeIpaxkenuii [ 18, 19]:

Iy :[ISC_STC +kK, '(T —Tsre )]A (2)
"
Lo lese .[T_f.exp{qfe [L_lﬂ, @3)
’ exp[i'\:(oc-l__sm]_l TSTC k-A TSTC T
R lste

rae lsc se— TOK KopoTkoro 3ambikanusi CD MpH CTaHIAPTHBIX YCIOBHSX; K— TeMmepaTypHbIit
KOO PUITMEHT TOKa KOPOTKOTO 3aMBIKAHUA, lsic— TEMIIEpaTypa SUEWKH TPH CTaHIApPTHBIX
yCIIOBHSX,E— MmHprHA 3anpeneHHON YHEPreTHYECKON 30HbI MOTYITPOBOTHHKA.

[Ipu momomu npuBEIEHHON MOJAEINW MOXHO JIOCTaTOYHO mpocTo paccuutaTts BX CD.
[Ipu 3TOM TOYHOCTH MOJCTUPOBAHUS OYIE€T HEBBICOKOW, B CUITy OTHOCUTEIHBHOM MPOCTOTHI.

Ha mpaktuke MCHONB3yHOTCS MOCIEAOBATEIbHO-MAPAIUICTBHBIE IIETIOYKH U3 OOJBIIOTO
gucina uAeHTHYHBIX CD 11 modydeHus 3agaHHOW MomHocThHa Beixoae CD. Ilpu sTtom
BennurHa Toka 3 Ngs mocienoBaTenbHbiX 1 Np mapamnensHo coenuHeHHbIX CO ompesensercs
Kak

qv +1-Ry) 1 V4R

I'=Np-lpy =Np-lg-| exp NCAK-T R ) (4)
S SH

rae |, V- tok u Hanpsbkenue Ha kiieMMax CO; Rs u Rsy — skBuBaneHTHbIE conpoTuBiieHust CO.

[Tpu moxenupoBanuu pexxuma padbotrsl CO HE00X0AMMO 3HATh YPOBEHB IMOCTYIAIOLICH
coyiHeUyHON sHepruu. COJIHEUHOE H3JIy4EHHE XapaKTEpPHU3YeTCs MOIIHOCTBIO U CHEKTPAIbHBIM
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COCTaBOM. OTH XapaKTEPUCTHUKU MOKHO HM3MEPUTh, a €€ NPOAOKUTENBHOCTh AJIS YaCOBBIX
HUHTEPBAJIOB MOKHO OIICHUTH C ONpPEACTICHHOM nojei BepostHocTH [20].

[Ipu MopaenupoBaHUM TaKKe HEOOXOIUMMO YUWUTHIBaTh BIIMSHUE TEMIIEPATypbl Ha
sHepretuueckue xapakrepuctuku CO. Ilpudyem mpu moBeimieHuu Temmeparypbl CO ciepyer
OXHJIAaTh CHIDKCHUE BbIpabaTbiBaeMoi MomHocTH [17].

Taxum oOpa3om, B TedeHHE JHS MOCTYIAOIIAs COJIHEYHAsl SHeprus u Temnepatypa CO, u
CBSI3aHHAsl C OTUM DHEPreTHYECKHE XapaKTePUCTHUKU OyAyT H3MEHUYUBBIMH. OTO BeAET, B
YAaCTHOCTH K HE0OXOAMMOCTH ydera m3MeHeHus MorHoctu CO mis onenkueeB TMM u KITJ]
CD 1 TOYHOTO MOAETUPOBAHUS PEKHMA PAOOTHI.

Pe3yabTarhl u o0cyxaeHue. B xome moxaenupoBaHus pexkuma padbotel COD BaxHO
nonyunts BX, 3Hauenus Toka u HanpspkeHud B Toukax K3, XX u TMM. Ux moxHO onpenenuts
Ha OCHOBE MaTeMaTU4YECKON MOJIEIN apaMETPOB CXEMbI 3aMELICHUSI.

Jns MonenupoBanus pexuma paborsr CD mpeanaraeTcs KOMOMHHUPOBAHHBINA aJTOPUTM
pacdera, KOTOpBIA peaan30BaH B dJIeKTpoHHOW Tabmuime MS Excel ¢ ycraHoBieHHO#
HajcTpoiikoil «llouck pemenusi».B pa3paboTaHHON MeETOAMKE, KOTOpas MOJOXEHa B OCHOBY
KOMIIBIOTEPHOU MOJIENH, AJi onpeAeneHus: 3HaueHuil lpy u lo mpu M3MEHeHHH OKpPYKArOIIMX
KJIMMaTHYECKHUX YCIOBHUM HCIIOJIb30BAJIUCH CIEAYIOIINE YPaBHEHUS:

Ry, +R A
lon =|:%ISCSTC +k, '(T ~Tsre ):|ls_ (5)
SH TC
| — ISC_STC +k| '(T _TSTC) (6)
"V (T -T
exp[ oc_sTC +£v.v( STC)J_l
T

Jiiss  mpoBEepKM MPEeNIOKEHHOW MOJENN HCHOJIb30BAINCH JaHHBIE TEXHUYECKOU
cnerupukanun CM TCM-30A [21]. B tabn.1l npeacraBieHsl mapaMeTpbl CXeMbl 3aMEICHUS,
MOJTy4YeHHBIE TIO0 PE3y/IbTaTaM MAaTEMAaTHIECKOTO MOACTHUPOBAHHS.

Tab6anna 1 — Pacyernsie mapamerpsl cxeMsl 3amemennss COTCM-30A

Mapaverp 3Hauenune
lo, A 9.98-10°
Ipp, A 8.214
A 1.3
Rs, Om 0.2226
Rsy, OM 451.66

Jis  mpoBepkH CHOCOOHOCTH Mojenu oToOpakatb BX B peanbHBIX YCIOBUSAX
skcruryaTaiun CO  ObUl MPOM3BEAECH pacueT XapaKTepUCTHK MNpPU HM3MEHEHUH MOIIHOCTH
COJIHEYHOI'O M3JIydyeHUus U Temneparypsl. PesynpraTsl nccnenoanus, Ha npumepe CO TCM-
30A, npuBenens! Ha puc.2. Ha rpadukax mapkepamMun 0003HAYECHBI ONMBITHBIC JaHHBIC, a JTMHAN
COOTBETCTBYIOT PACUETHBIM XapaKTEPUCTUKAM.

AHanM3 MaHHBIX TOKa3bIBAET, YTO PE3YNbTaThl MOACIUPOBAHUA pexuma padboTer CO
tuna TCM-30A XOpomo coriacyroTcs C IKCHEPUMEHTAIbHBIMU JaHHBIMH. OTHOCUTENbHAs
omunboka monenupoBanus BX CO He npesbitaet 5%.

AbcomoTHble ommOKku npu MoaenupoBannu BX CO npu pa3ianyHON OCBELICHHOCTH U
Temreparype okpyxkatomieid cpeasl He npesbimatot 0,11 A. Ilpu sToM, MakcuManbHas OmMOKa
HaOJr01aeTCs B peXUMax OMU3KUX K XOJIOCTOMY XOJy M OTYacTH, KOPOTKOMY 3aMbIKaHHIO. JTO
OTJIMYUE HE TaK KPUTHUYHO, IMOCKOJIbKY coBpeMeHHble CD, 3a cueT ympaBieHus paboTaroT B
00J1aCTH MaKCUMAJIbHOM MOILITHOCTH.
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PucyHnok 2 — Pe3ynbTaTel MogeTupoBaHus M onbITHBIEe JaHHbIe BX TCM-30A
NP U3MeHEHUH COJTHEYHOr0 U3JIy4eHus U TeMnepatypst CO

BaxHpIM JOCTOMHCTBOM MOJENIM SIBISAETCS BBICOKAs TOYHOCTb MOJEIMPOBAHMUS
pexuMHBIX napameTpoB CO npu usMeHeHuH Temneparypbl. ObecrnieunBaercss 3TO TEM, YTO AJIs
olpesieNieHus: 0OpaTHOr0 TOKa JUOJa UCHOJIb3yeTcsl 0ojiee TOYHOE aHAIUTUYECKOE BBIpaKEHHE,
npeIoKeHHoe B padoTte [22].

Jlna onpeneneHus creneHu BIMsHMUS TeMieparypbl CO Ha e€ mapaMmerpsl, INIABHBIM
o0pa3oM Ha BEJIMYMHY MAaKCUMAJIbHOM MOIIHOCTH HPOBOJUIMCH 3KCHEPHUMEHTAIbHbIE
uccienoBanus. B xoze uccnenoBaHMs MONMydeHbl TpauUKM  U3MEHEHUs IapaMeTpoB
noymkpucTamimyeckoro CO ¢ macmopTHOM MakcuMallbHOW MomHocThio 30 BT B TeueHue
aBrycra 2018 r.

PesynbTarsl uccnenoanus BelpadbateiBaemoit MomHocTd U KIIJ[ CO mpencrasiensl Ha
pucyHkax 3 u 4. [l cpaBHEHUs NPHUBEIEHbl U3MEHEHUS MOIHOCTH COJIHEYHOTO M3Jy4eHUs U
Temneparypsl Harpesa CO.
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Pucynok 3 — U3menenne MakcuManbHoi MomHocTH C3J, ero teMneparypsl M BeJIUYHHBI
COJIHCYHOW pajuanyu B TeYeHHe THS

W3 npuBeneHHBIX NaHHBIX BHJIHO, YTO XapaKTep M3MEHEHUsS MaKCUMaJbHOM MOUIHOCTU
CD, mnony4yeHHbIE OMNBITHBIM MYTEM U C MOMOUIbIO pa3pabOTaHHOW MOJAENTU MOBTOPSIOT
CYTOYHBIM XOJ MOIIHOCTH COJIHEYHOTO H3JIy4YeHUs. B moyieHb OXHUIaeTcss MaKCUMallbHbIE
MOIIHOCTh COJTHEUHOTO M3JIYUYCHHS C YIETOM OTPaKEHHOTO W3IIYUYCHHS H TeMnepaTgrpa HarpeBa
CO. Ilpu »ToM HabmrOmaeTcs MakcUMaibHas BblpaboTka CO momaneo 0,25 M° u crexyer
OKHJaTh OO0JIbIIIE TOTEPHh MOIIHOCTH, YTO cHIkaeT ee KIT/I.

Pacuernast makcumasnbHas MomHOCTh CO ¢ yu€rom HarpeBa (Pp2) YIOBICTBOPHUTEIBHO
coryacyercsi ¢ onbITHBIMU JaHHBIMU (Pp). Ilpu 5TOM BenuunHa MakcuMaibHOM MomHOCTH CD
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0e3 yuéra ero Harpesa (Pp1) OKa3bIBacTCs 3aBBIIICHHON 110 CPABHEHHUIO C OTBITHBIMH JaHHBIMU
(Pm), 0COOEHHO OKOJIO MOJY/IHS, TPU OOJIBIINX 3HAUYCHHUSX MOITHOCTH COJIHCUHOTO M3ITyUCHHUSI.
Paccunrannsiii KI1J] mo pesynpraTam monenupoBanusi CO 0e3 yuéra ee HarpeBa TOXKe
OKa3bIBaCTCsl 3aBBINICHHBIM. Ero BemMYMHA IOYTH HE 3aBUCHT OT BEJIMYMHBI MOIUIHOCTH
conreunoro wanyueHust (Effeciency 25), korma B peanbroctu KITJ[ u3meHsieTcs: 3HAYUTEIHHO
(Test effeciency ) u yaoBieTBOpHUTEIBHO cornacyercs ¢ nanabiMu Moaenu (Effeciencyteor).
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Pucynok 4 — Usmenenue KIIJI CO

B umenom pesynpTaThl MOJENIMPOBAHMS TAKKE YJIOBIETBOPUTEIBHO COTJIACYIOTCA C
ONBITHBIMU JaHHbIMH. MogenupoBanue pexuma pabotel CO mpu HarpeBe naér Oouee
AZICKBATHBIC pCaJIbHbIM 3HAUCHUAM  PC3YJIbTAThI. PaCXO)KIIeHI/IG MCXKAY OIbITHBIMU U
TEOPETUUECKUMU JaHHBIM IpeBbIIaeT 5%.

BoiBoabl. B craThe mpencTaBiieHbl pe3ysbTaThl MOJAEIUPOBAHUSA pexuma padoTer CD.
Jns mopenupoBanuss CO BbIOpaHa HpocTas cXeMa €ro 3aMelIeHUs, IMOocie IPOBEICHHOIO
CPaBHUTEIBHOTO aHaJM3a U3BECTHBIX CXEM 3aMellleHus. Vcnonb30BaHue mpeaiaraeMoi cXembl
3aMEIIeHUs] U €€ MOJIETU IO3BOJIMJIO MaKCUMaJIbHO YIPOCTUTh MaTEMaTUYECKOE OIHCAHHE
00BbeKTa uccienoBanus. B xo/e uccienoBaHus CXeMbl 3aMEIIEHUS U MaTeMaTHYECKON MOJIeNn
YCTaHOBJIEHBI (DaKTOPBHI, BIMSIONIME Ha SHEpreTHdeckue xapakrepucTuku CD. PesymbTaTsl
MOACIIUPOBAHUA U ONBITHBIC JAHHBIC IMOATBCPANUIIN B3aUMOCBA3b O3TUX q)aKTOPOB.

BaxupiM (pakTOpoM, BIUSIONIMM Ha JHepreTudyeckue xapakrepuctuku CO, sBisercs
BHEIIHHE (DAKTOPBI, COTHEYHOE M3NydyeHHe U TemrmepaTypa HarpeBa CO. YcTaHOBIEHO, YTO C
POCTOM COJIHEUHOT'O M3JIydeHHs pacteT TeMiepatypa CO u camxaercs ero KITJI.

PazpaboranHas Mojenb MO3BOJSET ONMPENETUTh MapaMeTphbl cxeMmbl 3amerieHus CO u
OTIPEACIUTh MaKCUMAIbHYIO MOIIHOCTh B 3aBUCHMOCTH OT paccMaTpUBaeMbIX (HaKTOPOB.
Pe3ynbrarhl umccienoBaHUs TOKa3ad XOPOIIYI0 CXOAUMOCTh TEOPETHYECKHUX M  OIBITHBIX
JAHHBIX, TOIPEUIHOCTb MpeJIaraéMoi MOJIeNIA He MpeBbIIIAET 5 %.
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AnHoTanus. Makanamga SHEPTHSIMEH KaMTaMachl3 €Ty KYWECIHAE >XaHAPTHUIATHIH KO3IEpaiH
peIIl apThI OThIpFaHbl KepceTuireH. JKaHapThIIaThIH SHEPreTUKAaFb] €H IEePCIEKTUBAIIBI OaFbIT PETIHIE
KYH SHEPrHsICHIH MaiiianaHyFa YJIKeH Hazap ayaapbuiabl KyH 3HepreTHKachlHBIH JaMy epeKIIeTiKTepi
JKOHE OHBI OfIaH Opi AAMBITYIBIH HETi3rl MiHAETTepi KapacThlpbuiraH. JlyHue Ky3iHAe OpHAaThUIFaH KYH
SHeprusichIHBIH KyaTsl 750 I'BT-TaH actamra >keTTi ykoHe A3WA kaHa (POTOINEKTp KOHIBIPFHLUIAPBIHBIH
caHbl OOMBIHINA Kelll anabiHAa Typ. KazakcTaH >KOFapbl IeMOIHEPTreTHKAIBIK oJIeyeTKe ue, o1 1 M 2
*bUTbIHA aMamer 1700 TBT * caraTTbl Kypaiiabl skoHe KHUBIHTHIK KyaTsl 1100 MBT acatein 40-Ka 5KybIK
KYH DJICKTpP CTaHITUSCH )KYMBIC 1CTEHII.

Kyn sHeprusicelH THiMAI MalianaHy VIIiH OHTAMNIbI mapameTpriepi 0ap KYH KOHABIPFBUIAPHIH
xKobanmay KakeT. byl peTTe KYH SJeKTp CTaHIMSACBIHBIH KYpPaMblHAA KYH JJIEMEHTTEPiHIH KYMBIC
pekuMiHiH Oapabap MoJemiH d3ipiey MaHbI3Abpl. Makanana KyH OatapessiapblH OHBIH JKYMBIC PEXUMIIEPiH
MOJIENIbACY apKbUIbl 3epTTeil amyra OonaThiHBI KepceTiireH. KosimaHbICTarbl alMacThlpy CXeMalapblH
JKOHE KYH OJIEMEHTTEpiHIH HEri3ri mapaMeTpiepiHiH MOZETIH TajjAay HeTi3iHAe alMacThIPYIbIH
KapamnaibiM cxemachl KenTipinreH.KyH OarapeschIHBIH CBIPTKBI CHIATTaMallapbl KYH pPagHalUsIChIH
ANIEKTp SHEPTHCHIHA TYPICHAIPY MOJIENiHIH COUKECTITiH Oaranay yuriH oepinreH. KyH 6arapesiiapbiHbIH
JKYMBIC TIapaMeTpiepiH MOJEIBACY HOTIKENEpl YCHIHBUFAH MOJENbIIH COHKECTIriH pacTalThIH
TOKIpHOEINiK AePEKTEPMEH CaJbICTBIPBLIIIBL.

Tipex ce3mep: aHAPTHUIATHIH SHEPIHs, KYH HEPTHUsChHl, KYH paguaunusichl, KyH OaTapesichl, KYH
9JIEKTP CTAHLMSACHI, (POTOINEKTPIIK KOHIBIPFBI, TOK-KEPHEY CHUIATTaMachl, BOJBT-BATT CHUIIATTaMACHl,
KyaT, KYH OaTapesiCbIHBIH TeMIIEPaTypachl.

MODELING THE OPERATING PARAMETERS OF SOLAR CELLS

Sheryazov S.K.}, doctor of technical sciences, professor
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Annotation. The article shows the increasing role of renewable sources in the energy supply
system. Much attention is paid to the use of solar energy as the most promising direction in renewable
energy. The features of the development of solar power industry and the main tasks for its further
development are considered. Globally, the installed solar power capacity has reached more than 750 GW
and Asia leads in the number of new photovoltaic installations. Kazakhstan has a high solar energy
potential, which is about 1,700 TWh/year per 1 m?, and there are about 40 solar power plants with a total
capacity of more than 1,100 MW. To effectively use solar energy, it is necessary to design solar
installations with optimal parameters. In this case, it is important to develop an adequate model of the
operating mode of solar cells as part of a solar power plant. The article shows the need to study solar cells
by modeling its operating modes. The simplest equivalent circuit is presented, based on an analysis of
existing equivalent circuits and a model of the main parameters of solar cells. The external characteristics
of the solar cell are given to assess the adequacy of the model for converting solar radiation into electrical
energy. The results of modeling the operating parameters of solar cells were compared with experimental
data, which confirm the adequacy of the proposed model.

Keywords: renewable energy, solar energy, solar radiation, solar cell, solar power plant,
photovoltaic installation, current-voltage characteristic, volt-watt characteristic, power, temperature of the
solar cell.
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Kapasanowvl unoycmpusnvix ynusepcumemi, Temipmay K., Kazaxkcman

Anmarna. byn wmakamama MATLAB/Simulink asceraga JXKOK  uMHTAnusuiblk  MOACIIH
skacanbiHIel. MATLAB/Simulink GarmaprmamachiHia MMHATAIUSUIIBIK MOJAETBACY YIIIH KOMIBIOTEPIIIK
MOJIENBACPII 931pIiey KYMBICHIHBIH HOTHXKECIHE KeJleci MOIyIbAEPACH TYPATBIH KeJl KOHABIPFBICHIHBIH
ombebam MoJenmi >Kacajubl: JKeJI OSHEPreTUKAchl KOHJBIPFBICBIHBIH JKYMBICHIHAH DHEPTUsl allaThIH
TYTBIHYIIBIIAP MOJYIIi; K€ DHEPTUSACHIH JKe JOHreleri OUTriHIH MeXaHWKaJbIK aifHaly SHEprHsIChIHA
alfHaNABIPaTbIH JKeJd SHEPreTHKAChl KOHIBIPFBICHIHBIH JK€J1 aFbIHBIHBIH SKBULAAMIBIK MOMYJI; JKel
KOHJIBIPFBICBIHBIH MOJYJIi; DJIEKTp SHEPTUsACHH Oydepnik cakray (yHkumscel Oap Oarapes MOIyIi;
JTU3eJb TeHepaTOp KOHIBIPFBICBIHBIH MOJTYJIi; KYH MaHEeNiHiH MOyIi; OepiireH anroput™M OoibiaIIa XKOK
JKYMBICBIH KAMTaMachl3 €TETiH JKOHE el SHEPreTHKAChl KOHIBIPFBICBIHBIH KyaThIH OacKapyabIH SpTYpIIi
ANTOPUTMCPI MEH TOCULIEPIH 3epTTeyre apHalfaH >KeJl JHEPreTHKAachl KOHIBIPFBICBIHBIH oMOeOarn
KoHTpoiutep Moxyni. JKOK umMHTanmsuiblk MOIENiHEeH allbIHFAH HOTIDKETEpHl Tajmay >KacallbIHIIbI.
KomnoHeHTTepAiH MaTeMaTHKANBIK MOJAETBACPIHIH HETi3iHAe JKeNm JKYKTeMeMeH 5,2 M/c kel
KbULAAMIBIFB Ke3inzeri JKOK sKYMBICBIHBIH MPOIECTEPl 3€PTTENIi. AJBIHFAH OCHUJLIOTpaMMaap kel
aFbIHBIHBIH KBUIIAMIBIFBIH, K€ KOHIBIPFBICBIH, aKKyMYJSTOPIBIK OaTapesHbl, JH3elb TeHepaTop
KOHJIBIPFBICBIH, KYH TIIaHeJJIepiH, Oackapy KOHTPOJUIEPIHIH apKachlHAa TYTHIHYIIBUIAPIBI Camajbl
SHEPTUsMEH KaMTaMachl3 €Tyl kepcereai. IMHUTaMsIBIK MOJIeTbACY/ IeH allbIHFaH HOTHXKENep OOWBIHIIA
JKOK sxacanraH aqroputM KoJIJIaHyFa yKapaMibl 0apiblK KyaT TYTHIHBIIATBHIH OapiiblK KyaTKa TEH CKeHi
JTQJIEACHI.

Tipex ce3aep: >xenm KOHIBIPFBICH, XaHAPTHUIATBIH 3Heprus ke3zepi, MATLAB/Simulink,
UMHTAISITBIK, MOJIEITh, YKeJl SHEPTHACHIH Nalijaany KodQQUIIMEHTI, Ke KbUIaMIbIFbI

Kipicne. Conrbl OipHelie OHXbUIIBIKTA JK€J SHEPreTUKachl OipKarap enjepae AocTypdi
DHEPreTUKAMEH COTTI OOCEKEeJIECETIH JHEPreTUKAIBIK IIapYyalllbUIBIKTAPJbIH  JKEKEJIEeTeH
cajaiapblHa aifHaIAbl. DJIEKTp SHEPTHUACHIH TapaTy *oHe Oepy Kelijepi KypaMbIHJIaFbl opTalla
JKOHE YJIKEH KyaTTBUIBIKTAFbl JKeJl 3HepreTukainblK KoHublprbliapbiHa (JKOK) Oactel Hazap
aynapeinanel. JlereHMmeH, Kasipri yakeltta marblH JKOK omemaik HapbiFbl J1a a3 KaOaTTbh
KYpbUIBIC OOBEKTLIepl, (epMepiiK KOXKalbIKTap, KallbIKTAaH MOHUTOPHHI KYHenepi, Koj
KapBIKTAHIBIPY XKYHesnepi, TeIeKOMMYHUKALUSIBIK JKAaOJBIKTap KOHE 3JIEKTP SHEPIUsSCHIHBIH
Oacka /Ja aBTOHOM/IbI TYTBHIHYIIBUIAPHI KIPETIH amnmail TYThIHYIIbUIAp e€ceOlHEeH KapKbIHbI
nambin  keneni. OchiFaH OalmaHBICTBI KN ONEYeTIH THUIMAI MaliJanaHy ©3€KTi FhUIBIMHU-
TEeXHHUKAJIBIK MIHJET O0bin Ta0bu1azsl, oi XKOK aspoauHaMukanslk cunarTaMaiapbiH KakcapTy
FaHa emec, COHbIMeH Oipre xannbl JKOK eHIMILIIriH apTThIPY OOJIBIN TaObLIa b

Ken sHepreTHkachl KOHIBIPFBICHIHBIH OHIMIUTITI TOyemAl OOJaThIH HETI3rl cUmarTama
JKeJ dHepTusachiH naiinanany kodddumuenti — (JKOIIK) Gonpin Tadbimansl. JKen neHreneriHin
MexaHUKaIBIK KyaThlHbIH JKOK jken neHrenerine OENTUICHETIH aylaHbl apKbUIbl ©TETIH Kell
aFbIHBIHBIH TOJBIK KyaTblHa KaTbIHAachl. OchLiaiiiia, KyaTTbl OacKapyAblH OpTYpJli ToCUIAEepiH
xeTunaipy apkbuibl JKOK-biH malinananynsiy 6apisik pesxxumaepinae KIIIK-1H apTTeipy e3ekTi
00J1bIT TaObLIAIBI )KOHE YCHIHBIIFAH JKYMBIC OCBI MACEJIere apHaJFaH.

3epTTey MaTepuajgapbl MeH Jaicrepi. JKaHapThUIaThIH SHEPrUsi KO3ACPIH JaMBITY
Kazakcran PecnyOnukachiHBIH YIeMeldl HHIYCTPUSIIBIK-WHHOBALMSUIBIK J1aMy MEMIICKETTIK
OarmapiamacbliHla KepceTiareH «bomamak >KOHOMHUKACBD CEKTOPJIAPbIH KaJbIITaCThIPY/IbIH
6achIM OaFbpITTapBIHBIH Oipi.
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CoHblIMEH Karap, IKaHAPTHUIATBIH OJHEPrus Ke3AepiH maiimamany Kazakcran
PecniyGnuKachbIHBIH AJEKTP YHEPTETUKACHIH JAMBITYIBIH CaJalblK OaraapiaMachiHaa Ke3eireH
koHe <«OKaHapThUIaTBIH OJHEPrus Ke3JepiH naijanaHyasl Kojigay Typainsl» Kaszakcran
PecniyOnukaceiabiy 3anbiMed perteneni [1]. Oceiran OalaHBICTBI KapacTHIPBUIBIT OTBIPFaH
JKYMBICTA eIl )KOHE KYH DHEPreTHKACHIH MajjalaHyFa OalIaHbICThl CABICTHIPMATIBIK KYMBICTAP
MEH MaTeMaTHKaJblK MOJIeJepl MEH OFaH HEri3felireH 3epTey >KYMBICTApbl KapacThIPHLIAIbI.
Ocipece Typkicran O0ONBICBIHIA >KAaHAPTBUIATBIH DHEPTUS PECYpPCTAapblH JKElT JKOHE KYH
SHEPIreTUKACHIH KOJIJIAaHY aMTapJIbIKTal bIHFAWJIIBI.

Typkictan 00JBICEI ApBIC KallaChIHIA JKYPTi3UINeH 3KCIEPUMEHT HOTHDKECIHIC KeNJIiH
KYIIHIH  OKbULIBIK  KBULAAMIBIFBI  1-cyperTe  KepcerinreH. Ocbhl  Heri3ie  SHeprus
YKUHAKTAYIIBLIAPbIH MAaTEMATUKAJIBIK MOJICIII HHTETPAJJIBIK OpHEKIICH TYPFbI3bULIbI (1-cyper).

6 5,4
51 53 : 5,3

. 51 23

1-cypet — Keanin KbUIIBIK KbLIIAMIBIFbI

XKen »sHeprerMkachiHa OaWJIaHBICTBI SHEPTHS JKUHAKTAYIIBUIAPIBIH MaTEMaTHKAIBIK
mopeni [2-5]:

Voae = Vi + Ty " Ry (1)
R, = = (n 785 + 0-139 ) ! 2
to Ter AT [1.06 — SOoC(t)]-n./ SOC,, (2)
V, =V, =[2+0.148-50C(t)] - n_ (3)
R —p - (ﬂ 194 0.1037 ) 1 .
to e T [0.14 — S0C(t)]-n./ SOC,, )

_ dt Kb{vbar “Jypae — Ry - Igarjdt
SOC(t+ dt) = S0C(t) (1 3500) o (5)
1 ¢ K-V, -1
soc(t) =50C(t—1)+——¢ [——2% _50C(t—1)D]dt (6)

3600)_," soc,

MyHZIaFbl, Ven- Oatapes 3apsablHBIH KepHeyi; V- OaTapest 3apsablHbIH KepHeyi; Reh- OaTapesHb
3apsiaTay KesiHzaeri KapcbuiblkK; Ryen- AKB paspsimer kesingeri kapebuiblk; SOC;- Garapes 3apsiIbIHBIH
bacrankpl geHreii; SOC-kon sxkeriMai Oatapes 3apsabl (arbiMaarsl) AKB makcumanabl 3apsiibl; ng- 2
BOJIBT IUIACTHMHANAPBIHBIH CcaHbl; Dg-OaTapesHbl 3apsaray yakwIThl, Kp- OaTapes 3apsablH HeMece
3apsi/IbIH aHBIKTAWTBIH OJIIIEMCI3 [1aMa.

Us = Uy T 15 " By (7)
0.139 ) 1 .
[1.06 —¥3(t)]-n/V3 &)
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Ocpl 1-8 ae xenTipiareH MOJENIi Maiiagana OThIPHIN KeJl KOHABIPFBICHIHBIH HMHTALINS-
a1k Mozienii MATLAB/Simulink 6armapinamanbik makeTiHIH KOMETIMEH MICITiMI aJTbIH]IbI.

Hotumxkenep xoHe TajkblIay. Opi Kapaid, TYTHIHYIIBIHBI MaTEMAaTHKAJIBIK MOJEIbICY
YIIIH 3JIEKTp HEPrUsACHIH TYTHIHY J>KOHE TOYNIKTIK TYTHIHY Kecreci kacammabl. Onm «Signal
builder» 6oreiHaa GepinreH Kyat GyHKIHUACH KOMETIMEH OPHEKTEINII 2-CypeTTe KOPCeTUI .

Kipic curnanein rpaduk TypiHIE OpHaTyFa MYMKIHIIK Oepetin «signal builder»
OJIOTBIHBIH KOMETIMEH KyaT TYTBIHYABIH YaKbITKa TOYENAUIIriH opHaTaMbl3. HakThl yakbIT
PESKUMIHJIE MOJICIIBJICY BIHFAWCHI3 )KOHE KAXKET eMec OOJFaHIbIKTaH, | cekyHIIKa TeH 1 caraTThIK
HAKThI MOJICIIBICY/II KaObUIIalMBI3. 2-CypeTTe OepiireH CUTHAII KOPCETLITEH.

=] Signal Builder (Algorithm_2exp/Tyrwmyusi)

File Edit  Group

gnal Axes Help
GH R o | — o EFIREE e 0 o= ] ¥
Active Group: | |Group 1

6000

5000 -

4000 -

3000 -

2000 -

1000

Time (sec)

Kyar, Br (#1) [ Yiin Yhan |

2-cypert — «Signal builder» 610rbiHna Gepinren Kyat GpyHKIUsACHI

1-cyperTeri 3KCIepUMEHTTIK HOTHIKET'e CYWEHIIT )KeJl aFbIHBIHBIH JKBUIIAMIBIFBI MOJICITIH
KYpaMbI3.

Xen KpUIIaMIBIFBIHBIH MaTEMATHKAIBIK MOJICTIH KYpy VIIH 3€pTTENETIH HBICAHHBIH
JKEJl PEKUMIHIH CTATUCTUKAIIBIK KOPCETKIIITEPIH TONBIFBIPAK 3ePTTEY KAKET. 1-CypeTTeH kKenIiH
KBUTAAM/IBIFBI KOKTEMI K€3€HJIe MAaKCUMYMMEH >KOHE jKa3/la MUHUMYMMEH >KaKChl aHBIKTAIFaH
KBUIIBIK COKKBbIFa HMe €KeHIH Kepyre Oonaabl. Mojenbaey KOKTeMIT Ke3eHIe apHaJFaH,
COHJIBIKTAH JKEJIIIH OpTallla JKbIJIIAM/IBIFBI IIaMaMeH 5,2 M/c Kypaitasi[6].

[[laprrapra cyliene OTBIpBIN, 5,2 M/C  Kel IKbUIJAMIBIFBIHBIH  (DYHKITUSCHIH
MaTeMaTHKAJIBIK MOJIENbIe OpHATaMBbI3, K€l KbUIAAMJIBIFBIHBIH ©3TepYiH camaibl MOJENbACY
YILIIH MYMKiH OOJIaThIH JKeJAepAIH OapbIK Tuana3oHbIH KAMTYAbIH KaXeTl KOK, OCBIFaH CyiieHe
oteipbil, 6 =0,1 gucnepcusichiH KaObLIAaMbI3.JKen >KbUITaMABIFBIHBIH MOJIENl 3-CypeTTe
KOPCETLITEH.

I'uOpuari KOHABIPFBI MOJENIH KypyablH keneci kezeHi — JXKOK monensaey. brnok ymin
Kipic MmapameTpi-KeJAiH KbuiiaMasirsl (V) M/c, MIbIFbIC TapaMeTpi-KBT nen kepceTiiren ae3zik
kyat (P). XKOK imrinae 60mbIm j)kaTKaH MEXaHUKAJBIK KOHE AJIEKTPOMATHUTTIK MPOIECTEp YIIiH
TyOereitni MaHbI3bl emec, p(V) TOyenAUIiKTI OpHATy YIIIH eHJIIpyIIl 3aybIT ychiHFaH KOK
TEeXHHUKAJIBIK CUTIaTTaMalapbiH KongaHambl3 (1-kecte).

Random Number

Output a normally (Gaussian) distributed random signal. Output is
repeatable for a given seed.

Parameters

Mean:

N - p{floort—»C 1 ) o

Seed:
V, m/s o
Random Sample time:

0.1
Number

Interpret vector parameters as 1-D

" ] OK Cancel Help Apply

3-cypet — /KeJt KbLU1IaAMIBIFBIHBIH MOJIEJTi
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Monensai kKypacteipy ke3inae XKOK >kenniH KbUIIaMabIFbIHAH 3 M/C KOHE OJIaH J1a Kerl,
COHJABIKTAH JKENJIIH JKbUIIaMIbIFbIHAA V<3 M/c eHmipineTiH Kyar P=0 kBt OonaTeiHBIH
eckepemis. XKenain xpunamasEsl v>15 m/c XKOK sxymbIc icTeyi yIIiH KayinTi OOJIFaHABIKTaH,
JKel JeHresieri MoxOypial Typle TOKTaybl Kepek. JKemmiH keuigamabiFel 13-TeH 15 m/c-ka
JeiinTi OemiMae OHIIPUIETIH KyaT Typajibl IEPEKTEp KOK, COHIBIKTAH JKEJ KbUIIAMIBIFbIHBIH

reri 13 m/c-ka teH [7].

1-kecte — JKOK 3Heprust enaipy Kyarsl

V, m/cex 3 4 5

P)K3Ky kBT 015 03 05

0.9

1.5 2.3 3.3 4.5 5.5 5.7

XK3K osHepretukanslk cumarramachlH mopenbaey «1D Look up table» OmorsmHbig
KOMeTiMeH Ky3ere achipbiiabl. Simulink-Te KypacThIpbUIFaH MOJIENb 4-CypeTTe KOPCETIIIeH.

Copnan KeiiH el mapKiH KypacThIPbUIFaH dJieMeHTTeH kuHaiMbI3 (JKOK ymin oprama
JKBUIIAMIBIFEL 5,2 M/c? GoNaThIH eKi KOHJIBIPFBI K&KET S-CypeTrTe KepceriireH) [8].

'
Lﬂ Block Parameters: 1-D Lookup Table1 X

Lookup Table (n-D)

Perform n-dimensional interpolated table lookup including index searches. The table is a sampled representation
of a function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension
corresponds to the top (or left) input port.

Table and Breakpoints  Algorithm  Data Types

» D Number of table dimensions: 1
Data specification: Table and breakpoints -
Table data: [0,0,0.15,0.3,0.5,0.9,1.5,2.3,3.3,4.5,5.5,5.7,0]
1-D T(u) ) e -
Breakpoints specification: Explicit values S
(1) | Breakpoints 1: [0,2.99,3,4,5,6,7,89,10,11,12,12.01]
Edit table and breakpoints...
J \E Cancel Help Apply
4-cypet — Simulink-te 7KOK 3HepreTHKaJIbIK CHIIATTAMACHIH MO/IEJIbIEY
P In1 Qut1
Wind_Generator2
1 P In1 Out1
P 1005 »(D)

Wind_Generator1

P_summ

Y

5-cypet — Simulink-te JK9K 3HepreTHKaJbIK CHIATTAMACHIH MOJEIbAEY




AKKYMYJSTOPIIBIK OaTapestHbl MOJENbAey. AKKYMYISTOPIBIK OaTapescChlH MOJAEIb-
nenmiz. Konasipreira opkaiiceichl 100 A-car ChHIMBIMABLIBIFEI Oap 8 Oarapes KaObUIIaHAIHI,
MOJIENBICY/l KEHUIACTY YIIiH OaTapesiapabl KYpacThIpy/bl O1pTyTac KYPBUIFBI €T CAHAHMBI3.

brok yuriH kipic mapamerpisepi: OaTapesiiaH IIBIFATHIH KyaT, COHJai-aK OaTapesHbIH
CHIABIMIBUTBIFBI BT=car. LlbiFpic mapamerpiepi-6artapesHblH KanraH 3apsagasl Q sxone SOC
(3apsaray kyii) mapamerpi. SOC GarapessHbIH KaJiFaH 3apsIbIHBIH HOMUHAJIbIFA KaThIHACKI Oap.
SOC mapametpi 0.3 MoHIHEH TeMeH Tycmeyi kepek. 6-cyperre Simulink-Te akKyMyIsSTOPIIBIK
OarapesChIH MOJCIbACY Kopceriaren [9].

1
s
Pbat Integrator
’—P up
| P u | ¥ »{ 1 )
0 | lo | Q
Saturation
Constant Dynamic
Ll X
& . I s —CD
Qmax Divide leled
> | |
Scope2

6-cyper — Simulink-Te akKyMyJISITOPJIBIK OaTapesiCblH MOJIe/Ib/ey

XKen »sHepreTMkacelH KOJIJaHYy KYpBUIBIMIBIK ChI30achlHAa KIpeTiH Keleci Kypanl -
KOHTPOJUIEPi MOAEIbILY. AJNTOPUTMIIK ChI30anap MEH JIOTHKAJIbIK (YyHKIUSUIApAsl KOJAaHa
OTBIPBII, KOHTpoJuTep Mojeni Simulink-te kypacTeipsuisl (7-cyper) [10].

Scopel

>
Logical
Operator
L
Logscal ]
- ﬂ ;
P_bat
o = -
AnD Operatord Switch
Logical
Compare.
To Constant1 Operator3 |
— H _
o -
Logical £ —-— P_eng
Operators Switch1
Lj I Scope2
J
.
P_boof
== -
o:?.:mz Opaerators =

7-cypet — Simulink-Te koHTpoJIepaAiH Mo

8-cypeTTe Kel KOHIBIPFBICHIHBIH TOJBIK MOJENi KepceTinmreH. Mojaenb kel
KOHJIBIPFBICHIH 3epTTeyre apHanran [11-16].
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L.
P_engout
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Solar Farm Wind Speed Fuel consumption
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Logic

8-cyper — MATLAB/Simulink 6armapiamaceinia :kej KOHAbIPFbICHIHBIH MOJI€JTi

KopbiThinabl.  COHbIMEH,  JKYPri3UIl€H  JKCHEPUMEHT  HOTHXKECIHAE  Kel
KOHJIBIPFBICHIHBIH, TEXHOJOTHUSJIBIK YAEPICIH aBTOMATTAHIBIPYABIH TEXHHUKAJBIK KYpajaapbl
TaHAa11bl. MaTeMaTHKaJIbIK MOJeIi TaHAa bl XKen KOHIBIPFBICBIHBIH 0acKapy ajJropurMmiaepi
ozipnmenai. OHBIH iIIHAE: JKeJ KOHIBIPFBICHIHBIH (DYHKIIMOHAIIABIK CXEMachl JKOHE IKel
KOH/IBIPFBICBIHBIH AITOPUTM-0JI0K cxeMmachl. KypacThIpblIFaH alroOpUTMHIH KYMBICBIH Oarasnay
yiiiH MATLAB/Simulink 6arnapiamanbIK HakeTiHIH KOMETIMEH K€l KOHIBIPFBICBIHBIH MOJIEN1
Kacasbl.

MATLAB/Simulink  6GarmapiamacelHaa  KYPri3uUiréH  UMHUTAUMSUIBIK — MOJEIBICY
HOTHXKECIH/JIE KelleCl MOAYJIbJEPACH TYPAThIH XkKeJl KOHIBIPFBICBIHBIH aMOe0an Moieni xKacaj bl

1) *enm PHepreTHKachl KOHIBIPFHICHIHBIH JKYMBICBIHAH SHEPTHUS allaThIH TYTHIHYIIBLIAP
MOJTYIIi;

2) 5Ken DHEepPrusiChblH K€l JeHreseri OUIriHIH MeXaHUKalblK aifHaly »HeprusichblHa
allHaIBIPATHIH JKEJ YHEPreTUKAChl KOHIBIPFBICBHIHBIH JKEJl aF bIHBIHBIH JKbIIIaMIBIK MOTYII;

3) e KOHABIPFBICKIHBIH MOYJI1;

4) snexTp SHEpruschiH Oydepik cakTay pyHKIUACH 6ap GaTapest MOaYIIi;

5) 6epiiren anroput™ OolibIHIIA 9OMOedan KOHTPOJUIEP MOJEA1 KYPBIIIbI.
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NMMHUTAIIUOHHAA MOJIEJIb YCTAHOBKHU BETPOOHEPT'ETUKH

YmoéetoB V.Y., TOKTOP TEXHUYECCKUX HAYK, Ipodeccop
Opsinbacap U.b., maructpant
Kacysak O.7K., Maructpanr

Kapazanounckuii unoycmpuanvusiil ynusepcumem, 2. Temupmay, Kazaxcman

AnHotamusa. B gaHHO# cTathe pa3paboTaHa WMHTANMOHHAS Mojenb BOY B pamkax
MATLAB/Simulink. B pe3ynbrate paboTel 1O pa3pabOTKe KOMIBIOTEPHBIX MOJEIed  JUIs
UMUTAIIMOHHOTO MojenupoBanus B nporpaMmme MATLAB/Simulink Obuta pa3zpaborana yHUBEpcaabHas
MOJIe]Tb BETPOBOM yCTAHOBKH, COCTOSINAs W3 CIEIYIOIIAX MOMYIEH: MOAYNh TOTpeOuTeINeH,
NOJYYalOUIMX SHEPrui0 OT pabOThl  BETPOIHEPreTUUECKOW  YCTAaHOBKH, MOIYJIb CKOPOCTH
BETPOIHEPTETUYECKON YCTAHOBKH, MNPEOOPA3yIONIMA SHEPTHI0 BETpa B OHEPIHI0 MEXaHHMYECKOTO
BpallIeHUs Baja BETPOIHEPIeTHKH; MOIYJb BETPOSHEPreTHUECKON YCTaHOBKH; aKKYMYJISITOPHBIA MOYJIb
¢ pynxnueii OydepHOro XpaHeHUs! HEKTPOIHEPTHH; MOAYJIb TU3EIIb-TEHEPATOPHOH YCTAHOBKH; MOYJIb
COJTHEYHOH TaHeNW; MOMAYJb YHHBEPCAIBHOTO KOHTPOJUIEPA BETPOIHEPTETUYECKOW yCTAHOBKH,
obecrieunBatonuii  padory BDY mo 3amaHHOMY airoputMy W TIpeJHA3HAYEHHBINM JUISl HM3YyYeHHS
Pa3IMYHBIX aJrOPUTMOB M CIOCOOOB YIPAaBICHUS MOIIHOCTBIO BETPOIHEPIETHUYECKOH YCTAHOBKH.
IIpoBemeH aHamu3 pe3ynbTaTOB, TMONYYEHHBIX W3 HMUTAIMOHHOW Mozenu BDY. Ha ocHose
MaTeMaTHIECKUX MOJeIell KOMIIOHEHTOB MCCIIEIOBaHbI TIpoliecchl paboTel BOY mpu ckopoctu BeTpa 5,2
M/C ¢ BeTpoBOM Harpy3koil. [lomyueHHbIE OCHMIITIOrpaMMBI MOKa3bIBAIOT CKOPOCTh BETPOBOI'O IOTOKA,
BETPOBYIO YCTaHOBKY, aKKyMYJSITOpDHYIO OaTapero, Iu3eNb-TeHEpaTOPHYI0 YCTAHOBKY, COJHEYHBIE
MaHeNd, Ka4eCTBEHHOe JHeprocHaOxeHwe mnorpedutenell Onmaromapsi KoHTposuiepy ympasieHus. [lo
pe3yibTaTaM WUMHUTAMOHHOTO MOJEIHPOBaHUS OBLIO JOKa3aHO, YTO BCS MOIIHOCTb, KOTOPYIO MOXKET
UCIIOJIb30BaTh AITOPUTM, pa3paboTanHbii BOY, paBHa Becell moTpebisieMoil MOIIIHOCTH.

KialoueBble cioBa: BeTpsHas DJIEKTPOCTAHINSA, BO30OHOBISEMblE WCTOYHUKH DSHEPTHH,
MATLAB/Simulink, uMuTanimoHHass Mozeib, KO3h(UIUEHT UCIOIb30BAHMUS YHEPIHH BETPa, CKOPOCTh
BETpA.

51



SIMULATION MODEL OF WIND ENERGY INSTALLATION

Umbetov U.U., doctor of technical sciences, professor
Zhassuzak U.Z., undergraduate student
Orynbasar 1.B., undergraduate student

Karaganda Industrial University, Temirtau city, Kazakhstan

Annotation. This article developed a simulation model of RES in the framework of
MATLAB/Simulink. As a result of the work on the development of computer models for simulation
modeling in the MATLAB/Simulink program, a universal model of a wind farm was created, consisting
of the following modules: a consumer module that receives energy from the operation of a wind power
plant; a wind flow velocity module of a wind power plant that converts wind energy into the energy of
mechanical rotation of the wind wheel shaft; a wind farm module; a battery module with a buffer storage
function of electricity; diesel generator set module; solar panel module; universal controller module of the
wind power plant, which provides the operation of the RES according to a given algorithm and is
designed to study various algorithms and approaches to controlling the power of the wind power plant.
Analysis of the results obtained from the simulation model of Res was carried out. Based on mathematical
models of components, the processes of operation of RES at a wind speed of 5.2 M/s with a wind load
were studied. The resulting oscillograms show the speed of the wind flow, the supply of high-quality
energy to consumers thanks to the wind farm, the battery pack, the diesel generator set, solar panels, the
control controller. Based on the results obtained from the simulation simulation, it was proved that all the
power that the algorithm for which the RES was created is suitable for use is equal to all the power
consumed.

Keywords: wind plant, renewable energy sources, MATLAB / Simulink, simulation model, wind
energy utilization rate, wind speed.
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Annotation. The potato seed production system in Kazakhstan needs to be modernized to meet
modern conditions and market requirements.

There are cases when seed material of poor quality, both domestically produced and smuggled
from abroad, is detected, which ultimately leads to low yields and the spread of diseases.

In this regard, an objective and reliable assessment of the conformity of seed potatoes for the
purposes of certification will act as a driver in increasing competitiveness and ensuring high quality, and
taking into account the appointment of potatoes as an industrial crop and food crop, it will contribute to
the issue of increasing the food security of the country as a whole.

When developing a certification system, it is important to conduct a conformity assessment
procedure by an arbiter independent of the producer and consumer of seed potatoes, that is, a third party.

The introduction of a certification and inspection system will ensure transparency and objectivity
in the cultivation of potato seeds, which will create prerequisites for a significant increase in investment
in seed production and the development of seed exports.

Work on the development of a certification and inspection system for seed potatoes meets the
needs of the seed potato market, is in demand, timely and relevant.

As a result of research on the development and implementation of the seed potato inspection
service, an algorithm was developed for the work of the inspection service of the designated authority for
the inspection and certification of seed potatoes and the interaction of the designated authority with other
organizations on the issue of inspection and certification of seed potatoes.

Keywords: seed potatoes, certification, inspection, designated, authority, seed export

Introduction. The potato is the fourth most important food crop in the world after corn,
rice and wheat and plays an important role in food security [1].

The area of potato cultivation in the industrial sector of potato growing (data on
agricultural organizations and peasant farms, excluding households) in the Republic of
Kazakhstan in 2021, according to the Statistics Committee of the Ministry of National Economy
of the Republic of Kazakhstan, amounted to 195.8 thousand hectares. Over 5 years they
increased by 6.34% and over 10 years by 5.81% [2].

Now potatoes are mainly exported to Uzbekistan. It is also possible to increase its sales to
other countries. At the same time, Kazakhstani potato growers remain heavily dependent on
European selection. And varieties that are bred in Kazakhstan do not withstand competition. At
the same time, one cannot ignore the fact that the demand for European seeds is constantly
growing, and it is already difficult to cover it there. Climate change also affects, including in
Europe, and serious pressure from diseases and pests [3].

The seed potato market in the country requires stricter control, both in the domestic
market and when importing. Often poor-quality planting material is found, which ultimately

53


https://doi.org/10.52081/tst.2023.v04.i4.026
mailto:myhametov_almas@mail.ru
mailto:ndautkhanov@yandex.ru
https://orcid.org/0000-0001-7864-0217
mailto:Dauletbekova.aida@mail.ru
https://orcid.org/0000-0002-5126-3631
mailto:assemay2006.87@mail.ru
https://orcid.org/0000-0001-5359-5528

leads to low yields and the spread of diseases. The organization of the seed potato certification
system will help ensure the production of high-quality planting material both for the domestic
market and for export.

The popularity of potato culture among the population of the Republic of Kazakhstan and
its demand in the structure of nutrition contributes to the mandatory provision of high-quality
indicators of potatoes and seed material on the basis of certification work.

Like other food products, potatoes are subject to mandatory state quality control
(certification). This legal requirement is designed to protect consumers from dangerous products
that can harm human health and life. Mandatory certification of this product is carried out in
accordance with the requirements of two current technical regulations of the Customs Union: TR
CU «On food safety» and TR CU "On food safety in terms of its labeling” in the form of a
declaration.

These normative and technical documents establish requirements for the production,
storage, quality assessment, as well as packaging and labeling of potatoes. Therefore, it is
possible to issue a permit (certificate for potatoes, or rather, a declaration), the presence of which
is necessary for the production, import and distribution of potatoes, only if the declared product
fully complies with all the requirements of the specified TR CU.

After issuing a certificate or declaration in accordance with the requirements of the TR
CU, it becomes possible to import and manufacture products both in Kazakhstan and in other
countries of the Customs Union (Russian Federation, Armenia, Belarus, Kyrgyzstan).

Each country may have national standards that define requirements for quality, health and
varietal characteristics of potato seeds. These standards may set requirements for tuber size,
disease, mechanical damage and other characteristics.

Some international organizations, such as the International Seed Certification Association
(ISTA), develop standards and guidelines for certifying potato seeds. These standards define the
requirements for physical characteristics, diseases and health of potato seeds.

Some organizations may develop technical specifications for the certification of potato
seed. These specifications define the requirements for the physical, biological and phytosanitary
characteristics of seeds.

It is important to note that specific regulations may vary from country to country or
region to region.In addition, the requirements of regulatory documents for certification should
not create additional barriers to international trade. The rules and procedures for certification,
regulated by regulatory documents, should be the same for both domestic and imported products,
regardless of their origin [4].

With regard to the certification of seed potatoes, this procedure is carried out in
accordance with the requirements of the law of the Republic of Kazakhstan «On seed
production» and the certificate / passport for seeds in accordance with Article 23, paragraph 4 of
this law is issued by seed producers on the basis of documents issued by approbators and
laboratories for the examination of seed quality, confirming their varietal and sowing qualities
(act of approbation of varietal crops, certificate of seed condition, results of seed analysis) [5].

There are cases when low-quality seed material is detected, both domestically produced
and smuggled from abroad, which ultimately leads to low yields and the spread of diseases [6].

In this regard, an objective and reliable assessment of the conformity of seed potatoes for
certification purposes will act as a driver in increasing competitiveness and ensuring high
quality, and, taking into account the purpose of potatoes as an industrial crop and food crop, will
contribute to the issue of increasing the food security of the country as a whole.

One of the reasons for the low competitiveness of domestic seed potatoes is the
shortcomings in the system for assessing the quality of seed potatoes, namely the need to
improve the certification system for this product.

Therefore, the potato seed production system in Kazakhstan needs to be modernized to
meet modern conditions and market requirements.

Purpose: to develop a system for certification and inspection of seed potatoes.
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When developing the certification system for seed potatoes, it was taken into account that
it is important to conduct a conformity assessment procedure by an inspector who is independent
of the manufacturer and consumer of the product, that is, a third party.

Kazakhstan delegation from representatives of business and the Ministry of Agriculture
visited the Netherlands, met with breeders, representatives of the NAK (General Inspection
Service of the Netherlands for checking the quality of seed material), discussed the possibilities
of cooperation, a memorandum of cooperation was signed between the ministries of agriculture
of the two countries. And as part of the implementation of this memorandum, two important
stages have to be passed: the first is to join the UPOV (Organization for the Protection of
Breeders' Copyrights) and the second stage is to develop our own seed certification system (it
will be based on the NAK system adapted to our conditions) [7].

The introduction of a certification and inspection system will ensure transparency and
objectivity in the cultivation of potato seeds, which will create the prerequisites for a significant
increase in investment in seed production and the development of seed exports, meeting the
needs of the seed potato market, is in demand, timely and relevant.

Materials and methods of research. The object of study was the legislative and
regulatory documentation on seed potatoes.

When studying the seed potato certification system, the following methods were used:
analysis, comparison and generalization.

IDEFO is a methodology of functional modeling, and therefore the name of the block
describing the function must be a verb or verb tense. Examples of functions with names: to
produce details, to observe the performance.

Arrows and their segments are marked with nouns or inversions of nouns. Primer metok
strelok: manager, budget [8-12].

In IDEFO there are five classes of arrows - input arrow, output arrow, control arrow,
mechanism arrow, call arrow.

IDEFO is widely used in the field of system analysis and design for modeling business
processes, functional requirements and operations in organizations. The IDEFO method
represents a system in the form of a hierarchical structure of functional blocks, where each
function has its own unique functionality and interaction with other functions.

IDEFO modeling process includes the following main steps:

Identification of functional blocks: Determination of the main functions of the system and
their interrelationships. Functional blocks can be broken down into subfunctions for more
detailed analysis.

Definition of inputs and outputs: Definition of input and output data for each functional
block. It helps to understand data flow and interaction between functions.

Identification of control mechanisms: Identification of control mechanisms that affect the
performance of functions. This may be information about rules, restrictions, execution time, etc.
d.

Development of IDEFO diagrams: Creation of IDEFO diagrams that show the hierarchical
structure of functions and their relationships. Diagram IDEFO can be used for analysis and
optimization of processes. IDEFO provides a clear representation of functions and processes of
the system, which simplifies analysis, introduction of changes and communication between
project participants. It can be used for various purposes, including analysis of business processes,
development of systems, modeling of operations, etc [13].

Results and analyses. In developing the inspection and certification system for the
Kazakhstan Seed Potato Inspection Service, the United Nations Economic Commission for
Europe (UNECE) Guidelines for the Organization of the Seed Potato Certification Service [14],
which was created to assist designated authority (DA) in organizing a seed potato certification
service and encouraging standardization through cooperation between DAs in the process of
organizing seed potato services.
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Based on the provisions of the UNECE Guidelines for the organization of the operation
of the certification service for seed potatoes based on the UNECE S-1 standard, the main stages
of the inspection of seed potatoes are presented below (Figure 1): filing an application;
verification of the applicant; notification of the timing of the inspection; field inspections (at
least two); post-harvest control (labeling and packaging control); making a decision to issue a
certificate.

When applying, the applicant attaches the following documents:

- an application for an inspection;

- an electronic copy of the document confirming the right to a land plot (state act, contract for the
lease of a land plot);

- signed contract on inspection;

- act on land information on crop rotation for 5 years;

- information about seeds (certificate), information about storage, act on storage processing);
KBUTAaHIIUIO 00 ormmiare.

Table 1 - Interaction of DAs with other organizations

On what issues does the DA interact
with the organization

Name of company

Ministry of Agriculture of the Republic of
Kazakhstan

Authorized body in the field of seed production

State Inspection Committee in the agro-industrial
complex of the Ministry of Agriculture of the

notified by inspectors of the inspection service in
case of presence of quarantine objects

Republic of Kazakhstan (plant quarantine
department, plant protection department)

RGU «State Commission for Variety Testing of
Agricultural Crops» of the Ministry of Agriculture
of the Republic of Kazakhstan

informing about the admission of breeding
achievements for use, as well as other documents
and materials of the state variety testing,
reconciliation with the "State Register of
breeding achievements recommended for use in
the Republic of Kazakhstan"

Committee for Land Management of the Ministry
of Agriculture of the Republic of Kazakhstan
(Department for the development of land relations
and land management)

at the initial stage of filing an application, gives
confirmation of compliance with the crop
rotation by the applicant

Accredited testing laboratories soil surveys for nematodes, analysis of samples

for pathogens

Ministry of Agriculture

A0 ¥
j— State Inspection

1 R
Committee
A0 A0

Land service

Designated F Certficate

authority L
] .
\_,| Accredited testing J

laboratories

L Applicant
soil analysis A0
Accredited testing

AQ
laboratories
rol|

Figure 1 — Interaction of the designated authority with other structures
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The functioning of the system of inspection and certification of seed potatoes in the
Republic of Kazakhstan assumes, in accordance with the existing legislative framework, the
determination by the governing body, that is, the Ministry of Agriculture of the Republic of
Kazakhstan (MOA RK), of a designated authority that will conduct the inspection and
certification of seed potatoes in cooperation with such services as the Committee of State
inspections in the agro-industrial complex of the Ministry of Agriculture of the Republic of
Kazakhstan (plant quarantine department, plant protection department); Committee for Land
Resources Management of the Ministry of Agriculture of the Republic of Kazakhstan
(Department for the Development of Land Relations and Land Management); accredited testing
laboratory for pathogen identification (ATL); accredited testing laboratory for soil testing for
nematodes under the control of the Ministry of Agriculture of the Republic of Kazakhstan in
Table 1 and Figure 2.

An example of interaction between the designated authority for the inspection and
certification of the quality of potato seeds, appointed by the Ministry of Agriculture of the
Republic of Kazakhstan, with other organizations is shown in Figure 3.

The establishment of a designated authority for the inspection and certification of potato
seeds in the Republic of Kazakhstan is the first step towards the introduction of a system for
inspection and certification of seed potatoes.

The requirements of Standard S-1 is not consistent with some articles of the law on
seed production of the RK, namely in the issue when the producer issues a certificate
(certificate) for his seeds himself, which is not acceptable for normal certification and requires
certain work on the preparation of the legal status of the designatedauthority.

Therefore, there is a need to reform the quality assessment system (varietal and sowing
qualities) of seeds in the Republic of Kazakhstan.

Conclusion. As a result of research on the development and implementation of the
inspection service for seed potatoes, an algorithm was developed for the work of the inspection
service of the designated authorityfor the inspection and certification of seed potatoes and the
interaction of designated authority with other organizations on the issue of inspection and
certification of seed potatoes.

The transfer of the Netherlands Model of Inspection and Certification of Seed Potatoes to
the Republic of Kazakhstan clearly requires a change in legislation.

Financing. The study was financially supported by the Science Committee of the
Ministry of Agriculture of the Republic of Kazakhstan (grant BR10765038).
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Figure 2 — Algorithm of the work of the designated authority for the inspection and certification of seed potatoes in the Republic of Kazakhstan
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KAPTOII TYKBIMBIH HHCIIEKIUSJIAY JKOHE CEPTU®UKATTAY JKYUECIH
I93IPJIEY

Myxametos A.E.', PhD
ayrkanosa J.P.%, TeXHUKa FHUIBIMIAPBIHBIH TOKTOPbI
Yy g p p
ayrkanoB H.B.", TexHmnka FeUIBIMAApBIHBIH KAHIATATHI
Y ) p
Jayaer6exoBa A.Ill.", rokTopaHT
Kasbimypar A.T.!, PhD

'Kasax ynmmuix azpapneix sepmmey ynusepcumemi, Anmamei, Kazaxeman
2 o
Kazax enoey swcone mamax enepracioi F3U, Anmamel, Kazaxcman

Anaarna. Kazakctanmarbl KapTol TYKBIMBIH OHIPY KYHECIH 3aMaHayy KaFaaiiap MEH HapbIK
TaNanTapblHa cail KaHFBIPTY KaxeT.

O3ziMi3ie eHAIpIITeH /e, MIEeTENIeH SKETMiHETIH JIe canachl3 TYKbIM MaTepHaAaphl aHBIKTAIBIII,
HOTIXXECIHE OHIM a3ailblll, aypy Tapaisl.

Ocbifan 0alJIaHBICTBI, KapTON TYKHIMBIHBIH CEpTHU(QHKATTAY MakKcaTTapbl YIIiH COWKECTIriH
0OBEKTHUBTI XoHe ceHimil Oaranay O6acekere KaOUICTTIIIKTI apTThIpy KOHE JKOFaphl callaHbl KaMTaMachi3
eTyAiH ApaiiBepi Oonaabl XKoHE KapPTONThl TEXHUKAJBIK XKOHE a3bIK-TYJIIK AAaKbUIb PETiHIE TaralbIHAAY b
€CKepe OTBIPBIT, OJI TYTAaCTal alFaHia eNiMi3MiH a3bIK-TYJIK KayilCi3iriH apTThIpy MOCceIeCiHe BIKIal
eTesi.

Cepruduxarray >xyieciH a3ipyiey Ke3iHAE KapTol TYKbIMBIH OHAIPYIII MEH TYTHIHYIIbIIAH
TOyeJICi3 Tepeli, SFHN YIIHII Tapan COUKEeCTIKTI Oaraiay paciMiH KYPTri3y MaHBI3]IbL.

Ceprudukarray oHE TEKCEpy JKYHECIH €Hri3y KapTOl TYKBIMBIH ©cCIpyjaeri amibIKThIK IeH
OOBEKTHUBTUIIKTI KaMTamachl3 eTeli, Oyl TYKbIM MIapyallblIbIFbIHA HMHBECTHLUSIHBI aNTapibIKTai
apTTHIPY JKOHE TYKbIM KCIIOPTHIH AAMBITY YLIIH AJIFBILIIAPTTApP JKacaibl.

TYKBIMIIBIK KapTONTHI CepTU(UKATTAY JKOHE MHCIEKIUSUIIAY JKYHECiH a3ipiey OOWBIHIIA HKYMBIC
KapTON TYKbIMBI HAPBIFBIHBIH CYPAHBICHIH KaHaraTTaHAbIPa/bl, CYpPaHBICKA M€, YaKbITBUIBI XKOHE ©3€KTi
0OJIBII TaOBLIAbL.

Kapron TYKBIMBIH Tekcepy KoHE cepTU(dUKaTTay Moceneci OOWBIHIIA TYKBIMIBIK KapTOIl
WHCTICKIIMSUIAY KhI3METIH d3ipIiey jKoHE eHri3y OOMbIHIIA 3epTTeyJep/aiH HOTHKECIHIE KAPTO TYKBIMBIH
MHCTICKLMSUIAY JKOHE CcepTH(HKATTay >KOHIHIAEri YOKIJIeTTI OpraHHBIH HMHCHEKIMSJIBIK KbI3METIHIH
YKYMBICHI J)KOHE YOKIJIETTI OpTaHHBIH 0acKa YHBIMIapMEH 03apa OpeKeTTeCy allfOPUTMI d31pICHII.

Tipex ce3mep: cepTudukarTay, HMHCHEKIMI,KAPTOI TYKbIMbI, TarallblHAAJIFaH OpraH, TYKbIM
9KCIOPTHI
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PASPABOTKA CUCTEMbI UCIIEKIIMU U CEPTUOUKALIUN CEMEHHOI'O
KAPTO®EJIA

MyxameToB A.E.}, PhD
Jdayrkanosa JI.P.2, TOKTOp TEeXHHYECKHX HayK
Jdayrkanos H.B.z, KaHJIUAT TEXHUUECKUX HAYK
Jlayner6exosa A.IIL', toxTopant
Ka:xbimypat A.T.", PhD

1 . . . .
Kazaxckuu HAYUOHAIbHbIU acpapHblU ucczzedoeameﬂbcmm YHRUsepcument, AJZMambl, Kazaxcman
2 . . . .
Kazaxckuu Hayqyo—ucwle@oeameﬂbcxuu uHcmumym nepepa6amb16aiou4€u u nuuwesou
npoOMvblULIIEHHOCNU, A]lM[ZMbl, Kazaxcman

Annotanus. CucrtemMa ceMEHOBOJICTBa KapTodens B Kazaxcrane HyKaaeTcsi B MOJCpHHU3ALNT
JUTSL COOTBETCTBHS COBPEMEHHBIM yCIIOBHSIM U TPEOOBaHUSAM PHIHKA.

W3BecTHBl Ciydau, KOIZJa BBISBIISIETCS CEMEHHOM MarTepual HU3KOINO KaudecTBa, Kak
OTEYECTBEHHOT'O MPOU3BOJICTBA, TAK U 32 CUET KOHTpabaHbI U3-3a pyOeka, 4TO B KOHEUHOM CUeTe BeIET
K HU3KHUM YPOXKasM U pacIpOCTPaHEHHIO OONe3HEH.

B »T0ii cBs3M, 00BEKTHBHAS M JOCTOBEpHAs OIEHKAa COOTBETCTBUS CEMEHHOTO KapTodemns s
ueneit ceprudukanuu OyJaeT BHICTYNATh ApaiiBepoM B BOMPOCE MOBBIIIEHUS KOHKYPEHTOCHOCOOHOCTH H
obecrevyeHus1 BRLICOKOTO Ka4eCTBa, a C y4eTOM Ha3HAYeHHS KapTo(dems KaKk TEXHUIECKON KyIbTyphI, TaK U
MIPOZOBOJIBCTBEHHOM CITOCOOCTBOBAThH BOIMPOCY MOBBIMICHUS TTPOJAOBOIBCTBEHHON 0€30MaCHOCTH CTPaHbBI
B wnenoMm. [Ipum paspaboTke cucTeMbl cCepTH()UKAMH Ba)KHO TPOBEACHUE TPOLEAYPHl OLCHKH
COOTBETCTBHS apOUTPOM, HE3aBUCHMBIM OT U3TOTOBUTENS M MOTPEOUTENSI CEMEHHOTO KapTodelsi, TO eCTh
TpPEThEN CTOPOHOM.

Bueapenue cuctrembl cepTH(PUKALNN M WHCIIEKIUU 00ECIEUUT MPO3PAYHOCTh U OOBEKTHBHOCTh
NPy BBIPAIIMBAHUU CEMSH KapTodelns, YTO CO3JacT TPEANOCHUIKH JUIsl CYHIECTBEHHOTO pOCTa
WHBECTUIIMA B CEMEHOBOJACTBO W pa3BUTHE OKCIOpTa ceMsH. Pabora mo pa3paboTKe CHCTEMBI
cepTu(UKaNUi W WHCIEKIUU CEMEHHOTO KapTodens yIOBIETBOPSET MOTPEOHOCTH pPHIHKA CEMEHHOTO
kapToders, SBISeTCS BOCTPeOOBaHHOM, CBOCBPEMEHHON U aKTYyaIbHOM.

B pesynberaTe npoBeeHNs HCCIeIOBaHMA O pa3paboTKe U BHEAPEHUIO MHCTIEKIIMOHHOHN CITYKOBI
o0 cCeMeHHOMY KapToenro OblT pa3paboTaH anropuT™ padOThl HHCIIEKIIMOHHOMN CITyKObI Ha3HAYEHHOTO
opraHa 1o HHCTIEKIIMU ¥ CepTUPHUKAIIMNA CEMEHHOTO KapToQelis U B3anMO/ICHCTBUSI HA3HAYSHHOTO OpraHa
C IpYTMMH OpraHU3alUsIMH B BOIIPOCE UHCIIEKIIUH U CEPTUHUKAIIMH CEMEHHOTO KapToQets.

KaroueBbie ciaoBa: cepTuduKkaivsi, WHCIEKIMI, CEMEHHONH KapTodellb, Ha3HaYeHHBIH Opra,
AKCIIOPT CEMSIH
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Kouzkaz6anapasl paciMaey :KoHiHIe aBTOPJIApFa apHAJIFaH HYCKAYJIBbIK

«TexHuKa FBUIBIMIAPBI KOHE TEXHOJIOTHSIIAP)» KYPHAIbIHIA MaKaja jKapusiay YIIiH JailbiH
FBUIBIMH JKYMBICTBI aBTOp(1ap) Vestnik.korkyt.kz caiiteingarsl OHnaiiH Makaga xioepy kykeci
apKBLIBI, apHAWBI HYCKAYJIBIKTHI Mainaganbn xkidepyre 6omansl. Makama Windows 10 omepaTuBTi
xyiecingeri Word dopmareiana Times New Roman mpudringe xa3purysl kKaxker (Ocbl Tajanra
JKa3bUIMaraH MaKajia aBTOMATThI Typie KaOburmanOaas1). YKapusuiaHeIM — TiIepi Ka3akiia, OpbIcIa,
arpUTIIBIHINA. Makasa KYpPbUIBIMBI MEH O€3CHIIIpTYi:

1. Makana kesemi 6-12 Oer apanbIFbIHAa OOJYbl THiC (aHHOTAIWSATIAP MEH oJeOUETTEp
Ti3iMIH Kocraranaa 6 6eTTeH ToMeH 60IMayhl THIC).

— Makananbsl Kypy cxemacol (6eti — A4, kitanThlK Oaraap, Typajay — eHi OoiibiHima. Con
JKaK, YCTIHIl JKOHE TOMEHI1 >KaKTapbhIHIAFbl allbIK >kKuekrepi — 2,5 cM, oH »xarbiHma — 2,0 cm.
Ipudt: Tan Times New Roman, emmemi — 12) (Windows 10 omepatuBti xyitecinmeri Word
dbopMaThIHTA);

- XFTAP unpmekci — OipiHmn karap skorapbiaa, con skakra (http://grnti.ru); ox »xakra —
)KypHaIIeIH doi mHAekci (mpedukc xoHe cypduke) — penakuusga oepiiei;

- MakaJja aTaybl — OPTachlHA KAJIBIH OH €KiHIII KapilIeH;

- aBTOP(JIApIBIH)IBIH AaThI-KOHIEPiHIH OipiHII Kapmi MeH Teri — optara 1l-kapim,
(aBTOp;Map caHbl 5 alaMHaH apThIK OOJIMayHI THIC);

- yiBIM, KaJia, eI/IiH TOJIBIK aTaybl — OpTara, Kypcus — 11-kapir;

- Awmarna. Tyn nmycka timinage (150-200 ce3; Makana KypbUIBIMBIH CaKTail OTBIPHII),
emnmemi (kerib) — 11-kapim;

- Tipek ce31ep — Ka3ak, opsic, arbullIbH TiAepiHme (3-5 ces/ce3 Tipkectepi), emmemi -
(xermp) 11-kapirm;

- Herisri moTiH (apanmslk mHTepBa) — 1, «aszat xkom» - 1,25 cm, 12-kapim) KYpBUIBIMBI
TeMeHeriiel 0omabl:

2. Kipicme: TakpIpbINTBIH TaHAATYbIH HETI3[ey; TaHJAJIFaH TaKbIPBITHIH, MOCEJICHIH
©3EKTLJIIT1, 00BEKTICI, TOHI, MaKCaThl, MIHJIETI, 9iCi, TOCUII, TY)KBIPBIMBI KOHE MaFbIHACHIH aHBIKTAY

3. 3eprTey Marepuajiapbl MeH JicTepi: Marepuangap MEH IKYMBIC OapbIChl
cUTIaTTaMacChIHAaH, COHJIai-aK MaiJalaHblIFaH SICTEPAiH TOJIBIK CHITATTaMachlHAH TYPYHI THIC.

4. Kecrenep, cyperrep alTbUIFaHHAH KEHIH OPHAJIACTBIPBUIYBI KepeK. Op MILTIOCTPALMSIMEH
xasy(emremi (kersp) — 11) 6omysr kepek. CypeTTep aHbIK, Ta3a, CKaHepJIeHOETeH 0OyhI KepeK.

Maxkana moTiHiHIE cinremenep 6ap Gopmynanap FaHa HeMipieHeni. MaTiHae cinTemenep Tik
*Kakmana kepceriieni. Cinremenep MOTIHIAE KaTaH Typlie HOMIpIIEHYI Kepek.

5. HoTmikesep/TanKpuIay: 3epTTEY HOTIKEIIEPIH TaJ/1ay )KOHE TANKbUIAY KEATIpiIeIi.

6. KopbITBIHABI/KOPBITHIHABLIAP: OChI KE3CHJETI JKYMBICTBI KOPBITBIHJBLIAY; aBTOP
ANTKaH YCHIHBUIFaH TY)KbIPBIMHBIH aKHKATBIH pacTay. JKYMBICTBI Kap:KbUIBIK KOJI/Iay Typalibl aKmapar
KopbitbiHapiman  keitin  tyceni. Opebuerrep Tizimi (emmemi (kernmp) — 11, maiimanaHbuiFan
onebuertep canbl — 15-TeH keM OonmMaybl KaxeT). OaedueTTep Ti3iMiHAe KUPWILIHLIAAA YCHIHBUTFaH
KyMbICTap OoiFaH jkarjaiina oxeOmerTep TI3IMIH €Ki HYCKaJa YCBIHY KakeT: OipiHmiici —
TYNHYCKaJga, eKIHIIICI — pOMaHW3anusIaHFraH andaBuTieH (TpaHcauTeparms). Makaramarbl
Joiiekce3 Ti3IMiHAE TeK peleH3usulaHFaH onebuer ke3nepi, DOI muzaekci 6ap omebuertep O0Iybl
tric. PomaHm3anusananran oxeOuerTep TiziMmi  http:/www.translit.ru caiTel apKbUTBI paciMIenyi
KEpexK.

7. ABTOpisap Typasubl MaTiMeTTep: (aBTOPABIH(JIApP/AbIH) aThI-KOHI, YUBIMHBIH TOJBIK aTaybl,
KaJachl, e, OalnaHbIc 1epekTepl: TenedoHsl, 3J1.101ITa, OpCUa HoMepi) 3 Tize.

Kenren makana tananka cail paciMienreH jkarjaaiia rana AHTUIUIarHaT OaraapiiaMachblHaH
otkizinemi. Tymuyckanbirbl 80% - nmaH JKOFapbl KepceTKimTe OoJiFaH Makajia PemakiusHbIH
KapaybiHa xioepuieni. An 80% - naH TeMeH OoJFaH MaKalsla aBTOPJbIH TOJBIKTBIPYBIHA jKiOepiiei.
Au, exiHIIl peT OTKI3LIreH >Karjaiaa THICTI KOpCceTKim OonmMaca jkapusIaHbIMFa KaObUTIaHOaH bl
Penien3enTrep/in OH MiKipiHEH COH MaKaJa KypHaFa KaObUIIaHbIT, aBTOPFa TOJIEM jKacay KOHIHJE
xabapiama >xibepinesi. ABTOp TOJEMaKbIHBIH TYOIPTETiH PENaKIUSHBIH AJICKTPOHIBI MOYTACHIHA
xi0epyre miaaetti (Technique_Journal@korkyt.kz)
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PykoBoacTBO 1151 aBTOPOB 10 0(pOPMIICHUIO PYKOIIHMCEH

I'oToBas HayuHas pabota s myOnuKauu B )xypHasle « TexHudeckre HayKu U TeXHOJIOTUID)
MOJKET OBITh MOJaHa aBTOPOM (aBTOpaMH) uepe3 CHCTEMYy OHJIAH MOJayu cTaTeid Ha caiite
vestnik.korkyt.kz, wucrnone3yst crneuuanbubie WHCTpYKuuu. CTarhsi MO/DKHA OBITH HAMUCaHA B
dopmare Word B Windows 10 mpudrom Times New Roman (crates, He HamuMcaHHas B
COOTBETCTBHUHM C J3THM TpeOoBaHWeM, He OyaeT NpHHATAa aBTOMATHYECKH). SI3bIK MyOiauKarmi
Ka3axCKUW, pyccKuil, anruiickuii. CTpyKTYypa u 0(popMJieHUE CTATHHU:

1. O6bem ctaThk B mpeaenax oT 6 mo 12 crpanwui (He MeHee 6 CTpaHUII, 3a HCKIIFOUCHUEM
AQHHOTALIMH U CIHCKA JTUTEPATYPHI).

- Cxema mocTpoeHusi cTaThM (CTpaHulia — A 4, KHW)KHAsE OpPUEHTAIIHS, TIOJIS C JICBOM, BEpXHEH
U HIDKHEH cTopoH — 2,5 M, ¢ mapBoit — 2,0 mm. Ipudr: tium — Times New Roman, pasmep (kerip) -
12) (B ¢popmare Word B oneparmonnoii cucteme Windows 10):

- wungekc MPHTU - mepBas crpoka cBepxy ciesa (http:/grnti.ru); wunmexkc DOI
(mpemocTaBisieTcs pelakumen JKypHaia);

- Ha3BaHUE CTaThbU — NPOMUCHBIMU OyKBaMHM O LIEHTPY MOJIY>KUPHBIM HIpUPTOM, pazmep-12;

- UHUIMAJIBI ¥ (aMUIHIO aBTOPa(OB) — MO LEHTPY MOIYKUPHBIM MIPUPTOM, pazmep (Kerib) —
11 (ampec »1.MOYTHI aBTOPOB, HOMEP OPCHJ, KOJIMYECTBO ABTOPOB HE MJOJDKHO MPEBBIIATH 5
4YeJI0BEK);

- MOJTHOE HAUMEHOBAaHHUE OPTaHU3aIMU, TOPOJI, CTPaHa — 10 LEHTPY, KypcuB, pasmep - 11.

- AnHoTanus Ha s3eike opuruHaia (150-200 cioB; coxpaHss CTpyKTYpy cTaThh) pazmep-11.

- KiiroueBble ci10Ba (Ha Ka3aXCKOM, PYCCKOM, aHTJIMICKOM OT 5 710 8 CIIOB/CIIOBOCOYETAaHUH)
pa3mep (kerup) - 11.

- OcHoBHOM TekcT (12 mpudt, MEKCTPOUHBIN MHTEPBAI - 1, OTCTYI «KPacHOM CTPOKU» -
1,25 cm), cTpykTypa:

2. Beaenenme: o6ocHOBaHME BbIOOpAa TEMbI; AaKTYaJbHOCTh TEMbl WJIH MPOOJIEMBI,
orpeneneHre 00bEeKTa, IpeMeTa, IelNeil, 3a1a4, METOA0B, MMOAX00B, TUTIOTE3bl U 3HAYCHHS PAOOTHI.

3. MaTepuaabl U MeTOAbI MCCJIEA0OBAHNS. IOJDKHBI COCTOSITh U3 ONMHMCAHUS MAaTEPHUATIOB U
X071a pabOTBI, @ TAKXKE MOTHOTO OMHCAHUS HCIIOIb30BAHHBIX METO/IOB.

4. B cratbe HYMEpYIOTCS TOJBKO T€ (OPMYINbI, HA KOTOpBIE €CTh CCHUIKM B TeKcre. B
CCBUIKAX B TEKCTE YKa3bIBACTCS B KBAJIPATHBIX CKOOKAX.

5. pe3yJbTaThl/00Cy:KAeHNe: TIPUBOJUTCS aHAINU3 U 00CYXJICHHUE MOJy4YEHHbBIX PE3yIbTaTOB
UCCIICIOBaHMUS.

6. 3ak/I0YeHHe/BBIBOABI: 0000IICHNE W TIOJBEACHHE UTOTOB paOOTHI HAa JaHHOM JTarie;
HOJTBEP>KICHHE UCTUHHOCTH BBIJIBUTAEMOTO YTBEPKAECHUS, BEICKA3aHHOTO aBTOPOM.

Crmcok nureparypsl (pasmep (kerubp) — 11, KOMMYECTBO HCIOIB3YEeMOW JIMTEPATyphl HE
menee 15). [Ipy Hamuumu B CIHMCKE JIUTEpaTyphl padOT, MPEACTABICHHBIX HAa KHUPHIUIMILE, CIHCOK
JUTEPATyphl JAOJDKEH OBITh MPEICTAaBICH B JIByX BapUaHTaxX: MEPBBI - B OpUTMHAJE, BTOPOW - B
JaTUHU3UPOBaHHOM andaBute (TpaHciaurepanus). CHHCOK CCHUIOK B CTaThe IOJDKEH COJNEPkKATh
TOJIBKO PpELEH3UpYeMble JIUTEpaTypHble MCTOYHMKM, auTeparypy ¢ unaekcom DOI. Choucok
JATUHU3UPOBAHHOM JIUTEPATYpPhI 1OJKEH ObITh OATOTOBIIEH uepe3 caiT http://www.translit.ru.

7. Csenenus 06 aBropax: (momxHbl copepxath @O aBTOpa (0OB), MOJHOE HAMMEHOBAHUE
OpraHu3alyy, TOpoj, CTpaHa, KOHTAKTHBIE NaHHBIE: TenedoH, J.IOoYTa, HOMEp Opcua) Ha 3-X
S3BIKAX.

8. Crarps momkHa obnamate He MeHee 80% YyHHKaIbHOCTHM TeKcTa Juid myOnukanuii. B
cllyyae €clii OpHTMHAIbHOCTh cTaThu Hike 80%, pabora OynmeT BO3BpalleHa aBTOPY IS
UCIpaBJIeHUE U KOppeKTHpoBKH. Ilocie BTOpHYHOI NpOBEpKH CTaThsi HAOMpaeT HEO0OXOAUMOIO
MoKa3aTelss B aHTUIUIArMaT, HAIpaBJIsETCs HA PAaCCMOTPEHHME pelakIMOHHON Kosuieruu. CtaThs, HE
OTBEYAOLAasi COOTBETCTBYIOIUM TPEOOBaHUSAM, OPUTMHAIBHOCTh KOTOPBIM, IPOBEpEHa ABaXbl, K
ny6nukanuy He npuHuMaercs. Ilocie monoXKUTeIbHOrO OT3bIBA PELEH3EHTOB, CTAaThsl IPUHUMAETCS
JUIsl myOJNMKalMu B KypHaJl M aBTOPY HaIpaBisieTcs yBeAoMJeHHEe o0 omiate. ABTOp 00s3aH
OTIIPABUTh KBUTAHIIUIO 00 orare Ha AJIEKTPOHHYIO OYTY pelaKIu.
(Technique_Journal@korkyt.kz).
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Manual for authors of manuscripts

Ready scientific work for publication in the journal «Technical sciences and technologies»
can be submitted by the author (authors) through the system of online submission of articles on the
site vestnik.korkyt.kz, using special instructions. The article should be written in Word format in
Windows 10 in Times New Roman font (an article not written in accordance with this requirement
will not be accepted automatically). Language of publications Kazakh, Russian, English.

Structure and design of the article:

1. The size of the article ranges from 6 to 12 pages at least 6 pages, excluding annotations
and bibliography).

- description of the scheme of the article (page - A 4, book orientation, indents are calculated
with respect to the left top and bottom sides page margins — 2.5 m, with right - 2.0 m, Standard font:
type - Times New Roman, size (font) - 12) (Word format on Windows 10 operating system):

- the ISTIR index is the first line at the top left (http://grnti.ru).

- DOl index (provided by the editorial office);

- title of article — with capital letters, alignment on the center in bold, size (font) 12.

- initials and last name of author(s) - alignment on the center in bold, size (font) — 11, (e-mail
address of the authors, orsid number, the number of authors should not exceed 5 people);

- the full name of the organization, city, country, alignment on the center, italic, size (font) -
11.

- Annotation in the original language (150-200 words; retaining the structure of the article)
size (font) - 11.

- Keywords (in Kazakh, Russian, English from 5 to 8 words/phrases) size (font) - 11.

- Main text (12 font, line spacing - 1, indentation of red line#- 1.25 cm)

- Structure:

2. Introduction: rationale for the selection of the topic; relevance of the topic or problem;
definition of the object, subject, objectives, tasks, methods, approaches, hypotheses and meanings of
the work.

3. Research materials and methods: should consist of a description of the materials and the
progress of work, as well as a full description of the methods used.

4. In the article, only those formulas that are referenced in the text are numbered. References
in the text are indicated in square brackets.

5. Results/discussion: an analysis and discussion of the results of the study is given.

6. Conclusion/conclusions: summarizing and summarizing the work at this stage;
confirmation of the truth of the assertion put forward by the author.

List of references (size (point size) - 11, the number of used literature is at least 15). If there
are works presented in Cyrillic in the list of references, the list of references should be presented in
two versions: the first - in the original, the second - in the Latinized alphabet (transliteration). The list
of references in the article should contain only peer-reviewed literary sources, literature with a DOI
index. The list of romanized literature should be prepared through the site http://www.translit.ru.

7. Information about the authors: (should contain the full name of the author (s), full name of
the organization, city, country, contact details: telephone, e-mail, orsid number) in 3 languages.

8. The article must have at least 80% uniqueness of the text for publication. If the originality of
the article is below 80%, the work will be returned to the author for correction and correction. After a
secondary check, the article gains the required indicator in anti-plagiarism, and is sent for
consideration by the editorial board. An article that does not meet the relevant requirements, the
originality of which is double-checked, is not accepted for publication. After a positive feedback
from the reviewers, the article is accepted for publication in the journal and the author is sent a
notification of payment. The author is obliged to send a payment receipt to the editorial office by e-
mail (Technique_Journal@korkyt.kz).
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