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VARIABLE THERMAL INTERFACES BASED ON DISCRETE LIQUID DROPLETS
Zhunusov Zh.A., 2Arbi Y.

IKaraganda Industrial University, Temirtau, Kazakhstan
2Padang State University, Indonesia
*Corresponding author e-mail: zharaskanzhunusov@gmail.com
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Zhunusov Zh.A. - Karaganda Industrial University, Temirtau, Kazakhstan. E-mail: zharaskanzhunusov@gmail.com
Arbi Yaumal - Department of Civil Engineering, Faculty of Engineering, Padang State University (Universitas Negeri
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Abstract. We propose a variable thermal interface based on an array of discrete liquid droplets initially confined on
hydrophilic islands in the substrate. The droplets are reversibly morphologically transferred to a continuous liquid film
when mechanically compressed by the opposite substrate to create a heat-conducting pathway with low thermal resistance.
We study the criterion of reversible transition in terms of hydrophilic sample size and liquid volume. The dependence of
fluid morphology and rupture distance on the diameter and distribution share of hydrophilic Islands, fluid volume, as well
as load pressure, is also characterized from a theoretical and experimental point of view. The thermal resistance in this
state is characterized experimentally for ionic liquids, which are promising for practical use due to the insignificant vapor
pressure. A service life test unit has been designed to assess the reliability of the interface under continuous switching
conditions at relatively high switching frequencies.

Keywords: variable thermal interface, reversibility, liquid morphology, thermal resistance, reliability.

JIACKPETTI CYUBIKTBIK TAMIIBLIAPBIHA HETT3IEJITEH AHHBIMAJIBI
KbLTY UHTEP®ENUCTEPI

YKymicoe JK.A., *Arbi Y.

Kapazanowv Hnoycmpusanvix Ynusepcumemi, Temipmay, Kazaxcman
2[Taoane memnexemmix ynueepcumemi, Unoonesus
*Koppecnondenm asmop e-mail: zharaskanzhunusov@gmail.com

ABTOpJIAp Typajbl aKnapar:

Kynicob  K.A. - Kaparaugsr  Unnycrpusnelk  Yuusepcureri,  Temipray,  Kasakcraw. E-mail:
zharaskanzhunusov@gmail.com

Arbi Yaumal - Ilaganr memuekertik yauBepcutetinin (Universitas Negeri Padang), Kypbuibic HMHKEHEPHSCHI
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Anoamna. Bi3 Gactankpiga cyoCcTpaTTarsl THAPOMIIIBII apaniapMeH MEKTENTeH TUCKPETTI CYHBIKTHIK TaMIITBUTAPBIHBIH,
MacCHBiHE HETI3IeNTeH aiHBIMAJbI JKbUTYy HHTEp(eNciH yeriHaMbI3. TaMImbuiap KaUTBIMABI MOP(GOIOTHSUIBIK, KOIMEH
Kapama-Kapchl CyOcCTpaTIieH MEeXaHHMKAaJbIK CHIFBIMJAIFaH Ke3le Y3IIKCI3 CYHBIK KaOBbIKIIara aybICasibl, >KbLIY
OTKI3TILITIT TOMEH KBUTY OTKI3TIII 3KOJI JKacaiIbl. Bi3 THAPOQIIBAL YATIHIH MeJIIepi MEH CYHBIKTHIK KoJeMi OOMbIHIIA
KalUTBIMIBI aybICy KpUTepuiliH 3epTreiiMi3. CyHBIKTBIK MOP(OIOrHsACH MEH apbuly KalIbIKTBIFBIHBIH THAPOQIIBLIL
ApanmapablH 1uaMeTpi MeH AyaaH ylieciHe, CYHBIKTBIK KeJIeMiHe, COHAal-aK J>KYKTeMe KBICBIMBbIHA TOYENIIiri
TEOPHSUIBIK XKOHE SKCIEPUMEHTTIK TYpFbIIaH qa cunattananbl. Kyigeri xkputy keaeprici OyJbIH MIaMaibl KbICHIMBIHA
0alnaHBICTBl MPAKTHKAJBIK KOJJAHyFa IEPCHEKTUBAIBI HOHIBIK CYHBIKTHIKTAp VIIIH SKCHEPUMEHTANIBl TYpAe
cunarranaapl. CaipICTBIpMaNbl TYPAE JKOFaphl KOMMYTAMSIIBIK SKAUTIKTEpAE Y3IIKCi3 KOMMYyTalus >KargaifbrHna
uHTEepQEHCTIH CEeHIMAUTITIH OaFanay YIIiH KBI3MET €Ty Mep3iMiH TeKcepy OJIOTHI )KacaliFaH.

Tyiiinoi co30ep: ayvicniaisl )XbUTY HHTEp(eiici, KA TBIMIBIIBIK, CYHBIKTHIK MOP(]OIOTHACHL, KBLTY KeAeprici, CCHIMILTIK.
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UHIyCTpUaNbHbIl  yHHBepcuteT, Temmupray, Kasaxcran. E-mail:

Annomayun. Mpbl ipeayiaraeM u3MeHsIeMbIA TepMonHTep(deiic, OCHOBaHHBIM Ha HAOOPE OTIEIIBHBIX Kalelb KUIKOCTH,
M3HAYaJbHO YACPKUBAEMBIX Ha THIPOGMIBHBIX OCTPOBKAX B MOJUI0KKe. Karmm o6paTuMbeiM 00pa3oM mpeodpasyroTcs B
CIUIOIIHYI0 IUIGHKY OKHIKOCTH TIPM MEXaHWYECKOM CXXATWM IPOTHUBOIIOJNIOKHON TIOAJIOKKOW ISl  CO3aHUSA
TEIUIOTPOBOSAIIETO KaHajla ¢ HU3KMM TEIUIOBBIM COINPOTHBICHHEM. MBI U3ydaeM KpUTepHil 0OpaTHMOTO Iepexojia C
TOYKHA 3pCHHS pa3Mepa TuapodmibHOrO oOpasma W o0beMa KHUAKOCTH. 3aBHCHMOCTH MOP(OJIOTHH JKHAKOCTH H
paccTOsIHUS pa3pbiBa OT IHAMETPA U IO YIaCTKOB THAPOQIUIFHBIX OCTPOBKOB, 00BhEMa KHUIKOCTH, a TAK)KE JaBICHUS
Harpy3KH TaK)Ke OXapaKTepU30BaHbI C TEOPETUYECKOH M 3KCIIEpUMEHTANbHONM  TOouek 3peHud. TepMmuyeckoe
CONPOTUBIICHHE B O3TOM  COCTOSIHUM DKCIIEPUMCEHTAIBbHO OXapaKTEPH30BaHO JUISi MOHHBIX XXMIKOCTEH, KOTOpHIC
MIEPCIIEKTUBHBI JUIS TPAKTUUECKOTO UCII0JIb30BAHUS N3-32 HE3HAYUTENILHOTO JaBJIeHUs 1apoB. J{J1s OLleHKH HaJIe)KHOCTH
nHTepdeiica B yCIOBUAX HEHPEPHIBHOIO IEPEKIIIOUEHHSI P OTHOCHTENILHO BBICOKMX YacTOTaX MEpPEeKIIOYeHHs Obuia

pa3pa60TaHa YCTaHOBKa J{JId IPOBEPKU CPOKaA C.]'Iy)K6I)I.

Knrouesvte cnosa: wM3MeHsEMBbI TEIUIOBOW HWHTEp(deEIC,

HaIE€KHOCTb.

MAIN PROVISION

A novel variable thermal interface based on
discrete liquid droplets confined on hydrophilic
islands is proposed and experimentally validated. The
study establishes the conditions for a reversible
droplet-to-film transition and demonstrates how
hydrophilic island geometry, liquid volume, and
applied load influence thermal performance. The
proposed interface exhibits low thermal resistance
and reliable switching stability, highlighting its
potential for practical thermal management
applications.

INTRODUCTION

Interchangeable thermal interfaces allow
controlled modulation of the thermal conductivity
between the devices of interest and their heat
sinks/sources. They are key components of Micro
Devices and systems that require reconfigurable heat
transfer pathways to control and control low-power
heat. Potential applications [1, 2, 3, 4] include
microbolometers with locally adjustable dynamic
ranges, pulsed thermoelectric cooling, solid-state
electrocaloric refrigerators requiring a fast thermal
cycle of the working environment, pyroelectric waste
heat collection, and satellite heat management.

It is well proven that thermal transfer through
solid-solid contacts is often limited to surface dead
ends that reduce specific contact areas. Previous
experimental studies have shown that even for rough
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silicon surfaces on a nanometer scale (<10-4
m2-K-w), a significant load pressure (Order 1 MPA)
is required to achieve a small thermal contact
resistance (<10-4 m2-K-W) [1]. This may be due to
trapped gas layers, which strongly inhibit thermal
conductivity. Dense arrays of vertically aligned
carbon nanotubes [5] or nanofibers

[6] have received much attention for potential
heat transfer applications. A relatively large load
pressure, however, was often necessary to achieve a
small thermal resistance, as only a small part of the
tubes communicated
with the opposite surface. In addition, the strong
adhesion between carbon nanotubes and the opposite
surface [7] during close contact and the resulting
delamination defects render them unsuitable as
alternating thermal interfaces.

The previous study showed an appropriate
thermal switch consisting of an array of discrete
Mercury droplets [2]. Since the thermal conductivity
of mercury is relatively high, the thermal resistance in
each drop can be very low (~4 x 10-6 M2-K-W).
However, Mercury poses a threat to health and the
environment. Some alternative room-temperature
liquid metals can bypass this problem, but they oxidize
quickly in the surrounding air, making their practical
use difficult.

Recent studies have repeatedly demonstrated the
potential of an alternative liquid-mediated thermal
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interface that can provide thermal contact resistance
comparable to direct solid-state contacts at a small
load pressure [8, 9, 10, 11]. The main idea was to use
the predominance of surface tension over gravity and
other volumetric forces in micromasses to reversibly
change the morphology of parallel columns of
dielectric fluid bounded by microchannels. In its out-
of-state state, the two interface-defining surfaces are
separated from each other by an air or vacuum gap.
The fluid is bounded by an array of discrete
microchannels separated from each other by
hydrophobic regions. The two surfaces are then in
contact to compress and deform the liquid columns
until a continuous liquid layer is formed. Two pages
are pulled apart to disable the interface. The
continuous liquid layer is then first transformed into
an array of liquid bridges covering the gap, which
then break off to break the thermal bond between the
two surfaces.

The channel-based liquid thermal interface has
the advantages that it can be easily made using
standard microfabrication methods, and each channel
can be easily filled with a specific amount of liquid to
control the final distance.

The main disadvantage of this design, however,
is associated with its requirement for a long
mechanical stroke. The distance required for the
rupture of liquid Bridges is equal to the length of the
microchannels, or usually ~1 mm. This can be a

problem in applications that require microactuators in
a limited starting range or a fast thermal cycle.

Research gap. Although previous variable
thermal interfaces based on liquid columns and
microchannels have demonstrated promising thermal
performance, their relatively large rupture distance
limits their application in compact microsystems
requiring short actuation strokes and high switching
frequencies. Therefore, there remains a need for a
reversible thermal interface capable of maintaining
low thermal resistance while reducing the required
mechanical displacement.

This work informs our theoretical and
experimental work on an alternative design that
replaces microchannels with arrays of discrete
chemical-expression hydrophilic islands to reduce or
otherwise control the breaking distance of a liquid
bridge. As an illustration, Figure 1 shows the
difference in the break distance between the two
constructions. For one fluid volume in question, the
interface with circular islands has a break distance of
less than 300 microns [Figure 1(a)], while the
interface with parallel microchannels is more than
700 microns [Figure 1(B)].

Novelty statement. The novelty of this work lies in
introducing discrete hydrophilic islands as an alternative to
conventional microchannels for reversible liquid-mediated
thermal interfaces. This design reduces the rupture distance
while maintaining low thermal resistance and reliable
switching behavior.

(a)

(b)

Figure 1 - Comparison of the breaking distances of liquid bridges defined by (a) microchannels and (b)
discrete hydrophilic samples
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METODOLOGY
One of the most important design issues for
interchangeable thermal interfaces is their
reversibility. That is, the continuous liquid shell
resulting from the deformation and fusion of an

(¢) (d)
Figure 2 - Comparison of large and small patterns. The liquid on the substrate with smaller hydrophilic patterns
(a) forms a single drop after breaking, but on the substrate with larger hydrophilic patterns (c)
it forms discrete droplets (d)

array of discrete liquid droplets must return to the
original state of discrete droplets when the two
surfaces are separated from each other.

As a model system, we consider a set of
circular hydrophilic patches on a non-
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hydrophobic surface. The two main design drop State. Assuming that the effect of gravity is
parameters are: (1) sample size, characterized by  negligible, we can bring liquid drops closer as cut
diameter d, and (2) the territorial portion of the balls. The interfacial energy can then be written
pattern, defined as the proportion of surface area  as:
occupied by hydrophilic Islands F. when d or f is Here r is the radius of the wetting zone of a
too small, the continuous liquid film formed in  single droplet determined by the total volume
the addition state can become one large liquid (equation (3)), the apparent contact angle of a
drop instead of several discrete droplet arrays, as  discrete droplet in each hydrophilic sample, g is
shown in Figure 2. the required minimum gap (i.e., the target
To establish numerical reversibility criteria, minimum thickness of a continuous liquid layer),
we compare the interface energy of the Es of a and V is the total volume of the liquid.
single-drop State and the EM of a discrete multi-
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Figure 3 shows the interfacial energy and 62 in the hydrophobic zone (e.g. Teflon®
calculated for two states f = 0.2, V =0.7 uL and  coating) is 120°. It is believed that the liquid-
g = 20 um. We consider a situation where the vapor surface tension ylv = 73 mn/M is
contact angle in the hydrophilic pattern is 61 = comparable to water.
24.4° (experimentally measured for Silicon
after plasma etching of hydrophobic coating)
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Figure 3 - Interface energy versus sample size of one drop State and multi-drop State

RESEARCH RESULTS energy and is therefore less energetically favorable
When the sample size is below about 560 than the single-drop State. That is, instead of forming
microns, the discrete multi-drop State has a higher several discrete droplets, a continuous liquid layer
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can turn into one large liquid drop when two surfaces
are separated from each other. To achieve
reversibility, the sample size must exceed this value.

Figure 4 (A) shows the difference in the
interfacial energies of the two states for different
values of the areal part of the expression F. X-
segments of about 500 to 700 microns correspond to
the minimum sample size required for a discrete
multi-drop state to be energetically acceptable. This
minimum sample size decreases as f increases. In
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other words, smaller samples can achieve
reversibility in higher sample fractions, since
neighboring hydrophilic samples are located close to
each other. When the sample size is very large, the
interfacial energy difference decreases as the pattern
density increases. The liquid droplets in these large
specimens tend to merge to form one large drop. As
shown in Figure 4 (b), smaller visible angles are
needed to prevent neighboring liquid droplets from
merging in higher sample fractions.
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Figure 4 -the difference in interface energy (B) with different sample sizes and densities (a) or different visible
angles of discrete droplets

DISCUSSION

The present study demonstrates that the
reversibility of the proposed variable thermal interface
is primarily governed by the geometric characteristics
of the hydrophilic islands and the liquid volume. The
theoretical energy analysis and experimental
observations consistently indicate that an appropriate
combination of these parameters enables a stable
reversible transition between discrete droplets and a
continuous liquid film.

The analysis further shows that increasing the
hydrophilic pattern fraction reduces the minimum
island diameter required for reversible operation. This
behavior can be explained by the reduced spacing
between neighboring hydrophilic islands, which
facilitates liquid redistribution while maintaining the
stability of discrete droplets after separation. These
findings provide practical design guidelines for
optimizing reversible thermal interfaces. Recent
studies have likewise emphasized that interfacial
wettability and liquid morphology are critical factors
governing heat-transfer performance and the
efficiency of advanced thermal interface materials
[12].

Compared with previously reported
microchannel-based thermal interfaces, the proposed
design offers a substantially shorter liquid bridge
rupture distance while preserving low thermal
resistance. The experimental evaluation using ionic
liquids further confirms their suitability as working

fluids because of their negligible vapor pressure and
stable thermal characteristics. This observation is
consistent with recent reviews highlighting the
growing importance of ionic liquids for thermal
management applications owing to their high thermal
stability and favorable physicochemical properties
[13].

The proposed variable thermal interface
contributes to the ongoing development of advanced
thermal management technologies for engineering
applications. Recent studies have emphasized the
importance of advanced high-temperature materials
and numerical modeling for improving the thermal
performance and reliability of heat-transfer systems
[14, 15]. In this context, the present work demonstrates
that controlling the geometry of hydrophilic islands
and liquid morphology provides an effective approach
for achieving reversible thermal switching with low
thermal resistance, thereby extending the potential
applications  of  adaptive thermal interface
technologies.

Although the present study demonstrates the
feasibility of the proposed concept, further
investigations are required to evaluate long-term
durability under different operating temperatures,
alternative ionic liquid formulations, and extended
switching cycles. Such studies would further support
the practical implementation of the proposed thermal
interface in advanced thermal management systems.
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CONCLUSION

This study demonstrates the feasibility of a
reversible thermal interface based on discrete liquid
droplets confined on hydrophilic islands. The
proposed design provides low thermal resistance
while significantly reducing the required rupture
distance compared with conventional microchannel-
based interfaces. These findings indicate considerable
potential for compact thermal switching devices used
in MEMS, electronics cooling, and adaptive thermal
management systems. Future work should focus on
long-term durability, optimization of surface
geometry, and performance evaluation under varying
thermal loads.

This work establishes the concept of alternating
thermal interfaces based on an array of discrete liquid
droplets initially confined on hydrophilic islands in a
hydrophobic substrate. The droplets are reversibly
morphologically transferred to a continuous liquid
film when mechanically compressed by the opposite
substrate to create a heat-conducting pathway with
low thermal resistance. We study the criterion of
reversible transition in terms of hydrophilic sample
size and liquid volume. The dependence of fluid
morphology and rupture distance on the diameter and
distribution share of hydrophilic Islands, fluid volume,
as well as load pressure are also characterized from a
theoretical and experimental point of view. The
thermal resistance in this state is characterized
experimentally for ionic liquids, which are promising

for practical use due to the insignificant vapor
pressure. To assess the reliability of the interface in the
case of continuous switching at relatively high
switching frequencies, a service life test unit is
designed.
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IUQPIBIK TPaHCPOPMALUACH asiCHIHIA OJTOKYCHHII eHTi3yIiH OPBIHIBI €KSH/IT Typabl KOPBITHIHIBI KaCaJFaH.

Tyiiin ce30ep: Gnoxueiin, tapatsurrad TizimiMm, MCO/], norucruka, KTXK, moesn nmepekrepi, cMapT-KemiciMmapTrap,
ERP, SCM, keiik HHTETpaIUsiCH.

12


https://www.doi.org/10.53002/114
mailto:a.kalinin@ktu.edu.kz
mailto:a.kalinin@ktu.edu.kz

Becmuux Kapazanounckoz2o 20cydapcmeenno2o uHoycmpuaivho2o ynusepcumema. Nel(52), 2026e.

WHTETPALIUA BJIOKYENH-TEXHOJIOTUI B CUCTEMY HEPEJAYY HOE3THBIX
JAHHBIX U OTYETHOCTHU

YAnzazun AL, Y Kanunun A.A., ’bawupoe A.B.

! Kapazanouncxkuii mexnuueckuil ynusepcumem umenu Abwviikaca Cazunoea, Kapazanoa, Kazaxcman
2 Yacmmuoe yupencoenue Kapazanounckuii ynusepcumem Kasnompebcoiosa, Kapazanoa, Kasaxcman
*Koppecnonoenm asmop e-mail: a.kalinin@ktu.edu.kz

HNudopmanus o6 apropax:

Auaraszun A.I. - Kaparanauackuil TexHuueckuil yHuBepcuteT uMeHu Abbuikaca Carnnosa, Kaparanna, Kazaxcran
A.A. Kamunnn - KaparanauHckuil TexXHH4ecKknii yHuBepcuTeT uMeHu Abbuikaca Carnnosa, Kaparanna, Kazaxcrasn,

E-mail: a.kalinin@ktu.edu.kz

Bammpos A.B. - HactHoe yupexnenne «Kaparanaunckuii ynusepceuter Kasnorpeocoroza», Kaparanna, Kazaxcran

Annomayun. CraThsi TOCBAIICHA WHTETPAMH OJIOKYEHH-TEXHOJIOTHI B CHUCTEMY TepeNadd TOE3THBIX TaHHBIX
PaccMmarpuBaroTcsi OrpaHWYeHMs] IEHTpain3oBaHHOW apxuTekTypsl WMCOJ] u
obecrnieynBaromas

otuétHoctd AO
MpeIaraeTcst

«HK «KTX».

MOJIeTIb  PACIpeeNEHHOr0  peecTpa,

nu

HECU3MCHACMOCTh, TMPO3PAYHOCTE U

Kpunrorpaduueckyo 3amury qanHeix. Onucana cxema B3aumoeictaus moayseit UCO/ ¢ Trip Optimizer u E-telegram,
a TaKke MeXaHu3M (HUKCAlMM KIIOYEBBIX COOBITMII B OyoKyelHe mocpeacTBoM xemupoBaHus XML-cooOmienuid.
[TokazaHbI MpenMyIIeCTBA pa3pellEHHON OIOKYEHH-CETH, TAKHE KaK 0TKa30yCTOHYMBOCTD, OBBIIIEHHE TOBEPHS MEXKIY
MOJIpa3/ieIeHUsMH 1 YITydIlIeHHE KauyecTBa JIOTUCTHYECKUX IporneccoB. CenaH BBIBOJ O LENeCO00pa3HOCTH BHEPEHHUS
OJ0K4eliHa B paMKax HU(PPOBOH TpaHCHOPMAIMH JKEIE3HOAOPOKHOM 0Tpacy.

Knrouesvie cnoea: Onoxueiin, pacnpenenéuusiii peectp, MCOJI, noructuka, KTX, moesmnbie naHHBIC, cMapT-

koHTpakThl, ERP, SCM, TpancnopTHas HHTETrpaus.

OCHOBHBIE ITOJIOKEHMU ST

[IpemioxxeHa MOACIb UHTETPAITUN TEXHOJIOTHH
OJIOKYCHH B CUCTEMY Tiepeau MOe3IHbIX JaHHBIX U
otuétHocTh AO «HK «KTX» Ha ocHoBe
pa3penEHHOTO pacnpenenéHHoro peectpa.
[TokazaHo, 4TO pUMeHEeHHE OJOKUYEHH-TEXHOIOTHH
o0OecrieurBaeT HEM3MEHSIEMOCTh, IPO3PAavyHOCTb U
KpUunTorpaduyeckyro 3aliuTy AaHHbBIX MOCPEICTBOM
(UKcallMy KJIFOYEBBIX COOBITUA M XCIIUPOBAHUS
XML-coo0mieHnii mpu B3aUMOJEHCTBUH MOIYJICH
NCOA, Trip Optimizer wu  E-telegram.
PazpaboTanublii MOAXOA TOBBIMIACT HAAEKHOCTH
MH(OPMAITMOHHOTO O00MEHa, OTKa30yCTOWYHUBOCTH
CUCTEMBl W JIOBEpHE MEXAY IOJpa3/IeICHUsIMH,
CHOCOOCTBY U QpoBOit TpaHchopMalnuH
KEJIE3HOOPOKHON OTPACIIH.

BBEJAEHUE

CoBpeMeHHbIE KENEe3HOAOPOKHBIE KOMITAHUU
aKTHUBHO LHM(PPOBU3UPYIOT OH3HEC-TIPOLECCHl LIS
MOBBIIIEHUS ~ A(PQPEKTUBHOCTH  TIEPEBO30K M
ONTHMHU3ALMU pacxoAoB. B pamkax rocmporpammsl
«Iudposoit  Kazaxcram» AO «HK «KTX»
peanusyetr npoekT «Lludposas xeneznas moporay,
HaIleJICHHBId HAa  aBTOMAaTH3allMI0  KJIIOUEBBIX
MPOLIECCOB (31eKTpOHHAs KOMMeEpLHS,
MPOMBIIIJICHHBI HMHTEPHET, aHaJUTHUKa OOJBIINX
JIAaHHBIX). 3HAYUTENbHOE BHHUMaHUE YJelsiercs
ONTUMH3ALMU  JOKyMEHTOOO0OpoTa M YY€Ty
MOJBIDKHOTO  COCTaBa  (HampuUMep, BHEIpEHHUe
WHTETPUPOBAHHBIX CUCTEM JAMCIIETUEPU3ALUN U

13

yIpaBlICHUS MapKoM MOE3/10B). Onnako
CYIIECTBYIOIINE PEIICHUS MO-TIPEKHEMY OCHOBAHBI
Ha IICHTPAM30BaHHBIX 0a3ax MaHHBIX, TIe

nHpOpPMaLUs MOXKET (ParMEHTHPOBATHCS MEXKIY
y3J1aMH U TIOJBEPraThCsl PUCKY UCKAKEHMSL.

Wudopmanmonnsie TTOTOKH CTaHOBSATCS
HEOTHEMJIEMOM  YacThl0  JIOTUCTHKH, W  TpH
MHOXECTBE YYAaCTHHUKOB IIETIOYKH TOSBISIOTCS

PHCKH paccoriiacoBaHWil JaHHBIX W  3aJEpiKeK.
Tekymue mokazatenu kadectBa U d(PPEKTHBHOCTH
MEPEBO30K OCTAIOTCS HE BCErZa MPUEMIIEMBIMH, YTO
CTHUMYJIUPYET MOUCK HOBBIX HU(POBBIX PELICHUH.
OmHOM W3 TEpPCIICKTHUBHBIX TEXHOJOTHH SBISETCS
ONOKUeiH JIEIICHTPAIM30BAHHAS  TEXHOJIOTHS
3allUCH TPAH3aKIHUH C HEU3MEHAEMOCTBHIO JAaHHBIX.
brokweitH  cmocoOeH  CHHM3WTH  3aTpaThl U
npensTcTBoBath  (anbcupukanyu  wHOPMAIINH,
yckopss 00pabOTKy TMepeBO30YHBIX 3ampocoB. [Ipu
3TOM peanu3auus OJIOKYeiiHa B JIOTUCTUYECKUX

CHUCTEMAX  CTAJIKHBACTCA C  OOINOJHHUTCIIBHBIMHU
OpraHnU3allUOHHBIMHU W TCXHUYCCKUMH BbI3OBAMU,
TpC6YIOH_II/IMI/I agarTainmn CYH.ICCTBYIOH.[eﬁ

uHpacTpyKTypHl [ 1, 2].

IlIpoben 6 wuccneoosanusx. Hecmotps Ha
aKTHBHOE BHeIpeHHe IU(PPOBBIX TEXHOJIOTUH B
KEJIE3HOJOPOKHONM  OTpaciy,  CYIIECTBYIOIIHE
WCCIIEIOBAHNS TPEUMYIIECTBEHHO pPaccMaTpUBAIOT
MpUMEHEHNE OJIOKYECHH-TEXHOJIOTHI B yIpaBICHUU
[ENSIMHU TTIOCTABOK, JIOTUCTUKE W CMapT-KOHTPaKTaX.
Bompocsl uHTerpammm OnoK4YeiiHA B CHCTEMEI
Mepeayn  MOe3JHBIX JaHHBIX W ONEepaTUBHOU
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OTYETHOCTH KCJIE3HOAOPOKHON HMH(PACTPYKTYPbI
OCTalOTCS HEJOCTATOYHO M3y4eHHBIMH. Kpome Toro,

OTCYTCTBYIOT KOMIIJICKCHBIE peleHus,
o0ecreynBaroLe COBMECTHYIO paboty
CYIIECTBYIOUIMX  HMH(OPMAIMOHHBIX CHCTEM C

pacmpenenéHHbIM  peecTpoM 0e3  CyIIeCTBEHHOH
MOIU(HUKALNHN 1eHCTBYIOIIEH apXUTEKTYPHI.
Hayunaa noseuszna. Hayunas HoBH3HA paOOThHI
3aKJIIOYaeTcsl B pa3pabOTKe MOJENH WHTETpaluu
pa3peménHoll OJIOKYCHH-CETH B CYIIECTBYIOIIYIO
apxutektypy UHCOHA AO «HK «KTXK» c
WCTIONIb30BaHMEM MeEXaHH3Ma KpUNTOorpaduyeckoro
xemnpoBanusi XML-cooOmeHnii u perucrpanuu
KIIIOYEBBIX COOBITHH B paclpelei€HHOM peecTpe.

[Ipemaraemurii MOAXO., obecrieynBaeT
HEU3MEHIEMOCTD JaHHBIX, ITOBBIIIAET
OTKa30yCTOWYMBOCTh  CHCTEMBI W  COXpPAaHSCT

COBMECTHMOCTh C JICHCTBYIOIIMMH MOAYJISIMH Trip
Optimizer u E-telegram.

METOAbI U MATEPHUAJIbI

B mactrosmee Bpems B AO «HK «KTXK»
paspabatbiBaeTCst WHTerpanuonHas cucremMa
00paboTku JTAHHBIX Hucom), KOoTOpast
npeqHa3HadeHa AJs CO3AaHusl CTUHOTO MCTOYHHKA
00paboTKH JAHHBIX, JUTsL (hopmupoBaHUs
COOOIIEHMIA, rapaHTUPOBAHHOU JIOCTaBKU
COOOIIEHU TMpH MWHTErpalud C  BHEIIHUMH
cucTeMaMH H  o0ecmeyeHHsT  HEeOOXOIUMBIMHU

manaeiME UC AO «HK «KTX». B cocrap UCOJ]
BxoaaT 3 moayist: Moayns «llepegaua moe3gHBIX
nmaHHeIx», Moayiae «Murterpamus ¢ E-telegram»,

Monynb
«OTYETHOCTHY.
Ilensto  cozganua  Moayns  «llepenaua

MMOE3HBIX JAaHHBIX» sIBIsieTcsl pa3pabotka B2B-
uHTepdeiica Uil TMPOrpaMMHOrO pemeHus Trip
Optimizer B  wWacTM  aBTOMAaTH3UPOBAHHOTO
GbopMUpOBaHHS W TIEpeladd MOE3IAHBIX JaHHBIX,
HEOOXOAMUMBIX ISl 00pabOTKH TpHIIOKEHHEM Trip
Optimizer. Moayns mnoixydaer HHPOPMAIMIO O
OPEJICTOSIINX peicax M3 BHYTPEHHHX CHCTEM
(mampumep, ACOVYII uepes BJI REPLWIN) u
¢dbopmupyer coorBercTByromue XML-coobmenus:
«MapmpyT moe3nay, «Coctas moe3ia» u «Y 1ajieHue
noe3na». 3arem XML-daiinel ornpaBisoTcs B
cuctremy Trip Optimizer 4epe3 HangéxHbIil KaHa
obmena coobrenusymu (Hampumep, IBM WebSphere

MQ). Lenr Momyns — aBromaTusupoBath B2B-
uarepdeiic ¢ Trip Optimizer: o6ecrneunBarsh
CBOCBPEMEHHOE  MPEIOCTABICHUE  JAHHBIX O

moe3akax (cocTaB, MapuipyT) Ui ONTUMH3AIUU
JIBUYKEHUSI IOKOMOTHBOB.,

Monynes «Uuterpanus ¢ E-telegramy otBeuyaer
3a 00MeH JaHHbIMU ¢ cucTeMoit E-telegram, kotopas
pacnpoctpaHsier WHGOPMAIMIO 00 OrpaHUYCHUSIX
JIBUKCHHS (mpenymipexaeHus, JIOTTYCTHMBIE
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CKOPOCTH ¥ BeJOMOCTH orpanndenuit) Ha cetu KTXK.
Monyie obecrieunBaeT MpUEM YBEAOMIICHUH 00
orpanuuenusx u3 E-telegram, 3atem koHBepTHpyeT U
nepemaét ux B Trip Optimizer. Hampumep, mpu
MOCTYIUIGHUM  HOBBIX JAaHHBIX O  JIOPOKHBIX
OTpaHMYEHUSIX thopmupyroTcs XML-daiinst
«Orpannyenus» u «BemoMocTs orpaHuueHHN,
KOTOpbIE  TaKKe  OTIPABISIIOTCI B CHUCTEMY
ONTUMH3ALMK  MapUIpyToB  Ais  yu€Ta MpH
IUTAHUPOBAHUY JIBHOKECHHUSL.

Moayne «OT4ETHOCTBY HHTErpHpyeTcs ¢ Trip
Optimizer B yacTi nmoixy4eHUs: OTYETHBIX JAHHBIX O
BBIIIOJIHEHHBIX ~ peiicaX, aHaIM3UpyeT HUX W
(hopMUpyeT aHATUTHYECKYIO OTYETHOCTH. DTO MOXKET
BKJTIOYATh CTATUCTUKY IO COONIOICHUIO PACTIMCaHUH,
pacxo/y TOIUIMBA, BPEMEHHBIM 3a/IePKKaM U IPyTUM
MmeTpukam. Llens — npenocrapieHue pyKoBOJICTBY U
omeparopaMm  JOCTOBEpHOW uHGpoOpMauuu Ui
NPUHATHS YTIPABICHYECKUX PEILCHUN M yIydllleHHS
IUTAHUPOBAHUS IIEPEBO3OK.

IO UCOJ peanu3zoBaHO B BUAEC CEPBEPHOTO
java-npunoxenus. 1o onpeneneHHbIM COOBITHAM C
noe3gamMu (TOTOBHOCTH I10€3/1a K OTIPABJICHUIO Ha
CTaHIUU (OPMHUPOBAHMSA U CMEHBI JIOKOMOTHBHBIX
Opuraa, HM3MEHEHHE COCTaBa IOe3a, H3MCHEHHE
HOMEpa WM MHIEKCa M0e3/1a, 3aMeHa JIOKOMOTHBA,
npuObITHE HA CTAHIMWIO HA3HAYCHHS) MOJYJb
«Ilepenaua mOE3OHBIX JAHHBIX» HA OCHOBAaHUH
tabmu L_TEKN, P_TEKN, V_TEKN ¢opmupyer
xml-coobmmenust (Mapuipyt noesaa, Cocras noesza,
VY nanenue noe3na) U oTnpasisieT mocpeactsom IBM
WebSphere MQ 9.2 8 Trip Optimizer.

IIpn (dbopMHupOBaHUH Xml-cooOmmeHuns
«Mapmpyt noe3na» Monyns UICOJl «HTerpanust ¢
E-telegram» ormpaBisier coobmenune wepes REST-
client 8 UC «E-telegram», B oTBeT moiydaer
Xml-coobuieHne

«BenoMocTh OrpaHHYEHMI» Ha 3TOT TOE3],
KoTOpoe otnpasiser nocpeacrsom IBM WebSphere
MQ 9.2 B Trip Optimizer. Monyns MCO[
«Unrerpamus ¢ E-telegramy» momydaer cooOmeHust
«Orpanngenus» ot UC

«E-telegram» na REST-service mo mepe wux
nosiBieHus1 B cucteme «E-telegram».

Wnrerpamus MCO/] npuBenena Ha pucynke 1.

Monyne «llepegaya 1OE3QHBIX — JTAHHBIX)
o0ecIieunBaeT:
unTerpanuio ¢ cuctemoir ACOVII (uepes
BJI REPLWIN), Monynem «Murerpamuss c E-
telegram» WCOJ] wu BHemHedr cucremoit Trip
Optimizer;

aBTOMATH3alMI0  O0pabOTKU  BXOJHOM
napopmarnun 3 bJI REPLWIN (permnukannonnas
korust  gaHHbIX  ACOVYII) mo omnpeneneHHBIM
cOOBITHSIM C TOoe3aMu  (TOTOBHOCTH I0€3/1a K
OTMPABJIICHUI0O HA  CTaHUUH  (POPMHUPOBAHMS,
M3MEHEHHUE COCTaBa Moe3/1a, H3MEHEHHEe HoMepa WIIH
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HHJEKCa [Toe3/1a, MPUOBITHE Ha CTAHIINIO HA3HAUCHU)
u (GopMHpOBaHHE COOTBETCTBYIOIUX XMI-(haiimos
(MapIpyT Moe3na; CoCTaB Moe3/1a; YAaICHUE TOe3/1a);
- QBTOMATUYECKYIO0 OTIPABKy B CHUCTEMY
Trip Optimizer BoimenepeuncieHHbx  Xml-
¢aitmos mocpeacrsom IBM WebSphere MQ 9.2.

Monymes  «UuTterpamms ¢ E-telegram»
obecrieunBaeT:
- aBTOMAaTUYECKyl0 OTHpaBKy B  Momyins

«Huterpanus ¢ E-telegram» xml-gaiina - Mapuipyt
nmoe3na yepe3 REST,;

- monyuenue ¢ E-telegram, 3amuce B BJ] UCO/T
u otnpaBky Xml-coodmiennit «Orpanndenus» B Trip
Optimizer B Online-pexmume;

- monyuenrie ¢ E-telegram, sammce B BJ]
NCOJ u ormpaky Xml-coobmmenuit «BemomocTs
orpaHMYeHuin» Ha moesa B Trip Optimizer;

- aBTOMATH3UPOBAHHYIO OTIIPABKY B

- cucTeMy Trip Optimizer
BBIIICNICPEYMCIICHHBIX  XMI-(aiiioB mocpeacTBom

Server KTXK

Onlain Xml-Coo6wenus

E-telegram

«OrpaHuieHns,

A

Mopynk «MHTerpaumsi ¢

ucon

Onlain Xmi-Coobiuenus «Orpanysenms,

IBM WebSphere MQ 9.2.

Monynb «OTY4ETHOCTE)» 00ECIICUHBAET:

- IpUeM OTYETHBIX JTAHHBIX M3 CHCTEMbI Trip
Optimizer;

- aHanu3 U GopMUPOBAHUE BBHIXOJHBIX OPM;

- (hopMHpOBaHUE )KypHaa COOOIICHHIH;

- mpocMoTp WHGOPMAIUN  COOOIIEHUI
BBIOPAHHBIM KPUTEPHSIM.

Kanan cBs3u Mexay nokoMotuBoM U CepBepom
cucteMbl Trip Optimizer HeoOXoauM IS 0Ty YCHUS
uHpOpMaIMKM U BMOKCHHS JIOKOMOTHBA  IIO
3aJJaHHOMY YYacTKY B pEXKHME aBTOBEICHHSI.

B  pamkax oOecmedeHus  IpO3pavyHOCTH
neperadydl M IOJYYEHHs JaHHBIX OPTraHW30BaH
MIPOMEKYTOYHBIH cepBep A IPOXOXKAeHHS Tpaduka
Mexay MCOJL, ceThio omepaTtopa CBsI3U U cepBepamMu
cuctemsl Trip Optimizer cormacHo pucysky 1.

oo

Server KTXK

( IBM WebSphere MQ \ Wabtec Trip Optimizer

TparHcnopTHas ouepens:

XXXXXXXX

Kawan
oTnpaBKy

\A

Aucnetyepckui
e Wahtec TQ

Ouepens:

E-tenerpam»

'«

H

Xml-C

/1IC AO «HK «KTK»,

Monyuerie AaHHbIX

Y

b
orparudenmity Ha noesaa (Train_ID)

OrtyeTHble aaH

TparcnopTHas ovepene:

XXXXXXXX

§I

e
Ovepeni - ompasku:
HbI€

D
i

BO,
ncon,

{ BIIREPLWIN Ry T S e e
| i AAHHBIX»

Xml-CoobLueHus «<MapLupyT noesaa»,

I,

CHANNEL1

TpancriopTHan oeper:

XXXXXXXX

Kawan

Y
b

1511

Mpunoxenue Trip
Optimizer

~ 3anpoc Trip Init (MHUumanusauns mapwpyTa >

OT /IOKOMOTHBA

<

Jemmmmndn

[P

i~ nAA Rrurant A ~nsrana

\

Pucynok 1 - Unrerpanmonnas cxema HCO/]

TexHuuecku

ncon CTpoHTCA Ha
LEHTPAJM30BaHHON  apXHUTEKType: HCHOJIb3yeTCs
CYB/] IBM DB2 mis xpaHeHHs HaHHBIX, CEPBEP
npwioxenuit WildFly u o6men coobmmenusMu 1o
IBM MQ. O6men XML-coobmenusmu ¢ Trip
Optimizer u E-telegram oprannzosan uepe3 REST u
ouepenu COOOIIeHnH, YTo obecreunBaeT HaaEKHYIO
nepenady aaHHeIX. OynkimonansHas cxema UCO/]
OCHOBaHAa Ha €JUHOI 0a3e MaHHBIX M LEHTPAIBHBIX
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cepBUCax, KOTOpble (OPMHUPYIOT U OTIPABISIOT
COOOIIEHNs 10 COOBITHSIM (TOTOBHOCTH TOE€3lla K
OTIpAaBJICHUIO,  TOCTYIUICHHE  CBEIEHWA 00
OTpaHWYEHHSIX W T.JI.), a TakkKe COOHparoT
PE3yNIBTaThI IS OTYETA.

WHTerpamus OJIOKYCHHA B  CYIIESCTBYOIIUC
nporeccel. [Ipennaraercst 100aBUTh K apXUTEKType
NCOJ] ypoBeHb  pacnpeAenéHHOIO  peecTpa
(6mokueiin). OcHOBHas wuiesl 3aKIIOYaeTCS B TOM,
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9TOOBI NMPH KITIOYEBBIX COOBITUSIX (HAmpUMeEp, MpH
reHepaluy 1 oTnpaBke Kaxmaoro XML-cooOmieHus )
OJTHOBPEMEHHO CO3/]aBaTh 3aIIUCh B OJIOKYEHH-CETH.
Huns 3TOTO KaXKJIOMY MOJTYJTFO WIH
MIPOMEKYTOUHOMY IITI03Y (gateway)
pucBanBaeTcs (PyHKIUSA (GUKCATUA COOBITHS: TILTI03
BBIYUCIISET KPUNTOTPAPUISCKHNA Xl COJEPKUMOTO
XML-coobmieHus (Wim Apyrux NaHHBIX), J00aBISIET
MeTa/IaHHbIC (Bpewms, UACHTU(OUKATOD
OTIPABUTEIIS/MOIYJISL) U OTIIPABIISIET TPAH3AKIUIO B
OJIOKYEIiH.

B xopnopaTuBHOH cpene MNpeArOYTUTENBHO
HCIIOb30BaTh pasperEHHy 0 (permissioned)
OJIOKYEIH-CETh. YyacTHUKH KOHCOPITMyMa
(manpumep, LIAAL, ¢unmnaner KTK u Texauueckue
LIEHTPBI) Pa3BOPAYUBAIOT y3JIbI OJIOKUYCIHA, KaXKIbIH
M3 KOTOPBIX XPaHHUT KOMHIO peecTpa. MexaHu3M
KoHceHcyca (Hampumep, Proof-of-Authority wmm
aHAJIOTUYHbIE) obecrieunBaeT BaJIMJIAIHIO
TpaH3akiuil. biarojgaps aToMy Kaxjiasg HoBas 3auch
MpoBepsieTCs Cpa3y HECKOJBKUMH y3JIaMH, U JTaHHBIC
CTAQHOBATCS HE3aMCHSACMBIMU: JIFOOBIC HM3MCHCHUS
33JIHUM YHUCJIOM TMPHBEIYT K HECOOTBETCTBHUIO
xeme. Takoll MOAXOA HCKIIOYAET E€IUHYI0 TOUYKY
OTKa3za — Jaxe NpU HEAOCTYIMHOCTH YacTH Y3JI0B

OCTaJIbHbIE MPOIOIDKAIOT MOJ/ICP’KUBATH
aKTyaJIbHYIO KOIIMIO KypHAIa.

Texanueckas peanm3anus MHTETPaLUH
npennonaraer  noxakimodenne  MCOJl  dgepes

CHeIMaTbHBINA [IUTI03 JaHHBIX. DTOT 103 MOIy4aeT
cobprtist ot moxmyneir MCOJl (uepes APl wmm
BBIXOJIBI OYEpEJIiCii), MOANUCHIBACT TPAH3AKUUU U
OTIIpaBisieT MX B OJoOKYelH-ceTh. Hampumep, mpu
¢dbopmupoBannu XML

«Mapuwpyr noezna» Moayib  «llepemaua
TIOE3/IHBIX JTAHHBIX» OTIIPaBIseT cooliieHue B Trip
Optimizer, a OZHOBpPEMEHHO MLIO3 OIIOKYEIHH-
uaTerpanmu Oepér xem 3toro XML u mormpyer
coObITHE Ha OJOKueiHe. AHAJOTHYHO, MOIYJb
«Uuterpaumst ¢ E-telegram» mnpu  monydeHun
OTpaHWYEHUS CO37aeT 3alliCh B PEECTpPe C XeleM
nmoydeHHor — wHpopManmu. g cBI3m C
CYLIECTBYIOIIUMH CHCTEMaMH MOJXOISAT TaKue
mratdopmel, kak Hyperledger Fabric wax Quorum,
T7e JOCTYIIHBI KOHTPOJMpPYEMBIE IIpaBa Y3JIOB,
HACTpOilKa paspelieHMd U OTKa30yCTOWYHBOE
XpaHEeHHE JIOTOB.

Takum oOpa3oMm, OJIOKYEHH BBOIUTCS Kak
JOTIOJTHUTENBHBIA YPOBEHb ayauTa: BCE BaXKHBIC
oOmensl coobmenusivMu Mexny MCO/] n BHeIHUMH
cucreMaMu  (QPUKCHPYIOTCS B paclpeaciéHHOM
peectpe [3, 4]. Ocrampabie wactm MCOJl moryt
ocraTbcs 0€3  CYIIECTBEHHBIX  M3MEHEHHH
BCTpaWBAaHUEC HOBBIX 3alHMCBIBAIONIUX KOHHEKTOPOB
OCYIIECTBISIETCS  MapayielbHO € TEKYIIMMHU
KaHaiamMi oOMeHa. OJTO TO3BOJIIET COXPAaHUTH
paboTOCIIOCOOHOCTh  CYIIECTBYIOIIEH CXEMBl U
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OJIHOBPEMEHHO OO0CCICUUTh HAACKHBIA IKypHAI
COOBITHIA.

PE3YJIBTATBI U OBCYXJIEHUNE

B cpaBHeHuM Tekyled UEHTPAIU30BAHHOU
mozaenu VMCOJl ¢ neueHTpaln30BaHHOW Ha OCHOBE
0JIoK4YeliHa MOXKHO BBIJICTTUTH HECKOJIBKO KITFOUEBBIX
OTJIMYMI W TpeumylliecTB. B 1eHTpann3oBaHHOM
CHUCTeME BCe COOOMIeHUs (IIOE3THBIE MapIIPYTHL,
OTpaHUYeHUsI, OTUETHI) cOOMpAIOTCsl B €IMHON 0aze
JIAHHBIX OpPraHM3allMd. JTO ympom@aer o0paboTKy
wHGOPMAIH BHYTPH KOMITAHUH, HO CO3TaET PUCKU:
cepBepsl ¢ 02301 JAHHBIX MOTYT BBIUTH U3 CTPOS WIIH
CTaTh OOBEKTaMU aTak, a B clydae W3MEHEHUH HIIH
OIINOOK HEBO3MOKHO MTHOBEHHO MPOBEPUTH, KEM U
Korna oHM ObLTH BHeceHbl. Kpome Toro, noBepue K
JTAHHBIM 3aBHCHT OT LIEHTPAJILHOT0 aIMUHUCTpPATOpa,
a CHHXpOHHW3alMsi WH(QOpMalMKU MEXKAY pa3HBIMH
y4JacTHUKaMHu ((QuiuaniaMu, Iero, MOCTABITUKAMH)
MOJKET OBITh HETTOTHOM!.

B  nmeueHTpann3oBaHHOH MOJENH  JTaHHBIE
pachpenenstoTcss MeXAy HECKOJIbKHMH y3JIaMH

OmoKueiiHa W  COTIACYyIOTCS Yepe3  IPOTOKOI
KoHCeHcyca. Takoe  pemieHne  obOecreunBaeT
JOTOJMHUTENbHBIE  Tapantuu [5, 6, 7, 8]

Heunsmensiemoctes naHHbIX. Kakpmas TpaHzakuus
OJIOKYEIHA COMEPIKUT KpUNTOrpaQuuecKuil Xemr
npeneiymero oOnoka. [Tostomy 3ammchk B peectpe
HeNb3s CKPBITO HU3MEHUTH mo0oe HM3MEHEHHe
MIpUBEIET K HECOBMAIEHUIO XeIIeil. DTO MCKII0YaeT
TalflHy}0 TPaBKy HCTOPUHU AAHHBIX: MPH MHPOBEPKE
OJIOKUEHH-Y3IIBI Cpa3y OOHApyXaT, €CIIH KTO-TO
MIBITAJICSI CKOPPEKTHPOBATH IEepPEeaHHbIE COOOIIECHNUS
WJIA OTYETHI.

Kpunrorpaduyeckas 3amura. B Onokueiine
HCIIOJIB3yeTCsl MuppPOBaHne W UGPOBBIC MOITUCH.
[Ipu norupoBaHMM COOOIIEHUS BBIYUCIAETCS Xl
XML u cBs3BIBaeTCS C aApecoM OTIPaBUTEINS
(ampecoM akkayHTa WM pOJbI0 MOAyJs). Takum
00pa3oM rapaHTHUPYETCsS ayTEHTHYHOCTh HCTOYHHKA:
HEBO3MOXKHO CBIMUTUPOBATh 3allCh OT HUMEHU
JPYTOro y4acTHHKA 0€3 COOTBETCTBYIOIIMX KIIOUEH.
Kpowme toro, camu nanubie XpaHATCS TAKUM 00pa3oMm,
YTO WX HENb3sl BOCCTAHOBUTH W3 XeIIa, COXPaHss
KOH(UICHIINATHHOCTH COIEPIKIUMOTO.

IIpo3paunocTs u JIOCTOBEPHOCTb.
Pacnpenenénnsiii JKypHAII JIOCTYTIEH BCEM
YIOJTHOMOYEHHBIM Y49acTHUKaM ceTu. Kaxuprii y3en
MMeeT HWICHTUYHYI0O KOMHIO BCEH  HCTOPUU
TpaH3akuui. Bce mnopapasneneHus KOMIAHUM U
napTHEPBL  MOTYT  CaMOCTOSITEIBHO — HPOBEPUTH
LIETIOCTHOCTh u XPOHOJIOTHIO oOMeHa
cooOmeHusIMH 0e3 oOpalieHusi K IEHTPATEHOMY
cepBepy. OTO  TMOBBIIIACT  JIOBEPHUE  MEXKIY
CTOPOHaMHU: HET HEOOXOJUMOCTH IOJaraThCsl Ha
OTYETHl WM BBIFPY3KU W3 eauHoi BbJl, mockoibky
KKl MOKET CBEPHUTHCS C 3alMCSIMHU OJIOKYCHHA.
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OTKa30yCTONYHBOCTD. biaronaps
pacnpeienéHHOoN ApXUTEKTYpE Oyrokueiina
OTCYTCTBYET €OUHCTBEHHas TO4YKa oOTKaza. Ecim
OOVH WIH HECKOJBKO Y3JIOB BBIXOIST U3 CTPOA,
OCTaJbHBIE TPOIOIDKAIOT TOJAEPKUBATD [IEIIOCTHYIO
KOITHIO peecTpa U MOTYT OIEPaTHBHO BOCCTAaHOBHTH
paboty ceTH. DTO MOBBIIAET HAAEKHOCTH CHCTEMBI
mepegadd  JTaHHBIX, OCOOCHHO B  KPUTHIHBIX
CHTyaITusIX, KOTJIa TepephIB B paboTe HEAOIMyCTUM
(HampuMep, TpU KPYHHBIX COOSX X/I CeTH WM
KuOepaTake Ha LIEHTPaJIbHBII cepBep).

HIMeHHO 3TH IPpEeuMyIIecTBa JeNa0T OMIOKUCIHH-
TEXHOJIOTHIO TPHUBICKATEIbHON ISl JTOTUCTHYECKUX
npuwiokenuil.  CkBO3Has ~ IPOBEPSEMOCTb |
HEU3MCHACMOCTL MAHHBLIX ITO3BOJIAIOT OIICPATHBHO
BBIABJIIATE W HOPEAOTBpaliaTb MOIICHHUYECTBO WU
omunOouyHble u3MeHeHHs TpadpukoB. K Tomy ke
MPO3paYHOCTh  UCTOPUM  MOE3JHBIX  ONepaluil
CHOCOOCTBYET YCKOPEHUIO MPOIIECCOB
paccliefioBaH!sl HHIUACHTOB U TOBBIIIEHUIO YPOBHS
JTIOBEPUS CPEIN YIACTHUKOB IIETIOYKH ITOCTABOK.

TekcToBOE oOmNMUcaHUe MpeyiaraéMoll CXeMbl
paboOTBI CHCTEMBI: BCE OCHOBHBIE KOMITOHEHTHI
NCO/], coxpaHsroTcs, HO K HUM A00aBIsIeTCS CIOH
pacupenenénHoro peecrpa. Moayns «llepemaua
MOE3MHBIX  JNaHHBIX»  ¢opmupyer XML-daiinbr
MapIIpyToB U cpa3y oTrpasiseT ux B Trip Optimizer;
OMHOBPEMEHHO  ILII03  OJIOKYEHH-WHTETpamuu
BBIUUCIACT UX XCII U MHUIUHUPYCT TPAH3AKIUIO B
cetb. B TpaH3akIMu  yKa3bIBaIOTCS  BPEMA,
naeHTuduKaTop noesaa (uiu coodmienne), xem XML
U a/ipec OTIpPaBUTENS (HAIPUMED, POJIb MOJYJIS WU
KOJ CTaHIuu). Y3ubl OnokueliHa (Hampumep,
cepruunupoBannsie cepepa B LIJIALl u memo)
MPOBEPSIOT TPAH3aKIMIO MO IU(POBOI MmoaNHCH M
BKIIIOUalOT e€ B OJIOK TOCPEACTBOM  OOIIEro
nporokosia. Moayns «Huterpanus ¢ E-telegram»
AQHAJIOTWYHO TIPH TOJIYYSHUH OTPaHWYEHUH CO31aéT
3aliUCh B Onokueiine c JaHHBIMHU 0
MpenynpexIeHusIX (BpEMEHHOH METKOM W XeleM
conepkanus). Momynb

«OT4ETHOCTD» MOJKET (uKcUpoBaTh
Pe3yIbTaThl BHITOIHEHUS PEMCOB: MPH MOCTYIUIEHUH
OTYETHBIX MaHHBIX w3 Trip Optimizer cosmaércs
TpaH3aKLUs C XEUIeM 3TUX AaHHBIX. TakuM oOpazom,
B OJOKYECHH 3aHOCUTCA TOJHAs HCTOpUs OoOMeHa
COOOIIEHUSIMHI MEXKAY CUCTEMaMHU.

brnokueiin BHepsIETCS 0e3 pas3pbiBa
CYLIECTBYIOIIUX TMPOLECCOB:  OJOKYEHH-KypHAT
(hOpMHUPYETCSI CHHXPOHHO € TEKYIIIMMU OIEPALIUIMH,
IpU 3TOM caMu Om3Hec-Tiporecchl padoter UCO/] ¢
Trip Optimizer u E-telegram ocratorcs npexaumu. B
pe3yibTaTe JOCTHIaeTCsl CKBO3HasI
IIPOCJIC)KNBACMOCTD u HEU3MCHHOCTDH JaHHBbIX.
Yrpomiaercs ayIuT: J1r000¢ TOTy9IeHHOE COO0IIeHNe
MOYKHO CBEPHTbD C 3aIIUChIO B OJIOKUECIHHE — €CIIM XEelI
COBIIAJIaeT, 3HAYUT COOOIIEHUE HE OBLIO M3MEHEHO.
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OTO CHHUMAaeET HCO6XO,E[I/IMOCTB CJIOKHBIX TPOLEAYP

IMPOBCPKU KOPPCKTHOCTHU MEepCINCKHU MCKOAY
CHUCTCMaMM.
B acioM, JACUCHTPAJIM30BAHHOC  PCIICHUC

oOecrieunBaeT 0Oonee BBICOKYIO HAIAEKHOCTh H
JIOBEpHE 10 CPABHEHUIO C YUCTO LEHTPATM30BAHHOM
Monenbio. KirodeBble  TpaH3aKIMK — CTAaHOBATCSA
myOJINYHO BepUDUIIPYEMBIMU BHYTpHU
koHcoprmyMa KTXK, n mro0oit y3en ceTH MOXeT B
pearbHOM BPEMEHH OTCIIEKHUBATEH X0 COOBITHI. DTO
0COOCHHO BaXXHO TPH B3aUMOJCHCTBHU pa3HBIX
noapazaeneHuil AO «HK

«KTK» 1 BHEMIHUX MOJAPSIAYUKOB, MOCKOJIBKY
CHI)KAeT PUCKU pA3HOTJIACHN JTAaHHBIX U YCKOpSET
mporiecc oOMeHa HHPOpMaIen.

BbIBObI
Brenpenne TexHONMOTHH ONOKYEHH B CHUCTEMY
nepeaays IMOe3AHBIX AaHHbIX U oTuéTHOcTH AO
«HK
«KTX» OTKpbIBaeT HOBBIE MEPCIEKTHBBI IS
nupoBoil morucTHKH. brokueitH obecreunBaeT
HEM3MEHHOCTh U MPO3PavyHOCTh MH(POPMAIIMOHHOTO

oOMeHa, 4TO KPUTHYECKU BaXKHO npu
B3aMIMOJCHCTBUA  MHOXKECTBA  YYaCTHHUKOB B
YKENIE3HOI0POKHON LIETIOYKE. Peanuzanus

paspeéHHol ONOKYeHH-CeTH MO3BOJIUT YCTPAHUTD
pHCKH, Tpucylmme UeHTpanu3oBaHHbIM b/l (cOoit
cepBepa, HECAHKLMOHUPOBAaHHAs NIPaBKa JAaHHbIX), U
MTOBBICUTH OTKa30yCTONYNBOCTH CUCTEMBI.

s AO «HK «KTX» 5310 o03Hauaer
BO3MOXHOCTb  IOJY4YUTh  Oojiee  HaA&KHYIO
nH(ppacTPyKTypy 0OMEeHa TaHHBIMH O TUTAHUPOBAHUHT
W BBINONHEHHMH pelicoB. [lockonmpky — Kaxkmas
omepanus (Qukcupyercs B ONOKYeifHE HaBcerna,
CHIJKACTCsl BEPOATHOCTH OLIMOOK U MOIIEHHUYECKUX
WM3MEHEHUM. VYckopsiercs COTJIaCOBaHUE
HHPOPMALIUK MEXIY AUCIIETYEPaMH, HHKEHEPaMU 1
MaIIMHACTAMHU: BMECTO pa3dopa HECOCTHIKOBOK B
JIOKyMEHTaX JOCTaTO4YHO CBEPUTh JaHHBIE C
pacmpeenéHHBIM  peecTpoM. TakuMm  oOpaszom,
OnokyeliH crnocoOcTtByeT Oonee 3ddekTuBHOMY
YIPaBIEHHUIO MTEPEBO3KaMH M MOBBIIICHUIO KayecTBa
JIOTUCTUYECKUX YCITYT.

B konTekcTe nmporpammsl «L{udposas sxenesnas
Jloporay  HMHTerpanus OJIOK4YeiiHa  CTaHOBHTCSA
JIOTMYHBIM [IaroM pa3BUTHA HH(YOPMALMOHHOM
ndpactpykrypsl KTXK. Ona no3BosuT 00beAMHUTD
cymectByone ERP/SCM-cuctemMbr u  MOIysH
NCO/l B enumHyr JOBEpPEHHYIO 3KOCHUCTEMYy. B
NEPCHEeKTHBE  3TO  NpPUBEAET K  CHIXKEHHIO
OTIepAIlMOHHBIX 3aTPaT, MUHUMHU3ALINN 33JIep>KeK U3-
3a HETOYHOCTEH B JIJAHHBIX U YKPEIUICHUIO MO3ULUI
KTX kak TeXHOJIOrHYECKOTO JIHIEPa OTPACIIH.

Takum 00pa3om, OJIOKUYEHH-TEXHOIOTUHA MOTYT
CTaTh KITIOYEBBIM 3JIEeMEHTOM UQpoBoii
TpaHchOpMaLUN  KEJIC3HOAOPOXKHOW  JIOTUCTHKH,
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FEATURES OF THE DESIGN AND ELECTRIC DRIVE OF FLYING SHEARS
OF HOT ROLLING MILLS
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Abstract. This article provides an overview of the design features and electric drive of existing hot rolling flying shears,
which is the basis of the doctoral thesis “Automation of the rolling cutting process on hot rolling flying shears”. The article
presents the main task of rolling production, the purpose and technical requirements for the design and electric drive of
flying shears. The designs and electric drive of existing flying shears are considered. There are the following main types of
flying shears: drum, crank, swing, pendulum, and planetary. Three types of motors are also considered: asynchronous
motor, synchronous motor, and DC motor, which would meet the technical requirements for this technological
mechanism. A study of the design and electric drive of flying shears has shown a number of advantages and disadvantages.
An analysis of the results of the study showed that the best choice is a pair of drum shears. Since the drums rotate evenly
at a constant speed and the rotating masses are fully balanced, they allow cutting at significantly higher speeds than other
types of shears. An independently actuated DC motor was chosen as the electric drive of the flying shears, as it has a large
control range, smoothness, efficiency, speed stability, load tolerance at various speeds, and rigidity of the mechanical
characteristics that meet the technical and technological requirements for the electric drive.

Keywords: hot rolling, flying drum shears, electric drive, mill, DC motor, dynamic loads, automation of the cutting
process.
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Anoamna. Makanana «blcThIK wieMaey OpHarbIHBIH YINKBID KalIIbulapblHAa WIEMAEpHl Kecy yaAepiciH
aBTOMATTaHABIPY» JOKTOPJIBIK AUCCEPTALMSCHIHBIH HET131 O0JIBIN TaObLIaTHIH KOJIAHBICTAFbI BICTHIKTAM HIIEMJICY YIIKBIP
KalIIbUIapBIHBIH KYPBUIBIMBI MEH 3JIEKTP JKETETiHIH epeKIIesiKTepine moiy OepiireH. Makanasia ninemaey eHIipiciHiH
HEri3ri MiHJETI, YIIKBIP KaWIIBIHBIH KYPBUIBIMBI MEH 3JIEKTD JKETETriHe KOMbIIATBIH MAaKCaThl MEH TEXHUKAIIBIK TaJalTapbl
kenripiared. KonjaHpICTarbl YIIKBIp KaHIIBUIAPJBIH KYPBUIBIMBI MEH OJIEKTP JKETeri KapacThIpbUIFaH. YIIKBIP
KaWIIBUTapIBIH KeJleci Heri3ri Typiepi Oap: GapabaHpl, HiHAI-IIATYHIH!, TepOenIMeni, MasSTHUKTI KOHE TUIaHEeTaPIIBIK.
CoHpaii-aK, KO3FaITKBIIITApABIH YII TYpi KapacThIPbUIABI: ACHHXPOHABI KO3FAITKBIII, CHHXPOHABI KO3FAITKBIII JKOHE
OCBI TEXHOJOTHUSUIBIK MEXaHH3MIe KOWBUIATBHIH TEXHUKAJBIK TalalTapFa COMKEC KENETiH TYPaKThl TOK KO3FaJITKBIIIBL.
YUIKeIp KaHIIBIHBIH KYPBUTBIMBI MEH 3JICKTP JKETETiH 3epTTey OipKarap apTHIKIIBUIBIKTAD MEH KEMIIITIKTEPAi KOPCETTi.
Hotmxenepni Tammay 3eprrey OapabGaHmel Kalmmslmap €H JKakChl TaHIay €KeHiH KepcerTi. bapabaHmap TypakThl
KBUIAAMBIKIIEH OipKeJKi aifHaNaTBHIHIBIKTAH XKOHE aifHaIMasbl Maccanap TOJBIFBIMEH TEHAECTIPUITeHMAIKTEeH, oJyap
KalIIbIHBIH 0acka TypJiiepiHe KaparaHla aiTapibIKTald jKOFapbl JKbUINAMJBIKIECH Kecyre MYMKIHIIK Oepeni. ¥IIKbIp
KaHIIBIHBIH 3JIEKTP JKETET1 PeTiH/Ae TAYyeNci3 KO3ybl 0ap TYpaKThl TOK KO3FAJITKBIIIBI TAHAANbI, OUTKEHI OHBIH YJIKEH
perTey JMana3oHbl, TETiCTiri, YHEMALIIr], XbIIIaMIBIK TYPaKTBUIBIFBL, SPTYPI JKbUIIAM/IBIKTapAaFkl pYKcaT €TLIreH
KYKTeMe, ODJIEKTp JKETEriHe KOWBLIATBIH TEXHHKAJBIK JKOHE TEXHOJOTHSUIBIK TajanTapibl KaHaraTTaHAbIPaThIH
MeXaHUKaJBIK CUIIaTTaMaJIapAbIH KaTTBUIBIFEI Oap.

Tyitin co30ep: BICTHIKTAN WIEMJICY, YIIKbIP OapabaH/ bl KAUIIBUIAD, JJICKTP KETErl, OPHAK, TYPAKTHI TOK KO3FAITKBIIIIBI,
JMHAMHKAJIBIK KYKTeMeNep, Kecy YpiciH aBTOMaTTaHbIpy.
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Annomayun. B maHHOH cTaThe IpeacTaBiIeH 0030p 0COOEHHOCTEH KOHCTPYKIIUH U AJIEKTPOIIPUBO/IA CYIIECTBYIOIIIX
JETYYHX HOXKHHII TOPSICH TPOKATKH, KOTOpAst ABISETCS OCHOBOI JOKTOPCKOM AUCCEPTAINH « ABTOMATH3AIHS IIPOIIecca
pe3KH TpoKaTa Ha JEeTyYMX HOXKHHIAX CTaHA TOPSUCH MPOKATKI». B cTaTbe MpUBOIATCS OCHOBHAS 3a/1a4a IPOKATHOTO
MIPOU3BOJICTBA, TIPEAHA3HAUYCHNE W TEXHHUYCCKUE TPEOOBAaHWS K KOHCTPYKIIMH M SJIEKTPOIPHBOAY JICTYUHX HOKHHUIIL.
PaccMOTpeHBI KOHCTPYKITHI U SJICKTPOTIPHBO/] CYIIECTBYIOIIHNX JIETYINX HOKHUIL CyIIECTBYIOT CIEIyIOIINEe OCHOBHBIC
TUTIBL JIETyYUX HOKHUI: OapaOaHHBIC, KPHBOIIHUITHO-IIATYHHBIE, Ka4alolne, MasSTHUKOBBIC W IUIAaHETApHBIC. A TaKkKe
paCCMOTpeH])l Tpl/l BHUda aBnraTeneﬁ: aCHHXpOHHbIﬁ JABHUIraTeclib, CHHXpOHHLIﬁ JABHUIaTCJib U IBUTaTCJIb IIOCTOSIHHOI'O TOKA,
KOTOprﬁ COOTBETCTBOBAJI 6])1 TEXHUYCCKUM Tpe60BaHl/IﬂM, Hpe[l’bﬂBJIﬂeMbIM K ,HaHHOMy TeXHOJIOFH‘-IeCKOMy MexaHI/I3My.
HCCHCZ{OBaHHe KOHCT‘pyKHI/II/I nu SHGKTpOle/IBO,Ha HETy‘lI/IX HO>XHMHII ITOKa3ajia pHIL HpeHMyIHeCTB U HEOAOCTATOK. AHaJ'Il/B
pe3yJbTaTOB HCCIEI0BaHUE MMOKa3all, YTO ONTUMAJIbHBIM BHIOOPOM siBisieTcss OapabaHHbIe HOXKHUIIBL. Tak kak OapabaHbl
BpaIIalOTCsT PAaBHOMEPHO C TMOCTOSHHOM CKOPOCTHIO M BPAIAIOLIUECS MAacChl MOJHOCTHIO ypPaBHOBEIICHBI, TO OHHU
MO3BOJISIFOT BECTH TOPE3KYy HA 3HAYHTENHFHO OOJBINUX CKOPOCTSX, YeM JApPYIHe THIBl HOXHHI. B KadecTBe
ANEKTPONPUBO/IA JIETydnX HOKHUIL BeIOpaHa JII1T ¢ HezaBHCHMBIM BO30YKICHHEM, TaK KaK OH IMeeT OOIBIION Tnana3oH
PETYIUPOBAHMA, IUIABHOCTh, SKOHOMHYHOCTH, CTaOMIIBHOCTH CKOPOCTH, AOIYCTHMas Harpy3ka TpH pa3THIHBIX
CKOPOCTSIX, KECTKOCTb MEXaHHYECKOW XapaKTePUCTHKH, KOTOPHIC YAOBICTBOPSCT TEXHHYECKHAE M TEXHOJIOTUICCKUE
TpeOOBAHUS K STCKTPOTIPUBOLY.

Knruessie cnoea: ropsias mpokaTka, JIeTyqne 6apabaHHbIC HOXKHUIIBI, JIIEKTPOIPUBO/I, CTaH, IBUTATENb TOCTOSTHHOTO
TOKa, TMHAMUYECKUE Harpy3KH, aBTOMAaTU3aIUs MPoIecca pe3Ku.
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HETI'I3I'T EPEXEJIEP

blcTrIKTaM HJIEMJIEY OpHaKTapbIHa
KOJIIaHBLIATHIH VIIKBIP KaWIbLIap b
KOHCTPYKIIMSUTApBl  MEH  DJIeKTp  JKETeKTepiHe
CAIBICTRIPMATIBI  TajAay  KYPTi3imil,  KOFaphl
KBUIIAMJIBIKTa ~ JKYMBIC ~ ICTEy, alfHaIMaJIbI
Maccalap/blH TOJIBIK TEHIepilyl KoHe mNaijanaHy
CEHIMIIIITI OoliprHIIa  OapabaHABI  VIIKBIP
KaWIIbIIapasiH aPTHIKIIBLTBIKTAPEI FBUTBIMHU

Herizmenmi. CoHmai-ak, YITKBIp KAWITBIHBIH 3JICKTP
KETETl PETiHAEe KEH PETTey JUAama30HbIH, >KOFaphl
KBUIIAM/IBIK TYPAKTBUIBIFBIH JKOHE MEXaHUKAJIBIK
CHIIAaTTaMAaCHIHBIH KATTBUIBIFBEIH KAMTaMachl3 €TETIH
Toyenci3 KO3BbIPBLIATHIH TYPaKThI TOK
KO3FAJITKBIIIBIH KOJIIaHY IbIH THIMILTIT] JOJICICH I,

KIPICIIE

Mertangsl wiemaey — MPOKaT eHIMIH OHIIPY
MPOIECIHIH HETi3rl TEeXHOJOTHSUIBIK OINEPAIUsChI
0oJbIT TaObUTa B, KaFaH TeXHONMOoTHsIap WIEMICY
YPIICIH JKy3ere achlpyra >KOHE WIEMHIH KaXeTTi
camachlH alTyFa MyMKiHAIK Oepeni. Mnem eHzipiciHIH
TEXHUKAChl  Y3AIKCi3  WiIeMAey  OpHarbIHBIH
(KaHBLITBIPIIBI, COPTTHI, JaWbIHIIAMAJIBIK) KCHIHCH
KOJITAaHBLTYbI OaFbITHIHAA JAMBIT KEeJTeTi.

3epTTey HBICAHBI BICTBHIK WIIEMJIEY OpHAFBIHBIH
YIIKBIP Kaitibuiapsl [1].

¥wKslp  Kalmbuiap — METANAbl  YKOFaphl
KBUIIAMIBIKIIEH ~ KO3FalFaH — ke3ge  (Y3MiKci3
pexxmMie) kecyre apHairaH. KemnrereH skarmaiinapaa
OyJ1 KalIIbUIapAbIH OHIMIUTIT WIEMCY OpHAFBIHBIH
OHIMILIITIH aHBIKTANIEL.

Ywkslp KadmbLIapra
TEXHHUKAIBIK TAIANTap:

1) KecineTiH Y3BIHABIKTAPABIH KOFAphI TQNIITiH
KaMTaMachI3 eTy;

2) OepiireH Y3bIHIBIKTap KaTaphblH aly;

3) opamsl yinTapbiHaa Oypaamail oHe
WiMel Kecy Ke3iHJle allbIHATBIH HIIEM
KUMAaCBIHBIH >KaKChl CallaChIH KaMTaMachI3 €Ty [2,

3].

KOUBUIATBIH  HETI3TI

YUIKpIp KaHIIBIHBIH JIEKTp )KETeriHe Keeci
TananTap KOubLUia bl

1) ynmerkimn ke3iH/ie MbIIaKTapAbIH OepiiireH
OypbUTYy OYPBIIITAPBIH/IA )KETSKTI )KYMBIC
JKBUIIAMJIBIFBIHA JICHIH YTy XKOHE TeXKEY;

2) KO3FaITKBIIITHI KOI KOCY KE31H/IE )KETEKTIH
CEHIM/Ii )KYMBICHI;

3) mBIIaKTapIeIH 0acTaKel KaIIbIH YAKSH
TIOITIKIICH OEKITY;

4) arperat MalIMHAJIapbIMEH Oipre icke Kocy,
JKBIIIAM/IBIKTBI OIPKEIIKI PETTEY )KOHE KaJbIIThI
TOKTATy;

5) onak KO3FaJbICHIHBIH TE€XHOJIOTHSIIBIK
JKBUTIIAMIIBIFBI ©3T€PTeH Ke3/le KO3FaITKBIIITHIH
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alfHaITy KBUTIAM/IBIFBIH PETTEY;

6) Kaiimbl s)xeTerinig pesepci [2, 3].

ABTOMATTHI PETTEY TEXHUKACBIH IaMBITY, KaHa
ANEKTp XKaOJBIKTAPBIH KYPY aBTOMATTHI PETTEY
JKYHeIepiH KOJIaHa OTBIPHIT, YIIKBIP KaHIIbLIAP IbIH
KOMETIMEH TEXHOJIOTHSIIBIK TajlalTapabl OPbIHIayFa
MYMKIHIIK Oepmi. AWTa KeTy Kepek, YIIKBIP
KaWIIbIIapAblH,  KYPBUIBIMBI  aBTOMATTAH IBIPBLUIFaH
AJIEKTP KETETl KYHECIH aHBIKTAaUTHIH TOH MEXaHU3M
OoubIn TaObLIa 1Bl JKOHE KepiciHie,
aBTOMATTaHABIPBUIFaH JIEKTP JKETET1 KyHecl YIIKBIP
KaWIIbIIapAbIH KYPBIIBIMbI TaHAAyAbl aHBIKTAMIbI.
MyHBI Kazipri yaKbITTa KEH TapaiFaH
KYPBUIBIMIAPAAH JKOHE Y3MIKCi3 OPHAKTHIH YIIKBIP
KaNIIBUTAPBIHBIH JICKTP KETEK KYHETICPIHeH KopyTe
60amel.

3epmmeyoin manbi30viasizel. Kazipri FeUIBIME
3epTTeyNiepic VYIIKbIp KaWIIbUIAPIbIH JKEKEJIeTeH
KOHCTPYKITMSUIBIK —~ IIEHIMIepi  HeMece  DJIIEKTP
KETEKTEPiHIH TEXHUKAJIBIK cUTIaTTaMaapbl
KapacThIPhUIFaHBIMEH, BICTBIKTAM nieMey
OpHaKTapbIHAa KOJIIaHBLIATHIH YIIKBIP
KaWIIBUTApABIH HET13r1 TYPJACPIH OJIAPABIH DIIEKTP
YKETEKTepIiMEH KEIIEHII TYpPAE CAIBICTBIPA OTHIPHII
Oaranay OKCTKUIIKTI  JICHTEHIIE  3CpTTCIIMEIeH.
Conpaii-ak, HaKTbl TEXHOJIOTUSJIBIK —TallalTapIbl
€CKepe OTBIPHIN, KYPBUILIM TYypi MEH 3JEKTp
KETETiHIH OHTAMIbl YIIECIMIH FBUIBIMH HETI3Iey
Mocejlecl TOABIK IHemnmMid Ttammarad. CoOHOBIKTaH
aTaJfaH  3€PTTEY OChl  OJKBUIBIKTHIH  OPHBIH
TONTHIPYFa OaFbITTAIFAH.

3epmmeyoin Hncananpizel. 3epTTEYIH FHUIBIMA
JKaHAIBIFBI  BICTBIKTAl WJIEMJICYy OpHAaKTapbIHAA
KOJIJIaHBIIATBIH OapabaHIbI, HiHI-IIaTyH/IbI,
TepOeMeti, MasSTHUKTI JKOHE THIAHETAPIIBIK VIITKBIP
KaWIbUIapAblH KYPBUIBIMIBIK EPEKIIeNiKTepi MeH
DNEKTP JKETEeKTEepiHe KEeMmIeHMAlI CaIBICTRIPMaIbl
Tangay xKypriziiayinae. Tannay HoTHKECIHIIE KOFaphl
JKBUIIAMIBIKTA JKYMBIC icrey, CEHIM/ILTIK,
JTUHAMUKAIBIK JKYKTEMeNlep JKOHE TEXHOIOTHUSIIBIK
TalanTapibl ~ KamMTaMachl3 €Ty  TYPFbICBIHAH
OapabaHbl YIIKBIp KaWIbUIapbIH
apTHIKIIBUIBIKTAPBl  HETI3/ICMIN, OJIApJbIH 3JICKTP
JKETET1 PETiHJe TOYeNCi3 KO3ABIPBUIATHIH TYPaKTHI
TOK  KO3FAITKBIIIBIH  KOJJAHYABIH TEXHUKAIBIK
TUIMIUIIT] J2JIeJIIeH 1.

OJICTEP MEH MATEPHUAJIJIAP

JKYMBICTBIH  HETI31 pETiHIE KOJJAHBICTAFBI
VIIKBIp KaHIIbUIapAblH KYPBUIBIMAAPEI MEH JJIEKTP
JKETEKTEpIHEe aHAIUTHUKANBIK Talfay >KacalblHIbI.
YuKplp KaWiibLiapAplH Kejleci Herisri Typiepi 0ap:
OapaOaH/Ibl, MiH/II-IIATYHBI, TEPOEIMENT, MASTHUKTI
JKOHE TUIaHETaPIIBIK,

bapaban ywxep xatiwwiiap. bapaGanner (koc
OapabaH/pl) KaWIIBI-OYJI METal Kecyre apHajraH
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QIFaITKGl  MaIlMHAIApABIH Oipi, KYPBUIBIMBI ©TE
KapamabIM  JKOHE  CEHIMII JKYMBIC  ICTEHI.
Kaneiaapirst 40 MM-Te feiiH KeH 0oJaT XKOoJIaKTapIbl
BICTBIK KECy, KaJIBIHJABIFEI 3 MM-T€¢ JeHliH Oonar
JKOJIAKTapasl CYBIK KEeCy JKOHE IIaFblH COPTTHI

npouiabAepAl  BICTBIK KeCy  VIIH  KeHiHEeH
KONAaHbIAb! [4]. Byl KaWmbuiapablH KYPBUIFBICH
MEH XYMBIC icTey MpUHIHI Keneciael (cyper 1).

1-

Oepy ponukTepi; 2 - 6apabaH bl KaWIIBLIAPHI;, 3-IIBIIIAKTApP; 4 - POJIUKTEP

Cyper 1 - bapabanb! YIIKbIp KaWIIBLIapAbIH CXEMaChl

Exi OapabGanra mplILaKTap pagvaigbl TYpIe
OekiTinred (op Oapabanma Oip Hemece OipHere).
JKomak y3mikci3 Ko3ramanbsl KoHE KaWIIbLIapra
TYpPaKThl KBUIJAMIBIKIIEH Oepy pOJHMKTEpiMEH
(Hemece Y3MIKCi3 OpPHAKTBIH COHFBI YSIIBIFBIHBIH
opamMaapeiMeH) Oepinemi. JKorapfbl KoHE TOMEHTI
MBIIIAKTAD KE3JIECKEH Ke3lle IKOJAK Keculesi.
Kecinren >xomak OejikTepi apachlHIa aIIaKTHIK
’Kacay YIIIH IIBIFATBIH POJHKTIH O KbULIAMIBIFbI
KaWIbIHBIH QIIIBIH]IAFbI YKOJTaKThIH
JKBUIIAMIBIFBIHAH YIIKEH OOTYBI Kepek [4].

Mertanael Kecy KesiHie OapabaH — YIIKbIP
KalIbuiap eKi HeTi3ri pexuM/Ie )KYMBIC ICTeH anajpl:

1) mep3imji icke KOCy oHE TOKTaTy;

2) GapabaHmapablH y3/IiKci3 aiiHamybl (Y3IiKCi3).

Uinoi-wamynowvr  ywkelp xKatiwsiiap. KaybiH
KOJIAKTBI KeCyre apHayiFaH Kalmbl. bapaOaHisl
YIIKBIP KaHIbUIap st CHIaTTay Ke3iHe
MBIIIAKTAPJIbIH ~ JIOHTEIeK TpaeKTopusi OOHBIMEH
KO3FallyblHa OalIaHBICTBI KeCy Ke3iHze onap Oenrimi
Oip OypsIIITa XKOJAKMEH KE3EeCETiHi, HOTIKECIHIe
YJIKeH  JWHAMHKaJbIK  JKYKTeMenep  maiina
OONaTBIHABIFBl JKOHE KeCy JKa3bIKTBIFBI TIK eMec
eKEHJIITI aTam OTiJIi; J9JI ol ce0emnTi Kecy KesiHmae
JMUHAMUKAITBIK KYIITEP/l a3alTy YIIiH Oip MBIIIAKTHI
Kesibey (THIBOTHHII KalIbliapaarbiiail) opHary
YJIKEH KUBIHABIKTAp oKeneni [4, 5].
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JKomakTbl Kecy »Ka3bIKTBIFBI MYMKIHIIITTHIIIE
Teric J>koHe TiK Oomysl ywiiH (9cipece KaJblH
JKOJIAKTapIbl Kecy Ke3iHle) KoHe COHBbIMEH Oipre
THIBOTHHII Kecyal Konmanyra Oomamer  (Oip
MBIIIAKTEL  €KIHIICIHE KATBICTBI  KOIbey  eTim
OpHANACTBIPY), KECy Ke3iHje Mblmakrap Oip-OipiHe
rapajuie’asb OOJIBIT, KO3FaaMaibl skoiak 90° OypaImr
yKacail OTBIPEIMN, Oip-OipiHe KaKbIHAAYHI KePEeK.

Byn rtanantapapl  WiHAI-IIATYHOBI  YIITKBIP
Kaimbuiap KaHaraTTaHIbIPaIb, OJIapAbIH
MBIIAKTAPBl  KYPJENi  DIUICOMATHl  TPaeKTOpHUs

JKacaiipl, ajg Kecy ailiMarbiHIa OyJI TpaeKTopHs
JKOJIAKTHIH KOJJICHEH KO3FaJIbIChIHA COWKeC KeJei
(mpImakTap TITIHEH OKaKBIHOAIl, ajiFa  Kapai
Ko3Fanazsl) [4, 5].

1-  cyperre WiHI-TIaTYHIBI VITIaTBIH
KaWIlIBIHBI ~ KeCy  MEXaHM3MIHIH  CcXeMayapbl
kepcetinred. ABC xxone A'B'C' KaTThl TyTKamapsl A
xkoHe A' wHykTtenepimge AO  xome A'QO
uinTipekrepimen, an B sxome B' Hykrenepinze Bl
xkoHe B1' winmiiepiMeH, ojapasiH B oxone B
opranmeikTapel O1 xoHe O1' OpTaNBIKTAPBIHBIH
aliHajmachIHAA alHAIa bl.
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Cypet 3 - TepOenmernti YIIKbIP KaiIIbIIap CXeMachl

Tepbenmeni ywxolp Katiwwiiap. KomakTel
OJIIICYINT Y3BIHABIKTAFbl JKaManapabl KeJJICHEH
KECy VIIH COHFBI JKbUIZApbl TepOeiMesl TUIITEri
VIIKBIP Kaiibuiap (0apabaHabl MEH HiHII-IIATYH/IbI
KaWIbIIapJblH  OPHBIHA) KEHIHCH KOJIJaHBUIJIBL.
KalmbeIHBIH ~ KYpBUIBIMABIK ~CXEMachl 3-CypeTTe
KOpPCETLITEH.

Koraprpl meimak 1 sxakrayra OeKIiTLAreH, OJ
Heri3ri JKeTek OimiriHiH 2 SKCIEHTPUKTEpiHIe
TepOeic KO3FalIbICHIH jKacall ajaabl 3 Herisri
OUTIKTIH >XeTeriMeH OaMIaHBICThl KUHEMATHKAJIBIK
KOCBIMILIA aifHaIly jkeTeri 6ap 6 KocaiKbel OUTIKTIH 5

JKCLEHTPUKTEPIMEH OailtmaHbICKaH 4
0aiIaHBICTRIPYIIBI  IMATYHIAAPJBIH KOMEriMeH 3
(znddepenuuangsl, TipeKk Hemece OepilicTiH

KOMETIMEH — cXeMajia KepceTiaMmereH) [4].

Temenri TIBIIIAK 7-1ITaHTCHIUPKYJIbIe
OekiTinreH  >koHe  l-pamaHblH ~ OarbITTAYIIBI
OMBIKTApBIHAA HETI3rl OUTIKTIH 9-3KCIEHTPUKTEpiHEe
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KOCbUIFaH  8-0alIaHBICTHIPYINBI  [IATYHIAPBIH
KOMETIMEH Ko3Fajanbl 3. 2 %oHe 9 3KCIICHTPUKTEpi
OuTikke JuaMeTpii Kapama-Kapchl —OpHANACKaH,
COHJIBIKTAH Heri3ri OUTKTIH 3 OipKesKi allHAITybIMEH
JKOFApFbl MBIMIAK TOMEHICH I, TOMEHT1 IIbIIIaK
KeTepinmimn, jxomak kecimeni. bynm xarpmaiima 6
KOCaJKbl OLTK Herisri OumikneH Oipael OarbITTa
aifHanangpl, 4 OalimaHBICTBIpYLIBI MIATYHAApP 2
SKCUEHTpUKTEepae 1 KakTayabl «IIaAlKalIbD» JKOHE
MBIIIAKTAP AITUTICOUTHI TpaeKTOPUsLIIAP/IbI
cunarraiael. [lpImmakTapMeH paMmaHbIH —TepOelic
aMIUTUTYAChl HEeT13ri OUTIKTIH 2 3KCHEHTPUKTEPiHIH
3 JKaraanbiHa KATBICTHI OLITIKTIH 5
9KCICHTPUKTEPiHIH OpPHAJIACybIMEH aHBIKTANAIbI. 6
O1TiKTiH OaCTaNKbl OPHBIH )KoHE | paMaHbBIH TepOelic
aMILTUTYIAChIH PETTEY/ JKOIa (Kallibuiap >KyMbIC
ICTeN TYpFaH Ke3Ie) JKy3ere achipyra 00J1a/1bl, COHBIH
apKachlHAa  Kecy  Ke3iHAe  TBIIIaKTap  MEH
YKOJIAKTAP/IBIH JKBUTIAMIBIKTAPBIH A9JT YHIIECTIpyTe
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KOJI XKeTKizimesi [4].

Maamuuxmi YuKbIp Katiubl. blctbik
JaibIHAAMAaHBIH alJBIHFBl TETIC eMeC YIIBIH Kecy
YILIiH (>xymBbIC OpaM/IapbIHBIH Kanuopine
MafbIHAAayAbl KUBIHAATAAbl) Y3IIKCI3 JaiblHaaMa
JKOHE COPTTHIK OpHAKTapja MAasATHHKTI YIIKbIP
Kalsliap OpHATBLIA/BL. byn Kalsliap
KO3FaJlaThlH MacCalapiblH YJIKEH HHEPLHUIChIHA
OailylaHbICTBI  ©T€ 0asy OKypeal »JKoHE oJjap
JalpIHAAMaHbIH KO3FalbIC >Kpurmamabirel 1,0—1,5
M/C acIalThIH Ke3]ie FaHa KoJaaHbLIaas! [4].

Kadmbl KpI3Aplpy Temi MeH OpTa COPTTHI
opHakTapna OipiHIN Kapa KIETTepAiH apachIHia
OpHATBIIFaH; AalbIHAaMaHbIH TemnepaTypacsl 1100-
1200°C; ocel TemmepaTypajga JaiibIHIAMaHBIH
MeTaJls1 OepIKTIriHIH (aKKBIITHIFBIHBIH) Ieri 60
MIla; mafibIHIaMaHbBIH KO3FaJbIC XKBUIAAaMABIFEI (0,2
M/c. MaATHUKTI KaWImbel cxemachl 4-cyperTe
KOpPCETIITEH.

5 KaWIIBIHBIH JKETEK OUTIriHAe YII SKCIEHTPUK
O0ap (Cxemama wiHnmi OUTIKTIH MOWHBI TYpiHIE
kepceTinreH). Exi akcTpemanabl sxcienTpuk 100 MM

JKETeK OUIITriHIH OCiHE KaTBICTBI 3KCIICHTPUCHTETKE
ue; Oyl JKCIEHTPUKTEpAE MOHBIHTIpEKTEpAE €Ki
IITAHTEHIMPKYJIb  UTyJli, TOMEHTi JKarblHAa |
KOJJICHEH  TpaBepCIEH  THIFBI3  OaifJIaHBICKaH;
ocbulaiima, OyI eKi ITaHTeHIUPKYJIb eKi OyHipimik
OKCIECHTPUKKE EpKiH UTiHreH Oip MasTHUK OOJbINI
TaObLTAIEI [4].

MasTHUKTIH TOMEHI1 TpaBepciHIe TOMEHTI
nelmak Oexituired. JKerek OUIrHIH OCiHE KATHICTHI

opramra 3kcueHTtpucureri nme 100 mm;  Oyn
OKCIEHTPHUKTE JKOFAPFBl IITAaHTCHIHMPKYJIb 2-Te
OipikTipinareH 3-0aliIaHBICTHIPYILBI
IITAHTEHIMPKYJIb  UTyJi; COHFBICHI TEK TOMEHTI

IITAHTEHIIMPKYIIBIIH 6-0yHipITiK perbCcTepiMeH Xype
anagpl. MasSTHUKTIH 7 aMOPTH3aTOPMEH HIEKTENreH
Oactankbl (TiK) KYWre OpaldyblH >KCHUIAETY >KOHE

XKeIenAeTy YIIIH apHaiibl cepimmeni KypBUIFBI
KapacThIPBUIFaH.
Yupip  nnanemapnviy  xatiwwl.  YUIKBIP

rTaHeTapiisiK Kamibuiap 60x60-100x100 MM KuMachs!
0ap BICTHIK JalbIHIAMaIapabl colikecinme 6,3-2,0
M/CEK JKBIIIAM/IBIKIICH KECYTe apHaJIFaH.
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a-yJIKeH OacTapMeH Kecy; O-Kimri 6actapMeH Kecy; B-KeCy/Ii OTKi3im xidepy

Cyper 5 - laiisiHgaManapabl BICTHIK KECYTe apHAIFaH TUIAHETAPIIBIK JKBIIIAM YIIKBIP KaWTIIbl
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Kaitmpimap y3mikci3 DadbIHIARTBIH OPHAKTHIH
COHFBl KJIETIHIH apTelHAa opHaTbulaabl. Kecy
MexaHm3Mi eki OapabanHan Typansl 1, omapapiH
opKaichichiHAa 2 oHEe 3 Kecy Oactapel 0ap Koc
TUIAHETapJIBIK MEXaHU3MIEP OpHAJIACTHIPBLIFaH.

Bbapabanmapna kaiimsuiap  OyHipiik TipexTepi-
HIH POJIMKTI MOMBIHTIpEKTEp/le €Ki Tipek Oap. bip
TipeK JKaFblHaH OapabaHIap IIEeTKi, TICTI JOHTe-
JIEKTEep apKbUIbI KO3Falla/ibl; TOMEHT1 OapabaH KyaTbl
1300 xBt, 200-230 aitH/MUH TYpaKThl TOK JJIEKTp
KO3FaJITKBIIIBIMEH KOo3Fanansl [4].

BapabGan xererine Kapama-Kapchl KaKTarbl
JKOFaprbl  JKOHe  TeMeHri  OapabGaHmap  KYH
OepinicTrepMeH e3apa 0ailJIaHBICTHI; oy
Oepinmictepain  Oimikrepi OapabaH  TipeKTepiHiH
1IIiHIe oTenl.

Yuolp xatiwvinety saexmp ocemeei. ¥UIKBIP
KaWIIBUIap/IblH,  3JICKTP JKETETiHE IKbUIIAMJIBIKTHI
perTeyre KaTbICTHI JKOFapbl Tajantap KOWBLIAMIbI,
COHBIMEH KaTap JKYMBIC PEKUMIHIE TYPaKThI
OYPBIIITHIK KbIIIAMABIKTE KAMTAMAChI3 €Ty KaXKeT.
Erep ymkeip Kafbuiap xoIakThl KOJIIeHEeH KeCyIiH
Y3IIKCi3 aFbIHABIK JKEeNiCiHe OpHATyFa apHalFaH
Oosica, oHAa OyJ KeNiHIH >KBULAAMIBIFEL Op TYpIi
KaJIBIHIBIKTAFbI YKOJIAKTHI Kecy Ke3iHe
TEXHOJOTHSUIBIK TYPFBIIAH op Typii Oomansr (kecy
KOHJBIPFBICBIHBIH, ~ MaKCUMaJIbl  OHIMAUIITIHIES
canmanbl kecy any yumiH). Ocblnaiima, op Typii
KOJIAKTapasl Kecy Ke3iHAe KBI3MET KOpCEeTeTiH
pPONIMKTEp KaWIIblFa op TYPIl IKBUITAMIBIKTAFBI
KoJaKThl Oepesi vk (Vxk.min. HEH Vkx.Mmax IeHiH);
JIEMEK, YIIKBIp KaWIbUIApbIH KbUIIAMIBIFBI 14 VH
OpTYPJIi KbUIAAM/IBIKTAPFa COMKEC Kellyl KepeK, SIFHU
vk (Vx.Min. HEH Vk.Mmax eiin) mieriae GOybI
KEpeK.

OcBbl TEXHONOTHSUIBIK, MEXaHU3MI'€ KOHBUIATHIH
TEXHHUKAJBIK TaJlanTapra COHKeC KeNETiH 3JEKTp
JKeTeriH TaHmaiMbI3. OIl YIIiH KO3FaJITKBIIITAPIBIH
YII TYpi KapacThIPBULABL: aCHHXPOHIBI KO3FaITKBIIII,
CHUHXPOHIIBI ~ KO3FAJTKBII JKOHE TYPAKThl TOK
KO3FAJITKBIIIIBL.

Y ¢aszanel aCHHXPOHIBI KO3FAJITKBIIIBL Oap
BNIEKTP JKETEeTi OHEPKAciNTe, KOMMYHAIIBIK >KOHE
aybUI MIapyanIbUIBIFBIHAA )KETEKTIH €H KOl TapaJiFaH
Typi OombITt TaOBLIAABl. Byl TO3WITNS aCHHXPOHIBI
KO3FaNTKBIILTBl ~ JKacay  MEH  HaijanaHyAblH
KapanalbIMABIIBIFBIMEH — aHBIKTaJa[bl, CaJMAaFbl,
KaNMel  enmemzepi, KyHbl — TYpakThl  TOK
KO3FaNTKBIITApbIMEH cambICThIpFanaa a3. Omap
COHJIaii-aK TOMEH TEXHUKAJIBIK KbI3MET KOPCETY JKOHE
KOFapbl THIMAUTIK KO QUIMEHTIMEH KOFaphI
CEHIMINIKKE He. ACHHXPOHABI KO3FAJITKBILITAP
¢dazanblK KoHE KbICKA TYHBIKTAIFAH POTOPMEH
kenemi [6, 7].

CUHXpOHABI KO3FAITKBILTAP SPTYPIi >KYMBIC
MalllMHAapbl ~MEH  MEXaHM3MJCPIHIH  3JEKTp
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JKeTeriHIe KEHIHeH KOJOaHbUIaAbl, Oy >KOFapbl
TEXHUKAJBIK-YKOHOMHKAIIBIK KOPCETKIIITepMEH
Tycinaipineni. CHHXpOH/IbI KO3FaITKBIIITAP YKOFAPBI
KyaT KO3(pQHUIMEHTIHE He COSP, OIpIiKKe >KaKbIH
KOHE TINTI 03BIK COSP 00Jybl MYMKiH. CHHXPOH/IBI
KO3FaNTKBIIITBIH O3BIK COSQ-TICH JKYMBIC 1CTEY JKOHE
peaKkTUBTI KyaT Oepy KalijeTi )KyYMBIC peXKUMIiH )KoHE
JNEKTPMEH JKaOABIKTAY JKYWECiHIH YHEeMIUIITiH
JKakcapTyra MyMKiHIIK Oepemi. Kazipri 3amaHfbi
CHHXPOH/IBI KO3FAJITKBIIITAP/IBIH TTaliIalbl dCep €Ty
ko3 durmenti 95 - Ten 98% - ra neitin, Oyn Oipaeit
oNuIeMAep MEH IKbUIIAMJIBIKTAFbl aCHHXPOHIIBI
KO3FaJITKBIIITHIH nanuaaIb acep ery
koadp¢ummentinen 1-men  1,5% Fa OKOFaphl.
CHHXpOHABI KO3FAITKBIITApAA KO3JBIPY TOTBIH
peTTey apKbUIbl MIaMaJaH THIC JKYKTEMEHI peTTeyre
Oomazpl, ajd MmIaMaJaH THIC JKYKTEME aCHHXPOHIBI
KO3FAJITKBIIIIIECH CATBICTHIPFAaH/Ia JKETiHIH KepHeYyiHe

a3 Ttoyenai Oonambl. CHHXPOHIBI KO3FAJITKBIMI
MylieM KataH cunartamara wue. CHHXPOHIBI
KO3FaJITKBIIITHI xobasayIbIH MaHpI3/IbI
apTHIKIIBUIBIFBI-YJIKEH —aya  CaHbUIaybl, COHBIH

cayjapblHaH OHBIH cHUMAaTTamaiapsl MEH KacHueTTepi
MOUMBIHTIPEKTEPAIH  TO3YbIHA  KOHE  POTOPIBI
OpHATYJIBIH JQJICI3MiTiHE a3 Toyeni [6, 7].

TypaKTbl TOK KeTeTi TOYeINci3, napajeib KoHe
apamac KO3ybl Oap KO3FaITKBIIITapAbl, COHMAi-aK
TYPAaKTBl MAarHUTTEPACH KO3yIbl IIaiilalaHamb,
oNapAblH  CcHUMaTTaManapbl OOWBIHIIA  TIyenci3
KO3YIbIH TYPaKThl TOK KO3FaJITKBIIITAPHIHA JKAKBIH.

Tayenci3 Ko3abIpy TYpaKThl TOK KO3FAITKBIIIBI
0ap DSJEKTp >KeTeri Kaszipri yakpITTa peTTENeTiH
9JIEKTP JKETETiHiH Heri3ri Typi OOJbII TaOBLIAIBI.
«backapbUIaThIH TY3ETKIIl — KO3FAITKBIIDY KYHecl
HETI31HJe KYPBUIFAaH TYHBIK JJIEKTP *KETeri JKOFaphl
cama KepCETKIIITEepiMeH >KYMBIC iCTeyIiH OapibiK
PEKUMEPIHAC  JKYMBIC  MallMHAJIaphl  MEH
MEXaHU3MJIEPiHIH  aTKapylibl  OpTaHAapbIHBIH
KO3FaJIbIC KOOPOUHATTAPBIH PETTEyNi KaMTamachl3
eremi [6, 7].

[Mapannens KOHE ToyeInci3 KO3/BIpY
KO3FAJITKBIIITAPBI KATTH MEXaHUKAIIBIK CHITATTaMara
W€, COHJIBIKTAH TYPaKThl JKBUITAMIBIK KaKeT
OosaThiH KOHJIBIPFBIIap/Ia KOJIJaHbLIa IbI
(craHOKTap, WIEKTEy CTaHOKTaphbl). Toyenci3
KO3/BIPY ~KO3FANTKBIITAPbl KEH IKBULAAMJIBIKTHI
PETTEUTIH KyHenepJae KEHIHGH KOJIaHbLIaIbI.
CepHsibIK KO3/BIPY KO3FaITKBIILITAPBIH/A
JNIEKTPOMArHUTTIK ~ MOMEHT  SIKOPb  TOTBIHA
KBapaTThIK Toyennimikke we. CoHABIKTaH, Oy
KO3FaNTKBIIITAp iCKe KOCY Ke3iHAEe YIKEH MOMEHTTEP
Ka)KeT OOJIaThIH KYpBUIFbUIap/ia KOIJaHbIIa b, OHIA
KUl )KyKTemenep Oaitkanassr [6, 7].

HOTUXEJIEP )KOHE TAJIKBLJIAY
AHAUTHKANBIK Tanjgay OapbIChIHAA YIIKBIP
KaWIIBIHBIH 9pOip Typi ©3iHIne Oiperel eKeHiH arar
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eryre Oomampl. JKympic OapbhICBIHIA  OapiIBIK
KalIsIapAaslH,  OipKaTap apTHIKIIBUIBIKTAPEl MEH
KEMIIUTIKTEP1 aHBIKTAIIIBL.

bapabanael YIIKBIp KaWIIbLIapAbIH — HETI3Ti
apTHIKIIBUIBIKTAPbI, OJIapasIH OapabaHmaaphl TYPaKTHI
OYpPBIITHIK JKbUIAAM/IBIKIICH OIpKENKi aiHaiasl
KOHE alfHaIIMaJTbl Maccaap TOJILIFBIMEH
TEHJCCTIPUIreH, COAaH KeHiH Oy  Kadmbuiap
MeTansl 15 M/c HeMece 01aH J1a KOl )KbUIIaMABIKIIEH
Kecyre  MyMKiHIik  Oepenmi.  Amaiima, Oy
KalIIbIIapbpIH Keneci KeMIIutikTepi 6ap:

1) mBIIAKTapIblH KeCy JKHEKTePiHiH KO3FaJIbIC
TpaeKTopusichl  meHOepiaep Oonblll  TaOBLIAIbI,
COHNIBIKTAaH  KOJJICHEH KO3FalaThlH  JKOJIAKIICH
KE3IECKEH/IE KeCy aybICIIalbl OYpHIIITa 00JIaIbl )KOHE
JKOJIAKTaFbl KeCY JKa3bIKTIFBI TIK OOIMaiiipl. Asaiina
OyJ1 KeMIIUTIK JKYKa JKOJIaKTap/aa KecyJlle MaHBI3IbI
eMec;

2) JKONaKThl KeCy TMapajuiesib TMBIIIaKTapMeH
JKY3ere achIpbLIaIbl, SFHU OHBIH OYKiJ eHi OOHBIHIIA,
HOTIDKECIHAE  OJapAbpl JUHAMHUKAIBIK  KOJJaHY
Ke3iHJe YJKeH Kecy KymTepi maiima 6oxamsl. Kecy
KYIIH a3aiTy yImiH Oip WBIIAaKTHl Keyoey eTim
JKacaraH jKeH; (THJIbOTHH[I KaWIIbUiap MPUHIIHITL
OOWBbIHINIA) HEMece IICBPOHMBI, ajaiiia KeH
JKOJIAaKTap/bl YJKEH JKbUIAAMIBIKIICH KeCy Ke3iHue
(xecy mporuecinae ¢ OYpHIIIBI ©3repreH Ke3zie) Oy
MIPUHIIMITI JKY3€Te achlpy MBINIAKTap apachIHAaFrbl
OYHIpIIiK aaKTBIKTBI apTTHIPY/IbI Tajlal eTeIi.

WiHni-maTyHasl KaWIIBIHBIH, —~ apTHIKIIBUIBIFBI
MBIIAKTAP KYPAETi JIUTUICOUATHE TPACKTOPHUSHBI
OpBIHJIANABI, a1 KeCy OpHBIHAA OYJI TpaeKTOpHUs
JKOJIAaKTHIH KOJJICHCH KO3FaJIbICBIHA COMKEC KeJei.
Ka#isIHbIH KeMIILTITi-BIIIaKTapIeIH OipKenki emec

KO3FaJIBICHl KE3iHJIE¢ KEeCy MEXaHU3MiHIH YJIKCH
WHEPIUACH], COHABIKTAaH MYHJAH Kallbiap TeKk 2
M/C  KBUIIAaMIBIKTa  JKOJAKTBl ~ Kecy  YIIiH
KOJIIaHBIIAIbI.

TepOenmeni Kaitbap 6apadaHbl )KoHE UiHITI-
MIATYH/IBl YIIKBIp KaWIbUIapMEH CallbICThIPFaHIa
KeJleci apTHIKIIBUTBIKTAphI 0ap:

1) kecy MexaHU3MiHIH KapanalbIMIbUIBIFbI
MEH CEeHIMLJIIri; TIBIIIAKTap apachIHaFrbl
OYHipiiKk  CaHBUIAYABIH TYPAKTBUIBIFBI, COHBIH
apKachIHA YKOJIAKTHI Calallbl, MEPICHINKYISAP KeCy
KaMTaMachI3 €T/l

2) KeCcy MEXaHM3MIHIH IIIaFbIH OJIIeMIEpi
MCH Maccaaapbl bap, KETEK oimikTepi
MHEPLHIIBIK )KYKTeMesepci3 OipKenKi aiiHaiaab!;

3) kalMamapAelH ~ OIIIEMIIK  Y3bIHIBIFBI
KaJIlaMChI3 JKbIJIAMIBIK PETTErilIiHIH KOeMeriMeH
JKOJNIA peTTeNelNi, KoJaKTapAbl Kecy najairine +1
MM IIETriHAE KOJ )KETKI31Ien1;

4) meIIaKTap MEH YKOJIAKTaPIbIH
KBUIIAMIBIFBIH ~ TEHECTIPYIIH ©Te  KapamaibiM
MEXaHU3Mi;

5) KaHIIBIHBIH KOHCTPYKIIHACH KECYHiH Ke3
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kenreH canbiHa (K I, 2, 3 xome T1.6.)
MeXaHU3MICPIi (MeXaHHUKAIIBIK HeMece
TUJIPABIIMKAJIBIK) KOJIaHyFa MyMKIHIIK Oepei.

Byn kalimemapapl Gi3fiH enjie KoHe IIeTemie
KoJlmaHy Tokipubeci omapapiH 2 M/c  aeiiHri

KBUIAAMIIBIKTa KYKAa JKOHE KEH IKOIAKTBl Kecy
KOHJBIPFBIIAPBIHIA COTTI JKYMBIC ICTEHTIHIITIH
KepceTesi.

MasaTHuKTI YIIKBIP KallbU1apIbIH

apTHIKIIBUIBIKTAPBl KYPBUIBIMBI KapamaibiM JKOHE
CEHIMJNIK, KO3FaJlaTBIH MaccalapJblH  YJIKEH
WHEPIHUACHIHA KapaMacTaH, eTe Oasy. Kemmrinikrepre
camacei3 Kecy (MpoKaT OCiHe MepIeHANKYIIp emMec),
Oasty Kypy, Kapama-Kapchl CalMakTBIH OCEepiHEH
KOJNAKTapael  KaWTapyAblH  y3aK  YaKbITHIHA
OaiimaHBICTBI  KBICKA JKOJNIAKTApAbl  aly  YIIiH
KaWIBIHGI MalajlaHy MYMKIH €MECTIri, coHaal-aK
JKOFapbI TPOQIITBAI MPOKATTHI KECY JKaTabl.
Korapeina aTanraH KalllbUIapMeH
CaJIBICTBIPFaH/Ia, IUTAHETApJIBIK YIIKBIP Kalibuiap
kecy Oacrapel Oap OapabaHmapiblH €Ki Tipek
OpHAACYBIHBIH KOHE ONAPIBIH KETeK >KYHeCiHIH
TEHICCTIPLITreH 0OJTYBIHBIH Keuoip
apTHIKIIBUIBIKTAPBIMEH  €pEKIIeNeHeli, COHIBIKTaH

Oyr kaWmeurap 7 M/CeK  ACHIH  JKOFaphl
KBUIIAMIIBIKTA JKYMBIC icTeil anmanbl. OnapibiH
KEMIIIJIri-Kecy — IUIaHeTapiblK — MEXaHU3MJEPiHiH
KYpJie/i KYPbUIBIMEIL.

YmKelp  KAWIIBIHBIH ~ DJIEKTPp  JKETETiHIH
MEXaHUKAIBIK KACHETTEPiH CHUIATTAHTBIH HETi3Ti
KepCeTKiITep:

1) perrey ayKbIMBI,

2) Teric;

3) yHemuimiK;

4) KBUTIAMIBIK TYPAKTEUTBIFEI,

5) opTypii KBUIIAMIBIKTAFbl PYKCAT €TiITeH
KYKTEME;

6) MeXaHMKAIbIK CHIIATTAMAHbIH KATThLIBIFEL.

OcChbI KOPCETKIIITEP/IiH 9PKANCHICHIH JKEKE
KapacThIpaMebI3.

BypBIITHIK KBUIAAMIBIKTE PETTEY JAHANIA30HBI
TypakThl TOK Ko3rantkeimbiHaa (TTK) ynken, Oyran
MarHuT arbIHBIHBIH ©3repyl HeMece KO3FaJITKbIII
apMaTypacelHa OepiireH KepHey apKbUIbl KOJ
KETKI3UIea. ACHHXpOHABI Ko3ranTkeimrapaa (AK)
OYPBIITHIK JKBUIAAMIBIKTEI PETTEY MYMKIHIIT e
Oap, Oipak auama3oH oHiia yikeH emec. AK kwuimirin
perTey Ke3iHae KbUIAaMIBIKThI 0ackapy Juana3oHbl
ere ynkeH Oomybl MymkiH (100:1 neitin), 6ipak o
pOTOp MEH  MOUBIHTIPEKTEPAIH  MEXaHUKAIBIK
OepIKTIiriMeH MIEKTEeNeI;

Petreyniy Terictiri 6epiyireH >KbUIIaMIBIKTaH SH

YKAKBIH JKBIIIAMJIBIKKA aybICKaH Ke3zie
KBUIMAMIBIKTEIH ~ CeKipyiH  cumaTraigsl.  byn
KBUITAMIBIKTEIH ~ ©3repyi HeFypisIM a3  Oolca,
COFYpJIBIM  Teric Ooyaapl. DJIEKTP JKETETiHIH

TOXKIpHOECiHIE PEeTTEeyNiH €H a3 TericTiri KhICKa
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TYHBIKTAIFaH POTOPHI 06ap eki KeuaamMasiKTel AK ne.

Kepicinme, toyencis xo3y TTK-ma xorapsr
TETICTIKKE KOJ XKETKI31Ie .
Perreymin yHeMIiumiri KYMBIC —ITUKJIIHACTI

PEaKTHBTI SHEPrHAHBIH KyaT Ko3(ppHUIHEHTIMEH
JKOHE TYTHIHBUTYbIMEH cunarraianbl. CHHXPOHIBI
kosrantkpimrapaa  (CK)  KyaTThlH — peaKkTHBTI
KOMITOHEHTIH MHHHUMyMFa JeHiH TOMEHIETyre
MYMKIHIIK OepeTiH KyaT KOMIIEHCAaTOpJaphl peTiHe
KOJIIaHbLIAAbI, ajlaiiia OyJl JKETEKTIH JKYMBICHIH
KUBbIHAATaAbl )KOHE OHBIH KYHBIH apTThipagbl. TTK-
HBIH KyaT KOd(QHUIMEHTI TeMeH. bByphIITHIK
JKBUTIAMTBIKTHIH TYPaKTBUIBIFBI KYKTEMe
MOMEHTIHIH  OepiireH  aybITKybIMEH  OHBIH
e3repyiMeH CHUMATTaNajbl JKOHE MEXaHHWKAIBIK
CHMIATTaMaHbIH KAaTThUIBIFbIHA OaimaHbIcTel. AK
OYPBIINTHIK  KBUIIAMIBIFBIH ~ PETTEY  Ke3iHje
CHUITaTTaMaHBIH KATTBUILIFBI ©3TrePETIH/IIKTEH,
JKBUTIAMIBIKTBIH Oepinrex JKBUTAAMIBIKTaH
ayeITKysl  na  e3repeni. TTK — OypbIITHIK
KBUIIAMIBIFBIH PETTEY Ke3iHAE KATTBUIBIK 9peH
osrepemi. CK-ma eH  KoFapel  KBUIJAMJIBIK
TYPaKTBUIBIFBI, O©UTKEHI OJI ©T€ YKaKChl CUTIaTTaMara
ue;

[[lamagas TBIC KYKTEME  CHIUBIMIBLIBIFBI
KO3FAJITKBII JAMBITATBIH MaKCUMaJII MOMEHTTIH
KO3FaJITKBIILTHIH HOMHHAJIJIBI MOMEHTIHE
KaTelHACBIMEH  cumattanagsl. Ocbl  KpHUTepHii
OOWBIHINIA CaJBICTBIPY Ke3iHAe TYPaKThl TOK
kosranTkeimel AK  men CK-ka  kaparaHma
apTHIKIIBLIBIKTapFa ue, OWTKeH1 TOMEH
afHapIMIapaa oJap IaMaJaH ThIC IKYKTeMe
KalijeTiHe ue eMec.

ANBIHFAaH HOTIDKENIED COHFBI  XalbIKapallbIK
3epTTeyNiepMeH colikec Kenemi. Druzhinin xoHe
apinrectepi [8] BICTBIKTAN WIEMIEY OpHAKTAPHIHBIH
JNEKTP >KETEKTEpiH 0acKapyaAbl >KETIIAIPY apKbLIbI
JKBUIIAMJIBIKTBIH —~ TYPAKTBUIBIFBI MEH  JKYHCHIH
JTUTHAMHKAITBIK cUNaTTaMaliapblH KaKcapTyFra
OonaTeiHBIH KepceTTi. bynm 06i3miH 3eprreyimizae
ToyeIci3 KO3ABIPBIIaTHIH TYPaKThI TOK
KO3FAJTKBIIBIH  TaHAAYABIH THIMIUITI  TypaJibl
KOPBITBIHABIHBI KOJTAH/IBI.

ConniMeH Katap, Kmecik »xone opinrectepi [9]
OapabaHnpl  YIIKBIp  KaWIbulapAaslH — Oackapy
KYPBUIBIMBIH KaCaHJbl WHTEIUIEKT JIICTEP] apKBLIbI
OHTAMIAHIBIPY KECY ASNIITIH jKOHE KYHEHIH )KYMBIC
TUIMIUTITIH apTTHIPATHIHBIH AQJIeTAereH. by yIKeIp
KaWlbLIapAbsl  KeTULMIPYIIH  Kaszipri  OarbIThI
KOHCTPYKIIMSUTBIK ~ IICHIMICPAI  MHTEJUICKTYaIIbI
Oackapy KyHenepiMeH YHiecTipyre Heri3leNneTiHiH
KepceTe/i.

KOPBITBIHbI
3epTrey HoTHXKenepi OoibiHIIA OapabaHabI
VIIKBIp KaWlibulap KYPBUIBIMBI JKarblHAH — ©TeE
KapananbIM, >KYMBICBIHa CEHIM/I1 IeTe€H KOPBITHIH/IBI
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Kacayra Oomabl. bapabannap TYPaKThI
JKBUIAAMIBIKIICH OIpKeNKi aiiHaJaThIHABIKTAH KOHE
alfHaIIMaJIbl Maccanap TOJILIFBIMEH
TEHACCTIPUITEHIIKTeH, OJap KaWIIbIHBIH Oacka
TYpJIEpiHE  KaparaHia alTapiblKTail  YKOFapsbl
JKBUIIAMIBIKIICH KECyTe MYMKIHJIIK Oepe/ti.

YIIKbIp KaWIIBIHBIH 3JEKTp JKeTeri OoWbIHIIa
KYpri3iireH — TanjaylJa  YIOKBIp — KaWIIBIHBIH
JKYMBICBIHBIH ~ TEXHOJIOTHSUIBIK ~ €PEKIIETIKTepl
OotipiHma Toyenci3 Ko3yaslH TTK-mibr GapbrHma
KaHaraTTaHABIPBUIATHIHIBIFBl AHBIKTAIABI. OCHIHBIH
OopiH  eckepe OTBIPHIN, YIOKBIp  Kalmbuiap
MEXaHU3MIHIH  KETEKTI JJIGKTP  KO3FAJITKBIIIbI
peTiHme  Toyeinci3  KO3yNbIH  TYPaKThl  TOK
KO3FaJITKBIIIBIH KaObUTIalMBI3.

Mpyoodenep Kakmwizvicbl. ABTOpIAp  OCHI
3epTTeyli OpBIHIAY JKOHE MaKaJlaHBl >KapHsIay
OapbIcBIHIAa MYAJeNnep KaHIIbUIBIFBl JKOK eKEHiH
MOTIMICHII.

Aemopnapovty ynecin kepcemy (makcoHomus
CRediT): O.E.Barbipoex 3epTTey
TYKBIPBIMIaMaChIH azipaey, o/licHaMaHBI
KaJBIITACTBIPY, 3€PTTEYAl JKYPTidy, HOTHXKeNIepai
Tannay, MakaJlaHbIH 0acTanKbl HYCKACHIH JaibIHAAY .
I''A. CuBsikoBa — FBUIBIMH JKETCKIIIIK, 3€pTTCY
ollicHAMachlH JKETULIIpY, HOTWXKENEpHAi TeKcepy,
MakajaHbl FeUIbIMM penakiusuiay. B.K. ThITIOK —
FBUIBIMHA ~ 9NIeOMeTTepai  Tanmay, HOTIKEIep.l
TYCIHAIpY, TEXHHUKaJbIK KeHec Oepy, MaKaJaHbl
periensmsiay. Y., MaMHpPoOB — MOJIIMETTEpIi
Tanmuay, WJUTIOCTPAIHSITBIK MaTepraIIapIbI
JMadbIHIay, TEXHUKAIBIK IIennMiaepai Oaranay,
HOTIDKEJIEP/Il TANKbLIayFa KaThicy. bapiibik aBTopiap
MaKaJaHblH COHFBl HYCKAaChIMEH TAaHBICHIT, OHBI
JKapusaiayra MaKyJI1aIbl KoHE 3epTTIey
HOTIKEIIEPiHIH 1YPBICTBIFBIHA OPTAK JKayaIrKepIIiIiK
anajpl.

Kapoicornanowipy. 3eprrey CBIPTKBI
Kap>KbUIaHBIPYCHI3 OPBIHIAIIBI.

Anevic.  ABTopmap  3epITeydi  OpbIHIAyFa
FBUIBIMH ~ JKOHE  YHBIMAACTBIPYIIBUIBIK — KOJIAY
KepceTkeni ymiH Kaparanapl HMHIYCTPHSUIBIK
YHHBEPCHUTETIHE, Kpusoii Por YITTBIK
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Abstract. The article is devoted to solving the problem of a high level of false positives (FPR) in fraudulent transaction
detection systems. The research aims to develop and validate a hybrid machine learning model based on the Blending
architecture. The scientific novelty of the work lies in the application of a weighted meta-classifier optimized to minimize
FPR on highly unbalanced financial data. A combination of gradient boosting and anomaly detection methods is used as
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Andamna. Makana anaskTHIK TPaH3aKIISUIApIRl aHBIKTAY KyHenepinzaeri skainrad oH mo3utuBTepAiH (FPR) >xorapsr
JeHTeHiH IIenryre apHaiFaH. 3epTTeydiH MakcaTbl-Blending apxurekTypachlHa HeETi3NIENTeH MAIIWHAIBIK OKBITYIBIH
THOPHUITI MOMETIH o3ipiiey XoHe Tekcepy (apamacteipy). KYMBICTBIH FBUIBIMH JKaHAJBIFBI-)KOFAphl TEHIepiMCi3
KapKbUTBIK nepektepnae FPR-ni a3aiiTy yuiiH oHTaiIaHIBIPBUFaH OJIIICHICH MeTa-KiaccudukaTopabl Koaaany. Herisri
AJroput™Maep peTiHAe TPaJMEHTTI KYLIEHTYy MEH aHOMAJMSHBI aHBIKTay OAICTEPIHIH TIpKeciMi KOJIaHBUIA/IBL.
DKCIEPUMEHTTIK HOTHXKEJCP YCBHIHBUIFAH TOCUT INAOYBUIIAPIBI AHBIKTAYABIH JKOFAphl JOJITIH (IONAITiH) cakTai
OTBIPHIN, JSCTYPI JKAIFBI3 MOJICIBIACPMEH koHE Stacking omiCiMEH callbICTBIpFAHMA JKalFaH NaObUIIap CaHBIHBIH
aiiTapJbIKTali TOMEHJICYiH KaMTaMachl3 €TETiHIH KopceTe/Ii.
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I'MBPUJHBIE AHCAMBJIEBBIE MOJIEJIN MAIIMHHOI'O OBYYEHMUSA OIS
CHUKEHUS YPOBHSI JIOKHOITIOJIOXKUTEJBHBIX CPABATBIBAHUM (FALSE
POSITIVE RATE, FPR) IIPU OBHAPY)XEHUN MOIIEHHUYECTBA B
OUHAHCOBBIX TPAH3AKIIUAX
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Annomayus. Ctathsi OCBSIICHA PELICHUIO IPOOJIEMBI BEICOKOTO YPOBHSI JIOKHOIIOJIOKUTENbHBIX cpabarpiBanuii (FPR)
B CHCTeMaxX OOHapyKeHHs MOIIEHHHYECKHX Tpausakuuit. [[enpro MccimemoBaHus SBIsETCsS pa3paboTKa W BasTHIAIlHst
THOPHIHON MOJIEITM MAIIMHHOTO 00YUeHHMsI Ha OCHOBe apXuTeKTyphl Blending (cmemusanue). Hayunast HoBH3Ha paGoThI
3aKJIFOYAeTCs B MPUMEHEHHHU B3BEIIEHHOTO MeTa-KiaccH(ukaropa, ONTUMHU3UPOBAHHOTO JUIi MUHMMU3anuu FPR Ha
CHJIbHO HecOaTaHCHPOBAaHHBIX (PUHAHCOBBIX JAHHBIX. B KauecTBe Ga30BBIX AITOPUTMOB HCIOJIB30BaHA KOMOWHAITHS
TPaJMEHTHOTO OYCTHHTa U METOIOB OOHAPYKEHHs aHOMaNHi. DKCIIepUMEHTATbHBIE PE3YIIbTAaThl IECMOHCTPUPYIOT, YTO
MPEIUTOKEHHBIA TIOMX0J] OOECIeYMBACT 3HAYMMOE CHIKCHHE KOJIMYECTBA JIOKHBIX TPEBOT 10 CPABHCHHUIO C
TPaJAULHOHHBIME OJHHOYHBIMH MOACISIME M MeTomom Stacking, coxpawsis mpu 3ToM BBICOKYRO To4HOCTH (Precision)

ACTCKTUPOBAHUSA aTak.

Kniouegvle cnosa: ancamOieBble METOJbl, OJICHIMHT, JIOXKHOIIOJIOXKUTEIbHbIE CpabaThIBaHUs, MeTa-Kiiaccupukarop,

Precision, FPR.

OCHOBHBIE MMOJIOKEHUSA

Ha  ocHOBe  CpaBHHUTEIBHOIO  aHaIu3a
COBPEMEHHBIX aHCaMOJIEBbIX U TMOPUAHBIX MOJENeH
MalIMHHOTO  OOy4YeHHs  YCTaHOBIEHO,  4YTO
apxutekTypsl Blending w rubpumHbIE MOIENH,
COYETAaIOIMe METOJbl TI'PAaAUEHTHOTO OYCTHHIA C
ITOpUTMaMH OOHApY)KEHHS aHOMaJMi, HauOoiee
3¢ GeKTUBHO 00€CIeUMBalOT CHIXKEHHUE YPOBHS
JIOXHOTIOJNIOKUTENBHBIX  cpabateiBanmii  (False
Positive Rate, FPR) mnpu coxpaHeHUM BBICOKOIA

TOYHOCTH OOHapyXeHUs MOIIICHHUYECKUX
(hPMHAHCOBBIX TPAH3AKIIHH.
BBEJEHUE
OOHapyxeHHEe MOLICHHMYECTBa B  cdepe

(MHAHCOBBIX TpaH3aKIMii OCTaeTcs OJHOH U3
HanOoJjiee KPUTWUYHBIX 3a1ad A OaHKOBCKOTO
CeKTOpa 1 GUHTEX-KOMIIAaHUH. Y BeInueHne 00bEMOB
MUQPPOBBIX TUIATEXKEH M MOBBIIICHUE U30IIPEHHOCTH
MOIIIEHHUYECKUX CXEM ITPUBENH K POCTY INI00ATLHBIX
(UMHAHCOBBIX MOTEPh, CTUMYJIHPYAd pa3pabOTKy
MNpOABUHYTBIX CHUCTEM Ha OCHOBC MAIIMHHOI'O
00yueHHS. Hecmorps Ha BBICOKYIO
MPOTHOCTHYECKYIO MOLITHOCTb COBPEMEHHBIX
ANTOPUTMOB,  KIIIOUEBOW TpobiIemMol  ocTaercs
HECIIOCOOHOCTD TPAAULMOHHBIX MoJeIe
3¢ dhexkTrBHO 6amaHCHPOBATh MEXAY OOHAPYKEHHUEM
peasbHOro MOIIIEHHUYECTBA (Recall) u
MI/IHI/IMI/ISBHI/ICI‘/'I JIOXKHOITIOJIOKHUTEIBbHBIX
cpabareiBanuii (False Positive Rate, FPR).
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JlaHHOE WCclleZ]oBaHNE HAIeNIeHO Ha TITyOOKHH
aHaM3 H CTPYKTYPUPOBAHHBIM 0030p HayYHBIX
crareii u keiicoB (2020-2025 rr.), MOCBSIIEHHBIX
MPUMEHEHUIO aHCAaMOJIEeBBIX M THOPUIHBIX MoOJenen
MamuHHOTO 00yueHus. (OcHoOBHas 3ajxaya
BBISIBUTH ApPXUTEKTypHEIC peleHus u
ONTUMU3ALOHHBIE CTpaTeTHH, KOTOpBIE
obecrieunBarOT MEHIMAaITbHEIN FPR mipu coxpanennu
BBICOKOW  3(dexkTuBHOCTH  OOHApYKEHHUs, 4YTO
ABISIETCS.  MMIIEPaTHBOM  JUIS  ONEPallMOHHOMN
Ha/Ie)KHOCTU (PMHAHCOBBIX CHUCTEM.

Cucrtembl OOHapyXeHHsT MOIICHHHYECTBA B
(MHAHCOBBIX  TpaH3aKUHUAX  CTAIKHBAIOTCS  C
HE00XOIUMOCTBIO MO IEPKUBATh BBICOKYO
TOYHOCTh NP MUHMMAJIBHOM KOJIMYECTBE JIOXKHBIX
TPEBOT, TIOCKONBKY WMeHHO FP-cpabareiBanus
¢dbopmupyror peasbHble OIepaLuOHHbIE u
penyTanuoHHble pucku. VHTEpec k aHcaMOJIeBbIM U
THOPUIAHBIM ~ MOJEISM Stacking, Blending,
Boosting u  Bagging 0o0ycCJIOBIEH  HX
CIOCOOHOCTHIO TIOBHIIATH YCTOWYHUBOCTE PEIICHUH B
YCIOBHAX ULIYMHBIX JaHHBIX M  BBIPQXKEHHOTO
KJIaCCOBOT'O ucOanaHca.

Bricokuit ypoBeHp FP mpuBoguT K pocTy
00bEMa PYYHBIX TPOBEPOK M CBS3aHHBIX C HUMH
3arpar. [1o onenkam 2025 rona, 10 4eTBEPTH OHIIANH-
TPaH3aKIWH MOXKET YXOAHUTh Ha PYYHYIO 00paboTKy,
a pacxoJibl Ha TIEPCOHANl U CONPOBOXKJICHUE CIIOPOB
nocturalor  1-2%  Belpyuku. Ilpm orcyrcTBHM
KoHTpoJst FP maxe Xxopomio aBTOMaTH3MpPOBaHHBIE
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MIPOLIECCHI CTaHOBATCSA Hea(ppeKTUBHBIMU.
OmmuboyHble  OJIOKUPOBKA  TaKXKe  YXYIIIAIOT
KJIMEHTCKUM OIBIT, CHWXKAasi JIOBEPHE U KIIIOYEBHIE
OM3HEC-METPUKH, BKJIIOYas MOXHU3HEHHYIO
LIEHHOCTb KJIMEHTA U IT0Ka3aTeN ! J0SIbHOCTH.
[leperpy3ka cuUCTEM MOHHUTOPUHIA JIO>KHBIMHU
TPeBOTaMH CO3JAET «yCTallOCTh OT TPEBOT» U
MOBBIILIAET PUCK NPOITyCKa PeajbHBIX MHIUICHTOB.
3TO MNPUBOAMT K PETYISATOPHBIM HAPYIICHUSIM:
Tonbko B 2024 roxgy mrpadbl 3a HEIOCTATOYHBIN
KOHTPOJIb TpaH3aKUWU mpeBbicHId 3,3 MIPA
nojutapoB.  Takum  o0Opa3oM,  TOYHOCTb U
po0aCTHOCTh MOJIENICH SIBISIOTCSL  KPUTHYCCKUMHU
TpeOoBaHUAMHM A7l (PMHAHCOBBIX OpraHM3alui. OTn
po0IIeMbl yeyryoIstoTes IKCTPEMAIIbHOM
HecOaTaHCHPOBaHHOCTHIO JTAaHHBIX: JIOJISE
MOILIEHHUYECKUX Olepaluii HEPeaKo HE MPEBBIIIAET

0,18%. B Takux yCIOBUSAX TPaAUIMOHHBII
MOKa3aTeb Accuracy CTaHOBUTCS
MaJIOMH()OPMATUBHBIM:  KJaccU(UKATOp, Bceraa

npencxa%mammnﬁ ICTUTUMHO», JECMOHCTPUPYCT
Accuracy cBeimie 99,9%, HO TIpaKTHYECKH HE
BBISIBIISIET  ¢pox. M3-3a  orpoMHOrO  umcna
JICTUTUMHBIX onepauﬂﬁ J11000¢€ CMELICHHUC ITIopora B
CTOPOHY YBEITUYEHUS TOTHOTHI Pe3KO MOBhImaeT FP,
JAcjiasd KIIaCCHUYCCKHUE MOJACIIM, HE aAallTUPOBAHHBIC
K ,uHc6anchy, HENIPUT'OAHBIMU JI MPAKTUYECKOI'O
WCTIONB30BaHUSA. OJTO CTUMYJIHPYET TpUMEHEHHE
METOO0B, OPUCHTUPOBAHHBIX Ha IIOBBINICHUEC
TOYHOCTH W KOHTpoiib FPR B ycnoBusix peanbHbIX
(PMHAHCOBBIX TIOTOKOB.

IlIpoben 6 uccnedosanuax. HecMoTpsa Ha
3HAQUUTEJIbHOE  KOJMYECTBO  HCCIEAOBAHUM,
MOCBSIIEHHBIX NPUMEHEHUI0 aHCaMOJIEBBIX H
THOPUIHBIX METOJIOB MAIIMHHOTO O0YUYEHUS JIJIs
0oOHapy>XeHHsI MOIICHHUYECTBA B (PMHAHCOBBIX
TpaH3aKLHUsX, OOJIBITMHCTBO pabot
OPUEHTHPOBAHO MIPEUMYILIECTBEHHO Ha
MOBBIIIICHUE OOIIEH TOYHOCTH WM TIOJHOTHI
oOHapyxeHusi. [Ipu 3TOM CpaBHUTEIBHBIN
aHAJIN3 COBPEMEHHBIX aAPXUTEKTYp C TOUYKH
3pEHUs MUHHUMM3ALUN YPOBHS
JIOXKHOTIOJIOKUTEIbHBIX cpabaTeiBanuii (False
Positive Rate, FPR), ocobernHo B ycioBusix
CWIIBHOTO JucOallaHca KJIACCOB, MPEICTaBICH

HemoctatouyHo. Kpome TOro, orpaHumueHHOE
BHUMAHHUC YJCJICHO OLCHKC MMPAKTUYCCKUX
MpeuMyIIecTB  apxuTekTypsl Blending 1o
CpPaBHEHHIO C  JPYTUMH  aHCaMOJIEBBIMH
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MOAXO0JIaMU MPH €€ UCTIOIB30BaHUU B PEaTbHBIX
(DMHAHCOBBIX CHCTEMaX.

Hayunaa noséusna. Hayunas HOBU3HA
MCCIIEIOBAHMS 3aKJIF0YAeTCsl B CUCTEMAaTH3aIl[u1
U CpPaBHUTEIHLHOM aHAJIU3€ COBPEMEHHBIX
a"HcaMOJIEBBIX u TUOPUTHBIX MoJelen
MaIIMHHOTO O0YYEHUS C aKIICHTOM Ha CHIDKEHUE
YPOBHS JIOKHOIIOJIOKHUTEIbHBIX CpadaThIBaHUI
(False Positive Rate, FPR). Ha ocHoBe ananmuza
Hay4HBIX ITyOJMKAIMi OIpeesieHpl Hanbosee
3pGEKTUBHBIE  ApXUTEKTYpPHbIE  pELICHUS,
MOKa3aHbl MPEUMYILeCcTBAa THOPUAHBIX MOJENei

Ha ocHoBe Blending u chopmynupoBaHb
NPaKTHYECKHE PEKOMEHJAMd 10  BHIOOPY
METOIOB MAaIIUHHOTO o0yueHHs st

OOHapy»XCHHS MOIICHHUYECTBA B YCIIOBHUSX
CWJIBHOTO JucOananca GMHAHCOBBIX TAHHBIX.

OCHOBHASA YACTb

B ocHOBy maHHOro 0030pa IOJOXKEH aHAIU3
IMITUPUYECKHUX HCCIECJOBaHUH, OITyOIIMKOBAaHHBIX C
2020 mo 2025 rox, B KOTOPHIX HCIOIB30BAIHUCH KAK
nyOnuuHble HaOOpHI JaHHBIX (Hampumep, European
Credit Card Transactions, IEEE-CIS Fraud
Detection) , Tak ¥ BHYTpPEHHHE KOPIIOPATHUBHBIC
keiicbl. OCHOBHOW METOJT — CUCTEMAaTUIECKHUI 0030p
aureparypsl (Systematic Literature Review, SLR)
JUIsl CpaBHEHHsI aHCaMOJIEBBIX apxXxuTeKTyp: Bagging,
Boosting, Stacking u Blending.

AHcaMOieBbIe METOIbI HCIIONB3YIOT HPUHLIUI
arperanuu IIPOTHO30B Ui HOBBIILIEHUS
CTaOMIBHOCTH M 0000mIaoneil cnocoOHOCTH, 4YTO
KPUTUYECKH BaXXKHO A (OpMHUpPOBAHUS TOUHBIX
I'paHMLl IPUHATHUS PEIICHUM M, KaK CJIEACTBUE, UL
CHI)KEHHS CITyYaiHbIX JIOXKHBIX cpabaTbiBanuii (FP).

Stacking u Blending npusHansl HamOonee
3G PEKTHBHBIMU aHCAMOJIEBBIMU apXUTEKTYyPaMH JUISI
MPSIMOTO yIpaBJICHUS FPR [1]. Onu
NO3BOJSIIOT ~ MeTa-Kinaccudukaropy  (Layer  2)
NPUHAMATh  KOHCEPBATUBHBIE,  BBICOKOTOYHBIC
pelieHus, JOBepss TMPOTHO3y MOIICHHHYECTBA
TOJIBKO NPH CHJIBHOM, COTJIACOBAHHOM CHUTHAJe OT
0a30BBIX MOJIENICH.

s moCTKEHHMS ONTHUMAalIbHOTO — OajaHca
Mexkay OOHapykeHHeM u3BecTHbIX (Supervised) u
HOBBIX (Unsupervised) MomeHHHYECKUX TTATTEPHOB,
uccienosanns 2020-2025 romoB  MOKa3bIBAIOT
MPEBOCXOJICTBO THOPHTHBIX aHcaMmOJei,
HMHTETPUPYIOILUX METOIbI OOHAPY>KEHHUS aHOMAJTUH C
MOIIHBIMH I'PalMCHTHBIMU OYCTHHIaMH:
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Tabauna 1 - CpaBHeHue aHCaMOJICBBIX apXUTEKTYP U UX BIUsIHUE Ha cHkeHne FPR

Apxurektypa Mexanusm Arperanuu Ocnosroe I[Ipenmyiectso Ponb B CHmxennn FPR

Bagging [MapaiensHoe 00y4YeHue, CHUKCHUE TUCIIEPCHH, KocBeHHOE; TOBBIILICHIE

(Random rOJI0OCOBaHUE/YCPEIHCHHIE poGacTHOCTh CTabHIILHOCTH IIPOTHO30B,

Forest) CHIDKEHUE ClTy4aifHbIX FP.

Boosting IMocnenoBarenbHOE Bbicokast iporHocTiIecKast IIpsimoe; MOKET ObITh HACTPOCH

(XGBoost, o0ydeHue Ha oIMoKax, MOIIHOCTb, (POKYC Ha Ha u3beranue FP ¢ momomsio

CatBoost) B3BEILIMBAHKE CIIOXKHBIX TIPUMEpPAx CrIeUAIN3UPOBAHHBIX (HYHKIHI

HOTEPb.
Msuoroyposuesas (LO + MakcumansHas IIpsamoe; meTa-mMo1eIb yUnuTCA

Stacking Meta-Model) arperamus ¢ MPOU3BOAUTENLHOCTS, KOHCEPBATHBHOMY,
ucronb3oBannem OOF- COYCTaHHE CHJIBI BBICOKOTOYHOMY HPHHSTHIO
MIPOTHO30B Pa3HOPOHBIX MOIETIEH pElIeHUH.

Blending Msuoroyposuesas (LO + IpocToTta pa3BepThHIBaHYS, [psimoe; obecrieunBaeT
Meta-Model) arperamus Ha MIPEIOTBPALICHUE YTEIKH poOACTHOCTH M BHICOKYIO
otaenensnom Holdout naGope | mannbix (Leakage) TOYHOCTh, CX0XKYI0 co Stacking,

HO C MEHBIIUMH PHCKAMH
MLOps
I'mbpunnas ApxurekTypa Autoencoder / gans aHanm3a Mojeneil, OpPHUCHTHPOBAHHBIX Ha
Isolation Forest + XGBoost/CatBoost: HaubGomee cHmxkenne FPR. B ycioBusix, korma mons
YCHEIIHbIE KEHCHl TMOCTPOCHBI HAa JBYXATAIMHOM  MOIIEHHWYECKHMX  TpPAaH3aKIUHA  MOXET  OBITh
cucremMe. Ha mepBoM JTame HEKOHTPOIMpyeMble MNpPEHEOpEe:KUMO Malloi, ToKaszarens Accuracy
MOJIeTTH (Autoencoder, Isolation Forest) yTpaumBaeT CMBICIOBYEO HArpy3Ky, MOCKOIJBKY
WCIONB3YIOTCS A1 BBISIBICHUS  GHOMAAUNi  OTPAXXaeT NPEUMYLIECTBEHHO JOJI0  MCTUHHO
(oTxkinoHeHUN OT HOPMEI). IlOCKONBKY aHOMamMM  OTPULIATEIBHBIX HaOJIOICHHIA, KOTOpBIE
MOTYT OBITh KAk MOIICHHMYECTBOM, TaK W CTAaTUCTHYCCKH JIOMHUHHPYIOT B BbIOOpke. Emié
JICTUTUMHBIMH, HO HETUIHYHBIMH paH3aKIHUAMH  OONbIIeH MpoOIeMOil SBISETCS HUCIOJIL30BAHHE
(Boicokuit FPR), ux ckopunru 3arem momatotcst Ha ROC-AUC, mockonbky (opMalbHO CHUKaIOIIeecs
BXOJl KOHTponupyemoMmy aHcamOmio Layer 2 FPR moxer ocraBaThCs MPakTHYECKA HEU3MEHHBIM
(XGBoost/CatBoost) [2] Oror  aHcamOnb, BCieACTBHE OrpoMHOro yucia TN. DTo mpuBOIUT K

00y4YCHHBI Ha Pa3MEUCHHBIX NAHHBIX, MCIOJIb3YeT
CKOPUHT aHOMAIIUU KaK OONOIHUMENbHbIL NPUSHAK,
4T00BI OTHUIBTPOBATH JIeTHTUMHBIC aHOManuu (FP)
U MOJATBEPANTH HAIMYKE MOILIEHHWYecTBa. [Ipumep
Ketica: I'nOpunnbiii GppeiiMBOpK, KOMOHHUPYFOIIUIA
HEKOHTPOJINPYEMBbII aBTODHKOJZED c
KOHTpoupyeMbiM kiaccudukatopom XGBoost nHa
nyonumaHOM Jaracete, mpoctur Precision 0.9569 mpu
Recall 0.9250 u F1-score 0.9407. Takoii BbICOKHIt
nokasarenb Precision mpsMo CBHAETENBCTBYET 00
ycnemHoi MuauMu3anmu FPR.

I'uopunueie GBDT: WccnemoBanust —Takxke
npemiaraloT ontuMusupoBanueie  GBDT-monenw,
HHTETPUPOBAaHHBIC CO CTpyKTypamu Random Forest,
Hanpumep GBM-SSRF (Gradient Boosting Machine
with Simplified and Strengthened Random Forest).

Takue TOIXOMBI  YIy4YIIAlOT pPOOACTHOCTH W
BEIYHCIATEIHHYIO 3¢ (eKTUBHOCTD GBDT,
OJTHOBPEMEHHO CHIDKAs CKJIOHHOCTb K

MepeoOydYeHnI0 Ha HecOATaHCHPOBAHHBIX JTAHHBIX,

9YTO KOCBEHHO TMOAAepkrBaeT Oonee Hu3knit FPR.
Wntepnperanusi pe3ynbTaToB MOJYEPKUBACT

HEIOCTaTOYHOCTh TPAJUIMOHHBIX METPHK KauecTBa
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MackupyoomemMy 3p¢GexTy, Koraa BeICOKast IIO0IAAb
nmon ROC-kpuBoil co34aéT WILTIO3UI0 HAAEKHOCTH
MOJIENIM, XOTS B IKCIUIyaTallMOHHOM pEXMME OHa
TCHEPUPYET HENPUEMIIEMO MHOTO JIOXHBIX TPEBOT.
HccnenoBanusi mociaeqHUX JIET MOJYEPKUBAIOT, UTO
ROC-AUC sBasieTcss METPHUKOM, HEIOCTATOYHO
gyBcTBUTENbHOW K FP  mpm  sxcrpemanbHOM
nucOanance, a 3HAUYUT HENPUTOTHON Ui 3a7ad, TAe
OmMO0YHOE OTKJIOHEHHE JIETMTHMHON TpaH3aKINU
OPUBOAUT K  OUIYTHMBIM  ONEPALUOHHBIM |
PEImyTalnOHHBIM TIOTEPSIM.

B coBOKYMHOCTH TIpe/ICTaBICHHBIC PE3YIIbTATHI
YKa3bIBalOT HAa HEOOXOJUMOCTH Iepexojia K Ooiee
CHECLMAIM3UPOBAHHBIM ~ METPHUKaM W MeToJaM
OLIEHKH,  CIHOCOOHBIM  OTpaXKaTb  pPEAIbHYIO
ONEPALlMOHHYI0 HaAEKHOCTh Mozeneu. Ilpuopurer
MOJTy4aeT TOYHOCTh MOJIOKHUTENbHBIX MTPEICKa3aHNH,
a Tak)Ke METPHUKH, ocHOBaHHbIe Ha Precision—Recall-
KPUBOH, KOTOpBIE JIEMOHCTPUPYIOT 3HAYUTEIHHO
Oonee BBICOKYIO YYyBCTBHTENBbHOCTE K FP u
MO3BOJISIFOT ~ KOPPEKTHO ~ OICHMUBATh MOJCIH B
YCJIOBHSIX peanbHOro aucbamanca. Takoil momxon
obecrieyrBaeT HayYHO OOOCHOBAaHHYIO OCHOBY JUIS
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pa3pabOTKH  MpPaKTUUECKUX PEKOMEHAALUH 10
MOCTPOCHHUIO CUCTEM OOHAPYKEHHUS MOIIICHHIYECTBA,
HE TOJILKO JIEMOHCTPHPYIOIIUX BBICOKUE ITOKA3aTeIH
B OKCIEPUMEHTAIBHBIX  YCIOBHAX, HO H
COOTBETCTBYIOIINX IKCILTYaTaIl[MOHHBIM
TpeOoBaHUSIM (DUHAHCOBBIX OPTraHU3AIINH.

[Ipu onenke xauecTBa Mojenel, HACTPOSHHBIX
Ha Hu3kud FPR B ycClOBHSIX CHIBHOTO KJ1acCOBOTO
nucbananca, merpuku Accuracy u AUC-ROC (Area
Under the Receiver Operating Characteristic Curve)
SBJISIIOTCS HEaZIeKBAaTHBIMU U BBOJAT B 3201y XK ICHHE.
Kak o6cyxnanock, 3aBblieHHOE 3HadeHne ACCUracy
(99,9%+) MoOTHOCTEI0O MAaCKHPYETCS MpeodIagaHueM
uctuHHO orpunarenbHbix (TN) TpaH3akuuii, He
MPEIOCTABIISS HUKAKOH HHGOpMALMU O CIOCOOHOCTH
Monend HaxomuTs MomreHHndectso. AUC-ROC:
Kpusass ROC ctpout True Positive Rate (Recall)
nporus False Positive Rate (FPR). ITockosnbky

FP

+
FPR paccunThiBaeTcst Kak FP+TN TN

SABJACTCA OI'POMHBIM YUCJIOM, AAXE€ 3HAYMUTCIIBHOC
YBCJIMYCHUC KOJIUYCCTBA JIOKHBIX Cpa6aTI:IBaHI/Iﬁ

(FP) oxassiBaeT MHHHMAJIbHOE BIWSHHE Ha
3HaueHue FPR. 3Oto «mackupyrommii addexry.
Mognens Moxer wumerb Bbeicoknii AUC-ROC

(mammpumep, 0,97), HO TIpK 3TOM OBITH OTIEPAIMOHHO
HETMPUTOTHON u3-3a HEKOHTPOJIUPYEMOTO
KOJIMYECTBa JOXKHbIX TpeBor. MccnenoBanusa 2020-
2025 romoB momguepkuBaroT, 4ro BbIicOkmi ROC-
AUC He rapaHTUpyeT HAJSKHOCTh MOJCIH B
oOHapyxeHun MolneHHndectBa [3]. s oueHku
Monenet ¢ Hu3kuM FPR, mpumensTcs merpukw,
HanpsMYyIO OTPaKaOLINEe ONEPALIMOHHYI0 CTOUMOCTb
OIHNOOK.

Tab6aunua 2 - MeTpyKH OLICHKH KauyecTBa MPH MUHUMHK3auu FPR

Merpuxka Dopmyna

Pomns B Ontenke Huskoro FPR

Precision (To4HOCTS) TP

TP + FP

Kpurnuecku Baxkna. Hanpsimyto uamepsiet 105110
pEearbHOTO MOIIICHHHYECTBA CPEIH BCEX
TOMEYEHHBIX KaK MOIIIEHHUYECTBO. BrIcokast
Precision o3nauaer Huskuii FPR 1 MUHUMH3AIUIO
Cost of False Positives

(CFP), uto cHMXaeT HArPY3KY Ha OTIepPaI[HOHHbIE
KOMAaHIBL.

AUC-PR (Area Under the Precision-
Recall Curve)

n—-1

i=1

Y(Ri+1 — RpPi+1

30J10TOH cTaHgApT AJIs1 HECOATAaHCUPOBAHHBIX
nanubix. B otmane or ROC, PR-kpuBas
urnopupyet True Negatives, pokycupysch
HCKJIFOUUTEIFHO HA MPOU3BOIUTEIIEHOCTH
muHopurapHoro kiacca. AUC-PR siBisercs Goinee
MOIXOASIICH METPUKOM JJTs1 ONTUCAHUS
CIOCOOHOCTH MOJICIH K 3aXBaTy JaHHBIX O
MOIIICHHUYeCTBE [4].

Ucnons3oaune AUC-PR mo3Boisier oneHuTH
MOTEHIIMAT MOJEIH TI0 COXPaHEHHUIO BBICOKOTO
Recall (MuHHMM3anus (HUHAHCOBBIX IIOTEPH) MPU
arpeCCHBHOM CMEIICHUH ITOPOTa B CTOPOHY BBICOKON
Precision (MuHUMH3aIHS ONIEPAIMOHHBIX 3aTPaT).

[lomydeHHsle  pe3ydbTaThl  COTNIACYIOTCS  C
COBPEMEHHBIMU MEXTyHapOTHBIMU
WCCIIEIOBAaHUSAMA B 0o0NacTH  OoOHapyKeHHUs

¢unancoBoro MomenHnuecTBa. Tak, Almalki wu
Masud [3] moka3aiu, uTo IpUMEHEHHE aHCaMOIEBBIX
mogneneit Stacking B coueTaHMM C MeETOZAMH
Explainable Al mo3BomnsieT 0THOBPEMEHHO TIOBBICUTH
HHTEPIPETUPYEMOCTh ~ MOJIENiei W COKPaTUTh
KOJINYECTBO JIO’KHOTIOJIOKHUTENBHBIX CpadaThIBaHUH.
Kpome toro, cucremarndeckuii 0630p Chen u coasT.

Al ¢ aHcaMOneBbIM OOy4YE€HHEM TMO3BOJISET
OJIHOBPEMEHHO IOBBICUTb TOYHOCTb OOHApPYKEHHS
MOILIEHHUYECKUX  omepauuii ¥ 0o0ecleduTh
HHTEPIPETUPYEMOCTh ~ NPUHUMAEMBIX  MOJEIBIO
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[4] monTBepsKmacT, YTO COBPEMEHHBIE UCCIIETOBAHUS
Bcé yalle OpPUCHTHPOBAaHbI Ha  pa3paboTKy
THOPUIHBIX ApXUTEKTYP, 00BEeIMHAIOLTIX
aHcaMmOJeBble METOJBl W TIyOOKoe OoOydeHue s
MOCTIKEHHSI ~ ONTHUMAaJbHOTO  OamaHca  MEXTy
BBICOKOH TOYHOCTBIO OoOHapyKCeHHS u
muanMusanueid False Positive Rate. Dtu BBIBOIBI
MOITBEPIKIAIOT aKTyaJIbHOCTh pe3yIbTaToOB
HACTOSIIETO UCCIICIOBAHNUS.

B mnocnemnue rompl  ocoboe  BHUMaHUC
yAenseTcs MTOBBITIICHHIO MIPO3PAYHOCTH u
MHTEPIPETUPYEMOCTH  MOJICNICH  MCKYCCTBEHHOIO
WHTEIJICKTA  NPH  BBIABJICHUUW  (PUHAHCOBOTO
MomenHn4decTBa. Tak, D. Vijayanand u G. S. Smrithy
[5] moka3anwm, uTo uHTETrpanus MetooB Explainable
pewennii. B cBoro ouepens, S. K. Aljunaid, S. J.
Almheiri, H. Dawood u M. A. Khan [6] npemmoxnnm
MozieTh (eIepaTHBHOTO OO0yUYeHHS, OCHOBAaHHYIO Ha
texHonorusix Explainable Al, obecneuuBaromniyro
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0e30macHoe W MPO3pavyHOe BBISBICHNE (PHHAHCOBOTO
MOIIIEHHHUYECTBA B paclpenel€HHbIX OaHKOBCKHX
CUCTEMax IpPH COXPaHCHUH KOH(PHUICHIUAILHOCTU
JTAaHHBIX.

BbIBO/IbI
Pesynbratel  0030pa  MOATBEPXKAAIOT, YTO
CO3JIaHWE ONEPAIMOHHO J(PQPEKTUBHONW CHUCTEMBI
oOHapyXKeHHSA MOIIICHHUYECTBA TpedyeT
mepexoja  OT  TPaJAMLMOHHBIX  METOJOB K
MHOT'OYPOBHEBBIM THOPUAHBIM aHcaMOJIeBBIM
apXUTEKTYpaM, ONTUMU3UPOBAHHBIM oJ

merpuku Precision u AUC-PR. [Ins noBbllieHHs
TOYHOCTH M YMEHBIICHUS KOJMYECTBA JIOXKHBIX
tpeBor  (FP)  HeobOXomamMO  IPHAEPIKHUBATHCS
npuopuTuizanuu rudbpunmzanuu. Co3gasaiite Layer
0, couerarommMii MOIIHBIE T'PAJAUEHTHBIE OYCTHHIH
(XGBoost, CatBoost) ¢ meromamu oOHapyKeHHUS
anomanuii (Autoencoder, Isolation Forest). AD-
MOJIEJIN JIOJDKHBI HMCIIOJIB30BAaThCsl Ul TeHEpaluu
OONOJHUMENbHO20 — NPUBHAKA — AHOMALbHOCHIU.
I'nOpunnas monens Layer 2 (GBDT) 3atem yuntes
TOYHO (PUITBTPOBATH ATH AHOMAJINH, KIACCHOUIHPYS
Kak ¢pox TOIBKO T€, KOTOpBIE COOTBETCTBYIOT
W3BECTHBIM  MOIICHHUYECKUM MaTTEPHAM, TeM
caMbIM KOHTponupysa Bbicokuii FPR, mpucymmit
yucteiM AD-MeTomaM.

BeiGupaiite — apxutektypy Blending s
MPOM3BOJCTBeHHOTO pa3BepThiBanus (MLOpS) usz-3a
€€ TPOCTOTHI, CKOPOCTH W HU3KOTO PHCKA YTEUKU
nenesslx maHHbX (Target Leakage), B ormuume ot
CIIOKHBIX CXeM Kpocc-Bamumaruu Stacking. Mera-
knaccudukarop (Layer 2) nomkeH ObITh 00y4YeH Ha
ocHoBanuu Cost-Sensitive Learning (oOy4enust c
Y4eTOM  CTOMMOCTH). JTO  TO3BOJSET  SIBHO
HWHKOPIIOPUPOBATh JIeHEe)KHbIEe 3aTpaThl HA FP u FN B
(GYHKIMIO TIOTEph WIM Ha 3Tale MpPOrHO3HPOBAHUS
(Cost Classification), 4ro mpUBOAMT K MPSIMOMY
YIPaBIEHHIO KOMIIPOMHUCCOM MEXAy (UHAHCOBBIM
puckom (FN) u onepanmonusiM puckom (FP). Jlist
OOpBrOBI C KIIACCOBBIM IMCOATaHCOM HCHOIB3yHTe
texuuku commupoBanus  (SMOTE, ADASYN)
TOJIBKO Ha oOydYaromei BBIOOpPKE M TOJBKO IOCIE
pasfeneHus MaHHBIX, 9YTOObI W30€XaTh YTEUKH

uHpOpMaLMK ¥ HEPEATMCTUYHBIX PE3yIbTaTOB.
Bueapsiite apXUTeKTyphl,  MOJJAEPKUBAIOIINE

unrepnperupyemoctb (XAl), Hanpumep, uepes

ucrnionpb3oBanne SHAP 1  aHanm3a pemieHuit

agcamOiasg. DTO HeoOXoaumo I oOecredYeHus
PEryJISITOPHOTO KOMILTACHCA W MOBBILICHHSI JOBEPHS
OTepaIOHHBIX KOMaH/ K CUCTEME.

Hayunast HOBHU3HA 3aKJIF0YaeTCst B
MOATBEPXKICHUM  MPEBOCXOJCTBA  T'MOPUIHBIX
Stacking/Blending ApXHUTEKTYD, KOTOpEIC
3¢ dexTuBHO HPEOI0JICBAIOT OrpaHUYCHHS,

NPUCYIIUE KaK TPAAMIMOHHBIM SUpervised, Tak u
unsupervised meromam npumeHutenbHO K FPR.
[IpakTHdeckast LEHHOCTh COCTOUT B MPEIOCTABICHUH
KOHKPETHBIX peKOMeHIauH o BBIOOPY
apxutektypbl (Blending mis MLOps), metpux
(Precision, AUC-PR) u MeTOIOB ONTHMH3AIMU
(Cost-Sensitive Learning), MTO3BOJISIOIIIX
(hMHAHCOBBIM YUPEIKICHUSIM MPOEKTHPOBATH
CHCTEMBI,  KOTOpBIE  3HAYUTEIBHO  CHIKAIOT
OTlepaIiOHHbIE PAcXO/bl, CBA3aHHBIE C JIOKHBIMU
TpeBOTaMH, OJHOBPEMEHHO YKPEeIUIss 3alluTy OT
(hMHAHCOBOTO MOILICHHUYECTBA.
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Abstract. The article discusses the task of automatic music genre classification using machine learning methods. An
approach based on the analysis of acoustic characteristics of musical compositions and the application of the Random
Forest algorithm is proposed. Experiments were conducted on the GTZAN dataset containing 1000 audio recordings of
10 music genres. As a result, a classification accuracy of 77.5% was achieved, and the most significant acoustic features
for genre distinction were determined. The obtained results demonstrate the promise of the proposed approach for tasks of
automatic organization of music libraries and development of recommendation systems.
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MY3BIKAJIBIK /KAHPJIAP/IbI MAIIIMHAJIBIK OKBITY 9/IICTEPI
APKbBLJIbBI XKIKTEY

Mpybapaxosa A.E.

o6inkac Casvinos amvindaevl Kapasanowvr mexuukanvix ynusepcumemi, Kapazanowl, Kazaxcman
Asmop-xoppecnondenm e-mail: greykevin3301@gmail.com

ABTOp TypaJibl aKNapar:

A.E. My6apakoBa - O0inkac CarbiHOB aTeIHAaFsl Kaparan el TeXHUKAIBIK yHUBepcHuTeTi, Kaparanmer, Kazakcran. E-
mail: greykevin3301@gmail.com

Anoamna. Makanaga My3bIKaJIbIK JKaHPJIApAbl aBTOMATTHI XKIKTE€Y MOCEJECi MAIIMHAIBIK OKBITY OHICTEPIH KOIAaHYy
apKbUIBl KapacThIpbuIaAbl. My3bIKaIbIK KOMIO3UIMSAIAP/IBIH aKyCTHKAIBIK CHIATTAMAJIAphIH TajjayFa xkoHe Random
Forest anropuTMiH KOJJaHyFa HETi3/ICJAreH TOCUT YCBIHBUIABL Toxipubenep 10 My3bikanbik sxkaHpasiH 1000
aynuoxa3odacein KamMmTuThiH GTZAN nepekrep >kuHarbiHIa JKyprisinmi. Hotwxkecinme xikrey momairi 77,5% xon
KETKI3UI, >KaHpiapAbl aXbIpaTy YLIIH €H MaHbI3Jbl aKyCTUKAJIBIK O€Nrijiep aHbIKTANJIbl. AJIBIHFAH HOTHDKENIEp
MY3bIKaJIBIK KiTaIIXaHatap/ bl aBTOMATThl YHBIMACTBIPY )KOHE YCBIHBIC XKYHENEpiH a3ipiiey MiHASTTepl YIIiH YChIHBUIFaH
TOCUIIH MEPCIICKTUBABLIBIFBIH KOPCETEII.

Tyiiindi coe30ep: My3BIKANBIK XaHPIAPIBl JKIKTEY, MAIIMHAJBIK OKBITY, aKyCTHKaNbIK Oenrimep, Random Forest,
aymuocurHangapasl enaey, GTZAN, sxacaHIpl HHTEIUICKT, JepEKTepIi Tauaay.

KITACCUOUKAIIUA MY3BIKAJIBHBIX ’/KAHPOB C HCITIOJIB30OBAHUEM
METOAO0OB MAIIMHHOT'O OBYYEHUA

Mpybapaxosa A.E.

Kapazanounckuii mexnuueckuii ynusepcumem umenu Abuviikaca Caeunosa, Kapazanoa, Kazaxcman
Asmop-koppecnondenm e-mail: greykevin3301@gmail.com
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Annomayusn. B cratee paccMaTpuBacTCs 3ajada aBTOMATHYECKOW KIACCH(HUKAIMHA MY3bIKAIBHBIX JKaHPOB C
HCTIOIb30BaHUEM METOJIOB MAIIMHHOTO oOydeHws. [IpennokeH Moaxoid, OCHOBAaHHBIH Ha aHAIM3e aKyCTHYECKHX
XapaKTePUCTHK MY3BIKATBHBIX KOMITO3HIIMI 1 IPUMEHEHNH anroputMa Random Forest. DkcrmeprMeHThI IPOBOIMIINCE Ha
nmaracere GTZAN, conepxxamem 1000 aymmozammceil 10 My3bIKanbHBIX JKaHPOB. B pesynbpraTe HOCTHTHYTa TOYHOCTH
knaccudukarm  77,5%, ompeneneHsl Hambonee 3HAYMMBIC AaKyCTHYECKHE TMPH3HAKH ST Pa3IHueHHs JKaHPOB.
[Tomy4yeHHBIE PE3yNBTATHl IEMOHCTPUPYIOT MEPCIIEKTUBHOCTH MPEIIOKEHHOTO MOAXO0Ma I 3a1ad aBTOMaTHYECKON
OpraHU3aIuK MY3BIKAJIbHBIX OMOIIMOTEK U pa3pabOTKH PEeKOMEHIATECIHHBIX CHCTCM.

Knrouesvie cnosa: xnaccubukaiys My3bIKaabHBIX )KaHPOB, MAIIMHHOE 00ydYeHHE, aKycTHYeCKHe mpu3Haky, Random
Forest, oopabotka ayauocurnano, GTZAN, HCKyCCTBEHHBIH HHTEIICKT, aHATU3 TaHHbBIX.

OCHOBHOE INOJIO’)KEHUE
CpaBHUTETBHBIN aHaNIu3 COBPEMEHHBIX
METOZIOB MAlIMHHOTO OOy4YeHHWs TMoKa3al, 4TO
WCTIONB30BaHue aHcaMOneBoro anropurma Random
Forest Ha OCHOBE aKyCTHYECKHX XapaKTEPHUCTHK

MY3BIKAJIBHBIX IIPOU3BEACHUI obecrieunBaeT
YCTOWYHBYIO TOYHOCTb KJaccupuKanum
MY3BIKQIBHBIX XAHPOB M MO3BOJIAET 3(P(HEKTHBHO
HCIIONB30BaTh  MOJENb B  MHTEIUIEKTYaJbHBIX

MY3bIKaJIbHBIX CEPBUCAX.

BBEJAEHUE
CoBpeMeHHbI 00beM MY3BIKAJILHOTO KOHTEHTA
B LUGPOBBIX OuOIMOTEKax TpebyeT pa3paboTKu

3¢ (heKTHBHBIX METOJIOB aBTOMAaTHYECKOU
kateropm3anuu. Ilo manHBIM wuccmemoBanuit [1],
©KETHEBHO Ha  CTPUMHHTOBBIX  IDIaTopmax

nosiBsiercst Oonee 60 THICAY HOBBIX MY3BIKAJIBHBIX
KOMITO3UIIHI, YTO JENaeT PyYHYIO KJIACCH(DUKAIUIO
MPAKTUYECKU HEBO3MOXXHOH. TpaguuroHHbIE
MOOXOABl, OCHOBAaHHBIE Ha  METAJaHHBIX H
MOJIb30BATENILCKUX TeTaX, CTAHOBSATCS HEIOCTATOYHO
3GPEKTUBHBIMA B  YCIOBUSIX OBICTPOTO  pOCTa
KOJIMYECTBA MY3bIKAIBHBIX IPOU3BEACHUH [2].

AKTyanpbHOCTh HCCIIEIOBaHUS  0OyCJIOBJIEHA
MOTPEOHOCTSIMA ~ MY3BIKAIBHBIX ~ CTPUMHHTOBBIX
mwiatgopm B TOYHBIX W 3((EKTUBHBIX aIrOpUTMax
KaTeropu3alyy KOHTEHTA, a TAK)Ke He00X0AUMOCTbBIO
Pa3pabOTKH MHTEIUIEKTYalIbHBIX PEKOMEHATEIbHbIX
CHUCTEM, YUHUTHIBAIOUINX aKyCTHUECKHE OCOOCHHOCTH
My3BIKTBHBIX TIpou3BeneHuii [3]. CymecTByromme
CHUCTEMBI KJIACCU()HMKALMK YaCTO OTPAHUYHBAIOTCS
aHaJIM30M  METaJaHHBIX, 4YTO HE TO3BOJIET
YYUTHIBATh 00BEKTUBHBIE aKyCTHYECKHE
XapaKTePUCTUKU MY3bIKH.

Llenbio HACTOSIIErO HCCIEIOBAHUS SIBISIETCS
pa3paboTKa MOAETH KiacCU(UKAMH MY3bIKaTbHBIX

YKaHPOB Ha OCHOBC aHajin3a AKyCTUYCCKUX
XapaKTCPpUCTUK C HCII0JIb30BAHUEM METOO0B
MAaIIuHHOI'O O6y'-IeHI/I$I. 33[[3'-11/1 nucciacaoBaHuAd

BKJIFOYAKOT: aHallu3 M IIOATOTOBKY MY3BIKAJIbHBIX
JAaHHBIX, HW3BJICUCHUEC aKYCTHYCCKHUX IIPU3HAKOB,
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MIOCTPOEHNE U OLIEHKY KI1acCU(PUKALIMOHHON MOJIEIH,
ompeneneHre Hauboee 3HAYMMBIX MPU3HAKOB JUIS
pa3NIuveHus KaHPOB.

IlIpoben 6 wuccneoosanusx. Hecmotrps Ha
3HAYUTEIIFHOE KOJINYECTBO UCCIieI0BaHuH,
MOCBAMIEHHBIX ~ aBTOMATHYECKOH KJIacCH(UKauu
MYy3bIKaIbHBIX KAHPOB, OOJIBIIMHCTBO
CYILIECTBYIOIUX pPabOT OpPHUEHTHPOBAHO JIMOO Ha
MPUMEHEHUE TITyOOKUX HEHMPOHHBIX ceTeid, MO0 Ha
aHaJM3 OrPAaHMYEHHOro Habopa aKyCTUYECKHX
npu3HakoB. [Ipu STOM CpaBHHTENbHAas OIEHKA
KJIACCUYECKUX aHCaMOJIEBBIX ITOPUTMOB
MAaIIMHHOTO OOYYEeHHS C TOYKH 3pEHHA HX
3G PEKTHBHOCTH, UHTEPIPETUPYEMOCTH u
MPakTUYeCKOW  TPUMEHUMOCTH  JUId  3ajad
MY3BIKaJIbHOM KJaccupuKaum ocTtaéres
HEI0OCTaTOYHO MPEICTABICHHOM.

Hayunaa  Hoeusna. Hayunas  HOBH3HA
WCCIIEIOBAHUSl  3aKJII0YaeTcs B  pa3paboTke W
9KCHEPUMEHTAIILHON OLICHKE MOJENN
KIacCU(UKAIMA MY3bIKAIBHBIX JKaHPOB Ha OCHOBE
anroputMa Random Forest ¢ wucnons3oBanuem
paciMpeHHOro Habopa aKyCTHYECKHMX IPU3HAKOB.
Onpenenexsl Hanbonee UH(QOPMaTHBHEIE
XapakTepUCTUKN  ayJMOCHUTHANa, OKa3bIBAIOIIUC
HauOoJbIlIee BIMSHUE HA KA4eCTBO KJIACCH(HUKALIUK
MY3BIKaIBHBIX POU3BEICHHIA.

METOAbI U MATEPHUAJIbI
Jlamacem u npedobpadomka 0anHbIX
I[J'DI IMMPOBCACHUA OKCIICPUMECHTOB
ucnonb3oBasics myonuunblii natacer GTZAN [4],
comepkammii 1000 My3bIKaNbHBIX (ParMEHTOB
npopoibkuTenbHocThi0 30  CeKyHA, pPaBHOMEPHO
pacnpenenennbix mo 10 skampam: blues, classical,
country, disco, hiphop, jazz, metal, pop, reggae, rock.
Pacnpenenenue xaHpOB B aTaceTe NPEACTaBICHO Ha
pucyHke 1.
W3 ncxomHpeIx ayauo3anuceid OBLITN M3BICYEHBI
58 aKycTH4ecKuX IPU3HAKOB C HCIIOJIb30BAHUEM
oubmmorexku librosa mms Python [5]. TlIporece
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U3BJICUCHHS
JTambI:

1. 3arpyska ayauodaiinoB u npeobpa3zoBaHuE B
MOHO-CHUTHAJ,

2. Bpruncienue Men-KencTpaabHbBIX
ko3 dunuenros (MFCC);

IIPU3HAKOB  BKIIOYAJI  CICAYIOIIHC

Ta6auna 1 - ['pynnsl akyCTHYECKUX NMPU3HAKOB

3. AHaiM3 CIIEKTPaIbHBIX XapaKTEPUCTHUK;

4, PacdeT pUTMHYECKHUX MTapaMEeTPOB;

5. UsBneuenue xpomatrueckux features;

OCHOBHBIE T'PYIIIIBI U3BICUEHHBIX MPU3HAKOB
MIpeACTaBICHEI B Ta0me 1.

I'pynna npuszHakoB KonuuectBo IIpumepst

MFCC 20 mfccl, mfec2, ..., mfcc20
CrekrpalibHble 15 spectral_centroid, spectral_bandwidth
Purmuueckue 8 tempo, beats

XpoMaTuueckue 10 chroma_stft

CraTucTuieckue 5 rms, zero_crossing_rate

Memoovt mawiunnozo odyuenus

Jns  xnaccupuKanud My3bIKalbHBIX JKaHPOB
Ob1 mpumeneH anroput™m Random Forest [6],
MOKa3aBIIUIA BBICOKYIO 3(P(EeKTHBHOCTh B 3a1adax
MHOT'OKJIaCCOBOM Kiaccudukanuu. Beibop maHHOrO
anropuT™Ma OOYCJIOBJICH €ro YCTOWYHMBOCTBHIO K
MepeoO0yYeHn0 H  CIOCOOHOCThIO  paboTaTh ¢
JIaHHBIMU BBICOKOW Pa3MEPHOCTH.

Mozenb HacTpauBajgach C HCIOJIb30BAHHEM
CJICTYOLIMX TUIIEPIIaPaMETPOB:

1. xkommuectBo AepeBbeB: 100

2. KpUTEpHH pa3/ielieHus: SHTPOIHUS

3. MakcuManbHas INyOMHA: He OrpaHUyYeHa
4. MHHUMAaIIbHOE KOIMYecTBO Samples s

pazneneHus: 2

Tabéuauua 2 - Pe3ynpTarsl Ki1accu(UKAIIUH MO )KaHpaM

OreHKa KavecTBa MOJETH MPOBOJMIACH C
UCIIONIb30BAaHUEM METpHUK accuracy, precision, recall
n Fl-score. JlamHbie Obun pa3feneHbl Ha
obyuarorryro (800 samples, 80%) u tecroByro (200
samples, 20%) BbIOOPKH ¢  COXpaHCHHUEM
crparudukanmu 1o kiaccam. Jlns  oOecrieueHus
BOCIIPOU3BOJUMOCTH  PE3YJITATOB  YCTAHOBIICH
random_state = 42,

PE3YJIBTATHBI U OBCYXKJIEHUE
Ippexmuenocms knaccugpuxayuu
[IpemosxkeHHass MoJenb MPOASMOHCTPHUPOBAIIA

TOYHOCTH 77,5% Ha TecToBO# BbIOOpKE. JleTanbHbIi
aHaJIM3  pe3yJNbTaTOB  IIOKa3al  Pa3IMYHYIO
3¢ (HEeKTUBHOCTh KJIACCUPUKAIUU IS OTJEIIBHBIX
JKaHpoB (Tabnuma 2).

Kanp Precision Recall F1-score Support
classical 0,86 0,95 0,90 20

Kanp Precision Recall F1-score Support
pop 0,86 0,90 0,88 20
metal 0,89 0,85 0,87 20
jazz 0,77 0,85 0,81 20
blues 0,79 0,75 0,77 20
reggae 0,76 0,80 0,78 20
country 0,71 0,75 0,73 20
hiphop 0,65 0,75 0,70 20
disco 0,71 0,60 0,65 20
rock 0,73 0,55 0,63 20
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HauBpiciime mokasaTeny JOCTHTHYTBI IS
xanpos classical (F1=0,90) u pop (F1=0,88), uro
00BsICHACTCS ux SIPKO BBIPAKCHHBIMU
aKyCTHYECKUMH ocoOeHHocTsMH.  Kitaccuueckast
MYy3bIKa XapaKTepHU3yeTCd YETKOH CTPYyKTypoul u
npeobiIaaHueM aKyCTUYeCKHX HWHCTPYMEHTOB, B TO
BpeMsi Kak MOM-MY3bIKa uMeer
CTaHJAPTU3NPOBAHHYIO (POPMY M IPOM3BOACTBEHHOE
Ka4ecTBo.

HaunOonpimine  TpyIHOCTM  BO3HUKIM  NPH
kiaccudukanuun sxkanpo rock (F1=0,63) u disco
(F1=0,65), uro M™oxeT OBITh CBSI3aHO C WX
AKyCTUYECKOM CXOXKECTbI0O M IEPECeKaOINMHUCS
XapakTepucTukamu. Martpuia ommboK (pUCYHOK 2)
JNIEMOHCTPHPYET OCHOBHBIC CIIydaW HETPaBUIBLHON
KJ1acCU(UKAIHH.

Ananu3s ea)crhocmu npu3HaKos

AHanmu3 Ba)XXHOCTH TIPU3HAKOB IIOKA3aJ, YTO
HauOONBIIUN BKJIAJ B KJIACCU(UKALUIO BHOCST
CIJIE/TyIOLIHE XapaKTePUCTUKH (PUCYHOK 3):
chroma_stft_mean (4,44%)
perceptr_var (3,77%)
length (3,66%)
chroma_stft_var (3,13%)

. rms_var (3,08%)

arwdE

[lonyyeHHble pe3yibTaThl COTJIACYIOTCS €
HCCIIEA0OBAHMSIMHU [7], MO ITBEPKIAFOIIIIMUA
3HAYUMOCTh  XPOMATHUYECKMX W  CHEKTPAITbHBIX

XapaKTePUCTHK Ul Pa3IMUCHUs] MY3bIKaTbHBIX
’KaHpoB. Xpomaruueckue mnpusHaku (Chroma_stft)
OTpaXKarOT TAPMOHHUYECKOE COJEPIKAHUE MY3bIKH, B
TO BpeMs KaK TEpIUENTyalbHble XapaKTePUCTHKH
(perceptr) cBsi3aHbI ¢ BOCHPHATHEM TPOMKOCTH H
TeMOpa.

CoBpeMEHHbIC HCCIIEIOBAHUSI TOATBEPKIAIOT
JajbHeIlee pa3BUTHE METOMOB aBTOMATHYECKOI
KIacCH(UKAIMU My3bIKAIBHBIX JKAaHPOB HAa OCHOBE
aHCaMOJIEBBIX ~ QJTOPUTMOB M TEXHOJIOTHIA
HcKyccTBeHHOTO MHTEUIeKkTa. Tak, Wang u Chen [8]
MOKa3aJid, 4TO ONTUMHU3aims anroputva Random
Forest ¢ wucnosjbp30oBaHMEeM ajropurMa Sparrow
Search mo3BossieT CyIeCTBEHHO MOBBICHTH KaueCTBO
KiIaccu(UKAIMU My3bIKaIbHBIX skaHpoB. Ahmed u
coaBT. [9] TPOAEMOHCTPHUPOBAIH  BBICOKYIO
3} (HEKTUBHOCTh COBPEMEHHBIX METOJIOB TTyOOKOTO
aHaJ M3a ayJUOCHTHAIOB JUUISI aBTOMATHYECKOIO
pacro3HaBaHusl MY3BIKAIBHBIX JKaHpOB, a SMith u
Golcarenarenji [10] moaTBepaAnIN MEPCIEKTUBHOCTD
npumeHenuss  MetomoB  Explainable  Artificial
Intelligence (XAl), oOecrieunBamIMX HE TOJIBKO
BBICOKYIO ~ TOYHOCTh  KJIacCHpUKAIMH, HO H
UHTEPIPETUPYEMOCTh ~ MPUHUMAEMBIX  MOJICIBIO
petienuii. [lomydeHHbIe pe3yabTaThl COTNIACYIOTCS C
BBIBOIAMH HACTOSIIIIETO HCCIIEIOBAHUSI u
MOATBEPXKIAIOT ~ aKTYallbHOCTh  HCIOJIb30BAHUS
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ajaropuTMa Random Forest IS 3agau
aBTOMATUYECKOW KIACCU(MKANMKA  MY3bIKAIBHBIX
JKaHPOB.

BbIBO/IbI
Pazpabortana MOJEIb KIaccuduranum
MY3BIKQIBHBIX JKaHPOB, OCHOBAaHHAs Ha aHaJN3e
aKyCTHYECKMX  XapaKTePUCTUK H  NPHUMEHEHHU
amroputma Random Forest. DkcrnepuMeHTaIbHO
Joka3zana 3((HEeKTHBHOCTD MPEATI0KEHHOTO MOIX0/1a,
JIOCTUTHYTa TOYHOCTD Kiiaccuduraryu 77,5%.

Onpez[eneHLI HauboJee 3HA4YUMBIC
AKYCTUYCCKUEC MIpU3HAKKU JUIA pasianyeHus
MY3bIKaJIbHBIX JKaHpPOB, 4qTo MMpeaACTaBIIACT

MPAKTHYECKYI0 IIEHHOCTh ISl pa3paboTKH CHCTEM
aBTOMATUYECKOW KATETOPU3AIMH  MY3BIKAJIFHOTO
KOHTeHTa. HamOomnbimii BKIax B KIACCU(DHUKAIUIO
BHOCSIT XpOMAaTHYECKUE U CIIEKTPATIbHbBIE

XapaKTePUCTUKH, YTO ITOATBEPIKIACT
B2XHOCTh TapMOHHYECKOTO aHall3a B 3ajadax
MY3BIKILHOW KJIacCU(UKAIIHH.

[Tony4yeHHbIe pe3yabTaThl MOTYT OBITH
MIPUMEHEHBI B CIICAYIONINX 00JIaCTsX:

1. pa3paboTKa HHTEIEKTYaIbHBIX
PEKOMEHIATEIHHBIX CUCTEM;

2. aBTOMaTH4ecKasi OpraHu3alus
MY3BIKIEHBIX OHOJIHOTEK;

3. co37aHMe aJaNTHBHBIX MY3bIKATbHBIX
IJICHJIUCTOB;

4. aHann3 My3BIKATEHBIX IPEIOYTCHUN
nosnb3oBaTeneil. [lepcrnexkTuBbl nanbHEHITNX
HCCIIEIOBAHUI BKIIIOYAIOT:

1. mpumMeHeHuHe riryOOKMX HEHPOHHBIX ceTel
JUTS aHATTN3a UCXOHBIX ayIMOCUTHAJIOB;

2. HWCCleI0OBaHHE BPEMEHHBIX 3aBUCUMOCTEH B
MY3bIKAJIbHBIX KOMIIO3HUIHSIX;

3. ajganTanuio MOJEINH [Tl PeIeHs 3aja9n
aHaJIM3a YMOIMOHATILHON OKPACKH MY3bIKH;

4. pa3paboTKy MHOTOMOJAIBHBIX ITOAXO0/I0B,
COYETAIONINX aHAIN3 ayTN0 U METaJaHHBIX.

bnazooapnocmu. ABTOp BBIpAXKAET
OyarogapHocTh K.T.H., jgoneHry Koraii [.JI. 3a
KOHCYJBTallUK M  TOMOLIb B  TPOBEACHUU
UCCIICIOBAHUS.
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Annomayus. B cratbe paccMaTpHBAIOTCS HPOOJIEMBI JOCTOBEPHOCTH M 0E30NMACHOCTU HAHHBIX O TEXHHYECKOM
COCTOSIHHHU INOJBHKHOTO COCTaBa B TPAHCIIOPTHOI jorucTrke. HOBM3HA HMCCIenoBaHHS 3aKIIOYaeTCs B NPEIOKEHUH
APXUTEKTYPHI OJIOKYEIHH-CUCTEMBI ¢ HCIIOIb30BaHHEM CMapT-KOHTPAKTOB, 0OecIIeYNBaIOIeld HEeN3MEHHOCTh 3aruceil 1
JIeTIeHTpaIn30BaHHbIN KOHTpoib. [IpoBeaen ananu3 UT-undpactpykrypst KTXK, paccMorpena naTerparus 61ok4eitna
¢ ERP/SCM-cucremamu. Pa3paboTan (parMeHT cMapT-KOHTPAKTa C pasrpaHHYCHHEM poJiel ydacTHHKOB. OIMHCaHBI
NperMyIecTBa HaJl TPa{UIIMOHHBIMH IIEHTPAIM30BaHHBIMU crcTeMaMu. ClieNiaH BBIBOJ O 1IEJIECO00Pa3HOCTH BHEAPEHHUS
OJIOKYEH IS TOBBILICHUS IPO3PAYHOCTH, OTKA30yCTOHYMBOCTH U 10BepHs Mexxay nozapasneneHusmu AO «HK «KTXK» B

pamkax 1udppoBoii TpaHCHOPMAIIUU JIOTUCTHKH.

Knruesvie cnosa: o6nokuciin, norucruka, KTK, tpancrnoprt, cmapt-kontpakt, ERP, SCM, nonBuxHOI cocTas.

OCHOBHBIE MMOJIOKEHUSA

CoBpeMeHHBIE TEXHOJOTHH pacIpeneIEHHbIX
pEEeCTpOB  CO3JAIOT HOBBIE BO3MOXKHOCTH IS
nuQpoBoi TpaHchOpMaLH TPaHCIIOPTHO-
JIOTICTUYECKUX MIPOIIECCOB. Ucnons3zoBanue
OnokuelH-IIaTpopM  COBMECTHO €O  CMapT-
KOHTpaKTaMu obecrieunBaeT MOBBIILICHHE
MPO3PAaYHOCTH, OE30MaCHOCTH U JOCTOBEPHOCTHU
JAHHBIX TIPH YOPABICHUM J>KU3HEHHBIM ITUKJIOM
MOJBMKHOTO COCTABA.

BBEJAEHUE

CoBpeMeHHBIE KEJIE3HONOPOKHBIE KOMIIAHUU
CTpeMsTCS K LU(QpPOBHU3ALUN OHM3HEC-TIPOLIECCOB C
HENBI0 MOBBIIEHNUST 3()()EKTHBHOCTH IEPEBO30K U
ONTUMH3AIMU PACX00B. B pamkax rocrmporpamMMsi
«Uudposoii  Kazaxcram» AO «HK «KTX»
paspabotana mporpammy «lludpoBas kenesnas
JIOpora» JJisi aBTOMaTH3allMl OCHOBHBIX MPOIECCOB
(3meKTpOHHas KOMMepLus, MPOMBIIUICHHBIA
WHTEPHET,  AHAINTHKA  OOJBIIMX  JAaHHBIX).
3HaynTeNbHOE BHUMAHWE YICICHO OINTHMHU3AIUH
JOKYMEHT0000pOTa M y4YeTy MOABHXHOI'O COCTaBa:
Tak, Hampumep, B AO «KTZ EXpress» BHenpeHa
WHPOPMALIMOHHO-pacUeTHAsl CHCTEMa IIEPEBO30K C
MOJYJISIMH

«/lucneruepuzanusi, yder W yIpaBJICHUE
MapKOM IOJIBMXKHOTO cocTaBa» u «Kommepueckast
paboTa, IIIaHUPOBAaHUE M pacueTb». TeM He MeHee
CYIIECTBYIOLINE CUCTEMBI ITO-IIPEKHEMY OIUPAIOTCS
Ha UeHTpain3oBaHHble B/[, B KOTOpPBIX JaHHBIE O
TEXHUYECKOM COCTOSHUHM BaroHOB MOTYT OBITh
(parMeHTHPOBaHBI U YSI3BUMBI K HCKKEHUIO.

WndopmannonHbie MOTOKH CTAHOBSITCS
HEOTHEMJIEMOW YacThlO JIOTHCTHUKH Hapangy C
MaTepHaJbHBIMH W (DUHAHCOBBIMH TOTOKaMHu. Yem
Oosbple  3BEHbEB B IIE€NH, TeM  TpyJHee
KOHTPOJIMPOBaTh IPOLECCHl M COTJIaCOBBIBATH
JaHHbIE MEXKIy yJyacTHUKaMH. TekyIiiue mokazarenu
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KadecTBa W J(PPEKTUBHOCTH TEPEBO30OK OCTAFOTCS
HU3KUMH, YTO TIOOYKJAeT UCKATh HOBBIC IIH(PPOBHIC
pemenus. OnHOll W3 HambOoyiee MEPCHEKTHBHBIX
TEXHOJIOTHI sBJIsIETCS OJIOKYEHH, 00eCIIeUnBaOIIN
NENCHTPAIN30BAaHHYI0  3alKMCh  TPaH3aKIUi |
HEU3MEHAEMOCTh aHHbIX [ 1, 2]. brok4eiin ciocobeH
pemaTh ymoMsiHy Thie TIpo0IeMbl, CHUKasi CTOUMOCTD
TPAHCIIOPTUPOBKY, TPEHATCTBYS (DambCUPUKAIIH
HHPOPMALIUK U yCKOpsis 00paboTKy 3ampocoB. [lpu

3TOM  peanu3anusi OlOKYeliHa B JIOTHCTHKE
CTaJIKUBaeTCA c JIOTIOJTHUTENbHBIMA
OpraHHU3allMOHHBIMH, (uHAHCOBBIMU u
TEXHUYECKUMHU npobiemMami, TpeOyIOIHUMU

OTJIENTHOTO PAaCCMOTPEHHUSI M HOBBIX PETYIISTOPHBIX
MOIXOJIOB.

Ilpoben 6 wuccneoosanuax. HecMoTps Ha
aKTMBHOE  pa3BUTHC  OJIOKUYCHH-TEXHOJOTHH B
TPaHCHOPTHON JIOTHCTHKE, OOJIBIIIMHCTBO
HCCIIEIOBAHUN pacCcCMaTpUBAET OTHENIbHBIC ACTIEKTHI
nUppOBU3ANU HenoYeK MOCTaBOK oe3
KOMILUICKCHOTO aHaln3a WHTerpaluyd OJOKYeiH-
wiarpopm ¢ cymectByomumMd  ERP/SCM-
CHUCTEMaMH  JKEJE3HOJOPOXKHOW  oOTpacid U
MeXaHU3MaMu yIpaBicHHS TEXHUYECKUM
COCTOSIHUEM IOJBIKHOT'O COCTaBA.

Hayunaa  nosusna.  Hayunas

HCCJIICOOBAHUA

HOBH3Ha

3aKIOYaeTcss B pa3paboTke

KOHUENTYaIbHON pa3peiE€HHON

OJIOKYENH-CUCTEMBI

apXUTEKTYPHI

IS TPaHCIIOPTHO-
JIOTUCTHYECKOH oTpacnu ¢ uHTerpanueii ERP/SCM-
mwiatGopM ¥ TOPUMEHEHHEM CMapT-KOHTPAKTOB,
00ecTeYnBaOLINX pasrpaHu4eHue poJeit
Y4aCTHUKOB, HCU3MCHHOCTD 3anyce U IOBBIIICHUE

JOBEPUS K TaHHBIM.

METO/bI U MATEPUAJIbI
Jloructrueckue TMpoLEcCHl  Ha  JKEJIe3HBIX
Joporax BKIIIOYAOT TpuéM, pachpenesieHHe u
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XpaHEHHE TPy30B, IUIAHUPOBAHHE MApPIIPYTOB W
yIpaBieHHE MOIBHXHBIM coctaBoM. ERP- u SCM-
CHCTEMBI OOBCIUHSIOT PA3PO3HECHHBIC OMEPAIMH 10

CIMHOW  TpaH3aKIMOHHOW  CXeMe,  Cco3JaBas
[EHTPAIN30BAaHHYI0 0a3y [JaHHBIX Ui ydéTa
MEepeBO30K M CKJIAACKUX omeparuid. B  Takux
cucremax (Hampumep, 1C:Ilpemnpusitue, SAP,

Oracle) peanusyroTcst MOIyIIH YIIPaBICHHS 3aI1acaMH,
IUTAHUPOBAHUS TEPEBO30K M y4ETa TEXHUYIECKOTO
obcnyxuBanus. KiroueBbIMU ISHCTBUAME TIPH 3TOM
SIBIISIFOTCSL TIPUEM TPY30B, HMX PACIPE/CICHUE 10
MapIipyTaM, KOHTPOJb OCTaTKOB ¥ JIOTHCTHKA
ckiaagoB. ERP mo3Bomser orcnexuBaTh IBHIKEHHE

Pucynok 1 wtroctpupyer uHGOpPMaIMOHHBIE
IIOTOKH B COBPEMEHHOM WHTEPMOJIaIbHON
TPaHCIOPTHO-JIOTUCTUYECKON crcTeMe. B mponecce
Y4acTBYIOT ONEpaTop CTaHLWH, PYKOBOAMTENb,
JUCTIETIEp U MaMHKCT. Tenerpamma opopmIsiercs,
yTBepkaaercs, nepenaércsa depe3s MC u Bpyuaercs
MAaIIMHACTY. ba3bl JaHHBIX B TAKUX CUCTEMAax MOTYT
OBITb M3MEHEHBI HIIH IMMOBPECKIACHBI, a OAWH OTKa3
cepBepa CIOCOOEH TMapain3oBaTh BCHO YUYETHYIO
cucteMy. OTCyTCTBHE  TNpPO3PAaYHOCTH  MEXKIY
Pa3HBIMH YYaCTHHKAMH LIETTIOYKH CHIDKAET JOBEPHE —
JIaHHBIE YacTO TMepeAaloTcsd BpPYUHYIO WIH 4Yepes
3aKphIThIE HHTEPQECH. B pe3ynsTaTe Ha mpakTHke

KOHTEHHEPOB U 3amyacTeil, TeHepupoBaTh OTYETHl 1 BO3MOXKHBI  3aJ€p)KKHM,  OWMOKM  BBOJA U
TUTAHUPOBATH PECYPCHI, YTO 3HAYMTENHHO YCKOPSET  MOIIEHHHYECKHE N3MEHEHHS JaHHBIX.
00pabOTKy  JaHHBIX ¥  YJIy4YllaeT KauecTBO
yrpasieHus [3].
1
War # CraHu.MoHHf:lﬁ
Cornacopanne/ paﬁOTHVIK
Tonarpanme. War 5
Bpyuenune A1Y-1
(HatypHbiit nuct) . ! -
CMBPT@OH/NNEHLET cman;:}Dnan..av i
g 1 AuenaTean .U!' 1 \
"I L MBWHHIET
War 1 War 3 War 4 “-I;
Cosaanne Nocrasxa py
LR (Ll B P,
Pucynoxk 1 - TTponecc popmupoBanus u 06padoTku noesanoii reerpammbl B IC E-Telegram AO «HK «KTX»

B xonrekcte AO «HK «KTXK» wmHTerpamms 1enoyku IIOCTaBOK METaJUIONPOLYKLIUU
Onokueitna ¢ cymectBytoummmun  ERP/SCM-  mHTerpupoBaHbl ¢ pa3peméHHON OJ0KYeHH-CEThIO H
miatpopMaMn MOXET npoxoauTs uepe3 APIl-  oOmauHslMH  cepBUCcaMu, 4TO obecreqnsio
nuio3sl wiu  npomexyrouHoe [10. Hampumep, oTcinexuBaHMe — HPOUCXOXKICHHS — JeTalneil

ucnonszyemast Ha AO «HK

«KTX» snexkrpoHHas ToproBas miaardopma 1o
Tpy30mepeBo3KaM  peann3yeT OOMeH JaHHBIMU
MEXAy TPY300TIPABUTEISIMH H  OIEpaTOpPaMH.
JlanHbBIE O Tpy3ax, COCTOSHUU MOABM)KHOTO COCTaBa
W TIUIaHOBBIX PEMOHTAaX MOTYT TiepefaBaTbci U3
ERP-cucrem (mnmm 1C) B OJIOKYEHH-y3IIbI Uepe3
KOHHEKTOPBI. 910 oOecrieynBaeT  €IUHYIO
JIOBEPEHHYIO 3alMCh COOBITHH: KaIas Omepauus
(mogaya moesaa, pEMOHT, OTIPY3Ka) PUKCUPYETCS Ha
CMapT-KOHTPAKTE M CTAHOBUTCS HEAOCTYITHOW s
HECaHKI[MOHUPOBaHHOTO u3MeHeHus [4]. Matenga u

Mpofu  ommcamum  OIOKYEHH-OPUEHTUPOBAHHYIO
APXUTEKTYPY SCM JUIS MIPOM3BOICTBA
JKEJIE3HOJOPOKHBIX  BaroHOB. B WX  pemeHuu
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MpPO3paYyHOCTh JAHHBIX B peajJbHOM BpeMcHH. B
JUTEPATYPHBIX WCTOUYHUKAX MPUBOIATCS MPHUMEPEI
WCTIOJIb30BaHMsI OJTOKUEIHA AJIs1 KOHTPOJIS KAUeCTBa U
NpefoTBpallleH!s]  KOHTpadakra B IIEMOYKaX
MOCTAaBOK: HAMpUMeEp, CHCTEMa OTCIIC)KUBAHUS
JIEKapCTB WM MPOAYKTOB MHUTAaHHUSI HCHOJIb3YET
CMapT-KOHTPAaKThl Ui TPOBEPKH  MOIJIMHHOCTH
TOBApOB, yiydlias Oe30MacHOCTh ¥ MHHUMH3UPYS
3aJIepXKKH. ODTH  KEWChl JEMOHCTPHPYIOT, 4TO
npuMeHeHue OJokueiitHa B Joructuke u SCM
MOBBIIIAET HAJAEKHOCTh YYE€TA, CHIDKAET PUCK
OLIMOOK U JIeNIaeT MPOIeCChl OoJiee mpo3pavyHbIMu [4,
5, 6].

CoBpeMeHHbIE UCCIICIOBAHUS ITOJITBEPKIIAIOT
3¢ (heKTUBHOCTH MPUMEHEHUS OJIOKUCHH-TEXHOIOT U
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HE TOJNBKO B OOIIMX IEMOYKax IOCTaBOK, HO W B
TPAHCIIOPTHON HHPPACTPYKTYPE JKEIEC3HOTOPOIKHON
orpaciu. B pabore A blockchain-based trusted
sharing method for railway transportation BIM data
[6] mpemokeHa apXUTEeKTypa Oe30macHOro oOMeHa
JMaHHBIMHU TSI KEJIE3HOJOPOXKHOTO TPAaHCIIOpTa Ha
ocHoBe permissioned blockchain, obecneunBaromas
HEJIOCTHOCTh HMH(GOpMANUK, KOHTPOJb JIOCTYNAa |
0e3omacHOe B3aUMOJICHCTBHE y4YacTHUKOB. Kpome
toro, Aslam wu coaBt. [7] moOKasamm, YTO
WCTIONB30BaHKUEe OJIOKYEHH-TIATPOPM CIIOCOOCTBYET
MTOBBIIIICHHTO MIPO3PAvYHOCTH JIOTUCTHYECKUX
MPOLECCOB, YIyYIIEHHIO OOMEHa MJaHHBIMH H
YKPEIUICHHUIO JOBEPHS MEXKIy yUYaCTHUKAMH 1IETIOYEeK
MMOCTaBOK. OTH  PEe3yNbTaThl  COTJACYIOTCS C
mpenjaracMod B HACTOSIIEM  HCCIIEJOBAaHUU
apXUTEKTYPOH MHTErpauuy OJOKYEHH-TEXHOJIOTHH ¢
ERP/SCM-cucremamu AO «HK «KTX».

ApxutexTtypa npejiaraeMon CHUCTEMBI
Oasupyercst Ha  paspeméHHoi  (permissioned)
ONOKUYEHH-CeTH ¢ Y4eTOM pojiel Y4acTHUKOB. Takast
CeTb OPraHU3yeTCsl KOHCOPLMYMOM  KIIIOUEBBIX
UrpokoB (Hanpumep, AO

«HK «KTXK», CEpBUCHBIE LIEHTPHL,

MOCTABIIUKH), paboTaroiux 1o anropurmy Proof of
Authority (POA) wiu aHaJOTHYHBIM MEXaHH3MaM.
V371BI CETH XpaHAT KOO PAacIpeleIEHHOrO peecTpa
U COBMECTHO MPOXOJAT KOHCEHCYC MO KaKIou
TpaH3akiuu. Takum o0pa3oM, KakIbI  y3el
SIBIIACTCS ~ HE3aBUCHUMBIM  BaJlUAATOPOM,  UTO
HCKIIIOYAET eIUHYIO0 TOUKY OTKa3a: Jake IPH BBIXOE
W3 CTPOS YacTH Y3JIOB CETh MPOJOIDKUT paboTy 3a
Cc4€T OcTaBIIMXCS Konui peectpa. g MOBBIIICHUS
OTKa30yCTOHYHNBOCTH 4acTo MIPUMEHSIETCS
KJIacCTepU3allusl y3J10B U peIUIMKalus JaHHBIX
(manpumep, ©Ha 0Oasze Hyperledger Fabric wmn
Quorum), 4ro  obecrneunMBaeT  TOCTOSIHHYIO
JOCTYIHOCTh JIOTOB M YCTOHYHMBOCTH K CETEBBIM
cOosIM.

B apxutekTypy cHCTEMBI BXOIST CIIEAYIOIINE
OCHOBHBIE KOMIIOHEHTBHI:

1. broxueiin-y3nel. CepBephl-BaIUIaTOPHI,
OTBEYAIONINE 3a 3allUCh U MPOBEPKY TPaH3aKIHUHA B
OJIOKYEH. Y3IIbl BBIIONHSIOT CMapT-KOHTPAKTHl U
OOHOBJISIFOT JIOKAJILHYIO KOIUIO peecTpa. bnaromapst
pacnpene€HHON CTPYKTYpE KaX bl YYaCTHUK CETH
HUMeeT HICHTUYHYIO KOIMIO JaHHBIX, & COTJIaCOBAHUE
MIPOMCXOAUT dYepe3 MPOTOKOJ KOHCEHcyca. JTo
o0ecrieynBaeT IEJIOCTHOCTh W HEM3MEHHOCTb
nHGOpPMALMM — JaHHBIC HEJb3s «IIOJIPABUTHY
3aJHUM YHCIJIOM.

2. nro3s1 JAHHBIX (Gateway).
[Ipomexyrounoe 110 mnm cepBHCHI, COETUHSIONINE
BHeniHue cucrembl (ERP, SCM, 06a3b1 nannbix, 10T-
ycTpoiicTBa) ¢ Onokueitnom. Hampumep, KOHHEKTOD
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MOXET TOJNHCHIBaTh TPaH3aKUMM Ha OCHOBE
coObITrii ERP (HOBBIN 3aka3, 3aBepIIEHHBIN PEMOHT)
U OTHOPaBIsATH WX B CETh. Takue MUTIO3BI
KOHBEPTHPYIOT KOPIIOpaTHBHBIC JaHHBIE B (opmar,
MOHATHBIA CMapT-KOHTpPAaKTaM, H TapaHTHPYIOT
COTJIACOBAaHHOCTh  Om3Hec-nmoruku.  MHTerpanus
ERP/SCM ¢ 070K4YeiHHOM YacTO peam3yercs: yepes
APl wim muHY IaHHBIX; W3BECTHBIA TIPUMEp —
oovenuuenue ERP (1C, SAP) u WMS uepes
pemienne Ttmma  Enterprise  Service Bus ¢
MOCJeIYIOUIeH 3aIiChI0 B pacpeeIEHHbIN peecTp.

3. CMapT-KoHTpakTel.  CaMOCTOSTEIHHBINA
KOJ, pa3BepHYTHId B OJNOKYEHH, pean3yIOIui

OM3HEC-TIOTHKY (Hanpumep, CO37aHKE u
OTCJIEXKHMBAHUE  3aJad  PEMOHTA,  YIpaBJICHHUE
JIOKyMEHTaMH  1epeBo30K).  CMapT-KOHTPaKTHI

aBTOMATUYECKH HMCIOJHIIOTCS TPH HACTYIUICHUH
3aJ]aHHBIX YCJIOBWH, WCKIIOYas HE0O0X0IUMOCTh
JIOBEPEHHOTO TocpeHrka. OHH MOTYT BBITIOJIHSTH
Takre (YHKIUM, KaK [POBEpKa aBTOPHU3AINH
YYaCTHUKOB (pOJb IIOJB30BATENsi), OOHOBIEHHE
cTatryca TepeBO3KH, pacu€T omiarel U T.A4. B ponu
WCTIONIHUTENS. W XPAaHUTEsl JAHHBIX BBICTYMAaeT
KQXKIbIA Y37 CETH: KOHTPAKT COXPAaHIET HCTOPHIO
orepanuii, KOTopas JOCTYIIHa BCEM pa3peliéHHBIM
yuactHuKaM. [Ipu atom cereBass mojenb Proof of
Authority (POA) wimM aHamord4Has IO3BOJISIET
3ajaBaTh pOJICBBIC IMpaBa JOCTyNa HA YPOBHE
KOHTpakToB. HampumMep, KOHTPaKT MOXKET MO3BOJISATh
TonbKO ponu “Omneparop” co3daBaTh 3asiBKY Ha

peMoHT, a “PeMOHTHuUKY” - mnomedarb €€ Kak
BBITIOJTHEHHYIO.
[lepeuncienHple KOMIOHEHTHI  (OPMHPYIOT

COBMECTHOE pelreHue: OmsHec-mporiecckl Ha AQO
«HK

«KTX» (3aka3sl Ha TEpPeBO3KY, TIpaduKu
obcmyxuBanus) mpoxoaT uepe3 ERP, mocrymaror Ha
LIUTIO3 ¥ IPUBOJAT K TPAH3aKLMSIM B OJIOKYEIH; y3JIb
CeTH  3aluCBIBAIOT H  BEPUPHUUUPYIOT  ITH
TpPaH3aKLUH; CMapT-KOHTPAKThl  aBTOMATHYECKU
U3MEHSIOT COCTOSIHUE JIOTMCTHUYECKOW IIETIOYKH.
Taxas apxuTekTypa o0ecrieyrBaeT eJUHYI0 «BEPCHIO
MpaBbD», MOBBILAS MPO3PAYHOCTh U CHUMAsl 4acTh
KOTHUTHBHOM HAarpy3Ku IpH ayIuTax.

PE3YJIbTATHBI U OBCYXKJIEHUE

TexHonmorns OJOKYEHH IIO3BOJISET HAIEKHO
(UKCHpOBaTh KAXAYI OINEpanuio B  IEMOYKe
MOCTaBOK 0€3 ydYacTHsl LEHTPAIBHOTO PEryssaTopa:
mpu  TOOABJICHHM HOBOTO OJIOKAa BCE Y3JIBI CETH
MPOBEPSIIOT €r0  MOMJIWHHOCTh, YTO HCKIIIOYaeT
BO3MOXKHOCTD TOJIICIIKH JTaHHBIX.

AHanu3 TpeuMyIecTB OJIOKYEHH-TTONX0a B
JIOTUCTHKE TIOKa3bIBAET CIEAYIONIHE KIIOYEBbIC
addextsr [5]:

1. Cokparenue ommoOOK B JOKYMEHTO000-pOTE
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Omaromaps aBTOMAaTH3MPOBAHHOMY 3allOTHEHUIO U
CBEpKe 3ammcei;

2. YmoporieHue pa0OThl YYaCTHHUKOB IICTIOYKH
(mpomsBoUTENCH, TIEPEBO3YHUKOB, HKCIIOPTEPOB) 3a
CYET €AMHOM JIEIECHTPAIN30BaHHON TIaT()OPMBI;

3. Ilpo3pavnocTh u JIOCTOBEPHOCTD
nHpopManuu 00 JTamax IOCTaBKM U XapakTe-

pUCTHKaX Tpy30B (3aTpaueHHOE BpEMs, MeECTO,
OTBETCTBEHHBIE JINIIA);
4. YckopeHue JOKyMEHT0000poTa u

COKpAILEHHE JUIUTEILHOCTH JIOTUCTUYECKOTO LHKIIa
3a CYeT CHHXPOHHM3AIUHM JAHHBIX ¥ MTHOBEHHOTO
MOATBEP KACHUS TPAH3aKIIHH;

5. ®opmupoBanue enuHOH HHOPACTPYKTYPHI
yIpaBJICHUs] TOBapaMH IO BCEH LENOYKE TOCTABOK,
4yro o0JieryaeTr B3aMMOJCHCTBHE MEXIY pa3HBIMU
YYaCTHUKAMHU.

B ycmoBmsax KTXK wmoxHO mpeacTtaButTh
ONOKUEHH-CeTh KaK KOHCOPIIMYM MEXIY TJaBHBIM
opHuCcOM M JIOKaJIbHBIMU CEPBHC-LIEHTPAMH. Y3JIBI
CeTH MOIYyT pa3MeIlaTbCd Ha pacHpeaciICHHBIX
TUIOIIAAKax (HampuMmep, EeHTPbl 00padOTKN AaHHBIX
AcraHbl, ANIMaThl ¥ PETHOHAX) IS TeOTpadruecKoi
pemnky. brnaromaps sToMy cuctema ycTolumnBa K
pETMOHANBHBIM C€OOSIM — OTKa3 OJHOTO y3Jla He
NPUBOIUT K TOTEpe MJaHHBIX, ITOCKOJIBKY BCE
TPaH3aKUUU 3€PKATUPYIOTCS JOPYTUMH  HOJAMH.
['mOkme MexaHU3MBI KOHCEHCYca (HarpuMep, BEIOOp
auIepa Cpeam y3JoB) o0ecrneynBaloT OBICTpOe
NOATBEP)KICHUE ONepauuii M  aBTOMAaTHYEeCKOe
BOCCTaHOBJICHHUE IIPU CETEBBIX COOSIX.

KondunenupanpHocTh B KOPHOPATUBHOMN
LETIOYKE MMOCTaBOK 0COOCHHO BajkHA: KOMMEpUecKast
nH(popMaIus (IEeHBI, YCIOBHUS KOHTPAKTOB, 00BHEMBI
3alacoB) He JOJDKHA OBITh JIOCTYIIHA BCEM
ydacTHUKaM. B paspeménHoil Onok4elH-ceTH 3TOM
3ajaud AOOMBAIOTCS HECKOJIBKUMH criocobamu. Bo-
NEPBBIX, YPOBHU AOCTYyNa HACTPAUBAIOTCS POJBIO:

Hanpumep, Hyperledger Fabric nmognepxwuaer
HPHBATHBIE «KaHAJIBI, qepe3 KOTOpbIE
O0OMEHHUBAIOTCS JTAaHHBIMU TOJIBKO YIOJHOMOYEHHbIE
YYaCTHHKH. Bo-BTOpBIX, PUMEHSFOTCS

KpunTorpauyeckue MeTOHbl: KOH(UIESHIIHAILHBIC
TpaH3akiuu (kak B QUOrum) mo3BoJisiiOT IPOBEPSITH
MPaBWILHOCTB OIIEPaNiy 0€3 PacKpBITUS €€ JeTalei.
Tperbe — HCITONIb30BaHUE CIICIUATBHBIX TEXHOJIOTUN
MPUBATHOCTH, TAKUX KaK JIOKa3aTeJIbCTBA C HYJIEBBIM
pasrnamenneM (ZKP). OHu 1aroT BO3MOXKHOCTb,
HampuMep, TOJTBEPIUTh KaueCTBO PEMOHTa WIIU
CPOK BBITIIOJIHECHHA JOCTAaBKH, HE pPaACKpbIBasgd CaMHU
napamerpbl. Takum oOpazom, Onokueitn B KTXK
MOJKET COUYETATh MPOBEPSIEMOCTh M MTPUBATHOCTH [2]:
KK YYaCTHUK BHIUT TOJBKO T€ JAaHHBIC, Ha
KOTOpPBIC Y HEr0 €CTh MPaBO, a OCTAIbHBIC CBEICHUS
OCTAarOTCA SaHII/I(i)pOBaHHBIMI/I NI HEIIOAIINCAHHBIMU
B 001mI1eit memnu.

Kpowme Toro, BHeapenue Omokueitna Ha KTXK
JOJDKHO ~ YYMTBIBATH ~ HMHTETPALUI0 € yXKe
CYIIECTBYIOIIMMHU  cucTeMaMH. B wacTHOCTH,
CCHCOPBbI JI1 MPCAUKTHUBHOT'O O6CJ'Iy)KI/IBaHI/I$I YXKE
YCTaHOBJICHBI Ha IOKOMOTHBAX U BaroHax. JlaHHbIE C
STUX JaTYNKOB (Temreparypa, BUOpamus u Jp.)
MOTYT II€peIaBaThCs B OJ10KueHH-TIaTGopMy B BUJIC
3aM(pPOBaHHBIX JIOTOB, YTO MTO3BOJIMUT OTCIIEKUBATh
COCTOSIHUE TEXHUKH B PEXHUME PEabHOIO BPEMEHH U
OIICHUBATh HAAEKHOCTH  y3J0B. AHAJIOTHYHO,
anekTpoHHass ToproBast miardgopma KTXK moxker
UCTIOJIb30BaTh CMapT-KOHTPAKTHl UISI MPOBEACHUS
ABTOMATUYCCKUX AYKIIMOHOB TI'PY30BBIX MECT: BCE
YYaCTHUKHU BUIAT TCKYIIUEC 3adBKU U ACTIAIOT CTaBKU
mpo3padyHbiM  oOpa3zoMm. Ilockombky — OmOKYeiH
o0OecrieuyrBaeT I1EJIOCTHOCTh W HEU3MEHHOCTH
3amucel, Takas ~ CcHCTeMa  CHW)KAeT  PUCKHU
MOILIEHHHYECTBA W OIIMOOK  ONEepalMOHHOU
COBMECTMMOCTH CO CMEXHBIMH CHCTEMaMH —
HampuMep, C OWpKaMH TPY30BBIX 3asBOK HJIH
MEXIYHAPOIHBIMU PETYJIATOPaMH.

B cymme, OmokdeiH-MOnens Ha JKeIe3HOH
JIopore BBITOJHO OTJIMYAaeTcd OT TPAAULMOHHBIX
CHUCTEM TE€M, 4YTO IpeyiaraeT pacnperenéHHoe
XpaHEHHE JAaHHBIX M KPHUIITO-TIPOTOKOJIBI  JAJIS
oeszonmacHoctr. Y KTX mpm sTomM mosBisieTcs
HE3aBUCHMBI ypOBEHb BEpUUKALMU: AaXe TPH
3JI0yMBIIUICHHBIX TMOMBITKaxX  (anbcupuIupoBaTh
OTYETHI O PEMOHTAX WM Ipy3aX, 3TH H3MEHEHUS
OoOHapy>KMBAIOTCS  y4YacTHHUKaMH  CETH  4epe3
MeXaHU3M KoHceHcyca. Takum o0pa3om, BHEIpEHHUE
O7OKYeliHa  MOXKET  3HAUUTENBHO  MOBBICHTH
HaJIEKHOCTh OMEpalii U YIPOCTUTh UHTETPAIIUIO C
ERP/SCM  (manpumep, dYepe3 ABYCTOPOHHHUE
IITIO3BI), COXPAHSS IPH 3TOM KOH(DHUAECHINAIBHOCT
KOMMEPUYECKHUX JaHHbIX.

Hwxe npuBenéH ynpoméHHbIN IpUMep cMapT-
KOHTpaKTa IJisl YIpaBJCHHUS 3asBKAMH Ha PEMOHT
KEJIE3HOJOPOKHOTO 00OPYAIOBaHHS C pa3jielcHuEM
poineii. B KOHTpakTe MCHOIB3YIOTCS POJIEBBIE MTPaBa
nocryma (uepes OpenZeppelin  AccessControl),
LITOGI)I TOJIBKO OHpeI[eHéHHLIe KaTeropuun
MOoab30BaTeNIeH MOTJIN BBIIIOJIHATH
COOTBETCTByIOIME neicTBusl. Kox wmmmoctpupyer
OCHOBHBIC CTPYKTYpbI ¥ QyHKIHMH, 6e3 MpopaboTKu
BCEX BO3MOXKHBIX MTPOBEPOK U UCKITIOUEHUH.

// SPDX-License-ldentifier: MIT pragma
solidity ~0.8.0;

import
"@openzeppelin/contracts/access/AccessControl.sol™;

// KoHTpaKT yrnpaBieHHs PEMOHTHBIMH
3asiBkaMu contract Maintenance is AccessControl {

Il Onpenensiem ponu

bytes32 public constant OPERATOR_ROLE =
keccak256("OPERATOR_ROLE"); bytes32 public
constant REPAIRMAN_ROLE =
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keccak256("REPAIRMAN_ROLE"); bytes32 public
constant CONTROLLER_ROLE =
keccak256("CONTROLLER_ROLE");

Il CtpykTypa 3asBKku Ha peMoHT Struct Task {

uintid;

string description; address operator; address
repairman; bool completed; bool verified,

}

uint public nextTaskld; mapping(uint => Task)
public tasks;

constructor() {

Il TehonTHbII aAMHH — aJipec ASTIIos

_setupRole(DEFAULT_ADMIN_ROLE,
msg.sender);

/I Pomu OPERATOR, REPAIRMAN,
CONTROLLER ymnpaBnsroTcst aiMAHOM

_setRoleAdmin(OPERATOR_ROLE,
DEFAULT_ADMIN_ROLE);

_setRoleAdmin(REPAIRMAN_ROLE,
DEFAULT_ADMIN_ROLE);

_setRoleAdmin(CONTROLLER_ROLE,
DEFAULT_ADMIN_ROLE);

}

// Oniepatop co3naet HOBYIO 3asIBKY Ha PEMOHT

function createTask(string memory desc,
address assignedRepairman) public
onlyRole(OPERATOR_ROLE) {

tasks[nextTaskld] = Task(nextTaskld, desc,
msg.sender, assignedRepairman, false, false);
nextTaskld++;

}

/| PEeMOHTHHK OTMEUaeT 3asBKY KaK
BBITTOJTHEHHYO

function completeTask(uint taskld) public

onlyRole(REPAIRMAN_ROLE)
require(tasks[taskld].repairman == msg.sender, "Not
assigned repairman"); tasks[taskld].completed = true;

}

/I KoHTposep IpoBepseT U MOATBEPKIAET
BBITIOJIHCEHHYIO 3as4BKY

function verifyTask(uint taskld) public
onlyRole(CONTROLLER_ROLE) {
require(tasks[taskld].completed, "Task not
completed"); tasks[taskld].verified = true;

by
¥

B o3TOoM KOHTpakTe ajapecaM ¢ POJISIMHU
OPERATOR, REPAIRMAN u CONTROLLER
MIPHUCBOEHBI Pa3HbIe TIOJTHOMOYHMSA. TOIBKO OMEPATOp
(Operator) mosxet co3maTh 3amauy create Task, Tonpko
Ha3HAuYCHHBIH peMoHTHUK (Repairman) — oTMeTuTh
e BbimonmHeHHo#, a koHtpon€p (Controller) —
MOATBEPANTH BhITOJHEHHE. Moaudukarop onlyRole
u3 AccessControl rapantupyer, uto (QDYHKIHMH HE
BBI30BET TOCTOpOHHee JuIo. Takoil moaxon
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JEMOHCTPHUPYET IPUHLUN pa3IeNeHus 00s13aHHOCTEH
U KOHTPOJISl JOCTylla B CMapT-KOHTPAKTax — POJH
obecrieyrBaeT 4YeTKOE pasrpaHuvyeHue (QYHKIUH B
cucreMe 0e3 LIEHTPaJIN30BaHHOIO Ha130pa.

BbIBO/JbI

[IpoBeneHHBINI  aHalM3  MOKa3bIBaeT, 4YTO
MpUMEHEHHE 0JI0KYEHH-TEXHOJIOI M B TPAHCIIOPTHO-
JIOTUCTUYECKOM  KOMIUIEKCE OTKPBIBAET HOBBIC
BO3MOKHOCTH JUI  TOBBILEHHUS MPO3PAuHOCTH
LET0YeK MOCTaBOK u HaJIe)KHOCTH
JOKyMEeHT0000poTa. YCTaHOBJIEHO, 4TO OJIOKUYEiH
MO3BOJISIET COKPAaTHTh BIHUSHHUE YeJIOBEYECKOTO
¢dakTtopa mnpu 00pabOTKE [OAHHBIX, CHU3UTH
KOJIMYECTBO  OIMMOOK W  YCKOpUTH Tepenady
KIIIOYeBOM HMHQOpMAIMA MEXAY YYaCTHHKAMU
mpoiiecca. BzaumopeiictBue OyiokyeitHa ¢
IpyTUMH

U(POBBIMH  TEXHOJIOTUSMHU
JeIECHTPAIN3ALIIO CO3/1at0T
KOHKYPEHTOCIIOCOOHOCTH
TPAHCIIOPTHEIX YCIYT HAa MHPOBOM phIHKE [2].
OcHOBHBIE poOIeMBI (upeHTuduKanys,
COBMECTHMOCTb CHCTEM, 3aTpaThl) MOTYT OBITH
MPEOJIONICHBI M0 Mepe pa3BUTHA CTAHIAPTOB U
aJIanTalyuy PEeTyIsSTOPHBIX MEXaHM3MOB. B wurore
ONOKYEH JOJDKeH CTaTh YacTbi0 IPOrPaMMBI
nugpoBU3aLUU TPaHCIOPTHO-JIOTUCTUIECKOM
oTpaci, oOecrieunBas COTJIACOBAaHHOCTh
WHPOPMALMOHHBIX W MaTepHAJbHBIX ITOTOKOB OT
MPOU3BOJUTENSI IO KOHEYHOTO MOTPEOUTEIS.

Aemopckuit eéxnad (maxconomuna CRediT):
K.N. KynenmoB — KOHIENTyaTn3aIHs UCCIECTOBAHUS,
pa3paboTKa METOMOJIOTHH, AaHAIHU3 JIMTEPaTyphl,
MporpaMMHasl peau3alus apXUTEeKTypbl OJOKYEH-
CHUCTEMBI, TIOATOTOBKA TEPBOHAYAILHOH BEPCUH
pykxomucu. I'.JI. Koraii — uccienoBanue, coop u
aHanM3  JaHHBIX,  pa3paloTKa  apXUTEKTYpHI
unterpaiimn ~ ERP/SCM-cuctem,  Busyaim3anus
pe3yabpTaToB, Banuganus. A.A. Kaauaun — HaydHOe
PYKOBOJCTBO HCCIIEAOBaHNEM, (hOpMaNIbHBIN aHAIIN3,
pELEH3UPOBaHUE W PEJaKTHPOBAaHHE PYKOIKCH,
aIMUHHCTPUPOBAaHHE  MpoekTa. Bce  aBTOpHI
03HaKOMMJIUCh C OKOHYATEIbHOI BepCcUeil pyKonucu
1 o00pwin €€ K myOJIMKaIHH.

U ymop Ha
OCHOBY JUTST
poccuiickux

Qunancuposanue. ViccnenoBaHue BBIIIOJHEHO
0e3 mpuBJIeYEHNS BHEITHETO (PHHAHCHPOBAHUSI.

Kongpnuxkm unmepecos. ABTOpPHI 3asBISIOT 00
OTCYTCTBUM KOH(IMKTa HHTEPECOB.

bnazooaprnocmu. ABTOpBI BBIpAKaroT
OnaromapHocts KaparaHguHCKOMY TEXHHUYECKOMY
yHUBEpCUTETY wuMeHH AOpUikaca CarmHoBa 3a
HNOJJICP)KKY,  OKa3aHHYI0  IPU  BBINOJIHEHHU
UCCJIe0BaHUsL.
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Anoamna. byn makanana KazSat-2 xone KazSat-3 Oaiimanbic cnyTHukTepin Oackapyra apHanran OPC UA sxone
SCADA TexHONOTHATIApH HETi3iHAE jKacanFaH OiphIHFall aBTOMATTaHIBIPBUIFAH 0acKapy kyieci yChIHBIIa eI Kasipri
yakpeITTa OYJI €Ki CIIyTHHK OpTYpJi OHIIpyIIiiep o3ipiereH eke Oackapy KemleHIepi apKbpUIBl OacKapbuIaibl, Oy
oreparopiap¥a TYCETiH KYKTEMEHi apTTHIPHIIL, KATENiK ToyeKeNiH keoerTemi. OCkl MoceneIep i ey YIIiH YCHBUFaH
KYHe OHEpKOCINTIK aBTOMATTAHABIpYIa KeHiHEH KOJIAHBUIATHIH Kypammapnasl Oipiktipeni: SCADA OGarmapiaMaibIk
mwratdopmacs apHaitel OPC UA cepBepiik MoxymsaepiMer e3apa opekerreceni. SCADA/OPC werizinzaeri mentiM exi
CIYTHHUK YVIIiH TEJIEMETPUSIIBIK JCPEeKTepHi eHACYHi, MIEKTI MOHAepHi OaKpUIayIsl jKOHE KOMaHalapIsl KiOepyi
OipikTipeni. Makanana sxylieHiH CeHIMIUTINH apTTHIPYIbI, KbI3MET KOPCETYAl )KOHE KaHFBIPTY/IbI XKSHUIIETY i, COHa-
aK maiifiayiaHy LIBIFBIHAAPBIH a3aiTybl KOPCETETIH MWIOTTHIK jk00a cumarTainraH. HoTmxkenep YCHIHBUIBIN OThIPFaH
OipbIHFail KyHeHIH CIyTHUKTepAi OacKapyAblH aFbIMJaFbl THIMAUITIH apTThIpyFa j>KOHE OoJlallaK KEeHEeHTy MeH
JKAHFBIPTYFa MKEMJIi Heri3 KaMTaMachI3 eTyre KaOijeTTi eKeHIH pacTaiibl.

Tyiiin co3dep: OipblHFail aBTOMATTaHBIPBUIFAH XKYHe, Faphlll anmapartapbliH 6a ckapy, SCADA, OPC UA, rapsiiu
annapaTTapbIHbIH TEIEMETPHSCH, KOMaHAAIBIK-0JIIIeY CTAHIUACHI, OIpbIHFal AepeKTep aFbIHbI, MaclITa0TaITy.
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Annomayus. B nanHOU cTaThe NpeEICTaBleHa eJUHAs aBTOMATH3UPOBAHHAS CUCTEMA YIIPABJICHHUS CIlyTHUKAMH CBS3H
KazSat-2 u KazSat-3, coznannas ¢ ucnonszoBanueM texuonoruiit OPC UA u SCADA. Tekymias KCITyatalus 3TUX
IIByX CIIyTHHKOB OCHOBAaHAa Ha WCIIOJBb30BAHHH OTHENBHBIX KOMIUIEKCOB YIPaBIEHHsS COOCTBEHHOH pa3pabOTKH, 4TO
NPUBOIUT K YBEIIMYCHUIO HArpy3Kd Ha oOIepaTopa M HOBBILCHHIO pUCKa omMOOK. [ pemeHus 3THX mpodiem
npeaiaraemMast cucreMa 00beIMHSET IIMPOKO UCIIOIb3YEMbIE CPEACTBA IIPOMBIIIIEHHOI aBTOMATH3aLuK: IPOIPaMMHYO
iarpopmy SCADA, B3auMOelCTBYIOIIYIO € TOJIb30BaTeNIbckuMu cepBepHbIMU Moy tiMu OPC UA. Perienue Ha 6aze
SCADA/OPC o6beantser 06paboTKy TeIEMETPUUSCKUX JaHHBIX, KOHTPOIb MPEACTbHBIX 3HAYCHHUI M BBIIAYy KOMAH]I
Ha oOoux cmyTHHKax. OmNUcaH NWIOTHBIA TPOEKT, JEMOHCTPUPYIOIIMH ITOBBIIICHHE HAJEKHOCTH, YIPOIICHHE
o0CITy)KMBaHHs W MOJICpPHHM3ALMK, a TaKKe CHMW)KEHHE SKCIUTyaTallMOHHBIX DPacxXoJ0B. Pe3ysbTaThl MOATBEPKIAIOT
MOTEHIMA Ipe/laraeMoll  YHU(HUIUPOBAHHON CHCTEMBI JUISl YJIyYLIEHHS TEKyIUeH OKCIUTyaTallMd CIYTHHKOB H
obecriedeH s THOKOI OCHOBBI IS OyAyIIero pacuIupeHnst U MOJICPHU3ALIUH.

Knroueewste cnosa: enuHasi aBTOMaTH3UPOBaHHAs CHCTEMa, yIIpaBieHne kocmudeckumiu ammapatamu, SCADA, OPC UA,
TeNeMeTpusi  KOCMHYECKHX  alllapaTtoB, KOMAaHIHO-M3MEPUTENIbHAS  CTAHLUS, CIOWHBIA  IIOTOK  JIAHHBIX,
MacIITabupyeMOCTb.

OCHOBHBIE NOJIOKEHU A Taxast cutyanus co3znana psag npobiaem. Oneparopos
[Ipumenenue equHOMN IaTGOPMbI yIpaBIeHUss HEo0X0AuMO o0ydaTh paboTe ¢ ABYMs pa3HbIMU

Ha ocHoBe TtexHosoruii SCADA um OPC UA cucreMamum ¢  pasHbiMd  uHTepdelicamu U
M03BOJISICT MHTETPUPOBATH PA3HOPOIHBIC KOMIUIEKCHl  IPOIEYPAaMH, YTO yBEIMYNBAET BpeMsi OOydEeHUS U
yIpaBJIeHUs] KOCMUYECKUMU armaparamMu KazSat-2 u1 moBbIIaeT BepOsSATHOCTH OMIMOOK NPH MapajieIbHOM
KazSat-3 B eaumHyl0  CTaHAAPTH3MPOBAHHYIO  YIPAaBJICHWU CIIyTHHKaMHu. bojiee TOTO, MOCKOJBKY
cUCTEMY. Taxoit MOAXOJ obecrieynBaeT  3TH KOMILITEKCBHI YIIPaBICHUS SIBIISIOTCS
yHUPUKALIUIO 00pabOTKH TeIEMETPUIECKHUX JaHHbIX, —npomnpuerapusiMi, PLIKC 3aBHCHT OT TeXHHYeCKOU
BBINIOJIHEHHE KOMAHJ| yNpPaBJCHHs dYepe3 OOMMi TMOMICPKKM W OOHOBJICHHH  OPHTHHAIBHBIX

uHTEpQeiic, CHIKEHNE HAarpy3kd Ha OmepaTtopoB M  paspaboruumkoB.  CrTporme  OrpaHM4eHUs  Ha
MOBBILIIEHHE Ha/Ie)KHOCTH 9KCIUTyaTallid  paclpOCTpaHEHHE WIH MOIU(pHUKALNIO
CIIyTHUKOBOMW T'PyTITHUPOBKH. MPOrpaMMHOTO  OOECTIeYeHUs, TMPEIOCTaBICHHOTO
MOCTAaBIIMKOM  [2],  BBIHYXJalOT  oleparopa

BBEJEHHE MOJIaraThCs Ha TPOM3BOAMTENEH IS JTFOOBIX

CoBpeMeHHbIE  CIYTHHKHA  CBSI3M ~ WTpalOT  OOHOBJICHMHA WIIM 3aMeHbl oOopyZoBaHusA. Takas
Ba)XHEHIIIYIO POJIb B TIPEIOCTABICHUH YCIIYT CBSI3U 1 MOHOTOJHMS Ha MONAEP)KKY HE TONBKO YBEIHMYHBACT
Bemanus. PecnyOnukaHCKMH LEHTP KOCMHMYECKOH  3aTpathl, HO U CO3AET 3KCIUIyaTal[MOHHbIE PUCKU —
cs3u (PLIKC) skcrmyaTupyeT nBa CIyTHHMKA CBSI3M,  HAalpUMeEp, €CIM TI€OIONUTHYECKHE YCIOBHUS HE
«KazSat-2» n «KazSat-3», paspaboTaHHbIe pa3HBIMH ~ MO3BOJISIOT MPOM3BOAMTENIO OKa3bIBaTh IOMOIIb,
npou3BOAUTENAMU. Kakaplii COyTHHK NOCTaBISJICS — HUCIPABJIEHUE npo0OieM c IIPOrPaMMHBIM
CO CBOMM COOCTBEHHBIM alllapaTHO-TIPOTPAMMHBIM ~ O0€CIedeHHEeM WIM OOHOBJIEHHE YCTAapEBLIETO
KOMIUIGKCOM  yINpaBJICHUS, aJalTUPOBAHHBIM K  00OPYJOBaHUS MOXET CTaTh HEBO3MOXHBIM [2]. OTH
MOTPEOHOCTSIM KOHKPETHOW MHCCHH, YTO MPHUBEJIO K MPOOJIEeMbl MOAYEPKUBAIOT HEOOXOAMMOCTH Ooiiee
HECOBMECTUMOCTH cHCTeM ympasieHus [1]. Ha  craHmapTH3MpOBaHHOTO M HE3aBUCHMOTO MOAXO/a K
NpakTHKE JTO O03HAYaeT, 4YTO JBa CHOYTHHKA HHQPACTPYKType  YIpaBICHUS  KOCMHUYECKUMU
VIPaBISAIOTCS COBEPUICHHO pa3HBIM MPOrpaMMHBIM  ammapatamu.  IloaTomy B ganHoii  pabote
oOecrieyeHneM YIpaBleHUs MUCCHEH, HECMOTPSI Ha  IIpeJylaraercs paspaboTka eIMHON
TO, YTO OHHU PabOTAIOT C OJTHOTO U TOTO K€ OOBEKTA.  aBTOMATU3UPOBAHHOW CHCTEMBI YIPABICHUS JUIS
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cnytHukoB KazSat-2 u KazSat-3 Ha ocHoBe
COBPEMEHHBIX CTaHIapTOB POMBIIIIICHHO
aBTOMATHU3AIHH. Hcnonb3ys porpaMMHOE

obecnieuenne SCADA (Supervisory Control and Data
Acquisition) u craamapr OPC UA (Open Platform
Communications Unified Architecture), moxmO
HUHTCTPUPOBATH ABC pPAa3HOPOAHBIC CHUCTECMBI B
enunyto mardopmy. Texnomorun SCADA u OPC
UA mupoKO WUCHONB3YIOTCA B TMPOMBIIIIICHHON
aBTOMaTU3allu U NpeajiararoT HepCHeKTHBHBIﬁ nyThb
AJid CTaHAApPTU3allU W YIIPOUICHUSA SKCIUTyaTallun
ciytHukoB [3]. [lasee Mbl MOAPOOHO PacCMOTPHM
CYyILIECTBYIOILIHE poOIEeMBI, IpeAIaracMyo
METOAOJIOTHIO YHU(DHUKALUN CHCTEMBI, apXUTEKTYpPy
pemcHuA, IUIOTHOC BHEAPCHHUC, CPABHUTCIBbHBIN
a”au3 BO3MOXKHBIX KOH(pHTYpaLuii 51
NpeuMyHieCTBa, MPOACMOHCTPHUPOBAHHLIC CAWHBIM
OJIXOJIOM.

IlIpoben 6 uccnedosanuax. HecMoTpsa Ha
mupokoe npumenenue texuonorui SCADA u
OPC UA B mOpOMBIIUICHHONW aBTOMAaTH3aIlWH,
BOIPOCHI UX KOMIUIEKCHOTO HUCITOJIb30BAHUS IS
yHUbUKAIUN yIpaBlIeHUs HECKOJIbKUMU
KOCMUYECKUMU anmapatamMu OCTaloTCs
HEJOCTaTOYHO  U3YYEHHBIMH. BONBIIMHCTBO
CYILIECTBYIOIIUX PEIICHUN OPUEHTHUPOBAHO HaA
OTJIENbHbIE CITyTHUKOBBIE KOMIUIEKCHl WM
CHeIHATM3UPOBAHHBIE MPOIPHETAPHBIC
CUCTeMbl YINpaBJieHHs] W HE paccMaTpHUBaeT
CO3/1aHHE €IMHOI MacimTadupyemoi
mIaTdhOpMbl, HE3aBUCUMOW OT MPOU3BOIUTENCH
000pyIOBaHUH.

Hayunaa noeusna. HayuyHas HOBHU3Ha
UCCIICIOBAHMS  3aKIoYaeTcss B pa3padoOTKe
apxutektypel  emuroni  SCADA/OPC  UA-
m1atGopMbl  JUIS  YOPABIEHUS HECKOJIBKUMH
KOCMUYECKHUMH ammapaTaMd, OCHOBaHHOW Ha
ucnoib3oBanuu yHupumupoBannoro OPC UA-

cepeepa  u  eamHoit =~ SCADA-cuctemsl.
[IpemosxxenHoe perieHue obecrnieunBaeT
WHTETPAIUIO Pa3HOPOIHBIX Ha3eMHBIX
KOMIIJICKCOB yHpaBJICHUA, CTaHAapTU3al U0

00paboOTKH TeneMeTpuuecKo HHPOPMAIMH |
KOMaHJ| YIpaBlIeHUs, a TaKKe CO3/1aeT OCHOBY
IUIE  MacmTaOUpOBaHHWSI ~ CHUCTEMBI  IIPH
MOAKIIFTOYCHHUHN HOBBIX KOCMHUYCCKUX allllapaToB.

METOIbI U MATEPUAJIbBI
Okcrutyaranus KazSat-2 u KazSat-3 ¢ nByms
HECOBMECTUMBIMH  KOMILICKCAMHM  YNPaBJICHUS
MpUBENa K psiIy MpoOJieM i TPYMIbl Ha3eMHBIX
omepaluin:

51

1. Jy6nupoBaHHBIE KOMIUIEKCHI yIPaBICHHS
— IIBa CIIyTHHKA HWCIIONB3YIOT COBEPIIECHHO pa3HBIE
amnmapaTHO-MPOrpaMMHBIC KOMILIEKCHI IUTSL
00paboTKu TEJIeMETPUUECKUX JAHHBIX 5
yrpasienus. OmepaTopaM TPUXOAUTCS W3ydaTh U
MOANEPKUBATh  HaBBIKM  pabOTBI ¢  OOEHUMU
CHCTEMaMH, YTO YBEIHYMBACT HAYATBHYIO HATPY3KY

Ha OOy4YeHHE W YCJOXHSET IOBCETHEBHYIO
9KCILTYaTaIHIO.

2. Ilockonmbky Kakgasi cUCTeMa MMEET CBOM
MOJIb30BATEIILCKUI uHTepdeiic u JIOTHKY

VIpaBJICHUs] U aHaju3a TEIEeMETPHUYECKUX JIaHHBIX,
OJTHOBPEMEHHOE yIpaBJIeHHE O0EHMMH CHCTEeMaMU
MOXKET IPHUBECTH K MyTaHWIle. B cTpeccoBbIX wimn
HEIITAaTHBIX CUTYallMsAX pa3Iuuusi B TPOLEAYypax
MOBBIIAIOT ~ PUCK  OIMMOKHM  omeparopa  MpH
MEPEKITIOUYECHIH MEXKTy CHCTEMaMH.

3. Tlocme wucrTeueHHsi TrapaHTUHHOTO CpPOKa
MPOIOJDKCHUE TEXHUYECKOM TMOAJCPKKH KaKIOTO
MPOTIPUETAPHOTO KOMILIEKCa CTaHOBHTCS
HeompeneneHHbIM.  Kputudeckne  0OHOBICHHUS
(HampuMmep, A7l YCTAHOBKH HOBOT'O KOMITBIOTEPHOTO
000pyZOBaHUS WM  ONEPAIMOHHBIX  CHCTEM)
TpeOyIOT M0CTyma K UCXOMHOMY KOJY M MPOEKTHOM
JIOKyMeHTaluu, KoTtopele HemoctynHsl RCSC. B
pesynbrate RCSC BhIHYXIEH 3ampaliiBaTh JHOObIC
Moau(UKAMM Yy TEPBOHAYAIBLHOTO TIOCTAaBIIMKA.
MoHomonusi pa3paboTyMKa Ha TaKyH MOIACPKKY
MO3BOJISIET EMY IUKTOBATh BEICOKHE IIEHBL, a B CITyJae
TCONOJIUTHYECKUX OCIOKHEHUH TMOAJIEPKKA MOXKET
OBITh TIOJTHOCTBIO TIPEKpatieHa [2].

4. 3aKpBITOCTH CHCTEM O3HAYAET, YTO HH OJIUH
anmapaTHbli KOMIIOHEHT HE MOXKET OBITh 3aMeHEH
WIM  MOAEpPHU3UpOBaH  0e3  MoauduKamuu
MporpaMMHOro obOecriedeHns TMocTaBmuKa. [laxe
IUTAHOBasE ~ MOJICpHM3aIUs  (HampuMmep, 3aMeHa
YCTapeBIINX pabOYHMX CTAHINI) MOKET MMOTPeOOBaTh
HW3MEHEHUS! IPOrpaMMHOrO olecredeHus. ITo
BBIHY)KJJa€T OIlepaTopa JMO0 BO3JEPKHUBATHCS OT
oOHOBIIeHWH, 700 HECTH  HEMpelcKa3yeMbie
pacxombt Ha oOHOBIIEHUE IIPOrPaMMHOTO
oOecrie4eHns] TIOCTABIIMKOM JJIsi JIFOOOTO HOBOTO
000pyI0BaHUSI.

Otu  npoOneMbl CHWXKAIOT 3(PQPEKTHBHOCTH
paboThl CIYTHHKOB W YBEIUYUBAIOT JOJITOCPOYHBIE
pacxoabl. OHM TMOAYEPKHUBAIOT HEOOXOAUMOCTH B
€MHOM PEIICHUH ISl yIIPABICHUS, HE3aBUCHMOM OT
WCXOIHBIX TIPOU3BOJAMTENECH ¥  JOITyCKAIOIIEeM
Oyaymiue pacIIpeHus. Lenb JAHHOTO
WICCIIeTIOBAHUS CO3/1aHne eIMHOM
ABTOMAaTHU3UPOBAHHOM CHUCTEMBI yIIpaBIeHUS
CIYTHHKAaMH, CIOCOOHOH YNPaBIATH HECKOIBKUMH
KOCMHYECKMMH  amlmaparamMd  4epe3  OOIIyro
miat(opmy, TeM cCaMbIM YCTpaHssi HECOBMECTUMOCTh
1 Hed(PPEeKTUBHOCTH CYIIECTBYIOIIEH CUCTEMEI.
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Jns perneHns BBIIETIEPEUNCIICHHBIX MPOOIEM
MBI TIpeJiaraeM IIO0AXO]l, OCHOBAaHHBIH Ha IIMPOKO
PacIpOCTPaHCHHBIX TEXHOJOTHSX MPOMBIIUICHHON
ABTOMATHU3alliU, a UMEHHO, pealu3aluio (PYHKIUN
HA3eMHOT0 yIpaBJIeHHS CITyTHUKOM c
ucnonb3oBanneM SCADA-cHcTeMBl B COYETAaHHU C
OPC UA-cepBepoM. DTa KOHIIEMIUS MPEIoaraet
3aMEHY JBYX OTAEJbHBIX MNPOrPAMMHBIX ITaKETOB
YIpaBICHUS, CICIUPUIHBIX JUTSE pasHbIX
npou3BOAUTENeH, YHU(QUIMPOBAHHOH CHCTEMOH,
MMOCTPOCHHOW Ha 0a3e TOTOBBIX IPOMBINUICHHBIX
KOMITOHEHTOB. ~AHAJIOTUYHBIC WJICH BHEIPCHUS
YHUBEPCAIbHBIX ~ TEXHOJOTHH B  yIpaBICHHE
KOCMUYECKHMH anmapaTaMi pacCMaTpUBAINCH B
MPEIBIITY X paboTax 1o MOBBIIICHUIO
ympaBmsiemoctn [7]. B Hamel peanmzanuud B
KauecTBe S/Ipa CUCTEMbI YIIPABICHUS UCIOIb3yeTCs
kommepueckas SCADA-mnatdopma. [Iporpammuoe

obecieuenne  SCADA  mpenHa3HadeHo — JUIs
MOHUTOPHHTAa W  YIPABICHUS  TEXHUYECKUMHU
IpOIeCCaMi B PEXUME pEalbHOrO0 BPEMEHH U
npejiaraeT  OoraTelii  HaboOp  BCTPOCHHBIX

BO3MOJKHOCTEH. JIJIs1 MIIOTHOTO TpOeKTa KOMaHza
BoiOpana B kadectBe  SCADA-miardopmsr
nporpammHoe obecrieuenre MasterSCADA 4D [4].
SCADA-cucreMsl BBIIOJIHSAIOT psn 3aj1ad,
HEOOXOMMMBIX ISl OKCIUTyaTallud KOCMHYECKHX
anmnapaTos:

1. cOop maHHBIX B pealbHOM BPEMEHH C
JIATYMKOB U YCTPOUCTB;

2. 00paboTka ¥ poBepKa BXOASIINX JAHHBIX
(BKJTIOYAsI IPOBEPKY MPEICIOB O€30MaCHOCTH);

3. BbINOJHEHHE AJITOPUTMOB JIOTUYECKOTO
YTIPaBICHUS;

4. orobOpaxeHne TeJIeMETPHUUECKON u
CTaTyCHOH MH(OpMalUK Ha MyJIbTax oOIeparopa B
MHTYUTHBHO TIOHATHOM T'padnaecKkoM BHIE;

5. perucrpanusi HCTOPUYECKUX JIAHHBIX B
0asax JaHHBIX;

6. TeHepanys ~ CHTHAJOB  TPEBOTHM U
00paboTka TPEeAYNMPEKAAOIMUK  COOOIMIEHHH O
HEHOPMAJIbHBIX YCIOBHSX;

7. co3maHME OTYETOB O COCTOSHUH U

COOBITHSIX CUCTEMBI;

8. oObBeaMHEHHE B CETh HECKOJIBKHUX paboumnx
CTaHIU oIepaTopoB u obecrieueHue
COTJIACOBAaHHOCTH JAHHBIX HA HHUX;

9. B3aMMOjgCHCTBHE c BHEIITHUMU
nporpamMmMaMu  (Hampumep,  0azaMu  JTaHHBIX,
ANIEKTPOHHBIMH Ta0JIUIIAMHK) JJI1 OOMEHA TaHHBIMU.

[To cytu, ocHoBHas poisib mporpamMmmsl SCADA
3aKiII0YacTcss B cOope WMHGOpPMAIHH C Pa3TnIHBIX
NaTYUKOB (MJIM, B JAHHOM KOHTEKCTE, C KaHAJIOB
TEJIEMETPUH KOCMHYECKOTO aIapara), BHITOJTHECHUH
MEPBUYHOM 00pabOTKHM M MPOBEPKH JOCTOBEPHOCTH,
BHU3YaJIbHOM MPeICTaBICHUU uHpOpMaIIH
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oreparopaM W  BbyIade KOMAaHJ  YIpaBIICHUS
WCTIOJIHUTENTLHBIM MEXaHW3MaM HITU TIojicucTeMam. B
4acTHOCTH, HporpammuHoe obOecreuenne SCADA
TaKxKe MO3BOJIAET cOo371aBaTh QJITOPUTMBL
aBTOMATHU3UPOBAHHOTO YIPABJICHUsI, KOTOPBIC MOTYT
JIECTBOBATh B 3aBUCHMOCTH OT 33JaHHBIX YCJIOBUMI
nnu aevicteuil omeparopa [5]. C Toukm 3peHHs
(YHKIIMOHATBHOCTH COBpEMEHHBIE SCADA-
CHCTEMBI OXBAaTHIBAIOT NPaKTUIECKU BCE
BO3MOXHOCTH CHEUUAIN3UPOBAHHOTO
NpOrpaMMHOIO  oOecriedeHusi Uil yHpaBJICHHS
CIyTHHKaMH [5]. DTo 03HAYaeT, 4TO pelieHue Ha 6aze
SCADA MoXeT yIOBIETBOPHUTH Te K€ MOTPEOHOCTH,
9TO0 W CylecTBymoume (UPMEHHBIE CHCTEMBI
TEJIEMETPUUECKOTO0 MOHHUTOPHHTA M YIPaBJICHUS
KOCMHYECKHMH anmapaTamH. PaccmatpuBas
KOCMHYECKHI amnmapar KakK HETPEPBIBHO
paboTarommii MPOU3BOJCTBEHHBIN MPOIIECC, BIIOJIHE
BO3MOYKHO HCIOJB30BaTh TexHomoruio SCADA st
yopaBieHus: cnyTHUKamud. OIHO — NPHIOXKECHUE
SCADA MOXeT KOHTPOJHPOBATh  HECKOJBKO
MPOIIECCOB TapajulebHO, YTO B JIAHHOM Cllydyae
mo3BoisieT ogHoMy 3k3eMIurpy SCADA ympaBisars
HECKOJBbKUMHU KOCMHYECKHMHU anmnapaTtamu
omHOBpeMeHHO [6]. PasBepTbiBas HIAECHTHYHBIE
untepdericet SCADA nmins KazSat-2 u KazSat-3, mbl
cpa3y K€ pemaeM TepBble TpPH MPOOJIEMEI.
Omneparopy JOCTaTOYHO OCBOHTH OJTUH
YHUQPHUIMPOBAHHBIN HHTEpEHC, YTO 3HAYUTEILHO
coKpamaer 3aTpaThl Ha oOydenue. [lockonbky oba
CIOyTHHKAa OyAyT YHpaBIIATHCS OJHUM H TEM XK€
MPOTrpaMMHBIM 00eCTIeYeHHEM, BCe ONiepalny OyayT
BBHITIOJTHATHCS B €IWHON MOCIIENOBATEILHOCTH, YTO
CHHMYKAaeT BEPOSITHOCTD OLIMOOK MPH OJHOBPEMEHHOM
BBIIIOJIHEHUH OIIEpaTOPOM ABYX Muccuil. bosee toro,
wiatpopmel  SCADA  Hcnonb3yloT CTaHIapTHEIC
uHTEep(EHCHBIE  COTJIAICHUA W MOJIYJIbHBIC
OpaiiBepbl;  eciM  BbIOpaHHOE  MPOrpaMMHOE
obecnieuenne ~ SCADA  xorma-nubo  cTaHeT
HETIOAZICPKUBAEMBIM, €T0 MOXHO OYyJeT 3aMEHUTbH
9KBUBAJICHTHBIM MPOJYKTOM JIPYTOT0 MOCTABIIHMKA C
MUHHMAJTBHBIMA U3MEHEHUSIMH B JIOTHKE
ynpasieHus. Takas B3anM03aMeHsIeMOCTh 3alllUIIaeT
CHUCTEMY OT NPUBS3KU K HOCTABLIMKY M YCTPAaHSIET
HEOOXOJIMMOCTh B HCIOJB30BaHHU 000PYJI0BaHUS
WCXOJHBIX TPOU3BOJUTENCH, TEM CaMbIM CHHKAs
PHCKH, CBSI3aHHBIE C JOJITOCPOYHOM MOIAEPKKOI.
OpHako TmpsMas 3aMeHa  CYIIECTBYIOIIMX
KOMIUIeKCOB ympapnenus: nporpammoii SCADA He
SIBISIETCSL IIPOCTOM M3-3a paszauyuii B MPOTOKOIAX
nepefayd  JaHHBIX M CBSI3H, HCIIOJBb3YEMBIX
Ha3eMHBIMH  CHCTEMaMH CIOYTHHKOB. [loToku
TEJIeMETPUUECKUX U KOMaHHBIX JAHHBIX B TEKYLIHX
cucTeMax KazSat HE COOTBETCTBYIOT
«yHA(UIIPOBaHHBIMY) (hopMaTaM, OXHIAEMBIM OT
CTaHIApTHOTO MPOrpaMMHOTO obecrievyeHus!
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SCADA. B yacTHOCTH, Ha3eMHBIC CETMEHTBI JIBYX
CITyTHUKOB 00pa0aThIBalOT JaHHBIC I10-Pa3HOMY.
Komangno-usmepurensnas cranuus (KHUC) KazSat-
2 ¢opmupyeT enuHbIH OOBEIMHEHHBIH MOTOK
TEJIEMETPUUECKUX JITaHHBIX, BKJIIOYAIOIIUN HE TOJIBKO
TEJIEMETPUUECKUE  MapaMeTpbl  KOCMHYECKOIO
anmapara, HO M JONOJHUTENBHYI0 WH(OPMAIHIO,
TAaKyl0 Kak COCTOsHHE O00OpyJOoBaHUs Ha3eMHON
CTaHIIMKM, MU3MEPEHUs] JaTbHOCTH W yIJia CIyTHHKA
(OTHOCHTENBHO  aHTEHHBI), METEOPOJIOTHYECKHUE
JaHHbIE C METEOCTaHLUH, MMOATBEPKICHUS KOMaH],
OTIpaBJICHHBIX Ha CHYyTHHK, U T.1. [8]. Hampotus,
Ha3eMHbI cermeHT KazSat-3 opranu3oBaH 1o MHOM

¢bunocoduu: (GYHKUMU ~ pa3leNieHbl  MEXIy
OTJEeNBbHBIMHY IoJIcicTeMaMu. HezaBucumas cucrema
MOHUTOPHHTa ¥  YIOpaBJICHUS  OTBEYaeT  3a

yIOpaBieHHEe O0OpyJOBaHMEM HAa3eMHOW CTaHLUHU
KazSat-3 1 anteHHOM, a crienuaIn3upOBaHHbI GJIOK
00pabOTKM  CUTHAIOB  (TEIEMETPUYECKUH |
nanpHOMepHBI 0ok Safran  CORTEX CRT)
oOecrieynBaeT MPUEM TENEMETPUIECKUX CUTHAJIOB U
CHUTHAJIOB CJIKEHUS KOCMHYECKOro ammapata [9].
CrnenoBatenbHO, JaHHBIE, TOCTYNAIOIINE CO CTAHLUH
KazSat-3, pacnpenemnsiroTcsi MeXIy HECKOJIBKHMHU
HUCTOYHUKAMH (mporpammMHoe obecnieyeHne
MPEOCTaBIseT NaHHbIE O COCTOSHUM HA3eMHOTO
000pyIOBaHMsI M HAaBENCHUM HA OTAEIBbHBIM IyJIbT
omepaTopa, B TO BpeMsl Kak 0JI0K

Cortex  oOecrmeunBaeT  TelIEeMETPUUECKHUE
JaHHbIE W M3MEPEHUS NAJIBHOCTH KOCMHYECKOTO
armmapara [9]). DTu pa3nuuus O3HAYAIOT, YTO
nporpammMa  SCADA  He  MOXeT  MpoOCTO
MOJKJIIOYUTHCS K CYHIECTBYIOLIMM MOTOKaM JAaHHBIX
0e3 amanTtauuu. bonmee Toro, MHOrue mapameTpsl
TEJIEMETPUN KOCMHYECKOrO ammapara B TaKHX
cUCTeMax He TepelaloTcs B BHAEC TOTOBBIX K
UCTIONIb30BAaHUI0 WH)KEHEPHBIX 3HAYEHHM; BMECTO
39TOTO OHH KOAWPYIOTCA Kak HeoOpaboTaHHBIE
OTCYETHI WJIM KOAUPOBAHHbIE 3HAYCHUS, TPEOYIOIIUE
peoOpa3oBaHUs c HCTIOJIb30BaHUEM
KamOpoBoYHBIX KpuBbIX [10]. Takas mpakThka
KOAMPOBaHHS TeJIeMETpUU (paclpocTpaHEHHasl B
CIYTHHKOBBIX IPOTOKOJaX) OSKOHOMHUT IIOJIOCY
[IPOIYCKaHUs, HO NPUBOAUT K (opMaraM [aHHBIX,
kKoTopple craHgaptHas cucrema SCADA  He
nonumaer. Ecin Obl mpuIiocs nepeaaBaTh BCIO
TEIEMETPUI0 B  EOUHUIAX HEHNOCPEICTBEHHOI'O
WH)XEHEpHOTO  aHaiu3a, 4ToObl  crenath e
coemectumoii co SCADA, »3T0 3HAUYUTENHHO
YBEIMYMIO OBl 00BEM JAaHHBIX 10 PaJHOKaHATY, TEM
CaMbIM pacCIIUpUB TPEOYEMYIO ITOJIOCY MPOIYCKAHHS
U CHHU3HB IIOMEXOYCTOH4YMBOCThH cBsizu [11]. Takoii
noaxon  nmbo  Hapymmn  Obl  OrpaHUYEHHS
paaroKkaHaa, JIn0o noTpedoBa Obl MCIIOIL30BAHHMS
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Oosiee KPYNHBIX M JOPOTHUX HAa36MHBIX aHTCHH JUIS
kommneHcaryu [11].

Jlist perieHust 9TUX MpoOIIeM Hallla METOA0JIOTUS
Beogutr cepeep OPC  UA B KkauecTBe
MPOMEKYTOYHOTO yPOBHS HHTETPALlMH  MEXKIY
Ha3€MHBIMH CTAaHIUSAMH CITyTHUKOB M IPOTPAMMHBIM
oOecrieyeHneM SCADA. OPC UA
(yHuUIMpOoBaHHAS apXUTEKTypa OTKPBITBIX
w1aT(opM CBS3M) - TPOMBIIIICHHBIH CTAHAAPT CBSI3H,
KOTOpBI OO0CCIIEYMBACT B3aUMOJCHUCTBUE IyTEM
ornpeeeHus o0IIel MO JaHHbIX U HHTepdeiica.
Ha npaktuke cepep OPC neiictByer Kak
YHUBEPCAIbHBIA  JpaliBep,  KOTOPBIA  MOXET
B3aMMO/JICHCTBOBATh C Pa3IMYHBIM 00OpPYIOBaHHUEM
WM TIPOTPaMMHBIM OOeCTieueHHeM, HCIONb3Ys HX
COOCTBEHHBIE ITPOTOKOJIBI, ¥ TIPEJOCTABIIATH TaHHBIC
B cTaHaapTu3upoBaHHOM (opmare mrodomy OPC-
COBMECTHMOMY KJIMEHTY (HampuMmep, CHCTeMe
SCADA) [3]. B nmpemmaraemoii  cucrteme
cnerranuctel RCSC paspabatbiBaroT cOOCTBEHHBIN
ceppep OPC UA nns B3aumonerictus ¢ KUC
kaxaoro cnytHuka. Cepep OPC  momydaer
TeJeMeTpUUECKUE NaHHbIE U JaHHBIE O COCTOSIHUM C
Ha3eMHOH CTaHIMKM B HCXOAHOM ¢opmare W
npeoOpasyer ux B Qopmar manHeix OPC UA,
pacniosHaBaemblii mpuiaoxkenuem SCADA.  3to
npeoOpa3oBaHue BKIIOYAeT B ce0sl JEKOJUPOBAaHHUE
BXOMSIIMX KagpoB  TEJIEMETPUHU U  TIEPEBOA
He0oOpabOTaHHBIX KOIOB M3MEPEHHUI B (pu3HUECKUE
CIMHULBI TMyTeM INPUMEHEHHS COOTBETCTBYIOLINX
KaJHMOPOBOYHBIX  XapaKTEPUCTUK I  KaKAOTO
napamerpa [12]. Cepsep, 1Mo cyTH, OTOOpaxkaer
TEJIEMETPUYECKUI TPOTOKON CHYTHHKa Ha Habop
CTaHJapTU3UPOBaHHBIX Touek nAaHHbIX OPC, Tak 4ro
¢ touku 3peHuss SCADA oH monmy4yaer OOBIYHBIC
MOKa3aHus JIaTYMKOB B peanbHOM BpemeHH. CepBep
OPC UA Taxxe o0pabaTeiBaeT OOpaTHBIA MOTOK:
J00ble KOMaH/Ibl YIPABJICHHS, IIEpeaBacMble Yepe3
uarepdeiic  SCADA,  mepexBaThBalOTCI |
TPAaHCIHPYIOTCS B  CIICHHAIBHBIA  KOMaHJIHBIH
nporokon, TpeOyemeri KHUC wu  kocMuueckum
anmaparoMm. Hampumep, eciii orepatop OTIpaBiisieT
KOMaHJy YIpaBlieHHs KOCMHUYECKUM allapaToM C
koHcomu SCADA, cepep OPC uHKarncymupyer 3Ty
KOMaHJy B COOTBETCTBHUM C TIPOTOKOJOM CBSI3H
CIlyTHUKa (BKJIIOYas BCE HEOOXOIUMBIEC 3aroJIOBKH,
KOJIMPOBKY H aJJpECaIliio), IIPeK/Ie YeM IepeciaTh eé
Ha Ha3eMHYIO CTaHIUIO Ui repepadn. Vcmomb3ys
3TOT YpOBeHb TpaHciusinuu Ha ocHoBe OPC,
mporpamma  SCADA  mMoxer  OecniepeOoitHO
B3auMoOielcTBOBAaTh Kak ¢ KazSat-2, rak u ¢ KazSat-
3, HecMOTpA Ha pa3nuuusi B (opmarax IaHHBIX.
Takum oOpazom, TexHoiorus OPC UA pemaer
MOCJIC/THIOI0  TIPOOJIeMy, HW30JHPYS 3aBUCHMOCTH
00Opy/IOBaHMS W TPOTOKOJIOB B  MOJIYJIBHOM
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cepBepHOM KoMmoHeHTe. Ecnm B Oymymiem kakas-
00 YacTh HA3eMHOTO O0OpyJoBaHHS OynmeT
3aMeHeHa WM OyJeT BHEAPEH HOBBIM MPOTOKOI
CBsI3H, J0CTaTo4HO Oymer oOHoBuTH OPC-cepBep
(WK ero KOH(Urypalyio I HOBOI'O IMPOTOKOJA),
pu 3ToM ypoBeHb SCADA ocTaHeTCs1 HEU3MEHHBIM.
Hoctyn k ucxonnomy koxy OPC-cepBepa mo3BosisieT
JIETKO BHOCUTH TakWe W3MEHEHUs, He Hapyias
00111y (hYHKIIMOHATBHOCTh CUCTEMBI YIIPABJICHU.

PE3YJIBTATBI 1 OBCYXJIEHUE
Hcnons3ys ONMCaHHYH BBIILE METOHOJIOTHIO,

MBI pa3paboTaJd HOBYIO apXHUTEKTYpy LEHTpa
YHpaBJICHUS MOJIETaMH, MHTETPUPYIOLIYIO
komnoHentel SCADA u OPC UA. bBeuio
paccMOTPEHO  HECKONBKO  KOH(pUrypamuid st

pasBepThiBaHusl cuctembl Ha 0Oaze SCADA-OPC,

nepBasi KOHQUTypalus, NpeACTaBIsIoNIas co0oit
npocredmmit  cimydailt:  mporpamma  SCADA,
nonkioueHHast yepes cepeep OPC UA x HazemHOU
CTaHIIMA OJHOTO KOCMHYECKOTO ammaparta. B atoit
cxeme omumH OPC-cepBep B3aUMOJIEHCTBYET C
KOMAHJIHO-U3MEPUTEIIbHON  CTaHUUEHd  CIIyTHHKA

(KazSat-2 wmm KazSat-3) u TpaHcimupyer Bce
TENEMETPUYECKAE ¥ KOMAaHIHbIE JaHHbIC, Kak
orucaHo panee. IIporpaMmmHOe obecredyeHue

SCADA BzaumozeiictByer ¢ atum OPC-cepBepom
JUIS  TIONYYCHHUS] TEIIEMETPHYCCKUX JIAaHHBIX (B
¢opmate OPC) wu ormpaBku komanj. Cucrema
BKJIOUAeT B ce0si HeOOXOIMMEBIE BCIIOMOTATENbHBIC
KOMIIOHCHTBI, TaKHe Kak 0a3a JaHHBIX JUIs
PETHCTPALUM TEIEMETPUYCCKUX JaHHBIX, MOIYJIH
aHaJM3a OpOUTH U (POPMHUPOBAHUS IIAHOB TIOJETA,
BBOJIa METCOPOJIOTHUECKUX JAaHHBIX H padouue

pasinyaronmnxcs KOJIMYECTBOM 0] PC-cepBepOB, CTaHIINU OrepaTopoB JJIs1 yHpaBJICHUA u
HUCIOJIB3YEMBIX I  YHOPaBJICHHUA  HCECKOJLKUMU MOHUTOpPHUHIA.
KOCMHUYCCKHUMU allapaTaMu. Ha PUCYHKE 1 moka3ana
LIy
u: < NonetHoe sagaHue KA OPC-cepeep SCADA <__ > I;'sgm::
% L Oneparop K&
g < LleneykazaHuia KMC
g Onepatop KA
ol L CTaHLWA
a AnpekTiis LYN-KWC Onspatop KA
| I
E_ [ Hentvposaie kosana ynpassesms h‘ﬂ> Y
[ Pafouss cTaHyma
2 | KT - wBannucTuer koe
] MprespeHue a V| obecneuermes
=S NEPEMETROE £
g | MeTeoponormueckie NapameTpb > TENESMETPIH KA K I
B TAPMPOBCHHEIM g Paboyas cTanyua
= [ Tenemerpin KA XAPEKTEDHETHESM 2 > AHETMS W pacHeT
MONETHOM

l

| 38A3HUA

Pucynox 1 — Apxurekrtypa neHrpa ynpasieHus Ha ocHose niporpammbl SCADA u cepsepa OPC UA
JUISL YIIPaBIICHHS] OJJHUM KOCMUYECKHUM aIlapaToM

I'maBHOE mpeMMyIIECTBO OJHOCIYTHHUKOBOW
KoH(pUrypamum e€ mpocrota. OHa JErko
peanm3yeTcss W yOpaBiseTcss  UIE  OJIHOTO
KOCMHUYECKOTO amnmnaparta u TpeOyeT MHHUMAbHBIX
W3MEHEHUIl B CYIICCTBYIONICH KOH(UTYpaluu
Ha3€MHOW CTaHLUM 3TOr0 CIyTHHKA. Bce moToku
JNaHHBIX JJII 3TOTO0 CIyTHHKAa 00pabaThIBarOTCS
omanM OPC-cepBepom, a SCADA mnpenocrasisier
yHu(HUIIMpOBaHHBIA HMHTEphEHC IS OmepaTopos.
OpHako MacHITaOUPyeMOCTh TaKOW KOHQUI'ypaluu

OrpaHuyeHa. [pu J00aBJICHUH BTOPOTO
KOCMHYECKOTO amnmapara norpedyercs
nononautenbHbll  OPC-cepBep W OTHETBHBIN
9K3EMILIAP SCADA (nmu 3HAYUTEIBHO
PACIIMPEHHBIH  9K3eMIUIAP), 4YTO  (HAKTUUYECKH
IyONIMpyeT CUCTEMY. DTO YBEIMUUBACT CJI0KHOCTH U
TpeOoBaHUs K 000pyI0BaHHIO npu

MacIITaOMPOBAHUH JJO HECKOJIBKUX CITyTHHKOB.
Ha pucynke 2 mokaszana 0Oojee paciimpeHHas
KOH(UTYypauus Ui yIpaBIeHUs IByMs CITy THUKAMH
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¢ nogxonom SCADA-OPC. B sTo0ii koH(pUTYparun
HMEETCs oJiHa mporpamma SCADA,
B3aMMOJICHCTBYIOIAsl C  JBYMS  OTAGNBHBIMHU
cepeepamu OPC UA, mo ogHoMy Ha CIyTHHK.
Kaxnprii cepsep OPC oOpabatbiBaeT TeIeMETPHUIO U
npeoOpa3oBaHWe KOMAaHI M COOTBETCTBYIOLICH
Ha3eMHOH CTaHIMHM KOCMHYECKOIro ammapaTa (OJuH
s KUC KazSat-2 u omun ana KUC KazSat-3).
[Mpunoxenne SCADA B3anMojaeHCTByeT ¢ 000UMH
cepepamu OPC, wuHTerpupyst JaHHblE € 000WX
CIyTHUKOB B OAMH wHHTepdeiic. ApXHTEKTypa
BKJIIOYAET nBa napaieIbHbIX MOTOKA
TEJEMETPUYECKUX AaHHBIX (TI0 OJJHOMY C KaXKIOro
cepsepa OPC B SCADA) u npu HEoOX0IUMOCTH
MOJACPKUBACT JIBE HE3aBUCHMBbIEC 0a3bl JaHHBIX IS
cnytHukoB. [Tomumo nyomuposanus cepeepor OPC
u MOTOKOB  JIaHHBIX, ocTallbHas  YacTh
nH(pacTPyKTyphI yIIpaBJIeHUS MoJIeTaMu
aHaJIOTMYHA pHc. |, BKIIOYas HHCTPYMEHTHI aHaIn3a
OpOUTBI, METEOPOJIOTHYECKHE BXOJHBIC JaHHBIE U
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pabodne CTaHIMM OIEepaTopoB, KOTOpPHIE TEHeph
pacimpeHsl uid o0ecrieuyeHns] MOHUTOPUHTa 000HX
KocMHuYeckux ammapatoB. Kondurypamus ¢ aByms
OPC obOecnieunBaer HE3aBHCUMYIO  00OPabOTKY
JTaHHBIX KaXJIOro KOCMHYecKoro ammapara. Kanan
CBS3M  KaXJOro  CIIyTHHKa  0OpabaThIBacTCs
cooctBeHHsiM  OPC-cepBepoM, 4YTO  MOBBIIIAET
HAJISKHOCTh W JIOKanu3anuio cOoeB: mpolbiiema ¢
norokoM JaHHbIXx wian  OPC-cepBepoM  0OJHOTO
CIIyTHHKA C MEHbLIEH BEPOSITHOCTHIO MOBJIMAET Ha
npyroid.  OmepaTopbl  MO-TPEKHEMY — IOJIyYaroT
MpenMyIIecTBa OT YHUPHIIMpOoBaHHOTO UHTEpdetica
SCADA, HO BHYTPH CHCTEMBI BBINOJHSIOTCS /ABa
napamiensHeIx — mponecca  TpaHcisimun - OPC.
HezaBucumocts OPC-cepBepoB TakKe TO3BOJISET
pacmpenensTh BBIYUCIUTENLHYI0 HAarpy3Ky H IIO-
TEHIIMAIBHO ~ MOJKET paboTaTh HA OTAEIBLHOM 000-

pYIOBaHUM  JUIA OOECIICUCHHs] PE3CPBUPOBAHMSL.
OpHako  Takas  KOHHTypamusi UMeeT  psj
HemocTtaTkoB. OHa BiedyeT 32 coboi Ooiee BHICOKUE
3aTpaTthl Ha OOOpyJOBaHHE U OOCITyKHUBaHHE,
MOCKOJIbKY ~ mcmojib3ytoTcsi  gaBa  OPC-ceprepa
(KoTOpBIE MOTYT OBITh OTACIBHBIMH (PUIUUSCKUMU
cepBepaMu WM Tporeccamu). KoopauHanus u
CHHXPOHU3ALINS B MIPUIOKEHUU SCADA
YCIIOKHSIOTCSA TP paboTe ¢ JABYMS HCTOYHHUKAMU
JTAHHBIX u JIBYMST 0azamu JTAHHBIX.
AJIMHHUCTPHPOBAHUE HECKOJBKUX 0a3 JaHHBIX H

s3emmusipoB OPC  yBenuuuBaeT 3aTpaThl Ha
aJIMUHHCTPUPOBaHWE CHUCTeMbl. Kpome  TOrO,
HECMOTpS Ha  YHU(PUIMPOBAHHBIA  HHTEpdEiC

SCADA, omepatopaM H HH)XEHEpaM MPUXOAMTCS
ynpaBisaTh AByMs cepBepHbiMu OPC-cepBepamu,
YTO YCIOXKHSET HACTPONKY U YCTPAaHCHHUE HETIONAIOK.
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Pucynoxk 2 — ApxurexTypa LeHTpa ynpasieHus ¢ ool nporpammoid SCADA u nByms cepsepamu OPC UA s
yIpaBJIEHUs JBYMsI KOCMUYECKUMU armapaTramMmu

B wmemsx  Oompmield  yHupuKaumm U
3¢ PEKTUBHOCTH Ha PHUCYHKE 3 TMOKa3aHa TPEThs
KOH(UTypanus: HCHONb30BaHHE OJHOTO CepBepa
OPC UA nns ympaBieHuss 000MMH CIyTHHKaMu. B
3TOH cxeme oauH mporecc cepsepa OPC HacTpoeH Ha
B3auMozeiicTre ¢ obopynopannem KMC KazSat-2 u
KazSat-3. OH mosydaer TeleMeTpHi0O ¢ 00eHux
Ha3eMHBIX CTaHOMH (4epe3 COOTBETCTBYIOILIHUE
Monynu cBs3u Ha cepBepe OPC) m oObeaunsieT
MOTOKH JAHHBIX B OJUH OOBCIUHEHHBIH IOTOK,
npencraBieHHeiii B SCADA. Takum oOpazowm,
nporpamma SCADA nogxiroyaercst K 3TOMY OZHOMY
cepeepy OPC mis monydeHHS TeJIEMETPUH IS
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000MX KOCMUYECKUX ammapaTtoB M s OTIPAaBKH
KoMmaH[ Jro0oMy 13 HUX. EnuHas uHTErpMpoBaHHas
0aza [aHHBIX HUCIONB3YeTCA JUIA  XPAHCHUS
TEJIEMETPUH C O0OMX CIyTHHKOB, YTO YHPOIIAET
yhpaBieHue AaHHbIMH. OCTajabHbIE KOMIIOHEHTHI
CHCTEMBI, TaKM€ KaK aHaJIN3 IUIAHAa TOJIeTa,
METEOpPOJIOTHYECKIE JaHHble, pabouyre CTaHIUH
orepaTtopoB — paboTalT Kak oOmmMi pecypc s
o0oux cnytHukoB B opnHoil cpexe SCADA. Orta

KoHpuUrypamus  oObeAMHSAET  BCe  (PYHKIHHU
yOpaBlIeHUS W MOHUTOpPHHra  Juii  00OuX
KOCMHYECKHX  anmapaToB B  OJHY  CHCTEMY
SCADA+OPC.
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Pucynok 3 — Apxutektypa LeHTpa ynpasieHus ¢ oqHoi nporpammoit SCADA 1 o1HMM YHH(DUIIUPOBAHHBIM
cepeepoM OPC UA nnst ynipaBieHust AByMst KOCMHYECKUMH alliapaTaMmu

Takas  yHuduIHpOBaHHAS  KOHQUryparus
o0agaeT psAAOM HEOCIOPUMBIX MpeumMyiiecTB. OHa
MHHUMH3UPYET KOJIMYECTBO HEo0X0IMMOT0
000pyIOBaHHS M OTJCIBHBIX CEPBUCOB, TEM CaMbIM
CHMYKAsl 3aTpaThl HA 00OPYIOBAHUE M TEXHUYECKYIO
noauepxkky (obcmyxuBaercs Toimbko oauH OPC-
cepBep BMECTO JIBYX) W yIpoulas apXUTEKTypy
cucTeMbl. Bce naHHbBIE TelneMETpUH M yIpaBIICHHS
00pabaTbIBalOTCS B OTHOM MECTE, YTO 3HAYUTEIHHO
YIpOIIaeT MOHHUTOPUHT HECKOJBKUX KOCMHYECKHX
anmaparoB: ONepaTopbl MOTYT KOHTPOJIMPOBATh 00a
CIYTHHKAa C OJHHMX M TeX K€ DKPAaHOB M >KypHAJIOB
JAaHHBIX, HE TEPeKII0YascCh MEXIy KOHTEKCTaMH.
Envnas 6a3za nanHbIx U MHTEpdENC TaKkKe CHIDKAIOT
aIMUHHUCTPAaTHUBHYI0  HAarpy3ky W  yOpPOLIAIOT
MEXCITYTHUKOBBIH aHamn3 (Ipu HEOOXOTUMOCTH).
Harpy3ka Ha ormepaTopa JIOTIOJTHUTEIBHO CHUKAETCS
Onmaromaps UEHTpalM3allMk  BCeX JaHHBIX, a
oOydeHHe IepcoHaja YNPOINAeTCS JO CIUHOU
cucteMbl. OCHOBHBIM HEIOCTATKOM TAaKOT0 MOAX0a
SBIISICTCS. TIOBBIIICHHAS HAarpy3ka W KPUTHYHOCTb
omaoro OPC-cepsepa. [lockonsky oH 0OpabaTsiBaeT
JaHHBIE JUIA JIByX CIyTHHKOB, TpPEOOBAaHUS K
MPOU3BOJUTENBHOCTH 3TOTO CEpBEpa BHINIE, W OH
CTaHOBUTCS TOYKOW TOTEHIHAIBHOTO OTKa3a JUIs
BCE MHOTOCIYTHHUKOBOW CHUCTEMBI YMPABICHUS.
Takum oOpa3om, Takas KoHpurypamus TpeOyer
BBICOKOHAQJIGXKHOTO U OTKazoyctonuuBoro OPC-
cepBepa, a TaKKe, BO3MOXKHO, MEXaHU3MOB
pE3epBUPOBAHUS MM OTKA30yCTOHYMBOCTH IS
nojjepKaHus paboThl B CiIydae BO3HUKHOBEHHS
npobiem Ha cepBepe. Ha mpakTtike OPC-ceprep (u
MaIllfHa, Ha KOTOPOW OH paboTaeT) AOKHBI OBITh
CIPOCKTHPOBAHBl C YYEeTOM OTKa30yCTOWYHMBOCTH,
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9ToObl K30eKaTh IOTEPU YIPaBICHUS OOOUMH
CIYTHHKAaMH B cllydae BO3HUKHOBEHUS MPOOIIEM.
Jns TpoBepKHM KOHIENIMH W  BBISBICHUS
MPaKTUYeCKUX cooOpakeHWH Oblla IMpoBeaeHa
MUIIOTHAS peanu3anus mpejiaraeMon
YHUDHUIIMPOBAHHON CHUCTEMBI yIpaBieHus. B sTom
MUJIOTHOM MPOEKTEe MporpaMMHOe oOecredeHue
MasterSCADA 0Obuto  pa3BepHYTO B KadecTBe
uHTepdeiica oneparopa U MPHUIOKECHUS YIIPABICHUS
[4]. Pazpaboran mpororun cepsepa OPC UA ¢
OrpaHUYEeHHON (yHKIMOHAIBHOCTBIO,
COCPEJIOTOYCHHOW B OCHOBHOM Ha 00paboTKe
TEJIEMETPUUECKUX IaHHBIX co chmyTHuka KazSat-3.
OtoT OPC-cepBep ObUT HACTPOCH IS TTOKITFOUCHUS K
KOMaHJIHO-U3MEpUTEIbHOM craHiuu KazSat-3 u
npeoOpa3oBaHus BXOJSIINX KaJIpPOB TEIEMETPHH B
y3abl ganaeix OPC UA, poctymueie st SCADA.
[MunoTHas cucTeMa yCIENIHO YCTaHOBHIIA 0a30BYIO

CBSI3b: OHAa MOIJIAa TIOJIy4aTb ITOJMHOXECTBO
tenemerpun  KazSat-3 B peasibHOM  BpeMEHH,
JEKOOUpOBaTh  HEOOpaOOTaHHBIE  3HAYEHHS U

oTtoOpakaTh mapamMeTphl TeleMeTpur B uHTepdetice
SCADA B 3HaYUMBbIX TEXHHUYECKUX E€AUHHULIAX. JTO
NPOJIEMOHCTPUPOBAJIO BO3MOXKHOCTh HMHTETPALIUH
cyliecTByomed HaszemHol cranmuu co SCADA
yepes ypoenb OPC UA. Tlpunoxenne SCADA
TaKke OBUIO HACTPOCHO HAa BBHIMOJHEHHE IMPOCTBIX
NPOBEPOK TPENEeNbHBIX 3HAYCHUH W BU3yaln3alui
JUIS TIOJTyYaeMbIX TEIEMETPHUUECKUX JaHHBIX, YTO
MoKa3ano, 4YTro roToBbie wuHCTpyMeHTHl SCADA
MOryT 3((}EeKTHBHO KOHTPOJMPOBATH JaHHBIE O
COCTOSIHUM CITy THHKOB.

Crnenyer oTMeTHTh, uTo nuinoTHbI OPC-cepBep
UA He SBISUICS MOJHOIIGHHOH 3aMEHOH HCXOIIHOTO
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KOMIUTEKca ymnpasieHus. Ero ¢QyHKIMOHaIBHOCTH
OrpaHNYUBAJIACh YaCTUYHBIM cbopom u
NpEACTaBICHUEM  TEIEMETPHM;  JBYCTOPOHHSIS
nepeaaya KOMaHA ¥ MOJIHBIA 0XBaT HA0Opa TaHHBIX B
3TOM II€PBOHAYAJILHOM IPOTOTHIIE el€ He ObLIM
peanuzoBaHbl. s mepexona K - MOJHOLEHHOU
pabodeil cuctemMe HeOOXoaUMa JIOTOTHHUTEIHHAS
nH(pOpMaIUs OT NPOU3BOJIUTENICH CIyTHHKOB. B
YaCTHOCTH, HEOOXO0IMO MIOJTHOCTBIO
JNOKYMEHTHUPOBAaTh  coAepkaHue u  (opMartsl
TeneMeTpuuecKux kaapos i KazSat-2 n KazSat-3
(T.e.  ompenmeneHuss  BCEX  TEIEMETPUYCCKUX
apamMeTpoB, MX KOAMPOBAaHHE M KaJHMOPOBOYHBIC
KpHUBBIE), a TaKKe IOIYYUTh TNPOTOKONBI CBSI3H
MEXTY CYIIECTBYIOIIAM MPOTrPaMMHBIM
obecrieyeHHEM YIpaBJICHUsI MOJIETOM M Ha3eMHBIMU
cTaHuusIMH. Takxe HEoOXOOUMbI KaTHOPOBOYHBIC
XapaKTePUCTUKU U KaXJOTO TeJIeMEeTPUIeCKOro
napamerpa (MCHOJB3yeMble Ui TMpeoOpa3oBaHUs
HEoOpabOTaHHBIX KOIOBBIX OTCUETOB B (hPU3UUECKHUE
3HaueHus), 4roOsl OPC-cepBep Mor TOYHO
BBITIOJTHSATH MPeoOpa3oBaHus il BCEX MapameTpoB.
[Tonmy4eHune 3THX TEXHUYECKUX AaHHBIX HEOOXOIMMO
st pacmmpeHus  Bo3moxHocTeit OPC-cepsepa,
4yT00BI 0XBaTuTh 100% TeneMeTpuu W peanu30BaTh

(GYHKOWIO  TpaHCISIUM ~ KOMaHj Aias  o0oWX
ciytHUKOB. RCSC coTpynHuvaet ¢ pazpaboTankaMu
KOCMHYECKHX  almaparoB Uil IOJy4eHHs
HEOOXOJUMON JIOKYMEHTAllMi TI0 UHTepdeiCy.

[lomydenue 3Toi MHPOpPMAMK TTO3BOJIIUT KOMaHJIE
paspaboTunkoB MoaepHu3npoBath cepsep OPC UA ¢
MUJIOTHOTO MPOTOTHIA O MOJHOLUEHHOro pabouero
MocTa Mexay crnyTHukamu u cuctemoii SCADA.
HecmoTpst Ha orpaHnyeHusi, NUIOTHBIA MPOEKT
NPEIOCTaBHI IIEHHOE TOATBEPIKACHUE KOHIICIIINU.
OH  OPOJEMOHCTPHPOBAN, YTO  MPOTPAMMHOE
obecieueane SCADA MoXeT MOIKIIYaThCs K
CIIyTHUKOBOW TEJIEMETpUH U OTOOpaxarh e¢ B

peKuMe peanbHOTO BpPEMECHHU 4epes
CIICIHATN3UPOBAHHBIH OPC-unrepdoeiic, 4TO
MOATBEPXKIAET ’KHU3HECTTOCOOHOCTh MOIX0/1a

SCADA+OPC st nanHoro npuioxenus. OH Takxke
MIOMOT BBISIBUTH IPAKTUUECKUE MPOOIIEMBI (TaKHe KakK
00paboTKa JaHHBIX, CHHXPOHM3AIUSI U pa3padoTKa
rpaduueckoro uHTEepderica TONb30BaTeNs IS
yIOpaBieHUs]  CIYTHUKaMmM),  KOTOpble  OydyT
pemaTbes B CIEAYIOMEeH BEPCHU CUCTEMBI.

Tpu ommcanHble KOHPUIYpalMu apXHUTEKTYpPbI
(pucynku 1-3) ObUIM OLEHEHBI AJISL ONpPENCIICHUS
HaunboJiee TOAXOJAIIEro Mojaxona K yHHbUKauu
yIpaBJICHUS HECKOJIbKHUMU KOCMHYECKHUMU
anmnaparamy. CpaBHHUTENBHBIA aHAIU3 IOKAa3bIBAET,
YTO MEPexo/a K €AMHOW MHTErPHUPOBAHHOM CHUCTEME
(koH(Urypanms, IOKa3aHHas Ha pUCYHKE 3)
obecrieurBaeT HAWOOJBIIUE TNPEUMYIECTBA KaK C
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SKCIUTYaTaIllMOHHOW, TaK ¥ ¢ SKOHOMHUYECKOW TOUYKH
3penus. Mcnonb3oBanue ognoro cepsepa OPC UA
UL yOpaBiICHUS  HECKOJbKUMH  CIIyTHHKAMH
o0ecIeyrBaeT BBHICOKYIO CTENCHb YHH(DHUKAIIMU: BCE
MOTOKY JTAHHBIX ¥ KOMAaH[bl YIPABICHUS TPOXOIAT
yepe3 OJIUH IEHTP, YTO o0ecrieunBaeT d3PPEKTUBHOE

HCIIOJIb30BaHMUE  BBIYUCIMWUTCIIBHBIX PECYPCOB U
LOCHTPAJIM30BAHHOC YIIPAaBJIICHUC. Taxoi Ioaxon
3HAYUTCIBHO COKpalnacT ):[yGHI/IpOBaHI/Ie

o0OpyJOBaHMsST W TpyHO3aTpar, 4YTO MPHUBOAUT K
9KOHOMHH CpEJICTB Ha ammapaTtHoe o0ecrieueHne U
obcmyxkuBanne. OH Takke YHPOIIAET MPOLECC
yIOpaBJICHUs:  OMEpPaTophl  TONYYalOT  CIUHOE
[EJIOCTHOE TPENICTaBICHNE sl BCEX CITyTHUKOB, YTO
CHIDKAeT KOTHUTHBHYIO HArpy3Ky W BEpPOSTHOCTb
BO3HUKHOBCHHS ONIHOOK, OCOOCHHO MO CPABHEHHIO C
UCTIOJNI30BaHUEM  OTAEIBHBIX  CHCTEM  WJIH
Heckonbkux uHTEepdeiicoB OPC. TexHudeckoe
obOciayxuBaHue u Oyaymue OOHOBICHHS CHCTEMBI
(manpumep,  mo0aBJIEHWE  HOBOTO  CIYTHHUKA)
yOpoUalTcss B  YHU(DHUIMPOBAHHOW CTPYKTYPE,
MOCKOJIKY HOBBIC JIOTIOJIHEHHST MOXXHO BHOCHTH B
cymiectByonyio  crpykrypy SCADA/OPC  6es
CO3[aHusl NapaJUIeNbHOW LENOYKU yIpasiieHusd. B
nenom, koupuryparws ¢ onaum OPC ontuMusupyet
omepanid W o0ecreynBaeT  KOHTPOJIUPYEMOE
MacmTabupoBanue. OnpHako  yHUGUIMPOBAHHBIH
nmonxoJ Tpedyet, uToOs! neHTpanbhbiii OPC-ceprep
1 TIO//IepKUBatomias ceteBas nH(GpacTpyKTypa ObuH
CIOPOCKTHPOBaHBl C pacdyéToM Ha  BBICOKYIO
HaAEKHOCTh M OTKAa30yCTOMYHMBOCTh. OTKa3 OAHOTO
OPC-cepBepa MOXET MOBIHMATH Ha YIPaBICHUE
000MMHU KOCMHYECKHMH ammaparamu. [loatomy Juis
CHIDKEHHS 3TOTO pHucKa HEOOXOIUMBI
COOTBETCTBYIOIIEE pe3epBUpOBaHHE (HANpUMep,
OPC-cepBep ropsiuero pesepBa) W TIIATEIBHOE
TeCTHpOBaHHE. Y HU(PUIMPOBAHHAS CUCTEMA JIOJDKHA
OBITh YCTOHYMBA K OAWHOYHBIM OTKa3aM JUisi
obecrieueHrsT HETIPEPHIBHON Oe3omacHol paboThl. B
OTIMYHME OT 3TOro, KoHurypauusi ¢ asymsi OPC-
cepBepaMu (pUC. 2) W3HAYAIBHO OO0CCIECUYNBACT
HEKOTOpOE  pasjelieHHue  3ajJad W MOXKET
oOpabateiBaTh OTKa3bl Oonee 3PexTHBHO (OTKA3
omnoro OPC-cepBepa BiMsIET TOJNBKO Ha OJUH
cnyTHHK). TeM He MeHee, JONOJHUTENBHBIE 3aTPaThI
U CJIOXHOCTh JTOT'O BapHaHTAa MEPEBEIIUBAIOT €T0
NPEHMYIIECTBA, YUUTHIBAs, YTO HAAEKHOCTH MOXKET
ObITh 3a7okeHa B KOHCTpykuuio ¢ oxuum OPC-
cepBepoM. B 1enom, aHamu3 MOKa3bIBacT, 4TO
MOJTHOCTHIO YHH(UIIMPOBAHHAS CHCTEMA YITPABICHHS
c ogauM OPC-cepBepom UA, o00CTyXHBarOIIM
HECKOJIBKO ~KOCMHYECKHX allapaToB, SBISETCS
ontuMaibHbIM perrenneM s Hyxa RCSC. Takas
KOH(QUrypanus HawiIy4yliuM o0pa3oM OTBeYaeT
LEJIIM 3KOHOMHYECKOH 3(QQEKTUBHOCTH, MPOCTOTHI
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VIpaBJICHUs W CHIDKEHMs Harpy3kd Ha oreparopa
npu YCIIOBUU obecrieueHust HaJle)KHOCTU
LEHTPaJIbHOIO CEpBEpa TEXHUYECKUMHU CPECTBAMM.
Bueapenne 53Toif  yHH(QUIMPOBAHHOH CHCTEMBI
IpeACTaBsieT co00il NMEepCHeKTHBHYI CTPATeruio,
KOTOpasi MCIOJIb3yeT COBPEMEHHBIE TEXHOJIOTUH
aBTOMAaTH3alluM U1 TPEOJOJIEHUS OTpaHWYEHHUN
ycTapesiero moaxozna. IlpuMedarensHo, 4TO 3TOT
MepexoJl  coriacyercs ¢  Oojee  IHPOKUMHU
TEHACHIUAMH B  a’POKOCMHYECKOW  OTpaCiH,
HaIpaBJIECHHBIMU HA CTAaHAAPTU3ALNIO U HHTETPALIUIO
nporieccoB ynpasienus [ 13].

BbIBO/IbI

Buenpenve enuHOW CHCTEMBI  YIpPaBICHUS
KOCMHYECKHMH ammaparaMd Ha 0a3e TeXHOJOTHi
SCADA u OPC UA sBusieTcs NEepPCHEKTHBHBIM
HampaBJICHUEM JUIs PEIICHUS TEKYIIMX 3ajad Io
skcutyataruu KazSat-2, KazSat-3 u aHamoruuHbix
YOpaBIsiEeMBbIX  CIIyTHUKOB.  YHUQUIHPYS U
CTaH/IaPTU3UPYS TIPOIIECCHI 00paboTku
TEJICMETPUUCCKUX JaHHBIX W BBIJAYd KOMaH]I,
mpenjaragMas CHUCTeMa 3HAYWTEIhbHO CHH)KAeT
Harpy3Kky Ha OIEpaToOpOB M CHIDKAET BEPOSTHOCTH
omubok. O6a cryTHUKA MOTYT KOHTPOJIHUPOBATHCS U

YIIPaBIIATHCSA yepes €JIUHBIN OJTHOPOJHBIN
uaTepderic, YTo  ympommaer — o0ydeHHe U
MOBCeTHEBHYIO padoty. Mconp3oBanne miaTgopMbl
SCADA M03BOJISIET [EHTPAIU30BAaHHO
KOHTPOJIMPOBATh HECKOJIBKO KOCMHYECKHX
anmaparoB, YIOpoIlas 3aJayd  YIOpaBICHUS W
MOHUTOPHHTA,  KOTOpblE  paHee  TpeOoBajH

WCIIOJIb30BaHMS HECKOJIBKHUX Pa3pO3HEHHBIX CHUCTEM.
3aMeHa IpoNpHUEeTapHBIX KaHAIOB CBS3U Ha CEPBEPHI
OPC UA B kauecTBe YpOBHS HHTETPAllMH TaKXKe
obecrieynBaeT cUCTeMe OONbBLIYI0 THOKOCTh W
MacmTabupyemoctsb. Cepepsl OPC UA neiicTByroT
KaK aJalTUBHBIC TPAHCISTOPHIL, YTO O3HAYACT, UTO
HOBOe 00OpYJOBaHHE WU JaKe€ HOBBIE CIYTHHKH
MOTYT OBITh HHTEIPHUPOBAaHbl C MHHUMAaJIbHBIMU
W3MEHEHUs MU B 00mryro cuctemy. Eciam TpeOyercs
3aMeHa KaKoro-JInb0 Ha3eMHOTO 000PYAOBaHHS HIIH
MPOrpaMMHOI0 OOECeueH s, 3TO MOXHO CHENaTh
myTéM 0OHOBJICHHUS COOTBETCTBYIOIIETO HHTEpdeiica
unu apaiisepa OPC

0e3  HEoOXOAMMOCTH  TEPEeCTpPOMKH  Bcel
cucTeMbl  ynpaBieHus. Takas  MOAYJIBHOCTb
3alMIaeT LEHTP YNpaBlICHUS OT yCTapeBaHUA U
OTpaHUYCHHUH, CBSI3aHHBIX  C  KOHKPETHBIM
noctaBuukoM. [1o cytn, yHupHUIPOBaHHBIH TOAX O
SCADA/OPC  mo3BoisieT OTACHUTh  (YHKIHH
yhpaBiieHHs MOJIETOM OT 0COOEHHOCTEH peann3aluu
KOHKPETHOr0  IocTaBmiuka, mo3Boisis  PIKC
COXpaHsITh KOHTPOJIb HaJ| CBOCH HHDPACTPYKTYPOIL.

IIunoTHBIA NpPOEKT, ONHUCAHHBIMN B JaHHOM
CTaThe, MPOJEMOHCTPUPOBAN KHU3HECIOCOOHOCTh U
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MPENMYIIEeCTBA TpeajaraeMoil yHU(DUIIMPOBAHHON
CUCTeMBI ympaBieHusa. J[lake mnpu dYacTHYHOM
BHEJIPSHUU MPEUMYIIECTBA OUCBHIHBI YHUDUKALINS
UHTEp(EWCOB M MPOTOKOJIOB IEpeaavyd JaHHBIX
3HAYUTENFHO YIPOINAeT OOY4YeHHE OIepaTopoB U
Kpocc-o0ydeHHe, a TaKXKe CHIDKAET KOJIHYECTBO
BO3MOJKHBIX OIIMOOK OINEPaTOPOB IMPH YIPaBICHUN
CIIyTHUKaMHU. [IpenBapurensHas WHTETpalus
TenemeTpudeckux AaHHbix KazSat-3 moareepamia,
yro cuctema SCADA crocobHa OecrniepeOoiiHO
0TOOpakaTh JaHHBIE C KOCMHUYECKHX allapaToB,
MOATBEpKIas MPaBWIHLHOCTh KoHemnuu. [lo mepe
JAJIBHEHIIIETO Pa3BUTHS CHCTEMBbI OXKHUIACTCS, YTO
OHa Oy/IeT TIOJHOCTHIO MOBTOPSATH (M MPEBOCXOUTH)
(YHKITMOHATBHOCTH WCXOIHBIX KOMILIEKCOB
ynpasneHus. Baenpenune pemenns Ha 6aze SCADA

TAaKKe  MOBBIIIAET  YJOOCTBO  OOCIYXHBaHUS
cuctembl. CrangapTtaeie komrnoHeHTel SCADA wu
OPC XOPOIIIO JOKYMEHTHPOBaHBI u

MOJICPKUBAIOTCS IIUPOKUM KPYT'OM MOJIb30BATENEH,
4TO JlenaeT TEXHUYECKYI0 MOIAEPXKKY Oonee
JOCTYTIHOM. Ob6HoBIEHNE WA MUTpaIus
nporpaMMHoOro obecriedeHus: (HampuMmep, MepeHoc
CHCTEMBI YIPaBJICHUsI HA HOBOE 00OpPYIOBAHUE HIIH
IPYTYyI0 OMNEPalMOHHYI0 CHCTEMY) MOTYT OBITh
BBINOJIHEHB! OTHOCHUTEINIBHO JIETKO 110 CPAaBHEHMIO C
MPOTNPUETAPHBIMH CHCTEMaMH, MOCKOJIBKY
¢petimBopku SCADA u OPC paspaboTansl ¢ yuyéTom
MOPTATUBHOCTH M  aNNapaTHOW HE3aBUCHMOCTH.
Kpome Toro, yHudpumupoBaHHas cucrema co
BPEMEHEM CHIDKAeT OJKCIUTyaTallMOHHBIE PacXOJbl.
Ona ycTpaHAeT HEOOXOAUMOCTH B H3OBITOUHOM
00y4YeHUH U NOAJEPAKKE AJIs1 pa3IUYHbIX I1aTHOPM U
UCTIONB3YeT CTaHIApTHOE IporpaMMHOE
obecrieueHne, KOTOpoe, Kak TIpaBWIO, Oojee
9KOHOMMYHO, YEM CIELUAIU3UPOBAHHBIC PEIICHUS.
[Ipennaraemas cucrema yIpaBIICHUS
SCADA+QOPC UA NpeACTaBIsAET coboi
3HAYUTEIbHBIA MIar BOEpEN B aBTOMATU3AllUUd U
yHU(UKAUH HAa3€MHOTO YNPaBJICHHUS CIIyTHUKAMHU.
HoBas cuctema He TONBKO pelIaeT TEKYyLIUE
npoOJeMbl, BO3HUKAIONIME TIPH  JKCIUTyaTalluu
KazSat-2 u KazSat-3, Ho 1 c031aéT IPOYHYI0 OCHOBY
U1l OyAYIIEro pacuIMpeHns: U yCOBEPLUICHCTBOBAHUS

UH(PACTPYKTYypsl ~ YNpaBICHUS  IPYNIHPOBKON
cnyTtHukoB. bnarogaps takomy moxaxony RCSC
MOXET  yNpaBIsATh  CBOUMH  KOCMHYECKUMH
anmapatamMu Oojee HaA&KHO, OS(PQPEKTUBHO WU
HE3aBUCHMO oT BHEIITHUX MOCTABIIUKOB.
[lponenanHas K HAcTOSLIEMYy BpEMEHH paboTa
3aKJIa/bIBACT OCHOBY v} UHTETPALIH

JIOTIOTHUTEBHBIX CIIYTHUKOB B TY € CHUCTEMY NpHU
HEOOXOAMMOCTH u TUTSI MTOCTOSTHHOT'O
COBEPILIEHCTBOBAHUS BO3MOXKHOCTEH cucteMsl [13].
Aemopckuii eéxnad (maxconomua CRediT):
M.A. KyueB — KOHIENTyaJIU3allksl UCCIEIOBAHUSA,
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pa3paboTKa METOIOJIOTHH, Pa3paboOTKa apXUTEKTYPHI
SCADA/OPC UA, mporpaMMHas peaau3aiius
nporotuna OPC UA-cepBepa, aHanu3 pe3yibTaToB,

MOATrOTOBKA NEepBOHAYaNbHOM Bepcuu pykonucu. I'. /1.

Koraii — wuccienoBanue, aHadu3  Hay4dHOH
JTUTEPATYPHl, BATHIAIMS apXUTEKTYPHBIX pElIeHUH,
BHU3yaln3aIus MaTepHaloB, peIaKkTUpoBaHUE

pykomnucu. A.A. KaluHuH — Hay4HOE PYyKOBOJICTBO
WCCIIETOBAaHHUEM, (hopmanbHbIi aHamu3,
pPELEH3UPOBAaHUE U PENAKTUPOBAHUE PYKOIUCH,
aAMMHHCTPUpPOBAaHHE  TpoekTa. Bce  aBTOpBI
03HaKOMWJINCh C OKOHYATEIbHON BEPCUEN pyKOIIUCH
U 0go0puu €€ K MyOIuKanuy.

Qunancuposanue. ViccnenoBanue BBITIOIHEHO
0e3 mpuBJICUCHHsT BHEITHETO (PMHAHCHUPOBAHMUSI.

bnazooaprnocmu. ABTOpBI BBIpA)KatOT
OnaromapHocth KaparaHIMHCKOMY TEXHHUYECKOMY
yHuBepcuteTy uMeHHM AObpuikaca CarumHoBa 3a
NOJ/IEPKKY,  OKa3aHHYI0  IpPU  BBINOJIHEHUH
WCCIIEIOBAHHUS.

ABTOpckoe mpaBo © 2026 npUHALIEKUT
aBTopy(am). [laHHasi cTaThsl pacHpoCTpaHseTCs Ha
YCIIOBUSIX OTKPBITOTO JOCTyNa B COOTBETCTBUHU C
muuensueit  Creative  Commons  Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0).
Jlnuensust pasperiaer cBOOOJHOE HCIIOJIB30BaHMUE,
pacmnpocTpaHeHHe M BOCIPOW3BEACHUE B JIIOOOH
dbopMe TpH YCIOBUH 00S3aTENBFHOTO yKa3aHUS
aBTOPCTBA W COXPAaHEHWs TOH K€ JIMLEH3UH JUIS
MIPOU3BOHBIX MaTEPUaOB.

Kongauxm unmepecoes. ABTOpHI 3a4BISIOT 00
OTCYTCTBHH KOH(DIUKTA HHTEPECOB.

CIHHUCOK JIMTEPATYPbBI

[1] 1. ®opreckbro, k. Crapka u I'. Cyunepaa, Pa3paboTka cucteM KOCMHYECKHX ammapatoB. M.:. AjbmuHa
[Ma6numep, 2018.

[2] TTocranosnenue IlpaButensctBa Poccuiickoit deaepaunu ot 16 mromns 2022 r. Ne 1288 «O6 yTBepkacHUH
cnHcka o0Opy/JOBaHMUS, MaTepHUalIOB M TEXHOJIOTHH, KOTOPbIE MOTYT OBITh HCIIOJB30BaHBI IIPU CO3/aHUU PAKETHOTO
OpY’XHS M B OTHOIIICHUH KOTOPHIX YCTAHOBIICH SKCIIOPTHHIN KOHTPOIBY, 2022.

[3] M. Hukoma, U.-U. Hukoma, M. [lyua u JI. Cauepnousiay, « Apxurekrypa cucteM SCADA na ocose OPC u Be6-
CEpBEPOB M MHTETPAIMS MPWIOKECHUH [T yIIPaBICHUS IPOM3BOACTBEHHBIMHE NPOIIECCaMm», MexXIyHapOIHBIN KypHAI
10 HayKe U TeXHHKe ympasieHus, T. 8, Ne 1, ¢. 13-21, 2018.

[4] MasterSCADA 4D. [Online]. Available: https://masterscada.ru/masterscada4d

[5] U. A. Enuzapos, A. A. Tpetbsikos, A. H. [Tuenunies u ap., MHTErpupOBaHHBIC CUCTEMbI TIPOSKTHPOBAHUS
ynpagienus: SCADA-cuctemsl: yaeoHoe nocodue. Tam6oB: Mzn-so ®I'BOY BIIO «TI'TY», 2015.

[6] ISO 15531-1:2004. Cucrembl NPOMBINUICHHOW aBTOMATH3alMM W HWHTErpanus. JlaHHbIE yNIpaBieHUS
MIPOMBIIIUICHHBIM MPOU3BoACcTBOM. YacTsb 1. O0mwmii 0630p, 2004.

[7] U. H. IaureneiimonoB, «CITyTHUKOBast CHCTEMa, YIIPABIIIeMas [0 MEXCITYyTHHKOBO# paauonuauny, [larent PO
2690966, MIIK B64G1/10, B64G3/00, 3asBka Ne 2018125659, 12 utons 2018 r., ory6s. 7 utons 2019 r.

[8] A. A. Mengenes, B. A. MenpuinkoB u B. JI. BanoB, OCHOBBI MOCTPOSHHS U IKCIUTyaTAl[Md KOCMHUYECKON
cuctemsl cBa3M U Bewed. Ku. 1. bazoBelil Teopernueckuii kype. M.: MIIK CUII PUA, 2005.

[9] CORTEX CRT / QUANTUM. PykoBoactBo noib3oBarens. JJokyment DTU 100042, sepcus 5.17. Safran Data
Systems.

[10] AO. B. OsivoB u H. I1. IlennnkoBa, «CTpyKTypa TEIEMETPHUECKOTO COOOIICHUSI COBPEMEHHBIX KOCMUYECKHX
ammapatoBy, B Marepuanax XVI MexmyHapoaHoit HaydHoOW KoH(epeHnnn «PermerHeBckue uteHms», KpacHospcCk,
Poccus, 7-9 Hos6ps 2012 .

[11] U. A. Kosuros, B. C. Kymukos u C. H. Cesatkus, «Otierka 3QpQeKTuBHOCTH (YHKITHOHHPOBAHUS CHCTEM H
CPEICTB yNpaBJICHUS KOCMHUYECKHMH almapaTaMd B YCIOBUSAX paguonoMex», B Tpyamax 76-ii HayuHo-TexHMUYecKOn
koH(pepenuu Cankt-Ilerepoyprckoro HTO POC um. A. C. TTonosa, Cankt-IlerepOypr, Poccus, 2021.

[12] A. A. Mensenes, B. A. MenbmmkoB u B. JI. BanoB, OCHOBBI MOCTPOCHHUSI M IKCILUTYyaTAIIMH KOCMUIECKON
cucTeMbl cBs3M | Bemei. Ku. 2. CnernuanbHeiii Teoperndeckuii kype. M.: MITK CUIT PUA, 2005.

[13] A.IL 'puropses, A. B. JIrobumos u I'. Bypnykuii, «bopToBbIe TeIeMeTpUYECKHUE CUCTEMBbI H3/ICUI PaKETHO-
KOCMUYECKOH TeXHUKH», B Marepuanax Ilatoii MexayHaponHoii Hay4HOW KOHQeEpeHIMH «AIPOKOCMHYECKOE
puOOpPOCTPOCHHE M IKCILTyaTallMOHHbIE TexHoJIorum», Cankr-IlerepOypr, Poccus, 2024.

REFERENCES
[1] P. Fortesk'yu, Dzh. Starka, and G. Suinerda, Razrabotka sistem kosmicheskikh apparatov [Spacecraft Systems
Engineering]. Moscow, Russia: Al'pina Publisher, 2018. (In Russian).
[2] Postanovlenie Pravitel'stva Rossiyskoy Federatsii ot 16 iyulya 2022 g. No. 1288 «Ob utverzhdenii spiska
oborudovaniya, materialov i tekhnologiy, kotorye mogut byt' ispol'zovany pri sozdanii raketnogo oruzhiya i v otnoshenii
kotorykh ustanovlen eksportnyy kontrol'» [Resolution of the Government of the Russian Federation No. 1288 of July 16,

59


https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

e- ISSN: 3134-8467, p-ISSN: 2309-1177

2022 "On Approval of the List of Equipment, Materials and Technologies That May Be Used in the Development of
Missile Weapons and Are Subject to Export Control™], 2022. (In Russian).

[3] M. Nikola, Ch.-I. Nikola, M. Duca, and D. Sacherdotsyanu, "Arkhitektura sistem SCADA na osnove OPC i
veb-serverov i integratsiya prilozheniy dlya upravleniya proizvodstvennymi protsessami [Architecture of OPC- and Web
Server-Based SCADA Systems and Integration of Manufacturing Process Control Applications]," Mezhd. Zh. po Nauke
i Tekhnike Upravleniya, vol. 8, no. 1, pp. 13-21, 2018. (In Russian).

[4] MasterSCADA 4D. [Online]. Available: https://masterscada.ru/masterscada4d (accessed Nov. 2, 2024).

[5] I. A. Elizarov, A. A. Tret'yakov, A. N. Pchelintsev et al., Integrirovannye sistemy proektirovaniya i
upravleniya: SCADA-sistemy: uchebnoe posobie [Integrated Design and Control Systems: SCADA Systems: Textbook].
Tambov, Russia: TGTU Publ., 2015. (In Russian).

[6] 1SO 15531-1:2004, Sistemy promyshlennoy avtomatizatsii i integratsiya. Dannye upravleniya promyshlennym
proizvodstvom. Chast' 1. Obshchiy obzor [Industrial Automation Systems and Integration — Industrial Manufacturing
Management Data — Part 1: General Overview], 2004.

[7]1 I. N. Panteleymonov, "Sputnikovaya sistema, upravlyaemaya po mezhsputnikovoy radiolinii [Satellite System
Controlled via an Inter-Satellite Radio Link]," Russian Federation Patent 2690966, IPC B64G1/10, B64G3/00, appl. No.
2018125659, Jul. 12, 2018, publ. Jun. 7, 2019. (In Russian).

[8] A. A. Medvedev, V. A. Men'shikov, and V. L. lvanov, Osnovy postroeniya i ekspluatatsii kosmicheskoy
sistemy svyazi i veshchey. Kn. 1. Bazovyy teoreticheskiy kurs [Fundamentals of the Design and Operation of Space
Communication Systems and Networks. Book 1. Basic Theoretical Course]. Moscow, Russia: MPK SIP RIA, 2005. (In
Russian).

[9] CORTEX CRT / QUANTUM. Rukovodstvo pol'zovatelya [User Manual]. Document DTU 100042, Version
5.17. Safran Data Systems.

[10] D. V. Dymov and N. P. Tsennikova, "Struktura telemetricheskogo soobshcheniya sovremennykh
kosmicheskikh apparatov [Structure of Telemetry Messages of Modern Spacecraft],” in Proc. XVI Int. Sci. Conf.
Reshetnev Readings, Krasnoyarsk, Russia, Nov. 7-9, 2012. (In Russian).

[11] I. A. Kozinov, V. S. Kulikov, and S. N. Svyatkin, "Otsenka effektivnosti funktsionirovaniya sistem i sredstv
upravleniya kosmicheskimi apparatami v usloviyakh radiopomekh [Evaluation of the Efficiency of Spacecraft Control
Systems under Radio Interference]," in Proc. 76th Sci.-Tech. Conf. A. S. Popov St. Petersburg Scientific and Technical
Society of Radio Engineering, Electronics and Communications, St. Petersburg, Russia, 2021. (In Russian).

[12] A. A. Medvedev, V. A. Men'shikov, and V. L. lvanov, Osnovy postroeniya i ekspluatatsii kosmicheskoy
sistemy svyazi i veshchey. Kn. 2. Spetsial'nyy teoreticheskiy kurs [Fundamentals of the Design and Operation of Space
Communication Systems and Networks. Book 2. Advanced Theoretical Course]. Moscow, Russia: MPK SIP RIA, 2005.
(In Russian).

[13] A. P. Grigor'ev, A. V. Lyubimov, and G. Burlutskiy, "Bortovye telemetricheskie sistemy izdeliy raketno-
kosmicheskoy tekhniki [Onboard Telemetry Systems for Rocket and Space Technology]," in Proc. 5th Int. Sci. Conf.
Aerospace Instrument Engineering and Operational Technologies, St. Petersburg, Russia, 2024. (In Russian).

60



Becmnux Kapaeanounckozo eocydapcmeennoeo undycmpuanvrhoeo yrusepcumema. Nel(52), 2026e.

IT-TEXHOJIOI'MHU, SHEPI'ETUKA, ABTOMATHU3ALUA U BBIYNCJIUTEJIBHAS
TEXHUKA

DOI: https:/imww.doi.org/10.53002/120

INTEGRATION OF MULTISPECTRAL DATA INTO SEMANTIC SEGMENTATION
MODELS FOR AGRICULTURAL LAND
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Abstract. The development of precision agriculture requires automated crop monitoring based on multispectral data. This
study systematically evaluates the impact of RGB and RGB+NIR spectral configurations on the accuracy of semantic
segmentation of agricultural land using the U-Net and DeepLabV3+ architectures with MobileNet_v2, ResNet18,
ResNet34, and ResNet50 encoders on the Agriculture-Vision-2021 dataset. The models were compared using Intersection
over Union and F1-score across nine classes on annotated images of maize, wheat, and sunflower fields. The results provide
stratified recommendations for selecting sensor configurations for farms, optimizing the trade-off between monitoring
accuracy and equipment costs.
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MytoBuHa H.B.- O0inkac CarbiHOB aThIHIAFBI Kaparauabl TeXHUKAIBIK yHUBepcuTeTi, Kaparannpl, Kasakcran

Anoamna. J1on eTiHIIIKTIH JaMyBl KOIICIIEKTPIII IepEeKTepre HEeTi3/IeNTreH eTiCTIK MOHUTOPHHTIH aBTOMATTaHABIPY IbI
tanan ereai. by seprrey Agriculture-Vision-2021 nepexrep xubiabinaa U-Net skone DeepLabV3+ apxuTtekrypaiapsit,
sukozaepiepi MobileNet v2, ResNetl8, ResNet34, ResNet50 60:b1m TaObLIaTHIH MOACTBAEPI Naiinanana oTeipbil, RGB
xoHe RGB+NIR crexTpanablK KOHOUTYparFsUIapbIHBIH —aybll IIapyanlbUIBIFBl  aJKaNTapbhlH CEeMaHTHKAJBIK
CcerMeHTauusuIay JRJIIriHe 9cepiH xKyien Typae 6aranaiinsl. Moaenbaep xkyrepi, Oniaii >koHe KyHOaFbIC alTKanTapbIHBIH
aHHOTAlMsUIAaHFaH KecKiHJepi OoibIHIIA TOFbI3 Kiacc ymiiH Intersection over Union sxone Fl-score merpuxamapbl
apKBIIBI CANBICTHIPBUIABL. AJIBIHFAH HOTIXKEJIEp IIapyallblIbIKTap YIIIH CEHCOPJIBIK KOH(UTypanusuiapasl TaHaayFa
KaTBICTBl CTpaTH()UKAIMSIAHFAaH YCHIHBIMJIAP YCHIHA/bl JKOHE MOHWTOPHHT JQJJIIT MEH >KaOJbIKKa KyMcalaTbhlH
LIBIFBIH/IAP apachIHAAFbl TEHIrepiM/Ii OHTaIaHIBIPaIbI.

Tyiiin co30ep. CEeMaHTHKAIBIK CETMEHTALUs, KOICIEKTPJ JEepeKTep, NNl EriHIIIK, KAIIBIKTaH 30HATAY, aybul
mrapyamsuisiEsl ankantapel, U-Net, DeepLabV3+, MobileNet v2, ResNet, sxaksin uHdpaksissur guanazon (NIR),
Agriculture-Vision, ericTik MOHHTOPHHTI, TEPEH OKBITY HEUPOHIBIK JKEIILIEPI.
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Annomayus. Pa3zBuTHe TOYHOTO 3emienenus TpeOyeT aBTOMAaTHU3MPOBAHHOTO MOHHUTOPHMHIa IIOCEBOB Ha OCHOBE
MYJIbTUCTIEKTPAJIBHBIX JaHHBIX. MccienoBaHne CUCTEMaTHYECKH OLCHUBAET BIIMSHUE CHEKTPAJbHBIX KOH(UTypauuit
RGB 1 RGB+NIR Ha TOYHOCTh CEMaHTHUECKOW CErMEHTAIINN CENbX03YTOANN MPH UCTOIh30BaHUH apxuTekTyp U-Net
u DeepLabV3+ ¢ suxoxepamu MobileNet_v2, ResNet18, ResNet34, ResNet50 na paracere Agriculture-Vision-2021.
Mopnenu conoctaBisutics o Intersection over Union u F1-score uist [eBSTH KJIacCOB Ha aHHOTHPOBAHHBIX CHUMKAX MOJICH
KyKYpY3bl, IIICHALL, TTOJCOJHEYHUKA. [loTydeHHbIe pe3ynbTaThl GOpMUPYIOT CTpaTH()UIMPOBAHHBIE PEKOMEHIAUN
0 BEIOOPY CEHCOPHBIX KOHMUIYpalMil 1JIsl XO3SHCTB, ONTUMHU3UPYST KOMIPOMHCC MEXIY TOYHOCTBIO MOHUTOPHHTA U

3aTpaTaMu Ha 000pyZOBaHUE.

Knrouesste cnosa: ceManTHYECKas! CErMEHTALMS, MYIbTUCIICKTPAJIbHbIC JaHHBIC, TOYHOE 3eMIIC/IEIINE, AUCTAHIIHOHHOE
30HAMPOBaHHUE, CENBCKOX03siicTBeHHBIE yroabs, U-Net, DeepLabV3+, MobileNet_v2, ResNet, 6imkauit nabpakpacHbIit
nuama3oH, Agriculture-Vision, MOHHUTOPHHT OCEBOB, HEHPOHHBIE CETH TITyOOKOT0 00YICHHUS.

OCHOBHOE INIOJIO’)KEHHUE
WHTterparyiss MyJbTUCIEKTPATIBHBIX — JAHHBIX
(RGB+NIR) B MOgeIH CEMaHTHIESCKOM CerMEHTAITHH
CHOCOOCTBYET MOBBIIICHUI) TOYHOCTH MOHUTOPHHTA

CEJILCKOXO3SIMCTBEHHBIX yrogui. Hauboiee
s dexkTuBHOM KoH(Urypanuei SIBIIICTCS
apXUTEKTypa U-Net c 3HKOJIEPOM
ResNet34/ResNet50, obecrieunBaroas

ONTHMAJIbHOE COOTHOIICHHE KayeCcTBa CETMEHTALIUH,
BBIYHCIUTEIBHON I(PPEKTUBHOCTH M CTOUMOCTH
CEHCOPHOT'0 000PYI0BaHUSI.

BBEJIEHUE

CoBpemeHHOE CeNbCKOe XO35IICTBO
CTaJKUBaeTcsi C OeclpeleeHTHBIMA BBI30BaMHU,
00yCJIOBIEHHBIMH POCTOM YHCJIEHHOCTH HaceIeHUs,
W3MEHEHUEM KITMMaTHYECKUX yCIIOBUH u
HE00XO0MMOCTHIO YCTOHYHUBOTO yIpaBJICHUS
pecypcamu. [lo mporHozam ®AO, k 2050 romy
MHPOBOE TPOU3BOJCTBO IPOJOBOJIBCTBUS JIOJIKHO
yBenmmuuthest Ha 70 % TpuW  COKpalieHHH
3KoJormyeckoro ciuena otpaciau [1]. B atom
KOHTEKCTE TEXHOJIOTMHM TOYHOTO  3eMIECNs,
HHTETPUPYIOIINE METO/IBI TUCTAaHIIMOHHOTO
30HAMPOBAHMSA,  KOMITBIOTEPHOTO  3pEHUS U
riiyOokoro oOy4YeHHs, CTaHOBITCS KPUTHUYECKH
Ba)KHBIM WHCTPYMEHTOM ONTHMHU3ALINU
arpOHOMHYECKHUX MIPaKTHK. CemaHTHYeCKAS
CETMEHTAIIVsI MYJIbTUCTICKTPATBHBIX N300paKeHUH -
3ajaya TOMUKCENbHON Kiaccu(ukamu OObEKTOB
CENIbCKOXO3SIICTBEHHBIX  CIIEH TTO3BOJISIET
aBTOMATHU3MPOBAaTh MOHUTOPHHI COCTOSTHHS [TOCEBOB,

62

I QepeHIMpOBAaHHO  OLIEHUBATh  MOTPEOHOCTH
KyIbTYp B  TIMTAaTeNbHBIX  BEIIECTBAX U
MIPOTHO3UPOBATH ypOXKaHOCTh c

NPOCTPAHCTBEHHBIM pa3pelleHreM, HEeJJOCTIKUMBIM
TPaAULIMOHHBIMU MeToJaMu [2; 3].

[locnenaue mATH J€T OTMEYEHBl NHTEHCHBHBIM
pa3BUTHEM METOJIOB MAaIIMHHOTO M TIyOOKOro
o0yueHust B arpOHOMHYECKOM JIOMCHE.
Cucremarnueckuii 0630p Veeragandham u Santhi
IIPOJIEMOHCTPHUPOBAT JOMHHUPOBAHUE CBEPTOYHBIX
HeiiponHbix cereii (CNN) B 3agauax ananmza
CEJIbCKOXO3SIICTBEHHBIX M300paKEHUH, MTOTUYEPKHYB
nux MIPEBOCXOJICTBO HaJ KJIACCUYECKUMU
AITOPUTMAMH B YCIIOBHUSX BBICOKON BapHAaTUBHOCTH
CIIEH [1]. Odounfa c COaBTOpaMun
CKOHLIEHTPUPOBAJIHCH Ha ApPXUTEKTYpax
CEMaHTHYECKON CerMeHTaIun Mask R-CNN,
DeepLabV3+, U-Net - mpuMeHUTETBHO K IETEKIIUN
CTPECCOBBIX COCTOSIHUIH u BpEAUTENEH,
3aUKCUpOBaB MpoOJieMy HecOaTaHCHPOBAHHOCTH
KJIACCOB W HEJIOCTATOYHYIO CTaHIAPTHU3AIHIO METPHK
[2]. Singla u xomneru, ananmu3upys MmyOIUKAIMU 110
3€pHOBBIM KYJIbTYpaM, BBIABWIH, 4TO 78 % paboT
HCTONB3YIOT Y3KOCTICITUATU3UPOBAHHBIC JIaTACETHI,
YTO OTpPaHWYUBAET OO0OOIIAONIYI0 CHOCOOHOCTH
mognenerd [3]. KiroueBbIM JIOCTHXKEHHEM  CTallo
MIOSIBIIEHUE KpyIHOMAacImTabHOTO JaTacera
Agriculture-Vision, sxmrouaromero 6omee 94 000
MOJIEBBIX CLEH C MECTHIO CIEKTPATbHBIMH KaHAJIAMH
(RGB, NIR) u pa3MeTkoii aHoManuii TOCEBOB, YTO
€03/1aJ10 METOIOTIOTHIECKYIO OCHOBY s
CONOCTAaBUMBIX UCCIICOBaHU [4].
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B apxutekTypHOM TUIaHE JOMUHHPYIOT JIBE
TmapagurMbl: SHKOIEep-aekoaepHbie ceTh Trma U-Net,

3pdeKkTUBHbIE  MPU  OTPaHUYCHHBIX  JAHHBIX
onaromaps skip-connections [5], u apxuTekTypbl
DeepLabV3+, obecneunBaronye pacIInpeHHOE

peuentuBHOe mojde [6]. Sahin ¢ coaBTOpamMu
MPOJAEMOHCTPUPOBAIIM, YTO HMHTETPAlUsl yCIOBHBIX
cnyqaiiapix moneir (CRF) B U-Net ymyumaer
CErMEHTAIIMIO TPaHHUI] KyJIbTyp Ha 12-15

% TpH WCTOJIB30BAaHUU MYJBTHCIEKTPATbHBIX
nanueix [7]. Habib wu xommerm npemmoxuiau
rudpuanayro apxurekrypy DWUNet, coderaromtyio
snkogep U-Net ¢ nerekropom YOLOVS, nocturnys
mloU 87,3 % nHa 3amave pa3ieneHus COPHAKOB U
kynsTyp [8]. Uccnenosanue Fu u Li mokasano, 4to
neyxmnorouHass U-Net, oOpabartpiBarorasi pa3genbHo

RGB u HSV  mpocrpancTsa, CHIDKaeT
BBIUHCIUTENbHbIE 3aTpatel Ha 34 %  0Oe3
CyIeCTBeHHON motepu To4YHOCTH [9]. OmHako

cuctematndeckoro cpapuerust U-Net u DeepLabV3+
HAa €IWHOM MYJBTUCICKTPAIBHOM JaTacere C
BapHarnuel KOH(pHUTypaIuii IHKOEpOB IMPOBEIEHO HE
OBLIO.

WHTterpanus  CHOEKTpalbHBIX  KAaHANIOB 32
npesenaMi  BUAMMOTO JHana3oHa KITFOYEBOI
(bakTop MOBBIIIEHHS TOYHOCTH cermenTanuu. Jadhav
u Singh ycranoswiu, uto komOuHanus NIR u Red
Edge KaHAJIOB YBEIUUNBACT TOYHOCTb
Kkiaccupukanuy KyasTyp Ha 18-22 % oTHOCHTENbHO
toibpko RGB nmannbix [10]. Fawakherji ¢ coaBropamu
paspabotamu  GAN-maiiriaiiH s ayrMeHTal|H
MYJIbTUCIIEKTPAIbHBIX JAaHHBIX, YCTPAHUB AncOaIaHC
KJIaCCOB M NOBBICHB F1-Mepy cermMeHTanum COpHsIKOB
no 0,91 [11]. Al-Ruzouq u xosuierd HpUMEHHIA
TpaHc(OPMEpHBIE  ApPXUTEKTYphl K  JIaHHBIM
WorldView-3 (8  crmekTpajibHBIX  KaHAJOB),
MIPOIEMOHCTPUPOBAB 0000IIAEMOCTh Ha pa3IHYHEIC
arpoknuMatudeckue 30Hbl  [12].  bomee Toro,
BiIusHUE TayOunbel sHKozepa (ResNetl8 mnpotus
ResNet50, MobileNet v2) na 6amaHc TOYHOCTH U
BBIYUCIUTENHHON A((EeKTHBHOCTH OcTaeTcsi ciabdo
W3yYEHHBIM JJIs1 MYJIbTUCTIEKTPAJIbHBIX arpoJaHHbIX.

Hayunas npobnema 3akiio4aeTcsi B OTCYTCTBUU
KOMIUIEKCHOTO ~ CPaBHUTEIBHOTO  HCCIIEIOBAHUS,
KOJIMYECTBEHHO OLIEHUBAIOLIETO CHHEPreTHYECKHUM
3G GEKT MYJBTHCIEKTPAIBHBIX KOHQUTypauud u
ApXHUTEKTYPHBIX PElICHUI B 3ajjaue ceMaHTHYECKOi
CEerMEHTALMM  CEJIbCKOXO3WCTBEHHBIX YIrOJAMM C
y4eTOM BapHabeIbHOCTH CHEMOUYHBIX YCIOBHHA H
KyJnbTypo-crienuduunoctn.  llenp  Hacrosmiero
WCCIIEIOBAHHUS YCTaHOBHTh  ONTHMAJIbHBIC
KOMOWHAIINU CTIEKTPAJIbHBIX KAaHATIOB H apXHUTEKTYP
riryOokoro oOydeHHs A TOYHOH CEMaHTUYeCKOU
CErMEHTAIlNd OCHOBHBIX  CEIIbCKOXO3SIHCTBEHHBIX
KyJIbTyp Ha OCHOBe maracera Agriculture-Vision
2021. a5t AOCTUXKEHUS LENH PEIIAIUCh CIAeAYIOLIne
3amagn: (1) cdopmupoBaTh U mpemoOpadboTaTh
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MYJIBTUCIICKTPAJIbHBIE ~ KOH(PUTYpalmuud  JaHHBIX
(RGB, RGB+NIR); (2) 00yuuTh ¥ BaJIWAUPOBATH
mogemu U-Net u DeepLabV3+ c¢ sHkozmepamu
MobileNet_v2, ResNet18, ResNet34, ResNet50;

(3) KOIMUYECTBEHHO OIEHHUTH BKIIAA KaKIOrO
CIIeKTpaIbHOTO KaHana gepe3 merpuku loU, F1-score.

O0bexToM UCCIICIOBAHUS BBICTYIAIOT
MYJIbTUCTICKTPAIIbHBIC N300paKeHHS nosei
KyKypy3bl, TIIEHUOBl ¥  MOACOJHEYHHKA C
AQHOMaJIMSIMM,  TIPESJCTaBICHHBIE B  JlaTacere
Agriculture-Vision 2021. TIpeamer ucciienoBaHus -
3aBUCHMOCTD TOYHOCTH CEeMaHTHYECKOM
CerMEHTAllMd OT KOMOHMHAIMH  CIEKTPabHBIX
kaHanmos (RGB, NIR) wu  apxurekrypHBIX
KOH(UTYpanuii HeHPOCETEBBIX MOJIEIIEH.

IlIpooen 6 wuccnedosanusx. Hecmotps Ha

aKTUBHOE pa3BUTHE METOJOB CEMaHTHYECKOU
CerMEeHTaIIH CEJIbCKOXO3IHCTBEHHBIX
n300paKeHUH, OTCYTCTBYIOT KOMIIJICKCHbIE
CPaBHUTENbHBIE  HCCIEIOBAaHHUA, OJHOBPEMEHHO
OLICHUBAOLIE BIIUSIHUE CHEKTPaJIbHBIX

koH(purypammit (RGB u RGB+NIR), pazmuanbIx
APXUTCKTYp TIyOOKOoro oOydeHHus U TIyOuHBI
9HKOJEPOB  HAa  €IUHOM  pENpe3cHTAaTHBHOM
MYJIBTUCTIEKTPATHFHOM Habope JTAHHBIX.
HenocratouHo  W3y4eH  KOMIIPOMHCC — MEXIY
TOYHOCTBIO ~ CETMEHTAllUH,  BBIYHUCIUTEILHBIMU
3aTpataMdH ¥ CTOHUMOCTBIO OOOpYMOBaHHS LIS
MIPAKTUYECKOTO TMPUMEHEHHS B CHUCTEMaxX TOYHOTO
3eMIIeIeIusI.

Hayuynana  noeuzna. HayuHas  HOBH3Ha
WCCIIEIOBAHNS 3aKI0YaeTCs B CHUCTEMAaTHYECKOM
CpaBHHTENBHOM aHanm3e apxurektyp U-Net u
DeepLabV3+ ¢ asskomepamu  MobileNet v2,
ResNetl8, ResNet34 u ResNet50 npu
HCHOJIb30BAaHUH CIIEKTPaIbHBIX KOHpuUrypauuii RGB
u RGB+NIR nHa emmHom pmaracere Agriculture-
Vision-2021. BrepBble Mmoka3zaHo, 4TO J00aBJICHHE
NIR-kaHana obecrieuynBaeT CTaOWILHOE YIIYYIICHHE
KayecTBa CErMEHTAINH ISl Pa3IIUNYHBIX apXUTEKTYP,
YTO  TO3BONIMJIO  pa3paboTaTth  MpPaKTHYECKHUE
pEeKOMEHJAaMK [0  BHIOOPY  ONTHUMAaJIbHBIX
KOMOWHAIMKA MoJeNiell U CEHCOPHBIX CHUCTEM JUIS
3aJ]]a4 TOYHOTO 3eMIIE/ICITHS.

METO/1bl U MATEPHUAJIBI

DOMITUPUIECKYTO OCHOBY WCCIIEIOBaHMUS
COCTaBWJI OTKpPHITBIA mgartacer Agriculture-Vision
2021, pa3paboTaHHBIN KOHCOPLILYMOM
yauBepcuteroB CIIA u xommnanuu Intelinair mpu
nomanepxkke  Computer  Vision and  Pattern
Recognition (CVPR) Workshop. latacer conepxut
MYJBTHCIICKTPAIbHBIE N300pa’KeHHsI TTOJIEBBIX CIICH,
COOpaHHBIX B TEUYCHHE BErECTAllMOHHBIX CE30HOB
2017-2020 rogoB C HMCIHOJIB30BAHMEM BO3IYIIHBIX
HOcUTeNeH Hax (GepMEPCKUMH XO3IHCTBAMH JIEBATH
mratoB  Cpemgnero 3amama CIHA. Kaxmoe
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HM300pakeHWe IMpeacTaBisgeT co0ol  (parMeHt
pasmepoM 512%512 mukceneit ¢ mpocTpaHCTBEHHBIM
pasperenueM 10 ¢cM Ha MUKCENb, YTO 00CCIICYMBACT
JETAU3alI0, JOCTATOYHYIO JIIs UICHTU(DUKAIUN
BHYTPHUIIONIEBBIX AHOMAJNMA ¥ TPaHUI] KYIBTYP.
PasmeTka BBIIIONIHEHa Ha YPOBHE IHKCENIEH U
BKJIOYAeT JEBATHh IEJIEBBIX KiaccoB: drydown,
nutrient_deficiency, weed cluster, water, endrow,

double_plant, waterway, storm_damage,
planter_skip.

CrexTpalibHas CTPYKTypa JlaTaceTa BKIIOYaeT:
TpH KaHajga BuauMmoro guamasona (RGB ¢

LEHTpaJIbHBIMU JuIMHAMU BOJIH 665, 560 u 490 M
COOTBETCTBEHHO) U OMIKHUN WH(pPaKpPaCHBIA KaHaT
(NIR, 842 wum). Bpibop maHHOrO maracera
00yCIIOBIIEH €r0 MacIITaboM, PENpPe3eHTATHBHOCTHIO
JUIS OCHOBHBIX 3€PHOBBIX M TEXHUYECKHX KYJIBTYP
YMEPEHHOTO KJIMMATHYECKOTO Tosica, a TaKkKe
HAJIMYAEM aHHOTHPOBAHHON 00JIAYHOCTH M TCHEBBIX
apre(akToB, KPUTUYHBIX JJIs OLEHKA POOACTHOCTH
MOJEINEH.

Jns  pemeHuss  TpOOJIEMBbl  KPUTHYECKOTO
nucOananca KaccoB Obla peayn30BaHa CTPaTErHs
muddepeHIMpoBaHHOW  O(IaliH-ayrMEHTAllMH  C
ucronb3oBanueM  OuOmmorekn  Albumentations
BEPCHH

1.4.15. Awnanu3 pacmpefesnieHuss — IoKaszall
JKCTpEMallbHBI  jaucOanaHc MexJay Haubonee
npencraBieHHsiM - kiaaccom  drydown  (~24 000
n300pakeHnil) U peakuM Kiaccom Storm_damage
(~500 m300pakeHmil), 9TO CO37aBaJIO0 COOTHOIICHHE
48:1. ns Kaxaoro Kiacca pacCUMTHIBAJICS
MHIUBUIyaIbHbIN KO3 dumnment ayrmenraiuu K mo

dbopmye 1.
g = Cmax—C
C

@)

rae, C - Tekyliee KOJIMIeCTBO JIEMEHTOB B
KJacce;
Cmax - COOTBETCTBOBAT KOJUIECTBY

M300pakKeHUH CaMOro YacToro Kiacca.

IIpumensics HaboOp W3 BOCBMH  KaTerOpuid
TpaHchopmanuii ¢ 6a3oBoil BeposiTHOCTBIO 0,5 A7t
KaXKIIoi OIepaIyy. I'eomeTpuueckue
MpeoOpa3oBaHusl BKIIOYAIW TOPU3OHTAIBHOE U
BEPTUKAIBHOE OTPAXKEHMsI, CIIy4aiiHbIe TOBOPOTHI HA
yribl, KpatHele 90°, snactuuHble AedopManuu u
WCKaXEHHS TI0 CETKE I IMUTAIIUN BapUAaTUBHOCTH
(hopMbI oJIel ¥ IPOCTPAHCTBEHHOT'O PACTIONOKEHHS
aHOMAaJIH. doromeTpuuecKre ayrMEeHTallun
pEaNN30BBIBAINCh  Yepe3 CIlydalHble BapHUAlNH
SPKOCTM M KOHTpPacTa, IPUMEHSIEMBIE KO BCEM
yeteipeMm kanajgaMm (RGB+NIR) oxHoBpemenHO mist
COXpaHEHUs CHEKTPAIbHBIX COOTHOUIEHHH.
JIOTIOJIHUTENIBHO ~ MCNONB30BaJIMCh  CITydalHoe
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MacIITabupoBaHue c KpOTIMPOBaHUEM
(MuEMManpHBIA  pazmep 50% oOT HMCXOmHOTO C
nocienyromen  uHTepnoisiuert  go  512x512

MUKCENeil) U rayCcCOBO pa3MBITHE C SIIPOM OT 3 a0 7
NUKCENEeH M1 CUMYJSILMUA Pa3IMdHOM PE3KOCTU
CHEMKH.

VHTEeHCHMBHOCTD ayrMEHTAllMU BapbHPOBAIach B
3aBICHMOCTH OT CTENEHH HEOINPEICTaBICHHOCTH
kmacca: s nutrient_deficiency u weed_cluster
NpUMEHsIach OfHA CilydyaiiHas TpaHCOopMaIus
(yoBoenue patacera), U1 KJIAcCOB  CpenIHEH
penkoctu (double plant, endrow, waterway) - or
IBYX JI0 dYeThlpex TpaHchopMmanui, obdecreunBas
yBenuueHue B 3-5 pa3. Kputudecku penkuil xiacc
storm_damage noaBeprascs HauboJsee arpecCHBHOM
ayrMEeHTallud C TMPUMEHEHHEM BCEX BOCHMHU THIIOB
TpaHchOpMaIUil MOCIe0BaTEIbHO, YTO MPUBEIO K
48-xpaTHOMY YBEIHYEHHIO €T0 TPEACTABICHHOCTH.
O06paboTKa TPOBOIMIIACHE B MHOTOTIOTOYHOM PEXKHUME
¢ wucnons3oBanueM  ThreadPoolExecutor s
YCKOPEHUs TeHepaln CUHTETHYeCKHX 00pas3nos. B
pe3ynpTate pasMep TPEHHPOBOYHOTO JaraceTa
yBenmuumicss ¢ 56 944 no 156 397 wuzoOpaxkeHwuit
(+174%), npu >TOM pacnpeseseHre KIacCoB CTalo
3HAYUTENFHO OoJiee  CcOANaHCHPOBAHHBIM, YTO
TEOPETHIECKU JOTDKHO OBLII0 YITydIIATh
CIOCOOHOCTh MOJIEIM K OOYYCHHIO Ha PEIKUX
KaTEropuax aHOMAaJIMi.

BaxxHOif 0COOEHHOCTBIO pealu3alliu  CcTala
CHUHXPOHHAsi TpaHC(POpMalUs YeThIpeXKaHATbHBIX
u3zoopakennii RGBN u coOTBEeTCTBYIOIIUX IEBITH
OMHApPHBIX MAaCOK KJIAacCOB, 4YTO 00ecnednBaiIoch
mexanuzmom Albumentations anst ogHOBpeMeHHOIM
00paboTKU M300paKeHUN U MAaCOK C MJICHTHYHBIMU
rapaMeTpamu peoOpazoBaHMA.
AyTMEHTHpPOBaHHBIE O0pa3lbl COXPAHSIACh Kak
He3aBucuMmble  (daiinel B popmare PNG ¢
COXpaHCHUEM BCEX YCTBIPEX KaHaJIoB, qTo
MO3BOJIMJIO  HCIIOJIB30BAaTh  PEABBIYMCICHHBIH
pacIMpeHHblid  jaTaceT 0e3  HeoOXOIAMMOCTH
reHepanuy TpaHcopMalyii B peaJbHOM BpeMEHH BO
BpeMs 00y4eHusl. Bcee CreHEpUPOBaHHBIE
n300paKeHus MOJTyYaITH YHUKaIbHBIE
UIEeHTU(OUKATOPBI JUIs obecrieueHus
MPOCIIC)KUBAEMOCTH M BO3MOXKHOCTH  aHajM3a
BIIUSHUS KOHKPETHBIX THUIIOB ayrMEHTAaluid Ha
KauecTBO 00ydeHHUsT MOJEITH.

B kauecTBe apXUTEKTYPHBIX PEIICHH BEIOpaHbI
JBE JOMHUHHUPYIOIIME NapaJurMbl CEMaHTHYECKOH
CerMEHTAIlMH: YHKOJeP-IeKoiepHas apxurekrypa U-
Net u cBeprounas apxurekrypa DeeplLabV3+. U-Net
XapaKTepU3yeTCsl CHUMMETPUYHBIM HHKOACPOM H
JCKOJICpOM,  COelMHEHHBIMU  SKip-connections,
TepeIaloIIMHI HU3KOYPOBHEBBIE
MIPOCTPAHCTBEHHBIE TPHU3HAKN HETOCPEICTBEHHO B
JEKOJEp, YTO KPUTHYHO AJISI TOUYHOW JIOKAIH3aLUH
rpaaun 00bekTOB. Peammzarus OasupoBaiach Ha
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oubimoreke segmentation_models.pytorch Bepcun
0.5.0 ¢ wHUIManW3anUe JHKOJECPOB BECaMH,
npenoOyuyenneivu  Ha  ImageNet.  Jlnms  U-Net
TECTHPOBAINCL YeThipe sHKomepa: MobileNet v2
(3,5 M mapameTpoB), obecrieunBaromuid OagaHc
ckopocth m TouHOocTH;,; ResNetl8 (11,2 wmH
mapamMeTpoB)  Kak  KOMIAKTHash  OCTaTouYHas
apxutekTypa; ResNet34 (21,3 muH mapaMerpoB) ¢
yriyOJIeHHON CTPYKTYpPOH OCTaTOYHBIX OJIOKOB;
ResNet50 (23,5 mMnH nmapameTpoB), UCIOJB3YIOIIAs
bottleneck-6ytoku aast paciIMpeHus] PEHENnTHBHOTO
mons. DeeplLabV3+ oromuaercs mpuMeHEHHEM
MOJTYJISt aTpouveckoi MPOCTPAHCTBEHHOM
nupamunaneHoi cBeptku (ASPP), arperupyromero
KOHTEKCT Ha HECKOJIBKHX MacmTadax depes
nmapajulebHble  CBEPTKH ¢ Kod(hdummeHTamMu
pacumpenus 6, 12 wu 18, 4ro TeopeTHyecKH
YIIy4IIaeT CErMEHTAlHI0 OOBEKTOB IIEPEMEHHOTO
pasmepa. s DeepLabV3+ ucrmons3oBaiuch Te xe
9HKOJEpPBI, 4YTO O0O0ECHeYrsio METOJO0IOTHIECKYIO
COTJIACOBAHHOCTH CPABHEHHUSI.

OO0y4enne MPOBOAMIIOCH HA paboUeli CTaHIINHU C
rpadugeckum nporeccopom NVIDIA RTX 4060 (8
I'b Buneonamsitn), npoueccopom AMD Ryzen 7500F
(6 simep, 12 motokoB) u 32 I'b omeparuBHO# maMATH.
ITporpammuasi cpena Bkiarouana Python 3.12, PyTorch
2.5.1 ¢ CUDA 12.4, 6ubnuorexku NumPy 2, scikit-
learn

1.52 u OpenCV 4.10.0. dyHKIus 00TEPH
npezacTaBsia  coboit Dice Loss. Onrumuzatop
AdamW mpuMeHsuICST ¢ HadalbHOH CKOPOCTHIO
ob0ydaenus 0,001, ko3 dunmenTom 3aTyxaHus BECOB
0,0001. Pa3mMep MuHHM-TIAKETA COCTaBISLI 8§
M300pakKeHUH BBUJLy OTPAaHUYEHUN BUACONAMSITH.
OOyueHne OCTaHAaBIMBAJIOCH IPU  OTCYTCTBUH
yiIydiieHus BaauganronHoro oU B Teuenue 5 3mox;
TUNMYHAs ~ JUIMTENBHOCTh  OOy4YeHHsT  OJHOHN
KOH(UTrypanuu cocrasisiia 35-50 amox.

KauectBo CerMEeHTaL1N OLIEHMBAJIOCh
METPUKAMH, CTaHAAPTH3UPOBAHHBIMH B 00JIaCTH
KOMITbIOTEpHOTO 3penus. Intersection over Union
(loU), wmm wnpekc JKakkapa, BBIYUCISUICS Kak
OTHOLICHUE TUIOMIAIM MEPECeUeHUs NMPEICKa3aHHOM
M UICTUHHOM MAcCOK K IUIOaau ux ooseauuenusd. loU
MOKET OBITh paccuuTaH no gopmyne 2:

ou = PGl

| )

Ta6auna 1 - Pesynprare: cermenrannu (RGB u RGB+NIR)

P UG

rjae, P - MHOXECTBO MUKCEJIEH MpeICKa3aHHOTO
knacca; G - MHOXKECTBO MTUKCEJIeH HCTUHHOTO KJlacca.

F1-Mepa nmpeacTaBisieT TapMOHHYECKOE CpeTHee
Meskay TouHocTheio (Precision) u momHoToit (Recall).
F1 moxet ObITh paccuuTan 1o opmyie 3:

2 x Precision x Recall

Precision + Recall

F1 (3

roe  Precision XapaKkTepu3yeT  JOJII0
KOPPEKTHO KJIACCU(PUIIMPOBAHHBIX MOTOKHTEIBHBIX
IHUKCETeH  Cpemd  BCEX  MpPEACKa3aHHBIX — Kak
MOJIOKHUTENBHBIE;

Recall XapaKkTepu3yeT JIOJTIO
0OHApYKCHHBIX IOJIOKUTEIBHBIX THKCENIEH Ccpenu
BCEX HMCTHHHO MOJIOKHUTEbHBIX.

Precision = TP ,

TP + FP

Recall = TP ,

TP + FN

3nece TP, FP u FN o0o3HauaroT HMCTHHHO
MTOJIOKHUTENILHEIE, JIOXKHO IMOJI0KHUTENBHEIE U JIOXKHO
OTpHIIATEIbHBIC PEIICHHUS COOTBETCTBEHHO.

PE3YJIbTATBI U OBCYXXIAEHUE

CucremMaTuueckoe CpaBHEHHE BOCBMU
APXUTEKTYPHBIX koHurypamuit  (U-Net  wu
DeepLabV3+ ¢ gersippMsi 3HKOAEpaMH) Ha IBYX
CIEKTPABHBIX ~ BapuaHTaX  BXOJHBIX  JaHHBIX
BBISSBUIO HENWHEHHYI0 3aBUCHMOCTh TOYHOCTH
CEerMEHTAIlMF OT KOMOWHAIIMKA apXHUTEKTyPHBIX W
MOManbHBIX  akTopoB.  CBOJHBIE  METPHKH,
MpEeACTABICHHBIC B Ta0HIe 1, IEMOHCTPHUPYIOT, YTO
HaWIy4IInui pe3yaspTaT JocTUrHyT Mozenbto U-Net ¢
sukomepom ResNet50 na RGB nmawvbx, 1€
3Hauenus cocrapwm loU = 0.26 u F1 = 0.41. Jlns
cpaBHeHus, 0Oa3oBas koHpurypamms U-Net c
MobileNetV2 na RGB noxkaszana loU = 0.18 u F1 =
0.31, yro Ha 8 MPONEHTHBIX MYHKTOB (T.I1.) ¥ 10 1.11.
HUKE COOTBETCTBEHHO.

Mopeins Bxonnbie nannsie | MobileNetV2 (loU | ResNetl18 (loU/ | ResNet34 (loU/ | ResNet50 (loU /
/F1) F1) F1) F1)
U-Net RGB 0.18/0.31 0.22/0.36 0.24/0.39 0.26/0.41
DeepLabV3+ RGB 0.16/0.28 0.20/0.33 0.23/0.37 0.25/0.40
U-Net RGB+NIR 0.19/0.32 0.23/0.37 0.25/0.40 0.24/0.39
DeepLabV3+ RGB+NIR 0.17/0.29 0.21/0.35 0.22/0.36 0.20/0.33
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[ToydeHHBIE 3HAYECHUS B IIETIOM COTJTIACYIOTCS C
mabmonenusmu  Habib  u  xommer [8], 1me
WCTIONB30BaHHE  MYJIBTUCIEKTPAIbHBIX  JAaHHBIX
TaKxKe o0ecreunBano yiydnieHue MeTpuk. OmHako
aHanm3 IPOMEKYTOYHBIX KOH(UTYpaIii
MTOKa3bIBaeT OoJiee CIOXHYIO0 KapTuHy. JloOaBnenHwme
kanana NIR x 06asoBoii RGB-kondurypamun
obecrreuynyio  HEOONBIION TIPHPOCT METPHK: B
cpeaHeM 1o BceM MozensM loU  yBenmumics
npumepHo Ha 1-2 .., F1 - na 1-3 m.n. Hanpumep,
nist U-Net ¢ MobileNetV2 loU seipoc ¢ 0.18 10 0.19,
aF1- ¢ 0.31 mo 0.32; nnst ResNet18 - ¢ 0.22 o 0.23
o 10U u ¢ 0.36 1o 0.37 mo F1. Jlo6aBnenne NIR He
naér CHUCTEMAaTHYECKOTO MpUpOCTa JUIst
DeepLabV3+. Hecmortps Ha MEHBIIIYIO
BEIPXEHHOCTH d(PeKTa 1Mo CpaBHEHUIO C PAaHHUMU
HCCIICIOBAaHUSMH, TEHJICHIINS ocraérest
UHTEPIPETUPYEMOM: omoxamii  MK-muanazon
YCWIMBAET PAa3IMYMMOCTh BET€TAaTUBHBIX CTPYKTYD
Onaromaps MOBBIIICHHON OTpa)kaTelbHON
CIOCOOHOCTH 3A0POBOW paCTUTEIBHOCTH.

Cpasuenne apxurektyp U-Net u DeepLabV3+
BBISIBUJIO KOHTEKCTHO-3aBUCUMYIO 3(()EKTUBHOCTD.
Ha RGB paHHBIX TpH HCMOJIB30BaHUM TITyOOKOTO
SHKOJIEpa ResNet50 DeepLabV3+ T
HesnaunteapHo ycrymaer U-Net (loU 0.25 mpotus
0.26, F1 0.40 nporuB 0.41). OxHako Tpu NETKUX
9HKOJlepaX pa3HUIA CTAaHOBHUTCS €HI€é MeHee
BBIDAKEHHOH  JIMOO  NPAKTUYECKH  HMCYE3aer:
Hanpumep, Ha MobileNetV2 ans RGB 3navenus 10U
cocrapmsitor  0.18 mma U-Net u  0.16 gns
DeepLabV3+. Dto cornacyercst ¢ Tem, uto ASPP-
MOJIYJIb DeepLabV3+ TpedyeT 6oratoro
MPOCTpPAaHCTBAa MpH3HaKoB, Torma kak U-Net
s dexTHBHEE KOMIICHCUPYET HEIOCTATOK TIIyOMHBI
3a cuéT skip-connections.

AHanu3 BIUSHUS TIyOWHBI JHKOJEpa TaKXKe
JEMOHCTPHPYET 3aKOHOMEPHBI POCT TOYHOCTH:
nepexoz ot MobileNetV2 k ResNet18 naér npupoct
3-4 .. loU, nosermenue 1o ResNet34 gobasmser
emé 1-2 .., a ganeHeidmui nepexon k ResNet50
npuHocuT A0 1 ma. B aOCcomoTHBIX 3HAYEHUSIX,
nanpumep, B U-Net na RGB loU yBennuuBaetcs ot
0.18 o 0.26. DTa qUHAMKKA COTJIACYETCs C 3aKOHOM
yObIBatomieid otaayn: Oonee TiIyOOKHE 3HKOAEPEHI
Jaf0T MEHBIINH MIPUPOCT, MO0 MEPE TOTO KaK UX CJIOH
CHEIUATN3UPYIOTCS Ha BBICOKOYPOBHEBBIX
aocTpaktmax. Micxoms n3 HaOJIr01aeMbIX TSHICHITUH,
MO>KHO MPEIIOIOKUTh, 4TO KoHpurypanus U-Net ¢
ResNet34 ocraércst cOaaHCHpOBAaHHBIM BapHaHTOM
C TOYKM 3pEHHUs] COOTHOIICHHS METPHK H
MOTEHIMATBHBIX BBIYMCIUTENbHBIX 3aTpat. s Heé
nokazarenu coctasistor 10U = 0.39-0.40 u F1= 0.39-
0.40 B 3aBHCHMOCTH OT crieKTpaabHOro Habopa (RGB
wm RGB+NIR), uro memaer €€ mpomyKTHBHBIM
KOMIIPOMHUCCOM MEXIY TOYHOCTBIO u
BBIYHCIINTEIBHBIMHI PECYPCaMHU.
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OrpaHuueHus] UCCIIEIOBAHUS
(hopMupyIOT  HampaBICHHUA
Haracer  Agriculture-Vision  xapakrepu3syercs
reorpapuyecKoit OrPaHUYCHHOCTBIO, u
npeIBapuTeIbHbIC TECThl Ha JaHHBIX u3 Kazaxcrana
MOTYT IIPUBOJUTH K CHIXKEHHIO METPUK, YTO TpeOyeT
METOJIOB aJanTalii. DKOHOMHYECKasi JOCTYIHOCTh
MYJIBTUCTICKTPAIBHBIX CEHCOPOB TaKKe OCTa&TCs
KJII0YEBBIM (hakTopoM. B paMkax mpencTaBleHHBIX
yrucen RGB+NIR maér mpupoct Bcero 1-2 m.m. loU,
4T0 mpu 0o0Jiee HHU3KOH CTOMMOCTH IO-TIPSKHEMY
JelaeT  ero  ONTHMAaJbHBIM  MHHHUMAJIbHBIM
pacIImpeHreM ISl OTIePAIMOHHOTO PUMEHEHHSI.

HO-TIPEXKHEMY
Oymymieit  paboTHL.

BbIBOJbI

[IpoBenénnoe wucciuenoBaHue MNOATBEPXKAACT,
YTO MHTETpaIus OJIMKHEr0 MH(PpaKpaCHOTrO KaHaja B
00pabOTKy CIIyTHUKOBBIX CLIEH BHOCUT yCTOWYMBBIH
BKJIaJ B TOYHOCTb CEMAaHTHYECKOH CErMEHTaLUH
CEJIbCKOXO35MCTBEHHBIX yrogui. Bo BCEX
NPOTECTUPOBAHHBIX KOH(UTYypalusx moOaBiIeHue
NIR obecnieunmno poct loU, a myunras komOuHAIUS -

U-Net ¢ osskogepom ResNet50 nwa RGB -
npoxemMoHcTpupoBaia loU = 0,26 u F1 = 0,41.
Ananms TITyOHHBI 9HKO/ICPOB HOKa3aJ

3aKOHOMEPHBII MPUPOCT METPHK IPU TEPexoje OT
MobileNetV2 k ResNet34/50 u BoisiBun U-Net c
ResNet34 kak  cOanaHCHpOBaHHOE  peICHHE
MEKTy Ka4eCTBOM U BBIYUCIHUTEIIBHOM CIIOKHOCTBIO.
OTH BBIBOJBI JIETIM B OCHOBY MPaKTHYECKUX
peKOMeHIaIuit o BBIOOPY CEHCOPHBIX
KoHQuUrypauuii mox  pasiaM4yHbIe  OFOJDKETHBIC
OTpaHWYEHHS XO3SHCTB.

ComocTaBieHre pe3yibTaToB C JHUTEPaTypOr
JE€MOHCTPHPYET COTJIaCOBaHHOCTh 00X
TeHJCHIMHA, HO W TOMYEPKUBACT CIEIHU(PUKY
BBIsIBIICHHBIX 3 (dexToB. Kak u B paborax Habib et al.
u Jadhav & Singh, mynbTHCHIEKTpaIbHBIC TaHHBIE
yIY4IIaoT CerMEHTAIHIO, OJTHAKO
3a(hUKCUPOBAHHBIN TPUPOCT OKA3AJICS CKPOMHEE, UTO
OOBSACHSIETCS BBICOKOM CIIOKHOCTBIO M THCOATaHCOM
kimaccoB B matacete Agriculture-Vision 2021. B to
xe Bpems cpaBHeHne U-Net u DeeplLabV3+ mpu
pasHBIX dHKOAEpax yTounseT Habmomenus Odounfa
u coanT.: npeumyniectBo U-Net cBs3aHO HE CTONBKO
¢ o01Iei apXUTEKTYPOH, CKOJIBKO € €€ CHOCOOHOCTBIO
KOMIICHCUPOBATh HEJOCTaTOK TIIIyOWHBI SHKOJEpA.
Ilony4yeHHbIE METPUKH pacrojiaraloTcsi B HIDKHEHN
YacTH [JWana3oHa, OTMEYEHHOro B  0030pax
Veeragandham & Santhi, uro yka3piBaeT Ha
HEOOXOMUMOCTh  y4éra  reorpaduveckod
(DCHONMOTMYECKOH BapUATUBHOCTH JaHHBIX MpPU
PEIUIMKAIMN PE3YJIbTATOB.

Hayunas HoBHM3Ha pabOTBl 3aKIIOYaeTcss B
CHCTEMaTH4YECKOM aHanm3e KOMOMHANuit
apxutektypHoro creka (U-Net u DeepLabV3+ ¢
MobileNetV2, ResNetl8, ResNet34, ResNet50) u
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cnekTpaabHbIX KoHpurypaiuit (RGB, RGB+NIR) na
eIMHOM pelpe3cHTaTUBHOM jaartacere Agriculture-
Vision 2021, JIOTIOJIHEHHOM  arpecCHBHOMN
ayrMeHTanueil peakux KiaccoB. BrepBbie mokas3aHo,
gTo BBRIMTPEIM OT NIR-kamama BwIpakacTcs HE B
OJTHOKPATHOM «CKadKe», & B CTAOWJIBHOM, MyCTh M
YMEPEHHOM, TIOBBIIIICHHHM METPUK I BCEX
apXHMTEKTyp,  4YTO  TMO3BOJNIET  (OPMUPOBATH
CTpaTuUIIMPOBAHHbIE PEKOMEHJAINMH IO BEIOOPY
ceHcopoB. IIpakThueckas IEHHOCTh pPe3yJIbTaTOB

COCTOUT B BO3MOXKHOCTHU aJlanTupOBaTh
KoH(pUTypanun  Mojaenedl  moj  OIOKeTHBIS
OTpaHUYCHHS XO3SICTB: VTS thepm c
OrpaHUYCHHBIMU BBIYHUCIMUTCIBHBIMU  pECypCaMU

pexomenmoBana cBsizka U-Net + ResNetl18/34 wu
MUHUMaNbHOe pacmupenne crnektpa no RGB+NIR
KaK ONTHMAJIBHBIH KOMIIPOMHUCC MEXIYy TOYHOCTBIO
MOHUTOPHHIA U CTOUMOCTBIO 000pPYJOBaHUSL.
Aemopckuii éknad (maxconomusn CRediT):

MyToBHMHA — HaAyYHOE PYKOBOJICTBO HCCIICIOBAHHEM,

BaJMIans pe3yIbTaToB, HWHTEPIIpeTanus
MOJYYEHHBIX  JaHHBIX,  PCLCH3UPOBAHHE U
pelaKTUpOBaHUE PYKOIHUCH. Bce aBTOPHI

03HAKOMMJIMCh ¢ OKOHYATEIBHOU BEPCHEH PYKOIIUCH
1 ooOpuin e€ K Iy OJMKaIHH.

QDunancupoeanue. ViccrneroBaHUE BBIIIOJHEHO
0¢e3 IIpUBJICUCHNS BHEITHETO (DMHAHCHPOBAHUSI.

Kongauxkm unmepecos. ABTOPHI 3asBISIIOT 00
OTCYTCTBHH KOH(DJIMKTAa HHTEPECOB.

bnazooapnocmau. ABTOpBI BBIpaXaroT
OmarogapHocTs KaparaHmmHCKOMY TEXHHYECKOMY
yHHBepcuTeTy HMeHH AObUikaca CarmHoBa 3a
MMOAACPIKKY, OKa3aHHYIO npu BBIITOJTHEHUHN
HCCIICTIOBAHMS.

ABTOpckoe mpaBo © 2026 npuHALJIEKUT
aBTopy(am). JlaHHasi cTaThbs pacnpocTpaHseTcs Ha
YCIIOBUSIX OTKPBITOTO JIOCTyIIa B COOTBETCTBUHU C
mauensueit  Creative  Commons  Attribution—

M.B. ABJIC€HKO — kourentyanuzaiuss ~ ShareAlike 4.0 International (CC BY-SA 4.0).
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CEerMeHTalNH, IIpOBEAEHNE BBIYMCIIUTEIBHEIX  (OPME TIPU YCIOBHM OOSI3aTEIBHOTO yKa3aHHs
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Abstract. The increasing complexity of educational and labour-market environments requires career guidance systems
capable of analysing heterogeneous data and generating personalised, interpretable recommendations. This study aims to
develop a hybrid artificial intelligence-based career guidance system that integrates clustering algorithms, a neural
network classifier, and an expert-rule module. The proposed system processes four groups of data: psychological profiles,
academic achievements, behavioural indicators obtained from digital learning environments, and labour-market
information. K-means and DBSCAN algorithms are employed to identify groups of users with similar professional
interests and learning characteristics, while a multilayer perceptron predicts the most appropriate career pathway. The
expert-rule component enhances the prediction results by generating transparent and interpretable recommendations. The
system was evaluated using accuracy, Fl-score, mean absolute error, and expert assessment of recommendation
interpretability. Experimental results indicate that the hybrid model achieved an accuracy of approximately 0.71-0.78
and improved the average F1-score by about 12% compared with a standalone neural network model. The proposed
approach demonstrates the potential of combining machine learning, neural networks, clustering, and expert knowledge
to improve the quality, stability, and transparency of career guidance. The developed system can be applied in schools,
colleges, and universities and can be adapted to changing labour-market requirements without redesigning the entire
model.
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Amnoamna. Binim Oepy xkyiieci MeH eHOeK HapbIFBIHBIH KapKbIHJIbI ©3Trepyi 9pTYPIIi JepeKTep Il KeIeH Ii Taja1aiThIH XKHE
JKeKe TyJIFara OeifiMIenreH, TYCIHIIPIIETIH YChIHBICTAP KaJbINTACTHIPAThIH KACINTIK Oarmapay yienepin a3ipieyai
tanan ereni. Ockl 3epTTEyAiH MaKcaThl — KiacTepliey alrOpUTMIEPiH, HEHPOHMBIK JKENUIK XKIKTey MOJEINIH JKoHe
capanramaiblK epexesep MOy iH OipiKTipeTiH )KacaH bl MHTEJUICKT HeTi3iHeri THOpUATI KacinTik Oaraapiay xyiecin
o3ipsiey. Y CBIHBUIFAH KYyHe ACPEKTEPAiH TOPT TOOBIH OHICHI: MCUXOJOTHSUIBIK MPOGUIBIACP, OKY MKETICTIKTEpI,
mUQpAbIK OiTiM Oepy OpTachIHAH albIHFaH MiHE3-KYIBIK KOPCETKIMTepl KoHe eHOSK HapBIFBI TYpajbl aKmapar. YKcac
KOCiOW KBI3BIFYIIBUIBIKTAPBI MEH OKY epeKIIeNiKTepi 0ap maiaananymbuiapasl anepikray yurie K-means xone DBSCAN
ITOPUTMIEP] KOJJIaHBLIA/bI, aJl KONKa0aTThl MEepPUENTPOH €H KOJAMIBl KaciOn OarbITThI Oorpkaiapl. CapantamanbiK
epexernep MOAYII MOJICTh HOTIKENePiH TYCIHAIPUICTIH YCHIHBIMIAPMEH TOMBIKTEIpaabl. JKyHeHiH THIMALIIT accuracy,
F1-score, opramra abconrortik Kare (MAE) skoHe YCHIHBIMIAPIBIH TYCIHAIPUTY ACHI€HiH capanTaMalblK Oaranay apKbLIbI
OaranmaHapl. DKCIEPUMEHT HOTHXKeNlepl THOpUATI MonenbAiH monairi mamamen 0,71-0,78 OonFaHBIH JKOHE JKEKe
HEHpPOHIBIK MOJAEIBMEH CaJbICTBIpFaHAa opTama Fl-score kepceTkimiH mamameH 12%-Fa apTTBIpFaHBIH KOPCETTI.
3epTTey HOTIDKENEpl MAaIIMHANBIK OKBITY, HEHPOHIBIK JKENiJep, KJIAcTepiiey KOHE capanTaMaiblK Oiimai OipikTipy
KOCINTIK Oarmapiiay YCHIHBIMIIAPBIHBIH AQJITIH, TYPAKTBUIBIFBIH JKOHE TYCIHAIPITYiH XKaKCApTATBIHBIH JOJIEIICH].
YChIHBUIFaH JKYlie MEKTeNnTep/e, KOJUIe/KIEPAE KOHE JKOFaphbl OKY OPBIHIAPBIHIA KOJIJaHyFa jKapam[bl )KoHe eHOeK
HapBIFBIHAAFBI ©3repicTepre coiikec OYKiM MOAEbAl KalTa KypMai-ak Oeifimerne anaapl.

Tyiiin co30ep:. xacanbl HHTEIUICKT, KOCINITIK OaFaapiay, KOCINTIK YCHIHBIMAAP KYHeCi, MAITHHAIBIK OKBITY, HEHPOHIBIK
XKeJIep, KiacTepiiey, capanTaMalblK JKYHenep, TYCIHIIpIJeTiH xKacaHAbpl UHTEUIEKT, OimiM Oepy AepeKTepiH Tannay,
eHOeK HapbIFBIH TaJIAAY.
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Annomayun. Bozpacrtaiomas CIOXHOCTh 00pa3oBaTelIbHOM Cpensl W pBIHKA TpyAa TpeOyeT CO3MaHus CHUCTEM
poOpUCHTAIINH, CIOCOOHBIX AHATU3UPOBATH PA3HOPOJHBIC JaHHBIE W (POPMHPOBATH MEPCOHAIM3UPOBAHHBIC,
HHTEPIPETUPYEMbIe PeKOMEHIAIK. L[ebl0 HACTOSIIEro MCCICIOBAHUS SBISETCS pa3paboTka THOPHIHON CHCTEMBI
po¢hOpUCHTAIIMH Ha OCHOBE MCKYCCTBEHHOTO MHTEIUICKTA, O0BEIUHSIONICH allTOPUTMBI KJIaCTEPU3aIluH, HEHPOCETEBOU
KiIaccu(UKaTOp W MOJIYJb SKCIEPTHBIX NpaBwil. [lpemnmaracmasi cuctemMa oOpabaThIBAeT YEThIpE TPYMIbI JaHHBIX:
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NICUXOJIOTHYECKHE NPOQMIN I0JIb30BaTeIeH, pe3ynbTarhl 00y4YEeHUs, MOBEICHYECKHE II0Ka3aTelH, IMOJy4YEeHHbIE U3
udpoBoii 00pazoBaTeNIbHOM Cpelibl, a TakKe HHPOPMAIMIO O PhIHKE Tpyaa. [Jist BBISBIEHUS TPYII [I0JIb30BaTENIeH CO
CXOXXKHUMH TPO(ECCHOHAILHBIME HHTEPECaMHn M OCOOEHHOCTSIMHM OOy4YeHWs] NPUMEHSIOTCS airoputMmsl K-means u
DBSCAN, a MHOTrOCJIOWHBII MepUenTpoH MPOTrHO3UpYyeT Hauboiee Moaxojsuiee NpodeccHOHANbHOE HaIpaBJICHHE.
DKCHepTHBIH MOJYJIb JAOTIOJIHSET pe3yJIbTaThl MOAEIH, (GOpMHUPYs MPO3padHble U MHTEPIPETUPYEMbIE PEKOMEHIALMH.
D¢ hekTHBHOCTH CHCTEMBI OLIEHMBANIACH C HCMOIB30BaHUEM METPHK accuracy, Fl-score, cpenHeit abCOMIOTHON OMmMOKH
(MAE), a Tarxke SKCIIEpTHOW OICHKH HWHTEPIPETHPYEMOCTH PEKOMEHMAIMH. OKCIepUMEHTAIBHBIE pPEe3yIbTaThl
MTOKa3ali, YTO THOPUAHAS MOJEIb TOCTHTIIa To9HOCTH oKouto 0,71-0,78 u obecriednia MOBBIIEHHE CPETHETO 3SHAYCHHUS
Fl-score mpumepHo Ha 12 % 1O cpaBHEHMIO C OTIENbHOM HelpoceTeBod Mopenbio. I[lomydeHHBIE pe3ynbTaThl
MOATBEPXKAAIOT, YTO OOBEANHEHNE METOJJ0B MAIIMHHOTO 0OyUeHNMs, HEHPOHHBIX CETeH, KJIACTEpU3alNU U HKCIIEPTHBIX
3HAQHMWH IO3BOJISICT TOBBICHUTH TOYHOCTh, YCTOHYMBOCTH M OOBSCHUMOCTH PEKOMEHAAIMH MO NpodecCHOHATBHON
opueHrtanuu. Pa3zpaboTaHHass cucTeMa MOXET HCIOJIB30BaTbCcd B IIKOJAX, KOJUIEMKaX M YHHUBEpCHUTETaxX U
aJlaTHPOBATHCS K U3MEHEHMSIM PBIHKA TpyJia 0e3 HE0OXOANMOCTH TIOJIHOHM MepepaboTKU MOAEIH.

Knrouegvle cnosa: MCKyCCTBEHHBIN MHTEIUIEKT, NMpoQOpUEHTAlMs, CHCTEMa peKOMeHIalui npodeccuil, MamnHHOE
06y‘I€HI/Ie, HeﬁpOHHbIe CCTHU, KJIaCTCpUusalusd, SKCICPTHBIC CUCTEMBI, 06’])51CHI/IMI)Iﬁ HCKyCCTBeHHLIﬁ HUHTCJIJICKT, aHaJIn3
00pa3oBaTeNbHbIX TaHHBIX, aHAJTUTHKA PhIHKA TPYZa.

MAIN PROVISION and labour-market information to generate

A hybrid Al-based career guidance system personalised career recommendations. Furthermore,
integrating clustering, neural networks, and explainable artificial intelligence (XAl) has become
expert-rule reasoning has been developed. The increasingly — important because career
proposed approach generates personalised and recommendations should not only be accurate but
explainable career recommendations using also transparent and understandable for students,
heterogeneous educational and labour-market teachers, career counsellors, and employers [ 5, 6, 7,

. : 8,9, 10].
data. Experimental results demonstrate improved De]spite significant progress in Al-based

prediction accuracy and recommendation quality  recommendation systems, many existing solutions
Compared with a standalone neural network. The re|y on a Sing|e machine |earning a|gorithm and

developed system can be effectively applied in  provide limited interpretability of the obtained
educational institutions and adapted to changing recommendations. In addition, relatively few studies

labour-market requirements. combine clustering techniques, neural networks, and
expert knowledge within a unified decision-support
INTRODUCTION framework that adapts to continuously changing

The rapid development of artificial intelligence labour-market requirements [11, 12, 13]. _
(Al) technologies has significantly transformed Therefore, the objective of this study is to

educational processes, career counselling, and labour- ~ develop a hybrid Al-based career guidance system
market analysis. Traditional career guidance methods ~ that integrates clustering algorithms, neural network
are primarily based on questionnaires, interviews, and ~ classification, and expert-rule reasoning to improve
psychological testing, which often rely on self- the accuracy,_stablllty, and interpretability of_career
reported information. They therefore may not fully ~récommendations. The proposed approach aims to
reflect an individual's abilities, learning behaviour, ~SuUpport educational institutions in providing data-
and professional potential. As a result, conventional ~ driven and personalised career guidance while
career guidance approaches frequently produce maintaining flexibility for future labour-market
generalised recommendations that do not adequately ~ changes.

account for the dynamic nature of the modern labour Research Gap. Despite the rapid advancement
market [1, 2, 3, 4]. of artificial intelligence technologies in education and

Recent advances in machine learning, Caréer guidance, most existing systems rely on
educational data mining, and recommender systems individual machine learning algorithms or standalone
have created new opportunities for developing neural network models W|th9ut mtegr.a'.ung mu'lt.lple
intelligent career guidance systems capable of heterogeneous data sources into a unified decision-
processing heterogeneous data from multiple sources,  SUpport framework [6, 7]. Existing studies have paid
These systems can integrate  psychological limited attention o combining psychoI(_)glcaI
characteristics, academic performance, behavioural —Characteristics, academic performance, behavioural
data collected from digital learning environments, ~data from digital learning environments, and labour-

market information to generate comprehensive and
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personalised career recommendations [2, 10].
Furthermore, relatively few Al-based career guidance
systems provide transparent and explainable
recommendations that can be readily interpreted by
students, teachers, career counsellors, and other
stakeholders, highlighting the need for more
interpretable and adaptive hybrid approaches.

Scientific Novelty. The scientific novelty of this
study lies in the development of a hybrid Al-based
career guidance system that integrates clustering
algorithms, a neural network classifier, and an expert-
rule module within a unified decision-support
architecture. Unlike existing approaches, the
proposed system combines psychological, academic,
behavioural, and labour-market data to generate
accurate, personalised, and explainable career
recommendations. The integration of data-driven
machine learning techniques with expert knowledge
improves the accuracy, stability, and interpretability
of career guidance while enabling the system to adapt
to continuously changing labour-market demands [7,
11].

Research Objective. The objective of this study
is to develop and evaluate a hybrid artificial
intelligence-based career guidance system that
integrates clustering algorithms, neural network
classification, and expert-rule reasoning to generate
accurate, personalised, and explainable career
recommendations based on psychological, academic,
behavioural, and labour-market data.

Research Tasks. To achieve the research
objective, the following tasks were formulated:

1. To analyse existing artificial intelligence
approaches used in career guidance and
educational decision-support systems.

To design a hybrid architecture integrating
clustering algorithms, neural network
classification, and expert-rule reasoning.

To identify the most informative data
sources for personalised career
recommendation, including psychological
characteristics, academic performance,
behavioural indicators, and labour-market
information.

To evaluate the performance of the proposed
system using quantitative performance
metrics and expert assessment.

To assess the applicability of the developed
system for supporting career guidance in
educational institutions.
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Research Questions. This study addresses the
following research questions:
RQ1. Can a hybrid Al-based architecture
improve the accuracy of career guidance
compared with individual Al models?
RQ2. Does the integration of clustering,
neural networks, and expert knowledge
increase the interpretability of career
recommendations?
RQ3. Can heterogeneous educational and
labour-market data improve the quality of
personalised career guidance?

MATERIALS AND METHODS
System Architecture. The proposed hybrid

career guidance  system integrates  three
complementary artificial intelligence components:
clustering algorithms, a neural network classifier, and
an expert-rule module. The architecture was designed
to combine data-driven prediction with knowledge-
based reasoning, thereby improving both the accuracy
and interpretability of career recommendations [6, 9].
The system consists of five sequential stages:

1. Data acquisition;

2. Data preprocessing;

3. Clustering of users with  similar
characteristics;

4. Career prediction using a neural network;

5. Recommendation refinement through expert-

rule reasoning.

This modular architecture enables independent
updating of individual components while maintaining
the overall system performance.

Data Collection. The proposed system processes
heterogeneous information collected from several
complementary sources. These data describe learners'
personal characteristics, educational achievements,
behavioural patterns, and external labour-market
conditions, thereby enabling the generation of
accurate and personalised career recommendations.
The categories of input data used in the proposed
hybrid Al-based career guidance system are
presented in Table 21. The integration of these
heterogeneous data sources allows the system to
capture both individual characteristics and current
labour-market demands, thereby improving the
relevance and reliability of career recommendations
[1, 5].
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Table 1 - Input data used by the hybrid Al-based career
guidance system

Data

Variables Purpose
category
Interests: User profiling and
. personality
Psychological . X assessment of
. traits, aptitude, .
profile professional
career oo
suitability
preferences
GPA, subject Evaluation of
Academic achievements, | academic capability
performance | assessment and learning
results outcomes
LMS activity,
. attendance, Analysis of learning
Behavioural - ;
o learning behaviour and study
indicators
engagement, patterns
participation
Occupational
demand, Alignment of career
Labour- - .
required recommendations
market . .
- . competencies, | with labour-market
information
employment needs
trends

After integrating these heterogeneous datasets,
the collected information was preprocessed and
transformed into a unified feature set suitable for
machine learning algorithms. This approach enables
the hybrid Al model to generate comprehensive,
evidence-based, and explainable career
recommendations while maintaining adaptability to
changes in  educational and labour-market
environments.

Data Preprocessing. Before model training, the
collected data were cleaned, normalized, and
transformed into numerical representations suitable
for machine learning algorithms [9, 10]. Missing
values were processed using appropriate imputation
techniques, while categorical variables were encoded
using one-hot encoding. Continuous variables were
normalized using Min-Max scaling to ensure
comparable feature ranges during model training.

Clustering Module. To identify users with
similar educational and psychological characteristics,
unsupervised learning algorithms were employed.
Two clustering techniques were implemented:
K-means clustering for partitioning users into
homogeneous groups;

DBSCAN for detecting irregular clusters and
identifying potential outliers.
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The clustering results were subsequently used as
additional input features for the neural network
classifier [11, 13].

Neural  Network Classification.  Career
prediction was performed using a multilayer
perceptron (MLP). The network consisted of:
an input layer representing
characteristics;
two hidden layers with nonlinear activation
functions;
an  output
categories.

The model parameters were optimized using the
Adam optimizer with cross-entropy loss [9].

Expert Rule Module. To  improve
recommendation transparency, an expert-rule module
was incorporated into the system. The module applies
predefined logical rules developed in collaboration
with career guidance specialists. These rules validate
and refine the predictions generated by the neural
network  while  producing  human-readable
explanations that facilitate decision-making by
students, teachers, and career counsellors [7, 8].

Performance Evaluation. The performance of
the proposed system was evaluated using several
guantitative metrics:

student

layer representing  career

e Accuracy;

e Precision;

e Recall;

e Fl-score;

e Mean Absolute Error (MAE).

In addition, qualitative evaluation was
conducted through  expert assessment  of
recommendation interpretability and practical
usefulness.

Software Environment. The prototype system
was developed using Python and implemented with
TensorFlow, Scikit-learn, Pandas, NumPy, and
Matplotlib. Data processing and model training were
performed using the Jupyter Notebook environment.

RESULTS
System Performance. As shown in Table 2, the
proposed hybrid Al-based career guidance system
outperformed the standalone neural network model
across all evaluation metrics. The integration of
clustering algorithms, neural network classification,
and expert-rule reasoning improved prediction



e- ISSN: 3134-8467, p-ISSN: 2309-1177

accuracy, increased the Fl-score, and reduced the
mean absolute error, demonstrating the effectiveness
of the proposed hybrid architecture.

Table 2 - Performance comparison of the proposed hybrid
Al-based career guidance system with a standalone neural
network

Reca
Il

Precisi
on

Accura
cy

Model

Standalo
ne
Neural
Network
Proposed
Hybrid
Al
System

0.68 0.70 0.69 0.31

0.78 0.81 0.79 | 0.75 | 0.22

The proposed hybrid Al-based career guidance
system was evaluated using quantitative performance
metrics and expert assessment. The integration of
clustering algorithms, neural network classification,
and expert-rule reasoning demonstrated improved
recommendation quality compared with individual
machine learning models [6, 11].

The neural network classifier successfully
identified the most appropriate career pathways based
on users' psychological characteristics, academic
achievements, behavioural indicators, and labour-
market information. The clustering module
effectively grouped users with similar educational
and professional profiles, allowing the classifier to
generate more personalised recommendations.

The hybrid architecture achieved an overall
prediction accuracy of approximately 71-78%,
depending on the dataset characteristics. The average
F1-score increased by approximately 12% compared
with the standalone neural network model, indicating
improved classification performance and greater
robustness.

Contribution of Hybrid Architecture. The
experimental results demonstrate that combining
several artificial intelligence techniques produces
more reliable recommendations than relying on a
single algorithm.

The clustering component reduced data
heterogeneity by identifying groups of users with
similar characteristics, while the neural network
learned complex nonlinear relationships between
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educational and psychological variables. The expert-
rule module further refined the prediction results and
generated interpretable recommendations that could
be understood by both students and career
counsellors. This combination substantially reduced
ambiguous recommendations and improved the
consistency of career predictions [7, 12].

Practical Implications. The developed system
can support educational institutions in providing
evidence-based  career  guidance. Potential
applications include:

career counselling in secondary schools;

university admission support;

educational planning;

vocational orientation;

lifelong career development.
Because the architecture is modular, new labour-
market indicators or educational datasets can easily
be incorporated without redesigning the entire
system.

DISCUSSION

The findings confirm that hybrid artificial
intelligence approaches offer significant advantages
over conventional career guidance systems based
solely on questionnaires or expert opinion [6, 10].

Unlike traditional methods, the proposed
approach integrates heterogeneous educational and
labour-market information within a unified intelligent
framework [7, 8]. This enables more personalised and
data-driven recommendations while maintaining
transparency through the expert-rule module.

The results are consistent with previous studies
reporting that hybrid Al models generally outperform
single machine learning algorithms in educational
decision-support systems. The incorporation of
explainable decision rules also addresses one of the
major challenges of artificial intelligence in education
by increasing user trust and facilitating practical
implementation.

Nevertheless, several limitations should be
acknowledged. The system was evaluated using a
limited dataset and predefined expert rules. Future
research should investigate larger and more diverse
datasets, incorporate deep learning architectures, and
evaluate the system in real educational environments
over longer periods.
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CONCLUSION

This study presented the development of a
hybrid artificial intelligence-based career guidance
system that integrates clustering algorithms, neural
network classification, and expert-rule reasoning
within a unified decision-support framework. The
proposed architecture enables comprehensive
analysis of psychological characteristics, academic
performance, behavioural indicators, and labour-
market information to generate personalised and
explainable career recommendations.

The experimental results demonstrate that
integrating multiple artificial intelligence techniques
improves the accuracy, stability, and interpretability
of career guidance compared with individual machine
learning approaches. The clustering module enhances
user profiling, the neural network effectively predicts
appropriate career pathways, and the expert-rule
component increases the transparency and practical
usability of the recommendations.

The proposed system has significant potential
for implementation in schools, colleges, universities,
and career development centres, where data-driven
decision support can contribute to more informed
educational and professional choices. Its modular
architecture also facilitates future adaptation to
evolving educational environments and labour-
market demands.

Despite these promising results, the study has
several limitations, including the use of a limited
dataset and a predefined expert knowledge base.
Future research should validate the proposed system
using larger and more diverse datasets, investigate
advanced deep learning and explainable artificial

intelligence techniques, and evaluate its long-term
effectiveness in real educational settings [6, 7, 8, 9,
10].

Overall, the proposed hybrid Al-based career
guidance system represents a promising approach for
improving intelligent educational decision support
and promoting more personalised, transparent, and
evidence-based career guidance.
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Abstract. This article examines the effectiveness of using technical indicators as features to train machine learning models
to forecast the EUR/USD exchange rate. The study addresses the problem of noisy financial time series. Indicators such
as the relative strength index (RSI), moving average convergence/divergence (MACD), and Bollinger Bands were
analyzed. A Random Forest algorithm was used as the base model to evaluate feature importance, along with an LSTM
algorithm for sequential forecasting. The results show that the MACD has the greatest predictive power for trend detection,
while Bollinger Bands are most effective for estimating volatility. Combining indicators improves model accuracy by
12% compared to using raw market data alone.
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Anoamna. byn wmaxkama EUR/USD aifpipbac OaramblH OoJpkay VINIH MamIMHANBIK OKBITY YJATUIEpIH YHpeTy
MYMKIHZIKTEpl peTiHAe TEeXHHUKAJIBIK KOPCETKIIITep i MainanaHy THIMIUITIH 3epTTelai. 3epTTey LIyJbl Kap>KbIIBIK
YVaKkpIT KaTapsl MoceseciH Kapactelpanpl. CanplcTeipMansl  kym  mHIekci  (RSI), KpUDKbIManmsl — opTamia
koHBepreHus/auBeprenms (MACD) skone BonmuHrep >KOJTaKTaphl CHSKTBI KepceTKimTep TanmaHabl. Kesmeicok
OpMaH anropuTMi IoiiekTi Oomkay yimiH LSTM anropurMiMeH 0ipre MyMKIHIIK MaHBI3BUTBIFBIH OaFanay YIIiH HETi3ri
yiiri peringe naipanansuiasl. Hotmokenep MACD TpeHATI aHbIKTay YIIIH €H YJIKEH OOJDKaMIBIK KYLIKE e eKeHiH
kepcerei, ain boyumHrep jxoaKTapbl KyObIIIMaIbUIBIKTBI Oaranay yuriH ed tuiMai. Kepcerkimepai OipikTipy TeK MIKKi
HapBIK JIePeKTepiH Mai1anaHyMeH CalbICThIpFaH/a MOIeNb AIIriH 12%-Fa xakcapTabl.

Tyiiinoi ce3dep: MalMHAIBIK OKBITY, (QYHKIMSUIBIK MHXEHepus, ForexX, texnukanbik kepcertkimrep, RSI, MACD,
Bollinger Bands, LSTM, yaxpIT cepusiiapbiH Tanaay, 6oimkay.

NHKUHUPUHI TPU3HAKOB JJISA ITPOI'HO3UPOBAHUA BAJIIOTHBIX ITAP:
HNCITIOJIb3OBAHUE TEXHUYECKHUX UHANKATOPOB KAK BXO/JHbIX
ITAPAMETPOB JUIAA UM

*Hoit M.B., Tomunoea H.H.

Kapaeanounckuii mexuuyeckuii ynugepcumem umenu Abwviikaca Cacunosa, Kapacanoa, Kazaxcman
*Aemop-xoppecnondenm e-mail: milenatsoi@mail.ru
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Annomayus. B nanHo# cratbe uccienyercs 3QpQpeKTHBHOCTh HCIOIb30BAHMS TEXHUUECKUX WHIANKATOPOB B KauecTBE
npuszHakoB (features) st oGyueHuUs MO/IeNeH MAITHHHOTO 00YUYCHHSI C TeIbI0 TPOTHO3MPOBAHHS Kypca BAIFOTHOM Maphl
EUR/USD. UccriemoBanue HanpaBIeHO Ha pelieHre MPOOIeMBI 3aIIyMIICHHOCTH (PMHAHCOBBIX BPEMEHHBIX Ps/I0B. beimn
[POAHAIU3NPOBAHbl TAKWE WHAUKATOPBI, KaK MHAEKC OTHOocHTelbHOM cuibsl (RSI), cxoxaeHune/pacxoxiaeHune
cronp3smux cpeaanx (MACD) u nomocsr bomramkepa (Bollinger Bands). B kauecte 6a30B0# MOJIEIH HCIIOIB30BAIICSE
anroput™ Random Forest ijist olleHKH BaXKHOCTH MPU3HAKOB, a Tak:ke LSTM ayist mociie1oBaTeibHOro MpOTrHO3UPOBAHHS.
Pesynbratsl nokaseiBaroT, uTo MACD o6nanaeT HanOoIbIICH MPOTHOCTHYSCKON CHIION [UTS OTIPEICICHUS TPEHA, B TO
BpeMsI Kak TOJI0Ch boyuumkepa Hanbonee 3G GeKTUBHBI 111 OIICHKH BOJATHIBHOCTH. KOMOMHUpPOBaHIE HHIUKATOPOB
IIOBBIIIACT TOYHOCTh MOACJ/IN Ha 12% 10 CPaBHCHUIO C UCTTOJIB30BAHUEM TOJIBKO CBIPBIX PBIHOYHBIX JAHHBIX.
Kniouegvle cnosa: MammHHOe 00yueHne, MHXUHUPUHT npu3HakoB, Dopekc, TexHnueckue naaukatopsl, RSI, MACD,
nosiocsl boymumxepa, LSTM, ananus BpeMeHHBIX psiJIOB, IIPOrHO3UPOBAHUE.

OCHOBHBIE NOJIOKEHU A

[IpeanoxxeH noaxol K MH)KUHUPUHTY IPU3HAKOB
JUIS POTHO3UpOBaHus BaaroTHOM mapel EUR/USD,
OCHOBAHHBI Ha  HCIIOJB30BAHMM  TEXHUYECKUX
UHJIMKATOPOB B KadyeCTBE BXOAHBIX IapaMeTPOB
MOJIeJIell MCKYyCCTBEHHOTO HWHTEJUIEKTa. BrimomHeHa
CpaBHUTENbHAS OLICHKA MIPOTHOCTHUYECKON
3HAYUMOCTH TEXHWYeCKUX HHANKaTopoB RSI, MACD
n Bollinger Bands ¢ ucmonb3oBanueM anropurma
Random Forest u momenmu LSTM s aHanmusa
(PMHAHCOBBIX BPEMEHHBIX PSIOB. YCTAHOBJIEHO, YTO

uHmukaropel  MACD  obnamaror  HamOobIIeH
UH(POPMATUBHOCTHIO Ipu IIPOTHO3UPOBAHUU
HalpaBJCHUs  TPEHJa, TOrAa  KaK  IOJOCH
Bommmnamkepa HanbOoIee 3pPEeKTUBHO
XapaKTEPU3yIOT PBIHOYHYIO BOJIATWJIBHOCTD.
[TokazaHo, 4YTO mpUMEeHeHHe MeronoB feature
engineering M  KOMIUIGKCHOE  KCIIOJb30BaHHE

TEXHUYECKUX WHAMKATOPOB TIO3BOJISIOT TTOBBICUTH
TOYHOCTh IPOTHO3MPOBAHUS BATIOTHBIX KypCOB
npuMepHO Ha 12 % 1O CpaBHEHHIO C MOJEISIMH,
WCTIONB3YIOMIMMH  TOJIBKO UCXOJHBIE PBHIHOYHBIE
JaHHbIe. Pa3pa0oTaHHBIA TOAXOJ MOXET OBITh
UCTIONB30BaH TPH  CO3QAHHUM HMHTEIUICKTYaJbHBIX
CHCTEM IPOTHO3UPOBAHUS (DUHAHCOBBIX PBIHKOB,
AITOPUTMHUYECKON TOPTOBIM M CUCTEM MOJIEPIKKU

MPUHATHA ~pelleHuid B oOmacTy  (HMHAHCOBOW
AHAINTHKU.
BBEJAEHUE
B ycmoBmsix  coBpemeHHOW — mH(poBOU
skoHoMukH pbiHOK @opekc (Foreign Exchange)
TeHEepUpYET OTPOMHEIE 00BEMBI JAHHBIX,

XapaKTepPU3YIONIMXCSl BBICOKOW BOJATHIBHOCTEIO,
HEJIMHEWHOCTBI0 M HAJIMYHEM CTOXaCTHYECKOTO
myMma. TpaauiMOHHBIE 3KOHOMETPUICCKHE MOJICIH,
takue kak ARIMA, uyacto  OKa3bIBalOTCS
HEI0CTaTOYHO 3 (EKTUBHBIMH JIJIST 3aXBaTa
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CJIO’KHBIX MATTEPHOB MOBEJCHUS BAIOTHBIX map [1].
B cBA3M ¢ O3TUM  aKkTyaJbHBIM  CTaHOBHUTCS
MPUMEHEHHUE METOJIOB UCKYCCTBEHHOI'O MHTEIUICKTa
(M) u mamuanaoro obydenus (ML).

Opnako »¢dexTuBHOCTE anroputMoB ML
HAMPSMYIO 3aBUCUT OT Ka4eCTBa BXOJHBIX JIAHHBIX.
IMogaya  «chIppIX»  JaHHBIX  (IIEH  OTKPBITHS,
3aKpbITHs, MakcuMyMa 1 MuaIMyMa — OHLC) gacto
OpUBOIUT K  mepeoOydeHHI0O WM claboit
o0oOmaromiell crocoOHocTH Mojesned. 37ech Ha
NEpPBBI IJIaH BBIXOAUT HHKMHUPHHT MPU3HAKOB
(feature engineering) — mpouecc TpaHChOpPMAIUU
JTAaHHBIX B WHPOPMATHBHEIE MOKa3aTely,
obneryaromye o0y4deHHe aIropuTMa.

OOBEKTOM HCCNeIOBaHUS SBISETCS AMHAMHKA
KOoTHpOoBOK BasoTHOU nmapsl EUR/USD. Tlpenmerom
UCCIICIOBAHUS BBICTYTIAET MPOTHOCTHYECKAS
3HAQYUMOCTh ~ TeXHHYeCKuX uHaukartopoB (RS,
MACD, Bollinger Bands) npu ux HCIOJb30BaHHU B
Ka4yeCTBE BXOJIHbIX HEUPOHOB ISl HEUPOHHBIX CETEN
W aHCaMOJIEBBIX METOJIOB.

Ienb paboTHI: OMPEACTUTD, KAKHE TEXHUICSCKUE
WHJIMKATOPBI BHOCAT HAUOONBIIHN BKJIa]] B TOYHOCTb
NPOTHO3UPOBAHMS HANPABJICHUS JBUKEHUSI IICHBI U
MUHHUMU3AIHMIO OITUOKHA MOJICIH.

3aauun MCCIeTOBaHMS:

1)  cdopmupoBath qaTaceT UCTOPUICCKUX
JIAHHBIX U TPOU3BECTH PacueT TEXHHYCCKUX
WHJTUKATOPOB;

2)  oOyuuth Mozens (Random Forest) ms
OLICHKH Ba)KHOCTH Tpr3HaKkoB (Feature Importance);

3)  cpaBHHTH 3G (HEKTUBHOCTD Pa3ITUUHBIX
KOMOWHaIN{ HHIUKATOPOB.

Ilpoonema uccnedosanusn. HecmoTps Ha
aKTHBHOE Pa3BUTHUE METOJOB MAIIMHHOTO OOYy4eHHUSI
U TiayOokoro oOy4YeHHsi JJsl TMPOTHO3MPOBAHUS
(DMHAHCOBBIX BPEMEHHBIX PAOOB, OOJBIIMHCTBO
CYIIECTBYIOIINX  HCCIIEJOBAaHUH  OPHUEHTHUPOBAHO
MPENMYIIECTBEHHO HA COBEPIICHCTBOBAHKE
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apXHUTEKTYphl MOJIEJIeH, TOrJa Kak BOIPOCaM
(dhopmMupoBaHus HHOOPMATHBHOIO HAOOpa BXOIHBIX
MPU3HAKOB  YJCNACTCS  3HAYMTEIBHO  MEHBIIC

BHMMaHUsi. Bo MHOrMX paboTax WCIONB3YIOTCS
ncxonmHble peiHOYHBIE maHHBIE (OHLCV) mmbo
OrpaHUYCHHBI HA0Op TEXHHUYECKUX HHIMKATOPOB
0e3 KOMIUIGKCHOW OIEHKH WX WHIUBUAYAIBHOTO
BKJIala B TOYHOCTH IMPOTrHO3UPOBAHUA. KpOMe TOTO,

HEZO0CTAaTOYHO HCCIIeTOBaHa 3 PEKTHBHOCTh
COBMECTHOTO  MNpHMEHEHHs  MeTofoB  feature
engineering, = @JITOPUTMOB  OLGHKH  Ba)KHOCTH

IIPU3HAKOB U PEKYPPEHTHBIX HEUPOHHBIX CETEU IS
MIPOTHO3UPOBAHUST BANIOTHBIX KypcoB. B cBsi3u ¢
S5TUM aKTyaJbHOM Hay4yHOM 3ajayeil sBiseTCs

oTipesieTieHne Hanbosee UHPOPMAaTHBHBIX
TEXHUYECKUX  WHAWKATOPOB M pa3padoTka
a¢dhekTuBHOTO HaOOpa BXOAHBIX  TPU3HAKOB,
CHOCOOHOTO TOBBICUTH TOYHOCTh U YCTOWYMBOCTH
MOJIeJIed  HMCKYCCTBEHHOTO  WHTEJUIEKTa  IpH
MPOTHO3UPOBAHNH JUHAMHUKH BATIOTHBIX I1ap.
Hayunaa  noeusna. Hayuynas  HOBH3HA

HCCIIeIOBaHUS 3aK/II04aeTCs B pa3paboTKe Moaxoaa K
VHXXVHHPUHTY TIPU3HAKOB MJI IPOrHO3UPOBAHUSA
BaJIOTHBIX Iap, OCHOBAaHHOIO Ha KOMIUJIEKCHOM
HUCII0JIb30BaHUHU TEXHHUYCCKUX HHAUKATOPOB B
KauecTBe BXOJHBIX rapaMeTpoB Mojienen
HUCKYCCTBEHHOTO HHTEIUIEKTa. B oTimume oT
CYIIECTBYIOIUX HCCIIEJOBAHNUM, OCHOBHOE
BHUMAaHUE yJIeIeHO HE TOJBKO CpPaBHEHUIO
QITOPUTMOB ~ MAalIMHHOTO  OOydYeHHs, HO H
KOJMYECTBEHHON OLIEHKE nH(POPMATUBHOCTU
OTACJIBHBIX TEXHHUYCCKUX WHAUKATOPOB Cc
ucnonb3oBaHreM Metoaa Feature Importance Ha 6aze
Random  Forest. IlpemmoxkxeHo  coBMecTHOE
MpPUMEHEHHE pPEe3yJbTaTOB OLIEHKH 3HAYUMOCTHU
IIPU3HAKOB C PEKYPPEHTHONM HEHWPOHHON CETHIO
LSTM, d4ro moO3BOJSIET IIOBBICUTH TOYHOCTH
IIPOTHO3UPOBaHMs (PMHAHCOBBIX BPEMEHHBIX PAIOB U
CHHU3UTH BJIMSHUE PHIHOYHOTO IIyMa. Y CTaHOBJIEHO,
9T0 KOMOMHHPOBAaHHE HHAMKATOPOB  TPEHIA,
UMIIyJIbCA W BOJATUIBHOCTH o0ecredunBaeT Ooiee
BBICOKOE Ka4eCTBO NMPOTrHO3UPOBAHUSA IO CPABHEHUIO
C HCIIOJIb30BAHUEM TOJIBKO MCXOJHBIX PBIHOYHBIX
JaHHBIX.
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CTpyKkTypa cTaTbu  BKJIIOYAET
METOJI0JIOTUH, aHamm3 MTOJTyYEHHBIX
9KCIIEPUMEHTANbHBIX PEe3yJIbTaTOB U BBIBOJBI O
MIPaKTHYECKOI MIPUMEHUMOCTH BBIOpPaHHBIX
MHANKaTOPOB.

OIIMCaHUC

METOIbI U MATEPHAJIBI

Jns  uccimenoBaHuss ObUIM  HCITOJIB30BAHBI
HUCTOpUYECKHE JaHHble [0 BAIOTHOH  mape
EUR/USD c¢ Ttaiimppetimom 1 gac (H1). Tlepmoxa
BBIOOPKH OXxBaThIBaeT JanHbie ¢ 1 saBaps 2020 rona
mo 31 nexabps 2023 roma. McTOYHWKOM HaHHBIX
nocayxmwi  otkpeiTeiii APl Yahoo Finance.
Hcxoansiii BekTOp mpu3HakoB Bimovaiz: Open, High,
Low, Close, Volume.

Ha OCHOBE CBIPBIX AHHBIX OBUIH
CTCHEPUPOBAHBI  IPOW3BOAHBIC  MPHU3HAKU
TEXHUYECKUE HHAUKATOPHI, KOTOPhIC MATEMATHUYCCKH
OTIHMCHIBAIOT COCTOSIHNE PhIHKA (PUCYHOK 1).

sty

STOCHASTIC OSCILLATOR

MACD

Pucynox 1 - Buszyanuzanus KOTHPOBOK
BanmtoTHO# mapel EUR/USD (H1) ¢ HaokeHHBIMU
TEeXHUYECKUMU UHIUKATOPaMU
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1) UEmexc OTHOCHTeNBHOH cHIBI (RSI): Ocommiarop, onpefelfoNTHH 30HBI NepeKyIIeHHOCTH H
nepenpodasHocTH. Paccunteieancd s3a neprog 14 ceegel. ©opnyna:

RS =100 —

rae RS — OTHOIIeHH: cpeJHero IIPHPOCTA K CpeJHeMY IAIeHHIO 34 IepHOI.

2) CxoIeHHe/ pacXox/IeHHe CHKONMB3AIITHK

100
(1)
1+ RS
CpemHHX (MACD): TpernoBbId HHIHEATOP.

Hcnoap30BaIHCh CTAHIAPTHRIE HACTPOHEKH (12, 26, 9). $opMyIa OCHOBHOH JIHHHH:

MACD = EMA12(Close) — EMA>g(Close)

CHIrHAIIBHAY THHHA:

Signal = EMAs(MACD)
rae EMA — skcIoHeHIHATBHOS CKONB3AIIee cpedHee [2].

3) Homoce! Bonmuemxepa (Bollinger Bands): IMEIpKaTOp BONATHIBHOCTH.

Upper/Lower Band = SMA2q + (2 + g)

I[e C — CTAHIAPTHOS OTEIOHEeHHe.

Jlanuple OBUTH HOPMAJHM30BaHBI C MOMOIIBIO
meroma MinMax Scaling B mmamasome [0, 1],

9TOOBl  00ECTEYUTh KOPPEKTHYIO  CXOIUMOCTD
IPaJUEeHTHOrO CITyCKa HEWPOHHBIX CETEH.
JUis  mpoBepKH THMIOTE3bl O 3HAYMMOCTH

MIPHU3HAKOB UCIIONB30BajIcs anroputM Random Forest
Regressor (Cmyuaiinelii jec). OToT MeTon ObLI
BBIOpaH W3-3a €ro BCTPOCHHOH CIIOCOOHOCTH
OIICHWBAaTh  «BWXHOCTh  Tpu3HakoB»  (Feature
Importance) Ha OCHOBE YMEHBIICHUS «3arps3HEHUSD)
(impurity) ysnos nepesbes (Gini importance) [3].

Banunanus IIPOBOAWIACH METOZ0M
oTIOKeHHOW  BbIOOpKM  (train/test  split) B
cootHomeHnn 80/20 6e3 mepeMeIrBaHUs, YTOOBI
COXpaHUTh BPEMEHHYIO CTPYKTYPY psja.

PE3YJIbTATBI U OBCYXJIEHUE

B xone skcnepumeHnTa Oblia o0ydeHa MOMAEITH
Random Forest na pacmupenHoM Habope JaHHBIX.
Hwxe nmnpuBeneH aHamm3 BAMSHHA — KaKIOTO
WHAWKATOpa Ha IIeNeByI0 MepeMeHHyr (IeHa
3aKpBITUA CIEAYIOIIETO Yaca).

AHanu3 BaXXKHOCTH MPHU3HAKOB MOKAa3ajl, YTO HE
BCE€ WHIMKATOPHI OMHAKOBO TIOJIE3HBI I Mozenu. B
Tabnuie | mpeacTaBiIeHo paHKUPOBaHHE MPU3HAKOB
MO UX BKJIaIy B MPEACKa3aTeNIbHYI0 CIIOCOOHOCTb.

Pesynpratel  moarBepxmator, uro MACD
(Moving  Average Convergence Divergence)
SIBJIICTCS HauOoOJIee 3HAYUMBIM WHIAMKATOPOM ISt
HU. T'ucrorpamma MACD (pasuuiia Mexy JTHHUCH
MACD wu curHaJibHOM JIMHHEH) BBICTYMAET MOIHBIM
MPEIMKTOPOM M3MEHEHUs TpeHza (pucyHok 2). s
HelpoHHbIX ceTeid Tuna LSTM 3nauenus MACD
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MIOMOTalOT OT(UIBTPOBATH KPATKOCPOUHBIN LIyM H
BBIIETTUTH OCHOBHOMN BEKTOP JABH)KEHUS LICHBI.

Ta6auua 1 - Onenka Baxxnoctu npusnakos (Normalized
Importance Score)

IMpusHak (Feature) BaxxHOCTH Kareropust
0-1

MACD Histogram (024) Tpenn / Umyinbce
MACD Signal Line 0.18 Tpenn
Bollinger Band 0.15 BonatuisHOCTD
Width
Close (t-1) 0.12 CeIpble TaHHBIE (J1ar)
RSI (14) 0.09 Nmmysise
SMA (50) 0.08 Tpenn
Volume 0.04 AKTHBHOCTB

STOCHASTIC GRCILLATOR
i
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Pucynok 2 - IIpumep auseprenimn MACD
KaK CHI'HAJI K Pa3BOpOTY TPEH/a
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Mogenp mydile BCEro pearupoBajla HE Ha
abcomorHoe 3HaueHne MACD, a Ha HakIoOH ero
THECTOrPaMMBI (TIPOU3BOIHYIO), UTO CBUACTENBCTBYET
00 yCKOpEeHHH WK 3aMEJICHUN TPEH .

Mupuaa momoc bommuamkepa (Bandwidth)
OKa3aJach KPUTHYECKH BaXXKHOW U1 OIpEAEIeHHs
MOMEHTOB «TIPOPBIBAY. 5151 HaY4HJIICS
WHTEPIPETUPOBATH CyKeHHe MOJI0C Kak
IPEABECTHUK  BBICOKOM  BoJaTwibHOCTH.  Ilpm
ucTonb30BaHuK  nojoc  bomnuHmkepa  ommOka
RMSE (cpennexBazpatuuHas OmMOKa) B MEPUOIbI
OOKOBOTO [IIBMXKEHUSI PbIHKA ((IJAT) CHH3MJIACh Ha
15% mno cpaBHeHHIO C MOZAENbIO 0e3 3TOro
WHIUKATOPA.

Bompeku oxunmanusiv, RSI (Relative Strength
Index) mokazan Mmesblinyo 3HaduMocTh (0.09) mo
CPaBHEHHIO C TPECHIOBBIMH HHIUKATOpaMH. OTO
CBSI3aHO C TE€M, YTO Ha CHIIBHBIX TpeHaax RSI moxer
J0JIroe BpeMs HaXOJUThCS B 30HE
NEePeKyIJICHHOCTH/ TIEPENPOAAHHOCTH, JaBast
JIOXKHBIE CUTHAJIBI HA PAa3BOPOT, KOTOPBIE «COUBAIOT C
TONKY»  JnuHeiHple  moaenn. OpHako  TIpU
ucnoib3oBaHuu B pekyppeHTHbix ceTsax (RNN) RSI
TTOJIE3€H KaK JOTIOHUTENbHBINA GUiIbTp [4].

Bruto poBeieHO cpaBHEHHE IBYX MOJIEIICH:

1) Mogens A: BxomHble IaHHBIE — TOJBKO
OHLC.

2) Mogens b: Bxomubie mamueie — OHLC +
MACD + RSI + BB.

I'padmk ommbox mokaspiBaer, uro Mogens b
ObIcTpee alanTUpyercs K Pe3KUM CKadkaM Kypca.
Mertpuka MAE (cpenHsisi abcoitoTHast OIMOKa) /st
Mogenu A cocrasuna 0.0045, rorna xak ans Mozaenu
b 0.0038, dro sABHSAETCS  CYIIECTBEHHBIM
yIy4IIeHueM KOHTEKCTE  BBICOKOYACTOTHOM
Toprosiu [5, 6].

B pabote ObUTO TIPOBENECHO HCCICAOBAHHE TIO
WH)XUHUPHUHTY MPU3HAKOB [UI1 HPOTHO3HPOBAHMS
BamotHoi mapel EUR/USD ¢ wucmonms3oBannem
METOAOB MalIMHHOro oOyueHus. Ha ocHoBaHum
MOJyYEHHBIX PE3YJIbTaTOB MOXKHO C(OPMYIHPOBAThH
CJIEIYIOIINE BHIBOJIBL:

1) [IpuopHUTETHOCTh HMHAMKATOPOB: HamboIee
3HQUUMBIM  TEXHMYECKMM  MHIMKATOPOM  JUIA
o6yuenus MU sensiercs MACD 1 ero KOMIIOHEHTBHL.
OH mpenocTaBigeT MOAETH WHPOPMALIUIO O CHIIE U
HaInpaBJIeHUH TpeHaa, OUUILEHHYIO oT
KpPaTKOCPOYHOI'O IIyMa.

2) Poub BONAaTHIBHOCTH: TTONIOCH! bosumHmKepa
(Bollinger Bands)  sBisitoTcss  HEOOXOAMMBIM
BXOAHBIM  MapaMeTpoM A  HOpMalH3aluu
OKUJAHUM MOJEIM OTHOCUTEIBHO BO3MOXHOIO
Jana3oHa JBY>KEHUSI LIEHBI.

3) Orpannuenus RSI: mnammkarop RSI umeer

B

BCIIOMOTI'aTCJIbHOC 3HaA4YCHHUC u JOJIKCH
HCIIOJIB30BATHCA TOJIBKO B KOM6I/IHaHI/II/I C
TPCHAO0BBIMU HWHAWKATOpaMHu, TakK KakK
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CaMOCTOSITENIFHO ~ TE€HEPUPYET
CUTHAJIOB B 3a/1a4aX PErPecCHH.

4) Hayynas HOBH3HA: paboTa JIEMOHCTPHpYET,
4yTO JUId anroputMoB MU BakHBI HE TONBKO caMu
3Ha4YeHHsI MHAWKATOPOB, HO M X TUHAMHUKa (pa3HHUIa
MEXAy TEKyIIMM ¥ TMPeNbIIyIUM 3HAuYE€HUEM).
Hcnonb3oBanne ruOpuaHoro Habopa NPU3HAKOB
(Tpenn + Umnynsc + BomaTunbHOCTB) JAaeT
cuHepreTudeckuil 3 dekr.

5)  IlpakTuyeckas II€HHOCTb: IOJYYCHHBIC
pe3yabTaThl  MOTYT OBITH HCHOJNB30BaHBl  IIPH
pa3paboTke ABTOMATHU3WPOBAHHBIX  TOPTOBBIX
POOOTOB M CUCTEM MOAACP)KKH HNPUHSITUS PEILICHU,
MO3BOJIAI ~ CHHU3UTh  PUCKM M TIOBBICHTH
MPUOBUTEHOCTH TOPTOBBIX CTPATETHIA.

JlanbHeHIIMe  MCCIICOBAaHUS  MOTYT  OBITh
HaIpaBIICHBI Ha U3y4EHUE BIIUSTHUSA
MaKpOIKOHOMHMYECKHX TOKa3aTenell (HOBOCTHOU
¢boH) B  coyeTaHMM C  PAaCCMOTPEHHBIMH
TEXHUYECKUMH  WHAMKATOpaMH i1 CO3JAaHHA
MYJIBTUMOJIAJIBHBIX MOJIENEN IPOTHO3UPOBAHUS.

MHOTI'O JIOKHBIX

3AK/IIOYEHHUE
[IpoBeneHHOE  HCCIEOBaHME  IOATBEPAUIO
3¢ heKkTUBHOCTD MIPUMEHEHUS METOJIOB

WH)KMHUPUHIa IIPU3HAKOB IIPpA IIPOrHO3WPOBAHUH
BamotHo mapel EUR/USD ¢ wucnonb3oBanuem
Mozenen HCKYCCTBEHHOI'O
BrinosiHeHHBIN aHAIN3 TTOKa3aj, YTO UCIIOJIb30BAHUE

HUHTCIIJICKTA.

TCXHUYCCKUX HWHAUKATOPOB B KadyCCTBC BXOJHBIX
MPU3HAKOB IO3BOJIACT CYIICCTBCHHO TIOBBICHUTDH
KaueCTBO TIMPOrHO3UMpPOBaHUA TII0 CpaBHCHUIO C
IIPUMCHCHUEM HNCXOOHBIX PBIHOYHBIX

HauGonburyto MHPOPMAaTHBHOCTD

TOJIBKO
JAHHBIX.
MIPOJIEMOHCTPHUPOBAIN HMHAWKATOPHI, OTPaXKAIOIIHe

TPEHIOBBIE  XapaKTePUCTUKH W  PHIHOYHYIO

BOJIAaTUWJIBHOCTD, YTO HNOATBEPKAACTCA PE3yJIbTaTaMU
OILICHKH IIPU3HAaKOB C

anroputMa Random Forest.

BaXHOCTHU IIOMOIIBIO

LSTM
s dexTrBHOE MOJICTHPOBAHUE
BPEMCHHBIX 33aBHCUMOCTEH (UHAHCOBBIX PSIOB W

Hcmnons3oBanue APXUTEKTYPHI

o0ecreuno

MTO3BOJIMJIO TIOBBICUTh YCTOWYMBOCTH IMPOTHO30B B
VCIOBUSIX ~ M3MEHUMBOCTU  BAJIOTHOTO  pBIHKA.
[TomydenHsie pe3ynbTaThl CBUAETENBCTBYIOT O TOM,
YTO TPEABAPUTENBHBIA OTOOP W ONTHMHU3ALUS

BXOAHBIX TIIPU3HAKOB SBJIIFOTCA BaXXHbBIM 3TallOM

MTOCTPOCHUS WHTEIICKTYaIbHbBIX CUCTEM
(hMHAHCOBOTO IPOTHO3UPOBAHMUSL.

IIpakThueckass 3HAYUMOCTH  HCCJIEIOBaHUSA
3aKJIIOYaeTCsl B BO3MOXKHOCTH  NPHUMEHEHUS
pa3paboTaHHOTO oAX0Aa B cucreMax
aJTOPUTMHUYECKOMN TOPTOBIIH, (hrHAHCOBOI
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aHaJIMTUKH, yIpaBJICHUS WHBECTULIHOHHBIMH
pUCKaMH ¥ WHTEJUICKTYalbHOW  TOAJEPKKH
npuHITUs pemeHnil. IlpejyioxkeHHass MeTOJMKa
MOJKET OBITh aJanTHpOBaHa Uil MPOTHO3UPOBAHHS
IpPYTHX  BaJIOTHBIX THap W (UHAHCOBBIX
WHCTPYMEHTOB.

[lepcriekTHBBl ~ JaNbHEWIIMX  MCCIENOBaHUI
CBSA3aHBI C WCIOJB30BAHWEM TPaHC(HOPMEPHBIX
apxutektyp (Transformer, Temporal Fusion
Transformer), w™oneneir Explainable Artificial
Intelligence (XAI), a Takxe pacmmpenneM Habopa
MpU3HAKOB  3a  CYET  MAaKPOIKOHOMHYECKHX
MOKa3aTeneld, HOBOCTHBIX [aHHBIX MW METOZOB
aHanmM3a  pBIHOYHBIX  HAacTpoeHWd  (sentiment
analysis).

Aemopckuii éxknao (maxconomua CRediT):
M.B. Ioii — KoHUENTyalIu3alUs HCCIEIOBAHUS,
paspaboTka MmeTomoiorud, (GopMHpoBaHHWE Habopa
MPU3HAKOB, peaju3alys aJIrOpUTMOB MAIIMHHOIO
obyuenns u wmomenu  LSTM, mposencHue
BEIYHCIIUTEIBHBIX JKCIEPUMEHTOB, 00paboTka U
aHallM3  JIaHHBIX, BU3yalU3alUus  pPe3yJIbTaToB,
MMOATOTOBKA TIEPBOHAYAIIEHOW BEPCHH PYKOHCH.
HHNA. TommiaoBa — Hay4yHOE€ PYKOBOACTBO

HCCIIEIOBAaHUEM, BaJIMIAIUS pE3yNIbTaTOB,
HHTepIpeTanus MOJTyYEHHBIX JAHHBIX,
peLeH3UPOBaHNE U PEIAKTUPOBaHUE pyKomnucu. Bee
aBTOPHl O3HAKOMWIMCh C OKOHYATEJIBHON BEpcHeEl
PYKOIHCH M 000pUIH €€ K My OJIMKaLUH.

Qunancuposanue. ViccnenoBanue BBIIIOJIHEHO
0e3 mpuBJICUCHUsT BHEITHETO (PMHAHCUPOBAHMUSL.

Kongpnuxkm unmepecos. ABTOpHI 3asBISAIOT 00
OTCYTCTBHH KOH(DIUKTa HHTEPECOB.

bnazooaprnocmu. ABTOpBI BBIPaXaroT
OnaromapHocts KaparaHguHCKOMY TEXHHYECKOMY
yHUBEpcUTETY uMeHH AoObuikaca CarmHoBa 3a
MONJEPKKY,  OKAa3aHHYK0  IpU  BBIIOJIHEHHUH
WICCIIETOBAHNA.
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muuensuei  Creative Commons  Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0).
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Abstract. Quantum computers are one of the most interesting and promising areas of modern information technology.
With their help, solving complex problems is performed several times faster than on traditional computers. The
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Anoamna. KBaHTTBIK KOMITBIOTEpJIEP-3aMaHAYH AKMAPATTHIK TEXHOJIOTHSIAPABIH €H KbBI3BIKTHI )KOHE MEPCICKTUBAIIBI
OarbITTapbIHBIH Oipi. OnapaplH KeMeriMeH KypAei MaceleNep Il ey acTypili KOMIbIoTepiepre Kaparanaa OipHerre
ece XKbUIJaM OpBIHAANANbl. By TeXHOJOTHAHBIH AaMybl €CeNTey TCXHHKACHIHBIH IIeKapachlH KeHEHTyTre FaHa emec,
COHBIMEH KaTap FRUIBIMHU 3epTTEYJIepIiH OapibIK cajalapblH jKaHama KaiTa Kapayra MyMKiHIIK Oepeni. Byn makamana
KBAaHTTHIK KOMITBIOTEPJICPAIH TEOPHSUIBIK HETI3Nepi, ONIApIBIH aMy JeHreii, Oolamiarsl yXKoHE Kas3ipri FRUIBIM MCEH
TEXHUKaFa dcepi TaJgaHaIbl.

Tyiiin ce30ep: KBaHTTHIK KOMIIBIOTEPIJIEP, KBAHTTHIK MEXaHHKA, KBAHTTBHIK aJTOPUTMIED, CYIEPIIO3ULIHs, Mudpiay,
KBaHTTHIK TEXHOJIOTHSLIAP, aKIMAPATTHIK KAyICi3/iK.
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IHEPCIIEKTHUBbBI PABBUTUA KBAHTOBbBIX KOMIIBIOTEPOB 1 UX BJIMSITHUE HA
COBPEMEHHYIO HAYKY U TEXHUKY
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Annomayus. KBaHTOBbIE KOMIIBIOTEPHI - OAHO M3 CAMBIX HHTEPECHBIX M MEPCICKTUBHBIX HAINPABICHUH COBPEMEHHBIX
nH(pOpManMOHHBIX TeXHOJIOTHH. C UX TOMOIIBIO PEIIEHNE CIIOKHBIX 3a/1a4 BHITIOIHIETCS B HECKOJIBKO pa3 ObICTpee, YeM
Ha TPAAWIHUOHHBIX KOMIIBIOTEpax. Pa3BUTHE 3TOW TEXHOJNOTHM TIIO3BOISIET HE TOJBKO pACIIMPHUTh T'PAHHIBI
BBIYHCIINTEIHHON TEXHUKH, HO ¥ TIO-HOBOMY IIEPECMOTPETh BCE HANPaBJICHHsI HAYIHBIX HCCIIe0BaHNi. B manHoii cTaThe
AHATM3HUPYIOTCSI TEOPETUIECKHE OCHOBBI KBAHTOBBIX KOMITBIOTEPOB, YPOBEHBb MX Pa3BUTHS, IEPCIECKTUBHI U BIMSHUE HA
COBPEMEHHYIO HayKy U TEXHHUKY.

Knrwoueevie cnoga: KBAaHTOBBIE KOMIIBIOTEpHI, KBAHTOBAas MEXaHHMKa, KBAaHTOBBIE aJTOPUTMBI, CYNEpHO3MLHA,
mrppoBaHUe, KBAHTOBBIE TEXHOJIOTHU, HHPOPMaIMOHHAas: 0€3011aCHOCTb.

MAIN PROVISION guantum superposition and amplification
This paper provides a comprehensive overview phenomena. This ability significantly increases the
of the current state of quantum computing and computational speed of quantum computers, so they
examines its theoretical foundations, technological can be significantly more effective than traditional
development, and potential applications across computers in solving certain problems (for example,
science and industry. The study discusses the Big Data Processing, cryptography, molecular
fundamental principles of quantum mechanics modeling).
underlying quantum computation, analyzes recent The development of quantum computers has
advances in quantum hardware and algorithms, and made several significant advances in recent years.
evaluates the prospective impact of quantum However, they are still at an initial stage; many
technologies on information security, artificial theoretical and technical problems require a solution.
intelligence, medicine, materials science, and other At present, the impact of quantum computers on
high-tech sectors. various industries is becoming apparent, leading to
major changes, including in the fields of Information
INTRODUCTION Security, Atrtificial Intelligence, medicine, and
Modern computing technologies operate based  physics. In this article, we will analyze their impact
on traditional computers, which process information on modern science and Technology, studying the
using only two-value logical devices-bits. Each bit development of quantum computers, current
has the value "0" or "1", and they are interconnected  scientific and technological achievements, as well as
according to certain rules to perform different their influence in the future [4, 5, 6].
operations. However, this approach works with Research gap. Although significant progress has
limited capabilities and may not be effective in been achieved in quantum computing research,
solving many complex problems. Quantum existing studies often focus on either the physical
computers offer solutions to these problems because  principles of quantum systems or specific
they are based on the laws of quantum mechanics and  technological applications. Relatively few review
can have very large computing power compared to  studies provide an integrated analysis of the current
traditional computing systems [1, 2, 3]. development of quantum computers together with
The main feature of quantum computers is their potential impact on multiple scientific and
quantum bits, or qubits. Qubits can take multiple industrial domains, including cybersecurity, artificial
values at the same time because they are based on intelligence, healthcare, and education. Furthermore,
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many technical challenges, such as qubit stability,
scalability, and quantum error correction, remain
unresolved and require comprehensive evaluation.
Novelty statement. The novelty of this study lies
in its comprehensive analysis of recent advances in
guantum computing by combining the theoretical
principles of quantum mechanics with emerging

practical applications and future technological
prospects. Unlike studies that concentrate on
individual quantum algorithms or hardware

developments, this paper presents an integrated
perspective on the influence of quantum computing
across multiple scientific disciplines and industrial
sectors while identifying the major technical barriers
limiting large-scale implementation.

Purpose of the study. The purpose of this study
is to analyze the theoretical foundations of quantum
computing, evaluate the current state of quantum
computer development, and assess their potential
impact on modern science, information technologies,
cybersecurity, artificial intelligence, medicine, and
other high-tech industries.

Research objectives. The study addresses the
following research objectives:

- To examine the fundamental principles of
guantum computing based on quantum mechanics.

- To analyze the current state of quantum
computer development and recent technological
achievements.

- To evaluate the advantages of quantum
computing over classical computing systems.

- To identify the major technical challenges
limiting the practical implementation of quantum
computers.

- To assess the prospective impact of quantum
computing on science, industry, and future
technological development.

Research questions. The study is guided by the
following research questions:

RQ1. What fundamental quantum mechanical
principles enable quantum computers to outperform
classical computers in specific computational tasks?

RQ2. What are the major technological barriers
preventing the widespread implementation of
quantum computers?

RQ3. Which scientific and industrial fields are
expected to benefit most from future advances in
quantum computing?

METHODS AND MATERIALS
The operating principles of quantum computers
differ fundamentally from those of classical
computers. While classical computing is based on
classical physics and deterministic logic, quantum
computing relies on the laws of qguantum mechanics.
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To understand how quantum computers function, it is
essential to become familiar with several key
quantum principles.

1. Principle of Superposition: In classical
computing, a bit can take only one of two values at
any given time: 0 or 1. In contrast, a quantum bit, or
qubit, can exist in a linear combination of both states
simultaneously. This phenomenon is known as
superposition.

Mathematically, a qubit can be represented as a
combination of |0) and |1) states, meaning that until
measurement  occurs, the qubit  encodes
probabilities of both outcomes. Superposition
enables quantum computers to process a vast number
of possible solutions at once, dramatically increasing

computational potential for certain classes of
problems.
2. Interference: quantum systems can evolve

toward a result through multiple computational paths
simultaneously. These paths can interfere with one
another, either reinforcing correct solutions
(constructive interference) or canceling incorrect
ones (destructive interference).

Interference is crucial for quantum algorithms
because it allows them to amplify the probability of
correct answers while suppressing incorrect
possibilities. This principle is one of the main reasons
why quantum algorithms can outperform classical
ones for specific tasks.

3. Entanglement: qubits can become strongly
correlated in a way that has no classical equivalent.
This phenomenon is known as entanglement. When
qubits are entangled, the state of one qubit is directly
related to the state of another, regardless of the
physical distance between them.

Entanglement enables highly coordinated
guantum operations across multiple qubits and forms
the backbone of many powerful quantum algorithms.
It allows quantum computers to process complex,
multidimensional information  structures more
efficiently than classical systems.

To better illustrate the fundamental differences
between conventional and quantum computing
systems, Table 1 compares their key characteristics.
The comparison highlights differences in information
representation, computational  principles, and
potential applications, demonstrating why quantum
computers offer significant advantages for solving
specific classes of computational problems.
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Table 1 - Comparative Characteristics of Classical and Quantum Computers

Parameter

Classical Computer

Quantum Computer

Basic unit Bit (O or 1)

Qubit (0, 1, superposition)

Processing style

Sequential computations

Parallel quantum state evolution

Cryptographic impact

Difficult to break RSA

Efficient factoring via Shor’s algorithm

As shown in Table 1, quantum computers differ
fundamentally from classical computers in both their
computational  architecture ~ and  processing
capabilities. While classical systems execute
operations sequentially using binary bits, quantum
computers exploit superposition and entanglement to
perform certain computations more efficiently,
particularly in cryptography, optimization, and
molecular simulation.

Today, numerous research institutions and major
technology companies are actively developing
guantum computing technologies. Among the most
prominent organizations are IBM, Google, and
Microsoft. These companies are building increasingly
powerful quantum processors and refining quantum
algorithms [3, 4].

1. IBM and Google. In 2019, Google’s
Sycamore processor achieved what was described as
“quantum supremacy.” The processor completed a
specific computational task in approximately 200
seconds—an operation estimated to take classical
supercomputers thousands of years under similar
conditions. Although the practical implications of this
demonstration remain debated, it marked a significant
milestone in the development of scalable quantum
hardware.

2. Medical Research Applications. Quantum
computing holds substantial promise in medicine and
pharmaceutical research. One of its most promising
applications is molecular simulation. Accurately
modeling molecular interactions is computationally
expensive for classical computers, but quantum
systems are naturally suited to simulate quantum
mechanical behavior in chemistry. This capability
could accelerate drug discovery, protein folding
analysis, and personalized medicine development.

Quantum algorithms can solve certain
computational problems significantly faster than
classical algorithms. The most famous example is
Shor’s algorithm, introduced by Peter Shor in 1994
[2]. Shor’s algorithm can factor large integers
exponentially faster than the best-known classical
algorithms.  Since widely wused cryptographic
systems—such as RSA—rely on the computational
difficulty of factoring large numbers, large-scale
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guantum computers could potentially break current
public-key encryption schemes. Another important
guantum algorithm is Grover’s algorithm, which
provides quadratic speedup for unstructured search
problems. While it does not completely break
symmetric encryption methods such as AES, it reduces
their effective security level. As a result, researchers
are actively developing post-quantum
cryptography—classical encryption ~ methods
designed to remain secure even against quantum
attacks. Despite significant progress, several major
technical challenges remain:

1. Qubit instability (decoherence): Qubits are
extremely sensitive to environmental disturbances.
Quantum error correction: Reliable error-correcting
codes require many physical qubits to create one
stable logical qubit.

2. Extreme cooling requirements: Many
quantum processors operate at temperatures near
absolute zero.

3. Scalability issues: Increasing the number
of qubits while maintaining coherence remains a
major engineering challenge.

If these obstacles are successfully addressed,
guantum computers could revolutionize industries
ranging from cybersecurity to artificial intelligence
and materials science.

RESULTS AND DISCUSSION

Several companies are working toward the
commercialization of quantum processors. In addition
to IBM, Google, and Microsoft, companies such as
Intel, lonQ, and Honeywell are developing quantum
hardware and cloud-based quantum services.

The commercialization process involves not
only hardware development but also software
platforms, development kits, and cloud access
systems that allow researchers and businesses to
experiment with quantum algorithms.

The practical significance of quantum
computing extends across multiple sectors of the
economy and scientific research. Table 2 summarizes
several of the most promising industrial applications
of quantum technologies.
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Table 2 - Industrial Applications of Quantum Computing

Industry Example Applications

Medicine Drug discovery, molecular simulation
Finance Portfolio optimization, risk assessment
Cryptography Quantum Key Distribution (QKD)

The examples presented in Table 2 demonstrate
that quantum computing is expected to influence a
wide range of industries. Although many applications
remain  under active development, recent
technological advances indicate considerable
potential for commercial implementation in the
coming decades. One of the most significant
developments in quantum cryptography is Quantum
Key Distribution (QKD). QKD leverages quantum
mechanical principles to securely distribute
encryption keys. Any attempt to intercept the key
disturbs the quantum state, making eavesdropping
detectable.

Unlike classical encryption methods, QKD
offers theoretically provable security based on the
laws of physics rather than computational
complexity.

Quantum computing is reshaping educational
systems worldwide. Universities are introducing
specialized courses in quantum information science,
guantum programming, and quantum engineering.

Developing a skilled workforce in quantum
technologies requires interdisciplinary training that
combines physics, computer science, mathematics,
and electrical engineering. As quantum technologies
mature, educational institutions must adapt their
curricula to prepare the next generation of researchers
and engineers. Quantum computers are expected to
play a transformative role in industries such as

1. Chemistry and pharmaceuticals:
Molecular modeling and new material discovery

2. Logistics: Supply chain optimization

3. Finance: Market prediction and portfolio
management

4. Artificial intelligence: Acceleration of

machine learning optimization tasks

Although practical large-scale deployment is
still in development, early-stage industrial
experiments are already demonstrating promising
results.

CONCLUSION
Quantum  computers  offer  extraordinary
potential for advancing science and technology. Their
computational power, which can vastly exceed that of
classical computers for certain tasks, enables the
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development of entirely new algorithms and problem-
solving strategies. However, substantial technical
challenges must be overcome before quantum
computing becomes fully practical and commercially
widespread.

The analysis demonstrates that quantum
computing represents one of the most transformative
technological developments of the twenty-first
century. By exploiting the principles of superposition,
entanglement, and quantum interference, quantum
computers have the potential to solve computational
problems that remain intractable for classical
computing systems. Recent advances achieved by
leading research organizations and technology
companies indicate that quantum computing is
steadily progressing from theoretical research toward
practical implementation.

Despite these achievements, several critical
challenges remain unresolved, including qubit
decoherence, quantum error correction, scalability,
and the demanding physical conditions required for
stable quantum computation. Addressing these
limitations will require continued interdisciplinary
collaboration among physicists, computer scientists,
engineers, and mathematicians.

In the coming decades, quantum computing is
expected to significantly influence cryptography,
artificial intelligence, materials science,
pharmaceutical research, logistics, finance, and other
knowledge-intensive industries. Furthermore, the
rapid development of quantum technologies
highlights the growing importance of quantum
education and workforce preparation. Continued
investment in research, technological innovation, and
international cooperation will play a decisive role in
unlocking the full scientific and industrial potential of
qguantum computing. In the future, quantum
computers may revolutionize information security,
medicine, artificial intelligence, materials science,
and many other fields. Continued research,
engineering innovation, and interdisciplinary
collaboration will be essential to unlocking their full
potential.
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Abstract. Accurate classification of turbidity is essential to maintain water quality in a variety of contexts, from drinking
water to industrial processes. Traditional turbidimeters face challenges, including the resistance of colored objects,
changes in the shape and size of parts, and the need for constant calibration and maintenance. In this document, a
convolutional neural network (CNN) is implemented to classify water samples according to their degree of turbidity. The
dataset consisted of images taken in laboratory conditions where blur levels were monitored and measured using a 2100p
portable turbidimeter. CNN achieved 97.00% classification accuracy in laboratory conditions. When tested on samples of
water bodies in the real world, the model retained 85.00% accuracy. The results show that deep learning can effectively
classify blur levels, offering a promising solution to overcome the limitations of traditional methods. The study
demonstrates the potential of CNN for accurate and effective measurement of turbidity, balancing accuracy and the
possibility of practical application in field conditions.

Keywords: water quality, deep learning, accuracy, drinking water quality, blur level detection, image-based analysis.

TEPEH OKBITY HEI'BIHJE CYJbIH MOJIAIPJIITTH (JIAMJIAHYBIH) JEHT'EN
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Anoamna. JlalinanyIbIH HAKTHI KIKTEIYi aybl3 CyJaH OacTamn eHIIPICTIK MpoIecTepre ACHIHT OpTYPIi KOHTEKCTTEPIe
CyIbIH calachlH cakTay YIIIH ©Te MaHb3abl. JlocTypui TypOMauMmeTpiiep TYpJi-TYCTi 3aTTapblH KeJepriciH,
OeJIIIeKTeP i H MIllIiHI MEH OJIIIeMICPIHIH 63repyiH, YHeMI KaauOpiiey MEeH TeXHUKANIBIK KbI3MET KOPCETY Il KaXKeT eTeTiH
KUBIHJBIKTApFa Tan 0onaasl. By KyxaTTa Cy YITUISpiH JIallaHy AOpeKeciHe Kapal KIKTey YIIH KOHBOFOIIHSIIBIK
Heiiponnaslk xeni (CNN) enrizinren. [lepekrep »xwuHarbl 2100p mopraTtuBTI TypOWAMMETp KOMETIMEH OJIIIECHETIH
OYJIBIHFBIPIBIK ~JeHreiiepi OaKbUIaHATBIH 3€PTXAHANBIK OJKaFdaimapaa TycipinreH cyperrepaeH Typasl. CNN
3epTxaHaibIK mapamerpiaepae 97,00% xixkrey moimirine Ko skeTki3mi. HakTel ameMaeri ¢y oOBeKTiIepiHiy yATiIepiHae
ceiHAIFaH Ke3ne monens 85,00% mommikti cakTam Kangsl. HoTmxkenep TepeH OKBITY OOCTYPIl 9MICTEpAiH HICKTEYIEPiH
EHCEpYIiH MepCIeKTHBAIBI MICTIIMIH YChIHA OTBIPHII, OYJIBIHFBIPIIBIK JEHICHIICPiH THIMI JKIKTEH alaThIHBIH KOPCETELI.
3epTrey cnn-miH OYJIBIHFBIPIBIKTB JOT JKOHE THIMIL OJIIey, NOJIIIKTI TEHECTIpY JKOHE NanajblK JKarmaiiapaa
MPaKTHKAJIBIK KOJIJaHy MYMKIH/IT YIIIH 9JIEyeTiH KepceTe .

Tyiiin ce30ep: CynblH camachl, TEPEHJIETINl OKBITY, IQJIIK, aybl3 CYIbIH callachbl, OYJIBIHFBIPIBIK JCHICHiH aHBIKTAY,
KECKIiHI'€ HEeT13/Ie/ITCH TaJaay.
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Annomayus. Todnas knaccudukanys MyTHOCTH HE0OXO0IMMa ISt OJ/IepyKaHMsI KAUeCTBa BOJIbI B PA3JIMYHBIX YCIIOBHUSX,
OT MUTHEBOH BOJIBI /10 IIPOMBIIIIEHHBIX POLEeCCOB. TpaauiIHOHHbIE TYPOHIMMETPBI CTAJIKUBAIOTCS C IPOOJIEMaMHu, B TOM
YHCIIe ¢ YCTOMYMBOCTBIO OKpAILICHHBIX 00BEKTOB, U3MEHEHHEM (OPMBI U pa3Mepa JieTanel, a Takke He00X0IMMOCThIO
TIOCTOSTHHOW KalMOPOBKHU M TEXHUYECKOT0 00CITyKMBaHUA. B 3TOM IOKyMeHTe pealin30BaHa CBEPTOYHAsI HEHPOHHAS CETh
(CNN) mrs xmaccudukanuu mpo6 BOABI B COOTBETCTBHH CO CTEMEHBIO MX MYTHOCTH. HaGop JaHHBIX COCTOSIT W3
n300paKeHHH, CIEeNaHHBIX B JIAOOPATOPHBIX YCIOBHSAX, TZAE OTCICKHBAIUCH YPOBHH PAa3MBITOCTH, M3MEPEHHBIE C
OMOIIEI0 opTaTuBHOTO TypOuammetpa 2100p. CNN mocturia TouHOCTH KiaccUUKAIK TaOOPaTOPHBIX MapaMeTpOB
Ha 97,00%. Ilpm TecTnpoBaHMMHA O00pa3lax BOJAOEMOB B PEATbHOM MHpPE TOYHOCTH Mopenu coctaBmia 85,00%.
PesynbraThl moka3eBalOT, YTO TIyOOKOe OOydeHHe MOKeT 3((EKTHBHO KIACCH(PHINPOBATH YPOBHH Pa3MBITOCTH,
npeyiaras MHOrooOeIIaroniee pelieHne I NPEeoJONICHNsT OTPAaHUYCHUH TpaIuMOHHBIX MeTonoB. VcciemoBanue
nemoncTpupyer noreHuuan CNN st TouHoro u 3ddekTHBHOr0 M3MepeHHss MyTHOCTH, TOYHOCTH OaJlaHCHPOBKH M
BO3MOXXHOCTH MMPAKTUYECKOTO MPUMEHCHUS B TTOJICBBIX YCJIOBUSX.

Knioueswvie cnoga: xauectBo BOABL, ITyOokoe 00ydeHHE, TOYHOCTh, KAYECTBO IUTHEBOI BOABI, ONpeeIeHHE YPOBHA
Pa3MBITOCTH, aHAJIM3 Ha OCHOBE U300paskeHUM.

MAIN PROVISION organic compounds, microbial activity, chemical

This study proposes an image-based pollutants, and turbidity affecting light penetration
convolutional neural network approach for and aquatic ecosystems [8,9,10]. Chemical aspects,
classifying water samples according to their turbidity  including pH, dissolved oxygen (DO), nutrients,
levels. The model is trained using a balanced dataset heavy metals, and organic compounds, are very
of laboratory images labelled with turbidity values important in determining water quality. The pH level
measured by a portable turbidimeter. The proposed indicates the acidity or alkalinity of water, which can
approach achieves high classification accuracy while  affect various biological and chemical processes. DO
requiring relatively low computational resources, is very important for the survival of aerobic
demonstrating its potential as a practical and cost- organisms, and low levels often mean pollution.
effective alternative to conventional turbidity Nutrients such as nitrogen and phosphorus are

measurement methods. essential for plant growth, but can lead to
eutrophication when in excess. The presence of heavy
INTRODUCTION metals such as lead, mercury, and arsenic, even in low

Water quality is a comprehensive term that concentrations, poses significant health risks. At the
encompasses the various physical, chemical, and same time, organic compounds, including pesticides,
biological characteristics of water, defining its herbicides, andindustrial chemicals, can harm humans
suitability for various purposes such as drinking water  and Wildlife [11,12,13,14]. Finally, some biological
[1,2], recreational activities [3], agricultural irrigation ~ factors are important indicators of water quality.
[4,5], and industrial processes [6]. Water quality Bacteria and viruses can pose health risks by
assessment involves measuring a number of indicating fecal contamination and causing disease
parameters to understand the presence and [15]. Algae blooms, often caused by nutrient
concentration of pollutants and the overall health of a  pollution, can consume oxygen levels and release
water body [7]. Physical characteristics such as toxins that are harmful to aquatic life.
temperature, color, smell, taste, and turbidity provide The physical characteristic of opacity is the
important information about conditions in the aquatic ~ cloudiness or turbidity of a liquid due to many
environment. Temperature affects the metabolic rate  particles that are usually invisible to the naked eye [7].
of aquatic organisms and the solubility of gases, and  Turbidity is measured using turbidimeters that
color can indicate the presence of organic matter, estimate the amount of light scattered at an angle of
pollutants, or minerals. Smell and taste often indicate 90 degrees to the incident light [16]. These particles
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scatter and absorb light, reducing the transparency of
the liquid. The measurement process involves several
steps. First, usually a beam of light from an LED or
laser is directed through the sample with a wavelength
selected according to the size and type of particles
expected in the sample. The liquid sample is placed
in a transparent container called a cuvette, allowing
light to pass through it. As light moves through the
sample, it interacts with the suspended particles,
causing scattering, which is measured by detectors
located at different angles, usually 90 degrees to the
incident light. The intensity of scattered light, directly
proportional to the turbidity of the sample, is
converted by turbidimetric electronics to the turbidity
value, which is usually expressed in Nephelometric
Turbidity Units (NTU) or formazine Nephelometric
units (FNU). These steps require knowledge and
training in the use of turbidimeters. In addition, the
measurement of blur faces many difficulties. The
interference of colored objects in water can absorb
incident light, making it difficult to estimate blur and
obtain accurate readings in color or painted samples
[17]. The assumption of uniform particle sizes and
shapes increases the complexity, as natural samples
often contain different particles that scatter light
differently, causing discrepancies and inaccuracies in
readings [18]. Turbidimeters also require periodic
calibration with standards such as formazan and
meticulous cuvettes and maintenance of optical
components to ensure accuracy, which can be time-
consuming and expensive. Moreover, the detection
range of these meters is limited; very high particle
concentrations can cause many scattering events,
leading to nonlinear responses and inaccurate
readings at high blur levels. External factors such as
ambient light, temperature fluctuations, and vibration
can interfere with the measurements, which requires
appropriate shielding and environmental monitoring
to obtain reliable data.

Research gap. Conventional turbidimeters
provide reliable measurements but are affected by
several practical limitations, including interference
from coloured substances, variations in particle shape
and size, restricted measurement ranges, sensitivity to
environmental conditions, and the need for regular
calibration and maintenance. Although machine-
learning and deep-learning techniques have
increasingly been applied to water-quality
assessment, many existing approaches require large
datasets, complex sensor systems, strict lighting
control, satellite or UAV imagery, or substantial
computational resources. Therefore, there remains a
need for a simple, low-cost, and computationally
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efficient image-based method capable of accurately
classifying water turbidity levels under both
controlled and real-world conditions.

Novelty statement. The novelty of this study lies
in the development of a computationally efficient
CNN-based classification method using a carefully
balanced image dataset covering turbidity values
from 200 to 800 NTU. Unlike more complex
approaches that depend on multiple sensors, UAV
data, satellite imagery, or extensive computational
resources, the proposed method employs a simplified
experimental setup and image-based classification
process while achieving 97% laboratory accuracy.
The model is also evaluated using real-world water
samples, demonstrating its potential for practical field
applications.

METODOLOGY

High accuracy in the assessment of turbidity is
crucial for maintaining healthy aquatic ecosystems
and ensuring safe drinking water. Advances in
machine learning provide promising solutions to
improve the accuracy and efficiency of turbidity
measurement to address traditional challenges and
limitations in this important area. For example, the
regression model achieved an accuracy of 91.23%
when estimating water turbidity in the range of 0.02-
60 NTU using RGB sensors. However, environmental
factors such as temperature, light, and pH can affect
sensor performance, introducing measurement
variability [22]. This system requires careful
calibration and testing to maintain accuracy, which is
time-consuming and resource-intensive. In contrast,
the recursive neural network (RNN2) model, using
underwater sensors and UAV image data, achieves a
prediction accuracy of 94.10% for Blur values from
Qingtan Weir in Taiwan [23]. However, UAV
operations are sensitive to weather conditions, which
can affect the stability of data collection. The gradient
amplification Solution Tree (GBDT) model shows
88.00% accuracy in the range of 0.94 to 103.43 NTU,
but requires careful adjustment of hyperparameters
and a significant amount of training data to achieve
high accuracy [24]. The transfer learning method
achieved a classification accuracy of 96.86% with the
risk of over-docking that could compromise
performance with new data [25]. The self-organizing
multi-channel deep learning system (SMDLS) for
monitoring river turbidity, evaluated in a
comprehensive data set from nine locations over a
year, increases accuracy by about 14.27% compared
to other models based on PSNR, MSE, and NMGE
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metrics [26]. However, its computational efficiency is
limited due to the need to train seven subnets and
combine their results. For measurements of turbidity
and total suspended solids (TSS), the CNN
implementation achieved an accuracy of 98.24% for
TSS and 97.20% for turbidity through the use of white
light; however, it is very important to accurately
control the lighting distance and camera position,

which can be difficult in field conditions without
special equipment [27]. In addition, a study used by
CNN to accurately classify the turbidity of water
samples containing a relatively small data set of 200
images achieved a total accuracy of 97.5% in
classifying the turbidity from 0 to 250 NTU, noting
the need for a larger data set to increase the
generalization accuracy of the model [28].

DATA COLLECTION

i BAMPLE
i COLLECTION
- POINT

WATER QUALITY

PHOTOGRAPHY

BUILD DATASET

Figure 1 - CNN opacity classification methodology review
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This document describes the result of a
comprehensively adapted data set for CNN training.
The data set is carefully balanced to ensure that the
samples are evenly distributed in five different
classes. Each image has been carefully selected to be
clear and noise-free, with precise marking to provide
high-quality reading data for CNN. Each sample is
associated with a specific NTU value, which is
accurately measured using a turbidimeter. The novelty
of this study lies in its simple classification process,
which requires low computing resources due to the
characteristics of the presented CNN and data sets.
Unlike previous studies, this study collects water
samples with NTU values ranging from 200 to 800
and achieves high accuracy in their classification. The
images were taken by an experimental setup to reduce
external  interference and  ensure  correct
classification, as shown in Figure 1. Although simple,
this installation is very important to achieve reliable
results. The classification process achieves an
impressive  97.00%  accuracy of turbidity
classification, indicating the ability of this approach to
accurately select classes in muddy water applications.

RESEARCH RESULTS

CNN's performance in real conditions remains
competitive compared to other samples in the
literature. A test bench and calibration method were
used for classification; an accuracy of 91.23% was
achieved with the K-nearest neighbor classifier,
indicating the importance of controlled experimental
conditions for reliable results. Along with higher R-
square values of 20.89 during training and 36.11
during testing, 99.30% for training and 94.10% for
testing, Sentinel-2  demonstrates  significant
predictive accuracy despite its own complexity and
computational demands aimed at obtaining data
through the correct processing of satellite images and
the removal steps of pre-cloud provision images and
atmospheric effects. This made it possible to collect
accurate spectral reflection data, which is important
for reliable blur assessment. On the other hand, it
relied on a large river turbidity control dataset
containing 11,681 data points from nine registered
locations during the year, which improved accuracy
by 14.27% over other models, even though it faced
computational inefficiency due to the large amount of
data and processing requirements. Finally, using the
CNN architecture (AlexNet) in a dataset that uses
liquid samples illuminated by LEDs and recorded by
a smartphone camera, it achieved an accuracy of
97.20%, taking advantage of different lighting
conditions and the ability to take high-quality
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pictures. In contrast, the proposed CNN achieves an
accuracy of 97.00% with a simple classification
process and a carefully balanced dataset that includes
actual NTU values of 200 to 800, indicating a demand
for low computing resources while maintaining high
accuracy. The controlled experimental setup
highlighted the ability to effectively and accurately
classify blur in practical applications, reducing
external interference.

In light of the above analysis, this study
demonstrates the effectiveness and practicality of the
proposed CNN in various parameters, highlighting its
competitive advantage and potential for real-world
applications in blur estimation.

CONCLUSION

The proposed CNN demonstrates competitive
performance compared to other models in the
literature, such as RGB sensors, rnn2, GBDT, transfer
learning methods, and regression models such as
SMDLS, while maintaining high accuracy and
practical applicability. Although some samples show
high accuracy rates, they often require large-scale
calibration, accurate monitoring of environmental
conditions, or significant computing resources. The
methodology used to create a data set of merit
measurements allowed CNN to achieve high
accuracy, with a significant accuracy of 97% for
laboratory measures and 85% for specific samples.
This rigorous data set is critical to CNN's success. In
addition, the proposed CNN's simplicity and lower
computational requirements make it a viable option
for field applications, especially in less controlled
environmental conditions. However, further tuning
and adaptation are required to increase its resistance
to environmental changes. In general, the proposed
CNN offers a promising solution for measuring blur
in real-world conditions, effectively balancing
accuracy and practicality.
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Abstract. The article discusses the issues of analysis and improvement of operational management in a construction and
installation company in conditions of economic instability. The study was carried out based on official statistical data
and a practical analysis of the activities of «Akbulak BOV» LLP, operating in conditions of rising inflation, volatility
in prices for building materials and disruptions in logistics chains. The analysis revealed priority operational problems
related to insufficient flexibility in operational planning, inconsistency in work and delivery schedules, and limited
effectiveness in controlling deadlines and costs. The features of management of production and resource processes at the
level of construction facilities are considered. The directions of operational management improvement are substantiated,
focused on increasing the adaptability of management decisions, optimizing the use of resources, reducing costs, and
ensuring the sustainable development of a construction and installation company in an unstable economic environment.
Key words: operational management, construction industry, construction and installation company, economic instability,
cost management, production planning, efficiency, resource management, construction projects, Kazakhstan.
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Anoamna. Makanaga S5KOHOMUKAIIBIK TYPAKCBI3[bIK JKaFJalblHAa KYPBUIBIC-MOHTa)K KOMIAHUSICHIH/A OIMEPAIHsIIBIK
Oackapy /bl TAAY KOHE KETULAIPY Moceneepi KapacThIPbLIa bl 3epTTey HHMISAIHMSIHBIH 6CYi, KYPhUIIC MaTEpUAIAPEI
OarachIHBIH KYOBUTMANBIIBIFEI JKOHE JIOTUCTHKANBIK Ti30eKTepaiH OY3BUIyHl JKarJaibIHAA KYMBIC ICTCHTIH «AKOYIIaK
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BOB» XKIIIC KpI3METiHIH peCMHU CTATUCTUKAIBIK JEPEKTEPi MEH MPAKTHKAIBIK TAIJAYbl HETi31HIe OpbIHIAIAbl. Tannay
OapBICBIHIA JKeIelN >KocmapiayIblH MKEMIUIITIHIH JKeTKUTIKCI3MITIMeH, KYMBIC JKOHE JKETKi3y KeCTeNlepiHiH cohkec
KeJIMEYiMEH, COHJai-aK YaKpIT MEH IIBIFBIHAAPABI OAKbUIAY BIH MICKTEYJ THIMIUTITIMEH OalIaHBICTBI OIEPAIIHSIIBIK
CHUTATTaFrbl OachkIM TpoOiiemManap aHBIKTaNAsl. Kypputbic oOBeKTiIepi OeHreiiHIe OHAIPICTIK >KOHE PecypCTHIK
npouecTepl 6ackapy epekienikTepi KapacTelpbuiral. backapy mienriMaepiniy OeldimMaenyin apTThIpyFa, pecypcTapsl
naianany /bl OHTalIaHABIPYFa, IIBIFBIHIAP/IBI a3aiiTyFa JKOHE TYPAKChI3 SKOHOMHUKAIBIK OPTaa KYPbUIBIC-MOHTAXAY
KOMITAaHMSICHIHBIH TYPAKThl JaMYbIH KaMTaMachl3 €Tyre OarbITTajFaH ONEpalMsIIbIK O0acKapyabl XKETUIIIpY OarbITTaphl
HETI3eITeH.

Tyiin ce30ep: omnepanusuIbIK 0Oackapy, KYpbUIBIC canackl, KYpBUIBIC-MOHTaX KOMIIAHHSCHI, JKOHOMMKAIIBIK
TYPaKCBI3BIK, IIBIFRIHAAPAB OacKapy, OHIIPICTIK )KocHapiay, KbI3METTIH THIMILIIT], pecypcTapasl 0ackapy, KYpBLIBIC
»xobanapsel, Kasakcras.

AHAJIN3 U ITYTU COBEPHIEHCTBOBAHUA OITIEPAIIMOHHOI'O YIIPABJIEHUA
B CTPOUTEJBbHO-MOHTAXKHOM KOMIIAHUU B YCJIOBHUSIX
3KOHOMMYECKON HECTABUJIBHOCTH
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Annomayus. B craTthe paccMaTPUBAIOTCSI BOMPOCHI aHAIKM3a U COBEPILICHCTBOBAHMUS ONEPALMOHHOTO YIPABJICHHUS B
CTPOMTEIBHO-MOHTQ)KHOM KOMIIAHWK B YCJOBHSAX SKOHOMHYECKOW HeCTaOWIBHOCTH. VccliemoBaHKME BBIOJHEHO HA
OCHOBE OQUITMAIBHBIX CTATHCTUYCCKUX NAaHHBIX M IMpakThdeckoro aHamm3a aestenbHocTH TOO «AkOyinak BOBy,
(YHKIIMOHHUPYIOIIETO B YCIOBUSAX POCTa MH(MIISAIMH, BOJATHIBHOCTH IIEH Ha CTPOUTENILHBIC MaTepHaibl U HAPYIICHUN
JIOTHCTHYECKHUX Lieno4eK. B Xo/ie aHanu3a BbISIBICHBI IPHOPUTETHBIE POOJIEMbI OMIEPAIIMOHHOTO XapaKTepa, CBA3aHHbIC
C HEOCTATOYHOM TMOKOCTHIO OTIEPATUBHOTO IJIAHUPOBAHMS, HECOTTIACOBAHHOCTHIO TPAPUKOB pabOT U MOCTABOK, a TAKIKE
orpaHu4eHHON 3G (HEKTUBHOCTPIO KOHTPOJSI CPOKOB W 3arpaT. PaccMOTpeHbl OCOOCHHOCTH — YIpaBIICHUS
MIPOU3BOJICTBCHHBIMH U PECYPCHBIMH TPOIECCAMU HAa YPOBHE CTPOHUTEIBHBIX 00BEKTOB. OOOCHOBAHBI HAIPABICHHUS
COBEPIICHCTBOBAHUSI ONIEPALIMOHHOTO YIPABICHUS, OPUCHTUPOBAHHBIC HA MOBBIIICHUE AIAITUBHOCTH YIPABICHYECKUX
PEIICHH, ONTUMH3AIIMIO0 UCIIONB30BaHMS PECYPCOB, COKpAIICHUE U3JCPKEK M 00SCICUCHHE YCTOWYMBOIO PA3BUTHS
CTPOUTEIHHO-MOHTa)KHOW KOMIIAHUH B HECTAOMIBHOM IKOHOMHUYECKOI cpejie.

Kniouegvle cnosa: onepanvoHHOE YIPaBICHUE, CTPOUTEIbHAS OTPACib, CTPOMUTEIHHO-MOHTAXKHAsT KOMIIAHUS,
9KOHOMHUYECKAs HECTAaOWIIBHOCTh, YIpABICHUE 3aTpaTaMu, [POU3BOJCTBEHHOE IUIAHUPOBAaHUE, 3IPPEKTUBHOCTH
JeSITeIIPHOCTH, YIPABICHHUE PECYypCaMHU, CTPOUTEIbHBIC MPOSKThI, KazaxcraH.

OCHOBHBIE TOJIOKEHU A NOKa3aTened BBIABICHBI KIIOYEBBIE MPOOJIEMBI,
[IpoBeneHo  KOMIUIEKCHOE  HWCCIIEJIOBaHHME  CBSI3aHHBIC ¢ HHOISIIMOHHBIMU MPOIECCAMH, POCTOM
OTEePaLMOHHOTO yIpaBIICHUS CTPOUTENBHO-  CTOMMOCTHU CTPOUTEJILHBIX MaTepHaoB,
MOHTQ)KHOW KOMITAaHHH B YCIIOBHUSIX SKOHOMHYECKOH  HapyIIeHHUEM JIOTHCTHYECKUX LETOoYeK u
HecTabuiapHOCTH Ha ipuMepe TOO «AxOyiak BOB».  HemocTaTouHONW TMOKOCTBIO CHCTEMBI ONEPATHBHOTO
Ha ocHoBe ananm3a opHIMANLHBIX CTATUCTHYECKUX  YIPAaBJICHUSI. [pemtoxxeHsbt HarpaBJICHUS

JaHHBIX n MMPOU3BOACTBECHHO-3KOHOMHUYCCKUX COBCPHICHCTBOBAHUA OICPAIMOHHOI'O YIIPABJICHUA,
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OpHUEHTHPOBAHHbIE Ha TIOBBIIIEHHE aJalTUBHOCTU
YIpaBICHUYECKUX peLIeHui, ONTUMU3ALIUIO
KCIIONIb30BAHUS PECYPCOB, COKPAILICHUE U3IACPKEK U
o0ecrieueHre YCTOMYMBOIO PAa3BUTHS CTPOUTEIbLHON
OpraHH3alNY.

BBEJIEHUE
DKOHOMHYECKAsI HECTAOMITLHOCTH B PecmyOmke
Kazaxctan oka3piBaeT KOMIUICKCHOE BIIMSHHE Ha

(YHKUINOHUPOBaHWE CTPOUTENBHONW OTpaci, B
YaCTHOCTM  Ha  JEATEIbHOCTh  CTPOUTENIBHO-
MOHTaKHBIX OpraHu3alu, yCHIIMBas

YIpaBlIe€HUYECKUE PUCKH W 3aTPYAHSS pealn3aluio
MpoekToB. Bemymumu QaxkTopamu BO3AEHCTBUS
SIBIIIOTCSA  YCKOpPEHHE HWH(QIAIMOHHBIX IPOIIECCOB,
pocT I1eH Ha CTPOUTENbHBIE MaTepuanbl W
KOMIUIEKTYIOIINE,  HapylleHHe  JOTMCTUYECKUX
[IEMOYeK ¥ HEOIPENEIeHHOCTh HWHBECTHIIMOHHBIX
[IOTOKOB, 4YTO B  COBOKYIIHOCTH  CHHXKAeT
MpeICKa3yeMOCTh  ONEPAllMOHHON  J1eATeIbHOCTH.
Yka3aHHbIE MaKpOIKOHOMHYECKHE OOCTOATEIhCTBA
TpaHCQOPMHUPYIOTCI B POCT  OINEPAIIMOHHBIX
U3JepKeK, He0OXOTUMOCTh YacThIX KOPPEKTUPOBOK
MPOM3BOJACTBEHHBIX W  (PMHAHCOBBIX  IUIAHOB,
yBeIMYEHHE 4YHCIIa HENpeABUICHHBIX 3aTpaT W
CPBIBHI KaJICHAAPHBIX TPpaduKoB padoT.

Ha aTom ¢one ocoOvlii uHTEpEC MpeacTaBiIseT
JUHAMHMKa pa3BUTHA CTPOUTENIBHOM oOTpaciud B
[IeJIOM, TIOCKOJIbKY OHa TII03BOJIIET  OIICHHTH
MacIITaobl u Xapakrep BO3HUKAIOIIIX
YOpaBI€HYECKUX  BbI30BOB. B 2025  ronay
cTpouTenbHas OTpacib Ka3zaxcTaHa mpoaoIDKuiIa
JIEMOHCTPHPOBATh POCT: TO JaHHBIM  biopo
HallMOHAIBHOU cTaTHCTUKH Pecrryonmukn Kazaxcras,
00BbEM BBIIIOJTHEHHBIX ~CTPOUTENBHBIX PabdOT B
ssHBape—(pespane coctaui 408,1 Miapz TeHre, 4TO Ha
12,8 mpoueHTa BbIIIE TMOKa3aTeNlell aHAJIOTHUYHOTO
nepuona  mpeaplaymero roga  [1]. [JdanHas
MOJIOKHUTENbHAS JAWMHAMHKA CBHICTEIBCTBYET O
COXPAaHSIOIIEMCS CITPOCE Ha CTPOUTEIHCTBO KHUIIBIX U
HHPPACTPYKTYPHBIX OOBEKTOB Ja)xe B YCIOBHUAX
YCIIO)KHEHHUSI 5KOHOMHUUYECKOH cpenbl. BMecTe ¢ Tem
KOJIMYECTBEHHBI pPOCT OOBEMOB CTPOUTENHCTBA
COTPOBOX/IAETCS  KA4YEeCTBEHHBIM  YCJIOXKHEHHUEM
OTIepPaI[IOHHOTO yIpaBJiIeHUs, MTOCKOJBKY
COXPAaHSIETCS BRICOKUI yPOBEHb HH(IIAIINHU, KOTOPBIN
B 2025 rogy mpeBbiman 12 mpoLEHTOB B rOJIOBOM
BhIpaKeHHH [2]. DTO 0OCTOSTEIHCTBO MPUBOAMT K

YAOPOKAHUIO CTPOUTENBHBIX  PECYpCOB u
YBEJINYEHUIO ce0ecTOMMOCTH CTPOMTEJIBHO-
MOHT@XHBIX  paboT, YycuiMBas Harpy3Ky Ha

OIIC€paliMOHHBIC CUCTCMBI NOAPAIHBIX OPI: aHH3aHHI>'I.
PaccmatpuBas BiusiHHE yKa3aHHBIX TEHACHLIHN

Ha PETHOHAIBHOM YPOBHE, CJEIyeT OTMETUTh, UTO

OHM HamOoyiee OTYUETIMBO MPOSBISIIOTCA B
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9KOHOMHYECKH 3HAYNMBIX IPOMBIIIJIEHHBIX TOPOIaX.
B 3TOM KOHTEKCTE 0c000€ 3HaUCHHE UMEIOT YCIOBUS
(yHKIMOHUPOBAHHUSA CTPOUTEIbHBIX KOMIIAHMH B
ropoae Temmpray Kaparangmackoit oOmacty.
Temupray sBISETCS KPYHHBIM HPOMBIIUIEHHBIM
LEHTPOM C HMHTEHCHBHBIM IPOHM3BOACTBEHHBIM
LUKJIOM, TIE€ HWCTOPUYECKH TPagoo0pazyromuM
CEKTOPOM BBICTYIIa€T METAUIYpPIus, B CTPYKType
KOTOPO# 3aHSTO 3HAYUTEIHHOE YKCIO HPEANpPUITUI
MAIIMHOCTPOEHHUSI M MPOM3BOJACTBA CTPOUTEIBHBIX
marepuasioB [3][10]. ITo cratucTUueCKUM JaHHBIM
Hacenienue Temupray cocrasiser 179 234 yenoseka,
YTO OIpeneNseT TOpoA KaK 3aMETHBIA IEHTP
peruoHanbHONM  dKkoHOMHKH  [5].  Bxitouenue
Temupray B mporpaMmy pa3BUTHS MOHOTOPOIOB
PecnyOnuku Kazaxcran, HanpaBJIeHHYIO Ha pellieHUe

COMaJIbHO-OKOHOMHNYECCKHUX HpOGHeM
HUHAYCTPHAJIIBHBIX HEHTPOB, JOIIOJIHUTCIBHO
MOoAYCPKUBACT HGOGXO)II/IMOCTL yCTOI\/'I‘II/IBOFO

Pa3sBUTUA CTPOUTCIBHOI'O CEKTOpa M IMOBBINICHUA
3¢ HEKTUBHOCTHU AESITEINBHOCTH MECTHBIX ITOAPSIIHBIX
opranu3armii [4-6].

YkazaHHble ocoOeHHOCTH ¢dhopmupyroT
crenn(pUIecKyo cpeny (YHKIMOHUPOBAHUS
CTPOUTEIBHO-MOHTA)XXHBIX KOMIAHWH, B KOTOpPOH
o0IIeHallMOHAIbHBIE MAaKPOIKOHOMHYECKHE PHUCKH
JOTONHSIIOTCS ~ JIOKaJIbHBIMA  (PaKTOpaMH. B
KOHTEKCTE CTPOUTEIHFHON OTPACIIH U ONIEPALIHOHHOTO
YIpaBIeHUS] 3TO OOYCIaBIMBaeT HEOOXOAMMOCTH

y4eTa  permoHaNbHOW  cnenmu(uKy,  BKITIOYas
HECTaOUILHOCTh MOCTaBOK MaTepHaJoB,
3aBUCUMOCTh OT HWHBECTHUIIMOHHOW aKTUBHOCTHU

KPYIIHBIX IPOMBIIUIEHHBIX NPEANPHUATUN U BIUSIHUE
MaKpO3KOHOMUYECKUX (DAKTOPOB HA JIOKAJIbHBIH
WHBECTULMOHHBIN W MOTpeOUTENbCKHid crpoc. Tak,
peanu3zanus MacITaOHbIX IIPOMBIIIITIEHHBIX
HWHBECTUL[MOHHBIX IIPOEKTOB, BKJIIOYast
CTPOMTENBCTBO  JIUTEHHO-IIPOKATHOIO  KOMIIJIEKCA
CTOMMOCTHIO nopsAaka 338,4 mupa tenre B Temupray
C IJIAHUPYEMBIM BBOJIOM B 3KCIuTyaTtaruio xk 2027

roay, QOpMHpPYeT JONOJIHHUTEIBHBIA CIPOC Ha
CTpOUTENIBHBIE ~ pecypchl H  pabouyl  cuiy,
OJTHOBPEMEHHO co3zaBas MTOBBILLICHHBIE

JIOTUCTUYCCKUE U OpPraHHU3allMOHHBIC BBI3OBBI JIJIA
CTPOUTENLHOTO CeKTOpa peruona [3-6].

B COBOKYMHOCTH yKa3aHHbIC OOCTOSITEIbCTBA
00yCJIOBIMBAIOT BO3pACTAHHE POJIH OTEPAIIMOHHOTO

YOPABJIECHMUSI  KAK  CTPATErMYecKd  3HAYUMOIO
HHCTPYMEHTA o0ecrieueHust YCTOMUUBOCTH
CTPOUTEIBHO-MOHTAXKHBIX KOMITAHHH.

OmnepauroHHOE yNpaBiCHWE B NAHHBIX YCIOBHUSIX
OXBAaThIBA€T  KOOPJIWHAIMIO  IPOU3BOICTBEHHBIX
MIPOLIECCOB, ONTUMM3ALIUIO UCIIOJIb30BaHUS
TPYZHOBBIX M MaTEpUANIbHBIX PECYPCOB, YIPABICHHUE
3aKynKaMH ¥ rpadukaMd TOCTaBOK, aJalTaluio K
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U3MCHAIOIIHUMCA BHCIIHUM YCIIOBUAM )41
MHUHHUMU3ALUIO OINCPALMOHHBIX PHUCKOB. B oot
CBA3U HOCJ'ICI[YIOH_II/Iﬁ aHaJIN3 MaTCpUuaJioB U MCTOAOB

HCCIICJOBaHUA OpPUCHTUPOBAH Ha BBISIBJICHUC
MIPUYIMNHHO-CJICACTBEHHBIX CBsI3EH MEXOy
MaKpOZ)KOHOMPI‘IeCKOﬁ HeCTa6I/IHBHOCTBIO,
peFHOHaHLHOﬁ CHGHH(l)HKOﬁ nu COCTOSIHHUEM

OTIEPalMOHHOTO YIPABJICHHUS HA YPOBHE KOHKPETHOM
CTpOI/ITeJIBHO'MOHTa)KHOI‘/'I KOMITaHHU.

Ilenv uccneoosanua. llenpvio uccienoBaHUA
SBISIETCS.  aHAJM3  COCTOSHUSI  OINEPALIOHHOTO
YIIPaBJIECHUS B CTPOUTEIbHO-MOHTAXHOW KOMIIAHUU B
YCIIOBHSAX SKOHOMHYECKOH HECTaOMIBLHOCTH U
pa3paboTka TPaKTHYECKHX PEKOMEHAALUWH 110
COBEPILEHCTBOBAHUIO  CHCTEMBl  OIEPAaTHBHOIO
YHpaBJICHUA, HaIlpaBJICHHBIX Ha IIOBBIIIICHUEC
3G PEKTHBHOCTH WCIIOJb30BaHUS pecypcos,
CHIDKEHHE 3aTpaT U oO0ecleueHHE YCTOWIMBOTO
PAa3BUTHS IPEANPUATH.

3a0auu uccneoosanusa. JIng JOCTHOKEHUS
MIOCTaBJIEHHOH 11e71 OBLIN ONPEEIICHbI CIeAYIOIUe
3ajauu:

- [IpoaHanu3upoBaTh BIMSHHE YKOHOMHYECKON
HECTa0MJILHOCTH HAa JESTENbHOCTh CTPOUTENBHO-
MOHTa)KHBIX KoMItanuii Pecrrybmuku Kazaxcras.

- HccnenoBate OCOOCHHOCTH OIEPALIOHHOTO
ynpasneHus Ha npumepe TOO «AxOymak BOB».

- BbIsSIBUTE OCHOBHBIE MPUYHMHBI OTKIOHEHUH
MEX[y MJIaHOBBIMU U (PAKTHUECKUMH TOKA3aTEIIMU
BBINOJIHEHUSI CTPOUTEILHO-MOHTAXKHBIX padoT.

- Ouenutp  BIUAHHEC  WHOISIUOHHBIX
MPOIIECCOB,  JIOTUCTUYCCKUX  OTPaHUUCHHH U
perHoHaNbHBIX  (hakTopoB Ha  3((HEKTUBHOCTH

OTIEPAIIOHHOTO yIPABJICHHUS.
- Pa3paboraTh npakTudeckrue peKOMEHIAINH 110

COBEPIICHCTBOBAHUIO ~ CHUCTEMBI  OIEPATHBHOIO
YHOpaBJICHUA u ITOBBIIIICHUIO aalITUBHOCTHU
YIPaBIEHYECKUX PEIICHUH.

Hayunasn npoonema. HecmoTtps Ha
3HAYHUTEILHOE KOJINYECTBO HCCIIeI0OBaHuH,
MOCBAIIEHHBIX  ONEPAlMOHHOMY YINPABIEHUIO B

CTPOUTENLHON OTpPAC]IH, HEJAOCTATOYHO H3YUYCHBI
BOMPOCHI KOMIUICKCHOTO BIHSIHUAS 3KOHOMUYECKOM
HeCTaOUIBHOCTH Ha 3()(HEKTUBHOCTH ONEpaliMOHHON
JESTSILHOCTH CTPOUTEIIEHO-MOHTAXHBIX KOMITaHUN
Kazaxcrana. BonbmuHaCTBO CYIIECTBYOIIUX
WCCIIC/IOBAHNN PacCMATPUBACT OTEIbHBIC ACTICKTHI
yIOpaBICHHUS 3aTpaTaMH, CpPOKaAMH BBIMIOJHCHUS
pabot WIIN MaTepUaTbHO-TEXHUUCCKUM
obecriedeHreM, TOTJa Kak BOIPOCHl HHTETPaIluH
OTIEPATHBHOTO TUTAHUPOBAHUS, yIpaBJICHUS
pecypcamu, JIOTUCTUKH U aJanTaluy K
PETHOHANBEHBIM OCOOCHHOCTSIM B YCIIOBHSX BBICOKOH
WHQISIAA 1 HECTAOMIBHOCTH TIOCTaBOK OCTAOTCS
HEJ0CTAaTOYHO pa3pabOTaHHBIMH.
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Hayunaa  noeusna. Hayuynas  HOBH3HA
HCCIICAOBAHUS 3aKII0YASTCId B KOMILJICKCHOM OIICHKE
CHCTEMBI OTIEPALIMOHHOTO YIPABICHUS CTPOUTEIHHO-
MOHTQ)XHOM KOMIIAHMM Ha OCHOBE COYETaHHS
oHUITHATHHBIX CTaTUCTHYECKHUX JIaHHBIX
PecrryOnukn KazaxcraH, NpakTHYECKOTO aHallM3a
nestenbHoctd TOO «AxOynak BOB» u orneHku
PETHOHANIBHBIX 0COOCHHOCTEH (DYHKIIMOHUPOBAHUS

CTPOMTEJIBLHOIO  CeKTopa  ropoma  Temwupray.
[IpennoxxkeHa cucTeMa KIFOYEBBIX IOKa3aTese
OTIepaIOHHOTO YIpaBICHUS, [I03BOJIAIOIIAs
IIOBBICUTD 3 PEKTUBHOCTh OIIEpPaTUBHOTO
HJ'IaHI/IpOBaHI/Iﬂ, KOHTpOHH 3anaT, HUCITIOJIB30BAHUA
peCypcoB W aNanTHUBHOCTH  YIPaBICHUYECKUX
peneHni B YCIIOBUSIX JKOHOMHYECKOH
HECTAOMIILHOCTH.

Hccnedosamenvckue eonpocwl. Vccnenosanue
HalpaBJIeCHO Ha IIOMCK OTBETOB Ha CIIEAYIOIIUE
BOTIPOCHI:

RQI. Kakme ¢akTophl  SKOHOMHYECKON
HECTaOMJIBHOCTH OKAa3bIBAIOT HauOOJbllee BIMSIHUE
Ha 3((EeKTUBHOCTh ONEPALUOHHOIO YHPABICHUS
CTPOUTENHbHO-MOHTAKHON KOMITaHUHU?

RQ2. Kaxue OCHOBHBIE MPUYUHBI
00yCJIOBIMBAIOT OTKJIOHEHHSI MEKAY IJIAHOBBIMH H
(haKTHUECKUMHU TOKA3aTeSIMU CPOKOB BBIIIOJIHEHUS
pabot u 3arpar?

RQ3. Kakue HHCTpyMEHTHI OIEPaLHOHHOTO
yIOpaBJIEHUs] TO3BOJISIIOT IOBBICUTH aJalTUBHOCTD

CTPOHUTCIBLHON  KOMITAHMA K  W3MCHSIOIIMMCS
SKOHOMUYECKUM yCIIOBUAM?
MATEPHUAJIBI U METObI
HNCCIIEJOBAHUS
MartepuanaMd ~ HMCCICIOBAHHUS  TIOCITYKIIU
opHIMaIbHBIE CTATUCTHUYECKUE JaHHBIE bBropo

HallMOHAJBHOU cTaTHCTUKK PecyOnuku Kasaxcraw,
aHaIMTUYeCcKne MaTtepuansl HarmonanpHoro banka
PecriyOnuku Kazaxcran, a Takke BHYTPEHHHE
VIIPaBJIICHUYECKUE U MPOU3BOACTBeHHBIC TaHHBIE TOO
«Axoymak bOBy», oTpaxaroniue IUTAHUPOBAHUE U
BBITIOTHEHHE  CTPOUTEILHO-MOHTAXHBIX  paboT,
WCTIONIb30BAaHUE  MATEPUANBHBIX W TPYIOBBIX
pecypcoB, TUIaHOBbIE M (DaKTHUECKHE MOKa3aTelln
CPOKOB M 3aTrpaT. MeTOI0JIOTHYECKYI0O OCHOBY

HCCIEI0BAHUA COCTaBIIAIOT CHCTEMHBIH H
MIPOLIECCHBIN MOIXOMBI, MO3BOJISIOIIHE
paccMaTpuBaTh OIEPAIMOHHOE YMpaBlIeHUE Kak
COBOKYITHOCTD B3aMMOCBSI3aHHBIX MIPOIIECCOB
IUIAHUPOBAaHUS, CHAOKEHWs, MPOWU3BOACTBA U
KOHTponss. B pabore mNpUMEHEHBI  METOIBI

O9KOHOMHUYCCKOI'O aHaJIn3a, HJ'IaH'(baKT aHajJm3a,
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CPaBHHUTEIBHOTO aHaIu3a U JIOTUYECKOIO
00001eHus. BbiOop naHHBIX METONOB OOYCIIOBIICH
HEO0XOIUMOCTBIO BBISIBIICHUS MIPUYUHHO-
CIIEZICTBEHHBIX  CBsSI3€M  MEXAy  COCTOSHUEM
OTIEPAIIOHHOTO  YIpPaBiIeHHs MW  pe3yJbTaTaMu
JESTENBHOCTH CTPOUTENBHON KOMITAHUH B YCIOBHSIX
HecTaOMIIbHOM SKOHOMHYECKOU cpensl [ 1-3].

PACCYXKJIEHUE U OBCYXKIEHUE

[lepexoas ot aHamM3a MaKPO3KOHOMHYECKUX U
PETHOHANLHBIX ~ YCJIOBUH K  PacCMOTPEHHUIO
JIeSITENIBHOCTH KOHKPETHOW OpTraHW3alliH, CIEAyeT
OTMETHTbh, YTO OlleparmonHoe ympasienue B TOO
«AkOynak BOB» ¢opmupyercs nmox BozaeicTBuem
COBOKYITHOCTH BHEIIIHUX M BHYTPEHHUX (PaKTOPOB.
Kommanust GyHKIMOHUpPYET B YCIOBHUSX BBICOKOM
3aBUCHUMOCTH OT JUHAMHUKHU IICH Ha CTPOUTEIHHEIC
MaTepuaibl, CBOCBPEMEHHOCTH  IIOCTaBOK U
CTaOMIBHOCTH (PUHAHCOBBIX MOTOKOB. CoriacHo
opuIManbHBIM  JAaHHBIM, WHAEKCHI 1[I€H Ha
CTPOUTENHHBIC MaTepHabl, proOpeTaeMblie
CTPOUTENHHBIMI OPTaHU3AIMAMHE, JIEMOHCTPUPYIOT
YCTOWYMBYIO TEHICHLUIO POCTa, YTO CYLICCTBEHHO
MOBBIIIAET PHUCK TMEpepacxoja CMETHON CTOMMOCTH
peanmm3yembix npoektoB [3]. anHBIA (axTop
OKa3bIBaeT TPsAMOE BIHSIHHE Ha OIEPaIOHHOE
MUIaHUPOBAHUE, TaK Kak MepPBOHAYATIBHO
YTBEP)KICHHBIE CMETHI U Tpaduku padoT B mporecce
peanm3anmud  TPOEKTOB  TPeOYIOT  PEeryJIsipHOM
KOPPEKTUPOBKH.

Hdns  Oomee feTanbHON OLECHKH — BIMSAHUS
yKa3aHHBIX YCJIOBHH OBUI MPOBEICH MPAKTUYECKHUI
aHaM3 TUTAHOBBIX M (PAKTHYECKHX IMOKa3aTeled 1o
obwektam crpoutensctBa TOO «AkOyrak bOBy.
Pesynprarhl aHanmm3a mokasaiu, YTO OTKJIOHEHUS I10
CpPOKaM  BBINIOJHEHUS  CTPOUTEIBHO-MOHTaKHBIX
pabot B cpemnem coctaBisiror 10-15 mporenTos, a
nepepacxoi MpsMbIX —3aTpaT pgocTturaer §-12
MPOLICHTOB. [TonoGueie OTKJIOHEHHUS
CBHJICTENILCTBYIOT O TOM, 4YTO CYHICCTBYIOIIAS
crcTeMa OINEPaTHBHOTO TUIAHUPOBAHUS U KOHTPOJIS
HE B IIOJIHOM Mepe aJanTHpOBaHA K YCIOBHUAM

SKOHOMHYECKOW  HecTaOmibHOCTH.  OCHOBHBIMHU
IIpUYXHAMU BBISABJICHHBIX OTKJIOHEHUH SIBJISIIOTCS
HECOTJIACOBAaHHOCTH TPa(UKOB BBIOTHEHUS Pa0OT U
MOCTAaBOK MAaTEpHaloOB, a TaKXe OrpaHUYCHHBIC
BO3MOXKHOCTH  OIEPATUBHOTO  KOHTPOJIA  3a
(haKTUUECKUM HCIONBb30BaHHEM PECYPCOB HA YPOBHE
CTPOUTEIILHBIX OOBEKTOR.

Cnemyer mTOAYEpPKHYTH, HYTO
MpoOJIeMBI HOCAT HE Pa30BBIM,
Xapakrep. B YCIOBUAX SKOHOMUYECKOMN
HCCT36I/IHI)HOCTI/I JaHHBIC OrpaHUYCHUA
YCHIINBAIOTCS, TIOCKOIBKY POCT MH(IIANN CHUXKAET
TOYHOCTb  CPEIHECPOYHOTO M  JIONTOCPOYHOTO
TUTAHUPOBAHUS U TPeOYeT MOCTOSHHOTO TIepecMOoTpa
OTIEPAaLMOHHBIX TUTaHOB. Io OLIEHKaM
HammonansHoro banka Pecrmybnmukm Kazaxcran,
AHOIAIUIOHHBIE  OXHUAAHUS OW3HEcCa OCTalTCA
MOBBIIICHHBIMH, YTO YCHJIMBAET HEONPEIEICHHOCTD
npu  (QOpMHpPOBAaHMHM  JOTOBOPHBIX IIEH U
KaJICHTapHBIX TpadukoB cTpomTenbeTBa [4]. B
pe3yibTaTe OINEpaliOHHOE YIPAaBICHHE BCE Yalle
mpuoOpeTaeT  peakTHBHBIA  XapakTep,  Korga
yIpaBJIeHYECKHE PEIeHNsI TPUHUMAIOTCS yKe TTOCIIe
BO3HUKHOBCHUA OTKHOHeHHﬁ, a HE€ Ha DJTale Hux

BBIIBIICHHEIE
a CHCTEMHBIN

TIPe Ty IPEKICHSL.

B a10#i cBsI3M 0coboe 3HaueHHWe mpuodOperaet
aHamm3 KOJINYECTBEHHBIX roKasareJiei
OMEpaIMOHHOW  JEATCIBHOCTH,  IO3BOJISIOIIMH
OOBCKTHBHO  OICHHUTH  MAacIITa0bl  BIUSHHS
HECTaOMIbHOM SKOHOMHMYECKOI CpPeIbL.
CpaBHUTEIBHBIN UIaH-(paKT aHaJn3,
MpEJCTaBICHHBI B Tabmwmie 1, HarasgHO
JIEMOHCTPUPYET YCTOWYHBOE MIPEBBIIIICHHE

(aKTHYeCKNX TIOKa3aTeNneldl Haa IUIAHOBBIMH II0
CpOKaM BBITTOJTHEHUS PadoT, IPSMBIM 3aTpaTtam, J10Jie
BHEIUIAHOBBIX 3aKyNOK ¥ MPOCTOI0  TPYAOBBIX
pecypcoB. s 00BEKTUBHOM OLICHKHU
3(hhekTUBHOCTH OTIepallMOHHOTO yrpasienus B TOO
«AkOynak BOB» Obul mpoBen€H CpaBHUTEIHHBIH
aHaIM3 IUIAHOBBIX M (haKkTHYECKHMX IOKa3aTemnen
BBITIOJIHEHNSI ~ CTPOUTENHEHO-MOHTAXHBIX  PadoT.
Pesynbrarhl ananuza npencTaBieHsl B Tabnmue 1.

Tabauna 1- OTkIOHEHHS IUIAHOBBIX M (DaKTHYECKUX IMOKaszaTeled onepanuoHHOW aestenbHoctH TOO

«Axoyinak BOB»

IlokazaTens [l1anoBoe DaxTHyeCcKOe OTKIIOHEHHE

BHAYCHUE BHaYCHHUE

CpOKH BBITIOJTHEHHUS CTPOUTEIBHO-MOHTAXKHBIX padot, % 100 110-115 +10-15
[TpsMBble 3aTpaThl Ha CTPOUTENLHO-MOHTaKHBIE paboThI, %0 100 108-112 +8-12
/10151 BHETIJIAaHOBBIX 3aKyIOK MaTepHaios, % 5-7 12-15 +5-8
TIpoCTON TPYAOBBIX PECYPCOB, CMEHBI 0-1 2-3 +1-2
*[Ipumedanne: COCTaBICHO Ha OCHOBE BHyTpeHHUX AaHHBIX TOO «AxOyiak BOBy.
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Kak BugHo wu3 Ttabmuusl 1, HauOodblINE
OTKJIOHEHHsI HaOIOAI0TCA TI0 CPOKaM BBITIOTHEHHS
CTPOUTEIIEHO-MOHTAXHBIX Pa00T, 00BEMY NIPSAMBIX
3aTpaT W J0j€ BHEIJIAHOBBIX 3aKyNOK MaTepHajoB.
[lonmy4yeHHsle pe3ynbTaThl CBHUACTENBCTBYIOT O
HEIOCTaTOYHOM TMOKOCTH CYIIECTBYIOLIEH CHCTEMBI
OMEpPaTUBHOTO IUIAHUPOBAHUS U HEOOXOAUMOCTH
BHeApeHHs: ©Oosiee  3(QQEKTHBHBIX MEXaHHU3MOB
KOHTPOJSI ¥ KOOPAWHALMHM  IPOHM3BOICTBEHHBIX
MPOLIECCOB. YBEINYEHHE CPOKOB BHIITOJTHEHHS PadboT
M pOCT 3arpaT B 3HAYUTENBHON  CTENCHH
00yCIIOBJIEHBI HApYIICHUSAMH B CHCTEME CHAOXKEHHS
1 WHPIAIHOHHEIME (dakTopamMu. B cBoro odepens,
pPOCT JONMM BHEIUIAHOBBIX 3aKYNOK M IPOCTOEB
yKa3plBa€T Ha HENOCTaTO4YHyI 3(h(EeKTHBHOCTH
KOOpAWHALIMK TIPOU3BOJCTBEHHBIX TPOLECCOB H
cnalbylo MHTerpauvioo (QyHKUUH IUTaHUPOBAHUS,
cHa0XEeHUS U KOHTPOJIAL.

Takum o00pa3oM, MpeACTaBICHHBIE JaHHBIE
MO3BOJIIIOT C/AENaTh BBIBOJ O TOM, YTO OCHOBHAs
Harpyska 9KOHOMHYECKOH HEeCcTaOMIBHOCTH
TpaHc(hOpMHPYETCSI B KOHKPETHBIE OIEpalMOHHBIE
OTKJIOHEHHs 1O CpoKaM W 3arpataM. HambGombmme
pucku QOpMHPYIOTCSI B KOHTYypE CHAaO)XKEHUS W
ONEpaTUBHOTO  IUIAHUPOBAHMSA, TN  BIHSHHE

BHEIIHUX (PAKTOPOB COYETAETCS C BHYTPEHHUMH
OpraHU3allMOHHBIMU OrpaHUYCHHUSMHU. 310
0OCTOSITENBCTBO ~ MOATBEPIKIAAET HEOOXOIUMOCTD
nepexosa OT TPaJULIHMOHHBIX, ClAa00 aJanTUBHBIX
Mojnee ympaBieHHs K Oojee THOKMM U
NPOAaKTHBHBIM  MOAXOJaM B ONEPAlMOHHOM
YIpaBICHUH.

Jns  yroyOneHust aHaimM3a — 1enecooOpa3Ho
paccMOTpeTs  BIMSIHHE  MaKpOIKOHOMHYECKHX
(hakTopoB B muHamuke. B 310l cBs3m Ha pucyHke 1
IIpeICTaBICHA IUHAMUKAa WHAEKCOB LIEH Ha
cTpouTensHbIe MaTepuansl B PecrryOnmke Kazaxcran,
OTpakarollasi pOCT 3aTpPaTHOM  COCTaBJISIOLIEH
CTPOUTENILHOTO MIPOU3BOCTBA. I3MEeHEeHNE IICHOBBIX
IoKaszatejaeldl IO03BOJSIET  IPOCIEAUTh  CTEICHb
I/IH(I)J'I}IU;I/IOHHOF O IaBJICHUA B OTpacjd U 00BACHUTD
OPUYHMHBL  pocTa Ce0ECTOMMOCTH  CTPOUTENBHO-
MOHT@XHBIX paboT. PocT wuWHAEKCOB 1eH Ha
CTPOUTCIIbHBIC MAaTCpHaJibl HAINIPAMYIO BJIUACT Ha
CMETHYI0  CTOMMOCTh MPOEKTOB H  Tpeldyer
PeryJsIpHOTO MEPECMOTpa ONEPALMOHHBIX TUIaHOB. B
YCIOBUAX  (DUKCUPOBAHHBIX  KOHTPAKTOB  3TO

IIPUBOJUT K CHHKEHUIO PEHTA0EIbHOCTU IPOEKTOB U
PHCKOB

TIOBBIIICHUIO OIIE€pAIMOHHBIX JUIA

TTOIPSAHBIX OPTaHU3AIIHA.

ot w0

s Price indes. Region Kostanalshays

Pucynok 1 — JluHaMuKa MHICKCOB IIEH Ha CTPOUTENILHBIC MaTepuaisl B Pecrybnnke Kaszaxcran [1; 2]

JIOTIOMHHUTENLHOE YCIIOXKHEHUE OMEePAIMOHHOTO
VIOpaBJICHUS]  XapakTepHO  JUII  CTPOUTENHHO-
MOHT)KHBIX KOMTIaHUH, OCYIIECTBIISIOIINX
NIeATENIBHOCTh B Topoje Temupray. Bricokas
3aBHCHMOCTh T'OpPOJia OT MPOMBIIUICHHOTO IUKIa U
WHBECTUIIMOHHON AKTUBHOCTH KpPYIHBIX
npennpustuii GopMUpyeT crennuGUIecKue yCioBus
(YHKIIMOHUPOBAHUS  CTPOUTEIBHOIO  CEKTOpA.
Peanuzarus MacCIITaOHbBIX MIPOMBIIIUTCHHBIX
MPOEKTOB, BKIIOYAas CTPOMUTEIBCTBO  JUTCHHO-
MPOKATHBIX ~ KOMIUIEKCOB W MOJICPHHU3AIHIO
MPOM3BOJICTBEHHOMN HHPPACTPYKTYPHI,
CHOCOOCTBYET pOCTy CIpOca Ha CTPOUTEIbHBIC
pecypcel U pabouyro cuiry. OIHOBPEMEHHO 3TO

YCUIIUBACT KOHKYPCHIIUIO 3a MaTepuralibl n
TOAPATYUKOB, IMMOBBIIACT JIOTUCTHUCCKYIO HArpy3Ky
U YBCIIMYUBACT PUCKU cboeB B ONEpanuOHHBIX

nporieccax.
Vka3zaHable 0cOOEHHOCTH 0000IIEHEI B Ta0IHIIE
2, TOe TPEACTaBICHBI  OCHOBHBIC  (haKTOPEI

JIOKaJHHOTO BIMSHUS Ha ONEPAllMOHHOE YIIPaBIICHUE
B ropone Temupray. AHanu3 JaHHBIX (PAKTOPOB
MOKa3bIBaCT, 4YTO  pPETHOHANbHAs  CrenudpuKa
YCUJIUBAET BO3JIeHiCTBHE 00IIEHAIIMOHAIBbHBIX
SKOHOMHYECKHX PHUCKOB M TPEOYET OT CTPOUTEIHHO-
MOHTXKHBIX KOMITaHUH Ooiee BBICOKOH
aJaNTHBHOCTH yIPABICHYECKUX PEIICHHH.
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Tabauna 2 - GakTopbl JTOKaJILHOTO BIUSIHUS Ha ONIEPAlIMOHHOE yIpaBiieHue B ropoae TemupTay

®daxTop IIposiBnenue Brnusinue Ha onepaloHHOE yIpaBlieHUE
IIpombiiennas Merannyprusi, MallMHOCTPOECHNE Poct cnipoca Ha cTpoUTEIBHO-MOHTAXKHBIE
CreTHATH3aIINS paboter (CMP) u pecypcsl
MuBecTuninoHHbIe KpynHsle npoMbIIIEHHBIE CTPOUKH Poct noructuueckoit Harpy3Ku
TIPOCKTHI

Craryc MoHOTOpOa

T'ocymapcTBeHHBIE TPOTPaMMBI TIOAIECPIKKN

HecrabunpHOCTh cripoca

Prinok Tpyna

OrpaHUYeHHBIH KapOBBIN pe3epB

Pucku IMPOCTOCB U POCTA (bOHﬂa OIlIaThl
pyna (POT)

[pumMeuanue: cOCTaBICHO Ha OCHOBE HCTOUHUKOB [4][5][6]

B otMx  ycloBusSiX  COBEpILIEHCTBOBAHUE
omepaunonHoro ynpasieHuss B TOO «AxkOyinak
BOB» menecoobpa3Ho OpUEHTUPOBATH HA BHEAPEHNE

MoKasaTenell, TMpeACTaBIeHHbIX B Talnume 3,
MO3BOJIAET TOBBICUTH MPO3PAaYHOCTH YIPABICHHUS,
COKPATUTh YIIPABIEHYECKUH Jlar MEX/1Y BBISIBICHUEM

CHUCTEMHOI0 IUIaH-(aKT KOHTPOJSI IO CPOKaM M  OTKJIOHCHHUH W MNPUHATHEM  KOPPEKTHPYIOIIUX
3aTparaM, pa3BUTHE CHCTEMBI  OINCPATUBHOIO peIIeHHH ©  O0ecleduTh 0Oojiee  yCTOMYMBOE
MOHHTOpPUHTA KIFOUEBBIX MMOKa3aTele W yCcWieHWe (YHKIMOHHUPOBAaHWE  KOMIIAHUM B YCJIOBHUAX
MPOLIECCHOTO noaxona K VIIPaBICHUIO. HECTaOMIHLHOM SKOHOMUYECKOM CpEIbl.
Hcnonb3oBaHue CUCTEMBI KITFOUEBBIX ONEPALMOHHBIX
Ta6umumna 3 - OCHOBHEIC TIOKA3aTENX OIICPAIIHOHHOTO YIIPABIICHHS IJIsl CTPOUTEIIEHO-MOHTAKHOM KOMITAHUH

ITokazatens DKOHOMUYECKHUH CMBICIT

Otkionenne cpokoB BeimosnHeHuss CMP | KoHTpois KaJICHAPHBIX PUCKOB W COONIOmEHUS rpauKoB

CTPOUTEIBCTBA

OTkiI0HCHKE (PAaKTUYCCKUX 3aTPaT KoHTpoib ce0ecTOMMOCTH CTPOUTEIHLHO-MOHTAXKHBIX paboT

Jlo7s1 BHETIIIaHOBBIX 3aKyIIOK OreHKa Ka9ecTBa ONEPATUBHOTO M PECYPCHOTO TUIAHUPOBAHMUS
Koaddunuent npocroes Orenka 3 PEKTUBHOCTH HCTIOJIb30BAHUS TPYIOBBIX

U MaTEPUATBHBIX PECYPCOB
CkopocTb YIpaBIeHIECKON XapakTepucTHKa aJalTHBHOCTHY OTIEPAIIMOHHOTO YIIPABICHHS
peakun
Poct wWHOEKCOB 1eH Ha  CTPOUTEIBHBIE 3aBUCUMOCTb OT HPOMBIIUIEHHOTO IUKIAa U

MaTepuayibl  HampsMyl0 BIHUSET Ha CMETHYI0 HWHBECTUUHWOHHOMN AKTUBHOCTH KPYIHBIX
CTOMMOCTh ~ CTPOUTEIHHO-MOHTQXXHBIX pa0OT ©  MPEATPUATHIA Peanuzanus MacITaOHBIX

TpeOyeT PEryJisspHOrO IMEPecCMOTpa OICPAIMOHHBIX
iaHoB. B ycnoBusix (QUKCHPOBAaHHBIX KOHTPAKTOB
3TO TMPUBOAMT K CHIDKCHHIO PEHTA0CIbHOCTH
MIPOEKTOB U MOBLIIICHUIO ONEPAIUOHHBIX PUCKOB.

Jnst CTPOUTETHLHO-MOHTAKHBIX KOMITaHHH,
paboraromux B ropojae Temupray, TOTOTHUTEIHHBIM
(hakTOpOM HECTaOWIILHOCTH BBICTYIIAET BBICOKAsS

MIPOMBIIIJICHHBIX POEKTOB, BKJIIOYasi CTPOUTEIHCTBO
JTUTEHHO-TIPOKATHBIX KOMIUIEKCOB U MOJICPHU3AIHIO
NPOU3BOJCTBEHHON HWH(PACTPYKTYpHI, (OpMUPYET
MOBBIICHHBIH CHOPOC Ha CTPOHUTENBHBIE PECYPCHl H
pabodyro CHIy, YTO YCHWJIMBAET KOHKYPEHIHIO 3a
MaTepuaibl ¥ noapsaadukoB (PucyHok 2).

PI/IcyHOK 2 — TunoBast MMPOU3BOACTBEHHAA CPpE/ia CTPOUTECILHO-MOHTAXKHBIX pa60T
B IIPOMBIIIIJIIECHHOM PETHUOHE
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B kawyecTBe mpaKTHYECKOTO HHCTPyMEHTa
MOBBIIEHUS  A(PQPEKTUBHOCTH  ONEPAIOHHOTO
YOpaBIeHUS TMpeIiaracTcs BHEIPCHUE CHCTEMBI
KITFOUEBBIX OTepaIOHHBIX MoKa3aTeleH,
OpHEHTHPOBAHHON Ha KOHTPOJb CPOKOB, 3aTpar U
pecypcoB.

Takum 00pa3oM, BKIIIOUEHHE CTaTUCTHYECKHX
JAHHBIX, TAaONMYHOTO aHajW3a W BHU3YaIbHBIX
WHCTPYMEHTOB MOATBEP)KIAET, YTO IKOHOMHYECKAS
HECTaOMIILHOCTD TPaHC(POPMHUPYETCSI B KOHKPETHBIE
ONEpalMOHHBIE OTKJIOHEHUS 10 CPOKaM, 3aTpaTaMm U
ucnojp3oBanuio pecypcoB. Jiast TOO «AxOyiak
BOB» mnpHOpUTETHBIM HaNpaBICHUEM SBISIETCA
MEPEXO0]I OT PEAKTUBHOIO YIIPABIEHUS K CHCTEMHOMY
OTIepAIMIOHHOMY KOHTPOJII0, OCHOBAaHHOMY Ha TIJIaH-
dakt  aHanM3e, UUPPOBU3AIMH W ydeTe
peruoHansHON cneuuduku ropoga Temuptay. D10
MO3BOJISIET HE TOJBKO CHIKATh TEKyIINE M3AEPIKKH,

HO W  (QOpMHPOBaTH  yCTOWYHMBYIO  MOJEIb
YIIpaBICHU CTPOMUTEIBLHO-MOHTaKHON
JESTEIbHOCTBI0O B YCIIOBHAX  HECTaOMIBHOMN

IKOHOMHYECKOIi cpensl [6, 7, 8, 9, 10, 11, 12].

BBIBO/IbI

IIpoBeaeHHOE HCCIEAOBAHNUE TOATBEPIUIIO, YTO
OIEpaIiOHHOE YIPABICHUE SBISCTCA OJHUM U3
KITFOUEBBIX  (DAaKTOPOB  YCTOMYMBOTO  Pa3BUTHUS
CTPOUTEIHLHO-MOHTAKHOW KOMIIAHUM B YCIOBHUAX
SKOHOMHYECKOH HecTabuibHOCcTH. Ha mpumepe TOO
«AxbOymak  bOB» ycraHOBIEHO, YTO OCHOBHBIC
OTrpaHUYCHHSI ONEPAIMOHHOTO YIPABJICHUS CBSI3aHbBI
C pOCTOM IIEH Ha CTPOUTEIBHBIE MaTepHabI,
OTKIIOHCHHAMHU (DaKTUYECKHX CPOKOB M 3aTpaT OT
IJIAHOBBIX ITOKa3aTejeh, a TakKKe HEIOCTaTOYHOM
HMHTETPaIMeH IPOIECCOB IIAaHUPOBAHUS M KOHTPOJIS.
Hcnonp3oBanne OQUIMATBHBIX ~ CTATUCTUYECKUX
JMaHHBIX W TPAKTHYECKOTO MaTepuana KOMIIaHUU
MO3BOJINJIO 000CHOBATh HEOOXOIUMOCTh IIEpexoa K
Ooee  TMOKMM W aJalTUBHBIM  MOJIEISAM
oreparioHHOro yrpasieHusi. COBEpIIEHCTBOBAHNE
CHCTEMBI 1aH-(paKT aHau3a, pa3BUTHE
MIPOIIECCHOTO TOJIX0/Ia U MPUMEHEHUE HHCTPYMEHTOB
OIIEPaTHBHOTO MOHHUTOPHUHTA CO3JIAIOT YCIIOBHS IS

CHWIKCHHSA H3ACPIKCK, IMOBBINICHUA YIPABIACMOCTU
IIPOEKTOB 51 obecrnieueHus YCTOMYHUBOCTH
CTPOUTENLHO-MOHTAXXHOH KOMIIAHMH B YCIOBHUAX
HECTAOMIILHOM YKOHOMHYECKOH CpeIbl.

Aemopckuii eéxnad (maxconomusa CRediT):
b.C. UOpaeB: KoHIENTyalIu3aIusl HCCIECIOBAHUS,

pa3paboTka METO/I0JIOTHH, PYKOBOJCTBO
UCCIICIOBAHUEM, AHAIU3 PE3yJbTAaTOB, IOATOTOBKA
[IEPBOHAYAJIBHOTO  BapuaHTa pykomucH. M.M.
TartueBa: cOop U aHATU3 CTATUCTUYECKUX JAHHBIX,
npoBeneHHe IUIaH-(QakT aHauu3a, HCCIeI0BaHUE
JIesATeIbHOCTH MIpepUATHS, BU3yaIH3aIys
pesynbratoB. A.C. IlerpoBckasi: ¢dopMabHBIH

aHAIIN3, MHTEPIIPETAIHS PE3YIbTaTOB UCCIEOBAHNUS,
pa3paboTKa TPaKTHYECKHX pPEKOMEHAAUWH 10
COBEpIIIEHCTBOBAHHIO OINEPALMOHHOTO YNPaBJICHHUS,
MMOATOTOBKA OTAEIBHBIX pasnenoB pykomucu. A.C.
Axmaran0eTroBa: aHaJdM3 HAy4YHOW JHUTEpATypHl,
BaJMJALUs PE3yJIbTaTOB HCCIEIOBAHUSA, HAy4yHOE
pENaKTHpPOBaHWE W  KPUTHYECKUI  TEPECMOTP
coaepxanus cratbu. A.K. Hypranuesa: nposepka
JOCTOBEPHOCTH JAaHHBIX, OQOpPMIICHHE PYKOIHCH,
pEeleH3UpOBaHNEe ¥ TOATOTOBKA OKOHYATEIHHOW
BEpCUH CTaThbW. Bce aBTOpbl O03HAKOMIINCH C
OKOHYATEeNLHON Bepcued cTaTtbu, omo0pwin e€ K
NyONMKamuk W HECYT  OTBETCTBEHHOCTh  3a
JIOCTOBEPHOCTD TIPEJICTABIEHHBIX PE3yIbTATOB.

QDunancuposanue. ViccineoBaHUE BBIIOJHEHO
0e3 mpuBJICYCHHsI BHEITHETO (PMHAHCHUPOBAHHUSL.

bnazooapnocmu. ABTOpHI BBIpaXKaroT
0J1aroapHOCTh PYKOBOZACTBY U crenuanucram TOO
«AxkOynak BOB» 3a mpemocTaBieHHBIE MaTEepHAbI,
HEOOXOIUMBIE [T IPOBEACHUS HCCIEIOBAHUS.

ABTOpckoe mpaBo © 2026 npuHALIEKUT
aBTopy(am). JlaHHas cTaTbd pacHpocTpaHseTcs Ha
YCIIOBUSIX OTKPBITOTO [JOCTYNa B COOTBETCTBUHU C
munensueit  Creative  Commons  Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0).
Jluuensus paspemiaer CBOOOJHOE HCIOJIB30BAaHMUE,
pacmnpocTpaHeHue M BOCIPOW3BEACHUE B JIIOOOH
dbopMe TpH YCIOBHUM 00S3aTEIBLHOTO YKa3aHUs
ABTOPCTBAa W COXPaHEHHUS TOW K€ JHICH3WH s
MTPOU3BOHBIX MaTEPUATIOB.

CIIMCOK JIMTEPATYPBI
[1] Bropo HannoHambHOM crarucTuku Pecmy6nuku Kasaxcran, O ebinonnenuu cmpoumensuvlx pabom u 6600¢ 6
axcnyamayuro 0bvekmos 6 sineape—geepane 2025 cooa. Acrana, Kazaxcran, 2025. [DnekrpoHHbid pecypc]. Pexim
nocrtyma: https://stat.gov.kz/ru/ (nara obpamenus: 22.07.2026).
[2] Bropo HammonansHo# cratucTiku Pecryonuku Kazaxcran, Hugaayus ¢ Pecnyonuxe Kazaxcman. CoyuanvHo-
akonomuueckue noxasamenu 2025 coda. Actana, Kazaxcran, 2025. [OnexrpoHHblii pecypc]. Pexum pocrymna:

https://stat.gov.kz/ru/ (nata obpamienus: 22.07.2026).

[3] Haumownameuseii bauk PecnyOnuku Kaszaxcran, O0630p uH@rayuonnvix meHOeHYu u UHGIAYUOHHBIX
oorcudanull busneca u HacereHus. AHamuTHYeCKHid otdyeT. Acrana, Kaszaxcran, 2025. [DnexTpoHHEI pecypc]. Pexum
nocryma: https://nationalbank.kz/ru/news/ (nata o6parenus: 22.07.2026).

[4] MununcrepcrBo HanoHaNBHOM sKoHOMUKH Pecty6uku Kazaxcran, ['ocyoapcmeennas npoepamma pazeumus
peauonos Pecnybnuxu Kazaxcman. [DnextponHsiit pecypc]. Pexum moctyma: https://adilet.zan.kz/rus/docs/ (mata

obpamenwns: 22.07.2026).

102


https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://stat.gov.kz/ru/
https://stat.gov.kz/ru/
https://nationalbank.kz/ru/news/
https://adilet.zan.kz/rus/docs/

Becmuux Kapazcanournckozo eocyoapemeennozo undycmpuanvioeo yHueepcumema. Nel(52), 2026e.

[5] Axkumar Kaparanguuckoit obmact, CoyuanrsHo-skoHOMUYecKoe —pazgumue 2opoda  Temupmay:
cmamucmuyeckuli U anarumudeckuii 0630p. Kaparanma, Kaszaxcran. [OnexTponHslii pecypc]. Pexxum nocryma:
https://etemirtau.kz/news/city/ (nata obpamuenus: 22.07.2026).

[6] Bropo HaumoHanpHO# cratuctuku PecmyGunuku Kazaxctadn, OcHoSHble —COYUATbHO-IKOHOMUYECKUE
nokazamenu Kapazanounckoui obnacmu. Acrana, Kazaxcran. [OnekTpoHHbIH pecypc]. Pexum pocryma:
https://stat.gov.kz/ru/ (mata obpamienus: 22.07.2026).

[7] OECD, Productivity in Construction and Infrastructure. Paris, France: OECD Publishing, 2024. [Online].
Available: https://lwww.oecd.org/. Accessed: Jul. 22, 2026.

[8] N. Slack, A. Brandon-Jones, and N. Burgess, Operations Management, 11th ed. Harlow, U.K.: Pearson, 2023.

[9] J. Heizer, B. Render, and C. Munson, Operations Management: Sustainability and Supply Chain Management,
14th ed. Harlow, U.K.: Pearson, 2023.

[10] TocynapctBennas 6a3a nanubix Pecriybnuku Kasaxcran, Ceedenusi o pecucmpayuu u desmenvrnocmu TOO
«Axbynax BOBy. [Dnextpounsbiii pecype]. Pexxum gocrymna: https://ba.prg.kz/ (nata obpamenus: 22.07.2026).

[11] Y. Li, J. Wang, and X. Chen, “Digital transformation of construction project operations under economic
uncertainty,” Journal of Construction Engineering and Management, vol. 150, no. 4, Art. no. 04024018, 2024.

[12] H. Zhang, Y. Liu, and J. Kim, “Operational resilience and supply chain management in construction projects
during economic disruption,” International Journal of Project Management, vol. 43, no. 2, Art. no. 102673, 2025.

REFERENCES

[1] Bureau of National Statistics of the Republic of Kazakhstan, O vypolnenii stroitel'nykh rabot i vvode v
ekspluatatsiyu ob"ektov v yanvare—fevrale 2025 goda [On construction work performed and commissioning of facilities
in January—February 2025]. Astana, Kazakhstan, 2025. [Online]. Available: https://stat.gov.kz/ru/. Accessed: Jul. 22,
2026.

[2] Bureau of National Statistics of the Republic of Kazakhstan, Inflyatsiya v Respublike Kazakhstan. Sotsial'no-
ekonomicheskie pokazateli 2025 goda [Inflation in the Republic of Kazakhstan. Socio-economic indicators for 2025].
Astana, Kazakhstan, 2025. [Online]. Available: https://stat.gov.kz/ru/. Accessed: Jul. 22, 2026.

[3] National Bank of the Republic of Kazakhstan, Obzor inflyatsionnykh tendentsiy i inflyatsionnykh ozhidaniy
biznesa i naseleniya [Review of inflation trends and inflation expectations of businesses and households]. Analytical
Report, Astana, Kazakhstan, 2025. [Online]. Available: https://nationalbank.kz/ru/news/. Accessed: Jul. 22, 2026.

[4] Ministry of National Economy of the Republic of Kazakhstan, Gosudarstvennaya programma razvitiya
regionov Respubliki Kazakhstan [State Program for Regional Development of the Republic of Kazakhstan]. [Online].
Available: https://adilet.zan.kz/rus/docs/. Accessed: Jul. 22, 2026.

[5] Akimat of Karaganda Region, Sotsial'no-ekonomicheskoe razvitie goroda Temirtau: statisticheskiy i
analiticheskiy obzor [Socio-economic development of Temirtau: Statistical and analytical review]. Karaganda,
Kazakhstan. [Online]. Available: https://etemirtau.kz/news/city/. Accessed: Jul. 22, 2026.

[6] Bureau of National Statistics of the Republic of Kazakhstan, Osnovnye sotsial'no-ekonomicheskie pokazateli
Karagandinskoy oblasti [Key socio-economic indicators of Karaganda Region]. Astana, Kazakhstan. [Online].
Available: https://stat.gov.kz/ru/. Accessed: Jul. 22, 2026.

[7] OECD, Productivity in Construction and Infrastructure. Paris, France: OECD Publishing, 2024. [Online].
Available: https://lwww.oecd.org/. Accessed: Jul. 22, 2026.

[8] N. Slack, A. Brandon-Jones, and N. Burgess, Operations Management, 11th ed. Harlow, U.K.: Pearson, 2023.

[9] J.Heizer, B. Render, and C. Munson, Operations Management: Sustainability and Supply Chain Management,
14th ed. Harlow, U.K.: Pearson, 2023.

[10] State Database of the Republic of Kazakhstan, Svedeniya o registratsii i deyatel'nosti TOO «Akbulak BOV»
[Registration information and business profile of LLP "Akbulak BOV"]. [Online]. Available: https://ba.prg.kz/. Accessed:
Jul. 22, 2026.

[11] Y. Li, J. Wang, and X. Chen, “Digital transformation of construction project operations under economic
uncertainty,” Journal of Construction Engineering and Management, vol. 150, no. 4, Art. no. 04024018, 2024.

[12] H. Zhang, Y. Liu, and J. Kim, “Operational resilience and supply chain management in construction projects
during economic disruption,” International Journal of Project Management, vol. 43, no. 2, Art. no. 102673, 2025.

103


https://etemirtau.kz/news/city/
https://stat.gov.kz/ru/
https://www.oecd.org/
https://ba.prg.kz/
https://stat.gov.kz/ru/
https://stat.gov.kz/ru/
https://nationalbank.kz/ru/news/
https://adilet.zan.kz/rus/docs/
https://etemirtau.kz/news/city/
https://stat.gov.kz/ru/
https://www.oecd.org/
https://ba.prg.kz/

Becmuux Kapazcanournckozo eocyoapemeennozo undycmpuanvioeo yHueepcumema. Nel(52), 2026e.

IKOHOMMKA. OBIIEOBPA30OBATEJ/IBHBIE, COLHUAJIBHO-T'YMAHUTAPHBIE U
OYHIAMEHTAJIBHBIE TUCIIUITJINHbI

DOI: https:/mmww.doi.org/10.53002/126

MODERN CHALLENGES AND DIRECTIONS FOR OPTIMIZING THE LEGAL
SUPPORT OF CORPORATE GOVERNANCE IN THE MEDICAL SECTOR

TAityshev N.B., Kakenov M.A., ‘Tatieva M.M., '1Akmaganbetova A.S., 2Nurgaliyeva A.K.

!Karaganda Industrial University, Temirtau, Kazakhstan
2Temirtau Higher Polytechnic College, Temirtau, Kazakhstan
* Corresponding author email: n.ajtyshev@tttu.edu.kz

Author information:

N.B. Aityshev -Karaganda Industrial University, Temirtau, Kazakhstan. E-mail: n.ajtyshev@tttu.edu.kz

M.A. Kakenov - Karaganda Industrial University, Temirtau, Kazakhstan.

M.M. Tatieva - Karaganda Industrial University, Temirtau, Kazakhstan. E-mail: m.tatiyeva@tttu.edu.kz
Akmaganbetova A.S. - Karaganda Industrial University, Temirtau, Kazakhstan. E-mail: a.akmaganbetova@tttu.edu.kz
Nurgaliyeva A.K. - Temirtau Higher Polytechnic College, Temirtau, Kazakhstan. E-mail: assel_n80@inbox.ru

Abstract. The article examines the modern challenges of legal support of corporate governance in the medical sector of
the Republic of Kazakhstan on the example of quasi-public sector organizations. The relevance of the study is due to the
increasing complexity of the institutional environment, increased requirements for transparency and accountability, as
well as the need to improve the efficiency of public health organizations. Based on the analysis of internal regulatory
documents, protocols, and decisions of the Supervisory Board, systemic problems of legal regulation have been identified,
including the fragmentation of the regulatory framework, insufficient integration of a risk-based approach and conflicts in
the field of anti-corruption compliance. The directions of optimizing the legal support of corporate governance aimed at
increasing the stability and manageability of medical organizations are substantiated.
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Anoamna. Makanasia KBa3UMEMIICKETTIK CEKTOp YIbIMAapbIHBIH MblcaibiHna Kazakcran PeciryOiiiKkachIHBIH MeIMIIHA
CEKTOPBIH/IAFBl KOPHOPATUBTIK Oackapybl KYKBIKTBIK KAMTaMachl3 €Ty/AIH 3aMaHayH ChIH-KaTepiepi KapacThIpbLIapbl.
3epTTeyniH ©3eKTUNri WHCTHTYIHOHAIIBIK OPTAHBIH KYpACJCHYiHE, AaIIbIKTBIK IICH ECENTLUTIKKe KONBUIATHIH
TaJllanTapAblH KYLICIOiHEe, COHIal-aKk MEMJICKETTIK MEIUNMHANBIK YHbIMIap KbI3METIHIH THIMAUICIH apTThIpY
Ka)KeTTiJIriHe OaiaanbIcThl. [1IKi HOpMATHBTIK Ky>KaTTapbl, bakpluiay keHeciHIH XaTTaManapbl MEH IIemiMIepiH Taiaay
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Heri3iH/e HOPMATHBTIK Oa3aHbIH OOJIIEKTEHYiH, ToyeKenre OarJapiiaHFaH TOCUIAIH JKETKUIIKCI3 MHTErpaLUsIChIH JKOHE
chI0aiiac )KeMKOPIIBIKKA KapChl KOMITIAGHC CAJIAChIH IaFbl KAWIIBIIBIKTAP bl KOCA aIFaH/a, KYKBIKTBIK PETTeY IiH JKyHei
Mocesenepl aHbIKTaAbl. MenuunHaNbIK YHBIMAAPIBIH TYPaKThUIBIFBI MEH OacKapbUIybIH apTThIPyFa OarbITTasFaH
KOpHOPATHBTIK OacKapy bl KYKBIKTBIK KAMTAMAaChI3 €Tyl OHTalIaHABIPY OaFbITTaphl HETi3/IeNTeH.

Tyitin ce30ep: KOpIOpaTUBTIK OacKapy, NCHCAYJBIK CaKTay, MEIUIMHAIBIK CEKTOp, KYKBIKTBIK KaMTaMachl3 €Ty,
Bakpuiay keHeci, KOMIUTaeHC, iIIKi ayIuT, Toyekenaepai 6ackapy, KBa3HMEMIIEKETTiK CEKTOP, THIMILTIK.
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Annomayusn. B cratbe paccMaTpHUBaIOTCsl COBPEMEHHBIE BBI30BBI IPABOBOT0 00ECIIeUeHHsI KOPIIOPATUBHOTO YIIPaBICHUS
B MEIUIMHCKOM cekrtope PecnyOmmkm KaszaxcraH Ha mnpuMmepe oOpraHm3alyii KBa3WTOCYIapCTBEHHOTO CEKTOpA.
AKXTyalbHOCTh HCCIICIOBaHHSI OOYCIIOBIICHA YCJIO)KHEHHEM HHCTHTYIHOHAIBHOW Cpebl, yCWICHHEM TpPeOOBaHHH K
MPO3PAaYHOCTH M TOAOTYETHOCTH, a TaKXK€ HEOOXOJUMOCTBIO IOBBIMIEHUS J(PQPEKTUBHOCTH JEATEIBHOCTH
roCyJapCTBEHHBIX MEIWLIMHCKUX opraHusanuid. Ha ocHOBe aHanusa BHYTPEHHHX HOPMATHBHBIX JOKYMEHTOB,
MIPOTOKONIOB ¥ pemeHnii HaOmoaaTtenbHOro coBeTa BBIABICHBI CHCTEMHBIE NMPOOJIEMBI NPABOBOTO PETYJIMPOBAHMS,
BKIIO4Yast ()parMEHTApHOCTh HOPMAaTHBHOHN 0a3bl, HEJOCTATOYHYIO HMHTETPAIMIO PHCK-OPUEHTHPOBAHHOTO MOJAXOJAa U
KOJUIM3uM B cdepe aHTUKOPPYNUHOHHOTO KoMIiutaeHca. OOOCHOBaHBI HaNpaBICHHS ONTHMH3ALUK IPABOBOTO
obecrieueHHs: KOPHOPAaTHBHOTO YIPABJCHUS, HANpaBJICHHbIC Ha IOBBIIICHUE YCTOHYMBOCTH W YIIPaBISEMOCTH
MEIUIMHCKUX OpraHu3aluil.

Kniouegvie cnosa: KopnopaTHBHOE YIpaBIEHHE, 3APABOOXpPAHEHHE, MEAMIHUHCKUI CeKTop, MpaBoBOE oOecHeyeHue,
HabnronaTenbHbl COBET, KOMIUIACHC, BHYTPEHHMH ayIWT, YIpaBICHHE PUCKAMH, KBAa3HUTOCYAAapCTBEHHBIN CEKTOD,
3¢ PEKTHBHOCTS.

OCHOBHBIE NOJIOKEHU A pacmpeznenieHusl TONHOMOYHA MEXIy OpraHamu
CoBpeMEHHOE KOpPIOPATUBHOE YIPABICHHE B  KOPIIOPATHBHOTO  YIIPABJIEHUS. [Ipenoxxenst
MEAUIUHCKOM CEKTOpe TpeOyeT  mpaKkTHYECKHe HarpaBlICHUS ONTUMH3ALUU
COBEPIEHCTBOBAHUS IIPAaBOBOTO 00ECHEYEHUs] C  MPaBOBOTO obecredeHust KOPIIOPaTUBHOTO
Y4eTOM NPHUHIMIOB MIPO3PAvYHOCTH, OAOTYETHOCTH,  YIIPABJICHHMS, BKJTIOYAIOIINE rapMOHHU3ALHIO
PHCK-OPUEHTHPOBAHHOTO yTIpaBJICHUS U BHYTPEHHMX  HOPMATUBHBIX  JIOKYMEHTOB  C
AHTUKOPPYILIMOHHOTO KOMILJIaeHCa. Ananus  edCTBYIOIINM 3aKOHOZATEJIbCTBOM,
JeSITeNbHOCTH OpraHu3alliii  WHCTUTYLHOHAIBHOE yKpeIuieHHe ¢byHKUMH
KBa3UI'OCYJlapCTBEHHOTO  CeKTopa  PecrnyOmukm  BHyTpeHHEro ayaura H KOMIUIAHCA, a TaKKe
KazaxcTan BBIBHJI HAJIMYME CHUCTEMHBIX NPOOJIEM, HOPMATUBHOE 3aKpeIuICHIe pHCK-

CBSA3aHHBIX C (PparMeHTapHOCTHIO HOPMATHBHOU
0a3bl, HENOCTATOYHON WHTETpanueli MEeXaHU3MOB
YIIpaBJICHUS pUCKaMHU U HECOBEPIIIEHCTBOM

OPHEHTHPOBAHHOI'O IIOAXOAa Kak O00s3aTelIbHOrO
JJIEMEHTA CTPaTErMueCcKOro YIpaBJICHUS.
[Tomyuennsie pe3yNbTaThl MOTYT OBITDH
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WCTIONIb30BaHbl TIPH COBEPIICHCTBOBAHUHM CHUCTEMBI
KOPIIOPaTUBHOTO  YIPABJICHHUS TOCYAapCTBEHHBIX
MEIUIIMHCKUX  OpraHm3aluii W pa3paboTke
BHYTPEHHUX HOPMAaTUBHBIX JIOKYMEHTOB
OpraHu3aInil KBa3UTOCYIapCTBEHHOTO CEKTOPA.
BBEJEHUE
3Tan  Pa3BUTHA
PecniyOnuku

CoBpeMeHHBII
3JIpaBOOXPaHCHHUS Kazaxcran
XapaKTepu3yeTcs YCIIO)KHEHHUEM
WHCTUTYIIMOHAILHON Cpelbl, POCTOM TpeOOBaHUN K
MPO3PAaYHOCTH ¥  TOJOTYETHOCTH JESTEIIbHOCTH
rOCY/IapCTBEHHBIX MEIMIIMHCKUAX OpraHu3anuii, a
TaKK€  YCWICHHEM  POJM  KOPIIOPATUBHOIO
yopaBieHUsT B 00€CleYeHWH YCTOMYMBOCTH W
apdexTuBHOCTH WX  QyHKIMOHMpoBaHUsA  [1].

CHCTCMBEI

Ocobyto 3HAYUMOCTH TAaHHBIC BOIIPOCHI
MPHOOPETAOT JUTSE OpraHu3anun
KBa3UTOCYJapCTBEHHOTO CEeKTOpa,

OCYIIECTBIISIONINX COIMATFHO 3HAYNMBbIe (DYHKITHH B
cthepe CaHUTAPHO-3TTH/IEMHOJIOTHIECKOM
0e30IacHOCTH U OXPAaHbI 3/IOPOBhs HaceneHus [5]. B
STOW CBS3M  aKTyalIM3UPYeTCs HEOOXOIUMOCTh
aHaJiu3a  JICUCTBYIOIIEH  CHUCTEMBI  MPABOBOTO
obecriedeHns1 KOPIOPATUBHOTO  YIIPABICHUS U
OTIpefieNieH!s] HANpaBleHWH €€ ONTHMH3alNN C
YYE€TOM peaNbHOI yIpaBleHUYECKOH mpakTuku [2].
Llenbro TaHHOTO UCCIICIOBAHUS SBIISCTCS BBISBICHUC
OTIPECIISIONTIX MTPABOBBIX BBI30BOB
KOPIIOPAaTUBHOTO  YMIPABI€HHS B METUIITHCKOM
CeKTope ®  pa3paboTka  HampaBIeHHH  €ro
coBepieHcTBoBaHUsT Ha mipumepe PITI na IIXB
«HarmoHanpHeIN HEHTP IKCIEPTU3LD [6].

MATEPHUAJIbBI U METO/IbI
HNCCIIEAOBAHUSA

MeToI0TOTHYECKYI0O OCHOBY — WCCII€IOBaHUS
(hOpMUPYIOT MHCTUTYIIMOHAIBHBIH W CHCTEMHBIN
MTOJIXOJIBI, TIO3BOJISIONIHE paccMmarpuBaTh
KOPIIOPaTHBHOE  yTpaBICHHE B  MEIUIIMHCKOM
CEeKTOpe KaK COBOKYITHOCTh B3aMMOCBSI3aHHBIX
MPABOBBIX HOPM, YIIPABIEHYECKHMX WHCTHTYTOB W
MPAKTUK 170'¢ peanuzanuu B YCIIOBHUSIX
KBa3UTOCYJapCTBEHHOTO ceKTopa [1].
WHCTUTYIIMOHANBHBI ~ HOAXOJ  OPUMEHEH s
aHamm3a ponun u ¢yskmmid  HabmogaremsHOTO
COBeTa, WCTIOTHUTEIHHOTO oprana u
KOHTPOJIBHBIX ~ TOJPA3/CJCHU B  KOHTEKCTE
JEHCTBYIONIETO 3aKOHOJATEILCTBA U (HOPMaIbHBIX
MpaBWJI KOPIIOPATUBHOTO YIPAaBIEHHS, TOTAa Kak

CUCTEMHBI MOAXOH OO€eCIedYns KOMINIEKCHOE
paccMOTpeHHE MIPaBOBOTO oOecrieueHust
KOPIIOPATUBHBIX ~ TPOIIECCOB  BO  B3aWMOCBS3U

CTPaTETMYECKUX, KOHTPOJBHBIX U OIECPAIMOHHBIX
3JIEMEHTOB YIIPaBICHHUS.

B pamkax wuccieqoBaHMA — MCIIOJIB30BaHbI
METOABI MPAaBOBOTO aHAIM3a M TOJKOBAHUS HOPM
3akoHOZAarenbcTBa PecnyOnmmkn Kazaxcran, drto
MTO3BOJIMJIO BBISIBUTH COOTBETCTBHE M PACXOXKIACHUS
MEXITy TpeOOBaHMAMH ITyOJMYHOTO TMpaBa U
BHYTPEHHUMH HOPMAaTHBHBIMA aKTaM{ OPTaHU3aIAN
[3]. Meron KOHTEHT-aHanNM3a MPUMEHSJICS MpH
W3yYeHUH BHYTPEHHHX JOKYMEHTOB M IIPOTOKOJIOB
3acemanmnii HabmiomarenpbHOTO coBeTa C  IENBIO

BEISIBIIGHHUS ~ TIOBTOPSIONIUXCSA  YIIPABIEHYECKUX
mpo0seM, 0a30BBIX TEMATHISCKUX OJIOKOB ITOBECTOK
3acelaHUii W XapakTepPHBIX  YIPaBJICHYSCKUX
petieHuit [6-9]. CpaBHUTENBHBII aHaJIu3

UCTIONB30BaH Ul COIOCTAaBJICHUS HAlMOHAIBHOM
IPAaKTUKA  KOPIOPATUBHOIO  YyNpPAaBICHHUA B
MEIUIMHCKOM  CEKTOpE €  MEXIYHapOIHBIMU
PEKOMEHJAMAMHI ¥ MPUHIHIIAMU KOPIIOPATUBHOIO
yHpaBIeHUs FOCYIapCTBEHHBIX NpeanpusaTuil [1].

DOMIUpUIECKON bazoit HCCIIEOBAHMS
MOCTYKMIM BHYTPEHHHE HOPMATHBHBIE TOKYMEHTBI
PI'TI na IIXB

«HanyoHaneHBIA HEHTP SKCTIEPTU3BI», BKITIOYAs

KJaccu(uKaTop BHYTPEHHHX HOPMAaTUBHBIX
JIOKyMEHTOB, TONokeHusT o HabOmogaTensHoM
COBETE © €ro cekperape, IUIaHBI pabOTHI

HaGmogaTensHOro coBera, a TakKe MPOTOKOIBI U
peuienust ero 3acenanuii 3a 2022-2023 roxsr [6-9].
VYka3aHHbIE MaTepUAIbl  OTPAXKAKT  PEaTbHYIO
MPAKTHKY (YHKITMOHUPOBAHUS OpraHoB
KOPIIOPATHBHOTO YIPABIEHHS U TIO3BOJISIFOT OIIEHUTD
cTeneHb (hopMaTH3aNY YIIPABIEHIECKHAX MPOIEAYD,
pacnpesiesiecHHe  IOJIHOMOYMM W (DaKTUYECKYIO
Harpy3Ky Ha OpraHbl YIPaBICHUSI.

KomriekcHbl aHaau3 JIaHHBIX HCTOYHHUKOB
MTO3BOJIMII HE TOJIBKO OIEHUTH YPOBEHb HOPMaTHBHON
perIamMeHTalid KOPHOPAaTUBHBIX MPOIENyp, HO H
BBISIBUTh YCTONYMBEIC MPAKTUYCCKUE MPOOJIEMBI MX
MPUMEHEHUS, CBS3aHHBIE C (ParMEHTAPHOCTHIO
MIPaBOBOTO peryIupoBaHus, OTpaHUYEHHON
() PEeKTHBHOCTBIO KOHTPOJBHBIX MEXaHH3MOB U
HEJI0CTaTOYHOM HHTErpanuen pHCK-
OPUEHTUPOBAHHOTO TIOAXO0Jla B YIPABICHYCCKHE
pemienus [3]. Dto obecreymsio 0OOCHOBAaHHOCTH
BEIBOJIOB WICCIIETOBAHUS u MTO3BOJIHIIO
cthopmynmpoBath MIPaKTHKO-OPHUEHTHPOBAHHEIE
HampaBJeHUS]  COBEPIICHCTBOBAHHUSA  IPABOBOTO
oOecrieueHHsT KOPIOPAaTHBHOTO  YIPABICHUS B
MEUIIMHCKOM CEKTOPE.

PE3YJBTATHI U OBCYXJIEHUE
[IpoBencHHBIN aHAIN3 TTPABOBOTO 0OCCIICUCHUS
KOPIIOPAaTHBHOTO YIIPAaBIIEHUS TIOKa3al, dYTO B
MEIMIIMHCKOM cekTope PecmyOmukn Kazaxcran
chopmupoBaHa MHOT'OypOBHEBas cucreMa
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BHYTPEHHHUX HOPMaTHUBHBIX JIOKYMEHTOB,
perIaMeHTHPYIOIINX JEeSITENFHOCTD OpTraHoB
VIOpaBICHUS, KOHTPOJBHBIX M KOHCYJIBTATHBHBIX
crpykryp [4]. [anmHas cucrema OXBaThIBacT
CTpaTernyeckoe MIaHUPOBaHKE, BHYTPEHHHUI ayIuT,
yOpaBleHHEe  pPUCKaMH, KaJpPOBYIO  IOJIUTHKY,
AHTUKOPPYIILIMOHHBIN KOMILJIa€HC U
WHPOPMAITMOHHYIO OTKPBITOCTh, YTO B IEJIIOM
COOTBETCTBYET 0a30BBIM IIPUHIUIIAM
KOPIIOPaTUBHOTO  YNPAaBJIEHUS TOCYJapCTBEHHBIX
npennpuarui [1].

3HaYUMBIM 2JIEMEHTOM IIPABOBOTO 00ECTICYECHUS
KOPIIOPaTUBHOTO yIpaBlICHUS SIBIISIETCS
KJ1accu(puKaTop BHYTPEHHHUX HOPMAaTUBHBIX
JIOKYMEHTOB, KOTOPBIH yCTaHABIMBAET HEPAPXUIO
YIpaBICHYECKUX aKTOB U PACTIPEICIISIeT IIOJTHOMOYHS
MEXIy  YNOJHOMOYEHHBIM  TOCYJapCTBEHHBIM
OpraHom, HabmonaTensHbIM COBETOM u
HCTIOJTHUTEILHBIM OpranoM [6]. ®opMansHO JaHHAsS
MOJIeTh obecrnieunBaeT WHCTHUTYIIHOHAIBHYIO
MOJIOTYETHOCTh PYKOBOJICTBA MPEANPHUATHS, OTHAKO
MpakTUKa TOPUMEHEHUS  IOKa3bIBaeT  HaJM4YUC
Pa3pbIBOB MEXTy HOPMATHBHBIM PEryIHUPOBaHUEM H
(hakTryeckol ympaBiieHYeCKolH 3()PEKTHBHOCTHIO
[7]1.

OnHuM U3 HanboJee CyNECTBEHHBIX BBI30BOB
SIBIISIETCS (hparmMeHTapHOCTH IIPaBOBOTO
perynmupoBaHus (GYHKIWHA  aHTHKOPPYIIIHOHHOTO
KOMIUTa€HCA W  BHYTpPEHHero KoHTpoms  [3].
Marepuanel 3acemannii HaOmromatenbHOTO coBerta
(UKCHPYIOT ~ KOJUTM3UM  MEXAY BHYTPEHHHMHU
MOJIOKECHUSAMH ~ TIPEANPUATHST W TpeOOBaHUSAMH
3akoHa PecriyOviku Kazaxcrtaun «O
MPOTUBOICHCTBUH KOPPYIILIAI B Y4acTH
HE3aBUCHMOCTH U TOAOTYETHOCTH KOMILIacHC-
ciayx0b1 [3]. B uacTHOCTH, MPOTOKON 3aceaaHus
Hao6mogatensHoro coBera ot 09 mexadps 2022 rona
MOTBEPKJAET HECOOTBETCTBHE CTAaTyCa KOMILIAEHC-
CITYKOBI YCTaHOBJICHHBIM 3aKOHOAATENIbHBIM
TpeOOBaHMUAM, YTO yKa3blBaeT HA HEOOXOAMMOCTH
CHCTEMHON TapMOHHU3aIlMM BHYTPEHHHUX aKTOB C
HOpMaMu ITyOJIMYHOTO TpaBa [8].

CyH.[CCTBeHHBIM OrpaHU4YCHUCM OCTacTCA
HCO0CTAaTO4YHAA HUHTCTpanuns PHUCK-
OPUCHTUPOBAHHOT'O nmoaxoaa B CUCTCMY

KopropatuBHoro ympasinenust [2]. Hecmotps Ha
YTBEPKJICHUE KapT PUCKOB U TUIAHOB Pa0OTHI

CITy’)kObl BHYTPEHHETO ayJIMTa, BBISIBICHHBIC PUCKH
3a4acTyl0 paccMarpuBaroTcs (OpMaNTbHO W HE

TPaHCHOPMHPYIOTCS B CTpaTEeTHYECKUE
ynpaeieHdeckne pemerus [6]. DTo  CHIKaeT
MIPEBEHTHBHBIN NOTEHLIUAI KOPIIOPaTUBHOIO
yOpaBIE€HUs] W OrPAaHMYMBAET  BO3MOXKHOCTH

CBOEBPEMEHHOTO pearupoBaHusi Ha (UHAHCOBBIC,
OTIEpallMOHHBIE W PEMyTallMOHHBIE YTPO3bI, YTO

MPOTUBOPEYHUT COBPEMEHHBIM  MEXyHAPOTHBIM
MoIXoJaM K YIOPaBICHUIO TOCYJapPCTBEHHBIMU
npennpustusamu [1].

JIOTIOTHUTENBHEIM BBI30BOM SIBIISIETCS BBICOKAS
omepanyioHHass Harpy3ka Ha HaOmomatensHbIN
coBeT. AHaJIN3 MPOTOKOJIOB 3acenanuii 3a 2022 rox
ITOKA3BIBAET, YTO 3HAYUTEILHAS JACTEH IIOBECTKH JTHS
MOCBSINIEHA TEKYIIUM WU KaJPOBBIM BOIPOCAM, YTO
OOBEKTUBHO OTPaHMYMBAET CTPATETHYECKYI0 U
KOHTPOJIBHYIO pOJb JaHHOTO opraa [8; 9].
[lomoOHass cuTyanuss BO MHOIOM OOYCJIOBJICHA
HEIOCTATOYHOM HOPMAaTHUBHOU JeTau3alen

pasrpaHUYeHHs]  CTpaTerM4eCKMX H  TEeKyIIuX
MOJTHOMOYMI MEX]Ty OpraHaMH yrpasieHus [4].

C y4eTOM BBISIBIICHHBIX npo0ieM
NPEICTABISIETCS 000CHOBaHHBIM BBIJICIIUTD
HaIpaBJIeHUs ONTHMHU3ALUU MIPaBOBOTO
oOecneyeHus KOPIIOPaTHBHOTO yIpaBJIeHUs,
BKJIIOYAIOLIHE rapMOHHU3ALHIO BHYTPEHHHUX

HOPMAaTHUBHBIX JOKYMCHTOB C OTpacCJICBbIM u
AHTUKOPPYIIIMOHHBIM 3aKOHOJAaTeNbCTBOM [3; 5],
WHCTUTYIIMOHABHOE YKpEIUIEHHEe HEe3aBUCUMOCTH
(GyHKIMI BHYTPEHHETo ay/uTa U KomiuiaeHca [4], a
TaKxe HOpMaTHUBHOE 3aKpernsieHne pHUCK-
OpMEHTHPOBAHHOTO TOAXO0Na Kak 00s3aTelbHOTO
JIEMEHTa CTPAaTeTHYecKOT0 H  OIEPaIOHHOTO
ynpaeneHust [1]. JlomomHutensHO 1eIecooOpa3Ho
nepepacnpeaeauTb KOMIETEHIIMN MeXy OpraHaMu
YOpaBIeHHUS] C IENbI0 CHIDKEHHS OIEparMOHHON
Harpy3ku Ha HaOmiomaTenbHBIN COBET M YCHIICHHS
ero crpareruuecko pomu [7]. IlomydenHsie
pe3ynbTaThl  COTJIACYIOTCSI C  COBPEMEHHBIMH
HCCIIEIOBAHMSIME, COTIIACHO KOTOPHIM 3 dekTrBHOE
KOpIIOpPaTHBHOE yIpaBJcHHUE MEIUIIMHCKUAX
OpraHu3allvii OCHOBBIBAETCS Ha MPO3PAYHOI CUCTEME
MOIOTYETHOCTH, YETKOM pacnpeneneHIn
MOJTHOMOYHY OPraHOB YIIPABICHUS W WHTETPAIAU
MEXaHU3MOB KOHTPOJIS U yrpaBieHus puckamu [10,
11].

BBIBOJbI

[IpoBeneHHOE WCCIEIOBaHUE MOKA3bIBAET, YTO
cUcTeMa TMPaBOBOrO 00ECIIEYEHUS] KOPIOPATHBHOTO
yIpaBJIeHUs] B MEAULIUHCKOM cekTope PecmyOmuku
KazaxcraH B 11eioM cpOpMUpPOBaHA 1 COOTBETCTBYET
0a30BbIM  TpeOOBaHHSIM 3aKOHOAATeabcTBA  [4].
Bmecte ¢ Tem ee mpakTH4YecKas pean3alus
COIIPOBOKAACTCS HHCTUTYIUOHATEHBIMA u
MPaBOBBIMH BBI30BaMH, CBSI3aHHBIMH c
(b parMeHTapHOCTHIO peryJIupoBaHus,
HEOCTATOYHOM 3PENOCThIO PUCK-OPHEHTHPOBAHHBIX
MEXaHU3MOB " neperpy>keHHOCTHIO
HabnronaTenbHOro coBeTa TEKYIIUMH BOIPOCAMH
[6;8;9]. OnTumuszamuss mPaBOBOro OOECTIEYECHHUS
KOPIIOPATUBHOTO  YNpaBlieHHS  JIOJDKHA  OBIThH

107



Becmuux Kapazcanournckozo eocyoapemeennozo undycmpuanvioeo yHueepcumema. Nel(52), 2026e.

HampaBlieHa Ha [OBBIIICHHE COTJIACOBAHHOCTHU
BHYTPEHHHMX HOPMATHBHBIX AaKTOB, YCHIJICHHE
HE3aBHCHUMBIX KOHTPOJIBHBIX (DYHKIIUHA M pPa3BUTHC
CTPATETUYECKON POJM OPraHOB KOPIOPATUBHOTO
yrnpaBiieHusl. Peanuzanus yka3aHHbIX HalpaBiCHUN
MTO3BOJIUT TIOBBICUTH MPO3PAYHOCTh, MTOAOTIETHOCTh
U YCTOMYHMBOCTH TOCYJAPCTBEHHBIX MEIULIMHCKHUX
opraHmaum‘ZI, BBITIOJIHAOIINX OCHOBHBIC ®YHKHHH B
cUcTeMe CaHUTAPHO-3ITHIEMHOJIOT TIECKOM
0e30IacHOCTH.
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Abstract. The article is devoted to the analysis and improvement of organizational and managerial mechanisms for dealing
with problematic debts of individuals in commercial banks in the context of growing retail lending and increasing debt
burden of the population. The article examines current trends in the quality of retail loan portfolios and their impact on
the financial stability of banks. The practical part of the study is based on an analysis of the activities of ForteBank JSC,
with an emphasis on the dynamics of key loan portfolio quality indicators, the results of recovery of distressed assets, as
well as the use of debt restructuring and government refinancing tools. The results obtained indicate a decrease in the share
of credit-impaired loans against the background of steady growth in retail lending and a steady excess of actual
foreclosures over planned targets. It is proved that the integrated application of risk-oriented, organizational and digital
solutions makes it possible to increase the effectiveness of working with problem debts, balance the interests of the bank
and borrowers, and strengthen the financial stability of commercial banks in an unstable economic environment.
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Anoamna. Maxana XaJbIKTBIH O6JILEK KPEAUTTEYIiH ©cyi >KoHe OOpBINITHIK >KYKTEMEHIH apTybl >KaraalblHIa
KOMMEPLUSIIBIK OaHKTEp/e JKeKe TYJIFajap/blH MpoOieMablK OepemeriMeH KYMBbIC iCTey/iH YHBIMIACThIPYIIBUIBIK-
0acKapyLIBUIBIK TETIKTEPIiH TaJlayFa jKOHE JKeTLIipyre apHajiFaH. besmex KpenuTTik nmopTdenbaepaiH canachbiHbIH
e3repyiHJeri Ka3ipri 3aMaHFbl YpicTep JKoHE OJIapAbIH OaHKTEP.IiH Kap>KbUIBIK TYPaKTHUIBIFbIHA 9CEPi KapacThIPBUIA/IBL.
3eprreyain npakTukaiblk Oenimi «ForteBank» AK KpI3MeTiH Tannayra Heri3zeireH, MyHAa Kapbi3 HOpPTQENiHiH
CaTIaChIHBIH HETi3T1 KOPCeTKIMTEePiHiH JMHAMUKACHIHA, TIPOOIEMAITBIK aKTUBTEPAl OHAIPIN aTy HOTHXKENepiHe, COHAAN-
aK KapbI3ZapAbl KaiTa KYpbUIBIMIAy JKOHE MEMIICKETTIK KaWTa Kap)KbLUIaHABIPY KypalJapblH KojjaHyra Oaca Hazap
ayZzapbUIaabl. AJIBIHFAH HOTIDKeIep OeIIeK KpeAUTTeyAiH TYPaKThl 6Cyi aschlHIa KPEIUTTIK KYHCBI3AaHFaH Kapbl3aap
YJIeciHiH TOMEHICTEHIH JKOHE OHIIIPIIT aTyAbIH HAKTHI KOJIeMICPiHiH KOCHapisl KOPCETKIMTEPACH TYPAKTHI TYPE aChIII
OTHIpFaHBIH KepceTeni. Toyekenre OarmapiaHfaH, YHBIMIACTHIPYIIBUIBIK JKOHE HMAQPIBIK TISIIiMAEPIi KeIeHai TYpae
KOJIJaHy TMPoOJeMalbIK OepemiekneH KYMBIC iCTeYIiH HOTIDKENIIIriH apTThIpyFa, 0aHK IEeH Kapbl3 alylIbUIapIbIH
MY/IeJIEpiH TEHECTIpYre >KoHe SKOHOMHMKAIBIK OPTAaHBIH TYPAKCBI3JBIFbI KarIaiblHIa KOMMEPUMSIBIK OaHKTEPAiH
Kap>KbUIBIK TYPAKTHUIBIFBIH HBIFAWTYFA BIKIAJ €TETIHI HETi3 eI

Tyitin ce30ep: mpoOiieMaNbIK Oepeliek. JKEeKe TYJIFaiap. KOMMEPHUSUIBIK OaHKTEep. OOJIIeK KPEeIUTTey. KPETUTTIK
noptgelss canackl. KPEeAUTTIK Toyekelep. OepeleKkTi oHAIpiln any. Kapbl3gapAbl KaiiTa KypbUIBIMAAY. MEMIICKETTIK
KaiTa KapKbUIaHbIPY. OaHKTEPIiH KAP)KbUIBIK TYPaKTHUIBIFBI.
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Annomayus. CraThs NMOCBSLICHA aHAIN3Y M COBEPLICHCTBOBAHHUIO OPraHH3AILIMOHHO-YIPABICHYECKHX MEXaHH3MOB
paboThl ¢ TpoOIEMHON 3a0JKCHHOCTRIO (DM3MYECKUX JIMI[ B KOMMEPUYECKHX OaHKaX B YCIOBHAX POCTa PO3HHMYHOTO
KPEAWTOBAHMS U MOBBIICHUS JOJITOBOI Harpy3KH HaceJeHHus. PaccMaTpuBaloTcs COBpeMEHHBIE TEHACHINH H3MEHEHUS
KauecTBa PO3HUYHBIX KPEOUTHBIX HOpTdeneid W nx BiIMsAHHE HA (HMHAHCOBYIO YCTOHMYHMBOCTH GaHKOB. IIpakTHyeckas
9acTh MCCIICIOBaHMS OCHOBaHa Ha aHamusze aesreipHoctH AO «ForteBank» ¢ akieHTOM Ha IMHAMUKY KIFOYEBBIX
HoKas3arteyieldl KauecTBa CCyIHOTO MOpTdess, pe3yIbTaThl B3bICKaHHs NPOOJIEMHBIX aKTHBOB, a TAK)XKE HCIOJIB30BaHUE
HHCTPYMEHTOB PECTPYKTYPHU3AIMH U TOCYAaPCTBEHHOTO pePUHAHCHPOBAHUS 33/10JXKEHHOCTH. [loJTyueHHbIE pe3yibTaThl
CBUJICTENILCTBYIOT O CHIDKCHHHU [IOJU KPEAUTHO-OOCCICHCHHBIX 3aiiMOB Ha (JOHE YCTOMYMBOIO pPOCTa POIHHUYHOTO
KpE€AUTOBAHUA U CTa6I/IJ'lI)HOFO IMPCBLIICHUA q)aKTI/I‘IeCKI/IX 00BbEMOB B3BICKAHUS HaJ IINIAHOBBIMHM ITIOKa3aTCIISIMHU.
OO0O0CHOBaHO, YTO KOMIUIEKCHOE IIPUMEHEHHE PUCK-OPHEHTHPOBAHHBIX, OPraHM3alMOHHBIX U IHU(PPOBBIX pPELICHUN
H03BOJIACT HOBBICUTH PE3yJIbTaTUBHOCTH PAOOTHI C MPOOIEMHOM 3a10JKEHHOCTBIO, COaTaHCHPOBATh HHTEPECH! OaHKa U
3aeMILUKOB U CIIOCOOCTBYET YKPEIUICHUIO (GHHAHCOBOH YCTOWYHMBOCTH KOMMEPUECKUX OAHKOB B YCIIOBHAX HECTAOMIBHOM
9KOHOMHUYECKOM CPEIpbl.

Knroueswie crosa: npodneMHast 3aJ0JDKCHHOCTb. (PU3UYECKHE JIUIA. KOMMEPYECKHe OaHKH. PO3HUYHOE KPEeIUTOBAHHE.
KAueCTBO KPEIUTHOTO MOPTQENs. KpPEIUTHbIE PUCKH. B3BICKAHHE 3aI0JDKCHHOCTH. PECTPYKTypH3alHs 3aiMOB.
roCcylIapCTBEHHOE pe(HHAHCHPOBaHHE. (PHHAHCOBAS YCTOHYMBOCTH OAHKOB.
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OCHOBHBIE NOJIOKEHUS

[IpoBenen aHau3 COBPEMEHHBIX
OpTaHU3aIMOHHO-YTIPABICHUECKUX MEXaHH3MOB
paboThI c IPOOIeMHON 3a10JDKCHHOCTEIO
¢dusuveckux Ml B KOMMEPUYECKHMX  OaHKax
PecnyOomukn  KasaxcTtaH B yCHOBHAX — pocTa
PO3HUYHOTO KPEJUTOBAHUS M MOBBIIICHHS JTOJITOBON
HArpy3KH HacelleHHs. BBIoNIHEHa KOMIUIEKCHAs
OLICHKA JMHAMHKH KauecTBa KPEAUTHOTO MOPThEs
AO  «ForteBank» 3a 2022-2024 rompl ¢
WCTIOJIb30BaHIEM nokazareneu KpEIUTHO-
0OCCIICHCHHBIX 3aiiMOB, YPOBHS PE3CPBHPOBAHUS,
00BEMOB B3BICKaHUS MTPOOJIEMHON 33]I0JDKEHHOCTH U
pe3yIbTaTOB peanu3anuu porpaMm
pedunancupoBanus. (OOOCHOBAaHBI MPAKTUYCCKUEC
PEKOMEHIAIUN 110 COBEPIICHCTBOBAHUIO CHCTEMBI
YIpaBJICHUS poOIeMHON 3aJJ0JPKEHHOCTEBIO,
OCHOBaHHBIE Ha PHUCK-OPUCHTUPOBAHHOM TOXO/IE,
pasBUTHH OpraHU3aIMOHHBIX MEXaHH3MOB,
U POBU3AINT TPOIIECCOB B3bICKaHUS 17§
pacmMpeHnd WHCTPYMEHTOB —PECTPYKTYpH3AIINH,
HaTpaBJICHHBIC HA  TOBBINICHHE  (UHAHCOBOM
YCTOWYMBOCTH KOMMEPYECKUX OAHKOB.

BBEJAEHUE

B  ycnoBusx  ycToiuMBOro - paciimpeHus
PO3HUYHOIO KPEIUTOBAHHUS, COIIPOBOXKIAIOIIETOCs
POCTOM J10JIT'OBOM HArpy3KU HACEJIEHUs], YIIPABICHUE
NpoOJeMHON 3a0KEHHOCTBIO (PU3UUECKUX  JIHIL
npuobperaeT CTaTyc OJHOTO W3 IMPHOPUTETHBIX
HaIpaBIeHUH COBPEMEHHOTO 0aHKOBCKOTO
MeHexMeHTa [1], [2].

Ycunenne NOTPEOUTENBCKOTO M HIOTEYHOI'O
KpeIUTOBaHUs, C OJHOW CTOPOHBI, CHOCOOCTBYET
POCTY JOXOTHOCTH OaHKOB, C JPyrod — IOBBIIIAET
YyBCTBUTEJIBHOCTh  KPEAUTHBIX  MOpTdeneil K
MaKpOIKOHOMHYECKUM  KOJEeOaHUsM, CHIKEHHUIO
TIATeXKECIIOCOOHOCTH  3a€MIMUKOB U POCTY
KPEAUTHBIX PUCKOB [7].

B TaKuX YCIIOBHUSX MIPOCPOUYCHHAS
3aJI0JPKEHHOCTDh CTaHOBHTCS KITFOYEBBIM (HaKTOPOM,
OKa3bIBAIOIIMM MpPSIMOE BJIMSHUE Ha KadecTBO
KpeautHOro moptdens, o0veM (GopMHpyEeMbIX
MPOBU3UM, BETMUMHY YUCTOM MPHUOBLIH, MTOKa3aTeNln
JIOCTATOYHOCTH KamuTajia H, B Ooliee IIMPOKOM
KOHTEKCTe, Ha  (MHAHCOBYIO  yCTOMYHBOCTH
0aHKOBCKOW CHUCTEMBI B 1IeyioM [1].

Oco0yI0 aKTyalbHOCTh JaHHas MpoOJeMaTHKa
mpuoOperaer uIE  0aHKOB  BTOPOTO  YPOBHS,
OPUECHTUPOBAaHHBIX Ha MACCOBBIH  PO3HUYHBIN
CerMEHT, Te JaXe HEe3HAUUTENbHOE YyXYyIUICHHE
IUIATEeKHOW ~ TUCLUIUIMHBI MOXET TPUBECTH K
CYIIECTBEHHOMY POCTY MPOOIEMHBIX aKTHBOB [2].

B 371061 CBsA3M BO3pacTaeT pojb CUCTEMHOIO H
PUCK-OPHEHTHPOBAHHOTO IOAXO0Ja K YIMPaBIECHUIO

npoOJeMHON  3a0DKEHHOCTBIO,  BKIIIOYAIOIIETO
PaHHIOID  AWATHOCTHUKY  KPEOUTHBIX  PHCKOB,
MPUMEHEHUE WHCTPYMEHTOB PECTPYKTYypHU3allUH, a
Takke JI(PQPEKTUBHBIE MEXaHW3MBI  B3BICKAHUS
3amomkeHHoctH [7], [8].

Hay4Ho-mipakTiyueckyo 3HaYUMOCTh B JaHHOM
KOHTEKCTEe MpPEJACTaBIAeT aHaJu3 JeATeIbHOCTU
KOHKPETHBIX KOMMEPUYECKUX 0aHKOB,
JIEMOHCTPHPYIOIINX CIIOCOOHOCTH aJallTHPOBATHCA K
yKa3aHHBIM BbI30BaM U (OPMHUPOBATh yCTOMUYHMBBHIE
MOJIETH YIPaBIEHUS KPEAUTHBIMU puckami [3], [4].

W3ydenne mpakTHUECKOTO OMBITa TAKUX OaHKOB
MO3BOJIIET HE TONBKO BBIABUTH OA((PEKTHBHEIC
yIpaBieHUYecKue pemieHust B cdepe paboThl C
POOJIEMHOM 3a10/KEHHOCTBIO, HO ¥ CHOPMHPOBATH
000CHOBaHHBIE PEKOMEH AN JUTST
COBEPILEHCTBOBAHUSI OAaHKOBCKOH MpPakTUKH B
YCJIOBUSIX HECTAOWIIBHON SKOHOMUYEeCKOU cpeapl [1],
[2].

Hayunasn HOBU3HA. Hayunas HOBH3HA

HUCCICOOBAHUA 3aKJIIIOYACTCA B KOMIIJICKCHOM OLICHKE
OpraHnU3allUOHHO-YIIPAaBJICHYCCKUX MCXaHU3MOB

paboThl ¢ TPOOJEMHON  3aI0DKCHHOCTHIO
(U3NYECKUX JIMI] HA OCHOBE aHAIU3a MPAKTUYCCKOM

neareapHoct AO «ForteBank». B ornuume ot

CYIIECTBYIOIINX HCCIIE0BAHNM, OCHOBHOE
BHMMAHUE YACICHO B3aUMOCBS3U MEKIY TUHAMUKOU
Ka4yecTBa KpEIUTHOTO noptdens,
pPEe3yNbTaTUBHOCTBIO  B3BICKAHUS  MPOOJIEMHOM
3a/10JKEHHOCTH, MPUMEHEHUEM MEXaHU3MOB
pECTpYKTypHU3aluu u rOCyJIapCTBEHHOTO

peduHaHCHpOBaHMS, a TaKke WX BIHSIHHEM Ha
(PMHAHCOBYIO YCTOMYMBOCTh KOMMEPUYECKOrO OaHKa.
Ha ocHOBe MOJyYeHHBIX PE3yJIbTaTOB Pa3padOTaHBI

MPAKTHUYCCKHUC PEKOMEHAAINN oo
COBCPUICHCTBOBAHUIO CUCTEMBI yHpaBJICHUA
HpO6HeMHOI>'I 3aJO0JDKCHHOCTBIO B YCIIOBUAX

nugpoBU3anud 0aHKOBCKOHM ACSITEILHOCTH U POCTa
KPEIUTHBIX PUCKOB.

Hccneoosamenwvckuii npoden. Hecmotps Ha
3HAYUTEIBHOE KOJITYECTBO HCCIIeJOBaHMUH,
TOCBSIIIICHHBIX YIIPABICHUIO KPEIUTHBIMH PHCKAMH 1
NpoOJeMHOM 33/I0JKEHHOCTBIO, OOJBIIMHCTBO W3

HHUX paccMaTpuBaeT HPEUMYIIIECTBEHHO
MakpodKOHOMHYEeCKHe (HaKkTOpbl  (HOPMHUPOBaHUS
HepaOoTaoIMX  KPeaguToB  JuOO  OTAEIbHBIE

¢uHaHcoBble NOKa3arenu OaHkoB. HemocraTouHo
W3yYEHHBIMH OCTAIOTCSl BOIPOCHl KOMIIJIEKCHOM

OLIEHKU OpTraHHU3aLMOHHO-YIIPABIEHYECKIX
MEXaHHU3MOB paboThl c npoOsIeMHON
3aJJ0JKEHHOCTBIO Ha YpOBHE OTIENbHBIX

KoMMepuecknx OankoB PecmyOmmkum Kazaxcran,
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BKIIIOYAss ~ B3aWMOCBS3b  MEXJIy  KauecTBOM
KPEIUTHOTO noptderns, 3 (HEeKTUBHOCTHIO
B3BICKAHUS, WHCTPYMEHTAMH PECTPYKTypU3alUU U
rOCy/IapCTBEeHHBIMH porpaMMaMu

pedunancupoBanus. Kpome TOro, OrpaHudeHHOE
BHUMaHHUE yJensercs pa3paboTKe MPUKIAJHBIX

pEKOMEHJIAlMil, HaNpaBICHHBIX Ha TMOBBILICHUE
3G PEKTHBHOCTH YIIpaBJICHUS poGIeMHOM
3aJI0JUKEHHOCTBI0 B COBPEMEHHBIX  YCIIOBHSX

upoBoit TpaHchopManui GaHKOBCKOTO CEKTOPA.

MATEPUAJIBI U METObI

MarepuanbHoit Oaszoi HUCCIIeIOBaHUSI
nocnykuii rogoseie otueTel AO «ForteBank» 3a
2023 wu 2024 romwl, CcoAEpXKAIIWE CBEACHHUS O
CTPYKTYpE PO3HUYHOTO KPEIUTHOrO TMOPTQEs,
YpPOBHE  TPOCPOYCHHOH  3aJOJDKEHHOCTH |
MIPUMEHSIEMBIX WHCTPYMEHTaX yIpaBiIeHUS
KpenuTHeIME puckamu [3], [4].

B nccnenoBaHny UCIIONBE30BaHBI MOJIOKEHUS 110
pabote ¢ TpOOJIEMHBIMH 3aliMaMU B PO3HHYHOM
kpeautoBanuu ot 8 pespans 2010 roxa, a Taxxke 1Mo
KOPIIOPaTHBHOMY KpPEIUTOBAHUIO H MallOMy U
cpennemy OmsHecy or 30 sHBaps 2012 rona,
pETJIaMEHTHPYIONIUE TMPOUEAYPHl  B3BICKAHUS U
PEeCTPYKTYpHU3aLUU 33aI0JKEHHOCTH [5], [6].

OMITUPUYECKYI0 OCHOBY COCTaBWJIM JJaHHBIE
rogoBbix otyetoB AO «ForteBank» 3a 2023 u 2024
TOJIbI, OTpaXKarollUe IOKa3aTelid  paboThl ¢
mpoOJIEeMHOW  33JI0JDKEHHOCTBI0O M KadecTBa
kpeautHoro moptdens [3], [4].

MeTOONOTHYeCKH  NMPUMEHSUINCh  aHAJIH3
BHYTPEHHHUX  HOPMATHUBHBIX  JIOKYMCHTOB U
COTIOCTABIIEHWE  IUIAHOBBIX W (DaKTUIECKHX
rmokKasareyieid,  4TO  TO3BOJHJIO  OOOCHOBATh
HEOOXOJUMOCTh OIIEHKA HE TOJBKO OOBEMOB
B3BICKAHWSA, HO W [MHAMHUKH KadeCTBEHHBIX
rmapaMeTpoB KpeauTHoro noptdens [2], [7].

PE3YJIbTATHBI U OBCYKJIEHUE

B kadecTtBe 00BEKTa MNPHUKIAJAHOTO aHAIH3a
B HACTOAIIEM HCCIICIOBAHHM PAaCCMaTPHBACTCS
AO «ForteBank», sBnstroreecst OTHUM U3 3HAYUMBIX
YYaCTHUKOB ()UHAHCOBOH cucTeMbl PecmyOmuku
Kazaxcran [3], [4].

bank  npenocraBiser
(bMHAHCOBBIX ycIyr U
ajanTupyeTcss K  HU3MEHECHUSIM
BHYTPEHHEH  Cpenbl,  BHEAPSs
yIpaBieHYecKue penieHns [3].

B 2023 rogy AO «ForteBank» mpomomkun
paboTy 1O YIYYINICHHWIO KadecTBa TEKYILEro
ccyaHoro noptdens, a Takke Mo TpaHchopManr B
JUKBUIHBIC aKTHBEI baHka HepaOOTarOIUX aKTHBOB
noptdenss  Heritage, Bkirouatomero B cebs

IAPOKUM  CIEKTp
MOCJIEI0BATEIBHO
BHEIIHEH U
uuppoBble U

MpoOJieMHBIE 3aiiMbI, KOTOpble Tepenuy k Forte or
AO «Anbsac bank» u AO «TemipOank».

PasBuras peruoHanbHas ceTb u
chopMHpOBaHHAsE  SKOCHCTEMa  OOCITY)KUBaHHS
00€CIeYnBaIOT YCTOHYNBBIC PHIHOYHBIC MO3UIMU U
CTaOMJIBHYIO KITMEHTCKYIO 0a3y [4].

Pesynbratel aHanuza rofoBbIX oT4eTOB AQO
«ForteBank» 3a 2023 u 2024 ro/ibl CBHICTEIBCTBYIOT
00 yCTOWYMBOM pPOCT€ PO3HUYHOTO KPEIUTHOTO
noptdenst mpud OJHOBPEMEHHOM CHIDKEHHM [JOJIH
KpEeIUTOB C Mmpocpoukoil cBeime 90 gHe#l, urto
yKa3plBaeT Ha TMOBBIIIEHHE PE3yJIbTaTUBHOCTH
NPUMEHSIEMBIX  OPraHU3alHOHHO-YIPABICHYECKUX
MEXaHU3MOB M 3(PQPEKTUBHOCTH CUCTEMBI DHUCK-
MenemxmenTa banka [1], [2], [3].

[Mpaktuueckass  pabota ¢ TIPOOJIEMHOM
3aJJ0JPKEHHOCTBIO OCYIIECTBIISICTCS B COOTBETCTBUU C
BHYTPEHHUMH HOPMAaTUBHBIMH JJOKyMeHTamu baHka,
pErIaMeHTHPYIOMIMMHI TPOLENyphl B3bICKAHUS |
PECTPYKTYpH3aIK 005M3aTeNbCTB 3aeMITUKOB [5],
[6].

D¢ hekTUBHOCTh MPUMEHSIEMBIX WHCTPYMEHTOB
HNOATBEp)KAAeTC  (PaKTHUIECKUMHU  pe3yJbTaTaMU
nestenbHocTH banka. Tak, o00beM IoraiieHus
npobaeMHo# 3agomkeHHocTH B 2024 Tomy cocTaBu
21,3 Mapa TeHre mpH IJIAaHOBOM Mokasartene 15,7

MIIpA TEHre, 4TO CBHUIETENICTBYET 0
[IEPEBBIIIOTHEHNN YCTaHOBJICHHBIX LIEJIEBBIX
OpHEHTHpOB. B  1menom cymmapHblii  00beM

B3BICKaHHS TIPOOJIEMHON 33JI0JDKEHHOCTH 33 TIEPHOJT
2014-2024 romo goctur 421 miupa TEHre, YTO
OTpPaXKaeT HAKOIUICHHBIH MPAKTHYCCKUHA  OMBIT
ForteBank u ycroiiunBocTh peanusyeMoit Moaenu
yrpaBieHus IpoOIeMHBIMU aKTHBaMHU. BMecTte ¢ Tem
Uit Oonee TIIyOOKOM ¥ OOBEKTHBHOW OIEHKU
pe3yIbTATUBHOCTH JTAHHBIX YIPaBICHUYCCKUX
pellleHn HEJIOCTATOYHO aHANIN3a TOJIBKO UTOTOBBIX
nokaszareneld  B3bICKaHHSA, 4YTO OOYCJIOBIHMBaET
HE00X0IUMOCTh oOpateHus K JTUHAMUKE
KaueCTBEHHBIX MMApaMETPOB KPEAUTHOIO MOPTQes
[31, [4].

B oToif CBA3M NS KOMIUIEKCHOM OLEHKU
PE3yIBTaTUBHOCTH YIpaBIICHHSI KPETUTHBIM
noprdesaeM u npolIeMHON 3a10/DKeHHOCThI0 B AO
«ForteBank» menecoobpa3sHo MpoaHATU3UPOBATH
JUHAMUKY  OCHOBHBIX  TOKa3aTeled  KadecTBa
ccyaHoro moptdens B paspese 2022-2024 ronos.
[IpencraBieHHbIC TaHHBIC B TA0JIUIIE

1 MO3BOJSIOT MPOCNEANTL B3aUMOCBSI3b MEKIY
POCTOM O0BEMOB KPEIUTOBAHUS, M3MCHEHUEM JIOJIH

KpEIUTHO-00ECIIEHEHHBIX ~ 3aiMOB M  YPOBHEM
pe3epBUpPOBaHNS, 4TO SIBIISIETCS BaKHBIM
WHAUKATOPOM  3(QQEKTHUBHOCTH  HPUMEHSIEMBIX

OpPraHu3alMOHHO-YIIPABJICHUYCCKUX MECXaHN3MOB.
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Ta6auua 1 - [lunaMuka KadecTBa ccyqHoro noprdens AO «ForteBank»

TTokasareins 1 suaBaps 2022 1 suBaps 2023 1 suBaps 2024
Ccynubliii moptdenb, Map/ TCHIe 847,1 1238,6 1467,8
KpennTHO-00eCIIeHCHHBIEC 3aliMBI, 111,6 107,9 97,2
MJIPJ] TEHT'e
Jomns KPEIUTHO-00ECIICHEHHBIX 13,2% 8,7% 6,6%
3aiIMOB B CCyJHOM TOpTdeie
IIpoBu3un o CCYIHOMY 38,2 65,1 90,3
nmopThero, MIPT TEHTe
TTokpeiTHE MPOBH3HSMH 45% 5,3% 6,1%
KPEIUTHOTO TOPTQhENS

AHanu3  OUHAMHKH ~ KadecTBa  CCYIOHOTO IPHUMEHEHHUS Mep ToCyIapCcTBEHHOW moanepxku [1],

nopTdens MoKa3bIBaeT CHIKEHHE JOIH KpeAWTHO-
00ECLICHEHHBIX 3aiiIMOB M POCT YPOBHS HOKPBITHA
npoBu3usMH  Ha (oHe yBennueHHs 0O0BEMOB
KpPEIUTOBAHMUSI, YTO CBHUJIETEIBCTBYET 00 yCHUIICHUH
PHUCK-OpPUEHTUPOBAHHOTO TMOAXOAa M TOBBILICHUH
KadecTBa OIeHKH 3aemMimukoB [1], [2], [7].

B ycnoBusix peanusanuM TOCYAapCTBEHHOMN
MOJUTUKA TI0 CHWKEHHUIO JOJTOBOH HArpy3KH
HaceleHHs  oco0oe  3HaueHWe  IpuodperaeT
WCTIONIb30BaHAE MEXaHH3MOB pePUHAHCHPOBAHUSI
npoOJeMHOW  3aJ0JDKEHHOCTH,  3()()EKTUBHOCTD
KOTOPBIX MO TBEPKIAeTCS COKpalleHHEM
COBOKYIIHOTO 00BbEMa OCHOBHOTO J0jra Iocie

Tab6auna 2 - B3sickaHue mpoOIeMHON 3a10/DKEHHOCTH

[2], [9], [10], [11], [12], [13].

s OlleHKHM TPaKTHYeCKOW pe3yIhbTaTUBHOCTU
CHCTEMBI YIIPABJIEHHUS pPOoOJIEMHOM
3a/I0JDKEHHOCTBIO B AO «ForteBank»
1eecoo0pa3Ho  MpoaHaTW3UPOBaTh COOTHOIICHHE
IIJTAaHOBBIX U Q)aKTH‘IeCKI/IX MoKa3aTeJied B3LICKAHUS
npoOJeMHBIX  akTUBOB. JlaHHBIe TaOMUIBEI 2
OTPaXarOT JAWHAMUKY BBHITIONTHEHUS YCTaHOBJICHHBIX
IIEJIEBBIX OPHEHTHUPOB TIO B3BICKAHUIO MPOOIEMHON
3am0pKkeHHOCTH 3a 2022-2024 ronmbl U TO3BOJISIOT
oxapakTepu3oBath 3()(HEKTUBHOCTH HPUMEHSIEMBIX
OpraHu3aIOHHO-YTIPaBIEHYECKUX HHCTPYMEHTOB.

Tlepuon Ilnan, Mapa Texre ®akT, MIpA TEHTE
2022 10 23,8
2023 10 22,7
2024 15,7 21,3

*[Ipumeuanue. Mupopmarus moaydena u3 rogosoro oruera AO «ForteBank» 3a 2024 rog,

[IpencraBinennbie  naHHBIE B Tabmuie 2
CBHJICTEIILCTBYIOT O CTa0WIBHOM TIPEBBINICHUH
(aKkTUYeCKUX OOBEMOB B3BbICKAHHMS IPOOJIEMHOU
3aJI0JKCHHOCTH HaJl TUTAHOBBIMU TIOKA3aTelsiMH Ha

NPOTSHHKCHHUU  BCCTO  AHAJIM3UPYEMOI'0  Mepuoaa.
HaHHaH TCHACHIMA  YKa3blBa€CT Ha  BBICOKYIO
PE3YJIbTaTUBHOCTD mnpoueayp B3BICKAaHUA,

a/IeKBaTHOCTb HCIOJb3YEMBIX METOAOB paboTHI ¢
MpOOJIEMHBIMHA ~ 3aEMIIMKaMH M HAKOIUIEHHBIN
npaktuieckuii omeiT banka B cdepe ynpaBieHUs
NpoOJIEeMHBIMU aKTHBAMH.

B ycnoBusx peanmmzanmu rocygapcTBEHHOU
MOJIMTUKKA TI0O CHI)KEHUIO JIOJITOBOM  HAarpysku
HacelieHHs1 0co0o0e 3Ha4YeHUE MPHOOpeTaeT aHaju3
MEXaHU3MOB  pe(UHAHCHUPOBAHUS  MPOOJIEMHOM
3aJJ0JPKEHHOCTH. [IpencraBnenHble JaHHBIC
OTPaXKaIOT PE3YJIbTATHl ydacTus 3aeMmmukoB AQO
«ForteBank» B  rocymapcTBeHHOH mporpamme
pebunancupoBanus B 2024 TOAYy H TIO3BOJISIFOT
OLIEHUTh MaclITa0bl OXBaTa, CTPYKTYpy IIyJIOB
3aliMOB, a TaKkXe H3MEHEHHE 00beMa OCHOBHOTO
noira b1 (o) u nocie MPOBEICHUS
PECTPYKTYPH3aIMOHHBIX MeponpusTHii [3-6].
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Tabauna 3 - PedunancupoBanue npo0IeMHOl 3310JDKEHHOCTH B paMKax I'OCYAapCTBEHHOI mporpammsl B 2024

roay mMJpa TEHIe

Iyn Konuuectso 3aiiMoB OcHOBHOM 07T Ha OcHOBHOI1 foAT
MOMEHT nocie peuHaHCUPOBaHHMS
peduHaHCcMpOBaHUS

Bcero, B TOM 4KCiIE 433 5,74 2,39
PedunancupoBanue 190 2,23 2,39
['TI Tenre 130 1,34 1,42
['TI BamroTa 60 0,89 0,97
Oxa3zaHue I0M. IOMOIIU 243 3,50 -

AHanu3  mokazateneld  pepUHAHCUPOBaHUS Meponpusrus 5 PEKOMEHALIAN o
MPOOJIEMHOM 3aJJ0JDKEHHOCTHU B paMKax  COBEPIICHCTBOBAHUIO OpraHu3alrOHHO-
rocymapcTBeHHoW mporpaMmbl B 2024 romy  ympaBiIeHUECKHUX MEXaHU3MOB paboThI c
CBUCTEILCTBYET O CYIICCTBEHHOM CHW)KCHHH TPOOJIEMHOW 3aJI0JKEHHOCThIO (DM3UYECKUX JIHUI] B

COBOKYITHOT'O o0beMa OCHOBHOI'O Jojra II0CJIC
MNPUMCHCHHUA MCP MNOAACPIKKHU. 910 YKa3bIBaCT Ha
COMaJIbHO-OKOHOMHNYCCKYIO HaIpaBJICHHOCTb
nporpaMMhbl U €€ MPAKTUYCCKYIO PE3YJIbTATUBHOCTDH
KakK JJ1d 3aCMIIHUKOB, TaK W JIJIA OaHKa. HOHy‘{CHHLIG

PE3YIbTAThI IIOATBECPIXKAAIOT 3HAYUMOCTD
ToCyJapCTBCHHBIX HHCTPYMCHTOB
pe(l)HHaHCHpOBaHHH B CHUCTEMC yHpaBJICHUA

npoOJIEMHBIMU aKTHBAMH U (POPMHUPYIOT OCHOBY ISt
JaJbHEMIIIEr0  COBEPIICHCTBOBAHUS  MEXaHHU3MOB
B3aUMOJICHCTBHST ~ OaHKOBCKOTO  CEKTopa W
rocyaapctsa [1], [4].

BbIBO/IbI

Ha  ocHoBammm  mpOBENEHHOTO
JUHAMUKA ~ KadecTBa  KPEJUTHOrO  MOpTQels,
PE3YIbLTAaTOB B3bICKaHUA u IIPUMCHCHUA
WHCTPYMEHTOB PECTPYKTYpH3aIUN u
peduHaHCHPOBaHUS TPOOJIEMHON 3aJI0JKCHHOCTH
CTaAaHOBUTCA OYCBUIHBIM, qTo JOCTUTHYTBIC
MOJIOKUTENBHBIE  TIOKa3aTed B JIeATEIbHOCTH
KOMMEpPUYECKUX OaHKOB BO MHOTOM OOYyCIIOBIIEHBI
JEUCTBYIOLMMU Opra’Hu3alnuoHHO-
YIpaBIeHIECKUMH MEXaHU3MaMHU.

Bmecte ¢ Tem coxpaHsommecs PHCKH poCTa
JIOJITOBOM Harpys3ku HaceJICHUS, BBICOKAS
YYBCTBUTCJIILHOCTDH PO3HUYHOI'O HOpT(bGIDI K
MaKpOIKOHOMHYECKUM KOJIeOaHUSIM M YCIOXKHEHHE
TpeOOBaHUI K YHPaBICHHUIO KPEAWTHHIMH PHCKAMH
O00BEKTHBHO TpPEOYIOT HE TOJIBKO COXPaHEHHS
CJIOKMBILIEHCA NPAKTUKA, HO U €€ NaJIbHEUIIEro
CHUCTEMHOTO Pa3BHUTHSI.

B 37011 cBsI31 npeAcTaBIsieTCS HEeIeco00pa3HBIM
NEpEeNTH OT aHaIM3a pe3yJabTaTOB K (POPMHUPOBAHHIO
MPUKJIQJAHBIX ~ MEPONPUITUI U PEKOMEHIAIuH,
HaIpPaBJIEHHBIX Ha COBEPILEHCTBOBAHUE
OpraHU3aIlMOHHO-YIIPABICHYECKIX MEXaHU3MOB
paboThI c IPOOIEMHOM 3a10JDKCHHOCTEIO
(hHM3UYeCKUX UL

aHaJIn3a

KOMMEPUYECKUX OanKax JTOJKHBI HOCHTH
KOMIUIEKCHBINM ¥ TPEBEHTUBHBIN XapakTep. B nepByto
odepenb 1eNecoo0pa3sHo yCUIIUTh CHCTEMY paHHEH
JMUarHOCTHKHA KpPEJIUTHBIX PHCKOB 3a cdeT Ooiee

TITyOOKOTO HCTIONTb30BAHMUS MOBEIEHYECKOTO
CKOPHMHIa M PETyJIIPHOIO MOHUTOPHWHTA IIATEXKHOU
JUCIUIUIMHBl ~ 3a€MIIMKOB.  OJTO  TIO3BOJISIET
BBISIBIISATD MOTEHIIUATBHYTO poOIEMHYIO
33JI0JDKEHHOCTh Ha JTOKPU3UCHOM CTaJllu U CHUXKATh
BEPOATHOCTD (hopMHUpOBaHUS YCTONYHMBOMN
MPOCPOYUKH.

Baxabpim HaIlpaBJICHUEM SABJIIACTCA PA3BUTUC
OpraHU3alMOHHON MOJIENHN yIIpaBIeHHUS IPOOJIEMHOM
3aJI0JDKEHHOCTBIO,  TPEeIyCMaTPUBAIONICH  YeTKoe
pasrpaHuveHue QYHKIMA MEXKTy MOAPa3ACICHUSIMHU,
OTBETCTBEHHBIMU 32 IPEBEHTHBHBIH KOHTPOJIb,
PECTPYKTYpH3alMI0 W B3biCKaHuWe. [lpu  3ToM
nmokasareni  3PQPEKTUBHOCTH  pabOThI  JTaHHBIX
MoJIpa3/ieNicHH 11eJIecO00pa3HO OPUCHTUPOBATH HE
TOJILKO Ha 00BEMBI B3bICKAHUS, HO U HA YJIy4IICHUE
KayeCTBEHHBIX MapaMeTPOB KPEAUTHOTO MOPTQeIs,
BKJIIOYass CHMXKCHUC HOJIN KpCI[I/ITHO'O6CCHCHCHHBIX
3aliMOB Y POCT YPOBHSI TOKPBITHSI TPOBU3USIMH.

OtTnenbHOrO BHUMaHHsI TpeOyeT pacHIMpeHue
NPUMEHECHUS HHCTPYMEHTOB  PECTPyKTypU3aluu
3aJI0JDKEHHOCTHU € YYeTOM (PUHAHCOBOTO TOJIOKEHHSI
3aEMIIUKOB u COIUAITEHO-9KOHOMHUYECKUX
¢daktopoB. Hcrnonbp3oBaHue THOKHX TpadUKOB
norameHusi, UISMCHCHHC YCJ'IOBI/II\/'I KpEeOAUTOBAHUA U
aKTHBHOE YYaCTHE B TOCYAapPCTBEHHBIX MPOrpamMMax
pepUHAHCUPOBAHHUS  TO3BOJAIOT  OJHOBPEMEHHO
CHM3UTh HAarpy3Ky Ha 3aeMIIMKOB M TIOBBICUTbH

BO3BPATHOCTh TMPOOJEMHBIX 3aliMOB, COXpaHsA
KIIMEHTCKYI0 0a3y OaHKa.
JononHutensHeIM  (AaKTOPOM  TOBBIIICHUS

3(hPeKTUBHOCTH SBIISICTCS (P POBU3AIIHS TIPOIIECCOB
paboTHl ¢ TIPOOIEMHON 3a0KCHHOCTBIO, BKITIOYAs
ABTOMATHU3AIIMI0 KOMMYHHUKAIUH C 3acMIIUKAMH,
WCIIONb30BAHUE  AHAIMTUYECCKUX  TaHened u
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WHTETPayio MUPPOBHIX KaHAIOB B3aHMOJICHCTBUSI.
OTO CmocoOCTBYEeT CHWKEHHIO — OINEPaldOHHBIX
M3JIep>KeK, MOBBIIMICHUIO TTPO3PAYHOCTH MPOLEAYp U
OTIEPATHBHOCTH YIPABICHUECKUX PEIICHUH.

B coBokymHOCTHM peanu3anus  yKa3aHHBIX
MEPONPHUITUH H  PEKOMEHJAIMK  oOecreunBaeT
mepexonx K Oornee  yCTOMUMBOM W PHCK-
OpPHEHTHUPOBAHHON MOJIeTTH yIpaBJICHUS
npoOJeMHON 33/10JDKEHHOCThIO (DU3MYECKUX JIHL,
CIOCOOCTBYET YKPETUICHUIO (uHaHCOBOI
YCTOMYUBOCTH KOMMEpPYECKUX OaHKOB M TIOBBIIIAET
WX aJalnTUBHOCTh K YCJIOBHUSAM HECTaOMIbHOU
9KOHOMHYECKOH CPETBI.

Aemopckuii 6éxnad (maxconomua CRediT):
Tarali A.A. — KOHICIIUS HCCIEAOBaHUS, cOOp U
aHaNnM3 JaHHBIX, TOATOTOBKA TIEPBOHAYAIBHOTO
BapuaHTa pykomnucu. Cujaesa O.B. — paspaboTka
METOI0JIOTUH UCCIIEIOBAHUS, HAYIHOE PYKOBOJICTBO,
MIPOBEPKa Pe3yNbTAaTOB, PEJAKTUPOBAHIE PYKOIHCH.
TatueBa M.M. — 00pa0boTKa M HWHTEpIIpETALUS
JMaHHBIX, TOJATOTOBKA TaONWI[ W aHAJTUTUYECKHX
MarepuanoB. AxkmaranteroBa A.C. — ydJactue B
MPOBENCHNH HCCICAOBaHMSA, aHAIU3 pPE3yJIbTaToB,
peAaKTHpOBaHWE W TOATOTOBKA OKOHYATEIHHOW
Bepcun crarbu. Hypraauesa A.K. — anamus
HAY4YHOH INTepaTypsl, IPOBEpKa COCPKaHUS CTAThHH,
SI3BIKOBOE M TEXHUYECKOEe pelakTHpoBaHHe. Bce

aBTOPHI O3HAKOMHIIUCh C OKOHYAaTEJIbHOH Bepcueit
pYKOmKCH, o100pHIH ee COoAepKaHue U COTIACHBI C
My OTTHKATHEH.
QDunancuposanue. Viccnel0BaHUE BBIIIOJHEHO
0e3 MmpuBJIcUeHHs] BHEITHETO (PMHAHCHUPOBAHMUSI.
Kongaukm unmepecos. ABTOpPHI 3asBISIOT 00
OTCYTCTBHU KOH()JIMKTa HHTEPECOB.
bnazooaprnocmu. ABTOpBI BBIpaXaroT
OnarofgapHoOCTh AO «ForteBank» 3a
MPEOCTaBICHHbIE  OTKPHITHIE  aHAJIUTHYECKHUE
MaTepHaibl W TOJIOBBIE OTYETHI, HCIOJIH30BAHHEIC
OpY  TOATOTOBKE  HACTOSAIIETO  MCCIIEIOBAaHUS.
ABTOpBI TaKxKe OnarogapAr KOJUIET
KaparanguHckoro WHIYCTPUANBHOTO YHUBEPCHTETA
32 KOHCTPYKTHBHOE OOCYXACHHE Ppe3yJbTaToB
WCCIIEIOBAHNUS 1 SKCIIEPTHYIO MOJICPIKKY .
ABTOpckoe mpaBo © 2026 npuHALJIEKHT
aBropy(am). JlaHHas cTaTbsd pacnpocTpaHseTcs Ha
YCIIOBUAX OTKPBITOIO JOCTYIIa B COOTBETCTBUM C
muuensueit  Creative  Commons — Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0).
JInuensust pasperiaer CBOOOJHOE HCIIOJIB30BaHMUE,
pacnpocTpaHeHue U BOCHPOM3BEICHNE MaTepuala B
mo0oi  ¢opMe TPU  YCIOBUU  00S3aTEIBHOTO
YKa3aHUs aBTOPCTBA U COXPAHEHHWs aHAJOTMYHON
JIUILIEH3UH [T IPOU3BOAHBIX MaTEPUATIOB.
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pasBUTHE OpraHU3Ma, POQHIAKTHKA.

HET'I3I'l EPEXEJIEP

Bananap meH xacecmipiMAepAiH TipeK-KHUMBLI
KyHeciHiH TTYPBIC KaJIBIITACyhl KO3FaJIbIC
OCJICCHIUTITIHIH ~ KCTKUTIKTI ~ JEHrediHe,  OKy
KYKTEMECIHIH AYPhIC YHBIMIACTBIPBUIYBIHA >KOHE
SPrOHOMHUKANBIK TajanTap/blH CaKTadyblHa TiKeleh
OailTaHBICTHI. ApHaiibl O31pJICHTCH JleHe
KATTBIFYJIapbl KEIIeHI MEH CaybIKTBIPY-aJIJbIH ay
ic-TmapajapblH  KYHWeNi KOJJaHy JeHe KAaJIITbIH,
OMBIPTKA OaraHbIHBIH (DYHKIIMOHANIBIK >KaFIaiibIH,
OYJIIIIBIKET TO3IMIUIITIH, UKEMIUTIKTI JKOHE YKAJIIbI
KO3FaJIbIC  OCJICCHAUIITIH JKaKcapTyFa MYMKIHIIK
Ocepenmi. ¥YCBHIHBUIFAH JKATTHIFyJap KeEMmIeHI MeH
MpoUIaKTHKAIIBIK ic-Iapanap KyHeciH >KOFaphbl OKy
OpPBIHAAPHIHEIH OiliM Oepy yaepiciHe eHrizy Oirim
TYIIBUIAP/BIH  JICHCAYIIBIFBIH CAKTAyAbIH, TipeK-
KUMBUT JKy#eci OY3bLUIBICTAPBIHBIH AJNJIBIH aTyJIbIH
JKOHE OJIapAblH (GYHKIIUOHAIILIK MYMKIHIIKTEPiH
APTTHIPYBIH THIMITI KYPaJTBI OOJIBIT TaOBIIaIbI.

KIPICIIE
bamamap MenH »xacecmipiMuepae TipeK-KUMBLT
KYHECiHIH AypbiC  KaJbIITACybl JIEHCAYJIBIKTHI
CaKTayIblH MaHBI3[bl IMIapTTAPBIHBIH Oipi OOJBII
TabpuTanel. Kasipri TaHma Ko3raiasic OCICeHIUTITIHIH
TOMEH/IEY1 MEH OKY )KYKTEeMECiHIH apTybl TipeK-

KMMBLI ~ armapaTsl
oKenyze.

banmamap MeH »acecmipiMIepaiH TipeK-KHUMBLI
JKYWECIHIH KaJbITacyblHA apHalFaH  FHUIBIMA
3epTTeyJIep IKCTKUIIKTI OOJFaHBIMEH, OJIAp/IbIH
OaceiM  Oemiri  OWONOTHSUTBIK, (PU3UOIOTHSIIBIK
HEMece  MEJMIMHAIBIK  acCMeKTUIepIi  JKeke
kKapacteipansl. CoHbIMEH Kartap, Outim  Oepy
YUBIMIApEl JKarMaiiblHIa KO3FAbIC OeJICeHAUTITIH
YHBIMAACTBIPY, aJIJIbIH ATy ic-IIapaiapbl MEH TY3ETY
KATTBIFYJIAphIH  KEHICH/AI  TYpAC  KOJAaHYIBIH
THIMZIITITT  KETKUTIKTI  3epTTeNMereH. ocipece
KazakcTaHHBIH >KOFaphl OKY OpPBIHIAPHI XKaFJaibIHa
TIPEK-KUMBLI )KYHECIHIH (DYHKIIMOHAIBIK JKaF1ali bIH
JKaKcapTyFa OaFbITTalIFaH KEUIeHII IMeAaroruKaibIK
OarjapiamMaiapAblH THIMAUIICIHE 3KCIEPUMEHTTIK
TYpFBIIaH Oara OepeTiH 3epTTeyIep CaHbl IMICKTEYII.
Ocpiran  OaitmanpIcTel  OiTiM  anyIIbUIapABIH
JICHCAYJIBIFBIH HBIFAUTYFa )KOHE TipEeK-KUMBLI KYyHeci
OY3BUIBICTAPBIHBIH, ~ AIJIBIH ~ alyFa  OarbITTajFaH
FBUIBIMU HETI3JICNTeH MPAKTUKAJIBIK YCHIHBIMIAP/IbI
93ipJiey KaXKETTUIIr TYbIHIAHIbI.

3epmmeyoin  e3exminizi. Kazipri Korama
Oanmamap MeH JKacecHipiMACpAiH JeHCAyJbIFbIH
CaKTay MacesieCi ©3eKTi FhUIBIMH KOHE QJICyMETTIiK
MiHAEeTTepAiH Oipi 601bm TaObmanbl. OCkl TYPFHIA

OY3BUTBICTAPBIHBIH  KHULIEyiHE
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TIpEK-KUMBIIT  JKYHECIHIH IYPHIC  KaJBIITACYBIH
KaMTaMachl3 €Ty OCKEJeH YPHaKTblH (U3UKAIBIK
JaMybl MeH (QYHKIMOHAIJIBIK TYPaKThUIBIFBIHBIH
HETI3Tl  KOpCEeTKIlli  peTiHAe  KapacThIPhUIaIbL.
Banmanbik JkoHe KacecHipiMIiK KE3CH ar3aHbIH
MOp (o yHKITMOHANIBIK JKETITyiIMEH CHUIIATTaIaThIH,
CBIPTKBI (DaKTOPIAPABIH JCEpiHE KOFAphI Ce3iMTal
OMOJIOTHSITBIK Ke3€H OO0JIBIN Ta0bLIa bl

Kosranpic OenceHAmiNiTiHIH TOMeHIEYi, OKY
YAEpICIHAET] CTAaTUKANBIK JKYKTEMENEPHIiH apTyHhl,

OUQGPIBIK ~ TEXHOJOTHSIAPABI  IIaMajiaH  ThIC
naiianany >koHe OSPrOHOMHKAJBIK TajanTapiblH
CaKTaIMaysbl TiPEeK-KUMBLT anmapaTbIHbIH
KYPBUIBIMIBIK JKOHE (YHKITUOHAIIBIK
OY3BUIBICTAPBIHBIH ~ KHUIIEyiHE  alblll  Kelyje.
FoutbiMu fiepekTep OMBIPTKA OaraHBIHBIH KHCAIOBI,
OWIIIBIKET TEHIEePIMCI3IrT JKOHE TIPEK-KMMBLI
KYHECIHIH aJanTanysIIbIK MYMKIHIIKTepiHIH
TOMEHJICyl MEKTeIl JKaChlHJA KEH TapalFaHbIH

koepceteni.Ocbiran  OalNaHBICTBI  TiPEK-KUMBLI
KYHWECIHIH KaJbINTacy 3aHAbUIBIKTAPBIH, OFaH ocep
€TeTIH  OWOJOTHSIIBIK, (PU3UOJOTHSIIBIK  JKOHE
olneyMeTTiK  (akTopiapasl  FRUIBIMH — TYPFBIIA
HETi37iey JOoHEe OY3BUIBICTAPIBIH aJJBIH alyJIbIH
TUIMJII J)KOJIAPBIH aHBIKTAY epEKIle MaHbBI3Fa He.
Tipek-KUMBIT JKYHECIHIH IYPBIC KATBITITACYBI
MOceNieci KONTEereH OTaHIBIK JKOHE IIETEIIIK
FAILIMIIAPJIGIH ~ FBUIBIMH  €HOCKTEpIHJC KCHIHCH
KapacteipputraH. I1.D. Jlecrapt xy#enmi koHe
FBUIBIMU HETI3MIENITeH JICHE J>KATTBIFYJIaphl TipeK-
KUMBUIT XYWECIHIH YHIeciMai AaMyblH KaMTamachl3
ererinin aranm kepcetkeH [1]. B.K. bamnsceBmu
KO3FaJIbIC OCJICSHAUNITIHIH Jac epPeKIICIIKTepiHe
coiikec nmamybl MOP(ODYHKIIMOHANIBIK JKETLTyTe
Tikelel BIKmanm ereTiHiH gamenaerer [2]. Oxy
YAEpiCiHAETI CTaTUKANBIK >KYKTEMEJICpAiH apTybl
OMBIPTKA OaraHBIHBIH KHCAIOBl MEH OYIIIIBIKET
TEHrepiMCI3IIriHiH Kuijeyine amsin Kememi [3, 4].

JIYHUEXKY3UTIK ~ JeHcayJblK CcakTay YHBIMBIHBIH
JepeKkTepiHe  coliKec, IKETKUIKTI  JieHreuzeri
KO3FalbIC ~ OENCeHAUITi  CYHeK  THIFBI3BIFBIH

apTTeIpajml [5, 6, 7].

JlyHHeXKY31ITiK JAeHCAYNBIK CaKTay YUBIMBIHBIH
(WHO) nepekrepine coiikec, KETKIUTIKTI AeHreiaeri
KO3FalbIiC ~ OCNCEHAUIIIT  CYHEK  THIFBI3BIFBIH
apTTHIPHII, TiIPEK-KUMBLI KYHECiHIH
(OYHKITMOHAIIBIK TYPAKTBUIBIFBIH KAMTAMACHI3 €Te/I.

3eprreynin  MmiHaerrepi.  bamamap  meH
xacecmipimuepAe — TipeK - KUMBLI KYHeECiHiH

MOp(HOPYHKIIMOHANIABIK ~ JAaMy  €PeKIIeIIKTepiH
taay. Tipek-KUMBLT anmapaThlHBIH KaJIbIITaCybIHA
ocep eTeTiH Heri3ri OMONOTHAJIBIK KOHE QJICyMETTIK
(hakTopaapsl Kyleney.

Ko3ramsic OCJICCHILTITIHIH  TipeK-KUMBLI
KYHECiHiH (yHKIMOHAIIBIK TYPAKTHUIBIFBIHA 9CEPiH
FBUIBIMU TYPFBIJIa HETI31IEY.

OKy yaepiciHIeri )XYKTeMelepAiH TipeK-KAMBLT
anrmapaTtbhiHa BIKIAJBIH Oaranay.

Tipexk-KUMBIT  JKYHECiHIH  OY3bUIBICTAPBIHBIH
QNJIBIH aJyFa OarbpITTAIFAH FHUIBIMU HETi3/ICITCH
TYXKBIPBIMJIAp d3ipIey.

3epmmeyoin 2bL1bIMU HCAHATBIZbL. 3€PTTEYAIH
FBITBIMU JKaHATBIFBI 0151iM Oepy YHBIMBI KaF JaiibIHaa
Oanmamap MeH >KacecHipiMAEpHiH  TipeK-KUMBLI
KYHECiIHIH AYpbIC KaJBIITACYbIH KAMTaMachl3 €TyTe
OarpITTaFaH apHAWBl JKATTHIFyJNap KeIIeHI MeH
QIJIBIH aly ic-TapaiapbIHBIH THIMIUTITIHE KemeH 1
Oaramay OKypri3ulyiMeH cumaTTajaabl. 3epTTey
OapbIChIHA TipeK-KUMBLT KyHeciHiH
MOp(ODYHKITMOHANIBIK JKaFAaibIHA ocep eTeTiH
OHMOJOTHSITBIK, (DU3UOJIOTHSUTBIK JKOHE OJIEYMETTIK
(dakTopmap TEOPUSUIBIK TYPFBLAAH  JKYHENeHi,
MEeIarOTUKAIBIK IKCIIEPUMEHT HOTIDKENEpi apKbLIbI
ONApIBIH TMPAKTUKAIBIK THIMIUIT  TONENIeH .
ATBIHFaH HOTIDKENEp Herizige OimiMm  Oepy
yiBIMAApBIHIA JIeHEe KaJlblH TY3€Tyre, KO3FalbiC
OEJICeHITITIH apTThIpyFa XKoHE TipeK-KUMBbLI KyHeci
OY3bUTBICTAPBIHBIH ANJIBIH ATyFa ApHAIFAH FHUIBIMH
HET13/Ie)ITeH NPAKTUKATBIK YCBIHBIMJIAP YCHIHBLLIBI.

3EPTTEY 9ICI

3epTreyre Kaparansl WH]Ty CTPHAIIBIK
VHUBEPCUTETIHIH 1-KypCc CTyIeHTTepi KaTbICTHI.
3eprTey Oactanranra JEHIH CTYACHTTEPIIH TipeK-
KMMBUI ~JKYHECIHIH OacTamkpl (DyHKIIMOHAIBIK
JKargalblH aHBIKTay MAaKCaThIHAA JUATHOCTHUKAIIBIK
Oaxpmay okyprizimm. Kecre 1-me  3eprreyre
KATBICYIIBUIAPABIH ~ OKCIICPUMEHT  OacTanFaHra
Jeiinri Oactankbl (QYHKIHOHAIABIK KOpCETKIITepi
YCHIHBUIFAH. bacTamkbl OUAarHOCTHKA HOTXKeNepi
JIcHe KANBIHBIH IlIiHApa ayBITKYBIH, OYJIIIBIKET
TO3IMAUIINT MEH HKEMOUIIKTIH TOMEH [IeHIeiiH,
COHJIali-aK KO3FaibIC OeNCEeHAUTIriHIH YChIHBUIFaH
HOpMaJaH TOMEH €KEHIH KepcerTi. 3epTrey
0aphIChIHIA FBUIBIMH  ONICOMETTEPre TEOPHSUIBIK
tasgay  okyprisingi.  CamnbIcThIpMasibl  Taygay,
KyHeney )KoHe JKabLIay 9icTepi KOJIAaHbUIIbL.
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Kecre 1 - 3eprreyre neiiinri HoTHxenep (0acTanKpl AUATHOCTHKA)

Kepcerkimrep baranay onici Hopma Hotmxe (oprama) | baranay nexreiti
JeHe xanmbsl KepHexki 6akpiiay Tysy linapa aysITKy Opramra

OMBIpTKA HimiMIepi CKpHWHHHT TECTI Omsnonoruwsblk, | DyHkmoHanaplk | Oprarma

AYBITKY

Bymubiket Te3imMainiri CTaTHKAaJbIK TECT >60 cex 4245 cex Temen

Ukempinik nenreiii AJnra eHKero TecTi >6 cM 3+l cMm Temen

Kosrasnbic Oencenainiri Cayannama >150 mun/anta | 90£15 mun Temen

3EPTTEY HOTU/KEJIEPI MEH TAJIJIAY - OKy cabakTappl apachlHIa  KO3FaJbIC

3epTTey OapbICBHIHIA Oananap MEH
KacecmipiMaepae TIpeK-KAMBUT JKYHECIHIH ITypPBIC
KaJbIITaCyblH KaMTaMachl3 €Tyre OarbITTalfaH
apHaiibl KaTTBIFY KEIIeHI MEH CayBIKTHIPY-aJabIH
amy ic-mapamapsl  KOJNJAHBUIABI.  OJKCHEPUMEHT
Kaparannsl WHIyCTpHANABIK YHUBEpCHTETIHIH 1-
KypC CTyIEHTTEpiHiH KaTbICyBbIMEH KYPri3inii.

KaTTeiFy KemieHi TipeK-KUMBUI annapaThIHBIH
MOpGODYHKIIMOHAIIBIK JITAMYBIH OHTaWJIaHIBIPYFa,
OYJIIIBIKET TEHIepiMiH KalbIITACTHIPYFa JKOHE NCHE
KaJNbIHBIH ~ OY3bUIBICTAPBIHBIH ~ QJIIBbIH  allyFa
OarbITTAJIIBL. Kemenni  kypactelpyma — xac
CPEKILECTIKTepl, OKY JKYKTEMECIHIH CHIaThl >KOHE
KO3FrajJIblCc  OelnceHuNriHig  Oacramkel  JEHTeEHl
eCKepiIIi.

OKCIEPUMEHTTE KOJIJaHbUIFaH KATThIFY KEIICHI
Kelleci Heri3ri OarbITTapIbl KaMTBIIbL:

JleHe KanmblH Ty3eTyre apHaJIFaH >KaTThIFyJiap
(apka, wWbIK Oenjeyi JKoHE 1l OYJIIIBIKETTEPiH
HBIFAUTY);

OMBIpTKa OaraHBIHBIH WKEMIUTTIH apTTHIpY
KATTBIFYJIaphl (CO3BLTY XKOHE pellaKkcallys);

By/mbIkeT TO3IMIUNITH JaMBITy XKaTTBIFYIaphl
(meHe caaMarbIMEH, H30METPHSIIBIK);

Kosranpic yineciMaimiri MeH Temne-TeHIIKTI
JAMBITY XKaTTBIFyJIaphl.

CoHBIMEH KaTap SKCIEPUMEHT asChIHIa Keleci
ic-Tmapanap xykeci YipIMIaCcTBIPBUTIBL:

Y3UTICTepiH eHriy;

- JAypbIC JieHe Kailbl J>KOHE JProHOMHKa
OolbIHIIIA TYCIHAIPY )KYMBICTAPHI,

- KO3Fampic  OCNCEHAUTTIH  apTTHIpyFa
OarpITTa]FaH TOMNTHIK CAYBIKTBIPY ic-IIapajapsl;
aKIapaTThIK-HYCKAYJbIK KYMBICTAp.

KatTeiry kemeHi anracekiHa 2—3 peT OTKI3immi.
Kykreme KeJeMi MEH KapKbIHBUTBIFBI
CTYACHTTEPAIH (QYHKIHOHAIABIK MYMKIHIIKTepiHE
colikec OIpTiHACT apTTHIPHUIIEI.

OKCTIEpUMEHT asKTaaFaHHaH keiin Kaparaumbl

WHTYCTPUAIJIBIK YHUBEPCUTETIHIH 1-kypc
CTYJIEHTTEPIiHIH TiPEK-KUMBLT KYHECIHIH
(YHKITMOHATBIK KOpCETKIITepiHe KaiTa

JUarHOCTHKAJIBIK Oaranay »ypri3uimi.

ANBIHFaH HOTHKENEp SKCIEPUMEHTKE IeHiHTi
OacTamkbl ~ KOPCETKIMITEPMEH  CaIBICTHIPHUIBIT
tanmaaapl. Kecte 2-me 3KCIEPUMEHTTEH KEHiHTI
KOpCEeTKIITEepAiH AUHAMHUKachl OepinreH. bapibik
3epTTEITCH KOPCETKIMTEp OOWBIHIIA OH ©3repicTep
OaliKasabl. Bymmsiker  Tesimaimiri  45%-ra,
HKEeMOUTIK AeHreri 57%-ra, KO3rajablC OeICeHIIIIr1
83%-ra aprTel. COHBIMEH Karap JAEHE Kajllbl MEH
OMBIPTKA OaFaHbIHBIH (DYHKIIMOHAJJIBIK JKaFJaibl
alTapibIKTal >KakcapAbl. AJIBIHFAaH HOTHKEIep
YCHIHBUIFaH JKATTBIFYJIAap KEIIeHIHIH TUIMILTIriH
JIOTEIICH]TI.

Kecre 2 - 3eprreynen kelinri HoTHxesnep (COHFbI JUarHOCTHKA)

Kepcertkimrep Baranay onici OKCHEPUMEHTKE OKCHEpUMEHTTEH Osrepic (%) |Baranay
neiin KEeHiH JIEHTel1
JleHe Kaumsl Kepreki Imrinapa aysITKy Kakcapran +25% Kakcer
OakpUIay
Owmeiptka nitivaepi | CkpuauHr Tecti | yHKIMOHAIIBIK Kanblinka sxakbiH +20% Kaxkcor
ayBITKY
Bystisiket CTaTUKAIBIK 4245 cex 6146 cex +45% Korapbt
TO3IMILTITT TECT
Uxemainik neHreii Anra enkero |31 cm 712 cMm +57% Kakcel
TecTi
Kosransic Cayannama 90+15 mun/anrta 165+20 +83% YKorapsl
Gencenainiri MUH/anTa
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Kecte 1-me 3eprreyre KaThICYIIBUIAP.IBIH
AKCIIEPUMEHT OacTaliFaHFa JIeUiHT1 TIPeK-KUMBLIT
KYHECIHIH  (QYHKIMOHAIABIK  JKaFJIalbIHBIH
Oactankpl KepceTkimrTepi OepinreH. bacramker
JMarHOCTHKA HOTIKEIEepi 3epTTeyre
KaTBICYIIBIIAPABIH JeHEe KallblHAA imIiHapa
aybITKyJapAblH ~ 0ap  €KeHIH,  OWIIIBIKET
TO3IMIUIITT MEH UKEMIUIK JEHIEeHIHIH TOMEH
ekeHiH kepcerTi. COHBIMEH KaTap KO3FajbIC
OeJceHaUIriHIA opraiia KOepCeTKiIi
YCHIHBUTATHIH (PU3HOJIOTUSUTBIK HOPMaIaH TOMEH
00bl. AIIBIHFaH HOTHXKENEp CTYACHTTEPAiH

TIPEK-KUMBUT ~ KYHECIHIH  (PYHKITMOHAIIIBIK
KaFalblH JKakcapTyFa OarbITTalfaH apHaubl
NpOPUIAKTUKAIBIK ~ JKOHE  CayBIKTBIPY  ic-

mapajapblH €HTI13YIIH KQKSTTUTITIH JoIe ek Il

Kecre 2-me menmarorukanblK 3KCOEPUMEHT
asKTaJlFaHHaH KEeHiHT1 (YHKIIMOHAJIBIK
KOPCETKIIITEPIiH e3repici YCBIHBUIFaH.
Hortmwxkenep GapiblK 3epTTENreH KOPCETKIIITEP
OOWbIHIIA OH JMHAMUKAHBI KepcerTi. J[leHe

KaJIIIbl MEH OMBIPTKA OaraHBIHBIH
(GYHKITMOHATTBIK JKar qaibl JKaKCcaphbIl,
OymmbikeT Te3iMmautiri  45%-ra, HWKEeMIUTIK

neHreii 57%-ra JKoHE KO3FalbIC OCJICEHILIIT
83%-ra apTKaHbl aHBIKTAIIBI. by e3repictep
YCBIHBUIFaH KATTHIFYJIap KEIIeHI MEH aJIJIbIH aTy
ic-TrapaapbIHbIH THIMIUTITIH JONENISH I JKOHE
onapzpl OiniM Oepy YHbIMIAPBIHBIH OKY-TopOue
yAepiciHAe  KOJJAAHYIbIH  FBUIBIMH  JKOHE
MPAKTUKATBIK MaHbI3IbUIBIFBIH PACTANIbI.

KOPBITBIHABI

JKyprizinreH memarorukanblK — SKCIIEPUMEHT
HOTIDKETepi Oamanap MEH KacecHipiMIepie Tipek-
KUMBLI )KYHECIHIH AYPHIC KAIBINTACYBIH KAMTAMACHI3
eTyre OaFbITTaIIFaH )KATTHIFY KEIlISHI MEH ic-1apaiap
KYHWECIHIH THIMALUTITIH Aonenaeni. DKCIepUMEHTTECH
KEeiH JICHE KAIIMbIHBIH JKaKCapybl, OMBIPTKA
OaraHbIHBIH  (YHKIMOHAJIIBIK JKaFJaibIHBIH OH
e3repyi, OYIINIBIKET TO3IMIUIIT MEH HKeMJIITiK
JIEHI'eHiHIH alTapJbIKTail apTKaHbl aHBIKTAJIIbI.

AJTBITHFaH HOTIDKEIIEP KO3FaIbIC OCIICEHAUTITIHIH

KMMBLI KY#HeciHiH MOpGhoPYHKIMOHAIABIK JaMybIHA
OH ocep eTeTiHIH KepceTedi. Y ChIHBUIFaH KaTTHIFY
KEeIIeHI MEH QIIbIH ajy ic-Tmapajapbl JKyHeciH
JKOFaphl OKY OPBIHIAPBIHBIH OiliM Oepy ynepiciHe
€HTi3y CTYACHTTEPJiH JCHCAYJBIFBIH CaKTay/IbIH
JKOHE HBIFAUTYNBIH THIMJ FBHUIBIMU-TIPAKTHKAIBIK
KYpaJibl PETiH/IC YChIHBLIAIbI.

Mpyoodenep Kaxkmuizbicbl.  ABTOpIIap  OCHI
3epTTeYyAl OpBIHAAY MKOHE MaKallaHbl JKapusiay
OapbIChIHIA MYAJCNICP KaHIIbUIBIFBI JKOK EKEHIH
MOJIIMIEHL.

Aemopnapoviy yaecin kepcemy (mMaKcoHomus
CRediT): b. JlapbioaeB - 3epTTey
TY)KBIPBIMJIAMACBIH 331pJiey, 3epTTEY SiCHAMACHIH
KaJIIBIITACTBIPY, TEAarOTHKANBIK  3KCIIEPUMEHTTI
YUBIMIACTHIPY JKOHE JKYPri3y, HOTIKEIEpAl Tajaay,
MakaJjlaHbIH OacTankbl KoJnka30achiH naibiaaay. T.
CopceHXaHKbI3bI — FBUIBIMH 9JICOMETTEP/II Tayaay,
MaTiMeTTep I JKUHAKTAY, HOTIDKEIepi
HMHTEpIIpeTanusiay, Makajanbel pemakuusiiay. A.T.
Teneyxan - 3eprTey MarepuangapblH ©HJEY,
MONIMETTepHl  JKyWeney, FBUIBIMH TalKbUIayFa
KaTbICy, MakaiaHbl peneHsusuiay. O. Kymadek —
HOTHXKEJIEpJII TeKCepy, FBUIBIMH KeHec Oepy,
MaKallaHbIH KOPBITHIHABI HYCKACBIH peNaknusIiay
JKOHE Kapusulayra JaiibiHaay. bapnblk aBTOpiap
MaKaJlaHbIH COHFBl HYCKACBIMEH TAHBICHIIN, OHBI
Kapusiayra MaKYJ11a /151 JKOHE 3eprTey
HOTIDKETIePiHiH JYPBHICTHIFBIHA OPTaK JKayaIKepIIiIiK
anajpl.

Kaporcvinanowipy. 3eprrey
Kap KBUTaHIBIPYChI3 OPBIHAAIIBI.

Anzeic. ABTOpmap 3epTTeyli YHBIMAACTHIpYFa
JKOHE FBUIBIMH KOJIay KepceTKeHi yurin Kaparanms
WHAYCTPUSIIBIK YHHBEPCUTETiHE JKOHE C.
AmamxonoB  areiHzmarel  IIeireic Kaszakcrtan
YHHUBEPCUTETIHE IIBIHANBI aIFbIC Oiaipei.
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Abstract. The article examines the practice of implementing an integrated model of sanitary and epidemiological
management in the system of sanitary and epidemiological control of the Republic of Kazakhstan on the example of the
activities of the National Center of Expertise RSE at the PHB. The purpose of the study is to identify the problems of
functioning of corporate and management mechanisms, as well as substantiate the directions of their improvement. The
methodological basis was the system and institutional directions, the analysis of regulatory and management documents,
minutes of meetings of the Supervisory Board, and reporting materials. As a result, it was found that with the formal
formation of the integrated model, the problems of risk-based management, internal control, and institutional
independence of control functions remain. The conclusion is made about the need to strengthen the strategic role of
corporate governance.
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Anoamna. Makanana «¥iurTeiKk capantama opTanbirby [IDKK PMK  kei3meriniH Mbicanbiana KaszakcraHn
PecryOnuKachbHBIH — CaHUTAPUSUIBIK-OMUIEMHUOJIOTHSIBIK ~ OaKplay JKYHECIHIEe CaHUTapUsUIBIK-3IUAEMHOIOT HSIIBIK
OackapyIblH HHTETpAIMsIaHFaH MOJICINIH iCKe achIpy MPaKTUKACHI KApacThIPBUIA/IbL. 3epTTEY IiH MaKCaThl KOPIIOPATUBTIK
JKoHE OacKapy TETIKTEPiHiH KYMEIC icTey MpobieMaIapblH aHBIKTaY, COHIAM-aK OJapabl )KeTUIIIPY OaFBITTapBIH HETI31eY
OonpIm TaOBLITANBL. OMICHAMAJBIK HETi3 JKYHelni jKoHe WHCTUTYLIHOHAIIBIK OarbITTap, HOPMATHBTIK JXKoHE Oackapy
KyKaTTapblH, bakpiiay KeHeci OTBIPBICTapBIHBIH XaTTaMallapblH XQHE ecenl Oepy MaTepualliapblH Tajgay OoJIbl.
Hotmxkecinne WHTErpanusiaHfaH MOIENBIIH (OpMaibIbl KalBIITACYBIMEH TJyeKelre OaFbpITTaliFaH Oackapy, imIki
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0akpuIay KoHE OakpuIay (PYHKIUSUIAPBIHBIH WHCTUTYLHHOHAIIBIK TOYCICI3/Ir MoceseNepi CaKTalaThIHbI aHBIKTAJIIBI.
KopropaTupTik 6acKapyIbIH CTPATErHSUIBIK POIIH KYIICHTY KaXKETTUIIr Typalibl KOPBITBIH/IBI XKACAIIBL.

Tyiiin ce30ep: caHUTAPIBIK-IIHICMHUOIOTHSUIBIK Oackapy, KopropatusTik Oackapy, Oakpuiay KeHECi, MEMJICKETTIK
CEKTOp, ImKI OaKpUIay, ToyeKeire OarlapiaHFaH TOCUI, COMKECTIK, CAHUTAPIIBIK-3MMHUICMUOJIOTHIIBIK OaKbLIay,
Toyekenaepi backapy, 6ackapy THIMILIITI.
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Annomayusa. B cratee paccMaTpuBaeTCcs ITpaKTUKAa peanu3aliid HMHTETPUPOBAHHOW MOJAEIH CaHHUTapHO-
SMHAEMHUOIIOTHYECKOTO YIIPABICHHS B CHCTEME CAHUTapHO-3MHIEMHUOIOTHIecKoro KoHTpours PecryOnnkn Kazaxcran Ha
npumepe nearenpbHoctd PI'TI na I1XB «HauuonanbHbIl neHTp 3KcniepTusb». Llens ucciemoBaHus 3akiioyaeTcs B
BBIABICHUH TpoOsieM (DYyHKIIMOHMPOBAHMS KOPIIOPATHUBHBIX M YIPABICHUYCCKUX MEXaHM3MOB, a Takke OOOCHOBaHHMHU
HaIPaBJICHUN UX COBEPILIEHCTBOBaHMU. METO0NIOIrMYECKON OCHOBOM MOCIIY KMJIM CUCTEMHBIN M MHCTUTYLIHOHAJIbHBII
HaNpaBJICHUs, aHAJIN3 HOPMATHBHBIX M YIIPABICHIECKUX JOKYMEHTOB, IPOTOKOJIOB 3acelaHNi HAaOMI0IaTeIbHOTO COBETA
U OTYETHBIX MaTepHaloB. B pe3ysbTare yCTaHOBIEHO, 4TO NpH (HOpMaTbHOH CHOPMUPOBAHHOCTH WHTETPHPOBAHHON
MOJIETIH COXPAHSFOTCS MPOOJIEMBI PUCK-OPUEHTHPOBAHHOTO YIIPABJICHHS, BHYTPEHHETO KOHTPOJIS M HHCTUTYIHOHAJIBHON
HE3aBHCUMOCTH KOHTPOJIBHBIX (QyHKIMHA. CrenaH BBIBOA O HEOOXOAMMOCTH YCHICHHUS CTpaTerHYecKoil ponu
KOPIIOPAaTUBHOI'O YIIPAaBJICHUA.

Knrouegvle cnoea: caHuTapHO-3IUIIEMHUOJIOIMYECKOE YIpaBiIeHHE, KOPIOPAaTHBHOE YIpaBieHHE, HaOIII0AaTeNIbHbIH
COBET, FOCYNapCTBEHHBIN CEKTOP, BHYTPEHHUN KOHTPOJIb, PUCK-OPUEHTUPOBAHHBIN MOAXO0M, KOMIUIAEHC, CAHUTapHO-
SMHAEMHUOIOTHYECKHI KOHTPOJIb, YIpaBlieHHEe prucKaMu, 3G peKTHBHOCTD yIpaBieHuUsI.

OCHOBHBIE NOJIOKEHU A OPOSIBISIIOIINECS B NpeoOJiaflaHul  PEeaKTUBHBIX

B cucreme caHUTapHO-3NMUAEMUOIOTHYECKOTO  YIPABIECHUECKUX perieHuii, HEJA0CTaTOYHON
koHTposis PecnyOnuku Kaszaxcran chopmupoBaHa HE3aBHCHMOCTH  KOHTPOJNBHBIX — (DYHKIMH  H
WHCTUTYUHOHAIBHAS ~ MOJAENb  KOPIOPAaTHBHOTO  OTPAaHWYEHHOHN MPEBEHTHBHOM POJIM KOPIIOPATUBHBIX
yHpaBJIeHUs, BKIIOYAIOIIas HaOM0AaTeIbHBINA COBET,  OpraHoB ympasieHus. [loBbimenue 3¢ ¢GeKTUBHOCTH
UCTIOJIHUTEIbHBIM OpraH, BHYTPEHHHUH ayIuT M  UHTETPUPOBAHHOM MO/JIENH CaHWTapHO-
KOMIUTa€HC-CITYy’K0y, OAHAaKo e€ TpakTHYecKas JMUAEMHUOIIOTHYECKOrO YIpaBiIeHUs TpedyeT
peanmzalMs  XapakTepu3yeTcs  HEJOCTaTOYHOM  YCHJIEHMS CTPaTerHmyecKoil posin HaOIoAaTeNIbHOrO
WHTETpalueld MEXaHU3MOB PHCK-OPHEHTHPOBAHHOTO  COBETA, obecrievyeHusl WHCTUTYIIMOHAIBHOM
YOpaBI€HUS] W BHYTPEHHETO KOHTPOJS. AHaIW3  HE3aBUCHUMOCTH BHYTPEHHEro ayAuTa M KOMIUIaeHC-
npaktukn  gearensHocth  PITI ma  IIXB  cmyxObl, BHEOpEHHS  PUCK-OPHEHTHPOBAHHOIO
«HanuoHanpHBIE IEHTP OSKCIEPTU3BD» BBIABWI  IMOAXOAA B IPOLECCH NMPUHATHA YIPaBICHYECKHX

MHCTUTYLIUOHAJIbHBIC OrPaHMYEHUS] PEUIEHUHM UM  COBEPLICHCTBOBAHUS  MEXAaHU3MOB
(YHKIIMOHUPOBAHUS  HMHTETPUPOBAHHOM MOJEIM  KOPIIOPATHBHOTO YIIPABIICHUSI.
CaHUTAPHO-3IUAEMHUOIOTNYECKOT0 yIIpaBJICHHUS,
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BBEJEHUE
CoBpemeHHas cucremMa CaHUTApPHO-
SMUIEMHUOIIOTHUECKOTO  KOHTposiss  PecmyOmuku

Kazaxcran pa3BuBaeTcsi B yCIOBUSAX KadeCTBEHHOTO
YCIIO)KHEHHS BHEIIHEM W BHYTpPEHHEW cpeibl
(YHKIIMOHUPOBAHUS, HYTO TIPOSIBIAETCA B pOCTE
CaHUTApHBIX, SMHUAEMUOIOTHUECKIX U
YIpaBICHYECKUX PHCKOB. I'moGanuzanus
9KOHOMHYECKHX CBSI3€i, aKTUBHBIE MHTPAIIOHHEIC
MPOLIECCHI, YCKOpEHHast ypOaHu3anus,
KOHILIEHTPALHS HaceJIeHUs B KPYITHBIX
arjoMepanusax, a Takke auBepcupukanys Gopm
XO3HCTBEHHON JeSITEIbHOCTH CYIIECTBEHHO
MOBBIILIAIOT BEPOSITHOCTh pacnpocTpaHeHus
WHQEKIMOHHBIX 3a00JeBaHUI, TEXHOTCHHBIX W
Oouonornueckux yrpo3. OJHOBPEMEHHO BO3pacTaeT
Harpy3ka Ha TOCYJapCTBEHHBIE OpPraHbl CAHUTAPHO-
SMUJIEMHUOJIOTHYECKOTO npoduisi, 4To TpedyeT He

TOJBKO COBCPIICHCTBOBAHUA HOPMAaTHUBHO-
MpaBOBOIO0 PpETYJIHUPOBAHHA, HO HW HOBBLIIICHUA
KaueCTBa YIIPABJICHYCCKUX pe]J_ICHI/Iﬁ Ha BCEX
YPOBHAX CHCTCMBI CaHUTapHO-

SMUIEMUAOIOTHIECKOTO KOHTPOJIS.

B yka3zaHHBIX yCHOBHAX 0C00O€ 3HAYEHHE
npuoOperaeT  (OpPMUPOBAHUE M MPAKTHUECKAs
peanu3anys UHTETPUPOBAHHON MOJENHN CAHUTApHO-
AMUIEMUAOIIOTHIECKOTO YIIPABICHHUS, OCHOBAHHOM Ha
COTJIACOBaHHOM B3aMMOJICHCTBUN OpTraHoB
CTpAaTETUYCCKOr0 PpPYKOBOACTBA, HCIIOJIHHUTCILHOT'O
yIpaBleHUs] W BHyTpeHHero KoHTpons. llomoOHas
MOJIETIh TIPEJIIoIaraeT Mmepexol oT (parMeHTapHOTO
U PEaKTUBHOTO pEarupoBaHUs HA YIPO3Bl K
CHUCTEMHOMY, MIPEBEHTUBHOMY u pHCK-
OpHEHTHUPOBAaHHOMY YIpaBIeHHIO,
00ecrneunBaroEeMy yCTOMUUBOCTh U alallTUBHOCTh
CAaHUTAPHO-IMUAEMHOJIOTHIECKON  CHUCTEMBI B
JIOJITOCPOYHON TiepcreKkThBe. ba3oBBIM 3JI€MEHTOM

JTaHHOM MOJCIN BBICTYIIAIOT MCXaHHU3MbI
KOpIOPAaTUBHOTO  YIPAaBJICHUA B  OpraHU3aludgX
KBa3uroCy1apCTBEHHOIO CCKTOpa, IIPU3BaHHBIC

o0ecreynTs 4YeTKOE paclpelesieHUe IIOJHOMOYU,
MOJI0TYETHOCTh YIPaBIEHYECKUX OpraHoB,
MIPO3pa4yHOCTh MPOLEAYp MPHUHATUSA pEUIEHUH U
KOHTPOJIb 32 UX UCIIOJIHEHHUEM.

IIpaktuka pearensnoctn PITI nHa IIXB
«HannonaneHbld 1EHTp 3kcnepTu3p» Komwurera
CaHUTAPHO-3MUAEMHUOIOI NIECKOTO KOHTPOJIS
MuHucTepcTBa  3[IpaBOOXpaHECHHUST  PecmyOnuku
Kazaxcran cBugerensctByeT o0  (oOpMaIbHOM
HaTMYUHN WHCTUTYIIHOHAIEHO BBICTPOCHHOM
CUCTEMBI KOPIIOPaTUBHOTO yIpaBIeHuUs,
BKJIFOYAIOLIEH HaOJIr01aTeIbHBIHI COBET,
WCTIONIHUTENbHBI  OpraH, CiIy>XObl BHYTPEHHETO

ayaura M KOMIUIaeHca. Bmecre ¢ TeM aHanu3
YIPaBIE€HYECKUX JOKYMEHTOB U IMPAKTHUKU MPUHATHS
pelIcHUH BBISBIACT DS YCTOHUUBBIX HpoOIieM,
CBA3aHHBIX C Pa3pbIBOM MEXAYy HOPMaTHBHO

3aKpEMJICHHBIMU  IPUHIUNAMH  KOPIOPATUBHOIO
ynpaBiieHHsT W HMX (hakTuueckoi peanuzammen. K
YHUCIy TaKhX MPOOJIEM OTHOCATCS HE0CTaTOdHas
UHTETpalys pPUCK-OPUEHTHUPOBAHHOTO IMOJIX0Ja B
CTpaTeTHUYEeCcKOe yIpaBlieHHEe, (parMeHTapHOCTb
BHYTPEHHETO KOHTPOJIA, OrpaHUyYeHHAs
MIPEBEHTHUBHAS POJb KOPIOPAaTUBHBIX OPraHOB U
npeolnagaHue KOPPEKTHPYIOUIMX YHPABICHYECKUX

peLIeHui.
VYka3aHHble O00CTOSTENBCTBA OOYCIOBIUBAIOT
BBICOKYI0O  aKTyaJlbHOCTh  HAy4YHOTO  aHalIH3a

MPAKTUKHA BHEJIPEHUS WHTETPUPOBAHHOW MOJIENH
CaHUTAPHO-IMHIEMUOJIOTHUECKOTO YIpPaBICHUS U
MOMCKa HAaNpaBJIeHUH €€ COBEPIIEHCTBOBAHMUA.
OcoOyr0o  3HaYMMOCTh  MpHOOpETaeT  OlleHKa
3(heKTHBHOCTH NEHCTBYIOMINX HOPMATHUBHBIX U
OpPraHU3allMOHHBIX MEXaHH3MOB KOPIIOPAaTHBHOTO
yOpaBIeHHs, a Takke OOOCHOBaHHWE TyTeH WuX
aJjanTalid K COBPEMEHHBIM BBI30BaM B cdepe
CaHMTapHO-IMUAEMHUOJIOTHIECKOH  0e30IacHOCTH.
Taxoit HOIXO MO3BOJISIET paccMaTpuBaTh
WHTETPUPOBAHHYIO MOJIETh YIIPABIEHUS HE TOJIBKO
KaK (dhopmansHyIO WHCTUTYLUOHAIEHYIO
KOHCTPYKIHIO, HO U KaK JeHCTBEHHBI MHCTPYMEHT
MOBBIIIICHUS YCTOMYMBOCTH, DPE3YyJIbTATUBHOCTH W
OOIIECTBEHHON 3HAYMMOCTH CHCTEMBI CaHWUTapHO-
SMHUJIEMHOJIOTHYECKOT0  KOHTpons  PecmyOnuku
Kazaxcran [1], [2].

Ilpoben 6 wuccneoosanusx.
3HAYUTEIBLHOE KOJINYECTBO UCCIIeIOBaHUH,
NOCBAIMIEHHBIX ~ KOPHOPAaTUBHOMY  YIPaBJICHUIO,
rOCyZapCTBEHHOMY  MEHEDKMEHTY W  PHCK-
OpUEHTHPOBAHHOMY MOIXOTY, MPaKTHKA
(yHKIMOHUPOBaHHUS HMHTETPUPOBAHHOM  MOAEIH
CAaHUTAPHO-IMHIEMHUOJIOTHYECKOTO YIIPAaBICHUS B
OpraHM3alMiAX KBa3WTOCYAPCTBEHHOTO  CEKTOpa
U3y4eHa HEJO0CTaTOYHO. BonpmmncTBO
CYLIECTBYIOIIMX PabOT paccMaTpUBaeT OTACIbHBIE
aCmeKThl HOPMAaTHUBHO-TIPABOBOTO PETYIHPOBAHHUA,
BHYTPEHHETO KOHTPOJS WM  KOPIOPATHBHOTO
yIOpaBJIeHHs], TOrJa KaK BOIPOCHl MX KOMIUIEKCHOM
UHTETpaIu B cUcTeMe CaHUTapHO-
SMUJIEMUOJIOTUYECKOT0  KOHTpois — PecmyOnuku
Kazaxcran ocraroTcs HEIOCTATOYHO PACKPBITHIMU.
HenocraTouHo uccnenoBaHbl MHCTUTYIMOHAJIBHBIC

Hecmotpst Ha

OTpaHUYECHUS (yHKIIMOHUPOBAHHUS OpraHoB
KOPIIOPAaTUBHOTO yIIpaBJICHUS, MEXaHU3MBbI
B3aMMOJACHCTBHUS HaOJIr01aTeTbHOTO COBeTa,

UCITIOJIHUTENILHOTO OpraHa, BHYTPEHHETO ayauTa M
KOMIUIACHC-CITY’)KObI, a Takke WX BIWSHUE Ha
3¢ dexTHBHOCTD PHCK-OpPUEHTHPOBAHHOTO
yhnpaBiieHHs. DTO OOYCJIOBIUBACT HEOOXOIUMOCTb
KOMITJICKCHOTO ~ aHaji3a TPaKTHKH peatn3aluu
MUHTETPUPOBAHHON MOJEIH CaHUTapHO-
SMUAEMHOJIOTHYECKOTO YIIPABICHUS U pa3paboTKu
Hay4YHO 000CHOBaHHBIX HaIlpaBJICHUI eé
COBEPIIICHCTBOBAHHSI.
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Hayunaa  nosuzna. HayyHas  HOBU3HA
WCCIIEIOBAHNSA  3aKJIIOYaeTcss B TPOBEACHUHU
KOMILIEKCHOM MHCTUTYIIMOHAIBHOU OILICHKHU

NPAKTUKU pPeau3allii HHTETPUPOBAHHON MOJAEIU
CAaHUTAPHO-AIUJEMUOJIOTUYECKOrO YIPaBICHUS B
CHCTEME CaHUTAPHO-AIUIEMHOJIOTMYECKOTO
koHTpoist PecnyOnmkm Kaszaxcran. B pabote
BIIEPBBIC JTaHA CHUCTEMHAsI OIICHKA B3aWMMOJCHCTBUS
MEXaHU3MOB KOPIOPATHBHOTO yIIpaBJICHMUS,
BHYTPEHHETO ayAuTa, KOMIUIACHC-KOHTPOJIA U PUCK-
OPUEHTUPOBAHHOTO  YIpPABICHHUS Ha  IpUMEpe
nestensHocTH PI'TI Ha ITXB «HaunoHanbHbIM LIEHTP
SKCHEpPTU3b». BBIABIEHBI  MHCTUTYLHOHAJIbHBIC
OrpaHUYCHUS, CHIDKAIOIIUE 3¢ heKTUBHOCTD
JIVCTBYIOILIEH MOJIENN YIPABICHUS, U MPEJI0KEHBI
Hay9IHO 000CHOBaHHEIE HaIpaBICHUS eé
COBEPILICHCTBOBAHMSI, MpeAyCMaTPUBAIOLINE
YCUJICHHE CTPATETHUECKOW PO HaOIIOAATEILHOTO
COBETa, IMOBBIIMICHUE HE3aBUCUMOCTH KOHTPOJIBHBIX
(yHKIMI W pa3BHTHE TPEBEHTHBHBIX MEXaHWU3MOB
YIIpaBJIECHUS PUCKaMHU.

MATEPHUAJIBI U METO/bI

MeTo0oIOTHYECKYI0O  OCHOBY — HCCIIEIOBAaHUS
(OPMUPYIOT CHUCTEMHBIH W HHCTUTYIMOHAJILHBIN
MOIXOJIBI, TIO3BOJISOLIHE paccMaTtpuBaTh
KOPIIOPATUBHOE YIPABIEHUE B TOCYJapCTBEHHOM
CeKTope KaK LIETOCTHYIO COBOKYITHOCTB
B3aMMOCBSI3aHHBIX 3JIEMEHTOB, (DYHKIIMOHHPYIOIINX
B paMKaxX YCTaHOBJIEHHOW HOPMAaTHUBHO-IIPABOBOU U
opraHm3anoHHONW cpenbl. CHCTEMHBIA  ITOAXOI
WCIONIBb30BaH JUIsl aHallu3a CTPYKTYpbl CaHUTApHO-

SMUIEMUOIOTUYECKOTO  YIPABICHHS, BBISBICHUS
B3aUMOCBsI3EH MEXIY CTPaTErHYECKHUM,
OMEpPallMOHHBIM ¥ KOHTPOJBHBIM  YPOBHSIMH

YVIPABJICHUS, & TAKXKE OLEHKHU COTJIACOBAHHOCTH MX
(YHKIIMOHUPOBAaHUSI B paMKax HHTETPUPOBAHHON
Mozenu. MHCTUTYNHOHANBHBIA TOIXOA TIO3BOJIIIT
HCCIIeIOBaTh (popMaibHBIE MpaBWia, HOPMBI U
MPOIEAYPHl, PETIAMEHTHUPYIOUIHE JesATeTbHOCTh
OpraHoB KOPIOPATHBHOTO YIIPABICHWS, a TakkKe
BBISIBUTh ~ WHCTUTYIIMOHAJBHBIE  OrPaHUYEHUS,
BO3HMKAIOIIME B IIpoliecCe UX MPaAKTHUYECKOU
peann3anyy B KBa3UTOCYAapCTBEHHOM CEKTOPE.
OMIMPUYECKYI0 0a3y UCCIICIOBAHUS COCTABHITU
BHYTPCHHHE HOPMAaTUBHBIC JOKYMEHTBl U
yrpabieHueckas jgokymentanus PITI nHa IIXB
«HanuoHanbHbIA HEHTP SKCIIEPTU3BI», OTPAKAIOIIIHE
(haKTUYECKYIO MPaKTUKY KOPIOPaTUBHOTO
YIIpaBJIECHUS U BHYTPEHHETO KOHTpous. B ux umcie
WCTIONIb30BaHbl  IMOJIOXKEHUE O HaOJI0aTeIbHOM
COBETe, IMOJIOKEHUE O CeKpeTape HaOI0AaTeThHOTO
COBETa, TUIAHBI Pa0OTHI HAOIIOJATEILHOTO COBETA,

ITPOTOKOJIBL OYHBIX u 3a0YHbIX 3aCCZ[aHI/II\/II
HabmogarensHoro cosera 3a 2022-2023 roxpl, a
TaKXKe  OT4eT O  JICATCIBHOCTH  CeKpeTaps

HaOmomaTensHoro coseta 3a 2023 rox [1], [3], [4].

VYkazaHHbIE JOKYMEHTHI IIO3BOJIMJIM MPOCIEIUTD
JUHAMHUKY YNPaBJICHUYECKUX PpEIICHUH, BBIIBUTDH
MIPUOPUTETHBIE HANIPABJICHUS IEATEIHHOCTH OPTaHOB
KOPIOPATUBHOTO YIPABJICHUSI U OIICHUTH CTETICHb UX
COOTBETCTBHS 3asBJICHHBIM LEJISIM U (PYHKIHSM.

B xozme uccrnemnoBaHMsS NPUMEHSJICS KOMIUIEKC
OOIIEHAYYHBIX W CIENUAIBHBIX METOJI0B. MeToa
aHamM3a  JIOKyMEHTOB  HCIIOJB30BAJCS  JUIA
CHCTEMaTH3alil 1 UHTEPIIPETAllMd HOPMATUBHBIX
yHpaBIeHUYECKUX MaTepuaioB, BBISIBIICHHS
MOBTOPSIOIINXCSI MPOOJIEMHBIX 30H U XapaKTepHBIX
yIpaBJIEHIECKUX peLeHui. CpaBHUTENIBHO-
IIPaBOBOI aHAJIN3 MTO3BOJIMII COMIOCTABUTH IOJIOXKEHHUS
BHYTPEHHHX  JOKYMEHTOB  TPEANPHATHUS c
TpeOOBaHUMSIMH  3aKOHOAATENhCTBA  PecmyOnmnku
Kazaxcran B cdepe rocy1apcTBEHHOIO UMYILECTBA U
NPOTHUBOJICHCTBUSL KOPPYILMH, & TakKKe BBIIBUTDH
PacXOXAEHUSI MEXAy HOPMAaTHBHO 3aKPEIJICHHBIMU
U (hakTHUeCKH peaqu3yeMbIMH YIPABICHYECKUMH
MEXaHU3MaMH. OneMeHTHI KOHTEHT-aHaJIn3a
YOPaBICHUYECKUX PEUICHUH MPUMEHSUIUCH  JUIS
BBISIBJICHUS TEMaTHYECKHX IOMHHAHT B IOBECTKAX
3acefaHuil HaAOMIONATETBHOTO COBETAa, OLEHKH
HaNpaBICHHOCTH IPUHUMAEMBIX PEIICHHUN U CTETICHH
HX  OpHEHTaUMM Ha  IPEBEHTHBHOE  JHOO
KOPPEKTUPYIOIIEe YIIPaBICHHUE.

Jloruka uccnenoBaHusl OCHOBaHa Ha MO3TAITHOM
COIIOCTABIIEHUHU HOPMAaTUBHO 3aKperIeHHBIX
(yHKIMH OpraHoB KOPHOPAaTHUBHOTO YIPABIECHUS C
(hakTHUeCKOW MPAKTUKOW MPHHATHS M WCTIOTHEHUS
YIpPaBIEHUYECKUX pelleHnH. Takoil moaxo No3BOIMII
BBISIBUTh MHCTUTYLIMOHAJbHBIE PAa3pbIBBI  MEXIY
(bopmansHOit MOJIEIIBIO UHTEIPUPOBAHHOIO
CaHUTaPHO-3MHUIECMHUOJIOTHIECKOTO YIIPABIICHHUS U €€
MPaKTUYECKON peanu3alieil, a TakKe OIpeAeNIUTh
OCHOBHBIE METOJIOJIOTMYECKHE IIOJIOKCHMSA UL
00OCHOBaHUSI HANpaBJICHUH COBEPIICHCTBOBAHUS
KOPIOPAaTHBHBIX MEXaHU3MOB YIIPABJICHUS B CUCTEME
CaHUTAPHO-IMHIEMHOJIOTHTIECKOTO KOHTPOJIS.

PE3YJIBTATBI U OBCYKJIEHUE

Amnanus NPaKTUKU peanuzanun
MHTETPUPOBAHHOMN MOJIENH CaHMTapHO-
3MMJIEMHOJIOTUYECKOr0 yIpaBleHUs M0Ka3all, 4To B
JestenbHOcTH HalnoHanbHOrO LEHTpa DKCIEPTU3BI
chopmupoBaHa MHOTOYpPOBHEBas cUCTEMa
KOPIIOPaTUBHOIO yIpaBJIeHUs, BKJIIOYaIOLIast
HAOIOJaTETbHBIA COBET, HMCIIOJHUTENbHBIA OpraH,
CITyXO0y BHYTPEHHETO ayauTa u
AHTUKOPPYIILMOHHYIO KOMILIaeHC-ciyxO0y. JlaHHas
CHUCTeMa  WMHCTUTYLMOHAJIBHO  3aKpelyieHa U
(yHKIMOHUPYET Ha OCHOBE HOPMATHBHO-TIPABOBBIX
aKTOB, perIaMeHTHPYIOIIUX MTOJTHOMOYHS,
OTBETCTBEHHOCTh M TMOPSAJOK  B3aUMOJCHCTBUSA
OpraHoOB  YIpaBJIEHHWS B  COOTBETCTBHH  C
TpeOOBaHMSIMH ~ 3aKOHOAATENbCTBA  PecmyOnuku
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Kazaxcran o TroCyJapCTBEHHOM HMYIIECTBE |
poTUBOIeHCTBUN Koppymmuu [2], [5]. @opmanbHOE
HaJIMYUE BCEX CTPYKTYPOOOpPa3yrIIUX 3JIeMEHTaX
KOPIIOPATUBHOTO YIMPABJICHUS CBUJIETEIBCTBYET O

CTPEMIICHUU K BHCIPCHUIO COBPEMECHHBIX
YHOpaBJICHYCCKUX ImoaxoJ0B n 00eCcTIeUeHHUO
MMpO3pavYHOCTH ACATCIBHOCTHU

KBa3I/II‘OCYJIapCTBeHHOI\/’I OopraHuvsanun CaHUTapHO-
SMHUIEMHOJIOTHYECKOTO TIPODHIISL.

Taomuma 1

- I/IHCTI/ITyHI/IOHaHLHLIG
peaimnsanun HHTeI‘pHpOBaHHOfI MOACIN
SMUACEMUOJOTUYCCKOTO YHNPABJICHUA W HANPaBJIICHUA HUX

npoOIEMBI
CaHUTapHO-

COBEPIIICHCTBOBAHUS
IIpennaraemoe
BrisiBienHa HaNpaBJIeHHE
IIposiBenune
51 mpodJyeMa COBEpIIEHCTBOBA
HHUS
Henocratou | Ynpasnenueckue Bueapenue
Has pemeHus CHCTEMBI
HWHTETpanus | MPUHUMAIOTCS MIPOTHO3MPOBAHUS
PHCK- NPEUMYIIECTBEHH | M OIICHKH PHCKOB
OpUEHTHPOB | O nocjie | mpu
aHHOTO BBISIBIICHUSI CTPaTErUUCCKOM
yIpaBJICHUs | HApYIICHUHA IUTAHUPOBAHHUH
VYcunenue
IToBTOpsieMocTh .
. B3aMMOJICHCTBHS
HapyIICHUN "
®dparmenTap BHYTPCHHETO
HEJIOCTaTOYHAS
HOCTh aynuTa,
peanm3anus
BHYTPEHHET . HCTIOTHATEIIEHOTO
PEeKOMEH/TaITIiA
0 KOHTPOJIS oprana "
BHYTPECHHETO
HaOIIOJATENBLHOT
aymura
0 COoBeTa
OrpannyeHH " [ToBbIIEHHE
ITogunHEHHOCTD
ast HHCTUTYLINOHAIb
WCTIOTHUTEIIEHOM N
HE3aBUCHMO HOM
y OpraHy CHHXaet
CTh HE3aBUCUMOCTHU
00BEKTHBHOCTh
KOMILIACHC- KOMILIACHC-
KOHTPOJIS
CITyKOBI GbyHKIMU
Kountponn
™ PazBurue
[Ipeobnanan | opueHTUPOBaH Ha
MIPEBEHTUBHBIX
ue yCTpaHEeHHUE
o MEXaHU3MOB
PEaKTUBHOTO | MOCTIEICTBHM, a HE
KOPIIOPATHBHOTO
yOpaBieHUs | MPO(HUIaKTHKY
yIpaBJIeHUSA
PHCKOB
Pacmmpennue
HenocraTou
Hast OcHoBHOE y4acThs
BHUMAaHHE HabIrOaTeNEHOT
cTpaTeruiec
yaemnsiercs 0 coBeTa B
Kast poJb
TEKY UM CTPaTErUUECKOM
HaOroIaTeN
BOIpOCaM yIpaBICHUH u
BHOTO
JICSITEIbHOCTH yIpaBICHUH
coBeTa
pHUCKaMH

AHanu3 JaHHBIX, TPEJICTABICHHBIX B Ta0NHIIE 1,

MPENSITCTBUIMU
WHTETPUPOBAHHOU
MOJIETIH SIBJISIFOTCS] HEOCTATOYHASI HHTETPAIs PUCK-
OPUEHTHUPOBAHHOTO

IIOKa3bIBAfCT,

3¢ heKkTUBHOMN

qTO

peanu3anun

OCHOBHBIMH

YIpaBIICHUS,

OrpaHnv4cHHasA

HE3aBUCHMOCTh ~ KOHTPOJBHBIX  (yHKIMH  u
npeobiaganne PEaKTHBHOTO Xapakrepa
yIpaBJIEHYECKUX pelieHi. BrisiBieHHbIE TPOOIeMBI
TpeOyIoT COBEPLICHCTBOBaHUS MEXaHH3MOB
KOPIIOPAaTUBHOTO  YyMpPaBIE€HHS W YCWJICHHUSA

CTPAaTeTNYeCKOil poNM HaOIIONATENbHOTO COBETA.
Bmecte ¢ TeM pe3ynpTaThl aHamM3a MaTepUasoOB
3acelaHNi HAOIIOAaTEIbHOTO COBETA yKa3bIBAIOT HA
npeobaanie KOPPEKTUPYIOMINX YIIPaBIEHYECKUX
peLIeHn, OPHEHTUPOBAHHBIX PEUMYILIECTBEHHO Ha
yCTpaHEHHE YXKE BBIABICHHBIX HapyUICHUH |
HecooTBeTCTBUNA. OCHOBHOE BHHMaHHE B MOBECTKAaX
3acefaHuil ynmensercss BompocaMm (PUHAHCOBOTO
yueTa,  yOpaBJICHHIO  TOBAPHO-MaTepUAIbHBIMU
3arnacamu, KOppeKTHOCTH (PMHAHCOBOM OTYETHOCTH U
YCTPAaHEHHUIO HEJOCTATKOB B CHCTEME BHYTPEHHETO

KOHTPOJIA [1]. Takas HaIpaBJICHHOCTh
YOpaBICHUECKUX pEIIeHU CBUIETENBCTBYET O
PeaKkTUBHOM XapakrTepe KOPIIOPAaTUBHOTO

yOpaBleHus], TMPH KOTOPOM YIIPABICHHE PHCKAMH
OCyIIEeCTBIsIETCST TOCT(aKkTyM, a HE Ha OCHOBE
CHCTEMHOI'O IIPOTHO3UPOBAHUSA U MPEAYIPEXKICHUA
MOTEHIIMANBHBIX ~ yTpo3. OJTO  yKa3bplBaeT Ha
HEJOCTAaTOYHYIO pa3BUTOCTh MIPEBEHTHUBHBIX
MCEXaHNU3MOB YIIPpaBJICHUA pPUCKaAaMH U OTPAHUYCHHYIO
MHTETPalMI0 PUCK-OPUEHTHPOBAHHOTO I0/X0Ja B
MPOIECCHl  CTPATETHYECKOTO  IUIAHMUPOBAHHUA U
MIPUHATHUS YIIPABICHIECKUX PEIICHUI.

CymecTBeHHOM npoOiemMoit
WHTETPUPOBAHHOMN MO/JIEIH CaHWTAPHO-
SMUAEMHAOIIOTUYECKOTO  YIIPAaBICHUS  OCTaeTcs
(hparMeHTapHOCTh CUCTEMBI BHYTPEHHETO KOHTPOJISL.
HecMmotps Ha perymnspHoe NpoBeaeHHE BHYTPEHHUX
aynmuToB # (OpPMHpOBaHWME pPEKOMEHAAIMH TIO0
YCTPAHEHUIO BBISBICHHBIX HapyUICHUH, pe3yIbTaThl
KOHTPOJIBHBIX MEpONPUATUI HE BCerzaa
TpaHC(POPMHUPYIOTCSA B YCTOWYHBBIE YIIPABIEHIECKHE
W3MCHECHUSI. AHaIN3 pemieHuH HaOII0aaTeILHOTO
COBETa IMIOKAa3bIBACT, YTO OTJCIbHBIC CHUCTEMHBIC
HEJIOCTAaTKH, B TOM YHUCIIC B cepe ydeTa aKTHBOB H
OpraHMu3aIuu KOHTPOJBHBIX Mpoueayp,
MOBTOPSIOTCS B PA3IMUHBIX OTYETHHIX epuoaax [6].
OTO CBHJIETENBCTBYET O HEJAOCTAaTOYHOM CBS3KE
MEXITY (GYHKIUSIME ~ BHYTPEHHETrO  ay/wWTa,
UCIIOJIHUTENILHOTO OpraHa M  CTPAaTeTUYECKOro
KOHTPOJIA, a TAKXkKe 0 c1ab0il MHCTUTYIIHOHAIN3AINN
MEXaHN3MOB OTBETCTBEHHOCTH 3a HEHCIIOJHEHHE
i (hopMaIbHOE UCTIOTHEHUE IPUHSTHIX PEIICHHH.

Ocoboe 3HAUYCHHUE B KOHTEKCTE
UHTErPUPOBAHHOU MOJIENIN YIpaBIeHUA
npuobpeTaer MHCTUTYLIMOHAIbHBIN craTtyc
AHTUKOPPYILIUOHHON KOMILJIACHC-CITYKOBI.
[TomunHEHHOCTH JAHHOU CITYKOBbI UCTIOTHUTEITHHOMY
OpraHy coO3JaeT MpaBOBblE W YIPaBIEHYECKHE
KOJUIM3HH 5 IIPOTUBOPEYUT NPUHIUITY
HE3aBUCUMOCTHU KOHTPOIbHBIX hyHKITHH,
3aKpeIICHHOMY B 3aKOHOZATEeNbCTBE PecmyOnmuku

peanu3anuu
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Kazaxctan o mportuBozeiicTBum koppymiuu [5]. B
pe3yiabTaTe  KOMIUTaeHC-(QYHKIMS B  OOJBIIEH
CTETIEHM  OpHEHTHpOBaHa  Ha  (opMaJbHOE
coOnroieHre TpeOOBaHMIA M OTYSTHOCTh, HEXKEITH Ha
CHCTEMHYIO MPOPUIAKTHKY KOPPYIIIUOHHBIX PUCKOB
u  (QopMHpOBaHHE KYJIbTYphl J0OPOCOBECTHOTO
yopaBieHus. OTO  CHWXKaeT  3(PQPEKTUBHOCTH
KOMILJIaeHC-MEXaHU3MOB KaK JJIEMEHTa
MHTErPUPOBAHHOU MOJENN CaHUTAPHO-
SMHUIEMHOJIOTHYECKOTO YIIPABIICHUS.

BaxXHbIM  CBS3YIOLIMM  3JEMEHTOM  MEXKAY
CTpaTECTU4YCCKUM u OICPaAIMOHHBIM YPOBHAMHA
yOpaBIC€HUS B JaHHOW CHUCTEME  BBICTYyHAeT
CeKpeTapb HabMoaaTeIbHOro coBeTa. IMeHHO uepes
NeSITENIBHOCT  ceKpeTrapuaTa  o0OecriedrBaeTCst
OopraHuvsanoHHas U I/IH(i)OpMaHI/IOHHaSI OEJIO0OCTHOCTH
WHTETPUPOBAHHOM MOJICITH yIPABIICHUS, TIOATOTOBKA
MaTepualoB K  3acellaHusIM,  KOODJMHAIMS
B3aUMOJICUCTBUS MEXAY OpraHaMM YIIPaBICHUS U
MOHHUTOPHHT UCTIOJTHEHHS peleHuH
HaOJIOIaTELHOTO coBeTa. BMecTe ¢ TeM mpakTHKa
MOKAa3bIBAET, YTO BHICOKAs HArpy3Ka, HIMPOKUH KPyT
GYHKIMHA W OrpaHUYCHHBIC WHCTUTYIMOHATIHHBIC
pecypchl  ceKpeTapuata  CYIIECTBEHHO — CYKAalOT
BO3MOXHOCTH  CHCTEMHOTO W YIIyOJIEHHOTO
KOHTpOJIsI 332  peayM3aliell  ynpaBlIeHYeCKHX
pemrenuii [3]. To IPUBOAUT K CMEIICHHUIO aKIICHTA B
paboTe  cekperapuara C  aHAJIWTUYECKOW U
MOHHTOpI/IHI‘OBOI‘/'I JACATCIIbHOCTU Ha
MPEUMYIIIECTBEHHO ~OPraHU3alMOHHO-TEXHUYECKOES
CONPOBOXKICHUE 3aCEIaHUM.

B COBOKYITHOCTHU BbISIBJICHHBIC HpO6HeMI)I
CBHIETENLCTBYIOT O TOM, YTO HMHTETPHUpPOBaHHAS
MOJIEITh CaHHUTAPHO-3MUACMHUOIOTHYECKOTO
yhopaBlieHHs B JAeATeNbHOCTH  HamuoHambHOTO
LEHTpa SKCIEPTH3bl B 3HAUNTEILHON CTENIEHH HOCUT
(hopMabHO-HHCTUTYLIMOHATBHBIA ~ Xxapaktep. s
TOBBIIICHUST €€  PE3YJIbTATUBHOCTH  TpedyeTcs
yriryoaeHue WHTETrpalun KOPIOPaTUBHBIX
MEXaHU3MOB YIpPaBICHHUS B CUCTEMY CAHHUTApHO-
STHIEMHOJIOTHYECKOTO KOHTPOJIS, yCHJICHUE
NPEBEHTHBHOW W CTPaTerMYecKod  (QyHKUIUH
HaOJIONATEeNbHOTO  COBETa, HMHCTHUTYLIMOHAJIBHOE
YKpeIIeHue HE3aBUCHUMBIX KOHTPOJIBHBIX
nofpasfeNeHuid W 1mepexox  OoT  (OpMajIbHOTO
COOTBETCTBHS HOPMATUBHBIM  TpPeOOBaHUAM K
pe3yJIbTaT-OpUEHTUPOBAHHON YIIPaBIE€HYECKON
MpaKkTUKE, OPHECHTHPOBAHHON Ha JIOITOCPOYHYIO
YCTOMYUBOCTH M CHI)KEHHUE YIPABICHYECKUX PUCKOB.

Kax noxa3zaHo Ha pucyHKe 1, moBblllIeHHE
3 (PEKTUBHOCTH  WHTETPUPOBAHHON  MOJEITH
CaHUTAPHO-3MUAEMHUOJIOTUYECKOTO YIIPABICHUS
BO3MOKHO TOJIBKO npu KOMILUIEKCHOM
B3aMMOJICVICTBUY MEXAHU3MOB KOPIIOPATUBHOIO
YIIPaBIICHUSA, BHYTPEHHETO ayJnuTa, KOMIIJIACHC-
KOHTPOJIA 51 PUCK-OPUEHTUPOBAHHOTO

yTIpaBJICHUS. Nx COTJIaCOBaHHOE
(GyHKIMOHMpOBaHUE O0OECIIEYMBAET MEPEX0] OT
pEeaKTUBHOMN MOJIETIH yTpaBICHUS K

CTPaTErMuecKoil CHCTEME MpPEeRyNpPEeXACHUS U
MUHHMH3ALUU PUCKOB.
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Pucynok 1 - KoHuenryaibHas MOA€EIb
COBEPIIEHCTBOBAHUS HHTETPUPOBAHHOTO CAaHUTAPHO-
SMHUIEMHUOJIOTHIECKOTO YIIPaBICHUS

BbIBO/IbI

[IpoBenennoe HCCIeI0BaHUe MO3BOJISICT
CJeNaTh BEIBOJI O TOM, YTO HHTETPUPOBAHHAS MO/ICITb
CAaHUTAPHO-IMHIEMHUOJIOTHYECKOTO YIIPABJICHUS B
nesrensHocT PTTI Ha T1XB «HanuonanbHbi eHTp
SKCIIEPTH3bDY WHCTUTYIIHOHAILHO CHOPMUpPOBaHA,
OJTHAKO €€ MPAaKTHYECKas peann3anus CTATKHBAETCS
C psmOM YCTOMUYMBHIX orpaHnyenuil. Hambomee
3HAYUMBIMU TPOOJIEMaMH SBJISIFOTCSI HEAOCTATOYHAS
3peNOCTh  PUCK-OPUEHTUPOBAHHOTO  YTIPABIICHUSA,
(hparMeHTapHOCTh BHYTPEHHETO KOHTPOJIS,
WHCTHUTYIIMOHAIEHEIC KOJUIM3UU B cepe
AHTUKOPPYIIIMOHHOTO KOMITJIACHCA W OTpaHUYICHHAS
MPEBEHTHUBHAS pPOJb HAONIOAATEIIBHOTO COBETA.
CoBepIlIeHCTBOBaHNE HMHTETPUPOBAHHOW  MOJIENH
CaHUTAPHO-IHIEMHUOJIOTTIECKOTO yIpaBIeHU
JMOJDKHO ~ OBITh ~ HAmpaBIE€HO HA  yCHICHHUE
CTPaTErnYeCcKOi ()YHKIIMHM KOPIIOPATUBHBIX OPraHOB,
TIOBBIIIICHHE HE3aBUCUMOCTH KOHTPOJIBHBIX
MOApa3IeNeHul, BHEAPECHWE CHUCTEMHON OIICHKHU
PUCKOB ¥  TOBBIIICHHE OTBETCTBEHHOCTH 34
UCTIOJTHEHHE YIpaBIEeHIECKUX pelIeHui.
Peanmzamuss  maHHBIX  HAmpaBIEHWH  TIO3BOJIHT
MOBBICUTh ~ YCTOHYMBOCTH U  PE3YJIBTaTUBHOCTH
CaHUTAPHO-YMUACMHUOJIOTHICCKOTO  KOHTPOJA U
VKpenuTh  JOBepre  oO0ImecTBa K  CHUCTEMe
TFOCYIapCTBCHHOTO yIpaBiICHUS B chepe OXpaHbI
3I0pOBbsI HaceneHus [7].

Aemopckuit 6éxnad (maxconomua CRediT):
M.A. KakeHOB: KOHLENTyaJIU3alusl UCCIECI0BAHUS,
pa3zpaboTka METOJI0JIOTHH, PYKOBOJICTBO
HCCJIEIOBAHUEM, aHAU3 PE3yIbTaTOB, IMOATOTOBKA
nepBoHavyanpHOro  BapuaHTa pykomucu. H.B.
AMTBINIEB: COOp M aHAIN3 HOPMATHUBHBIX W
VIOPaBICHUYCCKUX  MaTepuajoB,  HCCIIEIOBaHUE
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CUCTEMBI KOPIIOPaTUBHOTO yIpaBIeHUYS,
(dbopmanbHBI aHaIN3, Y4acTHE B HHTEPIPETALUU
pesynbraToB. E.C. CayJieToB: aHanu3 JTOKYMEHTOB,
HCCIIEIOBAHNE HHCTUTYLHOHAIBHBIX MEXaHHU3MOB
KOPIIOPaTUBHOTO  YIpPAaBICHUS,  BHU3YyaJIN3aLMs
KOHIENTYalnbHON MOJENH, MOATOTOBKAa OTIENBHBIX
pazzenoB pykonucu. M.M. TarumeBa: aHanu3
Hay4YHOM JMTEpaTypbl, Baluiauus pe3yJbTaToB
WCCIIEIOBAHNSA, KPUTHYECKUM aHalMu3 CoAep)KaHus
CTaThH, Hay4HOE pEAAKTUPOBAHUE. A.C.
AxkMmaranOetoBa: MpOBEpKa JOCTOBEPHOCTH
MOJYYCHHBIX PE3YJIbTaTOB, 0(OpMIIEHHE PYKOIHCH,
peLEeH3UpOBaHWE,  MOATOTOBKA  OKOHYATENIBHOMN
BEpCHU CTaTbu. Bce aBTOpBl 03HAKOMHIUCH C

nyOJMKauu W HECyT  OTBETCTBEHHOCTh  3a
JIOCTOBEPHOCTD TIPEICTABICHHBIX PE3YIBTATOB.

Qunancuposanue. ViccienoBaHnue BbITIOJIHEHO
0e3 IpuBJIeYEHUS BHEITHETO (PMHAHCUPOBAHUSI.
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PRACTICAL APPROACHES TO OPTIMIZING CORPORATE GOVERNANCE
MECHANISMS IN THE SANITARY AND EPIDEMIOLOGICAL CONTROL SYSTEM OF
THE REPUBLIC OF KAZAKHSTAN
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Abstract. The article discusses practical approaches to optimizing corporate governance mechanisms in the sanitary and
epidemiological control system of the Republic of Kazakhstan. The purpose of the study is to analyze current corporate
governance practices using the example of a state-owned sanitary and epidemiological enterprise and identify areas for
its improvement. The methodological basis of the research consists of institutional and system analysis, content analysis of
regulatory and management documents, as well as the comparative legal method. The empirical basis was the internal
documents of the Supervisory Board of the National Center for Expertise of the Sanitary and Epidemiological Control
Committee of the Ministry of Health of the Republic of Kazakhstan. As a result of the research, practical problems in the
field of strategic control, internal auditand anti-corruption compliance have been identified. The necessity of strengthening
the role of the Supervisory Board and the introduction of risk-oriented management mechanisms is substantiated. The
practical significance of the work lies in the possibility of using the results in improving corporate governance in sanitary
and epidemiological control organizations and in the quasi-public healthcare sector of the Republic of Kazakhstan.
Keywords: corporate governance, sanitary and epidemiological control, supervisory board, internal audit, compliance,
state enterprise, risk management, quasi-public sector, healthcare, Republic of Kazakhstan.
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Anoamna. Maxanana Kaszakcran PecryOnmKachbiHBIH —CaHUTAPIBIK-OIUIEMHOJIOTHSIIBIK —OaKpulay KyieciHueri
KOpHOPATHBTIK Oackapy TETIKTEPiH OHTaHIaHABIPYABIH MPAKTHKAJIBIK TOCUIIEP] KapacThlpblUIabl. 3epTTEy IiH MaKCcaThl
CaHUTAPJIBIK-3MTUIEMHOJIOTHSAJIBIK ~ OCHiHIeri MEMIIEKETTIK KOCIOpBIH MBICAJIBIH/A KOPIOPATHBTIK OacKapyJibl
KYPri3yZiH KOJIIAHBICTAaFbl TKIPUOECIH Tanjay »KSHE OHBI JKETUIAIpY OarbITTapblH aHBIKTAy OOJBIN TaObLIAJIBL.
3epTTeyaiH 9iCHaMaIbIK Her'i31 MHCTHTYIIMOHAJIBIK JKOHE XKYHEIIK Tajiay, HOpMaTHBTIK XaHe 0acKapy Ky)KaTTapbIHbIH
KOHTEHT-TaJIIaybl, COHal-aK CalbICTBIPMAalbI-KYKBIKTHIK d/1ic Oombin Tabsutansl. Kasakctan PecyGnukacer JleHcay bk
cakray MHHACTP:Iri CaHUTaPIIBIK-3ITHIEMHOIOTHSUIIBIK OaKblIay KOMHTETIHIH « ¥ATTHIK capantama opTamsirsny [TIDKK
PMK Baxpinay KeHeCiHIH iIKi KyKaTTaphsl SMITUPUKAIBIK 0a3a 0omabl. 3epTTey HOTHKECIHAE CTPATETHSUIBIK OaKbLIay,
Imxi ayauT sxoHe chIOaiiyiac )KeMKOPIIBIKKA KApChl KOMIUIAGHC CAaChIHAAFHI IPAKTHKAIBIK IpodieMatap aHbIKTaJIbl.
Bakpuiay keHeciHIH pelliH KYLIICHTY JKoHe ToyeKeNre OaFraapianFal 0ackapy TETIKTepiH €HT13y KaKeTTUIIT1 HeTi3/IeNTreH.
JKYMBICTBIH PaKTHKAIBIK MaHBI3ABUIBIFbI CAHUTAPHSUIBIK-I U IEMHOJIOT HSUIBIK OaKpuIay YibIMIapheinaa sxone Kasakcran
PecryOnuKkachIHBIH JIeHCAYJIBIK CaKTay/blH KBa3UMEMIICKETTIK CEKTOPBIHAA KOPIOPATUBTIK OacKapyAbl >KETULAIpY
Ke3iH/Ie HOTIKeNep/ii Taianany MYMKIHIITHE JKaThIp.

Tyitin ce30ep: KOPIOPATHBTIK OacKapy, CaHHUTAPIBIK-IMUACMHUOJOTHIIBIK Oakbpuiay, Bakpuiay keHeci, [miki aymur,
KOMIUTaeHC, MEMJIEKETTIK KOCITIOPBIH, TOyeKeIepi 0ackapy, KBa3UMEMIIEKETTIK CEKTOP, JeHCayIbIK cakray, Kasakcran
Pecnyonukachr.

INPAKTUYECKHE ITIOAXO/bI K OIITUMN3ALIUN MEXAHU3MOB
KOPIIOPATUBHOT O YIIPABJIEHUA B CUCTEME CAHUTAPHO-
AIMMUIAEMHUOJOTIMYECKOI'O KOHTPOJISA PECITYBJIMKHN KA3BAXCTAH
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Annomayua. B cratbe paccMaTpUBAIOTCS MNPAKTHUYECKUE MOAXOAbl K ONTUMHU3ALUU MEXAHU3MOB KOPIOPATUBHOTO
YOpaBJICHUS B CHCTEME CAHHTApHO-IMHICMHOIIOTHICCKOTO KOHTpois PecrmyOmmkm Kazaxcran. Llenms mcciemoBaHuS
3aKJII0YAETCS B aHAJIN3€E AEUCTBYIOLIEN MPAKTUKHU BEJEHHS KOPIIOPATUBHOT'O YIIPABIEHUS HAa IPUMEPE IOCYJaPCTBEHHOTO
MPEONPUATHS CAHUTAPHO-3IHICMHOIOTHICCKOTO TPOQWIT W BBHIABICHHH HANPABICHUH €€ COBEPIICHCTBOBAHIS.
MeTo10JI0THYECKYI0 OCHOBY MCCIIEOBaHUS COCTABIISIOT HHCTUTYLIMOHAJIBHBIN U CUCTEMHBIN aHalu3, KOHTEHT-aHAIN3
HOPMATHUBHBIX W VIPABICHYECKHX IOKYMECHTOB, a TaKKe€ CPaBHHUTENBHO-TIPABOBOW METON. DMITUPUYECKOl Oa3oi
MOCITY’)KUITM BHyTpeHHUE AokyMeHThl HabmromatensHoro coBera PI'TI Ha [1XB «HannoHanmbHBIN HEHTP DKCIEPTU3B)
KoMmuteTa caHUTapHO-IIHIEMUOIOTHIECKOTO KOHTPOJIsi MUHUCTEpCTBA 3MpaBooxpaHeHus PecnyOnuku Kazaxctan. B
pe3ynbTaTe WCCIIeNOBaHUS BBHISBICHBI MPAaKTHUECKHe MpoOjeMbl B cepe CTPaTerHIecKoro KOHTPOJS, BHYTPEHHETO
ay/InTa U aHTUKOPPYNIIMOHHOTO KoMmIutaeHca. O00cHOBaHA HEOOXOAMMOCTh yCHIIeHUsT poiiu HabmonaTenbHOro coBeTta
Y BHEJIPCHHS PUCK-OPHEHTHPOBAHHBIX MEXaHU3MOB ympaBieHus. [IpakTudeckas 3HaYMMOCTh paOOTHI 3aKI0YacTCS B
BO3MOXHOCTH HCHOJIb30BaHUSI PE3yJbTaTOB MPU COBEPUICHCTBOBAHUM KOPIOPATUBHOIO YNPABJICHUSI B OpPraHU3aLlUsiX
CaHHUTAPHO-3MHIIEMHOIOTHICCKOTO KOHTPOJS M B KBa3UTOCYIApCTBEHHOM CEKTOpE 3[paBOoOXpaHeHWs PecmyOnmku
Kazaxcran.

Knroueswie cnoea: xoprnopaTuBHOE yIpaBleHIE, CAHUTAPHO-IIHICMHOJIOTHICCKAN KOHTPOJIb, HAOIIOIaTeIHHBIN COBET,
BHYTPEHHUN ayduT, KOMIUIA€HC, TOCYAAapCTBEHHOE MpEANpUsITHE, YIpPaBICHUE PUCKAMHU, KBAa3UTOCYIApCTBEHHBIH
CEKTOp, 3MpaBooxpaHeHue, Pecrybnuka Kazaxcran.
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OCHOBHBIE ITOJIOXKEHUWA

IlpakTka KOPHOPATUBHOTO YIMPABICHUS B
CHCTEME CaHUTAPHO-IIUAEMHUOJIOTMYECKOTO
koHTposs PecryOnmku Kaszaxcran neMoHCTpHpyeT
MOCTECTICHHBIN nepexon oT dhopmansHOTO
COOJIIOICHUST HOPMATUBHBIX TPEOOBAHMI K PA3BUTHIO
PUCK-OPHUEHTHUPOBAHHOM  MOJENHM  yIpPaBIICHUSA,
OCHOBAHHOM Ha YCWIECHHU CTPaTErH4ecKOM PO
HaGmrogaTenbHOTO coBeTa, BHYTPEHHETO ayauTa U
AHTUKOPPYILHOHHOI'O KOMIUIAEHCA.

Anamnz  pesrensHoctH  PITI  mwa IIXB
«HauuoHanbHbIA IIEHTP SKCOEPTU3BI» IOKa3aj, YTO
3((HEeKTUBHOCTh  KOPIOPATHBHOTO  YTIPaBJICHUS
ONPEAEIAETCS HE TOJBKO HaTU4IHEeM
WHCTUTYLIMOHAIBHBIX MEXAHU3MOB KOHTpPOJIS, HO U
YPOBHEM 15D.4 MPaKTUYECKOU peanuzanuu,
MH(GOPMAITMOHHOW TIPO3PavyHOCTH, HE3aBHCUMOCTHU
KOHTPOJIBHBIX (DYHKIIUH M MHTErPAlliU yIPaBJICHUS
pUCKaMHM B MPOULECCH MPUHATHS YHPABIEHYECKUX

peLICHHH. Ontumusanus MEXaHH3MOB
KOPIIOPaTUBHOTO yIpaBJICHUS Tpedyer
KOMIUIEKCHOTO ~ COBEpIIEHCTBOBAHMS  CHCTEMBI
CTPaTErMYeCKOro  KOHTPOJS,, PAa3BUTUSl  PHUCK-
OPHEHTHUPOBAHHOI'O  YIPABJICHUS,  ITOBBILICHUS
MIPO3PAaYHOCTH KOPIIOPAaTUBHBIX mpoueayp,

YKPCIUICHUS HE3aBUCUMOCTHU BHYTPCHHCTO ayauTa U
KOMIUTa€HC-CITY’KOBI, a Takke (opmMupoBaHUs
€IMHON CHUCTEMBbI KOPIIOPATHBHOIO YIIPABICHUS B
OpTraHu3alMsAX  CaHUTAPHO-DIHUIEMHOIOTHIECKOTO
koHTponsa Pecrry6nmku Kazaxcran.

BBEJIEHUE
KopmopatuBHoe  ympaBiieHHE B  CHCTEME
CaHUTAPHO-ATIHIEMUOJIOTHIECKOTO KOHTPOJIA
PecniyOnukm  Kaszaxcran — sBHsieTCS  BaXKHBIM

WHCTUTYIIUOHAIBHBIM ()aKTOPOM YCTOWYUBOCTH U
PE3yIBTATUBHOCTH JIEATSIBHOCTH TOCYNAPCTBEHHBIX
MPENNPUITHH, OCYIIECTBISMIOMMX (PYHKIIUN B cepe
OoXpaHbl OOIIECTBEHHOTO 370pPOBbs. B  ycrmoBusix
peanu3anun CaHHUTAPHO-3UACMHUOIOTHYECKHX
MeponpuATHA  3(PPEKTUBHOCTS  YIIPABICHUECKHX
PEIICHUH OKa3bIBACT MPSIMOE BIMSIHUE HE TOJBKO Ha
(hMHAHCOBO-IKOHOMUYECKHUE MoKa3aTen

NpENpUATU,, HO M Ha YypPOBEHb CaHUTaApHOMU
Oe3omacHOoCcTH  HaceneHws. B 3ToH  CBA3M
KOPIIOPaTUBHOE yIIpaBJICHUE nmpuoOpeTaer
MEXXIUCITUTUTMHAPHBIH xapakrep, 00BeTUHSIS
MpaBOBbIE, HSKOHOMWUYECKHE U YIIPaBICHYECKHE
ACIEKThI JeATENbHOCTH roCyJapCTBEHHBIX
opraam3armii [1].

OCOOCHHOCTBIO ~ TPEANPHATHN  CaHUTApHO-
3MUIEMHUOIOTHYECKOTO npoduis SIBJISICTCS

coyeTaHue MyONUYHBIX (YHKIUH M XO3SMCTBEHHOI
CaMOCTOSITETIBHOCTH, pealn3yeMoil B ¢opMe mpasa

X035IMCTBEHHOI'O BeJICHUSI. Taxkas MOJEIb
MpenmoyiaraeT  MOBBIINIEHHBIE  TpeOOBaHUS K
MPO3pPavyHOCTH, MOJAOTYETHOCTU W KayeCTBY

CTPATETHYECKOr0 YIMPABICHHUS, YTO 3aKPEIJICHO B
3akoHoAarenbcTBe  PecrmyOmukm — Kaszaxcran o
rOCYJapCTBEHHOM HWMYIIECTBE U  TOA3AKOHHBIX
HopMaTuBHBIX  aktax [1], [2]. IIpakruka
MOKa3bIBaeT, YTO

(dopMasbHOE HaIM4YHe OPTraHOB KOPHMOPATHBHOTO
yOpaBJieHUs: He Bcerma  obecreuuBaeT X
peasibHyI0  3QQPEKTUBHOCTh, YTO OOYCIOBIMBACT

HEOOXOIMMOCTD a”aIM3a (hakTHIeCcKIX
YIIpaBICHUYCCKUX MEXaHU3MOB. OCHOBHBIM
DJEMEHTOM  KOPIOPAaTUBHOTO  YIpaBICHUS B
TOCYAapCTBEHHBIX MIPETPUATHIX SIBJISIETCS
HaOmronarenbHbli COBET, Ha KOTOPBIH

BO3JI0KCHBI (byHKL[I/II/I CTPATCTUYCCKOTO KOHTPOJIA,
OLICHKHU ACATCIbHOCTH MCIIOJHUTCIIBHOIO OpraHa H

3alIMThl WHTEPECOB CcOOCTBeHHHMKAa. B  cucreme
CaHUTAPHO-3MHIEMHUOIOT HYECKOTO KOHTPOJIS
TTAaHHBIC (hyHKIIUH MIPHOOPETAIOT 0co0yI0
3HAYUMOCTh BBUTY BBICOKOT'O YPOBHS

YIPaBIEHUYECKUX U PEMyTallMOHHBIX PUCKOB. Llenbro
HACTOALIEH CTaTbM SBISIETCA AaHANU3 TPAKTUKU
BEJICHHS KOPIIOPATUBHOIO YINPABJIEHUSI HA IpUMEpe

PI'TI Ha IIXB «HarmonanbHbBIN LIEHTP
SKCIEPTHU3BI» Komurera CaHUTapHO-
SMUIEMHUOIOTHYECKOTO KOHTpOJs MUHHCTEpPCTBA
3npaBooxpaHeHus:  PecmyOmukm — Kazaxcram wu
(hopMUpoOBaHHE HAYYHO OOOCHOBAHHEIX BEIBOJIOB O
HaIpaBJICHUSAX OIITHMHU3ALINHI JIEHCTBYIOIIKX

mexanu3mos [3], [10].

Ilpoben 6 wuccnedosanuax. HecMoTps Ha
pa3BHUTHE HCCIICOBAHHUI B 00JIaCTH KOPIIOPATUBHOTO
YIpaBJICHUS] TOCYIapCTBEHHBIMU MPEIIPUSATHIMA U
KBa3UIOCYJapCTBEHHBIM  CEKTOPOM,  BOIPOCHI
HNPaKTHYECKOM ONITHMH3ALIIH MEXaHU3MOB
KOPITIOPaTHBHOTO YIPAaBJICHUS B CHCTEME CAHUTapHO-
SMHUIEMHOIIOTHYECKOTO  KOHTposss  PecmyOnuku
KazaxcTan OCTalOTCS HEIOCTATOYHO H3YYCHHBIMHU.
BONBIIMHCTBO ~ CYIIECTBYIONIMX  HCCIICTOBAHHN
MOCBSAIICHO  HOPMATUBHO-TIPABOBBIM  acIleKTaMm
KOPIOPAaTHBHOTO  yNPABJICHHs, OPTaHU3ALHOHHON
CTPYKTYpPE HJIH OTIEIIBHBIM 3JIEMEHTaM BHYTPEHHETO
KOHTpOJsS, TOTJAa Kak KOMIUICKCHBIH — aHau3
MPaKTUIECKOTO (yHKIMOHUPOBAHUS
HaOJIIOaTeIbHOTO COBETa, BHYTPEHHETO ayauTa,
AQHTUKOPPYIIIMOHHOTO  KOMIUIaéHCa M PHUCK-
OpUEHTUPOBAHHOTO  YIpaBJICHHs]  MPEACTaBIeH
orpaHn4yeHHo. HemocTaTouHO pacKphIThl MEXaHH3MBI
1754 B3aMMOJICHCTBHS B YCIOBHSIX
CHeNHaTU3UPOBAHHBIX rOCYJapCTBEHHBIX
OpraHM3alMii  CaHUTAPHO-AIIUAEMHOJIOTHIECKOTO
npoduirs, a TaKKe BIMSHUE JaHHBIX MEXaHU3MOB Ha
3¢ PEKTUBHOCTh CTPATETHYECKOTO YIpPaBICHUSI. JTO
00ycIOBIMBaET HEOOXOAUMOCTD Pa3pabOTKH HAYIHO
O00OCHOBAaHHBIX ~ TPAKTHYECKHX  IOIXOJOB K
ONTHMHU3AIMK  KOPIIOPATHBHOTO  YNPaBIEHHA C
YUETOM COBPEMEHHBIX TPeOOBaHUH K MPO3PaYHOCTH,
MOAOTYETHOCTH | YIIPABICHUIO PUCKAMH.
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Hayunaa  nosuzna. HayyHas  HOBU3HA
WCCIIETOBAHNS 3aKTI0YAETCs] B KOMIUIEKCHOM OlleHKe
MPAKTUYECKOTO (DYHKIIMOHUPOBAHUS MEXaHU3MOB
KOPIIOPATUBHOTO YIPABICHHS B CHCTEME CAHUTAPHO-
SMUIEMUOIOTHYECKOTO  KOHTponst — PecmyOnuku
Kazaxctan Ha oOCHOBe aHanmm3a JeATENBHOCTU
CHEIMATU3UPOBAHHOTO rOCyIapCTBEHHOTO
NpeanpusTus. B oTiauuuMe OT  CYIIECTBYIOIIMX
WCCIIE/IOBAaHNH, OCHOBHOE BHUMAaHHUE YJICIICHO HE
TOJIBKO HOPMaTHUBHO-TIPABOBBIM acrmeKTam
KOPIIOPATUBHOTO YIIPABIEHUS, HO U TMPAKTUIECKOU
peanuzanuu Qynkiuii HaOGmogatensHoro cosera,

BHYTPEHHETO ayauTa, AHTUKOPPYILIMOHHOTO
KOMILJIaeHCa u PHUCK-OpPUEHTUPOBAHHOTO
ynpaeieHus. Ha ocHOBe mNpoBeneHHOro aHanmu3a
BBISIBIICHBI KITFOUEBbIC OpraHHU3alOHHbIE
OTpaHUYCHHS JeHcTByIOLIeH MOJETIH
KOPIIOPAaTHBHOTO  YMpPaBIEHUS U  TPEATIOKEHBI
MPaKTUYeCKUE TMOAXOABl K WX ONTUMH3AIINH,
HampaBJIeHHble Ha NOBbIIIeHHE 3(deKkTuBHOCTH
CTPaTEerMYecKOro  yOpaBJICHUs,  HPO3PAvYHOCTH,
MOIOTYETHOCTH W YCTOWYMBOCTH J€ATENBHOCTU
opraHu3anui CaHUTAPHO-3MUAEMHUOJIOTHYECKOTO
KOHTPOJISL.
METOAbI U MATEPHUAJIBI.

MeTomONIOTHYECKYI0O OCHOBY — HCCIIEIOBAHUS

COCTaBJIIIOT ~ MHCTUTYLMOHAIBHBIA  aHAIN3 H

CHUCTEMHBIN MOAXO0/], MO3BOJISAIOLINE paccMaTpHUBATh
KOPIIOPaTHBHOE YINPABJIEHWE KaK COBOKYITHOCTb
(dbopManbHBIX HOPM, YNpPaBIECHUYECKUX NPOLEAYp H
(akTHUECKMX MPaKTUK HMX peanu3auur. KoHTeHT-
aHaNM3 TMPHUMEHSIICS TPH HW3YyYCHWH BHYTPEHHHUX
periaMeHToB, IJIAHOB  pabOThl,  MPOTOKOJIOB
3aceqaHui u OTYETHBIX JOKYMEHTOB
HabnronatensHoro coBera, 4TO MO3BOJIMIIO BBHISIBUTH
peanbHOe COIEp)KaHHE YNPABICHYECKUX IPOLECCOB
U CTENEHb UX COOTBETCTBUS ~ HOPMAaTHBHBIM
TpeboBanusiM [3-9].

OMrpudeckyro 6a3y HCClIeoBaHuS 00pa3zyroT
Ilonoxenne 0 HabGmronatensHoM COBETE,
[Tonoxenue o cexperape HabmogarensHOro cosera,
rianel padotel HabmronatensHoro cosera 3a 2022
rOfl, TIPOTOKOJIbI OYHBIX M 3a0YHBIX 3aceJaHud 3a
2022 rox, a TakXke OTYET O MPOJEIAHHON paboTte
cekperapss HabmomatensHoro cosera 3a 2023 rox
[31, [4], [5], [6-10]. CpaBHHTEIBEHO-TIPABOBOM METO
UCTIONB30BAJICSL JUISL COTIOCTABICHUS (DAKTHIECKOU
NPaKTUKA  KOPIOPATHBHOI'O  YIpaBICHUS  C
TpeOOBaHUAMHU  3aKOHONATEIhCTBA  PecmyOnmku
KazaxcraH 1 BeJIOMCTBEHHBIX HOPMaTHBHBIX aKTOB B
cdepe 3apaBooxpanenus [1], [2].

PE3VYJIBTATBI U OBCYXJIEHUE.
IIpakTuka BEJICHUS KOPIIOPaTUBHOTO
ynpasnenus B PI'TI na ITXB «HanuonansHbI EeHTp
skcrieptu3bl» B 2023 rTomy  xapaktepusyercs

ycuneHnneM ponu HaOmromaTenbHOTo coBeTa Kak
pEaIbHO JIEHCTBYIOIIEr0 OpraHa CTPaTErHYeCKOro
KOHTposd.  AHamM3  OTYETHBIX  MaTepuasoB
MOKA3bIBaeT, YTO 32 OTYETHBIM MEepHoJl MPOBEICHO
BOCEMb 3acelaHuil, paccMoTpeHo 34 Bompoca u

npuHsaTo 70 yNpaBIEHYECKUX PELICHHM, 4TO
CBUJIETENILCTBYET O pOCTE MHTEHCHUBHOCTH U
COJIePKATEIBHOCTH JeSITebHOCTH

Hab6monatensnoro cosera [10]. JlaHHas mpakTuka
YKa3bIBaeT Ha Mepexoj OT GopMallbHOTO Haa30pa K
CHCTEMHOMY YUYaCTHIO B YIIPaBICHUH MIPEAIPUITUEM.

ConepxaTenbHblid aHaIU3 MOBECTOK 3acelaHui
HaGmogaTensHOr0 COBETa TO3BOJISICT  BBIJICIHTH
MIPUOPUTETHOCTh BOMIPOCOB BHYTPEHHErO ayJauTa U
YIpaBICHUs PUCKaMU. B MpakTUUeCcKOH IMIOCKOCTH
3TO BBHIPA3WIOCh B YTBEPXKIECHHUH OOHOBIEHHBIX

MpaBUJ  BHYTPEHHEro  ayauTa W TOJUTUKU
VIOpaBJIEHUs]  PUCKaMH, HalpaBIE€HHBIX  Ha
npodUIaKTHKY HapyILeHn’ u CHIKCHHE

BEPOATHOCTU (DMHAHCOBBIX U ONEPAIMOHHBIX TIOTEPh
[3], [6]. Takoit momxom OTpa)kaeT BHEAPEHHUE PUCK-
OpHEHTHPOBAHHOMN MOJIeNH KOPIIOPaTHBHOTO
yIpaBJICHUS, npu KOTOpOH KOHTPOJIb
OCYIIECTBISICTCST HE MOCT(PaKTyM, a Ha CTaauu
BBISIBIICHUS TIOTEHITHATFHBIX YTPO3.

3HaunuTeNIbHOE  BHUMAaHWE B TPAKTHKE
KOPIIOPATUBHOTO YIMPABJICHUS YACJIECHO BOMPOCAM
AHTUKOPPYIIIMOHHOTO  KoMmIuiacHca. [IpoTokolibl
3acegannii HaGmomarensHOro coeta 3a 2022 Ton
(bukcupyror BEISIBJIICHUE HECOOTBETCTBHS
OpPraHM3allMOHHOTO  TMOAYMHCHHS  KOMILIACHC-
CIy’KOBI ~ TpeOOBaHHSM  3aKOHOJATENLCTBA O
MPOTUBOAEHCTBUN  Koppymuuu — [6-9].  dakT
BEIHECCHHS  JTaHHOTO  BONpoca Ha  YPOBEHb
Hab6mogaTenpHOT0 coBeTa M 00CYKIICHUE ITyTEH ero
yCTpaHEHUs CBUJCTEIHCTBYIOT 0
(hyHKITMOHUPOBAaHUU MEXaHHu3Ma
WHCTHTYIIMOHAIBHOTO CAMOKOHTPOJISI U OpUEHTAINH
Ha COOJIIOJICHHE NPUHIUIIOB HE3aBUCUMOCTH U
oj0T4eTHOCTH [1].

[IpakTraeckoe 3HAYCHHE B CUCTEME
KOPIIOPATUBHOI'O YIIPABJIECHUSA UMEET AEATEIBHOCTH
cekperapss HabmiomaTenpHOro coBeTa. AHaMM3
IlonoxkeHnss o0 cekperape © OT4eTa O €IO0
JICATCIIBHOCTH TI0Ka3bIBACT, YTO JaHHAsA (QYHKIHS
BBIXOJTUT 3a paMKH (hopMabHOTO
JIOKyMEHT0000poTa u BEITIOJTHSIET poIb
OpPTraHM3aIMOHHOTO KOOPAMHATOpPa KOPIIOPATHBHBIX
mporieccoB [4], [10]. Cexperappr oOecreunBaet
MOJITOTOBKY  3aceJaHWii, KOHTPOIb MCIIOJHEHUS
pelIeHu, BeJleHHe MPOTOKOJIOB U WH(GOPMAITMOHHOE
B3auMoJIelicTBHE MeX Ty HabmrogaTrensHbIM COBETOM
U HUCHOJHUTCIIBHBIM OpraHoM, 4TO CHOCO6CTByeT
YCTOWYMBOCTH  YIPaBICHUECKUX  MPOLEAYp H
CHIDKCHHIO PUCKOB  HECOONIOACHWS  pelIeHui
HaGmonaTensHoro copera.
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Taéumna 1 — [IpakTudyeckue HanpaBIeHUs ONTHUMU3ALUI
MEXaHU3MOB KOPHOPATUBHOTO YIPAaBIECHUS B CHCTEME

CAaHUTapPHO-3INAIEMHOIOTHIECKOTO KOHTPOJIA
Pecnyonmkn Kazaxcran
IIpensarae
Moe
BoiaBiaenn | IIpakTuyec .
" HanpasJjieH | Oxugaemblid
bl Kas
ne apdexr
MeXaHU3M npodJjema
ONTHMH3AIL
HH
Pacupenn
e
cTparermdec
OrpanuueH KI/II:(
HO€ y4yacTue o [ToBbiIeHNE
Hab6monare byHKINi,
. B . | kauecTBa
JIBHBII PpeTyISpHBII
cTparermyec CTpaTeruyecK
COBeT MOHHUTOPHHT -
KOM UX peleHui
KITFOYEBBIX
ynpaBJICHUU o
ToKa3aTesei
JIeITeNTBHOCT
u
Buenpenue
HCK-
Konrpons P
OpPHEHTHPOB
MIpeuMyIIec CHuxeHne
AHHOTO
TBEHHO yTIpaBJIeHYECK
BuyTpennu BHYTpPCHHET
o (bUHAaHCOBBI ux u
i ayaur 0 ayauTa u
X aCIIeKTOB OTepanuOHHEI
OLICHKN
JIeITeNTbHOC X PHCKOB
3¢ dexTHBHO
™
cTH Ou3Hec-
MPOLIECCOB
Ob6ecnieueHu
e
Henocratou
Han ¢yHkuuoHa | YcuieHue
JIBHOM AHTUKOPPYI
Komrmutaenc | opranusanu PPy
MOJOTYETHO | MOHHOTO
-cyx0a OHHast
cTH KOHTPOISI |
HE3aBUCHMO
oTh HaGmronare | mpospadHocTu
JIbBHOMY
COBETYy
Wurerpauus
pHCK-
MEHEKMEH
®opMmanbHbl | Ta B
N [oBbiieHne
Vrpasnenn | i Xapakrep | MpOLECCHI o
yCTOHYMBOCTH
€ pucKamu OLIEHKH CTpaTeruyec
OpTaHM3aINI
pHCKOB KOTO u
OTIepanuoHH
oro
YIpaBIeHHs
PasButue
Henocrarou .
Has udposoit INoBsmenne
CHCTEMBI OIIEPaTUBHOCT
Wndopmary | aHamuruuec
KOpPIOpaTuB | U u
HOHHOE Kast -
HOMU 000CHOBaHHOC
obecrieyeHn | MOIAEPIKKa
OTYETHOCTH | TH
e yIpaBlieHYe
- u YTpaBIeHIECK
. MOHHUTOPHHT | WX pelIeHHi
pelenui a
CucremaTuy
eckoe
Henocrarou
o o0yueHne
HBIH
pykoBoxure | IToBwimenne
YPOBEHb o
nelt, wieHoB | dddexTuBHOC
. KOMITETEHI]
Kanpossrit it s HaGnronmate | tn
MOTEHIHAI JIBHOTO KOPIIOPaTHBH
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ConocraBieHHe  BBISBICHHBIX TMPAKTUK C
MOJIOKEHUSMH  3aKOHOJIATeNIbCTBA W HAyYHBIMHU
MOAXOJaMH K KOPIOPATUBHOMY VIPAaBICHUIO B
KBa3UTOCYJJTaPCTBEHHOM CEKTOPE IMOATBEPIKIACT UX
COOTBETCTBHE OOLUM HpuHIHUIAM 3()(PEKTHBHOIO
YIIpaBICHUS TOCYIAapCTBEHHBIM HMMYyIeCTBOM [1],
[2]. BmecTe ¢ TeM aHanu3 MOKa3bIBAET, YTO UMEHHO
MpaKTUYECKass  peaju3alus  KOHTPOJbHBIX U
HQJ3OPHBIX ~ (QYHKIMH  OmpejaersieT  pealibHbIHI
YPOBEHBb 3pPENOCTH KOPHOPATUBHOTO YIpPAaBICHUS,
0CcOOEHHO B cdepe CaHUTapHO-
3MUIEMUOIOTHIECKOTO KOHTPOJIA, rae
yIpaBlIeHYEeCKHE OMMOKA MOTYT MMETh 3HAYUMBIC
CoLUaJIbHBIE TTOCIIEACTBUS. Jloruaeckum
MPOJIOJDKEHUEM ~ YKa3aHHOTO  BBIBOJA  SIBJISICTCS
BBIJICICHUE TPOOJEeM W OrpaHHYCHUH, KOTOpBIC
COXpaHSIOTCS JaKe TPU HaIUIuu  (QOpMaIBLHO
3aKPEIUVICHHBIX ~ HWHCTUTYTOB KOPIIOPATUBHOTO
VOpaBICHUS W  ONPEACIAIOT HANPaBICHUS HX
HaJIbHENIEeH ONITUMU3ALIUN.

[IpoGmeMbl ¥ oOrpaHuUYeHUsT B JEHCTBYIONINX

MEXaHW3Max KOPIOpPAaTHBHOTO  yIpaBlIeHHS B
cucrteme CaHUTAPHO-3MUAEMHUOJIOTHYECKOTO
KOHTPOJIS Pecny6nuxu Kazaxcran HOCSAT

KOMIUIEKCHBI ~Xapakrep U 0OyCJOBJEHBI Kak
WHCTUTYLIMOHAIBHBIMU, TaK M OpTraHU3allMOHHO-

ymnpaBiIeHYeCKUMU  (akropamu. Hecmorpst Ha
(dopManpHOE HamM4Me BCeX O0a30BBIX JIIEMEHTOB
KOpIOpaTUuBHOT'O yHpaBJICHUA, BKJIrO4Yas

HaONOJaTeNNFHBIA  COBET, CIyXO0y BHYTPEHHETO
ayIuTa W KOMITIaeHC-(DYHKIMIO, WX TMPaKTHIECKas
peanu3anys CTAJKHBAETCSI C PSIOM YCTOHYMBBIX
OrpaHUYECHUH.

AHanu3 JaHHBIX, TPEJCTaBICHHBIX B Ta0HIe 1,
MOKa3bIBAaeT, UTO MOBbIMEHHE 3(PeKTUBHOCTH
KOPIIOPaTUBHOTO YNPABJICHHUS B CHCTEME CAHUTapHO-
SMUIEMHOIOTHIECKOTO KOHTPOJIA TpeOyer
KOMIUTIEKCHOTO COBEPIICHCTBOBAHUS
WHCTUTYIIUOHATBHBIX u OpraHu3alOHHO-
YIPaBIE€HIECKAX MEXaHHU3MOB. Hawnbonsmree
3HaYeHHE WMEIOT YCWJIEHHE CTpPaTern4ecKOd poIn
HabnronatensHoro cosera, BHEAPEHUE  PUCK-
OpUEHTUPOBAHHOTO oX0/1a, oOecrieueHue
HE3aBHCHMOCTH KOHTPOJIBHBIX (PYHKIHUN U pa3BUTHE
COBpPEMEHHBIX MEXaHU3MOB KOPIIOPaTUBHOTO
MOHHTOPUHTA. Peanmzanus MPEITIOKEHHBIX
HaIpaBJI€HUH TO3BOJIUT TOBBICUTH IPO3PAYHOCTD,
MOJOTYETHOCTh W YCTOMYUBOCTH JIEATENHHOCTH
rOCYJapCTBEHHBIX OpraHu3anui CaHUTapHO-
anuaeMuoIoTHdeckoro  mpodwrss.  OmHOMt W3
CYIIIECTBEHHBIX TPOOJIEM SIBISIETCS HEJOCTaTOYHAS
3peNioCTh  PUCK-OPHUEHTHPOBAHHOTO  IOJXOAa B
ynpaeineHun. Ha mpakTuhke ympaBieHHE PHCKaMH
4acto  HOCHT  (opMalbHBI  Xapakrep |
OTPaHUYMBACTCS pPa3pabOTKOH MOJMUTUK H KapT
puckoB ©0€3 UX IOJHOLEHHOM WHTErpauud B
MPOIECChl  CTPATErMYECKOTO H  ONEPAIIOHHOTO
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yopaBieHus. OTO [pUBOAUT K TOMY, 4TO
BBISIBJICHHBIE PUCKM HE BCErJa YUYMTBHIBAIOTCS IPU
NPUHSATHN YIIPABICHYECKUX PEILICHHMH, a MEPHI 110 UX
MUHUMH3AIUN  pEaTu3yloTcd HECUCTEMHO U C
OIIO3/1aHUEM.

CyIliecTBEeHHBIM ~ OTpAaHHYEHHEM  OCTaeTCs
(parMeHTapHOCTb CUCTEMBI BHYTPEHHETO KOHTPOJISL.
B psage cimydaeB  KOHTpPOJIBHBIE — MPOLETYPHI

COCPEZIOTOYCHBI TIPEUMYIIIECTBEHHO Ha (PUHAHCOBOM
OTYETHOCTH HM  coOmojgeHnn  (HopMaibHBIX
TpeOOBaHUM, TOrna Kak OLeHKa 3(QPEeKTUBHOCTH
OM3HEC-TIPOIIECCOB W YIIPaBICHYCCKUX pEIICHUIH
OCYWIECTBIISIETCS. HEAOCTATOYHO IIyOOKOo. ITO
CHMKaeT CIIOCOOHOCTh CHUCTEMBl BHYTPEHHETO
KOHTPOJISI CBOCBPEMEHHO  BBISBISITh  [PHYHHBI
OTKJIOHEHHH ¥  TpeJOTBpaliaTh  IOBTOPEHHUE
CHCTEMHBIX HapyIIeHUI, 0COOCHHO B JIESTEILHOCTU
TEPPUTOPHAITEHBIX TIOPA3IeTICHUH U (QUIINAIIOB.
OTtaenpHOU TPOOIEMO SBISIETCS OTPaHUIESHHAS
HE3aBUCHMOCTh OT/IEIIbHBIX KOHTPOJIBHBIX (PYHKIIHH.
B wacTtHOCTH, aHTHKOPPYNIMOHHBIE KOMILIACHC-
CIIy’)KOBl B TPaKTUKE KBa3UTOCYAapCTBEHHOTO
CEKTOpa HEpEeIKO OPTaHMW3aIMOHHO ITOXYHMHSIOTCS

HCIIOJIHUTEIIBHOMY  OpraHy, 4YTO CHIKAeT HX
O0BEKTHBHOCTh W  MPOTUBOPEYUT  TPUHIUTIAM
NOAOTYETHOCTH UM HE3aBUCUMOIO  KOHTPOJIS.

AHaJOTMYHBIE PHUCKH MOTYT BO3HHKAaTh MW B
NIESATENIbHOCTA CIIY’)KObI BHYTPEHHETO ayJauTa IIpH
HEIOCTaTOYHO YETKOM Pa3rpaHU4EeHUH MOJTHOMOYHMA
MEXITy HACTIOTHUTEIHHBIM OpraHoM u
HaOIIOJaTeTEHBIM COBETOM.

HenocraTounas UHQOPMaIOHHAS
MPO3PAYHOCTh TAKXKE BBICTYIAET OTPAHUYMBAIOIIAM
(hakTopom KOPIIOPATUBHOTO YIpaBICHHS.
HabnronatensHblil COBET HE BCErAa pacroyiaraeT
MOJIHOM,  CBOEBPEMEHHOW M aHAIUTHYECKH
oOpaboranHOl WHpOpMaNHeH, HEOOXOMUMOHN IS
OIIEHKH PealbHOTO COCTOSHHS JIeNT B OpraHu3anun. B
pe3yJibTaTe KOHTPOJIb W CTPATETUYECKHU Hal30p
MOI'YT HOCHUTh PEaKTHBHBIH, a HE NPOAKTHBHBIN
xapakrep, 4TO CHIDKAET 3¢ HeKTUBHOCTH
KOPIIOPaTHBHOTO  yIpaBlieHWs B 1enoM. Eme
ONHON TPOOJIEMON SBJISETCS KaIpPOBBIN aCIEKT
KOPIIOPaTUBHOTO  yHpaBicHus. HepaBHOMEpHBIN
YpPOBEHb  KOMIIETEHIIMA  YIPABIEHYECKOTO |
(hMHAHCOBO-3KOHOMHUYECKOTO TIEpCOHaIa, OCOOESHHO
B (WInaIbHOH CETH, OrPpaHUYMBACT pEalU3aIUI0
€MHBIX CTaHAAPTOB YIPABIEHUS W KOHTPOIIS.
HenocraTounoe BHIMaHUE K CHCTEMHOMY O0YYEHHUIO
U Pa3BUTHIO KaJIpOB B 00JaCTH KOPIIOPATUBHOTO
yIOpaBICHHS, BHYTPEHHETO KOHTPOJS W PHCK-
MCHCIPKMCHTA YCUJIMBACT 3aBUCHUMOCTL KadcCTBa
ypaBJICHUA OT OTACIIBHBIX CIICHHUAJINCTOB.

B coBokymHOCTH BBISABIEHHBIE NPOOIEMBI U

OrpaHUYCHUA CBUACTCIBCTBYIOT 0O TOM, 4qTo
HeﬁCTBy}OHIHe MEXaHU3MbI KOPIIOPaTUBHOI'O
YOpaBJICHUA B CUCTEMC CaHUTApPHO-

SMHIEMHOJIOTUIECKOTO KOHTPOJIS TpeOyroT
HaJIBHeﬁmeFO HWHCTUTYIIHOHAJIBLHOT'O u
(byHKIMOHAIBEHOTO pa3BuTHA. [Ipeononenne qaHHbIX
OTpaHWYEHHH BO3MOKHO NPH YCIOBHUH YCHIICHHS
oM HaOJIOJATENBHOTO COBETA, YIIIyOIEHUS! PUCK-
OPHEHTHUPOBAHHOT'O HOAXOa, obecrieyeHust
pearbHON He3aBUCHMOCTH KOHTPOJIBHBIX (DYHKIHN U
IIOBBIIICHUS MIPO3PaYHOCTH YIIpaBIEHYECKHUX
MPOLIECCOB.

BbIBO/IbI

B pesynbrate NpOBENEHHOTO WCCIIEIOBAHUS
YCTaHOBJICHO, YTO MIPAaKTHKa BEICHUS
KOPIIOPaTUBHOTO YIPABJICHUS B CHCTEME CAHUTAPHO-
SMHUJIEMHOIIOTHYECKOTO  KOHTpons  PecmyOnuku
Kazaxcran XapaxkTepu3yeTcs MOCTENICHHON
HWHCTUTYLMOHAIN3A1eN KOHTPOJIBHBIX U HAJI30PHBIX
MexaHu3MoB.  OnTuMu3anusi  KOPIIOPAaTHBHOTO
yIpaBlieHHs OCYIIECTBISIETCS Yepe3 YCHICHHE POJIH
HabntonatensHOoro coBera, BHEAPEHHE  PUCK-
OPHECHTHUPOBAHHOI'O  BHYTPEHHErO0  ayoura M|
¢dhopmupoBaHue HE3aBHCHMOT0
AHTUKOPPYILIMOHHOIO KOMIUIA€HCAa B COOTBETCTBUH
Cc TpeOOBaHMSAMH 3aKOHOHATENbhCTBA PecmyOmuku
Kazaxcran [1], [2].

Haquaﬁ HOBH3Ha pa6OTLI 3aKJIF0O4ac€TCs B

KOMIUIEKCHOM  aHaJlM3€  peaNnbHON  MPaKTUKH
KOPIIOPaTUBHOTO yIpaBICHAS
CIICLUATU3UPOBAHHOTO roCyJapCTBEHHOIO
NPEenNpusiTii  CaHWTAPHO-3MUAEMHUOJIOTHIECKOTO

npoduiisi Ha OCHOBE IMEPBUYHBIX YIPaBICHYCCKHUX
nokymeHToB [3-10]. IlpakTuyeckas 3HAYMMOCTh
pe3yJabTaTOB  COCTOMT B  BO3MOXHOCTH  HX
WCTIONB30BAaHMUS TPH KOPPEKTHPOBKE BHYTPEHHHUX
pEriIaMeHTOB KOPIIOPATUBHOTO yIpaBICHHS
OpraHu3anui CaHUTAPHO-AIUAEMHUOIOTUYECKOTO
KOHTPOJIIA, a TaKKe MpU pa3paboTke peKOMEHIAINH
JUISL  YIIOJTHOMOYEHHBIX OPTaHOB IO TTOBBITIICHHUIO
a¢ddexkTuBHOCTH JesTenbHOCTH HaOiromarenbHBIX
COBETOB B  KBa3UTOCYJapCTBEHHOM  CEKTOpE
3npaBooxpaHeHus Pecnyonmuku Kazaxcran.
Aemopckuii  éxnad (maxconomus CRediT):
CayuaeroB E.C. — xoHuenTyanu3anus Uccaea0BaHuUs,
paspaboTka METO/I0JIOTHH, PYKOBOJICTBO
WCCIICIOBAHUEM, aHallU3 Pe3yJIbTaTOB, MOATOTOBKA
MIEPBOHAYAIILHOTO BapWaHTa PYKOIMHUCH. AWTHINIEB

H.b. - cOop u aHaiM3 HOPMATUBHBIX U
YIPaBIEHUYECKUX  MaTepHaloB,  HCCIIE0BaHHE
NPaKTHKA KOPIOPaTHBHOTO yIIpaBJIEeHUs,

(dbopManbHBI aHANW3, y4YacTHE B WHTEPIpPETAlUH
pe3yibTaToB uccinegoBanud. TarmeBa M.M. -
o0paboTKka W WHTEpIIpeTanvs [IaHHBIX, aHallu3
JIOKYMEHTOB, ITOATOTOBKA TaOIHI], aHATHTHYECKUX
MaTepuaIoB W BU3yaJuu3alus  pe3yJbTaToB
uccaeaopanusa. Axkmaranoerosa A.C. — aHanu3
HAayYHOW JIMTEpAaTyphbl, ydYacTHEe B OOCYKICHHUU
pe3yJIbTaToOB HUCCIIEOBAHUS, Hay4HOE
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pElaKTUpOBAaHUE U  KPUTHUYECKUM  IepecMOTp 3apaBooxpaHeHus PecmyOnmkm  Kazaxcran 3a
cogepkanus crateu. Hyprammesa A.K. — nmposepka  mpemocTaBieHHBIE OTKpPBIThIE HOpPMAaTHBHBIE,
AOCTOBCPHOCTH pe3yIbTaTOB UCCIICIOBAHNUSA,  OpraHM3allMOHHBIE 1 HHPOPMALUOHHBIC MAaTEPUAIIBI,
o(hOpMICHHE PYKOIUCH, S3BIKOBOC M TEXHHYECKOC  HCHONB30BAaHHBIE MNPH  ITIOATOTOBKE HACTOSIIETO

PCIAaKTUPOBAHUC,  IIOATOTOBKA  OKOHHYATCIBHOM  yccienmoBaHUs. ABTOPBI TaKKe ONAroJapsAT KOJUIET
Bepcun  CTATbU. Bee _aBTOpBI  O3HAKOMIIMCE € KaparaujguHCKOrO MHIYCTPHAJIBHOIO YHMBEPCHUTETA
OKOHYATEJbHON BEPCUEN PYKOMHCH, 0100pumm €€ ., KOHCTPYKTHBHOE  OGCYJIEHHE Pe3yJIBTATOB

coJiep)KaHUe, COTJACHBI C MyOJuKanmued U HecyT HCCITEOBAHMS 1 SKCTIEPTHYIO MOIIEPHKY.
OTBETCTBEHHOCTH 3a OCTOBEPHOCTH
ot p ABTOpckoe mpaBo © 2026 npUHANJIEKUT

MIPEJICTaBIECHHBIX PE3yIbTaTOB.
aBTopy(am). [laHHasi cTaThsi pacHnpoCTpaHseTCs Ha

QDunancuposanue. ViccineloBaHUE BBIIOJHEHO
YCIIOBHSAX OTKPBITOIO JOCTYNa B COOTBETCTBHH C

6C3H HBJICUCHHUA BHCIITHCI'O (DUHAHCUPOBAHU. o . . .
P b P ymuensuen  Creative  Commons  Attribution—

Kongnuxkm unmepecoe. ABTOpH! 3asBISIOT 00 . .
ore TCTBZH Kombnnm: HTe eCOBp ShareAlike 4.0 International (CC BY-SA 4.0).
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MAIN PROVISION
This study examines the current state and future
development prospects of mortgage lending in

Kazakhstan under changing  macroeconomic
conditions. The research identifies the key
institutional, economic, and policy factors

influencing housing finance and mortgage market
sustainability. The findings demonstrate the
significant role of government housing programs in
improving mortgage accessibility while highlighting
the risks associated with excessive dependence on
state support. Policy recommendations are proposed
to strengthen financial stability, improve housing
affordability, and enhance the long-term resilience of
Kazakhstan's mortgage market. The study contributes
to the growing literature on housing finance in
emerging economies by providing an integrated
assessment of mortgage market development.

INTRODUCTION

Housing is widely recognized as one of the
fundamental components of social welfare and
sustainable economic development. Access to
affordable housing significantly influences living
standards, social stability, labor mobility, and long-
term economic growth. Consequently, mortgage
lending has become an essential financial mechanism
that enables households to purchase residential

property  while  simultaneously  stimulating
investment in the construction and banking sectors.
Globally, mortgage finance constitutes one of the
largest segments of financial markets. Well-
developed mortgage systems contribute not only to
expanding homeownership but also to strengthening
financial stability through efficient capital allocation
and long-term investment mechanisms. However,
mortgage markets are highly sensitive to
macroeconomic conditions, including inflation,
interest rate fluctuations, monetary policy decisions,
household income, and housing price dynamics. The
recent tightening of monetary policy in many
countries has renewed interest in evaluating the
sustainability and resilience of national mortgage

markets [1].
In Kazakhstan, mortgage lending has become a

key component of housing policy since the early
2000s. Government-supported programs such as 7-
20-25, Baspana Hit, and Nurly Zher have
substantially expanded access to housing finance and
stimulated residential construction. These initiatives
have contributed to the growth of mortgage
portfolios, improved housing affordability for
specific population groups, and supported economic
activity in the construction industry. Nevertheless, the
mortgage market continues to face several structural
challenges, including relatively high lending rates,
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inflationary pressures, regional disparities in housing
affordability, increasing household debt burdens, and
dependence on government support mechanisms.
These issues create uncertainty regarding the long-
term sustainability of mortgage market development.
The original article also highlights the role of
government housing programs, macroeconomic
instability, and interest-rate changes as key
determinants of mortgage lending in Kazakhstan [2].

Although previous studies have examined
various aspects of mortgage lending in Kazakhstan,
most have focused on individual dimensions such as
banking performance, state housing programs, or
regulatory policies. Limited attention has been paid to
the integrated interaction between macroeconomic
conditions, financial institutions, and government
intervention in shaping the long-term development of
the mortgage market. Moreover, recent changes in
monetary policy and economic conditions require an
updated assessment of mortgage-lending
performance and prospects. Therefore, this study
aims to examine the current state of mortgage lending
in Kazakhstan by analyzing the influence of
macroeconomic, institutional, and policy factors on
mortgage market development. The study also
identifies the major challenges affecting housing
finance and proposes strategic directions for
strengthening the sustainability, accessibility, and
efficiency of Kazakhstan's mortgage lending system
[3].

Research Gap. Despite numerous studies on
mortgage lending and housing finance in Kazakhstan,
limited research has comprehensively examined the
combined influence of macroeconomic factors,
banking sector performance, and government housing
policies on the long-term sustainability of the
mortgage market. Existing studies predominantly
analyze individual components of mortgage finance
without adequately investigating their dynamic
interactions under changing economic conditions.
Therefore, a comprehensive assessment  of
Kazakhstan's mortgage lending system is necessary to

identify  current challenges, evaluate policy
effectiveness, and formulate evidence-based
recommendations for sustainable market

development.

Research Novelty. The scientific novelty of this
study lies in providing an integrated assessment of
mortgage lending development in Kazakhstan
through the combined analysis of macroeconomic
conditions, government housing policy, and banking
sector performance. Unlike previous studies that
primarily focused on individual aspects of mortgage
finance, this research examines the interrelationships
among monetary policy, housing affordability,

institutional regulation, and financial stability.
Furthermore, the study  proposes  policy
recommendations aimed at improving the

sustainability —and  long-term  resilience  of
Kazakhstan's mortgage market under changing
economic conditions.

LITERATURE REVIEW

Mortgage lending has long been recognized as
one of the primary mechanisms for improving
housing affordability and promoting sustainable
economic development. Efficient mortgage systems
facilitate long-term capital allocation, stimulate
residential construction, and contribute to financial
market stability. At the same time, mortgage markets
remain highly sensitive to macroeconomic
conditions, including inflation, monetary policy,
employment, and household income, making them an
important subject of economic and financial research.
International  studies suggest that sustainable
mortgage market development depends on a balanced
interaction between financial institutions,
government regulation, and macroeconomic stability.
According to the Organisation for Economic Co-
operation and Development [4, 5], effective housing
finance systems should combine market-based
lending with targeted government support to improve
housing accessibility while minimizing systemic
financial risks. Similarly, the World Bank (2024)
emphasizes that mortgage market resilience largely
depends on stable monetary policy, responsible
lending practices, and well-developed financial
institutions [5, 6].

Recent empirical research has demonstrated that
rising policy interest rates significantly reduce
mortgage demand and housing affordability while
increasing borrowing costs for households [7].
Inflationary pressures further complicate mortgage
financing by reducing household purchasing power
and increasing financial uncertainty. Consequently,
many countries have introduced subsidized mortgage
programs, preferential lending schemes, and targeted
housing policies to maintain housing affordability
during periods of economic instability. Kazakhstan
has experienced substantial growth in mortgage
lending over the past two decades. Government
initiatives, including the 7-20-25, Baspana Hit, and
Nurly Zher programs, have expanded access to
housing finance and stimulated residential
construction. These programs have played a
significant role in increasing mortgage portfolios and
supporting housing demand. Nevertheless, several
studies indicate that Kazakhstan's mortgage market
remains  highly dependent on government
intervention, while commercial mortgage products
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remain relatively expensive because of high interest
rates and inflation [8].

The foundations of the modern mortgage system
in Kazakhstan were established in the early 2000s
through legislative reforms and the introduction of
specialized housing finance mechanisms.
Baybulekova and Kozhakhmetova analyzed the
evolution of mortgage lending in Kazakhstan and
emphasized the importance of effective credit risk
management and government housing programs for
sustainable market development [8, 9, 10]. The
original article likewise identifies government
support programs, interest rate policy, household
income, and macroeconomic conditions as the
principal factors influencing mortgage lending in
Kazakhstan. Although previous studies have
investigated individual aspects of mortgage lending,
relatively limited attention has been devoted to the
integrated assessment of institutional,
macroeconomic, and policy factors affecting the
long-term sustainability of Kazakhstan's mortgage
market. Existing research has primarily focused on
descriptive analyses of housing programs or banking
activities, with comparatively less emphasis on the
interaction between monetary policy, housing
affordability, financial stability, and mortgage market
resilience under changing economic conditions.
Addressing this gap is essential for developing
evidence-based recommendations that support
sustainable mortgage finance and improve access to
housing.

MATERIALS AND METHODS

Research Design. This study employed a
gualitative analytical research design to examine the
current state and development prospects of mortgage
lending in the Republic of Kazakhstan. The research
focused on identifying the economic, institutional,
and regulatory factors influencing mortgage market
development and evaluating their implications for
housing affordability and financial stability. A
descriptive and comparative approach was adopted to
analyze recent developments in Kazakhstan's
mortgage lending system and to assess the
effectiveness of existing government housing
policies.

Data Sources. The study is based exclusively on
secondary data obtained from official and publicly
available sources. The principal sources include
reports and statistical publications of the National
Bank of Kazakhstan, the Bureau of National
Statistics, government housing policy documents,
analytical reports on Kazakhstan's mortgage market,
and previously published academic literature
concerning mortgage finance, banking, and housing

policy. In addition, official information regarding
government housing programs, including 7-20-25,
Baspana Hit, and Nurly Zher, was reviewed to
evaluate their contribution to mortgage market
development. These sources correspond to the
documents discussed throughout the original article.

Research Methods. Several complementary
research methods were applied. First, a descriptive
analysis was conducted to characterize the current
state of mortgage lending in Kazakhstan and identify
major market trends. Second, a comparative analysis
was used to examine relationships between
macroeconomic conditions, including inflation,
interest rates, household income, and government
support measures, and mortgage market performance.
Third, a document analysis was performed to evaluate
legislative documents, policy initiatives, analytical
reports, and scientific publications related to
mortgage finance and housing policy. Finally, system
analysis was employed to investigate interactions
among financial institutions, government regulation,
and macroeconomic factors affecting the long-term
sustainability of the mortgage market.

Analytical Framework. The analytical
framework assumes that mortgage market
development is influenced by the interaction of four
major dimensions:

e Mmacroeconomic conditions (inflation,
monetary policy, and economic growth);
e banking sector performance (mortgage

portfolios, lending conditions, and risk management);

e government housing policies (subsidies and
preferential mortgage programs);

o household financial capacity (income level,
housing affordability, and borrowing ability).

These dimensions were analyzed collectively to
identify the principal challenges and future
development opportunities for mortgage lending in
Kazakhstan.

RESULTS AND DISCUSSION

Current Trends in Mortgage Lending in
Kazakhstan. Mortgage lending has become one of the
principal mechanisms  supporting housing
accessibility —and  residential investment in
Kazakhstan. During the last decade, the mortgage
market has demonstrated continuous expansion,
primarily driven by government-supported housing
programs, increasing demand for residential property,
and the growing participation of commercial banks in
long-term housing finance. The original article notes
that programs such as 7-20-25, Baspana Hit, and
Nurly Zher significantly stimulated mortgage
demand, expanded access to housing finance, and
contributed to the development of the construction
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sector. The recovery of mortgage lending observed in
2024 indicates renewed confidence among both
financial institutions and households. Rising
mortgage issuance suggests improving market
expectations despite continuing macroeconomic
uncertainty. However, market growth remains uneven
because borrowing capacity continues to depend
heavily on government support and preferential
lending conditions.

The development of the mortgage lending
market in Kazakhstan is influenced by a combination
of macroeconomic, institutional, and social factors.
These determinants affect both the supply of
mortgage loans by financial institutions and the
demand for housing finance among households.
Understanding the interaction of these factors is
essential for evaluating the sustainability and future
development of the national mortgage market. Table
1 summarizes the principal factors influencing
mortgage lending development in Kazakhstan and
their respective impacts.

Table 1. Major Factors Influencing Mortgage Lending
Development in Kazakhstan

Factor Positive Impact Challenges
. High
Improve housing
Government L dependence
. affordability and
housing . on state
stimulate mortgage . -
programs financial
demand
support
Rising policy
Interest rate | Stable rates encourage | rates increase
policy long-term borrowing mortgage
costs
Low
Household Higher income purchas_lng
. expands mortgage power limits
income . .
accessibility borrowing
capacity
High
inflation
Moderate inflation reduces
Inflation supports investment affordability
activity and increases
financial
risks
Banking Expands mortgage I-_||gher (.:rEd't
risk during
sector products and .
development | competition economic
instability
Regional
Housing Supports market hrc:usmg
supply equilibrium shortages
increase
prices

The data presented in Table 1 indicate that
mortgage lending development depends on the
interaction of economic conditions, government
policy, and banking sector performance. Government
housing programs have significantly expanded access
to mortgage financing, while macroeconomic factors
such as inflation and interest rates continue to
influence both borrowers' repayment capacity and
financial institutions' lending decisions. Furthermore,
increasing household incomes and ensuring adequate
housing supply remain critical prerequisites for
achieving a sustainable and accessible mortgage
market in Kazakhstan.

Macroeconomic Factors Affecting Mortgage
Lending. The findings indicate that mortgage market
performance in Kazakhstan is strongly influenced by
macroeconomic conditions. Inflation, monetary
policy, and household income directly affect both
mortgage demand and banks' lending strategies. In
particular, increases in the National Bank's policy
interest rate raise borrowing costs, reducing mortgage
affordability and slowing housing demand. The
original study likewise identifies interest rates,
inflation, household income, and government
regulation as the principal determinants of mortgage
market development. Inflation represents an
additional challenge because it simultaneously
reduces household purchasing power and increases
uncertainty within financial markets. Under such
conditions, commercial banks typically adopt more
conservative lending policies, which further limits
access to mortgage finance. The findings indicate that
mortgage lending in Kazakhstan is determined by the
interaction of macroeconomic conditions,
government regulation, banking sector performance,
housing market characteristics, household financial
capacity, technological development, and external
economic risks. These interrelated factors are
summarized in Figure 1.

As illustrated in Figure 1, mortgage lending is
influenced by multiple interconnected dimensions
rather than by individual economic indicators.
Macroeconomic variables such as inflation and
interest rates affect both household borrowing
capacity and banks' lending strategies. Government
policies and housing support programs further shape
market accessibility, while technological innovation
and banking sector development contribute to
improving the efficiency and sustainability of
mortgage financing.

Role of Government Housing Policy.
Government intervention remains one of the defining
characteristics of Kazakhstan's mortgage market.
Preferential mortgage programs have substantially
expanded access to housing finance for many
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households  while  simultaneously  supporting
residential construction and related industries.
Nevertheless, excessive reliance on government
subsidies may reduce market competitiveness and
discourage the development of sustainable
commercial mortgage products. A gradual transition

toward a more balanced mortgage system -
combining targeted government support with
competitive market-based lending—would likely
improve both financial sustainability and long-term
market resilience.
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Figure 1. Factors Affecting Mortgage Lending

Research findings. The findings of this study are
consistent with international research demonstrating
that mortgage market development depends on the
interaction  between macroeconomic  stability,
financial institutions, and public policy. Similar
patterns have been observed in both developed and
emerging economies, where rising interest rates and
inflation reduce mortgage demand, while government
support programs partially offset these negative
effects. However, Kazakhstan exhibits several
distinctive characteristics. Unlike many mature
mortgage markets, housing finance remains closely
linked to government-supported lending schemes.
While these programs have successfully expanded
housing accessibility, they also increase the mortgage
market's dependence on fiscal policy. Consequently,
future reforms should prioritize strengthening
market-based mortgage financing, expanding private
sector participation, improving long-term funding
mechanisms, and enhancing financial literacy among
potential borrowers. Overall, the evidence suggests
that sustainable mortgage market development
requires coordinated monetary policy, prudent
banking  regulation, stable  macroeconomic

conditions, and well-targeted housing policies. Such
an integrated approach would contribute not only to
greater housing affordability but also to broader
financial stability and sustainable economic growth.

CONCLUSIONS

This study examined the current state and
development prospects of mortgage lending in the
Republic of Kazakhstan by analyzing the interaction

between macroeconomic conditions, government
housing policies, and banking sector performance.
The findings demonstrate that mortgage lending has
become an essential component of Kazakhstan's
housing finance system, contributing to improved
housing accessibility, residential construction, and
broader economic development. Government-
supported mortgage programs have played a
particularly important role in expanding access to
homeownership and maintaining market activity
during periods of economic uncertainty. However,
the study also identifies several structural challenges
that continue to constrain sustainable mortgage
market development. High interest rates, inflationary
pressures, regional disparities in  housing
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affordability, limited household purchasing power,
and the significant dependence of the mortgage
market on government support remain key obstacles
to long-term market stability. These findings suggest
that future mortgage market development should be
based on a balanced combination of effective public
policy, prudent banking regulation, and market-
oriented financial mechanisms.

The practical implications of this research are
relevant for policymakers, financial institutions, and
housing market stakeholders. Strengthening long-
term funding mechanisms, expanding competitive
mortgage products, improving financial literacy, and
introducing more targeted housing support measures
may contribute to a more resilient and accessible
mortgage financing system. In addition, greater
digitalization of mortgage services and improvements
in credit risk assessment could enhance operational
efficiency and increase consumer confidence in the
housing finance market.

This study has several limitations. It relies
exclusively on secondary data obtained from official
publications and previously published research and
does not include primary empirical evidence
collected from borrowers, commercial banks, or
policymakers. Furthermore, the rapidly changing
macroeconomic  environment may influence
mortgage market performance beyond the period
covered by this analysis. Future research should
employ quantitative econometric approaches to
investigate the causal relationships between monetary
policy, housing prices, household income, and
mortgage demand. Comparative studies involving
other Central Asian countries may also provide

valuable insights into regional mortgage market
development and the effectiveness of different
housing finance policies. Overall, sustainable
mortgage lending in Kazakhstan will require
coordinated economic policy, stable financial
institutions, responsible lending practices, and
continuous improvements in housing affordability.
Achieving an appropriate balance between
government support and market-based financing will
be essential for ensuring the long-term resilience and
competitiveness of Kazakhstan's mortgage market.
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Abstract. Today, the construction industry is actively entering the “fourth industrial revolution” based on automation and
digitalization. In this regard, there is an increasing need to update industry standards, as well as develop regulatory
documents suitable for processing by information technologies. The use of digital solutions allows for the harmonious
exchange of data at all stages of the life cycle of construction objects, increasing labor productivity and increasing the
transparency of technological processes. In addition, the introduction of digital technologies contributes to reducing risks,
optimizing costs and accelerating decision-making processes at the stages of planning, design, construction and operation
of construction projects. Information modeling, automated control systems and data analysis tools allow improving the
quality of construction and preventing errors caused by the human factor. In this context, the digital transformation of the
construction industry should be accompanied by improving state regulatory mechanisms, ensuring the mutual integration
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AHoamna. ByTiHT TaHIa KYPBUIBIC CaTachl aBTOMATTAHIBIPY MEH U PIaHABIPYFa HETI3AeNTeH « TOPTIHII OHEPKICITITIK
peBOIIONINS» Ke3eHiHe OeJICeH I Typ/e eHin oThlp. OChiFaH OalIaHBICTHI CANIANIBIK CTAaHAAPTTAP/IBI JKAaHAPTY, COHIAN-aK
aKIMapaTTHIK TEXHOJIOTHSIAP apKbUIBl OHIEYTe KOJAHIbEl HOPMATHUBTIK KYKaTTapIbl 93ipiey KaKETTUIIT apThIT Kelei.
Hudpneik menriMaepai KOJIAaHy KYPBUIBIC OOBEKTUICPIHIH OMIpIIK NUKIIHIH OapiblK CaThUIAPBIHIA JCPEKTEPIiH
yitecimM/Ii aTMacybIH KAMTaMacChI3 €Till, CHOCK OHIM/LIITIH apTTHIPYFa KOHE TEXHOJIOTHSIIBIK, YICPICTEPIiH alllbIKTHIFbIH
Kyleityre MyMKiHaik 6epezni. CoHbIMEH KaTap, HU(PIIBIK TEXHOIOTHSIIAp/Ibl €Hri3y KYpBUIbIC )K00aNaphlH jKocapay,
xobanay, caly JKoHE NaiganaHy Ke3eHACPIHIE TOyeKeIAepli TOMCHICTYTe, HIBIFBIHIAPIbl OHTAMIAHIBIPYFa KOHE
IIemIiM KaObuiaay yAepiCTepiH JKeACHAETYre BIKMaN eTe/i. AKIapaTThIK MOJCIB/ICY, aBTOMATTAHIBIPEUIFAH OaKbLIay
KYHelepi KOHE MepeKTepli Tannay Kypaigapbl KYPBUIBIC CamachlH apTTBIPHIN, ajaM (aKTOPBIHAH TYBIHAAUTHIH
KAaTeNIKTepAiH aNIbIH alxyFa MYMKiHmIK Oepemi. OCbl TYpFBIIAa KYpPBUIBIC CANachIH HUQPIBIK TpaHChOpMausiay
MEMJICKETTIK PETTey TETIKTEePiH XKEeTiIipyMeH, calajblK aKnapaTThiK KYHeIepAiH e3apa HHTETPALUIChIH KAMTaMaChI3
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€TyMEH >KoHE KociOM KapnapIblH HUQPIIBIK KY3bIPETTEPIH AaMBITYBIMEH KaTap XKypyi THic. byi e3 ke3erinue Kypblibic
YZAepicTepiHiH THIMIUIINIH apTTBIPBIT KaHa KoWMaMl, cajlaHblH OdceKkere KaOJIETTUNTIIH KYIIEHTyre »XoHE TYPaKTh
JaMybIH KaMTaMachl3 eTyre Heri3 0oJaibl.

Tyiiin co30ep: KypblIbIC, SKOHOMHUKAIBIK JaMy, THGPIABIK TpaHcopmanus, Oakpuiay, THIMIUIK, OMIpJiK LUK,
uudprasgpIpy.
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NX 9OPEKTUBHOCTD

Typabaesa M.b., *Temupoaes A.T.

Kapacanounckuii unoycmpuanshoiii ynusepcumem, Temupmay, Kazaxcman
* Aemop-koppecnondenm e-mail: temirbayev@tttu.edu.kz

HNudopmanus 06 aBTopax:

Typa6aeBa M.B. - KaparannuHckuii HHIycTpHanbHbIH yHIBepcuTeT, Temupray, Kasaxcran. E-mail:
m.turabaeva@mail.ru

Temup6aeB A.T. - Kaparanausckuii MHAyCTpuaibHbli yHuBepcutet, Temupray, Kazaxcran. E-mail:
a.temirbayev@tttu.edu.kz

Annomayun. CerofHs CTPOWTENbHAsh OTPAacib aKTUBHO BCTYNAaeT B «YETBEPTYIO NMPOMBIIUICHHYIO PEBOJIOLIUION,
OCHOBaHHYIO Ha aBTOMaTH3allMH ¥ IIN(PPOBU3aLUH. B cBsA3M ¢ 3THM Bo3pacTaeT HOTPeOHOCTE B OOHOBICHHH OTPACIIEBBIX
CTaHOApPTOB, a TaKXKe B pa3padOTKe HOPMATHBHOH JOKYMEHTAUWW, IPHIONHOH M1 OOpabOTKH C HOMOIIBIO
MH(GOPMALMOHHBIX TeXHOJIOTHH. Vcnonp30BaHre HU(PPOBBIX PELICHHI MO3BOJISET 00SCIeYNTh FAPMOHHYHBIN OOMEH
JaHHBIMH Ha BCEX JTalax >KH3HEHHOIO LHUKJIA CTPOUTENBHBIX OOBEKTOB, IOBBICUTH NMPOU3BOAUTENBFHOCTH TPYJAA H
MPO3PAYHOCTB TEXHOJIOTHYECKUX MpoLieccoB. Kpome Toro, BHENpeHNE HU(PPOBBIX TEXHOJIOTUH CIIOCOOCTBYET CHIKEHHUIO
PHCKOB, ONTUMHU3ALUH 3aTPAT U YCKOPEHHUIO IPOLIECCOB MPUHATHSA PEIICHUIT HA dTanax IAaHUPOBaHUS, IPOSKTHPOBAHHS,
CTPOMUTENBCTBA U KCIUTyaTallMK CTPOUTEIBHBIX MPOEKTOB. MH(pOpMaOHHOE MOAEINPOBAHNE, aBTOMATH3HPOBAaHHbIC
CHUCTEMbl YIpaBJCHUs W WHCTPYMEHTHl aHaji3a JaHHBIX II03BOJISIOT IOBBICUTh KayeCTBO CTPOUTENbCTBA U
NPEJOTBPATUTh OLIMOKY, BHI3BaHHBIC 4YesoBedecKHM (akTopoM. B »ToM KoHTekcte mudpoBas TpaHcdopmams
CTPOUTEJIBHOW OTPACIIN JOJDKHA COMTPOBOXKIATHCS COBEPIICHCTBOBAHHEM I'OCYAapPCTBEHHBIX HOPMATUBHBIX MEXaHU3MOB,
obecrieueHreM B3aUMHOW MHTETPAllMU OTPACIIEBBIX MHOOPMALMOHHBIX CUCTEM M Pa3BUTHEM LU(POBBIX KOMIETEHIINH
npo(hecCHOHANBHBIX KAAPOB. JTO, B CBOKO 0Yepelb, HE TOJIBKO MOBBICHT 3((PEKTHBHOCTh CTPOUTENBHBIX IPOLIECCOB, HO
Y TIOCITY’KUT OCHOBOM JJIS YKPEIUICHHSI KOHKYPEHTOCIIOCOOHOCTH OTPACIU U 00SCIICUCHUSI €€ YCTOHYNBOTO Pa3BUTHSL.
Knrouesvie cnoea. CTPOUTENHCTBO, OSKOHOMHYECKOE pasBUTHE, LU(poBas TpaHchopMalus, YOpapJieHHE,
3¢} GEKTUBHOCTD, )KU3HEHHBIN UK, TA(POBU3AIINSL.

HETI'I3I'T EPEXEJIEP MHTETPAIMSACHIH  KOHE MaMaHIApJAbIH  LUPPIIBIK
Kasakcran — PecrnyOnuMKachIHIarbl — KYPBUIBIC — Ky3bIPETTEPIH KYHENi TypiIe JaMbITy bl TAIIAII €TE/II.
Oakputay KyHeciH IMQPIBIK >KaHFBIPTY KYPBUIBIC
HBICAHAAPBIHBIH ~ OMIpJiK  LHUKIIHIH  OapibIK KIPICIIE
Ke3eHJepiHue 0acKapy THUIMILIIMIH, —AlIbIKTHIFbIH EniMisneri KypbUIbIC CalachlH TEXHUKAIBIK

JKOHE CaIlachlH apTTHIPYABIH HETI3ri OarbIThI OOJIBII
tabbuIaasl. BIM-inardopmanap, sxobanapasl 0ackapy
Kylenepi, TUGPILIK MOHUTOPUHT KYpajapbl jKoHE
re0aKnapaTThIK TEXHOJIOTHUsLIIap KYpBUIBIC
MpOLIECTEpiH aBTOMATTaHIBIPyFa, OaKpUlay ASNIIriH
apTTBIpPyFa  JKOHE  ToyeKeslJepli  TeMEeHIETyre
MYMKiHiK 6epeni. Kypbubic OakpiiaybIHIa TUPPITBIK
OarmapiaMaiblK  IICHIMACPAl  KEIICHAI  KOJJIaHy
KYpBUIBIC TIpOLECiHE KATBICYLIbUIAD apachbIHAAFbl
e3apa IC-KMMBUIABI JKETUIAIPIN, OacKapyIIbLIBIK
HICIIMACPIIH Heri3aumri MEH JKeEeIriH
KamTamachl3 eteni. Kypbuiblc camacblH ofaH opi
mupIaHIbIpy  HOPMATHBTIK-KYKBIKTHIK — 0a3aHbI
KETULIIPYI, aKNapaTThIK XKYHeJepiH e3apa
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peTTeyiH KOJIAaHbICTaFbl HOPMATHBTIK-TEXHUKAIIBIK
0a3acel KYPBUIBIMIBIK TYPFBIAAH JKETKUTIKTI TypHae
KyHeneHOereH »oHe Ko0O1He YChIHBIMABIK CUIIATTAFbI
Tajanrtapra HerizgenreH. CoHbIMEH Karap, )obanay,
KYPBUIBIC KOHE FHMapaTTap MEH KYPBUIBICTAp.IbI
nauganany KE3CHICPIH perjiaMeHTTEeHTIH
HopManapaa Oip-OipiH KaiTamalThIH KoHE e3apa
KaWIIbl KeJIETiH epexenep Xui kezaeceni. MyHmai
ColKeCCI3IIKTEp CaJaHbIH WHHOBAIMSUIBIK AaMYyBbIH
TEXeIl, WHBECTULHSIBIK-KYPBUIBIC yZAepicine
KATBICYIIBUIAP VIIiH OKIMIIIIIK KOHE TEXHUKAIBIK
CUNATTarbl KeJepriiepai KyIleuTedi, CoHmani-ax
3aMaHayHd MaTepuaap MEH *KaHa TeXHOJIOTHsIap bl
KYpbUIBIC ~ TpPAaKTHKAChIHA  YaKTBUIBI  CHTi3yre
MYMKIHTIK OepMerii.
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KonpmaneicTarel  KYpBUTBIC ~ HOpPMAaJIapBIHBIH
KOJIIAHBLTY CaJIachl MEKTEYIIi, MiHACTTI )KOHE epPIKTI
TajnanTapbl alKBIHIANTHIH aliKbIH TETIK
KapacThIpbUIMaraH, COHJal-aK JKaHa KYPBUIBIC
pecypcTapelH HapBIKKa JKEACN opi JKCHUIIETLIreH
TOPTIMIIIEH  €HTi3y  MYMKIHAIN  KaMTaMachl3
eTinMereH. byn QaxTopiap KOJIaHBICTAaFBl PETTEY
KYHECIH )KaHFBIPTY )KOHE OHBI HEFYPIIBIM HKEM/Ii api
3aMaHayd HOPMATHBTIK-TEXHHKAJIBIK KaMTamachi3
eTyre Kelipy KaXeTTiIirH KepceTe .

Kypsiisic CaJachIHIaFbl U PITBIK
TpaHcopMaius eIiMI3IiH OHipiaepiHae OipKeKi
JambIMaFaH:  Kebip  alimakTapma — UQPIBIK

mienriMep JKbUIIaM eHri3iice, OackamapbeiHga Oyt
yaepic aifrapnbikrail 6asy xypeni. OcbiHmail namy
KAapKBIHBIHAAFbl albIpMAIIbUIBIKTApFa KapaMacTaH,
U PIBIK TpaHCHOPMAITUSHBIH OipBIHFAH TEOPHUSITBIK
JKOHE FBUIBIMHU HET131 Q11 TOJBIK KAJIBIITACTIaFaH.

3epmmeyoiy ~ maxcamul —  Kazakcran
PecrryOnmkachiHAaFel  KYpBUIBIC OakKblLIay >KYHeCiH
MUQPIBIK JKAHFBIPTYIA KOJNJAHBUIATHIH 3aMaHayH
OaFmapiaMainblK HICHIMACPAl  Taimay, oOJap.IbIH
(YHKIIMOHANIBIK MYMKIHIIKTEpI MEH THIMIUTITIH
Oaranmay, COHJAal-aKk KYPBUIBIC  CallaChIHJIAFbI
IUQPPABIK TEXHOJOTHSIIAPABI OJaH 9dpi  JAaMBITY
OarbITTapbIH HETi3eY.

9AICTEP MEH MATEPUAJIJIAP

CoHIBIKTaH 3epTTey YLIIH HEri3ri MaTepuai
peTiHie KYpBUIBIC CallaChIHAAFbl  KOJIAAHBICTAFbI
HOPMAaTHBTIK  JKOHE  OJICTeMeNiK  KyKarTap
naiganaHpuIIpl. OMIMPHUKAIBIK MaTepHal peTiHge
Kazakcran PecnyOnukachIHBIH KYpBUIBIC CalachbIH
peTTeNTIH HOPMAaTHUBTIK-KYKBIKTBIK aKTinepi,
TEXHUKANBIK PEraMeHTTePi, KYpbUIbIC OaKplIayblH
yHBIMIACTBIpyFa KaThICTBI OMICTEMENIK KyXKarTap,
COHJIali-aK KYPBUIBIC )K00amapsiH 0acKkapya KeHiHeH
KOJIJIAHBUTATBIH OarapiaManblK KeIIeHIep Typasibl
pecMu akmapar maifa’iaHbUIAbl. 3epTTey OOBEeKTici
peTiHme KypeUTbIc OakpulayblH HH(pIaHABIPYFa

apHaJIFaH  Kasipri  3aMaHfel  OargapiiaMajibiK
nrenrmaep KapacThIPBUIBI. Barnapnamanbix
eHiMIepAi Oaranmay oJapAblH  (YHKIHOHAIIBIK

MYMKIHTIKTEPi, KYPBUIBIC Oakpliay IpolecTepine
WHTETpalsUIaHy JICHTeHi, KyKaTTaMaHbl 0Oackapy,

JKoOanmapApl  JKocmapiay, MOHHTOPHHI 3KYPTi3y,
aKIapaTThIK 63apa iC-KUMBUIAbI YHBIMIACTHIPY KOHE
KYPBUIBIC ~ KYMBICTAPBIHBIH ~ CalachlH  OakpuIay

MYMKIHIiKTepi OOMBIHIIA KY3€ere aChIPhIIIBL.
Kypsuibic cajachlHa U PIBIK
TEXHOJIOTHSIIApAbl €HTi3y OHMIPICTIK yaepicTep/i
OHTAlNaHABIPYFa, IWIBIFBIHAAPABI a3aUTyFa >KOHE
CaJIBIHATBHIH HBICAHAAP/BIH CalachlH apTThIpyFa KeH
MYMKiHIiKTep amanpl. udpranneipyasiy Herisri
aPTHIKIIBUIBIKTAPBIHBIH 01pi — OHBI JKBIDKBIMANTHIH
MYJIK OOBEKTiNEpiHiH OMIpIiK UUKIiHIH OapibIK
Ke3eHepiH/e Konany MyMKiHairi [1].

AliTapnbIKTait apTHIKIIBUIBIKTaPbIHA
KapaMacTaH, LU(pIaHabIpy YIAepicTepi KYpbUIbIC
OHIMJICpIH OHJIpYyIIiIep MEH TYTHIHYNIBUIAD YIIIH
Oenrimi Olp KEMINUTIKTEPMEH Jie Karap Kypeni
(kecrere KapaHpbI3). Jlerenmemn, U PITBIK
TpaHcOpMaLUSIHBIH ~ 0acThl  APTHIKIIBUIBIFBI  —
KYpPBUIBIC Y/EpiCTepiHiH ayKbIMBIH KEHEWTYy >KoHE
OHJIIPiC MBIFBIHAAPHIH TOMEHACTY MYMKIHIIT1.

Kyppuiplc  eHIMIH ~ xKacay —  KeNTereH
KEe3CHJEPACH TYpaThlH KypJeli yHaepic, oHua
OaKplIay MEH KaJarajiay Kyieci epeKIiie MaHbI3Fa ue.
Mo ocel GarerTTap UG PIBIK TpaHChHOpMAIUS YIITiH
eJIoyip QJIeyeTKE He.

Kana KypbUIbICHI KOJIEKCI KYPBUIBIC OaKbLIayblH
JKY3€Tre achIpyAbl PETTeHTIH Heri3ri epexenepmni
arkprHmanap! [2]. Kypeutbic Oakbuiaysl — KYpbLUIBIC-
MOHTaK KYMBICTapBIHBIH Caraibl OPBIHIATYBIH )KOHE
CaJBIHATHIH HBICAHHBIH >KOOANBIK Ky)KaTTamara opi
OeNTiJIeHreH HOPMAaTHUBTIK TajlanTapra cail OoMybIH

KaMTaMachl3 €Tyre OaFbITTalFaH  ic-mapaiap
JKUBIHTBIFBL.
KypsLisic OaKbUIAYBI OpBIHIATATHIH

JKYMBICTapAbIH TEXHUKAIBIK, YKOHOMHUKAJBIK >KOHE
SKOJIOTHSUIBIK TajlalTapra COMKECTITiH TeKcepyre,
COHpai-aK kobamaH KOHE HOPMAaTHBTIK
periIaMeHTTepleH  aybITKyJapAbl JAep  Ke3iHae
aHBIKTaN, OIOFa OaFbpITTaldFaH. MaHBI3ABICHI —
KYPBUTBIC 0aKblIaybl KYPBUIBIC YAEPICIHIH aXKblpaMac
Oemiri  Oosbim  TaObUIAaABl  JKOHE  KOOAJBIK
KyKaTTaMaHbl — 93ipieyneH  Oacrtanm  HBICAH/BI
naiinananyra Oepyre neiiHri OapiblK Ke3eHaepae
Kyprizineni. by O0akputaynbl Tanceipbic Oepyii e,
TOyeJci3 KaJjaranay YHbIMIAph! 1a 5Ky3ere achlpabl.

Kypbuisic 0akpuiaysIHBIH 9pOip KE3€HIH o9pTYpii
HUPPIBIK Kypanaapasl KOJNJaHy  apKblIbl
uudpianapipyra  Oonmambl.  Ajaiima  OipblHFai
OarmapiaMaiblK aTGOpMaHbl eHrizy OaKplIayAblH
TUIMAUIINIH ~ alTapibIKTail  apTTBIpYyFa, TEKcepy
Mep3iMJIepiH  KBICKapTyFa  JKOHE  KYPBUIBIC
Ke3eHIEpiHiH 10N OaranaHyblH KaMTaMmachl3 €Tyre
MYMKIiHJIIK Oepei.

Kazakcran HapbIFbIHIA KYpBUTBIC OaKbUIAyBIH

KoHe koOamapapl  Oackapyasl IU(pPIaHIbIpYyFa
MYMKIHIOIK ~ OepeTiH  opTypii  Oargapiiamalibik
menrimaep YCeiHbUFaH. Onapael  TOPT  HErTisri

Kareropusira 6exyre Oomapr:

1. BIM-miarpopmanap (Building Information
Modeling)

BIM-TexHonorusmapsl FUMapaTTapblH
aKnapaTThIK MOJEJBJCPIH jKacayra jKoHE kolamay
MEH KYpbUIBIC Ke3eHjaepiH Oipryrac kyiere
Oipiktipyre = MymkiHmik  Oepemi. EH  xem
KOJIJAHBUIATHIH HISHIIMIEp:

Autodesk BIM 360 (Autodesk Construction
Cloud) — kyxaTramansl 6ackapy, camaHbl OaKpUIay,
KYMBICTapbIH OapBICHIH KaJlaranay;
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REVIT - akmapaTThlK MOAETBICD Kacay >KoHE
JKOOANBIK IIennMaepai aBroMartadapipy; Allplan -
’kobanay sKoHe MH)KEHEPJIIK JepekTepai 6ackapy [3].

2. Kypwuisic npouecTepiH Oakpiiay SKoHE
TipKey kyhenepi

byn iatopmanap IIEKTPOH/IBIK
KypHaIIApAbl KYPrizyre, )KyMbICTap/bl (POTO KOHE
OelilHe  apKbUIBI  TIpKeyre, TYyCiHIKTeMelepi
Oackapyra IJKoHE  KaTBICYIIBUIAD  apachIHJIAFbI
KOMMYHUKALUSIHBI KAMTAaMachl3 €TeIi:

PlanRadar - uudpisik xypHaigap, akayaapsl
TIpKeY JKoHE OJap/Ibl TY3eTyre Oakbuiay;

ATtkapymsl cyperreMe xkypHansl (3UC) —
SNIEKTPOHIBIK TYPAC AaKTAepAl KYprizy YLIiH
JKEPriTiKTI HemimMaep.

3. Xobanmapapl *oHE KYpBUIBIC Mep3iMJepiH

Oackapy xyHenepi
Byn Oarmapiamanap pecypcrap/apt
JKocrapiiayra, Mep3imjepai  Oakpuiayra — JKOHE

JKO00aHBIH OapybIK KAaTBICYIIBUIAPBIH YHIeCTipyre
MYMKIiHAIK Oepeti:
Primavera P6 -
J)Kocmapiay;
Microsoft Project - mep3simumepi, pecypcTapast
YKOHE TarichIpMaiapsl 0ackapy;

KYHTI30€J1K-CEeTKaIBIK

ERP-xyitenep 1C HeriziHae - CMETaJbIK
ecer, JKYMBICTapIblH OpBIHAATYBIH  OakblLiay,
0acka MOAYJbACPMEH HHTETPALIUSI.

4. Kypbuiblc  0GapbICBIH ~ HAaKTBl  yaKbIT
pexxuminze 0akputay mardopmanapbl

byn KyHenep BUIe00aKpLIaY JKOHE

reouH(pOPMAITHSIIBIK TEXHOIOTHSIIAPIb KAMTH/IBL:
-upIbIK  1aTdhopmManapMer  OipiKTipireH
OelineOakpLIay XKyienepi;
-ipi HHGPAKYPBUTBIMABIK OOBEKTIIEP i OaKpLIay

KOHE  aybITKyJapael  Tipkey — ymiH  GIS-
iaTgopmanapst

[4]

barmapiaManblK — KEIIEHHIH — CallbICTBIPMAITBI

TaJIAaybIH KeJeci KecTere TOJITbIPAMBI3.

HOTHUXEJIEP )KOHE TAJIKBIJIAY

bepinren xkecre KazakcTaHnarsl — KypbUIbIC
O0akpulayblH  HUpIaHAbIpya  KOJJIAHBLUIATHIH
OarmapnamaiblK  KypajaaapAblH — (yHKIMOHAIJIBIK
OPTYPJIUIINIH ~ JKOHE  OJIapblH  MPAKTHKAJIBIK

MYMKiHZiIKTepiH kepcereni. BIM-mnardopmanap
(Autodesk BIM 360, Revit) xobamay MeH
KYPBUIBICTBIH ~ OapiblKk — Ke3eHJepiH  OipikTipim,
KyKaTTaMaHbl 0OacKkapy MeH camaHbl OaKbLIayIbl
KeIIeH i TypJe JKy3ere achlpyFa MyMKiHIIK Oepeni,
amaiiia  onapAbl  €Hri3y  JKOFapbl  KapiKbUIBIK
IIBIFBIHAAP MEH OUTIKTI MaMaHapabl Tajarm eTe/i.
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bakpinay »xone Tipkey kyienepi (PlanRadar)
KYPBUIBIC alTaHbIHAAFbI aKayIap bl )KeJel aHbIKTayFa
JKoHE [UQPIBIK JKypHAIZap JKYprizyre >karmai
JKacam, OakpUiay YIEpiCTEpiHiH KeAenairi MeH
AIIBIKTBIFBIH ~ apTTHIpaAbl,  Oipak  HHTEPHET
MHQPpaKYpBUIBIMBIHA TIYENALNIr Oenrini Oip mekrey
Oombin TabbuIankl. JKobamapaer 6ackapy Kypaimapsl
(Primavera P6) ipi okoHe Kypaemi KypbLIBIC
»koOamapeIH JKOCIapiiay MEH Mep3iMIiK Oakpuiayaa
YKOFaphl TUIMJILTIK KepCceTce e, OJap/bl CHri3y MEH
naiimamany kypzem opi  keimbar. An GIS-
miathopmanap KEH ayKeIMABl  OOBEKTLICpIiH
T€OMOHUTOPUHIIH KAMTaMachl3 €Till, aHATUTHKAIIBIK
MYMKIHIOIKTepAi ~ KeHeitedi, JereHMeH  e3re
aKnapaTThIK KyHelepMeH MHTEerpalusuiayibl KaKeT
eTei.

Kanmer anranma, aranraH —OarxapiamaibIK
KeIIEHAePAl KEIICH I TypJe *KoHE e3apa yiiecTipe
KOJIJIaHy  KYPBUIBIC OaKbLIaybIHBIH — THIMILIITIH
apTTHIPBIN, KYPBUIBIC CalachlH KaMTaMachl3 €TYre
JKOHE  0acKapylIBUTBIK — MIENNMIAEPIIH  JOJIITiH
KOFapbpUIaTyFa  MYMKIiHIIK  Oepemi.  Kypspuibic
0aKpUIAYbIH mudpranapIpyra apHaIIFaH
OarmapiaManbikK menriMzaep (hyHKITMOHAITBIK
MYMKIHJIKTepi, KOJIaHbUTY OaFbITTaphl )KOHE SHT13Y
epekuienikTepi OOWBIHIIA ©3apa epeKIIeICHE]].
OmnapablH 9pKalChICHl KYPBUIBIC YAEpiciHiH Oemnrimi
Oip Ke3eHIepiH aBTOMATTAaHBIPyFa OarbITTaNFaH
XKoHE jxko0anay, KYpbUIBIC, MOHHUTOPUHT KYpri3y
HeMece pecypcTapasl 0acKapy CHSKTBI HAaKThI
MIHJETTepAl Ienryre MyMKiHmiKk Oepeni. COHbIMEH
Karap, OaFmapiaManblk — KeIIeHIepAi — TaHaay
YHBIMHBIH TEXHHUKAJIBIK MYMKIiHIIKTEpiHe,
KapXKBUIBIK ~ pecypcTapblHa  JKoHE  IU(PIBIK
WHQPaKYpBUIBIMBIHBIH, J]aMy JCHIeHiHe Toyen/Ii.
Kasakcranna KOJIJITaHBIJIATBIH HeTi3ri
OarmapnaManblK — MIENnMIepaiH  (QYHKIIMOHAIIBIK
€PEeKIIeTiKTePiH, APTHIKIIBLTBIKTAPEI MeH
LIEKTEyJepiH  CalbICTRIpMalIbl  TypAe Oaranay
MakcaTeIHIa 1-KecTe a3ipieHsi.

Kectrene kenTipiireH MoNiMETTEpACH KOPIHII
TypraHaaid, omOeOam OarmapiaManblK ©HIM KOK.
OpOip KYHEHIH ©3iHiH KOJJAaHBUIy  CaJachl,
(YHKIIMOHANIBIK apTHIKIIBUIBIKTAphl JKOHE OenTiii
O0ip mekreynepi Oap. COHABIKTaH  KYPBLIBIC
0aKbUIAYbIHBIH THIMIUIITIH apTTeipy ywiH BIM-
iatgopmanapsl, xobamapasl 6ackapy Kyienepis,
MOHHUTOPHHI KYPaJJapblH JKOHE TI€0aKIapaTThIK
TEXHOJIOTHsIIApAbl  KeWIeHAl TypAe Naijanany
HEFYPJIBIM THIMIII TOCLT OOMBIT TaObIIaapl. MyHmai
WHTETpaMsUIaHFaH TOCIT KYPBUIBIC 00BEKTUICPIHIH
camacelH apTTBIPYFa, TOYEeKeNAepHi a3alTyFa >KoHe
0acKapyIIbLIBIK HIeTiMACPIiH THIMIUIITIH
KaMTaMachl3 €Tyre MYMKIHIIK Oepe/ti.
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Kecre 1 - barnapnamansik KeleHAEp/i CaabICTHIPMAaIbl Tajiay

Canar ATaysl Herizri ¢yHkimsnapst APTBIKIIBUIBIKTAPEI Hlexreynepi
Kyxarramansl 6ackapy, | bapibik kesenuepai JKoraps! barachl,
BIM- Autodesk BIM 360 caraHbl MHTerpanusay, O1iKTI
iatdopmanap OakpLIay, OipJecKeH KYMBIC, MaMaHIap KaKeT
KaThICYLIBUIAPDMEH ©3apa | MaciuTadrany
opeker
Monenbaey, )KoOaTbIK Jomxobanay, BIM-ke OKpBITYyFa yaKbIT
REVIT menrimMaepai yHIeCiMITITIK KaXXeT
aBTOMATTAHBIPY
Baksiiay sxone | PlanRadar Hudpasik xKypHaIap, bakputay el xpuimamaaty, | Marepaer
TipKey aKayJapsl TipKey MOOWITBTITIK OaiimaHbICHIHA
TOYEIIUTIK
Kobanapasr Primavera P6 “Kocnapnay, mep3imaepai | Ipixxobanapabr Enrizy
Oackapy OakpLIay JKocTIapiay yriH KHUBIHJIBIFBI, JKOFAPBHI
KyaTThl KypaJ Oara
Ipi oOBexTimep i Backa xyitenepmen
GIS- OOBekTLIep 0aKpLUIay, aHATNTHKA HHTETPAIUS
MoHHTOPUHT iarhopmaap T€OMOHHUTOPUHT KaKeT
JKanmer anrana, 3epTTey HOTHXKENEPl KYPBUIBIC  OacKapyIIbLIBIK menrimMaep KaOBLTHAYABIH
OakpuTayblH  THQPIAHIBIPYABIH ~ OarmapiaManblK — THIMAUIITIH apTTeipagsl. HoTmkeciHAe KypbUIBIC
KypajgapablH >KeKe MYMKIHIIKTEpIHE FaHa €MeC, CajachIH/IaFrbl

OJNapAbIH ©3apa HHTErpalisUIaHyblHa Ta ToyemIi
ekeHiH kepcerTi. BIM-tnardopmanapsl, sko0anapast
Oackapy  JkydenepiH, UUQPIBIK  MOHHTOPHHT
KypaJlIapbIH KOHE Te0aKNapaTThIK TEXHOIOTUSLIAP/IbI
KeIIeHII TypAe KOJAAHy KYpbUIBIC —calachlHIa
OippiHFail IUAPIABIK HKOXKYHE KAJIBIITACTHIPYFa
MYMKiHIIK Oepeni. MyHIal Tociin KYpBUTBIC CanachH
apTTHIPBIN, Oakpulay pPACciMIAEPiHIH —AIUBIKTHIFBIH
KaMTaMachl3 eTelli, ToyeKeAepal TOMEHAEeTEel JKIHe
MEMJICKETTIK Oakpulay OpraHaapbl MeH KYpPbUIBIC
MpOIIECiHE KATBICYIIbUIAp apachlHIAFbl aKIapaTThIK
e3apa iC-KUMBLI/IbI XKaHa JICHIeire KoTepe/i.

KOPBITBIH/IbI

Kazakcranmarsr KYPBUIBIC OaKpLIaybIH
nupIaHABIPY THIMIUTIKTI )KOHE KYPBUIBIC CallaChlH
apTTBIPYABIH HETi3Ti (akTopbl 0okl OTHIp. by
YAEPIC KYPBUIBIC-MOHTAX KYMBICTAPBIHBIH OapJIbIK
Ke3EHJIEpiHIe AalIBIKTHIKTBI ~ KaMTaMachl3  ETill,
Oakpuiay (QyHKIMSTIApBIH aBTOMATTaHIBIPY aApKBUIBI
ToyeKemaepai YaKTBUTBI aHBIKTayFa  JKOHE
OY3YIIBLTBIKTAP IBIH AJIIBIH alTyFa MYMKIHIIK Oepeti.
Hudpneik  mmatdpopMamap  MeH — aKHmapaTThIK
XKyHenepai eHrizy Oakpliay HOTIDKEIEPIH JKeaen
TipKeyre, JepeKTepIiH HaKTBUIBIFBIH apTTHIpyFa
KoHe afiaM (aKTOPBIHA TOYEIILUTIKTI a3alTyFa bIKIal
eTeqi.

CoHBIMEH KaTap, U(PIBIK KYPHUIBIC OaKbLIay bl
MEMJIEKETTIK OpraHiap, >kodanaymsuiap, Mepuirep
yiibIMaap KoHE TEXHHUKAJBIK KaJarajay KeI3METTepi
apacelHAarbl  e3apa  IC-KUMBUIABl  KYLICWTIMH,

OaKpLIay TETIKTEPI KETIAIPUIIN, O0ObEKTiIIepaiH
Kayilci3airi MeH CeHIMAIIITIH KaMTaMmachl3 eTyre,
COHAAW-aK CaJlaHblH TYPaKThl JaMyblHAa KOJIAHIIBI
Karaal KaJblnracasbl.

BIM-mardopmanapasl, 6akeiay >KoHE TipKey
KyHenepiHn, skobamapapl Oackapy KypalgapbiH
KoHE  TeoMH()OpMAIMSIBIK  TEXHOJIOTHSIIAPIBI
KOJIJJAaHY apKbLIBI KOCITOPBIHAAP:

-KYPBUTBIC MEP3IMIEPiH KBICKAPTYFa,

-0apiblK  Ke3eHJepae OakpUIayablH IOJIITIH
apTTBIPYFa;

-aIaMIbIK KaTSIIKTEePl a3aiTyra;

-)K00aHbIH OapJIbIK KaThICYIIbLIAPHI YIIIIH aHKbIH
IUQPIABIK OpTa KYpyFa MyMKIHIIK ajgajpl.

bakputay,  Oackapy  JKOHE  MOHHTOPHHT
(hyHKIUSITapBIH OipikTipeTiH OipbIHFait
OarmapnamaiblK  MIaT(GOpPMaHbl €HTI3y KYPBUIBIC
KOMITAHUSUIAPHI YIIIIH CTPATETHUSITBIK MAHBI3IBI KaJIaM
OoypIll  TAOBLIAALI, OO Oocekere KaOIIeTTIIIKTI
apTTHIPyFa JKOHE IIBIFBIHAAP/ABI OHTAMIAHIBIPYFa
MYMKIiHIIK Oepei.

Myoodenep Kakmuizbicbl.  ABTOpIIap  OCHI
3epTTey]i OpBIHIAY KOHE MaKallaHbl JKapusiay
0aphIChIHAA MYJJICNep KAWIIBUIBIFBl JKOK CEKEHIH
MOJIIMIEHL.

Aemopnapoviy ynecin kepcemy (mMaKcoHoMus
CRediT):  M.B. Typa6aeBa -  3eprrey
TYXKBIPBIMJIAMACHIH 93IpJiey, 3epTTey dJICHAMACHIH
KaJBIITACTHIPY,  HOPMATHUBTIK-KYKBIKTBIK  JKOHE
FBUIBIMH  ofieOMeTTepAl Tanjmay, OarmapliaMaibIk
KeIIeHIeP/Ii CaBICTRIPMAITbl OaFanay, HOTHXKeIepIi
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TaJAay, MaKaJaHBIH OaCTaIKbl HYCKACHIH aibIHIAY.
A.T. Temip6aeB — FHUIBIMH JKETCKIIUIIK, 3€pTTCY
O/liCHAMACBIH JKETULAIpY, KYpBUIBIC OaKbUIaybIH
uudpraaHappy OOMBIHIIA TEXHUKANBIK MISHTiMISpi
TaJAay, HOTWKENep i HHTepIpeTaIHsIay, MaKaJIaHbI
FBUIBIMH PEIaKIMSIAYy JKOHE pereH3usuay. bapibik
aBTOpJIap MaKaJlaHbIH COHFbl HYCKACBIMEH TaHBICHIII,
OHBI JKapusjiayFa MaKyIJaJbl JKOHE 3epITey
HOTHXKEIIEPiHIH JIYPHICTHIFBIHA OPTAK KayarKepIIiIiK
anaspl.

Kapowcvinanowvipy. 3eprrey
KapKbUIAHBIPYCHI3 OPBIHIAIIBI.
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TaOblIanbl. JIMIEH3Us TYHHYCKa CHOCKKE THICTI
Typle CIITeMe djKacalfaH >arJaiiia, Ke3 KelreH
opTaja maijajaHyra, TapaTyFa JKOHE KakTa
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Abstract. Confectionery production, despite belonging to the food industry, may include areas with signs of increased
industrial danger (dust-air mixtures, hot processes, intensive mechanization), which requires a systematic risk analysis
and management measures. The specifics of the hazards are caused by a combination of complex thermal processes,
the use of powerful mechanical equipment, and, most critically, work with dispersed systems of organic origin. Taking
into account the requirements of the Law of the Republic of Kazakhstan "On Civil Protection”, the management of these
hazards is a key task to prevent accidents and ensure occupational safety. The article provides a comprehensive analysis
and classification of specific production hazards typical of the confectionery industry of the Republic of Kazakhstan.
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Anoamna. KouauTepiik eHIMAEp TaMaK ©HEpKaciOiHe jKaTaThIHbIHA KapaMacTaH, ©HEPKACINTIK KayiNTiTIKTiH
JKOFappUiay Oenriiepi Oap ydvackenaepai KaMTybl MYMKiH (IIaH-aya KOCHAajaphl, BICTBIK MPOIECTEDP, KAPKBIHIBI
MEXaHUKANAHIBIPY), OYJ1 TOyeKeIAep i KyHeli Tauaayabl )KOHEe oJapiAbl Oackapy IiapaiapblH KaxkeT erefi. KayinTix
EPEeKILEIIT KYpAei )KbLTY MPOIECTEPiHIH YillleCyiHe, KyaTThl MEXaHHKAIIBIK JKa0IbIKTHI Al alaHyFa )KOHE, CH OaCTHICHI,
OpTraHUKAJBIK IUCIEPCTI JKyiHenepMeH >XyMmbIc icteyre OaimanbicThl. KP "As3aMarThlk Kopray Typausibl" 3aHbBIHBIH
TaJanTapblH eCKepe OTHIPHII, OYIT KayinTepi Oackapy aBapHUsUIapI6IH aJIbIH ATy KoHE eHOCK KayilcCi3miriH KaMTaMachl3
€Ty YIIiH Herisri MiHaeT Oonbin TaObpuTagsl. Makamama Kasakcran PecmyOmukachIHBIH KOHIUTEPIIK cajlachlHA TOH
epeKIle OHIIPICTIK KayinTepre KeIIeH i Talaay KoHe XKIKTey Kypri3iiei.

Tyitin co30ep: KOHAUTEPIIK OHIIPIC, OHEPKICINTIK KAYIlCI3MiK, MAaH JXKapbUIbIC KayIi, TOyeKeIaAep i Tanaay, eHOeKTi
KOpFay, IIaH-aya KOCTIanapbl, HAIPICTIK KapaKaTTaHy.
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Annomayus. Konaurepckoe MpOU3BOJCTBO, HECMOTPS Ha MPUHAUIEKHOCTh K MHIEBON OTPACiM, MOXET BKJIFOYATh
YYacTKd C TPHU3HAKaMH ITOBBIIICHHOW MPOMBIIUICHHONW ONMacHOCTH (ITBUIEBO3IYIIHBIE CMECH, TOPSYUE IPOIIECCHI,
WHTEHCHUBHAs MEXaHH3alus), 9YTO TpeOyeT CHCTEMAaTHYeCKOro aHalIW3a PHCKOB M Mep ympasineHus umu. Crenuduka
OTIACHOCTEH OOYCIIOBIICHA COYETAHHEM CIIOKHBIX TEIUIOBBIX IIPOIIECCOB, HCIIOJIB30BAHMEM MOIIHOTO MEXaHHYECKOTO
o0opyznoBaHUsS U, 9TO HanOoOJee KPUTUIHO, pabOTON ¢ IUCIIEPCHBIMU CHCTEMaMH OPTaHUYECKOro mpoucxoxiaeHus. C
yaerom TpeboBanuii 3akona PK "O rpaxmanckoii 3amure", yIpaBIeHHE STUMH OIACHOCTSMH SBISICTCS KITFOUSBOU
3azadeit A7t MpeJOTBPAIECHHS aBapHuii 1 oOecrieueHns 0e30I1acHOCTH Tpyia. B craTbe NpoBOANTCS KOMILUIEKCHBIM aHAIIN3
crenudUIecKnX MPOU3BOJICTBEHHBIX OIIACHOCTEH, XapaKTePHBIX ISl KOHAUTEpCKOoW oTpaciu Pecybnuku Kazaxcran.
Kniouegvie cnoea: KOHIUTEPCKOE MPOM3BOJCTBO, IPOMBIIIIEHHAs OE30MACHOCTb, IBIIEB3PHIBOONACHOCTD, AHAIN3
PHUCKOB, OXpaHa TPpyAa, MbUIEBO3AYIIHBIE CMECH, IPOU3BOACTBEHHBIN TPaBMaTH3M.

MAIN PROVISIONS

Confectionery production is characterized by a
combination of dust-explosion, thermal, mechanical,
electrical, and organizational risk factors that require
a comprehensive approach to industrial safety
management. The most significant hazard is posed by
dust-air mixtures generated during the handling of
flour, powdered sugar, cocoa powder, and other
dispersed organic materials. Effective reduction of
occupational risks is achieved through the
implementation of technical protective measures,
regular monitoring of equipment condition,
compliance with occupational health and safety
management system requirements, and improvement
of personnel training. The presented classification of
specific hazards can be used in occupational risk
assessment, the development of occupational safety
measures, and the improvement of industrial safety
management systems at confectionery enterprises in
the Republic of Kazakhstan.

INTRODUCTION
The Republic of Kazakhstan has several large-
scale confectionery production facilities operating on
an industrial scale. Among the major enterprises are
JSC “LOTTE Rakhat” (Almaty) and JSC “Bayan
Sulu” (Kostanay), as well as other companies

mentioned among the country's leading confectionery
manufacturers, such as Hamle [1, 2].

Such production facilities are characterized by
large volumes of storage and transportation of bulk
raw materials, including sugar, flour, and cocoa
products; extensive aspiration systems; and numerous
forming and packaging lines. These factors make the
risks of dust explosions, fires, and occupational
injuries not merely theoretical but practical concerns.
The principal specific hazard in confectionery
production is the explosiveness of flour and sugar
dust (dispersed systems). Flour, powdered sugar,
starch, and cocoa powder are organic substances that,
when finely dispersed and mixed with air, can form a
combustible and explosive dust-air mixture.

The confectionery industry is one of the most
dynamically developing sectors of the food industry
and plays an important role in supplying the
population with food products, developing the
processing sector, and creating employment
opportunities. At the same time, confectionery
production processes are characterized by a
combination of various occupational factors that may
pose potential hazards to workers and production
infrastructure. The use of bulk organic raw materials,
high-temperature equipment, mechanized production
lines, and complex engineering systems necessitates
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a comprehensive approach to ensuring industrial and
occupational safety.

In recent years, occupational risk management
has become increasingly relevant due to the transition
of enterprises toward risk-oriented occupational
safety management systems based on the prevention
of accidents and occupational injuries. The
international standard 1SO 45001:2018, as well as
modern approaches to occupational risk management,
provides for the systematic identification of hazards,
assessment of the probability of their occurrence, and
development of preventive measures aimed at
reducing occupational risks.

For confectionery enterprises in the Republic of
Kazakhstan, the most common hazards include those
associated with the formation of dust-air mixtures,
exposure to high temperatures, operation of
mechanized equipment, electrical hazards, and
organizational deficiencies in occupational safety
management.  Although individual aspects of
industrial safety in food-processing facilities have
been widely addressed in the scientific literature,
issues related to the comprehensive classification of
specific hazards in confectionery production, taking
into account the characteristics of domestic
enterprises, have received insufficient attention.

This study aims to analyze and systematize the
specific occupational hazards characteristic of
confectionery enterprises in the Republic of
Kazakhstan and to identify the main areas for
improving the effectiveness of industrial safety and
occupational health management systems.

Scientific novelty. The study systematizes and
classifies the specific occupational hazards
characteristic of confectionery enterprises in the
Republic of Kazakhstan. Particular attention is paid
to dust-explosion hazards, thermal, mechanical,
electrical, and organizational risks, taking into
account modern industrial safety and occupational
health requirements.

Practical significance. The findings can be used
in occupational risk assessment, the development of
occupational safety measures, improvement of
industrial safety management systems, and personnel
training at confectionery enterprises.

MAIN PART

Mechanism of the Hazard

An explosion occurs when the concentration of
dust in the air reaches the Lower Explosive Limit
(LEL) and an ignition source is present, such as a
spark caused by static electricity, an overheated
bearing, or faulty electrical equipment. The main
critical areas include:

Aspiration and filtration systems, where dust
becomes concentrated.

Hoppers and silos used for storing bulk products.

Mills and screening machines, which generate
the largest quantities of dust.

At large-scale factories such as JSC “LOTTE
Rakhat” in Almaty and JSC “Bayan Sulu” in
Kostanay, bulk ingredients are often transferred to
screening and dosing systems through hoppers and
material-transfer areas.

A typical scenario for the formation of a
hazardous dust-air mixture occurs when raw
materials are transferred, including during the
opening of bags and feeding materials into receiving
hoppers, while general ventilation carries dust into
the working area and screening equipment increases
dust concentration at the inlet and outlet. Potential
ignition sources may include local equipment defects,
such as sparking electric motors, overheating bearing
assemblies, or electrostatic discharge from flexible
hoses and material-transfer sections.

The consequences of a dust explosion include
the destruction of equipment and structures, as well
as the risk of a secondary explosion. A primary
explosion in an aspiration or material-transfer area
can lift accumulated dust from upper surfaces such as
beams, trays, and air ducts, after which the fire rapidly
spreads throughout the room, significantly increasing
the damaging effects. Therefore, for confectionery
production facilities in the Republic of Kazakhstan,
not only the proper functioning of aspiration systems
and electrical equipment is critical, but also
systematic cleaning of hard-to-reach areas [1].

In addition to the explosion hazard posed by fine
dust, thermal and fire hazards constitute a significant
class of risks in confectionery production. Fire
hazards are associated with the extensive use of high-
temperature processes and the storage of combustible
materials. The operation of ovens, cooking units, and
Syrup-processing  systems requires continuous
monitoring of thermal conditions, since exceeding
permissible parameters may result in ignition of raw
materials, lubricants, or heat-transfer fluids.
Furthermore, large stocks of fats, oils, and packaging
materials such as cardboard and polymers represent a
significant fire load. In the event of a fire, rapid flame
propagation may be aggravated by air ducts and
ventilation systems, requiring strict compliance with
fire-resistance requirements for structures and the
availability of effective automatic fire-extinguishing
systems.

At enterprises with a wide product range,
including chocolate, biscuits, caramel, and wafers,
packaging and container storage areas effectively
constitute separate zones of increased fire load. This
is particularly evident where cardboard and polymer
packaging materials are stored in large quantities near
areas of intensive shipping operations, such as
loading gates and ramps. Under such conditions, a
single localized overheating event—for example,
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caused by a defective cable, lighting fixture,
equipment charging station, or ventilation fan
motor—can result in rapid fire development due to
the high combustible load of these materials.

High temperatures are also directly associated
with the risk of thermal injuries. In cooking,
tempering, and forming areas, there is a high
probability of severe burns caused by hot syrups,
molten fats, steam, or contact with heated equipment
surfaces. This requires not only the use of personal
protective equipment (PPE), but also the insulation of
hot equipment components and the implementation of
automatic pressure and temperature control systems
[3].

For caramel and syrup-processing areas, which
are characteristic of large confectionery factories,
including facilities in Kostanay, a typical risk is
associated not only with “hot surfaces” but also with
the release of hot product when process conditions are
violated.

For example, partial blockage of a pipeline or
improper operation of shut-off valves may result in
sudden depressurization or ejection of hot syrup when
the flow is switched toward the forming equipment.
In such situations, an injury can occur within seconds,
making organizational measures—such as clear
switching procedures and prohibiting manual
operations within potential discharge zones—as
critical as the use of PPE.

Mechanical hazards are common to any large
industrial enterprise and are associated with the
operation of high-performance, rapidly moving
equipment. At confectionery factories, this class of
risks is particularly pronounced in areas involving
mixing, dosing, forming, and packaging operations
[4].

Hazards Associated with Rotating and Moving
Parts

Equipment such as dough mixers, industrial
mixers, rolling mills, and conveyor systems creates a
constant risk of clothing or body parts being caught
in moving mechanisms, which can result in bruises,
fractures, and, in severe cases, amputations. To
minimize this risk, it is essential to ensure the full
operability of protective guards and interlocking
devices that prevent equipment from starting when
access to a hazardous zone is possible.

A typical injury scenario on forming and
packaging lines involves an attempt to perform
“quick cleaning” without completely stopping the
equipment and isolating its energy sources. A worker
may remove product residue from rollers or augers or
adjust jammed film on a conveyor, assuming that the
equipment is moving slowly. However, the
machinery may suddenly jerk due to automatic
operation, a product sensor, or an automatic restart
following a temporary stop.

At high-capacity factories, including major
facilities in Almaty and Kostanay, the problem is
exacerbated by the continuous operation of
production lines and the pressure on personnel to
avoid interrupting production.

Hazards Associated with Storage and Handling
of Loads

In warehouses and picking areas, there is a risk
of stacked goods collapsing, products falling from
heights, and collisions with industrial vehicles. These
risks require strict compliance with storage and
stacking schemes, regular inspection of storage racks,
and mandatory training and certification of personnel
operating lifting and transport equipment [4].

Work-at-Height Hazards

The risk of falling from height arises during
repair work, cleaning, and maintenance of large
stationary structures such as silos, raw-material
hoppers, and ventilation systems. This requires strict
compliance with work-at-height safety rules, the use
of fall-arrest systems, and properly designed
scaffolding and work platforms.

The occupational health and industrial safety
management system must also take into account risks
associated with adverse workplace environmental
factors [5].

Electrical Hazards

The presence of large quantities of electrical
equipment, including powerful motors and heating
elements, creates a risk of electric shock due to
damaged insulation, inadequate grounding, or errors
during maintenance. These risks are significantly
increased in areas with high humidity, such as
equipment-washing facilities, requiring the use of
reduced-voltage systems and residual current devices
(RCDs).

Noise and Vibration

Continuous operation of high-performance
machinery, ventilation, and aspiration systems
generates significant levels of occupational noise and
vibration. Prolonged exposure to these factors may
result in occupational diseases, including hearing loss
[3]. Risk control requires the use of sound-absorbing
materials, PPE such as earmuffs and earplugs, and
regular occupational exposure monitoring.

Microclimate

Temperature and humidity levels in different
production areas may be uncomfortable or even
hazardous. For example, oven areas are characterized
by high temperatures, whereas cold-storage chambers
may have extremely low temperatures. This requires
regulation of the duration of personnel exposure and
the provision of appropriate protective clothing.

In equipment-washing areas, the risk is often
associated not with permanently installed electrical
cabinets but with portable devices, including
extension cords, portable lamps, mobile pumps, and
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foam generators. Under conditions of wet floors and
condensation, even a minor crack in insulation or a
“temporary” connection made without proper control
can result in electric shock. In practice, this requires
a separate procedure governing the use of portable
electrical equipment in washing areas, including
equipment identification, periodic inspection, and a
prohibition on improvised extension cords.

Accident analysis indicates that a significant
proportion of incidents are caused not by technical
failures but by organizational deficiencies or human
factors.

Deficiencies in  the
Management System

These include the absence or ineffectiveness of
the management system, irregular monitoring, and a
formal approach to documentation. For example, a
dust-cleaning log may be maintained merely “for
inspection purposes” while failing to cover upper
areas and internal cavities of aspiration systems,
resulting in dust accumulation in hard-to-reach
locations [5].

Personnel Errors

Industrial ~ Safety

Personnel errors include violations  of
established procedures and bypassing safety
interlocks, including failure to follow energy-

isolation procedures during maintenance. A typical
scenario involves stopping equipment using only the
control button without locking out the power supply
at the electrical cabinet, after which another employee
starts the production line based on a “ready”
indication.

Insufficient Training

Personnel may know how to respond to an
ordinary fire but may not understand the specific
characteristics of dust explosions or the critical
importance of isolating energy sources before
entering a hazardous area.

CONCLUSION

Confectionery production combines several
groups of risks arising simultaneously from raw
materials, technological processes, and work
organization. The most critical risks for enterprises in
the Republic of Kazakhstan include dust-explosion
hazards associated with the handling of bulk
ingredients, fire hazards in packaging warehouses and
intensive logistics areas, and the risk of injuries
during the operation and maintenance of mechanized
production lines.

Practical analysis demonstrates that the severity
of consequences depends not only on the presence of
a hazard but also on the quality of safety management,
including the proper functioning of aspiration and
electrical systems, disciplined cleaning practices,
procedures for equipment shutdown and energy
isolation, and the level of personnel training.

Therefore, the priority areas for improving safety
include technical measures aimed at preventing dust
accumulation and eliminating ignition sources,
organizational standardization of work processes—
including maintenance and sanitation operations—
and regular personnel training with practical
exercises based on typical emergency scenarios.

Such an approach makes it possible to reduce the
probability of accidents and injuries without
compromising production efficiency and ensures
compliance with industrial and fire safety
requirements.
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Anoamna. dapmaneBTHKAIBIK FBUIBIMHBIH JIaMYBbIMEH XKoHe KaOBIHY IpOLeCTepiMEH KaTap JKYPETiH aypyiap CaHbIHBIH
apTybIMeH KaObIHyFa Kapchl acepi Oap OenceHi (GUTOKOMIIOHEHTTEp (hapMaleBTHKAJIBIK TEXHOJIOTHS MEH MEIHUIMHA
caJlaChIHJIaFbl MaHbI3/bl 3epTTEy HbICaHbIHA aliHaimyaa. KaObIHy KenTereH co3blIMalbl )KOHE JKeJIeT MaTOJIOTHsIIapIblH
HETi3iHIe JKaTamel, OYJI OHBI TY3eTy YVINIH THIMII opi Kayirci3 KypaimapAsl i34eyAiH KaXCTTUTTiH alKbIHIANIbL.
CHHTETHKAJIBIK KaOBIHYFa Kapchl IperaparTap KeHiHeH KOJIaHbUIFaHbIHA KapaMacTaH, OJapIblH MaiiaJaHbuTybl JKHi
KaHaMa dcepiiepMeH MIeKTeNe/Ii, OChIFaH OaiJIaHBICTHI OCIM/IIK TEKTEC OMOJIOTHSIBIK OCIICEH ] 3aTTapFa KbI3BIFYIIBIIBIK
apTein OTBIp. PUTOKOMITOHEHTTEP KOIIOAFBITTHI dCEp €Ty MEXaHU3MIMEH JKOHE KAyilCi3miK TYpFBICBIHAH HEFYPIBIM
Koainel npodwtiMer cunaTtTtanansl. COHFBI JKBUIIAPBI TEK JOPUTIK ©CIMIIKTEPAl Kallbl Typle FaHa eMec, KaObIHyFa
Kapchl 9cep/i aHBIKTANTHIH JKeKeJleTeH OeJICeH I KOMIIOHEHTTEP1i 3epTTeyre OarbITTalFaH FhUIBIMU XKYMBICTAP/IbIH CaHbI
keOeifin keneni. AtanFaH Makajiaza KaObIHyFa Kapchl acepi O0ap OesceHIi (UTOKOMIIOHEHTTEpPAIH HEri3ri TONTapsl,
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OJIap/IbIH epeKIIeNTiKTepi MEH acep €Ty MeXaHW3MJepi, COHal-aK (apMareBTHKaIBIK TEXHOJIOTHA A SKCIEPUMEHTTIK
3epTTey JKOHE KOJIJJaHy NMepCIeKTHBATIaPhl KAPACTHIPBIIFaH.

Tyitin ce30ep: KaOblHyFa Kapchl ocep, (HUTOKOMIIOHEHTTEp, OWOJOTHSUIBIK O€JICeHAl 3aTTap, HSKCTpPaKuus,
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Annomayun. C passurueMm (¢dapManeBTHYECKOW HAayKM M POCTOM 4YHCla 3a00JIeBaHMH, CONPOBOXKAAIOIINXCS
BOCITAJIUTEIEHBIME POLIECCAMH, aKTHBHBIC (PUTOKOMIIOHEHTHI C IIPOTHBOBOCHAINTEIBHBIM JCHCTBHEM CTAaHOBATCS
Ba)XHBIM OOBEKTOM HCCIIEAOBaHMI B 0OmacTé (hpapMameBTHUECKON TEXHOJOTHM M MEIWIMHBI. BocnaseHue NeXUT B
OCHOBE MHOTHX XPOHHYECKHX M OCTPBIX IATOJOTHH, YTO 0O0YyCIaBIMBAcT HEOOXOJUMOCTh IOUCKA 3(P(EKTUBHBIX U
0e30macHbIX CpeACTB UIA €ro  KOppeKuuH. HecMmoTps Ha  IIMPOKOE NPUMEHEHHE  CHHTETHYECKHX
MIPOTUBOBOCITAIUTENBHBIX IIPENapaToB, UX UCIOIb30BAHIE YACTO OTPAHWIECHO MOOOYHBIMH 3()(HEKTaMH, YTO IOBHIIIACT
HHTEpEeC K OMOIOTHUECKH aKTHBHBIM BEIIECTBAM PACTUTEIHHOTO IPOUCXOXKICHNS. DUTOKOMITOHEHTHI XapaKTEPH3YIOTCS
MHOTOHAIIPaBJICHHBIM MEXaHH3MOM AEHCTBUS U Oosiee OiaronpusTHEIM npoduiieM Oe3onacHocTH. B mocneanue romast
YBEJIUYMBACTCS KOIWIECTBO UCCIICIOBAHHM, HAIPABJICHHBIX HA U3Y4YEHUE HE TONBKO JIEKAPCTBEHHBIX PACTEHUII B I[ETIOM,
HO M OTJENIbHBIX AaKTUBHBIX KOMIIOHEHTOB, ONPEACNSIONINX IPOTHBOBOCHIANMTENbHBIH 3(dexT. B manHoil craThe
paccMOTpPEHbl OCHOBHBIE TpYINIbl aKTHBHBIX (PUTOKOMIIOHEHTOB C IPOTHBOBOCHAIUTENBHBIM JEHCTBUEM, HX
0COOEHHOCTH, MEXAaHU3MBI EHCTBUS, a TaKXKe MEPCIEKTHUBBI IKCIEPHUMEHTAIBHOTO HCCIICIOBAHUS U NMPHUMEHEHHS B
(hapManeBTHIEeCKON TEXHOJIOTHH.

Knrouegvle cnoga: TPOTHBOBOCTIAINTEIBHOE JICiiCTBHE, (PUTOKOMIIOHEHTHI, OHMOJIOTHYECKH AKTHUBHBIC BEIECTBA,
9KCTpaKnus, apManeBTHIECKasi TEXHOIOTHUSL.

HET'I3I'T EPEXEJIEP
Kabpimyra Kapcel ocepi Oap  Oenmcenmi  rikeneit Toyenmi. KaOblHyFra Kapcel ocepi  Gap
(UTOKOMIIOHEHTTEp  Kasipri  (apMaleBTHKANBIK  ()UTOKOMIIOHEHTTEPA KELIEHi 3€pTTEy, OJapbl
TEXHOJIOT S AFbI HEPCIIEKTUBAIIBI 3ePTTEY  CTAHAApTTay JKOHE 3aMaHayH (hapMarleBTHKAIBIK
OarpITTapblHBIH ~ Oipi  OONBIN  TaOBLIAABI JKOHE  TEXHOJOTHANApAa MaljanaHy jkaHa THIMAI opi
CHHTETHKANbIK KaObIHyFa KapChl IIpemaparrapra  Kkayincis — Jopimik — Ipemaparrtapiasl  93ipieyiH
Kayincis ~ Oanama  peTiHIE  KapacThIPbLIAJbL.  FHUIBIMM HETi3iH KaJIBIITACTHIPAIBL.

dnasonounTap, (beHonubIK KOCBLIBICTAP,
TeprieHouATap, 3hup Maiiapel JkoHe Oacka Ja KIPICIIE
OCIMIIIK TEKTeC OWOJOTMSUIBIK OeJICeHAl 3arTap KaGbiay nporectepi TIPEK-KUMBLIT

KaObIHy MEIMaTOPJIAPBIHBIH OCJNCEHIUIITIH PETTEY  anmapaThIHBIH, TEpi, THIHBIC ally JKOHE KYPEK-
)KOHE TOTHIFY CTPECCIH TOMEHJIETY apKblIbl aliKbIH  KaHTaMbIP KYHelepiHiH aypynapblH Koca aaFaHfa,
KaOblHyFa Kapchl ocep Kepcereni. bencenni  kemreren MATOJIOTHSUIAPABIH JaMybl MEH YAEYiHIH
(UTOKOMIIOHEHTTEPIH ~ THIMALIIIT  ONMapibl any  Herisri cebGenrepiHin 6ipi  GOJBIT  TaGBLIAIBI.
aficTepine, 9KCTpaKLIHsIay napaMeTpiepine,  KiuHuKanslK ToKipuOene KaObIHYAbI 0acy YILIiH
XUMHSUTBIK ~ KYPaMbBIHBIH — TYPAKTBUIBIFBIHA KOHE  CHHTETHKANBIK KAaObIHyFa Kapchl —Iperaparrap
KOJIJIAaHBUIATBIH aHATMTHKAJIBIK OaKblIay TOCULIEPIHE  KeHiHEH KOJIaHbLIaAbl, alaiiaa onapasl y3aK yaKbIT
KOJNJaHy WIBIPBINTEl  KAaOBIKTApABIH — TiTIpKEHYI,
AIJICPTUSUIIBIK PeakLUsIap, aF3aHbIH MyLIenepi MeH

159


mailto:f.khamhoeva@tttu.edu.kz
mailto:f.khamhoeva@tttu.edu.kz

e- ISSN: 3134-8467, p-ISSN: 2309-1177

KyienepiHe YBITTBI dcep €Ty CHSKTHI >KaHama
ocepiiepMeH xkui Katap xypeni. Ocbiran OaillaHBICTHI
Kas3ipri 3amasfbl (PapMaleBTHKAIBIK FHUIBIMHBIH
©3eKTI MiHAETI — KaOBIHyFa KapChl TEpaIHSHBIH
aHarypiabIM  Kayimcis  opi  TmiMai  Oamamaisl
KypajIapblH i37ey OoJbIn TaOblIagbl.

COHFBI KbUIAPBI OCIMIIIK TEKTEC OMOJIOTHSIIBIK

OejiceHai  3aTTapFa  JIET€H  KbI3BIFYIIBUIBIKTHIH
TYpakThl ecyi Oalikanyna. @OUTOKOMIOHEHTTEP
KOIKBIPIIBI (hapMaKOJIOTHSIITBIK acepiMeH,

CAITBICTBIPMAJTBI TYPJIC TOMEH YBITTHUIBIFBIMEH JKOHE
OpTYPNi ASPUNIK Typiiep KypamblHIA KOJAaHY
MYMKIHIITIMEH cunartanaapl. Ocipece KepruiikTi
KaObIHYyFa KapChl 9CeP/Ii KaMTaMachI3 €TETiH KYMCaK
JOPITIK Typiep KypaMmbIHIa ©CIMIIKTeH aJbIHFaH

Oencenmi KOMITOHEHTTEP/I1 naianany
MEPCIEKTHBAIBI OAFBIT OOJIBIN CaHATA b

Onedu  JepeKKeslep/li  Tajujay  KeIlTercH
3epTTEYNEpAIH JOPUTK  OCIMIIKTepAi  TyTacTau

3epTTeyre apHajFaHbIH, ajl KaObIHyFa Kapchl acepii
AHBIKTAUTBIH JKEKEJICTeH OCJICCH Il KOMITOHCHTTEPTIH
peni kebiHe KETKUTIKTI JeHreiae arpbUIMaiTHIHBIH
kepcete/i. COHBIMEH Katap J1911 Ochl (hi1aBOHOUATAP,
(eHONIBIK KOCBUIBICTAP, TEPIICHOUATAp KoHE Oacka
Jla OHWOJIOTHSUIBIK OCJICEH/l 3aTTap CHUSKTHI JKEKe
(PUTOKOMITOHEHTTEp KaOBIHY TPOIECTEPIH TeXey
MEXaHU3MJICPiHJIC ISy peji aTkapaabl. OnapIbiH
XUMHSIJIBIK ~KaCHETTEpiH, aly ToCUIACPiH KoHE
(apMaKoJOTHSIIBIK ~ 9Cep €Ty  epeKIIeTKTepiH
3epTTey OCIMAIK TEKTeC JOPUTK Kypamgapisl
o3ipieyre HEFYpIIbIM FHUIBIMH HETi3JENIeH TYpJe
KapayFa MYMKiHJIIK Oepei.

Korapeima  aifteurraHmapra — OailIaHBICTHI
KaObIHYyFa Kapchl (PUTOKOMIIOHEHTTEp  TYpAJbl
MONTIMETTep i KyHeneyre KOHE oJapAabl
AKCTIEPUMEHTTIK TYPFBIIaH 3epTTeydiH
NEepCHEeKTHBATAPBIH aHBIKTayFa OarbITTaIFaH
3epTTEYJIep JKYPri3y 63eKTi OOJBII TaObLIAIbI.

Ocbl makananvly maKcamosl — KaObIHYFa Kapchl
acepi Oap  Oencenmi  (UTOKOMIIOHEHTTEPHl
3epTTEeYAIH Ka3ipri jkarjablH Tayjay, COHJai-aK
omapJpl aiy, 3epITey JKoHe (hapMalleBTHKAIBIK
TEXHOIIOTHsI A KOJIJaHyFa OarpITTATFAH
SKCHEPUMEHTTIK OeNiMHIH Heri3ri OarbITTapbiH
Heri3zaey.

Kaovinyza kapcel umoxomnonenmmepoi
3epmmeydin, Kazipei ycazoaiivl. Kazipri yakpITTa
eciMIiK TekTec KaObIHyFa Kapchbl Kypalgapabl
3eprTey  (papMaleBTHUKAIBIK ~ KOHE  MEJHKO-
OMOJIOTHSITBIK FRUTBIMJIA MaHBI3/Ibl OPBIH anajpl. by
KaObIHY aypyJapblHBIH KEH TapalybIMEH JKOHE
JKOFapel THIMIALIN MeH jkaHama acepiepi a3
MperapaTTapabl azipney KaXeTTUIrMEeH
0OalIaHBICTEL. Buomgorusisix Oencenmi
(PMTOKOMITOHEHTTEP CHHTETHKAIBIK KAOBIHYFa KapChl
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Kypajigapra NepcreKTHBalbl 0anama Hemece oJlapAbl
TOJIBIKTBIPYIIIBI PETIHC KAPACTHIPHLIA/IBI.

3amaHayu 3epTTeyJIep/iH HEri3ri OarbITTaphiHa
OCIMJIIK IIMKI3aThIHBIH XUMUSJIBIK KYPaMbIH 3€PTTEY,
Jkeke OelceHIi KOMITOHEHTTepAi Oeiim amy xoHe
oJiapabiH (hapMaKoJIOTHSUIBIK OeJICeHIUTIriH Oaranay
KaTajpl. dnaBoHouATApFa, (heHOoNIBIK
KOCBUIBICTapFa, TEpIICHOUITapFa JKOHE
eciMiKTepAiH 0acka /a eKiHIIIIK MeTaboIUTTEPiHe
epeKIlle Ha3ap ayaapbLiaabl, ce0edi onap aiKbIH
KaOBIHYFa KapChl XKOHE AaHTHOKCHIAHTTHIK KACHETTEP
kepcereni. FrutbiMu eHOeKkTepae Oyl KOCBUIBICTAp
KaOBIHY TPOLIECIHIH HeTi3ri OybIHIapbIHA dCep ETill,
KaOBbIHY MEUATOPJIaPbIHBIH CUHTE31H PETTEYTE )KOHE
TOTBIFY CTPECCIH TOMEHAETYTe KaOileTTi eKeHi aTamn
oTineni.

Kazipri ¢apmakosnorusiga (GUTOKOMIIOHCHTTED
KeIIeHII OCIMIIK AKCTPAKTBUIAPBIHBIH Kypamaac
OexikTepi peTiHAEe FaHAa eMec, TEePANMUIBIK Jcepil
alKBIHIAUTBIH AepOec OeliceHl 3aTTap PeTiHIe Je
KapacTeIpputa Oactazpl. MyHmaih Tocim  opOip
KOMITOHEHTTIH YJIECiH HEFYpIIbIM Jon Oaramnayra,
Jo3aayabl OHTalNaHIBIpyFa KOHE
(hapMaKoJOTHAJIIBIK JCepAiH KaWTalaHBIMABLUIBIFBIH
apTThIpyFa MYMKIHAIK Oepemi. Onebu nepekrepne
XKeke OelceHAl 3aTTapApl KOJAaHy ©CIMIIK TEKTecC
npenapaTTapIbl CTaHAAPTTaYAbl KYIIEHTII, OapbIH
carachlH O0aKpIIay bl )KaKCapTaThIHBI KOPCETUTST.

CoHfFbl KBUTIAPaFbI FBUTBIMH
KapHUsUIaHBIMAAPABl TalAady IOPUIIK eCIMIIKTEepi
SMIIMPHUKAIBIK ~KOJAaHyJaH oOJapAblH OeJceHai
KOMITOHEHTTEPIHIH  ocep €Ty MEXaHU3MJEpiH
FBUIBIMU HETI3/1€ 3epTTeyre Koy YPIICiHIH TYPaKThI
eKeHIH KepceTeli. AJIBIHFBI KaTapibl 3epTTeyiep
(DUTOKOMITOHEHTTEP/IIH XUMHSUIBIK KYPBUIBIMBI MEH
OJTApJBIH KaOBIHYFa KapChl OCIICEHILTIT] apachIHIAF bl
e3apa OallIaHBICTHI AHBIKTAyFa, COHIAN-aK OJAPbI
ANy/IBIH KOHE TYPaKTaHIBIPYABIH THIMII 9iCTEepiH
azipneyre OarwitTanran. COHBIMEH KaTap OeJICeH/Il
3aTTapAblH OMOXKETIMALIIrT MEH opTYpii Iopiik
TYpJIEPMEH YHJIECIMALIIIT Macenenepine Je epeKiie
KOHLI OeriHe .

Ocbuaiiiua, 3epTTeyNepAiH Kazipri skarnaibl
KaOBbIHYyFa Kapchl acepi Oap Oencenai
(DUTOKOMITOHEHTTEP/II 3ePTTEYIiH KOFAPhI O3EKTLIIT
MEH TMEPCIEeKTUBAIBLIBIFBIH  AQJeNAcial. Oaedu
NEPEeKTepAl JKyHelley KOHE JKeKeJereH OelceHi
KOMITOHEHTTEepI  opi  Kapalh  dKCHEePUMEHTTIK
TYPFBIIAaH  3epTTey JkaHa  (hapMaleBTUKAIBIK
Kypanjgapabl — 93ipieyre  JKoHE  KOJIJaHBICTaFbI
TEXHOJIOTHSIIAPIBI KETUAIPYTe HeTi3 Kalaibl.

Kaobvinyza kKapcot acepi o6ap  6encenoi
dumoxomnonenmmepodin, ncikmenyi. KaObiHyFa
Kapcel ocepi Oap OenceHai (UTOKOMITOHEHTTED
XUMUSUIBIK, KYPBUIBIMBI, (PapMaKOJIOTHSUIBIK 9cep €Ty
MEXaHHU3MI KOHE KOJNJIaHy epeKIIeNiKTepi OoMbIHIIa
alBIPMAIIBUTBEIKTApPBI 0ap OMONOTHSITBIK OeIceH Il
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l-xecre — KaOwiHyra Kapcel ocepi Oap Herisri
(DMTOKOMITOHEHTTEP/IIH CaJIbICTHIPMAJIbl CUIIATTaMAaChI

Herisri 9cep
DuToKoM APTBIKII
OunoJiorn | ery IllexTey
TMOHEHTTe BLIBIKTAP .
SITBIK, MeXaHu3 Jepi
P TOOBI . . bl
acepi Mi
COX
AKOHE
LOX Temen
KaOwiayr | depment | yeITTbUIbI | BrOXeti
a Kapcel, | TepiH JKOFaphl | MJILTITI
D1aBOHO Kapevl, p hy P A
witap aHTHOKC | TeXey, Oouonorusi | TOMEH
HWAAHTTHl | IUTOKUH | JIBIK 60ITyEI
K Jepaix OeJICeHMIT | MYMKIH
Ty3inyin | ik
TeMeH]Ie
Ty
Epkin
aJIIKa
pai TypakTsl
AHTHOKC | JHapibl
DeHOoIabI o JIBIFBI
upantTel | Oeifrapa | XKacyman ORI
K K, OTAaHABIP | apIsl ey
KOCBLIBIC N JKaF Talbl
KaOBIHYF | Y, KOpFai s
Tap Ha
a Kapcel | TOTBIFY .
. Toyeni
CTpecCiH
azalty
Kabpmy
MeIaTo
AOBIHYF JIApBIH XKeprimikr
K y prap . p .. ¥ IIKBIIIT
Tepneno | a Kapchl, | BIH i jepimix |
HATA MHKPOO Gencenni | Typiepue
arap POOK e1ceni YP7ICPA JKOFapBI
a Kapcel | JIriH THIMII
TeMeH]Ie
Ty
Kacyma Konuent
Kaoumyr J'ILIKy paulilcm
Idu a Kapchl, Keuigam
(l)n P Kap MeMOpaH AaM )y
Maii1apsl | aHTHCENT acep erel
anapra OakpLiay
HKaJIBIK
acep ety Ka)keT
Penento | XKorapsrl
Kabbmyr H P Tepanus
PIBIK (bapmakon
AJIKaou | a Kapchl, JIBIK,
acep eTy | OTHSUIBIK
ATap aHasbres . apasbIFbl
MexaHu3 | OerceHin
VSUTBIK . . Tap
Maepi iK
TRPV1 Keprini
Kaobayr Co3buiMain . p
Kancann peuenTo KTi
a Kapcel, BI o
HHOMATA prapsiH TITipKEeH
AyYBIPCHIH . | aybIpceIHY A
p Oencenai .7 | mipyi
yasl Oacy Jia THiMi .
py MYMKIH

3aTTapIbIH OPTEKT1 TOOBI OOJIBIN TaOBLTA B, T EUTEIMEU
omebueTTepAe OciMIIK TEKTec MpenapaTTapAblH
KaObIHyFa KapChl OCEpiH KaJIbINTACTHIPYJda HETi3ri
ylec KocaTtblH (prmaBoHOMATAD MEH (DEHONABIK
KOCBUIBICTapFa, TEpIIEHOUATAp MeH  3¢wup
MaiijapblHa,  COHJAH-aK  alKaJOWATap  MEH
KallCaulMHOW/ITApFa epeKile Hazap ayJaapbiiajibl.
KaObiHyra  Kapchl acepi O6ap  Oencennui
(DUTOKOMITOHEHTTEP XUMHUSIIBIK TaOUFATHI, 9CEp €Ty
MeXaHU3Mi KoHE (HapMaKOJOTHSUIBIK KacHeTTepi
OolibiHma Oip-OipiHeH epekmieneneni. OmapabH
HETI3ri CHUIaTTaMajapblH, apTHIKIIBUIBIKTAphl MEH

HIeKTEyNepiH  JKy#erey  MakcaTblHAa  1-KecTe
YCBIHBUIJIBI.

1-xecrene KOpPCETLITeHACH,
(UTOKOMITOHEHTTEpiH  opOip  TOOBI  ©3iHAIK
XUMHUSUTBIK epeKUIeTiKTepiMEeH JKOHE
(hapMaKoJIOTHSUTBIK acepiMeH cUnarTajabl.

dnaBoHOUATAP MEH (PEHOJIBIK KOCBLIBICTAD aWKbIH
AHTHOKCHJIAHTTBIK ~KaCHETTEPIMEH epeKIIelieHce,
TepreHouATap MeH d(up Maiiapbl >KEprilikTi
KaObIHYFa KapChl oCEpIMEH KEHIHCH KOJIaHBIIAJIbI.
AN ankamouWaTap MEH KarCauIUHOUATAD KOFaphl
OHMOJIOTHSUTBIK OCJICSHAUIITIMEH SPeKILEICHICHIMEH,
ollapabl KOJNJaHy Ke3iHfe KayilcCi3[iK TalanTapbiH
KaTaH cakTay KaxerT. CoHpIKTaH
(DMTOKOMITOHEHTTEP/II TaHAAy OJapIbIH XUMHSIIBIK
KAaCHeTTEepiHE, JOPUTIK TYpiHE >KOHE KIIMHUKAJIBIK
KOJIJAHBLTY MAaKCaThlHA COMKEC JKY3ere achIPbLIYhI
THIC.

OnaBoHOMATaD MEH (EHONABIK KOCBUIBICTAp
(PUTOKOMITOHEHTTEPIIH €H  KOem  3epTTelreH
TONTAPBIHBIH Oipi Oonbim caHamaasl. Omap ecimiik
IIUKI3aThIHAA  KEH  TapajfaH JKOHE  alKbIH
AHTHOKCHJIAHTTBIK ~KACHETTCPIMEH CHIIATTAIA]IbI.
By kocwuipicTapABIH KaOBIHYFa KapChl acepi KaObIHY
MeIMaTOpIapbIHBIH CUHTE3iHE KaThICAThIH
(hepMEeHTTIK )KyHenep/i Texey KabiieTiMeH, COHIai-
aK 00C paguKaIIbl POLECTEP.IiH KAPKbIHIBLTBIFBIH
TOMEHICTYIMEH 0allTaHBICTHI. Onebun
JepeKTepae aTalraH KOCBUIBICTapIbIH
CAIBICTBIPMANBI TYPAE TOMEH YBITTBUIBIFBI JKOHE
OPTYPHIL IOPUTIK TYpJEPMEH aKChl YHICCIMIUTIT

KepceTijieni, ajaiija oJapIblH  MPAKTUKAIBIK
KOJJIAaHBUTYBl TOMEH OHMOXKETIMJIUTIKIICH KOHE
JKapblK, TEMIEpaTypa, TOTBIFY CHSIKTBI CBIPTKBI

(akTopnapra ce3iMTaIIbIFBIMEH HIEKTEIyl MYMKiH.
Byn  skcTpakuusiay — JKOHE  TYpaKTaHABIPY
MIAPTTAPbIH OHTAMIAHBIPY/IbI TANAI €TeIi.
Tepnenouarap MeH 3hup Mainmapsl alKbIH
JKEPrilikTi KaObIHYFa Kapchl acepre ue KOChUIBICTAap
ToObIHA karamel. OmapiaslH  (apMaKoIOrHsIIBIK

OeJCeHIIITT  Kacymalblk MeMOpaHalapra acep
eTyiMeH JKOHE  TIHIOIK  JeHreiine  KaObIHY
peakiusIapblH  peTTeyiMeH OaimaHbicThl. by

(DUTOKOMITOHEHTTEP TEPAIHUSUIBIK JCEPAIH JKbLIIaM
JIaMybIH KaMTaMachl3 €Ty KaOineTiHe OailllaHBICTHI
CBIPTKA KOJIJAHBUIATBIH JOPITIK Typiep KypambIHIa
KCHIHEH maigananbuiaabl. COHbIMEH KaTap FhUIBIMU
JIepeKKe3aepae TepIeH/Il KOCBLIBICTAP/IbIH
KOHIIEHTPAIMACHIH KaTaH OaKblUIay KaXeTTiiri aTar
oTiieni, ce0ebl OHTAMIBI MOJIIIEPACH achill KETKCH
JKaFaiaa onap TITIpKeHIIprim ocep KepceTyi
MYMKIiH JKOHE cakTay Ke3iHIe TYPaKThUIBIFbI
MIEKTEYIT1 OOJIBIT Keei.

AJKanouaTap MEH KalCaullMHOWITAD >KOFaphl
OMOJIOTHSUIBIK ~ OEJICEHOUINTIMEH  JKOHE  AWKBIH
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(hapMaKOIOTHSITBIK ocepiMeH EpEKITIeIICHETIH
dburoxomMmoHeHTTEpre KaTaAwl. OnapaslH KaObIHyFa
Kapchl acepi keOiHe aHABIe3UsUIBIK 9CEPMEH KaTap
KYpeai )koHe peLienTOPIIbIK MEXaHU3MEp MEH XKYIKe
yInTapbIiHa acep eTyiMeH 0ailTaHbBICTHL.
dapmaneBTHKAIBIK Toxipudene Oyl KOCBUIBICTAp
HETi31HEH CBIPTKAa KOJJAaHyFa apHajiFaH KYMCaK
IOpUIIK  Typjiep  KypaMblHIA  KOJJIAHBLIAJbI.
ConbsiMeH Oipre AIKAIOUATAP MEH
KallCaulIMHOMATApFa Tap TEPaNMsUIbIK AUANa30H TOH
eKeHl KepceTinesi, Oy NaiblH JOPLTIK TypJepaeri
OelceHl 3aTTaplblH MOJIIIePiH KaTaH OaKbliayabl
Tajar eTel.

Ocplnaiiiia, onedu gepexrepai Tanaay OenceHmi
(DUTOKOMITOHEHTTEP/IIH opOip TOOBIHA TOH O3IHIIK
(bapMakoNOTHSIIBIK ~ KacHeTTep MEH  KOJJaHy
epeKIenikTepi 6ap ekeHin kepcereai. by kaObiHyFa
Kapcel ocepi Oap MAopiik Kypangapael d3ipiey
OapbIChIH/Ia ONApAbl TaHAayFa, 3epTTeyre >KOHE
naiigananyra auddepeHnusIanFral  opi  FBUTBIMH
HET13eNIreH TOCUIIIH KaKEeTTIIINH alKbIHAaNi b

bencenoi pumoxomnonenmmepoi any sncone
3epmmey adicmepi. KaObiHyFa Kapchl ocepi 06ap
Oencenmi (hPUTOKOMITOHEHTTEP/I1 3epTTeyIiH
3aMaHayH JKYMBICTApbIHA OJapbl aTyAbIH YTHIM/IbI
oMicTEepiH TaHAay MEH KEHIHI aHaJTUTHKAJIBIK
Oakplayra epekiie MoH Oepineni. buOMOTHSITBIK

OenceHAl 3aTTapIbl OKCTPaKOUsIIAy — THIMILUIIT
KebiHe KOCBUIBICTapAbIH (hu3MKa-XUMHSITBIK
KacHeTTepiHe, KOJIJTAaHBLIATHIH ePITKIIITIH

TaOMFaTBIHA YKOHE TIPOIIECTI KYPTi3y KaFJainaperHa
OalinaHpICThl aHBIKTANAABl. FoutbiMu oneOuerTepae
OKCTPAKISIAy  ONICTEMECIH  AYphIC  TaHOAy
MaKCaTThl KOMIIOHEHTTEP/IH IIBIFBIMBIH apTTHIPyFa
JKOHE  OJIapIIbIH  OWOJIOTHUSIUIBIK ~ OCJICEHILTITIH
cakTayra MYMKIHJIIK OepeTiHi arar KkepceTiiei.
bencenni QUTOKOMIOHEHTTEP/I alTyIBIH €H KEeH
TapajfaH TOCUIAEpiHiH Oipi — CHHPTTIK XoHE Cy-
CIOHPTTIK epiTKimTepai KoJ/1aHa OTBIPBII
9KCTpaKmusiay. EpiTKimTi TaHmay OHBIH KaObIHyFa
Kapchl ocepi Oap 3aTTapaslH OackiM  OeririH
KYpaWTbIH TOJNSPIbI  JKOHE oOpTama  MOJSIPIbL
KOCBUTBICTapAbl THIMAI Oeiinm amy KabimeTiMeH
Herizneneni. EpiTKimTiH KOHICHTPAIUACH], ITHKi3aT
MEH SKCTPareHTTIH apaKaThIHACHI, JKCTPAKIMsIAY
TeMIeparypacbl ~ MEH  Y3aKTBIFbl  aJbIHATBHIH
9KCTPAKTTAP/ABIH CaHIBIK XKOHE CalaiblK KypaMbIHa
alTapibIKTall ocep ereli. ATajfaH mapameTpiepai

OHTAMNMaHIBIPDY  TPOLECTIH  THIMAUIIT  MeEH
KaWTalaHBIMIBUIBIFEIH  apTTHIpYFa  OaFbITTaIFaH
3epTTeyaiH MaHbBI31bI Ke3eHl petinne
KapacThIPbUIAIbL.

OKCTpakTTapAblH KYpaMblH 3€pTTEy IKOHE
OeJceH i KOMITOHEHTTEPIIH MOJIIIepiH Oaranay yIiH
¢u3uKa-XUMUASUIBIK ~ Talliay — omicTepi  KeHiHEH
Kosnganpiaael.  CreKTpoQOTOMETPHUSIIBIK, — 9IicTep
OMOJIOTHSUTBLIK ~ OENICEHI  3aTTapiAblH  JKEeKeJlereH
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TONTAPBIHBIH KaJIbl MOJIIEPIH CAHIBIK aHBIKTayFa
MYMKIiHIIK Oepim, aJbIHFaH yJIrinepai
CAIBICTBIPMANBI  TYPJE TanjayFa KOJalmbl. Ad
XpoMaTorpadusuiblK ~ O/ICTEp  IKCTPAKTTapIbIH
KYpaMbIH HEFYpIBIM TEpeH CHIaTTayra >KOHe
KeKellereH Oenceni KOCBUIBICTap/IbI
colikecTeHIpyre MYMKIHIIK Oepeni. By apictepain
KOJIJIAHBUTYBI OJIApJIbIH JKOFAaphl CE3IMTAJBbIFIMEH,
KalTalaHBIMIBUIBIFBIMEH JKOHE (hapMaleBTUKAIIBIK
3eprreyiepae KEHiHeH naianaHbUTybIMEH
HeTi31eneni.

AranraH OeilceHIi (UTOKOMIOHEHTTEPAl amy
JKOHE 3epTTey OMICTEePiH TaHaay OJapAbIH FBHUIBIMH
3eprTeyjiepAe KeH TapalybIMeH, (apMaKoIesuIbIK
YKOHE aHAINTHKAJIBIK CTAaHIAPTTApPbIH TalanTapblHa
ColiKecTiriMeH, COHAal-aK allbIHFaH JIepeKTep/i
KaOBbIHYFa KapcChl acepi 0ap sKyMcakK JI9puTiK Typiepi
o3ipiey ~ OapbichlHma  opi  Kapad — KONAaHy
MYMKIHZIITIMEH aWKbIHIANaIbl. ODKCTPAKIUSHBIH
YTBIMIIBI SficTepi MEH aHAJTUTUKAJIBIK OaKbUIayIbl
OIpIKTIpETIH KeIMIEH i TCLI KYPTi3UIeTiH 3epTTeyIiH

FBUIBIMH HET13IIIrH JKOHE MTPAKTHKAITBIK
MaHBI3/IBUIBIFBIH KAMTAMAChI3 €TE/Ii.

3epmmeyoe KOJIOQHbLIAMbIH 09piniK
ocimoikmepoiyy, cunammamacel. OCBl  3epTTEy

asChIHIA KaObIHyFa Kapchl ocepi Oap Oencenmi
(DUTOKOMITOHEHTTEPI 3epTTey YIIiH MEAMLIUHAIIBIK
JKoHe (apMaleBTUKANBIK ToXipuOene KeHiHeH
KOJIAHBIIATBIH ~ JOPUTIK  OCIMIIKTEp  TaHMAJIIbL
3epTTey HBICAHJAPBIH TaHAAY OJIAPJbIH KYpaMmbIH/Ia
KaObIHYFa Kapchl ocepi IoJIeNICHIeH OHOJIOTHSIIBIK
OeJIceH Il 3aTTapablH OOJYBIMEH, COHIAN-aK KYMCAK
JIOpLITiK TYpiep KYpaMbIH/1a KOJIJIaHyFa
MEPCHEKTUBANBl 3KCTPAKTTAp aly MYMKIHIIriMeH
Heriznmesneni. 3epTTeNeTiH OCIMIIKTep KaTapblHa
THUMBSIH, Yepeia, allod )KOHEe KaIeH/yJIa KaTabl.
TuMmbsiH aliKpIH KaObIHYFa KapChl JKOHE
AHTUCENTUKAIBIK KaCHETTEpre He JdPLIK OCIMIIK
Oospin  TaOBUTIAALI. TUMBSHHBIH  OHMOJIOTHSIJIBIK
OenceHaiNiri OHBIH KypaMbIHIarbel 3(up Maiiiapsl,
¢naBoHOMATap XoHE (DEHONABIK KOCBUIBICTApMEH
OalaHbICTBI, ONAap KaOBbIHY MeEIHaTOPJIAPbIHBIH
OenceHaiirin TeXeyre JKOHE KaOBIHY
NPOLIECTepiHIH ~ aWKBIHIBUIBIFBIH ~ TOMEHAETYTe
kaOinerti.  FeutbiMu  3epTTeynepae  TUMBSH
9KCTPAKTTAPBIHBIH CHIPTKA KOJJAaHFaHIa THIMILIIT
aTam etijeni, OV OHBI KaObIHYFa Kapchl AQOPLTIK
Typaepai asipiiey YILiH oenceni
(DUTOKOMITOHEHTTEP/IiH IEPCIIEKTHBAIBI KO31 PETiHIE
KapacTeIpyFa MYMKiHIiK Oepeni. Uepema mocTypii
TYpJe TepiHiH KaObIHY aypyJiapbl MEH aJlIepPTHSIIBIK
Karjgaiapia — KoJJaHbUiaAbl. Byl ©CIMIIKTIH
(hapMaKoNOTHSIIBIK OGeICEH NI KaOBIHyFa KapChl
KOHE alJIeprusra Kapchbl acepre ne
(dbmaBoHomaTap, GEHONIBIK KBIIIKBUIIAD  YKOHE
WK 3aTTapAplH OomybIMeH OailmaHbIcTHL. Uepema
9KCTPaKTTaphI KYMCaK, Oipak TYpPaKThI
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(hapMakoJIOTHSIIBIK ~ OCepIMEH  JKOHE  JKAKCHI
KOTEePIMIUTITIMEH  CHUIATTaNaabl, Oy  oxapisl
(hapMaleBTUKANBIK ~ 3epTTEYJiepAe  KOJJIaHYIbIH
MakKcaTKa CoWKECTINH  Herizgenal. Aoy  —
OMONOTHSUIBIK ~ OCJICEHIUNMHIH ~KEH CHEKTPIMEH
EPeKINeICHETIH, €H KOm 3epTTeIreH  IOpLTK
OCIMIIKTEeP/IIH 0ipi. AJIO3HIH Heri3ri
oesceHal KOMIIOHEHTTEPI
TTOJINCaXapUATEPMEH, (heHONIBIK

KOCBUIBICTapMEH JKoHE Oacka Ja OHONOTHSUIBIK
OeJliceHAl 3aTTapMeH YCHIHBUIFAH, OjJap KaOBbIHyFa
KapChl )KOHE pereHepalysuIaybl dCepai KaMTaMachi3
eTeni. AJO3 SKCTPAKTTapbl Tresibep MEH Mainap

KYpaMbIHAa KCHIHEH KOJJAHBUIAIbI, OV  OHBI
KaObIHyFa Kapchl ocepi 0Oap KYMCaK JIopuIiK
Typaepai asipiiey e naimanany b

MEePCHEKTHBAIBUIBIFBIH PacTai/IbI.

Kanenmyna aiikelH KaOBIHYFa Kapchl KoHE kKapa
JKa3aThIH  OCEPIHIH  apKachlHAa  MEIUIIMHAJIBIK
TokipuOene KeHiHeH KojimaHeuaael. Kamenmyma
OMONOTHSUTBIK ~ OeNceHainiri  (hIaBOHOMATAPIIBIH,
TpHUTEPIICH/II KOCBUTBICTApABIH JKOHE
KapOTHHOUITapIbIH OOIybIMEH TYCIHIIpiNedi, onap
KaObIHy  peaKkIMsUIapbIH  TOMEHICTYre  JKOHe
TIHAEPHAIH pereHepanus TMPOIECiH KeAenaeTyre
BIKMan ereai. KameHmyna SKCTpaKTTapbl KaKChI
KOTEepiMILTIriMEeH JKOHE TYPaKTHUTBIFBIMEH
CUTIATTAAIBI, Ooy1 aTalFaH OCIMITIKTI
(hapMaleBTUKANBIK 3epTTEyJep YUIIH KYHJbl HbICAH
eTeni.

3epmmeyoin 2vlibiMu dHcananvizel KaObIHYFa
Kapcel acepi Oap OenceHni (PUTOKOMIIOHEHTTEPI
(hapManeBTUKaNBIK TEXHOJIOTHS TYPFBICBIHAH JKYHeT
TYpZIE TalmaybIMEH JKOHE OJIApABIH XUMMUSIIBIK
TaOWFaThl, 9CEP €Ty MEeXaHH3MIEpi, SKCTpaKIusIay
epekuienikTepi MeH (hapMaKOJOTHSIIBIK —QJeyeTi
JKOHIHJIET] 3aMaHayH FBUIBIMH JIEPEKTepAl KemeH i
KUHAKTAYBIMEH  CHIIATTaJIaJbl. OneduerTepai
CaJIBICTBIPMANbl TAJAAy HETi3iHAge KaObIHYFa KapcChl
OelCeHAUTIKTI ~ KamMTaMachl3  €TEeTIH  Herisri
(DUTOKOMITOHEHTTEp TOINTAPHI KYHWENEHII, OJapabl
9KCIIEPUMEHTTIK 3epTTey MEH JOpiTiK
npenapaTTapibl  o3ipieyAe KOJIAaHyIOblH OachiM
OarpITTaphl aliKepIHAAIAR. COHBIMEH KaTap, OesceH Il
(UTOKOMITOHEHTTEPi OeJtin airy, CTaHAAPTTAY >KOHE

AHAJINTUKAJIBIK Oaramay omicTepiHig
ApTHIKIIBUIBIKTAPl MEH IIEKTEYJEPiHEe FhIIBIMU
Tangay JKYPTi3UTiIL, OJTapIIBIH THIMIUTITIH
apTTHIPYIBIH MIEPCIICKTUBAIIBI OaFpITTaphI

YCHIHBULIBL. By HoTHXKenep KaObIHyFa Kapchl acepi
0ap aHa OCIMJIK TEKTeC JOPUIIK TpernapaTTapibl

o3ipieyre  apHajfaH KeHiHIl  AKCIEePHUMEHTTIK
3epTTeYNepAiH 9liCHaMAaJTbIK HETi31H
KaJBITITACTBIPAIBI.

Ilpakmukanvlk, ~ Manwi30vLab126l.  3€pTTLY
HOTHXelNepi KaObIHyFa Kapchl ocepi Oap Oerncenmi
(DUTOKOMITOHEHTTEPIII 3epTTey, CTAHIAPTTAY >KOHE
(dapManeBTUKANBIK ~ TEXHOJNOTHAAA  MaijanaHy
OOMBIHIIIA FEUTBIMH JKOHE TOXKIPUOETIK KYMBICTAPIBI
JKOcTapiay  Ke3iHJAe  KOJNJAHBUIYBl ~ MYMKiH.
XKytienenreH MomiMeTTep MEPCHEKTHBAIBI JIOPLTIK
OCIMJIIK IIUKi3aThIH TaHJAYFa, THIMJII SKCTPaKIUsIay
omictepin HeTi3zaeyre, Oencenmi 3aTTapIsl
aHANMTUKANBIK OarajayFa jkoHE KaOBIHYFa Kapchl
ocepi 0Oap ’KyMcak JMJQpUTIK TYpJepIiH KypambliH
OHTaWIaHJBIpyFa MYMKiHIIK Oepeni. CoHbIMEH
Karap, Makaja MaTepuajjapbl (apMaleBTHKAIbBIK
TEXHOJIOTHS, (papMaKOTHO3MS JKOHE IJPIIIK 3aTTap
TEXHOJOTHICH ~ OaFpITTapblHAa  OlmiM  ajmaThiH
CTYJCHTTEpPre, MAaruCTPAHTTApFa, IOKTOpAHTTapra
YKOHE FBUTBIMHU KBbI3METKEPIIEPTe OKYy-9/iCTEMENIK api
FBUIBIMH aKMapaTThIK PECypc peTiHje MaiaaiaHyra
YCHIHBLIA L.

BEPTTEYAIH ODOKCIHEPUMEHTTIK
BOJIIT'THIH BAFBITTAPBI

3epTTeyiH 3KCHEPUMEHTTIK Oeliri KaObIHyFa
Kapcel acepi Oap OenceHni (PUTOKOMIIOHEHTTEPI
TEPEHIpeK 3epTTeyre OarbpITTANafbl >KOHE OJAPIBI
amy, 3epTTey opi (papMmareBTUKaIBIK TEXHOJIOTHIIA
MPAKTUKAIBIK  KOJJaHy MOCEJCNEPiH KaMTHJbI.
Bipinmii ke3eH e o1eou AepeKTep/Ii Tanay Heri3inue
MIePCIEKTUBAIIBI O€ICEH I KOMITOHEHTTEP I FEUTBIMHU
TYPFBIJIaH HET13/CITCeH TYpAe TaHuay kesneneai. by
pETTEe OJIApABIH XUMUSUIBIK TaOWFraThl, KaObIHyFa
KapChl 9CEepiHIH alKBIHIBIIBIFEI XKOHE TOPLTIK TYpiep
KYpaMbIHIa TIPAKTHUKAIBIK KOJIMaHYy MYMKIHJIT1
eCKepie/i.

Kemeci 3eprrey Ke3eHi TaHmamFaH OeiCeHII
3aTTap bl DKCTPAKIUSIIAY 9MIICTEMECIH 931pJiey KoHE
OHTaWIaHJBIPyFa OaFbITTa’anbl. JKCTPAKIUSIIBIK
MPOLECTiH TUIMILIIriHe alTapibIKTall acep eTeTiH
EpITKIMTI TaHAay, JKCTPAareHT KOHIICHTPAIHSICHI,
IIMKI3aT TEeH epITKIMTIH apakKaThbIHACKI, COHJAi-aK

MpOLECTi JKYprizy LIapTTapblHa epeKile Hazap
aynapy OKOCHApJaHbII  OTBIp. DKCTpakuusiay
apTTapblH OHTaWIaHIBIPY QJIBIHATHIH

HOTHXXENEP/iH KaWTalaHBIMIBUIBIFBIH KaMTaMachl3
eTyre >oHe OWONOTHSIBIK OeJCeHAl 3aTTapiblH
0eIiHy THIMIIUTITIH apTTEIpPyFa MYMKIHIIK Oepeti.
OKCTpaKTTapAbl aJfaHHaH KeWiH oJapIblH
(u3MKa-XUMUSIIBIK  KACHETTEpiH 3€pTTey, COHBIH
IIIHAE CBIPTKBI TYPIiH, EpPIrillTITiH, TYPaKThUIBIFBIH
JKoHe OeliceHAI  KOMIIOHEHTTEPiHIH  MeJIIepiH
Oaranay >Kypriziieni. AHAINTHKAJIBIK 3€pTTEYJIEp
MakcaTThl  (UTOKOMITOHEHTTEPJiH  Oap-KOFBIH
pacrayra oHE allblHFaH YITUIEp/i CalbICThIpMalIbl
Typae Oaramayra OarbiTTananpl. byl Ke3eHHIH
HOTIDKENepi opi  Kapalh KoOIJaHy YIIIH €H
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MEPCIICKTUBAJIBI 9KCTPaKTTaPIbI aHBIKTayFa
MYMKIHIIK Oepei.
OKCHEePUMEHTTIK OOJIIMHIH KOPBITBIHBI

KE3CHIH/Ie aJbIHFaH KCTPAKTTap HeTi3iHe KaObIHyFa
Kapchl acepi 0ap KyMcak IopUIiK Typiaepmai a3ipiey
JKOCTIapJIaHa/Ibl. Kypamnagr TaHaay KOHE
JANBIHIAY TEXHOJIOTHSICHI Oernceni
KOMITOHEHTTEPIH (PHU3NKa-XUMUSIIBIK KaCHETTEpPiH
’KOHE JIaWbIH IOPLTIK Typiiepre KOMbUIAaThIH GapMako-
TEXHOJIOTHSUIBIK TaJanTapAbl €CKepe OTBIPBII JKy3ere
achIpbUIa[bl. O3IPJACHETIH YITUICPAiH THIMILIITIH
Oaranay TYPaKThUIBIK, OIPTEKTIIIK KOHE OCTICHI ¢H
cama TajanTapblHa COMKECTIK CHUSIKTBI KpUTEPHIIEp
KeIlleH] HeTi31H/e XKYpri3iiei.

Ocpinaiimia, YCBIHBUIFaH 3epTTeyIiH
SKCIIEPUMEHTTIK OOJIiri KemleH i CHIaTKa W€ KOHE
KaObIHyFa Kapchl ocepi Oap HOpuUTIK Kypanaap.isl
a3ipyiey MEH KETUIAIpyAe KojjaHyra OOJIaThIH
FBUJIBIMHU HET13/ICJITCH JICPEeKTEp allyFa OarbITTaJIFaH.

3epTTeydiH ~ FBUIBIMA  JKaHAJIBIFBI  JKOHE
MPaKTUKAIBIK MAHBI3IbLIBIFbI

Ocbl 3epTTeyIiH FHUIBIMU KaHAIBIFBI KaObIHYFa
Kapcel acepi Oap OenceHni (QUTOKOMIIOHEHTTEP.I

3epTTeyre KyHeni ToCLII KOJIJTAHYbIMEH
aliKpIHAATaapl, MYHAA Taljay HBICAHBI pETiHJE
JOpiTIK OCIMIIKTED TyTacTai emec,

(hapMaKOJOTHSIIBIK 9cep/i allKbIHIANTHIH JKEeKeTleTeH
OMONOTHSIIBIK  OEJTICeHAl 3aTTap KapacThIPbUIAMIbI.
Kemenai eciMIik 3KCTpakTTapbiHa OarbITTaJIFaH
KOIITeTeH KOJIIaHBICTaFbI eHOeKTepIeH
albIPMAIIIBUTBIFBI, Oy Makasazia KeKe
(PUTOKOMITOHEHTTEP/IIH XUMUSIIBIK TaOUFATHIH, aCep
€Ty MEXaHU3MIEPiH XKoOHE IKCIEPUMEHTTIK 3epTTey
TIEPCIIEKTHBANIAPEIH TalayFa OachIMIBIK OepinreH.
MyHnnati  Tocin  KaObIHyFa  KapCchl  9CEpiH
KaJIBIITACYbIH/IA KEeKeJIeTeH KOChUIBICTAP IbIH YIIeCiH
HEFypIsIM 11971 Oaranmayra >XoHE OCIMIK TeKTec
JOpiTiK Kypasaapabl o3ipneydiH  FHUIBIMU
HETI3[IUTIrH apTThIpyFa MyMKIHJIIK Oepei.
3epTTeydiH JKaHANBIFBl COHZAi-ak OenceHml
(PMTOKOMITOHEHTTEPIIH KIKTETyl, OJapAbl aly KoHE

3eprTey oaicTepi OoiblHIIA 3aMaHayH —oaeOHu
IepeKTepai (hapMaIeBTUKAIIBIK TEXHOJIOTHS
TYPFBICBIHAH ~ JKMHAKTay  JKOHE  IKyileleyMeH

OaiinmanpicTel. JKyprisiniren Tangay 3epTTeyiepAiH
©3€KTi OaFbITTapbIH aHBIKTAYFa, COHAAN-aK opi Kapaii
OKCIIEPUMEHTTIK  3€pTTeyre €H IepCIeKTHBAIIBI
OeJceHal 3aTTap TONTAPbIH alKbIHAAYFa MYMKIiHIIK
Oepeni. OKcTpakuusiay omicTepiH KOHE
AHAUTHKAIBIK OaKbplIayAbl TaHJAyJbl HETi3leyre
epeKIlie KoHUT 06jIiHyl AUCCEPTALUAIBIK 3ePTTEYIiH

Kejeci 9KCHEPUMEHTTIK Ke3eHzaepi YILIiH
o/liCHaMaJIbIK HeTi3 KaJIbIITACThIPaIbI.
JKYMBICTBIH ~ TIPaKTHKANbIK  MAaHBI3IBUTBIFBI

aJBIHFaH HOTIDKENepi KaObIHyFa Kapchl ocepi Oap
JKYMCaK Oopillik Typiepni o3ipieyre OarbITTalfaH
OKCHEPUMEHTTIK 3epTTEeyJeplli IKocmapiay >KoHeE

KYprizy  OapbIChlHIA KOJAAaHYy MYMKIHIITiMEH
cunartananpl. benceHal  GUTOKOMIIOHEHTTEPIiH
KAacHeTTepi MEH OJIapJibl aly epPeKIIeNIKTEPi Typabl
KyHeneHreH JepeKTep TEXHOJIOTHSLITBIK
nmapaMeTpiep/li YTHIMIBI TaHJAyJa J>KOHE IOpLTiK
TYpJIepIiH KypaMbIH OHTaMNaHIBIpyAa
nainanansurybl MyMKiH. COHBIMEH Karap Makaia
mMarepuaniapsl  (apManeBTHKAIBIK  TEXHOJOTHS
callachIHAAFbl CTYIEHTTEp MEH MaMaHAap YLIiH
KBI3BIFYIIBUTBIK TYIBIPBIN, OKY YIEpiCiHIe >KoHE
FBUIBIMU-3€PTTEY KbI3METIHIE KOJIAHyFa KapaMIbl.

HOTUWKEJIEP ’)KOHE TAJIKBIJIAY

3aMaHay¥ FBUIBIMU JKapUsUTaHBIMAAPABI Talaay
HOTIDKECiHAEe KaObIHyFa Kapchl ocepi Oap Oencenmi
(DUTOKOMITOHEHTTEPAI 3epTTey (apMaleBTHKAIBIK
JKOHE MEANKO-OMONOTHSUIBIK ~ FHUIBIMHBIH ~ 0achiM
OarpITTapbIHBIH Oipi eKeHl aHbIKTanael. Kemreren
aBTOpJIap OCIMAIK TeKTec OWONOTHSIBIK OenceHi
3aTTapAbIH KaOBbIHY MPOIECiHIH Heri3ri OybIHAapbIHA
TUIMZI ocep €Te aJaTbIHbIH OHE CHHTETHUKAIbIK
KaOBbIHyFa Kapchl IperapaTrTapMeH CajbICTBIPFaHIa
Kayinci3aik mpouiti aHarypiibiM KOJaiibl €KCHIH
aTar eTei.

OJ1ebun TEpEeKTEP I Tannay FBUTBIMHU
3epTTeynepae (hmaBoHOMITApFA, (heHOIIBIK
KOCBUIBICTapFa JKOHE TePIICHOMITapFa epeKIlIe KOHIT
OemiHETIHIH Kepceremdi, cebedi Oyl KOCBUIBICTAp
aliKpIH KaOBIHYFa KapChl JKOHE AHTHOKCHIAHTTBIK
ocepre ue. OPTYpJi aBTOpIapIblH EHOEKTepiHae
aTaJFaH KOCBUIBICTapbIH KaOBbIHY
MEINaTOPJIapbIHBIH ~ CHHTE3IH TeXeyre, TOTBIFY
CTpECCiHIH JCHIeHiH TOMEHAETYTE )KOHE KACYILAIIBIK
MeMOpaHanapasl TYpaKTaHABIpyFa KaOijeTTi eKeHi
KOpCETLIe . CoHbIMEH KaTap
(hUTOKOMITOHEHTTEPIIH THIMALTIT] OJIapABIH
XUMUSUTBIK KYPBUTBIMBIHA, KOHLIEHTPALUSACHIHA KOHE
ajly TOCUIIHE alTapibIKTall Jopekeae Toyelal eKeHi
aTar eTijle/i.

XKapusmansIMaapabl — calbICTHIPMAIIBl  Tajay
3epTTeyiepAiH endyip Oeiri KemeHIi eciMIiK
OKCTPAKTTApPbIH 3epTTeyre OarbITTaJFaHbIH, al
JKeKeJlereH OeJiceHIi  KOMIIOHEHTTEpIiH  ocepi
TypaJibl JEPEeKTEPAiH Y3iK-Y3iK CHMaTTa OONaTHIHBIH
kepceredi. byn  kaOblHyFa  Kapchl — 9CepiiH
KaJIBIITACYBIH/IA KEKe 3aTTap/IbIH YJIeCiH OObEKTUBTI
Oaranay bl KHBIH/IATa bl KOHE aNTBIHFaH
HOTIXKEIePiH KalHTalaHbIMIBUIBIFBIH TOMEHIETE 1.
OcblraH OaiilaHbICTHI 91eOUeTTEp e CTaHJaApTTAFaH
OKCTpaKLUsIAy JKOHE Taljay oJiCTepiH KoJjiaHa
OTBIPBIN, JKeKe (UTOKOMIIOHEHTTEPIl HEFYPIbIM
TEpeH 3epTTey KKETTIIIr K1l aTtan eTuIe .

AJNBIHFaH JIEPEKTEepAl  TalKbulay OCJCCHII
(DUTOKOMITOHEHTTEP/II ay SICIH TaHAay OJap.IbIH
CaHJIBIK KOHE CallalbIK KYpaMbIHA, COHIai-aK
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(hapMakoJOTHSIBIK ~ OCEpIHIH  aWKBIHIBUIBIFBIHA
eleysi BIKDAT eTeTiHIH KepceTemi. ABTopiap
OKCTPaKIUsIAy MIAPTTAPBIH OHTANIAHIBIPY JKOHE
3aMaHayd AaHAINTHKAIBIK  OMICTepAl  KOJIaHy
3epTTeyNIepain JIOJIIITIH apTTBIpyFa JKOHE
HOTHIKEINIEP/IH CATBICTHIPMABUIBIFBIH KaAMTaMachi3
eTyre MYMKiHAIK OeperiHiH atan eteni. COHbIMEH
Katap o[eOMeTTepae JKEPrimiKTi KaObIHyFa KapChl
ocep MEH KOJJIaHy KOJIAMIBIIBIFBIH KaMTaMachi3
eTETIiH KYMCaK JSPIIiK Typiep KypaMblHaa OeJIceHai
(PUTOKOMITIOHEHTTEPIi KOJIJIAHY TBIH
MEePCIEKTHBAIBUIBIFBI KOPCETIIE .

Ocbunaiiia, FHUIBIME AEPEKKO3IepAl Tanaay
HOTIXKeNepl  TaHJalfaH  3epTTey  OarbITBIHBIH
O3CKTIUIITiH pacTaii/ibl )koHEe KaObIHyFa Kapchl acepi
Oap OenceHni (QUTOKOMIIOHEHTTEPAI opl Kapaii
9KCTICPUMEHTTIK TYPFBIJAH 3ePTTEY/IiH MaKcaTKa cait
€KCHIH Heri3feimi. AJIbIHFAaH  KOPBITBIHJBLIAP
3aMaHayM 3€pTTEeYJICPAiH JCpEeKTEepIMEeH Yiteceni
XKOHE OCIMJIK TEeKTeC IOpiTiK Kypajaapabl 93ipiey

MeH KETUaipyre OarbpITTaNFaH KeHiHTi
OKCHEPUMEHTTIK  Ke3eHJepAl JKypridyre Heri3
KaJIal bl

KOPBITBIHIBIJIAP

3amMaHay¥ FHUIBIMU JKapHsIaHBIMIAPbI TaIaay
HOTIDKECiHIEe KaObIHyFa Kapchl ocepi Oap Oencenmi
(hUTOKOMITOHEHTTEP (hapMaIleBTUKAIBIK TEXHOIIOTHS
JKOHE OCIMJIIK TEKTEC IOPLIIK Kypajaaapiabl a3ipiey
CaJIACHIH/IAFBI  3EPTTEYJICPIiH  TNEepPCIEKTUBABI
OareITEl OOJIBIT TAOBUIATHIHBI AHBIKTAJIIBL. OCIMIIK
TEKTeC OHMOJIOTHSIIBIK OCNCeHl 3aTTapAblH KaObIHY
MPOIECIHIH HETi3ri MEXaHW3MJIEpPiHEe ocep €Ty
KaOijeTiHe ne eKeHi oHe CHHTETHKAIBIK KaObIHyFa
KapChl MperapaTTapMeH CalbICThIPFaHIa KayiTCi3 K
npo¢UITiHIH HEFYPIIBIM KOJIANIIBI eKeHI KOPCeTUIII.

Onebu nepekTepAl KWHaKTay (HhIaBOHOHITAD,
(heHOIIBIK KOCBUTBICTAp, TEPIICHOUATAp XoHe OacKa
na OenceHali  (PUTOKOMIOHEHTTEPAIH KaObIHyFa
Kapchl  9CepHiH KaJbINTacyblHA HETi3T  yJec
KOCATBIHBIH  JONENICHTi. CoHbIMEH KaTap
3epTTeyNepAiH 0OackiM Oeuiri KemeHai ©ecCiMIiK
OKCTPAKTTAPBIH  3epTTeyre  OarbITTANFaHbI,  all
JKEKellereH  OCJICeHZII  KOMIIOHEHTTEPHiH  peodi
JKETKITIKTI JICHrelIe KyHelneHOereHi aHBIKTaIbI,
oy TaHIaJIFaH TaKbIPBINTHIH ©3EKTLIIrH
AUKBIHIANTEL.

OUTOKOMIIOHEHTTEPII  ally  KOHE  OJapbl
AHAMTUKAJIBIK 3€PTTEY SMICTEpiH TaHIAY OJap/IbIH
CaHIBIK JKOHE camajblKk KypaMblHA, COHJai-aK
aJbIHFaH  HOTIDKEJIEPAIH  KaWTaj aHbIMIbUIbIFbIHA

eleysi ocep eTeTiHi KepceTinai. DKcTpakuusiay
LIAPTTAPbIH OHTAMIaHIBIPY JKOHE 3aMaHayH (Qu3nKa-
XUMHSUIBIK Tajiay oJICTepiH KojjaHy OeliceH i
KOMITOHCHTTEep/I  opi  Kapal  3IKCIEePUMEHTTIK
TYPFBIIAH 3€PTTEYAIH KaXETTI MapTrapbl OOJBII
TaObUIABI.

Makainasia anslHFaH KOPBITBIHIIBIIAP 3ePTTEYIiH
FBUIBIMH JKaHaJIbIF b MEH MIPAaKTUKAJIBIK
MaHBI3IABUIBIFBIH  pacTaiiapl  KoHE  OeJceHmi
(DUTOKOMITOHEHTTEP HETi31He KaObIHYFa KapChl acepi
0ap )KyMCaK JIOPLIiK TYpJIepai a3ipieyre OarbITTaaFaH
KelleCi IKCHePUMEHTTIK >KYMBICTAPbI JKYPri3yliH
MaKcaTKa cail eKeHIH HeTi3eH/Ii.

Mpyoodenep Kakmewizbicbl.  ABTOpPIAp  OCHI
3epTTeyli OpbIHIAY JKOHE MaKajlaHbl >Kapusiay
OapbIChIHAA MYZIJENep KaWIIbUIBIFBl JKOK E€KEHIiH
MOJIIMIEHII.

Aemopnapoviy yaecin Kopcemy (maKcoHomus

CRediT): ®.b. XamxoeBa -  3eprTey
TYKBIPBIMIAMACHIH ~ d3ipiiey, 3epTTey MAaKCaThIH
alKbIHIAY, FBUIBIMH onebuerTepai Tanaay,
MaKalaHblH KYPBUIBIMBIH O3ipiiey, HOTIKEIep/i

JKyleney jKoHE MakalaHblH OacTamkbl HYCKACHIH
naiisiaay. B.B. MepkyJioB — 3epTTey oJlicCHaMacChIH
KaJIBIITACTHIPY, (DUTOKOMITOHEHTTEP/IIH JKIKTEIyiH
FBUIBIMU Tallfiay, HOTIDKENEPAl HHTEpIpEeTalusIay
JKOHE MakalaHbl FBUIBIMH pefakuusuiay. AU
Anma3oB — OejceHIi (UTOKOMIOHCHTTEPAl aiy
JKOHE 3epTTey OHNICTEpiH Tanjay, JKCIIePHUMEHTTIK
0eMiMHIH TY>KBIPBIMAAMACHIH 93ipiey, HOTHKeIepIi
TaJKbUIAyFa KaTBICY JKOHE MaKallaHbl pPeLeH3UsIIay.
E.B. CutankoBa — FRUTBIMH aKIIapaTThl )KHHAKTAY,
onmeOueTrTepAl  Tammay, MakKalaHBl — paciMIey,
KOPBITBIHABUIAPABl HAKTBUIAY JKOHE IKapusiayra
JapIHAayFa KaThlCy. bapiblk aBTOpiap MakKalaHbIH
COHFBl HYCKACBIMEH TaHBICHINT, OHBI JKapHUsUIayFa
MaKyJIaZibl  KOHE  3epTTey  HOTWXKEJEpiHiH
JIYPBICTHIFBIHA OPTAK JKayarKePIIUIiK aaajbl.
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