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Analysis of the requirements for satellite constellation control

K.S. Baktybekov 2 A E. Ashurov ®, B.R. Zhumazhanov 2

a Ghalam LLP, Astana, Kazakhstan
b L.N. GumilevEurasian National University, Astana, Kazakhstan
& Corresponding author

Abstract. Currently, Kazakhstan has started to develop, design and build micro- and nanosatellites that can be
used for remote sensing, communications and the Internet of Things. These tasks involve the use of a
constellation of up to 20 or more satellites. In this regard, the task of constellation control arises to fulfill the
set goals. In this article we review open sources on the issues of satellite constellation control to identify the
main tasks and problems arising in the fulfillment of flight missions. It is shown that constellation control is
reduced not only to the preservation of the geometry of their location, which is set to perform a particular task,
but is associated with the prevention of collisions between satellites during various maneuvers, due to space
debris or other satellite. During maneuvers it is also necessary to minimize propellant consumption, i.e.
optimize the routes of the satellites relative to each other. All these problems require their solution when
creating a software product for satellite constellation control. Based on the analysis of literature sources, the
requirements for satellite constellation control are formulated taking into account reliability, system flexibility,
optimization of propellant consumption and compliance with international rules and guidelines for space

operations.

Keywords. Satellite, motion control, flight task, space debris, satellite constellation.

Introduction

Over the past decades, aerospace
technologies have had an increasing impact on
the economic and social development of the
state and society, finding wide application in
various fields of the national economy and the
defense industry of the republic. In accordance
with the Strategic Development Plans[1-3]
implemented in the country, competitive space
technologies, products and services are currently
being actively introduced in the republic in the
interests of Kazakhstan. High-tech, dynamically
developing enterprises of the space industry
have been created, which are capable of
independently designing, creating and operating
competitive space systems, as well as providing
high-quality services in demand on regional and
global markets.

Currently, the capabilities of small satellites
and miniature payloads have greatly increased,
as well as new business models based on large-
scale low-orbit constellations consisting of
inexpensive, mass-produced satellites. Small

satellites usually require lower development and
launch costs, which makes them more
affordable for most organizations and countries.
This accessibility attracted the attention of both
commercial companies and  academic
institutions, as it allowed them to contribute to
space research.

The potential of CubeSats or nanosatellites is
widely used to accelerate scientific and
technological progress in emerging and
developing countries. Analytical studies and
forecasting show that at least 2,000 nanoclass
satellite will be launched into space during the
period from 2023 to 2027 [4,5].

The commercial availability of nanosatellite
elements (Earth remote sensing (ERS) imagers
and communication tools for control and
downlink of information from low-orbit
CubeSats in the S and VHF bands) and the
absence of restrictions on their acquisition make
it possible to develop this area in Kazakhstan as
an independent space industry. The large
territory of Kazakhstan with a diverse relief,
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including mountainous terrain, which occupies
10%, as well as deserts and semi—deserts - 25%
of the total area, where a significant part of the
population lives and the state border passes,
requires constant monitoring and continuous
communication (including special one), in
accordance with the solution of strategic
development tasks of the Republic of Kazakhstan
[3]. The Aerospace Committee of the Ministry of
Digital Development, Innovation and Aerospace
Industry of the Republic of Kazakhstan and
Ghalam LLP signed an agreement to carry out
work on the creation of a constellation of
medium-resolution remote sensing satellites
KazEOSat-MR. The project is aimed at replacing
the current medium-resolution remote sensing
satellite "KazEOSat-2" and developing products
and services provided on the basis of reliable and
operational remote sensing data. This will meet
the needs of government agencies and
organizations, as well as small and medium
businesses in geospatial data built on their basis
[6].

Creation of remote sensing satellite
constellations involves real-time flight control, in
accordance with the tasks set. Satellite
constellation ~ control is a  complex
multiparametric mathematical problem that takes
into account changes in satellite orbits under the
influence of external disturbing factors,
propellant reserves for orbit correction,
maneuvers for flight missions, etc. To date,
software products for managing satellite
constellations have not been developed, although
work has been carried out on orbital calculations

[7].

Overview  of
constellation control

A remote sensing satellites formation flight is
defined as a coordinated flight of multiple
satellites in low Earth orbits to perform common
tasks. These satellite constellations are designed
to provide continuous and stable coverage of
certain areas or the entire Earth's surface. These
systems require high accuracy in maintaining
orbital parameters, reliable communication, and
the ability to quickly reorganize in the event of
failure of individual vehicles.

works on  satellites

Several schemes of group flight of satellites
and their evolution over time are considered in
the work [8]. The flight patterns of satellite
constellations are based on the equations of
relative motion in two-body dynamics, better
known as the Hill equations [9]. When
disturbances disrupt satellite constellations,
maneuvers are calculated to maintain the
constellation. The suitable concept of formation
flight of synthetic aperture radar (SAR) satellites
is discussed in [10]. This scheme is capable of
implementing complex basic conditions for SAR
interferometry, while minimizing the risk of
collision associated with rendezvous operations.
The orbit controlmethod is presented and the
corresponding strategyis confirmed, as well as an
effective implementation of the distributed
satellite concept is proposed.

The authors of [11] presented algorithms for
cluster flight of satellites in low Earth orbits. To
limit the relative movement distance,
requirements for the initial conditions of the
modules  have been  developed. The
accompanying analytical estimation of the
relative distance between the modules is proved
on the basis of a design model assuming the
immutability of environmental disturbances over
time. In addition, this article presents a detailed
pulse algorithm for creating and maintaining a
cluster to track a given nominal orbit, the
characteristics of which satisfy the previously
developed no-drift constraint. This algorithm
ensures  propellant  balancing  between
maneuvering modules, as well as minimizing
total propellant consumption, while ensuring
collision-free movement.

The results of a study of the possibility of
formation flight of nanosatellites in the QB50
project are presented [12]. This is a mission to
create an international network of 50
nanosatellites for multipoint measurements in
situ in the lower thermosphere and atmospheric
re-entry studies. The possibilities and problems
of formation flight of satellites are systematically
identified and analyzed. The work [13] is also
devoted to the analysis of the constellations of
small satellites. In particular, various missions
using CubeSats are considered, where formation
flight schemes will be applied. These missions
are classified according to the missiontype,

International Sciences Reviews: Natural Sciences and Technologies, Vol. 6, No. 4, 2024
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mission status, number of satellites, lead
organization, source of funding, and flight
requirements of the constellation.

The issue of designing the trajectory of the
constellation's satellites for collecting solar
energy in space and transmitting it to Earth using
a microwave beam is considered in [14]. To
perform the appropriate orbital maneuvers, an
optimization system is being developed using the
Hill-Clohessy-Wiltshire equations [15,16] to
achieve the dual purpose of maximizing the
transmitted power and minimizing the amount of
propellant needed to perform the desired orbital
maneuvers. It is shown that the use of periodic
relative orbits reduces propellant consumption 3
times.

One of the critical issues of satellite
constellation control is the calculation and
implementation of corrective maneuvers. Quite a
lot of work is devoted to this issue [17]. Here we
are talking about maneuvers to avoid collisions
with space debris. In this article, a method has
been developed for choosing the timing of
evasion maneuvers with minimal propellant
consumption without violating the limits of the
maximum inter-satellite  distance between
clusters. To assess the maneuverability, the
average difference in the large semi-axis between
the maneuvering satellite and other satellites is
monitored. Three methods of searching for
optimal maneuvers in conditions of cluster
content are proposed. The first is to perform an
additional maneuver to hold the cluster during
maximum approach to debris, the second is a
global maneuver for all clusters, and the third is
a maneuver with  optimal  propellant
consumption, which includes restrictions on
cluster retention in the calculation of the evasion
maneuver. The first method turns out to be the
most economical. The global maneuver
guarantees limited inter-satellite distances, as
well as a balance of propellant and mass. The
latter method proves useful at certain points in
time and represents a compromise between
propellant consumption and the number of
maneuvers.

The review [18] examines developments in
the control architecture of various satellite
constellations, as well as ways to control the
movement and orientation of satellite

constellations. In [19], various flight control
scenarios of the satelliteconstellation are
discussed. These scenarios can be divided into
two categories: the leadersatellite with advanced
sensors and the follower satellite with common
sensors. In order for all the leader satellite to
maintain the desired relative configuration and
simultaneously fly at a constant speed, an
algorithm for jointly controlling the formation of
the constellation geometry isproposed for each
leader satellite. To control the follower satellite,
a distributed trajectory retention control
algorithm is proposed. One of the main
advantages of the proposed algorithms is the
ability to avoid collisions among all satellite by
equipping it with an omnidirectional short-range
relative distance sensor and using the
methodology of potential functions. The work
[20] provides a detailed overview of various
missions, the mathematical foundations of
control, guidance requirements, an overview of
the on-board control systems used, and relative
control technologies.

The issue of planning the survey of areal
objects by constellation satellite is considered in
[21]. The authors cited the main limitations and
criteria for evaluating the effectiveness of the
work schedule of the satelliteconstellation and
proposed a methodology for drawing up a work
plan for the target equipment of the remote
sensing satelliteconstellation for the effective use
of resources to optimize the process of shooting
an area observation object.

The problem of limited flight control and
collision avoidance for satellite clusters using
inter-satellite flight boundaries is considered in
[22]. The authors of this work proposed a new
method for managing a cluster of satellites using
a set of artificial potential functions. The
proposed cluster control method is based on the
boundaries of inter-satellite flight so that
satellites can autonomously converge to a given
boundary range, rather than on a set of precise
orbit configurations. The analysis of the model
shows that the method has great potential in
managing clusters of microsatellites. On the
other hand, this article also focuses on collision
avoidance as a key requirement for a satellite
cluster. The satellites of the constellation can
adjust their real-time control efforts according to

International Sciences Reviews: Natural Sciences and Technologies, Vol. 6, No. 4, 2024
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data on nearby satellites, reflecting the
characteristics of swarm intelligence.

An interesting approach to the reconfiguration
of a satellite constellation based on convex
optimization and a genetic algorithm is
considered in [23]. This article presents a new
approach to the autonomous reconfiguration of
distributed space systems, which ensures the safe
guidance of satelliteconstellations according to
specified schemes while optimizing total
propellant consumption. The orbital transition is
reduced to the form of a convex optimization
problem to ensure fast calculation of control
laws. Two methods are proposed, depending on
the organizational architecture of the formation
of the satellite. In the first, the maneuver is fully
planned by the reference satellite, which defines
the final tasks and control actions for the entire
cluster. As a second method, a distributed version
of the algorithm is proposed: tasks are sorted by
reference satellite, and transition orbits are
calculated by using the computing resources of
the entire cluster. Both methods ensure a safe
transition of the constellation to the target
geometry. The simulation results show that when
relative distances are on the order of hundreds of
meters, the reconfiguration of LEO -clusters
during one orbital period requires an average
value of Av per satellite of the order of 0.1 m/s.

Interestingly, the question of autonomous
reconfiguration of the flight of a constellation of
SAR satellites with continuous monitoring in
operation has been raised [24]. Satellite
constellations can use different observation
modes associated with different relative orbit
configurations, as well as switch between these
modes in accordance with flight control
requirements.  This article discusses a
hypothetical constellation of SAR satellites
providing interferometry, tomography, or mirror
detection. The main task for this constellation is
formulated, which consists in performing a
reference maneuver relative to the orbit of the
main satellite. This problem is solved using a
feedback control law based on the newly
introduced relative orbits elements and suitable
for continuous-action engines with limited thrust.
The asymptotic stability of the maneuverable
orbit tracking problem for near-Earth, non-
equatorial and near-circular main orbits is

proved. It is also proposed to distribute the
control along the orbit to reduce propellant
consumption and transition time between SAR
modes. The theoretical results are confirmed by
modeling  controlled transitions  between
different data collection modes.

The authors of [25] have compiled a fairly
detailed review of the work on the use of artificial
intelligence (Al), including machine learning, in
solving satellite communication problems, in
particular, in resource management, network
control, network security, spectrum management
and energy use in satellite networks. This work is
a general overview of Al, including the basic
concepts of Al, machine learning, the use of Al
in satellite communications, obtaining telemetry,
accounting for signal reflection in the
ionosphere, satellite energy control, etc.

Perhaps one of the most detailed reviews of
recent years on satellite constellation modeling
and control is the work [26]. Three types of
constellation architectures are considered:
«Multiple input — multiple output» (MIMO), in
which the constellation is considered as a single
object with several inputs and several outputs;
«Leader-Follower»(LF)constellation, in which
individual satellites are hierarchically connected,;
and virtual structure is as the formation of a
virtual structure (VS) or cyclic architecture, in
which satelliteare considered as solids embedded
in a common virtual solid. The «Multiple input -
multiple output» architecture differs from others
in its optimality and stability. However, the use
of all states of the system leads to the need to
place high demands on the exchange of
information, so such algorithms are usually
unstable to local failures. The Leader-Follower
architecture uses information only about the
leaders, which makes it easier to navigate
through the constellation. The cyclic architecture
is an intermediate link between the LF and
MIMO architectures.

The method is proposed for the operational
assessment of the effectiveness of the
constellation of remote sensing satellites in [27].
In this article, the architecture of a real-time
estimation model for remote sensing satellite
clusters is proposed. First, a simulation model of
the interaction of the metaphysical fields of a
satellite cluster is being created to monitor
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moving targets. In addition to considering the
effects of on-board resource limitations, it also
examines the effects of image uncertainty on
observational results. Secondly, a system of
indicators for observing moving targets is being
developed, reflecting the actual effectiveness of
a cluster of satellites in orbit. At the same time,
in order to increase the independence of the
indicator system, a method of screening
indicators using correlation analysis is proposed.
Third, the neural network is designed and trained
for stakeholders to provide a quick assessment.
Various network structures and parameters are
comprehensively studied to determine an
optimized neural network model. Finally, based
on the experiments conducted, the proposed
neural network evaluation model can generate
high-quality evaluation results in real time. Thus,
the validity of our proposed approach is justified.

The analysis of reliability, fault tolerance and
energy efficiency of satellite cluster control is
discussed in the book [28]. The issues of on-
board data processing in satellite
communications using artificial intelligence
accelerators are considered in [29].

Finally, we can point out another new review
on modeling the dynamics of a formation flight
of satellites [30]. This study is aimed at
developing a model for representing the relative
dynamics of satellites in circular and elliptical
orbits and establishing the relative motion of
satellites based on orbital elements. In the study,
the authors consider the distance between the
leader and follower satellites to be insignificant.
A linear, time-varying approach was adopted for
the study. The equation of motion of satellites in
circular and elliptical orbits is derived and
solved. Numerical simulations were carried out
to determine the relative trajectory of the satellite
in all three planes and the reliability of the
developed model was thoroughly tested.

Conclusion

Creating and control of a remote sensing
satellites constellation is a rather difficult
engineering and mathematical task. Orbit control
in the context of a formation flight of
satellitesrequires precise coordination and
continuous correction. Effective orbit control is
necessary to ensure stable operation of the

constellation, mission fulfillment and avoidance
of satellite collisions.

The analysis of literary sources allows us to
formulate the following requirements for satellite
constellation control, which will be used when
creating a software product for controlling
satellite constellations.

* The satellite system must be designed in
such a way as to minimize the risks of failure and
guarantee a high level of reliability of operation.
The distribution of satellites in the constellation

should be optimal to ensure constant
communication between the satellites and the
ground control complex. The energy

consumption of satellites should be optimized to
increase their lifetime. In addition, a high level of
protection of the transmitted data and high speed
of data processing and transmission must be
ensured.

* Planning the trajectories of individual
satellites in a constellation to ensure a
predetermined position relative to each other in
order to achieve the overall objectives of the
mission.  Trajectory  planning  includes
consideration of orbital mechanics, propellant
consumption, and avoiding collisions with other
satellites or space debris.

* Effective communication and coordination
between satellites within the constellation is
necessary to perform maneuvers, exchange data
and maintain synchronization. This may include
inter-satellite communication channels, ground
control centers, or autonomous decision-making
algorithms implemented on board satellites.

* The creation of redundancy and fault
tolerance in formation is essential to ensure
mission continuity in the event of satellite
failures. Redundant systems, cross-support
capabilities, and distributed control architectures
can enhance the sustainability of the formation.

« Formation flight systems should be designed
with flexibility in mind to adapt to changing
mission requirements or operating conditions.
This may include the ability to reconfigure
formations, adjust trajectories, or deploy
additional satellites as needed.

* Ensuring time synchronization. Achieving
accurate time synchronization between satellites
within a constellation is necessary for
coordinated operations such as data aggregation,
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interferometry, or distributed sensing. Accurate
time storage systems and synchronization
protocols are used to ensure time
synchronization.

* Compliance with international rules and
guidelines for space operations, including space
debris  mitigation = measures,  frequency
coordination and orbital zone allocation, is
essential to ensure the safety, sustainability and
legality of formation flights.
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Fapblln annapaTTapbl TONTAMACHIH 0aCKAPYFa KOHbLIATHIH TAJANTAPALI TAJIAY
K.C. Bakrbioexop®*, A.E. Amypog®, B.P. Kymaxanos?
«Ghalam» XKIIIC, Acrana, Kazakcran

JLH. TI'ymunes atubigarel EYY, Acrana, Kazakcran
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b

Annoramus. Kaszipri yakpitra Ka3zakcranga JKepai KalllbIKTBIKTaH 30HATAY, OalIaHBIC YKOHE
3arTap UHTEpPHETI YIIIiH Naigananyra O0IaTeIH MUKPO - XKoHE HAHOCITyTHUKTEPII 331pieyre, xobanayra
JKOHE KypacThIpyFa KipicTi. bynm miagertep 20ra AeliiH HeMece OfaH /1a KOl CITyTHHKTEPACH TYPaThIH
TONTaMaapAbl KOJIaHyAbl KakeT eTei. OchiFaH OaillaHBICThI KOMBIIFAH MaKcaTTap bl OPhIHJAY YIIIIH
TomTaManapasl 0ackapy MiHAETI TybHIaiapl. by Makanmama ymry TamncelpMasapblH OpBIHAAY Ke3iHze
TYBIHJIAUTBIH HETi3Ti MIiHAETTep MEH mpoOliieManapAbl aHbIKTAay YIIiH CITyTHHUKTIK TONTaMaiap/bl
Oackapy Macenenepi OOMBIHINA alIbIK KO3/IeP/ICH abIHFaH MAJIiIMETTepre Moy Kacaa/sl. TonTamaHbl
Oackapy Oenriyi Oip TanchIpMaHbI OpPBIHJIAY YIIiH OEPUITeH amnmaparTapslH OpHAIACy TeOMEeTPHICHIH
cakTayJipl FaHa eMecC, COHBIMEH Karap FapbIIITHIK KOKBICTapFa HeMece 0acka Faphlll armnaparTapbiHa
0aiiIaHBICTHI OPTYPIIi MAHEBPIIEP Ke3iH/Ie CITyTHUKTEPAIH O0ip-0ipiMeH COKTHIFBICYBIH OOJIBIPMAyIbl J1a
KAMTHUTBIHBI ~KepceTiireH. MaHeBpiepai JKyprisy Ke3iHAe KaHapMail IIBIFBIHBIH — a3aifTy,
SIFHU.CITY THUKTEP/iH Oip-0ipiHe KaThICTBI KO3FallbIC MapIIpyTTapblH OHTaWIaHABIpY KaxeT. Fapsi
anmaparTap TONTaMachlH OacKapyra apHaiiFaH OarjapiamalblK jKacaKTaMaHbl jkacay KesiHae Oyt
MIHJCTTEPIiH OAPJIBIFBIH ISy KaXeT. O1e0u JepeKKe3aep/Ii Taaaay Heri3iH e )KYHEeHIH CeHIMILIITIH,
MKeMIUTITIH, JKaHapMall IIBIFBIHBIH OHTAIIaHABIPYbl JKOHE FapBIITHIK ONEpalMsIapFa KaTbICTHI
XaJbIKapalbIK epeXkenep MEH HYCKAyJIBbIKTap/Abl CaKTay[bl €CKepeTiH CIYTHUKTIK TONTaMaapbl
OackapyFa KOWBIIATHIH TaJanTap TYKbIPbIM/AIFaH.

Tyiiin ce3aep. Faprimn anmaparsl, Ko3FanbIcThl O0acKapy, YIIy TarlChpMachl, Fapbllll KOKBICHI,
CIYTHHKTEDP TONTAMACHI.
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AnHoTanus. B HacTosmee Bpems B Kazaxcrane npucTynm K pa3paboTke, KOHCTPYHPOBAHUIO
U TIOCTPOWKE MHKPO- M HAHOCIYTHUKOB KOTOPBIE MOTYT HWCIOJIB30BATHCSA IS TUCTAHIIMOHHOTO
30HIUPOBAHMST 3EMJIHM, CBA3M M HHTEpPHET BeElIeW. OTU 3aJaud MPEaAroyiaraloT HCHOJIb30BaHUE
rpynmupoBKU gocturatonmx 20 u 6onee CIyTHUKOB. B CBSI3M ¢ 3THM BO3HUKAET 3a/lada YIIpaBICHUS
IPYIIMPOBKOM JJIs BBIMOJHEHHS TOCTaBICHHBIX IIeNieil. B maHHOW craThe MPOBOAUTHCS 0030p W3
OTKPBHITBIX HCTOYHHKOB TIO0 BOIMPOCAaM YIPABICHHUS TPYHIHPOBKAME CITyTHHKOB JUIS BBISBICHHS
OCHOBHBIX 337a4 W Tpo0ieM, BOSHHUKAIOIIMX P BHINIOJHEHWH TONETHHIX 3amaHuii. [lokazaHo, 4TO
VIOPABICHUS TPYNIHUPOBKOW CBOJUTHCS HE TOJNBKO K COXPAHEHUIO TEOMETPUU MX PACIOJOXKEHUS,
KOTOpasi 3a7aeTcs IJIs BBHIIOJHEHUS OIPENEeIEHHOTO 3aJaHusd, HO CBSi3aHA C IPeIOTBpAIICHHUEM
CTOJIKHOBEHUH CITyTHUKOB MEXJy COOOM MPH Pa3INYHBIX MaHEBPAX, U3-32 KOCMHYECKOTO MyCOpa WU
JIPYTUX KOCMUYECKHUX ammnaparoB. [Ipu mpoBeeHUU MaHEBPOB TaKkKe HEOOXOAUMO MHUHHMHU3UPOBATh
pacxop TOIIINBA, T.€. ONTUMHU3UPOBATh MAPIIPYTHI JBM)KEHUSI CIIYTHUKOB OTHOCHTENFHO JIPYT IpyTa.
Bce aTu 3amaun TpeOyOT CBOETO PEICHUs MPU CO3JaHUK POTPAMMHOIO MPOAYKTA JJIsl YIIPABICHUSL
TPYNIIAPOBKOM KOCMHYECKHX ammapatoB. Ha OCHOBaHMM aHanmW3a JHUTEPAaTypHBIX HCTOYHUKOB
chopMynrpoBaHbl TpeOOBaHHA K YNPABICHUIO CIHYTHHKOBBIMH TPYNINUPOBKAMH YYHTBHIBAIOIINE
HaaACXKHOCTh, FI/I6KOCTI) CUCTCMbI, OIITUMHU3ALINIO pacxoja TOIJIMBa U COGJ]IOI[CHI/IG MCKAYHAPOAHBIX
TIPABHUII ¥ PYKOBOZSIINX IMPHHIIATIOB KOCMUYECKUX OTIEPAITHA.

KaroueBbie ciaoBa. Kocmuueckuil ammapar, ynpaBleHHE ABI)KEHHEM, IOJIETHOE 3aJaHue,
KOCMHYECKHIA MyCOp, TPYIIITUPOBKA CITy THHUKOB.
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MexaHnka-maTreMaTuka  (aKyJIbTeTi, I'ymuneB  ateiHAarbl  Eypasusuiblk  YIATTHIK

ABTOP-KOPPECTIOHICHT

Anpaarna. by sxymbic ByKkThipMma cy KoWManapbIHBIH KaFIaiiblH OaKpUIay )KoHE OOJDKay YIIIH KAIlbIKTBIKTaH
0akpIIay oICTEpiH KOJAAaHyAbl 3epTTeyre apHamrad. KimMaTTBIH e3repyi KoHE Cy pecypcTapblHa
AHTPOTIOTEH K KBICBIMHBIH KYIIIEIO1 )KaFIalbIHIa CY KOMMaapblH THIMAI 0acKapy ©3eKTi MiHJeTKe aifHaJbBIIT
OTBIP.

3epTTey cy KOWMACHIHBIH CHIMBIMIBUIBIFBIH, CY CallachlH )KOHE JKaFajay ChI3BIFBIHBIH ©3repyiH Oaranay yIIiH
FapBIUTHIK OeiiHeley >koHe reorpadysUIblK aKMapaTThIK OKydenepAl NaijanaHy CHSAKTBl 3aMaHayd
KAIlIBIKTBIKTaH OaKbUlay TEXHOJIOTUSJIAphIH 3epTTeiai. Jlepektepni Tanmay cy JACHICHiHIH —e3repy
TEH/ICHIUSJIAPBIH aHBIKTAYyFa, COH/Ial-aK KJIMMATThIH ©3repyiHe KoHEe MayChIM/BIK aybITKYJIapFa HeTi3aeNTeH
BIKTUMAJI CIICHapHinep i 6omKayFa MyMKIHIIK Oepei.

¥YCBIHBUIFAH TOCLT CIYTHUKTIK CypeTTepleri pesepByapiapAbl A97 aHBIKTAYy JXKOHE CETMEHTTEY YILUiH
KOHBOJIIOIIMOH/IBI ~ HEHPOHIBIK kenmijgepAl mnaiimanananel. [epekrep sxunarsl 2000-2023  sxpuinap
apanereiHgarel USGS Earth Explorer, ESA Sentinel Data Hub apkbuter anpiafan yikeHTIITeH KeCKiHAEpIi
koca, RGB tycrTi yarigeri 196 criyTHUKTIK KECKIHHEH TYpaJibl.

Tyiiin ce3aep: CIIyTHUKTIK CypeTTep, MAIIMHAIBIK OKBITY, KAIIBIKTHIKTaH 30HATAY, KIMMATTHIH 63repyi,
KOpIIaraH OPTaHbIH MOHUTOPHUHT.

Kipicne

Meireic  Kazakctanmarel Epric  e3eHiHze
opHanackaH bByKTelpMa cy KoiMackl OHIPIiH
TapuXbl MEH HPKOHOMUKAHBIH aXbIpamac Oeiri

Oonbinm  Tabbumazbl. bynm  koiima  KeHecTik
KYPBbUIBICIIBI Anekcanap Bbyxapckuiiain
eciviMeH aranraH. OHBI Kypy KeIlTereH
capanmpliap MeH KociOM  MaMaHAap/bIH

JKYMBICBIH KOCa ajFaH/a, auTapabIKTail Kyl MeH
pecypcTapibl KaxeT eTTi.

Byn 3eprreydiH FBUIBIMHA  JKaHAIBIFB -
ByktelpMa ¢y ~ KOWMACBIHBIH  ayJaHBIH
JTUHAMHUKAIBIK TYpPJE MOJCIBICY JXKOHE OHBIH
JaMyblH  OoibDKay — MakcaThblHAA  YKAcaHIbI
WHTEJUIEKT TEXHOJIOTHSJIAPBIH, aTam aWTKaHIa
MAaIIMHAIBIK OKBITY, HEUPOHBIK JKEIiIep KoHe
KECKIHJII OHJEY OMICTEepIHIH jKaHalla YUJIeCcyiH
naigananyeIMbi3a. by ofmictep ochl canmaaa
OYpBIH KOJITaHbUIMaraHbiH Oenriai. COHABIKTaH
3epTTey apKbUIbl €NIMI3JIeri Cy amaTTapblHaH
CaKTaHy IIapajiapblH o3ipiey, COHJal-ak cy

KOMMasapplH >ko0ajay »oHE Cy pecypCTapblH
Oackapy cajJachlHAa >KaHa TYCIHIKTEp MEH
OomxamMaapIbIH MYMKIHIIKTEPIH amryra
MYMKIHJIIK Oap.

Marepuanaap MeH Tacijigep

EcenTey TeXHOJOTHSICBIHBIH KETICTIKTEPI
xacauael  uHTewiektri (OKW)  pesepsyap
eJIIeMiHIET] e3repicTep i Ooirkayia KojllaHyFa
TYPTKi 6071, JKacaHzibl HEMPOHABIK KEIlIep
(ANN) cy MaccachlHBIH eOJIIeMIepiHeT
ayBITKyJIapabl  KaMTH aIaThlH  Kypaeli
THJIPOJIOTUSUIIBIK MPOLIECTEPI MOJENbCY YIIiH
KEHIHEH KOJITaHbLIAbI. OcrwiHpait
MaTeMaTHKANBIK  MOJENbJEp/i  MaiiJanany,
3epTTeyIIUiep Cy JeHTeisiepiHe, KIMMATTHIK
yJirinepre JKOHE TUAPOIIOTUSLITBIK
KOPCETKIIITEPre KAaThICThI IEPEKTEPIl 3epAeey
apkpUIBl Oyl aybITKynapAsl  Ooipkayra
MYMKIHJIK OepreH.

bynan 6acka, KTUMATTHIK alHBIMAIBLIAP MEH
THJIPOJIOTUSUIIBIK TTapaMeTpiiepre Heri3JeNIreH cy
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KOoNMaJapbIHbIH ©JIIeMIEpIHIEeT] e3repicTepai
Ooomkay ymiH ANL skylieci KOJIIaHBLIAIbI.
Mpicanbl, 3epTTeylIiiep pe3epByap  ayAaH
eJIeMIEpiH 00JDKay, KaybIH-IIAIIBIH JCHICHiH,

TEeMIEepaTypaHblH  ©3repyiH  KOHE  KYH
paguanusachlH  OoJpkay — YIIIH — JIepeKTepi
CTaTUCTUKAJIBIK bopmynanap OoiibIHIIA

aQHAIM3ICH Il KOHE OChI aKmaparrap Heri3iHzae
0i3re KepeK KOPBITHIHABUIAD MEH HOTHXKEJIepai
HIbIFapa ajambl3. by aiita keTepiikTel, TaibiH
MaTeMaTHKaChI oap METEOPOJIOTUSIITBIK
anroput™m Oonbim  TaObutanel. Kaszipri kesme
MYH/Iall 9MIICTEP/Ii MIAFBIH 3ePTTEYJIep/Ie KCHIHCH
KojmaHeim  katelp.  Cebebi, Oy Tocin
OIpiHIIIZCH, agaM pPEeCYpPChIH a3 MeJIIep/e
Tanan ereni. EKiHIIIEH, Te3 )KYMBIC JKacaiibl.
Bipak, OyJ1 >KOJIJIBIH KONTEreH KeMIIUTIKTEp Je
0ap eKeHiH ailTa KeTy Kepek.

Horukesnep

3eprrey OapbichiHAa COHFBI 23  KBUIIBIK
Tapuxu Aepek, cnyTHuk cypertepin USGS Earth
Explorer xone ESA Sentinel Data Hub Be0-

CATBIH  KOMETIMEH JCPEKTep  KHHAJIBII,
CypeTTep IKOFapbl camajga KEHICTIKTIKTETi
carmacelMEH JKepli OakpLIayAbl KaMTaMachl3

eretin Sentinel-2, Landsat 7, Landsat 8 xone
Landsat 9 xemeriMeH cy KOHMAachiH 3epTTEy
OaphICHIHAA YIKEH POl aTKapFaHbIH YMbBITIIaFaH
KOH.

Cy koiiManapeiHIa OOJIBIN KATKAaH TaOWFU

nporecTep/al TYCiHY MayCBhIMJIBIK
TEeHACHIMSUIAPABI  JKOHE e3repy IHKJIACPiH
aHbIKTay MYMKIHAITIH Tajam eTeai, Oyl

JEPEKTEePl MayChIMFa COUKEC 00Ty apKbLUIbI KOJI

JKETKI3IK. CoHBIMEH Karap, 01 cy
KOWMaJappIMeH  OailJIaHBICTBI  3KOJIOTHSLIIBIK
Macenenep/al 11 (S110% OoiBIHIIIA HaAKTBI

TYKBIPBIMAAP MEH YChIHBICTAp Oepei.
Mayceimaapra 6eity yiniH python TitiHIe KO
JKa3bUIBI, KiTalXaHajJapbl UMIOPTTAY apKbLIbI
OpenCV, nepekrepai enaey NumPy jxoHe
Buzyanuzaus Matloplib KonaHbLIIBL.
Cyperrepai KYKTEY KOHE OHJICY
(byHKIMSATIApBIH OopHaTy OapbICBIHIA
process_image GyHKIUSACH OipHelle KecKiHAl
OHJICY JKOHE KOpCeTy VIIiH IaiaJaHbuIIbl.
CoHBIMEH Kartap, JepeKTep/Ii MayChiM OOMBIHIIIA
copTTay OapbIChIHIA, KECKIHIAEPII KAMTHUTHIH
daitngap jkoHE Op MayChIM KYHi-albI-)KbLIbI
OOWBIHINIA TI3IMI KacallbIll JIEPEKTEPIi OHILY

JKoHE BU3yanu3anusiay YIIiH ColKec
(GYHKIUSACHI TTal JaTaH BB
Kacannp! UHTEIIECKT KOMeTIMEH cy

KOWMaapblH ayJaHblH €CeNTey YIIiH, 9poip
ken1 Tyci RGBA Tyc yiricin aHbIKTay
MporpaMMachlH TIaiijlalaHa  OTBIPBIIT  Macka

KYPBUIABI.

1-cyper. Koiima epekiiieieHreH Macka.
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[IporpamMma OCBl KOHTYPHBIH aydaHbIH
MUKCENbMEH, OepiireH MacmTad OoWbIHIIA
MMUKCEIICH MAapIIbl KWJIOMETPre TYpISHIIpe.

SAram Oy1  TYpAEHIIPY  MaTeMaTHKAaJIbIK
onepauusUIapAbl  KOJAAaHy apKbUIbl  XKY3ere
aChIPBUIA/IBI.

Cy Ko¥ManapblHBIH ayJaHBIHBIH ©3TepyiHe
aya-palbIHBIH J1a ocepi O0ap ekeHi momiM. Aya
TEMIIEPATyPAChl, CATBICTRIPMANBI BUTFAIIBLIBIK,
KEJIH KBLIIAM/IBIFbI MeH OarbITHI,
aTMoc(epalibIK  KBICBIM, JKayBIH-TIAIIBIH,
KapAblH KAJIBIHIBIFbI CUSIKTHI MaHbBI3/IbI IEPEKTEP
1€ )KUHAKTAJIIbI.

Aya pailibl KaFJaliblH Tajjay KOHTEKCTiHJE
YCBIHBUIFAH Tapamertpiiep Oenrimi Oip yaksIT
KE3CHIHJETI KJIMMATThIK KYOBUIBICTAp MEH
OJIapAbIH TMHAMHKACKHI Typallbl aKmapar 0episiii.

FIres comuatin i dependent v

2-cypet. Tepic koppensus

AliHpIManbIapblH O01p-01piMEH KaThIHACHIH
BU3yanu3anusiay yirH Kpamepnain Vo xbuty
KapTachlH MMaliJaJIaHblII, KQKETT1 QYHKIHIIapIbl
UMIOpTTaiiMbI3. Busyanuszamus HOTHXKenepi
npoeknusra xaszputein, "X" oxome "Y" op
JepeKTep HYKTECIHIH KOOpIAMHATTAPBIH, ai
"kmactep" OaraHbIHAAQ Op HYKTEHIH KJacTepre
KATATHIH/IBIFBI )KalJIbl aKIapaT ajJambi3.

Utepanus: eH >Xakchbl BU3yalIH3alMsFa KOJ
KETKi3y yuiH Oyin mporecc OipHeme per
KaiiTamanane! (01311H xarmgaiiaa 1000 utepamms
KakeT). Opbip  urepamusga  OacTamkbl
KEHICTIKTET1 IIAPTTHI BIKTUMAJIBIK TEH KaHa

CoHbIMEH KaTap COJ KE3CHJEerl KIMMATThIH
©3repyiH CHMATTAWTBIH HETI3T1 YpAICTep MEH
3aHIBUTBIKTApP/IbI aHBIKTaYFa MYMKIH Oepe/ti.

JlepekTep KOpJApbIHBIH CHIIATTaMalapbiH
TEPEH 3EpTTeY IKOHE JCPEKTEePAiH HAKThHI
KacHETTEepiH OOJIKal ajlaThIH MO/ xKobamay
YILIiH, allHbIMaJIbI yJiectipimaepai,
MYMKIHIIKTEPAIH KOPPEISAIUICHIH TEpPeHIpEeK
TYCIHY JKOHE aybITKyJlap MEH JKeTICHEeHTIH
MOHJIEp/l aHBIKTAy YIIH Oapiiay JepeKTepiH
Tajnnay >KyMBICHI aTKAPBLIIBL.

Aynannan Oacka OIpIKTIpUITEH JEpeKTep
JKUBIHBIH/IAFBl OapibIK OaraHIap/Ibl KaMTHTHIH
X-(hyHKIMS MaTpPUIACBIH KOHE "aymaH" MOHIH
KAMTUTHIH Y BEKTOPBI KYPBUIJIBL.

3-cypet. OH KOppemsius

KEHICTIK apachIH/IaFbl AJTIIAKTHIKTHI OIIEeUTIH K1
TUBEPTEHIUSACH TOMEHICH]II.

Hortmxecinne, OapIbIK KaiTanaymnap
asKTaTFaHHAH KeHiH MaTepuaniblH IIaFblH
KOPIHICI KaTBINTACA Ibl, OHBI BU3YaTH3alMsIIayFa
JKOHE Tajjiayra 0oaibl.

IIporpamma 166 utepanmsaa mamanaH ThIC
JKYKTEME JETeKTOPhl OKYAbl TOKTaTalbl, ce0edi
CBIHAK  JICpEKTep  JKWBIHBIH  JKaKCApPTY/IbI
TOKTaTaThlH 50 wWTeparys yirici apThIK OOJBIT
eCcernTeniHl.

ChIHaK NepeKTep >KUBIHBIHIAFBI €H JKaKChl
METPHUKAJIBIK MOH: OpTallla KBaJPaTTHIK KaTe
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(MSE) ymrin eH xakcel MoH -0,009098089217.
byran 166 utepanmsiga Ko KETKI3 11,

MopnenpaiH  camacklH ~ Oaranay:  ChIHAK
JepeKTep YKUBIHTIFbIH I bI opraria
KBaJpaTThIK Kate 8.277524155549255 e-05. byn
MOJICJIBIIH KOFaphbl calachlH YKOHE OHBIH JKaHa
JepeKTepal Aon Ooimkay KaOUIeTiH KOpCEeTEeTiH
MOH.

XKanmsl, picatboostregressor OKBITY
HOTHIKEJIEP1 MOJICTIBIIH COTTI YUPETIITCHIH KoHE
JCPEKTEP/l JKAKChl KOPBITBIHABUIAH OTBIPHII,
CBIHAK JICPEKTEp >KMHAFBIHJIA JKOFAphbl JTAJJIIKTI
KOPCETETiHIH KOpCeTeI.

TankpLiay

XKacanran 3eprrey KXYMBICBIH TAJIKbUIACAK,
erep HaKThl MOHJCP MEH OOJKaMmJIbl MOHICP

[248 rows x 2 columns]

apachlHla  aWpIpMaIIBUIBIK  Oosica, Oy
Oarmapiamalarbl  KaTeHI HeMece  aKay.bl
Kepceteni. byHnail alibipMaIIbUIBIKTAp OPTYpPIIi
cebenTepre OaiylaHBICTBI 00Nyl MYyMKiH. OKy
JEPEKTEePiHIH JKETKUTIKCI3/Iri, MOJEbIl Halap
TaHjaay, TaHIayJa eCKepuIMEereH KJIMMaT IeH

KOpILIaFaH OpTaHBIH KYTHEreH e3repicrepi
Hemece QITOPUTM  YIIiH aKnapaTThIH
JKETKITIKCI3IrT  KOHE JIEPEKTeperi OapibiK

e3repicTep/li KOPCETY CHIKTHI.
TemeHperi 4-cyperTeri tuarpaMmMaza ajuaarsl
20 kpuUIAaFBl Cy KOWMACBIHBIH ayJdaHbIHBIH

OomkamIpl  TUHAMUKACHI KepceTinreH. by
Oomkam  Oonamiakta  Cy  KOMMACHIHBIH
e3repiCTepiH HMHTYHTHUBTI TypAe TYCiHyre

MYMKIHIIK OepeTiH rpaduk OOJIbINT TaObLIA b,

MNpenckasaHns Mogeni Ha cnefyowwe 20 net (¢ MHTepeanom B 3 mecaua)

MpeackasaHHble gaHHbe
5600

5400

5200

Mnowanks

5000

4800

4600

2030 2040 205

2060 2070 2080

fata

4-cypert. 20 xbplTFa ’KacajFaH ayaaH 00JKaMbl
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by ngepekrtep xep )KYMBICTapBIH KOCTIapiay
KOHE Cy KOWMACBIHBIH PECypCTapbhlH Oackapy
Ke3iH/e maiiiaisl Kypal 0osa anansl. bonamakra
Cy KOHWMACHIHBIH KeJjieMi KaJlaili e3repeTiHi
Typanbl akmapar Oepedi, Oyi1 cy Kopiapsl
OOWBIHIIIA KONTEreH AacCIeKTUIepJe IICIIiM
KaObUIIay/1a, KOpIIaraH OPTAaHBI KOprayaa, Cy
TACKbIHBI KayIiH 00JDKay1a manjalbl.

Ocpl auarpaMMaHbl TajjaraHHaH KeiiH 013
aiiMaKkTarbl  TCHICHIWMSJIAD MEH  IUKIJIIK
e3repicTepre  Hazap aygapa ajlambi3  Cy
KONMalapblHbIH JICHIeHiHIH ocy, KyJIIbIpay
HEMECE TYPAKTBUIBIKTBIH MYMKIiH Ke3CHIEpiH
AHBIKTA/IBIK.

KopbIThIHABI

byn 3eprreyne  6i3  bykteipma  cy
KOWMACBIHBIH ayJaHbl >KaWbIHJIAFbl JIEpEKTEepre
KeIIeH 1 capanTaMma >XKYyprizy YIIH opTypii
omicTep MEH OarmapiiaMmanap KOJIaHIbIK,.

JIEpeK  Ke3JepiHEeH  aJbIHFaH
aKnmapaTTapAbl  aHBIKTAll, COHBIH  INIIHJC
FAPBIIITHIK Oeiine cypertepai KOHE
METEOPOJIOTHSIIBIK  Jka30ayapasl  OipiKTipim,
JNEpeKTepAl KUHAKTAN, alblH ajla eHJey
KYMBICTapbl OPBIHIAIIBI.

Catboostregressor >xoHe auckperti Dypbe
TYPJICHIIPY MOJENbACP] CHSIKTHI MAIIMHAIBIK
YUpeTymiH  opTypili  MOAENBIEPi,  JKBUIY
KapTajapsl apKbLUITBI JepeKTepIi
BH3YaIH3aIusIay, KOPPEISIUsIIbIK MaTPUIIAIap
Kypy JKOHE KJacTepiey CHUSKThI Oipkarap
AHATMTUKAJIBIK 9JIICTEP KOJTAHBUI/IBL.

byn  3eprreynepain = HOTHXKeNepi  Cy
pecypcTapbiH OacKapy KOHE eJIiH YKOJIOTHSITBIK
MOceJIeTIepiH MMy YIIiH 6T€ MaHbI3bl OOJIBII
Ta0ObUIaNbl. byl  anropuT™M  THAPOJIOTHS,
9KOJIOTHUS KOHE uHppa KYPBUIBIM/IBI
JKOCTIapiiayia IenriM KaObUIIayIbIH MaHBI3IbI

Oprypri

KypaJbl 00J1a anajbl.
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Moue.nnponalme H TMPOrHo3 JAWHAMMWKH ByKTapMHHCKOFO BOJOXPaHW/JIHIIA € HCIOJb30BAHHEM
HCKYCCTBCHHOI'0O HHTEC/IJIEKTA

Jaxynycosa Maauna 2 | Pakumesa Juaspa P

Beicias mkosia MHGOPMAaMOHHBIX TEXHOJIOTUN U HHXXEHEpUU, MexXlyHapoJHbII
yHuBepcuteT Acrana, 010000, Acrana, Kazaxcran

MexaHnKo-MaTeMaTHUeCKuil GpaxkyabTeT, EBpa3uiickuii HallMOHATbHBIA YHUBEPCUTET
umenu JI.H. I'ymunesa, 010000, Acrana, Kazaxcran

ABTOP-KOPpPECIIOHACHT

Annortauus. [lanHas paboTa MOCBSIIEHA HCCIEAOBAHHUIO HCIONB30BAaHUS METOAOB JIWUCTAHIIOHHOTO
30HIMPOBAHMS [UII MOHHUTOPMHIAa U IPOTHO3UPOBAHUS COCTOSHUS ByKTapMHHCKHX BOJOXpPaHMIIMIL.
D¢ dexTuBHOE yIpaBiIeHHE BOAOEMAaMU CTAHOBUTCS aKTyaJIbHOM 3aaueil B YCIOBHIX U3MEHEHHs KiiuMarta 1
YBEIUYEHHMSI AaHTPOIIONEHHONW HAarpy3KU Ha BOJHBIE PECYPCHI.

B wuccnenoBaHMM HM3y4arOTCSl COBPEMEHHbBIE TEXHOJIOTMH AWCTAHLMOHHOTO 30HIUPOBAHUS, TaKHE Kak
HCTOJBb30BaHNE KOCMHUYECKHX H300pa’keHMH M reorpapuueckux HHGOPMALMOHHBIX CHCTEM AJSl OLEHKH
IJIONIaJb BOJOXPaHWIMI, KauecTBa BOAbI U H3MEHEHUH 66per0130171 JIMHUHA. AHaIN3 JAHHBIX II03BOJISIET
BbIIBUTH TCHACHIMM HU3MCHCHHA YPOBHSA BOJbI, a TaKXXC CIIPOrHO3MPOBATL BO3MOXXHLIC CHCHApUH,
OCHOBaHHbBIC HAa U3MECHEHHH KJIMMaTa U CE30HHBIX KOJICOaHMSX.

IIpennaraeMplii MOAXOJ MCIOJIB3YET CBEPTOYHBIE HEWPOHHBIE CETH ISl TOYHOU HI[eHTI/I(bI/IKaHI/IH "
CErMEHTAIIMH Pe3epPBYyapOB Ha CITyTHUKOBBIX M300paxeHusx. Habop AaHHBIX COCTOUT U3 196 CIyTHUKOBBIX
n300pakeHuH B BeToBoM Mozenn RGB, Bkirtouast n300paxeHus BEICOKOTO pa3perienns, noiaydernnsie USGS
Earth Explorer u ESA Sentinel Data Hub, ¢ 2000 mo 2023 rog.

KiroueBble cjioBa: CIyTHHKOBAs CheMKa, MalIMHHOE 00yUueHHe, JUCTAaHIIMOHHOE 30HANPOBAaHIE, U3MECHEHHE
KJIIMAaTa, MOHUTOPHHT OKPY>KaroIIEH CpeIbl.

Modeling and forecasting the dynamics of the Buktarma reservoir using artificial intelligence

Madina Junussova @, Dilyara Rakisheva P

& Higher School of Information Technology and Engineering, Astana International
University, 010000, Astana, Kazakhstan

Faculty of Mechanics and Mathematics, L.N. Gumilyov Eurasian National University,
010000, Astana, Kazakhstan

Corresponding Author

Abstract. This work is devoted to the study of the use of remote sensing methods for monitoring and
forecasting the condition of the Buktarma reservoirs. Effective management of water bodies is becoming an
urgent task in the context of climate change and increasing anthropogenic pressure on water resources.

The study examines modern remote sensing technologies, such as the use of satellite imagery and geographic
information systems to estimate reservoir extent, water quality, and shoreline changes. Data analysis allows us
to identify trends in water levels, as well as predict possible scenarios based on climate change and seasonal
fluctuations.

The proposed approach uses convolutional neural networks to accurately identify and segment reservoirs in
satellite images. The dataset consists of 196 RGB satellite images, including high-resolution images from
USGS Earth Explorer and ESA Sentinel Data Hub, from 2000 to 2023.

Keywords: satellite imaging, machine learning, remote sensing, climate change, environmental monitoring.
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I'PHTH 50.53.19

Ka3zakcranga oraHablK 6HiMIepai :KapHamajiay MeH caTry OHM3HeciH YilbIMIACTBIPYAbI
aBTOMATTAHJBIPY daicTepi

Jlomerken Baiiroxkanoa®™, Haoupa Epmexosa?, Anremip Caéantaes °

ald AxmapaTThIK TEXHOJIOTHSIIAP JKOHE MHKEHEPHS KOFapbl MEKTe01, ACTaHa XaIbIKAPaIIbIK
yuusepcuteti, 010000, Acrana, Kazakcran

Odusuka-maremaTuka paxynpreTi, lmusic XKancyripos areinaarst XKericy ynuBepcureti KE AK
040000, TangeikopraH, Kazakcran

AKMapaTThIK TEXHOJOTHSIIAP JKOHE MHKCHEPUS JKOFaphl MEKTeO1, ACTaHa XaIbIKapallbIK
yausepcuteti, 010000, Acrana, Kazakcran

™ ABTOP-KOPPECTIOH/ICHT.

Angarma. Makanajia OTaHABIK OHIMICP/l >KapHaMaiay d>KOHE CaTy calachlHIarbl OW3HeC-TpoIecTepi
ABTOMATTAaH/BIPYIbIH TCOPHSUIBIK HETi3epl MEH OHBI JKY3ere achIpyAblH dfic-Taciiuepi oepineni. CoHbIMEH
Katap, OTaHIBIK TayapliapJblH O9ceKkere KabieTTUTITiH apTThIpyFa KOMEKTECETIiH 3aMaHayl TEXHOIOTHsIIap
MeH Kypalaap KapacTeIpbliaabl. 3epTTey Ieri HeTi3ri MaKcaThIMbI3 — OTaHBIK OHIMJCP/I KapHamanay KoHe
caTy callachlHAarbl OM3HEC-TIpolLecCTep i YHBIMIACTEIPY MEH OJapibl PAKTHKaa KY3€ere achbIpyIblH TYpIi
omicTepiH KOMIILTIK KayblMFa YCBIHY, aj, 3epTTey OOBEKTICi — OTaHABIK OHIMIEp MEH Tayapiapiabl
’KapHamajay MeH caTy OOJIbII TaObLIa b1, 3epTTeY KYMBICHIHBIH KaHAIBIFB — OTaHIBIK Tayap eHIipyIIiiepre
OaFrbITTaJIFaH JKapHaMa MEH OHIM/I ©TKi3y i aBTOMATTaH IbIPY/IbIH HHHOBALIUSIIBIK, SFHH YKaHAIla TICUIACPIH
a3ipIiey JkoHEe eMipJe KOoNIaHbIcKa eHri3y. COHBIMEH KaTap, YCHIHBUIBINT OTHIPFAH TOCINT 3aMaH Tana0blHA cail
ABTOMATTAHJABIPY SAICTEPIH XKEPriliKTi eHIIPUITeH eHIMIepIl KapHaMalayFa >KOHE caTyra OarbITTaiFaH
Oipereii memimaepMen OipikTipyai ke3neini. Kenemekre, 3epTTey KYMBICHIHBIH HOTHKEIEPIH OTaHJBIK p-
TYpJl cajiaja: MbICAJIbl, MEIUIIMHAA JCHCAYJBIKTH CaKTayFa apHaJfaH ©HIMJICPJi, HaKThl OHIM pETiHJe
«rnoban TpeH» KOMIaHMACHIHBIH HaHO-Oanb3aMm, [1aBiIoB chpuHT, oifeniepre apHaJFaH Telb JKOHE Tarbl
0acka J1a eHiIMIEpiH, aybUI-IIapyabUTBIFBIHIA OHIIPLUIETIH a3bIK-TYIIIK HEMECE XaIIbIKKA TYThIHYFa apHAIFaH
KHIM-KeIlleKTep MEH TeXHHUKAJIBIK KYpajap, SFHU TayapliblK OHIMAEPi JKapHamallay MEH CaTy[Abl op-Typii
KOCIIOpBIHIAp MEH KOMITAaHUsUIapFa KOJJIaHBICKA SHTi3yTe YChIHYFa 00JIa/Ibl e ecenTenmis.

Tyiiin ce3nep: oTaHIBIK 6HIM, XapHamanay, caTy, Ou3Hecc-mpolecc, 3amanyu osxicrep, Global trend,

aBTOMATTaHABIPY.
Panasonic), AKII, California (Apple), AKIL,
Kipicne New York (IBM), I'epmanus (Siemens), Keitai,
Kasipri 3aMaH/a, 013111 emmizge Hong Kong (China Mobile), IlBeuns,
aKmaparThlK  TexHonorusmapabl  kes-kenreH — Stockholm (Ericsson) jkoHe Tarbl na Oacka

cajlara KOJJaHy KapKbIHIbI JaMyjaa Jen aiita
alaMbl3, artan aitap Gosicak, Oimim Oepy, OaHK
cajlachl, MEIMLIMHA, XaJIbIKKa KbI3MET KOpCETY
YKOHE Tarbl J1a 0acKa KenTereH cajanapaa Kenoip
TM MEMIIEKETTEPMEH CaJbICTBIPFaHIA
KETICTIKTEPIMI3 JKaKChI KOJIFa KOUBLIIFAH JIEyTe
Oomanbl. An, 6ip OKIHIMITICI, 197 OCBI Mep3iMJie
QJIEMHIH «En ipi TEXHOJIOTUSIIED)
KOMIaHUsTIapel Oap MeMmIeKeTTepne, acipece
aKmaparThblK TEXHOJIOTHSIapbl ©T€ JKOFaphl
nepexene nambirad Kopes pecniy6nukacsel, Ceyin
(Samsung  Electronics), amonuss (NTT,

MEMJIEKETTEPMEH KAaCBIPAThIHBI KOK, ©31MI3/l
CaJIBICTHIPA AIMAUTHIH JOPEKEIEMI3.

Texk KaHa aKmapaTrThlK TEXHOJIOTHSIIAP.IBI
IIBIFApPAaTBIH €MeC, OJapAbl KOJIJIaHy Cajachl
OoiibIHINIA ©3T¢ eINICH aNapbIMbI3, YHPEHETIHIMI3
oTe KoIl. AKMNAapaTThIK TEXHOJIOTHSIIAD JKOHE
JKacaH bl HHTEIUIEKTIHIH 6Te )KOFaphbl Jopexee
JaMybl MEH OJapAblH Ke3-KelTeH cajana
KOJIJAaHBICKA EHTI31Tyl Ke3eK KYTTIpMEHTIH
eszekmi Mmacenenepoiy Oipi. JKorapeima arbl
aTajJfaH OKOHE aTaJMail KajgFaH  KaHIa
MEMJIEKETTEp/Ie aKMapaTTHIK TEXHOJIOTUSIIAP IBI
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KAHIIANBIKTBI OHIIPIN HapbIKKa IIBIFapybIHA
YKOHE OJIaH KepeMeT Taijara KeHemyiHiH OipeH-
0ip cebeOi, onmapaa OM3HEC MPOIIECIHIH JKOFAPHI
neHreiae namysl 6osbim oteip. Coit cebenTi, 013
TEXHOJIOTHSI OHJIIpMEeceKk Te, em OoysmMaca
Kazakcranma OHTIPUIETIH eHIMICP/II
»KapHaMaiay MeH oJIapAbl caTy OOibIHIIIa OU3HEC
MPOIIECIH aBTOMATTAHABIPY/IBIH 9iC-TOCUIAEPIH
UTEepPYydiH Kadcemminiei TywblHOaWAbL. Mine,
OI311IH 3€epTTey KYMBICHIMBI3bIH O3€KMiNiciH
OCBIJIaH aliKbIH Kepyimisre Oomansl. JKorapeiia
KEJITIPIITeH MOJIIMETTEPl HeTi3re ajga OTHIPHII,
OI371H 3epTTey IKYMBICBIMBI3JIAFBl KO3JIETCH
MaKCcamvimbi3: Kazakcranma OHTIPUIETIH
OTaHJBIK OHHMJCPl >KapHaMajay >KOHE caTy
OapbIChIHIA OWM3HEC NMPOLECIH YHBIMIACTBIPHITI,
oNapIel  Ky3ere acelpy/la  aKMapaTThIK
TEXHOJIOTUSUIAP/IbI KCHIHEH TaialiaHy apKbLIbl
aBTOMATTAHABIPY  KYMBICTAPBIH KYPTi3YIiH
OMIC-TOCUINIEPIH  3€pTTEy IKOHE 1C-XKY3iHAe
KY3€re acblpy OOJIbIN TaObLIAbI.

MaTtepuanaap :KdHe djicrep

bi3 3eprreyimiznin Oy OeniMiHIE KaIbI
Kazakcranma oOTaHOBIK OHIMAEDP OHIIPYII
KapHamaiay MeH cary OObIHIIIA >KalIbl OU3HEC
mporieci Kamail namyma? — JIeTeH cypakrapra
KBICKaIIla TOKTAJIBIT ©TKEeH/ 11 K6OH KopiK. bi3aiH
eMI3/Ie COHFBI JKBUIAAPBl OTAHJBIK OHIMIEPII
OHJIIPY KOHE OHBI HApPBIKKA IMIBIFAPBIN CaTy
OolibIHIIIa OM3HEC MpOolIec )KaH-KaKThl OlpHeIIe
OarpITTa JaMBII KEeael.

MewmnekeTTik Koijaay. busHec xacaiiMblH
nereH  opOip  KOocimKepre  MeMJIeKeTiMi3
TapamblHaH KOJJay Kepceruryae. ATam auTtap
0oJICcaK, yKiMeTiMi3 OTaHOBIK OHIM
OHJIIpYLILIEepl KOJIAay YIIiH TYpAl
Oarapiamanap MeH cyOcuausiap eHrizurye.

Kacinkeprnepre KapKBUTBIK KOMEK
KOpCeTUIedl, CalblK KEHULAIKTEepi >KacaJbli
WHOPaKYPBUIBIMIBI  TAMBITY apKBUIBI  JKy3ere
achIpbLIAJIBL.

NuHoBammsmap  (KaHAIAJIAaHIBIPY)  MEH
TEXHOJIOTHSIIAP. Kenreren 1piJTi-yCcaKThl
KOMITaHWSJIAp KapHaMmajayFa J>KoHE HapbIKKa
IIBIFApyFa KaHa TEXHOJOTHUSJIApIbl  EHTI3y
apKbLIbI OHTIPUITeH OHIMHIH carachelH
apTTBIPYFa KOHE OHIIPIC THIMIUITIH >KOFaphl
JICHreiire KeTepyre ar cajibicylda. by aric,
ocipece aypll IMIAPYalIBUIBIFBIHIA €T, CYT

OHIM/JIepiH OHEepKaciOiHAe  alKbIH
Oaiikamyna.

OKCIOPTTHl  JJAMBITY. Kazakcranusig
SKCIOPTTHIK OJIEYETIH apTThIPYy MaKcaTblHAA
OTaHJBIK OHIMJEpPIi IIeTel HapPBIKTAphIHA
HIbIFapy YIIIH MapKeTUHITIK CTpaTerusiap MeH
KepMenep yibiIMaacTeIpeiIyaa. Omap OipHemie
KE3€H/11 KaMTH/IbI. |- Ke3eHe HapbIKThI 3€pTTEy
KaXeT SFHHU, MYH/Ia HapbIKTHIH KAXKETTLTIKTEpPIH,
OocekenecTepil  JKOHE  TYTHIHYILIBLIAPBIH
TaJanTapblH  aAHBIKTAY  MEH  MAaKCaTThl
HapBIKTapAbl TaHAaW OuTy KaxeT. AJl, eKiHI
HET13T1 Ke3eHHIH 0ipi - MApKETHUHITIK CTPATErus:
MYHJa OpeHO KalbIITaCThIPY KEpeK, OJ YIIiH
OTaHJBIK  OHIMJEpJIH  camachblH,  Oacka
OHIMJIEP/ICH  CPEKIICTIKTEpIH JKOHE  OHBIH
apTHIKIIBIIBIK TYCTApBIH 0aca KOpCEeTy KaxKeT.
ConbIMeH Katap, 6aea cascaThlH aHBIKTAY YIIiH,
Oocekere KaOuieTTi Oara TarallblHAAy >KOHE
Tapary apHaJlapblH TaHJayFa JUCTPUOBIOTOpIIAp,
online miaTdopmManap maWbIHAAY KaKETTLIIT
TyblHTaiab1. Keneci kesenaepae: xanvixapanvly
NeHreiine  Kepmenep  MEH  JcapmenKelep
yUBIMIACTBIPY, MyHJa OaillaHbic  OpHATY
apKbUIBI  XQJIBIKTBl ~ OTAHIBIK  ©OHIMAEPMEH
TaHBICTBIPY  JKy3ere acelppuiazbl.  KepHeki
MaTepuaiiap, eHIM YIriiepl MEeH akKlapaTThIK
MarJiyMaTTapMeH KaMTamachl3 €TIJreH Kepme
KaObIpFajapbl skacaliajbl. OJIEYMETTIK JKeJiaep

eHJIey

UHTEpHET  apKplIbl  JKapHamajap  »kacay,
MaKajajap ka3zy, HMHTEpBBIO MEH IIpecc-
penusnep okyprizizeni. CoHbIMEH — Katap,

TYTBHIHYIIBUIADMEH Kepl OaillaHbIiC OpHATY/IbI

KapacTelpy, IHiKipaqMacy >KOHE YCBIHBICTap
’Kacay, Kemuiaik Oepy MEH TEeXHHUKaJbIK
JKarblHaH KOJJAay KepceTy apKbUIbl caTyFa

KOJJay KOPCETUIN HOTHXelep OaranaHapbl.
OcpIiHgail omicTep MEH CTpaTerusuiap apKbibl
OTaHABIK OHIMIEPAl THIMII >KapHamMasay
HOTIKECIHJIE HKCHOPTTHI JKOFaphl JopeKese
JIaMBITyFa OOJIaJIbI.

TyTeHYmBIIApAsIH ~ cypaHbichl.  COHFBI
KBUIIaphl OTaHJBIK OHIMJEPIe NEreH CYpPaHbIC
apThIl  KeNe KATKAHABIFBIHBIH  Kyorepimis,
OUTKeH1, >KaJIbpl MeramoJirocTepie, SFHU 1pi
Kajanapaa TYPaThIH XalblK JIEHCAYJIBIKTapbIHA
MoH Oepim, ocipece SKOJOTHSUIBIK Taza MKoHe
canayibl TaOWFU OHIMAEp TYTBIHYFa JI€H KOS
Oactampl. Jlemex, Oyl TYTHIHYHIIBUIAPIBIH
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OTaH/IbIK OHIMJIEpre JIeTeH CEHIMIHIH TypaKraia
OacTaraH]IbIFBIH KOPCETE .

Kacinkepmik MOJICHHET. Kacinkepiik
MOJICHUETIHIH JaMybl, AKacTapAblH
KOCIMKEPIIKKE KBI3BIFYIIBUIBIFBIHBIH MOJIAIOBI,
cTapTar >xo0anap/ibiH KeOer0i OTaH/IbIK OHIMHIH
OH/IIpiciH apTThIpyFa 30p BIKIIAJIBIH
TUTI3YyJIe.)KOFaphlJla  KENTIpIIreH QakTopiap
eliMi3le OTaHABIK OHIM OHAIpy MEH caTy
OapbIChIHIa OM3HEC MPOIECIHIH JaMybIHa JKaKChI
cenTirin turizyne [1].

XKorapsina aTayFaH TEOPUSIIBIK
HeTi3/IeMeNepai pacTaybIMbI3 YHIiH OipHemie
HaKTbl MbICAJIIAp KENTIpreHaAl Jyphic Jem
ecentemik. Kaszakcranma OTaHIBIK ©HIMAEPAI
KapHamaiay »JKoHE OHBlI HapblKKa MIbIFapy
OoiipiHIIa OU3HEC MPOIEC] dp TYpHl caiainapaa
OipHeme OaFpITTa JaMbIll  >KAaTKAHBIFbIHA
KyoMmi3. Atam aiitap Ooscak, "KazMynaiil a3":
DHepreTuka CEKTOPBIHIA KETEKIli, MyHall MeH
ra3 eHJipy/ieH YJIKeH naiiaa okeneni. "Ka3zakcran
Temip JXKoawr": Jloructuka MEH TachIMalIay
CaJlachIHJIa MaHBI3ABl POJ  aTKapaabl >KOHE
eNiMi3/ie 9KOHOMHUKAHBIH JaMybIHA €PEeKIIIe ocep
erenl. "KasMymnaiil 'a3" sxone "Kazakcran Temip
Konwl", enaiH SKOHOMHUKAIBIK JaMybIHa 30
ocep ereni. "KasMymnaitl'a3" koMmmaHHsICHI
KazakcTtaHHblH MyHail oHEe ra3 CeKTOpBIHAA
KETeKIl OpblH anaabl. OHBIH  eHIMIEpI
HEri3iHeH Kejeci eJjepre AKCIOPTTalIajbl:
KpiTaii - Ka3zakCTaHHBIH MyHal 3KCIOPTHIHAA
MaHbI3ibl  HapblK. "KazMynaiil'a3" wyHalibiH
KpiTaiira >keTkizy yIIiH apHaibl KyObIpiap
xyheci Oap. Peceit - Kaszakcran men Pecei
apachlHIaFrbl MYHAl TaceIMaliay KeliciMmjaepi
asceiia, "KasMymnaiil'a3" enimuepi Peceii
HapbIFBIHA Ja IIBIFapeuiafel. Eypoma emmepi -
KazakcTtanHplH = MyHaiibI Eypomara na
IKCTOpTTaNabl, acipece Uranus, Hunepnanabt
xkoHe ['epmaHust CusKTBI enjepre. Typkus -
Typkus Ja Ka3zakctanHbIH MYHalbIH
UMIOPTTalTHIH enaepain Oipi. "KazMynaiil a3"
KOMITAaHUSICHI XaJIBIKApaIbIK HapbIKTa OoceKere
KaOineTTi 00y YIIiH, SKCIOPTTHIK OaFrbITTapbIH
KCHEWTyTe JKOHE »aHa HapbhIKTapFa IIBIFyFa
THIpBICAIbl. All, aybUIIIapYyalTbIIBIK OHIMACPIHE
HETi3/eNTeH, ATpPOOHEPKICINTIK KemieH Oap:
MyHJa, 013 emiMi3[iH oleMJeri eH ipi acThIK
OHMIpYIIUIepiH  Oipi  eKeHMITIMI3l  JKaKCHI
Oinemis. OtannbIK bepmepraep MEH

arpoKOMITAHUSIIAP 3aMaHAYH TEXHOJIOTHUSIIAPIbI
acTBIK OHIIPY OapbhICBIHIA THIMII KOJJIaHY
apKbLIbI OHIM/IITIKT1 KBULIAaH-KbBLIFa
apTTBIpyJla, MYHJAl  JKETICTIKTEDP  KOHLUI
KyaHTazpl. COHBIMEH KaTap, arpOeHEPKACINTIK
caianblH Tarbel Oip xetictiri "CyTt enimaepi",
OHBIH IIIIHAE CYT, WOTYpT, IpIMIIK, KaiMak
XKoHe T.0., aFapFaH TYpJIepiH eliMi3ie KeHIHeH
TyThIHBLIAABI,  MbIcaibl  "Cyr  (Monoko)"
KOMITAHHSCHI CYT OHIMIEPIH OHJIPYACKETEKII
OpBIH ayajbl JKOHE IMIKI HapbIKTa Odcekere
kabimerti. Au, "ET enimzaepi" camackiHaa
OTaHJIBIK OpEHATEp, CHUBIP, KOW >KOHE KBUIKBI
eTTEepiH OHIPY OoMpBIHIIIA MBICAJTHI,
"Arpopupma Ceibara" xoHe "Arpodupma
Tanankep", HapbIKTa OOCEKENECTIKKE KaOIIeTTi
OHIMJIEp YCHIHYAa EpeKIle >KETICTIKTepre Ko
)ketkizyae. "ET enimmepi"- ge imki HapbIKTa
JKOFapbl CYpaHbICKa M€, COHbIMEH Katap Pecei,
KeiTaii xone Eypona ennepine skcrnoprranabl.
KazakcranpiMbi3na ¥H 6HIIpici A€ >KeTeKIi
opbIHJa, aran a#WTcak, "KazakcTtaHHblH YH
Onnipyminep Oparel" engeri yH OHAIPICIH
JAMBITYFa JKOHE DKCIOPTKA IIbIFapy/aa ISy
pouib atkapajsl [2, 3].

Texnonorusinelk ~ craprantap. [T-cekrop:
Kazakcranna IT craprantap canbl apThIl KelleIl.
Mpicanbl, "Chocotravel"  oTaHIOBIK TypHUCTIK
mwiarpopma, on  Ka3zakcTaHHBIH — TYpHUCTIK
OJIeyeTiH JaMBITyFa OarbITTaJIFaH.

@unrex:  "Kaspikz" —  KapXKbUIbIK
KbI3METTEP/Il YCBIHATHIH IUIaTGopma, MYHBI
OopiMI3 Jie KYHJENIKTI cayAa »)acayJda THIMII
naiijanaHynambi3, JIeMeK, Oy  OTaHIBIK
OW3HeCTI KaHapTa TYCYyJE€ aca MaHBI3JIbI pell
aTKapyza.

"Global-Trend" KOMITAHUSCHl MEIULMHA
CalachblHBIH  ambTEpHATUBI  peTiHAE  aJaM
JICHECIHE KaXKETT1 JOPYMEH ISP MCH KYH/IBI a3bIK-
TYJNIK OHIMAEpIH OHIIpyAe WHHOBAIMSIBIK
TEXHOJOTHSUTAPABl  KOJIZJaHA ~ OTHIPHIN, OHIM
camachlH apTThIpyJa KOHE HapbhIKTa OoceKere
KaOl1eTTi eKeHJIrH oJIeMre maml eTyJ]e JEceK,
Karejecreiimiz.  OiTkeni, Oyrinme, Oy
KOMIIAaHUSHBIH ajJiaM ar3achlHa ©Te Ial bl
OipHemie eHiMzepi Oap, aram aiitap Ooscak:
Hano texnonorusimapmen enpuipuiren Pavlov
Spring KOHIIEHTPATHl HETI31HJE KacajafraH HaHO
Oanb3amap, KYHI3T1 %KoHE TYHT TiC MmacTagapsbl
KeIIeH Il TypJie eMre MaiiJaTaHbUIa bl, COHBIMEH
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Karap, oHenjepre apHajJFaH KOCMETHUKAJBIK
OyibIMIap MEH TelibJiep JKOHE OHKOJIOTHSUIIBIK
aypyiapabl  OKEHUIIETYre  JKOHE  allFallKbl
cragusceiHna emaeyre apHanraH  "Global-
Trend"- TeHmeci XOK KepeMeT eHimzaepi Oap.
byrinri KYHI, XaJIBIKAPAJTBIK JIeHrenae
caTeUTbIMIA. ATan aitap Ooscak, Keitaii, Peceit,
Typuus, I'epmanus, Eypona  emnepine
aKcroprTaityaa [4-5].

"buocdepa" KoMIaHUICH IKOJIOTHSIIBIK Ta3a
OHIMJIep IMIbIFapajbl, Oy OTAaHIBIK OHAIPICTI
JaMbITyFa yiec Kocyna. Ownatin OykeHOep:
"Sulpak" xone "Technodom" CHAKTBI OTaHIBIK
KOMIIaHUsJIap OHJIAMH cayna miaTdopManapbiH
JaMBITBIN,  TYTBIHYIIbUIAPFA  3JIEKTPOHIIBIK
KOMMEPIIHSI JKacay /Il ’KY3€re achIpyFa bIHFAIIbI
KBI3METTEP YCBIHBII OTHIP.

biz kaszip, Kazakcranma oTaHIBIK ©HIMICD
OHJIpY/l JKapHamaliay MeEH caTy OOWBIHIIA
JKaJbl OM3HEC TMpoleci Kanai namyna? — ere
CypakTapra kayam Oepcek, eHOiri Kepiae
OTtanablK eHIMAEPAl >KapHamalay MEH caTy.bl
yiipIMIacTeIpy OOHBIHIIA OW3HEC TPOLECiH
aBTOMATTaHABIPYABIH  OlpHEIe  adicmepine
KBICKAIlla aHbIKTamasap Oepin eTeuik.

CRM Kyitenepi: KiaueHTTepMEH KapbIiM-
KatbiHacTel  Oackapy  (CRM)  xyilenepi
KIMEHTTEepMEH OalilaHblc  OpHaTyfa, cary
mporeciH  OakpllayFa JKOHE MapKETHUHITIK
HayKaHAapAbl aBTOMATTAaHABIPYFa MYMKIHJIIK
Ooepeni.  Mpricamet  HubSpot,  Salesforce.
DNEeKTPOHJBIK KOMMEpLUs IUaTGopmaapsl:
Shopify, WooCommerce cuskThI mtatdopmaiap
apKbUIbl OHJIAMH JYKEHJAEp allbll, eHIMIepAi
caTy TpOLECIH aBTOMATTaHIBIpyFa OOJabI.
MapKkeTHHITIK aBTOMAaTTaHIBIPY Kypaaaphbl:
Mailchimp, Marketo  cuskTel  Kypanmap
JIEKTPOHABIK TOIITAa MAaPKETUHTIH, 9JIE€YMETTIK
Meaua KapHaMalapblH JKoHE Oacka Ja
MapKETUHTTIK HayKaHAap bl aBTOMATTaHABIPYyFa
kemekTeceni. [epexrepai Ttammay: Google
Analytics, Yandex.Metrica CcHIKTBI Kypajjaap
apKblIbl BeO-CaWTTHIH Tpa(UriH, KIUEHTTEPAIH
MIHE3-KYJIKbIH JKOHE CcaTy KepCeTKIIITepiH
tangay. Caryaer aBromartannbeipy: SFA (Sales
Force Automation) »xylenepi cary mnpoueciH
aBTOMATTaHABIPYFa,  CaTy  KOMaHIAChIHBIH
OHIMJIUIIMH apTThIpyFa OHE KIMEHTTepMEH
KapbIM-KAaTbIHACTBl ~ JKaKcapTyFa  MYMKIHJIK
Oepeni. OneymeTTik Meaua 6ackapy: Hootsuite,

Buffer cuskTel Kypangap oneyMeTTIK Meaua
wiargopmanapblHia KOHTEHTTI JKOCMapiayra
KOHE JKapuslayra Kemekreceni. Yar-O6ottap:
Beb6-caiitrap MEH QJICYMETTIK Meara
atopManapbiHIa KIMEHTTEPMEH OalIaHbIC
OpHaTy yUIiH 4ar-00TTapAsl  MaiijanaHy.
Bebunapnap MeH OHJaiH KypcTap: OTaHIBIK
OHIMJIEp/Il TAHBICTHIPY YIIIH BeOMHApjap MEH
OHJIAMH Kypcrap yibIMaacTeipy. Enpiri xepae
KapHamaay 9liCTepiHe YKaJIbI IOy JKacailbIK.
OTtanapIK ©HIMIEP/l XKapHaMamay aaicrepi [6].

[udpablk MapKeTHHI. OIIEYMETTIK Meaus
JKapHaMachl: QJIEYMETTIK JKEJIep apKbUIbI
MeAua >KapHaMmachl LUQPPIBIK MapKETUHITE
HEeri3ri pen arkapanael, onap: Instagram,
Facebook, BKonrakre, Tik-Tok — cekinai
maTdopMaliap apKbUIbl KapHama Oepy OO0JIbII
TaObLIaIbI. Mpicabl, Instagram-garb1
JKapHaMasap BH3YaTU3NHUACH apKbUIbl OHIMHIH
epekienikTepin kepcery. OprTamia craTucTHKa
OoiiplHIIa,  Meama  rIaTGopMarIapeIHAAFbI
kapHama ROI wuHBecTHIMS KaWTapbIMbIH 4-6
ecere JICHiH YJIFAalTyFa CENTITiH TUTI3eI.

WudmroeHcepnik MapKeTHMHT - T€ KOFaphbl
OKbIpMaHAapbl Oap OJiorepiepMeH HeMece
TaHbIMaJ TYJIFalapMeH BIHTBIMAKTaCTBIK
Kacayapl TOJBIFBIMEH MEHIepreH OacIIBIHBIH
KO3KapacbIMEH 01311 KITMEHTTEePIMi3/IiH
KO3KapacTapbIHbIH COMKEC Kellyl 0T€ MaHbI3bI.

KoHTeHT-MapKeTHHT - ieTeHiMi3 6JiorTap MeH
Makajamap JKazyra, OHIIPUICTIH OTaHJBIK
OHIMHIH  epeKkille  KacHeTTepiH  CHUMaTTaIl
KOpPCETYre KOHE KIMEHTTEPAiH ayIuTOpUsSMEH
OaiiaHbICHIH HBIFAlTyFa JKacalFaH
MYMKIHJIKTEpl 9JeMi KepceTyre apHajFaH
*apHama Qopmartel Oonblll  ecenrteneni [6].
Meicaibl, cayaHamamap jkacay HeMece HOTHKe
aiyra 00JIaThIH OKUFANIap Typasbl aKmapaTTapIsl
KaH-)KaKThI TapaTy >KoHE T.0.

Hoctypmi xapHama — Oepy, Oy OypbIHHAH
KOJITAHBIN KeJie JKaTKaH Teleauaap, pajauo,
tenedoHaapaapabl Kongansin Oepineni. Kannait
na  Oip YJIKeH ayIuTopusl OKUHAY  YLIIH
Telenuaap MEH  paauo  >KapHaMalapbiH
narganany, Kazakcranma, acipece, kactap MeH
orOaceuiapra  OaFbITTalFaH  TEJIEBU3USIIBIK
OarmapiiamManapaa >kapHama oepyai THIMII €TeIl.

lazeTTep MeH >KypHajiaapAaa — OTaHIBIK
OHIMIEP/IIH EpEKIIEeTKTEePIH cumnarTar
Makasalap/abl JKapusiay, HeMece KapHaMalbIK
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napakuranap OpHAIACTHIPY APKBLITBI
)apHamaiap oepy.
CrIpTKBI ~ KapHAMaJlapFa  —  HETI3IHEH

ounbopATap >koHe IuIakaTTap karajsl. Onapisl
CTPATETHSUTBIK OPBIHIAP/IA, MBICAIIBI, JCHCAYIIBIK
cakTay MYHKTTEpiHZe, TyKeHIep MeH Oa3zapiap
MaHbIH/A, SFHU aJaMiap KeIl JKYPETiH el
MEKeHJiep/ie OopHanacTelpy THIMAL. CBIPTKBI
KapHaMa Kell JKarJaiiapia BU3yaIU3allHsHbI,
Hazap ayJapynbl, €CKe caKTayAbl KaMTaMachl3
eTe.

Kepmenep MeH KopMEHKeNep: OTaHIBIK
OHIMJIepAl TIKeNeH TYTHIHYIIBUIAPFA KOPCETY
JKOHE OJlapMeH Tikeleld OaiylaHbIC OpHATYy,
KEeMIIUTIKTep MeH mikipiep ammacy. OTaHIbIK
OHIMJIEp >KOPMEHKENepiHJe TYThIHYIIbUIApAaH
Kepi OalTaHBICTHI )KUHAY J1a MaHbI3Abl. OTaHIBIK
OHIMJIEpII JKapHamajay MEH CcaThlll OHW3HEC
KacayIplH  ONICTepl MEH  MaTepuaygapsbl
3aMaHayW HAPBIKTHIH KAXKETTUTIKTEpiHE >KOHE
TYTBIHYIIBUIAPABIH ~ CYPaHBICTaphIHA  Kapaii
HEr131eJIreH.

JKorapeima aram KepCeTUIreH oicTep MEH
Mamepuanoap — Oyn  OTaHABIK  OHIMIEPII
KapHaMajay MEH CaTylObl  YUBIMIACTBIPY
OobIHIIIA ousHec MPOIIECiH
aBTOMATTAHABIPYJBIH THUIMAL 9icTepl OOJIbIN
TaObLIAIBI.

Hoaruxesep

Kazakcranga oTaHIbIK OHIMII >KapHamaiay
KOHE caTy cajachlHIaFbl OM3Hec-TpoIecTepal
aBTOMATTAHABIPYbl  TalIAayAbl JKaJIFacThIpa
OTBIpBIN,  0i3  JKHHAIFaH  aKmapaTTap.sl
aBTOMATTaHIBIPYIBIH KOCIMOpBIHAapFa

TUTI3€TIH 9CEpiH KOPCETy VIIIH Taijaayjapabl
Kecte — 1 TypiHae yChIHAMBI3 .

«ATaMeKkeH» KOCIMKepNepiHiH Y ITTHIK
MajaTachlHbIH XabapiayblHILA, >KapHaMa KoHE
OHIMJII caTy cajachlHIa AaBTOMATTAHABIPYIbI
CHII3TeH  KOCIMOPBIHAApP  OpTalla  ecelIeH
caThUIBIMHBIH 12%-Fa ockeHiH atam etefi. by
MarjiyMaT TYPMBICTBIK TapaTy apHaJlapbIHbIH
KCHCIIMEH koHe UUpibK Tuiardopmanap
apKbUIBl KJIMEHTTEPIIH OTAaHJABIK OHIMIEPI
HEFYPJIBIM THIMJII CaThII aIyMEH OalaHBICTHI
00JIBIII TaOBLIAEL.

CraTucThKa KOMHTETIHIH  MOJIMETIHIIE,
aBTOMATTaHABIPY MPOLIECTEPl OHTAIIaHIBIPY
JKOHE KOJI €HOCTIH KhICKapTy eceOiHeH 001aThiH
HIBIFBIHIAPBIH opra €CeIlneH 18%-ra
TOMEHETYre MYMKIHJIK OepeTiHAIr aiThUIFaH.
An, KazakcTaHIOplK HHIYCTPUSHBI JIaMBITY
WHCTUTYTBIHBIH  3epTTeysiepi  OoWbIHIIA -
KOCIOphIHAApaH OepiireH TarChIPhICTAPIbI
OHJIEY YaKbITBl 5 KyHHeH 1,5 KyHre neifin

KBICKApaTBIHBIFI  JIONICIJICHTeH.  MyHpai
HOTIDKENIEPIiH OO0Jybl KIHMEHTTEpre KbI3MET
KOpCEeTyAl JKeHUIAETIN, >KaKcapTaabl KoHE
TYTBHIHYIIBUIAPABIH ~ aJaJIBIFBIHBIH  apTybIHA
CEIITITH TUT13€EI].

KazakctanupiH = 1UQPABIK  SKOHOMHUKACHI

xeHiHzeri JyHnexysinik OaHKTiH ecem OepyiHe
KaparaHja, OTaHJIbIK OHIMIEP/Al >KapHamalay
MEH caTyJbl aBTOMATTaHIBIPYy  IPOLECIHIH
KOCIMOPBIHAAP/IBIH €HOEK OHIMIUTITIHIH JKaJIIbI
ociMiH 5-7% - Fa apTThIpyFa bIKHAJ €TeTIHJIr
aHBIKTaIFaH [7].

JKorapbiia KenTipireH MaFrayMaTTap/bl €CernKe
ala  OTHIpBINI, TeMeHAerime 1 - KecTe
KYpybIMBbI3Fa Oonazs! [8].

Kecte 1 — busHec mpoleciH aBTOMATTaHABIPYJIBIH Ka3aKCTAaHIBIK KOCIOPBIHIAP KbI3METIHIH

MaHBbI3/1bl KOPCETKILITEPIHE dcepl

Kepcerkim ABTOMATTAHABIPpYFa ABTOMATTAHABIPYA
Aeiiin aH KeiliH

CatbuibIMHBIH 6cyi (%) 0% 12%
OnepanysnslK MWBIFBIHAAPIBIH 0% 18%
temenieyi (%)
TanceIpbICTBI OHIECY YaKbIThI 5 KYHHEH 1.5 xynre
(kyHzIED)
EnOek eHIMIUIITIHIH 6CiMI 5% 7%
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Tannay

3epTTey JKYMBICHI OOWMBIHINIA >KYPTi3LIreH
JepeKTepre Tajjay jkacay — CTpPaTEeTHSUIBIK
menrmaep KaObu11ay 12 0acTel pei
aTKapaThIH/IBIFbIH, COHBIMCH Karap,
TYTBIHYIIBUIAPJBIH MiHE3-KYJIKbI, HapBIKTHIH
cepmiHiH KOHE Ou3Hec-TpoLecTepAiH
THIMJIUTITT TypaJibl aKnapaTTap/ibl )KHHAY KOHE
eHJIeY, KOCIMOpBIHAAPFa 3aMaHayu
e3repicrepre  Te3  Oedimaenyre  JKOHE
OocekenecTep/ieH O3Bl KEeTyre MYMKIHIIK
OepeTiHIrH KOPCETTI.

XKeprimikri  HapbIKTa  OOCEKENeCTIKTiH
KYIIEr1 Oy KyHeNlepiH TYPaKThUIBIFBI MEH
TUIMAUTITIH aliTapibIKTal Jopexene
apTThIpyFa MYMKIHIIK OepeTiH KYObLIbIC
Oonpll  TaObUIAABI.  AJaiima,  OTaHIBIK
OHIMICPMEH ousHec xKacaybl
ABTOMATTAHIBIPY nporieci Oipkarap

Keoepeiniepmern O€TIE-0ET KN OTBIPAJIbI.
OwbIH HeTi3riIepiHiH 0ipi, KapKbUTAHIBIPYIBIH
JKETKUTIKCI3IrT ~ JKOHE  Ka3ipri  3aMaHFbI
TEXHOJIOTHUSUTApFa, dcipece IIaFblH JKOHE OpTa
KOCIIKEpITiK YIIiH KOJDKETIMAUTIKTIH
MICKTEYIUTrT  OoNbim  TaOblIaabl.  MyHa
KarJainapAblH OpbIH allybl WHHOBAIMIIAP
KapKBIHBIH OOCEHETIN, Y3aK Mep3iMJii Ou3HeC
KOPCeTKIIITEepiH TOMEeH 1eTyl MyMKiH. Tarbl aca
MaHbI3NbI  (pakTopnapabiH Oipi — AT >xoHe
IUGPIBIK MapKETUHT CalachbIHAAFbl OLUTIKTI

MaMaHJapAblH  KeTicrieymrimiri.  OTaHabIK
OHIMJIep/l JKapHamalay >KOHE CaTbUIbIMFa
mpiFapy  OoMbIHIIA  OWM3HEC  jKacaysl

aBTOMATTaHBIPY MpoLEeci TAOBICTHI 00Ty YIIIH
MaMaHAapAbl OKBITYyFa >KOHE OUTIKTUIIKTEPIH
apTTBIpyFa MHBECTHLMSATIAPABI Tajlal eTeml.
OchiHmaili  ©3eKTI  Mocenenepal  Ientye
MeMIIeKeTTIK Oarnapiamanap Oimim  Gepy
OpPBIHAAPBIMEH BIHTHIMAKTACTBIKTa MAaHBI3/IbI
pen arkapa anazasl [9, 10]. ConsiMeH Kartap,
JEPEeKTePAiH KAyllCi3Airt MeH akKmaparThl
KOpFay MoceJiesiepi Jie epeKile Ha3ap ayaapyabl
Tajam eTrell, OWTKeHI, UHU(pIaHIbIPyIbIH
ecyiMeH KuOepkayinrep Kaymi apTa Tycei,
MyHJall  JKarjald  TYTBIHYIIBUIAD  MEH
CEepIKTECTEep/iH CEHIMiHEe Kepi acepiH THTri3yi
mymkiH.  Com  cebenTi,  KOCIMOPBIHIAD
aKnapaTTapAbl KOPFayJblH Kazipri 3aMaHFbI
o/IiCTEpIH KETIK MEHrepyl >KoHE KayilCi3JiK

KYHenepiHe YHeMi ayIuT XKYPri3il OThIpYIaphl
Ka)XXeT JIeT eCenTeMis.

KopbITbIHABI

KopbIThIHIBIIAN Kelle, OTaHABIK OHIMIep.i
»KapHaMaJiay JKOHe caTy CallaChIHJIarbl OM3HECTI
YUBIMIACTBIPYBl ABTOMATTAHIBIPY OTAHIIBIK
KOCIMOpBIHAAPBIH ~ Oocekere  KaOlLIeTTUTITIH
apTThIpy/la MAaHBI3ABl CTPATETHSIIBIK OAaFbIT
0O0JIBIIT TAOBUIATHIHBIH aTall OTKEH JKOH.

Kazipri 3aMaHayu TEXHOJIOTUSITAP B
OTaHABIK OHIMJIEP/I1 IET eACP MEH 63 eIIMI3IH
TYpPFBIHIAPBIHA KapHAMaam CaTyabl JKy3ere

achIpyIbl YHUBIMIACTBIPY OOWBIHIIA OW3HEC
CaJIaChIH aBTOMATTAHJIBIPY apKBLIIBL,
MapKETHHTTIK HayKaHAapAbIH IAJIITIH

apTTBIPyFa, KIHMEHTTEPre KBI3MET KOPCETY/Ii
JKaKCapTyFa >KOHE IIBIFATHIH  IIBIFBIHIAPBI
azaiiTyra OOJAaTBIHIBIFBIHA KO3 KETKI3IIK.
byriari  kyHi, MewmuekeTimizne  OypbIH
kaoputmanran «L{udpieik Kazakcran», keiiH,
[IaFBIH OpTa OW3HECTI KoJiJayFa apHallFaH
«busnectiy  xom  kapracel - 2025»,
«Kapamnaiipim 3aTTap 3KOHOMHKACBD) >KOHE
«Kacinkepiik cyObeKTiIepiHe KEHUITIKIIEH
Hecue Oepy» Oarmapiamanapbl — CHUSKTBI
YKIMETTIK Oacramanap - Ou3HECT1
UG PIaHIBIPYIbI BIHTAIAHABIPATHIHBIHA KOHE
OTaHJIBIK OHIMJEpAl >KapHamajay MEH cary
OM3HECIH KOJFa aia OTHIPHII JKOHOMHKAHBI
QJIEMJIK JIeHreire ketepyre Oojaabl JereH
TYKBIPBIM Kacaibl.

AKMapaTThIK TEXHOJOTUSUTAPABIH JaMybIHA
WHBECTUIMSUIAD TapTy ICKEep MaMaHIapbl
Jasipjlay MeH 1piuli-yCcaKThl OM3HECTIH TYpPaKThl
JaMyblH KamTamacbl3 eTy KazakcTaHHBIH
kahaHIBIK ~ SKOHOMHUKAIAFbl  ITO3HIIHSICHIH
HBIFaliTyFa MYMKIHAIK  Oepxai.  OTaHIBIK
OHIMJIEp/l ’KapHamMaylay »oHE caTbUIbIMFa
mpIFapy  OoMBIHIIA ~ OHM3HEC  JKacay/ibl
aBTOMATTaHBIPY ypaici Kazakcran
HSKOHOMHUKACHIHBIH JaMyblHa YJE€C KOCHI,
OTaH/BIK OHIMIEP/I Oocekere KaOUIeTTI eTyre
KeMekTecenl. Op Typai Oacramanmap MeH
OarmapiiamManapiad KOPIHETIH MEMIICKETTIK
KoJ/1ay MUQPIBIK SKOHOMUKAHBI JTAMBITY YIITiH
KOMahnabl  KaFmal — Jkacaael.  MeIcasl,
ANEKTPOHMABIK YKIMETTI XaJlbIKKa KbI3MET
KOPCETYy cajachlHa €HTI31Iyl, OHBIH XaJIbIKKa
KOJDKETIMII O0TyBI efjieri U paasabipy
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JICHIeHiHIH JKOFaphl JOpEeKee 6CyiHe BIKIAT 9KCIOPTTHIK CTpaTerusiapAbl JalblHIAy MEH
eTTI. enje OpeHIuHT HBIFANTHLICA, oHja
Kenewexme, OTaHIOBIK OHIMAEPAlL cary XallBIKAPANbIK JICHTeHIe jKapHaAManay MeEH
OM3HECIH JXKaHa 3aMaHayd TEXHOJIOTHsJIAaPMEH caTyasl YHUBIMIACTBIPY OHW3HECI anja TypraH
KaMTaMachl3 €Tyl WHBECTUIUSIIAY apKbUIBI KOITEreH KHUBIHIBIKTAPFa KapaMacTaH,
3aMaHayu U PITBIK TEXHOJIOTUSITAPbI CTpaTervsUIbIK  TYPFBIJIAaH  MaHBI3Jbl  caja
MHTETpAIUsUIal OTaHIBIK OHIIPICTI JaMBITY peTiHAe >KOFaphl JICHTeiIe OpKeHICH I JereH
THIMJIUTITIH apTTBIPyFa 00JI1aIbI. CEeHIMIEMIS.
Emimizne OHJIIPLIETIH eHIMIepi
XaJIBIKAPAJIBIK ~HapbIKTapFa IIbIFapy  YIIH
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MeToabl aBTOMATH3ALMH OPraHU3AlUM PEKJIAMHO-COBITOBOr0 OH3Heca OTe4eCTBEHHOM
npoayknum B Kazaxcrane

JNamerken Baiiroxkanosa®, Haéupa EpmexoBa?, Antemup CaéanTaes®

abd  Bpicias mkoja MHPOPMAIMOHHBIX TEXHOJIOTHHA W WHXKCHEPUH, MEXIyHapOHbI YHUBEPCHUTET
Acrtana, 010000, Acrana, Ka3zaxcrau
& Owusmka-mareMaTuieckux ¢akynbTeT, JKeTsicyckuil yauBepcuteT nmeHu Wibsca XXanrcyryposa
040000, Tanneixopran, Kazaxcran
Bricmas mkona uHGOPMAMOHHBIX TEXHOJOTUH U MH)KEHEPUH, MeXIyHapOAHBIH YHHBEPCHTET
Acrana, 010000, Acrana, Ka3zaxcran
™ ABTOP-KOPPECIIOHICHT

AHHOTanus. B crathe mpeicTaBieHbl TEOPETUUECKHE OCHOBBI aBTOMATH3al[MM OM3HEC-TIPOILIECCOB B
cdepe peKkambl ¥ MPOJIaXK 0TEUSCTBEHHOW MPOTYKIIMK B METOJIBI ee peanu3anui. KpoMe Toro, paccMOTpPEHEI
COBPEMEHHBIE TEXHOJOTUHM W HHCTPYMEHTHI, CHOCOOCTBYIOIIME IOBBIIICHUIO KOHKYPEHTOCIOCOOHOCTH
OTEYECTBEHHBIX TOBAapOB. Hama OCHOBHAas IeNb B HWCCIEAOBAHWM — TIPEJACTABUTH IMUPOKOW MyOIHKe
pa3NuYHbIE METOJABI OpraHW3allMH OW3HEC-TPOIeCCOB B cdepe pekiamMbl M peau3alydd OTeuecTBEHHON
NPOAYKLIMHM M MX pealu3aluio Ha mpakThke. OOBEKTOM HCCIIEAOBAaHMA SIBISIETCS peKiamMa M peann3alus
OTEYECTBEHHOW NPOAYKIMHM M TOBapoB. HOBHM3Ha HaydHO-MCCIENOBATEILCKOW PabOTHl 3aKIIOYAETCS B
pa3paboTKe U BHEIPECHUU HHHOBAIIMOHHBIX, TO €CTh HOBBIX CITOCOOOB aBTOMATH3AIMY PEKJIAMBI U PeaTi3aiuu
MPOAYKIMH, OPUEHTHPOBAHHBIX Ha OTEYECTBEHHBIX Mpou3BoauTeseld. KpoMe Toro, mpeiaraeMblil OAX0X
MPEIoNaraeT COYETAHWE COBPEMEHHBIX METOJOB AaBTOMAaTH3allMM C YHUKAIBHBIMU PELICHUSMH,
HampaBleHHBIMH Ha TMPOJBMKEHHE W TPOAAXY MNPOAYKIMM MECTHOIO MpOM3BOACTBA. B nanpHeirem
pe3ynbTaThl HAYYHBIX HCCIEAOBaHHN OyJyT HCIONB30BATHCS B Pa3IMYHBIX OTEYECTBEHHBIX cdepax:
HanpUMep, 03J0POBUTENbHAS MPOAYKLHUI B MEAUIIMHE, KaK peaqbHblil NpoayKT komnanuu «I'moban Tpenm»
HaHO-0asb3aM, NCTOYHHK [laBiioBa, renp IS )KEHIIWH U MHOTHE JIpyrHe. Sl cuuTaro, 4To MOXKHO Tpesiarath
pexIamMy ¥ IpoAaXy MPOTYKINH, MPOAYKTOB MUTAHUSA, TPOU3BECHHBIX B CETLCKOM XO3SHCTBE MITH OJEKIBI
U TEXHUYECKOr0 000py10BaHUsI 1715l OOIECTBEHHOTO TOTPEOJICHUS! Pa3IMYHBIM IPEANPUITHIM U KOMIIAHUSM.

KiioueBble cjioBa: OTEUECTBEHHBIH MPOAYKT, peKiIaMa, MPOJaKH, KOHTpPOJb, OM3HEC-Tpolecc,
COBpEMEHHBIE METObI, aBTOMATH3AIIHA.
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Abstract. The article presents the theoretical foundations of automating business processes in the field of
advertising and sales of domestic products and methods for its implementation. In addition, modern
technologies and tools that help improve the competitiveness of domestic goods are considered. Our main goal
in the study is to present to the general public various methods of organizing business processes in the field of
advertising and sales of domestic products and their implementation in practice. The object of the study is
advertising and sales of domestic products and goods. The novelty of the research work lies in the development
and implementation of innovative, that is, new methods of automating advertising and product sales, aimed at
domestic manufacturers. In addition, the proposed approach involves a combination of modern automation
methods with unique solutions aimed at promoting and selling locally produced products.

In the future, the results of scientific research will be used in various domestic fields: for example, health
products in medicine, such as a real product of the company "Global Trend" nano-balm, Pavlov's source, gel
for women and many others. | believe that it is possible to offer advertising and sales of products, food products
produced in agriculture or clothing and technical equipment for public consumption to various enterprises and
companies.

Key words: domestic product, advertising, sales, control, business process, modern methods, automation
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MPHTMU 28.23.29

Pa3paﬁoTRa H ONTHMHU3AIUA AJI'OPUTMOB pacuera yqeﬁﬂoii Harpy3sku ¢ HNpHMECHEHHEM

TEXHOJIOTHH MAIIIMHHOTO 00y4YeHust

Hyp6oaar Tacoonaryin *, Epacbla Kymabaii 2

a

Acrana, 010000, Acrana, Ka3zaxcrau
* ABTOP-KOPpPECIIOH/ICHT

Bricmras mxona nH(QOpMaMOHHBIX TEXHOJIOTHH 1 WH)KeHEPHH, MeXXTyHapOIHBII YHUBEPCUTET

AHHOTauusl. B craThe OMMCHIBAETCS TMPOIECC Pa3paOOTKM M BHEIPEHHS aJIrOPUTMOB pacuera ydeOHOM
HArpy3KH MpernojaBaTeicii ¢ HUCMONb30BAaHHEM METOMAOB MAIIWHHOTO OOYYEHHS. AJTOPUTMBI TO3BOJISIOT
YUUTHIBATH MHOXECTBO (DAaKTOPOB, BKJIIOYAS KBATU(PHUKAIMIO MPENOAaBaTelNs, MOCTYIMHOCTh YacoB H
XapaKTePUCTUKH KypcoB. B paboTe HCMONB3yeTCsl ajirOpUTM ONTHMHU3AIMH Ha OCHOBE JIMHEHHOTO
MPOTPaMMHUPOBAHHUS C OTPAaHUYCHUSIMH U IPE00yUYeHHAs MOAETh KIacCU(PHUKALIUK JJIs TIOBBIIICHUS KauecTBa
pacnpezenenus Harpy3ku. [Ipemmaraemerii moaxoy obecneunBaeT riuOkoe U 3(hGEeKTHBHOE paclpeneicHue
YacoB MEXIy MpPernoaaBaTe/siIMi, MHUHUMU3UPYS HECOOTBETCTBHS M obecmednBas Oojiee pPaBHOMEPHOE

pacnpeneneHue 3aaad.

KuaroueBble ciioBa: MalmHHOE 00yUeHHME, IMHEHHOE MPOrpaMMUpOBaHie, yueOHast Harpy3ska, random forest,

QITOPUTMBI KJIACCH(DUKAIHH.

Beenenne

Pacuer yuyeOHOI Harpy3ku mpemnojiaBarenei
SIBJISIETCSL CJIOKHOM 3aauei, KoTopas TpeOyer
yuyeTa MHOXecTBa (DaKTOpOB, TaKMX Kak
KBaJTM(HUKAIHS COTPYTHUKOB, JOCTYITHOE BPEMS
U TpeOoBaHus yueOHoro ruiana [1-5].
TpaauumoHHBIE TOAXOIBI K PaCIPENCICHUIO
Harpy3kd MoryT ObITb He3()(PEeKTUBHBIMU H
TpeOyIOT 3HAYHMTENBHBIX 3aTpaT BPEMEHHU.
CoBpeMeHHbIE METO/Ibl MAIIMHHOTO 00y4EHUS U
ONTUMH3AIMH TTO3BOJISIIOT AaBTOMAaTH3UPOBAThH

3TOT  MpOIECC, AaHAIM3MPYsS  JaHHBIC U
npejiCcKa3biBas ~ ONTHUMAJbHbIE  HA3HAYCHHS
npenogaBateneii  [6-10]. Ilensto  mgaHHOTO

UCCIIEIOBaHMs SIBIsSIETCS pa3paboTka TUOKOM
CHUCTEMBI pacnpezeneHus Harpy3KH,
WCIIOJIL3YIOMIEH METOBI MAIIMHHOTO OOYYCHHS
U JMHEWHOro MPOrpaMMHUPOBAHUS MM yueTa
KBaTU(UKAIIMK  TIpenojiaBareneld, pabounx
4acoB M HEOOXOMUMBIX TpeOoBaHUI y4eOHOTO
IJIaHa.

MarepuaJbl U METO/bI

JUia peanu3anuu 3aJaud  MCIOJIb30BAIMChH
nanaele B (Qopmare Excel, comepxamue
CBEIEHUSI O IIpernojaBaTeNsiX M Yy4eOHbIX
muctuminHax. [lpusHakamu ObUTM  BBHIOpAHBI
KBaJIM(HUKAIMA  IpernojaBaTensi, JIOCTYIHbIE
gachl U TpedyeMoe KOJUYECTBO 4YacoB IO

JUACIIUIIIHHAM. J1OTIOJTHUTEIBHO
paccMaTpUBAIKMCh OTPAaHUYCHHS, HCKITFOUAIOLUE
pacmpeselieHue 3ajJad  MpenojaBareisivM, He
COOTBETCTBYOIIUM KBAIA(DUKAIUH.

Jnst oO0pabOTKM MJAaHHBIX U IOCTPOCHUS
MOJIeTI UCTOJB30BaINCh OubmuoTeku pandas,

pulp, scikit-learn. OnruMu3anus
OCYLIECTBIISIACH € TIOMOIIBIO  METoAa
JIMHEWHOT O MIPOrpaMMHUPOBaHUS (LP).
Anroputm pacripeiesieHus BBITTOJTHSIICS

CJIEAYIOIIUM 00pa3oM:

1. 3arpy3ka JaHHBIX O TPENoJaBaTeNsIX H
JUCITUTUIAHAX.

2. ®opMupoBaHHE  TEPEMEHHBIX  JUIS
JTUHEHHOTO MIPOrPaMMHUPOBAHHUS (dacer
npenoaaBaTeneil Mo Kaxaou AUCIUILIIHE).

3. YcraHoBKa OrpaHHYEHUH 110 KOJIMYECTBY
TpeOyeMbIX 4acoB u KBaJTU(DUKAITIH
MpEroaBaTeiei.

4. Ontummzanus pacrpeaeneHuss 4acoB ¢
Y4ETOM JIOCTYITHOTO pab04yero BpeMeHH.

5. Ilpenckazanue 3¢ (HEeKTUBHOCTH
pacripeneieHus c HCIIOJIb30BaHUEM
KJIaCCU(UKAIMOHHON MOJICITH.

Peanuszanus aaropurma

ANTOpUTM pacrpenesaeHus] Harpy3Ku ObLI
peain30BaH C HCIOJIb30BAHUEM JIMHEHHOTO
nmporpaMmMupoBaHusi u Oubmuorexku pulp. B
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JITOPUTME CO3/AAI0TCS IEPEMEHHBIE [T Kaxk101
napel «IIPETIOIaBaTelb- IUCITUTUINHAY,
NpPEJCTABISAIONINE Yachl, Ha3HAYCHHbIE Ha
JTMCLIUIUIAHY. Y CTaHaBJIMBAIOTCSA CIEIYIOIINE
OTpaHUYCHUS:
e (Cymma 4acoB, BBIJICIIIEMBIX
IperoiaBaTeNieM sl BCeX TUCIMILINH,
HE MPEBBIIIAET €TO JOCTYITHBIC YACHI.
e CyMmMa 4acoB IO KaX0W TUCIUIUTMHE HE
MIPEBBIIIACT HEOOXOAUMOE KOJINYECTBO.
e [IpenomaBaTeny MOTYT BECTH TOJBKO TE
JTMCHIUTUIAHBI, KOTOPBIE COOTBETCTBYIOT
UX KBaJTU(HUKAIHH.

teachers = pd.DataFrame([

il
{r
{

PesyabTarhl

Pe3ynpraThl TEeCTHMpPOBAaHMSA MOKa3alid, YTO
IIPEJI0KEHHBIN JITOPUTM 3P PeKTUBHO
pacnpeznenser ydeOHYIO HarpysKy, y4YHUTHIBas
KB (PUKAIHIO U JOCTYITHBIE Yackl
npenogaBateneii. B TecTOBBIX — cueHAapHIX
pacnpesielieHue Harpy3kKd BBIIOJHSAJIOCH 0e3

OIINOOK Ha3Ha4Y€HUs, C CO6J'IIO,Z[CHI/IGM BCEX

OrpAaHUYECHUU.
Kpome TOTO, OBLIH 100aBJIEHBI
KJIaCCU(UKAIMOHHBIC MOJIENHN IS

npeackazanus 3QGEKTUBHOCTH pacpeIeICHHS.
Hcnonp3oBaHne  aHCaMOJIGBOTO  alTOPUTMa
Random Forest nano tounocts 6omnee 92% mnpu
OIICHKE Ha TECTOBOH BBIOOpPKE. DTO IMMO3BOJISET
OIICHMBAaTh, HACKOJBKO COalaHCUPOBAHHBIM
OyZer pacmpenelicHUe Harpy3Kd [0 3aIrycka
ONTHMHM3ALMOHHOTO MpoIecca.

Pucynok 1 — TecroBbie nanHbIe

31ech MoKa3aHbl TECTOBBIC JaHHBIC IS MOJCIH,
rie nepemenHas teachers sto pandas DataFrame
O0BEKT KOTOPBIM XpaHUT MAaCCUB CIOBapey rie
yKa3aHOo WHQPOpPMAIHS PO MpernojaBaTeiei, ux
KBaJIU(hUKAITHIO H CBOOOIHEIE Yackl.

[Tepemennas disciplines wumMeer Takyo Ke
CTPYKTYpPY, H XpaHUT HMH(OPMAIUIO PO
JMCITUTUTHHBL, HX HEOOXOUMYFO KBATH(HKAIIAIO
NpEroaaBaTess i HEOOXOAUMBIE YaChl.
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from pulp import LpMaximize, LpProblem,

model = LpProblem(

variables = {

(t, d): LpVariable( =f

LpVariable, LpStatus

=LpMaximize)

1 |rtj| BEeOeT |r|:” ;
for t in teachers['teacher']

for d in disciplines['discipline']

Pucynok 2 — Ununmanuzanusi MOAEIU U BXOAHBIX JaHHBIX

311eCh CO3/1aeTCsl MOJEIb 3a]a4l ONTHUMU3ALUH,
roe  sense=LpMaximize  yka3piBaeT  Ha
HE00X0IMMOCTh MAKCUMU3ALIUU M CII0JIb30BaHMS
JNOCTYIIHBIX 4acoB mpenojasarenei. Taxxe
co3aaercs nepeMeHHast variables,

for _, row in disciplines.iterrows():
discipline = row['dis
required_hours = row['required_hours']
model += (

sum(variables[(t, discipline)] for t in teachers[

{discipline}

for _, row in teach iterrows():
teacher = row['
free_hours = row['free

model += (

PE/ICTABIISIOIIHE KOJIMYIECTBO 9acoB,
BBIJICJISIEMBIX TPEroiaBaresieM t Ha IUCIUTUTHHY
d. Apryment lowBound=0 o3Hadaer, 4TO Yachl
HE MOTYT OBITh OTPUIATCIHHBIMH.

teacher']) <= required_hours,

sum(variables[(teacher, d)] for d in disciplines['discipline']) == free_hours,

{teacher}"

_, discipline_row in disciplines.iterrows():
discipline = discipline_row['discipline’']
qualification_required = discipline_row['qualifi
for _, teacher_row in teachers.iterrows():
teacher = teacher_row['te:
gualification = teacher_row[

if qualification != qualification_required:

model += variables[(teacher, discipline)] ==

int_{teacher}_{discipline}

Pucynok 3 — OrpaHn4eHus 1Mo yCIOBUSIM
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Ha nanHOM pucyHKe mpeacTaBiIeHBI
KIIFOUEBbIE OrpaHUYeHUs, KOTOpBIE
00€eCTIeYnBaOT KOPPEKTHOCTh M ONTHMAJIBHOCTD
MOJIETIM pacripesiesieHus] Harpy3kd. B monenu
JUHENHOr0 MpOrpaMMHUPOBAaHMSI OTPAHUYEHUS
3aal0TCsa Ui COOJIIOJIEHUST BCEX YCIIOBHIA
Ha3HAYCHUS 4acoB IIpenoaBaTesiM.
OrpanuueHue KBaTU(pUKAIIN TapaHTHPYET, YTO
MPEroIaBaTeNlb MOXKET OBITh Ha3HAYEeH TOJBKO
Ha JIUCUUIUIMHY, COOTBETCTBYIOIIYIO  €ro
npoeCCUOHATBHON MOATOTOBKE. JTO YCIOBHUE
dbopManu3yercss MyTeM IPUCBOCHUS HYJIEBOTO
3HAUEHUS TIEPEMEHHOM Harpy3ku Uil Tex
clly4aeB, Korja KBaJu(UKalus MpernoaBaTelis
HE COOTBETCTBYET TpeOyeMoil KBaM(UKAIIUH
TUCHUIUIMHBL.  OrpaHuyYeHHe MO JIOCTYMHBIM

model += sum(variables[(t, d)] for t in teachers['te

status = model.solve()

if LpStatus[model.status]
print("0nTUMankLHo £
for var in model.variables():
if var.value(

print(f"{var.name.replace(’

print("Pewenve He HaWpeHo")

yacaM KOHTpPOJIHUpPYET, YTOOBl CyMMapHOE
KOJIMYECTBO BBIJICIICHHBIX 4acoB
IIPENOoAAaBaTEN0 HE IPEBBILIATIO €r0 JTOCTYIIHOE
pabouee Bpems. Takum o0pa3oM, yUUTHIBAIOTCS

peasibHbIe BPEMEHHbBIE pecypcbl
npenojaBaTesieil, 4To Mo3BOJIAET U30ekaTh UX
neperpy3ku. TpeTbe BaXXHOE OrpaHUYECHHE

OTHOCUTCS K JUCHHUIUIMHAM M oOecrevyuBaeT
BBIIIOJIHEHHE HMX YacOBOTO 0O0bEMa COTJIACHO
y4eOHOMY IUIaHy: 00Ilas CyMMa Ha3HAYEHHBIX
YacoB I10 JUCIHUIUIMHE JOJIKHA COOTBETCTBOBATH
wid  ObITh  MEHBIIE  3alJIaHUPOBAHHOTO
KoJu4ecTBa. [laHHbIE yCJIOBHS HAKJIAJIbIBAIOTCS
Ha MOJIEJb Ui KaXKIOW Mapbl «IpernoaaBaTesb-
MUCLUUIUIMHA», YTO TIO3BOJISIET YYEeCTh BCE
BO3MO)KHbBIE COUETAHHUS MTPH ONTHMHU3AIUH.

r d in disciplines['d

{var.value()}")

Pucynok 4 — [IporpaMMHBIil KOJ1 BBIBOJIA pE3YIbTaTOB

31ech  JIEMOHCTPUPYETCS  KIIFOUEBbIE
JJIEMEHTBl  IIPOTPAMMHOIO  KOAA, KOTOpBIE
ITO3BOJISIIOT MOJIYYUTh pe3yiabTaThl
ONTUMH3AIMOHHOTO pacrpesieieHus y4eOHOM
Harpy3ku. JlaHHbIl  (parMeHT  BKIIOYAeT
UTEpaLUIO 110 IIEPEMEHHBIM MOJICIIA U BBIBOJ HA
9KpaH 3HAYEHHUH, KOTOpPHIE COOTBETCTBYIOT
pacIpeesleHHbIM YacaM I10 MPEenoAaBaTessaM U
JUCIMIUIMHAM. B paMkax peanmu3anuu Koja
[IPOBEPSIETCS, YAAIOCh U HAUTH ONTUMAIIBHOE

pe€mieHue, I10CJIE€ 4YE€ro ImporpaMma BBIBOJUT

pacnpezneneHue Harpy3ku B (Qopmare map
«TIPENOJIaBaTeNb-JUCIUIUINHA» C  YKa3aHUEM
KoJInuecTBa  4YacoB. B ciuywae, ecim
ONTUMAJIBHOE PEIIEHUE OTCYTCTBYET, AJITOPUTM
uH(pOpPMUPYET TOJb30BaTeNsl 00 OTCYTCTBHH
BO3MOYKHOTO pacmpeneneHus. Takum oOpasom,
JTAaHHBIN OJIOK IPOrpaMMBbI BBITIOIHSIET HE TOJIBKO
UHPOPMALIMOHHYIO, HO W JHAarHOCTHYECKYIO
byHKIUIO, romorast aHAIU3UPOBATh
KOPPEKTHOCTb MOJIEJIN U COCTOSIHUE JaHHBIX.
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OnTuMancHoe pacnpegenedHne 4Yacoe:

AbpopanMoBa AceM HypucnamoBHa BefeT CucTems ynpaeneHWs baszaMmw paHHbx: 60.0
XymaHoe HypnadH MapaToewd BegeT OnepauvoHHEE cUCTeMbl: 40.0

XymaHoe HypnaH MapaToewd BepeT TeopWA WHGOPMALWOHHLIX NpoUeccoB W cucTeMm: 60.0
CapceHbaeB Cepwk MaHaTtoewd BegeT OcCHOBH fA3bKa nporpaMMupoBadHuma Java: 40.0
CapceHbaes Cepuk MaHaToBuy EBEefeT TeXHONOrWA nporpaMMupoBaHwa: 20.0

TemnpxaHoB leHreic Benbytoeny BepeT [lw3aiH u paspaboTKa wHTepdercos: S0.0

Pucynok 5 — JleMoHCTpalys UTOrOBOTO paclpe/esIeHUs Harpy3Ku Mex 1y MpernoaaBaTesiMu

Oo6cyxnenune

[IpennoxxeHHbIH OJIXON IIO3BOJISIET
ABTOMATU3MPOBATH  MPOIECC  YIpaBICHUSA
y4eOHOW Harpy3koil M CHUXKAET BEPOATHOCTH
OIMMOOK Ha3HAUCHUs. AJTOPUTM MOXKET OBITh
paciivper g TOJACPKKU JTOTOTHUTEIbHBIX
(hakTopoB, TaKUX KaK MPEANOYTEHUS
npernojaBaTenied M PEeUTUHTH  AUCLMILTHH.
Onnako MoJennb TpeOyeT Ka4eCTBEHHBIX JTAHHBIX
U pEeryisipHoro OOHOBJIEHHUS HH(GOPMALUU O
KBaM(UKAIMIX M dYacax TpernojaBarencid. B
OyIoymeMm IUIaHHpYyeTcs HMHTerpamus Oojee
CJIOKHBIX METOJIOB ONTUMH3ALNN U PeaTH3aLUs
M0JIb30BATEIbCKOTO unTepdeiica TUISE
BHU3yaJIM3aIlMU pacIpeieIICHUsI.

3akirouenue

Pa3paborannas  cuctemMa  Ha  OCHOBE
JMHEWHOTO IPOTPAaMMHUPOBAHUA M MOJEIHU
Random Forest neMOHCTpUpPYET BBICOKYIO
TOYHOCTh W THOKOCTH TIPH pacrpeiciieHuu
y4eOHOW Harpy3ku. AJTOPUTM  YYHUTHIBAET
CJIOKHBIC 3aBUCUMOCTHU nu MI/IHI/IMI/I3I/Ipy€T
OMOKM TpH Ha3HaueHUU 3anad. BHenpeHwue
HpeI[J'IO)KCHHOI\/JI CUCTCMBI MOXCET ITIOBBICUTH
3¢ (HEeKTUBHOCTh TJIAHUPOBAHUS U COKPATHTH
BpeMsl Ha paclpeleicHue y4eOHOH Harpyskw,
yITydIinas Ka4yeCcTBO yIpaBlIeHUs
00pa30BaTeILHBIM ITPOIIECCOM.
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MamuHaABIK OKBITY TEeXHOJOTHSJIAPbIH NaiilajlaHa OTBHIPBIN OKY JKYKTeMecCiH ecenrTey
AJITOPUTM/IEPiH J3ipJiey KIHe OHTAWIAHABIPY

Epacbr1 &Kymaoaii 2, Hyp6oaart Tac6oaaTyan 2™

a AKHapaTTBIK TCXHOJIOTUAIAP )KIHC HHIKCHCPU JKOFapbl MeKTe6i, Acrana XaJIbIKapaJIbIK

yauBepcuteti, 010000, Acrana, Kazakcran
“ ABTOp-KOPPECTIOH/ICHT

AnaaTna. Makanaga MammHamibIlK OKBITY OAIiCTEpiH KOJJaHa OTBHIPBII, OKBITYIIBUIAPABIH OKY KYKTEMECiH
€CenTey AalTOPUTMIEPIH o3ipiiey JKOHE €HTi3y TpOIeci CHUMaTTaaFaH. AINTOPHUTMIEP OKBITYIIBIHBIH
OUTIKTUTITIH, caraTTapblH KOJDKETIMIUIITIH JKOHE KypPCTapAblH CHUIIATTaMalapblH KOca aliFaH/a, KenTercH
(hakTopmapasl eckepyre MyMKiHIIK Oepeni. KyMBICTa CBI3BIKTHIK IIEKTEYI OarqapiamalnayFa Heri3IeireH
OHTaWIaHBIPY ANTOPUTMI KOHE KYKTeMeH1 0eITy canachlH jKaKcapTy YIIiH KaiTa OKBITBUIFAH JKIKTEY MO
KOJIJJAHBUIAAbl. Y CHIHBUIFAaH TOCUT COHKECCI3MIKTEp/l a3aiTy »oHe TamncelpManapisl Oipkenki Oemyi
KaMTaMachl3 €Ty apKbUIbI OKBITYIIBUIAP apachlH/Ia CaraTTapIbIH UKEM/Ii J)KoHEe THIMA1 OelliHyiH KaMTaMachi3
ereni.

Tyiiin ce3mep: MalIMHAIIBIK OKBITY, CBI3BIKTHIK Oarqapiamaiay, OKy JKYKTeMeci, Ke3IeHCOK OpMaH, JKIKTey
ITOPUTMJIEPI.

Development and Optimization of Learning Load Calculation Algorithms Using Machine
Learning Technologies

Yerassyl Zhumabay 2, Nurbolat Tasbolatuly 2

& Higher School of Information Technology and Engineering, Astana International
University, 010000, Astana, Kazakhstan
“ " Corresponding Author

Abstract. The article describes the process of developing and implementing algorithms for calculating the
teaching load of teachers using machine learning methods. Algorithms allow you to take into account many
factors, including the teacher's qualifications, the availability of hours, and the characteristics of courses. The
paper uses an optimization algorithm based on linear programming with constraints and a retrained
classification model to improve the quality of load distribution. The proposed approach ensures a flexible and
efficient allocation of hours between teachers, minimizing inconsistencies and ensuring a more even
distribution of tasks.

Keywords: hine learning, linear programming, learning load, random forest, classification algorithms.
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Kynusi aknapatTsl ajy djiictepi MeH KypaJjaapsl

1K, CepikoBa™, C.A.Haypbi36aeBa®

a4 AKNMapaTThIK TEXHOJIOTHAIAP JKOHE HHKEHEPUS JKOFAphl MEKTED1, ACTaHa XalbIKapaIbiK

yuauBepcuteti, 010000, Actana, Kazakcran
ABTOP-KOPPECIIOHICHT

Angarna: Makanana caHIbIK PEBONIONMSHBIH aKIapaTTHIK Kayilci3fiKKke TUTI3TeH 9cepl MEH OHBIH ©3€KTi
Mocenenepi KapacToipbuiaabl. KoHbGUACHIIHANIBI aKapaTThIH MaHBI3IbUIBIFB APTYBIMEH KaTap, OHBIH Kayill-
KaTepre YIIbIpay BIKTUMAIIBIFBl JAa JKoFapbuiaraH. KuOepkapy »koHe KuOepmaOysuinap 3aMaHayd
KaylinTepiH Heri3ri Typiepine alHaIIbI, an OyT madybuiaap KapsKbUTHIK, OeIemIiK dKoHe YIITTHIK KayilCi3aiK
TYPFBICBIHAH alTapibIKTal 3ajan Kentipyae. Makanana akmapaTka pyKCaTChI3 KOJ XKETKi3y o/IicTepi, COHBIH
IlIHAEC TEXHUKAJBIK apHajlap MEH 3JCKTPOMArHUTTIK COyJeJeHyAl MaifaiaHy TOCULAepl CUMATTaJIbII,
aKIapaTThIK XYHeaep/ i Kopray OOMBIHIIA CTPATETUSIIBIK MICIIIMICD YChIHBUIFaH.

KinrTik ce3mep: akmapaTThIK KayillCi3aik, KHOepkayin, KuoepKapy, KYIus aklapar, TeXHUKAJIbIK apHajap,
TEMPEST, 371€KTpOMarduTTiK CoyJIeeHy, aKIapaTThIK )KyHelep i Kopray, IepeKTepAiH Kayinci3Iiri.

KIPICIIE

AKIapaTThIK TEXHOJIOTUSLIIAP noyipi
aJaM3aTThlH eMIp CYypy CalTblH aWTapibIKTaii
e3repTTi. Byn Ke3eH jkaHa MYMKiHAIKTEpMEH
KaTap, YJIKeH Kayin-KaTepiepl A€ ajblll Keli.
Kazipri 3amanma wmomimMeTrTep €H MaHBI3/IbI
aKTHBTEpJiH Oipi Oojbim TaObUTaNbI, Oipak
ONIAPJBIH  KYHJIBUIBIFBI apTKaH CaifbIH
kubepmadybuigap Aa skuiiefi. MeMIeKeTTiK
KynusigapJaH OacTtarl jKeKke JepeKTepre IeiiHri
aKmapar MmalybUl HBICAHBIHA aWHANBIN, OHBI
KOpFay KaXeTTUTIr Kymieroae. Makanaaa Kymus
aKmaparThl amyJbIH HETi3rl 9MiCTepi, 3aMaHayH

KayinTepaiH  Typjiepi JKOHE  aKmaparThiK
KAyilCI3MIKTI ~ KaMTaMachl3 €Ty  IKOJAaphl
KapacThIPBLIA/IbL.

AKMmapaTThIK TEXHOJIOTHUsIIAp FachIpbI

aZlaM3aTKa jKaHa MYMKIHJAIKTep OKEIreHIMEH ,
COHBIMEH KaTap YJIKeH KayinTep/i NI TyAbIPIbI.
CaHmplK ~ pEBOMIOIMS  OMIPAIH OapIIbIK
caylaJapblH KaMTBIM, MOJIIMETTEP/II €H MaHbBI3/IbI
aKTUBTEpAIH OipiHe aiHaAbIpIbl, Oipak oJap
COHbIMEH Oipre ma0ybpUIIAPABIH HBICAHBIHA
atHanapl. KoHduaenmmanaer — akmapat — —
MEMIIEKETTIK Kynusiiap, KOMMEPIHSITBIK
MOJIIMETTEp, OCKEpPH >KOCIHapyiap J>KOHE JKEKe
JEPEKTEP CHSIKTBI KyTust aKIMapaTThiH
MaHBI3JIBUTBIFBI ApTKAH CalbIH, OJIap 3UsTHKECTED,
KEKe Xakeplep, KuOepKapynasl TonTap Ja
ueMyeHyre  Toeipbicanael. COHBIMEH — Kartap,
TEXHOJIOTHSUIAPABIH AaMYybl IEPEKTEPIiH Tapaly

KaylmiH apTTBIPBIN, aKMapaTThlK JKyHenepai
KOpFay MOCeJIeCiH KypAeIeHIIpe TYCTi.

WutepHer neH aKnapaTThIK
TEXHOJIOTUSUIAP/IBIH JaMybIMEH KHOepKayinTep
KapanailbiM ~ Oy3yzaH  Oactam, — ayKbIMJIb
JKocmapiapra JeiiH JaMblJIbl.

KuGepkapy — Oy 3amMaHayu KayinTepaiH
HEeT13r1 TypJiepiHiH Oipi, OJ1 TEK aKmapar KUHay
YIIiH FaHa €Mec, COHbIMEH Oipre aepeKkTepi
KO0, MaHbI3/Ibl MH(PaKypbUIbIMIApFa Keaepri
Kacay KoHe KHMOEpIUMUOHAX JKYprizy YIIIH Jie
KOJAaHbUIaa6l. MyHal malysinaap Kap>KbUIbIK
XoHe OelenaiK TYpFbIIaH aWTapibIKTaill 3aman
KeNTipeai, COHJah-aK YITTBIK KayIlCi3aiKKe
Kayill  TOHMIpei. Exinmni  >karbIHaH,
KkubepKayincisaik — Oy qepexTepaid TapalybiH
OonabsipMayFa, aKnapaTThIK JTapMeH
0alIaHBICTHI ToyeKenepl azaiTyra
OarbITTaJIFaH >KayanTbl IIapanap KHUBIHTHIFbIL.
byrinri Tanga 6y TeK TEXHOJIOTHSUIBIK Macene

FaHa €MeC, COHBIMEH KaTap 3aHHaMaHbl,
YUBIMIACTBIPYILIBLUIBIK mapagapasl KOHE
JepexTepi KOpFay/blH VHHOBALASIIBIK

TOCUIZIEPIH KAMTHUTBIH CTPATETHSUIBIK ~ OarbIT
00 IbII TaOBLIAIEI.

Cybersecurity Ventures MaJTiMeTTepl
OoIbIHIIIA, KHOEPKBLUTMBICTBIH >kahaHIBIK
IIBIFBIHBI AJJIAFBI YT KBUIIA JKbUTbIHA 15% - Fa
eceni xoHe 2025 xputFa Kapai xputeiHa $10,5
TpIH-Fa >KeTedi, Oy Oilp >KbUIAarbl TaOUFH
amatTapJaH Kell IIBIFBIH JKOHE OapibIK HETi3ri
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3aHCHI3 €CIpTKUIEpIiH >kahaHIBIK caymachlHaH
taiMaipek.  KuOepKbpUIMBIC — HIBIFBIHAApBIHA
JepeKTepAiH OYiHyl MEH >KOUBLIYBI, YpIaHFaH
aKma, OHIMJIUNKTIH O KOFaIybl, 3HUATKEPIIK
MEHIIIKTI ~ypiay, eKe JKOHE KapKbUIBIK
JIEpEKTepAl  ypiay, OIKBIMKBIPY, aNasKTbIK,
ma0yblIIaH KeHiH KAJBINTE OM3HECTI 0Y3y, COT
Tepreyi, Oy3bpUTFaHIapabl KAIIbIHA KENTIPY XKOHE
K010 Katanpl [1].

Makanaga Kynusi akmaparTel aiy oiictepi
MEH KypaJJapblH, COHJai-aK aKHmapaTThIK
Kyuenepai KOpFay/IbIH TOCUIIEPIH
KapacTeIpambl3. MakcaT — aknapat Taparybl MEH
ma0ybUIIApABIH  CalIapblH  OaphbIHINA a3alTy
YILIiH THIMI IIapaxapabl CHIATTay.

Kynust aknmapaTka pyYKCaTChl3 KOJ JKETKi3y
Ka3ipri 3aMaHFbl Kayilm-KaTepjepAiH €H ©3€KTi
MaceTeNnepiHig Oipi OoJiplll  TAOBLIAIBL.
AKIapaTKa pyKCaTchl3 KOJ KETKI3YIiH HeETri3Tri

CUNIATTaMachl MEH OJIAPJABIH JKYMBIC ICTEY
omicTepl KapacThIPbLIAIbI.

TexHUKaNbIK  KaHaIAap  apKbUIBI  KOII
KeTKi3y. TeXHUKaNblK KaHaIgap apKbLUIbI
aKmapaTtka KOJ  JKeTKi3y —  apHaibl
KYPBUIFBUIAPJABIH ~ KOMeTiMeH aKIaparThbl

TachIMalilay HeMece OHAey Ke3iHiae maiina
OoJIaThIH CHTHAIAAPABI ycTan Kamry. by omic
KUl KYIUS MOITIMETTEepPre pPYKCaTrchi3 KOJ
JKETKI3y YIIIIH KOJIaHbLIAbI.

DIEeKTPOMArHUTTIK COyJIETICHY .
DJEKTPOHIIBIK KYPBUIFbUIAP JKYMBIC iCTEreHJIe
AJIIEKTPOMATHUTTIK ~ CUTHAJJAp  IIBIFApajibl.
CurHannmapIael  apHaiibl  KaOBUIJAFbIIITAPMEH
ycram, ojapAasl mudpiay  apKeUTbl  KYTTHS
akmapat anyra Oonaabl. By Tocim apKbUIBI
KOMITBIOTEP  MOHHUTOPBIHIAFBI  OeiHenepi
HEMece TepHEeTaKTaIarbl SHII3UITeH JAepeKTepi
kepeni. Mynnait madysuinap "TEMPEST" nen
aTaJIaThIH JJIICTEePTe JKaTa Ibl.

BakbislaHaTbiH aUMaKk,

TocuIaepi TEXHUKAJIBIK, Kuoep JKOHE
IICUXOJIOTUSIJIBIK Kypajaapasl KaMTHIBL.
Temenme OWI omICTEpIiH EIKEH-TEmKei
KayinTi anmak
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Cyper 1. Ecentey texnukacs! Kypanaapbsiabiy (ETK) sxaHama 37eKTpOMarHuTTiK coysielaeHyIepin
(OKBMC) texuukainslk Oapiay kypamaapeiMer (TBK) ycranm aiy cxemachbl
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byn cxema ecenrey TEXHUKACBI
kypanaapeiabiH  (ETK) sxymbic  OapbichiHma
naiina OonaThiH jKaHamMa SJIEKTPOMArHUTTIK
coynenenynepai (KOMC) TexHUKaIbIK Oapiay
Kypannapeiven (TBK) ycran amy mpornecin
OcitHeneini. by coynenmenynep — apHaiibl
KypajzapMeH TajjaHca, ©HIENIN JKaTKaH
JepeKTep Typalibl aKmapaTThl KaMTybl MYMKIH,
OyJ1 oJapAbl aKMapaTThIH CHIPTKA TapaTybIHBIH
BIKTUMAJI apHAChIHA alHAJABIPA/IBI.

CxeMaHBIH HET13T1 AJIeMEeHTTePI:

Ecentey Ttexnukacel kypammapsl (ETK) —
KaHama dJIEKTPOMArHUTTIK CIyJeleHyIepIiH
ke3i. by nepexrepi oHIeHTIH KOMIIBIOTEPIIED,
cepBepiep Hemece Oacka Ja KYpBUIFbLIap
00JIybl MYMKIH.

XKanama >IEKTPOMArHUTTIK COYJIEICHYJIEp
CKOMC) - ETK xymbicel OapbIChIHIA
TyBIHIAUTBIH curHanaap. Onap aya, kabenbaep
HeMece Oacka Ja  OTKI3TIITEp  apKbLIbI
Tapaapl.

Texunukanslk Oapnay kypanaapel (TBK) —
XKaHama CoyJIeNIeHyJIep i aHBIKTAYFa,
KaOblIayra  JKOHE  TajjayFa  apHajFaH
Kypburrbutap. Onap MbIHaTapAbl  KaMTYBI
MYMKiH:

CxemanbiH wmakcatel: Cxema TBK-mwig
¢bu3MKaNbIK  opTaja TapajlaThlH  jKaHama
coyJieJIeHyJIepl Kaiai ycrarl, oJlap/blH 1IIHeH
KYIUsl aKmapaTThl Kajail amaThIHBIH KepceTel
[2].

Komnanusinap MeH MEMIIEKETTIK MeKeMelep
MYHJail ~ aKmapaTThlH ~ CBIPTKA  TapajlyblH
OonaplpMay  yHIiH  KaOJBIKTBI  3KpaHAaay,
KOpFaJIFaH allMakTap Kypy CHUSKTBI apHaibl
mapanxapabl KOJJaHa/bl.

JBIOBIC  TONKBIHAAPH apKBUTBI  THIHIAY.
Ceilnecy Hemece Oacka Jna JabIObIcTap
MUKpOQOHIap HeMece OesIMeer! AbIObICTap/ bl
yCTam KallyFa apHajIFaH JIa3epiik KypbUIFbLIAp
apKpUTBl KaObUTAaHAABL. bynm omic, ocipece,
KeHceNepJieri ka0blK KeJicce3zep HeMmece
KYIHS KUHAJIBICTAP Ke31He KU
naiganaHbUIaIbL.

Onrtukansik omictep. JKacklpbiH Kamepaiap
Hemece MH(QPaKbI3bUI CKaHepyiep apKbUIBI
KEHCe/IeTl KyKaTTap[bl, SKpaHAapIbl HeMece
opekeTTepai OakpuIay aJici. Keii6ip
KaFgalimapaa Jla3epiik  coylielieHy — Tepese
OMHETIHE OaFbBITTAJIBIII, OenmMeneri

JBIOBICTAP/IBI TIPKEYTe MYMKIH/IK Oepei.

[Tpoaiiaepiik Kenepai THIHJIAY.
Monimertepai 6epy Ke3iH/le HHTEPHET HeMece
TenedoH KENUIePIHAET] CHUTHAIAAPIbl YCTaIl
KaJly apKbUIBI aKmaparka Ko KeTKizinemi. by
omic acipece WHTEPHET HEeMece
TEJIEKOMMYHUKAIUS KyHenepi apKBLIbI
aKrmapar xioepy Ke3iHJe JKHi KOJIIaHbLIa IbI.

ApHaiibl 3HSTHJIBI Oarmapiamanap
aKnapaTThIK JKYHeNepaiH €H dJCi3 TYCTapbIH
naiiianana OTBIPBIN, aKmapaTKa KO JKEeTKi3yre
MYMKIHJIIK Oepe/i.

Ouummar  —Konpa"nymsuiapasl - angar,
KY[IMsl aKmapartel (JOTMHAEp, KYNHACO3AEp)
aimyra OarbITTaIFaH oic. OurmmHr
a0ybUIAAPBl  NEKTPOHIBIK XaTTap, >KaJfaH
BeO-caiiTTap HEMece MeCCeH/KEepiep apKbUIbI
Kyszere acaibpl. Mpblcanbl, JKaJFaH XaTTap
apKBUTBI KOJJIAHYIIBIAH KYIHUSICO31H SHTi3yai
Tajamn ereml.

Moanimerrepai YPJIAUTBIH 3USH]IBI
nporpaMManapra TposHIap, Keiorrepiep
YOHE IIMTUOHIBIK ITpOrpamMmarap skaTaibl.

Keiinorrepnep: IlepHerakraga TepuireH
MOTIHJEPl TIpKeI, NepeKTepi 3USHKECTepre
KiOepeTiH  Kypaingap. SIFHM — KOMITBIOTED
naiitananymbUIapbIHBIH MIEPHETaKTa1aFbl
nepHenepai  OacyblH  Tipkey. LInuoHAbIK
OarapiaMaliblK  JKacaKTaMaHblH Oyl Typl
anmaparThlK JKOHE OarjgapiaMaibIK oicTep
apKbUIBI JKYMBIC 1ICTEH anajapl, EHTi3UIreH
aKmnaparThl TipKeiai J)KOHE OHEI
malyslaaybUIapra xKibepei.
barnapnamanslk JkacakTama KIITTEpl €H Kell
TapaJfaH »JKOHE KOMIIBIOTEpIIEpre HeMmece
MOOWJIBZI  KYpbUIFbUIApFa  MaiifanaHyIsl
Oaiikamail  opHatbutagpl. Omap  OapibIK
nepHenepi 0acy apKbulbl (DOHABIK pEXUMIE
KYMBIC ICTeial. AmNmaparTblK IEpHEeTaKTa
THIHIIBUIAPHI-OYJT  KOMIBIOTEPre KOCBHLIATHIH
¢busukanblk  KypburFbiap.  Omap  omerrte
NepHeTaKTa MEH KOMIIBIOTEp  apachblHAa
opHaTtbuTanbI [3].

Tpostanap: JKyiiere 3aHChI3 Kipim, KyHHs
aKmapaTThl TackIMayjayFa apHajFaH 3USHIIBI
koxarap. XKylere >xoHe Qaiinmapra acep eTeTiH
KOMITBIOTEPIIIK ~ BUPYCTBIH  €peKIle  Typi;
JIepeKTepl YaKbITbIHIA OYJIAIpyl MYMKIH JKoHE
0acka KOMITbIOTEpIIepre, KYPhUIFbUIApFa KOHE
cmapTdoHaapra USB KYPBUIFBICHIH
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AKYKTBIPBITI, yKcac JIepeKTepal oepy
KYPBUIFBUTIAPBl apKbUIBI TapaTyFa ThIPBHICAJIBI.
TpostHIIbIK OarapIamMaHbIH KOIIILTIr

KOH(MUISHIMANIbl aKapaTTapibl )KUHAY YILIiH
apHanFad. MyHaail ManiMeTTepre KOoJAaHyIIbl
mapoJibJiepi Jkatajel, OargapiiaMaHbIH TipKey
HeMipJiepi, OAHKTIK LIOT Typasibl MAIIMETTEp
xoHe T.0. backa TpOSHIBIKTap KOMIIBIOTEPIIK
KyHere 3WsH €Ty YVIIIH KYPbUIaJbl, OJIAPJIbI
JKYMBIC ICTEH aaMalTBhIH JKaFaaiFa >KeTKi3el
[4].

[nuonnaeik nporpammanap: Kypbuirbiiars
opekerTepai 0akpuIay JKOHE MONIIMETTEp.l
CBIPTKA IIBIFapy YILiH KOJIaHbUIAIbI.

En skui xonmmaneuiaTeiH DAOS-maOysiibl.
DDoS ma6ysuisl (Distributed Denial of service
— KbI3MET KOpceTyJleH 0ac TapTy) — KeNnTereH
JKaJIFaH cypaHbIcTap Oepy apKbUIbl aKIapaTThIK
nH(ppaKypbulbIMFa Xakepiik madysu1. DDoS-
€H KOl TapaJFaH oHe KayinTi madybuiIapabiH
0ipi, keOiHece Oomcanay, KOPKBITBII aiy,
JIepeKTepAl  ypiay,  aKmapaTThlK  COFBIC
MaKcaTbIH/Ia Kacajaael. VIHTEpHETTIH >KapThl
carar imHae OosmMaybl (TiNTI OipHENIE KYH)
KYMBICTBIH ~ TOKTalm  KalyblHa,  OuW3Hec-
MIPOLIECTEPIIH Oy3bLIyBIHA, Kap>KbLUIBIK
IIBIFBIHIAPFA, aKMapaTThIH JKOFAybIHA JKOHE
KJIIMEHTTEPIH Hapa3blIbIFbIHA Kayill TOHIIpEi
[5].

Monimerrepai  mmdprnay.  3UsSHKecTep
MoiMeTTepal mudpan, oJapAasl TEK TeJieM
KacallFaH JKarJaiga Kaitapyra yone Oepefi.
byn mabysuiaap "Ransomware" nem atanais.

OJIeyMETTIK HWHXEHepuss —  aJaMHBIH
TICUXOJIOTHSUTBIK OCaJl TYCTapblH TalaaHbIII,
OFaH pPYKCaTChI3 HEMece KacakaHa OpeKeTTep
Kacayra HWTEpMeJey apKbUIbI KYIHUsS aKmapar
aiyibIH oJtici. by Tocinnep kebiHece agaMHbIH
CEHIMiHE Kipir, YHBIMAAPIbIH 1K1
mporecTepiHe Kipy YIIIH  KOJIZaHBUIAIbI.
OJIeyMeTTIK WH)XEHEpHsl SICTepiHIH Heri3ri
TYpJiepi MEH OJapIblH  JKYMbIC  icTey
MPUHLIMIITEPI.

Kynusiceznepai ypnay: KpizmeTkepiepain
QJICI3 HEeMece KapamaibiM KYMHSICO3JEPIH alry

YUIiH, UIIUHTTIH ~ JIEMEHTTEpl  apKbUIbI
KaCBIPBIH I1a0ybUIIAp JKacanabl.
Knonmay (Spoofing): KypeuiFbl Hemece

Kyle Kynus akmaparTbl ypriay MakKCaThIHIA
0acka KypbUIFBI HeMece JKyle peTiHzae

Kepcetineni. bynm karnmaiina KypBUIFBIHBIH
HEMeCe CepBEPIiH COMKECTIT] Kacajblll, TYPhIC
akmnapar oepineni[6].

Kanran xpi3metkepsiep (Impersonation):

KypbuibiMaapna 0Gacka anaMHBIH —~ HeMece
KOMITAaHUSHBIH KbI3METKEpPl PETIH/AE TaHBICHIIL,
ONapIblH  Kayimnci3gik  ImapanapbiH  Oy3a

OTBIPBII, aKMapaT allyFa ThIPHICY.

USB apkpuiel Kymusi akmapart amy: Terin
OargapiaMaliblK  KaMTaMachl3 €Ty HeMece
ManmiMerTepal  kemipy yuia "terin" USB
KYPBUIFbLIAPbI Oepinei. bipak A1
KYpBUIFBUIAp/a 3USHIBI OaFaapiamManap OoIysl
MYMKiH, OJlap KYpBUIFbIFa KOCBUIFaH Ke3Je
MOJIIMETTEP/Ii YpIIaiiIbl.

Kanran TeneoH KOHBIpAyJIaphl:
Kypbangapra 3aHnpl  yWBIMHAH  HeMece
MEMJICKETTIK KBI3METKEP/ICH TeneoH

KOHBIPAYHI KEIIIl, OJIap IbIH KEKE MOIIIMETTEPIH
HeMece OaHKTIK aKmaparTapbiH cypaiapl. TinTi
Ka31p

OJIEYMETTIK WH)KEHEpUs amicrepi
aIaMJIapIbIH TICHXOJIOTHSIIBIK OCall TYCTAPBIH
naiianany apKbpUIbl KYIHS aKmapaTr aiyJibl
MakcaT eTemi. by omicTepmiH  THIMIUTIT
OJIapJIbIH aJJaMHBIH CEHIMIHE Kipy KOHE OHBI 63

epkiMeH akmapaT Oepyre uTepMeseyiHe
HET13/IeNIreH. CoHJbIKTaH aKnapaTThIK
KayllCI3MIKTI KaMTaMachl3 €Ty VIIH TeK

TEXHUKAJIBIK IIapajap FaHa €MeC, COHBIMEH
Karap KbI3METKEPJICPIiH KOHE YHBIMIAp/IbIH
aKMapaTThIK Kayimnci3IikKe KATBICTEI
CayaTTBUIBIFBIH aPTTHIPY KaXeT.

WuTepHeTTeri amblK aKmapaTThl >KUHAY.
OSINT (Open Source Intelligence) ambIk
KO3JIep/IeH aKmapar >KMHay 9/1ici, OJ1 aKmapaTThl
KYNHUSUTBUTBIKTB 0y30aii )KoHe 3aHIbI TYPAE aly
npuHiunine Herizaeneni. OSINT akmaparTsl
JKUHAyABIH €H TaHbIMall JKOHE  THIMII
onmictepiHiH Oipi  Oonbim  TaObwianel. byn

aKmapaTThl MEMIIEKETTIK oprasjaap,
3aHHAMAJIbIK oprasjap, Kayinci3aik
KBI3METTEpi, IKypHAIUCTEp, 3epTTEyIIiiep,
COHJal-aKk KHOEepKbUIMBICKEpIIEp, YHBIMIAP
MEH KOMIaHWsUlap Ja naijgananaasi[7].
OSINT-tiH Heri3ri ke3aepi: OJIEYMETTIK
xemninep  (Facebook, Twitter, Instagram,

LinkedIn, TikTok, >xone Oackamap) OSINT
YKUHAY YILIIH MaHBI3/bI aKnapat Ke3epi 00JbIi
TaOBLIAIEL.
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Tikenei KOl JKETKI3E aIIMaUThIH
MoJIiMETTepAl aly  yuiH — 3USHKecTep
o0BeKTIIepre KOCBIMIIIA KYPBUIFBLIAP
OpHaTa/Ibl.

- GPS TpeKepJiep: Ko3zraibic
TPaeKTOPUSIAPBIH KaJlaraiay YIIiH.
- 7KachIpbiH MHKpO(poHIAp MeH

kamepaJap: Kencezeri ceitnecynep MeH ic-
OpeKeTTepAil TipKey YUIIH OpHATHUIAIbI.

- Wi-Fi ThiHgay KypbuIFbLIapbl: JKemimik
TpaduKTi yCcTanm Kally »JKOHE aKMapaTThl

U QPBIH ally yIIiH KOJAaHbLUIab.

Kymus  akmaprtel  amy  GapbIChIHzAA
TEXHUKAIBIK Kypalgap MEH KYpPbUIFbUIAPJbIH
pem  eTe  MaHBI3ABI, dcipece  CHUTHaI
TeHepaTopIaphl, UQPPIBIK 30HATAP AKITAPATTHI
ayAbIH TUIMII 9/11cTepi 6obin Tabbutaasl. by
Kypajazap axKnaparTtbl KMHAIYybIHA, OHBIH
OediHIN  KeTyiHe,  JKOHE  KOpFrajlyblHa
0alIaHbBICTBI APTYPJIl MporecTep i OaKplIayFa
MYMKIHAIK Oepei.

Cyper 2. Curnain reHeparopsapbl

Curnan reHepaTopiiapbl — DJIEKTPOHJIBIK
KYpbUIFbUIAp, oJap Oenrun Oip KHUIIKTEri
AJIEKTPOMATrHUTTIK CUTHAJIIAP IIbIFapassl. by
CUTHAJI/Iap 3aHCBhI3 KYpPBUIFBLIAPIBl OakbuIay
YIIiH KOJTAHBUTYBI MYMKIH. OPTYPIIi Kypasiaap
MEH JIaTYUKTEP apachbIHAaFbl OaillaHbICTAp MEH
CUTHAJIapAbl OakpUIail OTHIPHIN, Oenrimi Oip
aKIaparThl aly YIIiH KOJAaHbLUIAIbL.

Hudpneik 30HaTAp — OV aKmapar aiy
MakcaThblH/Ia  KOJJAHBUIATBIH  TEXHUKAJBIK
Kypanmap. Omap KOMIBIOTEp JKoHE Oacka
TeXHUKANBIK  KYWEHIepIiH  DIEKTPOHIBIK
KYPBUIFBUIAPBIMEH OaMJIaHBICHIN, JAEPeKTep/Il
KuHanapl.  HTepHeT  apKpuIBI  HeMece
JKEPTUTIKTI Kel apKbUIbl OTETIH aKMapaTThl
OakpLIar, Kajaranayra MyMKiHIiK 6epemi[9].

AKnapaTTsl KOpFay YIIIiH 3aMaHayH Oakbuiay
ozicTepi MEH Kypajaaphbl

Kosmanaasl. Onmapra MeIHAIAp JKaTalbl:

Hepekrepni  mmdpmay.  [ludpnanran

JICPEKTEp aFbIll KETKCH JKaraaiaa 3usHKeCTep
YILIH KOJI )KEeTIM/I1 eMec.
Jepekrepai OakpuIay )KOHE TAJIAy.
Ke3merkepraepai okeity. CeMuHapnap MeH

TPEHUHTTEP apKBUIBI  KhI3METKEpJIePIIiH
KHOepKayiMnci3aik  Typajibl  XabapAapJbIFbIH
apTTBIPY (bumuHT TIeH QJIEYMETTIK

WHXEHEePUSHBIH 0acKa TYPJIepiHiH ajbIH alyFa
KOMEKTECE/].

barmapmamanelk ~ jkacakTamMaHbl  YHEMi
YKAHAPTHII OTEIPY. barnapmamansik
KacakTaMaHbl YHEMi >KaHApTHIIl OTBIPY KOHE
maTYTapbl OPHATY OCATIBIKTAPIBI JKOSIIBI.

Kyitenepai  yHemi  Oakpliay — KoHE
aKMapaTTHIK aFbIl KeTY li aJIJIbIH ajla aHbIKTAY.

Kypbuirpuiapasig Kayimnci3mik
napameTpiepid yHemi tekcepy[10].

Kynust akmaparTel aimy ouicTepi  MeH
Kypajmapbl 3aMaHayH TEXHOJIOTHSIIAP/IbIH
JaMyBIMEH KYPJACJEHIN, TYPJICHIN OTHIPAJIbI.
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byn axkmapaTThlK Kayilci3miK Mocelenepin
KYIIEHTy KepekTirin ourmipeai. Tuimai kopray
YIIiH yHBIMAAp KEWIeHIl Tocuiaep MeH
3aMaHayu HIenriMaepai KoJgaHybl KaxeT. Tek
OCBIHJAM Imapajgap apKbUIBl  aKNapaTThIK
pecypcTapblH KYIHMSUTBIFBl MEH TYTaCTBIFBIH
KaMTaMachl3 eTyre 00aibl.

KopsIThIHABI
AKnaparThIK Kayilnci3IiK — Ka3ipri 3aMaHHBIH
€H ©3eKTi Mocesenepiniy Oipi. TeXHHKaIbIK

KYpanaapabiH KYpJeneHyi JKOHE
KHOepmadybpUIIapablH ~ Ke0ewl  IepeKTepi
KOpFayJblH MaHBI3JbUIBIFBIH apTTRIPABL. TeK
TEXHOJIOTHSUIBIK ~ IIEIIIMIEep  FaHa  eMec,
3aHHAMAJBIK,  YHABIMIACTBIPYIIBUIBIK  KOHE
TICUXOJIOTHSUIBIK  [Iapajiiap KEIICHIH KOJAaHy
apKBUIbI aKMapaTThIK KXYWEIepAiH Kayirnci3airia
KaMTamacbl3 eryre Oomansl. JKaHa Kayir-
Karepjepre Kapchl TUIMII CTpaTerus Kypy —
yibIMIap MEH MEMJICKETTEP/IIH JIJIbIH/A TYPFaH
HETi3ri MiHAETTEPIIH Oipi.
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Metoasl u cpeAcTBa NMOJYYeHUsA KOH(eAeHIUAIbHOI HHpopManun
IManaratr Cepuxosa °, Caa Haypsi30aeBa*®

& Bplcmast mKoja HTHPOPMAMOHHBIX TEXHOJIOTUI U HHXeHepHH, MeXyHapOIHbII YHUBEPCUTET

Acrtana, 010000, Acrana, Kazaxcran

AnHoTauus. B cratee paccmaTpuBaroTcs BiIMSHHE UHM(QPOBOKW PEBONMIOLIMUM Ha HMH(OPMALMOHHYIO
0e30macHOCT, M €€ aKTyajbHble MpobieMbl. Hapsimy ¢ Bo3pacTaHueM Ba)KHOCTH KOH(MWACHIMATIHHOM
nHGOpMaLUK, BO3pOCia U BEPOSTHOCTh TOTO, YTO OHA MOJABEprHeTcs: pucky. Kubepopyxue u xubepaTaku
CTaJI OCHOBHBIMH BUIaMH COBPEMEHHBIX YIPO3, U 3TH aTaKH HAHOCST 3HAUUTENIbHBIN yIepO ¢ TOUKH 3pEHUs
(UHAHCOBOH, penyTauMOHHOW W HaMOHATBHOM Oe3omacHocTH. B cTaThe OMHMCaHBI  METOJBI
HCCAaHKIIMOHUPOBAHHOTO JOCTyIla K I/IH(bOpMa]_[I/H/I, B TOM YHCJIE CIHOCOOBI HMCIIOIL30BAHUSA TEXHHUYECKUX
KAaHAJIOB M 3JEKTPOMAarHUTHOTO W3IYYEHHUS, MPEUIOKEHBbl CTPaTerMYecKHe pELICHUs [0 3aliuTe
WH(POPMALTMOHHBIX CHCTEM.

Kitouessbie ciioBa: nHopmanronHas 6e30nacHOCTh, KHOEpOe30MacHOCTh, KHOEepOpy Kue, KOHPHUICHINATbHAS
nHpopMmarus, Texaudeckue kaHanel, TEMPEST, anekrpoMarautHoe n3nmydeHue, 3ammTa HHHOPMAITMOHHBIX
cucreM, 6€30MacHOCTh TaHHBIX

Methods and means of obtaining confidential information

Shapagat Serikova?, Saya Nauryzbayeva?

2 Higher School of Information Technology and Engineering, Astana International University,
010000, Astana, Kazakhstan

Abstract. The article examines the impact of the digital revolution on information security and its current
problems. Along with the increasing importance of confidential information, the likelihood that it will be at
risk has also increased. Cyber weapons and cyber attacks have become the main types of modern threats, and
these attacks cause significant damage in terms of financial, reputational, and national security. The article
describes methods of unauthorized access to information, including ways to use technical channels and
electromagnetic radiation, and suggests strategic solutions to protect information systems.

Keywords: information security, cybersecurity, cyberweapons, confidential information, technical channels,
TEMPEST, electromagnetic radiation, information system protection, data security.
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AHHOTaIIPIﬂ. B I[aHHOfI CTaTbC aBTOp MOABEPracT HOCJ'IGI[OBaTeJ'II:HOfI KPUTHUKC BECbMa HCYKITHOKUC MOIMBITKU

OTACIBHBIX €CTECTBOHUCIBITATENIE XOTh KaK-TO

HpeCJ’IOByTI:Iﬁ napaaokc (DepMI/I. U_[yTKa JIK KOMY CKa3aTh: B CBOMX I'POMO3JAKHNX, HO 3a4aCTYyIO 0EeCCHUCTEMHBIX

U3JIUIITHE  33aHTAKUPOBAHHBIX apryMeHTHpPOBATh
KOHCTPYKLHUSIX MHOTHE 3amaJHble acTPO(U3UKU JOXOIST AaXKe O TOTO, YTO HUYTOXKE CyMHSIIECS MEHSIOT
MecTaMH PHYHHY CO CIIeACTBHEM!

A BpoueM, 00BEKTHBHOCTH Pajid MBI 320JTHO MIPUBEEM 37I€Ch U HECKOJIBKO JIPYTHUX, Ky/a Ooyiee BHITHBIX U
OCMBICIICHHBIX MHEHUH 110 3TOMY ITOBOJTY, 71a M K TOMY K€ HETIOCPEACTBEHHO U3 yCT OOIIETTPU3HAHHBIX CBETHII
MHUPOBOTO ypoBHs (BKiIrouass HoGeneBckux naypearo). [Ipu 5TOM KO€-KTO M3 HUX OTKPOBEHHO OLICHMBAET
CETOZIHSAIIHIOI MaTOBYIO HEONPEIEICHHOCTh KaK CBOEr0 poja TBOPUECKMI 3acTO; Npyrue CKIOHSIOTCA K
BEPCHH TII00aTBHOT0 TEOPETHYECKOTO COCKAIb3bIBAaHUS B HUKY/IA, O0YCIOBIEHHOTO YHCTO OOBIBATEIILCKIMHU
BCAHHUAMH, HY a TPCTbHU NPAMO 3adBJIAIOT, YTO MNPEACTABUTCIIAM TOUYHBIX HAYK IIOpa YK€, OYCBHUIHO,
TOTOBHUTBCS K CMEHE CTapOi 3BE3/IHON MapaJuTrMbl Ha HEKYIO KapHHAIFHO OOHOBJICHHYIO.

Ho Bce xe, He MOXUAAsICh Y MOPS TOTOMABI (a TaKKe MPOCTO XOTS ObI HA3JI0 OMMO3HBIM CPeOPOTFOOUBHIM
aMCpUKOCaM, HC BOCIIPMHUMAIOIIMM BCEPHE3 HU HAIIUX HBIHCINHUX IMMOTCHIHUAJIBHBIX BO3MO)KHOCTCI>'I, HHU JaxXe
MHUHYBIIMX TOWUCTUHE TPAHAMO3HBIX IOCTW)KEHHH), MBI TOMBITAEMCS TYT CaMOCTOSTEIBHO PAa3PELINThH
HEKOTOpBIC HanOoJIee CIIOPHBIE U YKUBOTPETICUIYIIUE TPOOIEMBI OBITHSL.

KuroueBble ciioBa: MmynbTudaszHas sBomonys, popmyna Jpeiika, aHTpOITHBIN PHHIHIL, TYJIbCUPYIOIIASL
Bcenennast, oHTONIOrHYECKast TAMSTh, TeOcOo(CKast JOKTPUHA, TETEMOHHUST pOOOTOB.

BBenenue

Caexaiilye MUPOKO pa3peKIaMUpPOBAHHBIE
YCIIeXH 3a0KEaHCKHX TEOPETUKOB, Ha-ypa
«M3yYUBIINX» C  TIOMOIIbIO  BBIHOCHBIX
TEJIECKOTIOB M SIZICPHBIX KOJUIAWIEPOB TMEpPBEIE
cekyHbI nocne bonwimoro B3peiBa, Hapsmy c
TOPJIOCTHIO 32 COBPEMEHHYIO MHPOBYIO HAYKY,
HE MOTYT HE BBI3bIBaTh Y HAC C BAMH U TOJUKHU
3IOPOBOTO CKENTHIIM3MA K WX NESTEITHHOCTH.
N60o mnomobHas HyneBas  pPETPOHOIALMA
HEPeAKO, YBBI, TPOTHBOPEYUT  MHOTHM
OO0IIEeN3BECTHBIM JIOTHUECKUM TOCTyjaram. B
YaCTHOCTH, €CJIU MPOTHO3bI Ha Oy Tyliee Kak-To
OOBIYHO BBICTPAMBAIOTCS OJlarojapsi BIIOJHE
JIOCTaTOYHOMY HaJINYUIO 100%-n0
JIOKa3aHHBIX 3aapXUBUPOBAHHBIX (PAKTOB, TO HA
qeM OCHOBaHO CHEKYJISTUBHOE
«TTOMTIISTIFIBAHHUE) B JI0YETIOBEYECKYIO
uctopuro [1,2] — ocraeTcs moka He COBCEM ellie
noHsATHBIM. OtTcioma yX Kak Obl M He
OPUXOJUTCA  0c000  YAMBIATHCS — OOWIIMIO

BCAKOTO pOJa JIOXKHBIX XOJOB M IPOYUX
CMBICJIOBBIX HECypasull (0T MOJENIU XOJIOIHON
Bcenennoin — 10 IIPUCHONAMATHOTO
TOPCUOHHOTO MpakoOecusi),
HEMOCPEACTBEHHBIMU CBHUJAETEISIMH KOTOPBIX
IPUIUIOCH CTaTh B TOM YUCJIE U HAM C BAMHU.

1. Beab 1ake M akageMHUKaM CBOMCTBEHHO,
YBBI, 320J1yK1aThCH.

[IpuBeny B 3TOM CBSI3M Tapy HaIVIIHBIX
npumepoB. B 2017 romy  ampekrtop
Actpokocmuueckoro  nentpa  OUAH (r.
Mocksa) Huxonait Kapnames 3asBui, 4To, 1O
ero MHEHMUIO, BCE BBICOKOPa3BUTHIE
LUMBUJIN3ALMU JABHO YK€ IOKWHYJIW Hally
Bcenennyto, nepecenuBIINCh B Apyrue Oosee

MOIXOIAIIE TUTS HUX oOJactu
MynetuBepcyma [3, c. 14-19]. IlpaBma, o
KOCBCHHBIX IMPUYMHAX TAaKOTO  JOBOJIbHO

CTPAHHOTO Kak ISl aKaJeMHKa aHTUHAYYHOI'O
YTBEP)KJICHHSI JOTaaThCs, B 00IEM-TO, HE TaK
YK CIIOXKHO. J[eJI0 B TOM, 4TO B CaMOM Hauajie

International Sciences Reviews: Natural Sciences and Technologies, Vol. 6, No. 4, 2024



46

CBOEH MCCIIEI0BATEIbCKON Kapbepbl Hukoman
CeMEHOBMY 4YaCTEHbKO Ha IIOJHOM CEpbe3e
YBEPSUT CBOUX KOJUIET, UYTO YK€ B OyvKaiiiien
MEpPCIEKTUBE  MMEET  peajlibHble  IUIAHBI
BCTPETUTHCS, @ BO3MOXHO JaXke, W JIMYHO
3aKOHTA4YUTh C KeM-IMOO W3 pa3yMHBIX
HMHOIUIAHCTHBIX oOwurtareneid. OHaKoO, Kak
TOJBKO €ro MOCIOCTOPOHHHMM 3E€MHOM MYTh
WCIOJIBOJTb, HO HEYKJIOHHO CTaJl MPUOIMKATHCS
K CBOEMY HM3BEUHOMY JKHTEHCKOMY (puHaly, -
JIOBEJIOCh YK€ MPECTapesioMy CTOJIUYHOMY
YYCHOMY ITOHEBOJIE BBIMCKHMBATh ceOe JIFOOBIC
BAapUAHTHl IS CKOJb-HUOYAb TPUCTOWHOTO
«TaKTUYECKOTO OTCTYIUICHUS».

A BIpouem, He TaTbHOBHIHEE CBOETO meda
OKa3aJICsi B ’TOM CMBICJIE M €r0 BEPHBIN «3aM»
no uHcetutyty Mrops HoBUKOB, yBiekmuics
enie B cepenune 80-X, mpsIMO CKakeM, BECbMa U
BECbMAa COMHHTEJIBHOM 3aTeell  CO3JaHus
MamuHbl BpemeHu. O sBHOW OpemnoBOCTH
01I00HBIX OecrOYBEHHBIX (danTazui,
MPOTHUBOPEUALITUX BCEM MPU3HAHHBIM
€CTECTBEHHOHAYYHBIM KaHOHAaM (OCOOEHHO 4TO
KacaeTcsli XpOHO-BOSDKEH B TpoIluioe), ObLIOo
yxe ckazaHo Hemasio [4]. OnHako AeTalibHEe
COOCTBCHHBIMM HWHTEPECHBIMH B3TJIAJIaMH U
COOOpaKEHHUSIMU TI0 ATOMY TIOBOJIY aBTOP
coOupaercs MOAENUThCA ¢ ynTaTensmMu «ISR»
yXKe B CHeAyromieM (BECEHHEM) BBIMTyCKe
xypHana. Ho, kak 651 Tam HE ObL10, cam Urops
JmutpueBnd BCE Tak ke 0e3pe3ysIbTaTHO
HOCHTCS CO CBOEH BOCTalieHHOW (PUKC-uaeel u
TTOHBIHE. ..

A BooOIIE coBceM, HaaO TMojarath, He 3ps
JIpeBHUE JIaTUHSHE TMoroBapuBanu: «Errare
humanum est, stultum est in errore
perseverare». He o6omna nmogoOHas ydacTb U
BEJIMYANIIIETO TeHUsI OTEYECTBEHHOM
actponomuu B.A.Ambapuymsna. Tak, B 1958
rooy Ha TPaJUIMOHHON  OproccenbcKon
koH(pepeHuuu «Solvay» 10 (Qu3UKEe OH
MPOYUTA OJIUH U3 CaMbIX 3HAMEHUTHIX CBOUX
JTOKJIQ/I0B, BIEPBBIC IyOJMYHO 3asIBUB TPHU
3TOM, 4YTO «B SiApaxX TaJaKTHUK MPOUCXOJSAT
YPE3BBIYAHO MOIIHBIE B3PBIBBI, BCIEIACTBHE
4ero HaOJI0JaeTcss BBIIEICHHE OTPOMHBIX
JOTIOTHUTEBHBIX Macc. A 3HA4YMT, OHU (ITH
S7Ipa) TOJKHBI COJIePKaTh BHYTPH ce0sl Kakue-
TO TeJla HEM3BECTHOW MPHUPOABD». TeM caMmbIM
OH, TIO CYIIECTBY, JaJl TBOPYECKHH TOIUOK

HOBOM HAayKe — TEOPUU TaJaKTHYECKOU
sBosroluK. M Bc€ Obl HUYETO, J1a TOJIBKO BOT B
MOCCIYIOIIUX CcBoMX paborax [5,6] Buxrop
AMazacrioBu4,  NOJJAABIINCH,  OYEBHJHO,
BCAKMM  MOJHBIM  TOIZJa  WJUIFO30pPHO-
OOMaHUYMBBIM THUIOTE3aM, MPEACTaBUI YXKe
CBOIO TMO3UIMIO YyTh HHAYe - YTO SKOOBI
HOJOOHBIE  JBIMYATO-TOJIyOOBaThle  CTPYH
SBIISIIOT OO0 HE YTO MHOE KaK CIOHTaHHBIC
BTOPKEHMS MaTEPUH U3 NapAJUICIbHBIX MUPOB.
XoTsl HAa caMOM Jele ceddac yxe IMPHUHITO
CUMTATh, YTO 3TO, BEPOSATHEE BCETO, MOXKET
OBITH 00yCIIOBIICHO B3aUMOJICHICTBHEM
MarHMTHOIO IOJIA C AKKPELUOHHBIM JHCKOM
BOKPYI' Y€pPHOM JbIpbl (HYy WIM - KaK HEKui
BIIOJIHE JOIYCTUMBI BapuaHT - OYEHb
MacCHUBHOM HEUTPOHHOI 3B€3/1bl).

K cnoBy, MBI OTHIOZIb HE CITy4aliHO B3sJIM Ha
cebs CMEIOoCTh  COBEPIIUTH  3]1€Ch  ATOT
KpaTeHbKHi (HO, HA/ICFOCh, TIOJIC3HBIIT) IKCKYPC
B CTOJIb IaMATHBIE €Ill€ MHOTUM BpeMeHa
3apOKJEHUSI  HOBEWIIMX  INPOTPECCHUBHBIX
3HaHU 0 KocMoce. 6o B aHHOM aBTOPCKOM
CTaTbe Kak pa3 IOABEPraroTCs IOCTaTOYHO
UCUEPIBIBAOIIEMY (XOTSI UM B OCHOBHOM
KPUTHYECKOMY) aHAJIU3Y OY€Hb YK, [0 IpaBJe
roBOpsi, 0€CCUCTEMHBIE U CYyMOYpHBIE MTOMBITKU
LIEJIOTO psiZia BeCbMa aMOMIIMO3HBIX 3amaHbIX
acTpO(U3UKOB XOTh KaK-HUOY/b «Ha MaJbLIax»
apryMEHTHPOBAaTh IPECIOBYTBI  IapasoKc
@®epmu. IllyTtka mm kOMy cKa3aTb: B CBOHX
I'POMO3/IKHX, HO SBHO HaJyMaHHBIX
KOHCTPYKLIMSIX HEKOTOpblE U3 HHUX JIOXOIST
Jake [0 TOro, 4YTO HHUYTOXKE CyMHSIIECS
MEHSIOT MECTaMH NPUYMHY CO CIEACTBUEM!..

A BrpoueM, TyT XK€ 3a0[HO, TaK CKa3arhb,
«UIS MyLEero IUlIopaiu3May Hamu Oyjaer
NPUBEJCHO M HEeMalo UHBIX, Kyaa Oojee
COJIEpKaTeNbHBIX M TOJIKOBBIX CYXICHMH Ha
9Ty TEMYy - HENOCPEICTBEHHO U3 YCT
aIbTEPHATUBHO MBICISIIUX Y4YEHBIX (1a U K
TOMY K€ — 3aMedy - C MHUPOBBIM HMeHeM!).
[IpyueM KOe-KTO M3 HUX  OTKPOBEHHO
OLICHUBAET CETOAHSIIHION IaTOBYIO
HEOMNPEIeIEHHOCTh KaK CBOEOOPa3HYIO
TBOPYECKYIO CTarHaluioo; JApyrue OoJiblie
CKJIOHSIOTCSI K  BEPCHM  KOHBIOHKTYPHO
00yCJIOBJIEHHOTO TEXHO-perpecca: TOrAa Kak
TPETbU MPAMO 3asIBIIIOT, YTO MPEICTABUTEISAM
TOYHBIX HAyK, TIOpa Y€, OYEBHJIHO,
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TOTOBUTBCS K CMEHE CTapod 3Be3qHOU
mapagurMpl  Ha  HEKYI0  KapAWHAJIbHO
obHoBNeHHYI0. HO BCE ke, He NOXUAAACH Y
MOpsA TMOTroAbl (Ja W B MHKY 3a3HABIIUMCS
YBAHJIUBBIM aMEpUKOCaM, HE MPU3HAIOIINUM
BCEphE3 HH TEMEPEIIHUX HAIIUX KPEeaTUBHBIX
BO3MOXXHOCTEH, HU Jake OBUIBIX IOUCTHHE
TPaHINO3HBIX JOCTUXKEHHI), MBI MOMPoOyeM
CBOWIMH CHJIAMH Pa3pyJIUTh 3/IeCh HEKOTOPHIC
HauboJee CIOPHbIE MOMEHTHI
2. B ouepennm 3a
Ha0JII0IaTeJIeM.

He cekper, uTo nuneTanTckas HaMBHOCTh
TaKk Ha3bIBAEMOr0 aHTPOIIHOTO MPHUHIIMIIA
KPUTHKYETCSI ceituac yKe MHOTUMU
KOMIIETEHTHBIMU M IIUPOKO H3BECTHBIMU B
MHUpE CHernuaucTaMud. XOTs BOOOIIe-TO B
MOJIETH «IyJIbcupyloliei BeeneHHo» (Kak U B
MOJHOM HBIHYE JBOJIOIIMOHHOM THUIIOTE3E
JI.CmonuHa) BBIOOp MEPBUYHBIX CBOOOIHBIX
mapaMeTpoB, CyJis 1O BceMy, HeclydaeH. Bo-
MEPBBIX, MOXKHO JOMYCTHTb, YTO OHU - KakK
HEMIPUKOCHOBEHHBIC JTAJIOHHBIE O00pa3mbl —
MEepexoaT OT TOKOJEHHs K MOKOJICHUIO

YHUKAJIbHBIM

uenukoM.  Bo-Bropelx, eciu  gaxe U
GbopMUPYIOTCSI  TIPH  K&XKIOM  OYEPEIHOM
B3pbiBe cbI3HOBAa, TO HWMEHHO Oiarojaps
HAJINYHIO BOBHE HEKOHN «CKBO3HOW»

OHTOJOrHYeckoW mnamath. Ho paxe um mpum
BBIODAaKOBKE O000MX JTHX HW3BUHUTEIBHBIX
apryMEHTOB, B  KadecTBE  PEIIArOIIEro
JIOBOJILHO-TAKM ~ BECKOTO  KO3bIpS  IPOTHB
MHUMOM aHTPONO(UIBLHOCTU OBITHS SIBIISIETCA
TO, YTO B aOCOMIOTHO 000 Bcenennoit a
priori TOKHBI MPUCYTCTBOBATH BCSKOTO PO
«TOHKOTEJIbHBIE» TOJXyOOTM W aHrenbl, He
TOBOpSl YK O MeNbYallInX OCKoJNKax Pa3zyma
(uHopMoHax). ITO, €CTECTBEHHO, KacaeTcs U
TEX CIIy4aeB, KOT/Ia camMocOOpKa  TSDKENBIX
3JIEMEHTOB WJIM MOJIEKYJ (2 BMECTe C HUIMU — U
MIPUBBIYHON /17151 HAC OMOKHU3HU) OKAXKETCs BCE
K Taku C acTpo(U3UYECKOH TOYKU 3pPEHHS
3aTPYIHUTEIBHON U MAJIOBEPOSITHOM.

A BoOOmE MOXHO, IO  HIee,
MPEJICTaBUTh cebe TpPU TNPHHIUTHAIBHBIX
JTMHAMUYECKHUX CXEMbl MUPO3JIaHHS:

a) ceoeobpasHvie kaveau «om suepeuu (Boau)
—> « ungpopmayuu (Pazymy) u obpamnor;
0) HenpepvlgHblEe IKCNEPUMEHMbBL UL OddiCe
9KCcnpommsl camoti Bonu (crooa sce - 3amemum

- Bnucsleaemcs u xXopouto, GMOMMO, MHO2UM

3HAKOMOEe — MeocopcKkoe  OMKpOoseHue o
bvimosaswiux — npescoe  5-u  OeCnIOMHbIX
pacax);

8) MY U HAKOHelY, He3A8UCUMO OM HUX 30eCb
Modcem  OblMb  paAcCMOmMpeHa  Makodice U
MOOHas ceediceucnevennas eunomesza [7] o
Hawlem — Ovlmuu KAk — KOMHbIOMEPHOU
CUMYNAYUU ~ HEKOU  CKpblmou  MmeHesou
peanvHocmu (Kcmamu, 8 3MOM Cryyde Cmolb
npueviuHvle Ol  «AUMUUHUKOB» Oumol U
baiimvl  nepetioym yoice 6 pame 2lA8HO20

UCMOYHUKA — 63aUMOOelCmeust 6cex  e20
BeU)eCMBEHHBIX U MHUMBIX 0ObEKMO8).
Ho B wmemom kaxymascs IOISPHOCTD

uHTepecoB Pasyma u Bomu Ha camom nene
OLIYILAETCS pa3BE€ 4YTO, MOXKalyd, MHOTIA B
COLIMATIbHO-UCTOPUYECKOW  TUIOCKOCTH. B
OCTaJIbHOM K€ OHHU TOBCIOJlY UIYT PSIOM™, KaK
Obl JOMONHAS W TBOpPYECKH oboramas Apyr
npyra. Tak 9TO  NPOTUBOMOCTABIATH UX B
Mmacimitabax BcerneHHONH MOMXKHO TONIBKO TIO
BPEMEHHBIM  [MapaMeTpaM:  OT  JHEpPIruu
HACBIIIEHHOTO, HO OECCTPYKTYpPHOrO Xaoca — K
IpEeJeNbHO CTPYKTYPUPOBAHHOMY, HO XOJIOJIHO-
6ezxu3HeHHOMY Kocmocy™*.

[Ipu sTom mr00BIE CO3UAATENbHBIE JESIHUS
Pa3zyma momkHbl, Mo ujaee, 0O0yCIOBIMBATHCS
COOTBETCTBYIOIIUMU  XapaKTEPUCTUKAMU  €T0
JNIEMEHTapHBIX HocutTenel (MH(OPMOHOB), a
WMEHHO — J0O0 CcaMOyJABOCHHEM, JIHOO
JTUCTAHIIMOHHOW TMepefayeil TeX WIM HHBIX
BHYTPEHHUX TMapaMeTpoB. UTO B COBOKYITHOCTH
NO3BOJSIET MM OOXOAMTh HeOe3bI3BECTHBIH
3ampeT Ha KJIOHHUPOBAaHHWE (BBEIEHHBIM B
HBIHEITHIOI HAyYHYI TMPaKTUKY (PU3NKaAMU
Byrtrepcom, 3ypexkom wu Jludkcom), Kak,
BIIPOYEM, U JIPYTHE aHATIOTUYHBIE HECTHIKOBKH,
CBA3aHHBIE B TOM UYHCJIE C HapyLIEHHEM
YETHOCTH WM K€ C MPECIOBYTON XHpaTbHON
aCUMMETpHEN.

W B 3TOM Kak pa3 COCTOUT OCHOBHOE OTJINYHE
TaKUX MOOUJIBHBIX M BE3ECYITUX MUKPOYACTHI]
OT «JyXa CBSITOro», KOTOpBIM (eciu paxe
OTOXJIECTBUTh €r0, JOIYCTHM, C HEKUM
KaJIMOpOBOYHBIM  TIOJIEM)  3MKAETCA  Ha
CPaBHUTEIBPHO  HWHEPTHBIX W  HEBECOMBIX
06030Hax, HY W, BO3MOKHO, Ha
CBEPXCKOPOCTHBIX TaxnoHax [8]. A Kpome Toro,
10 MOEMY TBEpIOMY YOEXKIEHHUI0, IPE3eHTyeMas
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HaM CBBIIIIE TPAHCIICHJCHTAIbHAS YHEPIUs, KaK
U BCEJICHCKOE BpeMs, BOOOIIE HE MOIJIEKUT
pa3ObuBKke Ha  MeJbuailliue  JAMCKPETHHIC
KOMITOHEHTBI, TOCKOJIbKY Jie-(hakTo SIBJISET
co0oif aTpulyT, HO YX HUKOUM O0Opa3oM He
o0beKT W TemM  Oosee  HE  OpyaMe
MpeAyCTaHOBIEHHOTO MUpPOTIOpsIIKa™ **,
Kortopsiii, BeICTYIIasi B_KaueCTBE NMEPBONPUUNHBI
JOOBIX MPUPOAHBIX B3aUMOJEHCTBUM, JaeT per
se TBOPUYECKUIA TOJTYOK BceoOemMy
3BOJIIOLIMOHHOMY Tporpeccy [9].

Wtak, kakue ke OTCI0/la HANpalIMBaIOTCs
noruueckue BeiBoAbI? Hy, mpexnae Bcero To,
YTO «CUJIbHBIN aHTPOIHBIM IPUHIUID B BEPCUU
MIPU3HAHHOTO  33a0KEAHCKOI'O0  aBTOPHUTETA
Joxona Yunepa («Habrnooamenu neo6xooumvi
ons1 obpemenusi  Bcenennoti  Ovimusi!y),
HECMOTpSl Jlake Ha CBOE U3SIIECTBO U
MOKa3Hyl0 adOpUCTHYHOCTH, HA CaMOM JIeje
BIIOJIHE TPUBHAJICH U BPSJ JTU MOXKET IPUHECTU
MPAKTUKYIONIMM ~YY€HBIM XOTh KaKylO-TO
OLIyTUMYIO TmoNb3y. UYTOo ke Kacaercs
«cinaboroy» (4yTh paHee MPEASIOKEHHOTO IPOd.
I'puropuem HpmncoMm B TakoM  YHUCTO
noTpeOUTENbCKOM BUAC: «Mbl  Habarooaem
3a6e00M0O  He  NPOU3BOILHYIO  001ACMb
Bcenennoii, a my, ocobas cmpyxmypa komopoti
coenana eé npuecooHol 05l B03HUKHOBEHUS U
PA38UMUS HCUZHIY), TO 3[€CH U BOBCE TOBOPUTH
He 0 yeM. 1160, MaJio TOro, 4To OH Kak Obl yxe
o cBoel cyTH (OeclepeMOHHO IEpeTacoBaB
OPUYMHY  CO  CIIEACTBHEM)  TPOHUKHYT
copUCTUKON, TaK elle U COBEpPUIEHHO He
COOTBETCTBYET OKpY’Karouien Hac
neiicrBurensHocTd. [loTOMy 4TO TIpH J1FOOBIX
KOPITYCKYJISIPHBIX ~TapamMeTpax BEPOSITHOCTb
BO3HUKHOBEHHUSI Pa3yMHOH XKH3HHU (a BMeECTE C
Hell — W TOTEHIMAIBHOrO HabroaaTess) Bcé
paBHO ocTaeTcsi BecbMa Bbicokoit! Ho Toibko,
€CTECTBEHHO, HE B BaKyyMHOM IPOCTPAHCTBE;
HY H, TIOHATHOE JENI0, HE TYT K& TPSIMO C
OyXThI-0apaxThl, «I10 MHUMOJIETHOM NPUXOTU
30J10TOM pBIOKKW», a XOoTd Obl uepe3 mapy-
TPOIKY MUJIJTHAP/IOB JIET. ..

Koe-xkto u3 3amagHpIX acTpou3UKOB
BCAYECKM  TBITATCS  37€Ch,  BIIPOYEM,
ameyuIMpoBaTh K HEOE3bI3BECTHOU (opmyie
Hpeiika [10]:

N=R-fynefi-fi-forL

Jeckartp, ecinu Jaxe UCXolsd U3 €€ IpeAciIbHO
3aHWKCHHBIX KO3 (UIIMEHTOB, B  HaIen
rajJjakTUKE JOJDKHO CYIIECTBOBATH XOTS OBl
HECKOJIBKO Pa3BUTHIX TYMaHOM/IHBIX
coo0IIeCTB, a HMX II0OKa HET HU OIHOIO.
COOOIIIeCTB, a WX IOKAa HET HHU OJIHOTO,

3HAYUT, KaK XOPOM YBEpSIOT OHH, (EHOMEH
9KCKJIIO3UBHOTO 3€MHOro Habmiojnartens -
Hanuuo! OfHako ke Ha caMOM Jelie JaHHOE
00CTOSITENTLCTBO MOJKET, MOXKaIyH,
CBHUJIETEIICTBOBATH JIUIIb O TOM, YTO HPOCTast
JIaMIaCOBCKO-KapTe3UaHCKasl TPAaKTOBKA TYT,
yBBl, HempuemsieMa. To ecTb, ToBops Oosee
KOHKPETHO, JTO €le pa3 JOKa3bIBaeT
STHOJIOTUYECKYIO CIIOKHOCTBH TPOUCXOKICHHS
UBUJIM3AIUI, CBSI3aHHYIO C HEJIMHEHMHOCTHIO
yTeil «OT KOCHOTO K ’KHBOMY» (UTO KaK
Obl  TMOATBEPKIACTCA  BBIIICYIOMSHYTON
BEpCHEl 0 5-U IPe/IIeCTBOBABLINX HAM pacax).

B memoM ke, COMOCTaBisE TEOPHUIO
kopeHHbix pac E.Il.bnaBarckoit [11] ¢
SBOJIOLMOHHBIM  JIPEBOM  COBPEMEHHBIX

OMOJIOroB, HEBOJBHO MPUXOAMILIL K BBHIBOLY,
YTO NepBas U3 HUX BIIOJHE MOXKET CIIy)KUTb
HEKMM 10JI00MeM XOpOoIlo aJanTHUPOBaHHOU
IIOYBBI JIJI1 HOPMAJIBHOTO «pOCTa» BTOporo. To
€CThb ~ BHayalleé  MYYHUTEIbHO JOJIr0 U
KpPOINOTIAMBO M3 3(upa, acTpaja, MEHTala U
rpyooit IIPOTOHOBOM «TOJIOKKH
CKJIa/IbIBAJINCh IIEPBOAJIEMEHTHI
OpraHM30BaHHOM MaTepHH (B BUJE CTAOUIIBHBIX
aTOMOB M KOJIBLEBBIX YIJIEPOACOAEPKAIINX
MOJIEKYJ), a 3aTe€M YXke BCE MPOAOIKUIIOCH IO
3HAKOMOMY HaM HIKOJIBHOMY CLICHAPHIO.

XoTs, BHOpoYeM, TYT HpHUBEIEHA JHIIb
o0rmas MIOBEPXHOCTHAs KapTHUHA
SBOJIIOIIMOHHOTO Pa3BUTHS; MO0 Ha CaMOM Jielie
o0a 3TUX TMpolecca UM MOYTH OAHOBPEMEHHO
JpyT C APYTOM; OJHAKO PaHbIIE B HEM MOBCIOAY
IJIABEHCTBOBAJIM 3aKOHBI Teocopuu (WiH, eciu
YrOJHO, acTpo(dU3WKH), TOTAa KaK ceiddac —
MPEeUMYIIECTBEHHO Ouonornyeckue. B 3Toi
CBSI3M O MOSIBJICHUM Ha 3€MJI€ MPUBBIYHOW IS
Hac OMOXXHM3HM MOXHO, MOXKaJIyi, BECTU pedb
I7Ie-TO  YX€  HauMHag C  YCIEHIHOIo
B3alMOBBITOZHOI'O CUHTE3a MEHTaJIa
(oTBeyaromiero, Kak H3BECTHO, 3a POJOBYIO
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MaMsiTh) C UMMaHEHTHOM «YyBCTBEHHOCTBIO)
OpPraHUYECKUX KOJIell.

3. Ioxo:xe, HU OJIHY CePbE3HYI0 MPOdIEMy
YK He pelIuTh 0e3 JAaKOHUYHOM IKCIEePTU3bl
Jlema!

Hy u mon 3anaBec, kak u ObUIO OO€IIaHO,
IpUBEEM TYT HEKOTOpbIe Haubosiee spKue H

OpUTHHANIbHBIE (XOTA TMOpOI0, IMpaBAa, U
JIOCTaTOYHO OCTPbIE) MHEHUS MOMYJSPHBIX
nucaTenen u MPU3HAHHBIX CBETHII
aKaJeMHYEeCKO HayKM, B TOM 4YHUCIE U
HegaBHuX HobeneBckux aypeaTos.

Wrak, aHTpONHBIA IPUHUUI, KaK MBI
BBISICHWIM, TPEIojiaraeT Mo CBOCH CyTH He
TOJIBKO TOAXOJAIIUE IPUPOIHBIE YCIOBUS, HO
U TOYHYIO aJIeKBaTHYI0  HACTPOHMKYy psaa
HEoOX0IUMBIX mapaMeTpoB. Ho BmMecTe ¢ Tem,
COTJIACHO 3HAMEHUTOMY OPHUTaHCKOMY (PU3UKY
Pomxepy Ilenpoy3sy, OH enBa mau MOT
MOCIYKUTh B KayeCTBE TIJIABHOW JABIKYIIEH
CWJIbI HAIpaBJsieMON HW3BHE SBOJIIOLIMM: BENb
CO3HaHHe, €CJIM YK Ha TO TMOILIO, SBISETCS, B
O0IIEeM-TO, JUIIb HEKUM JIOTIOJHHUTEIBHBIM
MOJICTIOPbEM I €CTECTBEHHOT'O 0TOOpA.

A 1o cnoBaMm 1ed-pemakTopa KypHaia
«Ckentuk» Maiikna llepmepa, otBepras Bepy
B €IMHYIO YIJIEPOJHYIO (hOpPMY >KU3HU, MOMKHO
YMO3aKJIIO4HUTh, YTO B JEHCTBUTEIBHOCTH ITO
KaK pa3 Mbl UJI€JIbHO U YETKO MOACTPOEHBI M0]1
Bcenennyto, a He HaoOopoT. U gaxke ecnu Ham
TPYJIHO CIHOJHA pa3o0paThCsi, KAKUM HMEHHO
00pa3oM ¢pHU3NUecKre SBICHUS KOPPETUPYIOT C
36eMHBIM pa3yMOM, caM OH BCE€ K€ JyMaeT Ha
Cceil cueT coBceM No-apyromy!

Co cBoell CTOPOHBIL, JIET€HIapHBIN MOIbCKUI
¢danract Cranucnas Jlem [12] momyepkuBaer,
4yto Tam, rjae per definitionem Hukoro Hery, -
OTCYTCTBYET W  JIMYHOCTb,  OOJajaromias
coOCTBEHHBIM MUpoBOcIpusiTHEM. Jla U, Kpome
Toro, Beenennas He MoxeT ObITH OOBHHEHA B
MpelHaMEPEeHHOM yMBICIIE, a 3HAuuT - He
ABIISICTCS OOJUTaTHBIM U CaMO CYIIECTBOBAaHHE
abctpakTHOro HaoOmomarens. Muaue rtoBOps,
OHa pa3BUBAETCS TaK, KaKk €d Xouercs, - U
HHUKAaKOM BHEIIHUM WHTEIUIEKT HE MOMKET
CTOATB 32 ITHM.

[IpuueM 31€ch HYXHO €lle UMEeTh B BUIY,
YTO MBI OOBIYHO CKJIOHHBI OOHapy>KUBaTh
KOppeJsIuK Be3Je, TJe, KaKk HaM KaxkeTcs, He
MOrjgo oboituck 0e3  mpeaBapUTEIbHOU

OCO3HAHHON HAacCTpOMKM WIM «IIOATACOBKU
kapT». OOHUM M3 TakuxX CIy4aeB SBIIACTCS
YCJIOBHASI @aHAJIOTHSI C PACCTPEIBHON KOMaHI0M1
(Ha WUIIOCTPaTHUBHOM IIpUMEpE KaHaJCKOIro
¢umnocoda xona Jlecnn) - korna y3HUK, BOT-
BOT OXKMUJABILUH yxe rudenu, octaéres BAPYT
LIEJIBIM-HEBPEUMBIM, IIOCTOSTHHO
03a7a4MBasACh BCIEH 3a TEM HEOTCTYIHOU
HaBSI3UMBOM HJIECH: a HE HAMEPEHHO JIM 3Ta
pOTa CTPEIKOB BCE 3K TaKX ITPOMAaxHYyJIach?

B cBow ouyepenb, BHUIHBIM €BPONEHCKUI
CHELUAJINCT IO HEWpOHHBIM ceTsM Opren
[IMuaxybep ykas3blBae€T, 4YTO AHTPOIHOMY
IPUHIUITY HE JaHO CIIPOrHO3UPOBATh 4TO-TH00
JIEHICTBUTENIHO IOJIE3HOE U BaXKHOE JJIs Hac,
HYy WIM OTBETUTh XOTA Obl Ha HEKOTOpbIE
JKUBOTPEIEIIYIIIE BOIPOCHI OBITHUS.

Tak 4TO ¢ y4eTOM BCEX ITUX XapAKTEPUCTUK
€ro MOXXHO Jla)X€ IpPHUPABHATH K TJIaBHOMY
IIOJIPYYHOMY CpeACTBY Icuxosoros. Hy a ecin
KTO-TO I10Ka €11[€ HE COBCEM B Kypce, HallOMHIO:
C KakuM OBl TSDKENbIM JIMYHBIM TOpPEM HHU
o0Opatwiics K TOJOOHBIM <(IyIIECIIACUTEISIMY
TOT WM  HWHOW  KIMEHT,  HaCTOALIUN
po(hecCHOHANBHBIN TICUXOJIOT MPEXKIE BCEro
IOMBITAETCSI  €r0  3aBEpUTh, UYTO  BCE
CIy4yMBIIMECS SBJISIETCS  Ha caMOM Jelie
HauOOJBIIUM  JTOCTUXKHMBIM Oomarom
OTPOMHEHNIINM YyTh JIU HE PAiCKUM CUACTHEM.
[Toromy uro B m000M aJbTEPHATHBHOM

BapuaHTe HOBas TICHXOJIOTHYECKU
IPOCUUTHIBaEMast CUTYyalus HaBepHsKa
OKazajach Obl CTOKpaT xyxke!..

Oo6parumcs Tenepb K «cnabomy

aHTPOITHOMY IpuHIMIY». 13 ero onpeneneHus
HENOCPEACTBEHHO, MEX/y IIPOYUM, BBITEKAET,
YTO I/Ie-TO BOKPYT HAC BIIOJIHE MOTYT OBITH U
JpyTue MaTepuaJbHbIE YHUBEPCYMBI (HO yXKe C
MHBIMH HACTpOIiKaMu), B KOTOPBIX pazyMHas
KHU3Hb 3aPOJUTHCS MPAKTHUECKU HE CIIOCOOHA.
Ho ecnmm yX TroBOpUTH O MHOTOMEPHOMH
MHTEPIIPETALIMM KBAHTOBOM MEXAaHMKH, TO TYT,
o CJI0Bam ITOYETHOTO npodeccopa
[TutTcOyprekoro yHuBepcutera  J[>KoHa
OpMaHa, y HAac HETy IIOKa HUKAaKHX Jaxe
CMYTHBIX JIOTaQJIOK OTHOCUTEJIBHO CaMoOro
MEXaHU3Ma PacIleIIEHNs TOW TMIOTETHYECKON
npa-BcenenHoil. A yx Tem 0oJiee, HET HUKaKHX
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CBCJCHUM, TAe, KOorga W IO KaKoi HMEHHO
MPUYMHE TaKOe BOOOIIE MOTJIO MPOU30KTH. BoT

nmoyemy Ha JaHHOM oTarc CBOC€TO
IUIAHETApHOI'0  pa3BHUTHUA Mbl HE  BIIpaBC
KOMIICTCHTHO YTBCPXKIAATH 0

MHOKECTBEHHOCTH MUPOB.

Hy u nakoner, cienoBaio Obl 100aBUTh, 4TO
HEKOTOpble Bepyolue yuyéHble (K Ipumepy,
anrinyanvl J[>xoH [TonKMHXOPH) UCTIONB3YIOT
AQHTPOIHBIA  NPUHLMII  KaKk  €Ie  OAHO
yOeaurenbHoe JI0Ka3aTesIbCTBO
6oronpucyrcTBus. To ecTh 4TO AKOOBI MMEHHO
I'ocniogp co3zan Takyro TOHKYI0 KOCMHUYECKYIO
HACTPOMKY, KOTOpas II03BOJINJIA CYLIECTBOBATh
pazymMHOMYy 3eMHOMY HaOmonarento. He 3ps
K€, KaK OTMEYaeT M3BECTHBIA XPUCTUAHCKUN
anoJIOreT M HEOIUIATOHMK YwibsaMm Kpeir, B
pasrap OypHBIX JUCKYCCUH IO aHTPOIIHOMY

OPUHIUIYY TPAaHUIBl MEXKAY (QHU3UKOW W
¢bunocopueit  craHOBATCS YK€  BechbMa
pacIUIbIBYAaThIMH.

OpHako apryMeHT O YeJlOBeKEe KaK BEHIEe
00’)KECTBEHHOTO TBOPEHHS SIBISIETCS YUCTO
UHTYUTUBHBIM: BE€Ib €ro IIOKa HENb3sl HHU
ONPOBEPrHYTh, HU NOATBepANTH. MO0 B
pPEeaTbHOCTH MBI C BaMH — TOJIBKO MaJIeHbKUIl
HUYTOKHBIA KyCOYeK BceneHHON, BHE3aIHYIO
3aBTPAILIHIOID  MPOMAaXy  KOTOPOro  OHa,
BO3MOJKHO, JTA)KE M HE 3aMETHT; a TPECIOBYTHIHI
Homo-¢dakrop — Bcero nuib ommbKa Urpoka,
Yepecuyp YK MepeoleHUBIIEr0 CBOIO POIlb. ..

3akjaouyeHue
Takum o0pazoM, B TIPOTHUBOBEC SIBHO
HaAyMaHHOMY  aHTPOIIHOMY MBI  3J€Chb

IIPUXOUM K ITOCTYJIMPOBAaHUIO HHOTO - FOpa3 o
0oJ1ee BaxHOro 151 Hayku npuHiuna. CyTh ero
B TOM, 4ro BceneHHas Ha JaHHOM »JTame
YHOPSA0YUBAETCS B KauyeCTBEHHOM
OTHOILIEHUH, pPa3yNopsIouuBasCb B TO K€
BpEMS B KOJIMYECTBEHHOM (TemioBoMm). [Ipruem
3TO (yHIAMEHTAIBHOE CBOMCTBO JIOJIKHO, T10-
BUJIUMOMY, PaclpOCTPaHATHCS HA BCE 3aKOHBI
TEPMOJIMHAMUKH (M B YAaCTHOCTH, BTOpo). Jla
U, KCTaTW, TO JK€& CaMoe Kacaercs H
CUHEPreTUKM —  BONPEKH  TOMY,  4YTO
npexacrasisut cede U.P.ITpuroxun [13].

Tax 4ro, ckopee Bcero, pa3ynopsi0uuBaHue
UIET TI0 DHEPreTUYecKOMy BEKTOpy, a
yHopsijlouuBaHue — o uHpopmannoHHomy. Ho

3Ta 3aBUCHUMOCTb HE HOCHUT, OJHAKO XKe,
JUHEHHOro XapakTepa, MOCKOJbKY pPa3BUTHIM
MHTEJUIEKT CO3AaET HOBYIO aJrOPUTMHUYECKYIO
npoaykiuio [14] HamHOrO Mpoiie u OpicTpee —
0e3 BBICOKMX DHEPro3arpar (eciau CpaBHUBATH C
TeM, 4YTO OBUIO Ha 3ape CTAaHOBJICHHUSA
BcenenHoil). A 3HauuT, U MOYTU YK€ TEpSET
CMBICT AWJIEMMa Hac4eT TOro, Y4eM UMEHHO Je-
(dakTO TOpPOXKAAETCS  aKTyalbHBIA IS Hac
Oarak 3HAaHUW:  TEPBUYHBIMH OCKOJKAaMHU
Pazyma, o61ie3eMHbIM OHO-COIIYMOM, HY HJIH,
BO3MOXXHO, HEKHMMH CYIEpPCOBPEMEHHBIMU
AIIEKTPOHHO-BBIYUCIUTEIHHBIMU

KOMIUIEKCaMH; Beb JI000H HCKYCCTBEHHBIN
MHTEJUIEKT, 10 HJAee, TOXKE €CTh MPOIYKT
HEYTOMUMOM J1eATeIbHOCTH MH(GOPMOHOB [15,
C.111-119]. [Ipu 3TOM IN1aBHBIMU KaHIUAATaMU

Ha poJIb 3JIEMEHTAPHbIX HocuTenel
uH(poOpMallMK, €CIM TOBOPUTH O peajbHO
CYLIECTBYIOIINUX YyacTuuax, SBIISIIOTCSI

JieT4aiIie U3 HbIHE YK€ OTKPBITHIX JICITOHOB
- HelTpuHO (a cpenu mpejcKa3aHHbIX "au bout
de plume" moxHO, HanpuMep, Ha3BaTh BUMIIBI
i LSP).

Jpyrumu  cioBaMHu, TIPAaKTHYECKH  BCE
M3BECTHBIC HAa CETOIHSI 3aKOHBI (DU3UKU, XUMUU
u OGuosoruu (a 0COOEHHO — MEpBBIE U3 HUX)
TOJKHBI ~ pacCMaTpuBaThCsi  KaK  BIIOJHE
€CTECTBEHHBII HWTOT CaMOOPTaHU3AIlOHHBIX
nporeccoB, MO0 BCe OHHM, TaK WM HHaYe,
CBSI3aHBI C YIIOPSIOYCHHBIM JBIDKEHHEM. A BOT
BMECTO CIIMIIKOM Y>K CKOMIIPOMETHPOBABLIETO
ce0st aHTPOIHOT O MPUHIIUIIA aBTOP IMpeAaraer
BBECTH B O(PHUIMAIBHYI0 HAy4HYIO JIEKCHUKY
chopMyIUpOBaHHBIT U OOOCHOBAHHBIM MM B
MPEeIbIIYIINX CBOUX IMeYaTHbIX paboTtax [16]
«KBa3UaHTPOITHBIM MapagoKey.
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* Ila u npumom noo o6wuUM 6epXx08eHCMBOM (NOKA, 60 8CAKOM Cryyae) umenno Pazyma.

**U e6om kak paz Ha mMoM QUHULHOM Ompe3Ke U3-3a KPUMU4eCcKol HeX8amKu IHepeopecypcos
oeticmeumenbHo npedCmasisiemcs GNOJIHe Yiice PeaibHbLM Nepexo0 Om HolHeUHell HCUBoU
YUBUIUZAYUU K 2e2eMOHUU POOOMO8.

*RXKemamuy, He UCKIIOYEHO, YMO HA YPOBHE MUKPOMUPA XOO BCELEHCKO20 BPEeMEHU MOJCEN
OMIUYAMBCS OM MO0, KAK Mbl MPAOUYUOHHO NPUBLIKIU €20 OCHPUHUMAMb. HaAnpumep, 6ovuletl
cumMmempuel OMHOCUMENbHO MOYKU Omcuema, Ko20a napa aroobix coObimuil «00» U «nociey
IKCMPANOIUPYIOMCL, 8 00uWeM-mo, 20paz0o e2ue, yem 6 OObIYHOU cumyayuu (Xoms, 6npodem,
crooa e, nNo Cymu, MONCHO NPUYUCIUMb U (EHOMEH DPABHOBEPOIMHBIX 83AUMONPEEPAUJeHUL
JIENMOHO08 U Opyeux snemeHmapuulx uacmuy). Ho 6cé s maxu c scecmkum codnooeruem, 00HaKo,
@yHOaMeHMANbHO20 U HE3bI0IEMO20 NPABUILA BPEMEHHOU He0OPAMUMOCMU, 00YCI06]1eHH020, 0a U
gceyeilo, yvl, NOOYUHAIOULE20Cs NPeclo8ymoMy SHMpPOnUutiHomy gaxkmopy!
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An 0aKbUIaYIIBIHBIH OYFaH KATBICHI KOK!

Amup E. Amypckuii™

NASU xanbsiaaarst JKacanasl untesuiekT HHCTUTYTHI, 01001, Kues, Ykpanna
“ e.ashursky@gmail.com

Anparna. byn makanana aBTop KeiOip TbIM OefiTapan >kapaTbUIbICTaHy FaTbIMAAPBIHBIH aThIIyIbl DepMu
NMapaZoKChIH KaHJail ga Oip TypAe Ionenaeyre ThIpbICaThiH e0eleiici3 opeKeTTepiH JoHeKTi TypAe ChIHFa
amanel. EmkiMre aiiTy a3im emec: e3mepiHiH Kypaewi, Oipak keOiHece MarblHACHI3 KOHCTPYKIMSUIAPBIHIA
KOITereH 0aThic acCTPOPU3UKTEPI TINTI ceOe MeH calaappl el oiaH0acTaH alMacThIpyFa JeiiH Oapabr!
bipak 0opibip, Oblaiiia aWTKaHIA, «IIKIp TUTIOpaIN3Mi YIIiH» 013 OCHI TaKBIPBIIKA KATBHICTHI Oacka a
KONTereH, OyIaH [1a MarblHANbI, OPBIHIBl TY)KBIPBIMAAPIABl — QJEMIe OHMriNi FalbIMIApAblH ay3blHAaH Ja
YCBIHBIN OTHIpMBI3. COHBIMEH Oipre, onapiblH KelOipeysepi OYTiHTiI THIFBIPHIKKA TipelreH Oenrici3miKTi
IIBIFAPMAIIBUTBIK TOKBIpAyIbIH Oip TYpl peTiHae amiblK Oaralaiifipl; eKiHIIiJepi TYTHIHYIIBUIBIKKA Kapan
CBIPFBITY *ahaHJIBIK TEOPHUSIIBIK aybICy HYCKACchIHA OeiiM; oHE TaFbl YIIIHII HAKTHI FRUIBIMAAD OKUIIepiHe
€CKI1 XKYJIIBI3BIK TapaJurMaHbl TYOETeiIi xKaHap ThIIFaHFa ©3repTyre JalbIHAAIAThIH YaKbIT KEJI/1 1eT alllblK
anTanel.

JlereHMeH TeHi3 )KaFachIHAAFbI aya-palblH KyTHei-aK (okaHe Oi3/iH Ka3ipTi aeyeTiMi3i Je, TINTi OTKeH IIbIH
MOHIH/JIE YITKEH KETiCTIKTepiMi3ai e OaiibInmneH KaObu1IaMaiThIH KEKCYPHIH aKIIaKyMap aMepUKaH IbIKTapra
KapamacTaH) 0i3 MyHzna OOJMBICTBIH €H JayJibl KOHE >KaHBII TYpPFaH Mocelesepi o3 OeTiHIIe Mienryre
TBIPBICAMBI3

Tyiiin ce3aep: ken (dazanbik 3Bomonus, peiik TeHaeyi, aHTPONUKAIBIK, IPHHIHIL, MYJIbCUPIICHICH OJIeM,
OHTOJIOTUSIJIBIK aJIbl, TCOCOPHSIIBIK 1J1iM, pOOOTTapAbIH TereMOHHUSICHI.

Whereas an observer is surely far-fetched here!

Emir E. Ashursky ™

Institute of Artificial Intelligence at NASU, 01001, Kiev, Ukraine

= e.ashursky@gmail.com

Abstract. In this article, the author subjects to a rather exhaustive (although mostly, it’s true, critical) analysis
the one-track attempts of a number of current Western astrophysicists to somehow substantiate the well-known
Fermi paradox. Is it a joke to say: in own perverted constructions, some of them even go so far as to
unceremoniously rearrange the cause with the effect!

However, so to speak, for greater pluralism of opinions, we'll along the way quote many other, much more
meaningful and sensible statements on this topic — right from the lips of alternatively thinking scientists (and
besides — I note - with a world name!). Wherein some of them frankly assess the today stalemate uncertainty as
a kind of creative stagnation; second are inclined towards the version of consumerity-driven global theoretical
shift; while third directly declare that it is time for representatives of the exact sciences, obviously, to prepare
for the change of the old starry paradigm to cardinally updated one. But still, without waiting for the weather by
the sea (as well as just for spite the purse-proud arrogant Yankees, who, alas, do not seriously recognize our
current creative capabilities, or even past truly grandiose achievements), here we will try on our own to resolve
some of the most controversial issues.

Keywords: many-phase evolution, Drake equation, anthropic principle, pulsating Universe, ontological
memory, theosophical doctrine, hegemony of robots.
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MPHTHU 10.53.22
dakTopsl, BIUAOIINE HA ONTUMAJIBLHOCTD 3eMeJILHBIX PecypcoB

TeinbikyaoBa A.C. ™, dagreenkos A.B. P

& MexayHapoaHblii yauBepcuTeT Acrana, Kazaxcran, r.Acrana

b 3anmonspHbIii rocyapcTBeHHbI yHuBepcuteT umenn H.M.Denoposckoro, PO, r. Hopuibek
™ ABTOP-KOPPECTIOHIEHT

AHHOTanus. PannoHanbHOE HCIONB30BAaHUE 3EMEJBHBIX PECYPCOB CTAHOBHUTCS OCOOCHHO BaXKHBIM B
YCIIOBHAX pOCTa AHTPOIIOI€HHOW HArpy3KH, HW3MEHEHHUS KiIMMaTa M IOTPeOHOCTH B yCTOWYMBOM
CEIbCKOXO3AHCTBEHHOM IpoM3BOJACTBe. HacTosiliee wHccieOoBaHME HANpPaBIEHO Ha aHauu3 (aKTopoB,
BIIMSIOIIMX HA ONTUMAJIBHOCTb HCIOJIB30BAHUS 3€MEIIb, C aKLIEHTOM HA MX IMPUPOIHBIC, JKOHOMUYECKUE U
YIpaBI€HYECKHE acleKThl. MccienyeMas TeppuTOpHUs XapaKTepU3yeTcsl 3HAYUTEIBHON HEOJHOPOIHOCTHIO
[IOYBEHHO-KJIMMAaTUYECKUX YCJIOBUNA M MHTCHCHBHBIM AHTPOIIOICHHBIM BO3JECHCTBUEM, UTO JENAET 3ahady
ONTUMAJILHOTO 3EMJICTIONB30BAHUSI OCOOCHHO aKTyalnbHOW. [IpUMEHsT MeTonbl TeOMH(OPMAIIMOHHOTO
aHaJM3a, 3KOHOMHKO-MAaTeMaTHYeCKOTO MOJIETUPOBAHUS W aJITOPUTMBl MALIMHHOIO OOYYEHHsI, aBTOPHI
BBIIBIJIM KIIFOYEBBIE 3aKOHOMEPHOCTH ONTHMANBHOTO paclpeAcicHHs 3eMelnb. Pe3ynbTaTel UCClIeqOBaHUs
MO3BOJIMJIM  pa3paboTaTh  pEKOMEHAAIMH,  HalpaBiIeHHblE HA  TOBBIIICHHE  NPOIYKTHBHOCTH
CEIIbCKOXO3SIMCTBEHHBIX YIOJIUM, CHM)KEHHE DKOJIOTMYECKOM HArpy3ku U COXPAHEHUE YCTOWYUBOCTH
skocucTeM. lIpemnolkeHHble MOAXOABI M BBIBOABI MOTYT OBITH KCIIOJB30BAHBI MJS IUIAHUPOBAHUS
3€MJIENIOB30BAaHUsS, CTPATETNYECKOTO YNPABIEHUS U IIPENOTBPALICHMS JETpajlalliid 3€MeNlb B Pa3IMUHBIX
PUPOJHO-3KOHOMUYECKUX YCIOBHSIX.

KiroueBbie cioBa: OnTuManbHOE 3€MIICNIONB30BaHME, AETpajalsl 3eMelb, YCTOWYMBOE Ppa3BHUTHE,
NPOAYKTHUBHOCTh  IIOYB, KIMMAaTHYECKHE HW3MEHEHHSIIKOHOMHMKO-MAaTEMATHYECKOE  MOJAEIUPOBAaHMUE,
MOHHMTOPHUHT PECYPCOB, YIIPABIECHUE 3€MIIEIIONB30BaHUEM, SJKOCUCTEMHBIE YCIIYTH.

Brenenmne palMoHaIBHOTO  HWCMONb30BaHus  [2, 4]
CoBpeMeHHbIE TeHACHIIUU YBEITUYECHUS AKTyanbHOCTh JaHHOW TeMbl 0OyCIIOBIEHA
HaCeJICHUS, M3MEHCHUS KJIMMaTa u HEOOXOMMOCTBHIO BHEJIPEHUS MTOIX0JIOB,
MHTEHCU(PUKAITUT CEJIbCKOXO3SCTBEHHOTO KOTOpbIE MO3BOJIAT MUHHMHU3UPOBATH
MIPOU3BOJICTBA CO3/1aI0T 3HAUYUTETBHYIO HETaTUBHBIE  BO3JEHCTBUS  AHTPOIOTEHHOMN

Harpy3Ky Ha 3€MEJbHBIE PECYpPCBI, YTO CTAaBUT
[0J1 YIpo3y MX JOJITOCPOYHYIO MPOAYKTUBHOCTD
U DKOJOTMYECKyl ycroHumBocth [1, 3].
IIpobnema  palMOHATBHOIO  HCIOJB30BaHMS
3eMeNlb CTAaHOBHUTCS OCOOCHHO aKTyallbHOW JUIs
PETHOHOB  C  YSA3BUMBIMU  HPHUPOJAHBIMHU
YCIOBUSIMH, TaKMMM KaK CTEIHBIE 30HBI, I/
OTrpaHUYEHHBIE PECYPCHI OYB U BOABI TPEOYIOT
THIATEJLHOTO MJIAHUPOBAHUS U yIIpaBieHus [S].
HeontumaneHOoe ~ HCHONB30BaHUE  3€MEINb
NPUBOJIUT K WX Jerpajalud, CHUXEHUIO
YPO’)KaHOCTH M YXYAUIEHUI0 SKOCHUCTEMHBIX
GyHKIUH, 4TO 3aTpyIHSET JOCTHXKEHUE Lenen
ycroituuBoro pa3sutus [6]. B 3Toii cBsi3u ocoboe
3Ha4YeHHE IpUOOpeTaroT UCCIIEI0BaHMS,
HampaBiICHHbIE Ha BBIABICHUE (DAKTOPOB,
OTIPEICTISAIONIUX  ONTUMAJIbHOCTh  3€MEJIbHBIX
pecypcoB, a Takke pa3pabOTKy METOAOB I UX

JEATEIBHOCTH M KIIMMaTHYECKUX U3MEHEHUH Ha
3eMeJIbHBIE YroJibs, oOecreunBasi pu 3TOM HUX
BBICOKYIO ITPOJYKTUBHOCTB [8].

Ienbro 1aHHOTO UCCIIEOBAHUS ABISETCS AHAIN3
(akTOpoB,  BIMAIOUIMX HA  ONTHUMAJIbHOE
UCIOJb30BAHUE 3€MEIb, C AaKIEHTOM Ha
pa3paboTKy MPAKTUUYECKUX PEKOMEHAALUN s
MOBBIIEHUS  A(P(EKTUBHOCTH  YNPaBJICHUS
3eMeNbHBIMU pecypcaMu. BakHbIM acmekToM
JOCTUKEHUSI TOW ILIENIN SIBIISIETCS WHTETpalys
MaTeMaTHYeCKUX METO/I0B U MH(GOPMAIlMOHHBIX
TEXHOJOTMI, 4YTO  TO3BOJSIET  BBICTPOMTH
CUCTEMHBIN MOJXOJ K aHANU3y M YIPABIICHUIO
3eMenbHBIMH  pecypcamu  [9]. [lpumenenue
METOJIOB ~ MHOTOKPUTEPUAIBHOIO  aHaju3a,
MaTeMaTH4eCKOIro MOJIETTUPOBAHUS U
ONTUMU3AIMOHHBIX ~ QJITOPUTMOB  OTKpBIBAeT
BO3MOXXHOCTH JJII ONPEACNIECHUS HaWITydIlInX
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CLEHAPUEB 3E€MJICTIONb30BAHUS, YUUTHIBAIOIINX
AKOJIOTMYECKHE, SKOHOMHUYECKHE U COIMAIIbHBIC
napametpsl [7, 10].

[IpoGnemHas cutyanusi, CTaBilas OCHOBOU
JUIS TaHHOTO MCCIIEJIOBAHMSI, CBSI3aHA C POCTOM
CIly4aeB Jerpajallud 3eMejlb U CHUKEHHEM HX
MPOJYKTUBHOCTU B YCJIOBHSIX MHTCHCHU(DHUKAITIH
CEIbCKOTrO Xo3siicTBa [3]. DOTH  mpoliecchl
TpeOyroT pa3paboTku WHHOBAITMOHHBIX
MOJXOJI0OB K MOHHMTOPUHTY, IUIAHUPOBAHUIO U
yIPaBJICHUIO 3€MJIENI0JIb30BaHUEM C
MPUMEHEHUEM COBPEMEHHBIX MaTeMaTHYEeCKUX
METOJIOB ¥ MH(POPMAIMOHHBIX TEXHOJIOTHIA, YTO
1 00y CIIOBUJIO BEIOOP TEMBI UCClieIOBaHus [2, 4].

MarepuaJjbl 1 METOBI

HccnenoBanue HampaBiI€HO Ha  aHAIW3
(GakTopoB, BIMAIOIIMX HAa ONTHUMAIbHOCTb
UCIIOJIb30BAHUS  3€MEJIbHBIX  pPECypcoB, C
IIPUMEHEHUEM COBPEMEHHBIX METOIOB
IIPOCTPAHCTBEHHOI'O  aHalu3a, 3KOHOMHKO-
MaTeMaTH4eCKOro MO/JICJINPOBAHUS u
QITOPUTMOB MAaIIMHHOTO oOOydeHus [3, 6].
OcHOBYy  pabOThl  COCTaBWJIM  J@HHbIE O
MPUPOJHBIX, SKOHOMHYECKUX U COLUAIbHBIX
XapaKTepUCTUKAX 3€MeJlb, BKIIIOYas MOYBEHHO-
KJIMMaTHYECKHE YCIIOBUS, YPOBHHU JIerpajalii,
MHTEHCUBHOCTH CEJIbCKOXO035IICTBEHHOTO
WCIIOJIb30BaHUSA M HKOHOMHUYECKHE IMOKAa3aTelH
[1, 5]. IIpoctpancTBeHHass uHpopManus Obuia
mojiyueHa u3 ULUQPOBBIX KapT MECTHOCTH,
JAHHBIX JUCTaHIMOHHOTO 30HAMpoBaHus (/133)
u reouHpopmarmonssix cuctem (I'MC) [4, 9].

Hns IIPOCTPAHCTBEHHOTO aHajM3a
npumensuiuck  TtexHonorun I'MC, kortopsie
II03BOJINIIN IIPOBECTH UHTErPALUIO u

BU3yasn3anuio NanHbixX [7]. [IpocTpancTBeHHBIE
CIIOM, BKIIIOUaronue WHGOPMAIMI0 O TMOYBax,
KJIUMAaTe€ ¥ MHTEHCUBHOCTH 3€MJICTIOIh30BaHMUSI,

AHAIIU3UPOBAJIUCE JIA  ONPCACIICHHUA 30H C
BBICOKUM PpHUCKOM Jfrpajganvn W CHHUXCHHA

MPOAYKTUBHOCTH [8]. [TepexpoiTHe
IPOCTPAHCTBEHHBIX JAHHBIX u
Tornorpaduueckuii aHaIn3 obecrnieumsin

BBISIBJICHHE KPUTUYECKH YA3BUMBIX TEPPUTOPHIA
U TOCTPOEHHUE KapTorpaduueckux mopenei [6,

10].

DKOHOMHKO-MaTEMaTHYECKOE
MOJICIUPOBAHUE HCIIOIB30BAJIOCh IS
OIITUMH3AIINU pacnpeneﬂeﬂnﬂ 3CMCJIBHBIX
pecypcoB. OCHOBOM aHanmM3a IOCITYXKHJIA

MOZEJIb JIMHEMHOTO TPOrpaMMUPOBAaHU, LIEIIBIO
KOTOPOM SIBJISIETCSI MaKCHUMM3AIMsl MPUObUIA 32
CYET pallMOHAIBHOTO MCIOIb30BaHUS 3eMeb [2,
9]. LeneBas ¢pyHkius npeacrapieHa Gopmysioun:

Z=Yi,(P-A; —Ci- A, (1)

rae P; o0o3HadaeT JOXOAHOCTb C EIWHUIIBI
IIOMIAAM ISl [-r0 THMNa HUCHOJb30BaHus,C;—
3arpaThl Ha 00paboTKy, a A; — IUIOMAAb IS
JAHHOTO THWIIA HWCIOJb30BaHUs. OrpaHUYCHHS
MOJIETM  BKJIIOYAIOT JIOCTYMHOCTb IJIOIIAJH
Q14 < Aosw) u JIOITyCTHMBIE
sKonorudeckue Harpysku E(4;) < Ejonycrumoe)
JlomonHutenpbHO Uil aHanu3a  (akTOpOB,
BIUSIIONIUX Ha JETPaJlallMOHHBIC IPOIIECCHI,
NPUMEHSITUCH ANTOPUTMBI MAaIIMHHOTO
oOyuenwusi, Bkitouass Random Forest u Gradient
Boosting [8, 9]. Dtu Momenu mO3BOIWIH
OTIpeIeIUTh, HauboJiee 3HAUYMMBIC (HAKTOPHI H
MOCTPOUTH TPOTHO3HBIE MOJENH Jerpafaluu
3eMENTbHBIX pecypcoB [4]. OOyueHue
QITOPUTMOB TPOBOJUIIOCH HA OCHOBE JTaHHBIX,
COOpaHHBIX 3a JCCATHICTHUH TMEpPUOJ, UYTO
o0ecnevnio BICOKYI0 TOYHOCTh MpeICKa3aHHi

[10].
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Pucynok 1. BaxxHocTh (hakTOpOB, BIHSIONIMX HA ONTUMAIBHOCT 3€MJICTIONB30BAHUS
(Feature Importance)

JlanHast auarpaMma WJUTIOCTPUPYET, 4YTO
KOJIMYECTBO OCAJKOB sIBIISETCS Hamboliee
3HAYUMBIM  (DaKTOpOM,  BIMSIOUIMM  Ha
ONTUMAJFHOCTh UCTIOJL30BAHUS 3eMeb, TOTIa
KaK OCTaJibHbIE ()aKTOPbI UMEIOT MUHUMAIbHOE
Bo3aericteue [4, &]. DrTo  mo3BodseT
COCpPEIOTOYUTh BHHMAaHHME Ha YIPaBICHUU
OocagKkaM{d TpU IUIAHUPOBAHUU  CTPATETHI
3eMJIETMIOIb30BaAHUS [9].
Ora guarpaMma WUTIOCTPUPYET BaXHOCTH
pasnuunbix (akropoB (Feature Importance),
KOTOphIE  BIHUSAIOT HAa  ONTUMAIBHOCTH
3eMJIENIONb30BAaHUsA, B  3aBUCUMOCTH  OT
Mojenei MamuHHOrO oOydeHus: Random
Forest u Gradient Boosting[6,10]. Ha ocu X
MIPEJICTaBJICHBI YeThIPE KITFOYCBBIX (akTopa:
Soil Quality (kauecTBO MOYBHI)

Rainfall (ocanxn)
Agricultural

Activity (cebCKOX03sICTBEHHAS

NEeSATEIbHOCTD)

o Fertilizer Use (ucnonp3oBanue y1o0peHwHii)
Ha ocu Y mnokasaH ypoBeHb BaKHOCTH

(bakTOpoB,  OmpeNeNsAeMbId  aJTOPUTMAMHU.
BaxxHo oTmMeTuTh ciienyrouee:

1. Rainfall (ocamkm) JEMOHCTPHUPYET
HAauOOJBIIYI0  3HAYMMOCTH  CPEAH  BCEX

(bakTOpoB (BBICOKUIA CTONIOEI). DTO yKA3hIBACT
Ha CWIBHOC BIIMSHUE YPOBHS OCaJKOB Ha
MPOIYKTHBHOCTh 3€MeJb U UX YCTOWYUBOCTD K
nerpananuu [7].

2. OcranbHble  (pakTOphl (Ka4yecTBO TMOYBHI,
CCJIbCKOXO3SUCTBEHHAS  JCATCILHOCTh U

HCII0JIb30BaHNE y1oOpeHuit) UMEIOT
CPaBHUTEIHFHO HU3KOE BIIMSTHUE Ha
MOJCNUPYEMBbIH  pe3ysbTaT. ITO  MOXKET
yKa3plBaTh HAa TO, YTO KIUMATUYECKHE

YCJIOBHS, B YaCTHOCTH OCAJKH, SBISIFOTCS
peraronuM (GpakTopoM B HUCCIeTyeMON MOJENIN

[5]
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Pucynox 2. CpaBHeHUe MpeCKa3aHHBIX U PEeANbHBIX 3Ha4eHui: Moaens Random Forest

Ha  nmmarpamMe  mpejactaBieHO — CpaBHEHHE
dakTudeckux 3HadueHWid (Actual) w 3HaYCHWMIHA,
npenckasanaplx - anroputMoM Random  Forest
(Predicted), nns ananu3a akTOpOB, BIHMSAIONIUX HA
JeTpaJaiuio 3eMenb. JlnarpaMMa mokasbpIBaeT, 4To
TOYKHU

(opaH)keBblE  KpPECThl),  MPEICTABIIAIOIINE
OpefcKa3aHuss  MOJEeNH, B  OOJBIIUHCTBE
CIy4aeB  HaxoAsaTcsl  OJM3KO K  JIMHUU
U1€aTbHOIO COOTBETCTBUA. DTO yKa3bIBaeT Ha
BBICOKYIO TOYHOCTh Mozaenu Random Forest B
IIPOTHO3UPOBAHUHU UCCIIETyEMbIX JIaHHBIX.

Mean Squared Error

16}
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Pucynok 3. CpengnexBanparuynas omudka mojeneit Random Forest u Gradient Boosting

Hwuarpamma BU3YaJIU3UPYyET
CPAaBHUTEIBHYIO OLIEHKY CPEIHEKBAAPAaTHYHON
ommbku (Mean Squared Error, MSE) nByx
Mojeneil MamuHHOrO o0ydeHus: Random
Forest u Gradient Boosting [8, 9]. Ocs Y
0TOOpakaeT BEITMYMHY OIIMOKH, U3MEPSIEMYIO
B emuHMiax MSE, a xaxagasd KoOJOHKa
COOTBETCTBYET OJJTHOM U3 Mozelel. Pe3ynbrarsl

MmokaseiBatoT, uTo Mozenb Gradient Boosting
JEMOHCTPUPYET  MEHBIIYI0  OMIMOKY  TO
cpaBHeHnro ¢ Random  Forest, 4ro
CBUJIETEILCTBYET O 0O0Jiee BBHICOKOW TOYHOCTH
npeackazanauii Gradient Boosting B manHOM
uccaenoBanuu [6]. Tem He MeHee, 00¢ MoIeTn
00ecTeunBarOT OTHOCUTEIHFHO HU3KUH YPOBEHB
OIMOOK, YTO MOATBEPXKAACT UX HAIEKHOCTHh
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Uis  aHaim3a  (DaKTopoB,
Jerpaaanuio 3emens [10].
Ha gmarpammax BbIIE TPEICTaBICHBI
pe3yNbTaThl IpUMEHEHUs aaroputMoB Random
Forest m Gradient Boosting s ananmu3za
(bakTOpOB, BIUAIOMIKUX HA ACTPAAlUIO 3eMeJb:
1. Baoxcnocmo ¢axmopos  (Feature
Importance): I'padpuk 1OKa3bIBaCT, Kakue
¢dakTopsl  (KayecTBO  MOYBBL,  OCAJKH,
WHTECHCUBHOCTh CEJIbCKOXO03SHCTBEHHON
JESTEIIbBHOCTH, HCIOJIb30BaHUE YJI0OpEHMI)
OoJbIle  BCEro  BIMAIOT HA  MPOTHO3
nerpaganuu. O0a aaropuTMa AEMOHCTPHPYIOT

BIIMAOIINX  Ha

3. Owubka mooeneu (pucku) (Mean
Squared Error): I'padux OLIHOOK
JEMOHCTPHUPYET, 4TO 00a anropuT™Ma HMEIOT
HU3KHE 3HAUYCHHS OIIMOOK, MOJTBEPXKAas HMX
TOYHOCTb B MPOTHO3UPOBAHUH [9].

OtH pe3yJbTaThl MOJITBEPKIAIOT
3¢ (HEeKTUBHOCTh HMCIOIB30BAHUS MAIIMHHOTO
oOyueHHs JUIsl aHajdu3a ¥ IPOTHO3UPOBAHUS

JerpajalldoOHHbIX  mpoueccoB  [4].  [us
pPaHmKUpPOBaHHUS (PAKTOPOB, OIPEIEIISIONINX
ONTHMAILHOCTh  3€MJICTIONB30BaHUS,  OBLI

MpUMEHEeH MeToj aHanusa uepapxuii (AHP),
KOTOpBIN o0ecrneuns 00bEKTUBHYIO OLIEHKY MX

JeSITeIbHOCTH U MCTIONIb30BaHKe y100peHuit [4,
6]. DxcnepTHBIC JaHHBIE ObUTH 0O0pPabOTaHBI C
MCIIOJIb30BaHUEM MATPHIIbI TAPHBIX CPAaBHEHUH,
rae OTHOCHUTEIIbHBIE MPEIIOYTCHUS
BBIpXaJIHCh B YHCIOBOM ¢opme [2]. BecoBbie
Kod(purmeHTs (HakTOpoOB OBUIM PACCUNUTAHBI C
MOMOIIIBI0  HOpMaJlM3allil  COOCTBEHHBIX
3HaYCHUH MaTpHIIH, oOecnieunBas
COTJIACOBAHHOCTD PE3YJIbTATOB [3].

PesynpTarel  aHanm3za = MmokaszaiM, — 4YTO
Haubosiee 3HAYMMBIMH (HAKTOpAMH SIBIISIOTCS
KauecTBO MOYBHI (BecoBoil kKoaddurueHt 0.35)

coriacue B PaHXHUPOBAHUM 3HAYMMOCTHM  OTHOCHUTEJIBHOM 3HAUMMOCTH [3].
¢dakTopos [5]. JanHubrit MO/IX0/1 MO3BOJISIET
2. CpasHenue npocHo3a U pealbHbIX CTPYKTYpUPOBATH CIIOKHYIO
3Havenun:  marpammbr  "Predictions VS MHOTOKpHUTEpHAIbHYIO 3a/1a4y, pa3AeinB €€ Ha
Actuals" moOKa3pIBalOT, HACKOJIbKO TOYHO HEpPapXUYeCKHe YpPOBHH, U  ONPEICIUTH
QITOPUTMBI  TPEJCKA3bIBAIOT  JICTPAAALMUIO0  BecoBble KO3 PHUIMEHTH! (JaKTOPOB HA OCHOBE
3eMeJib, CPAaBHHUBAsI IPEJICKa3aHHbIC 3HAYCHHUS C  OKCIIEPTHBIX  OINEHOK M CTaTUCTHYECKHX
pEaTbHBIMM. UneanbHoe COBMAJICHUE JIAaHHBIX [2].
oTOOpaxkaeTcs KpacHOW MyHKTUPHOU JIMHUEH
[7].
Tabmmua 1. BecoBbie koo dummentsl AHP u craructuueckast BepuQuKaIm
DaxTopsI DKCrepTHbIE BECOBBIE Craructuueckas
koa¢ddunuents! (AHP) BepUpUKaLus
1 KauecTBo 1ouBsI 0.35 0.33
2 KonmyectBo ocankoB 0.25 0.27
3 CenbcKkoX03HCTBEHHAS 0.20 021
JESITeTbHOCTD
4 I/ICHOJ‘IB?;O]EaHI/Ie 0.20 019
yaoOpeHui
[Iponiecc oneHku BkIOYan (popMupoBaHHe u  koimuuyectBo  ocagkoB  (0.25),  uytO
MapHBIX CpPaBHEHUH (PAKTOPOB, TaKUX Kak MOJATBEPXKIAET WX  KIIOYEBYIO pOJIb B
KayecTBO  IOYBBI, KOJHYECTBO  OCAJKOB, o0ecrieyeHH MPOJYKTUBHOCTH  3€MEIbHBIX
WHTEHCUBHOCTH CEIIbCKOXO035IMCTBEHHOM pecypcoB [5]. NHTEHCUBHOCTH

ceNbCcKox03sucTBeHHOM aesrenbHocTH (0.20) 1
ucnonp3oBanue yaooperuit  (0.20) Taxke
OKa3aJiCh BAXKHBIMU, HO MEHEE BIUATEIHHBIMU
B oOmeil crpykrype [8]. Hns Bepudukauuu
MOJIyYEHHBIX PE3yNbTAaTOB  HCIIOIH30BAIMCH
CTaTHUCTUYECKUE JIaHHBIE, YTO MO3BOJIUJIO
MNOJATBEPAUTh COTJIACOBAHHOCTh  AKCIEPTHBIX
OIICHOK ¥ O0OOCHOBAaHHOCTb  IOJIyYE€HHBIX
BECOBBIX K03(punreHTos [9].

[Ipumenenne wmetoma AHP mnpenocraBuiio
BO3MOXKHOCTh (DOPMAIM30BAaHHOIO MOJAX0/Aa K
aHaJM3y, CIOCOOCTBYS pa3paboTKe cTpaTeruit
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YIOpaBIEHUS 3€MENBbHBIMU  pecypcaMu  Ha
OCHOBE MPHOPHUTETHOCTH KIIFOUEBBIX (PAKTOPOB
[7]. T'padudeckoe npencraBieHue pe3yabTaTOB
BKJIIOYAJI0O POCTPAHCTBEHHBIC KapThl 30H

Jlerpaganuy, IIPOTHO3HEIE MOJAEIIN
YpOXKAWHOCTH W  TpaduKH, OTpa)karoliue
JAHAMUKY U3MEHEHUA OoKa3arelie

NnpoAayKTUBHOCTU 3emenb [10]. B wactHOCTH,
KOPPEJIALIMOHHBIN aHaN3 TT0Ka3aJl B3aUMOCBS3b

MEXAy MNPUPOAHBIMH U  aHTPOIOTCHHBIMH
¢dakropamu, a rpaduUKH TPOTHOZHUPOBAHUS
JIEMOHCTPUPYIOT ~ JUHAMHKY U3MCHEHHUS
MPOAYKTUBHOCTH B 3aBUCHMOCTH OT U3MEHEHHH
KIMMaTHYECKUX  YCIOBHA M METOJOB
ynpasiieHus [8].

Takum oOpasowm, pUMEHEHHE

KOMIIJIEKCHOTI'0 Mojax0ja, Bkiroudaroero 1 IC-
TEXHOJIOTMH, MATEMAaTHYECKOE MOJICITMPOBAHHE
U QITOPUTMBl  MAIIUHHOTO oOydeHwus,
MO3BOJIMJIO TIOJyYUTh UHTETPATUBHYIO MO/IENb,
HaIPaBJICHHYO HAa OBBIIICHHUE 3P PEKTUBHOCTH
yOpaBlIeHUS  3eMENbHBIMU  pecypcamMu U
MHHHMHU3ALUI0 HETaTHBHBIX HDKOJIOTMYCCKUX
MocaeaCcTBUi [6, 9].

Pesyabrarsl

PGSYJ'II)TaTI)I HUCCIICAOBaAHUA
IIPOJIEMOHCTPUPOBAIIU 3HAYMMOCTh
MNPUMCHCHUS HWHTCTPATHUBHBIX IMOAXOA0B IJid
aHanus3a (akTopos, BIIUSIOIINX Ha

ONTHMAJIBHOCTh 3€MJICTIONIb30BaHusA [2, 5].
Hcnonb3oBanue METOJI0B
reonH(OpMalMOHHOTO aHaliu3a, 3KOHOMHKO-
MaTeMaTHYeCKOro MOJIEIIUPOBAHUS U
AITOPUTMOB MAIIMHHOTO OOYYEHHS TIO3BOJIHIIO
BBISIBUTh  KJIFOYEBbIE  3aKOHOMEPHOCTH H
B3auMOCBs3U [4, 7].

Merton ananuza uepapxuii (AHP) mokazan,

yTOo  Haubojee 3HAYMMBIMU  (pakTOpamw,
BIMSIOIIMMH Ha ONTHUMAJbHOCTh 3€MeJb,
SBJIAIOTCSI KAQ4eCTBO IIOYBBI C  BECOBBIM

ko3 duurenTom 0.35 U KOIMYECTBO OCATKOB C
kod(purmeHToOM 0.25 [6]. dakTopsl
CEIBCKOXO035IMCTBEHHOM IEATENbHOCTH 51
WCTIOIB30BaHUs yA0OPEHUI UMEIOT MEHBIIIYIO,
HO COIOCTaBUMYIO 3HAYMMOCTb, COCTABJISIS MO

0.20. DOTm pe3yapTaThl COIIACYIOTCA  CO
CTaTUCTUYECKOMN Bepudukanuei,
MOJATBEPKIA0IIEH TOYHOCThH "

000CHOBaHHOCTH IKCIIEPTHBIX OLEHOK [8].

[IporHo3upoBanue Jerpajanvv  3eMelb C
UCIIOJIb30BaHUEM AITOPUTMOB MAaIIMHHOTO
oOydenus, Takux kak Random Forest u Gradient
Boosting, MIPOJIEMOHCTPUPOBAIIO BBICOKYIO
TouHocTh [9]. CpenHekBaapaTH4Has oOMKOKa
(MSE) nnsa Gradient Boosting okazanacs Ha 20%
HIke, yeM y Random Forest, uro yka3piBaeT Ha
0oJiee TOYHBIC TIpeIcKa3anusl JaHHOW Mozaenu [10].
OCHOBHBIMU NPEIUKTOPAMHU OKA3aJUCh OCAJKHU U
KAauecTBO IIOYBBI, YTO €LIe pa3 MOATBEPKAAET
3HAYUMOCTH ITHX (HaKTOpoB [5].

DKOHOMHKO-MaTeMaTH4ecKast MOJIeJIb,
pa3paboTaHHas TUTST ONTUMAIHHOTO
pacrpeziefieHusi 3€MelIbHbIX PecypcoB, IMOKazana,
9TO WHTETpanusl KIMMAaTHYCCKUX JaHHBIX H

KadyecTBa MIOYBBI M03BOJISIET MIOBBICUTh
npoayKTUBHOCTE Ha 15-20%, oOgHOBpEMEHHO
CHMXKasi DKOJOTMYECKYI Harpysky [3, 7]

[IporHo3nble clieHapuu, OCHOBAHHBIE HAa MOJIEIH,
MpeaJiaratoT KOHKpPETHbIE CTpaTeruu
nepepacnpenesieHus: 3eMelb ISl YIYUYIIeHUusT uxX
ucnoJib3oBanus [9].

Pesynbratel  mccraenoBaHUS  MO3BOJISIIOT
pa3paboTaTh pEKOMEHJALUU ISl YCTOWYUBOTO
3eMJICTIONB30BAHMS,  BKJIIOYAash  IUIAHUPOBAHHE
arpOTEXHOJOTUYECKUX MEPOIPUSATUNA HA OCHOBE
nanubix [MUIC u mopmeneit MammHHOTO 00yYeHwus,
UCIIOJB30BAaHUE  TPOTHO3HBIX  MoOJAENed i
MOHUTOPHUHTA Jerpaganuu 3eMellb u
MpPEeAOTBPALIEHUsI KPU3UCHBIX CUTYallui, a TaKxKe
ONTUMH3ALUIO CEIbCKOXO035IMCTBEHHON
JESTEIIbHOCTH C Y4ETOM MPHUOPUTETHHIX (PaKTOPOB
[2, 6]. OTH BBIBOABI MOJYEPKUBAIOT 3HAYUMOCTH
UCIIOJIb30BAaHUSI KOMIUIEKCHOTO TOJAXO0Aa  JUIst
aHaJIM3a W YMPABICHUS 3E€MEIbHBIMH PECypCaMH,
YTO MOXET CIYXUTh OCHOBOW sl pa3padOTKu
cTpaTeruu YCTOMYHBOTO pa3BuTHS 51
MpEeAOTBPALIEHUs] JIETPAIallMOHHBIX TPOLECCOB B
yCIIOBHSX MeHstomerocs kiaumarta [10].

Oo0cy:xxnenue

Pe3ynbrarhl MccneqoBaHUsl MOATBEPKAAIOT
3HAYUMOCTh  KOMIUIEKCHOTO TOAXoda ISt
aHanu3a (hakTopoB, BITUSTFOIINX Ha
OIITUMAJIBHOCTh HCIIOJIB30BaHUs 3€MCEJIBbHBIX
peCypcoB. Hcnons3oBanue METO/IOB
reonH(OpPMallMOHHOTO aHaju3a, SKOHOMMKO-
MaTeMaTU4eCKOro MOJEJIUPOBAHUS u
MAallIMHHOI'O O6y‘—IeHI/I$I IIO3BOJINJIO BBISIBUTH
KJIFOUEBbIE 3aKOHOMEPHOCTH, COTJIACYIOLIHECS C
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BBIBOJIAMU TPCABLAYIINX HCCHGHOBaHHﬁ, qTo
CBUIACTCIIBCTBYET O BBICOKOM JOCTOBCPHOCTHU

IIOJTyYEHHBIX JTaHHBIX. OcHOBHBIM
OTrPaHUYEHUEM paloThI ABJIACTCS
OTpaHUYECHHBIN reorpaduuecKuii OXBaT

JaHHBIX, YTO MOXET TpeOOBaTh JaJbHEHIIEro
pacuMpeHus:  WcCieloBaHMW it Oosee
YHHUBEPCAJIbHBIX BBIBOJOB. TeM He MeHee,
pazpaboTaHHBIE  pEKOMEHJAMH  O0JIadar0T
BBICOKOH MPAKTUYECKOH 3HAYUMOCTHIO U MOTYT
GBITB HUCITOJIb30BAaHbI JJISL YIydlICHUsA
yIpaBICHUS 3eMeJTbHBIMU pecypcamu,
MPENOTBPAILLCHUS AETPANAlUU W TOBBIIIEHUS
UX TPOAYKTUBHOCTU. Bymyiue ucciemoBaHus
MOTYT  COCPEJOTOYHTBhCS HAa  HHTErpaIuH
JOJITOCPOYHBIX KIUMATHYECKHX H3MEHEHUH |
OLICHKE UX BO3JICHCTBUS Ha 3eMJICTIONh30BaAHUE.

3akaoueHne

[IpoBenenHoe wHccienoBaHUE IOATBEPINIIO
3HAYUMOCTh KOMIIJICKCHOI'O MOAXOJa s
aHaIu3a (hakTopOB, BIIUSIIONINAX Ha
OIITHMAJIGHOCTh  3EMJICHOJIL30BAaHMA.  bblIn
BBISBIICHBI KJIFOYEBBIC (DAKTOPBI, TaKHE Kak
KAayeCTBO IIOYBLI U KOJUYECTBO OCAJIKOB,
KOTOPBIC OKa3bIBAIOT HAMOOJbIICE BIUSHUE HA
MPOAYKTUBHOCTh M YCTOWYMBOCTH 3€MEIIb.
Mertopn ananuza uepapxuit (AHP) u anropurmel
MAITMHHOTO OOYYeHHs TPOJIEMOHCTPUPOBAIIN
BBICOKYI0O TOYHOCTh B MPOTHO3MPOBAHUU U
OLICHKE 3HAYMMOCTH (aKTOPOB. DKOHOMHKO-
MaTeMaTUYeCKOe MOJEIMPOBAHUE I10Ka3ajo,
YTO OITHMHU3AIMSA HCIOJL30BAHUSA 3EMEIb
MOJKET MOBBICUTH TPOAYKTUBHOCTH Ha 15—-20%,
OJIHOBPEMEHHO CHIKAs 3KOJIOTHYECKYIO
HarpysKy.

[TpakTuueckas 3HAYNMOCTD paboThl
3aKJII0YAaeTCI B BO3MOXKHOCTH MCIIOJIB30BaHUS
MPEAJIOKEHHBIX TOAXO0A0B IS MOHUTOPHUHTA,
MPOTHO3UPOBAHUS U YNPABICHUS 3€MEIbHBIMU
pecypcamu.

[IepcniekTHBBI JAIBHEHIIUX HUCCIEAOBAHUI
CBSI3aHBI C pACHIUPEHHEM TeorpauIecKoro
oxBaTa n WHTErpalnen JIaHHBIX 0
JOJITOCPOYHBIX ~ WM3MEHEHUAX  KIuMara |
AQHTPOIIOT€HHOTO JIABJICHHUS.
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Factors influencing the optimal use of land
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Abstract. The rational use of land resources has become increasingly critical in the context of growing
anthropogenic pressures, climate change, and the need for sustainable agricultural production. This study
focuses on analyzing the factors influencing the optimal use of land, emphasizing natural, economic, and
management aspects. The studied region is characterized by significant heterogeneity in soil and climatic
conditions, as well as intense anthropogenic impacts, making the issue of optimal land use especially relevant.
By employing geospatial analysis methods, economic-mathematical modeling, and machine learning
algorithms, the authors identified key patterns in the optimal allocation of land resources. The findings of the
study provide recommendations aimed at improving the productivity of agricultural lands, reducing ecological
pressure, and maintaining ecosystem stability. The proposed approaches and conclusions can be utilized for
land use planning, strategic management, and preventing land degradation in diverse natural and economic
conditions.

Keywords: Optimal land use, land degradation, sustainable development, soil productivity, climate change,
economic-mathematical modeling, resource monitoring, land use management, ecosystem services.
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AnHotamus. JKep pecypcrapblH YTBIMIBI TailanaHy aHTPOIMOICHIK XYKTEMEHIH apTybl, KIUMATTHIK
@3repicTep KOHE TYPaKThl aybUl INAPYallbUIBIFBIH JAaMBITY KaXKETTUIIN JKargaiblHIa €pPEeKIlNe MaHbI3Ibl
Oonyna. byn 3eprrey okepnepai THIMAI MadganaHyFa ocep €TETiH TaOWfu, SKOHOMHUKAIBIK JKOHE
OacKapyIbUIbIK (haKTopIappl Tajayra OarbITTalFral. 3epTTey aliMarbl TONBIPAK-KIMMATTHIK XKaFaaiiap IbIH
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MOJIETIBICY/Il JKOHE MAIIMHAIBIK OKBITY AJTOPUTMAEPIH KOJIJAaHA OTBIPHIN, aBTOPJAp XKep PecypCTapblH
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naiiananypl JKocmapiay, CTpaTeTHsUIBIK OacKapy >KoHE OpTYypii TaOWFH-DKOHOMHUKANBIK Karaannapia
YKEPJIIH TO3YBIH OONIBIpMAY YIIIiH MaliJalaHbLTybl MYMKIH.
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Abstract: Aging is a complex biological process characterized by the gradual decline of cellular, tissue, and
organ functions, ultimately contributing to the onset of age-associated diseases such as cardiovascular
disorders, neurodegenerative conditions, and metabolic syndromes. Among the environmental factors
influencing aging, radiation, particularly ionizing radiation, has emerged as a significant contributor to age-
related deterioration. Despite advancements in understanding, the precise mechanisms by which radiation
accelerates aging remain incompletely elucidated.

Recent research underscores the pivotal role of mitochondria and microRNAs (miRNAS), specifically
mitomiRs, in mediating the effects of radiation on aging. Mitochondria, as the cellular energy powerhouses,
are central to maintaining metabolic homeostasis and regulating cellular responses to stress. Radiation-induced
alterations in miRNA expression profiles can disrupt these processes by impairing mitochondrial dynamics,
biogenesis, and mitophagy. Additionally, radiation directly damages mitochondrial DNA (mtDNA) and
MRNA, further compromising mitochondrial function. These changes not only accelerate the aging process
but also increase susceptibility to age-associated diseases.

Age-related diseases, such as Alzheimer’s disease, diabetes, and cancer, are strongly linked to mitochondrial
dysfunction. Radiation exacerbates these conditions by amplifying oxidative stress, triggering inflammatory
pathways, and impairing mitochondrial quality control mechanisms. Dysregulated mitomiRs play a dual role,
acting both as mediators of damage and as potential biomarkers for identifying radiation-induced aging and
disease progression.

This review consolidates existing evidence on the intricate interplay between radiation, miRNAs,
mitochondria, and age-related diseases. It explores how radiation influences miRNA expression, mitochondrial
health, and their combined effects on cellular metabolism and systemic aging. Understanding these interactions
is crucial for identifying molecular targets and developing innovative strategies to mitigate radiation-induced
damage. Novel therapeutic approaches, such as targeting key mitomiRs or enhancing mitochondrial resilience,
hold promise for reducing the impact of radiation on aging and age-associated diseases, ultimately improving
health outcomes in affected populations.

Keywords: aging, radiation, MitomiRs, mitochondrial dysfunction, age-related diseases.

Introduction

Aging is an inevitable and natural process in
the life of organisms, characterized by the
gradual deterioration of various organ and
system functions. Understanding the
mechanisms of aging is crucial for developing
strategies to prevent and slow down this process.
Previously, aging was perceived as an
unavoidable and static outcome for cells.
However, contemporary research allows us to
understand that aging is a dynamic and multi-
stage process.

The accumulation and persistent activity of
senescent cells lead to disruptions in the

microenvironment of aging tissues, influencing
their function and contributing to the
development of age-related pathologies. During
cellular aging, cultured cells undergo a loss of
proliferative capacity and adopt abnormal gene
expression patterns. Various factors, including
telomere shortening, DNA damage, and
oncogene activation, can trigger the onset of
aging. These triggers activate multiple
mechanisms, from cell cycle arrest to the
activation of tumor suppressors.

A prominent characteristic of aging cells is the
stable cessation of their cell cycle. This cell cycle
arrest is regulated through the activation of
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pathways involving tumor suppressors like
p53/p21 and p16. [1], both of which synchronize
in the repression of CDK4/6. Typically, the
INK4A/ARF locus is suppressed by repressive
Polycomb complexes (PRC), but it becomes
activated during aging. The p53/p21 CIP1
pathway is activated in response to DNA damage
(DDR) from irreparable DNA lesions with
chromatin alterations, thereby intensifying the
aging process (DNA-SCARS) [2]. These
pathways are considered barriers to malignant
oncogenesis.

In contrast to quiescent cells, aging cells do
not respond to mitogenic signals or growth
factors, and hence, they cannot re-enter the cell
cycle, even in a growth-permissive environment.

Aging cells also differ from terminally
differentiated cells, which also irreversibly exit
the cell cycle.

Cellular growth arrest during aging is often
triggered by a persistent response to DNA
damage (DDR) induced by both endogenous
factors such as oxidative damage, telomere
exhaustion, and  hyperproliferation, and
exogenous factors like ultraviolet and gamma
radiation, as well as chemotherapeutic agents,
leading to a diminished intrinsic capacity of cells
to undergo repair and restoration [3]. During
replicative aging of human fibroblasts, there is a
gradual shortening of telomeres, eventually
resulting in the exposure of unreplicated free
ends of double-stranded chromosomes. These
exposed chromosome ends are recognized by the
DNA damage response (DDR) mechanism as
double-strand breaks [3]. When telomeres
become critically short, the DNA repair system
(DDR) is activated, which can lead to cellular
aging and mitochondrial dysfunction [4].

Throughout the aging process, changes occur
in genetic information, chromosomal structure,
and protein homeostasis. For instance, an
increase in genomic damage, epigenetic
modifications, and disruptions in proteostasis
(protein process balance) are observed in aging
cells, tissues, and organisms. These alterations
become more significant with age and can further
accelerate the aging process [5].

These changes are regarded as common
factors and phenotypes of aging, as they are
observed during natural aging, and their

experimental amplification accelerates aging,
while their attenuation slows it down [6]. For
example, genome damage, epigenetic changes,
telomere shortening, and proteostasis disruption
can mutually influence each other and contribute
to the development of aging. Their coexistence
and interaction can intensify aging processes and
lead to more pronounced age-related alterations.

In addition to growth arrest, aging cells
activate the production of various secreted
factors known as the senescence-associated
secretory phenotype (SASP). SASP is a complex
set of signaling molecules that represents a key
phenotypic program executed by senescent cells.
One of the primary functions of SASP is to attract
the immune system for the elimination of aging
cells [7]. Moreover, SASP attracts immune cells,
such as macrophages, neutrophils, and natural
killer (NK) cells, which phagocytose and
eliminate senescent cells. Secretion of various
mediators and factors, including VEGF, can
promote tissue remodeling by stimulating
angiogenesis and reducing fibrosis. Lastly, the
secretion of molecules like TGF-p can
paracrinally propagate the aging phenotype to
surrounding cells [8].

It has been found that with age, the risk of
developing diseases such as Alzheimer's disease
[9], Parkinson's disease [10], diabetes [11],
cardiovascular diseases [12], chronic obstructive
pulmonary disease (COPD) [13], osteoporosis,
and osteoarthritis [14] increases. Statistical data
indicate that around 100,000 people worldwide
die daily from age-related causes [15].

Radiation contamination is a significant factor
affecting the environment and human health.
Typically, radiation is associated with an
increased risk of developing malignant
neoplasms [16]. However, several studies have
demonstrated that radiation-induced damage
triggers a senescence response at both the cellular
and organismal levels [ 17,18]. According to
Bertucci and colleagues, one of the presumed
mechanisms of radiation-induced aging involves
not only changes in DNA but also in the
epigenome [19]. MicroRNAs (miRNAS) - small
non-coding RNA molecules - are known to
influence gene expression and participate in the
epigenetic regulation of various physiological
and pathological processes.
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The expression profile of miRNAs is highly
dynamic and sensitive to environmental factors.
Several studies, including our own research
group, have shown that radiation exposure,
particularly to radon, can significantly impact the
expression levels of these small non-coding
molecules in humans [20,21,22].

Moreover, emerging evidence suggests an
association between changes in miRNA profiles
and age-related diseases [23]. Furthermore,
experiments have shown that treatment of non-
irradiated human fibroblasts with conditioned
medium from irradiated cultures or exosomes
isolated from irradiated medium leads to the
development of a senescent phenotype in
recipient cells [24]. Exosomes, secreted by
almost all types of cells, predominantly contain
miRNAs [25]. Thus, miRNAs are key regulators
of aging processes and serve as sensors of
adverse environmental factors, such as ionizing
radiation.

Currently, multiple hypotheses have been
proposed regarding the involvement of
microRNAs (miRNASs) in the aging process.
However, in the context of radiation-induced
aging, the most promising targets for
investigation are the group of mitochondrial
microRNAs  (mitomiRs).  MitomiRs  are
microRNAs that regulate the expression of
mitochondrial genes. Typically, mitoMIR genes
have nuclear localization; however, there have
been reports of a small number of microRNAs of
mitochondrial origin [26].

This review consolidates existing evidence on
the intricate interplay between radiation,
miRNAs, mitochondria, and age-related
diseases. It explores how radiation influences
miRNA expression, mitochondrial health, and
their combined effects on cellular metabolism
and systemic aging. Understanding these
interactions is crucial for identifying molecular
targets and developing innovative strategies to
mitigate radiation-induced damage. Novel
therapeutic approaches, such as targeting key
mitomiRs or enhancing mitochondrial resilience,
hold promise for reducing the impact of radiation
on aging and age-associated diseases, ultimately
improving health outcomes in affected
populations.

Aging and Mitochondria

In addition to the various factors mentioned
earlier, disruption of mitochondrial homeostasis
can also play a role in the onset of aging,
contributing to accelerated age-related changes.
As cells age, they accumulate molecular damage
that can lead to dysfunction of various
organelles, including mitochondria. This process
is considered one of the factors promoting age-
related changes and age-related diseases [27].

Patients suffering from various age-related
diseases, such as chronic ischemic heart disease
[28] and Alzheimer's disease [29], have been
found to exhibit mutations in mitochondrial
DNA. This suggests that mutations and
alterations in mitochondrial DNA may play arole
in the onset of aging.

Age-related mitochondrial dysfunction can be
caused by several factors. One of them is the
accumulation of mutations in mitochondrial
DNA (mtDNA), which over time can negatively
affect mitochondrial function. Another source of
dysfunction is related to faulty mitochondrial
proteins that play an essential role in metabolic
processes inside mitochondria.

Studies show that mice with accelerated
accumulation of mutations in mitochondrial
DNA (mtDNA) age prematurely [30]. According
to the data, these mice exhibit signs of aging at a
younger age than wusual. Conversely, the
overexpression ~ of  mitochondrial-targeted
catalase (mCAT), an enzyme responsible for
protecting mitochondria, helps preserve their
function and extends the lifespan of mice [31].
Thus, it is not surprising that aging and the
senescence-associated  secretory  phenotype
(SASP) respond to mitochondrial function within
the cell in a similar manner. Mitochondria play a
crucial role in both processes, and their
dysfunction can lead to accelerated aging and the
development of age-related pathologies.

Structural  changes in mitochondrial
membranes can also contribute to the occurrence
of mitochondrial dysfunction. Mitochondrial
DNA is more susceptible to damage from toxic
chemicals compared to nuclear DNA [32]. This
is due to the potential of the mitochondrial
membrane, which creates a negative charge on
the matrix side of the inner membrane.
Imbalances in the processes of mitochondrial
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fission and fusion can also play a role in aging
and mitochondrial dysfunction. Additionally,
insufficient mitophagy, the process responsible
for removing damaged mitochondria, can lead to
the accumulation of damaged organelles and,
consequently, their dysfunction [6].

Mitochondria play a crucial role in cellular
energy generation through the respiratory chain.
During this respiratory chain  process,
mitochondria also produce oxygen radicals
known as reactive oxygen species (ROS). Over
time, the efficiency of the respiratory chain and
electron transfer in mitochondria gradually
decreases in organisms that utilize oxygen to
sustain life [33]. This implies that with age,
mitochondria become less efficient in energy
generation, leading to the accumulation of
dysfunctional mitochondria. According to the
free radical theory, dysfunctional mitochondria
can be a source of excess reactive oxygen species
(ROS). These ROS can cause cellular damage
and contribute to the aging process, affecting
cellular components, including DNA, proteins,
and lipids, leading to the accumulation of
damage within cells, ultimately contributing to
organismal aging. Moreover, reactive oxygen
species (ROS) can also be generated due to
external factors such as ultraviolet radiation and
chemicals present in tobacco. These ROS can
cause damage to cellular DNA, triggering a
response similar to that caused by telomere
shortening, known as DNA damage response
(DDR). DDR involves the activation of factors
such as p21 CIP1 and p16 INK4A [34], leading
to accelerated aging.

Taken together, all these factors can
contribute to the development of age-related
mitochondrial dysfunction, which may be
associated with various aspects of aging and the
onset of age-related diseases.

Mitochondria and Age-Related Diseases

Recent studies have revealed a link between
mitochondrial ~ dysfunction and premature
vascular aging, as well as the development of
atherosclerosis. In one recent study, an analysis
was conducted on the association of
mitochondrial genetic variability with the
severity of atherosclerosis in the carotid arteries
and the presence of ischemic heart disease (IHD)

[35]. Heteroplasmy for several mutations in
mitochondrial DNA (mtDNA) in leukocytes
showed a significant association with the severity
of atherosclerosis in the carotid arteries and the
presence of IHD. Specifically, mutations
C3256T, T3336C, G12315A, G13513A,
G14459A, G14846A, and GI15059A were
associated with the severity of atherosclerosis
and the presence of IHD [36].

With aging, there is a progressive decrease in
the expression of the protein Mfn2
(mitochondrial fission protein 2) in skeletal
muscles. This contributes to the development of
mitochondrial dysfunction, age-related
metabolic disturbances, and sarcopenia (loss of
muscle mass and function). Interestingly,
reduced expression of Mfnl and/or Mfn2 in
skeletal muscles has been associated with the
development of obesity and type 2 diabetes in
both rodents and humans, indicating an important
role of Mfnl and Mfn2 in maintaining metabolic
muscle function and their association with aging
[37].

Furthermore, genetic defects in mitochondria
can influence the development, plasticity, and
function of the nervous system in
neurodegenerative  diseases. For instance,
Alzheimer's disease, Parkinson's disease, and
Huntington's disease have been associated with
mitochondrial defects. These diseases are
characterized by progressive degeneration of
nerve cells and manifest various neurological
symptoms [38].

In recent news, dysfunctional mitochondria
have been found to negatively impact the body's
immune response to viral infections, including
COVID-19. Studies indicate that defective
immune responses to viruses are associated with
mitochondrial dysfunction, which can lead to a
compromised ability of the body to combat the
infection and an increased risk of severe COVID-
19 outcomes [39].

The Impact of Radiation on Aging
Mechanisms
In recent decades, mounting evidence

suggests that radiation can influence the aging
processes. However, it is crucial to note that the
effects of radiation on the organism depend on
various factors, including the dose, type of
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radiation, duration of exposure, and the specific
sensitivity of tissues and organs.

lonizing radiation affects aging processes
through molecular and cellular mechanisms. For
instance, radiation-induced cell damage may
contribute to carcinogenesis due to disruptions in
cellular genetic material, leading to uncontrolled
cell division and tumor formation. Cell death
caused by radiation can result in tissue damage,
and the loss of cells critical for normal organ and
tissue function may lead to various pathologies.
Consequently, molecular events induced by
radiation may lead to non-specific reductions in
lifespan [40].

lonizing radiation can directly impact cells
through cytological effects, with cell death being
one of the most adverse outcomes [41].

Radiation exhibits multifaceted effects on
stem cells (SCs), including their DNA repair
capacity, cell cycle arrest, and activation of the
senescence-associated  secretory  phenotype
(SASP) [40]. The outcome of cellular repair of
damaged DNA, determined by the accuracy of
signaling pathways involved, is critical for
determining cell fate, including senescence and
apoptosis. DNA damage may lead to mutations
and disruption of normal cell functions, which
can have various consequences for the organism,
including the development of cancer and other
diseases. In cells incapable of repairing radiation-
induced DNA damage, programmed cell death
(PCD) is triggered, leading to cell demise [42].
Changes such as double-strand DNA breaks are
considered potent stimuli for inducing aging
processes.

Mitochondria in Radiation-Induced Aging

Several  signaling  pathways  within
mitochondria have been identified as inducers of
cellular aging. lonizing radiation causes long-
term aging of endothelial cells by disrupting
mitochondrial respiratory complex Il function
and generating superoxide. Mitochondrial
oxidative stress, associated with mitochondrial
dysfunction, plays a role in induced age-related
immune senescence. MNTBAP (Mn (111) tetrakis
(4-benzoic acid) porphyrin chloride) (SOD
mimetic) and NAC (N-acetyl-L-cysteine) (ROS
scavenger) have been shown to effectively
reduce oxidative stress, sufficiently decreasing

the percentage of senescence-associated J-
galactosidase-positive aging endothelial cells. X-
ray irradiation at doses ranging from 1 to 15 Gy
leads to alterations in the mitochondrial network,
characterized by decreased activity of respiratory
complex Il and increased superoxide production
(02-), indicating mitochondrial dysfunction [43].
Prolonged endothelial cell aging is also
associated with these changes, suggesting
disruption of mitochondrial respiratory complex
Il and increased superoxide production. Thus,
mitochondrial oxidative stress and dysfunction
play a crucial role in immune senescence, and
exposure to X-rays may exacerbate these
processes, inducing alterations in  the
mitochondrial network and increased superoxide
production.

Data indicate that UV radiation through
mitochondria causes aging. One of the most
studied damages is 8-oxoguanine (8-0x0G),
which forms as a result of oxidative processes in
cells and serves as a biochemical marker of UV-
induced DNA damage [44].

Incorrect pairing of 8-oxoG with adenine
during DNA replication leads to guanine being
replaced by thymine, known as GC-to-TA
transversion [45].

Early studies using high-performance liquid
chromatography with electrochemical detection
revealed that levels of 8-0xoG in mitochondrial
DNA (mtDNA) are 16 times higher than in
nuclear DNA (nDNA). This indicates a higher
susceptibility of mtDNA to oxidative damage
and may be associated with aging aspects.

Mechanisms of protection against UV-
induced oxidative damage involve the removal of
8-oxoguanine-DNA (8-ox0-dG) through base
excision repair (BER), and human 8-oxoguanine-
DNA glycosylase (hOGG1) plays a crucial role
in this process. HOGGL1 specifically recognizes
and breaks the glycosidic bond in the DNA
strand, forming apurinic/apyrimidinic (AP) sites.
Subsequently, missing nucleotides are restored
with the assistance of DNA polymerase, and the
gaps are sealed by DNA ligase. In HaCaT
keratinocyte cells, inhibiting hOGG1 using
microRNA (miRNA) was found to reduce repair
of 8-0x0-dG induced by UV-A radiation [46].

MicroRNAs  (miRNAs) have recently
emerged as crucial regulators of gene expression.
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They constitute a class of small RNA molecules
that play a significant role in gene regulation. In
the human genome, over a thousand miRNASs
have been identified [47]. They act by binding to
target mMRNASs in a specialized region known as
the 3'-untranslated region (3-UTR). It is
estimated that miRNAs regulate the activity of
approximately 50% of all protein-coding genes
in mammals [48].

Research has shown that miRNAs are
involved in the regulation of almost all studied
cellular processes, including cell growth
regulation, programmed cell death (apoptosis),
hematopoietic cell differentiation, and gene
activity control [49].

Due to their stability and ease of
measurement, miRNAs are considered reliable
molecular markers for prognosis and diagnosis.
Dysregulation of miRNAs is implicated in the
pathogenesis of various conditions, ranging from
cancer to autoimmune and cardiovascular
diseases [50].

MiRNAs are also associated with
inflammatory processes, heart and vascular
diseases, autoimmune diseases such as
rheumatoid arthritis, and infectious diseases,
including viral and bacterial infections [51].

Moreover, miRNAs serve as biomarkers in
liver diseases [52], cardiovascular diseases [53],
lung diseases [54], and cancer [55].

Numerous studies have reported that miRNAs
are non-invasive or minimally invasive
biomarkers present not only in solid tissues but
also in various body fluids [56]. Weber
determined the abundance of miRNAs in 12
types of body fluids. Some miRNAs with high
content (e.g., miR-509-5p, miR-515-3p, and
miR-335) were distributed in different body fluid
types, suggesting that these miRNAs may have a
common function or origin. Based on currently
detectable miRNA expression profiles, certain
MiRNAs were found to be present only in
specific body fluid types, such as miR-224 in
plasma, miR-637 in tear fluid, miR-193b in
breast milk, and miR-508-5p in sperm [57].

Radiation and its impact on microRNAs

MicroRNAs (miRNAs) have garnered interest
in the field of ionizing radiation as molecules
responsive to radiation, prompting researchers to

explore their potential as biomarkers for tumor
radiation response and predicting radiation
toxicity in normal tissues [22].

lonizing radiation inflicts serious damage to
cells, causing stress and disturbances in their
functioning. This damage can occur directly
through the disruption of DNA by the energy of
radiation or indirectly by the generation of free
radicals within cells [58].

Several studies have shown alterations in
miRNA expression profiles following exposure
to various types of radiation, including X-rays,
gamma rays, as well as alpha and beta particles.
It is important to note that changes in miRNA
expression profiles may be transient and
dependent on the radiation dose and type, as well
as the tissue type or cell line under investigation
in the study. Some miRNAs may be upregulated
immediately after radiation exposure, while
others may exhibit changes in expression at later
stages.

It has been found that miRNA expression is
influenced by proinflammatory signals, changes
in  osmolarity, stress  experienced by
cardiomyocytes in heart failure, and certain
miRNAs have been found to be localized in
stress response elements in cells exposed to
various stressors [59].

Studies have been conducted to investigate
how radiation exposure affects mMIRNA
expression in different animal species. Among
them, mice are a well-characterized species and
the most commonly used animal model to study
the consequences of radiation exposure.

Changes in microRNA expression upon
ionizing radiation are part of a broader process
occurring in cells in response to DNA damage or
oxidative stress. Previous studies have confirmed
that specific types of microRNAs are associated
with DNA repair processes. For instance,
microRNAs miR-17 and miR-20a have been
shown to influence the regulation of the G1
checkpoint by targeting the transcription factor
E2F1 [60]. This implies that these microRNAs
can control the transition of cells from the G1
phase to the subsequent stages of the cell cycle.
Additionally, microRNA miR-34 is known to
regulate the activity of the p53 protein, which
plays a key role in DNA repair control and the
suppression of cancer growth.
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However, it is important to note that not all
miRNAs activated or suppressed during aging
play a decisive role in the aging process. To
provide direct evidence of the role of specific
miRNAs in aging regulation, functional studies
such as miRNA knockouts or overexpression are
required. These studies will establish a direct
cause-and-effect relationship between specific
miRNAs and the aging process.

MicroRNAs that regulate mitochondria

So far, miRNAs have been detected in the
nucleus and in multivesicular bodies in humans.
It has been reported that pre-miRNAs and mature
miRNAs are also present in mitochondria,
expanding the potential for mitochondrial
mIiRNA synthesis. Recently, microRNAs have
also been identified in mitochondria isolated
from rat liver, and they are believed to originate
from mitochondrial DNA. They play an
important role in the normal functioning of
mitochondria, regulating both mitochondrial
genes and the expression of nuclear transcripts
related to mitochondrial processes. This family
of regulatory molecules is known as mitomiRs
[61].
Bandiera and colleagues [62] investigated a total
of 57 miRNAs that were differentially expressed
in mitochondrial and cytosolic fractions. These
miRNAs are capable of directly influencing the
regulation of mitochondrial genes and
mitochondrial activity.
Research on MitomiRs is still in its early stages,
and their precise functions and mechanisms of
action are still being studied. However, it is
known that MitomiRs can influence bioenergetic
metabolism, apoptosis (programmed cell death),
and other processes within mitochondria. They
perform regulatory functions by controlling the
activation of oncogenes and tumor suppressor
genes, which affect the process of carcinogenesis
[63].
Some studies indicate that radiation can alter the
expression profile of MitomiRs. This suggests
that radiation can influence the quantity and
types of mitochondrial mi-croRNAs produced in
cells. Changes in the expression profile of
MitomiRs can affect mitochondrial functions and
metabolic processes within cells.

MicroRNAs and age-related diseases

Altered functions of aging cells can have
harmful effects on the organism, acceler-ating
the aging process and/or leading to the loss of
cells in various tissues. This, in turn, results in
reduced organism functionality and increased
risk of age-related diseases [64].

Some microRNAs, such as let-7, miR-17, and
miR-34, are particularly important when
considering long-lived individuals and the onset
of age-related diseases. Long-lived individuals
exhibit reduced expression levels of these
microRNAs, which may be associated with
molecular mechanisms promoting longevity and
protecting the organism from age-related
changes. However, in some age-related diseases,
such as cancer and cardiovascular diseases, the
activation of miRNAs let-7, miR-17, and miR-34
occurs [65]. The activation of these microRNAS
may influence the expression of genes involved
in cell proliferation, inflammation, apoptosis,
and other processes relevant to the development
of cancer and cardiovascular diseases.

Certain microRNAs are specific to cells and
tissues [66]. Studies show that miR-132 plays a
key role in regulating neuron maturation and the
formation of their structures, thus participating in
the formation of complex neuronal networks and
connections be-tween neurons. It is presumed
that disruption of miR-132 regulation in the
mature nervous system may play a role in the
development of certain neurocognitive disorders
such as Alzheimer's disease [67].

MicroRNAs may also play a significant role
in the pathological mechanisms associ-ated with
diabetes and glucose level disorders. In one
study, the expression of serum microRNAS
related to diabetes (miR-9, miR-29a, miR-30d,
miR-34a, miR-124a, miR-146a, and miR-375)
was analyzed in patients with glucose level
disorders [68]. MiR-34a, in particular, showed
the most significant changes in expression,
suggesting its crucial role in the development and
progression of diabetes.

Furthermore, research indicates that age-
related diseases may be associated with changes
in the expression of circulating microRNAs in
body fluids such as serum and plasma.
MicroRNAs can be released upon tissue damage
or shed from the plasma membranes of various
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cell types. They exhibit remarkable stability and
resistance to various external factors, such as
heating, pH changes, prolonged storage, and
freeze-thaw cycles [69]. These microRNA
features make them attractive as potential
biomarkers of age-related diseases.

Studies have shown that miR-206 and miR-
567 may be associated with the devel-opment of
neurodegenerative diseases, including dementia
[70]. They may play a decisive role in regulating

Conclusions

Aging is a natural process accompanied by
gradual deterioration of organism func-tions and
an increased risk of various age-related diseases.
This is associated with the impaired function of
aging cells. Diseases such as cardiovascular
diseases, diabetes, cancer, neurodegenerative
disorders, and others are linked to age-related
changes and accelerated organism aging, where
mitochondria, mitomiRs, and radiation play
signifi-cant roles. Understanding the
mechanisms related to the altered function of
aging cells can aid in the development of
prevention and treatment strategies for age-
related diseases.

Recent studies show that radiation can have a
significant impact on the aging pro-cess.
Mitochondria, known as the "powerhouses"” of
the cell, play a key role in metabolism, energy
supply, and the regulation of cellular aging. They
have their own DNA and repair mechanisms, but
when exposed to radiation, mitochondria can be
damaged, leading to dysfunction and accelerated
cellular aging.

Interestingly, certain microRNAs, such as
miR-21, miR-125a, miR-22, and miR-29b, have
been identified as important players in the link
between radiation, aging, and mi-tochondria. For
instance, studies show that miR-21 can be
upregulated in hippocampal cells and brain tissue
following ionizing radiation exposure and also
participate in  mus-cle regeneration and
regulation of genes related to mitochondrial
function.

Understanding  the interplay  between
mitochondria, mitomiRs, radiation, and age-
associated diseases is crucial for developing
strategies to protect the organism from the

neuronal differentiation, maintenance of their
function, and survival. The introduction of these
microRNAs as biomarkers allows the assessment
of changes in their expression and their use as
indicators of the presence of mild cognitive
impairment (MCI) and early stages of dementia.
They can help determine the risk of developing
dementia, as well as assess treatment
effectiveness and predict disease progression.

harmful effects of radiation and finding new
approaches to slow down aging.

Further research should be directed towards a
deeper understanding of the specific mechanisms
through which radiation affects microRNAs and
mitochondria, as well as the development of
potential molecular targets and therapeutic
approaches to prevent or mitigate the negative
consequences of radiation on aging.
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Annarna. Kapraro — Oy Kypaem OHOJNIOTHSUIBIK TIPOIECC, O JKacylIajlapiblH, TIHACPIIH KOHE
MYLIeNEepAiH KbI3METiHiH OipTiHACT TOMEHICYIMEH CUTIaTTaNlabl, OYI *KYPEK-KaH TaMbIpJIaphl aypyJiapsl,
HelpoJereHepaTuBTI OY3bUIBICTApD KOHE METAa0OJIHMKAJIBIK CHHAPOMIAP CHSKTBI Kacka OalIaHBICTHI
aypynapIslH JaMyblHa BIKNan eremi. Kopmaran opra (hakTopiaphlHBIH IMIiHAE KapTaloFa acep eTeTiH
MOHJIAYTITBI PATUAIIHS KacKa OailIaHBICTHI ©3TepiCTepAiH MAaHBI3/Ibl KATATH3ATOPHI PETIH/IE epeKIIeICHET].
Anaiifa, paAHalsiHBIH KapTaloAbl XKelenIeTy MEXaHU3MIEPi oJli Ie TONBIK 3epTTEIMEreH.

Kazipri 3eprreynep paawalusHBIH KapTaloFa JCepiH icKe achlpyia MUTOXOHApus MeH MHUKpoPHK
(MuPHK), ocipece mutomnPHK MmaHBI3OBI pen aTkapaThlHBIHA Hazap aymapanbl. KileTkaHBIH HeETisri
9HEprus Ke3i OOJIBIN Ta0bUIATHIH MUTOXOHIPHSIAP META0O0IMKAIIBIK TEHIePIMII KOJIIaY KOHE JKaCYIATBIK
Kyi3enicTepre xayan Oepy ymiH eTe manb3abl. Pammanmsa muPHK skcnpeccusiceinbiH npodunbaepin
©3TePTill, MUTOXOHAPUSIIBIK JHHAMHKAHBI, OnoreHe3 i xoHe MuTodarusasl 0y3a anaasl. CoHBIMEH KaTtap,
noHaaymsl paguanus MutoxoHapusislk JHK men MPHK-HBI Tikenelt 3akpIMaan, MUTOXOHIPHUSIIAPIBIH
JUcYHKOUACHIH KymeiTeai. Byn e3repicrep KapTaroabl KenenaeTin KaHa KoiiMal, »acka 0aliiaHbICThI
aypynap/IbslH aMy KayIliH apTThIPaIbL.

AnprreiiMep aypybl, KaHT AWa0eTi >XoHE OHKOJOTHSUIBIK aypyjap CHSKTHl JKacka OaiaHBICTHI
MATOJIOTUSUIAP MHUTOXOHAPHSI )KYMBICBIHBIH OY3bUTYbIMEH THIFBI3 OaiiaHbICThI. Paguanus 0yi1 aypynapIsiH
JaMybIH KYLICWTeNi, TOTBIFY KYH3ENiCiH apTThIpaabl, KaObIHY TIpOLIECTEepiH OelceHipeai XoHe
MUTOXOHJIPHS CallachlH OaKblUIay skyienepin 0y3ansl. by sxarmaiina esrepred MutoMuPHK exi xakTsr pen
aTKapalbl: OJIap 3aKbIMJIAHYIbl PETTCUTIH (hakTOpyiap pETIHAC KOHE paJUallUSHBIH KapTald MEH
aypyJiapJIbIH OpIIyiHe 9CepiH KOPCETETIH AJIeyeTTi OnoMapKepliep peTiHIe OPEKeT eTe/Ii.

byn monyna pammamus, MuPHK, mutoxomapusi sxkoHe jkacka OalIaHBICTBI aypynap apachblHAarbl
OaiimaHpIcTap Typajbl ©3€KTi MoIiMeTrTep YChiHBbUFaH. Pammamusaeiy MuPHK  skcnpeccuscreina,
MUTOXOHJPUS JKarJaliblHa JKOHE OJIAPJABIH OKYHelnl KapTaloJarbl pejliHe Kajlalk ocep eTeTiHi
KapacThIpbUIafbl. byl Kypaemni e3apa opeKeTTecyliepHi TYCIHY MOJICKYJIANbIK HbICAHIAPBI 13716y KOHE
paguanusgaH TyBIHAAFaH 3USHABI a3aiiTy OOWBIHIIIA WHHOBAIWSUIBIK TOCULAEPAl d3ipiey YIIiH eTe
MaHbp3Abl. bomamakra Herisri mutoMuPHK-Fa MakcaTThl acep €Ty HeMece MHUTOXOHAPHUSHBIH
TYPaKTBUIBIFBIH apTTHIPY paJUallusSHBIH KapTalora >KOHE jKacka OallaHbICThI aypyiapra 9cepiH
TOMEHJIETYT'e apHaIFaH THIMII CTpaTeTHsUIapAbIH Heri3i 0oja amaapl, Oy 3apiam IIeKKEH XalbIK
TONITAPBIHBIH JICHCAYJIBIFBI MEH OMIp CYPY CalachlH jKaKcapTyFa MYMKIHIIK Oepei.

Tyiiin ce3aep: kaprato, panuaiusi, MUTOMUPHK, MUTOXOHAPHSUIBIK AMCHYHKIUS, jKacka OailslaHBICTHI

aypynap

B3aumopneiicrBue mutoxonapuii, MmutoMUP, pagmanuu u BoO3pacTHbIX 3a00J1eBaHMIA:
NepPCneKTHBbI HCCJIeI0BAHUI

0.B. Byarakosa 2™

Kadenpa ob6mieit Ononoruu u TeHOMUKH, MHCTUTYT KJIETOYHOU OHMOJIOTHH U

ouorexHonoruu, EBpasuiickuii HanmoHanbHbIN yHUBepcuTeT uM. JI.H. I'ymunesa, Acrana,
010008, Kazaxcrau
ABTOp /17151 KOppecnoHAeHIInY ya.summerl3@yandex.kz

AnHoTanus. CrapeHre — 3TO CIIOKHBINA OHOIOTHYECKHH TIPOIIECC, COMTPOBOKIATOIINIACS TOCTENEHHBIM
CHIDKEHHEM (YHKUMOHAIbHOW aKTUBHOCTH KIJIETOK, TKAHEH M OpraHoB, YTO CIOCOOCTBYET Pa3BUTHIO
BO3PACTHBIX 3a00JE€BaHUH, TaKUX KaK CEpACYHO-COCYAMCTBIC NAaTOJIOTHH, HeHpoJereHepaTuBHbIC
paccrpoiictBa U MeTabonmyeckue cUHIpoMbl. Cpenu (GakTOpOB OKpYKAIOIIEH Cpejbl, BIUSIOIMINX Ha
MIPOLIECCH CTAPEHHUs, NOHM3UPYIOIIAs paguanys BBIAESISIETCS KaK OAMH M3 3HAYMMBIX KaTalu3aTOpOB
BO3pACTHBIX U3MEHEHNH. OHAKO MEXaHU3MBI, IOCPEICTBOM KOTOPBIX pajHalius YCKOPAET CTapeHue, 0
CHUX TTOp OCTAIOTCS HETOCTATOYHO U3yUYEHHBIMHU.

CoBpeMeHHbIE HCCIEIOBAaHHUS aKIEHTHPYIOT BHUMAaHHE Ha BAXXHOW POJM MHUTOXOHIpHH m MUKpoPHK
(MuPHK), oco6enno muromuPHK, B peanmzaumu 3¢¢exToB paguanuu Ha cTapeHue. MUTOXOHIPHH,
OyAy4ud OCHOBHBIMH IIOCTABIIMKAMH SHEPTHM AJS KIETOK, KPUTHYECKH BaXKHBI Ui TOAJIEPKAaHUS
MeTabomnyeckoro OajaHca W peardpoBaHMsI Ha KICTOYHBIA cTpecc. Pagmarmms crmocoOHa W3MEHSTH
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npopumn skcnpeccun MUPHK, Hapymas TeM caMbIM MHTOXOHAPHAIBHYIO AWHAMHUKY, IPOILECCHI
Oonorenesa u wmwutodarmu. Kpome Toro, wuoHHM3HpYyIOLIee U3IyueHHE HAMpIMYyI0 [OBpEKIAET
muroxouapuansiyo JJHK nu MPHK, 4to ycyrybOnser nucdyHKIHMIO MHUTOXOHApHHA. DTH W3MEHEHHUS HE
TOJIBKO YCKOPSIFOT CTapEeHUE, HO M YBEINIMBAIOT PUCK Pa3BUTHS BO3PACTHHIX 3a00ICBAHHA.

Bo3spactabie maTonoruu, BKItodas 001e3Hb AnbIreliMepa, TuadbeT U OHKOJIOTHIECKUE 3a00IeBaHus, TECHO
CBSI3aHBl C HapylleHHeM paldoThl MUTOXOHIApUH. Pammanmst ycyryOnseT HMX pa3BUTHE, YCHIIMBAs
OKHCJTIUTENBHBIN CTPECC, AKTUBHUPYS BOCHIAIUTENIBHBIE IPOLIECCHI U MMOAPHIBASI CHCTEMbI KOHTPOJIS KaYeCTBa
muToxoHApud. Ilpm sTom uzmeneHHsle MUTOMHPHK BBITONHAIOT ABOWCTBEHHYIO (YHKIMIO: OHHU
BBICTYMAIOT KaK PEryJIATOPHI MOBPEKACHUHN M KaK MOTCHIUATbHBIE OMOMapKEPhl, OTPAKAIOIINE BIIHSIHAE
panuanuy Ha CTapeHue U IPOrpeccupoBaHue OOJIe3HEH.

B mamHOM 0030pe TpencTaBleHBI aKTyalbHBIE JAaHHBIE O B3aMMOCB3M Mexay paawmanueit, MuPHK,
MUTOXOHJPUSMH U BO3PACTHBIMU 3a00JI€BaHUsIMH. PaccMaTpuBaloTCsl MEXaHU3MBI, IOCPEICTBOM KOTOPBIX
paauanus BauseT Ha skcnpeccuto MUPHK, cocTosiHne MUTOXOHIpHI M UX POJIb B CHCTEMHOM CTapeHUHU.
OcMBICTIEHHE 3TUX CIIOKHBIX B3aMMOJEWCTBUN WMEET KIIF0YEeBOE 3HAYCHHE IS TIOMCKa MOJIEKYIISIPHBIX
MUIICHEeH W Pa3pa0OTKH MHHOBAIIMOHHBIX ITOAXOMOB K CHW)KCHHIO Bpela, BBI3BAHHOTO panuanueil. B
MEepPCIEKTHUBE, IIeJeHANpaBleHHOe Bo3AciicTBue Ha KiaroueBble MuUTOMUPHK wmm  ycunenwe
MUTOXOHJPUANEHONW YCTOWYMBOCTH MOKET CTaTh OCHOBOW it S(QQEKTHBHBIX CTpaTteruii OOpbOBI C
panalnOHHO-UHIYIIMPOBAaHHBIM CTapeHHEM M BO3PACTHBHIMU 3a00JIEBaHUSMH, YJIydllas 3710pPOBbE H
Ka4yeCcTBO KM3HH ITOCTPAIABIINX TPYIII HACEIEHUSI.

KawueBblie ciaoBa: crapenue, paauanus, MmutoMuPHK, MuroxonapuansHas IMCQYHKIUS, BO3pACTHBIC
3a0oeBaHusl.
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